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This publication aims to provide reference material 
that establishes a methodology and process outline 
for qualitative analysis of operational intelligence 
data. 
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- Methodology - Usage 
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Executive Summary 


This publication aims to provide information and reference material that establishes an introduction, 
methodology and process outline for the field of radio signal intelligence (SIGINT). 
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Preface 


Signal Intelligence is the essence of detecting radio signals from both known and unknown sources. Mission 
planning, equipment selection, operator training, and proper infrastructure must be incorporated to provide 
the ideal operating conditions that will allow individual Signal Intelligence monitors to perform their mission 
effectively. Inadequacies in any area of Signal Intelligence can doom a mission and provide poor results. 


Signal Intelligence monitors must have a firm grasp of various aspects of theory, technology, and strategy to 
maximize the potential for obtaining data that can be vital for providing analysis and determination in 
achieving an Intelligence mission. Knowledge and skill can determine whether a signal is detected. 


Once the radio signal has been acquired, gathering documentary evidence on the received signal is vital. 
This information can be relevant for previous, present, or future analysis. Without proper and extensive 
documentation, the value of time, effort, and money cannot be realized. If the mission fails, then the Signal 
Intelligence mission becomes a mere function of equipment and personnel. 


Proper cataloging and storage of all Signal Intelligence data must be ensured. Without taking appropriate 
steps to catalog and store data, intelligence value can be lost if the collected data cannot be accessed. It is 
also essential to routinely ensure that all collected data is backed up or mirrored to ensure that any 
equipment failure will not result in lost data. To coin a phrase - place your faith in God but always back up 
your data. Hard drive data storage is not guaranteed. 


The military operations that Russia has engaged in within the Ukrainian national border area have shown 
that military operators are not the only ones monitoring communications. Various International NGO 
agencies, as well as international news agencies, have demonstrated their ability to “listen in.” 

As a Signal Intelligence monitor, you are the one person that will make or break a mission. Knowledge is 
critical, skill is essential, and ability is mandatory in making any monitoring operation successful. 


Why Sigint is important and its effect on the Russian operations in the Ukraine. 


https://www.ifsecglobal.com/uncategorized/the-enemy-is-listening/ 


Please review the Internet Reference Material section as you will find valuable information to assist you. 


Good Hunting! 


Introduction 


For the things we have to learn before we can do them, we learn by doing them. 
Aristotle 


Signals intelligence (SIGINT) is intelligence-gathering by interception of signals, whether communications 
between people (communications intelligence—abbreviated to COMINT) or from electronic signals not 
directly used in communication (electronic intelligence—abbreviated to ELINT). Signals intelligence is a 
subset of intelligence collection management. As sensitive information is often encrypted, signals 
intelligence, which involves the use of cryptanalysis to decipher the messages. Traffic analysis is the study of 
who is signaling whom and what quantity is also used to integrate information again. 


History 
Origins 


Electronic interceptions appeared as early as 1900, during the Boer War of 1899-1902. The British Royal 
Navy had installed wireless sets produced by Marconi on board their ships in the late 1890s, and the British 
Army used some limited wireless signaling. The Boers captured some wireless equipment and used them to 
make vital transmissions. Since the British were the only people transmitting, no particular interpretation of 
the British intercepted signals was deemed necessary. 


The birth of signals intelligence in a modern sense dates from the Russo-Japanese War of 1904-1905. As the 
Russian fleet prepared for conflict with Japan in 1904, the British ship HMS Diana stationed in the Suez Canal 
intercepted Russian naval wireless signals being sent out for the mobilization of the fleet for the first time in 
history. 


Development in World War | 


Throughout the First World War, the new method of signals intelligence reached maturity. Failure to 
adequately protect its communications fatally compromised the Russian Army in its advance early in World 
War | and led to their disastrous defeat by the Germans under Ludendorff and Hindenburg at the Battle of 
Tannenberg. In 1918, French intercept personnel captured a message written in the new ADFGVX cipher, 
which Georges Painvin analyzed. This gave the Allies advance warning of the German 1918 Spring Offensive. 


The British, in particular, built up significant expertise in the newly emerging field of signals intelligence and 
codebreaking (synonymous with cryptanalysis). On the declaration of war, Britain cut all German undersea 
cables. This forced the Germans to use either a telegraph line that connected through the British network 
and could be tapped or through radio which the British could then intercept. Rear-Admiral Henry Oliver 
appointed Sir Alfred Ewing to establish an interception and decryption service at the Admiralty, Room 40. An 
interception service known as 'Y' service and the post office and Marconi stations increased to the point 
where the British could intercept almost all official German messages. 


The German fleet was in the habit each day of wirelessing the exact position of each ship and giving regular 
position reports when at sea. Thus, it was possible to build up a precise picture of the regular operation of 
the High Seas Fleet, to infer from the routes they chose where defensive minefields had been placed and 
where it was safe for ships to operate. Whenever a change to the typical pattern was seen, it immediately 
signaled that some operation was about to take place, and a warning could be given. Detailed information 
about submarine movements was also available. 


The use of radio receiving equipment to pinpoint the transmitter's location was also developed during the 
war. Captain H.J. Round working for Marconi, began carrying out experiments with direction finding radio 
equipment for the army in France in 1915. By May 1915, the Admiralty was able to track German 
submarines crossing the North Sea. Some of these stations also acted as 'Y' stations to collect German 
messages, but a new section was created within Room 40 to plot the positions of ships from the directional 
reports. 


Room 40 played an important role in several naval engagements during the war, notably in detecting major 
German sorties into the North Sea. The battle of Dogger Bank was won in no small part due to the intercepts 
that allowed the Navy to position its ships in the right place. It played a vital role in subsequent naval 
clashes, including at the Battle of Jutland, as the British fleet was sent out to intercept them. The direction- 
finding capability allowed for the tracking and location of German ships, submarines, and Zeppelins. The 
system was so successful that by the end of the war, over 80 million words, comprising the totality of 
German wireless transmission throughout the war, had been intercepted by the operators of the Y-stations 
and decrypted. However, its most astonishing success was decrypting the Zimmermann Telegram, a 
telegram from the German Foreign Office sent via Washington to its ambassador Heinrich von Eckardt in 
Mexico. 


Postwar consolidation 


With the importance of interception and decryption firmly established by the wartime experience, countries 
established permanent agencies dedicated to this task in the interwar period. In 1919, the British Cabinet's 
Secret Service Committee, chaired by Lord Curzon, recommended that a peace-time codebreaking agency 
should be created. The Government Code and Cypher School (GC&CS) was the first peace-time 
codebreaking agency, with a public function "to advise as to the security of codes and ciphers used by all 
Government departments and to assist in their provision," but also with a secret directive to "study the 
methods of cipher communications used by foreign powers." GC&CS officially formed on 1 November 1919 
and produced its first decrypt on 19 October. By 1940, GC&CS worked on the diplomatic codes and ciphers 
of 26 countries, tackling over 150 diplomatic cryptosystems. 


The U.S. Cipher Bureau was established in 1919 and achieved some success at the Washington Naval 
Conference in 1921 through cryptanalysis by Herbert Yardley. However, Secretary of War Henry L. Stimson 
closed the U.S. Cipher Bureau in 1929 with the words "Gentlemen do not read each other's mail." 


World War Il 


The use of SIGINT had even more significant implications during World War Il. The combined effort of 
intercepts and cryptanalysis for the whole of the British forces in World War II came under the code name 
"Ultra," managed from Government Code and Cypher School at Bletchley Park. Properly used, the German 
Enigma and Lorenz ciphers should have been virtually unbreakable. Still, flaws in German cryptographic 
procedures, and poor discipline among the personnel carrying them out, created vulnerabilities that made 
Bletchley's attacks feasible. 


Bletchley's work was essential to defeating the U-boats in the Battle of the Atlantic and the British naval 
victories in the Battle of Cape Matapan and the Battle of North Cape. In 1941, Ultra exerted a powerful effect 
on the North African desert campaign against German forces under General Erwin Rommel. General Sir 
Claude Auchinleck wrote that were it not for Ultra, "Rommel would have certainly got through to Cairo." 
"Ultra" decrypts featured prominently in the story of Operation SALAM, Laszl6 Almasy's mission across the 
desert behind Allied lines in 1942. Before the Normandy landings on D-Day in June 1944, the Allies knew the 
locations of all but two of Germany's fifty-eight Western-front divisions. 


Winston Churchill was reported to have told King George VI: "It is thanks to the secret weapon of General 
Menzies, put into use on all the fronts, that we won the war!" At the end of the war, Supreme Allied 
Commander Dwight D. Eisenhower described Ultra as having been "decisive" to Allied victory. In World War 
Il, the official historian of British Intelligence, Sir Harry Hinsley, argued that Ultra shortened the war "by not 
less than two years and probably by four years." In the absence of Ultra, it is uncertain how the war would 
have ended. 


Technical definitions 


The United States Department of Defense has defined the term "signals intelligence" as: 


1. A category of intelligence comprising either individually or in combination all communications intelligence 
(COMINT), electronic intelligence (ELINT), and foreign instrumentation signals intelligence (FISINT), however, 
transmitted. 

2. Intelligence is derived from communications, electronic, and foreign instrumentation signals. 


Being a broad field, SIGINT has many sub-disciplines. The two main ones are communications intelligence 


(COMINT) and electronic intelligence (ELINT). 


Disciplines that are shared across the branches include 
Targeting 


A collection system has to know to look for a particular signal. "System," in this context, has several 
nuances. Targeting is an output of the process of developing collection requirements: 


1. An intelligence needs to be considered in the allocation of intelligence resources. Within the Department 
of Defense, these collection requirements fulfill the essential elements of information and other intelligence 
needs of a commander or an agency. 

2. An established intelligence need, validated against the appropriate allocation of intelligence resources (as 
a requirement) to fulfill the essential elements of information and other intelligence needs of an intelligence 
consumer." 


Need for multiple, coordinated receivers 


First, atmospheric conditions, sunspots, the target's transmission schedule, and antenna characteristics, and 
other factors create uncertainty that a given signal intercept sensor will be able to "hear" the signal of 
interest, even with a geographically fixed target and an opponent making no attempt to evade interception. 
Second, basic countermeasures against interception include frequent changing of radio frequency, 
polarization, and other transmission characteristics. An intercept aircraft could not get off the ground if it 
had to carry antennas and receivers for every possible frequency and signal type to deal with such 
countermeasures. 


Second, locating the transmitter's position is usually part of SIGINT. Triangulation and more sophisticated 
radio location techniques, such as time of arrival methods, require multiple receiving points at different 
locations. These receivers send location-relevant information to a central point or perhaps to a distributed 
system in which all participate. The data can be correlated and a location computed. 


Intercept management 


Modern SIGINT systems, therefore, have substantial communications among intercept platforms. Even if 
some platforms are clandestine, there is still a broadcast of information telling them where and how to look 
for signals. For example, a United States targeting system under development in the late 1990s, PSTS, 
constantly sends out information that helps the interceptors properly aim their antennas and tune their 
receivers. Larger intercept aircraft, such as the EP-3 or RC-135, have the onboard capability to do some 
target analysis and planning, but others, such as the RC-12 GUARDRAIL, are entirely underground. 
GUARDRAIL aircraft are relatively small and usually work in units of three to cover a tactical SIGINT 
requirement, where the larger aircraft tend to be assigned strategic/national missions. 


Before the detailed targeting process begins, someone has to decide there is value in collecting information 
about something. For example, while it would be possible to direct signals intelligence collection at a major 
sports event, the systems would capture a great deal of noise, news signals, and perhaps announcements in 
the stadium. If, however, an anti-terrorist organization believed that a small group would be trying to 
coordinate their efforts, using short-range unlicensed radios, at the event, SIGINT targeting of radios of that 
type would be reasonable. Targeting would not know where in the stadium the radios might be located or the 
exact frequency they are using; those are the functions of subsequent steps such as signal detection and 
direction finding. 


Once the decision to target is made, the various interception points need to cooperate since resources are 
limited. Knowing what interception equipment to use becomes more manageable when a target country 
buys its radars and radios from known manufacturers or is given the items as military aid. National 
intelligence services keep libraries of devices manufactured by their own country and others and then use 
various techniques to learn what equipment is acquired by a given country. 


Knowledge of physics and electronic engineering further narrows the problem of what types of equipment 
might be in use. For example, an intelligence aircraft flying well outside the borders of another country will 
listen for long-range search radars, not short-range fire control radars used by a mobile air defense. 
Likewise, soldiers scouting the front lines of another army know that the other side will be using radios that 
must be portable and not have large antennas. 


Signal detection 


Even if a signal is human communications (e.g., a radio), the intelligence collection specialists have to know 
it exists. For example, suppose the targeting function described above learns that a country has a radar that 
operates in a specific frequency range. In that case, the first step is to use a sensitive receiver with one or 
more antennas that listen in every direction to find an area where such a radar is operating. Once the radar 
is Known to be in the area, the next step is to find its location. 


If operators know the probable frequencies of transmissions of interest, they may use a set of receivers 
preset to the frequencies of interest. These are the frequency (horizontal axis) versus power (vertical axis) 
produced at the transmitter before any filtering of signals that do not add to the information being 
transmitted. Received energy on a particular frequency may start a recorder and alert a human to listen to 
the signals if they are intelligible (i.e., COMINT). If the frequency is unknown, the operators may look for 
power on primary or sideband frequencies using a spectrum analyzer. Information from the spectrum 
analyzer is then used to tune receivers to signals of interest. For example, in this simplified spectrum, the 
actual information is at 800 kHz and 1.2 MHz. 


Real-world transmitters and receivers usually are directional. 


Countermeasures to interception 


Spread-spectrum communications is an electronic counter-countermeasures (ECCM) technique to defeat 
looking for particular frequencies. Spectrum analysis can be used in a different ECCM method to identify 
frequencies not being jammed or not in use. 


Direction finding 


The earliest and still common means of direction finding is to use directional antennas as goniometers so 
that a line can be drawn from the receiver through the position of the signal of interest. Knowing the 
compass bearing from a single point to the transmitter does not locate it. Where the bearings from multiple 
points, using goniometry, are plotted on a map, the transmitter will be located at the point where the 
bearings intersect. This is the simplest case; a target may attempt to confuse listeners by having multiple 
transmitters, giving the same signal from different locations, switching on and off in a pattern known to their 
user but may appear random to the listener. 


Individual directional antennas have to be manually or automatically turned to find the signal direction, 
which may be too slow when the signal is of short duration. One alternative is the Wullenweber array 
technique. In this method, several concentric rings of antenna elements simultaneously receive the signal so 
that the best bearing will ideally be clearly on a single antenna or a small set. However, Wullenweber arrays 
for high-frequency signals are enormous, referred to as "elephant cages" by their users. 


An alternative to tunable directional antennas, or large omnidirectional arrays such as the Wullenweber, is to 
measure the time of arrival of the signal at multiple points, using GPS or a similar method to have precise 
time synchronization. Receivers can be on ground stations, ships, aircraft, or satellites, giving great 
flexibility. 


Modern anti-radiation missiles can home in on and attack transmitters; military antennas are rarely a safe 
distance from the user of the transmitter. 


Traffic analysis 


When locations are known, usage patterns may emerge, from which inferences may be drawn. Traffic 
analysis is the discipline of drawing patterns from information flow among a set of senders and receivers, 


whether those senders and receivers are designated by location determined through direction finding, by 
addressee and sender identifications in the message, or even MASINT techniques for "fingerprinting" 
transmitters or operators. Message content, other than the sender and receiver, is unnecessary for traffic 
analysis, although more information can be helpful. 


For example, suppose a specific type of radio is known to be used only by tank units. In that case, even if 
the position is not precisely determined by direction finding, it may be assumed that a tank unit is in the 
general area of the signal. The owner of the transmitter can assume someone is listening, so he might set 
up tank radios in a place where he wants the other side to believe he has actual tanks. As part of Operation 
Quicksilver, part of the deception plan for the invasion of Europe at the Battle of Normandy was the use of 
radio transmissions. These simulated the headquarters and subordinate units of the fictitious First United 
States Army Group (FUSAG), commanded by George S. Patton, to make the German defense think that the 
main invasion was to come at another location. In like manner, fake radio transmissions from Japanese 
aircraft carriers were made from local Japanese waters before the Battle of Pearl Harbor. At the same time, 
the attacking ships moved under strict radio silence. 


Traffic analysis need not focus on human communications. For example, suppose the sequence of a radar 
signal, followed by an exchange of targeting data and a confirmation, followed by observation of artillery 
fire. In that case, this may identify an automated counterbattery system. Likewise, a radio signal that 
triggers navigational beacons could be a landing aid system for an airstrip or helicopter pad that is intended 
to be low-profile. 


Patterns do emerge. Knowing a radio signal with specific characteristics originating from a fixed 
headquarters may strongly suggest that a particular unit will soon move out of its regular base. The contents 
of the message need not be known to infer the movement. 


There is an art as well as science of traffic analysis. Expert analysts develop a sense of what is real and what 
is deceptive. Harry Kidder, for example, was one of the star cryptanalysts of World War Il, a star hidden 
behind the secret curtain of SIGINT. 


Electronic order of battle 


Generating an electronic order of battle (EOB) requires identifying SIGINT emitters in an area of interest, 
determining their geographic location or range of mobility, characterizing their signals, and, where possible, 
determining their role in the broader organizational order of battle. EOB covers both COMINT and ELINT. The 
Defense Intelligence Agency maintains an EOB by location. The Joint Spectrum Center (JSC) of the Defense 
Information Systems Agency supplements this location database with five more technical databases: 


1. FRRS: Frequency Resource Record System 

2. BEI: Background Environment Information 

3. SCS: Spectrum Certification System 

4. EC/S: Equipment Characteristics/Space 

5. TACDB: platform lists, sorted by nomenclature, which contains links to the C-E equipment complement of 
each platform, with links to the parametric data for each piece of equipment, military unit lists, and their 
subordinate units with equipment used by each unit. 


For example, several voice transmitters might be identified as the command net (i.e., top commander and 
direct reports) in a tank battalion or tank-heavy task force. Another set of transmitters might identify the 
logistic net for that same unit. An inventory of ELINT sources might identify the medium- and long-range 
counter-artillery radars in a given area. 


Signals intelligence units will identify changes in the EOB, which might indicate enemy unit movement, 
changes in command relationships, and increases or decreases in capability. 


Using the COMINT gathering method enables the intelligence officer to produce an electronic order of battle 
by traffic analysis and content analysis among several enemy units. For example, if the following messages 
were intercepted: 


1. U1 to U2, requesting permission to proceed to checkpoint X. 
2. U2 to U1, approved. please report at arrival. 


3. (20 minutes later) U1 to U2, all vehicles have arrived at checkpoint X. 


This sequence shows that there are two units on the battlefield. Unit 1 is mobile, while unit 2 is in a higher 
hierarchical level, perhaps a command post. One can also understand that unit 1 moved from one point to 
another, which is distant from every 20 minutes with a vehicle. If these are regular reports over a period of 
time, they might reveal a patrol pattern. Direction-finding and radio frequency MASINT could help confirm 
that the traffic is not deception. 


The EOB buildup process is divided as following: 


- Signal separation 

- Measurements optimization 
- Data Fusion 

- Networks build-up 


Separation of the intercepted spectrum and the signals intercepted from each sensor must take place in an 
extremely small period of time in order to separate the different signals to different transmitters on the 
battlefield. The complexity of the separation process depends on the complexity of the transmission 
methods (e.g., hopping or time division multiple access (TDMA)). 


By gathering and clustering data from each sensor, the measurements of the direction of signals can be 
optimized and get much more accurate than the basic measurements of a standard direction finding sensor. 
Furthermore, by calculating more extensive samples of the sensor's output data in near real-time, better 
results are achieved together with historical information of signals. 


Data fusion correlates data samples from different frequencies from the same sensor, "Same" being 
confirmed by direction finding or radio frequency MASINT. However, if an emitter is mobile, direction finding, 
other than discovering a repetitive movement pattern, is of limited value in determining if a sensor is 
unique. MASINT then becomes more informative, as individual transmitters and antennas may have 
distinctive side lobes, unintentional radiation, pulse timing, etc. 


Network build-up, or analysis of emitters (communication transmitters) in a target region over a sufficient 
period of time, enables the creation of the communications flows of a battlefield. 


Communications intelligence 


COMINT (communications intelligence) is a sub-category of signals intelligence that engages in dealing with 
messages or voice information derived from the interception of foreign communications. COMINT is 
commonly referred to as SIGINT, which can cause confusion when talking about the broader intelligence 
disciplines. The U.S. Joint Chiefs of Staff defines it as "Technical information and intelligence derived from 
foreign communications by other than the intended recipients." 


COMINT, which is defined to be communications among people, will reveal some or all of the following: 


1. Who is transmitting 

2. Where they are located, and if the transmitter is moving, the report may give a plot of the signal against 
location 

3. If Known, the organizational function of the transmitter 

4. The time and duration of transmission, and the schedule if it is a periodic transmission 

5. The frequencies and other technical characteristics of their transmission 

6. If the transmission is encrypted or not, and if it can be decrypted. If it is possible to intercept either an 
originally transmitted cleartext or obtain it through cryptanalysis, the language of the communication, and a 
translation (when needed). 

7. The addresses, if the signal is not a general broadcast and if addresses are retrievable from the message. 
These stations may also be COMINT (e.g., a confirmation of the message or a response message), ELINT 
(e.g., a navigation beacon being activated), or both. Rather than, or in addition to, an address or other 
identifier, there may be information on the location and signal characteristics of the responder. 


Voice interception 


A basic COMINT technique is to listen for voice communications, usually over the radio but possibly "leaking" 
from telephones or from wiretaps. If the voice communications are encrypted, traffic analysis may still give 
information. 


In the Second World War, the United States used Native American volunteer communicators known as code 
talkers for security. The code talkers used Navajo, Comanche, and Choctaw languages, which would be 
understood by few people, even in the U.S. Even within these uncommon languages, the code talkers used 
specialized codes, so a "butterfly" might be a specific Japanese aircraft. British forces made limited use of 
Welsh speakers for the same reason. 


While modern electronic encryption does away with the need for armies to use obscure languages, it is likely 
that some groups might use rare dialects that few outside their ethnic group would understand. 


Text interception 

Morse code interception was once crucial, but Morse code telegraphy is now obsolete in the western world, 
although possibly used by special operations forces. Such forces, however, now have portable cryptographic 
equipment. Nevertheless, Morse code is still used by military forces of former Soviet Union countries. 
Specialists scan radio frequencies for character sequences (e.g., electronic mail) and fax. 


Signaling channel interception 


A given digital communications link can carry thousands or millions of voice communications, especially in 
developed countries. Without addressing the legality of such actions, the problem of identifying which 
channel contains which conversation becomes much simpler when the first thing intercepted is the signaling 
channel that carries information to set up telephone calls. In civilian and military use, this channel will have 
messages in Signaling System 7 protocols. 


Retrospective analysis of telephone calls can be made from the Call detail record (CDR) used for billing the 
calls. 


Monitoring friendly communications 


More a part of communications security than true intelligence collection, SIGINT units still may be 
responsible for monitoring one's own communications or other electronic emissions to avoid providing 
intelligence to the enemy. For example, a security monitor may hear an individual transmitting inappropriate 
information over an unencrypted radio network or simply one that is not authorized for the type of 
information being given. If immediately calling attention to the violation would not create an even greater 
security risk, the monitor will call out one of the BEADWINDOW codes. These codes are used by Australia, 
Canada, New Zealand, the United Kingdom, the United States, and other nations working under their 
procedures. Standard BEADWINDOW codes (e.g., "BEADWINDOW 2") include: 


1. Position: (e.g., disclosing, in an insecure or inappropriate way), "Friendly or enemy position, movement or 
intended movement, position, course, speed, altitude or destination or any air, sea or ground element, unit 
or force." 

2. Capabilities: "Friendly or enemy capabilities or limitations. Force compositions or significant casualties to 
special equipment, weapons systems, sensors, units, or personnel. Percentages of fuel or ammunition 
remaining." 

3. Operations: "Friendly or enemy operation - intentions progress, or results. Operational or logistic 
intentions; mission participants flying programs; mission situation reports; results of friendly or enemy 
operations; assault objectives." 

4. Electronic warfare (E.W.): "Friendly or enemy electronic warfare (E.W.) or emanations control (EMCON) 
intentions, progress, or results. Intention to employ electronic countermeasures (ECM); results of friendly 
orenemy ECM; ECM objectives; results of friendly or enemy electronic counter-countermeasures (ECCM); 
results of electronic support measures/tactical SIGINT (ESM); present or intended EMCON policy; equipment 
affected by EMCON policy." 

5. Friendly or enemy key personnel: "Movement or identity of friendly or enemy officers, visitors, 
commanders; movement of key maintenance personnel indicating equipment limitations." 

6. Communications security (COMSEC): "Friendly or enemy COMSEC breaches. Linkage of codes or 


codewords with plain language; compromise of changing frequencies or linkage with line number/circuit 
designators; linkage of changing call signs with previous call signs or units; compromise of 
encrypted/classified call signs; incorrect authentication procedure." 

7. Wrong circuit: "Inappropriate transmission. Information requested, transmitted or about to be transmitted 
which should not be passed on the subject circuit because it either requires greater security protection or it 
is not appropriate to the purpose for which the circuit is provided." 

8. Other codes as appropriate for the situation may be defined by the commander. 


In WWII, for example, the Japanese Navy, by poor practice, identified a key person's movement over a low- 
security cryptosystem. This made possible Operation Vengeance, the interception, and death of the 
Combined Fleet commander, Admiral Isoroku Yamamoto. 


Electronic signals intelligence 


Electronic signals intelligence (ELINT) refers to intelligence-gathering by use of electronic sensors. Its 
primary focus lies on non-communications signals intelligence. The Joint Chiefs of Staff define it as 
"Technical, and geolocation intelligence derived from foreign non communications electromagnetic 
radiations emanating from sources other than nuclear detonations or radioactive sources." 


Signal identification is performed by analyzing the collected parameters of a specific signal and either 
matching it to known criteria or recording it as a possible new emitter. ELINT data are usually highly 
classified and are protected as such. 


The data gathered are typically pertinent to the electronics of an opponent's defense network, especially the 
electronic parts such as radars, surface-to-air missile systems, aircraft, etc. ELINT can be used to detect 
ships and aircraft by their radar and other electromagnetic radiation; commanders have to make choices 
between not using radar (EMCON), intermittently using it, or using it and expecting to avoid defenses. ELINT 
can be collected from ground stations near the opponent's territory, ships off their coast, aircraft near or in 
their airspace, or satellite. 


Complementary relationship to COMINT 


Combining other sources of information and ELINT allows traffic analysis to be performed on electronic 
emissions which contain human encoded messages. The method of analysis differs from SIGINT in that any 
human encoded message which is in the electronic transmission is not analyzed during ELINT. What is of 
interest is the type of electronic transmission and its location. For example, during the Battle of the Atlantic 
in World War II, Ultra COMINT was not always available because Bletchley Park could not always read the U- 
boat Enigma traffic. But high-frequency direction finding ("huff-duff") was still able to detect U-boats by 
analyzing radio transmissions and the positions through triangulation from the direction located by two or 
more huff-duff systems. The Admiralty was able to use this information to plot courses that took convoys 
away from high concentrations of U-boats. 


Other ELINT disciplines include intercepting and analyzing enemy weapons control signals or identifying 
friend or foe responses from transponders in aircraft used to distinguish enemy craft from friendly ones. 


Role in air warfare 


A widespread area of ELINT is intercepting radars and learning their locations and operating procedures. 
Attacking forces may be able to avoid the coverage of specific radars. Or, Knowing their characteristics, 
electronic warfare units may jam radars or send them deceptive signals. Confusing a radar electronically is 
called a "soft kill," but military units will also send specialized missiles at radars, or bomb them, to get a 
"hard kill." Some modern air-to-air missiles also have radar homing guidance systems, particularly for use 
against large airborne radars. 


Knowing where each surface-to-air missile and anti-aircraft artillery system is, and its type can allow aircraft 
bombing missions to be plotted. This information will enable the aircraft to avoid the most heavily defended 
areas and fly on a flight profile, giving the aircraft the best chance of evading ground fire and fighter patrols. 
It also allows for jamming or spoofing the enemy's defense network (see electronic warfare). Good electronic 
intelligence can be critical to stealth operations; stealth aircraft are not totally undetectable and need to 


know which areas to avoid. Similarly, conventional aircraft need to know where fixed or semi-mobile air 
defense systems are so that they can shut them down or fly around them. 


ELINT and ESM 


Electronic support measures (ESM) or electronic surveillance measures are ELINT techniques using various 
electronic surveillance systems, but the term is used in the specific context of tactical warfare. ESM gives 
the information needed for an electronic attack (E.A.). Such information includes jamming or directional 
bearings (compass angle) to a target in signals intercept, such as in the huff-duff radio direction finding 
(RDF) systems so critically important during the World War II Battle of the Atlantic. After WWII, the RDF, 
originally applied only in communications, was broadened into systems to also take in ELINT from radar 
bandwidths and lower frequency communications systems. This system gave birth to a family of NATO ESM 
systems, such as the shipboard US AN/WLR-1[24]—AN/WLR-6 systems and comparable airborne units. E.A. is 
also called electronic counter-measures (ECM). ESM provides information needed for electronic counter 
countermeasures (ECCM), such as understanding a spoofing or jamming mode to change one's radar 
characteristics to avoid them. 


ELINT for meaconing 


Meaconing is the combined intelligence and electronic warfare of learning the characteristics of enemy 
navigation aids, such as radio beacons and retransmitting them with incorrect information. 


Foreign instrumentation signals intelligence 


FISINT (Foreign instrumentation signals intelligence) is a sub-category of SIGINT, monitoring primarily non- 
human communication. Foreign instrumentation signals include (but are not limited to) telemetry (TELINT), 
tracking systems, and video data links. TELINT is an integral part of national means of technical verification 
for arms control. 


Counter-ELINT 


Still at the research level are techniques that can only be described as counter-ELINT, which would be part of 
a SEAD campaign. Nevertheless, it may be informative to compare and contrast counter-ELINT with ECCM. 


SIGINT versus MASINT 


Signals intelligence and measurement and signature intelligence (MASINT) are closely, and sometimes 
confusingly, related. The signals intelligence disciplines of communications and electronic intelligence focus 
on the information in those signals themselves, as with COMINT detecting the speech in voice 
communication or ELINT measuring the frequency, pulse repetition rate, and other radar characteristics. 


MASINT also works with collected signals but is more of an analysis discipline. There are, however, unique 
MASINT sensors, typically working in different regions or domains of the electromagnetic spectrum, such as 
infrared or magnetic fields. While NSA and other agencies have MASINT groups, the Central MASINT Office is 
in the Defense Intelligence Agency (DIA). 


Where COMINT and ELINT focus on the intentionally transmitted part of the signal, MASINT focuses on the 
unintentionally transmitted information. For example, a given radar antenna will have sidelobes emanating 
from a direction other than that in which the primary antenna is aimed. The RADINT (radar intelligence) 
discipline involves learning to recognize a radar both by its primary signal, captured by ELINT, and its 
sidelobes, perhaps captured by the primary ELINT sensor, or, more likely, a sensor aimed at the sides of the 
radio antenna. 


MASINT associated with COMINT might involve the detection of common background sounds expected with 
human voice communications. For example, suppose a given radio signal comes from a radio used in a tank. 
In that case, if the interceptor does not hear engine noise or higher voice frequency than the voice 
modulation usually uses, even though the voice conversation is meaningful, MASINT might suggest it is a 
deception, not coming from a real tank. 


Legality 


Since the invention of the radio, the international consensus has been that radio waves are no one's 
property, and thus the interception itself is not illegal. There can, however, be national laws on who is 
allowed to collect, store and process radio traffic and for what purposes. Monitoring traffic in cables (i.e., 
telephone and Internet) is far more controversial since it primarily requires physical access to the cable, 
violating ownership and expected privacy. 


This section was modified and edited under Creative Commons Licence from https://en.wikipedia.org/wiki/Signals_intelligence 


https://en.wikipedia.org/wiki/File:BND-Au%C3%9Fenstelle_Gablingen.jpg 


Formats 


Signals Intelligence (SIGINT) Formats 


Signals Intelligence (SIGINT) consists of two formats. 


Indirect Target Acquisition 


Unidentified or unverified signals are processed and analyzed for possible relevant information data. 
These signals require the observation documentation and retention of possible relevant information data. 


Such data can include: 


Who When 
- Being sent to (call signs). - Time of transmission. 
- Being sent from (call signs). - Date of transmission. 
- Authentication codes used. 
Where 
What - Location of transmission. 
- Frequency of transmission. - Signal path of transmission. 
- Method of transmission. 
* Voice. Why 
* Digital. - Purpose. 
- Content of transmission. 
- Estimated power of transmission. * Clear. 
- Transmitter characteristics. * Encrypted. 


All relevant information that can be obtained should be noted and documented. 


Examples of additional information are: 


- Voice. - Transmission patterns. 
- Speech patterns. * Telegraphic “fists”. 
* Linguistics. * Method of voice delivery. 
* Accents. 
- Transmission characteristics. 
- Referenced geographic locations. - Transmitter characteristics. 
- Referenced unit names / numbers. - Propagation characteristics. 


- Referenced individual names / ranks. 
In the event that an undocumented method of transmission or any other type of new element in 
communications ability is observed, the assigned monitor should take the necessary steps to document the 
data as necessarily to capture the full extent of the data. 


Direct Target Acquisition 


Signal data information is obtained from known targets or is based upon existing verified information. 


Mission Objective Requirements 


Signals Intelligence (SIGINT) requires specific mission objective requirements 


WHO - WHAT - WHERE - WHEN - WHY 
Each mission objective should be different and designate very specific and detailed requirements. 


Examples include: 


- Purpose of the mission - What information should be collected 
* Verify Frequencies of transmission. * Logged time of transmission. 
* Verify recipients of transmission. * Logged frequency of transmission. 
* Transmission methods used. * Logged antenna transmission patterns. 
* Content of communications. * Recorded spectral display of transmission. 
* Verify unit location. * Recorded audio of transmission. 


Signals intelligence (SIGINT) requires proper target package assessment information for each mission 
objective 


Examples include: 


- Who is the intended target. - Where intended target is located (1). 
* Governmental. * Other. * Air. * Land. 
* Military. * Sea. * Underwater. 
- What is the intended target - Where intended target is located (2). 
* Governmental. * Type of military unit * Is intended target geographically close to you. 
- Type of agency. - Artillery. - Squadron. * Is intended target geographically far from you. 
* Law Enforcement. - Chemical. - Regiment. 
* Intelligence. - Destroyer. - Battalion. - Intended target recipients location (If Known). 
- Fighter Jet. - Company. * Are the recipients geographically close to the 
* Military. - Submarine. - Platoon. source. 
- Branch of unit. * Are the recipients geographically far from the 
- Army. - Air Force. source. 
- Navy. - Marine. 


The nationality/agency/location of the intended target(s) can dictate the type of equipment that will be used. 


- Nations that fall under the influence of the Russian government will typically use Russian equipment. 

- Nations that fall under the influence of the Communist Chinese government will typically use Communist 
Chinese equipment. 

- Nations that fall under the influence of the NATO alliance will typically use NATO equipment. 

- Civilian agencies will typically use commercial equipment. 


Both All Source and Open-Source Information should be utilized in the development of a mission objective 
plan; in addition to producing target information. Target information can include the following data: 
communications technologies, systems, procedures, and codes used. 


It is important to realize that the mission objective plan information will dictate the equipment and technical 
requirement for completion of the mission. 


Information Requirements 


Signals Intelligence (SIGINT) mission objectives dictate what information is required 


All observed and relevant information monitored should be documented and or digitally preserved as per the 
mission objective requirements. These requirements are similar to the data documentation requirements of 
indirect target acquisition. 


Signals Intelligence (SIGINT) data that is documented should be based on objective information standards 


- All documented information should be the results of Known specifics. 


- Subjective information (hunches or educated guesses) can be included, 
(Such notations should be labeled as subjective informational notations.) 


Examples include: 


(Objective) Known transmission on this frequency, time and using this transmission method 
(Subjective) *Observed transmission used for possible data exchange with higher echelon authority*. 


Various noises or characteristics contained within a broadcast can provide a unique insight. 


Transmission Noise 


- Electrical disturbances. - Electrical chirping. 
Propagation 

- Steady transmission. - Minor transmission fading. 
- Severe transmission fading. - Polar transmission fading. 


Background Noise 


- Does it appear that the transmitter is mobile. - Does it appear that the person transmitting 
* Sound of a vehicle moving. is moving. 
* Sound of heavy machinery. * Sound of running. 


* Sound of labored breath. 


- Does it appear that the person transmitting is with a large group of people. 
* Sound of people talking in background. 
* Sound of radio activity in background. 


Every effort should be made to extract all possible data from each transmission, including 
established criteria for developing both objective and subjective observed information. 


Developing a systematized criterion for information relevance should be established and 
continuously reviewed by SIGINT analysis personnel. 


Sample Signal Observation Report 


The following is an example of a Signal Observation Report. This report format can be modified for individual 
mission objectives or unit requirements. 


The Signal Observation Report can be used as a template and entries entered in during the watch period. 
Upon completion of the watch period, the template document can be saved and submitted for evaluation. 
Upon completion of the review, all pertinent information can be imported from the document and 
automatically entered into a database or spreadsheet for future analysis. Additional Notes would require 
manual entry into a database or spreadsheet. 


Signal Observation Report Log Cover Sheet 


Use the following signal reporting format for documentating transission characteristics. 


S | N P F E M 0) 
: Degrading effect of Modulation 
Reting.ecete Signal cua Propagation Froquency-of 
i fadin i i 
strength Interference Noise disturbance g Quality Depth Overall rating 
5 Excellent Nil Nil Nil Nil Excellent Maximum Excellent 
4 Good Slight Slight Slight Slow Good Good Good 
3 Fair Moderate Moderate Moderate Moderate Fair Fair Fair 
2 Poor Severe Severe Severe Fast Poor Poor or Nil Poor 
. Continuously 
1 Barely audible Extreme Extreme Extreme Very fast Very Poor évecimoaulated Unusable 
https://en.wikipedia.org/wiki/SINPO_code#SINPFEMO code 
Examples: 
Co Channel Transmitter 
- Hum 
Jamming - 


- Transmitter 
Harmonics Chirp 


Additional observations that should be noted: 


- If the average signal strength increases or decreases. 
This could indicate that a station being monitored is on the move, especially on Very High Frequencies. 


- If the transmission (voice type, data type or telegraphic style) or transmitter characteristics. 
(Transmitter modulation, hum or chirp change). 


- Noises that occur during the transmission in the background. 
Examples include conversations, screaming, yelling, shooting, explosions, other radio traffic. 


All relevant information should be documented in the signal section of the report. 


Times of monitored transmissions should be documented using Greenwich Mean Time (GMT). 


Signal Observation Report Page One Of Three 
(Date / Month / Year ) 


Name Of Watchstander 


List any equipment descrepancies observed during the monitoring watch period. 


List any unusual signal anomolies observed during the monitoring watch period. 


Signal Observation Report Page Two Of Three 
(Date / Month / Year ) 


Name Of Watchstander 


DATE - MONTH - YEAR TIME START (GMT) TIME STOP (GMT) FREQUENCY (KHZ) STATION IDENTIFICATION 


MODE LANGUAGE Ss I N P F E M Oo TRUE BEARING 


Information Referenced In Transmission 


Geographic 
Locations 
Codes 


Callsigns 


Units 


Addtional notes can be documented on the following page. (Page Three Of Three of the Signal Observation Report.) 


Signal Observation Report Page Three Of Three 
(Date / Month / Year ) 


Name Of Watchstander 


Addtional Notes 


Data Requirements 


Signals Intelligence (SIGINT) requires proper data management 


Data documentation and validation is important as with other forms of intelligence gathering activities. 
Signals intelligence (SIGINT) documented data can consist of several forms. 


- Transmission content logs. - Spectral transmission displays. 
- Transmission characteristic data. - Directional transmission bearings. 


Signals Intelligence (SIGINT) logs 

Transmission logs can be used for unit identification, unit movement, unit call signs. 

Signals Intelligence (SIGINT) transmission characteristic data 

Transmission data can indicate additional intelligence information. Such information can reveal additional 
information such as: if the source of transmission is fixed or mobile or the type of equipment used can 


indicate the type of unit transmitting. 


Signals intelligence (SIGINT) audio recordings 


Audio recordings can be used to supplement written or typed logs that can provide additional intelligence 
information. Background noise can also reveal supplementary information. 


Signals Intelligence (SIGINT) spectral transmission displays 


Spectral transmission displays can be used for the identification of individual transmitters OR the 
identification of different forms of digital transmission. 


Signals Intelligence (SIGINT) transmission bearings 
Bearings to the source of the transmission can provide: 


- Location information. - Is target stationary or mobile. 
- If the target is mobile, what is the direction of the target movement. 


Signals Intelligence (SIGINT) documented data production should be standardized 


A standard method of information collection, and documentation should be used system wide. This process 
will allow all involved personnel to have the ability to rapidly understand and comprehend the collected 
information, and provide the ability to ensure a timely analysis process and a comprehensive method for 
quick data comparison. 


Data Management Requirements 


Signals intelligence (SIGINT) requires proper data management 


Proper storage of retrieved information is vital as with other forms of intelligence gathering activities. This 
information can provide additional data in future analysis. 


Signals intelligence (SIGINT) documented data production should be standardized 


A universal method of information retention should be used system wide. This process will allow all involved 
personnel to have the ability to rapidly access and understand the collected data. 


- All written notes should be kept in a digital format, using a standardized retention method. 

- All spectral displays should be kept in a digital format, using a standardized retention method. 
- All audio recordings should be kept in a digital format, using a standardized retention method. 
- All graphical images should be kept in a digital format, using a standardized retention method. 


Signals intelligence (SIGINT) documented data retention should be standardized 


- All produced data should be stored on designated equipment or at a specified location. 
- The designated equipment or specified location must be secure and only accessible by authorized 
personnel. 


Signals Intelligence (SIGINT) stored documented data should be backed up 


- Standards should be implemented to routinely back up/mirror stored data to prevent it’s possible loss. 
- Standards should be implemented to secure primary data storage equipment and access. 
- Standards should be implemented to secure secondary data storage equipment and access. 


Signals Intelligence (SIGINT) data storage equipment should be considered mission critical 
All standards should be based on manufacturers recommendations. 
- Routinely verify data storage equipment. - Routinely maintain data storage equipment. 


- Routinely inspect data storage equipment. - Routinely upgrade data storage equipment. 
- Routinely replace data storage equipment. 


Data Management For Future Use 


Signals Intelligence (SIGINT) documented data can provide important information for future analysis 


Future analysis of documented data can provide additional information such as: 


- Operational verification assessment. - Identification of unknown participants. 

* Past. * Present. * Future. * Broadcaster. * All members of traffic net. 
- Traffic content comparison * Recipients. 

* Method. * Data. * Pattern. 


It is important to retain stored data in a generic format, to enable easy conversion of data into new formats 
in the future. Monitor logs that are documented in a text format can be easily converted into an Excel 
spreadsheet format or database format for comparisons with pre or post monitored logs. Monitored spectral 
displays that are documented in a standard graphics format can be easily be assessed for spectral 
similarities against other graphical images for comparisons with pre or post monitored displayed images. 
The same recommendations are also important for audio recordings as well. 


It is also critically important that both the quality and quantity of any retained information is retained at the 
highest standard. A lack of care for data information has wasted the time, effort and expense put forth to 
gather that information. 


Special Data Formats 


Signals Intelligence (SIGINT) spreadsheet database 


Simple spreadsheets can be created to document various informational elements. Upon compilation of such 
spreadsheets, this data can filtered/queried to display/compare specific information. 


The spreadsheets can be considered a simple but effective method of information comparison that can be 
stored at a local unit level. The spreadsheets can be routinely used for data comparison without the need for 
advanced computer software or equipment as required for information data base management. 

Information searches within the spreadsheets can be used to show patterns, or unique variations. 


Examples include: 


- Frequency. - Transmission format. - Map grid location. 
- Time. - Unit (platoon, company, battalion). - Call signs. 


Unlike databases, spreadsheets can be queried, filtered or analyzed using basic commands. 

Both OpenOffice™ and LibreOffice™ are open source software applications that provide a comprehensive 
and free alternative to Microsoft Office™. Both OpenOffice™ and LibreOffice™ can be used for spreadsheet 
creation and analysis. 


It is recommended that the spreadsheet is created in a landscape format, which provides a greater width for 
data entry and readability. 


It is recommended that each vertical column is used for specific data documentation. 


The importance and the relevance of the documented data determines what information should 
be represented within the spreadsheet. 


It is recommended that each horizontal column is used for specific date/time entries. 


An example spreadsheet created for future analysis: 


Time/Date Frequency Transmission | Transmission | Transmission | Grid Square Unit Type Unit 
Type Strength Bearing Location Identification Callsign 

0210.23.04.22 6.050.00 AM 5 290 AB124 ART PK1 

0430.24.04.22 5.540.00 AM 4 340 CN345 TNK GR5 

0515.24.04.22 7.580.00 AM 4 180 DK265 REC HUU 


Time/Date entries should be entered using GMT (Greenwich Mean Time) followed by the Date Month Year 
format. (Each portion of the Time/Date sequence should be separated by using a period. 


Frequencies should be entered using Khz (kilohertz), which will allow easily documentation of a wide range 
of frequencies. 

A standard methodology should be used for other entries to enable the ability to filter / analyze data. 

Such examples include: 


Transmission Type Transmission Strength Transmission Bearing Unit Type Identification 


AM / FM / Data 1to5 1 to 360 ART - Artillery 
TNK - Tank 


Working With Data Within Spreadsheets 


Filtering 


A filter is a list of conditions that each entry has to meet to be displayed. Calc provides three types of filter: 


Standard — specifies the logical conditions to filter your data. 


AutoFilter — filters data according to a specific value or string. Automatically filters the selected cell range and 
creates one-row list boxes where you can choose the items that you want to display. 


Advanced — uses filter criteria from specified cells. 


Applying a standard filter 


A standard filter is more complex than AutoFilter. You can set as many as eight conditions as a filter, combining them 
with the operators AND or OR. Standard filters are mostly useful for numbers, although a few of the conditional 
operators can also be used for text. 


1) 
2) 
3) 
4) 


Select a cell range in your spreadsheet. 
Go to Data > Filter > Standard Filter on the menu bar to open the Standard Filter dialog (Figure 1). 
Specify the filter criteria and filtering options that you want to use. 


Click OK to carry out standard filtering and close the dialog. Any records that match the filter criteria and 
options that you specified are shown. 


£E 
@ Standard Filter ] 
Filter criteria 
Operator Field name Condition Value 


-none- ia) a a | _iaif 


-~none- : = ‘ x. g 


-none- a) = : . 


-none- . = = E | 


(uewerioptionsia Helo 0K | cancel 


{(_) Case sensitive {_] Regular expression 
@ Range contains column labels {_) No duplication 
{_) Copy results to... “Keep filter criteria 
- undefined - ¢ | [al 


Figure 1: Standard Filter dialog 


The filter criteria used in standard filtering defines a filter by indicating the type of line, the name of the field, a logical 
condition and a value or a combination of arguments. 


Operator — for the following arguments, you can choose between the logical operators AND / OR. 


Field name — specifies the field names from the current table to set them in the argument. You will see the 
column identifiers if no text is available for the field names. 


Condition — specifies the comparative operators through which the entries in the Field name and Value fields 
can be linked. 


Value — specifies a value to filter the field. The Value list box contains all possible values for the specified 
Field name. Select a value to be used in the filter, including Empty and Not Empty entries. 


Case sensitive — distinguishes between uppercase and lowercase letters when filtering the data. 
Range contains column labels — includes the column labels in the first row of a cell range. 


¢ Copy results to — select the check box and then select the cell range where you want to display the filter 
results. You can also select a named range from the list. 

¢ Regular expression — select to use wildcards in the filter definition. See LibreOffice Help for a list of the 
regular expressions that LibreOffice supports. If selected, you can use regular expressions in the Value field if 
the Condition list box is set to '=" EQUAL or '<>' UNEQUAL. This also applies to the respective cells that you 
reference for an advanced filter. 

¢ No duplication — excludes duplicate rows from the list of filtered data. 

¢ Keep filter criteria — select Copy results to and then specify the destination range where you want to display 
the filtered data. If this box is checked, the destination range remains linked to the source range. You must 


have defined the source range under Data > Define range as a database range. You can also reapply the 
defined filter at any time by clicking into the source range and then go to Data > Refresh Range. 


File Edit View Insert Format Tools Data Window 


B- Bua Baas Vel xaea-¢ 


a2 | Arial vy! |10 ¥| BU z= 
(C3 'y| # ES = |11:00:00Am 
nt ce! 
1_ |date name arrives leaves hours J 
2_ | 01/01/2008) cot ascending 16:15 6.00 
HEM ovov2008 18:45 7.00 
4 | 01012009] 5° Descending "19:00 10.00 
5_| 0v012008| +5, 1 14:00 2.75 
6 | ovo1z2008) 13:45 2.75 
7_| ovoz2008) —™Pty 18:45 6.00 
8 | 01/02/2008, Not Empty _ 13:45 6.00 
9 | 0102/2008 17:30 8.25 
10 01/02/2008 Standard Filter... ~ 18:30 7.00 
11 | 01/02/2008) 16:00 6.00 
12_| ovo3/2008|| gm ene 18:30 8.75 
13 | 01/03/2008| : 14:30 5.50 
14 | ovos2008) & Fritz 18:00 9.75 
15 | 01/03/2008) § Hans _17:45 9.50 
16 | 01/03/2008) 18:30 9.25 
17_| 0062008), & Kurt 17:30 7.25 
18 | 01/06/2008} g Ute 14:30 3.50 
19 | 01/06/2008 16:15 6.00 
20 | 01/06/2008 15:45 5.00 
21 | 01/06/2008) _ 15:00 4.50 
22 | 0107/2008) 15:15 4.75 
23 | ovo7/2008|| & All (@} (2S) | [17:30 9.00 
24 | 0107/2008) 15:45 6.00 
25 | 0107/2008) 13:45 5.75 
26 | 01/07/2008 (aon) cancel "14:30 5.75 
27 | ovos/2008'Briamte | 8:00! 16:00 7.25 


Figure 2: AutoFilter example 


Applying an AutoFilter 


An AutoFilter adds a drop-down list to the top row of one or more data columns which lets you select the rows to be 
displayed. The list includes every unique entry in the selected cells sorted into lexical order (see 
http://sheepsystems.com/bookdog/HelpBook/LexicalOrder.html for an explanation of lexical order). AutoFilter can be 
used on multiple sheets without first defining a database range. 


1) Click in a cell range on your spreadsheet. If you want to apply multiple AutoFilters to the same sheet, you must 
first define database ranges, then apply the AutoFilters to the database ranges. 

2) Go to Data > Filter > AutoFilter on the menu bar. An arrow button is added to the head of each column in the 
database range. 


3) Click the arrow or small triangle in the column that contains the value or string that you want to set as the filter 
criteria (Shown in Figure 2). 


4) Select the value or string that you want to use as the filter criteria. The records that match the filter criteria that 
you selected are then shown. 


Applying an advanced filter 
An advanced filter has a structure similar to a standard filter. The difference is that the Advanced Filter arguments are 
not entered in a dialog. Instead, filters can be entered in a blank area of a spreadsheet, then referenced by the filter 
dialog to apply the filters. 

1) Select a cell range in your spreadsheet. 

2) Go to Data > Filter > Advanced Filter on the menu bar to open the Advanced Filter dialog (Figure 3). 


3) In Read filter criteria from, select the named range, or enter the cell range that contains the filter criteria that 
you want to use 

4) Click OK to carry out advanced filtering and close the dialog. Any records that match the filter criteria and 
options that you specified are shown. 


f @ Advanced Filter 
Read filter criteria From 
- undefined - = | ir) ss 
ape |__ Gancel 
{| Case sensitive {_] Regular expressions TT 


Range contains column labels {) No duplication —______—. 
[tess | 
{_] Copy results to 4 Keep filter criteria utes 
- undefined - fel 


Figure 3: Advanced Filter dialog 


The options for advanced filtering are the same as those used for standard filtering, see “Applying a 
standard filter’ on page 35 for more information. 


Sorting records 


Sorting within Calc arranges the cells in a sheet using the sort criteria that you specify. Several criteria can be used 
and a sort applies each criteria consecutively. Sorts are useful when you are searching for a particular item and 
become even more useful after you have filtered data. 


Also, sorting is useful when you add new information to a spreadsheet. When a spreadsheet is long, it is usually 
easier to add new information at the bottom of the sheet, rather than adding rows in their correct place. After you have 
added information, you can then sort the records to update the spreadsheet. 


Sort dialog 


To sort cells in a spreadsheet using the Sort dialog (Figure 4): 
1) Select the cells to be sorted. 
2) Go to Data > Sort on the menu bar to open the Sort dialog. Make sure the Sort Criteria page is open. 
3) Select the sort criteria from the drop-down lists. The selected lists are populated from the selected cells. 
4) Select either ascending order (A-Z, 1-9) or descending order (Z-A, 9-1). 
5) Click OK and the sort is carried out on your spreadsheet. 


f @ Sort 
Sort Criteria| Options, 


Sort key 1 (-) 
date B 


Sort key 2 


@ Ascending 


© Descending 


@ Ascending 


© Descending 
Sort key 3 


(ee @ Ascending 
'- undefined - | 


) Descending 


Figure 4: Sort dialog — Sort Criteria page 


 @ Sort 
|Sort Criteria) Options| 


@ Range contains column labels 
@ Include formats 

() Enable natural sort 

{] Copysort results to: 


'- undefined - >| 


{-) Custom sort order 


'Sun,Mon,Tue,Wed, Thu, Fri,Sat > ||| 
Language Options 


Direction 
@ Top to bottom (sort rows) 


© Left to right (sort columns) 


Figure 5: Sort dialog — Options page 


Sort options 


On the Options page of the Sort dialog (Figure 5), you can set additional options: 


* Case Sensitivity — sorts first by uppercase letters and then by lowercase letters. For Asian languages, special 
handling applies. 


For Asian languages, select Case Sensitivity to apply multi-level collation. With multi-level collation, 
entries are first compared in their primitive forms with their cases and diacritics ignored. If they 
evaluate as the same, their diacritics are taken into account for the second-level comparison. If they 
still evaluate as the same, their cases, character widths, and Japanese Kana difference are 
considered for the third-level comparison. 


¢ Range contains column/row labels — omits the first row or the first column in the selection from the sort. The 
Direction setting at the bottom of the dialog defines the name and function of this check box. 


¢ Include formats — preserves the current cell formatting. 


¢ Enable natural sort — natural sorting is a sort algorithm that sorts string-prefixed numbers based on the value 
of the numerical element in each sorted number, instead of the traditional way of sorting them as ordinary 
strings. For instance, assume you have a series of values such as, A1, A2, A3, A4, A5, A6, ..., A19, A20, A21. 


When you put these values into a range of cells and run the sort, it will become A1, A11, A12, A13, ..., A19, A2, 
A20, A21, A3, A4, A5, ..., A9. While this sorting behavior may make sense to those who understand the 
underlying sorting mechanism, to the rest of the population it seems completely bizarre, if not outright 
inconvenient. With natural sorting selected, values such as the ones in the above example are sorted correctly, 
which improves the convenience of sorting operations in general. 


¢ Copy sort results to — copies the sorted list to the cell range that you specify. Select a named cell range 
where you want to display the sorted list, or enter a cell range in the input box. 


¢ Custom sort order — select this option and then select the custom sort order that you want to apply. To define 
a custom sort order, go to LibreOffice > Preferences > LibreOffice Calc > Sort Lists. 


¢ Language — select the language for the sorting rules. 


* Options — select a sorting option for the language. For example, select the "phonebook" option for German to 
include the umlaut special character in the sorting. 


¢ Top to Bottom (Sort Rows) -— sorts rows by the values in the active columns of the selected range. 
¢ Left to Right (Sort Columns) — sorts columns by the values in the active rows of the selected range. 


Quick sort 
If the columns in your spreadsheet have a header with a text format, you can use a quick sort. 


1) Select a cell or a cell range to be sorted. 


A Z 
2) Click the Sort Ascending ib or Sort Descending “* icons on the Standard toolbar. 


Find and replace 
Calc has two ways to find text within a document: the Find toolbar and the Find & Replace dialog. 


Find vx 
% | Find y [| MatchCase @ 


Figure 6: Find toolbar 


Find toolbar 


1) Go to View > Toolbars > Find on the menu bar, or go to Edit > Find on the menu bar, or use the keyboard 
shortcut Ctrl+F to open the Find toolbar (Figure 6). By default the Find toolbar is docked in the lower left-corner 
of the Calc window. You can undock the toolbar and move it to where you choose. 

2) Type a search term in the Find box. 


3) Select Match Case to refine your search. For example, Owner is your search term and selecting Match Case 
will only find Owner and will not find owner. 


4) Click the Find Next db or Find Previous ap icons. To find other occurrences of the same term, continue 
clicking the icon. 


Find & Replace dialog 


Finding 


1) Go to Edit > Find & Replace on the menu bar, or use the keyboard shortcut Ctrl+H, or select the Find & 


Replace 


[ @o Find & Replace 


{| Entire cells 
[ Other Options 


-) Current selection only 
[) Backwards 

(_] Regular expressions 
|] Search for Cell Styles 
[_} Match character width 


Sounds like (Japanese) 


| Similarity search 


Search in Formulas + 
Search direction @ Rows 
© columns 


{-) Search in all sheets 


Search for 
| — Find 
Find All 
Replace with 
| — Replace 
Replace All 
{_} Match case 


wot ND Close” 


Figure 7: Find & Replace dialog 


icon on the Find toolbar to open the Find & Replace dialog (Figure 7). 


2) Enter or select the search criteria in the Search for box. 


3) If necessary, click on Other Options so that you can increase the number of search filters that you can apply to 
your search. 


4) Click Find to locate the first instance of the search criteria you entered. 
5) Click Find again to locate the next instance of your search criteria. 


6) Click Find All to locate all instances of your search criteria. The instances of your search criteria will be 


highlighted in the spreadsheet. 


Replacing 


1) 


2) 
3) 
4) 
5) 
6) 


2) 


Go to Edit > Find & Replace on the menu bar, or use the keyboard shortcut Ctr/+H, or select the Find & 


Replace ae icon on the Find toolbar to open the Find & Replace dialog (Figure 7). 

Enter or select the search criteria in the Search for box. 

Enter or select the replace criteria in the Replace with box. 

If necessary, click on Other Options so that you can increase the number of search filters that you can apply to 
your find and replace. 

Click Replace to locate and replace the first instance of the search criteria you entered with your replacement 
criteria. 

Click Replace again to locate and replace the next instance of the search criteria you entered with your 
replacement criteria. 


Click Replace All to locate and replace all instances of the search criteria you entered with your replacement 
criteria. 


Use Replace All with caution; otherwise, you may end up with some highly embarrassing mistakes. 
A mistake with Replace All might require a manual, word-by-word search to fix, if it is not 
discovered in time to undo it. 


Find & Replace options 
The options available to refine your find and replace are as follows: 


Search for — enter the text that you want to search for, or select a previous search from the list. 

Replace with — enter the replacement text, or select a recent replacement text or style from the list. 
Match case — distinguishes between uppercase and lowercase characters. 

Entire Cells — searches for whole words or cells that are identical to the search text. 

Current selection only — searches only the selected text or cells. 

Backwards - search starts at the current cursor position and goes backwards to the beginning of the file. 


Regular expressions — select to use wildcards in your search. See LibreOffice Help for more information on 
the use of regular expressions. 


Similarity Search — find terms that are similar to the Search for text. Select this checkbox, and then click the 
... button to define the similarity options. 


Search for Styles — searches for text formatted with the style that you specify. Select this option and then 
select a style from the Search for list. To specify a replacement style, select a style from the Replace with list. 


Match character width — distinguishes between half-width and full-width character forms; only available if 
Asian languages are enabled. 


Sounds like (Japanese) — specify the search options for similar notation used in Japanese text. Select this 
option, and then click the ... button to specify the search options. This option is only available if Asian 
languages are enabled. 


Search in — select either Formulas, Values, or Notes to search for the characters that you specify in values, in 
the results of formulas, or in notes. 


Search direction — determines the order for searching the cells. 
Search in all sheets — searches through all of the sheets in the current spreadsheet file. 


The documentation provided for Sorting, Finding and Replacing data within a LibreOffice spread sheets is provided under licence from: 


Libre Office 4.1 


Calc Guide 
The Documentation Foundation 


Working With Spread Sheets 
Chapter 2 Entering, Editing, and Formatting Data 


Pages 72 - 80 
Copyright 


This document is Copyright © 2013 by the LibreOffice Documentation Team. Its contributors are listed below. You may distribute it or modify it under the terms of either the GNU General 


Public License (http://www.gnu.org/licenses/gpl.html), version 3 or later, or the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0/), version 3.0 or later. 
Note that Chapter 8, Using the DataPilot, is licensed under the Creative Commons Attribution-Share Alike License, version 3.0. All trademarks within this guide belong to their legitimate 
owners. 


Equipment Requirements 


Signals Intelligence (SIGINT) data acquisition is based on the use of specific technical equipment 


Specialized equipment must be used for the process of signal intelligence, based upon the mission 
requirements as set forth in each signal intelligence mission operational order. 


The type of specialized equipment required is based upon several factors, which include: 


- Frequency of transmission. 
* Specific frequencies require the use of equipment based on the transmission wavelength parameters. 


- Method of transmission. 
* Transmission types may require the use of specific equipment that can interpret or decode data. 


- Estimated power of target transmitter. 
* Various transmitter powers may require the use of antennas that can be used to enhance weak signals. 


- Estimated range to target transmitter. 
* Range to transmitters may require the use of antennas to overcome geographic situations. 
These situations can include single/multi hop signal path or line of sight transmission path. 


- Estimated elevation of transmitter. 
* Elevation of transmitters may require the use of antennas to lock onto a target at a high/low elevation. 


Additional requirements include: 


- Environmental requirements. 
* Environmental conditions of monitoring station may require protection. 


- Excessive temperature heating. - Excessive temperature cooling. 
- Excessive wind protection. - Excessive moisture protection. 
- Excessive dust protection. - Excessive vegetation protection. 


- Equipment power requirements 
* Certain equipment may require specialized electrical source power 


- Alternating current. - Direct current. 

- Single phase. - Dual phase. 

- Low amperage. - High amperage. 
NOTE 


It is imperative to provide proper electrical grounding to all equipment used. 
- Stray electrical build up can render the equipment unusable or permanently damage the equipment. 


It is also imperative to provide proper electrical grounding to all signal antenna systems used. 
- Antenna system grounding is key to ensuring that the antenna system is capable of performing at optimal 
efficiency. 


Maintenance Requirements 


Signals Intelligence (SIGINT) equipment should be considered mission critical 


Standards should be implemented to encompass routine maintenance of equipment. 
Such standards include: 


- Inspections. - Upgrades. 
- Service. - Replacements. 


These maintenance standards should be based on the equipment manufacturers recommendations. 


Proper electrical protection should also be provided to equipment based on manufacturers 
recommendations. 


This includes electrical grounding for such equipment for: 


- Antenna systems. - Monitoring receivers. - Internal communication systems. 
- Feedline systems. - Data processing systems. 


Electrical system regulation for point of presence power distribution systems should be protected as well. 
Such protection includes: 


- End system grounding. - Power frequency regulation. 
- Power voltage regulation. - Power amperage regulation. 


Voltage or current spikes can disable or damage equipment and render the equipment unsable. 


Maximize Receiver Operation 


Ensuring the equipment is properly grounded, and the antenna system provides the maximum possible 
signal throughput allows the operator to make the most of any receivable RF signal data. 


Antenna Grounding 


Antenna grounding creates a complete electrical circuit that allows RF energy to flow, theoretically 
enhancing the antenna's performance. Several antenna designs require a ground connection to provide 
maximum signal energy flow and function and can also remove unwanted stray interference that may leak 
into the receiver. 


Unbalanced antennas typically require a ground connection to function properly. An unbalanced antenna has 
two parts. One part is driven with AC voltage, while the other part is held at zero potential to the ground. 
Coax cable feeding a vertical over a ground plane is an example of an unbalanced antenna. 


A balanced antenna has two parts that are driven with an equal (and opposite) voltage. A dipole that is fed 
with a ladder line is an example of a balanced feed line feeding a balanced antenna. The voltage is equal 
and opposite along the entire length of each antenna element. 

Antenna Tuner 

An antenna tuner allows the receiver antenna to resonate or match the desired frequency range's electrical 
characteristics. An L-Network tuner can be used for tuning an external antenna. The circuit consists of one 
variable inductor and one variable capacitor. 


Impedance Matching Transformer 


An Impedance Matching Transformer is a device used between a radio receiver and an antenna that 
electrically matches the connection between both. Matching the receiver impedance to the antenna 
impedance will improve signal transfer by matching the resistance and reactance of the antenna to that of 
the radio receiver. Impedance mismatch can cause inefficient radio signal energy (RF) passage from the 
antenna to the receiver. A pi matching network can be used for impedance matching circuits between the 
feed line and the receiver. 


Antenna Baluns 


Baluns are devices used to balance an unbalanced connection without changing the impedance values of 
either line. A balanced connection is a connection that has equal impedance throughout, and an unbalanced 
connection has unequal impedance throughout. An example is feeding a balanced dipole or a similar 
antenna with an unbalanced feeder connection like a coaxial cable. 


Equipment Electrical Grounding 


Grounding creates a low-resistance path to the earth, which prevents the build-up of voltages that could 
result in an injury. Voltage surges could result from increased transient line voltage build-up, equipment 
short circuit, or lightning. Ideally, communication equipment grounding prevents the build-up or transfer of 
electrical noise such as 60 cycle hum. Grounding also prevents the build-up or passage of transient electrical 
energy that can damage equipment. 


Properly Feed The Antenna To The Receiver 


A shielded feed line prevents interference from leaking in from the antenna and prevents the loss of the 
radio signal energy. 


It is recommended to use a feed line based upon the following qualities: 


- Shielded. - Low loss. - Quality feed line connectors. - Waterproofing the antenna connections. 


Understanding Signal Conditions 


Understanding the mechanics of RF propagation is essential to maximize the potential for remote signal 
acquisition. 


Follow The Gray Line 
Ensure that you can follow propagation patterns to receive the transmission in day/night conditions if the 


frequencies you are monitoring are remote. Specific frequencies and wavelengths offer better results in day 
and or night conditions. 


Follow The Solar Cycle 


Ensure that you can receive the transmission in solar cycle conditions if the monitoring frequency is remote. 
Specific frequencies offer better propagation in a high solar cycle condition. 


Follow The Maximum Usable Frequency 

The Maximum Usable Frequency determines the highest frequency that can be used for reliable long 
distance radio communication. The Maximum Usable Frequency is based on geophysical and space weather 
conditions. 


Use The Correct Antenna For The Frequency/Wavelength Of Transmission 


Match the antenna's electrical characteristics for the specific radio signal energy (RF) frequency wavelength. 
These characteristics provide the ability to maximize the reception of weak signals. 


Adjust The Direction Of The Antenna To Point To The Transmission 


It is crucial to locate the transmission source and direct the antenna to the transmission source. 


Directional aim maximizes the ability of the antenna to receive weak signal radio signal energy (RF) when 
pointed towards the relative bearing of the location. 


Great Circle Maps (Azimuthal Equidistant Maps) can be generated to graphically display the center of the 
receiver's location and provide correct azimuth (bearings) to remote places or areas. 


Adjust The Angle Of The Antenna To Point To The Transmission 


It is essential to locate the transmission height and aim the antenna at the transmitter source for certain 
classes of targets and specific frequencies used. 


The correct angle maximizes the ability of the antenna to receive weak signal radio signal energy (RF) at the 
proper elevation toward the location. The angle is important for aircraft and satellite monitoring. 


Understanding Radio Receiver Controls 
Thanks to John, Gerald and Buck for the technical Input. 


Each manufacturer and model receiver has different operating controls. Therefore, it is essential to take 
advantage of all the available receiver controls to maximize the receiver's potential for acquiring an RF 
signal. 


Each listening post may not have the ability to allow the complete construction of advanced antenna or 
receiver grounding systems. However, basic features such as antenna tuning, impedance matching, or basic 
receiver grounding can provide maximum equipment signal potential. Even the most advanced receiver 
cannot properly function without acquiring an adequate radio signal. 


Understanding each available receiver control function and how to use it in conjunction with the other 
available receiver controls is essential. You should tune in known radio signals located distantly away and 
practice using all the receiver controls in concert together and note the results. 
Environmental Conditions 
Ensure equipment is kept out of the natural elements (rain, cold, heat). 
Excessive temperature fluctuations can cause the equipment to function incorrectly. 
Excessive moisture can cause the electrical failure of the equipment. 


Use The Correct Modulation Type For The Method Of Transmission To Monitor 


- USB Upper sideband. - FM Frequency modulation. 
- LSB Lower sideband. - CW Continuous Wave/Morse Code. 
- AM Amplitude modulation. 
- Digital This typically requires a digital converter to decode the digital data into a readable format. 
Ensure That The Receiver Has Maximum Signal Selectivity 
Selectivity allows the receiver to distinguish between signals that are near each other. 
Selectivity can be increased with the incorporation of a Q Multiplier. 
Ensure That The Receiver Has Maximum Signal Sensitivity 
Sensitivity can allow the receiver to receive low radio signal energy (RF) transmission. 
This can be increased with the use of a Q Multiplier or by the use of a radio signal energy (RF) pre-amplifier 
placed between the antenna and the receiver. 
It is essential not to over amplify the incoming radio signal energy (RF) as this will cause the 
incoming signal to become distorted. 


Antenna Trim 


The antenna trim is an internal receiver control is used to match the impedance of the antenna with the 
receiver electrically. 


Noise Limiter 
The noise limiter is an internal receiver control that prevents radio signal energy (RF) from overloading any 


of the receiver circuitry. Overload will result in poor audio or radio energy signal (RF) demodulation. Poor 
demodulation will result in an unintelligible signal. 


Beat Frequency Oscillator (BFO) 


The beat frequency oscillator is an internal receiver control that engages an oscillator at the receiver's 
Intermediate Frequency stage. The oscillator produces a signal that beats with an incoming CW or SSB 


signals and produces a tone. This tone enables the receiver operator to render the Continuous Wave or 
Single Side Band signal intelligible. 


Beat Frequency Oscillator Pitch (BFO Pitch) 


The beat frequency oscillator pitch control is an internal receiver control that varies the frequency/pitch of 
the audio oscillation signal produced by the BFO oscillator. 


Notch Filter 


The notch filter is an internal radio receiver filter designed to eliminate a narrow, sharply-defined band, or 
"notch," of frequencies from reception. 


The Notch Filter can be used for filtering audio or radio energy signal (RF) to eliminate spurious sounds or 
interference. 


RF Gain 


The RF gain control can allow the receiver to amplify weak radio signal energy (RF) transmissions. Radio 
signal energy (RF) can be enhanced by internal amplification within the receiver using this feature. 


It is essential not to over amplify radio signal energy (RF) as this will cause the received radio signal energy 
(RF) to overload the receiver. 
Excessive use of gain will result in poor audio, radio signal energy (RF) demodulation. This will 
render the signal unintelligible. 


Squelch (VHF/UHF) 


The squelch feature allows the reception of the desired radio signal without background noise or static. 


Adjust Receiver Bandpass Filter 


The bandpass filter allows the listener to narrow or increase the radio signal energy (RF) bandwidth being 
monitored. 


Adjusting the bandwidth can allow a listener to remove unwanted adjacent radio noise or transmission from 
the signal. 


Automatic Gain Control 

The automatic gain control provides continuous control of the radio signal energy (RF). 

It functions to keep the radio signal energy (RF) output level of the receiver constant regardless of any radio 
energy signal (RF) input variations. 


Excessive use of gain will result in poor audio, radio signal energy (RF) demodulation. This will 
render the signal unintelligible. 


Bandspread 
Bandspread allows the listener to increase or decrease the spacing between radio frequencies. 


Adjusting the bandspread can allow a listener to spread out the tuning ability and enable the receiver 
operator to fine tune a signal. 


Signal Filter 


Signal filters are used to filter out localized electrical noise or interference from localized broadcast 
transmissions. 


Digital Signal Processing 


Signal processing is typically done using digital signal processing, which allows the listener to remove 
extraneous radio signal energy (RF) from a radio signal. 


Signal processing is ideal for removing radio noise from digital signals. 


Audio Processing 


Audio processing is typically done using audio signal processing, which allows the listener to remove 
extraneous audio interference from a demodulated audio signal. 


Audio processing is ideal for removing noise from audio. 
Adjust Audio Output For Clarity 
- Base - Treble 


Adjusting the audio frequency can provide better audio fidelity and allow the listener to understand the 
broadcast better. 


Communications Receiver 
Hammarland SP 600 


Model SP 600 VLF1 
Instruction Manual 
The Hammarland Manufacturing Corporation Inc. 
1952 


Equipment Optimization 


A receiver should be considered a precision instrument, which can be affected by different internal and 
external forces. Understanding the correlation of internal and external forces that can affect receiver 
function and performance in both fixed post operation or field mobile operation is essential. Receivers of the 
Same manufacturer and model can also display unique individual characteristics, making the operation and 
function of Signal Intelligence of weak signal data collection challenging. 


Geological conditions, near-earth phenomena, geophysical anomalies, and geomagnetic fields can also 
impact receiver system performance. Site selection is key to lowering the chance of nonhuman natural 
anomalies that can affect SIGINT operations. 


Upon establishing and installing new Signal Intelligence facilities, whether fixed or mobile, SIGINT operators 
should perform systems checks for all equipment. These system checks should also incorporate acquiring 
signal data information from known sources and locations. Information should be documented regarding 
receiver controls, grounding, antenna feed system configuration, and antenna installation to maximize the 
receiver potential for these known sources. This documentation can be used for future reference in 
establishing new Signal Intelligence facilities in similar areas. It can also be incorporated for signal system 
equipment training. 


Equipment Emission Security 


Equipment system checks should be made to ensure that ambient electronic emissions are kept to an 
absolute minimum, including incorporating applicable TEMPEST practices. 


These necessary emission checks should include but are not limited to the following: 


- Receiver and equipment electrical grounding points. 
- Antenna and feed point electrical connection points. 
- Associated communications equipment. 

- Secure and non-secure voice communications points. 
- Computer systems and digital data networks. 

- Digital bulk storage systems. 

- Electrical system feed points. 


The equipment should be thoroughly tested to ensure compliance with command control procedures or 
required communications doctrine. All noted equipment emission security discrepancies should be 
thoroughly documented and should also include steps taken to alleviate all noted discrepancies. This 
information can be used for evaluation, analysis, and future training. Additional steps should be taken to 
provide physical security access and facilities segregation to limit possible exposure of radiated spurious 
emissions to outside detection. If the facility is long-term or the operation is long-term, complete emissions 
testing should be conducted to ensure compliance with emission restriction requirements. 


Emission Control, Radiation Hazards, and the Value of Intelligent RF Sensing for These Applications. 


https://download.tek.com/document/RADHAZ_Primer_37W-61447-0_05.pdf 


Collection Of Data 


Much can be said regarding the amount of collected data within signals reports. However, it must be pointed 
out that quality data far outweigh large amounts of useless signal report data. Accurate, timely, and 
comprehensive information should be the key to data collection. This data should include clear graphical 
imagery, clean audio content documentation, and concise transmission data notations. Historically accurate 
data collected over time can be used for the composite analysis of past, present, or future operations within 
a small or large area of operation. 


It is of the utmost importance to include the key points of data collection for a signals report. At the same 
time, the relevance of additional information may provide insight into new types of equipment used, new 
units or personnel within the area of operations, or movements associated with the scope of operations. 


Visual graphics or video capture of transmission emissions can be used to classify data transmission 
methods or encryption. This data can also be used to identify specific types of transmission equipment or 
provide transmission levels for estimating range or directional information. Audio capture of transmission 
emissions can be used for extended linguistic analysis, emission type analysis, or analysis of background 
ambient noise. Detailed technical information regarding the transmission is crucial and is the basis for 
indexing and or cataloging the complete report in a systematized method. 


All information has a relative value, and it is essential to determine the importance of potential data to be 
collected compared to the mission objective. 


The 5 “W’s” constitute the most important questions to ask of potential data to be collected. 


- Who - What - When - Where - Why 


Some additional questions to consider are: 


- What is the quality of the potential data. 

- Does the potential data provide relevance or clarification. 

- Can the potential data be used to correlate past, present, or future activities. 

- Does the potential data provide technical information related to opposition Radio Signal activities. 


Internet Reference Material 


Online Software Defined Receivers 


Online Software Defined Receivers allow people to listen to various frequencies, wavelengths, and 
modulation methods at numerous locations around the world. Frequencies can be monitored from multiple 
locations for enhanced signal quality or to estimate the origin of the transmission. 

List Of Global Online SDR Receivers 

http://www.websdr.org 


Guide To Using Online SDR Receivers 
http://www.vra.be/teksten/SDR/Guide-to-using-WebSDR-v20161031.pdf 
List Of Global Online KiwiSDR Receivers 
https://www.ve3sun.com/KiwiSDR/ 

KiwiSDR TDOA Direction Finding Now Freely Available For Public Use 


https://www.rtl-sdr.com/kiwisdr-tdoa-direction-finding-now-freely-available-for-public-use/ 


Radar Signals 


Specific Emitter Identification For Radar Signals 


https://www.emsopedia.org/entries/specific-emitter-identification-for-radar-signals 


Radar Interference Tracker: A New Open Source Tool to Locate Active Military Radar Systems 


https://www.bellingcat.com/resources/2022/02/11/radar-interference-tracker-a-new-open-source-tool-to- 


locate-active-military-radar-systems/ 


Current Short Wave Station Schedules and Frequencies 
- http://www.shortwave.am 


- https://www.short-wave.info 


- https://www.shortwaveschedule.com/index.php?now 


- https://www.eibispace.de 


Current List of Time and Standard Frequency Stations 


https://en.wikipedia.org/wiki/Standard_ frequency _and_time signal service 


Country Information 


Online Central Intelligence Agency Country Factbook 


https://www.cia.gov/the-world-factbook/ 


Online Information 


Shortwave Monthly Newsletter (Free) 


http://www. hard-core-dx.com/swb/archive.htm 


Military Radio Communications Monitoring 


https://forums.radioreference.com/forums/military-monitoring-forum.94/ 


Satellite Radio Communications Monitoring 


Online Resources 
Global Maximum Usable Frequency Map 


https://www.sws.bom.gov.au/HF_ Systems/6/5 


Global Grey Line Map 


https://www.fourmilab.ch/cgi-bin/uncgi/Earth/action?opt=-p 


Space Weather Prediction Center - National Oceanic And Atmospheric Administration 


https://www.swpc.noaa.gov 


Print A Global Azimuth (Great Circle) Map Based on Receiver Latitude and Longitude 


https://www.ns6t.net/azimuth/ 


SIGINT Information 
SIGINT For Anyone - The growing availability of Signals Intelligence in the Public Domain 


https://www.rand.org/content/dam/rand/pubs/perspectives/PE200/PE273/RAND_PE273.pdf 


Signal Intelligence Targets 


https://satelliteobservation.net/2017/06/04/signal-intelligence-101-sigint-targets 


RF Analysis 
Guide To RF Signals 


https://www.cnrood.com/en/media/solutions/Guide_to_RF_Signals.pdf 


Introduction To SDR And RF Signal Analysis 
Visual analysis of signal characteristics using software-defined radio 


https://www.elttam.com/blog/intro-sdr-and-rf-analysis/#content 


Technical Identification Of Digital Signals 


Open Source Software For Signal Identification 


SignallD - Automatic Radio Signal Identification 


https://play.google.com/store/apps/details?id=com.tortillum.signalid&hl=en US&gl=US 


https://github.com/Neosama/SignallD 


ARTEMIS analyses real-time spectra and uses one of the largest RF signal database (with over 370 records). 


https://aresvalley.com/artemis/ 
https://github.com/AresValley/Artemis 


Inspectrum is a tool for analyzing captured signals, primarily from software-defined radio receivers. 


https://github.com/miek/inspectrum 


Radio Signal Identification «by ear»: Discrete Fast Fourier audio hashes comparison in Python 


https://medium.com/@jcrueda/radio-signal-identification-by-ear-using-fft-hashes-in-python-15f6634e780e 


Generated Hash Database of Sigidwiki: 


https://www.dropbox.com/s/9v7esikwglzs3ys/fingerprints2.rar?dl=1 


Online Information and Forums For Radio Signal Identification 


https://www.reddit.com/r/signalidentification/ 


https://www.sigidwiki.com/wiki/Signal Identification Guide 


https://www.hfunderground.com/wiki/Signal_ Identification 


Software 
SigDigger is a graphical, digital signal analyzer written in Qt5 for Unix systems. 
https://batchdrake.github.io/SigDigger/ 
SPLAT!: A terrestrial RF path and terrain analysis tool for Unix/Linux 
https://github.com/jmcmellen/splat 
Harvester 6.2 SIGINT Database (Commercial application) 


http://www.sigintsystems.co.uk/ 


Software decoders for HF digital signals 


https://wiki.radioreference.com/index.php/HF Software Decoders 


Military Communications Equipment 
(Jane's Military Communications, 1992-93) 


https://archive.org/details/janesmilitarycomOOjwil 


Signal Intelligence Operating Systems 


SigintOS™ Is an Improved Linux Distribution For Signal Intelligence. This distribution is based on Ubuntu 
Linux, and provides many SIGINT operations via a single graphical interface. (Free and Open Source) 


https://www.sigintos.com 


Skywave Linux is an operating system designed to robustly access broadcast, utility, military, and amateur 
radio signals from almost anywhere in the world, including countries with restrictive internet environments. 


https://skywavelinux.com/ 


This is a Ubuntu based Linux operating system with lots of amateur radio software pre-installed. 


https://sourceforge.net/projects/kb1loig-andysham/ 


DragonOS Focal is a Linux based Ubuntu 64 bit operating system developed for software defined radios. 


https://sourceforge.net/projects/dragonos-focal/ 


Frequency Information 


HF Radio Networks of Diplomatic Foreign Ministries 


https://priyom.org/diplomatic-stations 


US Military Satellite Communications 
https://wiki.radioreference.com/index.php/UHF-MILSATCOM 


US Coast Guard Communications Frequencies 


https://wiki.radioreference.com/index.php/United States Coast_Guard 


US Air Force Communications Frequencies 


https://priyom.org/military-stations/united-states/hfgcs 


Russian Military Communications Frequencies 


https://priyom.org/military-stations/russia 


https://wiki.radioreference.com/index.php/Category:Russia_ Military Frequencies 


https://www.numbers-stations.com/military/russia/russian-air-force-stations/ 


Chinese Military Communications Frequencies 
http://www.numbersoddities.nl/Chinese-military-nets. pdf 
http://www.zarya.info/Frequencies/FrequenciesPRC.php 
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Chapter 1 


Fundamentals 


All military forces use the electromagnetic spec- 
trum to command and control operating forces 
acquire targets, guide weapons, and direct sup- 
porting arms. These military forces also use the 
electromagnetic spectrum to collect, process, and 
report intelligence and to support other adminis- 
trative and logistics operations. Most facets o 

military operations involve the use of some de- 
vice or system that radiates or receives electro- 
magnetic energy via air waves, metallic cable, or 
fiber optics. Radios, radars, sensors, smart muni- 
tions, telephone systems, and computer networks 
use electromagnetic radiation. Both complex and 
unsophisticated military organizations depend on 
these systems and their inherent use of the elec- 
tromagnetic spectrum. Signals intelligence opera- 
tions are the principal way to exploit an 
adversary’s use of the electromagnetic spectrum. 


1001. What Is Signals 
Intelligence? 


Signals intelligence (SIGINT) is “a category o 
intelligence comprising either individually or in 
combination all communications intelligence, 
electronic intelligence, and foreign instrumenta- 
tion signals intelligence, however transmitted” 
(Joint Pub 1-02). Simply, SIGINT is intelligence 
gained by exploiting an adversary’s use of the 
electromagnetic spectrum with the aim of gaining 
undetected firsthand intelligence on the adver- 
sary’s intentions, dispositions, capabilities, and 
limitations. 


a. Communications Intelligence 


Communications intelligence (COMINT) is the 
technical and intelligence information derived 


from foreign communications by anyone othe 
than the intended recipient. 


b. Electronics Intelligence 


Electronics intelligence (ELINT) is the technical 
and intelligence information derived from foreign 
noncommunication electromagnetic radiation em- 
anating from anywhere other than nuclear detona- 
tions or radioactive sources. 


c. Foreign Instrumentation Signals 
Intelligence 


Foreign instrumentation signals intelligence (FIS- 
INT) is the technical and intelligence information 
derived from the intercept of foreign instrumenta- 
tion signals by anyone other than the intended re- 
cipients. (FISINT is primarily strategic in nature 
and will not be addressed further in this manual.) 


1002. Concept of Employment 


SIGINT can be employed in tactical situation 
when the enemy uses electromagnetic spectru 
communications and/or systems. Optimal em- 
ployment is against enemy forces that depend on 
tactical communications and noncommunications 
for command and control of their operations. SIG- 
INT operations are more difficult against enemy 
forces that have established more permanent em- 
placements using land lines or other cabled com- 
munications systems. 


SIGINT is one of several intelligence disciplines. 
The other key intelligence disciplines are imagery 
intelligence (IMINT), human resources intelli- 
gence (HUMINT), and measurement and signa- 
ture intelligence (MASINT). 
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1003. SIGINT and Electronic 
Warfare 


Electronic warfare (EW) is “any military action 
involving the use of electromagnetic and directed 
energy to control the electromagnetic spectrum or 
to attack the enemy” (Joint Pub 1-02). EW denies 
the enemy use of the electromagnetic spectru 
for command and control and protects it for 
friendly command and control. There are three di- 
visions of EW. 


a. Electronic Warfare Support 


Electronic warfare support (ES) includes actions 
tasked by or under the direct control of an opera- 
tional commander to search for, intercept, identi- 
fy, and locate sources of intentional and 
unintentional radiated enemy electromagnetic sig- 
nals for the purpose of immediate threat recogni- 
tion. ES provides information required for 
immediate tactical decisions and operations such 
as the identification of imminent hostile actions, 
threat avoidance, targeting, or electronic attack. 


Both SIGINT and ES involve searching for, inter- 
cepting, identifying, and locating electronic emit- 
ters. The primary differences between the two are 
the information’s intended use, the degree of ana- 
lytical effort expended, the detail of information 
provided, and the timeliness required. 


SIGINT is used to gain information concerning 
the enemy, usually in response to a priority intelli- 
gence requirement (PIR), an intelligence require- 
ment (IR), or other means. As described in 
chapter 6, SIGINT support is usually provided to 
the Marine air-ground task force (MAGTF) as a 
whole, but may also be provided directly to subor- 
dinate elements. 


SIGINT information is normally provided to the 
MAGTF all-source fusion center (AFC) for inclu- 
sion into all-source intelligence products and for 
further dissemination throughout the MAGTF and 
to external organizations. See Marine Corps 
Warfighting Publication [MCWP] 2-1, Jntelli- 
gence Operations. SIGINT-derived information 
of immediate tactical importance that does not re- 


quire further processing, correlation, or analysi 

may be passed directly to subordinate command- 
ers or to the operations section or supporting arms 
element of supported commands, in accordance 
with United States Signals Intelligence Directive 
(USSID) 316, Non-Codeword Reporting Pro- 
gram, and USSID 240, ELINT Processing, Analy- 
sis, Reporting, and Forwarding Procedures. 


b. Electronic Attack 


Electronic attack (EA) is action taken to prevent 
or reduce an enemy’s effective use of the electro- 
magnetic spectrum. 


The objectives of SIGINT may conflict with those 
of EA. For example, EA may be conducted to in- 
terfere with the adversary’s use of an emitter a 
the same time as SIGINT operations are designed 
to exploit the adversary’s use of the same emitter. 
Furthermore, EA operations against one target 
may disrupt or otherwise interfere with friendly 
SIGINT collection against the same or differen 
targets. 


SIGINT operations, EA operations, and the 
MAGTP’s overall use of the electromagnetic 
spectrum for command and control (C2) opera- 
tions must be carefully coordinated within the 
MAGTFE and with pertinent external organiza- 
tions. Depending on operational requirements, 
SIGINT and EA operations coordination and de- 
confliction may occur within the radio battalion 
operations control and analysis center (OCAC) 
within the electronic warfare coordination center 
(EWCC), or within the MAGTF command ele- 
ment (CE) current operations center (COC). 


c. Electronic Protection 


Electronic protection (EP) involves the action 
taken to ensure effective, friendly use of the elec- 
tromagnetic spectrum despite the enemy’s use of 
EW. Within the MAGTF, SIGINT elements may 
be tasked to employ similar techniques agains 
friendly force electronic emitters in order to iden- 
tify and help eliminate signals security vulnerabil- 
ities that could be exploited by an enemy’s 
SIGINT operations. 
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1004. Threats 


a. Enemy Capabilities 


The more a combat unit relies on the electromag- 
netic spectrum, the more vulnerable it is to the en- 
emy’s signals intelligence and electronic warfare 
actions. The enemy can— 


e Detect aunit’s devices which radiate elec- 
tromagnetic energy to reveal its identity and 
location. 


e Monitor a unit’s communications to reveal 
its intentions, combat capabilities, logistics 
and personnel status, and other critical oper- 
ational and tactical information. 


e Inject false information into communica- 
tions and information systems (CIS) to con- 
fuse and mislead a unit. 


e Interrupt a unit’s use of the electromagnetic 
spectrum, thereby degrading its ability to re- 
ceive and process intelligence, plan opera- 
tions, and execute C2 functions. 


b. Countermeasures 


To counter threats listed and to enhance effective- 
ness, Marines must be able to— 


e Protect, to the maximum extent possible, the 
free use of the electromagnetic spectrum 
and ensure the reliable performance of ou 
CIS. 


e Exploit the enemy’s use of the electromag- 
netic spectrum for intelligence and targeting 
and intrude into the enemy’s CIS and net- 
works. 


e Attack the enemy’s CIS to adversely affect 
their decisionmaking process and opera- 
tions. 


1005. All-Source Intelligence 
and Operations Command 
Support 


Generally, SIGINT is more useful to the com- 
mander and the decisionmaking process when 
has been correlated and fused with information 
from other intelligence sources and disseminated 
in easily usable, tailored, all-source intelligence 
products. Tactical SIGINT operations within the 
MAGTF, along with other services, theater, and 
national SIGINT support, make SIGINT a valu- 
able source of information within the overall in- 
telligence effort. SIGINT supports the following 
six functions of intelligence. 


a. Commander’s Estimate 


SIGINT helps formulate and modify the com- 
mander’s estimate of the situation by providing 
information needed to analyze the enemy’s C2 
operations, identify the current parameters of op- 

erating emitters, give insight into enemy inten- 
tions, and assess the enemy’s intelligence, EW 

and other military capabilities. 


b. Development of the Situation 


SIGINT’s ability to track enemy emitters and as- 
sociated units and to obtain indicators of inten- 
tions can confirm or refute potential enemy 
courses of action. SIGINT also helps commanders 
to better understand the enemy and the bat- 
tlespace, thereby reducing uncertainty by acquir- 
ing information regarding enemy structure, 
dispositions, locations, movements, and opera- 
tional activities and patterns. 


c. Indications and Warning 


SIGINT is often the principal provider of indica- 
tions and warning (I&W) because adversaries of- 
ten reveal their intentions, locations, and 
movements in their communications and other 
electronic emissions. 


d. Force Protection 


SIGINT supports force protection by revealing 
critical intelligence about enemy intelligence, 
sabotage, subversion, and terrorism and by as- 
sessing the vulnerability of friendly C2 and CI 
operations. 


e. Targeting 


SIGINT supports targeting by providing key op- 
erational and locational intelligence on enemy C2 
operations and facilities, weapons systems, force 
compositions, and dispositions. Information pro- 
vided through SIGINT can identify high value 
and high payoff targets and help develop options 
for attacking these targets. SIGINT also supports 
all-source intelligence gain and loss assessments 
of potential enemy targets. 


f. Combat Assessment 


SIGINT can aid in all-source intelligence support 
of battle damage assessments by exploiting ene- 
my reports of sustained battle damages and by de- 
tecting changes in enemy operations subsequen 
to friendly attacks. 


1006. Capabilities 


a. Remote Intelligence 


SIGINT operations provide extended-range intel- 
ligence without the need for physical presence 
within or near the surveillance area. The standoff 
range for SIGINT operations is directly depend- 
ent on the characteristics of the terrain in which 
SIGINT collection is being conducted and the 
type, operating characteristics, and methods of 
employment of the enemy’s electromagnetic sys- 
tems. Some enemy electromagnetic systems may 
require that SIGINT operations be close to the 
transmission origin, path, or medium. Conversely, 
other electromagnetic systems may be exploitable 
from positions farther away from the transmission 
origin, path, or medium. 


(1) Ground SIGINT Elements. Locating 
ground SIGINT operational elements with friend- 
ly combat forces provides the friendly commander 
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with the capability to collect a wide range of intel- 
ligence information. Locating SIGINT element 
with the ground combat element (GCE) forces 
provides the MAGTF commander with intelli- 
gence support for decisionmaking as well as [& W 
and force protection intelligence reporting to the 
local unit. 


(2) Air-Platform SIGINT Elements. Airborn 

SIGINT elements can provide direct support to 
both air and ground operations and significantly 
enhance collection operations by exploiting ene- 
my targets masked or otherwise unattainable by 
ground-based elements. These SIGINT elements 
also support friendly air operations by identifying, 
locating, and determining the status of enemy sur- 
veillance, targeting, and weapons systems and by 
providing intelligence support to friendly EA op- 
erations targeting these enemy systems. 


(3) Ship-Based SIGINT Elements. SIGINT 
elements may operate from ship-based SIGIN 
operations facilities in support of amphibious op- 
erations. Marine and Navy elements operating 
from ship-based SIGINT facilities may support 
amphibious operations as a part of the assault 
force, airborne SIGINT operations, or ship-based 
SIGINT operations. Within an amphibious task 
force (ATF), the principal SIGINT facilities are 
found with ship’s signals exploitation spaces 
(SSESs) located within the intelligence centers of 
many ships. 


b. Target Detection and Identification 


SIGINT can detect enemy activity in designated 
areas and provide a general indication of its type 
and volume. Analysis of SIGINT information can 
provide the identity and location of specific ene- 
my units, indications of enemy plans and future 
operations, and the type, function, and location of 
specific enemy units and systems. 


c. Near-Real-Time Reporting 


SIGINT operations can immediately report enemy 
actions or events critical to the operations of 
friendly units. Time-sensitive SIGINT reporting 
to combat units may be via standard MAGTF 
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intelligence communications channels or any 
available direct communications means. 


d. Continuous Operations 


SIGINT operations are conducted on a 24-hou 
basis. The size and composition of SIGINT forces 
along with the supported commander(s)’s concept 
of operations will influence the scope, services 
and capabilities of SIGINT operations. 


e. Stealth 


SIGINT operations are a passive intelligence 
technique and can usually be conducted withou 

the enemy’s knowledge or detection. EW opera- 
tions include both active and passive techniques 
and, depending on implementation, may or may 
not be recognized by the enemy. 


f. Flexibility 


Marine SIGINT operations may be employed in a 
variety of means to support the MAGTF concept 
of operations and supporting intelligence opera- 
tions. SIGINT elements may be deployed with ad- 
vance forces or forward ground units; they may 
be aboard air platforms or ship-based. Additional- 
ly, Marine SIGINT elements routinely operate 
with joint and other service elements. These ele- 
ments are effective at leveraging their capabilities 
in support of MAGTF requirements. 


1007. Limitations 


a. Enemy System 


The primary value of SIGINT operations is 
against enemy systems using electromagnetic 
spectrum system transmissions. SIGINT opera- 
tions are ineffective against systems that do no 
use radio frequency (RF) transmissions (e.g., fiber 
optics, land-line telephone systems, or other ca- 
bled systems). If the enemy conducts operations 
under enemy emission control (EMCON) condi- 
tions (e.g., radio silence), SIGINT operations will 
not be effective. 


b. Terrain Masking 


Heavily wooded and urban areas reduce the sus- 
ceptibility of enemy transmissions to SIGINT col- 
lection. In these areas, generally, SIGINT 
elements must be closer to the enemy’s transmis- 
sion origin or medium. Mountainous or very hilly 
terrain also inhibits SIGINT operations (particu- 
larly ground-based operations) by effectively 
blocking enemy signals from detection. 


c. Complex Signals 


Enemy signals that are complex or encrypted re- 
duce the intelligence information available from 
the transmission. Complex signals (i.e., frequency 
hoppers) require special equipment for intercep 

and signals analysis. Encrypted signals require 
deciphering to reveal intelligence information. 
Deciphering simple encryption methods may be 
possible, but an enemy’s use of complex encryp- 
tion methods is currently beyond the scope of tac- 
tical SIGINT elements. 


d. SIGINT versus Electronic Attack 


SIGINT operations may be affected when enemy 
signals are being jammed. Prior to initiating EA 
jamming operations, consideration must be given 
to the intelligence value of the enemy’s signal and 
the effects of its loss. 


1008. Organization 


Within the Marine Corps, the units responsible for 
the conduct of tactical SIGINT are the two radio 
battalions and the four Marine tactical electronic 

warfare squadrons. 


a. Radio Battalion 


The radio battalion (RadBn) provides tactical 
SIGINT, electronic warfare, communications se- 
curity monitoring and analysis, and special com- 
munications operations in support of the MAGTF. 
A variety of employment concepts may be used 
depending upon the situation. Refer to chapter 4 
for a detailed description of RadBns. 
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b. Marine Tactical Electronic Warfare 
Squadron 


The Marine tactical electronic warfare squadron 
(VMAQ) conducts tactical electronic reconnais- 
sance and ELINT operations in support of the 
MAGTF. 


The VMAQ provides— 


e ELINT collection operations to maintain the 
electronic order of battle, including identifi- 
cation of selected emitters and location o 
nonfriendly emitters. 


e Threat warnings for friendly aircraft, ships, 
and ground units. 


e Intelligence support to prevent, delay, or in- 
terrupt detection and tracking by enemy ear- 
ly warning, acquisition, and fire or missile 
control radars of aviation combat elemen 
(ACE) operations and Marine EA-6B tacti 
cal jamming aircraft in support of strike air- 
craft. 


Refer to chapter 5 for a detailed description of the 
VMAQ. 


1009. Command and Control 


a. Radio Battalion 


The RadBn (or RadBn detachment) is generally a 
subordinate command of, or attached to, the 
MAGTE CE. The MAGTF commander has oper- 
ational control (OPCON) of the RadBn (or RadBn 
detachment). 


(1) Staff Cognizance. The MAGTF command- 
er exercises C2 over the RadBn or its detachments 
via the MAGTF intelligence officer. Such a rela- 
tionship allows for the centralized direction and 
effective integration of SIGINT operations within 
the MAGTP’s broader all-source intelligence con- 
cept of operations. RadBn’s EW operations fa 

under the staff cognizance of the MAGTF opera- 
tions officer, requiring close coordination and in- 
tegration among the intelligence staff officer (G- 
2/S-2), operations staff officer (G-3/S-3), and 
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communications and information systems officer 
(G-6/S-6) to achieve optimum employment of 
RadBn. 


(2) Support Relationships The RadBn most 
typically operates in general support of the 
MAGTHF. However, RadBn or its elements may 
be employed in direct support of any of the 
MAGTPF’s major support elements, i.e., GCE and 
ACE. In such cases, the scope of the supported 
commander’s control over assigned RadBn ele- 
ments usually is specified to ensure effective sup- 
port of operations while allowing the MAGTF 
commander to maintain effective control of 
broader intelligence and SIGINT operations. 


b. Marine Tactical Electronic Warfare 
Squadron 


VMAQ or its detachments are subordinate to the 
ACE and under the OPCON of the ACE com- 
mander. 


(1) Staff Cognizance. The ACE commander 
will usually exercise C2 over VMAQ via the ACE 
operations officer or tactical air command center 
(TACC). The ACE intelligence officer will exer- 
cise staff cognizance over VMAQ ELINT activi- 
ties beyond that required to support EA missions. 


(2) Support Relationships. VMAQ elements 
principally operate in direct support of ACE oper- 
ations or other designated commanders (e.g., the 
joint force air component commander). However, 
ELINT acquired during VMAQ operations is ca- 
pable of being used in general support of MAGTF 
elements and supporting intelligence operations. 


1010. Operations 


RadBn and VMAQ conduct both COMINT and 
ELINT operations to varying degrees. RadBns 
conduct predominantly COMINT operations; they 
also ensure rapid dissemination of fused ELIN 
and COMINT from organic or external sources to 
the G-2/S-2 and subordinate commanders. The 
VMAQ’s main focus is ELINT and ES. 


Signals Intelligence 


1-7 


Planning 
and Direction \ 
Utilization Collection 
Di nati Processing 
spe ermnanan and Exploitation 
Production 


Figure 1-1. The Intelligence Cycle. 


To complete intelligence tasks, RadBn an 
VMAQ incorporate the six intelligence cycle 
phases into their SIGINT methodology (see figure 
1-1). Products of the SIGINT cycle are dissemi- 
nated to commanders and others through the 
MAGTF intelligence officer. RadBn and VMAQ 
also provide SIGINT products to other Service 
and agencies as directed. 


a. Planning and Direction 


SIGINT direction is a continuous process that en- 
compasses the tactical and technical employment 
of SIGINT assets. It begins on receipt of a warn- 
ing order, initiating directive, or establishment of 
a planning objective and continues until termina- 
tion of the mission. SIGINT unit commanders 
closely coordinate their operations with the 
MAGTF intelligence officer and pertinent exter- 
nal intelligence and SIGINT elements. 


Planning and direction involves— 


e Determining PIR and IR and SIGINT re- 
quirements to support them. 

e Preparing supporting SIGINT collection, 
production, and dissemination plans. 


e Issuing orders and requests to SIGINT units. 


e Checking continuously on the productivity 
and effectiveness of SIGINT collectors, pro- 


ducers, disseminators, and other SIGINT el- 
ements and agencies. 


b. Collection 


During collection, organic, attached, and support- 
ing SIGINT elements detect, collect, and record 
COMINT and ELINT data. The collected COM- 
INT and ELINT data is then delivered to the ap- 
propriate SIGINT processing or production 
element. The OCAC is the processing and pro- 
duction element for RadBn, while the Tactical 
Electronic Reconnaissance Processing and Evalu- 
ation System (TERPES) is VMAQ’s processing 
and production element. In some instances, such 
as immediate threat information, PIRs and sup- 
porting reporting criteria may direct the SIGINT 
collector to disseminate SIGINT reports directly 
to the local commander (e.g., an infantry maneu- 
ver element) for immediate support to operations. 


c. Processing and Exploitation 


SIGINT processing consists of converting and 
formatting raw signals data to a form that is us- 
able in follow-on SIGINT and all-source intelli- 
gence analysis. The processing and exploitation 
phase is usually not a discrete function, but rather 
one that is accomplished during collection. Once 
the collected information has been processed, 
analysis must determine its significance. Other in- 
telligence information may also be fused together 
with the processed SIGINT to give a comprehen- 
Sive picture and to show how the information can 
be used by the commander to gain an advantage. 


d. Production 


The production stage involves converting the 
SIGINT analysis into appropriately tailored SIG- 
INT reports and all-source intelligence product 

that can be easily understood by the commander 
and other users. Specifically formatted standard- 
ized messages, graphics, and other intelligence 
products are required to familiarize these user 

with layout and content and to ensure rapid usage 
and automated processing of finished reports. 
Within the MAGTF, the RadBn OCAC and the 
VMAQ TERPES produce SIGINT reports and 
products, and the MAGTF AFC incorporates 
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SIGINT products and information into all-source 
intelligence products. 


e. Dissemination 


Dissemination is the process through which SIG- 
INT products are delivered to MAGTF users: the 
MAGTF commander, subordinate commanders 
and their staffs, and others as appropriate (e.g. 
joint force commander, joint components, and 
various theater and national organizations and in- 
telligence agencies). SIGINT products are dis- 
seminated via dedicated SIGINT or general 
purpose CIS channels according to available CIS 
resources, the classification of the product, and 
the intelligence dissemination plan. These prod- 
ucts include time-sensitive voice reports, text re- 
ports, data base updates, and web-based resources 
(e.g., via the MAGTF sensitive compartmented 
information local area network). 


f. Utilization 


SIGINT must be exploited to have value. Com- 
manders, G-2/S-2s, G-3/S-3s, and other principal 
staff officers must continuously evaluate SIGINT 
products for timeliness, usefulness, and overa 
quality and provide feedback to the intelligence 
officer and SIGINT elements. 


1011. Commanders’ 
Responsibilities 


MAGTF commanders are responsible for the 
planning and direction, collection, processing 
production, dissemination, utilization, and securi- 
ty of all SIGINT information by units under their 
command. The Director, National Security Agen- 
cy (DIRNSA), delegates SIGINT operational 
tasking authority (SOTA) to MAGTF command- 
ers by name for the duration of an operation o 

other specified period of time. SOTA allows the 
designated commander to task and direct the op- 
erations of organic or attached SIGINT units. Ad- 
ditional information regarding SOTA may be 
found in USSID 4, Concept of SIGINT Support to 
Military Commanders. 
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Commanders are also responsible for planning 
integrating, and using SIGINT support, if avail- 
able, from other United States or allied nationa 
and military SIGINT organizations. The com- 
mander’s primary responsibilities fall into the fol- 
lowing areas. 


a. Tasking and Directing 


The commander possessing SOTA is responsible 
for the effective tasking and operation of assigned 
SIGINT assets. Generally, once a commander de- 
termines the intelligence requirements, the G-2 
S-2, with the advice and assistance of the intelli- 
gence operations officer and SIGINT officer 
(SIO), decides which requirements can be satis- 
fied via organic SIGINT operations. SIGINT unit 
commanders or officers in charge (OICs) will also 
coordinate operations with other key staff officers 
within the intelligence section (i.e., the collections 
manager, the AFC OIC, the surveillance and re- 
connaissance center OIC, and the dissemination 
manager). The G-2/S-2 passes these IRs as task- 
ings to the commanding officer (CO) or OIC 0 
the organic or attached SIGINT unit (e.g., a 
RadBn unit). These requirements will be in the 
form of either PIRs or IRs. PIRs and IRs are fur- 
ther managed within the intelligence effor 
through the use of intelligence collection require- 
ments (ICRs), intelligence production require- 
ments (IPRs), and intelligence dissemination 
requirements (IDRs) in order to achieve effective, 
mutually supporting all-source intelligence opera- 
tions (see MCWP 2-1, chapter 3, for detailed in- 
formation on IR management). The SIGINT unit 
commander is then responsible for commanding 
and controlling resources to accomplish the as- 
signed mission. This process is discussed further 
in chapter 7. 


b. Reporting 


The ultimate goal of tactical SIGINT operations is 
the timely and usable production of SIGINT in- 
formation which answers the MAGTF command- 
er’s PIRs and other MAGTF IRs. SIGINT reports 
are discussed in detail in chapter 7. 
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c. Protecting 


The MAGTF commander is responsible for safe- 
guarding SIGINT personnel, facilities, and infor- 
mation used or produced by units within the 
command. Loss of SIGINT units and capabilities 
by destruction or capture and unintended disclo- 
sures of SIGINT operations may result in severe 
losses of MAGTFE capabilities. The effectiveness 
of SIGINT depends on the ability to maintain se- 
curity and conceal SIGINT techniques and suc- 
cess from the adversary. Accordingly, the 
commander must provide adequate protection to 
prevent the capture of SIGINT facilities and per- 
sonnel. In addition, special intelligence courier 
must be adequately protected, and positive mea- 
sures must be taken to conceal courier runs and 
routes. To meet this responsibility, the MAGT 
commander must satisfy the following four basi 
security requirements. 


(1) A special security officer (SSO) must be ap- 
pointed in all units authorized to receive and use 
SCI. The SSO is under the staff cognizance of the 
unit intelligence officer and is responsible for the 
operation of the SCIF and the security, control, 
and use of SCI within the SCIF. Marine expedi- 
tionary force (MEF) CEs, Marine divisions, 
Marine aircraft wings, force service support 
groups, and other designated organizations have 
SSOs. Other SSOs may also be appointed as 
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needed during tactical operations or whenever a 
TSCIF is established. 


(2) Sensitive compartmented information (SCI 
generally must be handled, processed, or stored 
only in a SCI facility (SCIF). This may be either a 
mobile tactical SCIF (TSCIF) or a permanent fa- 
cility. SCI security requirements are discussed in 
greater detail in chapter 8. 


(3) Persons who handle or use SIGINT informa- 
tion must have proper security clearances and be 
indoctrinated for access to SCI and any additional 
required accesses. Access to SCI will be governed 
by need-to-know requirements. Unit commanders 
are responsible for determining who requires SCI 
access. At a minimum, all unit staff principals and 
key functional planners should have SCI access. 


(4) SCI-secure CIS means for handling and trans- 
mitting special intelligence and SIGINT-related 
information must be available. These include SCI 
voice circuits, SCI record communications, SC 
local area networks (LANs), and Joint Worldwide 
Intelligence Communications System (JWICS). 


d. Training 


The MAGTF commander is responsible for en- 
suring that staff and operating forces are trained 
to effectively use SIGINT and to protect them- 
selves against enemy SIGINT efforts. 


(reverse blank) 


Chapter 2 


SIGINT Responsibilities in the Supporting 
Establishment 


RadBns and VMAQs are the principal SIGINT 
units within the operating forces. These units are 
addressed further in chapters 4 and 5. To effec- 
tively execute their missions, MAGTFs, RadBns, 
and VMAQs draw on a wide range of external or- 
ganizations to provide personnel and equipmen 

resources, training opportunities, and unique SIG- 
INT support. To understand how MAGTEFE SIG- 
INT operations can be supported externally, it is 
necessary to understand the missions and func- 
tions of external SIGINT organizations and how 
they provide operational support to the MAGTF. 


2001. Marine Corps SIGINT 
Organization 


a. Headquarters Marine Corps 


Headquarters Marine Corps (HQMC) is responsi- 
ble for the internal organization, training, equip- 
ping, and readiness of the Marine Corps; for the 
operation of its material support system; and for 
the total performance of the Marine Corps. The 
Assistant Chief of Staff, Command, Control, 
Communications, Computers, and Intelligence 
Department (C4]), has the following SIGINT re- 
sponsibilities: 


e Formulates Marine Corps SIGINT plans and 
policies and participates in the formulation 
of joint and combined plans, policies, and 
related command relationships. 


e Determines present and future SIGINT ac- 
tive and reserve personnel requirements, 
both quantitative and qualitative. 


e Provides final authority on validation and 
approval of all personnel augmentation from 
non-Fleet Marine Force (FMF) resources to 
support MAGTF operations. 


e Reviews the internal organization, training 
requirements, and readiness of all SIGIN 
elements of the Marine Corps. The internal 
organization of Marine Corps SIGINT ele- 
ments is constantly reviewed, with particu- 
lar emphasis on occupational field (OccFld) 
military occupational specialty (MOS) skill 
requirements, to ensure requisite skills and 
training are available to meet MAGTF oper- 
ational needs. 


b. Marine Support Battalion 


The Marine support battalion (MarSptBn) is a 
special supporting activity that provides for 
Marine Corps participation in national and De- 
partment of the Navy (DON) cryptologic activi- 
ties. (SIGINT operations within the Navy are 
generally referred to as cryptologic operations 
This term may generally be used synonymously 
with the term SJGINT.) Marines in MarSptBn are 
assigned to national and theater organizations that 
support both deployed and in-garrison MAGTFs 
with routine and time-sensitive, mission-critica 
SIGINT support. Additionally, these Marines 
learn national-level SIGINT collection, produc- 
tion, and dissemination systems and benefit from 
SIGINT skills training available only at these 
sites. 


(1) Commanding Officer. The principal func- 
tions and tasks assigned to the CO, MarSptBn, in- 
clude the following: 


e Coordinate the withdrawal of MarSptBn 
Marines to augment MAGTFs in response 
to global-sourcing requests. 


e Support Marine Corps SIGINT require- 
ments through interface at the National Se- 
curity Operations Center (NSOC) and 
regional security operations centers 
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(RSOCs). (Refer to paragraph 2003 for a de- 
tailed discussion of these organizations.) 


e Manage and administer the reserve SIGINT 
program to provide augmentation to active 
duty SIGINT forces. 


e Provide for entry-level skills qualification 
and skills progression training of Marine 
SIGINT personnel. 


(2) Battalion Headquarters. The battalion 
headquarters, collocated with Commander, Naval 
Security Group (CNSG), Fort Meade, Maryland, 
provides command, administrative, and Marine 
Corps-unique logistics support for the battalion 
and Marine Corps personnel in various Naval Se- 
curity Group (NSG). It is under the military com- 
mand and management control of the 
Commandant of the Marine Corps (CMC) and un- 
der the staff cognizance of the Assistant Chief of 
Staff, C41, HOMC. 


(3) Letter Companies. MarSptBn’s letter com- 
panies support the naval mission of the Naval Se- 
curity Group Activity (NSGA) to which they are 
assigned as well as provide for the unique service 
support of assigned Marines (see table 2-1). The 


letter companies are under the military command 
and administrative control of the CO, MarSptBn, 
while under the OPCON and technical direction 
of the CO of the NSGA site each supports. 


(4) Company K. Company K, MarSptBn, pro- 
vides administration for Marine students and staff 
assigned to the Naval Technological Training 
Center (NTTC), Pensacola, Florida, and provides 
liaison and instructors in conjunction with SIG- 
INT training. 


2002. SIGINT Organizations in 
Other Military Services 


Services man, train, and equip organic SIGIN 
forces to support their operational commander 
and to prepare to participate in joint, theater, na- 
tional, and combined operations. Each Service 
has a service cryptologic element (SCE) head- 
quarters that provides SIGINT management, 
guidance, and oversight. The National Security 
Agency (NSA) maintains SIGINT operational 
control of each SCE. 


Table 2-1. Marine Support Battalion Companies. 


Company Site/Host Location 
Headquarters Company | NSG Ft. Meade, Maryland 
Company A NSGA Denver Buckley Air National Guard Base, 

Aurora, Colorad 

Company B NSG Ft. Meade, Maryland 
Company D NSGA Ft. Gordon Ft. Gordon, Georgia 
Company E NSGA Misawa Misawa Air Force Base (AFB), Japan 
Company FI NSGA Rota Rota, Spain 
Company G NSGA Menwith Hill Royal Air Force Menwith Hill, England 
Company H NSGA San Antonio Kelly AFB, San Antonio, Texas 
Company | NSGA Kunia Kunia, Hawaii 
Company K NTTC Corry Station Pensacola, Florida 
Company L NSGA Guantanamo Guantanamo Bay, Cuba 
'Company F is scheduled for deactivation 30 June 1999. 
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a. Naval Security Group 


NSG is the DON’s SCE. It directly supports de- 
ployed MAGTFs by providing access to— 


e SSES use with MAGTF SIGINT personnel 
while embarked. 

e Direct support to MAGTF operations with 
NSG elements operating aboard Navy ships 
or aircraft. 

e Direct service support to MAGTF opera- 
tions from ashore NSG facilities in the the- 
ater of operations. 

e Hardware, software, specialized equipment, 
and training to the RadBns. 

e SIGINT technical support kits from region- 
ally focused cryptologic shore support activ- 
ities. 


b. United States Army Intelligence and 
Security Command 

United States Army Intelligence and Security 
Command (INSCOM) is the Army’s SCE. It pro- 
vides support to deployed MAGTFs when— 


e Marines are part of a joint force that in- 
cludes Army SIGINT units. 

e Marines are serving as part of a larger force 
that includes adjacent Army units. 

e Army theater fixed-site activity or mobile 
SIGINT asset can provide support. 


c. Air Intelligence Agency 


Air Force Intelligence Agency (AIA) is the Ai 
Force’s SCE. Its elements support deployed 
MAGTFs by collecting and producing air intelli- 
gence or by providing SIGINT support for air and 
air defense operations. 


2003. National SIGINT 
Organizations 


a. National Security Agency 


In order to provide timely, effective SIGINT sup- 
port to military commanders, NSA established 
several tailored support mechanisms. 
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(1) National Security Operations Center. 
The NSOC supports JTF and MAGTF operations 
by providing SIGINT reporting derived from na- 
tional assets. The NSOC functions as the current 
operations and crisis management center of the 
NSA to ensure that time-sensitive SIGINT needs 
of commanders are satisfied. The NSOC works 
closely with the National Military Command 
Center (NMCC) and other Department of Defense 
(DOD) I&W watch centers. 


(2) Regional Security Operations Centers. 
NSA established three RSOCs to enhance SIG- 
INT support to combatant commanders at all ech- 
elons. RSOCs are regionally focused and receive 
inputs from multiple sources. The RSOCs are lo- 
cated at Fort Gordon, Georgia; San Antonio, 
Texas; and Kunia, Hawaii. 


The following organizations are established at 
each RSOC: 


e NSGestablished a cryptologic shore support 
activity (CSSA) staffed with Marine and 
Navy personnel at each RSOC. CSSAs pro- 
vide direct support to naval tactical opera- 
tions through interface with the RSOC. This 
interface allows greater tailoring of RSOC 
operations supporting the intelligence re- 
quirements of MAGTF operations. Principal 
communications connectivity to CSSAs 1 
provided by Navy communications systems 
within SSES. 

e INSCOM established a technical control 
and analysis element (TCAE) at each of the 
RSOC locations. CSSA Marine personne 
interface with TCAE personnel to provide 
ground-oriented intelligence information in 
support of the MAGTF. Communication 
connectivity with the TCAEs is provided 
generally via the Trojan Spirit If communi- 
cations system organic to the RadBns or 
communications battalions. 


b. National Reconnaissance Office 


The National Reconnaissance Office (NRO) pro- 
vides critical support to United States SIGINT 
operations. NRO’s mission is to enable United 
States global information superiority during peace 
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and war. NRO is responsible for unique and inno- 
vative technology, large-scale systems engineer- 
ing, development and acquisition, and operation 
of space reconnaissance systems and related intel- 
ligence activities to support global information 
superiority. NRO’s capabilities include support- 
ing I&W, monitoring arms control agreements 
and supporting military operations. The NRO ac- 


complishes its mission through ongoing research 
and development, acquisition, and operation o 

spaceborne and airborne intelligence data collec- 
tion systems. NRO assets and capabilities may be 
requested to support MAGTF operations unde 
procedures described in the Joint Tactical Exploi- 
tation of National Systems (J-TENS) Manual. 


Chapter 3 


SIGINT Responsibilities in the MAGTF 


The MAGTF commander is ultimately responsi- 
ble for the conduct of MAGTF SIGINT opera- 
tions. The MAGTF commander’s staff, major 
subordinate commands (MSCs), specialized units, 
and theater or national level organizations assist 
the commander in execution of SIGINT responsi- 
bilities. This chapter focuses on the roles and re- 
sponsibilities of Marine operating forces’ staffs, 
MSCs, and specialized units. 


3001. Commanders, Marine 
Corps Forces 


Commanders, Marine Corps forces (COMMAR- 
FORs), are responsible for using their organic 
SIGINT assets effectively and for ensuring re- 
sponsive national and theater support to subordi- 
nate commands. COMMARFORs— 


e Review and validate SIGINT support re- 
quests from subordinate commands and en- 
sure they receive the tailored support they 
require. 

e Review and comment on cryptologic sup- 
port plans (CSPs) prepared by NSA and the- 
ater combatant commanders for MAGTF 
operation plans (OPLANSs). 


e Coordinate SIGINT issues and requirements 
with the theater and national agencies in 
support of Marine Corps forces (MAR- 
FOR). 

e Coordinate with theater and national SIG- 
INT and all-source intelligence agencies and 
organizations to support MARFORs. 


e Review, exercise, and if necessary, develop, 
interoperable CIS architectures to support 
the SIGINT effort. 

e Coordinate between MARFOR and their 
subordinate commands to improve SIGINT 
interoperability, standardization, prepared- 
ness, and performance. 


3002. MAGTF Staff Sections 


a. G-2/S-2 


All MAGTEF intelligence and counterintelligence 
activities, to include SIGINT, are under the staff 
cognizance of the unit G-2/S-2. Within the 
bounds of the commander’s SOTA, the G-2/S-2 is 
responsible for planning, directing, managing, 
and supervising the tasking and operations of 
SIGINT units organic to and supporting the 
MAGTEF. The G-2/S-2— 


e Develops and satisfies outstanding PIRs and 
IRs by planning, directing, integrating, and 
supervising organic SIGINT operations and 
other MAGTEF all-source intelligence opera- 
tions. 


e Prepares MAGTF SIGINT plans and orders. 


e Coordinates SIGINT collection (to include 
SIGINT amplifications and SIGINT time 
sensitive requirements), production, and dis- 
semination requirements that are beyond the 
capability of the MAGTE and submits them 
to higher headquarters for JTF, theater, o 
national SIGINT support. 


e Ensures routine and time-sensitive SIGINT 
information is rapidly processed, analyzed, 
and incorporated in all-source intelligence 
products, and rapidly disseminates this in- 
formation to MAGTF and external units. 


e Evaluates JTF, theater, and national SIGINT 
support to the MAGTF and adjusts stated re- 
quirements if necessary. 


e Identifies, validates, and assists with resolu- 
tion of SIGINT personnel and equipment re- 
sources deficiencies (e.g., insufficient 
linguists and special signal analysts exper- 
tise). 


e Incorporates SIGINT in training exercises to 
improve MAGTF individual, collective, and 
unit readiness. 
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b. G-1/S-1 


The manpower or personnel staff officer (G-1/ 
S-1) is responsible for all SIGINT personnel re- 
quirements. Often it is necessary to augment or- 
ganic SIGINT units with specially-trained 
personnel from outside the command. The G-1 

S-1 either internally sources or forwards person- 
nel augmentation requests developed by the G-2/ 
S-2 to higher headquarters for action. 


c. G-3/S-3 


The G-3/S-3 is responsible for planning, coordi- 
nating, and supervising the tactical employmen 

of units. The G-3/S-3 coordinates the movement 
and operations of SIGINT units with the G-2/S- 
2 for integration in current and future operations 

planning. Because SIGINT units also provide cer- 
tain EW capabilities, the G-3/S-3, normally via 
the electronic warfare officer (EWO), coordinates 
SIGINT units’ tactical positioning to provide tac- 
tical EW and command and control warfare 
(C2W) support. Normally, as the principal staf 

SIGINT user, the G-3/S-3 has the primary respon- 
sibility for planning maneuver operations and fire 
support, which requires close coordination 
throughout the planning process to ensure effec- 

tive SIGINT support. 


d. G-4/S-4 


The logistics staff officer (G-4/S-4) is responsible 
for the combat service support (CSS) of MAGTF 
SIGINT units. To ensure the required support 1 
available, the G-4/S-4 develops CSS arrange- 
ments to meet the needs of the deployed SIGINT 
units (particularly SIGINT units’ unique equip- 
ment logistics requirements). 


e. G-6/S-6 


The G-6/S-6 is responsible for providing and pro- 
tecting internal and external MAGTFE CIS con- 
nectivity and operations. The G-6/S-6— 


e Coordinates or provides communication 
paths, network accesses, and frequencies for 
SIGINT organizations attached to and/or 
supporting the command. 


e Provides representation for CIS matters 
within the EWCC, when it is established. 


MCWP 2-15.2 


e Assists the unit security manager and G-3/ 
S-3 in promoting personnel awareness 0 
enemy SIGINT threat capabilities, signals 
security training, and unit signals security 
preparedness. 


3003. MAGTF Intelligence 
Section Elements 


The MAGTF intelligence section, resident in the 
MAGTFE CE, is the focal point for MAGTF SIG- 
INT planning and direction and is supported by 

the combat intelligence center (CIC). Depending 
on the size of the MAGTF, operational require- 
ments or other factors, the CIC may consist of a 
number of subordinate elements. 


a. Combat Intelligence Center 


The CIC is established within the MAGTF CE. 
Performing the primary functions of the MAGTF 
intelligence section, the CIC includes the follow- 
ing subelements. 


(1) All-Source Fusion Center The AFC is the 
primary MAGTF analysis and production 
element. It processes and produces all-source in- 
telligence products in response to MAGTF re- 
quirements. 


(2) Surveillance and Reconnaissance Cen- 
ter. The surveillance and reconnaissance cente 
(SARC) is the primary element for the supervi- 
sion of MAGTF collection operations. It directs, 
coordinates, and monitors intelligence collections 
operations conducted by organic, attached, and 
direct support collection assets. 


(3) Operations Control and Analysis Cen- 
ter. The OCAC is the main node for the com- 
mand and control of RadBn SIGINT operation 

and the overall coordination of MAGTF SIGINT 
operations. It processes, analyzes, produces, and 
disseminates SIGINT-derived information and di- 
rects the ground-based EW activities of the 
RadBn. 
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b. Intelligence Section and SIGINT 
Unit Commanders and Officers in 
Charge 


(1) Intelligence Operations Officer. The in- 
telligence operations officer is responsible to the 
G-2/S-2 for the overall planning and execution of 
MAGTF all-source intelligence operations. The 
intelligence operations officer— 


e Plans and implements a concept of intelli- 
gence operations based upon the mission 
threat, commander’s intent, and concept of 
operations. 


e Develops, consolidates, validates, and prior- 
itizes recommended PIRs and IRs to support 
MAGTF planning and operations. 


e Plans, develops, and directs MAGTF intelli- 
gence collections, production, and dissemi- 
nation plans, to include the effective 
employment and integration of MAGTF 
multidiscipline intelligence and reconnais- 
sance operations. 


e Coordinates and integrates MAGTF intelli- 
gence operations with other components, 
JTF, theater, and national intelligence oper- 
ations. 


e Evaluates and improves MAGTF intelli- 
gence operations. 


(2) SIGINT Officer. The SIO is responsible to 
the MAGTF G-2/S-2 for the planning, direction, 
and execution of MAGTF SIGINT operations. 
The SIO— 


e Coordinates with other intelligence section 
staff officers, the RadBn CO or OIC, and the 
ACE G-2/S-2 (for VMAQ TERPES opera- 
tions) to prepare SIGINT plans and order 
for the MAGTF. 


e Coordinates with the collection manage- 
ment officer and RadBn and VMAQ TERP- 
ES planners to coordinate, plan, supervise, 
and assist SIGINT collection requirement 
and taskings for MAGTF operations. 


e Coordinates with the SARC OIC, RadBn 
CO or OIC, VMAQ TERPES OIC, and G-3/ 
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S-3 to coordinate the movement, operation, 
and reporting of SIGINT units. 


e Coordinates with MAGTF AFC OIC, 
RadBn CO or OIC, and VMAQ TERPES 
OIC to coordinate MAGTF AFC analyst ex- 
changes with RadBn TERPES COMINT 
and ELINT analysts and to coordinate the 
integration of SIGINT with all-source intel- 
ligence production. 


e Coordinates with the dissemination officer 
to plan for the timely reporting of SIGINT- 
derived intelligence to MAGTF and external 
elements and the rapid handling of perish- 
able SIGINT information. 


e Coordinates with the G-6/S-6, Marine divi- 
sion (MARDIV) OICs, Marine aircraft wing 
(MAW) special security communications 
teams (SSCTs), and SIGINT unit OICs to 
plan and coordinate special intelligence 
communications paths and operations. 


e Assists the intelligence operations officer 
with preparing and presenting special intel- 
ligence briefings and reports as required. 


(3) Special Security Officer. The SSO is re- 
sponsible to the commander for ensuring the com- 
mand’s adherence to SCI regulations and policies, 
security clearance procedures, and SCI materia 
handling. Generally, the SSO is the unit’s senior 
intelligence officer. The SSO— 


e Establishes and/or maintains a SCIF or 
TSCIFs to support SIGINT and other com- 
partmented operations. 


e Ensures that the command and all subordi- 
nate organizations have sufficient SCI bil- 
lets to meet all potential operational 
requirements, to include the administration 
and management of unit SCI billets and SCI 
security investigations. 


e Provides oversight, training, and supporting 
procedures for the conduct of SCI sanitiza- 
tion and dissemination within the MAGTF. 
This includes the determination of 
applicable authority for sanitization and au- 
thorized recipients of the sanitized material. 
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(4) Collections Management Officer. The 
collections management officer (CMO) is respon- 
sible for formulating detailed ICRs and tasking 
and coordinating internal and external collection 
operations to satisfy the requirements. The CMO 
receives PIRs and IRs from the intelligence oper- 
ations officer and develops an integrated collec- 
tion plan using organic and supporting resources. 


In coordination with the SIO and SIGINT unit 
COs or OICs, the CMO— 


e Determines and coordinates ICRs that may 
be tasked to organic or supporting SIGINT 
elements. 


e Identifies ICRs and prepares requests for in- 
telligence that are beyond organic capabili- 
ties and that must be submitted to higher 
headquarters and external agencies for satis- 
faction. 


(5) MAGTF All-Source Fusion Center Of- 
ficer in Charge. The MAGTF AFC OIC is 
primarily responsibile for managing and super- 
vising the MAGTF’s all-source intelligence pro- 
duction and processing effort. The MAGTF AFC 
OIC— 


e Determines and coordinates MAGTF IPRs, 
to include SIGINT element products as well 
as all-source intelligence products. 


e Maintains all-source automated intelligence 
data bases, files, workbooks, country stud- 
ies, planning imagery, mapping and topo- 
graphic resources, and other references. 

e Administers, operates, and maintains intelli- 
gence processing and production systems 
both general service (GENSER) and SCI, 
e.g., joint deployable intelligence support 
system (JDISS) and intelligence analysis 
system (IAS). 

e Analyzes and fuses all-source intelligence 
into tailored products in response to stated 
or anticipated PIRs and IRs, to include sani- 
tized SCI products. 

e Develops and maintains current and future 
intelligence situational, threat and environ- 
mental assessments, and target intelligence 


based upon all-source analysis, interpreta- 
tion, and integration. 


(6) Surveillance and Reconnaissance Cen- 
ter Officer in Charge. The SARC OIC is re- 
sponsible for coordinating and supervising the 
execution of the integrated organic, attached and 
direct support intelligence collection, and recon- 
naissance operations. The SARC OIC— 


e Maintains the status of the following ongo- 
ing intelligence collection operations, to in- 
clude deployed RadBn collection and 
direction finding teams: 

» Mission of all teams. 

» Locations and times of all restricted fire 
areas and reconnaissance areas of opera- 
tions. 


» Time and method of radio reconnaissance 
team (RRT) insertion and extraction. 

» Primary and alternate communications 
plans. 

« Time of last contact. 

« Time of next contact. 

e Coordinates and monitors the insertion and 
extraction of SIGINT and other intelligence 
elements. 

e Coordinates RadBn and VMAQ TERPES 
elements’ collection and reporting activities 
under the overall intelligence operations 
plan. Ensures SIGINT elements understand 
the collection plan and are able to carry out 
their responsibilities under the plan. 

e Ensures other MAGTF C2 nodes (e.g., the 
current operations center, the fire support 
coordination center) are apprised of ongoing 
intelligence and reconnaissance operations. 

e Receives routine and time-sensitive intelli- 
gence reports from deployed SIGINT col- 
lection teams; cross-cues or exchanges 
intelligence reports with other intelligence 
collectors, as appropriate; and rapidly dis- 
seminates intelligence to MAGTE C2 nodes 
and others in accordance with intelligence 
reporting criteria and dissemination plans. 


(7) Dissemination Officer. The dissemination 
officer is responsible for the effective conduct of 
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intelligence dissemination within the MAGTF. 
The dissemination officer— 


e Determines and coordinates MAGTF IDRs, 
to include all-source IDRs as well as intelli- 
gence discipline-unique requirements. 

e Recommends dissemination priorities. 

e Advises on and selects dissemination means. 

e Develops intelligence dissemination plans 
and coordinates with the G-6/S-6 supporting 
CIS architectures for both voice and data 
networked communications. Coordinates 
and integrates these plans and architectures 
with theater, joint force, and MAGTF CIS 
and intelligence plans and architectures. 

e Monitors the flow and ensures timely deliv- 
ery of intelligence throughout the MAGTF. 


(8) SIGINT Unit Commanding Officer or 
Officer in Charge. The SIGINT unit CO or 
OIC is responsible for the effective conduct o 
SIGINT operations in support of the command- 
er’s intent and the operational and intelligence 
concept of operations. The SIGINT unit CO 
or OIC— 


e Plans and employs SIGINT resources in re- 
sponse to the commander’s intent, threat sit- 
uation, MAGTF G-2/S-2’s guidance a 
direction, and intelligence operations plan. 

e Effects technical direction and control of 
MAGTFE organic SIGINT collection, pro- 
cessing and exploitation, production, and 
dissemination operations. Also helps coor- 
dinate MAGTFE SIGINT operations with 
JTF, theater, national, and other Service 
SIGINT agencies. 

e Coordinates movement and operations of 
SIGINT units with MAGTF staff element 
and subordinate units’ commanders. En- 
sures that all element movements are coor- 
dinated with the COC, fire support 
coordination center (FSCC), and SARC. 


3-5 


e Advises the G-2/S-2, SIO, intelligence oper- 
ations officer, MAGTF AFC OIC, CMO, 
and dissemination officer on SIGINT em- 
ployment and its integration with JTF, the- 
ater, and national SIGINT operations. 


3004. Marine Divisions and 
Aircraft Wings 


SIGINT activities of the MARDIVs and MAWs 
come under the staff cognizance of the respective 
G-2s. This includes the integration of SIGINT op- 
erations and products in support of unit operations 
and the operations of their organic SSCT. SSCTs 
provide special intelligence (SI) communications 
support to their commanders and designated sub- 
ordinate elements. 


3005. Radio Battalions 


The Ist and 2d RadBns are the Marine Corps’ 
principal organic, tactical, SIGINT direct support 
elements. The primary mission of the RadBn and 
its detachments is to provide tactical SIGINT sup- 
port to MAGTFs. RadBns are discussed further in 
chapter 4. 


3006. VMAQs 


VMAQs of Marine aircraft group (MAG)-14 per- 
form airborne electronic reconnaissance and, 
through the use of TERPES, produce ELINT re- 
ports and electronic order of battle (EOB) intelli- 
gence. Due to the unique capabilities of TERPES, 
the ACE will often be tasked with producing and 
maintaining the EOB to be used by all MAGT 
elements. VMAQs are discussed in chapter 5. 


(reverse blank) 


CHAPTER 4 


Radio Battalion 


The mission of radio battalions is to provide com- 
munications security (COMSEC) monitoring, tac- 
tical SIGINT, EW, and SI communication support 
to the MAGTF. 


4001. Tasks 


The radio battalion— 


e Conducts interception, radio direction find- 
ing (DF), recording, and analysis of commu- 
nications and noncommunications signals 
and SIGINT processing, analysis, produc- 
tion, and reporting. 

e Conducts EW against enemy or other hostile 
communications. 

e Assists in the protection of MAGTF com- 
munications from enemy exploitation by 
conducting COMSEC monitoring, analysis, 
and reporting on friendly force communica- 
tions. 

e Provides SI communications support and 
cryptographic guard (personnel and terminal 
equipment) in support of MAGTF command 
elements and RadBn operations. (Normally, 
communications connectivity for SI com- 
munications is provided by the communica- 
tions unit supporting the MAGTF CE.) 

e Provides task-organized detachments to 
MAGTFs with designated SIGINT, EW, SI 
communications, and other required capa- 
bilities. 

e Exercises technical control and direction 
over MAGTF RadBn SIGINT and EW op- 
erations. 

e Provides RRT with specialized insertion and 
extraction capabilities (e.g., combat rubber 
raiding craft, fast rope, rappel, helocast, stat- 
ic line parachute) to provide specified SIG- 
INT and EA support during advance force, 
preassault, or deep postassault operations. 


e Coordinates technical SIGINT requirements 
and exchanges SIGINT technical informa- 
tion and material with national, theater, 
joint, and other SIGINT units. 

e Provides intermediate, third- and fourth- 
echelon maintenance of RadBn SIGINT and 
EW equipment. 


4002. Organization 


The Ist RadBn, Marine Corps Base (MCB), 
Kaneohe Bay, Hawaii, is subordinate to Com- 
mander, Marine Corps Forces, Pacific (COM- 
MARFORPAC), and supports both I and II 
MEFs. The 2d RadBn, Camp Lejeune, North 
Carolina, is subordinate to If MEF. Both battal- 
ions are organized and equipped along functional 
lines to provide administrative control of subordi- 
nate elements, to facilitate training, and to permit 
rapid structuring and operational deployment o 

task-organized units or detachments. 


The Ist RadBn is organized into a headquarter 
and service (H&S) company and three line com- 
panies (A, B, and C). The 2d RadBn is comprised 
of an H&S company and two line companies (A 
and B). See figure 4-1 on page 4-2. RadBns’ line 
companies are not tactical organizations, but in- 

stead they serve as training and administrative 
units providing the basic unit structure around 
which task-organized SIGINT support units o 

detachments are trained, equipped, and formed 
Even if the entire RadBn were to deploy, it would 
task-organize for the mission assigned. 


a. Headquarters and Service 
Company 


The H&S company provides personnel and facili- 
ties with which the RadBn commander com- 
mands and controls battalion operations. It also 
provides service support for other battalion 
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Figure 4-1. Radio Battalion Organization. 


elements. Those tasks are accomplished by H&S 
staff sections (i.e., S-1, S-2, S-3, S-4, and S-6) and 
the following specialized platoons. 


(1) Operations Control and Analysis Pla- 
toon. The operations control and analysis (OCA) 
platoon provides the Marines and equipment to 
perform RadBn operational planning and direc- 
tion and SIGINT production, analysis, and report- 
ing operations. Additionally, it is the nucleus for 
the RadBn OCAC during tactical operations. 


(2) Communications Platoon. The communi- 
cations platoon provides Marines and equipment 
to conduct special security communications oper- 
ations in support of RadBn and, when deployed, 
MAGTE CE operations. Additionally, the platoon 
is equipped to support RadBn’s internal commu- 
nications requirements. 


(3) Radio Reconnaissance Platoon. The ra- 
dio reconnaissance platoon (RRP) provides 
trained RRTs for operations during advance force, 
preassault, or other operations where the employ- 
ment of conventional RadBn teams may be inap- 
propriate or unfeasible. 


(4) Electronic Maintenance Platoon. The 
electronic maintenance platoon provides up to 
fourth-echelon maintenance support on RadBn 
unique equipment and second-echelon support on 
Marine Corps common communications and elec- 
tronics equipment. 


(5) Mobile Electronic Warfare Support 
System Platoon. Using a light armored vehicle 
(LAV) variant platform, the mobile electronic 
warfare support system (MEWSS) platoon pro- 
vides Marines and equipment capable of SIGINT 
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Figure 4-2. SIGINT Support Unit Elements. 


collection, DF, reporting, and communication 
jamming operations. 


b. Operational Companies 


Each RadBn operational company has a table of 
organization (T/O) of 5 officers and 100 enlisted 
Marines organized into a company headquarters, 
EA platoon, voice collection and DF platoon, and 
nonvoice or ELINT collection platoon. During 
tactical operations, the company will be task- 
organized or reinforced with battalion assets con- 
sistent with the threat, mission, commander’s 
intent, and intelligence concept of operations. 


4003. Task Organization for 
MAGTF Operations SIGINT 
Support Unit 


An entire RadBn will support a MEF operation 
To support smaller MAGTFs, the RadBn’s tacti- 
cal organization is the task-organized SIGINT 
support unit (SSU). The SSU may be as large as 
an operational company (minus or reinforced) or 
as small as a four-Marine team. The RadBn orga- 
nization enables the rapid structuring and opera- 
tional deployment of task-organized SSUs. 


a. SIGINT Support Unit Structure 


A fully structured SSU containing all the capabili- 
ties found in the RadBn is comprised of six basic 
elements (see figure 4-2). The nature of the threat, 
specific mission tasking, and intelligence and op- 


erational requirements determine the composition 
and equipment of each element. 


(1) Command Element. The RadBn CO w 
designate an OIC and/or a staff noncommissioned 
officer in charge (SNCOIC) for each SSU. The 
command element is comprised of the personnel 
and facilities to command and control the SSU 
For smaller SSUs, the command element may be 
integrated within the operations control and anal- 
ysis element with an OIC or an operations officer, 
noncommissioned officer in charge or an opera- 
tions chief, and sufficient resources for command 
and control of the SSU operations. When the ma- 
jority of the battalion deploys, the command ele- 
ment consists of the battalion commander, 
executive officer, sergeant major, and sufficien 
personnel for command and administrative sup- 
port. 


(2) Operations Control and Analysis Ele- 
ment. The SSU’s command and control, analy- 
sis, production, and dissemination functions are 
executed within the OCAC. The OCAC performs 
the SIGINT processing, analysis, exploitation, 
production, and reporting of signals intelligence 
products and information. Additionally, it is the 
principle element that coordinates with other in- 
telligence nodes to plan, direct, and integrate 
SIGINT operations with other intelligence and re- 
connaissance operations. Marines assigned to this 
element include the operations watch officers or 
operations watch chiefs, COMINT and ELIN 
analysts, translators or transcribers, and SIGINT 
report writers. 
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(3) Collection and Direction Finding Ele- 
ment. The collection and DF element is com- 
prised of SIGINT support teams (SSTs) and other 
collection elements consisting of Marines and 
equipment for conducting SSU SIGINT collec- 
tion and DF operations. Personnel assigned to this 
element include SIGINT linguists (or voice inter- 
cept operators), manual-Morse, non-Morse, and 
ELINT collection and DF operators, and supervi- 
sory personnel. Additionally, this element may 
contain MEWSS- or RRT-capable SSTs if the 
mission or situation warrants. 


(4) Electronic Attack Element. The EA ele- 
ment is comprised of the Marines and equipment 
to conduct EA operations. Personnel assigned to 
this element include EA supervisors or controllers 
and EA operators. 


(5) Special Intelligence Communications 
Element. The SI communications element in- 
stalls and operates the SI or special security com- 
munications terminals for the SSU and the 
MAGTF CE. In addition, the SI communications 
element will install and operate SCI-level LAN 
systems to support SSU operations. The systems 
installed will depend on the mission, intelligence 
and CIS operations concepts, connectivity re- 
quirements, and terminal equipment availability. 
Personnel assigned to this element include com- 
munications supervisory personnel, information 
systems security and system administrators, and 
communications operators. 


(6) Service Support Element. The service 
support element provides limited supply, engi- 
neers, electronic maintenance, and medical sup- 
port to the SSU. The SSU depends on the 
MAGTF combat service support element (CSSE) 
for most of its combat service support. Marine 

assigned to the service support element may in- 
clude medical, electronic maintenance, motor 
transport, engineer, supply, and administrative 
personnel. 


b. SIGINT Support Unit 
Task-Organizational Considerations 


SSUs are task-organized from resources available 
throughout the RadBn and are tailored to the re- 


quirements of the supported commander. The 
SSU’s specific size and composition will also be 
influenced by threat and environmental factors 
known or expected to be encountered in the in- 
tended area of operations. The following factors 
must be considered when task-organizing an SSU. 


(1) Enemy Signals Environment. The prime 
factor in determining the size, composition, and 
capabilities of an SSU is the known or anticipated 
enemy signals environment. Enemy factors to 
consider are— 


Target power output and frequency range. 
Digital or analog signals. 

Modulation techniques. 

Target signal operating instructions (i.e., so- 
phisticated or complex). 

e Target emitters (1.e., number, type, and den- 


sity). 


(2) Physical Environment. Terrain, climate, 
vegetation, and the operations area size influence 
the size and composition of the SSU. 


(3) Operational Environment. Among factors 
that must be considered are— 


The military and political situation. 
The adversary’ s— 
s Size. 
» Composition. 
» Disposition. 
» C2 and CIS operations. 
« Doctrine, tactics, techniques, and proce- 
dures. 
e The friendly force’ s— 
» Composition. 
» Commander’s intent. 
» Operational and intelligence concepts. 
» Task organization. 
« Mobility. 


c. SIGINT Support Unit Operations 
Watch Structure 


The SSU must be capable of sustained, 24-hou 
operations. SSU elements, excepting the service 
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support element, are normally employed in two or 
three watch sections. In large SSUs, each watch 
section may have an officer and/or a staff non- 
commissioned officer (SNCO) assigned as an op- 
erations watch officer (OWO) or operations watch 
chief (OWC). In smaller SSUs, this function may 
be performed by a noncommissioned officer 
(NCO). 


4004. Command and Control 


a. Command Relationships 


(1) Operational Control. The MAGTF com- 
mander with SOTA has OPCON of RadBn, which 
is exercised by the MAGTF G-2/S-2 and executed 
by the RadBn OIC. 


(2) Administrative Control. Administrative 
control (ADCON) of RadBn SSUs is exercised by 
the unit to which the SSU is attached (in most cas- 
es the MAGTF CE). 


(3) SIGINT Technical Control. SIGINT tech- 
nical control (TECHCON) of United States SIG- 
INT system assets, to include RadBn SSUs, is 
always retained by DIRNSA who delegates SO- 
TA to MAGTF commanders. This means that 
within the MAGTF, the MAGTF commander 
with SOTA generally retains, coordinates, and ex- 
ercises SIGINT TECHCON regardless of any 
other C2 relationships established for the opera- 
tion (e.g., RadBn elements attached to or placed 
in direct support of MAGTFE subordinate ele- 
ments). 


b. Support Relationships 


The MAGTF commander may establish variou 
support relationships between the SSU and 
MAGTFE subordinate elements when one organi- 
zation should aid, protect, complement, or sustain 
another unit. The nature of the support relation- 
ship will be specified by a directive (e.g., annex B 
of the operations order) which should detail— 


e Forces and other resources allocated to the 
subordinate element of the SSU. 


e Time, place, level, and duration of the SSU 
support effort. 

e Priority of the SSU supporting effort. 

e Command relationships and degree of au- 
thority granted to the supported commander. 


The two most common support relationships fo 
SSUs are general and direct support. 


(1) General Support General support (GS) is 
action given to the MAGTF as a whole rather than 
to a particular subordinate element. Given the na- 
ture of SIGINT operations, GS is the most com 
mon support relationship used for SSU 
operations. 


(2) Direct Support. Direct support (DS) is a 
mission requiring a force to support another spe- 
cific force and authorizing it to answer directly 
the supported force’s requests for assistance. 
When required by the mission and situation, ele- 
ments of a SSU may be placed in DS of MAGTF 
subordinate elements (e.g., elements of the SSU 
in DS of the GCE). 


4005. Notional Concepts of 
Employment and Task 
Organizations 


The mission, enemy or other potentially hostile 
elements, and operational environment will al- 
ways influence the composition and employment 
of SIGINT assets, as will logistics concerns such 
as footprint or airlift availability. To serve as a 
planning departure point, RadBns have developed 
notional SSU packages and concepts of employ- 
ment which will be refined as mission and adver- 
sary details become known. (Appendix A, Radio 
Battalion SIGINT Support Unit Checklist, is pro- 
vided as an SSU operations planning guide.) The 
levels of RadBn support can range from electron- 
ic collocation with the supported unit to an entire 
RadBn (minus or reinforced) deploying with a 
MEF as indicated by the following examples. It is 
important to note that no specific RadBn SSU 
may ever match exactly the following notional 
descriptions due to task organization, personnel or 
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equipment availability, and mission and threat 
considerations. 


a. Marine Expeditionary Unit (Special 
Operations Capable) SIGINT Support 
Unit 

The SSU concept of employment is dependent on 
the Marine expeditionary unit’s (MEU) mission, 
threat, and planned concept of operations. The 
SSU is attached to the CE and almost always is 
employed in general support of the MEU (special 
operations capable [SOC]). 


Generally, MEU(SOC) SSUs consist of 1 officer 
as the OIC, possibly another officer as the assis- 
tant OIC, and 20 or more enlisted Marines (to nor- 
mally include at least one RRT). Table 4-1 
provides a notional MEU(SOC) SSU T/O. 


TCO/IAS 


MCWP 2-15.2 


b. Fly-In Echelon 


The fly-in echelon (FIE) is integrated and task 
organized to provide immediate SIGINT, EW, 
and SI communications in support of lead ele- 
ments of a MAGTF or to reinforce MEU(SOC 

SSU capabilities. The FIE serves as the founda- 
tion for the buildup of SIGINT assets as required. 

Figure 4-3 illustrates a notional FIE configura- 
tion. The FIE generally consists of 2 officers and 
18 to 30 enlisted Marines. Table 4-2 provides a 
typical FIE T/O. The FIE is under the operational 
control of the MAGTF commander who exercises 
SOTA. Initial operations will be in general sup- 
port of MAGTF requirements. As the situation 
matures and the mission and associated tasks be- 
come clearer, the task organization and command 
relationships of the FIE or SSU elements may be 
modified to provide direct support to designated 
major subordinate elements (MSEs). 


Trojan Spirit Il 


Legend 


CTT=Commander’s Tactical Terminal 


TCAC=Technical Control and Analysis Center 


TCO=Tactical Combat Operations 
TPCS=Team Portable Collection System 


Figure 4-3. Notional SSU Fly-In Echelon Configuration. 
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Table 4-1. Notional MEU(SOC) SSU T/O. 


Billet Rank MOS 
H&S Support Elemen 
OIC Capt | 0202/0206 
Assistant OIC Lt 0206 
SNCOIC GySgt | 2621/2629 
Electronic maintenance Cpl 2841 
technicia 
SI CIS chief Sgt 2651 
LAV mechanic LCpl- | 2147 
Sgt 

OCA Element 

Processing and reporting SSgt | 2621/2629 
chief 

ELINT analyst Sgt 2631 
Signals analyst Sgt 2621/2629 


Collection/DF Team #1 (MEWSS capable) 


Team leader SSgt | 2621/2629 

Linguist or voice intercept Sgt 267X 
operator 

Linguist or voice intercept Cpl 267X 
operator 

Manual morse or DF LCpl | 2621 
operator 

EA operator LCpl 2621 

Collection/DF Team #2 (Helo capable) 

Team leader Sgt 2621/2629 

Linguist or voice intercept Cpl 267X 
operator 

Linguist or voice intercept LCpl 267X 
operator 

Collection or DF operator LCpl | 2621 


Collection/DF Team #3 (RRT capable 


Team leader SSgt | 2621/2629 

Assistant team leader Sgt 267X 

Linguist or voice intercept Cpl 267X 
operator 

Linguist or voice intercept LCpl 267X 
operator 

Collection or DF operator Cpl 2621 

Collection or DF operator LCpl | 2621 


Table 4-2. Notional Fly-In Echelon T/O. 


Billet Rank MOS 
H&S Support Elemen 
OIC Capt | 0202/0206 
SNCOIC MSgt | 2691 
Electronic maintenance Sgt 2841 
technicia 
SI Communications Element 
Communications chief SSgt | 2651 
Trojan Spirit operator’ Sgt 2651 
Trojan Spirit operator LCpl | 2651 
Communications operator | Cpl 2651 
Communications operator | LCpl | 2651 
OCA Elemen 
Operations officer Lt 0206 
Senior analyst GySgt | 267X/2629 
Analyst SSgt | 2621/2629 
Analyst Sgt 2621/2629 
Signals chief SSgt | 2621/2629 
Signals analyst Sgt 2621 
Signals analyst Cpl 2621 
ELINT analyst Sgt 2631 
ELINT analyst LCpl | 2631 
Collection/DF Element 

Team leader SSgt | 2621/2629 
Linguist or voice intercept Sgt 267X 

operator 
Linguist or voice intercept Cpl 267X 

operator 
Collection or DF operator Cpl 2621 
'ond RadBn does not have Trojan Spirit 


c. Marine Expeditionary Force 


Support 


For detailed SIGINT support information regard- 
ing a specific MEF operation, refer to the CSP 
and annex B of the OPLAN for that operation 
The following is a discussion of RadBn support of 


a notional MEF operation. 
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(1) Concept of Operations A MEF-level op- 
eration is supported by the RadBn (minus or rein- 

forced. It could be minus because prior committed 
RadBn assets, such as MEU SSUs, were unavail- 

able. It could be reinforced because some level of 
personnel or equipment augmentation from the 
other RadBn, MarSptBn, and/or Marine Corps 

units might be required. 


(2) Concept of Employment. The RadBn 
task-organizes and employs its companies and 
teams to best support the MEF by— 


e Deploying collection or DF teams for im- 
proved target signals access and operational 
support to forward MAGTF units. 


e Collocating RadBn’s C2 node with the 
MAGTFE G-2/S-2’s CIC and operating with- 
in the integrated intelligence concept of op- 
erations in GS of the MAGTF. 


e Focusing on tasked PIRs and IRs and pro- 
viding required support to all six intelli- 
gence functions. 


e Disseminating time-sensitive SIGINT prod- 
ucts to subordinate MAGTF units when re- 
quired by the tactical situation. 

e Providing OCAC liaison teams (OLTs) to 
the lead elements of the MEF, its MSEs and 
adjacent units as required; and providing 
SIGINT support elements (SSEs) and SSTs 
with mobile MAGTF units. 


e Providing security and CIS for all internal 
RadBn requirements and for specified 
MAGTEFE CE support. 

e Integrating operations with other MAGTF 
intelligence units to support cueing of other 
intelligence and reconnaissance collection 
elements, all-source intelligence production, 
and other mutual support. 


(3) Company Command Element. One of the 
keys to effective MEF support is the placemen 
and use of the company command elements 
(CCEs). The CCEs are normally collocated with 
the GCE or MAGTF-subordinate task force head- 
quarters depending on the mission and threat. 
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The CCE— 


e Provides I&W support to the supported 
commanders. 

e Coordinates location, operations, and sup- 
port of SSTs with supported units and other 
forward-deployed intelligence and recon- 
naissance units. 

e Serves as the C2, communications, and 
SIGINT-tasking channel between the 
OCAC and forward-deployed SST as re- 
quired. 

e Provides company liaison teams (CLTs) to 
adjacent and subordinate units as required. 

e Provides or arranges for SST administra- 
tion, logistic, and physical security support. 

e Provides SIGINT tasking and direction of 
SSTs when the OCAC is unable to provide 
tasking and direction. 


d. Radio Reconnaissance Teams 


RRTs are six-Marine teams trained in special in- 
sert or extract means and basic amphibious recon- 
naissance capabilities. This additional training 
makes the RRT capable of advance force, preas- 
sault, deep postassault, and maritime special pur- 
pose force (MSPF) SIGINT missions as assigned. 
RRTs support the six intelligence functions. Ad- 
ditionally, they may be tasked to conduct SIGINT 
signals search and data base development in order 
to enhance understanding of threat operations pri- 
or to the arrival of other SSU forces. In an ad- 
vance force role, RRTs may be employed to— 


e Provide SIGINT-derived I&W intelligence 
support to advance forces. 

e Provide SIGINT collection and reporting in 
areas not accessible to conventional SSTs. 

e Provide SIGINT collection and reporting in 
support of assault and landing forces. 

e Provide collection of unique signals. Unique 
signals are signals expected to have 
intelligence value that cannot be collected 
by other reasonable means (e.g., low-pow- 
ered UHF communications). 

e Conduct threat signals search and data base 
development. 
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e. Mobile Electronic Warfare Support 
System SIGINT Support Team 


The principal advantage of a MEWSS SST is its 
high mobility, light armored protection, allowing 
it to maintain operations and provide direct sup- 
port of similarly equipped ground combat element 
units. The employment of MEWSS vehicles re- 
quires close coordination with both the G-2/S-2 
and G-3/S-3 as the MEWSS provides the only 
ground-based ELINT collection and the major 
ground-based communications EA capabilities or- 
ganic to the MAGTF. The COMINT capabilities 
of the MEWSS are similar to that of any SST. 


f. Aviation SIGINT Support Team 


The aviation SSTs capabilities are similar to those 
of other SSTs. Its principal advantage is the abili- 
ty to operate aboard Marine aviation platforms 
(e.g., helicopters). Aviation SSTs can provide 
SIGINT support to air and airborne units during 
missions such as deep raids and tactical recovery 
of aircraft and personnel operations or when the 
MAGTF commander needs immediate I&W ac- 
cessible only by airborne SIGINT collection ele- 
ments. The use of airborne SIGINT operation 

provides supporting SSTs with the ability to col- 
lect and exploit threat signals from extended rang- 
es. The basic aviation SST is task-organized 
consistent with the mission and supported force’s 
requirements. Generally, an aviation SST consists 
of RadBn Marines with a COMINT receiver, in- 
telligence broadcast receiver, communications 
jammer, and UHF satellite communications radio. 


g. Operations Control and Analysis 
Center Liaison Team 


An OLT supports the intelligence effort of 
MAGTF subordinate elements (e.g., ACE or 
CSSE headquarters or rear area operations cen- 
ter). OLTs collocate with the G-2/S-2 of the sup- 
ported unit operating from within its TSCIF. The 
OLT is task-organized out of available SSU assets 
in tactical support of the organization to which it 
is assigned. This assignment could be for a specif- 
ic operation, phase, or for the duration of a con- 
flict. Primarily, OLTs provide additional SIGINT 
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C2 support and CIS connectivity for tactical SIG- 
INT planning, production, and reporting with the 
MAGTE G-2/S-2 and RadBn OCAC. OLTs expe- 
dite, simplify, and coordinate the sharing of SIG- 
INT I&W, technical data, taskings, and products. 
Normally, the OLT monitors RadBn collection 
teams and theater SIGINT reporting communica- 
tions to provide the supported unit access to tacti- 
cal and operational-level SIGINT and I&W 
intelligence. In most cases, an OLT will consists 
of at least one officer and three enlisted Marines 
with supporting CIS equipment. 


h. Company Liaison Team 


A CLT is task-organized with available assets to 
best satisfy the requirements of the organization 
or unit to which it is assigned (e.g., an infantry 
battalion). This assignment is normally for a spe- 

cific duration or operational phase. In most cases, 
a CLT will consist of one SNCO and one to three 

additional enlisted Marines. Like the OLT, the 
CLT expedites SIGINT I&W to local decision- 
makers and assists with SST employment, task- 
ing, and support. 


i. Augmentation and Composition 


Due to the low density of many SIGINT skills and 
equipment and the high tempo of operations, the 
RadBns may lack sufficient personnel with the 
requisite skills or SIGINT equipment with the 
necessary capabilities for a particular operation 

RadBns are reinforced with personnel and SIG- 
INT equipment by augmenting and compositing. 


For a small number of personnel requirements, in- 
dividual augmentation often works best. With 
concurrence from the supported organization, the 
RadBn will forward a request for SIGINT person- 
nel augmentation to CMC (C4I or CIS) via the 
COMMARFOR (G-1/G-2). Once the request is 
received at CMC, it will be validated and for- 
warded to CNSG and MarSptBn. MarSptBn will 
attempt to satisfy the request with active and/o 
reserve Marines from the battalion. Any portion 
of the request that MarSptBn can not satisfy will 
be returned to CMC (C4I/CIS) for sourcing from 
other Marine Corps units or other sources. 
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For significant numbers of personnel and equip- 
ment in support of a large operation or major re- 
gional contingency, elements may be composited 
from one RadBn with the other RadBn. Coordina- 
tion between the RadBns should be continuous in 


the development of contingency plans (CON- 
PLANs), OPLANSs, and CSPs to ensure mutual 
understanding and validation of requirements and 
information (e.g., time-phased force deployment 
data). 


Chapter 5 


Marine Tactical Electronic Warfare 
Squadrons 


Marine aviation performs six functions: offensive 
air support (OAS), antiair warfare (AAW), assault 
support, aerial reconnaissance, EW, and C2 of air- 
craft and missiles. VMAQs provide the MAGTF 
and other designated forces with EW support. The 
VMAQ also has an inherent capability to perform 
visual and electronic air reconnaissance. Electron- 
ic reconnaissance is the detection, identification, 
evaluation, and location of foreign electromagnet- 
ic radiation to provide EOB information. This 
chapter will focus on the VMAQ electronic re- 
connaissance and ELINT capabilities. 


5001. Mission and Tasks 


VMAQs provide EW (principally EA) and 
ELINT support to the MAGTF and other desig- 
nated forces. When deployed, the VMAQ is under 
the operational and administrative control of the 
ACE commander. To support the MAGTF, the 
VMAQ conducts tactical jamming to prevent, de- 
lay, or interrupt detection and tracking by enemy 
early warning, acquisition, fire or missile control, 
counterbattery, and battlefield surveillance radars. 
Tactical jamming also denies and/or degrades en- 
emy communications capabilities. 


In addition, the VMAQ conducts electronic re- 
connaissance and ELINT operations to maintain 
EOB, to include both selected emitter parameters 
and location of nonfriendly emitters. VMAQs al- 
so provide threat warnings for friendly aircraft, 
ships, and ground units. 


Key VMAQ tasks include— 


e Providing aerial EA and ES support to ACE 
and other designated operations. 

e Processing, analyzing, and producing rou- 
tine and time-sensitive ELINT reports fo 


updating and maintaining enemy EOB. This 
is accomplished through the intelligence and 
electronic warfare division, TERPES, and 
the tactical EA-6B mission planning system 
(TEAMS) sections to support premission 
planning and postmission processing of col- 
lected data and production of pertinent intel- 
ligence reports. Working in concert with the 
intelligence section, TERPES and TEAMS 
sections provide required ELINT and EOB 
intelligence products to the ACE and 
MAGTF. 

e Providing liaison personnel to ACE and 
MAGTF CE staffs to assist in VMAQ em- 
ployment planning. Inherent in this task i 
the requirement to provide an air EW liaison 
officer to the MAGTF EWCC. 

e Conducting EA operations for EP training 
of MAGTF units. 

e Intercepting, recording, and jamming threat 
communications and noncommunication 
emitters. 


5002. Organization and Concept 
of Employment 


There are four VMAQs (designated VMAQ-1 
through VMAQ-4) assigned to MAG-14, 2d 
MAW, Cherry Point, North Carolina. Each squad- 
ron has five EA-6B Prowler aircraft and is orga- 
nized into administrative, intelligence and 
electronic warfare, operations, logistics, safety 
and standardization, and maintenance divisions 

See figures 5-1 and 5-2 on page 5-2. 


EA-6B aircraft conduct EA, ELINT, and elec- 
tronic reconnaissance operations in support of 
ACE and other MAGTF missions. The TERPES 
section functions as a key element of the 
MAGTP’s intelligence operations. TERPES is an 
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Figure 5-1. EA-6B Prowler 


air-transportable, land-mobile intelligence proces- 
sing and production system organic to VMAQ 
and is used to develop, maintain, and distribute 
tactical EOB and ELINT reports. TERPES func- 
tions as an automated tactical data system capable 
of producing current and future intelligence 
through information storage and retrieval, data re- 
cording, data base management, and data compar- 
ison. TERPES has a stand-alone capability but is 
utilized by VMAQs to optimize signals analysi 
and reporting to support MAGTF operations. Fig- 
ure 5-3 provides an overview of VMAQ and 
TERPES operations. 


5003. EA-6B Prowler 


The EA-6B Prowler is a subsonic, all-weather, 
carrier-capable aircraft. The crew is composed of 
one pilot and three electronic countermeasure 
officers. The Prowler’s primary missions include 
collecting and processing designated threat SO 

for jamming and subsequent processing, analysis, 
and intelligence reporting; and employing the 
AGM-88 high-speed antiradiation missile 
(HARM) against designated targets. The AN/ 
ALQ-99 Tactical Jamming System effectively 


Squadron 
Headquarters 


T/O 8880 


Pe ee I ee ee 


Intelligence/ — 
Administration Electronic Operations Logistics 2 Heigham Aviation 
(S-1) Warfare (S-3) (S-4) Maintenance 
(S-5) 
(S-2) 
(Intelligence |_ Current |~ Embark | -Flightline 
—TERPES Dperavens __ Logistics 
Fut Maintenance 
eon enn | Control 
Operations 
—Tralning L_ Airframes 
| Avionics 
|_ Quality 
Assurance 


— Administration 


Figure 5-2. VMAQ Organization. 
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TACELINT=Tactical Electronic Intelligence 
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Figure 5-3. VMAQ and TERPES Operations. 


incorporates receivers and external pods for sig- 
nals reception and transmission of jamming sig- 
nals (principally those associated with threat air 
defense radars and associated C2). 


In addition to the AN/ALQ-99, the EA-6B also 
employs the USQ-113 Communications Suite 
which provides the ability to collect, record, and 


disrupt threat communications in either of the fol- 
lowing two modes of operation: 


e EA which scans the electromagnetic envi- 
ronment to intercept and jam targeted sig- 
nals of interest (SOIs). 

ES which scans the electromagnetic environ- 
ment to intercept and digitally record SOIs. 
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5004. Tactical EA-6B Mission 
Planning System 


TEAMS is designed to assist EA-6B aircrew with 
planning allocation and optimization of receivers, 
jammers, HARM, and other integrated weapon 
systems into a comprehensive C2W package. Ba- 
sic intelligence data is provided by various 
MAGTF theater and other intelligence and analy- 
sis centers. Parametric data for friendly and ad- 
versary platforms, weapons systems, and emitters 
is provided by the electronic warfare data base 
system (EWDS) on a quarterly basis and near-re- 
al-time updates may be provided through tactical 
receive equipment (TRE) integrated by the TER- 
PES section into the TEAMS workstation. World 
maps, terrain data, and digitized navigation charts 
are provided by the National Imagery and Map- 
ping Agency (NIMA) on a quarterly basis. 


TEAMS allows the operator to— 


e Maintain area of operations emitter listings. 

e Edit emitter parameters. 

e Develop mission-specific geographic data 
and EOB. 

e Perform postflight mission analysis to— 

» Identify electronic emitters using various 
electronic parameter data bases and 
ELINT analytical techniques. 

» Locate emitters by coordinates with a cer- 
tain circular error of probability for each 
site. 

» Correlate new information with existing 
data. 

e Accomplish mission planning in support of 
coordinated strikes and EA-6B optimiza- 
tion. 


5005. TERPES 


TERPES (AN/TSQ-90) is an air- and land-trans- 
portable, single-shelter ELINT processing and 
correlation system. The TERPES team is com- 


MCWP 2-15.2 


posed of Marines, equipment, software, and sup- 
porting procedures integrated to— 


e Identify and locate enemy radar emitters 
from data collected by EA-6B aircraft o 
those received from other intelligence 
sources. 

e Process and disseminate EW data rapidly to 
MAGTF intelligence centers. 

e Provide mission planning and briefing sup- 
port to VMAQ EA and ES operations. 


The standard TERPES configuration consists 0 

one 8- by 8- by 20-foot shelter and two skid- 
mounted environmental control units (ECUs). Po- 
sitioned on and around the shelters are a TRE 
antenna, an HF antenna, and two mast-mounted 
UHF antennas. These modules can be tailored to 
specific mission requirements. Electrical powe 

support for TERPES must be obtained from the 
Marine wing support squadron. 


The TERPES is operated by one MOS 2602 SIG- 
INT/EW warrant officer and six MOS 2631 TER- 
PES operators/analysts. Maintenance support i 
provided by one MOS 9966 TSQ-90 maintenance 
officer and four MOS 2821 TSQ-90 technicians. 


a. Operational Capabilities 
The TERPES will— 


e ‘Translate rapidly the machine-readable, air- 
borne-collected digital data into man- and 
machine-readable reports (i.e., paper, mag- 
netic tape, secure voice, plots, and over- 
lays). 

e Receive and process EA-6B mission tapes. 


e Accept, correlate, and identify electronic 
emitters data from semiautomatic or auto- 
matic collection systems using various elec- 
tronic parameter data bases and ELINT 
analytical techniques. 

e Locate emitters by coordinates with a cer- 


tain circular error of probability for each 
site. 


Signals Intelligence 


e Provide EA-6B EWOs with tactical intelli- 
gence briefings to support EA and ES mis- 
sions. (The official title for EWO is 
electronic countermeasures officer [EC- 
MO]. EWO is used to accurately reflect the 
scope of MOS 7588 activities and EW ter- 
minology changes.) 

e Provide tactical jamming analysis. 

e Ensure tactical intelligence data base main- 
tenance for the VMAQ and the EOB for the 
MAGTF. 


b. Mapping Package 


The TERPES mapping and overlay package is 
based on NIMA products which have been inte- 
grated into a software program called the De- 
lorme mapping system. This system allows 
TERPES operators to display mapping data that is 
loaded to the TERPES system at scales ranging 
from worldwide scale down to the 1:5,000 scale. 
A wide range of tools such as zoom, projection 
magnification, perspective, linear, and spatial 
analysis allow operators to manipulate mapping 
data to enhance understanding of the overlaid 
threat information. 


c. Intelligence Analysis 


The TERPES Intelligence Analysis Application 
(IAA) enables the operator to analyze ELINT data 
combined with additional modernized integrated 
data base (MIDB) intelligence data to— 


Respond to requests for intelligence (RFIs). 
Prepare intelligence data base updates. 
Analyze threat and tactical situations. 


Estimate changes in the threat’s tactical situ- 
ation. 


d. Data Fusion 


MIDB is the primary intelligence data base for 
IAA operator queries. In addition to EA-6B air- 
craft mission tapes, other inputs required to maxi- 
mize the support provided to tactical intelligence 
operations include the following: 


e Naval intelligence data base (NID) contains 
characteristics and performance data for 
weapons, sensors, and platforms. 

e EWDS is similar to the NID and provides 
EA-6B tailored data. 

e ELINT parameters list (EPL) is NSA’s ob- 
served radar parametric data. 

e Electronic warfare integrated reprogram- 
ming (EWIR) is produced by the United 
States Air Force Foreign Technology Divi- 
sion. EWIR combines assessed technical ra- 
dar parameters from the United States Air 
Force EW Science and Technology data 
base with the observed parameters of the 
NSA data base. 

e Joint spectrum center (JSC) is used to derive 
friendly EOB and radar parametric data. 


e. TERPES Fusion Processor 


The TERPES fusion processor (TFP) processe 

intelligence data from tactical ELINT (TA- 
CELINT) reports, tactical reports (TACREPs), 
and IMINT reports. The TFP provides filtering, 
characteristic and performance identification, or- 
der of battle (OOB) identification, technical anal- 
ysis, multisource correlation, and candidate 
updates. The TFP presents the information in var- 
ious forms for analysis. One TFP integrated infor- 
mation source is the TRE and Related 
Applications (TRAP) broadcast. This broadcast is 
accessed using the TRE and provides near-real- 
time (NRT), national-level reports to the TERP- 
ES. The TRAP broadcast also assists the TFP in 
maintaining an ELINT parameter data base to 
track airborne, shipboard, and land-based targets 
as a tool to develop EOBs and as an instrument to 
perform comparative studies on radar parameters. 


f. TERPES ELINT Preprocessor 


The TERPES ELINT preprocessor (TEPP) proc- 
esses all EA-6B SOI collected from recorder o 
reproducer set tape or disk files. Specifically, the 
application allows for the NRT analysis of techni- 
cal ELINT data. Position reports and specific unit 
identification and location information are used to 
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update the TERPES data base and to prepare TA- 
CELINT reports. TERPES also provides tactical 
jamming system (TJS) analysis for the EA-6B air- 
crew and maintenance personnel. 


TJS analysis consists of recovering recorded data 
for verifying jammer calibration, on- and off-jam- 
mer times, and frequency and azimuth coverage. 
TERPES will use mission data in the generation 
of EW mission summary reports. 


g- Intelligence Reporting 


The primary intelligence output from TERPES 
operations is mission reports. Mission reports are 
available in many forms and are provided prima- 
rily to MAGTF intelligence elements in response 
to established intelligence requirements. The most 
commonly used reporting form is the TACELINT 
(refer to USSID 340, Tactical ELINT Reporting, 
for format and content). 
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Other report forms include the following: 


e TACREP provides information on immedi- 
ate threat activity. 


e ELINT summary report provides a summary 
of ELINT activity over established periods 
(normally 24 hours). Refer to USSID 200 
Technical SIGINT Reporting, for format and 
content. 


e ELINT technical report provides for analyst 
exchange of information of parametric data. 
Refer to USSID 341, Technical ELINT Re- 
porting, for format and content. 


e Over the horizon (OTH) “GOLD” report 
provides information derived from contac 
reports of ELINT parametrics. 

e Order of battle report (OBREP) provides or- 
der of battle information such as basic ency- 
clopedia (BE) number, equipment, and 
location. 


Chapter 6 


Communications and Information 
Systems 


The area of SIGINT operations currently under- 
going substantial change is SIGINT CIS techno- 
logical advances and architectures development. 
SIGINT architectures are changing from the use 
of separate, secure, 24-hour manned communica- 
tions centers with dedicated, bulk-encrypted links 
to the use of multilevel information system secu- 
rity initiative (MISSI) capabilities over unsecured 
commercial or DOD networks via the Defens 
Message System (DMS). Adding the proliferation 
of SIGINT collection, processing, and production 
systems and centers along with other intelligence 
and operations systems and centers that must dis- 
seminate and share SIGINT and communicate 
digitally creates a very dynamic situation. 


The SIGINT effort depends heavily on a secure, 
reliable, and fast CIS architecture to receive SIG- 
INT and all-source intelligence products and to 
pass collected data and SIGINT products and 
technical reports to the MAGTFE and other users. 
Communications and information systems are al- 
so required for the C2 of SIGINT units and their 
integration with multidiscipline intelligence oper- 
ations. Every mission and situation is unique, re- 
quiring some modifications to the CIS 
architecture supporting MAGTF SIGINT opera- 
tions. Detailed planning and close coordination 
among the SIGINT units’ CO or OICs, the 
MAGTFE G-2/S-2 and G-6/S-6, and pertinent op- 
erational and intelligence organizations is critical 
to establishing reliable and effective SIGINT ar- 
chitecture. 


See appendix B, Marine Corps SIGINT Equip- 
ment, of this publication for additional informa- 
tion on select communications and information 


systems resources pertinent to MAGTF SIGIN 
operations. Also, see MCWP 6-22, Communica- 
tions and Information Systems, for a detailed re- 
view of MAGTFE CIS and supporting tactics, 
techniques, and procedures. 


6001. Basic MAGTF SIGINT CIS 
Requirements 


a. Capability to Command and Control 
Subordinate Units 


MAGTFE SIGINT units must be capable of posi- 
tive C2 of subordinate units and integration of its 
operations with broader MAGTF and external in- 
telligence and operations C2. Traditionally, 
single-channel radio (SCR) and record message 
traffic have been used to support C2 of SIGIN 
units. In semistatic situations, secure electronic 
mail or the telephone may be the method of 
choice, while in highly fluid or mobile scenarios, 
cellular telephones, satellite communications 
(SATCOM), VHF, or HF radio may be used. 


b. Ability to Receive and Transmit 
Collected Data and Information from 
Collection and DF Elements 


The SIGINT architecture must provide connectiv- 
ity among organic and supporting SIGINT collec- 
tion or DF teams, SIGINT analysis and 
production centers, and supported MAGTF opera- 
tions and intelligence centers. Requirements in- 
clude the capability to receive and transmit 
collection files and reports digitally via fiber, 
wire, or radio (voice and data) in formats that are 
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readily usable by the SIGINT and all-source intel- 
ligence analysts. 


c. Ability to Provide Intelligence to the 
Supported Commander 


The required SIGINT architecture must support 
the commander’s intent, concepts of operation 
and intelligence, command relationships, and 
standing PIRs and IRs. The SIGINT CIS architec- 
ture must be capable of integrating SSU SCI- 
secure channels and C2 operations with the 
primary GENSER channels used by supported 
commanders throughout the MAGTF. 


d. Ability to Share SIGINT Products 
and Technical Reports 


The SIGINT architecture must provide the means 
to share products and reports with MAGTF all- 
source intelligence centers and with SIGINT and 
all-source JTF, other components, theater, and 
national intelligence centers. The traditional 
means for providing this capability are the SCI 

secure defense special security communication 

system (DSSCS) for record communications and 
operator’s communications (OPSCOM) circuit 

for SIGINT analyst-to-analyst exchanges and 
coordination. These means are rapidly being 
replaced by— 


e JWICS which provides interoperability of 
intelligence systems, access to intelligence 
data bases, and direct analyst-to-analyst ex- 
change. 

e National Security Agency Network (NSA- 
NET) which provides access to national- 
level SIGINT reports and data bases and 
electronic mail connectivity for SIGINT 
analyst-to-analyst exchanges and intelli- 
gence requests. 


e. Ability to Receive and Disseminate 
SIGINT Indications and Warnings 


A significant strength of SIGINT is its ability t 
provide time-sensitive I& W of the adversary’s ac- 
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tions and intentions. This I& W intelligence is dis- 
seminated by a variety of means to include voice, 
record messages, tactical reports, electronic mail, 
and intelligence broadcasts. Having the capability 
to receive the information, recognizing the I&W 
intelligence as such, and possessing a method to 
disseminate this [&W intelligence to the affected 
units and decisionmakers are key to satisfying this 
requirement. 


f. Ability to Receive SIGINT 
Broadcasts 


For several years MAGTFs have possessed intel- 
ligence broadcast receivers capable of accessing 
select SIGINT broadcasts. The broadcast receiv- 
ers currently being fielded and under develop- 
ment will allow MAGTFs to receive multiple 
channels of JTF, fleet, theater, and national 
intelligence broadcast data. This data includes all- 
source intelligence and SIGINT on enemy opera- 
tions as well as friendly positional and other 
information. Effective planning, design, and inte- 
gration of SCI and GENSER CIS and proper in- 
formation management filtering, correlating, and 
tailoring prior to dissemination or display provide 
timely SIGINT reporting to supported command- 
ers while preventing information overload. 


6002. Notional MAGTF SIGINT 
Operational Architectures 


a. MEF 


Figure 6-1 depicts a notional SIGINT operational 
architecture for a fully deployed MEF. It shows a 
full complement of organic and supporting JTF 
other service components, theater, and nationa 
SIGINT capabilities. 


Key architectural concepts include the following: 


e SIGINT operations planning and manage- 
ment are centralized within the MAGTF 
G-2/S-2. 
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Figure 6-1. Notional MEF SIGINT Operational Architecture. 


e RadBn OCAC is collocated with the G-2/ 
S-2 CIC and operates in general support of 
the MAGTF, with collection or DF teams 
collocated with forward-deployed MAGTF 


units. 


VMAQ TERPES is collocated with ACE 
headquarters and principally supports ACE 
operations. 

e MAGTF CIC, RadBn OCAC, and TERPES 
maintain connectivity with appropriate 


external intelligence and SIGINT organiza- e 


tions. 


b. MEF Lead Echelon 


Figure 6-2 shows a notional operational architec- : 


ture in support of the MEF lead echelon during its 
initial deployment and employment phases. SIG- 
INT operations focus on the MEF as it deploys in- 
to the area of operations and builds its combat 


power. e 


Key architectural concepts include the following: 
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SIGINT operations planning and manage- 
ment remain centralized within the MAGTF 
G-2/S-2, which is not yet within the area of 
operations. 


RadBn fly-in echelon is collocated with lead 
elements of the MAGTF G-2, with organi 
teams operating in GS of deployed ele- 
ments. RadBn OCAC is collocated with the 
G-2/S-2 CIC. 


VMAQ TERPES is collocated with ACE 
headquarters and principally supports ACE 
operations. 
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Figure 6-2. Notional MEF Lead Echelon SIGINT Operational Architecture. 
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Signals Intelligence 


e MAGTF CIC, RadBn OCAC, and TERPES 
maintain connectivity with appropriate ex- 
ternal intelligence and SIGINT organiza- 
tions. 


c. MEU(SOC) CE Afloat 


Figure 6-3 shows a notional operational architec- 
ture in support of a MEU(SOC) afloat. During 
such operations, MEU and ATF SIGINT capabili- 
ties and organizations generally collocate within 
the same afloat facilities (e.g., SSESs) integrate 
and share some systems operations. A critical 
component of this architecture is satisfactor 
voice and data ship-to-shore SCI communications 
between the MEU(SOC) command element and 
ashore SIGINT elements. 
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Figure 6-3. MEU(SOC) CE Afloat SIGINT Operational Architecture. 
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d. MEU(SOC) CE Ashore 


Figure 6-4 depicts a notional operational architec- 


ture in support of a shore-based MEU(SOC) CE. 


The MEU(SOC) requires ship-to-shore SCI com- 
munications connectivity to continue exploiting 
external SIGINT capabilities and resources while 
minimizing the CIS and logistic footprints ashore. 


Key architectural concepts include the following: 


SIGINT operations planning and C2 remain 
centralized within the MEU(SOC) S-2. 
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The MAGTF RadBn SSU OCAC is collo- 
cated ashore with the S-2 CIC. Other SSU 
elements provide continued support from 
the amphibious task force intelligence cen- 
ter SSES. 


RadBn SSU normally will operate in GS of 
the MAGTF. 


MAGTF CIC and RadBn OCAC principal 
connectivity with appropriate external intel- 
ligence and SIGINT organizations is via the 
amphibious task force intelligence center 
SSES. 


Legend 
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Figure 6-4. MEU(SOC) CE Ashore SIGINT Operational Architecture. 
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6003. Planning Consideration 


The following are key CIS requirements and plan- 
ning considerations in support of MAGTFE SIG- 
INT operations. 


e Add the MAGTF CE, RadBn SSU, VMAQ 
TERPES, and other MAGTF elements to 
appropriate addressee indicator groups 
(AIGs) to receive pertinent JTF, theater, and 
national intelligence and SIGINT products. 

e Obtain and activate SCI plain language ad- 
dresses for MAGTF CE, RadBn SSU, and 
other MAGTFE elements as appropriate. 

e Determine and coordinate radio nets, sup- 
porting frequencies, and procedures for— 


» MAGTF external SIGINT operations. 
«» MAGTF internal SIGINT operations. 

» Intelligence broadcasts. 

» Retransmission sites. 

» Routine and time-sensitive operations. 


e Obtain authority and establish procedures 
for the sanitization of SIGINT products, re- 
ports, and other information. 

e Determine and coordinate wire communica- 
tions, to include telephones. 

e Determine and coordinate SCI and GEN- 
SER LANs and WANs and unique intelli- 
gence networks information systems re- 
quirements (e.g., hardware, software, 
internet protocol addresses). 

e Determine and coordinate SClI-courier re- 
quirements and operations. 

e Integrate RadBn SSU and VMAQ CIS oper- 
ations with those of other MAGTE and per- 
tinent JTF and other components 
intelligence and reconnaissance units (e.g., 
mutual support, cueing). 

e Integrate RadBn SSU, SSE, and SST, and 
VMAQ TERPES communications with col- 
located GCE, ACE, CSSE, and other 
MAGTF elements to— 
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» Provide time-sensitive I&W and non- 
codeword (NCW) SIGINT reporting. 

» Coordinate with maneuver forces. 

» Support targeting. 

» Support force protection. 


e Coordinate SIGINT CIS and dissemination 
operations and procedures with allied and 
coalition forces. 

e Coordinate SCI and SIGINT CIS activation 
and restoration priorities and procedures. 

e Determine unique COMSEC material sys- 
tem (CMS) requirements for SIGINT and 
SCI communications. 

e Determine communications requirements 
between TSCIFs and mobile SCIFs and sup- 
porting security forces. 


6004. SIGINT Communications 


The SIGINT CIS architecture for any given oper- 
ation is dynamic. Specific theater, JTF, or 
MAGTF reference documents include— 


e CSPs developed for various OPLANS. 

e Combatant commanders intelligence, CIS, 
and SIGINT tactics, techniques, and proce- 
dures (TTPs). 

e Annexes B (intelligence), C (operations), 
and K (communications) of an OPORD. 

e Appendix 2 (SIGINT) to annex B of an 
OPORD. 


The MAGTF mission, threat signals environment, 
friendly concepts of operations and intelligence, 
and supporting task organization and command 
relationships influence which communications 
nets are established. 


The following information addresses importan 
aspects of systems and technical architectures in 
support of MAGTF SIGINT operations. 
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a. MAGTF Command Element SIGINT 
Communications Nets 


Figure 6-5 shows aspects of a notional CIS archi- 
tecture for the MEF CIC. The following key SIG- 
INT communications nets terminate within the 
MAGTE CE CIC or RadBn SSU. 


(1) MAGTF DSSCS or Special Intelligence 
Communications Net External (HF). The 
DSSCS provides the MAGTF commander with a 
secure data communications channel for the ex- 
change of SCI information and the receipt of 
record communications. The path is provided by 
the supported commander, and the terminal 
equipment and personnel are provided by the 
RadBn SSU. Key net participants include— 


e The MAGTF CE via the RadBn SSU’s spe- 
cial security communications element. 

e Commander, joint task force (CJTF). 

e Commander, amphibious task force (CATF). 

e Other theater and national organizations. 


(2) MAGTF Critical Communications Net 
(UHF-SATCOM/VHF). The critical communica- 
tions (CRITICOMM) net provides the MAGTF 
commander communications with adjacent 
service cryptologic and other SIGINT and JTF el- 
ements and theater cryptologic support groups 

The path is provided by the supported command- 
er, and the terminal equipment and personnel are 
provided by the RadBn SSCT. Key net partici- 
pants include— 


e MAGTF CE via the RadBn or SSU special 
security communications element. 

e JTF. 

e Adjacent headquarters. 

e Theater and national intelligence or SIGINT 
agencies. 


(3) Theater Cryptologic Support Net (HF/ 
UHF-SATCOM). Theater cryptologic support net 
provides for rapid exchange of cryptologic infor- 
mation with the SIGINT elements of other organi- 
zations. The path is provided by the supported 
commander, and the terminal equipment is pro- 
vided by the RadBn/SSU. Key participants in- 
clude— 
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e RadBn OCAC. 

e Adjacent service cryptologic elements. 
e JTFor ATF SIGINT agencies. 

e Theater and national SIGINT agencies. 


(4) Tactical Receive Equipment and Relat- 
ed Applications Program Data Dissemina- 
tion System. The TRE and related applications 
program data dissemination system (TDDS) 
broadcast provides I& W and global surveillance 
information in time for sensor cueing. Data is for- 
warded from sensor to communications gateways 
or relays for dissemination to worldwide military 
users via geosynchronous UHF satellite links. 
TDDS data sources include national and tactical 
sensor systems. Participants include the MAGTF 
CE CIC or SSU OCAC and other JTF, theater, 
and national intelligence centers and agencies. 


(5) Tactical Information Broadcast Ser- 
vice. The tactical information broadcast service 
(TIBS) provides near-real-time intelligence from 
an open network of interactive participants using 
multiple sensors and sources. The TIBS broadcast 
uses UHF SATCOM assets for network operation 
and for the relay of out-of-theater specific infor- 
mation into the tactical users’ areas of operation. 
TIBS participants include a wide variety of 
national and Service airborne, surface, and sub- 
surface intelligence platforms. The broadcast will 
terminate in the MAGTFE CE CIC or SSU OCAC. 


(6) Tactical Intelligence Net. Tactical intelli- 
gence (TACINTEL) net is an automated, high 
speed data link for transmission and reception of 
SCI (data and voice) among SIGINT collection 
and production units during amphibious opera- 
tions. Key participants include naval expedition- 
ary force (NEF) and ATF SIGINT centers (within 
the SSES) and the RadBn and SSU OCAC. 


(7) MAGTF-Internal Special Intelligence 
Communications Net (VHF/UHF/SHF). Spe- 
cial intelligence communications (SPINTCOMM) 
net provides the MAGTE commander with secure 
SCI communications with subordinate division or 
wing commanders through their organic SSCT. 
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The path is provided by the supported command- 
er, and the terminal equipment and personnel are 
provided by the RadBn SSU or SSCT. 


(8) TROJAN SPIRIT II Net. The Trojan Spirit 
II net (C and Ku band SATCOM) receives and 
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Figure 6-5. MEF CE CIC Communications and Information Systems Architecture. 
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b. Radio Battalion SIGINT Support 
Unit Internal Communications Nets 


Figure 6-6 shows key aspects of the CIS architec- 
ture for the internal operations of the RadBn SSU. 
The following key communications nets termi- 
nate within the RadBn SSU OCAC. 


(1) Command and Control Net (HF/VHF). 
The RadBn SSU C2 net provides the battalion 
commander or detachment OIC with C2 of subor- 
dinate elements. The path, equipment, and per- 
sonnel are provided by the RadBn. Key net 
participants include the RadBn SSU OCAC and 
deployed collection and DF, EA, and RRT teams. 


(2) Collection and Reporting Net (UHF- 
SATCOM/HF/VHF). The collection and report- 
ing net provides C2 and SIGINT reporting net for 


RadBn SSU collection operations. Key partici- 
pants include the OCAC and deployed collection 
and DF teams. 


(3) Electronic Attack Control Net (VHF). 
The EA control net provides direction and control 
of RadBn EA teams and assets. The path, equip- 
ment, and personnel are provided by the RadBn 
SSU. Key participants include the OCAC and de- 
ployed MEWSS and EA teams. 


(4) Direction Finding Flash Net (VHF). The 
DF flash net provides the DF control station with 
a means of broadcasting DF flashes to DF teams. 
The path, equipment, and personnel are provided 
by the RadBn. Key participants include the 
OCAC’s DF control and deployed collection and 
DF teams. 
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OLT’s DF Teams MEWSS RRT 
t a t Sf ry a 
| 7 | - | | 
Zi re | 
v 
SCR SCR SCR SCR 
==) Command and Collection Electronic Radio : 
Control Net and Attack Reconnaissance | 
(HF/VHF) Reporting Net Control Net le 
= (UHF-SATCOM (HF/VHF) (UHF-SATCOM/ 
Tactical HF/VHF) HF/VHF) 
Combat 


Operations 


Trojan 
Intelligence Spirit ll 
Broadcast 


TACINTEL 


Jwics 
DSSCS 


Analysis 
and 
Reporting 


Operations 


Watch 
Officer 


Commander’s 
Tactical 
Terminal 


ha Tactical Control 
and Analysis 
Center 


=_ 
-_—- 
_- 
Le 


| Tactical Receive 
Equipment 


Legend 


-—-—- Communications path 
SATCOM 
-:—-- SCILAN 


— —_ Voice communications 
GENSER LAN 


Figure 6-6. RadBn SSU Operations Control and Analysis Center 
Communications and Information Systems. 
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(5) Direction Finding Report Net (VHF). The 
DF report net provides reporting from DF outsta- 
tions to the OCAC DF control. Path, equipment, 
and personnel are provided by the RadBn SSU. 


(6) Direction Finding Data Net (VHF). The 
DF data net exchanges DF information between 
the deployed collection and DF team and the 
OCAC DF control. The path, equipment, and per- 
sonnel are provided by the RadBn. 


(7) Mission Equipment Control Data Link 
Net (UHF). The mission equipment control dat 
link (MECDL) net provides the means to control, 
coordinate, and monitor the mission equipment of 
MEWSS teams. This net is used for internal 
MEWSS operations and for interface and coordi- 
nation with the Army intelligence and EW com- 
mon sensor systems. 


(8) Tasking and Reporting Net (VHF) The 
tasking and reporting net provides a means for the 
RadBn to task deployed collection teams and to 
report SIGINT information. 


(9) Radio Reconnaissance Command Net 
(UHF-Tactical Satellite/HF) The radio recon- 
naissance command net provides the means to 
command and control deployed RRTs and their 
reporting of SIGINT collection and DF reports to 
the RadBn SSU OCAC. 


c. Marine Tactical Electronic Warfare 
Squadron Communications Nets 

Figure 6-7 shows key aspects of the CIS architec- 
ture for VMAQ TERPES operations. The follow- 
ing key SIGINT communications nets terminate 
within VMAQ operations or TERPES elements. 
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Figure 6-7. VMAQ Operations Center and TERPES Communications and Information Systems. 
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(1) Aviation Combat Element Command 
Net (HF). The ACE command net provides a 
means for the ACE commander to exercise com- 
mand and coordinate subordinate units’ adminis- 
trative and logistic functions. Composition 
includes ACE headquarters, MAG detachments 

Marine air control group or detachment, and inde- 
pendent squadrons or battalions. 


(2) Aviation Combat Element Intelligence 
Net (VHF/HF/UHF). The ACE intelligence ne 
provides a means for rapid collection and dissem- 
ination of intelligence between the ACE head- 
quarters and subordinate units. Composition 
includes the ACE headquarters, the TACC, 
MAGs or squadrons headquarters, the tactical air 
operations center (TAOC), direct air support cen- 
ter (DASC), TERPES, and others as appropriate. 


(3) Tactical Digital Information Link A (HF/ 
UHF). Tactical digital information link A 
(TADIL-A), also called Link-11, is used to ex- 
change tactical data in real time among ships, air- 
craft, and shore sites. TADIL-A messages provide 
navigational data, surface and subsurface tracks, 
and operational orders. TADIL-A is an encrypted 
half-duplex system. It can be used on either H 
single- or dual-sideband or UHF frequencies. 


There are two data rates: 


e Fast, at 2250 bits per second (bps) which is 
the most used data rate. 


e Slow, at 1364 bps. 


TADIL-A is available within the United State 
Navy, Air Force, Marine Corps, and Army. The 
MAGTF’s C2 nodes that can use TADIL-A are 
the TAOC and the TACC. The exchange of digi- 
tal information by TADIL-A is accomplished by 
net-configured participating units (PUs) under the 
control of a net control station (NCS). A net can 
be composed of as few as two PUs (e.g., TERP- 
ES, via the TACC, and the TAOC). 
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(4) Tactical Digital Information Link B 
(Multichannel Radio). TADIL-B, multichannel 
radio (MUX), (also known as Link-11B) is a full- 
duplex, point-to-point, encrypted system that si- 
multaneously exchanges tactical data between 
two units capable of TADIL-B at a rate of 600 
1200, and 2400 bps. TADIL-B messages provide 
navigational data, surface and subsurface tracks, 
and operational orders. It may use VHF, UHF, 
SHF, and ground mobile force-SATCOM MUX 
systems. Additionally, TADIL-B can also be ex- 
changed over wire. TADIL-B is used by the Unit- 
ed States Air Force, Army, and Marine Corps. 
MAGTFE C2 nodes with TADIL-B capability are 
the TACC, TAOC, and Marine air traffic control 
detachment (MATCD). Participants on a TADIL- 
B network, such as TERPES, are called reporting 
units (RUs). Some RUs are capable of simulta- 
neously linking with several other RUs. Those 
units that can redistribute the information re 

ceived from one RU to another RU are called for- 
warding reporting units (e.g., TACC and TAOC). 


(5) Tactical Digital Information Link C 
(UHF). TADIL-C, also called Link-4A, is used 
by the North Atlantic Treaty Organization 
(NATO) and the United States Armed Forces. 
TADIL-C is an unencrypted, computer-to- 
computer digital information link that operates in 
the UHF frequency range at 5000 bps. The 
TADIL-C link is between a controlling unit and a 
controlled tactical aircraft. TADIL-C is a valuable 
means for providing radar track correlated sym- 
bology both up to the aircraft and, in the case of 
two-way transmissions, back down to the control- 
ling agency. The MAGTEF TAOC uses the 
TADIL-C for one-way and two-way links to con- 
trol F-14, F/A-18, EA-6B, and S-3 aircraft. 


(6) Voice Product Net (UHF). The voice prod- 
uct net (VPN) provides a communications means 
for forwarding nondigital intelligence information 
to other intelligence and operations elements. Key 
MAGTF participants include the TACC, TAOC, 
EA-6B, and TERPES, as well as other MAGT 
external platforms (e.g., Rivet Joint, Compass 
Call, EP-3). 


Chapter 7 


Planning and Operations 


The purpose of SIGINT operations is to develop 
intelligence on the enemy’s capabilities, intent, 


and operations by exploiting the enemy’s use of 
communication, radars, and electronic systems. 


Section I. SIGINT Functional Planning 


Detailed planning must precede actual SIGINT 
operations to take advantage of the wealth of in- 
formation available on the adversary’s signals 
emanations and operations. 


7101. SIGINT Concept of 
Operations 


SIGINT operations must support the command- 
er’s intent, concept of operations, and the support- 
ing concept of intelligence operations. 


Questions that must be answered to develop the 
SIGINT concept of operations include the follow- 
ing: 


| What is the MAGTF area of operations 
(AO) and area of interest (AI)? 


| What is the MAGTF concept of operations, 
task organization, and main and supporting 
efforts? Does the friendly concept of opera- 
tions allow for fixed-site SIGINT collection 
and DF operations, mobile collection and 
DF operations, or both? 


| What are the standing PIRs and IRs? Which 
have been tasked to SIGINT units? What 
specific information is the commander most 
interested in (e.g., enemy air operations, en- 
emy ground operations, friendly force pro- 
tection, target battle damage assessment 
[BDA], or enemy future intentions)? 


| What is the MAGTF force protection con- 
cept of operations? 


| What is the MAGTF concept of fire sup- 
port? How will MAGTF target development 
and target intelligence be conducted? 


| What are the SIGINT and intelligence con- 
cepts of operations of other JTF compo- 
nents, the JTF, and theater resources? What 
are the task organization and command or 
support relationships for all other MAGTF 
intelligence and reconnaissance units? 


| How can shipboard SIGINT assets and other 
JTF, theater, and national SIGINT assets be 
integrated and employed to support 
MAGTF operations? 


7102. Enemy Characteristics 


Intelligence operations focus on the enemy. Prior 
to commencing SIGINT operations, MAGTF in- 
telligence personnel must learn as much as they 
can about the following enemy C2 CIS practices. 


a. Size and Composition of Enemy 
Forces 


| What threat forces are within the MAGTF 
AO and AI? 


| What are the enemy’s centers of gravity and 
critical vulnerabilities? 


i Is this a large enemy force organized along 
conventional military lines or a small, loose- 
ly knit guerrilla or unconventional military 
force? 
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b. Enemy Command and Control and 
Supporting Communications and 
Information Systems 


| What and where are the enemy’s critical C2 
nodes and what are their vulnerabilities? 


| What types and categories of communica- 
tions nets and networks are used by the ene- 
my? 

| What echelons of command do the commu- 
nications nets and networks serve? 


| What are the associated communications 
and noncommunications electronic emit- 
ters? 


| What are the tactics, techniques, and proce- 
dures used for enemy CIS operations? How 
do they relate to various threat functional 
activities? 

| How is information transferred among the 
enemy’s units and command echelons? 


i Does the enemy employ communications 
emitters at all levels of command or does it 
rely on communications means less exploit- 
able by SIGINT (e.g., fiber, wire, and mes- 
senger)? 


c. Emitter Technical Data 


Effective SIGINT operations require extensive 
technical information on the enemy’s CIS re- 
sources and operations. See table 7-1 for key 
threat emitter technical data requirements. 


7103. Topography 


Terrain, physical obstructions, and vegetation in 
the area of operations have a major effect on the 
employment of SIGINT resources and their abili- 
ty to exploit enemy signals. Proper placement of 
SIGINT collection and DF assets is essential for 
effective reception of adversary emanations. Sev- 
eral factors affect reception quality. 


a. Target Frequencies 


Many of the frequency ranges and power levels in 
use by the world’s military and paramilitary forc- 
es require line-of-sight (LOS) or near-LOS paths 
from transmitter to receiver. Generally, the higher 


Table 7-1. Emitter Technical Data. 


Aspect Technical and Operational 


Characteristics 


Communications Operations 
and Emitters 


Frequency range | HF, VHF, UHF, etc. 


and use 
Call sign use Rota, random, etc. 
Transmitter Hearability, SIGINT collection, 
power and DF location requirements 


Emission type Single, multichannel, spread 


spectrum, frequency hopping, 


burst, etc. 
Signal type Analog or digital 
Modulation AM, FM, PCM, etc. 
Cryptologic Public, private key, none 
system 
System type Voice, data, teletype, facsimile, 


video, combinations of some or 
all 


Language use Dialect, written, or voice 


Miscellaneous Communication procedures, 
emissions control practices, 
use of deception, security sys- 


tems, etc. 


Noncommunications Operations 
and Emitters 


Location Fixed, mobile 


Platform Air, ship, vehicle, fixed- 


installation 


Associated C2 
node or weapon 
system 


Command post, type of weapon 
system 


Frequency range | Band of operation 


Modulation 
characteristics 


Pulse duration, pulse repetition 
frequency, etc. 


Transmitter Effective radiated power, effec- 


power tive range 
Purpose of Jamming, surveillance, target- 
function ing, C2, fire control, etc. 


the frequency used, the greater the LOS influence 
and the more critical the accurate placement of 
SIGINT collection and DF equipment. Lower 
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frequencies (particularly those below 30 MHz) 
generally do not require LOS paths. Consequent- 
ly, the placement of SIGINT collection and DF 
sites to exploit these frequencies may be located 
at greater distances from the target transmitters. 


b. Power Output 


The power output of a transmitter is an important 
factor in receiving the signal. To intercept some 
low-powered signals, SIGINT collection and DF 
assets must be located closer to the adversary’s 
transmitter, often requiring SIGINT collection 
and DF teams to either collocate with or closely 
follow forward MAGTF combat units. 


c. Antennas 


If the targeted adversary’s system uses highly di- 
rectional antennas, as do many multichannel sys- 
tems, the SIGINT collection and DF site must be 
placed within the adversary’s antenna radiating 
pattern. 


7104. Planning Responsibilities 


Primary staff responsibility for SIGINT opera- 
tions planning lies with the G-2/S-2. The G-2/S-2 
responsibilities are— 


| Preparing integrated, multidiscipline intelli- 
gence and reconnaissance operations, to in- 
clude supporting SIGINT plans, orders, 
annexes, and appendices. 

| Coordinating with the G-3/S-3 to ensure— 

» Planned SIGINT effort will support the 
concept of operations and scheme of ma- 
neuver. 

n SIGINT and EW operations are effective- 
ly prioritized and integrated. 

n Adequate site placement and security for 
SIGINT collection elements is provided. 

| Coordinating with the G-6/S-6 officer for 

CIS support to the SIGINT elements, in- 

cluding circuits and networks access, fre- 

quency assignment, equipment, and call 
signs. 
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| Acting as liaison with SIGINT agencies and 
units external to the MAGTF. 

| Coordinating with the G-4/S-4 to ensure ad- 
equate logistics support of SIGINT elements 
(e.g., transportation and maintenance of 
SIGINT units’ unique equipment). 


7105. Coordination of SIGINT 
Operations 


a. Internal Coordination 


Internal MAGTE SIGINT requirements must be 
coordinated with maneuver, fires, electronic war- 
fare, force protection, and CIS requirements. This 
coordination may occur within the EWCC under 
G-3/S-3 staff cognizance, within the CIC, or with- 
in the OCAC, depending upon the task organiza- 
tion and C2 and support relationships in effect. 
Additionally, collection and DF team movements 
and locations must be coordinated with the 
MAGTP’s tactical movements to ensure continu- 
ous support without interference. 


These efforts are accomplished through planning 
and close coordination among the following 
MAGTEF staff officers: 


| MAGTF G-2/S-2, the intelligence opera- 
tions officer, and the intelligence battalion 
commander. 

| SIO, MAGTF AFC OIC, collections officer, 
SARC OIC, and the dissemination manager. 

| MAGTF G-3/S-3 future and current opera- 
tions officers, C2W officer, and EWO. 

| MAGTFE G-6/S-6. 

| GCE, ACE, and CSSE staff officers. 

| RadBn SSU and VMAQ TERPES COs and 
OICs. 


b. External Coordination 


(1) Higher Headquarters and External Or- 
ganizations. The MAGTF G-2/S-2 and all SIG- 
INT planners must coordinate SIGINT 
operations, activities, and requirements with 
DIRNSA. Accordingly, a continuous exchange of 
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data and information is required. This requires 
JWICS access and special security communica- 
tions circuits for the exchange of SIGINT techni- 
cal data and intelligence information. 


(2) Adjacent and Area SIGINT Activities. 
MAGTFE SIGINT activities must be coordinated 
with other SIGINT activities within the joint 
operations area and theater to reduce duplication 
and to ensure maximum use of available assets 
and mutual support. For example, an NSG-fixed 


site outside the MAGTF tactical operations area 
could be conducting SIGINT collection and DF 
against targets within the MAGTEFE area of respon- 
sibility. With proper planning and coordination, 
external SIGINT assets of the combatant com- 
mander, JTF, and other components can provide 
SIGINT support to the MAGTF (e.g., product re- 
porting, exchanges of technical information), al- 
lowing organic MAGTFE SIGINT resources to 
focus on critical targets. 
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Section Il. SIGINT Operational Planning 


This section provides a general description of the 
SIGINT planning cycle and activities to enable an 
understanding and appreciation for the SIGINT 
effort as a whole. No attempt is made to provide 
technical details for SIGINT processing. The 
SIGINT cycle is in concert with the following six 
phases of the intelligence cycle (see MCWP 2-1 
for additional information on the intelligence cy- 
cle and intelligence planning). 


7201. Planning and Direction 


The planning and direction phase of the intelli- 
gence cycle consists of those activities which 
identify and prioritize pertinent IRs and provide 
the means for satisfying them. Intelligence plan- 
ning and direction is a continuous function and a 
command responsibility. The commander directs 
the intelligence effort; the intelligence officer 
manages this effort based upon the commander’s 
intent, designation of PIRs, and specific guidance 
provided during the planning process. The intelli- 
gence planning and direction functions are— 


| Requirements development. 

| Requirements management. 

| Collections management. 

| Production management. 

| Dissemination management. 

| Intelligence support structure. 


| Supervision of the intelligence effort. 


SIGINT planning is performed in concert with 
overall intelligence planning. It consists of those 
activities that identify pertinent IRs which have 
been tasked to SIGINT units and then provides 
the means for satisfying those IRs. SIGINT plan- 
ning and direction is a continuous function that 
requires close interaction between the G-2/S-2 
and SIGINT unit planners. 


SIGINT planning and direction objectives in- 
clude— 


| Identifying intelligence requirements tasked 
to SIGINT elements. 


| Preparing a SIGINT operations plan, to in- 
clude integral SIGINT collection, produc- 
tion, and dissemination plans. 


i Planning and establishing the SIGINT sup- 
port system (e.g., CIS, logistics). 


| Issuing orders and tasking to SIGINT units. 


| Supervising and coordinating the SIGINT 
operations. 


The selection of a particular source of information 
or intelligence discipline to fulfill a given intelli- 
gence requirement is an important decision. SIG- 
INT is a valuable source of information, and an 
effective, dynamic SIGINT operations plan must 
be developed to maximize the effectiveness of the 
SIGINT effort. With the multitude of threat sig- 
nals being transmitted, the collection plan must be 
carefully constructed to collect and exploit enemy 
signals that are most likely to provide the neces- 
sary intelligence data. Additionally, the SIGINT 
production and dissemination plans must effec- 
tively support unique SIGINT and all-source in- 
telligence operations requirements and 
operations. 


a. Mission Planning 


Based on the commander’s PIRs and IRs, the G-2/ 
S-2 determines those ICRs which are applicable 
to and have the potential to be satisfied by the or- 
ganic SIGINT collection effort. The G-2/S-2 in- 
corporates these ICRs into the overall intelligence 
collection plan and issues mission tasking and 
guidance to the RadBn OIC, ACE G-2/S-2, and 
other attached or supporting SIGINT units. Addi- 
tionally, SIGINT taskings from the joint force 
commander (JFC) and supplemental taskings 
from DIRNSA will need to be assessed by the G- 
2/S-2 and incorporated if possible into MAGTF 
SIGINT operations (refer to USSID 4 for addi- 
tional information regarding DIRNSA supple- 
mental tasking). 
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b. Mission Management 


SIGINT mission management is the unit com- 
mander’s supervision of collection, processing, 
production, and dissemination efforts. Proper 
mission management requires centralized control 
of SIGINT assets at the MAGTF command ele- 
ment level. The OCAC (for RadBn SSUs) and the 
TERPES section (for VMAQ) provide this cen- 
tralized control for the their respective SIGINT 
efforts. Collection and DF elements are usually 
positioned throughout the MAGTF’s operations 
area based on the MAGTF’s focus of effort, 
scheme of maneuver, hearability of enemy sig- 
nals, and security of SIGINT units. Air SIGINT 
operations in support of both ACE and MAGTF 
requirements will be planned and incorporated in 
the supporting air tasking order (ATO). SIGINT 
unit commanders and planners must ensure that 
coverage is complete, that assets are gainfully em- 
ployed or redirected, and that SIGINT reporting 
(and supporting CIS support) is effective. Collec- 
tion tasks must be analyzed to determine if they 
can be met or if new collection or analysis efforts 
are required. The collection, direction finding, 
and analysis and production efforts must be 
supervised, integrated with all-source intelligence 
operations, and evaluated to ensure mission effec- 
tiveness. 


7202. Collection 


During collection, organic, attached, and support- 
ing SIGINT elements collect and deliver informa- 
tion to the appropriate processing or production 
element (e.g., OCAC or TERPES). In some 
instances (e.g., immediate threat) the information 
will be delivered directly to the local commander 
for immediate action. 


a. COMINT Collection 


COMINT collection is performed using equip- 
ment that intercepts adversary communications 
signals. Simple signals (e.g., unencrypted single- 
channel voice) can be received by ordinary re- 
ceivers. More complicated signals or those that 
are encrypted require more sophisticated equip- 
ment to fully exploit the signals for their intelli- 


gence value (i.e., external SIGINT processing and 
production centers such as the RSOCs or NSA). 


Initially, a concentrated intercept search, signals 
analysis, and target development program is car- 
ried out to catalog the electromagnetic environ- 
ment and identify the desired threat SOIs. In 
many cases, prior knowledge of some technical 
characteristics, such as in RSOC or CSSA data 
bases, will enhance and streamline the MAGTF’s 
COMINT search effort. When SOIs are acquired 
that are readily exploitable, SIGINT collection 
operators prepare a gist of the transmission. Re- 
cording of the entire intercepted signal using tape 
recorders may also occur. 


Multichannel transmissions are first divided by 
SIGINT operators into their component parts or 
separate channels and then processed channel by 
channel. The acquired data (e.g., logs, gists, data 
files, page-prints, tapes) are rapidly assessed 
against standing PIRs for items of immediate tac- 
tical intelligence value and reported in accordance 
with reporting and dissemination criteria to— 


| Designated commanders. 


| OCAC or TERPES production elements for 
detailed analysis and reporting. 


| MAGTF AFC for all-source analysis and 
production. 


b. Direction Finding 


Radio DF uses electronic equipment to obtain the 
locations of adversary emitters by determining the 
direction of arrival or the time difference of arriv- 
al of the radio waves. In ideal conditions, direc- 
tion finders are arrayed in a network along a 
predetermined baseline consisting of at least three 
collection and DF stations, one of which acts as 
net control. The DF sites must be placed carefully 
so that all stations can hear the target SOI and mu- 
tually support the mission. 


Close coordination between collection and DF 
sites and the OCAC is required for a responsive 
DF effort. RadBn SSU DF results are then report- 
ed, either manually or via automated means, to 
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the OCAC for follow-on intelligence exploitation 
and reporting. 


c. ELINT Collection and Direction 
Finding 

Although few in numbers, the RadBn MEWSS 
product improvement program (PIP) (AN/MLQ- 
36A) provides for the automated search, acquisi- 
tion, identification, and a single DF line of 
bearing of radars and other noncommunications 
emitters. Mission management, reporting, and 
dissemination are handled similarly to COMINT 
DF operations. 


Additionally, in support of its strike escort mis- 
sion, VMAQ elements collect ELINT information 
that can be used by MAGTFE intelligence 
producers such as the MAGTF AFC and OCAC. 
Technical capabilities within the EA-6B’s ELINT 
collection system allow for DF operations to occur 
from a single aircraft. Acquired signals are record- 
ed and then provided to the TERPES section for 
postmission analysis, production, and reporting. 


7203. Processing and 
Exploitation 


The following processing and exploitation func- 
tions are used to convert collected raw informa- 
tion into a form suitable for SIGINT production. 


a. Traffic Analysis 


Traffic analysis is the study of all characteristics 
of communications except encrypted texts. Call 
signs, frequencies, times of transmission, crypto- 
graphic indicators, precedence, and message 
lengths are examples of these characteristics. 
These characteristics are called externals and are 
compiled and sorted primarily for the purpose of 
reconstructing the adversary’s communication 
structure and organization. This information 
yields valuable electronic order of battle data and 
other information. With on-line communication 
encryption systems becoming widely used by po- 
tential adversaries, traffic analysis becomes an in- 
creasingly difficult function. 


b. Cryptanalysis 


Cryptanalysis is the study of encrypted signals, 
data, and texts to determine their plain language 
equivalents. The capability to read the adversary’ s 
encrypted communications is obviously valuable. 
The RadBns’ limited cryptanalysis capability de- 
pends on the sophistication of the target’s encryp- 
tion system and the availability of specialized 
equipment and software resources from NSA. 


c. Linguistic Analysis 


Linguistic analysis is the transcription and trans- 
lation of foreign language intercepts into English. 
This analysis starts at the collection site upon in- 
terception. Messages of considerable length re- 
quire more time and are usually transcribed and 
translated in the OCAC. Marines are trained in a 
wide variety of languages for this task, but aug- 
mentation by external sources (e.g., native and/or 
contract linguists) may be required in order to sat- 
isfy all requirements. 


d. Signal Analysis 


Signal analysis consists of working with all types 
of signals (e.g., COMINT, ELINT, pro forma) to 
identify, isolate, reduce to pure form, and exploit 
acquired SOIs. The signal analyst must be well 
trained and possess the proper electronic and soft- 
ware support tools to be effective. 


e. ELINT Analysis 


The location of early warning, surveillance, and 
fire control radars can provide a general trace of 
the adversary’s forward battle positions and loca- 
tions of key C2 and fire control nodes and weap- 
ons systems. Medium-range and counterweapons 
radar identification provides order of battle infor- 
mation since these systems are organic to specific 
adversary units. 


Identification and location of air defense radars 
provide information on the disposition of the ad- 
versary’s air defense systems and their threat to 
strike, close air support, and assault support air- 
craft. Following the reporting of any I&W infor- 
mation to tactical decisionmakers, technical data 
and detailed ELINT information is forwarded to 
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the OCAC or to the TERPES section for further 
analysis, production, and reporting. 


7204. Production 


Production is the conversion of raw information 
into SIGINT product reports through the evalua- 
tion, integration, and interpretation of the infor- 
mation derived during the processing and 
exploitation effort. The results of the analysis are 
correlated by SIGINT analysts and reporters to 
form the basis for SIGINT reports. These reports 
are provided directly to tactical commanders 
when appropriate, to the G-2/S-2 for the further 
analysis and production of all-source intelligence, 
and to the staff sections for future operations 
planning. 


SIGINT production planning and management are 
closely coordinated with all-source intelligence 
production planning and management to— 


1 Determine the scope, content, and format 
for each product. 


| Develop a plan and schedule for the devel- 
opment of products. 


| Assign priorities among the various SIGINT 
product requirements. 


i Allocate SIGINT processing, exploitation, 
and production resources. 


| Integrate production efforts with all-source 
collection and dissemination activities. 


The production goal is the effective and efficient 
use of limited resources while focusing on estab- 
lished SIGINT priorities. 


a. Evaluation 


SIGINT analysts evaluate the raw SIGINT infor- 
mation to determine its pertinence to intelligence 
requirements. Further evaluation is made to judge 
the reliability and accuracy of the information and 
to isolate significant elements. 


b. Integration 


The information derived from traffic analysis, 
cryptanalysis, linguistic analysis, signal analysis, 
ELINT analysis, and radio DF must be fully inte- 
grated into a fused SIGINT product to develop a 
complete SIGINT picture. Concurrently, integra- 
tion of SIGINT processing and production with 
ongoing MAGTE G-2/S-2 all-source intelligence 
processing and production is essential to achieve 
a complete, effective, and current intelligence es- 
timate while using the strengths and results from 
the other intelligence disciplines to improve SIG- 
INT operations. 


c. Interpretation 


The information derived from SIGINT collection 
is interpreted to form logical conclusions and esti- 
mates of enemy capabilities, intentions, and fu- 
ture actions. This step completes the translation of 
the raw SIGINT information into usable intelli- 
gence. 


7205. Dissemination 


Dissemination is the provision of SIGINT infor- 
mation in a timely manner and in a usable form to 
commanders, other decisionmakers, or all-source 
intelligence analysts. Because of security require- 
ments, dissemination of COMINT information is 
made primarily to SIGINT and all-source intelli- 
gence production elements such as the MAGTF 
AFC. Proper SIGINT C2 and supporting CIS ar- 
chitectures that provide accurate situational 
awareness, along with effective IRs and tactical 
requirements management, enable proper dissem- 
ination. 


SIGINT dissemination planning and manage- 
ment involves establishing dissemination priori- 
ties, stipulating dissemination and reporting 
criteria, selecting dissemination means, and moni- 
toring the flow of SIGINT reporting. The ultimate 
dissemination goal is to deliver SIGINT products 
to the appropriate user in the proper form and at 
the right time, while concurrently preventing the 
dissemination of irrelevant products and avoiding 
information overload. 
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Reporting consists of providing the SIGINT prod- 
ucts in standardized, easily usable formats needed 
to satisfy tasked requirements in a timely manner. 
The nature of the SIGINT effort requires timely 
reporting to effectively exploit its intelligence 
value. SIGINT reports generally fall into two cat- 
egories, product reports and technical reports. 
Standardized formats are used in the preparation 
and transmission of these reports for speed and 
compatibility. As most of these formats are classi- 
fied, readers should refer to USSID 300, SIGINT 
Reporting, for specific information and examples. 


a. Product Reports 


Product reports are prepared by all SIGINT pro- 
ducers for commanders, planners, and all-source 
intelligence analysts. A product report contains 
timely, accurate, thorough, relevant, and useful 
SIGINT information about the adversary in re- 
sponse to the supported commander’s PIRs and 
IRs. Reports may be sent periodically or may be 
sent whenever highly perishable data is acquired 
in accordance with specified intelligence report- 
ing criteria. Generally, SIGINT product reports 
will fall into one of three categories: 


(1) SIGINT Report. In SIGINT reports, the 
source of information is clearly SIGINT by the 
content and classification markings. Such reports 
generally contain the SIGINT assessment along 
with pertinent SIGINT technical information. 
These reports are handled within SCI-controlled 
facilities and communications channels. Within a 
MEF, the CE, GCE, and ACE may be included in 
distribution for SIGINT products. Within a 
MEU(SOC) or special-purpose Marine air-ground 
task force (SPMAGTF), the CE is generally the 
sole recipient of these reports. When pertinent, ei- 
ther these reports will be fused within all-source 
intelligence products for further dissemination 
within the MAGTF or dissemination will occur 
via SCI courier or briefings. 


(2) Non-Codeword Report. NCW reporting 
procedures may be used only when authorized by 
DIRNSA. The principal value of NCW reporting 
is to allow time-sensitive dissemination of critical 
SIGINT information to a broader audience during 
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high tempo operations. In NCW reports, the 
source of information is clearly SIGINT. Howev- 
er, unlike standard SIGINT product reports, the 
NCW report is passed directly to commanders 
without SIGINT markings or SI security controls 
to allow immediate tactical use (e.g., I&W, sup- 
port to targeting, support to force protection). For 
example, NCW reports may be passed directly 
from the SSU collector to other MAGTFE units 
(e.g., an infantry battalion) via GENSER commu- 
nications (usually voice message). Typically, the 
format for these is the standard size, activity, lo- 
cation, unit, time, and equipment (SALUTE) re- 
port. Specific procedures regarding NCW 
reporting during operations should be contained 
within the SIGINT appendix to annex B of the op- 
erations order. 


(3) Sanitized Report. Sanitized SIGINT re- 
ports contain SIGINT information that is reported 
via GENSER communications means in a manner 
that does not reveal SIGINT as the source of the 
information. The level of sanitization authority al- 
lowed the MAGTF commander is established by 
DOD Directive TS-5105.21-M-2, Sensitive Com- 
partmented Information (SCI) Security Manual, 
Communications Intelligence (COMINT) Policy. 
Within the MAGTF, actual sanitization of SIG- 
INT reports is generally performed by designated 
intelligence personnel under the guidance and su- 
pervision of the MAGTE SSO or AFC OIC. The 
reports are disseminated via all-source products 
or other GENSER intelligence reports. 


b. Technical Reports 


Technical reports consist of the SIGINT technical 
elements required by SIGINT collectors, analysts, 
and technical support and production agencies ex- 
ternal to the MAGTF (e.g., call signs, frequencies, 
operating schedules). SIGINT technical reporting 
requires SCI-secure connectivity with pertinent 
organizations (e.g., NSA, theater RSOC, support- 
ing CSSA) via JWICS, NSANET, or some alter- 
nate SCI communications means. Within the 
MAGTF, all SIGINT technical reporting is con- 
ducted by either RadBn or VMAQ’s TERPES 
section. 
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7206. Utilization 


SIGINT, as all intelligence, has no inherent value. 
Its value is realized only through its effective 
support of the commander’s intelligence require- 
ments or other operational requirements. 
Commanders, G-2/S-2s, and G-3/S-3s must con- 
tinuously evaluate SIGINT operations, products, 
and reports for timeliness, usefulness, and overall 
quality and responsiveness to stated IRs. They 
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must provide feedback to the MAGTF G-2/S-2 
and SIGINT unit leaders to improve future SIG- 
INT operations. Ultimately, SIGINT utilization 
provides guidance for future intelligence and 
SIGINT operations and management. 


See appendix C, SIGINT and SCI Security Man- 
agement Operations Flowchart, that summarizes 
the principal SIGINT planning considerations, ac- 
tivities, and products discussed in this chapter. 
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Section Ill. SIGINT Plans and Orders 


Guidance for the conduct of SIGINT operations 
comes from many sources. The DIRNSA- 
developed USSID series are the principal SIGINT 
operations directives that contain policy, direc- 
tion, guidance, instruction, and procedures on per- 
forming SIGINT functions in compliance with 
national directives and security requirements. Ad- 
ditionally, since MAGTFs will normally be part 
of a JTF or NEF, reference to joint and naval or- 
ders, guidance, and SIGINT TTPs is necessary to 
identify unique operating concepts and methodol- 
ogies and support procedures and formats. 


The MAGTFE G-2/S-2 prepares SIGINT plans and 
orders. The intelligence operations officer coordi- 
nates the overall effort with the assistance of the 
SIO, other intelligence section staff officers, and 
the CO or OICs of organic and supporting SIG- 
INT units. SIGINT plans and orders focus on in- 
ternal MAGTF SIGINT requirements, operations, 
and TTP. 


The SIGINT appendix will appear as appendix 2 
(signals intelligence) to annex B (intelligence) in 
all MAGTF operations plans and orders. (See ap- 
pendix D, SIGINT Appendix Format, of this man- 
ual for a recommended format for the SIGINT 
appendix.) It should include the following: 


Friendly forces to be utilized include— 
» Personnel augmentation requirements. 


n SIGINT units of adjacent or other theater 
forces and the support expected. 


» Joint force maritime component com- 
mander (JFMCC) and ATF DS SIGINT 
elements and CSSA available to support 
the landing force during amphibious oper- 
ations. 


n RSOC, joint force land component com- 
mander (JFLCC), joint force air compo- 
nent commander (JFACC), and other 
component commanders or task forces ca- 
pable of providing SIGINT support dur- 
ing JTF operations. 


Planned arrangement, employment, and use 
of external SIGINT support, to include any 
special collection, production, dissemina- 
tion and CIS arrangements. 

Establishment of coordinating instructions 
for SIGINT operations planning and con- 
trol, to include technical support expected 
from higher headquarters. 


MAGTE SIGINT element taskings. 


Communication and information SIGINT 
support. 
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Section IV. Execution 


MAGTF SIGINT operations generally are cen- 
trally managed by the MAGTF G-2/S-2 and de- 
centrally executed to— 


| Integrate RadBn SSU and ACE VMAQ 
TERPES SIGINT effectively with other 
MAGTEF and external intelligence and re- 
connaissance operations. 


| Provide the most effective MAGTF intelli- 
gence requirements support. 


The integration of RadBn SSU and VMAQ TER- 
PES SIGINT collection, production, and dissemi- 
nation plans and activities with those of other 
MAGTEFE and supporting intelligence organiza- 
tions uses these limited resources and their mutual 
support more effectively (e.g., cueing). The 
MAGTFE mission, commander’s intent, threat op- 
erations and signals usage, concept of operations, 
and environmental considerations all influence 
the ultimate task organization, command relation- 
ship, concepts of employment, and tasks of SIG- 
INT units. For example, they determine a decision 
to task-organize elements of the SSU in direct 
support of the GCE or rear area operations com- 
manders. Such information is specified within 


annexes B, C, and K of the operations order or in 
a subsequent fragmentary order. 


Figure 7-1 notionally depicts the following seven 
key aspects of these interrelated SIGINT opera- 
tions. 


| Task organization and command or support 
relationships of MAGTF SIGINT units with 
other MAGTF elements. RadBn SSU 
OCAC is collocated with the MAGTF G-2/ 
S-2 and operates in general support of the 
MAGTF. VMAQ and TERPES are organic 
and OPCON to the ACE. 

| External SIGINT units that typically support 
a MAGTF. 

| Principal SIGINT systems employed within 
and in support of the MAGTF. 

| Relationship of other MAGTF intelligence 
and reconnaissance units with SIGINT 
units. 

| Principal communications pathways, means, 
and level of classification. 

| Key intelligence information systems that 
interoperate with SIGINT systems. 

| Principal SIGINT reports disseminated via 
the communications pathways shown. 
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Figure 7-1. MAGTF and Supporting SIGINT Operations. 
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Chapter 8 


Security of Sensitive Compartmented 
Information 


SCI is classified information concerning or de- 
rived from intelligence sources, methods, or ana- 
lytical processes that is required to be handled 
within formal access control systems established 
by the Director of Central Intelligence (DCI). 
Only intelligence and information that clearly 
warrant extraordinary security measures will be 
restricted to SCI control. 


When dealing with issues involving SCI security, 
refer to the following publications for policy and 
instructions: 


e Director, Central Intelligence Directive 
(DCID) 1/14, Personnel Security Standards 
and Procedures Governing Eligibility fo 
Access to Sensitive Compartmented Infor- 
mation. 

e DCID 1/16, Security Manual for Uniform 
Protection of Intelligence Processed in AISs 
and Networks. 

e DCID 1/21, Physical Security Standards for 
Sensitive Compartmented Information Fa- 
cilities. 

e Defense Intelligence Agency Manual (DI- 
AM) 50-4, Department of Defense Intelli- 
gence Information Systems (DODIIS) 
Information Security (INFOSEC) Program. 

e Department of Defense Directive (DODD) 
5105.21-M-1, Sensitive Compartmented In- 
formation (SCI) Security Manual, Adminis- 
trative Security. 

e Department of the Navy Supplement (NAV- 
SUP) to DODD 5105.21-M-1, SCI Adminis- 
trative Security Manual. 


These documents provide policy and guidance 
on— 


e SCI personnel and information security 
clearance procedures. 


e SCIF and TSCIF requirements. 
e Classification levels. 

e Compartmentation. 

e Decompartmentation. 

e Sanitization. 

e Release to foreign governments. 
e Emergency use. 


e Security policy and procedures for the pro- 
tection of information controlled in SCI 
compartments. 


Safeguarding SCI is critical. Security of SCI is 
important as it protects not only a piece of intelli- 
gence but also its source. For these reasons, dis- 
semination and access to SCI information and 
materials are restricted. However, to be worth- 
while, SCI must be accessible to commanders for 
use in decisionmaking. SCI must be classified 
only to the degree necessary in the interests of se- 
curity. SCI security must be applied within the 
context of the mission, with security needs con- 
stantly assessed and balanced against operational 
mission needs. 


SCI security is the responsibility of the command- 
er, who exercises this responsibility through the 
unit G-2/S-2. The SSO serves as the primary staff 
officer for day-to-day SCI security administration 
and management. The commander must ensure 
SCI is accessed only by those persons with an ap- 
propriate clearance, access approval, identified 
need-to-know, and appropriate SCI indoctrina- 
tion. This is accomplished by carefully managing 
those units and persons with SCI access and the 
equipment and facilities used to process, dissemi- 
nate, and store SCI. (Appendix C, SIGINT and 
SCI Security Management Operations Flowchart, 
summarizes the principal SCI security planning 
considerations, activities, and products discussed 
in this chapter.) 
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8001. Special Security Officer 


The SSO serves as the command’s focal point for 
the receipt, control, and accountability of SCI ma- 
terials and the supervision of the SCI security 
functions of subordinate SCIFs. The SSO will be 
a military commissioned officer, warrant officer, 
or civilian (GS-9 or above). The SSO— 


e Supervises the operation of the special secu- 
rity office and administers the SCI security 
program. This includes oversight of other 
local SCIFs under the SSO’s cognizance. 

e Maintains required SCI directives, regula- 
tions, manuals, and guidelines to adequately 
discharge SSO duties and responsibilities. 

e Ensures all SCI is properly accounted for, 
controlled, marked, transmitted, transported, 
packaged, and safeguarded. Ensures all SCI 
is destroyed in authorized destruction facili- 
ties and in accordance with current regula- 
tions. 

e Ensures SCI is disseminated only to persons 
authorized access with an established need- 
to-know. 

e Provides guidance and assistance for proc- 
essing SCI access and eligibility requests. 

e Serves as the official channel for passing 
SCI access certifications. 

e Conducts or otherwise manages SCI person- 
nel, information, physical, and technical 
security (1.e., TEMPEST, technical surveil 
lance countermeasures [TSCM]) actions and 
procedures according to current regulations. 

e Conducts SCI security briefings, indoctrina- 
tions, and debriefings; administers and 
maintains signed nondisclosure agree- 
ments; and performs other related personnel 
security actions. 

e Investigates SCI security infractions, makes 
recommendations, prepares required re- 
ports, and initiates and supervises any nec- 
essary corrective actions. 

e Conducts a continuing training and aware- 
ness program to ensure that all SCI-indoctri- 
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nated individuals are apprised of new 
requirements and guidelines. 

e Ensures that appropriate accreditation docu- 
mentation is available for each SCIF, 
TSCIF, and SCI system under the SSO’s 
cognizance. 


8002. Personnel Security 
Program 


The protection of SCI is directly related to the ef- 
fectiveness of the personnel security program. 
DCID 1/14 establishes the personnel security 
standards for the United States intelligence com- 
munity. A mutually supporting series of program 
elements (e.g., need-to-know, investigation, bind- 
ing contractual obligations on those granted ac- 
cess, security education and awareness, and 
individual responsibility) provides reasonable as- 
surances against compromise of SCI by those au- 
thorized access to it. 


a. Access Approval Authority 


In accordance with DCID 1/14, the Director o 
Naval Intelligence is authorized to grant, deny, or 
revoke SCI access to Marines and Sailors. This 
responsibility is carried out through the Depart- 
ment of the Navy Central Adjudication Facility 
(DONCAF). 


b. Requirements for SCI Access 


DONCAF may grant an individual SCI access 
when the following requirements have been met. 


(1) Need-to-Know is Determined. Even 
when approved for a specific access, the holder is 
expected to acquire or disseminate only that SCI 
essential to effectively carry out an assignment 
No person will have a need-to-know solely by vir- 
tue of rank, title, or position. 


(2) Eligibility is Determined. DCID 1/14 pro- 
vides eligibility standards for investigation and 
evaluation for an individual’s access to SCI. A 
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single-scope background investigation (SSBI) 
conducted within the last 5 years serves as the ba- 
sis for determining access approval. 


(3) SCI Billet is Identified. DCI does not re- 
quire the Navy to maintain an SCI billet structure. 
However, SSO Navy and CNSG have decided to 
retain the current SCI billet numbering system for 
accountability within the DON. SCI billets are ad- 
ministered by the local command SSO and report- 
ed annually to SSO Navy or CNSG as 
appropriate. 


(4) Security Indoctrination is Completed 
SCI indoctrination is the instruction an individual 
receives prior to receiving access to an SCI sys- 
tems, programs, and materials. The instruction 
convey the unique nature, sensitivity, and special 
security safeguards and practices for SCI han- 
dling, particularly the necessity to protect sensi- 
tive sources and methods. 


(5) Nondisclosure Agreement is Signed. 
As a condition of access to SCI, individuals au- 
thorized SCI access must sign a DCI-authorized 
nondisclosure agreement (NDA). The NDA es- 
tablishes explicit obligations on both the Govern- 
ment and the individual for the protection of SCI. 
An NDA is binding for life and cannot be revoked 
or waived. Failure to sign an NDA is cause for de- 
nial of SCI access. 


8003. Physical Security 


All SCI must be processed, used, and stored with- 
in an accredited SCIF. Accreditation is granted 
when the proposed facility meets the physical se- 
curity standards stipulated in DCID 1/21. The 
SSO, DIA, is the accrediting authority for all 
DOD SCIFs, while NSA is the accreditation au- 
thority for all service cryptologic element SCIFs. 
Organizations are responsible for ensuring that 
SCIFs are established only when operationally re- 
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quired and when existing SCIFs are not adequate 
to support the unit’s mission. 


a. Sensitive Compartmented 
Information Facility 


A SCIF is an accredited area, room, group of 
rooms, buildings, or installation where SCI may 
be stored, used, discussed, and/or electronically 
processed. Access to SCIFs will be controlled to 
preclude entry by unauthorized personnel. Non 

SCI-indoctrinated personnel entering a SCIF must 
be continuously escorted by an indoctrinated indi- 
vidual who is familiar with the security proce- 
dures of that SCIF. The physical security 
protection for a SCIF is intended to prevent as 
well as detect visual, acoustical, technical, and 
physical access by unauthorized persons. 


b. Emergency Action Plans 


Each accredited SCIF will establish an emergency 
action plan. This plan will be approved by the ap- 
propriate G-2/S-2 or SSO. The essential concern 
of the plan must be safety of personnel over a 
other factors. The plan will address— 


e Physical protection of personnel working in 
the SCIF. 

e Adequacy of fire fighting equipment and 
life-support equipment (e.g., oxygen and 
masks). 

e Entrance of emergency personnel (e.g. po- 


lice, medical technicians, and firemen) into 
a SCIF. 


e Evacuation plans for persons. 


e Emergency destruction and transfer proce- 
dures of classified material and equipmen 
in the event of— 


» Fire. 

« Loss of essential utilities. 

« Sabotage. 

» Riots. 

« Civil disorders. 

« Hostile or terrorist attack or capture. 
» Natural disasters. 
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c. Tactical Sensitive Compartmented 
Information Facility 


Recognizing the need for SCIFs to support tacti- 
cal operations, the DCI requires the following 
minimum physical security standards for a 
TSCIPF. If the situation and time permit, these 
minimum standards will be improved on by using 
the security considerations and requirements for 
permanent secure facilities. (Appendix E, TSCIF 
Checklist, is provided as a guide when activating 
or deactivating a TSCIF.) 


e Locate the TSCIF within the supported 
headquarter’s defensive perimeter, prefera- 
bly within its main command echelon. 


e Use permanent-type facilities, if available. 


e Maintain 24-hour operation under field or 
combat conditions. 


e Establish a physical barrier around the 
TSCIF. Where practical, the physical barrier 
should be triple-strand concertina o 
general-purpose barbed-tape obstacle. The 
TSCIF approval authority determines 
whether proposed security measures provide 
adequate protection based on local threat 
conditions. 


e Guard the TSCIF perimeter by stationing 
walking or fixed guards to observe the con- 
trolled area. Guards will be armed with 
weapons and ammunition in accordance 
with Marine Corps Order (MCO) 5500.6F, 
Arming of Security and Law Enforcemen 
(LE) Personnel and the Use of Force. 


e Restrict access to the controlled area with a 
single gate or entrance that is guarded con- 
tinuously. 


e Maintain an access list. Only those people 


whose names appear on the list will be al- 
lowed access to the TSCIF. 


e Staff the TSCIF with sufficient personnel as 
determined by the on-site SSO or G-2/S-2 
based on the local threat conditions. 


e Keep emergency destruction and evacuation 
plans current. 


e Store SCI material in lockable containers 
when not in use. 


Establish and maintain communications with 
local security or emergency reaction forces, 
if possible. 


Conduct an inspection of the vacated TSCIF 
area. The SSO or G-2/S-2 ensures SCI ma- 
terials are not inadvertently left behind 
when the TSCIF displaces. 


Coordinate planning with the unit’s head- 
quarters commandant, who is responsible 
for providing TSCIF guard personnel, com- 
munication with command post guard forc- 
es, emergency personnel reaction forces, 
and internal reaction forces. 


d. Mobile Tactical Sensitive 
Compartmented Information Facility 


Mobile TSCIF requirements are as follows: 


Maintain a 24-hour operation and staff the 
TSCIF with sufficient personnel as deter- 
mined by the on-site SSO or G-2/S-2 based 
on the local threat conditions. 


Incorporate external physical security meas- 
ures into the perimeter defense plans for the 
immediate area in which the mobile TSCIF 
is located. (A physical barrier is not required 
as a prerequisite to establish a mobile 
TSCIF.) 


Use Marines performing the day-to-day op- 
erations of the TSCIF to control external 
physical security. 


Establish and maintain communication 
with backup guard forces, if possible. 


Incorporate incendiary methods in emergen- 
cy destruction plans to ensure total destruc- 
tion of SCI material during emergency 
situations. 


Adhere to the following restrictions when 
using a rigid-sided shelter or portable van. 


=» Mount the shelter to a vehicle so that the 
shelter can move on short notice. 


« Affix a General Services Administration 
(GSA)-approved security container per- 
manently within the shelter. Protect the 
lock combination to the level of security 
of the material stored therein. 


Signals Intelligence 


» Control the entrance to the mobile TSCIF 
with SCI-indoctrinated Marines on duty 
within the shelter. 


» Limit entrance to the mobile TSCIF to 
SCI-indoctrinated personnel. 


» Store classified material within the locked 
GSA container and secure the shelter’ 
exterior entrance during redeployment. 


e Adhere to the following restrictions when 
using a mobile TSCIF for a soft-sided vehi- 
cle or man-portable system. 


» Protect SCI material in an opaque con- 
tainer (i.e., leather pouch, metal storage 
box, or other suitable container that pre- 
vents unauthorized viewing). 


» Keep this container in the physical pos- 
session of an SC]I-indoctrinated person. 


e Limit the quantity of SCI material permitted 
within the mobile TSCIF to that which is ab- 
solutely essential to sustain the mission. 
Employ stringent security arrangements to 
ensure that the quantity of SCI material is 
not allowed to accumulate more than is ab- 
solutely necessary. 


e. Tactical Sensitive Compartmented 
Information Facility Accreditation 


The accreditation process consists of three steps, 
each requiring a message to be sent to the cogni- 
zant approval authority (see NAVSUP to DODD 
5105.21-M-1). Approval authorities vary with re- 
spect to information and formats required. When 
requesting TSCIF authorization and accreditation, 
use the current reference from the cognizant au- 
thority. The following reports and messages are 
prepared by the unit SSO or G-2/S-2. 


(1) Concept of Operations. A message that 
outlines the who, what, when, where, and why for 
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the TSCIF and identifies supporting security, ad- 
ministrative, and point of contact information. 


(2) TSCIF Activation Report. A report sent to 
the approval authority upon commencement o 
TSCIF operations. 


(3) TSCIF Deactivation Report. A report sent 
to the approval authority when the TSCIF has 
ceased operations and has been certified to be free 
of SCI material. 


8004. Information Systems 
Security 


All SCIF intelligence and information systems 
used for processing, storing, and conveying intel- 
ligence and/or SIGINT information must be ac- 
credited prior to operating. The DON approving 
authority for SCIF intelligence systems is the Of- 
fice of Naval Intelligence (ONI-54) in accordance 
with DIAM 50-4. The cognizant DON approving 
authority for SCIF resident cryptologic systems is 
CNSG (N1). 


The SSO is responsible to the G-2/S-2 for overall 
management and administration of the unit’s SCI 
security program and for SCIF security. The 
unit’s information system security manager 
(ISSM) and the information system security offic- 
er (ISSO) complement the SSO and are account- 
able for the SCIF-resident information systems 
The ISSM or ISSO will help ensure new and 
changed information systems meet all security re- 
quirements. These individuals coordinate the ap- 
proval of new or changed systems with the 
appropriate DON approving authority. Normally, 
the ISSM and ISSO are the principal interface 
between the approving authority and the local 
command. 


(reverse blank) 


Chapter 9 


Training 


The policies, standards, and procedures for the 
conduct of SIGINT training as well as the assign- 
ment of responsibilities to ensure adequate and re- 
sponsive training are spelled out in DODD 
5210.70, DOD Cryptologic Training. Additional- 
ly, MCO 1510.50A, Individual Training Stan- 
dards (ITS) System for the Signals Intelligence 
Ground Electronic Warfare Occupational Field 
(OccFld), provides a detailed description (by rank 
and MOS) of tasks SIGINT Marines must be ca- 
pable of performing. 


9001. Military Occupational 
Speciality Training 


Training for the SIGINT Marine focuses on build- 
ing, maintaining, and enhancing the technical 
skills required to be MOS proficient. 


a. Entry-Level Training 


The foundation for all SIGINT Marine training is 
the entry-level training. Due to its highly techni- 
cal nature, this OccFld possesses some of the 
longest MOS entry-level training pipelines. The 
following paragraphs briefly describe these pipe- 
lines. 


(1) 0206 Basic SIGINT. Following The Basic 
School, all SIGINT-designated lieutenants are 
sent to the Cryptologic Division Officers Course 
(CDOC), Corry Field, Pensacola, Florida. Fol- 
lowing CDOC, all 0206 lieutenants are ordered to 
one of the two RadBns to develop and enhance 
their SIGINT skills. 


(2) 7588 Electronic Warfare Officer. The ini- 
tial, formal EW training for air EW lieutenants is 
the Joint Electronic Warfare School, Pensacola 
Florida. The course focuses on basic radar theory, 
friendly and threat integrated air defense system 


(I[ADS), naval forces organization and capabili- 
ties, and the application of EW. 


Following the Joint Electronic Warfare School, 
7588 lieutenants receive specialized training with 
the Fleet Replacement Squadron (VAQ-129), 
Whidbey Island, Washington. This 9-month 
course provides instruction and training on the 
EA-6B aircraft operations and systems and on 
threat IADS aircraft and shipping. Additionally 
all 7588 electronic warfare officers obtain Naval 
Air Training and Operating Procedures Standard- 
ization (NATOPS) program qualification in the 
EA-6B. 


(3) 2621 Manual Morse Intercept Operator. 
Manual Morse training begins with Morse code 
training at Ft. Huachuca, Arizona. Upon gradua- 
tion, the new manual Morse intercept operator re- 
ports to Corry Field, Pensacola, Florida, for the 
Communication Signals Collection and Process- 
ing (450) Course. 


(4) 2631 ELINT Intercept Operator or Ana- 
lyst. Basic ELINT training is provided by the 
Cryptologic Technician Course, Corry Field, 
Pensacola, Florida. Marines assigned to the 
VMAQ TERPES section also attend the TERPES 
Operator Course, Navy and Marine Corps Intelli- 
gence Training Center, Dam Neck, Virginia. 


(5) 2651 Special Intelligence Communica- 
tor. Training in SI communications, data commu- 
nications, networks, and system security is 
provided in the Cryptologic Technician “O” 
Course, Corry Field, Pensacola, Florida. 


(6) 267X Cryptologic Linguist. The crypto- 
logic linguist has the longest initial training track 
of any ground MOS. Training begins with basic 
language training at the Defense Language Insti- 
tute (DLI), Monterey, California, for a period of 
47 to 63 weeks, depending on the language and 
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student’s ability. Following graduation from DLI, 
the basic linguist will report to Goodfellow AFB, 
Texas, for cryptologic linguist specialist training. 


(7) 2629 SIGINT Analyst. Upon completion of 
their initial tour, many 2621’s, and some 2631’s, 
and 267X’s will attend the Fleet Analysis and Re- 
porting Course, Goodfellow AFB, Texas, for ad- 
ditional training to qualify for MOS 2629, 
SIGINT analyst. 


b. SIGINT Skill Progression Training 


SIGINT Marines have a wealth of resident and 
nonresident training opportunities to refine, main- 
tain, or enhance their skills. These programs are 
announced by HQMC and include— 


e NSA Director’s Fellowship Program for 
field grade officers. 

e Junior Officer Cryptologic Career Program 
for company grade officers. 

e Middle Enlisted Cryptologic Career Ad- 
vancement Program for SNCOs. 

e Military Intern SIGINT Analyst Program 
for SNCOs and NCOs. 

e Military ELINT Signals Analyst Program 
for SNCOs and NCOs. 

e Marine Corps Cryptologic Computer Ad- 
ministration Program for enlisted Marines. 


e Various military linguist programs. 


9002. Functional Training 


Functional SIGINT training focuses on ensuring 
Marines in all elements of the MAGTF are aware 
of SIGINT contributions and the corresponding 
SIGINT or EW threat from our adversaries. 


a. SIGINT Marines 


Functional training educates SIGINT Marines on 
all-source intelligence operations within the 
MAGTF, naval forces, and JTFs. SIGINT 
Marines participate in exercises to learn opera- 
tional intelligence requirements; the interaction 
between commanders and staffs and MAGTF 
units and intelligence sections; and the capabili- 
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ties, limitations, and operational support method- 
ologies within MAGTF and other units. During 
exercises, SIGINT Marines interact with the G-3/ 
S-3 and G-6/S-6 to refine coordination require- 
ments and improve intelligence flow during actu- 
al operations. 


b. SIGINT Training of Non-SIGINT 
Marines 


Non-SIGINT Marines are trained in the capabili- 
ties and limitations of Marine, Navy, JTF, theater, 
and national SIGINT systems that support 
MAGTF operations. Equal time should be spen 

training these Marines on the capabilities and lim- 
itations of the adversary’s SIGINT or EW sys- 
tems and on individual and force protection 
tactics and techniques. To improve mutual under- 
standing and eliminate misconceptions, the 
unique security restrictions required when dealing 
with SIGINT information should also be ex- 
plained to and practiced by non-SIGINT Marines. 


9003. Exercises 


SIGINT operations in exercises are closely con- 
trolled. The same security precautions and con- 
trols are required for both the real world and 
exercises. USSID 56, Exercise SIGINT, provides 
guidance on obtaining and using SIGINT during 
exercises. 


Exercise SIGINT provides commanders, staffs 
and units with experience in SIGINT operations, 
information, rules, communications, and person- 
nel. Exercise SIGINT operations may be conduct- 
ed with or without an opposition force. Care 
should be taken during exercises to present a real- 
istic picture of what SIGINT systems can provide 
to avoid creating false expectations. 


If an opposition force does not participate, exer- 
cise SIGINT may be scripted or preplanned (e.g., 
staff exercise [STAFFEX] or a command post 
exercise [CPX]). Use of scripted SIGINT in an 
exercise must be requested and approved by the 
appropriate agency well in advance of the exer- 
cise. This will allow time to script the exercise 
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SIGINT necessary to realistically support the sce- 
nario. Exercise planners and exercise SIGINT 
scripters must coordinate to ensure the SIGIN 
information flow is realistic. All security require- 
ments must be maintained throughout the exercise 
(e.g., TSCIF activation and SCI-handling proce- 
dures). 


Exercise SIGINT operations may be conducted 
against an opposition force (e.g., during a 
MAGTF field exercise). This provides more real- 
istic training for the SIGINT element and SIGINT 
users. Depending on the level of the exercise, the 
use of simulators and national systems may be re- 
quested to add realism and enhance training 

These assets must be requested well in advance of 
the exercise and approved by the appropriate 
agency described in the J-TENS manual. 


9004. Operational Training 
Objectives 


The major objective for SIGINT operations train- 
ing is exercising SIGINT operations in a realistic 
tactical environment with all elements of the 
MAGTF. 


a. SIGINT Organizations 
RadBns and VMAQs should— 


e Train unit leaders, planners, and supervisory 
personnel to— 

» Plan and direct, process and exploit, pro- 
duce, disseminate, and use unique 
SIGINT and integrated all-source intelli- 
gence. 

» Plan and integrate SIGINT operations 
with multifunctional staff operations. 

» Conduct SIGINT operations. 

e Train SIGINT operators in SIGINT— 

» Operations. 

» Systems. 

» Equipment. 

« TTP. 

» Supporting operations (i.e., CIS, logistics, 
and intelligence). 


b. G-2/S-2 and Intelligence Personnel 
Intelligence personnel must be able to— 


e Understand the capabilities and limitations 
of SIGINT collection operations and the 
planning, integration, coordination, and exe- 
cution of SIGINT collection with multidis- 
cipline intelligence and reconnaissance 
collection operations. 

e Understand the capabilities and limitations 
of SIGINT production operations and the 
planning, integration, coordination, and exe- 
cution of SIGINT production with all- 
source intelligence production operations. 

e Understand the capabilities and limitations 
of SIGINT dissemination operations (e.g. 
planning, integration, coordination, and exe- 
cution of routine and time-sensitive SIGINT 
dissemination) and the requirements, estab- 
lishment, and integration of unique SIGINT 
and multiuse CIS architectures. 


c. G-3/S-3 and Maneuver and Fires 
Personnel 


Operations, maneuver, and fires personnel should 
be able to— 


e Plan, coordinate, and conduct effective 
MAGTE SIGINT, EW, and CIS operations. 

e Plan, coordinate, and conduct insertion and 
extraction methods. 

e Site and coordinate SIGINT collection and 
DF teams with supporting SIGINT elements, 
G-2/S-2, and subordinate commanders. 

e Coordinate SIGINT operations with 
MAGTF and subordinate units’ future and 
current operations centers and fire support 
coordination centers. 

e Disseminate and use SIGINT and other SCI 
information. 


d. G-4/S-4 and Combat Service 
Support Personnel 


Logistics and CSS personnel should understand 
SIGINT units’ unique CSS requirements (particu- 
larly electronic maintenance and unique consum- 
ables such as batteries). 
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e. G-6/S-6 and Communications and 
Information Systems Personnel 


CIS personnel must be able to plan, coordinate 
and integrate SIGINT CIS requirements within 
MAGTEFE and supporting CIS plans and opera- 
tions. 
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f. Headquarters Commandant 


Headquarters commandant personnel must be 
able to understand, plan, and provide for the SIG- 
INT units’ security requirements (particularly 
those associated with TSCIFs and mobile SIGINT 
SCIFs). 


Appendix A 


Radio Battalion SIGINT Support Unit Checklist 


The following checklist is provided as a guide to 
assist the radio battalion (RadBn) SIGINT sup- 
port unit (SSU) officer in charge (OIC) conduc 

operations. Depending on the mission, location 

and duration of an operation, some items may not 
be applicable. 


Planning Stage e) 


_J Coordinate with the RadBn S-3 to— 


O Determine exact mission and tasking of 
the detachment and the authority and com- 
mand relationship. 


O Review all messages related to deploy- 
ment and composition of the detachment. 


© Ensure S-3 tasks companies or sections to 
provide required personnel to fill detach- 
ment table of organization (T/O) line num- 
bers. 


O Request assignment of RadBn SIGINT ad- 
dress and producer designator digraph, if 
necessary. 


O Verify formats and instructions for re- 
quired reports. 


© Determine if area clearances and clearance 
certifications are necessary and request 
special security officer (SSO) take appro- 
priate action. 


O Review pertinent orders and instructions 
of the supported unit. 


© Identify and arrange for special training Oo 
and operational requirements. 


I Coordinate with the following supported com- 
mand— 


production, and dissemination require- 
ments and current intelligence estimate. 


G-2/S-2 intelligence operations officer to 
determine time constraints for submission 
of input to appendix 2 to annex B of the 
operations order. 


G-2/S-2 all-source fusion center OIC to 
determine plans and integration of intelli- 
gence and SIGINT production activities. 


G-2/S-2 dissemination officer for a list of 
SIGINT products recipients, appropriate 

report formats, and routine and time- 
sensitive communications and informa- 

tion systems (CIS) plans. 


G-2/S-2 intelligence operations officer and 
G-4/S-4 for supply and logistics require- 
ments to be provided by supported com- 

mand (e.g., electronic maintenance and 
consumables such as batteries; meals, 

ready to eat; maps; and fuel). 


G-3/S-3 electronic warfare officer for elec- 
tronic attack (EA) requirements and capa- 
bilities and input to appendix 3 to annex C 
of the operations order. 


G-2/S-2 operations officer and G-6/S-6 to 
address requirements for communications 
support (e.g., secure and unclassified local 
area network [LAN] access, equipment). 


G-3/S-3 to establish liaison teams with 
supported unit’s subordinate elements if 
necessary. 


Command security manager, G-2/S-2, and 
G-3/S-3 for force protection and commu- 
nications security monitoring requirements 
and plans. 


1 Develop and publish a training schedule in co- 
O G-2/S-2 intelligence operations officer to ordination with the RadBn S-3 and supported 
determine initial intelligence collection, unit’s intelligence officer. 


a 


a) 


Request courier cards from RadBn SSO for 
appropriate detachment personnel. 


Coordinate collection and analytical and pro- 
duction requirements with the operations con- 
trol and analysis (OCA) element to— 


© Ensure the detachment analytical and pro- 
duction team knows the technical aspects 
of the operations area. 


© Ensure the analytical and production team 
has acurrent technical support package; 
request an update if required (i.e., hard- 
copy, electronic copy). 


© Ensure SIGINT position designators for 
equipment are current; prepare and issue 
required SIGINT resource status report 
(RSR). 


O Ensure the National Security Agency 
(NSA) or the pertinent regional security 
operations center or cryptologic shore sup- 
port activity provides a current technical 
briefing on targets in the area of opera- 
tions. 


Coordinate transportation requirements with 
RadBn S-3, S-4, and supported unit. 


Coordinate embarkation requirements with 
RadBn S-4 and supported unit to— 


© Review current embarkation orders. 


© Complete embarkation forms (e.g., Tacti- 
cal Cargo Manifest Declaration, 1387-2, 
1348-1). 


O Review current inbound and outbound ag- 
ricultural restrictions on vehicles. 


O Assemble complete embarkation kit with 
guidelines for use upon departure. 


O Request table of equipment (T/E) items for 


detachment. 


Coordinate communications and information 
requirements with RadBn S-6 and supported 
unit intelligence officer and CIS officer to— 


© Determine circuit request requirement. 


MCWP 2-15.2 


© Determine telecommunications service re- 
quest (TSR) requirement. 


© Determine frequency and call sign require- 
ments and request communications- 
electronics operating instructions. 


© Request special intelligence (SI) routing 
indicator and plain language address as- 
signments. 


© Determine communications security mate- 
rials system (CMS) requirements and re- 
quest that the CMS custodian have 
material available for issue. 


O Designate an SSO CMS custodian. 


O Determine TEMPEST inspections and au- 
tomated information systems accredita- 
tion requirements. 


© Determine cryptographic hardware and 
keying material requirements and proce- 
dures with all communication elements. 


Ensure all personnel are qualified with T/O 
weapons and arrange for battlesight zero 
(BZO) firing as necessary. 


Predeployment Stage 


LI Audit health records to— 


© Determine inoculations required and _ ar- 
range for required shots with the corps- 
man. 


© Determine if detachment members or 
members of their families are undergoing 
extensive outpatient care, with an indefi- 
nite prognosis. 


O Confirm and record blood types. 


O Ensure all personnel requiring eyeglasses 
have two pair. Also ensure they have opti- 
cal inserts for gas masks. 


© Ensure detachment members meet class I 
or II dental readiness. 


© Arrange for block pickup of health and 
dental records. 
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I Coordinate legal affairs to— 


© Inform personnel of advisability of wills 
and procedures for obtaining them. 


© Inform personnel of powers of attorney 
and procedures for obtaining them. 


1 Arrange for storage of privately owned vehi- 
cles and personal effects. 


1 Arrange for mail handling. 


1 Coordinate pay matters to— 
© Conduct personal financial record audit. 


© Prepare savings and other allotments. 


_J Coordinate administrative matters to— 


O Verify accuracy of record of emergency 
data. 


O Ensure identification cards are current and 
have proper Geneva Convention category 
information. 


© Ensure personnel have current identifica- 
tion (ID) tags. 


© Audit and update officer qualification rec- 
ords and enlisted service record books. 


© Complete change of reporting senior fit- 
ness reports, fitness report roughs, and 
proficiency and conduct marks. 


I Coordinate clothing inspection and require- 
ments to— 


© Ensure personnel have appropriate service- 
able uniforms for all destinations. 


© Ensure personnel have appropriate civilian 
attire in accordance with local military 
customs of country(ies) to be visited. 


© Ensure temporary issue requirements draw 
includes the proper sizes and is coordinat- 
ed through the RadBn S-4 and supported 
unit. 


L 


Ensure baggage is appropriate and of sturdy 
construction. 


Ensure personnel know customs requirements 
of locations to be visited. 


Prepare government transportation request. 
Prepare military transportation authorization. 
Conduct the following: 


© Family services deployment briefing for 
all SSU and family members. 


O Red Cross brief. 


© Navy and Marine Corps Relief brief (to in- 
clude preauthorized emergency loan appli- 
cations). 


O Religious services brief. 

O Family services brief. 

O Key spouses brief. 

Assemble assigned T/E equipment required 
for deployment to— 

O Perform operational check of equipment. 


© Complete limited technical inspection 
(LTT) on all equipment. 


© Perform acceptance inspections on all 
temp-loan equipment. 


O Check the date of last calibration, if ap- 
plicable. 


Arrange for draw or transfer of CMS material. 


Receive CMS custodial briefing from CMS 
custodian. 


Receive security requirements and emergency 
destruction briefing from SSO. 


Conduct training in accordance with estab- 
lished detachment training schedule. 


Coordinate with the RadBn SSO and classi- 
fied materials control officer to— 


© Designate a detachment classified material 
secondary control point and custodian. 
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© Ensure required single-scope background 
investigation periodic reviews are initiat- 
ed on those detachment personnel identi- 
fied as needing updates. 


O Request sensitive compartmented informa- 
tion (SCI) clearance certification on all de- 
tachment personnel be forwarded to 
cognizant units and other organizations as 
necessary. 


Coordinate with the RadBn adjutant or S-1 
to— 


Draw record books. 
Pick up orders. 


Establish report criteria. 


O OO 0 O 


Arrange for administrative and legal 
briefs. 


O 


Arrange for detachment Uniform Code of 
Military Justice and code of conduct brief- 
ings. 


Coordinate with RadBn SSO to— 


© Confirm security requirements. 


© Pick up courier cards for specified person- 
nel. 


O Receive area intelligence briefs to include 
customs, politics, religion, and standards 
of personal conduct. 


O Receive counterintelligence area threat 
briefs. 


© Ensure all required personnel receive ap- 
propriate special access indoctrination(s). 


© Transfer necessary technical material from 
SSO and OCA classified material control 
center accounts. 


Coordinate with RadBn S-3 to— 


O Establish SIGINT operations report crite- 
ria. 


© Determine topographic and map require- 
ments and request allowance from OCA or 
the supported unit. 


© Request preparation of appropriate crypto- 
logic technical kits from NSA or the sup- 
porting cryptologic shore support activity. 


Coordinate with RadBn S-4 supply to estab- 
lish fiscal account job order numbers and sign 
the consolidated memorandum receipt. 


Coordinate with RadBn S-4 electronic mainte- 
nance to— 


© Establish equipment maintenance proce- 
dures. 


O Establish electronic maintenance support 
and prepare pre-expend bin support block. 


© Ensure that all equipment receives a prede- 
ployment LTI. 


O Ensure skeleton record jackets are pre- 
pared for all equipment. 
Coordinate with RadBn S-4 motor transport 


and engineer to— 


© Establish equipment maintenance proce- 
dures. 


© Establish motor transport and engineer 
support. 


© Ensure skeleton record jackets are pre- 
pared for all vehicles. 


Coordinate with RadBn S-4 ordnance officer 
to— 


© Determine weapon 
other ordnance needs. 


requirements and 


© Obtain proper storage boxes for the trans- 
port of weapons. 


O Draw weapons. 
© Conduct necessary inspections. 


© Conduct daily sight counts. 
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© Determine ammunition and pyrotechnic 
training requirements during deployment. 


Coordinate with RadBn S-4 embarkation of- 
ficer to— 

O Receive embarkation package. 

© Determine dunnage requirements. 

Draw equipment and sign for gear assigned to 
detachment. 


Receive medical brief from battalion medical 
personnel. 


Contact special services officer for recreation 
items. 


Publish the final— 

Detachment T/O and T/E. 

Roster of personnel. 

Dependent point-of-contact roster. 
Equipment and uniforms required. 


Detachment training schedule. 


OO 0 0 0 0 


Detachment operations order. 
Palletize or combat load supplies and equip- 
ment. 


Coordinate embarkation of personnel and 
equipment with S-4 of supported unit. 


Stage for embarkation. 


Deployment 


a 


Coordinate with G-2/3 and S-2/3 for initial lo- 
cation of combat operations center, combat in- 
telligence center, and collection direction 
finding (DF) and EA teams. 


Continue coordination of collection and DF 
team and radio reconnaissance team locations 
with G-2/S-2 collections officer and G-3/S-3. 
Include updates for inserts, extract times, and 
methods. 


a) 


a 


O 


Coordinate with G-2/S-2 intelligence opera- 
tions officer for inputs and presentation for in- 
telligence estimate, concept of operations, and 
intelligence operations plans briefings. 


Submit the following required reports and 
messages: 


© Activation report and deactivation report 
to RadBn S-3 and supported unit G-2/S-2. 


© Circuit activation report to RadBn S-6 and 
supported unit G-6/S-6. 


© Administrative reports to RadBn S-1. 
O CMS destruction reports to SSO or CMS. 


O Circuit deactivation report to RadBn S-6 
and supported unit G-6/S-6. 


© Transportation request to RadBn and sup- 
ported unit G-4/S-4. 


© Required analysis and technical reports to 
OCA and supported unit G-2/S-2. (RSR to 
NSA upon activation and deactivation.) 


O Tactical SCI facility activation and deac- 
tivation reports to Commander, Naval Se- 
curity Group, supported unit SSO, and 
others as appropriate. 


Prepare and distribute required reports to the 
supported commander. 


Send deactivation message. 


Postdeployment 


a 


a 


Turn in weapons and classified material im- 
mediately upon return. 


Participate in supported unit operations de- 

briefings as required. Debrief with RadBn 
commanding officer and S-3 on the first 
working day after return. 


Coordinate with RadBn adjutant, S-1, S-3, 
and S-4 to— 


© Return record books to S-1. 


© Return medical and dental records. 
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O Terminate temporary additional duty 
(TAD) orders. 


© Prepare and submit performance evalua- 
tion reports and proficiency and conduct 
marks as required for the TAD period. 


O Notify mail clerk to stop forwarding mail. 

© Return technical material to the OCA pla- 
toon. 

Return CMS material to CMS custodian with- 

in 48 hours of return. 

Return courier cards to SSO. 

Prepare equipment for postdeployment LTI. 


Ensure proper maintenance is conducted on 
equipment prior to returning to respective 
companies or sections. 


L 


Turn in equipment on equipment repair orders 
and note any equipment damage or problems. 


Settle fiscal account. 


Submit an after action report within 20 days of 
return (or as directed) to the supported unit 
G-2/S-2, G-3/S-3, and RadBn S-3. 


Disband detachment. 


Prepare award recommendations on deserving 
personnel. 


Recommend necessary changes to unit SOPs 
and coordinate with the RadBn and supported 
unit staff. 


Appendix B 


Marine Corps SIGINT Equipment 


Radio battalions (RadBns) and Marine tactical 
electronic warfare squadrons (VMAQs) use 
unique specialized equipment for the search, de- 
tection, identification, processing and exploitation 
of enemy signals of interest (SOIs), and the subse- 


quent production and dissemination of SIGINT 
products. The following sections describe the pri- 
mary SIGINT equipment in the inventory of the 
RadBns and VMAQs. 


Section |. Radio Battalion SIGINT Equipment 


AN/ULQ-19(V)2 Electronic Attack 
Set 


The AN/ULQ-19(V)2 electronic attack (EA) set 
(figure B-1) provides the capability to conduct 
spot or sweep jamming of single-channel, en- 
crypted or unencrypted, voice or data signals op- 
erating in the standard military frequency range of 
20-79.975 MHz from selected mobile platforms 
(e.g., high mobility, multipurpose wheeled vehi- 
cles [HMMWVs], mobile electronic warfare sup- 
port system [MEWSS], helicopters). In addition, 
it can provide up to four channels of high-power 
VHF voice and/or data communications when not 
being used as a jamming system. When employed 
as a tactical, general-purpose, low-VHF jamming 
system, it has a 250-watt radio frequency linear 
amplifier that produces a nominal 200 watts of ef- 
fective radiated power (ERP) using a standard 
omnidirectional whip antenna. To provide re- 
quired jamming, the system must be employed 
and operated from a location with an unobstructed 
signal line of sight to the target enemy’s commu- 
nications transceiver. 


Figure B-1. AN/ULQ-19(V)2. 
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AN/MLQ-36 Mobile Electronic 
Warfare Support System 


The AN/MLQ-36 MEWSS provides a multifunc- 
tional capability that gives SIGINT electronic 
warfare (EW) operators limited armor protection 
(figure B-2). This equipment is ideally suited to 
provide SIGINT EW support for highly mobile 
mechanized and military operations in urban ter- 
rain where maneuver and/or armor protection is 
critical. MEWSS comprises a signals intercept 
system, a radio direction finding (DF) system, an 
EA system, a secure communications system, and 
an intercom system installed in a logistics variant 
of the light armored vehicle (LAV)-25. Electronic 
warfare support (ES) activities are accomplished 
through the use of two WJ-8618B(S1) acquisition 
receivers and the WJ-32850 MANTIS DF system. 
EA activities are conducted with the AN/ULQ- 
19(V) electronic attack set. 


oe 


Figure B-2. AN/MLQ-36. 
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AN/MLQ-36A Mobile Electronic 
Warfare Support System Product 
Improvement Program 


The mobile electronic warfare support system 
product improvement program (MEWSS-PIP) is 
an advanced SIGINT/EW system integrated into 
an LAV (figure B-3). The MEWSS-PIP provides a 
total replacement of the EW mission equipment 
now fielded in the AN/MLQ-36 MEWSS. It pro- 
vides the ground commander with a mobile SIG- 
INT/EW system capable of operating in a variety 
of tactical situations. The primary mission of the 
MEWSS-PIP is to provide intercept, collection, 
automated DF, and EA against threat modern 
communications and noncommunications emitters 
across a broad frequency range. It is a multiser- 
vice, open-systems architecture developed by the 
Marine Corps and the Army that incorporates ele- 
ments of the Army’s intelligence and electronic 
warfare common sensor (IEWCS) system. This 
system enhances interoperability through cooper- 
ative engagement, data sharing, and precision lo- 
cation. Initial operational capability is scheduled 
for fourth quarter, fiscal year 1999. 
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Figure B-3. AN/MLQ-36A. 
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AN/PRD-12 Direction Finder Set 


The AN/PRD-12 is a tactical, man-transportable 
system that provides search, intercept, and DF on 
communications signals in the HF/VHF/UHF 
bands (figure B-4). Up to four PRD-12 stations 
can be networked, providing DF data to a mission 
control station via radio link with single-channel 
ground and airborne radio system (SINCGARS) 
equipment. Each station has the ability to function 
as the net control station. When stations are net- 
worked, they provide target emitter position data 
to mission control via voice link. A complete sta- 
tion can be relocated rapidly, optimizing its use in 
forward areas with combat units. 


Figure B-4. AN/PRD-12. 
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AN/MSC-63A Communications 
Central 


The AN/MSC-63A is a shelterized communica- 
tions switch that provides a secure semiautomated 
data communications switch and terminals for the 
processing of general service (GENSER) or de- 
fense special security communications system 
(DSSCS) sensitive compartmented information 
(SCI) record message traffic. See figure B-5. 
There is one AN/MSC-63A with each Marine di- 
vision and Marine aircraft wing special security 
communications team, and three AN/MSC-63A’s 
with each RadBn. The system consists of three 
functional subsystems: shelter and auxiliary sup- 
port subsystem, the communications subsystem, 
and the data processing subsystem. See figure B-6. 
The AN/MSC-63A is fully compatible with the 
Army’s AN/TYC-39. 


Figure B-5. AN/MSC-63A. 


Figure B-6. AN/MSC-63A (interior view). 
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AN/TSQ-130(V)2/(V)5 
Technical Control and 
Analysis Center 


The AN/TSQ-130(V)2/(V)5 technical control and 
analysis center (TCAC) is an all-weather, tactical, 
transportable, SIGINT-processing, analysis and 
reporting system installed in a large, self- 
contained, modified S-280G shelter. TCAC is the 


TCAC RAWS 


MEF IAS 


s 
f TCACPIP * 
TERPES 


MSC-53a 


primary system used by the RadBn SIGINT 
support unit. It is capable of performing 
semiautomated-SIGINT collection management, 
data base maintenance, analysis, technical and 
tactical reporting, and SIGINT technical control 
of forward deployed RadBn elements or teams. 
The (V)2 is the baseline system, while the (V)5 
has upgraded communications capabilities. See 
figure B-7 for a notional TCAC concept of em- 
ployment. 


JMWEWSS PIP 


Figure B-7. Technical Control and Analysis Center Concept of Employment. 
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AN/MYQ-8 TCAC-PIP 


The AN/MYQ-8 TCAC-PIP will replace the 
TCAC. It will consist of three remoteable analysis 
workstations (RAWSs), one communications in- 
terface module (CIM), and one supervisor control 
module (SCM). Each workstation will consist of 
modularly designed component equipment fully 
integrated to perform their intended functions. 


Remoteable Analysis Workstation 


RAWS provides the capability to perform neces- 
sary analysis and reporting functions at a central 
location or a more forward deployed site, remoted 
from the TCAC shelter. During shelter opera- 
tions, a RAWS will be electrically interconnected 
to the other terminals in the shelter. During remote 


AN/USC-55 Commander’s 
Tactical Terminal 


The AN/USC-55 commander’s tactical terminal 
(CTT) is a multiservice-developed, special appli- 
cation, UHF satellite communications receiver 
that can be dedicated to receive critical, time- 
sensitive intelligence by commanders and intelli- 


operations, a RAWS will be connected to the shel- 
ter via local area network (LAN) or radio link. It 
could operate in a stand-alone mode. 


Communications Interface Module 


CIM provides man-machine interface to commu- 
nication subroutines that support the interface be- 
tween the TCAC PIP and other RadBn systems 
(e.g., team portable collection system, mobile 
electronic warfare support system) or external in- 
telligence agencies. 


Supervisor Control Module 


SCM provides a man-machine interface to file 
server and supervisor subroutines to support sys- 
tem control and overall supervision of the TCAC 
PIP workstations. 


gence centers at all echelons, in near-real-time, at 
GENSER or SCI levels. The receiver provides 
one full-duplex and two receive-only channels. 
Planned concept of employment for CTT is simi- 
lar to that of the tactical receive equipment (TRE) 
fielded widely within the MAGTF to allow access 
to intelligence broadcasts and intelligence collec- 
tors and producers. Full operational capability for 
CTT is expected during fiscal year 1999. 
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Team Portable Collection System 
Upgrade 


The team portable collection system (TPCS) up- 
grade (figure B-8) is a semiautomated, man-trans- 
portable communications intelligence (COMINT) = HL 
system. It provides intercept, collection, radio di- ee #2 
rection finding, analysis, reporting, and collection : a al mi 
management support. The system provides signif- ePE eer mene 
icant SIGINT capabilities in a modular configura- 
tion that can be deployed by component as a 
stand-alone COMINT system or as part of the in- 
tegrated RadBn SIGINT and MAGTF intelligence 
efforts. TPCS uses state-of-the-art equipment that 
consolidates information and expedites the deliv- ; 
ery of critical COMINT to MAGTF and external SEE: Malek 
commanders and agencies. The upgrade will ex- 

tend the frequency range of the system and pro- 

vide capabilities against modern signals. 


Figure B-8. Team Portable Collection 
System Upgrade. 
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Figure B-9. Team Portable Collection System COMINT Collection Subsystem. 
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TPCS upgrade is comprised of three subsystems: 
a COMINT collection subsystem (CCS), includ- 
ing the AN/PRD-12 direction finding set (to be 
replace by TOPMAKER) and collection receivers 
(see figure B-9 on the facing page); an analysis 
subsystem (AS) (figure B-10); and a communica- 
tions subsystem (CS). Modern single-channel 


Communi cations 
Antenna 


se SUpervisor ‘ File Server Analyst 
Lah ane Cornirmiunicati ors 
‘elas mel Irterface 
Rado 
an L_.tcac 
RSt4E 


B-9 


radio nets are used to link TPCS upgrade outsta- 
tions with the RadBn TCAC to allow automated 
processing and dissemination of collected infor- 
mation and ultimate dissemination to the MAGTF 
G-2/S-2 and other organizations. Full operational 
capability for TPCS upgrade is expected by the 
second quarter of fiscal year 2001. 


Figure B-10. Team Portable Collection System Analysis Subsystem. 
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Trojan Spirit Il 


Trojan Spirit Il (TS I) is a mobile SHF satellite 
communications (SATCOM) system that uses 
commercial or military satellites to receive, trans- 
mit, and process secure, voice, data, video 
teleconferencing (VTC), and facsimile communi- 
cations. See figure B-11. TS II provides 14 chan- 
nels of digital voice or data (SCI or GENSER) with 
a maximum aggregate data rate of 1.544 mega- 
bytes per second (Mbps). LAN communications 
are supported by SCI and GENSER ethernets. 
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Routers provide access to the secret internet pro- 
tocol router network, the Joint Worldwide 
Intelligence Communications System, National 
Security Agency platform, and the defense SAT- 
COM system. These capabilities provide the nec- 
essary dedicated communications for coordinating 
MAGTEFE SIGINT and other intelligence opera- 
tions. The system consists of three HMMWVs 
with mounted standard integrated command post 
lightweight multipurpose shelters, tunnel-mounted 
power generation units, a towed 2.4 meter (C, Ku- 
band), and a 6.1 meter (C, Ku, X-band) antenna. 


- i 
ween 
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Figure B-11. Trojan Spirit Il. 
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Radio Reconnaissance 
Equipment Program 


The radio reconnaissance equipment program 
(RREP) SIGINT suite (SS)-1 is a semiautomated, 
integrated radio intercept and DF system com- 
posed of a ruggedized computer and six function- 
al modules that plug together. See figure B-12. 
RREP SS-1 modules may operate independently 
or semi-independently through the use of the rug- 
gedized, handheld computer system. It is 
designed to enable preplanned product improve- 
ments and future technology upgrades. The se- 
lected equipment will enable the radio 
reconnaissance teams (RRTs) to target the majori- 
ty of low-level, single-channel, unencrypted tacti- 
cal signals of interest used by military, police, 
insurgents, and other potential hostile forces 
throughout the world. RREP SS-1 will be em- 
ployed by RRTs during advance force, preassault 
and deep postassault conventional, and special 
operations, under any environmental, climatic, or 
weather conditions. The system is designed to 
lighten the individual RRT Marine’s combat load 
as well as to enhance the RRT’s operational sig- 
nal search and technical data base development 
collection operations. 


The RREP SS-2 will provide a highly deployable, 
man-transportable, signals intercept and DF sys- 
tem employed by RRTs in support of the entire 
spectrum of MAGTF operations. See figure B-13. 
RREP SS-2 employs advanced receiver capabili- 
ties, cellular phone and other digital communica- 
tions collection and DF technology, global 
positioning system map navigation software, a 
more modular design, and electronic attack capa- 
bilities. As with RREP SS-1, the SS-2 operates at 
the modular level and at the integrated system 
level. The system can be controlled manually or 
via subcompact personal computer. 


Figure B-12. RREP SS-1. 


HID RSH 


Figure B-13. RREP SS-2. 


The handheld integrated directional receiver and 
homing (HIDRAH) system is a man-transport- 
able, tactical, cordless, radio intercept and signal 
line-of-bearing (LOB) DF system consisting of 
several commercial off-the-shelf items of equip- 
ment fully integrated in a single, ruggedized and 
weather-resistant housing. HIDRAH provides 
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RRTs with a threat I&W capability during radio 
reconnaissance foot-mobile patrols and signal 
homing support for tactical recovery of aircraft 
and personnel operations. The HIDRAH system 
has a unique design that may be employed inde- 
pendently in a handheld manner or by mounting it 
to an M16 rifle (figure B-14). 


Figure B-14. Rifle-Mounted HIDRAH. 
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Section Il. Radio Battalion SIGINT Equipment Technical Characteristics 


dized; COMINT 


Designator Description Frequency Coverage Modulation 

AN/MLQ-36 MEWSS; COMINT collect/process/ | 20-80 MHz (collection and DF AM, FM, ICW, SSB, FSK 
analysis; EA expandable to 500 MHz) 

AN/MLQ-36A MEWSS-PIP; COMINT/ELINT col- | 0.5 MHz - 40 GHz conventional, low probability 
lect/process/geolocation; EA of intercept 

AN/PRD-12 direction finder set, man -5 - 500 MHz AM, FM, ICW, SSB, FSK 
packable 

AN/ULQ-19(V)2_ | electronic attack set; EA 20 - 79.975 MHz FM 

AR-2002 commercial VHF/UHF frequency 25 - 550 MHz, 800 - 1300 MHz AM, FM 
scanner; COMINT 

AR-2500 commercial HF/VHF/ UHF fre- 1 - 1500 MHz AM, FM, CW, SSB 
quency scanner; COMINT 

AR-2515 commercial HF/VHF/ UHF fre- 5 - 1500 MHz AM, FM 
quency scanner; COMINT 

AR-3000 commercial HF/VHF/ UHF fre- 0.1 - 2036 MHz AM, FM, CW, SSB 
quency scanner; COMINT 

EB-100 receiver, miniport VHF/UHF; DF 20 - 1000 MHz intercept and DF AM or FM 

HEXJAMS hand-emplaced, expendable jam- barrage jam 20 - 80 MHz NA 
mers 

HIDRAH COMINT collection, DF -1 - 1900 MHz intercept AM, FM, USB, LSB, CW 

25 - 1000 MHz DF 

IC-R71A general coverage HF receiver; 0.1 - 30 MHz AM, FM, CW 
COMINT 

IC-R7000 general coverage VHF/UHF 25 - 1300 MHz AM, FM, SSB 
receiver; COMINT 

IC-R9000 general coverage HF/VHF/UHF 0.1 - 1999.80 MHz AM, FM, CW, SSB 
receiver; COMINT 

ICF-PRO80 commercial HF/VHF handheld fre- | .15 - 108 MHz & 115.15 - 223 MHz | AM, FM, SSB 
quency scanner; COMINT 

MPR-88 receiver, miniport VHF/UHF, rugge- | 20 - 1000 MHz intercept AM or FM 


R-2174(P)/URR 


radio receiver, general purpose, 
HF; COMINT 


0.5 - 29.999 MHz 


AM, FM, CW, SSB 


COMINT 


RREP SS-1 COMINT collection, DF 1 - 2000 MHz intercept AM, FM, USB, LSB, CW 
25 - 1000 MHz DF 
RREP SS-2 COMINT collection, DF -1 - 1900 MHz intercept AM, FM, USB, LSB, CW 
25 - 1000 MHz DF 
WJ-8616 radio receiver, general purpose, 0.5 - 29.999 MHz AM, FM, CW, SSB 
HF; COMINT 
WJ-8618 radio receiver, general purpose, 20 - 500 MHz AM, FM, CW, pulse 
VHF/UHF; COMINT 
WJ-8654 radio receiver, general purpose, 5 MHz - 1.0 GHz AM, FM, CW, pulse 
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Section Ill. VMAQ SIGINT and EW Equipment 


EA-6B Prowler 


The EA-6B Prowler (figure B-15) is a subsonic 
advanced warfare carrier capable aircraft, pow- 
ered by twin turbojet engines. The crew is com- 
posed of one pilot and three electronic 
countermeasure officers. The AN/ALQ-99 tacti- 
cal jamming system effectively incorporates re- 
ceivers and external pods for power and 
transmission of jamming signals. The Prowler re- 
ceives and processes designated signals of interest 
(SOIs) for jamming selected SOIs for subsequent 
processing and analysis and employs the AGM- 
88 high-speed antiradiation missile (HARM). 


AN/TSQ-90D/E(V) TERPES 


The AN/TSQ-90D/E(V) tactical electronic recon- 
naissance processing and evaluation system 
(TERPES) receives, processes, evaluates, and dis- 
plays electronic reconnaissance and EA mission 
information received from the EA-6B aircraft and 
other theater and national electronic intelligence 
(ELINT) assets (figure B-16). TERPES also as- 
sists the MAGTF aviation combat element’s 


Figure B-15. EA-6B Prowler. 


(ACE) air strike mission planning and intelligence 
requirements. It is a multisource, integrated, tacti- 
cal ELINT data processing, correlation, and fu- 
sion system installed in a S-280-size transportable 
shelter. TERPES supports the ELINT and EA/ES 
mission and VMAQ and MAGTF ACE com- 
mander’s intelligence requirements. TERPES 
may be transported by aircraft, shock-mounted 
air-ride commercial or tactical ground vehicle, or 
attachable mobilizer for short distances. 


Figure B-16. AN/TSQ-90D/E(V), TERPES Portable Unit. 
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SIGINT and SCI Security 
Management Operations 
Flowchart 


The flowchart on the following pages summarizes the principal SIGINT and 
SCI security planning considerations, activities, and products discussed in this 
publication. 
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SIGINT Equipment Planning Center 
Signals Address Reachback Support 
Activation Message to Joint SIGINT/Theater 


NSA/USSS Assets 
Integration of NIST/Common Sources 
Supporting SIGINT (Main Body) 


Relook/Revisit SCI 
Collection, Production 
& Dissemination Plans 


Operations 
SIGINT Operations 
Activation Message 


Deactivation Message 
Turnover Files & 
Equipment 
After Action Report & 
Lessons Learned 
Update SOPs & TTPs 


Prepare for U.S. Customs 


Request Component CSP 
Updates 
Manpower TSCIF TSCIF TSCIF Redeployment 
Actions Deployment Establishment Operations Deactivation Preparations Redeployment 


Rear Party SSO 
Operations 
TIO Review 
Augmentation/Joins 
SCI Indoctrinations 
Personnel Screening 
Field Equipment Issue 
Personal Data Sheets 
Orientation Briefings 
Security Awareness 
Issue SCI Badges & 
Courier Cards 
Deadly Force Briefings 


Transportation/ 
Embarkation 
Time-Phased Force 
& Deployment Data 
Equipment Density List 
Physical Security People 
En Route Clearance Rosters 
Emergency Destruction Reaction Force 
Plan En Route Established 


Conduct TSCM Sweep 
Entrance Control 
Point Establishment 
TSCIF Activation 
Badging of Cleared 


Daily Destruction 

Maintain Access 
Rosters 

Defense Courier Service 
Pickup & Delivery 

Visitors Certifications 
Control 

Security/Reaction Drills 

Emergency Destruction 


Reduce SCI Holdings 
Package SCI Material 
for Transportation 
Space Inspections 
TSCIF Deactivation 

Message 
Turnover Files 
Sanitization of 

TSCIF Spaces 


Prepare for U.S. 
Customs 

Prestage of Equipment 

SCI Security Sentries 

Equipment Weighing 

Prepare for Agriculture 
Inspection 


Safeguard of 


SCI Material En Route 


SSO Courier of TSCIF Support Plan Drills After Action Reports 
SCI Material Physical Security Security Updates & Lessons Learned 
Established Special Product Update SOPs & TTPs 
Watch Bill Handling 
Coalition Forces 
Location 
SCI Systems SCI Systems SCI Systems 
Deployment }—| Establishment [— Operations [| Deactivation 


Redeployment 


Inventory Secure Telephones Evaluation ADP 
Predeployment ADP Installed Operations & 
Equipment Activation Security Security 

Satisfy Crypto Device Issues 


Requirements Information Systems 
Accreditation 

SCI, GENSER, & 
Unclassified LAN/WAN 


Magnetic Media Security 


Sanitize Hard Drives/ 
Disks 

Verify On-Hand ADP 
Equipment 

STU III Key(s) 
Accountability 

Crypto Accountability 

Update SOPs & TTPs 
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Appendix D 
SIGINT Appendix Format 


This appendix should explain how SIGINT elements supporting or under the 
operational control of the MAGTF will be used to support this plan. It should al- 
so provide guidance to subordinate commanders for the conduct of SIGINT op- 
erations and the support of SIGINT elements and personnel identified to fulfill 

the SIGINT requirements in this plan. 


CLASSIFICATION 


Copy no.___ of ___ copies 
Issuing Unit 

PLACE OF ISSUE 
Date/time group 

Message reference number 


APPENDIX 2 (Signals Intelligence) to ANNEX B (Intelligence) to Operation 
Order ( ) 


Ref: (a) | Unit standing operating procedures (SOPs) for intelligence and 
counterintelligence 


(b) Combatant commander, joint task force, or other higher authorities’ 
operation orders (OPORDs) and tactics, techniques, and procedures 
directives 


(c) (List other documents that provide guidance required for SIGINT 
and supporting operations planning functions.) 


1. () SITUATION 


a. ( ) Enemy Situation. (Reference Appendix 8 [Intelligence Estimate] 
to Annex B. Describe the threat and potential threat, the basic situation and the 
SIGINT operations perspective. Identify the enemy’s command and contro 
tactical and electronic orders of battle; and estimates of the enemy’s centers of 
gravity, critical vulnerabilities, intentions, capabilities, and possible courses of 
action pertinent to SIGINT operations. When possible, identify finished intelli- 
gence products supporting these findings. Reference Annex B and current intel- 
ligence estimates for threat capabilities, limitations, vulnerabilities, order o 
battle, and assessed courses of action.) 
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CLASSIFICATION 


CLASSIFICATION 


b. () Enendly Situation. (Reference Annex C [Operations] and other 
pertinent sources.) 


c. ( ) SIGINT Support Available. (Reference Annex A [Task Organi- 
zation], Annex B, and other pertinent sources. Identify organic, attached, and 
supporting SIGINT elements available to support MAGTF intelligence opera- 
tions. Specify elements attached to or in direct support of any subordinate unit.) 


2. () MISSION 


(State concisely the SIGINT mission as it relates to the command’s planned op- 
eration.) 


3. ( ) EXECUTION 
a. () Concept of Operations. (Summarize pertinent command relation- 


ships, task organization, main and supporting efforts, and the scope of MAGTF 
and supporting SIGINT and relevant all-source intelligence operations.) 


b. () Tasks for SIGINT and Subordinate Units and Task Force Com- 
manders and Officers in Charge (OICs). 


(1) () Radio battalion (RadBn) SIGINT support unit (SSU) com- 
manding officer or OIC 


(2) ( ) Aviation combat element commander (special attention to 
VMAQ tasks) 


(3) ( ) Ground combat element (GCE) commander 
(4) ( ) Rear area operations center (RAOC) commander 
(5) ( ) (Others as appropriate) 


(This section may include direction, requirements, authority, and other 
guidance regarding SIGINT elements placed in direct support of MAGTF sub- 
ordinate element. Also it may include tactical sensitive compartmented [SCI] fa- 
cilities, special security offices, physical security, and personnel supporting 
SIGINT and SCI operations, etc.) 
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CLASSIFICATION 


c. () Coordinating Instructions. (Restatement of MAGTF priority in- 
telligence requirements; detailed procedures for intelligence requirements man- 
agement; SIGINT support requests; direct liaison among subordinate 
commanders, MAGTF SIGINT units, staff officers, and pertinent external orga- 
nizations and agencies; routine and time-sensitive reporting and formats; etc.) 


4. () ADMINISTRATION AND LOGISTICS 


a.  () Logistics. (Reference Annex D [Logistics]. Identify unique combat 
service support requirements, procedures, and guidance to support MAGTF 
SIGINT units and operations. Specify procedures for specialized technical lo- 
gistics support necessary from external organizations [e.g., from Director, Na- 
tional Security Agency, or via service cryptologic element channels].) 


b. () Personnel. (Reference Annex E [Personnel]. Identify SIGINT- 
unique personnel requirements and concerns, including global sourcing support 
and contracted linguist requirements.) 


c. () Consolidated Listing and Impact Assessment of Shortfalls and 
Limiting Factors. (Provide a consolidated listing and impact assessment of per- 
sonnel and equipment shortfalls and other limiting factors that significantly af- 
fect unit SIGINT operations and support. Identify resource problems and 
specify key tasks that might not be accomplished adequately.) 


5. (.) COMMAND AND CONTROL 


(Reference the MAGTF’s and SIGINT units’ SOPs and Appendix 10 [Intelli- 
gence Operations Plan]. Provide guidance as appropriate on the following, in- 
cluding internal unit and external organizations’ command and control [C2]) 


a. ( ) Command Relationships. (Reference Annex J [Command Rela- 
tionships]. Provide any instructions necessary regarding command relationships 
arrangements that will influence MAGTF SIGINT operations, with special at- 
tention to C2 relationship concerning SIGINT elements attached to or in direct 
support of MAGTF subordinate units.) 


b. () Information Management. (Reference Annex U [Information 
Management], Annex C [Operations], and Appendix 10 to Annex B. Provide 
any instructions necessary regarding information management [e.g., time-sensi- 
tive and routine SIGINT reporting criteria, SIGINT data bases, administration 
and access, reports] that will influence MAGTF SIGINT operations.) 
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CLASSIFICATION 


CLASSIFICATION 


c. ( ) Communications and Information Systems (CIS) . (Reference 
Appendix 10 to Annex B and Annex K [Communications and Information Sys- 
tems]. Provide any instructions necessary regarding CIS that will influence 
MAGTEFE SIGINT operations.) 


d. ( ) SIGINT C2 Nodes and Facilities. (Reference the MAGTF's and 
SIGINT units’ SOPs and Appendix 10 to Annex B. Provide any guidance and 
instructions necessary regarding the establishment and operations of SIGIN 
C2 nodes and facilities [e.g., the operations control and analysis center, amphib- 
ious task force ship’s signals exploitation spaces] and their integration with oth- 
er MAGTF C2 nodes [e.g., the MAGTF all-source fusion center, the 
surveillance and reconnaissance center, the reconnaissance operations center, 
the amphibious task force intelligence center, electronic warfare coordination 
center].) 


/s/ 


OFFICIAL 


/s/ 


TABS: 


A - Communications Intelligence Operations Requirements 
B - Electronic Intelligence Operations Requirements 


C - (Others as appropriate: routine and time-sensitive reporting formats, 
SIGINT CIS plan, etc.) 
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Copy no.___ of ___ copies 
Issuing Unit 

PLACE OF ISSUE 
Date/time group 

Message reference number 


TAB A (Communications Intelligence Operations Requirements) to APPENDIX 
2 (Signals Intelligence) to ANNEX B (Intelligence) to Operation Order 


ss 
1. () GENERAL 


(The purpose of this tab is to identify operations requirements for communica- 
tions intelligence [COMINT] support to the planned MAGTF operation.) 


NOTE: SCI controls may require this tab to be published separately from the 
basic OPORD, Annex B and/or Appendix 2. 


a. () (Orient COMINT collection, processing and exploitation, pro- 
duction, and dissemination efforts to answer the questions listed in paragraphs 2 
and 3 below.) 


b. () (These requirements should address both organic and external di- 
rect support SIGINT resources tasked to support the MAGTF.) 


c. () (Reference other pertinent portions of Annex B and current intel- 
ligence estimates.) 


2. () COMINT OPERATIONS REQUIREMENTS AND MANAGE- 
MENT 


a. () Classification. (Designate the overall classification of the infor- 
mation included. Assign the lowest classification possible consistent with estab- 
lished security guidelines.) 


b. () Statement of Requirement. (Describe in detail COMINT infor- 
mation need, priority, specification of timeliness, location accuracy, and period- 
icity using the following format: 


(1) ( ) Requirement. A detailed narrative statement of the require- 
ment. 
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CLASSIFICATION 


CLASSIFICATION 


(2) () Priority. The priority of each requirement specification, us- 
ing the following criteria for assigning priority: 


(a) () Priority 1. Intelligence vital to successful plan imple- 
mentation (forms the basis for the most crucial operational decisions). 


(b) ( ) Priority 2. Intelligence of critical importance to plan 
implementation, required for making operational decisions and planning future 
operations. 


(c) ( ) Priority 3. Intelligence of major importance to plan im- 
plementation, including intelligence required for the security of significant num- 
bers of United States (and allied) forces. 


(d) ( ) Priority 4. Intelligence of considerable importance to 
plan implementation (makes important contribution to operational decisionmak- 
ing and planning). 


(e) ( ) Priority 5. Intelligence of moderate importance to plan 
implementation (makes moderate contribution to operational decisionmaking 
and planning). 


(f) ( ) Priority 6. Intelligence of some importance to plan im- 
plementation (contributes in a measurable way to operational decisionmaking 
and planning). 


(g) ( ) Priority 7. Intelligence of interest to plan implementa- 
tion. 


(3) ( ) Time. (Identify the maximum delay acceptable for receipt 
of information by the intended user [e.g., within 10 minutes after recognition].) 


(4) ( ) Location Accuracy. (Identify the minimum locational accu- 
racy for which the information is needed [e.g., 95-percent confidence, within | 
kilometer of center mass, within 25 kilometers of emitter location].) 


(5) ( ) Periodicity. (Identify the maximum amount of time that 
should pass before the target is covered again [1.e., once every 24 hours or once 
every 8 hours].) 
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c. () User Echelon(s). (Identify the primary echelon needing the infor- 
mation [e.g., GCE, RAOC]. List multiple users only if all data elements o 
subparagraph 2c above are the same for all listed echelons; otherwise, restate the 
requirement.) 


d. ( ) Geographic Area. (Specify the geographic area for which the re- 
quirement specification applies, defined precisely [i.e., Country X, 0 to 50 km 
from western border; or Country Y, 50 to 75 km from southeastern border].) 


e. () Justification. (For each requirement specification, indicate the 
operational function(s) or purpose(s) [i.e., artillery targeting or air reconnais- 
sance planning].) 


3. ( ) UPON IMPLEMENTATION OF THE OPORD. (List, in the manner 
described above, the COMINT operational requirements that become relevant 
upon implementation of the plan. Use subsequent paragraphs to reflect addition- 
al support requirements for planned phases of combat operations.) 
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Appendix E 
TSCIF Checklist 


The following checklist is provided as a guide 
when activating and deactivating a tactical sensi- 
tive compartmented information facility (TSCIP). 
The security measures identified should be im- 
proved upon as the situation permits. Refer to Di- 
rector of Central Intelligence Directive (DCID) 1/ 
21, Physical Security Standards for Sensitive 
Compartmented Information Facilities, and De- 
partment of Defense Directive (DODD) 5105.21- 
M-1, Sensitive Compartmented Information (SCT) 
Security Manual, Administrative Security, for de- 
tailed TSCIF operations policy and procedures. 


TSCIF Activation 


[I Obtain site location from advance party per- 
sonnel. 


Submit request to establish TSCIF to cogni- 
zant special security officer (SSO). 


site personnel. 


I 
(I Assign vehicle and/or shelter locations to 
LI 


Move vehicles into site position. Ensure SCI 
containers remain locked and guarded unt 
site 1s accredited. 


J Configure site for operation needs and ease 
of future movement. 


= 


Erect shelters, antennas, and camouflage. 


(_] Establish internal communications (SSO to 
access control point and emergency reaction 
force). 


[I Review and implement guard procedures. 


(J Emplace barrier material and restriction 
signs. 


[I Establish a 24-hour, single-gate access point 
(shelter with lights). Provide guards with ac- 
cess roster of authorized personnel. 


Determine location of destruction site (burn 
barrel, etc.). 


Conduct briefings (i.e., operations security, 

emergency destruction, emergency evacua- 
tion, shift schedule, reaction force, perimeter 
defense, badge system). 


Doublecheck physical security of site. 
Accredit site; declare site secure. 


Inventory SCI documents and materials as 
they are unpacked. 


Inform G-2/S-2 of commencement of TSCIF 
operations. 


Begin SCI operations and communications. 


ee ee 2 


Send TSCIF activation message. 
TSCIF Deactivation 


[J Receive the order to terminate operations. 


_I Coordinate deactivation time with the G-2/ 
S-2. 


[_] Zeroize communications security (COM- 
SEC) equipment; ensure message queues are 
emptied. 


Establish guards for SCI materials; inventory 
and pack SCI into locked containers. 


Debrief all one-time access personnel. 


Lu 


Ensure all magnetic media is degaussed a 
minimum of three times each and all tele 
type, printers, and/or typewriter ribbons are 
destroyed or secured with SCI material. 


LI Sweep all SCI work areas for SCI and other 
classified materials, including telephone di- 
rectories, newspapers, magazines, notepads, 
trash bags, etc. Check desk drawers, under- 
neath desks and boxes, equipment contain- 
ers, bulletin boards, acetate overlays, etc. 
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Ensure all SCI is either packed in proper 
containers for redeployment or destroyed us- 
ing established procedures. 


Account for all TSCIF badges and access 
rosters. 


Make a final inspection of the TSCIF and de- 
clare it officially deactivated. 


Send TSCIF deactivation message. 


LI 


Li 


i 


Ensure all personnel are briefed on move- 
ment time and location and SCI is properly 
controlled. 


Upon termination of operations, return to 
garrison SCIF, reinventory and account fo 
all SCI material, reset all combination locks, 
clear all hand receipts, and clean equipment. 


Update standing operating procedure and files 
with lessons learned during the operation. 


Appendix F 


Glossary 


Section | 


Acronyms and Abbreviations 


PAW 628 a satan sates wees antiair warfare 
PO: AiG evacuees: aviation combat element 
PDCOIN  feiisiccetucecia.zic administrative control 
BP sictustcvesesscassatacasare automatic data processing 
PTD castes setu tad te senehceniace Seethentstnlas Air Force base 
PAPC ticsdai eters ies all-source fusion center 
PU asia eae eat haa ot area of interest 
ATA wiicstgeeldentaven Air Force Intelligence Agency 
PNG czcisusseuetredaneriolane addressee indicator group 
PN aioe sate coe atic ea ewes taces amplitude modulation 
PNA aslo socasteseses Sg Sata cnniees ace sane Sent anes amplifier 
TAN (G Sameer ers (FFE rer eve CE ETE Terr ere area of operations 
PaO she isis haste oS analysis subsystem 
AVARS cz saicocacseceseess Gas advanced tactical airborne 
reconnaissance system 

PN octet teecteneteaimetotient tay amphibious task force 
ATBIC jitscauss dothaieeiied weoet amphibious task force 
intelligence center 

BLO aos aii aiseeaas air tasking order 
AWACS iinciiiihettin airborne warning and 
control system 

BDA Sees battle damage assessment 
BB isacdeostecebsuanna thane ialontisuaeee basic encyclopedia 
B50 AG fasaeccedeieceiniazeacadlsseats battalion headquarters 
DPS eee ease eee bits per second 
IB ZO \coccstececataaseeeszmaeteaseiestan es battlesight zero 
0D enc re meee at ener ree command and control 
CDW sictesthuesniendi vane command and control warfare 
AT ee ticocttecs command, control, communications, 
computers, and intelligence 

CADE athe d acdsee ee aa Gee tis captain 
CATFE.........0.. commander, amphibious task force 
COE pair eit ads company command element 
CUCIR Me saiess commander’s critical information 
requirements 

OCS occptoecacengeied: COMINT collection subsystem 


CDOC ........... cryptologic division officers course 


CE sredetesssioies dcn ition aaumvaeadssava Gunes commander 
OR ice hades ee deaatins command element 
CGNs iitetise caret eas common ground station 
CHATS gceeeeienen counterintelligence/HUMINT 
analysis tool set 

CCT haste He caterer celund counterintelligence 
8 Gaerne Seeeee oer eas combat intelligence center 
CIM sisacnciiee: communications interface module 
CUING Sa ncosesuttsaaaacousiensinadas commander in chief 
CTS sce communications and information systems 
CUT Paces ates commander, joint task force 
iF cou errenereeree eererer tereree commander, landing force 
CLG a eee ee company liaison team 
CMG 4s esis Commandant of the Marine Corps 
CMO ne eeiini ce collections management officer 
Bi. Co ences armen neers COMSEC materials system 
CNSG............ Commander, Naval Security Group 
OO tase tached aeard Dale aal acted es commanding officer 
COG esate ace nites current operations center 
COMINT......... communications intelligence 
COITTD. 23c2;5, ccnnsssede ysscens ssasnecioatesgere communications 
COMMAREFOR .......... commander, Marine Corps 
forces 

COMMARFORLANT .... ee Commander, 
Marine Corps Forces, 

Atlantic 

COMMARFORPAC ..............cccccceees Commander, 
Marine Corps Forces, 

Pacific 

COMSEC vi ahcnuetiesin communications security 
CON PISA, 255 beni oSpeterceniees contingency plan 
CCI 5 cies Gestanaautevatin es duaa ys eienta aetbaayee ceases corporal 
CPRaci mike auc aawte! command post exercise 
CRITICOMM ........ critical communications 
CBee communications subsystem 
Ona © epecierier mene eer Srnres cryptologic support group 
CSP ee teecee eniaa lasted cryptologic support plan 
SS nieces apencatiscceceeasad acd combat service support 
CSSA sass cryptologic shore support activity 


CSSD s.2e0ct. combat service support detachment 
CSSE-3. secede combat service support element 
Oa li Woerermeen sarees commander’s tactical terminal 
COW size ines oavanon vadiadeuiereettbasetonagy continuous wave 
DAS C crt ct eet direct air support center 
BCT coees duauese sceateedns Director of Central Intelligence 
DCID nceiiecccetizceieeeeninncden Director of Central 
Intelligence Directive 

DOS sprten ce cptesesedetaat eattaseas Defense Courier Service 
|B) Caen eae een a rN tr ee direction finding 
DIRS oases Defense Intelligence Agency 
DIAM.......... Defense Intelligence Agency manual 
IDTRINS Avie s.d echoes Director, National Security 
Agency 

DEK sesSiutiestasietentin Defense Language Institute 
DMS wieienieiniats ainda’ Defense Message System 
DOD ccaeonsteia tus armies Department of Defense 
DODD................ Department of Defense directive 
DOIN estates coils Department of the Navy 
DONCAF ........... Department of the Navy Central 
Adjudication Facility 

DS aaes Sesade  scssveeniees au emaenanl Gitase direct support 
DSSCS acetetasees defense special security 
communications system 

BEA sos sesa ds dycaruaataa paves tttaaaeand eats electronic attack 
BA-6B s.cgenivcteaie all weather electronic attack 
saipaeanidubides theses vaduoninn aust tennesn ds aircraft (Prowler) 
ECAC tosessceestetieccet Electromagnetic Compatibility 
Analysis Center 

BOM jrcssssa: electronic countermeasures officer 
BOW Bk tan iecenieni environmental control unit 
SB cede Naedincs Savtey cassie va ca aGtostc Sua dace neoceees for example 
IAP nie mesecanarvidrmasseces extremely high frequency 
BMUIN TS ssa wostdendmetenaas Gatuane electronics intelligence 
EVE ss Gress tei nauels Reualeiicauaenseetiea electromagnetic 
ECON cecssnantietaartea dase oumemeutevys emission control 
BOB secctuurcseiianstuesion. electronic order of battle 
PP tsar deastdecencbn sem agit nse sant Beis electronic protection 
PT iiceosaidisdnaen wider teeta ELINT parameters list 
PEIOR: clstedat bert atoediad lca tealcs effective radiated power 
ES sieeve lesen electronic warfare support 
EW” decctcciacindecnsDeptases biegaeetiapeanss electronic warfare 
BWC scicstrossss electronic warfare coordination 
center 

EW DS anaicieicies electronic warfare data base 
system 

BIWIR Seccitasscctasizieariss electronic warfare integrated 


reprogramming 
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EWMSNSUM......... EW mission summary report 
PEW Ooo ciawiaietedSetiitione electronic warfare officer 
PMc sateaees frequency division multiplexing 
OTS bas eats cach leita toatl aad acetate tts fly-in echelon 
PU iat ecasaveceiant force imagery interpretation unit 
BISUND sostentescee i foreign instrumentation signals 
intelligence 

IMT oie hatsanattd eiiaecaw su elestnaact frequency modulation 
PMB cee rice osectetau resus ees Fleet Marine Force 
PME sie svisseuioeenoconuess Fleet Marine Force manual 
PSCC coats fire support coordination center 
BS Saeeteiedeen ciate! frequency shift key 
PS SG cabecciesaeteMeigeces force service support group 
2) ene ren manpower or personnel staff officer 
G22 Sashes Baile icaedisnnnes intelligence staff officer 
ie8 esi teat eect Senate operations staff officer 
GA ijitictnnineinniun logistics staff officer 
CGH). Packed estes communications and information 
systems officer 

CE ta Gs tiena okge eaten ground combat element 
GENSER, ccvsctesdqansraratesecosusnass general service 
OA ie Reece A SAO aes ad ocenlet gigahertz 
LC ro anne eee eee general support; general schedule 
GS Ar vectiede en: General Services Administration 
GY SBE siictadecestee leaks trap aes Gudee castes gunnery sergeant 
IRC cigetgees eas eiavnesias headquarters and service 
HARM ......... high-speed antiradiation missile 
ILE Sie tae eek a hades ce nales caeiotd high frequency 
HIDRAH.............. handheld integrated directional 
receiver and homing 

HMMWV .......... high mobility, multipurpose 
wheeled vehicle 

HOME oxic chsscvsccnacesees Headquarters, Marine Corps 
HUMINT ....... human resources intelligence 
TSW. savieinyeradeciise indications and warning 
TA Aye aiscone: Intelligence Analysis Application 
TADS eecesssicatictetss integrated air defense system 
TASS Bestettorudechasenuse intelligence analysis system 
ICR iasecceuincs intelligence collection requirement 
TOW ese tiecs eet interrupted continuous wave 
TDD aes seataeruahla dove decegrasonetaas Sasieaeeselaaes identification 
IDR sizes intelligence dissemination requirement 
MC saci sich sca ahaud ssaesagnitsmayanaia vais siulorevanisgnngeass that is 
TEWCS sain ed eee intelligence and electronic 
warfare common sensor 

IMINT sseditencuecunuen imagery intelligence 
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INSCOM sc 2etszsldns U.S. Army Intelligence and 
Security Command 

THUGE I oo eel Gotledtateia teats oer Sanlednedaensties intelligence 
REP Ro zcoa cae ctosbe intelligence production requirement 
IRB tet ts eee ona As intelligence requirement 
ISSM..........- information system security manager 
ISSO voce csteeets information system security officer 
TVS: ccecescessnn saezeeeaeves individual training standards 
PVD. casas tana bsectsenenees interrogator-translator team 
OW Co scasecgantavatants Joint Command and Control 
Warfare Center 

IOS tessa otta tem eeaeeeieds Joint Chiefs of Staff 
MOUS S saree cited xtiess joint deployable intelligence 
support system 

JFACC ...... joint force air component commander 
NEC siceveccssnetiaty aepseetiatenccns joint force commander 
JBI acta treet tnt: joint force land component 
commander 

NP IMCG wascocha lessees joint force maritime component 
commander 

Ai Oceeree ee een one arenes joint intelligence center 
JUS EGciptecesedesass joint intelligence support element 
1 1 bs Zeer ire eee joint maritime command 
information system 

USE acetate Sea esha gett: joint spectrum center 
USUPS iepetedigvesse Joint Service Imagery Processing 
System 

dm TEINS esseSec ort tote Sears Joint Tactical Exploitation 
of National Systems 

Ng Bl Glare orci interne rye cr eee rs joint task force 
I WACS 25 cate eea cies Joint Worldwide Intelligence 
Communications System 

TSAI es Pinseniiaeed res Uadesmek desagecs ease local area network 
LAW. cht SalG 2 ess Seccetest sete light armored vehicle 
|] Cen eeeneee te een Rena or ton ree lance corporal 
I Ek lsauenteneanstscayahysinnanatods spuguentnyes law enforcement 
LOB weistecseticce ivcees it beacons erence line of bearing 
TOS leah oe est te Rate ait Load line of sight 
ESB heaton nuiacinensmeials lower sideband 
FEA ses Sc beateaataen sais mes teneimidan snares Meastatggirataets lieutenant 
DTD iidiscrtlete ewes limited technical inspection 
IMAG az pa ect de ites es eca Marine aircraft group 
MAGT EB sien ee tietecs Marine air-ground task force 
MEA DIVE vccsisesoesianyseiee eves trdayeedes Marine division 
MARFOR 5 oscctsalansetavadset: Marine Corps forces 


MartSptB ni. sfvssesctoussicc se Marine support battalion 
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MLAS IN Teccsdecebistectenscas measurement and signature 
intelligence 

MATCD..... Marine air traffic control detachment 
MAW) sesscsssacivccdaneatccsontesantones Marine aircraft wing 
MID DS cicteciiee cnt eieales at dacnet megabytes per second 
IMIG Bissiieteaats capt tens avs ssaiedesucs neues Marine Corps base 
IMIG) 5, Sascsteaahererernanegamnseosnets Marine Corps Order 
MOW? tesntoniesiinis modulated continuous wave 
MCWP.......Marine Corps warfighting publication 
MECDL ....... mission equipment control data link 
WIE? 3.0ce, dance aura vend Marine expeditionary force 
WI) sescesicsue ian ieuh iGe Marine expeditionary unit 
MEUSOC) cic teuuerent Marine expeditionary unit 
(special operations capable) 

MEWSS ........... mobile electronic warfare support 
system 

MEWSS PIP... mobile electronic warfare 


support system product 
improvement program 


IMIFIZ: ccs sc co seuaenvessunbies sercesSaseerincs acnesineeaes megahertz 
MIND pecsoctecesces modernized integrated data base 
MISSI easteatewakt multilevel information system 
security initiative 

MOS: nonsicdienbcc military occupational specialty 
TS © alah edotetiaes major subordinate command 
IVES Ek rshisarcdeiecacersttnt: major subordinate element 
ISS cecenst cident siete aniaanartoteans master sergeant 
MSPP  sccztscsectinic maritime special purpose force 
INS aicdesbedee asdadeleeectested ys Ses multichannel radio 
NATO ........... North Atlantic Treaty Organization 
NATOPS......... Naval Air Training and Operating 
Procedures Standardization 

NAVSUP eee eee Navy supplement 
NGA sei oa setiet National Command Authorities 
INGO) ssotsss  enssranasecihats noncommissioned officer 
NCOIE 222.6... noncommissioned officer in charge 
DCS eset reateadbes newt arora ebeeustead net control station 
ING IW ivi iesawashcceeenauben tenia non-codeword 
DDD es dens i pidndcesastaoianrsent nondisclosure agreement 
NEB vasecsgaedets adaveiesstinets naval expeditionary force 
ITD sin. shccatae senaeg ge tuans naval intelligence data base 
NIMA..... eee National Imagery and Mapping 
Agency 

NIPRNET........ nonsecure internet protocol router 
network 

INES Taos national intelligence support team 
NMCC.......... National Military Command Center 


INR O vsees cisedewseansts National Reconnaissance Office 
INR eo eee eee eaeed near-real-time 
INS As. cecisrnseagedceshetuiiacan National Security Agency 
NSANET....... National Security Agency Network 
INST cect scaret ie eanecatat tig Naval Security Group 
NSGA......ececeeeeee Naval Security Group Activity 
NSOC.......... National Security Operations Center 
IN EEE iissncaeyaestestncesaleascateaoctuuatees naval task force 
NTT C3 uae: Naval Technological Training Center 
A Src k Gade Race Retede ec nase offensive air support 
OBREP Yio tistics order of battle report 
0] GF. erence eter rs operations control and analysis 
OCAC ...... operations control and analysis center 
OCCEI cccssnsivesns desdaceiuesddecs accatees occupational field 
CT sondern thence deaseand ccseaeaunrtoess officer in charge 
OL Tiiieaes avis casepatarssenn vectynitwonasa OCAC liaison team 
COIN atti s Sictece coe Office of Naval Intelligence 
OOB sc sszrsaes stdeaihatid uetadielerd scdasaie saat order of battle 
ORC ON: icanel pstentesseneosmien operational control 
OPA Sac d ice Ses icceds agence operation plan 
OPINAN ices Ganon Office of the Chief of 
Naval Operations 

OPORD aici eae ate operation order 
sagas sau otiinely Saaeavesaawe tony over the horizon 
OW Oe seg See Sees operations watch officer 
POM .ssdsaticasaccecavscsaetanstattss pulse code modulation 
PUP csterdaae testaanettes product improvement program 
PUR eeeseiheeeteiee priority intelligence requirement 
PUT leas sc ahitad cae tata nceas oct eh laced ade participating unit 
RAID Sea see ead radio battalion 
RAO seslacietet chee: rear area operations center 
RAWS .ceieake remoteable analysis workstation 
TECOMY sacha enc iecnsanettontadeselen reconnaissance 
Pas ese edt atareee dt tative radio frequency 
FRET sss aodhsngecaactloiiasteatanaiots request for intelligence 
RREP esee tess radio reconnaissance equipment 
program 

RRP isniddentecae radio reconnaissance platoon 
FRI I sclegadgtescaavapoadsnaeeate radio reconnaissance team 
RSOC............. regional security operations center 
ROK ides tee tees resource status report 
PRU eisescs, cccecasser Mai jeaintassceeteaeeG aeade reporting unit 
hE Bee eee manpower or personnel staff officer 
Or 2 aneeaaeie ince. intelligence staff officer 
=o iircoax tac dauesasnteassametsass operations staff officer 
9-4 is Wieiasiiand desdveieeedes logistics staff officer 
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N= Oicactedegeissdesteadeaanss eentpsasenrataseviceds communications 
and information systems staff officer 

SALUTE ............0.00. size, activity, location, unit, 
time, and equipment 

BARC: asiretaes surveillance and reconnaissance 
center 

SATOCOM ics sicsesloscoensneds satellite communications 
SCAMP.......c..00.- sensor control and management 
platoon 

SOE sles tauconcneds service cryptologic element 
SOL acca sensitive compartmented information 
SOUP 253. gett aiccderearaeiees sensitive compartmented 
information facility 

DCM cesta weacsess seactestnegetes supervisor control module 
DOR aslah aes aGataauteens ai taaned single-channel radio 
DOE es natinacdeag iiss etarsayoesuaa ge te buleeatenaulareseacanaesuanety sergeant 
ho 5 | canvas eee rr ere super high frequency 
Sb ila, diate es arid bantne ta tiat Gitte special intelligence 
SIDS seeesieseseistt secondary imagery dissemination 
system 

SIGINT seta a eee signals intelligence 
SINCGARS .........e single-channel ground and 
airborne radio system 

SIO eee aes signals intelligence officer 
SIPRNED zceawaee secret internet protocol router 
network 

DNC O ies cciigtuaens staff noncommissioned officer 
SNGOIC aiccpssssiisteateeietin staff noncommissioned 
officer in charge 

SOC sascctiadssyetereesssevands special operations capable 
SOL Aisa tucs topsite atceeseenis signal of interest 
SOPs elec escaediit es standing operating procedure 
SOTA......... SIGINT operational tasking authority 
SPINTCOMM. 3.205 ies ected: special intelligence 
communications 

SPIMAG ILE syoi ss contesteaseass special-purpose Marine 
air-ground task force 

sh) - oaguay sanguine neveaacosenesuen tbat dutoendatees SIGINT suite 
SOB: sivssscansacssinesbetgcdunscevante sess soe ies single sideband 
SSBI......... single-scope background investigation 
SSCC sivecsateensaces special security communications 
center 

SSCT cece special security communications team 
SSE eacusssrie lk eee teeaditens SIGINT support element 
SSES. so.cesedstet ship’s signals exploitation space 
BO BU ioe Aiea eG aides staff sergeant 
DSO iets aia ei eeaeatees special security officer 
SSOC. cocoa: special security operations center 
Se Paces cesses nds saat vadenntece? SIGINT support team 


SU aad ei ue dhe ddesed aleaedi dine SIGINT support unit 
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SA Rf fog ectudicectadeestaes its Yocaonlts staff exercise it © eupenenr ee a trnerreO tener ener teey table of organization 
soy Bi 8 U0 oeaenemeerre eter secure telephone unit-type III PO PO seco Seen he heeded ew Soe topographic 
WRG S -dtatecahccued team portable collection system 
TACC......... tactical air command center (USMC) PED Diaic ci cieeine time-phased force and 
tactical air control center (USN) deployment data 
TA CBIINT  sssctie 123s due cndeldetacd ive: tactical ELINT od Opererer peepee rere eee TERPES portable unit 
TAC IN TEs asgesiat esdeaticcsszeents tactical intelligence WRAP. sccasetueeccanstocs TRE and Related Applications 
TACREP® gosgaiivi cust ecueeyaes tactical report TRE: tet eetuerodereinsde, tactical receive equipment 
ACSA cst etek eens opted es tactical satellite TRIB ccc: tactical remote intelligence broadcast 
TAD asa incccsseonien as’: temporary additional duty TRIXS ....... Tactical Reconnaissance Intelligence 
TAD tw ciadncas tactical digital information links Exchange System 
TAMIPS accosted cetncs es Tactical Aircraft Mission RSS teas ine Mons tactical remote sensor system 
Planning System AUS dM sasctizaclh cause Seen eran aeeetecales Trojan Spirit I 
TROW seis cetea.esea ss tactical air operations center ES CAB estes toes 22 tactical sensitive compartmented 
TCAC 1... technical control and analysis center information facility 
TCAB 3.033 technical control and analysis element TSCM .....technical surveillance countermeasures 
TCIM. vaecstetsccezee: tactical control interface module TSReitavintt: telecommunications service request 
SO) sor eerteedeege test: tactical combat operations ital Sderot ree tactics, techniques, and procedures 
TDDS........ tactical receive equipment and related 
applications program data WIPE veszuseceueesoicuaseen aceasta: unmanned aerial vehicle 
dissemination system 1 0 glgpeeranmnec tenants Coneeee ore ultra high frequency 
CTDIN:. 2 cuspcetsbasaacs adeeb Guaceaw’ tactical data network USAF sn aeactesteneake United States Air Force 
NPT Hs 2etoes 2ce3 oat ceceaasceced cae ceacendees table of equipment WS B scgh cdot anette chats upper sideband 
TEAMS: yereseieestetieveon aids tactical EA-6B mission USMC acwoteaid United States Marine Corps 
planning system USSD: Scouse United States Signals Intelligence 
TECHCON( sg citetoaisn tia dicceie technical control Directive 
I) 5) comemenn ere eer eneees tactical exploitation group SSS aicationtande United States SIGINT System 
TENCAP 0.2... tactical exploitation of national 
capabilities program WAP «casks orate nee Stas aeotasnesteaanes very high frequency 
TEPP ssassssccevesssteasis TERPES ELINT preprocessor VMAQ ..... eee Marine tactical electronic warfare 
TERPES ........ Tactical Electronic Reconnaissance squadron 
Processing and Evaluation System WAPPIN 2 uns ieee pave cseaomisdercasneneaanieden: voice product net 
ETP eet po ae Salsas Seles TERPES fusion processor Lh Ges ene nen errr rt ere video teleconferencing 
TIBS 226 oe: tactical information broadcast system 
IETS cede ied see eee ae tactical jamming system W AN cyte en ieee eees wide area network 
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Section Il 


Definitions 


A 


all-source intelligence Intelligence products 
and/or organizations and activities that incorpo- 
rate all sources of information, including, most 
frequently, human resources intelligence, imagery 
intelligence, measurement and signature intelli- 
gence, signals intelligence, and open source data, 
in the production of finished intelligence. (Join 

Pub 1-02) 


amphibious objective area—A geographical ar- 
ea, delineated in the initiating directive, for pur- 
poses of command and control (C2) within which 
is located the objective(s) to be secured by the 
amphibious task force (ATF). This area must be 
of sufficient size to ensure accomplishment of the 
ATF’s mission and must provide sufficient area 
for conducting necessary sea, air, and land opera- 
tions. Also called AOA. (Joint Pub 1-02) 


area of interest—That area of concern to the 
commander, including the area of influence, areas 
adjacent thereto, and extending into enemy terri- 
tory to the objectives of current or planned opera- 
tions. This area also includes areas occupied by 
enemy forces who could jeopardize the accom- 
plishment of the mission. Also called AOI. (Joint 
Pub 1-02) 


area of operations—An operational area defined 
by the joint force commander for land and naval 
forces. Areas of operation do not typically encom- 
pass the entire operational area of the joint force 
commander, but should be large enough for com- 
ponent commanders to accomplish their missions 
and protect their forces. Also called AO. (Joint 
Pub 1-02) 


B 


basic intelligence—Fundamental intelligence 
concerning the general situation, resources, capa- 
bilities, and vulnerabilities of foreign countries or 
areas which may be used as reference material in 


the planning of operations at any level and in 
evaluating subsequent information relating to the 
same subject. (Joint Pub 1-02) 


battle damage assessment—The timely and ac- 
curate estimate of damage resulting from the 
application of military force, either lethal or non- 
lethal, against a predetermined objective. Battle 
damage assessment can be applied to the employ- 
ment of all types of weapon systems (air, ground, 
naval, and special forces weapon systems) 
throughout the range of military operations. Battle 
damage assessment is primarily an intelligence 
responsibility with required inputs and coordina- 
tion from the operators. Battle damage assessment 
is composed of physical damage assessment, 
functional damage assessment, and target system 
assessment. Also called BDA. (Joint Pub 1-02) In 
Marine Corps usage, the timely and accurate esti- 
mate of the damage resulting from the application 
of military force. BDA estimates physical damage 
to a particular target, functional damage to that 
target, and the capability of the entire target sys- 
tem to continue its operations. (MCRP 5-12C) 


battlespace—aAll aspects of air, surface, subsur- 
face, land, space, and electromagnetic spectru 
which encompass the area of influence and area 
of interest. (MCRP 5-12C) 


battlespace dominance—The degree of control 
over the dimensions of the battlespace which en- 
hances friendly freedom of action and denies ene- 
my freedom of action. It permits force 
sustainment and application of power projection 
to accomplish the full range of potential opera- 
tional and tactical missions. It includes all actions 
conducted against enemy capabilities to influence 
future operations. (MCRP 5-12C) 


C 
centralized control—In military operations, a 


mode of battlespace management in which one 
echelon of command exercises total authority and 
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direction of all aspects of one or more warfighting 
functions. It is a method of control where detailed 
orders are issued and total unity of action is the 
overriding consideration. (MCRP 5-12C) 


collection—In Marine Corps usage, the gathering 
of intelligence data and information to satisfy the 
identified requirements. (MCRP 5-12C) 


collection management—The process of con- 
verting intelligence requirements into collection 
requirements, establishing priorities, tasking o 
coordinating with appropriate collection sources 
or agencies, monitoring results and retasking, as 
required. (Joint Pub 1-02) Its purpose is to con- 
duct an effective effort to collect all necessary da- 
ta while ensuring the efficient use of limited and 
valuable collection assets. (MCRP 2-1) 


combat data—Data derived from reporting by 
operational units. (MCRP 5-12C) 


combatant command—A unified or specified 
command with a broad continuing mission under 
a single commander established and so designated 
by the President through the Secretary of Defense 
and with the advice and assistance of Chairman of 
the Joint Chiefs of Staff. Combatant command 
typically have geographic or functional responsi- 
bilities. (Joint Pub 1-02) 


command and control—The exercise of authori- 
ty and direction by a properly designated com- 
mander over assigned and attached forces in the 
accomplishment of the mission. Command and 
control functions are performed through an ar- 
rangement of personnel, equipment, communica- 
tions, facilities, and procedures employed by a 
commander in planning, directing, coordinating, 
and controlling forces and operations in the ac- 
complishment of the mission. Also called C2. 
(Joint Pub 1-02) The means by which a com- 
mander recognizes what needs to be done and 
sees to it that appropriate actions are taken. 
(MCRP 5-12C) 


command and control warfare—The integrated 
use of operations security, military deception, 
psychological operations, electronic warfare, and 
physical destruction, mutually supported by intel- 


ligence, to deny information to, influence, de- 
grade, or destroy adversary command and control 
capabilities, while protecting friendly command 
and control capabilities against such actions. Also 
called C2W. (Joint Pub 2-0) 


commander’s critical information require- 
ments—Information regarding the enemy and 
friendly activities and the environment identified 
by the commander as critical to maintaining situa- 
tional awareness, planning future activities, and 
facilitating timely decisionmaking. Also called 
CCIR. Note: CCIRs are normally divided into 
three primary subcategories: priority intelligence 
requirements, friendly force information require- 
ments, and essential elements of friendly informa- 
tion. (MCRP 5-12C) 


commander’s intent—A commander’s clear, 
concise articulation of the purpose(s) behind one 
or more tasks assigned to a subordinate. It is one 
of two parts of every mission statement which 
guides the exercise of initiative in the absence of 
instructions. (MCRP 5-12C) 


communications intelligence—Technical and in- 
telligence information derived from foreign com- 
munications by other than the intended recipients. 
Also called COMINT. (Joint Pub 1-02) 


communications security—The protection re- 
sulting from all measures designed to deny unau- 
thorized persons information of value which 
might be derived from the possession and study of 
telecommunications, or to mislead unauthorized 
persons in their interpretation of the results o 

such possession and study. Also called COM- 
SEC. (Joint Pub 1-02 extract) 


coordination—The action necessary to ensure 
adequately integrated relationships between sepa- 
rate organizations located in the same area. Coor- 
dination may include such matters as fire support, 

emergency defense measures, area intelligence 

and other situations in which coordination is con- 

sidered necessary. (MCRP 5-12C) 


critical information—Specific facts about 
friendly intentions, capabilities, and activities vi- 
tally needed by adversaries for them to plan and 


F-8 


act effectively so as to guarantee failure or 
unacceptable consequences for friendly mission 
accomplishment. (Joint Pub 1-02) 


critical intelligence—Intelligence which is cru- 
cial and requires the immediate attention of the 
commander. It is required to enable the com- 
mander to make decisions that will provide a 
timely and appropriate response to actions by the 
potential/ actual enemy. It includes but is not lim- 
ited to the following: a. strong indications of the 
imminent outbreak of hostilities of any type 
(warning of attack); b. aggression of any nature 
against a friendly country; c. indications or use of 
nuclear-biological-chemical weapons (target); 
and d. significant events within potential enemy 
countries that may lead to modification of nuclear 
strike plans. (Joint Pub 1-02) 


critical vulnerability— An aspect of a center of 
gravity that if exploited will do the most signifi- 
cant damage to an adversary’s ability to resist. A 
vulnerability cannot be critical unless it under- 
mines a key strength. Also called CV. (MCRP 
5-12C) 


D 


decentralized control—In military operations, a 
mode of battlespace management in which a com- 
mand echelon may delegate some or all authority 
and direction for warfighting functions to subor- 
dinates. It requires careful and clear articulation 
of mission, intent, and main effort to unify efforts 
of subordinate leaders. (MCRP 5-12C) 


descriptive intelligence Class of intelligence 
which describes existing and previously existing 
conditions with the intent to promote situational 
awareness. Descriptive intelligence has two com- 
ponents: basic intelligen  , which is general 
background knowledge about established and rel- 
atively constant conditions; and current intelli- 
gence, which is concerned with describing the 
existing situation. (MCRP 5-12C) 


detachment—1. A part of a unit separated from 
its main organization for duty elsewhere. 2. A 
temporary military or naval unit formed from oth- 
er units or parts of units. (Joint Pub 1-02) 
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direction finding—A procedure for obtaining 
bearings of radio frequency emitters by using a 
highly directional antenna and a display unit on 
an intercept receive or ancillary equipment. (Joint 
Pub 1-02) 


dissemination—Conveyance of intelligence to 
users in a suitable form. (Joint Pub 1-02) 


E 


electronic attack—That division of electronic 
warfare involving the use of electromagnetic, di- 
rected energy, or antiradiation weapons to attack 
personnel, facilities, or equipment with the intent 
of degrading, neutralizing, or destroying enemy 
combat capability. Also called EA. (Joint Pub 
1-02) 


electronic protection— That division of electron- 
ic warfare involving actions taken to protect per- 
sonnel, facilities, and equipment from any effects 
of friendly or enemy employment of electronic 
warfare that degrade, neutralize, or destroy 
friendly combat capability. Also called EP. 
(Joint Pub 1-02) 


electronic reconnaissance—The detection, iden- 
tification, evaluation, and location of foreign elec- 
tromagnetic radiations emanating from other than 
nuclear detonations or radioactive sources. (Joint 
Pub 1-02) 


electronic warfare—Any military action involv- 
ing the use of electromagnetic and directed ener- 
gy to control the electromagnetic spectrum or to 
attack the enemy. Also called EW. The three ma- 
jor subdivisions within electronic warfare are 
electronic attack, electronic protection, and 
electronic warfare support. (Joint Pub 1-02) 


electronic warfare support—That division of 
electronic warfare involving actions tasked by, or 
under direct control of, an operational commander 
to search for, intercept, identify, and locate sourc- 
es of intentional and unintentional radiated elec- 
tromagnetic energy for the purpose of immediate 
threat recognition. Thus, electronic warfare sup- 
port provides information required for immediate 
decisions involving electronic warfare operations 
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and other tactical actions such as threat avoid- 
ance, targeting, and homing. Also called ES. 
Electronic warfare support data can be used to 
produce signals intelligence (SIGINT), both com- 
munications intelligence (COMINT), and elec- 
tronic intelligence (ELINT). (Joint Pub 1-02) 


electronic intelligence—Technical and geoloca- 
tion intelligence derived from foreign noncommu- 
nications electromagnetic radiations emanating 
from other than nuclear detonations or radioactive 
sources. Also called ELINT. (Joint Pub 1-02) 


essential elements of friendly information— 
Key questions likely to be asked by adversary of- 
ficials and intelligence systems about specific 
friendly intentions, capabilities, and activities, so 
they can obtain answers critical to their opera- 
tional effectiveness. Also called EEFT. (Joint Pub 
1-02) Specific facts about friendly intentions, ca- 
pabilities, and activities needed by adversaries to 
plan and execute effective operations against our 
forces. (MCRP 5-12C) 


estimative intelligence Class of intelligence 
which attempts to anticipate future possibilitie 
and probabilities based on an analysis of descrip- 
tive intelligence in the context of planned friendly 
and assessed enemy operations. (MCRP 5-12C) 


F 


friendly force information requirements—In- 
formation the commander needs about friendly 
forces in order to develop plans and make effec- 
tive decisions. Depending upon the circumstanc- 
es, information on unit location, composition 
readiness, personnel status, and logistics statu 
could become a friendly force information re- 
quirement. Also called FFIR. (MCRP 5-12C) 


fusion—In intelligence usage, the process of ex- 
amining all sources of intelligence and informa- 
tion to derive a complete assessment of activity. 
(Joint Pub 1-02) 

G 


global sourcing—A process of force provision or 
augmentation whereby resources may be drawn 
from any location/command worldwide. (MCRP 
5-12C) 


I 


indications and warning—Those intelligenc 
activities intended to detect and report time-sensi- 
tive intelligence information on foreign develop- 
ments that could involve a threat to the Unite 
States or allied military, political, or economic in- 
terests or to US citizens abroad. It includes fore- 
warning of enemy actions or intentions; the 
imminence of hostilities; insurgency; nuclear/ 
non-nuclear attack on the United States, its over- 
seas forces, or allied nations; hostile reactions to 
United States reconnaissance activities; terrorists’ 
attacks; and other similar events. Also called 
I&W. (Joint Pub 2-01) 


intelligence—The product resulting from the col- 
lection, processing, integration, analysis, evalua- 

tion, and interpretation of evaluated information 
concerning foreign countries or areas. Informa- 
tion and knowledge about an adversary obtained 

through observation, investigation, analysis, o 

understanding. (Joint Pub 1-02) Also in Marine 
Corps usage, intelligence is knowledge about the 
enemy or the surrounding environment needed to 
support decisionmaking. This knowledge is the 

result of the collection, processing, exploitation, 

evaluation, integration, analysis, and interpreta- 
tion of available information about the battlespace 
and threat. (MCRP 5-12C) 


intelligence cycle—The process by which infor- 
mation is converted into intelligence and made 
available to users. (Joint Pub 2-01) 


intelligence data—Data derived from assets pri- 
marily dedicated to intelligence collection such as 
imagery systems, electronic intercept equipment, 
human intelligence sources, etc. (MCRP 5-12C) 


intelligence discipline—A well-defined area o 
intelligence collection, processing, exploitation 
and reporting using a specific category of techni- 
cal or human resources. There are five major dis- 
ciplines: human intelligence, imagery 
intelligence, measurement and signature intelli- 
gence, signals intelligence (communications intel- 
ligence, electronic intelligence, and foreign 
instrumentation signals intelligence), and open 
source intelligence. (Joint Pub 1-02) 
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intelligence operations—The variety of intelli- 
gence tasks that are carried out by various intelli- 
gence organizations and activities. (Joint Pub 
1-02 extract) 


intelligence preparation of the battlespace—An 
analytical methodology employed to reduce un- 
certainties concerning the enemy, environment, 
and terrain for all types of operations. Intelligence 
preparation of the battlespace builds an extensive 
data base for each potential area in which a unit 
may be required to operate. The data base is then 
analyzed in detail to determine the impact of the 
enemy, environment, and terrain on operation 
and presents it in graphic form. Intelligence prep- 
aration of the battlespace is a continuing process. 
Also called IPB. (Joint Pub 1-02) In Marine 
Corps usage, the systematic, continuous process 
of analyzing the threat and environment in a spe- 
cific geographic area. (MCRP 5-12C) 


intelligence requirement—1. Any subject, gen- 
eral or specific, upon which there is a need for the 
collection of information or the production of in- 
telligence. (Joint Pub 1-02 2. In Marine Corps 
usage, questions about the enemy and the envi- 
ronment, the answers to which a commander re- 
quires to make sound decisions. Also called IR. 
(MCRP 5-12C) 


J 


joint deployable intelligence support system— 
A transportable workstation and communications 
suite that electronically extends a joint intelli- 
gence center to a joint task force or other tactical 
user. Also called JDISS. (Joint Pub 1-02) 


joint force—A general term applied to a force 
composed of significant elements, assigned or at- 
tached, of two or more Military Departments, op- 
erating under a single joint force commander. 
(Joint Pub 1-02) 


joint intelligence center—The intelligence cen- 
ter of the joint force headquarters. The joint intel- 
ligence center is responsible for providing and 
producing the intelligence required to support the 
joint force commander and staff, components, 
task forces and elements, and the national 


intelligence community. Also called JIC. (Joint 
Pub 1-02) 


Joint Worldwide Intelligence Communica- 
tions System—The sensitive compartmented 
information portion of the Defense Information 
System Network. It incorporates advanced net- 
working technologies that permit point-to-poin 
or multipoint information exchange involving 
voice, text, graphics, data, and video teleconfer- 
encing. Also called JWICS. (Joint Pub 1-02) 


M 


main effort—The designated subordinate unit 
whose mission at a given point in time is mos 
critical to overall mission success. It is usually 
weighted with the preponderance of combat pow- 
er and is directed against a center of gravity 
through a critical vulnerability. (MCRP 5-12C) 


maneuver warfare—A warfighting philosophy 
that seeks to shatter the enemy’s cohesion through 
a variety of rapid, focused, and unexpected ac- 
tions which create a turbulent and rapidly deterio- 
rating situation with which the enemy cannot 
cope. (MCRP 5-12C) 


Marine Corps Planning Process—A six-step 
methodology which helps organize the though 

processes of the commander and staff throughout 
the planning and execution of military operations. 
It focuses on the threat and is based on the Marine 
Corps philosophy of maneuver warfare. It capital- 
izes on the principle of unity of command and 
supports the establishment and maintenance o 

tempo. The six steps consist of mission analysis, 
course of action development, course of action 
analysis, comparison/decision, orders develop- 
ment, and transition. Also called MCPP. Note: 
Tenets of the MCPP include top down planning, 
single battle concept, and integrated planning 

(MCRP 5-12C) 

N 


named area of interest—A point or area along a 
particular avenue of approach through which ene- 
my activity is expected to occur. Activity or lack 
of activity within a named area of interest will 
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help to confirm or deny a particular enemy course 
of action. Also called NAT. (MCRP 5-12C) 


national intelligence support team—A national- 
ly sourced team composed of intelligence and 
communications experts from either Defense In- 
telligence Agency, Central Intelligence Agency, 
National Security Agency, or any combination of 
these agencies. Also called NIST. (Joint Pub 
2-01) 


O 


operational architecture—A description (often 
graphical) of the operational elements, assigned 
tasks, and information flows required to support 
the warfighter. It defines the type of information, 
the frequency of exchange, and what tasks are 
supported by these information exchanges. Also 
called OA. (MCRP 5-12C) 


operational control—Transferable command au- 
thority that may be exercised by commanders a 
any echelon at or below the level of combatan 
command. Operational control is inherent in com- 
batant command (command authority). Opera- 
tional control may be delegated and is the 
authority to perform those functions of command 
over subordinate forces involving organizing and 
employing commands and forces, assigning tasks, 
designating objectives, and giving authoritative 
direction necessary to accomplish the mission. 
Operational control includes authoritative direc- 
tion over all aspects of military operations and 
joint training necessary to accomplish mission 
assigned to the command. Operational control 
should be exercised through the commanders o 
subordinate organizations. Normally this authori- 
ty is exercised through subordinate joint force 
commanders and Service and/or functional com- 
ponent commanders. Operational control normal- 
ly provides full authority to organize commands 
and forces and to employ those forces as the com- 
mander in operational control considers necessary 
to accomplish assigned missions. Operational 
control does not, in and of itself, include authori- 
tative direction for logistics or matters of adminis- 
tration, discipline, internal organization, or un 
training. Also called OPCON. (Joint Pub 1-02) 


operations control and analysis center—Main 
node for the command and control of radio battal- 
ion signals intelligence operations and the overall 
coordination of MAGTF signals intelligence op- 
erations. Processes, analyzes, produces, and dis- 
seminates signals intelligence-derived 
information and directs the ground-based elec- 
tronic warfare activities of the radio battalion. Al- 
so called OCAC. (MCRP 5-12C) 


order of battle—The identification, strength, 
command structure, and disposition of the person- 
nel, units, and equipment of any military force 
Also called OOB. (Joint Pub 1-02) 


P 


priority intelligence requirements—1. Those 
intelligence requirements for which a commander 
has an anticipated and stated priority in his task of 
planning and decisionmaking. Also called PIR. 
(Joint Pub 1-02) 2. In Marine Corps usage, an in- 
telligence requirement associated with a decision 
that will critically affect the overall success of the 
command’s mission. (MCRP 5-12C) 


production management—Encompasses deter- 
mining the scope, content, and format of each in- 
telligence product, developing a plan and 
schedule for the development of each product, as- 
signing priorities among the various production 
requirements, allocating processing, exploitation, 
and production resources, and integrating produc- 
tion efforts with intelligence collection and dis- 
semination. (MCRP 5-12C) 


R 


reach back—The ability to exploit resources, ca- 
pabilities, expertise, etc., not physically located in 
the theater or a joint operations area, when estab- 
lished. (MCRP 5-12C) 


S 


sensitive compartmented information All in- 
formation and materials bearing special commu- 
nity controls indicating restricted handling within 
present and future community intelligence collec- 
tion programs and their end products for which 
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community systems of compartmentation have 
been or will be formally established. (These con- 
trols are over and above the provisions of DOD 
52001R, Information Security Program Regula- 
tion.) Also called SCI. (Joint Pub 1-02) 


sensitive compartmented information facili- 
ty—An accredited area, room, group of rooms, or 
installation where sensitive compartmented infor- 
mation may be stored, used, discussed, and/or 
electronically processed. SCIF procedural and 
physical measures prevent the free access of per- 
sons unless they have been formally indoctrinated 
for the particular SCI authorized for use or stor- 
age within the SCIF. Also called SCIF. See also 
sensitive compartmented information. (Joint 
Pub 1-02) 


sensor data—Data derived from sensors whose 
primary mission is surveillance or target acquisi- 
tion, such as air surveillance radars, counterbat- 
tery radars, and remote ground sensors. (MCR 
5-12C) 


Service component command—A command 
consisting of the Service component commander 
and all those Service forces such as individuals 
units, detachments, organizations, and installa- 
tions under the command, including the support 
forces that have been assigned to a combatant 
command, or further assigned to a subordinate 
unified command or joint task force. (Joint Pub 
1-02) 


signals intelligence—A category of intelligence 
comprising either individually or in combination 
all communications intelligence, electronic intel- 
ligence, and foreign instrumentation signals intel- 
ligence, however transmitted. Also called 
SIGINT. (Joint Pub 1-02) 


SIGINT operational tasking authority—A mil- 
itary commanders’s authority, delegated by 
DIRNSA/CHCSS, to operationally direct and 
levy SIGINT requirements on designated SIGINT 
resources. This includes authority to deploy and 
redeploy all or part of the SIGINT resources for 
which SOTA has been delegated. Also called 
SOTA. (USSID 1, SIGINT Operating Policy) 


situational awareness— Knowledge and under- 
standing of the current situation which promotes 
timely, relevant and accurate assessment of 
friendly, enemy, and other operations within the 
battlespace in order to facilitate decisionmaking. 
An informational perspective and skill that foster 
an ability to determine quickly the context and 
relevance of events that are unfolding. (MCRP 
5-12C) 


split base—Two or more portions of the same 
force conducting or supporting operations fro 
separate physical locations. (MCRP 5-12C) 


surveillance and reconnaissance center—Pri- 
mary element responsible for the supervision o 

MAGTF intelligence collection operations. Di- 
rects, coordinates, and monitors intelligence col- 
lection operations conducted by organic, attached, 
and direct support collection assets. Also called 

SARC. (MCRP 5-12C) 


sustained operations ashore—The employment 
of Marine Corps forces on land for an extended 
duration. It can occur with or without sustainment 
from the sea. Also called SOA. (MCRP 5-12C) 


systems architecture—Defines the physical con- 
nection, location, and identification of key nodes, 
circuits, networks, warfighting platforms, etc 
and specific system and component performance 
parameters. The systems architecture is construct- 
ed to satisfy operational architecture requirements 
per standards defined in the technical architecture. 
The systems architecture shows how multiple sys- 
tems within a subject area link and interoperate 
and may describe the internal construction or 
operations of particular systems within the archi- 
tecture. Also called SA. (MCRP 5-12C) 


T 


tactical intelligence—Intelligence that is re- 
quired for planning and conducting tactical opera- 
tions. (Joint Pub 1-02) In Marine Corps usage, 
tactical intelligence is concerned primarily with 
the location, capabilities, and possible intentions 
of enemy units on the battlefield and with the tac- 
tical aspects of terrain and weather within the bat- 
tlespace. (MCRP 5-12C) 


Signals Intelligence 
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technical architecture—The technical architec- 
ture identifies the services, interfaces, standards, 
and their relationships. It provides the technica 

guidelines for implementation of systems upon 
which engineering specifications are based, com- 
mon building blocks are built, and product line 

are developed. Also called TA. (MCRP 5-12C) 


technical control—The performance of special- 
ized or professional service, or the exercise o 

professional guidance or direction through the es- 
tablishment of policies and procedures. 


tempo—tThe relative speed and rhythm of mili- 
tary operations over time. (MCRP 5-12C) 


Ww 


warfighting functions—The six mutually sup- 
porting military activities integrated in the con- 
duct of all military operations are: 


1. command and control—The means by which 
a commander recognizes what needs to be done 
and sees to it that appropriate actions are taken. 

2. maneuver—The movement of forces for the 
purpose of gaining an advantage over the enemy. 

3. fires—Those means used to delay, disrupt, de- 
grade, or destroy enemy capabilities, forces, or fa- 
cilities as well as affect the enemy’s will to fight. 

4. intelligence—Knowledge about the enemy or 

the surrounding environment needed to support 
decisionmaking. 

5. logistics—AlII activities required to move and 
sustain military forces. 

6. force protection—Actions or efforts used to 
safeguard own centers of gravity while protecting, 
concealing, reducing, or eliminating friendly criti- 
cal vulnerabilities. 

Also called WF. (MCRP 5-12C) 
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otice to Students 


Use the Ordnance Training Division website, 
http: //www.cascom.army.mil/ordnance/, 
to submit your questions, comments, and suggestions 
regarding Ordnance and Missile & Munitions 
subcourse content. 


If you have access to a computer with internet capability and can 
receive e-mail, we recommend that you use this means to 
communicate with our subject matter experts. Even if you’re not 
able to receive e-mail, we encourage you to submit content 
inquiries electronically. Simply include a commercial or DSN 
phone number and/or address on the form provided. Also, be sure 
to check the Frequently Asked Questions file at the site before 
posting your inquiry. 
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This publication is provided for nonresident instruction 
only. It reflects the current thought of this school and 
conforms to published Department of the Army doctrine as 
closely as possible. 


Users of this publication are encouraged to recommend changes 


and submit comments for its improvement. Comments should be 
keyed to the specific page and line of the text to which the 
change is recommended. Reasons will be provided for each 


comment to insure understanding and complete evaluation. 
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INTRODUCTION 
This is the second of three subcourses on basic electricity. The first 
subcourse is a review of the mathematics necessary for the study of 
electricity. This subcourse includes the electron theory, magnetism, 
inductance, capacitance, and alternating and direct currents. The third 


subcourse includes resonance, filters, generators, motors, and transformers. 


As a missile repairer, an understanding of basic electricity is a must for 
doing your job. Whether you are new to missile repair or have been in the 
field for a while, this subcourse will help you sharpen your skills and 
increase your knowledge. 


Supplementary Requirements 


There are no supplementary requirements in material or personnel for this 
subcourse. You will need only this book and will work without supervision. 


Credit Hours 


Fifteen credit hours will be awarded for the successful completion of this 
subcourse-—a score of at least 75 on the end-of-subcourse examination. 


Administrative Instructions 


Change Sheets. If a change sheet has been sent to you with this subcourse, be 
sure you post the changes in the book before starting the subcourse. 


Errors on TSC Form 59. Before you begin this subcourse, make sure that the 
information already typed on your TSC Form 59 (ACCP Examination Response Sheet) 
is correct. You will find the correct subcourse number and subcourse edition 
number on the front cover of this book. If any of the information on your TSC 
Form 59 is incorrect, write to: 


The Army Institute for Professional Development (IPD) 
US Army Training Support Center 
Newport News, VA 23628-0001 


A new, correctly filled-out form will be sent to you. Do not correct the form 
yourself or send it to IPD. 


Questions, Changes, Corrections. If you have questions about enrollment or 
other administrative matters, write to IPD. If a change occurs or a correction 
needs to be made in your’ status (name, grade, rank, address, unit of 
assignment, etc.) notify IPD as soon as possible. These kinds of changes or 


corrections can be sent along on a separate sheet of paper with your completed 
TSC Form 59. 


Correspondence with IPD. In any correspondence with IPD, always write your 


name, Social Security Number, and the school code of your enrollment on each 
page. 
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Grading and Certification Instructions 


When you have completed the subcourse, review any of the material covered that 


you are not sure of. Then take the end-of-subcourse examination. When you 
have completed the examination in the book, you must transfer your answers to 
TSC Form 59. The instructions on the form itself tell you how to mark your 
answers on it. Follow the instructions carefully. 


Once you have transferred your answers to the TSC Form 59, fold the form as it 
was folded when sent to you. Do not staple or mutilate this form! Place the 
form in the self-addressed envelope provided and mail it to IPD. No postage is 
needed. TSC Form 59 is the only material that you are required to return to 
IPD. If you return it as soon as you have completed this subcourse, you will 
get your next subcourse sooner. 


Grading. The highest score possible on the end-of-subcourse examination is 
100. The grade structure for all ACCP subcourses is given below: 

Superior 95-100 

Excellent 85-94 

Satisfactory 75-84 

Unsatisfactory 0-74 


Your TSC Form 59 will be machine graded, and you will be notified of the 
results. Your grade on the examination will be your grade for the subcourse. 
No credit is given for grades below satisfactory (75). 


Certificates. When you have completed the subcourse successfully, IPD will 
send you a subcourse completion certificate. Keep it with your other personal 
copies of personnel material. Subcourse completion certificates can be used to 


support accreditation and other personnel actions. 


* * * IMPORTANT NOTICE * * * 


THE PASSING SCORE FOR ALL ACCP MATERIAL IS NOW 70%. 


PLEASE DISREGARD ALL REFERENCES TO THE 75% REQUIREMENT. 
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Lesson 1 
ELECTRON THEORY AND MAGNETISM 


Task. The skills and knowledge taught in this lesson are common to all missile 
repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe 
the principles of electron flow, static electricity, conductors, and insulators 
and discuss basic electrical concepts and principles of magnetism. 


Conditions. You will have this subcourse book and work without supervision. 
Standard. You must score at least 70 on the end-of-subcourse examination that 
covers this lesson and lessons 2, 3, and 4 (answer 27 of the 38 questions 
correctly). 

ELECTRON THEORY 


Basic Concepts of Matter 


The electron theory, which is now accepted and used to explain the behavior of 
electricity, states that electric current consists of electron flow and can be 


defined as a moving charge. Electricity can be defined, then, as charged 
matter. Because an electron, even though smaller than the smallest known 
microscopic organism, has mass and occupies space, it is matter. To understand 
what an electron is, you need first to understand the structural nature of 


matter. 


Matter is basically composed of two kinds of electricity (positive and 
negative). The electron is the basic unit of negative electricity and the 
proton is the basic unit of positive electricity. There is also a neutral 


particle called the neutron. 


Molecules 

Matter exists in three states; solid, liquid, and gas. You are familiar with 
water in each of its three states; ice, water, and steam. Regardless of its 
state, all matter is composed of small particles known as molecules. Solids, 
liquids, and gases differ in the spacing and forces between the molecules. You 
know it takes more force to separate ice than it does liquid water. The 
molecules in gas (steam) will separate themselves if left alone. Molecules in 


any state are in constant motion. 


The molecule is the smallest component into which a compound can be sub-divided 
by physical means. Boiling water subdivides into separate molecules without 
changing the chemical composition of the molecules. This is a physical change. 
To subdivide the molecule into its components requires a chemical change. 
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Molecules are composed of atoms. A substance which contains atoms of one kind 
only is called an element, while those containing more than one kind are called 
compounds or mixtures. When two or more atoms combine, they form a molecule. 
If these atoms are not all alike, then the substance formed is a compound. 
Oxygen and hydrogen are both examples of an element. When one oxygen atom and 
two hydrogen atoms unite, they form a molecule of water. Water is a compound. 


Atoms 


As mentioned above, molecules are composed of even smaller particles known as 
atoms. According to the present concept, an atom is one or more negatively 
charged particles called electrons, revolving at great speeds in regular, 
circular, or elliptical orbits around a positive nucleus. The nucleus is one or 
more positively charged particles called protons and a number of uncharged 
particles called neutrons. A typical atom, lithium, is shown in figure 1-1. 


Ex 


LY” 


Figure 1-1. Atomic Structure as Shown by Lithium. 


According to present theory, the nucleus of an atom always has the same number 
of protons in it as it has electrons outside of it. Uncharged particles, 
neutrons, are found in the nucleus and add weight to the atom. A proton anda 
neutron have the same weight, and each is approximately 1,845 times heavier than 
an electron. The difference between the different atoms is in the number and 
arrangement of the protons and electrons. Atoms of each of the known elements 
are of a different weight and size and have distinguishing characteristics. 


Figure 1-2 shows the three atoms that make up a molecule of water. It consists 
of two hydrogen atoms and one oxygen atom. In the hydrogen atom, the nucleus 
contains one proton (+) whose positive charge is balanced by the negative charge 
of its one electron (-). In the oxygen atom, the nucleus contains eight protons 
whose positive charge is balanced by the negative charges of the eight 
electrons. 


The hydrogen atom in figure 1-2 is the lightest of all atoms, with its single 


proton and single electron. Some of the heavier atoms (those of the heavier 
metals such as gold) have over 90 electrons. In the normal atom, the sum of the 
positive charges of the protons in the nucleus equals exactly the sum of the 
negative charges of the electrons. Such an atom is neutral. 
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Figure 1-2. Atoms in a Molecule of Water. 


Ions and Ionization 


Under normal conditions, atoms are neutral. However, if for some reason a few 
electrons are torn away from a neutral atom, the atom becomes "charged" and is 
called a positive ion. Whereas, if the electrons that are torn away from the 
neutral atom gather on some other neutral atom, that atom becomes negatively 
charged and is called a negative ion. In other words, an ion is what is left 
after an electron has been knocked loose from a neutral atom, or what is created 
after an electron is added to a previously neutral atom. 


The process of an atom gaining electrons or losing electrons is called 
ionization. Any atom or molecule which carries either a positive or a negative 
charge is ionized. 


Some materials, such as table salt and sulfuric acid, become ionized when mixed 
with water. The solution as a whole, however, remains neutral. Tonization in 
gases may result from the collision of two gas molecules, by electron 
bombardment, or by illumination with a certain kind of light. 


The protons within an atom are much heavier than the electrons. Therefore, in 
an atom of gas, the electrons knocked loose when ionization occurs will move 
much more easily if some electric force is applied than will the much heavier 
protons. Tonization of gases is important to you because it happens in 
electronic equipment, such as radio and television receivers. During the study 
of electron tubes, many of which are similar to those in home radio receivers, 
you will see that ionization is sometimes desirable and at other times 
undesirable. 


Static Electricity 


Although this course is mainly about charges in motion, a good understanding of 
static fields will be helpful to you. 


That certain objects attract paper and other light materials when rubbed with 
various kinds of cloth has been known a long time. The early Greeks were 
familiar with this method of producing what is now called static electricity. 
They knew that amber, which they called electron, attracted light objects when 
rubbed with cloth. The English words electron and electricity are derived from 
this Greek word for amber. A great deal of our early knowledge about 
electricity was obtained by experiments on charged bodies, or electricity, at 
rest. 
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When static electricity converts to energy, the effects can sometimes be quite 
startling. Lightning discharges and the crackling sound in a radio receiver are 
manifestations of static electricity, releasing its stored up energy. 


Charged Bodies and the Force Between Them. Bodies can be charged with static 
electricity various ways. To understand how, you need to know the following. A 
charged body merely means that the object has more or less than its normal 
number of electrons. In the uncharged state, each atom has an equal number of 
electrons and protons; therefore, in order to charge a body positively, it is 
necessary to remove some of the electrons. When that happens, there will be an 
excess of protons or positive charges. The electrons, which were removed are 
now on some other object, causing it to be negatively charged. (Recall both 
negatively and positively charged atoms are ions.) 


It has been proved experimentally that charged bodies act upon each other with a 
force of attraction when their charges are unlike and a force of repulsion when 


their charges are like. Thus, the conclusion is that electrons and protons 
attract each other, that electrons repel other electrons, and that protons repel 
other protons. This attraction and repulsion may be stated as the following 
laws: 


e Electric charges of like kind repel each other and charges of unlike kind 
attract each other. 


e The forces of attraction and repulsion are directly proportional to the 
product of the charges and inversely proportional to the square of the 
distance between them. 


While a unit of electrical charge could be taken as the charge associated with 


an electron or proton, it would not be practical because it is so small. A more 
practical unit of charge, called a coulomb, is used. It is about equal to a 
charge of 6.28 x 10'® electrons. The coulomb derives its name from Charles A. 


Coulomb, a Frenchman who reduced the two laws above to the following formula or 
law: 


The law (Coulomb's Law) can be expressed algebraically as: 


QQ, 
F(d ease 
one) Hd? 


where Q, and Q, represent the charges in electrostatic units (2.1 x 10° 
electrons), d the distance in centimeters separating them, and K a constant 
which depends upon the material separating them. F(dyne) means force in the 
form of dynes. A dyne is that force which will give an acceleration of 1 


centimeter per second, during each second, to a free mass of 1 gram. 


Electrostatic or Dielectric Field of Force. The region surrounding and between 
charged bodies is called the electrostatic field of force. Since this force 
will act through free space or even through a vacuum, it is different from 
ordinary forces such as those caused by striking a sharp blow or by exerting 
steady pressure, like the pressure of water on a dam or the pressure of the air 


inside an automobile tire. These methods of applying force involve some 
mechanical connecting link. A field of force differs from these in that it 
requires no physical or mechanical connecting link, but can be applied through 


space or through a vacuum. 
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In order to visualize the various properties of fields of force and their 
relation to electrical phenomena, you can represent them by imaginary lines that 
show the direction and intensity of the field. Since it is impossible to 
imagine enough lines to represent all the paths through space along which the 
force acts, only a few are drawn, and those only in one plane. The force 
direction is indicated by an arrowhead and the field strength (or intensity) is 
indicated by the density or number of lines per unit area. The direction of 
force is the direction a small positive test object moves or tends to move when 
acted on by the force. 

To test the direction of an electric field, the test object would have to be 
either a small positive charge or a small negative charge, because the force of 


a dielectric field will act on either. Scientists use a small positive charge 
for determining the direction of a dielectric field, and so, this subcourse 
does, too. (A dielectric field is a field of force that exists between two 
charged bodies.) In other words, the field about an isolated positive charge 
(figure 1-3), is away from the charge because a positive test charge would be 
repelled. The field about an isolated negative charge (figure 1-3), is toward 
the charge, because a positive test charge would be attracted. The field 


between a positive and negative charge is from positive to negative for the same 
reason. 


POSITIVE CHARGE NEGATIVE CHARGE 


Figure 1-3. The Fields of Force About Single Charges. 


Note in figures 1-4 and 1-5 how lines of force apparently repel each other. In 
figure 1-4, although the two charges are attracted, the lines of force between 
the two are not parallel but bulge out at the center as if they were repelling 
each other. Also note that where they bulge at the center, they are in the same 
direction; that is, from right to left on the paper. 


Figure 1-4. Dielectric Field About Two Unlike Charges. 
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Figure 1-5. Dielectric Field About Two Like Charges. 


In figure 1-5, the lines of force which are in the region between the charges 
apparently are repelling each other, as you can judge by the direction of their 
bends. Although you can say, "like charges repel," the law is stated: 
Dielectric lines of force in the same direction repel each other. In dealing 
with certain electric phenomena, this rule is very convenient and useful. 


If you briskly rub a rubber rod or comb over a piece of fur or woolen cloth a 
number of electrons from the fur or cloth adhere to the rubber. If you separate 
the two immediately, the rubber has an excess of electrons (is negatively 
charged). If you charge two pith balls oppositely by touching one of them with 
the rubber and the other with the cloth or fur, they will have an attraction for 
each other, showing that a force is present. See figure 1-6. You have 
established a dielectric field. If you allowed the bodies to come together 
after having been pulled apart, the energy expended in separating them would be 
regained in the form of force of attraction. This means that energy can be 
stored in a dielectric field. 


hi a | 


UNCHARGED POSITIVELY AND NEGATIVELY 
PITH BALLS CHARGED PITH BALLS 
ATTRACTING EACH OTHER 


fa i 


POSITIVELY CHARGED NEGATIVELY CHARGED 
PITH BALLS PITH BALLS 
REPULSING EACH OTHER REPULSING EACH OTHER 


Figure 1-6. Pith Ball Experimentation With Dielectric Fields. 


Even if you move the negatively charged rubber rod some distance away from the 
cloth or fur, a dielectric field still exists in the space around it. You can 
see it demonstrated by picking up small bits of paper with the rod or by 
charging 
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both of the pith balls from it. The pith balls would then show a force of 
repulsion between them, indicating the pressure of a dielectric field. 


If you use an external force to bring the two charged pith balls closer 
together, work is done, and the force of repulsion is increased due to the 


decrease of the natural distance between the two charged bodies. The energy 
used in decreasing this distance (recovered when you remove the external force) 
will be used in returning the pith balls to their original position. Here 


again, it is shown that energy is necessary to establish a force and that the 
recovered energy has been stored in the field. 


If you isolate one negatively charged pith ball and bring the negatively charged 
rubber rod toward it from any direction, a force or repulsion will be present. 
If the pith ball is positively charged, it will have an attraction for a 
negative charge in any direction. The conclusion is that a dielectric field 
entirely surrounds a charged body. 


The Electroscope. It has been shown experimentally that an electric charge can 
be detected because it attracts light objects such as pith balls, bits of paper, 
etc. 


Any device used for detecting electric charges is called an electroscope. In 
its simplest form, an electroscope consists of a pith ball hanging on the end of 
a silk thread. By touching it with a body of a known charge, you have an 
instrument that can detect charged bodies and that can indicate the type of 
charge (polarity). To illustrate, if you touch the pith ball with a glass rod, 
which has been rubbed with silk, you charge the pith ball positively. Any other 
charged body that is brought near the pith ball will repel it if the body is 
positive or attract it if the body is negative. The force of repulsion or 
attraction indicates the strength of the field surrounding the charged bodies. 


A better and more sensitive device is the leaf electroscope shown in figure 1-7. 
It is two thin sheets of metal foil (usually gold or aluminum) called leaves, 
supported by a wire or stem whose ends pass through a block of sealing wax or 
insulating material to a metal ball or cap. The leaves are usually sealed ina 
glass container to prevent air currents and moisture from affecting the 
instrument. The sensitivity of the instrument depends on several factors, the 
main two being the thickness and the type of material the leaves are made of. 


METAL BALL OR CAP 
INSULATING MATERIAL 


GLASS CONTAINER WIRE OR STEM 


METAL FOIL 
LEAVES 


Figure 1-7. Electroscope. 
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If the ball receives either a positive or a negative charge, it causes the 
leaves to spread apart. The leaves spread because like charges repel. When a 
charge of positive electricity is placed on the leaves, the spread of the leaves 
will increase when the ball is approached by a positively charged body. On the 
other hand, a negatively charged body brought near the ball or cap will decrease 
the spread. 


You can place a charge on the leaves by bringing a charged body near, but 
without making physical contact with, the ball. This is charging by induction. 
As soon as you remove the charged body, the electroscope is no longer charged 
unless you provided some means for it to gain or to lose some electrons while 
the charge was being induced. You can do this by connecting a wire from the 
electroscope to some neutral conducting object, such as ground. Then, if a 
charged body is brought near the electroscope, electrons can leave if the charge 
is negative or enter if the charge is positive. If the wire is disconnected 
before the charged body is removed, the electroscope will remain charged 
oppositely to the charge that induced it. This is charging by conduction 
because the electroscope comes into direct contact with the charged body. 


Conductors and Insulators 


With certain materials, electrons can be quite readily separated from the atom. 
In fact, there is much evidence to show that in some metals there are free 
electrons. Experiments show either that free electrons unattached to atoms do 
exist or that there is a free interchange of orbital electrons between adjacent 
atoms. The effect is the same: at any instant, the metal seems full of free 
electrons. Such material, called a conductor, offers little opposition to the 
movement of electrons between atoms. While, in general, all metals are good 
conductors, silver, gold, copper, and aluminum are particularly good. 


Materials (such as rubber, glass, silk, fur, mica, and air) which have few free 
electrons are classed as insulators. Such materials offer great opposition to 
the movement of electrons between atoms. Materials mentioned previously, on 
which a charge can be placed by rubbing with a dissimilar material, are 
insulators. If the center of a long rubber rod is rubbed with a piece of fur, 
an excess of electrons will locate in the rod's center instead of spreading 
immediately over the whole surface of the rod. 


f, on the other hand, an excess of electrons could be placed at a point on a 
onductor of uniform cross section, they would immediately spread evenly over 
he entire surface of the conductor because of the free movement of the 
lectrons. 


® dtaQaxH 


Since all materials, to some extent, both permit and oppose the movement of 
electrons, there is no such thing as a perfect conductor or a perfect insulator. 
Even though there is no sharp dividing line between conductors and insulators, 
only good conductors are used as conductors and only good insulators are used as 
insulators. 


Distribution of Charges on Objects 


The surface density of a charge on an object depends upon the shape of the 


object (figure 1-8). If you were to touch the charged object with a proof plane 
(a tiny metal plate with an insulated handle), it would remove part of the 
charge of the object. If you were then to bring the proof plane in contact with 


an electroscope, the rise of the electroscope's gold leaves could be taken as a 
measure 
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Figure 1-8. Distribution of Charges on Different Shaped Objects. 


of the charge on the plane, and hence, the charge density of the object. In 
this way, you would find that the density of the charge on the outside of a 
sphere is uniformly distributed. On charged objects other than spheres, the 
greatest density of charge is found on the part which has the greatest curvature 
or sharpest point. Thus, if a tear-drop-shaped object were charged, the 
intensity of the electric field would be greatest in the region of the sharp 
point. The sharper the point, the lower the breakdown voltage for a given 
separation and the sooner a spark will jump across the _ gap. That's why 
lightening rods and some spark gaps are shaped the way they are. 


Electrostatic Shielding 


If you were to take a hollow spherical conductor with a hole in it, you would 
find that, regardless of the amount of charge on the outer surface, there would 
be no charge on the inner surface. You could prove this statement by inserting 
a proof plane into the charged sphere, making contact with the inner surface, 
removing the proof plane, and testing it with an electroscope. If any charge 
were present on the inner surface, a part of it would be transferred to the 
proof plane and the electroscope would show the presence of the charge. This 
experiment has always shown no measurable charge. 


This property of a closed conductor is the basis of electrostatic shielding, 
that is, enclosing circuit elements in metal cans to isolate them from outside 
electric fields. 


MAGNETISM 


There are important relationships between the laws of magnetism and the laws of 
electrical currents. Generation and transmission of large amounts of electrical 
energy on an economical basis is one of the most practical of these 
relationships. A high-speed digital computer is also an example, as well as the 
meter that measures the amount of electrical power used in your home. Since 
magnetism is so important to the field of electricity, you need to be familiar 
with its principles. 
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History and Definition 


The knowledge of magnetism is very old. The early Greeks knew that certain 
stones (lodestones), found in the district of Magnesia in Asia Minor, had the 
apparent magic property of attracting small bits of iron. The reason was the 
ore in these stones, Fe30,, called magnetite for the region magnesia. Soon any 
substance that possessed the property of attracting bits of iron was called a 
magnet. Attracted substances are known as magnetic substances. The phenomenon 
associated with magnets and magnetic materials is known as magnetism. 


Magnets can also be man-made. You do it by stroking a steel bar with one end of 
a lodestone or a magnet or by placing a steel bar in a coil of wire through 
which an electric current is passed. 


Forces Between Poles 


If iron filings were sprinkled over a permanent magnet, the greatest 
concentration of filings would be seen near the end of the magnet (as shown in 
figure 1-9) with practically none near the center. The regions near the ends of 
the bar are called the poles of the magnet, and the line joining the two poles 
is known as the magnet's magnetic axis. 


Figure 1-9. Poles of a Magnet. 


If a bar is suspended horizontally by a string or mounted on a pivot, it will 


line up in roughly a north-south direction. Because one end of the bar magnet 
will always point north, the pole that tends to seek the magnetic north is 
called the north pole (N). The other, which tends to seek the magnetic south, 


is called the south pole (S). Thus, the ends of all bar magnets may be marked 
as north poles or south poles. 


Also, if you mounted bar magnets on pivots (figure 1-10) so that they were free 
to move, you would find that like poles of two magnets would repel each other, 
whereas unlike poles would attract each other. By using long, slender, 
magnetized needles, the north and south poles would be sufficiently separated 
from each other so that the magnitude of the forces between individual poles 


could be measured. This was first done by the French physicist Charles A. 
Coulomb in 1785. By suspending a long needle from a brass wire attached to a 
graduated 
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REPULSION 


~ 
~ > 


ATTRACTION 


Figure 1-10. Repulsion and Attraction of Poles. 


scale, he was able to determine how much mechanical torque had to be applied to 
hold the needle in its zero position when another long magnetic needle was 
brought near it. Coulomb determined that the force of repulsion between two 
north poles was inversely proportional to the square of the distance between 
them. By experimenting with various magnets, he was able to demonstrate that 
different magnets, when at the same distance, from the suspended magnet, 
produced different forces. He was able to assign to each magnet a definite pole 
strength, relative to a standard magnet. He then expressed the results of his 
investigation as: 


where m, and m, are the strengths of the poles of the two magnets, d is the 
distance between poles, and u a constant, which depends mainly on the medium 


between the poles. The quantity mw is called the permeability of the medium. 
When the medium is air, uw is usually considered to be 1. Therefore, w is left 
out of the calculations and the formula resolves to: 


MyM) 
d2 
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As an illustration, compare the forces acting on two bar magnets 15 cm long with 
their north poles 10 cm apart as shown in figure 1-11. Assume the pole strength 
of each magnet to be 400 units. 


j<@—— 15 CM ——1foed— 10 CM feng 15 CM ——to>| 


Figure 1-11. Forces of Repulsion and Attraction. 
Solution: 


Force of repulsion between north poles equals 


400) (400 
(20) (“°) — 1,600 dynes. 
(10) 
Magnetic Fields 
Characteristics. From the preceding discussion, you have seen that forces act 
on bar magnets and magnetic materials brought into the surrounding region of 
another bar magnet. Remember this as you learn the concept of a magnetic field, 


which is a region wherein magnetic forces act. 


A magnetic field surrounds a bar magnet and permeates it. You can see this by 
placing a glass plate over a bar magnet and sprinkling iron filings on the 
glass. By tapping the glass, the iron filings will align themselves with the 
field and will form chains between the north and south poles of the magnet. The 
chains, referred to as magnetic lines of force, are lines indicating the 
direction along which a small magnetic compass tends to align itself. Also, it 
can be seen that the concentrations of iron filings are greatest where the 
magnetic field is most intense. They have a definite direction and may be 
thought of as leaving the north pole and reentering the south pole, and then 
continuing through the magnet from the south pole to the north pole as shown in 
figure 1-12. 


Another interesting effect appears when other magnets are brought into the 
magnetic field of the first magnet. The alignment of iron filings along the 
magnetic lines of force between various magnetic pole combinations is shown in 
figure 1-13. 


Although magnetic lines of force are intangible, they have the following six 
properties: 


1. They are continuous and always form closed loops. 
2. They have a tension (along the direction of the lines) which tends to 
shorten them. Thus, when two unlike poles are brought near each other, the 


lines of force existing between them are brought closer together. 
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Figure 1-12. Magnetic Field About a Bar Magnet. 


WITH THREE BAR 


REPULSION ATTRACTION 


Figure 1-13. Shapes of Magnetic Fields. 
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3. They never cross one another. 

They are conducted by all materials. 

5. When from like poles, they tend to push one another apart when the poles are 
brought near each other. 

6. They concentrate in magnetic materials. 


As 


Strength of Magnetic Fields. If you place a magnetic pole of strength ina 
magnetic field, then from the definition of a magnetic field, a force will act 
upon the pole. The magnitude and direction of this force will vary from point 
to point, which means that the magnetic field must have a definite direction and 
magnitude at each point in space. The direction of a magnetic field is that of 
the force acting upon an isolated north pole. 


The intensity of the magnetic field at any point is defined as the force that 
would be exerted upon a unit north pole if situated at that point. The 
intensity of a magnetic field in which a unit magnetic pole experiences a force 
of one dyne is defined as an oersted (after Hans C. Oersted, a Danish 
physicist). From this definition, if at any point in a magnetic field a pole 
strength of M units has a force of F dynes acting upon it, the field intensity H 
at that point in oersteds will be: 


F 
H =— oersteds. 
M 


Thus, if an isolated pole of 40 units strength, placed at some point ina 
magnetic field, is acted upon by a force of 240 dynes, the field intensity at 
that point is: 


= Es = ad =6 oersteds. 
M 40 
Flux density is a measure of the lines of force per unit of area. The unit of 
flux density, represented by a letter B, is the gauss. One line of force is 
known aS a maxwell. One maxwell per square centimeter represents a flux density 
of one gauss. All of these terms will occur again in your study of electricity. 


Terrestrial Magnetism 


A suspended magnet, in orienting itself in a particular direction at every point 
on or near the earth, shows that the earth is surrounded by a magnetic field. 
You could think of the distribution of this field as being produced by a huge 
bar magnet within the earth, located about 17@ away from the earth's axis and 
having a length much less than the earth's diameter. See figure 1-14. 


Since the magnetic pole is away from the geographic north pole, the compass will 
not point true north (geographic north) over most of the earth's surface. The 
angle the compass makes with the geographical meridian is called the variation 
of the compass (declination). 


The direction of the earth's magnetic field is not horizontal, except at the 
magnetic equator, as you could see if you balanced a magnetized needle on a 
horizontal spindle. This angle between the magnetized needle and the horizontal 
is called the inclination or angle of dip. The angle of dip increases from zero 
at the magnetic equator to 90° at the magnetic poles. 
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Figure 1-14. Earth's Magnetic Field. 


The earth's magnetic field does not remain the same year after year. There are 
daily, annual, and secular (a period of 960 years) changes. Much work has been 
done in attempting to explain terrestrial magnetism, but too little is known 
about the magnetic sources within the earth and atmospheric currents to 
establish a satisfactory theory of the earth's magnetism. 


Theory of Permanent Magnets 


If you took a piece of unmagnetized steel and stroked it with a magnet, it would 
become a permanent magnet. Careful investigation of the process would reveal 
that no material had been transferred to the bar of steel. The effect 
apparently takes place upon something already in the steel bar. 


Again, if we took a magnetized steel bar and cut it in two pieces, we would then 
have two magnets (see figure 1-15), and if the process were continued until 
molecular dimensions were approached, each resulting particle would be a magnet. 


Ea eS) Se 
bistbitbt: 


Figure 1-15. Permanent Magnets Showing Continuity of Polarity. 
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From this you should be able to assume a working hypothesis that the steel bar, 
even in its unmagnetized condition, possesses magnetic particles of molecular 
dimensions distributed throughout the bar randomly. The presence of a magnetic 
field has the effect of aligning these magnetic particles. This is illustrated 
in figure 1-16 where you can see the difference between an unmagnetized bar, and 
a permanent magnet. That poles of a magnet are surface effects reflecting 
internal conditions is called the molecular theory of magnetism. Recent 
experimental work in atomic structure assigns the magnetic properties of iron to 
a large magnetic domain within the atom. 


UNMAGNETIZED MOLECULES MAGNETIZED MOLECULES 
{PERMANENT MAGNET} 


Figure 1-16. Molecular Theory of Magnetism. 


Two other terms commonly used in the discussion of magnetic theory are 
permeability, which is a measure of the relative ease with which magnetic lines 
of force travel within a material, and reluctance, which is the property of a 
medium to resist the passing of lines of force. Reluctance corresponds to 
resistance in an electrodynamic circuit. 


Electromagnetism 


The discovery by Hans C. Oersted in 1820, that a compass needle is deflected 
when placed near an electric current was of fundamental importance in that it 
immediately suggested a connection between electricity and magnetism. The 
magnet (needle) returned to its original position as soon as the current was 
zero, or the needle was deflected in the opposite direction if the current was 


reversed. Since, by definition, a magnetic field is a region where forces act 
on magnets, you can imply that a magnetic field surrounds the current-carrying 
conductor. The magnetic field may be represented by line of force as previously 
mentioned. As with permanent magnets, you can indicate the nature of the field 


about any shaped conductor with iron filings. 


By exploring the field around a very long conductor with a tiny compass needle, 
you will find that the lines of force are circles with their centers in the wire 
(see figure 1-17A). A convenient method of remembering the direction of the 
field about a wire is to recall the left-hand rule. If you mentally grasp the 
wire with the left hand, holding the extended thumb in the direction of the 
electron flow, your fingers circle the wire in the direction of the magnetic 
field. 


The polarity of a coil can also be determined by the left-hand rule. Grasp the 
coil in the left hand so that the fingers follow the direction in which current 
is flowing. The thumb will point to the north pole (see figure 1-17B). In the 
case of a circular loop carrying a current, the flux lines are shown as in 
figure 1-18. 
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FINGERS INDICATE 
DIRECTION OF 
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THUMB POINTS 
IN DIRECTION OF 
CURRENT FLOW 


CURRENT-CARRYING CONDUCTOR. 


+ 


FINGERS POINT IN 


DIRECTION OF 
THUMB POINTS 
CURRENT FLOW TO NORTH POLE 


B. POLARITY OF A COIL. 


Figure 1-17. lLeft-—Hand Rule for Magnetic Fields. 


Figure 1-18. Direction of Flux in a Circular Loop. 
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The magnetic field of a solenoid is shown in figure 1-19. A solenoid can be 
made by winding an insulated wire on a cylinder. On exploring the field, either 
by a compass needle or with iron filings, you will find that the field is quite 
uniform at the center but, near the ends, the lines of force diverge. Each line 
of force, however, is a closed loop. The similarity between the field produced 
by a solenoid and that of a permanent magnet is striking. In fact, a permanent 
magnet can be replaced by a suitable solenoid as far as exterior magnetic 
effects are concerned. The best material for solenoids used to make 
electromagnets is soft iron. 


Figure 1-19. Magnetic Field in a Solenoid. 


On the basis of experimental data, the following important generalization can be 
made: Regardless of its origin, a charge in motion will invariably give rise to 
a magnetic field. 


In the discussion of permanent magnets, you learned that the force between 
magnets was from an interaction between their fields. Hence, if a current has 
its own magnetic field, there will be a force acting on a conductor carrying a 
current when it is placed in a magnetic field. This can be illustrated by the 
following experiment. A solenoid is freely suspended as shown in figure 1-20. 
A magnet is hung near one end of the solenoid. The magnet is held rigidly, and 
a current is sent through the solenoid. The solenoid moves toward the magnet. 
If the current through the solenoid is reversed, the solenoid moves away from 
the magnet. A force is acting on a conductor carrying current when placed ina 
magnetic field. 


Figure 1-20. Solenoid in a Magnetic Field. 
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Figure 1-21A shows a useful way for determining the direction of the force 
exerted on a current-carrying conductor in a magnetic field. Figure 1-21B 
indicates a current flowing toward you, out of the paper, with its associated 
magnetic field, superimposed upon a uniform magnetic field. Figure 1-21C shows 
the effect of the two magnetic fields upon each other. Since the two fields are 
traveling in the same direction on the left, the resultant field is 
strengthened. On the right, the two fields are opposing each other and the 
resultant field is weak-ended. In this case, the net effect is that the 
conductor will tend to move toward the weaker part of the field. 


DIRECTION OF 
FORCE FIELD OF CONDUCTOR 


OPPOSING FIELDS CANCEL EACH OTHER 


FIELD OF MAGNETS 


ELECTRON 
FLOW 


FIELD IN SAME DIRECTION COMBINE TO GIVE A STRONGER FIELD 


&. A CURRENT-CARRYING CONDUCTOR. 


ASSOCIATED MAGNETIC FIELD. C. TWO MAGNETIC FIELDS. 


Figure 1-21. Force on a Conductor in a Magnetic Field. 
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Two parallel current-carrying conductors are shown in figure 1-22. The 
direction of the magnetic lines of force is given by the left-hand rule. If the 
currents are in the same direction, the two fields cancel in the area between 
the two conductors. The conductors tend to move in the direction of the weaker 
magnetic field, and there is attraction between the wires. If the currents are 
in opposite directions, the two fields add between the wires. The conductors 
tend to move in the direction of the weaker magnetic field, and there is 
repulsion. 


SAME DIRECTION 


© 


OPPOSITE DIRECTIONS 


Figure 1-22. Fields Surrounding Two Adjacent Conductors. 


If a conductor is forced to move through a magnetic field, a current is produced 
in the conductor. There is an easy way to determine the direction of this 
induced current. Figure 1-23 shows the relationship between the direction of a 
magnetic field, the direction of motion of a conductor, and the direction on the 
induced current. It is called the left-hand rule for induced current. 


From the foregoing, the following rules can be formulated: 


e Conductors carrying current in the same direction tend to be drawn together; 
conductors carrying current in opposite directions tend to be repelled from 
one another. 


e All electric circuits tend to take a position that will make their currents 
parallel and flow in the same direction. 
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Figure 1-23. The Left-—Hand Rule for Induced Current. 


21 


MM 0703, Lesson 1 


REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. 


22 


What charge will the atom assume if electrons are torn away from a neutral 


atom? 

a. Negative. 
b. Positive. 
(om Zero. 

d. Neutral. 


What is a substance, the basic component of which is a molecule of unlike 


An element. 


atoms? 

a. 

b. A mixture. 
fom Oxygen. 

d. 


A compound. 


In which direction will the current-carrying conductor in figure 1-24 


move? 

a. Left. 
b. Right. 
[om Up. 

d. Down. 


What is an electric current? 


a. Moving electrolyte. 
b. Moving electrodes. 
ona Moving electrolysis. 
d. Moving electrons. 


What action will cause current flow through the conductor in to the page 
in figure 1-25? 


Move 
Move 
Move 
Move 


aaoy 


fie 


ld to right. 


conductor to left. 


fie 


ld up. 


conductor up. 


If conductor X is fixed, in figure 1-26, W will move in what direction? 


Up. 


aaoo 


Down. 


Right. 
Left. 


10. 


Figure 1-24. 
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Figure 1-25. Figure 1-26. 


How is the magnetic field around a current-carrying conductor described? 


aadowo 


Permanent and natural 
Temporary-artificial. 
Permanent-artificial. 
Temporary and natural 


What represents the angle that the compass makes with the geographical 


meridian? 

a. Inclination. 
b. Accident. 

Cx Declination. 
d. Incident. 
What position do 


will satisfy what 


aadoo 


electric circuits tend to take so that their currents 
conditions? 


Be perpendicular and 
Be parallel 
Be parallel 
Be perpendicular and 


and flow 
and flow 


fe 
i 
i 
£ 


low in opposite directions. 


n the same direction. 
n opposite directions. 


low in the same direction. 


A bar magnet with a cross section area of 2 sq cm contains 1,000 lines of 
magnetic force. 


500 


aaoo 


500 maxwell. 


gauss. 


2,000 maxwell. 
2,000 gauss. 


What is the flux density of the magnet? 
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11. 


What is the direction of the resultant magnetic field at point P in figure 
1-27? 


aaa ow 
‘wet le 2 


Figure 1-27. 


12. 


13. 


A magnetic pole of 50 unit poles strength exerts a force of 200 dynes upon 
a second pole 5 cm distance in the air from the first pole. What is the 
strength, in UP (unit poles), of the second pole? 


200. 
198. 
100. 
6. 


aaoyo 


Assume that the magnetic poles are concentrated at the ends of the 
magnets. What force exists between the south poles? See figure 1-28. 


4,000 dynes attraction. 
4,000 dynes repulsion. 
100 dynes attraction. 
100 dynes repulsion. 


aadoo 


}o——1S CH ——tmfer— 10 CM —gtent— 15 CM ——too] 
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Figure 1-28. 
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What is the force of repulsion, in dynes, between the two north poles in 
figure 1-29? (Do not consider forces exerted by the south poles.) Pole 
strength of each magnet is 800 units. 


25,600. 
25,824. 
12,784. 
6,327. 


aaoyo 


jl ——— 20 CH engin faa S Ch —pepa— 20 C4 


—! 


45 1 ——— 


Figure 1-29. 


What is the smallest component into which a compound can be subdivided by 
physical means? 


An electron. 
A proton. 

A molecule. 
An atom. 


aadowo 


How is the resultant field affected by lines of force in the same 
direction in a magnetic field? 


a Reinforced. 
b. Canceled. 

om Attenuated. 
d Neutralized. 


What material is normally used as an insulator? 
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18. What difference exists between balanced atoms of various elements? 
a. Number and arrangement of electrons and protons. 
Ds Number and size of electrons and protons. 
Cy Number and weight of electrons and protons. 
d. Number and polarity of electrons and protons. 
1:9}. What is the unit of measure of magnetic field intensity? 
a. Dyne. 
b. Gauss. 
(one Coulomb. 
d. Oersted. 
20. What is the resulting action when a conductor is moved rapidly through a 


continuous magnetic field? 


a. The magnetic field will be canceled. 

b. The magnetic field will be neutralized. 

fone Current will flow in the conductor. 

d. Current will not flow in the conductor. 
Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise Solutions. If you missed four or more questions, you 


should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 
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Lesson 2 

CIRCUITS 
Task. The skills and knowledge taught in this lesson are common to all missile 
repairer tasks. 
Objectives. When you have completed this lesson, you should be able to explain 


what an electric circuit is, define the standard electrical units of measure, 
and explain and use Ohm's and Kirchoff's laws. 


Conditions. You will have this subcourse book and work without supervision. 
Standard. You must score at least 75 on the end-of-subcourse examination that 
covers this lesson and lessons 1, 3, and 4 (answer 29 of the 38 questions 
correctly). 


AN ELECTRIC CIRCUIT 


Before discussing direct current and the laws which apply to it, you need to 
understand the elements of a direct or alternating circuit as well as 


electromotive force and resistance. An electric circuit is formed when a source 
of electrical potential is connected to an electrical device by means of a 
conductor. Figure 2-1 shows a simple circuit with circuit components. 
Terminology 

Electrical Potential. The potential (in this case, a battery) provides the 
driving force for the circuit. Since the negative terminal of the battery has 


ELECTRON FLOW 


CONDUCTOR LINE ———?| 


ELECTRICAL 
POTENTIAL ———# §) 
(BATTERY) 

+ 


[ 


SWITCH 


ELECTRICAL DEVICE 
(LAMP} 


Figure 2-1. Simple Electrical Circuit. 
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an excess of electrons, as compared to the positive terminal, the electrons move 
from the negative to the positive terminal when there is a completed path. 


Conductor. The item which provides this path for the electrons is the 
conductor. The phenomenon which allows this conduction is at the atomic level. 
Electrons are not readily separated from an atom because they are maintained 
within the atom by the attraction force of the positive nucleus. However, 
electrons are known to exist in a free state apart from the atom. Such 
electrons are called free electrons. Some substances such as copper, silver, 
gold, and aluminum contain great quantities of these electrons and are good 
conductors. Although all conductors offer some opposition to current flow, you 


can assume this opposition is negligible here. 


Electrical Device. In order to use the electrons flowing in the conductor, an 
electrical device must be inserted. As the electrons pass through the device, 
they activate the device. In figure 2-1, the electrical device is a lamp. 


Switch. A switch allows you to start and stop the flow of electrons. When you 
close the switch (start electron flow), a closed circuit is formed, and when you 
open the switch (stopping current flow), an open circuit is formed. 


Fuse. If the electron flow in a circuit is too great, it may damage the 
electrical device or excessively heat the conductors. To prevent this, a fuse 
can be inserted. Excessive electron flow produces sufficient heat to melt the 
fuse and open the circuit, turning it off. A fuse may be considered as an 
automatic safety switch. 


Kinds of Circuits 


Series. Series circuit provides only one path for current to flow. So the 
current flows through the first resistor, then the second, etc. in series. 


Parallel. In a parallel circuit, the current has parallel paths through which 
it can flow. Each resistor has one end connected to the battery, and the other 
end is connected to the other end of the battery. The line current or total 


current leaving the battery must equal the sum of the currents entering the 
parallel branches. 


ELECTRICAL MEASUREMENTS 


In order to learn any more about electrical phenomena, you need to learn the 
five basic electrical quantities and to specify the units by which they are 
measured. Other definitions will be added as the need arises. 


Coulomb 


The unit of electrical charge (the quantity of excess electrons) is called the 
coulomb (C). It is the charge that you would get by collecting approximately 
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6,280,000,000,000,000,000 (6.28 X 101%) free electrons on a single charged body. 
Although this large unit is seldom used in calculations, it is important because 
it is the basis for the definition of other units. 


Ampere 

The unit of electron flow is called the ampere (amp). If one C of charge passes 
a given point on a wire in 1 second, then 1 amp is said to flow. In other 
words, the ampere is a special name given to a C per second. This electron flow 


is called current and is represented by the symbol I, which is an abbreviation 
for "intensity of flow." 


Ohm 
The practical unit of resistance to electric current flow is called the ohm. It 
is that resistance in which 1 volt will maintain a current of 1 amp. The symbol 


for ohms is ©, which is the Greek letter omega. 
Volt 


The unit of electromotive force (pressure) is the volt. It is the force that 
will cause 1 amp to flow through a resistance of 1 Q. Voltage is represented by 
the symbol V or E. 


Watt 

The unit of electrical power is the watt (W). There is one watt of power ina 
1-Q resistor in which a current of 1 amp is flowing. The basic formula is P = 
IE. 


Practical Values of Electrical Terms 


Because it is difficult to visualize the size of these units from the 
definitions, the following information may be helpful. You can get a better 
idea of the size of the C by imagining that, if a charge of 6.8 millionths of a 
C were placed 1 ft from a similar charge, there would be a repelling force of 1 
lb. acting between them. A 100-W light takes about 1 amp of current. The 


resistance of an electric toaster or flat iron is about 25 Q. 


ELECTROMOTIVE FORCE 


As already stated, one requirement of a circuit is a difference of potential or 
electromotive force (EMF). The EMF may be two unequally charged bodies. Ifa 
conductor is placed between them, a current will flow (fig 2-2) for only an 
instant. The difference in potential is then neutralized. To have an effective 
current, an EMF must be provided that will remain constant for relatively long 
periods of time. Batteries or generators are often used for this, with the 
output terminals being the two unequally charged bodies. 
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CONDUCTOR 


ELECTRON 
FLOW 


POSITIVELY NEGATIVELY 
CHARGED CHARGED 


BODY BODY 


Figure 2-2. Electromagnetic Force. 


CURRENT 


To understand the electron flow produced by an EMF, consider the behavior of 
electrons in a copper wire. At any instant, the copper wire has free electrons 
drifting about within the wire. These electrons are attached to the positively 
charged body and repelled by the negatively charged body. The movement of these 
free charges through the copper wire makes an electric current. Current flow, 
as visualized in the electron theory, is illustrated in figure 2-3. AB is a 
conductor, composed of atoms (enlarged many, many thousands of times in the 
illustration), each of which is made up of electrons revolving about its center 
(including free electrons around the outer orbits). When an EMF is impressed 
across AB, electrons tend to transfer from atom to atom, from the A end to the B 
end. This electron movement is current and can be defined as a moving charge. 


RESISTANCE 


Resistance is produced by any device in a circuit which offers a continuous 
opposition to current flow. Energy in some form is dissipated when the EMF 
overcomes this resistance and causes current to flow. In many cases, resistance 
is added in a circuit, not to dissipate useful energy, but to improve overall 
operation. These types of resistors are classified as wire-wound or carbon. 
The wire-wound variety is made of resistance wire such as nichrome, German 
silver, or manganin. Carbon resistors are made by mixing powdered carbon with 
some suitable binder. The mixture is molded into the proper shape. Resistors, 
can be fixed, adjustable, or variable. 


Fixed 


Fixed resistors are used to introduce a constant value of resistance into a 
circuit. The resistor's size and construction is determined by the amount of 
power it dissipates without damage to itself. For low-power requirements, small 
carbon or metalized resistors are used; where heavier dissipation is required, 
larger resistors of wire-wound construction are used. 
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requirements, variable resistors are either carbon or wire-wound. The resistance 
element of the variable resistor is usually circular. The sliding tap (arm), 
which makes contact with it, has a knob and a shaft with which the resistance can 
be smoothly varied. Variable resistors are called rheostats or potentiometers. 


LAWS 


Kirchoff's Laws used with Ohm's Law makes the solutions of many problems very 
simple. Application of Ohm's Law is the same for any circuit. Application of 
Kirchoff's Laws is shown for all three kinds of circuits; series, parallel, and 
series-parallel. 


Ohm's Law 


Ohm's Law states; The current in a circuit is directly proportional to the applied 
potential (voltage) and inversely proportional to the resistance. It is written 
mathematically as follows: 


E 
J=— 
R 
where I = current in amps, 
E = EMF in V, 
R = resistance in Q. 


This law is based on the findings of George Simon Ohm in 1827. It shows that the 
amount of current that flows in a circuit increases if the potential applied is 


increased and decreases if the resistance is increased. It also shows that 
current decreases when the potential applied decreases, and increases if the 
resistance decreases. To further understand Ohm's Law, you have to understand the 
relationships between current, voltage, resistance, and power. Review the 
paragraph, Electrical Measurements, if you are unsure. Table 2-1 shows Ohm's Law 
as applied to direct current (DC) and alternating current (AC) circuits. The next 


lesson is on AC and DC. 


The following are some applications of Ohm's Law. 


Look at figure 2-4. The EMF is 24 V and the resistance is 60 Q. Solve for 
current. 


Step one--copy formula for I: 


pee 
R 


Step two--substitute known values: 


1 24V 
602 


Step three--perform indicated division: 


(Note, in equations, amp can be further abbreviated to A.) 
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Table 2-1. Ohm's Law. 


Formulas For Determining Unknown Values of: 


I R E P 
Current Resistance Voltage Power 


R1=20 OHMS 


t I=,2086 AMPS R3=25 OHMS 


Figure 2-4. A Series Circuit. 


Suppose in figure 2-4, the I is .4 A and the EMF is 24 V. Solve for resistance. 


E 24V 
=—=—_=602 
I 4A 


tf 
Ks 
Fy 


Suppose in figure 2-4, the R is 60 Q, and the I is .4 A. Solve for E 


E= IR= .4 X 600 = 24V. 
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When current flows through a resistor, a voltage is developed across the 


resistor. The voltage developed on a resistor is often called a voltage drop. 
Ohm's Law applies to this voltage drop. Here are some examples. 
Suppose R1 = 20Q and Ip; = .4 A. Solve for Epi, the voltage drop on Rl. 

Epi = Ipi X Ry = -4A X 20 O = BV. 


Suppose Epo = 60V, and R2 = 30 Q. How much is Ip? 


E V 

ge SOY an 
R, 30Q 

Suppose Erp3 = 20 V and Ip3 = 2A. How much is R3? 


R; ae AGG 
2A 


Kirchoff's Laws 
Kirchoff's Laws are also used to solve for voltages, currents and resistances. 


Current. Kirchoff's Law for current is that the sum of the currents entering a 
point is equal to the sum of the currents leaving a point. 


In a series circuit there is only one path for current to flow, so I7 = Ipi = 


Ino = Ip3 etc. 


In figure 2-4, if the total current flowing is .4 A, then Ipj, the current 


flowing in Rl, is .4A; Ipo, the current flowing in R2, is .4 A; and Ip3, the 
current flowing in R3, is .4A. 


In figure 2-5 is a parallel circuit. In it, according to Kirchoff, 


It = Ir1 + Ir2- 


Let 
Ir1 = -2A 
and 
Ir? = .6A 
Then 
Ip = 2A + .6A — .8A. 
In the series-parallel circuit, shown in figure 2-6, R3 is a series resistor. 
Rl is in parallel R2. R3 is called a series resistor because it is the only 
path through which line current (total current) can flow into the circuit. RL 
and R2 make up a parallel combination. The current leaving R3 enters R1 and R2, 


two parallel paths for current to flow. That is, I3 = I7¢ and Ij + Ig = Ip. 


In figure 2-6, 


let 

Ip = .5A, 
then 

I3 = .oA 
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Ri= Re= 


20 OHMS 40 OHMS 


Figure 2-5. A Parallel Circuit. 


R3= 
20 OHMS 


R1= 


20 OHMS 


Figure 2-6. A Combination Series-—Parallel Circuit. 


Then let 
Ta) = .3A 
and 
Io = .2A. 
Then 
Ip = 14 + Ip = .3A + .2A = .5A 


Voltage. Kirchoff's Law for voltage is that the sum of the voltages in a loop 
equals the applied voltage (EMF). A loop is one complete path for current flow 
from the negative side of the battery, through the circuit, and back to the 
positive side of the battery. 
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For the series circuit in figure 2-4: Ep; + Epo + Ep3 = EY (Eq or EMF). 


For example, 


let 
Eri = 8V, 
ErR2 = 12V, 
ER3 = 4V. 
Then 


En, = Ep, + Epp + Eng = 8V + 12V + 4V = 24V. 


For the parallel circuit in figure 2-5: Ep, = Eq because R1 is the only resistor 
in its loop. Likewise Ep9 = Eq for R2 is the only resistor in its loop. So Eq 
= El = E2. 


For example, 


let 

Eq = 24V. 
Then 

Eri = 24V, 
and 

Ep? = 24V. 


For the series-parallel circuit of figure 2-6: Ep3 + Epy 


Eq because R3 and R1 


are the only resistors in their loop. Likewise Ep3 + Epo = Eg. 
For example, 
let 
and 
ER? = 30V. 
Then 
Ea = ER3 + ER? = 15V + 30V = 45V. 
Resistance. Kirchoff's Laws for resistance follow from the laws for current and 
voltage. Actually Kirchoff stated only two laws, one for voltage and one for 
current. The principles for resistance are mathematical derivations from 


Kirchoff's Laws for voltage and current. 


In a series circuit, total resistance equals the sum of the individual 
resistances. That is, in figure 2-4, Rr = R1 + R2 + R3. 


For example in figure 2-4, 


let 
Ry = 200, 
Rg = 30Q, 
and 
R3 = 10Q. 
Then 
RT = Ry + Ro + RZ = 200 + 300 + 109 = 6002. 
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In a parallel circuit, the total resistance equals the reciprocal of the sum of 
the reciprocals of the resistors. (Recall that the reciprocal of a number is 
one divided by that number.) 


So, in figure 2-5, 
1 
1 1 
— + —— 
R, Ry, 
This is called the reciprocal formula for total resistance of resistors in 
parallel. 


R= 


For example in figure 2-5, 


let 
Ry = 120Q 
and 
Rog = 400 
Then 
1 1 1 
RT= = = 
11 1 1 La 
R, R, 120 40 120 120 
1 12 12 
RT= =1 X oe B45 
ea 4 
120 
If there are only two resistors in parallel, then the reciprocal becomes 
ROR ay shown here: 
R,+R, 
1 1 1 
RT= a = 
11 Ro, R, R,+R, 
R Rs RXR, RikRe RRs 
Brats Ra Bi Ra 


R,+R, R,+R, 
This is known as the product-over-the-sum formula for two resistances in 
parallel. 


If all the resistors in parallel are equal, the reciprocal formula becomes RT = 
Rl Rp, where Rl is value of one resistor, and R, is number of resistors. 


Proof: In figure 2-5 if Rl = R2, then the reciprocal formula 


1 
2 
—— + — jae 
R, 


This is known as the equal value formula for resistance of equal resistors in 
parallel. 
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Series-parallel circuit resistance is found by adding resistance of series 
resistors to the equivalent resistance of combinations. Combinations may be 
resistors in parallel or in series with each other but not with the battery. 


The symbol for the equivalent resistance of the combination of Rl and R2 in 
parallel with each other may be Reql, 2 or Rygyz, 2 or Roar Eye “2% The tags of 


schematic numbers may be omitted if there is only one combination in the 
errcuit. 


In figure 2-6, 


let 
Rap = 100Q, 
RQ = 150Q, 
and 
R3 = 300. 
Then 
Rp = R1 + Req?2, 3 (Kirchoff's Law). 
Now, 
R,xR 
Reqo3 = —!"—* (product — over — the — sum) 
ith 
Substituting 
100x150 15,000 
€q73= = = 60Q 
“1004+ 150 250 
So, 
Rr + Ro + 60Q = 9002. 
POWER 
Power is work done. Power is a product of voltage and current. The formulas 
for power are 
P=EI 
P=I°R 
F2 
P=— 
R 
The most commonly used are EI and I’R. I’R losses is a term commonly used by 


electric power companies transferring power through miles of wire from the 
generator on a dam toa city. 


The basic unit of measurement of power is the watt. Standard units are kilowatt 
(kW), megawatt (MW), milliwatt (mW), and microwatt (UW). 


Power dissipated is power used (consumed) by resistance. It may be in the form 
of heat, as in a toaster, oven, or iron. The power ratings of components in 
electrical circuits are often 2-1/2 times as much as would be dissipated in the 
Cireult.s 


To find total power dissipated by a circuit, whether it is series, parallel, or 
series-parallel; simply add the powers dissipated by each resistor. 
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SPECIAL—-CASE PROBLEM SOLVING 

Ohm's law, as previously stated, is 
Where: is the current in amperes, 
is the EMF in volts, 

is the resistance in ohms, 
is the power in watts, 


aN R Ee E=IR, then P=EI 
R I 


UD AH 


ol 


Problem 1. Find the total resistance of the circuit in figure 2-7. 


Solution: 
Rr = R1 + R2 + R3 = 20 + 30 + 10 = 600 


Problem 2. Find the total current flowing in the circuit in figure 2-7. 


Given: 
Ep = 24V Rr = 60Q 
Solution: 
E 
[ec= 
R 
24 
IT =— = 4amp 
60 
Problem 3. Find the voltage drops across each resistor in the circuit in figure 
257% 
Solution: 
E = IR 
Solving for Epj, B= .4 x 20 =8 V 
Solving for Epo, E= .4 x 30 = 12 V. 
Solving for Ep3, E= .4 X10 =4 Vv. 


Assuming E, = 24 V, E,W = E + £E + £E =8 +12+42=12 V. 
b b R1 R2 R3 


R1=20 OHMS 


R2=30 OHMS 


R3=10 OHMS 


Figure 2-7. Series Circuit for Problems 1, 2, and 3. 
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Problem 4. Find the value of R3 in the circuit of figure 2-8. 


Given: 
E = 24V 
I = .5 amp 


With E and I known, you can solve for RT. 


Solution: 


Rae 
I 


RT === =480 


Then, 
R3 = Rt RL R2 = 48 10 = 8Q. 


Problem 5. Prove that Ey, in the circuit in figure 2-8 equals 24 V. 


Given: 
I = .5 amp 
R = 48Q 


Solution: 
E = IR 
EQ = -5 X 48 = 24V 


Problem 6. Find the total resistance in the circuit of figure 2-9. 


Given: 
E = 24V 
I = 6 amps 


Solution: 
E 
R=— 
I 
24 
RT =— =4Q 
6 
Problem 7. Solve for the resistance of R3 in the circuit of figure 2-9. 
Several methods could be used in this problem. First determine what information 
is known. Total resistance (solved in problem 6), total current, and the 


R1=20 OHMS 


R@=20 OHMS 


Figure 2-8. Series Circuit for Problems 4 and 5. 
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applied voltage are all known values. Referring to Kirchoff's law (current 
coming out of a branch is equal to the current entering the branch), at point A 
there are 6 amps of current and at point B there must be this same 6 amps of 
current. Notice at point A there are three paths for current flow. The same 
voltage (potential) is felt across each path. 


Given: 
where 


Ty = Ini + Ino + Ip3, 
Solution: 


24 
Ip) =— = 2.4am 
RI 10 Pp 


24 
Ipo =— =1.2am 
R276 Pp 


Then, 
IR3 = 1 T Ir1 Ir? = 6 2.4 1.2 = 2.4 amp. 
R3=—24 =100 
2.4 
or 
RT= 1 1 - 1 _ ol 
1 1 1 1 1 1 2 1 2 5 
+—+ +—+ +—4 
RI R2 R3 10 20 10 20 20 20 = 20 
pean 
5 
Problem 8. Find the total power consumed in the circuit of figure 2-9; 
Solution. 
P= 15 
Pp = Ip = 6 X 24 = 144W, 
or 


Pp = I°R = 36 X 4 = 144W, 


or 


POINT A 


1425 AMPS 


Riz Re= 
ae Ey Pet V 10 OHMS 20 OHMS 


POINT B 


Figure 2-9. Parallel Circuit for Problems 6, 7, and 8. 
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Problem 9. Find the total resistance of the series-parallel circuit in figure 
21.04 The first problem is to find the equivalent resistance of R2 and R3, 
which are in parallel. Once you find this value, the resistance of the branch 


is referred to as RA then, 


Solution: 
_ R2xR3 20x20 — 400 
R2+R3 20+20 £40 


With the value of RA known, the circuit can be handled as a series circuit 
in calculating the total resistance: 


" =10Q 


Rp = RI + Ra + R4 = 10 + 10 + 20 = 409. 


Problem 10. Find the current flowing in the circuit of figure 2-10; 


Solution: 
E 
I=— 
R 
E 24 
I; == S.6amp 
Ry; 40 
Problem 11. Find the voltage drop across each resistor or branch in the circuit 


of figure 2-10; 


Solution: 
EF = IR. 
ER] = -6 X 10 = 6V 
ERA = .6 X 10 = 6V 


R1=10 OHMS 


R35 
20 OHMS 


R4=20 OHMS 


Figure 2-10. Series-Parallel Circuit for Problems 9, 10, 11, and 12. 
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Problem 12. Find the current flow through R2 and R3 (figure 2-10). 


Iy = Ip? t IpR3 = 3+ .3 = .6 amp 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. What is the basic power formula? 
I 
a P=— 
E 
E 
b P=— 
A 
om P = IE. 
d. P = EBA. 
2. What is the unit of electrical power? 
a. The ampere. 
b. The gauss. 
on The volt. 
d. The watt. 
3 What symbol represents current? 
a R. 
b i Bee 
Cc P35 
d A. 
4. What is the unit of electromotive force? 
a. The coulomb. 
be The ampere. 
cy The watt. 
d. The volt. 
5% What is the total resistance of the parallel circuit containing 


of 10 QO and 15 Q? 


aao»ao» 
He 
As 
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What is the electrical resistance formula? 


a Ree 
I 
b. Reo 
E 
E 
c R=— 
I 
d Rex 
Ww 


What is the total resistance of a parallel circuit containing five 40-Q 
resistors? 


a. 8. 

b. 16. 

ey 32. 

as 64. 

A circuit consumes 5 W of power from a potential of 50 V. What is the 


resistance, in Q, of this circuit? 


25. 
250. 
500. 
5,000. 


aaa 


What potential, in V, will cause .2 amps of current to flow through 1,000 
Q of resistance? 


30. 
200. 
300. 
2,000. 


aaoyo 


What is the total resistance in © in figure 2-11? 


40. 
70. 
100. 
130. 


aadoo 
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R1=60 OHMS 


R2=10 OHMS 


R3=30 OHMS 


Figure 2-11. 


dad, 


12. 


13. 


14. 


ioe 


46 


How 


aaa 


an 


Ow 


aaowo 


How 


aadoo 


any 


Ow 


aadowo 


an 


Ow 


aadaowo 


much current, in amps, will flow in the circuit in figure 2-11? 


much power in W, is consumed in the circuit in figure 


Dire 
oe 


many V are dropped across resistor Rl in figure 2-11? 


30. 
32. 
40. 
42. 


much power, in W, is dissipated across resistor Rl in 

5s 
10. 
15:3 
20:3 


much power, in W, is dissipated across resistor R3 in 


2s 
aes 
nor 


rPoONAW 


2 =U? 


figure 2-11? 


figure 2-11? 


16. 


17. 


18. 
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What is the total resistance in Q in figure 2-12? 


aado wo 


aaon»oo 
i) 


How much power, in W, is dissipated across resistor R3 in figure 2-12? 


10. 
20. 
30. 
40. 


aaoo 


What is the total power, in W, consumed by the circuit in figure 2-12? 


40. 
60. 
80. 
100. 


aadoo 


Figure 2-12. 
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20. What is the Ohms Law formula for computing current? 
E 
a l=— 
R 
R 
b. l=— 
E 
E 
c [=— 
Vv 
Vv 
d. J=— 
E 


Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise solutions. If you missed five or more questions, you 


should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 
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Lesson 3 


DIRECT AND ALTERNATING CURRENTS 


Task. The skills and knowledge taught in this lesson are common to all missile 
repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain 
the characteristics of direct and alternating currents; the generation of a 
sine wave of voltage or current; vector representation of a sine wave; and 
peak, average, and effective values of alternating current. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that 


covers this lesson and lessons 1, 2, and 4 (answer 27 of the 38 questions 
correctly). 


DEFINITION 
Direct Current 


A direct current (DC) exists when a number of electrons move in one direction 
only, from a point of low potential to a point of high potential. For example, 
when the circuit of a flashlight is completed by the switch, electrons continue 
to move from the negative terminal toward the positive terminals through the 
filament of the bulb, as long as the switch is on. 


Alternating Current 


In an alternating-current (AC) circuit, the electrons move through the circuit 
in one direction for a short period of time, and then move back in the other 
direction for a like period of time, changing direction at definite intervals. 
It is this characteristic that gives it its name. The electrons also move 
toward a point of higher potential, but this point changes from one side of the 
circuit to the other. In other words, the polarity of the applied alternating 
voltage changes causing the direction of current flow to change. The two 
systems are illustrated in figure 3-1. 


AC CIRCUIT De CIRCUIT 


Figure 3-1. AC and DC Circuits. 
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History 


In the beginning of the electrical age, only DC existed. It worked well because 
energy was consumed relatively close to where it was generated. However, as the 
demand for electric energy increased, energy had to be transmitted over greater 
distances. Because power is lost in long-distance lines, DC had to be improved 
upon. 


The solution to the problem came on August 31, 1831, when Michael Faraday wound 
two separate coils of wire upon an iron ring. The ends of one coil were 
connected to a battery and switch. The ends of the other coil were joined by a 
long wire, which passed over a compass needle. When the switch was closed 
completing the battery circuit, the compass needle moved, then oscillated back 
and forth, and finally stopped in its original position. When the switch was 
opened, the needle again moved, in the opposite direction, oscillated, and came 
to rest. This momentary flow of current was completely unexpected, and Faraday 
had difficulty explaining it. Later he showed that magnetic and electrical 
actions were reciprocal because it is necessary for electricity to move before a 
magnetic effect is produced, and it is necessary for magnetism to move (or 


change) before an electrical effect is produced. Based on this discovery, AC 
systems were soon developed that greatly reduced this power loss during 
transmission. Alternating current systems work so well, they are now used 


almost exclusively in powerlines. 


All forms of communications are based upon variations in the AC transmitting 
medium that can, for instance, mirror the variation in sound waves your voice 


produces. In order to communicate by telephone or radio, sound waves must be 
made to cause electrical variations in the transmitter and receiver. 
Alternating currents can accommodate these electrical variations. Thus can the 


intelligence in the sound waves be transmitted electrically. 


Direct current is simple, but the generation and characteristics of AC are 
complex. The rest of this lesson is on AC. 


GENERATION OF CURRENT AND 
VOLTAGE BY AN AC SYSTEM 


Principles 

An AC generator converts mechanical energy into electrical energy. It does this 
by the principle of electromagnetic induction. A review of this principal 
follows. 


In the section on magnetism, you learned that a current-carrying conductor 
produces a magnetic field around itself. You also learned that when a current-— 
carrying conductor is placed in a magnetic field, a force acts on the conductor. 
This force is perpendicular to the conductor and to the lines of force in the 
magnetic field. Conversely, if a conductor is moved across the lines of force 
in a magnetic field, current is caused to flow in the conductor. This current 
flow also results when the magnetic field is moved with respect to the conductor 
or when both are moved with respect to each other. 


50 


MM0703, Lesson 3 


The direction of current flow depends upon the relative motion of the conductor 
and magnetic field. The amount of current depends upon the strength of the 
field, speed of relative motion of the conductor and field, and the angle at 
which the conductor cuts the magnetic lines of force (flux). 


Even though current flows through the conductor because the conductor is in 


motion in a magnetic field, current does not just happen to flow. There must be 
an EMF applied first. Experiments seem to indicate that an EMF is induced into 
the conductor from the magnetic lines of force when they are broken by the 
conductor. This induced EMF forces the free electrons within the conductor to 
move. 

The motion is as indicated by the left-hand rule. Recall from lesson 1 that it 
is used to determine the direction of current in a conductor. This rule is 


illustrated in figure 3-2, showing lines of force in a magnetic field. 


CURRENT FLOW 


Figure 3-2. lLeft-Hand Rule Illustrating Current Flow in a Wire, Moving Through 
a Magnetic Field and Altering Fields of Force. 


51 


MM0703, Lesson 3 


Generation of AC Voltage 


The amount of voltage induced in a coil is dependent upon these factors: 
strength of the magnetic field, number of turns in the coil, and angle at which 
the coil cuts the lines of force. 


Any movement of the coil in figure 3-3 would induce a voltage in the coil, since 
it would be cutting the lines of force between the magnetic poles. In figure 3- 
3A, this single turn coil is at rest in position AB. As the coil rotates in a 
counterclockwise direction from A toward A' in figure 3-3B, the winding of the 
coil breaks the lines of force at right angles. This induces a maximum voltage 
into the coil. 


TEPEEE Ep Theo eRCT TD LUA 7 a TODEUEaggttR 


(ULSMURFELTTIT LD JOU CU Ale, THVT 


REPU LU LIGHEBI TELE LIRRF 4 Be tiy TiLneeephzazeree EEnate terete 


B. COIL ROTATING. 


Figure 3-3. AC Generator. 


The polarity of the induced voltage depends upon the direction in which the 


field of force is cut. Side A of the coil cuts the lines of force in an upward 
direction, and side B, at the same instant, cuts the lines of force in a 
downward direction, producing different polarities. Side A has the negative 


polarity; side B has a positive polarity. With an external circuit connected to 
the coil, current would flow from side A through the external circuit to side B. 
The current inside the coil is from B to A. As the coil rotates from A to A', 
the angle at which the coil cuts the lines of force is decreased from 90 degrees 
to O degrees. As the angle decreases, the magnitude of the induced voltage 
decreases until at A'B' the loop is not cutting any lines of force because it is 
moving parallel to them. At A'B' there is no induced voltage. As the coil 
continues to rotate, side A moves in a downward direction and side B in an 
upward direction. The voltage and current flow is of opposite polarity to that 
which was induced originally. This action explains the first two important 
concepts of AC: the current is periodically reversing, and the instantaneous 
values of the current and voltage are constantly changing. 
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You have seen that a voltage is induced in a conductor if there is relative 
motion between the conductor and a magnetic field. A machine in which the 
magnetic field is provided by a permanent magnet is called a magneto. If the 
magnetic field is provided by an electromagnet, the machine is called a dynamo. 
The part of the machine which contains the conductors is called the armature. 
The motion, which causes the induced voltage, can come by rotating the armature, 
the field, or both. 


A generator is a magneto or dynamo which converts mechanical energy to 
electrical energy. The mechanical energy is supplied by a motor. A motor is a 
magneto or dynamo that changes electrical energy to mechanical energy or motion. 


A simplified generator is shown in figure 3-4. The armature is a rectangular 
coil rotating between the poles of an electromagnet. (The motor that drives the 
armature is omitted from the figure.) AB and CD may be considered to be two 
conductors at the bottom and top of the coil connected to two rings called slip 
rings or collector rings. These rings are mounted on and rotate with the 
armature. They make contact with the outer circuit through brushes X and Y. 
The load on the generator is represented by the resistance R. 


As the coil rotates about an axis perpendicular to the magnetic field, in figure 
3-4, it cuts lines of force and induces a voltage. In the position shown, no 
voltage is being induced because the conductors AB and CD are moving parallel to 
the magnetic field, and no lines of force are being cut. As the coil rotates 
counterclockwise, AB moves up and CD moves down. By the left-hand 


CURRENT 
——— 
FLOW 


SLIP RINGS 


Figure 3-4. Simplified AC Generator. 
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rule, you can determine that the induced voltage causes electrons to flow from A 
toward B, in AB, and from C toward D, in CD. Through the outer circuit (R), 
current flows from Y to X back through the brushes to the conductors. Thus, a 
complete path is formed for the current with the voltages induced in AB and CD 
in series. As the coil reaches the point where AB is moving down and CD up, the 
direction of the electron flow reverses in the conductors and in the outer 
circuit, Since the currents reverse in conductors AB and CD at the same time, 
and since the voltage induced in AB is in series with the voltage induced in CD, 
you can consider them as one conductor for purposes of explanation. 


Study an end view of this conductor taken at 45 degree intervals as the coil is 
rotated. Figure 3-5 shows the conductor rotating clockwise in a magnetic field 
whose flux lines are from left to right. The entire process is repeated every 
time the conductor makes a complete revolution. 


Figure 3-5. End View of a Conductor Rotating Clockwise in a Magnetic Field. 


At A. The conductor is traveling parallel to the flux lines; no lines are being 
cut, and the induced voltage is zero. 


From A to B. As the conductor travels from A to B, the number of flux lines 
being cut per second is increasing; the induced voltage is increasing. 


From B to C. The induced voltage continues to increase until C, the maximum. 
At this point, the conductor is moving perpendicular to the flux lines and 
cutting a maximum number per second. 


From C to D. The number of flux lines being cut per second gradually decreases 
until point D is reached. At D, the voltage induced is the same as at B. 


From D to E. The induced voltage continues to decrease until, at E, it is zero 
again. At this point, the conductor is again moving parallel to the flux lines. 


From E to F. The conductor is now moving upward. The induced voltage is, 
therefore, in the opposite direction. It increases from zero until, at F, it is 
equal in magnitude and opposite in polarity to the induced voltage at B or D. 
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From F to G. The induced voltage increases until the maximum, at G; this 
maximum is in a direction opposite to that at C. 


From G to H. The voltage decreases until, at H, it is equal to that at F. 


From H to A. The decrease continues until the conductor returns to its starting 
position, at A, where the induced voltage is again zero. 


If you make a graph of the voltage induced in the conductor at the various 
points discussed above, you will get a curve (figure 3-6). Plot the various 
points in degrees along the horizontal axis and the magnitude of the voltage 
induced at each point along the vertical axis. Use the horizontal axis as a 
reference for zero voltage. Consider the voltage induced in one direction as 
positive and that in the opposite direction as negative. 


180 22S 270 315 


Figure 3-6. Induced Voltage. 


The curve is similar to one developed in mathematics for the variations of the 
sine function of an angle as the angle is increased. Since this function is 
called a sine, the curve is known as a sine wave. It can also be used to 
represent the voltage or current produced by a generator of the type discussed. 
Because this output periodically changes its direction, it is called alternating 


current, and the generator is an AC generator. Figure 3-7 illustrates a simple 
AC generator with its armature in various positions. The sine wave of voltage 
generated in one revolution of the armature is also shown. Compare armature 
positions that differ by 180 degrees, and see that the current has reversed 
itself. The usefulness of representing AC generation this way is discussed 
next. 


GRAPHIC REPRESENTATION OF AC 


In order to represent this action in graphic form, two factors have to be taken 
into consideration. One, the voltage and current are building up from zero to 
maximum, first in a positive direction, and then in a negative direction. Thus, 
voltage or current can be represented by the projections of a rotating vector. 
Two, it takes time to complete this action. You will find vectors quite useful 
in the section of this course that deals with the effects of capacitors and 
inductors on AC circuits. They are used to determine AC impedance’s and 
currents, as well as voltages. Vectors are discussed in detail in the first 
subcourse of this three-part series. 
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Figure 3-7. Generation of AC Voltage. 


Different positions of the vector are shown in the circles of figure 3-8. Start 
the vector in the horizontal position, as shown at the top, and rotate it 
counterclockwise. Each position shown occurs after the vector has rotated 45 
degrees from the preceding position. Since it takes time for the vector to 


rotate, AC voltage can be represented graphically with the horizontal line 
representing time and the vertical values representing the amounts of voltage, 
at any time, during the rotation. The length of the vector represents the peak, 
or maximum, value of the voltage obtained; so, the vertical distance from the 
end of the vector to the horizontal line will represent the voltage being 
generated at that instant. 


Figure 3-8 shows the development of the graph of the different values of 


voltages for each position of the vector. In labeling the time values along the 
horizontal line, the graph starts at the left with zero time. Each point along 
the time axis indicates the time elapsed since zero time. For example, if it 


takes 1 sec to make one complete revolution, the graph can be labeled as shown 
in figure 3-9. Figure 3-10 combines figures 3-8 and 3-9. 
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Figure 3-8. Generation of Sine Wave as Represented by a Rotating Vector. 


Figure 3-9. One Cycle per Second. 


UNIT VECTOR (R) 


13S° 160° 2@2S° a70° 315° 350° 


ROTATION 
OF UNIT VECTOR 


Figure 3-10. A Sine Wave in Time. 
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Actually, an ordinary AC generator rotates many times a second so the time 
values become very small fractions. Generally, the values along the time axis 
are in terms of the number of degrees completed since the start of the graph. 
The values on the time axis may be represented in radians as well as degrees 
(figure 3-11). The term radian is explained in the first subcourse of this 
three-part series. 


ARC AB=r 
6=1 RADIAN 


RADIAN 


a ONE CYCLE ———+ 


DEGREES. 


1BO° 225° 270° 315* 360° 


Figure 3-11. Relationship of Radians to Degrees. 


The radian, like the degree (°), is a measure of angular distance. Refer to 
figure 3-11, as you read the following explanation of the radian. This figure 
shows a circle having its center at O and a radius, r. An arc AB, equal in 
length to r, is laid off on the circumference of the circle. The ends of the 
arc AB are connected to the center of the circle with straight lines AO and BO. 
The angle 8, thus formed by AOB, is equal to one radian. The radian is defined 
as the angle subtended by the arc of a circle equal in length to the radius of 
the circle. There are 2m radians in a circle. In mathematics, mt is a constant 
which is equal to 3.14. Understanding the graphing of AC will make the 


following characteristics and illustrations of AC easier to understand. 
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FREQUENCY OF AC VOLTAGE AND CURRENT WAVES 


The graph of figure 3-11 shows the correlation of radians and degrees for one 
revolution of a circle. Since this same process is repeated many times, one 
revolution is referred to as a cycle. Half of a cycle is an alternation. In 
figure 3-11, all values of the wave between 0 degrees and 180 degrees are above 
the zero reference line; therefore, that portion of the wave is called the 
positive alternation. The portion between 180 degrees and 360 degrees is the 
negative alternation. 


Recall the graph in figure 3-9. It shows what happens when it takes one sec to 
complete a cycle. This is referred to as one cycle per second and is expressed 
with the term hertz, abbreviated Hz. The AC voltage used in house lighting is 
60 Hz. The number of cycles per second of an AC voltage or current is its 
frequency. The time required to complete one cycle is the period (P = 1/f). 
The period of a 60 Hz voltage is 1/60 sec. 


Every AC voltage generated has some frequency. The frequency studied in this 
course will range from about 16 to 20 Hz, up into the millions of Hz. The 
frequencies within this spectrum have many uses (figure 3-12). Most electricity 
is used for lights, motors, heating devices, etc. When electricity is used for 
power, its frequency is termed power frequency. The most commonly used power 
frequency is 60 Hz. The lowest frequencies, between 20 Hz and 20,000 Hz, are 


termed audio frequencies, for these are frequencies of vibration that can be 
heard. For instance, if an AC current, whose frequency is 400 Hz, flows through 
a voice coil of a loudspeaker, the loudspeaker diaphragm vibrates accordingly 
producing an audible tone whose frequency is 400 vibrations per second. 
However, there is a limit to how high a frequency the human ear can hear. This 
limit for the normal ear is about 15,000 Hz. 


AUDIBILE ULTRA BROADCAST TELEVISION 
SOUND SOUND 


Figure 3-12. Frequency Spectrum. 
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Frequencies above the audio range are in the thousands and millions of Hz. For 
convenience, the expression, a thousand Hz, is shortened to a kilohertz (KHz); 
twenty thousand Hz, then, would be 20 KHz. Megahertz (MHz) represent millions 


of Hz; therefore, 30 MHz means 30 million Hz. The frequency spectrum shown in 
figure 3-12 is divided into ranges as follows: 

L-F = low frequencies. 

M-F = medium frequencies. 

H-F = high frequencies. 

VHF = very high frequencies. 

UHF = ultra high frequencies. 

SHF = super high frequencies. 


The numbers 1,000m, 100m, 10m, etc., in figure 3-12, refer to the wavelength of 
the frequencies in meters. For example, one cycle of a voltage which has a 
frequency of 300 KHz has a length of 1,000m. The length of one cycle of a wave 
of 3 x 104 MHz frequency is one centimeter (cm) which is equal to 1/100 of a 
meter. You will notice that the wavelength becomes shorter as the frequency 
becomes greater. Compare the wavelength of 3 MHz and 30 MHz. On figure 3-12, 
the 3 MHz frequency has a wavelength of 100 meters, but the 30 MHz frequency has 
a wavelength of only 10m. This is because of the relationship between frequency 
and period, which was discussed earlier in this lesson. 


ANGULAR MOTION 


The linear velocity of a point is the rate at which the point travels along a 


straight line. The unit of velocity is the distance traveled in a unit of time 
when the motion of the point is uniform, such as miles per hour (mph), feet per 
second (fps), and centimeters per second (cps). The same concept is used to 


measure and define angular velocity. 


In figure 3-13, the radius vector (r) is turning about the origin in a 
counterclockwise direction to generate an angle theta, 0. The angular velocity 
of such a rotating vector is the rate at which an angle is generated by 
rotation. When the rotation is uniform, such as in an AC generator, the unit of 
angular velocity is the angle generated per unit of time. Thus, angular 
velocity is measured in degrees per second of radians per second. 


Radians per second is the more widely used measure of angular velocity. When a 
rotating vector has completed one revolution, it has gone through an angle of 27 
radians. The letter f is used as the abbreviation for the frequency of an AC 
voltage or current. A rotating vector, then, representing AC, completes f 
revolutions per second. The angular velocity in radians per second is the 


number of cycles per second (f) times the number of radians in one cycle (2m). 
Two m times f, therefore, is the angular velocity in radians per second. The 
angular velocity in radians per second is denoted by the Greek symbol omega (). 


Expressed in a formula, © = 2nmf radians per second. Find the angular velocity 


of a vector representing 60 Hz AC. Using 3.14 for mt, omega = 2m X f = 2 X 3.14 
X 60 = 376.8 radians per second. 


The linear distance covered by a point of object moving in a particular 
direction is its velocity multiplied by the time it has been moving. Similarly, 
the 
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Figure 3-13. Rotating Vector Generating an Angle 


angular distance covered by a rotating vector in seconds is its angular velocity 
(2m x £) times the time (t). This angular distance is the total angle 
generated. Then, 0=w x t = 2n x f x t radians. Find the angle generated by a 
60 Hz AC in 0.01 sec: 0 = 2m x £ x t = 2 x 3.14 x 60 x .01 = 3.768 radians. 
Now, find what the angle is in degrees, 9 = 360° x £ x t degrees. The angle in 
the problem is 90 = 360° x 60 x .01 = 216°. 


AMPLITUDE 


Determining Amplitude 


A graph of the sine values of the different angles, 0 degrees through 360°, 
using the horizontal axis to represent the angles and the vertical axis to 


represent the sine values, follows the same pattern as the graph of AC. There 
is a direct relationship here between the vertical axis and the angle. The 
vertical projection, y, of the end of a rotating vector, r, in terms of the 
generated angle, 9 is y = r sin 0. (Refer to figures 3-10 and 3-13.) Y is the 
opposite side of a right triangle where the angle O and hypotenuse (r) are known 
and the opposite side is computed. The solution of right triangles was covered 
in the first subcourse of this series, MMO702. This y from any angle is the 
amplitude of the wave. The amplitude of a sine wave varies as the sine of the 
angle. 


Similar equations can be written about the values of AC current and AC voltage 
at any instant. The formula for these instantaneous values of voltage is: e= 


Emax * Sin 0. E,s, stands for the maximum voltage induced. To illustrate the 


ma ma 
above equation, a certain generator induces a peak (maximum) voltage of 100 V. 
What is the induced voltage at 30° after the time the voltage is zero? The 
sin 0 = 100 x sin 30° = 100 x 0.5 


induced voltage at that instant is: e = Ena, 
= 50 V. 
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The formula for the instantaneous value of current is i = Imax sin 0 x Imax 


indicates the maximum value of induced current, and 0 is the number of degrees 
that the armature wire has turned from the position of zero induction. 


Since an AC voltage or current keeps repeating the same cycles, a graph of one 
cycle is usually sufficient to describe completely an AC sine wave of voltage or 
current. The vertical distance of any point on the voltage curve for the 
horizontal axis is the instantaneous value of the voltage. For instance, the 
voltage at m/2 is maximum, at nm it is zero, and at 3n/2 it is maximum in an 
opposite direction. The graph is convenient for determining voltage at any 
desired time of the cycle (fig 3-11). 


The top of the curve is indicated as the maximum positive value and the bottom 
of the curve is the maximum negative value. Maximum value often is referred to 
as peak value. Twice the peak value, or the difference between the maximum 
positive and the maximum negative, is termed the peak-to-peak value. 


Effective AC Voltage 


The AC voltage used for the lights in classrooms is 110 volts. An incandescent 
light bulb lighted with 110-V AC is just as bright as it is when 110-V DC is 
applied to the bulb. The 110-V AC is just as effective as 110-V DC. The DC is 
a steady 110 V, but the AC is constantly changing. The peak voltage must be 
greater than 110 V for the AC to have the same effect as 110-V DC. Actually, 
the peak voltage of the AC would be approximately 155 V (110 x 1.41). 


The 110 volts is called the effective value of AC voltage. The effective 
voltage is the value used in ordinary usage of an AC voltage. The 110 volts is 
actually 110 volts effective value. In a 220-V line, the AC has an effective 
voltage of 220 V. An AC voltmeter is calibrated in effective values. In every 
case, the peak voltage is more than the effective. The peak voltage can be 
found by multiplying the effective voltage by the square root of 2, or 1.414. 
To find the peak voltage of 110 V, multiply 110 x 1.414 which gives 155.5 V peak 
voltage. E 1.414 x Eore- 


max ~ 


The effective voltage can be determined from the peak by multiplying the peak by 
0.707, which is one divided by the square root of 2. For instance, a peak 
voltage of 100 V would be 100 x 0.707, or 70.7 V effective AC voltage. Figure 
3-14 shows the approximate relationship between effective and peak voltage. 
Note that the effective value is not the same as the average of all the 
instantaneous values. The effective value of a sine wave of current may be 
computed to a fair degree of accuracy by taking equally spaced instantaneous 
values and extracting the square root of their average, or mean, squared values. 
For this reason, the effective value is often called the root-mean-square (rms) 
value. Ermsg = 0.707 X Emax: 


Since the AC or voltage is of sine wave form, the average current or voltage of 
one cycle is zero, because of the reversal of direction every half-cycle. The 
term average value actually means the average value of one alternation of a sine 
wave, such as shown in figure 3-14, and may be computed fairly accurately by 
taking the average of many instantaneous values between two consecutive zero 
points of the curve. Thus, the average value is equal to the average height of 
any voltage or current peak (loop). The average value of a 
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MAXIMUM OR PEAK 


i EFFECTIVE (.707 X PEAK) 


~i———- AVERAGE (.637 X PEAK) 


INSTANTANECUS 
VALUES 


Figure 3-14. Instantaneous Values. 


sine wave of voltage or current is 0.637 times the peak value. Eavg = 0.637 
Emax, and conversely, Ena, = 1.57 Eavg- The relationship between effective, 
maximum, average, and peak-to-peak values applies to both AC current and AC 
voltage. All AC current meters and AC voltmeters, unless marked to the 


contrary, read effective values of current or voltage. 


PHASE 


The phase of a voltage or current wave is very important in the analysis of AC 


circuits because it is used in comparing two or more AC waves. The relative 
instantaneous amplitudes and polarities of a wave represent the phase of the 
wave. Two points on a wave are in the same phase if they have the same 


amplitude and are moving in the same vertical direction, with respect to the 
zero (reference) point. 


The phase of the wave can be expressed in terms of its period. It is the part 
of the period which has passed since the wave went through the zero position 
moving in the positive direction. Phase may also be expressed in time; that is, 
as a fraction of a period. It may also be expressed in angular measure, where 


one complete cycle represents 360° or 2n radians. The voltage at points 1 and 
13 in figure 3-15 is zero and moving in the positive direction. These two 
points are in the same phase. The phase of each point is zero. The voltage at 
point 7 in figure 3-15 is zero and is moving in the negative direction. Point 7 
is 180° out of phase with points 1 and 13. Point 7 is 180° behind point 1 and 
180° ahead of point 13. The phase of point 7 is 180°. 


Point 4 on the curve in figure 3-15 has moved the maximum distance from the 
reference line in a positive direction. The phase of this point with respect to 
point 1 is 90°. The phase at point 4 lags that at point 1. 
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REFERENCE LINE 


Figure 3-15. Phases. 


Point 5 represents the position of the generator armature (30°) after it was at 
the maximum positive position (4). This means that point 5 and point 4 have a 
phase difference of 30°, or 1/12 of a period or 22/12 radians. The phase at 
point 5 lags that at point 4. Conversely, the phase at point 4 leads that at 
point 5. 


Points 4 and 10 on the wave in figure 3-15 are 180° out of phase with each 
other. Point 4 leads point 10. This phase lead can be expressed as 1/2 the 
period or m radians. 


Two sine waves generated by two separate generators, which are 180° out of phase 
with each other, are shown in figure 3-16. If you compare the phase of each 
wave at any given instant, you will see that they are opposite each other in 
phase. For example, point 2 is maximum positive on wave A and maximum negative 
on wave B. Both waves are zero at points 1, 3, and 5, but notice that the two 
waves are moving in opposite directions at each of those points. Point 4 is 
maximum negative on A and maximum positive on B. At any given instance, the two 
waves are moving in exactly opposite directions. 


The outputs of two different AC generators are shown in figure 3-17. These two 
waves are 90° out of phase with each other. Point 1 is at zero on wave A and 
maximum positive on wave B. At point 2, wave A is maximum positive, but wave B 
has fallen to zero. At point 3, wave A has fallen to zero, but wave B has gone 
to maximum negative. Wave A is maximum negative at point 4, but B is zero at 
this time. Wave A is back to zero at point 5, but B is now at maximum positive 
once again. The two waves differ in phase by 90° or 1/4 of the period or 7/2 
radians. The same phase difference exists at any given time. 


The waves shown in figures 3-16 and 3-17 have the same frequency. That is why 
their phase difference remains constant. If waves A and B had different 
frequencies, their periods would differ and their phase relationship would 
change from one instant to another. For example, assume that wave A, in figure 
3-16, has a frequency twice that of B. This means that the period for A is 1/2 
the period for B. This also means that, for a given period of time, 
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Figure 3-16. 180° Out-of-Phase Sine Waves. 


Figure 3-17. 90° Out-of-Phase Sine Waves. 
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there would be two cycles of wave A for one cycle of wave B. You can see that A 
would go through its maximum positive value twice while B goes through its 
maximum positive value only once. The same is true regarding the maximum 


negative values for the two waves. 


COMBINING AC VOLTAGES 


Vectors may be used to combine AC voltages of sine waveforms and of the same 
frequency. The angle between the vectors indicates the time difference between 
their positive maximum values. The length of the vectors represents either the 
effective value or the positive maximum value. 


The sine wave voltages generated in coils a and b of the simple generators 
(figure 3-18A) are 90° out of phase because the coils are located 90° apart on 


the two-pole armatures. The armatures are on a common shaft, and when coil a is 
cutting squarely across the field, coil b is moving parallel to the field and 
not cutting through it. Thus, the voltage in coil a is maximum when the voltage 
in coil b is zero. If the frequency is 60 Hz, the time difference between the 


positive maximum values of these voltages is 


ue x as = 0.00416 sec. 
360 60 


Vector E, leads vector E, by 90° in the parallelogram in figure 3-18B and sine 


wave a leads sine wave b by 90° in figure 3-18C. The curves are shown on 
separate axes to identify them with their respective generators; they are also 
projected on their instantaneous values. If coils a and b are connected in 


series and the maximum voltage generated in each coil is 10 V, the total voltage 
is not 20 V because the two maximum values of voltage do not occur at the same 
time but are separated one-fourth of a cycle. The voltages cannot be added 
arithmetically, because they are out of phase. These values, however, can be 
added vectorially. 


Eo in figure 3-18B is the vector sum of BE, and E, and is the diagonal of the 
parallelogram, the side of which are E, and Ep. The effective voltage in each 


coil is 0.707 x 10 or 7.07 V (where 10 V is the maximum), and represents the 


length of the sides of the parallelogram. The effective voltage of the series 


combination is 7.07 x V2 or 10 V, and represents the length of the diagonal of 
the parallelogram. 


Curve c in figure 3-18C represents the sine wave variations of the total voltage 
Eu, developed in the series circuit connecting coils a and b. Voltage E, leads 


Ep by 90°. Voltage Eq lags Eg by 45°, and leads Ep, by 45°. 


Counterclockwise rotation of the vectors is considered positive rotation, thus 
giving the sense of lead or lag. If BE, and E, (figure 3-18B) are rotated 


counterclockwise, and their movement observed from fixed position, E, will pass 


this position first and 90° later, E, will pass the position; thus, Ep lags Eg, 
by 90°. If the maximum voltage in each coil is 10 V, the maximum value of the 


combined voltage will be 10 x V2 or 14.14 v. See figure 3-18C. The important 
point to remember is that two out-of-phase voltages may be resolved into a 
single resultant value by the use of vectors. 
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Though generated voltages were used to illustrate the point in this case, the 
same rules apply to voltage drops as well. Any number of out-of-phase voltages 
may be combined vectorally, as long as they all have the same frequency; that 
is, as long as they remain a fixed number of degrees apart, like the two 
generator loops. Only their magnitudes (length of their vectors) may be 
different. 


ROTATION eal 
A. VOLTAGES 90° 
OUT-OF-PHASE. : 


ROTATION 


180° 270° 360° 


8. VECTOR HEADING 
VECTOR BY 30° 


C. VECTOR SUM ANO VECTOR 
HEADING VECTOR BY 90° 


Figure 3-18. Plotting Combined AC Voltages. 


67 


MM0703, Lesson 3 


REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 
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What primary advantage was gained by the development of alternating 
current systems? 


Eliminated the need for large transformers. 
Reduced the power losses in transmission. 
Reduced the frequencies used in transmission. 
Eliminated the need for large rectifiers. 


aaoo 


The amount of voltage induced in a coil is NOT dependent on which of these 
factors? 


The number of turns in the coil. 

The strength of the magnetic field. 

The size of the brushes. 

The angle at which the coil cuts the lines of force. 


aadowo 


What conditions are necessary before two AC voltages can have a constant 
phase relationship? 


Unequal amplitudes. 
Equal amplitudes. 
Unequal frequencies. 
Equal frequencies. 


aaogo 


What is the frequency, in Hz, of an AC voltage that has a period of 0.0001 


How does the wave length of an AC cycle vary? 


Directly with amplitude. 
Inversely with amplitude. 
Inversely with frequency. 
Directly with frequency. 


aaoyo 
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What formula represents the angular distance of a rotating vector? 


a. 0 = 2fo. 
b. 6 = or 
Cy 0 = ot. 
dz 6 = 2ft. 


2m radians represent how many degrees? 


90. 

180. 
270. 
360. 


aaowo 


What is the most commonly used power frequency? 


240 Hz. 
120 Hz. 
112 Hz. 
60 Hz. 


aadoo 


What symbol expresses the angular velocity in radians per second? 


20 F. 
2m FE. 
20m Ww. 
20 P. 


aaa 


If a generator armature rotates 60 revolutions per second, how much time 
in fractions of a second, is necessary to rotate through 7m/2 radians? 


1/240. 
1/120. 
1/80. 
1/40. 


aaoo 


In a 1 MHz signal, how many complete cycles exist during a 1-sec interval? 


1/10,000,000. 
1/1,000,000. 
10,000,000. 
1,000,000. 


aaogo 
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12. What is the average value, in V, if the peak voltage is 120 V? 
a. 76. 
b. 82. 
oun 88. 
d. 92. 
Ske What is the effective value, in V, if the peak voltage is 240 V? 
a. 84.8. 
b. 90. 
conn 169.6. 
a. 180. 
14. How are two or more out-of-phase AC voltages normally added? 
a. Arithmetically. 
b. Algebraically. 
oe Vectorially. 
az Geometrically. 
LS Root-mean-Square indicates which voltage value? 
a. Average. 
b. Maximum. 
Cy Instantaneous. 
d. Effective. 
16. If the maximum induced output of a generator is 400 V, what is the output 


90° from the reference point? 


a. QO. 
b. 100. 
cons 200. 
d.. 400. 
a fe What is the period of an AC sine wave? 


Pulse repetition frequency. 

Pulse repetition time. 

Time required to complete one cycle. 
Time required to complete a half cycle. 


aadoo 
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18. What unit changes electrical energy to mechanical energy? 
a. Motor. 
ioe Generator. 
Cie Reactor. 
d. Transformer. 
19:. One AC cycle contains what number of radians? 
a. 63.7. 
b. 5 Task. 
Ck AS a hae 
a: 6.28. 
20. What is the frequency, in Hz, if the period of an AC voltage is 0.01 sec? 
a. 15 
b. 10. 
ou 100. 
d. 1,000. 
Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise Solutions. If you missed five or more questions, you 


should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 
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Lesson 4 
CAPACITANCE AND INDUCTANCE 
Task. The skills and knowledge taught in this lesson are common to all missile 
repairer tasks. 
Objectives. When you have completed this lesson, you should be able to explain 


what capacitance and inductance are and describe resistive and capacitive 
circuits and resistive and inductive circuits. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 70 on the end-of-course examination that 
covers this lesson and lessons 1, 2, and 3 (answer 27 of the 38 questions 
correctly). 


CAPACITANCE 


In mechanical systems, if an elastic body such as a rubber band is stretched, 
there is little or no opposition during the first moment of movement. The 
opposition increases as the rubber band is extended. If the rubber band is 
stretched and then fixed in position, the work done in stretching it is stored 
in the band and is returned when the rubber band is released. This mechanical 
property of elastic bodies illustrates the electrical property called 
capacitance. 


A capacitor is any two conductors separated by an insulating material. When a 
DC voltage is first applied across a capacitor, considering no losses, the 
current flow is maximum the first instant and then rapidly decreases to zero 
when the voltage developed across the capacitor equals the applied voltage. 
Energy was consumed in building up the voltage. Removal of the applied voltage 
leaves the capacitor in charged condition, and energy is stored in the 
capacitor. 


The conductors mentioned above are called the plates of the capacitor, and the 
insulating material is called the dielectric. In figure 4-1A, when the 
switch(s) is closed, the battery voltage will cause current to flow. The 
current flow will be maximum the first instant and will decrease as the voltage 
across the capacitor builds up. This is shown in figure 4-1B. The number of 
electrons flowing to plate A is equal to the number flowing away from plate B. 
The capacitor is fully charged when the difference of potential existing across 
the plates of the capacitor equals the battery voltage. At this time, the 
current through the capacitor is zero. 


After the capacitor is fully charged, the switch may be opened and the capacitor 
will remain charged since there is no path for the electrons on plate A to reach 
plate B. The electrostatic field exists between the plates because they are two 
charged bodies. The electrical energy is stored between the plates. The 
direction of an electrostatic field has been arbitrarily stated as the direction 
a unit positive charge would move if placed in that field. The electrostatic 
field of the charged capacitor of figure 4-1 is shown in figure 4-2. 
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When a conductor is placed across the plates, the electrons flow from A to B 
(figure 4-3) returning the capacitor to its uncharged condition. This 
discharges the capacitor. 


CAPACITOR VOLTAGE 


CAPACITOR CURRENT 


TIME 
A. INITIALING THE VOLTAGE FLOW. 8B. DYNAMICS WITHIN THE CAPACITOR. 


Figure 4-1. Charging of a Capacitor. 


“ye 


Figure 4-2. Electrostatic Field Figure 4-3. Discharging of a 
Within a Capacitor. Capacitor. 


Measure of Capacitance 


[The ability of a capacitor (C) to store electrical energy is called capacitance. 


The unit of capacitance is the farad (f), named for Michael Faraday. One f is 
the amount of capacitance that will store 1 coulomb of charge (6.28x107° 
electrons) when 1 V is applied. The farad is a very large unit, so the 
microfarad (ufd) and picofarad (pfd) are commonly used. One microfarad equals 


10° £, and one pfd equals 10° fd. Capacitors in common use range from 1 pfd to 
several thousand pufd. 


The relationship between charge (Q), voltage (E), and C may be expressed as: 


Q = CE, 
where 
Q = charge in coulombs, 
C = capacitance in fd, and 


E = voltage in V. 
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This relationship shows that an increase in charge (coulombs) will result from 
an increase in voltage or capacitance. 


Physical Characteristics 


Relative Size of Parts. The capacitance of a capacitor is determined by its 
construction. Capacitance is directly proportional to the area of its plates 
and inversely proportional to the thickness of the dielectric. This means that, 
if the plates were made larger, the capacitance would increase. If the plates 
were moved further apart, the capacitance of the capacitor would decrease. 


Dielectric. The dielectric also affects capacitance because the energy is 
stored in the dielectric. For example, if a certain capacitor using air as the 
dielectric were immersed in oil, the capacitance would increase to three times 
as much. We say that oil has a dielectric constant of 3. Air has a dielectric 
constant of 1 and is the standard of comparison. The relationship of 
capacitance, area, thickness of dielectric, and dielectric constant is as 
follows: 


= area of plate 
= dielectric constant 
= thickness of dielectric 


tnwPr A 
I 


The actual capacitance in pfd is 
Ak 
C= 0.2248—, 
t 


where A is in square inches and t is inches. The constant, 0.2248, in the above 
equation is necessary to convert from the electrostatic system of measurement 
(statcoulombs, statvolts, centimeters, etc.) to the more practical system, using 
such terms as ohms, amperes, coulombs, and inches. 


The k of some common insulating materials are given below: 


a a a | ee 


Air 


Mica 
Bakelite 
Porcelain 


The choice and thickness of the dielectric material determines not only the 
capacitance but also the voltage rating of the capacitor. Since it is usually 
desirable to have relatively large capacitance in a small space, the dielectric 
is quite thin. It must have high dielectric strength to avoid puncture by the 
applied voltage. Capacitors are commonly rated as to capacitance, working 
voltage, and peak voltage. DC working voltage is the maximum DC voltage the 
capacitor will stand satisfactorily under certain applied conditions (in its 
normal temperature range). AC working voltage rating is lower than DC working 
voltage rating for a given capacitor because the voltage used is the effective 
line voltage. For example, a capacitor with an AC working voltage rating of 
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400 V must be able to withstand a peak voltage of 566 V because that is the peak 
voltage of the 400 VAC. Peak voltage ratings are generally higher than working 
voltage since most dielectrics can withstand higher voltages for a short time 
than they can stand continuously. 


Series Connection 


You saw earlier that 


C= 0.2248 a 
t 
where t represents the thickness of the dielectric. If the value of t is 
doubled, the capacitance would be reduced to one half. Connecting two equal 
capacitors in series is the equivalent of building one capacitor having a 
doubled thickness of dielectric. See figure 4-4. 


Figure 4-4. Capacitors in Series. 


When the upper plate of Cy is made negative, the lower plate of Cy, must become 
equally positive. The same holds true for Co. Since the upper plate of Cy is 


connected to the lower plate of Cj, these two points are electrically the same 


and effectively bring the two dielectrics together forming a single capacitor 
with a doubled thickness of dielectric. In this series circuit, as in all 
series circuits, the current flow is the same in all parts of the circuit. Asa 
result, the same amount of charge will accumulate on each capacitor, thus the 
voltage is equally divided between the two capacitors. 


Calculation of total series capacitance becomes more difficult when capacitors 


of unequal value are connected in series. In figure 4-4, two capacitors of 
equal value are connected in series. By Kirchhoff's law, the sum of the 
individual voltages must equal the applied voltage. The current is the same in 
all parts of the circuit. Since the current is the same, the charge deposited 
on each capacitor will be the same (Q=It). Charge, voltage, and capacitance are 
related by 
GeGronns. 
C 


This shows that the voltage on a capacitor is directly proportional to the 
charge and inversely proportional to the capacitance. The smallest capacitor 
will have the greatest voltage across it. 
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Substituting the value Q/C in place of E, in Kirchhoff's law for series circuits 
(Ey = E;, + Bg) you get 


2a 
Ce Cy. Ca? 
Dividing both sides of this equation by Q, you get 


1 1 1 

—=— +—. 

C Cy C2 
You can use this equation for determining the total series capacitance of any 
number of capacitors in series. 


CC OC S 
You can rearrange equation as follows: 


1 1 1 
— =— +—. 
Ce Cy C2 
ee, 
Cy CyC2 
_ CiC2 
: Cy +C2 


This equation is a useful and timesaving device, but may be used only for two 
capacitors in series. 


Capacitors are often connected in series to allow their being used in circuits 


having a higher voltage than that for which they are rated. For instance, four 
500-V, 4-ypfd units in series are the equivalent of a single 2,000-V, l-ufd unit. 
Series operation of capacitors of different values should be avoided. Since all 


units receive the same amount of charge, the voltage is divided in inverse 
proportion to the capacitance of each unit. One thousand V applied to 1 ufd and 
4 uwfd in series will produce 200 V across the larger capacitor and 800 V across 
the smaller. If both were rated at 500 V, the 1-yufd capacitor would promptly 
break down putting the entire 1,000 V on the 4-yufd capacitor, which would also 
be punctured. 


Parallel Connection 


Two equal capacitors in parallel are the equivalent of a single capacitor having 


doubled plate area and the same dielectric thickness (figure 4-5). The total 
capacitance, therefore, is the sum of the parallel capacitance, while the 
voltage applied must be no higher than the rating of the individual units. For 


any number of parallel capacitors, total capacitance is 
Cp = Cy + Co + C3 + Cg t ...eeee. HC es 
Capacitive Reactance 
Since capacitors are used in AC circuits, it is necessary to define the farad in 


terms of a changing voltage. When a steady voltage is applied to a capacitor, a 
momentary charging current flows. This current ceases almost immediately. 
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Figure 4-5. Capacitors in Parallel. 


If the voltage were increased or decreased, another momentary flow of current 
would take place. If the voltage could be constantly changed, a continuous 
current would flow. A more rapidly changing voltage would cause a larger 
average current. For a given rate of voltage change, a larger capacitance 
causes a larger current to flow. The unit of capacitance (fd) may then be 
defined in terms of a changing voltage. 


A capacitor is said to have a capacitance of 1 fd when a change of 1 V per 
second produces a current of 1 amp. This can be expressed as the equation, 


E 
Tay ere, 


where I,,, is the average current that is forced to flow through a capacitance of 


= 


C fd by a change of EV int sec. 


In figure 4-6, a sine wave has been divided into 4 equal parts along the time 
base. The time required for one cycle is 1/f. The time required for a change 
of voltage, from zero to Enay, is a quarter cycle, or 1/4f£. If a sine wave of 


voltage with a peak voltage of Ena, and a frequency f is applied across a 


capacitor of C fd, the average current during a quarter cycle is 


E 
Le CS Or Ty. =4TCE pax: 


4f 


Figure 4-6. Relationship Between Time and Frequency. 
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In fact, it is true for the entire cycle because each quarter cycle has the same 
amount of voltage change per second. This equation should be simplified to 
eliminate having to work with both average and maximum terms in one operation. 
The relationship between average current and maximum current of a sine wave is 
then 


2 
Tay =— Imax: 
T 


You should recognize 2/nm as the familiar 0.637. Substituting this value for Is, 
in its equation, 

2 

—Imax =4fCEmax- 

T 


iT, = 2nfCE 


max max 


Both sides of the above equation are in terms of maximum values and may be 
changed to effective values, giving 


I = 2nfCE, 


which indicates that the current flowing through a capacitor is proportional to 
the frequency of the applied sine wave and the capacitance. As in the case of 
resistive circuits, you find the opposition to the flow of current by dividing 


the voltage by the current. Then by equation I = 2nfCE. 


El 

I 2nfC- 
where f (frequency) is the Hz and C is capacitance in farads. The angular 
velocity 2nf is often written w (omega), making reactance equal to 1/@ C. This 
equation shows that capacitive reactance is inversely proportional to both 
capacitance and frequency. The manner in which the opposition to current by a 
capacitor (X,) changes with frequency is shown in the graph in figure 4-7. As f 
increases, X, decreases along with the vertical axis. Ohm's Law is applied to 


capacitive reactance by substituting X, for R, 


E E 

E=IXg¢, l=—, Xe=-. 

Xo I 
The capacitive reactance (X,) is the opposition offered to the flow of the 
current by a capacitor. Since the formula for capacitive reactance was found by 


working with a sinusoidal voltage applied, it follows that the formula 
ee eee | 3 1 0.159 
2nfC 2n fC fC 


Cc 


is true only for sine wave voltages. 


You can use the two methods discussed above for determining capacitive reactance 
by applying them to the circuit shown in figure 4-8. If you place AC voltmeters 
across R and C and insert an AC ammeter in the circuit you get the readings as 
indicated in the figure. 


These values are actual meter readings. Now since you have the circuit current 
measured, you can calculate the capacitive reactance of C by 
E 80V 
Xc=—= = 400. 
I 2amps 
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Without knowing the circuit current, you can calculate capacitive reactance with 


0.159 0.159 107. 10? 


Xe = = 
fC 1590x2.5x107°  2.5x10°° 2.5 


= 400 


Notice in figure 4-8 that more voltage is dropped across R and C than is applied 
from the generator. The introduction of the capacitor in the circuit has 
produced a strange circuit behavior. This is because the capacitor causes a 
phase shift between the voltage and current. Therefore you must use vectors to 
calculate circuit voltage and current. Vectors for series RC circuits will be 
discussed later. 


Figure 4-7. Relationship Between Capacitive Reactance (X,) and Frequency (f). 


1590 HZ C=2.Sz¢d 
100 Vv 


Figure 4-8. AC Voltmeters Across an RC Circuit. 
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Phase Relationship in a Pure Capacitive Circuit 


The current flowing through a capacitor at any instant depends on the rate at 
which the voltage across it is changing. Therefore, with a sine wave voltage 
applied, the current is maximum when the voltage is crossing the zero axis, 
because the voltage is then climbing or falling most rapidly. When the applied 
voltage is at its maximum, it is no longer climbing or falling. As it levels 
off, the current falls to zero. The relationship between current and voltage is 
shown in figure 4-9. 


The voltage and current are seen to be one-quarter cycle, or 90° apart. Since 
the positive alternation of current reaches maximum before that of voltage, 
current leads the voltage. The phase or time relationship between these two 
sine waves is also shown by vectors in figure 4-9. The general statement can be 
made that when a sine wave of voltage is applied to a pure capacitance circuit, 
the current leads the voltage by 90°. 


RELATIONSHIP BETWEEN RELATIONSHIP BETWEEN 
CURRENT AND VOLTAGE SINE WAVES, BY VECTORS 


Figure 4-9. Phase Relationship Between Current and Voltage in a Pure Capacitive 
Circuit. 


Types of Capacitors 


The major types of capacitors used in electronics and other electrical devices 
are, mica, ceramic, impregnated paper, air, and electrolytic. 


Mica. The mica capacitor is thin metal plates separated by sheets of mica. The 
smaller sizes may be only two plates; larger sizes are numbers of plates and 
mica sheets. Alternate plates are connected together to provide a large plate 
area. The general arrangement is shown in figure 4-10. For electrodes, some 
mica capacitors use thin layers of silver deposited directly on the surface of 
the mica. A mica capacitor with molded bakelite case and wire terminals is 
shown in figure 4-11. Mica capacitors are made in small capacitances up to 


about 0.5 ufd. They can be made for very high voltages, to a high degree of 
accuracy, and very stable under temperature changes. They are highly suitable 
for use in high frequency circuits. 
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Ceramic. Ceramic capacitors have most of the desirable qualities of mica 
capacitors and, in addition, may be made with a positive or negative temperature 
coefficient of capacitance. That is, the capacitance may be made to increase or 
decrease with changes in temperature. Such capacitors are very useful in 
compensating for temperature changes in nearby circuit components. The ceramic 
capacitor is made by depositing silver on the surfaces of a ceramic tube (figure 
4-12). 


ee 
, Hie 
poppe ens a ih | 


CL 
MMMM i 


OMe ee 


Figure 4-10. Mica Capacitor Showing Mica and Metal Sheets. 


MICA SHEET 


METAL ELECTRODES 


BAKELITE CASE 


Figure 4-11. Molded Mica Capacitor (Enlarged). 


DEPOSITED METAL ELECTRODE 


CERAMIC 


Figure 4-12. Ceramic Capacitor. 
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Ceramics are used in transmitters because they meet the exacting requirements of 
rigid frequency control. They are the only kind of capacitor used for holding 
oscillator frequencies to the close limits obtained by crystal control. (Such 
capacitors are usually negative temperature coefficients.) Hermetically sealed 
ceramic capacitors have been developed for the precision circuitry of electronic 
instruments. These are hermetically sealed to withstand changes in atmospheric 
moisture. Also, they will withstand the vibration and shock normally 
encountered in military electronic equipment. These capacitors permit 
capacitance tolerances within plus or minus 1 percent and temperature 
coefficient tolerances within plus or minus 10 parts per million, per degree 
Celsius. 


Impregnated Paper. Probably the most used capacitor has impregnated paper as 
the dielectric. The paper is saturated with any number of resins, waxes, oils, 
or synthetic compounds. For conservation of space and for ease of manufacture, 
these capacitors are made by winding up two strips of metal foil separated by 
sheets of paper. To reduce the danger of breakdown because of flaws in the 
paper, several laminated sheets of paper are used, instead of a single, thicker 
sheet. The units must be carefully sealed to prevent the paper from absorbing 
moisture. When made for high voltages, the case of the capacitor is often 
filled with a high-grade mineral oil. Typical paper capacitors are shown in 
figure 4-13. The paper capacitor has a greater ratio of capacitance to weight 
than the mica or ceramic type. It is suitable for power and audio frequencies 
but has excessive losses at higher radio frequencies. 


Air. Air is used as the dielectric to make the capacitor variable. Figure 4-14 
shows the construction of two kinds. The rotor plates are all fixed to a common 
movable shaft. The stationary (stator) plates are fastened to fixed terminals. 
There may be one or two sets of stator plates. Because of the large spacing 
between plates and the low dielectric constant, air capacitors are rather bulky 
and are rarely made larger than 500 pfd. They have low losses and are highly 
suitable for radio frequencies. An advantage is that the dielectric is self- 
healing. That means, that after an excessive voltage has been applied, the 
capacitor can be used again. 


Electrolytic. The electrolytic capacitor is important because it provides a 
very large capacitance in a small space. It is two metal plates separated by an 
electrolyte. The electrolyte is the negative electrode. The dielectric in an 
electrolytic capacitor is a very thin oxide film formed on the surface of the 
positive capacitor plate. This allows a high capacitance in a small space 
because of the thin dielectric. Electrolytic capacitors can be used in AC or DC 
circuits, but the construction for each differs. DC capacitors are commonly 
marked to indicate polarity, which you must carefully observe. A reversal of 
applied voltage would destroy the dielectric film. AC electrolytic capacitors 
are usually used only for intermittent operation. A good example is the 
electric refrigerator's starting motor. Capacitance ratings of electrolytic 


capacitors are quite high; the smallest readily available size being 8 ufd, 
while larger values run into thousands of microfarads. Voltage ratings are 
limited to about 450 working V. They are not suitable for use in critical 
circuits, since the capacitance varies greatly with temperature and age. In 
addition, they have considerable current leakage. Electrolytic capacitors are 
self-healing if the breakdown current is not too large. A dry electrolytic 
capacitor is shown in figure 4-15. Cheaper units are also supplied in cardboard 
containers with wire leads. 
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METAL-FOIL 
ELECTRODES 


(ia 


IMPREGNATED 
PAPER DIELECTRIC 


LAID-IN TERMINAL UNIT EXTENDED FOIL UNIT 
(ABOUT HALF SIZE} {ABOUT FULL SIZE} 


Figure 4-13. Impregnated Paper Capacitors. 


STATOR 


FIXED TERMINALS 
SHAFT ROTOR 


MOVEABLE TERMINAL 


SPRING PRESSURE MAKES 
CERAMIC BASE CONTACT WITH MOVEABLE SHAFT 


Figure 4-14. Variable Air Capacitor. 
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TERMINALS DIELECTRIC FILM 
af ON ALUMINUM 


CATHODE 


METAL CONTAINER 


PAPER SEPARATORS 
{SATURATED IN ELECTROLYTE) 


Figure 4-15. Electrolytic Capacitor. 
INDUCTANCE 


The magnetic field windings of a large industrial DC or AC generator are 


energized with a few amperes of DC at about 220 V. Currents and voltages of 
this order can usually be interrupted by a switch no larger than the one that 
turns on the light in your room. Yet, to open the generator field circuit 


suddenly, even by means of a large and substantially built switch, would 
probably result in a violent arc of several thousand volts that would melt the 
switch and destroy the insulation. These results are highly out of proportion 
to the small amount of energy in the circuit. Where did enough come from to 
produce such destruction? The answer lies in the ability of a coil to store 
electrical energy. This property is called inductance. 


The following experiments will help you understand inductance. A wire is wound 
on a cardboard tube as shown in figure 4-16. The ends of the wire are connected 
to a galvanometer, which is a sensitive measuring device. When a permanent bar 
magnet is suddenly moved into the coil as shown in figure 4-17, the galvanometer 
pointer will swing to the right, which indicates that a voltage has been 


generated and a current forced around the circuit. When the magnet is at rest, 
there is no indication on the meter. When the bar magnet is suddenly pulled 
out, the meter needle swings to the left. This time, the direction of the 


current has been reversed. 

The above experiment shows that: 

e Relative motion between a coil and a magnetic field produces voltage. 

e The polarity of the voltage reverses when the relative motion is reversed. 


The direction of current in the coil and the direction of the magnetic field 
that results from that current, demonstrates Lenz's Law: 


e The countervoltage induced in a coil opposes the force which induced it. 


e The change of current in a coil sets up a countercurrent opposing this 
change. 
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GALVANOMETER 


Figure 4-16. Coil of Wire With Current Measuring Device. 


Figure 4-17. Inducing Current in a Coil. 


From the observations in the previous experiment, you note that the swing of the 
galvanometer pointer is proportional to the rate at which the magnet is moved. 
In other words, the voltage induced in the coil is proportional to the rate of 
change of the flux. 


Assuming that the volume of the coil does not change, if the number of turns 
were doubled the current would increase four times. The induced voltage, which 
is proportional to the current, must then be proportional to the square of the 
number of turns, and directly proportional to the rate of change of the field. 
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Changing the current through a coil has an important effect upon its operation. 
Figures 4-18 and 4-19 explain this effect. 


When the switch is closed (fig 4-18), current flows and a magnetic field is set 
up as shown. Since this field is identical to one produced by a bar magnet, it 
would be reasonable to expect that when this magnetic field is set up, an 
opposing reaction (Lenz's Law) would occur similar to that observed when the bar 


magnet was inserted into the coil. That this reaction does occur may be 
observed when you use an ammeter (with very little inertia), which will respond 
almost instantaneously to the current flow. Such a meter shows that the current 
does not jump suddenly to a maximum, but rises at a very definite rate, 
gradually approaching a final value. Figure 4-19 shows how the current in the 
coil rises with time. This slow rise in current is caused by self-induction, or 
countervoltage. 


When the switch is closed, the resulting change induces a countervoltage in the 
coil that opposes the change in current flow. The countervoltage induced is 
proportional to the rate of change of the current. The greatest rate of current 
change occurs the instant the switch is closed, since at that instant, the 
current is changing from zero to some definite value. Also at that instant, the 
counter electromagnetic force (EMF) is the greatest. As the current levels off 
to its final value, the field ceases to change and the voltage falls to zero. 
The current is now limited only by the resistance in the circuit (in spite of 
the fact that the field is quite strong) because the field is no longer 
changing. 


Figure 4-18. Magnetic Field of a Coil Carrying a Current. 
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Figure 4-19. Buildup of a Current in a Coil. 


It took energy to build up this magnetic field. Most of this energy is stored 
in the field around the coil and is returned to the circuit when the source 


voltage is removed. A small amount of the original energy is lost as heat 
because of the resistance in the coil. When the source of energy is removed, 
this stored energy acts to keep current flowing in the same direction. If a 


battery as a source of energy is replaced with a low resistance, the ammeter 
will not fall immediately to zero but will show that the current takes time to 
decline, falling quickly at first and finally leveling off to zero. The 
direction of current flow does not change. This is because a reversed voltage 
is generated across the coil during the collapse of the field. 


The effect of a coil (its inductance) is much the same as mechanical inertia. 
Just as it takes time and energy to start a flywheel, it takes time and energy 
to start a current in an inductive circuit. And, just as the flywheel is 
capable of giving up energy as it coasts to a stop, inductance returns its 
stored energy as the current decreases. When a flywheel is stopped suddenly, 
its stored energy produces destructive forces. Similarly, if an inductive 
circuit is opened suddenly, the rapid collapse of the field produces a large 
voltage across the coil. This keeps the current flowing, and the stored energy 
is almost instantaneously converted to heat at the opening switch contacts. If 
the inductance and the current are large, the contacts may be badly burned or 
the insulation of the coil damaged. 


Unit of Induction 


Since the effects of inductance are due to the voltage induced when the current 
through it is changed, the unit of inductance can be defined as follows: 


A coil of wire has an inductance of one henry if a current change of 1 amp 
per second will cause a pressure of one V to be set up in the coil. 


Inductances are rated in henrys, millihenrys, and microhenrys. A millihenry 
(mh) equals 107° h, and a microhenry (uh) equals 10°° “h. 
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Phase Relationship in a Pure Inductance 


Unlike capacitors, which for most purposes contain negligible series resistance, 
a coil (inductor) contains a considerable amount of resistance. This is due to 
the resistance of the wire and to eddy currents and hysteresis losses in the 
core. (Hysteresis is the lagging of the magnetic flux lines behind the 
magnetizing force.) A commercially available 30-h coil may have from 100 to 500 


Q of DC resistance. Pure inductance is not considered physically possible. 
However, when the inductive reactance (opposition of the coil to a change in 
current) is large compared to the resistance, it is safe to treat a coil as 
though it were a pure inductance. 


With a sine wave of current flowing in an inductance, the countervoltage is 
greatest, not when the current is greatest, but when the current is changing to 
the greatest rate. The counter EMF reaches a maximum negative value when the 
current is increasing most rapidly in a positive direction (figure 4-20). 


APPLIED VOLTAGE 


CURRENT 


COUNTER EMF 


Figure 4-20. Applied Voltage, Counter EMF, and Current Across an Inductor. 


The counter EMF is at all times opposed to the applied voltage that is making 
the current flow (Lenz's Law). That is, the back voltage is 180° out of phase 
with the applied voltage. You can see from the position of the waves along the 
axis, that the current, in a pure inductance, lags the applied voltage by 90°. 
The counter EMF is exactly opposite to the applied voltage. 


Inductive Reactance 
Because inductance tries to prevent a change in the current flowing through it, 


a coil will show considerable opposition to the flow of an alternating current. 
The exact amount of opposition to an alternating current sine wave may 
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be derived from the fundamental relationship between voltage, inductance, and 
rate of change of the current. That is, 


_—LAi (Change in current) 
At (Change in time) 
where the quantities are in basic units; volts, henrys, amps, and seconds. 


EL 


The time for one cycle of an AC wave is 1f (figure 4-21). The time required for 
a quarter cycle (which is chosen because the wave from zero to maximum can be 
examined) is 1/4f. If a sine wave of current with a peak value of Imax anda 


frequency of f is sent through an inductance of Lh, the average voltage across 
the coil during a quarter cycle is: 


I 
Egy =L=@. 


4p 
To simplify the equation into a more usable form, convert 


2 
Eay =— Emax: 
T 


Substituting this value for Es, in the above equation, 


Tt 
Emax =4fL Imax * 2 
and 
Page ORE LY Daas 


Since both sides of the equation are in terms of maximum values, the subscripts 
may be dropped and written in terms of effective values. Thus, 


E = 2nfL I. 


shows that the voltage drop across an inductance is directly proportional to the 
frequency, inductance, and current. 


The opposition to the flow of current is, as with an electrical device, equal to 
E/I. Rearranging the above equation, we get 


E = 2nfL. 
I 


41 
af 


Figure 4-21. One AC Wave Cycle. 
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The opposition to the flow of an alternating current by an inductance is called 


inductive reactance, denoted by XL, and is measured in ohms. The equation then 
becomes 


or in shorter form, letting omega equal 2z7f, 
Xq, = oL. 


Inductive reactance is directly proportional to inductance and frequency. This 
is extremely important. It makes it possible to separate DC from AC in the same 
circuit or low frequencies from high frequencies. When used in this connection, 
an inductance is often called a choke. How XL varies with frequency is 
illustrated by the graph in figure 4-22. 


Ohm's law is applied to inductive reactance as shown. 


E = IXy, 


Figure 4-22. Variation of XL With Frequency. 
Series and Parallel Connection of Inductors 


Rules for connection of inductors (series or parallel) are based on the 
assumption that there is no coupling between the individual inductors; that is, 
lines of magnetic force from one do not induce an appreciable voltage in 
another. Stray coupling is generally negligible between adjacent laminated iron 
units because the flux is well confined to the core. Air core coils are 
isolated by spacing them sufficiently or by placing them at right angles to each 
other. 


Inductances connected in series are added similarly to resistances. 


Ly = Ly + Lo + L3 + seep ee eee + Ly 
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Inductances connected in parallel are also combined in the manner of 
resistances. 


1 1 1 1 1 


iy i ls Os i 


The voltage drop across each series inductor, with a changing voltage or 
alternating current applied, is directly proportional to L or to XL. With 
parallel connections, the voltage across each coil is the same, but the current 
is distributed in inverse proportion of L or XL. 


Factors Determining Size of Inductance 


In general, a coil arranged to produce a large amount of magnetic flux will also 
have a large inductance. The amount of inductance depends on the number of 
turns, the length, cross-sectional area, and permeability of the magnetic path. 


Air core inductance is a term applied to coils having cores of nonmagnetic 


materials, such as air, wood, or ceramics. The inductance, which seldom exceeds 
a few hundred millihenrys, is wound in a number of forms. It may consist of a 
single layer winding on an insulating tube; it may have a large number of layers 


of wire, or it may be wound with a heavy self-supporting conductor with little 
or no solid supporting insulation. It is a good idea to reduce the distributed 
capacitance which results from turns being close to each other. A number of 
multilayer winding arrangements have been developed that reduce the shunt 
capacitance considerably. 


Iron core inductors are used when large values of inductance are needed. They 
are made as large as several hundred henrys. Their larger inductance results 
from a magnetic path of low reluctance, which is a laminated iron core in the 
form of a closed magnetic circuit. The addition of such an iron core may easily 
increase the inductance of the coil a thousand times. Iron core inductors are 
rated for their current-carrying capacity, as well as for their inductance. 
Typical construction is shown in figure 4-23. Since an iron core coil is 
generally used in AC or pulsating DC circuits, it must be laminated. With a 
continually changing flux, a solid core would have voltages induced in it that 
would cause heavy circulating currents called eddy currents. This would result 
in heating of the core and losing power. Laminations limit eddy currents to a 
small value and reduce the power loss. 


AIR GAP 


Typical construction of an iron core coil. The small air gap prevents magnetic 
saturation of the iron and increases the inductance at high currents. 


Figure 4-23. Iron Core Inductor. 
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The inductance of an iron core coil is not constant. This is because the 
permeability of the core (degree to which the core is magnetized) varies as the 
magnetizing force changes, due to the current flowing through the core. In 
addition, there is magnetic saturation of the core at high flux densities. A 


small air gap placed in the core prevents magnetic saturation of the iron and 
makes it possible to use the coil over a wide range of current flow. 


The inductance of an iron core coil, like that of the air core, is dependent on 
the diameter and the number of turns. In addition, the permeability of the core 
is a factor. Since the permeability is not constant, the current flow and 
magnetic current in the circuit must be considered in figuring the inductance. 


The laminated core is not suitable for radio frequencies because of eddy current 
losses. While eddy currents can be reduced by the use of very thin laminations, 
it is not practical to produce iron sheets thinner than 0.001 in. Laminated 
iron core coils are useful only at frequencies lower than the radio frequency 
range. However, by subdividing the iron into a very fine dust, it is possible 
to produce an iron core suitable for radio frequencies as high as 30 MHz. The 
iron is suspended in a plastic insulating material, forming a plug that is 
placed inside the coil. The inductance is readily made variable by adjusting 
the position of the core. 


SERIES RESISTIVE AND CAPACITIVE CIRCUITS 


In a circuit containing only resistance, the voltage across the resistance and 
the current through the resistance are in phase; in a circuit containing only 
reactance, the voltage and current are 90° out of phase. However, some circuits 
contain both resistance and capacitive reactance (RC). 


A series RC circuit is shown in figure 4-24, where an AC voltage of 10 V is 
impressed across a combination of 3 © of resistance in series with 4 Q of 
capacitive reactance. This circuit can be used to illustrate most explanations 
of a simple series RC circuit. 


As in DC circuits, the sum of the voltage drops around the circuit comprising 
the load must equal the applied voltage. However, in considering resistance and 
reactance, voltages can no longer be added or subtracted arithmetically. 


R=3 OHMS 


Figure 4-24. Series RC Circuit. 
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This is because the voltage drop across the resistance is in phase with the 
current, but the voltage drop across the capacitive reactance is 90 degrees 
behind the current. 


The combination of capacitance and resistance in the circuit causes the current 
to lead the applied voltage by some angle less than 90°. Therefore, the current 


vector is drawn in the first quadrant as shown in figure 4-25. The voltage 
across the resistor (IR), since it is in phase with the current, is drawn along 
the same line as the current vector. Because the voltage across the capacitor 


(IX,) lags the current by 90°, it is drawn downward at an angle of 90° with the 


current and resistance voltage vectors. 


Figure 4-25. Current and Voltage Vectors for RC Circuits. 


The applied voltage is the vector sum of these two voltages. This vector sum is 
the diagonal of the rectangle whose sides are ER and EC. Because the diagonal 
divides the rectangle into two congruent right triangles, then: 
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The quantity VR? + X,° is the total opposition, the result of having the two 
oppositions to current flow (R and X,) in the same circuit. This total 


opposition to AC current flow is called the impedance of the circuit and is 
shown by Z. Since Z is an opposition to current flow, it is measured in ohms. 


The impedance in any circuit can always be found if the total voltage and the 
total current are known. Ohm's law for AC circuits states that the impedance of 
the circuit is equal to the total voltage divided by the total current. 
Expressed as a formula, this would be 


Ea 


Z=—4, 
I 


By transposing, this formula would be 


ja Fa. 

Z 
or it could be 
Eq = 12 


It is also possible to find the impedance if the reactance and resistance of the 
circuit are known. 


and 
E 
= {RoR 


Then it must follow that, 


(Roe ee 
JR? +Xz2. 


Power Dissipation in RC Circuits 


Fe 
or 
Z= 


Now what about power in the circuit? When current flows through a resistor, 
power is dissipated in the form of heat. For example, the power used by the 
resistor can be found by using the formula P=I°R. 


The capacitor, however, uses no power because a capacitor stores energy rather 
than uses it. When an alternating force is impressed across a capacitor, power 
is taken from the source and energy is stored in the capacitor as the voltage 
increases from zero to a maximum positive value. As the voltage decreases from 
a maximum positive value to zero, the capacitor discharges and returns this 
energy to the source. Likewise, during the negative half-cycle, while the 
voltage varies from zero to a maximum negative value, the capacitor in charging 
takes energy from the source. This energy is returned to the source as the 
cycle is completed. During each cycle, energy is transferred back 
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and forth but none is used. Actually, not quite as much is returned to the 
source by the capacitor on the discharge as is taken on the charge. The small 
amount of energy that is not returned to the source is dissipated by the DC 
resistance of the connection. The DC loss, in comparison with the amount of 


energy stored, is so small that for all practical purposes the capacitor uses no 
power. 


If a voltmeter is placed in parallel with the capacitor, and a current meter in 
series with the capacitor, it seems that the capacitor is using power. This 
power is called reactive power and is given by the relation 
= 2 
P= 1 Xo. 
Power is equal to the voltage times the current in a pure resistive circuit. 


However, in a reactive circuit, this relationship is a false indication and is 
called apparent power. 


The actual power taken by an AC circuit is termed the true power. The formula 
for it is 


= 2 
Perue = IR, 
or 
P = Epl, 


where Ep is the potential difference across the resistance of the circuit and R 


is the resistance in the circuit. 


Since the apparent power is a false indication, the power factor (P.f.) is the 
ratio of the true power to the apparent power. That is, 
f _ Pere 
Pa 
2; 
IR IR 
P.f.=—_— = — 
EI E 
Then 
RE = IZ, 
IR 
p.f.=—, and 
IZ 
R 
p.f.=—. 
Z 


Hence, you can get the power factor of a series circuit by dividing the 
resistance of a circuit by its impedance. Reviewing the impedance vector 
diagram and the current and voltage diagram, it is true that the trigonometric 
relationship of R/Z is cos 0, where 8 is the angle by which the current leads or 
lags the applied voltage. 


Therefore, 
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In many circuits, it is desirable to find the true power when the applied 
voltage, the current, and the phase angle are known. The equation for the true 
power can be derived from the definition of power factor, 


P = Pap.f. 
Then 


P= EI p.f., 
and 


P = EI cos 0. 


To find the true power in an AC circuit, any of the following formulas may be 
used. 


P = I°R 
P = Epi 
P = EI cos 0 


Effect of Frequency Change in RC Circuits 


In many AC circuits, the value of the capacitor and the frequency of the applied 
voltage are given; from this, the capacitive reactance may be found using the 
formula: 


eee 
2nfC ~ 


Xo 


From the above formula, the capacitive reactance is inversely proportional to 
the frequency. Doubling the frequency of the applied voltage in this problem 
will reduce the capacitive reactance by one half. 


SERIES RESISTIVE AND INDUCTIVE CIRCUITS 


In the discussion of inductance, you learned that the current through an 
inductance lags the voltage across it by 90°. Also, you learned that the 
current through a resistance is in phase with the voltage across the resistance. 
What happens when resistance and inductance are in series in an AC circuit? 
Such a circuit is shown in figure 4-26, where an alternating EMF is impressed 
across a combination of resistance in series with inductive reactance. 


~~ ; 


Figure 4-26. Series RL Circuit. 
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Although all coils have some resistance in their winding, this resistance is 
small compared with the reactance of the coil. For this reason, the circuit can 
be considered just two components, a pure inductance and a pure resistance. 


In a series RL circuit, the following phase relationships are always true: 


e The current lags the applied voltage. 
e The voltage across the resistor lags the applied voltage. 


e The voltage across the coil leads the applied voltage. 


e The voltage across the coil leads the voltage across the resistor by 90°. 


The angles, by which the current and voltage-drops lag or lead the applied 
voltage, are determined by the size of the coil, the value of the resistor, and 
the frequency of the applied voltage. Changing any of these three factors will 
not change any of the above statements, but will change the size of the phase 
angles and the magnitude of the current and voltage-drops. 


Power Dissipation in RL Circuits 


The coil resembles the capacitor as far as power dissipation is concerned. When 
an alternating current is flowing through an inductor, energy is being taken 
from the circuit during the quarter cycle that the current is increasing. This 
energy is stored in the magnetic field. As the current decreases, the magnetic 
field collapses. The collapsing magnetic field induces a counter EMF, thereby 
returning the energy to the circuit. This process of storing the energy in the 
field and then returning it to the circuit happens every half cycle. The 
overall result is that the energy is transferred back and forth, but none of it 
is used. Actually, the wire in the coil has some resistance; so, as the current 
flows back and forth through the coil, some power is dissipated. This power is 
so small, compared with the energy being stored, for practical purposes, an 
inductor uses no power. 


This apparent use of power is termed "reactive power," just as in the case of 
capacitors. However, the reactive power of the capacitor is stored in the 
dielectric field while that of the coil is stored in the magnetic field. The 
formula for apparent power, 


is applied to any AC circuit, whether it contains capacitive reactance or 
inductive reactance, or a combination of resistance and reactance. The true 
power used by an RL circuit is found by the same formula as the true power in 
the RC circuit. 


A summary of phase relationships in AC circuits is in the following paragraphs. 
A knowledge of these relationships will greatly aid you in understanding the 
subject of alternating current. 


In a series RC circuit-- 


e The current leads the applied voltage. 


e The voltage across the resistor leads the applied voltage. 


e The voltage across the capacitor lags the applied voltage. 


e The voltage across the capacitor lags the voltage across the resistor by 90°. 
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In a series RL circuit-- 


e The current lags the applied voltage. 
e The voltage across the resistor lags the applied voltage. 
e The voltage across the coil leads the applied voltage. 


e The voltage across the coil leads the voltage across the resistor by 90°. 
Effect of Frequency Change in RL Circuits 

Increasing the frequency in a series RL circuit causes the reactance, the 
impedance, and the voltage across the coil to increase; at the same time, the 
current in the inductor decreases. 

Doubling the inductance would have the same effect as doubling the frequency. 


Reducing the resistance one half would also have the same effect on phase 
relationship, but the current would be greater. 


98 


MM 0703, Lesson 4 


REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


ide. What is the current and voltage relationship immediately after the switch 
is closed in the circuit in figure 4-27, which shows a capacitor charging? 


a. Current and voltage are maximum. 
b. Current and voltage are minimum. 
one Current is minimum and voltage is maximum. 
d. Current is maximum and voltage is minimum. 
2. What is the resulting action if switch (S) is opened after the capacitor 


(C) is fully charged? Se figure 4.27. 


a. C loses its charge immediately. 
b. C loses its charge gradually. 
one C maintains its charge through the electrostatic field. 
d. C maintains its charge through the magnetic field. 
3. What occurs when switch S is closed in this circuit where a capacitor is 


discharging (figure 4-28)? Assume C fully charged. 


C loses its charge but retains its electrostatic field. 
C loses its charge but retains its magnetic field. 
Current and voltage decrease from maximum to zero. 
Current and voltage increase from zero to maximum. 


aaowo 


Figure 4-27. Charging a Capacitor. Figure 4-28. Discharging a Capacitor. 
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4. What symbol indicates a capacitor’s ability to store electrical energy? 
a. Gs 
b. Xo. 
on E. 
as Ey. 
Bi. What formula is used to compute the charge on a capacitor? 
a. Q = Ce. 
b. Q = CE. 
E 
on Q= > 
Cc 
d. Q= Ea. 
6s: What best describes a PURELY inductive circuit? 
a. Counter EMF and the applied voltage are in phase. 
b. Current leads the applied voltage by 90°. 
om Current lags the applied voltage by 90°. 
d. Counter EMF and the current are in phase. 
Ts Why are laminated iron cores used in inductors? 
a. To reduce the inductance. 
be To reduce flux linkage. 
Gs To reduce reactance. 
d. To reduce power losses. 


8. From which formula is the total capacitance of two series-—connected 
capacitors derived? 


G,+C 
ae Cc, =—L 
CC, 
cc 
b. ¢, =e 
Cy +0, 
Ce CE = C1Co. 
d. Ce = Cy + Co. 
9. How is the total capacitance determined for any number of series-— 


conntected capacitors? 


a. Ce = Cy + Co =F C3. 
b. ee ee a 
C, Cy Cy 
1.1 | ! 
ow —= + + 
C, Gy Ga Cy 
4 _ ©1203 
Cy +Cg +Cy 
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What is the voltage drop relationship between two unequal capacitors 
connected in series? 


The larger capacitor drops the least voltage. 
The smaller capacitor drops the least voltage. 
The voltage drops are equal. 

The voltage drops depend on the frequency. 


aaoo 


What formula is used to compute the capacitance of parallel-connected 
capacitors? 


1 1 


a. = 


C, Cy xy xC; 
1 _] 1 1 
b. wa 
Cc. Cy,+C,+Cs 
C1020 
Cc. = 
Cy +03 +03 
d. Ce = Cy + Co + Cz. 


What is the reactance, in ohms, of a 20 pfd capacitor at 30 MHz? 


265. 
26.5. 
2.65. 
0.265. 


ado 


The largest voltage will be dropped across which capacitor in the circuit 
in figure 4-29, which shows capacitors in series. 


a. 8 pfd. 
b. 5: pid: 
c. 3 pfd. 
d. 2 pfd. 


Figure 4-29. Capacitors in Series. 
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14, What is the impedance, in ohms, of the series circuit in figure 4-30? 
a. 7 
b. 5 
Gs 3 
d. af 


R=3 OHMS 


Figure 4-30. Series Circuit. 


15. What is the phase relationship between current and voltage when a sine 
wave of voltage is applied to a capacitor? 


a Current lags voltage by 90°. 
low Current lags voltage by 45°. 
(on Current leads voltage by 90°. 
d Current leads voltage by 45°. 


16. What best describes mica capacitors? 


a Unsuitable for high frequency circuits. 
b Unstable under temperature changes. 

on Unsuitable for high voltage circuits. 
da Stable under temperature changes. 


ag What is the most widely used type of capacitor? 
a Ceramic polished. 
b. Mica. 
Cc. Air. 
d Impregnated paper. 
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18. If the values of inductance and frequency are doubled, how is inductive 
reactance affected? 


a. Unchanged. 
b. Doubled. 
Gs Reduced to one half the original value. 
d. Increased to four times the original value. 
19. What is the power dissipated by the resistor in an RC circuit when 100 W 


of apparent power is delivered to the circuit, if the power factor is 0.8? 


a. 0.008 W. 

b. 8 W. 

Ci. 80 W. 

d. 100 W. 
20. What is a characteristic of an inductor? 

a. It opposes a change in voltage. 

Ds It opposes a change in current. 

com It aids a change in voltage. 

d. It aids a change in current. 
Recheck your answers to the Review Exercises. When you are satisfied that you 
have answered every question to the best of your ability, check your answers 
against the Exercise Solutions. If you missed five or more questions, you 


should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 
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Practice Exercise Answer Key 


PE 1 

1-b 6-a ll-d l6-a 
2-d 7-b 12-c 17-d 
3-c 8-c 13-d 18-a 
4-d 9-b 14-a 19-d 
S-c 10-b 15-c 20-c 
PE 2 

l-c 6-c ll-b 16-b 
2-d J-a 12-c 17-b 
3-b 8-c 13 -a 18-d 
4-d 9-b 14-c 19-c 
5-a 10-c 15-b 20-a 
PE 3 

1-b 6-c ll-d 16-d 
2-c 7-d 12-a 17-c 
3-d 8-d 13 -c 18-a 
4-b 9-b 14-c 19-d 
S-c 10-a 15-d 20-c 
PE 4 

1-d 6-c ll-d 16-d 
2-c 7-d 12-a 17-d 
3-c 8-b 13-d 18-d 
4-a 9-c 14-b 19-c 
5-b 10-a 15-c 20-b 
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MM0704 
INTRODUCTION 

This is the third of three subcourses on basic electricity. The first subcourse is a review of the mathematics necessary 
for the study of electricity. The second is on electron theory, magnetism, inductance capacitance, and alternating and 
direct currents. This subcourse is on resonance, filters, generators, motors, and transformers. 
As a missile repairer, an understanding of basic electricity is a must for doing your job. Whether you are new to 
missile repair or have been in the field for awhile, the basics of this subcourse will help you sharpen your skills and 
increase your knowledge. 


Supplementary Requirements 


There are no supplementary requirements in material or personnel for this subcourse. You will need only this book and 
will work without supervision. 


Credit Hours 


Twelve credit hours will be awarded for the successful completion of this subcourse--a score of at least 70 on the end- 
of-subcourse examination. 


MM0704 


Important: Electronic Examination Information 


This paper subcourse does not contain the examination or examination response sheet. You must go to the following 
web site to complete the examination and submit it electronically for grading. 


http://www.aimsrdl.atsc.army.mil/accp/accp_top.htm 


Registered students (those with ACCP userids and passwords) should key in the userid and password to LOGON, then 
click on the EXAM button to access the examination. 


Students who have not yet registered should click on the REGISTER button on the lower right corner of the screen. 
Follow directions to create a userid and password. Then click on the EXAM button to access the examination. 
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Lesson 1 
RESONANCE AND TRANSIENCE 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain transience, waveforms, and time 
constants for charging and discharging resistive-inductive circuits. You will also be able to explain the meaning of 
resonance and the purpose, characteristics, operation, and use of series and parallel resonant circuits. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 2, 3, 
and 4 (answer 23 of the 30 questions correctly). 


INTRODUCTION 


In the analysis of AC circuits in the previous subcourse, you learned the characteristics of inductive and capacitive 
reactance. When inductive and capacitive reactances are equal in magnitude, the circuit is said to be resonant. Since 
the resonant circuit is sensitive to differences in frequency, it becomes important in many electronic devices where 
frequency selection or rejection is required. Resonant circuits are used in electronics to determine the frequency of 
operation of transmitters and receivers; in radio to allow selection of stations broadcasting on different frequencies; and 
in telephone communication circuits to permit simultaneous transmission of dozens of conversations on a single line. 


RESONANCE 

Series 

The series resonant circuit consists of capacitance and inductance in series. Resistances in the coil, condenser, 
generator, and wiring are generally represented as one resistor in this type of circuit. This combination is possible 
because resistances in series always add arithmetically. 

The current and voltage conditions in a series resonant circuit are shown in figure 1-1 where equal inductive and 


capacitive reactances are represented. This is a resonant circuit. Generally, the series resistance of such a circuit is 
small compared with the reactance of the coil or the capacitor. In the circuit 
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in the figure, there are only 5 Q of resistance as compared with 200 © of inductive reactance and 200 Q of capacitive 
reactance. To find impedance, use vector notation. 

Z = total circuit opposition 

R_ = resistance 

Xc = capacitive reactance 

XL = inductive reactance 

Z = VR + (Xp - Xc7 
Z = ¥25 + (200 - 200) 
Z =V25 
Zz 


= 5 


Figure I-1. Series Resonant Circuit 


Since the reactances are equal and opposite, they cancel out and the only opposition in the circuit is the resistance. The 
impedance of a series resonant circuit is, therefore, only the resistance in the circuit. To find the current do the 
following. 


(I7 means total current.) 


Note that the current of a series resonant circuit is in phase with the applied voltage. The power factor of the circuit is 
one. 


A more interesting fact about the series resonant circuit is concerning the magnitude of the voltage across the coil and 
capacitor. The voltage across the coil (inductance) is 


Ey, = IXy, = (2) X (200) = 400 V. 


The voltage across the capacitor is 


Ec = [X¢ = (2) X (200) = 400 V... 
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At first, it may seem impossible that such high voltages can exist across the coil and across the capacitor with only a 
small voltage applied. It is true, however, that such an increase in voltage can be obtained. The voltage across either 
reactance in this case is 40 times as great as the applied voltage, a voltage gain of 40. The voltage gain of any series 
resonant circuit is the ratio of the voltage across the coil (or condenser) to the applied voltage. Figure 1-2 shows a 
vector representation of this resonant circuit. Since EL leads the applied voltage by 90°, and Ec lags the applied 


voltage by 90°, these two equal voltages are 180° out of phase with each other. (Recall E is EMF.) When added 
vectorially, they cancel. This means that the voltage across the series combination of the coil and capacitor is zero. 


EL 


Ec 


Figure 1-2. Vector Diagram of a Series Resonant Circuit. 


Resonant Frequency Formula. For fixed values of L and C, there is only one frequency at which X]_ equals Xc. 
This is true because Xc falls with an increase in frequency, while X]_ rises with an increase in frequency. Figure 1-3 


shows that their values can be numerically equal at only one point, which is the point at which the lines cross. Since 
the requirement for resonance is 


XL =Xc. 


Resonance occurs when 


2s 
anil = SAC 


Solving for f (frequency), 


2 l 
eS 4n* LC 
and 
fey et 
2a/LC’ 


which is the equation for frequency of resonance. All quantities in the equation are in basic units: Hertz, henrys, and 
farads. 
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i RESONANT 


Ly FREQUENCY 


Figure 1-3. Reactance and Frequency. 


Frequency and Current in an LCR Circuit (Circuit Containing Resistance, Inductance, and Capacitance). The 
important properties of the series LCR circuit arise because its impedance is lowest at the frequency of resonance (Z = 
R) and because it rises rapidly as the frequency is changed. When the applied frequency is below the circuit's resonant 
frequency, this impedance consists of resistance plus capacitive reactance. This is because Xc is larger than Xy. 


When the applied frequency is above the circuit's resonant frequency, X__ is larger than X@, and the circuit impedance 


consists of resistance plus inductive reactance. The impedance curve of a series LCR circuit (R very small) is shown in 
figure 1-4A. Figure 1-4B shows the way current changes from leading to lagging as frequency increases. 


o FREQUENCY —————3> MAX 
A. IMPEDANCE CURVE B. PHASE ANGLE OF CURRENT 


Figure 1-4. Series Resonance. 
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When the resistance in an LCR circuit is small, the circuit is very responsive to changes in frequency (figure 1-5). That 
is, the resonance curve is sharp and current at resonance is quite large, being limited only by R. If the resistance is 
large, in comparison with the reactance, the total impedance change as the frequency passes through resonance is small, 
the resonant peak is broad, and the current at resonance is quite small. A series resonant circuit with small resistance is 
said to have high gain Q (not to be confused with the Q of electric charge). Q is determined by the ratio 


q- Pa .P Xi . XL 
PR FRR 


(Q is the ratio of apparent power to real power.) 


When the Q of a series resonant circuit is known, it may be used to enable an easy solution for the voltage across L or 
C at resonance. The voltage across either reactance by Ohm's Law is 


Eapplied 
EL (or Ec) = XI = (XL) Capptied) 
X 
But, since Q = a Ej, = QE applied. 


This is the phenomenon of resonance, that is, the applied voltage is multiplied by the Q gives the voltage across the coil 
or capacitor. 


—— MAX 


Q=*GAIN OF VOLTAGE ACROSS THE COIL AND THE CAPACITOR 


Figure 1-5. Resistance in an LCR Circuit. 
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Bandwidth. Sharpness of resonance is difficult to define since there is no exact point on the curve that can be 
designated as the limit of the bandpass. However, because it is often necessary to state the band of frequencies that a 
resonant circuit will pass, an arbitrary standard has been set up. The limiting frequencies are those at either side of 
resonance at which the current falls to 0.707 of the current at resonance. These are known as the half power points (A 
and B, fig 1-6). The circuit shown in figure 1-6 has a bandwidth of 1,000 Hz between half power points. The bandpass 
is from 1,000 Hz to 2,000 Hz. 


Figure 1-6. Band Pass of a Series Resonant Circuit. 


In this circuit, 0.707 is equivalent to half power. This is because, in any circuit, power is proportional to I’. The power 
at resonance is I’R. At the half power point, the current is less. Call it I). Then, 


oy 
I! 
| 


fees, 
i V2 
i, = 0.707 X J. 
Therefore, the current at the half power point is 0.707 times the current at the resonant peak. 
Some Uses for Series Resonant Circuits. The resonant rise of voltage in the series LCR circuit is valuable in giving 


selectivity to radar and radio receivers. The reason for this is that, with a high Q circuit, the feeble signal voltages with 
the desired frequency can be increased tremendously, while there is little gain in voltage at adjacent frequencies. 
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A recent development in television is the use of high Q series resonant circuit for developing voltages of the order of 70 
kV for high intensity, projection-type tubes. 


Most resonant radio frequency circuits are made with a variable element so that the frequency of resonance may be 
adjusted. A radio receiver, for example, contains several adjustable resonant circuits. Probably the most common 
means of adjustment is the variable capacitor. Since the development of the powdered iron core, variation of 


inductance has also become simple and popular. At high frequencies, such coils are sometimes resonated with their 
distributed capacitance and that of the associated wiring. Using the equation for the frequency of resonance, 


1 
f=— = 
2n/LC 
you can see that decreasing L, C, or both, results in an increased resonant frequency. 
Parallel 


The simplest parallel resonant circuit is inductance and capacitance in parallel, connected to a generator as shown in 
figure 1-7. For simplicity, assume that there is no resistance in L or C. The frequency is such that X_ = X¢c. The 


currents through the two branches are then equal. 
Ir =Ic¢, or ly, - Ic = 0 
or vectorially, 
JIL - jc =0. 
Adding these currents to find the total current shows their vector sum to be zero. Since no current is drawn from the 


generator, this theoretically perfect resonant circuit has infinite impedance. This is directly opposite to the condition of 
series resonance. The requirement that Xj = XC is, of course, the same as that of the series resonant circuit. Because 


of this, the equation for frequency of resonance, 


1 
f=——, 
2a/LC 


is the same for both series and parallel circuits. 


Figure 1-7. Parallel Resonant Circuit. 
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In any practical parallel LC circuit, there is always some resistance in the branches, mainly in the inductive branch is 
the resistance of the coil winding (distributive resistance). This means that the current through the inductive branch 
will lag the applied voltage by slightly less than 90°. The currents through the two branches do not cancel entirely, so 
there is some total current. This line current furnished by the generator is very small. A circuit that draws only a small 
amount of current has a high impedance. 


When the frequency of the applied voltage in a parallel circuit is such that substituting the values of L, C, and f in the 
formula results in an equality, a resonant condition exists. If L, C, or f is then changed, the circuit is off resonance, the 
current is increased, the impedance is decreased, the reactances are unequal, and the frequency formula is no longer 
usable. 


The above facts apply to parallel resonant circuits where the resistance in series with the capacitor is insignificant, and 
the Q of the coil is high. 


Power in the Parallel Resonant Circuit. If the circuit is known to be resonant, total power dissipated may be 
calculated by 


P=EI. 


Whether the circuit is resonant or nonresonant, total power is equal to the sum of the power dissipated in each 
resistance. Power dissipated in a circuit using a high Q coil and a condenser free of losses will be very small. 


The energy lost in a parallel resonant circuit is mainly due to resistance in the windings of the coil, although, at very 
high frequencies, losses also become apparent in the capacitor. Series resistance in the inductive or capacitive branch is 
carefully kept to a minimum, since the smaller the series R, the smaller the PR loss. Any resistance across the tuned 
circuit (which is sometimes unavoidable) should be kept as large as possible; because the power lost is proportional to 
E’/R. As with the series circuit, large losses make the resonance curve nonselective. 


Resonance Frequency Curves. The resonant curve for the parallel circuit is shown in figure 1-8A. It is plotted for 
impedance versus frequency and is similar to the current versus frequency curve of the series resonant circuit 


CAPACITIVE 


INDUCTIVE 


A. RESONANT CURVE B. REACTANCE CURVE 


Figure 1-8. Parallel Resonance Frequency Curves. 
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The reactance curve (figure 1-8B) shows that, for applied frequencies below the circuit's resonant frequency, the circuit 
is inductive, while above resonance, it is capacitive. To decide what kind of reactance is presented when the applied 
frequency is above the resonant frequency, think in terms of the total current drawn. Is it leading or lagging current? 
Since the parallel LC circuit offers a very high impedance at resonance, it is of primary importance where a relatively 
large voltage change is desired as the circuit approaches resonance. It is, therefore, desirable to use a generator of high 
internal impedance. In figure 1-9, R is the internal impedance of the generator. If R is very small, then change in the 
current drawn by the LC circuit produces little change in the voltage drop across R, and the voltage across LC remains 
practically constant as the circuit is varied through resonance. If R is large, any change in current produces large 
changes in voltage across R and results in large voltage changes across the resonant circuit. 


Figure 1-9. Parallel Resonant Circuit with Generator (R). 


The voltage curves for a parallel resonant circuit are shown in figure 1-10 for both high and low generator impedance. 
Unlike the series resonant circuit, note that increasing the R of the generator improves the selectivity of the circuit 


Figure 1-10. Voltage Curves for Parallel Resonant Circuit 
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Uses of Parallel Resonant Circuits. Since the parallel resonant circuit has a high impedance, it is often useful for 
rejecting undesired frequencies. An example is the wave trap, figure 1-11, which is used to reject an undesired signal 
from a receiver. It consists of a parallel resonant circuit in series with the antenna of the receiver and tuned to the 


interfering frequency. 


RECEIVER 


Figure 1-11. Parallel Resonant Circuit Used as Wave Trap. 


Another function of the parallel resonant circuit is that of determining the frequency of operation of radio and radar 
transmitters. The parallel resonant circuit lends itself very well to vacuum tube generators, which have a high internal 


impedance. 


Table 1-1. Comparison of Series and Parallel Resonance. 


Characteristic 


Impedance at resonance 
Power factors at resonance 


Equation for frequency at resonance 


Desirable source (generator) 

impedance 

Bandpass Frequencies 
between half 
power points 


Reactance, source frequency below Capacitive 
resonance 


Reactance, source frequency above Inductive 
resonance 
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Parallel 


Maximum 
Unity 


a a 
2nxVLC 


High 
Frequencies 
between half 
power points 
Inductive 


Capacitive 
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Mechanical Analogies 


Many electrical principles can be better understood when they are compared to mechanical devices. A device closely 
related to the resonant circuit is the pendulum. As in the case of a free-swinging pendulum, the frequency of the 
resonant circuit is practically independent of the amplitude of the force applied and there is but a single resonant 
frequency. However, both reach large amplitudes with very small amounts of power applied, both can be made to 
oscillate with a push along a small part of each cycle, and both continue to oscillate for many cycles after the driving 
force has been removed. 


The only energy required to keep a pendulum going is friction. A large amount of energy is stored in the moving 
pendulum in two forms: kinetic energy when the pendulum falls and potential energy as the pendulum rises. A similar 
continuous exchange of energy goes on in the resonant circuit. Imagine a capacitor connected across an inductor. 
Assume the capacitor is to be charged by some outside force that is no longer active (a generator that has just been 
disconnected). Energy is stored in the electrostatic field of the capacitor, which must discharge through the coil. This 
takes time because the inductor opposes a change in current. As the capacitor discharges, its energy is stored in the 
magnetic field built up by the flow of current in the coil. When the voltage across the capacitor is gone, current 
continues to flow in the same direction because of the collapse of the magnetic field about the coil. This current 
charges the capacitor and current flows in the opposite direction for a half cycle. Except for resistance losses, which 
convert this circulating energy into heat, it could be made to oscillate forever from a single pulse of electrical energy. 
In practice, these oscillations are not detectable after a few hundred cycles; the exact rate of dying out (damping) is 
determined by the Q of the circuit. As with the pendulum, the only energy required by the resonant circuit is that 
amount that is wasted by the electrical equivalent of friction, which is resistance. 

Summary of Series and Parallel Resonance 

Series resonant circuits have in common the following: 


e The current is maximum at resonance. 


e Xz =X¢ at resonance. 


e Power factor is one (unity) at resonance. 
e When the applied voltage is below the resonant frequency of the LC circuit, the circuit reactance is capacitive. 
e When the applied voltage is above the resonant frequency of the LC circuit, the circuit reactance is inductive. 


e Frequency of resonance equals 1 


on VLC 


Parallel resonant circuits have in common the following: 
e The impedance is maximum at resonance. 


e XpL= X¢c at resonance. 


e Power factor is one at resonance. 
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e When the applied voltage is below the resonant frequency of the LC circuit, the circuit reactance is inductive. 
e When the applied voltage is above the resonant frequency of the LC circuit, the circuit reactance is capacitive. 


e Frequency of resonance equals (where R is negligible). 


1 
2n VLC 
TRANSIENCE 


Time Constants and Transience 


Transience is that period during which there is a rapid change from one steady state to another. An example is the 
current through a capacitor after a voltage is applied to it. 


The study of time constants concerns itself chiefly with the study of any electric circuit during its DC transient periods. 
Although a square wave may be AC, each half cycle may be considered a temporary DC voltage. Time constants 


involve nonsinusoidal waves such as square waves, triangular waves, and spiked waves. 


In the study of circuits it is vital to know how the size of capacitors, resistors, and inductors, along with the frequency, 
will determine the rate of the change in the transient wave. 


Review of Simple Circuits 
Review the following before starting the detailed explanation of time constants. 
The R Circuit. The expression for the voltage across a resistor is 
Ey, =IX,, 
The resistance (R) is the factor that, if multiplied by the current (I), establishes the voltage across a resistance. 
The L Circuit. The expression for the voltage across an inductor is 
Ey, =IX,, 
where X]_ = 27fL. 


The C Circuit. The expression for the voltage across a capacitor is 
Ec = iX¢, 


moe ee 
where XC = anfC 
Time Constants 


The RC Circuit. The expression for the sum of the voltage drops of the circuit shown in figure 1-12 is 


Eq = VER + FB. 
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where the voltage across the resistor is proportional to the current through it, and the voltage across the capacitor is 
proportional to the capacitive reactance, Xc. 


Figure 1-12. RC Circuit. 


The instant the switch is closed, in figure 1-12, the voltage across the capacitor is zero and the voltage across the 
resistor is Ea. After a period of time, the transient action will be complete, the capacitor voltage will be Ea, and the 


resistor voltage will be zero. Figure 1-13 shows the relative values of resistor voltage and capacitor voltage as time 
elapses. 


RC Time Constants. The value of C determines the amount of electron displacement required for a given voltage, and 
the value of R determines the rate of electron displacement. Therefore, the time from Tg to Ty, in figure 1-13, is 


determined by the value of R and C in the circuit. The time constant of the RC circuits is the length of time required 
for the capacitor to charge to 63.2 percent of the applied voltage. In other words, at T, the capacitor charge has 


reached 63.2 percent of its final charge. 


Figure 1-13. Voltages in the RC Circuit During the Charging Period. 
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As an example of the time constant, let the voltage across the capacitor in figure 1-14A be represented by the graph in 
figure 1-14B. 


A. SCHEMATIC 


etc 3TC 


B. GRAPH 


Figure I-14. RC Time Constant. 
When t = TC (one time constant), EC = 63.2 percent of E. 


When t = 2TCs (two time constants), EC = 63.2 percent of E + 63.2 percent of the remaining applied voltage after one 
time constant. That equals 0.632E + 63.2 percent of 0.368E which is 86.5 percent of E. 


When t = 3TCs (three time constants), the capacitor will have acquired another 63.2 percent of the remaining applied 
voltage or 95.1 percent of E. 


When t = 4TCs, E = 98.2 percent of E and after 5 TCs, EC = 99.3 percent of E. Thus, for practical purposes, the 
capacitor may be considered fully 
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charged after five time constants. In other words, when t = 5TCs, the transient action is complete. One steady state has 
been altered and is now settled into another steady state: transience. From this, you can see that the value of R and C 
determines the time required to charge the capacitor. Remember that the product of R and C is referred to as a time 
constant, and this product is a measure of time as follows: 


R (Q) X C (fd) = time constants (sec), 
R (MQ) X C (ud) = time constants (sec), 
R (Q) X C (ud) = time constants (psec). 
The last equation above is the one most commonly used in electronics. 


Discharging a Capacitor Through a Resistor. If a charged capacitor is placed across a resistor as illustrated in figure 
1-15A, the capacitor will begin to discharge. During discharge, the capacitor voltage and resistor voltage is the same 
(Ec =Ep). At the first instant, the voltage is 100 V and the current through meter A is 10 mamps. After 1 TC, (Rx C 


= 10°x.1 = 1,000 usec) the voltage is 36.8 V and the current is 3.68 mamps (63.2 percent change). See figure 1-15B. 


After 2 TCs, 2,000 psec, the voltage is 13.5 V and the current is 1.35 mamps (another 63.2 percent change, 86.5 
percent total change). See figure 1-15C. After 3 TCs, 3,000 psec, the voltage is 4.9 V and the current is 0.49 mamps. 
After 4 TCs, E = 1.8; after 5 TCs, E = 0.0, and for all practical purposes, the capacitor is discharged and the current is 
zero. 


Universal Time Constant Graph. Thus far, it is possible to find the resistor and capacitor voltage and the current in a 
series RC circuit with direct current applied for any whole number of time constants. Suppose, however, you want to 
know this information for a fractional number of time constants. For example, use the circuit shown in figure 1-16 and 
find the Ec, Ep, and I after 1,500 psec (1.5 TC). 


You know that Ec is 63.2 V after 1,000 usec (1 TC) and 86.5 V after 2,000 psec (2 TCs). Remembering that the 
capacitor does not charge at a linear rate, 


B. t = 1,000 psec 


Figure 1-15. Discharging a Capacitor. 
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lufd 


10K 


Figure 1-16. Series RC Circuit. 


you cannot assume that the voltage will be midway between the 63.2 V and 86.5 V (74.8 V) at 1.5 TCs. Hence, some 
arrangement must be made to show all the intermediate situations between whole time constants. 


At any time, the voltage and current of any component can be calculated mathematically by the use of calculus. It can 
also be done more simply by plotting a graph of the percentage of change using values for each whole time constant. 
See figure 1-17. The first instant that voltage is applied to a series RC circuit (zero time constant), the percentage of 
applied voltage across the capacitor is zero. This is point A on the graph. One time constant after the voltage is 
applied, 63.2 percent of the applied voltage, appears across the capacitor. This is point B on the graph. After 2 TCs, 
the applied voltage across the capacitor has risen to 86.5 percent of the applied voltage. This is point C. The voltage 
across the capacitor after 3 TCs is 95.1 percent (point D); after 4 TCs, 98.2 percent (point E); and after 5 TCs, 99.3 
percent (point F). 


e 
al 
o 
> 
Q 
ul 
Cond 
| 
t 


NUMBER OF TIME CGNSTANTS 


Figure 1-17. Percent of Capacitor Voltage. 


22 


MM0704, Lesson 1 


A smooth curve connecting points A through F follows the capacitor charge and shows all the intermediate percentages 
of the applied voltage found across the capacitor at both whole and fractional time constants. 


You can find the voltage across the capacitor for 1.5 TCs on the graph. On the X axis find 1.5 TCs. From this point 
move vertically up to the curve for the capacitor charge. Call this point Z. Now, move horizontally from point Z to the 
Y axis where the percentage of applied voltage to which the capacitor has charged is given. The capacitor will have 
charged to 78 percent of the applied voltage. Since the applied voltage in the circuit of figure 1-16 is 100 V, the 
voltage across the capacitor for 1.5 TCs is 0.78 x 100V = 78V. 


You can also find the voltage across a capacitor after any number of time constants. You can find the number of time 
constants in any given time by dividing the product of R x C into the time, thus, 


[ 
Number of TCs = Re 
Figure 1-18 is a more accurate graph than the one in figure 1-17. It is used for computations in series RC circuits. 
Known as a Universal Time Constant Chart, you can use it to determine Ec, Ep, and I as accurately as possible without 
calculations. This chart, in addition to being accurate, provides curves for the capacitor voltage on charge (curve A), 
and also for the resistor voltage on charge (curve B). On the graph of figure 1-18, you can also use curve B to 
determine the capacitor discharge voltage and curve A the resistor voltage on discharge. 


On the chart, the numbers | through 5 along the horizontal axis represent the number of time constants rather than 
specific units of time. This means the graph can be used for computations in any series RC circuit regardless of the 
length of time represented by each time constant. 


CAPACITOR VOLTAGE ON CHARGE INDUC- 
TANCE CURRENT ON BUILDUP 


CAPACITOR VOLTAGE ON DISCHARGE; IN- 
DUCTANCE CURRENT ON DECAY: RESISTOR 
VOLTAGE ON CHARGE OR DISCHARGE 
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Figure 1-18. Universal Exponential Curves for RC and RL Circuits. 
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Square Wave Applied to RC Circuits. Square waves of voltage are often applied to series RC circuits in radar. The 
reason is either to use the RC circuit for coupling the undistorted square wave to a following stage, or to distort it 
purposely. In the latter case, the RC circuit is called a wave shaping circuit. 


In AC circuit analysis, you learned that RC circuits do not affect the shape of the sine wave. If a sine wave of voltage 
is applied to the RC circuit, no matter what the values of resistance and capacitance are, its shape across either the 
resistor or the capacitor will be a sine wave. The only changes that would be evident would be in amplitude and phase. 
However, with a square wave applied to a series RC circuit, the values of resistance and capacitance have a direct effect 
upon the resultant wave shape across the resistor and the capacitor. 


If the R and C of the circuit are such that the capacitor charges very rapidly and reaches full charge during the first part 
of the input wave, the output across the resistor will be a sharply peaked wave. The output across the capacitor will be 
a square wave with the leading edge rising with a slight curvature rather than rising vertically. On the other hand, if the 
capacitor and resistor are of such a value that the capacitor doesn't have time to charge, the output across the resistor 
may approximate the input, although the top of the wave will slope down. For values of resistors and capacitors 
between these two extremes, the wave shapes will differ. 


You can think of a square wave of voltage as a DC voltage that alternates between a maximum and a minimum, each 
for the same length of time. One way of developing a square wave of voltage is by using the circuit shown in figure 
1-19A. With the switch in position A, the output across the resistor is 50 V. With the switch in position B, the output 
is zero. If the switch is left in each position the same length of time and if the switching time is zero, the output is a 
square wave of voltage as shown in figure 1-19B. 


The frequency of this square wave can be determined from the formula for frequency in terms of time, 


bat = = eft — Ppt — 9 om 
Lege Five CYCLE —_+»l 


A. GENERATION 8B. PATTERN 


Figure 1-19. Square Wave. 
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In the preceding formula, if time is in seconds, the frequency will be in hertz; if the time is in microseconds, the 
frequency will be in megahertz. If the time is given in microseconds but it is desirable to have the frequency in hertz, 
then the formula can be written in this manner (instead of changing the microseconds to a fractional part of a second): 


fy, ~ 1,000,000 psec 
Hz P psec 


P represents the time for one cycle. For example, find the frequency of a square wave if the switch in figure 1-19A is 
left in position A for 2,500 psec and in position B for 2,500 psec. The period for one cycle is the sum of two 
alternations or 5,000 usec. Using the second formula, 


_ 1,000,000 _ 
f= 5.000 200 Hz. 


If the frequency is known but the period for one cycle is needed, rewrite the formula as follows: 


p = +. where the time will be in seconds if the frequency is in hertz, and in 
microseconds if the frequency is in megahertz, or 


p=! ca 900. where the time will be in microseconds if the frequency is in 
hertz. 


If the frequency of a square wave is 250 Hz, what is the time for one cycle? 


p — 1,000,000 psec 


250 Hz 4000 usec 


When the period for one cycle of a square wave is 4,000 sec, the time for each alternation is 2,000 usec. An 
alternation is the time the switch is in one position, either A or B in figure 1-19A. 


To find out what happens when a square wave is applied to a series RC circuit look at figure 1-20. A square wave 
having a frequency of 250 Hz is applied to an RC circuit. Since the maximum voltage of the square wave is 50 V, the 
instant the square wave is applied to the RC circuit the applied voltage E, will be 50 V. This 50 V input lasts for one 


alternation, 2,000 psec. 


Figure 1-20. Sample RC Circuit. 
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From the Universal Time Constant Chart, you can see that a capacitor cannot charge instantaneously. The voltage 
across the capacitor at time to then is zero. Hence, all of the applied voltage appears across the resistor. 


The values of Ep and Ec at time to are shown on their respective wave shapes in figure 1-21. At the instant a DC 


voltage is applied to a series RC circuit, the voltage drop across the capacitor is zero, and all of the applied voltage 
appears across the resistor. 


At time Ty, just before the input drops to zero, the DC voltage has been applied for 2,000 usec. This has given the 


capacitor time to charge exponentially to some voltage value. With a voltage other than zero across the capacitor, the 
voltage across the resistor will be less than the initial voltage. The value of Ep, at time T, is found to be 


time for one TC = (0.02) (20K) = 400 usec. 


Voltage is applied for 2,000 psec at T]; therefore, there are 5 TCs at T,. Thus, the capacitor is fully charged (SOV), the 
current has ceased to flow, 


Figure I-21. Wave Shapes for Circuit in Figure 1-20. 
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and the voltage across the resistor is zero. At T1, the input voltage drops to zero. The voltage across the capacitor is 
effectively the source voltage for the resistor. 


Assuming that the input source has no internal resistance, the resistor is the only component in series with the 
capacitor. The capacitor begins to discharge through the resistor, reversing the direction of the original current flow 
(charging current). At time Tj, after the input has dropped to zero, the resistor has approximately a negative 50 V 


across it (the voltage to which the capacitor is charged). Figure 1-22A shows the circuit at time Ty, figure 1-22B is the 
simplified equivalent. 


As the capacitor voltage decreases during the discharge, the resistor voltage also decreases. Since the resistor is the 
only component in series with the capacitor (figure 1-22B), Ec and Ep are always equal during this discharge of the 


capacitor. At time T9, just before the voltage rises from zero to maximum, the capacitor has been discharging for 2,000 


usec. The voltage across the capacitor and the resistor has been decreasing at an exponential rate during this time. The 
value of the voltage across them at time T> is shown in figure 1-21. 


At time T9, the input voltage rises to maximum (50 V) again. A new cycle starts and the same action is repeated. The 
voltages at times T7, T3, and Ty will be approximately the same as those at times To, Tj, and Tp, respectively. The 


continuation of these wave shapes is shown in figure 1-21. These wave shapes are from the circuit of figure 1-20 under 
the conditions given; that is, with a capacitor of 0.02 fd, a 20,000-resistor, and an input having a frequency of 250 Hz. 
(fd is farads.) 


If the relationship between T, R, and C is changed, the shape of the resistor and capacitor voltage curves will also 
change. 


The RL (LR) Circuit. Wave shaping can be by RL circuits as well as by RC circuits. In RC circuits, you learned that 
the transitory time was the time needed for the capacitor to charge to the applied voltage and for the current to drop to 
zero. Ina series RL circuit, on the other hand, the transitory time will be the time for current to build up to a maximum 
value from zero or to decay from maximum to zero. 


B. SIMPLIFIED 


Figure 1-22. Circuit. 


27 


MM0704, Lesson I 


Since the same laws hold true in RL circuits as in RC circuits, the same sort of analysis may be used. The sum of the 
instantaneous voltage drops around a series RL, circuit is always zero. The product of the current and the resistance 
equals the voltage drop across the resistor. 


In the RC circuits just studied, the capacitor opposed a sudden change of voltage across it. This caused the transient 
action. In RL circuits, the inductance (coil) opposes a sudden change of current flow through it giving a transient 
action. The rate at which current will change through a coil is dependent upon the voltage across the coil and the 
inductance of the coil. The current through the coil will increase faster with a large voltage across it than if the voltage 
were small. Also, the larger the inductance, the smaller the rate of change of current. 


Figure 1-23A shows a series RL circuit with DC applied. At the instant the switch is closed, 50 VDC is applied to the 
inductor and the resistor in series. Because the inductor has the characteristic of opposing a change in current flow, 
there is no current flow through the resistor and no voltage drop across the resistor (ER=I x R =0 x 10K). All of the 


voltage must appear across the coil. 
Eg =E,+ER 
50 v =Ey, +Oy 


With 50 V across the 10-henry (10-h) inductor, which is assumed to have no internal resistance, current begins to flow 
through the circuit at a rapidly changing rate. 


After a short time interval, the current will have risen to 3 mamps. With 3 mamps of current, the voltage drop across 
the resistor is 30 V and across the coil it is 20 V (see figure 1-23B). With the lower voltage across the coil, the current 
change would be less rapid. 


After another period of time, the current, since it is increasing more slowly than before, may rise to 4.2 mamps. This 
would place a voltage of 42 V across the resistor, leaving only 8 V across the coil (figure 1-23C). 


Since the voltage across the coil has again decreased, the rate of increase of current is again smaller. After another 
period of time, the current might be 4.8 mamps. This would develop 48 V across the resistor, leaving 2 V across 


A. NO CURRENT B. EARLY CURRENT C. LATER CURRENT 


Figure 1-23. Voltages Across an RL Circuit. 
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the coil. Each time, if the voltage across the coil is halved, the current increase would be halved. Theoretically, the 
current would never reach maximum. For all practical purposes, however the voltage across the coil becomes zero, and 
the current reaches a steady state. This increase of current through an inductor is very similar to the increase of voltage 
across a charging capacitor 


RL Time Constants. The rate of increase of current through a coil is directly proportional to the voltage across it and 
indirectly proportional to the inductance. The larger the inductance, the smaller the rate of increase. Therefore, since it 
must take longer for the current to reach maximum through a larger inductance, the time for the current to reach 
maximum is proportional to the inductance in the circuit. 


The maximum current is equal to the applied voltage divided by the resistance in the circuit. The greater the resistance, 
the smaller the maximum current. Since it takes less time for the increasing current to reach a low value than it does to 
reach a high value, the time required must be inversely proportional to the resistance in the circuit. 


It may be shown that something else in the RL circuit could affect the time required for the current through the coil to 
reach maximum. [If the applied voltage is increased, the maximum current will be higher. This would appear to 
increase the time required but, at the same time, the rate of increase would be greater, tending to shorten the time. 
Thus, an increase in voltage would not affect the time required for the current to reach maximum value. It remains that 
the only factors affecting the time required for the current to reach maximum are the resistance and the inductance in 
the circuit. 


In RC circuits, it was shown that both resistance and capacitance were directly proportional to the time required for 
completion of the transient action. In a series RL circuit, on the other hand, inductance is directly proportional to the 
transitory time, and resistance is inversely proportional. This relationship is shown in the following equation: 


Sas ae. eee oe 
Time = LX R 


This value L/R represents a period of time proportional to the transitory time in the RL circuit and is like the product of 


R and C in the RC circuit. Therefore, it is also termed a time constant. The relationship holds true when expressed in 
the following units: 


TC (in sec) = inductance (in h) 


Resistance (in 92) 


For example: 


— 10mh _ 
TC = 10kQ I psec 


At the end of the first TC in a series RL circuit, the current will have reached 63.2 percent of its maximum value. At 
the end of the second TC, the current will have increased to 86.5 percent of its maximum value; at the end of the third 
TC, 95.1 percent; at the end of the fourth TC, 98.2 percent; and at the end of the fifth TC, 99.3 percent of its maximum 
value. 
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The current in a series RL circuit follows exactly the same curve in its buildup as the capacitor voltage followed in the 
RC circuit. For that reason, the Universal Time Constant Chart (figure 1-18) can be used for RL circuits as well as for 
RC circuits. Curve A on the graph represents current on buildup; curve B represents current on decay. 


Square Wave Applied to RL Circuits. When a square wave of voltage is applied to a series RL circuit, results similar 
to those from RC circuits can be expected. For example, consider the circuit of figure 1-24A with a square wave of 
voltage applied. At the instant the input signal rises from zero to 20 V, the entire voltage appears across the inductor. 
There is no current flowing in the circuit as yet, since the inductance opposes any change in current. The voltage 
across the resistor, then, is zero. This is shown in the wave shapes of figure 1-24B. 


As the current builds up in the circuit, the voltage across the resistor increases and that across the inductor decreases. 


At the end of the first alternation, the number of TCs is the duration of the alternation divided by the time of 1 TC, 
provided the wave is symmetrical. 


Number of TCs = = = SS O= > 


In the circuit illustrated in figure 1-24, 


= eet eee 
Pw = 1/2f = 2 (500 Hz) OO! sec and 
Rt _ 500(.001 sec} _ 5 


L lh 


A. CIRCUIT B. WAVE SHAPES 


Figure 1-24. Square-Wave Voltage in an RL Circuit. 
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Therefore, the voltage across the coil at the end of the first alternation will be practically zero. These values are shown 
on the curves in figure 1-24B. The voltage across the coil is so near zero, you can assume that the current has reached 
maximum and is no longer increasing, therefore, the voltage across the resistor is maximum. 


At the end of the first alternation, the input signal voltage drops to zero very suddenly. If you assume that the signal 
source has no internal resistance, then the circuit at this time may be represented by the circuit in figure 1-25. 


With no applied voltage to sustain the current, which is at maximum, the current would attempt to stop flowing. The 
magnetic field, due to this current, would begin to collapse. The collapsing of the magnetic field induces a voltage 
across the coil of such a polarity that it tends to maintain the current flow in the same direction. The coil is now acting 
as a generator with the polarity shown in figure 1-25. 


Figure 1-25. RL Circuit at End of First Alternation. 


The instant the field begins to collapse, the greatest current will flow through the circuit, producing a high voltage drop 
across R. With no losses in the circuit, the voltage across both the resistor and the coil would have an amplitude of 
about 20 V. As the induced voltage falls off, the current decreases, as does the voltage, across the resistor. At any time 
during current decay, the voltage across the coil and the resistor will be equal in amplitude since the two are effectively 
in parallel. 


Notice that the wave shape across the coil is AC, although the input voltage is pulsating DC (figure 1-24B). It is a 
peaked wave, as was the voltage across the resistor in the RC circuits previously studied. The voltage across the 
resistor in the RL circuits is a triangular wave. This compares to the capacitor voltage in the RC circuits. 


Time constants affect the wave shapes in RL circuits, just as they do in RC circuits. If the current has more than 
enough time to reach maximum (the time constant is short compared to the time for the shortest alternation), the wave 
shape across the coil will be a sharply peaked wave. As with RC circuits, in order for the time constant to be short, the 
time of the shortest al 
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ternation must be at last ten times as long as the time constant of the RL circuit. That is, 
or —— = 10 (or more). 


In the preceding formula, R is the resistance in ohms; L is the inductance in henrys; and t is the time for the shortest 
alternation in seconds. 


If the length of the TC for the circuit is very long, compared to the time for an alternation, the current does not have 
time to increase much. The voltage across the inductor produces a distorted square wave, while the voltage wave shape 
across the resistor is triangular. 


In order for the output to be a good reproduction of the input the TC of the RL circuit must be long with respect to the 
time of the longest alternation. If the time of the alternation is only one-tenth (or less) of the time for one TC, the 
circuit is said to have a long TC. That is, 


t= 0.1 Eo: BE 


R . 0.1 (or less). 


Summation of RC and RL Circuits. RC and RL series and combinations are used primarily in radar circuits as wave 
shaping or timing devices. A time constant may be established for each RC and RL circuit. This TC represents a 
period equivalent to the time required for the circuit to complete approximately 63.2 percent of its transient action. 
That is, the capacitor in the RC circuit can charge to 63.2 percent of the applied voltage in 1 TC and the current in the 
RL circuit can increase to 63.2 percent of the maximum current for the circuit in 1 TC. These transitory periods last for 
about 5 TCs. 


In any series RC circuit, 1 TC is the product of the resistance and the capacitance. In any series RL circuit, 1 TC is the 
quotient of the inductance and the resistance L/R. 


The number of time constants in a specified time can be determined by dividing the specified time by the value of one 
time constant. In RC circuits, 


capac. 
number of TCs = RC 


In RL circuits, 


number of TCs = Rt. 


Summary. The charging of the capacitor in a series RC circuit and the current rise in a series RL circuit follow 
exponential curves. The Universal Time Constant Chart can be used for both RC and RL circuits in order to determine 
the percent of transient action completed in any specified number of TCs. 


A circuit is said to have a long time constant when the time required for transient action is long compared to the time 
allowed to charge. A circuit has a short time constant when the transient time is short compared to the time allowed to 
charge. Thus by definition, 


t_ tS 
To 0.1 {or jess), RC 10 {or more), 
Re = 0.1 (or Jess), Re = 10 (or more). 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. 


What is a characteristic of a resonant circuit? 


a. R equals Xc. 

b. R equals X_ . 

c. Xc is unequal to Xj. 
d. Xc equals Xy . 


How can the current be increased in this circuit? See figure 1-26. 


a. By increasing the frequency. 
b. By decreasing the frequency. 
Cc. By decreasing R. 

d. By decreasing Xj. 


Figure 1-26. RLC (Resonant) Circuit 
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oF Which points, at resonance, in this circuit are used to measure the largest voltage drop? See figure 1-27. 

a. AD. 

b. AC. 

e. BA. 

d. BD. 
4. How will an increase in frequency affect this circuit? See figure 1-27. 

a. Current increases. 

b. Total impedance decreases. 

Cc; Voltage across R decreases. 

d. Voltage across R increases. 

Figure 1-27. Voltage Drop Across an RC or LR Circuit. 

5. What is the band pass, in hertz, from this current curve? See figure 1-28. 

a. 4,000. 

b. 3,000. 

C: 2,000. 

d. 1,000. 
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What points are represented by A and B? See figure 1-28. 


a. Control. 

b. Half power. 
c. Full power 
d. Limiting. 


FREQUENCY IN Hz 


Figure 1-28. Frequency Band Pass. 
Under what conditions will a series resonant circuit act inductively? 


At frequencies above resonance. 
At frequencies below resonance. 
At high-voltage amplitudes. 
At low-voltage amplitudes. 


ao of 


What size capacitor, in fd, will provide a 60-Hz resonant frequency from a 0.265-h inductor in a series circuit? 


ae oP 
N 
a 
na 
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9, 


10. 


11. 


12. 


13. 


14. 
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What resonant circuit has maximum current and minimum reactance? 


a. Inductive. 
b. Capacitive. 
c. Series. 

d. Parallel. 


What is the Q of a series resonant circuit that contains 400 © of inductive reactance and 5 QO of resistance? 


aonrp 
or) 
j=) 


What is the characteristic of a parallel LC resonant circuit? 


Current is maximum. 
Impedance is maximum. 
Voltage drop is minimum. 
Impedance is minimum. 


ao of 


What characteristic applies for both series and parallel resonant circuits having the same size components? 


Equation for resonant frequency. 
Equation for resonant reactancies. 
Current at resonance. 

Voltage at resonance. 


ao TP 


How can the time constant be increased? See figure 1-29. 


a. Decrease R. 

b. Decrease C. 

on Increase E. 

d. Increase R or C. 


What is the current value, in milliamperes, 1,200 sec after switch S is closed if E, equals 100 V? See figure 
1-29. 


a. 62.6. 
b. 16.8. 
C: 1.81. 
d. 0.8. 
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Figure 1-29. RC Circuit in Series. 


15. What is the output voltage wave shape across the resistor? See figure 1-30. 
a. a « 
b. | | | | | . 
. PMI. : 
d. MN ML Pa 


Figure 1-30. Wave-Shaping Circuit. 
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16. Which ratio indicates a long time constant? 
a: Rt = 10 or more. 
b. Rt = 0.1 or less. 
L 
c = Re = 1, 
a ot 
. = 5. 
Cc 
17. What BEST describes the rate at which a capacitor changes its charge? 
a. Maximum during first TC. 
b. Minimum during first TC. 
Cc Minimum during third TC. 
d. Maximum during third TC. 
18. How many TCs are required for the current to go from minimum to 99.3 percent of maximum in a series RL 
circuit? 
a. oy 
b. 4. 
c. 5. 
d. 10. 


19. It is desired that the current through block 3 be very low at 20 kHz and very high at 30 kHz. What type of 
circuits should blocks | and 2 contain? See figure 1-31. 


ao oP 


One series resonant at 30; 2 series resonant at 20. 
One series resonant at 20; 2 series resonant at 30. 
One parallel resonant at 20; 2 parallel resonant at 30. 
One parallel resonant at 20; 2 series resonant at 30. 
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Figure 1-31. Resonant Loader. 
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20. What type of time constant is employed in this circuit? See figure 1-32. 
a. Short. 
b. Medium. 
cc Moderate. 
d. Long. 


Figure 1-32. RL Circuit. 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed four or more 
questions, you should retake the entire lesson, paying particular attention to the areas in which your answers 
were incorrect. 
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Lesson 2 
FILTERS 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain the purpose, operation, and use of 
electronic filters. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 1, 3, 
and 4 (answer 23 of the 30 questions correctly.) 


CHARACTERISTICS 
Description 


A filter is a circuit containing a number of impedances consisting of resistors, inductors, or capacitors. These 
impedances are grouped together to produce a definite frequency characteristic. Filters separate AC from DC, low- 
frequency current from high-frequency current, or signals within a band of frequencies from signals outside this band. 
Although resistors provide a uniform attenuation factor to all frequencies and although the impedance of an inductor or 
capacitor varies according to the frequency of operation, resistor-capacitor (RC) filters are quite often used. Filters 
permit free passage over a certain range of frequencies and reject or transmit poorly over another range of frequencies. 
The range where transmission occurs freely is called the pass band, and the range of poor transmission is called the 
attenuation or stop band. The frequency at which attenuation starts to increase rapidly is known as the cut-off 
frequency. 


Configurations 


There are three basic configurations into which filter elements can be assembled: The L (half section), consisting of one 
series and one parallel (shunt) arm. The full T-section, consisting of two series arms and one shunt arm. The full or 7 
section, consisting of one series arm and two shunt arms. 


Several sections of the same configuration can be joined to improve the attenuation or transmission characteristic. 
When filters are inserted in a circuit, they are usually terminated by resistances of the same value at both the input 
(generator) and output (load) for impedance matching. The value of the terminating resistance is usually determined by 
the circuit with which the filter is used. The desired cutoff frequencies are also predetermined. You have to know the 
values of capacitors and inductors, which give the desired frequency characteristics, when designing a filter. 
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Purpose 


Filters are sometimes used in home cooling or heating systems to remove dirt or moisture from the air. Similarly, in 
electronics, filters are used to remove unwanted, undesirable frequencies from a circuit before the output is distributed 
to other parts of a system. Two examples are the removal of the ripple frequency from a power supply and all but the 
desired frequency at a receiving antenna. Whether low pass, high pass, or a combination of both, each circuit is 
designed to obtain something: hum-free operation, better tone quality, or separation of the many signals received by a 
radio antenna. 


Operation 
The operation of filter circuits may best be understood by the use of two formulas: inductive reactance 


Xy_ = 2nfL, 


and capacitive reactance 


These formulas are explained in detail in the previous subcourse, MMO0703, Basic Electricity, Part I. 


Inductive Reactance. Inductive reactance is the product of the constant 2 m and the variables frequency and 
inductance. A change in reactance is, therefore, directly proportional to a change in either of the variables. When 
frequency decreases, inductive reactance, or opposition offered by the inductor, also decreases. An increase in 
frequency, however, encounters more opposition from the inductor, so an inductor offers less reactance to low 
frequencies than to high frequencies. (For this discussion of filters, only frequency changes and the resulting change in 
opposition are considered.) 


Capacitive Reactance. The formula for capacitive reactance shows that frequency and capacitance are the reciprocal 
of the reactance and that there is an inversely proportional relationship between them. When frequency increases, the 
reactance decreases, and the opposition of the capacitor to higher frequencies becomes smaller. Just as an inductor 
offers less opposition to low frequencies, a capacitor offers less opposition to high frequencies. Consequently, the 
choice of a capacitor or an inductor in filtering will be determined, to a large extent, by the frequency range you want to 
pass or reject. 


FILTER DESIGN 

Process 

The design of filter circuits is a complicated mathematical process, with many advantages and disadvantages. 
Although a filter will pass or reject the desired frequency or band of frequencies, filtering of an input signal is not the 
only result that may be needed. The attenuation of the signal by the filter circuit and limited circuit flow in the load 


circuit, must also be considered. Formulas that provide the desired result in one particular case must often be revised to 
achieve the correct result in another. 
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Power Supplies 


Receiver. The design of a filter for the use in a receiver power supply is a relatively simple matter. Current 
requirements and output voltages are comparatively low, and high-inductance chokes (choke is the term used in filters 
for inductors) and high-capacity filter capacitors cost little. The usual procedure is to select a cutoff frequency well 
below the fundamental ripple frequency, and with a given capacitor, calculate the required inductance. In most cases, L 
and C are much larger than is actually required for satisfactory filtering. Such a filter is called a “brute force” filter. 


Transmitter. The design problem is quite different in filters for transmitter power supplies. With high current drain, 
the choke must be wound with large wire and the core must contain plenty of iron to avoid saturation. The high 
voltages also demand additional insulation precautions. The filter capacitors must be rated at a much higher breakdown 
voltage. Where a 30-h choke for a receiver supply may be quite expensive, the cost of a 30-h choke for a 20,000-V, 6- 
amp supply would be practically prohibitive and enormous in size. Where an 8-ufd electrolytic capacitor costs only a 
few cents, a l-ufd filter capacitor, to be used in a 20,000-V power supply, may cost several thousands of dollars. Thus, 
in the design of filters for transmitter power supplies, cost is a major factor. 


The filter is designed to provide just enough attenuation of the ripple frequency to satisfy the requirements of the 
transmitter. 


RESISTOR-CAPACITOR FILTER CIRCUITS 


When it is necessary to separate the DC and AC that may be flowing in a circuit, a capacitor may be used to provide a 
path for the AC and a resistor to provide a path for the DC. Diverting the signal current through the capacitor will not 
affect the voltage drop across the resistor. 


Low-Pass Filters 


Low-pass filters are commonly used after the rectifier networks in power supplies. In order to convert the pulsating DC 
output of the power supply to a low ripple current, the low-frequency ripple must be reduced. Low pass filters are also 
used to reject the higher of two frequencies and pass the lower. 


L-section. This low-pass filter, in its simplest form, is an inductance in series with the line and a capacitor across the 
line (figure 2-1). Also called a half-section filter, the L-section offers high resistance at high frequencies to the flow of 
current toward the load, because the inductive reactance of the coil is large. Also, most of the high-frequency current 
that gets through the coil passes through the capacitor, whose reactance to high frequencies is low; the high frequency 
does not reach the outputs. For low-frequency or DC currents, the inductive reactance is small and the capacitive 
reactance is large. Accordingly, these currents readily pass through the coil to the load. 


Another analysis of a low-pass filter is done by comparing the voltages developed in the output at the low and high 
frequencies. Remember, “low-pass filter” means that a high voltage output is developed at the low frequency to 
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Figure 2-1. L-Section, Low-Pass Filter. 


perform the required function such as supplying a picture to a TV screen, causing music in a radio, or positioning an 
antenna or missile. 


In the low-pass filter shown in figure 2-1, note that the output voltage is developed across the capacitor. Recall the 
formula 


Note that X¢ is large for low frequencies and small for high frequencies. Voltage is directly proportional to 


impedance, and there will be a large voltage developed on the capacitor at low frequencies and a small voltage 
developed at high frequencies. 


This filter can be designed to develop almost all of the input voltage at low frequencies. The filter is then passing the 
low frequencies because the output voltage at low frequencies is large enough to perform the desired function. Very 
little voltage at low frequencies will be lost on the coil because it has very little opposition to low frequencies. 

T-section. The operation of the T-section (figure 2-2) is similar to that of the L-section. However, the addition of L2 


in the circuit, with its corre- 


ti Le 


Figure 2-2. T-Section, Low-Pass Filter 
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spondingly large inductive reactance to high frequencies, offers high resistance to the high frequency current that gets 
by Lj and Cj. Consequently, the T-section is much more effective, at any given frequency, than the L-section. The 


total of the two inductors’ inductive reactance is equal to the single inductor used in the L-section. (This assumes that 
both circuits are to pass the same frequencies.) 


m section. In the T-section and L-section filters, the input component is an inductor, and the circuit is called an 
inductive input filter. In all three, there are two principal characteristics: the inductance is in series with the line, and 
the capacitance is across the line. The 7-section uses a capacitive input (figure 2-3). Although it is important that the 
outputs from the inductive and capacitive input filters differ in that the voltage output is higher with a capacitive input, 
frequency variations are the main consideration in this lesson. The capacitor Cy shorts most high frequency currents to 
ground, while C> provides a path to ground for those currents that manage to get through Lj. Thus, the total capacitive 


reactance should be equivalent to the single capacitance of the L-section and T-section filters. 


Figure 2-3. m-Section, Low-Pass Filter. 


Transmission Characteristics. The output responses illustrated in this lesson are representative of specific filter 
circuits, but do not think of them as the only outputs from the filters discussed. This is particularly evident in figure 
2-4B where it is indicated that additional sections, as well as different values of components, will very definitely alter 
the output response. Also affected by circuit changes would be the cutoff frequency, the bandwidth, and the 
attenuation factor of the filter network. 


High-Pass Filters 


High-pass filters are used to pass high frequencies and reject low frequencies. A common use is to couple AC signals 
while rejecting the DC voltage in amplifier sections. 


L-section. The action of the L-section, high-pass filter (figure 2-5) is as follows: at low frequencies, the capacitance in 
series offers large opposition to the flow of current. Any low-frequency current from the input that gets 
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Figure 2-4. Comparison of Filter Quality. 


through the capacitor passes through the coil, whose reactance at low frequencies is small. The result is that it does not 
reach the output. For high-frequency currents, the capacitive reactance is small, and the inductive reactance is large. 
Consequently, these currents pass readily through the capacitor to the output and very little current is diverted through 
the coil. 


The output voltage of the high-pass filter in figure 2-5, is developed across the coil. This high-pass filter develops 
enough voltage across the coil at high frequencies to perform required functions. 
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Figure 2-5. L-Section, High-Pass Filter 


From the formula for inductive reactance, Xj = 2 m fL, you can see that for high frequencies Xy7_ is large, and for low 


frequencies, small. Since voltages are directly proportional to impedances, it follows that much voltage is developed 
for the output at high frequencies, and very little at low frequencies. That means this filter will pass high frequencies. 


T-section. The T-section (figure 2-6) uses the principles that capacitors in series act like resistances in parallel. The 
total capacitance of Cy and C9 should be equal to Cy of the half section, to provide a low opposition path to the output 


for high frequencies. Cy further insures that any AC variations across Ly will be delivered to the load. 


C1 c2 
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Figure 2-6. T-Section, High-Pass Filter. 


m-section. The inductors Ly and L> act much the same as the two capacitors in the m-section low-pass filter (figure 


2-7); however, the low-frequency currents are provided two paths to ground in order to eliminate all but the higher- 
frequency currents. Capacitor Cy presents a high impedance path to the output for low frequencies as well as a low- 


impedance path for the desired frequency. 
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Figure 2-7. m-Section, High-Pass Filter. 


Transmission Characteristics. By comparing figures 2-4 and 2-8, you can see that the arrangement of the 
components in a circuit can completely change its operation. Assume, for example, that the cutoff frequency of the 
lowpass filters in figure 2-4 is 10 kHz, interchanging the inductor and capacitor would reverse the stop and pass bands 
but leave the cutoff frequency at 10 kHz, as in figure 2-8. 


Figure 2-8. Transmission Characteristics of High-Pass Filters. 


Band-Pass Filters 


Band-pass filters are used where noise over a wide range requires filtering. It restricts all but a small band of 
frequencies. 


L-section. The use of resonant circuits in filter networks provides a more selective method for filtering. A circuit 
consisting of a coil and a capacitor in parallel has an extremely high impedance at its resonant frequency, and 
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there is maximum tank (series resonant) current. Very little line current will flow at this frequency (figure 2-9A). By 
contrast, an inductor and a capacitor in series allows maximum current at their resonant frequency (figure 2-9B). 
Therefore, careful selection of series and parallel resonant circuits can determine at which frequency current flows to 
the load. In the tank circuit (figure 2-9C), Lj and Cy transmit freely between fj and fp, while the parallel tank affords 


an easy path for frequencies below f1 (through L7) to ground, as well as a path for frequencies above f> (through C9). 


MIN. LINE CURRENT 


A. COIL AND CAPACITOR IN SERIES 


MAX LINE CURRENT 


CURRENT 


oor eee 


B. INDUCTOR AND CAPACITOR IN SERIES 


a) 


C. SERIES RESONANT (TANK) 


Figure 2-9. L-Section, Band-Pass Filter 
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T-section. Tank circuits (figure 2-10), connected in series, improve the filtering action by reducing the opposition to 
the desired frequency. Thus, Ly-Cy and Ly-C> work together to deliver current to the load between fj and f7, while L3 


and C3 short to ground those currents above and below the cutoff frequencies. 


Figure 2-10. T-Section, Band-Pass Filter 


m-section. Inductor Lj and capacitor C1 are selected to transmit freely between fj and f> (frequencies) and permit the 


desired frequency currents to reach the output (figure 2-11). The parallel circuits shunting the load are tuned to either 
side of fy and fz to provide an easy path to ground for all other frequencies. The designer of this circuit has the option 


of tuning L7-C> below f; and L3-C3 above fy, or vice versa. 


Figure 2- 11. m-Section, Band-Pass Filter. 
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Transmission Characteristics. By using resonant circuits, it is possible to achieve combinations of the outputs 


previously discussed (figure 2-12). The single, cutoff frequency of the low-pass and high-pass filters overlap and 
provide the designer with two cutoff frequencies. The pass band between fj and f> can be varied to a very narrow 


bandwidth. 


¢ 


1 
— STOP be PASS 


(BANDWIDTH = fy - fa) 


Figure 2-12. Transmission Characteristics of Band-Pass Filters. 
Band-Rejection Filters 


Band-rejection filters may be used to remove a specific band of objectionable frequencies, such as static interference, 
from a transmitter that is interfering with television reception. 


L-section. The parallel-tuned circuit (Lj-C1) and the series-tuned circuit (L7-C>) are tuned to the band frequencies to 
be rejected (figure 2-13). The 


Li 
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Figure 2-13. L-Section Band-Rejection Filter 
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undesirable frequencies find a low impedance path through the series-tuned circuits and a high impedance path through 
the parallel-tuned circuits. Thus, the undesirable band of frequencies are rejected or suppressed. The narrow band of 
desired frequencies find a high impedance path through the series-tuned circuit and a low impedance path through the 
parallel-tuned circuit, which is passed on to the load. 


T-section. In this circuit, undesired frequencies that manage to get past the first parallel-tuned circuit find a high 
impedance path toward the load and a low impedance path through the series-tuned circuit to ground (figure 2-14). 


Figure 2-14. T-Section Band-Rejection Filter 


m-section. This series-tuned tank circuit (figure 2-15) has maximum line current flow at the resonant frequency, and 
the parallel-tuned tank has minimum current flow in the line at resonance. The combination of a parallel and two 
shunting series tanks makes an easy path to ground for undesirable frequency currents. The z-section filter with 
carefully selected components, can reject a very narrow band of frequencies, because, as with all filters, the more tanks, 
the sharper will be the sides of the pass band. 


Figure 2-15. m-Section Band-Rejection Filter. 
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Transmission Characteristics. Once again, rearrangement of circuit components measurably affects the resultant 
output. Although f; and f> could remain the same, the pass and stop bands of figures 2-12 and 2-16 are reversed by a 


change in circuit configuration. 


Figure 2-16. Transmission Characteristics of Band-Rejection Filters. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. Which combination of arms is in a full 2-section filter? 
a. One shunt and one series. 
b. One shunt and two series. 
Cc: Two shunts and one series. 
d. Two shunts and two series. 
2, How will an increase in frequency affect a filter circuit? 
a. Increase capacitive reactance. 
b. Decrease and increase capacitive reactance. 
CG: Increase inductive reactance. 
d. Decrease and increase inductive reactance. 
3h Where are low-pass filters commonly used? 
a. Power supplies. 
b. Coupling networks. 
C Amplifying networks. 
d. Wave-shaping networks. 
4. Why is a capacitor connected across the resistor in an RC filter circuit? 
a. To prevent DC from entering the B+ supply. 
b. To prevent AC from entering the B+ supply. 
C; To provide a path for DC. 
d. To provide a path for AC. 
Di What is the function of a capacitor in a high-pass filter circuit? 
a. It offers a high-impedance path to high-frequency currents. 
b. It offers a high-impedance path to the desired frequencies. 
CG; It provides a low-impedance path for high-frequency currents. 
d. It provides a low-impedance path for the undesired frequencies. 
6. What BEST describes a parallel resonant tank circuit of a band-pass filter at resonance? 
a. Has maximum line current through tank. 
b. Has minimum line current through tank and maximum tank current. 
cy Has minimum tank current 
d. Has maximum line current through tank and minimum tank current. 
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7. What frequency has been reached if attenuation increases very rapidly? 
a. Cutoff. 
b. Saturation. 
c. Resonant. 
d. Emergency. 
8. To which band of frequencies are the series and parallel resonant circuits in a band-rejection filter tuned? 
a. At those that are not desired. 
b. Above those that are not desired. 
C3 Below those that are not desired. 
d. Above and below those that are not desired. 
9. What is the purpose of L3-C3 in the T-section of the band-pass filter in figure 2-17? 
a. To match the input and output impedances. 
b. To match the input and output currents. 
Cc: To short the desired frequency to the reference. 
d. To short undesired frequencies to ground. 
Figure 2-17. T-Section Filter. 
10. Which condition describes the L-section, low-pass filter load with respect to its source? 
a. Capacitance in series and inductance in parallel. 
b. Inductance in series and capacitance in parallel. 
c. Capacitance and inductance in series. 
d. Capacitance and inductance in parallel. 
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How will a high-pass filter be affected if circuit components are interchanged? 


Cutoff frequency will increase. 
Cutoff frequency will decrease. 
Stop and pass bands will widen. 
Stop and pass bands will reverse. 


ao oP 


What occurs when MORE tank circuits are added to a filter network? 


The pass band sides become broader 
The pass band sides become sharper 
The current at the source increases. 
The current at the source decreases. 


ao oP 


Which is NOT considered when designing a filter circuit? 


Porousness of the filter. 

Limited circuit flow in the load circuit. 
Passing and rejecting desired frequencies. 
Attenuation of the signal by the filter. 


ao TP 


What is the normal procedure for constructing a receiver power supply filter? 


Select a cutoff frequency well above the operating frequency. 
Select a cutoff frequency well below the ripple frequency. 
Select a cutoff frequency well below the operating frequency. 
Select a cutoff frequency well above the ripple frequency. 


ao of 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed three or more 
questions, you should retake the entire lesson, paying particular attention to the areas in which your answers 
were incorrect. 
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Lesson 3 
GENERATORS AND MOTORS 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain the purpose and function of AC and 
DC motors and generators and describe their uses. 


Conditions. You will have this subcourse book and work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lesson 1, 2, and 
4 (answer 23 of the 30 questions correctly). 


DC GENERATORS AND MOTORS 
Generators 


The basic DC generator is similar to the basic AC generator except in the system of taking the output from the rotating 
coil. In the AC generator, the rotating coil is connected to the external circuit by the sliprings that convey the AC 
current in the coil to the external circuit. In the DC generator, the rotating coil is connected to the external circuit by a 
device called a commutator. The commutator converts the AC current from the rotating coil to current that flows in a 
single direction through the external circuit. 


A commutator is a metal ring (usually copper) that is divided into a number of segments. These segments are insulated 
from each other and from the shaft upon which they and the rotating coil are mounted. In the basic generator shown in 
figure 3-1A, the commutator consists of two segments separated by air, with each segment connected to one side of the 
rotating coil. Two brushes, mounted on opposite sides of the commutator, bear on its surface so that electrical contact 
is made between the coil and the external circuit. 


Figure 3-1A shows the commutator positions during one revolution of the coil. For coil positions a through e, the 
current in the rotating coil flows in the direction indicated by the arrows and undergoes the changes in magnitude 
shown by the corresponding points on the curve in figure 3-1B. Verify this by using the left-hand rule for generators. 
At position e, the coil has completed one alternation, and the induced voltage is zero. 


During the second alternation, the coil sides cut the field in the opposite direction. Current flow is thus reversed as 
shown in figure 3-1B. This means that at the moment when the current in the coil sides changes its direction, the 
commutator segments reverse their connections to the brushes. It also means that the current flow through the load is 
in the same direction during the second alternation as it was during the first alternation. This is indicated by points e to 
ion the curve in figure 3-1B. 
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POSITION E POSITION F 


POSITION G POSITION H 


A. MOVEMENT OF ROTOR 
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Figure 3-1. Simple DC Generator 
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In a DC generator, the current flow in the rotating coil reverses in direction, however, the current flow in the external 
load is constantly in one direction because of the action of the commutator. To reduce the amount of fluctuation in the 
external current, the moving part of a DC generator is composed of a large number of coils arranged at different angles 
about the axis. These coils are all connected to the commutator. The commutator has as many pairs of segments as 
there are coils. The group of coils is called the armature. 


Field Magnets. The magnetic field in which the coil rotates can be produced by permanent magnets or electromagnets 
called field magnets. Permanent magnets are used only in small machines (magnetos). Since it is possible to produce 
electromagnets which are much stronger than any permanent magnet, electromagnets are used in all large generators 
and in most small ones. 


The electric current necessary to excite a field magnet is occasionally supplied by some outside source such as a battery 
or other generator, which is separately excited. More commonly current from a generator is used in the field coils of 
such a generator. The current in a DC generator can be used to excite the field coils, but all AC generators must have 
fields separately excited by an auxiliary DC generator. 


Classification of Generators. Self-excited generators are classed according to the three general types of field 
connections they employ: series, shunt, and compound. Compound generators are further classified as cumulative- 
compound and differential-compound. 


Series. In the series-connected generator, all of the current from the generator is passed through the field windings 
because the external circuit and the field are in series (figure 3-2). 


Shunt. Another way to excite the field magnets is to connect them in parallel with the load (See figure 3-3). This type 


of generator is commonly called a shunt generator. Because the current in the field windings is wasted as far as the 
useful load current delivered to the external circuit is concerned, the 


ARMATURE 
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Figure 3-2. Series Generator. 
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Figure 3-3. Shunt Generator. 


field current is made as small as possible. So that the field magnets may be sufficiently excited by a small current, they 
are wound with many turns of wire. 


In a cumulative-compound generator both series and shunt fields are used. The shunt field is usually the stronger, but, 
since both contribute to the magnetic field, they aid each other. When the load increases, the armature voltage decrease 
and the voltage applied to the shunt field decreases. The increased load current flowing through the series increases its 
field. By proportioning the two fields so that the series fields compensate for the undesirable effects of the armature 
and shunt fields, the output voltage may be kept constant. 


In a differential-compound generator, the two fields are wound so that they oppose each other; that is, the magnetic 
field of the series field is in opposite direction to that of the shunt field. For any increase in load, there is an increase in 
the strength of the series field. Also, because its direction is opposite to the shunt field, the total combined field 
strength is decreased. Therefore, the output voltage decreases as the load increases. Differential-compound generators 
are used in welding equipment where the output terminals are sometimes short circuited. 


From these general types of generators, engineers have developed many modifications to satisfy particular 
requirements and to increase generator efficiency. 


Motors 


A machine that changes electrical energy into mechanical energy is called a motor. Around any current-carrying 
conductor, a magnetic field exists whose strength depends on the amount of current. A current-carrying conductor 
(supplying electrical energy), when placed in a magnetic field, has a force exerted on the conductor which causes it to 
move out of the field (mechanical energy) (figure 3-4). In this figure, you can see that a current-carrying conductor in a 
magnet field tends to move at right angles to the field. If a coil 
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Figure 3-4. Current-Carrying Conditions in a Magnetic Field. 


is suspended in a magnetic field, as shown in figure 3-5A, a zero torque (turning effect) is exerted on the coil. The 
forces acting on the coil sides tend to separate them. In figure 3-5B, the forces acting on the coil sides produce a torque 
which reaches its maximum at position in figure 3-5C. If the current in the coil were reversed at the proper moment, a 
continuous rotating force would be developed. This current is changed by a commutator. If this simple coil is in the 
zero-torque position when the current is connected, it will not start. 


Cc. MAXIMUM TORQUE 


Figure 3-5. DC Motor, Showing Positions on the Current-Carrying Coil. 
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If another coil is added at an angle of 90° (figure 3-6) from the original coil (figure 3-5), the coil assembly will then 
turn regardless of its position. In figure 3-6, coil CD has a torque applied to it in a clockwise direction. As it rotates, it 
turns the commutator. This turns coil AB and as coil CD moves toward its neutral position, the current is conducted 
into coil AB by the commutator. The continuation of this cycle reverses the current in CD so that it continues to 
receive a force in clockwise direction. 


Figure 3-6. T-Section, High-Pass Filter. 


The rotational force which turns the armature is called torque. Torque in a motor depends on two factors: the current 
flowing in the armature conductors and the flux density of the field. Mathematically, this relationship is expressed as: 
T = OxI,, where T is torque, 0 (phi) is flux density, and I, is armature current. 


Series DC Motor 


In the series DC motor, the armature and field are connected in series as shown in figure 3-7. This method of 
connection requires that the field windings be large enough to carry heavy armature current. Consequently, the wire in 
a series field is large and the winding contains few turns. The one serious disadvantage of the series motor is that if its 
load is disconnected, it will race to destruction because the motor speed varies inversely with the load. Therefore, this 
type of motor is not good for constant-speed applications. It is ideal where it is continuously under the control of an 
operator and where a high starting torque is required. 


The torque of a series motor varies as the square of the current. That is, if the current could be doubled in the armature 
while the field flux remained constant, the torque would be doubled. Also, if the current remained constant in the 
armature and the field current were doubled, the torque would be doubled. Since the field and armature are in series, 
the current in both must be the same; therefore, with each winding contributing twice as much torque, there is four 
times as much torque in the combination. (The torque will increase as the square of the current, up to the point where 
the core material reaches saturation.) Because of its speed characteristics, the series motor is not suitable for any load 
where the required torque might drop below 15 percent of full-load torque. 
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Figure 3-7. Series DC Motor. 


Shunt Motor. In the shunt motor, the field winding is connected in parallel with the armature (figure 3-8). There are 
two circuits through the shunt motor; one through the armature and one through the field coil. The field coils are 
wound with relatively small wire and have a large number of turns. This type of winding is necessary to maintain a 
high flux magnetic field 
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Figure 3-8. Shunt Motor. 
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value and to prevent coil overheating. Because the field is connected across the powerline, the density of the magnetic 
field remains constant. Therefore, the torque of a shunt motor must vary with the current in the armature; that is, if the 
armature current doubles, the torque also doubles. Since the magnetic field strength is constant, the motor speed will 
be constant from no load to full load. 


Actually, the motor speed may vary up to 10 percent but this is considered negligible. The shunt-wound motor is a 
constant-speed type, but, because of fixed field current, it does not have as high a starting torque as the series motor. 


Compound Motors. There are two kinds of compound DC motors, cumulative and differential. A typical compound 
motor is in figure 3-9. 
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Figure 3-9. Compound Motor. 


Cumulative. Cumulative compound motors employ both series and shunt windings. The windings are connected so 
that the series winding aids the shunt field. Characteristics of this motor lie somewhere between those of a series and 
those of a shunt. By properly proportioning the two fields, the speed of the motor can be made relatively constant 
under varying load conditions. 


Differential. In a differential-compound motor, the fields are arranged so that the series field opposes the main shunt 


field. This weakens the main field and tends to increase the speed of the motor as the load is increased. Differential 
compounding is not used much because it produces instability, especially when the series field is very strong. 
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Speed Regulation. Speed regulation concerns change in speed with change in applied load torque, other conditions 
remaining constant. Such changes in speed, as occur under these conditions, are due to inherent properties of the motor 
and should not be confused with speed changes effected through manipulation of rheostats or other speed control 
devices. 


The speed regulation of a motor is generally understood to mean the change in speed with changes in load. It is usually 
expressed as a percentage, as in the following equation. 


P Regulation = Noload speed_~ full load speed X 100 
Full load speed 


Reversing the Direction of Rotation. The direction of rotation of a motor can be reversed by changing the direction 
of current flow in either the field or armature, but not in both. Reversing the direction of the magnetic field and also 
reversing the direction of current in the armature would leave the direction of the torque unchanged. For this reason, a 
DC motor will run on alternating current. 


The universal motors used on many household appliances, which will run on either DC or AC, are simply small DC 
(generally series) motors. It is not a good idea to connect a DC motor to an AC source and vice versa. 


Motor Starters. The armature current of a motor, which is comparatively small at its normal running speed, is very 
much larger as the motor is starting and picking up speed. If the armature coils were wound with large enough wire to 
safely carry the heavy starting current, the armature would have to be much larger and heavier. This would reduce the 
efficiency of the motor. Actually, motor designers select the gage of wire to suit the small currents which flow in the 
armature when the motor is running at its normal speed. A motor starter protects the armature coils from damage while 
the motor is gaining speed. 


The motor starter is a variable resistance, connected in series with the armature. It limits the flow of current through 
the armature when the armature is running slowly. The motor is switched on with the maximum resistance in the 
circuit. As the armature speeds up, the starter handle moves a little at a time cutting out some resistance at each step. 
Finally, all the resistance is removed and the motor has reached its running speed without damage. 

AC GENERATORS AND MOTORS 


Generators 


AC generators are classified according to what revolves, the armature or the field. They are also classified as to the 
number of phases of current used; single and multiple. 


Revolving-armature. In a revolving-armature AC generator, the stator provides a stationary electromagnetic field. 


The rotor, acting as the armature, revolves in the field, cuts the lines of force, and produces the desired output voltage. 
In this generator, the armature output is taken through sliprings and thus retains its alternating characteristic. 
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The revolving-armature AC generator is seldom used. Its primary limitation is that its output power is conducted 
through sliding contacts (sliprings and brushes), which are subject to frictional wear and sparking. In addition, they are 
exposed and thus liable to arc-over at high voltages. Consequently, revolving-armature generators are limited to low- 
power and low-voltage applications. 


Revolving-field. The revolving-field AC generator (figure 3-10) is by far most widely used. In this generator, DC 
from a separate source is passed through windings on the rotor by means of sliprings and brushes. This maintains a 
rotating electromagnetic field of fixed polarity (similar to a rotating bar magnet). The rotating magnetic field, 
following the rotor, extends outward and cuts through the armature windings imbedded in the surrounding stator. As 
the rotor turns, alternating voltages are induced in the windings since magnetic fields of first one polarity and then the 
other cut through them. Since the output power is taken from stationary windings, the output may be connected 
through fixed terminals directly to the external loads as through terminals T1 and T2 in the figure. This is an advantage 
because there are no sliding contacts; the whole output circuit is continuously insulated, thus minimizing the danger of 
arc-over. 


AC 
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Figure 3-10. Rotating-Field AC Generator. 


Sliprings and brushes are used on the rotor to supply DC to the field. They are used because the power level in the 
field is much lower than in the armature circuit. 


Rating of Generators: Volt-Amperes, Power Factors, and Power. From studying inductance and capacitance, you 
know that, in some AC circuits, voltage and current are not always in phase and that there may be various leading and 
lagging phase relations between voltage and current. In AC generators, because alternating voltages and currents are 
continually varying in a sinewave manner, it is possible that the voltage and current waves may not be in phase. 
Whether the voltage and current of any AC circuit are in phase or out of phase depends upon the type of circuit 
elements forming the load of the circuit. 
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Volt-amperes. In DC circuits, where the value of the voltage and current are constant, the product of volts and amperes 
is equal to the power in watts (P = Ex J). In AC Circuits, the product of volts and amperes is equal to the power in 
watts only, when the volts and amperes are in phase. When the voltage and current are out of phase, the product of the 
volts and amperes is greater than the watts consumed by the circuit. For this reason the product of volts and amperes is 
called the volt-amperes (VA) of the circuit. This product is also frequently called the apparent power of a circuit. 


VA=V Xampor VA=EXI 


Power Factor. The ratio of the actual watts consumed by a circuit to the VA of that circuit is called the power factor 
thus 


_ _Actual power 
Power factor = : 
Apparent power 


P 


or PF EX] 


tl 


The value of the power factor may vary from 0 to 1. 
Power. The actual power consumed by a circuit may be calculated by the following equation. 
P (W) = E(V) x I (amp) x PF 


AC generators are rated in terms of VA or Kilovolt-ampere (KVA) output, at a specified frequency and power factor. 
For example, a single-phase 60 Hz AC generator rated at 100 KVA would deliver 100 KW of power with a load 
producing a power factor of 1. This same generator would provide 80 KW of power with a load at 80-percent power 
factor. The maximum load rating of a particular generator is determined by the internal heat it can withstand. As the 
power factor goes down, more and more current is required to pass through the generator windings in order to provide 
the same amount of voltage (power out). The 100 KVA generator, required to supply a 100 KVA load at 20-percent 
power factor would most assuredly have excessive heating in the generator field windings because of the required 
increase in DC field current needed to maintain the required power output. Power companies strive to keep the power 
factor of their load as high as possible in order to obtain the best generating efficiency for their system. Power 
companies often give special rates to large commercial users who maintain loads with high power factors. 


Basic Functions of Generator Parts. Almost all rotating-field AC generators are actually two generators in one. A 
typical machine consists of an AC generator and a smaller DC generator built into a single unit (figure 3-11). The 
output of the AC generator supplies alternating current to the load for which the generator was designed. The DC 
generator's only purpose is to supply the DC needed to maintain the generator field. This DC generator is referred to as 
the exciter. 


Any rotary generator requires a prime moving force (figure 3-11-B1) to rotate the AC field and exciter armature. This 
rotary force is transmitted to the generator through the rotor drive shaft and is usually furnished by a combustion 
engine, turbine, or electric motor. The exciter shunt field (2) creates an area of intense magnetic flux between its poles. 
When the exciter armature (3) rotates in the exciter field flux, voltage is induced into the exciter 
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B. SCHEMATIC 


Figure 3-11. AC Generator. 


armature windings. The exciter output commutator and brushes (4) connect the exciter output directly to the AC 
generator field input sliprings and brushes (5). Since these sliprings, rather than a commutator, are used to supply 
current through the AC generator field (6), current will always flow in one direction only through these windings. 
Thus, a fixed polarity magnetic field is maintained at all times in the AC generator field windings. When the AC 
generator field is rotated, its magnetic flux is passed through and across the AC generator armature windings (7). 
Remember, a voltage is induced into a conductor if it is stationary and a magnetic field is passed across the conductor, 
the same as if the field is stationary and the conductor is moved. The alternating voltage induced in the AC generator 
armature windings is connected through fixed terminals to the AC load. 
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Single-Phase Generators. A single-phase AC generator (figure 3-12) has a stator made up of a number of windings in 
series which form a single circuit in which an output voltage is generated. The principle of the single-phase AC 
generator is described first, and the polyphase AC generator is described later. 


Figure 3-12 is a schematic diagram of a single-phase AC generator having four poles. The stator has four polar groups 
evenly spaced around the stator frame. The rotor has four poles with adjacent poles of opposite polarity. As the rotor 
revolves, AC voltage is induced in the stator windings. Since one rotor pole is in the same position relative to a stator 
winding as any other pole, all stator polar groups are cut by equal amounts of magnetic lines of force at any given time. 
As a result, the voltages induced in all the windings have the same amplitude (value), at any given instant. The four 
stator windings are connected to each other so that the AC voltages are in phase (“series aiding”). Assume that rotor 
pole one, a south pole, induces a voltage in the direction indicated by the arrow in stator winding one. Since rotor pole 
two is a north pole, it will induce a voltage in the opposite direction in stator winding two with respect to that in 
winding one. 


A. SCHEMATIC 8. WAVEFORM 


Figure 3-12. Single-Phase AC Generator. 


In order that the two induced voltages be in series addition, the two coils are connected as shown. Applying the same 
reasoning, the voltage induces in stator winding three (clockwise rotation of the field) is in the same direction 
(counterclockwise) as the voltage induced in coil one. Similarly, the direction of the voltage induced in winding four is 
opposite to the direction of the voltage induced in winding one. All four stator winding groups are connected in series 
so that the voltages induced in each winding add to give a total voltage that is four times the voltage in any one 
winding. 


Multiphase Generators. Multiphase AC generators have two or more single-phase windings symmetrically spaced 
around the stator. In a two-phase AC generator, there are two single-phase windings physically spaced so that the AC 
voltage induced in one is 90 degrees out of phase with the voltage induced in the other. The windings are electrically 
separate from each other. When one winding is being cut by maximum flux, the other is 
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not being cut by flux. This condition establishes the 90° relation between the two phases. Figure 3-13 is a schematic 
diagram of a two-phase, four-pole, AC generator. The stator consists of two signal-phase windings (phases) 
completely separated from each other. Each phase is made up of four windings which are connected in series so that 
their voltages add. The rotor is identical to that used in the single-phase AC generator. In figure 3-13A, the rotor poles 
are opposite all of the coils in phase A. Therefore, the voltage induced in phase A is maximum, and the voltage 
induced in phase B is zero. As the rotor continues rotating in a clockwise direction, it moves away from the windings 
of phase A and approaches those in phase B. As a result, the voltage in phase A decreases from its maximum value and 
the voltage in phase B increases from zero. In figure 3-13B, the rotor poles are opposite the windings of phase B. Now 
the voltage induced in phase B is maximum, and the voltage induced in phase A has dropped to zero. Notice that in the 
four-pole AC generator, a 45° mechanical rotation of the rotor corresponds electrically to one quarter cycle, or 90° 
electrical. Figure 3-13C illustrates the waveforms of the voltage generated in each of the two phases. Both are sine 
curves, and A leads B by 90°. 


C. POLES OPPOSITE PHASE 8 


A 
ah 
0 B 


B. WAVEFORMS D. VECTORS 


Figure 3-13. Two-Phase, Four-Pole AC Generator. 


The three-phase AC generator, as the name implies, has three single-phase windings spaced so that the voltage induced 
in each winding is 120° out of phase with the voltages in the other two windings. A schematic diagram of a three- 
phase stator showing all the coils becomes so complex, it is difficult to see what is actually happening. A simplified 
schematic diagram, showing all the windings of a single phase lumped together as one winding, is in figure 3-14A. 
The rotor is omitted for simplicity. The waveforms of voltage are shown to the right of the schematic. The three 
voltages are 120° apart and 
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are similar to the voltages that would be generated by three single-phase AC generators whose voltages are out of phase 
by angles of 120°. The three phases are independent of each other. 


Y Connection. Rather than have six leads come out of the three-phase AC generator one of the leads from each phase 
may be connected to form a common junction. The stator is then Y connected. The common lead may not be brought 
out of the machine. If it is brought out, it is called the neutral lead. The simplified schematic (fig 3-14B) shows a Y- 
connected stator with the common lead not brought out. Each load is connected across two phases in series. Thus, Rap 


is connected across phases A and B in series, and Rpg is connected across phases B and C in series. Thus, the voltage 


across each load is larger than the voltage across a single phase. In a Y-connected AC generator, the three start ends of 
each single-phase winding are connected together to a common neutral point, and the opposite, or finished, ends are 
connected to the line terminals A, B, and C. These letters are always used to designate the three phases of a three- 
phase system or the three line wires to which the AC generator phases connect. 


Delta Connection. Another configuration for the stator of a three-phase AC generator is the delta connection. The 
delta-connected stator is shown in figure 3-14C. Each load is connected across one phase in the delta connection, while 
in the Y connection each load is across two phases. For this reason, the delta connection delivers less voltage to the 
load than does the Y connection. 


A. SIMPLIFIED SCHEMATIC [AND WAVEFORMS) 


Br 


B. Y¥ CONNECTION C. DELTA CONNECTION 


Figure 3-14. Three-Phase AC Generator. 


Frequency. The frequency of the AC generator voltage depends upon the speed of rotation of the rotor and the number 
of poles. The faster the speed, the higher the frequency; the lower the speed, the lower the frequency. The more poles 
there are on the rotor, the higher the frequency for a given speed. When a rotor has rotated through an angle such that 
two adjacent rotor poles (a north and a south pole) have passed one winding, the voltage induced in that winding will 
have varied through one complete cycle. 
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The more pairs of poles there are for any given frequency, the lower the speed of rotation. A two-pole generator rotates 
at twice the speed of a four-pole generator for the same frequency of generated voltage. The frequency is expressed by 
the equation 


paEy NIN 


N 
2 60 120 


where P is the number of poles and N the speed in rpm. For example, a two-pole, 3,600 rpm generator has a frequency 
of 


2 X 3,600 _ : 
T9980 He: 


a four-pole, 1,800 rpm generator has the same frequency. A six-pole, 500 rpm generator has a frequency of 


6 X 500 _ , 
D7 Sie 


and a twelve-pole, 4,000 rpm generator has a frequency of 


12 X_ 4,000 _ 
120 400 Hz. 


Motors 


AC motors use the same basic principle of operation as DC motors. That principle involves putting electrical energy 
into the motor by current flow in the armature (which is located in a magnetic field) and taking mechanical energy from 
the rotating armature. The rotation of the armature is caused by the interaction of the fields about the armature 
windings and the field winding. The armature's rotation is mechanically transmitted to the motor's load. 


AC motors operate from an AC source. There are three general types: induction, series, and synchronous. The 
induction motor may be further described according to the type of armature used; squirrel-cage induction motor, or 
wound-rotor induction motor. 


Induction Motor. An induction motor makes use of the transformer principles explained in the next lesson. A 
primary winding is connected to the power source and is mounted on the stator. The secondary winding is mounted on 
the rotor. The current in the primary winding causes a magnetic field to surround the winding. This field about the 
primary passes through the secondary winding causing a current in the secondary. Recall that this action of a primary 
winding current causing a secondary winding current is called induction. 


The induction motor is the most widely used AC motor. Its design is simple, and its construction is sturdy. It has no 
commutator, so it is much more trouble-free than a DC motor. Although it is usually used where the speed must be 
constant, small induction motors (less than one hp) can also operate efficiently at variable speeds. Induction motors 
have revolving fields and can be single phase or polyphase (more than one). The operating principles are the same in 
either case, except that single-phase motors require special starting windings. Single-phase induction motors vibrate a 
great deal because their torque (turning force) is pulsating rather than continuous. 
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Series Motor. AC series motors have the same characteristics as DC series motors. They have a stationary field and a 
commutated armature winding and both windings are in series. The series motor is a variable speed motor with low 
speeds for heavy loads and high speeds for light loads. These motors are noted for their light weight in relation to the 
power delivered. They are well suited for portable devices such as power tools. 


Synchronous Motors. The speed of a synchronous motor is controlled by the frequency of the AC power source 
which drives it. It is synchronized or in time with this frequency. In order that its speed may be left constant, a 
synchronous motor is regulated to a high degree of accuracy. These motors are used for timing devices such as meters 
that record the time which equipment has been used. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. 


What produces a DC output from a generator? 


a. Field winding. 

b. Commutator. 

Cc. Alternator. 

d. Armature winding. 


Why are electromagnets, rather than permanent magnets, normally used in large generators? 


To provide a stronger magnetic field. 
To provide a stronger electrostatic field. 
For more economy. 

For more durability 


ao of 


Which generator provides its own field current? 


Separately excited AC generator. 
Separately excited DC generator. 
Self-excited DC generator. 
Self-excited AC generator 


ao TP 


In which generator does the total current pass through the field windings? 


a. Cumulative-compound. 
b. Differential-compound. 
c. Shunt. 
d. Series. 


What is the purpose of the large number of turns that are required on the shunt generator field winding? 


To increase the armature speed. 

To reduce current drained from the load to a minimum. 
To decrease the armature speed. 

To increase current drained from the load to a maximum. 


ao of 
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6. 


74 


What is the ratio of field current to armature current in a series DC motor? 


ao op 
N 
= 


How is the torque of a series DC motor affected if the armature current is reduced by one-half? 


Increased by one-fourth. 
Reduced by one-half. 
Increased by one-half. 
Reduced by three-fourths. 


ao oP 


How many current paths are provided in the DC shunt motor in figure 3-15? 


a. One. 
b. Two. 
Cc. Three. 
d. Four. 


LINE 
VOLTAGE 


Fay 
ia 
is 
3 
5 
= 
w“ 


COMMUTATOR 


Figure 3-15. DC Shunt Motor. 


10. 


11. 


12. 


13. 


14. 


How is the torque of a shunt DC motor affected if the armature current is doubled? 


Halved. 

Reduced by one-eighth. 
Increased by one-fourth. 
Doubled. 


ao oF Pp 


What characterizes a DC shunt motor? 


Constant speed. 
Varying speed and constant torque. 
Constant torque. 
Varying torque and varying speed. 


ao of 


What is the formula for generator frequency? 


a 
fees 
120 
b. f= PN x 120. 
C. PN 
fe —,. 
60 
d. f = PN x 60. 


What is the difference, in degrees, between windings of a three-phase generator? 


Boop 
on 
S 
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How many rpm must a four-pole AC generator make in order to generate an output frequency of 60 Hz? 


a. 1,100. 
b. 1,600. 
C; 1,800. 
d. 2,200. 


Which motor is normally used for timing devices? 


a. DC series. 

b. AC series. 

c. Compound. 
d. Synchronous. 
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15. What is the most widely used AC motor? 
a. Induction. 
b. Series. 
c. Shunt. 
d. Compound. 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solution. If you missed four or more 
questions, you should retake the entire lesson, paying particular attention to the areas in which your answers 
were incorrect. 
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Lesson 4 
TRANSFORMERS 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to explain the purpose and function of 
transformers and describe their use, as well as the use of reflected impedance matching and the losses and turns ratio. 


Conditions. You will have this subcourse book and work without supervision. 


Standards. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 1, 2, 
and 3 (answer 23 of the 30 questions correctly). 


USE 


One of the most common electrical devices used in radio and radar equipment is the transformer. This device is used to 
transfer energy from one circuit to another. Some of the results are impedance matching, phase shifting, voltage step- 
up or step-down, current step-up or step-down, frequency selection, and isolation of circuits. 


Transformers are also designed and used to accomplish specific jobs. Your understanding of the actions of a 
transformer is of considerable importance. 


BASIC PRINCIPLES 


Recall your study of electromagnetism and inductance, in Basic Electricity, Part I. You learned that a wire or coil in 
which current is flowing has a magnetic field about it; you also learned that the amount of current determines the 
relative strength of that magnetic field. Another factor is that if a magnetic field cuts through a conductor, a voltage 
will be induced in the conductor. These important facts are the bases of the principles of transformer operation. 


With two conductors parallel to each other as in figure 4-1, the magnetic field caused by the current flowing through 
circuit P sweeps across circuit S inducing a voltage in it. You can apply the terminology used in discussing 
transformers to explain this simple circuit. Call circuit P the primary since it is from this source that the magnetic field 
is produced. Call circuit S the secondary because it is in this circuit that a voltage is being induced. 


When the switch in the primary is closed, the current starts to flow and build up rapidly from zero to its maximum 
value. This produces a rapidly expanding magnetic field around the primary. Remember that motion is necessary in 
order to have an induced voltage. The motion in this case is the expanding field which cuts the secondary loop, 
inducing a voltage in it. This 
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induced voltage, however, is an instantaneous action. When the current in the primary has reached its maximum value, 
the resultant magnetic field is at its maximum strength. The field, under this condition, is neither expanding from nor 
collapsing back into the primary loop. This being the case, the flux is not cutting the secondary loop, and no voltage is 
induced in it. This does not mean that the magnetic field is not present. The magnetic field is still there, since it is 
being sustained by the current flow in the primary. As long as the current flows at a steady rate, the flux about the 
conductor is maintained at a steady strength, neither expanding nor collapsing, resulting in no field motion and no 
induced voltage. 


Notice in figure 4-1, the instantaneous voltage that is induced in the secondary when the circuit is closed is of opposite 
polarity to the voltage in the primary. 


In figure 4-1, what can you expect when the switch in the primary is opened? First of all, since the circuit is broken, 
current will cease to flow. Since the magnetic field about the primary was dependent on the current to sustain it, the 
field must necessarily collapse. As the field collapses back into the primary, it again cuts through the secondary, this 
time in the direction opposite to that when it was expanding. This motion again induces a voltage in the secondary. 
Since the field is cutting through the secondary loop in the reverse direction, the voltage induced is of the opposite 
polarity to that induced when the switch is closed. 


Figure 4-1. Single Loop Transformer. 
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You can see, then, that a transformer is of little value if you apply pure DC to the primary, since there will be no 
sustained voltage induced in the secondary. However, if you were to apply pulsating DC or AC, the magnetic field 
would be constantly building up and collapsing, thus continually inducing a voltage in the secondary. 


This method of energy transfer, from one circuit to another, is called mutual induction. As a transformer, the single 
loop of wire in figure 4-1 is a poor device for the transfer of power. The magnetic field about a straight wire is 
relatively weak, and the secondary offers only a short length of wire in which to have a voltage induced. You can, of 
course, increase the strength of the magnetic field by winding the primary in the form of a coil. Thus, if the primary 
and the secondary were wound as coils, the induced voltage would be greatly increased. Even with this refinement, the 
transformer is still not operating at maximum efficiency. You can see from figure 4-2 that all of the flux building up 
from the primary does not cut the secondary. This is called flux leakage. It reduces the efficiency of the transformer. 


Figure 4-2. Multiloop Transformer 


To help reduce flux leakage, a suitable core material can be inserted between the coils. It provides a path of low 
reluctance (resistance) to the magnetic lines of force. In figure 4-3, the primary has been wound on one leg of an iron 
core and the secondary has been wound on the other leg. A transformer wound in this manner would still operate at a 
low efficiency. It is presented here to show how a transformer works. 


Transformer Ratios 


Voltage and Turns Ratio. An ideal transformer is one that is 100-percent efficient. This means that in each turn of 
the secondary coil, the flux must set up a back EMF of the same value as each turn of the primary coil. The 
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Figure 4-3. Iron Core Transformer 


total induced voltage in the secondary coil must be equal to the volts per turn ratio of the primary coil multiplied by the 
number of turns in the secondary. This may be written: 


E N = Number of turns 
E, = —? Ng. 


Np s = secondary 


plimary 


a= 
I 


Solving this equation for the ratio 


a 
E, 
bs ee 
Es Ns 


To illustrate the use of the above formula, take a transformer with a primary winding of 3,000 turns connected to a 240- 
VAC source and a secondary winding of 300 turns. You can easily calculate the voltage across the secondary from the 
equation 


Ep _ Np. 
E, Ns 
E 
p 
Es = — N 
Np 
Es = 24V 
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The voltage induced per turn in the secondary will be: 
24 = 300 = .08V. 
08V X 3,000 = 240V 


The above transformer is said to be a step-down transformer, since from the 240 V applied you are getting only 24 V 
from the secondary. A step-up transformer then, would be one in which electric energy would come from the 
secondary at a higher potential than the primary voltage. 


Current Ratio. The preceding explanation of transformer operation was considered with an unloaded secondary. If a 
load is placed on the secondary, there will be current flowing in the secondary. For example, if an AC motor is 
connected across the secondary terminals of a transformer, the motor draws current. The amount of current depends 
upon the power required by the motor to perform its work. 


Within the transformer, this secondary current tends to magnetize the core in a direction opposite to that of the 
magnetizing action of the primary current. This magnetizing action of the secondary tends to lower the induced EMF 
in both the primary and secondary windings. The counter EMF is lowered in the primary circuit, therefore permitting a 
greater current to flow in the primary. 


The load on the secondary is consequently a determining factor of the primary current, considering the proportion of 
voltage turns previously discussed. Being an ideal transformer, there are no losses and the primary power is equal to 
the secondary power. This can be expressed as Pp = Pg, where Pp is the primary power and P, is the secondary power. 


Now, 
Pp = Ep Ip and 
P, = Bs Is, 80 
Ep Ip = Es Is, 


I 
Pee : 


E, Ip 
Ep _ Np 
Then, E, ~ Ne 


Using the two equations above: Np _ 4s 


This equation shows the current and turns ratio of an ideal transformer. 


Figure 4-4 shows a transformer having a primary winding of 5,500 turns and a secondary of 250 turns, rated at 10 V 
amps. The primary is connected to a 110-VAC power source. The secondary voltage is found by using the following 
formula: 


q 
7.) 
Ba 
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Figure 4-4. 10-V Amps Transformer. 


If five vacuum tubes, each drawing 0.12 amps of current, are connected to the secondary, the total secondary current 
will be 5 x 0.12 or 0.6 amps. The primary current will be 


ans 


i 250 
P Np 


x = 23,7 6 = 0: : 

Is 5.500 X 0.6 = 0.027 amps 
The energy delivered to and supplied by the primary is: Ip Ep = 0.027 x 110 = 2.97 W or approximately 3 W. Asa 
check, note that each tube takes 0.12 amps at 5 V; each tube is using: 5 x 0.12 = 0.6 W. Five of these tubes require: 5 x 
0.6 =3 W. 


Since this transformer, which is rated at 10 V-amp (which is 10 W for a resistive load), is delivering only 3 W, it is 
loaded at: 3 + 10 x 100 percent = 30 percent of its rated load. 


Impedance Ratio. Impedance (Z) is equal to E divided by I. Therefore, 


ba 
an ees 
Zz Es Ip Es 
Is 
ia aes 
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From this equation, it is evident that the impedance seen at the primary is equal to the load impedance multiplied by the 
square of the ratio of number of turns in primary to number of turns in secondary. 


N-\? 
mo (8) 


Assume the circuit in figure 4-5 to help clarify the equations above. Figure 4-5 shows a step-down transformer to 
which 500 V is applied and which has a 10-Q resistor as a load on the secondary. There is a potential of 50 V at the 
secondary, and 5 amps of current flow in the circuit. 


(E- a} =a) 


There will also be 0.5 amps of current in the primary 


(Note that the ratio of Zp to Zs is 100 to 1). The impedance ratio of the primary to the secondary is equal to the square 
of the turns ratio. This fact is used for impedance matching in amplifiers. 


1,000 T 100 T 


- | 


Figure 4-5. Step-Down Transformer. 


It is inconvenient to designate a transformer in reference to the turns on each winding by the actual number of turns. 
The American Society of Electrical Engineers has established a uniform system of transformer designation in this 
respect. The turns ratio of a transformer is the ratio of the number of turns in the primary winding to the number of 
turns in the secondary winding. The voltage ratio is expressed as the ratio of the primary voltage to the secondary 
voltage. Figure 4-6 shows examples of these two ratios. 


Occasionally, a transformer is referred to in terms of its current ratio. This is expressed as the ratio of the current in 
the primary to that in the secondary. Figure 4-6 gives a few examples of this ratio also. 
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A. TUAN RATIO = N 
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Figure 4-6. Transformer Ratio. 
Phase Relationships 


One of the uses of a transformer is getting a phase shift between circuits. You can use vectors to show how this is 
done. 


The first consideration is that of a transformer with an open secondary (no load). Disregarding any resistance of the 
winding, the primary circuit contains only inductance. In figure 4-7A, using Ep as the base vector, Ip can be plotted 


lagging the applied voltage by 90° since the primary circuit is inductive. 


84 


MM0704, Lesson 4 


Ip 


[ 
| 
| 
| 
A. VECTORS 


B. WAVEFORM PATTERN 


Figure 4-7. Phase Relationship Across a Transformer 


Since the induced voltage is dependent upon the rate of change of flux, the rate of change is maximum when the 
primary current is passing through zero (figure 4-7B). This would indicate that, at that moment, the induced voltage 
would be maximum. The voltage induced in the secondary then lags Ip by 90°. The completed vector diagram shows 


that there is a 180° phase shift between the primary and secondary voltages. The vectors in figure 4-8 show the 
operation of a transformer with a resistive loaded secondary. In this case, the generator works into a resistive load. 
The current flowing in the secondary tends to magnetize the iron core in a direction opposite to the magnetizing action 
of the primary circuit. This causes a lower EMF in the primary. This decreases the opposition to current flow in the 
primary so that it approaches that of pure resistance. Therefore, Ep and Ip are practically in phase. Previously, you 


found that the induced voltage lags the primary current by 90°. If you picture the secondary winding as a generator, the 
voltage induced will be the source of voltage pressure that causes current to flow in the secondary. Therefore, consider 
the secondary circuit as a series resistive-inductive (RL) circuit. In actual transformers, the inductance values are quite 
large in comparison to the resistive loads, so you can say that the secondary current lags the induced voltage by 
approximately 90°. If you take the voltage from the secondary across the resistor, the current (Ig) and the voltage (Eg) 


are in phase. Ep and Eg are 180° out of phase. 


Figure 4-8. Vectors and Phase Relationship with Secondary Loaded 
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Although in the two cases cited above there was a phase shift of 180° from primary to secondary, do not conclude that 
this will always be true. The degree of phase shift depends upon several factors: The type of load placed upon the 
secondary, the transformer's efficiency, and the manner in which the secondary is wound, with respect to the primary. 
In figure 4-9, the polarity of point C is 180° out of phase with point A. However, if point C were grounded instead of 
point D, the secondary voltage, with respect to ground, would be in phase with the primary voltage. 


Figure 4-9. Phase Notation of a Transformer with Generator (R). 


Mutual Inductance 


In the discussion of coils you learned that a changing current through a coil induced a voltage in the coil which was in 
opposition to the applied voltage. This process is called self-induction. The ability of the coil to cause self-induction is 
inductance. In a transformer, a changing current through the primary induces a voltage in the secondary, and a 
changing current through the secondary induces a voltage in the primary. This is mutual induction. 


Mutual inductance is a property of a transformer just like inductance is a property of a coil. As with inductance, the 
unit of inductance is the henry (h). The symbol of mutual inductance is the letter M. A transformer has a mutual 
inductance of one henry if a current change of one ampere per second in one coil induces one volt in the other coil. 


The mutual inductance of a transformer is determined by its construction: the type of core, the number of turns in its 
coils, and its dimensions. Note that these factors also determine the inductance of coils. When all the lines of force set 


up by the primary cut all the turns of the secondary, and vice versa, M can be determined directly from the inductances 
of the primary and secondary (Lj and L3). In such a case, there is unity coupling. 


M = V1, L; 
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Coefficient of Coupling 
The amount of coupling between the primary and secondary has a direct bearing on the mutual inductance. Coupling is 
indicated by the percentage of lines of force set by the primary that cut the secondary. If 80 percent of the lines set up 


by the primary cut the secondary, there is 80 percent coupling, or a coefficient of coupling of 0.8. Since mutual 
inductance is directly proportional to the coefficient of coupling, the general formula for mutual inductance is 


M=KyVL, lL, 
where K is the coefficient of coupling. 
Example: 


What is the mutual inductance of a transformer whose primary has 16 h of inductance and whose secondary has 4 
h, if the coupling between the two coils is 75 percent? 


Solution: 
M = KVL, L; 
M = 0.75V16 X 4 
M = 6h 


The mutual inductance of the transformer is 6 h. From the study of inductance, you learned that if two coils (Lj 
and Ly) were connected in series, the total inductance would be L; = Lj + Ly, providing there was no effect of 


coupling between the two coils. Since there usually is, the effect of coupling can be shown by an explanation of 
mutual inductance. 


If the series coils are close enough, there will be the mutual inductance of the first coil on the second coil and also the 
mutual inductance effect of the second coil on the first. If the coils are connected in such a way that their fields add, 
they are said to be series aiding. In such a case, the total inductance is: 


L,=L1 +L. + 2M. 


To illustrate that formula, connect the transformer of the last example as shown in figure 4-10. Ly in the problem was 
16 h and Lz was 4h. The mu- 


Ly ba 


Figure 4-10. Series Aiding Mutual Inductance. 
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tual inductance we solved for was found to be 6 h. The total inductance between A and B is: 
L,=L) +1)+2M 
L,=16+4+(2X 6) 
L,=32h 


If you reverse the connections of one of the coils as shown in figure 4-11, the fields will have a canceling effect. The 
formula for total inductance in that case is: 


L, =L1 +L. - 2M. 
To the illustrative example, this would change our total inductance between A and B from 32 h to: 


Ly = 16 +4 - (2X6) 


L,=8h. 


Figure 4-11. Canceling the Effect of Mutual Inductance. 


Another factor affecting coupling is the angle at which the flux of one coil cuts that of another coil. If you pivot Lo 


(figure 4-12) at the center, you will find that the M reduces to zero at 90° and actually subtract from the total 


Figure 4-12. Angle Affect on Coupling. 
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inductance at between 90° and 270°. Note that at 180° or when the coils are directly opposing each other, the 
inductance is at a minimum. This is because the windings on Ly and L9 are in opposite directions (figure 4-13). For 


90° rotation or 270° rotation, the total inductance is equal to Ly + Ly. For 180°, itis Ly + Ly - 2M. For 0° and 360°, it 
is Lh = Lj] +L)+2M. 


Lyi +t2+ 2M 


Ly, +l2 - 2M 


ANGLE IN DEGREES 


Figure 4-13. Plotted Angle Affect on Coupling. 
Transformer Losses 


Radar equipment is usually operated from special power units. Transformers are a vital part of these units. A 
transformer supplies the high voltage and current required for the operation of radar equipment. 


To study a typical power transformer, you need a unit that gives you maximum transfer of energy from the primary to 
the secondary with minimum power loss and dissipation. In order to do this, the primary and secondary coils must be 
wound closely together for coupling. A core is inserted to direct the flux through the windings, thus minimizing flux 
leakage. 


There are several factors to be taken into consideration in connection with the core of a transformer. Although you 
reduce flux leakage by providing a path for the magnetic lines of force, there are power losses in the transformer that 
must be minimized in order to obtain maximum efficiency. 


There is a power loss in the primary due to the resistance of the windings. This is the normal IR loss. In addition, the 
resistance of the wire in the secondary gives PR loss in the secondary wiring. To keep the PR losses to a minimum, 
copper wire (as large as possible without making the transformer too bulky) is used. 


There are other losses called iron losses. These are caused by the effects of primary and secondary currents in the core 
material (figure 4-14). The first of these losses is due to eddy-currents. When AC is applied to the windings, a voltage 
is induced in the core. This voltage sets up currents in the core that are more or less circular and that are called eddy- 
currents. Since the solid iron core has a large cross-sectional area and offers very little resistance, large values of eddy- 
currents flow and produce heat. 
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Figure 4-14. Section of Solid Iron Core. 


This eddy-loss problem is overcome by using thin sheets of core material called laminations (figure 4-15). These are 
either varnished or have their surfaces treated to provide insulation. When several of these thin sheet are placed 
together, there is no electrical contact between them. A complete transformer core is many of these thin laminations 
stacked together providing a large core area and increased electrical resistance to the eddy-currents. There is now a 
satisfactory core area with a minimum amount of eddy-current losses. 


The second type of iron loss is hysteresis. Hysteresis in an iron core means that the magnetic flux or lines of force lag 
behind the magnetizing force that causes them. Recall the phenomena from the study of magnetism. The friction 
caused by the little molecular magnets heat up as they try to align themselves with the constantly changing direction of 
the current flow in the primary. This heat is wasted energy. Let us briefly review our study of magnetism in order to 
get a clearer picture of hysteresis. 


if a PILED UP 


LAMINATION 


WINDINGS 


Figure 4-15. Laminated Iron Core. 
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Curve B of figure 4-16 represents the flux density changes in relation to the magnetomotive changes (curve H). Note 
that both the H and B curves start out from Tg and continue toward T; in phase. When curve H reaches T, it is at its 


maximum value in the positive direction and begins to decrease toward T9, to complete the half cycle. Now, note 


curve B. It does not reach the zero line until sometime later. The actual time distance is represented by space Y. To 
complete the cycle, you can see that the H curve reaches zero before the B curve by a time equivalent to space Z. 


When the core of the transformer is magnetized, the atoms of the core material will be aligned in one direction. As the 
magnetizing force decreases to zero at T> (figure 4-16), the magnetizing action of the AC leaves the atoms of the core 


lined up for a period of time corresponding to space Y. This is what causes the flux to lag behind the magnetomotive 
force. The magnetism left in the core material after H has reduced to zero is called residual magnetism. When AC is 
used to magnetize the core, whatever residual magnetism placed in the core in one-half cycle is overcome in the next 
half cycle because of the reversal of polarity. 


At points Y and Z in figure 4-16, where residual magnetism is present, it requires energy from the magnetomotive force 
to overcome it. This energy is dissipated as heat in the core. This waste of energy is the hysteresis loss and must be 
kept to a minimum for efficient operation. 


The losses due to hysteresis and eddy-currents, iron losses along with PR (copper) losses make up all the transformer 
losses. Due to these losses, the transformer cannot be 100-percent efficient. Therefore, the power taken from the 
secondary can never equal the power applied to the primary. You can find efficiency of a transformer from the 
following equation: 


P. 
Efficiency percentage = X 100%, 


Ts 
Pp 


where P, is total power in the secondary, and Pp is total power in the primary 


oe MIN 


3 


MAGNETOMOTIVE 
CHANGES 


Figure 4-16. Flux Density and Magnetomotive Force. 
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POWER TRANSFORMERS 


In power transformers, you can usually distinguish between the high and low voltage windings by the relative diameter 
of the wire. The low voltage side has the higher current; therefore, it has the larger diameter wire. You can use 
ohmmeter resistance check to identify windings for sure. 


A typical power transformer has color-coded leads so that it is easy to pick out the primary and secondary windings. 
Figure 4-17 shows the numbered and colored leads for the transformer. Figure 4-18 in the schematic is for that 
transformer. The black leads are the primary; the red leads are the high-voltage secondary winding; and the red and 
orange lead is the center-tap. The yellow indicates the 5-V secondary; green indicates the 6.3-V secondary; and green 
and yellow is the center-tap. If the leads are not color-coded, they will be numbered on the transformer. Those 
numbers will be found in schematics of the equipment. 


There are several types of power transformers, from the huge transformer installed in the commercial powerhouses to 
the small ones used with radar equipment. Transformers used in radar have a sufficiently low degree of loss to permit 
the heat generated to be radiated naturally from the surfaces of the coils and core without exceeding the safe operating 
temperature. This class of transformer is called the dry, self-cooling type. 


With high-power transformers, the external surfaces of the core and coils are not sufficient to dissipate the heat by 
natural radiation and convection. These units are immersed in a tank of oil. The oil conducts the heat from the core 
and coil by convection to the surface of the tank wall, where it is dissipated by radiation. This type of transformer is 
also in radar equipment. 


So far, the power transformers discussed have had only one secondary winding. More often there are several secondary 
windings, each providing a different voltage. Look at figure 4-18; it is a schematic of a typical power transformer used 
in electronic circuits. 


10. YELLOW 9. YELLOW 


7. RED & ORANGE 


5. GREEN & YELLOW 


Figure 4-17. Number and Color Coded Power Transformer. 
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10. YELLOW 


7. RED & ORANGE 


3. GREEN 


5. GREEN & YELLOW 


Figure 4-18. Typical Power Transformer Schematic. 


Another type of power transformer is the autotransformer. It is called an autotransformer because the primary and 
secondary windings are actually incorporated as one winding. Figure 4-19 is an autotransformer with a movable tap in 
the secondary which enables selection of desired voltage values. 


MOVABLE TAP 


Figure 4-19. Autotransformer. 
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AUDIO TRANSFORMERS 


As yet the effect of frequency on a transformer has not been considered. The rapidly changing polarity of voltage at 
frequencies higher than normal power frequencies increases the iron losses due to residual magnetism. This is evident 
since the molecular friction, due to the rapidly changing polarity, is increased as the frequency increases. 


For transferring energy from one circuit to another at audio frequencies, special transformers use a core material having 
a very low degree of retention. At these higher frequencies, residual magnetism left in the core material by the effect of 
one-half cycle will cause an undesirable lag in the secondary voltage. Audio frequencies range. Because audio 
transformers must transfer this range of frequencies from about 20 to 20,000 Hz from one circuit to another without 
distortion, they are very carefully designed. In some cases, the secondary is center tapped, and when it is, great care is 
taken to see that the windings contain the same inductance on each side of the center tap. 


RADIO FREQUENCY TRANSFORMERS 

When working with the radio frequencies (RF) (above the audio range), the iron core transformer used for power and 
audio frequencies is no longer practical. The advantage from reducing flux leakage through the use of a suitable core is 
offset by the loss due to hysteresis at these frequencies. Many RF transformers have air cores. Some, however, use 


special powdered iron cores. 


Air core transformers have very little coupling between the primary and secondary, since all the flux emanating from 
the primary is not cutting the secondary winding. 


You can assume that the coefficient of coupling is so small it is negligible in regard to the effect of secondary load on 
the primary circuit. Vectorially, you can show an air core transformer (figure 4-20) with an unloaded secondary the 
same way you plotted the iron core transformer. For practical application, however, the secondary of the air core 
transformer is usually loaded with a capacitor 


180° 


Ip 


Figure 4-20. Vector Diagram of an Air Core Transformer. 
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In figure 4-21, the secondary circuit is an LC circuit. You know that L and C is resonant at some frequency determined 
by the values of L and C. The secondary winding can be considered a generator. This being the case, the secondary is 
actually a series LC circuit. You can assume that the secondary circuit has negligible effect on the primary circuit. 


Figure 4-21. Air Core Transformer. 


You can see that the primary is a simple inductive circuit in which the current lags the voltage by 90°. This is shown in 
figure 4-22. You also know that the induced voltage (Ejnq) lags Ip by 90°. To determine lag in the secondary, first 
assume that the secondary circuit is tuned to resonate at the frequency of the applied voltage. At resonance, the two 
reactances cancel leaving only the resistance of the circuit. Therefore, the secondary current is in phase with the 
induced voltage. However, secondary voltage is being obtained across the capacitor; this voltage lags the current by 
90°. The result is that the secondary voltage (E,) leads the primary voltage by 90°. 


Figure 4-22. Vector Diagram for a Tuned Secondary 


By leaving the secondary tuned to the same frequency, you can determine what to expect if higher frequency is applied 
to the primary (figure 4-23). The Ep; Ip» and Eing vectors are the same. In the secondary however, since the frequency 


is higher than the resonant frequency, the circuit acts inductively. This being the case, as you deviate from the 
resonance, the I, lags the 
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Ejnq until a frequency is reached at which the circuit becomes predominately inductive. At this time, I, lags Ejng 


about 90°. Again, there is an output across the capacitor, and the voltage lags the secondary current by 90°. Note that 
the secondary voltage is almost in phase with the primary voltage in this case. 


Figure 4-23. Vector Diagram of Applied Frequency Higher than Tuned Frequency. 


At a frequency below the resonant frequency, the resultant vector would appear as in figure 4-24. The secondary, in 
this case, would act capacitively, and the current would be leading E;nq by almost 90° by the time the frequency was 
decreased to a point where the circuit would be predominately capacitive. In this case, the secondary voltage is 
approximately 180° out of phase with the primary voltage. 


Figure 4-24. Vector Diagram of Applied Frequency Higher than Tuned Frequency. 


By changing the inductance or capacitance in the secondary (frequency in this case being constant), the degree of phase 
shift between the primary and secondary voltages can be varied anywhere from practically 0° to nearly 180°. 
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There is another type of RF transformer in which a higher coefficient of coupling is desired. To get it, a powdered iron 
core is inserted in the windings. This core is nothing more than small particles of iron suspended in a plastic material 
so that they are insulated from each other. Although there is no complete magnetic path for this flux, this type of core 
does offer a higher degree of coupling than air. Usually these cores can be adjusted, in and out of the windings, to 
produce a variable inductance. 


SATURABLE TRANSFORMERS 


In your study of magnetization curves, you noted that, if the magnetizing force is increased enough, a point known as 
saturation would be reached. The ordinary power transformer is operated well below saturation. However, there are 
special circuits in which magnetic saturation is used. A transformer used in a circuit where saturation is desired is 
called a saturable transformer. 


After the point of magnetic saturation is reached, the flux density is practically constant even though the force causing 
the flux is increased. Also, a stationary flux cannot induce a voltage. With these facts in mind, the operation of a 
saturable transformer will be easy to understand. 


In the unsaturated transformer, the current in the primary lags the voltage across the primary by 90°. Figure 4-25 
shows this phase relationship between Ep and Ip Also, the value of current will depend upon the magnitude of the 


applied voltage. 


Figure 4-25. Phase Relationship Between Current and Voltage on the Primary 
of an Unsaturated Transformer. 
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To explain the action of saturable transformers, assume there is no load on the secondary. Also, assume the applied 
voltage is a higher value than that needed to cause enough current to flow to saturate the core. Figure 4-26 is a graph of 
this transformer's operation. At time To, Ip is at zero and Eg is at a maximum negative value, since it lags Ip by 90°. 


As the primary current starts to build up in a positive direction, E, starts to decrease toward zero. At time T; on the Ip 
curve, the current has reached a value where the core is magnetically saturated. Any further increase in Ip does not 
affect the flux, and no voltage is induced in the secondary. At time T), E, therefore drops to zero. Since the core is 
saturated, the inductive reactance of the primary will not prevent Ip from reaching a high value. The dotted line on the 


Ip curve represents the normal current flow without saturation. 


As long as Ip remains at a value higher than that necessary to saturate the core, the flux produced will remain at a 
constant level, and no voltage will be induced in the secondary. This action is shown from Tj to Tz. At time T9, I, 


has reached the value necessary to saturate the core and is decreased below that point. Since the flux is again changing, 
a voltage is induced in the secondary and Eg rises to its positive maximum value at T3. Toward Ty, Ip is increasing in 


amplitude in the negative direction and, at Ty, again produces magnetic saturation in the core. With the flux again 


stationary E, 
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Figure 4-26. Output Waveshape of a Saturable Transformer. 
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drops to zero at Ty. Es remains at zero until time T5 when Ip again falls below the value required to produce 
saturation. As Ip passes through zero on its positive swing, E, reaches its negative maximum peak and the action at T¢ 
is identical to that at point To. 


From the secondary, voltage pulses will be obtained rather than the normal sine wave of voltage. See figure 4-26. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. What will happen if the primary current in a transformer remains at some steady finite value? 
a. The primary field will collapse. 
b. The secondary field will collapse. 
Cc The secondary induced voltage will increase to maximum. 
d. The secondary current remains at a steady finite value. 
2, What is the normal phase difference, in ©. between the primary and secondary voltages in a transformer? 
a. 180. 
b. 120. 
Ci 90. 
d. 60. 
3. What is the induced secondary input, in volts, of this circuit? See figure 4-27. 
a. 50 
b. 100. 
¢: 200. 
d. 400. 
4. How much current, in amps, is flowing in the secondary circuit? See figure 4-27. 
a. 0. 
b. 2.5; 
c. 5. 
d. 10. 
5. What is the power, in watts, in the secondary? See figure 4-27. 
a. 1,000. 
b. 500. 
C: 200. 
d. 100. 
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What BEST describes the turns ratio of this transformer circuit? See figure 4-27. 


1 to 2 step-up. 
1 to 2 step-down. 
3 to 1 step-down. 
3 to 1 step-up. 


ao oP 


What is the impedance, in ohms, of the secondary of a step-down transformer that as a turns ratio of 2:1 and a 
primary impedance of 2,000 Q? See figure 4-27. 


a. 8,000. 
b. 5,000. 
c. 1,000. 
d. 500. 


If the current ratio of a transformer is 4:1, what is the turns ratio? See figure 4-27. 


1 turn in primary for every 4 in secondary. 
4 turns in primary for every 1 in secondary. 
2 turns in primary for every 1 in secondary 
1 turn in primary for every 2 in secondary. 


ao TP 


Figure 4-27. Transformer (Unity Coupling). 


What is the transformer coefficient of coupling, if the primary inductance is 9 h, the secondary inductance is 4 
h, and the mutual inductance is 4 h? 


ao of 
~— 
Nn 
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10. 


11. 


12. 


13. 


14. 


15. 
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What currents in a transformer core follow a circular path? 


a. Eddy 

b. Primary. 

c. Secondary. 
d. Tertiary 


Why are laminated cores used in transformers? 


To increase power losses. 

To increase voltage turns ratio. 
To increase current turns ratio. 
To reduce power losses. 


ao of 


What form of magnetism remains in a transformer's core after the magnetizing current becomes zero? 


a. Initial. 

b. Positive. 
Cc: Negative. 
d. Residual. 


How are the low and high voltage sides of a power transformer identified? 


Low voltage side has larger wire diameter. 
High voltage side has larger wire diameter. 
High voltage side is colored black. 

Low voltage side is colored black 


ao of 


Why are high power transformers immersed in oil? 


To decrease heat dissipation. 
To increase heat dissipation. 
To decrease coupling 
To increase coupling. 


ao FP 


What is the characteristic of the winding of an autotransformer? 


Parallel primary and secondary. 

Series primary and secondary 

One winding for primary and secondary. 
Two windings for primary and secondary. 


ao oP 


16. 


17. 


18. 


19. 
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What range of frequencies is transferred by audio transformers? 


a. 25 kHz to 60 kHz. 
b. 25 kHz to 50 kHz. 
c. 20 kHz to 30 kHz. 
d. 20 Hz to 20 kHz. 


What type of circuit is employed in figure 4-28? 


a. Tuned secondary. 
b. Tuned primary. 
Cc. Step-up. 

d. Step-down. 


How can the coupling in the circuit be increased? See figure 4-28. 


By decreasing the mutual inductance. 
By increasing C. 

By decreasing C. 

By inserting a powdered iron core. 


ao TP 


Figure 4-28. Tuned Transformer. 
What condition indicates transformer saturation? 


Flux increased by magnetizing force increase. 
Flux remains constant even though magnetizing force decreases. 
Flux decreased by magnetizing force increase. 
Flux remains constant even though magnetizing force increases. 


ao TP 
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20. What characterizes an ideal transformer? 
a. The primary voltage equals secondary voltage. 
b. The primary power exceeds secondary power. 
c. The primary power equals secondary power. 
d. The primary current equals secondary current. 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed two or more 
questions, you should retake the entire lesson, paying particular attention to the areas in which your answers 
were incorrect. 
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d (see page 7). 

c (see page 8). 

b (see page 8). 

c (see page 11). 
c (see page 12). 
b (see page 12). 
a (see page 10). 
c (see page 13). 
c (see page 32). 
b (see page 11). 
b (see page 12). 
a (see page 16). 
d (see page 19). 


c (see pages 19, 20). 


d (see page 26). 
b (see page 32). 
a (see page 20). 
c (see page 29). 
b (see page 17). 
a (see page 32). 


Lesson 2 
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c (see page 40). 
c (see page 41). 
a (see page 42). 
d (see page 42). 
c (see page 46). 
b (see page 48). 
a (see page 49). 
a (see page 50). 
d (see page 49). 
b (see page 52) 


EXERCISE SOLUTIONS 
11. d (see page 47). 
12. b (see page 49). 
13. a (see page 41). 
14. b (see page 42). 
Lesson 3 
1. b (see page 56). 
2. a (see page 58). 
3. c (see page 58). 
4. d (see page 58). 
5. b (see page 59). 
6. a (see page 61). 
7; d (see page 61). 
8. b (see page 63). 
9. d (see page 63). 
10. a (see page 63). 
11. a (see page 71). 
12. d (see page 70). 
13. c (see page 71). 
14. d (see page 72). 
15; a (see page 71). 
Lesson 4 
1. b (see page 78). 
2, a (see page 85). 
3% c (see page 80). 
4. b (see page 81). 
5. b (see page 81). 
6. a (see page 83). 
7. d (see pages 82, 83). 
8. a (see pages 79, 80, 83). 
9. c (see page 87). 
10. a (see page 89) 
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d (see page 90). 
d (see page 91). 
a (see page 92). 
b (see page 92). 
c (see page 93). 


16. d (see page 94). 
17. a (see page 95). 
18. d (see page 97). 
19. d (see page 97). 
20. c (see page 81). 
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INTRODUCTION 


The most important single device in electronics is the vacuum tube. Facts have established that without it, 
present day knowledge of this science would have been impossible. The first radio receivers used no vacuum or 
electron tubes. They used a crystal semiconductor as a rectifier (detector) in conjunction with a coil and a 
variable capacitor for maximum signal. However, radio, radar, and electronic computer equipment employs a 
wide variety of vacuum tubes. 


This subcourse discusses the various types of vacuum tubes commonly used in radio and electronic circuits. 
You will learn about tubes with only two elements (diodes), tubes with three or more elements (triodes, 
pentodes, etc.), and specially designed tubes called special purpose tubes. In addition, you will learn about 
power supplies that furnish energy for the operation of these tubes. What you learn about vacuum tubes, 
transistors, and power supplies will largely determine how much you will be able to understand about radio and 
radar circuits. 


Supplementary Requirements 


There are no supplementary requirements in material or personnel for this subcourse. You will need only this 
book and will work without supervision. 


Credit Hours 


Nineteen credit hours will be awarded for the successful completion of this subcourse--a score of at least 75 on 
the end-of-subcourse examination. 


Administrative Instructions 


Change Sheets. If a change sheet has been sent to you with this subcourse, be sure you post the changes in the 
book before starting the subcourse. 


Errors on TSC Form 59. Before you begin this subcourse, make sure that the information already typed on 
your TSC Form 59 (ACCP Examination Response Sheet) is correct. You will find the correct subcourse number 
and subcourse edition number on the front cover of this book. If any of the information on your TSC Form 59 is 
incorrect, write to: 


The Army Institute for Professional Development (IPD) 
US Army Training Support Center 
Newport News, VA 23628-0001 


A new, correctly filled-out form will be sent to you. Do not correct the form yourself or send it to IPD. 
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Questions, Changes, Corrections. If you have questions about enrollment or other administrative matters, 
write to IPD. If a change occurs or a correction needs to be made in your status (name, grade, rank, address, 
unit of assignment, etc.), notify IPD as soon as possible. These kinds of changes or corrections can be sent 
along on a separate sheet of paper with your completed TSC Form 59. 


Correspondence with IPD. In any correspondence with IPD, always write your name, Social Security 
Number, and the school code of your enrollment on each page. 


Grading and Certification Instructions 


When you have completed the subcourse, review any of the material covered that you are not sure of. Then take 
the end-of-subcourse examination. When you have completed the examination in the book, you must transfer 
your answers to TSC Form 59. The instructions on the form itself tell you how to mark your answers on it. 
Follow the instructions carefully. 


Once you have transferred your answers to the TSC Form 59, fold the form as it was folded when sent to you. 
Do not staple or mutilate this form! Place the form in the self-addressed envelope provided and mail it to IPD. 
No postage is needed. TSC Form 59 is the only material that you are required to return to IPD. If you return it 
as soon as you have completed the subcourse, you will get your next subcourse sooner. 


Grading. The highest score possible on the end-of-subcourse examination is 100. The grade structure for all 
ACCP subcourses is given below: 


Superior 95-100 
Excellent 85-94 
Satisfactory 75-84 
Unsatisfactory 0-74 


Your TSC Form 59 will be machine graded, and you will be notified of the results. Your grade on the 
examination will be your grade for the subcourse. No credit is given for grades below satisfactory (75). 


Certificates. When you have completed the subcourse successfully, IPD will send you a subcourse completion 


certificate. Keep it with your other personal copies of personnel material. Subcourse completion certificates 
can be used to support accreditation and other personnel actions. 
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Lesson 1 
BASIC VACUUM TUBES 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the fundamental 
construction, operation, and theory of vacuum tubes. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70% on the end-of-subcourse examination that covers this lesson and lessons 
2 through 7 (answer 35 of the 50 questions correctly). 


DEVELOPMENT OF VACUUM TUBE 


Current flows in the conductor of a completed circuit when a voltage is present, and current and voltage always 
obey certain laws. In electronics, these laws still apply. They will be used continuously in working with 
electronic circuits. Electrons flow across a gap, a break in the circuit in which there appears to be no conductor. 
A large part of the field of electronics and the entire field of electron tubes are concerned with the flow and 
control of these electrons "across the gap." 


Metallic conductors contain many free electrons that at any given instant are not bound to atoms. These free 
electrons are in continuous motion. The higher the temperature of the conductor, the more agitated are the free 
electrons, and the faster they move. A temperature can be reached where some of the free electrons become so 
agitated that they actually escape from the conductor. They "boil" from the conductor's surface. The process is 
similar to steam leaving the surface of boiling water. Heating a conductor to a temperature sufficiently high to 
cause the conductor to give off electrons is called thermionic emission. A representation of electrons leaving the 
conductors surface is shown in figure 1-1. 


Unheated 


Figure 1-1, Thermionic Emission. 
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Thomas Edison discovered the principle of thermionic emission as he looked for ways to keep soot from 
clouding his incandescent light bulb. Edison placed a metal plate inside his bulb along with the normal filament. 
He left a gap, a space, between the filament and the plate. A battery was placed in series between the plate and 
the filament, with the positive side toward the plate and the negative side toward the filament. This circuit is 
shown in figure 1-2. 


FILAMENT 


SOCKET 
TERMINAL 


Figure 1-2. Edisons Simple Two-electrode Tube With Plate Negative. 


When Edison connected the filament battery and allowed the filament to heat until it glowed, he discovered that 
the ammeter in the filament-plate circuit had deflected and remained so. Edison reasoned that an electrical 
current must be flowing in the circuit, even across the gap between the filament and plate. Because this did not 
eliminate the soot problem, he did little with this discovery. However, he did patent the incandescent light bulb 
and made it available to the scientific community. 


An analysis of the circuit in figure 1-2 shows that the heated filament causes electrons to boil from its surface. 
The battery in the filament-plate circuit places a positive charge on the plate (because the plate is connected to 
the positive side of the battery). The electrons (negative charge) that boil from the filament are attracted to the 
positively charged plate. They continue through the ammeter, the battery, and back to the filament. Electrons 
flowing across the space between filament and plate are actually an application of the basic law that says unlike 
charges attract. 
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Edison's bulb had a vacuum so that the filament would glow without burning. Also, the space between the 
filament and plate was relatively small. The electrons emitted from the filament did not have far to go to reach 
the plate. Thus, the positive charge on the plate was able to reach out and attract the negative electrons. The key 
to this explanation is that the electrons were floating free to the hot filament. It probably would have taken 
hundreds of volts to move electrons across the space if they had to be forceably pulled from a cold filament. 
Such an action would destroy the filament and the flow would cease. 


The application of thermionic emission, which Edison made by causing electrons to flow across the space 
between the filament and the plate, has become known as the Edison effect. It is fairly simple and extremely 
important. Practically everything that follows will be related in someway to the Edison effect. 


DIODE TUBE 


The diode vacuum tube is really Edison's old incandescent bulb with the plate in it. Diode means two elements 
or two electrodes and refers to the two parts within the glass container that make up the tube. They are referred 
to here as the filament and plate. More formally, they are called the cathode and plate, respectively. Sometimes 
the filament is also called a heater. 


A few years after the discovery of the Edison effect, scientists had learned a great deal more than was known by 
Edison at the time of his discovery. By the early 1900s, J. J. Thompson in England had discovered the electron. 
Marconi had demonstrated the wireless receiver, which was to become the radio, in Italy and England. The 
theoretical knowledge of the nature of electricity and things electrical was increasing at a rapid rate. 


J. A. Fleming, an English scientist, was trying to improve on Marconi's relatively crude wireless receiver when 
his mind went back to Edison's earlier work. His subsequent experiments resulted in what became known as the 
Fleming valve (the diode), the first major step on the way to electronics. 


Operation of Diode Tube 


Before learning about Fleming's valve, the forerunner of the modern diode, Edison's original circuit will be 
explained further. This time, however, it will be presented as a schematic diagram using the symbol for a diode 
instead of a cartoon-like picture. The schematic of Edison's experimental circuit is shown in figure 1-3. This is 
really two series circuits. The filament battery and the filament itself form a series circuit. This circuit is known 
as the filament circuit. The path of the second series circuit is from one side of the filament, across the space to 
the plate, through the ammeter and battery, and then back to the filament. This circuit is known as the plate 
circuit. 


Part of the filament circuit is also common to the plate circuit. This part enables the electrons boiled from the 
filament to return to the filament. No electron could flow anywhere if this return path were not completed. The 
electron flow measured by the ammeter is known as plate current. 
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The voltage applied between the filament and plate is known as plate voltage. 


Diode Operation With a Positive Plate. Fleming started with a two-element tube (diode) similar to Edison's 
and at first duplicated Edison's experiment. 


With the plate positive relative to the filament, the filament hot, and the circuit completed as shown in figure 1- 
3, the ammeter measured a current flowing in the plate circuit. Because current is the same in all parts of a 
series circuit, the same current must flow across the space between filament and plate. The electrons boiled 
from the heated filament are negative and are attracted to the positive plate because unlike charges attract. 


Diode Operation With a Negative Plate. Fleming's next step was to use a similar circuit but to reverse the 


plate battery. The circuit is shown in figure 1-4. With the plate negative relative to the filament, the filament 
hot, and the circuit completed as shown, the ammeter indicated that zero current was flowing in the plate circuit. 


PLATE 


FILAMENT. 


Figure 1-3. Schematic of Edison's Experimental Circuit. Figure 1-4. Diode With a Negative Plate. 


Fleming found that the negative charge on the plate, relative to the filament, cut off the flow of plate current as 
effectively as if a valve were used to stop the flow of water in a pipe. 


The diode cuts off current when the plate is negative for the following reason. The filament is hot and electrons 
boil from its surface. Because the filament is the only heated element in the diode, it is the only source of 
electrons within the space between filament and plate. However, because the plate is negative and the electrons 
are negative, the electrons are repelled back to the filament because like charges repel. If electrons cannot flow 
across the space, then no electrons can flow anywhere in the plate circuit; therefore, the ammeter indicates zero. 
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The reason that electrons do not flow from the negative plate to the positive filament under these conditions is 
the following. It takes a heated element to emit electrons and the filament is the only heated element in the 
diode. The plate is cold; therefore, electrons cannot leave the plate, and plate-to-filament current cannot exist. 


Measuring Diode Voltages. It is impossible to have a voltage at one point because voltage is defined as a 
difference of potential between two points. In the explanation above, reference was made to plate voltage. Plate 
voltage is the voltage between plate and filament. Plate voltages are often referred to as if they appear at one 
point. In figure 1-5, M1 and M2 measure plate voltage and filament voltage respectively. 


The reference point in diode and other tube circuits is usually a common point between the individual circuits 
within the tube. The reference point (common) in figure 1-5 is the conductor between the bottom of the 
transformer secondary and the negative side of the filament battery. One side of each ammeter is connected to 
this point. 


Figure 1-5, Alternating Voltage on the Plate. 


Diode Operation With Alternating Voltage on Plate. After experimenting with a positive plate and a 
negative plate, it was logical that Fleming would replace the direct voltage of the battery with an alternating 
voltage. In this explanation, a transformer will be used as the source of alternating voltage. The circuit is shown 
in figure 1-5. 


The only real difference in this circuit from the previous ones is the transformer. The transformer secondary is 
connected in series with the plate circuit where the plate battery was connected previously. The transformer 
always produces an alternating voltage. The secondary voltage is a sine wave as shown in the figure. The sine 
wave is a visual picture, a graph of the change in alternating voltage as it builds from zero to a maximum value 
and then drops to zero again just before it reverses direction and continues in the same manner. 
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Assume that the polarity across the secondary during the first half-cycle of the input ac voltage is as shown in 
the figure. During this entire first half-cycle period, the plate's polarity will be positive. Under this condition, 
plate current flows as shown by the ammeter. The plate current will rise and fall because the voltage on the 
plate is rising and falling. Current in a given circuit is directly proportional to voltage. During the second half- 
cycle period, the plate's polarity will be negative. Under this condition, for this entire period, the diode will not 
conduct. If the ammeter could respond rapidly, it would drop to zero. The plate-current waveform (Ip) in figure 


1-5 shows zero current during this period. 


The effects of applying alternating voltage to the plate of the diode are the following. Diode plate current flows 
during the positive half-cycle. It changes value as the plate voltage rises and falls. The diode cuts off plate 
current during the entire period of the negative half-cycle. Diode plate current flows in pulses because the diode 
cuts off half the time. Diode plate current can flow in only one direction. It is always dc (in this case pulsating 
dc-one that flows in pulses). In effect, the diode has caused an alternating voltage to produce a direct current. 


The ability to obtain direct current from an ac source is very important and one function of a diode that will be 
seen again and again in electronics work. 


The circuits discussed up to this point were chosen to show the general concepts discovered by Edison and 
Fleming. They are not practical because they do no useful work. For now, only the concepts are important. 
Practical circuitry will be presented later in this lesson along with specific points about the construction, 
limitations, and other characteristics of modern diode tubes. 


Construction of Diode Tube 


Diode tubes presently in use are descendants of Fleming's valve. There is a family resemblance, but many 
changes have been made from the original. Diodes are both smaller and larger, less powerful and more 
powerful, and above all, more efficient and more reliable. The search for greater efficiency and reliability has 
resulted in many physical changes. 


Filaments. Modern filaments in all tubes last longer and emit greater amounts of electrons for a given size. 
Many operate at a lower temperature than in the early days. Most improvements have resulted from the use of 
new materials and from better quality control during manufacture. 


Three materials that are commonly used as filaments are tungsten, thoriated tungsten, and oside-coated metals. 


Tungsten has great durability but requires large amounts of power for efficient thermionic emission. Thoriated- 
tungsten filaments are made of tungsten with a very thin coat of thorium, which is a much better emitter of 
electrons than tungsten alone. Oxide-coated filaments are made of metal, such as nickel, coated with a mixture 
of barium and strontium oxides. The oxide coat, in turn, is coated with a one-molecule-thick layer of metal 
barium and strontium. 
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Oxide coating produces great emission efficiency and long life at relatively low-heat levels. 


A major advance in electronics was the elimination of batteries as power sources for tubes. Except in electronic 
devices designed to be operated away from the power source, alternating current is used to heat filaments. 


A separate filament transformer may supply voltage or it may be taken from a filament winding that is part of a 
power transformer. The actual voltage may vary from | volt up and is dependent on the design of the tube. 
Common filament voltages are 5.0, 6.3, and 12.6 volts of ac. Filaments may be connected in series with other 
tube filaments or may be in parallel with each other. This is determined by the equipment designer. 


Cathodes. As was mentioned previously, a more formal name for the electron-emitting element in a tube is the 
cathode. Cathodes in all tubes, not just diodes, are of two general types: either directly heated or indirectly 
heated. Each type has its advantages and disadvantages. 


Directly Heated Cathodes. In all the discussions so far in this lesson, the filament that has been the electron 
emitted is the directly heated type of cathode. Directly heated cathodes are fairly efficient and are capable of 
emitting large amounts of electrons. Figure 1-6 shows this type of cathode and its schematic symbol. An added 
advantage of this type of filament is the rapidity with which it reaches electron-emitting temperature. Because 
this is almost instantaneous, many pieces of electronic equipment that are turned on at infrequent intervals and 
must be usable instantly have directly heated cathode tubes. 
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Schematic Construction 


Figure 1-6. Directly Heated Cathode Schematic Representation. 


Because of its construction, parts of the filament are closer to the plate than other parts. This results in unequal 
emission and a loss of efficiency. Another disadvantage occurs when dc is used to heat a filament. The filament 
represents a resistance. When current flows through this resistance, a voltage drop occurs. The result is that one 
side of the resistance, or filament, is more negative than the other side. The negative side of the filament will 
emit more electrons than the positive side, which, again, is less efficient than if the filament has equal emission 
across its entire surface. 
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When ac is the source of filament power, it causes a small increase and decrease of temperature as it rises and 
falls. In turn, this causes a small increase and decrease of emitted electrons. This effect is not too important in 
many diode circuits and is undesirable in other tube circuits. 


Indirectly Heated Cathodes. Figure 1-7 shows this type of cathode and its schematic symbol. Indirectly heated 
cathodes are always composed of oxidecoated material. The cathode is a cylinder, a kind of sleeve, that 
encloses the twisted-wire filament. The only function of the filament is to heat the cathode. The filament is 
often called a heater when used in this manner. 
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Schematic Construction 


Figure 1-7. Indirectly Heated Cathode Schematic. 


Some schematics do not show heaters and heater connections. Heaters, of course, are still present in the tubes, 
but their appearance in a schematic adds little to understanding the circuit. The heater is not considered to be an 
active element. For example, a tube with an indirectly heated cathode and a plate is still called a diode even 
though it might seem that there are three elements in the tube. 


Because indirectly heated cathodes are relatively large, they take longer to heat to electron-emitting temperature. 
Once up to the necessary temperature, however, they do not respond to the small variations in heater 
temperature caused by ac fluctuations. Because of the inherent advantages, most tubes in use today have 
indirectly heated cathodes. 


Plates. Edison's plate was a flat piece of metal. Plates are no longer flat, but are designed in many different 
shapes. Figure 1-8 shows two diodes, one with a directly heated cathode and the other with an indirectly heated 
cathode. Each plate is cut away to show the internal position of elements and the plate shapes. 


Plates must be able to hold up under the stress of heat created by the flow of plate currents and the closeness of 
hot cathodes. They need to be strong enough to withstand mechanical shocks produced by vibration and 
handling. Some typical materials used for electron-tube plates are tungsten, molybdenum, graphite, nickel, 
tantalum, and copper. 
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Figure 1-8. Cutaway View of Plate Cathode Construction. 


Tube Bases. Figure 1-9 shows the construction of a diode. The base shown has two functions. First, it serves 
as the mounting for tube elements. Second, it serves as the terminal points for the electrical connections to the 
tube elements. This is accomplished by molding or otherwise bringing pins (or prongs) through the base. The 
internal ends of these pins are connected to tube elements. The base must be mechanically strong and made of 
an insulating material to prevent the tube elements from shorting. 
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Figure 1-9. Diode Construction. 
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Tube Sockets and Pin Numbering. Because they require relatively frequent replacement, most tubes are 
designed to plug into sockets permanently mounted in the equipment. Tube pins and sockets are designed so 
that tubes cannot be plugged in incorrectly. Tube sockets must make secure mechanical and electrical contact 
with tube pins, must insulate pins from each other, and must provide terminals to which circuit components and 
conductors are connected. 


Each element of a tube is connected to a pin in its base. To trace a circuit easily and efficiently, it will be 
necessary for you to match elements with their pin numbers. This information is available in tube manuals and 
equipment schematics. Figure 1-10 shows these numbers on one example of a diode symbol. Note also the 
designation V1 beside the tube. Electron tubes are often identified in schematic diagrams by V and a number. 


Figure 1-10. Identification of Tube Elements. 


Figure 1-11 shows five common pin configurations as viewed from the bottom of each tube or socket. This is 
important. In every case, pins and pin connections on sockets are numbered in a clockwise direction when 
viewed from the bottom. In each of the five pictures in figure 1-11, there is an easily identified point from 
which to start numbering. In the four-prong and six-prong tubes, the point is between the two larger prongs. In 
the octal tube, the point is directly down from the keyway in the center of the tube. In the seven-pin and 
nine-pin miniatures, the point is identified by the larger distances between pins. 


Envelope. The envelope of a tube may be ceramic, metal, or glass. Its major purpose is to keep the vacuum in 
and the atmosphere out since the heated filament would burn up in the atmosphere. There are other reasons for 
providing a vacuum, but the important thing is to realize that a tube with a leaky envelope will not function 


properly. 


10 
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7-Pin Miniature 8-Pin Miniature 


Figure 1-11. Pin Identification (All Tubes Are Viewed From the Bottom). 


The silver spot sometimes seen on the inside surface of the glass envelope of a vacuum tube is normal. It is 
caused by the "flashing" of a chemical during the manufacture of the tube. Burning the chemical, called the 
getter, helps to produce a better vacuum and eliminates any remaining gases. 


Electrical Parameters of Diodes 


Thousands of different tubes exist. While many of them are similar and even interchangeable, many have 
unique characteristics. It is a fact that differences in materials, dimensions, and other physical characteristics 
result in differing electrical characteristics. 


The electrical parameters of a diode, and any tube, are specific characteristictics and limitations. In the process 
of discussing parameters, we will be working with exact values. Voltages will be increased and decreased and 
the effects measured. Limiting factors and quantities will be explored and defined. The discussion will be 
based on simplified and experimental circuits. 


Practically all of the parameters, limitations, definitions, and abbreviations that will be covered in these next 
paragraphs will be directly applicable to the more complex tubes and circuits you will study later in this lesson. 
Diode parameters are the foundation for all that follows. 


Symbols. You have learned to use letters and letter combinations to abbreviate or symbolize electrical 
quantities. (The letters E, I, and R are examples.) This practice will be continued in references to tube 
quantities. Be aware that other publications may use different abbreviations. Many attempts have been made to 
standardize such abbreviations, but none has succeeded completely. 
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Table 1-1 lists electron-tube symbols used in the remainder of this subcourse. The right-hand column shows 
equivalent symbols that you may find in other texts and courses. 


Table 1-1. Symbols for Tube Parameters. 


Sumbots : Other 
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INSTANTANEOUS PLATE VOLTAGE 
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Plate Voltage-Plate Current Characteristic. A positive voltage on the diode plate allows current to flow in 
the plate circuit. Each diode, depending on the physical and electrical characteristics designed into the diode, is 
able to pass an exact amount of current for each specific plate voltage (more voltage equals more current--at 
least to a point). The plate voltage-plate current characteristic for a given diode is a measure of exactly how 


much plate voltage controls how much plate current. This is often called the Ep-lp characteristic. The Ep-Ip 
characteristic for a given diode is determined by design engineering using mathematical analysis and laboratory 
experiment. 


Assume that we have the circuit in figure 1-12. (The filament has proper voltage even though it isn't shown on 
the diagram.) Our purpose is to determine just how a changing voltage on the plate changes (or controls) the 


plate current. 
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Starting with zero volts from the variable dc voltage source, increase the plate voltage (Ep) in steps of 50 volts 
until 400 volts are reached. At each 50-volt step, measure the milliamperes of plate current (Ip) that flow 


through the meter. Record the Ip meter readings, step by step, so that the results may be analyzed. 
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Figure 1-12. Determining Diode Plate Characteristics. Figure 1-13. Ep -Ip Characteristic Curve. 


Assume that table 1-2 shows the results. While the table could be used, a more normal procedure is to plot a 
graph of the values. Such a graph is called an Ep-Ip curve and is shown in figure 1-13. Each tube has its own 


Ep-Ip curve, which is available in commercial tube manuals and in many equipment technical manuals. Each 
curve will be different in some respects from every other curve. The shapes, however, will be similar. 


Table 1-2. Ep -Ip Values Obtained by Experiment. 
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The Ep-Ip curve in figure 1-13, although just an example, is typical of real plate characteristic curves. Certain 
characteristics applicable to diodes and other tubes may be learned by studying it. First, look at the part of the 
curve to the left of point A. Because it is not a straight line, it is referred to as nonlinear. Notice that a change 
of 150 volts (0-150) causes a change to 10mA of plate current (0-10). In comparison with the straight-line part 
of the curve, between points A and B, this is a relatively small change in current. The smaller the change in 
current, the flatter the curve. 
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An explanation of this nonlinear portion of the curve follows. The electron emitted by a cathode forms a cloud 
around the cathode. This cloud is called the space charge. The closer the space charge is to the cathode, the 
more densely packed it is with electrons. In the example, the lower plate voltages (0-150 volts) over this part of 
the curve exert a pull on only the outer fringe of the space charge where there are few electrons. This results in 
relatively few electrons flowing to the plate. 


The center portion of the curve between A and B is known as the linear portion because it is nearly a straight 
line. Over this portion, a change of 50 volts Ep causes a change of 10 mA Ip- 


The reason for the increased change in plate current for a given change of plate voltage also has to do with the 
space charge. With a higher plate voltage (over 150 volts), the attraction from the plate begins to influence the 
denser part of the space charge that has greater numbers of electrons. Therefore, a higher current flows for a 
given voltage than in the nonlinear part. The curve becomes steeper. In the example, this linearity continues to 
about 300 volts, point B. 


The plate current plotted at the top portion of the curve is produced by the higher plate voltages. However, the 
amount of current change for a given voltage change is greatly reduced. The reason for this again involves the 
space charge. At about 300 volts, almost all of the electrons in the space charge are flowing to the plate. A 
higher voltage cannot attract more electrons because the cathode cannot produce any more. The point where all 
(or almost all) available electrons are being drawn to the plate is called plate saturation or simply saturation. It 
is one of the limiting factors of every tube. The most consistent control of plate current takes place over the 
linear portion of the Ep-lp curve. In most applications, electron tubes are operated in this linear portion of the 


characteristic curve. 


Plate Resistance (Rp). One tube parameter that can be calculated from values on the Ep-lp curve is known as 
plate resistance, abbreviated Rp In a properly designed electron tube, there is no physical resistor between 


cathode and plate, that is, the electrons do not pass through a resistor in arriving at the plate. There is, however, 
a very effective resistance between cathode and plate. It is not lumped in a resistor, but the circuit may be 
analyzed as if it were. The plate resistance of a given tube, Rp: can be calculated by applying Ohm's law to the 


values of Ep and Ip Figure 1-14 is a typical diode Epp curve. The plate resistance is figured for Rp under 
three different conditions. These are figured as follows: 


Given (for example): 


Ep = 20 volts 
Ip = 40 milliamperes 
1 mA = .001 ampere; therefore, 40 mA = .040 ampere 
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Solution: 
Rp = wP: 
Ip 
20 volts 
Rp = 


.040 ampere 
Rp = 500 ohms 


The other two indicated values of Rp are figured in the same way. There is very little difference in plate 


resistance when the Ep and Ip values are taken from the linear portions of curves. Rp is the effective resistance 
offered to dec. 


1 
1 
1 
) 
1 
1 
' 
' 
1 
1 
! 
1 
) 
1 
28 


Ep IN VOLTS 


Figure 1-14. Ep -Ip Characteristic Curve for a Diode. 


Gas diodes are of a type of tube that has not yet been discussed. They are mentioned here only because of their 
plate resistance characteristic. Instead of a high-vacuum environment, some tubes have small amounts of gas 
introduced in the envelope vacuum during manufacture. Argon, neon, helium, or mercury vapor are commonly 
used. 


When a certain minimum voltage is placed on the plate, the gas molecules in the envelope ionize. This happens 
by a process that will be explained when gas diodes are studied. The positive ions tend to cancel some of the 
effects of the space charge that influence plate resistance in a vacuum tube. This canceling reduces internal 
plate resistance to a relatively low, constant value. In applications that require a large plate current, the low- 
plate resistance of a gas-filled diode has an efficiency that cannot be approached by a high-vacuum diode. 


Plate Dissipation. When electrons are attracted from the space charge to the plate, they are accelerated by the 
attraction. This speed gives them energy that causes the plate to be struck with considerable force. As the 
electrons strike the plate, this energy is converted to heat. The plate must be able to withstand the increase in 
temperature. The maximum amount of power (watts) that a given plate can safely dissipate is called the plate 
dissipation rating. The amount of plate dissipation for a given tube under a particular set of plate conditions 
may be found by applying the following equation: 
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Plate dissipation =Ep x Ip 
= 20 volts x .040 ampere 
= .8 watt 


This is a relatively small wattage. It's probable that the plate of the example diode is not overheating. (Refer to 
a tube manual for further explanation.) Plate dissipation is a circuit that must be made good by the power source 
in acircuit. In the above example, this is the plate voltage supply. 


Peak Current Rating. The maximum instantaneous current that a tube can pass in the normal direction 
(cathode to plate) without damage is called the peak current rating. Peak current rating is determined by the 
amount of electrons available from the cathode and the length of time plate current flows. 


Peak Voltage Rating. This is the maximum instantaneous voltage that can be applied to a tube in the normal 
direction without a breakdown. 


Peak Inverse Voltage (PIV) Rating. This is the maximum voltage that can be applied to a tube in the reverse 
direction (plate negative with respect to cathode). Exceeding this will cause arc-over from plate to cathode and 
will damage the tube. PIV becomes very important in the rectifier circuit. 


Transit Time 


Occurrences in electricity and electronics are often explained as if they happen instantaneously. As fast as 
electricity acts, however, it takes time between cause and effect. Each tube has a factor called transit time, 
which is the time it takes for an individual electron to move from cathode to plate. In certain applications 
involving high-frequency voltages, transit time places a limitation on tubes. This limitation will be explained 
when the circuits affected by it are discussed. 


TRIODE TUBE 


Diode electron tubes can be used as rectifiers and switches as well as in many other ways. They are still used in 
Fleming's original application in radio circuits. The diode can be seen in just about every piece of electronic 
equipment. 


Construction of Triode Tube 


As with all inventions, Fleming's diode was immediately the subject of much experimentation and many 
attempts at improvement. An American experimenter, Dr. Lee DeForest, added another active element to the 
diode in 1906. He was trying to improve the radio application of Fleming's diode. His new tube was eventually 
called a triode. DeForest's triode was not very successful as a radio detector. More importantly, in 1912, 
DeForest discovered that his original triode could amplify or magnify very weak electrical impulses. 
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It is because of the triode's ability to amplify that DeForest is honored as one of the great radio pioneers. 


The immediate application of the triode amplifier was in telephone and radio. Both fields were limited because 
electrical impulse signals became weaker and weaker as the distance from the signal source increased. The 
triode, along with other developments of the time, made long-distance communications possible. The 
amplifying tube was the real beginning of modern electronics and influenced everything that followed. 


A type of amplification is step-up transformers, which are discussed in FM 11-61 (Communications-Electronics 
Fundamentals: Basic Principles of Alternating Current). An input voltage applied to the primary of a step-up 
transformer is increased in amplitude at the secondary by a factor determined by the step-up turns ratio. For 
example, if 5 volts are applied to the primary of a 1:3 set-up transformer, the secondary would produce 15 volts. 
In other words, the input voltage is amplified by a factor of 3. When applied to electronic circuits, these primary 
and secondary voltages are more often called signals, or input signal and output signal, respectively. In 
electronics it is sometimes necessary to increase the amplitude of an input signal many times. Because of size 
and design limitations, transformers are usually not practical for use in electronics as amplifiers. 


DeForest's first experiment with the diode was to place an additional metal plate between the cathode and plate. 
An ac signal was applied to this piece of metal between the cathode and the plate. When the circuit was 
energized, DeForest found that the ammeter stayed on zero regardless of the polarity of the input signal. What 
was happening was that the new element was blocking (or shadowing) the plate. Any electrons attempting to 
reach the plate from the cathode would hit the new element instead. Since the circuit didn't work, further 
experimentation was necessary. 


In his next attempt, DeForest decided to change the element between the cathode and plate. Instead of a solid 
metal plate, he used a wire mesh. In this way electrons could flow from the cathode, through the wire mesh, to 
the plate. This tube circuit is shown in figure 1-15. View A shows DeForest's circuit with 0 volts applied to the 
third element (today called a control grid or, occasionally, just the grid). Under these conditions, assume that 
the ammeter reads 5 milliamperes. With no voltage applied to the grid, the grid has little effect on the electron 
stream. For all practical purposes, the control grid is not there. Most electrons flow through the open mesh. 
The tube functions as a diode. 


View B shows DeForest's tube with +3 volts applied to the control grid. When DeForest applied this voltage, he 
found that plate current, Ip, increased by a large amount (doubled). The only way to double the plate current in 
a diode is to increase the plate voltage by a large amount. Yet, DeForest had doubled plate current by applying 
only 3 volts positive to the control grid. 
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Figure 1-15. DeForest's Experiment. 


The reason for this is that when the control grid was made positive, electrons surrounding the cathode (negative 
charges) were attracted to the grid. Since the grid is a metal mesh, most of the electrons, instead of striking the 
grid wires, were propelled through the holes in the mesh. Once they had passed the grid, they were attracted to 
the positive charge in the plate. 


The study of capacitors shows that opposites attract because of electrostatic lines of force, and the strength of 
electrostatic lines of force decreases with distance. In DeForest's tube, the grid was placed very close to the 
cathode. Therefore, it had a greater effect on current flow from the cathode than the plate that was placed at a 
much greater distance from the cathode. For this reason DeForest was able to double the current flow through 
the tube with only +3 volts applied to the grid. 


DeForest had certainly made a discovery. Now the problem was to find out what happened when a negative 
potential was applied to the grid. This is shown in view C of figure 1-15. When DeForest applied -3 volts to the 
grid, he found that plate current was decreased to half of what it was when the grid had no voltage applied to it. 
The reason for this is found in the principle of "likes repel." The negatively charged grid simply repelled some 
of the electrons back toward the cathode. In this manner, the attractive effect of the plate was decreased, and 
less current flowed to the plate. 


DeForest, using his new tube (which he called a triode because it had three elements in it), was able to control 


relatively large changes of current with very small voltages. In DeForest's circuit, the small input signal was +3 
volts 
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dc. What DeForest got for an output was a variation in plate current of 7.5 milliamperes. Instead of 
amplification, DeForest had obtained "conversion," or in other words, had converted a signal voltage to a 
current variation. This wasn't exactly what he had in mind. As it stood, the circuit wasn't very useful. 
Obviously, something was needed. After examining the circuit, the answer became obvious--Ohm's law. 
DeForest wanted a voltage change, not a current change. The answer was simple. 


Ifyou and you | simply R 
want have add 
(E=1xR) 


In other words, run the plate current variation (caused by the voltage on the grid) through a resistor and cause a 
varying voltage drop across the resistor. This is shown in figure 1-16. 


5 MILLIAMPERES 10 MILLIAMPERES 2.5 MILLIAMPERES 


Figure 1-16. Operation of the Plate-load Resistor. 


The circuit is identical to the one in figure 1-15 except that now a resistor (called a plate-load resistor, Ry) has 
been added to the plate circuit, and a voltmeter has been added to measure the voltage drop across Ry . 


In view A of figure 1-16, the control grid is at 0 volts. Once again 5 milliamperes flow in the plate circuit. The 
5 milliamperes must flow next through Ry. The voltage drop is equal to: 


E=IxR 

E=(5x 10° amperes) X (10 X 103 ohms) 

E =.(5 x 10-3) X (10 X 10-3) 

E=5x 10 

E = 50 volts 
Thus the voltage drop across the plate-load resistor, Ry, is 50 volts when no voltage is applied to the grid. In 
view B of the figure, +3 volts are applied to the control grid. Once again, plate current increases to 10 


milliamperes. The voltage drop across RX, is: 
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E=IxR 
E =(10 x 10-3 amperes) X (10 X 103 ohms) 
E=10x 10 

E = 100 volts 


By applying +3 volts to the grid, the voltage drop across RL is increased by 50 volts (from the original 50 volts 
to 100 volts). In view C, -3 volts have again been applied to the control grid. Plate current decreases to 2.5 
milliamperes, and the voltage drop across Ry_ drops to 25 volts. 


The voltage across Ry has become varied by varying the grid voltage. The grid voltage, or input signal, varies 
from +3 to -3 volts or 6 volts. The voltage drop across Ry, varies from 25 volts to 100 volts, or 75 volts. In 


other words, the triode has caused a 6-volt input signal (varying) to be outputted as a signal that varies by 75 
volts. This is known as amplification. 


In figure 1-15 the positive charge on the grid causes more plate current to flow. However, when the grid 
becomes positive, it begins to act as if it is a small plate. It draws a few electrons from the space charge. These 
electrons flow from the cathode across the gap to the positive grid and back through the external grid circuit to 
the cathode. This flow is known as grid current. In some tube applications, grid current is desired. In others it is 
relatively harmless. In some, grid current causes problems and must be eliminated. 


Most amplifier circuits are designed to operate the grid negative relative to the cathode. The voltage that causes 
this is called a bias voltage. The symbol for the bias supply is Egg. One effect of bias (there are several other 


very important ones) is to reduce or eliminate grid current. 


Grid bias is a steady, direct voltage that is placed at some point in the external circuit between the grid and 
cathode. It may be in the cathode leg or the grid leg as shown in figure 1-17. It is always in series with the 
input signal voltage. In each of the circuits in figure 1-17, Egg makes the grid negative 


Figure 1-17. Basic Biasing of a Triode. 
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with respect to the cathode because of the negative terminal's being connected toward the grid and the positive 
terminal's being connected toward the cathode. With identical components, each circuit would provide the same 
bias. 


Battery bias is practically never used in modern circuits. Because of its simplicity, however, it is used in 
analyzing the effects of bias. 


Assume that the bias voltage in figure 1-17 is -6 volts. Also, assume that the peak-to-peak signal voltage from 
the transformer is 6 volts. Each of these voltage waveforms is shown in figure 1-18. Voltages in series add. 
Figure 1-18 has a table of the instantaneous values of the two voltages added together. The waveforms are 
drawn from these values. 


Ec¢ =-6 VOLTS 
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Figure 1-18. Typical Grid Waveforms. 
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Because the bias voltage is more negative than the signal voltage is positive, the resultant voltage (bias plus 
signal), Eg, is always negative. The signal, in this case, makes the grid voltage go either more or less negative, 


(-9 to -3), but cannot drive it positive. Under these circumstances, the negative grid always repels electrons 
from the space charge. The grid cannot draw current. Any problems associated with grid current are 
eliminated, because grid current cannot flow to a negative grid. 


Negative bias also reduces plate current flow. It is for the circuit designer to choose a bias and an input signal 
that, when added together, neither allows the grid to become positive nor to become negative enough to stop 
plate current. 


Operation of Triode Tube 


The circuit in figure 1-19 brings together all of the essential components of a triode amplifier. Before analyzing 
the circuit, however, the term quiescent needs to be defined. Quiescent identifies the condition of a circuit with 
no input signal applied. With a given tube, bias supply, and plate supply, an exact amount of plate current will 
flow with no signal on the grid. This is known as the quiescent value of plate current. The quiescent value of 
plate voltage is the voltage between cathode and plate when quiescent current flows. Simply stated, quiescent 
describes circuit conditions when the tube is not amplifying. The tube has no output signal and is in a standby, 
waiting condition. 


Refer to figure 1-19. With no input signal, under quiescent conditions, assume that | milliampere of current 
flows through the tube, cathode to plate. This current (Ip) will flow through Ry (load resistor) to the positive 


terminal of the battery. The current flowing through Ry causes a voltage drop (IR) across Ry_ equal to: 


E= Ip xRy 
E=1x 103 amperes x 100 x 103 ohms 
E = 100 volts 


Subtracting the voltage dropped across the plate-load resistor from the source voltage of 300 volts gives you 200 
volts (300 volts - 100 volts). Thus, the plate voltage (Ep) is at 200 volts. The quiescent conditions for the 


circuit are: 


grid voltage = -6 volts 
plate voltage (Ep) = +200 volts 


These values are shown on the waveforms as time a in figure 1-19. Note that even though the grid is more 
negative (-6 volts) than the cathode, the tube in the circuit is still conducting, but not as heavily as it would if the 
grid were at zero volts. 


Now look at the input signal from the transformer secondary. For ease of explanation, only three points of the 


ac sine wave input will be considered: point b, the maximum negative excursion; point c, the maximum positive 
excursion; 
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and point d, the zero reference or null point of the signal. At time b, the input signal at the grid will be at its 
most negative value (-3 volts). This will cause the grid to go to -9 volts (-6 volts + -3 volts). This is shown at 
time b on the grid voltage waveform. The increased negative voltage on the control grid will decrease the 
electrostatic attraction between the plate and cathode. Conduction through the tube (Ip) will decrease. Assume 
that it drops to .5 milliampere. The decrease in plate current will cause the voltage drop across the plate-load 
resistor (RL) to also decrease from 100 volts, as explained by Ohm's law: 


INPUT 
SIGNAL 


OUTPUT 
SIGNAL 


Voltage Table 


a vat er 
ee 


«TIME —~> 


Under Quiescent Conditions 
(No Input Signal): 


Ep = 200 Valts DC (Plate Voltage) 
Ip =1mA (Plate Current Assumed) 
Input Signal = Zero Volts 

Grid Voltage = -6 Volts 


Figure 1-19. Triode Operation. 
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E=IpxRzi 
E = .0005 ampere x 100,000 ohms 


Or 


E =(.5 x 10-3 amperes) x (100 x 103 ohms) 
E =50 volts 
Plate voltage will then rise to +250 volts. 
Ep = 300 volts - 50 volts = 250 volts 
This is shown on the output signal waveform at time b. 


At time c the input has reached its maximum positive value of +3 volts. This will decrease grid voltage to -3 
volts (-6 volts +3 volts). This is shown on the grid voltage waveform at time c. This, in turn, will increase the 
electrostatic force between the plate and cathode. More electrons will then flow from the cathode, through the 
grid, to the plate. Assume that the plate current in this case will increase to 1.5 milliamperes. This will cause 
plate voltage (Ep) to decrease to 150 volts as shown below. 


E=1,xRy 
E = (1.5 x 10-3 amperes) x (100 x 103 Ohms) 
E = 150 volts 


Ep = 300 volts - 150 volts 
Ep = 150 volts 


This is shown on the output waveform at time c. At time d the input signal voltage decreases to zero volts. The 
grid will return to the quiescent state of -6 volts, and conduction through the tube will again be at 1 milliampere. 
The plate will return to its quiescent voltage of +200 volts (shown at time d on the output waveform). 


Varying the grid by only 6 volts has caused the output of the triode to vary by 100 volts. The input signal 
voltage has been amplified (or increased) by a factor of 16.6. This factor is an expression of amplifier voltage 
gain and is calculated by dividing the output signal voltage by the input signal voltage. 


In the waveforms in figure 1-19, note that the output voltage of the amplifier is 180° out of phase with the input 
voltage. This polarity inversion is a characteristic of any amplifier in which the input is placed on the control 
grid and the output is taken between the cathode and plate. This is normal and should not confuse you when you 
troubleshoot or work with this type of circuit. 


The triode circuit just discussed is simple. In actual application, triode circuits are more complex. There are 
two reasons for this. The first has to do with the triode's ability to amplify and perform other functions. Triodes 
come in many different types. Each of these types has different internal characteristics and different 
capabilities. Because of this, each triode circuit must be designed to accommodate the triode's special 
characteristics. 
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The second reason for the increase in complexity of triode circuits has to do with distortion. Distortion occurs 
in a tube circuit any time the output waveform is not a faithful reproduction of the input waveform. Polarity 
inversion and voltage gain of the output waveform are not considered to be included in this definition of 
distortion. Some circuits are designed to distort the output. The reason and methods for this deliberate 
distortion will be presented later. In most cases, however, circuits are designed to eliminate or reduce distortion. 


Because the grid is close to the cathode, small changes in grid voltage have large effects on the conduction of 
triodes. Ifa large enough input signal is placed on the grid, a triode may be given into either plate-current cutoff 
or plate-current saturation. When this occurs, the tube is said to be overdriven. Overdriving is considered to be a 
form of distortion. 


Note time zero in the waveforms in figure 1-20. The input signal (Eqn) is at zero volts. Grid voltage equals the 


bias voltage (-6 volts), and 1 milliampere of current is flowing through the tube (quiescent state). Plate voltage 
(Ep) is 200 volts. 


GRID VOLTAGE 
(BIAS + SIGNAL 
aS 
i or 
rob ot 
Ci oe el 


OUTPUT SIGNAL 
(CHANGING Ep) 


Figure 1-20. Overdriven Triode. 
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On the negative half of the input signal, the grid voltage is made more negative. This reduces plate current that, 
in turn, reduces the voltage drop across Ry. The voltage between cathode and plate is thereby increased. These 


relationships can be seen by following time a through the three waveforms. 


Let's make the assumption that this particular triode cuts plate current flow off when the grid reaches -24 volts. 
This point is reached at time b when Epy is -18 and the bias is -6 (-18 and -6 = -24). Plate current remains cut 


off for as long as the grid is -24 volts or greater. 


With zero current flowing in the plate circuit, there is no voltage drop across Ry. The entire plate supply 
voltage, Epp (300 volts), appears at plate voltage between cathode and plate. This is shown at time b in the 


output signal waveform. Between times b and c, the grid voltage is greater than -24 volts. The plate current 
remains cut off, and the plate voltage remains at +300. The output waveform between times b and c cannot 
follow the input because the plate voltage cannot increase above +300 volts. The output waveform is 
"flattopped." This condition is known as amplitude distortion. 


When the grid voltage becomes less negative than -24 volts, after time c the tube starts conducting and the 
circuit again produces an output. 


Between times c and d, the circuit continues to operate without distortion. At time e, however, the output 
waveform is again distorted and remains distorted until time f. 


Every cathode is able to emit a certain number of electrons. When that maximum number is being emitted, the 
tube is said to be at saturation or plate saturation. Saturation is reached in a triode when the voltages on the grid 
and plate combine to draw all the electrons from the space charge. As the grid becomes less negative (between 
times c and d) and actually becomes positive (between times d and e), the plate current increases, the voltage 
across RL increases, and the plate voltage decreases. 


Apparently, when the grid voltage reaches +12 volts at time e, the plate current reaches saturation. Maximum 
plate current (at saturation) results in maximum voltage across RL and minimum plate voltage. Any grid 
voltage higher than +12 volts cannot cause further changes in the output. Therefore, between times e and f, the 
plate voltage remains at +100 volts and the waveform is distorted. This is also amplitude distortion. 


This has been an explanation of one cycle of an input signal that overdrives the tube. By means of the same 
circuit, a 50-volt peak-to-peak input signal caused a vastly different output from that caused by the 6-volt peak- 
to-peak input signal. The 6-volt peak-to-peak signal did not overdrive the tube. When the input signal was 
forced into cutoff, the grid was driven to -24 volts and into saturation when the grid was driven to +12 volts (the 
grid voltage plus the signal voltage). During these periods, the tube could not respond to the input signal. In 
other words, the output was distorted. A method commonly used to overcome distortion partially is to vary the 
bias voltage on the grid. The point at which the tube goes into cutoff or saturation can then be controlled. For 
this reason tube biasing is of great importance in most tube circuits. 
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Types of Biaffing 


There are two main classes of biasing--fixed and self. In a tube circuit that uses fixed biasing, the grid biasing 
voltage is supplied from a power source external to the circuit. You are already familiar with battery biasing, 
which is one form of fixed biasing. When fixed biasing is used in a circuit, it can be represented as either a 
battery, as shown in diagram A, figure 1-21, or as a conductor connected to -Ec¢ as shown in diagram B, figure 
1-21. Fixed biasing is rarely used in electronics today. The most common type of biasing is called self-biasing. 
In circuits using self-biasing, the biasing voltage is developed across a resistor in the cathode or grid circuit by 
tube current. There are two main methods of self-biasing: cathode biasing and grid-leak biasing. 


Figure 1-21. Fixed Bias. 


Cathode Biasing. The first method to be discussed is cathode biasing. In circuits using cathode biasing, the 
cathode is made to go positive relative to the grid. The effect of this is the same as making the grid negative 
relative to the cathode. Because the biasing resistor is in the cathode leg of the circuit, the method is called 
cathode biasing or cathode bias. A triode circuit using cathode bias is shown in figure 1-22. 


Figure 1-22. Cathode Bias. 
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The only difference between the illustrated circuit and the one used to demonstrate triode operation is the 
elimination of the battery E,, and the addition of circuit components Rx, the cathode biasing resistor; Cx, the 


cathode ac bypass capacitor; and grid resistor Rg. 


When the tube conducts, current flows from the battery through Rx to the cathode, through the tube to the plate, 
and through Ry to the positive terminal of the battery. The current flowing through Ry will cause a voltage 
drop across Rx. The bottom of Rx goes negative while the top goes positive. This positive voltage at the top of 
Ry makes the cathode positive relative to the grid. 


Cx serves as an ac bypass. Without Cx, the bias voltage will vary with ac input signals. This is particularly 
troublesome in the higher frequencies like those found in radio receivers. Rx, the cathode biasing resistor, is 
used to develop the biasing voltage on the cathode. 


The input signal is developed across Rg. Cathode biasing voltage is developed in the following manner. Bias 
voltage will vary with the input unless Cx, the cathode bypass capacitor, is used. To understand how the bias 


voltage will vary with an ac input signal, refer to figure 1-22. Note that under quiescent conditions, the voltage 
at the top of Ry is equal to 10 volts. When the positive-going signal illustrated to the left of the tube is applied, 


conduction through the tube will increase. The only problem is that current through Rx will also increase. This 
will increase the voltage drop across Rx, and the cathode voltage will now be greater than +10 volts. At this 


time the plate is going negative due to increased conduction through the tube. The combination of the negative- 
going plate and positive-going cathode will decrease the electrostatic attraction across the tube that will lower 
conduction of the tubes. The effect of this will be to reduce gain of the tube. 


When the negative-going signal is applied, conduction through the tube decreases. Current through Rx 
decreases, and the voltage drop across Rx decreases. This causes the cathode to go more negative, which tends 


to increase conduction through the tube. The way a negative-going signal is amplified is by decreasing plate 
current and allowing the plate to go positive (remember the 180g inversion). Thus, increasing conduction on the 
negative half-cycle decreases gain of the half-cycle. The overall effect of allowing cathode biasing to follow the 
input signal is to decrease gain of the circuit with ac input. 


This problem can be overcome by installing Cx. The purpose of Cy is to maintain the cathode biasing voltage at 
a constant level. In common usage, the action of Cy is referred to as bypassing the ac signal to ground. 


The action of Ck will be explained using figure 1-23. View A shows the circuit under quiescent conditions. 
With some conduction through the tube, the cathode and tops of Rx and Cx are at +10 volts. 


In view B, the positive-going signal is applied to the grid. This causes increased conduction through the tube, 
which attempts to drive the cathode to +20 volts. The top of Cy is still at +10 volts (capacitors oppose a change 


in voltage). The top plate of Cy is in effect 10 volts negative in relation to the top of Ry. The only way that Cy 
can follow the signal on the top of Rx (+20 volts) is to charge through the tube back to the source and from the 
source to the lower plate of Cy. When Cy charges through the tube, it acts as the source of current for the 
cathode. This causes the cathode to remain at +10 volts while the capacitor is charging. 
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CAPACITOR CAPACITOR 
CURRENT CURRENT 


*10V *10V 


be 


Figure 1-23. Effect of Bypass Capacitor. 


View C of the figure shows the same circuit as before but with a negative going input signal. Under these 
conditions, conduction through R, will decrease. This will cause a decrease in current flow through Rx. 


Decreased current means decreased voltage drop. The top of Rx will try to go to +5 volts. Ck must now go 
more negative to follow the top of Ry. To do this, current must flow from C, through Rx to the top plate of Cx. 
This discharging of C, will increase current flow through Rx, and increase the voltage drop across Rx, forcing 


the top to go more positive. The voltage drop is due to current flow through the resistor. Thus, the cathode 
stays at +10 volts through the capacitor charge cycle. 


There is one point that should be made; Cy and Rx are in parallel. Previous study shows that voltage in a 
parallel circuit is constant. Thus, it would seem impossible to have the top of Rx at one voltage while the top 
plate of Cy is at another. In electronics nothing happens instantaneously. There is always some time lag that 
may be measured in millionths or billionths of seconds. The action of Cy, and Rx that was just described takes 
place within this time lag. To clarify the explanation, the voltages used at the components Ry and Cy were 
exaggerated. Long before a 10-volt differential could exist between the tops of Ry and Cy, Cy will have acted 
to eliminate this voltage differential. 


The capacitor, then, can be said to regulate the current flow through the bias resistor. This action is considered 
as bypassing or eliminating the effect of the ac input signal in the cathode. For all practical purposes, assume 
that ac flows through the capacitor to ground. Note, however, that ac only appears to flow across a capacitor. In 


reality the ac signal is shunted around the capacitor. 
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There are two disadvantages associated with cathode biasing. To maintain biasing voltage continuously, current 
must flow through the tube, and plate voltage will never be able to reach the maximum value of the source 
voltage. This, in turn, limits the maximum positive output for a negative input signal (the 180° inversion). In 
addition, maximum plate voltage is decreased by the amount of cathode biasing voltage. If the cathode is biased 
at +20 volts, this voltage must be subtracted from the plate voltage. As an example, consider a triode with a 
10,000-ohm plate resistor and a +300-volt dc source voltage. If a current of 2 milliamperes flows through the 
tube under quiescent conditions, 20 volts are dropped across the plate-load resistor. The maximum plate voltage 
is then 300 volts - 20 volts = 280 volts dc. Consider the 20 volts dropped across the cathode resistor. Plate 
voltage becomes 280 volts - 20 volts = 260 volts. To understand this more thoroughly, see figure 1-24. In view 
A, the source voltage is 300 volts dc. There are two ways of looking at this voltage: either the plate is at +300 
volts and the cathode is at 0 volts (ground), or the plate is at +150 volts and the cathode is at -150 volts. In 
electronics, it is common practice to assume that the plate is at +300 volts while the cathode is at 0 volts. To 
simplify this discussion we will assume that the plate is at +150 volts, and the cathode is at -150 volts. The 
potential difference between plate and cathode is 300 volts. If a plate-load resistor is installed, as shown in view 
B, 20 volts are dropped by Ry. The potential difference between the plate and cathode is now 280 volts. In 


view C, Ry has now been placed in the same circuit. Ry drops volts. Therefore, the effect of cathode biasing is 


to reduce the maximum positive signal that the circuit can produce. In this case, the maximum positive signal 
has been reduced by 20 volts. Despite these disadvantages, cathode biasing has two main advantages: it is 
simple and it is economical. 


Figure 1-24. Loss Due to Cathode Biasing. 


Grid-leak Biasing. The second type of self-biasing is grid-leak biasing. As the name implies, bias voltage is 
developed in the grid leg portion of the circuit. Bias voltage in this type of biasing is derived by allowing the 
positive input signal to draw grid current through a circuit made up of a resistor and a capacitor. There are two 
types of grid-leak biasing commonly in use: shunt and series.. 


30 


MMO705, Lesson 1 


Shunt Grid-leak Biasing. Figure 1-25 depicts a simplified triode circuit employing shunt grid-leak biasing. 
Because the bias is derived from the positive input signal through capacitive action, the input signal must go 
through several positive alternations before the final operating bias voltage is achieved. 


View A of figure 1-25 shows the circuit under quiescent conditions. This circuit is similar to the one used when 
triode action was discussed. The only additions are the grid resistor Rg, coupling capacitor C,, and resistance 


rgk. Resistance rgk doesn't exist as a physical component but is used to represent the internal tube resistance 
between the triode's cathode and grid. Electrically, rgk is very small, about 500 ohms. Under quiescent 
conditions, some conduction occurs through the tube. 


Some electrons will strike the wires of the grid, and a small amount of grid current will flow through Rg to 
ground. This will cause the right-hand plate of C, to go slightly negative. This slight negative charge will, in 
turn, keep the grid of the tube slightly negative. This limits the number of electrons that strike the grid wires. 


In view B of figure 1-25, the first positive alternation of a series of ac alternations, EIN, is applied to the circuit. 
The positive-going voltage causes the left-hand plate of C, to go positive. The left-hand plate must lose 


electrons 


CHARGE CIRCUIT DISCHARGE CIRCUIT 
c DB 


Figure 1-25. Shunt Grid-leak Biasing 
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to go positive. These electrons leave the left-hand plate of C, and travel to an input source where they are 
coupled to ground. From ground, current flows through Rg causing a negative (bottom) to positive (top) voltage 
drop across Rg. In effect, the ac signal has been coupled across the capacitor. Because of this, capacitors are 


said to pass the ac signal while blocking dc. (In reality, the ac signal is coupled around the capacitor.) In view 
C of the figure, the positive-going voltage at the top of Rg will be coupled to the grid, causing the grid to go 


positive. The positively charged grid will attract electrons from the electron stream in the tube. Grid current 
will flow from the grid to the right-hand plate of C,. This will cause the right-hand plate to go negative. 


(Electrostatic repulsion from the right-hand plate of C, will force electrons from the left-hand plate of Co, 


causing it to go positive.) The electrons will flow through the signal source, to ground, from ground to cathode, 
from cathode to grid, and finally to the right-hand plate of C,. This is the biasing charge cycle. The charge 


current goes through the tube rather than through Rg for the following reason. When the grid goes positive in 


response to the positive-going input signal, electrostatic attraction between the grid and cathode increases. This, 
in turn, reduces the resistance (rgk) between the grid and cathode. Current always follows the path of least 
resistance. Thus, the capacitor charge path is through the tube and not Rg. 


When the first negative alternation is applied to the circuit (view D), the left-hand plate of C, must go negative. 
To do this, electrons are drawn from the right-hand plate. The electrons travel from the right-hand plate of C,, 
through Rg, causing a voltage drop negative (top) to positive (bottom), and from the bottom of Rg through the 
source to the left-hand plate of Cy. Cy will discharge for the duration of the negative alternation. But, Cc can 
only discharge through Rg, which is a high-resistance path compared to the charge path. A study of capacitors 
shows that RC time constants and the rate of discharge increase with the size of R. C, can therefore charge 
through the low resistance of rgk to its maximum negative value during the positive half-cycle. Because Ce. 
discharges through Rg (the high-resistance path), it cannot completely discharge during the duration of the 
negative half-cycle. As a result, at the completion of the negative alternation, Ce still retains part of the negative 


charge it gained during the positive alternation. When the next positive alternation starts, the right-hand plate of 
Ce, will be more negative than when the first positive alternation started. 


During the next cycle, the same process will be repeated, with C, charging on the positive alternation and 


discharging a lesser amount during the negative alternation. Therefore, at the end of the second cycle, Cc will 
have an even larger negative charge than it did after the first cycle. The charge on C, will not continue to 


increase until the tube is forced into cutoff because of the following reason. As the negative charge on the right- 
hand plate of Cc forces the grid more negative, the cathode decreases. This, in effect, increases the resistance 
(rgk) between the cathode and grid until rgk becomes, in effect, the same size as Rg. At this point, charge and 


discharge Cc will equal one another and the grid will remain at some negative, steady voltage. What has 
happened in this circuit is that C, and Rg, through the use of unequal charge and discharge paths, have acted to 


change the ac input to a negative dc voltage. The extent of the bias on the grid will depend on three 
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things: the amplitude of the input, the frequency of the input, and the size of Rg and C,. This type of biasing 


has the advantage in that it is directly related to the amplitude of the input signal. If the amplitude increases, 
biasing increases with it. The main limiting factor is the amount of distortion that can be tolerated. Distortion 
occurs during the positive alternation when the grid draws current. Current drawn from the electron stream by 
the grid never reaches the plate; therefore, the negative-going output is not a faithful reproduction of the input 
while the positive-going output (during the negative input cycle) will be a faithful reproduction of the input. 
This is similar to the situation shown in the flattopped portion of the output signal in figure 1-20. 


Series Grid-leak Biasing. The series grid-leak biasing circuit shown in figure 1-26 operates similarly to the 
shunt grid-leak circuit. When the first positive alternation is applied to the left-hand plate of the grid capacitor, 
Cg, the left-hand plate must lose electrons to go positive with the input. Electrons will leave the left-hand plate 
and flow through Rg, causing a negative (lefthand side) to positive (right-hand side) voltage drop. From the 


right-hand side of Rg the electrons will flow to the right-hand plate of C g: The positive voltage developed at the 
right-hand side of Rg will be coupled to the grid. As the grid goes positive it will draw current, causing Cg to 
start to charge through the low-resistance path of the tube. During the negative alternation of the input, Cg will 
discharge through the high-resistance path of Rg. Once again it will not be completely discharged at the end of 
the negative alternation, and the capacitor will continue on its way toward charge quilibrium. 


Figure 1-26. Series Grid-leak Biasing. 


TUBE CONSTANTS 


In the discussion of triodes, only the effects of the external circuit on the passage of current through the tube are 
considered. The behavior of the electron stream in a conducting tube is also under the influence of the physical 
structure of the tube. The effects that the physical structure of a tube have on the tube's operation are 
collectively called tube constants. Four of the most important of these tube constants are: transit time, 
amplification factor, transconductance, and interelectrode capacitance. An explanation of each of these four 
tube constants follows. 
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Transit Time 


Unlike electron flow in a conductor, electrons in a vacuum tube do not move at the speed of light. Their 
velocity is determined by the potential difference between the plate and cathode. The amount of time it takes for 
the electrons to travel from the cathode to the plate is called transit time. As a result of this time difference, the 
appearance of a signal at the grid of a tube is not followed instantaneously by a change in current flow in the 
tube. Under normal conditions, the effect of this small time lag between the input signal and a change in tube 
current is unnoticed. At frequencies such as those used in radar equipment, this is not the case. Transit time at 
these frequencies has a very marked effect on tube operation. It is a major factor that limits the application of a 
given tube at higher frequencies. 


Amplification Factor (Mu) 


In the study of triodes so far, it has been seen that the output of a triode circuit is developed across the tube. The 
output is caused by the voltage dropped across Ry, due to current flow from tube conduction. In all the 


demonstrations of gain, it was assumed that Ry, was held constant, and current through the tube was varied. In 
this manner a voltage gain was achieved. If the resistance of Ry_ is changed by the designer, the gain of a triode 


circuit can be either increased or decreased. Assume that a circuit can be either increased or decreased and 
assume that a circuit is composed of a triode with a plate-load resistor of 100 K Q. If a +2-volt signal causes 2 
milliamperes to conduct through the tube, the voltage drop across Ry_ (the output) will be: 


E=IxR 
E=IpxRz 
E =(2 x 10-3 amperes) x (100 x 103 ohms) 
E=2x 100 
E = 200 volts 
Gain = coe oe 

input 
Erne 200 volts 

2 volts 

Gain = 100 


Thus, the gain of the circuit is 100. If the plate-load resistor is reduced to 50 k Q and the input is kept at +2 
volts, the gain will be reduced to: 


E=IpxRp 
E =(2 x 10-3 amperes) x (50 x 103 ohms) 
E=2x 50 
E = 100 volts 
Gina 100 volts 

2 volts 
Gain = 50 


34 


MMO705, Lesson 1 


As you can see, voltage gain is dependent on both the tube characteristics and external circuit design. Voltage 
gain is a measure of circuit efficiency, not tube efficiency. 


The actual characteristics of a tube are measured by two factors: mu(U) or amplification factor and 
transconductance or gy, The amplification factor (represented as 1) of a tube is measured by the ratio between 


a change in plate voltage and a change in grid voltage required to cause the same change of plate current. This 
is expressed mathematically as: 


_AEp 
sae 38 


Figure 1-27, view A, shows a triode with a +1 voltage input signal. At this grid voltage, current through the 
tube is at 1 milliampere. The change in Eg ( A Eg) is then 2 volts. This is shown in view B. Suppose that the 


grid voltage is returned to +1 volt, and plate voltage is increased until the ammeter in view C reads 2 
milliamperes of plate current. At this point plate voltage has to be increased by 100 volts (350 - 250) to get the 
same change of plate current (1 mA). The change in plate voltages (A Ep) is then 100 volts. The amplification 


factor for just the tube is then equal to 


_ AEp 
OAs 
_ 100 volts 
2 volts 
u =50 


Note that mu is a measure of the ability of a tube to amplify. By comparing the mu of two different types of 
tubes, you can get an idea of their efficiency. 


+Ebb 
250 V 


1 MILLI- 2 MILLI- 2 MILLI- 
AMPERE AMPERES AMPERES 


Figure 1-27. Obtaining Gain and Transconductance. 
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For example, assume you have two different tubes: one with a mu of 50 and the other with a mu of 100. If both 
tubes are placed in a circuit whose input varies by 2 volts, you can expect the following changes in plate voltage. 


Tube 1: 
_ AEp 
~ AEg 
A Ep =U x AEg 


A Ep=50x 2 volts 
A Ep=100 volts 


Tube 2: 


_ AEp 
~~ AEs 
A Ep=u xAEg 
A Ep=100 x 2 volts 
A Ep=200 volts 


Thus, you can expect twice the change in plate voltage from tube 2 as from tube 1 for the same input voltage. 
Therefore, tube 2 will have twice the gain of tube 1. 


Transconductance 


Transconductance is a measure of the change in plate current to a change in grid voltage with plate voltage held 
constant. The unit for conductance is the mho (siemens) pronounced moe. Transconductance is normally 
expressed in either micromhos or millimhos. Mathematically, transconductance is expressed by the following 


formula: 
_ Alp 
Sm AE; 


Examine figure 1-27, views A and B, again. In view A, the input voltage is +1 volt. At +1 volt Eg, the plate 
current is equal to | milliampere with a plate voltage of 250 volts. In view B, the input voltage (Eg) is raised to 


+3 volts. Eg, as before, is equal to 2 volts. This increase in grid voltage causes plate current to increase to 2 


milliamperes. The change in plate current (A Ip) is then equal to 1 milliampere. Thus, transconductance (gin) is 


equal to: 
_ Alp 
Sm AEs 
_ 1 milliampere 
7 2 volts 
g, =) millimho 
or 500 pt mhos 


The voltage gain of a circuit is measured by the ratio of the change in plate voltage versus the change in grid 
voltage. Because plate voltage is developed across a resistor, the more current varies with a given input signal, 
the greater will be the output (E =I x R). If there are two tubes, one with a gm 
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of 500 U mhos and the other of 5000 U mhos, the relative gain of these two tubes can be estimated. Assume that 
a circuit in one of these tubes will be used has a load resistor of 100 k Q and that Eg will be 2 volts. The 


voltage gain of these two circuits will be: 


Tube 1: 
_ Al 
Sm AEe 
A Ip =Eg X 8m 
A Ip =2.x.5 millimho 


A Ip = | milliampere 

A Ey =I) xRy 

A By = (1x 10-3 amperes) x (100 x 103 ohms) 
A Ep = 100 volts 


Gain = eeu 
input 
Gane 100 volts -50 
2 volts 
Tube 2: 
2 -Ah 
™  AEg 
A Ip =Eg X 8m 


A Ip = 2 volts x 5 millimhos 

A Ip = 10 milliamperes 

AEp =I Rp 

AE = (10 x 10-3 amperes) X (100 X 103 ohms) 
AEp = 1000 volts 


_ 1000 volts _ 
2 volts 


Gain 500 


Note that tube 2 is 10 times the amplifier that tube 1 is. 


Interelectrode Capacitance 


Capacitance exists when two pieces of metal are separated by a dielectric. A vacuum has a dielectric constant of 
1. Since the elements of the triode are made of metal and are separated by a dielectric, capacitance exists 
between them. This capacitance is called interelectrode capacitance and is schematically represented in figure 
1-28. 


There are three interelectrode capacitances involved in a triode. The capacitance between the plate and grid, 
designated Cpog: is the largest because of the relatively large area of the plate and, therefore, has the greatest 


effect on triode operation. The grid-to-cathode capacitance is designated Cok: The total capacitance across the 


tube is designated Cpx. 
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Figure 1-28. Schematic Representation of Interelectrode Capacitance. 


Cog has greater effect on the tube operation. This is because this capacitance will couple part of the ac signal 


from the plate back to the grid of the tube. The process of coupling the output of a circuit back to the input is 
called feedback. This feedback affects the gain of the stage. It may be desirable in some applications. In 
others, the effects must be neutralized. The effects of Cp are greater at higher frequencies where XC is lower. 


MULTIPLE ELEMENT TUBES. 
Tetrode Tube 


Tetrodes were developed to compensate for the effects of interelectrode capacitance. Interelectrode capacitance 
cannot be eliminated from vacuum tubes, but it can be reduced. The easiest method found to reduce 
interelectrode capacitance is to split the capacitance between the grid and plate (Cpg) into two capacitors 
connected in series. This is done by placing an extra grid, called the screen grid, between the control grid and 
plate. This is shown in figure 1-29. 


SCREEN 
GRID 
CONTROL 


GRID (62) —7 
(G4) 


* 


CATHODE 


Figure 1-29. Effect of the Screen Grid on Interelectrode Capacitance. 
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The study of capacitance shows that connecting capacitors in series reduces the total capacitance to a value 
smaller than either of the capacitors. This is mathematically summed up as follows: 


Be 8c ey) 
CLEC? 


The addition of the screen grid has the effect of splitting Cog into two capacitances (C1 and C2) connected in 
series. Therefore, the total interelectrode capacitance between the control grid and plate is greatly reduced. 


Operation of the Basic Tetrode Circuit. Figure 1-30 depicts a basic tetrode circuit. Only three components 
have been added to the triode: the screen grid, the screen grid dropping resistor, and the screen grid bypass 
capacitor (Cog). 


Figure 1-30. Basic Tetrode Circuit. 


The problem now is, at what voltage and polarity should the screen grid be operated? If the screen grid were 
operated at a potential that would make it negative in relation to the control grid, it would act as a negative 
screen between the plate and control grid. As a result, gain would be reduced. If the screen grid were operated 
at plate potential, it would draw current from the electron stream when the tube conducts. Because of this, the 
value of Rgg is normally selected to cause the screen grid to be positive in relation to the control grid, but not as 


positive as the plate. 


Despite this precaution, the screen grid still draws some current from the electron stream. Any signal applied to 
the control grid will appear at the screen grid inverted by 180¢ from the input signal. This is undesirable, since 
it reduces the gain of the tube. Consider the effect if the control grid goes positive. Conduction through the 
tube increases, and since the screen grid is in the electron stream, it will draw some current. This causes the 
screen grid to go toward negative potential (less positive). The effect then is to place a negative-going electrode 
between the plate and positive-going control grid. The plate becomes partially screened by the negative-going 
screen grid, and again, gain will decrease. Because the signal at the screen grid is always 180° out of phase 
with the control grid, its effect will always be to oppose the effect of the control grid. 
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To overcome this, a bypass capacitor (Csg) is connected between the screen grid and ground. The addition of 


this capacitor will shunt, or pass the ac variations on the screen grid to ground while maintaining a steady dc 
potential on the screen grid. In other words, Ce removes all of the undesired effects mentioned in the previous 


paragraph. 


One very useful characteristic of the tetrode tube is the relationship between the plate and screen grid. The 
screen grid will lessen the effect that a decreasing plate potential (negative-going signal) has on conduction 
through the tube. In a triode, when the grid goes positive, the plate goes negative. This decreases electrostatic 
attraction across the tube and tends to decrease the gain somewhat. In a tetrode, the screen grid has the ability to 
isolate the effect that ac variations on the plate have on the electron stream. 


The positively charged screen grid will accelerate electrons across the tube even though the plate is negative 
going. As long as the plate remains positive in relation to the cathode, it will draw off these accelerated 
electrons. As a result, conduction through the tube when the plate is going negative will not be decreased. This 
is another big advantage of screen grid tubes. 


Tetrode Characteristice. Because the screen grid is in the electron stream, it will always draw some current. 
The current drawn by the screen grid will be lost to the plate. This means that the transconductance of a tetrode, 
which is based on the amount of plate current versus control grid voltage, will be lower in tetrodes than in 
triodes. The formula for transconductance of a triode 

Alp 

m= 

AEg 

must be adjusted for screen grid current and becomes 


_ A Ip -A tg 
A Eg 


The transconductance for a tetrode can never be as high as for a triode of similar construction. 


While lowered transconductance in a tetrode is an undesirable characteristic, it is not the reason that tetrodes 
have found little acceptance in electronics. The factor that severely limits the operation of tetrodes is secondary 
emission. 


Because the screen grid is positively charged, electrons traveling from the cathode to the plate are accelerated. 
Electrons are accelerated to such an extent that they dislodge electrons from the plate when they strike it. This 
is similar to the manner in which a high-velocity rifle bullet, fired into a pile of sawdust, throws sawdust about. 
Some of these electrons are fired back into the tube where they tend to accumulate between the screen grid and 
plate. This effect is most pronounced when the signal at the control grid is going positive and conduction 
through the tube is increasing. The plate in this situation is going negative in answer to the control grid signal. 
This causes the electrons accumulating between the plate and screen grid to be attracted to the screen grid. The 
current that is drawn by the screen grid is lost to the plate and gain is decreased. Gain is also decreased in 
another way. The negative charge accumulated by secondary emission causes some of the electrons (from the 
cathode) to be repelled from the plate, which further reduces gain. 
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Another undesirable characteristic of tetrodes associated with secondary emission is that the outputs are noisy. 
What this means is that small sporadic signals appear on the main output signal, as shown in figure 1-31. 

When electrons are knocked from the plate, they represent losses of plate current and corresponding positive 
pulses on the output. Electrons falling back to the plate represent increases in plate current and cause negative 
going pulses to appear in the output. For these reasons tetrodes are used only in very specialized applications of 
electronics. 


Figure 1-31. Noise in a Tetrode Circuit. Figure 1-32. Basic Pentode Circuit. 


Pentode Tube 


The problem of secondary emission associated with the screen grid of a tetrode has been reduced by the addition 
of another grid. This third grid, called a suppressor grid, is placed between the screen grid and plate. The 
suppressor grid is normally connected either internally or externally to the cathode and bears the same charge as 
the cathode. This is shown in figure 1-32. Because of its negative potential (relative to individual electrons), 
any electrons that are emitted by the plate, through secondary emission, are repelled back toward the plate. 
Because the suppressor grid is negatively charged, it will not draw grid current. Additionally, the wide spacing 
between the meshes of the suppressor and its location between two positive elements of the tube ensure that the 
suppressor grid's effect on the electron stream will be minimum. Only the electrons emitted by secondary 
emission from the plate are affected by the suppressor grid. Because pentodes do not suffer from secondary 
emission, they have replaced the tetrode in most applications. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. Heating a conductor to a temperature sufficiently high to cause the conductor to give off electrons is 
called what? 


a. Secondary emission. 
b. Photoelectric emission. 
c. Thermionic emission. 
d. _—_Interelectrode capacitance. 
2. What undesirable effect is created in a tetrode tube by the screen grid? 
a. Interelectrode capacitance. 
b. — Secondary emission. 
C Thermionic emission. 
d. —_ Photoelectric emission. 
3. What component is used in a triode amplifier to convert variations in current flow to voltage variations? 
a. Plate. 
b. _ Plate-load resistor. 
Cc. Grid. 
d. Cathode. 


4. What type of tube is shown in the illustration below? 


a. Diode. 

b.  Triode. 

c. Tetrode. 

d. _—_ Pentode. 

IMAGE: Figure 1-33. 

5. What prevents a decrease in gain in a cathode biased vacuum tube? 

a.. Battery. 

b. — Power supply. 

C Cathode resistor. 

d. Bypass capacitor. 
6. | What is another name for the Edison effect? 

a. Thermionic emission. 

b. Photoelectric emission. 

c Interelectrode capacitance. 

d. | Secondary emission. 
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7. | Why is the control grid of a triode made negative with respect to the cathode? 
a. To make the grid conduct more. 
b. To prevent the grid from drawing current. 
Cs To allow the cathode to draw electrons from the grid. 
d. ‘To allow the plate to draw electrons from the grid. 


8. How is cathode bias identified? 


Cathode resistor. 
Plate-load resistor. 
Grid resistor. 
Bypass capacitor. 


ao Pp 


9. The plate voltage of a tube will vary 126 volts when a 3-volt ac signal is applied to the control grid. What 


is the gain of this tube? 


a. 42. 
b. 46. 
c. 52. 
d. 56. 


10. What is the suppressor grid normally connected to? 


Cathode. 
Plate. 
Screen grid. 
Control grid. 


ao PS 


11. Howis cathode bias developed in a vacuum tube? 


By a battery. 

By the power supply. 

By current flow through the cathode resistor. 
By current flow through the bypass capacitor. 


ao op 


12. If the mu of a tube is 85 and the signal at the control grid is 4 volts ac, the plate voltage will vary by what 


amount? 
a. 300 volts. 
b. 340 volts. 
Cc. 360 volts. 
d. 380 volts. 
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14. 


15. 


16. 


17. 


18. 
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Why does the grid of a triode have a greater effect on electron flow than the plate? 


Because the plate voltage is not high enough. 

Because the grid is more positive than the plate. 

Because the cathode does not emit enough electrons. 
Because the grid is located closer to the cathode. 


ao TP 


Why is a capacitor connected between the screen grid and ground in a tetrode tube screen circuit? 


a To increase screen voltage. 

b. To decrease screen voltage. 

c To maintain ac variations on the screen grid. 

d To shunt ac variations on the screen grid to ground. 


Transconductance is a measure of the relationship between what two factors? 


Changes in grid voltage and plate voltage. 
Changes in grid voltage and plate current. 
Changes in grid voltage and grid current. 
Changes in grid voltage and cathode current. 


ao Tp 


What type of bias requires constant current flow through the cathode circuit of a vacuum tube? 


a. Grid-leak bias. 
b. Fixed bias. 

Cc. Cathode bias. 
d. 


Self-bias and fixed bias. 


What is the voltage drop across the plate-load resistor if the plate current is 20 mA and the plate-load 
resistor has a value of 10k ohms? 


a. 100 volts. 
b. 150 volts. 
c. 200 volts. 
d. 250 volts. 


What is the result of adding a resistor in series with the plate circuit of a triode? 


It causes the plate current to decrease. 

It causes the plate current to increase. 

It causes a change in the voltage drop in the plate circuit. 
It causes the grid voltage to increase. 
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19. Why does the capacitor charge through the tube in grid-leak biasing? 


The grid resistor has a smaller resistance than the tube. 
The grid resistor has a higher resistance than the tube. 
The grid and tube resistance are equal. 

The grid does not draw circuit. 


ao TP 


20. What is the disadvantage of an indirectly heated cathode? 


It takes longer to heat up to electron-emitting temperature. 
Alternating current cannot be used to heat the filament. 
The filament is closer to the plate than other parts. 

Direct current cannot be used to heat the filament. 


ao Pp 


21. At what point are all (or almost all) available electrons being drawn to the plate of a tube? 


Cathode saturation. 
Plate saturation. 
Filament saturation. 
Grid saturation. 


ao Tp 


22. What undesirable characteristic of a tetrode tube is reduced by the suppressor grid in a pentode circuit? 


Interelectrode capacitance. 
Secondary emission. 
Thermionic emission. 
Photoelectric emission. 


aoe 


23. What effect does adding a screen grid have on the interelectrode capacitance between control grid and 
plate? 


It increases. 

It decreases. 

It does not change. 

It depends on the size of the plate. 


ao op 


24. When does the capacitor charge in grid-leak biasing? 


During the positive and negative portions of the input signal. 
During the positive portion of the input signal. 

During the negative portion of the input signal. 

During the positive portion of the output signal. 


ao rp 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed more than one 
question, you should retake the entire lesson, paying particular attention to the areas in which your answers were 
incorrect 
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Lesson 2 
SPECIAL PURPOSE TUBES 
Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to determine the number and type of 
individual tubes contained within a single envelope of a multiunit tube; explain the function and operating 
principle of the beam power tube and the pentode tube; state the difference between the capabilities of 
conventional tubes and variable mu tubes; describe the construction of ultrahigh-frequency tubes and explain the 
effects that ultrahigh frequencies have on conventional tube operation; explain the operation of gas-filled diodes, 
thyratrons, and cold-cathode tubes; and explain the operating principles behind cathode ray tubes and the 
manner in which these tubes present visual display of electronic signals. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 
1,3, 4,5, 6, and7. 


MULTIUNIT AND MULTIELECTRODE TUBES 


One of the problems associated with electron tubes is that they are bulky. The size of an electron tube circuit can 
be decreased by enclosing more than one tube within a single envelope. There is a large variety of tubes that 
can be combined into this grouping of specialty tubes called multiunit tubes. Figure 2-1 shows the schematic 
symbols of a few of the possible combinations found in multiunit tubes. 


An important point to remember when dealing with multiunit tubes is that each unit is capable of operating as a 
separate tube. But how it operates, either as a single tube or as a multiunit tube, is determined by the external 
circuit wiring. When you are analyzing the schematic of a circuit, simply treat each portion of a multiunit tube 
as a single tube, as shown in figure 2-2. 


Another type of special purpose tube is the multielectrode tube. In some applications, tubes require more than 
the three grids found in conventional tubes. In some cases, up to seven grids may be used. These types of tubes 
are called multielectrode tubes and are normally classified according to the number of grids they contain. An 
example of this is illustrated in figure 2-3. The tube shown has five grids; hence, its name is pentagrid. The 
application of these tube types is beyond the scope of this subcourse; but because multielectrode tubes are 
commonly used, you should be aware of their existence. 


46 


MM 0705, Lesson 2 


@@OO@ 


HU DIODE DUG DIODE DUO DIODE TWIN TRIODE TWINTRIODE TWIN-ANPUT TRIOGE 


: 


TWIN TRIODE TWINPENTODE DIODEPENTODE TRIODE PENTODE TETRODE TWIN-DIODE 
TRIODE 


TWIN-DIODE DIODE TRIODE 
TETRODE PENTODE PENTODE 


Figure 2-1. Typical Multiunit Tube Symbols. 
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Figure 2-2. Multiunit Tube Identification. 
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Figure 2-3. Pentagrid Multielectrode Tube. 
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BEAM POWER AND POWER PENTODE TUBES 


The tube types you studied in the first lesson have one serious drawback; namely, they are not suitable as power 
amplifiers. Because of high-plate resistance and internal construction, tubes such as the triode, tetrode, and 
pentode are used only as voltage amplifiers. When power amplification is required (high-current requirements), 
special purpose tubes called beam power and power pentode tubes are used. 


Figure 2-4 shows the arrangement of grids in a conventional pentode tube. The small circles depict cross 
sections of the grid. Each grid is offset, or staggered, from the grid directly behind it. This arrangement of grids 
permits each grid to be exposed to the electron stream flowing from cathode to plate. In this way, each grid will 
have maximum effect on the electron stream. There are two undesirable effects associated with this staggered 
grid arrangement that make it unsuitable for use in power amplifiers. 
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Figure 2-4, Electron Flow in a Conventional Pentrode. 


First, no direct path exists between the cathode and plate. Electrons leaving the cathode must run an obstacle 
course around the grid wires to reach the plate. Some of these electrons are deflected by the grid and scattered 
and, thus, never reach the plate. Secondly, some electrons strike the grid wires and are removed from the 
electron stream as grid current. Because of these two undesirable effects, the amount of plate current that can 
flow through the tube is greatly reduced. Because of this loss of electrons from the stream, conventional 
tetrodes and pentodes are not suitable for power. Therefore, the beam power and power pentode tubes have 
been developed to overcome these problems. 


Figure 2-5 shows the cross section of the power pentode. There is no staggered grid arrangement. Instead, each 
grid wire is directly in line with the grid in front and behind it. The screen and suppressor grids are shielded 
from the electron stream by the control grid. Because the screen grid is shielded by the control grid, it can draw 
little grid current from the electron stream. 
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Figure 2-5, Electron Flow in a Power Pentode. 


This arrangement of grids offers few obstacles to electron flow. Electrons will flow in sheets between the grid 
wires to the plate. The effect is to allow more of the electrons leaving the cathode to reach the plate. Thus, the 
tube has the advantage of high-power output and high efficiency. An added advantage to this type of grid 
arrangement is high-power sensitivity. This means that the tube can respond to smaller input signals than the 
conventional electron tube. The reason for this is obvious: many more electrons reach the plate from the 
cathode. Therefore, large plate currents can be obtained from relatively weak input signals. 


Beam power tubes have the same grid arrangement as the power pentodes. In addition, they use a set of beam- 
forming plates to force the electron stream into concentrated beams. Figure 2-6 depicts the internal construction 
of a beam-forming tube and its schematic representation. The beam-forming plates surround the grids and their 
supporting structures and are internally connected to the cathode. This internal connection ensures that the 
beam forming plates are at the same negative potential as the cathode. Electrons that are emitted from the sides 
of the cathode are repelled away from the grid supports and into the electron stream by the negative charge on 
the beam-forming plates. Electrons pass to the plate through the spaces between the beam-forming plates and, 
by doing so, they are concentrated into beams. Because the beam-forming plates are at a negative potential, any 
electrons emitted by secondary emission are repelled back to the plate. The effect of the beam-forming plates is 
to increase the number of electrons in the electron stream by forcing stray electrons emitted from the sides of the 
cathode away from the grid supports and into the electron beam. Electrons that are deflected from the grid wires 
are also forced into the beam. This increases the total current flowing to the plate. For this reason, both beam- 
forming and power pentodes are suitable for use as power amplifiers. 


VARIABLE MU TUBES 
In most electron-tube circuits, the operating level of a tube is determined by the level of bias. When a negative- 


bias voltage is applied to the control grid of a tube, with no input signal, the conduction through the tube is 
reduced. 
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Figure 2-6. Beam Power Tube. 


Thus, the damage to the tube is minimized. There is one drawback to this. Because the control grid is already 
negatively charged by the bias voltage, the negative alternation of a large input signal will drive the tube into 
cutoff long before the positive alternation can drive the tube into saturation. Once the negative alternation 
reaches a certain level (determined by the bias voltage and tube characteristics), the tube simply cuts off. For 
this reason conventional tubes are called sharp cutoff tubes. Because of sharp cutoff, the range of amplification 
of the conventional tube is limited by the bias voltage and tube characteristics. Once this range is exceeded, the 
output becomes distorted due to cutoff. 
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In most applications, the sharp cutoff feature of conventional electron tubes causes no problems. However, in 
some applications electron tubes are required to amplify relatively large input signals without distortion. For 
this reason, the variable mu tube was developed. Variable mu tubes have the ability to reduce their mu (2) as 
the input signal gets larger. As the mu decreases, the likelihood that the tube will be driven into cutoff 
decreases. (For an amplifier, this may appear to be self-defeating, but it isn't.) The idea is to amplify large input 
signals as much as possible without causing the tube to cut off or create distortion. Because of their ability to 
avoid being driven into cutoff, variable mu tubes are called remote cutoff tubes. A variable mu tube can be 
driven into cutoff, but the amplitude of the input signal required to do so is considerably greater than in 
conventional sharp cutoff tubes. 


The key to the ability of a variable mu tube to decrease gain with an increase in the amplitude of the input lies in 
its grid construction. To understand how the unique grid construction of a variable mu tube works, we will first 
examine the grid operation of a conventional tube during cutoff. Shown in figure 2-7 is a diagram of a 
conventional sharp cutoff triode with zero volts applied to the control grid. In view A, the majority of the 
electrostatic lines of force leave the positive plate (+) and travel unhindered between the evenly spaced grid 
wires to the negative cathode (-). Electrons emitted by the cathode travel along these lines from the cathode, 
through the grid spacings, to the plate. 


ELECTROSTATIC 
LINES OF FORCE 


CATHODE 


CATHODE 
+PLATE aaa CATHODE 


A 8 
Figure 2-7. Cutoff in a Conventional Tube. 


In view B, a bias voltage of -6 volts is applied to the grid. Some of the electrostatic lines of force are attracted to 
the negatively charged grid wires while the rest pass through the grid spacings. Because there are fewer lines of 
force reaching the cathode, there are fewer paths for electrons to use to reach the plate. As a result, conduction 
through the tube is decreased. 


In view C, the negative potential of the grid has been raised to -20 volts, which drives the tube into cutoff. All 
of the electrostatic lines of force terminate at the negatively charged grid, instead of continuing on to the 
cathode. The electrons emitted by the cathode will not feel the electrostatic attractive force of the positively 
charged plate. Under these conditions, current cannot flow through the tube. 
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Shown in figure 2-8 is a diagram of a variable mu, or remote cutoff tube. The only difference between the 
remote cutoff tube depicted and the sharp cutoff tube is in the grid wire spacing. In the conventional sharp 
cutoff tube, the grid wires are evenly spaced while in the remote cutoff tube the grid wires in the middle of the 
grid are placed relatively far apart. This is shown in view A. 
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Figure 2-8. Grid Operation in a Remote Cutoff Tube. 


In view B the control grid is at zero potential (0 volts). Just as in the sharp cutoff tube, electrons leave the 
cathode and travel along the lines of electrostatic attraction through the spaces between the grid wires to the 
plate. In view C a bias voltage of -6 volts is applied to the grid. Because of the close spacing of the grid wires 
at the ends of the grid, electrostatic lines of force at the ends are effectively terminated. The lines of force can 
only pass between the widely spaced grid wires closer to the center of the grid. 


In view D the same negative potential (-20 volts) is applied to the grid that caused the conventional sharp cutoff 
tube discussed earlier to go into cutoff. This voltage is high enough to terminate most of the electrostatic lines of 
force on the grid wire. But, because of the wide spacing between the center 
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grid wires, some electrostatic lines of force are still able to pass between the center grid wires and reach the 
cathode. Conduction will still occur in the tube, but at a reduced level. If the grid is driven even more negative, 
lines of force will be blocked from reaching the cathode except at the very center of the grid. The remote cutoff 
tube, by its ability to reduce gain (conduction), handles large signals without going into cutoff. A variable mu 
tube with -3 volts applied to the grid will have a transconductance of about 2000 emhos. If the grid is driven to 
-35 volts, the transconductance of the tube will decrease to 10 emhos. This same increase in negative grid 
voltage would have driven a conventional tube into cutoff long before reaching -35 volts. 


SPECIAL ULTRAHIGH-FREQUENCY (UHF) TUBES 


Some of the limitations of conventional electron tubes were discussed earlier. One of these limitations was that 
the conventional tube was not able to operate (amplify) at extremely high frequencies such as those used in radar 
equipment. Even at frequencies lower than those used in radar equipment, problems occur. For example, at 
ultrahigh frequencies (300 MHz to 3000 MHz) transit time effects make the operation of a conventional electron 
tube impossible. For this reason, the special ultrahigh-frequency tubes were developed to operate within this 
frequency range. 


In view A of figure 2-9, the positive-going alternation of a UHF ac signal is 
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Figure 2-9. Effect of Transit Time at Ultrahigh Frequencies. 
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applied to the grid of a conventional triode tube. The first positive-going alternation reduces the negative bias 
on the grid, and electrons start to move toward the grid. Since the input is an ultrahigh-frequency signal, the 
majority of the electrons cannot pass the grid before the input signal progresses to the negative alternation. The 
electrons that have not yet passed the grid are either stopped or repelled back toward the cathode. This is shown 
in view B. Before these electrons can move very far, the second positive alternation reaches the grid and causes 
even more electrons to move from the cathode (view C). At the same time, the electrons that were repelled from 
the grid toward the cathode by the first negative alternation feel the effect of the positive-going grid. These 
electrons reverse direction and again move toward the grid. Because these electrons had to first reverse 
direction, they are now moving slower than the electrons that are attracted from the cathode by the second 
positive alternation. The result is that the electrons from the cathode catch up to the slower moving electrons, 
and the two groups combine (view C). This action is called bunching. 


In effect, the area between the grid and cathode becomes highly negatively charged, as shown in view D. This 
negative charge is surrounded by an electrostatic field. The electrostatic field cuts the grid and repels electrons 
that are present in the grid. As electrons are forced from the grid, the grid tries to go positive. Unfortunately, 
this tendency toward a positive charge attracts electrons from the mass or bunched charge. Thus, as an electron 
is forced from the grid; it is replaced by another from the massed charge. Electrons forced from the grid 
represent grid current (Ig), as shown in view E. The grid current flows from the grid through Rg, to the cathode, 
from the cathode, to the massed charge, and back again to the grid. The movement of current in this manner is, 
in effect, a path for current flow from the cathode to the grid. Because current flows between the cathode and 
grid, the resistance (rgk) between these elements is lowered to the point of a short circuit. The grid, in effect, is 
short circuited to the cathode and ceases to function; and this, in turn, lowers tube efficiency dramatically. This 
is shown in view F of figure 2-9. 


Transit time may be decreased by reducing the spacing between electrodes or by increasing the electrode 
voltages, which in turn increases electron velocity through the tube. The problem with this solution is that the 
tube does not present an infinite resistance to current flow. If the operating voltage is raised to an operating 
potential that is too high, arcing (arc-over) occurs between the cathode and plate and, most likely, will destroy 
the tube. For this reason, the effects of transit time are reduced in UHF tubes by placing the tube elements very 
close together. 


Types of UHF Tubes 


UHF tubes have very small electrodes placed close together and often are manufactured without socket bases. 
By reducing all the physical dimensions of the tube by the same scale, the interelectrode capacitance and transit 
time effects are reduced, without reducing the amplification capability of the tube. A disadvantage to this type 
of tube construction is that the power handling capability of these tubes is also reduced due to the close 
placement 
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of the tube elements. UHF tubes are placed in three broad categories based on their shape or construction, or 
both: acorn, doorknob, and planar. 


Acorn Tubes. These tubes (figure 2-10) are available for use as diodes, triodes, or pentodes. Acorns are very 
small tubes that have closely spaced electrodes and no bases. The tubes are connected to their circuits by means 
of short wire pins that are sealed in the glass or ceramic envelope. Because of their small size, acorn tubes are 
usually used in low-power UHF circuits. 
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Figure 2-10. Acorn Tubes. 


Doorknob Tubes. These tubes are enlarged versions of acorn tubes. Because of their larger physical size, they 
can be operated at higher power than acorn tubes. 


Planar Tubes. Planar tubes are so named because of their construction. The ordinary (conventional) tube 
presented earlier uses concentric construction. This means that each element (cathode, grid, and plate) is 
cylindrical in shape. The grid is placed over the cathode; and the plate, which is the largest cylinder, is placed 
over the grid. The result is a tube composed of concentric cylinders like the one shown in figure 2-11. 
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Figure 2-11. Concentric Construction of a Conventional Tube. 
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At ultrahigh frequencies, the problem of producing small tube elements while reducing the spacing between 
elements becomes very difficult. Not only are the elements hard to keep parallel with each other during the 
manufacturing process, they also have a tendency to warp and sag under normal operating conditions. Since 
these elements are already as close together as possible, any reduction in element spacing can cause arcing. 
Therefore, the planar tube was developed to prevent arcing or element sagging in conventional tubes. 


Planar tubes are electron tubes in which the cathode, plate, and grid are mounted parallel to each other. Their 
physical construction greatly resembles a schematic diagram of a normal tube, as shown in figure 2-12. A 
typical planar tube is depicted in figure 2-13. Note that the tube elements are mounted close to each other and 
are parallel to one another. The oxide coating of the cathode is applied to the top surface only. Therefore, the 
emitting surface of the cathode is parallel to the plate and grid. 


Figure 2-12. Resemblance of a Planar Tube to a Schematic Diagram of a Normal Tube. 


The plate of the tube consists of a cylindrical stud. This stud plate construction has two purposes. Its flat lower 
surface serves as a parallel plate, and its external upper end serves as the external plate connection from the tube 
to the circuit. Because of its construction, the planar tube cannot use the familiar ladder type of grid. Instead, 
the grid, formed into a circle, is composed of a wire mesh similar to that of a common screen door. 


The cathode structure is manufactured in two parts. Point A of figure 2-13 is the metallic shell of the tube and is 
used to couple (or connect) unwanted radio frequency signals from the cathode to ground. This connection is 
not, however, a direct coupling. The wafer at point C of figure 2-13 is composed of mica that serves as a 
dielectric. The lower extension of the cathode serves as one plate of the capacitor, while the other plate is 
formed from the flattened upper portion of the cathode connector ring. The cathode has a direct connection to 
the tube pin through the connector labeled point B. At high frequencies, the wiring of a circuit can pick up radio 
frequency signals and retransmit them. If the wiring involved happens to be the wiring used to supply dc 
voltages to the circuit, all the tubes in the circuit will receive the signal. The result will be massive distortion 
throughout the circuit. 


The problem of massive distortion can be eliminated by isolating the dc and radio frequency circuits from each 


other. In planar tubes, this is fairly simple. The ring at point A is grounded. Any RF signals that the cathode 
may 
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pick up through tube conduction are grounded or shorted to ground through the capacitive coupling with the 
point A shell. In other words, the shell (capacitive ground) at point A serves the same function as the bypass 
capacitor in a cathode-biased circuit. Because the capacitor will not pass dc, bias voltages can be applied to the 
cathode through the tube pins. 


Note the external shape of the planar tube in figure 2-13. The tube is composed of five sections, or cylinders. 
As you go from the top to the bottom, each cylinder increases in diameter. Because of this piled cylinder 
construction, the tube resembles a lighthouse, and is therefore known as a lighthouse tube. 
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Figure 2-13. Internal Structure of a Typical Planar Tube. 


Another type of planar tube is shown in figure 2-14. This type of tube, because of its external appearance, is 
called an oilcan tube. The major difference between it and the lighthouse tube is the addition of cooling fins 
mounted on the tube that enable it to handle more power than the light-house tube. Because of their planar 
construction, both types of tubes are capable of handling large amounts of power at ultrahigh frequencies. 
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Figure 2-14. Oilcan Planar Tube. 
GAS-FILLED TUBES 


Great effort is made to produce a vacuum within electron tubes that is as perfect as possible. However, even the 
best vacuum pumps and getters cannot remove all of the air molecules. However, the chances of an electron 
hitting an air molecule in a near-perfect vacuum are very slim because of the great distance between the air 
molecules as compared to the size of the electron. An electron can pass between two molecules of air inside the 
tube as easily as a pea could pass through a circle having a diameter equal to that of the earth. 


In some tubes, the air is removed and replaced with an inert gas at a reduced pressure. The gases used include 
mercury vapor, neon, argon, and nitrogen. Gas-filled tubes, as they are called, have certain electrical 
characteristics that are advantageous in some circuits. They are capable of carrying more current than high- 
vacuum tubes, and they tend to maintain a constant IR drop across their terminals within a limited range of 
currents. The principle of operation of gas-filled tubes involves the process of ionization. 


Electrical Conduction in Gas Diodes 


An operating gas-filled tube has molecules, ions, and free electrons present within the envelope. In a gas-filled 
diode, the electron stream from the hot cathode encounters gas molecules on its way to the plate. When an 
electron collides with a gas molecule, the energy transmitted by the collision may cause the molecule to release 
an electron. This second electron then may join the original stream of electrons and is capable of freeing other 
electrons. This process, which is cumulative, is a form of ionization. The free electrons, greatly increased in 
quantity by ionization, continue to the plate of the diode. The molecule that has lost an electron is called an ion 
and bears a 
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positive charge. The positive drift toward the negative cathode and during their journey attracts additional 
electrons from the cathode. 


The velocity of the electrons traveling toward the plate varies directly with the plate voltage. If the plate voltage 
is very low, the gas-filled diode acts almost like an ordinary diode except that the electron stream is slowed to a 
certain extent by the gas molecules. These slower-moving electrons do not have enough energy to cause 
ionization when they hit the gas atoms. After the plate voltage is raised to the proper level of conduction, the 
electrons have enough energy to cause ionization when they hit the gas molecules. The plate potential at which 
ionization occurs is known as the ionization point,or firing potential, of a gas tube. If the plate voltage is 
reduced after ionization, it can be allowed to go several volts below the firing potential before ionization (and 
hence high-plate current) will cease. The value of the plate voltage (Ep) at which ionization stops is called the 
deionization potential, or extinction potential. The firing point is always at a higher plate potential than the 
deionization point. 


Gas Triode 


The point at which the gas ionizes can be controlled more accurately by inserting a grid into the gas diode. A 
negative voltage on the grid can prevent electrons from going to the plate even when the plate voltage is above 
the normal firing point. If the negative grid voltage is reduced to a point where a few electrons are allowed 
through the grid, ionization takes place. The grid immediately loses control because the positive ions gather 
about the grid wires and neutralize the grid's negative charge. The gas triode then acts as a diode. If the grid is 
made more negative in an effort to control the plate current, the only effect is that more ions collect about the 
grid wires, and the tube continues to conduct as a diode. Only by removing the plate potential,or reducing it to 
the point where the electrons do not have enough energy to produce ionization, will tube conduction and the 
production of the positive ions stop. And only after the production of positive ions is stopped will the grid be 
able to regain control. 


Such gas-filled triodes are known as thyratrons. Thyratrons are used in circuits where current flow in the 
thyratron's output circuit is possible only when a certain amount of voltage is present on the thyratron's grid. 
The flow of plate current persists even after the initiating grid voltage is no longer present at the grid, and it can 
be stopped only by removing or lowering the plate potential. The symbols for the gas-filled diode, the voltage 
regulator, and the thyratron are the same as that for the high-vacuum tubes except that a dot is placed within the 
envelope circle to signify the presence of gas. Some examples of gas-filled tube schematic symbols are shown 
in figure 2-15. 


There is one precaution associated with mercury vapor tubes. Mercury vapor is not placed in the tube as a 
vapor; instead, a small drop of liquid mercury is placed in the tube before it is sealed. When the liquid mercury 
comes in contact with the hot filament, the mercury vaporizes. To ensure that the mercury has vaporized 
sufficiently, the filament voltage must be applied to 
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Figure 2-15. Schematic Diagram of Gas-filled Tubes. 


mercury vapor tubes for at least 30 seconds before the plate voltage is applied. If vaporization is incomplete, 
only partial ionization is possible. Under these conditions, the application of plate voltage results in a relatively 
high voltage drop across the tube (E = I x R), and the positive ions present are accelerated to a high velocity in 
the direction of the cathode. As the ions strike the cathode they tear away particles of the emitting surface and 
permanent damage to the cathode and tube usually results. When the mercury is completely vaporized, the 
action of the gas is such that the voltage drop across the tube can never rise above the ionization potential (about 
15 volts). At this low potential, positive ion bombardment of the cathode does not result in damage to the 
emitting surface. 


Generally, when gas-filled tubes are in a state of ionization, they are illuminated internally by a soft, blue glow. 
This glow is brightest in the space between the electrodes and of lesser intensity throughout the remainder of the 
tube envelope. This glow is normal and must not be confused with the glow present in high-vacuum tubes when 
gases are present. A high-vacuum tube with a bluish glow is gassy and should be replaced. The ionization of 
these gases will distort the output of the tube and may cause the tube to operate with much higher plate current 
than it can carry safely. 


Cold-cathode Tubes 


The cold-cathode gas-filled tube differs from the other types of gas-filled tubes in that it lacks filaments. In the 
tubes covered thus far, thermionic emission was used to send electrons from the cathode to the plate. This 
conduction of electrons can be caused in another manner. If the potential between the plate and cathode is 
raised to the point that tube resistance is overcome, current will flow from the cathode whether it is heated or 
not. In most applications in electronics, this method is not used because it is not as efficient as thermionic 
emission. There are two applications where cold cathode emission is used. You are already familiar with the 
first application, although you may not be aware of it. A neon sign is a cold-cathode tube in operation. Thus, 
the first application of cold-cathode tubes is for visual display. You are also familiar with the reason for this 
visual display. In FM 11-60 (Communications--Electronics Fundamentals: Basic Principles, Direct Current) it 
is explained that when energy is fed into an atom (neon in this case), electrons are moved or promoted to higher 
orbits. When they fall back, they release the energy that originally lifted them to their higher orbits. This 
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energy is in the form of light. Cold-cathode tubes are also used as voltage regulators. A cold-cathode tube has 
the ability to maintain a constant voltage drop across the tube despite changes of current flow through the tube. 
The tube does this by changing resistance as current flow varies. 


Figure 2-16 shows a cold-cathode tube connected to a variable voltage source. The variable resistor rkp does 
not exist as a physical component but is used to represent the resistance between the cathode and plate. Most 
cold cathode tubes have a firing point (ionizing voltage) at about 115 volts. Thus, the tube in view A of the 
figure is below the firing point. Because the tube lacks thermionic emission capabilities, no current will flow, 
and the tube will have a resistance (rkp) near infinity. The potential difference between the plate and ground 
under these conditions will be equal to the source (Epp) voltage, as shown on the voltmeter. 


Figure 2-16. Cold-cathode Tube Operation. 


In view B the source voltage has been raised to the firing point of 115 volts. This causes the gas to ionize, and 5 
milliamperes of current will flow through the tube. Because the tube represents a resistance (rkp), voltage will 
be dropped across the tube, in this case 105 volts. The plate-load resistor (Ry) will drop the remaining 10 volts. 


The resistance of the tube at this time will be equal to: 


E 
rkp = — 
, I 


105 volts 
rkp = 
.005 ampere 
rkp=21kQ 


In view C the source voltage has been raised to 200 volts. This will cause more gas in the tube to ionize, and 40 
milliamperes of current to flow through the tube. The increased ionization will lower the resistance of the 
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tube (rkp). Thus, the tube will still drop 105 volts. The tube's resistance (rkp) at this time will be equal to: 


E 
tkp =— 
E I 


_ 105 volts 
40 milliamperes 
rkp = 2.625 k O 


Increasing the current flow will cause more ionization in the tube and a corresponding decrease in the tube's 
resistance. Because of this, the tube will always have a constant voltage drop between its plate and cathode 
throughout its operating range. 


CATHODE RAY TUBES 


Cathode ray tubes (CRTs) can be considered as the heart of the many types of electronic equipment that give 
visual information. They have one function that cannot be duplicated by any other tube or transistor: they have 
the ability to convert electronic signals to visual displays, such as pictures, radar sweeps, or electronic 
waveforms. Figure 2-17 shows a cutaway view of a typical CRT. 


All CRTs have three main elements: an electron gun, a deflection system, and a screen. The electron gun 
provides an electron beam, which is a highly concentrated stream of electrons. The deflection system positions 
the electron beam on the screen. The screen displays a small spot of light at the point where the electron beam 
strikes it. 


Figure 2-17. Cutaway View of a Typical CRT. 


Electron Gun 
The electron gun is roughly equivalent to the cathodes of conventional tubes. The cathode of the electron gun in 


the CRT is required not only to emit electrons but also to concentrate emitted electrons into a tight beam. In the 
electron tubes that you have studied, the cathode was cylindrical and emitted 
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electrons in all directions along its entire length. This type of cathode is not suitable for producing a highly 
concentrated electron beam. The cathode of the CRT consists of a small diameter nickel cap. The closed end of 
the cap is coated with emitting material. This is shown in figure 2-18. Because of this type of construction, 
electrons can be emitted in only one direction. Note that the emitted electrons shown in figure 2-18 are leaving 
the cathode at different angles. If these electrons were allowed to strike the screen, the whole screen would 
glow. Since the purpose of the CRT is to concentrate the electrons into a tight beam, a special grid must be 
used. This special grid is in the form of a solid metal cap with a small hole in the center. The grid is placed 
over the emitting surface of the cathode and charged negatively in relation to the cathode. The dotted lines 
represent electrostatic field between the grid and the cathode as shown in figure 2-19. Since all emitted 
electrons leave the cathode (point C), their paths can be identified. An electron attempting to travel from point 
C to point B (downward) will instead follow the path from point C to point E to point P. Consider an electron 
leaving point C in the direction of point A (upward). Its path will be curved from point C to point P by 
electrostatic repulsion. These curving electron paths are due to the negative potential of the grid coupled with 
the high positive potential of the anode. The potential of the anode attracts electrons out of the cathode grid area 
past point P toward the screen. The grid potential may be varied to control the number of electrons allowed to 
go through the control grid opening. Since the brightness or intensity of the display depends on the number of 
electrons that strike the screen, the control grid is used to control the brightness of the CRT. 


Brightness control is the name given to the potentiometer used to vary the potential applied to the control grid. 
The control grid actually serves as an electronic lens. It is this electronic lens that you adjust when you turn up 
the brightness control on a TV set. The effect of the grid is to focus the electron beam at point P in figure 2-19. 
After passing point P, the electrons start to spread out, or diverge, again. Therefore, it becomes necessary to 
provide some additional focusing to force the electrons into a tight beam again. This is done by two additional 
positively charged electrodes as shown in figure 2-20. The first electrode is commonly called the focusing 
anode. Generally, the focusing anode is charged a few hundred volts positive in respect to the cathode. 
Electrons emitted by the cathode are attracted to the focusing 


EM ANODE 
OXDECOATING) ELECTRONS 


= 


CATHODE 


Figure 2-18. CRT Cathode. Figure 2-19. Operation of CRT Grid. 
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anode. This is the reason that they travel through the small hole in the grid. The second electrode, called the 
accelerating anode, is charged several thousand volts positive in relation to the cathode. Any electrons 
approaching the focusing anode will feel the larger electrostatic pull of the accelerating anode, will be bent 
through the opening in the focusing anode, and will travel into the area labeled D. Because the accelerating 
anode is cylindrical in shape, the electrostatic field radiating from it is equal in all directions. Thus, an electron 
is pulled in all directions at once, forcing the electron to travel down the center of the tube. Then, the electron is 
accelerated into the accelerating anode. Once it passes the midpoint (point E), it feels the electrostatic attraction 
from the front wall of the accelerating anode, which causes it to move faster toward the front. Once it reaches 
point F, equal electrostatic attraction on either side of the opening squeezes it through the small opening in the 
front of the anode. From there, it is joined by millions of other electrons and travels in a tight beam until it 
strikes the screen (point S). 


FOCUSING ANODE ACCELERATING ANODE 


FILAMENT 


CATHODE 


— 


SCREEN 
i] 


Figure 2-20. Electron Beam Formation in a CRT 
CRT Screen 


The inside of the large end of a CRT is coated with a fluorescent material that gives off light when struck by 
electrons. This coating is necessary because the electron beam itself is invisible. The material used to convert 
the electrons' energy into visible light is a phosphor. Many different types of phosphor materials are used to 
provide different-colored displays and displays that have different lengths of persistence (duration of display). 


In one way, the CRT screen is similar to a tetrode vacuum tube. Both suffer from the effects of secondary 
emission. In order to reach the screen, electrons from the cathode are accelerated to relatively high velocities. 
When these electrons strike the screen, they dislodge other electrons from the material of the screen. If these 
secondary emission electrons are allowed to accumulate, they will form a negatively charged barrier between the 
screen and the electron. The result is a distorted image on the CRT screen. The method used to control 
secondary emission, a suppressor grid, is not practical in CRTs. Instead, a special coating called an aquadag 
coating is applied to the 
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AQUADAG 
Figure 2-21. Aquadag Coating in a CRT 


inside of the tube as shown in figure 2-21. This coating is composed of a conductive material, such as graphite, 
and has the same high-positive potential applied to it that is applied to the accelerating anode. This allows the 
aquadag coating to perform two functions. The first is the elimination of secondary emitted electrons. This is 
done by attracting the negatively charged electrons to the positive aquadag coating and removing them by the 
positive voltage source. Second, because the aquadag coating is operated at a high-positive potential and is in 
front of the accelerating anode, it aids in the acceleration of electrons toward the screen. 


Deflection System 


Shown in figure 2-22 is a CRT screen containing a bright spot in its center. Having watched TV, you know that 
a TV picture consists of more than just a bright spot in the center of the picture tube. Obviously, something is 
necessary to produce the picture. For the CRT to work properly, the spot must be moved to various positions on 
the screen. This process is called deflection. In a TV set, for example, the spot is moved horizontally across the 
CRT face to form a series of tightly packed lines. As each line is displayed, or traced, the electron beam is 
moved vertically to trace the next line as shown in figure 223. This process starts at the top of the tube and ends 
when the last line is traced at the bottom of the CRT screen. Because the beam is swept very fast across the 
CRT and the phosphor continues to glow for a short time after the beam has moved on, you do not see a series 
of lines but a continuous picture. 


— 
\ SCREEN 


~~ 


SPOT 


Figure 2-23. Deflection of an Electron Beam Across 
Figure 2-22. Impact of an Electron Beam ona a TV Screen. 


CRT Screen. 


65 


MM 0705, Lesson 2 


The CRT makes up the heart of the technician's major tool, the oscilloscope. The unique function of a CRT is to 
convert electronic (and electrical) signals to a visual display. This function of a CRT is used by the oscilloscope 
to show the waveform of any electronic signal. For this reason, the type of deflection used in oscilloscopes will 
be discussed. 


There are two ways to move an electron (and thus an electron beam). An electron may be moved either by a 
magnetic field or an electrostatic field. Because of this, there are three possible ways to move or deflect an 
electron beam in a CRT: magnetically, electromagnetically, and electrostatically. Each type is used in 
electronics. In general, though, electrostatic and electromanetic deflection are the types used most often. TV 
sets, for example, use electromagnetic deflection while much of the test equipment in the Navy uses electrostatic 
deflection. 


Electrostatic deflection uses principles you are already familiar with: namely, opposites attract and likes repel. 
Figure 2-24, view A, shows an electron traveling between two charged plates, H1 and H2. Before the electron 
reaches the charged plates, called deflection plates, its flight path is toward the center of the screen. In view b, 
the electron has reached the area of the deflection plates and is attracted toward the positive plate H2 while 
being repelled from the negative plate H1. As a result, the electron is deflected to the right of the inside of the 
screen. The viewer (on the opposite side of the CRT screen) sees the spot of light deflected to the left of the 
CRT face. 


VIEWER 


CRT SCREEN 
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Figure 2-24. Deflection in a CRT. 
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A spot of light on the left-hand side of the CRT screen, however, is no more useful than a spot of light in the 
center of the screen. To be useful, this spot will have to be converted to a bright line, called a sweep, across the 
face of the CRT screen. The manner in which this is done will be explained using figure 2-25. In view A five 
electrons are emitted in sequence, 1 through 5, by the electron gun. The left deflection plate (H1) has a large 
positive potential on it, while the right plate (H2) has a large negative potential on it. Thus, when electron 1 
reaches the area of the deflection plates, it is attracted to the left plate while being repelled from the right plate. 
In view B electron 2 has reached the area of the deflection plates. However, before it arrives, Rl and R2 are 
adjusted to make the left plate less positive and the right plate less negative. Electron 2 will be deflected to the 
left but not as much as electron 1. In view C electron 3 has reached the area of the deflection plates. Before it 
got there, Rl and R2 were adjusted to the midpoint. As a result, both plates have zero volts applied to them. 
Electron 3 is not deflected and simply travels to the center of the CRT screen. In view D electron 4 has reached 
the area of the deflection plates. Note that R1 and R2 have been adjusted to make the left plate negative and the 
right plate positive. As a result, electron 4 is deflected to the right. Finally, in view C the left plate is at its 
maximum positive value. Electron 5 is deflected to the extreme right. What you see when you are facing the 
CRT is a bright luminous line as shown in view F. While this description deals with only five electrons, in 
reality the horizontal line across a CRT face is composed of millions of electrons. Instead of five bright spots in 
a line, only a solid bright line is seen. 


2. ee 
-2-2N 


- mo mH @- Oe -O- = 


ELecTRON | | 
GUN A 


+ es 
iS 


26 


6 4 3 2 1 


OR eeeecennannennnnnnnnmannnncnnncnnnncnnr 


SWEEP DIRECTION 


wane ee ng 


Figure 2-25. Horizontal Deflection. 
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In summary, the horizontal line displayed on a CRT or on the face of a television tube is made by sweeping a 
stream of electrons rapidly across the face of the CRT. This sweeping action, or scanning, is performed by 
rapidly varying the voltage potential on the deflection plates as the electron stream passes. 


As mentioned earlier, a CRT can be used to plot graphically and visually an electronic signal such as a sine 
wave. This is done by using a second set of deflection plates called vertical deflection plates. Figure 2-26 
shows the front view (facing the screen) of a CRT, looking back into the tube at the deflection plates. In normal 
usage, the horizontal plates sweep a straight line of electrons across the screen while the signal to be displayed is 
applied to the vertical deflection plates. A circuit of this type is shown in figure 2-27. This figure will be used 
to explain how a sine wave is displayed. 


VERTICAL 
DEFLECTION 


PLATES 


Figure 2-26. Arrangement of Deflection Plates in a CRT, Front View. 


View A of figure 2-27 shows a box on the left of the CRT labeled horizontal deflection circuits. This box is an 
electronic circuit that will duplicate the actions of R1 and R2 used earlier in making up a horizontal line. Note 
Tl. The output of this transformer is applied to the vertical deflection plates. The signals applied to the vertical 
plates are 180 degrees out of phase with each other. Thus, when one plate is attracting the electron beam, the 
other is repelling the electron beam. Because it is only necessary to know what happens inside the CRT, this 
circuitry will be eliminated and only the CRT and its deflection plates will be shown, as in view B. 


In view C the sine wave in the center of the screen is the signal that will be displayed as a result of the two 180- 
degree out-of-phase sine waves applied to the vertical deflection plates. The five spots on the center sine wave 
represent the five electrons used to explain horizontal deflection, only now these electrons will be deflected both 
vertically and horizontally. The time lines, T1 through T5, represent the time when each like-numbered electron 
reaches the area of the deflection plates. Note that from T1 to T5, the electron beam will be continuously moved 
from right to left. 


At time | (T1), the sine waves applied to both vertical deflection plates are at their null points, or zero volts. As 


a result, electron | is not vertically deflected and strikes the CRT screen at its vertical center. At time 2 (T2), 
the 
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Figure 2-27. Vertical Deflection in a CRT. 


sine wave applied to the top plate is at its maximum negative value. This repels electron 2 toward the bottom of 
the CRT. At the same time, the sine wave applied to the bottom plate is at the most positive value, which 
attracts electron 2 even further toward the bottom of the CRT. Note that the beam is also being moved to the 
left. As a result, electron 2 strikes the CRT face to the left and below electron 1. At time 3 (T3), both sine 
waves applied to the vertical deflection plates are again at the null point, or zero volts. Therefore, there is no 
vertical deflection, and electron 3 strikes the CRT face in the center of the vertical axis. Because the electron 
beam is still moving horizontally, electron 3 will appear to the left and above electron 2. At time 4 (T4), the 
sine wave applied to the top vertical deflection plate is at its maximum positive value. This attracts electron 4 
toward the top deflection plate. 
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The upward deflection of electron 4 is increased by the negative-going sine wave (at time 4) applied to the 
bottom deflection plate. This negative voltage repels electron 4 upward. Thus, electron 4 strikes the CRT face 
to the left and above electron 3. Finally, at time 5 (TS), input electron 5 is not deflected vertically, only 
horizontally. (The beam is horizontal and is continually moving from right to left.) While this discussion is only 
concerned with five electrons, vertical scanning, or deflection, involves millions of electrons in a continuous 
electron beam. Instead of seeing five spots on the CRT screen, you actually see a visual presentation of the sine 
wave input. 


There are two reasons for emphasizing the importance of CRTs. First, the field of electronics is in a constant 
state of evolution. Transistors are rapidly replacing vacuum tubes and are, at the same time, being replaced by 
integrated circuits (IC). Electronics equipment follows this evolution, from transistors to IC chips. Of all the 
tubes discussed in this subcourse, the CRT is the least likely to be replaced in the near future. The second 
reason is that while the CRT has a unique ability, it operates exactly like all the tubes previously discussed. 
Figure 2-28 shows both a schematic diagram and a pictorial representation of a CRT. Each element is identified 
by a circled number. Each number (element) will be discussed relative to its function in a CRT and its similarity 
to elements in conventional tubes. 
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Figure 2-28. Summary of CRT 


The heater (1) serves as the source of heat for the cathode in both the CRT and indirectly heated tubes. The 
cathode (2) serves as the source of thermionically emitted electrons in both the CRT and conventional tubes. 

The major difference is that in the CRT the cathode is circular in shape, and the outer surface is coated to ensure 
that electron emission is roughly unidirectional. 
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In both the CRT and conventional vacuum tubes, the control grid (3) controls the number of electrons that will 
be fired across the gap. The major difference is in the physical construction. Conventional tubes employ a 
wiremesh ladder type of grid, while the CRT employs a cap-like grid. 


In the CRT the focusing anode (4) serves a dual purpose: attracting electrons from the area of the control grid 
and focusing the electrons into a beam. Its function of attracting electrons from the area of the grid is similar to 
the action of the plate in a conventional tube. The focusing action of the anode is similar to that performed by 
the beam-forming tetrode. However, beam-forming plates are negatively charged and repel electrons into 
electron sheets, while the focusing anode is positively charged and attracts electrons into a beam. 


In the CRT the accelerating anode (5) is used to accelerate electrons toward the front of the tube. Its action is 
similar to the screen grid of tetrodes and pentodes. Note that while the screen in conventional tubes accelerates 
electrons toward the plate, its primary purpose is to reduce interelectrode capacitance, not accelerate electrons. 


In the CRT vertical deflection plates (6) move the electron beam up and down the screen. When used in test 
equipment, the input signal is usually applied to these plates. While no equivalent element is found in 
conventional tubes, the principle employed (electrostatic attraction and repulsion) forms the heart of all vacuum 
tube operation. 


In the CRT horizontal deflection plates (7) move the electron beam by electrostatic attraction and repulsion, 
horizontally across the CRT screen. In most equipment employing the CRT, including television sets, electronic 
signals are applied to these plates to trace or paint a horizontal line. 


In the CRT the aquadag coating (8) performs the same function as the suppressor grid in conventional tubes: it 
eliminates the effects of secondary emission. In conventional tubes, the suppressor grid is negatively charged 
and repels secondary emission electrons back to the plate. In the CRT the aquadag is positively charged and 
attracts secondary emission electrons away from the screen. 


The screen (9), also called the face, is a unique element of the CRT. When struck by electrons, the phosphor 
coating becomes luminous, or glows, thus enabling the tube to present electronic signals visually. 


From this comparison of the CRT and other types of electron tubes, one fact should be clear. Almost all tubes, 
no matter what their function, operate on two principles: electrostatic attraction and repulsion and thermionic 
emission. 


SAFETY 


There are certain safety precautions you should follow when you are working with or handling the special tubes 
covered in this subcourse. These tubes and their associated precautions are discussed below. 
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Electron Tubes 


The average electron tube is a rugged device capable of withstanding the shocks and knocks of everyday usage 
and handling. However, they are not indestructible. Most electron tubes contain a near vacuum enclosed by a 
glass envelope. Because of this, the glass is under constant stress from atmospheric pressure. Any undue stress, 
such as striking the envelope against a hard surface, may cause an envelope to shatter, resulting in an implosion. 
An implosion is just the opposite of an explosion. When the glass envelope of an electron tube shatters, the 
outside atmosphere rushes into the tube to fill the vacuum. As the air rushes into the tube, it carries glass 
fragments of the envelope with it. Once these fragments reach the center of the tube, they then move outward 
with considerable velocity. The result is similar to an explosion in that the immediate area surrounding the 
electron tube is filled with fast-moving glass fragments. Any nearby object, including the technician, becomes a 
target for these glass fragments. For this reason all electron tubes should be handled with care. 


Cathode Ray Tubes 


Due to the small size of most electron tubes, the possibility of hazard is usually very small. There are two 
exceptions to this: CRTs and radioactive tubes. The glass envelope of a CRT encloses a high degree of 
vacuum. Because of its large volume and surface area, the force exerted on a CRT by atmospheric pressure is 
considerable. The total force on a 10-inch CRT may exceed 4,000 pounds. Over 1,000 pounds is exerted on the 
CRT face alone. 


When a CRT is broken, through mishandling, a large implosion usually occurs. Almost two tons of force hurl 
glass fragments toward the center of the tube. At the same time, the electron gun is normally thrown forward 
inside the tube. The face, because of its size, tends to move very slowly toward the center of the tube. This 
presents one of the main hazards of a broken CRT. The electron gun passes through the center of the tube with 
considerable force. It continues until it strikes the CRT face. The impact from the electron gun normally breaks 
the CRT face into many small fragments, which are hurled outward. The face is coated with a chemical coating 
that is extremely toxic. If you experience an accidental implosion of a CRT and are nicked by one of these 
fragments, seek immediate medical aid. Improper handling of a CRT can be very dangerous. 


The CRT is, in essence, a tiny fragmentation bomb. The major difference between a CRT and a bomb is that a 
bomb is designed to explode, while a CRT is not. As long as a CRT is properly handled, it represents no danger 
to you. Only when it is mishandled, do you risk the danger of being pelted with an electron gun and toxic glass 
fragments. When handling a CRT, you should take the following precautions: 

e Avoid scratching or striking the surface of a CRT. 


e Do not use excessive force when removing or replacing a CRT in its deflection yoke or its socket. 
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e Do not try to remove an electromagnetic type of CRT from its anode connector (hole). 
e Never hold a CRT by its neck. 
e Always set a CRT with its face down on a thick piece of felt, rubber, or smooth cloth. 


e Always handle a CRT gently. Rough handling or a sharp blow on the service bench can displace the 
electrodes within the tube, causing faulty operation. 


e Wear safety glasses and protective gloves. 


Always render a CRT harmless before disposing of it. Place the CRT that is to be discarded face down in an 
empty carton and cover its side and back with protective material. Carefully break off the plastic locating pin 
from the base (see figure 2-29). This can be done by crushing the locating pin with a pair of pliers or vice grips. 
Brush the broken plastic from the pin off the CRT base. Once you have done this, look into the hole in the base 
where the locator pin was. You will see the glass extension of the CRT called the vacuum seal. Grasp the 
vacuum seal near the end with the pliers and crush it. The vacuum seal can be crushed without shattering the 
tube. Once the seal has been crushed, air will rush into the tube and eliminate the vacuum. 
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Figure 2-29. Cathode Ray Tube Base Structure. 
Conventional Tubes 


While conventional tubes present few safety problems beyond broken glass and the possibility of cutting 
yourself, there is one precaution you must know: electron tubes are hot. The filaments of some tubes may be 
operated at several thousand degrees. As a result, the envelopes can become very hot. When working on 
electron tube equipment, always de-energize the equipment and allow the tubes sufficient time to cool before 
removing them. If this is impossible, use special tube pullers that are stocked for this purpose. Never attempt to 
remove a hot tube from its socket with your bare fingers. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. 


74 


How is conduction stopped in a thyratron tube? 


a. 


c. 


d. 


By making the control grid negative. b. By removing the plate potential. 
By making the control positive. 


By increasing the cathode voltage. 


Which of the tubes shown below is a gas-filled thyratron? 


Figure 2-30. 


What are the beam forming plates in a beam power tube connected to? 


a 


b 


Cc 


d 


Cathode. 
Plate. 
Control grid. 


Screen grid. 


What is the difference in a power pentode and a conventional pentode? 


a 


b 


Cc 


d 


The grids in a power pentode are staggered. 
The grids in a power pentode are in line. 
The grids in a power pentode are in line except for the screen grid. 


The grids in a power pentode are in line except for the suppressor grid. 
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To which element(s) of a CRT is the signal that moves the electron beam up and down applied? 
a Vertical deflection plates. 

b Horizontal deflection plates. 

c Control grid. 

d Cathode. 


Which of the following statements is true concerning a cold-cathode tube? 


a It maintains a constant voltage drop despite current changes. 
b It maintains a constant resistance despite current changes. 
c It maintains a constant current despite voltage changes. 


d It maintains a constant current despite resistance changes. 
What is meant by the term multielectrode tube? 

a It has more than one tube enclosed in a single envelope. 
b It has more than three grids. 

Cc It has less than three grids. 

d It has three grids. 


What is the firing potential of a gas-filled tube? 


a Cathode potential at which ionization occurs 
b Cathode potential at which deionization occurs. 
c Plate potential at which ionization occurs. 


d Plate potential at which deionization occurs. 

What is another name for a variable mu tube? 

a Beam power tube. 

b Sharp cutoff tube. 

c Remote cutoff tube. 

d Power pentode tube. 

What element in a CRT is connected to the brightness control? 


a Cathode. 
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b Control grid. 
Cc Focusing anode. 


d Accelerating anode. 
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What type of UHF tube was developed to handle large amounts of power? 
a Planar tube. 
b Acorn tube. 
c Doorknob tube. 
d Beam power tube. 
What is the name of the tube shown below? 
a Multiunit tube. 
b Pentode tube. 
c Pentagrid tube. 
d Tetrode tube. 
IMAGE: Figure 2-31. 


What are the three main elements of a CRT? 


a Electron gun, screen, and aquadag coating. 
b Electron gun, deflection system, and aquadag coating. 
c Electron gun, deflection system, and screen. 


d Deflection system, screen, and aquadag coating. 


What is one advantage that a gas-filled tube has over a conventional electron tube? 


a It amplifies better. 
b It can carry more current. 
c It acts like a fixed resistor. 


d It doesn't need a cathode. 


Variable mu tubes were developed because some tubes are required to amplify which of the following? 


a Relatively large input signals with distortion. 
b Relatively small input signals with distortion. 
c Relatively large input signals without distortion. 


d Relatively small input signals without distortion. 


What is the only difference between a remote cutoff tube and a sharp cutoff tube? 
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Plate size. 
Control grid wire spacing. 
Screen grid wire spacing. 


Suppressor grid wire spacing. 
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What is the purpose of the horizontal deflection plates in a CRT using electrostatic deflection? 


a To cause the electron beam to sweep up on the screen. 
b To cause the electron beam to sweep down on the screen. 
Cc To cause the electron beam to sweep across the screen. 


d To cause the electron beam to sweep up and down the screen. 
What is meant by the term multiunit tube? 

a It has more than one tube enclosed in a single envelope. 
b It has more than three grids. 

c It has less than three grids. 

d It has three grids. 

What is the function of the grid in a thyratron tube? 

a To initiate tube conduction. 

b To control current flow. 

c To drive the tube to cutoff. 

d To control plate current. 


What is done to UHF tubes in order to reduce the effects of transit time? 


a Large electrodes are placed close together. 
b Small electrodes are placed far apart. 
c Large electrodes are placed far apart. 
d Small electrodes are placed close together. 


How does a cold-cathode gas-filled tube differ from other gas-filled tubes? 


a It uses a very low-filament voltage. 
b It uses a grid to stop conduction. 
c It does not have filaments. 


d It does not use a plate. 
What is the function of the aquadag coating in a CRT? 


a To slow down the electrons hitting the screen. 
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b To deflect the electron beam. 
c To eliminate secondary emission. 


d To rejuvenate the phosphors. 
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What is the function of the focusing anode ina CRT? 


a To attract electrons from the control grid only. 
b To focus electrons into a beam and attract electrons from the grid. 
c To focus electrons into a beam and accelerate them. 


d To attract electrons from the grid and accelerate them. 


What is the range of sharp cutoff tubes limited by? 


a Bias voltage only. 
b Bias voltage and distortion. 
c Tube characteristics only. 


d Bias voltage and tube characteristics. 


What type of tube would be most suitable for low distortion amplifiers that use large signal inputs? 


a Variable mu tubes. 
b Beam power tubes. 
c Conventional tubes. 


d Power pentode tubes. 
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Lesson 3 
POWER SUPPLIES 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to identify the sections of a power 
supply and state the purpose of each; describe the operation of a power supply from both a whole unit standpoint 
and from a subunit standpoint; describe the purpose of the types of rectifier and filter circuits; describe the 
operation of the voltage and current regulators; trace the flow of ac and dc in a power supply, beginning from 
the ac input to the dc output on a schematic diagram; identify faulty components through visual checks; identify 
problems within specific areas of a power supply by using a logical isolation method of troubleshooting; and 
describe safety precautions to be taken when working with electronic power supplies. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 
1, 2, 4, 5, 6, and 7. 


BASIC POWER SUPPLY 


Figure 3-1 shows the block diagram of the basic power supply. Most power supplies are made up of four basic 
sections: a transformer, a rectifier, a filter, and a regulator. The transformer serves two primary purposes: to 
step up or step down the input line voltage to the desired level and to couple this voltage to the rectifier section. 
The rectifier section is used to convert the ac signal to a pulsating dc voltage. However, the pulsating dc voltage 
is not desirable. For this reason, a filter section is used to convert the pulsating dc voltage to a filtered dc 
voltage. The regulator maintains the output of the power supply at a constant level in spite of large changes in 
load current or in input line voltage. Depending upon the design of the equipment, the output of the regulator 
will maintain a constant de voltage within certain limits. 


TRANSFORMER RECTIFIER REGULATOR 


Figure 3-1. Block Diagram of a Basic Power Supply. 
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In figure 3-2, the input signal of 120 volts ac is applied to the primary of the transformer, which has a turns ratio 
of 1:3. By multiplying the input voltage by the ratio of turns in the primary windings to turns in the secondary 
windings in a step-up transformer, the output can be calculated. Therefore, 120 volts ac x 3 = 360 volts ac at the 
output. Because the diode tube in the rectisection conducts only on the positive alternation of the input signal, 
the output will be only half of the input signal, or 180 volts of pulsating dc to the filter. The filter section 
contains a network of resistors, capacitors, or inductors that control the rise and fall time of the varying signal so 
that the signal remains at a more constant dc level. The output of the filter is at a 180-volt dc level with an ac 
ripple voltage riding on it. (Ripple voltage is a small ac voltage riding at some dc voltage level. Normally, 
ripple voltage is an unwanted ac voltage created by the filter section of a power supply.) This signal now goes 
to the regulator where it is maintained at approximately 180 volts dc to the load. 


120 VAC fant 


Figure 3-2. Block Diagram of a Power Supply. 


Transformers 


In addition to its two primary purposes, the transformer also couples the input ac signal to the power supply and 
isolates the electronic power supply from the external power source and either steps up or steps down the ac 
voltage to the desired level. Also, most input transformers have separate stepdown windings to supply filament 
voltages to both power supply tubes and the tubes in the external equipment (load). Such a transformer is shown 
in figure 3-3. Because the input transformer is located in the power supply and is the ultimate source of power 
for both the load and the power supply, it is called the power transformer. The transformer has the ability to 
deliver both 6.3- and 5-volt ac filament voltages to the electron tubes. The high-voltage winding is a 1:3 step-up 
winding and delivers 360 volts ac to the rectifier. This transformer also has what is called a center tap. This 
center tap provides the capability of developing two high-voltage outputs from one transformer. 


Rectifiers 
Since a diode vacuum tube will pass current in only one direction, it is ideally suited for converting alternating 


current to direct current. If an ac voltage is applied to a diode, the diode will conduct only during the positive 
alternating of voltage when the plate of the diode is made positive with respect to the cathode. 
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Figure 3-4 shows a diode connected across the 120-volt ac line. During the positive alternation of the source 
voltage, the sine wave applied to the tube makes the plate positive with respect to the cathode. At this time, the 
diode conducts and plate current flows from the negative supply lead, through the milliammeter, through the 
tube, to the positive supply lead. This is indicated by the shaded area of the output waveform. This current 
exists during the entire period of time that the plate is positive with respect to the cathode (for the first 180 
degrees of the input sine wave). 


Figure 3-3. Typical Power Transformer. Figure 3-4. Simple Diode Rectifier. 


During the negative alternation of plate voltage (dotted polarity signs), the plate is driven negative and the tube 
cannot conduct. When conditions are such that the tube cannot conduct, the tube is said to be in cutoff. This is 
indicated by the dotted waveform. The tube will be in cutoff and on current will flow for the entire negative 
alternation. 


For each 360-degree cycle of input voltage, the tube conducts for 180 degrees and is in cutoff for 180 degrees. 
The circuit current therefore has the appearance of a series of positive pulses, as shown by the shaded areas. 
Although the current is in the form of pulses, the current always flows through the circuit in the same direction. 
Current that flows in pulses in the same direction is called pulsating dc. The diode has thus rectified the input 
voltage. Although the principle of rectification applies to all rectifier circuits, some rectifiers are more efficient 
than others. The three rectifier circuits most commonly used in electronics today are the half-wave, full-wave, 
and bridge. 


Half-wave Rectifier Circuit. Figure 3-5 is a diagram of a complete half wave rectifier circuit. For the diode to 
be used as a rectifier, it must be connected in series with a load device (Ry_ for this circuit) through which the 


direct current flows. 
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Because electronic equipment requires various input voltages, it is necessary to have a rectified voltage that is 
greater (or smaller in some cases) than the source voltage. The rectifier plate circuit is supplied power from a 
step-up (or step-down) transformer. Note that the transformer has the two secondary windings. The lower 
winding supplies high voltage to the plate and cathode of the diode, and the upper winding supplies a low ac 
voltage to the filaments of the diode. Also, the cathode of the diode is connected to the secondary winding of 
the transformer through the load resistor (RL). Any current flowing through the tube also flows through the 
load resistor causing a voltage to be developed across it. The magnitude of the voltage developed across the 
load resistor is directly proportional to the amount of current flowing through it (Ohm's law: E = IR). 


Figure 3-5. Half-wave Rectifier Circuit. 


In figure 3-6 the diode (V1) and load resistor (Ry) are in series with the secondary winding of the transformer. 


During the positive alternation of the input, as the voltage in the secondary winding increases, the current 
through the diode (V1) and load resistor (Ry) increases. Since the diode tube and the load resistor form a series 


circuit, the same current flows through both the tube and the resistor. This current produces a voltage drop 
across the tube and the load resistor, which have polarities as shown. Since the plate resistance of the tube is 
only about 500 ohms and the load resistor is 10,000 ohms, approximately 95 percent of the applied voltage of 
the 425 volts is dropped across the load-resistor (425 x .95 = 404 V) and 5 percent (425 x .05 = 21 V) across the 
tube. 


During the negative half of the alternation of input voltage, the tube cannot conduct, and no current flows in the 
circuit. Since there is no current flow through Ry, the load voltage remains at zero volts throughout the 


negative alternation. During this time the entire negative alternation is felt across the tube. The reason for this 
is derived from Kirchhoff's law that states: 


Ey + Ep =E,g 
The sum of the load voltage and diode voltage equals the applied voltage. 
Since a half-wave rectifier conducts once for each full cycle of input voltage, the frequency of the pulses is the 
same as the frequency of the input sine wave. The output pulse frequency is called ripple frequency. If the 


rectifier circuit is supplied power from a 60-hertz ac line voltage, 60 pulses of load current will occur each 
second. Therefore, the ripple frequency of a halfwave rectifier is the same as the line frequency. 
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If a series of current pulses like those obtained from a half-wave rectifier is applied to a load resistor, an average 
amount of power will be dissipated over a given period of time. This average dc power is determined by the 
amplitude of the pulses and the time delay between pulses. The higher the peak amplitude of the pulses or the 
less the time between pulses, the greater the average dc power supplied to the load. To determine average dc 
voltage (Eayg): it is necessary to know the average value of the pulses and the peak value of load voltage. This 


is illustrated in figure 3-7. 
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Figure 3-6. Simplified Half-wave Rectifier Figure 3-7. Peak and Average Values for a 
Circuit and Waveforms Half- wave Rectifier 


Since current and voltage waveforms in a half-wave rectifier circuit are essentially half-sine waves, a conversion 
factor can be developed on this basis. The average value for a sine wave is 0.637 times its peak or maximum 
value. Therefore, to obtain the average value of a half-wave rectifier output, use half the value of 0.637 (.318) 
times the peak or maximum voltage as expressed in the following equation: 


Where: 


Emax = the peak value of the load voltage pulse 
Eavg = 0.318 x Emax (the average load voltage) 


In most applications the drop across the rectifier tube is small compared to the load voltage, and E,yax in the 


above equation can be assumed to be the same as the peak value of the input sine wave. Since the load current 
has the same wave shape as the load voltage, the equation can be modified so as to apply to the load current. 


Where: 


Imax = the peak load current 
layg = 0.318 x Imax (the average load current) 
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If a line is drawn through the rectified waveform at a point that is 0.318 of the distance from zero to maximum, 
the waveform will be divided so that area A is equal to area B. Therefore, current or voltage pulses with a value 
of 0.318 of the peak value have the same effect on the load as a steady voltage or current. 


The half-wave rectifier uses the transformer during only one-half of the cycle. Therefore, for any given size 
transformer, less power is developed than if the transformer were used on both halves of the cycle. In other 
words, to obtain large amounts of power, the half-wave transformer must be relatively large in comparison to 
what it would have to be if both halves of the cycle were used. This disadvantage limits the use of the half-wave 
rectifier to applications that require a very small current drain. The half-wave rectifier is widely used for 
commercial ac and dc radio receivers and other applications where inexpensive voltage supplies suffice. 


Full-wave Rectifier Circuit. Half-wave rectifiers place many limitations on electronic equipment. In the 
development of another type of rectifier circuit, one of the factors that had to be considered was how to use the 
full output from the transformer to obtain the highest average voltage and current. Thus the full-wave rectifier 
was developed. A full-wave rectifier is a device that has two or more diodes arranged so that the load current 
flows in the same direction during each half-cycle of the ac supply. 


A schematic diagram of a simple full-wave rectifier is shown in figure 3-8. The transformer supplies the source 
voltage for two rectifier tubes (V1 and V2). This power transformer has a center-tapped high-voltage secondary 
winding that is divided into two equal parts (W1 and W2). W1 provides the source voltage for V1 and the other 
winding (W2) provides the source voltage for V2. The connections to the diodes are arranged so that the diodes 
conduct on alternate half-cycles. 


During one alternation of the secondary voltage, the polarities will be as shown in figure 3-8. The source for 
diode V2 is the voltage induced into the lower half of the transformer secondary winding (W2). At the specific 
time shown in the figure, the plate voltage on V2 is negative, and V2 cannot conduct. 


Throughout the period of time during which the plate of V2 is negative, the plate of V1 is positive. This is 
illustrated by the polarity signs across W1, which indicate the source for V1. Since the plate of V1 is positive, it 
conducts, causing current to flow through the load resistor in the direction shown by the arrow. 


Figure 3-9 shows the next half-cycle of secondary voltage. The polarities across W1 and W2 are reversed. 
During this alternation the plate of V1 is driven negative, and V1 cannot conduct. For the period of time that V1 
is negative, the plate of V2 is positive, permitting V2 to conduct. Note that the plate current of V2 passes 
through the load resistor in the same direction as did the plate current of V1. In this circuit arrangement, a pulse 
of load current flows during each alternation of the input cycle. Since both alternations of the input voltage 
cycle are used, the circuit is called a full-wave rectifier. 
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Figure 3-8. Simple Full-wave Rectifier (First Figure 3-9. Simple Full-wave Rectifier (Second 
Alternation). Alternation). 


A practical full-wave rectifier circuit is shown in figure 3-10. It uses two diodes (V1 and V2) and a center- 
tapped transformer (T1). When the center tap is grounded, the voltages at the opposite ends of the secondary 
windings are 180 degrees out of phase with each other. Thus, when the voltage at point A is positive with 
respect to ground, the voltage at point B is negative with respect to ground. The operation of the circuit during 
one complete cycle follows. 


During the first half-cycle (indicated by solid arrows) the plate of V1 is positive with respect to ground, and the 
plate of V2 is negative. As shown, current flows from ground (center tap), up through the load resistor (Ry), 


and through diode V1 to point A. In the transformer, current flows from point A, through the upper winding, 
and back to ground (center tap). When V1 conducts, it acts like a closed switch so that the positive half-cycle is 
felt across the load. 
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Figure 3-10. Complete Full-wave Rectifier. 
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During the second half-cycle (broken lines) the polarity of the applied voltage has reversed. Now the plate of 
V2 is positive with respect to ground, and the plate of V1 is negative. Now only V2 can conduct. Current now 
flows, as shown, from ground (center tap), up through the load resistor (Ry_), and through diode V2 to point B of 


TI. In the transformer, current flows from point B, up through the lower windings, and back to ground (center 
tap). The current flows across the load resistor (Ry_) in the same direction for both halves of the input cycles. 


When the output waveform from the full-wave rectifier is examined, it consists of two pulses of current (or 
voltage) for each cycle of input voltage. The ripple frequency at the output of the full-wave rectifier is therefore 
twice the line frequency. 


The higher ripple frequency at the output of a full-wave rectifier has a distinct advantage: because of the higher 
pulse frequency, the output is closely approximate to pure dc. This higher frequency also makes filtering easier 
than the output of the half-wave rectifier. 


In terms of peak value, the average value of current and voltage at the output of the full-wave rectifier is twice 
as great as the average current or voltage at the output of the half-wave rectifier. The relationship between peak 
and average values is illustrated in figure 3-11. Since the output waveform is essentially a sine wave with both 
alternations at the same polarity, the average current or voltage is 63.7 percent (or .637) of the peak current or 
voltage. 


PEAK VALUE 


AREA A= AREA B 


Figure 3-11. Peak and Average Values for a Full-wave Rectifier. 
As an equation: 
Where: 


Emax = the peak value of the load voltage pulse 
Eayg = 0.637 x Emax (the average load voltage) 


And where: 


Imax = the peak value of the load current pulse Iavg = 0.637 x Imax (the average load current) 


Example: The total voltage across the high-voltage secondary of a transformer used to supply a full- 
wave rectifier is 600 volts. 
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Solution: Since the total secondary voltage is 600 volts, each diode is supplied one-half of this value, or 300 
volts. As the secondary voltage is an rms value, the peak load voltage is: 


Emax =1.414 x Eg 
Emax =1.414 x 300 
Emax = 424 volts 


The average load voltage is: 


Eavg =0.637 x Emax 
Egyg =0.637 x 424 
Eayg = 270 volts 


There are advantages and disadvantages in every circuit. The full-wave rectifier is no exception. By doubling 
the output frequency, the average voltage doubles and the resulting signal is easier to filter because of the high- 
ripple frequency. The only disadvantage is that the peak voltage in a full-wave rectifier is only half the peak 
voltage in a half-wave rectifier. This is because the secondary of the power transformer in a full-wave rectifier 
is centertapped; therefore, only half the source voltage goes to each diode. 


Bridge Rectifier Circuit. Fortunately, there is a rectifier that produces the same peak voltage as a half-wave 
rectifier and the same ripple frequency as a full-wave rectifier. This circuit is called the bridge rectifier (figure 
3-12). The input to the circuit is applied to the diagonally opposite corners of the network, and the output is 
taken from the remaining two corners. 


Figure 3-12. Bridge Rectifier Circuit. 
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During one half-cycle of the applied voltage, point A becomes positive with respect to point B by the amount of 
voltage induced into the secondary of the transformer. During this time, the voltage between points A and B 
may be considered to be impressed across V1, the load resistor RL, and V3, in series. The voltage applied 
across these tubes makes their plates more positive than their cathodes, and current flows from point B through 
V1 in an upward direction across the load resistor and through tube V3 to point A. This path is indicated by the 
solid arrows, and the waveform is shown as drawings 1 and 2. One half-cycle later the polarity across the 
secondary reverses, making the plates of V1 and V3 negative with respect to their cathodes. At the same time, 
the plates of V2 and V4 become positive with respect to their cathodes, and current flows in the direction 
indicated by the broken-line arrows. The current through RL is always in the same direction. This current, in 
flowing through RL, develops a voltage corresponding to that shown in waveform 5 of the figure. The bridge 
rectifier is a full-wave rectifier since current flows through the load during both half-cycles of the applied 
alternating voltage. 


One advantage of a bridge rectifier over a conventional full-wave rectifier is that with a given transformer the 
bridge rectifier produces a voltage output that is nearly twice that of the conventional full-wave circuit. This 
may be shown by assigning values to some of the components as shown in figure 3-13, views A and B. Assume 
that the same transformer is used in both circuits. The peak voltage developed between points X and Y is 1,000 
volts in both circuits. In the conventional full-wave circuit, view A, the peak voltage from the center tap to 
either X or Y is 500 volts. Since only one diode can conduct at any instant, the maximum voltage that can be 
rectified at any instant is 500 volts. Therefore, the maximum voltage that appears across the load resistor is 
nearly, but never exceeds, 500 volts (because of the small voltage drop across the tube). In the bridge rectifier 
of view B, the maximum voltage that can be rectified is the full secondary voltage, which is 1,000 volts. 
Therefore, the peak output voltage across the load resistor is nearly 1,000 volts. 


Figure 3-13. Comparison of Conventional Full-wave and Bridge Rectifiers. 
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Thus, with both circuits using the same transformer, the full-wave bridge circuit produces a higher output 
voltage than the conventional full-wave rectifier. 


A second advantage of the bridge rectifier is the low ratio of peak inverse voltage to average output voltage. For 
this reason bridge rectifiers that use vacuum tubes are widely used in high-voltage power supply applications. 


If directly heated diodes are used in a bridge rectifier, three separate filament transformers are required. This is 
due to the different potentials existing at the filaments of the diodes. The filaments of V2 and V3 in figure 3-14 
are at the same potential, but the filament of V1 is at a different potential from either V2 or V4. The three 
filament transformers must be well insulated from each other, and from ground, because of the high potentials to 
which they are subjected. The use of indirectly heated diodes would solve the filament transformer problem, but 
the high potential difference between cathode and heater would be likely to result in arcing. 


SINGLE- 
PHASE 
SUPPLY 


Figure 3-14. Bridge Rectifier With Filament Transformers. 
Filters 
While the output of a rectifier is a pulsating dc, most electronic circuits require a substantially pure dc for proper 


operation. This type of output may be provided by placing single or multisection filter circuits between the 
output of the rectifier and the load. 


89 


MMO0705, Lesson 3 


The four basic types of filter circuits are: sample capacitor filter, LC choke input filter, RC capacitor input filter 
(pi-type), and LC input filter (pi-type). Filtering is accomplished by using various combinations of capacitors, 
inductors, or resistors. Inductors are used as series impedances to oppose the change in flow of alternating 
(pulsating dc) current. Capacitors are used as shunt elements to bypass the alternating components of the signal 
around the load (to ground). Resistors are used in place of inductors in low-current applications. 


A capacitor opposes any change in voltage. The opposition to a change in voltage is called capacitive reactance 
(X,) and is measured in ohms. The capacitive reactance is determined by the frequency (f) of the applied 


voltage and capacitance (C) of the capacitor. 


Xex 1 a 159 
2mfC fC 


From the formula, you can see that if frequency or capacitance is increased, the X, will decrease. Since filter 
capacitors are placed in parallel with the load, a low X¢ will provide better filtering than a high X,. This is done 
by providing a better shunting effect of the ac around the load, as shown in figure 3-15. 
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Figure 3-15. Capacitor Filter. 
In order to obtain a steady dc input, the capacitor must charge almost instantaneously to the value of applied 
voltage. Once charged, the capacitor must retain the charge as long as possible. The capacitor must have a 
short charge time constant (view A) and a long discharge time constant (view B). This can be accomplished by 
keeping the internal resistance of the power supply as small as possible (fast charge time) and the resistance of 
the load as large as possible (slow discharge time). 


One capacitor time constant is defined as the time it takes a capacitor to charge to 63.2 percent of the applied 
voltage or to discharge to 36.8 percent of its total charge. This can be expressed by the following equation: 


t=RC 
Where: R represents the resistance of the charge or discharge path 


and: C represents the capacitance of the capacitor 
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A capacitor is considered fully charged after five RC time constants. To obtain a steady dc output voltage, the 
capacitor should charge rapidly and discharge as slowly as possible (see figure 3-16). 
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Figure 3-16. RC Time Constant Chart. 


In filter circuits the capacitor is the common element to both the charge and discharge paths. Therefore, in order 
to obtain the longest possible discharge time, the capacitor has to be as long as possible. The capacitor acts as a 
short circuit around the load (as far as the ac component is concerned), and since 


Att 
2atC 


Cc 


the larger the value of the capacitor (C), the smaller the opposition (X,) or resistance to ac. 


An inductor opposes any change in current. A change in current through an inductor produces a changing 
electromagnetic field. The changing field, in turn, cuts the windings of the wire in the inductor and thereby 
produces a counterelectromotive force (cemf). It is the cemf that opposes the change in circuit current. 
Opposition to the change in current at a given frequency is called inductive reactance (X]_) and is measured in 


ohms. The inductive reactance (X]_) of an inductor is determined by the applied frequency and the inductance 
of the inductor. Mathematically the formula is: Xj, = 27 fL. 
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This formula shows that if frequency or inductance is increased, the XL will increase. Since inductors are 
placed in series with the load (figure 3-17), the larger the XL, the larger the ac voltage developed across the 
inductor and the smaller the ac voltage developed across the load. 
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Figure 3-17. Voltage Drop in an Inductive Filter. 


As illustrated in figure 3-18, when the current starts to flow through the coil, an expanding magnetic field builds 
up around the inductor. This magnetic field around the coil develops the cemf that opposes the change in 
current. When the rectifier current decreases as shown in figure 3-19, the magnetic field collapses and again cuts 
the turns (windings) or wire, thus inducing current into the coil. This additional current adds to the rectifier 
current and attempts to keep it at its original level. 
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Figure 3-18. Inductive Filter (Expanding Field). 
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Figure 3-19. Inductive Filter (Collapsing Field). 


Capacitor Filter. The capacitor filter is the most basic type of power supply filter. The application of this filter 
is very limited. It is sometimes used on extremely high-voltage, low-current power supplies for cathode ray and 
similar electron tubes that require very little load current from the supply. This filter is also used in application 
where the power supply ripple frequency is not critical and can be relatively high. The filter shown in figure 3- 
20 consists of a single-filter element. This capacitor (C1) is connected across the output of the rectifier in 
parallel with the load. The RC charge time of the filter capacitor (C1) must be short and the RC discharge time 
must be long to eliminate ripple action when using this filter. In other words, the capacitor must charge up fast 
with preferably no discharge at all. Better filtering also results when the frequency is high; therefore, the full- 
wave rectifier output is easier to filter than the half-wave rectifier because of its higher frequency. 


Figure 3-20. Full-wave Rlectifier With a Capacitor Filter. 


For a better understanding of the effects that filtering has on Eavg, a comparison can be drawn between the 
rectifier circuits without filters in figure 3-21 to those with filters in figure 3-22. The output waveforms in 
figure 3-21 represent the unfiltered outputs of the half-wave and full-wave rectifier circuits. Current pulses flow 
through the load resistance (Ry_) each time a diode 
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Figure 3-21. Half-wave and Full-wave Rectifiers (Without Filters). 


conducts. The broken line indicates the average value of output voltage. For the half-wave rectifier, Eavg is 
less than half the peak output voltage (or approximately 0.637). This value is still less than the applied voltage. 
With no capacitor connected across the output of the rectifier circuit, the waveform has a large pulsating 
component (ripple) compared with the average or dc component. Refer to figure 3-22. When a capacitor is 
connected across the output (in parallel with Ry), the average value of output voltage (Eavg) is increased due to 


the filtering action of capacitor C1. 


The value of the capacitor is fairly large (several microfarads); it thus presents a relatively low reactance to the 
pulsating current and stores a substantial charge. The rate of charge for the capacitor is limited only by the 
resistance of the conducting diode, which is relatively low. The RC charge time of the circuit is, therefore, 
relatively short. As a result, when the pulsating voltage is first applied to the circuit, the capacitor charges 
rapidly and almost reaches the peak value of the rectifier voltage within the first few cycles. The capacitor 
attempts to charge to the peak value of the rectifier voltage anytime a diode is conducting, and tends to retain its 
charge when the rectifier output falls to zero. (The capacitor cannot discharge immediately.) The capacitor 
slowly discharges through the load resistance (Ry) during the time the rectifier is nonconducting. 


The rate of discharge of the capacitor is determined by the value of capacitance and the value of the load 
resistance. If the capacitance and load resistance values are large, the RC discharge time for the circuit is 
relatively long. The addition of C1 to the circuit results in an increase in the average value of an output voltage 
(Eayg) and a reduction in the amplitude of the ripple component (E,) present across the load resistance (see 


figure 3-22). 
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Eavg (318) 


A. Half-wave rectifier 


v1 
Tt 


B. Full-wave rectifier 


Figure 3-22. Half-wave and full-wave Rectifers (With Capacitor Filters). 


The following is a complete cycle of operation using a half-wave rectifier, a capacitive filter (C1), and a load 
resistor (RL). As shown in figure 3-23, C1 is assumed to be large enough to ensure a small reactance to the 
pulsating rectified current. The resistance of RL is assumed to be greater than the reactance of C1 at the input 
frequency. When the circuit is energized, the diode conducts on the positive half-cycle and current flows 
through the circuit allowing C1 to charge. C1 will charge to approximately the peak value of the input voltage. 
The charge is less than the peak value because of the voltage drop across diode V1. The charge on Cl is 
indicated by the heavy, solid line on the waveform. As illustrated in figure 3-24, the diode (V1) cannot conduct 
on the negative half-cycle. The reason for this is that the plate of V1 is negative in respect to the cathode. 
During this interval, C1 discharges through load resistance Ry. The discharge of C1 produces the downward 


slope indicated by the solid line on the waveform in the figure. 


During the discharge period, in contrast to the abrupt fall of the applied ac voltage from peak value to zero, the 
voltage across C1 (and across Ry_) gradually decreases until the time of the next half-cycle of rectifier operation. 


For good filtering, the filter capacitor should charge as fast as possible and discharge as little as possible. 


Since practical values of Cl and Ry ensure a more or less gradual decrease of the discharge voltage, a 


substantial charge remains on the capacitor at the time of the nest half-cycle of operation. As a result, no current 
can flow through the diode until the rising ac input voltage at the plate of the diode exceeds the voltage of the 
charge remaining on Cl. The charge on Cl is the cathode potential of the diode. When the potential on the 
plate exceeds the 
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potential on the cathode (the charge on C1), the diode again conducts, and Cl commences to charge to 
approximately the peak value of the applied voltage. 


After the capacitor has charged to its peak value, it begins to discharge. Since the fall of the ac input voltage on 
the plate is considerably more rapid than the decrease on the capacitor voltage, the cathode quickly becomes 
more positive than the plate, and the diode ceases to conduct. 


Operation of the simple capacitor filter using a full-wave rectifier is basically the same as discussed for the half- 
wave rectifier. Refer to figure 3-25. Because one of the diodes is always conducting on either alternation, the 
filter capacitor charges and discharges during each half-cycle. (Note that each diode conducts only for that 
portion of time when the peak secondary voltage is greater than the charge across the capacitor.) 


CAPACITOR 
CHARGE 


\ 
Te 


CAPACITOR 
DISCHARGE 
TIME 


AMOUNT OF 
CAPACITOR 
DISCHARGE 


RIPPLE (Er) 
AMPLITUDE 


Figure 3-25. Full-wave Rectifier (With Capacitor Filter). 
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A major advantage of full-wave and bridge rectifiers over half-wave rectifiers is the ease of filtering their output 
voltages. The reason for this is that the ripple frequency is doubled: therefore, the time period the capacitor is 
allowed to discharge is cut in half. This means that the capacitor discharges less. Thus, ripple amplitude is less, 
and a smoother output voltage occurs. 


The ripple component (E,) of the output voltage is an ac voltage, and the average output voltage (Eavg) is the dc 


component of the output. Since the filter capacitor offers a relatively low impedance to ac, the majority of the 
ac component flows through the filter capacitor. The ac component is therefore bypassed (shunted) around the 
load resistance and the entire dc component (or Eayg) flows through the load resistance. To clarify this 


statement, refer to the formula for X, in a half-wave and full-wave rectifier. First, you must establish some 
values for the circuit (see the following chart). 


Half-wave Rectifier Full-wave Rectifier 


Frequency at rectificer output: 60 Hz Frequency at rectifier output: 120 Hz 
Value of filter capacitor: 30 pF Value of filter capacitor: 30 pF 


Load resistance (Ry): 10k 2 Load resistance (Ry,): 10k Q 


Xe = io 


xX. = 159 
c " [26 x .000030 


Xe = 2036 


Xe = 44.16 2 


The calculations show that by doubling the output frequency of the rectifier, the impedance of the capacitor is 
reduced by one-half. Therefore, by using the simple capacitor filter in conjunction with a full-wave or bridge 
rectifier, improved filtering is provided because the increased ripple frequency decreases the capacitive 
reactance of the filter capacitor. This allows the ac component to be passed through the capacitor more easily. 
Therefore, a full-wave rectifier output is easier to filter than that of a half-wave rectifier. 


It should be obvious that the smaller the X, of the filter capacitor in respect to the load resistance, the better the 


filtering action. By using the largest possible capacitor, the best filtering is achieved. The load resistance is also 
an important consideration. If load resistance is made small, the load current increases, and the average value of 
output voltage (Eayg) decreases. The RC discharge time constant is a direct function of the value of the load 
resistance; therefore, the rate of capacitor voltage discharge is a direct function of the current through the load. 
The greater the load current, the more rapid the discharge of the capacitor, and the lower the average value of 
output voltage. For this reason, the simple capacitor filter is seldom used with rectifier circuits that must supply 
a relatively large load current. 
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In general, with the supply voltage removed from the input to the filter circuit, one terminal of the filter 
capacitor can be disconnected from the circuit. Note that an undischarged capacitor retains its polarity and holds 
its charge for long periods of time. To be safe, use a proper safety shorting probe to discharge the capacitor to 
be tested with the power off before connecting test equipment or disconnecting the capacitor. 


The capacitor can be checked by using a capacitance analyzer to determine its effective capacitance and leakage 
resistance. During these checks it is very important that correct polarity be observed if the capacitor is an 
electrolytic. A decrease in capacitance or losses within the capacitor can cause the output to be below normal 
and can cause excessive ripple amplitude. 


If a suitable capacitance analyzer is not available, an indication of leakage resistance can be obtained by using 
an ohmmeter. Resistance measurements can be made across the terminals of the capacitor to determine whether 
it is shorted, leaky, or open. When testing electrolytic capacitors, set the ohmmeter to the high range and 
connect the test probes across the capacitor. Be careful to observe polarity. This is important because current 
flows through an electrolytic capacitor with less opposition in one direction than in the other. If the current 
polarity is not observed, an incorrect reading will result and damage can occur. When the test probes are first 
connected, a large deflection of the meter should take place, and then the pointer should return slowly toward 
the infinite-ohms position as the capacitor charges. For a good capacitor with a rated working voltage of 450 
volts dc, the final reading on the ohmmeter should be over 500,000 ohms. (A rough rule of thumb for high 
voltage capacitors is at least 1,000 ohms per volt.) Low-voltage electrolytic capacitors (below 100 volts rating) 
should indicate approximately 100,000 ohms. 


If no deflection is obtained on the ohmmeter when you are making the resistance check explained above, an 
open-circuit capacitor is indicated. A steady full-scale deflection of the pointer at zero ohms indicates that the 
capacitor being tested is shorted. An indication of a leaky capacitor is a steady reading on the scale somewhere 
between zero and the minimum acceptable value. (Be certain this reading is not caused by an in-circuit shunting 
part.) To be valid, these capacitor checks should be made with the capacitor completely disconnected from the 
circuit in which it operates. 


In high-voltage filter capacitor applications, paper and oil-filled capacitors are used in addition to mica and 
ceramic capacitors (for low-capacitance values). In this case, polarity is of no importance unless the capacitor 
terminals are marked plus or minus. It is, however, good maintenance practice to use the output polarity of the 
circuit as a guide, connecting positive to positive, and negative to negative. Thus, any adverse effects of polarity 
on circuit tests are minimized and the possibility of damage to components or to test equipment is eliminated. 
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LC Choke Input Filter. The LC choke input filter is used primarily in power supplies where good voltage 
regulation is important and where the output current is relatively high and subject to varying load conditions. 
This filter is used in high-power applications such as those found in radar and communication transmitter power 
supplies. 


This filter consists of an input inductor of filter choke (L1) and an output filter capacitor (C1) (see figure 3-26). 
Inductor L1 is placed at the input to the filter and is in series with the output of the rectifier circuit. Since the 
action of an inductor is to oppose any change in current flow, the inductor tends to keep a constant current 
flowing to the load throughout the complete cycle of the applied voltage. As a result, the output voltage never 
reaches the peak value of the applied voltage; instead, the output voltage approximates the average value of the 
rectified input to the filter, as shown in figure 3-27. 


Figure 3-26. Full-wave Rectifier With LC Choke Input Filter. 
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Figure 3-27. Waveforms for an LC Choke Input Filter. 
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The reactance of the inductor (X]_) reduces the amplitude of ripple voltage without reducing the dc output 
voltage by an appreciable amount. (The dc resistance of the inductor is just a few ohms.) 


The shunt capacitor (C1) charges and discharges at the ripple frequency rate, but the amplitude of the ripple 
voltage (E,) is relatively small because the inductor (L1) tends to keep a constant current flowing from the 


rectifier circuit to the load. In addition, the reactance of the shunt capacitor (X,) presents a low impedance to 


the ripple component existing at the output of the filter, and thus shunts the ripple component around the load. 
The capacitor attempts to hold the output voltage relatively constant at the average value of the voltage. 


The value of the filter capacitor (C1) must be relatively large in order to present a low opposition (X,) to the 
pulsating current and to store a substantial charge. The rate of the charge of the capacitor is limited by the low 
impedance of the ac source (transformer), the small resistance of the diode, and the counter emf developed by 
the coil. Therefore, the RC charge time constant (figure 3-28) is short compared to its discharge time. 


L1 (109) 


Ryu (10K 9) 


Figure 3-28. LC Choke Input Filter (Circuit Resistances). 


As a result, when the pulsating voltage is first applied to the LC choke input filter, the inductor or filter choke 
(L1) produces a counter emf that opposes the constantly increasing input voltage. The net result is to prevent 
effectively the rapid charging of the filter capacitor (C1). 


Thus, instead of reaching the peak value of the input voltage, C1 only charges to the average value of the input 
voltage. After the input voltage reaches its peak and decreases sufficiently, the capacitor (C1) attempts to 
discharge through the load resistance (Ry). Cl attempts to discharge as indicated in figure 3-29. Because of its 


relatively long discharge time constant, C1 can only partially discharge. 
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The larger the value of the filter capacitor, the better the filtering action. However, due to the physical size there 
is a practical limitation to the maximum value of the capacitor. 


CAPACITOR 
DISCHARGE TIME 


Figure 3-29. LC Choke Input Filter (Discharge Path). 


The inductor or filter choke (L1) serves to maintain the current flow to the filter output (capacitor C1 and load 
resistance RL) at a nearly constant level during the charge and discharge periods of the filter capacitor. 


The series inductor (L1) and the capacitor (C1) form a voltage divider for the ac component (ripple) of the 
applied input voltage. This is shown in figure 3-30. As far as the ripple component is concerned, the inductor 
offers a high impedance (Z), and the capacitor offers a low impedance. As a result, the ripple component (E,) 
appearing across the load resistance is greatly attenuated (reduced). Since the inductance of the filter choke 
opposes changes in the value of the current flowing through it, the average value of the voltage produced across 
the capacitor contains a smaller value of ripple component (E,) as compared with the value of ripple produced 


across the coil. 


L1 HIGH 
IMPEDANCE 


LOW 
IMPEDANCE 
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Figure 3-30. LC Choke Input Filter (as Voltage Divider). 
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Figure 3-31 illustrates a complete cycle of operation where a full-wave rectifier circuit is used to supply the 
input voltage to the filter. The rectifier voltage is developed across capacitor Cl. The ripple voltage in the 
output of the filter is the alternating component of the input voltage reduced in amplitude by the filter section. 


Figure 3-31. Filtering Action of an LC Choke Input Filter. 


Each time the plate of a diode goes positive with respect to the cathode, the diode conducts and C1 charges. 
Conduction occurs twice during each cycle for a full-wave rectifier. For a 60-hertz supply, this produces a 
ripple frequency of 120 hertz. Although the diodes alternate (one conducts while the other is nonconducting), 
the filter input voltage is not steady. As the plate voltage of the conducting diode increases (on the positive half 
of the cycle), capacitor C1 charges, the charge being limited by the impedance of the secondary's transformer 
winding, the diode's forward (cathode-to-plate) resistance, and the counter emf developed by the choke. During 
the nonconducting interval (when the plate voltage drops below the capacitor charge voltage), C1 discharges 
through the load resistance Ry. The components in the discharge path have a long time constant; thus Cl 


discharges slower than it charges. 


The choke (L1) is usually of a large value, on the order of 1 to 20 henries, and offers a large inductive reactance 
to the 120-hertz ripple component produced by the rectifier. Therefore, the effect that L1 has on the charging of 
the capacitor (C1) must be considered. Since L1 is connected in series with the parallel branch consisting of Cl 
and RL, a division of the ripple ac voltage and output dc voltage occurs. The greater the impedance of the 
choke, the less the ripple voltage that appears across C1 and the output. The dc output voltage is fixed mainly 
by the dc resistance of the choke. 


The following is an example of the LC choke input filter using actual component values. For simplicity, the 


input frequency at the primary of the transformer will be 117 volts, 60 hertz. Both half-wave and full-wave 
rectifier circuits will be used to provide the input to the filter. 
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Starting with the half-wave configuration as shown in figure 3-32, the basic parameters are: with 117 volts ac 
rms applied to the T1 primary, 165 volts ac peak-to-peak is available at the secondary (117 V x 1.414 = 165 V). 
The ripple frequency of this half-wave rectifier is 60 hertz. Therefore, the capacitive reactance of C1 is: 


isl 
2nfC 
a 1 
~~ (2) (3.14) (60) (10) (10°) 
_ (1) 10°) 
3768 
Xe= 265 


V7 VAC 
60 Hz 


Figure 3-32. Half-wave Rectifier With an LC Choke Input Filter. 


This means that the capacitor (C1) offers 265 ohms of opposition to the ripple current. Note, however, that the 
capacitor offers an infinite impedance to direct current. The inductive reactance of L1 is: 


XL =2 fL 
XL = (2)(3.14)(60)(10) 
XL = 3.8 kilohms 


This shows that L1 offers a relatively high opposition (3.8 kilohms) to the ripple in comparison to the opposition 
offered by C1 (265 ohms). Thus, more ripple voltage will be dropped across L1 than across C1. In addition, the 
impedance of Cl (266 ohms) is relatively low in respect to the resistance of the load (10 kilohms). Therefore, 
more ripple current flows through C1 than the load. In other words, C1 shunts most of the ac component around 
the load. 


Refer to figure 3-33. The 165 volts peak-to-peak 60 hertz provided by the rectifier consist of both an ac and a 
dc component. The first discussion will be about the ac component. Figure 3-33 shows that the capacitor (C1) 
offers the least opposition (265 ohms) to the ac component; therefore, the greatest amount of ac will flow 
through Cl. (The heavy line indicates current flow through the capacitor.) Thus the capacitor bypasses, or 
shunts, most of the ac around the load. 
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By combining the X, of C1 and the resistance of Ry into an equivalent circuit, you have a total resistance of 258 


ohms. 


_ (RI) (R2) 
R1 + R2 


RT 


C1 
Xc = 265 O 


Figure 3-33. Alternating Current Component in an LC Choke Input Filter. 


You now have a voltage divider as illustrated in figure 3-34. Because of the impedance ratios, a large amount of 
ripple voltage is dropped across L1, and 


3 RIPPLE 
XL=38kKQ [Voi taGE 
_ SMALL- 
RL=10k0 | Ripple 
VOLTAGE baa oe 
(Xc AND RL 
IN PARALLEL) 


Actual Circuit 


Figure 3-34. Actual and Equivalent Circuits. 


a substantially smaller amount is dropped across Cl and RL. You can further increase the ripple voltage across 
LI by increasing the inductance: 
xX, = 2nfL 


A capacitor offers an infinite (co) impedance to the flow of direct current. The dc component, therefore, must 
flow through Ry and LI. As far as the dc is concerned, the capacitor does not exist. The coil and the load are, 
therefore, in series with each other. The dc resistance of the filter choke is very low (50 ohms average). 
Therefore, most of the dc component is developed across the load, and a very small amount of the dc voltage is 
dropped across the coil, as shown in figure 3-35. 
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L1 (60 NOMINAL) 


RL=10k0 


Dc COMPONENT 


Figure 3-35. Direct Current Component in an LC Choke Input Filter. 


Both the ac and the dc components flow through L1, and because the coil is frequency sensitive, it provides a 
large resistance to ac and a small resistance to dc. In other words, the coil opposes any changes in current. This 
property makes the coil a highly desirable filter component. Note that the filtering action of the LC capacitor 
input filter is improved when the filter is used in conjunction with a full-wave rectifier as shown in figure 3-36. 
This is due to a decrease in the X¢ of the filter capacitor and an increase in the Xz, of the choke. Ripple 


frequency of a full-wave rectifier is twice that of a half-wave rectifier. For a 60-hertz input, the ripple is 120 
hertz. To calculate the X, of Cl and the Xy_ of LI: 
C1 and the Xj, of L1: 
i 
Ke * gear XL, = 2xfL, 
Re = cupces hey AL, = (2)(3.14)(120)(10) 
(2)(3.14)(120)(10)(10*) _— 


(1) (10*) XL, = 7.5 kilohms 
Tba6 


Xe = 192.5 2 


Ke = 


Figure 3-36. Full-wave Rectifier With an LC Choke Input Filter. 
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When the X, of a filter capacitor is decreased, it provides less opposition to the flow of ac. The greater the ac 
flow through the capacitor, the lower the flow through the load. Conversely, the larger the X7_ of the choke, the 


greater the amount of ac ripple developed across the choke; consequently, less ripple is developed across the 
load. Better filtering is thus obtained. 


The filter capacitors are subject to open circuits, short circuits, and excessive leakage; the series inductor is 
subject to open windings and, occasionally, shorted turns or a short circuit to the core. 


The filter capacitor in the choke input filter circuit is not subject to extreme voltage surges because of the 
protection offered by the inductor; however, the capacitor can become open, leaky, or shorted. Shorted turns in 
the choke may reduce the value of inductance below the critical value. This will result in excessive peak- 
rectifier current, accompanied by an abnormally high-output voltage, excessive ripple amplitude, and poor- 
voltage regulation. A choke winding that is open or a choke winding that is shorted to the core will result in a 
no-output condition. A choke winding that is shorted to the core may cause overheating of the rectifier 
element(s), blown fuses, etc. 


With the supply voltage removed from the input to the filter circuit, one terminal of the capacitor can be 
disconnected from the circuit. The capacitor should be checked with a capacitance analyzer to determine its 
capacitance and leakage resistance. When the capacitor is electrolytic, you must use the correct polarity at all 
times. A decrease in capacitance or losses within the capacitor can decrease the efficiency of the filter and 
produce excessive ripple amplitude. If a suitable capacitance analyzer is not available, you can use an 
ohmmeter to check for leakage resistance. The test procedure is the same as that described for the input 
capacitor filter. 


So far, this section has discussed in detail the operation and troubleshooting of the basic inductive and capacitive 
filter circuits. In the two remaining types of filters, only the differences between them and the other basic filters 
will be discussed. 


Resistor-Capacitor (RC) Filters. The RC capacitor input filter is limited to applications in which the load 
current is small. This type of filter is used in power supplies where the load current is constant and voltage 
regulation is not necessary. For example, RC filters are used in high-voltage power supplies for cathode ray 
tubes and as part of decoupling networks for multistage amplifiers. 


Figure 3-37 shows an RC capacitor input filter and associated waveforms. Both half-wave and full-wave 
rectifiers are used to provide the inputs. The RC filter in figure 3-37 consists of an input filter capacitor (C1), a 
series resistor (R1), and an output filter capacitor (C2). Although not part of the RC filter, Ry is shown to help 
explain the circuit. This filter is sometimes referred to as an RC pi-section filter because its schematic symbol 
resembles the Greek letter 7. 


Although the single capacitor filter is suitable for many noncritical, lowcurrent applications, when the load 
resistance is very low or when the percent of ripple must be held to an absolute minimum, the capacitor value 
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required must be extremely large. While electrolytic capacitors are available in sizes up to 10,000 F or greater, 
the larger sizes are expensive. A more practical approach is to use a more sophisticated filter that can do the 
same job but that has lower capacitor values, such as the RC filter. 


The waveforms shown in view A of figure 3-37 represent the unfiltered output from a typical rectifier circuit. 
Note that the broken line, which indicates the average value of output voltage (Eavg) for the half-wave rectifier, 


is less than half the amplitude of the voltage peaks (approximately0.318). The average value of output voltage 
(Eavg) for the full-wave rectifier is greater than half (approximately 0.637), but is still much less than the peak 
amplitude of the rectifier-output waveform. With no filter circuit connected across the output of the rectifier 
circuit (unfiltered), the waveform has a large value of pulsating component (ripple) as compared to the average 
(or dc) component. 


An RC filter, such as a pi-section filter, does a better job than a single capacitor filter. Figure 3-37 illustrates an 
RC filter connected across the output of a rectifier. C1 performs exactly the same function as it did in the single 
capacitor filter. It is used to reduce the percentage of ripple to a relatively low value. Thus, the voltage across 
C1 might consist of an average dc value of +100 volts with a ripple voltage of 10 volts, as shown in view B. 
This voltage is passed on to the R1-C2 network, which reduces the ripple even further (view C). 


INPUT 
FROM 
RECTIFIER 


Half-wave Rectifier 


Full-wave Rectifier 


A. Unfiltered output B. Voltage across C. Voltage across 


voltage from rectifier capacitor C1 capacitor C2 


Figure 3-37. RC Filter and Waveforms. 
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C2 offers an infinite impedance (resistance) to the dc component of the output voltage. Thus, the dc voltage is 
passed to the load but reduces in value by the amount of the voltage drop across Rl. However, R1 is generally 
small compared to the load resistance. Therefore, the drop in the dc voltage by R1 is not a drawback. 


Component values are designed so that the resistance of R1 is greater than the reactance of C2 at the ripple 
frequency. C2 offers a very low impedance to the ac ripple frequency. Thus, the ac ripple senses a voltage 
divider consisting of R1 and C2 between the output of the rectifier and ground. Therefore, most of the ripple 
voltage is dropped across R1. Only a trace of the ripple voltage can be seen across C2 and the load. 


In extreme cases where the ripple must be held to an absolute minimum, a second stage of RC filtering can be 
added. In practice, the second stage is rarely required. The RC filter is extremely popular because smaller 
capacitors can be used with good results. 


The RC filter has some disadvantages. First, the voltage drop across R1 takes voltage away from the load. 
Second, power is wasted in R1 and is dissipated in the form of unwanted heat. Finally, if the load resistance 
changes, the voltage across the load changes. Even so, the advantages of the RC filter overshadow these 
disadvantages in many cases. 


The shunt capacitors (C1 and C2) are subject to an open circuit, a short circuit, or excessive leakage. The series 
filter resistor (R1) is subject to changes in value and occasionally opens. Any of these troubles can be easily 
detected. 


The input capacitor (C1) has the greatest pulsating voltage applied to it and is the most susceptible to voltage 
surges. As a result, the input capacitor is frequently subject to voltage breakdown and shorting. The remaining 
shunt capacitor (C2) in the filter circuit is not subject to voltage surges because of the protection offered by the 
series filter resistor (R1). However, a shunt capacitor can become shorted, open, or leaky. 


A shorted capacitor or an open filter resistor results in a no-output indication. An open filter resistor results in 
an abnormally high dc voltage at the input of the filter. Leaky capacitors or filter resistors that have lost their 
effectiveness or filter resistors that have decreased in value result in an excessive ripple amplitude in the output 
of the supply. 


LC Input Filter. The LC input filter is one of the most commonly used filters. This type of filter is used 
primarily in radio receivers, small audio amplifier power supplies, and in any type of power supply where the 
output current is low and the load current is relatively constant. Figure 3-38 shows an LC input filter and 
associated waveforms. Both half-wave and full-wave rectifier circuits are used to provide the inputs. 


The waveforms shown in view A of figure 3-38 represent the unfiltered output from a typical rectifier circuit. 
Note again that the average value of output voltage (Eavg) for the half-wave rectifier is less than half the 


amplitude of the voltage peaks. This is indicated by the broken line. The average value of output voltage 
(Eayg) for the full-wave rectifier is greater than half, but is 
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Figure 3-38. LC Capacitor Input Filter and Waveforms. 


still much less than the peak amplitude of the rectifier-output waveform. With no filter circuit connected across 
the output of the rectifier circuit (unfiltered), the waveform has a large value of pulsating component (ripple) as 
compared to the average (or dc) component. 


A common type of LC filter is shown in figure 3-38. C1 performs the same functions as discussed earlier by 
reducing the ripple to a relatively low level as shown in view B. L1 and C2 form the LC filter that reduces the 
ripple even further (view C). 


L1 is a large value iron-core inductor (choke). It has a high value of inductance and, therefore, a high value of 
Xy_ that offers a high reactance to the ripple frequency. At the same time, C2 offers a very low reactance to the 


ac ripple. L1 and C2 form an ac voltage divider and because the reactance of L1 is much higher than that of C2, 
most of the ripple voltage is dropped across L1. Only a slight trace of the ripple appears across C2 and the load. 
While the L2-C2 network greatly reduces the ac ripple, it has little effect on the dc. An inductor offers no 
reactance to dc. The only opposition to current flow is the resistance of the wire in the choke. Generally, this 
resistance is very low and the dc voltage drop across the coil is minimal. Thus, the LC filter overcomes the 
disadvantages of the RC filter. 


Aside from the voltage divider effect, the inductor improves filtering in another way. An inductor resists 
changes in the magnitude of the current flowing through it. Consequently, when the inductor is placed in series 
with the load, the inductor tends to hold the current steady. In turn, this helps to hold the voltage across the load 
constant. 
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The LC filter provides good filtering action over a wide range of currents. The capacitor filters best when the 
load is drawing little current. Thus, the capacitor discharges very slowly and the output voltage remains almost 
constant. On the other hand, the inductor filters best when the current is highest. The complementary nature of 
these components ensures good filtering over a wide range of current when size of components is a factor. 


The LC filter has two disadvantages. First, it is more expensive than the RC filter because an iron-core choke 
costs more than a resistor. The second disadvantage is its size: the iron-core choke is both bulky and heavy. 
Thus, the LC filter may be unsuitable for some applications but is still one of the most widely used. 


Shunt capacitors are subject to open circuits, short circuits, and excessive leakage; series inductors are subject to 
open windings and occasionally shorted turns or a short circuit to the core. The input capacitor (C1) has the 
greatest pulsating voltage applied to it, is the most susceptible to voltage surges, and has a generally higher 
average voltage applied. As a result, the input capacitor is frequently subject to voltage breakdown and 
shorting. The output capacitor (C2) is not as susceptible to voltage surges because of the series protection 
offered by the series inductor (L1), but the capacitor can become shorted, open, or leaky. 


A shorted capacitor, an open filter choke, or a choke winding that is shorted to the core results in a no-output 
indication. A shorted capacitor, depending on the magnitude of the short, may cause a shorted rectifier, 
transformer, or filter choke that results in a blown fuse in the primary of the transformer. 


An open filter choke results in an abnormally high dc voltage at the input to the filter and no voltage at the 
output of the filter. A leakage or open capacitor in the filter circuit results in a low dc output voltage. The 
condition is generally accompanied by an excessive ripple amplitude. Shorted turns in the winding of a filter 
choke reduce the effective inductance of the choke and decrease its filtering efficiency. As a result, the ripple 
amplitude increases. 


Regulators 


Ideally, the output of most power supplies should be a constant voltage. Unfortunately, this is difficult to 
achieve. There are two factors that can cause the output voltage to change. First, the ac line voltage is not 
constant. The so-called 115 volts ac can vary from about 105 volts ac to 125 volts ac. This means that the peak 
ac voltage alone can be responsible for a nearly 20 percent change in the dc output voltage. The second thing 
that can change the dc output voltage is a change in the load resistance. In complex electronic equipment, the 
load can change as circuits are switched in and out. In a television receiver, the load on a particular power 
supply may depend on the brightness of the screen, the control settings, or even the channel selected. These 
variations in load resistance tend to change the applied de voltage because the power supply has a fixed internal 
resistance. If the load resistance decreases, the internal resistance of the power supply drops more voltage. This 
causes a decrease in the voltage across the load. 
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Many circuits are designed to operate with a particular supply voltage. When the supply voltage changes, the 
operation of the circuit may be adversely affected. Consequently, some types of equipment must have power 
supplies that produce the same output voltage regardless of changes in the load resistance or changes in the ac 
line voltage. This constant power supply may be achieved by adding a circuit called the voltage regulator at the 
output of the filter. There are many different types of regulators in use today; to discuss all of them would be 
beyond the scope of this course. 


A commonly used figure of merit for a power supply is its percent of regulation. The figure of merit gives us an 
indication of how much the output voltage changes over a range of load resistance values. The percent of 
regulation aids in the determination of the type of load regulation needed. Percent of regulation is determined 
by the equation: 


E E 
Percent of Regulation = po loadis 5 tullea x 100 


full load 


This equation compares the change in output voltage at the two loading extremes to the voltage produced at full 
loading. For example, assume that a power supply produces 12 volts when the load current is zero. If the output 
voltage drops to 10 volts when full load current flows, then the percent of regulation is: 


E E 
Percent of Regulation = po daa Sr illloas x 100 


E full load 
12-10 


x 100 


es x 100 
10 


= 20% 


Ideally, the output voltage should not change over the full range of operation. A 12-volt power supply should 
produce 12 volts at no load, at full load, and at all points in between. In this case, the percent of regulation 
would be: 


Eno load - Ffullload 


Percent of Regulation = a x 100 
full load 
- 12-12 x 100 
ms x 100 
12 
=0% 


Thus, zero-percent load regulation is the ideal situation. It means that the output voltage is constant under all 
load conditions. While you should strive for zero-percent load regulation, in practical circuits you must settle 
for something less. Even so, by using a voltage regulator, the percent of regulation can be held to a very low 
value. 
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The output of a power supply varies with changes in input voltage and circuit load current requirements. 
Because much of the military's electronic equipment requires operating voltages and currents that must remain 
constant, some form of regulation is necessary. The circuits that maintain power supply voltage or current 
outputs within specified limits, or tolerances, are called regulators. They are designated as dc voltage or dc 
current regulators depending on their specific application. 


Voltage regulator circuits are additions to basic power supply circuits that are made up of rectifier and filter 
sections. The purpose of the voltage regulator is to provide an output voltage with little or no variation. 
Regulator circuits sense changes in output voltages and compensate for the changes. Regulators that maintain 
voltages within plus or minus (+) 0.1 percent are quite common. The diagram in figure 3-39 illustrates the 
purpose of the voltage regulator. 


RECTIFIER EEE VOLTAGE 


FILTER REGULATOR 


Figure 3-39. Block Diagram of a Power Supply and Regulator. 


There are two basic types of voltage regulators. Voltage regulators are classified as series or shunt, depending 
on the location or position of the regulating element(s) in relation to the circuit load resistance. Figure 3-40 
illustrates the two basic types of voltage regulators. In actual practice the circuitry of regulating devices may be 
quite complex. The simplified drawings shown in the figure are presented to emphasize that there are two basic 
types of voltage regulators. Broken lines have been used to highlight the differences between the series and 
shunt regulators. 
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Figure 3-40. Series and Shunt Regulators. 
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The schematic in view A is that of a shunt-type regulator. It is called a shunt-type regulator because the 
regulating device is connected in parallel with the load resistance. This is a characteristic of all shunt-type 
regulators. The schematic in view B is that of a series regulator. It is called a series regulator because the 
regulating device is connected in series with the load resistance. 


Series Voltage Regulator. Figure 3-41 illustrates the principle of series voltage regulation. Note that the 
regulator is in series with the load resistance and that all current passes through the regulator. In this example 
variable resistor Ry is used for regulation. Examine the circuit to determine how the regulator functions. When 
the input voltage increases, the output voltage also increases. However, since the voltage regulator device (Ry) 
senses this change, the resistance of the regulating device increases and results in a greater voltage drop across 
Ry. This causes the output voltage to decrease to normal or, for all practical purposes, to remain constant. 


I 
R 


UNREGULATED REGULATED 
DC INPUT DC OUTPUT 


Figure 3-41. Series Voltage Regulator. 


As the input voltage decreases, the resistance of the variable resistor Ry decreases almost simultaneously, 
thereby compensating for the voltage drop. Since there is a smaller voltage drop across Ry, the output voltage 
remains almost constant. Voltage fluctuations within the circuit occur in microseconds. 


Shunt Voltage Regulator. The diagram in figure 3-42 represents a shunt voltage regulator. Note that variable 
resistor Ry is in parallel with the load resistance Ry, and that fixed resistor Rg is in series with the load 


resistance. The voltage drop across a fixed resistor remains constant unless there is a variation (increase or 
decrease) in the current following through it. 


In a shunt voltage regulator as shown in figure 3-42, output voltage regulation is determined by the current 
flowing through the parallel resistances of the regulating device (Ry), the load resistance (Ry), and the series 


resistor (R,). For now, assume that the circuit in 3-42 is operating under normal conditions, that the input is 120 


volts de, and that the desired regulated output is 100 volts dc. For a 100-volt output to be maintained, 20 volts 
must be dropped across the series resistor (Rg). If you assume that the value of Rg is 2 ohms, then there must be 


10 amperes of current across R,, and Ry (E= IR). If the values of the resistance of Ry and Ry_ are equal, then 5 
amperes of current will flow through each resistance (Ry and Ry). 
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Figure 3-42. Shunt Voltage Regulator. 


If the load resistance (R1_) increases, the current through Ry_ will decrease. For example, assume that the current 
through Ry is now 4 amperes and that the total current across Rg, is 9 amperes. With this drop in current, the 
voltage drop across Rg is 18 volts; consequently, the output of the regulator has increased to 102 volts. At this 
time, the regulating device (Ry) decreases in resistance, and 6 amperes of current flow through this resistance 
(Ry). Thus, the total current across Rg is once again 10 amperes (6 amperes across Ry, 4 amperes across Ry ); 
therefore, 20 volts will be dropped across Rg, causing the output to decrease back to 100 volts. 


If the load resistance (Ry) increases, the regulating device (Ry) decreases its resistance to compensate for the 
change. If Ry, decreases, the opposite effect will occur and Ry will increase. 


When Ry_ decreases, the current through Ry, subsequently increases to 6 amperes. This action causes a total of 
11 amperes to flow through Rg, which now drops 22 volts. As a result, the output is now 98 volts. However, 
the regulating device (R,) senses this change and increases its resistance so that less current (4 amperes) flows 
through Ry. The total current again becomes 10 amperes, and the output is again 100 volts. The shunt regulator 


maintains the desired output voltage by sensing the current change that occurs in the parallel resistance of the 
circuit. 


Refer to the schematic shown in figure 3-42 and consider how the voltage regulator operates to compensate for 
changes in input voltages. The input voltage may vary and any variation must be compensated for by the 
regulating device. Consider an increase in input voltage. When this happens, the resistance of Rg automatically 


decreases to maintain the correct voltage division between Rp and Rg. You should see, therefore, that the 
regulator operates in the opposite way to compensate for a decrease in input voltage. 


So far, the operation of voltage regulators that use variable resistors has been explained; however, this type of 
regulation has limitations. Obviously, the variable resistor cannot be adjusted rapidly enough to compensate for 
frequent fluctuations in voltages. Since input voltages fluctuate frequently and rapidly, the variable resistor is 
not a practical method for voltage regulation. A voltage regulator that operates continuously and automatically 
to regulate the output voltage without external manipulation is required. 
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Basic VR Tube Regulator Circuit. Table 3-1 gives the characteristics of common VR tubes. This table 
includes a column that shows the amount of regulation to be expected over the operating range of the tube. As 
can be seen, a variety of VR tubes is available. A common designation of VR tubes is the use of numbers, such 
as VR105-40. The letters indicate the function of the tube (voltage regulator). The numbers preceding the dash 
indicate the maximum current (in milliamperes) that may be allowed and still maintain regulation. The 
minimum supply voltage column indicates the lowest supply voltage that will ensure firing each time the supply 
is energized. The minimum value of current gain in the table is the current required to sustain operation within 
the normal glow discharge region. This current is sometimes called the "keep alive” current. 
Table 3-1. Voltage Regulator Tube Ratings. 


OA2 
OA3-VR75 
OB2 


OB3-VR90 
OC2 
OC3-VR105 
OD3-VR150 
0G3 

1B46 


ae oc a or Gr rt 


Figure 3-43 shows a basic VR tube regulating circuit. The voltage produced by the source is 150 volts. The 
VR90 will provide a constant 90 volts across the load resistance (Ry) if the tube is operated in the normal glow 


discharge region. This means that 60 volts is dropped across Rg which is the series limiting resistance used to 
limit the current through the VR tube. 


Figure 3-43. Basic VR Tube Regulator. 
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Since the operating limits of a VR tube are determined by its maximum and minimum currents, circuits using 
such tubes should be designed to allow maximum variations in current above and below the normal point of 
operation. The normal point of operation, which allows maximum variation in current, must be midway 
between the current limits of the tube. This median current is called I mean and can be calculated by the use of 
the following equation: 
Tmax + ‘min 

2 

The mean current for the VR90-40 as shown in figure 3-44 can be determined by using the following values: 


mean = 


Tmean = a =F =22.5mA 


To calculate the value of series dropping resistance Rg, the following equation can be used: 


ne Source Voltage - Regulated Voltage 


Imean + Hload (average) 


If the average current flowing through the load of figure 3-44 is 100 milliamperes, the series dropping resistance 
can be found in the following manner: 


150 +90 60 volts 


5954100.  122.5mA = 490 ohms 


According to Ohm's law, the value of the load resistance for this circuit figure will be 900 ohms if a current of 
100 milliamperes flows through Ry. The internal resistance of the VR tube can be calculated in a similar 


manner. With 22.5 milliamperes flowing and 90 volts dropped across the VR tube, its resistance is 4 kilohms. 


To show voltage regulation in the circuit for figure 3-44, assume that there is a constant supply voltage of 150 
volts and a variable load resistance. If the value of Ry were to decrease to 857 ohms, the load current would 
increase to approximately 105 milliamperes to maintain 90 volts across the load resistance. Ry must drop 60 
volts. To do so requires a current of 122.5 milliamperes flowing through the series resistance. Since 105 


milliamperes is now flowing through the load, the current through the VR tube must decrease from 22.5 
milliamperes to 17.5 milliamperes. 


The original load resistance was 900 ohms. Changes in this resistance will not occur instantaneously, but will 
require some time to vary from 900 ohms to a new value. As resistance of the load begins to decrease, load 
current begins to increase. The minute increase in load current flows through the series resistance Rg causing a 
slight increase in E,. This slight increase in voltage across Rg results in the VR tube voltage dropping slightly. 


This slight drop in tube voltage causes a decrease in the ionization of the tube. As a result, less current flows 
through the tube. 


Note that tube current can decrease only to a value of 5 milliamperes before deionization occurs. Therefore, the 


load current cannot exceed 117.5 milli amperes, for beyond this value, tube current becomes less than 5 
milliamperes and regulation ceases. 
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If load resistance increases, load current decreases. This results in the VR tube current increasing to maintain a 
current of 122.5 milliamperes. The VR tube current can only increase to 40 milliamperes. Beyond this value of 
current, the tube enters the abnormal glow region and tube voltage increases. The upper limit of the VR tube 
current occurs when load current decreases to a value of 82.5 milliamperes. When load current drops below this 
value, the VR tube ceases to regulate the load voltage. Therefore, with a constant source voltage but variable 
load resistance, the limits of regulation are reached when current in the load exceeds 117.5 milliamperes or 
drops below 82.5 milliamperes. 


The VR tube regulator can also compensate for changes in power supply voltage. Under these conditions, the 
load resistance will remain constant while power supply voltage will be variable. Refer to figure 3-44 for the 
following discussion. 


ER, =90V 
Eg = 150V RL 


IR, = 100 mA 


Figure 3-44. Simplified VR Tube Regulator. 


Assume that the source voltage begins to increase from an original value of 150 volts toward 155 volts. As this 
voltage increases, current through Rg increases from its original value of 122.5 milliamperes. Initially, this 


additional current is drawn from the load, causing a slight increase in load voltage. This increase in load voltage 
is felt across the VR tube and causes an increase in tube ionization. This decreases the internal resistance of the 
VR tube with a resultant increase in tube current. When source voltage reaches 155 volts, current through Rg is 


approximately 133 milliamperes (R, = 490 ohms). Most of the additional current through Rg flows through the 


VR tube. As a result, approximately 33 milliamperes flows through the VR tube, maintaining the load voltage 
at 90 volts. 


Since VR tube current decreases as source voltage decreases, some point will be reached where tube current 
drops below its lower limit of 5 milliamperes. When source voltage drops below 141.4 volts, tube current will 
be less than 5 milliamperes and regulation will cease. The upper and lower limits of the supply voltage 
variations that can be allowed and still provide regulation in the circuit are 158.6 volts and 141.4 volts, 
respectively. Tube voltage varies slightly through its operating range, but this voltage change is less than that 
that would exist without the use of a VR tube. 
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As the source voltage increases, the current through the VR tube increases. Since the upper limit of tube current 
is 40 milliamperes, there is a limit in the ability of the tube to regulate increasing voltage. When the supply 
voltage exceeds 158.6 volts, tube current becomes greater than 40 milliamperes and regulation ceases. 


If source voltage decreases from 150 volts to 145 volts, only 55 volts must be dropped across the 490-ohm series 
resistance (Rg) to enable load voltage to be maintained at 90 volts. Current through Rg for a 55-volt drop is 112 
milliamperes. Since load current is 100 milliamperes, the remaining 12 milliamperes must flow through the VR 
tube. This represents a decrease in the ionization level of the VR tube with a resultant increase in tube 
resistance. Under these conditions, 90 volts will be maintained across the load resistance. 


VR Tubes Connected in Series. In applications where a regulated voltage in excess of the maximum rating of 
one tube is required, two or more tubes may be placed in series as shown in figure 3-45. 


Figure 3-45. VR Tubes in Series. 


In the figure a VR75-30 and VR105-40 are shown connected in series. The source voltage is 250 volts, and 82.5 
milliamperes flows through the load resistance. Since current through the two VR tubes is common, the limits 
of regulation are determined by the tube having the smaller current limitations (in this case, the VR75-30). In 


computing Imean for this circuit, Imax and Imean are 30 milliamperes and 5 milliamperes, respectively. 
Therefore, the mean current is 17.5 milliamperes. 
The value of Rg in the figure can be computed using the source voltage of 250 volts and the total current through 


Rg (load current + Imean). When these values are used, Rg = 700 ohms. Note that the regulated voltage to the 


load is 180 volts. This provides a regulated voltage greater than would be possible using either VR tube by 
itself. 
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Another advantage of using VR tubes in series is illustrated in figure 3-46. In this circuit, several values of 
regulated voltages are obtained from a single power supply. The current flowing through V2 in the figure is a 
combination of the current through R1 and the current through V1. The current through V3, on the other hand, 
is the sum of the currents through V2 and R2. Since V3 has more current flowing through it than any of the 
other VR tubes, it places or determines the limit on the maximum current in the VR tube circuit. Since the 
maximum rating of V3 is 40 milliamperes, the current through R1 and R2 must be limited to only a few 
milliamperes, or the rating of V3 will be exceeded and regulation will cease. 


Figure 3-46. VR Tubes as Voltage Regulators. 


The obvious advantage in using VR tubes in series is to provide several regulated voltages from a single power 
supply. The primary disadvantage is in the current limitations. Since it is impossible to have all VR tubes 
operating about their mean current values, this limits the ability of the circuit to regulate over wide ranges of 
variations in load resistance or source voltage. 


VR Tubes Connected in Parallel. In some gas-filled tubes, connecting VR tubes in parallel as shown in figure 3- 
47 increases the current handling capacity of the network. This is not true of VR tubes. In figure 3-47, two VR 
tubes are constructed in exactly the same way. The only difference is a slight variation in their ionization 
potential. For the purpose of this discussion, VR tube VR1 will have a lower ionization potential than VR2. 
The potential that must be reached before a VR tube ionizes is considerably higher than its normal operating 
voltage. 


When voltage is applied to the circuit of figure 3-47, as soon as the correct potential is reached, VR1 begins to 


conduct and the potential across it decreases to its operating voltage. The potential across VR2 never becomes 
sufficiently high enough to cause it to ionize. 
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Therefore, placing the VR tubes in parallel accomplishes no useful purpose. When greater current handling 
capacity and better regulation are desired, electronic (vacuum tube) regulator circuits are used. 


Initially, some indication of the trouble associated with a gas-tube regulator circuit can be obtained by visual 
inspection to determine the presence of the characteristic glow from the ionized gas within the tube. When 
current through the tube is near its maximum rating, the tube is highly ionized; when the current is near its 
minimum rating, the tube is lightly ionized; therefore, the intensity of the gaseous discharge within the tube is an 
indication of tube condition. If the tube is not ionized, however, this does not necessarily mean that the tube is 
defective. The same indication (lack of characteristic glow) may possibly occur if the following indications are 
observed: the series resistor (Rg) increases in value, the dc input voltage (E,) is below normal, and the load 
current is excessive. It is therefore necessary to make dc voltage measurements at the input and output terminals 
of the voltage regulator circuit to determine whether the fault lies within the regulator circuit or whether it is 
external to the regulator circuit. 


Figure 3-47. VR Tubes Connected in Parallel. 


The value of the series resistor (Rg) can be checked by ohmmeter measurements to determine whether any 


change in resistance has occurred. If the maximum current rating of the regulator tube is exceeded for a 
considerable length of time, the tube may be damaged and lose its regulation characteristics; therefore, the 
regulator tube itself can be suspected as a possible source of trouble. 


Although VR tubes are used extensively in electronic equipment, there are circuits that require a greater degree 
of regulation than a VR tube can provide. For this reason an electron tube voltage regulator is used. 


Electron Tube Voltage Regulator. An electron tube may be considered as a variable resistance. When the tube 
is passing a direct current, this resistance is simply the plate-to-cathode voltage divided by the current through 
the tube and is called the dc plate resistance (Rp)- For a given plate voltage, the value of Rp depends upon the 


tube current, and the tube current depends upon the grid bias. 


Refer to figure 3-48, view A. The resistance of V1 is established initially by the bias on the tube. Assume that 
the voltage across the load is at the desired value. Then the cathode is positive with respect to ground by some 
voltage (Ey). The grid can be made positive relative to ground by a voltage (E2) that is less than El. The 


potentiometer R2 is adjusted until the bias (grid-to-cathode voltage), which is E2-E1, is sufficient to allow V1 to 
pass a current equal to the desired load current. With this bias, the resistance of V1 is established at the proper 
value to reduce the rectifier output voltage to the desired load voltage. 


121 


MMO0705, Lesson 3 


FILTERED OUTPUT 
VOLTAGE FROM 
RECTIFIER 


A. Electron-tube voltage regulator using a battery for 
the fixed bias 
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B. Electron-tube voltage regulator using a glow tube 
for the fixed bias 


Figure 3-48. Electron Tube Voltage Regulator. 


If the rectifier output voltage increases, the voltage at the cathode of V1 tends to increase. As El increases, the 
negative bias on the tube increases and the plate resistance of the tube becomes greater. Consequently, the 
voltage drop across V1 increases with the rise in input voltage. If the circuit is properly designed, the increase 
in voltage drop across V1 is approximately equal to the increase in voltage at the input. Thus, the load voltage 
remains essentially constant. 


The resistor (R1) is used to limit the grid current. This is necessary in this particular circuit because the battery 
is not disconnected when the power is turned off. However, the battery can be eliminated from the circuit by the 
use of a glow tube (V2), as shown in view B of the figure, to supply a fixed bias for the grid of the tube. The 
action of the circuit in view B is the same as the action of the circuit in view A. The output voltage of the 
simple voltage regulators shown in the figure cannot remain absolutely constant. As the rectifier output voltage 
increases, the voltages on the cathode of V1 must rise slightly if the regulator is to function. 
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The voltage regulators shown in the figure compensate not only for changes in the output voltage from the 
rectifier but also for changes in the load. For example, in view B if the load resistance decreases, the load 
current will increase. The load voltage will tend to fall because of the increased drop across V1. The decrease 
in load voltage is accompanied by a decrease in bias voltage on V1. The bias voltage on V1 is equal to E1-E2. 
Thus the effective resistance of V1 is reduced at the same time the load current is increased. The IR drop across 
V1 increases about as much as I increases. Therefore, the tendency for the load voltage to drop when the load is 
increased is checked by the decrease in resistance of the series triode. 


In most power supplies, current is not directly regulated. Fuses and other circuit protection devices are used to 
set an upper limit to the amount of current that can flow in a power supply. Once this limit is exceeded, the fuse 
simply opens and the power supply is de-energized. Beyond this, current is usually left unregulated because the 
load will draw from the power supply only the amount of current that it needs. Decreases and increases in the 
power supply voltage caused by variations in load current are usually controlled by the voltage regulator. 


There are some cases where current must be regulated or kept at a relatively constant value. The best example 
of this is the filament supply of a power transformer located in a power supply that is designed to supply 
filament power to many tubes. (See view A of figure 3-49, which is a portion of a power supply designed to 
supply 50 vacuum tubes with both plate and filament voltages.) Under normal conditions, circuit current will 
not exceed 2.5 amperes. For this reason, the power supply has been fused at 3 amperes. Only the portion of the 
power supply that deals with current regulation is shown, namely the power transformer and 4 of the 50 parallel 
connected vacuum-tube filaments. At operating temperatures, the resistance of each filament is 1 kilohm. 
Because the filaments are connected in parallel, the total filament resistance at operating temperature is 20 


ohms. Ohm's law, I = = tells you that/the filaments draw .315 amperes. As conductors are heated, their 


resistance increases. Therefore, the cold resistance of the filaments is considerably lower than the hot 
resistance. In this case, assume there are 100 ohms per filament. The total resistance of the 50 parallel 
filaments is then 2 ohms when the power supply is first energized, and the filaments draw 3.15 amperes of 
current. If the current for the rest of the power supply is added to the filament current, the surge current will 
cause the power supply to draw 5 amperes when it is first energized. Unfortunately, the power supply is fused at 
3 amperes. Under these conditions, it would be impossible to keep the power supply on the line long enough to 
get the filaments up to operating temperature. 


There are three possible solutions to this problem. The first is simply to fuse the power supply at 5 amperes, but 
this could allow excessive current to flow in the power supply. Another solution is to use a slow-blow fuse. 
Unfortunately, the duration of the current surge may exceed the time limit that a slow-blow fuse can handle. 
Therefore, current regulation is the best solution to this problem. Because of its quick-heating ability, the 
amperite tube is ideal as a current regulator. The amperite regulator is nothing more than an iron wire enclosed 
in a hydrogen-filled envelope. Because of its construction, the iron filament will heat quickly when current is 
applied to it. 
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Figure 3-49. Amperite Regulator. 


View B of figure 3-49 shows the amperite regulator connected in series with the filaments of the load. When 
the power supply is first energized, the iron wire of the amperite gets hot quickly and presents a large resistance 
connected in series with the 2 ohms of filament resistance. As a result, most of the voltage is dropped across the 
amperite. Because of the large resistance of the amperite regulator, current in the circuit is held to an acceptable 
level in accordance with Ohm's law. 


As the filaments warm up, their resistance increases, a fact that causes circuit current to decrease. The 
decreasing circuit current allows the iron wire of the amperite to cool. As it cools, its resistance decreases until 
the approximate resistance of the circuit wiring is reached. As the iron wire of the amperite cools and its 
resistance decreases, the resistance of the warming tube filaments increases. Throughout the entire heating 
cycle of the filaments, the total resistance of the series circuit, consisting of the amperite and tube filaments, 
remains fairly constant. When power is first applied, most of the resistance is in the amperite. Therefore, most 
of the voltage is dropped across the resistance of the amperite. Halfway through the cycle, the resistance of the 
amperite and the resistance of the filaments can become approximately equal, and the voltage that drops across 
the two series elements is equal. Finally, when the filaments have reached their operating temperature, most of 
the resistance is in the filaments of the tube. Therefore, most of the voltage is dropped across the tube filaments. 
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The important thing to note is that the total circuit resistance remains approximately the same throughout the 
heating cycle. As the cycle progresses, the resistance of the amperite decreases as the resistance of the filaments 
increases. Because resistance and voltage (6.3 volts) remain constant, current remains constant except for the 
slight surge in the beginning of the heating cycle that is necessary to heat up the iron wire of the amperite. 


TROUBLESHOOTING POWER SUPPLY 


When working with electricity, the proper use of safety precautions is one of the most important things to 
remember. There is a section on safety precautions in the front of all electronic technical manuals. Also, 
specific precautions should be posted on each piece of electronic equipment. One hazardous area that is 
sometimes overlooked is the method in which equipment is grounded. By grounding the return side of the 
power transformer to the metal chassis, the cathode of the tubes in both the power supply and the load being 
supplied by the power supply can be wired directly to the metal chassis. Therefore, the necessity of wiring each 
tube directly to the return side of the transformer is eliminated. This method saves wire and reduces the cost of 
building the equipment. While this solves one of the problems of the manufacturer, it creates a problem for the 
technician. Therefore, before starting to work on any electronic or electrical equipment always ensure that the 
equipment and any test equipment you are using are properly grounded and that the rubber mat you are standing 
on is in good condition. As long as you follow these simple rules, you should be able to avoid the possibility of 
becoming an electrical conductor. 


Testing 
There are two widely used checks in testing electronic equipment: the visual check and signal tracing. 


Visual Check. The importance of this check should not be underestimated because many technicians find 
defects right away simply by looking for them. A visual check does not take long; in fact you should be able to 
see the problem in a few minutes if it is the kind of problem that can be seen. You should learn the following 
procedure. You will find yourself using it quite often, as it is good not only for power supplies but also for any 
other type of electronic equipment you may be troubleshooting. 


Before you plug in the equipment, look for the following: 


Loose Tubes. A tube that is not properly seated in its socket may not be making proper contact with the rest of 
the circuit. It may very well be the source of the problem. Push the tube completely into place. 


Shorts. Any terminal or connection that is close to the chassis or to any other terminal should be examined for 
the possibility of a short. A short in any part of the power supply can cause considerable damage. Look for and 
remove any stray drops of solder, bits of wire, nuts, or screws. It sometimes helps to shake the chassis and listen 
for any telltale rattles. Remember to correct any problem that may cause a short circuit. If it is not causing 
trouble now, it may cause problems in the future. 
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Discolored or Leaking Transformer. This is a sure sign of a short somewhere. Locate it. If the equipment has a 
fuse, find out why the fuse did not blow: too large a size may have been installed, or there may be a short across 
the fuse holder. 


Loose, Broken, or Corroded Connections. Any connection that is not in good condition is a trouble spot. If it is 
not causing trouble presently, it will probably cause problems in the future. Fix it. 


Damaged Resistors or Capacitors. A resistor that is discolored or charred has been subjected to an overload. 
An electrolytic capacitor will show a whitish deposit at the seal around the terminals. Check for a short 
whenever you notice a damaged resistor or capacitor. If there is no short, the trouble may be that the power 
supply has been overloaded in some way. Make a note to replace the part after signal tracing. It is not worth 
risking a new part until the trouble has been located. 


Plug in the power supply and look for: 


Smoking Parts. Vf any part smokes or if you hear any boiling or sputtering sounds, pull the plug immediately. 
There is a short circuit somewhere that you have missed in your first inspection. Use an ohmmeter to check the 
part once again; begin in the neighborhood of the smoking part. 


Cold Tubes. After allowing about two minutes for warm-up, touch all the tubes on the equipment. If a tube is 
cold, it is either burned out or there is a break in the heater connections and the tube is not receiving proper 
heater voltage. Remove the tube and connect an ohmmeter across the heater terminals to see if the filament is 
open (reads almost infinite resistance). If the filament reads open, it is burned out. Replace it with a good tube. 
If the filament reads a low resistance, this indicates that the filament is all right, so use an ac voltmeter to find 
the break between the filament and the output of the transformer. 


Sparking. Tap or shake the chassis. If you see or hear sparking, you have located a loose connection or a short. 
Check and repair. 


If you locate and repair any of the defects listed above, make a note of what you find and what you do to correct 
it. It is quite probable you have found the trouble. However, a good technician takes nothing for granted. You 
must prove to yourself that the equipment is operating properly and that no other troubles exist. 


If you find none of the defects listed under the visual check, go ahead with the signal tracing procedure. The 


trouble is probably of such a nature that it cannot be seen directly with your eye: it must be seen through the eye 
of the oscilloscope. 


126 


MMO0705, Lesson 3 


Signal Tracing. Tracing the ac signal through the equipment is the most rapid method of locating a problem 
that cannot be found by a visual check, and it also serves as a check on any repairs you may have made. The 
idea is to trace the ac voltage from the transformer, to see it change to pulsating dc at the rectifier tube filament, 
and then to see the pulsations smoothed out by the filter. The point where the signal stops or becomes distorted 
is the place to look for the trouble. 


Before you begin signal tracing, it is a good idea to measure the dc voltage. The de output voltage should be in 
the neighborhood of 340 volts. If there is no de output voltage, look for an open or a short in your signal 
tracing. If there is a low dc voltage, look for a defective part and keep your eyes open for the place where the 
signal becomes distorted. 


Signal tracing is done by observing the waveform at the input and output of each part of a circuit. It is the 
method used to localize trouble in a circuit. 


Let's review what each part of a good power supply does to the signal, as shown in figure 3-50. The ac voltage 
is brought in from the power line by means of the line cord. This voltage is connected to the primary of the 
transformer through the on-off switch (S1). At the secondary winding of the transformer (points | and 2), the 
scope shows a picture of the stepped-up voltage developed across each half of the secondary winding--the 
picture is that of a complete sine wave. Each of the two stepped-up voltages is connected between ground and 
one of the two plates of the rectifier tube. At the two rectifier plates (points 4 and 5) there is still no change in 
the shape of the stepped-up voltage--the scope picture still shows a complete sine wave. 


TEST 
POINT 1245 


Figure 3-50. Complete Power Supply (Without regulator). 
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However, when you look at the scope pattern for point 6 (the voltage at the rectifier heater), you see the wave 
shape for pulsating direct current. This pulsating dc is fed through the first choke (L1) and filter capacitor (C1), 
which remove a large part of the ripple or "hum," as shown by the waveform for point 7. Finally the dc voltage 
is fed through the second choke (L2) and filter capacitor (C2), which remove nearly all of the remaining ripple. 
See the waveform for point 8, which shows almost no visible ripple. You now have almost pure dc. No matter 
what power supplies you may encounter in the future, they all do the same thing--they change ac voltage into dc 
voltage. 


Component Problems 


The following paragraphs give an indication of trouble that occurs with many different electronic circuit 
components. 


Tube Troubles. The symptoms of tube trouble will vary with every type of circuit and each type of tube. 
However, the problems that can develop with a tube are common to every tube. Here are the five possible tube 
troubles that can occur. The filament, after long service, may be unable to emit as many electrons as are 
required for proper operation. The filament may burn out. A tube element--the plate, for instance--may break 
its connection with the tube base pin. Two elements, such as filament and plate, may short together. The tube 
may become gassy. 


The symptoms you will come across in signal tracing will be many and varied. You will need to combine your 
knowhow of the circuit and your knowledge of these five possible tube troubles to determine if the tube could in 
some way be causing the symptoms. If the tube is suspected of causing trouble, try another tube in its place or 
check it on a tube tester. The final check of whether or not the old tube was bad is whether or not the equipment 
works properly when a good tube is put in its place. Therefore, putting in a good tube and then trying out the 
equipment is the best check. 


Transformer and Choke Troubles. The transformer and choke are quite similar in construction. Therefore, it 
is no coincidence that the basic troubles that they can develop are the same. A winding can open (view 1, figure 
3-51). Two or more turns of one winding can short together (view 2, figure 3-51). A winding can short to the 
casing that is usually grounded (view 3, figure 3-51). Two windings can short together (only possible in 
transformers) (view 4, figure 3-51). 


Figure 3-51. Transformer and Choke Troubles. 
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As with the tube, the symptoms of these troubles will vary with the type of circuit. However, when you have 
decided that one of these four possible troubles could be causing the symptoms, there are definite steps to take. 
If you surmise that there is an open winding or windings shorted together or to ground, an ohmmeter continuity 
check will locate the trouble. You may not be able to detect a difference in winding resistance. Therefore, you 
need to connect a good transformer in the place of the old one and see if the symptoms are eliminated; but keep 
in mind that transformers are difficult to replace. Make absolutely sure that the trouble is not elsewhere in the 
circuit before changing the transformer. Occasionally, the shorts will appear only when the operating voltages 
are applied to the transformer. In this case you might find the trouble with a megger--an instrument that applies 
a high voltage as it reads resistance. 


Capacitor and Resistor Troubles. Only two things can happen to a capacitor: it may open up, removing the 
capacitor completely from the circuit (view 1, figure 3-52); or it may develop an internal short circuit. The latter 
means that the capacitor begins to pass current as though it were a resistor or a direct short (view 2, figure 3-52). 


Check a capacitor suspected of being open by disconnecting it from the circuit and checking it with a capacitor 
analyzer. Check a capacitor suspected of being leaky with an ohmmeter; if it reads less than 500 kilohms, it is 
probably bad. However, capacitor troubles are difficult to find since they may appear intermittently or only 
under operating voltages. Therefore, the best check for a faulty capacitor is to replace it with one known to be 
good. If this restores proper operation, the fault is in the capacitor. 


Resistor troubles consist of the following: a resistor can open up (view 1, figure 3-53); a resistor can increase in 
value (view 2, figure 3-53); and a resistor can decrease in value (view 3, figure 3-53). 


To check possible resistor troubles, use an ohmmeter after making sure no parallel circuit is connected across 
the resistor to be measured. When a parallel circuit is connected across the resistor or when in doubt, disconnect 
one end of the resistor before measuring it. The ohmmeter check will usually be adequate. However, never 
forget that occasionally intermittent troubles may develop in resistors as well as in any other electronic parts. 
The final proof that a resistor is bad is when it is replaced with another resistor, and the equipment operates 
satisfactorily. 


4h AR 


Figure 3-52. Capacitor Troubles Figure 3-53. Resistor Troubles. 
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REVIEW EXERCISES 


Circle the letter of the correct answer to each question. 


1. 


What is the purpose of a regulator? 


It maintains a constant voltage to the load. 

It maintains a constant current to the load. 

It maintains a constant resistance to the load. 
It helps the filter. 


ao op 


What is the purpose of the transformer in a power supply? 


It rectifies ac. 

It filters ac. 

It isolates ac line voltage from the load. 
It acts as a regulator to the load. 


aoTP 


What is the ripple frequency of a half-wave rectifier with an input frequency of 60 Hz ac? 


a. 60 Hz. 

b. 120 Hz. 
Ci 150 Hz. 
d. 180 Hz. 


What is the equation for determining the average voltage in a half-wave rectifier? 


ave = .637 x Emax. 
ave = .637 x Emin. 
ave = .318 x Emax. 


ao F 


E 
E 
E 
Eave = .318 x Emin. 


For a diode to act as a half-wave rectifier, how should it be connected to the load? 


a. Parallel. 

b. Series. 

Cc. Series parallel. 
d. It doesn't matter. 
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10. 


11. 


110 


What components are used in a full-wave rectifier? 


A center-tapped transformer and two diodes. 
A center-tapped transformer and one diode. 
An untapped transformer and two diodes. 
An untapped transformer and one diode. 


ao op 


What is the ripple frequency of a full-wave rectifier with an input frequency of 100 Hz? 


a. 100 Hz. 
b. 200 Hz. 
C 300 Hz. 
d. 400 Hz. 


What is the equation for determining the average voltage in a full-wave rectifier? 


ave =.318 x Emax. 


ave = 1.414 x Emax. 


a Oo FP 


E 
Eaye =.637 x Emax. 
E 
E 


What is the advantage of using a bridge rectifier over the conventional full-wave rectifier? 


The output ripple frequency is higher. 
The output impedance is higher. 

The output current is higher. 

The output voltage is higher. 


Bao TP 


What unit of measurement is used for capacitive reactance (X,)? 


a. Volts. 
b. Amperes. 
Cc. Ohms. 
d. Mhos. 


What is the formula for capacitive reactance? 


ic 
b Xe = 2 fC 
1 
Cc =——_. 
nfC 
d Xc - 2nfC 


12. 


13. 


14. 


15. 


16. 


17. 
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If the value of a capacitor is increased, how will X¢ be affected? 


a. It will remain the same. 
b. It will increase. 
Cc. It will decrease. 
d. _—_—It will increase providing frequency doesn't change. 


If the value of an inductor is increased, how will Xy_ (inductive reactance) be affected? 


a. It will remain the same. 
b. It will increase. 
Cc. It will decrease. 
d. It depends on the frequency. 


What is the most basic type of filter? 


Capacitor filter. 

LC choke input filter. 
LC input filter. 

RC capacitor input filter. 


ao TP 


How does a filter circuit affect the average output voltage? 


It doesn't change. 

It decreases. 

It increases. 

It depends on the frequency. 


ao op 


What determines the rate of discharge of the capacitor in a filter circuit? 


The value of the capacitor. 

The value of the load resistor. 

The value of the load resistor and the load resistance. 
The type of rectifier used. 


aoe 


Where is the LC choke input filter primarily used? 


Where good voltage regulation is not important. 
Where the output current is relatively high. 
Where load conditions are steady. 

Where filtering is not a consideration. 


acer, 
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18. What is the function of the inductor in an LC choke input filter? 


To aid any change in voltage. 
To aid any change in current. 
To oppose any change in voltage. 
To oppose any change in current. 


aoe 


19. When would you use an RC capacitor input filter? 


When voltage regulation is necessary. 
When the output current is relatively high. 
When the load current varies. 

When the load current is small. 


ao oP 


20. A no-output condition in an RC capacitor input filter would indicate failure of what component or 
components? 


An open filter resistor and an open filter capacitor. 
An open filter capacitor. 
A shorted filter capacitor or an open filter resistor. 
A shorted filter resistor. 


ao 7p 


21. What is the ideal percent of regulation for a voltage regulator? 


a. 0 percent. 

b. 50 percent. 
Cc. 75 percent. 
d. 100 percent. 


22. Ifa power supply produces 20 volts with no load and 16 volts under full load, what is the percent of 
regulation? 


a. 10 percent. 
b. 25 percent. 
c. 50 percent. 
d. 70 percent. 


23. What is the maximum current that a VR75-40 tube may be allowed to carry and still maintain 
regulation? 


40 microamps. 
40 milliamps. 
40 amps. 

75 micro amps. 


ao TP 
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24. When connecting a VR75-30 and a VR105-40 in series, what are the regulating voltage and 
maximum current? 


180 volts and 70 milliamps. 
30 volts and 10 milliamps. 
75 volts and 30 milliamps. 
180 volts and 30 milliamps. 


ao op 


25. How can the current handling capacity of a voltage regulator be increased? 


By connecting two VR tubes in series. 

By connecting two VR tubes in parallel. 

By connecting three VR tubes in series parallel. 
By using an electron tube voltage regulator. 


Bo TPS 


26. To regulate the current in a filament supply, what type of regulator should be used? 


An amperite regulator. 

An electron tube regulator. 

A series connected VR tube regulator. 
A parallel connected VR tube regulator. 


ao 7p 


27. What is the first thing to be done when troubleshooting a power supply? 


Turn the power on. 
Perform voltage checks. 
Perform a visual inspection. 
Make waveform checks. 


ao ep 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every 
question to the best of your ability, check your answers against the Exercise Solutions. If you missed 
more than one question, you should retake the entire lesson, paying particular attention to the areas in 
which your answers were incorrect. 
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Lesson 4 
FUNDAMENTALS OF AMPLIFIERS 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the fundamentals of 
amplifiers and their purpose, function, and use. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and 
lessons 1, 2, 3, 5, 6, and 7. 


CLASSIFICATION OF AMPLIFIERS 


An electrical signal may be amplified, or increased, by electronic means. The vacuum tube amplifier is such 
a means. Radio, radar, television, telephone, and other electronic devices employ amplifiers to raise the 
strength of extremely small signals so that they may be seen or heard. The amplifier may consist of a single 
stage (one vacuum tube and its associated circuits) or several stages. 


Since there are so many different amplifier circuits, they are classified according to groups having common 
characteristics. They may be grouped according to use, coupling between stages, operating conditions, or 
frequency range. 


Use 


Since amplifiers may be used to amplify either voltage or current, they may be classified as voltage or power 
amplifiers. A voltage amplifier is designed to produce a large voltage increase of the input signal. A power 
amplifier, however, is designed to furnish a large amount of power (current) to a loudspeaker or other power- 
consuming device. 


Coupling Between Stages 


The coupling between stages of amplifications may also be used to classify amplifiers. There are four main 
groups: direct-coupled amplifiers, resistance-capacitance (RC)-coupled amplifiers, impedance-coupled 
amplifiers, and transformer-coupled amplifiers. 


Direct-coupled Amplifiers. Figure 4-1 shows a direct-coupled amplifier consisting of two stages. A dc 
voltage is applied directly to the grid of the first stage. The plate output of this first stage is then connected 
directly to the grid of the second stage. The bias and plate supply voltage (B+) for each succeeding stage 
must be greater than that of the preceding one. Direct-coupled amplifiers are used in vacuum tube voltmeters 
and electronic voltage regulators where small dc voltage changes must be amplified. 
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INPUT OUTPUT 


Figure 4-1. Direct-coupled Amplifier. 


Resistance-capacitance (RC)-coupled Amplifiers. Figure 4-2 illustrates the most widely used method for 
coupling between audio stages. The bias for each stage is furnished by cathode voltage. The coupling 
capacitor, Cc, provides an ac path from the plate of the first stage to the grid of the following stage but blocks 
any dc voltage. The load resistor, RL, has a large value so that a large voltage change can be coupled to the 
grid of the next stage. When a signal is applied to the first stage (figure 4-2), voltage variations occur across 
RL. These voltage variations are then coupled through the RC circuits, Cc and Rg, to the grid of the second 
tube. The coupling capacitor, therefore, performs the double function of providing a low-impedance ac path 
and of blocking dc plate voltage from the grid of the second tube. 


Figure 4-2. RC-coupled Amplifier. 
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Impedance-coupled Amplifiers. Figure 4-3 shows how an impedance-coupled circuit differs from an RC- 
coupled circuit. Plate-load resistor RL is replaced by inductor L. The inductance makes possible a greater 
gain for a given band of frequencies by presenting a low impedance for dc and increasing as the signal 
frequency increases. Prior to an applied signal, the dc plate voltage is higher if the plate load is an 
inductance rather than a resistance. However, for a given band of high frequencies, the impedance of L 
(figure 4-3) becomes greater than that of RL in the RC-coupled amplifier. Therefore, a greater variation 
occurs across the inductance at the higher frequencies, and a greater gain results. 


Figure 4-3. Impedance-coupled Amplifier. 


Transformer-coupled Amplifiers. Figure 4-4 illustrates another type of coupling often used to couple 
audio frequencies - the untuned transformer. Because of the step-up property of the transformer, greater gain 
can be obtained with transformer coupling than with RC or impedance coupling. This greater gain, however, 
is obtained at the expense of narrowing the amplified bandwidth. Also, note that the transformer performs 
the double function of coupling ac variations and blocking the dc plate voltage from the grid of the next 
stage. 


The tuned transformer is usually used to couple radio-frequency amplifier stages. Capacitors (shown as 
dotted lines in figure 4-4) are placed parallel to the transformer primary and secondary, forming two parallel- 
tuned circuits. Greater gain and narrower bandwidth result from tuned transformer coupling if the merit 
factor (Q) of the tuned circuits is high. 


Operating Conditions 
Some amplifiers conduct (operate) during the full 360¢ of the signal cycle, while others conduct during only 


part of the cycle. Classes of operation are related to the percentage of the time during which the amplifier 
conducts. 
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For example, class A amplifiers conduct during 360g (100 percent) of the signal cycle, while class AB 
amplifiers conduct during more than 180g (50 percent) but less than 360g of the input cycle. Class B 
amplifiers, however, conduct for about 180° of the input cycle, while class C amplifiers conduct for 
considerably less than 180°. 


Figure 4-4. Transformer Coupling. 


Class A Amplifiers. A class A amplifier is one in which the grid bias and alternating signal voltage are 
chosen so that plate current flows during the entire cycle. Class A amplifiers are biased to operate on the 
linear portion of the dynamic curve (figure 4-5). For example, if a 4-volt peak-to-peak signal is applied to 
the grid of the tube shown in figure 4-5, an amplified output plate voltage is obtained. The load line for this 
circuit (fig 4-6) illustrates the upper and lower limits of the output voltage. The operating point of this tube 
(figure 4-5), with no input signal, is the intersection of the load line with the 6-volt (negative) bias line 
(figure 4-6). As the input signal goes through a cycle, grid voltage varies from -6 volts to -4 volts, back to -6 
volts, down to -8 volts, and back to -6 volts. The output plate signal then varies from the operating point of 
175 volts, down to 145 volts, and up to 205 volts (figure 4-6). Since the output plate voltage varies 60 volts 
peak to peak, while the input grid signal is only 4 volts peak to peak, the stage has amplified the input signal 
by a factor of 15. Note that the output signal varies the same below as above the operating point (figure 4-6). 
Therefore, it is a faithful reproduction of the input signal and practically no distortion is introduced. 


OUTPUT 


Figure 4-5. Class A Amplification. 
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AVERAGE PLATE CHARACTERISITICS 
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Figure 4-6. Load Line for Class A Amplifier. 


Class A amplifiers are mainly used to amplify AF and RF signals in radio, radar, and sound systems. They 
are, however, noted for their low efficiency, that is, the ratio of power output to power input is low. 
Theoretically, a class A amplifier has a maximum efficiency of approximately 50 percent, although most 
practical class A circuits are only about 20-percent efficient. 


Class B Ampliliers. A class B amplifier is one in which the grid bias is very close to cutoff (no plate current 
flows with no input signal). Figure 4-7 shows that plate current (Ip) flows only during the positive half-cycle 
of the input voltage. During the negative half-cycle, the grid is driven back below the cutoff point of the tube 
and no current flows. 


The efficiency of a class B amplifier is high and the current consumption less as compared to a class A 


amplifier. Power loss in class B amplifiers is low for two reasons. First, plate current does not flow with no 
signal applied to the grid; thus, very little power is wasted during non conducting periods. 
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Second, plate current flows only during the positive half-cycle of the input signal. This means that the 
average current flow is only 32 percent of the peak current in this stage. 


Class B amplifiers are mainly used as power amplifiers. As power amplifiers, their output power is 
proportional to the square of the grid excitation voltage. The output amplitude distortion of a class B 
amplifier, operating with the proper load resistance, depends upon the operating point and the departure of 
the characteristic curve from straight lines. The output shown in figure 4-7 is quite different from that of the 
distortionless full cycle reproduction of a class A amplifier: one half-cycle is missing. The missing half- 
cycle is supplied by one of two methods: by an additional class B amplifier or by the flywheel action of a 
resonant circuit. 


Eg-lp CURVE 


Eg GOES 
POSITIVE 


Figure 4-7. Class B Amplification. 


Push-pull Class B Amplifier. A push-pull class B amplifier is composed of two tubes connected so as to 
develop in the output both halves of the input cycle. Figure 4-8 shows that one tube conducts during the first 
half-cycle of the ac input, and the other tube conducts during the last half-cycle. Since plate current flows 
during one half-cycle in one tube and during the next half-cycle in the other, the plate-current waveforms are 
combined in the load circuit. The load circuit of the push-pull amplifier is the center-tapped primary of the 
output transformer. During one half-cycle, one tube produces a voltage across the transformer winding. 
During the next half-cycle, the other tube produces a voltage of opposite polarity across the winding. Since 
the plate currents of the two tubes flow in opposite directions through their respective halves of the 
transformer primary winding, the voltage across the primary, combines in the secondary to produce a 
reasonably undistorted output of the input ac voltage. 


Single-tube Class B Amplifier. A single-tube class B amplifier can be successfully used in an RF amplifier 
stage if a parallel-tuned circuit is employed as a plate load. Because of its ability to store power, the parallel- 
tuned circuit is sometimes called a tank circuit. When it is used as the plate load of a single-ended class B 
amplifier (figure 4-9), the tank capacitor is charged by the plate current flow during positive half-cycles of 
the input. Since no current flows through the load on the negative input alternations (half-cycles), the 
capacitor discharges through the inductor during this period and supplies the missing half-cycles in the 
output. This oscillatory (flywheel) effect of the tank circuit occurs only when the tank circuit resonant 
frequency is equal to the input signal frequency. 
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INPUT OUTPUT 


Figure 4-8. Push-pull Amplifier. 


The maximum amount of useful power available from a single power tube is limited by the amplitude 
distortion caused by the introduction of undesired harmonic frequencies. A harmonic frequency is a multiple 
of any given frequency. For example, the second harmonic of 1,000 hertz is 2,000 hertz, the third harmonic 
is 3,000 hertz, and so on. These harmonics are generated by nonlinear, grid voltage-plate current changes in 
a vacuum tube. 


By using a push-pull circuit configuration or a tank circuit, the efficiency of a class B power amplifier can be 
improved. Although the theoretical maximum efficiency possible is 78.5 percent, most practical applications 
only attain between 60 and 65 percent. 


Class C Amplifiers. A class C amplifier is one in which the grid bias is appreciably greater than the cutoff 


value of the tube. With no ac input voltage applied to the grid, the plate current is zero. When an input 
voltage is applied to the grid, plate current flows for appreciably less than one-half of one cycle (figure 4-10). 
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Figure 4-9. Class B Amplifier With Resonant 
Tank. 


Figure 4-10. Class C Amplification. 


Except for grid bias, class C amplifiers operate in the same way as class B amplifiers. Since current flows 
for only a small part of a cycle, the distortion in class C amplifiers is very great. For example, the grid of a 
class C amplifier usually swings sufficiently positive to allow saturation-point current flow through the tube. 
As a result, harmonics are introduced to the output plate wave. These undesired harmonics can be eliminated 
by adding a tuned tank circuit to the load (figure 4-11). The tuned tank (tuned to the input frequency) offers 
a high impedance to the input operating frequency with a power factor nearly equal to unity. However, it 
presents a low impedance to the harmonic frequencies, causing them to be attenuated. The signal frequency 
is therefore amplified to a much greater extent than are the harmonic frequencies. 


TO ANTENNA 


Figure 4-11. Preventing Distortion With a Resonant Tank. 
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Class C amplifiers are often used in high-frequency equipment where it is necessary to deliver appreciable 
power. The high efficiency of a class C amplifier--usually between 60 to 80 percent--is due to the fact that 
the instantaneous plate potential is low, compared to the plate supply voltage, when plate current flows. 
Therefore, energy is supplied to the plate circuit only when the current causes a voltage drop across the tuned 
circuit. 


Frequency Range 


Amplifiers may also be classified according to the band of frequencies in which they are designed to operate. 
There are four main divisions: direct current amplifiers, audio-frequency amplifiers, video-frequency 
amplifiers, and radio-frequency amplifiers. 


Direct Current Amplifiers. Direct current amplifiers are used to amplify slow or irregular dc changes down 
to 0 hertz (cycles per second). They are also used to amplify very low frequencies or dc voltages. A simple 
de amplifier consists of a single tube with a grid resistor across the input terminals and a load in the plate 
circuit (figure 4-12). The parallel voltmeter indicates the voltage drop across the load resistor RL. With no 
dc input, the tube is conducting normally, and the voltage across RL is determined by the current at the 
operating point. If a positive dc voltage is applied to the grid (Eg), the tube conducts harder and more 
voltage is dropped across RL If a negative dc voltage is applied to the grid, the tube conducts less, and the 
voltage decrease is noted on the voltmeter (figure 4-12). Moreover, a small dc voltage change at the grid 
appears as a larger change across RL. 


DC INPUT 


Figure 4-12. Direct Current Amplifier. 


The load used in the plate circuit may be some sort of mechanical device, such as a relay or meter, or the 
output voltage may be used to control the gain of another amplifier. The dc voltage to be amplified must be 
applied directly to the grid of the amplifier tube. For this reason, only direct coupling can be used in the 
amplifier input circuit. 


One of the most important uses of a dc amplifier is in a dc vacuum tube voltmeter (figure 4-13). The voltage 


to be measured is applied to the voltage dividers, R1 through R4. The ratio of voltage division can be varied 
by a volt- age range switch so that several voltage ranges can be measured. 
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Resistor R5 is used to prevent damage to the meter if an exceptionally high voltage is applied. In the plate 
circuit, the additional battery and the variable resistor are used to balance the normal circuit plate current. 
The variable resistor (R6) can be adjusted so that meter M reads zero with no applied input signal. If a dc 
voltage is applied to the input (figure 4-13), the tube amplifies it and causes current to flow through the 
meter. Since the meter reading is proportionate to the applied voltage, the amount of voltage can be read on 
the calibrated meter scale. 


ZERO 
ADJUST 


Figure 4-13. Vacuum Tube Voltmeter. 


Direct current amplifiers can also be used as voltage regulators where small voltage changes must be 
amplified for control purposes. Another important application of dc amplifiers is found in the automatic- 
frequency control (AFC) circuits of many radar sets. In these circuits, a frequency change is converted to a 
voltage change and then amplified by a de amplifier. This voltage is then sent as a frequency-correcting 
signal to the transmitter. 


Audio-frequency Amplifiers. Amplifiers designed to operate at frequencies within the audio spectrum 
(approximately 20 to 20,000 hertz) are called audio-frequency amplifiers. To obtain sufficient gain, it is 
usually necessary to use more than one stage of audio amplification. In this case the output of the tube is 
used to control the grid circuit of the second tube, then the amplified output of the second tube is used to 
control the grid of the following tube, and so on. When two or more amplifiers are connected in this manner, 
they are said to be connected in cascade. 


RC coupling is the most widely used type of coupling in audio circuits, although impedance coupling and 
transformer coupling are sometimes useful. Figure 4-14 shows a typical RC-coupled audio amplifier. The 
dotted capacitors are the interelectrode and stray-wire capacitances present in the plate circuit of one tube 
(Cp) and the grid circuit of the following stage (Cg). Cc and Rg make up the circuits' RC-coupling network. 
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Figure 4-14. RC-coupled Audio Amplifier. 


The amplification of an RC-coupled audio amplifier varies with the input signal frequency. A of figure 4-15 
shows the amplification variation over a wide range of frequencies. Note that the amplifier gain decreases at 
the low and high frequencies but remains fairly constant in the middle-frequency range. The low response at 
the lower frequencies is caused by the high reactance of the coupling capacitor, Cc (figure 4-14). At the high 
frequencies, the low response is due to the shunting effect of the interelectrode and stray capacitances. Both 
of these effects, however, are negligible in the middle frequency range. B and C of figure 4-15 show the 
effects that load resistor RL and coupling capacitor Cc (figure 4-14) have on the frequency response 

of the audio amplifier. 


The bandwidth of an amplifier is determined by the frequencies at which the amplification drops to 
approximately 70 percent of the maximum value. A of figure 4-15 shows that a line drawn through a voltage 
amplification of 42 (70 percent of 60) determines the bandwidth. Note that the entire audio-frequency range 
(20 to 2,000 hertz) is included in the bandwidth of this example. 


Video-frequency Amplifiers. Radar and television signals require amplifiers that can amplify a wide band 
of frequencies. Such amplifiers, having a uniform response over a frequency band extending from the lowest 
audio frequency to frequencies of several megahertz, are known as video amplifiers. Like audio amplifiers, 
most video circuits use RC coupling, although the circuit component values are different. The frequency 
response curve of the RC-coupled audio amplifier (figure 4-15) drops rapidly at low and high frequencies but 
is fairly uniform over the middle audio-frequency range. The low-frequency response is limited by the value 
of the coupling capacitor, and the high-frequency response is limited by the interelectrode and stray wire 
capacitance of the plate and grid circuits. These limiting factors must be overcome in order to widen the 
amplifier bandpass so that its response is uniform over the wide-frequency range required by a video signal. 


Triodes, which have high-interelectrode capacitance, are not suitable for use as video amplifiers. Rather, 
pentodes, which have very low-interelectrode capacitances, are used. In addition, the pentode has a higher 
amplification factor than the triode. However, in wiring the circuit, care must be taken to keep the leads 
short and properly spaced for minimizing the distributed capacitance of the wires. 
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Figure 4-15. Response Curves of an RC-coupled Audio Amplifier. 
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The value of the load resistor in an RC-coupled amplifier determines, to a great extent, the bandwidth and 
gain of its amplifier. B in figure 4-15 shows the effect of changing the value of load resistor RL. Note that 
the highest resistance value causes a high-output voltage in the mid-frequency range and a steep-output 
voltage drop at the high frequencies. As RL is decreased, although the gain in the mid-frequency range is 
lower, the response is more uniform over a wider range. 


High-frequency amplification is limited by capacitances that shunt the load, while low-frequency 
amplification is limited by the size of coupling capacitor C,. To improve their frequency response, video 
amplifiers employ pentodes to reduce interelectrode capacitances and low-value load resistors to broaden the 
response. In addition, special devices are often added to improve the low and high-frequency responses. 


Low-frequency Compensation. Video amplifiers must be capable of amplifying frequencies at the low end of 
the frequency band as well as at the high end.C of figure 4-15 shows that low-frequency amplification is 
improved when a large coupling capacitor (C,) is used. A large capacitor has less reactance to low 
frequencies than does a small capacitor and therefore has a smaller voltage drop. Since coupling capacitor C, 
and grid resistor Rg (figure 4-16) form a voltage divider in the input circuit, more voltage appears across R, 
when C, has a small reactance and greater amplification results. 


Figure 4-16. Low-frequency Compensation Circuit. 


There is a limit, however, to the amount of amplification made possible by increasing the size of C,. For 
example, in radar waveshape if C, is too large, it discharges too slowly for faithful reproduction of the steep 
trailing edges. 


A more satisfactory means of improving low-frequency amplification is to employ a low-frequency 
compensating circuit. The compensating circuit is composed of a parallel RC circuit connected in series with 
the load resistor (figure 4-16). Since C, is comparatively large, it offers practically no reactance to middle 
and high frequencies, and therefore, does not affect them. At low frequencies, however, its reactance is high. 
Since this reactance is parallel to Ry, it produces an impedance that when added to R, increases the total load 
impedance. Therefore, since the compensating circuit produces a larger load impedance at low frequencies, 
the gain of the stage is higher at these frequencies. 
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High-frequency Compensation. Although amplifier bandwidth is increased by using low-value load 
resistors, amplification at the high-frequency end is limited by the capacitance (C,), which shunts the load 
resistor. High frequency compensating circuits are used in many video amplifiers to offset the effects of the 
shunt capacitances. As shown in figure 4-17, a low reactance coil (L) may be placed in series with the load 
resistor (Ry) and in shunt with C,. At low and middle frequencies, the coil reactance is high and the 
amplifier gain increases. This gain increase will offset the loss caused by shunting effect C, (figure 4-17). 
The value of the coil is usually chosen so that it forms a resonant circuit with the shunt capacitance at a 
frequency where the gain is low and then increases the gain at this frequency. In this manner, the shunt 
peaking coil extends the band of frequencies that the video amplifier can uniformly amplify. 


Figure 4-17. Shunt Peaking Coil for High-frequency Compensation. 


The series peaking coil is another type of high-frequency compensating circuit. As shown in figure 4-18, a 
coil L is connected in series with the coupling capacitor C,. At high frequencies for all practical purposes, 
inductance L and capacitor C, form a resonant circuit. The increased current then causes an increased 
voltage drop across C,, and a greater voltage is applied to the grid of the following stage. 


Figure 4-19 is an RC-coupled video amplifier that incorporates all the compensating devices for extending 
the bandwidth of a video amplifier. Note that both methods of high-frequency compensation are used to 
extend the upper range of frequencies that can be amplified. 


Radio-frequency Amplifiers. Radio-frequency (RF) amplifiers, mainly used in transmitters and receivers, 
amplify voltage or power at radio frequencies. With certain limitations they are designed to handle all 
frequencies above the audio-frequency ranges. One of the most important types of RF amplifiers is the 
intermediate-frequency (IF) amplifier. Used in super-heterodyne receivers, the IF amplifier differs from the 
RF amplifier only in use and frequency employed. For example, a typical RF amplifier for a radio receiver 
might amplify a frequency of 610 kilohertz, while the IF amplifier would be tuned to 455 kilohertz. A radar 
receiver, on the other hand, might use RF amplifiers at 175 megahertz and IF amplifiers at 30 megahertz. 
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Figure 4-19. RC-coupled Video Amplifier With 
Compensating Circuits. 


Figure 4-18. Series Peaking Coil for High- 
frequency Compensation. 


RF amplifiers, like audio amplifiers, may operate as classes A, B, or C amplifiers. They differ from audio 
amplifiers in that tuned resonant circuits are usually used for input and output coupling (figure 4-20). For 
low-power operation, such as that required in receivers, pentode RF amplifiers provide the highest gain and 
because of their low grid-to-plate capacity have the least tendency to break into self-oscillation. 


T1 


Figure 4-20. RF Amplifier. 


The RF amplifier shown in figure 4-20 is actually an IF amplifier since it is designed to amplify only one 
frequency. Single-frequency amplification occurs because of the parallel resonant circuits at the input and 
output ends. These parallel circuits discriminate against all frequencies other than resonance by developing 
maximum voltage only at the resonant frequency. This ability of an amplifier to select one frequency and 
reject all others is called selectivity. Amplifier selectivity is greatest when high-Q tuned circuits are used. 
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IF amplifiers used in radar receivers must be of a special design. For example, a pulse-modulated RF signal 
contains the radio frequency and sidebands for each frequency that makes up the pulse. Therefore, the IF 
amplifier must have a very wide bandwidth to amplify the entire input pulse. Several devices may be 
employed to widen the individual IF stage bandwidth, but they will also lower the gain. Radar receivers, 
therefore, usually employ six or more IF stages to build up the gain to a usable level. 


IF amplifiers may either be single-tuned or double-tuned. Figure 4-21 shows that a single-tuned stage has 
only one tuned circuit between input and output stages, while the double-tuned stage has two. Double-tuned 
coupling produces greater gain for a given bandwidth, but single tuning is simpler to align and manufacture. 


Single-tuned Ooubledtunsd 


Figure 4-21. Single-tuned and Double-tuned IF Amplifiers. 


The IF bandwidth is usually increased by either of two methods: lowering the Q of the tuned circuits or 
using stagger tuning. The Q can be lowered by resistive loading of the tuned transformer. For example, in 
figure 4-22, resistors Rl and R2 are connected parallel to their respective coils. The bandwidth can be 
widened further by decreasing the resistance of R1 and R2, but the gain is considerably decreased. Stagger 
tuning is accomplished by tuning some IF stages slightly below, some slightly above, and some to the 
intermediate frequency (figure 4-23). Stagger tuning increases the bandwidth but also lowers the overall 
gain. 


RL R2 


Figure 4-22. Lowering the Q of Tuned Circuits. 
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Figure 4-23. Stagger Tuning. 


CATHODE FOLLOWER 


Maximum transformer power transfer takes place when the source impedance is matched to the load 
impedance. Although the transformer is limited because of its comparatively poor-frequency response, it is 
often used as a means of impedance matching. However, where fidelity is of prime importance, such as in 
radar, a vacuum tube circuit is commonly used to match impedances. Since the problem of impedance 
matching is usually one of connecting the output of a high-impedance source to a low-impedance device 
(such as a coaxial cable), the impedance-matching circuit must have a high-impedance input and a low- 
impedance output. The cathode follower is a circuit that meets these requirements. 


The cathode follower is an amplifier in which degenerative feedback occurs because of an unbypassed 
cathode resistor (figure 4-24). The circuit is essentially an impedance-matching device with a voltage gain 
less than unity. It does, however, yield a power gain and is therefore classified as a power amplifier. The 
cathode follower also has an excellent frequency response, often being used as the final video stage in a radar 
receiver. 


Figure 4-24 shows that the cathode follower input (e;) is applied to the grid of the tube, and the output (e,) is 
taken across the cathode resistor. Since the grid resistor (R,) has a high value and the cathode resistor has a 
low value, the circuit fulfills the requirement of a high-impedance input and a low-impedance output. As the 
input voltage goes more positive, plate current increase and the cathode-to-ground voltage (Er,) goes more 
positive. If the input voltage goes more negative, however, plate current and the cathode-to-ground decrease. 
Note that the cathode voltage follows the input signal. 


In radar the output from one unit of equipment is often transmitted through a long cable to another unit. 
Such a cable because of its distributed capacitance, inductance, and resistance presents a much lower 
impedance than the output impedance of the ordinary amplifier. A cathode follower, however, may be 
designed to have this low-output impedance and would therefore permit more power transfer than would an 
ordinary amplifier. 
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The input impedance of a cathode follower is considered to be high. Since the cathode follower is operated 
with the grid negative in respect to the cathode, a high-voltage amplitude can be applied between the grid and 
ground, and no grid current will flow. This can be attributed to the degenerative action of the unbypassed 
cathode resistor and the high-input impedance to a positive input signal. Moreover, since the cathode 
follower is a degenerative circuit, very little amplitude distortion is introduced in the output and the input and 
output signals are always in phase. 


Figure 4-24. Cathode Follower. 
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REVIEW EXERCISES 
Circle the letter of the correct answer to each question. 
1 What is the advantage of using transformer coupling? 
Increased selectivity. 
Increased bandwidth 


Increased bandpass 
Increased gain. 


adage 


2 What amplifier class has the greatest efficiency? 


a A. 
b AB. 
Cc B. 
d C. 


3. What is the primary function of the cathode follower circuit? 


Voltage amplification. 
Impedance matching. 
Current amplification. 
Frequency multiplication. 


ada 


4 What type of coupling is most widely used in audio amplifiers? 


a RC. 

b RL. 

c Impedance. 
d Transformer. 


5 What amplifier class is primarily used with audio-frequency systems? 


a A. 
b AB. 
c B. 
d C. 


6 What amplifier can best be used in a voltage regulator? 


Audio. 

Video. 

Direct current. 
Audio-frequency. 


ada ef 


7 Amplifiers are normally classified according to the use, frequency range, and type of what? 


a Modulation. 
b Coupling. 

Cc Construction. 
d Biasing. 


134 


MM0705, Lesson 4 


8 Why must video amplifier leads be short and properly spaced? 


To decrease frequency drift. 

To minimize radiation losses. 

To decrease resistive absorption. 

To minimize distributed capacitance. 


aada® 


9 What component is used to provide high-frequency compensation in a video amplifier? 


Parallel tank. 

Series peaking capacitor. 
Series peaking inductor. 
Series tank. 


aadas® 


10 What type of coupling is most widely used in RF amplifiers? 


Resistive-inductive. 
Resistive-capacitive. 
Untuned transformer. 
Tuned transformer. 


adage 


11 What type of circuit produces the greatest selectivity in an amplifier? 


High-Q tuned. 
Low-Q tuned. 
High-Q nonresonant. 
Low-Q nonresonant. 


aadinns 


12 What amplifier normally maintains the highest selectivity? 


a RF. 
b AF. 
Cc DC. 
d RC. 


13. What is a characteristic of the cathode follower circuit? 


High-voltage gain. 

Low-power gain. 

High-input impedance and low-output impedance. 
Low-input impedance and high-output impedance. 


aadaqae 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every 
question to the best of your ability, check your answers against the Exercise Solutions. If you missed more 
than one question, you should retake the entire lesson, paying particular attention to the areas in which your 
answers were incorrect. 
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Lesson 5 
OSCILLATORS 


Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the fundamental theory, 
construction, and operation of oscillators. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 
1, 2, 3, 4, 6, and 7. 


INTRODUCTION TO SINUSOIDAL OSCILLATORS 


An oscillator circuit is one that delivers an ac output voltage, usually having a definite desired waveform and 
frequency, without the use of an external input signal. The operation of an oscillator circuit depends on a 
special application of the principles of amplifier circuits. 


Application 


An important application of oscillators having sinusoidal output waveforms is in the signal generator, a test 
instrument used in testing amplifiers and other electronic equipment. A signal generator contains one or more 
oscillator circuits, together with auxiliary circuits, for varying the magnitude and frequency of the output voltage 
or otherwise contributing to the convenience or precision of the instrument in practical use. The term oscillator 
is sometimes used to designate the entire signal generator. 


Figure 5-1 shows a signal generator. The signal generator supplies the input voltage that enables the amplifier 
to function. Its output is measured with a voltmeter, an oscilloscope, or other suitable instrument. Signal 
generators are used to measure the gain, frequency response, and distortion of amplifiers. They are also used to 
test filter performance, measure frequency, calibrate other oscillators, and make bridge measurements of 
unknown reactances at specified frequencies. 


Basic Principles 


Basically, an oscillator is an amplifier that derives its output signal from its own output. This basic principle of 
oscillator operation is illustrated in B and C of figure 5-2. The amplifier in B has a gain of 10. It produces an 
output of 10 volts when 1 volt is applied to the input terminals from the generator with the switch in position 1. 
It is important to note that the input and output voltages of the amplifier have the same polarity (in phase). In C, 
switch contact 2 has been connected to the load resistor. 
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Thus, when the amplifier input switch is thrown from position 1 to position 2, the external input voltage, in B, is 
replaced by the exact duplicate obtained, however, from a tap on the output load resistor of the amplifier. The 
new input voltage is identical to the original external input signal in both amplitude and phase; therefore, the 
external input signal is no longer needed, and the amplifier continues to produce an output voltage as long as the 
feedback path from output to input is not disturbed. Under these conditions the amplifier is said to oscillate. 
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Figure 5-1. Signal Generator. 


In practical oscillators, the oscillations are started by variations in plate current as the tube heats up. They build 
up because of the feedback path and the amplifying action of the circuit. It is not necessary to use an external 
generator and a switch. These elements are shown merely to illustrate the principle. 


The preceding explanation of oscillator operation shows that an amplifier performs as an oscillator provided a 
portion of its amplified output voltage is fed back with a specific amplitude and phase. These are the two basic 
operation conditions of many types of oscillators used as signal generators. 


In many practical oscillators, the requirements of phase and amplitude are fulfilled by networks of resistors and 
capacitors that are inserted in the feedback loop of a conventional amplifier. These networks also determine the 
frequency of the oscillator output. Oscillators of this type are called RC oscillators. Since practical oscillators 
are used for test purposes, their performance must meet rigorous specifications as to output voltage and 
frequency. 


Requirements 
Signal generators are often equipped with attenuators or other circuits by which the amplitude of the output 


voltage may be varied at will; but, once the control is set, the output must remain constant over a wide range of 
frequencies and for long periods of time at any one setting. 
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Figure 5-2. Oscillator Operation. 


The oscillator should produce an output voltage having negligible distortion, especially if it is to be used in 
making distortion tests on amplifiers or other equipment. Distortion products originating in the oscillator will 
appear in the output of the amplifier under test as well as in the circuits of the oscillator itself, and it is difficult 
or impossible to separate the two. If the oscillator output is appreciably distorted, even a distortion-free 
amplifier would appear to produce appreciable distortion. Distortion in oscillators is minimized by special 
circuits and by operating all components conservatively, that is, by not driving any component with excessive 
current or voltage that might produce distortion. 


The following paragraphs describe and explain two oscillator types that can be built to meet the foregoing 
requirements. They are the RC phase-shift oscillator and the Wien-bridge oscillator. 


RC Phase-shift Oscillator. The basic RC phase-shift oscillator may be developed by modification of a 
conventional amplifier. The amplifier in A of figure 5-3 has a gain of 18 and produces an output of 18 volts 
when | volt is applied to its input terminals, as shown. It differs from a conventional amplifier only in that its 
load resistor has a phase shifter connected parallel to it. The phase shifter is an RC network. This particular 
phase shifter takes part of the 18-volt negative-going output voltage of the amplifier and converts it to a 1-volt 
positive-going voltage--a phase shift of 180° 
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It is a characteristic of the phase shifter in that it produces exactly these effects at one frequency only. At the 
one frequency determined by the phase shifter, however, its output is exactly in phase with the amplifier input 
voltage, as shown by the waveform in A. 


PHASE |OUTPUT 
Vv 


1 


3 . 
PHASE |OQUTPUT 


Figure 5-3. Basic RC Oscillator. 


In B of figure 5-3, the 1-volt output from the phase shifter has been substituted in the circuit in place of the 1- 
volt external signal. This meets the requirements for oscillation of an amplifier explained in the preceding 
paragraph: a proper portion of its output voltage has been fed back to its input in proper amplitude and phase. 
The oscillator is redrawn in C with the phase shifter shown in a conventional manner on the grid side of the 
amplifier. 


The phase shift of the feedback voltage must be 0°, 360°, or a multiple of 360°, in order to satisfy the phase 
requirements of an oscillator. This constitutes positive voltage feedback, or regeneration. In the discussion, it is 
assumed that the one-stage amplifier introduces only 180¢ of the required 360°of phase shift. The additional 
180° is produced by the phase shifter. 
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The phase shifter, shown simply as a box in figure 5-3, consists of three resistance-capacitance L-sections, each 
introducing a phase shift of approximately 60°. One of these L-sections is shown in A of figure 5-4. The L- 
section consists of a capacitor and a variable resistor in series. Theoretically, this combination can be made to 
cause a phase difference of any amount from 0° up to 90° between input voltage e and output voltage er simply 
by varying the resistor, and a phase shift of 180° can be obtained by cascading two L-sections (since the phase 
shifts of cascaded networks add numerically). However, for practical purposes, it is possible to obtain, with one 
L-section, phase shifts only up to nearly 90°. To obtain 180°, therefore, three L-sections are connected in 
cascade, each section shifting the phase of the input voltage by 60°. 


Figure 5-4. L-section RC Phase-shift Network. 


In the operation of the L-section as a phase shifter, an alternating voltage, e, is applied to the input terminals. A 
current flows through the series RC circuit, the magnitude of which is determined by the impedance of the 
capacitor and resistor. The resulting voltages are represented in the graph in B of figure 5-4 and the vector 
diagram in C of figure 5-4. Since the impedance is capacitive, the current, i (C of figure 5-4), leads the 
impressed voltage, e, by an angle shown equal to 60° (in C). The resulting voltage drop, eR, across resistor R, is 
in phase with the current; and consequently, eR leads the impressed voltage by the same angle. 


The phase shift of an L-section can be varied in several ways. For example, varying resistor R changes the 
phase angle of the current flowing in the circuit. If R is reduced to 0, the phase angle of the current is 90° but 
this action is useless, because no voltage is developed across 0 resistance. It is possible to get almost, but not 
quite, 90° in a single L-section of this type. Two practical L-sections can give a phase shift of almost 180°. For 
this reason, at least three L-sections are needed to obtain 180°. 
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A combination of three L-sections is shown in A of figure 5-5. The output of section 1 is applied to the input of 
section 2 that is applied to the input of section 3. Each section contributes to the total phase shift. The phase 
shift of each section can be adjusted so that each produces 60° of phase shift, making the total phase shift 
exactly 180°. 


The phase relations of the several voltages of a three-section L type of phase shifter are shown in the graph in B 
of figure 5-5. The output of section 1, eR1, B of figure 5-5, leads the plate voltage, e,, by 60°. This output is 
impressed on section 2, output eR2, which leads the plate voltage by twice 60° or 120° Similarly, section 3 adds 
another 60° of phase shift, making a total of 180°. Thus, the input voltage to the grid leads the output from the 
plate by 180°. This phase shift is added to the 180° of phase shift contributed by the tube, making the total 
phase shift 360°. 
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Figure 5-5. Three-section Phase-shift Network. 


For practical purposes, the type of phase-shift oscillator employing this three section phase shifter is usually 
operated at a fixed frequency. Its frequency may be changed, however, by varying the elements of the phase 
shifter. For example, if the capacitance of any section is increased, the capacitive resistance is decreased. 
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This causes a decrease in the angle of phase shift provided the frequency is not changed. But at some lower 
frequency, the capacity reactance and the phase shift will be the same as before. Oscillation can take place only 
at the one frequency at which the total phase shift is 180°; voltages of any other frequency are fed back out of 
phase and do not result in oscillation. The frequency of oscillation depends on the ratio Xc/R of each section. If 
the ratio remains constant, the frequency of oscillation is constant. The frequency is increased by decreasing 
either the capacitance or the resistance, and vice versa. In practical oscillators, ganged variable capacitors are 
usually employed to vary frequency smoothly from the lowest to the highest frequency of one range; the 
resistors are varied in steps that change the frequency range. 


RC phase-shift oscillators have several advantages, disadvantages, and modifications. 


Advantages. The phase-shift oscillator shown in A of figure 5-6 uses the three-section phase shifter of figure 5- 
5. This oscillator has many advantages. It is easy to construct, requires only one tube, and operates over a 
wide-frequency range, from below | cycle to about 1 megahertz. This output waveform may be almost a pure 
sine wave when operated at low gain. 


Figure 5-6. Practical Phase-Shift Oscillator. 


Disadvantages. The output voltage of the oscillator in figure 5-2 is low in amplitude and it varies as oscillator 
frequency is varied. Distortion may be high in this oscillator if the tube is operated in the nonlinear portion of 
its characteristic curve. When this occurs, the tube produces high-frequency harmonics that easily pass through 
the capacitors in the RC network and are applied to the grid of the tube and reamplified. Thus, the output 
waveform may contain the harmonics generated by the tubes plus the amplified distortion products. 
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In order to minimize distortion, the tube must be operated on the most linear portion of its characteristic curve 
and at low-output voltage. Another disadvantage is the loss that the phase-shift network introduces. For 
example, the three section L type of phase-shift network requires an input of 29 volts in order to supply an 
output of 1 volt. The circuit will oscillate only if the tube has a gain higher than the loss caused by the phase- 
shift network. The tubes used for this oscillator are high in triodes or pentodes. Another disadvantage of the RC 
oscillator is that the output voltage of the oscillator changes in magnitude as the frequency is varied. This effect 
is undesirable not only because it is time consuming to check the oscillator output voltage whenever the 
frequency is changed but also because the amount of waveform distortion of an amplifier (and oscillator) usually 
changes with amplitude. 


Modifications. The phase-shift oscillator circuit in A of figure 5-6 can be modified to remedy its shortcomings. 
One method that minimizes waveform distortion is shown in B of figure 5-6. Here, the R and C elements of the 
phase shifter are interchanged. Distortion is reduced because the capacitors are practically as short circuits for 
harmonics of the fundamental frequency. However, experiment and analysis show that the values of resistors 
and capacitors needed for this phase shifter are often impractical. One alternative is to use the first phase shifter 
(shown in A, figure 5-5) and operate it at only one frequency. 


Wien-bridge Oscillator. The shortcomings of the phase-shift oscillator are minimized in the Wien-bridge 
oscillator (figure 5-7). This oscillator is named after its inventor and consists of a network of resistors and 
capacitors that produce the feedback. The feedback voltage is obtained from a network having zero phase shift 
at the frequency of oscillation; for this reason, the losses of the network at the frequency of oscillation are lower 
than the losses of the L type of phase shifter. Since the phase shift of a single tube is only 180° (reversed 
polarity), it is necessary to use two tubes connected in cascade to provide the 360° of phase shift (same polarity) 
required for oscillation. The tubes are made part of a two-stage amplifier having two feedback loops. One of 
these paths provides the positive feedback that causes oscillation; the other provides the negative feedback that 
minimizes distortion and maintains the output voltage constant over a wide range of frequencies. Because the 
entire phase shift is provided by the tubes, the actual function of the phase shifter is to control the frequency of 
oscillation rather than to shift the phase of the feedback voltage. 


For an understanding of the operation of the Wien-bridge oscillator, refer to the phase shifter illustrated in figure 
5-8. It forms two of the four arms of a Wien-bridge. One arm is the series combination of resistor R1 and 
capacitor C1; the other arm is the parallel combination of resistor R2 and capacitor C2. Two voltages are of 
interest in the phase-shifting network (figures 5-8). They are the input voltage, E;, which is impressed across the 


entire network, and the resulting output voltage, Ej, which appears across the parallel combination of R2 and 


C2. Curve 3 of figure 5-9 shows the variations of the phase of the output voltage relative to that of the input 
voltage. As shown, it leads the input at frequencies below F, and lags at frequencies above F,. At Fy the phase 


shift is zero. This is because the phases of the voltages across the two bridge arms vary in opposite directions as 
frequency changes. For example, at a frequency below Fo, the voltage across the series arm lags the input, and 


the voltage across the parallel arm leads the input. As the frequency increases, the phase difference between 
each of these voltages and the input voltage decreases, until at one critical frequency, Fo, both are in phase with 


the input. The voltage across the parallel arm is the output voltage. 
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Figure 5-7. Wein-bridge Oscillator. 
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Figure 5-8. Wien-bridge Phase Shifter Figure 5-9. Frequency Feedback Voltage in Wein- 
bridge Oscillator 
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Both experiment and analysis show that the output voltage of the phase shifter is greatest at the frequency of 
zero phase shift. It is customary to make the two resistors, R1 and R2, equal, and the two capacitors, C1 and C2, 
equal (figure 5-8). Under this condition, the maximum output occurring at the frequency of zero phase shift is 
exactly one third as large as the input voltage. Consequently, only 3 volts are required at the input to the phase 
shifter in order to obtain a 1-volt output at the oscillating frequency. 


Figure 5-10 shows the simple steps required to develop the Wien-bridge oscillator circuit from a two-stage 
amplifier. Assume that the first stage of the amplifier (A of figure 5-10) has a voltage gain of 50, and the second 
has a gain of 10. The overall gain of the amplifier is 500, and 1 volt applied to the input terminals of the 
amplifier should appear as 500 volts at the output. 


Note that the output and input voltages are in phase at the frequency for which the phase shift of the amplifier is 
exactly 360° (same polarity) (A of figure 5-10). Because this is so, the amplifier oscillates if a portion of the 
output voltage is used to drive the amplifier in place of the external signal generator. One way of reducing the 
500 volts of output to the required 1 volt of input voltage is to use a simple resistance voltage divider. In B of 
figure 5-10, distortion is reduced by applying negative feedback to the amplifier. This reduces the gain to such a 
value that only the needed 1 volt of input is obtained. It also flattens the frequency response of the amplifier, 
maintaining both the phase shift and the output voltage almost perfectly constant over a wide-frequency range. 
For example, the feedback network, R3-R4 (figure 5-10), reduces the overall gain of the amplifier from 500 to 
about 3 if R4 is made twice the resistance of R3. The output voltage of this amplifier is now 3 volts when 1 volt 
is applied to the input terminals. 


In order to hold the frequency of oscillation constant, the Wien-bridge phase shifter (figure 5-8) is connected 
between the output of the amplifier and the input (C of figure 5-10). The amplifier oscillates at one frequency 
because the phase shift between output and input terminals is still 360¢ (same polarity), and the phase shifter 
introduces zero phase shift at that one frequency. For example, the amplifier oscillates at 1,000 hertz if the phase 
shifter has zero phase shift at 1,000 hertz. 


The amplifier also amplifies voltages of other frequencies, but these voltages are reduced by the phase shifter in 
the positive feedback path to amplitudes less than that of the negative feedback voltage. Therefore, they are 
cancelled out at the grid, and oscillation at undesired frequencies does not occur. To accomplish this 
cancellation the overall gain of the amplifier is adjusted to a value of 3. The discrimination of the circuit against 
all but the desired frequency of oscillation is sharpened by the phase shifter, which applies voltages of undesired 
frequencies to the grid, out of phase as well as in reduced amplitude. 
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Figure 5-10. Development of Wein-bridge Oscillator. 


The oscillator, in C of figure 5-10, is made to operate at any desired frequency by changing the values of the 
resistances or capacitances of the phase shifter. These values determine the frequency in accordance with the 
following formula: 


2mR,C, 


The formula involves only R; and C, because the resistances of R; and R» are equal and the capacitances of C, 
and C; are likewise equal. The formula shows that frequency is increased by using smaller values of resistance, 
or of capacitance, or of both. For example, a typical oscillator has four frequency ranges: 20 to 200 hertz, 200 
to 2,000 hertz, 2,000 to 20,000 hertz, and 20,000 to 200,000 hertz. Each range is selected by switching different 
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resistors into the Wien-bridge, and the frequency is varied smoothly in each range by moving the variable 
capacitors. 


A practical Wien-bridge oscillator usually has one other element that ensures constant output voltage as 
frequency changes. This is a lamp, or thermistor, as shown in A of figure 5-7. This lamp is used in place of the 
cathode bias resistor of V1 in A of figure 10. It stabilizes the amplitude of oscillations because its resistance 
varies with the current that flows through it. The current flowing through the lamp is determined by the 
feedback voltage impressed across it. This voltage increases if for some reason the output voltage increases. As 
a result of high-impressed voltage, the filament of the lamp becomes hotter, making its resistance greater; a 
greater negative feedback voltage is developed across the increased resistance. Thus, more degeneration is 
provided, which reduces the gain of the amplifier and thereby holds the output voltage at a nearly constant 
amplitude. The circuit shown in A of figure 5-7 is redrawn in B to show the bridge configuration of the 
feedback circuit more clearly. The two upper arms comprise the Wien-phase shifter and the two lower arms 
contain the negative feedback resistor, R3, and the lamp, LP. 


INTRODUCTION TO NONSINUSOIDAL OSCILLATORS 


Many electrical devices require voltages having nonsinusoidal waveforms, such as sawtooth and square waves, 
rather than the sine wave voltages. Sawtooth waves are needed in the sweep circuits of oscilloscopes and in 
many radar and television circuits. Square or rectangular waveforms are used in radar circuits and in other 
applications to develop trains of pulses or to operate gating circuits and electronic switches. Sawtooth 
generators, multivibrators, and blocking oscillators are nonsinusoidal oscillators and operate by charging and 
discharging through a resistance. An elementary form of sawtooth generator will be discussed first, since it 
affords the simplest illustration of the principle underlying each one. 


A sawtooth waveform is used in oscilloscopes in order to deflect, or sweep, the electron beam back and forth 
across the screen of the cathode ray tube at a constant rate. The resulting visible trace on the screen is known as 
a sweep, or time base. The beam moves from left to right across the screen at a constant and relatively slow rate 
and then returns more quickly to its starting position at the left. It then repeats the same back and forth 
excursion at a definite frequency. This motion of the beam is caused by a voltage that varies with time, as 
shown in figure 5-11. The instantaneous value of the voltage increases at a constant and relatively slow rate, 
falls more quickly to its initial value, and then repeats the cycle indefinitely. 


Sawtooth voltages are generated in oscillator circuits using tubes to control the charge and discharge cycle of a 
capacitor. The resulting voltage across the capacitor is a sawtooth waveform. The tubes may be either gas- 
filled or vacuum. Oscillators using vacuum tubes are more widely used because of their greater frequency 
range, better linearity, and more stable operation. Gas tube oscillators, however, are very simple. 
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Figure 5-11. Sawtooth Voltage Waveform. 
Gas Diode Oscillator 


Basic Oscillator. The simplest sawtooth oscillator is one employing a gas diode. It is unstable in frequency, 
which limits its application. An understanding of its operation, however, provides a foundation for the study of 
other nonsinusoidal oscillators. Figure 5-12 (A) shows the three essential elements of a gas diode oscillator 
circuit; a capacitor, C; a series resistor, R; and a gas-filled diode. They are connected as shown and supplied 
from a de voltage source. The diode is a neon-glow lamp, the type commonly used for indicating purposes. It 
consists of two electrodes mounted in a small glass envelope filled with neon gas. There is no heater or filament 
supply; the tube operates with a cold cathode. The circuit produces sawtooth oscillations when the dc voltage, 
E, is applied. The supply voltage causes a current flow through the series resistor, R, into the capacitor, C. The 
voltage across the capacitor rises according to the exponential charging curve shown in figure 5-13. As the 
capacitor charges, the voltage across it approaches the supply voltage. The voltage across the neon tube is the 
same as the voltage across the capacitor, because these elements are parallel. The neon tube acts as an open 
switch until the voltage across it reaches a critical value called the firing voltage or firing potential. 


mee 


62.5 CPS 


B Practical Circuit 


Figure 5-12. Gas Diode Oscillators. 


At this point, the gas in the tube ionizes and conducts rapidly, which makes the tube act like a very low 
resistance across the capacitor. The capacitor thus discharges very rapidly, as shown by the discharge curve. 
The discharge stops when the voltage across the tube and capacitor reaches the deionizing potential of the tube. 
At this voltage, conduction stops. The tube again becomes an open circuit and the capacitor begins to change 
again; the voltage across it increases as shown by the second rise in the unbroken curve (figure 5-13). Again, 
the voltage drops sharply when it reaches the firing potential. This process continues as long as the de supply is 
maintained and produces the succession of sawtooth waves of voltage across the capacitor shown in the figure. 
Note that the capacitor charging curve is a slightly curved line that prevents the sawtooth curve from having a 
perfect triangular shape. 


167 


MMO0705, Lesson 5 


SUPPLY VOLTAGE 
FIRING POTENTIAL 
DEIONIZING POTENTIAL 


‘t— DISCHARGE 


Ww 
e% 
kK 
rs) 
> 
o& 
oO 
E 
|. 
& |: 
o 
<{ 
oO 


Figure 5-13. Variation of Capacitor Voltage in Neon Sawtooth Generator. 


Practical Oscillator. The simple circuit shown in A of figure 5-12 is impractical because when the neon tube 
starts conducting, its resistance is momentarily very small and permits excessive current to flow, damaging the 
tube. This defect is eliminated in the circuit of B, where a protective resistor is inserted in series with the tube to 
limit the peak current to a safe value. The tube in figure 5-12 is an NE-16 neon lamp, which fires at about 77 
volts and deionizes at about 48 volts. (Because these voltages may differ by several volts in different tubes, it is 
impossible to accurately predict the operating characteristics of the circuit.) The frequency of a sawtooth wave 
is the number of times the voltage rises and falls per second. Frequency is controlled by varying the time 
constant of the circuit or the magnitude of the supply voltage (figure 5-14). The time constant depends on the 
values of the charging resistor and the capacitor. 


Thyratron Sawtooth Oscillators 


As a rule, whenever nonsinusoidal waves are used in electronic circuits, their frequency must be accurately 
controlled or synchronized with a signal of known frequency if the waves are to serve a useful purpose. For 
example, the sawtooth waves that generate the sweep voltage of an oscilloscope must be held at a constant 
known frequency in order that a steady pattern may be seen on the screen. 


Thyratron Tube. The frequency of a sawtooth oscillator can be controlled with great accuracy by using a 


special gas triode known as a thyratron. The operating characteristics of this tube differ considerably from those 
of vacuum triodes. 
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Figure 5-14. Frequency Changes resulting From Changes in Circuit Constants of Neon Sawtooth 
Generator. 


Like a vacuum triode, a thyratron has a grid as its third element, but there are differences in both the physical 
structure of the two grids and in their effect on the plate current. In a vacuum triode (assuming a fixed-plate 
voltage), the voltage applied to the grid controls not only whether plate current flows or not but also how much 
current flows. In a gas triode, the grid voltage can merely turn the plate current on. Once plate current starts, 
the grid voltage exercises no control over the amount of plate voltage. The grid functions as a switch by altering 
the firing potential of the tube. The higher (more positive) the grid voltage, the lower the plate voltage required 
to ionize the gas in the tube and start conduction. Thus, a thyratron that is cut off may be made to conduct by 
increasing sufficiently either the grid voltage or the plate voltage. For any given grid voltage, the thyratron 
functions as a gas diode, regardless of grid voltage. Conduction stops only when the plate voltage falls to the 
deionization potential. The manner in which the grid and plate voltages of a typical thyratron controls its 
functioning is shown in figure 5-15. The graph shows the firing plate voltage for a range of values of negative 
grid voltage. For example, if the grid voltage is -20 volts, the tube will conduct or fire when the plate voltage is 
slightly under 160 volts. But, if the grid voltage is raised to -12 volts, the tube will fire with only 100 volts on 
the plate. The thyratron differs from the neon gas tube, also, because the plate current rating in thyratrons is 
greater. Typical values range from 125 ma ina small thyratron up to many amperes in a heavy duty tube. 
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Figure 5-15. Plate-voltage and Grid-voltage Characteristics of Typical Thyratron. 


Thyratron Circuit. In A of figure 5-16, the thyratron sawtooth oscillator circuit resembles the diode oscillator 
circuit of figure 5-12. This circuit is redrawn in B, as conventionally shown in schematic diagrams. The triode 
and diode circuits differ only in the values of the elements and in the additional connection required for the bias 
voltage on the thyratron grid. For the circuit shown, the bias is -6 volts. 


QUTPUT 


Figure 5-16. Thyratron Sawtooth Oscillator. 
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The protective resistor is small--120 ohms--because of the larger current that the thyratron can carry safely. For 
the operating conditions specified for this circuit, the rated peak current of the tube is 300 ma. A larger 
protective resistor is needed if the bias is increased (made more negative); however, because this raises the firing 
voltage, the values of the charging resistor and capacitor are chosen to fix the frequency of oscillation at 1,250 
hertz. A thyratron oscillator can produce good sawtooth waves at higher frequencies than are possible with a 
neon tube oscillator. The higher current rating of the thyratron enables it to discharge a capacitor many times 
more quickly than a neon tube discharges and, therefore, many more cycles can take place each second without 
violating the requirement that the discharge time be less than the charge time. Practical thyratron oscillator 
frequencies range up to about 40,000 hertz. Above this frequency limit, thyratrons deionize erratically and other 
oscillator circuits are used. The frequency of this oscillator is increased if the value of either the capacitor or the 
resistor, or of both, is reduced. As indicated in figure 5-14, a change of resistance or capacitance in the neon 
sawtooth oscillator has no effect on the amplitude of the sawtooth. Figure 5-17, however, shows that a change 
of de grid bias on the thyratron sawtooth oscillator changes both the frequency and the amplitude of the 
sawtooth. A greater negative bias in the thyratron has these two effects: it increases the amplitude of the 
sawtooth voltage across the capacitor because the tube fires at a higher voltage, and it reduces the frequency 
because a longer time is required for the capacitor to charge to the higher firing potential. Conversely, a smaller 
negative bias in the thyratron reduces the output voltage and increases the frequency. 
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Figure 5-17. Change of Amplitude and Frequency by Change of Grid Bias. 


Synchronization of Thyratron Oscillators. In time-base applications and in other electronic circuits, it is 
often necessary to use a sawtooth wave, the frequency of which remains constant, or remains exactly in step, or 
in synchroization, with another frequency. The frequency at which the thyratron normally oscillates is called the 
uncontrolled frequency or freerunning frequency. However, if a small voltage of the desired frequency is 
injected at the grid of the thyratron, the circuit will oscillate at this frequency, instead of its free-running 
frequency. When this is done, the oscillator is said to be synchronized with the injected voltage. 
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The circuit of the synchronized thyratron oscillator is shown in A of figure 5-18. Its operation is as follows: the 
charging resistor, R1, and the capacitor, C2, are adjusted for a free-running frequency slightly lower than that of 
the synchronizing voltage. For example, if the synchronizing voltage frequency is 60 hertz, the free-running 
frequency of the thyratron is set to about 58 hertz. The synchronizing action is illustrated in B. The dc bias is set 
by the potentiometer, R2. Without the synchronizing voltage, the firing potential is constant, and the tube fires 
at point A where the peak of the broken-line sawtooth intersects the constant firing potential line of the tube. 
When the synchronizing voltage is present on the grid, however, the firing voltage and the plate voltage vary in 
accordance with the grid signal. In B of figure 5-18, it is assumed that the synchronizing voltage is a sine wave, 
but this is not a necessary operating condition. At some time during the synchronizing cycle, the varying firing 
potential is lowered so that the tube fires at a slightly earlier instant, represented by point B, where the peak of 


the unbroken-line sawtooth meets the varying firing potential curve. 
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Figure 5-18. Synchronized Thyratron Sawtooth Oscillator. 
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On the next cycle, the capacitor voltage again reaches the firing point earlier than it would without the 
synchronizing voltage at the instant represented by point D on the unbroken-line sawtooth wave peak. The time 
of each oscillation is thus reduced from interval AC to interval BD, and the oscillator is locked to the frequency 
of the injected ac voltage. 


Thyratron Switch. One of the many applications of thyratron oscillators is a circuit called a thyratron switch in 
which two thyratrons are switched on and off alternately by an ac input voltage. By strict definition, this circuit 
is not an oscillator since it delivers no output when the ac input is removed. When the input voltage is applied, 
however, the thyratron switch delivers an output having a waveform substantially independent of the input 
waveform, much as a synchronized thyratron oscillator delivers a sawtooth output regardless of the waveform of 
the synchronizing voltage. Both circuits depend on the charging and discharging of capacitors, controlled by the 
switching action of thyratrons. The characteristics of the two circuits differ in several respects. The frequency 
of the thyratron switch is determined primarily by the frequency of the input voltage, and the output remains in 
synchronization with the input over wide ranges of frequency variation. The amplitude of the thyratron switch 
output is constant regardless of amplitude variations of the input. Thyratron switches are used in many types of 
military electronic equipment. 


Circuit Description. Figure 5-19 shows the circuit of the thyratron switch. The output of amplifier tube V1 is 
coupled by transformer T1 to the grids of thyratrons V2 and V3 through protective resistors R. The de grid bias 
is applied between the center tap of the transformer secondary and the thyratron cathodes. Across the plates of 
the tubes is connected a capacitor, Cl. Each of the thyratron plates, V2 and V3, are also connected to load 
resistors R2 and R3, respectively. The dc plate potential for the two thyratrons is applied to the junction of the 
two load resistors. 


OUTPUT 


Figure 5-19. Thyratron Switch Circuit. 
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Operation of Thyratron Switch. The output waveform depends primarily on the circuit, not on the input. 
Accordingly, the input voltage may be of almost any waveform. For purposes of this explanation, it is assumed 
that the input is a modified square wave, shown in A of figure 5-20, derived from tube V land applied across the 
primary of transformer T1 (fig 5-19). The voltage induced in the secondary winding has approximately the 
same waveform and amplitude as the transformer input. The center-tapped secondary acts as a phase splitter, 
delivering two equal voltages, opposite-going in respect to the center tap, as in B and C of figure 5-20. Thus, 
during the first half-cycle of the ac applied to the primary of the transformer, the grid of one thyratron tube 
becomes more positive and the tube fires, whereas the grid of the other tube becomes more negative. During the 
second half-cycle, the polarities of the grid voltages reverse, and the second tube fires. The voltages at the 
plates of the thyratrons are substantially independent of the waveforms of the grid voltages, as in D and E of 


figure 5-20. 
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Figure 5-20. Waveforms in Thyratron Switch. 
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REVIEW EXERCISES 
Circle the letter of the correct answer to each question. 


1. What phase shift, in degrees, is produced at the output of three series-connected L-type phase-shift 
networks? 


. 90 degrees. 

. 180 degrees. 
. 270 degrees. 
. 360 degrees. 


aada.® 


2. Why is a thermistor used in an oscillator circuit? 


. To stabilize output voltage. 

. To stabilize output frequency. 

. To control the resonant frequency. 
To control the feedback voltage. 


adc. 


3. What initiates oscillation in a practical oscillator? 


a. Variations in grid current without feedback. 
b. Positive input trigger. 

c. Negative input trigger. 

d. Variations in plate current through feedback. 


4. What is the output waveform if a square wave synchronization voltage is applied to the grid of a thyratron 
oscillator? 


A. Sine. 

b. Square. 

c. Sawtooth. 
d. Trapezoidal. 


5. What controls the frequency of a thyratron oscillator? 


. Frequency of feedback signal. 
. Frequency of line voltage. 

. Frequency of input voltage. 

. Frequency of resonant signal. 


aad tT 2® 


6. What components are contained in one L-section of the L-type phase shifter? 


. Capacitor and variable inductance in parallel. 
. Capacitor and variable inductance in series. 

. Capacitor and variable resistor in parallel. 

. Capacitor and variable resistor in series. 


adic. 


7. What is a disadvantage of the phase-shift oscillator? 


a. Poor high-frequency compensation. 
b. Low-output amplitude. 
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10. 


11. 


12. 


13. 


14. 


15. 
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c. Low-output frequency. 
d. Poor low-frequency compensation. 


What is the advantage of a Wien-bridge oscillator over the phase-shift oscillator? 


. Output voltage varies as frequency is changed. 

. Network losses are lower at the frequency of oscillation. 
. Radiation losses are lower at the frequency of oscillation. 
. Output frequency varies as voltage is changed. 


ada ® 


What is the function of the phase shifter in a Wien-bridge oscillator? 


. To shift the phase of feedback voltage. 
. To shift the phase of output voltage. 

. To control the amplitude of oscillation. 
. To control the frequency of oscillation. 


aadrinTs 


When does an amplifier perform as an oscillator? 


. When output is fed back in phase with input. 

. When a constant positive signal is applied to the input. 
. When a constant negative signal is applied to the input. 
. When output is fed back out of phase with input. 


and tf 


What limits the application of a gas diode oscillator? 


. Amplitude instability. 
. Frequency instability. 
. High-firing potential. 

. High-ionization point. 


aadinTs 


What is the frequency limitation, in hertz, of the thyratron oscillator? 


. 80,000 hertz. 
. 70,000 hertz. 
. 50,000 hertz. 
. 40,000 hertz. 


adit 2 


In what system are sawtooth oscillators primarily employed? 


a. Gating. 
b. Peaking. 
c. Sweep. 
d. Clamp. 


What shift is produced by each section of L-type phase shifter in an operational RC oscillator? 


. 90 degrees. 
. 60 degrees. 
. 45 degrees. 
. 30 degrees. 


aadicT.s 


What happens if resistor R1 is increased in the oscillator circuit of C in the figure below? 
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. Output voltage decreases. 
. Output voltage increases. 
. Output frequency decreases. 
. Output frequency increases. 


aadic.s 
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Figure 5-21. 


Recheck your answers to the Review Exercises When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions If you missed more than one 


question, you should retake the entire lesson, paying particular attention to the areas in which your answers were 
incorrect. 
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Lesson 6 
AMPLITUDE MODULATION 
Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the fundamentals of 
amplitude modulation, sidebands, and types and percentage of modulation. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 70 on the end-of-subcourse examination that covers this lesson and lessons 
1, 2, 3, 4, 5, and 7. 


TYPES OF TRANSMITTERS 
Simple Unmodulated Transmitters 


The most elementary unmodulated continuous wave (CW) transmitter consists of any sine wave oscillator 
covered in lesson 5 connected to a radiating device (antenna). Figure 6-1 depicts this simple CW transmitter 
with its unchanging output. Although this device will transmit, it is not practical for two reasons. First, it will 
not transmit far enough to be of any great use; second, when the antenna is connected to the oscillator, the 
frequency of oscillation will probably shift due to the additional load presented by the antenna. 


RF OUTPUT WAVE 


ANTENNA 


RF 
OSCILLATOR 


Figure 6-1. Simple Transmitter. 
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An easy solution to the two problems just described is to add one, two, or three stages of amplification between 
the antenna and oscillator as shown in figure 6-2. These amplifiers are classified as power amplifiers; the one 
closest to the antenna is called the final power amplifier, the one closest to the oscillator is called the buffer 
amplifier, and the third (if any) is called the second power amplifier. The buffer amplifier gets its name because 
it isolates the oscillator from the remainder of the transmitter or acts as a buffer zone. The input circuit in the 
buffer amplifier is designed to match the out put of the oscillator so as to load the oscillator and interfere with 
the oscillator output frequency. 


3D POWER 
AMPLIFIER 
[FINAL) 


1ST POWER 
AMPLIFIER, 
{BUFFER} 


RF 2D POWER 
DSCILLATOR AM FLIFIER 


Figure 6-2. Addition of Power Amplifiers to Simple Transmitter. 


Practical Transmitters 


If a home radio received a CW (unmodulated) signal at a frequency of 150,000 hertz, it would not be audible. In 
order for a transmitter output to be picked up and heard on a receiver, it must contain some audio-frequency 
components. The process of combining audio frequencies with radio frequencies, prior to transmission, is called 
amplitude modulation. The part of the transmitter that accomplishes this task is called the modulator (figure 6- 
3). The transmitter in figure 6-3 is sending out a radio-frequency wave that has been combined with an audio- 
frequency wave. If the audio-frequency wave is constant in frequency, a tone on the receiver will be heard, but 
the constant sound will not convey any information. One method of transmitting information is by the use of a 
key (figure 6-3) or manually operated switch that interrupts the transmitter output in order to form dots and 
dashes, enabling Morse code to be sent and received. 


RF BUFFER FINAL 
OSCILLATOR POWER POWER 
AMPLIFIER AMPLIFIER 


AUDIO 
SOURCE MODULATOR 


Figure 6-3. Addition of Modulator to Transmitter. 
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Another method of sending information by way of the transmitter is to use a variable audio source, such as a 
microphone, to supply the modulator input signal. This system does not require the use of a key. Information is 
transmitted by combining the microphone's audio voltage with the transmitter's radio frequency; when this 
combination arrives at the receiver, the audio portion is separated from the radio frequency, amplified, and 
emitted by the speaker as audible sound that closely imitates the human voice. 


DEFINITION OF TERMS 
Modulation 


The word modulate means to adjust, vary, or regulate. The term amplitude modulation means to regulate or 
vary the amplitude of the output waveform in a radio-frequency transmitter. Usually, these variations are made 
to occur at an audio-frequency rate. 


Carrier 


Carrier is the name given to the radio-frequency wave that is developed by the transmitter's radio-frequency 
oscillator and transmitted from the antenna. The carrier's job is to carry or transport the intelligence from the 
transmitter to the receiver. Intelligence can be in the form of code or audio frequencies. The carrier itself does 
not contain intelligence: it is the transporter of intelligence. 


Intelligence 


Intelligence is the voice, music, sound, or information that is sent from the transmitter to the receiver. Usually, 
this intelligence is to be heard by the human ear and, for this reason, the intelligence will be in the audio- 
frequency range. 


METHODS OF MODULATING CARRIER 


The audio voltages used to modulate the RF carrier are very weak when they leave the microphone or audio 
oscillator. For this reason, the audio voltage must be amplified by audio voltage and power amplifiers before it 
is capable of modulating the RF carrier. These stages of audio amplification are considered to be a part of the 
modulator. Figure 6-4 shows a typical modulator that could be used regardless of the type of modulating used 
by the transmitter. 


(MICROPHONE: WTAE paises = 

) OR (SPEECH) hese ie 4 FULL RE 

IR lee AMPLIFIER BME POWER POWER AMP 
LOSCILLATOR | AMPLIFIER 


MODULATION 
TRANSFORMER 


Figure 6-4. Block Diagram of Modulator. 


Plate Modulation 


In a typical stage of RF amplification (A of figure 6-5), the output waveform has a constant frequency and a 
constant amplitude. The amplitude of the output waveform shown in A of figure 6-5 was produced with a plate 
voltage of 500 volts dc. The amplitude of the output wave can be changed in various ways. One way is to vary 
the plate voltage. In B of figure 6-5, the plate voltage has been increased from 500 to 750 volts dc. Note the 
resultant increase in output amplitude. In C of figure 6-5, the plate voltage has been reduced to 250 volts dc, 
which results in a decreased output amplitude. In plate modulation, the audio voltages are fed to the plate of the 
power amplifier in series with the B+ or plate voltage. 
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Figure 6-5. Effect of Varying Plate Voltage on Output Amplitude. 
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Figure 6-6 shows a plate-modulated RF power amplifier. Note in figure 6-6 that the secondary of the 
modulation transformer is in series with the B+. The audio-modulating voltage is an ac voltage as shown in 
waveform 2, figure 6-6. This means it is alternately positive and negative. When it is positive, it adds to the B+ 
and increases the plate voltage on the amplifier tube (waveform 3, figure 6-6). The tube amplifies more as 
shown in waveform 4, point A. When the audio-modulating voltage is negative (wave 2, point C, figure 6-6), it 
subtracts from B+ and decreases plate voltage (wave 3, point C, figure 6-6). The amplitude of the RF output 
waveform rises and falls in direct relationship to the audio-modulating voltage. Note that if a line is drawn 
connecting the peaks of the RF carrier output wave as shown in figure 6-6, wave 5, the line is a direct 
representation of the audio-modulating wave. The line is often called the envelope of the modulated wave and 
is actually the intelligence being carried by the RF carrier. There are circuits in the receiver that can separate this 
envelope from the carrier, thereby completing the transmission of intelligence from transmitter to receiver. Now 
consider some values of voltage that are used in figure 6-6. The audio voltage across the secondary of the 
modulation transformer varies from 0, to +300, to 0, to -300, and back to 0. Since the audio voltage is added in 
series with the B+ (+500 volts), the plate voltage will vary from 500 volts (B+), to 800, to 500, to 200, and back 
to 500. 
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Figure 6-6. Plate Modulation. 
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Grid Modulation 


Practically any element of an RF amplifier tube can be used to modulate the carrier waveform. The choice 
depends upon circuit conditions and the desire of the circuit designer. For example, if the RF amplifier is a 
triode tube, the secondary of the modulation transformer can be connected in series with the grid resistor (figure 
6-7). Here, the modulating audio voltage is placed in series with and adds to or subtracts from the grid bias 
voltage, thereby causing the amplitude of the RF output to vary at an audio rate. The big difference between 
plate modulation and control grid modulation is the relative strength of the audio-modulating voltage required. 
Plate modulation will normally require several hundred volts of audio, whereas control grid modulation will 
require only a few volts of audio. In the pentode RF amplifier, the modulation transformer may be connected to 
the screen grid or the suppressor grid. 


RF CARRIER MODULATED 
INPUT RF OUTPUT 


Citi 


BIAS 
VOLTAGE 


MODULATION 
TRANSFORMER 


Figure 6-7. Control Grid Modulation. 
LEVELS OF MODULATION 


The two levels of modulation are high-level and low-level. High-level modulation refers to plate modulation 
described above. This method is called high-level because it takes place in the final stage of the transmitter, the 
power amplifier. Control grid modulation is a type of low-level modulation because it can take place at any 
stage, such as the buffer stage, prior to the final amplifier. High-level modulators have a greater efficiency than 
low level modulators because in low-level, modulation takes place before the final amplifier. This means that 
the modulated signal must pass through one or more stages before leaving the transmitter. These stages, in order 
to amplify the modulated signal, must be class A amplifiers in order to prevent distortion of the intelligence 
(audio wave). In high-level modulation, there are no stages to follow modulation that could cause distortion. 
Therefore, the final amplifier can be operated as class C, which has high-plate efficiency. All transmitters are 
not modulated at the high level because several stages of audio amplification are required to boost the audio 
voltage to a usable level. For example, most high-wattage transmitters used by the Signal Corps do use high- 
level plate modulation, but the choice is mainly up to the individual designer. 
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SIDEBANDS 


When any two different frequencies are added or mixed together, two new frequencies are produced. One of the 
new frequencies is the sum of the original frequencies and the other new frequency is the difference between the 
original frequencies. As an example, assume that we are broadcasting from radio station WOR in New York 
that has a carrier frequency of 710,000 hertz. If we strike a note on a piano (256 hertz), this frequency is picked 
up by a microphone, amplified, and used to modulate the carrier. In the process of modulation, 256 hertz are 
mixed with 710,000 hertz. Two new frequencies are generated, the sum frequency, 710,256 hertz, and the 
difference frequency, 709,744 hertz (figure 6-8). These new frequencies are called upper and lower sidebands, 
respectively. The range of frequencies, from the lowest sideband to the highest sideband, is known as the 
bandwidth of transmission. The entire bandwidth must be transmitted because most of the radio tones, in 
addition to some of the transmitted power, are carried by the sidebands. Since all AM broadcast stations must 
transmit audio frequencies as high as 5,000 hertz, their bandwidth must be at least 10,000 hertz (10 kHz). 


PERCENTAGE OF MODULATION 


Percentage of modulation is a measure of the extent to which the RF carrier has been modulated. There are 
three main reasons for monitoring or controlling the percentage of modulation. The first is to modulate the 
carrier as much as possible because the modulated carrier is more powerful than the unmodulated carrier; the 
second is to avoid overmodulation since this causes blank spots (gaps) in the carrier with a resultant loss of 
intelligence. Third, when the final amplifier is overmodulated, the plate conducts heavily for a period of time 
and then stops conducting abruptly. This sudden application of power and removal of power in the plate tank 
circuit cause undesirable harmonics and distortion. 


CARRIER 
FREQUENCY 
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SIDEBAND 709,744 
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AUDIO 
MODULATING 
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Figure 6-8. Sidebands Created by Modulating Carrier With One Audio Frequency. 
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100-percent Modulation 


The most desirable level of modulation is 100-percent modulation (figure 6-9). This occurs when the amplitude 
of the modulated wave is twice the amplitude of the unmodulated carrier. If the modulated waveform is less 
than twice the unmodulated carrier, the output is less than 100-percent modulated. The formula for determining 
the percentage of modulation is: 


E max — E carrier 
% Mod = x 100 
E carrier 


Unmodulated carrier 


Audio modulating voltage 


Plate voltage (100% Mod) 


AUDIO 
INPUT 
FROM 


MODULATOR 100% modulated carrier 


Plate voltage overmodulation 


No output during this time 


Overmodulated output 


Figure 6-9. 100-Percent Modulation and Overmodulation. 
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Figure 6-9 shows a plate-modulated power amplifier that has been modulated 100 percent. Waveform A (figure 
6-9) shows the waveform of the unmodulated carrier. Waveform B shows the audio-modulating voltage 
developed in the secondary of the modulating transformer. This audio voltage varies from 0 to +100, to 0, to - 
100, and to 0. Waveform C describes the plate voltage resulting from the addition of the regular B+ (100 V) and 
the audio voltage. Waveform D represents the 100-percent modulated carrier with envelope. Most large 
commercial transmitters have a modulation at all times. Although 100-percent modulation is the most desirable 
level of modulation, most transmitters operate slightly below this level because 100-percent modulation is 
almost at the point of overmodulation, which is undesirable. 


Overmodulation 


The transmitter is said to be overmodulated when the modulated carrier amplitude exceeds twice the 
unmodulated carrier amplitude. For example, in waveform E (figure 6-9), the plate voltage varies on the 
positive alternation from 100 volts (unmodulated value) up to 250 volts and then back down to 100 volts. On 
the negative alternation, the plate voltage varies from 100 volts, down through 0 to -50 volts, and then back up 
to 100 volts. Note that during the positive alternation, the plate voltage exceeds double the unmodulated value, 
which is an indication of overmodulation. On the negative alternation, the plate voltage goes down through 0 to 
-50 volts and cuts off the amplifier tube for the period of time that the plate voltage is below 0 volts (waveform 
F, figure 6-9). Whenever plate current in a final amplifier is interrupted, new frequencies and harmonics are 
created. Their number and intensity vary with the degree of overmodulation. These harmonics produce 
additional sidebands that extend far beyond the normal bandwidth and cause interference with stations operating 
on slightly higher or slightly lower frequencies. Overmodulation can also cause serious damage to transmitters 
that are not designed to handle the sudden surges of power. 


Distribution of Power in a Modulated Wave 


The power in an amplitude-modulated wave is carried by both the RF carrier and the sidebands. The carrier 
power is relatively constant (except in cases of overmodulation); therefore, the sideband power is the main 
difference between unmodulated carrier power and modulated power. 


When a carrier is modulated by a constant amplitude and constant frequency audio wave, the total modulated 
output power is found by the following formula: 


i 
P tl FE ‘ 
mod fl + —j x “ unmod carrier 
z 


where m = % modulation 
As an example to show the amount of power carried by sidebands, assume that a transmitter has an output of 


500 watts of unmodulated power. When the transmitter is modulated 100 percent, the modulated power 
becomes 


(1)? 500 


mod (1+ ee 500 = 500 + > = 750 watts 
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Of this total, 500 watts are in the carrier and 250 watts are in the sidebands, or the sidebands contain 33.3 
percent of the total power. Each sideband contains 125 watts or 16.6 percent of the total power. The available 
sideband power takes a decided drop when modulation is decreased below 100 percent. For example, if the 
500-watt transmitter mentioned above were modulated only 50 percent, the total modulated power output would 
be only 562.5 watts. Each sideband would contain only one fourth as much power as was obtained by 100- 
percent modulation. Reducing the modulation from 100 percent to 50 percent causes a 75-percent reduction in 
sideband power output. Since most of the intelligence and a lot of the power is contained in the sidebands, the 
desirability of a high percentage of modulation becomes evident. 


DISADVANTAGES OF AMPLITUDE MODULATION 


Amplitude modulation has only one serious disadvantage. When the receiver is picking up the modulated wave, 
any atmospheric disturbances (such as lightning) and any man-made disturbance (such as electric motors and 
ignition noise) are also picked up by the antenna. Most of these noises are audible and unwanted; however, they 
ride into the receiver on top of the carrier along with the modulating audio. Many times the noise is so strong 
that it completely overrides and covers up a weak station, making reception impossible or at least unpleasant. 
Frequency modulation was developed to overcome this serious defect. 
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REVIEW EXERCISES 
Circle the letter to the correct answer to each question. 
1. What radar system normally employs a modulator? 
. Receiver. 
. Antenna. 


. Transmitter. 
. Indicator. 


aadiTr® 


2. What is the function of a buffer amplifier? 


. To generate the audio signal. 

. To generate the radio-frequency carrier. 

. To prevent the oscillator from overloading the final power amplifier. 
. To prevent the final power amplifier from overloading the oscillator. 


adic. 


3. What best describes amplitude modulation? 


. Varying the audio amplitude at a carrier rate. 

. Varying the carrier amplitude at an audio rate. 

. Varying the amplitude of the audio according to the changes in carrier frequency. 

. Varying the frequency of the carrier according to the amplitude changes of the audio. 


andr Tt. 


4. Which formula is used to compute the percentage of modulation? 


: E max — E carrier 
a. % Mod = x 100 


= 


E carrier 


min —- E carrier 
b. % Mod = : x 100 
E carrier 


E max — E carrier 
Cc. © Mod = x 100 


E min 
E min -— E carrier 
d. % Mod = x 100 
E max 


5. What class of amplifier is used for low-level modulation? 


. Class A. 
. Class AB. 
. Class B. 
. Class C. 


aad tf 


6. High-level modulation is performed in what circuit? 


. Final IF amplifier. 

. Final AF amplifier. 

. Final power amplifier. 
. Final speech amplifier. 


aadinps 
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7. | What percentage of the total transmitted power is contained in the sidebands if a transmitter 
is modulated 100 percent? 


. 25 percent. 
. 33.3 percent. 
. 50 percent. 
. 75.5 percent. 


aadae 


8. How many sidebands are produced if a radio frequency is modulated by a single audio 
frequency? 


Boop 
RWNE 


9. What produces overmodulation? 


a. Excessive audio voltage. 

b. Excessive audio frequency. 
c. Excessive radio frequency. 
d. Excessive RF voltage. 


10 What is a disadvantage of amplitude modulation? 


. High cost of production. 

. High-radiation losses. 

. Excessive overmodulation. 
Excessive noise interference. 


adit 2 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed more than one 
question, you should retake the entire lesson, paying particular attention to the areas in which your answers were 
incorrect. 
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Lesson 7 
SUPERHETERODYNE RECEIVERS 
Task. The skills and knowledge taught in this lesson are common to all missile repairer tasks. 


Objectives. When you have completed this lesson, you should be able to describe the purpose, functions, and 
uses of superheterodyne circuits, to include converters, local oscillators, intermediate-frequency amplifiers, 
detectors, audio-frequency amplifiers, and automatic volume control. 


Conditions. You will have this subcourse book and will work without supervision. 


Standard. You must score at least 75 on the end-of-subcourse examination that covers this lesson and lessons 1 
through 6. 


DEVELOPMENT OF SUPERHETERODYNE RECEIVER 


The two basic types of receivers are the tuned radio frequency (TRF) and the superheterodyne (superhet). In 
TRF receivers, radio frequency (RF) amplification takes place at the frequency of the incoming RF signal, and 
all tuned circuits are adjusted to this frequency. The superhet receiver differs essentially from the TRF receiver 
in that it changes the frequency of the received signal to a fixed vale at which the tuned amplifying circuits can 
operate with maximum stability, selectivity, and sensitivity. The conversion of the received signal frequency 
into a lower intermediate frequency (IF) in the superhet receiver is based on the heterodyne effect. 


The TRF receiver is the forerunner of the superhet and suffers from several disadvantages inherent in its 
operation. Since all its RF stages function at the same frequency, stray coupling between output and input 
circuits may provide sufficient feedback to cause instability or oscillation. Furthermore, it is difficult to achieve 
uniform amplification of the RF stages over the entire frequency range of the receiver. At the higher 
frequencies, the gain of each stage tends to fall off and, therefore, the sensitivity of the receiver is reduced. 
Finally, the most serious drawback of the TRF receiver is that the selectivity of the tuned circuits cannot be kept 
uniform over the frequency range. At the high-frequency end of the tuning range, the selectivity of the TRF 
receiver decreases markedly. This lack of selectivity can become serious at the higher frequencies generally 
used in electronic communication systems. 


The superhet was developed to overcome the deficiencies inherent in the TRF. The major improvement offered 
by the superhet is that all incoming frequencies are converted to a single intermediate frequency. This 
frequency usually has a value below the carrier frequency of the incoming signal. Regardless of the value of the 
received signal frequency, the signal with its audio modulation is always converted to this fixed intermediate 
frequency. 
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Then it can be amplified to the desired degree in a fixed-frequency IF amplifier. This amplifier can be designed 
to have higher and more uniform amplification and selectivity per stage over the tuning range of the receiver 
than is possible with a variable frequency amplifier. 


At the lower frequency of the IF amplifier, it is possible to obtain more amplification than in the TRF amplifier 
without the TRF difficulties of feedback and oscillation. Furthermore, the selectivity of an IF amplifier is 
considerably greater than that of an RF amplifier operating in higher signal frequencies. In summation, the 
superhet receiver is superior to the TRF receiver because it is more selective and has higher gain per stage and 
uniform selectivity and sensitivity. In addition to these advantages, it has fewer variable-tuned circuits and is 
more easily adapted to multiband reception. 


For these reasons, superheterodynes have replaced TRF receivers in practically all applications. 
BEAT FREQUENCIES 


The production of beat frequencies can best be understood by first considering a similar effect with sound 
waves. When two notes that are close in pitch (frequency) are sounded at the same time, a throbbing or 
pulsating sound is heard. These pulsations, or beats, occur at a frequency equal to the frequency difference 
between the two notes and are caused by interference between their sound waves. This effect is often observed 
when two notes in the lower registers of a pipe organ are sounded together or when two tuning forks that differ 
slightly in pitch are struck. 


The production of a beat note is illustrated in figure 7-1. Assume that two tuning forks are struck at the same 
time, one with a pitch of 90 hertz, as shown in A of figure 7-1, and the other with a pitch of 100 hertz, as 
shownin B of figure 7-1. These two tones are represented graphically by sine waves: 9 cycles of the 90-hertz 
tuning fork and 10 cycles of the 100-hertz fork are given. It is found that the two sound waves interact with 
each other. Sometimes they are vibrating together (in phase); at other times, they are completely opposed to 
each other (out of phase). Whenever the two waves are in phase with each other, their amplitudes add together 
and the sound waves reinforce each other. 


A. 90-Hz Note 


B. 100-Hz Note 


C. Beat Note 


ENVELOPE 


Figure 7-1. Production of Beat Frequency. 


Figure 7-1. Production of Beat Frequency. 
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At the points where the waves are out of phase, they subtract from each other. In between these two extremes 
the waves reinforce or interfere with each other in varying degrees. This is clearly visible in part C of figure 7- 
1. Here, the amplitudes of the two tones have been added algebraically to obtain the resultant waveform. 
Initially, the two notes are in opposition and their resultant amplitude is zero. After approximately 5 cycles have 
passed, the forks vibrate in phase, and the resultant amplitude is the addition of the amplitudes of both waves. 
After approximately 10 cycles, the two notes are again out of phase and the resultant amplitude is zero. 


As a result of this alternate reinforcement and interference, the two notes will at times swell in volume and at 
other times they will be almost inaudible, thus producing beats. As seen in figure 7-1, this beat frequency is 
equal to the difference between the two tones. One cycle of the beat note is indicated in C of figure 7-1 by the 
contour or envelope connecting the peaks of the resultant wave. Actually, with the 90-hertz and 100-hertz 
tuning forks, a beat frequency equal to the difference, or 10 hertz, is obtained. 


The principle of beats also applies to alternating currents of different frequency. Two alternating currents can be 
combined in such a manner as to produce a beat or difference frequency between them. If the beat frequency is 
within the range of hearing (approximately 20 to 20,000 hertz) it can be made audible by transforming it to 
sound waves. As an example, assume that an unmodulated 1,000-kHz radio wave is received in a radio set and 
that this signal is mixed with the output of an oscillator operating at a frequency of 1,001 kHz. In figure 7-2, the 
RF signal is at A and the oscillator frequency is at B. The resultant waveform is shown at C. It is generated by 
alternate reinforcement and cancellation as in the case of the two sound waves. The beat note, which is 1,001 
kHz - 1,000 kHz = 1 kHz, or 1,000 hertz, is represented by the envelope of the resultant signal. If this signal is 
rectified as in D and the RF pulses are filtered out, only the 1,000-hertz beat note remains, as in E. The 
electrical beat frequency, then, is passed through a loudspeaker or headphone and becomes audible as a 1,000- 
hertz tone. In principle, this is the process that takes place when a CW signal is received by a superhet receiver. 


The reception of a modulated RF signal in a superheterodyne receiver takes place essentially in the manner 
described above. A of figure 7-3 shows a typical modulated RF signal intercepted by the receiver antenna. It is 
amplified to a useful level with an RF amplifier. In B of figure 7-3, it is mixed with the output of a local 
oscillator that is a continuous wave of a frequency different from the incoming signal frequency by an amount 
equal to the desired difference, or intermediate, frequency. It does not matter whether the frequency of the local 
oscillator is higher or lower than the RF signal frequency as long as the difference between the two is equal to 
the correct intermediate frequency. 
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Figure 7-2. Superheterodyne Reception of Unmodulated 
(CW) Signal. 


Figure 7-2. Superheterodyne reception of 
Unmodulated (CW) Signal. 


A. Signal Received by Antenna 


B. Oscillations Produced in Receiver 


D. Rectified IF Signal 
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E. Audio Signal 


Figure 7-3. Superheterodyne Reception of Modulated 
RF Signal. 


Figure 7-3. Superheterodyne Reception of 
Modulated RF Signal. 


For example, if the frequency of the incoming signal is 1,500 kHz and the desired intermediate frequency is 455 
kHz (a common value), then the frequency of the local oscillator can be either 1,500 + 455 = 1,955 kHz, or 
1,500 - 455 = 1,045 kHz. In either case, an IF equal to the difference of 455 kHz is produced. IF always is 
chosen well above the highest audio-frequency component in the desired signal; otherwise, considerable 
distortion of the desired intelligence would result. The result of mixing the modulated RF signal with the output 
of the local oscillator is shown in C of figure 7-3. An intermediate difference, or beat, frequency is generated as 
before. The amplitude of the beats, however, varies in this case as the amplitude of the modulated wave. In 
other words, the envelope of the IF signal produces the modulation of the received RF signal. 


The higher frequency-modulated radio signal has been converted into a lower frequency signal that carries the 
original modulation. The stage of the receiver that accomplishes this conversion is known as the mixer or first 
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detector. The modulated IF signal then can be amplified to the required level by one or more stages of IF 
amplification. It is then rectified and filtered in a detector, sometimes called the second detector, that leaves 
only the audio modulation (D and E of figure 7-3). This audio signal is then amplified and applied to a speaker 
or headphones. 


BASIC STAGES OF SUPERHETERODYNE RECEIVER 


Figure 7-4 shows a block diagram of a superheterodyne receiver. The basic stages are an antenna stage for 
intercepting the signals from a transmitter; a variable-tuned RF amplifier stage for selecting the desired signal 
(the RF amplifier is not absolutely essential for superheterodyne reception, but its presence improves the signal- 
to-noise ratio and adds other desirable characteristics that will be discussed); a mixer in which the RF signal is 
combined with the output of a local oscillator to generate an IF signal; a local oscillator for generating the signal 
that beats with the RF signal (this can be any one of the conventional oscillators discussed in lesson 5); an IF 
amplifier section consisting of one or more stages for amplifying the IF signal from the mixer; a detector circuit 
for demodulating the IF signal; an audio-frequency power amplifier consisting of one or more stages for 
amplifying the audiofrequency output of the detector to a value sufficient to drive a loudspeaker or headphones; 
and a loudspeaker or headphones for converting the electrical F variations into sound waves corresponding to 
the original audio energy that modulates the RF signal at the transmitter. 
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Figure 7-4. Biock Diagram of Basic Superheterodyne Receiver. 


Figure 7-4. Block Diagram of Basic Superheterodyne Receiver. 
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The fundamental operation of the superheterodyne receiver for the reception of AM signals is as follows (figure 
7-4). Modulated RF signals from an infinite number of transmitters are intercepted by an antenna. They are 
coupled through an antenna input transformer to the first stage of the receiver, usually a variable-tuned RF 
amplifier. The desired RF signal is selected by the tuned circuit of the RF amplifier. This signal is amplified 
and all other signals are rejected to some degree. 


The amplified RF signal is coupled to the input of the mixer stage where it is combined with the output of the 
local oscillator. In this process of heterodyning, a beat frequency equal to the difference between the RF signal 
and local oscillator frequencies is produced. The frequency of the local oscillations is chosen either above or 
below (usually above) the RF signal frequency by the required amount so that the difference frequency is 
desired IF. The resulting IF signal contains the same modulation as the original RF signal. 


The IF signal is amplified in a fixed-tuned IF amplifier stage and is coupled to the input of the detector. The 
detector stage removes the audio modulation contained in the IF signal and filters out the IF carrier, which is no 
longer needed. The resulting audio signal is amplified to the level required for energizing an electromechanical 
reproducer. The electrical audio variations are converted into the corresponding sound waves by the reproducer 
(loudspeaker or headphones). 


Radio-frequency Amplifier Stage 


The basic superhet receiver will operate without a separate RF amplifier simply by connecting the antenna to the 
mixer stage. However, one or two tuned RF stages ahead of the frequency converter are used almost always in 
modern superhet receivers since several important advantages can be attained with an RF amplifier: suppression 
of image interference, improvement in selectivity, improvement in signal-to-noise ratio, and isolation between 
the antenna and frequency converter (radiation suppression). The addition of the RF amplifier also improves the 
gain of the receiver, but this is not its primary function, since gain is more efficiently obtained in the IF 
amplifier. 


Frequency Conversion Stage 


Methods. The oscillator and mixer circuits together achieve the frequency conversion of the RF signal to an 
intermediate frequency. Various methods and circuits exist for accomplishing this. All these arrangements are 
similar in that they use the nonlinear characteristic of a vacuum tube for mixing the RF signal and local 
oscillator frequencies. The plate current of the mixer tube is varied to produce a voltage of the desired IF across 
the primary of a tuned IF transformer. The secondary of this transformer is coupled to the grid of the first IF 
amplifier stage. The methods for frequency conversion differ chiefly in the types of tubes used and in the 
manner in which the signal and oscillator voltages are injected into the mixer tubes. 
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Two methods are used to produce the desired frequency conversion. In one, a separate oscillator tube (usually a 
triode) is used to produce the local oscillations. The output of this tube is injected into another tube by some 
means of coupling. The incoming RF signal also is injected into this second tube along with the local 
oscillations. The two signals can be injected into the second tube at the same point or at different points, where 
they combine to produce the IF (among others) in the output. The tube in which the two signals are combined is 
called the mixer. The distinguishing feature of this method is that two separate tubes are used. 


In the second method only one tube, known as a converter, is used. The oscillator and mixer tubes are combined 
into a single tube that performs both functions. In the usual arrangement, the RF signal is injected at one 
electrode, the local oscillator signal's being injected at some other electrode. There are also converter tube types 
in which both signals are injected at the same electrode. The advantage of this method is that only one tube is 
necessary. 


Basic Converter. Before the development of modern pentagrid converters, separate mixers and oscillators were 
used universally. The mixer tube (figure 7-5) functions as an ordinary plate detector biased approximately to 
cutoff. The tank circuit at the input of the mixer is tuned to the frequency of the incoming RF signal. The 
oscillator grid tank circuit is tuned above (or below) the RF signal frequency by an amount equal to the 
intermediate frequency. The IF transformer in the place circuit of the mixer is tuned to the desired difference 
frequency. The oscillator and mixer tuning capacitors are ganged together to permit single-control tuning. 


A conventional tickler feedback oscillator is used in this frequency converter circuit. Any other type also can be 
used as a local oscillator. For a properly designed mixer, very little power is drawn from the local oscillator. 
Oscillations from the plate circuit of the oscillator are coupled to the grid of the mixer by means of a coupling 
capacitor, a method known as grid injection. The oscillator voltage applied to the grid of the mixer tube should 
be as large as possible for maximum conversion gain. However, to avoid overloading, the sum of the oscillator 
and signal voltages impressed on the mixer grid should not exceed the grid bias. If the mixer is overloaded by 
driving the grid positive, both the gain and the input selectivity of the stage are reduced. 


Mixer Characteristics. It is a fundamental fact that a device with a linear characteristic produces no interaction 
between currents of different frequency and, therefore, no beat frequencies. Mathematical analysis showsthat a 
nonlinear voltage current characteristic leads to production of new frequencies in the output that are not present 
in the input. If two alternating currents of different frequency are impressed on a nonlinear device, they interact 
to produce a beat or difference frequency in the output. This is not the only additional frequency produced in 
the output of a nonlinear device. Recall the generation of sum and difference frequencies in the lesson on 
modulation. For example, if the output current of a device varies as the square of the applied voltage, the 
following prominent frequencies are produced as a result of applying two sine waves at different frequencies: 
the original frequencies of the applied alternating currents, a frequency equal to the sum of the original applied 
frequencies, and a frequency equal to the difference of the two applied frequencies. 
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Figure 7-5. Triode Oscillator and Triode Mixer. 


Figure 7-5. Triode Oscillator and Triode Mixer. 


If the nonlinear device follows a more complex relationship between input and output, many additional 
frequencies also will be present in the output. For superheterodyne reception, only the sum or difference 
frequency is of interest, and all other frequencies in the output of the mixer must be filtered out. Many devices 
have a nonlinear voltage current characteristic. One of the simplest is the ordinary vacuum tube when operated 
along the curved part of its characteristic curve. 


The simple plate detector type of mixer performs very well and has the advantage of low cost. Its almost 
universal use in the early days of superhet radios led to the name "first detector" for the mixer stage, a name still 
used occasionally to describe other types of mixers. Mixers using triodes and pentodes are characterized by 
high-conversion gain and good signal-to-noise ratio. Their relatively low-noise level makes them suitable for 
use at high frequencies. The chief disadvantage of triode and pentode converter circuits is the undesirable 
interaction caused by coupling between the mixer and oscillator portions. A strong interfering signal at the 
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mixer input, whose frequency is close to the oscillator frequency, tends to make the oscillator synchronize, or 
lock in, with the interference, producing frequency instability. Pulling is especially annoying at higher 
frequencies where the local oscillator and signal frequencies differ by only a small percentage. The desire to 
isolate the local oscillator and RF signal input circuits from each other led to the development of pentagrid 
mixer and converter tubes. 
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Intermediate-frequency Amplifier Stage 


The IF amplifier is of special importance in superhet receivers because it controls, to a major extent, the 
selectivity and gain of the complete receiver. The amplifier contains from one to three tuned stages and utilizes 
high-gain pentode tubes in each stage. Operating only at the IF frequency, the tuned circuits of the amplifier can 
be adjusted permanently for optimum amplification and selectivity. No variable tuning or tracking problems are 
met in the IF amplifier. 


In addition to providing high gain and sufficient selectivity between adjacent channels, the IF amplifier must 
have the required fidelity to preserve intact the intelligence superimposed on the carrier at the transmitter. 
Amplitude modulation of a carrier generates sideband frequencies numerically equal to the carrier frequency, 
plus and minus the highest modulation frequency present. For example, if modulation containing audio 
frequencies up to 5,000 hertz is to be reproduced faithfully, the receiver must be capable of amplifying equally 
all frequencies in a band from 5,000 hertz below the carrier (lower sideband) to 5,000 hertz above the carrier 
(upper sideband). This means that the IF amplifier must pass uniformly a band of frequencies 10 kHz wide. 


The design of the tuned circuits in the IF amplifier determines the bandpass characteristics. The tuning or 
selectivity of the IF transformers must not be so sharp as to cut a portion of the lower and upper sidebands 
containing the modulation. A 10-kHz bandwidth generally is considered sufficient for reasonably faithful 
reproduction of speech and music. Narrower bandwidths often are used for military communications where a 
compromise between intelligibility and rejection interference signals and noise is desired. 


Detector Stage 


Most superhet receivers utilize a diode detector for rectification of the modulated signal. Because of the linear 
characteristic between the modulated RF input voltage and the rectified output current, a diode is capable of 
handling high-level signals with little distortion. It is, therefore, well adapted for use after the high-gain IF 
stages of a superhet receiver where the more sensitive grid-leak detector and the plate detectors would be 
overloaded. Therefore, diode detectors are preferred over other detectors in superhet receivers. 


The diode detector has no gain, however, so there is a loss of signal strength. To make up for this loss, the diode 
detector rarely is used alone, but is combined with an audio amplifier in the same stage. As will be seen later, 
the use of dual-function tubes (diode-triodes and diode-pentodes) makes this a comparatively simple matter. 
The gain of the combined detector-amplifier stage is then comparable to that provided by other types of 
detectors. 
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Mote serious is the comparatively large current the diode detector draws from its tuned input circuit. This 
current damps out the resonant peak of the tuned circuit, substantially reducing the selectivity of the stage. This 
loss in selectivity must be compensated for by having a sufficient number of tuned stages in the receiver to make 
the overall selectivity satisfactory. In receivers with a separate tuned RF amplifier and two IF stages, the 
selectivity is sufficient. 


Audio Amplification Stage 


After the modulation has been extracted from an incoming signal, a relatively weak audio voltage is made 
available at the output of the detector. In practically all cases, this audio signal first must be strengthened by one 
or two stages of audio amplification before it is capable of energizing a pair of headphones or a loudspeaker. It 
is the function of the audio amplifier to raise the audio voltage from the detector to a comfortable listening level 
with a minimum of distortion. The amount of audio amplification needed depends on the power requirements of 
the reproducer. One stage of audio amplification generally is sufficient to operate a headset or a small 
loudspeaker. A larger loudspeaker, however, requires a powerful audio amplifier consisting of several stages. 


Sound Reproduction Stage 


The AF output contains, in electrical form, the original modulation superimposed on the carrier at the 
transmitter. It is the function of the reproducer to convert the AF current variations in the output stage of a 
receiver into audible energy corresponding to the sounds originally spoken into the transmitter microphone. 
Reproducers are electromechanical devices that translate the current variations at their input into corresponding 
mechanical vibrations at the output. These mechanical vibrations, in turn, generate the airpressure variations 
that produce the sensation of sound. 


The loudspeaker must transform electric currents in the audio-frequency range into the corresponding sound 
waves. Sound waves are radiated best if the loudspeaker makes contact with a large surface of air surrounding 
it. For this purpose, the electromechanical driving mechanism of a loudspeaker is coupled mechanically to 
fairly large cones, or horns, capable of pushing large amounts of air in front of them. However, even with 
efficient designs, these loudspeakers produce considerable frequency and harmonic distortion of the AF 
waveform. Harmonic distortion of the waveform occurs because the complicated loudspeaker driving 
mechanism cannot be made to act in a strictly linear manner. As in detectors, nonlinear operation introduces 
new (harmonically related) frequencies into the output that were not present in the input. 
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SCHEMATIC REPRESENTATION OF SUPERHETERODYNE RECEIVER 


Figure 7-6 shows a schematic for a typical eight-tube superheterodyne receiver consisting of one stage of IF 
amplification, a combined detector, automatic volume control (AVC), a first AF amplifier stage, and a push-pull 
power amplifier stage. The receiver is operated from the 110-volt ac line through a full-wave rectifier power 
supply and filter circuit. The power supply provides both the high-voltage dc for the plates and screengrids, and 
the low-voltage dc for the heaters of the vacuum tubes. 


Antenna Input and RF Amplifier 


A signal intercepted by the receiver antenna is coupled to the grid of the RF amplifier tube, V1, through the RF 
input transformer, Tl. The grid-input circuit of the tube is tuned to the desired signal with a tank circuit 
consisting of the secondary of T1 and variable capacitors. The selected signal then is amplified by V1 and fed 
to the mixer stage through the RF coupling transformer, T2. An AVC voltage is applied to the grid of V1 
through R1. 


Local Oscillator 


The local oscillator, consisting of V7 and associated circuits, generates oscillations higher than the RF carrier 
frequency by an amount equal to the IF(456 kHz). For this purpose a conventional Hartley oscillator is used, 
and its output from the grid of triode oscillator tube V7 is coupled through C22 to grid 3 of the pentagrid mixer 
tube, V2. The oscillator is tuned with the ganged tuning capacitor, C3. A parallel trimmer capacitor, C24, 
assures tracking at high frequencies. A series padder capacitor, C25, is used for low frequency tracking; it is 
made adjustable by means of a small parallel trimmer, C26. 


Mixer 


The RF and local oscillator frequencies are mixed in the pentagrid mixer tube, V2. The RF signal is fed to grid 
1 of the mixer tube from the tuned input circuits of T2 and C2. Tuning capacitor C2 is ganged with the RF and 
oscillator tuning capacitors for single-control tuning. The local oscillator signal is applied to grid 3 of the mixer 
tube. The RF and local oscillator frequencies are mixed in the electron stream of the mixer tube, producing a 
number of sum and difference frequencies in the plate output circuit. The IF transformer, T3, in the plate circuit 
of the mixer tube is tuned to the difference frequency (IF) present in the output of the tube. 


IF Amplifier 
A conventional IF stage is used, consisting of IF amplifier tube V3, input IF transformer T3, and output IF 
transformer T4. Both transformers are tuned to the intermediate frequency (456 kHz). The IF signal is coupled 


through T3 to the control grid of the pentode IF amplifier tube, V3. The amplified output from the plate of the 
tube is coupled through IF output transformerT4 to the diode detector stage. 
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Figure 7-6 Typical Superheterodyne Circuit. 
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Detector, AVC, and First Audio-frequency Amplifier 


A duplex diode-triode V4 is used in this stage to combine the functions of a diode detector, AVC, and first AF 
amplifier. The IF signal is coupled through IF transformer T4 to the lower diode section of V4, which acts as 
the detector. Series resistors R15 and R16 form the detector load resistance, and C17 is the load capacitor. The 
audio output from the detector is tapped off at the junction of R16, and R16 is coupled through blocking 
capacitor C18 and volume control R18 to the grid of the triode amplifier portion of V4. The volume control is a 
tapped variable resistor to permit feeding any portion of the AF output voltage to the grid of V4. The AF signal 
is amplified by the tube and is coupled to the power amplifier through interstage coupling transformers TS. IF 
voltage from the plate of the preceding IF amplifier also is fed through blocking capacitor C16 to the upper 
diode section of V4, which rectifies the signal voltage for AVC purposes. R14 is a separate AVC diode load 
resistor. The dc AVC voltage developed across this resistor is applied to the grids of RF amplifier V1, mixer 
V2, and IF amplifier V3 through AVC filters R19 and R20, which eliminates the audio component from the 
rectified AVC voltage. 


AF Power Amplifier 


The audio output from the plate of V4 is fed to the grids of the power amplifier pentodes, V5 and V6, through 
the interstage coupling transformer, T5. This transformer is center tapped to apply the audio signal in opposite 
phase relation to the grids of the two tubes, a necessary condition for push-pull operation. The output from the 
power amplifier is coupled to the voice coil of the loudspeaker through the center-tapped output transformer, T6. 
The transformer assures a correct match between the voice-coil impedance and the recommended plate-to-plate 
load impedance of the amplifier. 


Power Supply 


The 110-volt, 60-hertz ac line input is coupled to the plates of full-wave rectifier tube V8 through power 
transformer T7. The transformer carries additional windings to supply the rectifier filament and the heaters of 
the receiving tubes. The pulsating dc output from the rectifier tube is applied to a two-stage capacitor input 
filter consisting of filter capacitors C29, C30, and C31, and filter chokes L1 and L2. A bleeder resistor, R24, is 
connected across the filter output to provide a minimum load and improve the voltage regulation. 


FREQUENCY TRACKING 
The mixer and oscillator circuits of a superheterodyne are said to track when they maintain a constant frequency 
difference (IF) between them through-out the tuning range. To assist in tracking, the two variable capacitors are 


ganged together. Since the oscillator circuit is generally set to a frequency higher than that of the mixer and RF 
circuits, the capacitance and inductance of its tuned circuit must be smaller. 
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Also, for the higher oscillator frequency, the percentage of frequency shift for the oscillator tuning capacitor 
must be smaller for the same tuning range than that of the mixer and RF capacitors. This is achieved in some 
receivers by using a smaller coil and a smaller tuning capacitor with specially shaped plates in the oscillator 
circuit. The special shape of the plates ensures tracking throughout one frequency band. This method cannot be 
used, however, in multiband receivers, since each band requires a differently shaped oscillator tuning capacitor. 


More commonly, the same size tuning capacitors are used for both oscillator and mixer circuits. The required 
frequency difference is made up with a smaller oscillator coil, and tracking is attained with trimmer and padder 
capacitors. The trimmer is connected parallel to the oscillator tuning capacitor, and the padder is connected in 
series with it (figure 7-7). At the highfrequency end of the tuning range, the oscillator tuning capacitor is set for 
minimum capacitance. The parallel trimmer has about the same order of magnitude as this minimum value, and 
its adjustment determines the proper resonant frequency at this end of the frequency range. 


At the low-frequency end of the tuning range, the capacitance of the oscillator tuning capacitor is near maximum 
and, therefore, the small parallel trimmer is negligible in comparison with it. However, the series padder is 
usually about two to four times the magnitude of the maximum oscillator tuning capacitance. Since the total 
capacitance of two-series capacitors is influenced chiefly by the smaller of the two capacitors, the effect of the 
series padder on the total tuning capacitance at the low-frequency end is not very great but suffices to set the 
resonant frequency within the limits required for proper tracking. By proper adjustment of the padder and 
trimmer capacitors, reasonable tracking accuracy can be attained throughout the frequency range. If several 
bands are utilized, separate trimmer and padder capacitors usually are provided for each band. 


MIXER 
TUNING CAPACITOR 


OSCILLATOR 
TUNING CAPACITOR 


PADDER 


Figure 7-7. Padder and Trimmer Connections. 


Figure 7-7. Paddar and Trimmer Connections. 
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SELECTIVITY OF SUPERHETERODYNES 


The selectivity of each IF stage depends on the Q and the coupling of the IF transformer. The overall selectivity 
of the IF amplifier is proportional to the number of tuned circuits (IF transformers) utilized. The total selectivity 
increases as the product of the number of stages in a manner similar to that for the tuned RF amplifier. Overall 
selectivity also increases if the IF used is lowered. The exact IF amplifier selectivity of military receivers varies 
widely, depending on the specific use to which the receiver is put. Most communication receivers have variable 
IF selectivity. A switching arrangement permits several amounts of fixed selectivities to be obtained. In one 
receiver, for example, a three-position switch is used to produce a total IF band-pass of 10 kHz, 6 kHz, and 3 
kHz. 


SELECTION OF INTERMEDIATE FREQUENCY 


The selection of the IF is a compromise between various conflicting factors. The higher the IF, the lower is the 
selectivity and the gain of the stage. On the other hand, it is impractical for the IF to be substantially lower than 
the signal frequency. This is because trouble results from image interference if the difference between the signal 
frequency and the IF is made very great. A low IF also increases the undesirable interaction between the signal 
and oscillator frequencies. Although the selectivity and gain for low intermediate frequencies are excellent, 
image interference and pulling must be taken into account. 


The selection of the IF is a careful compromise between the desired selectivity and gain and the permissible 
image interference and amount of pulling. For amplitude modulated (AM) reception up to approximately 10 
MHz, intermediate frequencies from 455 to 465 kHz have been found satisfactory. An IF of 455 to 465 kHz 
generally is used for AM communication receivers. 


IF TRANSFORMER CONSTRUCTION 


The IF transformer circuits are contained in a metal shield container in which the coils and tuning capacitors are 
mounted. The capacitors can be made of mica, or they can be air-trimmer capacitors. The coils may have an air 
core, or a powdered-iron core, the latter providing somewhat greater Q. Powdered-iron cores can be tuned by 
moving the core in or out of the coil, thus varying the inductance. This is called permeability, or slug, tuning. 
With permeability tuning, a fixed mica capacitor can be used. The frequency stability or permeability tuning is 
comparable to that of variable-tuned air capacitors. Stability is important to prevent frequency drift, which 
reduces the gain and selectivity of the IF stage. Small protruding adjusting shafts permit tuning the transformer 
outside of the case. 


AUTOMATIC VOLUME CONTROL 
Although manual volume controls permit regulating the gain of a receiver to a convenient output level, it is 


desirable to have additional automatic control of the receiver gain for several reasons. One reason is that it 
prevents extreme variations in loudspeaker volume. 
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When a receiver is turned from a weak station (for which the volume has been turned up) to a strong station, the 
loudspeaker sound will blast unpleasantly. The variations in signal strength of a signal carrier because of fading 
and other conditions will also result in wide fluctuations of the loudspeaker volume. Furthermore, variations in 
signal strength at the antenna, if not compensated for, can cause serious trouble by overloading the RF, IF, or 
detector stage of the receiver that, in turn, results in distortion of the signal. An automatic volume control circuit 
overcomes these troubles by automatically regulating the gain of the RF and IF stages. By making the gain of 
these stages less for a strong signal than for a weak signal, constant signal input can be maintained at the 
detector regardless of signal strength at the antenna. The output volume from the speaker then will depend only 
on the degree of modulation at the transmitter. 


Circuit Operation 


The RF, IF, and mixer stages of a receiver utilize remote cutoff tubes whose gain can be controlled by varying 
their grid bias. By making the grid bias of these tubes more negative, the stage gain is reduced. If the gain of 
several stages is controlled by a negative bias voltage, the value of which depends on signal strength (AVC 
voltage), ample reduction in receiver sensitivity can be attained for strong signals. The gain of the receiver, 
however, never can be increased beyond its maximum value in the absence of AVC. The AVC circuit simply 
provides this negative bias voltage, whose magnitude is proportional to signal strength, for reducing receiver 
gain. 


Figure 7-8 shows the addition of an AVC circuit to the diode detector. When the diode current flows through 
the load resistance, R, it generates a voltage drop that makes the left end of R negative in respect to ground. 
This negative voltage drop is applied through filter circuit R,;C, to bias the grids of the preceding stages that are 
to be controlled. When the signal strength increases, the bias voltage developed across R also increases because 
of the greater average rectified diode current; therefore, the gain of the controlled stages is reduced. As a result, 
the output of the last IF stage to the detector is increased only slightly for a large increase in signal level. For a 
decrease in signal level from the previously steady value, the action is reversed. The AVC bias decreases, and 
the gain of the amplifier stages and the detector increases. The AVC circuit always tends to counteract changes 
in signal level at the antenna of the receiver. 


The filter circuit, R;C,, prevents the AVC bias from varying at an audiofrequency rate. Load resistance R and 
capacitor C of the detector are designed to filter out IF and RF variations so that the voltage across them varies 
only at the audio-frequency rate of the modulation. If the AVC were taken directly from R without filter R\C,, 
the individual AF variations of the AVC voltage would vary the receiver gain, thus tending to counteract the 
modulation of the carrier and produce distortion. Filter R;C, is designed to prevent this from happening by 
smoothing out the AF variations in the AVC voltage so that it does not follow the modulation and is 
substantially constant. The AVC voltage, therefore, cannot vary as fast as the audio-range frequencies, but acts 
rapidly enough to compensate for the slower amplitude variations caused by signal fading and changes in tuning 
from one station to another. 
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Figure 7-8. Automatic Volume Controi Circuits. 
Figure 7-8. Automatic Volume Control Circuits. 
Delayed Automatic Volume Control 
In the circuit shown in A of figure 7-8, a certain amount of AVC bias is developed even for weak signal inputs. 


In many applications, however, it is desirable to have maximum RF and IF gain available for weak signals. 
Some communication receivers permit switching off the AVC with a manual cutoff switch when it is desired to 
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have maximum sensitivity available. This can be achieved automatically by means of a DAVC (delayed AVC) 


circuit, which prevents the application of AVC bias until the signal strength exceeds a certain predetermined 
value. 
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In B of figure 7-8, the diode section, D1, of the twin diode acts as a detector and AVC diode. R1 and C1 are the 
diode load resistance and filter capacitor, respectively, while R2 and C2 act as an AVC filter to smooth out the 
audio variations so that the AVC bias will be relatively constant for these frequencies. The audio output from 
the detector is taken from a tap on load resistance R1 and is coupled through C to the grid of the first audio 
amplifier stage. The cathode of diode section D2 is returned through a fixed supply voltage of -3 volts to the 
cathode of D1 and ground. This fixed voltage can be supplied by a small bias cell or by connecting the cathode 
of D2 to a tap on a power supply voltage divider. Because of the presence of the fixed voltage, a direct current 
flows through R1 and R2 in series with diode D2. The voltage drop caused by this current places the AVC tap 
at the lower end of R2 at approximately -3 volts, since the voltage drop across D2 is negligibly small. The -3- 
volt fixed bias is approximately the proper minimum value for maximum sensitivity of the remote cutoff tubes. 


For signals that are not strong enough to develop a rectified voltage across R1 in excess of 3 volts, the AVC bias 
to the controlled tubes remains constant at -3 volts. For strong signals, however, the average value of the 
rectified signal voltage across R1 exceeds 3 volts and thus cancels out the fixed -3-volt bias. Consequently, for 
signals exceeding 3 volts, the plate voltage at D2 becomes negative in respect to the cathode, and current stops 
flowing through D2. The AVC voltage, then, is controlled solely by the rectified signal voltage developed 
across R1. Any further increase of the rectified signal voltage beyond 3 volts then progressively increases the 
AVC bias to the controlled stages thus reducing their gain. 
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REVIEW EXERCISES 
Circle the letter of the correct answer to each question. 
1. What stage in a superheterodyne receiver is not absolutely necessary? 
. IF amplifier. 
. Detector. 


. Converter. 
. RF amplifier. 


aadrains 


2. What is a disadvantage of the TRF receiver? 


. Gain decreases sharply at low frequencies. 

. Selectivity decreases sharply at low frequencies. 

. Selectivity increases too sharply at high frequencies. 
. Gain decreases too sharply at high frequencies. 


aad tf 


3. What is an advantage of the superheterodyne over the TRF receiver? 


. It has greater amplification with feedback and oscillation. 

. It has more variable-tuned circuits. 

. It has more fixed-tuned circuits. 

. It has greater amplification without feedback and oscillation. 


aadainse 


4. What signal frequency is applied directly to the loudspeaker? 


a. Radio. 
b. Audio. 
c. Video. 
d. Stereo. 


5. What is a typical IF frequency, in kHz, for amplitude modulation? 


. 4.5 kHz. 

. 45 kHz. 
455 kHz. 

. 4,500 kHz. 


aoge 


6. What stage develops the AVC voltage? 


. Mixer. 

. Converter. 
. Detector. 
. Separator. 


ada ® 


7. What stage removes the radio frequencies from the audio frequencies in a superheterodyne receiver? 


a. Detector. 
b. Converter. 
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c. Limiter. 
d. Clipper. 


8. What circuits convert the RF signal to an IF signal? 


. AF and mixer. 

. IF and oscillator. 

. Mixer and oscillator. 

. Converter and oscillator. 


andr Te 


9. What normally determines the selectivity of each IF stage in a superheat erodyne receiver? 


. Zand coupling of the IF transformer. 
. Qand coupling of the IF transformer. 
. R and coupling of the RF transformer. 
. Land coupling of the RF transformer. 


ada ® 


10. What is a major disadvantage of using a low-intermediate frequency? 


. Low selectivity. 

. Low gain. 

. High-image rejection. 

. Pulling of the local oscillator. 


aadinTse 


11. What bandwidth, in kHz, is necessary for faithful reproduction of music and speech? 


. 10 kHz. 
15 kHz. 
. 20 kHz. 
. 25 kHz. 


aogp 


12. What operational feature makes diode detectors preferable in superheterodyne receivers? 


. High-gain output. 

. Linear characteristic. 

. High-signal output. 

. Nonlinear characteristic. 


adit ® 


13. How many prominent frequencies are produced if two sine waves are applied to a mixer at different 
frequencies? 


. One. 
. Two. 
. Three. 
. Four. 


adit 2 


14. What type of coupling is used between the antenna and the RF amplifier? 


. Capacitor. 

. Inductor. 

. Impedance. 
. Transformer. 


ano tf 
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MMO0705, Lesson 7 
15. Where does most signal amplification occur in a superheterodyne receiver? 


a. RF stage. 

b. IF stage. 

c. Converter stage. 
d. Detector stage. 


Recheck your answers to the Review Exercises. When you are satisfied that you have answered every question 
to the best of your ability, check your answers against the Exercise Solutions. If you missed more than one 
question, you should retake the entire lesson, paying particular attention to the areas in which your answers were 
incorrect. 
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LESSON 1. FREQUENCY MODULATION 


MM Subcourse No 0706 ...........scscccccsssssscsccceees Electronics, Part II 


Lesson Objective ...........ccscccsssssssscsssssccesscssscesees To provide you with a general knowledge of 
the principles of FM to include formation of 
sidebands, bandwidth, pre-emphasis, de- 
emphasis, the production of FM, and the 
reactance tube modulator. 


Lesson Credit HOurs...............ccccsccsssssssssssssees Two 


TEXT 


1. INTRODUCTION. 


a. In the armed services, a reliable radio communications system is of vital importance. 
The swiftly moving operations of modern armies require a degree of coordination made possible 
only by radio. Today, the two-way radio is standard equipment in almost all-military vehicles, and 
the walkie-talkie is a common sight in the infantry. Once, amplitude modulation (AM) 
communications was used universally. This system, however, has one great disadvantage; i.e., 
random noise and other interference can cripple communications beyond the control of the 
operator. 


b. In the AM receiver, interference has the same effect on the radiofrequency (RF) 
signal as the intelligence being transmitted because they are of the same nature and inseparable. 
Engines, generators, and other electrical and mechanical systems generate noise that can disable the 
AM receiver. To avoid this difficulty different types of modulation, such as phase modulation 
(PM) or frequency modulation (f m), are used. When the amplitude of the RF signal is held 
constant, and the intelligence transmitted by varying some other characteristic of the RF signal, 
some of the disruptive effects of noise can be eliminated. 


Cc. For this reason FM transmitters and receivers have not only become standard 
equipment in the Signal Corps, but their use in mobile equipment now exceeds that of AM 
transmitters and receivers. Thus, the widespread use of frequency modulation requires that we 
have a thorough understanding of its principles and the equipment it uses. 


2. CARRIER CHARACTERISTICS. 
a. The RF signal used to transmit intelligence from one point to another is called the 
carrier. It consists of an electromagnetic wave having amplitude, frequency, and phase. If the 


voltage variations of an RF signal are plotted with respect to time, the result is a waveform such as 
that shown in figure 1. 
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Figure 1. Graph of typical unmodulated carrier. 


b. The unmodulated carrier is a sine wave that repeats itself in definite intervals of 
time. It swings first in the positive and then in the negative direction about the time axis and 
represents changes in the amplitude of the wave. This action is similar to that of alternating current 
in a wire, where the swings represent reversals in the direction of current flow. It must be 
remembered that the plus and minus signs used in figure 1 represent direction only and that the 
starting point of the curve is chosen arbitrarily. 


Cc. Once a starting point is chosen, it represents the point from which time is measured. 
The starting point (fig 1) finds the curve at the top of its positive swing. The curve then swings 
through 0 to some maximum amplitude in the negative direction, returning through 0 to its original 
position. The changes in amplitude that take place in this interval of time are repeated without 
change as long as the carrier remains unmodulated. A full set of values occurring in any equal 
period of time, regardless of the starting point, constitutes one cycle of the carrier. The number of 
cycles that occur in | second is called the frequency of the wave. 


3. MODULATING SIGNAL AMPLITUDE AND FREQUENCY DEVIATION. 


a. In a frequency-modulated wave, the frequency varies instantaneously about the 
unmodulated carrier frequency in proportion to the amplitude of the modulating signal. When the 
modulating signal increases in amplitude the instantaneous frequency increases, and when the 
modulating signal decreases the frequency decreases. 
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b. A radiofrequency carrier and an audiofrequency signal are shown separately in A 
and B of figure 2. When these two waves are combined in the modulation process, the resultant 
signal is the FM wave in C of figure 2. As the amplitude of the audio signal increases in the 
positive direction, the modulated waves seem to bunch up. When the audio signal goes in the 
negative direction, the modulated waves appear to spread out. When the modulating signal is 
increased in amplitude, as in D, the changes in the spacing of the waves are proportionally greater, 
as in F (fig 2). Therefore, the amount of frequency deviation of the modulated wave is directly 
proportional to the amplitude of the modulating signal. When the audio voltage reaches its peak 
value in the positive direction, the frequency of the carrier is at its greatest value above the center 
value. The frequency of the carrier wave is reduced to its lowest value when the modulating 
voltage reaches its negative peak. Maximum frequency deviation, therefore, takes place at the 
peaks of the audio signal. 


4. MODULATING SIGNAL FREQUENCY AND FREQUENCY DEVIATION. Figure 3 
shows that each cycle of the modulating voltage (A) produces a corresponding variation in the 
frequency of the carrier wave (C). Two cycles of the audio wave produce two cycles of frequency 
change in the carrier. In D, the frequency of the modulating wave is increased so that, in the same 
time interval, the signal undergoes three complete cycles. Under this condition, the amount of 
frequency deviation remains the same because the amplitude of the modulating wave has not been 
changed. The result of increasing the frequency of the modulating signal can be seen by comparing 
C and F of figure 3. The audio signal is superimposed on the modulated carrier to demonstrate 
more clearly the relationship between the frequency of the modulating signal and the frequency 
changes in the carrier. This comparison indicates that the rate of frequency deviation is directly 
proportional to the frequency of the modulating signal. 


WY 


Figure 2. FM waves for modulating signals differing in amplitude. 
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> CHARACTERISTICS OF FREQUENCY MODULATION. 


a. The most important characteristics of a frequency-modulated wave are as follows: 
the amplitude of the modulated wave remains constant, the amount of frequency deviation of the 
modulated wave varies directly as the amplitude of the modulating signal, and the limits of 
frequency shift on either side of the carrier are known as the frequency deviation limits. In an FM 
system, the frequency of the modulating voltage determines the number of times per second that 
the frequency shifts between the deviation limits. The higher the frequency of the modulating 
signal, the greater number of times per second the frequency varies between the deviation limits set 
by the peak amplitude of the modulating signal. The ratio between the frequency deviation and the 
frequency of the modulating signal is called the modulation index. This is illustrated by the 
following equation: 


modulation index = frequency deviation 
frequency of modulating signal. 


b. The modulation index in itself does not tell us anything. However, when it is 
applied to appropriate mathematical tables, we can determine the number of significant sidebands 
and the amplitude of each of these sidebands. In this way, we can tabulate information regarding 
the specific frequency spectrum formed at a particular instant. 


6. PERCENTAGE OF FREQUENCY MODULATION. The percentage of modulation of 
an FM signal cannot be determined in the same manner as in an AM signal. Percentage of 
modulation in FM is defined as the percentage of maximum deviation incorporated in a transmitter 
for a particular type of service. For an FM transmitter with a maximum deviation of 75 kilohertzs 
(KHz) 100 percent modulation occurs when the transmitter deviates the full 75 KHz. If the 
deviation should fall to 37-% KHz the transmitter would be modulated by only 50 percent. 
Therefore, with a maximum deviation of 75 KHz, if the transmitter deviation exceeds 75 KHz, it is 
said to be over modulated. 


Te SIDEBANDS. 


a. In an FM wave, the amplitude of the modulating signal determines the departure of 
the instantaneous frequency from the center, or the carrier frequency. The instantaneous frequency 
can be made to deviate as much as desired from the carrier frequency by changing the amplitude of 
the modulating signal. The sidebands generated by FM are not restricted to the sum and difference 
between the modulating frequency and the carrier as in AM. 
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b. As shown in figure 4, the FM wave consists of a carrier wave of frequency fo and 
associated sideband frequencies of fo+fm, fo+2fm, fo+3fm (fm is the modulating frequency), etc. 
The number and amplitude of these sidebands are dependent upon the modulation index. With the 
centerline representing the carrier, the lines on each side of the centerline represent a particular 
component of the FM wave. The lines to the right of center represent the upper sideband frequency 
components, and those to the left represent the lower sideband components. The lengths of the 
lines represent the energy levels of the various components. The first pair of sidebands is the 
carrier frequency, plus and minus the modulating frequency. Also, a pair of sidebands will appear 
at each multiple of the modulating frequency. As a result, an FM signal occupies a greater 
bandwidth than does an AM signal. 


Figure 3. FM waves for modulating signals differing in frequency. 


Cc. If a carrier of 1 megahertz (MHz) is frequency modulated by an audio signal of 10 
KHz, several sidebands will be spaced equally on either side of the carrier frequency at 990 and 
1,010, 980 and 1,020, 970 and 1,030, etc. The total number of sidebands of significant amplitude 
(more than | percent of the amplitude of the unmodulated carrier) depends on the modulation 
index. With a high modulation index more sidebands are of appreciable amplitude, but the 
bandwidth is not necessarily greater. As an example, with a frequency deviation (f d) of 75 KHz 
and a modulating frequency (f m) of 15 KHz, the modulation index (M) is 5.0. Referring to figure 
5 we see that the number of significant sideband pairs is 8 and the bandwidth is 240 KHz. When 
the frequency deviation of 75 KHz is held constant and the modulating frequency is decreased to 5 
KHz, the modulation index is increased to 15. The number of significant sideband pairs is now 19 
(fig 5) but the bandwidth is only 190 KHz. 
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8. BANDWIDTH. 


a. The bandwidth for frequency modulation is determined by the number of sidebands 
associated with the carrier. The maximum bandwidth of AM transmission is twice that of the 
maximum frequency present in the modulating wave. Since the bandwidth of an FM transmitter 
can exceed this by many times, the ratio of the bandwidth occupied to the absolute carrier 
frequency can be considerably larger. An FM wave is a very complex wave having an infinite 
number of sideband pairs instead of just one pair for each modulating frequency, as in amplitude 
modulation. Fortunately, however, only a limited number of sidebands contain sufficient energy to 
be significant. 


b. The sideband components are spaced an amount equal to the modulation frequency. 
The product of the number of significant sideband components and the modulating frequency is 
equal to the bandwidth. For example, if the frequency deviation of the carrier (f d) is assumed to 
be 50 KHz and the modulating frequency (f m) is equal to 10 KHz, the modulation index will be 5 
and there will be 8 significant sideband frequencies on each side of the carrier. Hence, the 
bandwidth is 8 x 10 KHz, on each side of the carrier for a total of 160 KHz. 


c. FCC regulations limit the maximum deviation in FM transmission in order to 
prevent interference and to increase the number of channels. These maximum deviations are + 75 
KHz for commercial broadcast FM and + 30 KHz, + 15 KHz, + 6 KHz, etc., for communication 
channels, depending upon the use or service of the particular band. 


d. Although the FCC regulation limits the carrier shift to + 75 KHz for commercial 
broadcast, some significant sidebands may extend beyond this frequency. A guard band of 25 
KHz, on each side of the allowable frequency swing of + 75 KHz, is established to include most of 
the significant sidebands beyond the established limits. Thus, each commercial FM station is 
allocated a 200 KHz channel. 


9. ENERGY DISTRIBUTION. 


a. The FM wave consists of a center or carrier frequency and a number of sideband 
pairs that, for a given audiofrequency and amplitude, are constant. The resultant wave is the 
algebraic sum of the components which form it. When the transmitted signal is unmodulated there 
is a constant amount of power in the carrier signal. When the modulation is applied, power is 
distributed between the carrier and the sidebands. This, therefore, reduces the amplitude of the 
carrier or center frequency component. 


b. The carrier frequency, or center frequency component, changes in amplitude as 
modulation is applied. Since no information is contained in the FM carrier, reducing its amplitude 
increases the efficiency of operation in terms of usable power. For some values of the modulation 
index and modulating frequency, carrier amplitude falls to zero and all the power is contained in 
the sidebands. 
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Cc. In figure 6, with a frequency deviation of 30 KHz and a modulating frequency of 6 
KHz, the center frequency component is reduced to less than 20 percent of the unmodulated 
amplitude. If the modulating frequency is reduced to 2 KHz, with the same frequency deviation of 
30 KHz (fig 7), the center frequency component is reduced to only 1.4 percent of its unmodulated 
value. 
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Figure 4. Frequency and energy distribution for 5 values of modulation index of an FM wave. 
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Figure 5. Effective bandwidth for modulation index. 


d. For the 6 KHz modulating frequency (fig 6) with a modulation index of 5, the total 
bandwidth is 96 KHz; with a 2 KHz modulating frequency and a modulating index of 15, the total 
bandwidth occupied is 76 KHz. 


10. PRE-EMPHASIS AND DE-EMPHASIS. 
a. Pre-emphasis. 


(1) Pre-emphasis is the process whereby the higher audio frequencies are over- 
amplified in the modulating stage of a FM transmitter to improve the signal to noise ratio of the 
transmitted signal. 


(2) Since the high frequency components of voice and music have a smaller 
amplitude than the low frequency components additional amplification of the high frequency 
components is possible without exceeding the maximum deviation limits set by the FCC. 
Therefore, by employing this process all signals will be large in relation to the inherent noise of the 
transmitting system. 
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(3) The pre-emphasis characteristics can be seen by plotting the audio input 
frequency and the modulated output amplitude on a graph (fig 8). The audio spectrum frequency is 
plotted horizontally and the output (in decibels) is vertically noted. This graph indicates that the 
output remains relatively constant from 50 to approximately 500 Hz and then rises abruptly to a 
peak of 15,000 Hz. 


b. De-emphasis. At the receiver, the reverse characteristics of pre-emphasis are used 
so that the natural balance between high and low frequencies in speech and music is not upset. The 
characteristics of pre-emphasis and de-emphasis are normally achieved by simple RC networks, 
each having a time constant of 75 microseconds. (See figure 9.) 


11. REACTANCE TUBE MODULATOR. 
a. General. 


(1) The purpose of the reactance tube modulator, in an FM transmitter system, is 
to frequency modulate the output of an oscillator in accordance with an audio signal. The 
modulator accomplishes this by changing the amplitude variations of the audio signal into a 
varying reactance that is injected into the tank circuit of the oscillator. This injected reactance then 
changes the output frequency of the oscillator. 


(2) The reactance tube is an electron tube whose reactance varies with the 
modulating signal. This varying reactance causes the frequency of the oscillator stage to change 
accordingly. 


(3) In figure 10, the reactance tube is connected in parallel with the oscillator 
tank. The tube functions like a capacitor whose capacitance is varied in accordance with the audio 
signal. Therefore, the output frequency of the oscillator is varied, and the resulting FM signal is 
passed through a frequency doubler to increase the carrier frequency and the deviation frequency. 
The final signal is then fed through a power amplifier to the antenna for radiation into space. The 
transmitter is kept within the assigned frequency limits by comparing the transmitter output with 
that of a standard crystal-controlled oscillator. If the limits are exceeded, a suitable correcting 
voltage, produced by a frequency converter and a discriminator stage, is fed to the reactance tube 
for correction. 


(4) The theory of operation of a reactance tube circuit may be further explained 
by referring to figure 11. The reactance tube (V 1) is effectively in shunt with the oscillator tank 
(LC) and the phase-shift circuit (R 1 C 1). The capacitive reactance of the capacitor (C 1) is large 
compared to the resistance of resistor (R 1). Therefore, the RF signal applied to the grid of V | will 
produce a current (i p) which leads the RF voltage (e p) supplied by the tank by approximately 90°. 
The reactance tube now appears to the oscillator tank as a capacitor since the RF current produced 
by the tube leads the RF voltage across the tank and tube by 90°. Capacitor C c has no effect on 
the RF voltage and current. It keeps the DC plate voltage from the oscillator tank. 
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Figure 6. Frequency spectrum of FM wave. 


CENTER 


FREQUENCY 
COMPONENT 


RELATIVE AMPLITUDE 


o 191716813119 75321135 7 3910 13351715 


76 KHz 
FREQUENCY ge 
Figure 7. Another FM frequency spectrum. 


(5) If an audio signal is applied to the grid of V 1, there are several noticeable 
effects. With zero audio voltage the RF plate current (i p) is a succession of rapid, constant- 
amplitude pulses. The oscillator tank would operate at a constant frequency called the NO 
SIGNAL or RESTING FREQUENCY. When the input audio voltage rises with a polarity that 
makes the grid positive with respect to the cathode, the pulses of plate current gradually increase in 
amplitude. This leading RF plate current is drawn through the oscillator tank and is equivalent to 
an increased value of tank capacitance. Thus, the oscillator frequency is lowered. 
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Figure 9. Pre-emphasis and de-emphasis networks. 


(6) Conversely, when the input audio signal makes the grid of the reactance tube 
negative with respect to the cathode, the RF plate current pulses gradually decrease in amplitude 
and the oscillator frequency increases. 
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(7) The frequency of the input audio signal determines the number of times per 
second that the oscillator tank frequency changes. In other words, the input audio signal frequency 
determines the RATE of frequency deviation or how often the frequency goes above and below the 
carrier frequency. On the other hand, the amplitude of the input audio signal determines the 
AMOUNT of frequency deviation or how much the frequency goes above and below the carrier 
frequency. Thus, the reactance tube, with its audio signal input, produces a frequency modulated 
output wave. 


AUDIO F-M WAVE OF LOW §=6F-M WAVE OF HIGH 
FREQUENCY RADIO FREQUENCY RADIO FREQUENCY 


a-F 
AMPLIFIER 


FREQUENCY 
STABILIZING 
VOLTAGE 


CRYSTAL 
OSCILLATOR 


Figure 10. Block diagram of a reactance tube FM transmitter. 
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Figure 11. Basic circuit of reactance tube modulator and oscillator. 
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MMS SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 1 


What is one disadvantage of an amplitude modulation communication system? 


It is too complicated for ready maintenance 

It is too expensive to maintain in the field 

It is highly susceptible to simple jamming systems 

It is highly susceptible to random noise and other interferences 


The amount of frequency deviation is directly proportional to which signal component? 


A. 
B. 
C. 
D. 


Amplitude of the modulating signal 
Frequency of the carrier 
Frequency of the modulating signal 
Amplitude of the carrier 


What results if the amplitude of the modulating signal is increased? 


A decrease in the amount of deviation of the carrier 

A decrease in instantaneous frequency of the carrier 

An increase in the amount of frequency deviation of the carrier 
An increase in the rate of frequency deviation of the carrier 


What is the effect of increasing the frequency of the modulating signal? 


A. 
B. 
Cc: 
D. 


An increase in the instantaneous frequency of the carrier 
An increase in the rate of frequency deviation of the carrier 
A decrease in the amount of frequency deviation 

A decrease in the instantaneous frequency of the carrier 


What factor determines the distance between sidebands? 


Game > 


Amplitude of the modulating signal 
Frequency of the carrier wave 
Amplitude of the carrier wave 
Frequency of the modulating signal 
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6. Which BEST describes the location of the first pair of sidebands in an FM wave? 


A. Carrier frequency, plus and minus the modulating frequency 
B. Modulating frequency, plus and minus twice the carrier frequency 
C. Carrier frequency, plus and minus twice the modulating frequency 
D. Modulating frequency, plus and minus the carrier frequency 

Zs What is determined by the modulation index? 


A. The frequency and width of sidebands 

B. The frequency and amplitude of sidebands 
Cc. The number and amplitude of sidebands 
D. The number and frequency of sidebands 


8. What is the modulation index of an FM wave if f d = 45 KHz, f m= 15 KHz, and f 9 = 20 MHz? 


A. 3 
B. 6 
C. 15 
D. 200 
9. How many significant sideband pairs are included in an FM wave that has an f d of 60 KHz, 


an f m of 5 KHz, and f 9 of 95 MHz? 


A. 6 

B. 12 
C. 16 
D. 19 


10. What is the total bandwidth, in kilohertz, of an FM wave what has an f d of 50 KHz and an 


f m of 5 KHz? 
A. 70 

B. 100 

Gc: 140 

D. 200 


11. | Why is a guard band of 25 KHz used in FM transmission? 


To minimize distortion from other frequencies 

To include most of the significant sidebands beyond the established limits 
To preclude most of the significant sidebands beyond the established limits 
To minimize distortion from other stations 


GVaAwS 
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What BEST describes the power contained in the sidebands? 


It gets larger as the distance from the carrier decreases 
It is taken from the modulating signal 

It gets smaller as the distance from the carrier increases 
It is taken from the carrier 


Why is pre-emphasis used in FM? 


A. 
B. 
C. 
D. 


To decrease the sideband spectrum for video 

To decrease the signal-to-noise ratio of the low audio frequencies 
To reduce the sideband spectrum for speech 

To increase the signal-to-noise ratio of the higher audio frequencies 


What is the function of the reactance tube modulator in an FM transmitter system? 


A. 
B. 
C. 
D. 


To detect changes in the frequency of the FM signal index 

To amplitude modulate a carrier in accordance with an audio signal 

To detect changes in the polarity of the FM signal factor 

To frequency modulate a carrier wave in accordance with an audio signal 


What represents the ratio between the amount of frequency deviation and the frequency of 
the modulating signal? 


A. 
B. 
C. 
D. 


Modulation coefficient 
Modulation index 
Modulation factor 
Modulation standard 


What is the current-voltage relationship in a reactance tube modulator circuit if the 
capacitive reactance of the phase shift network is larger than the resistance? 


A. 
B. 
C. 
D. 


NOTE: 


Current (1 p) leads the voltage (e p) by approximately 90 degrees 
Current (1) leads the voltage (e p) by 45 percent 

Voltage (e p) leads the current (i) by approximately 90 degrees 
Voltage (e p) leads the current (1) by 45 degrees 


Questions 17 through 19 pertain to figure 11. 


Why is capacitor (C c) used in this circuit? 


GVaAwS 


To block the AC 

To block the DC 

To control resonant frequency of the tank circuit 
To tune the tank circuit to resonant frequency 
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18. | What determines the frequency deviation rate of the oscillator? 


A. The amplitude of the input audio signal 
B. The phase relationship between the oscillator frequency and the carrier signal 
C. The phase relationship between the oscillator frequency and the input audio signal 
D. The frequency of the input audio signal 
19. | What determines the amount of frequency deviation of the oscillator? 
A. Amplitude of the input audio signal 
B. Amplification factor of tube V2 
Cc. Frequency of the input audio signal 
D. Frequency of tube V2 


20. What unit provides for DE-EMPHASIS in an FM system? 


GAeS 


Transmitter 

Reactance tube modulator 
Receiver 

Frequency converter 
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LESSON 2. LIMITERS AND DISCRIMINATORS 


MM Sub course No 0706 ...........sssscsccsssssscsccceees Electronics, Part II 


Lesson Objective ...........ccscccssscsssscssssssseescssssesees To provide you with a general knowledge of 
the purpose, function, and use of limiters and 
discriminators to include parallel, saturation, 
and cutoff limiting circuitry. 


Lesson Credit HOurs............ccccsssssscssssseseeseees Two 
TEXT 
1. GENERAL. Circuits that remove all or part of either the positive or negative portion of an 


input wave are called limiters or clippers. Limiters are useful in a variety of ways: they are 
applicable in wave shaping circuits where the extremities of the input signal are to be squared off, a 
sine wave can be converted into a rectangular wave by a limiter circuit, or a peaked wave may be 
applied to a limiter to eliminate either the positive or negative peaks from the output. Limiters can 
also prevent a voltage from swinging too far in either the positive or negative direction. 


2. SERIES DIODE LIMITERS. 


a. Diodes are very useful for limiting since they conduct current only when the plate is 
positive with respect to the cathode. Figure 1A illustrates a series-connected diode (load connected 
in series with the tube) that is used to limit the positive input cycle of a sine wave. The input 
voltage is denoted by e i and the output by e 0. When any voltage, say 115 volts (163 volts peak 
value), is applied to the input terminals of the diode, the output follows the input only when the 
negative input cycle is applied. 


b. When the positive cycle is applied, the cathode becomes positive with respect to the 
plate and consequently the tube cannot conduct. Since there is no current flow no voltage is 
developed across the 1-megohm output resistor. Therefore, the positive input cycle is limited to 
zero as shown by the solid line in the output. The dotted portion is the clipped or limited part of the 
wave. 


MM0706, 2-P1 


Cc. When the negative input cycle is applied, the plate becomes positive with respect to 
the cathode and the tube conducts. The current flowing through the circuit develops a voltage 
across the internal resistance of the tube and the load resistor. These two resistances act as a 
voltage divider and divide the applied voltage, as shown by the dotted and solid portions in the 
negative swing of the output wave (fig 1), approximately 1/1,000 of which appears across the tube 
(assuming the internal resistance of the tube is 1,000 ohms) and 999/1,000 across the load resistor. 
Since the applied voltage is 163 volts peak, approximately 0.163 volts appears across the tube and 
the remainder, or about 162 volts plus, across the load resistor. Thus, except for the small drop 
across the tube, the output is nearly equal to the negative input. The diode has limited or clipped 
the positive input cycle and has virtually reproduced the negative input cycle both in shape and 
magnitude. 


163[— — Se nn nn eee ee 


26, a eee ee 
INPUT VOLTAGE =116 Vv AC 


A CLIPPING POSITIVE VOLTAGES 


B CLIPPING NEGATIVE VOLTAGES 


-163 ee eS | on. 


Figure 1. Series diode limiter. 


d. When reversed, as shown in figure 1B, the diode limits the negative alternation of 
the input sine wave because the plate is negative with respect to the cathode. During the positive 
alternation, the tube conducts because its plate is positive with respect to the cathode. The current 
through the diode develops a voltage across the resistor that follows the positive cycle of the input 
and is equal to it except for the small drop across the tube itself. The output wave is shown by the 
solid line and the clipped portion by the dotted line. 
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3. SHUNT DIODE LIMITERS. 


a. Another method of using a diode as a limiter is to connect it in parallel with the 
load. In figure 2A, the diode is connected to limit the positive input cycle. When the positive cycle 
of the input voltage is applied to the plate the diode conducts. Therefore, the current flows through 
a voltage divider consisting of the 1-megohm resistor and the internal plate resistance. This voltage 
divider divides the applied voltage with most of the voltage dropped across the 1-megohm resistor 
(approximately 162 volts), as shown by the dotted portion of the wave shape, and the remainder, as 
shown by the solid line, is dropped across the tube. Since the output terminals are across the tube, 
the output is very small (0.163 volts) during the time when the output cycle is positive. The output 
is limited or clipped to practically zero voltage during this time. 


INPUT 
VOLTAGE 
nS VAC 


A LIMITING POSITIVE VOLTAGES -— — —— 


ouTPUT 


B LIMITING NEGATIVE VOLTAGES . / VOLTAGE ‘ ‘ 
‘ 


Figure 2. Shunt diode limiters. 


1MeG 


€,*+50V bg 


A BIASED POSITIVE LIMITER 
| Meo 


— Eb: -50¥ 


B BIASED NEGATIVE LIMITER 


Figure 3. Maintaining voltage above certain level. 
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b. During the negative portion of the input cycle, the plate is negative with respect to 
the cathode and current does not flow. Consequently, there is no voltage drop across the resistor 
during this time. However, since the tube appears in an open circuit, the applied voltage appears 
across its output terminals. Thus, the output voltage follows, and is equal to, the input voltage 
during the time the negative cycle is applied to the tube. 


Cc. The negative input cycle may be removed by connecting the tube as shown in figure 
2B. When connected in this manner, the tube conducts when the cathode is negative. Since 
virtually all of the applied voltage appears across the resistor, only a very small amount is applied 
across the tube. Therefore, since the output is taken across the tube, the negative input cycle has 
been reduced or limited to practically zero. 


4. BIASED LIMITERS. 


a. The input voltage can be limited to some value other than zero by maintaining the 
plate or cathode at that voltage by means of a battery or a biasing resistor. Each of the limiting 
circuits in figure 3 employs a battery to supply a biasing voltage. 


b. Circuit A (fig 3) is designed to limit the swing of the positive input cycle to +50 
volts. The input voltage (e 1) for these circuits is 115 volts with a peak value of 163 volts. The 
battery connected in the cathode circuit maintains the cathode at 50 volts positive with respect to 
the plate before the input is applied. As long as the input voltage is less than 50 volts the tube 
cannot conduct, however, as soon as the input exceeds 50 volts current will flow. During 
conduction time, the low resistance of the tube effectively connects the upper output terminal of the 
circuit to the positive terminal of the battery. Therefore, during the portion of the positive input 
cycle when the voltage exceeds the 50 volts on the cathode, the output voltage equals the battery 
voltage of 50 volts. The difference between the input voltage and this voltage (neglecting the small 
voltage drop across the internal resistance of the tube) appears across the 1-megohm resistor. 


Figure 4. Limiting to other than zero. 
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Figure 5. Grid current and grid cutoff limiting. 


Cc. In circuit B (fig 3), battery E b in the diode plate circuit makes the plate 50 volts 
negative with respect to the cathode. As long as the input is positive or less negative than E b, the 
diode acts like an open circuit and the voltage across the output is equal to the input. When the 
input becomes more negative than E b, the cathode is negative with respect to the plate and the 
diode conducts. This connects the upper output terminal to the negative terminal of the battery. 
Therefore, 50 volts will appear in the output during this part of the input cycle and the rest of the 
163 volts input, neglecting the small drop across the tube, appears across the 1-megohm resistor. 


d. Shunt diodes may be used to limit the amount to which the input voltage can drop. 
In other words, only the peaks of the waveform are reproduced in the output. In figure 4, circuit A, 
the diode conducts during the entire part of the input waveform that is below the positive voltage of 
the battery. The output voltage varies between the positive level of the battery voltage and the 
positive extremity of the input waveform. 


e. In figure 4, circuit B, the entire portion of the input waveform above the negative 
potential of the battery causes the diode to conduct. This produces an output voltage that varies 
between the negative level of E b and the negative extremity of the input. In both circuits, A and 
B, the difference between the value of E b and the applied voltage, during the time the diode 
conducts, is represented by the voltage drop across the 1-megohm resistor. 
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5. TRIODE LIMITERS. 
a. Grid current. 


(1) When a large limiting resistor is connected in series with the grid of a triode, 
the grid-cathode circuit may be used as a limiter circuit in exactly the same manner as the plate- 
cathode circuit of the shunt diode limiter. This means that when the grid is positive with respect to 
the cathode, the grid will attract electrons, just as the plate in a diode does, when it is positive with 
respect to the cathode. 


(2) The limiter circuit in figure 5 is normally held at zero bias. During the 
positive portion of the input signal, the grid tries to swing positive. Grid current flows through the 
resistor (R g), developing a voltage drop with a polarity that opposes the positive input voltage. 
Since the input voltage must equal the sum of the drop across R g and the grid to cathode voltage, 
the larger that R g is, with respect to the cathode-grid resistance, the nearer the voltage on the grid 
is limited to that of the cathode. In figure 5 the grid is never driven more than a fraction of a 
voltage positive by the positive input cycle. This means that all input voltages in the positive 
direction are leveled off at zero. 


PL TAS YY 
PLAS TAS 
TLV AAV be 
RV A/V LAA 
VEAL LA 
CAL Tks 


15V 100 or — —— PLATE VOLTAGE 


Figure 6. Saturation limiting. 
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b. Grid cutoff limiting. Limiting also occurs if the input voltage is great enough in 
the negative direction to exceed the grid voltage required to cut off the plate current. The 
numerical values are inserted in order that the output may be calculated. As before, the input 
voltage is a 115-volt sine wave and, as previously mentioned, the 1-megohm limiting resistor 
prevents the grid voltage from exceeding more than a fraction of a volt in the positive direction. 
However, the grid voltage can swing the full amount in the negative direction since no current 
flows from cathode to grid to reduce the applied voltage. To observe the effect of the grid voltage 
variation, study the loadline on the characteristic curves of figure 5. When the grid voltage is zero, 
the plate current is 4.0 ma and the instantaneous plate-to-cathode voltage (E p) is 55 volts. As the 
voltage swings in the negative direction, the plate current decreases and finally cuts off when the 
grid is -15 volts. Since the plate current cannot decrease below zero as the grid is made more 
negative, both the plate current and its resultant plate voltage become constant. This condition 
prevails until the grid voltage again becomes less than -15 volts. With the input wave shape (fig 5) 
shown, the grid voltage exceeds -15 volts for most of the half cycle. The plate voltage variation 
shows a rapid change to a maximum of 250 volts and remains at that value for most of the 
alternation. The plate voltage change is essentially a square wave, except for a slight rounding due 
to the grid drawing current when it is driven positive a fraction of a volt. This voltage change is 
amplified in the plate circuit and rounds off the square wave. 


6. SATURATION LIMITING. A grid-limiting resistor is not absolutely necessary for 
limiting the positive half of an input cycle. If the grid is made positive by an input voltage, then 
there is a saturation point beyond which the plate current cannot increase. This is indicated by a 
dot on the loadline at P in figure 6 and is the point at which the plate resistance of the tube is 
assumed to be zero, and the maximum plate current obtainable then depends on the size of the plate 
load resistor. Actually, there is always some resistance to electron flow in the tube regardless of 
how positive the grid becomes. Limiting occurs at some positive value of grid voltage when the 
plate current and plate voltage stop changing. Therefore, saturation limiting occurs at a higher point 
on the grid voltage swing as compared to using a limiting resistor. 


Ts DISCRIMINATORS. Even though the design and, construction of radar equipment is 
quite exacting, the frequencies of the transmitter occasionally change. This can cause considerable 
trouble at the receiver, if not corrected, for if this condition occurs the receiver is no longer tuned 
exactly to the RF signal frequency, and signals which supply weak returns may no longer be visible 
on the indicator. Any change of the transmitter frequency, therefore, requires either continual 
readjustment of the receiver tuning by the operator or the employment of an automatic tuning 
device. Because constant frequency checking by the operator is time consuming and inefficient, 
most radar receivers employ an automatic frequency control circuit in which changes in frequency 
are detected by discriminator circuit. Figure 7 is a typical discriminator circuit. 
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LIMITER 


Ey 
= 3 
Figure 7. Discriminator circuit. 


8. OPERATION AT RESONANCE. 


a. The detection of a change in frequency by the discriminator is accomplished by a 
tuned transformer that, due to special connections, converts the frequency change into a varying 
amplitude change. After conversion, this voltage of varying amplitude is detected in the manner 
employed by any amplitude modulation detector. 


b. In figure 7 note the primary and secondary of the IF transformer. The secondary is 
tuned to the correct frequency by capacitor C. Tubes V | and V 2 are diode detector tubes. The 
filters (R 1 C 1 and R 2 C 2) serve the same purpose as the filters in a diode detector; i.e., they 
remove the RF component from the circuit. 


Cc. Since L 1 is connected across the primary, through a DC blocking capacitor, the 
primary voltage appears across it at all times. The connection to each diode from this choke causes 
the primary voltage (E p) to appear at the plates of the diodes with the same phase shift. This 
voltage causes currents to flow in opposite directions through the resistors (R 1 and R 2) resulting 
in a zero output voltage. 


d. The phase relationship of the voltage across the RF choke, as compared to the 
voltage induced in the secondary, is the key to the operation of the discriminator circuit. For this 
reason you should make a detailed analysis of figure 8 which shows the discriminator-input (A) 
and the vector relationships of the current and voltages (B). 


e. At the resonant frequency the primary voltage (E p) is the reference vector. Since 
the mutual inductance (coupling) is small, the primary is inductive and the primary current (I p) 
will lag E p by 90 degrees. The magnetic field, which affects the secondary (called flux and shown 
by the symbol 6), is in phase with the primary current. Due to normal transformer action, the 
voltage induced in the secondary is 90 degrees behind the flux. 
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f. The induced voltage (E i) is simulated by a generator in the equivalent circuit shown 
in figure 9. The generator is inserted at the center of the transformer secondary where the voltage 
is divided between the two tubes. A current (I s) flows around the loop, which is composed of the 
secondary windings and the capacitor (C). This loop is a series-resonant circuit as far as the 
generator is concerned. Since the circuit is at resonance, the current I s is in phase with the induced 
voltage. 


g. Each half of the secondary has considerable inductive reactance at the radio 
frequency. Therefore, there is a voltage drop across this reactance due to I s. These voltages are 
shown in figure 9 in the secondary circuit as E 1 and E 2. Since voltage leads the current by 90 
degrees in an inductor, E 1 and E 2 are 90 degrees out of phase with Is. E 2 actually leads Is as it 
should, but E 1 appears to be lagging by 90 degrees. Current flows in the same direction through 
both coils, with the vector voltages being measured in respect to the center of the secondary coil. 
At any instant of time, this causes E | and E 2 to be 180 degrees out of phase with each other and 
makes one voltage lead and the other lag I s by 90 degrees. 


CIRCUIT OF TRANSFORMER 
Ej Ep 


Ip 
VECTOR RELATIONSHIPS 


Figure 8. Transformer vector relationships and waveshapes. 
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h. Note in figure 10, diagram A, (the equivalent circuit of the discriminator in which 
the voltages are replaced by generators) that the plate voltage on V | is the sum of the voltages E p 
and E 1, and that the plate voltage on V 2 is the sum of E p and E 2. The vector diagram B shows 
E p and E 1 added vectorially to produce a vector sum E v1, which is the actual plate voltage on V 
1. When the plate current flows, C | charges to near the peak voltage of E vl, thus, producing a 
constant DC voltage across R | that is almost equal to E v1. In the same manner, E p and E 2 add 
to produce E v2, the plate voltage on the other diode. Consequently, C 2 charges to E v2 and a 
constant voltage almost equal to E v2 appears across R 2. The vectors are shown in diagram C. 


CIRCUIT OF VECTOR 
SECONDARY RELATIONSHIPS 


Figure 9. Secondary voltages at resonance. 


i. Observe that the voltages across the filters (R 1, C 1 and R 2, C 2) are DC voltages. 
Obviously, phase relationships will not exist and, in this case, only amplitude relationships are 
important. Since E p is common to both tubes, and E 1 equals E 2, the vector sums of E vl and E 
v2 are equal. The vector illustrations show that the resultants of the sine waves have equal 
amplitudes, although their phases are different. The DC voltages across the filters are equal but 
have opposite polarities; therefore, the sum of these voltages between X and Y will be zero. This 
fact indicates that the output of a discriminator is zero at resonance. 


Ei Eyl 
| 
i 
i 
Ep 
Is 
B 
c 
Is 
Ep 
i 
EQUIVALENT CIRCUIT 1 
OF DISCRIMINATOR --4: 
E2 v2 


Figure 10. Resultant plate voltages at resonance. 
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9. OUTPUT AT FREQUENCIES BELOW RESONANCE. 


a. When the input frequency is lower than the center, or resonant frequency, the output 
is no longer zero. With the primary voltage used as a reference the voltage induced in the 
secondary is still 180 degrees out of phase, as shown by the vector diagrams in figure 11. As the 
frequency decreases, capacitive reactance increases and inductive reactance decreases. Therefore, 
the secondary circuit of the transformer in figure 9, diagram A, will be capacitive at frequencies 
below resonance. The current (I s) in a capacitive circuit leads the applied voltage (E 1). 


b. An arbitrary amount of lead, or angular displacement, is used in vector diagram A of 
figure 11. The voltage drops, E 1 and E 2, will still be 90 degrees out of phase with the current 
since it is not a function of frequency. Under these conditions, voltage E 1 is more than 90 degrees 
away from E p. When added vectorially, their sum will be a value less than that at resonance even 
though the magnitude of the components E p and E | has not changed. At the same time, E 2 is 
less than 90 degrees away from E p, or more nearly in phase, and the magnitude of the resultant E 
v2 is greater than at resonance. Since the resistor voltages are proportional to the length of the 
resultant vectors, there will be a high voltage across R 2 and a lower voltage across R 1. The 
output voltage will be equal to the R 2 voltage minus the R | voltage. Therefore, the output point 
X, figure 10, diagram A, will be negative with respect to Y. 


Figure 11. Voltages at frequencies below resonance. 


Cc. It can be seen from the vector diagrams that the greater the deviation from 
resonance, the greater the output voltage. 


10. OUTPUT AT FREQUENCIES ABOVE RESONANCE. 


a. When the input frequency is greater than the center frequency, the secondary circuit 
is inductive and the current (I s) lags the induced voltage. Figure 12 shows the vector relationship 
of voltages at frequencies above resonance. Note that at frequencies above resonance that E 1 is 
more nearly in phase and E 2 is more out of phase with E p. Also notice that E v1 has a greater 
magnitude than E v2. Therefore, the DC voltage across R 1 is greater than that across R 2 and, 
consequently, the output voltage is positive. 


b. Remember that a frequency above resonance causes a positive output at X with 
respect to Y (fig 10). At resonance the output is zero, and below resonance the output is negative. 


MM0706, 2-P11 


&24-___-e,, 


Figure 12. Voltages at frequencies above resonance. 
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MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 2 


Why are diode tubes normally used in limiting circuitry? 


A. Because they conduct only when the grid is negative with respect to the plate 
B. Because they conduct only when the cathode is negative with respect to the plate 
C. Because they conduct only when the cathode is positive with respect to the plate 
D. Because they conduct only when the grid is positive with respect to the plate 


What is the correct output wave shape produced by the limiter in figure 1? 


A. 0, 


B. wl \ , 


Eour 
Ov 1 MEG 


Figure 1. 


Which diagram depicts a positive series limiter? 


- er 
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4. Approximately how many volts will be dropped across the diode in figure 2? 


A. 14.1 
B. 0.141 
C. 2.82 
D. 28.2 
141¥ 
1K 
Ov IMEG 
141y¥ 
Figure 2. 
De What is the correct wave shape output in figure 3? 
A. hr 
100¥ 
Bo f\ 
(Oy wy rye 
D. WO¥ 
100¥ ‘\ 
100¥ 1MEG 
Ov 
= lV 
100 ¥ a 
Figure 3. 
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6. In figure 4, when will the diode conduct? 


A. During the entire positive alternation 
B. Only when the input goes more positive than +15 volts 
C. Only when the input goes more negative than -15 volts 
D. During the entire negative alternation 
1 MEG 
“== 15v 
Figure 4. 
Ts What is the waveshape output in figure 5? 
A. lees 2 aie 
Bt --\---- ---- 
Cc; ott hh 
D. 


B+ 


Eout 


Figure 5. 
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8. What is the output in volts, if the tube filaments opened in figure 6? 


A. 20 
B. 40 
C. 260 
D. 300 


300 


Figure 6. 


9. What is the purpose of the grid limiting resistor (Rg) in figure 7? 


A. To limit the negative swing of input 
B. To limit the cutoff potential of the tube 
Cc: To limit the positive alternation of input 
D. To limit the saturation potential of the tube 
B+ 
Rg Eour 


Figure 7. 
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10. 


ine 


I, 


13: 


When is the transformer secondary circuit of a discriminator mainly inductive? 


A. Below resonance 
B. Above resonance 
C. At saturation 

D. At cutoff 


What is the function of a discriminator? 


A. To detect changes in frequency 
B. To convert changes in frequency to frequency variations 
C. To detect changes in amplitude 
D. To convert changes in amplitude to frequency variations 


What is the current-voltage relationship of a discriminator at resonance? 
A. Is leads Ei by 90 degrees 

B. Is is 180 degrees out of phase with Ei 

C. Is is in phase with Ei 

D. Is lags Ei by 90 degrees 

What is the purpose of R 1 and C 1 in figure 8? 


A. To act as a high frequency bypass filter network 


B. To act as a low frequency bypass filter network 
C; To retain the RF component 
D. To remove the RF component 


Figure 8. 
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14. In figure 8, what is the discriminator output vector if the circuit is at resonance? 


A. 


i. How is capacitive reactance affected if frequency is doubled? 
A. Decreased by ¥2 7 
B. Halved 


c: Increased by 2 7 


D. Doubled 

16. | What BEST describes the discriminator secondary tank circuit below resonance? 
A. It is resistive 
B. It is capacitive 
cS. It is inductive 
D. It is conductive 

17. | What is the discriminator output at resonance? 
A. Peak 
B. DC varying according to input amplitude 
C; Zero 
D. DC varying according to input frequency 
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18. 


19. 


20. 


What is the discriminator output above resonance? 


A. An AC voltage whose amplitude is determined by the amount of frequency 


deviation from resonance 


B. A DC voltage which is dependent upon the magnitude of the input signal 
C. An AC voltage determined by phase relationship of the secondary circuit 
D. A DC voltage whose amplitude is determined by the amount of frequency deviation 


from resonance 
What is the vector relationship of a discriminator below resonance? 
A. Es leads Ep 
B. EileadsIs 
C. Is leads EI 
D. Es lags Ep 


Which receiver circuit normally used a discriminator? 


A. Local oscillator 

B. Automatic frequency control 
C; Remote oscillator 

D. Automatic voltage control 
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LESSON 3. SPECIAL PURPOSE OSCILLATORS 


MM Subcourse No 0706 ...........ssccccccssssssssccceees Electronics, Part II 


Lesson Objective ...........ccscccssscsssscssssssseescssssesees To provide you with a general knowledge of 
the purpose, function, and use of special 
purpose oscillators, such as the blocking and 
shock-excited oscillators. 


Lesson Credit HOurs.............ccccccccsssssssssssssees Two 


TEXT 


1. GENERAL. 


a. The use of narrow pulses in various radar circuits is very common. Synchronized 
pulses, with frequency controlled, are used in radar to accomplish the synchronized triggering of 
many circuits. To accurately measure the distance to a target, it is essential that the sweep circuit 
and the transmitted pulse be synchronized; 1.e., triggered at the same time, or at definitely related 
times. 


b. Narrow pulses may be used to synchronize the sweep circuit with the transmitter 
pulse. These narrow pulses are applied to different circuits causing them to operate 
simultaneously. Regardless of how the pulses are applied and regardless of their polarity, a circuit 
that generates very narrow pulses at a controlled frequency is a necessity in modern radar 
equipment. One special circuit that produces these synchronized, narrow pulses is the blocking 
oscillator. 


2. CHARACTERISTICS. 


a. A blocking oscillator may be either a free running or a synchronized (triggered by 
an outside source). The free-running blocking oscillator generates a series of narrow pulses at a 
frequency determined by the constants of the circuit. A synchronized blocking oscillator generates 
a series of narrow pulses at a frequency determined by the frequency of the external-synchronizing 
signal. The frequency of the blocking oscillator output pulses is either the same as the 
synchronizing signal or a submultiple of it. 


b. Referring to figure 1, we see that it includes a triode having the primary of a step- 
down transformer (approximately 3:1) in its plate circuit. The transformer serves as a feedback 
source, which aids conduction. The secondary of the transformer is coupled through a capacitor to 
the grid. Also, the transformer is wound so as to give a 180-degree phase shift between its primary 
and secondary coils. 
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3. CIRCUIT OPERATION. 


a. When power is applied a current starts flowing through the tube toward B+. This 
causes an electromagnetic field to build up around the primary (L p) of the transformer with a 
polarity as shown in figure 2. As the field builds up, lines of flux will cut the secondary coil (L s) 
and induce a voltage of opposite polarity, as compared to the primary coil. Since a capacitor acts 
as an instantaneous short to a change in voltage, the induced voltage of L s is felt immediately on 
the control grid. The induced positive voltage causes the tube to conduct harder and the control 
grid to draw current. The capacitor starts charging to the positive potential induced in the 
secondary of the transformer. 


B+ 


al 


Figure 1. A basic blocking oscillator and waveshapes. 


b. When plate current flowing through L p becomes constant, there will be no 
changing flux lines to sustain the secondary potential. Once the induced, positive potential of the 
secondary is removed, the capacitor will start discharging (fig 3). The discharging current develops 
a negative voltage at the top of resistor (R g) in respect to ground. The negative voltage will 
exceed the cutoff potential of the tube and current will cease flowing. The length of time the tube 
is cut off depends upon the RC time constant of R g and C g. As soon as the capacitor has 
discharged to a point more positive than the cutoff potential of the tube, current will flow again and 
the above cycle is repeated. 
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4. ANALYSIS OF WAVESHAPES. 


a. Referring to figure 1, the tube begins to conduct at time T 0. Note that the plate 
current rises very quickly, the grid becomes positive, and the plate voltage is driven in a negative 
direction from B+ toward zero. As soon as the plate current reaches an unchanging value, the 
induced voltage will fall to zero. This is exactly what would happen if no current flowed in the 
secondary. The induced voltage, however, is of such polarity as to make the grid draw current. 
Due to the capacitor, charging grid current flows at an exponential rate. Current is greatest during 
the first instant, but decreases toward zero as the capacitor charges. This changing grid current will 
explain the three waveshapes (fig 1) between T 0 and T 1. 


Figure 2. Capacitor charge path. 


b. At time T 1, plate current (I p) becomes steady and the induced voltage of the 
secondary falls to zero due to steady flux lines. Instantaneously, the secondary field collapses, 
reverses polarity, and acts as a series battery aiding the discharge of C g. As C g discharges, it 
develops a negative voltage across R g that immediately cuts off tube current. The magnitude of 
this instantaneous negative drop is equal to the sum of the voltage across the capacitor and the 
induced voltage of the secondary. This effect is shown in the waveshapes(fig 1) at time T 1. At 
this time the grid voltage has dropped below cutoff, plate current decreases to zero, and the plate 
voltage rises above B+. This is due to the collapsing field of the primary reversing its polarity (fig 
3), and series-aiding B+. As the field around the primary coil collapses it induces a voltage into the 
secondary of the opposite polarity as before, and causes the oscillatory action seen between times T 
1 and T 3 (fig 1). By time T 3, C g is discharging at an exponential rate toward zero. E g starts 
rising toward the cutoff potential at an exponential rate determined by the values of R g and C g. 
When the grid voltage reaches the cutoff bias at time T 4 (fig 1), the tube again starts conducting. 
From this time on the action is repeated with a consequent repetition of waveshapes across the 
various components. 
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Figure 3. Capacitor discharge path 


a+ 


s 
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Figure 4. Blocking oscillator with R g variable and waveshapes. 
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3. FACTORS THAT AFFECT FREQUENCY. 


a. If an output is taken from plate to cathode, the waveshape (e p) (fig 1) represents the 
output wave of the blocking oscillator. If damped oscillations are disregarded, the output may be 
considered as a series of negative-going pulses generated each time the tube conducts. This is 
followed by a period of nonconduction when the plate voltage is at B+. Since the tube conducts for 
a very short duration, the time of nonconduction may be considered as the time (period) of a 
complete cycle. Hence, the frequency, which is a reciprocal of the period T, is dependent upon the 
period of nonconduction. The factors that determine how long the tube is not conducting (cutoff) 
are: 


(1) The critical drop, reflected as a negative voltage on the grid, that occurs 
immediately after conduction. 


(2) The magnitude of the damped oscillations that occur immediately after the 
initial drop. 


(3) The cutoff value of the tube. 


(4) The value of R g and C g that determines the exponential rise of the grid 
waveshape toward the cutoff value. 


b. The first three factors depend upon the value of B+, the characteristics of the tube, 
and the transformer used. Once these circuit components are chosen, they are not readily variable 
as a means of controlling the frequency of the pulses. The fourth factor depends upon the values of 
C g and R g, which may readily be made variable. As shown in figure 4, R g is usually made 
variable for controlling the output frequency of a blocking oscillator. 


Cc. The effect of increasing R g is shown in figure 5. As R g is increased, the charge on 
C g leaks off more slowly and the tube remains cut off for a longer period. C g is not usually 
employed to vary the output frequency because it also has an effect on the width of the pulse or 
conducting time. For example, if the capacitance of C g was decreased, it would charge up faster, 
plate current would reach a steady state sooner, and the conducting pulse would be more narrow. 


9 
MADE GREATER 


Figure 5. Effect of varying R g on frequency. 
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Figure 6. Synchronizing a blocking oscillator. 


d. Notice in figure 4, that, in addition to making R g variable, the following additional 
components have been added: 


(1) R k is a cathode resistor whose value is low and across which an output can 
be taken or it can be used to control the pulse width. 


(2) R L has been placed between B+ and the primary winding to develop an 
output at point B free of undesirable oscillations. (In some cases, resistances of small value may be 
shunted across the transformer windings to suppress oscillations.) 


(3) The transformer has three (tertiary) windings across which an output may be 
taken. 


e. The output waveshapes of a blocking oscillator, with most of the undesirable 
oscillations suppressed, is shown in figure 4. Outputs may be taken from several points; e.g., 
positive from points C, D, and E, and negative from points A and B. R L has reduced the 
oscillations in the plate and a smoother voltage rise is noted on the grid. 


6. SYNCHRONIZATION. 


a. The natural frequency of a blocking oscillator will vary over a period of time due to 
the aging of components and the effects of temperature. Even after a thorough warm-up, it exhibits 
a tendency of instability. Synchronizing pulses, from an external source, are often used to 
counteract these tendencies of instability. The external synchronizing trigger may be injected at 
one of three places, but must always be of a higher frequency than the natural free-running fre- 
quency of the blocking oscillator. 
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b. Generally, synchronization is accomplished by applying positive synchronizing 
pulses to the grid of the tube. The frequency of the external pulse will be greater than that of the 
blocking oscillator as can be seen in figure 6. Notice that the grid voltage (e g) is the sum of Ec 
plus the positive synchronizing pulse. Without the synchronizing pulse, the tube would not 
conduct until the grid voltage had risen to the cutoff point. However, with the synchronized pulse 
applied to the grid the tube conducts earlier. This is due to the fact that the sum of e g and the 
synchronized pulse is sufficient to drive the grid above cutoff, thereby speeding up conduction 
time. The frequency of the blocking oscillator is now the same as that of the external 
synchronizing pulse. 


Cc. Blocking oscillators may also be synchronized by applying negative pulses to the 
cathode or by coupling the synchronizing pulse, through a tertiary winding of the plate transformer, 
to the grid. All of these methods are used in circuit stabilizing. 


7. SHOCK-EXCITED OSCILLATOR. 


a. A shock-excited oscillator is a type of oscillator that employs a vacuum tube as a 
switch for interrupting the steady flow of plate current through a resonant L C tank circuit as a 
means of exciting oscillations in the tank. This oscillator is used in operations which require 
periodic oscillations of a certain frequency occurring over short intervals of time. As a result of 
these periodic oscillations, it is sometimes called a ringing oscillator. 


B+ 


Figure 7. Shock-excited oscillator. 
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Figure 8. R-L-C transients. 


b. The shock-excited oscillator has been used in radars for range measurement 
operations. At the time the transmitter generates a pulse, transient oscillations are generated by a 
shock-excited-type oscillator. These oscillations will continue for the duration of the range sweep, 
with the frequency dependent upon the size of L and C (fig 7). Since the frequency of the tank is 
known, the time between oscillations can be computed. This time between peaks is converted to 
radar miles and then fed to a scope for display as range pips. At the end of the range sweep, the 
range pips or oscillations are damped out. This damping occurs during retrace time of the scope 
when nothing should be displayed on the indicator. 
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Cc. Another use of the shock-excited oscillator is in a peaker circuit. Here the sine wave 
output of the oscillator is used to overdrive an amplifier stage having a low Q resonant tank. The 
amplifier produces very sharp, narrow peaks at a rate controlled by the voltage applied to its grid 
by the oscillator. The peaked output may then be used as a trigger or modulator pulse. 


8. CIRCUIT OPERATION. 


a. Referring to figure 7, notice the input and output waveforms of the voltages applied 
and produced. Prior to any input voltage, the tube conducts and a steady current flows through it 
and inductance L. Also, at this time, the capacitor is charged to the DC voltage across the coil. At 
time T 1, the transmitter applies a negative gate pulse to the grid of the tube, cutting it off. As 
current ceases to flow, the flux lines built up around L begin to collapse. As they collapse the 
polarity of L reverses and the coil acts like a battery, trying to keep current flowing in the same 
direction. The capacitor, with a tendency to equalize charges between its two plates, starts 
charging to the full potential across inductor L. When the capacitor is fully charged there is no 
more current flow. 


b. With the tank circuit in the cathode, the first alternation out of the tank is negative 
going as shown in figure 7. As soon as the capacitor is fully charged and the tank current has 
ceased flowing, the capacitor begins discharging. As electrons leave the top plate of the capacitor 
and move toward the bottom plate, the output becomes more positive. When the capacitor 
discharges, current flows through the inductor, building up an electromagnetic field which aids and 
reinforces the oscillatory action of the tank. The building up and collapsing flux lines, coupled 
with the action of the capacitor, produce sinusoidal oscillations. The losses in the L C circuit are 
made as small as possible, so that the amplitude of oscillations will remain nearly constant for the 
duration of the input gate pulse. At the end of the gate pulse (time T 2, fig 7) the tube again begins 
conducting and tries to oscillate. However, the conducting tube is equivalent to a resistance 
shunted across the L C circuit, which dampens the oscillations very quickly. 


Cc. When the shock-excited oscillator is used as a peaker circuit, all of the oscillations 
are damped except for the first alternation. This is accomplished by adding a resistor in parallel 
with the tank circuit (fig 8). Normally, the ability of a tank circuit to oscillate is determined by its 
Q; Q being described as the relationship between the reactance of the coil (X L) and the parallel 
resistor (R). The formula for the Q of a tank circuit, with the resistor in parallel, is: Q=R/X L. If 
R is high, then Q will be correspondingly high. Changing the size of R determines the amount of 
current flowing through the coil and, therefore, the number of oscillations. In figure 8 we see that 
if Q is greater than 0.5, it is considered to be high and the tank circuit is underdamped. If the 
relationship between R and X L is equal to 0.5, it is said to be critically damped or at the optimum 
damping point. When Q is less than 0.5, it is said to be overdamped. 
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Figure 9. R-L-C peaker. 


d. The R-L-C peaker circuit shown in figure 9 is actually another form of a shock- 
excited oscillator. The capacitance is usually not a physical component, but rather the distributed 
capacitance in the circuit. A resistor is connected across the L C circuit to produce nearly critical 
damping when the tube is cut off. Therefore, instead of oscillations, a single sharp positive peak is 
produced at time T 1 (fig 9), and a negative peak at time T 2. The negative peak is smaller than the 
positive peak because of the additional damping provided by the conducting tube after time T 2. 
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EXERCISES FOR LESSON 3 


What is the result if the size of the capacitor C g is increased (figure 2 of the text)? 


A. The cutoff time will decrease 

B. The conduction time will decrease 

C; Cutoff time will increase 

D. The conduction time will increase and cutoff time will decrease 


What is normally used as the synchronizing trigger in a blocking oscillator? 


A. Positive pulses on the cathode 
B. Negative pulses on the grid 
C. Positive pulses on the plate 
D. Positive pulses on the grid 


What frequency ratio is used as the synchronizing trigger of a blocking oscillator? 


A. Slightly higher than the free-running frequency of the blocking oscillator 


B. One-half the free-running frequency of the blocking oscillator 
C. Slightly lower than the free-running frequency of the blocking oscillator 
D. One-fourth the free-running frequency of the blocking oscillator 


What results when an external synchronizing trigger is applied to a blocking oscillator? 


A. The output frequency decreases 
B. The output amplitude increases 
C. The output pulse width decreases 
D. The output frequency increases 
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5. How does the capacitor in the grid circuit of a blocking oscillator act to the sudden change 
in voltage produced by regenerative feedback? 


A. Instantaneous open 
B. Instantaneous short 
C. Long time constant 
D. Short time constant 


6. What is the purpose of the resistor R L (figure 4 of the text)? 
A. Decrease the output frequency 
B. Increase the output frequency 
C. Aid oscillation 
D. Develop an output free of oscillations 
q. What controls the output frequency of a shock-excited oscillator? 
A. Size of R and C 
B. Duration of the negative input 
C. Size of L and C 
D. Amplitude of the negative input 


8. What controls the number of output oscillations illustrated in the shock-excited oscillator 
diagram (figure 7 of the text)? 


A. Power supply voltage 
B. Duration of the positive input 
C; Duration of the negative input 


D. Signal bias voltage 
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What is expressed by the Q of a tank circuit? 


A. The relationship between the reactance of the coil X L and R 
B. The relationship between the input and output voltages 

C. The relationship between the reactance of the coil XC and R 
D. The relationship between the input and output frequencies 


What BEST describes the output voltage (figure 7 of the text)? 


A. Oscillates around zero volts, with the first alternation positive going 
B. Oscillates around B+, with the first alternation negative going 
C. Oscillates around B+, with the first alternation positive going 
D. Oscillates around zero volts, with the first alternation negative going 


What is the Q of a shock-excited oscillator tank circuit if R = 18k, X L = 3k, and XC = 2k? 


A. 3 
B. 6 
C. 9 
D. 12 


Which BEST describes the output of a shock- excited oscillator if R = 500 ohms and X L = 
2,000 ohms? 


A. Underdamped 
B. Critically damped 
C. Overdamped 


D. Moderately damped 
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13. | What will be the resulting action if R g is decreased (figure 4 of the text)? 


A. Cutoff time increases 

B. Conduction time decreases 

C. Output frequency decreases 
D. Output frequency increases 


14. | What type of feedback does a blocking oscillator employ? 


A. Degenerative 
B. Regenerative 
C. In-phase 


D. Out-of-phase 
15. What is the formula for computing the Q in a parallel resistor tank circuit? 
A. Q= XLxR 
B. Q = XLxxC 
C. Q=R/XL 


D. Q=XC/XKL 
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LESSON 4. MULTIVIBRATORS AND PHANTASTRONS 


MM Subcourse No 0706 ...........ssssssscsssssscsccceees Electronics, Part II 


Lesson Objective ...........ccscccssscsssscssssssseescssssesees To provide you with a general knowledge of 
the purpose, function, and use of plate- 
coupled, one-shot, and _ Eccles-Jordan 
multivibrators and the basic phantastron. 


Lesson Credit HOurs.............ccccccccsssssssssssssees Three 


TEXT 


1. GENERAL. 


a. As explained in lesson 3, the blocking oscillator is a nonsinusoidal generator that 
generates voltage pulses of a short time duration for use as triggering pulses. Often, it is desirable 
to obtain rectangular voltage pulses of relatively long time duration (several hundred or thousand 
microseconds). A pulse of such long duration is used to gate circuits; i.e., to allow a circuit to 
conduct or be cut off for the duration of the pulse. A nonsinusoidal generator that will produce 
pulses of a long duration, either positive or negative polarity, is called a square wave generator 
(multivibrators). 


b. There are various types of square wave generators, which you will encounter in your 
study of electronics. In this lesson, the three most common types of square wave generators, plate- 
coupled, one-shot and Eccles-Jordan multivibrators, are presented. 


2. PLATE-COUPLED MULTIVIBRATOR. 
a. General characteristics. 


(1) The plate-coupled multivibrator is the simplest of these multivibrator circuits 
and, when properly designed, it can produce a waveshape that is almost perfectly square. In figure 
1 note that basically the multivibrator consists of two triode amplifier stages, with the output of 
each stage introduced back into the input of the other. There are 360 degrees of phase inversion 
through the entire circuit. Therefore, feedback is in phase or regenerative, and the circuit will 
oscillate or free run. A slight change in the output of the first stage is fed to the input of the second 
stage. It is then amplified and fed back to the input of the first stage in phase with the original 
change. 
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(2) A plate-coupled multivibrator is called a relaxation-type oscillator; i.e., a 
tube alternately conducts for a period of time and then cuts off, or rests, for a time. 


Figure 1. Plate-coupled multivibrator and waveshapes. 


b. Circuit operation. 


(1) When voltage is applied to the circuit, current flows through both tubes. The 
circuit is said to be symmetrical if all corresponding components (for both halves of the circuit) are 
equal, and if both tubes are of the same type. If the circuit is symmetrical, current flow should be 
the same through both tubes. Since it is impossible to obtain a perfectly symmetrical circuit, 
current flow will be greater through one tube than the other. Any slight change in current through 
one tube will start oscillations which produce the output waveshapes shown in figure 1. 
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(2) Prior to any change in tube current, the capacitors (C 1 and C 2) are charged 
to the plate-to-ground voltage of their respective tubes. Assuming that a slight increase in current 
has occurred through V 1, let us analyze the action with the aid of figure 2. As current increases 
through V 1, the voltage drop across R 1 will increase and the plate-to-ground voltage will 
decrease. Since C 2 is charged to the plate voltage of V 1, the decrease in the plate-to-ground 
voltage will cause C 2 to discharge to the new value. The discharge path of C 2 is denoted by the 
dotted line in figure 2. The discharge current flows through R 4 making the grid end negative. The 
negative grid of V 2 makes the current decrease through V 2, which causes a decrease in voltage 
drop across R 2. As the voltage across R 2 decreases, the plate-to-ground voltage increases. This 
rise in plate voltage will be instantaneously felt on the grid of V | (capacitor acts as a short at the 
first instant) causing the grid to draw current. Since C 1 is charged to the plate-to-ground voltage 
of V 2, it will now charge up to the new potential. C 1 has two charge paths: one through the 
resistor R 3, and the other through the cathode-to-grid resistance of the tube. These paths are 
indicated by the solid lines in figure 2. This current causes the top of R 3 and, therefore, the grid of 
V 1 to become more positive. This positive grid causes the original slight increase in current to 
become a tremendous current increase. As the changes go around the circuit a great voltage drop 
occurs at the plate of V 1, the voltage on the grid of V 2 becomes more negative, and the plate 
voltage of V 2 increases toward B+. 


Figure 2. Action in circuits when V 1 conducts. 
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(3) This cumulative process continues until the current in V 2 is decreased to 
zero by a grid voltage far below cutoff. With zero current, the plate voltage of V 2 becomes equal 
to the plate supply voltage (B+) since there is no voltage drop across R 2. C 1 quickly charges to 
this value because of the grid current flow in V 1. The current through R 3 and the cathode-to-grid 
current become zero as soon as C | is fully charged. The plate voltage of V 1 remains at a constant 
low value for the duration of V 2 being cutoff. While C 2 is discharging the current (dotted line in 
figure 2) holds V 2 at cutoff. Everything remains at a standstill in the circuit, except for the slow 
discharge of C 2. 


(4) The slow discharge of C 2 continues and the voltage across C 2 becomes 
lower and lower. The voltage drop across R 4 is rising toward cutoff potential (fig 1) as C 2 
becomes more completely discharged. Upon reaching a voltage just greater than the cutoff voltage 
for V 2, a slight current starts flowing through V 2. This ends the period of conduction of V 1 and 
nonconduction of V 2. 


(5) As current starts flowing through V 2 its plate voltage drops, due to the 
increased voltage drop across R 2. C 1, fully charged to B+, starts discharging in trying to follow 
the plate potential of V 2. As C 1 discharges (dotted line in figure 3) through R 3, the grid of V 1 
becomes negative. The decrease in plate current of V 1, due to the negative-going grid, causes the 
plate voltage to rise. C 2 starts charging to the new plate potential of V 1, through R 4 and the 
cathode-to-grid resistance (solid lines in figure 3). This charging current makes the grid of V 2 
more positive and the current through V 2 is increased tremendously. This regenerative process 
continues, with the grid of V 1 going negative and the grid of V 2 going more positive, until V 1 is 
cut off by the discharge of C 1 through R 3. At this point, V 1 plate voltage rises quickly to the 
plate supply voltage (B+) and, at the same time, the plate voltage of V 2 becomes steady at a low value. 


(6) A second inactive period occurs as V 1 is held nonconducting by the slow 
discharge of C 1. The discharge continues until the voltage across R 3 is just above the cutoff 
potential of V 1 and V | starts conducting. The slight current in V 1 builds up in the same manner 
as described for V 2, until V 1 conducts heavily and V 2 is cut off. 


Cc. Synchronization. 


(1) Free-running multivibrators are generally not used in radar circuits because 
their frequency stability is poor. To avoid this, multivibrators are usually synchronized with an 
external frequency. The external frequency forces the period of the multivibrator oscillation to be 
exactly the same as the period of the synchronizing frequency. Such a multivibrator is said to be 
driven by the synchronizing voltage. For proper synchronization, the frequency of the external 
trigger must be slightly greater than the natural free-running frequency of the multivibrator. 
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Figure 3. Action in circuits when V 2 conducts. 
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Figure 4. Synchronization with positive pulses on grid. 
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(2) Although multivibrators can be synchronized with a sine wave voltage, a 
more satisfactory method is obtained by the use of short trigger pulses. These pulses may be either 
positive or negative. In figure 4, note the effect of positive pulses on the multivibrator grid 
waveform. A positive pulse such as at B or C, when applied to a tube that is already conducting, 
causes a momentary increase in current flow. Thus, a positive trigger pulse applied to a conducting 
tube has practically no effect on the action of the multivibrator. However, when a positive trigger 
pulse is applied to a nonconducting tube and is of sufficient amplitude to raise the grid above cutoff 
(as the pulse at D), the tubes are switched as current starts to flow in the tube that was formerly cut 
off. Therefore, a positive trigger pulse applied to a nonconducting tube can cause switching action 
to take place only if the pulse is large enough to raise the grid above the cutoff voltage. 


3. ONE-SHOT MULTIVIBRATORS. 
a. General characteristics. 


(1) The one-shot multivibrator, commonly referred to as a_ start-stop 
multivibrator, is one of the most widely used MVB circuits in electronics. It is a triggered device 
requiring an external input pulse for each cycle of output. Like the plate-coupled-type, the one-shot 
multivibrator is also called a relaxation type oscillator: i.e., a tube will alternately conduct and cut 
off, or rest, for a period of time. 


(2) In figure 5, we see that the circuit consists essentially of a two-stage, 
resistance-capacitance-coupled amplifier with one tube normally cut off and the other conducting. 
The circuit has a monostable condition with V | cut off and V 2 conducting. The balanced 
condition of the circuit is established by the biasing arrangement of the tubes. The grid of V 2 is 
connected to its cathode through the resistor R 2. The cathode of V 2 is connected to the cathode 
of V 1. 


b. Circuit operation. 


(1) When voltage is applied to the circuit, current flows through R k and to the 
tubes. The positive voltage drop across R k will be felt on the cathode of V 1, cutting V 1 off. 
Since V 1 is cut off, its plate voltage will be at B+ and the capacitor (C 2) will try to charge to this 
value. C 2 has two charge paths; one through R 2, and the other through the cathode-to-grid 
resistance of V 2. As C 2 charges toward the plate potential of V 1, the grid of V 2 becomes 
positive, thus, overcoming the positive bias developed across Rk. As soon as C 2 is fully charged, 
there is no more current flowing through R 2. With no current flow, R 2 acts as a short and the grid 
and cathode of V 2 are at the same potential. At this time, the circuit is in its stable condition with 
V 1 cut off and V 2 conducting. V 1 is cut off by the fixed bias and V 2 is conducting with zero 
volts bias. 
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Figure 5. One-shot multivibrator and waveshapes. 


(2) The circuit will remain in this stable condition until an external trigger pulse 
is applied. At time T 1 (fig 5), a positive trigger is applied to the grid of V 1. This positive trigger 
is of sufficient amplitude to overcome the fixed bias on the cathode of V 1 and to allow it to 
conduct. As V 1 starts conducting, the voltage drop across R 3 increases and the plate-to-ground 
voltage decreases. C 2 acts as an instantaneous short and the negative-going plate voltage of V | is 
felt on the grid of V 2, cutting V 2 off. After the first instant C 2 starts discharging toward the new 
plate potential of V 1. The discharge path of C 2 is from the bottom plate, through R 2, cathode-to- 
plate of V 1, and back to the upper plate. The circuit is now in an unstable condition with V 1 
conducting and V 2 cut off. The circuit will remain in this condition only until the negative grid 
voltage on V 2 rises above the cutoff potential of the tube. When this occurs (time T 2, fig 5) V 2 
will conduct and V 1 will cut off, due to the fixed bias of R k. 


(3) Notice in figure 5 that the width of the trigger pulse is quite narrow and that 
it could not sustain conduction of V | for the full period between T 1 and T 2. However, the size of 
the plate-load resistors (R 3 and R 4) is such that when V 1 conducts, the voltage drop across R k is 
not sufficient to cut V 1 off. During this alternation, V 1 is conducting with a cathode self-bias and 
V 2 is cut off with the grid-leak bias. The cutoff time of V 2 is controlled by the size of C 2, R 2, 
and R 3. C 2 and R 2 determine the time constant and R 3 determines the plate swing of V 1, or the 
amount of voltage that C 2 will discharge. Therefore, the length of the output pulses produced is 
mainly controlled by the time constant of R 2 and C 2. 
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(4) In figure 5 each positive input trigger pulse, which causes V | to conduct, 
results in a large positive-pulse output from the plate circuit of V 2. The length of this positive 
output pulse is controlled by the time constant of R 2 and C 2. If a larger value of these 
components is used, the length of the positive output is increased. A positive output square wave is 
produced for each positive-input trigger pulse. 


Figure 6. Eccles-Jordan multivibrator and waveshapes. 


4. ECCLES-JORDAN MULTIVIBRATOR. 
a. General characteristics. 


(1) The Eccles-Jordan multivibrator, sometimes called a flip-flop multivibrator, 
is one of the most stable circuits used in electronics. It is a triggered device requiring two input 
triggers for one cycle of output. Since the Eccles-Jordan has such a stable output it is very often 
used to gate circuits where a high degree of accuracy is required. 


(2) The Eccles-Jordan multivibrator is a bistable oscillator; i.e., it has two stable 
conditions: V 1 conducting and V 2 cut off, and V 2 conducting and V 1 cut off. Initially, the 
circuit can go into either one of the two conditions and will remain in such condition until an 
external trigger is applied. Therefore, the circuit has an input-to-output ratio of 2:1. 


(3) The input trigger pulses may be applied to the grids, cathodes, or plates of 
the tubes and may be either positive or negative in polarity. Since this circuit will not switch, or 
flip, without an input trigger, the time between trigger pulses will determine the time duration 
(width) of the resulting rectangular or square wave produced by the multivibrator. Therefore, the 
frequency of the input triggers determines both the output frequency and the time duration of each 
alternation. 
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b. Circuit operation. 


(1) In figure 6 when power is applied, and no trigger pulses are injected, current 
begins flowing from ground to B+. Normally, the Eccles-Jordan multivibrator is constructed 
symmetrically (corresponding components equal) to give a good square wave output. As current 
starts flowing, the plate voltage of one tube will drop faster than that of the other. Notice that the 
plate of each tube is resistively (directly) coupled to the control grid of the other tube. The speedup 
capacitors (C 3 and C 4) act as shorts to any instantaneous change in plate voltage. Assuming that 
V 2 conducts harder than V 1, its plate voltage will drop faster. The capacitor (C 4) will act as a 
short (shorting out R 4) and the entire negative-going voltage developed across R 1 will be felt on 
the grid of V 1, causing it to conduct less. The plate-to-ground voltage of V 1 will increase (since 
the voltage across R 5 decreases) and will be coupled through C 3 and R 2. The positive-going 
voltage on R 2 will cause V 2 to conduct harder and its plate voltage to decrease more. The 
negative-going plate voltage of V 2 will be coupled to the grid of V 1, which will cause V 1 to 
conduct less. This action is cumulative until V 2 is conducting hard and V 1 is cut off. The circuit 
is now in one of its two stable conditions and will remain as such until an external trigger is applied. 


Figure 7. Basic phantastron circuit. 
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(2) Although any polarity can be used as a trigger, we will use positive pulses as 
indicated by figure 6. At time T | the first positive pulse is applied to the input and coupled 
through C 1 and C 2 to both grids. The pulse has practically no effect on V 2 since it is already 
conducting very heavily; however, when the positive pulse is applied to the grid of V 1, this tube 
will start conducting. As the plate current increases through V 1, the plate-to-ground voltage will 
decrease. Since C 3 acts as a short to instantaneous voltage changes, R 3 is shorted out and all of 
the negative-going plate voltages will be felt across R 2. This negative voltage, along with the bias 
voltage from R k, will cut V 2 off and its plate voltage will rise toward B+. The positive-going 
plate voltage is then coupled through C 4 to the grid of V 1, causing V 1 to conduct very hard. Due 
to the use of the speedup capacitors (C 3 and C 4), the switching, or flip-flop, action will be 
instantaneous and not cumulative. 


(3) The circuit will remain in the condition of V 2 being cut off and V 1 
conducting (time T 1 - T 2, fig 6) until another trigger pulse is applied. At time T 2 another trigger 
pulse is applied to the grids of V 1 and V 2. This positive pulse will cause V 2 to start; conducting and 
its plate voltage to drop. The negative-going plate voltage will be coupled through C 4 to the grid of V 
1, cutting V 1 off. Therefore, from time T 2 to T 3 (fig 6) V 1 is cut off and V 2 is conducting. 


(4) An output can be taken from the plate of either tube, and the waveshapes 
will be of the same duration. Since the circuit will produce a square or rectangular wave only when 
it is triggered by two external pulses, both the output frequency and the width of the individual 
alternations are controlled by the frequency of the trigger pulses. 


5. PHANTASTRONS. 


a. In radar, the range of a target is determined by measuring the time interval between 
the transmitted pulse and the received echo. A useful circuit for obtaining a controllable time delay 
for timing purposes is the phantastron. In operation, the phantastron is similar to a multivibrator. 
Its usefulness, however, lies in the fact that its pulse duration is a direct function of a control 
voltage obtained by some type of variable resistor. This control by a DC voltage makes remote 
control feasible at any distance by means of unshielded power cables since there is no signal present. 
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Figure 8. Phantastron circuit characteristics. 
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b. The phantastron is said to be a stable circuit because when power supply voltages 
change it remains stable. Its operation depends on the fact that there is a specific DC voltage 
relationship between the tube elements. Any variation of source voltage varies all of these voltages 
in the same proportion, thus, causing a minimum change in the voltage relationship. 


6. CIRCUIT CHARACTERISTICS. 


a. A phantastron of the type requiring an external triggering pulse is shown in figure 7. 
This circuit employs a pentode with the capacitor (C 2) providing feedback from the plate to the 
control grid. The tube has a sharp suppressor grid-to-plate cutoff that enables both the control and 
suppressor grid to control the tube current. The control grid determines the total space current, 
which is the sum of the plate and screen grid currents, and the suppressor grid controls the division 
of current between the plate and the screen grid. The characteristics and voltage waveforms of the 
circuit are shown in figures 8 and 9. Note in figure 8 that the screen grid current seems to be much 
greater than the plate current, however these currents are plotted to different scales. 


b. The relationship between R 1 and R 2 is such that the suppressor grid is held only a 
few volts positive with respect to ground. The relationship of R 3 and R 4 is such that the screen 
grid is always positive with respect to the cathode. 


Cc. Figure 8 shows that if the control grid is made sufficiently negative, both plate and 
screen currents may be cut off (point D). As the control-grid voltage is made more positive, both 
of these currents increase and raise the potential of the cathode. Since the suppressor is held at a 
small DC potential, it becomes more negative with respect to the cathode. As a result, a smaller 
fraction of space current reaches the plate until, at point C, the plate current begins to decrease. 
This continues until the suppressor potential is sufficiently negative, with respect to the cathode, to 
reduce the plate current to zero. Note on the characteristic curve, that from point C to point A, the 
plate current decreases even though the control grid continues to increase. At point A the control- 
grid potential is slightly more positive than the cathode and control-grid current flows. 


d. In figure 7 the following two quiescent conditions can be determined: the grid 
current flows to put the control grid close to the potential of the cathode, and the control-grid 
current charges C 2 to the difference of potential between the plate and the control grid (E p - E g). 
The charge path is from the plate of C 2 through R 6, B+, ground, R 5, cathode, and grid to the 
other plate of C 2. With the control grid returned to a high positive potential the total space current 
through the tube is high. This makes the cathode sufficiently positive with respect to the 
suppressor grid to cut off the plate current. With a large space current flowing through the tube, 
and with no plate-current flow, a large screen-grid current must be flowing. Since the above 
conditions of operation occur before the application of an external trigger, point A of figure 8 is the 
quiescent operating point. 
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Ts CIRCUIT OPERATION. 


a. The circuit (fig 7) is triggered by a positive pulse coupled through C 1 to the 
suppressor grid. This raises the suppressor grid above the plate circuit cutoff and the plate current 
flows instantaneously. Figure 8 shows that, at this time, the plate current increases and the screen 
grid current decreases with the net result that the total space current is decreased. As a result of the 
decreased space current, the cathode potential is no longer positive enough for the suppressor to 
hold the plate at cutoff. Thus, the plate continues to draw current even after the trigger pulse has 
expired. The initial switching action ends at point B on the curve of figure 8. 
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b. As soon as an external trigger is applied and the plate starts drawing current (point 
B, fig 9), the plate-to-ground voltage decreases. C 2 (fig 7) acts as an instantaneous short to this 
voltage change and then starts discharging through R 7 to the new voltage potential of the plate. 
After the initial switching action, the control-grid voltage begins to rise as the charge across C 2 
decreases. The rise in control-grid voltage causes the plate current to increase and the plate voltage 
to decrease. This decrease increases the amount of voltage discharged by C 2 and, hence, 
counteracts the original rise in the control-grid voltage. The result is that, following the initial 
switching action, the discharge of C 2 tends to follow a linear path rather than the normal 
exponential curve. 
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Figure 10. Phantastron - circuit and waveforms. 
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Figure 11. Plate waveforms showing effect of changing R g. 


Cc. The degenerative effect of C 2 causes the circuit operating point to move slowly 
from point B to the right, as illustrated in figure 8. As the capacitor slowly discharges, the control- 
grid voltage rises linearly toward the plate-current cutoff point at C in figure 9. When point C is 
reached in figures 8 and 9, the cathode voltage has risen to a point where the suppressor grid is 
negative, with respect to the cathode, and the plate current starts decreasing. This results in an 
increasing voltage at the plate, which is coupled through C 2 to the control grid as a positive 
voltage. The regenerative effect causes a sudden rise in the cathode voltage. As the cathode 
potential becomes increasingly positive, the circuit is rapidly driven into its quiescent condition at 
point A of figure 8. 


8. PRACTICAL PHANTASTRON CIRCUITS. 


a. A phantastron is used to provide a variable time delay by changing the pulse width. 
Satisfactory phantastron pulse variation is achieved by changing the plate voltage of the tube (A, 
fig 10). The diode conducts when the voltage at the phantastron plate slightly exceeds the voltage 
placed on the diode cathode by R 5. Therefore, during quiescence, the diode will limit the voltage 
at the phantastron plate to approximately that value set in by R 5. The voltage to which C 2 
charges during quiescence is determined by this plate voltage. Since the discharge of C 2 is 
essentially linear when the circuit is triggered, and since a change in plate voltage does not alter the 
control-grid voltage at point C (fig 9), the duration of the pulse is directly proportional to the 
setting of R 5. The effect of changing R 5 is shown by the waveforms in B, figure 10. 
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Figure 12. Circuit for reducing phantastron recovery time. 


b. Sometimes it is necessary to change the slope of the output waveform. This can be 
done by changing the value of R 7 (fig 12) that is in the discharge path of capacitor C 2. The effect 
of reducing the value of R 7 is shown in figure 11. The pulse duration is also altered when the 
slope is changed. 


Cc. To make portion B-C (fig 9) of the output wave linear, resistor R 6 must have a high 
value in order that the change in plate voltage be large as compared to the change in grid voltage. 
This large value of R 6 creates a long, exponential, charging curve on the output wave by 
increasing the time constant of the charging circuit for C 2. To reduce this charging time to a more 
reasonable value, a cathode follower is inserted in the plate-to-grid feedback circuit (A, fig 12). 
The cathode follower provides a low impedance charge path for C 2, thereby decreasing charge 
time and making the lagging edge of the waveform fairly linear (B, fig 12). 
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MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 4 


What is a characteristic of the plate-coupled multivibrator? 
A. It has exceptional frequency stability 

B. It has good frequency stability 

C. It produces a sine wave output 

D. It produces a square wave output 


What is the result if R 4 is increased in figure 1? 


A. Output frequency increases 
B. Cutoff time of V 1 increases 
C. Conduction time of V 1 increases 
D. Conduction time of V 2 decreases 
Bt 
R| Ro 
= Ss 
vi V2 
Figure 1. 
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ey What action results if R 2 is decreased in figure 1? 


A. Output frequency increases 
B. Output frequency decreases 
C. Cutoff time of V 2 decreases 
D. Cutoff time of V | increases 
4, What type pulses are normally used as the synchronizing trigger for a plate-coupled 
multivibrator? 
A. Negative pulses at a frequency two times the natural frequency of the multivibrator 
B. Positive or negative pulses at a frequency slightly greater than the natural frequency 
of the multivibrator 
C. Positive or negative pulses at a frequency slightly less than the natural frequency of 
the multivibrator 
D. Positive pulses at a frequency two times the natural frequency of the multivibrator 
Ry What happens if an external synchronizing trigger is applied to the circuit in figure 1? 
A. Output frequency increases 
B. Duration of each square wave increases 
C. Output frequency decreases 
D. Amplitude of square wave output decreases 


6. What happens if C 2 is decreased in figure 1? 


A. 


B. 


Cutoff time of V 2 decreases 
Output amplitude decreases 
Cutoff time of V 1 increases 


Conduction time of V 2 decreases 
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What is a characteristic of the one-shot multivibrator? 


A. It requires one input trigger for one alternation of output 
B. It has bistable condition 

C. It requires one input trigger for one cycle of output 

D. It has tristable conduction 


What type bias is used to stop conduction in V 1 of figure 2? 

A. Fixed 

B. Cathode-self 

C. Grid leak 

D. Variable 

What determines the duration of the negative gate output of V 2 in figure 2? 
A. Size of R 3 

B. Frequency of the input trigger 

C. Size of R 1 


D. Amplitude of the input trigger 


Figure 2. 


MM0706, 4-P18 


10. In figure 2, how will increasing the size of R 2 affect circuit operation? 


A. Conduction of V 2 will increase 

B. Amplitude of the output will increase 
C. Conduction of V 1 will decrease 

D. Output frequency will decrease 


11. | What BEST describes the operation of the Eccles-Jordan multivibrator? 


A. It is either free-running or triggered 

B. It is either monostable or bistable 

C. It needs one input trigger for one cycle of output 
D. It needs two input triggers for one cycle of output 


12. What is (are) the stable condition(s) of the Eccles-Jordan multivibrator? 
A. V 1B conducting and V 2A cut off 
B. V 2B conducting and V 1A cut off 
C. V 1 conducting and V 2 cut off; V 2 conducting and V | cut off 


D. V 1A conducting and V 2B conducting; V 2A cut off and V 1B cut off 
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13% 


14. 


1S: 


What determines the output frequency of the circuit in figure 3? 
A. The input trigger frequency 

B. The time constants of C 1,C 2, R 5, and R6 

C. The time constants of C 3, C 4, R 5, and R6 


D. The input bias frequency 


Figure 3. 


What controls the amplitude of the multivibrator output in figure 3? 


A. R6 
B. R5 
C. R2 
D. R1 


In which circuit is the output pulse duration a direct function of the control voltage? 


A. Phantastron 


B. Plate-coupled multivibrator 
C. Cathode-coupled multivibrator 
D. Shock excited oscillator 
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16. —_In figure 4, what happens in the circuit if capacitor C 1 is increased? 


A. The frequency decreases and the duration decreases 
B. The frequency increases and the duration decreases 
C. The slope increases and the duration increases 
D. The slope decreases and the duration increases 
ifs How will readjusting R 8 upward affect the circuit in figure 4? 
A. The output duration will decrease 
B. The output duration will increase 
C. The output frequency will increase 
D. The output frequency will decrease 


Figure 4. 
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18. 


19. 


20. 


What is ONE of the quiescent conditions of a phantastron? 


A. Plate slightly negative with respect to the cathode 


B. Suppressor grid negative with respect to the cathode 
C. Control grid negative with respect to the cathode 
D. Screen grid slightly positive with respect to the cathode 


What is (are) the stable condition(s) of the one-shot multivibrator in figure 2? 
A. V 2 cut off and V 1 conducting 

B. V 1A and V 2A cut off; V 1B and V 2B conducting 

C. V 1A cut off and V 2A conducting; V 2B cut off and V 1B conducting 
D. V | cut off and V 2 conducting 


What is the purpose of speedup capacitors C 1 and C 2 in figure 3? 


A. To determine the output amplitude 

B. To determine the output frequency 

C. To maintain a constant square wave output 

D. To maintain a constant sinusoidal wave output 
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LESSON 5. SWEEP GENERATORS 


MM Subcourse No 0706 ...........sssccsscsssssscsccceees Electronics, Part II 


Lesson Objective ...........ccscccsssssssscsssssccesscssscesees To provide you with a general knowledge of 
the purpose, function, and use of basic sweep 
generator circuits used to produce sweep 
voltages; to include’ electrostatic and 
electromagnetic deflection and methods of 
improving the linearity of the sweep 
generator outputs. 


Lesson Credit HOurs.............cccccccsssssssssssssees Two 


TEXT 


1. GENERAL. 


a. A sweep generator, commonly called a time-base generator, is a circuit that 
generates the voltage or current, which causes an electron beam to move across a cathode ray tube 
(CRT) screen at a constant rate. The distance along the trace formed by the moving beam is the 
basis for establishing time intervals. When recurrent voltage changes are super imposed on the 
trace, it is possible to measure both time and frequency of a radio signal and, in radar, to measure 
the distance of targets. General purpose test oscilloscopes usually employ a thyratron tube in the 
time-base generator circuit, because of the simple method by which the frequency can be changed. 
In radar sets, the time-base generator circuit usually employs a high vacuum tube. 


b. Regardless of whether the CRT is electrostatic or electromagnetic, the time-base 
generator must meet certain requirements as follows: 


(1) Provide sufficient voltage or current to cause the electron beam to move a 
predetermined distance across the screen. 


(2) The electron beam must be made to move at a linear rate so that range 
measurements along the trace are linear. For example, if 1 inch of time base equals 5 miles, then 2 


inches must be equal to 10 miles anywhere along the length. 


(3) At the end of the trace the spot must return to the point of origin, and this 
return is known as the flyback. 
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Cc. To fulfill the above requirements in an electrostatic CRT, a sawtooth voltage may be 
applied to the deflection plates. In an electromagnetic CRT, a sawtooth wave of current must pass 
through the deflection coils. Thus, this lesson is devoted to the circuits, which produce sawtooth 
waveshapes. 


2. THYRATRON SWEEP GENERATOR. 
a. General characteristics. 
(1) The movement of the spot in a CRT may be controlled either by a voltage 


change to the deflection plates or by a current change to the deflection coils. The chief requirement 
is that the voltage (or current) changes linearly with respect to time. 


Figure 1. Thyratron sweep generator. 


(2) Although both resistance-capacitive (RC) and inductive-resistance (LR) 
circuits consume time during a voltage change, the RC circuit is usually preferred and used. As 
previously studied in subcourse 704, if an RC circuit is connected to a DC voltage source, the 
capacitor will start to charge. Since the resistor limits the current, the charge will not be 
instantaneous but rather at an exponential rate. Since it is quite linear, only the first portion of the 
charging curve is usable in a sweep generator. 


(3) Most time-base generators use a charging and discharging process by high- 


speed switching of the capacitor from charge to discharge. One device suitable for this high-speed 
switching is the gas tube or thyratron. 
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(4) As stated in subcourse 705, a thyratron is a gas-filled triode whose firing 
potential depends upon the value of the grid bias, and whose de-ionization potential is independent 
of grid voltage. Using a thyratron makes it possible to control the firing potential or amplitude of 
the sawtooth wave. 


b. Circuit operation. 


(1) Figure | is a schematic diagram of a thyratron sawtooth generator. For 
purposes of explanation let us assume that V | is a thyratron whose firing potential is 10 times its 
grid bias, and whose de-ionization potential is 15 volts. For a good linearity of the sweep, the 
sawtooth voltage should be in the first 10 percent of the capacitor's charge curve (10 percent of 
B+). Thus, if B+ is 500 volts the charge of the capacitor should be limited to 50 volts. When these 
constants are used in the circuit (B+ = 500v, E c = 5v) a fairly linear sawtooth output voltage is 
obtained. 


(2) Referring to figure 1, when B+ is first applied C acts as an instantaneous 
short and the applied voltage is dropped across R L and, this time, the tube is an open circuit due to 
the negative voltage on the control grid. After the first instant the capacitor starts charging toward 
B+, at a rate determined by the size of R L and C, and will continue to charge until the firing 
potential of the thyratron is reached. Since the capacitor is in parallel with the plate-to-ground 
voltage (E out) of the tube, the voltage will rise at the same rate at which the capacitor charges (fig 
2). As the voltage increases a potential is reached (E 1, fig 2) where the voltage across the tube is 
so high that the negative voltage on the control grid cannot keep the tube cut off. As current starts 
flowing through the tube, a voltage is dropped across R L and the plate-to-ground voltage 
decreases. When the tube starts conducting, a discharge path is provided for C and the plate 
voltage drops at the same rate at which the capacitor discharges. The capacitor discharge path is 
from the bottom plate through the conducting tube to the upper plate. As the capacitor discharges 
and the plate voltage decreases, a point is reached (E d, fig 2) where the tube de-ionizes and the 
grid regains control of the circuit. At this point (de-ionization) the tube cuts off, acting like an open 
circuit, and the capacitor starts recharging toward B+. 


Cc. Component variation. 


(1) Referring to figure 2, the curve for several charges and discharges shows that 
the voltage increases to the ionizing potential (E i) and then drops very abruptly to the de-ionizing 
potential (E d). The slow rise is due to the size of R L and C. The rapid drop in voltage tries to 
form an RC curve, but the resistance of the ionized tube is so small that the capacitor is discharged 
almost immediately causing the curve to be practically vertical. The voltage at which ionization 
occurs depends on the amount of voltage applied to the grid. If the grid is made less negative, a 
lower plate voltage will ionize the tube (fig 2). When ionization occurs earlier, the amplitude of the 
wave shape will decrease but discharge time remains practically the same. Therefore, the wave 
will repeat more often; i.e., its frequency increases. Another noticeable result of lowering the 
ionization potential is increased linearity of the charging curve. 
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Figure 2. Thyratron sweep generator waveshapes. 
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Figure 3. Output waveshape of a thyratron sawtooth generator. 


(2) Since the time constant (R L x C) determines the time it takes for the voltage 
on the capacitor to reach the firing potential, it obviously controls the frequency of the generated 
sawtooth wave. In figure 3 the effect of both a short and long time constant on an output wave is 
illustrated, and it can be seen that as the time constant increases the frequency decreases. This 
conclusion may be reached if we recall that f = 1/T; where f is the frequency of a wave and T is the 
period of a wave. Since an increase in the time constant increases the time (period) of each wave, 
the frequency of the wave decreases. Note, however, that neither the amplitude nor the linearity of 
the sawtooth wave is influenced by a change in the time constant. 
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d. Synchronization. 


(1) In addition to the factors just discussed the frequency is also affected by the 
temperature of the gas, the slightly variable ionization potential, and the load on the circuit. 
Because of these factors, the circuit is usually not stable enough to maintain an adequately constant 
frequency by itself. Rather, it must be synchronized by an external AC voltage that has a 
frequency near (usually a little above) the fundamental frequency of the thyratron generator. Due 
to the synchronization voltage, the thyratron tube ionizes slightly ahead of normal time and the 
capacitor discharges immediately starting a new cycle. 


(2) Diagram A, figure 4, shows a typical synchronization circuit in which a sine 
wave is used to synchronize the sweep generator. The sine wave varies the grid voltage that 
controls the ionization potential. The waveshape at B, figure 4, shows how the ionization potential 
varies at a slightly higher frequency than the natural, free-running frequency of the generator. The 
dotted sawtooth waveshape results from a constant ionization potential. At the time the capacitor 
voltage is about to reach the normal value, the ionization potential drops. When the capacitor 
voltage reaches the ionization potential, ionization of the tube occurs and a new cycle begins 
immediately. The same action results with each cycle and causes the time-base frequency to lock- 
in with the synchronizing frequency. 


(3) Often, as in the use of the oscilloscope, the waveshape being displayed on 
the CRT is used for synchronization. This is done so that the waveshape and time-base will occur 
simultaneously and the pattern will be stationary. If there is no synchronization, a difference in 
frequency will exist and the pattern displayed on the screen will move forward or backward along 
the time base. 


3. HARD-TUBE SWEEP GENERATOR. 
a. General characteristics. 


(1) The frequency of a thyratron sawtooth generator is usually capable of 
meeting all the requirements of time-base generators used for cathode ray tubes in general purpose 
oscilloscopes. However, it is not readily adaptable to producing the time-base with the spaced 
intervals required by radar equipment. Therefore, a high vacuum or hard tube is used instead. A 
hard tube is one from which as much gas as possible has been removed. In contrast, a soft tube is 
one with an incomplete vacuum, which means that some gas is allowed to remain in the envelope. 
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Figure 4. Synchronization with sine wave. 
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(2) The hard tube serves as a switch for discharging the capacitor, but is not 
automatic and must be operated by an external circuit. The external trigger is a negative-going 
square wave that, when applied to the grid, cuts off current flow. 


b. Circuit operation. 


(1) When B+ is applied to the circuit (fig 5), and zero volt is present on the grid, 
the tube conducts heavily. The external, input square wave will vary between zero volt (during 
which the tube conducts) and some negative value that will cut the tube off. Since the resistance of 
the tube is very low when conducting, most of the voltage will be dropped across R 2 and the plate- 
to-ground voltage will be quite low. Therefore, during conduction, the voltage that C 2 charges to 
will be the same as the low plate-to-ground value since they are in parallel. The current will remain 
in this state until a negative gate is applied. 


(2) If the grid of V 1 is made sufficiently negative by the gate input E in (time T 
1, fig 5), the tube will stop conducting and will act as an open circuit. Now, a series RC circuit 
consisting of B+, R 2, and C 2 is formed. As a result, C 2 begins to charge toward B+ at a rate 
determined by the time constant of R 2 and C 2. The charge of C 2 is shown from time T | to T 2 
in figure 5. As indicated by the dotted line, C 2 would charge to B+ if the duration of the negative 
gate were long enough. However, at time T 2 the input gate rises to zero and V | starts conducting. 
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A. CIRCUIT 
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Figure 5. Hard-tube sweep generator and waveshapes. 
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Figure 6. Hard-tube sweep generator waveshape variation. 


(3) As V 1 again conducts, most of the applied voltage will be dropped across R 
2 and the plate-to-ground voltage decreases. Since C 2 is connected in parallel with the plate-to- 
ground voltage of V 1, C 2 will discharge and the plate voltage will drop at a rate determined by 
the RC time constant of C 2 and the conducting tube. The discharge path of C 2 is from its bottom 
or negative plate, the cathode-to-plate of V 1, and back to its upper or positive plate. Since the 
resistance of the tube is fairly low, C 2 will discharge quite rapidly (time T 2 to T 3, fig 5) to the 
minimum plate voltage (E p min) of V 1. The circuit will then remain in this condition until 
another negative gate is applied (time T 3, fig 5). 


Cc. Output variation. 


(1) Referring to figure 5, it is apparent that the duration of the sweep is 
determined by the time of the negative gate T 1 to T 2. If the same circuit is to be used for longer 
sweeps, the interval from T 1 to T 2 must be increased. As indicated in figure 6, the dotted lines 
show that a wider gate pulse will allow C 2 to charge to a higher value of voltage. 


(2) If a cathode ray tube (CRT) is to have several ranges available, the voltage 
amplitude for each sweep must be the same for a minimum amount of adjustment. If the duration 
(time) of the sweep is altered (fig 6), the amplitude of the sweep voltage changes accordingly; and 
if the duration is increased, the voltage amplitude will increase. To prevent this increase in voltage, 
the RC time constant must be made greater so that the capacitor will charge at a slower rate. This 
may be accomplished by changing the plate load resistor as shown in figure 7. If R 1 were left in 
the circuit for both the 5- and 20-mile ranges, the sweep would extend off the edge of the CRT on 
the 20-mile range and that portion of the sweep would be of no value. By switching a larger 
resistor (R 2) into the circuit, when the range is increased to 20 miles, C 2 charges at a slower rate 
and the amplitude of the sweep is approximately the same for both ranges. 
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4. TRAPEZOIDAL SWEEP GENERATOR. 
a. General. 


(1) The sawtooth sweep generators, as previously described, are suitable for any 
electrostatically deflected CRT. However, there are many electronic systems that employ 
electromagnetic deflection in the CRT circuits in which sweep voltages are applied to the coils. In 
long range sweeps the sawtooth voltage is adequate for a linear sweep, but for short ranges a 
special sweep voltage with a trapezoidal waveform must be applied to overcome the effects of the 
LR voltage drop of the sweep coils. 


(2) In a magnetic CRT, the deflection of the spot depends upon a change in 
magnetic field strength. Since this strength varies directly with the current in the deflection coils, 
any linear deflection of the spot requires a linear variation of the current through the deflection coil. 


Figure 7. Increasing range of sweep. 


MM0706, 5-P11 


MM0706, 5-P12 


A. CIRCUIT 


Ty T2 T3 
B. WAVESHAPE 


Figure 8. Trapezoidal sweep generator and waveshapes. 


(3) The deflection coils of an electromagnetic CRT usually consist of many 
turns of fine wire. The inductance of such coils can be several hundred millihenrys and the 
resistance of the winding can be several hundred ohms. The exact values of inductance and 
resistance depend on the particular deflection yoke used. In addition, a small amount of distributed 
capacitance exists across the deflection coil. This capacitance usually can be neglected, except 
when high frequency or very short time duration sweeps are required. 


(4) Because of the above-mentioned electrical constants, the shape of the 
voltage waveform that must be applied to the deflection coils to produce a linear sweep is not a 
sawtooth voltage. If a sawtooth voltage were applied to the deflection coils, a nonlinear sweep 
current would result. In order to produce a linear sweep and a sawtooth current, the voltage that is 
applied to the deflection coils is trapezoidal. 


(5) The trapezoidal voltage applied to the deflection coils is made up of two 
components: one is a sawtooth voltage, which is required for the resistance of the deflection coil; 
and the other is a rectangular voltage, which is required for the inductance of the deflection coil. 
When these two voltages are added the resultant voltage is a trapezoidal waveform. 


b. Circuit operation. 


(1) Referring to figure 8, a vacuum tube and an RC circuit are used to produce 
the desired trapezoidal waveshape required by the sweep coils ina CRT. With no input trigger, the 
tube conducts very heavily and C 1 is charged to the plate-to-ground voltage of V 1. The circuit 
will remain in this condition until an external rectangular trigger is applied. 


(2) When the negative-going input trigger is applied, V 1 cuts off and the plate 
voltage rises toward the applied voltage at the rate that the capacitor charges. At the first instant of 
voltage change, the capacitor acts as a short and the applied voltage is divided between the plate 
load resistor (R 1) and the jump resistor (R J). The voltage dropped across R J at this time is 
referred to as the jump voltage (C, fig 8) and its amplitude is directly proportional to its size as 
compared to R 1. After the first instant, the capacitor starts charging through R 1 and R J toward 
B+. Since only a small part of the charging cycle is used, a fairly linear rise is produced. This 
linear voltage rise is shown between time T | and T 2 in figure 8. The charging current is constant 
during the linear rise of the capacitor voltage and its magnitude is low because of the combined 
resistance of R 1 and R J. As a result, a constant low voltage is produced across R J, which is 
positive in respect to ground. 
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(3) At time T 2, figure 8, the input trigger rises to zero and causes V | to 
conduct. The low resistance of the triode is shunted across the circuit composed of C 1 and R J. 
The plate-to-ground voltage of V 1 drops toward the minimum plate value (E P min) of V 1 at the 
same rate that C 1 discharges. The voltage across C 1 falls rapidly from time T 2 to T 3, as the 
capacitor discharges through R J and V 1. During the discharge of C 1, a voltage drop appears 
across R J whose polarity is opposite to that produced during the charging time of the capacitor. 
The negative voltage has a greater magnitude than the positive voltage produced during charge 
time. This is true because the discharge current is considerably greater than the charge current (the 
resistance of R 1 is much larger than that of V 1). The time constant of the charge circuit is long 
because the charge current is limited by R 1 and R J. The discharge current is limited only by R J 
and the small resistance of V 1. Therefore, the time constant of the discharge circuit is short. C, 
figure 8, shows that the negative voltage across R J is reduced in amplitude from time T 2 to T 3. 
This occurs because of the exponential discharge current of C 1. 


(4) When the sawtooth voltage across the capacitor (B, fig 8) is added to the 
approximately rectangular voltage across R J, a trapezoidal waveform is produced (D, fig 8). The 
linearity of the slope of this trapezoidal wave is determined by the ratio of the slope amplitude as 
compared to the applied voltage. If the sweep amplitude is 10 percent or less of the applied 
voltage, the sweep is considered to be linear. Therefore, the linearity of the sweep is determined by 
the time constant of R | and C 1 (R J is considered to be insignificant). If the size of C 1 is 
increased, the capacitor charges at a slower rate and the amplitude of the slope decreases. 
Therefore, the output linearity of the sweep would increase. 
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EXERCISES FOR LESSON 5 


What factor controls the conducting point of a thyratron tube? 
A. Frequency of the input trigger 

B. Value of the grid bias 

C. Duration of the input trigger 

D. Value of the de-ionization voltage 


To what value can C 1 charge and still maintain a linear sweep in figure 1? 


A. 30 volts 
B. 70 volts 
C. 200 volts 
D. 300 volts 


What is the result if R L is increased in figure 1? 


A. An increase in frequency 
B. A decrease in amplitude 
C. A decrease in frequency 
D. An increase in amplitude 


How will an increase in the grid voltage (E c) affect circuit operation in figure 1? 


A. It will increase the output linearity 

B. It will decrease the time of each sweep 
Cy It will increase the output frequency 
D. It will increase the amplitude of sweep 
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5. What voltage is used to externally synchronized a thyratron sweep generator circuit? 
A. AC at a frequency always less than the natural frequency of the thyratron 
B. AC at a frequency slightly greater than the natural frequency of the thyratron 
C. DC of a value slightly greater than the ionization potential of the tube 


D. DC of a value slightly less than the ionization potential of the tube 


Figure 1. 


() 300V¥ 


RL=20KkN 
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In figure 2, what is the sweep amplitude, in volts, if the de-ionization potential is 14 volts 


and the plate-to-grid ratio is 10:1? 


A. 14 
B. 19 
C. 36 
D. 64 


What characterizes a thyratron sweep generator? 


A. Long charge time constant and short discharge time constant 
B. Short charge time constant and long discharge time constant 
C. Long charge and discharge time constants 
D. Short charge and discharge time constants 


Figure 3. 
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8. What value determines the output frequency of the hard-tube sweep generator in figure 3? 
A. The product of R 1 and C g 
B. The product of R 1 and C 1 
C. The input gate amplitude 


D. The input gate frequency 


9. What is the result if R L is decreased in figure 3? 
A. An increase in output frequency 
B. An increase in linearity 
C. An increase in output amplitude 
D. An increase in sweep duration 
10. What is the output voltage condition if the filaments opened in the tube circuit in figure 3? 
A. B+ 
B. Minimum positive 
C. Maximum negative 
D. B- 
11. | What is the result if the duration of the input gate is decreased in a hard-tube sweep 
generator? 
A. An increase in output frequency 
B. An increase in amplitude of the sweep 
Cy. A decrease in output frequency 
D. An increase in sweep linearity 
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14. 


What modification will cause an increase in the output amplitude of the sweep generator in 
figure 4? 


A. Increase C 1 

B. Decrease C 1 
C. Increase R L 
D. Decrease R g 


Which sweep waveshape produces a linear sweep for CRT's with electromagnetic type 
deflection? 


A. Trapezoidal 

B. Sawtooth 

C. Rectangular 

D. Sinusoidal 

What determines the amplitude of the jump voltage (E R J) in figure 4? 
A. The size of R J as compared to C g 

B. The size of R J as compared to R g 

C; The size of R J as compared to R L 


D. The size of R J as compared to C 1 
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15. | Why is the discharge current greater than current in the sweep generator of figure 4? 


A. The time constant of the charge circuit is larger 
B. The resistance is larger 
C. The time constant of the discharge circuit is larger 
D. The resistance is smaller 
16. How will an increase in R L affect the sweep generator operation in figure 4? 
A. The output frequency will decrease 
B. The jump voltage (E J) will increase 
C. The output frequency will increase 


D. The jump voltage (E J) will decrease 


ie How will an increase in the input gate duration affect the sweep generator in figure 4? 
A. The sweep linearity will decrease 
B. The jump voltage (E J) will increase 
C. The line voltage will decrease 
D. The sweep linearity will increase 


18. | What BEST describes a hard-tube sweep generator? 


A. It is free-running and synchronized by a positive input gate 
B. It is externally triggered by a negative gate 

C; It is free-running but synchronized by a negative input pulse 
D. It is externally triggered by a positive pulse 
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19. 


20. 


What is the proper plate voltage waveshape of a hard-tube sweep generator? 


A a 


ati 
wit 
ei a gee A 
C Foul 
WK 
D Fags 


In figure 5, what component change, along with a decrease of input gate, will allow the 
range on an indicator to be changed from 50 miles to 5 miles? 


A. An increase in R L 
B. A decrease in C | 
C; A decrease in R g 


D. An increase in C g 


Figure 5. 
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LESSON 6. TRANSMISSION LINES AND WAVEGUIDES 


MM Subcourse No 0706 ...........cccccscsssssseeseeeeee == Electronics, Part IT 


Lesson Objective .........cccccsscscssscssssrcsssssseeeeee == LO PrOVide you with a general knowledge of 
the purpose, description, characteristics, 
operation, and use of transmission lines. 


Lesson Credit HOurs................cccccccccsssssssssssseee = FOUL 


TEXT 


1. INTRODUCTION. 


a. In both radio and radar a connecting link must be provided between the transmitter 
and the antenna, or between the receiver and the antenna, and this link is called a transmission line. 
The transmission line transfers energy from the transmitter to the antenna, or energy from the 
antenna to the receiver. If the antenna could be built directly on the transmitter and receiver, there 
would be no need for the extended transmission line. However, even in a compact installation such 
as an aircraft, it is usually not convenient to locate the transmitter or receiver near the antenna. 


b. Transmission lines are not used exclusively for conducting radiofrequency energy 
from one point to another. The lines that supply electrical energy to your house are transmission 
lines just as much as are the wires connecting one circuit to another. A transmission line can, 
therefore, be defined as a device for transmitting or guiding electrical energy from one point to 
another. A poor transmission line decreases the amount of energy available at the transmitting 
antenna for radiation or at the receiver for reception; a perfect transmission line delivers the entire 
output to the designated point. 


Cc. RF transmission lines behave differently in different frequency ranges; for example, 
an RF transmission line designed to operate at the relatively low frequencies used in the standard 
broadcast range is not suitable for point-to-point aircraft communication systems. An RF 
transmission line can be expected to efficiently transfer energy from one point to another only at 
the frequency for which it is designed. This means that different kinds of transmission lines must 
be available for different frequency ranges. 


2. TRANSMISSION LINES. 
a. Types of transmission lines. The principal types of transmission lines are the 


twisted two-wire line, the spaced two-wire line, the shielded two-wire line, the flexible coaxial 
cable, and the rigid coaxial cable. 
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(1) Twisted two-wire line. The twisted two-wire line in figure 1 consists of a 
pair of insulated and twisted conductors. The twisting holds the lines together mechanically and 
aids in balancing each conductor to the influence of nearby magnetic and electrostatic fields. 
Twisted wires usually have a characteristic impedance of 70 to 100 ohms. Although the twisted 
line is flexible, occupies little space, and is simple to manufacture, it is not usable at radar 
frequencies because of capacitance between the wires, lack of shielding, and changes in 
characteristics due to moisture on the line. 


Figure 1. Twisted two-wire line. 


(2) Spaced two-wire line. 


(a) The spaced two-wire line (fig 2) consists of two parallel conductors 
that are maintained a fixed distance apart by insulating spacers or spreaders. This line has two 
types--the spreader bar and the newer twin-lead line. The spreader bar type uses ceramic or 
polystyrene bars for spacing wires. The spacing may be up to six inches or more. The twin-lead 
line is the result of improved insulating materials and manufacturing techniques. It consists of two 
wires which are molded into a low-loss plastic called polyethylene. Impedances ranging from 75 to 
300 ohms are available in the twin-lead line. 


(b) Lines in general, however, may be constructed with any impedance 
up to 700 ohms by varying the wire diameter and spacing. ‘The relationship between the 
characteristic impedance and the dimensions of a two-wire line is expressed mathematically by the 
equation, where D is the distance between wires (center to center), and d the diameter of one wire. 
The twin-lead line has a number of advantages over the spreader bar two-wire line. Wide spacing 
between the leads in the twin-lead type gives lower shunt capacitance between the leads. Insulation 
losses are lower in it, since the wires are separated by something other than air, unlike the wires in 
the spreader bar line. The spaced two-wire lines have two principal disadvantages. In the first 
place the line acts as an antenna. It will radiate energy. In the second place, nearby objects set up 
capacitance with the wires and disturb current flow through the line. This obstructs the orderly 
transfer of energy by the line. 
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BAR INSULATED 


Figure 2. Spaced two-wire line. 


Zo=276log 2D 


(3) Shielded two-wire line. A shielded two-wire line is similar to the 
two-wire spaced line except that it is shielded by a copper braid. Notice the practical form of this 
line in figure 3. The copper braid gives it flexibility. Flexibility could be obtained by using 
unbraided tubing. However, the use of braid permits uniform spacing of each conductor during 
manufacture. This results in each wire being perfectly balanced capacitively to the surrounding 
conductor. As long as the balance is maintained, certain detrimental effects, such as high capacity 
to ground when the shield is grounded, are very slight. This line does not radiate energy because of 
the shield and thereby is not affected by nearby magnetic fields. 


_ ae am P aus 
ae an eee RUBBER COVER 
ae = ~BRAIDED SHIELD 


Two WIRES INSULATION 


Figure 3. Shielded two-wire line. 
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(4) Coaxial line. 


(a) The coaxial line is the most universally used type of line for r-f 
transmission. It consists of two conductors. One of the conductors is hollow; the other conductor 
is located inside the hollow conductor. The two conductors are made concentric in cross section to 
maintain uniform characteristics. Early coaxial lines were made of copper tubing in which there 
was a wire held in the center by ceramic or polystyrene washers or beads. Attempts to build 
flexible cables led to the use of outer conductors of copper braid spaced by a continuous row of 
beads or rubber insulators. But rubber insulation caused excessive losses at high frequencies. In 
addition the bead arrangement permitted air to enter the line, causing moisture to collect. This 
resulted in high leakage currents and arc-over when high voltages were applied. 


Figure 4. Coaxial cables. 


(b) Research solved this problem by using polyethylene plastic, a hard, 
solid material, safely flexible over a temperature range of -40 degrees to +80 degrees C. 
Polyethylene is unaffected by such fluids as acids, alkalis, aviation gasoline, oil, hydraulic brake 
fluid, and seawater. Furthermore, there is no known solvent for polyethylene at ordinary 
temperatures. Its extremely low losses at high frequencies is important for radar. At 200 MHz the 
losses may be only one-hundredth of those of rubber under certain conditions. When carefully 
manufactured, a coaxial cable insulated with polyethylene (fig 4A) will be uniform within .005 
inch and will have no air between the conductors. Thus, due to its uniform characteristics, it will 
operate indefinitely with low leakage and with little danger of arc-over. 
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(c) Where installations require still lower losses, such as 3000-MHz 
airborne radar installations, an air-insulated rigid coaxial cable meets these requirements. In this 
cable (fig 4B) the center conductor is supported with metallic insulators which are quarter-wave 
sections of coaxial line. Since there is air in the interior, the interior of the line is usually 
pressurized to keep moisture out. 


(d) Coaxial lines have a number of advantages. The shielding is perfect 
for both magnetic and electrostatic fields. Because of this a coaxial line does not radiate, it also 
does not pick up any energy. Therefore it can be installed anywhere without being influenced by 
other strong fields. Also, its capacitance is lower than that of a shielded pair line. 


b. Impedance in transmission lines. 


(1) In addition to the normal resistance and inductance values of any conductor, 
a transmission line has a certain value of capacitance between the conductors. This is illustrated by 
the short sections of line in figure 5. The equivalent circuit for these short line sections may be 
represented by the lumped values of inductance, capacitance, and resistance. Just as many short 
sections of line can be connected in series to form a long transmission line, so an equivalent circuit 
is most accurately represented by placing a number of small lumped sections in series: B, figure 6, 
shows why this would more closely represent the distribution of constants along an actual line than 
would one large equivalent circuit of inductance, capacitance, and resistance (A, fig 6). Thus, a 
circuit composed of many small sections will more closely approximate an actual line in operation. 


Figure 5. Resistance and reactance along a line. 
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B 


Figure 6. Equivalent circuit of a line section. 


(2) If a signal is applied to one end of a transmission line, a definite value of 
current flow can be measured through the line. The ratio between the applied voltage and the 
current through the line is determined by the impedance of the line and is usually designated as Z o. 
Z 0 represents not only the pure resistance of the conductors in the line, but also the distribution of 
the inductive and capacitive reactances in each small section. It is known as the characteristic 
impedance of the line. In most radiofrequency lines the resistance is very small as compared to the 
reactance, and the characteristic impedance may be calculated by the simplified formula Z 0 = 
Vv L/C, using the actual values of L and C as found in the line. 


(3) In order to have a maximum amount of power delivered to a load, the 
impedance of the load must be equal to the impedance of the generating source. If the transmission 
line is the path over which energy flows between the source and the load, then it, too, must match 
the impedance of both the generator and the load in order to transfer maximum power. This is 
easier understood if the transmission line is imagined to be a new load placed across the generating 
source. In this case, if the impedance of the line is equal to the impedance of the generator, 
maximum power will be transferred to the line. Again, if the line has minimum losses within itself, 
maximum power will be available for transfer to the load placed across the output end. In this 
manner, the line may be thought of as a new generating source whose output has the same value 
and shape as that of the original generator. Hence, in order for the line to transfer maximum power 
to the load, the impedance of the load must be equal to the characteristic impedance of the line. 
From this, it is apparent that if a transmission line is properly used a thorough understanding of its 
impedance characteristics is necessary. This is especially true at higher frequencies because any 
slight physical error in the line may alter its impedance enough to cause a mismatch in the system. 
Should this occur, then serious losses in power and extreme distortion will result. 
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c. Losses in transmission lines. 


(1) Theoretically, a perfect transmission line would have no losses, although the 
actual line will always show some decrease between its input and output energy levels. These 
losses may be divided into two classes: those which are inherent in the physical design of the line, 
and those which are the result of poor matching between the characteristic impedance of the line 
and its input and output impedances. 


(2) The first class of losses is determined by the pure resistance in the 
conductors and by the leakage resistances in the dielectric of the line. Therefore, once a particular 
type and size of transmission line has been selected for a job, little can be done to control these 
losses. However, the second class of losses is a direct result of the manner in which the line 
matches the input and output circuit impedances. In most cases, this will constitute the greater 
portion of power drop across the line. 


(3) These losses are controllable by selecting and adjusting the line for proper 
transfer of power at a particular operating frequency. Primarily, the energy losses appear as heat 
dissipation and as radiation from the line. They may range from a negligible value, in a properly 
matched system, to such large amounts that nearly all of the power is expended within the line 
when it is poorly matched to the rest of the system. 


d. Line theory. 


(1) Incident wave. If a source of voltage is applied to a transmission line the 
voltage will appear at a point some distance down the line after a time delay. This is true 
regardless of whether the voltage change is a jump from zero to some value, a drop from some 
value to zero, or for that matter, any other change in voltage such as a RF signal. Whatever the 
change, the voltage will be conducted down the line at a constant rate. This time delay is caused by 
the series inductance and the shunt capacitance of the line (see figure 7). When the switch is 
closed, the capacitors will charge one after another. This arrangement of coils and capacitors is 
often used in electronic equipment as an artificial transmission line to produce a time delay. If you 
know the amount of inductance and capacitance of the line, you can easily compute the time 
required by any waveform to travel the length of the line. Time is equal to the square root of the 
product of the inductance and capacitance of a given length of line. T= VLC 
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WHEN SWITCH IS CLOSED, CAPACITORS WILL CHARGE ONE AFTER ANOTHER 


Figure 7. Transmission line time delay. 


(2) Reflected wave. After the voltage (and current) applied to a transmission 
line reaches the end, the power will be dissipated by the load. (If the load impedance is equal to the 
characteristic impedance of the line) or the amount not dissipated (due to a mismatch between the 
load and the line), will be reflected back down the line to the source, thus, upsetting the match in 
impedance between the source and the line. This change in impedance will change the amount of 
power the source must furnish the line to sustain both the incident and reflected waves of energy 
along the line. 


(3) Standing waves. 


(a) Production of standing waves. If a RF signal is applied to a 
transmission line which is not terminated by a load impedance equal to the characteristic 
impedance of the line, the RF signal or part of it will be reflected as stated in paragraph (2) above. 
Since the incident and the reflected waves are of the same frequency and both travel along the line 
at the same speed, but in opposite directions, there will be points along the line where the two 
waves will always be 180 degrees out of phase, and at other points where they will always be in 
phase. 


(b) Detection of standing waves: If an RF detector is moved along a 
transmission line which is not matched to the load, as shown in figure 8, the points where the 
incident and reflected waves are always in phase would produce a maximum signal. These points 
are referred to as loops and the points where the two waves are always 180 degrees out of phase 
would be detected by a minimum signal. These points on the line are called nodes. 


(c) Standing wave ratio. The ratio of maximum RF current (loops) to 
minimum RF current (nodes) along a line is called the standing wave ratio (abbreviated SWR). 
The standing wave ratio is a practical measurement which gives a good indication of the impedance 
match between the line and the load. The higher the SWR the greater the mismatch between the 
line and the load. With no mismatch between the line and the load there would be no reflected 
wave of current or voltage and the amplitude of the detected RF current along the line would 
always be the same without loops or nodes, thus, the SWR would be | to 1. 


MM0706, 6-P8 


LOOP hd 


i 7 pee =o eae | AMPLITUDE 
t H OF DETECTED 
1 


iRF CURRENT 


| 
SOURCE RF Reese 1 Zo>R 


| 
1 
I 
i 
' 
\ 
H i | I 
RF METER DETECTS POINTS OF MAX. CURRENT | 
' 


Figure 8. Detection of standing waves. 


4 = WAVELENGTH 


Figure 9. Wavelength along a line. 
(d) Position of standing waves on a line. 


a) The position of loops and nodes along an improperly matched 
transmission line can easily be calculated mathematically if certain things are known, such as, the 
frequency of the applied RF, the characteristic impedance of the line, the impedance or reactance of 
the load, and the velocity at which the energy travels down the line. The distance between a loop 
and a node will always be one quarter of a wavelength. See figure 9. A wavelength is designated 
by the Greek letter 1. The general formula for calculation of a wavelength is: 


Velocity of propagation (m/sec) 
Frequency (hertz) 


Wavelength (meters) = 

en The velocity at which RF energy is propagated through free 
space is 300,000,000 meters per second or 186,000 miles per second. This is the same as the 
velocity of light in free space. The velocity of propagation of RF waves along a transmission line 
may be considerably different. For example, in figure 10, the values of K express the ratio of the 
actual velocity of the energy on the line to the velocity of light. Therefore, a more practical 
formula for calculating the wavelength of energy on a line would be: 


X(meters)= Kx3x 10° (meters per second) 
Frequency (hertz) 


where K is the velocity factor of a specific type of transmission line. 
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Two-wire open line 
(wire with air dielectric) 


Parallel tubing 
(air dielectric) 
Coaxial line 
(air dielectric) 


Coaxial line 
(solid plastic dielectric) 0.66 


0.85 


Two-wire line 
(wire with plastic dielectric) 0.68 - 0.82 


Twisted-pair line ; 
(rubber dielectric) 0.56 - 0.65 


Figure 10. Velocity factors. 


Figure 11. Standing waves on a shorted line. 


3. Position of standing waves on a shorted line. 


a. As indicated by its name, the shorted line is a 
transmission line whose load end is directly shorted. Therefore, it is apparent that no voltage can 
exist across this perfect short circuit. To obtain a zero voltage at the shorted end, a wave whose 
magnitude is equal to the magnitude of the incident wave, but opposite in phase, must be reflected 
from the shorted end. Hence, the incident and reflected waves cancel out at the shorted end and the 
net voltage (standing wave voltage) is zero at this point. 
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b. Since the incident and reflected waves travel in 
opposite directions, the two voltages do not cancel out at every point on the line. For example, at a 
point a quarter-wavelength from the shorted end the two voltages are in phase with each other. In 
this case, the amplitude of the resultant standing wave is twice the amplitude of either the incident 
or reflected wave alone. This distribution of standing waves of both voltage and current is shown 
in figure 11. At the point of the short circuit the voltage is zero and the current is maximum. The 
voltage rises sinusoidally to maximum a quarter-wavelength from the short, drops to zero at a half- 
wavelength point (A/2), and then repeats for each half-wavelength of the line. As previously 
mentioned in this paragraph, the amplitude of the standing wave voltage is twice that of the original 
wave. This standing wave pattern indicates that all energy traveling down the line is reflected by 
the load; i.e., the load absorbs no energy. 


Figure 12. Standing waves on an open line. 


c. The current at the short-circuited point is at a 
maximum value because the resistance of the short circuit is zero. Hence, the development of the 
standing wave of current is different from that of the voltage. In the case of the circuit, the 
reflected wave is in phase and of equal magnitude with the incident wave at the point of the short 
circuit. Therefore, the standing wave of current is at its maximum amplitude at the short circuit. A 
quarter-wavelength away from the short circuit, the current waves are 180 degrees out of phase and 
the value of the standing wave is zero. Thus, the standing wave of current has the same form as the 
voltage standing wave, but it is displaced a quarter-wavelength (90 degrees out of phase). 


d. At the short circuit, where the voltage is zero and the 
current is maximum, the impedance is zero. The amount of impedance changes as the ratio of 
voltage to current varies along the line. As the voltage amplitude rises and the current decreases, 
the impedance increases. At a point one quarter-wavelength from the short circuit, where the 
voltage is maximum and the current is zero, the impedance is infinite. In the next quarter- 
wavelength, the impedance of the line drops from infinity to zero as the voltage-current ratio is 
reversed. Thus, the impedance varies from point to point all along the line. 
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4. Position of standing waves on an open line. 


a. An open-end line is a transmission line of finite length 
having no load connected to its output. Thus, the output impedance is infinitely high and the 
current will be zero with no energy expended in the load. As the result of the open termination, 
there is maximum reflection along the line and minimum loss of energy due to line resistance. This 
high degree of reflection makes an open line very valuable as an impedance device, such as a 
matching stub or transformer. 


b. As shown in figure 12, the maximum voltage point 
and the minimum current point are always fixed at the line termination, regardless of the 
frequency applied. The voltage standing wave falls to zero a quarter-wavelength away and rises to 
a maximum at the half-wavelength point. The current standing wave rises to a maximum at the 
quarter-wavelength point and falls again to zero at the half-wavelength point. The impedance at 
various points along an open line changes regularly with the current and voltage amplitudes. For 
instance, if a point on the line is taken where the voltage waveform is at a minimum and the current 
is maximum, then, according to formula Z = E/I, impedance will be very small. As the relationship 
between voltage and current changes through each wavelength, the relative impedance (Z) changes 
accordingly. 


Figure 13. Impedance charts. 
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(e) Impedance chart for open and shorted lines. Figure 13 shows the 
relation of voltage, current, and impedance for various lengths of both open-end and closed-end 
transmission lines. Directly above the line is shown the impedance which the generator sees for 
various lengths of line. The curves above the letters of various height indicate the relative values of 
the impedance presented to the generator as it moves from right to left. The circuit symbols 
indicate what the equivalent electrical circuits are for the transmission lines at that particular length. 
The standing waves of voltage E and current I, whose ratio is the impedance Z, are shown without 
polarity above each line. 


e. Application of transmission lines. 


(1) Transfer of energy. One of the most important applications of transmission 
lines is the transfer of power over various distances. Lines used for this purpose are usually of two- 
wire or coaxial type. These lines are employed extensively for commercial power transfer, 
telephone lines, and as connecting links between radio transmitters and antennas. 


(2) Impedance matching devices. 


(a) Transmission lines, in addition to transmitting power from point to 
point, are also used as metallic insulators, wave filters and chokes, and impedance matching 
devices. In the RF spectrum, resonant line sections are used principally for impedance matching. 
Usually, they are in some form of matching stub or transformer and are applied to a transmission 
system in order to match a generator and a load that have different impedances. 


(b) When a quarter-wave line is short circuited at the output end and is 
excited to resonance at the other end by the correct frequency, there are standing waves of current 
and voltage on the line. At the short circuit (fig 14A) voltage is zero while the current is 
maximum. At the input end the current is almost zero and the voltage is maximum. Therefore, 
from the formula Z = E/I, the input impedance is seen to be very great. An exceedingly high 
impedance across the terminals appears as an insulator to another line connected to the input end; 
hence, such a line can be used as an insulator at its two open terminals, although limited to one 
particular frequency. 
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Figure 14. Quarter-wave transformer. 


(c) Another important application of the quarter-wave insulator is the 
teeing of coaxial lines. It has been noted that the inner conductor of a coaxial line must be 
separated and insulated from the outer conductor. This is generally done by filling the space 
between the two conductors with a dielectric material, or by using dielectric beads or spacers. The 
dielectric insulator has the disadvantage of introducing dielectric losses in the line, especially at the 
higher frequencies. As shown in B, figure 14, a quarter-wave stub used to separate and insulate the 
inner and outer conductors reduces the dielectric loss. Consequently, if the quarter-wave stubs or 
tees are spaced close enough to provide adequate mechanical support they are more efficient than 
spacers, provided the line operates at only one frequency or over a narrow band of frequencies. 
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(d) To match a line to an antenna, the point along the line where the 
resistive component is equal to the characteristic impedance (Z o) is first determined. The 
reactance at this point can then be canceled out with a section of line or stub (fig 15). If the line 
reactance at this point is inductive a capacitive stub is used, if the line is capacitive an inductive 
stub is used. The stubs, constructed from parallel conductors or coaxial lines, are inserted in the 
line at a point determined by measurements and calculations. The problem of finding the exact 
point on the line where the resistive component is equal to Z o and what length stub to use is solved 
with a standing wave meter and appropriate tables. The stubs are adjusted during installation by 
measuring the standing wave ratio along the line and positioning the stub for a minimum ratio. 


FLAT LINE RESONANT LINE 


TO 
TRANSMITTER TO ANTENNA 


SLIGHTLY LESS 
THAN 7/4 


OPEN 
OR 
CLOSED 


Figure 15. Method of connecting a "corrective" stub to a transmission line. 


(e) Another method of matching the transmission line to the antenna 
makes use of matching line sections. These sections are, in effect, transformers which correctly 
match two lines having different characteristic impedances. As mentioned in (a) above, a common 
example is the matching of a particular transmission line to an antenna whose impedance is 
different from that of the transmitter and line. In this case, a point is located where the reactance is 
zero and the line has only a resistive component. Generally, half- or quarter-wavelength sections 
will minimize losses within the section. The formula for calculating the correct impedance needed 
by the matching line section for maximum power transfer is Z o = VZS x ZR (fig 16). 
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(f) Although the delay characteristics and charging action of RF 
transmission lines make them useful in some radar applications, they are too long and bulky for 
lower frequency applications. For this reason, artificial transmission lines, which possess all the 
characteristics of actual lines except bulk and length, are used as time delay lines and as pulse 
forming networks for modulator pulses. The artificial lines are built by first determining the 
capacitance and inductance needed for the desired line, and then constructing the line with 
equivalent lumped inductors and capacitors. 


Figure 16. Impedance matching line section between two lines. 


A B 


Figure 17. Cylindrical and rectangular waveguides. 


MM0706, 6-P16 


3. WAVEGUIDES. 
a. Introduction. 


(1) Some electronic equipment used by the military services operates at 
frequencies above 1,000 MHz. Because of the very short wavelengths of these frequencies they are 
called microwaves. Transmission lines employed at these frequencies are physically and 
electrically different from those discussed in the preceding paragraphs. 


(2) The reason for using special transmission lines at microwave frequencies is 
that the conductors increase the amount of energy radiation as the frequency increases. This 
radiation effect increases to a point where, if a microwave signal were applied to a two-wire line, 
most of the energy would be radiated into space and practically none would reach the output end. 


(3) Even though the inner conductor of a coaxial line does not radiate energy, 
and the coaxial line is more efficient than the open wire line, supporting the center conductor of the 
line presents a problem at microwave frequencies. If a solid dielectric is used as a support, the 
losses at microwave frequencies are relatively high. If any other support is used, the coaxial line is 
frequency sensitive; i.e., only a limited range of frequencies can be transmitted without serious 
losses. A hollow conductor known as a waveguide is a more efficient transmission line for 
microwave frequencies. 


(4) A waveguide is a properly dimensioned, hollow metal pipe (usually 
rectangular) having the property of conducting high frequency electromagnetic energy with very 
little loss. (See figure 17.) The energy moving down any transmission line is contained in an 
electromagnetic wave which is guided by the conductor. 


b. Advantages of waveguides. 


(1) General. Waveguides have certain advantages and disadvantages when used 
to transmit microwaves. The first advantage - there is no radiation loss - indicates why waveguides 
are preferred to coaxial lines. The disadvantages pointed out in paragraph c show why waveguides 
are used only for microwaves. 


(2) A waveguide has no radiation loss. At microwave frequencies, ordinary 
conductors radiate most of their applied energy. Consequently, in the case of two-wire or single- 
wire lines large radiation losses occur. In waveguides, however, radiation losses are practically 
zero because all of the electromagnetic energy is confined inside the guide. 
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(3) A waveguide has no dielectric loss. One of the major reasons for signal 
attenuation in a coaxial line is the leakage in the dielectric supporting the inner conductor. Due to 
the dielectric material's resistance some transmitted energy is absorbed by the insulator. The 
amount of electromagnetic energy absorbed by the dielectric is directly proportional to the 
frequency of the transmitted energy. The dielectric loss, which is much higher at microwave 
frequencies than at the lower frequencies, is eliminated by the waveguide since there is no 
requirement for a solid dielectric support. 


A B 


Figure 18. Breakdown paths of coaxial line and waveguide. 


(4) A waveguide has low skin-effect loss. When an electromagnetic wave strikes 
a conductor, a current is induced in that conductor and, because every conductor has some 
resistance, energy is dissipated in the form of heat. The amount of energy lost is directly 
proportional to the effective resistance of the conductor. If the resistance is high, the losses are also 
high. The effective resistance of a conductor is determined by its DC resistance, the cross-sectional 
area, and the frequency of the energy being transmitted. In a coaxial cable the DC resistance of the 
inner conductor is very small. The cross-sectional area of the inner conductor, however, is smaller 
than the cross-sectional area of the outer conductor. Since the resistance of a conductor is inversely 
proportional to the cross-sectional area, the effective resistance of the inner conductor is much 
higher than that of the outer conductor. As the frequency of the transmitted energy is increased, the 
effective resistance of the conductor also increases. This is due to the skin effect, which means that 
energy at the higher frequencies tends to travel along a conductor's surface. Since this effect 
reduces the cross-sectional area, it also increases the effective resistance. The removal of the center 
conductor in a coaxial line eliminates it as a cause of skin-effect loss, and in effect, converts the 
coaxial line into a waveguide. The larger inner surface of the waveguide considerably reduces the 
skin-effect loss. 


(5) The waveguide has a high efficiency of transmission. As a result of the three 
advantages previously discussed, the waveguide provides a very efficient transmission line for 
microwave energy. It eliminates the radiation loss of the two-wire line and the dielectric and inner- 
conductor losses of the coaxial cable; therefore, signals whose frequencies exceed 2,000 MHz are 
usually transmitted through waveguides. 
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(6) The waveguide has a high power-handling ability. In any transmission 
system, the ability to transmit high power is usually limited by the system's ability to handle high 
voltages. In a coaxial transmission line, the ability to handle high voltage is limited by the distance 
between the inner and outer conductors and the type of dielectric used. The larger the diameter of 
the line, the greater the power-handling capacity. If the diameter of the cable were too small for a 
given transmitted power, the voltage would arc over from the center conductor to the outer or 
ground conductor. A waveguide of the same diameter, however, will handle a higher voltage than 
the coaxial line. This can be seen in figure 18 where A shows a coaxial line with a distance d for a 
waveguide of the same outside diameter is over twice that of the coaxial line. Therefore, the 
waveguide can handle a much higher voltage and, consequently, a much higher power than the 
coaxial line. 


Cc. Disadvantages of waveguides. 


(1) The coaxial line has a frequency above which its losses become too great for 
practical use. The waveguide, on the other hand, has a frequency below which its losses become 
too great for practical use. The frequency at which this occurs is known as the cutoff frequency. 
At frequencies below the cutoff frequency, the attenuation in waveguides is much greater than for 
an equivalent coaxial line. 


(2) In general, the cutoff frequency varies inversely with the dimensions of the 
waveguide. This relationship is such that waveguides become practical only at microwave 
frequencies. For example, in order to transmit energy at a frequency of 300 MHz, a 2- or 3-foot 
waveguide is necessary. The physical size of such a waveguide makes its use impractical. Ata 
frequency of 3,000 MHz, however, the waveguide need only be about 2 or 3 inches wide. This 
practical dimension may be handled with relative ease. Thus, since a waveguide passes only 
frequencies above the cutoff frequency, its use is limited to the microwave frequency range. 
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Figure 19. Boundary condition for an electric field. 
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Figure 20. Electric field between plates. 


(3) Another disadvantage of the waveguide involves installation problems that 
are not associated with two-wire or coaxial lines. Waveguide installations are often referred to as 
electrical plumbing because the exact positioning and rigidity required calls for techniques well 
known to plumbers and less known to electronic or microwave technicians. 


(4) Special couplings are required to fasten waveguide lengths together. At the 
lower radiofrequencies ordinary soldering of the conductors assures adequate transmission 
characteristics. At microwave frequencies, however, special precautions must be taken to prevent 
the leakage of any energy. Ideally, the waveguide should be one long, continuous section between 
the transmitting and receiving points. However, the waveguide is usually made in fairly short 
sections which must be properly connected. 


= 
VA 


Figure 21. Magnetic loops between plates. 
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(5) The specialized nature of a waveguide's installation increases its cost over 
that of a coaxial installation. The price of the guide is high because of the rigid mechanical 
specifications it must meet in order to prevent discontinuities (permitting energy losses) along the 
transmission path. Also, in some applications, the inside of the waveguide may be silver-plated or 
even gold-plated to reduce the skin-effect losses. Again, this increases the cost. 


= 
4 


-—*— 


Figure 22. Rectangular waveguide. 


d. Boundary conditions. 


(1) Energy is propagated down the waveguide in much the same manner as 
electromagnetic waves are transmitted in free space, except that these waves are confined within 
the metallic guide. However, when so confined, they will continue to be transmitted only if two 
conditions are satisfied. If these conditions, known as boundary conditions, are not met, the waves 
cannot be propagated down the waveguide. 
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Figure 23. Half-sine wave E-field distribution. 


(2) The first of these conditions is that an electric field must be perpendicular to 
the conductor if it is to exist at the surface of a conductor (fig 19). The converse of this condition is 
also true - an electric field cannot exist at the surface of a conductor if it has a component parallel 
to the conductor (assuming a perfect conductor). The second condition is that a varying magnetic 
field must exist in closed loops, parallel to the conductors, and perpendicular to the electric field. If 
a system meets one boundary condition, it also meets the other; thus, it is necessary to check for 
only one condition to determine whether a wave can exist at the surface of a conductor. 


A. SINE WAVE (CROSS SECTION OF GUIDE) 


B. ONE AND ONE-HALF SINE WAVES 
(CROSS SECTION OF GUIDE) 


Figure 24. Other E-field distribution in waveguides. 
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(3) Figure 20 shows what happens when an electromagnetic wave is radiated 
from an antenna and confined between two parallel plate conductors. The electric field (E) lines 
are perpendicular to the conductors and the field varies sinusoidally along the distance between the 
plates. A varying magnetic field accompanies the varying electric field between the two parallel 
plates. The magnetic field must exist in closed loops and be parallel to the conductors (fig 21). 


e. Wave patterns in a rectangular waveguide. 


(1) The most common type of waveguide has a rectangular cross section, as 
shown in figure 22, where the dimension marked A indicates the vertical walls and dimension B 
the horizontal walls. 


(2) A waveguide can accommodate many different electric field configurations. 
The field in figure 23 exists because there are no electric field lines parallel to the sidewalls. 
Although the electric field may terminate on a waveguide wall, no parallel component of the field 
can exist at a waveguide wall if the energy is propagated down the line. This means that the 
electric field must be zero at the sides of the waveguide. The proximity of the lines of force to each 
other is an indication of the strength of the electric field at that point. With the electric field 
moving continuously, the regions of maximum voltage move down the guide. The density of the 
electric field along the center of the guide increases and decreases sinusoidally. 


(3) An electric field, called a full-sine wave field, can also exist in the 
rectangular guide because the E field is zero at the sidewalls (A, fig 24). In this example, the 
electric field lines change their intensity and direction in a sine wave pattern. Similarly, a one and 
one-half sine wave can exist in the rectangular guide because this field also meets the boundary 
conditions (B, fig 24). The E field is perpendicular to any conducting surface it touches and is zero 
along those surfaces to which it cannot be perpendicular. 


(4) The magnetic field in a rectangular waveguide exists in closed loops parallel 
to the surface of the conductor. Its strength is proportional to the rate of change of the electric 
field. Figure 25 shows the magnetic field (H lines) that accompanies a half-sine wave electric field 
distribution. The intensity of the magnetic field varies sinusoidally down the center of the guide 
just as the electric field does. 


Figure 25. Magnetic field pattern. 
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(5) For the simplest mode of transmission in a rectangular guide, the energy is 
introduced into the guide by a quarter-wave antenna or probe. The probe, placed in the center of 
the B wall, radiates circular wave fronts in all directions. The wave front moves out from the 
antenna with horizontal H lines and vertical E lines. 


f. Wave propagation. 


(1) The development of wavefronts. When a small antenna is placed in the 
waveguide and excited at a radiofrequency both positive and negative half-cycles of energy are 
radiated in all directions as shown in figure 26. The initial wavefront produced is like an 
expanding circle traveling in all directions, however the energy traveling in the direction of arrows 
A and B of figure 26 will be reflected from the side walls. This reflected energy will distort the 
initial wavefront and produce a resultant wave which appears to be two wavefronts, each traveling 
at an angle to the sidewalls and reflected back and forth between them. Figure 27 shows a three- 
dimensional representation of two such waves and their relationship to each other. It should be 
noted that the two waves will cancel each other at the edge or sidewall. 


(2) Path of wavefronts in a waveguide. If you could look through the top wall of 
the waveguide, you would see the wavefronts as indicated in figure 28. The solid lines represent 
the positive cycle of the waves (crest) and the broken lines represent the negative cycle of the 
waves (trough). The perpendicular distance between crests is the wavelength (Ac) of each zigzag 
wave. Ag is the wavelength of the resultant wave in the waveguide. The angle at which the 
wavefront strikes the sidewall is a function of the wavelength Ac and the cross-sectional dimension 
(B wall) of the waveguide. It can be shown from figure 28 that the following relationship between 
the b wall and Ac exists. Cos @ = Ac/2b. It should be noted that if the frequency is decreased until 
the wavelength Ac is equal to 2 times the b wall then Cos = 1 and ¢ equals zero degree and the 
zigzag waves bounce back and forth perpendicularly to the guide walls. At this frequency, all the 
energy travels back and forth across the guide and none of it travels along the guide. This is the 
cutoff condition. When the wavelength is larger than twice the distance of the b wall no energy is 
propagated along the guide, shorter wavelengths or higher frequencies will be propagated as the 
zigzag waves down the guide. 


Figure 26. Radiation of energy in a waveguide. 


MM0706, 6-P24 


SIDE WALL 


Figure 27. Three-dimensional representation of two waves propagated in zigzag fashion. 
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Figure 28. Paths of wavefronts in waveguide. 
g. Group and phase velocity. 


(1) Normally, energy traveling in free space is considered to be traveling at the 
speed of light. The energy traveling down the waveguide is in a zigzag path and it takes the energy 
longer to go from one end of the waveguide to the other end. The speed at which this energy 
travels down the waveguide is called the group velocity, and it appears to be slower than the speed 
of light or energy in free space. 
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Figure 29. Relation of group, phase, and wavefront velocity. 
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(2) There is another velocity in the waveguide called phase velocity. This is the 
velocity of the resultant wave along the waveguide axis. The resultant wave is produced by the 
addition and cancellation of the criss-crossed wavefronts. The phase velocity appears to be 
traveling faster than the speed of light. 


(3) Figure 29 shows a single wavefront of energy in a waveguide. The 
wavefront has moved from position | to position 2 in a given period of time. Let's consider the 
given period of time as being one cycle of energy. C is the distance traveled by the energy in free 
space at the velocity of light (V c). G is the distance traveled by the energy down the waveguide. 
This represents the group velocity (V g). Because of the diagonal movement of the wavefront, the 
group velocity is much less than the velocity of light. 


(4) P is the distance the wavefront has traveled along the waveguide wall and 
represents the phase velocity (V p). Notice how much greater it is than the speed of light. The 
phase velocity is an apparent velocity and it appears to be greater than the speed of light because it 
has traveled a greater distance in the same period of time. In distance P, the energy in the 
waveguide has changed phase. That is why it is called phase velocity. 


(5) It should also be noted that if the frequency is increased, the reflection angle 
will increase thus causing the group velocity to increase and the phase velocity to decrease. 


h. Modes of operation. 
(1) The shape, or pattern, of the electric and magnetic fields in a waveguide is 


determined by the frequency of the input signal and the size of the waveguide. (The shape, or 
pattern, will be called field configuration.) 
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Figure 30. TE and TM modes. 
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(2) The different field configurations are known as modes. The mode is 
identified by the field that is perpendicular, or transverse, to the direction of propagation. The two 
main classes of modes are the transverse electric (TE) and the transverse magnetic (TM). 


(3) In a TE mode, all components of the electric field lie in a plane that is 
transverse, or perpendicular, to the direction of propagation, as shown in figure 30, A. The 
direction of propagation is along the Z-axis. The distribution of the electric field is along the X- 
axis or along the width of the waveguide, and it is parallel to the Y-axis. The magnetic field is 
parallel to the X and Z-axes. The mode there is a TE, or transverse electric, mode. 


(4) In a TM mode as shown in figure 30, B, the magnetic field is parallel to the 
X and Y axes but is also perpendicular to the Z axis or direction of propagation. The electric field 
is parallel to the X and Z-axes. 


(5) To identify the different TE and TM modes which can occur, a system of 
subscripts is used. Two subscript numbers are used, such as TE m, n, TM mn, and so on. The first 
subscript, m, indicates the number of half-sine patterns of the transverse field that exists along the 
narrow side, or side a, of the waveguide. The second subscript, n, indicates the number of the half- 
sine patterns of the transverse field that exists along the wide side, or side b, of the waveguide. 
When there is no change in field intensity, the subscript 0 is used. Consider the TE mode shown in 
figure 30. There is no variation of the electric field along the Y-axis or the narrow side of the 
waveguide. The first subscript number is 0. A half-sine pattern of E lines does exist along the X- 
axes or wide side of the waveguide, so the second subscript isl. The field configuration or 
dominant mode is called a TE 0,1 mode. 


(6) Now consider the TM mode also shown in figure 30, B. There is a half-sine 
pattern of H lines along the Y-axis and a half-sine pattern of H lines along the X-axis. The 
dominant mode now is TM 1,1. 


(7) The TE 0,1 mode is most commonly used in radar and communications 
waveguides because it is most stable and requires the smallest waveguide dimensions for a given 
frequency. 


i. Characteristic impedance. The characteristic impedance (Z 0) of a waveguide 
depends upon several factors; e.g., the mode of operation, the width of the waveguide, the height of 
the waveguide, and the frequency of the signal. Thus, for a given mode of operation, any change in 
the height or width of the waveguide or in the signal frequency changes the impedance. By 
analogy, it would seem that since the E lines of the waveguides are parallel to the A walls, reducing 
the A dimension would shorten the E lines and thus increase the capacitance. This could be 
expected to decrease the characteristic impedance since capacitive reactance is inversely 
proportional to capacitance. 
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j. Standing waves in the waveguide. If the impedance of the load is not properly 
matched to the Z o of the waveguide, reflections occur in the same manner as in other transmission 
lines. These reflections result in standing waves which are detected by means of a probe in a 
slotted guide. Voltage maximums appear a half-wavelength apart as the probe moves down the 
center of the guide. The standing wave ratio is the ratio of the maximum voltage reading to the 
minimum voltage reading. A standing wave is just as objectionable in waveguides as in other lines 
and for the same reasons. 


k. Power handling capabilities. 


(1) The maximum power transmitted in a waveguide depends on the maximum 
electric field strength that can exist without breakdown. As the charge is built up between two 
conductors separated by air, a point is reached where the air (dielectric) breaks down and an arc- 
over occurs. The intensity of the electric field at this point is known as the electric field breakdown 
intensity or strength. If the electric field strength at any point in a waveguide exceeds this electric 
field breakdown strength, dielectric breakdown occurs. At this time, the microwave power is 
dissipated in the walls of the guide and the arc that results. 


_ 
B 
Figure 31. Radiating horns. 
(2) The breakdown electric field strength of air varies with pressure, humidity, 
and temperature. For normal conditions, the value of the breakdown field is about 30,000 volts 


(peak) per centimeter. To increase the power handling capability of radar equipment, some 
components are pressurized. 
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1. Radiating horns. 


(1) It would seem that just by opening the end of the waveguide, the wave 
would travel out in space. It would, if it were not for the impedance mismatch. The ratio of E 
field's density to H field's density in free space is such that the equivalent impedance is 
approximately 377 ohms. This is lower than the characteristic impedance of most rectangular 
waveguides. Consequently, there would be reflections in the line resulting in high line losses and 
poor power transfer. The impedances may be matched by employing an electromagnetic horn such 
as the sectorial horn in figure 31A. This horn not only matches the impedances by expanding the b 
dimension of the guide, but it also gives the radiation a more directive property. Ideally, the pitch 
of the horn should be very gradual, but a pitch of 40 degrees gives good results. 


(2) The electromagnetic horn in figure 31B is expanded in both dimensions. It 
is used more often with a parabolic reflector because it distributes the energy more evenly over the 
surface of the reflector. 


m. Coupling methods. 


(1) Waveguide coupling. In a two-wire or coaxial line transmission system the 
generator is coupled to the line by the connection of its output terminals directly to the line 
conductors. This is not possible with waveguides because there are no comparable conductors to 
connect to the general terminals. Instead, the generator energy must be transformed into an 
electromagnetic wave by means of an element that acts as an antenna. This is the method of 
coupling the generator energy into the guide. Similarly, at the output end of the guide, the 
electromagnetic energy must be extracted from the guide. This is known as coupling energy out of 
the guide. 


(2) Probe coupling. 
(a) A coupling probe is a small metallic conductor that is inserted in the 


waveguide parallel to the lines of the electric field (fig 32). The impedance is matched by varying 
the depth of the probe inserted into the guide. This is often an operational adjustment. 


F 


PROBE 


Figure 32. Probe coupling. 
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(b) Maximum coupling is obtained by inserting the probe at a point of 
maximum electric field intensity. If less coupling is desired, the probe is placed in the guide where 
the electric field is less intense. More or less coupling may also be obtained by varying the length 
of the probe. Usually, the probe is made about a quarter-wavelength long so that its action is 
somewhat similar to that of a quarter-wave antenna. 


LOOP FASTENED TO 
OUTSIDE CONDUCTOR 


MINIMUM 


A 


Figure 33. Orientation of the coupling loop. 
(3) Loop coupling. 


(a) Another method of coupling energy into or out of a waveguide is by 
means of a coupling loop. A loop of wire, a half-wave in length, has similar properties to a parallel 
resonant circuit and will radiate energy. In figure 33 the loop is placed in the waveguide in such a 
position that the magnetic field (H) lines are perpendicular to the loop's plane. The voltage induced 
in the loop is directly proportional to the number of magnetic flux lines that cut it. 


(b) To extract maximum energy from the guide, or to insert energy with 
maximum efficiency, the loop is placed at a point of maximum magnetic field intensity. If less 
coupling is desired, the loop is rotated so that fewer magnetic lines link it. When the loop is rotated 
90 degrees from the maximum coupling position, no magnetic lines link the loop. This position 
results in minimum coupling. Moving the loop to a point of less magnetic field intensity or 
controlling the depth of penetration are other methods of varying the coupling. 


(4) Windows, iris, or slot coupling. 


(a) Apertures, or windows, are sometimes used to couple energy from 
one waveguide to another. This is very practical if the two sections are adjacent and separated only 
by the walls of the guide. If a hole is drilled in a waveguide, energy will usually be radiated 
through the hole. However, the amount of energy radiated varies considerably with the location of 
the hole (fig 34). 
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Figure 34. Apertures located in various parts of a waveguide. 
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Figure 35. Reactive devices. 


MM0706, 6-P31 


(b) To correctly predict the amount of radiation from an aperture, it is 
necessary to know the pattern of the E and H fields in the guide and the current distribution in the 
walls. 


(c) A probe, for measuring the standing wave ratio, is often introduced 
through a longitudinal slot in the center of the B wall. This is because a negligible amount of 
energy is radiated from this location. However, longitudinal slots in the A wall, or transverse slots 
in the B wall, interrupt many current paths and radiate large amounts of energy. 


n. Impedance-matching techniques. 


(1) General. When energy is coupled into or out of a waveguide, there should 
be a proper impedance match between the generator, the coupling elements, the waveguide, and the 
load. In this respect, the waveguide acts exactly like a two-wire line and follows the same 
principles discussed in paragraph 3j. In other words, unless the waveguide is terminated in its 
characteristic impedance, standing waves will be created. Generally, appropriately matched 
elements, such as impedance-matching transformers and reactive elements, effect maximum 
transfer of energy. 


(2) Reactive screws. 


(a) A shunt reactance can be injected in a waveguide by inserting a 
metallic element that may be cylindrical in shape or in the form of a strip. When this element 
extends across the full height of the guide (fig 35A), it is called an inductive post. When the 
element is in the form of a screw (fig 35B), whose insertion can be varied, it is called a tuning 
screw. 


(b) The reactance obtained by a tuning screw varies with the depth of 
insertion d. As the screw extends into the guide, currents set up in the screw cause reflections in 
the guide. When d is small the screw acts as a shunting capacitance. Increasing d increases the 
shunting capacitance until d is equal to a quarter-wavelength. At this point resonance occurs and 
the reactance is zero. For greater values of d the screw becomes inductive. Therefore, it can be 
thought of as a quarter-wave antenna that reflects capacitance if cut too short or inductance if cut 
too long. 


(3) Reactive irises. 


(a) Another method of obtaining a shunt reactance is to place metal 
strips or partitions in the guide at right angles to the direction of energy propagation. If a partition 
is placed in the guide, with a slit parallel to the B walls (fig 35C), reflections occur which give an 
effect equivalent to placing a parallel capacitance across the line. This reduces the A dimension of 
the guide and thus reduces its power handling capacity. As the power is increased, an arc usually 
appears across the narrow dimension of the slot. For this reason it is more common to use the 
inductive iris (fig 35D), which is similar to the capacitive iris except that the slot is parallel to the A 
walls of the guide. Since no E field exists between the A walls of the guide, the restriction in the 
guide will most probably not cause arcing. 
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Figure 36. Waveguide bends and twists. 


(b) When metallic elements are placed along all walls (fig 35E), there is 
both a shunt inductance and a shunt capacitance across the guide. This type of aperture, called a 
resonant window or diaphragm, is the equivalent of a parallel-tuned circuit. At the resonant 
frequency, the inductive reactance is equal to the capacitive reactance and the window represents a 
pure resistance. 


0. Bends and twists. 


(1) To prevent reflections in the waveguide, abrupt changes in the size or shape 
of the guide must be avoided. In some applications of microwave equipment, it is necessary to 
change the orientation of the waveguide as shown in figure 36A. The orientation of a waveguide is 
altered to change the polarization of the fields for matching purposes, or to accommodate a special 
type of load. To minimize reflections, the basic principles in a twisting waveguide is to make the 
change as gradual as possible. 


(2) Several waveguide bends or elbows are used for making right-angle turns. 
One of these is the sharp right-angle bend, also called a corner, shown in figure 36B. Another is 
the more gradual bend (fig 36C). In the sharp bend the top wall of the guide is beveled to minimize 
reflection. In the more gradual bend reflections are minimized by making the radius of the bend at 
least two wavelengths long. This gradual change produces a very small mismatch and therefore 
reduces reflection losses. 


p. Flexible waveguides. 
(1) In some applications a flexible, rectangular waveguide is required. It may be 


used for slight bends between two fixed guides or it may be used for twist and bend applications. 
Some common types of flexible guides are shown in figure 37. 
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Figure 37. Flexible waveguide. 


(2) The type shown in figure 37A is constructed of crimped, spirally wound, 
strips of silver-coated brass. When the guide is flexed, the stripes slide over one another and 
maintain contact. Figure 37B shows a similar section of rubber-covered guide with flanged 
connectors soldered to the ends. The rubber covering seals the guide so that it may be pressurized 
as well as serving as a mechanical protection. Figure 37C is another spirally constructed guide, 
differing from that in figure 37A in that each strip is crimped tightly to the next so that slippage is 
impossible. This guide is flexed by bending the thin walls of the corrugated metal. 
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Figure 38. A contact joint. 
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Figure 39. A choke-flange joint. 
q. Joints in waveguides. 


(1) Waveguides are constructed in sections, fitted with flanges soldered to the 
ends of the guide, and then bolted together. These flanges are basically of two types: the contact 
flange and the choke flange. The simplest way of connecting two sections is the flange-to-flange 
or contact method. In order to assure good electrical contact, the joined surfaces must not be 
corroded. The contact flange is preferred for precision equipment that is not subjected to rough 
treatment or frequent disassembly. Figure 38 shows that there is no break in the guide wall at the 
joint. The joint's efficiency is affected by the connection's tightness and the accuracy of end 
surface machining. 
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(2) The choke flange (fig 39), which does not require precise alinement, is 
favored for most assemblies. It provides a good electrical microwave connection between 
waveguide sections and does not require contacting metal surfaces. A longitudinal cross section is 
shown in figure 39. The distance from the high voltage point, in the center of the B wall, to the slot 
is a quarter-wavelength. Since the slot's depth is also a quarter-wavelength, energy leaving the 
guide through the aperture at A is reflected from the short circuit, a half-wavelength distant. This 
reflection results in a low impedance across the gap at A, which is lower than that normally 
obtained by a metal-to-metal contact. Figure 39B shows an end view of the flange. 


(3) Since the antenna assembly in radar scanning is often rotated continuously, 
the transmission line may require a rotary joint. It is also necessary that the polarization of the 
radiated wave be the same for all positions of the antenna. To permit one section of a cylindrical 
waveguide to rotate with respect to the other, a choke joint of the wabble type can be used (fig 40). 
As was discussed previously, no actual mechanical contact is needed in this type of joint; instead, 
the electrical connection is made because of the low impedance existing between the two sections 
of waveguide. 
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Figure 40. Rotary joint using coaxial line section with choke joint. 
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MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 
EXERCISES FOR LESSON 6 


The formula for the characteristic impedance (Z 0) of a transmission line is 


A. VLC 
B. VLIC 
C. 1/VLC 
D. = I/VLIC 


Which transmission device is MOST effective at frequencies above 1,000 MHz? 
A. Waveguide 

B. Coaxial line 

Cc: Slotted line 

D. Artificial line 


What ratio is MOST essential for maximum power transfer? 


A. Z o of generator is equal to two times Z o of transmission line 
B. Z o of transmission line is equal to Z o of generator 

Cc. Z o of load is greater than Z o of transmission line 

D. Z o of generator is equal to one-half the Z o of the load 


What is an advantage of a coaxial transmission line? 


A. Low cost of construction 

B. Low frequency application 

C. Minimum radiation losses 

D. Minimum insulation losses at high frequencies 
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5. What is a disadvantage of waveguides? 
A. Difficult to match 
B. High skin-effect loss 
C. Difficult to install 


D. High dielectric loss 


6. Which of the following types of line is not a transmission line? 
A. Two-wire line 
B. Coaxial line 


C. Load line 


D. Twisted pair line 
ds What indicates perfect matching between the signal line and the input and output 
impedance? 
A. Maximum line reflections 
B. Minimum load absorption 
C. No reflected waves 
D. No refracted waves 
8. What MAINLY determines the velocity factor of a transmission line? 
A. Polarization of the line 
B. Characteristics of the dielectric material 
C. Polarization of the antenna 
D. Characteristics of the resistive material 
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What is the ratio of maximum voltage to minimum voltage on a transmission line called? 


A. 


B. 


C. 


D. 


Energy ratio 
Flat-line ratio 
Pulse ratio 


Standing-wave ratio 


The two wavefronts in a waveguide 


A. 


B. 


C. 


D. 


are always perpendicular to each other. 
are not affected by input frequency. 
are maximum at the center of the waveguide. 


occur when the standing wave ratio is 1:1. 


When a transmission line is terminated in a short circuit, what standing wave of voltage and 
current exists at the short? 


A. 


B. 


C. 


D. 


Maximum voltage and minimum current 
Maximum current and maximum voltage 


Minimum voltage and maximum current 


Minimum current and minimum voltage 


What is the standing wave voltage amplitude three-quarters of a wavelength from a shorted 
line termination? 


A. 


Three times that of the line incident wave 
Equal to that of the incident wave 
One-half that of the incident wave 


Twice that of the incident wave 


MM0706, 6-P39 


13. | What impedance is presented three-quarters of a wavelength from an open line termination? 


A. Minimum 
B. Maximum 
C. Inductive 


D. Capacitive 


14. Inside the waveguide, the 


A. E lines have maximum amplitude at the sidewall. 
B. E lines and H lines are parallel to the sidewall. 
C. magnetic lines exist in closed loops. 
D. electromagnetic energy is spherical in shape and travels down the center of the 
guide. 
15. | What type stub is used to cancel a capacitive transmission line reactance? 


A. Capacitive 


B. Inductive 
Cc Series 
D. Resistive 
16. | What are matching line sections? 
A. Connectors between lines of equal characteristic impedance 
B. Antennas between lines of equal length 
C. Antennas between lines of unequal length 
D. Connectors between lines of different characteristic impedances 
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17. 


18. 


19. 


20. 


A coupling probe is 

A. used to control the dominant mode in a waveguide. 
B. a metallic insulator used to support a coaxial line. 
C. a half-wave radiator. 

D. used to extract energy from a waveguide. 


At what frequency do waveguide losses become too great for practical use? 


A. Resonant 
B. Saturation 
C. Cutoff 


D. Synchronized 

Which is a boundary condition of a waveguide? 

A. E field must be parallel to the conductor 

B. H fields are in closed loops and parallel to the E field 

C. E field must be perpendicular to the conductor 

D. H fields are in open loops and parallel to the electric field 


What happens if the signal frequency in a waveguide is increased? 


A. The incident angle becomes constant 
B. The group velocity increases 
C; The reflected angle decreases 
D. The group velocity becomes constant 
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21. What BEST describes a transverse electric mode? 


A. The electric field components are parallel to the direction of propagation 
B. The magnetic lines are perpendicular to the direction of propagation 
C. The magnetic lines are parallel to the direction of propagation 
D. The electric field components are perpendicular to the direction of propagation 
22. | Which formula is used to calculate wavelength? 
A. (Lambda) A = velocity/frequency 
B. (Lambda) A = frequency/velocity 
C; (Lambda) A = acceleration/frequency 
D. (Lambda) A = frequency/acceleration 
23. | How can a waveguide's power handling capability be increased? 
A. By pressurizing certain components 
B. By depressurizing certain components 
C. By reducing the size of the A walls 
D. By reducing the size of the B walls 
24. How is proper impedance matching accomplished in probe coupling? 
A. By varying the diameter of the probe 
B. By varying the depth of the probe inserted in the guide 
C. By varying the point of probe insertion in the guide 
D. By varying the length of the probe 
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25. | What is the function of a tuning screw? 


A. 


B. 


Modulation 
Impedance coupling 
Attenuation 


Impedance matching 
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LESSON 7. ANTENNAS 


MM Sub course No 0706 ...........sssccsccssssssssccceees Electronics, Part II 


Lesson Objective ..........ccscccssscsssscsssssscesscssscesess To provide you with a general knowledge of 
the description, principles of radiation, 
function, and use of basic antennas. 


Lesson Credit HOurs.............ccccsccsssssssssssssees Three 


TEXT 


if INTRODUCTION. 


a. History. Our background of electromagnetic waves dates from about 1873 when 
the Scottish physicist, J. C. Maxwell, published his papers on "Electricity and Magnetism." 
Maxwell explained all the known magnetic and electric phenomena on the basis of a substance 
called ether, which he assumed to fill all space. Electric and magnetic fields were stressed in this 
medium, and light waves as well as other electromagnetic waves were motions of the ether. The 
ether hypothesis has long since been abandoned, but Maxwell was correct in his belief that these 
waves were electromagnetic in nature. The chief use of these electromagnetic waves has been in 
the field of communications. Beginning with Marconi and his wireless telegraph in 1895, 
electromagnetic waves have become increasingly important as a medium of communication in the 
fields of radiotelephony, news and entertainment broadcasting, and in radar. The greatest 
contribution of Marconi to the new science was his invention of the antenna, or aerial as he called 
it. 


b. Function of the antenna. An antenna is an electronic device that is used for 
radiating electromagnetic energy into space or for collecting electromagnetic energy from space. 
In the radar transmitter the magnetron generates the high frequency signal, but an antenna is needed 
to change this signal into electromagnetic fields which are suitable for propagation into space. The 
radar receiver will amplify any signal that appears at its input terminals, but an antenna is required 
to intercept the electromagnetic fields in space and convert them into a voltage that the receiver can 
interpret. 
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2. CHARACTERISTICS OF ANTENNAS. 


a. Antenna reciprocity. Fortunately, separate antennas are seldom required for 
transmitting and receiving radio energy. Normally, any antenna transfers energy from space to its 
input terminals as efficiently as it transfers energy from the output terminals into space, assuming, 
of course, that the frequencies are the same. The ability of an antenna to both transmit and receive 
is known as antenna reciprocity; it is possible chiefly because antenna characteristics are essentially 
the same whether an antenna is sending or receiving 
electromagnetic energy. 


b. Directional properties. 


(1) Usually, the most important characteristic of a radar antenna is its directional 
property, or its directivity, which means that an antenna radiates more energy in one direction than 
in another. For that matter all antennas are directional, but some are more so than others. Radar 
antennas are usually highly directive in order that the maximum electromagnetic energy generated 
by the transmitter will strike an object in a given direction. In other systems it may be desirable for 
the energy to be radiated equally well in all directions. 
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Figure 1. Wave motion in pond. 


(2) An example of a radar antenna system that radiates energy in a given 
direction is the airborne navigation and bombing set. In this set, only a limited amount of power is 
available at the transmitter. In order to achieve maximum benefit from this minimum power, all of 
the power is sent in the same direction. Since this antenna is also used for reception, it likewise 
receives electromagnetic energy from only one direction. Because of design features it is possible 
to detect the direction of an object toward which the antenna is sending and receiving energy. The 
physical position of the antenna indicates the direction of the object. 
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(3) An example of a nondirectional radar antenna is the antenna installed in the 
radar beacon. This antenna must receive energy equally well from all directions, so that a radar- 
equipped airplane can ascertain its position regardless of its direction from the beacon antenna. 


Cc. Antenna efficiency. 


(1) An efficient antenna is one that wastes very little energy. The higher the 
antenna efficiency, the lower the energy loss. The greatest cause of decreased antenna efficiency is 
the loss of energy in the form of heat during conversion of RF energy into electromagnetic energy. 


(2) Actually, antenna efficiency may be as great as 90 percent in a single 
antenna element. An entire antenna system, properly designed, can concentrate all of its radiated 
energy in a given direction with very little being lost in other directions. A directional-receiving 
antenna is more sensitive to signals in a given direction than a similar nondirectional antenna is to 
signals in any direction. This greater sensitivity (which is another way of stating that there is less 
energy loss by the antenna) represents greater receiving ability and, accordingly, greater efficiency. 


3. WAVE MOTION. 


a. The movement of electromagnetic waves can be compared to the movement of 
waves on a pond. Suppose you are standing at the edge of a small pond of water and its surface is 
smooth and unbroken except for a few dead leaves floating near your feet. If you toss a stone into 
the center of the pond, ripples spread out in all directions, and, in a few moments, the disturbance 
reaches the leaves and they begin to bob up and down. As shown in figure 1, the energy imparted 
by the stone has made itself felt across the surface of the pond. 


b. When the stone is tossed into the pond it sets up a disturbance at the place where it 
strikes the water. With the disturbance as the center, waves are produced which move outward in 
expanding circles. As each circle moves out toward the edge of the pond, a new one forms at the 
center. Eventually, the waves cover the surface of the pond and the leaves are bobbing up and 
down as each wave passes. Notice that the leaves are not carried along with the waves to the shore, 
but rather move up and down in place. This is because the water on which the leaves float is not 
moved sideways by the waves. The only effect of the wave is to raise or lower each particle in its 
path. The part of the wave that raises a particle is called the crest; the part that lowers a particle is 
called the trough. 


& The distance covered by the waves in a given time is a measure of the velocity or 
speed with which the waves travel across the pond. It can be expressed in miles per hour, 
centimeters per second, or any unit of distance per any unit of time. For our purpose it is expressed 
by this simple relationship: 


Pe eee distance traveled be ag. 
y time required to travel this distance x 
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Figure 2. Electromagnetic wave motion in space. 
4. ELECTROMAGNETIC WAVE MOTION. 


a. Suppose that a source of RF energy, such as a radio transmitter, is connected to an 
antenna. The antenna sets up fields in the surrounding space and the resultant waves are 
propagated in all directions in the form of expanding concentric circles (fig 2). When these waves 
encounter some device, such as a receiving antenna, on which they can act, some of their energy is 
given up to that device. This energy is transferred through space to the receiver in much the same 
manner as the stone's energy was transferred through the water. 


b. The velocity of these electromagnetic waves moving through space is found in the 
same manner as the velocity of the water waves. It is the distance divided by the time required to 
cover that distance. Instead of taking any distance, consider the distance from the crest of one 
wave to the crest of the next. This is the length of one wave, or one wavelength, that was 
previously calculated in lesson 6. 
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3. ELECTROMAGNETIC ENERGY IN SPACE. 


a. A half-wave dipole antenna, the fundamental element in an antenna system, is used 
as the starting point for discussing the radiation of electromagnetic energy into space. Electrically, 
the dipole antenna acts like an open-circuited, quarter-wavelength, RF line which is excited by a 
generator. It appears to the generator as a resonant circuit. A dipole, consisting of a piece of wire 
cut in half and attached to the terminals of a high frequency AC generator, is illustrated in A of 
figure 3. The frequency of the generator is such that each half of the wire is one-quarter the 
wavelength of the generator output. Due to the resonant characteristics of this arrangement, high 
circulating currents flow in the antenna when it is excited by the generator. This current flow sets 
up two strong fields about the antenna: one the magnetic field (H), and the other the electric field 
(E). However, due to the U-shape of the antenna and the fact that the currents in each wire move in 
opposite directions, the H- and E-fields are in opposition and cancel. Therefore, the overall field 
strength of the antenna assembly is very low. 


b. However, suppose that the two wires are moved as far apart as possible (B, fig 3). 
In this case, the current flow in each wire is in the same direction. The resulting E- and H-fields 
will now aid rather than oppose each other and create strong fields about the antenna. The 
distribution of E- and H-fields is illustrated in C and D, figure 3. 


c. B, figure 3, shows the distribution of current and voltage around an antenna, with 
the current and voltage represented by the dotted and solid lines respectively. Note that the current 
is maximum at the center and zero at the ends, while the voltage is maximum at the ends and zero 
at the center. The magnetic field is greatest where the current is greatest (C, fig 3), and the electric 
field is strongest at the outer ends (D, fig 3). 


d. The fields associated with the energy stored in the antenna, or resonant circuit, are 
called the induction fields and decrease with the square of the distance from the antenna. They are, 
however, only local in effect and play no part in the transmission of electromagnetic energy. These 
induction fields represent only the stored energy in the antenna and are responsible only for the 
resonant effects which the antenna reflects to the generator. 
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E THE EXTERNAL FIELD IS SMALL. 
B. 
MOVING ONE CONDUCTOR 
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Cc. 
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DISTRIBUTION OF E-FIELD AROUND HALF WAVE ANTENNA 
(ONE QUARTER CYCLE BEFORE C) 


Figure 3. Development of half-wave antenna from 1/4 open-ended line. 
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E-LINMES —o—— ANTENNA 


Figure 4. E-field detaching itself from an antenna. 


e. The fields set up in the transfer of energy through space are known as the radiation 
fields. Although these fields decrease with the distance from the antenna, this decrease is much less 
rapid than the decrease of the induction field. The radiation field, decreasing at a linear rate rather 
than the square of the distance, will reach great distances from the antenna. 


6. RADIATION OF FIELDS. 


a. A current alternating at a radiofrequency and flowing in a wire of finite length can 
produce electromagnetic fields. These fields may be disengaged from the wire and set free in 
space. The method of setting these waves free is discussed in this section. Figure 4, a simple 
illustration of an E-field detaching itself from the antenna, is one explanation of field radiation. At 
A, the E-field is maximum and the outer E-lines are stretched away from the inner ones. This is 
due to the repelling force between the lines of force. As the voltage decreases toward zero, the 
radiation field decreases and the E-lines retract back into the conductor. If the voltage decreases 
slowly, the entire field will collapse back into the conductor. On the other hand, if the decrease of 
voltage is rapid, the outer parts of the field cannot move in very fast; therefore, they exist around 
the conductor as a relatively large E-field when the voltage is almost down to zero (B, fig 4). At C, 
figure 4, the voltage has decreased to zero and the remaining E-field has nothing left to support it. 
At this time (D, fig 4), the voltage again begins increasing and a new E-field starts developing 
around the antenna, which will push the original E-field away. The action of one field pushing 
away the preceding field is analogous to the snapping of a whip in that a part of the E-field is 
snapped off the antenna with each cycle. The snapped-off field is projected into space and moves 
away from the antenna at a constant speed of 186,000 miles per second. 


b. The ease by which radiation occurs is dependent upon the frequency applied. At 
lower frequencies, such as a 60 HZ power frequency, voltage on the antenna changes so slowly that 
the component of energy radiated is extremely small and of no practical value. At higher 
frequencies, such as 50,000 HZ and up, the radiated energy is great enough to meet 
communications requirements. 
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7. FIELDS IN SPACE. 


a. Figure 5 indicates the manner in which radiation fields are propagated from the 
antenna. The E- and H-fields are shown as separate sets of flux lines about the antenna. The 
electric flux (E) lines are the closed loops on each side of the antenna. The magnetic flux (H) lines 
are closed, circular loops that have their axes around the antenna. In other words, the antenna is the 
center of each loop. The sine waves, labeled the curves of radial variation of flux density, indicate 
the relative field strength at various distances and angles from the antenna. Since the field 
configuration is a traveling wave phenomenon, rather than a standing wave, the magnetic and 
electric fields are in phase; therefore, the sine waves apply to the flux density of either field. 


b. In the directions perpendicular to the axis of the antenna, both the H- and E-fields 
are strong. In the directions parallel to the axis of the antenna, or off the ends, no H-field, and only 
a very small E-field, is formed. Hence, the flux density is very small off the ends of the antenna. In 
other words, due to the directional properties of the half-wave antenna, most of the radiated energy 
travels in directions perpendicular to the antenna but very little in directions along its axis. 
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Figure 5. Radiation field expanding radially from a dipole antenna. 
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Cc. As explained in lesson 6, no moving E-field can exist without an H-field; 
conversely, no H-field can be propagated without an associated E-field. Similarly, with the 
propagation of electromagnetic energy into space, no moving electrostatic forces can exist without 
magnetic stresses existing in space, and no magnetic force in motion can exist without an 
electrostatic stress. Each one creates and is necessary for the existence of the other. 


8. INTRODUCING ENERGY TO THE ANTENNA. 


a. General. Although energy may be fed to an antenna in a variety of ways, most 
antennas are voltage fed or current fed as shown in figure 6. When the excitation energy is 
introduced to the antenna at the point of high circulating currents, the antenna is current fed. 
Likewise, when the energy is introduced at the point of maximum voltage, the antenna is voltage 
fed. RF transmission lines usually carry the energy from the generator to the antenna since it is 
seldom possible to connect a generator directly to the antenna. The RF lines which carry the 
excitation energy might be resonant lines, nonresonant lines, or a combination of both. 


b. Feeding antennas with resonant lines. 


(1) In a voltage-fed, half-wave antenna, which is excited by a resonant RF line, 
the end of the antenna is connected as shown in figure 7. Voltage changes at the connection point 
excite the antenna into oscillation. The impedance at the end of the antenna is high, since the 
voltage is high and the current is low. The RF line (fig 7) is a half-wavelength, two-wire line. The 
characteristic impedance of such a line is usually low in order that standing waves may be set up by 
the high impedance at which the line is terminated. The line must always be a multiple of quarter- 
wavelengths, so that it acts like a resonant circuit and provides a high impedance input. Small 
irregularities in line lengths can be compensated for by tuning the input parallel resonant circuit. 
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Figure 6. Current and voltage feed. 
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A. 
El — RF GENERATOR 


VOLTAGE FEED WITH RESONANT LINE 


B. 


El RF GENERATOR 


CURRENT FEED WITH RESONANT LINE 


Figure 7. Feeding antennas with resonant lines. 


(2) Referring to figure 7B, the current-fed antenna with a resonant line is 
connected to the center of the antenna. This antenna has a very low impedance at the center and, 
like the voltage-fed antenna, has standing waves. Making the line exactly a half-wavelength causes 
the impedance at the sending end to be low; therefore, a series resonant circuit is used to develop 
the high current necessary to excite the line. Adjusting the capacitors at the input compensates for 
irregularities in the line length. 
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(3) Although these examples of feeding antennas are simple ones, the principles 
described apply to all antennas and to lines of any length providing that both are of resonant length. 
The line connected to the antenna can be a two-wire line, a coaxial line, or a waveguide. In radar 
equipment, the coaxial line or waveguide is preferred. 


(4) One advantage of the resonant line is that matching devices are unnecessary. 
In addition, incorrect antenna lengths can be compensated for by transmitter tuning. Its 
disadvantages are increased I? R losses due to high standing waves of current, increased possibility 
of arc-over between lines, critical lengths, and production of radiation fields. Radiation fields are 
undesirable because they distort the normal radiation pattern of the antenna. 


Cc. Feeding antennas with nonresonant lines. 


(1) Figure 8 illustrates the different methods of exciting a half-wave antenna 
using nonresonant lines. The input to the center of the antenna in A, figure 8, is 73 ohms and the 
characteristic impedance of a coaxial cable is 73 ohms. Therefore, the most common method of 
feeding this antenna would be by coaxial cable connected directly to the center of the antenna. 
This method will produce no standing waves when a generator is matched to the line. Coupling to 
the generator, in A, figure 8, is usually made through a simple untuned transformer secondary. 
Another means of efficient energy transfer can be accomplished by a twisted-pair line (B, fig 8) 
that, like the coaxial cable, provides a good impedance match. 


(2) When a line does not match the impedance of the antenna, special 
impedance matching devices must be used. The delta match (C, fig 8) is used to match a line, 
having more than 73 ohms of impedance, to the center of an antenna. The line in C, figure 8, is a 
600-ohm line. The connections from the line are spread apart at the antenna until the impedance 
between the connections is 600 ohms. In the delta match, as the connections are moved away from 
center, the voltage increases and the current decreases. The ratio between the voltage and current 
increases from a very low value at the center to several thousand ohms at the end. The two-wire 
connections are set at the point where this E/I ratio is equal to 600 ohms. This is the same as 
matching various impedances along a shorted quarter-wave section of line. 


(3) The quarter-wave stub (D, fig 8) is another method of matching impedance 
in which the high impedance at the end of the antenna matches the open end of the stub. The 
impedance of the stub varies from zero at the short circuit to several thousand ohms at the open 
end. This makes it possible to connect a 70-ohm coaxial line a short distance from the shorted end 
at the 70-ohm point. It is possible to match almost any impedance along the length of the stub. 


(4) The quarter-wave transformer (E, fig 8) is still another impedance matching 
device that is used for matching the low impedance at the antenna to a line of higher impedance. 
Here, the characteristic impedance of the quarter-wave section should be 210 ohms for a proper 
match. Using this matching device, standing waves will exist on the antenna and the quarter-wave 
section, but not on the 600-ohm line. 
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(5) Nonresonant lines are characterized by small radiation losses, low voltage at 
all points for any given power, and noncritical length. In addition, they are preferred for the 
transfer of power over distances greater than one or two wavelengths. 
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Figure 8. Feeding antennas with nonresonant lines. 
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Figure 9. Exciting antenna by radiation field. 
d. Exciting antennas by radiation fields. 


(1) An antenna may be excited either by a direct connection or by radiation 
(induction fields) from nearby antennas. In figure 9, a half-wave antenna is driven by a directly 
connected generator. The flux from the driven antenna will expand and cut the other element, 
inducing a current. The induced current will vary at a frequency nearly equal to the excitation 
frequency and, in turn, will produce additional radiation fields. If the antenna elements are 
properly designed, the radiation fields resulting from the induced current will be almost as strong as 
the original radiation fields. 


(2) An antenna may be excited by radiation fields from a distant transmitting 
antenna as well as by a nearby antenna. This is basically true of all receiving antennas where the 
current conducted to the receiver is the result of current induced by radiation fields generated by 
the transmitting antenna. 


9. NONDIRECTIONAL ANTENNAS: 
a. The half-wave antenna. 
(1) Current and voltage distribution. 
(a) As stated in paragraph 5, a half-wavelength conductor is the simplest 
of the radiating elements. Considerable radiation occurs in this element because of its resonant 
characteristics and its ability to store large amounts of energy in its induction fields. Resonance 


causes high voltages and high circulating currents, and they, in turn, produce strong fields around 
the antenna. 
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(b) In figure 10, the voltage standing wave is high at the ends of the 
antenna and low at the center. An examination of the current distribution curve shows that the 
current standing wave reaches maximum a quarter-cycle after the voltage. The current is maximum 
at the center and zero at the ends where there is no place for electrons to go. In practical 
applications, the ends of a half-wave antenna must be insulated due to the high voltages, and the 
center must have low resistances to minimize I? R losses due to high current. 
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Figure 10. Current and voltage distribution of a half-wave dipole. 


(2) Effect of length on antenna impedance. An antenna of the correct length acts 
like a resonant circuit and presents pure resistance to the excitation circuit. An antenna having 
some length other than that required for resonance will display both resistance and reactance. An 
antenna slightly longer than a half wave, for example, acts like an inductive circuit. Likewise, an 
antenna slightly shorter than half wave appears capacitive to the input. 


(3) Input impedance of a dipole antenna. 


(a) The input impedance of an antenna is the ratio of the voltage across 
the terminals (where the antenna is connected to the transmission line) to the current at the same 
point. If the antenna is resonant, the input impedance is restrictive. If there were no losses and no 
radiation, the value of this resistance would be zero. If there were energy losses, either through 
radiation or through copper and dielectric losses, the voltage and current at the input terminals 
would remain in-phase. Therefore, the input impedance would still be resistive. This resistance is 
a combination of two resistances: the resistance of the conductors themselves, which is increased 
by the skin effect at high frequencies, and the radiation resistance. 
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(b) Radiation resistance is a fictitious resistance that dissipates the same 
amount of power in the form of heat as it actually dissipated as radiated energy. Because of 
radiation resistance, an antenna allows part of its fields to escape into space. This necessitates 
additional antenna current to replace the part of the field that escaped. Therefore, the source must 
provide the energy lost by radiation. The energy lost is power (P) and its ratio to the square of the 
current (I) is the radiation resistance (R r). Mathematically it is expressed as R r = P/P, and it is 
defined as the ratio of the power radiated to the square of the current in the antenna. It is possible 
to make the conductor resistance small in comparison to the radiated resistance by using large 
diameter, low resistance conductors. It is desirable that radiation resistance be the major portion of 
the input resistance. In practice, radiation ratios as high as 9:1 are obtainable and an antenna can be 
up to 90 percent efficient as a radiator. 


Figure 11. Radiation pattern of a dipole antenna. 
(4) Radiation pattern of the half-wave dipole. 


(a) Different antennas are compared by means of radiation patterns. We 
can explore the radiation field by using a length of wire orientated parallel to the antenna. Voltages 
induced in this wire are proportional to the field strength, which is measured in microvolts per 
meter. If the length of the wire is small, as compared to the wavelength, the voltage induced is 
proportional to the length of the wire. A standard field strength is arbitrarily chosen and all points 
in the field with this standard strength are connected. The result is the radiation pattern (fig 11A) 
for a dipole antenna, when it is located as shown in B. 


(b) The radiation pattern may be shown by its projection in two planes. 


Since, for a dipole antenna, the projection in the plane perpendicular to the antenna is a circle, the 
section shown in C, figure 11, will usually be adequate to describe the pattern. 
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b. Marconi antenna. 


(1) General. At a frequency of 1,000 KHz, which is the center of the broadcast 
band, a half-wave or Marconi-type antenna (fig 12) of this length can be cut in half. The 
distribution of voltage and current is similar to that in one-half of the half-wave antenna. This is 
true because of the capacitive coupling between the antenna and ground. When a capacitor is 
charged, the current flowing into one plate is equal to the current out of the other plate, even though 
the two plates are dissimilar. Since the transmission line is connected to the antenna at a point of 
high current, the current at the grounded point should be equally as large. Any resistance at this 
point of high current would cause a serious loss of power. For this reason, the ground should be a 
very good one. In order to obtain a low impedance to ground, a network of conductors extending 
symmetrically in all directions is sometimes buried in the earth. 

a 
4 


TRANSMISSION LINE 


Figure 12. A Marconi antenna. 


(2) Radiation pattern. 


(a) The radiation pattern (fig 13) of a quarter-wave antenna is identical 
to one-half the radiation pattern of a similarly orientated half-wave antenna. This is true because 
ground reflections produce the same effect in any part of the pattern, as would a similar antenna 
positioned as shown in figure 14. If the earth is considered to be a perfect conductor, the reflection 
will be from a short circuit. That is, current is reflected in-phase and voltage out-of-phase. 
Therefore, the current thought of as flowing in the image antenna will be in the same direction as it 
would if the physical antenna with the image constituted a dipole antenna. 


(b) With an antenna actually located close to the ground, where the 
reflections are strong, imagine an image antenna located a like distance below the surface of the 
earth with its current in phase with that of the actual antenna. The resultant radiation pattern will 
appear as if both antennas are present, and the radiation resistance will be one-half that of a normal 
dipole. 
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(3) Antenna loading. Because of the expense of building a tower high enough 
for a quarter wave at the lower broadcast frequencies, antennas are often loaded with inductance to 
increase their effective length. An antenna of less than a quarter wave will present a capacitive 
load to the transmission line. The proper addition of inductance (A, fig 15) will cancel out the 
reactive component of the load and resonate the antenna. It is also possible to resonate an antenna 
longer than a quarter wave by adding an amount of capacitance (B, fig 15). Parallel inductance and 
capacitance are also used for tuning an antenna (C, fig 15). 
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Figure 14. The image antenna. 
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c 
Figure 15. Loading of broadcast antennas. 

(4) Effect of antenna length. An antenna is often made longer than its resonant 
length in order to improve the radiation pattern. Figure 16 shows the radiation patterns of antennas 
of different electrical lengths. Although the pattern that achieves the flattest distribution of radiated 
energy is about 5/8 of a wavelength, it is seldom economical to build such an antenna for the sake 
of the improved radiation pattern. Rather, there must be a compromise between the cost of the 


antenna, the cost of the transmitting station, and the operating costs if the widest possible coverage 
for the least cost is to be obtained. 


fi Ml a Fn 


ANTENNA LENGTH aly ws ANTENNA LENGTH = b 


samira 


ANTENNA LENGTH 732 ANTENNA LENGTH 73h 


Figure 16. The effect of antenna length on the radiation pattern. 
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10. POLARIZATION OF AN ELECTROMAGNETIC WAVE. 


a. An electromagnetic field in space is said to be polarized, and the direction of the 
electric field (E-lines) is considered the direction of polarization. As the electric field is parallel to 
the axis of the half-wave dipole, the antenna is in the plane of polarization. Therefore, when the 
half-wave dipole is horizontally orientated, the emitted wave is horizontally polarized (fig 17). 
Likewise, a vertically polarized wave is emitted when the antenna is vertically erected. 


b. For maximum absorption of energy from the electromagnetic fields, a half-wave 
dipole should be located in the plane of polarization. This places the conductor at right angles to 
the magnetic lines of force and parallel to the electric lines. 


Cc. Generally, the polarization of a wave does not change over short distances, but may 
shift somewhat over longer distances. Therefore, transmitting and receiving antennas are usually 
orientated alike, especially if only short distances separate them. If the separation is of some 
magnitude, then polarization will change quite rapidly, especially at the higher frequencies. 


d. With radar transmission, a received signal is a wave reflected from some object. 
Since the polarization of the reflected signal varies with the type of object, no set position of the 
receiving antenna is correct for all returning signals. Generally, the receiving antenna is polarized 
in the same direction as the transmitting antenna. 


11. DIRECTIONAL ANTENNAS. 
a. General. 


Cy Some uses for antennas require that the radiation be absolutely 
nondirectional, while others require that the antenna be sharply directional. Even in a commercial 
broadcast it is sometimes not desirable to broadcast a circular pattern. If the station were located 
on a beach, there would be no need to radiate energy over the water. Another reason for wanting to 
limit the radiation to one direction might be the possibility of interference with another 
broadcasting station on or near the same frequency. 


(2) An antenna system that is directional, or limited, may consist of two or more 
simple half-wave elements so spaced that their fields add in some directions and cancel in others. 
Such a set of elements is called an antenna array. There are two types of antenna arrays--driven 
and parasitic. We will first discuss the driven arrays; i.e., endfire, broadside, and collinear. 


b. Driven arrays. 


(1) The endfire array. 
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(a) In figure 18A, two dipole antennas separated by a half-wavelength 
are excited at the same frequency. Figure 18B, shows the H-field being radiated from antenna | at 
a certain instant. Notice that the lines are a half-wavelength apart and that they show the direction 
of the H-field at current maximums. At points a half-wavelength apart, such as P and M, the 
direction of the H-lines is opposite. Figure 18C shows the H-field that results from separate 
excitation of antenna 2. A comparison of point N (fig 18C) with point M (fig 18B) shows that the 
H-lines, a half wave from the antennas, are in opposite directions. Therefore, the antennas must be 
excited in opposite phase. 


(b) Figure 18D shows the separate H-fields which result from 
simultaneous, opposite phase, excitation of the two antennas. The H-lines (B and C, fig 18) are 
superimposed to determine the nature of the resultant field. Solid and dotted lines intersect at 
points E, F, G, and H (fig 18D). At points G and H, the arrows on the two lines have the same 
direction. It can, therefore, be concluded that a strong field exists in the directions OH and OG. At 
points E and F, however, the arrows on the solid lines are in opposite directions to those on the 
dotted lines. Thus, the resultant field in the directions OE and OF is very weak. 
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Figure 17. Horizontal and vertical polarization. 
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Figure 18. Individual H-fields of two dipoles in an endfire array. 
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(c) Two dipoles, spaced a half wavelength apart and fed out-of-phase, is 
one of the basic arrays and is called an endfire array. There are several variations of the endfire 
array. For instance, its directivity may be increased by adding additional dipoles with the same 
spacing and phasing. Figure 19A shows such an array consisting of eight dipoles. The adjacent 
dipoles are fed out-of-phase by the simple method of connecting them to points a half wavelength 
apart on a transmission line. The voltage at Point A, figure 19A, is 180 degrees from that at point 
B because these points are a half-wavelength apart. 


WH 


hr 


Figure 19. (A) An endfire array. (B) Radiation pattern of an endfire array. 


(d) Figure 19B shows an end view of the same antenna elements with the 
radiation pattern. Since the pattern has two lobes, it is called a bi-directional antenna. The spacing 
and phasing of the dipoles may be changed to produce a one lobe or unidirectional pattern. Such 
an array is still described as endfire, as long as the direction of its maximum radiation is from the 
ends of the array. On the other hand, if the direction of maximum radiation were perpendicular to 
the dipoles and to their common plane, it would be known as a broadside array. 


(2) The broadside array. 


(a) The array in figure 19A could be converted to a broadside array by 
feeding the dipoles in-phase. In figure 18D, if the arrows on the dotted lines were reversed, the 
fields would be in-phase. Cancellation would then occur at points G and H (fig 18D) and 
reinforcement at E and F. Maximum radiation would be in directions OE and OF and minimum 
radiation in OG and OH. 


(b) Figure 20A shows how the array is connected to bring the dipoles in- 
phase. Points A and B are in opposite phase because they are on the same conductor of the 
transmission line and separated by a distance of a half-wavelength. Points B and C are also in 
opposite phase because they are at opposite points on the transmission line. Since points A and C 
are both 180 degrees out of phase with point B, they must be in phase with each other. The basic 
broadside array, then, consists of dipoles spaced a half-wavelength apart and fed in-phase. 


MM0706, 7-P22 


kX 


4. 


Figure 20. (A) A broadside array. (B) Radiation pattern of a broadside array. 


Figure 21. (A) A collinear array. (B) A radiation pattern for the collinear array. 
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(c) Figure 20B shows that the broadside array is a bi-directional antenna. 
The lobes are longer and more narrow than those of the endfire array (fig 19B). Therefore, the 
broadside array is considered to be more directional than the endfire array. 


(3) The collinear array. 


(a) A collinear array consists of a series of dipoles placed end to end and 
fed in-phase. They may be phased by using quarter-wave-shorted stubs as shown in figure 21A. 
Since these stubs are resonant, there will be high voltage points where the plus and minus signs are 
indicated. The plus sign does not indicate that the point so marked is always positive, since the 
polarity of all points changes every half-cycle. 


(b) Figure 21B shows the outline of the radiation pattern with reference 
to the line of the array. Figure 21C shows that this pattern is actually circular in the perpendicular 
plane, and that a half pattern of radiation from a collinear array is similar to that of a dipole (fig 
11). The essential difference is that the array pattern is thinner. If the dipole pattern is thought of 
as a doughnut, the collinear array pattern would be a stepped on, flattened doughnut--and the more 
dipole elements in the array, the flatter the doughnut becomes. 


Cc. Parasitic antenna arrays. 


(1) A parasitic array is an antenna system that consists of two or more elements 
in which only one of the elements is driven. The other element (or elements) is excited by 
induction and radiation fields produced by the driven element. It is possible to obtain highly 
directional patterns using parasitic arrays. 
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Figure 22. Two-element parasitic arrays. 
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(2) The action of a parasitic array can be compared to the action of a 
transformer; i.e., the primary induces a current in the secondary that, in turn, produces a magnetic 
field. The magnetic field, however, will induce current back into the primary. The parasitic action 
differs from that of a transformer in that the phase relationship between array elements varies 
according to their spacing, while the transformer primary voltage and secondary currents is always 
90 degrees out-of-phase. The parasitic elements are usually spaced so that the phase difference can 
be varied over a range of more than 80 degrees. 


(3) A two-element array (fig 22A) has the driven element cut at the center for 
connecting a low impedance feedline. The length of the driven element is a half-wavelength and is 
self-resonant. The parasitic element is 15 percent of a wavelength from the driven element and is 5 
percent longer. 


(4) The radiation pattern for two elements spaced 0.154 apart and excited out- 
of-phase is shown in figure 22A. Note that most of the radiated energy is on the side of the driven 
element and that only a small amount is on the side of the parasite. Because it acts somewhat like a 
reflector (it causes most of the power to be radiated toward the side of the driven element), this 
type of parasite is called a reflector. 


(5) A parasitic element becomes a director when it is cut shorter than the 
antenna element. In a director, most of the energy is directed from the antenna element toward the 
parasitic element. Note the radiation pattern and arrangement of the two-element array in figure 
22B. The director is usually 5 percent shorter and is spaced about 0.1/ from the antenna. 
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Figure 23. Yagi array. 
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(6) In radar systems, the parasitic array will usually consist of from 2 to 7 
elements. Notice the 4-element Yagi array in figure 23, where the antenna, or driven element, is 
insulated and the reflectors and directors are welded to a piece of tubing that runs parallel to the 
direction of propagation. This array has a beam width of approximately 50 degrees. 


(7) The directivity of an array is expressed in terms of the ratio of power in the 
best lobe to either the power radiated by a simple half-wave antenna or the power in the opposite 
direction. The direction of the best lobe is usually called the forward direction, while that in the 
opposite direction is called the backward direction. In other words, directivity is the ratio of power 
in the forward field to that in the backward field. For example, the front-to-back ratio of the 
antenna in figure 23 is approximately 5:1. 


(8) Comparisons between the more directive types of arrays are made in terms 
of the beam angle; i.e., the angle between half-power points in the main lobe. The width of the 
beam is the angle included between the lines drawn from each of two half-power points to the 
transmitting antenna (fig 24). A circular arc is drawn using the transmitting antenna as a center and 
any convenient radius. Field strength readings are taken at several points along this arc. For 
example, point A is the point of maximum field strength as indicated by a voltage reading. Points 
B and C have voltage readings which are 0.707 times the reading at A. The angle theta (0) is the 
beam width and may be different in the vertical and horizontal planes. 
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Figure24. The beam width is determined by the half-power points. 
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MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 7 


What BEST describes antenna reciprocity? 


A. 
B. 
C. 
D. 
What characteristic, if increased, serves to improve antenna efficiency? 
A. 
B. 
C. 


D. 


Capability of one antenna to both code and decode 
Ability to radiate and receive from all directions 
Ability to monitor any transmitted frequency 


Capability of one antenna to both transmit and receive 


Beam width 
Line circuit impedance 
Beam directivity 


Tank circuit impedance 


Why does the quarter-wave (Marconi) antenna behave as a dipole? 


A. 


B. 


Because it is center fed 


A quarter-wavelength of conductor is buried in the ground and forms the rest of the 


dipole 


An image antenna is formed by reflections from the ground 


The applied signal is rectified so that only half the signal will appear on the quarter- 


wave antenna 


What BEST describes the radiation field intensity of an antenna? 


A. 


B. 


Increases as the distance increases 
Decreases with the square of the distance from the antenna 
Decreases linearly as the distance increases 


Increases with the square of the distance from the antenna 
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5. A driven element 


A. derives its power from another element. 
B. is always a quarter-wave dipole. 
C. is parasitic. 
D. is connected directly to the transmission line. 
6. At what point is energy introduced to a voltage-fed antenna? 
A. Minimum tank voltage 
B. Maximum voltage 
C. Maximum current 
D. Minimum voltage 
ds What is an advantage of feeding antennas with resonant lines? 
A. Makes coupling devices unnecessary 
B. Makes matching devices unnecessary 
C. Increases production of radiation fields 
D. Increases production of standing waves of current 
8. What is the purpose of a delta match? 
A. To match a coupling between the receiver and transmitter circuits 
B. To match a line and antenna that have equal impedances 
C; To match a coupling between the receiver and modulator circuits 
D. To match a line and antenna that have different impedances 
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10. 
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What is the input impedance of a resonant antenna? 


A. Inductive 

B. Capacitive and inductive 
C. Resistive 

D. Resistive and reactive 


What is an advantage of the Marconi antenna? 

A. A shorter physical length 

B. The radiation resistance is the same as a normal dipole for identical frequencies 

C. The radiation pattern is identical to that of a similarly orientated half-wave antenna 
D. A higher frequency application 

What determines the direction of electromagnetic field polarization? 

A. H-field 

B. E-field 

C. Length of the antenna 

D. Emission pattern of the antenna 


How should a half-wave dipole antenna be oriented for maximum energy absorption? 


A. Perpendicular to the plane of polarization 
B. Parallel to the magnetic lines of force 

C; Perpendicular to the electric lines of force 
D. Parallel to the plane of polarization 
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13. | What is the element configuration of a two-dipole, endfire array antenna? 


A. 


B. 


C. 


D. 


A half wavelength apart and fed in-phase 
A half wavelength apart and fed out-of-phase 
One wavelength apart and fed in-phase 


One wavelength apart and fed out-of-phase 


14. | What BEST describes the radiation pattern of the endfire array antenna? 


A. 


B. 


C. 


D. 


Unidirectional 
Omnidirectional 
Bi-directional 


Unidirectional and perpendicular to the dipoles 


15. Which is the MOST directional antenna? 


A. Marconi 
B. Endfire array 
C. Broadside array 
D. Half-wave dipole 
16. The radiation pattern of the collinear array can be flattened by 
A. adding dipole elements. 
B. feeding dipoles in-phase. 
C; deleting dipole elements. 
D. feeding dipoles out-of-phase. 


MM0706, 7-P30 


17. 


18. 


19. 


20. 


How many elements are driven in a parasitic array antenna? 


A. One 
B. Two 
C. Three 
D. Four 


What modification allows a parasitic array to be employed as a reflector? 


A. Cutting the element shorter than the driven element 
B. Cutting the element longer than the driven element 
C. Adding additional parasitic elements of the same length 
D. Adding additional reflector elements of the same length 


The broadside array is what type antenna? 


A. Parasitic 

B. Nondirectional 
C. Omnidirectional 
D. Driven 


Comparisons between directive array antennas are made on the basis of what factor? 


A. Beam angle 


B. Polarization of received energy 
C; Polarization of radiated energy 
D. Beam direction 
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LESSON 8. HIGH FREQUENCY OSCILLATORS AND PULSE MODULATORS 


MM Subcourse No 0706 ...........sscscsscssscsscsccceees Electronics, Part II 


Lesson Objective ..........ccscccssscssssccsssscsesscssscesess To provide you with a general knowledge of 
the purpose, function, and use of high 
frequency oscillators and pulse modulators. 


Lesson Credit HOurs............ccccccccsssssssssssssees Three 


TEXT 


1. GENERAL. 


a. The generation and amplification of ultra high frequency (UHF) and super high 
frequency (SHF) signals are a major problem encountered in the field of radar. The term 
microwave includes the UHF and SHF bands, and it will also include those of higher frequencies if 
and when they are developed. Conventional oscillators are very inefficient, even at the lowest 
carrier frequencies (100 MHz), and there are several basic reasons for this inefficiency. 


(1) In our study of vacuum tubes we learned that the elements of a tube form 
small capacitors (a capacitor is any two conductors separated by a nonconductor). This capacitance 
is called interelectrode capacitance and at audio or low radiofrequencies does not interfere with 
tube amplification. However, when we use the same tube for ultra high frequencies the capacitance 
reactance, offered by the interelectrode capacitance, goes down (X c= '%2 mf c). If X c becomes 
low enough, the tube will simply act as a short circuit to the UHF and the signal will pass through 
the tube without being amplified. 


(2) Another frequency limiting factor of a conventional oscillator is the lead 
inductance of each element. These inductances, which have a negligible reactance at low 
radiofrequencies, begin to have considerable reactance at higher frequencies. Since the inductance 
of the cathode lead is common to both grid and plate circuits (fig 1), its reactance causes a 
degenerative feedback that reduces the amplitude of oscillations at the higher frequencies. 
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Figure 1. A TPTG oscillator with interelectrode capacitance. 


(3) The physical construction of a tube also limits the frequency that may be 
generated by a conventional oscillator. Transit time is the time required for electrons to travel from 
the cathode to the plate of a tube. In low-frequency operation, this time is disregarded because it is 
negligible when compared with the time for one cycle. Thus, the grid voltage and plate current are 
considered to be in phase and the plate voltage to be 180 degrees out of phase with them. At higher 
frequencies, however, this transit ttme becomes appreciable when compared to one wavelength. It 
has been found experimentally that at frequencies where transit time is greater than one-tenth of a 
cycle, the efficiency of the conventional oscillator drops considerably. Finally, when transit time 
approaches a quarter of a cycle, the oscillator cuts off. 


(4) Dielectric losses between the tube base and the envelope are also 
construction losses, which are objectionable at high frequencies. These losses greatly reduce the 
output and efficiency of conventional oscillators when used at these frequencies. 


(5) As the frequency increases, conventional oscillators also have limitations 
due to the external circuits of the oscillator. Because current flows in a thin layer on the 
conductor's surface, an increase in frequency will cause a considerable resistance increase in a 
vacuum tube circuit. As the frequency increases, the depth of the layer becomes thinner and the [? 
R losses due to the "skin effect" become greater. 


(6) Radiation loss is caused by an incomplete cancellation of electromagnetic 
fields in the region surrounding the circuit. At low frequencies a spacing between conductors, 
which represents only a small fraction of a half-wavelength, causes complete field cancellation. At 
the frequency where the spacing represents a half-wavelength, the fields will add in the conductors' 
plane causing radiation as though from an antenna. 
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b. The limitations due to physical structure may be overcome by constructing tubes of 
special types. Low interelectrode capacitance may be attained by means of small, widely spaced 
electrodes. Although the reduction of interelectrode capacitance is made possible by an increase in 
the spacing between electrodes, it also has the adverse effect of increasing transit time. Hence, 
UHF tubes tend to have small electrodes which cause them to have low power capabilities. 


Cc. Reducing the physical size of the tube and making the leads shorter and of larger 
diameter can reduce the lead inductances. The leads in most UHF tubes are brought out through 
the tube envelope and do not use a conventional tube base. Dielectric losses can also be reduced by 
projecting the leads through the glass envelope at voltage node points. 


d. Transit time may be reduced by closer electrode spacing and higher plate voltages. 
Since bringing the electrodes closer together increases the tube interelectrode capacitance, this 
method is used only if the electrodes are made smaller at the same time. In most cases, however, 
transit time is reduced by applying higher plate voltages. 


2. ULTRA HIGH FREQUENCY TUBES. 


a. Acorn tubes. Two acorn tubes, one a triode and the other a pentode, are shown in 
figure 2. Called acorn tubes because of their appearance and small size, the internal arrangement of 
these tubes is similar to that of a conventional tube. They have small spacing between the 
electrodes to reduce transit time, small electrodes to reduce interelectrode capacitance, and short, 
thick leads to reduce lead inductance. Note that the leads are brought directly through the glass 
with no conventional tube base used. These tubes are designed for efficient operation as oscillators 
or amplifiers at frequencies up to approximately 300 MHz. However, frequencies up to 600 MHz 
may be obtained, but efficiency will be very low. 
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Figure 2. Acorn tubes. 


b. The lighthouse tube. 


(1) The lighthouse tube (fig 3), so called because of its shape, is another single- 
tube oscillator designed to operate in the UHF range. Although it can efficiently operate at 
frequencies up to 3,600 MHz, its output peak power is somewhat limited. Designed especially for 
use with concentric line tuners, its major advantage is that the tube capacitance can be made part of 
the resonant circuits and, since all RF components are located inside a coaxial cable, there is no 
radiation loss. Therefore, this tube is normally used in a fairly low-power capacity and either as an 


oscillator, converter, or transmitter. 
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Figure 3. A typical lighthouse tube. 


(2) The lighthouse tube is called a disk-seal tube because the electrode 
connections are brought out through disks which are sealed into the glass envelope. It is usually 
mounted within a tuning assembly composed of three cylindrical coaxial conductors (fig 4). The 
inner conductor makes contact with the plate, the next conductor with the grid, and the outer one 
with the shell of the tube, which is connected to the cathode both externally and through 
interelectrode capacitance. The space between the cathode and grid conductors forms a coaxial 
cathode line short-circuited by an adjustable plunger. Although the plunger does not actually touch 
the grid conductor, the capacitance between the two provides an RF short circuit. The DC grid to- 
cathode path, consisting of R g and C g (fig 4), forms the grid leak bias network. 


(3) The plate line, which is open-circuited at the end away from the tube, is 
formed by the grid and plate conductors. Voltage is applied to the plate through the plate-tuning 
rod at a point where the plate line is short-circuited. The quarter-waveline section behind this short 
acts as an RF choke, presenting a high impedance and keeping RF out of the power supply. 
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(4) Since the shorted cathode line is slightly less than %4 of a wavelength, it acts 
like an amount of inductance. The open-circuited plate line, slightly less than one wavelength, also 
acts like an amount of inductance. Although these dimensions are chosen for a frequency of 
approximately 3,000 MHz, the shorted cathode line will act just as effectively as an inductance if it 
is slightly less than a quarter-wavelength or any odd multiple of a quarter-wavelength, at any 
frequency. The open-circuited plate line will also effectively act as an amount of inductance if it is 
slightly less than a half-wavelength. 
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Figure 4. A lighthouse tube and tuning assembly. 


(5) For oscillations to occur in a lighthouse tube, the plate line must be tuned 
inductively and the cathode line must be tuned capacitively. Thus, the plate circuit must be tuned 
to a higher frequency than the cathode circuit, and the oscillations which occur are at a frequency 
somewhat between the two. The tuning of the cathode line principally controls the oscillation 
frequency; therefore, because of the interaction between these tuning controls, it is often necessary 
to readjust each line to obtain maximum output at the desired frequency. 


Cc. Reflex klystron. 

(1) General. 
(a) In radar most receivers use 30 or 60 megahertzs intermediate 
frequencies. In superheterodyne receiver operation the frequency stability of the local oscillator is 
a highly important factor. For example, in a radar receiver that receives a frequency of 3,000 


MHz, a local oscillator frequency shift of 0.1 percent is a 3-MHz frequency shift. This is equal to 
the bandwidth of most receivers and would cause a considerable signal loss in the receiver. 
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(b) A radar local oscillator must also be easily tunable, over a range of 
several megahertzs, to compensate for changes in the transmitter frequency and in its own 
frequency. In cases where the RF units are located in a remote position, the receiver converter 
section may be mounted near the transmitter. Thus, the intermediate frequency (IF), rather than the 
transmitted frequency, is cabled back to the receiver. Therefore, it is often necessary that the local 
oscillator be tunable by a variable voltage applied from a distant position. 


(2) Circuit operation. 


(a) A reflex klystron is a tube that uses a resonant cavity as a tank circuit 
and generates microwave frequencies. It is known as a velocity-modulated tube because the 
various electrons it emits are accelerated or decelerated at different rates (thus varying their 
velocities). 


(b) Figure 5 illustrates the arrangement of electrodes and the voltages 
involved in the operation of a reflex klystron. Electrons are emitted by an indirectly heated 
cathode. These emitted electrons are then attracted by the control grid and cavity grids (all positive 
in respect to the cathode). The control grid, located between the cathode and cavity grids, controls 
the flow of electrons from the cathode and focuses them into a beam. Most of the emitted 
electrons, traveling at a high velocity, pass through the control grid, the cavity grids, and continue 
on toward the repeller plate. Since the repeller plate is about 130 to 190 volts negative, with 
respect to the cathode, the electrons come to a region (after passing the cavity grids) where the 
electrical field opposes their motion. This opposing negative voltage slows down the electrons 
causing them to come to a stop, reverse direction, and return through the cavity grids. They are 
then collected either by the control grid, the shell, or the cathode of the tube. Obviously, the 
distinguishing feature of this tube is the repeller plate or the reflector, which gives the reflex 
klystron its name. 
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Figure 5. Reflex klystron circuit. 
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(3) Oscillatory action. 


(a) In most oscillators, oscillations start from some irregularity in current 
flow, such as a transient which results from sudden voltage application to the tube. With this in 
mind, assume that oscillations in the resonant cavity are already taking place and, from this 
assumption, examine the source of the energy needed to sustain these oscillations. With the circuit 
oscillating, a high frequency voltage (e) appears between the two cavity grids. This makes the 
electric field between these grids reverse twice during each cycle of operation. 


(b) As the electrons approach the cavity grids, the electron stream is 
fairly uniform. The time required for the electrons to pass through the small separation between 
the grids is short, as compared to the total period (time) of one oscillation. Electrons entering the 
space between the grids, when e is zero, do not encounter an AC electrical field and pass on at the 
same velocity. The electrons entering the space when e has made the bottom grid (fig 5) positive, 
with respect to the top, will encounter a field that tends to accelerate them. Likewise, electrons 
entering the space when e is reversed in polarity are decelerated. The amount of acceleration and 
deceleration depends upon the magnitude of e. The change in velocity due to acceleration and 
deceleration is small, as compared to the original velocity. The electrons experiencing the greatest 
acceleration will travel further toward the repeller plate before being turned back; while those 
decelerated most will be turned back quickest. As a result of these different amounts of applied 
force, the electrons return to the cavity grids in bunches (fig 6). 
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Figure 6. Bunching action of reflex klystron. 
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(c) Figure 6 shows the position of the electrons at various times during 
their transit. Note that the zero distance position is midway between the cavity grids. Electron A, 
which arrives when e is positive, is accelerated and travels further toward the repeller plate before 
being turned back. Electron B is unaffected, but electron C is decelerated and turned back after 
traveling a short distance. In figure 6, these electrons, and the ones passing through at intermediate 
times, are shown arriving back at the grids at the same instant. This is the ideal situation. 


(4) Sustaining oscillations. 


(a) On the return trip the electric fields set up by the voltage (e) again act 
upon the electrons. Since they are now traveling in the opposite direction, they will be decelerated 
if they return when e is positive, and accelerated if they arrive when e is negative. 


(b) When an electric field accelerates an electron, it also increases the 
kinetic energy of the electron by taking energy from its own field. On the other hand, a decelerated 
electron gives up energy to the electric field. Therefore, for maximum energy transfer to the 
alternating field, the bunches of electrons must arrive back at the grid when e is maximum positive. 


(c) If the electron stream from the cathode is uniform, some electrons 
will be accelerated and others decelerated on the outbound trip by the electric field of e. On the 
average, as many electrons will absorb energy from the field as give up energy to it; hence, very 
little net energy is taken from the oscillating circuit during the bunching process. Rather, the 
average kinetic energy of the electron is that amount imparted to it by the DC voltage, and the 
oscillations are sustained by transferring energy from the DC field to the AC field. 


(5) Modes of operation. 


(a) Referring to figure 6, it is noticeable that the bunches of electrons do 
not necessarily return to the grids exactly on the first positive swing of e. For example, the transit 
time for electron B may be % cycle, 1-%4 cycles, 2-%4 cycles, etc. In actual practice there are several 
modes in which the velocity-modulated tube can oscillate. The solid lines indicate paths of 
electrons operating in the first mode, while the dotted lines indicate paths of electrons operating in 
the second mode. A third mode is also possible when the average transit time is 2-%4 cycles. 


(b) The different modes (points of oscillatory action) are created by 
controlling the transit time of the electrons. Since the original electron velocity depends on the DC 
voltage (E a) (fig 5), the distance that the electron travels before being turned back and the speed 
with which it returns are controlled by the difference between E a and Er. Thus, the two voltages 
E aand Er can be adjusted to operate in any of the modes. Although E a is usually a fixed value, E 
r is normally variable and used to select the desired mode. For example, to operate in the first 
mode (fig 6), the repeller plate is made maximum negative and the electron round trip is completed 
in the shortest time. Thus, the other modes are achieved only by decreasing E r as necessary. 
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(c) Figure 7 illustrates the power output and frequency of oscillations as 
functions of the repeller voltage for three modes of operation. Notice that the frequency at the 
point of maximum output is the same for all three modes (resonant frequency). In addition, note 
that the output power for the various modes is not the same at resonance. In fact, the highest mode 
has the smallest output. The band of frequencies obtained by varying the repeller voltage lies 
between the half-power points of the mode. Thus, the range of usable frequencies is known as the 
electrical bandwidth. 
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Figure 7. Power output and frequency versus repeller voltage. 


(d) The choice of the point and mode of operation is a compromise 
among several factors. To begin with, there are three or four modes which have the necessary 
output power. It would seem that the correct choice would be the highest mode since it gives the 
widest tuning range; however, the highest mode is too sensitive to changes in voltage to be well 
regulated. For example, a change of only one volt may cause a 0.5 MHz change in the 3,000 MHz 
oscillator. Also, since the humps (fig 7) are unsymmetrical, the chosen point of operation is 
usually a little below the point of maximum output. This makes it possible to tune above and 
below the operating point by approximately an equal amount. 


(6) Circuit application. 


(a) In practice, the reflex klystron is usually used in conjunction with an 
automatic frequency control (AFC) circuit that maintains the correct intermediate frequency by 
controlling the repeller voltage. Although the oscillation frequency is primarily determined by the 
cavity dimensions, the repeller voltage is effective for small frequency changes. In most reflex, 
velocity-modulated tubes, the coarse frequency adjustment varies the cavity size and the repeller 
voltage is the fine frequency adjustment. 
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Figure 8. External view of Shepherd-Pierce reflex klystron. 


(b) Figure 8 is an external view of a Shepherd-Pierce reflex klystron. 
The tuning strut is a coarse frequency control that effectively varies the distance between the cavity 
grids and tunes the resonant cavity by changing its capacitance. The output is taken from the cavity 
by means of a loop or probe extended through a coaxial lead. The coaxial lead is then coupled to a 
coaxial line or waveguide, depending upon the type of transmission line used. 


d. Magnetron. 


(1) General. Practically all radar transmitters which operate above 600 MHz use 
magnetrons as transmitting tubes. ‘Transit time, which is an upper frequency limitation of 
conventional tubes, is not a disturbing influence. Although there are some special tube triodes 
capable of oscillating in the radar frequency range, their output power is too small to be of any use. 
In addition, the klystron and the Shepherd-Pierce tube operate in the desired frequency range with 
better power output than the triodes, but are not readily adaptable to pulsed operation. 


(2) Description of the magnetron. 


(a) General. The most common type of magnetron in use is the cavity 
magnetron. It has a cylindrical anode that has a series of cavities, a cathode, and a magnet. The 
magnet is not considered as one of the tube elements but the magnetron will not operate without the 
magnet. The magnet controls the paths of electrons so that they travel in a path that may be 
considered circular. 
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(b) Anode. The common type of magnetron has an anode that is the 
hole-and-slot type, as shown in figure 9. Figure 9A is a view along the axis of the cylinder which 
shows only the main outline of the anode. Each cavity is a cylindrical hole joined to the central 
space by a small slot. Six cavities are shown here but magnetrons often have more or fewer 
cavities. Figure 9B is a sectional view of the anode showing the cooling fins on the outer surface of 
the anode, the coupling loop, and the coaxial connection to the coupling loop. The coupling loop 
takes energy from one of the cavities and transfers this energy to the microwave transmission 
system which can be a coaxial line or a waveguide. Notice the absence of cavity grids. The 
electron beam is modulated by the rf field which spreads out from the slot opening, as shown in 
figure 10. Other types of anodes are shown in figure 11. The choice of anode shape is based on 
the problems associated with the construction of the magnetron and the desired magnetron 
operation. 


(c) Cathode. The cathode of the cavity magnetron is located along the 
axis of the anode cylinder. It plays an important dual role in the operation of the magnetron. The 
cathode is usually indirectly heated and is connected to one side of the heater leads so that only two 
leads are required for heater and cathode, as shown in figure 12. In addition to being a source of 
electrons, a magnetron cathode must dissipate a great amount of heat generated by back- 
bombarding electrons. Many of the emitted electrons return to the cathode and bombard it with a 
fairly high velocity and give up energy to the cathode. This energy causes the cathode to heat in 
the same way that the anode of a regular vacuum tube is heated by the energy it absorbs from the 
electrons that strike it. To compensate for this, the heater current is high during warm-up, but it is 
drastically reduced while the magnetron is operating. In some high-power magnetrons, the heater 
current is reduced to zero since the back-bombardment generates enough cathode heating to 
maintain a normal operating temperature. If the cathode is not properly heated before the high 
voltage is applied to the magnetron, the magnetron will be seriously damaged. The cathode is 
considered a part of the resonant system as rf currents are induced on its surface. To prevent 
electrons from escaping the interaction space, the magnetron has end plates, as shown in figure 12. 
These end plates should not emit electrons; they are part of a seal so that the interaction space of 
the magnetron can be evacuated. 
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Figure 9. Hole and slot anode. 
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Figure 10. Field at slot openings. 
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Figure 11. Types of anodes. 
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Figure 12. Magnetron cathode and end plates. 


(d) Magnet. The magnet used with the magnetron is usually separate 
from the cathode-anode structure but it is a definite part of the whole magnetron. The magnet is a 
permanent magnet made of alnico. The flux density of the magnet across the magnetron is critical 
and should stay at a constant value. Therefore, it is extremely important that a ferrous material is 
never brought in contact with the magnet at any time because it may change the flux density. The 
cathode-anode structure of the magnetron is made of copper, so it has no effect on the flux density. 
The magnet is usually a horseshoe type, as shown in figure 13, and the pole pieces of the magnet 
are marked north and south. The magnet may be placed around the magnetron in either position 
but one position may be preferable to the other. If this is the case, the magnetron will be marked 
and care should be taken to have the magnetic polarity correct. Some magnetrons are supplied with 
the magnet already attached to the magnetron. These are called packaged magnetrons. 
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Figure 13. Magnetron and magnet. 
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(3) Theory of operation. 


(a) General. The theory of operation of the magnetron is based on the 
motion of electrons in combined electric and magnetic fields. The law governing the motion of an 
electron in an electric field states: The force exerted on an electron in an electric field is 
proportional to the strength of the electric field. The direction of the force is opposite to that of the 
electric field. In other words, the electrons tend to move from a low to a high potential and parallel 
to the electric field. The law governing the motion of an electron in a magnetic field states: The 
force exerted on an electron by a magnetic field is proportional to the velocity of the electron and 
the flux density. The direction of the force is perpendicular to both the magnetic field and the path 
of the electron. 


(b) Electron path in a magnetron. 


b. Without cavity signal. Aside from the cavities in the wall of 
the anode structure, the magnetron may be considered as a cylindrical diode with a uniform 
magnetic field parallel to its axis. In the absence of the magnetic field, the magnetron would 
behave like a diode. The electrons would travel from the cathode to the anode in a straight line, as 
shown in figure 14. If a magnet with a weak or moderate magnetic field is placed across the 
magnetron, the electron path will curve, as shown in figure 15. This is the resultant force of the 
electric and magnetic fields. In figure 15, A, the magnetic field goes into the page or away from 
you and causes the electron path to turn clockwise. In figure 15, B, the magnetic field comes out of 
the page or towards you and causes the electron path to turn counterclockwise. In figure 15, C, the 
magnetic field is increased slightly and causes the electron path to curve more sharply. When the 
correct relation exists between the magnetic field strength and the cathode-to-anode voltage, the 
electron path will develop a series of loops or a cycloidal path, as shown in figure 16, A. This path 
is symmetrical because there are no cavity signals interrupting the electron path and it is not a true 
picture of the electron path in an operating magnetron. 


Figure 14. Electron paths without magnetic field. 
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A = c 
Figure 15. Effect of a moderate magnetic field. 


2 With cavity signal. Figure 16, B and C, shows how the 
electron path is affected when subjected to the velocity-modulating effects of the cavity signals. 
The electron path spirals outward from the cathode so that the electrons are eventually captured by 
the anode. An important point to remember is that the electron velocity determines the force 
exerted on the electron beam by the magnetic field. With a high electron velocity, a greater force is 
exerted on the electron beam by the magnetic field. Fm = 1.6 X 10° Vv p B, expresses the force in 
dynes when V p is the electron velocity in centimeters per second (electron travel perpendicular to 
the magnetic field) and B is the density of the magnetic field in gausses. When the electrons leave 
the cathode, they have a high velocity and the force acting on the beam causes them to curve back 
to the cathode. As the electron beam encounters the RF field across the cavity gap, the electron 
velocity is slightly decelerated and gives up some energy to that cavity. At the same time, the 
decrease in electron velocity also causes a decrease in magnetic force acting on it. This allows the 
electrons attracted by the anode to start a second loop which again may encounter a cavity field and 
be decelerated. This situation continues until the electrons have decelerated enough for the anode 
to capture them. Some of the electrons that curve back to the cathode experience acceleration from 
the cavity fields and continue in their path until they strike the cathode and give up their energy. 
This is how the back-bombardment keeps the cathode at a high temperature. 
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(c) Modes. The equivalent circuit of a magnetron is shown in figure 17. 
There is usually considerable coupling between inductances that are close together, but this does 
not happen in the magnetron. There is no inductive coupling between adjacent cavities but coupling 
resulting from radiation of energy from one cavity to the other may occur. When this occurs, the 
six cavities all being identical resonant circuits closely coupled, three different frequencies are 
generated. These frequencies differ very little from each other and for each frequency there is one 
mode of oscillation. If a magnetron is moding (changing modes or frequency while it is operating), 
the output power decreases considerably. The three modes a six-cavity magnetron may operate in 
are shown in figure 18. Mode 3 is called the pi (7) mode because the adjacent segments of the 
anode have a phase difference of 180 degrees or 4 radians. This is the most common mode of 
operation because it requires the least cathode-to-anode voltage and is the most stable mode. In 
mode 2 the adjacent anode sections have a phase difference of 120 degrees. The frequency of 
oscillation in this mode is slightly less than mode 3; there is approximately 2 percent change in 
frequency. If the output impedance or the modulating voltage should change slightly, the 
magnetron could slip from one mode to the other. In mode | the adjacent anode sections have a 
phase difference of 60 degrees. This mode is rarely encountered because it is difficult to excite. 
The frequency of oscillation is lower than the other two modes. To prevent the magnetron from 
moding (changing modes), the segments of the anode are strapped or connected together with a 
metal ring. The strapping down in figure 19 is for the pi mode, or mode 3. The dots indicate 
connections of the straps to the alternate anode sections. These straps couple the cavities so that 
the mode frequency separations are great enough to keep the magnetron from oscillating in another 
mode. With the magnetron strapped for the pi mode, there is no current flow in the straps because 
the alternate segments have equal potentials. The other modes, however, have a difference of 
potential between alternate segments and current flows in the straps. This causes an inductive load 
in parallel with the cavities which lowers the frequency of oscillation in the undesired mode, 
increasing the frequency separation of the two modes and decreasing the possibility of moding. 
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Figure 16. Cycloidal path of electrons. 


Figure 17. Equivalent circuit of a magnetron. 
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3. MODULATOR. 


a. The modulator controls the shape, duration, and pulse repetition frequency of the r-f 
energy emitted by the transmitter. The high-voltage pulses formed in the modulator are applied to 
a pulse transformer, which, in turn, applies them to the magnetron or other transmitter tube. 


b. Figure 20 illustrates a typical modulator block diagram of the line-pulsing type. The 
line-pulsing type modulator is by far the most common type now in use and, therefore, will be the 
only type discussed. The modulator consists of a pulse-forming network (PEN), which is really an 
artificial transmission line, and associated charging and discharging circuits. As indicated, the 
charging path consists of the primary of the pulse transformer, the 0.5-microsecond PEN, and the 
charging choke. 
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Figure 18. Three magnetron modes. 


Figure 19. Magnetron strapping. 


c. The discharging of the PEN is initiated by the system trigger. The trigger is fed 
through the cathode follower to the thyratron, causing it to conduct. When the thyratron conducts, 
a discharge path for the PFN is provided through the primary of the pulse transformer and the 
thyratron. After the PFN is discharged, the shunt diode bypasses to ground any overshoot of the 
trailing edge of the pulse. The output pulse is applied across the pulse transformer to the cathode 
of the transmitter tube, in this case a magnetron oscillator. 
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Figure 20. Block diagram, typical modulator. 
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Figure 21. Modulator charging circuit. 


d. The modulator just discussed employs a d-c, series resonant charging circuit. This 
is acommon type of configuration in radar modulators. In order to understand the operation of this 
type of modulator, let's review the development of pulses by pulse-forming networks. 
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e. A simplified diagram of the modulator circuit is shown in figure 21. As you can 
see, the main component is an artificial transmission line (ATL). When power is applied to the 
circuit (T 0), current begins to flow. A charge begins to build up around L1. At T1 the ATL has 
been charged to the applied voltage, and the field about L1 is maximum. At this time the field 
begins to collapse, cutting the windings of L1 and inducing across the coil a voltage that is series- 
aiding the applied voltage. This causes current to flow in the same direction, increasing the charge 
on the ATL so that it becomes greater than the applied voltage. This action continues until the field 
about L1 is completely collapsed. In a lossless circuit the charge on the ATL would reach twice 
the applied voltage. In actual practice the charge will reach approximately 1.9 times the applied 
voltage. When the charge on the ATL reaches a maximum (T 2) the diode will allow it to remain 
charged to 1.9 times the applied voltage until the thyratron is triggered (T 3) and the ATL is 
discharged through the primary of the pulse transformer (see fig 20). This applies a pulse nearly 
rectangular in shape to the magnetron oscillator. The width of the pulse is determined by the 
characteristics of the ATL. In this example the ATL produces, during discharge, a rectangular 
pulse having a duration of 0.5 microseconds. It is also assumed that the line is fully charged and 
that the characteristic impedance of the ATL matches the impedance of the primary of the pulse 
transformer. 
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MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 8 
1: What causes conventional oscillators to be inefficient at microwave frequencies? 
A. Interelectrode inductance 
B. Spurious radiation gain 
C. Interelectrode capacitance 
D. Spurious frequency gain 
2 What is normally increased to reduce the transit time in microwave tubes? 
A. The plate voltage 
B. The plate current 
C. The plate electrode size 


D. The grid electrode size 
ey What primarily determines the reflex klystron oscillation frequency? 


A. The cavity voltage 


B. The cavity current 
C. The distance between cavities 
D. The dimension of cavities 
4, What is an advantage of the lighthouse tube? 
A. No tube capacitance 
B. Low radiation loss 
C. Low frequency loss 
D. No tube inductance 
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Which tube is velocity-modulated? 


A. 


B. 


C. 


D. 


Magnetron 
Acorn 
Klystron 


Lighthouse 


What is the result when an electron is decelerated by an electric field? 


A. 


B. 


C. 


D. 


The field gives up energy to the electron 
The electron retains its original energy 
The electron gives up energy to the field 


The field increases the kinetic energy of the electron 


How are oscillations in a reflex klystron oscillator sustained? 


A. 


B. 


C. 


D. 


By transferring DC electric field energy to the AC field 
By probe excitation inserted in any one of the cavities 
By transferring AC electric field energy to the DC field 


By probe excitation inserted in any one of the tank circuits 


What voltage adjustment selects the reflex klystron operation mode? 


A. 


B. 


Cathode 
Repeller 
Grid 


Cavity 
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9. What adjustment controls the COARSE frequency of the reflex klystron? 
A. Repeller size 
B. Cathode voltage 
C. Grid voltage 
D. Cavity size 
10. Which transmitting tube is normally employed at frequencies above 600 megahertzs? 
A. Magnetron 
B. Acom 
C. Klystron 
D. Lighthouse 
11. | Which tube is basically a diode? 
A. Magnetron 


B. Thyratron 


C. Strobotron 
D. Klystron 
12. What voltage input initiates conduction in a magnetron? 


A. Positive applied to the cathode 
B. Positive applied to the plate 
C; Negative applied to the cathode 


D. Negative applied to the plate 
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13% 


14. 


i. 


16. 


What BEST describes the electron path in a magnetron? 


A. 


B. 


C. 


D. 


Circular 
Cycloidal 
Elliptical 


Trapezoidal 


How does an electron travel in a magnetron? 


A. 


B. 


C. 


D. 


At right angles to the radiation field 
Parallel to the magnetic field 
Along a resultant of the magnetic and electric field 


At right angles to the electric field 


Why is strapping used in magnetron circuits? 


A. 


B. 


C. 


D. 


To integrate operation mode frequencies 
To decrease operation mode frequencies 
To increase operation mode frequencies 


To separate operation mode frequencies 


The high-voltage pulse to the transmitter oscillator comes from the 


A. 


B. 


C. 


D. 


modulator. 
magnetron. 
duplexer. 


multivibrator. 
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17. Which of the following is not affected by the modulator? 


A. Pulse shape 


B. Pulse duration 
C. Pulse repetition frequency 
D. Oscillator frequency 
18. The thyratron in the modulator functions to 


A. amplify the modulator trigger. 

B. protect the shunt diode. 

C. discharge the PEN. 

D. provide a charge path for the PFN. 


19. What normally, does NOT affect the magnetron? 


A. Transit time 
B. Pulse time 
C. Resonant cavities 
D. Pulse networks 
20. | Which coupling device is used to couple energy from a magnetron cavity into a waveguide? 
A. Transformer 
B. Capacitor 
C. Loop 
D. Delta connection 
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LESSON 9. SYNCHRO AND SERVO SYSTEMS 


MM Subcourse No 0706 ...........ccccccssssssseeeeeeeee = Electronics, Part IT 


Lesson Objective .........ccsccccssscssccsssscsssrceseeeee = LO Provide you with a general knowledge of 
the purpose, function, and use of synchro- 
motors and generators, differential 
generators, control transformers and 
resolvers, to include the use of the 
servomechanism as applied to a_ basic 
weapons system. 


Lesson Credit HOurs...............ccccccsssssssssssssseeee = Lee 


TEXT 


1. GENERAL. 


a. There are many operations in radar and other electronic equipment where it is 
desirable for two shafts to rotate in synchronization. Because the distance between the shafts is too 
great, or since one shaft cannot develop enough torque to rotate the other, it is not always feasible 
for the shafts to be mechanically connected. Therefore, shafts which are designed to rotate in 
synchronization are generally connected electrically. Systems employing electricity for rotating 
two shafts in synchronization are called remote indication systems. 


b. A remote indication system is designed to produce at one position an indication of 
an operation at another position, or to transfer information from one position to another. This 
system may sometimes be called a data transmission system. For example, many radar antennas 
are designed to rotate through 360-degrees, but are so located that the operator cannot see its 
position. Therefore, a data transmission system is employed to give the operator the direction in 
which the antenna is pointing. A pointer attached to a shaft rotates in synchronization with the 
antenna shaft, and it registers the position of the antenna on a dial at the operator's position. The 
devices which transmit the position of the antenna to the dial are called synchros. The synchro is a 
machine that converts mechanical position into electrical position, or electrical position into 
mechanical position. The entire system, which amplifies and transmits mechanical position by 
electrical means, is called a servomechanism. 
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Cc. Figure 1 shows two synchros which comprise a simple servosystem. Note that one 
synchro is geared to and driven by the antenna motor and, in turn, that it generates and transmits a 
rotational force (torque) to another synchro. Therefore, it is called a synchro generator or 
transmitter. The second synchro is called a synchro motor or receiver, because it receives the 
rotational force and applies it to the deflection coil. The deflection coil rotates in synchronization 
with the antenna. Thus, a synchro may be described as an alternating current (AC) machine which 
is used to transmit angular-position information. 


d. There are several trade names for the synchro. One of these is selsyn, a contraction 
of the words self and synchronous. Originally produced by General Electric, the selsyn is so 
widely used that it is now synonymous with synchro. Another is the autosyn, as produced by 
Bendix. Regardless of their names however, all of these units operate alike. 


Figure 1. Simple synchro system. 
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Figure 3. Synchro motor rotor. 
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2. CONSTRUCTION OF SYNCHROS. 


a. Synchro generators and synchro motors are very similar in construction. Therefore, 
we will discuss the generator and point out the basic differences between it and the synchro motor. 
The synchro generator, consisting of a stator and rotor, resembles a small AC generator or motor 
(fig 2). The stator windings are composed of three groups of coils placed at 120-degree intervals 
around the inside of a laminated iron shell. Note that the three stator leads are brought out through 
the lower end cap and labeled S 1, S 2, and S 3. 


b. The rotor consists of two coils wound on a laminated, soft-iron core and connected 
in series. The ends of the core are curved so that the air gap formed with the stator is small and 
uniform. The two leads from the rotor winding are connected to sliprings on the shaft and the 
entire rotor assembly is mounted on ball bearings to eliminate as much friction as possible. In 
figure 2, note that the two external rotor leads (R 1 and R 2) are brought out through the lower end 
cap on the opposite side of the stator leads. 


Cc. The stator of the synchro motor is identical to the stator of the generator; however, 
the rotor differs in that it has a heavy metal flywheel mounted on one side of the shaft. This 
flywheel, called an inertia damper (fig 3), serves the purpose of suppressing motor oscillations 
when the generator it is following suddenly stops or starts. It is mounted so as to turn freely on the 
shaft for 45 degrees and then turn into a keyed bushing. For slow changes, the flywheel follows 
along; however, if a sudden shaft change is felt, the flywheel tends to stand still and the friction 
disk acts as a brake to stop the shaft motion. 


3. INDUCTION FROM ROTOR TO STATOR. 


a. The operation of synchros is an application of transformer action, with the rotor 
acting as a primary and each stator winding as a secondary. In figure 4, as the rotor turns to the 
various positions, different voltages will be induced in each stator winding. Thus, the amount of 
voltage induced in the stators will indicate the position of the rotor at every instant. To better 
explain the amount of induced voltage, figure 4 shows the rotor in five different positions. In each 
case, assume that the polarity of the AC voltage applied to the rotor is such that the magnetic flux 
will set up N and S poles as illustrated. 


(1) In the 0-degree position (A, fig 4), all the rotor flux lines cut the windings of 
the S 2 coil. The voltage induced in this position is maximum and of such polarity as to oppose the 
N pole of the rotor (Lenz's law of induction). The voltage from R | and R 2 is in phase with the 
induced voltage from S 2 to common. 


(2) In the 60-degree position (B, fig 4), only one-half of the flux lines cut the 
windings of the S 2 coil. Therefore, the voltage induced in this position is one-half the maximum 
voltage induced in the 0-degree position; however, the polarity of the voltage is the same as in the 
0-degree position. 
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(3) At the 90-degree position (C, fig 4), the flux lines are parallel to the stator 
windings and a minimum amount of voltage is induced. Actually, the rotor flux induces equal and 
opposite voltages on opposite sides of each turn and the net voltage is zero. 


(4) In the 120-degree position (D, fig 4), only one-half of the flux lines cut the S 
2 stator windings. Just as in the 60-degree position, the voltage induced is one-half the maximum 
voltage. However, the S pole of the rotor is now closer to the S 2 coil and, therefore, the polarity of 


the induced voltage will oppose the S pole and be 180 degrees out-of-phase with the voltage in the 
60 degree position. 
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Figure 4. Transformer action in a synchro. 
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(5) At the 180-degree position (E, fig 4), all of the flux lines cut or link the S 2 
stator windings. This induced voltage is 180 degrees out-of-phase with the induced voltage in the 
0-degree position and the rotor voltage from R | to R 2. 


(6) As the rotor continues to turn, the induced voltage decreases from a 
maximum until it finally becomes zero at the 270 degrees position. The induced voltage then 
begins to increase until at 360 degrees it is again maximum and in-phase with the voltage of R 1 
and R 2. 


b. Note that all voltages are either in phase or 180 degrees out of phase with the rotor 
voltage from R 1 to R 2. Figure 5 illustrates the result of plotting the amplitude of induced voltage 
against the shaft position. The voltages above the axis are in-phase with the rotor voltage from R 1 
to R 2; those below the axis are 180 degrees out-of-phase. Observing the curve, it is evident that 
the amount and phase of the induced voltage depend upon the position of the rotor. This curve 
resembles one made by plotting values for the cosine of an angle from 0 degrees to 360 degrees. 
Therefore, the voltage induced in a stator is proportional to the cosine of an angle made by the rotor 
shaft and the axis of the stator winding. Expressed as a formula E S = k cos 9, where E S is the 
voltage induced in a stator winding, 0 is the angular displacement between the rotor shaft and the 
axis of the stator winding, and k is a constant that depends upon the synchro specifications. 


4. STATOR TERMINAL VOLTAGES. 


a. The electrical zero position is defined as that position in which the rotor coil lines 
up with the axis of the S 2 stator winding. Figure 6 shows that there are two such possible 
positions of the rotor. In both the 0 degree and 180 degree positions, the terminal voltage from S 2 
to S 3 and from S 2 to S 1 are of the same value, and that between S 1 and S 3 is zero. However, in 
the O-degree position, the voltage from S 2 to S 3 (or S 1) is in-phase with the voltage from R 1 to 
R 2, while the two voltages are 180 degrees out-of-phase in the 180-degree position. 


b. The general formula E S = k cos 9 is used to determine the amount of voltage 
induced in a stator winding by a rotor. If the angle é is measured from the electrical zero position, 
the formula will yield only the voltage induced in the S 2 winding. To obtain the values of the 
voltages induced in the S 3 and S 1 windings, subtract 120 degrees and 240 degrees from 8. The 
formulas for the voltages induced in the three windings are: 


E2=kcos 0 

E 3 =k cos(0-120°) 

E 1 = K cos(6-240°) 
If a constant, k of S 2, is used and the values of E 2, E 3, and E 1 are plotted through an angular 
displacement of 360 degrees, the curves shown in figure 7 will emerge. The voltage induced in 


each stator winding varies continuously from a maximum of 52 volts in one direction, through 
zero, to a maximum of 52 volts in the opposite direction. 
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Figure 5. Induced voltage in a stator winding. 


Figure 6. Zero and 180-degree rotor positions. 
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Figure 7. Stator voltage vs. rotor position. 
5. OPERATION OF A SYNCHRO SYSTEM. 


a. When a generator and motor are properly connected (fig 8) a complete synchro 
system results, in which the motor shaft follows the generator shaft. Note that the rotors are 
connected so that both R 1 terminals are joined at one side of the powerline and both R 2 terminals 
to the other side. Therefore, the two rotors have voltages applied which are identical in magnitude, 
phase, and frequency. Each motor stator lead is connected to its corresponding generator stator 
lead; i.e., S 1 is connected to S 1, S 2 to S 2, and S 3 to S 3. Thus, each motor stator winding 
voltage is opposed by each generator stator winding voltage. If both rotors are in corresponding 
positions (fig 9), the induced voltage in the two S | coils, the two S 2 coils, and the two S 3 coils 
are equal. Since these equal voltages oppose each other, the voltage between each pair of 
corresponding stator terminals is zero. Therefore, with this configuration no current flows in the 
stator windings. 


118v 


60%, 
AC SuPPLY 


GENERATOR 


Figure 8. Synchro system connections. 
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b. If the generator rotor is turned mechanically so that it no longer corresponds to the 
motor rotor position, the corresponding stator voltages of the motor and generator are no longer 
equal. In this case, voltage differences will exist between S 1 and S 1, S 2 and S 2, and S 3 and S 3. 
These voltages cause currents to flow in the stator windings producing flux fields which exert 
torque on the rotors. Since the generator rotor is mechanically held constant, the motor rotor is 
turned by this torque until the positions of the rotors again correspond and the stator voltages are 
equal. 


6. TYPICAL STATOR VOLTAGES AND SYNCHRO ACTION. 


a. It is easier to understand why the motor rotor follows the generator rotor if we 
assume two different conditions. First, assume that both rotors are in the electrical zero position 
(fig 9), and hence, the stator voltages are equal and opposite each other. Therefore, no current flows 
in any of the stator windings, no torque is produced, and the rotors remain stationary. Second, 
assume that the generator rotor is turned 30 degrees from electrical zero. This causes the stator 
voltages of the generator to change, as shown in figure 10, so that a balanced condition no longer 
exists and current flows in all three stator leads and coils. The amount of voltage induced in each 
stator is determined by the relative position of the rotor with respect to the stators. When R | is 
positive with respect to R 2, current in each stator lead flows from the coil with the lower potential 
to the coil with the higher potential as follows: 


(1) In the S 1 leads--from common in the motor, down through the S 1 coil, up 
through the generator S | coil, to common. 


(2) In the S 2 leads--from common in the generator, up through the S 2 coil, 
down through the motor S 2 coil, to common. 


(3) In the S 3 leads--from common in the generator, down through the S 3 coil, 
up through the motor S 3 coil, to common. 


NO CURRENT 


NO CURRENT 
NO CURRENT 


Figure 9. Generator and motor at 0 degrees position. 
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Figure 10. Shafts in different positions. 


b. The currents through the stator coils create magnetic fields whose poles are as 
shown in figure 11. These magnetic poles may be checked by applying the left-hand rule for coils 
and using the current direction as shown by the arrows. Note that the magnetic poles of the two 
rotors are identical, while the magnetic poles of the generator stator coils are opposite to those of 
the motor. Referring to figure 11, it is apparent that the torque exerted is in a clockwise direction 
for the generator and in a counterclockwise direction for the motor. Either movement would tend 
to aline the two rotors; however, the generator is mechanically driven and not free to rotate. 
Therefore, the motor rotor turns in a counterclockwise direction and alines itself with the generator 
rotor. 


7. VARIATION OF TORQUE WITH ANGULAR DISPLACEMENT. 


a. The voltages induced in the stator coils, when the position of the generator rotor and 
motor rotor correspond, are equal and of such polarity as to oppose each other. For this reason, no 
current flows in the stator windings. However, if the generator rotor is displaced, the balanced 
condition is upset and currents flow in the stators which produce two opposing torques. Since the 
generator rotor is the driven element, the motor turns to correct the displacement. As the motor 
turns and the two shafts approach correspondence, the stator currents become less and less. 
Finally, at correspondence, the stator currents are zero. The torque exerted on the rotor is almost 
proportional to the stator currents for small angles; therefore, the torque also becomes less and less 
as the rotors approach correspondence. 


b. The relationship between torque and the angular displacement between rotors is 
shown in figure 12. It is evident that torque is maximum at a displacement angle of 90 degrees and 
is very weak at angles close to correspondence. Because of the weak torque near correspondence, 
synchro motors are usually used for positioning light loads, such as a pointer or a dial. 
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Figure 11. Instantaneous magnetic fluxes created by currents in stator. 


Cc. In spite of the fact that ball bearings are finely machined and carefully selected, 
friction is always present in the motor even under no-load conditions. To overcome this frictional 
drag, a compensating torque must be produced. Since torque is produced only when the generator 
and motor are not in correspondence, the motor must always lag slightly behind the generator. 
Although a synchro system can never be perfect, it can achieve a high degree of accuracy by 
reducing friction to a minimum and producing sufficient torque to overcome this friction within a 
small angle of lag. The smaller this lag and the closer the motor follows the generator motion, the 
greater the accuracy of the synchro system. A motor accuracy within a half-degree or better is 
common in synchro systems. 


TORQUE IN INCH - OUNCES 


Oo? 30° 60° 30° 120° 150° 180° 


DISPLACEMENT IN SHAFT POSITIONS 


Figure 12. Torque and displacement angle. 
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8. EFFECT ON SYNCHRO SYSTEM OF IMPROPER CONNECTIONS. A synchro 
system can be adversely affected if the leads are not properly connected. These connections may 
have been made purposely to secure a desired effect, or they may have been made accidentally. In 
the latter case, the recognition of the resulting symptoms may lead the repairman to the discovery 
of the incorrect connections. Three of the most common connection changes and the results they 
produce are as follows: 


a. R 1 connected to R 2. This results in a 180-degree shift in the motor rotor. The 
motor then follows the generator, but it remains displaced by 180 degrees. 


b. A cyclic shift of stator connections: that is,S 1 toS 2,S 2 to S 3,andS 3toS 1. 
This results in a 120-degree counterclockwise shift of the motor. The motor then rotates in 
synchronization with the generator, but remains separated by 120 degrees. A shift of stator 
terminals so that S 1 is connected to S 3, S 2 to S 1, and S 3 to S 2 produces a similar effect, but the 
angle between the generator and motor positions is 240 degrees or 120 degrees clockwise shift of 
the motor. 


TO OTHER 
SYNCHRO MOTORS SYNCHRO 
MOTOR MOTOR 


SYNCHRO 
GENERATOR 


Figure 13. Synchro connections for several motors. 


c. Interchanging two stator leads. This causes the motor to rotate in a direction that is 
opposite to that of the generator. When this is purposely done, the leads interchanged are S 1 and S 
3. The position of the motor at any instant is then obtained by subtracting the generator position 
from 360 degrees. 


9. SYSTEM WITH SEVERAL MOTORS. 
a. One synchro generator is sometimes used to transmit positioning data to several 
motors located at different places. The standard type of connection (fig 13) shows that all rotor R | 


leads are connected to one side of the output line and all R 2 leads to the other side of the line. The 
stator leads are connected in parallel across the generator stator leads. 
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b. In such a system, a larger generator is required to maintain a high degree of 
accuracy. If too many motors are connected, output voltages of the generator are reduced and 
excessive lag occurs in all the motors. Finally, should any one motor turn hard or become jammed, 
the accuracy of the entire system is affected. 


10. THE SYNCHRO DIFFERENTIAL. 


a. The differential synchro is a device that is added to a synchro circuit when it is 
desirable to have the motor position differ from that of the generator by a preset amount. It 
performs the same function electrically that a mechanical differential performs in a mechanical 
system. The mechanical differential connects three shafts so that one-shaft turns an amount which 
is equal to the difference between the amounts that the other two turn. The electrical differential 
will either add or subtract two inputs and transmit the sum or difference to a motor. 


b. As in the ordinary synchros, the differential generator and motor are alike 
electrically; however, the motor rotor has an inertia damper that damps overdrive and prevents 
oscillations. The stator of a differential generator or motor is similar to that of an ordinary synchro. 
It consists of three sets of Y-connected coils wound in slots, which are spaced 120 degrees apart, 
around the inside of the field structure. The differential rotor, however, is completely different from 
that of the ordinary synchro. It is cylindrical in shape and has three sets of Y-connected coils 
wound in slots, which are also spaced 120 degrees apart, around the circumference. The rotor leads 
(R 1, R 2, and R 3) are connected to the external circuit by three sliprings (fig 14) and brush 
networks. 
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Figure 14. Rotor of synchro differential. 
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Figure 15. Transformer action in a differential. 


Cc. The synchro differential operates on the transformer principle, much like the 
ordinary synchro. The stator acts as the primary and the rotor as the secondary of a 1:1 
transformer. Because of the airgap, more turns are wound on the stator coils in order to achieve the 
1:1 ratio. The 1:1 aspect of this synchro unit is true only when the rotor coils are parallel to the 
stator coils (electrical zero). Electrical zero is defined as the position assumed by the synchro when 
the coils connected to R 1 and S 1, to R 2 and S 2, and to R 3 and S 3 are all parallel. 


d. Figure 15 shows the transformer action of the synchro differential. Assume that 
both rotors are in the electrical zero position (A, fig 15), that the stators are connected properly, and 
that the differential rotor is open. Since the stators are connected together in parallel, the voltages 
in both sets of stators are equal and in phase. The differential stator voltages, through transformer 
action, induce similar voltages in each of the rotor windings. If these rotor windings were 
connected to the stator windings of a synchro motor and power were applied to its rotor, it would 
aline itself in the electrical zero position. Note that this action is the same as if the differential were 
not in the circuit. 


e. If the differential rotor were turned to the 15-degree position and the synchro 
generator rotor held in the electrical zero position, the stator voltages would be correspondingly 
equal as in the 0-degree position. However, the voltages induced in the rotor coils are different 
because all the flux from each stator winding no longer cuts its corresponding rotor winding. 
These induced rotor voltages would be as shown in B, figure 15. If the differential rotor windings 
were connected to the stator windings of a synchro motor (fig 16), the synchro motor would turn to 
the 345-degree position. 
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11. CONTROL TRANSFORMER. 


a. A control transformer is similar to a synchro motor in that it receives a signal from 
either a synchro generator or a differential generator. It differs, however, in that its output is a 
voltage and not a shaft position. It is a variable transformer that transforms an electrical input into 
an electrical output, an output that may be used to control the position of some device desiring to 
correspond with the position of the input shaft. 


DIFFERENTIAL MOTOR 


Figure 16. Differential connections. 
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SLIP RINGS 


WINDINGS 


CROSS SECTION 


Figure 17. Typical control transformer rotor. 
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b. Construction of a control transformer. 


(1) The control transformer stator is similar to other synchros in that its three 
windings are Y-connected and spaced 120 degrees apart, but it differs from ordinary synchros in 
that its windings are composed of more turns of finer wire. Therefore, the control transformer 
stator impedance is higher and offers more opposition to current flow. 


Figure 18. CT schematics. 


(2) The control transformer rotor very closely resembles the synchro differential 
rotor in physical appearance (fig 17). Unlike the ordinary synchro rotor, the control transformer 
rotor windings are connected in series and have only two external connections through sliprings. 
Very little current flows in the rotor windings because of the high impedance of the many turns of 
fine wire. 


c. Schematics and electrical zero. 
(1) There are two basic types of schematic representations for control 


transformers (A and B, fig 18). A is used more often than B, although B shows the rotor and stator 
windings in more detail. 
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GENERATOR 


Figure 19. Electrical zero position. 


(2) Both A and B represent the electrical zero position. For a control 
transformer, electrical zero is defined as that position of the rotor in which the stator windings 
induce no voltage in its windings. This occurs when the rotor axis is perpendicular to the axis of 
the S 2 winding. 


d. Action of a control transformer. 


Ch) Figure 19 shows a control transformer and a synchro generator connected in 
the electrical zero position. Since the control transformer rotor is perpendicular to the S 2 coil, no 
voltage is induced in the rotor. The currents in the S 1 and S 3 coils are equal and opposite and, 
therefore, induce equal and opposite voltages in the rotor. The net effect is that there is no induced 
rotor voltage in this position (fig 20). 


(2) If the control transformer shaft is turned to the 90 degrees position (fig 19), S 
2 will induce maximum voltage in the rotor because they are alined (fig 20). The currents in S 1 
and S 3 are equal and in the same direction; hence, they induce voltages in the rotor which are 
equal and of the same polarity. The net effect is that maximum rotor voltage is induced in this 
position, which is in phase with the generator rotor voltage. 
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POSITION OF CONTROR TRANSFORMER SHATT 


Figure 20. Induced voltage versus shaft position. 
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(3) When the control transformer shaft is turned to the 180-degree position, the 
S 2 coil (fig 19) and rotor are again perpendicular. Therefore, the currents in S | and S 3 are again 
equal and opposite, although they are reversed. The net effect is that no rotor voltage is induced in 
this position (fig 20). 


(4) If the control transformer shaft is turned to the 270 degrees position, S 2 is 
again alined with the rotor. The currents in S 1 and S 3 are again equal and in the same direction. 
Therefore, maximum rotor voltage is induced in this position, but it is 180 degrees out-of-phase 
with the generator rotor voltage. 


(5) In all intermediate positions of the shaft, the magnitude of the induced rotor 
voltage varies with the shaft position. The induced voltage is in phase with the generator rotor 
voltage at shaft positions from 0 degrees to 180 degrees, and 180 degrees out of phase for shaft 
positions from 180 degrees to 360 degrees. With the generator rotor held in the zero position, this 
variation is a sine wave (fig 20). The voltages in phase with the generator rotor are above the axis, 
while those 180 degrees out-of-phase are below the axis. 


(6) If the generator rotor is turned from the O-degree position, the induced 
voltage in the control transformer rotor approaches zero as the rotor nears the position of the 
generator rotor. Using the new position as a reference, the induced rotor voltage of the control 
transformer may also be represented by a sine wave similar to the one in the 0-degree position. 


(7) The output voltage, obtained from a control transformer, is called an error 
signal because the magnitude and phase of this voltage is an indication of how much and in what 
direction the two rotors are out of correspondence. If the control transformer rotor is turned so that 
its position corresponds with that of the generator rotor, the error signal will be canceled or nulled. 
(The position of correspondence is normally referred to as the null point.) If a pointing error exists, 
this error signal (voltage) will be applied to a device called a servomechanism that will make the 
necessary correction. 


12, SERVOMECHANISMS. 


a. In the early days of radar, when sets were simple, automatic means of controlling 
the antenna position were not available. If an operator wanted to position the antenna on a target 
and then follow it, another operator, watching the radar indicator, gave him current target azimuth 
information. As the target moved, the controller had to keep adjusting the antenna position by 
switching the antenna drive motor on and off. If the antenna were not on target, the indicator 
would show nothing but "grass" along the trace (time base). This, of course, made tracking quite 
difficult and unsatisfactory. 
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b. To improve the effectiveness of radar an automatic method of controlling the drive 
motor had to be developed. Synchros seemed to be the answer because they could transmit data 
from one position to another. As long as the motor load was small, the synchro could develop the 
necessary torque. Otherwise, the required torque was provided by a reversible, variable-speed 
drive called a servomotor. The complete system, including the error voltage supply circuit, 
amplifier, servomotor, and the control driver, is currently called an automatic drive control, 


servomechanism, or servosystem. 
CONTROL LOAD TURNING MECHANISM 
DEVICE a aii (SERVO MOTOR) 


}—— ME CHANICAL MECHANICAL 
| CONNECTION 1 LINK 
| I 


0 
AC INPUT 
VOLTAGE 
e 


AMPLIFYING 
DEVICE 


SYNCHRO GENERATOR CONTROL TRANSFORMER 


Figure 21. A simple servomechanism. 
13. SIMPLE SERVOMECHANISM. 


a. A servomechanism, or servo, is a power amplifying system that automatically 
controls the rotation of an output (motor) shaft in correspondence with the arbitrary motion of a 
remotely located input (generator) shaft. Figure 21 shows a servomechanism which consists of a 
synchro generator, a control transformer, an amplifying device, and a servomotor. 


b. As the synchro generator rotor is turned by the control shaft to which it is connected, 
an error voltage is developed across the rotor terminals of the control transformer. The phase and 
magnitude of the error voltage indicates the direction and amount that the control shaft has turned. 
The error signal is then amplified and applied to the servomotor. The direction and speed at which 
the motor turns is determined by the amplified error signal. As the servomotor turns, both the load 
and the control transformer rotor turn due to the mechanical linkage. As the load approaches the 
position which corresponds with that of the control shaft, the mechanically connected control 
transformer rotor is in the position where it nulls the error signal. Therefore, with no error signal, 
the servomotor stops turning and the positions of the control and load shaft correspond. 


MM0706, 9-P19 


MM SUBCOURSE NUMBER 0706, ELECTRONICS, PART II 


EXERCISES FOR LESSON 9 

I: What is the difference between the rotors of a synchro generator and a synchro motor? 

A. Generator has a gravity damper 

B. Motor has a heavy metal flywheel 

C. Motor has a gravity damper 

D. Generator has a heavy flywheel 
2 What is the induced stator voltage formula? 

A. ES=ksin®@ 

B. ES=kcos 0 

C; ES=ktan 0 

D. ES=kcot 0 
3: What indicates the synchro rotor position? 


A. Polarity of the voltage applied to the stators 


B. Polarity of the voltage applied to the rotors 
Cc Amount of the voltage applied to the rotor 
D. Amount of the voltage induced in the stators 
4, What is the output if the rotor flux lines are parallel to the stator windings? 
A. Minimum stator current and maximum induced voltage 
B. Maximum stator current and minimum induced voltage 
Cc: Maximum induced voltage 
D. Minimum induced voltage 
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Which connections provide proper operation between a synchro motor and a synchro 
generator? 


A. SiltoS1,S82to$2,S3toS3,R1toR1,andR2toR2 
B. S2toS2,S1to,$3,S3toS1,R1toR1,andR2toR2 
C. SiltoS1,S82to$2,S3toS3,R1toR2,andR2toR 1 
D. S2toS2,S1to$3,S3toS1,R1toR2,andR2toR 1 


What is the resulting output if the rotors of a generator and motor are in corresponding 
positions? 


A. Maximum stator current 
B. Minimum stator voltage 
C. Minimum stator current 
D. Maximum stator voltage 


What determines the amount of induced stator voltage? 


A. Number of magnetic fields 

B. Relative position of the rotors 
C; Number of electric fields 

D. Position of the stator 


Which angular displacement (in degrees) between rotors produces the greatest torque? 
A. 30 degrees 
B. 45 degrees 
Cc. 60 degrees 


D. 90 degrees 
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9. Which displacement (in degrees) results if the generator and motor rotors are reversed (R 1 


to R 2)? 
A. 0 
B. 90 
Cc. 180 
D. 270 


10. What happens if the TWO stator leads (S 1 and S 3) are interchanged? 
A. The rotors rotate in opposite directions 
B. A 120-degree cyclic shift 
C. A 180-degree cyclic shift 
D. The rotors rotate in the same direction 


11. What is the MAJOR difference between the differential generator and an ordinary synchro? 


A. Rotor 

B. Stator 

C. Brush connection 
D. Slipring connection 


12. | Which unit generates a voltage output? 


A. Magnetic transformer 
B. Control transformer 
C. Differential motor 

D. Differential generator 
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13% 


14. 


i. 


16. 


A control transformer is in the electrical zero position when the 


A. stators induce maximum voltage in the rotors. 
B. rotor axis is parallel to the axis of the S 3 winding. 
C. rotor axis is parallel to the axis of the S 2 winding. 
D. stators induce minimum voltage in the rotors. 


What information is contained in the output voltage of a control transformer? 


A. Amount and direction of pointing error 
B. Only the direction of pointing error 

C. Only the amount of pointing error 

D. Speed and direction of pointing error 


What is a MAJOR deficiency of synchros? 


A. The lag error is too large 

B. The lag error is too small 

C. There is not enough torque for heavy loads 

D. There is not enough response for quick changes 


What determines the direction and speed of a servomotor? 


A. Frequency of the input error signal 
B. Polarity and magnitude of the input error voltage 
C; Frequency of the input excitation signal 


D. Magnitude and polarity of the excitation voltage 
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17. What is the point called at which rotorshafts of a generator and a control transformer are in 


correspondence? 
A. Rest 
B. Null 
C. Mechanical zero 
D. Electrical zero 
18. | What happens when the angular displacement is increased between a synchro generator and 


a synchro motor? 


A. Rotor current decreases 
B. Rotor current increases 
C. Stator current increases 
D. Stator current decreases 
19. | Which is the correct operating relationship between a synchro generator and a synchro 
motor? 
A. The generator leads the motor 
B. The generator lags the motor 
C. Each moves to correct the displacement 
D. Each moves with identical displacement 
20. | What connections will produce a 120-degree cyclic shift in a synchro system? 


A. S2toS3,S1ltoS1,S3toS2,R1toR1,andR2toR2 
B. S3toS1,Slto$3,S2toS2,R1toR1,andR2toR2 
C. SiltoS1,82to$2,S3toS3,R1toR 2, andR2toR 1 


D. S1ltoS$3,S3to$2,S2toS1,R1toR1,andR2toR2 
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READ THIS PAGE 
GENERAL INFORMATION 


This subcourse consists of one or more lessons and an examination. Each of the lessons is divided 
into two parts; the text and the lesson exercises. For one-lesson subcourses, the lesson exercises 
serve as the examination. A heading at the beginning of each lesson gives the title, the hours of 
credit, and the objectives of the lesson. The final examination consists of questions covering the 
entire subcourse. 


If a change sheet is included, be sure to post the changes before starting the subcourse. 
THE TEXT 


All the text material required for this subcourse is provided in the packet. The text is the 
information you must study. Read this very carefully. You may keep the text; however, any 
unused answer cards and envelopes should be returned. 


THE LESSON EXERCISES 


Following the text of each lesson are the lesson exercises. After you have studied the text of each 
lesson, answer the lesson exercises. After you have answered all the questions, go back to the text 
and check your answers. Remember your answers should be based on what is in the text and not 
on your Own experience or opinions. If there is a conflict, use the text in answering the question. 


When you are satisfied with your answers, check them against the approved solution found in the 
back of the book. Restudy those areas where you have given an incorrect answer by checking the 
reference given after each answer. 


THE EXAMINATION 


After you have completed all the lessons and exercises, select the correct answer to all the 
examination questions. Carefully mark the correct answer on the TSC Form 59. Be sure that your 
Social Security number and subcourse number 


printed on the TSC Form 59 are correct. Your final exam should be mailed in the envelope 
provided. The exam will be graded and you will be notified of the results. Your final grade for the 
subcourse will be the same as your examination grade. 


ASSISTANCE 
If you require clarification of anything in this subcourse write to us. Also, if you see any 
information in the text, which is incorrect or obsolete, your recommendations will be welcome. Be 


sure your recommendations are explained in detail, and, if possible, include a reference, which 
gives the correct information. Include your name and Social Security number. 


ii 


INTRODUCTION 


This subcourse will complete your study of electronic fundamentals. It will be necessary 
for you to have a good knowledge of basic electricity and electronics (MM705, Part I) to fully 
understand the circuits taught herein. These circuits are widely used throughout all branches of the 
service in all fields of electronics. 


This subcourse consists of nine lessons and an examination organized as follows: 


Lesson | 


Lesson 2 


Lesson 3 


Lesson 4 


Lesson 5 


Lesson 6 


Lesson 7 


Lesson 8 


Lesson 9 


Examination 


Frequency Modulation 

Limiters and Discriminators 

Special Purpose Oscillators 

Multivibrators and Phantastrons 

Sweep Generators 

Transmission Lines and Waveguides 

Antennas 

High Frequency Oscillators and Pulse Modulators 


Synchro and Servo Systems 


2 hours 


2 hours 


2 hours 


3 hours 


2 hours 


4 hours 


3 hours 


3 hours 


3 hours 


2 hours 
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MATHEMATICS 


ABSTRACT 


The Mathematics Fundamentals Handbook was developed to assist nuclear facility 
operating contractors provide operators, maintenance personnel, and the technical staff with the 
necessary fundamentals training to ensure a basic understanding of mathematics and its 
application to facility operation. The handbook includes a review of introductory mathematics 
and the concepts and functional use of algebra, geometry, trigonometry, and calculus. Word 
problems, equations, calculations, and practical exercises that require the use of each of the 
mathematical concepts are also presented. This information will provide personnel with a 
foundation for understanding and performing basic mathematical calculations that are associated 
with various DOE nuclear facility operations. 


Key Words: Training Material, Mathematics, Algebra, Geometry, Trigonometry, Calculus 
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FOREWORD 


The Department of Energy (DOE) Fundamentals Handbooks consist of ten academic 
subjects, which include Mathematics; Classical Physics; Thermodynamics, Heat Transfer, and Fluid 
Flow; Instrumentation and Control; Electrical Science; Material Science; Mechanical Science; 
Chemistry; Engineering Symbology, Prints, and Drawings; and Nuclear Physics and Reactor 
Theory. The handbooks are provided as an aid to DOE nuclear facility contractors. 


These handbooks were first published as Reactor Operator Fundamentals Manuals in 1985 
for use by DOE category A reactors. The subject areas, subject matter content, and level of detail 
of the Reactor Operator Fundamentals Manuals were determined from several sources. DOE 
Category A reactor training managers determined which materials should be included, and served 
as a primary reference in the initial development phase. Training guidelines from the commercial 
nuclear power industry, results of job and task analyses, and independent input from contractors 
and operations-oriented personnel were all considered and included to some degree in developing 
the text material and learning objectives. 


The DOE Fundamentals Handbooks represent the needs of various DOE nuclear facilities’ 
fundamental training requirements. To increase their applicability to nonreactor nuclear facilities, 
the Reactor Operator Fundamentals Manual learning objectives were distributed to the Nuclear 
Facility Training Coordination Program Steering Committee for review and comment. To update 
their reactor-specific content, DOE Category A reactor training managers also reviewed and 
commented on the content. On the basis of feedback from these sources, information that applied 
to two or more DOE nuclear facilities was considered generic and was included. The final draft 
of each of the handbooks was then reviewed by these two groups. This approach has resulted in 
revised modular handbooks that contain sufficient detail such that each facility may adjust the 
content to fit their specific needs. 


Each handbook contains an abstract, a foreword, an overview, learning objectives, and text 
material, and is divided into modules so that content and order may be modified by individual DOE 
contractors to suit their specific training needs. Each subject area is supported by a separate 
examination bank with an answer key. 


The DOE Fundamentals Handbooks have been prepared for the Assistant Secretary for 
Nuclear Energy, Office of Nuclear Safety Policy and Standards, by the DOE Training 
Coordination Program. This program is managed by EG&G Idaho, Inc. 
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OVERVIEW 


The Department of Energy Fundamentals Handbook entitled Mathematics was prepared 
as an information resource for personnel who are responsible for the operation of the 
Department's nuclear facilities. A basic understanding of mathematics is necessary for DOE 
nuclear facility operators, maintenance personnel, and the technical staff to safely operate and 
maintain the facility and facility support systems. The information in the handbook is presented 
to provide a foundation for applying engineering concepts to the job. This knowledge will help 
personnel more fully understand the impact that their actions may have on the safe and reliable 
operation of facility components and systems. 


The Mathematics handbook consists of five modules that are contained in two volumes. 
The following is a brief description of the information presented in each module of the 
handbook. 
Volume | of 2 
Module | - Review of Introductory Mathematics 
This module describes the concepts of addition, subtraction, multiplication, and 
division involving whole numbers, decimals, fractions, exponents, and radicals. 
A review of basic calculator operation is included. 


Module 2 - Algebra 


This module describes the concepts of algebra including quadratic equations and 
word problems. 


Volume 2 of 2 
Module 3 - Geometry 


This module describes the basic geometric figures of triangles, quadrilaterals, and 
circles; and the calculation of area and volume. 


Module 4 - Trigonometry 
This module describes the trigonometric functions of sine, cosine, tangent, 


cotangent, secant, and cosecant. The use of the pythagorean theorem is also 
discussed. 


Rev. 0 


MATHEMATICS 


Module 5 - Higher Concepts of Mathematics 


This module describes logarithmic functions, statistics, complex numbers, 
imaginary numbers, matrices, and integral and derivative calculus. 


The information contained in this handbook is by no means all encompassing. An attempt 
to present the entire subject of mathematics would be impractical. However, the Mathematics 
handbook does present enough information to provide the reader with a fundamental knowledge 
level sufficient to understand the advanced theoretical concepts presented in other subject areas, 
and to better understand basic system and equipment operations. 
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OBJECTIVES 


TERMINAL OBJECTIVE 


1.0 Given a basic mathematical problem, SOLVE for the answer with or without the 
aid of a calculator. 
ENABLING OBJECTIVES 
1.1 IDENTIFY the following basic mathematical symbols and definitions. 
a. = equals 
b. # is not equal to 
on = is defined as 
d + plus or minus 
& va nth root of a 
se la| absolute value of a 
N 
g. So x, sum of N values 
i=l 
h. Ze angle 
Iz % percent 
iF p Ted multiplied by 
k. es divided by 
L Pa greater than or equal to 
m. < less than or equal to 
n. ><, <> is not equal to (computer) 
oO. oo infinity 
p. «x is proportional to 
q. = approximately equal to 
r. alt perpendicular to 
S. | parallel to 
1.2 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division using whole numbers. 
3 Given a set of numbers, CALCULATE the average value. 
1.4 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division using fractions. 
1.5 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division of fractions by conversion to decimal form using a calculator. 
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ENABLING OBJECTIVES (Cont.) 


1.6 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division using decimals. 

1.7 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division using signed numbers. 

1.8 DETERMINE the number of significant digits in a given number. 

1.9 Given a formula, CALCULATE the answer with the appropriate number of 
significant digits. 

1.10 CONVERT between percents, decimals, and fractions. 

1.11 CALCULATE the percent differential. 

1.12 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division using exponential numbers. 

1.13 Given the data, CONVERT integers into scientific notation and scientific notation 
into integers. 

1.14 APPLY one of the arithmetic operations of addition, subtraction, multiplication, 
and division to numbers using scientific notation. 

1.15 CALCULATE the numerical value of numbers in radical form. 
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TERMINOLOGY 


This chapter reviews the terminology and associated symbols used in mathematics. 


EO 1.1 IDENTIFY the following basic mathematical 
symbols and definitions. 
a. = equals k. +,/ divided by 
b. x is not equal to l. > greater than or equal to 
Cc. = is defined as m. < less than or equal to 
d. + plus or minus n. ><, is not equal to (computer) 


e. va nth root of a <> 
f. \a| absolute value of a_o. oo infinity 
N 
g. yx, sum of N values p ox is proportional to 
i=l 
h. ZL. angle q. = approximately equal to 
i. % percent r a5 perpendicular to 
j. x,°,* multiplied by s | parallel to 


In order to understand and communicate in mathematical terms and to lay the foundation for the 
concepts and principles presented in this material, certain terms and expressions must be defined. 
This section covers basic definitions used in mathematics. Once understood, such knowledge 
should provide the foundation from which the principles of mathematics can be presented. By 
no means are the terms here all inclusive; they are representative of those found within the 
nuclear field. 


Equals 
An expression indicating values which are identical in mathematical value or logical 


denotation. It is given the symbol =. 
Is Not Equal to 


An expression indicating values which are not identical in mathematical value or logical 
denotation. It is given the symbol 4 or ><, >< (computer). 
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Is defined as 
A mathematical expression for defining a symbol or variable in mathematics. It is usually 
given the symbol = . 


Plus or Minus 

While plus (+) and minus (-) are used individually to indicate addition and subtraction, 
this form is used to denote a control band, or tolerance band, or error band, such as 100 
+5 psig. It is given the symbol +. 


n" root 
For any integer (n greater than one), the n" root (Va ) of a is defined as follows: ya 


= b if, and only if, b" = a. The number 7, in Va , is called the index of the root. The nth 
root of a number (a) is a number (b) which has the property that the product of n values 
of b is a. For example, the third (or cube) root of 8 is 2, because 2x2x2 

equals 8. 


Absolute Value of a 

This expression represents the magnitude of a variable without regard to its sign. It 
signifies the distance from zero on a number line. That is, the absolute value of -6 is 6 
because -6 is 6 units from zero. Likewise, the absolute value of +6 is 6 because it, too, 


is 6 units from zero. It is given the symbol |A| where A is any number or variable. 


Sum of N values 


N 
y> x; indicates the sum of numbered (indexed) values. For example, if the x, are grades 
i=1 
or the individual students in a class, the sum of the x, (grades) for the students in the 
class of N students, divided by N, gives the average grade. 


Angle 
An angle is a set of points consisting of two rays with a common midpoint. It is given 


the symbol Z. 


Percent 
An expression used to indicate a fraction of the whole, such as 50% of 90 is 45. It is 
given the symbol %. 


Multiplied by 
A mathematical operation that, at its simplest, is an abbreviated process of adding an 


integer to itself a specified number of times. It is given the symbols x, - , or * 
(computer). 
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Divided by 
A mathematical process that subjects a number to the operation of finding out how many 
times it contains another number. It is given the symbol + or /. 


Greater than or equal to 
It is given the symbol >, and denotes one quantity is equal to or larger than another. 


Less than or equal to 
It is given the symbol <, and denotes one quantity is equal to or smaller than another. 


Infinity 
A mathematical expression meaning very large in magnitude or distance. It is so large 
that it cannot be measured. It is given the symbol © . 


Is Proportional to 
The statement that a is proportion] to b (a & b) means that a = (some constant) x b. For 


example, the dollars you earn in a week (straight rate) are proportional to the hours you 
work, with the constant being the dollars per hour you earn. 


Approximately Equal to 
An expression indicating a value which is not exact, but rather close to the value. It is 


given the symbol =. 


Perpendicular to 
This expression means that two objects are at right angles (form a 90-degree angle) to 


each other. It is given the symbol L. 


Parallel to 
Two lines extending in the same direction which are everywhere equidistant and not 


meeting. It is given the symbol |. 


Summary 


The important information from this chapter is summarized below. 


Terminology Summary 


This chapter reviewed the terminology needed in the application 
and study of mathematics. 
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CALCULATOR OPERATIONS 


This chapter gives the student a chance to reacquaint himself with 
basic calculator operations. 


The teaching of the "mechanics of mathematics" (division, multiplication, logarithms, etc.) in 
recent years has focused more on the skills of using a calculator than on the pure principles of 
the basic subject material. With the decreased cost of hand calculators, virtually every person 
owns, or has access to, a calculator. A nuclear plant operator would be wise to learn how to use 
most of the calculators available today. Such knowledge will help the operator make quick 
decisions when circumstances arise for the need of a "quick calculation" of flow rate or some 
other parameter. 


Many calculators are available on the market today, and each one is a little different. For the 
purpose of this module, a scientific calculator will be needed. The Texas Instruments scientific 
calculator TI-30 will be used for the examples in this module. Most calculators work on the 
same principles, but some do not. Some calculators operate on a programming principle like 
Hewlett-Packard (HP). An HP calculator does not use an equal key. To perform a mathematical 
operation, the first number is inserted, the ENTER key is pressed, the second number is inserted, 
and then the mathematical function key is pressed. The result will be displayed. If a different 
calculator is used, the student will need to refer to the reference manual for his or her calculator. 


The following section will review the general use function keys on a TI-30 calculator. In each 
following chapter of this module, the applicable calculator operations will be addressed. 


Appendix A of this module gives a representation of a TI-30 keyboard to assist the student. 


E 
oO 


Clear entry/Clear key 
Pressing this key once will clear the last operation and the display. Pressing this 
ONS key twice will clear all operations except the memory. 
C y Pp Pp y 
Note: To clear the memory, press clear then STO. 
Note: Many brands break this function into two separate keys, usually labeled 


"clear" and "all clear," where the "clear" key clears the last entry and the 
"all clear" key clears the display and all pending operations. 
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Memory Key 
The TI-30 has only one memory. Pressing the STO key enters the displayed 
STO number into memory. Any number already in memory will be overwritten. 


Note: Calculators with more than one memory will require a number to be entered with 
the STO key. For example, STO 01 means store the displayed number in memory 
01; STO 20 means store the number in memory 20. 


Memory Recall Key 
Pressing the RCL key will retrieve the number in memory and display it. Note 
RCL that the number is also still in memory. This allows the number to be used again. 
Pressing the RCL will also overwrite any number previously displayed. 


Note: Calculators with more than one memory will require a number to be entered with 
the RCL key. RCL 01 means recall the number stored in the 01 memory. RCL 
20 means recall the number stored in memory 20. 


Constant Key 
Certain calculations often contain repetitive operations and numbers. The K, 
constant, is a time-saving function that allows a single key stroke to perform a 
single operation and number on the displayed number. 


For example, if 20 numbers are to be multiplied by -17.35, the K key can be used. 
Enter -17.35, then press the times key, then the K key; this "teaches" the 
calculator the required operation. From this point on when entering a number and 
pressing the K key, the calculator will automatically multiply the displayed 
number by -17.35, saving you six key strokes. 


Summation Key 
If a long list of numbers is to be added, the summation key will save time if used. 
SUM Pressing the summation key adds the displayed number to the number in memory. 


The final sum is then retrieved from memory. 


Memory Exchange Key 


The EXC, memory exchange key, swaps the displayed number with the number 
in memory. 


Reciprocal Key 


When pressed, it divides the displayed number into one. 
We 
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This chapter reviews the basic mathematical operations of addition, 
subtraction, multiplication, and division of whole numbers. 


EO 1.2 APPLY one of the arithmetic operations of 
addition, subtraction, multiplication, and division 
using whole numbers. 


Calculator Usage, Special Keys 


This chapter requires the use of the +, -, x, +, and = keys. When using a TI-30 calculator, the 
number and operation keys are entered as they are written. For example, the addition of 3 plus 
4 is entered as follows: 


3 key, + key, 4 key, = key, the answer, 7, is displayed 


Parentheses 
+ The parentheses keys allow a complicated equation to be entered as written. This 
( saves the time and effort of rewriting the equation so that multiplication/division 
is performed first and addition/subtraction is performed second, allowing the 
problem to be worked from left to right in one pass. 


The Decimal Numbering System 


The decimal numbering system uses ten symbols called digits, each digit representing a number. 
These symbols are 0, 1, 2, 3, 4, 5, 6, 7, 8 and 9. The symbols are known as the numbers zero, 
one, two, three, etc. By using combinations of 10 symbols, an infinite amount of numbers can 
be created. For example, we can group 5 and 7 together for the number 57 or 2 and 3 together 
for the number 23. The place values of the digits are multiples of ten and given place titles as 
follows: 
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Place Position Place Title Place Title 
765432 1 


Ps nits 
Tens O 
> Hundreds OO (10x10) 
> Thousands 000 (10x10x10) 
*=Ten Thousands 0,000 (10x10x10x10) 
» Hundred Thousands 100,000 (10x10x10x10x10) 
= Millions ,000,000 (10x10x10x10x10x10) 


Numbers in the decimal system may be classified as integers or fractions. An integer is a whole 
number such as 1, 2, 3,... 10, 11,... A fraction is a part of a whole number, and it is 
expressed as a ratio of integers, such as 1/2, 1/4, or 2/3. 


An even integer is an integer which can be exactly divided by 2, such as 4, 16, and 30. All other 
integers are called odd, such as 3, 7, and 15. A number can be determined to be either odd or 
even by noting the digit in the units place position. If this digit is even, then the number is even; 
if it is odd, then the number is odd. Numbers which end in 0, 2, 4, 6, 8 are even, and numbers 
ending in 1, 3, 5, 7, 9 are odd. Zero (0) is even. 


Examples: 


Determine whether the following numbers are odd or even: 364, 1068, and 257. 


Solution: 
1. 364 is even because the right-most digit, 4, is an even number. 
2 1068 is even because the right-most digit, 8, is an even number. 
3, 257 is odd because the right-most digit, 7, is an odd number. 


Adding Whole Numbers 

When numbers are added, the result is called the sum. The numbers added are called addends. 
Addition is indicated by the plus sign (+). To further explain the concept of addition, we will 
use a number line to graphically represent the addition of two numbers. 


Example: Add the whole numbers 2 and 3. 


Solution: Using a line divided into equal segments we can graphically show this addition. 
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Starting at zero, we first move two places to the right on the number line to represent the number 
2. We then move an additional 3 places to the right to represent the addition of the number 3. 
The result corresponds to the position 5 on the number line. Using this very basic approach we 
can see that 2 + 3 = 5. Two rules govern the addition of whole numbers. 


The commutative law for addition states that two numbers may be added in either order 
and the result is the same sum. In equation form we have: 


atb=b+t+a (1-1) 


For example, 5 + 3 = 8 OR 3 +5 = 8. Numbers can be added in any order and 
achieve the same sum. 


The associative law for addition states that addends may be associated or combined in any 
order and will result in the same sum. In equation form we have: 


(a+b)+c=a+(b+c) (1-2) 


For example, the numbers 3, 5, and 7 can be grouped in any order and added to 
achieve the same sum: 


(34+5)+7=15 OR 34+6+4+7)=15 
The sum of both operations is 15, but it is not reached the same way. The first 
equation, (3 + 5) + 7 = 15, is actually done in the order (3 + 5) = 8. The 8 is 


replaced in the formula, which is now 8 + 7 = 15. 


The second equation is done in the order (5 + 7) = 12, then 3 + 12 = 15. 
Addition can be done in any order, and the sum will be the same. 
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When several numbers are added together, it is easier to arrange the numbers in columns with 
the place positions lined up above each other. First, the units column is added. After the units 
column is added, the number of tens is carried over and added to the numbers in the tens column. 
Any hundreds number is then added to the hundreds column and so on. 


Example: 
Add 345, 25, 1458, and 6. 
Solution: 


345 
25 
1458 
6 
1834 


When adding the units column, 5 + 5 + 8+ 6 = 24. A 4 is placed under the units 
column, and a 2 is added to the tens column. 


Then, 2+4+2+5= 13. A 3 is placed under the tens column and a | is carried over 
to the hundreds column. The hundreds column is added as follows: 1+3+4=8. 


An 8 is placed under the hundreds column with nothing to carry over to the thousands 
column, so the thousands column is 1. The | is placed under the thousands column, and 
the sum is 1834. To verify the sum, the numbers should be added in reverse order. In 
the above example, the numbers should be added from the bottom to the top. 


Subtracting Whole Numbers 


When numbers are subtracted, the result is called the remainder or difference. The number 
subtracted is called the subtrahend; the number from which the subtrahend is subtracted is called 
the minuend. Subtraction is indicated by the minus sign (-). 


86 Minuend 
-34 ~~ -Subtrahend 
52 Remainder or Difference 


Unlike addition, the subtraction process is neither associative nor commutative. The commutative 
law for addition permitted reversing the order of the addends without changing the sum. In 
subtraction, the subtrahend and minuend cannot be reversed. 


a-b#tb-a (1-3) 
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Thus, the difference of 5 - 3 is not the same as 3 - 5. The associative law for addition permitted 
combining addends in any order. In subtraction, this is not allowed. 


(a-b)-c # a-(b-c) 


Example: (10-5)-1 # 10-(5-1) 
446 


When subtracting two numbers, the subtrahend is placed under the minuend with the digits 
arranged in columns placing the units place under the units place, the tens column next, and so 
on. 


Example: 
Subtract 32 from 54. 


Solution: 
54 
-32 
22 


Whenever the digit in the subtrahend is larger than the digit in the minuend in the same column, 
one place value is borrowed from the next digit to the left in the minuend. Refer to the 
following example. 


Example: 
Subtract 78 from 136. 


Solution: 
2 
136 
218 
58 


When subtracting the units column, 6 - 8, a 10 is borrowed from the tens column. This 
now makes subtracting the units column 16 - 8. An 8 is placed under the units column. 
Next the tens column is subtracted. 


A 10 was borrowed from the tens column and now 7 is subtracted from 12, not 13. This 
yields: 12 - 7 =5. The 5 is placed under the tens column and the difference is 58. 


This can be done for any subtraction formula. When the digit in the subtrahend column 


is larger than the digit in the minuend in the same column, a number from the next higher 
place position column is "borrowed." This reduces the higher position column by one. 
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Subtraction can be verified by adding the difference to the subtrahend, which should 
result in the minuend. 


Multiplying Whole Numbers 


Multiplication is the process of counting a number two or more times. It can be considered a 
shortened form of addition. Thus, to add the number 4 three times, 4 + 4 + 4, we can use 
multiplication terms, that is, 4 multiplied by 3. When numbers are multiplied, the result is called 
the product. The numbers multiplied are called factors. One factor is called the multiplicand; 
the other is called the multiplier. Multiplication is indicated by the times or multiplication sign 
(x), by a raised dot (-), or by an asterick (*). 


9 Multiplicand 
x4 x Multiplier 
36 Product 


In multiplying several numbers, the same product is obtained even if the numbers are multiplied 
in a different order or even if some of the numbers are multiplied together before the final 
multiplication is made. These properties are called the commutative and associative laws for 
multiplication. 


The commutative law for multiplication states that numbers can be multiplied in any 
order, and the result is the same product. In equation form: 


axb=bxa (1-4) 
Thus, the product of 8 x 3 is the same as 3 x 8. 


The associative law for multiplication states that factors can be associated in any order, 
and the result is the same product. In equation form: 


ax(bxc)=(axb)xc (1-5) 


Thus, the numbers 2, 3, and 5 can be multiplied by first multiplying 2 x 3 to equal 6 and 
then multiplying 6 x 5 to equal 30. The equation may also be solved by first multiplying 
3 x 5 to equal 15, and then multiplying 15 x 2 to equal 30. In either case, the product 
is 30. 


In multiplying two numbers, one number is placed under the other with the digits arranged in 
columns placing units under the units place, tens under the tens place, and so on. Usually, the 
larger number is considered the multiplicand and the smaller number is considered the multiplier. 
The digit in the units place of the multiplier is multiplied first, the digit in the tens place of the 
multiplier next, and so on. 
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Example 1: 


Multiply 432 by 8. 


Solution: 


432 
x 8 


3,456 


In multiplying the multiplier in the units column to the multiplicand, 8 x 2 = 16. A 6 is placed 
under the units column, and | ten is carried. Then, 8 x 3 = 24, plus the | carried over equals 


2: 


A 5 is placed under the tens column, and 2 hundreds are carried over. Next, 8 x 4 = 32, plus 
2 carried over, equals 34. A 4 is placed under the hundreds column and a 3 under the thousands 
column. 


Example 2: 


What is the product of 176 x 59? 


Solution: 


MA-O1 


176 
x 59 

1584 Multiplication by 9 
880 Multiplication by 50 
10384 


Start by multiplying the digit in the units place of the multiplier, 9 x 6 = 54. A 4 is 
placed under the units column, and 5 tens are carried over. 


Next, 9 x 7 = 63, plus the 5 carried over, equals 68. An 8 is placed under the tens 
column, and 6 hundreds are carried over. Then, 9 x 1 = 9, plus 6 carried over, equals 15. 
A 5 is placed under the hundreds column and a 1| under the thousands column. 


The digit in the tens place of the multiplier is multiplied now: 5 x 6 = 30. Since the 5 
in 59 is in the tens column, the zero is placed under the tens column, and 3 tens are 
carried over. Next, 5 x 7 = 35, plus the 3 carried over, equals 38. An 8 is placed under 
the hundreds column, and 3 hundreds are carried over. 


Then, 5 x 1 = 5, plus 3 carried over, equals 8. An 8 is placed under the thousands 


column. The results of 176 multiplied by 9 and 50 are then added to give the final 
product. 
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Dividing Whole Numbers 
Division is the process of determining how many times one number is contained in another 
number. When numbers are divided, the result is the quotient and a remainder. The remainder 
is what remains after division. The number divided by another number is called the dividend; 
the number divided into the dividend is called the divisor. Division is indicated by any of the 
following: 

a division sign (+) 

a division sign () ) 


a horizontal line with the dividend above the line and the divisor below the line | 


a Slanting line a/b meaning a divided by b 


Thus, the relationship between the dividend, divisor, and quotient is as shown below: 


37 Dividend 
+4 Divisor 


“9 Quotient 


1 Remainder 


Quotient > 9 1 <- Remainder 


4) 37 


Divisor!t tDividend 


Unlike multiplication, the division process is neither associative nor commutative. The 
commutative law for multiplication permitted reversing the order of the factors without changing 
the product. In division the dividend and divisor cannot be reversed. 

Using the equation form: 


a+b#tb+a (1-6) 


For example, the quotient of 18 + 6 is not the same as the quotient of 6 + 18. 18 divided by 6 
equals 3; 6 divided by 18 equals 0.33. 
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The associative law for multiplication permitted multiplication of factors in any order. In 
division, this is not allowed. 


(a+b) +c #a + (b=c) 
Example: (8+4) +2 4 8 + (442) 
1#4 


When dividing two numbers, the divisor and dividend are lined up horizontally with the divisor 
to the left of the dividend. Division starts from the left of the dividend and the quotient is 
written on a line above the dividend. 


Example 1: 
Divide 347 by 5. 


Solution: 
69 
5) 347 
30, 
47 
45 
2 Remainder 


Starting from the left of the dividend, the divisor is divided into the first digit or set of 
digits it divides into. In this case, 5 is divided into 34; the result is 6, which is placed 
above the 4. 


This result (6) is then multiplied by the divisor, and the product is subtracted from the 
set of digits in the dividend first selected. 6 x 5 equals 30; 30 subtracted from 34 equals 
4. 


The next digit to the right in the dividend is then brought down, and the divisor is divided 
into this number. In this case, the 7 is brought down, and 5 is divided into 47; the result 
is 9, which is placed above the 7. 


Again, this result is multiplied by the divisor, and the product is subtracted from the last 
number used for division. 9 x 5 equals 45; 45 subtracted from 47 equals 2. This process 
is repeated until all of the digits in the dividend have been brought down. In this case, 
there are no more digits in the dividend. The result of the last subtraction is the 
remainder. The number placed above the dividend is the quotient. In this case, 347 + 
5 yields a quotient of 69 with a remainder of 2. 
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Example 2: 
Divide 738 by 83. 


Solution: 


8 
83) 738 


664 
74 


Example 3: 
Divide 6409 by 28. 


Solution: 


224 
25 


Remainder 


Remainder 


Division can be verified by multiplying the quotient by the divisor and adding the remainder. 
The result should be the dividend. Using Example 3, multiply 228 by 28 to check the quotient. 


228 
xX 28 
1824 
{A50 
6384 — Product 


+ 25 — Remainder of 25 


6409 
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Hierarchy of Mathematical Operations 

Mathematical operations such as addition, subtraction, multiplication, and division are usually 
performed in a certain order or sequence. Typically, multiplication and division operations are 
done prior to addition and subtraction operations. In addition, mathematical operations are also 
generally performed from left to right using this heirarchy. The use of parentheses is also 
common to set apart operations that should be performed in a particular sequence. 


Example: 


Perform the following mathematical operations to solve for the correct answer: 


Q+3)+2x4)+( 2% )= 


Solution: 
a. Mathematical operations are typically performed going from left to right within 
an equation and within sets of parentheses. 
b. Perform all math operations within the sets of parentheses first. 
2+3=5 
2x4=8 
it = = = 4 Note that the addition of 6 and 2 was performed prior to dividing 
by 2. 
c: Perform all math operations outside of the parentheses. In this case, add from left 
to right. 
54+8+4=17 
Example: 


Solve the following equation: 


(4-2)+(3x4)-C0+5)-6= 


Solution: 
a. Perform math operations inside each set of parentheses. 
4-2 
3x4=12 
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10+5=2 

b. Perform addition and subtraction operations from left to right. 

c; The final answer is 2+ 12 -2-6=6 
There may be cases where several operations will be performed within multiple sets of 
parentheses. In these cases you must perform all operations within the innermost set of 
parentheses and work outward. You must continue to observe the hierarchical rules through out 
the problem. Additional sets of parentheses may be indicated by brackets, [ ]. 
Example: 


Solve the following equation: 


[2-(34+5)-5+2]x3= 


Solution: 

a. Perform operations in the innermost set of parentheses. 
3+5=8 

b. Rewriting the equation: 
[2-8-5422] x3= 

Cc: Perform multiplication prior to addition and subtraction within the brackets. 
[16-542] x3= 
[11 +2) x3= 
[13] x3= 

d. Perform multiplication outside the brackets. 
13 x 3 = 39 
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Example: 
Solve the following equation: 
5+(2G41)-1])x2= 


Solution: 


5+ [2 (4)- 1] x2 
5+ [8-1] x2= 
5+ [7] x2= 
5+ 14=19 


Example: 


Solve the following equation: 


[10 - 4) +3] +[4x5-3))=___ 


Solution: 
(6) + 3] + [4x @2)] = 


[2] + [8] = 
2+8=10 
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Summary 


The important information from this chapter is summarized below. 


Four Basic Arithmetic Operations Summary 


This chapter reviewed using whole numbers to perform the operations of: 
Addition 
Subtraction 
Multiplication 
Division 
While this chapter discussed the commutative and associative laws for 
whole numbers, it should be noted that these laws will also apply to the 


other types of numbers discussed in later chapters and modules of this 
course. 
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AVERAGES 


This chapter covers the concept of averages and how to calculate the average of 
a given Set of data. 


EO 1.3 Given a set of numbers, CALCULATE the average 
value. 


An average is the sum of a group of numbers or quantities divided by the number of numbers 
or quantities. Averages are helpful when summarizing or generalizing a condition resulting from 
different conditions. For example, when analyzing reactor power level, it may be helpful to use 
the average power for a day, a week, or a month. The average can be used as a generalization 
of the reactor power for the day, week, or month. 


Average calculations involve the following steps: 

Step 1: Add the individual numbers or quantities. 

Step 2: Count the number of numbers or quantities. 

Step 3: Divide the sum in Step | by the number in Step 2. 
Example 1: 


Find the average cost of a car, given the following list of prices. 
$10,200; $11,300; $9,900; $12,000; $18,000; $7,600 


Solution: 
Step 1: 10200 + 11300 + 9900 + 12000 + 18000 + 7600 = 69000 
Step 2: Total number of prices is 6 
Step 3: Divide 69000 by 6. The result is 11500 
Thus, the average price of the six cars is $11,500. 


Example 2: 


Find the average temperature if the following values were recorded: 600°F, 596°F, 597°F, 
603°F 


Solution: 
Step 1: 600 + 596 + 597 + 603 = 2396 


Step 2: The number of items is 4. 
Step 3: 2396/4 = 599°F 
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Average Value 


The summation symbol, ), introduced in the first chapter, is often used when dealing with the 


average value, xX . 


Using the first example in this chapter, the average value could have been expressed in the 
following manner: 


where: 


the average value (cost) of a car 


~ 
II 


each of the individual car prices 
N = total number of cars 


The right side of the above equation can then be rewritten. 


X, +X, +X, +X, +X +X, 


x 
6 


substituting 10,200 for x,, 11300 for x,, 9,900 for x;, etc. 


car 6 


a 10,200+11,300+9,900+ 12,000+ 18,000+7600 


x, = 11,500 
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Example: 


If we were to apply the average value equation from above to the second example 
concerning temperature, how would it be written, and what would be the values for N,, 


X;? 
Solution: 
4 
ae 
= ~~ het 
temp “4. 
x, = 600 
x, = 596 
X= 597. 
X, = 603 
X,+X,+X,+X, 
temp = a [ae 
7 600+596+597+603 
4 
= 599 
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Summary 


The important information from this chapter is summarized below. 


Averages Summary 


Calculating the average of a set of numbers requires three steps: 
1. Add the individual numbers or quantities. 


2: Count the number of numbers or quantities added in previous 
step. 


Divide the sum calculated in step 1 by the number in step 2. 
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FRACTIONS 


This chapter covers the basic operations of addition, subtraction, 
multiplication, and division using fractions. 


EO 1.4 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division using fractions. 


A common fraction, such as = , consists of the numerator 1 and the denominator 3. It is 


referred to as a rational number describing the division of 1 by 3 (division of the numerator by 
the denominator). 


Proper and Improper Fractions 


There are two types of fractions: proper fractions and improper fractions. The value of the 
numerator and the denominator determines the type of fraction. If the numerator is less than the 
denominator, the fraction is less than one; this fraction is called a proper fraction. If the 
numerator is equal to or greater than the denominator, the fraction is called an improper fraction. 


Example: 


= proper fraction 
So 
a improper fraction 


a . 
a improper fraction 


An improper fraction expressed as the sum of an integer and a proper fraction is called a mixed 
number. 


To write an improper fraction as a mixed number, divide the numerator by the denominator, 


obtaining an integer part (quotient) plus a fractional part whose numerator is the remainder of 
the division. 
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Example: 


Here, 9 can be divided into 22 two times, with - left over or remaining. 


Thus, the improper fraction = is equivalent to the mixed number 25 : 


Every number may be expressed as a fraction or sum of fractions. A whole number is a fraction 
whose denominator is |. Any fraction with the same numerator and denominator is equal to one. 


Examples: 


Equivalent Fractions 
An equivalent fraction is a fraction that is equal to another fraction. 


Example: 


A fraction can be changed into an equivalent fraction by multiplying or dividing the numerator 
and denominator by the same number. 


Example: 
2 4 2 
q "Le rs because a = 1, and | x any number = that number 


A fraction may be reduced by dividing both the numerator and the denominator of a fraction by 
the same number. 
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Example: 


Addition and Subtraction of Fractions 


When two or more fractions have the same denominator, they are said to have a common 
denominator. The rules for adding fractions with a common denominator will first be explored. 
Consider the example. 


First of all, the fraction = means three . segments, i.e. = = 3x —. Looking at this as the 


co| = 


addition of pie segments: 


It is obvious that three of these segments G | plus one of these segments G | equal four 


of these segments 5 ns} 


MA-O1 Page 26 Rev. 0 


Review of Introductory Mathematics FRACTIONS 


This graphic illustration can be done for any addition of fractions with common denominators. 
The sum of the fractions is obtained by adding the numerators and dividing this sum by the 
common denominator. 


23 ak aggyl Lael pet see =] 
6 6 6 6 6 6 6 


Also, this general method applies to subtraction, for example, 


The general method of subtraction of fractions with common denominators is to subtract the 
numerators and place this difference over the common denominator. 


Dee ae sof 2 anf : s-2n{5] i fz) 239) 
8 8 g g g 8] 8 
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When fractions do not have a common denominator, this method must be modified. For example, 
consider the problem: 


This presents a problem, the same problem one would have if he were asked to add 6 feet to 3 
yards. In this case the entities (units) aren’t equal, so the 6 feet are first converted to 2 yards and 
then they are added to 3 yards to give a total of 5 yards. 


6 feet + 3 yards = 2 yards + 3 yards = 5 yards 


Going back to the fraction addition example, then - and = must both be expressed in the same 
: : ease 1 ‘ 1 3 
segments to be added. Without developing the general method, 5 iS gs Multiply a) by 3 


or (one) to give the equivalent fraction. Similarly, = equals 7 
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Then, 


The general method of adding or subtracting fractions which do not have a common denominator 
is to convert the individual fractions to equivalent fractions with a common denominator. These 
equally sized segments can then be added or subtracted. 


The simplest method to calculate a common denominator is to multiply the denominators. This 
is obtained if each fraction is multiplied top and bottom by the denominator of the other fraction 
(and thus by one, giving an equivalent fraction). 


1 8 

a ee 

3 6 

1 6 8 3 
ee a 
6 6 3 


+ = 


18 18 18 


3. 
6 24 30 


For more than two fractions, each fraction is multiplied top and bottom by each of the other 
denominators. This method works for simple or small fractions. If the denominators are large 
or many fractions are to be added, this method is cumbersome. 
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Example: 


would require the denominator to be equal to 64 x 32 x 6 = 12,288. This kind of number is very 
hard to use. 


In the earlier example 


£ + 5 = was shown to equal 
3 6 

6. 3. 2A = 30 

18 18 18 


You notice that both 30 and 18 can be divided by 6; if this is done: 


30 + 6 
18 + 6 


5 
3 


By doing this we arrive at a smaller and more useful number: 2 takes the place of 


The sum of two or more fractions reduced to its simplest form contains the smallest possible 
denominator common to both fractions. This denominator is called the least common 
denominator (LCD). 


Example: 


Using trial and error we can find that 24 is the LCD or smallest number that 3, 6, and 8 will all 
divide into evenly. Therefore, if each fraction is converted into 24"", the fractions can be added. 
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This is the simplest form the fraction can have. To eliminate the lengthy process of trial and error 
used in finding the LCD, you can reduce the denominators to their prime numbers. 


Least Common Denominator Using Primes 


A prime number is a whole number (integer) whose only factors are itself and one. The first 
prime numbers are: 
eerie Oe a> Fx WAS. LOoo Whe WOE DO 29 cig ke 


By dividing by primes, you can find that the primes of 105 are: 
— = 35 Se 7 = a prime number, therefore, stop dividing. 


The primes of 105 are: 3, 5, 7 


A systematic way of finding the prime factors of larger positive integers is illustrated below. The 
primes are tried in order, as factors, using each as many times as possible before going on to the 
next. The result in this case is: 


504 =(2)(252) 
=(2)(2)(126) 
=(2)(2)(2)(63) 
=(2)(2)(2)3)(21) 
=(2)(2)(2)(3)(3)7) 


To add several fractions with different denominators, follow these steps: 

Step 1: Express denominators in prime factors. 

Step 2: Determine the least common denominator by using all of the prime 
numbers from the largest denominator, and then include each prime 
number from the other denominators so that each denominator can be 
calculated from the list of primes contained in the LCD. 


Step 3: Rewrite using the least common denominator. 


Step 4: Add the fractions. 
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Example 1: 
Add |. and 
5 10 
Solution: 
Step 1: Find primes of each denominator. 
IS=5x3 
10=5x2 
Step 2: In the example, 15 is the largest denominator, so use the 5 and the 3; now 
look at the second denominator’s primes—the five already appears in the 
list, but the 2 does not, so use the 2. 
5x3x2=30 
Step 3: Rewrite with least common denominators. 
ls 4202 
15 30 
Dead 
10 = 30 
Step 4: Add the new fractions. 
De: Oe 24 28 
30 ©630=—30 
Example 2: 
Add Ls + 2 + ae + bs 
7 3 12 6 
Solution: 
Step 1: Find primes of each denominator. 
7 = 7 (already is a prime number) 
3 = 3 (already is a prime number) 
12=2x6=2x2x3 
6=2x3 
Step 2: 12 is the largest, so start with 
Be DS 
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FRACTIONS 


Comparing this list to the others, the denominators of 3, 12, and 6 
can all be calculated from the list, but 7 cannot be, so a7 must be 


included in the list. 


2x2x3x7= 84 


Step 3: Rewrite the equation 
1.12 / 2, 28 11. 
7 2 3 98 12 
Step 4: Add 
12, 56. 77 56 
S28 ae Ee A is os Se 
84 84 84 84 


Addition and Subtraction 


Denominators of fractions being added or subtracted must be the same. 


The resulting sum or difference is then the sum or difference of the numerators of the fractions 


being added or subtracted. 


Examples: 
2 1 2+1 
See ee — = 
3 3 3 
4 1 4+] 
a ee = 
7 7 7 
4 2_4-2 = 
9 9 9 
a ee 8-2-5 
loud 11 
Rev. 0 


1 
5 
ue 
’) 
9 
2a 
TL 
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Multiplication 


The methods of multiplication of fractions differ from addition and subtraction. The operation 
of multiplication is performed on both the numerator and the denominator. 


Step 1: Multiply the numerators. 
Step 2: Multiply the denominators. 
Step 3: Reduce fraction to lowest terms. 


Example: 


Multiplication of mixed numbers may be accomplished by changing the mixed number to an 
improper fraction and then multiplying the numerators and denominators. 


Example: 
ph ao ak Big Bes, OR 
SO a 16 
Division 


The division of fractions can be performed by two methods. The first method employs the basic 
concept of multiplying by 1. 


Example: 


i. oN 
vol | Wm #A 
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Solution: 
9 
Step 1: Multiply by e , which is the same as multiplying by 1. 
9 
2, 
4 , 
Lae 
Z 9 
Sih. id 
Step 2: Looking at the two division fractions we see that = ‘ . = |. This leaves 
us with the following. 
4 9 
52 4 9 
1 a. 2 
Step 3: Multiply numerators and denominators. 
4... D2 30 
5 2 10 
Example: 
3 
8 = 
6 
a 
Solution: 
4 
: 6 
Step 1: Multiply by a 
6 
3: 
B 6] 
6 7 
a 3G 
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Step 2: Multiplication of division fractions equals 1. 
° eee 
BO _ 
1 
Step 3: Multiplication of numerators and denominators yields: 
ce ee 
8 6 48 


The second method for dividing fractions is really a short cut to the first method. When dividing 
one fraction by another, first invert the divisor fraction and then multiply. 


Example: 
4 
5 — 
2 
9 
Solution: 
he : 2 2 
Step 1: Invert the divisor fraction a to mals 
Step 2: Multiply the dividend fraction, =} by the inverted fraction } 
cay em Pca 
So) Oa! ae 
Step 3: Reduce fraction to lowest terms. 
36 
ay ene 
10 5 
De 


Division of mixed numbers may be accomplished by changing the mixed number into an 
improper fraction (a/b), inverting the divisor, and proceeding as in multiplication. 
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Invert the divisor fraction and then follow the rule for multiplication. 


Example: 
12 
Bi DoT OO sa 
“Se (8. 3 Or 
7 

Summary 


The important information from this chapter is summarized below. 


Fractions Summary 


Denominator - bottom number in a fraction 
Numerator - top number in a fraction 
Proper fraction - numerator is less than denominator 
Improper fraction - numerator is greater than or equal to denominator 
Mixed number - sum of an integer and a proper fraction 
Fractions, like whole numbers can be: 
Added 
Subtracted 
Multiplied 


Divided 
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DECIMALS 


This chapter covers the processes of addition, subtraction, multiplication, and 
division of numbers in decimal form. 


EO 1.5 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division of fractions by 
conversion to decimal form using a calculator. 


EO 1.6 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division using decimals. 


When using numbers, the operator will use whole numbers at times and decimal numbers at other 
times. A decimal number is a number that is given in decimal form, such as 15.25. The decimal 
portion is equivalent to a certain "fraction-of-one," thus allowing values between integer numbers 
to be expressed. 


A decimal is a linear array of integers that represents a fraction. Every decimal place indicates 
a multiple of a power of 10. 


Example: 


the decimal 0.1 = 1/10, 0.12 = 12/100, and 0.003 = 3/1000 
ct i 2 ge a= 


| A 
Tenths 
Hundredths 


Thousandths 
Ten Thousandths 
Hundred Thousandths 


Fraction to Decimal Conversion 


In the process of converting a fraction to a decimal, we must perform the operation of division 
that the fraction represents. 
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Example: 
3 ; 
Convert Z to a decimal. 


Solution: 


The fraction 2 represents 3 divided by 4. To put this into decimal form, we first divide 


3 by 4. Add a decimal point and zeros to carry out this division. 


0.75 


4) 3.00 


28° 
20 
20 
0 


Example: 


Convert to a decimal. 


Solution: 


10 
2s 


—= 


0 
2 


—= 


In the above example we see that no matter how many zeros we add, there will always be a 
remainder of 1. This is called a repeating decimal. A repeating decimal is indicated by a dash 


over the last number to the right of the decimal point. So, ; = 0.333 . The bar is placed over 


the repeating portion. For a repeating single digit, the bar is placed over only a single digit. For 
a repeating sequence of digits, the bar is placed over the whole sequence of digits. 
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Decimal to Fraction Conversion 

The process of decimal to fraction conversion involves the use of the fundamental rule of 
fractions; the fraction should be written in its lowest terms. The following examples demonstrate 
how to convert decimals to fractions. 


Example 1: 


Convert 0.65 to a fraction. 


Solution: 

Step 1: Note the number of place positions to the right of the decimal point. In 
this example, 0.65 is 65 hundredths, which is two places to the right of the 
decimal point. 

65 
100 
Step 2: Although we have now converted the decimal into a fraction, the fraction 


is not in its lowest terms. To reduce the new fraction into its lowest or 
simplest terms, both the numerator and the denominator must be broken 
down into primes. 


Note that we can cancel one set of 5s, because ° = 1. 


This gives 
65 13 


100 = 20 


and this is the simplest form of this fraction. 
Example 2: 


Convert 18.82 to a mixed number. 
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Solution: 
Step 1: 18.82 is 18 and 82 hundredths. 
18.82 - 19 9% 
100 
Step 2: Reduce Eke to its simplest form = a 
100 50 
82 . 2°41 2 2°41 2 2°41 as 41 2 41 
100 «2-500 22-25) 2-25-5255 50 
The answer is ig 41. 
50 
Example 3: 


Convert 1.73 to a fraction. 


Solution: 
Step 1: 1.73 = me 
100 
Step 2: 73=73x1 
100 =2x2x5x5 
There are no common factors between 73 and 100, so it cannot be reduced. 
fo 
100 
Example 4: 


Convert 0.333 to a fraction. 


Solution: 
Step 1: Ek ome 
1000 
Step 2: There are no common factors between 333 and 1000, so it is already in its 


simplest form. 
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Addition and Subtraction of Decimals 


When adding or subtracting decimals, each number must be placed to align the decimal points. 
When necessary, zeros are used as place holders to make this possible. Then the operation of 
addition or subtraction is performed. 


Example: 
0.423 + 1.562 + 0.0736 + 0.2 = 
Solution: 


Align decimal points 


0.4230 
+ 1.5620 
+ 0.0736 
0.2000 


2.2586 


Example: 
0.832 - 0.0357 = 


Solution: 


0.8320 
— 0.0357 


0.7963 


Multiplying Decimals 


When multiplying decimals, the decimal points do not have to be aligned. Rather, it is important 
to accurately position the decimal point in the product. To position the decimal in the product, 
the total number of digits to the right of the decimals in the numbers being multiplied must be 
equal to the number of digits to the right of the decimal in the product. This is best illustrated 
in the following examples: 


Step 1: Multiply numbers without inserting decimal in the products. 


Step 2: Sum the number of digits to the right of the decimal in all of the numbers 
being multiplied. 


Step 3: Position the decimal in the product so the number of digits to the right of 


the decimal equals the total number of digits to the right of the decimal in 
the numbers multiplied (from Step 2). 
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Example: 
0.056 x 0.032 = 
Solution: 
0.056 
0.032 
112 
168 
0.001792 
NOTE: Since 0.056 has three digits to the right of the decimal point, and 0.032 has three 


digits to the right of the decimal point, six digits must be to the right of the 
decimal point in the product. To have six digits in the product, zeros are inserted 
to the left of the computed digits. 


To multiply a decimal by 10, move the decimal point one position to the right. 


Example: 0.45 x 10 = 4.5. Similarly, when multiplying a decimal by 100, 1000, and 10,000, 
move the decimal point to the right the same number of zeros that are in the 
multiplier. 


Example: 
0.45 x 100 = 45 
0.45 x 1000 = 450 
0.45 x 10,000 = 4500 
The reverse is true when multiplying by fractions of 10. 
0.45 x 0.1 = 0.045 
0.45 x 0.01 = 0.0045 


0.45 x 0.001 = 0.00045 
0.45 x 0.0001 = 0.000045 


Dividing Decimals 


When solving problems involving division of decimals, the following procedure should be 
applied. 


Step 1: Write out the division problem. 


Step 2: Move the decimal in the divisor to the right. 
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Step 3: 


Step 4: 


Step 5: 


Example: 


Solution: 


Step 


Step 


Step 
Step 


Step 


Rounding Off 


Review of Introductory Mathematics 


Move the decimal in the dividend the same number of places to the right. 
Add zeros after the decimal in the dividend if necessary. 


Place the decimal point in the quotient directly above the decimal in the 
dividend. 


Divide the numbers. 


3.00 + 0.06 = 
1 06 ) 3.00 
2 06. ) 3.00 
oH 6. 300, 
VY 
4 6. 300 
50. 
2: 6 300. 
30 
00 


When there is a remainder in division, the remainder may be written as a fraction or rounded off. 
When rounding off, the following rules should be applied: 


Step 1: 


Step 2: 


Step 3: 


MA-O1 


Observe the digit to the right of the digit being rounded off. 


If it is less than 5, drop the digit. 
If the digit is 5 or higher, add 1 to the digit being rounded off. 


Write the new rounded number. 
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Example: 
Round off the following number to two decimal places. 
3.473 
Solution: 
Step 1: 3 is the number to the right of the 2 decimal place. 
Step 2: 3 is less than 5, so drop the digit. 
Step 3: 3.47 is the number rounded to two decimal places. 
Example: 
Round off the following number to two decimal places. 
6.238 
Solution: 
Step 1: 8 is the number to the right of the 2" decimal place. 
Step 2: 8 is greater than 5, so drop the 8 and add one to the number in the 
second decimal place (3 + 1 = 4). 
Step 3: 6.24 is the number rounded to two decimal places. 
Example: 
Round off the following number to two decimal places. 
6.2385 
Solution: 
Step 1: 8 is the number to the right of the 2" decimal place. 
Step 2: 8 is greater than 5, so drop the 8 and add one to number in the 
second decimal place (3 + 1 = 4). 
Step 3: 6.24 is the number rounded to two decimal places. 
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Example: 


Review of Introductory Mathematics 


Round off the following number to three decimal places. 


Solution: 
Step 1: 
Step 2: 
Step 3: 
Example: 


6.2385 


5 is the number to the right of the 3" decimal place. 


5 is equal to 5, so drop the 5 and add one to the number in the 


third decimal place (8 + 1 = 9). 


6.239 is the number rounded to three decimal places. 


Divide 2.25 by 6 and round off the answer to 1 decimal place. 


Solution: 
Step 1: 
Step 2: 
Step 3: 
MA-O1 


2.25 _ 9.375 
6 


7 is the number to the right of the 1* 
decimal place. 


7 is greater than 5, so drop the 7 and 
add one to the number in the first 


decimal place (3 + 1 = 4). 


0.4 is .375 rounded to 1 decimal 
place. 
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Summary 


The important information from this chapter is summarized below. 


Decimals Summary 


When using the decimal process: 
Convert fractions to decimals by dividing the numerator by the denominator. 


Convert decimals to fractions by writing the decimal in fraction format and 
reducing. 


Align decimal points when adding or subtracting decimals. 


Before dividing decimals, move the decimal in the divisor and dividend to the 
right by the same number of places. 


When rounding, numbers less than 5 are dropped, and numbers 5 or greater 
increase the number immediately to the left by one. 
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SIGNED NUMBERS 


This chapter covers the processes of addition, subtraction, division, and 
multiplication of signed numbers. 


EO 1.7 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division using signed numbers. 


Calculator Usage, Special Keys 


Change Sign key 
Es Pressing this key changes the sign of the number in the display. To enter 


a negative number, the number is entered as a positive number and then 
the change sign key is pressed to convert it to a negative. The display will 
show a "-" in front of the number. 


Addition 


Addition of signed numbers may be performed in any order. Begin with one number and count 
to the right if the other number is positive or count to the left if the other number is negative. 


Example: 
24+3=0-2+4+3 


Solution: 


Begin with —2 and count 3 whole numbers to the right. 


Therefore: -2+3=1 
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Example: 
(-2)+34+4=0-2+3+4+4 


Solution: 


5 | 3 2 O | 2 3 4 5 6 
+ 
L453 tae 
en on ce 
+? + 4 + + 2 + 4 + 4 


Therefore: (-2)+3+4=5 


Example: 
(2)+(4)=__ 


Solution: 


Begin with 2 and count 4 whole numbers to the left. 


Therefore: (2) + (4) = -2 
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Adding numbers with unlike signs may be accomplished by combining all positive numbers, then 
all negative numbers, and then subtracting. 


Example: 
10 + (-5) +8 +(-7)+5+(18)=_ 
Solution: 
+10-54+8-74+5-18= 
+10+8+5-18-7-5= 


+23 - 30 =-7 


Subtraction 


Subtraction of signed numbers may be regarded as the addition of numbers of the opposite signs. 
To subtract signed numbers, reverse the sign of the subtrahend (the second number) and add. 


For example, one could treat his incomes for a given month as positive numbers and his bills as 
negative numbers. The difference of the two is his increase in cash balance. Suppose he buys 
a window for $40. This gives a bill of $40 and adds as negative $40 to his cash balance. Now 
suppose he returns this window to the store and the manager tears up his bill, subtracting the - 
$40. This is equivalent of adding +$40 to his cash balance. 


Example: 
a-b = a+ (-b) 
Solution: 
(+3) - (45) = (+3) + (-5) =-2 
)-CD = H+aGbD =23 
(-5)-(+8) = (-5)+(-8) = -13 
(+7) -(-2) = (+7) + (42) = 49 
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Multiplication 
Multiplication of signed numbers may be performed by using the following rules: 


The product of any two numbers with like signs is positive: 


(+)(+) = G) or C)C) = @). 


The product of any two numbers with unlike signs is negative: 


HO) =C) or OG) = ©). 


The product is negative if there is an odd number of negatives. 
The product is positive if there is an even number of negatives. 


Example: 
(+3)(4+3) = +9 
(-2) (44) =-8 
CD C2) 4G) 2) =4+4 
(—2) (+2) (42) (-2) = +16 
Zero times any number equals zero. 
Multiplying by —1 is the equivalent of changing the sign. 
Division 
Division of signed numbers may be performed using the following rules: 


Rule 1: The quotient of any two numbers with like signs is positive: 


(+)/(+) = (+) or -)/(-) = (4) 


Rule 2: The quotient of any two numbers with unlike signs is negative: 


OVO) = Cor HVA) = ©) 


Rule 3: Zero divided by any number not equal to zero is zero. 
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Examples: 
0 
a) = = 0 Apply rule 3. 
= 
b) =i = +3 Apply rule 1. 
-4 
c) ~~ = -2 Apply rule 2. 
+2 
Summary 


The important information from this chapter is summarized below. 


Signed Numbers Summary 


When using signed numbers: 


Adding a negative number is the same as subtracting a positive number. 


Subtracting a negative number is the same as adding a positive number. 


A product is negative if there is an odd number of negatives. 
A product is positive if there is an even number of negatives. 


Division of two numbers with like signs results in a positive answer. 


Division of two numbers with unlike signs results in a negative answer. 
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SIGNIFICANT DIGITS 


This chapter presents the concept of significant digits and the application of 
significant digits in a calculation. 


EO 1.8 DETERMINE the number of significant digits in a given 
number. 
EO 1.9 Given a formula, CALCULATE the answer with the 


appropriate number of significant digits. 


Calculator Usage, Special Keys 


Most calculators can be set up to display a fixed number of decimal places. In doing so, 
the calculator continues to perform all of its internal calculations using its maximum 
number of places, but rounds the displayed number to the specified number of places. 


INV key 
To fix the decimal place press the INV key and the number of the decimal places 
INV desired. For example, to display 2 decimal places, enter INV 2. 


Significant Digits 


When numbers are used to represent a measured physical quantity, there is uncertainty associated 
with them. In performing arithmetic operations with these numbers, this uncertainty must be 
taken into account. For example, an automobile odometer measures distance to the nearest 1/10 
of a mile. How can a distance measured on an odometer be added to a distance measured by a 
survey which is known to be exact to the nearest 1/1000 of a mile? In order to take this 
uncertainty into account, we have to realize that we can be only as precise as the least precise 
number. Therefore, the number of significant digits must be determined. 


Suppose the example above is used, and one adds 3.872 miles determined by survey to 2.2 miles 
obtained from an automobile odometer. This would sum to 3.872 + 2.2 = 6.072 miles, but the 
last two digits are not reliable. Thus the answer is rounded to 6.1 miles. Since all we know 
about the 2.2 miles is that it is more than 2.1 and less than 2.3, we certainly don’t know the sum 
to any better accuracy. A single digit to the right is written to denote this accuracy. 
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Both the precision of numbers and the number of significant digits they contain must be 
considered in performing arithmetic operations using numbers which represent measurement. To 
determine the number of significant digits, the following rules must be applied: 
Rule 1: The left-most non-zero digit is called the most significant digit. 
Rule 2: The right-most non-zero digit is called the least significant digit except 
when there is a decimal point in the number, in which case the right-most 


digit, even if it is zero, is called the least significant digit. 


Rule 3: The number of significant digits is then determined by counting the digits 
from the least significant to the most significant. 


Example: 

In the number 3270, 3 is the most significant digit, and 7 is the least significant digit. 
Example: 

In the number 27.620, 2 is the most significant digit, and O is the least significant digit. 
When adding or subtracting numbers which represent measurements, the right-most significant 
digit in the sum is in the same position as the left-most least significant digit in the numbers 
added or subtracted. 
Example: 

15.62 psig + 12.3 psig = 27.9 psig 
Example: 

401.1 + 50 = 450 


Example: 


401.1 + 50.0 = 451.1 
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When multiplying or dividing numbers that represent measurements, the product or quotient has 
the same number of significant digits as the multiplied or divided number with the least number 
of significant digits. 


Example: 


3.25 inches x 2.5 inches = 8.1 inches squared 


Summary 


The important information from this chapter is summarized below. 


Significant Digits Summary 


Significant digits are determined by counting the number of digits from the most 
significant digit to the least significant digit. 


When adding or subtracting numbers which represent measurements, the right- 
most significant digit in the sum is in the same position as the left-most 
significant digit in the numbers added or subtracted. 


When multiplying or dividing numbers that represent measurements, the product 
or quotient has the same number of significant digits as the multiplied or divided 
number with the least number of significant digits. 
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PERCENTAGES 


This chapter covers the conversion between percents, decimals, and fractions. 
EO 1.10 CONVERT between percents, decimals, and fractions. 


EO 1.11 CALCULATE the percent differential. 


A special application of proper fractions is the use of percentage. When speaking of a 30% raise 
in pay, one is actually indicating a fractional part of a whole, 30/100. The word percent means 
"hundredth;" thus, 30% is based on the whole value being 100%. However, to perform arithmetic 
operations, the 30% expression is represented as a decimal equivalent (0.30) rather than using 
the % form. 


Calculator Usage, Special Keys 


Percent Key 
ra When pressed, the percent key divides the displayed number by 100. 
7 


Changing Decimals to Percent 


Any number written as a decimal may be written as a percent. To write a decimal as a percent, 
multiply the decimal by 100, and add the percent symbol. 


Example: 


Change 0.35 to percent. 
0.35 x 100 = 35% 


Example: 


Change 0.0125 to percent. 
0.0125 x 100 = 1.25% 
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Example: 


Change 2.7 to percent. 
2.7 x 100 = 270% 


Changing Common Fractions and Whole Numbers to Percent 


When changing common fractions to percent, convert the fraction to a decimal, then multiply by 
100 and add the percent symbol. 


Example: 
Change > to a percent 


0.6 x 100 = 60% 
When changing a whole number to a percent, multiply by 100 and add the percent symbol. 
Example: 


Change 10 to percent 
10 x 100 = 1000% 


Percents are usually 100% or less. Percents are most often used to describe a fraction, but can 
be used to show values greater than 1(100%). Examples are 110%, 200%, etc. 


Changing a Percent to a Decimal 


Any number written as a percent may be written as a decimal. To change a percent to a decimal, 
drop the percent symbol and divide by 100. 


Example: 


Express 33.5% in decimal form. 


33.5 _ 9.335 
100 


Express 3.35% in decimal form. 


3.35 _ 9.9335 
100 
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Express 1200% in decimal form. 
1200 _ 12 
100 


Percent Differential 
Percent differentials are used to provide a means of comparing changes in quantities or amounts. 
Percent differentials express the relationship between some initial condition and another specified 


condition. 


The method of calculating percent differential involves the following: 


Step 1: Subtract the original value from the present value. 
Step 2: Divide by the original value. 
Step 3: Multiply by 100. 
Step 4: Add the percent symbol (%). 
Example: 


A tank initially contains 50 gallons of water. Five gallons are drained out. By what 
percent is the amount of water in the tank reduced? 


Solution: 
Step 1: The difference between initial and final is given in the problem: 5 gallons. 
Step 2: a = 0.1 
50 
Step 3: 0.1 x 100 = 10% Five gallons represents 10% of the original 50 gals that 


were in the tank. 
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Ratio 


Two numbers may be compared by expressing the relative size as the quotient of one number 
divided by the other and is called a ratio. Ratios are simplified fractions written with a colon 
(:) instead of a division bar or slash. 


Example: 


One day Eric paid $700 for a stereo and Scott paid $600 for the same stereo. Compare 
the amount that Eric paid to the amount that Scott paid, using ratios. 


Solution: 


Step 1: 


Step 2: 


Step 3: 


Example: 


Divide the numbers to be compared. In this example the amount paid by 
Scott is being compared to the amount paid by Eric. The amount paid by 


Eric is divided by the amount paid by Scott = eee 


Simplifying this expression, both 700 and 600 can be divided by 100. 


Expressing this fraction as a ratio: 
Eric’s price ‘ sera, oa ae 

peas ee — or Eric’s price : Scott’s price = 7:6 
Scott’s price 


If one yard equals three feet, what is the ratio of yards to feet? 


Solution: 


Step 1: 


Step 2: 


Step 3: 
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1 yd./ 3 ft. 

: is already in simplest terms 
ie Zn or yards : feet = 1:3 
feet 3 
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Summary 


Pertinent information concerning percentages and ratios is summarized below. 
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Percentages and Ratios Summary 


Change decimals to percents by multiplying by 100 and 
adding the percent symbol. 


Change fractions to percents by first changing the fraction 
into a decimal. Then change the decimal to a percent. 


Compute percent differential by dividing the difference by 
the original value, multiplying by 100, and adding the 
percent symbol. 


Ratios are fractions written with a colon instead of a 
division bar or slash. 
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EXPONENTS 


This chapter covers the addition, subtraction, multiplication, and division of 
numbers with exponents. 


EO 1.12 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division using exponential 
numbers. 


Calculator Usage, Special Keys 


Exponent key 
Raising a number to an exponent requires the y’ key to be pressed twice. First, 
the base number is entered and the y key is pressed; this enters the base number 
(y). Next, the exponent number is pressed and the y’ key is pressed; this enters 
the exponent and tells the calculator to complete the calculation. The calculator 
will display the value. 


X squared key 


Pressing this key squares the displayed number. This key will save time over 
using the y’ key. 


Exponents 


The product a x ax axa _ can be written as a‘, where 4 is called the exponent of a or power 
to which a is raised. In this notation, a is often called the base. 


Examples: 
a aaa a 
Se oe o 2 5 
(a + bY = (arb) = (arb) + (arb) + (ab) + (ab) 


When an exponent is not written, it is assumed to be 1. For example, a' = a. An exponent 


applies only to the quantity immediately to the left and below it. For example, in 3 + (-2)° the 
base is -2, but in 3 - 2? the base is 2. 
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Basic Rules for Exponents 
The following rules are applied to exponents. 


Rule 1: To multiply numbers with the same base, add the exponents and keep the 
base the same. 


Example: 
PRPS ORO ROR DST RIO SD 


Rule 2: When raising a power of a number to a power, multiply the exponents and 
keep the base the same. 


(a"y" = a™ 
Example: 
(ay =(ax a)x (axa)x(axaj=a° 
that is, you multiply (a x a) three times. Similarly, for (a™)", one multiplies (a™) n times. 
There are m values of a in each parenthesis multiplied by n parenthesis or m x n values 


of a to multiply. 


Thus, (a™)" =a™ 


Rule 3: When dividing two exponential numbers, subtract the powers. 

a is m-n 
=a 
a n 
Example: 
5 
xaxaxax 
Dee PEDRO a 3 eg seg Ss 
a’ axa KH ah 
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Rule 4: Any exponential number divided by itself is equal to one. 
a n a 1 
a n 

Rule 5: To raise a product to a power, raise each factor to that power. 
(ab)" = a"b" 


This arises from the associative law for multiplication, that is, order of multiplication does not 
alter the product. 


Example: 
(ab =(axb)x(axb)=(axa (bx b=a xv 


If doubt exists in the student’s mind, try multiplying (2 x 3)° out in different orders. All orders 
will yield 36. 


Rule 6: To raise a quotient to a power, raise both the numerator and denominator 
to that power. 


Example: 
: : 3 5 1 9 
To demonstrate this, consider = 1.5 D9 SDS SE 
2 4 4 
2 
But 2 = a the same value. 
2 4 
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Zero Exponents 


Using the rule for exponents (Rule 4) to evaluate a"/a", then 


= 1 


a 


This interpretation is consistent with the rule a"/a" = a" = a’. 


equal to 0. Any number to the zero power equals one. 


Example: 
See 
(b°+2)° = 1 


Negative Exponents 


The rules for positive exponents apply to negative exponents. 


For example, a°/a* = a°~* as shown earlier. 


a 
5-2 


multiplication are applied to this, a x a@* =a’ =a’. 
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Therefore, a° = 1 when a is not 


a” is defined as follows: 


If = is written as a’, and the rules for 


Thus, writing f as a” and applying the 


a n 


rules for multiplication yields the same results as a and applying the rules of division. 
a n 


Examples: 
1 
CO es 
C2 
1 
gee ee 
x3 
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Fractional Exponents 


1 

= n 
Fractional exponents are defined as follows, a™ = nT a. This permits manipulations with 
numbers with fractional exponents to be treated using the laws expressed earlier for integers. For 
example, 


ioe) 
wl 
Ill 
<> 


8 = 2 since 2X2x2 = 8 


1 1\3 
Taking the statement 8* = 2 and cubing both sides, Fe 225 But Ge = a7" so 
1 3 
(s3] = 8' = 8 which agrees with 2° = 8 for the right-hand side of the equality. 


2 i 1 1 
A number such as 8° can be written 33] = 2’ = 4 or alternately as (8°) = (64)? = 4 since 
4x4x 4 = 64; that is, 4 is the cube root of 64. 


Examples: 
py [2 ee 
3 ay gn al > Bley 
. 11 -1 
Oi ea) ages 
1 b2 
b2 
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Summary 


Pertinent information concerning exponents is summarized below. 


Exponents Summary 


Base™Po™ = Product 


Rule 1: To multiply numbers with the same base, 
add the exponents and keep the base the 
same. 


When raising a power of a number to a 
power, multiply the exponents and keep the 
base the same. 

(a™)" =- a 


When dividing two exponential numbers, 
subtract the powers. 
a"la’ = a" 


Any exponential number divided by itself is 
equal to one. 
ala’ = 1 


To raise a product to a power, raise each 
factor to that power. 

(ab)" = a°b" 
To raise a quotient to a power, raise both 
the numerator and denominator to that 
power. 

(a/b)" = a*/b" 

Any number to the zero power equals one. 


The rules for positive exponents apply to negative exponents. 


The rules for integer exponents apply to fractional exponents. 
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SCIENTIFIC NOTATION 


This chapter covers the addition, subtraction, multiplication, and division of 
numbers in scientific notation. 


EO 1.13 Given the data, CONVERT integers into scientific notation and 
scientific notation into integers. 


EO 1.14 APPLY one of the arithmetic operations of addition, 
subtraction, multiplication, and division to numbers using 
scientific notation. 


Calculator Usage 


Scientific Notation key 
[ee | If pressed after a number is entered on the display, the EE key will convert the 


number into scientific notation. If a number is to be entered in scientific notation 
into the calculator, pressing the EE key tells the calculator the next entered 
numbers are the exponential values. 


Scientists, engineers, operators, and technicians use scientific notation when working with very 
large and very small numbers. The speed of light is 29,900,000,000 centimeters per second; the 
mass of an electron is 0.000549 atomic mass units. It is easier to express these numbers in a 
shorter way called scientific notation, thus avoiding the writing of many zeros and transposition 
errors. 


29,900,000,000 = 2.99 x 10'° 
0.000549 = 5.49 x 10° 


Writing Numbers in Scientific Notation 


To transform numbers from decimal form to scientific notation, it must be remembered that the 
laws of exponents form the basis for calculations using powers. 
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Using the results of the previous chapter, the following whole numbers and decimals can be 
expressed as powers of 10: 


1 =10" 0.1 = 1/10 = 10" 

10 =10' 0.01 = 1/100 = 10° 
100 =107 0.001 = 1/1000 = 10° 
1000 =10° 

10,000 =10* 


A number N is in scientific notation when it is expressed as the product of a decimal number 
between | and 10 and some integer power of 10. 


N=ax 10" where 1 <a < 10 and n is an integer. 


The steps for converting to scientific notation are as follows: 


Step 1: Place the decimal immediately to the right of the left-most non-zero 
number. 

Step 2: Count the number of digits between the old and new decimal point. 

Step 3: If the decimal is shifted to the left, the exponent is positive. If the decimal 


is shifted to the right, the exponent is negative. 


Let us examine the logic of this. Consider as an example the number 3750. The number will 
not be changed if it is multiplied by 1000 and divided by 1000 (the net effect is to multiply it 
by one). Then, 


— x 1000 = 3.750 x 1000 - 3.750 x 10° 


There is a division by 10 for each space the decimal point is moved to the left, which is 
compensated for by multiplying by 10. Similarly, for a number such as .0037, we multiply the 
number by 10 for each space the decimal point is moved to the right. Thus, the number must 
be divided by 10 for each space. 
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Example 1: 


Circulating water flows at 440,000 gallons per minute. Express this number in scientific 
notation. 


Solution: 
440,000 becomes 4.4 x 10" 
S n = +5 because the decimal is shifted five places to 
‘ the left. 
0° 
Example 2: 
Express 0.0000247 in scientific notation. 


Solution: 


0. 2 4 7 


a ae n= -5 because the decimal is shifted five places to 
ee oe the right. 


0.0000247 = 2.47 x 10° 
Example 3: 


Express 34.2 in scientific notation. 


Solution: 
3 a 2 n= | because the decimal is shifted one place to the 
1 left. 
34.2 = 3.42 x 10! 


Converting Scientific Notation to Integers 


Often, numbers in scientific notation need to be put in integer form. 
To convert scientific notation to integers: 
Step 1: Write decimal number. 


Step 2: Move the decimal the number of places specified by the power of ten: to 
the right if positive, to the left if negative. Add zeros if necessary. 
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Step 3: Rewrite the number in integer form. 


Example: 


Convert 4.4 x 10° to integer form. 


Solution: 
Step 1: 4.4 
Step 2: 4.4 0 0 
VY Y “4% 
i 2 3S 
Step 3: 4.4 x 10% = 4400 
Addition 


Review of Introductory Mathematics 


In order to add two or more numbers using scientific notation, the following three steps must be 


used. 


Step 1: Change all addends to have the same power of ten by moving the decimal 
point (that is, change all lower powers of ten to the highest power). 


Step 2: Add the decimal numbers of the addends and keep the common power of 
ten. 
Step 3: If necessary, rewrite the decimal with a single number to the left of the 


decimal point. 


For example, for 3.5 x 10° + 5 x 10° you are asked to add 3.5 thousands to 5 hundreds. 
Converting 3.5 thousands to 35 hundreds ( 3.5 x 10° = 35 x 10°) we obtain 35 hundreds + 5 
hundreds = 40 hundreds or 3.5 x 10° = 35 x 10° +5 x 10°=4.x 10°. The student should do 
the same problem by converting the 5 x 10° to thousands and then adding. 


Example: 
Add (9.24 x 10*) + (8.3 x 10°) 


Solution: 


Step 1: 9.24 x 10* = 9.24 x 10° 
8.3 x 10°= 0.83 x 10° 
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Step 2: 9.24 x 10° 
+0.83 x 10° 
Step 3: 10.07 x 10* = 1.007 x 10° 
Subtraction 


In order to subtract two numbers in scientific notation, the steps listed below must be followed. 


Step 1: As in addition, change all addends to have the same power of ten. 
Step 2: Subtract one digit from the other and keep the power of ten. 
Step 3: If necessary, rewrite the decimal with a single number to the left of the 


decimal point. 
Example: 


Subtract (3.27 x 10°) - (2 x 10°) 


Solution: 
Step 1: 3.27 x 10* = 3.27 x 10° 
2.00 x 10° = 0.20 x 10* 
Step 2: 3.27 x 10° 
-0.20 x _10* 
Step 3: 3.07 x 10° 


Multiplication 


When multiplying two or more numbers in scientific notation, the following steps must be used. 


Step 1: Multiply the decimal numbers and obtain the product. 

Step 2: Multiply the powers of ten together by adding the exponents. 

Step 3: Put the product in single-digit scientific notation. 

Step 4: If necessary, rewrite decimal with a single number to the left of the 


decimal point. 
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Example: 
Multiply (3 x 10°)(5 x 10°) 
Solution: 
Step 1: 3x5 =15 
Step 2: 10° x 10° = 10°* *=10' 
Step 3: The product is: 15 x 10! 


Step 4: = 1.5 x 10° 


Division 


Follow the steps listed below when dividing numbers in scientific notation. 


Step 1: Divide one decimal into the other. 

Step 2: Divide one power of ten into the other by subtracting the exponents. 
Step 3: Put product in single-digit scientific notation. 

Step 4: If necessary, rewrite decimal with a single number to the left of the 


decimal point. 
Example: 


(1x 10°)+5x 10*= 


Solution: 
Step 1: 1 - 02 
D0. 
6 
Step 2; 1% = 10% = 10° 
108 


Step 3: 0.2 x 10° 


Step 4: 2.0 x 10! 
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Summary 


Pertinent information concerning scientific notation is summarized below. 


Scientific Notation Summary 


When changing from integer form to scientific notation: 

If the decimal is shifted left, the exponent is positive. 

If the decimal is shifted right, the exponent is negative. 
When adding or subtracting numbers in scientific notation, change both 
numbers to the same power of ten by moving the decimal point. Add or 
subtract the decimal numbers, and keep the power of ten. Rewrite if 


necessary. 


To multiply two numbers in scientific notation, multiply decimal numbers 
and add exponents. Rewrite if necessary. 


To divide two numbers in scientific notation, divide decimal numbers and 
subtract exponents. Rewrite if necessary. 
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RADICALS 


This chapter covers the addition, subtraction, multiplication, and division of 
radicals. 


EO 1.15 CALCULATE the numerical value of numbers in 
radical form. 


Calculator Usage, Special Keys 


The exponent key can be used for radicals if the exponent is entered in decimal form. 
Exponent key 


Raising a number to an exponent requires the y* key to be pressed twice. First, 
the base number is entered and the y* key is pressed. This enters the base number 


(y). Next, the exponent number is entered and the y* key is pressed. This enters 
the exponent and tells the calculator to complete the calculation. The calculator 
will display the value. 


Square-root key 


Pressing this key takes the square root of the displayed number. 
Eas 


The Radical 


A previous chapter explained how to raise a number to a power. The inverse of this operation 
is called extracting a root. For any positive integer n, a number x is the nth root of the number 
a if it satisfies x" = a. For example, since 2° = 32, 2 is the fifth root of 32. 


To indicate the nth root of a, the expression a’ is often used. The symbol V is called the 


radical sign, and the nth root of a can also be shown as ya. The letter a is the radicand, and 
n is the index. The index 2 is generally omitted for square roots. 


Example: 
v4 = 2 
(DT =3 
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Simplifying Radicals 


An expression having radicals is in simplest form when: 
° The index cannot be reduced. 
The radicand is simplified. 


No radicals are in the denominator. 


There are four rules of radicals that will be useful in simplifying them. 
Rule 1: fs = Va =a 


Rule 2: ab = va vb 


mex fg S 


Vea 7 —‘Ja , when n is odd. 


Rule 4: 


Examples: ’ 10° = 10 


(26) = 26 
(27 = 793 = 9 /3 = 373 


1-54 = ¥C-272) = (V-27) (V2) = -3 2 


When a radical sign exists in the denominator, it is desirable to remove the radical. This is done 
by multiplying both the numerator and denominator by the radical and simplifying. 


ee eee 


Example: a 
J 42? WS 
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Addition and Subtraction 


Addition and subtraction of radicals may be accomplished with radicals showing the same 
radicand and the same index. Add or subtract similar radicals using the distributive law. 


Examples: 3/ab + 2Vab = (3 + 2)/ab = 5yab 
WV5 - 375 = (7 - 35 = 4/5 


Multiplication 


Multiplication of radicals having the same index may be accomplished by applying the rule used 


in simplification: ab 2 va “Vb 
3; 3 3 

Examples: [3x4 : [9x2 = 27x° =a 
yxy 3x = V3x% = x9/3y 


"146 |... 80. 32 16... 268 
a. ADF Bl 4gr gr 


Division 


Division of radicals having the same index, but not necessarily the same radicand, may be 
performed by using the following rule and simplifying. 


Examples: va = 2 
‘io b 


We feo. 
a ae 
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Dissimilar Radicals 


Often, dissimilar radicals may be combined after they are simplified. 


4 6 
Example: (six? aes 64x3 

= 3x + (x - 2y/x 

= (341-2) yx = 2yx 


Changing Radicals to Exponents 


This chapter has covered solving radicals and then converting them into exponential form. It is 
much easier to convert radicals to exponential form and then perform the indicated operation. 


3 
The expression 3 4 can be written with a fractional exponent as 4'”. Note that this meets the 
1\3 


condition \43] = 4, that is, the cube root of 4 cubed equals 4. This can be expressed in the 
following algebraic form: 


Alles va 


The above definition is expressed in more general terms as follows: 


are ba)” = a 
Example 1: 


Express the following in exponential form. 


yor ST? 
2 - 212 
Example 2: 


Solve the following by first converting to exponential form. 


f27 27 = 27 - 2718 — 2756 
but 27 = 3° 


substituting: 27°° = (3°)° = 3°° 
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Changing Exponents to Radicals 


How to convert radicals into exponential form has been explained. Sometimes however, it is 
necessary or convenient to convert exponents to radicals. Recognizing that an exponent is the 
equivalent of the n™ root is useful to help comprehend an expression. 


3 
The expression 5’ can be written as ¥ 5. It is algebraically expressed as: 


1 
a®™ = ya 


The above definition can be more generally described as: 
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Summary 


Pertinent information concerning radicals is summarized below. 


Radicals Summary 


Used in simplification 


Used in simplification and multiplication 


Used in simplification and division 


Used to change radicals to exponents 
and exponents to radicals 
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Figure A-1 TI-30 Keyboard Layout 
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OBJECTIVES 


TERMINAL OBJECTIVE 


Algebra 


1.0 Given a calculator and a list of formulas, APPLY the laws of algebra to solve for 
unknown values. 
ENABLING OBJECTIVES 
1.1 Given an equation, DETERMINE the governing algebraic law from the 
following: 
a. Commutative law 
b. Associative law 
Ci Distributive law 
1.2 SOLVE for the unknown given a linear equation. 
1.3. APPLY the quadratic formula to solve for an unknown. 
1.4 Given simultaneous equations, SOLVE for the unknowns. 
LS Given a word problem, WRITE equations and SOLVE for the unknown. 
1.6 STATE the definition of a logarithm. 
Ly CALCULATE the logarithm of a number. 
1.8 STATE the definition of the following terms: 
a. Ordinate 
b. Abscissa 
1.9 Given a table of data, PLOT the data points on a cartesian coordinate graph. 
1.10 Given a table of data, PLOT the data points on a logarithmic coordinate graph. 
1.11 Given a table of data, PLOT the data points on the appropriate graphing system 
to obtain the specified curve. 
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ENABLING OBJECTIVES (Cont) 


1.12 OBTAIN data from a given graph. 
1.13. Given the data, SOLVE for the unknown using a nomograph. 
1.14 STATE the definition of the following terms: 
a. Slope 
b. Intercept 
1.15 Given the equation, CALCULATE the slope of a line. 
1.16 Given the graph, DETERMINE the slope of a line. 


1.17. Given a graph, SOLVE for the unknown using extrapolation. 


1.18 Given a graph, SOLVE for the unknown using interpolation. 
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ALGEBRAIC LAWS 


This chapter covers the laws used for solving algebraic equations. 


EO 1.1 Given an equation, DETERMINE the _ governing 
algebraic law from the following: 


a. Commutative law 
b. Associative law 
Cc. Distributive law 


Most of the work in basic mathematics completed by DOE facility personnel involves real 
numbers, as mentioned in the last section. As a result, one should be very familiar with the basic 
laws that govern the use of real numbers. Most of these laws are covered under the general area 
called Algebra. 


Algebraic Laws 


Many operations on real numbers are based on the commutative, associative, and distributive 

laws. The effective use of these laws is important. These laws will be stated in written form as 

well as algebraic form, where letters or symbols are used to represent an unknown number. 

The commutative laws indicate that numbers can be added or multiplied in any order. 
Commutative Law of Addition: a+b=b+a 


Commutative Law of Multiplication: a(b) = b(a) 


The associative laws state that in addition or multiplication, numbers can be grouped in any 
order. 


Associative Law of Addition: a+(b+c) = (a+b)+c 


Associative Law of Multiplication: a(bc) = (ab)c 


The distributive laws involve both addition and multiplication and state the following. 
Distributive law: a(b + c) = ab + ac 


Distributive law: (a + b)c = ac + bc 
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Algebra 


The following list of axioms pertains to the real number system where a, b, and c represent any 
real numbers. These properties must be true for the algebraic laws to apply. 


Closure Properties 1. 
Identity Properties a 
4, 
Inverse Properties 5. 
6. 


a+b is areal number 
ab is a real number 


a+O=a 
a(l) =a 


For every real number, a, there exists a real 
number, -a, such that 
a+ (-a) =0 


For every real number, a # 0, there exists a 
real number, I/a, such that 
a (l/a) = 1 


An equation is a statement of equality. For example, 4 + 3 = 7. An equation can also be written 
with one or more unknowns (or variables). The equation x + 7 = 9 is an equality only when the 
unknown x = 2. The number 2 is called the root or solution of this equation. 


The end product of algebra is solving a mathematical equation(s). The operator normally will 


be involved in the solution of equations that are 
nature. 
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either linear, quadratic, or simultaneous in 
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Summary 


The important information in this chapter is summarized below. 


Algebraic Laws Summary 


Commutative Law of Addition a+b=b+ta 
Commutative Law of Multiplication a(b) = D(a) 
Associative Law of Addition a+(b+c) = (a+b)+c 
Associative Law of Multiplication a(bc) = (ab)c 


Distributive Law a(b +c) = ab + ac 
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LINEAR EQUATIONS 


This chapter covers solving for unknowns using linear equations. 


EO 1.2 SOLVE for the unknown given a linear equation. 


The rules for addition, subtraction, multiplication, and division described in previous lessons will 
apply when solving linear equations. Before continuing this course it may be worthwhile to 
review the basic math laws in Module | and the first chapter of this module. 


Solutions to Algebraic Equations 


The equation is the most important concept in mathematics. Alone, algebraic operations are of 
little practical value. Only when these operations are coupled with algebraic equations can 
algebra be applied to solve practical problems. 


An equation is a statement of equality between two equal quantities. Most people are familiar 
with the concept of equality. The idea of equal physical quantities is encountered routinely. An 
equation is merely the statement of this equality. There are three key ideas in an equation: an 
equation must involve two expressions, the expressions must be equal, and the equation must 
indicate that the expressions are equal. Thus, the statement that the sum of three and one equals 
four is an equation. It involves two expressions, (four and the sum of three and one), the 
expressions are equal, and the equation states that they are equal. 


The equal sign (=) is used to indicate equality in an equation. In its most general form, an 
algebraic equation consists of two algebraic expressions separated by an equal sign. The equal 
sign is the key sign in algebra. It is the sign that defines one expression in terms of another. 
In solving practical problems, it is the sign that defines the unknown quantity in terms of known 
quantities. 


Algebraic Equations 


There are two kinds of equations: identities and conditional equations. An identity is an equation 
that is true for all values of the unknown involved. The identity sign (=) is used in place of the 
equal sign to indicate an identity. Thus, x” = (x)(x), 3y + 5y = 8y, and yx + yz = y(x + 2) are all 
identities because they are true for all values of x, y, or z. A conditional equation is one that is 
true only for some particular value(s) of the literal number(s) involved. A conditional equation 
is 3x + 5 = 8, because only the value x = | satisfies the equation. When the word equation is 
used by itself, it usually means a conditional equation. 
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The root(s) of an equation (conditional equation) is any value(s) of the literal number(s) in the 
equation that makes the equation true. Thus, 1 is the root of the equation 3x + 5 = 8 because 
x = | makes the equation true. To solve an algebraic equation means to find the root(s) of the 
equation. 


The application of algebra is practical because many physical problems can be solved using 
algebraic equations. For example, pressure is defined as the force that is applied divided by the 
area over which it is applied. Using the literal numbers P (to represent the pressure), F (to 
represent the force), and A (to represent the area over which the force is applied), this physical 


relationship can be written as the algebraic equation P = = When the numerical values of the 


force, F, and the area, A, are known at a particular time, the pressure, P, can be computed by 
solving this algebraic equation. Although this is a straightforward application of an algebraic 
equation to the solution of a physical problem, it illustrates the general approach that is used. 
Almost all physical problems are solved using this approach. 


Types of Algebraic Equations 


The letters in algebraic equations are referred to as unknowns. Thus, x is the unknown in the 
equation 3x + 5 = 8. Algebraic equations can have any number of unknowns. The name 
unknown arises because letters are substituted for the numerical values that are not known in a 
problem. 


The number of unknowns in a problem determines the number of equations needed to solve for 
the numerical values of the unknowns. Problems involving one unknown can be solved with one 
equation, problems involving two unknowns require two independent equations, and so on. 


The degree of an equation depends on the power of the unknowns. The degree of an algebraic 
term is equivalent to the exponent of the unknown. Thus, the term 3x is a first degree term; 3x” 
is a second degree term, and 3x° is a third degree term. The degree of an equation is the same 
as the highest degree term. Linear or first degree equations contain no terms higher than first 
degree. Thus, 2x + 3 = 9 is a linear equation. Quadratic or second degree equations contain up 
to second degree terms, but no higher. Thus, x’ + 3x = 6, is a quadratic equation. Cubic or third 
degree equations contain up to third degree terms, but no higher. Thus, 4x° + 3x = 12 is a cubic 
equation. 


The degree of an equation determines the number of roots of the equation. Linear equations have 


one root, quadratic equations have two roots, and so on. In general, the number of roots of any 
equation is the same as the degree of the equation. 


Rev. 0 Page 5 MA-02 


LINEAR EQUATIONS 


Algebra 


Exponential equations are those in which the unknown appears in the exponent. For example, 


-2.7. 
e x 


= 290 is an exponential equation. Exponential equations can be of any degree. 


The basic principle used in solving any algebraic equation is: any operation performed on one 
side of an equation must also be performed on the other side for the equation to remain true. 
This one principle is used to solve all types of equations. 


There are four axioms used in solving equations: 


Axiom 1. 


Axiom 2. 


Axiom 3. 


Axiom 4. 


If the same quantity is added to both sides of an 
equation, the resulting equation is still true. 


If the same quantity is subtracted from both sides of 
an equation, the resulting equation is still true. 


If both sides of an equation are multiplied by the 
same quantity, the resulting equation is still true. 


If both sides of an equation are divided by the same 
quantity, except 0, the resulting equation is still true. 


Axiom 1 is called the addition axiom; Axiom 2, the subtraction axiom; Axiom 3, the 
multiplication axiom; and Axiom 4, the division axiom. These four axioms can be visualized by 
the balancing of a scale. If the scale is initially balanced, it will remain balanced if the same 
weight is added to both sides, if the same weight is removed from both sides, if the weights on 
both sides are increased by the same factor, or if the weights on both sides are decreased by the 
same factor. 


Linear Equations 


These four axioms are used to solve linear equations with three steps: 


MA-02 


Step 1. 


Step 2. 


Using the addition and subtraction axioms, Axioms 
1 and 2, eliminate all terms with no unknowns from 
the left-hand side of the equation and eliminate all 
terms with the unknowns from the right-hand side 
of the equation. 


Using the multiplication and division axioms, 


Axioms 3 and 4, eliminate the coefficient from the 
unknowns on the left-hand side of the equation. 
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Step 3. Check the root by substituting it for the unknowns 
in the original equation. 
Example 1: 


Solve the equation 3x + 7 = 13. 


Solution: 
Step 1. Using Axiom 2, subtract 7 from both sides of the 
equation. 
3x+7-7=13-7 
3x = 6 
Step 2. Using Axiom 4, divide both sides of the equation by 
2 
eae 
3 3 
x=2 
Step 3. Check the root. 
3(2)+7=6+7=13 
The root checks. 
Example 2: 


Solve the equation 2x + 9 = 3(x + 4). 


Solution: 
Step 1. Using Axiom 2, subtract 3x and 9 from both sides 
of the equation. 
2x +9 = 3(x + 4) 
2x+9-3x-9=3x4+12-3x-9 
x=3 
Step 2. Using Axiom 4, divide both sides of the equation by 
-1. 
=e. 9 
=i at 
x= -3 
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Section G - Data relative to the integration of satellite communications 


“systems. into a global terrestrial communication network 


Section 7 - Development of a system engineering aopreach to the sharing 


of the limited power and bandwidth capacity of a satel-ite 


Section 8 - Data on woth nonreal-time and real-time control systems that 


are appropriate for use with multiple-access sateilite systems, 


- The remainder of the book consists of seven appendices addressing specific 


"areas closely related to the DSCS, These are: 


Appendix A - Descriptive summary of the characteristics of presently 


available or planned satellites of interest to military commuaicators 


Appendix B - Descriptive summary of presently available or proposed 


earth terminals of interest to military communicators 
Appendix C - Detailed description of Phase | of the DSCS 
Appendix D - Detailed description of Phase II of the DSCS 


Appendix E - B...:1 coverage of future trends in communications that may 


have an influence on the DSCS 


Appendix F - Compilation of technical reference data useful in analyzing 


satellite planning and engineering problems. 
Appendix G - Glossary 
1.3 SATELLITE COMMUNICATIONS SYSTEMS 
1.3.1 General 


A communicatiens satellite serves as a relay station for a long-distance 


communications system. & ~.:. system has the advantage of being able to 
cover a large por: : of «:. e+.th's surface with the satellite antenna, Thus it 
needs only a ssvgie re: 4: 19 connect remote sites, 
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.In most ways a: satellite communications link is similar to a line-of-sight 


(LOS) microwave system, with the satellite transponder serving as the replace- 


ment for the numerous intermediate repeaters that would be necessary on a fae 


-- tems is a need for wide frequency bands and low internal and external noise. 


long-distance system, A problem in common with terrestrial microwave sys- 


Since both satellite and terrestrial services are allocated frequencies from shared 
frequency bands, it requires careful coordination prior to frequency assignment 4 


to avoid interference between using systems. 


Although many of the basic principles are the same as in terrestrial sys- 
tems, Satellite communication systems do have differences that will be empha- 
sized throughout this book, As will be seen, satellite communications are par- 
ticularly suited for long-distance wide-band communications, providing the 
capacity for transoceanic high data rate circuits that are not practical by under- 
sea cable or terrestrial radio, Figure 1-1 is a block diagram of a satellite sys- 
cem <howing the space, “arth and control subsystems and the three types of 


contro,--satellite, earth terminal, and circuit. 


Satellites used in communication systems may he classified into general 
categories by electromagaetic and orbital characteristics. Electromagnetically, 
there are two general types of satellites: passive and active. A passive satellite 
merely acts as a reflector of radio waves. For example, the moon was used as 
part of the first passive satellite communication system (as discussed in Para- 
graph 1.3.2.1). One serious disadvantage of this type of system is that the 
reflected signal received at the earth terminal is extremely weak. Thus, passive 
satejlites are not considered for major communications systems and are of 
historical interest only. An active satellite carries a transponder (receiver- 
amplifier-transmitter) system analogous to a terrestrial or undersea repeater. 
This results in stronger signals at the earth terminal, but at the expense of 
greater complexity and cost. Because a Satellite is visible over a wide area, 
it is available for use by others, and ordinary transmissions may be easily inter- 


fered with or readily jammed, 
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A major difference from terrestrial systems is the requirement for remote 


multiple access, often changing with time and space. , Inge systems, this leads 


to problems of intermodulation among the transmitted signals, and requires 
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7 ‘signal power control for the several kinds of signals. These problems are largely ? 
avoided by using time-division or spread-spectrum multiple access ‘techniques. 3 
f . According to their orbital characteristics, communication Satellites may ; 
' a be divided into two general types: synchronous and nonsynchronous. Synchronous : 
: = satellites have an orbital altitude of 22,300 statute miles and will rotate with the : 
. same angular velocity as the earth, A synchronous satellite in an equatorial 
i S orbit will thus remain stationary with respect to a point on the earth's surface, 

; Le A nonsynchronous satellite has an altitude other than 22,300 statute miles and 

F circles the earth at a rate dependent on its altitude, It will be visible from 

i a a given point on the earth during only a portion of its orbit, The duration and 

: Ps frequency of the visibility depends on the orbital parameters and earth terminal 
: we locations. There may be no visibility from some terminals; from others the 

: e satellite may be visible only on some orbits, Thus, many nonsynchronous satel- 
E Sk lites are needed for continuous service; and these systems may involve complex 
; ie acquisition, tracking and handover problems. 

t ae 1,3,2 Brief History of Satellite Communications 

: i The following paragraphs give a brief review of some of the major events 
; i in the development of today's operational satellite communication systems, 


1.3.2.1 Passive Satellites 
1. Moon 


The first voice message to be transmitted via a space relay used the 
moon as a passive reflector. In 1954, the Naval Research Laboratory 


(NRL) transmitted over an earth-moon-earth link successfully, and 


in 1955 established the first transcontinental transmission via the 
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moon. By 1959 a duplex link betwegn Washington, D.C. and Hawaii 
- became operational on frequencies ‘of 400 and 450 MHz. toad 


Project Echo Y 
2 


The Echo-I sphere, an artificial echo-producing body, was placed in 


3e 


1.3.2.2 


l, 


_an orbit of 1000-mile altitude following launch by NASA in August 


1960. It was a mylar-aluminum balloon, 100 feet in diameter weighing 


175 pounds, Echo-lII, launched in January 1964, was larger and more 


i. rigid, It weighed 500 pounds and was placed in a 600- to 800-mile, 


near-polar orbit. Both were used in an intensive program of tests by 
the United States and other countries. They were still in orbit as of 


January 1972, 


Project West Ford 


Project West Ford, sponsored by the U,S, Air Force, was an investi- 
gation into the feasibility of using an orbital belt of dipoles as passive 
reflectors, On 10 May 1963 a launch was made and the dipoles were 
successfully dispersed in a polar orbit of about 3700-km altitude. 

The dipoles were designed for operation at a frequency of about 8000 
MHz. Ground stations in Massachusetts and California were used to 
measure the dipole belt characteristics and usefulness in point-to- 
point communications, Speech was transmitted in digitized form and 


received intelligibly, and the results agreed with theoretical predic- 


tions. The individual] dipole orbits decayed with time and after 5 years 


the belt virtually ceased to exist. 
Active Satellites 
Project Score 


In December 1958, an Atlas 10-B vehicle put into an elliptical orbit 


(perigee of 110 miles, apogee of 920 miles) a 150-pound package 
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capable of both delayed and real-time transmission of voice and 


teletype. The system operated successfully for 12 days, with an 


output power of 8 watts at 150 MHz, 


Project Courier 


In October 1960, a Thor-Able Star vehicle put Courier 1-B, a DOD 
satellite, into a 600- to 700-mile orbit. It operated for 17 days, with 


_an output power of 3 watts at 2 GHz, It could receive and store 


360, 000 teletype words during each overhead passage, and retransmit 
them to each of four ground stations. Tests of delayed and real-time 
voice, teletype and facsimile were conducted between Fort Monmouth, 


New Jersey and Puerto Rico. 


Project Telstar 


Telstar I was launched on 10 June 1962 by a Delta vehicle, and placed 
in an elliptical 593- to 3503-nautical-mile orbit as a joint AT&T- 
NASA project. The satellite weighed 170 pounds and was operable 

on a communication duty cycle of 10 percent. Another satellite, 
Telstar II, v'as launched in May 1963, The Telstars provided tests 
for telephone, television, facsimile and data among the United States, 
Great Britain, France, Italy and Japan until March 1965, The output 


power was 3 watts with €-GHz uplink and 4-GHz downlink frequencies, 


Project Relay 


In December 1962, Relay 1, weighing 172 pounds, was launched by 
NASA into an elliptical 819- to 4612-nautical-mile orbit. In January 
1964 Relay II was placed in a similar orbit, The output powers 

were 102 watts with 1700-MHz. uplink and 4200-MHz downlink frequen- 
cies, Relay I operated successfully until February 1965, supporting 
more than 2900 communication tests among the United States, Europe 
and South America. Relay ! was used by U.S. earth stations until 


September 1965, 
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This NASA Project included three satellites, Syncom I failed to | 


achieve a proper orbit. Syncom II was placed in ax inclined synchro- 


| 
| 
| nous orbit in July 1963 and was used for testing. Syncom III was 
i 
i 
' 


“a 
placed in a synchronous equatorial orbit near the international date 

line in August 1964, and was used for TV transmission of the Tokyo ; 

Olympic Games to the U.S, in the fall of 1964, In April 1965, after ae 

its program of tests was completed, NASA transferred operation of : 
both satellites to DOD. Neither is currently operational. : 3 
i 3 
| 6. DOD Tactical Satellite Communication Activities i j 
: In 1965 the three services initiated studies on tactical/ mobile satellite | 3 
communications. On 1 July 1967, LES-5 (Lincoln Laboratory Experi- ; s 
mental Satellite), a UHF satellite repeater weighing 225 pounds, was . | a 
| placed in a high orbit by a multiple payload Titan III-C developmental - 3 
! launch, The UHF system was tested by SAC aircraft as well as by 4 
Army and Navy mobile terminals, This launch also deployed a q 
| gravity-gradient experiment (DODGE) and an electronically despun | 3 
array test satellite (DATS) with 3 IDCSP satellites, Later, in Sen- ; 
tember 1968, LES-6 was launched in further support of the tactical \ : 
communications study program. This was followed in February 1969 ~ . 
| with the launch of TACSAT I, a high-powered experimental tactical ] 
communication satellite for use by all military services to assess the . 3 
| role of satellites in tactical situations, The 7 ACSATCOM program 4 
includes LES-6 and TACSAT ', which are both geostationary satellites. i 
LES-6 is a small, single-band UHF satellite, whereas TACSAT I was | 
the largest and most powerful communication satellite launched up to F 
that time, having high capacity and operating in both UHF and SHF 4 
bands. These two equatorial satellites were aligned with the central ‘ 
| 
1-8 . 


= with earth coverage capacities of 6000 telephone cirouits and 12 video | 
channels or equivalent combinations, is now available. ‘The first 
Intelsat IV was successfully placed in orbit in January 1971 and be- 
came operational in March over the Atlantic region, An innovation 
on the Intelsat IV series Is the provision of two Spot beams in addition 
to the earth coverage antenna to focus more power over high-traffic 
_ regions. Its design life is 7 years, A summary of the principal 


characteristics of the Intelsat satellites appears in Table 1-1, 


1.3.3 Defense Satellite Communications System 


The Defense Satellite Communications System (DSCS) is an integral por- 
tion of the global Defense Communications Systen des’ “ed to provide vital 
communications service to the United States and Ailied Forces throughout the 
world by means of Satellites, The system is being implemented in phases, 
Phase I' has been providing a limited operational capability since 1967, The 
Phase I space subsystem at maximum consisted of 26 low-power satellites 
drifting slowly in near-synchronous, near-equatorial orbits. As of May 1972 
there were only 17 Phase I satellites operational, This number will decrease 
as the satellites approach their G-year automatic cutoff design life. Each 
satellite supports only one duplex communication link (connecting two earth 
terminals). Depending on earth terminal sizes involved, each link has a capa- 


city of one to five voice channels, 


The Phase II satellites are to be positioned in geostationary orbits and thus 
will be continuously available for use by earth terminals located within about 
5000 nautical miles of their subsatellite points. The Phase II satellites are 
larger and transmit more power than the Phase | satellite, In addition to the 
earth coverage antennas they have two stecrable narrow~beain antennas for 
greater communication capability between selected earth locations, They have 


two separate transponders with four separate frequency bands, 
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The Phase II DSCS will have several stages, Stage la will consist of a 
_. number of point-to-point links similar to those of Phase I, In Stage 1b certain 


eesti 


of the earth terminals will have rodal capabilities (communicating simultaneously 


vere wy 


hermes «SNS 


with several other terminals), The Stage le system will be all digital (digitized 
‘voice and digital data) to increase system capability, Stage 2 will employ 


Pe aera 


TDMA. More detailed descriptions of the system and its components are 
covered in Appendices A through D, 
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LINEAR EQUATIONS Algebra 


Step 3. Check the root. 


2(-3)+9=-64+9=3 
3[(-3) + 4] = 31) = 3 


The root checks. 
These same steps can be used to solve equations that include several unknowns. The result is 
an expression for one of the unknowns in terms of the other unknowns. This is particularly 
important in solving practical problems. Often the known relationship among several physical 
quantities must be rearranged in order to solve for the unknown quantity. The steps are 
performed so that the unknown quantity is isolated on the left-hand side of the equation. 


Example 1: 


Solve the equation ax - b = c for x in terms of a, b, and c. 


Solution: 
Step 1. Using Axiom 1, add b to both sides of the equation. 
ax-b+b =ctb 
ax =ct+b 
Step 2. Using Axiom 4, divide both sides of the equation by 
a. 
ax _ctb 
a 
c+b 
X= 
a 
Step 3. Check the root. 
a ae -b=c+b-be=c 
a 


The root checks. 
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SECTION 2 - SPACE SUBSYSTEM 


2,1 GENERAL 


This section provides basic data on the satellite subsystem, including 


SAMA Maes Mec 


launching and orbital considerations and characteristics. The section also 
covers typical satellite transponder characteristics with emphasis on the con- 
straints peculiar to operating from a satellite platform, These constraints 


include size, weight, power, antennu pointing and coverage area of the antenna, 
2,2 ORBITAL CHARACTERISTICS 
2.2.1 Orbital Considerations 


For the following presentation of the basic relationships between the orbit 
characteristics of terrestrial satellites, a spherical earth with a spherically 
symmetric gravitational field is assumed, This assumption neglects the earth's 
oblateness and inhomogeneous mass distribution as well as the effects of the 
sun and the moon on the resultant gravitational force applied to the satellite 
body. Under this assumption, the trajectory of a satellite is planar and ellipti- 
cal with the earth's center of gravity as one of the foci of the elliptic orbit. 

The communication satellites used by the United States have all had essentially 


circular orbits, which are special cases of elliptical orbits. 


Figure 2-1 shows the different possible types of circular orbits, from 
the equatorial type to the polar type, obtained by varying the angle between 


the orbital plane and the equator (inclination angle), i, from 0° to 90°. 


The period of 2 satellite in circular orbit in hours is given by: 


\/Bo si hy" 3/2 
T =2"V ——~-— = 0. 00000564 (3958 + h) (2-1) 


GM 


where h is height of the satellite above the earth in statute miles, 
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_ _,,.Figure 2-2 shows the satellite period for various altitudes. A satellite ata 


height of 22,300 miles and in the equatorial plane (zero inclination angle) will 
appear stationary with respect to the earth and is called synchronous, At this 
height and at an inclination angle other than zero, the satellite as viewed from 


the earth will appear to describe a figure eight. 


An elliptical orbit, shown in Figure 2-3, is described in terms of the 
apogee, or maximum height above the earth's surface, and the perigee, or 
. height of the satellite at its minimum distance from the earth. The satellite 
average velocity is equal to that of a satellite in a circular orbit whose diameter 
is equal to the major axis of the ellipse, The instantaneous velocity of the 
satellite is dependent on its position in its orbit; minimum at apogee and maxi- 
mum at perigee. Its period may be found by using the average of-apogee and 


perigee heights in Figure 2-2, 


The total area of the earth seen by the satellite at any instant, or recip- 
rocally the area from which the satellite is visible from the surface of the 
earth, is bounded by a circle the radius of which is a function of satellite 
altitude h and minimum allowable earth antenna elevation angle,a. The 
coverage geometry is illustrated by Figure 2-4. In the case of a geostationary 
satellite the earth coverage area is fixed, For a nonsynchronous circular orbit 
satellite, the coverage circle is fixed in size and moving continuously over the 


earth's surface, 


The coverage or spherical area of the earth's surface within the visibility 


cone of angle 20 is given by: 


i 2 
A, = 2nR (1 - cos6) (2-2) 
-1 ne cose 
= — -aQ@ 
where ) [cos R, th | (2-3) 
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Figure 2-4, Coverage Geometry 


fo) 
4 
[op] 
ect ameuitds Alloa Can DE nbn Nb! 


pit 


ret 


conic aon 
? 


moonrise 


t 
2 
‘i 
E 
: 
a 
E 


nee a et Ute 


al cal 


MTR ct sp see 
. 
‘ 


The percentage of the earth's surface in view from.a satellite at any 
altitude is shown in Table 2-1 for several values ofa. Fora = 0° the sperical 


area becomes: 


otf _h 
aaa Cae ew 


A typical coverage area for a stationary synchronous satellite located on 


the equator at 30°W longitude is shown in Figure 2-5, 


For a satellite at nonsynchronous altitude the duration of visibility at an 
earth terminal is an important quality. The duration of visibility increases 
with the orbital altitude and also as the satellite orbital plane moves closer 
to the earth terminal. At any altitude a direct overhead pass results in the 
longest duration of visibility. When using a communication satellite without 
storage capability, two earth terminals must have simultaneous view of the 
satellite to establish a link, Therefore the design of a nonsynchronous system 


is more complex than that of a synchronous system. 


A parameter of interest is the maximum rate of tracking required for the 
ground antenna, This maximum corresponds to an overhead passage of the 
satellite, expressed by the rate of change of anglen in Figure 2-6, The angle 
7, varies because of the motion of the satellite and the rotation of the earth, For 
a circular satellite orbit the maximum rate of change occurs for a terminal 
located on the equator and a satellite in retrograde equatcrial orbit (opposite 
to the rotation of the earth), Also the maximum tracking rate decreases as 


the satellite iltitude increases. 


The capabilities of available launch vehicles is an important consideration 
in overall satellite design. The launch vehicle is a support subsystem whose 
cost typically amounts to about one-half of the total space system cost. The 
launch vehicle has to furnish the satellite with electrical power prior to sepa- 


ration, structural and dynamic support, and provision for dispensing. The 
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Table 2-1. Percentage of Earth's Surface Visible From a Satellite 


Height Percentage of Area Visible 
Statute a= Q° a=7,5° 
Kilometers Miles 4, G. 
7,7 


1150 11,15 


2300 


7400 4600 19. 80 
11, 100 6900 24, 25 
14, 800 9200 27,15 

18, 500 11,500 29, 20 
22, 200 13, 200 30, 7 
25, 900 16, 100 40.1 33, 8 31.9 
29, 600 18, 400 41,1 34,8 32, 85 
33, 300 20, 700 41.9 35. 6 33, 65 


35, 900 22,300 


(synchronous) 


37,600 23,400 
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Figure 2-6, Maximum Tracking Rate 


allowable satellite weight per launch is constrained by the number of launch 
vehicle stages and their thrusts, launch site location, and the desired space- 
craft orbital altitude and inclination, In addition, there are volumetric and 
shape constraints imposed on the satellite since a shroud at the nose of the 
launch vehicle must enclose satellites during their passage through the earth's 
atmosphere. Table 2-2 presents pertinent data on launch vehicles available 


either now or in the near future. 
2.2.2 Orbital Control 


_ The two types of orbits. control that may be used on satellites are 
attitude control and stationkeeping. Attitude control, which is used on 
practically all satellites, can be implemented about one axis, two axes or all 


three axes, The attitude control system implemented has a great effect on the 


Algebra LINEAR EQUATIONS 


Example 2: 


The equation relating the pressure, P, to the force, F, and the area, A, over which 


the force is applied is P = 7 Solve this equation for F, in terms of P and A. 


Solution: 
Step 1. Axioms | and 2 do not help solve the problem, so 
go to Step 2. 
Step 2. Using Axiom 3, multiply both sides of the equation 
by A. 
F 
P(A) =—(A 
(A) qi (A) 
F=PA 
Step 3. Check the root. 
ee eP 
A 


The root checks. 


The addition or subtraction of the same quantity from both sides of an equation may be 
accomplished by transposing a quantity from one side of the equation to the other. Transposing 
is a shortened way of applying the addition or subtraction axioms. Any term may be transposed 
or transferred from one side of an equation to the other if its sign is changed. Thus, in the 
equation 5x + 4 = 7, the 4 can be transposed to the other side of the equation by changing its 
sign. The result is 5x = 7 - 4 or 5x = 3. This corresponds to applying the subtraction axiom, 
Axiom 2, subtracting 4 from both sides of the equation. 
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“design of directionally sensitive satellite subsystems such ag antennas for 


communication and solar cells for prime power generation, Station keeping 


refers to the maintenance of a fixed sate!lite position relative to the earth 


(in the case of a synchronous satellite) or to another satellite (in the case of 


‘several satellites spaced along the same nonsynchronous orbit). Station 


keeping control is not used in the case of one satellite in a nonsynchronous 


orbit but it normally is.used in synchronous satellite systems, 
2.2.2.1 Attitude Control 


Required pointing accuracy, system lifetime, reliability, weight and 
cost are some of the factors involved in attitude control system design, The 
early satellites, which were designed for long-term operation, were spin 
stabilized, The more stringent requirements of the present space missions 


have demanded more precise control. 


The types of attitude control systems used are listed below with comments 


on each system: 


1, Spin Stabilization 
a, Advantages, (1) Fixed inertial orientation with limited 


accuracy can be achieved with a completely passive system; 
and (2) most disturbances including torques from velocity 
correction jet misalignments have only a small effect on 


the accuracy of a spin-stabilized body, 


b. Disadvantages, (1) Only one axis can be controlled; (2) after 
obtaining orbit, a system is required to initially point the 
spin axis; (3) spin speed control may be required on systems 
where disturbance torques may cause large changes in the 
spin momentum of the system; and (4) unless provisions 
are made to despin the communications antenna, most of 


the transmitter power is lost (radiated into space). 
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2. 


Gravity Gradient 


An advantageous feature of gravity-gradient stabilization is that 


the communications antenna orientation is maintained in the 
correct position to direct the transmitted power toward the earth. 
The limitations of the usefulness of gravity-gradient torque for 
stabilizing a satellite with respect to local vertical and the orbit 


plane are: 


a. Gravity-gradient torques decrease with altitude, whereas 
some disturbance torques (notably solar radiation pressure 
torques) are invariant with altitude, thus it is difficult to 
design high-altitude satellites to operate primarily with 
gravity-gradient stabilization. 


b. Orbit eccentricity introduces disturbances in the gravity- 
gradient control which preclude the use of this type of 
control for highly eccentric orbits. 


c. At low altitudes aerodynamic torques are encountered which 
greatly complicate the design of a gravity-gradient controlled 
satellite. 


d, Satellite requirements such as solar arrays to collect solar 
energy, communication antenna placement, booms for experi- 
ments, and restrictions on configuration for compatibility 
with the boost vehicle may so constrain the satellite configu- 
ration that gravity-gradient stabilization cannot be achieved. 


e. Highly accurate orientation is difficult to achieve since attitude 
errors must be developed to provide gravity-gradient torques 


to counter disturbance torques. 
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Momentum Storaze os 


Continuously rotating devices are used to store momentum and 
thus absorb the effect of disturbing torqucs, and to perform a 


spcoial control maneuvers, 


The effectiveness of react‘-~ wheels for momentum storage is 

based on the law that the time rate of change of wheel momentum 

is equal to the torque. The attitude error signal is used with 

filtering to control the wheel speed, meaning that for nonzero 
constant momentum storage there must be an angular pointing : 
error, A coatrol signal including the integral of this error can 


be used to alleviate this problem in the steady state, 


The momentum storage systern adds complexity to the system, If 
the problem of coupling between axes is significant, careful design 
will be required, Methods proposed for obtaining momentum : 
storage include rotating inertia (a motor-driven inertial flywheel, 

gyro stabilizer gimballed gyroscopes) and the control of the motion 


of 9 fluid moving in an enclosed circuit, 


Mass Expulsion 


Attitude control can be accomplished by means of the torque 
derived from the expulsion of mass, Torques can be achieved 
by the release under pressure of stored gas, by small rockets, 


by jon propulsion, or by plasma engines, 


Cold gas systems are the most attractive mass expulsion method 
for smaller satellites since they appear to offer the highest 
reliability. The low specific impulse (typically a nitrogen-gas | 


system will exert about 60 pound-scconds of impulse per pound 


. 
eee 


of gas) does not prevent their use since usually a small total 


torque impulse is desired. The thrust level desircd from the 
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gas jet nozzles is fixed hy the inertia of the satellite and the 


When these jets are to be used alone for attitude control, they will : . 
operate on a limit cycle which can be caloulated from the desirad Deaad 
precision of orientation, control system parameters, distrubance 


torques anticipated, and torque-to-inertia ratio of the system, 


For larger satellites low thrust hot gas engines may be used for 
attitude control at some expense in reliability, The many required 
rocket firings in such a system favors monopropellant systems, 
However, either a monopropellant or bipropellant engine 1s feasuile, 


and several versions of each type have been developed, 


Mi:ed Systems 

A iusixvtve of more than one method of attitude control appears io 
offer significant advantages in performance and efficicney over 
reliance on only one source of torque, There ts a trate benesen 
the added complexity of a second system and the inervased reilavility < 
from the redundancy of the second system, Gravity gradient and 

reaction wheels, magnetic torques and reaction wheels or gas cts 


and reaction wheels are useful combinations. 


In combination with a mass expulsion system, u reaction whoet 
eliminates the need for releasing gas during cycle torque variutions 
and provides for removing zero-centered time~arying disturbuces 
torques, while the gas jets remove bias torques, Without a mass 
expulsion system, the size of un incrtial flywheel and the raoter 
drive needed to handle torques for long operation wowed fe very 
large. From the types of orbits and the constraints plrcca on the 
satellite by the communication system it appears that os corabination 


of inertial storage elements and some form of absGluts torque 


generator is desirable, 


he 
. 


2.2.2 Stationke:ping 


. Stationkeepiig is the procedure of keeping a satellite in a desired 


position in orbit within acceptable limits. For example a synchronous satel- 


“Hee te givea occasional commands that adjust its position so that it will remain 


in 2 fixed position within a few degrees relative to the earth, 


Statienke.ping is necessary to offset the effect of perturbing forces on 


thy sutcl lite orbit, These forces include solar radiation, atmospheric drag, 


“yg arity perturbat.ons from the sun and moon, and gravity perturbations due 


te Un: oolireness of the earth. The advantages of station keeping include the 
strapliGication of acquisition and tracking the satellite with narrow-beam earth 
antvans~ and the provision of a satellite that permits continuous or predictable 


bith fetucen selected earth terminals. 


rer synchronous satellites, the strongest forces are those of the sun and 
woun, which act in a north-south direction to incline the orbit about 1° per year. 
‘Lhia would require a velocity increment of 176 feet/second/year for cancel- 
ixtion, cul the carrent modest life requirements permit the simple alternative 
ct fraceties into a preset inclination so that after 5 years the final inclination 
ci about 2,5° is acceptable. In synchronous orbit an uncontrolled satellite will 
uactiine due te the earth's oblateness about one of the two stable points (located 
ui TO" wivt 161'W longitude) with a period several hundrea days, Unfortunately, 
thie 1 -tabd:- locations do not satisfy the requirements of most communications 


eM deetpss 
BY batty, 


Fortunately, a velocity increment of only 7 feet per second per year 


is roysired for cancellation, 


4A mass expulsion system is used for station keeping and can be integrated 
with te: attitude control system, Certain combinations of gas jets are fired 
simulaneously for atthtude control and other combinations are fired simul- 
tients} for stationkeeping. The satellite is allowed to drift slowly between 
lanvits isipasecd by system requirements, The stationkecping function is 


performed infrequently; every fev weeks or months, 
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2.3 SATELLITE TRANSPONDER 


2.3.1 Transponder Transfer Characteristics 


The purpose of a satellite transponder is to receive, amplify and transmit hg eee 
input signals. If a repeater is operated on the same frequency band for both i 
input and output signals, sufficient isolation must be achieved by employing ah, > 
different frequency bands for uplink and downlink operation. Two methods of 
frequency conversion are commonly employed to achieve this result: single- 
conversion and double-conversion, These are shown in the simplified block 
diagram, Figure 2-7, The choice of one method over the other is a function 
of the input-to-output power gain required and the channel bandwidth desired, \ 
Where the input and output iting frequencies are high (for example X-Band) 
and a narrow bandwidth iss ,...ed, a2 double-conversion transponder may be 
necessary. Where the bandwidth is larger a single conversion may be permis- 
sible, 


In some cases the transponder design may include signal processing. Here, 
the input RF signal is demodulated and then the baseband signal is modulated onto 
the output RF carrier, Processing transponders can improve the protection 
against jamming in a military system, Figure 2-7 also shows a processing 


transponder, 


The satellite transponder has some special constraints inherent to its 
being on board a satellite. These constraints include inaccessibility after 
launch, leading to a design emphasizing reliability, long life, stability, and 
absence of maintenance, and weight, leading to emphasis on an efficient, 
lightweight prime power supply, circuit efficiency, and optimization of antenna 
design. In addition many communication satellites, especially stationary 
satellites, are required to provide simultaneous links among many groind 
stations, This feature also imposes special requirements on the transponder 


design, The multiple-access feature will be discussed in Section 7. 
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The satellite communication subsystem may consist of one or more RF. 
channels, with each channel required to receive from one signal to several 


simultaneous signals depending on the communication system design. Band- 


- pass filters are installed to channelize the subsystem to prevent intermodulation. 


The allowable noise temperature of the receiver must be specified in the 
system design, Because of the inaccessibility and weight and power limitations, 
tow-noise travelling-wave tube (TWT) or parametric amplifiers are not used as 
preamplifiers. The RF preamplifier is either a transistor at lower UHF fre- 
quencies, or a tunnel diode at higher frequencies. This leads to typical system 


noise temperatures of 2000°K at X-Band. 


The transponder output device normally is a transistor for frequencies 
up to several hundred megahertz. Above that frequency a TWT is used. Power 
outputs up to several hundred watts have been obtained by paraileling a number 
of transistors. However, the highest power from a single transistor is about 
40 watts. Space-qualified TWT power output capability currently ranges up to 
about 35 watts at X-Band. 


A communication transponder has a saturating nonlinear input-output 
characteristic. Only amplitude modulation, which is rarely used, requires 
highly linear amplitude characteristics, For frequency or phase modulation, 
which is often used, only approximate linearity is required in the multisignal 
output amplifier. <A hard limiter is sometimes used at the amplifier input so 
that the weakest expected earth terminal signal will result in saturated output 
from the transponder so interference is minimized, When several signals at 
different frequencies enter the transponder simultaneously, this causes inter- 
modulation distortion which may be held to acceptable levels by proper fre- 
quency spacing of the entering signals, However, in many cases of multiple 
simultaneous signals, the TWT is operated at a backoff point several decibels 
below saturation, This reduces the satellite effective isotropic radiated 
power (EIRF) (system capacity), but more important it keeps intermodulation 


at an acceptable level, 
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2.3.2 Beacon 


A beacon signal is normally transmitted from the satellite to aid 
acquisition and tracking by the earth terminal antenna, The beacon signal may 
either be generated within the satellite or generated by frequency converting 
a signal transmitted by the earth terminal. Very often the beacon and telemetry 
functions are combined by modulating the telemetry information onto the beacon 


signal, In addition, the beacon signal can be transmitted by the same power 


“tube as the communication signals, 


2.3.3 Power Subsystem 


The requirements of a satellite power supply are reiiability, long life, 
high efficiency as measured in watts per pound and possibly operation during 
eclipse, The three major sources of energy that have been investigated 
experimentally are chemical, nuclear and solar, and prototype systems were 
built. At present, the solar cell is the only device available in production 
quantities to provide satellite power for long durations at good efficiency. The 
only apparent limit to the power available from this source is the physical size 
of the array. If very high power satellites (5 kW or more) are required in the 


future, nuclear power sources probably will be used, 


Solar cells are mounted in arrays whose power output is a function of the 
angle between the sun and a perpendicular to the plane of the array, The most 
efficient method of mounting the array is on a flat panel with a drive mechanism 
to keep the array continuously oriented to the sun, A second method is to 
mount the solar cells on both sides of fixed flat paddles, No orienting control 
is necessary but the power output fluctuates as the angle between the normal 
and the sun varies, The array size must be larger than that of the oriented 
array, The solar array also may be mounted directly on the satellite skin, 
This leads to fluctuations in power output with time and, in addition, involves 


problems with the temperature-control system that is necessary for the satellite 


eee Seu en SSS SSS SS 


Ul Ss ui lie 


i __ __. Anterior, However, where this configuration can be used it leads to a significant 
I reduction in weight. Spin-stabilized satellites covered with solar cells have 


been used in a number of programs, 


wsdeiny ta LAB 


y Storage batteries are usually used in conjunction with solar cells, These 
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batteries, which are charged by the solar cells, allow operation during eclipse 


periods when the satellite is not in view of the sun and help supply the load either 


ACITATTER Ye neem DEIN nT een ET TOE NA ea 


when the array orientation is poor or during brief periods of particularly high : : 
- power demand, | . : 
E - 2.3.4 Antenna Subsystem 
i ee The satellite antenna is characterized by its frequency, bandwidth, polari- 
=: zation, gain and beamwidth. The gain and beamwidth are related; the gain 
es increases with the size of the antenna and the beamwidth decreases at the same 


3F rate. The prime parameter used in the design of an antenna is its coverage, 


mee ae SIMS 


Two types of antennas are used: earth coverage and narrow beam (sometimes 


ie called spot beam), Operational requirements determine the type to be used in — 


any application, The aperture of an antenna covering the earth disk from 
horizon to horizon is dependent on the altitude of the satellite, and corresponds 


" to a beamwidth of about 18° for synchronous altitude, This angle corresponds to 
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a gain of 15 to18 dB. A narrow-beam antenna, if properly pointed, will con- 
ce centrate its power in a limited area determined by the beamwidth, and will 


soa mene nig 


correspondingly have a higher gain. To provide the desired coverage, the 


2° PIR Ee 


narrow-beam antenna must be pointed accurately and stabilized. i 


‘SBI: 


Antenna design and gain are affected by the type of satellite stabilization 


used, For each satellite stabilization method there are one or more antenna 
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configurations that may be used. For the spin stabilization method, toroidal, 


F despun, and switched beam configuration are employed. For gravity-gradient 
u and active three-axis stabilization, earth or area coverage pencil beam confi- : 


gurations are used. Table 2=3 contains a summary of the achievable gains for 
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LINEAR EQUATIONS Algebra 


Example: 


Solve the equation 4x + 3 = 19 by transposing. 


Solution: 
Step 1. Transpose the 3 from the left-hand to the right-hand 
side of the equation by changing its sign. 
4x =19-3 
4x = 16 
Step 2. Using Axiom 4, divide both sides of the equation by 
4, 
4x _ 16 
4 4 
x=4 
Step 3. Check the root. 


4(44)+3=16+3=19 


The root checks. 


Solving Fractional Equations 


A fractional equation is an equation containing a fraction. The fraction can be either a common 
fraction or a decimal fraction. The unknowns can occupy any position in the equation. They 
may or may not be part of the fraction. If they are part of the fraction, they can be either in the 
numerator or the denominator. The following are three examples of fractional equations: 


=9-y 0.67x + 1.25y = 9 


Fractional equations are solved using the same axioms and approach used for other algebraic 
equations. However, the initial step is to remove the equation from fractional form. This is done 
by determining the lowest common denominator (LCD) for all of the fractions in the equation 
and then multiplying both sides of the equation by this common denominator. This will clear 
the equation of fractions. 
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earth coverage antenna configurations at different altitudes and with various 


“types of stabilization and antenna patterns. Antenna system losses, which vary 
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with the particular design approach used, are not included. 
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Spin stabilization is a widely used method of providing passive orientation, 


iy 


The combination of spin stabilization and an antenna which has a toroidal pattern 


A eg bay 


was used on the majority of early communication satellites, for example, 
Telstar, Relay and Syncom, Such an antenna provides focused radiation in only 


one plane and therefore has low antenna gain, 


An improvement in antenna gain can be obtained by electronically or 
mechanically despinning the antenna to provide earth coverage in a direction 
normal to the spin axis. Table 2-3 illustrates the large improvement in gain 
for such a system over the toroidal pattern antenna, An electronically despun 
antenna is implemented by mounting a number of pencil beam radiating elements 
on the satellite, As the satellite spins, the receiver-transmitter is continuously 
switched to the element whose beam covers the earth, A mechanically despun 
antenna is implemented by rotating a bearing-mounted platform counter to the 
satellite spin, Thus, an antenna on the platform can be pointed continuously 
toward the earth. A three-axis stabilized satellite can provide the same 
antenna gains as a despun antenna, Two-axis stabilization by gravity-gradient 
torques can be achieved by proper design, Consequently, an antenna can be 
used with this stabilization technique to provide earth coverage, Once deployed 
and properly captured, the gravity-gradient stabilization mechanism requires 
no active control or additional energy; however, there is an oscillation (libration) 
inherent in this system, The antenna gains available with this stabilization 
technique are listed in Table 2-3, 


An experimental communication satellite developed by Lincoln Laboratories 
spins about one axis but has no preferred orientation, Such a system uses hori- 
zon sensors to locate the earth and control a switching subsystem which selects 
an antenna pointing toward the earth. The antenna gains obtainable with the 


switched-beam antenna concept are also listed in Table 2-3. 
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SECTION 3 - EARTH TERMINAL SUBSYSTEMS 


3,1 GENERAL 


‘Another major subsystem of a satellite communications system to be 
discussed is the earth subsystem, In general this is very similar to a terres- 
trial microwave terminal facility. The earth subsystem consists of the basic 


earth terminal and the related multiplex, coding and modulation equipment. 


This section will describe the basic earth terminal, its functions and components. 


The related signal processing equipments are discussed in Section 4. 


Like a terrestrial microwave terminal, the satellite communications 
earth ‘erminal has a transmitter, receiver, and antenna subsystem, The 
satellite earth terminals normally operate in the ultrahigh frequency (UHF) or 


super high frequency (SHF) band, 


The most notable differences between a satellite communications earth 
terminal and a conventional microwave terminal are that the earth terminal 
has a high-gain antenna subsystem capable of tracking a moving satellite, a 
transmitter that is frequently of much higher power to provide a suitable level 
signal at the satellite, and a receiver that has a very low noise front end to 
compensate for the very weak signals received from the power-limited satel- 


lite thousands of miles away. 
The earth terminal accomplishes the following basic functions: 


1. Receives signals at an intermediate frequency from one or more 
modulators, translates them to radio frequency, and transmits 


them to a satellite 


2, Receives radio frequency signals from the satellite, translates 
them to un intermediate frequency, and feeds them to one or more 


demodulators, 


er eee eee er 
1° | 7 
i ila ati 


we ti 


at a thaall! dunn 


| 


sl at incall 


ia Na 


MASc ith) ls al cae al 


Pui eal daca 


ws . my AEST AMA NNT ae A on 8 A SAT TRAP SA GE SREP AORTA IS Ne mn SS A MON EL ES en 
a. “ is eS : 
: AY 
; iB 
. i 
" rh 
. . in 
i 
i Ws 
‘ a 
hs ” 
‘ Th 
ih 
is 
: 3 dky, * n3 
3 JeUIWIaL, YALA FHS ue yo wesZeiq yoolg JeordAY, “1-¢ oan31y 
RE 
i . 
FI 
Ii: 
J 
F llcenestimeeaticanediomnnetiicamtinmmalinmdiona tTCr ot | 1°or -caaiementianeetimmetiementienediemtennedimtiom 
© —> 
i Su d1). 34802 
em We 20420 
; solv? 
: “200K 30 
a OL 
i WILB3IANOO 
e OO 
oo 
t 
pee me Gas a Set amen, ene png! ecco ea? Pee maka en. em Span es ama mei “ara foe) 
FOILSASANS WIA LUNE 
“ $2931 :53ANQD 
3 on aD 
i] 
‘ 
Py 
n wOLV NOON 
: ° wou 9 
: 2 
a tH 08-66 
1 
i} 


nw panne aay Pere) 4 read ncaa i coed ison pa come le eer gist ody vd wen ene ace: Bee sae ce | . _ ‘ 
sim Limon & ame 8 perm or ommnnay’ time tae ee oars ep peg Lee oD Benen {. “ Pr | prawn Geng feet net] a. 
vo 


i CAN lhe AA nih BBD PT Ba a AAD cl ks BN in ih ais heal ey Da shia a Shane v4 
diablo luis bet Sais a di gl 
“ali 


MHz, which are the midpcints of the uplink and downlink frequency bands used 


by DSCS Phase II. 


Equation (3-2) is plotted in Figure 3-2 for frequencies of 8150 and 7500 i 


The antenna can be mounted on a pedestal which permits stecring 360° tn so | 


- azimuth and 180° in elevation. However, some fixed terminals are designed for 


use with geostationary satellites only and therefore have « limited pointing range. . 
Shipboard terminals often have a three-axis mount, which includes a roll axis 


to permit correction for ship's roll. 


The antenna diameter may be limited by the particular application planned 
for the earth terminal. The following list shows various existing and planned “| 


communication earth terminal applications and their respective maximum antenna 


diameters: 

Application Maximum Antenna Diameter 
Fixed 120 fect 

oan 
Air Transportable (one aircraft) 15 feet > 
Vehicular 5 feet 
Shipboard & feet 
Airborne G feet 


The selection of the antenna diameter for a particular application is - 
largely determined by the transmit and receive capability required. ‘Since 
satellite transmitter power is limited compared to terminal transmitter power, 


the receive considerations are usually dominant, However, there are cases 


“when the transmit capability is the principal factor, An example of this 


situation is a terminal which is to transmit at a very high data rate and receive 


at » low data rate. 


The receiving performance of an earth terminal depends on the equivalent 
input receiver noise power as ‘vell as on antenna gain because the gain is 


effective only if the signal powcr is greater than the noise power. The equiva- 


{ent input receiver noise power is usualls expressed as a noise temperature T 


mal 
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in degrees on the Kelvin scale, with absolute zero at -273°C or 460°F, Thus 

a perfect receiver would have T = 6°K, a fair one T = 293°K (room ‘cemperature), 
and a poor one T = 2930°K (noise figure = 10), The antenna must provide act 
only signal gain but also low noise input from side lobes and transmission 

lines, It therefore often uses a Cassegrain feed which consists of a feed horn 
mounted at the vertex of the paraboloidal reflector and a hyperbolotdal subre- 
flector located at the focus of the dish (Figure 3-3). The Cassegrain feed has the 


following advantages relative to one with the feed horn at the focus cf the dish: 


@ The low-nolse preamplifier can be mounted behind the dich and close 


to the feed horn. This minimizes the transmission line less and nolse. 


® Spillover radiation from the feed horn is directed toward space which 
has a very low noise temperature. With a front feed, spiilover 
radiation is directed toward the relatively warm earth, ~“herefore, 


the antenna noise temperature with a Cassegrain feed ts lower. 


A radio wave may be linearly polarized either horizon?ally or vertically 
according to the direction in which the electric field chanzes are greatest, In 
a circularly-polarized wave this direction (the E vector) may rotate in one cf 
two senses as seen from the source, either right-handed (eleskwise) or Ich- 


handed (counterclockwise). 


In the DSCS, right-hand circular polarization {s used i: the uplink and 
left-hand circular polarization In the downlink, If Unear pols rizatiaa we re 
used, the polarization of the signal received at the termiral «ould r. nge from 
vertical to horizontal depending on the location and olevation angle af the ter~ 
minal. The use of different senses of circular polarizatisn for the calicxs and 
down links simplifies the design of the polarizer and the diplexer, which 
separates the transmitted and received waves, traveling (7 cpposite directioar 


on the same tranamission line. 
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3,2,2 Transmitter Subsystem age 


_from modulators with center frequencies of 70 MHz or 700 MHz, The former 


The SHF transmitter subsystem shown in Figure 3-1 can accept signals 


is used for signals with a maximum bandwidth of 40 MHz, the latter with 


signals with a maximum bandwidth of 125 MHz, When the 70-MHz mudulator 
is used, its output is frequency-translated to 700 MHz. The 700-MHz signal 
(either the upconverted 70-MHz signal or the output of the 700-MHz modulator) 
‘is then frequency-translated to the 7. 9- to 8.4-GHz band. The level of the 
signal is then adjusted to the desired value and combined with the signals from 
other u> converters. The power amplifier amplifies the combined output of 


the up converters to the desired level. 


Not all earth terminals have a 700-MHz interface, but a 70-MHz inter- 
face is almost invariably provided, If only a 70-MHz interface is provided, up 
conversion to SHF is usually accomplished in two stages; however, the 


higher intermediate frequency may not be 700 MHz. 


The frequency of translation may be fixed or variable from a frequency 
synthesizer. In either case, the spectrum of the oscillator must be extremely 
pure because frequency (or phase) modulation added to the transrnitted signal 
will degrade the performance, If more than one carrier is required, a 


separate up converter is provided for cach, 


Currently, traveling-wave tubes and klystrons are used for power 
amplifiers. Thetraveling-wave tube can have a bandwidth sufficient for the 
entire band. (500 MHz), but its output power is limited to about 5 kW at X-Band, 
Output ebwers in excess of 10 kW can be attained with a klystron, but its 
instantaneous bandwidth is limited to 170 MHz. If more than one signal is 
being transmitted, the power amplifier is operated below saturation to avoid 
the generation of intermodulation products. The RF bandwidth of some earth 
terminals covers the entire 7,9- to 8.4-GHz band used by DSCS Phase II, 


Others can operate in only a small part of this band. ie 
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A characteristic commonly used for the earth terminal transmitter is. 


its effective isotropic radiated power (EIRP), This value is dependent on the antenna 


gain at the transmit frequency and the power output of the final transmit ampli- 
fier. (This is covered in detail in Section 5.) Figure 3-4 shows typical values 


of EIRP as a function of antenna diameter and transmitter power, 


3.2.3 Receiver Subsystem 


Referring to Figure 3-1, signals received by the antenna are fed to the 
low-noise preamplifier. Although functionally part of the receiver subsystem, 
this unit is almost always mounted on the antenna to minimize the transmission 
line loss and resultant noise increase. The output of the low-noise preamplifier 
is fed to a divider and then to a number of down converters. The first down 
converter frequency translates a signal in the 7, 25= to 7. 75-GHz band to 700 
MHz, The second down converter frequency translates the 700-MHz signal to 70 
MHz. 


The discussions of the translation frequencies and of bandwidth given in 
Paragraph 3.2.2 apply to the receiver subsystem, However, in many earth 
terminals receiving several signals, a common down converter is used for 
several signals. This is feasible if the frequency spacing and the levels of the 
signals are such that the intermodulation products generated in the down con- 


verter are insignificant. 


A number of devices can be used for the low-noise preamplifier. The 
effective noise temperatures of state-of-the-art devices operating at a frequency 


of about 7500 MHz are given in Table 3-1. 


The common figure of merit used with the earth terminal receiver is 
its G/T ratio, This is the ratio of the receiving antenna gain to the receiver 


system noise temperature. 


G/T = 10 log (n/T) (@@DA y (3-3) 
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Algebra 


Example 1: 


3x + 8 
x 


+5 =0. 


Solve the fractional equation 


Solution: 


Multiply both sides of the equation by the LCD (x). 


(x) [> are 5 = (O@) 
X 
3x+8+4+5x =0 
8x+8 =0 


Now solve the equation like an ordinary linear equation. 


Step 1. Transpose the +8 from the left-hand to the right- 
hand side of the equation by changing its sign. 


8x =0-8 
8x = -8 
Step 2. Using Axiom 4, divide both sides of the equation by 
8. 
8x _ -8 
8 8 
x=-l 
Step 3. Check the root. 
ee —* Ae eS 5 eN0 


The root checks. 
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e signal, For example a terminal with a G/T of 36 dB requires twice as large 


This figure indicates the relative capability of the receive subsystem to receive ee 3 | 


a received signal level for proper reception as does a terminal with a G/T of F | 
39 dB. 


Figure 3-5 shows typical values of G/T as a function of antenna diameter 


for each of the devices listed in Table 3-1, 


3.2.4 Tracking Subsystem 


4 
The tracking subsystem permits the antenna to be manually positioned or P| 
to automatically track the satellite, The three techniques used for automatic 


tracking in earth terminals are monopulse, step track and program track, 
3.2.4.1 Monopulse 


In a monopulse tracking subsystem, a four-horn antenna feed and a 

comparator network are used to obtain the necessary antenna beams from a : | 
single aperture, Referring to Figure 3-6, feeds 1 and 3 are summed in hybrid 
1, and feeds 2 and 4 are summed in hybrid 2. The two sums are then summed in : | 
in hybrid 3 to give a radiation pattern maximized in the boresight direction 

(sum pattern), The difference port of hybrid 3 gives the difference of the ; | 
sums of feeds 1 and 3 and feeds 2 and 4, and thus gives a control signal which 
is zero in the boresight direction, with maximums of opposite phases occurring : | 


on either side of boresight in the azimuth plane (azimuth difference pattern). 


The two difference ports of hybrids 1 and 2 when summed in hybrid 4 
give the difference of the sums of feeds 1 and 3 and feeds 2 and 4, and thus a 
control signal is obtalned which is zero in the boresight direction, with 
maximums of opposite phases occurring on either side of boresight in the 
elevation plane (elevation difference pattern). The difference port of hybrid 4 
gives the difference of the sums of the diagonal feeds, which is redundant in- 
formation so it is usually terminated in a load. Comparisons of the sum and 


difference patterns are then used to generate error voltages which are used to i 


keep the antenna pointed in the direction of the target. 
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Figure 3-6, Four-Horn Antenna Feed and Comparator 


Figure 3-7 is a block diagram of typical tracking subsystem, The 
azimuth and elevation difference signals are commutated by ferrite switches 
controlled by a digital scan generator. The sequence of the switched output 
might be: azimuth difference, azimuth difference shifted in phase by 180°, 


elevation difference, elevation difference shifted in phase by 180°, 


The commutated output o* the ferrite switches is added to the sum sig- 
nal by a directional coupler. Since the difference and sum signals are phase 


coherent, this has the effect of amplitude modulating the sum signal, 


The resultant signals are amplified by the same low-noise preamplifier 
that is used for the communication signals, down converted and demodulated. 
The signeis are next decom.mutated and phase detected to obtain error voltages 
which are used to drive the antenna so that the azimuth and elevation difference 


signals are minimized. 
3.2.4.2 Step Track 


The step track antenna feed is a single horn, and amplitude of the received 


signal is used instead of its phase to maxirnize the received signal level. 
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The antenna beam is moved by preset increments alternately in azimuth 


'~~and elevation, If the signal level increases during the first azimuth movement, 


the antenna is moved inthe same direction during the next azimuth movement, 
If the signal level decreases, the antenna is moved in the opposite direction 


the next time. The elevation movement is similar, 


In comparison with monopulse tracking, step tracking has the advantage 
of being simpler and less expensive, However, there is a signal loss with 


step track because the antenna does not always point directly at the satellite, 
3.2,4.3 Prograin Track 


In program track, the orbital data relative to the satellite path are stored 
ina digital computer which continuously computes the antenna pointing angles 


and commands the antenna to point at these angles, 


Program track has the advantage of not requiring a signal from the 
satellite, However, the cost of this technique has limited its use except for 


acquisition. 


38,2,5 Intermodulation Problems 


Problems arise when a nonlinear process causes transmitted signals to 
create intermodulation products within a receiver pass-band, Three cases are 
of importance in earth terminals, The first occurs in any FM microwave relay 
terminal when antenna or transmission line impedance mismatches cause large 
delayed reflections, The second occurs in any amplifier carrying two or more 
signals if the signals are large enough so that the amplifier characteristic is 
nonlinear, and if the signal frequencies are poorly chosen or too numerous 
for ease of control. The third case occurs with the same awkward frequency 
selection if the transmitted signals are present in the same transmission line 
with amplitudes strong enough to generate a product within a receiver pass-band, 


usually at some slightly rectifying waveguide joint. 


bu) 


3.2.6 Terminal Availability 


The availability of a terminal is the fraction of time that it is available 


ais fl fy 
jj ey fey 


s for use. Outages are caused by failures and maintenance requirements, If 

fp redundant standby units are not included in the terminal, the availability is 

r 

r about 0.95, which is too low for DCS traffic, To obtain an availability of about 

iS 0.999, at least one standby unit of each type is required except for the antenna, 

i I diplexer and antenna drive. : 
cE - 3.3 UHF EARTH TERMINALS i 
ae 

‘a 3 The part of the UHF band used in military satellite communications sys- 

t. 

aaa’ tems is 240- to 328, 6-MHz and 335, 4- to 339, 9-MHz, 

FE o 


3.3,1 Comparison of UHF and SHF 


oh The downlink free space loss at UHF is 26 to 29 dB less than at SHF and 


whiis Sed fin ney putes 
ofc ac i 
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rain attenuation is not important, Therefore, the gain o: the UHF terminal 


hig 


fe 


antenna can be much less than at SHF, Even when the physical sizes of the 


ym rit 


SHF and UHF antennas are about the same, the reduction in antenna gain 

results ina wider beamwidth and therefore eases the tracking problem. How- 
ever, reduced data rates usually required for mobile UHF circuits permit further 
reduction in size and cost as well as enhanced mobility. UHF has the additional 


advantages of lower equipment costs and higher transmitter efficiencies. The 
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latter is of particular import.:nce inthe satellite, where prime power is 


limited, 
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The basic disadvantage of UHF is that the band is heavily used by air- 
ground and air-air communications. Because of this, very little spectrum is 
available for satellite communications. Therefore, the use of UHF is limited 
to signals with low information bandwidths. The available spectrum can best 
be used by having a number of terminals share a common frequency channel 
using push-to-talk or broadcast operation, Therefore, UHF fs used primarily 
for tactical satellite communications from vehicular, shipboard and airborne 


terminals, 
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3.3.2 Antenna Subsystem 


Large parabolic dishes are not normally used for UHF earth terminals, “ss | 
Typical antennas are shown in Figures 3-8 through 3-10, The vehicular terminal 4 
has a short backfire antenna with a gain of 13 dB and a beamwidth of 40°, —_ | : 


A tracking subsystem is not required since the antenna is positioned mechanically, 


The large snipboard antenna is an array of four crossed-dipoles with a a q 


gain of 13 dB. The small shipboard antenna is a single crossed-dipole with : . i 


a gain of 8 dB, Both are manually positioned by the operator, 


Both the airborne antennas of Figure 3-10 are fixed antennas with “4 


typical gains of 0 dB, The crossed-dipoles are used at high elevation angles, 


the blade at low angles. - ee 


3,3.3 Transmitter Subsystem a 


A UHF terminal has only a 70-MHz interface with the modulator, The -3 
modulator output is up converted in a single stage to the transmitted frequency, 
Because of the low information rate transmitted, the transmitter power rarely ea 


exceeds 1 kW even in an airborne terminal, 


3.8.4 Receiver Subsystem 7 es 

The antenna noise temperature at UHF typically is 250° to 450°K, Since 
this is so high, extremely low-noise devices such as maser and parametric a? 
amplifiers are not used, Typically a tunnel diode amplifler is used and yields * x 


a system noise temperature of about 1000°K, g 


3.4 EARTH TERMINAL SITING 


i. 
The following paragraphs provide criteria pertinent to the selection of - 
sites for an earth terminal and related facilities for the Defense Satellite 


Communications System, and provide guidance for collection of engineering 
design and field survey data, More detailed coverage is provided in Supplement 4 


8 to DCA Circular 370-160-3, "Site Survey Data Book for Communications 
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LINEAR EQUATIONS Algebra 


Example 2: 


Solve the fractional equation 


Solution: 


The LCD is (x - 2)(x + 3); therefore, multiply both sides of the equation by (x- 
2)(x + 3). 


2a 3ft ,_! ]- ered 
Xa 2 x+3 


( - 2)@ +3), @& - 2)@ + 3) _ 
(x - 2) (x + 3) 


(x+3)+@-2)=0 
2x+1=0 
Now solve the equation like an ordinary linear equation. 
Step 1. Transpose the +1 from the left-hand 


to the right-hand side of the equation 
by changing its sign. 


2x=0-1 
2x=-1 
Step 2. Using Axiom 4, divide both sides of 


the equation by 2. 


2x _ -l 
a 
1 
Me Bie 
2 
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Facilities,'' which furnishes criteria and establishes procedural guidance for 
_..conducting site surveys and serves as a standard reference guide for those 


who have been assigned the responsibilities for conducting site surveys. 


Possible earth terminal locations are tentatively selected prior to a 
detailed site survey, Site survey teams are concerned with determining how 
- well the facilities can be adapted to the proposed sites, When several 

alternate sites are surveyed for a specific facility, the most suitable and 
appropriate site that meets the facility criteria will be recommended for 


selection, 


The following is a presentation of the site selection criteria which have 
been used for technical guidance during site surveys, site selection, and sub- 


sequent facility design. 


3.4.1 Land and Terrain Considerations 


Siting requirements for an earth terminal station location should 


include: 


1, For a multiterminal site, a minimum separation between terminals 
for protection against mutual radio frequency interference (RFI). 
When one antenna may look over another antenna, the separation 
between the two must be large enough to permit the beam path of 
the former to have a clearance of at least 5-degree elevation 
above the latter antenna, Survivability considerations may also 


make an intervening ridge desirable, 


2. Remoteuess from heavily populated areas, This is desirable 


because: 


a, Electromagnetic interference (EMI) from local sources 


may cause disturbances in earth terminal antennas, 


b. Earth terminal transmissions may cause intermodulation 


in local TV and broadcast receivers, 
3~22 
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i a 
ui 3. Idealiy, location in a relatively large, basin-shaped area with ‘ 


**"a uniform horizon mask of about 2.5°.. This wauld provide 


maximum access to satellites in all orbital configurations combined 


rn ae ----with protection from RFI, assuming that no RFI sources lie within 
i a ‘the horizon of the terminal in the line-of-sight of the antenna, In 
TI “  “ “most cases, however, a perfect basin-shaped site area clear of 

rr obstruction will not be found. It is, therefore, necessary to 

si _.. . Survey the site to determine if there are obstructions that will 

“ mask the satellite at any particular azimuth, and to use natural 

; screening from interference where possible, 


4+, Earth terminals should have an uninterrupted source of power 
supply, Primary power supplies must have adequate auxiliary power 
sources available which can provide emergency (backup) power 


a during critical and noncritical periods. 
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E SECTION 4 - MULTIPLEXING, MODULATION AND CODING "i 
Boy es 
r 4.1 GENERAL s 
F ae In addition to the satellite and the basic earth terminal, there are three 4 4 
le eG components that can play major roles in establishing satellite communications i : 
‘ - circuits, They are the multiplexing, modulation and coding (bit error control) : 
; i equipment. As shown in Figure 4-1la the multiplexer combines various i 7 
[ a signals into a common baseband and passes the signal to the RF modulator, 
i ss which in turn modulates the information on the earth terminal transmit car- 4 
( 2 rier, At the distant end the earth terminal receivers shift and amplify 4 
i the signal. It is then demodulated and passed to the demultiplexer, which 4 
oa breaks the common group baseband into the individual signals that were sent. 


ae This is shown in Figure 4-1b., 


The encoder and decoder (shown dotted) may be added to improve bit 


otal tanta Datla es 


error performance in digital systems. The following paragraphs discuss 


the operation and capability of each of these three types of equipment, 4 
ae 4 
aan 4,2 MULTIPLEXING TECHNIQUES 4 
S| ae Multiplexing is a method for simultaneously transmitting sevezal 4 
C “- messages over one transmission path, There are two general methods for i 
= +. accomplishing this: (1) the division of the available frequency spectrum into i 
Boo discrete bands cach of which carries one of the messages, and (2) the : 
a division of the available time into discrete intervals which are assigned 4 
= ote successively to the several messages, The first method is called frequency 4 
; ge division multiplex (FDM) and the second time division multiplex (TDM), 
: 4,2,1 Frequency Division Multiplex j 
d 
. ] The most common form of multiplexing presently used is FDM. It is j 
f used in most terrestrial networks as well as with satellite communications, ] 
a J and the same principles apply to both media. : 
[ x 4-1 
| 


a cr cn ae wey Hy . 


ae ane ieee ais a Sar ae (a ahi 
a « iecakg x acoe, pains ‘ Log eae foe ¥ ner = cen 7 he < = derek = a : i aad ~—— tres sah 
tis 
i 
Suissav0lg [eusig 1aalavay *qI-t sandy 
6 ¥3Sn 
Ce So 
83X3°%d TWNIWH34 HLey3 
zyasn t—-——-—_ 
, bu3sn 
4 
N 
‘ 
~ 


Sulssa00ig [eusis JayWsuelL “el-p aindiy 


2 43sn 
1 ---—- Ss . 
TWNIWY3L 41403 yOLVINGON 43009N3 Saanien 
ose cu ——— zu3sn 
(y¥3sn 


itl at ahd ee tbr + é Sites 


In an DM system the available bandwidth is divided into several sub- 
bands and the various independent information signals (messages) to be trans- 


mitted are shifted into assigned subbands. The combined signal is then used 


to modulate the final carrier for transmission, 


For example, consider a telephone channel requiring a total bandwidth : 
of about } kHz and capable of transmitting one high-quality voice circuit. If . 
12 channels are brought together. the first one will occupy the band from 12 
to 16 kHz, the second will occupy the band from 16 to 20 kHz, the third 
-~- occupies 20 to 24 kHz, ctc., up tothe 12th channel, which would be modulated 
b ibe on a 44-kHz carrier and occupy the band 56 to G0 kHz. This entire band of 


“- frequencies, 12 to GO kHz, carrying 12 independent telephone channels may 


bald then be placed on a wire linc. modulated onto a UHF or microwave trans- 
: hae mission frequency, or used as a group that in combination with other groups 
: “ formed in the same way and with successive groups frequency-translated to 
os higher bands, may form a "supergroup," And if the transmission bandpass 
Dee is sufficiently wide, a number of supergroups are combined for final modu- 
ae lation of the carrier frequency. A group normally consists of 12 telephone 

be! channels; 2 supergroup consists of five groups, Usually, the first group 

ae occupies a band of frequencics from 12 to GO kHz, leaving the space from 


0 to 12 kHz available tor orderwire, signaling, ctc, 


os 
ws : By this method, several hundred telephone channels will be carried on 
one transmission circuit, the total number possible being limited only by the 
| power and bandwidth of the transmission path and the availability of frequency 
r translating equipment, etc. 
J At the receiving site, the channels are recovered from the detected 


carrier by the use of precision filter nctworks that separate the supergroups 
into groups, and the groups into single channels, After combining th2 channels 


and throughout the transmission system until channel separation, system 
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_ linearity is of vital importance, Nonlinear elements or factors result in 


tia 


H 
unwanted intermodulation, which causes distortion and crosstalk between j 


ran ma, 


the channels. 
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Each telephone channel may itself be subdivided into several teleprinter, 4 
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data or other digital channels by time or frequency division, Frequency- 
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division of a single telephone channel is normally accomplished on a tone- 


: keying basis. Two tones 85 Hz apart are allocated to each telegraph channel, = 


srcddhinbaletate’S 
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one for mark and one for space. At the receiver after the telephone channels 
have been separated, those carrying telegraph channels are sent through oy 


additional filter systems to recover the keyed tones corresponding to the a 
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telegraph channels. It will be seen that the keying of mark and space tones 


is the same as frequency-shift keying of a carrier, 


4.2.2 Time-Division Multiplex 


Digital coding systems by their very nature offer an attractive means 
of multiplexing, In a typical pulse code modulation (PCM) system for voice, 
the functions performed by the PCM modulator are sampling, quantizing, 

encoding, and modulating. Encoding here refers to tne digital representation 

of an analog quantity. This is different from encoding for error correction 
purposes, which was referred to in Paragraph 4,1 and will be discussed in 
detail in Paragraph 4,4, Voice waveforms are usually sampled at 8000 Hz, 


or once every 125 microseconds, This is often enough for excellent reproduc- wi 


: tion of the received signal, since the upper cutoff frequency of ordinary 


lo lcm ia unheated oo a= Lathe 


: speech channels is below 4000 Hz. If the quantization levels are correctly “3 
chosen, 128 different levels can convey the speech message with a high degree 

of fidelity, The levels are usually nonuniformly spaced sv that small signal 

amplitudes are more finely quantized than are the large signal amplitudes. 


Each of the 128 (2) levels can be represented by a distinct seven-digit binary 


code word; for example, if the levels are labeled ¢ to 127, then the ith level 
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can be represented by the binary representation of i, The pulse code is then 


seven equispaced pulses per sample, with values of 0 or 1 according to the 


digits of the code word, 


Finally the sequence of bits or encoded quantized voice samples, is 
modulated in an appropriate manner for the transmission medium. If the 
bandwidth and signal-to-noise ratio of the transmission channel are greater 
than necessary for the single PCM signal, TDM may be used to multiplex 
additional messages 1nd send them all over the same channel, An example 


of how this may be done is shown in Figure 4-2, 


In Figure 4-2, the multiplexing occurs at the earliest possible point: 
between sampling and quantizing. Muitiplexing could take place at a later 
point, for example between encoding and modulation, but this would require 
separate quantizers and encoders for cach baseband. At the receiver the 
order of the processing is reversed and each baseband is low-pass filtered 


to recover the original speech waveform as shown in Figure 4-3, 


In addition to the bits representing message information, TDM/PCM 
systems usually transmit bits for supervisory signaling and frame synchro- 
nization, One frame is the group of information and supervisory bits 
produced during one revolution of the multiplexer commutator, A typical 


frame fcermat is illustrated in Figure 4-4, 


In Figure 4-4, 3 bits have been allocatcd to supervisory information, 
such as message identity and length, and to frame synchronization, Seven 
bits have been allocated to cach of the three voice channels, Assuming the 
original sampling rate of 8000 Hz per voice, the transmitted bits will be 


spaced 125/24 = 5,2 microseconds apart. 


Any mode of digital coding lends itself to time-division multiplexing by 
interleaving channels, The only requirement is that the receiving equipment 


be able to separate the several channels so that the sample pulses may be 
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Algebra LINEAR EQUATIONS 


Step 3. Check the root. 


The root checks. 


Ratio and Proportion 


One of the most important applications of fractional equations is ratio and proportion. A ratio 
is a comparison of two like quantities by division. It is written by separating the quantities by 
a colon or by writing them as a fraction. To write a ratio, the two quantities compared must be 


of the same kind. For example, the ratio of $8 to $12 is written as $8:$12 or _ Two unlike 
quantities cannot be compared by a ratio. For example, 1 inch and 30 minutes cannot form a 
ratio. However, two different units can be compared by a ratio if they measure the same kind 
of quantity. For example, 1 minute and 30 seconds can form a ratio, but they must first be 
converted to the same units. Since | minute equals 60 seconds, the ratio of 1 minute to 30 


seconds is written 60 seconds:30 seconds, or 60 seconds” which equals 2:1 or 2. 


30 seconds 


A proportion is a statement of equality between two ratios. For example, if a car travels 40 miles 
in | hour and 80 miles in 2 hours, the ratio of the distance traveled is 40 miles:80 miles, or 


aCe , and the ratio of time is | hour:2 hours, or DOE? The proportion relating these 


80 miles 2 hours 
two ratios is: 


40 miles:80 miles = 1 hour:2 hours 


40 miles — 1 hour 


80 miles 2 hours 
A proportion consists of four terms. The first and fourth terms are called the extremes of the 


proportion; the second and third terms are called the means. If the letters a, b, c and d are used 
to represent the terms in a proportion, it can be written in general form. 
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~ used to reconstruct the original modulating signal with distortion within 


acceptable limits, 
4,3 MODULATION TECHNIQUES (RF) 


The process by which information is impressed on a suitably choosen 
RF carrier frequency for transmission (s referred to as modulation, The 
two forms of modulation that are normally used to convey information are 
analog and digital modulation processes, Analog modulation methods encom- 
pass those techniques which vary the amplitude, phase or frequency of the 
carrier over a continuous range of values in response to source information, 
Digital modulation methods encompass those techniques that cause discrete 
changes in the amplitude, phase or frequency of the carrier after the source 
information has been digitized into a stream of marks (ones) and spaces 
(zeros) prior to the carrier modulation process, Both analog and digital 
modulation methods attempt to convey the source information using the 
minimum amount of available average power and bandwidth while maintaining 


the system performance goal or quality of the tcansmission, 


The performance measures applied to analog modulation systems do not 
coincide precisely with those applied to digital modulation systems. For an 
analog modulation system the performance is usually measured in terms of 
receiver output signal-to-noise ratio (S/N) fur a given receiver input S/N 
ratio where the bandwidth of the measurement is equal to the intelligence 
bandwidth of the source (e.g., the highest frequency component of the source 
if the bandwidth of interest starts at zero frequency), Digital modulation 
system performance, on the other hand, is usually measured by the probability 
of error in making a decision at the receiver as to which information bit (1 or 
0) was sent (probability of bit error or bit error rate). Despite the differences 
in performance measures there are many unifying features between these two 


modulation schemes that can form a basis for comparison. The principal 
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“comparison standards usually used cuncern the efficiency of -both techniques 


in their use of average power and bandwidth when compared to a theoretically 
ideal system standard, For either technique, performance is a function of the 
bandwidth expansion factor, m, of the modulation process, The bandwidth ~ 
expansion factor is defined as the ratio of RF spectrum required to the total 
intelligence bandwidth which ts transmitted by the information source, For 
analog modulation techniques, the spectrum occupancy ts strongly influenced 
by the highest frequency, fn which is contained in the modulating signal; | 
for digital systems tne spectrum occupancy is strongly dependent on the 
transmitted aata rate, R, in bits per second, In both systems the RF spectrum 
or bandwidth occupancy of the modulated signal will be designated as B Hz 

and this bandwidth must be less than or equal to the total available channel 
bandwidth, W (i.e., Es W Hz), Consequently, m is defined as: 


B/E} for analog modulation 
n= \ : (-t-1) 
| B/R; for digital modulation 
The classic work uf C, E. Shannon is used to demonstrate the power/ 
kandwidth tradeoff inherent in modulation systems, Shannon's equation gives 
the maximum rate, cailed the channel capacity, which can be transmitted 


theoretically over a channel, The equation is written: 
C = W log, [1 + (P/N) (4-2) 


where C {s the highest possible data rate in bits per second that can be 
reliably transmitted over a bandwidth W, when the receiver has available an 
average signal power of P watts and an average thermal noise of N watts. 
Starting with Equation (4-2), relationships between power and bandwidth for 


analog and digital modulation have been derived. 
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For analog modulation Shannon's equation can be rewritten as: 


5S m 
s i 1 
(yn) § [»-( f ja] “ we) 
° om ; 
where a ) = detector output signal-to-nolse ratto, 
pe is ; 
fl 
and = receiver input signal-to-noise ratio in the intelligence 


om bandwidth, 


Thus, the right side of Equation (4-3) is the upper boundary on the value of 
&) . Figure 4-5 is a plot of Equation (4-3) for various values of m, including 
No 

m-=ao, It indicates the reduction in required power input with the increase 


in bandwidth for analog modulation systems. 


For digital modulation Shannon's equation can be rewritten as: 


t/m 
v 2 se i a 
E/N m (2 1) (4-4) 
where Ey = energy per bit of information 
and No = noise power density (watts per Hz). 


The term EX, is a commonly used factor in defining power required for 


transmitting digital information. 

The factor E/N, is plotted in Figure 4-6 and represents a lower bound- 
ary on the required value for high-quality reception, The bit error probability 
is a tunction of E/N, in any digital modulation system, Digital modulation 
can operate with values of m jess than or greater than 1. Using m less than 
1 corresponds to each symbol containing several bits of information. This is 
termed multilevel digital modulation, As expected from igure 4-6, the 
bandwidth reduction is accompanied by an increase in the power required for 
a given bit error rate, However, using several transmitted symbols to convey 
one bit of infermation increases the bandwidth but allows a reduction in the 


required signal power. 
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Figure 4-5. Upper Performance Bounds for Analog Modulation 
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4.3.1.1 Amplitude Modulation 


amplitude modulation (AM), and frequency modulation (°M) will be introduced. 


4.3.1 Analog Modulation Techniques 


In this paragraph the most commonly used analog modulation systems, 


Their performance will be investigated and compared to a theoretically ideal 


system's performance. 
The basic equation for an amplitude modu. ted carrier is: 


a= A 4 a 4 fe 
y(t) Aft Yf(t)] cos 2rf it (4-5) 


] 


where y(t) modulated carrier 


Ay ~ amplitude of unmodulated carrier 
B 4 - modulation index, 0< ¥< 1 

f(t) modulatirg signal, |‘it)]| <1 

7 ~ frequency of carrier 


The spectrum of y(t) will contain the original carrier, as well as components 


above and below the carricr frequency, as a result of the modulating waveform, 


ye, Jabtcatsapaul ache dkeh ot jilgltbow occ 


f(t), The relationship between the spectrum of f(t) and that of yit) is shown 


in Figure 4-7, 


In Figure 4-7: 


F(j2mrf) = Fouricr transform of f(t) 
Y(2 mH = Fouricr transform of y(t) 
fn - highest angular frequency in the modulating waveform, f(t). 


Threc commonly used amplitude modulaticn techniques modify the 
modulated carrier spectrum in Jifferent ways. Double sideband AM (DSB- 
Aw) uses the carrier and bots. sii bands, as shown in Figure 4-7, In double 
sideband suppressed carrier AM (DSB-SC-AM) the carrier is eliminated, 
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Figure 4-7, Spectrum of Amplitude Modulated Carrier 
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in single sideband modulation (SSB-AM), the carricr and one sideband are 


eliminated, 


The performance of these forms of AM is illustrated in Figure 4-8 


where (S/N) = receiver output signal-to-noise ratio 


(S/N fn > receiver input signal-to-noise ratio measured within 


the intelligence bandwidth, 0 - tn 


For comparison the curves representing theorctical upper performance 


boundaries of analog modulation systems are repeated in Figure 4-8, 
Note the following observations: 


1, The most efficient form of DSB-~AM (that with modulation index 
Y <= 1) is about 5 dB poorer in performance than DSB-SC-AM or 
SSB-AAI, 


2. The modulation index y, which relates the amounts of power ia 
the carrier and the sidebands, clocs not appear as a parameter 
in the performance curves for DSB-SC-AM and SSB-AM since 


these forms of modulation do not transmit a carrier component. 


3. The performance of SSB-AM equils the ideal system performance 


for m = 1, 


+, DSB-SC-AM perforins «s well as SSB-AM on a signal power basis 


but requires twice the bandwidth, 


4.2.1.2 Frequency Modulation 


An PM signal may be expressed in the form: 


sity: Acos 2rif t= f f° (t) elt] (4-6) 
Oo ad m 
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I where Salt) = the modulating process; | si) | < 1 forallt;eg., 3 4 
cos 2rf 2.4 
I fy = the maximum instantancous~frequency deviation 4 
ae | 
7 y - the modulation index ~ f,/f_. 2 oe 2 4 
a dom ie > of Ss 3 
wh : 3 
Frequency modulation derives its name from the fact that the instan- 4 
taneous frequency, denoted f. depends lincarly on S ntti that is: 4 
ay = 
- ~~ tf t> ; we fo4 & a 
- to ae web aaty f S(t at] » f+ £48, it) (4-7) a 
or F 
= The RF spectral occupancy of an FM signal is normally taken as: ; 
. 2f (Yi 1lyye 4 
ma B: n (¥ 3 v2) (4-8) 4 
2f sy¥<l 3 
“2 m F 
B is often calicd the Carson's Rule bandwidth for an FM modulation system. q 
Se | 
i Under certain conditions the performance equation for FM has the following 4 
ae a 
form: 
2 2  § 
nn (S/N) (3/2)¥~ (_i_) (4-9) 
N f. 
ie om 
°° The conditions which must be satisfied for Equation (4-9) to be valid 
ae are that the FM demodulator is operating above threshold, the Slt) function 
an 


is varying slowly (quasi-static assumption), and y¥y>>1, Equation (4-9) can 
also be expressed in terms of the bandwidth expansion factor as follows: 
s 
2 


Nf 
om 


(S/N), = 3/2 es 21) sm24 (4-10) 


This relationship deseribes the performance of an I'M system provided the 
FM demodulator is operating above threshold. The threshold region is 
qualitatively defined as that value of input $/N below which the demodulator 
performance exhibits anomalous behavior (ec. g., phase flips and cycle skip- 
ping), To avoid this type of behavior the input S/N, measured in bandwidth 
B (Equation 4-8), must satisfy the following constraints: 
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LINEAR EQUATIONS Algebra 


Multiplication of both sides of this equation by bd results in the following. 
bd) © = © (ba) 
(bd) ma ( 


ad = cb 


Thus, the product of the extremes of a proportion (ad) equals the product of the means (bc). For 
example, in the proportion 40 miles:80 miles = 1 hour:2 hours, the product of the extremes is (40 
miles)(2 hours) which equals 80 miles-hours, and the product of the means is (80 miles)(1 hour), 
which also equals 80 miles-hours. 


Ratio and proportion are familiar ideas. Many people use them without realizing it. When a 
recipe calls for 12 cups of flour to make a serving for 6 people, and the cook wants to determine 
how many cups of flour to use to make a serving for 8 people, she uses the concepts of ratios 
and proportions. When the price of onions is 2 pounds for 49 cents and the cost of 3% pounds 
is computed, ratio and proportion are used. Most people know how to solve ratio and proportion 
problems such as these without knowing the specific steps used. 


Ratio and proportion problems are solved by using an unknown such as x for the missing term. 
The resulting proportion is solved for the value of x by setting the product of the extremes equal 
to the product of the means. 
Example 1: 

Solve the following proportion for x. 
Solution: 

5:x = 4:15 
The product of the extremes is (5)(15) = 75. 


The product of the means is (x)(4) = 4x. 
Equate these two products and solve the resulting equation. 


4x = 75 
4x _ 75 
4 4 
ig 
mn 
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210 log, F7 + TAB) (4~11) 
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where the threshold level is T, 


Whereas conventional demodulator thresholds are 12 dB, values as 
low as 3 dB may be realizable with more advanced demodulator designs 
such as phase-lock loops or feedback -eceiver implementations. When the 
demodulator is operating above threshuld, the performance bandwidth trade- 
off given in Equation (4-10) is obtained. Results for some typical values of 
bandwidth expansion factor are shown in Figure 4-9, with the theoretical 
performance boundary from Equation (4-3), Note that increasing (S/N), for 
a fixed (S/N f,) requires less efficient spectrum use (i.e., large y implies 
B/E? 1) and that the theoretical performance curves can only be approached 
if the demodulator threshold is reduced, Practical design problems prohibit 
continued reduction of the threshold and hence prohibit achievement of 
theoretically ideal performance, Figure 4-10 illustrates the use of preemphasis 
to compensate for the nonlinear rising spectrum of noise from the demodu- 


lator, 


4.3.2 Digital Modulation 


A good digital modulation system is one which communicates the 
maximum amount of data reliably, The performance of a digital system is 
bounded theoretically by Shannon's classical results, which state that 
given sufficient processing, data at rate R in bits per second can be communi- 
cated with arbitrarily small error through a channel of capacity C, provided 
R<C. More snecifically if a channel is linear, restricted to bandwidth B, 
has average power Ss and is perturbed by additive white Gaussian noise 


(with single-sided noise power density No). tien: 
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Figure 1-9, Analog FM Performance 
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RsC=:B log, 1 ‘Nop 7 (4-12) 
= Oo 


‘This equation can be rewritten in terms of the system bandwidth expansion ; ° 


‘ ¥ 
alta hin; 


2 Od 
a F ; : - a 
pa factor (m :- B/R) and che available energy per bit-to-noise density ratio, F “J 
i. . 2 a 
e. E,/N_-38./N_R, as follows: ; 
Bi yo too i 
| EUR 4 
: R/T s lo 1 + 4-13 y 
: Bo NB (eahe) P| 
N fe) 4 
This leads to Equation (d-1) which gives the minimum possible energy per j 
- Be | 
2 ; hit-lo-noise density ratio that is required to reliably communicate with band- | 
i= he 3 
: width expansien factor m., j 
ae In a binary digital conimunication system (higher-order or M-ary 
— systems are possible but wilt not be discussed), the trausmitter selects and 
Do ae 


sends one of two basic waveforms depending on whether a binary zero or one 


ios is delivered by the digitized (i.e. , sampled and quantized) information source, 
ao For example, if the Nth term of the binary digital sequence is a zero, the 


system transmits, during interval NT < t s (N° 1) T, the signal waveform 


es 5, (0 if it is a one, the system transmits S(t). Since T seconds are required 


ne to transmit one symbol of the sequence, the transmission rate is 1/T symbols 


elena Pol Ree Ml lai ti eid 
a eee ee fc cg 

Py 

‘ 


ee per second, If the binary data source selects the hits of the sequence with 


_ equal probability and independently, then each symbol conveys ore bit of 


fee Re 


information and hence the information rate is 1,’T bits per sccond, Because 

of the addition of noise (e.g., the receiver will always havea finite temperature 
and thus will add ou finite noise power density to the received signal), there 

will be a nonzero probabiliiy that the receiver will make an crror when 
attempting to decide whether S(t) or 5, (0 was transmitted, The performance 
of the digital system therefore is measured in terms of the probability that 

the receiver will err in making this and subsequent decisions, To calculate 


the performance of a partleulay digital modulation technique requires knowledge 
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_ of the form of the waveforms selected for transmission, the transmission 


channel characteristics and the exact structure and decision rule employed at 
the receiver. The signal waveform characteristics of interest are the energy 
per signal, the spectral occupancy and a measure of the basic difference in the 


signal structures used to represent transmitted zeros and ones (this latter 


characteristic is referred to as the signal's normalized inner product and 

is denoted as ©), The channel characteristics of interest pertain to its linearity, 
phase response and noise properties, The receiver structure details pertain 

to the a priori knowledge assumed to exist regarding which signal was sent, 
knowledge of the signal structure (i,e,, the signal's epoch, amplitude, phase 
and frequency), and the decision rule employed. For example, if information 
is conveyed by shifting the carrier phase 180° to represent a one and by 0° 

to represent a zero (space) and all other aspects of the waveforms are identical, 
the system usually is referred to as binary antipodal modulation, or simply 
binary phase~shift keying (PSK), For an additive white Gaussian noise channel 
that permits retention of carrier phase information, the optimum recciver 

can be shown to be a coherent matched filter receiver with one filter matched 

to cach of the phase states sent at the transmitter, Exact knowledge of 

received signal time, phase and frequency is required to implement this ideal 
detector, and the decision rule is simply to look at the outputs of the matched 
filte. - sry T seconds and decide ‘a favor of the filter with the largest 

output (this assumes ones and zeros are equally likely to have been transmitted 
und that ties are resolved by simply flipping a coin), For this binary PSK 


system with a coherent ideal PSK detector, the performance is given by: 


cE 
P.. = a(\=): (coherent, antipodal PSK signals) (4-14) 
Oo 


1 — 2 
where Q(X) = : exp(-y /2) dy 
Qn ~0 


“yer uppp nem: 


ou 


Craigie 


Peewee gue eget aR ET 


T T 
2 2 
E* ; signal enercy S~ (t) dt = S" tt) dt 
a ie ee OH 


and the normalized inner product a measure of the correlation cf tue binary 


Signals, is: 


E 


T S(t) Sb) dt 
p=: f ~ -1 ; (antipodal PSK signaling) 
b 


In the event that the channel does not permit a coherent detectcr tc be 
built; i,e,, the received signal's phase is a random variable, -™< g< 17, 
an optimum noncoherent receiver may be built, In this case clecisions can 
be based on the magnitude of the envelope of the received signal (since the 


phase information has been destroyed by the channel), 


The transmitter can elect to send one of two frequencies (frequency- 
shift keying, FSK), to represent the binary source data, Such a selection 
causes the normalized inner product, P, of the signals to be zero weferred 


to as orthogonal signaling) and the performance is given by 


-E, 


Ph cen exp ( is (noncoherent, orthogenal FSi simals) (4-15) 


2 
) 


Yor coherently detected orthogonal signal sects, such as coherently 


detected frequency shift-keyed (FSK) signals, the performance becomes 


Pie =Q Ve ; (coherent, orthogonal FSI signals) (4-16) 
; N 
oO 


For all but high Pe cases the EW’ required to achieve a given Pi with non - 


cohcrent reception is about twice that required with coherent reception, 


kes . os ‘ ‘ ; 
E energy per bit E for these systems, since there is one bit per symbol, 
) 
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An intermediate case, referred to as "differentially coherent PSK,'' is 
also of interest with binary digital systems, Unlike the preceding systems, 
in differentlally coherent PSK (4 PSK), a binary one dictates a change in phuse 


in the transmitted signal and a zero dictates no change in phase, The receiver 


“requires two sets of detectors with overlapping operation; while one operates 


_on the reccived signal during even intervals forming decisions on even- 


numbered data symbols, the othor operates during the odd intervals forming 
decisions on the odd-numbered data symbols, In effect the phase of the pre- 
ceding symbol serves as a reference for the present symbol, The performance 
of A PSK is given by 

-E 


age at 
FE 2 exp (CN 


)3 (4 PSK) (4-17) 
Oo 

It should be noted that for a given PE exactly onc half the energy is required 

ina 4 PSK system relative to the noncoherent orthogcnal signal case (non- 

coh2rent, FSK), 


| Performance curves for each of the binary digital systems discussed 
above are shown in Figure 4-11, Finally, the bandwidth expansion factor 
for these signaling schemes can be shown to be: 

B 2; orthogonal (FSK) 
m = R = (4-18) 
1; antipodal (PSK and 4 PSk) 

Generalizations of these basic concepts to higher-order alphabet systems 
(M-ary) are conceptually easy. Digital communication systems of this type 
use k consecutive symbols of the data sequence to select and transmit one 
ol M - 2k stored signals (K - 1 for binary systems), The performince 
obtained requires Jess EN, than for the binary case but requires an expo- 
nential increacze in bandwidth and receiver complexity relative to the binary 


signaling schemes, 
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Figure 4-11. Error Probability Versus EN, for Coherent, 


Noncoherent and Differentially Coherent Reception 
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4, CODING TECHNIQUES 


In the preecding discussions on the performance of digital modulation/ 
demodulation (modem) techniques, the probability of bit error (Pi for a given 
energy per bit-to-noise-density (E/N) ratio was used as a mensure of how 
well the modem could operate, A modulation technique that satisfied the 


system probability of bit error (P_) specification without requiring an 


E 
Uxcessive bi EN: ratio (E - ratio of uverage received carriev power to data 
rate, P Ro oy bandwidth allocation was dcemed an acceptable choice, Further- 
more, sinee the performance of an ideal digital system could be calculated 
under certain conditions, it was possible to assess how any particular choice 

of modem deviated trom the idcal and to quantitatively measure how much 

loss Was incurred relative to the ideal system, To specify the ideal system's 
performance it was necessary that the channel, or modem-transmission 
medium combination be lincar, restricted to bandwidth B, average power P 

und be perturbed only by < uditive white Gaussian noise (AWGN), wth single- 
sided noise power density No (watts/Hertz). These considerations are of more 
than academic interest since many satellite communication systems cin be 
modeled as an AWGN channel, It is precisely for this rcason that forward 
acting error correcting (FEC) coding techniques can and should be applied to 
satellite communicition system designs, These FEC techniques allow a system 
design that better approximates the ideal system's performance, In general, 
the coding technique changes cach information bit--input from the source-- 

into a sequence of binary digits or symbols before transmission over the 
satellite channel, The coded sequence or representation of the information 

bit has a structure that permits the complementary decoding technique at the 
recciver to properly identify the transmitted information bit despite errors 

that cecur in the coded sequence because of the channel noise conditions. The 
set of rules used to represent an information bit by a sequence of symbols ut 
the transmitter is referred to as an encoding technique and the corresponding 
set of rules used to unscramble the received sequence to ar information bit is 
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referred to as a decoding technique er algorithm, When the encoding-decoding 


technique does not rely on retransmission strategies to decode an information 
bit itis referred to as an FEC coding strategy or technique, These FEC 
techniques are distinctly different from automatic repeat request (ARQ) 
techniques that rely on detecting the presence of an error in the received 
sequence (only detecting not correcting) and automatically requesting a re- 
transmission of any bit or sequence that has been detected to contain errors, 
In satellite communication system applications, ARQ techniqucs are of only 
limited utility since the long propagation delays (1.’4 second) and occasionally 
high error rates due to rain severely limit the throughput of ARQ systems. 
Consequently only FEC techniques will be treated in the remainder of this 
discussion, 


The placement of an FEC encoder-decoder in a typical communication 


system configuration is indicated in Figure 4-12, Thus, from the FEC 


coder's standpoint, the channel includes the items shown between the dotted 


lines of Figure 4-12, There are two broad classes of error-correcting codes; 


namely, block codes and convolutional codes. With block coding techniques 


each group of K consecutive information bits is encoded into a group of N 


ee er 


symbols for transmission over the channel, Normally, the K information 


bits are located at the beginning of the N symbol block code and the last N-K 
symbols correspond to parity (check) bits formed by taking the modulo 2* 


sum of certain sets of the K information bits, 


ne ee er 


Block codes exhibiting this 
property are referred to as systematic block codes, 


The term block code { 
stems from the fact that each block of N symbols corresponds to a particular 4 
group of K information bits, The encoded symbols for the kK : 1° bit and ; 
beyond are completely independent of the symbols generated for the first K 3 


information bits, and hence cannot be used to help decode the first group of K 


led as 


*Modulo 2 binary arithmetic is normal except that 1 © 1 ~ 0 where the input 
information stream is assumed to be in binary form; that is, 1 = mark and 
0 = space, For example, 0011 = 1010 = 1001, 
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Algebra LINEAR EQUATIONS 


Example 2: 
If 5 pounds of apples cost 80 cents, how much will 7 pounds cost? 
Solution: 


Using x for the cost of 7 pounds of apples, the following proportion can be 
written. 


5 pounds _ 80 cents 


7 pounds x 


The product of the extremes is (5)(x) = 5x. 
The product of the means is (7)(80) = 560. 
Equate these two products and solve the resulting equation. 


5x = 560 
5x _ 560 
2 
x a112 


The unit of x is cents. Thus, 7 pounds of apples cost 112 cents or $1.12. 


Example 3: 


A recipe calls for i: cups of flour to make servings for 6 people. How much 


flour should be used to make servings for 4 people? 
Solution: 


Using x for the flour required for 4 people, the following proportion can be 
written. 


1 
1— cups 
6 people 2 


4 people x 


The product of the extremes is (6)(x) = 6x. 


The product of the means is (4) 5 = 6. 
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information bits at the receiver. Because N symbols are used to represent K 
information bits, the (code) rate (R) of such a block code is K/N bits per 
symbol (R = K/N), The encoder structure for the (N-7, K-4) binary code 

is shown in igure 4-13, The information bits are stored in the K=4 storage 
devices, and then the device is made to shift N-7 times, The first K 

symbols that come out will be the information symbols, and the last N-k 
symbols will be a set of check symbols that form the whole N symbol word. 

A block code is often denoted with the symbols (N, K, t); N corresponds to the 
block length, K to the number of information symbols in the word and t to the 
number of errors in a block of N symbols that the code is guaranteed to 


correct, The cod: of Figure 4-13 is a (7, 4, 1) code in this notation, 


Figure 4-14 is a block diagram of a convolutional encnder, Information 
bits are shifted to the right through the L stage shift register as new information 
bits enter from the left. Lits out of the last stage of the shift register are 
discarded, The bits are shifted one position each T seconds, where 1/T is the 
information rate in bits per second, The modulo-2 adders are used to form 
the parity check bits, cach of which is a binary function of a particular subset 
of the information bits in the shift register, The parity check bits are seen 
to depend on a sequence of L information bit:, so that the constraint length 


of the code is L. 


Once each T seconds, the terminals labeled 1, 2.,., r are sampled 
in succession, Thus for cach information bit fed into the encoder, there are 
r parity check bits at the output. These output parity check bits are referred 
to as symbols, Since each symbol carries an average of 1/r information bits, 
the code is said to have rate 1/r. 

When the first modulo-2 adder is replaced by a direct connection to the 
first stage of the shift register, the first symbel becomes a replica of the 
information bit, Such an encoder is termed a systematic convolutional encoder, 

The code can be thought of as forming a tree structure, At each node 
the information hit determines which direction will be taken; up for a 1 and 
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Figure 4-14. Convolutional Encoder 


AMOR NE AN ONL ME me mma og ot + 
24 Be are eq ims te) lt: 


| 


be ah il, ha Ll Lal de, at 


| 
i 
' 
, 
t 
| 


down fora 0.) The r digits occurMuag on the branch selected correspond to 
the output symbols, A particular sequence of information bits then desevibes 
a particular path through the code tree, This will be illustrated by the 


following example, 


Consider the rate 1/2 encoder of Figure 4-15 and let the shift register 
contain all zeros initially, Now assume that the input sequence of information 
bits is 1100,,.. Vhe path defined by this sequence is illustrated as the heavy 
line in the code tree of Figure 1-16, Since the code generated by this eneoder 
is a sysiematic code, the first digit of the output at each branch is the infor- 
mation bit, as shown in Figure 4-15. The second digit is the output of the 
modulo~-2 adder in Figure 4-15, After the first information bit is fed into 
the shift register, the contents are 1000000,.., so that the output of the adder 
is a1 and is shown as the second digit on the first branch of the code tree, 
After the sccond input to the shift register, the contents are 1100000... , and 
the adder output is a 0; this is easily scen since the modulo-2 sum of an even 
number of 1s is a 0, Continuing in this fashion, the remaining portion of the 
tree can be constructed, It should be noted that unlike block codes, convolutional 
codes have no formal block structure in the generated code words, That is, 
past information bits do have an influence on the symbols uscd to represent a 
present information bit, The code can be constructed by taking the convolution 
of the shift register tap connection set (c..de generating polynomial) with the 


information bit paitern; heace the name convolutional codes. 


Decoding algorithms for block and convolutional codes are usually quite 
different, The formal structure of the block encoded words permits decoding 
by taking advantage of the the known structural properties of the words or the 
algebraic nature of the constraints among the symbols used to represent an 
information sequence, Examples of decoding algorithms for block codes are’ 
the algebraic decoding techniques of Peterson, Chicn and Berlekamp for the 


Bose-Chaudhuri (BCH) codes, Decoding of convolutional codes, on the other 
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Figure 41-16. A Code Tree 
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hand, is often done using the probabilistic techniques of Wozencraft (sequential 
decoding) or Viterbi (Viterbi decoding), These latter techniques vely not on 
the algebraic structure of the code words but on the ability to home in on the 
correct sequence by designing efficient search procedures that discard 
unlikely sequences very quickly, As an example, consider 2 sequential 
decoding algorithm for convolutional codes, The symbols presented to the 
decoder are the symbols generated as described in Figure 4-14 after they 

have been corrupted by noise. Ina communication system the output of the 
demodulator would constitute the decoder input, Assume that the symbols 
presented to the decoder are 1s and 0s, cach symbol being in errov with 


probability p (i.ec., assume a binary symmetric channel), 


The decoder contains a duplicate of the encoder, whose shift register 
contains the received information bits, By comparing the input-code-plus- 
noise symbols at the input to the decoder with the symbols found at branch 
points of the tree as in Table 4-1 the decoder attempts to find the most probable 


path through the code tree, 


The sequential Cocoder differs from most other types of decoders in that, 
when it finds itself on a wrong prth in the tree, it has the ability to search 
back and forth, changing p»cviously decoded information bits, until it finds 
the correct path. The frequency with which the decoder has to scarch back, 


and the depth of these Lackward scarches, is dependent on the value of the 


channel error probability (p). 


One of the most important properties of 2 sequential decoder is that, if 
the chosen constraint length is large enough, the probability that the decader 
will make an error becomes negligible (e.g., less than 107°), The type of 
error that becomes significant {s the occurrence of an overflow, which ts 
defined as being a situation in which the decoder is unable to perform the 
necessary number of computations in the perfuiniumee of the tree search, To 


be more precise, 2 computation is defined as hi.ving occurred when the decoder 
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“ Table 4-1, Sequential Decoding Procedure . 
= Message Notes 
Code 11 lu ol ul Fig. 4-16 
Noise 0) 10 00 Oo Assumed 
: input 1) 00 a1 01 Code » Noise 
Decision Total | 
| 1 Go To 11 
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2 Try 11 10 ; 
1 an 10 1 | 
: | Try 1 01 
OF seared gs, or Lue, Gi cestel ak hie eed agus rss See ara aa 1 same as above 
3. Try 11 10 10 
oo 1n 11 3 
; | rry 11 10 01 
2 NN SS ate 10 5 oe oer ak ay eeivie toe 8 oe! & Ve ee 1 lowest possible 
| Try i al 11 
| 00 a1 10 2 | check 
Try iW 01 OU 
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examines a pat) chrough the decoding tree, Since the decoder {s ab!» to search 
pack an’ o- oth 'Aeocwh the tree, and does so according to how the errors arrive 
at the di -ocer “put che number of computations the decoder must make to 
decode c. ° inferination bit is a random variable, An important parameter in 
the system then becomes tho average number of computations per decoded 
information bit, As long as the channel error probubiJity (p) is not too high, 
the probability of decoder overflow will be acceptably low and thus satisfactcry 


performance results. 


The performance of block decoding algorithms, however, is determined 
by the number of crrors that the code is guaranteed to correct ¢t) in a block 
of N received symbols, If the channel error probability (p) is too high then 
the probability of obtaining t + 1 or more errors in a bloc’: of i? symbols 
becomes significant and hence the decoder will fail in ita siterpt to Identify 


the transmitted code word, 


Up to this point it has been assumed that the demodulator supplics 

only hard decisions (thac is, the demod output has been hard-limited) to the 
decoder, If instead the demodulator output is quantized into 4 or 8 levels 

(2- or 3-bit quantization, respectively), certain decoding algorithms can use 
this additional information to obtain a lower probability of cutpet bit error 
than if supplied only with hard decisions, Both the sequential and Viterbi 
decoding algorithms can effectively use this soft-decision demodulat ir infor: 
mation, giving these algorithms a distinct advantage over algebratc lecaling 
techniques that cannot easily account for this added informatic inn aking a 


final decoder decision, 


To gain some insigh: Into the performance of error-correcting codes 
on random error cha.inels, Figure 4-17 is plotted, Five codes of moderate 
complexity are shown, These are: BCH (15,7), Golay (24, 12), Viterthi 
(K=4), diffuse threstiold (K=4) and sequential decading, 
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Figure 4-17, Error Correcting PSK Code Performance 
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The curve for the sequential decoder is based on a rate 1/2 code 
operating on a hard-decision binary symmetric channel (BSC). The curve 
is shown as a nearly vertical lire to emphasize the relative insensitivity to 
undetected errors, One of the curves for a Viterbi decoder is for 3-bit 
quantization (Q=3) and the other is for the hard-decision case (Q=1). The 
remaining curves are based on calculations, Several observations from 


Figure 4-17 are worthy of note, 


For the narameters shown, the Viterbi decoder with Q=1 provides 
performance exc2eding that of the block codes and the threshold decoder. 
The advantage of the Viterbi decoder is even more apparent when quantization 
is considered, Using « quantized version of the demodulator output, in lieu 
of hard decisions, improves performance on the order of 2 dB. This 


‘mprovement may not be directly realized with block codes. 


Another pertinent observation from Figure 4-17 is the increased slope 
of the sequential decoder curve, This may be particularly imporiant in 


regard to performance requirements on the order of Psi”, 


As an example of how effective FEC techniques can be in a satellite 
communication system, consider the performance of the coded systems in 
Figure 4-17 relative to the no-coding (ideal PSK demodulation) system also 
shown in this figure, Fora 10° output bit error specification, the improve- 
ment in required E/N, for these systems is shown in Table 4-2, As shown, 
the largest coding gain is supplied by the sequential decoder, 5dB. This 
means that for a fixed received average power to thermal noise density ratio 
(P_/N,)) the sequential decoder system can support a 5-dB higher data rate 
(3,2 times more data) than the uncoded system, or correspondingly, the same 
data rate as the uncoded system with 5 dB less average power, Furthermcre, 
if even lower output probability of bit error rates are required than 107, the 
gain of the coded systems (particularly sequential decoding) relative the 


uncocded system is even inore impressive, Finally, it should be emp sized 
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LINEAR EQUATIONS Algebra 


Equate these two products and solve the resulting equation. 


6x =6 
6x _ 6 
6 6 
x=] 


The unit of x is cups. Thus, servings for 4 people require | cup of 
flour. 


Summary 


The important information in this chapter is summarized below. 


Linear Equations Summary 


There are four axioms used in solving linear equations. 


Axiom 1. If the same quantity is added to both sides 
of an equation, the resulting equation is still 
true. 


Axiom 2. If the same quantity is subtracted from both 
sides of an equation, the resulting equation 
is still true. 


Axiom 3. If both sides of an equation are multiplied 
by the same quantity, the resulting equation 
is still true. 


Axiom 4. If both sides of an equation are divided by 
the same quantity, except 0, the resulting 
equation is still true. 


Axiom | is called the addition axiom; Axiom 2, the subtraction axiom; Axiom 
3, the multiplication axiom; and Axiom 4, the division axiom. 
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Table 4-2, EA/N, Coding Gain for Several Coded Systems 


System 


i ft “ 
Requi nee Ey No at 


Gain (E, /N| Uncoded - 


b 
EY’ No Coding) dB 


10° (dB) 


No Coding 


(15.7) BCH 


1 
Threshold 1.1 
Golay (24,12) 2.1 


Viterbi (Q=1) 
Viterbi (Q=3) 


Sequential (Q=1) 


that this sizable coding cain comes at the expense of only a 2 to 1 increase in 


channel bandwidth, Ali the coded designs shown operate at a code rate of 
1/2 (bits/symbol) and hence the bandwidth required, for a fixed modulation 
method, is twice that of the uncoded system design, That is, the symbol 
rite is 2 times the data rate with a rate 1/2, bit per symbol code, This is 
a very moderate price to pay for the dramatic savings in satellite power 


obtained with sequential or Viterbi decoding. 
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SECTION 5 - SATELLITE LINK ENGINEERING 


5.1 GENERAL 


The design of a satellite communications link involves many interrelated 
factors, This section describes the general design considerations applicable 
to many types of satellite communication links, The key parameters are 
described and typical valucs are given. The section describes the character- 
istics of traffic carried by the link, the considerations involved in the choice 
of a frequency for the link, and the bandwidth requirements of the traffic and 
bandwidth capabilities of the important link elements, The important param- 
eters and the performance of satellite uplinks and downlinks are defined and 
examples given. Finally, link performance requirements are related to the 
kind and amount of traffic that may be carried, This results in development 
of tables relating traffic requirements to satellite transponder power, which 


is a crucial element in the overall satellite communication system design, 


5.2 TRANSMISSION REQUIREMENTS 


5,2,1 Analog Requirements and Standards 


Two types of analog signals that are transmitted are voice and television. 
An anlog voice channel is allocated a 4-kHz bandwidth. As described in Section 
4, voice channels can be stacked by the “DM technique into groups of 12 channels 
and into supergroups of 60 channels (5 groups) for modulation of a carrier, The 
important parameters to be controlled for end-to-end voice transmission on a 


gloca!l-qua’ity channel are: 


® Gain variation versus frequency: -3 dB to +6 dB referenced to 1000 


hz ove: 2690 Hz to 3400 Hz 


® Circuit Noise: Median value of 10,000 picowatts psohometric at a 
point of 0 db transmission level (pWp0) per satellite hop plus 131 
pWp0 for multiplex operations, This is equivalent to a weighted 


test tone-to-noise ratio at the receiver of 50 dB 
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@ Echo magnitude: 30 dB or more round-trip echo loss, 


The values given are military specifications for a global-quality voice 
channel, applying to DSCS Phase II Stage 2, For stage 1, 25,000 pWpv are 


permitted. 


= The commercial recommendation for a television channel] is a video band- 
width for 5 MHz and a ratio of signal to weighted nois2 at the receiver of at 


least 55 dB for 59 percent of the time, 


Voice is the normal analog communication signal currently usect in 
military communications, In designing an analog voice communications system 
account must be taken of the characteristics of speech signals and the statistics 
of telephone talkers, In general, the amplitude of a single speech signal can 
Vary as much as 30 db, For transmission, it is important to keep the average 
power as high as possible without clipping the speech too much in peak-power- 


limited systems, It has been experimentally determined that the average power 
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can be maintained about 2 dB below the clipping ievel without causing the peaks 
to be clipped more than 0.01 percent of the time when the number of channels 


is very large, 


When a number of analog voice channels are multiplexed for transmission, 
the average total signal power is much less than the simple addition of individual 
channel powers, The speech load factor is not constant and it has been deter- 
mined from statistical analysis of telephone traffic that the average power, P, 
in dB due to N channels, relative vo the test-tore power of 1 milliwatt is: 


P = -35 +10 lox N N>240 


P= -1 + ¢]logN 12s N 5 210 


5.2.2 Digital Reyuirements and standards 


‘The information to be transmitted digitally, initially, may be either analog 


or digital. If it is initially analog, then an analog-to-digital converter is 


required at the recciving transmission end and a digital-to-analog converter 
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may be required at the receiving end, Analog voice, for example, is usually 
digitized to 64 kilobits per second (kbps), This rate is based on an 8-kHz 
sampling rate and a 128-level (7-bit) amplitude quantization as discussed in 
Paragraph 4.2,2. An eighth bit is added for parity. Imagery is also digitized, 
resulting in high digital data rates, 


The lowest digital data rate normally transmitted in a communications 
transponder is 75 baud (bps) teletype (TTY). If analog voice is also being 
transmitted, four or more TTY signals may be placed in one voice channel, 
The highest presently anticipated digital data rate traffic is about 10 megabits 


per second, 


Digital deta may be transmitted with or without coding, Coding increases 
the bandwidth but decreases the transmitted power required from the transponder. 
The criterion of system operation is the allowable bit error rate. In the DSCS 
this is specified as a maximum allowable error rate of one error in 10° bit fur 


at least 99 percent of the time, 


An important parameter in digital transmission is the required channel 
bandwidth, If it is not large enough, intersymbol interference will cause the 
bit error rate to increase above the prediction based on noise alone, It has 
been determined that if channel filters limit the RF spectrum to 1. 25 times the 


bit rate, then intersymbol interference will be witnin acceptable values. 


5.2.3 <Antijamming Requirements 


There is a requirement for certain links to be maintained in the presence 
of electronic interference (jamming). Jamming resistance is achieved by 
coding the information with a pseudorandom sequence to spread the spectrum of 
the transmitted signa] to a bandwidth much greater than the information band- 
width. Two techniques for achieving this are frequency hopping the carrier in 
a pseudorandom fashion and superimposing modulation ty a high bit rate, 
pseudorandom code, on the data modulation. The latter technique is called 
pseudorandom noise (PN). Digitized voice or data is used with these antijamming 


techniques, 
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The important characteristic of PN transmission is the wide bandwidth it 


requires since its effect is to spread the spectrum of the carrier, The digital 


data spectrum (data rate) must be small compared to the PN spectrum for the 


antijamming characteristic to be effective, Typically, the protection is propor- 


= tional to the ratio of the carrier spread-spectrum bandwidth to the data bandwidth, 
The spectra of PN transmission and regular data transmission can overlap as 


long as the data rate carried by the PN transmission is relatively low. 
5.3 BANDWIDTH CONSIDERATIONS 
5.3.1 Analog Bandwidth Requirements 


For FM transmission of a baseband signal, the RF bandwidth required is 


usually specified as the Carson's Rule bandwidth. For a baseband consisting of 


m 
Carson's Rule bandwidth, B, required is: 


a single sine wave of frequency f_, or a spectrum of highest frequency ta the 


Be ee St. ey, e- 24k eT 


m md (5-2) 
where Ls - highest baseband frequenev 
y = modulation index 
t highest deviation frequency 


A voice signal is assumed to occupy a band from 300 to 3400 Hz. However, 
when multiplexing voice channels, 1000 Hz per channel is used to allow spacing 
between voice spectra. In addition, the lowest channel frequency used for voice 
may be higher than 0 to 4000 Hz, typically 12,000 Hz to 16,000 Hz. Thus for 
N multiplexed channels fn is taken as 12,000 + 4000 N Hz. To determine the 
required bandwicth the moduiation index, y, must be found. Two simultancous 
equations musi be solved to determine y and the bandwidth. One equation 
relates the carrier power-to-noise density ratio at the carth terminal receiver 
to y and fae The other equation relates the received carrier-to-noise density 


ratio to the required demodulated voice signal-to-noise ratio, to y and tat and 


to several fixed factors, 


Based on the previous signal power-bandwidth discussion there is a trade- 
off of power and bandwidih to assure satisfactory operation of a link, Therefore, 
the bandwidth required depends on the marsin designed into the system, The 
higher the margin, the smaller the bandwidth. Examples of required bandwidths 


are given in Paragraph 7, 3,2, 


5.3.2 Digital Bandwidth Requirements 


PCM requires sampling an analog signal at twice the rate of the highest 
frequency in the spectrum, The amplitude of each sample is then quantized at 
a number of levels and a binary code is generated to indicate the level or each 
sample, This leads to a pulse repetition rate considerably higher than the 
highest analog frequency present. As discussed previously, an analog voice 


signal whose highest frequency is 3400 Hz is encoded into 64, 000 hits per second. 


The bandwidth of a digital modulation system is related to the bit rate. 
For binary digital modulation the required bandwidth is 1,25 times the bit rate 
for PM and twice the bit rate for FM, One of the important aspects of digital 
modulation is that it provides the opportunity of bandwidth compression, This 
is denoted as L-level digital modulation and is accomplished by modulating 
the carrier's amplitude, frequency or phase so that a number of amplitudes, 
frequencies or phases can ve represented by cne symbol, If L = 2 then we have 
binary modulation. In practically all cases more power is required to maintain 
the same bit error rate as L increases, The one exception is quadriphase 
(L=4) for PM where the required power is the same as with L=2 for a given bit 


error rate, 


Another possibility with digital modulation is increasing the bandwidth to 
reduce the power requirements for a given bit error rate, This is accomplished 
by the so-called M-ary digital modulation techniques, In these techniques n 
consecutive symbols of the data sequence are used to select and transmit one 
of m = 2" stored signals, The m stored signals are chosen to bear specific 


relationships to each other that result in lower required signal power, 
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5.4 FREQUENCY CONSIDERATIONS 


5.4.1 Frequency Bands and Characteristics 


In considering frequencies suitable for communication satellites, propaga- 
tion and environmental conditions must be taken into account. The frequency 
should be above 100 MHz to avoid ionospheric reflection and to permit reason- 
able bandwidths. The {onosphere above 100 MHz changes the polarization of 
the transmitted signal (Faraday rotation effect). Above 1 GHz Faraday rotation 
is not generally considered a problem. However, between 500 MHz and 5 GHz 
there may be a greater or lesser effect as a function of latitude, season and time 
of day. Above 1 GHz the propagational effect of importance is FeaGuency=depentient 
attenuaiion of the signal due to the atmosphere. The principal absorbing elements 
in frequency bands currently being considered are rain, water vapor absorption 
and oxygen absorption. ‘lhe attenuation produced by ice particles in the atmos-~ 
phere occurring as hail, snow, or ice-crystal clouds is much less than that caused 
by rain at an equivalent precipitation rate. The attenuation due to rain is con- 
sidered negligible at L- and S-Band but at X-band it can be appreciable. Table 
5-1, based on theoretical analysis, shows typical attenuation versus ground 
antenna eievation angle at 8 GHz in an earth terminal-satellite link. Figure 5-1 
presents theoretical values of attenuation in a number of frequencies versus 
rainfall rate, Attenuation due to water vapor absorption peaks in narrow bands 


around 60 GHz and 120 GHz. 


The environmental effect of importance in frequency consideration is the 
radio noise seen by the earth terminal and satellite antennas. This noise arises 
from sky sources (galaxy), our own sun, the atmosphere, and the earth radiat- 
ing as a black body at 200°K. In addition, rain will present a noise background 
associated with its attenuation. Table 5-1 presents some typical rain-induced 


noise temperatures at 8 GHz. 
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I Figure 5-1. ‘Theorctical Rainfall Attenuation for Various Frequencies 
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Galactic noise decreases with frequency, whereas atmospheric noise 
increases with frequency. A curve of the thermal noise background as seen by 
an earth terminal antenna has been derived (Figure 5-2) which takes account 
of all factors except rain. Figure 5-2 shows the almost flat characteristic 
that prevails above 1 GHz. Comparison of values in Figure &-2 with those In 


Table 5-1 illustrates the importance of rain in determining both background 


noise temperature and signal attenuation, 


5.4.2 Transponder Capabilities 


At present, reliable transponder components are available through X-Band, 


The handwidth capability increases with frequency, thus making the higher micro- 


wave frequencies more attractive for large bandwidth systems, For any given 
beamwidth the antenna size decreases with frequency, Antenna size and weight 
do not present limitations for earth coverage antennas, but for narrow beam- 


widths higher frequencies 1!low more reasonable antenna sizes, 


Receiver noise figure is another important parameter, Figure 5-3 shows 


how this varies with frequency for various devices, 


At present, power outputs of up to 40 watts have been achieved up to 
X-Band by paralleling two or more output devices, The transmitier efficiency 


decreases with frequency, as shown in Figure 5~4, 


5.4.3 Intermodulation 


1. General ~ When two or more carrier frequencies are simultaneously 
present in a nonlinear device, the output contains sum and difference 
frequencies (in addition to the original signals) of all rrultiples of the 


original signals, The additional frequencies generatec produce two 


effects: if they fali within the passband of the transponder they takr a 


share of the transmitter power and thus reduce the usr ful transmitter 


power; if their spectra overlap the spectrum of a des!.ed :. gnai, they 


interfere with the desired signal. 


5~10 


Fah 8s 
ee oe 


‘ 
od 


Algebra QUADRATIC EQUATIONS 


QUADRATIC EQUATIONS 


This chapter covers solving for unknowns using quadratic equations. 


EO 1.3 APPLY the quadratic formula to solve for an unknown. 


Types of Quadratic Equations 


A quadratic equation is an equation containing the second power of an unknown but no higher 
power. The equation x° - 5x + 6 = 0 is a quadratic equation. A quadratic equation has two roots, 
both of which satisfy the equation. The two roots of the quadratic equation x’ - 5x + 6 = 0 are 
x =2 and x = 3. Substituting either of these values for x in the equation makes it true. 


The general form of a quadratic equation is the following: 
ar -bx+c=0 (2-1) 


The a represents the numerical coefficient of x* , b represents the numerical coefficient of x, and 
c represents the constant numerical term. One or both of the last two numerical coefficients may 
be zero. The numerical coefficient a cannot be zero. If b=0, then the quadratic equation is 
termed a "pure" quadratic equation. If the equation contains both an x and x* term, then it is a 
"complete" quadratic equation. The numerical coefficient c may or may not be zero in a 
complete quadratic equation. Thus, x + 5x + 6 = 0 and 2x” - 5x = 0 are complete quadratic 
equations. 


Solvin uadratic Equations 


The four axioms used in solving linear equations are also used in solving quadratic equations. 
However, there are certain additional rules used when solving quadratic equations. There are 
three different techniques used for solving quadratic equations: taking the square root, factoring, 
and the Quadratic Formula. Of these three techniques, only the Quadratic Formula will solve all 
quadratic equations. The other two techniques can be used only in certain cases. To determine 
which technique can be used, the equation must be written in general form: 


ax’ + bx +c=0 (2-1) 
If the equation is a pure quadratic equation, it can be solved by taking the square root. If the 


numerical constant c is zero, equation 2-1 can be solved by factoring. Certain other equations 
can also be solved by factoring. 
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Figure 5-4, Transmitter Efficiency Versus Frequency 
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2. Uplink - Uplink interference due to intermodulation is normally much 


less than downlink. 


i 
5 
; 
] 
3. Downlink - Downlink interference due to ‘ntermodulation is caused by J 
limiting (saturation) in the output power device. At microwave fre~- i 
quencies this device is a traveiing wave tube amplifier (TWTA). It i 
| 
is usually desirable to obtain as much power as possible from the - 
| output device since the transponder is power~limited. Studies have ‘| 
shown that with equally spaced input frequencies, the TWTA power 

J 


output should be backed off 3 dB from its saturation power to reduce 


intermodulation to a tolerabie level. Unequally spaced carriers on 


allow higher output powers but at the cost of an increase in the required - 
bandwidth or a amaller number of carriers within a fixed bandwidth, ; | 

5.5 SATELLITE LINK PARAMETERS : 
Basic Link Parameters ) | 
1, Basic Link Equation - The communication capaci‘y that can be achieved | 

a 


over a satellite link is a function cf communication system -:arameters. 

The relationship of the communication capacity and the parameters affect- 7 
ing it can be written in various ways. A form of the relationship that 
illustrates the important equipment, geometric, and system factors is ~a 
given here and the various factors are discussed briefly. The equation | 
presented holds strictly for one path of a repeater system; for example, : | 
ground transmitter-to-satellite receiver. The effect of the overall two- . 


path link is also discussed. | 


The form of the equation with all terms expressed in decibels ir 


es as G ae 
(Gq) = (EIRP) - (Lio Dp - k) - (5-53 
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where k = -228.6 dB. The other factors are discussed below. 


Carrier-to-Noise Density (C/KT) - In the carrier-to-noise density 
expression (C’“kT), C refers to the RF carrier power into the receiving 
system, k is Boltzmann's constant, and T is the receiving system noise 
temperature in °K, Note that kT is the noise power in a bandwidth of 1 Hz; 
hence the equivalent term, noise density. The significance of this 
expression comes from this factor's being basic to determining the channcl 
capacity of a satellite communication link, Once the arbitrary factors such 


as desired channel S’N and modulation index have been determined, then 


channel capacity can be determined from C’kT. 


Effective Isotropic Radiated Power | EIRP) - Effective isotropic radiated 
power (EIRP), aterm that has been found convenient for use in describing 
the power radiated from a terminal, is the product of the transmitter 
power output and the antenna gain, or in decibels, EIRP = P. + G.. 

For instance, a satellite transponder with a 20-watt final amplifier and 

an antenna with a gain of 10 dB would have an EIRP of 20" watts or 23 
dBW, 


Free Space Loss (L_.) - Free space loss is the loss in signal level 


FS 
experienced by an electromagnetic wave of frequency f, traveling a 
distance d, between two isotropic (omnidirectional) antennas, It is 

9 
related to the produce a ad” by a constant whose value is dependent on 


the units of d and other fixed factors, (See Figure F-1 in Appendix F. ) 


Receiving System Figure of Merit G’T - The parameter G is the gain of the 


receiving antenna, The receiving system noise temperature T is described 
by 


To.« T (Le + : (5-6) 
+ (L-}) Th LT, 


A 


ta SB ARPT TH, 


ene ug a 


where: Ty - antenna noise temperature 
L 


years 


= transmission line loss between the antenna and the =< 


low-noise amplifier 


TT, = ambient temperature of the transmission line loss 
Tr = amplifier noise temperature 


For high-quality receiving systems, the ratio of G’T describes how 
well the antenna and receiver front end combination acts to achieve 

f 
a high C/kT at the receiver. As indicated by Equation (5-6), antenna 


design affects not only G but T, through the contribution of T a 


6. Transmission Losses (L)) - Transmission losses include such items 
as polarization mismatch between satellite and ground antennas, 
tracking loss due to misalignment of high-gain ground antenna power, 
losses in satellite in coupling of transmitter to antenna, and rain 


attenuation, if applicable at the frequency being used. 


7, Two-Path Link - The two-path earth terminal-repeater-earth terminal 
link results in the C/KT at the earth terminal being to some extent 
affected by the C/KkT at the satellite, The extent is a strong function 
of the transmitted EIRP and the type of transponder--linear or 
hard-limited. For a linear transponder, as the Phase !I satellite will 


be in Stages la, lb and 1c, the C/kT at the receiver, (C/KT)p. is 


& 
Eg aa 1 
aaa dni 


‘a 


where (CART) = uplink C/kT at satellite receiving antenna 


im 
t 
£ 
e 


= downlink C/kT at earth terminal antenna 


o) 

a 

5 
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5.6 USE OF BASIC LINK EQUATION 


ae 5, 6.1 Downlink Considerations and Examples 


To predict the C/kT at the earth terminal the values of the contributing 
parameters have to be known, As these parameters will have a statistical 
os distribution assumed to be rectangular, the mean and variance of each para- 
meter has to be determined, Then a margin (excess transmitted power) has to 
be available so that minimum allowable C/kT is achieved for a given percentage 


of the time. 


Table 5-2 presents a summary of a statistical power budget for an X-Band 
military communications satellite at slightly subsynchronous altitude, The 
tabulated values apply to two-input operation where the satellite power is shared. 
Thus item 2, carrier level below power output, refers to sharine of satellite 
power by the two inputs, The example uses a two-input situation to illustrate 


~ that the power sharing also has a statistical variation, 


The right side (downlink) of Figure 5-5 presents typical values of the 
important parameters for a simplex AN/TSC~54 to AN/TSC-54 link through 
one of the channels of the Phase II military communications satellite operating 
at X-Band, The G/T of the ground terminal is typical for medium-sized terminals 
that are currently being implemented or designed, The satellite beam-edge 
EIRP of 28 d.3W is based on the end-of-life output power of the TWT, Wici 
several simultaneous accesses there would have to be a backoff of nower to 


reduce intermodulation. 


The effect of rain has been neglected in the above discussion. A margin 


, 
' 
¢ 
i 
e 
€ 


pased on statistical distribution of rain has to be included in a system design. 
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Table 5-2, Summary of Means and Variances for BS 
L a 6-Foot Terminal at 60° Latitude 
Two Signals 

Parameter 


Repeater transmitter power 
output (dBm) 


2, Carrier level below power 
output (dB) 


3. Satellite transmitting 
antenna system gain (dB) 


4, Free space attenuation 
(dB} 


5. Atmospheric absorption 
(dB) 


G. Tracking error loss 


7, Receiving antenna gain 
(dB) 


8. Polarization loss (dB) 
9, Power control error (dB) 
10, Net carrier (dBm) 


11, Ground terminal noise power 
density (dB’ Hz) 


Net C’/kT 
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2, Coding Considerations - The best-known codes allow the required 


E 
an: 
: value ot rT to be reduced by 3 to 5 dB for a given type of modulation 3 
i and value of Pre The use of rate 12 convolutional encoding-maximum 


likelihood decoding results in an improvement facto:: of 4 dB. Rate 
1/2 means that the transmitted symbol rate is twice the information 
: bit rate, thus doubling the bandwidth required. This type of code is 
becoming widely used because the increase in equipment complexity 
is less than with other codes for the same improvement in perfor- 
a mance, 
3. Relationship of Data Rates to Satellite Power (EIRP) - Using Equation 

ea (5-8) the relationship between C/KT and data rate R can be written 

indBas 


C/KT - (E/N )+R+#M (5-9) 
n (@) 


where M is the desired margin. 


By substituting in Equation (5-5), the equation for the satellite EIRP 
required for recciving a given data rate at any size (G/T) terminal 


can be obtained, 
EIRP= E,/X) +R ~M-G/T+L-k (8-10) 


Table 5-3 shows the satellite EIRP required for various data rates and 
me earth terminal figures of merit, The table values are based on 


+e Equation (5-10) and the following assumptions: 
EY N = 10 dB uncoded; 6 dB coded 
L(Free Space ; 


Miscellaneous 
Losses) = 203.6 dB 


-228.6 dB (Boltzmann constant) 
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QUADRATIC EQUATIONS Algebra 


Taking Square Root 


A pure quadratic equation can be solved by taking the square root of both sides of the equation. 
Before taking the square root, the equation must be arranged with the x’ term isolated on the left- 
hand side of the equation and its coefficient reduced to 1. There are four steps in solving pure 
quadratic equations by taking the square root. 


Step 1. Using the addition and subtraction axioms, isolate 
the x* term on the left-hand side of the equation. 


Step 2. Using the multiplication and division axioms, 
eliminate the coefficient from the x’ term. 


Step 3. Take the square root of both sides of the equation. 
Step 4. Check the roots. 


In taking the square root of both sides of the equation, there are two values that satisfy the 
equation. For example, the square roots of x* are +x and -x since (+x)(+x) = x’ and 
(-x)(-x) = x°. The square roots of 25 are +5 and -5 since (+5)(+5) = 25 and (-5)(-5) = 25. The 


two square roots are sometimes indicated by the symbol +. Thus, f 25 = +5. Because of this 
property of square roots, the two roots of a pure quadratic equation are the same except for their 
sign. 


At this point, it should be mentioned that in some cases the result of solving pure quadratic 
equations is the square root of a negative number. Square roots of negative numbers are called 
imaginary numbers and will be discussed later in this section. 


Example: 


Solve the following quadratic equation by taking the square roots of both sides. 


3x° = 100 - x’ 
Solution: 
Step 1. Using the addition axiom, add x’ to both sides of the equation. 
3x + x" = 100-x° +x 
4x’ = 100 
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Table 5-4. Required Satellite Power Versus Data Rate 


1 Mbps 1,53 Mbps 3,07 Mbps 6,14 Mbps 
(dBW) (dBW) (dBW) (dBW) 


Uncoded 


32.9 
27.9 
22.9 
17.9 i 
13.9 


Ceded 


28,9 
23,9 ae 
18.9 
13.9 a 
9,9 


5,6, +4 Analysis of Analog Requirements 


1, 


FM Equations - The carrier-to-noise density at the receive earth . 
terminal required to support a given access is determined by 

solving two simultaneous equations. The first equation (Equation 5-11) 

shows the test-tone-to-noise ratio, TINR, as a function of carrier- 

to-noise density, C/kT, highest frequency in the baseband, fn and 

the peak deviation, {ye The second equation (Equation 5-12) gives 


the relation between C/kT, fe, f., and the carrier-to-noise ratio at 


d’ 
the modem threshold, CNRTh plus the required margin, M, Solving 
these two equations simultaneously enables one to compute the C “kT 
and corresponding peak deviation that yields the desired quality and 


margin for the given value of fn and the number of voice channels. 
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Equations (5-10) and (5-11) may be rewritten in terms of dB, as follows: 


where: 


TTINR 


(ae 


k 


Cc 


C kT 


NI 


CNRTh 


= cs 7 os 7 + - 
"iq t 10 log 3 20 log f, + PDI Le P 


3 


a8 
- 10 log [ir ~ (£7 3.1 x 10 ) | 


= CNRTh + M 4 2 
) = CNRTh + M 10 tog [214 + 6.) 


= carrier-to-noise density at receiving earth terminal, in dB 


peak composite deviation, in IIz 
- highest frequency in baseband, in Hz 


= pre-emphasis improvement factor, in dB 


= peak factor = 12 dB 
multichannel load factor, in dB = -1 + 4 log N 


- number of voice channels 


= desired margin, in dB 


carrier-to-noise ratio at modem threshold 
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: To illustrate how Equations (6-11) and (5-12) are used, the solution 7 
: to a particular situation is demonstrated below, Consider the follow. ‘ 
ing case: 4 
TTNR = 44,2 dB (i,e,, channel noise - 24,000 pwp) ‘ 

4 

M = 6dB 2 3 

CNRTh = 6 dB 4 
! 4 
N = 12 channels | 

f = 60 kHz : ’ 

m q 

PDI = 3,8 dB r 


Substituting these values in the two equations written in terms of 
dB we obtain 


TNR = 44.2 =< 
TINR = 44.2 = [o> + 20 logf, - 142.1 


Cu ‘ 5 
kr 6+ 6+ 10 log (2f,+ 1.2% 10] 


Solving these two relationships simultaneously will yield the value 
of C’kT required to support the 12-voice channel example, aA 
graphical solution of these equations is very often performed, For 


the 12-channel case, the required C’kT is found to be 72,3 dB ‘Hz, 
and fy - 0.5 MHz, 


2. Ielationship of Analog Quantity “Quality Requirements to Satellite 
Power - With the method discussed above, the C’kT corresponding 
to any set of conditions can be calculated. The following relation- 


Ships allow easy interpolation for variations in several parameters, 


[+] 
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3 


® For every dB increase (or decrease) in the desired quality 
(TI'NR), the required C/kT increases (or decreases) by 1/3 


I 
J of a dB. 
l 


® For every dB increase ‘or decrease) in he desired margin, the 


required C/kT increases (or decreases) by 2/3 of a dB, 


Table 5-4 shows the C/kT required versus number of voice channels for 


= 

r 

ve a TTNR of 44,2 dB, the DSCS voice standard, These are plotted in Figure 5-6, 
Table 5-4, Required C/kT Versus Number of Voice Channels 
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SECTION 6 ~ SYSTEM CONSIDERATIONS 


6,1 GENDRAL 


* The preceding sections have described the space and earth subsystems 
ny and their components and relationships, including link engineering. This 
_ section describes the parameters that affect the operation of several links 


mi through one satellite as well as other factors influencing system operation. 


In satellite system engineering, it is the satellite transponder that is the 
central limiting factor. The satellite depioyed in space has a limited amount 
of power (EIRP) and bandwidth to share among the various earth terminals that 
access it, Thus a system can become cither power or bandwicth limited if all 
of either resource is fully comm -‘d additional communication requirements 


must be met through the satellite. 


To date the requirements to be met by the DSCS Phase II satellite have 
been of such a natu.e that they used the EC-EC mode and power loading 


(EIRP) was the limiting factor on meeting additional requirements, As more 


data requirements, particularly wideband special-user requirements are 


considered, it is possible for the satellite to become bandwidth limited, partic- 


Oil ia el bel nie 
s 


ularly in the NB modes of operation. 


There are parameters that can be controlled to meet increased require- 


ments. These include earth subsystem considerations such as the multiple- 


ad Reina 


access technique used, the earth terminal G/T, coding, and system margin, 


: 


satellite and the placement of the narrow beams all can play a major role in 
systems design, Also, this section discusses other system considerations, 


including satellite and earth terminal availability, jamming and regulatory 


controls relat:ve to interference, and frequency usage, 


i Additionally the geographic pattern of the carth terminals, the position of the 


aR om. 
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6,2 MULTIPLE-ACCESS TECHNIQUES 


G,2,1 General 


Since a communication satellite is often in view of many earth terminals, 
it is desirable to permit any terminal to be in contact with one or more other 
terminals at will, This should be performed in such a way that there is as 
little interference as possible with other users of the transponder. The 
primary multiple-access (MA) techniques that are used to accomplish the 


above purposes in communication satellites are: 
@ Frequency division multiple access (FDMA) 
e@ Spread spectrum multiple access (SSMA) 
e Time division multiple access (TDMA) 


‘rable 6-1 summarizes the characteristics, advantages and disadvantages 


of these MA techniques. 
6,2,2 FDMA 


In FDMA each earth terminal is assigned a carrier frequency within the 
transponder bandwidth. The carrier frequencies must have a minimum spacing 
- large enough so that the modulated spectra do not overlap, An earth terminal 


receiver is tuned to the downlink frequency corresponding to the uplink frequency 


of the desired transmitter, The transponder power is shared by all the links 
simultaneously transmitted. Two important considerations in the use of FDMA 
are efficient use of the available transponder powcr and avoidance cf interference 
among the simultaneous users. If a linear transponder is used, then the carrier 
frequencies can be spaced at the minimum spacing referred to previously, 
However, individual earth terminal power and/or maximum number of users 
must be controlled to avoid driving the output power device into saturation, 

If this happens, nonlinearity in the power output device will cause intermodulation 


products of the signals to rise to an unacceptable level. 
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If a hard-limiting transponder is used, intermodulation products will be 
formed in the limiter, The carrier frequencies may be spaced so that the 
intermodulation products do not fall on any of the carriers. It has been shown 
that for equally spaced carriers and a limiting transponder the signal-to- 
intermodulation noise power ratio (measured in the bandwidth of the signal) 
will vary from 9 to 11 dB depending on the spacing of the carriers. In either 
casc the number of accesses possible in the transponder bandwidth is reduced, 
In addition, the intermodulation products use some output power of the trans- 
ponder, reducing the useful output power, Finally, the small signal suppression 


effect of a limiter makes power control of the earth transmitters necessary, 


6.2.3 SSMA 


In SSMA, each multiple-access carrier signal usually occupies all or a 
large part of the transponder bandwidth. In this technique a carrier is modu- 
lated with two different signals. The bandspreading modulation can be either 
analog or digital, When the bandspreading is accomplished by phase-shift 
keying it is often referred to as pseudonoise and when frequency-shift keying 
is employed the term frequency hopping is used. To date the greatest consid- 
eration has been given to digital techniques. The bandspreading modulation 
results in a noise-like carrier with over £0 percent of its power in a bandwidth 
twice the modulation rate. The information modulation, ata rate typically one- 
tenth or less than that of the bandspreading modulation, is impresed as an addi- 


tional phase or frequency variation. 


The pattern of the bandspreading modulation is called its code. At the 
intended receiver a code identical to the transmitted code is generated. This 
is synchronized vith the received code and allows detection of the information. 
By proper choice of codes other SSMA transmission simultaneously present 


at the receiver will cause relatively small interference, The codes are then 


said to exhibit low cross-correlation. 
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This technique requires uplink power control as in FDMA; otherwise one 


reli 4 


or more signals will use too much of the transponder power output, However, 
neither use of a limiter nor a saturated output device will result in interference 


from intermodulation products, That the receiver must use an exactly matching 


replica of the transmitted code presents the problem of synchronizing the 
receiver before message transmission can begin, This requires an initial 
synchronization searching procedure by the receiver and is one of the critical 


aspects of SSMA, 
ae 6.2.4 TDMA 


In TDMA multiple access is accomplished, like the multiplexing discussed 
in Paragraph 4.2.2, as atime-gating function which correctly locates each 
earth terminal transmission burst relative to those of the other terminals. 

Thus each earth terminal is assigned exclusive use of the transponder during 
specified time slots and the transmissions do not overlap, An access channel 

in TDMA designates a particular sequence of time slots, The simplest sequence 
woul: allow the time slot of a channel to occur periodically at a definite repeti- 
tion frequency, called the frame repetition rate of the system, All other 
channels would have the same frame rate but different times of occurrence, 


and possibly different slot durations, 


ni TDMA offers higher performance and more flexibility tuan FDMA or 
Pe SSMA. Since only one carrier is present in the transponder, there is no 

a6 power loss or interference due to intermodulation, The power output device 
a can be run at saturation, providing higher output power (typically 3 dB) and 


ws efficiency. There is no need for earth terminal power control. 


TDMA places stringent requirements on system timing. System timing 
accuracy affects reyuired guard times between adjacent transmission bursts 
from earth terminals, Guard time is one of the components of overhead time 
ina TDMA system. The other components of guard time are in the preamble 


of each burst, carrier synchronization time, bit synchronization time, carrier 


6-5 


Algebra QUADRATIC EQUATIONS 


Step 2. Using the division axiom, divide both sides of the equation by 4. 
Ax? 100 
4 4 
tS 
Step 3. Take the square root of both sides of the equation. 
co 25 


Thus, the roots are x = +5 and x = -5. 
Step 4. Check the roots. 
3x = 100- x 
3(45)° = 100 - (+5) 
3(25) = 100 - 25 
da. 123 


If a pure quadratic equation is written in general form, a general expression can be written for 
its roots. The general form of a pure quadratic is the following. 


ax°>+c=0 (2-2) 
Using the subtraction axiom, subtract c from both sides of the equation. 
ax’ = -c 


Using the division axiom, divide both sides of the equation by a. 
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phase ambiguity resolution time, and word synchronization time. In the DSCS 


Phase II TOMA system, the goal for time utilization efficiency is 95 percent, 


where the efficiency is the ratio of time during which message information is 


transmitted to total frame timc. TDMA rates are limited by transponder 


bandwidth, burst acquisition times, and practical data storage capabilities. 


6.3 SYSTEM DESIGN 


6.3.1 Power Sharing 


1, 


FDMA - The use of FDMA necessitates sharing the satellite EIRP 
among all the simultaneous users, In addition, a backoff of about 
3 dB from maximum transponder power is used to kcep inter- 
modulation products at an acceptable level, Each FDMA access 
consists of a carrier FM modulated with a number of voice and 
data circuits, The transponder EIRP required per access depends 
on the nunber of equivalent voice circuits, circuit quality desired 
and the figure of merit (G/T) of the receiving station, An example 
will be given using the Phase II satellite. The carth coverage mode 
nas a maximum EIRP of 28 dBW which is backed off to 25 dBW 

for FDMA operation, allowing 1 dB for power-control losses, 

10 log “c = C/kT - G/T - 30. Table 6-2 shows the C/kT and 

the percent of power required for various receiving situations, 
The system design must be such that an uplink signal will result 

in the required downlink power. Uplink power control must be 
used whether the transponder input is linear or hard limiting 

to assure that the uplink signal uses the correct share of the 


transponder output power, 


TDMA - In TDMA the maximum transponder power can be sued 


since there are no intermodulation products present. Table 6-3 
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2 m Table 6-2, Percent of Satellite Power Required for FDMA 
es Percent of Satellite Power 
= No, of 
“as Voice C/kT AN/TSC-54 AN/MSC-46 | AN/FSC-9 : 
a Channels | Required | (G/T = 26.5) 
9 Table 6-3, Percentage of Satellite Power Required for TDMA 
b Percent of Satellite Power 
eel C/kT | AN/TSC-54 | MSC~46 | AN,FSC-9 
4 ree Data Rate | Required] (G/T = 26.5) | (G/T = 34) | (G’T = 38) : 
i as 1,0 Mbps 
ome 1,53 Mbps ; 
. : 
ES gs 3.07 Mbps : 
mF: wee 6,14 Mbps : 
we 12,28 Mbps i 
24,56 Mbps 
55.0 Mbps 
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The bandwidth required by a PSK modulated carricr is approximately 


1,25 times the data rate. Thus a maximum data rate of 100 Mbps = 


a tae) 
rh eee 


could be carried by the 125-MHz channel, This corresponds, for 


example, to 100 accesses of data rate 1 Mbps, Tne burst rate of 
each access is 100 Mbps. The requirement for guard times to 
prevent overlap and the state-of-the-art of logic equipment limits - a 


the burst rate to approximately 50 Mbps at this time. 


3, SSMA Bandwidth Constraints - Ina SSMA system all accesses can ae 


be present simultaneously in the channel and each can cover the 


complete channel bandwidth, The individual accesses shere the 


alld ta 


' transponder power and also act as noise to each other in the earth : 
terminal receiver, These two factors, rather than the bandwidth, 4 

>. limit the number of simultaneous accesses. ] 
a 6.3.3 Frequency Sharing 4 
i, FDMA - FDMA imposes the requirement of nonoverlapping spectra 4 


sharing a common channel. In addition intermodulation effects 
impose requirements on spacing and number of accesses sharing 
the channel, Frequency plans involving nonuniform frequency 


spacing can be devised which reduce intermodulation effects in 


= 
belt de as 


the transponder, 


2, TDMA - This multiple-access technique allows all accessing links 


to use a common frequency, 


3. SSMA - This mulliple-access technique allows all accessing links 


to use a common frequency. 


Mixed Multiple-Access Techniques ~ SSMA can share a common 
bandwidth with TDMA or FDMA as long as the SSMA signal level 
is sufficiently below that of the TDMA or FDMA signal. SSMA is 


kept at about 10 percent of the available power in the DSCSs for 
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nonjamming operations, FDMA and TDMA signals must be separated 


= 


in frequency as in a straight FDMA system. 


6. SYSTEM ENGINEERING TRADEOFFS 


Power and bandwidth in the transponder are two constraining parameters 


i of system design. In any system one of these constraints will be reached first, 


Using concepts developed previously it is then possible to increase system 


sla. 


5 capacity by a tradeoff of system bandwidth and power. In most present-day 
systems the satellite becomes power limited before it becomes bandwidth 


limited. 


With digital traffic, coding can be used to increase the traffic capability. 
Thus, the use of rate 1,/2 convolutional encoding-maximum likelihood decoding 
will allow a 4 dB (0, 4) reduciion in E,/N, (and therefore transponder output 
power) while doubling the required bandwidth, Each of the percentages in 
Table 6-3 will be reduced to 0.4 of the value given there. 


6.5 RELIABILITY/AVAILABILITY 


6,5,1 Equipment Reliability 


Reliability of a component having a constant failure rate, i.e.; subject 


to random failure, is expressed by the exponential form 


ine i lint A ali is nl he Arsalan nd 


R(t) = exp (-Bt) (6-1) 


where R(t) = reliability at time t, and B = failure rate. 


Items that exhibit wearout phenomena have a fairly well-defined end-of- 
life as well as being subject to random failures, For example, solar cells 
can fail randomly, and in addition, their output decreases with life in orbit 
as a result of solar radiation. Therefore, the solar array should be designed 
so that its output after some specified time in orbit is sufficient for satellite 
operation, Wearout causes the reliability to decrease at a greater rate as 


the wearout lifetime is approached, and the reliability function is usually 
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truncated at the wearout time, This has the effect of lowering the expected 


life of the item because the area under the reliability curve has decreased, 


Several methods for improving reliability are available to the designer, 
and a combination of these mcthods is generally applied. One method entails 
careful design of components, selection of parts, and thorough testing prior 
to use. Other methods, which are discussed in subsequent paragraphs, involve 
application of redundancy and careful design of components which exhibit wear- 


out phenomena so that wearout occurs after some specified time. 


Reliability of a series circuit; i.e., one in which all parts must operate 
for the circuit to operate, is the product of the reliabilities of cach part, This 
is equivalent to replacing the part failure rate in the equation by the sum of the 
part failure rates; therefore, the reliahility function is still exponential. An 
example of a reliability function for a satellite in which all parts must operate, 
or conversely a satellite having no redundant circuitry or paths leading to 
success, is shown in Figure 6-1. For the exponential case the expected life 


or MTBF occurs at a reliability R(t) = 0.37. 


If redundancy is applied to the satellite design so that failure of a partic- 
ular component does not render the satellite inoperable, the reliability function 
is no longer exponential but tends toward the shape of a normal function, An 
example of such a reliability curve is also shown in Figure 6-1. The shape of 
the curve depends on the amount and type (active or standby) of redundancy 
applied, which in turn depend on such factors as allowable weight and volume, 


power requirements and availability. 
6.5.2 Parameters and Relationships 


The probability that equipment will be operating at any time is equal to 


the uptime ratio for that equipment, The formula for this parameier is 


_ MTBF . 
UTR = \iTBF + MTTR tO) 
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where UTR = uptime ratio 


MTBF = mean time betweer. failures 


MTTR = mean time to repair, 


The MTBF is a function of the reliability, where reliability is the proba- 
bility that the equipment will operate satisfactorily for a given time. In general, 
the MTBF is the integral of the reliability or the area under the reliability 
curve; thereforc, MTBF will be increased if reliability is improved, The 
MTTR is a function of the eauipment design and complexity. 


6.5.3 Satellite Availability 

Satellite availability is the probability that a particular satellite in a 
satellite communications system will be available for use at a given point in 
time. Since satellites are not repaired the availability is « combination of 


satellite reliability and satellite replenishment strategy. Satellite reliability 


has been discussed. 


Assuming that the desired useful communication system. lifetime will 
be long compared to expected individual satellite lifetime, it will be necessary 
to provide replacement satellites for those which fail in orbit, to maintain 
acceptable levels of performance, The manner in which replacement would 
occur must be given careful analysis since it may have sv»stential effects on 
operating costs. If the individual orbits are established hy a booster with 
multisatellite dispenser, the use of the same booster fo: sing 2 satellite 
replenishment would likely be prohibitively expensive, Cve eiternative 
solution would be to delay replenishment until a sufficient number of satellites 
had failed, so that replenishment of a complete dispenser loa‘: could be justifie:', 
A second alternative would be to establish the initial orbi s w *1 multisatellite 
dispensers and to use a smaller launch vehicle to orhit ir livi.'ual replenish- 
ment satellites. Any scheme for satellite replenishment vill -e de, endcnt on 


the type of orbits selected for the system, 
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Some of the significant var‘ables whose values must be estimated in 


predicting the replenishment cost of the satellite are: 


For systems employing satellites which maintain a fixed spacir + relative 


Number of satellites in orbit (average, minimum, and peak values) 
Mean time to failure 

Cost of each satellite 

Number of satellites per launch 

Launch success probability 

Launch costs 


Launch pad turn-around time (in some cases this is of minor 
significance) 


Number of reserve boosters and satellites which must be ordered 


to provide for contingencies. 


to each other, it is important that the following items be considered: 


Positioning of spare satellites 

Maximum orbital velocities for spares 
Frequency of repositioning satellite 
Optimum number of spares 

Time required to replace a failed satellite 


Circumstances that will trigger a decision to attempt 2 replenish- 


ment launch 


Prooability of further deterioration of the spnce system during 


the replenishment attempt, and its effect on coverage. 
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A replenishment strategy for a system involving numerous satellites 


can be evolved from system reliability or system mean-time-before-failure 


considerations. In the case of only one operating satellite in orbit and 


possibly only one spare satellite, a satisfactory approach might be to launch 


the spare when a failure seems to be imminent, Although the operating 


satellite is expected to fail at its mean-time-before-failure, it may fail much 
earlier or much later. With greater telemetry capability designed into the 


satellite, the probability of detecting most types of impending failures tends 


to increase. Impending failure should be apparent early enough to prepare 


and launch the spare, 


In Figure 6-2 a replenishment strategy is shown for a one-satellite system. 
If a probability of 0.7 of maintaining the satellite system for 5 years is desired, 


a sevond launch must be provided for, To extend the satellite system beyond 


5 years with the same probability of success will require the launch of an 
additional satellite, 


6,5.4 Link Availability 


Link availability is the probability that a link of specified capacity and 


quality connecting system users is operating satisfactorily at any time. In 


considering the availability, each of the following factors must be specified: 
e Satellite availability 
e Earth terminal availability 
e Satellite visibility 
e Satellite conjunction 
e Signal level variations 


Satellite availability has been discussed, Each earth terminal in the link 


will have an associated availability, which is the same as the uptime ratio 


discussed previously. 
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QUADRATIC EQUATIONS 


Now take the square roots of both sides of the equation. 


Thus, the roots of a pure quadratic equation written in general form ax? + c = 0 are 


c c 
x=+,)/-— andx=-,|--. 
a a 


Example: 
Find the roots of the following pure quadratic equation. 
4x* - 100 = 0 
Solution: 


Using Equation 2-3, substitute the values of c and a and solve for x. 


(-100) 
2 wells 
“4 4 
x= 4/25 
x= +5 


Thus, the roots are x = 5 and x = -5. 


MA-02 Page 20 


Algebra 


(2-3) 


Rev. 0 


For a communications link to be established, a satellite has to be simul- 
taneously visible to both earth terminals, In a synchronous satellite system, 
the satellite is essentially motionless (stationkeeping limits motion) and its 


area of visibility on the earth is fixed, 


For subsynchronous satellite systems, a number of satellites are used 


and three basic satellite positioning schemes may be used: 


1, Phased orbits in which a stationkeeping capability is used to 


maintain fixed orbital relationships 
2. Random orbits in which no orbital control is exercised 


3, Precision orbits in which satellites have no stationkeeping 


capability but are precisely placed in orbit 


Of importance in some satellite systems are the factors of conjunctions 
of satellites with each other, conjunctions of satellites with the sur, and out- 
ages of solar-powered satellites passing through the earth's shadow. Each of 
these factors reduces the availability of satellites and, therefore, requires 
an increase in the number of orbiting satellites to achieve a given performance 
objective. Conjunctions between satellites are not generally significant in a 
system in which satellites maintain a fixed spacing from euch other. If power 
storage devices such as batteries arc not used, earth-shadow effects may be 
significant. Earth-shadow effects become less significant as orbital altitude 
incrcases, and produce less than a 1 percent reduction in satellite availability 


at synchronous altitude, 


Although signal level variations of satellite links are much Icss than those 
of high frequency, microwave relay, or tropospheric scatter links, they must 
be considered because the margins of the former arc usually low to avoid 
wasting satellite power, Major variations of signal level in a moving satellite 


sysiem result from changes in range and satellite aspect angle. 
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Severe fading in any satellite system can occur as a result of attenua- 


tion caused by rain, It is not possible to make precise statements because 


eT, a nee 
rs 


rainfall distribution varies widely throughout the world and, frequently, even 
within confined geographical areas. As a general rule, a margin for atmospheric 
and rainfall attenuations of 2.2 dB in the temperate zones and 3.8 dB in the 


tropics will be adequate for a 7,3-GHz system 99,9 percent of the time, 


6.6 INTERFERENCE AND JAMMING 


6.6.1 Types of Interference 


In designing a satellite communication system, the possibility of mutual 
interference with other communication systems and other services must be 
considered, Interference considerations can affect communication link fre- 
quency and antenna design. Mutual interference can occur between space and 
terrestrial communication systems and among two or more space systems, 


In addition other electronic systems such as radar can cause interference to 


space communication systems, 


There are four possible modes of ipterterceace between satellite communi- 


cation systems and terrestrial systems, These modes are: 


1, Satellite radiating power into terrestrial receivers 


ne 
° 


Earth terminal transmitters radiating power into terrestrial 


receivers 


3. Terrestrial transmitters radiating power into carth terminal 


receivers 
4, Terrestrial transmitters radiating power into satellite receivers, 


By international agreement the radiation from transmitters has limitations 
placed on it to reduce interference with other users at the same frequency, For 
H example, for frequency bands in the range of 3400 to 7750 MHz which are shared 


between communication satellite systems and terrestrial radio relay systems, 
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the maximum power flux density produced at the surface of the earth by radia- 


tion from a satellite should not exceed 


-152 Oca < 5° (6-3) 
o-5 

152 + 2 5<@<25 

-112 25°<a <9 0° 


decibels relative to 1 watt per square meter per 1-kHz band, where a is the 
angle of arrival of the radiation (degrees above the horizontal), Ina similar 
way, the radiation from the satellite communication system earth terminal and 


the radiation from terrestrial communication systems have limitations placed 


on them, 


Any proposed communication system must compete with existing users 
of the congested radio spectrum or present a strong enough case to warrant 
any readjustment of existing spectrum users, This is because the demands 
placed upon the radio frequency spectrum continuously exceed the space availa- 
ble within propagational or technological limits, and create the need for national 
regulation that considers priorities, validation of requirements, and technical 
conditions of frequency sharing. Because communication extends beyond 
national areas, these regulatory measures have international impact that are 
the subjcct of treaty arrangements, Although each nation retains the right to 
regulate its own telecommunications, the mutual advantages of avoiding inter- 
national radio interference encourage agreements among all users of the radio 
spectrum, The regulatory agreements made among nations thereby place 
gencral restraints on frequency usage and require national efforts to respect 
international frequency allocations while satisfying national needs. Radio 
regulatory actions involve consideration of national security, public welfare, 


economic and technical factors, 


The relatively recent application of satellite techniques has complicated 


frequency provision because there is no suitable unused spectrum in which to 
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place the new servicc, and the satellite's line-of-sight range transcends the 
areas controlled by any one nation. The recent World Administrative Radio 
Conference for Space Teclecommunications (WARC-ST) held in Geneva in June 
1971 devoted much of its proceedings to satellite communication systems, in 
terms of gain and allowable side lobe level and other factors. As more com- 
munication satellites (especially geostationary satellites) are put into orbit, 


interference will become a constraining factor in system design. 
6.6.2 Jamming 


With reference to communications systems, jamming is defined as action 
taken against the communications system to prevent it from accomplishing its 
function, Antijamsming is defined as action taken to minimize or cancel the 
effects of the jamming, Jamming can be accomplished by subjecting the system 


to electromagnetic radiation to cause interference with, or loss of, communi- 
cations, 


6.6.2,1 Jamming Techniques 


A satellite communications system could be jammed on either the down- 


link (satellite-to-earth receiving station) or in the uplink (earth transmitting 
station-to-satellite). 


In considering jamming of the downlink, however, it becomes obvivus 
that the highly directional antenna of the earth receiving station will rejecc 
virtually all signals except those coming from the immediate direction of the 
satellite. Nevertheizs:, jamming of the downlink could still be accomplished 
by a satcllite-based jammer plaved in orbit so that it would appear (to the 
earth receiving station) to have tracking courdinates near those of the communi- 
cations satellite. Howcver, the time required to place such a jammer sateilite 


in orbit would be too great to allow it to be of any tactical advantage, and the 


cost of such a project would be nearly prohibitive. 


' at 
ecomes sii, aaa, lt, beak dote at ALLE 


4 
4 


teil tt 


stl tanta aca a ae ia a lt 


tl wil 


Shortly after a communications satellite is placed in operation, a potential : 
enemy with any degree of sophistication in electroric warfare will have compiled 4 
data on the satellite. This data would probably include the following: ephemeris 
data indicating the satellite's orbit characteristics, and information relative to 
frequency, bandwidth, and modulation of the satellite. On the basis of this 


information, a jamming technique would be selected. Jamming operates on the 


premise that if enough jamming power is radiated into a receiver, the legitimate 


ns signal will be indistinguishable from the unwanted signal. Various jamming 4 
ms techniques are summarized below: 
hs 1, Spot Jamming - Spot jamming consists of concentrating all of the F 


jamming transmitter energy in a narrow band in order to achieve 


a high noise density in that band, For purposes of considering 


wo I, 


noise density in relation to jamming, noise density power is 


Samer ce 


discussed in terms of watts per MHz. Therefore, a spot jammer 
concentrating a 1000-watt noise signal in a 1~MHz bandwidth is 
said to have a noise density of 1000 watts per MHz. 


2. Broadband Jamming - Spot jamming is ineffective against a wide- 
band signal or a signal that shifts in frequency faster than the spot 
jammer can follow it, Under these circumstances broadhand 
jamming is used, Broadband jamming spreads energy out over a 
broad band of frequencies rather than on a spot frequency. How- 
ever, this broadbanding results in a lower noise density at any 
one particular frequency. Therefore, a spot jamming signal of 

Be .000 watts per MHz, when spread over a 100-MHz bandwidth, will 


have only a 10-watt per MHz noise density. 


at 3. Swept-Spot Jamming - Swept-spot jamming combines the high noise 
density of spot jamming with the wide bandwidth of broadband 
jamming. This is accomplished by sweeping the spot jammer at 


a very high sweep rate across the spectrum to be jammed, 


—+ 
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3. Satellite Directional Antennas - Directional antennas on communi- 
cation satellites provide an antijam capability, depending on the 
orientation of the satellite directional antenna, Jammer power 


received at the satellite receiver is represented by: 


PiiGes Gawd? 
Pol as aa 


(6~4) 
2 
(41: R,) 


where Ri = jammer power 
G; = jammer antenna gain 
G_, = satellite antenna gain for the jammer signal 


SJ 


R 
oO 


fl 


distance between the satellite and jammer, 


It can be seen from Equation (7-4) that a low value of CG. will have 
a large effect on the jammer power received at the satellite receiver. 
A 20-dB or 30-dB attenuation of the jammer signal due to off-axis 


loss will degrade the jammer signal to the extent that it will have 
small effect, 


6.6.3 Frequency Coordination 


The frequency regulatory process uses aS common managerial tools the 
terms allocation, assignment, services and classes of services, and channeli- 
zation, Channelization may also be identified as a frequency assignment plan, 
Allocation is a planning process of dividing the spectrum among compatible 
emissions or similar types of oper<tions based on totai requirements and 
characteristics, Assignments are made to specific stations or used in conso- 
nance with the allocation table, The assignment process includes technical 
considerations of frequency sharing to control interference between assignments, 
Assignment may be guided by a frequency plan .2 maintain interference control 
as stations are activated, or it may be based on channelization which guides the 


equipment manufacturer, the frequency manager and the operational planner, 
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The various types of users of spectrum space are identified as services and 


classes of services (e.g., broadcasting, maritime mobile, and lard mobile, 
etc. ). There are about 380 services and classes using the radio spectrum in 


= the U.S. 


e Within the allocation framework, additional subdivisions are made in the - 
U.S, between government and nongovernment or in shared frequency space, 

: No allocations to scrviccs are further subdivided to government or nongovern- a 

ment unless both have operations involved. For example, therc is no govern- 

ment subdivision of the broadcast bands or nongovernment subdivisions of 

radar bands for missile weapon systems. Of the total frequency space, about 


30 percent is currently used by the government, 


ov 


SECTION 7 - CONTROL 


7 


7,1 GENERAL ye 


/ 


Control systems are highly important for the efficient operation of a f: 


P ‘f 
terrestrial communications network. They play an even more important rol yf, 
in satellite communications networks, particularly those networks using Ye MA 


and/or demand assignment techniques, since the capacity of the satellit,“ 


ru . 


transponder is shared by many users on a real-time basis. pad 


There are three major categories of control required when five satellites 


in a communications network, They are: , 


1. Satellite Control - This involves actions necessary to position, track, 
monitor and command the satellite during the cou fse of its operational 
lifetime, This tybe of control has been discussed in Section 2, Space 


Subsystems, 


2, Satellite Communications Control - This type of control involves 
supervising and monitoring the establishment, reconfiguration and 
control of each required RF link through the satellite transponder - 


in accordance with desired parameters, 


3. Circuit Control - This control involves actions necessary to assure 
that the required circuits between all authorized users are established, 
maintained and restored saticfactorily. This function is regularly 
performed by Technical Control Facilities personnel, It applies to 
circuits usiug any transmission media such as cable, LOS, tropo or 


sacellite, 


These three categories ere general in nature and the specifics will vary 
depending on the type of satellite orbit, the modulation cad multiple-access 


techniques used and the circuit requirements and usage, 
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7.2 SATELLITE CONTROL 


This function has no direct counterpart in terrestrial systems but is 
critical to successful satellite communications operations, The degree and type 
of satellite control required is in large part dependent on whether the satellite 
orbit is synchronous or nonsynchronous and on the user requirements of the 


satellite, 


Tracking requirements exist for a synchronous or near-synchronous 
satellite, but they are less severe than those for a nonsynchronous satellite, 
The synchronous satellite must be monitored and kept on station by periodic 
positioning actions, In the DSCS the Phase II satellites will be maintained 
within 3° of their assigned longitude. A periodic activation of the gas propulsion 


system is planned to accomplish this, 


In a nonsynchronous system, repositioning may also be used on a periodic 
basis to keep the satellites diifting in the desired orbit or, as in the case of the 
Phase I satellites, they may drift on a random basis, If the random basis 
is used, more satellites are required to assure higher availability of a correctly 
positioned satellite to meet users' needs, In addition closer monitoring of 
satellite movement is required for nonsynchronous satellites to provide the 
necessary data to prepare schedules for transferring use of a satellite to dif- 


ferent earth terminals as the satellite orbits the earth. 


Additional satellite control operations can include repositioning of 
satellites, monitoring satellite performance by receiving regular or periodic 
telemetry messages from the satellites, and sending commands to the satel- 


lite to perform such actions as switching to redundant units, changing ampli- 


fication levels within the satellite transponder and antenna control functions, ete, 
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The Air Force Satellite Control Facility (AFSCF) with its Satellite Test 
Cente. located at Sunryvale, California performs this mission for DCA. The 
AFSCF has numerous remote tracking stations around the globe to assist in 


this mission, 
7.3 SATELLITE COMMUNICATIONS CONTROL 


In terrestrial systems, network engineering and control is needed to 
establish and revise the various links and their capacities to meet the changing 
user requirements, Additionally, frequencies and power limitations are assigned 
to minimize interference or intermodulation within the network or with external 
activities. The same requirements exist for a satellite network, However, the 
need for prior planning and control is increased in the satellite operation because 
of several factors, including the wide-area coverage of satellite an'2nnas, the 
low receive signal strengths involved, and the use of common amplifiers in the 


satellite transponder by more than one carrier (multiple access), 


The use of multiple-access techniques is highly efficient, but it gives 
ample opportunity for intermodulation to develop, Thus systems must be closely 
controlled in time, power or frequency to ensure that intermodulation is reduced 


to an acceptable level. 


With proper prior planning and engineering, the available capacity of the 
transponder can be allotted on a preassigned basis to meet user needs. For 
FDMA operations such as predcminate in Phase I of the DSCS, the frequencies, 
bandwidth and power required to provide a desired receive signal level, with 


adequate margin, and without serious intermodulation can be preplanned. 


The irequency and bandwidth problems are similar to but more critical 
than those normally found in terrestrial networks. This is becnuse many 


carriers go through the same components in the satellite transponder and the 


Algebra QUADRATIC EQUATIONS 


Factorin uadratic Equations 


Certain complete quadratic equations can be solved by factoring. If the left-hand side of the 
general form of a quadratic equation can be factored, the only way for the factored equation to 
be true is for one or both of the factors to be zero. For example, the left-hand side of the 
quadratic equation x? + x - 6 = 0 can be factored into (x + 3)(x - 2). The only way for the 
equation (x + 3) (x - 2) = 0 to be true is for either (x + 3) or (x - 2) to be zero. Thus, the roots 
of quadratic equations which can be factored can be found by setting each of the factors equal 
to zero and solving the resulting linear equations. Thus, the roots of (x + 3)(x - 2) = 0 are found 
by setting x + 3 and x - 2 equal to zero. The roots are x = -3 and x = 2. 


Factoring estimates can be made on the basis that it is the reverse of multiplication. For 
example, if we have two expressions (dx + c) and (cx + g) and multiply them, we obtain (using 
the distribution laws) 


(dx + c) (fx + g) = (dx) (fx) + (dx) (g) + (©) (fx) + cg = 
= dfx’ + (dg + cf)x + cg. 


Thus, a statement (dx + c) (fx + g) = 0 can be written 
df x° + (dg + cfx +cg =0. 


Now, if one is given an equation ax + bx + c = 0, he knows that the symbol a is the product 
of two numbers (df) and c is also the product of two numbers. For the example 3x’ - 4x - 4 = 
0, it is a reasonable guess that the numbers multiplying x’ in the two factors are 3 and 1, 
although they might be 1.5 and 2. The last -4 (c in the general equation) is the product of two 
numbers (eg), perhaps -2 and 2 or -1 and 4. These combinations are tried to see which gives the 
proper value of b (dg + ef), from above. 


There are four steps used in solving quadratic equations by factoring. 


Step 1. Using the addition and subtraction axioms, arrange the equation in the 
general quadratic form ax’ + bx +c = 0. 


Step 2. Factor the left-hand side of the equation. 
Step 3. Set each factor equal to zero and solve the resulting linear equations. 
Step 4. Check the roots. 
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satellite earth coverage antenna, if used, covers all of the earth terminals in 
that satellite network, The problem of staying on frequency and within the pre- 
scribed bandwidth, however, is basically the same for any radio network, and 


monitoring and readjustment is not a unique problem, 


Of more concern is the maintenance of proper signal] Icvel at the input to 
the satellite, since the power of the satellite is shared by several carriers, 
If the total summed signal level gets too high, the system will be operating in 
a nonlinear mode, causing intermodulation, Further, if one or more 
signals are larger than planned, these signals would get more than 
their share of the limited transponder power, and thus would deprive other 
users of their allotted share. Therefore, the monitoring of frequency and 
power levels is essential for an efficiently operated network, Although auto- 
mated real-time control of that transmitter frequency, bandwidth and ERP 
would be desirable for such a network, it is not essential. Satisfactory control 
can be achieved by monitoring the various downlink carriers and nctifying 
offenders of any transmission violations via a voice or teictype orderwire 


system. 


With.a TDMA network the problem becomes one of real-time coordination 
after the ailotment cf transponder capacity. The extremely accurate synchro- 
nization required to permit sharing the satellite power on a time block basis 
demands real-time control of all of the earth terminals ir the network, Syn- 


chron‘zation and control systems have been developed and successfully tested. 


The basic plan for the system to be used with TDMA in Phase II of the 
DSCS consists of a master station providing time and frequency correction to 
all other terminals in the network. This coordination is a regular part of the 


network operation. Orderwire control is provided to each station on a common 


SSMA channel. 
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7.4 CIRCUIT CONTROL 


This control is essentially the same for any segment (transmission media) 
of the system. In the DCS the circuits using satellite transmission links would 
normally be monitored and controlled by the same DCA activities controlling - 
microwave or cable circuits. Only with a particular problem caused by or 
affecting a satellite link would special action by satellite communicators be 
required, Initially, exceptions to this may be frequent because of satellites 


carrying special widehand circuits that may bypass normal TC F's and go 


directly to users. In such cases, the satellite earth terminal operators would 


be more directly involved with circuit control monitoring and restoration, 
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APPENDIX A - SATELLITES 


A.,1 GENERAL 


This appendix provides a descriptive summary of the characteristics of 
presently available or planned satellites that are of particular interest to the 


military communicator, The satellites that are included are; DSCS Phase I 


(IDCSP), DSCS Phase I], TACSAT, Skynet, NATO, and Intelsat I to IV, Intelsat 


I to IV are included to provide data on a commercial communications satellite 


for information purposes, 


A,2 INITIAL DEFENSE COMMUNICATIONS SATELLITE PROGRAM (IDCSP) - 
DSCS PHASE I 


A.2,1 Space Subsystem, General 


Re Eerie 


The overall Phase | or IDCSP system is covered in detail in Appendix C, 


The space subsystem, consisting of 26 near-synchronous, random-sp:~ed eyua- 


torial satellites, was placed into orbit in four separate launches, with the first 
launch of seven satellites on 16 June 1966. Table A-1 summarizes data relat- 


ing to the launches, As of May 1972, 17 of the satellites were still operational, 


The satellites are in a near-synchronous orbit at an aititude of approxi- 
mately 21,000 statute miles, Relative to the earth, they drift west to east at 
about 30° per day, thus a single satellite stays within view of a particular 
ground station for 4-1/2 days, The satellites were released into orbit with 


slightly different initial velocities, causing a relatively random distribution. 


The satellites are spin stabilized at approximately 159 rpm (by two 
nitrogen nozzles) to maintain the spin axis within 3° of normal to the carth's 
equatorial plane. Each satellite weighs approximately 100 pounds. It is solar 
powcred and has no batterics. The original designed mean time to fajlure 


(MTTF) was 1-1/2 years, with a goal of 3 years. This goal has been greatly 


exceeded and an MTTF in excess of 5 years has been achieved to date. 
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] A.2,2 Satellite ‘transponder 
The transponder of the DSCS Phase I satellite is a double frequency convere 
] sion, hard-limiting repeater operating in the 7- to 8-GHz range. The EIRP has 


a design minimum of 7 dBW, Each satellite in a Jaunch payload has a beacon 


{ signature at its own unique telemetry frequency, in the 400-MHz area, for 


os identification purposes, 

oh The repeater, shown in simplified block diagram form in Figure A-1, is 

. primarily solid state. Amplification and limicing of the signal take placc at 

Pe intermediate frequencies, The mixing frequencies are derived from a basic 

Bs oscillator and multiplier chains, The output of the IF amplifier/limiter is then 

ss summed with the beacon signal, up converted, and fed through the traveling 

a wave tube amplifier and out to the transmitting antenna, A redundant TWT 

oF amplifier can be switched on in case the first TWTA fails. The switch-over is 
done automatically and can occur only once, There is also included an auto~ 

oe matic power shutoff circuit which activates between 6 and 6-1/2 years after 
launch, The automatic cutoff period for the five operational satellites from the 

“ first launch is June 72 to December 72 and the minimum number of satellites 

oe required for acceptable service has been estimated to be 15, Thus the DSCS 

- Phase | will have limited capability beyond mid-1973, 


The transmitting and receiving antennas are separate biconical horns with 
toroidal patterns, omnidirectional in azimuth and earth-coverage (28°) in 


the other plane, Characteristics of the satellites are summarized in Table A-2, 


Table A-3 indicates the voice channel capacity on particular duplex links 
as a function of terminal type on each enc of the link. These figures are for 
duplex (dual) accesses, the maximum satellite Joading used in DSCS Phase I, 
The link margins were not found to be great enough to support more than two 
simultaneous accesses, The satellite frequency plan, optimized to yield mini- 


mum intermodulation interference, is incicated in Table A-t, 
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Antenna 


Repeaters 


General Features 


Table A-2, 


Type 
Number 
Beamwuith 


Gain 


Frequency Band 
Type 
3 dB Bandwidth 


Number 


Type Front End 


System Noise Figure 


Type 


Power Out 


Transmitter Receives 


EIRP 


Type 
Capability 


Stabili- 
zation 


Primary 


Supplemental 


fomm. Power Needs 


Biconical © toroidal pattern 
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DSCS Phase I Satellite Characteristics 


Two - RHCP receive, LHCFP transm't 


oO : 
Earth coverage, 360 x 28° 


3/8 in plan2 novmal to tho spin axis, é 
3.dB minimum in all directions within +140 of the plane 


SHF - 7.3 GHz transmit, 8.0 GHz receive 


— 


Hard-limiting, double frequency conversion 


26 MElz 


One 


Down Conversion mixer 


lu dB 


Redundant TWT 


3 watt 


7 dBW nunimum 


Spin at approximately 150 rpm 


mo st . . . 
25) Spin axis attitude 


4090 neon-p solar celis provide 40 watts at launch 


None 


22 watts 


size 46emceh diameter, 32 inches high 
Veigivt 162 lb. or less 

Frequency 400 MHz 

G - 
2 ELRP 912 dBW muntmun in all directions within #45 of a plane 
< normal to the spin axis 
& Frequency = 7.3 GHz 
Bi EIRP -5.5 dBW minimum 
A-3 
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Table A-4, DSCS Phase I Access Frequencies 
ane Satellite RF Frequency (MHz) 
Access 


Channel Uplink (Receive) Downlink (T cansmit) 


7 ae 7, 267.0250 7,985. 7450 
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A.3 DSCS PHASE II SATELLITE 


A. 3.1 Space Subsystem, General 


Phase II of the DSCS is planned to provide greatly increased capability 
over that of the Phase I, A detailed description of Phase II is provided in 
Appendix D, Contrasted with the DSCS Phase I, the space subsystem for Phase 
II will provide satellites with greater EIRP and in synchronous orbit. This will 
result in increased system capacity and higher satellite availability. The satel- 
lites will be maintained within :3° of their designated orbital positions. The 


satellites may be repositioned at least once during their operational life to any 


other equatorial point at a rate of 15° per day, 


A.3,2 Satellite Transponder 


The Phase II satellite transponder consists of a multichannel reveater with 
the channels cross-linked, a receive and a transmit EC antenna, and two steer- 


able NB antennas, each capable of receiving and transmitting simultaneously, 


1, Earth coverage to earth coverage (EC-EC) 


Pa 


*. Earth coverage to narrow beam (EC-NB) 
3. Narrow beam to earth coverage (NB-EC) 
4, Narrow beam to narrow beam (NB-NB) 


The basic interconnection for these fuur modes is shown in the block 


t 
t 
' 
L 
rf 
This arrangement will provide four different modes of operation: 
| diagram, Figure A~2, 

| 


The uplink frequency transmitted by a Phase iJ earth termina! tetermines 
which of the four modes will be used. (This assumes that an earth terminal 


planning to use either the NB-NB or NB-£C channels is within tiie geographical 


eee 


area covered by one of the NB antenna patterns,) The received signal is ampti- 
fied and retransmitted in the 7275- to 7750-MHz band, A simplified freauency 
diagram presented in Figure A-3 relates the various channel modes, together 


with their related frequency translations and satellite antennas, Botn the EC-£C 


——— 4 


eee 9374S 
YNNJUNY 


H 


sl 
JAZ be 


ate ty MAO 


LAL 
“GND 1 Was 
¥eW ty IMO 


| 


oom ome ee ed 


weuiseiqg yoo]g Jopuodsuray, I] aseYyd SOSA “S- aang Ly 


Lefevre) 


ose a>s 5 aes | 


wont =5 ean a ees Braids me OU eee HS Sy, EE 
a S| a | 
rea ' a . 
TSAR TMG y cen ¥3LY¥2BANOD WLM) 


a ‘én’ 1 
NagIDx | | 


He Patel b 


eas 


LereSNVUL 


7 an ‘ 
ee degree at ¥3LYBANOD nase 
ON Weal ly : J | '’ 
c 1 

anes, ened : see? segs te — 
‘ 
Lee += ~ 

2 . oJ , 2 7 ; a 


VAN ILA 
iy ka MORN 


ne 


3413938 | 

firs. { H HOLA TE 
ce hte 

SOUS ae SRN IN 
BAL Hes 


\ 


VNN JIN’ 
WO TED CRIN, 


a 
VNNGINY | 
BAL 3 Re 

: ok) 


J 
I 
I 


Ue ithe Y napa tices co 4 


QUADRATIC EQUATIONS 


Example: 


Algebra 


Solve the following quadratic equation by factoring. 


Solution: 


Step 1. 


Step 2. 


Step 3. 


MA-02 


2° -3=4x-x 41 


Using the subtraction axiom, subtract (4x - x* + 1) from both sides of the 
equation. 


2x7 -3-(4x-x° +1) =4e-0 4+1-(4x-7 +1) 
3x°-4x-4 =0 
Factor the resulting equation. 
3x°-4x-4 =0 
(3x + 2)(x-2) =0 


Set each factor equal to zero and solve the resulting equations. 


3x+2=0 
3x = -2 
aM 2 
30°30 
2 
x Se 
3 
x-2 =0 
5 
Thus, the roots are x = = and x = 2. 
Page 22 Rev. 0 
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: 500 MHz ——-——————— > : 
EXCLUSIVE BAND / 
NB -EC NB-N@ a 
UPLINK 
Ae ee, 8 8 ; 
9199 oO 4 
0157 2 0 
o los 5 0 
EXCLUSIVE BANO 
ECHEC NB--EC NB-NB EC_NB 
DOWNLINK 
7 7 a ae ae a a 
2 3 3.4 44 ae, ? : 
BEACONS: 7250.1 5 0 7 0 5 9 2 6 5 
7675.1 o oO 5 0 00 5 0 0 : 


a 500 MHz -——-————_—| 


Figure A-3, DSCS Phase 1! Sateilite Frequency Translation Plan 
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and NB-EC channels share the output power of a 20-watt TWIT amplifier, using 
the earth coverage antenna, Likewise, the NB-NB and EC-NB channels are 
combined and transmitted via a second 20-watt TWT, using cither one or both 
of the narrow coverage antennas, The bandwidth of each channel is presented 
in Figure A-3 and represents 410 MIlz of usable bandwidth, The satellite EIRP 
is 28 dBW for the EC mode and 43 dBW for a NB antenna (or 40 dBW each if two 
are used), This allows a marked increase in capacity and flexibility compared 
with the 7 dBW of the Phase I satellite. Table A-5 provides a summary of the 


major characteristics of the Phase II satellite, 


All active components Within the transponder are redundant. The selection 
of the active components and narrow beam antenna switching and steering is done 
by ground command, To achieve maxiimum in-orbit usage of the Phase II satel- 
lite, all onboard systems have been sized to provics a minimum 5-year opera- 
tional lifetime, Each cnannel within the satcllite can be commanded to operate 


in a linear, quasi-linear or hard-iimiting mode, 


All transmitting antennas will be left-hand circularly polarized, whereas 
the receiving antennas will be right-hand circularly polarized, The two narrow- 
bev antennas will be capable of veing independently steered +10° from each of 
two orthogonal directions, and the half-power beamwidth will cover an area 
approximately 750 miles in diameter near the subsatellite point. The earth 
coverage antennas (transmit and receive horns) will provide coverage to 


approximately one-third of the carth's surface, 
A.,4 TACSAT 
A,4,1 Space Subsystem, General 


The TACSAT program was Cesigned to provide satellite communications 
between mobile tactical terminals. In January 1967, after a series of success- 
ful experiments, a contract Was fur the development of the Tactical Communi- 
cations Satellite :TACSAT), On 9 February 1969, the satellite was launched 


into synchronous orbit and positioned over the U.S, The satellite has been very 
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REPEATERS 


GENERAL FEATURES 


Table A-5. DSCS Phase II Satellite Characteristics 


S BANO BICONICAL HORN 
FOR 1 TBC 


1 1 


Number 


Earth Coverage Beam ~ 18° Nacrow Beam — nominal 2.67 Torosdal 32’ wile 


Beamardtn 


Xmit. - 33 dB (Edge) 3.08 (Peak) 


Xmit. - 16.8 dB Edge) 


Single conversion with each of 4 channels operating in a linear, quasilinear, oF hard -limiting mode at 


Configuratine 
Recewer 
Type Frant Ena Tunnel Ciove common ta EC-EC & EC~NB Tunnei Diode comman to NB--NB & NB {© chanrsss 
channels 
Front End Gan No Date No Data 
System Nove Figure 83q8 12848 
Transmitter 
Type TWT comman to EC-€C & TWT common to EC-NB & 
& NB-EC channels NS~NB6 channels 
Thiy channel sheres a transmitter 
with EC-EC channe: 
Power Out 20 Watts 20 Watts 
78 dBW 40 dBW (Each of 2 antennas} 
43.1 dBW (1 antemra}’” 
enema nS: 


Stadi zation 
Soin stadiizedt ~ nominal 60 RPM with hydrazgne thrusters toe stetionkeeping end attbide correction. 


Type 


Canapiity Ponting accuracy of despun platform *0 14° Th st of NB antenny 10.2" East-West statinnkeeping hittin $3 


of desiqnated subsateiite port foro years 
Power Saurce 
Primary Right cyhadscat array of solar cells, capable of providing 520 watts at faunch & $357 wath chee Bye. 
Sueplement There nick gi-cadmium betteries 
Communication Power Neads 235 watts 
Suse Q-footdismeter = 1J~foot height 
Weight 1420 tb 


* Denotes uplink and downlink antennas that channe! interoonnects. 
**wWith 2. NS antennas employed, TWT output power is split, With | antenna, rull power goes fo that antenna, 
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successful in its testing and developrannt role, and il was used in support of 
Apollo recovery operations. Table A-6 summarizes data relative to the space- 


craft, 


Table A-G. TACSAT Satellite Data 


Satellite TACSAT 


Hughes Aircraft & AF Space and 
Missile Systems Organization 


Manufacturer & Sponsor 


Launch Date February 9, 1969 


Titin WIC 


Launch Vehicle 


22,397 
22,331 
0. 6° 

24 hours 


Apogee (mi. } 
Orbital Perigee (mi. ) 
Data Inclination 

Period 


Active 


A.4,2 TACSAT Transponder 


fhe TACSAT communications subsystem consists of both an SHF (7 to & 
GHz) frequency translating repeater and a UNF (240 to 340 MHz) frequency 
translating repeater, each capable of operating with selectable bandwidths from 
50 kHz to 16 MHz. In addition there are two crossover modes of operation 


(from CHF to SHF and from SHE to CHF). 


The modes are under control of commands transmitted by the satellite 
control earth terminal, In keeping with the concept of mobile terminal sim- 
plicity, tue satchiv performs system trequency control] by transmitting UHF 
and SHF beacon signals which are used for antenna pointing «and as references 


for all transmit and receive function frequencies generated at the terminais, 


Table A. 7 shows the operating frequency bands at UNF ana SHE. The 
UHF band uses three operation. | modes, These are (1) narrow -bard voice; 
(2) a frequency hopping sysicm, known as tactical transmission system 'TATS), 
designed for military communications ervironmeats; and (5) broadcasi alert. 


Table A-8 shows the sienal processing techniques used in each UHI mode. 


AN=-13 


RE 


Table A-7. YTACSAT Frequencies (MHz) 
Purpose i Uplink Downlink 
SHF Communications 7977.5 to 7987, 5 7252.5 to 7262.5 
SHF Beacon 


UHF Communications 


UHF Beacon 254.1 


The SHF band uses four modes of operations. They are (1) FM, (2) TATS, 
(3) broadcast alert and (4) DPSK. Table A-9 shows the signal processing used 


in the SHF modes. 


Characteristics of the communications-related subsystems of TACSAT are 
described in Table A-10. A block diagram of the communications repeater is 
shown in Figure A-4, There are eight grouna-commandable modes correspond- 
ing to the four filter bandwidths at each frequency bard, Two of the modes 


represent cross-coupled operation between the iHF and SHF repeaters. 


TACSAT was the first U.S. spacecraft stabilized with gyrostat technology. 
This means that the satellite does not have to be spun about its maximum moment 
of inertia and thus frees the designer of on-board equipment from the moment 


of inertia design constraints, 


The spacecraft consists of a Jarge spinning cylinder within which is mounted 
a cone-shaped structure, A bearing assembly attached to the cene structure 
supports, on its housing, a despun platform containing antennas and communica- 
tions and telemetry equipment, The spinning section contains solar cclls; 
batteries; auxiliary telemetry, tracking, and command equipment; design control 
electronics; the hydrogen peroxide propulsion system; and the nitrogen spinup 


system. A pendulum liquid damper is used for nutation dampiig. 


The intent of the program was ‘~ »rovide experimental hardware for 
testing tactical satellite communicatio - and, therefore, to be conservative in 


the spacecraft development appre2ch, Space-proven technology was used 


A-l4 


mer etrescd. un Sel 


‘apolu SLYL 91td eyep YysNy 10} YYpLapurqg u0NdI919pP ZHY-OG UO POSU sas 


“ypLMpueq Gl ZHA-ST UO pased, , 


*ssaa0v apduis 20] syMseas {Ty “ated [eurws9} Ji 
JsayraM IO} Si Anfer Jano] pur Aled poulw4z3) AH] ISasuo024s LO} St anjra syst. 


ep s°e 
ap 2°1C ap T°9T 


ap S°TT 

*eGP L°TS aaeP TORS 
‘asp [BUOTUDA 

-a0o Surfoyduia 

uodn paseq N/O : 
FP-O1 7 pew ec = ag AO} 

“89 ppoysezyL | Tp 8 St ploysary.s, 


Sutddoy Asuanb 
MSsa ad} pu® MSAN 


"awuyy 
auo Auv je uOts 


~SIW Subd] Bul 
-urem au0 ATUO ssanoy Wopury 


S.LW.E 
ysvoproig 


SOpoW AHA LVSOIVL 10J Sutssaa0ig, [Lusty 


ap i°9 meee | 


t 
1 
dp £°61 JAlaoay pUuNOId | 
JSION-0} 
dp L°9T -AIWAT,) aalgooy 
+eQP €°67 ,vunUzaL puner9 
| SLOWU 
-lul1asip euoTUIA is 
-uoa satAojdtua uodn 7 
poseq N/O €P-OT 3c DIULViULOJAIe{ 104 = 
payewtyso proysaay J, -rpynpowaqy punory 
WeE | YOULIRpeIy TU | 
ayavyleac 
sjeuucyo TE - VINdA SSaI5y ody TAY 
BIA | Wa apo], 
pucq-MOLIEN 
"SW 91GEL 
: yg Sy boy — ee eee 0 0 


*Waopow MSdd WEN poddinba uoynms Ayuo st peusuday 19{{aqs “IBpPLaputq JT ZY 7ep WO posug (©) 
‘quosadd je (YUTT ISayVvoM) Yoedtue|ay {q pasn jou sT Wapolu SLYL (+) 
‘OpolwW SLY.L aut epep Ysty Joy IYpLApuLq UOTII]Op ZAY-US UO pasu 'E) 
‘yiplapuLg AL ZHY-ET uo pasrgy (2) 
*sS$a000 apsuls Joy s][Nsod [TY 
"ated [RUNUI9) AHS ISIYVOM AO} ST ONPLA Jono] puc Aled [euMw793 AHS ISaduoIjs AJ st anfua aoysTH (1) *SH.LON 


ulgavw 
aALIIIA punoly 


ap FS 
uP L°0e 


(pytP 8°I- 
dp S°é! 


€jCp ON ap r‘9 


astou 


; ap a°9 ap PIT -O]-AOIIIED JATQOOI 
; eae - DecTT "97 _ feutuisa] punoi: 
ep ON (gd? Teel dP S°Te cn yP L°9% ay! VI 2) 

- AIOLpApou JoYe(NpOWop = 


Aw 


ae 


yoor-aseyd sulaojdwo 
uodn pasty N/) UP 9 
1 pAVWNSd pjoysarzy,L 


-ap yoo]-asvyd surfoyd 
-ura uwodn puseq N/D Pp 9 
3v payeulyjsd st ppoysadu_ 


c-0TxT = Fa 103 


dp & St proysaay j. 


aouriusopiod 
AO_[NpOwp punoss) 


eyep ON 


au iddoy “xouanb 
-oaj sntd MSAIX 


Bone Npau AY 


au13 auo Aue 
ye UOISSIULSUBI} 
sululen auo <juO 


VINSS VINdd ssaoou o[anyniy 


VINCI 


apoly 


{sdqy rga) SLL 
Msdd 


sums Waly 
jseopeorg 


‘ 
| 


SAPOW AMS LYSIVL IO] stissav0I1g [eultg *6-V AIQUL 


vee am wi canyon Te Madea ot 


nent cee eA NaNS AA IRA ARAAAAS A tn nN nm nal 


E..Z._-LZZLP_ AEA Ac cA VVAALLLLe MD wAlElNNLLNLNNRNeNiANAi 


jwtennas 


Repeeters 


General Features 


{ 
| 
| 
i 
4 


Table A-10. TACSAT Characteristics 


Type UHF- Five element SHF- Separate fin loaded horns T & C- Biconical Horn 
lelical array for transyfor transmit and receive 
mit and receive 


Bearwidth Earth coverage (19°). Earth coverage (190). Receive Approximately 30° 
Receive and transmit and transmit patterns not 
patterns not identical jidentical and not symmetrical. 
and not sytmetrical. 


peak 17,58da3 No data 


i 

| Receive minimum over 

coverage area 
12.7908 


peck 19.3dB 
Receive minimum over covera.,- 
area 15.2dB 


p:ak 17.12dB peak 18.4dB 
Transmit minimum over Transmit minimum over coverage 


i coverage area area 15.2dB 
| 14.67dB 
e—v——— 
Frequency Band , UHF |SHF (X-BAND) 
A nn 
Type Hard limiting IF trans- Hard limiting IF translation. 


lation. Adjustable ‘Adjustable bandwidth and cross-| 
bandwidth and crossover jover to UHF repeater by command , 
to SHF repeater vy com- 


mand. 
3aB Bandwidth Straight through modes-|Straight through modes SOkHz, 
SOkHz, LOOkHz and IMHz and 10MH2;crossover mode | 


425kHzicrossover modes /425kHz 
425kH2z and 10MHz 


Number One with some One with some redundancy 
redundancy 


ype Front End Transistor preamplifier |Tunnel diode amplifier into 
into down conversion down conversion mixer 


mixer 


RECEIVER 


System Noise 3.7dbB 16.900 
Figure 


Type 16 parallel transistor |3 TWTs - Any 2 summed in an 


amplifiers with summing joutput TWT switch. { 
of any number possible | 


Power Out Carrier power (16 power |Carrier power (2 TWTs) 14. 6dBW; 
amplifiers; 23,6dBW ! 

{ 

\ 


Beacon power (16 power ‘3eacon power (2 TWTs) 0. 2dBW 
amplifiers) §&.0dBW 


TRANSMITTER 


eae Carrier 49.7dnW Carrier 343.0dE" 


Beacon 25.1dBW Beacon 18. é6dBW i 


iType Gyrostat ~ consists of spinning cylinder containing solar vellg and a despun platform 
containing communications equipment. Bearings and slip rings used between the 2 sec 
tions. Nitrogen spinup system, hydrogen peroxide reaction jeta and nutation damper 
are used. . 


Capability Overall pointing capability is approximately 0.1 degree rms. However, intermittent 
rutation of about 1 degree occurs. Has been investigated and confired theoretically 


j and can be corrected on future spacecraft. 


STABILIZATION 


Primary Solar array with 980 watts output 


SOURCE 


Supplement | Battery capacity-over 20 ampere-hours 
i 
SiZe Cylinder 25 feet long and 9 feet in dianeter 


ce aera 


PONER 


A-17 


CSAT Transponder Repeater Block Diagram 


TA 


Figure A-4, 


er pty eR 


pie Presta DR: BYRNE RTS SSE Se Ie 


of the United States' DSCS Phase I, The U.K, built five earth terminals «three 
with 40-foot antennas), one shipborne terminal and one mobile lund terminal, 


All were completed and participated in testing during 1966, 


The U.S., in accordance with a memerandum of understanding with the U.K., 


built and launched two satellites required by the Skynet program. 


Two satellites were to be launched in 1969-70, with one satellite acting 
as a backup for the other to provide a 5-year system capability. Skynet IA 
was successfully launched into synchronous orbit in November i969, Skynet IB 
was launched in August 1970 and was a total loss when it failed to make synchro- 
nous orbit. It was generally believed that the apogee kick motor used to cir- 
cularize the orbit exploded. Table A-11 summarizes information on the Skynet 


satellites, 


The United Kingdom has initiated procurement of additional higher-powered 
satellites from Marconi, a U.K. firm working under license to Philco-Ford of 
the U.S. The U.K. anticipates launching the first of the Skynet II series in the 
summer or fall of 1972. Skynett If will be similar in design to Skynet I but will 
have considerably nigher EIRP (20-watt TWT versus 3-watt TWT). 


Based on Skynet communications requirements for long distance strat2gic 
Foint to point digital communications and selected tactical communications with 
mobiles, it was decided that two independent satellite bands would be required 


(20 and 2 MHz wide). Table A-12 gives the frequencies of the two bands, 


Table A-12, Skynet Frequencies 


2-MHz Channel (MHz) 20-MHz Channel (MHz) Beacon (MHz) 


Uplink 7976.92 to 7978, 02 
Downlink | 7257.3 to 7259, 3 


7985, 12 to 8005, 12 
7266, + to 7286, 4 


The satellite with two independent bands allowed the tailoring of the modula- 
tion and multiple access to satisfy all system requirements, Other specified 


features of the system include providing reliability of communications under 


A-20 


ada, 


| 


Algebra QUADRATIC EQUATIONS 


Step 4. Check the roots. 


2x* -3 =4x - x? +1 
71 eee ie pee ec | (ct 
3 3 3 


B( ef Bie a Bg, Gi 
9 3 9 


8 27_ 24 #4 _,9 
9 #9 9 9 9 
19 _ 19 
7 oO 


Og? 2 3 Say aie 1 
22) -3 =42) -@Qy+1 
244) -3=8-4+1 
See 
5 =5 
Thus, the roots check. 


Quadratic equations in which the numerical constant c is zero can always be solved by factoring. 
One of the two roots is zero. For example, the quadratic equation 2x” + 3x = 0 can be solved 


: 3 
by factoring. The factors are (x) and (2x + 3). Thus, the roots are x = 0 and x = oe If a 
quadratic equation in which the numerical constant c is zero is written in general form, a general 
expression can be written for its roots. The general form of a quadratic equation in which the 
numerical constant c is zero is the following: 
ax’ + bx =0 (2-4) 


The left-hand side of this equation can be factored by removing an x from each term. 


x(ax + b) = 0 (2-5) 
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various conditions of weather, loading and interference, and flexibility as to inter- 


connections and traffic carried, ses 


The requirements of Skynet communications led to a choice of terminals 
of varying capacities, In addition, the satellite ontenna beam was mace as broad 
as possible to provide coverage from the U.K, in the West to Hong Kong in the 


re 


Far East, The U.K,'s other areas of interest fall between these two extremes, 


Traffic requirements were in the form of telegraphy, speech, and medium- ad 
speed dato circuits, It was decided that the strategic system would be designed 
specifically for digital signals at medium-speed cates of 75 x 9" bits per second ee 
using the 20-Mdz channel. 

For this che:nel, SSMA was chosen over FDMA since critical power bal- a 
ance and frequency planning could be eliminated by using SSMA, In addition, 
SSMA transmissions can be superimposed without complete degradation when the 
nominal capacity is exceeded, and SSMA signals are virtually immune to inter- 


modulation effects except for the small loss of useful power (about 1 dB), 


In the more difficult mobile terminal case it was decided to use FDMA with 
FM as the basic modulation in the 2--MHz satellite band, In addition the 2-MHz 
channel is used to provide engineeving teletype orderwire facilities between fixed 


sataions, 


A,5,2 Skynet Satellite Transponder 


Characteristics of the Skynet satellites arc shown in Table A-13. A 
simplified block diagram showing the transponder of the satellite is shown in 


Figure A-5, 


The communications subsystem ;as shown in Figure A-5) receives, fre- 
quency translates, amplifies, and retransmits X-Pand signals, Two channels, 
20- and 2-MHz bandwidth (1 dB), are provided, The tota! output power 1s divided 
equally between the two channels, Figure A-5 indicates only the single thread 


path, The complete cquipment redundancy and cross-strapping which is employed 
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Table A-13, Skynet I Satellite Characteristics 


= | Py pe X-Band mechanically UF array for TT&C 
: despun with redundant UME 
me | transponders and 
| command; telemetry 
ne = processing equipment | 
{6 = -—-— a 
a | € cies One Two 
\ 2 ee ee ee oe i = j 
Pes | | 19 Essentially omni- 
{ | directional 
mae ee a ae Tee mae | meee = Pe gabe ae be a cea te | 
| | Gain | Iss i a0.7 eb i 


foes Sera a ee ee hecho oe aia) Paes eee eee Aare 
Frequency Band 
| Sh kee este rae ey aaa SE ee a 
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eo 1 4 
| Type 7 | Hard-limiting dual channel I 

e \ Space: Meta vite ae ae ye pe ges one s2t = gt y oe en 
[1B Bandwidth | ay afltz and 2 Milz channels 1 
| n ae eS Mec ee Oe —--~—-~+ 

a8 e [| 5 
| = | 3 Type Front End | Down conversion mixer into linear amplifier | 
{| 3 z p——- SERIE EEnEIEnOIE IEEE EERE 4 

os | 2 | gz | Noise Figure 10.2 dB i 

eee See coerce ee A ee Beat Si Ee As 

~ ho Type ' Redundunt TWY | 
a2 ies een re era 6a 

S28 | & € ; Power Output jo Ted a watts | 


.- | j EUR 19.5 dBW : 
Ci a 


! Type | Spin 9U rpm - 5 years | 


ie he * Hi 1 
| | a 5 —~ --  $ ee 
t 25 
eo | | m3 | Capability (station keeping) | 23 for S vears 
= 3 ¢ ‘4 
a cae ee 
2 | a | ' Primers | Cylindrical arvay of silicon solav cells, capable 
{ € | : of providing 9? watts of prime power, throughout | 
y < * - .' 5 
Sey | ie i 9 vears of orbit life | 
~ jw. ———--- a Bete | ——— 
| “8 | supplements Two redun tant Pe-cell mekelecadmiun batteries j 
: i & i for operstion chiring eclipse (6 AH pev cell) 
| 7 ae! — . —-—--4 - — ae. + 
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to achicve reliability is not shown, Selection of either set of communicitions 


es 


equipment, operating with cither traveling wave tube amplifier, is done by 


ground command, 


The communications antenna consists of the RF assembly and the motor 
drive assembly (MDA), RF energy is circularly polarized, collimated into a 
plane wave front and focused on the flat plate reflector, The beam axis, reflected 
through a 90° angle, is continually directed toward the subsatellite point by the 
cdespun motion of the radiating aperture, A rotary choke joint at the lower end 
of the MDA housing permits efficient transfer of energy between the spacecraft's 
fixed and despun waveguide sections. A hydrazine reaction control subsystem 
provides for attitude control and station keeping, and in addition will allow the 


future relocation of the Skynet satellite if system requirements change, 


Three redundant antenna~pointing control systems--carth horizon sensors, 
sun angle sensors anda backup earth-to-satellite command link--are provided, 
A UHF subsystem, also redundant, is provided for telemetry tracking and 


cominand services (TTEC), 
Electrical power is supplied to the satellite from solar arravs, with 4 
batteries provided for eclipse operation, Redundant power control units are 
used to provide regulation, battery charging and load control. 
A,6 NATO 


A.6,1 General 


In 1967 a Memorandum of Understanding between the United States and 
NATO was signed whereby the U.S, would build and launch two Skynet-type 
satellites. The U.S. Air Force's Space and Missile System Organization SAMSO), 


with technical support from the Acrospace Corporation, was to actus the pro- 


curement agent for NATO. 
system studies indicated that two minor changes in the Shynet satellite 


would provide a better system for NATO, The first modification was to change 


Aclo 


3 
4 
F 
j 
i 
1 
4 
; 
} 
i 


the equal power division between the 20- and 2-MHz channels of the transponder 


to 26:1 ratio, respectively, The second change was to shift the antenna-aiming “3 
point from the subsatellite point on the earth to between 40- and 45°N latitude 
since all NATO earth terminals were to be located north of the Equator. This “+ 


yielded a better power spread for NATO coverage over the Northern Hemisphere, 


In addition, NATO decided to participate in the DSCS Phase 1 test program. 
They initially leased and finally purchased two 15~foot diameter MASCOT satel- 
lite ground terminals built by Philco-Ford, These terminals were used to train 
personnel for the advanced system (NATO SATCOM Phase II), The early part 
of the program involving operations with the DSCS Phase I was called NATO 


SATCOM Phase I. 


Tho NATO SATCOM Phase II included launching the two modified Skynet- 
type satellites and building a satellite ground system, The two satellites were 
to be launched in 1969-70 with one satellite acting as a backup to provide a 5~ 
year system capability, NATO Iwas successfully launched into synchronous 
orbit in March 1970. The launch of NATO II was delayed until 1971 because of 
the apogee motor failure that occurred during the launch of Skynet IB. NATO 


I] was successfully launched into synchronous orbit in February 1971, 


The operational requirements dictated the use of 12 fixed carth terminals, 
The 12 stations are located near the capital cities of the following 12 countries: 
Belgium, Germany, United States, United Ningdom, Norway, Turkey, Italy, 


Canada, the Netherlands, Denmark, Greece, and Portugal, 


The terminals are ali equipped with +2-foot diarmecter antennas; however, 
the (1) terminals will be equipped to handle z4 voice channels and the ia) 


terminals only three voice channels, 
A.6,2 NATO Transponder 


Vable A-1t provides the NATO satellite characteristics, The simplified 
block diagram of the NATO ratellite is the same as that shown in Ligure A-o 


for Skynet. 


An b 


: - Table A-14, NATO Satellite Characteristics 
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Tahle A-15, Intelsat IX Characteristics 


Type Global, receive, global transmit: conical horn 
with flat plate reflection. Spot Beam: 50-inch 
parabolic reflector. Omnidirectional command 
receive antenna and omnidirectional telemetry 

transmit. 


Antenna 


Number 


| 
| 
| 


Transmitter Beamwidth (global/spot beam) 17/4, 5° 
Transmitter Gain (global/spot) 20.5/31.7 dB 
Polarization Cireular 


| 
i 
2 of each of the above communications antennas | 
t 
) 
| 


Frequency Band | C-band 
Type Linear or limiting* single RF conversion repeater 


Bandwidth 1 dB 36 MHz 


Number 12 
| | 
8 Type Front End | Tunnel Diode Amplifier | 
3 Front End Gai 13.8 dB 
by a | System Noise Figure 8.2 dB 
5 oe eee 
lg oo —= 
j | 
El. | 
Z | 
E | Type TWTA 
| g Power Out 8 dBW per transponder | 
a 


EIRP** (global/spot beam) | 22, 5,/34,2 dBW per transponder at beam edge 


aaa 


Spin with hydrazine jet attitude and orbital** 


{ 
contrel, 
eee | 


Primary 42,249 solar cells - 75¢ wutts at launch h 
Supplement Nickel-cadmium batteries | 


Size 


General Features 


~ Cylindrical: 7'9" diameter, 17°4" hetj:ht overall, 
9'3"' solar drum alone | 


Weight (at Hftoff) 3094 Ibs 
(in orbit) | 1544 Ibs 


eo 


Notes: ‘Selectable by ground command. 
**Both north/south and east/weat stationkeeping provided, 
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paraboloidal dish, are mounted on the despun control mast, The aiming of the 
spot beams is controlled from the ground, These antennas have a 4, 5° beam- 
width and can provide high-gain coverage in selected areas. Figure A-G is the 
block diagram of Intelsat IV. The satellite, using the EC anteina, will be 
capable of relaying 6000 half duplex channels or 12 color television programs, 


or equivalent combinations of such transmissions, 


: Operating frequencies for the four types of Intelsat spacecraft arc shown 
in Table A-16,. The bands of usage indicated show that the Intelsat I, II, and 
IT spacecraft contained two, one and two independent repeaters, respectively, 
In Intelsat IV, the bandwidth shown spans the total operating frequency range 
of 12 independent repeaters. Downlink center frequencies for the 12 repeaters 
are: 3725, 3765, 3805, 3845, 3885, 3925, 3975, #015, 4055, 4095, 4135, and 
4175 MHz, respectively, Uplink frequencies for cach repeater are 2225 MHz 
above the indicated downlink frequencies. The frequencies employed were 


selected to be compatible with the shared frequency bands allocated to com-: 


mercial satellite communications by the International Telecom munications 
Union in 1963, 
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QUADRATIC EQUATIONS Algebra 


The roots of this quadratic equation are found by setting the two factors equal to zero and solving 
the resulting equations. 


x=0 (2-6) 
(2-7) 


Thus, the roots of a quadratic equation in which the numerical constant c is zero are x = 0 and 


b 
x=- —. 
a 
Example: 
Find the roots of the following quadratic equation. 
an eH O 
Solution: 


Using Equation 2-6, one root is determined. 
x=0 


Using Equation 2-7, substitute the values of a and b and solve for x. 


b 
x=-— 
a 
7 
xX=- 
3 


Thus, the roots are x = 0 and x = a 


MA-02 Page 24 Rev. 0 


pigsty & seer oa FTE TUT AT A RO IT AC HT A abl a 


lalallala 


wvigeiqg Yoo]g 19spuodsura}y AT wsPW] “9-VY 04h why 


Sa 


— 
(ae 
i} 


a ee ar 


swe 


Lt 


—— 


alate » we = 


7 i ieee 
Baie 


“ esa ean 
pekie Bos | : ! —_— me 
‘ — oon addevat 
ted Case 
we ree 


LGHeHeH 


je gat le Mla Ms i itn Sala lt i 


te ea 


‘ 
i 
' 


APPENDIX B - EARTH TERMINALS 


B,t GENERAL 


This appendix presents a summary of the characteristies of currently 
available and proposed earth terminals of interest to military communicators, 
Major design characteristics of the earth terminals covered in this section 


are provided in Table B-1, 
B,2) AN/FSC-9 


This terminal type was originally developed for an R&D program and 
Was converted to meet the requirements of DSCS Phase I and other experimental 
programs, Figure B-1 is a photograph of the AN/FSC-9 antenna and Figure 
B-2 is a simplificd block diagram of the original earth terminal, There are 
two existing terminals of this type; one at Port Dix, New Jersey and the other 


at Camp Roberts, California. 


The antenna is a 60-foot diameter paraboloid reflector with an automiatic 
traching feed system. The reflector for the antenna includes a superstructure 
that acts as a counterweight and provides housing for electronic equipment, 

The Weight of the antenna is approximately 190 tons, The antenna was designed 
to operate with low-altitude satellites, hence the axes have rotational rates of 
about 10° per secund, Also the antenna was originally designed to operate at 

a lower frequency than that used by DSCS Phase I and the gain at 7 and 8 GHz 
was lower than desired, Improvements during 1971 partially rectified this 


problem, Automatic tracking is provided by a pseudomonopulse technique. 


The AN/ESC-9 terminal is equipped with both FM and spread spectrum 
(pscudonoise) modulation equipment, The FA modulator accepts the 0,3- to 
52-kHz baseband from the AN/FCC-55 multiplexer and modulates it to one of 
four frequencies in the 70-MHz IF, The demodulator takes the 70-MHz signal 


from the microw.ve receiver und demodulates it to the 0. 3- lo 52-kHz baseband, 
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The spread spectrum (pseudonoise) equipment, AN/URC-55, processes 
the baseband of up to four voice channels with deviation factors of 2, 4 and 8, 
The digital modes of operation can process one digital chan..el at rates of 


from 75 to 4800 bps in multiples of 75 times oN. The IF {is at 70 MHz, 


The AN/FCC-55 multiplexer/demultiplexer performs the following 


functions: 


1. Multiplexes a total of 12 incoming user voice channels, a 0- to 
i-kHz orderwize, and the ovt-of-band teletypewriters (TTYs) into 
a 300-Hz to 52-kHz baseband package. One TTY channel serves as 
a terminal orderwire; the second TTY channel may serve as a 
TCF-to-TCF orderwire, The 4-kHz channel normally is used as 


a voice comniunicaticns channel for the 5-channel mode, 


2. Demultiplexes the recvived 52-kHz baseband package into the 


individual circuits as enumerated above. 


The prime power for the AN/FSC~9 earth terminals is supplied by com- 
mercial sources, The requirements for terminal operation are 400-volt, 
3-phase, 60-Hz, 700-kW voltage. The AN/FSC-9 terminals have been 
rek.bilitated and uvgraded in performance, including modifications to incor- 


porate some redundancy and increase the availability of the terminals. 


B.3 AN/MSC~-46 


The AN/MSC~-46 is « mobilize satellite communication termir ' that 
operates with synchronous or near-synchronous satellites. There are 13 
AN/MSC-46 terminals now deployed for operational use in the system, One 
additional AN/MSC-46 is located at Fort Monmouth, New Jersey for testing 
and training. The AN/MSC~46 provides an output power of 10 kW in the 
frequency range from 7,9 to 8,4 GHz, The receive frequency is in the 
range from 7,25 to 7,75 GHz, The system contains mult!ylex equipment with 


an installed capacity of 12 duplex voice channels and five Gaplex TTY channels 
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in a baseband of + to 52 kHz. Auxiliary wideband baseband inputs of 0.3 to 500 
kHz or 0.2 to 252 kHz (up to 69 voice channels) can be accommodated, To 
facilitate operations, an additional TTY channel is used as an orderwire, 


Figure B-3 is a photograph of the AN/MSC-46, 


The AN/MSC-46 terminal is housed in a cargo van, a maintenance van, 
an operations control van (OCV) ard an inflatable radome. Power is furnished 
by three diesel generators of 100 kW each, or local commercial power, if 
available, The compicte terminal, including the disassembled antenna anc 
radome, can be transported in C-124, C~-130E, or C-133 aircraft. The 
total weight is approximately 114,000 pounds. After arvival on site, a crew 


of cight trained men is required tu erect the termina]. 


The AN/MSC-46 terminal uses « 40-foot diameter Cassegrain type 
antenna system with an autoiratic tracking iced sysiem capable of tracking 
syl.cure.ous and near~synchronous cotnmunication satellites, Vhe reflector 
is mounted on a transportable pedestal which uses a tripod ground support, 
The RF rooms, containing the receiver and high-power amplifier, is located 
directly bchind the main reflector, The antenna fee? is a four-horn (modified) 
monopulse, circularly polarized feed that is used both for transmitting and 
reccivirz, The feed provides sum, cle.ation error, and azimuth error 
signals to the RF receiver for communication signal processing and antenna 
tracking, The metallic . ubreflector originally used a tripod mount, The 
/N/MSC-46 antennas have teen modified by replacing the storeflector assembly 


with a single Dielpwide (dielectric cone) feed, 


Tne AN/MSC-4¢ terminal {s equipped with FM and spread spectrum 
(pseudonoise) modulation and multiplex equipment simila1 to that described 


for the AN/PsC~9 except that the IF frequencies are different, 


The AN/MSC- 46 terminals also have the AN/TCC-3, 2 five-ch: une} 
tactical quality multiplex unit, The 2ascband configuration of the top four 


channels is inverted; that is, the carriers ind lower s'debands are suppr: ssed, 
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Figure B-3. The AN/MSC~-46 Earth Terminal With No Radome 
But With Updated Dielguide Antenna Feed 
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The baseband configuration of the AN/FCC-55 multiplex is upright; i.e., the 
enrriers and upper sidebands are suppressed, Thus, the AN/TCC-3 baseband 
is incompatible with the AN/FCC-55 baseband, Figure B-4 is a simplified 


block diagram of the AN/MSC~-46, 
Bet AN/TSC-5i 


The AN/TSC-54 is a transportable satellite communication earth 
terminal, It provides the capability for tracking a communication satellite 
and for transmitting 7,9 to 3.4 GHz and receiving 7,25- to 7, 75-GHz signals, 
A six-man crew can erect or dismantle the terminal in 2 hours, Figure B-5 
is a photograph of the AN/TSC-54, The primary elements of the terminal 
are a modified $-141/G equipment shelter and the antenna assembly, To 
complete the terminal a primary power source and suitable mobilizing equip- 


ment are supplied, 


The equipment is configured to be transported overland with attachment 
of suitable wheel assemblies, Detachable ground mobilizers (GOAT mobilizer - 
gocs over all terrain) are supplicd that allow towing of the terminal over 
uniniproved terrain, The equipment can at e airlifted by helicopter, The 
entire system weighs less than 17,500 pounds without fuel; no single package 
weighs nore than 6000 pounds, Also the maximum dimensions and overall weight 


ure compatible with the loading capability of cargo aircraft such as the C-1308, 


The AN/TSC-54 terminal uses an array of four 10-foot diameter. ca- 
bolic dishes, each of which has a Diclguide feed for Cassegrain illumination, 
providing an 18-foot effective diameter. The antenna is supported and stitbil- 
ized in the operational configuretion by tripod outriggers, The klystron power 
ainplifier, exciter, and power supplies are mounted in the antenna pedestal 
base, The parametric amplifier and frequency transiotors are located directly 
behiad the antenna reflectors, The signal tmemece . - whe antenna-mounted 


clectronics are at 400 MHz, 
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Algebra QUADRATIC EQUATIONS 


The Quadratic Formula 


Many quadratic equations cannot readily be solved by either of the two techniques already 
described (taking the square roots or factoring). For example, the quadratic equation 

x° - 6x + 4 =0 is not a pure quadratic and, therefore, cannot be solved by taking the square roots. 
In addition, the left-hand side of the equation cannot readily be factored. The Quadratic Formula 
is a third technique for solving quadratic equations. It can be used to find the roots of any 
quadratic equation. 


= 2. 8 
pe del esas (2-8) 


Equation 2-8 is the Quadratic Formula. It states that the two roots of a quadratic equation written 


-b + \b* -Aac Ane 


in general form, ax + bx + c = 0, are equal to x = : 
a 


x= 


Es Pee ee 
b= Vo ae, The Quadratic Formula should be committed to memory because it is 
a 


such a useful tool for solving quadratic equations. 


There are three steps in solving a quadratic equation using the Quadratic Formula. 


Step 1. Write the equation in general form. 

Step 2. Substitute the values for a, b, and c into the Quadratic Formula and solve 
for x. 

Step 3. Check the roots in the original equation. 
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With Cloverleaf Antenna Which Is Equivalent to an Ps-Poot Dinmeter Reflector 


j Figure B-5. The ANOTSC-54, Highly Transportable Terminal, 
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The AN/TSC-54 is equipped with FM and pseudonoise (PN) modulation 
equipment, The Navy AN/TSC-54 terminals are also equipped with differential 
phase-shift keying (DPSK) modulation equipment, The FM receiver is a phase- 
luck demodulator with selectable bandwidths (by switch) and additional band- 


widths are selectable by module change, 
The FM modulator provides for the following modes of operation: 


1. One voice plus one duplex out-of-band user TTY and one 


out-of-band orderwire TTY 
2. One in-ban? TTY (last ditch operation) 
3, One, four, eight or 16 multiplex TTY 
+, One truncated voice channel, 


‘rhe DPSK modulation/demodulation equipment is capable of supporting 
up to 16 time division-multiplexcd teletype channels, Tne PN equipment, 
AN/URC-61, processes one voice channel plus one FSK-TTY orderwire or 
FDM of 16 VFTG TTY channels, The digital modes of operation can process 
one digital channel at rates of from 75 to 4800 bps. Prime electrical power 
is supplied by a light-weight 45-kW 400-Hz diesel generator set. The eleetrical 
specitications for prime power are 120/208 volts + 5 percent, 400 Hz +2 percent, 


S-phase, 4-wire, 


This terminal will be modified and equipped to fulfill either of two 
missions in Phase "I, It will be used for DCS trunking in the earth coverage 
mode providirg from three to six voice channels. It will also be capable of 
being rapidly deployed as a contingency terminal utilizing the satellite narrow- 


beam antenna, 
B,5 AN/MSC-60, HEAVY TRANSPORTABLE (HT) 


Table B~1 presents the design characteristics of the AN/MSC-60, The 


AN/MSC~-60 earth terminal shown in Figure B-6 is a transportable terminal 
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designed as a semifixed installation, but having recovery (disassembly/ 
reassembly) capability. It requires a prepared site and about 45 days to install. 
A prototype model has recently been developed by the Army SATCOM Agency 
under a contract to Philco-Ford Corporation, The terminal is expected to be 
delivered during 1972 and deployed operationally as a nodal terminal in Phase 
if, 


The antenna reflector system consists of a solid-surface, 60-foot diam- 
eter, high-efficicncy main reflector and a subreflector, The HT terminal G/T 
and EIRP capabilities are 39 dB/°K and 127 dB, respectively, and the terminal 


ovovides a multiple transmit and receive carrier capability. 


The AN/MSC-60 terminal interfaces with 1 communications subsystein 
at IF frequencies of 70 to 700 MHz for both transmit and receive carriers, 
Tuning of transmit and receive carriers in increments of 1 kHz over the full 
500-MHz uplink and downlink satellite frequency bands is provided, An auto- 
matic carrier balance capability is used that provides automatic leveling of 
each transmitted carrier with an accuracy of 40,2 dB, The AN/MSC-60 
termina] has been designed with extensive and sophisticated automatic fault 
location, monitors and alarms, An interface has been provided which is suit- 
able for remoting the analog and digital signals releting ‘o the many parameters 


which are monitored, 


The terminal will include three vans in addition to the antenna and 
pedestal subsystem, One van is used for housing the transmitters and heat 
exchangers, another van houses the RF operations equipment including the 
control console and a third van is used for maintenance purposes, The total 
weight of the AN/MSC-G60 is 40u, 000 pounds, including the maintenance and 


service vans and the prime power units, 


The AN/MSC-60 can be equipned ‘vitn up to nine transmit and 12 receive 
(FDMA) carriers. Hcwever, the initial models procured will be equipped with 
iive transmit and nine receive carriers. These terminals are designed to be 


deployed to nodal locations, replacing selected AN/MSC-46 terminals, The 
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higher inherent availability of these terminals, together with their performance 


capability, will increase the overall performance of Phase II, 
B.6 AN/MSC-61, MEDIUM ‘THANS PORTABLE (MT) 


The AN/MSC-61 is the medium-weight counterpart of the AN/MSC-6u 
heavy cerminal, Both terminals are basically similar in electronic design 
and have the same interfaces, redundancy and availability. A primary differ ence 
is that the AN/MSC-€1 is equipped with an 18-foot, aluminum, cloverleaf antenna 
that is used with the AN/TSC-54. This increases the mobility of the terminal 
but decreases the G/T from 39 to 27 dB/*K. 


The overall weight of this terminal will be approximately 100, 000 pounds, 
including the maintenance and service vans and the prime power units. The 
AN/MSC-G61 and AN/MSC-GO vans have been designed with sufficient common- 


ality to be interchangeable, The van equipment, as normally outfitted for the 


AN/MSC~-61 terminal, will not include the redundant 5-kW TWT power :.mplifier, 
and will have only three up converters and four down converters as opposed to 


five and nine, respectively for the AN/MSC-G60. Figure B-7 is a picture of the 
AN/ MSC-61, 


BL.7 SCT-21 


Figure B-8 shows the SCT-21, a transportable earth terminal designed 


by Philco-Ford and intended for nonmilitarized use, 


The 21-foot satellite communications terminal is a link terminal capable 
of providing microwave communications between earth-based stations via 
active satellite repeater systems operating in the military satellite communi- 


eation frequency bands. The system consists basically of the following: 
1, 21-foot high efficiency antenna 
2, Communications transmitter 


3, Communicaticns receiver, including cryogenic paramp 
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The 5CT-21 ‘Pransportable 


Figure Bex, 
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4, Beacon tracking recelver 

5, Alarm and status equipment 

6. Communications terminal equipment 
7. High-efficiency digital modem, 


The terminal is a modular design to facilitate changing operational capabilitles 


and to provide a high degree of maintainability with a low mean time to repatr. 


The terminal is capable of accepting nominal 4-kHz analog voice channels, 
2:100-bps data channels moduluted onto a 4-kHz channel wire line and TTY 
channels from up to 20 user lines and provides a minimum capability to relay 
up to four of the 4-kHz channels including two TTY channels or up to 50 kbps 
of digital data on a single carricr frequency, Multiplex equipment and transmit/ 
receive equipment provided for near optimum cammunications of the following 


two communications modes, 


1, Analog - The terminnl is capable of providing up to four full 
duplex voice or 2400 bps dat? links or any combination thereof 
and 2 tull duplex out of band 60/100 wpm teletype circuits. 


One teletype is a dedicated terminal-to-terminal orderwire, 


2. Digital - The terminal is capable of providing one full duplex 
50, 0 kbps channel and one full duplex 60/100 wpm teletype 


circuit, 


The modular design concept readily permits simple addition or deletion 
of capabilities, The terminal has a 21-foot diameter, high-efficiency antenna 
and a 5-kW power amplifier, The primar, frequency bands are 7.975- to 8,025- 
GHz transmit and 7, 25- to 7,30-GHz receive, A low noise parametric pre- 
amplifier amplifies incoming communication and beacon signals, The tracking 
beacon frequency is assumed to lie within the 50-MHz band containing the 
communication signal, The dati and tracking receivers use phased Inck loop 


techniques, Automatic tracking ls provided by the wideband monopulse-type feed, 
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System noise termperature [gs 125°K maximum resulting in a G/T ratio 


of 31 dB/*K.minimum, The availability for this terminal is not less than p a 


Sopeage ‘ 


0.998, The terminal system is capable of being operated by a single man, 

although normally two men per shift would be used, ‘The cquipment operates 
and maintains a specified performance from power sources having the char- 
acteristics outlined in Table B~1, 


B.S) AN, TSC-30 


The AN/TSC-80 (shelter terminal) ts an SHE tactical satellite communi- 


cations ground terminal, ‘Table B-1 presents the major characteristics of 
the shelter terminal, The AN/TSC-80 shelter terminal shown in Figure B-9 
incorporates all of the transmit and receive functions outlined In Figure B-10 


and generates frequencies necessary for operation on all the carriers 


R—j §—i 


designated in Figure B-11, All of the electronics cquipment Is housed in 


i: an $8+318( )/G shelter transportable by a t-1/4 ton M-715 vehicle, helicopter, : 
a or direraft, Anac: essory trailer carrier dual 5-kW gasoline generators, 
a and provides stowaye for the -+-foot antenna reflector, feed system, antenna : 
a supports, and fue:, The antenna system, including the SHI receiving : 
i amplifier contai ing both parametric and tunnel diode sections, mounts on the 


corner of the suelter using quick-release pin hardware, 


The transmitter output signal is applied to the antenna feed through a : 
section of twistable waveguide to allow elevation and azimuth adjustment, A 
crank-driven worm drive provides azimuth adjustment, anda chain drive 
mechanism provides clevation adjustment, Hand transits are provided for 4 
initial setup and i remote beacon strength indicating meter allows the operator 


to make precise manual adjustments, Consistent setting accuracies of under 


sill tt 


20,5° have been experienced, Acquiring the satellite has proved to be easy 
and straightforward on all terminals, Setup times with a two-man crew 


have run under 20 minutes, 
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QUADRATIC EQUATIONS Algebra 


Example 1: 


Solve the following quadratic equation using the Quadratic Formula. 
Ay + Qe 0 ae 


Solution: 
Step 1. Write the equation in general form. 
Ay? AOD a 1k 
Bx Ra ED) 
a = +3, b = +7, c¢ = +2 
ee \b? - 4ac 
2a 
ee EVM = 4@Q) 
2(3) 
ae -7 + y49 -24 
6 
Step 2. = 7 + 25 
6 
a ae ae 
X —_ 
6 
Cp De HD 
x= ; 
6 6 
2. =12 
Rea ees, eres 
6 6 
x = ai -2 
a) 


Thus, the roots are x = 5 and x = -2. 


MA-02 Page 26 Rev. 0 


AA, PALS STR AE 


be degediy aco ats eh ceeGvew tan! Se eee ee  aement VARDARTATES YESS 


(08-OSL/NV) Teutuizay, punoly FHS LVSOVL Jo Wei8eIc yoolg ‘OT-q e1ns1y 


bad 
ge -syIESS 


Sarg 


so.¥ 1 50A7) 


ty way 


of: 


ey TGA 


CO Way 


rr | 
awdenw 
w3v0d 


WIGS PNST 


n 
" 


Dei savayd 


She 3. 


adatlday 
RRIF 


GUY ANY LS 
ALN GNOIN | 


ayn ayy Pwheh. 
HOLV IND IATS 
iwGW 


SHONANTes UNI 
4G 9NO 133735 


AZLSAS 
wOlLyd 3N39 
ADNSNDIVG 


CEE EL) 
402039 


Be21 


wa any BILIARY 58 | sere NzyNaAty 
“ad 3 330: ; 
41 : VANNEL Se 


Bree 


AWiddOH 
mney BEtS AIN3NO38 4 
$48 Mr? wl uf Stye 


cement U0 EEE aa 


eNO Toe MTT 


om, 


PL LAME ST INET 


sa! + tala 


uo 


wictiye TRAN SMT 
10 Wie BAN 


FE GLE CY 


Figure B-lla. AN/TSC-80 RF Channel Frequency Plan 
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Figure B-11b, AN/TSC-80 Typical Frequency Allocation Chart 
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Figure B-12, TACSAT Vehicular Terminal (AN/MSC-57) 
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] B,10 DIPLOMATIC TELECOMMUNICATIONS SERVICE (DTS) . a 
The DTS terminal, shown in Figure B-13, is intended to provide relatively : : 

i inexpensive dedicated or special-purpose user service, The cquipment is . 

_ designed for unattended operation and features a relocatable configuration, 

Us ie Table B-1 presents the design characteristics of one DTS terminal (designated . : 

a SC-1B) intended for nodal service, This terminal will have the capability of 


o receiving aid transmitting two carriers. 


The equipment design is modular so that many variations are possible 


uy 


aus desired by the user, Figure B-1} is a functional block diagram of the 
terminal, Individual carrier power is adjustable over a 40-dB range, The 


.1odem uses convolutional encoding and Viterbi algorithm decoding, which 
achieves a bit error rate of 10 ~ with an = = 6 dB. ; 


i’ 


Two service test models of the terminal have been procured. The 


a ee ee 


SC-1B will have the cxpability of handling 2400 bps PSK on one carrier and 
cither 150 or 309 bps PSK on the other carrier. Provision will be made to 


incorpvurate a sSread spectrum modem with an RF bandwidth of 20 MHz, The 


se alsa Th ed a ta 


: i second terminal, designated SC-1A, will have a 6-foot antenna witha = 7-175 


E i dB/°K and an EIRP = 94 dBm, The SC-1A will have the same capabilities as : 
the SC-1B, ; 


€ 
a 


The DTS is planning to procure a third terminal (designated SC-2) to be 
; ; used as an entry station, The antenna diameter will be about 30 feet, the oS 
31 dB/°K, and the EIRP = 118 dBm. This terminal will have the capability of 


pan 
Bi transmitting and receiving 25 PSK or spread spectrum carriers, 


Additional optional configurations include antenna diameters up to 60 feet, 


to cake dl nicl boll tos ua 


transmitter powers up to 2,5 kW, and FM analog of QPSK modems, 
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DTS Terminal 


Figure B-13, 
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B,11 MAJOR SHIP SATELLITE TERMINAL (MASST) 


The Navy is currently procuring four AN/SSC-G terminals for use on 
flect flagships, Each terminal will have a 6-foot antenna and will have a dual 
transmu and receive carrier capability. The terminal design characteristics 
are shown in Table B-1, If interfaces are provided at 700 MHz and at 70 MHz, 
As presently configured, the terminals will have a DPSK modem and an AN/URC- 
61 pseudonoise modem, The terminals will provide voice and teletype communi- 


cations between the flagships and shore stations, 
B.12 AN/TSC~-86(LT) 


This cavth terminal family has not yet been completely defined; however, 
two development models will be procured when a contractor is selected, The 
terminals are to be capable of truck transportation for rapid deployment, 
Table B-1 presents typical parameters for one of the LT terminals, which will 
have a capability of one transmit and one receive carrier, The terminals are 
ntended for special user service, such as contingency, Presidential support, 
DCS extension, and intra-area trucking, The terminals for the most part are 
intended for FDMA operation while the DSCS uses FDMA, When TDMA is 
introduced into the DSCS, either a channelized satellite repeater will have to 
be used or a special low-cost TDMA modem will have to be developed for the 


small user, 


APPENDIX C ~ PHASE I 


C.,1 BACKGROUND AND CONCEPT 


In 1962 the Secretary of Defense established the Defense Communication 
Satellite Program (DCSP) to develop a satellite communication system that 
would provide long-haul links between fixed, transportable, or shipboard 
terminals, Overall responsibility for DCSP was assigned to the Defense Com- 


munications Agency (DCA), 


The initia) objectives of the program are shown in Table C-1, 


Table C-1, DCSP Objectives 


Objectives 


Conduct system research, development, testing and evalua- 
tion to determine operational compatibility and utility of the 
Initial Defense Communication Satellite System (IDCSS) to 
meet user requirements, 


Establish a research and development communications 
satellite system, designed for the most part to be directly 
convertible and expandable to an operational system 
through integration and compatibility with the DCS and, 
thereby, also capable of providing service to specified 
users of the National Communications System, 


Provide an emergency capability for supplementing the 
Defense Communications System (DCS) and improving its 
assurance of provision of the minimal essential survival 
communications for the National Military Command and 
Control purposes, 


Phase I of this program was given th> title Initial Defense Communications 


Satellite Program (IDCSP), 


The development concept of the IDCSP satellite included the require- 


meni that the operational satellite be independent of ground command and that 


C-1 


day 


t 


simplicity be stressed in the design of the communication subsystem. Thus, 
there was no active control of position or orientation of the satellite either 


during deployment or during tne life of the system. 


The period immediately after the first launch on 16 June 1966 was used 
for system testing between deployed terminals, In particular a two-channel i 
duplex link capability between two AN/MSC-46 terminals was demonstrated, 
In December 1966 emergency overational links were established between ~ 
Hawali-RVN and Philippines-RVN, In July 1967 the entire Pacific network = 
was placed in initial operational status, and integration of IDCSP into the DCS = 
was begun, Thus, designed ss an R&D system, the IDCSP quickly became an 
operational system, though some R&D was continued in other portions of the Re 


system. 
C.2 SYSTEM DESCRIPTION 


The Nefense Satellite Communications System (DSCS) is one part of the 
total Defense Communications System (DCS), which is a worldwide complex of 
long-haul, point-to-point communications facilities. These facilities include 
transmission via conventional VLF through HF radio, land and submarine 
cable, microwave, and tropospheric scatter. The IDCSP augmented and, 
where physically or technically advantageous, replaced conventional communi-= 
cation methods. The IDCSP provides near-synchronous communication satel- 
lites to relay voice and digital communications between fixed and mobile users. 
It consists of four subsystems: earth station, launch and deployment, space, 


and control, 


Figure C-1 shows one half of a typical DSCS user-to-user link; the exact 
configuration of the earth station/user interface varies depending on the situation. 
For example, it is possible for the user (especially tactical or contingency 
users) to be connected directly to the link terminal. However, in normal DCS 


use the user interfaces with the Technical Control Facility (TCF), as shown in 
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Algebra QUADRATIC EQUATIONS 


Step 3. Check the roots. 


4x? +2 =x? - 7x 


4 18 _1. 21 
ee oes See OE ne 
9 9 9 9 
22 _ 22 
9 9 


and, 
4°42 =x -7x 
A(-2? +2 =(-2) - 7(-2) 
4(4) +2 =4-(-14) 
164+2 =4+14 
18 =18 


Thus, the roots check. 
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in Figure C-1. Each satellite has one transponder which is used for one duplex 
link, ne 


t a ‘ 
. is iii bay asd “a he Suc atively ut wid i 


The earth station subsystem includes all the elements necessary to estab~ 


lish satellite communication channels which serve DCS stations or the directly 


1 


connected users, 


There are several types of terminais used in the IDCSP, Two AN/FSC-9 
terminals are used, one at Camp Roberts, California and the other at Fort Dix, Sa 


New Jersey. They are fixed installations, each equipped with a 60~foot- is 


diameter antenna, che AN/MSC-46 earth terminals developed for IDCSP are ES 
deployed at nodes, They are transportable units with 40-foot-diameter antennas. + 

They are intended for use primarily as DCS trunk terminals, The highly trans- * 

portable AN/TSC-54 terminals are used for extension of the DCS into contingency 

areas, for tributary-type links to outlying activities, and as Navy shore stations. se ’ 
Local conditions dictate the type of transmission facility used as an intercon- : 3 
nect link, A descriptive summary of these and other earth terminals is pre- ae ‘ 


sented in Appendix B (Table B-1), 


pain Sie toLity 


The launch and deployment subsystem includes: the Titan IIIC launch 
vehicles, satellite dispensers, and facilities to implement and support the 
launch operations, satellite injection into orbit, the ensuing telemetry readout, 
and tracking and ephemeris determinations. Launch phase technical support 
was provided by the Air Force Satellite Control Facility (SCT). Since the 
completion of the launches, the SCF has provided orbital tracking data and 
telemetry monitoring to determine satellite condition. This iniormation is 
forwarded to the Satellite Communication Control Feeitity (SCCF) at DCA 


Headquarters to be used in system control, 


For the space subsystem 26 satellites were launched into near equatorial 
orbits at a near synchronous altitude of approximately 20,600 miles in the four 


launches, Table A~1 in Appendix A summarizes dati relating to launches, 


satellites, viewed from the earth, Jrift from west to east at about 30° of 


i 

[ Fifteen of these satellites were still operational as of December 1971. The 

] longitude per day. 4 single satellite stays within view of a particular earth 
terminal about 4-1/2 days, A varying distribution of satellites encircling the 

I earth cxists, since each satellite was released from the dispenser at a 

slightly different orbital velocity. The differential velocities are chosen in 

such a way as to provide a quasirawom distribution of the satellites. Originally 

designed for a mean time to failure (MTTF) of 1.5 years (with a goal of 3 years), 

the satellites have exceeded the goal and have on MTTF now of over 5 years, 


The satellite transmitters are schcduled to turn off automatically about 6 years 


fron date of launch, 


The ourpo%e of the control subsystem {is to achieve an orderly allocation 

ve of system asscts among various users in accordance with validated user 

-* requirements. The basic elements of the control subsystem are the Satellite 
Communications Contral Facility (SCCF), the Area Communications Control 
Function (ACCF), and the Earth Station Control Function (ESCF), The SCCF x 
is the focal point of the controi subsystem, collocated with the DCA Operations 3 
Center (DCAOC) in Arlington, Virginia, The primary mission of the SCCF is 
prenaration and distribution of long-term (for 60 days, prepared every 30 days), 

se short-term (up to 30- .y duration), and emergency satellite/terminal schedules 


in accordance with validated user requirements, 


To a large extent the circuits provided by tie IDCSP appear similar to 
conventional trunks, Careful engineering of the carth station and DCS station 
interface make it possible to replace a standard common use channel with a 
satellite link involving a minimum of special consideration and realignment of 
nquipment on the part of the user or operator. However, certain system char- 
acteristics of the satellite channel can introduce peculiar problems. These 


are propagation delay, handover, and Doppler shift. One way propagation 


] 
I 
| 


dnd 


yy Se a ee ee 


dolay ranges from about 200 to 260 milliseconds, Experience has shown that 


vm 


this amount of delay is not bothersome on typical voice circuits and has lttle , 3 


effect on the quality of data transmission, The occurrence of outage because 

of handovers (the transfer from one satellite to another) is normally predictable 
in advance, and with proper scheduling and coordination its effects can be mint- 
mized, The handover time design objective is 2 minutes. The maximum Dop- 

pler shift, 0,21 ppm, occurs when the satellite is rising or setting with respect 


to a given earth terminal, In general, these shifts are small cnough that they 


aoe 


have no noticeable effects on data transmitted via IDCSP, 


To establish communications between two terminals it {s necessary for a 
satellite te be mutually visible to the terminals. SCCF is able to provide 
satellite scheduling data for all links for a 60-day intervat, Satellite visibility 
prediction based on probabilistic analysis for various links is shown in Figure 
C-2 as a function of the tora) number of orbiting satellites, For Huwali and the 
Republic of Victnam (RVN) the satellite visibility prediction is shown for at oe : 
least one link and at least two simultaneous links, Two satellites and four 


carth terminals would be required when the channel requirements exceed the 


a al 
lt 


capability of one satellite, Thus, with a system composed of 15 sctellites, 


the probability of at least one satellite's being visible for the Hawaii-RVN link 


is 89 percent and a second satellite for a second simultaneous Link is 64 per- 
cent, Since there is no orbital control to permit repositioning of the satellites, 
random gaps can occur for the orbital plane. In addition, satellites may become 


temporarily unusable because of conjui cticn> ‘vith other satellites (resulting 


[OO TERE OE 


in multipath) or with the sun or moon (resulting in an increase in system noise ; 
temperature), Also, since the satellites have no batteries, they do not operate : 


during eclipse (while in the earth's shadow). , 
C,3 MODULATION CHARACTERISTICS 


Four forms of modulation are used in Phase I, including frequeney division : 


multiplex-frequency modulation (FDM-FM), spread spectrum (SS), differential y 
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phase shift keying (DPSK), and multiple frequency shift keying (MFSK), All : 
earth terminals use FDM-FM and SS, The AN/TSC-54 terminals also use _ 
DPSK and the four AN/MSC-~-46 terminals are capable of operating with MFSK, 


Spread specirum modulation can provide antijam protection for the system. 


The FDM baseband consists of nominal 4-kHz channels, or frequency- 
shift-keyed (FSK) telegraph channels, or a combination of both, The AN/FSC-~ 
9 and AN/MSC-i6 terminals were modified to accommodate up to 12 voice 
channels. The earth terrninal equipment is also capable of accepting up to five 


inctividual TTY channels and frequency shift-keying them into one of the voice 


channels. This latter capability is not used for normal DCS service, It is 
usuelly more efficient to multiplex the TTY channcls at a DCS facility. The 
capability could be used, however, for direct access . user to the satel- 


lite link terminal if necessary. 


The baseband configuration of the AN/TSC-54 terminal is compatible 
with the baseband Uf the larger terminals; thus, interoperability in the FDM- ms 
I'M mode is assured, The AN/TSC-54 has no voice frequency multiplex equip- 
ment, but is equipped witi voice frequency telegraph keyers and converters 


and can provide one voice frequency channel and two out-of-band TTY channels, 


Ceriain AN/TSC-54 link terminals are capable of differentially biphase 
modulating the carricr with serial binary data streams up to 2400 Lps with a 
design objective of 50 kbps. <A teletype time division multiplex (TDM) unit 
accepts up to sixteen 75-bps teletype inputs and converts them into a binary 


stream suitable for DPSK modulation, 
C.4 SPACECRAFT 


Tne IDCSP satellites are spin-stabilized to maintain the spin axis within 
=5° of normal to the earth's equatorial plane. The repeaters are double- 
frequency conversion, burd-limiter repeaters. They are not cquipped with 
batteries and have a trunsmitted ETRP of 7 dBW minimum. The repeater is 


discussed in detail in Appendix A, 
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5. Compatible with MSC-46 earth terminals and IDCSP satellites 
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6. Provision for adaptive error control with full duplex operation. : 


lis 


For the purpose of the computer test a triple error correcting (four- 
error detecting) code was used to correct errors over the satellite link, This 
did not, however, provide for error correction over the ICF. To accommodate 
the typical format of computer tapes, which consists of randomly positioned 
data with gaps to separate the duta and variations in tape speed, several features 
had to be incorporated into the enuipment. These features consisted of buffer 
storage, gap recognition and gencration circuitry, and generation of filler data 


to maintain synchronization when gaps occur in the tape format, 
C.6 DCS INTERFACE 


The satellite communication terminals are connected to DCS through an 


Interconnect Facility (ICF) and a Technical Control Facility (TCF). 


The interconnect facility consists of two groups of terminating equipment 


cial coy dell linn cate allah cue ea atid da tl | abi 


and an interconnect link. The transmission medium may be LOS microwave, 
tropospheric scatter, cable, or other, as appropriate. Local conditions dictate 


what type will be used as an interconnect link, 
Most ICF links are paired cables as only voice circuits are necessary, 
C.7 LINK CONFIGURATION 


The terminals of the IDCSP are arranged to provide a point-to-point 
communications circuit. Typical link and terminal types are shown in 


Figure C-4. 
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] APPENDIX D - PHASE II 
i D,1 PROGRAM DESCRIPTION 


. ad Pea 
oe mm. nt nn : 


i In June 1968, the Department of Defense announced its decision to acquire 

a six new satellites and additional earth terminals as the second phase of the : 
Defense Satellite Communications System (DSCS). The first phase (IDCSP) had 

successfully completed its research and development objectives and since late 


1967 had been providing a limited operational capability. 


* The objective of Phase II of DSCS is to establish an operational military 
satellite communications system which will provide substantial increases in 
capacity and performance, together with a wider variety of services for users, 
The Phase II DSCS will be a part of the Defense Communications System ‘ DCS) 
and will function both as a long-haul strategic trunking system and as a system 
capable of supporting military contingency operations, In addition, the system 


will be capable of supporting service to small tactical users, if needed. 


The Titan III-C booster is the vehicle intended for launching the c1tel- 
lites into synchronous orbit. Phase I] will be operational starting in CY 197z. 
Additional lauiches will be made on an as-required basis for replenishment and 


to establish additional in-orbit operational satellites, A detailed presentation 
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of Phase II spacecraft characteristics is presented in Appendix A. 


-* The earth terminals currently being used with Phase I (see Appendix 


“: B) will be modiied and upgraded for operational use with the Phase [1 DSCS. 


SAT GR ae 


-. In addition, a limited quantity of new terminals will be procured and deplcyed 


“ to fulfill the operational requirements, 


The system will be implemented in three distinct periods, each nroviding 
different communications capabilities, In the first period stage la, Phase II 


systems will operate in the frequency division miltiple access (FDMA) and 
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spread-spectrum multiple-access (SSMA) modes and will provide a point-to- 
point operational capability after completing essential on-orbit satellite tests 
cn the satellites launched in November 1971. However, unlike Phase I opera- 
tions, many links will be handled simultaneously by each Phase II satellite, 

In stage lb the Phase Il system will operate in the FDMA mode to provide a 
multipoint network satellite communications capability and the SSMA made to 
provide point-to-point protected (i.e. , jam resistant) communications for vital 
traffic. New FM and PSK modems and FDM multiplexers will be purchased 
to provide the capacity required to fulfill the Stage 1b requirement. The PSK 
modems will replace MFSK modems for wide-band data and secure voice 
services. A number of earth terminals will provide a multiple carrier trans- 
mission/reception capability. These terminals will be deployed to locations 


(defined as nodal locations) to satisfy specific DSCS requirements. 


stage lc will begin when new developmental digital equipment (PCM, TDM, 
PSK and later, coding equipment) is introduced into the system and the con- 
version from an analog to a digital system begins, still using FDMA to the 
satellite, The introduction of digital operation will result in increased system 
capacity through a more efficient combination of different tyres of traffic (voice, 
TTY, secure voice, data, and wide-band data) than is possible in an analog 
system, and through the use of coding which allows more efficient use of satel- 
lite effective isotropically radiated power ‘EIRP). As the time division multiplex 
(TDM) ana pulse code modulation (PCM) equipment becomes available, the 
system will phase from an almost all-analog system to a hybrid (part analog, 
part digital), and finally into an all-digital system. During this state the new HT 


and/or MT terminals may become available and will be integrated into the system. a 


It should also be noted that this stage will provide digital experience 
which will be very useful when TDMA is introduced into the DSCS, Protected 


traffic will continue to be provided using spread-spectrum equipment, 


QUADRATIC EQUATIONS Algebra 


Example 2: 
Solve the following quadratic equation using the Quadratic Formula. 
2° +4=6x4+x 
Solution: 
Step 1. Write the equation in general form. 
2x2 +4 =6x +x? 
x? - 6x +4 =0 


a =+1,b = -6,c = +4 


_ -b + \b* - 4ac 
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x = 34/5 
34+ 5,3 -5 


x = 3 + 2.236, 3 - 2.236 


be 
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5.236, 0.746 
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However, the SSMA modems employed will be of an advanced model specifically 
designed to meet the Phase II system requirements. A full complement of 


modified Phase I and newly procured terminals will be available for use during 
this stage. 


D.,2 EQUIPMENT ASPECTS 


The earth terminals to be employed in the Phase II DSCS include modified 
Phase I DCS? terminals and new terminals presently under development, The 
characteristics of the Phase I earth terminals were presented in Appendix B. 
Modifications and additions being made to these terminals are presented in 


Table D-1 and are discussed in the following paragraphs. 


.2,1 Requirements for Stage la 


D.2,.1.1 Earth Terminals 


The initial modification of all Phase I earth terminals will consist of 
providing the capability for transmission and reception of both FM and SS 
carriers on new frequency assignments compatible with the Phase II frequency - 
plan, The Phase II frequency capability was obtained by procuring new crystals 


chosen in accordance with the frequency plan, 


To provide a system multiple-access capability in which the carriers do 
not interfere with each other, it is necessary for each terminal to be able to 
monitor and control its own transmit signal power level. A transmit carrier 
power monitor will be provided for each of the Phase I earth terminals to per- 
form the monitoring function. In addition to this modification, all of the AN/ 
MSC-46 tracking receivers will be modified to track the biphase modulated 
beacon sisnal, Four AN/MSC-46 terminals will be modified to demodulate and 
provide alphanumeric readout of the beacon data (telemetry) for satellite con- 
trol, Two of the four terminals will be instrumented with manual and automatic 


spectrum analyzers capable of monitoring the satellite downlink frequencies at 


a monitoring/nodal earth terminal. 
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The Phase I AN/TSC-64 terminals ave equipped with only one voice 
chamel. Equipping two of these terminals with additional FM modems and 
FDM multiplex to provide a Hmited contingency capability during Stage la 
began prior to the first satellite launch. These mudified terminals will be 
self-contained in that they will be proviaed with FM modems, FDM multiplex, 
and ancillary equipment to handle up to 12 voice channels, However, the FM 
modems will be capable of modulating an RF carrier with up to 72 voice 
channels of which 60 must be delivered to the terminal in a bs=ch:.nd form from 
a technical contro! facility (TCF), This additional 60-channel capability can be 
used to provide high-priority DCS restoral, The remaining 11 AN’TSC-54s will 
be modified for this contingency capability as soon as possible ana can be comple- 
ted early in Stage 1b, 


All of the AN/TSC-54 terminals will be equipped with new uncooled 
paramps capabie of receiving within a 500-MHz bandwidth, These paramps will 
be modified versions of the paramps used in the AN/TSC-54 terminals in Phase 
I, As an interim modification until cooled 500-MHz paramps are developed, 
four AN/MSC~-46 terminals. including one for control purposes for each satel- 
lite, will be equipped with the same type of uncooled wide-band (500 MHz) 
paramp as the AN/TSC-54s, 


D,2,1.2 Intercounect Facility Modifications 


Except for new sites and AN/TSC-54 contingency terminal locations, 
most of the existing Phase I interconnect facilities will be adequate for Stage la 
operation, This is beacuse the Phase I interconnect facilities ‘ICFs) are generally 
100-pair cables or AN/FRC-109 LOS radio equipment. Locations where 
existing ICFs will have to be augmented to support new or special user require-~ 
ments will be treated on a caSe-by-case basis, New or modified ICFs re- 


quired for new wide-band digital requirements will be designed and engineered 
! 


on an aS-nevded basis, 


All new ICFs (ICFs not existing at Phase I! satellite launch) will require 
complete evaluation of the interconnection requirements. This evaluation will 


consider the feasibility of providing an ICF capable of operating in all stages of 
Phase II, , 


D.2.1.3 Technical Control Facility Modifications 


Since Stage 1a will be an analog transmission facility providing a rcla- 
tively small number of voice channels, only minor equipment additions will be 
required in the technical control facilities. These additions will consist of 
channel and multiplex equipment at the TCFs and channel and multiplex equip- - 


ment as terminals that have not been uprraded to 12 chamels, 


D,2.2 Requirements for Stage 1b 


D,2.2,1 Earth Terminals 


Seven of the AN/MSC=46 and both of the AN/FSC-9 terminals will 
receive additional up and down converters to p-ovide a multiple carrier capa- 
bility for operation in Stage 1b as nodal terminals, Both the up converter and 
the down converiers will interface with the modulation equipment at 70 MHz. 


This modification will allow the terminals to handle the following number of 
signals: 


Transmit 

FM/FDMA - Up to three uplink RF carriers 

SSMA - Up to seven SS carriers using a common RF frequency 
Receive 


FM/FDMA - Up to seven downlink RF carriers 


SS MA ~ Up to seven SS carriers using a common RF frequency 
Beacon - One signal on its own RF carrier frequency 
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Each nodal terminal will be equipped according to the number of carriers re- 


quired at its location. These nodal terminels will aso be mcdified with cooled 
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paramps which will provide a receive capability over the -ull 600-MHz receive 


frequency band, 


The remaining Phase I terminals not slated for nodal service and which 
were not modified in Stage La will be mod:fied to »rovide a paramp instantaneous 
bandwidth of 150 MHz, 3pectrum analyzers and CNR meters, These moaifi- 


cations are required to provide the monitoring capability discussed previously. 


New FM modems wiil be provided for all Stage 1b nodal terminals and 
all AN/TSC-54 terminals, These modems will be capable of providing 3, 6, 
or 9 4-kHz analog circuits at a lower quality (e.g., TTNR = 33 dB) or 3, 6, 9, 
12, 24, 36, 48, 60, or 72 DCS quality (c.g., TTNR = 44 d2) 4-kH2 analog 
circuits. Up to three modulators and up to seven demodulators will be installed 
at nodal terminals to provide service for the number of transmit and receive 


carriers required, A single modem will be installed in non-nodal teriinals, 


During Stage 1b, PSK modems will be usea:to provide the wide-band data 
service and the secure voice transmissions, These modems will be capable 


of operating at a number of data rates from 19,2 kbps to 1.8 Mbps. 


To provide flexibility in the choice of transmit and receiver carrier fre- 
quencies, a new frequency selection subsystem will be provided in all seven 
modified nodal Phase Iterminals. The local oscillator signals for up and down 


converters will be derived from frequency synthesizers which will use an 


atomic standard as a reference frequency sources, These synthesizers will 
provide the proper frequency increments to change transmit and receive fre- 


quencies in 1-klIz steps over the entire satellite transmit and receive bands, 
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D.2.2.2 Interconnect Facility Modifications 


It ix. anticipated that no modifications of the non-nodal terminal ICFs 
will be required for Stage 1b. In the case of new termina] locations where 
IC¥s will bh? required, an evaluation of the interconnect requirements will be 
made and consideration will be given to providing ICFs capable of operating 
in the digital Stage lc as well as in Stage 1b. Modifications to ICFs to be used 
with nodal terminals will be made prior to Stage 1b to ensure meeting the oper- 


ational requirements at these earth terminal locations. 
N,2.2.3 Technical Control Facility Modifications 


The TCFs serving nodal lorations in Stage 1b will require addi :ional 
equipment to process up to 60 analog channels. The impact on other non-nodal 


TCFs will depend on the satellite's traffic requirements to these locations in 


Stage 1b. 
D.2.2.4 New Terminal Developments 


A contract was awarded in June 1970 for the design, develcpment and 
testing of one prototype AN/MSC-60 (HT) and one prototype AN/MSC-61 (MT) 
terminal. Final acceptance testing of the two prototype terminals should be 
completed by rmid-1973 (Stage 1b). Major characteristics of the terminals are 


given in Appendix B. 
D.2.3 Requirements for Stage lc 
D.2.3.1 Earth Terminals 


Stage le will require no modifications to the earth te *minals beyond those 
made in Stages la and lb. However, new digital comimunication subsystems 


housing all new digital equipment will be defined and specified prior to Stage Ic. 
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D, 2.3.2 ~ Interconnect Facility Modifications 


Depending on the traffic requirements in Stage 1c, the existing LOS ICFs 
mav be capable of satisfying requirements for Stage ic. However, 100-pair 
-eable ICFs may have to be replaced by either wide-band cable or a LOS ICF, 
Where the ICF must be replaced, the new ICF will be designed to provide a 


growth capability to mect expanding traffic requirements in later stages, 
D.2.3.3 Technical Control Facility Modifications 


With the introduction of an all-digital service in Stage 1c, PCM equip- 
ment that will convert the 4~kHz analog voice signals to 64-kbps digital voice 
signals will have to be installed ‘1 the TCFs, and the DM equipment rcplaced 


with TDM equipment. 


D.3 DESCRIPTION OF PHASE IISTAGES 


D.3.1 Stage la 


The beginning of Stage 1a will occur when the first Phase II satellite is made 
available for operations (mid~1972), Phase I terminals are modified as defined 


previously, thus allowing them to »perate through the Phase II satellites. 


In Stage la the terminals will operate on a ''point-to-point" link arrange- 
ment as they presently do in the Phase I, however, several links will be - 
handled simultaneously in one satellite. A typical link configuration is shown 
in Figure D- 1, The traffic on these links will range from one analog voice 
channel and a link orderwire on an AN’ TSC~54 to AN ‘TSC-54 link, to 12 analog 
voice channels and a link orderwire on an AN’/MSC-46 to AN’ MSC-46 link, 
Wide-band digital traffic will :e carried, These digital links will be time- 
shared with FM voice circuits, The equipment (i,e., FM modems, multiplex, etc. ) 
presently in use in Phase [ will be used to provide this capability. In order to 
satisfy some special user requirements, selected terminals may have special 


modifications performed to provide them with a multiple-link operational capa- 


bility. 
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Normal unprotected (against an electronic jammer) analog DCS/DSCS 
traffic will be carried using frequency division multiplex, frequency modula- 
tion and frequency division multiple access (e.g., FDM/FM/FDMA). This 
traffic will consist of basic 4-kHz circuits which can be used to support either 
voice, teletype or narrow-band digital traffic (such as 2400-bps data and secure 
voice), or appropriate combinations of each, Using MFSK and FDMA, a limited 
amount of wide-band data and wide-band secure voice will be provided between 


selected locations in Stage la. 


Protected traffic (i.e., antijam) will be provided during this stage on a 
terminal-to-terminal basis using existing AN/URC-55 and AN/URC-61 spread- 
spectrum equipment, This equipment will operate using pseudonoise phase 
shift-keyed modulation and spread spectrum multiple access ‘e,g,, PN/PSK’ 


SSMA). These links will be dedicated between selected users and will pass 


essential core traffic only. The protected traffic on these lines will be commensu~ 


rate with the capabilities of the present AN/URC-55 and AN/URC-61 equipments. 


Control of the system during Stage 1a will be on a nonreal-time basis 
with system coordination and discipline maintained using the TCFs, The 
satellite will be operated in a linear mode, sufficient margin will be provided, 
and the capacities will be conservative so that a more extensive FDMA errnvrol 


system will not be required. 


The AN/TSC-54 terminals will be capable of supporting a gateway (or 
interarca) type contingency with the existing equipment and modifications — ‘a 
previously defined. This same terminal could support a limited connectivity 
intra-area contingency, but will not have the FM modem or the multiple 
carrier equipment tc transmit more than 60 channels in support of a full intra- 
area type contingency. Operation of contingency terminals during Stage la will 
be via the satellite's narrow beam to narrow beam satellite communications 


channel, 
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D.3.1.1 System Control 


Satellite control includes those functions involved with the tracking and 


Ae 
ea 


San acquiring telemetry from the satellite, analyzing satellite condition, and sending 

: o commands to the satellite to effect the desired control. These functions will be 
_ implemented through the Air Force Satellite Control Facility (SCF), as : 
ue required and directed by the NCS/DCAOC to support operational requiremerts, 


A dedicated terrestrial teletype orderwire will be provided between the . 
DCAOC and the SCF. The primary purpose of the orderwire is to provide a 
means of coordination between the SCF and DCAOC and to reluy decisions made 
by the DCAOC related to satellite commiund and control, This circuit will also 
be used between the SCF and each of the SATCOMI controllers (via the DCAQC) i 
to pass information regarding the condition of the satellites and to ccordinate 


operational plans regarding reconfiguration of the satellites' operational modes 


i4,€., iransponder yain setting, etc. ). 


The purpose of satellite communications (SATCOM) control is to assure 


lla 


proper power sharing of the satellite transponder among all the earth terminals 


using it. This control function wiil be the responsibility of the ‘A Operations 
Control Center (DOCC), 


sealer stn hoa Llib a. 


In Stage la, the SATCOM cuntroller will do the following: 


@ Monitor the transmissions from the satellite transponder to deter- 
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mine the status of the satellite and the earth terminals 


accessing it 


e@ Assemble and maintain an up-to-date overview of the total operation 


sth ad ol 


ox through the satellite 


@ Analyze anomalies which may arise to determine their source /satel- 


is ade, las 


lite, earth terminal, jammer or unauthorized user, or environmental 


conditions) 
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Algebra QUADRATIC EQUATIONS 


Step 3. Check the roots. 
2x* +4 = 6x +x? 


23 + (5% +4=63 +/5)+@B+y5P 


29 + 6/5 +5) +4 = 18 + 6/5 +9 +6/5 +5 
18 + 12/5 +10 +4 = 18 + 12/5 +9 +5 
32 + 12/5 = 32 + 12/5 
and, 
2x2 +4 = 6x + x? 
23 - V5 +4 = 63 - ¥5)+@G - ¥5/ 


29 - 6/5 +5) +4 = 18 - 6/5 +9 - 6/5 +5 


18 - 12/5 +10 +4 = 18 - 12/5 +9 +5 


32 - 12/5 


Thus, the roots check. 


32 - 12/5 


The Quadratic Formula can be used to find the roots of any quadratic equation. For a pure 
quadratic equation in which the numerical coefficient b equals zero, the Quadratic Formula (2-8) 
reduces to the formula given as Equation 2-9. 


= 22 
oo bet Ib 4ac (2-8) 
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@ Decide what corrective actions are required to correct anomalies 


@ Direct and/or coordinate the earth terminals as necessary to achieve 


desired results 


e Rcport system status, problems encountered, and actions taken to 


other levels of authority within the DOCC. 


All of these functions except monitoring will be assigned to a SATCOM 
controller ‘one for each satellite) who will be located at an area communication 
operations center (ACOC). The monitoring function will be assigned to specific 


earth terminals, one terminal for each satellite, 


In addition to the functions identified above, each earth terminal access- 
ing the satellite will monitor its own performance (uplink carrier frequency and 
power level) and will report this information to the SATCOM controller using 
terrestrial orderwires established within DOCC, System discipline will be 


maintained by standard operating procedures that are being developed. 


Link orderwires will be established via the satellite to allow problems 
occurring On a link to be identified without involving the SATCOM controller. 
However, all adjustments to link parameters must require SATCOM controller 
authorization since variations on a single link influence all links accessing a 
particular satellite. These link orderwires will be injected into the low end of 


the FM baseband. 


D.3.2 Stage 1b 


Stage 1b will begin with the implementation of a multiple carrier capa- 
bility in the modified AN/MSC-46 and AN/FSC-9 earth terminals. These nodal 
terminals will transmit up to three separate carrier frequencies, Each of 


these transmitted carriers will contain varying amounts of traffic, ranging 


1rom a baseband multiplexed group (12 channels) to four baseband multiplexed 
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groups (48 channels). Non-nodal earth terminals receiving one of the nodal 
transmissions will then demodulate the carrier and demultiplex the traffic 


destined for its location, usually as a 12-channel group. Transmissions from 


— {~ (i Go 


non-nodal to nodal earth terminals will complete the duplex circuits, Present 
earth terminal deployment plans indicate that nodal terminals may be required 


to receive from up to seven different non-nodal earth terminals. 


< The multipoint network (Figure D-2) operation in Stage 1b will result in. 

. an overall increase in operational capability. Both the quantity and quality of 

a voice channels will increase during this time, since the satellite link connec- 
tivity will increase and most equipment modifications will be completed and 

ae new baseband equipments will have been procured, Traffi. un each of these 
multiple links will range from 12 voice channels plus a link orderwire on the 
AN/MSC-46 to AN/MSC-46 links to three voice channels and a link orderwire 
on the AN/MSC-46 to AN/TSC-54 links. In addition, selected links will be used 

ee to provide digital traffic in support of wide-band data and secure voice require- 
ments, When the wide-band traffic is not being transmitted over these links, 


provision will be made to carry analog traffic instead. 


All unprotected analog traffic will continue to be transmitted in Stage 1b 
as in Stage la, that is FDM/FM/TDMA, However, new FM modems will be in 
use during this period, allowing the quality of the analog circuits to be improved. 


Protected traffic will be provided on a terminal -to-terminal basis using 
existing AN/URC-55 and AN/URC-61 spread-spectrum equipment, As in Stage 
la, cedicated links will be provided between selected users and will pass low 
data rate hard-core traffic only. It will be necessary to locate multiple spread- 
spectrum equipment at a node if more than one protected link is to be estabiished 
at between the node and other terminals, The capacity on these links will be 


commensurate with the capabilities of the present AN/URC-55 and AN/URC-61 


equipment and the allocated satellite power split with the analog traffic. 


ee ETT oe ee ene Pee «a Sa 


uoneinsyuoD AUFT 2711197¥g [B2IdAL SOSA II aseud QI 38mg *Z-d eand gy 


OF WUeTIV 9TJPoOe_g seg IT JPORgG 4ASem 


1S-9SL - O 
Q9H-OSW - V 


aNadg'1 
‘ 


D-16 


AXISewWT Uo Act 


V 


| 
{ 


SAU DUM PM tbe Hat rm oe 


+ iajanyepare - 
; ia 


New PSK modulation equipment will be used in Stage 1b to support the 
wide-band digital and imagery traffic requirements in a PSK/FDMA mode of 


operation, This new PSK modulation equipment will allow a n ore efficient use 


.Of the satellite's RF bandwidth than do the present MFSK modems. 


Because of the dependence of multiple links on a single nodal terminal, 
it is essential that the nodal terminals huve a higher degree of reliability than 
presently exists, Therefore, reliability modifications will be made to all 
Phase I terminals to increase their roliability for operaticn in Stage 1b. Con- 
sideration has alsc Leen given to deploying redundant terminals at nodal loca- 


tions to improve the overall terminal availability at these locations, 


During 1972 prototype models of tne AN/MSC-60 ‘HT) and AN/MSC-61 (MT) 
will be delivered, ‘fest results taken from these terminals will form the basis 
for decisions on the procurement of additional terminals that would be available 


for Stage lc, 
D.3.2.1 Sysiem Cosxtrol 


Control of the DSCS in Stage 1b will still be on a self-discipline basis. 
The satellite will operate in a linear mode, sufficient margin will be provided 
and the capacities will be conservative so that a more extensive control system 
will not be required. A limited multipoint network control will be possible during 
this period since a major nodal terminal in each satellite is in communication 
with and has a link orderwire with almost all other terminals accessing the 
satellite. In this situation the [M baseband orderwire, which will be established 
below 12 kHz in the baseband, will be used for traffic to be transmitted to and 
from the major nodal terminal to each of the nodal terminals in the multipoint 
network (i.e., for example the Kwajalein - CONUS West link). These 
terminals would have to be controlled in a manner similar to that used in Stage 


la. 
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D.3.3 Stage lc 


Stage lc begins with the introduction of the PCM, TDM and PSK modulation a 
equipment on the first Phase II satellite communication link, Since this new 
digital equipment will be phased into the Phase II DSCS over an extended period 
of time, the initial period of Stage 1c will be a hybrid operation; t.e., a mixture 
of anajJog and digital operation on separate RF carriers, The extent of this 


period will depend on the availability of the equipment and the necessary procure- 
ment funds. - 


Stage lc operation may also see the introduction of production AN/MSC-60 
and AN/MSC-61 earth terminals. A number of these earth terminals may be 
procured and deployed to nodal terminal locations on a priority basis, The 
higher inherent availability of these earth terminals, together with their higher 
performance capability (e.g., larger G/T) will be reflected in an increase in 


the overall performance of the Phase II DSCS. The displaced nodal AN/MSC-46 
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terminals could be relocated to new nodal locations based on the current DCS/ 
DSCS requirements. 


fo improve the efficiency of the digital transmissions in Stage 1c, 
error correction coding equipment will be procured. This coding equipment 
will allow the transmission of digital data using smaller amounts of satellite 


power, thus allowing larger amuunts cf digital communications to be processed 
through the Phase II satellites. 


Unprotected traffic will be transmitted in Stage 1c using either analog 
FM or digital PSK transmissions, depending on the nature of the requirements 
and the availability of the digital equipment. As more digital equipment is 


procured and deployed in the DSCS, Stage 1c will evolve over a period of time 
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into an all--digital communications system (Stage 2) satisfying all DCS/DSCS 
traffic requirements using PCM and TDM/PSK 


To decrease the cost and complexity of the TDM baseband configurations, 
traffic to be transmitted to specific terminals will be multiplexed separately 
at baseband and transmitted on separate RF carriers, The receiving terminals 
to which these RF carriers’ are transmitted will receive, demodulate and de- 
multiplex all of the traffic on their specified carrier for their own use, Thus 
multiple duplex satellite communication links will be established between earth 
terminals in Stage 1c. The majority of these duplex links will originate and 
terminate at nodal terminal locations as in Stage 1b, In sddition to this type 
of satellite link operation, some satellite links will continue with a multiplexed 
baseband RF broadcast type of operation. This type of operation is more 
cost-effective for small amounts of user traffic. A final determination of the 
satellite communication link configuration in cach satellite will have to be 
made on a link-by-link basis when the traffic/user requirements for this period 
have been validated. Figure D-3 illustrates a typical baseband to RF carrier 


functional operation which will occur at multiple carrier earth terminals, 


This type of operation will require more RF carriers to access each of 
Phase II satellites than were required in Stage 1k. For this reason, it is 
anticipated that the full 125-MHz earth coverage to earth coverage frequency band 


will be used during Stage lc. 


Protected traffic will be provided in the early period of Stage 1c as it was 
in Stage 1b by using the AN/URC-55 and 61 spread-spectrum equipment, How- 
ever, later in Stage Ic the new AN’/USC-28 spread-spectrum equipment should 
be available and will be deployed in all DCS’DSCS earth terminal locations. In 
addition to increased antijam protection, the AN/USC-~28 will provide the oper- 


ational capability to establish a protected network orderwire. This network 
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: orderwire will not only provide the capability of a real-time SATCOM control, 
i I but will provide a systemwide timing capability imperative to a TDMA operation, i 4 
: . which is presently planred as a follow-on to Stage 1c. 
P - Contingency operations will continue to be handled in Stage 1c as they : 
c &! 
- were in Stage 1b by using the AN/TSC-54 terminals and operating via the sutel- 
oo lite's narrow beam to narrow beam or cross-strap channels. 
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APPENDIX E - FUTURE TRENDS + 


Daye 


E.1 INTRODUCTION 


This appendix gives an overview of future trends in space and carth 3ub- 
systems that will affect development and progress in the satellite communications 
field. 


+ E.2 SPACE SUBSYSTEM TRENDS 
E, 2.1 General 


In the relatively short time that satellite communications have been avail- 


able in either an R&D or operational status, great progress has been made. 


As discussed in the basic report and in Appendix A, there has been an 


oe evolution from a simple passive reflector of 1960 to the DSCS Phase I] and 
o Inteisat IV with their wide-band multimode active repeaters of today. Progress 
ae will not halt at this point. There are continually expanding requirements for 


more and more high-speed w’ le-band global circuits. This means relaying more 
traffic through satellites with increased capability and reliability. Thus more 
powerful and versatile satellites are desired, which may require increased loads 
for the launch vehicle and greater demands on the finite orbit and usable frequency 


spectrum. 


E.2.2 Satellite Position 
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ar The developments to date have shown the advantages of using geostationary 
we orbits for communications satellites. However, the present satellites arc not 
os completely stationary with respect to the earth. The DSCS sateilite makes a 
F figure eight pattern, going as far as 3° north and south of the equator. Hence 

; many of the earth terminals using the satellite are cquipped with c. tly automatic 
| trackirz devices. This requirement can be eliminated by stationkeeping thet 


maintains the satellite within limits so that tracking will not be required once the 
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antenna is properly orierted, Maintaining a geostationary position will probably 


require more fuel fox executing statlonkeeping commands. 


E.2.3 Higher Frequency Bands 

T«day's commercial communications satellites use the 4~ to 6-GH: band 
and the milltary uses the 7- to 8-GHz band for global communications. These 
bands, like the lower frequency UHF band, are becoming crowded from oth a 
satellite and terrestrial viewpoint. The trend for satellites as well as fur other 
means of communications will be toward higher frequencies. Action is already 
underway in the 11- to 15-GHz and 30- to 35-GHz regions. These higher 
frequencies open new areas and provide cr2ater bandwidths for high data rate 
links, but they also introduce problems. The 1- to 10-GHz region is favor: d 
because of its low propagation loss as a resut. of rain and water absorption. 
These two losses become very serious above 10 GHz. Additicnally, the capability 
to generate adequate power at the higher frequencies requires new development. 
These frequencies do perinit smaller and more directional antennas with. a 
restiltant increase in antemia gain. This is partially counteracted by th 


accompanying increase in free space loss, 


E.2.4 RF Amplifiers 

The movement to higher frequencies is always limited by the state-of~the- 
art in the manufacturing of RF power amplifiers. To produce the required output 
power in the GHz-range transistors, klystrons and traveling-wave tubes (TWTs) 
are used, The transistors are normally considcred more rzliable than a tube. 
However, above 2 GHz the transistors tend to become inefficient and the TW? or 
klystron takes over. At present an output of 20 watts with an efficiency of 40 
percent is practical at the 7- to 8-GHz region using a TWT. R&D effort will be 
required to provide this capability above 10 GHz. Such effort is in the initial 
stages at this time. 
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QUADRATIC EQUATIONS Algebra 


For b = 0, this reduces to the following. 


x= 
2a 
= -4ac 
xX=t 
\\ 4a? 
dip 
Wag 


(2-9) 
Summary 


The important information in this chapter is summarized below. 


Quadratic Equations Summary 
There are three methods used when solving quadratic equations: 
Taking the square root 
Factoring the equation 


Using the quadratic formula 


_payf b*-4ac 
2a 
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E.2,.5 Prinie Power 


The increased demand for satellite circuits can be met by a larger 
transponder capability. A prime factor in providing this is having adequate, 
reliable power on board, Progress has been made in this area by improvements 
in the solar arrays to meet the increasing loads and by better batteries to store 
energy and provide it to the system when the sun is not providing the renuired 
energy to the solar arrays, such as during eclipses, [be silicon solar cell 
appears to be a source that will be used for direct conversion, although nuclear 
power supplies have been under development. Present eatellite de power supplies 
can produce about 2 kW, which should increase to about 5 kW within the next 
decade, 


r.2.6 Antennas 


Today's satellites have reeched the stage of having both earth coverage 
antennas for global communications und narrow-beam or spot antennas to serve 
requirements concentrated in regional areas. The efficiency of such antennas 
obviously depends upon a well-positioned satellite providing a stable platform. 
Today's technical ability can provide such a setting for the satellite antennas. 
Among the most promising improvements expected in the antenna field is the 
development of multibeam antennas with RF switching arrangements that wil] 


permit rapid reconfiguring of the network oy control from the earth in accordance 


with varying traffic loads. 
E.2.7 Satellite-to-Satellite Links 


To have a truly global capability it woul-t be desirable to have links 
available directly from satellite to satellite fer interconnecting points that do 
not have one common satellite for a relay. Such studies have been under way and 
expcriments arc planned using optical frequency devices. It is realistic tu cxpect 


that such a capability will exist and be operational within the next 10 years. 
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E. 2.8 Improved Capacity 


To ineet the challenge of the growing requirements, satellites have 
increased in power and bandwidth, Additionally, the recent models such as 
Intelsat IV have taken advantage of the design feature of using separate trans- 
ponders to mect the varied requirements, such as TV, voice circuits, demand 
assignment networks, etc. This channelization separates the different modes 
of overation, thus greatly reducing intermodulations. Future satellites will 


undoubtedly be configured to continue this trend. 


The gain in transmission capacity of satellites and their associated ground 
systems is evidenced by the increase in traffic carrying capability from 240 
half duplex circuits for Intelsat I in 1965 to 6000 for Intelsat IV in 1971. 


E.3 EARTH SUBSYSTEM TRENDS 
E.3.1 General 


Like the space subsystem, the earth subsystem has experienc :d improve- 
ments during these initial years of operational space communicatior 3 as larer 
more reliable terminals have been developed. These improvements wil: 


continue, with emphasis on the areas discussed below. 


E.3.2 Receive System G/T 


The capability of the receive system to perform can be measured by its 
figure of merit (G/T), the ratio of the receive antenna gain to the system noise 
temperature, This figure of merit depends on several parameters in areas 


subject to further research and development, 


1. Antenna ~ The design for large fixed-plant antennas is not expected 
to change radically. The size is limited by cost, with pointing 
accuracy and smoothness of the antenna surface being major factors 
for large antennas. Limited progress is being made in increasing 


the nominal 54 percent efficiency of large parabolic antennas. 
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However, for other DOD uses such as aboard aircraft there 
should be notable improvement. Blade and phased-array 
antennas are research areas that should improve the gain 


of the airborne antenna. 


Low-Noise Receivers - The currently available DSCS terminals 
have a receive noise temperature in the 200 to 300 K° range. 
This figure undoubtedly will be reduced to about the 50°K range 
by 1980 for the 1- to 10-GHz band, However, the primary 
areas of concern will be obtaining equally low receive system 


temperatures at the frequencies above 10-GHz. 


An additional area that will see improvement is the obtaining 


of simpler, quieter, low-noise amplifiers for mobile or tactical 


users. 


RF Modulation and Multiple-Access Techniques - The majority 

of traffic today, as in the past, is analog. However, with the 
advent of data processing, the computer, and other digital devices-- 
including encoders for secure voice circuits and wide-band data 
units--the volume of digital traffic is growing at a far faster rate 
than an:.log requirements. As indicated earlier, the DSCS will be 
evolving from an analog system to a hybrid analog-digital system 
and finally to an all-digital system. Much work and development 
effort has already gone into developing baseband pulse code 
modulation/ time division multiplexing (PCM/TDM) equipment and 
DOD is presently procuring such units, The PCM equipment will 
sample and quantize analog signals and feed them to a TDM unit 

to be multiplexed into a composite seria) stream for transrnission. 
The TDM output can he sent via satellite using either FIDMA or 


TDMA. This trend toward digital communications will accelcrate and 


result in the majority of DCS trunking being handled on a digital basis. 
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For the signals transmitted via satellite to remain digital, the 


present DSCS RF modem (which is FM) will be replaced with a 


’ 
iat lh ba 


phase-shift keying (PSK) modem. Such units are under devclop- 
ment for the DSCS, During the coming decade it is reasonable 

to assume that such units will gain in reliability, simplicity and 

in the capability to handle more and higher data rates. PSK offers 
the advantage of permitting power, bandwidth and error rate 


tradeoffs, thus adding to the flexibility in circuit and system design. 


Although either FDMA or TDMA can be used to transmit the PSK 
signal, the future will see a trend toward TDMA. Such satellite 


systems have already been tested and proven practical, Although 


at this time TDMA is not a common mode operationally in either 
the commercial world or DCS, its advantages are recognized and 
plans and programs have been established to use TDMA when the 
PCM, TDM and PSK units are operational and the TDMA synchronizing 
anc control systems are in production, This trend will result in 


PSK/TDMA largely replacing FM/FDMA by 1980 for satellite 
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transmission of nontactical traffic. 


Other modulation/ multiple access techniques of particular interest 


to the military communicator are SSMA and high peak power/TDMA. 
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The SSMA field is just reaching the practical operationai stages, 


thus growth and improvements in data rate, jamming-to-signal ratio, 
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and bit error rate performance arc to be expected. 


The basic idea behind the high peck power amplifier 1s to provide 
a very high level signal on the uplink to overpower jamming signals. 
Peak power levels of 1 MW with avcrage power of 1 to10 kW are 


under consideration. 


4+. Demand Assignment Multiple Access - Just as switches concentrate 


traffic ancl increase the utilization of interswitch trunks, demand 
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assignment techniques can improve the efficiency of the 
utilization of the satellite traffic-carrying capability. This 

is particularly true for low-duty cycle users. Demand assign- 
ment is simply a system whereby a user requests use of 
satellite power, bandwidth and frequencies when required and 
releases them for others to use immediately upon completion 
of his call. Comsat has developed, tested and begun installing 
such a system under the code name Spade, Nine terminals 
should be operating in the network by the end of 1972. This is 
a single carrier per circuit FDMA system. Additionally, Comsat 
and several other organizations are developing and testing 
demand assignment systems using TDMA. This very flexible 
and efficient system should grow and be a normal part of 


satellite communication networks within the next 5 to 10 years. 


Coding - Another new and exciting technical development of the 

past 10 years has been the theoretical analysis of error correcting 
techniques and codes. This new field is rnoving from the theoretical 
toythe practical era and is providing a new tool for the system 
engineer. Coding permits tradeoffs among power, bandwidth, bit 
eebor rate and information transmission rate. Analytical results 
have shown the potential of various coding techniques. The 
practical hardware is now entering the field to use the benefits 

of coding. Further research and hardware development will 


result in improved performance in this emerging field. 
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APPENDIX F - REFERENCE DATA 


F.1 INTRODUCTION : 


This appendix provides convenient reference charts and tables that are : 
of particular interest to the communications satellite engineer, Particular - = 
attention should be paid to footnotes to ensure that this simplified information 
is used in consonance with the parameters to which it applies, rather than 
being applied in all cases. For example, Table F-4 shows the percentage of 
power from the DSCS Phase II satellite earth coverage transponder required 
to pass a particular data rate, Th2 computed percentages were based on 
ao" 
of 6 dB, and a downlink margin of G dB. If the given percentages were applied 


specific parameters, including a satellite EIRP of 25 dBW, a required E 


to the Phase II satellite narrow-beam transponder, a correction of -12 dB 


would be necessary because of the higher narrow-beam EIRP (37 dBW). 
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Table F-1, Decibel Conversion -t. 
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3.2 
6.0 4.0 
7.0 5.0 
8.0 6.3 
9.0 8.0 

10.0 10.0 

100.00 


1, 000.00 
10. 000. 00 
160. 000. 90 
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Table F-2. Decibel Conversion in Powers of Ten 
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Tahle F-3. Antenna Fact Sheet 


Type Antenna -- Parabolic reflector with 54 percent efficiency (7) 
Receive Frequency -- 7,25 GHz 
Transmit Frequency -- 7.9 GHz 


4nA 
G 2 n 
Garc = 20 log f + 20 log D-52,.6 = 24,6 + 20 log D 
GoRANS = 25,3 + 20 log D 
1 0 25.3 24.6 -0. 4 
2 6.0 31.3 30.6 5.6 
3 9.5 34,8 34,1 9,1 
4 12,0 37.3 36.6 11.6 
5 14,0 39.3 38.6 13.6 
6 15.6 40.9 40.2 15.2 
7 16.9 42.2 41.5 16.5 
8 18.0 43,3 42.6 17.6 
9 19,1 44.4 43.7 18.7 
10 20.0 45,3 44.6 19.6 
11 20.8 46,1 45.4 20.4 
12 21.6 46.9 46.2 21.2 
15 23,5 48,8 48,1 23.1 
16 24,1 49,4 48,7 23.7 
17 24.6 49,9 49,2 24,2 
20 26,0 51.3 50.6 25.6 
30 29.5 54.8 54,1 29.1 
40 32.0 57.3 56.6 31.6 
60 35.6 60.9 60.2 35.2 
80 
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Figure F-1. Free Space Attenuation Between Isotropic Antennas 
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Algebra SIMULTANEOUS EQUATIONS 


SIMULTANEOUS EQUATIONS 


This chapter covers solving for two unknowns using simultaneous equations. 


EO 1.4 Given simultaneous equations, SOLVE for the 
unknowns. 


Many practical problems that can be solved using algebraic equations involve more than one 
unknown quantity. These problems require writing and solving several equations, each of which 
contains one or more of the unknown quantities. The equations that result in such problems are 
called simultaneous equations because all the equations must be solved simultaneously in order 
to determine the value of any of the unknowns. The group of equations used to solve such 
problems is called a system of equations. 


The number of equations required to solve any problem usually equals the number of unknown 
quantities. Thus, if a problem involves only one unknown, it can be solved with a single 
equation. If a problem involves two unknowns, two equations are required. The equation x + 
3 = 8 is an equation containing one unknown. It is true for only one value of x: x =5. The 
equation x + y = 8 is an equation containing two unknowns. It is true for an infinite set of xs and 
ys. For example: x = 1, y=7;x =2, y=6;x = 3, y=5; and x =4, y = 4 are just a few of the 
possible solutions. For a system of two linear equations each containing the same two unknowns, 
there is a single pair of numbers, called the solution to the system of equations, that satisfies both 
equations. The following is a system of two linear equations: 


2x+y=9 
K=y=s' 3 


The solution to this system of equations is x = 4, y = 1 because these values of x and y satisfy 
both equations. Other combinations may satisfy one or the other, but only x = 4, y = | satisfies 
both. 


Systems of equations are solved using the same four axioms used to solve a single algebraic 
equation. However, there are several important extensions of these axioms that apply to systems 
of equations. These four axioms deal with adding, subtracting, multiplying, and dividing both 
sides of an equation by the same quantity. The left-hand side and the right-hand side of any 
equation are equal. They constitute the same quantity, but are expressed differently. Thus, the 
left-hand and right-hand sides of one equation can be added to, subtracted from, or used to 
multiply or divide the left-hand and right-hand sides of another equation, and the resulting 
equation will still be true. For example, two equations can be added. 
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Table F--C. Antenna Size and G/T of Terminals Using DSCS 
Phase II Satellites 


Terminal 


Intelsat Typical (rd Generation) 
AN/MSC-60 (HT) 

AN/FSC~9 

AN/MSC-46 

AN/MSC-61 (MT) 

AN/MSC-61 (proposed) 

SCT-21 

AN/TSC-54 


SC-ia 
SC-1b 
SC-2 


NATO 

SKYNET (UK) (1) 

SKY NET (UK) (2) 

SKY NET (UK) (3) 

SKY NET (UK) S1 

Army Tactical Terminals 


AN/MSC-59 (1/4-ton) 
AN/TSC +84 (1-1,/2-ton) 
AN, TSC-386 (2-1, 2-ton) (LT) 


Navy Shipborne 
AN/WSC-2 (1) 


| 

1 
ANWSC °2 (2) ‘ 
SSC-6 (MASST) b 


Airborne 


Antenna 
Diameter (feet) 


17.5 
| 


42 34,8 
42 32 

40 32.4 
2] 31.4 
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*Gain computed at 4 GHz, ali others at 7.2 GHz. 
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Figure <4, Voice Traffic, ERP Required Versus 
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Figure F-5, Data Traffic, ERP Required Versus Reccive Station 
G/T (Narrow Beam) 
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Table F-7. DSCS Phase II, Stage la Exclusive Band Carrier Frequencies ; ae 


Downlink | Uplink 7 , 
(MHz) | (MHz) Emission ! =" 

! 

| 

| 

| 

| 

{ 

| 

| 

| 

| 


1* 7251.3700 oe 7976, 3700 1800 9 


ea 7232. 9325 7977, 3325 1800 F9 


3. * 7296, 0575 7981,0575 1600 F9 


4.* 7260, 7450 7985, 7450 3500 F9 


oe? 7265. 4325 7990, 4325 3500 F9 


6, * 7270,1200 7995, 1200 20,000 FY 


1 ea 7271,6825 i 7996, 6825 3500 9 & 


8000 F9 
8. * 7277. 9325 8002, 9325 
9.* 7279. 4950 3004, 4950 3500 F9 
10. 7282, 6200 | 8007, 6200 3500 F9 


11, * 7284,1825 | 8009, 1825 3500 F9 


12, * 7287, 3075 8012. 3075 3500 9 


i 

| 

| 

| 

{ 

3500 FA | 
| 

| 

i] 

| 

8015. 4325 | 


; 13, * 7290,4325 


| 
i 
| 
| 14, 7293, 5575 | 8018, 5375 
11, 7296.6525 | 8021, 6525 
16, 7298, 2450 | 4023, 2450 
| 17. Beacon-7250,1"* | oe 


*DSCS Recommended Frequcrey Plan. 


**EFarth Coverage Beacon. 
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Figure F-6, Relative Noise Scales 
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Table F-8, Monthly Space Subsystem Cost Allocation for One Analog 
Voice Channel DCS Quality ‘Tt 


Terminai 


Type 


HT 
MT 
MSC-46 
TSC-54 
WSC-2 (8') 
LT 

SSC-6 


*Based on Phase II development, procurement launch and O&M 
costs averaged over 10-year life cycle. 


a TBased on one channel of a 12-channel group, 
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a Table F-9, Monthly Space Subsystem Cost Allocation for One Analog 
Voice Channel Tactical Quality* 


G/T 


(dB) , NB 


Terminal 
Type 


HT 
MT 
MSC-46 
TSC-54 
WSC-2. (8') 
LT 

SSC-6 
WSC-2 (4') 
TSC-80 
MSC-57 
Airborne 
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*Based on Phase II development, procurement launch and O&M 
costs averaged over 10-year life cycle, 
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MONTHLY SPACE SUBSYSTEM COST ALLOCATION 


Table F-10. Digital Data, 1 kbps ($ Thousand) 


Terminal 
Type 


HT 

MT 

MSC-46 

TSC-54 

WSC-2 (&') 

LT 

SSC-6 

WSC-2 (4') 

TSC-80 

MSC-57 20. 296 
Airborne 39, 029 
Submarine 63. 960 


YVable F-11. Digital Data, 2.4 kbps ($ Thousand) 


. 037 

,120 
MSC-46 120 
TSC-54 is . 656 
WSC-z (8') 4.684 
LT 4. 684 
SSC -6 11.990 
WSC-2 (4') 19.515 
TSC-80 19.515 
MSC-57 48,397 
Airborne 93.670 
Submarine 152,100 


G/T = Figure of Merit 
EC = Earth Coverage 
NB - Narrow Seam 


Based on Phase Ii development, procurement launch and O&M costs averayed 
over 10-year hfe cycle. 
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SIMULTANEOUS EQUATIONS Algebra 


Sh Aye a7 
+ (x + Sy = 12) 
x + Oy = 


Adding the second equation to the first corresponds to adding the same quantity to both sides of 
the first equation. Thus, the resulting equation is still true. Similarly, two equations can be 
subtracted. 


4x - 3y = 8 
- (2x + 5y = 11) 
C2 oy SS 


Subtracting the second equation from the first corresponds to subtracting the same quantity from 
both sides of the first equation. Thus, the resulting equation is still true. 


The basic approach used to solve a system of equations is to reduce the system by eliminating 
the unknowns one at a time until one equation with one unknown results. This equation is solved 
and its value used to determine the values of the other unknowns, again one at a time. There are 
three different techniques used to eliminate unknowns in systems of equations: addition or 
subtraction, substitution, and comparison. 


Solving Simultaneous Equations 


The simplest system of equations is one involving two linear equations with two unknowns. 


The approach used to solve systems of two linear equations involving two unknowns is to 
combine the two equations in such a way that one of the unknowns is eliminated. The resulting 
equation can be solved for one unknown, and either of the original equations can then be used 
to solve for the other unknown. 


Systems of two equations involving two unknowns can be solved by addition or subtraction using 
five steps. 


Step 1. Multiply or divide one or both equations by some factor or factors that 
will make the coefficients of one unknown numerically equal in both 
equations. 

Step 2. Eliminate the unknown having equal coefficients by addition or 
subtraction. 

Step 3. Solve the resulting equation for the value of the one remaining unknown. 
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BIT ERROR PROBABILITY 
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Figure F-7, 


Errer Correcting PSK Code Performance 
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Table F-13. 


| Terminal 


Monthly Space Subsystem Cost Allocation Digital Data 
Channel, 1 kbps 


$ Thousand 


4,996 
7,806 
7,806 
20, 296 
39,029 
63, 960 


*Rased on Phase II development, »rocurement launch and O&M 
costs averaged over 10-year life cycle. 


Monthly Space Subsysteia Cost Allocatior. Digital Data 
Channel, 2,4 kbps” 


0,037 
0.120 
0.120 
0,656 

4.684 

4.684 
11.9906 
19,515 
19,515 
48.397 
93.670 
152,100 


& 3.04: 
‘ 53.595 
‘ | 9,750 


* Based on ‘hase I development, procurement launch and O&M 
vosts averaged over 10-year life cyele, 
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APPENDIX G — GLOSSARY 


Effective area of antenna 

Amplitude of unmodulated carrier 

Area communication operations center 

Analog-to-digital converter 

Autcinatic gain control 

Apogee kick mctor ; ° 


Amplitude modulation 


Additive white Gaussian noise 


B Bandwidth occupied by a modulated signal 
- BER Bit error rate 
bps Bits per second 
: BSC Binary symmetric channel : 
Bw Bandwidth 
a Cc Channel capacity in bits per seccnd 
; C/kT Received carrier power to noise power density ratio i 
: cs CNRTH Carrier-to-noise ratio at modem threshold 
} 7 D/A Digital-to-analog converter 
ia dB Decibel 
n dBm Decibels referred to one milliwatt of power 
| DSB-AM Double sideband - amplitude modulation 
3 DSB-SC-AM Double sideband suppressed carrier - amplitude modulation : 
] DSCS Defense Satellite Communications System ; 
E Signal energy 1 


Energy per bit 
EC Earth coverage (applied to satellite antenna) 


EIRP Effective isotropic radiated power 


otal atin Hamann 


EMI Electromagnetic interference 


] ET Earth terminal 


G-i 


t 
[- 
FE 
Hl 


FDM 
FDMA 


FEC 


GHz 
G/T 
L 
HPA 
HT 
ICE 


IDCSP 


IF 
J/S 
°K 
kbps 
km 
kW 
L 


Earth terminal complex 

Eastern Test Range 

Maximum instantaneous-frequency ceviation 
Modulating signal 

Instantaneous frequency 

Highest frequency in a signal 

Frequency division multiplex 

Frequency division multiple access 
Forward acting error correcting 

frequency modulation 

Frequency- shift keying 

Antenna gain 

Acceleration 

Gigahertz. 

Antenna receiving figure of merit 

Height of satellite above earth 

High-power amplifier 

Heavy transportabie terminal 

Interconnect facility 

initial Defense Communications Satellite Program 
Intermediate frequency 
Jammer-power-to-signal-power ratio 
Degrces in Kelvin scale 

Thousands of bits per second 

Kilometers 

Kilowatt 

Transmission line loss between antenna and low-noise 
amplifiers 


Multicbanne! load factor 
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Mbps 
MDA 
MFSK 
MHz 
Modem 


MUX 


Free space loss 


' Transmission losses in system 


Line of sight 

Low-power amplifier 

Margin 

Bandwidth expansion factor 

Millions of bits per second 

Motor drive assembly 

Multiple frequency shift keying 
Megahertz 

Modulation~demodulation combination 
Multiplex 

Medium transportable terminal 

Mean time between failures 

Mean time to repair 

Average thermal noise power 

Noise power density 

Narrow beam (applied to satellite antenna) 
Noise power ratio 

Nonreturn to zero 

Average signal power 

Channel error probability 
Probability of bit error 

Pulse code modulation 

Pre-emphasis improvement factor 
Phase modulation 

Pseudorandom noise 

Phase-shift keying 
Differentially-coherent phase-shift keying 


-1 
Picowatts (10 c watts) psophometrically -weighted 
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RFI 

i SAMSO 
SCF 
SEN 
SHF 
S. 

L 

S/N 

: (S/N) 
ss 
SSB-AM 


SSF 


i 2 nana 
i . 


SSMA 

T 

or 
TACSAT 
TATS 

T 


L 
T 


R 
TCF 
TDM 
TDMA 
TTE&C 
TTNR 


TTY 


Data rate 

Number of parity check bits at encoder output 
Reliability at time t 

Earth radius 

Slant angle, earth terminal-to-satcllite 
Radio frequency 

Radio frequency interference 

Space and Missile System Organization 
Satellite control facility 

System Evaluation Network 

Super high frequency 

Average power 

Signal-to-noise ratio 

Detector output signal-to-noise ratio 
Spread spectrum 

Single sideband-amplitude modulation 
System simulation facility 

Spread spectrum multiple access 

Time duration of one bit of data 
Antenna noise temperature 

Tactical Communications Satellite 


Tactical Transrnission System 


Ambient temperature of the transmission line loss 


Low-noise amplifier noise temperature 
Technical control facility 

Time division multiplex 

Time division multiple access 
Telemetry tracking und command 
Test-tone-to-noise ratio 


Teletype 


| 
} 
3 
| 
i 
qd 
j 
3 
|! 


pen ge ee 


ee eat 


wi 


ag ag Gee bed —-~+ 


® 6D YX >» 3 ®@ 


Traveling-wave tube 
Traveling-wave tube amplifier 
Ultra high frequency 

Uptime ratio 

Channel bandwidth 

Angular frequency of carrier 
Western Test Range 

Angle of arrival of incident radiation 
Angle of elevation at terminal 

Angle of inclination of orbit 

Angular radius of visibility 
-perture efficiency 

Wavelength 

Modulation index 

Normalized inner product of a signal 
Phase of received signal 


Fallure rate 
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Algebra SIMULTANEOUS EQUATIONS 


Step 4. Find the value of the other unknown by substituting the value of the first 
unknown into one of the original equations. 


Step 5. Check the solution by substituting the values of the two unknowns into the 
other original equation. 
Example: 
Solve the following system of equations using addition or subtraction. 
5x + 6y = 12 
3x + 5y = 3 
Solution: 


Step 1. Make the coefficients of y equal in both equations by multiplying the first 
equation by 5 and the second equation by 6. 


5(5x + 6y = 12) yields 25x + 30y = 60 
6(3x + Sy = 3) yields 18x + 30y = 18 
Step 2. Subtract the second equation from the first. 


25x + 30y = 60 
~ (18x + 30y = 18) 
i 


Step 3. Solve the resulting equation. 
Tx =42 


7x =42 
7 d 
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and the state of the art in both space and ground segments. 
Some current UK equipments, including SKYNET 4, are described 
by way of illustration. The report is aimed as a broad 
tutorial introduction to the field, emphasising in particular 
those areas where Milsatcom differs from its civilian 
counterparts. 
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1 _ BACKGROUND 


Military satellite communications (MILSATCOMS) have beer well established for 
a number of years, and are major features of US, UK, French, Nato and Warsaw 
Pact communications systems. They are significant in terms of both current 
investment and associated research and development activities: there is little 
doubt that military programmes have helped to maintain the commercial 
industrial base, and in many ways military systems lead the field in terms of 
technology development and sophistication. 


This report attempts to outline system design philosophy and those features 
which distinguish Milsatcoms from civil systems. Clearly, there are many 
aspects it is not possible to describe here in detail. The views expressed 
are those of the author, and do not represent any official policy. 


The principal characteristic of Milsatcom is its varied nature: it needs the 
ability to cope with a wide variety of users, traffic, and scenarios. Thus it 
encompasses both high-capacity fixed links and low data-rate mobile traffic 
(often called the Strategic and the Tactical elements). Also, many parts of 
the system may be required to operate in hostile environments, and will be 
designed to withstand threats such as jamming. 


In the UK, Milsatcoms got off the ground in 1969, with SKYNET 1 (the world's 
first geostationary defence communications satellite), followed in 1973/4 by 
the SKYNET 2 series. These satellites operated at SHF (8/7 GHz), and each 
spin-stabilised satellite provided two wide bandwidth channels, with a single 
16 W travelling-wave tube amplifier; earth coverage was provided by a simple 
de-spun horn and plane reflector. The satellite design was based on the 
INTELSAT III bus, and one SKYNET 2 satellite is still operational. 


The UK programme revived in 1981, after a lull, with plans for the SKYNET 4 
programme. This calls for an initial 3 satellites (Phase I), and the first 
launch had been planned for June 1986; it now looks likely that this may take 
place in 1988 with ARIANE. A subsequent phase of the SKYNET 4 programme is 
envisaged for the early 1990's, and thoughts are already being given to new 
system designs (SKYNET 5) for later years. 


As with civil systems, Milsatcom systems include both space and ground 
segments, with a range of associated ground terminals, and other ground 
facilities for Telemetry Tracking & Command (TT&C). Because of the need to 
operate with existing equipment ("backward compatibility”), and with the 
vagaries of defence procurement processes, radical changes in system design 
tend to occur only slowly. 


The demands for military usage of Satcoms are continually increasing. This is 
due partly to increased requirements for communication (especially from small 
terminals) in the face of enemy threats, and partly to enhanced end-user 
complexity (eg computers and sensors exchanging quantities of digital 
information). Such usage may be regarded as part of "C31" - “Command, 
Controi, Communications & Intelligence”. One interesting current development 
is the planned US MILSTAR programmel1], using EHF and spread-spectrum 
techniques to provide a highly secure service to a select community of users. 


2 MILITARY APPLICATION . 


Satellite communication is attractive to the military principally because of 
its wide coverage area, which permits operations at short notice in virtually 
any part of the world, without reliance on a national communications 
infrastructure. The traditional carriers of HF and VHF/UHF suffer from major 
weaknesses of unpredictable propagation and limited range respectively, and 
Satcoms provide ‘high availability’ by comparison. Additionally, the 
bandwidth (BW) and capacity offered is considerable (typically 

100's of MHz @ SHF). A disadvantage however is that the satellite itself is 
highly visible to an enemy, and links may be subject to intercept or 
disruption. Because of the overall need for survivability and redundancy, 
military networks generally aim to use several different modes of 
communication, and Satcoms may be simply one overlay dimension of (say) a data 
network with UHF radio links and fibre-optics also employed. For many 
tactical scenarios however, Satcoms may represent the only viable means of 
compunication. 


Milsatcoms prove attractive for both large fixed links and small portable or 
mobile links, and are employed by all three armed services. Consequently 
there is a variety of data rates, modulation schemes, terminals and modems in 
use, all of which may need to be accommodated over a common satellite; this 
leads to considerable complexity in planning & allocation of accesses (eg 
terminal frequency & power). Bearing in mind the added difficulties of 
co-ordinating users who may be operating in adverse environments (perhaps 
under enemy threat), we see a motley community of users who are unlikely to be 
as well controlled as, say, a PTT civil system. Interoperability between 
different networks & systems, and flexible & responsive Access Planning 
represent major demands in Milsatcon. 
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3 FREQUENCY BANDS 


Milsatcoms operate currently in the UHF and SHF frequency bands, while EHF and 
Optical frequencies are becoming of increasing interest (see 8.2, 8.3). These 
frequencies are not universally recognised as the exclusive prerogative of the 
military, although the SHF and EHF bands are generally accepted in this way. 
Circular polarisation is commonly used in all bands, but frequency re-use 
through polarisation diversity is not commonly employed in Milsatcom, as the 
large dynamic range of signals could well exceed any cross-polar 
discrimination. The band characteristics may be summarised: 


UHF: Generally in the range 220 - 400 MHz, and hence shared with a variety 
of terrestrial systems (including TV). Helix antennas are commonly 
employed, both on the ground and the satellite; these are physically 
very large, and represent a major size and mass penalty. Directivity 
is limited, for both ground station and satellite antennas, (making 
it difficult to achieve a smaller satellite coverage area than full 
“Earth cover”). For these reasons, UHF Satcoms are relatively 
vulnerable to interference or jamming, compared with higher 
frequencies. Frequency re-use between mutually visible satellites is 
not normally possible. In order to allow operation of more than one 
satellite without interference (and potential power capture by 
unwanted signals), UHF transponders are generally narrow-band with a 
single channel of a few kHz assigned to each; one consequence is that 
the satellite front-end thermal noise is much less than for a 
wideband transponder. 


The attraction of UHF lies in the cheapness and simplicity of the 
ground equipment, and it is popular both with ships, and with 


submarines which may require rapid erection of a simple antenna just 
above the surface. 


SHF: This employs uplink in the range 7.9 - 8.4 GHz, and downlink 
7.25 - 7.75 GHz. Part of the band is allocated exclusively to 
Satcoms, (but not to Milsatcoms). However, interference from other 
users is not generally a problem since practical ground antennas 
possess reasonable directivity (eg a 1.7 m dish antenna has a 
beamwidth of 1°). This also permits frequency re-use by other 
satellites within the geostationary arc, although the limits of 
capacity are now being reached. Transponders are generally 
transparent and wideband (10's of MHz BW), carrying a number of 
channels simultaneously, and SHF carries the bulk of military Satcom 
traffic. A translation frequency of 725 MHz has been traditionally 
used, although this does not optimally match the up- and down- link 
bands. 


EHF: Uplink 43.5 - 45.5 GHz, downlink 20.2 - 21.2 GHz (and possibly also 
39.5 - 40.5 GHz). This is only beginning to emerge for operational 


use, but considerable future application may be anticipated in 
Milsatcom - see 8.2. 


\ we we 


4 
! 
a 
D 
4 
iP 
iy 
q 


4 SATELLITES 


The majority of military communication satellites are in geostationary orbit. 
While obviously convenient, this provides limited coverage of extreme 
latitudes, which is a weakness (regions such as Northern Norway are of special 
military interest). For many years, the Russians have used highly inclined 
elliptical orbits (Molniya) for polar region coverage, where three satellites 
may each provide 8 hours coverage per day, with virtually overhead elevation. 
Fig 1 shows views of the earth from (a) a geostationary satellite at 0° 
longitude, and (b) a Molniya orbit satellite at apogee above Greenwich, making 
apparent the coverage advantages. The disadvantages of Molniya orbits are: 
the need for three satellites; increased orbit decay (and hence shorter 
satellite life); increased satellite fuel requirements; and greater 
environmental radiation levels. Such an approach has not been adopted by the 
West, although slightly inclined geostationary orbits have been proposed to 
improve Northern latitude coverage. Geostationary military satellites tend to 
have less stringent station-keeping requirements than civil satellites; 
east-west station keeping is typically 0.1°, and active north-south station 
ke:,° < may not always be used. 


ee 


(a) From geostationary (b) From Molniya 
orbit orbit (apogee) 
Fig 1 Satellite's view of the earth 


Military communication satellites are similar to their civilian counterparts 
in using transparent transponders, but they also tend to incorporate features 
to provide protected communications under jamming threat, such as special 
antennas and spread spectrum processors (see 7.5, 7.6). Additionally, they 
may be hardened against nuclear effects (7.2), and employ secure 
encrypt/decrypt coding for TT&C. 


Earth coverage antennas are generally used where possible, to provide a 
service over the widest area (military deployments tend to be unpredictable in 
their location). In order to permit operation with small terminals, high-gain 
spot beam antennas are also needed, and this represents a conflict with the 
wide coverage requirements. Some advanced satellites may employ steerable 
spot beams, with either mechanical steering, Multiple Beam Arrays, or phased 
array steering; such solutions however are neither straightforward nor cheap. 
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Transparent transponders tend to be used for the bulk of traffic. Greatest 
\} 

x flexibility is achieved in this way, allowing usage by a wide range of 
K : terminals. Design aims include highly linear amplifier stages and good 
ie H AM-to-PM conversion performance, to help to minimise intermodulation products 
sas and other effects due to multiple accesses and/or any jamming signals. Fig 2 
oo shows a functional outline of an SHF transparent transponder, where the uplink 
if, ‘ yt 

“ passband is amplified, selected by filtering downconverted (single 

at conversion), and transmitted via a Travelling Wave Tube Amplifier (TWTA) 

> together with further filtering (to remove images, intermodulation products 
ee etc). The channel amplifiers would have commandable gain steps, -llowing the 
“y system operator to choose required back-off from limiting (ie saturation) 
ais mode, and transponder gain would usually be sufficient to permit saturation on 
tes front-end thermal noise if required. 
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a Fig 2 Transparent transponder: -—- simplified functional outline. 
Brit 

e 
oe. A typical military satellite is illustrated by SKYNET 4. The SKYNET 4 
ee system aims to provide flexible communications for Maritime and Land 
aye forces, together with fixed strategic services. Among its major design 

are features are: 

o, 
ns. * Multifrequency capability, ie operational UHF and SHF service; 
7 2 

“Gal * Survivability, ie hardening against Nuclear EMP, also anti~jamming 
features providing resistance to Electronic Countermeasures (ECM); 

od * Operational flexibility, ie selectable antennas, channels and gain steps 
fo4 to optimally support a varying user community; 
am * Long service life: - the operational design lifetime is 7 years. 
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a : 
¢ 
/ Fig 3 SKYNET 4 on~station perspective 


The on-station characteristics of the spacecraft are: 


Spacecraft dry mass 670 kg 
East/West station keeping +/- 0.19 
(no active N/S station keeping) 

Momentum wheels Two @ 25 Nms 
One @ 16 Nms 

Hydrazine Thrusters 0.7 to 20 N 

Pointing Accuracy: Roll & Pitch 0.079 

Yaw 0.35° 

DC Power supply 1600 W nominal 
1200 W end-of-life 

Voltage range 42.5 - 30 V 

Telemetry channels & commands approx 500 


SIMULTANEOUS EQUATIONS Algebra 


Step 4. Substitute x = 6 into one of the original equations and solve for y. 
5x 6y<= 12 
5(6) + 6y = 12 
30 + 6y = 12 
6y = 12 - 30 
6y = -18 
OD one 
6 
ye s3 
Step 5. Check the solution by substituting x = 6 and y = -3 into the other original 
equation. 
3x + 5y = 3 


3(6) + 5(-3) = 3 
18.2 15=3 
34373 
Thus, the solution checks. 


Systems of two equations involving two unknowns can also be solved by substitution. 


Step 1. Solve one equation for one unknown in terms of the other. 

Step 2. Substitute this value into the other equation. 

Step 3. Solve the resulting equation for the value of the one remaining unknown. 
Step 4. Find the value of the other unknown by substituting the value of the first 


unknown into one of the original equations. 


Step 5. Check the solution by substituting the values of the two unknowns into the 
other original equation. 
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The SKYNET 4 satellite is 3-axis stabilised, and is based upon the successful 
ECS design, with a Service Module and a Payload Module. British Aerospace are 
the prime contractor, and the payload is built by Marconi Space Systems. The 
design may be engineered for launch into geostationary orbit either by Ariane 
or by the Shuttle with boost into transfer orbit by payload assist module 

PAM D-2. In-orbit control is based on a momentum-wheel bias system coupled 
with sun and earth sensors. Lightweight carbon fibre materials are used for 
Many structural parts. The power supply is regulated in sunlight, and 
unregulated in eclipse. 


The first phase of the SKYNET 4 programme calls for three satellites, the 
first to be placed at 1°W, the second at 6°E, and a spare over the Indian 
Ocean. Fig 3 shows an on-station perspective of the satellite: note the 
complexity of the antenna ‘farm’. 


An outline of the SHF payload is shown in Fig 4. The SHF amplifier technology 
is based on GaAs FETS, with a receive noise temperature of 1000 K, and 40 W 
TWTAs for the output stages. Four SHF channels are provided, with BWs ranging 
from 60 to 135 MHz, and single conversion is employed with a translation 
frequency of 725 MHz. The uplink antenna is an Earth~cover TE, mode 
corrugated horn in all cases, except where a spot beam is selected (to give 
higher gain). 


There are a variety of transmit antenna options, with separate higher gain 
offset-fed reflector antennas serving to concentrate the transmit power over 
smaller regions, to provide increased capacity with small terminals. In 
addition to Earth cover, the Wide beam antenna serves interests in the North 
Atlantic region, the Narrow beam serves the European area, and the Spot beam 
provides a high EIRP over central Europe, (specifically to serve small Manpack 
and other tactical army terminals). The specified required coverage regions 
are shown in Fig 5. 
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Fig 4  SKYNET 4: SHF payload simplified outline, and antenna plan. 
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Fig-5 SKYNET 4: Specified coverage areas. 


The SKYNET 4 antenna plan is also shown in Fig 4, and the channel parameters 


are summarised below, illustrating the increased downlink EIRP as the coverage 
area is reduced in size: 


Channel BW Transmit coverage EIRP 
1 135 MHz Earth Cover 31 dBW 
2 85 MHz Narrow Beam 34 dBW 
3 . 60 MHz Wide Beam 35 dBW 
4 60 MHz Spot Beam 39 dBW 


A Beacon transmission is provided at SHF, from a solid-state transmitter. It 
feeds an Earth cover antenna, and may be used by terminals for acquisition and 
tracking. The SHF payload incorporates several filter units: these include 
bandpass filters to prevent intermodulation products from multi~carrier 
signals in one channel falling into adjacent channels, bandstop filters to 
reject interfering signals at the beacon frequency, bandstop filters to reject 
transmitted noise and intermodulation products at the receiver frequency, and 
low pass filters to reject TWIA harmonics. 


Two UHF channels are available, each with 25 kHz bandwidth, and operating 
within the band 305 - 315 MHz (uplink), 250 - 260 MHz (downlink). A common 
helix antenna is used for both transmit and receive, with a multiplexer unit 
separating the two. This antenna is relatively large (2.4 m length), and is 
deployed once the satellite is on station, yet it provides only Earth 
coverage. The UHF transponder is all solid-state, with each channel 
delivering 40 W of RF power, and an EIRP of 26 dBW. Receive G/T is -18 dB/K. 


An experimental EHF receiver is a feature on SKYNET 4. Operating in the 43 to 
45 GHz band, this is an advanced R&D package, originally funded by RSRE as a 
step towards the future exploitation of the EHF bands (see 8.2). 


A self-contained spread-spectrum on-board receiver provides communication 
facilities at SHF with protection against jamming. A Nulling Antenna facility 
is also provided for use with the SHF payload. 


This complex payload may be reconfigured by telecommand, for example to change 
the SHF antennas. Reliability is a major requirement, and there is 
considerable redundancy and associated redundancy switching, to allow for 
substitution of failed units. There are extensive associated telemetry and 
telecommand systems, supported by dedicated computer facilities in the ground 
segment. 


Because SKYNET 4 aims to provide facilities for all three UK armed services, 
it is necessarily complex: if a greater number of satellites were provided, 
each dedicated to a particular user community (as is more common in the US), 
each might be somewhat simpler. In particular, the close proximity of a 
number of antennas on the satellite give potential problems of electromagnetic 
compatibility (EMC), and represents a major design challenge. 


5 TRAFFIC, TERMINALS & LINK BUDGETS 
5.1 Traffic. 


Military communications traffic may be categorised as ‘Strategic’ or 
‘Tactical’; with the former generally related to large and fixed terminals, 
and the latter to small and mobile terminals. (This terminology is usually 
extended to the terminals themselves, even though both types of traffic may be 
handled by all terminals). Strategic traffic (at SHF) is handled in a way 
Similar to civil traffic, and is likely to be high-speed data or PCM-TDMA 
speech. The traffic patterns and routing requirements may however be less 
predictable than in a civil scenario. 


Tactical terminals are of major importance to the military, and their usage 
differs from most existing civil applications. The number of small terminals 
deployed may be very much greater than the number of large terminals, and each 
is essentially independent with Single -Channel -Per -Carrier (SCPC) 
transmission. Their capacity is limited, and traffic may be a combination of 
a few data and speech channels. Data is often telegraph (ie teleprinter) @ 50 
or 75 baud, several channels of which may be simply multiplexed, prior to 
transmission, into a higher data rate. Other forms of data may include 
transfers between battlefield computers and sensing devices, or slow-scan 
television. 


Speech in military systems is generally in digital form, and this permits the 
use of encryption devices when required. Two forms of speech traffic are 
common: 2.4 kbit/s vocoded speech, and 16 kbit/s CVSC. 


Vocoded speech @ 2.4 kbit/s can be provided by a range of encoders (or 
"Vocoders'), which with modern IC technology can be acceptably small. There 
are several schemes currently employed, but the most promising seem to be 
those using some form of LPC (“Linear Predictive Coding”). Vocoders of this 
type produce a model of the vocal tract which is periodically updated; the 
parameters of this model are transmitted over the channel and used to drive a 


‘error extension’. 2.4 kbit/s vocoded speech has been used traditionally by 
the Navy, where its narrow Bw suits HF radio channels. 


oe CVSD ("Continuously Variable Slope Delta modulation') is a simple form of 

gg adaptive Delta modulation, akin to 1 bit differential PCM. It has the merit 

: of tolerance to relatively high bit error rates (Py around 2% may still be 
intelligible, although the use of encryption devices may again worsen the 
situation). Furthermore, voice recognition is superior to vocoded systems, as 

g is the tolerance to background noise. 16 kbit/s CVSD is common in army 

SA communications, (being applied mainly to UHF portable radios where simple 

lightweight encoders may be mass produced). 


5.2 Modulation. 


~ A variety of carrier modulation schemes are used in Milsatcom. The choice of 

‘ these may be partially dictated by the need for operation in a suitable 

multiple-access scheme, or in conjunction with some form of spread spectrum 

(see 7.6). It is generally important that signals are constant-envelope 

within a transponder, suggesting the use of PSK or FSK rather than ASK. 

Binary PSK (BPSK) and 4-phase PSK (QPSK) are commonly used, together with 

variants of these which marginally improve upon BW and envelope 

. characteristics. In general, it is power rather than BW which is at a premium 

- in Milsatcom, and this leads to the use of FSK (binary or multi-level, eg 

=", l6-level MFSK), with the added feature that pnase coherence is not required 

" between symbols (which may be difficult with Frequency Hopping Spread Spectrum 
- FHSS). 


5.3 Coding. 


2 


arpetle 


Error-control coding is widely used, and is a feature of most modem designs. 
It helps maintain high integrity for data communications and speech links, and 
may also provide link power benefits. However, given that speech links may be 
working at relatively high error rates (and also be subject to propagation 
fading), the overall benefits of FEC (Forward Error-correction Coding) in 
terms of power budgets may not always be as high as at first sight. Coding is 
particularly important for Frequency Hopping Spread Spectrum (FHSS) links, 
where interleaving maintains integrity over the duration of jammed hops, and 
advanced spread spectrum modems may employ combinations of coding schemes, for 
example Convolutional and Reed-Solomon codes. 


Rens 


ie. 


It is a requirement of Milsatcom that some links should survive under heavily 
jammed conditions, where adverse link budgets permit data throughput of 
perhaps as low as only a few bits/s. There are considerable difficulties in 
dealing efficiently with such very low data rates, and besides the judicious 
use of coding, attention must be given to constraints of Doppler effects, of 
drift, and of phase noise caused by oscillators both in the satellite and on 
the ground. 
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Ky voice syntnesiser which is essentially a transversal filter fed by a pulse 

Y stream at the pitch rate. There are other forms of channel Vocoders, which 

* essentially split the speech spectrum into narrow frequency bands and transmit 

” their amplitudes. 

4 Such systems however may not be very tolerant of errors (because of the high 

\ information content per bit, and the structured format), and a channel bit 

. error probability (P,.) around 1073 is usually required; if cryptographic 

““ encoding is also used, then requirements may be even more stringent because of 
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5.4 Terminals. 


Milsatcom systems employ a variety of terminals, ranging from large fixed 
stations to smaller portable or mobile terminals. Each Milsatcom system will 
include one or more main base or ‘anchor' stations, and these serve as an 
interface between satellite traffic and fixed networks, as switching and 
routing centres, and are generally co-located with TT&C facilities and the 
system control & operational staff. 


The feature distinguishing these anchor stations from their civilian 
counterparts is that they generally handle many different types of traffic, 
and use a variety of types of modems with a mixture of multiple access 
schemes. In other respects, they may be very similar to civil stations, with 
SHF antennas of diameter 20 m or more, and with transmit powers of a few 

10's of kW. 


Anchor stations provide local loopback facilities (at baseband or IF) to 
permit communication between small Satcom terminals, which would otherwise 
generally not be possible directly due to power constraints. They also 
provide patching and switching connections to a variety of terrestrial 
networks, using cable, fibre-optic and microwave links. This ground segment 
alone can represent a very considerable investment and complexity (at least as 
great as that of procuring and launching a satellite). 


Besides a few such large stations, a range of smaller fixed terminals may be 
employed, to handle traffic at military centres. The majority of their links 
will be to or from an anchor station, but some such terminals may also possess 
sufficient EIRP to communicate directly with one another, or with small 
tactical terminals. 


Land tactical terminals come in a variety of sizes, being transportable by a 
vehicle, by air-drop, or by a soldier. A typical such terminal is the UK 

TSC 501, which is transported in a Land Rover, and may be erected within a few 
minutes. This has a 1.7 m dish, and a TWTA giving 60 W, to provide one or two 
speech channels and telegraph channels with PSK modulation; multiplexed daca 
channels may also be used. It is shown in Fig 6. A similar terminal is the 
UK TSC 502, which is also intended for rapid deployment, and may be air 
transportable; see Fig 7. 


A smaller terminal is the UK portable “Manpack", with a 45 cm dish, providing 
50 baud telegraph together with analogue speech (and, potentially, digital 
speech if operating in a satellite spot beam). See Fig 8. Such highly 
portable terminals are extremely useful to land mobile forces, but have the 
disadvantage that a high proportion of satellite EIRP is required to support 
each downlink transmission. This is a driving force towards the use of spot 
beam satellite antennas for some scenarios. 


Land mobile terminals are also of importance, and may be used on tanks and 
other military vehicles. Their application is restricted primarily by 
constraints on antenna mounting. 
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TSC502 


UK Portable SHF Satcom Terminal 
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An interesting description of the development of the prototype Manpack is 
given in [3]. The parameters of this prototype may be summarised: 


Terminal size 

Weight 

Max EIRP 

Antenna dish diameter 
Antenna gain 

Antenna beamwidth 
Receive G/T 

Receiver Noise Temp 
Traffic 

Modulation (telegraph) 
BER @ 50 baud 


Target set-up time 


45 cm x 45 cm x 20 cm plus back carrier 
17 kg including batteries and telegraph terminal 
31 dBW 

45 cm 

28.5 dB @ 8 GHz 

6° approx 

2 dB/K 

400 K at antenna feed 

50 baud telegraph or analogue speech 
differential BPSK 

better than 1074 


2 minutes 


Fig 8 Manpack” SHF Satcom Terminal 


Ships are prime users of Satcoms, and have traditionally used both UHF and SHF 
Satcoms. The exploitation of EHF is also of current interest, largely as it 
can provide better AJ and Intercept (LPE) performance (see 7.6, 7.7, 8.2). 
Many ships require to relay data from weapons systems, together with speech 
traffic, which in the Navy is generally 2.4 kbit/s vocoded. At frequencies 
above UHF, ship motion makes Satcom antenna pointing demanding; installation 
space is also at a premium, and parts of the superstructure may block the 
field of view; this blockage is known as ‘Wooding'. 


As an example of a ship terminal, the UK SCOT system uses two antennas, one 
either side of the mast, to alleviate wooding. These are contained in 
weather-protecting radomes, as shown in Fig 9. The SHF dish sfze is of the 
order of 1m. Larger antennas could be employed if data requirements demand, 
but these would be subject to the limits of ship motion and the cost 
constraints of highly stabilised platforms. 


Submarines require to maintain a low profile, and to remain submerged whenever 
possible. This leads to their use of UHF, with a simple antenna deployed 
above the surface for short periods, as small SHF antennas are not practical. 
Future developments in small EHF antennas may be forseen, and there is also 
interest in optical communication, where blue-green lasers may penetrate 
seawater (see 8.3). To minimise detection, message durations are usually kept 
as short as possible. 
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Aircraft Satcoms are less well developed. There are increased problems here 
of antenna pointing & stabilisation, and doppler shift. For high-speed 
fighter aircraft these problems are severe. Potential outages may also occur 
due to path obstruction while manoeuvering. Antenna size is severely 
constrained on an aircraft, and values of receive G/T as low as 0 dB/K (at 
SHF) may be typical. The UK MASTER demonstrator programmel 4] aims to prove 
the practicality of SHF Satcoms to Nimrod aircraft. 


6 LINK BUDGETS & MULTIPLE ACCESS 


6.1 Link Budgets. 


The performance and capacity of any satellite communications system is largely 
dependent upon the link budgets. The wide variety of simultaneous links 
through a shared transponder, together with the fact that the majority of 
military links are power (rather than BW) limited, distinguishes most military 
from civil systems. It is generally downlink EIRP which is at a premium, and 
for each small terminal user there is a potential trade-off between power, 
antenna size, and achievable data rate. An understanding of link budgets is 
thus crucial to military Satcoms designers, planners, and operators. 


Transponders may be operated either in backed off mode, or close to 
saturation. In the former case, the satellite downlink output powers will be 
strictly pro rata the input powers (together with front-end thermal noise), 
and in the saturated mode the fixed output power (eg 40 W TWTA) will be 
appcrtioned between downlinks according to their relative uplink powers 
together with any small signal supression effects. 


Small Signal Suppression (SSS) arises when more than one signal share a common 
limiting (ie saturating) amplifier. The analysis of this non-linear situation 
can be very complex, especially where several signals are concerned. There 
are two simple extreme cases however: 


(i) A single carrier signal whose power is far below accompanying wideband 
gaussian noise: the carrier suffers additional SSS of 1 dB over and 
above ‘the pro rata power apportionment between the signal and the 
noise. 

(ii) A single carrier signal in the presence of another much higher power 
carrier (eg a CW jammer): here the signal suffers additional SSS of up 
to 6 dB. (This may be intuitively visualised by looking at a phasor 
diagram with the sum of a large and a small signal subject to constant 
magnitude). 


Front-end thermal noise must be included among the input power levels: some 
uplink accesses may be operating well below the power levels of others, or 
even below the total transponder noise power, ie with an overall negative 
signal-to-noise ratio (SNR) in the transponder BW. Thus with uplinks from the 
smallest terminals alone, we may find that the satellite downlink power 
comprises mainly thermal noise: In practice a transponder will carry many 
signals with a wide dynamic range. The power taken by intermodulation 
products needs to be accounted for, together with any jamming power. 


It can be easily seen that the capacity of small terminals is very limited, 
and that they may require a significant proportion of available satellite EIRP 
in order to operate. In the Link Budget Appendix to this report some typical 
illustrative link equations examples are developed, to demonstrate system 
Limitations. 


6.2 Link Margins. 


Suitable margins must be included in link equations to provide for the effects 
of propagation loss, antenna pointing, and engineering implementation etc. 
These will depend upon the frequency band, area of operation (including the 
weather and the elevation angle to the satellite), and type of terminal. In 
general military systems are not as controllable or as predictable as their 
civil counterparts, and larger margins are taken. One need only envisage a 
soldier operating a small terminal under hostile conditions in a battlefield 
environment to appreciate that niceties of fraction of a dB are academic. 


Some typical practical single path margins, for moderate elevation angles, 
might be: 


UHF: 1 dB (considerably more if multipath fading) 


SHF: 3 dB 
At EHF, attenuation is very critically dependent upon the weather and the 
elevation angle, and margins have to be specified in these terms. Ref {12] 
illustrates some typical values. In a moderate climate, EHF margins may be 
little greater than for SHF, provided it is not raining: In certain wet 
climatic regions however the following figures might be an example: 


EHF (20 GHz): 3 dB (for 95 % avatlability) 
8 dB (for 99 % availability) 
EHF (44 GHz): 10 dB (for 95 % availability) 
20 dB (for 99 % availability) 


In any band, the margin may require to be increased by perhaps 6 dB if low 
elevation angles mean that the terminal beamwidth encompasses a reflecting 
surface (ground or sea). 


6.3 Multiple Access Techniques. 


A Milsatcom transponder may require to handle simultaneously a large number of 

links, operating with different forms of traffic and protocols from a number 

of terminals. It is characteristic of the military scenario that accesses 
come and go unpredictably, and requirements may vary rapidly. The system 

controller will need to respond to this, and in periods of high demand also 

take into account user priority. In practice a combination of manual (with 

computer support) and automatic demand assignment schemes may be in operation. 


The Multiple Access problem is that of allocating and implementing the sharing 
of transponder capacity between a number of terminals, most of whom are 
operating on an SCPC basis*. Individual users may access a link by prior 
arrangement, or in conjunction with a polling or request channel. A group of 
users (a "Net”) may employ their own protocol over an allocated channel (eg by 
time slot allocation, or random access contention operation), which may be 
outside the scope of the overall system controller who regards this simply as 
a single access (and who may not know which ground terminal is in use). Of 
course a link may be further multiplexed by the user, eg several telegraph 
channels @ 50 or 75 baud may be combined by TDM over a 2.4 kbit/s speech 
circuit. 


* The term 'Channel' can have a number of loosely defined meanings (including 
a single communication circuit, or an entire transponder). It may help to 
define an Access as a separately identifiable signal from a ground station 
through a satellite. A Link is taken to mean an end-to-end signal path 
allocated between two ground stations, and may be “simplex” (ie one-way) or 
“duplex” (ie both directions of communication at once); - a duplex link 
involves 2 Accesses. 
- 16 - 
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Algebra SIMULTANEOUS EQUATIONS 


Example: 
Solve the following system of equations using substitution. 


5x + 6y = 12 
3x + 5y = 3 


Solution: 
Step 1. Solve the first equation for x. 
5x + 6y = 12 


5x = 12 — 6y 


Step 2. Substitute this value of x into the second equation. 


3x + Sy = 3 
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While traffic may be routed directly between medium-size terminals (eg 5 mo 
diameter or more), the link budgets seldom permit direct small-terminal - to - 
snall-terminal working. This would be achieved via an anchor station, with 
the penalty that a double hop is needed, and the use of the anchor node 
represents added vulnerability. The additional propagation delay may also be 
of significance. 


One important military requirement is that of the "Broadcast": which is a 
one-way transmission from a large station to a large number of users, 
including small terminals. Such a service may be required to operate under 
the worst-case threat conditions, and may employ protection against jamming 
(as described later). 


At UHF, transponders provide only a narrow-band capability, representing 
perhaps a single terminal access, and control is accordingly fairly 
straightforward. Some frequency division multiplex of low data rate signals 
from a single ground station may be possible. 


At SHF (and EHF), a number of users share a wideband transponder, and 
apportion the downlink EIRP according to their uplink powers (together with 
any small signal suppression). This calls for careful planning, with 
appropriate frequency and power allocations to each user, together with good 
user power control. Computer programmes will assist in determination of 
uplink power as a function of the required C/N, of the link and of all other 
users sharing the transponder. Intermodulation products occurring within the 
transponder (notably the output power stages, eg TWIA) also need to be 
calculated and taken into account; these increase sharply as the TWT is driven 
into saturation, and the controller will determine any required back-off (and 
will perhaps command gain settings on the transponder). To achieve maximum 
downlink EIRP, military transponders generally tend to operate further into 
Saturation than most civil systems. 


TDMA (Time Division Multiple Access) may be used by high-data-rate strategic 
users, typically with PCM speech and/or data in a manner similar to civil 
systems. If such a system occupies an entire transponder, the entire 
transponder output power is used for each individual data symbol: this means 
that intermodulation problems are eliminated, and benefit may be made of the 
full saturated EIRP. In practice, a military transponder is likely also to 
include other forms of multiple access. TDMA has not generally been applied 
to small terminals to date, principally because of timing and control 
difficulties, and the complexity needed to achieve flexible response to 
changing access demands. 


FDMA (Frequency Division Multiple Access) is commoniy used in Milsatcoms. A 
frequency slot and power allocation is given to each link, and these are 
placed at appropriate intervals over the transponder BW, having regard to the 
precise position of intermodulation products. Usually it will be EIRP rather 
than available BW which limits the capacity of FDMA systems. 
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The advantages of FDMA are: 


Users may be independent in terms of power, traffic 
and modulation scheme (eg analogue, PSK, FSK etc); 


No overall time synchronisation is required, 
(ie only between Tx/Rx pairs); 


Relative simplicity and cheapness. 


The disadvantages of FDMA are: 


Considerable intermodulation products due to mixing of frequencies in 
the transponder: these can interfere with other links, especially 
where strong and weak (ie high- and low- data rate) links are mixed. 
Intermodulation power also robs EIRP; 


Signal suppression of weak carriers by strong carriers may matter, 
again especially with mix of link types; 


The above problems call for very careful frequency selection, and may 
ultimately limit capacity. Large TWIA back-off helps intermods, but reduces 
EIRP. 


FDMA may be used with pre-arranged assignments, including polling or request 
channels. Automatic assigment schemes (similar perhaps to the civilian SPADE 
system) are not yet generally employed in the military scenario. 


Code Division Multiple Access (CDMA) is an alternative technique in wide 
military use. It is a form of Spread Spectrum (SS) communication (see 7.6), 
and is also known as Spread Spectrum Multiple Access (SSMA). Most CDMA 
systems use the Direct Sequence (DS) form of SS, but Frequency Hopping (FH) 
versions are also feasible. Somewhat different implementations of SS are 
widely employed for anti-jam (AJ) purposes, as discussed later: while CDMA 
does provide some AJ protection, it is not intended primarily for this 
purpose, but rather to alleviate some of the problems of FDMA. 


In CDMA, each user modulates his transmit signal (narrowband) onto a wideband 
Spreading function, which for DS CDMA would be a pseudo-random code at a 
“chip” rate of a few Mchip/s. Thus the transmission occupies a very wide 
bandwidth. The wanted receiver correlates its input with the same spreading 
function, suitably synchronised, to recover the signal. Each transmit-receive 
user pair employs a unique code, which is uncorrelated with codes in use by 
other transmit-receive pairs. In this way transmissions from unwanted users, 
and also any interference (including intermods), are partially rejected by the 
receiver despreading process, and may be modelled simply as Gaussian noise. 
Additionally, the peak levels of discrete intermodulation products generated 
in a transponder are considerably smaller than would be the case with 
narrow-band signals, permitting operation closer to saturation. 


CDMA users may be assigned the same, overlapping, or separate carrier 
frequencies. As the number of users sharing a common bandwidth increases, the 
effective noise level rises and performance degrades smoothly and gracefully. 
Less stringent control and planning is called for than in FDMA or TDMA 
schemes. Although DS-CDMA is theoretically not as spectrally efficient as 
FDMA or TDMA, in practice the reduction in intermodulation levels permits a 
greater number of users to share a power-limited transponder than would be the 
case with FDMA. A penalty is that the terminal equipment is a good deal more 
complex, and expensive. 
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CDMA is currently being developed for civil small-terminal application. The 
principal merit of this application is that the relative immunity of CDMA to 
narrow-band interference (and vice-versa) permits operation where small 
terminal antenna beamwidths are so broad as to illuminate more than one 


satellite. However, the claims made for such systems are the subject of some 
debatel5], 


Sooo 


Fig 10 depicts the outline of a DS-CDMA transmitter and receiver; (the ‘ 
difficult problem of code synchronisation at the receiver is not addressed 


here). Fig 11 illustrates the concept of correlated and uncorrelated codes in 
a multiple access scheme. 
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RRR Fig 11 Simple Illustration of Code Correlation in CDMA 


7 THREATS & COUNTERMEASURES 


7.1 General. 


Milsatcoms are distinguished from civil systems by the requirement to provide 

survivability under threat. Protection against threats tends to be costly and 
restrictive, and may not be affordable for all users, thus a system is likely 

to provide different degrees of protection for different classes of user. 


Physical threats are fairly obvious. Ground stations are clearly vulnerable, 
suggesting that some diversification of large anchor stations (for both 
traffic handling and TT&C) is desirable. Geostationary satellites themselves 
would require considerable resource to threaten directly, although one can 
speculate about high-energy lasers and particle beam or “directed energy” 
weapons. 


7.2 Nuclear Threats. 


Nuclear weapons pose special threats. Apart from the effects of any direct 
blast, these are: Radiation; EMP; and Atmospheric lonisation. 


Spaceborne electronics is subject to the natural radiation environment, which 
calls for appropriate shielding and choice of component technologies (eg TTL 
or CMOS-on-SOS rather than NMOS devices). Nuclear radiation threat levels may 
be considerably higher than this, and require further such protection 
('Hardening'), against both transient upset and actual damage. Nuclear 
hardening is commonly employed in many military equipments, and tends to 
influence circuit design and equipment costs. 


A nuclear detonation also produces en electromagnetic pulse (EMP). While the 
primary EMP may be insignificant at great distances, a significant secondary 
EMP effect can be induced in a spacecraft structure by the initial incident 
radiation pulse. Essentially this induces unwanted currents in a spacecraft, 
and careful engineering and shielding are required to protect electronic 
circuitry; such measures are similar to those required on all spacecraft 
against Electro -Sratic -Discharge (ESD), which can follow the build up of 
charge on external insulating surfaces in the space environment. 


Exo-atmospheric nuclear detonations can ionise the upper atmosphere, seriously 
affecting earth-Space propagation over a very wide region. An initial period 
of attenuation is followed by a period of Nuclear Scintillation, where the 
Signal fades rapidly. These effects may disrupt UHF communications for many 
hours, SHF for a few hours, and EHF momentarily. Some Milsatcom links may 
require to function during such periods. This requirement may be a strong 
driving force towards EHF for some scenarios, where suitable coding and 
interleaving may permit some survivable satellite communications during 
nuclear scintillation. Available open literature upon nuclear propagation is 
very sparse, although [6] and [16] do touch on some aspects. 


=. 


7.3 Jamming. 


Jamming is an attempt by an enemy to prevent communication by swamping a 
system with radiated power. It may be either Uplink or Downlink. Uplink 
jamming of a satellite transponder can be a serious threat, especially as most 
satellite receive antennas view hostile territory. It may be assumed that 
whatever high power can be radiated by a large ground station, a somewhat 
larger power may be radiated by a jammer of similar scale. The use of very 
high power gyrotron tubes at higher microwave frequencies by jammers may 
permit extremely high jammer EIRPs. 


Fig 12 depicts uplink jamming. An uplink jammer will affect the signal 
directly, resulting in reduced SNR, and as the transponder is power-limiting, 
it can capture the downlink power. This results in an absolute reduction in 
the wanted downlink EIRP, plus additional Small Signal Suppression of up to 

6 dB. The effect is that the transponder communications throughput is greatly 
reduced, and normal traffic may become virtually impossible. 


Downlink jamming from an aircraft or other platform is also a threat, but one 


which may be physically removable (ie shot down). Both forms of jamming come 
within the term "ECM" - Electronic Counter Measures. 
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Fig 12 Uplink jamming concept 
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7.4 ECCM. 


Electronic Counter Counter-Measures, or “ECCM", are the steps taken to 
alleviate ECM. In order to maximise communications capacity under jamming, it 
is necessary to remove as much jammer power as possible by techniques on board 
the satellite and/or at ground terminals. While Anti -Jamming (AJ) protection 
may be usefully applied at terminals, it may also be worthwhile to prevent an 
uplink jammer from capturing the satellite transponder power. There are two 
principal AJ techniques which may be used: Antenna Nulling, and Spread 
Spectrum. Each of these can achieve some degree of protection, at a penalty 
of added complexity and cost. The introduction of such techniques generally 
also results in reduced communications throughput, even when operating in a 
benign environment. 


7.5 Antenna Nulling. 


Antenna techniques on board the satellite may help alleviate the effects of 
uplink jamming. A reduced uplink coverage area may be used to enhance the 
wanted signal at the expense of a jammer provided the two are physically well 
separated. This is a simple and obvious measure, but requires a large 
aperture antenna and provides only limited discrimination; more importantly, 
it conflicts with the requirement for global coverage. 


The concept may be extended however to the provision of an array of spot beam 
antennas, with selection of the appropriate coverage region. This would be 
integrated as a Multiple Beam Antenna (MBA), employing a number of feeds 
sharing a common dish reflector or else a waveguide lens structure. An MBA 
has the merit of providing flexible coverage with high gain, but in its 
simplest form gives only limited jammer rejection. 


Improved jammer rejection of specific interference sources may be achieved by 
combining the signals from two or more elements of an MBA. One simple example 
realisation of nulling is shown in Fig 13, where the output from a spot-beam 
antenna, with a narrow beamwidth, is subtracted from that of an earth cover 
antenna with a wide beamwidth. On a purely amplitude basis, it can be seen 
how a narrow (and unique) null might be produced. 


Fundamentally, this technique is similar to that of the Interferometer, as 
shown in Fig 14. Here a signal is received by two identical antennas, whose 
outputs are subtracted after imposition of a phase shift. The relative phase 
is a function of the path difference, which depends upon the angle of 
incidence; thus cancellation can be produced in a particular direction. This 
direction can be varied by telecommand control of the phase shifter. 


The use of several antenna elements, together with both phase and amplitude 
control and combination, may permit considerable flexibility as a nulling 
antenna, and may allow simultaneous nulling of several interference sources. 
(In general N sources may be nulled by N + 1 antenna elements). It might also 
be possible to synthesise area nulls, for example over hostile territory 
without knowledge of specific jammer locations. 
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Fig 13 Illustration of antenna null realisation 
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Such sophisticated antennas would represent considerable complexity on a 
spacecraft. Constraints include the insertion loss which inevitably affects 
even wanted users, and there are demands for maintenance of performance over 
wide bandwidths and environmental temperature ranges. Efficient control is a 
major aspect, and this may be either by remote telecommand or locally through 
on-board adaptive algorithms: if the latter can be achieved, this helps 
alleviate some of the above difficulties. 


Jammer nulling on a satellite is a far greater problem than for most 
land-based applications, as the narrow field of view may contain both wanted 
users and a number of interference sources with very small angular 
separation. There are clearly difficulties in distinguishing jammers from 
wanted signals, and future systems may be expected to rely upon distinctive 
signal coding, leading to integration of antenna sub-systems with spread 
spectrum processors. 


7.6 Spread Spectrum Techniques 


Spread Spectrum (SS) is an AJ technique which relies on the wanted user 
spreading his signal with a spreading function which cannot be replicated by 
an enemy. The receiver performs the inverse despreading operation, and the 
original signal is recovered through a narrow bandpass filter. This process 
spreads any uncorrelated interference such as jamming, the bulk of which is 
removed by the filter. The advantage given to the wanted signal over the 
interference is called the Processing Gain (PG), and is given broadly by the 
ratio of the spread bandwidth to the signal bandwidth. Fig 15 illustrates 
this concept. 


There are two basic SS techniques: Direct Sequence (DS) (also called 
Pseudo-Noise or PN), and Frequency Hopping (FH). 


Direct Sequence involves a linear modulation of the signal with a 
pseudo-random biphase code, typically at several Mchip/s; thus the spectral 
width might be increased from (say) 10 kHz to 20 MHz (main lobe). At the 
despreading receiver, the identical operation is performed with the same 
spreading code, suitably synchronised in time and code phase. With these 
example parameters, a PG of 23 dB would be achieved - a typical figure. 
Technology tends to limit code chip rates to a few 10's of MHz, restricting 
the achievable PG. DS has been established in military communications for 
many years, and has the advantage that it may be used in a transparent fashion 
with virtually any form of constant envelope modulation. 


Frequency Hopping requires the carrier frequency to jump in discrete hops over 
a wide bandwidth; the receiver recovers the signal by hopping its local 
oscillator in synchronism. Outline implementation is shown in Fig 16. A 
narrow band jammer will statistically affect only a small proportion of the 
hops, and error correction coding with interleaving at the receiver will deal 
with this. (The jammer may be forced to spread his power over a wide BW, but 
his effect against any individual hop is thus reduced). Again, a similar 
Processing Gain results. Hopping rates may range from 10 Hop/s to 20 kHop/s: 
the rate does not primarily affect the PG, which is determined by the 
frequency range (ie overall hopping BW). This is not essentially technology 
limited, but is likely to be determined by the satellite transponder BW. 
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Fig 15 Jamming protection through Spread Spectrum 
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SIMULTANEOUS EQUATIONS Algebra 
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Step 4. Substitute y = -3 into one of the original equations and solve for x. 
5x + 6y = 12 


5x + 6(-3) = 12 
542 18.12 
5x = 12 + 18 


ox = 30 


x = 6 


Step 5. Check the solution by substituting x = 6 and y = -3 into the other original 
equation. 


3x+5y =3 
3(6) + 5(-3) =3 
18-15 =3 
3 =3 
Thus, the solution checks. 
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Fig 16 Frequency Hopping: outline implementation 


The price paid for Spread Spectrum is the complexity and the difficulty of 
achieving synchronisation at the distant receiver. Eg a 10 Mchip/s DS system 
requires sync to a fraction of a chip, ie a few ns. FH systems are more 
robust, and may maintain sync for long periods with conventional crystal 
clocks set up on the ‘time-of-day'. The acquisition and tracking circuitry 
itself has to function under conditions of jamming. Initial acquisition time 
may be a significant parameter of a receiver, and will itself be a function of 
the required maximum operating Jammer -to -Signal (J/S) ratio and of initial 
timing or code-state uncertainty. 


In Milsatcom, SS may be used end-to-end with some advantage over a transparent 
wideband channel, but significant performance can only be maintained under 
heavy jamming if the despreading receiver itself is on board the satellite. 
The synchronisation problems here are evident, given uncertain propagation 
delays and Doppler shift, and the engineering of a self-contained spaceborne 
SS receiver represents a major technological challenge. The cost and 


complexity leads to such a protected facility being realistic for only a small 
community of users. 


An essential feature of SS for AJ purposes is that the spreading code must not 
be capable of replication by an unauthorised user. This means that no amount 
of knowledge of past transmissions should allow prediction of future code 
states, and for this reason AJ systems tend to use not simple repetitive codes 
(eg m- sequences, or Gold codes) as do some CDMA systems, but non-linear 
spreading codes which do not repeat during the lifetime of the system. 


With increasing threat levels, and requirements to work from small terminals, 
greater SS PGs are being called for. This is leading to the exploitation of 
EHF, where there is up to 2 GHz of allocated BW for wideband SS (see 8.2). 
This will be met by FH, while Hybrid SS schemes (where a DS signal is 
frequency hopped) are also feasible, and may have further benefits from an 
intercept viewpoint. 


General and readable descriptions of SS techniques may be found in [7] & [8], 
while [9] provides full and detailed analyses for the system designer. 
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7.7 _Low Probability of Exploitation (LPE). 


Interception of traffic by an enemy represents a threat, especially for 
tactical terminals. It may permit location of the terminal, together with 
identification of its type and its activity (the traffic itself can be 
encrypted). While the downlink traffic from the terminal via the satellite 


wh may be readily interceptable, it yields limited information, and the uplink is 
.- the most vulnerable. This calls for ‘Low Probability of Exploitation’ (LPE) - 


a term which includes ‘Low Probability of Intercept’ (LPI). Interception is, 
in the limit, a statistical process, and may be viewed as the detection of 
weak signals (probably with some form of radiometer), in the presence of 
thermal noise. 


Among important measures which a system designer may incorporate, are: 


(i) Spread Spectrum, which reduces the signal power spectral density 
and forces an interceptor to look over a greater noise bandwidth, with 
smaller probability of detection; 


(ii) Operating procedures which minimise the duration of transmissions; 


(iii) Terminal Antenna Design to reduce sidelobe radiation. As a rule of 
thumb, it may be taken that the radiation performance of a tactical 
terminal can lie within the range -10 dBi to 0 dBi in any direction away 
from the main beam. (The lower figure might apply to a land-based 
terminal well clear of surrounding clutter, while the higher figure might 
apply to a ship where the antenna is surrounded by much superstructure). 


Bearing in mind the significant range advantage of an interceptor compared 
with a geostationary satellite, it can be appreciated that intercept can be a 
very significant threat. For further reading on Satcom LPE, see [10] & [7]. 


8 FUTURE TRENDS IN MILSATCOM 


8.1 Enhanced on-board processing. 


To extend protection against jamming to greater numbers of users, especially 
tactical terminals, greater use may be anticipated of SS on-board processing. 
This could for example handle FH uplinks from small terminals in multiple 
access fashion, (perhaps with an FDMA overlay), and could take advantage of 
the wide available BW at EHF to give very considerable PG. Other features 
such as demodulation to baseband, and data routing on board, may be envisaged 
akin to those proposed for civil systems using small terminalsl11), 

Downlinks may be TDM for efficiency (which eases the intermodulation 

problem). Some scenarios may call for scanning downlink narrow spot beams, to 
provide a high peak EIRP on a time-shared basis. 


Antenna technology will be critical to future developments. In addition to 
downlink antenna developments, sophisticated antenna arrays will be required 
for uplink reception. These may provide jammer rejection together with high 
gain and perhaps frequency re-use. On-board adaptive algorithms will 
discriminate against jamming or interference, and wanted signals may need to 
be distinguished by secure spread spectrum format. Developments may be 
anticipated in phased array antennas for spacecraft, where a reflecting dish 
or lens aperture is replaced by an array of elements each with suitably 
controlled amplitude and phase combining. 
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8.2 EHF. 


Major exploitation of EHF may be envisaged in future Milsatcom systems. The 
uplink band is 43.5 - 45.5 GHz with downlinks @ 20.2 - 21.2 GHz, (and also 
39.5 - 40.5 GHz). The 2 GHz of uplink BW permits considerable SS PG, 

(eg 2 GHz/10 kHz = 53 dB), giving realistic AJ protection with on-board 
despreading. The wide BW also allows high traffic capacity and relative 
freedom from regulatory constraints; orbital spacing of satellites could also 
be reduced, as even small tactical antennas will be capable of 1° 

beamwidths. EHF promises yet further advantages in ECCM, as the EIRP of a 
small terminal increases with frequency, while that of very large terminals 
(eg a jammer) tends to reach practical limits. 


LPE may be considerably enhanced at EHF: apart from potential for wider BW SS 
(reducing intercept detectability), small terminal antennas may permit 
narrower beamwidths and improved side-lobe performance at the higher frequency 
band, and local rain attenuation may be more likely to disadvantage an 
interceptor than the user. 


Other benefits of EHF lie in the small size and mass of hardware, especially 
satellite antennas. This may encourage the application of sophisticated 
on-board null-steering or adaptive antennas, which would otherwise be a 
problem at SHF. If operation in a post-nuclear scenario is required, the use 
of EHF may be almost mandatory to overcome Nuclear Scintillation propagation 
effects (see 7.2).- 


The disadvantages of EHF may be summarised as: 


(i) Heavy attenuation during rain. This is a real problem, and can 
to some extent be overcome by including large link margins (eg typically 
of the order of 12 dB for 99% link availability, depending upon elevation 
angle, compared with only a few dB @ SHF). However, one needs to examine 
the detailed statistics of rain outages. For military application, the 
duration of outages may be of more importance than the average 
availability (which is the commercial criterion), and it may be more 
realistic to try and accept short duration outages than to aim for 
significantly increased link margins. 


(ii) Antenna pointing. The narrow beamwidths achievable @ 44 GHz may 
demand more accurate pointing mechanisms for terminals, eg closed loop 
rather than open loop for a 1.7 m terminal. This could be a constraint 
for smaller man-portable terminals, where the operator is unlikely to be 
in a position to indulge in accurate pointing exercises. 


(114) High cost & advanced technology: component and system costs are 
high, but may be expected to fall as the Milstar programme!1] gets 

under way. The ultimate cost impact on satellites themselves may be 
advantageous however, due to size and mass savings. 


A good analysis of EHF Milsatcoms may be found in [12]. 


8.3 Optical Satcoms. 


There is interest in optical laser communication for Milsatcom. While this is 
particularly appropriate for inter-satellite links (where performance would 
seem to be comparable to an EHF system), there is also scope for 
Space-to-ground communications subject to the obvious problems of cloud and 
rain. Such a system might operate at around 1.3 micron wavelength, most 
likely with Nd:YAG sources, and use pulse position modulation (PpmM){13], 

The benefits of optical Satcoms are: very good LPE, mainly though very narrow 
beamwidths; small antenna (ie optics) apertures; wide bandwidth capability; 
potentially good jamming resistance. Current technology is largely based upon 
Direct Detection methods, but Coherent Detection systems, where the optical 
Signal is heterodyned down to RF, offer considerable potential. 


It has also been suggested that the use of blue-green light may permit 
communication to submarines below the sea surfacell4]. This might involve 

a one-way broadcast from a low orbiting satellite using a modulated scanning 
spot beam, an optical wavelength appropriate to transmission in sea water, and 
a very narrow receiver optical filter to reject background noise. 


8.4 Inter-satellite links. 


Inter-satellite links (or "Crosslinks"), may be used to extend the coverage 
area of a geostationary system, eliminating the need for intermediate anchor 
stations (and reducing delay), or as links between low orbiting and 
geostationary or supersynchronous satellites. With reduced dependence on 
vulnerable intermediate ground anchor stations, overall physical survivability 
may be enhanced. Communication could be either EHF @ 60 GHz, (which is in the 
oxygen absorption band, reducing probability of intercept on the ground), with 
CO9 infrared Tapersl lo. or optically. Calculations suggest that 

excessive powers are not required, and the main problems lie in the 
antenna/aperture acquisition and tracking. 


9 BRIEF CONCLUSIONS 


Milsatcoms are distinguished from civil systems by the requirement to handle a 
variety of different terminals over a wide area, and in the face of potential 
threats. Most traffic is carried at SHF, using shared wideband transparent 
transponders, with earth-cover satellite antennas. Smaller areas of coverage 
are also particularly important however, especially for use with small 
tactical terminals, which may, nevertheless, be able to operate at only very 
low data rates. 


Survivability is a prime requirement, against which Jamming represents the 
principal threat. This may be alleviated by antenna nulling and by spread 
spectrum techniques. Such facilities should ideally be provided on board the 
satellite itself; they are costly and such protection may only be affordable 
for a limited community of users. 


Future Milsatcom developments include the exploitation of the EHF band (44 GHz 
uplink), together with enhanced on-board processing. 
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APPENDIX: LINK BUDGET ILLUSTRATIONS 


By considering a few simplified link budgets, we illustrate some typical 
parameters and in particular the constraints of small terminal Satcom 
operation. We are concerned with an SHF geostationary satellite, having a 
transparent tran. sonder of 10 MHz BW. Consider two terminal types: (a) Large 
Terminal: This mig..t be an anchor station, and has a 10 m dish antenna with a 
1 kW transmitter and a receive noise temperature of 200 K. (b) Small 
Terminal: This is based on the UK 'Manpack', and has a 45 cm dish with 2 W 
transmit power and 1000 K receive noise temperature. The actual terminal 
EIRPs are 88 dBW and 31 dBW respectively; these figures are taken from the 
specification (and account for antenna efficiency). 


The path loss is as determined by frequency (which is taken here as 8 GHz for 
both up- and down- links, for simplicity), and ty range. Range is taken as 
37,000 km to a geostationary satellite. The satellite receive antenna gain is 
that of an earth cover antenna, which is about 17 dB irrespective of 
frequency. A similar antenna is taken for downlink transmit, with a TWTA of 
20 Ww, giving an EIRP of 30 dBW. 


Simplified specimen link budgets are shown in Table Al. Here we ignore link 
margins (for weather etc), and consider only a single access which takes the 
full saturated downlink EIRP of the transponder (in practice this may not be 
the case, and back off would additionally be applied). The resultant 
parameter of interest is the Carrier-to-Noise density, C/N,, expressed in 
dB-Hz. (This is often more useful than signal-to-noise ratio, SNR, being 
independent of any modulation scheme. It may help to visualise the C/N, as 

the SNR which would result if the signal were being detected within a 1 Hz BW). 


Large Terminal power budget: 


It is shown (i) that the large station uplink can produce a C/Nog of 

102 dB-Hz at the satellite front end. In the satellite transponder Bw of 
10 MHz (ie 70 dB-Hz), this yields 32 dB SNR, implying that the downlink 
power will be almost entirely wanted signal, with negligible noise 
contribution. 


At the large-terminal receiver, the downlink C/N, is 92 dB-Hz (ii), 
implying 22 dB receive SNR over the full 10 MHz BW. This is adequate for 
most purposes, and indicates that noise is not a limitation in this 
system. It suggests that data rates up to at least 10 Mbit/s at 
negligible error rates should be achievable. 
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LARGE TERMINAL: 


(i) Uplink 


P= 1 kW 
10m dish, G = 58 dB 


Path Loss 
Satellite Rx Antenna Gain 


Noise Temp Ty 1000 K ( = 30 dBK) 
Boltzmann's const -229 dB/Hz/K 


Resultant uplink C/N, 


(ii) Downlink 


P = 20 W 
EC antenna, G = 17 dB 


Path Loss 
Terminal Rx Antenna Gain 


Noise Temp Ty 200 K ( = 23 dBK) 
Boltzmann's const -229 dB/Hz/K 


Resultant downlink C/Ny 


SMALL TERMINAL (eg Manpack): 


(411i) Uplink 
P= 2W 
45 cm dish, G = 28 dB 


Path Loss 
Rx Antenna Gain 


Noise Temp Ty 1000 K ( = 30 dBK) 
Boltzmann’s const -229 dB/Hz/K 


Resultant uplink C/N, 


(iv) Downlink 


P = 20 W 
EC antenna, G * 17 dB 


Path Loss 
Rx Antenna Gain 


Noise Temp Ty 1000 K ( = 30 dBK) 
Boltzmann's const ~229 dB/Hz/K 


Resultant downlink C/Ny 


EIRP 


kT 


EIRP 


kT 


EIRP 


kT 


EIRP 


kT 


88 


202 
17 


-199 


102 


202 


202 
28 


-199 


55 


TABLE Al: SPECIMEN OUTLINE POWER BUDGETS 


Geostationary Satellite @ 8 GHZ. Weather margins not included here. 
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Small Terminal (eg Manpack) Budget: 


Consider the Manpack terminal uplink (iii), with an EIRP of only 31 dBh. 
The satellite received C/Ny is 45 dB-Hz, which implies a transponder SNR 
(in 10 MHz) of - 25 dB! Thus with this single access, the satellite 
downlink power will be mostly thermal noise, and the wanted signal downlink 
EIRP is about 30 - 25 = 5 dBW (neglecting here for the moment the 
small-signal suppression, which will reduce it a further 1 dB). This 
C/N due to satellite front-end noise will appear at the downlink 
receiver together with the additional front-end noise of that receiver. 
The overall resultant C/Ng is determined by the reciprocal of the sum of 
the reciprocals, although in practice one or other value may predominate. 
In the case of a large receive terminal, the downlink transmitted noise 


will still swamp local front-end noise, leaving an overall C/No of 
45 dB-Hz. 


Now consider the downlink to the Manpack terminal (iv). If the full 
satellite EIRP were devoted to the signal, the receiver C/N, is 

55 dB-Hz. This would apply with a large-station uplink, but if now our 
uplink is another Manpack, we have the reduction in signal EIRP of some 
25 dB, which degrades the receiver C/N, from 55 to 30 dB-Hz. This poor 
figure predominates over the uplink C/Ng of 45 dB-Hz to yield a resultant 
overall C/N, of approx 30 dB-Hz. 


With these figures must be included practical link margins (see 6.2). At SHF 
a realistic figure is 6 dB (for ground - satellite - ground), although an 
optimist might choose 4 dB, and a pessimist 10 dB. Here we take a loss of 

3 dB per path, and also add in Small Signal Suppression of 1 dB (where a weak 
uplink signal is below broadband noise, see 6.1). The C/N, figures are 
combined reciprocally such that 


1 1 1 
= —_ + ———— 
(C7NG ees (C/No) up (C/No) down 
yielding the following results: 

Large —- Large: Transponded C/No 99 =dB-Hz 
Downlink EIRP 30 dBW 

Receiver C/Ny 89 dB-Hz 

Resultant C/N, 88.6 dB-Hz 

Large - Small: Transponded C/N, 99 dB-Hz 
Downlink EIRP 30 dBW 

Receiver C/Ny 52. dB-Hz 

Resultant C/N, 52. @B-Hz 

Small - Large: Transponded C/Nog 42 dB-Hz 
Downlink EIRP 1 dBW 

Receiver C/No 60 dB-Hz 

Resultant C/N, 42 dB-Hz 

Small - Small: Transponded C/N, 42. dB-Hz 
Downlink EIRP 1 dBW 

Receiver C/N, 23 dB-Hz 

Resultant C/No 23. dB-Hz 


A FE ee We 


(It is seen that the path loss margin has greatest effect on the already poor 
smali-to-small terminal links, while the uplink losses may have little or no 
effect when the transponder is saturated). 


These figures allow us to determine the capacity of the link. A practical 
modem may specify minimum operating C/No, otherwise we can estimate the 
maximum achievable data rate from a knowledge of the E,/N, requirements of 
the particular modulation concerned. If the energy per data bit is Ep, and 
the baud rate is R bit/s, then the carrier power C is given by C = E,R; 
hence C/N, * R Ep/No. For most practical (binary) modulation schemes, a 
value of about 10 dB is required for E,/No, so the data rate is determined 
by subtracting 10 dB from the C/N, figures above. For example, if C/N, is 
52 dB-Hz, R is 52 - 10 = 42 dB-Hz, = 16 kHz. 


On the basis of the above figures, for the single access described, we can 
arrive at the following results for maximum data rate: 


Large - Large: 10 MHz Large - Small: 16 kHz 
(ie transp BW) 


Small - Large: 1.6 kHz Small - Small: 20 Hz 


This shows that direct Manpack - Manpack communication is not feasible at a 
sensible data rate in this scenario, and it is necessary to route via a large 
anchor station, perhaps with baseband data regeneration. The above 
illustrations relate to only a single access; in practice a number of 
terminals would require simultaneous power sharing of the satellite channel, 
and this further reduces the available capacity (it is most unlikely that a 
single Manpack would be able to demand exclusive use of an entire SHF 10 MHz 
transponder! ) 


As the number of users increases, the satellite downlink EIRP has to be shared 
among them (FDMA or CDMA may be assumed, although similar principles apply to 
TDMA also). This will further reduce the received C/N), and it can be seen 
that for downlinks to small terminals the already poor performance will 
further degrade. In.order to increase the capacity, the downlink EIRP must be 
increased; the way to do this is through the use of spot beam antennas on the 
satellite. For example, if coverage were reduced from Earth Cover to give 
coverage of Western Europe, additional gain of the order of 15 dB might be 
achieved. The penalty is of course the coverage restriction thus imposed. 
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Algebra SIMULTANEOUS EQUATIONS 


Systems of two equations involving two unknowns can also be solved by comparison. 


Step 1. Solve each equation for the same unknown in terms of the other unknown. 
Step 2. Set the two expressions obtained equal to each other. 

Step 3. Solve the resulting equation for the one remaining unknown. 

Step 4. Find the value of the other unknown by substituting the value of the first 


unknown into one of the original equations. 


Step 5. Check the solution by substituting the values of the two unknowns into the 
other original equation. 


Example: 


Solve the following system of equations by comparison. 


5x + 6y = 12 
3x + Sy = 3 
Solution: 
Step 1. Solve both equations for x. 
5x + 6y = 12 
OS 1D’ = 6 
On. 12 = Oy 
5 5 
25 doy 
5 
3x + 5y = 3 
3 a 3 Sy 
Sh 3 DY 
or 3 
a 3 - 5y 
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SIMULTANEOUS EQUATIONS Algebra 


Step 2. Set the two values for x equal to each other. 


j2 =6y _ 3 =<dy 


> 5 


Step 3. Solve the resulting equation for y. 


12 269. SSP 


5 3 


12 - 6y a = DY 
B)(3) eS 
(3)(5) 3 5 (3)(G) 


3(12 - 6y) = 5(3 — 5y) 
36 — 18y = 15 — 25y 


25y - 18y = 15 — 36 


Ty = 221 
2 eee 
fs | 
ye ed 
Step 4. Substitute y = -3 into one of the original equations and solve for x. 
5x + 6y = 12 


5X +023). 2 12 


5x - 18 = 12 
5x = 12 + 18 
5x = 30 
ces 
5 5 
x= 6 
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Reynolds, Joseph Henderson (M.S., Telecommunications) 
Understanding Troposcatter Propagation 


Thesis directed by Professor Ernest K. Smith 


Early notions that troposcatter transmission 
could replace line-of-sight (LOS) communications 
links quickly diminished due to high costs, limited 
bandwidth, and the onset of satellite communications. 
Recently, however, digital processing schemes have 
reduced bandwidth concerns; furthermore, troposcatter 
systems have found consistent use in less developed 
countries and the military. This thesis discusses 
troposcatter propagation with emphasis on 
communications systems. 

Theoretical understanding of the troposcatter 
propagation mechanism is rooted in atmospheric 
phencmena; specifically ~- the index of refraction 
and turbulence. It is shown that turbulent eddies 
which encompass small-scale refractivity variations 
inhabit the common volume, an area defined by the 
intersection of antenna beamwidths. Further, these 
turbulent inhomogenities can arrange themselves as 
randomly disposed blobs or layers. This engenders 
the simultaneous existence of incoherent scatter and 
quasi-coherent scatter mechanisms, with the dominant 


mode contingent on frequency and meteorological 


iv 


conditions. Additionally, diffraction may co-exist 
on shorter paths fostering multimode propagation. 

One can expect received signal levels (RSL) 
to exhibit distance and frequency dependence; marked 
short and long-term fading; aperture-to-medium 
coupling loss; and diurnal, seasonal, climatic, and 
meteorological variations. Diversity techniques are 
indispensable in thwarting short-term fading. 

Atmospheric multipath is known to limit 
analog system bandwidths yet digital systems are 
prone to the related delay spread phenomenon which 
causes intersymbol interference (ISI). Adaptive 
processing is used to overcome this problem and these 
processors also introduce implicit diversity, further 
improving digital performance. 

Most troposcatter prediction methods are 
rooted in empirical expressions due to atmospheric 
unpredictability. The laborious NBS Tech Note 101 
(TN 101) method, the standard for many years, 
incorporates climatic variability and confidence 
measures. The CCIR offers several simple techniques 
as do the methods of Yeh, Rider, Collins, and 
Bullington. Unfortunately, all the methods suffer 
shortcomings with reliance on surface refractivity 


and incorrect coupling loss calculations 


topping the list. The computer based Parl method 
corrects these discrepancies, but cannot include 
known, real-time variations in the spectrum slope. 
Accuracy can improve if tools such as the Parl or 
Radiometeorological Method can effectively model 


gradient activity within the common volume. 
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Algebra SIMULTANEOUS EQUATIONS 


Step 5. Check the solution by substituting x = 6 and y = -3 into the other original 
equation. 


3H Dye 3 

3(6) + 5(-3) = 3 

18 - 15 =3 

3 =3 

Thus, the solution checks. 
Quite often, when more than one unknown exists in a problem, the end result of the equations 
expressing the problem is a set of simultaneous equations showing the relationship of one of the 
unknowns to the other unknowns. 


Example: 


Solve the following simultaneous equations by substitution. 


3x + 4y = 6 5x + 3y=-l 
Solution: 
Solve for x: 
3x = 6 - 4y 
x =2-4y 
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PREFACE 


When, as a Second Lieutenant in the U.S. Air 
Force, I arrived at my first duty assignment ina 
tactical communications unit, I entered during a 
difficult time. Not more than a week prior, the unit 
had failed an inspection; the cause -- failure of a 
troposcatter link to become operational. This unit 
had successfully installed this "tropo shot" on 
numerous occasions, but, during the inspection, the 
normally gentle Florida climate had turned cold. The 
unit, in turn, cited weather-oriented propagation 
effects as the culprit for substantially lower 
received signal levels (RSL) on this 50 mile, 5 GHz 
link. Additionally, it was noted that proximity to 
the coast, supplemented by several miles of overwater 
transmission, contributed to degraded performance. 
The inspection team did not buy this "excuse." 

It was interesting to observe subsequent 
activity within the unit. As an unseasoned, 
unknowledgeable "contributor" I attempted to learn as 
much aS I could about troposcatter since it provides 
the brunt of military, in-theater, tactical 


multichannel capability. Material was scarce; many 
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people I queried responded that "No one really knows 
how it works, but it works, and MIL-HNDBK 417 
(Military Handbook, Facility Design for Tropospheric 
Scatter, 1977] is your tool in predicting 
performance." In the years following my 1982 
commission I gained some familiarity with 
troposcatter, but the "No one really knows. .." 
aspect remained unacceptable. Now, with the 
advantage of being a full-time graduate student under 
military funding, I am able to offer a condensed look 
at troposcatter, hopefully providing an understanding 
to anyone interested -- including Second 
Lieutenants. 12 

This thesis discusses troposcatter 
propagation with emphasis on communications 
applications. A brief historical analysis along with 
a general description of troposcatter is provided in 
Chapter 1. Additionally, the rudiments of path 
geometry are given with emphasis on the common volume 
and scattering angle. Further discussion requires an 
understanding of atmospheric phenomena, especially 

lconcluding the story, during a delightfully 
mild week, my unit passed its follow-up inspection. 
The unit can take some consolation in the fact that 
weather can severely degrade propagation; however, 
from the inspector's point-of-view the mission was 
not accomplished, and a follow-up was necessary. 


Interestingly, my following assignment was to the 
same inspection team that had earlier failed my unit. 
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the refractive index and turbulence. As such, a 
quick tutorial covering these essentials is given in 
Chapter 2. With the basics established, discussion 
in the remaining chapters focuses on propagation 
theory, characteristics, and prediction. 

By way of summary and to aid the reader in 
isolating areas of interest, the rest of this preface 
summarizes the essential areas of the remaining 
chapters. 

Troposcatter systems allow intermediate range 
(40-500 mile), point-to-point, multichannel 
(commercial grade, 120 channels), high capacity (10 
Mbps) communications. Although used for many years, 
an understanding of the mechanism causing propagation 
has only recently surfaced. Of the many theories . 
presented in Chapter 3, the simultaneous occurrence 
of incoherent scatter and quasi-coherent scatter 
modes best explain the existence of the persistent, 
weak, beyond the horizon, troposcatter received 
fields. In addition, on shorter paths, diffraction 
becomes important and will exist in conjunction with 
the scatter mechanism in what is termed multimode 
Propagation. Focusing on the scattering mechanism, 
the common volume is known to consist of turbulent 


refractive index irregularities which may arrange 


themselves as randomly disposed blobs (incoherent 


scatter) or layers (quaSi-coherent scatter) dependent 
on operating frequency or meteorological conditions. 

Chapter 4 offers a lengthy discussion on the 

characteristics of troposcatter propagation. A quick 
synopsis of this chapter follows (with section 
numbers for easy reference): 

a. RSL VARIATIONS: (Section 4.2) Crucial in 
analog systems, the RSL predictably varies 
under the following conditions: 

1) Distance dependence (Section 4.2.1) is 
difficult to model due to the existence 
of several propagation mechanisms, 
generally 0.1 dB/km attenuation is used. 

2) Frequency dependence (Sections 4.2.2, 
3.7) is known to obey an fl attenuation 
law up to about 3 GHz with greater 
attenuation beyond. Short-term 
attenuation variations may exhibit f* to 
f-1/3 dependence. 

3) Short-Term Fading (Section 4.2.3.1), the 
"trademark" of troposcatter, is caused by 
atmospheric multipath and may occur at 
rates of a few per minute at VHF, 1 Hz at 


UHF, and several Hz at SHF. Amplitudes 


4) 


5) 


6) 


7) 
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closely follow a Raleigh distribution; 
losses of 8 dB can occur for 10% of the 
time. 

Long-Term Fading (Section 4.2.3.2) due to 
gradient variations and changing 
mechanisms show log-normal amplitude 
distributions. Losses of 10 dB can occur 
for 10% of the time. Fading rates are 
discussed under SEASONAL and DIURNAL 
VARIATIONS. 

Frequency Selective Fading (Sections 
4.2.3.3, 4.3), not normally associated 
with RSL variations, will impact digital 
transmission schemes on analog 
subchannels if the correlation bandwidth 
is exceeded. 

Diversity (Section 4.2.3.4) is an 
economical and essential approach to 
reducing the impact of short-term fading 
and may incorporate a variety of 
techniques. 7 dB gains, 50% of the time 
can be realized under quad diversity. 
Aperture-to-Medium Coupling Loss (Section 
4.2.4) occurs for high gain antennas when 


narrower beamwidths fail to encompass a 


proportionate number of scatterers. 


Losses of 6 GB are known to occur. 
MULTIPATH DELAY SPREAD: (Section 4.3) 
Provided a sufficient RSL is present, 
performance of digital troposcatter links is 
critically dependent on delay spread which 
may range in value from 50 to 370 ns. Due to 
atmospheric multipath, transmitted pulses 
will widen and this creates intersymbol 
interference. Clever adaptive processing 
techniques exploit delay spread to realize 
implicit diversity. 

BANDWIDTH: (Section 4.4) Bandwidth is limited 
by atmospheric multipath which defines the 
correlation bandwidth in which uniform fading 
exists. A capacity of 4 MHz or 10 Mbps is 
typical. Narrow beam antennas will improve 
performance; however, coupling loss may 
offset this advantage. For digital systems 
using adaptive processing, bandwidth is less 
important than power (E,/N,) limitations. 
DIURNAL, SEASONAL, CLIMATIC AND 
METEOROLOGICAL VARIABLES: (Section 4.5) 
Conditions may be such that case (a) the 


propagation mechanism changes, case (b) the 
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gradient changes slightly, or case (c) the 

gradient exhibits large-scale changes. 

Diurnal and seasonal variations, with 

pronounced climatic dependency, or temporary 

meteorological conditions (weather) will 
foster such conditions. THe: eeune Ts-etehes 
enhanced or degraded propagation. 

1) Diurnal Variations (Section 4.5.1) can 
show daily 10 dB RSL swings in temperate 
zones. Fading rates are lowest in the 
afternoon; both case (a) and (b) 
Situations are cited. 

2) Seasonal Variations (Section 4.5.2) 
provide RSLs as much as 15 GB lower in 
the winter months for temperate climates; 
however, longer paths exhibit less 
seasonal influence. Case (b) situations, 
with emphasis on water vapor variability, 
are the cause. 

3) Meteorological Variations (Section 4.5.3) 
are responsible for anomalous propagation 
events caused by case (c) conditions. 
Weather fronts, temperature inversions, 


subsidence, occlusions, and, sometimes, 


thunderstorms may signal the occurrence 
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of subrefraction, super-refraction, or 
ducting. Real-time prediction of RSL 
variation is difficult especially in 
areas where gradient data is 
unobtainable. Degradations may be short- 
lived, as with thunderstorms, or may 
persist for long (hours, days) periods if 
frontal movement is slow. 

The final chapter, Chapter 5, briefly 
describes the tools available for troposcatter path 
predictions. A simple comparison is also offered. A 
summary follows: 

a. PREDICTING RSLs: (Sections 5.2, 5.3, 5.4) 

Assuming proper preparation, the engineer has 

a variety of prediction tools at his 

disposal; however, in nearly all cases, these 

techniques incorporate empirical, 
statistically-oriented data which injects 
some inaccuracy. Several methods take this 
into account through time availability and 
service probability confidence measures. The 
most commonly used methods, with 
descriptions, follow: 

1) TN 101 (NBS Tech Note 101, Section 5.3.1) 


is a lengthy, well-known document that 


SIMULTANEOUS EQUATIONS 


Substitute the value for x into the other equation: 


5 (2 - 4y) + 3y =-l 


3 
10 - 20y + 3y =-1 
3 
10 - 20y+9y =-l 
3 3 
10-1ly =-l 
3 
-lly =-11 
3 
y=3 


Substitute y = 3 into the first equation: 


3x + 4(3) =6 
3x =-6 
x =-2 


Check the solution by substituting x = -2 and y = 3 into the original equations. 


3x + 4y = 6 5x+3y =-l 
3(-2) + 4(3) =6 5(-2) + 333) =-1 
-6+12 =6 -10+9 =-l 

6 =6 -| =-l 


Thus, the solution checks. 
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focuses on long term median path loss 
calculations for a variety of climates. 
Features include multimode calculations 
and confidence measures. The Longley- 
Rice method is a computerized version of 
this technique. 

CCIR Methods (Sections 5.3.2, 5.3.3, 
5.3.4) include Method I and the Chinese 
method (shortened versions of TN 101) and 
Method II, a graphical technique 
incorporating some climatic variability. 
All CCIR models are simple to use. 

The Radiometeorological Method (Section 
5.3.5) is an extremely accurate tool 
championed by Boithias and Battesti and 
well summarized in CCIR Reports 238-4 and 
718-2. Despite great simplicity, it 
requires knowledge of the refractivity 
gradient within the common volume, a 
difficult to obtain parameter. 

The Parl Method (Section 5.3.6) borrows 
from TN 101 yet offers more realistic 
predictions through computer flexibility. 
Whereas TN 101 is restricted to lower 


frequencies (less than 1 GHz), this 


5) 


6) 
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technique permits manipulation of the 
spectrum slope and climatic variables 
allowing application to virtually any 
configuration. Additionally, more 
accurate aperture-to-medium coupling loss 
calculations and analysis of digital 
modem performance is offered. 
Unfortunately, modem analysis focuses on 
military systems only. The MITRE method, 
used for a specific military system, uses 
much of Parl's methodology. 

Other Methods (Sections 5.3.7, 5.3.8, 
5.3.9, 5.3.10) include those of Yeh, 
Rider, Collins, and Bullington. 
Bullington's model is a new computerized 
version of Bullington's initial (1963) 
work in propagation theory. The 
remaining techniques are very simple with 
the Collins method provi ing surprising 
accuracy despite its totally graphical 
approach. 

Digital Predictions (Section 5.3.11) will 
incorporate any discussed prediction tool 
for estimated path loss. In addition, 


calculation of delay spread and BER 


b) 
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performance is needed for complete 


digital analysis 


SELECTING A PREDICTION TOOL: (Sections 5.4, 


5.5) Every technique (excluding the 
Radiometeorological Method if accurate 
gradient data is available) admits to 
inaccuracy. Complete comparative analysis is 
unavailable; however, some techniques may 
appear more attractive due to simplicity. 

All CCIR methods, the Yeh, Rider, and Collins 
techniques provide this simplicity, yet 
computerized versions of TN 101, the Parl, 
and Bullington's models make the simplicity 
aspect less critical. With respect to 
conformity to theory, the Parl method stands 
out; TN 101 incorrectly emphasizes surface 
refractivity and a singular spectrum slope, 
CCIR Method I, the CCIR Chinese method, and 
Yeh and Rider's techniques also center on 
surface refractivity. The Collins method has 
limited application, CCIR Method II works 
best in temperate climates, and Bullington's 
treatment is untried and based, in part, on 
unaccepted mode theory. Finally, all methods 


calculating aperture-to-medium coupling loss 


incorrectly assess this parameter with the 


exception of the Parl technique. 
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CHAPTER 1 


INTRODUCTION 


1.1 A History of Troposcatter Propagation 


The discoveries of three different mechanisms 
for beyond the horizon propagation have prompted 
engineers to exploit associated capabilities and 
theorists to attempt explanations. Earth diffraction 
theory (ground wave), formulated in 1910, explained 
the suitability of MF and LF for intercontinental 
telegraphy systems. In 1927, cross-continent 
telephony at HF was accounted for by ionospheric 
reflection theory. Finally, since 1950, several 
hypotheses for the tropospheric forward scatter or 
troposcatter mechanism have endeavored to explain why 
transhorizon radio systems in the VHF, UHF, and SHF 
domains are possible [Sommerfeld, 1909; Boithias and 
Battesti, 1983, p. 657]. This thesis will explore 
the last mechanism, troposcatter. 

It's probably no surprise that the first 
documented observance of unexpectedly high received 
signal levels beyond the horizon came from Guglielmo 


Marconi. In a series of experiments conducted 


between 1928 and 1936, this radio pioneer "showed 
that microwaves could be reliably propaaated to 
distances exceeding the optical range by two to three 
times” [{Isted, 1958, p. 81]. His last paper (1933), 
"On the Propagation of Microwaves over Considerable 
Distances," summarized the results of one such 
experiment aboard the yacht Elettra. Marconi notes, 
"(t]he speculations that may arise from such results 
concern the entire theory of radio transmission over 
distances greater than the optical one" [Carroll 
1956, p. 1057). Earlier (1932), in a paper to the 
Royal Institution of Great Britain, he also observed: 
In regard to the limited range of propagation of 
the microwaves, the last word has not yet been 
said. It has already been shown that they can 
round a portion of the earth's curvature, to 
distances greater than had been expected, and I 
cannot help reminding you that at the very moment 
when I first succeeded in proving that electric 
waves could be sent across the Atlantic Ocean in 
1901, distinguished mathematicians were of the 
opinion that the distance of communications, by 
means of electric waves, would be limited to a 
distance of 165 miles (Wiesner, 1957, p. 46]. 
Unfortunately, several years passed before this 
phenomenon was further researched. 
During the 1940's problems with high power 
UHF television and radar systems resurfaced Marconi's 
original observations; however, these unexpected 


signals were viewed more as a nuisance than a viable 


propagation method. TV frequency allocation plans, 


based on Van Der Pol and Bremmer's 1937 smooth sphere 
predictions, proved inadequate due to interference 
caused by beyond the horizon propagation. This 
prompted the U.S. Government to "freeze" licensing of 
new television stations in 1949. Additionally, 
"(tlhe advent of radar, which operated at higher 
frequencies and higher power, revealed the existence 
of reflections well beyond the horizon where the 
theory predicted that transmission was impossible" 
[Roda, 1988, p. 6]. This "nuisance factor" led 
several eaiperimenters to further research short wave, 
transhorizon propagation. 

Carroll [1952b, p. 7] delineates a few of the 
early experiments which highlighted short wave, 
beyond the horizon propagation research: 

a. Katzin's Caribbean experiments in 1945, 
performed to investigate ducting over 
water for wavelengths of 9 and 3 cm, also 
revealed unexpectedly high received 
signal levels beyond the horizon. 

b. In the Pacific (1946), the Naval Research 
Laboratory (NRL) group conducted tests 
Similar to Katzin's and obtained similar 
results. A consequence of this endeavor 


was the first use of the term "scatter 


region." Pekeris used this term to 
describe a distance of 30 miles beyond 
the horizon in which he concluded that 
propagation was due to a scattering 
mechanism. 

During his 1949 experiment in Iowa, Gerks 
“reported measurements from a high power 
400-mc transmitter at distances of around 
100 miles, 50 db and more in excess of 
the 4/3-earth theoretical value." 
Conclusions again attributed the 
phenomenon to scatter. 

Megaw, the noted English researcher, made 
measurements of 10-cm received signals on 
a 370 mile link over the North Sea. He 
“interpreted the measurements as 
scattering by atmospheric turbulence." 
Finally, Bullington's 1950-51 tests at 
500 and 3,700 mc in New Jersey showed 
consistent, useable signal levels over 
path lengths of several hundred miles. 
Bullington went further to predict 
available bandwidths of several 


megacycles fostering the idea of 


reliable, short wave, beyond the horizon 
communications. 

The benefits of this early research was far 
reaching. Experiments with troposcatter required 
high power transmitters, and, in conjunction with 
radar research, development of high power 
capabilities (klystrons) proceeded rapidly. Also, 
lazge, high gain antenna systems were needed, and 
engineers responded. A lot of credit for the initial 
development of troposcatter goes to the U.S. Air 
Force which, recognizing the benefits of troposcatter 
systems, provided the funding for the first active 
tropescatter system, Polevault, in 1952 (Gunther, 
1966, p. 80). These efforts also encouraged 
theoreticians to suggest a variety of explanations 
which dominated propagation research in the carly 
1950's. Theory will be discussed later; however, a 
general examination of troposcatter will justify the 


early enthusiasm for this new propagation mechanism. 


1.2 A General Review of Troposcatter Systems 
A quick glance at Figure 1 will help explain 


the initial excitement over troposcatter propagation. 
Simply, a troposcatter path is much longer than 
individual line of sight (LOS) radio paths. Roda 


{[1988, p. 17] shows that this capability has several 


advantages: 


a. 


Scurce: Reda, G. Trepescatier Racio Links, 
Nerweed, Maine: Artech House, 2f&8, p. 4. 


Figure 1. Troposcatter vs LOS 


The ability to "by-pass" inhospitable 
terrain to include mountains, jungles, 
bodies of water, marshes, swamps, and 
even politically sensitive regions. 
Reduction of the numbers of repeater 
sites. 

Lower overall costs in maintenance, 
buildings, access roads, Spare parts, 
power access, and test equipment due to 
fewer sites. 

Frequency conservation due to fewer 
sites. 

Physical and information security 
enhancement. With less sites to defend, 


physical security is easier, and with 


Algebra SIMULTANEOUS EQUATIONS 


Summary 


The important information in this chapter is summarized below. 


Simultaneous Equations Summary 


There are three methods used when solving simultaneous equations: 
Addition or subtraction 
Substitution 


Comparison 
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narrow antenna beams, the likelihood of 
signal interception is reduced. 

Several applications of troposcatter systems 
logically follow [Aoda, 1988, p. 14; Freeman 1987, p. 
Loo ys 

a. Connecting islands with one another and 
to the mainland. 

b. Military systems, both tactical (mobile 
systems in inhospitable terrain) and 
fixed (for example, a link into Berlin 
from West Germany). 

c. Connection to off-shore oil platforms. 

d. Commercial networking to sparsely 
populated areas where LOS repeater costs 
are unjustified. 

Other, non-communications oriented 
applications of troposcatter propagation exist. For 
example, Barrow, et al. [1969] have used Rake 
techniques (a wideband signaling method used to 
reduce fading and resolve multipath effects) with 
troposcatter transmission to probe the scattering 
medium. Related applications are reported by Cox 
(1969, pp. 905,916] to investigate atmospheric 
phenomena such as wind drift and random refractivity 


fluctuations. Finally, Crane [1981b, p. 649] 


describes renewed interest in troposcatter for 
interference predictions (the "nuisance factor" 
remains); in light of the numerous transmission 
systems encompassing our world, all systems will 
encounter some scattering in the troposphere thus 
interfering with other systems. 

Interest in troposcatter communications 
peaked in the early 1960's when satellite systems 
began to offer improved performance (mostly bandwidth 
and range) at less cost. Furthermore, individual 
troposcatter sites are more expensive than most 
alternatives while interference problems cannot (to a 
large degree) be constrained. The cost obstacle can 
best be explained by examining the general features 
of a troposcatter communications system as presented 


in Table 1. 


Table 1. General Characteristics of a Troposcatter 
Communications System 


Very High Path Loss (180 - 260 dE) 
Very Sensitive Low Noise Receivers 
Severe Fading Effects 


VF Channels < 120 (Commercial Grade) 
Bit Rate < 10 Mbps 

Path Length 50 - 500 Miles 

Transmit Power 100 - 50,000 Watts 
Diversity At Least Dual 

Antenna Size/Gain 6>>= 120° ft-.7' 20 = 50. dB 
Frequency Range 250 - 6,000 MHz 


Adapted from Freeman 1987, pp. 138; Roda, 1988 p. 8 


This table shows requirements for high power 
transmitters, large antennas (doubled if space 
diversity is used), and sensitive receivers all of 
which force extremely high costs. These costs, along 
with the emergence of satellite systems and 
insurmountable interference problems, thus engendered 
the demise of communications via troposcatter. 
Several promising developments have, however, 
sparked some renewed interest in troposcatter 
communications. Adaptive signal processors on 
digital troposcatter systems have limited fading 
effects (multipath delay spread) to acceptable 
commercial quality. These modems, the "cornerstone” 
of digital troposcatter, have improved troposcatter 
capabilities to competitive levels; one such modem 
was tested on a military system with 15 MHz bandwidth 
at rates of 12.6 Mbps in 1980 [Monsen 1980, pp. 
16,17). Additionally, Crane [1988] demonstrated the 
feasibility of using higher frequencies (15 GHz) on 
troposcatter systems. While one might expect rain 
effects to limit capability, it was found that rain 
attenuation was insignificant while rain scatter 
actually improved performance. At these higher 
frequencies, required antenna sizes could be 


significantly reduced. 


10 


Aspects of troposcatter are summarized in 


Figures 2, 3, and 4. Figure 2 depicts the domains of 


a we! 
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‘ Source: Roda, G. Tropescatter Radio Links. 
Norweed, Maine: Artech House, 1288, p. 3. 


Figure 2. Terrestrial transmission system domains 


the three terrestrial multichannel techniques: LOS, 
diffraction, and troposcatter. Interestingly, both 
diffraction and troposcatter can occur simultaneously 
in multimode propagation. This effect is explained 
further in Appendix A; however, while Figure 2 shows 
troposcatter loss significantly exceeding that of 
free space, useable signals are receivable. Figure 3 
places troposcatter in perspective with other 
transmission modes (single hop), while Figure 4 


provides bandwidth comparisons. 
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Figure 4. Transmission system bandwidth comparison 
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Satellite transmission offers clear 
advantages with respect to range, bandwidth, and area 
coverage (hence, not limited to point to point 
modes); however, costs can be prohibitive. Meteor- 
burst, riding on the crest of sophisticated digital 
technology, has experienced renewed interest, but 
erratic transmission bursts makes it unsuitable for 
voice transmission [Weitzen, 1988, p. 1813]. The 
nearly saturated spectrum, limited bandwidth, and 
aberrant performance of HF systems disqualify them as 
a steady, multichannel performer. Additionally, 
ionospheric scatter techniques suffer similar 
bandwidth and degradation characteristics. Finally, 
while offering high bandwidth, LOS systems 
incorporate numerous repeater sites fostering 
possibly higher overall costs. 

It can be seen, therefore, that troposcatter 
communications provides unique capabilities in 
certain situations. Military tactical networks still 
rely heavily on troposcatter due to its ability to 
circumvent inhospitable and/or hostile areas and as a 
means to conserve limited radio resources.! The oil 

ltt should be noted that military tactical 
troposcatter provides connectivity within the theater 
of operation; however, connectivity to "the rest of 


the world” is achieved mostly through tactical 
multichannel SHF satellite terminals. 
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industry and less developed countries, which don't 
need extremely high capacity systems, also find 
troposcatter economically attractive. Undoubtedly, 
troposcatter will continue to occupy a necessary 
niche in transmission system selection, yet it is not 


the miracle transmission scheme as initially thought. 


1.3 Path Geometry for Troposcatter Systems 


An introduction to the path geometry for 
troposcatter systems will aid in later discussion. 
Figure 5 shows this geometry which can be broken down 


into a few key elements. Most critical is 0, angular 


SCATTER VOLUWE 


Source: Rice, P.L., Longley, A.G., Nortcn, 
K.A., and Barsis, A.P. Transmission Less Predictions 
for Trepospheric Ccamunicaticn Circuits. Vols. I and 
II. Rev. e@. U.S. Department of Commerce, National 
Bureau cf Standards Technical Note 101. Washington: 
Superintendent cf Documents, U.S. Gevernment Frinting 
Office, 1567, p. 6-8. 


Figure 5. Troposcatter path geometry 
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distance, which is simply "the angle between horizon 
cays in the g.eat circle plane, and is the minimum 

diffraction angle or scattering angle unless antenna 
beams are elevated" [Rice, P.L., et al., 1967, Vol 1, 


Pp. 6-5]. Relationships for @ follow: 


8 = 05 = d/a + Oat + O4-, (1-1) 
where Bat and 92+ are the transmitter's and 
receiver's horizon elevation angles respectively. 
Also, 

O56 = Dg/a t+ Oot + O85, (152) 


with 0,, and 6,4 being "(t]he angular elevation of a 
horizon ray at the receiver or transmitter horizon" 
[Rice, P.L., et al., 1967, Vol 1, p. 12-10). Note 
the influence of obstacles. A basic rule is that the 
smaller the scattering angle, the better the received 
signal; therefore, when performing path profiles, 
engineers choose sites (if that much flexibility is 
given) which avoid path obstacles. Otherwise, 
antenna elevations and, subsequently, scattering 
angle values will increase. 

The other crucial element, the scatter or 
common volume, is related to the scattering angle. 


The smaller the scattering angle, the larger the 
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common volume. This region describes the location of 
the scattering mechanism which aiiows troposcatter 
propagation; logically, then, a large common volume 
contains more scatterers. Although larger common 
volumes typify enhanced signal levels, degraded 
bandwidth performance somewhat janes the benefits of 
large volumes. This characteristic, along with 


several others are discussed later. 


1.4 Review of Thesis 

The remainder of this treatment will focus on 
troposcatter propagation with emphasis on 
communications systems. (Attention will be on pure 
troposcatter; however, some discussion of multimode 
propagation is appropriate.) Specifically, the 
theory behind the propagation mechanism, the 
characteristics of troposcattered radiowaves, and the 
prediction tools used to assess troposcatter systems 
will be analyzed. The purpose is to provide a 
consolidated, simple description of radio 
communications via the troposcatter mode emphasizing 
"how it works" and "what one can expect" when using 
these systems. 

The characteristics of the atmosphere are 
responsible for troposcatter propagation; therefore, 


Chapter 2 describes the earth's atmosphere and 


analyzes its effects on radiowave propagation. Focus 


wili be on the troposphere with emphasis on the 
refractive index and turbulence. Additionally, 
natural atmospheric phenomena ("causes") will be 
married with propagation phenomena ("effects") to 
describe the cause and effect ("causal") nature of 
the atmosphere on radiowave propagation. 

In Chapter 3 an analysis of theory is 
offered. Provided are descriptions of the various 
theories developed over the past 40 years to explain 
the mechanism(s) behind consistent received signal 
levels far beyond the horizon at short waves. 

The various characteristics of troposcatter 
transmissions are given in Chapter 4. Focus will be 
on performance parameters of interest to 
communications engineers that are directly influenced 
by propagation; equipment will be discussed when 
enhancements improve propagation performance. 

Chapter 5, the final chapter, will describe 
the prediction tools available to determine the 
feasibility of planned links to support 
communications requirements. A comparison and 
criticism of the more common techniques will be 


provided. 


WORD PROBLEMS Algebra 


WORD PROBLEMS 


This chapter covers ways of setting up word problems and solving for 
the unknowns. 


EO 1.5 Given a word problem, write equations and SOLVE for 
the unknown. 


Basic Approach to Solving Algebraic Word Problems 


Algebra is used to solve problems in science, industry, business, and the home. Algebraic 
equations can be used to describe laws of motion, pressures of gases, electric circuits, and nuclear 
facility operations. They can be applied to problems about the ages of people, the cost of 
articles, football scores, and other everyday matters. The basic approach to solving problems in 
these apparently dissimilar fields is the same. First, condense the available information into 
algebraic equations, and, second, solve the equations. Of these two basic steps, the first is 
frequently the most difficult to master because there are no clearly defined rules such as those 
that exist for solving equations. 


Algebraic word problems should not be read with the objective of immediately determining the 
answer because only in the simpler problems is this possible. Word problems should be initially 
read to identify what answer is asked for and to determine which quantity or quantities, if known, 
will give this answer. All of these quantities are called the unknowns in the problem. 
Recognizing all of the unknowns and writing algebraic expressions to describe them is often the 
most difficult part of solving word problems. Quite often, it is possible to identify and express 
the unknowns in several different ways and still solve the problem. Just as often, it is possible 
to identify and express the unknowns in several ways that appear different but are actually the 
same relationship. 


In writing algebraic expressions for the various quantities given in word problems, it is helpful 
to look for certain words that indicate mathematical operations. The words "sum" and "total" 
signify addition; the word "difference" signifies subtraction; the words "product," "times," and 
"multiples of" signify multiplication; the words "quotient," "divided by," "per," and "ratio" signify 
division; and the words "same as" and "equal to" signify equality. When quantities are connected 
by these words and others like them, these quantities can be written as algebraic expressions. 


Sometimes you may want to write equations initially using words. For example, Bob is 30 years 
older than Joe. Express Bob’s age in terms of Joe’s. 


Bob’s age = Joe’s age plus 30 years 
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CHAPTER 2 


ATMOSPHERIC BASICS 


2.1 Introduction 


As radio technology continues to unveil 


remarkably sophisticated devices, no innovation has 
yet provided complete immunity to the effects of our 
atmosphere. Troposcatter systems are particularly 
susceptible to this uncontrollable medium, housed 
entirely in the most violent of atmospheric layers, 
the troposphere. While other external sources can 
influence radiowave propagation, ‘reioine-eospolne 
transhorizon links are usually designed for high-gain 
antennas with relatively narrow beams, which are 
removed from terrain clutter by at least several 
wavelengths" [Military Handbook, 1977, p. 4-109]. 
The atmosphere then is the critical external 
parameter effecting troposcatter propagation; 
Appendix B further substantiates this assertion. 

The atmosphere can be considered as simply a 
transmitting medium for radiowaves, much like a 


coaxial cable is the transmitting medium for cable 


TV. 
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An electromagnetic wave launched into a 
transmitting medium may change in intensity, 
phase, direction, or polarization in its passage. 
These changes are caused by and are 
characteristic of the medium through which the 
waves travel; media such as liquid, gases, 
solids, and aerosols produce a variety of effects 
(Derr, 1972, 9-1]. 
The above summary further highlights the need to 
understand our atmosphere when considering 
troposcatter systems. This chapter provides this 
basic understanding and further describes the 
atmosphere's general effects on radiowave 


propagation. 


2.2 General Description of the Earth's Atmosphere 


The parameters of the earth's atmosphere are 
determined through a variety of methods. The 
simplest are surface observations made by 
meteorologists. "By international agreement these 
observations are made simultaneously [synoptically], 
using procedures that meet uniform standards of 
accuracy" [Neiburger, Edinger, and Bonner, 1973, p. 
10}. A more sophisticated method is the radiosonde 
which is a balloon laurched instrument package 
containing pressure, temperature, and humidity 
sensors. A radio transmitter is also included to 
transmit information and provide tracking information 
for wind motion measurements. Radiosonde 


measurements are also made synoptically; however, the 
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cost of these packages inhibit worldwide coverage 
{(Anthes, et al., 1981, p. 38]. 

Ground and space-based remote sensors top the 
list of sophisticated atmospheric research tools, and 
can be operated in either passive or active modes. 
"([PJassive systems monitor radiation emitted by the 
atmosphere in the infrared, microwave, or visible 
portions of the spectrum" [Anthes, et al., 1981, p. 
42). These devices can measure, among other things, 
temperature layers and gaseous distributions. Active 
remote sensors emit electromagnetic energy for which 
the 

direction of propagation is altered by the 
atmosphere. It may be scattered back toward the 
source (back scatter) or scattered ahead (forward 
scatter). In either case, the characteristics of 
the scattered signal provide information about 
the part of the atmosphere through which the 
Signal is passing. This information may include 
the intensity of turbulence, the lapse rate, and 
the mean wind velocity [Anthes, et al., 1981, p. 
40). 
Lidar, radar, and sodar are the more common active 
remote sensors with lidar using laser beams, radar 
operating in the microwave range, and sodar using 
acoustic sounding techniques [Anthes, et al., 1981, 
pp. 490,41). 
Terminology commonly used to describe the 


atmosphere are temperature, pressure, and humidity. 


While temperature measurements are easily understood, 


pressure measures the atmospheric force exerted per 


unit area on the surface of the earth. Units can be 
in inches of mercury (Hg) or millibars (mb) with 1 
inch Hg equal to 33.86 mb [Anthes, et al., 1981, p. 
29). Figure 6 shows pressure variations with 


altitude. If expressed in miles, these variations 


Altuude (km) 
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sreet Lutgens, F.K., and Tarkuck, £.J. Je 
Maeapners: An Sneredvetion 0 Metecrelocy. Ind ed. 
Englewood Cliffs, tew Jersey: Prentice-Hail, 2862, p. 
: 
33. 


Figure 6. Pressure variations with altitude 


follow a general rule up to about 60 miles: 1000 mb 
at sea level, 100 mb at 10 miles, 10 mb at 20 miles, 
etc [Anthes, et al., 1981, p. 55). 

Humidity measures the water vapor content in 
air and comes in a variety of forms: 


Absolute humidity is stated as the weight of 
water vapor in a given volume of air [g/m”]. 
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Specific humidity is expressed es the weight of 
water vapor per weight of a chosen mass of air 
{g/kg!. [Rlelative humidity is the ratio of the 
air's water vapor content to its water vapor 
capacity at a given temperature [%] [Lutgens and 
Tarbuck, 1982, pp. 75,76; italics not mine]. 

Of the three humidity measures, relative humidity is 

probably the most familiar, yet is easily 

misunderstood. 

Relative humidity reaches 100% when the air 
is saturated. Saturation occurs at a particular 
temperature when water vapor content is the maximum 
that a parcel of air can support. If the relative 
humidity is less than 100%, the dew point "is the 
temperature to which a parcel of air would have to be 
cooled in order to reach saturation" [{Lutgens and 
Tarbuck, 1982, p. 77). Additionally, if rain occurs 
in an unsaturated region, the air cools as energy is 
used to evaporate the rain. The wet-bulb temperature 
occurs when evaporation ceases and the air is 


Saturated (100% relative humidity) [Anthes, et al., 


1981, pe 29):, 


2.2.1 The Composition of the Atmosphere 


The culmination of atmospheric measurements 
provides an understanding of the structure and 
composition of the atmosphere. In general terms, the 
atmosphere is a thin, gaseous envelope that surrounds 


the earth and is held in place by gravity. Its 


ag 


density decreases with height; 90% of its mass is 
contained in approximately the first 20 km of height 
while 99.9% resides within the 50 km level [Iribarne 
and Cho, 1980, p. 1). 

Table 2 shows the composition of clean, dry 
air at sea level. Interestingly, up to about 100 km, 
this composition is nearly the same anywhere in the 
world [Neiburger, Edinger and Bonner, 1973, p. 24]. 
Additionally, the region below about 100 km is called 
the homosphere since its chemical composition remains 
virtually constant, while the heterosphere, above 100 
km, exhibits varying composition [Iribarne and Cho, 
1980;.-p. 51s 

Items marked with cross on Table 2 are 

variable constituents introduced by biological | 
activities and industrial processes. ... [which 
have] deleterious effects even when present in 
concentrations as low as one part per million or 
one [Neiburger, Edinger and Bonner, 1973, p. 


Notably, there is some alarm concerning several of 


these variables. Knalil and Rasmussen [1988] report 


doubled CO concentrations since pre-industrial times 
and warn of increased tropospheric O3 leading to 
detrimental climate changes. Volz and Kley [1988] 
and Penkett [1988] substantiate the increase of 
tropospheric 03. Other potential disturbances such 


as depletion of the critical UV blocking ozone layer 


Table 2. Atmospheric Composition at Sea Level 


Constituent gas and formula Content, percent by volume 
Nitrogen (N;) 78.084 
Oxygen (02) 20.9476 
Argon (Ar) 0.934 
Carbon dioxide (CO; )} 0.0314 
Neon (Ne) 0.001818 
Helium (He) 0.000524 
Krypton (Kr) 0.000114 
Xenon (Xe) 0.0000087 
Hydrogen (14;) 0.00005 
Methane (CH, ) 0.0002 
Nitrous oxide (N, 0) 0.00005 
Ozone (O;) Summer: 

0 to 0.000007 

Winter: 

0 to 0.000002 
Sulfur dioxide (SO; ) 0 to 0.000! 
Nitragen dioxide (NO; ) 0 10 0.000002 
Ammonia (NH) 0 to trace 
Carbon monoxide (CO) 0 to trace 
lodine (1, ) 0 tv 0.00000! 


Content variable 
relative to its 
normal 


ee 


Molecular 
weight* 


28.0134 
31.9988 
39.948 
44.00995 
20.183 
4.0026 
83.80 
131.30 
2.01594 
16.04303 
44.0128 
47.9982 


47,9982 


64.0628 
46.0055 
17.0306] 
28.01055 
253.8088 


* The content of the gases marked with an asternsk may undergo significant variations from time fo time or from place to 


place relative tu the sural indicated far thow gases, 
Vrom the U.S. Standard Atmosphere, 1962 


Source: Derr, V.E. Remote Sensing of the 
Troposphere. U.S. Department of Commerce, National 
Oceanic and Atmospheric Administration, Environmental 
Research Laboratories, and the University of 
Colorado. Washington: Superintendent of Documents, 
U.S. Government Printing Office, August 15, 1972, p. 


1-2. 
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as well as acid rain have been noted; furthermore, 
"modification of the radiative properties of the 
atmosphere" justify consideration from a wide 
spectrum of professions [Global Tropospheric 
Chemistry, 1984, p. 8]. 

Derr [1972, pp. 1-2,1-3] notes that not 
listed in Table 2, yet meriting mention, are water 
vapor, hydrometeor, and aerosol constituents. Water 
vapor's absolute humidity rarely exceeds about 25 
g/m compared to normal dry air density of 1000 g/m>. 
However, while small in contribution, water vapor is 
the most important and most variable atmospheric 
component. Its ability to change states within the 
atmosphere (gas to liquid) produces hydrometeors 
(hail, snow, and rain). Finally, "({alerosols are 
particulate matter suspended or slowly falling in the 
gaseous mixture of the atmosphere" [Derr, 1972, p. 1- 
3]. Aerosols are differentiated from hydrometeors in 
both content and size. Examples of aerosols include 
haze, clouds, and smoke all whose droplet radius 


sizes are less than 1 micron. 


2.2.2 The Structure of the Atmosphere 


The atmosphere's structure, Figure 7, is 
layered to reflect its physical characteristics. The 


homosphere and heterosphere, mentioned earlier, 
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Figure 7. Atmospheric layers 
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divide chemical composition features. The ionosphere 
is layered to show significant levels of electron 
content. Finally, temperature layers, more 
accurately depicted in Figure 8, relate significant 
temperature transitions (transitions occur at layers 


ending in -pause). One might expect steadily 
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Figure 8. Atmospheric temperature layers 


decreasing temperatures with height; however, this is 
obviously not the case. The stratosphere experiences 
temperature increases due to solar absorption by 


ozone, while the thermosphere shows increases due to 


Algebra WORD PROBLEMS 


If we let Bob’s age be represented by the symbol B and Joe’s age by the symbol J, this becomes 


B= J+ 30 years 


Examples: 

Equations: 

1. The total electrical output of one nuclear facility is 200 megawatts more 
than that of another nuclear facility. 
Let L be the output of the larger facility and S the capacity of the smaller facility. 
The statement above written in equation form becomes L = 200MW+ S. 

2: The flow in one branch of a piping system is one-third that in the other 
branch. 
If B is the flow in the branch with more flow, and bD is the flow in the smaller 
branch, this statement becomes the equation b = = B. 

be A man is three times as old as his son was four years ago. 
Let M = man’s age and S = son’s age. Then M = 3 (S-4). 

4. A car travels in one hour 40 miles less than twice as far as it travels in the 


next hour. 


Let x, be the distance it travels the first hour and x, the distance it travels the 
second then, x, = (2) (x,) -40. 


Steps for Solving Algebraic Word Problems 


Algebraic word problems can involve any number of unknowns, and they can require any number 
of equations to solve. However, regardless of the number of unknowns or equations involved, 
the basic approach to solving these problems is the same. First, condense the available 
information into algebraic equations, and, second, solve the equations. The most straightforward 
type of algebraic word problems are those that require only one equation to solve. These 
problems are solved using five basic steps. 


Step 1. Let some letter, such as x, represent one of the unknowns. 
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oxygen and nitrogen solar absorption [Smith, E.K., 
1968, p.14; Lutgens and Tarbuck, 1982, p. 17). While 
other atmospheric division schemes exist (Smith, 
E.K., 1968 p. 14 mentions division by processes), the 
temperature layer scheme is the most common. 
Attention is focused on the troposphere 
which, as shown in Figure 9, varies in height (about 


7 to 17 km) depending on latitude. Knowledge of the 


Tropical tropopause = 


Alistude (km) 


Average eae 


oN. se 


Polar tropopause 


Temperature (°C) 


Sources Lutgens, F.K., and Tarduck, £.J, fre 
Atucaphere: An Introduction to Phd ehate-t znd e4. 
Englewoes Cliffs, New Jerseys: Prentice-Hall, 1582, p. 
17. 


Figure 9. Tropopause variations with latitude 


troposphere is extensive since it contains about 80% 
of all air mass and originates most weather phenomena 
{Iribarne and Cho, 1980, p. 7). Weather is described 
as follows: 


The forces that control the physical state of air 
are sunlight, surface and air temperatures, water 
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vapor concentration, and cloud cover. Since all 
four agents influence one another, the feedback 
interactions are complicated. Cause becomes 
effect, and vice versa. This never-ending 
activity is known as weather [Lynch, 1980, p. 3, 
italics not mine]. 

The term "troposphere," first used by 
Treisserenc de Bort in 1908, "literally means the 
region where air ‘turns over,' a reference to the 
appreciable vertical mixing of air in this lowermost 
zone" [Lutgens and Tarbuck, 1982, p. 15). The steady 
temperature decrease with height or lapse rate of the 
troposphere is significant. Although it can vary 
considerabiy, the troposphere has a normal lapse rate 
of 6.5 K/km which, according to Derr [1972, p. 1-9], 
indicates large amounts of mixing. This mixing is 
both convective and mechanical and ceases at 
stratospheric levels. "Thus, the troposphere is a 
well-defined thermodynamic: environment that does not 


interact much with the overlying layer of stable air, 


or stratosphere" (Lynch, 1980, p. 3). 


2.3 The Radio Refractive Index 

Elementary optics describes the process of 
refraction as the bending of a light beam as it 
travels between different media. Similarly, since 
the troposphere generally decreases in density, 
temperature, water vapor content, and pressure with 


height, radio waves traveling upward, through the 
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troposphere, will be refracted as the medium changes. 
Simplistically, under normal tropospheric conditions, 
radiowaves will bend downward as "the portion of the 
wave in the thinner air starts traveling faster than 
the lower portion which is still in dense air" 
{Evaluation of FDM and FM Systems, 1983, p. 12-7]. 
Note that horizontal variations can also occur. 
Propagation engineering focuses on the radio 
refractive index, n, to quantize refraction. It is 
defined as "the ratio of the phase velocity of an 
electromagnetic wave in a vacuum [ (the speed of 
light, c)] to phase velocity [Vp] of the wave in the 


medium" [Flock, 1979, p. 141]. Mathematic. ly, 
n = C/Vp- (2-1) 


Livingston [1970, p. 7] shows Vp as equal to 1/Vpe 
with wp, the magnetic permeability, remaining 
essentially constant in the atmosphere at 4n/10!. E, 
the dielectric constant, varies, however, forcing n 
to also vary. No single parameter approaches the 
radio refractive index in significance concerning 
propagation; among others, effective earth radius, 
anomalous propagation, and radiowave scattering 


calculations rely heavily on the refractive index. 
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The radio refractive index can typically be 
measured in two ways. Direct measure is obtained 
through the refractometer, an airborne device 
developed independently in the early 1950's by 
Birnbaum (National Bureau of Standards) and Crain 
(University of Texas). This device consists of a 
resonating cavity which directly measures the air's 
dielectric constant, and, through autocorrelation 
analysis, provides refraction measurements [Gordon, 
1955, p. 23; Crain, 1955, p. 1405]. Early work using 
the refractometer is described by Crain and Gerhardt 
{1952] and Birnbaum and Bussey [1955]. Additionally, 
McGavin (1362] provides a good narration of some of 
the earlier versions of the refractometer. The 
second way to measure the radio refractive index is 
through surface observations applied to equation (2- 


3) as described in the next section. 


2.3.1 Refractivity 
The refractive index can range from 1.000240 
to 1.000400 at sea level, but is commonly converted 


to refractivity (N) [Panter, 1972, p. 342]: 
N= (n - 1)108, (2-2) 


N therefore ranges from 240 to 400 N units at sea 


level. Refractivity gains complexity as one 
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considers the variety of random combinations 
(temperature, pressure, and water vapor content) 


characterizing the atmosphere. Supporting this, 


consider 
N = 77.6/T(p + 4810e/T) (23) 
where 
p = total pressure in millibars 
e = partial pressure of water vapor in 
millibars 
T = absolute temperature [K]) [Smith and 


Weintraub, 1953, p. 1035]. 
A variation of expression (2-3) is 
N = 77.6p/T + (3.73 x 10°)e/T4. (2-4) 


While still other equations for N exist, CCIR [1986] 
Report 563-3 chooses equation (2-4) as the 
recommended expression for refractivity. Hall [1979, 
Pp. 14) adds that this formula 
is correct to within 0.5% for atmospheric 
pressure between 200 and 1100 mb, air 
temperatures between 240 and 310 K, water vapor 
pressures less than 30 mb and for radio 
frequencies less than 30 GHz. 
Expression (2-4) can be thought of as 
containing two terms: Ngry = (77.6p/T) and Nye = 


(3.73 x 10°%e/T). Bean [1956, p. 32] notes that the 
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dry term varies with atmospheric density and the wet 
term varies primarily due to water vapor pressure. 
Further, as Table 3 shows, 
[a]t very low temperatures N,,, becomes very small 
even for saturated air, and so N is almost 
independent of relative humidity. As the 
temperature rises, there is a slow decrease in 
Ngry but a rapid increase in the saturated value 
Nuet max: At high temperatures Nyet max Can 
become somewhat larger than Ng,, and so N varies 
considerably with relative humidity. At high 
temperatures and high relative humidity, N is 
very sensitive to small changes in temperature 
and relative humidity [Hall, 1979, p. 15]. 
Refractivity variations are therefore attributed 
principally to humidity changes; consequently, the 
radio refractive index varies more in hot, humid 
areas than in colder, dry regions. 

Of particular interest is the value of 
refractivity in the first km of height where most 
troposcatter links propagate. In this case, CCIR 
Report 563-3 [1986, p. 108] recommends use of the 


average exponential model given by 


N(h) = Na x exp(-b3h) (2-5) 
where 
N(h) is refractivity at height (h) in km, 


= 315 N units, 


Zz 
» 
\ 


0.136 km7!, 


oO 
py 
il 


Table 3. Variation of N with Temperature and 
Relative Humidity (1000 mb) 
vc HS Mzximum —e, 
value of 
0 20 40 60 80 100 Net 

Mary nb 
30 319-3 320-0 320-7 3214 322-1 322-7 34 0-S 
—28 316-7 317-5 318-3 319-1 3199 320-7 40 06 
—26 314-2 315-8 3161 3170 3179 318-9 4-7 08 
— 24 3186 312-8 313-9 3150 JIGH 317-2 5-§ 09 
—22 309-2 310-S 348-7 3130 314-3 3156 6s | 
~20 306-7 308-2 309-7 381-2 312-7 344-2 7S 13 
—18 304-3 306-1 307-8 309-6 318-3 313-4 88 $5 
—16 301-9 3040 3060 3U80 310-15 312:+1 10-2 18 
—14 2996 3020 304-3 306-7 3090 311-4 11:7 21 
—12 297-3 3000 302:7 305-5 308-2 310-9 13-6 2:5 
-10 295-1 298-2 308-3 304-4 307-5 310-7 156 29 
—B8 292-8 296-4 3000 303-6 307-2 310-8 79 34 
~6 2906 294-3 298-9 3030 307-1 341-2 20-6 39 
~—4 288-5 293-2 297-9 3026 307-3 3120 23:5 46 
—2 286-3. 291-7 297-1 302-5 307-8 313-2 269 $3 
O 284-2 290-4 296:5 3026 308:7 314-9 306 61 

2 282:2 289-1 296-1 303-1 310-0 3170 348 70 

4° 280-1 288-0 295-9 3038 311:'7 3196 395 84 

6 278-1 287-1 2960 305-0 313-9 3229 44-7 9-3 

8 276:2 286:3 296-4 3065 3166 3267 $06 10-7 
0 2742 28$-6 2970 3084 3199 331-3 $74 12:2 
$2) 2723) 285-1 2980 310-Y 323-7 3366 64:3 140 
$4 270-4 2848 299-3 313-3 328-2 3-12-7 72-3 1$-9 
16 268-S 284-7 3010 317-2 333-4 349-7 83-1 18-1 
$8 366-7 284-9 303-0 321-2 339-4 35746 909 206 
20 264-8 285-2 305-5 325-9 346-2 3666 101:7 234 
220 263-1) 285-8 308-5 331-2 3540 376-7 1136 26:5 
24 2ol-3 2866 312-0 337-3 302-7 3880 120-7 299 
26 259-$ 287-8 3160 344-2 3724 4006 Id1-t 33:8 
28° 257-8 289-2 3206 351-9 383-3 414-7 1569 38-4 
30 256-3 290-9 325-8 3606 3954 4303 1742 428 
32) 254-4 293-0 335:7 370:3 408-9 4475 193-5 481 
34 252-8 295-S 338:3 3810 423-7 4665 213-7 539 
36 251-1 298-4 345-6 392-9 440-1 4874 2362 604 
38 249:5 301-7 353-8 4060 4581 3103 2608 67:5 
AQ 247-9 305-4 362-9 420-4 477-9 $354 2875 754 

Source: Hall, M.P.M. Effects of the 
Troposphere on Radio Communication. New York: -Peter 
Peregrinus, 1979, p. 16, 17. 
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Expression (2-5) is plotted along with an average 
profile at mid-latitude on Figure 10 (A and B plots 


respectively). 


Hcaght (hen) 


Radio refractivity LV units) 


Source: CCIR. Volume V. Propagation in Non~ 
Yonized Media. Geneva, 1982, p. 97. 


Figure 10. Refractivity profiles for model 
atmospheres 
Frequently the terms N, and N, are used to 
provide refractivity values where N, is the value at 
any surface location and N, is the value at sea lev2l 
(Panter, 1972, p. 342}. In this instance, CCIR 


Report 563-3 [{1986, p. 109) provides 
Ng = No * exp(-bahg). (2-6) 


Values for Ny vary world-wide and are provided in 
Figure 11 for February (top) and August (bottom). 
The surface height above that of sea level is used 
for hg. As Ng is more easily determined (from an 
economical standpoint) it is often used in analyzing 


refractive effects on troposcatter propagation. For 
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Non-Ionoized Media. Geneva, 1982, pp. 88, 99. 


Figure 11. World-wide values for No- (Top, 
February; bottom, August) 


36 


example, Fitzsimons [1968] reports correlations 
between Ng and signal levels on an 87 km, 4.7 GHz, 1 
kW troposcatter link in Cyprus. 
tedee, REtractivyity gradient 
As shown in Figure 10, refractivity models 
establish a decrease in refractivity with height. 
This decrease is quantified through the refractivity 
gradient, AN/Ah, and is "approximated by the 
difference between the refractivity values of the 
surface and 1 km above the surface" [Military 
Handbook, 1977, p. 4-84]. In the troposphere, 
parameters normally decrease with height: 
pressure p by about 1 mm (1.3 mb) per 11M, 
temperature by about 1 degree C per 200 m, 
humidity by about 1 mb per 300 m [David and Voge, 
1969," Ds BeZ) 
Under these conditions AN/Ah equals about -40 N 


units/km. More specific values are obtainable 


[Military Handbook, 1977, p. 4-87): 


AN/Ah = -7.32 exp(0.00557N,) for the U.S., (2-7a) 
AN/Ah = -9.30 exp(0.004565N,) for Germany (2-7b) 
AN/Ah = -3.95 exp (0.0072N,) for the U.K. (2-7c) 


2.3.2.1 Effective Earth Radius 
The "decrease of N with height bends rays 
towards the earth but not sufficiently to overcome 


the curvature of the earth" [Hall and Barclay, 1989, 


WORD PROBLEMS Algebra 


Step 2. Express the other unknowns in terms of x using the information 
given in the problem. 


Step 3. Write an equation that says in symbols exactly what the problem 
says in words. 


Step 4. Solve the equation. 


Step 5. Check the answer to see that it satisfies the 
conditions stated in the problem. 


Example 1: 


What are the capacities of two water storage tanks in a nuclear facility if one holds 9 
gallons less than three times the other, and their total capacity is 63 gallons? 


Solution: 
Step 1. Let x = Capacity of the Smaller Tank 
Step 2. Then, 3x - 9 = Capacity of the Larger Tank 
Step 3. Total Capacity = Capacity of the Smaller Tank + Capacity of the 
Larger Tank 
63 = x + (3x - 9) 
Step 4. Solving for x: 


x+(3x-9) =63 


4x-9 =63 
4x = 63 +9 
4x = 72 
x=18 
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152). The earth's curvature is 1/a, (ag being the 
earth's radius, about 6370 km), but refractivity 
gives cause to use a modified earth curvature through 
the K-factor, K, to produce the effective earth 


radius, a: 
K = a/a). (2-8) 
Freeman (1987, p.6]) further shows that: 
K = {1 + (AN/Ah) /157}71 (2-9) 


Figure 12 shows the different curvatures for various 


K-factors. 


Source: freeman, R.L. Radio System Design for 
Telecommunications (2-100 GHz). New York: John Wiley 
& Sons, 1987, p. 5. 


Figure 12. Ray bending at various K-factors 


Essentially, the effective radius allows 
engineers to assume "an atmosphere of constant 
refractive index" [Boithias, 1987, p. 91]. Using 


AN/Ah = -40 N units for the first km of height (often 
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termed "standard refraction"), K will be about 1.33. 
This leads to the common 4/3 effective earth radius 
figure used in special planning charts for 


troposcatter path profiles.1 


Realistically, however, 
the troposphere is not so predictable and AN/Ah 
actually decreases with height. For example, Sarkar, 
Dutta, and Reddy [1983] show daily K-factors ranging 
from 1.4 to 2.2 on a 240 km, 2 GHz link in India. 
Furthermore, extreme variations in the refractivity 
gradient (and, hence, the K-factor) can lead to 


serious propagation problems, termed, for simplicity, 


anomalous propagation. 


2.3.2.2 Anomalous Propagation 

Three types of anomalous propagation can 
degrade ereposcaet: ‘stem performance 
Significantly. Figuses 13 and 14 will aid in this 
discussion (note Figure 14's use of -39 N units/km 
for standard refraction). Gradients exceeding -40 N 
units produce the first anomalous propagation event, 
Subrefraction. In this case, paths are less curved; 
furthermore, a gradient of zero produces straight 

14/3 earth radius charts are but one of 
several tools available. 2/3 charts are used under 
worst case conditions. Also, flat earth charts are 
available but are more difficult to use. Flat earth 


models use M, modified refractivity, instead on N 
{Hall and Barclay, 1989, p. 153). 
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Normal atmosphere 


| 


—~ Subrefraction 


. — 
Super-refraction 


No N 


Source: Boithias, L. Radio Wave Propagation. 
St. Louis: McGraw-Hill, 1987, p. 92. 


Figure 13. Refractive conditions leading to 
anomalous propagation events 


Real Earth with radius @ Representational Earth Flat Earth 
with radius 4/3@ 


Source: foithias, L, Radio Nave Propagation. 
St. Louis: McGrew-Hill, 1987, p. 93. 


Figure 14. Wave paths under various refractivity 
values for different earth models 
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lines (real earth model) while positive gradients 
bend waves upwards [Boithias, 1987, p. 921. This 
event will redefine the common volume of a 
troposcatter link and can lead to signal fading. 
Surface conditions that can invoke subrefraction 
typically occur in two forms: Type A - surface 
temperatures exceeding 30° C and relative humidity 
below 40%, and Type B - surface temperatures between 
10° and 30° C and relative humidity more than 60%. 
Brauburger [1979, pp. 26,27] explains that Type A and 
Type B conditions lead to density increases with 
height, chiefly in water vapor content, resulting in 
subrefraction. 

A second anomalous propagation phenomenon, 
Super-refraction, occurs at gradients less than -40 N 
units. Basically, super-refraction results in more 
bending, and can, in some instances, obliterate 
communications as the bent wave never reaches the 
receiver. Super-refractive conditions normally 
accompany modified temperature gradients brought on 
by the passage of cold fronts, subsidence (vertical, 
downward movement of air), or even night time cooling 
on the ground (Boithias, 1987, pp. 85,86; Brauburger, 
1979, pp. 24,25). 
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Ducting, the final example of anomalous 
propagation, is a well documented event and likened 
to propagation in a waveguide. Two types of ducts 
can occur. In a surface duct, extreme super- 
refraction bends the radiowave into the earth and the 
earth reflects the bent wave back into the 
atmosphere. Conditions permitting (continued, 
extreme super-refraction over a reflecting earth), 
this process can be repeated over great distances. 
Surface ducts are 

fairly common over water, especially in the 
tropics. For instance it is not unusual to 
propagate signals over a distance of 1500 km in 
such areas as the Arabian Sea [Staniforth, 1972, 
pp. 206,207}. 

Elevated ducts, the second type, never return 
to the earth's surface. They appear under the unique 
condition of simultaneous super and subrefractive 
conditions at different altitudes. A wave launched 
through a subrefractive layer will be bent upward and 
later bent downward as it travels to a higher 
altitude super-refractive layer. Hall and Barclay 
(1989, pp. 155-161] add that refractivity values less 
than -157 N units can cause either ducting condition 
and further show advection, evaporation, subsidence, 


temperature inversions, and weather fronts as 


conditions fostering duct creation. 


2.3.3 Small Scale Changes in Refractivity 


To this point, discussion of refractivity has 


focused on large-scale variations with height. 
Refractivity .lso exhibits localized, fine-scale 
variations in both space and time that are crucial in 
understanding troposcatter theory. 
Therefore equal-index surfaces are not perfect 
spheres concentric to the earth [as previous 
discussion may suggest], but may take a variety 
of forms. Some may even constitute closed 
surfaces in which the internal refractive index 
may be slightly higher (or lower) than external 
values [Boithias and Battesti, 1983, p. 657]. 
Typically, irregularities have amplitudes of a few N 
units above or below the surrounding median; however, 
they decrease in both number and amplitude with 
height. 

Localized temperature and humidity deviations 
cause these irregularities. Eklund and Wickerts 
{1968] cite humidity as the chief determinant, and 
describe refractive index fields as consisting of 
Sharply bounded air volumes containing excess 
humidity. Further, 

{i]Jnteraction between wet and dry air causes 
refractive index fluctuations. Through the 
turbulence, the strong gradient will be broken 
down into a spectrum of fluctuations [Eklund and 
Wickerts, 1968, p. 1071). 


Section 2.4 describes turbulence and the spectrum 


model; however, while it is agreed that this fine- 
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scale structure can cause scattering and 
scintillation effects, its precise modeling eludes 


theoreticians. 


2.3.4 Summary of Refraction 


Under normal atmospheric conditions, the 
decrease in the radio refractive index causes 
electromagnetic waves to experience velocity 
increases at higher altitudes in the troposphere. 
Consequently, these waves are bent downward with 
curvatures defined through the refractivity gradient. 
This gradient, as well as the radio refractive index, 
is contingent on temperature, pressure, and water 
vapor content with the latter displaying the most 
influence. Abnormal deviations in the gradient 
result in the anomalous propagation events of 
subrefraction, super-refraction, and ducting. 
Finally, gradient models focus on large-scale 
variations refractivity with height; however, small- 
scale variations, critically important in 
troposcatter, also exist. It bears mentioning that 
challenges to the general models used in refractivity 
profiles exist. Carroll and Ring [1955] and Crain 


and Levy [1987] highlight several objections. 
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2.4 Turbulence 
Much of the theory surrounding troposcatter 
propagation stems from turbulence theory applicable 
to the small-scale refractivity variations mentioned 
in Section 2.3.3. This is because "the atmospheric 
turbulence behaves like a source of inhomogeneities 
which produce scattering" [Tatarski, 1961, p. vii). 
Surely turbulence entered propagation theory with 
a vengeance in 1949. The troposphere was 
pictured as an inhomogeneous medium, that is, one 
which could be pictured as instantaneously 
containing more or less spherical blobs of air 
whose index of refraction differed from that of 
the surrounding air by an amount of the order of 
one millionth [Carroll, 1952b, p. 8]. 
Unfortunately, in many respects, atmospheric 
turbulence remains "one of the great unsolved areas 
of science and engineering” (Derr, 1972, p. 4-1]. 
Difficulties root themselves in the large numbers of 
variables inherent in governing equations which are, 
in themselves, quite complex. A sampling of these 
variables include geographical dependence and weather 
on the large scale, and the small-scale influences of 
wind, solar heating, and surface roughness [Derr, 
1972, p. 4-1}. This section will cite the causes of 


turbulence and relate a model that attempts to 


describe small-scale refractivity variations. 
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2.4.1 The Causes of Turbulence 

Anthes [1981, pp. 70,122,326] begins that 
turbulent eddies or blobs have dimensions of hundreds 
of meters to a centimeter, with a time scale ranging 
from a few minutes to a second. These eddies are 
produced either through thermal or mechanical 
mechanisms. Thermal turbulence begins with surface 
heating and leads to rising air columns or convection 
currents (described by Crain and Gerhardt [1952] as 
buoyancy forces). Mechanical turbulence occurs close 
to the surface with air flows interrupted by the 
stationary ground. This produces horizontal wind 
shear. Additional mechanical turbulence is produced 
by frictional forces between either thermally or 
mechanically created eddies. Both wind shear and 
convection currents can rise to higher altitudes and, 
here, are larger in scale. 

Hopefully, the above description of 
turbulence is confusing since turbulence itself is a 
random, chaotic event. A typical model of turbulence 
therefore shows eddies produced through thermal or 
mechanical processes which interact ("mix") to 
produced refractivity fluctuations [Crain and 


Gerhardt, 1952, p. 51). 
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2.4.2 A Refractivity Turbulence Model 
As turbulent eddies mix with one another, 

both their size and intensity change. L.F. 
Richardson aptly describes this process: 

Big whirls have little whirls, 

That feed on ticir velocity; 

And little whirls have lesser whirls-- 

And so onto viscosity [Megaw, 1957, p. 444). 
Figure 15, which shows the spectrum of refractivity 
irregularities, S(k), plotted as a function of 


wavenumber (k), is useful in modeling this process. 


sh) 


Rediateldvtion 


mf 


Source: Wneelon, A.D. "Radio Scattering by . 
Tropospheric Irregularities.” Journal of Atmospheric 
and Terrestrial Physics, vol. 15, nos. 3/4 (October 
1959), p. 188. 


Figure 15. Spectrum of refractivity irregularities 


Blobs created in the input range spawn smaller 
structures by the cascading process described 
above and eventually the irregularities are 
dissipated when their scale size falls below 
about 1 mm. These very small structures are 
dominated by the influence of viscosity and 
diffusion and cannot sustain turbulent activity 
(Hall and Barclay, 1939, p. 169). 


Algebra 


Answer: 


Step 5. 


Example 2: 


WORD PROBLEMS 


Solving for the other unknown: 
3x-9 = 3(18) -9 
3x-9 =54-9 
3x-9 =45 


Capacity of the Smaller Tank = 18 gallons 
Capacity of the Larger Tank = 45 gallons 


The larger tank holds 9 gallons less than three times the smaller 
tank. 


3(18) -9 =54-9=45 
The total capacity of the two tanks is 63 gallons. 
18 + 45 = 63 


Thus, the answers check. 


A utility has three nuclear facilities that supply a total of 600 megawatts (Mw) of 
electricity to a particular area. The largest facility has a total electrical output three times 
that of the smallest facility. The third facility has an output that is 50 Mw more than half 
that of the largest facility. What is the electrical output of each of the three facilities? 


Solution: 
Step 1. 


Step 2. 


Rev. 0 


Let x = Electrical Output of the Smallest Facility. 
Then, 

3x = Electrical Output of the Largest Facility, 
and, 


3x + 50 = Electrical Output of the Third Facility. 
2 
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From Figure 15, three distinct areas are 
evident. In the input range, large eddies with low 
wavenumbers are inserted. They maintain a certain 
energy level derived from winds and internal pressure 
or temperature gradients. Entering the second 
region, the inertial subrange, energy is expended 
through creation of smaller eddies and viscous 
friction. It is within this region that controversy 
about the form of the irregularities’ spectrum 
resides. Finally, in the dissipation range, the 
irregularities are lost through heat conversion 
[Picquenard, 1974, pp. 33,34; Ortwein, Hopkins, Pohl, 
1961, p. 790). 

Gerlach [1984] mentions that eddy sizes of 1 
m to 1 km are of most interest, and are in the . 
inertial subrange. Theories describing 
irregularities within this domain include Obukhov's 
mixing theory and the mixing-in-gradient theory. 
Wheelon (1959], Staras and Wheelon [1959], and du 
Castel [1966] provide general descriptions of both. 
Additionally, Appendix C further discusses the 


spectrum of irregularities. 


2.4.3 A Conclusion on Turbulence 
Turbulence is easily observed in the 


twinkling of stars or the unsettling feeling of a 
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bumpy airplane ride. Unfortunately, it is perhaps 
the least predictable of atmospheric parameters 
impacting troposcatter propagation. Without it, 
however, small-scale refractivity gradients would not 
exist and, therefore, neither would troposcatter. 
While thought of as a boon in this instance, 
turbulence will cause scintillation (described 
later); furthermore, the turbulence model, as 
outlined above, is the foundation of scattering loss 
theory. The turbulence of refractivity centers 
around the portion of the spectrum function contained 
in the inertial subrange. Equations for this 
spectrum (Appendix C) exhibit some speculation as do 
the theories describing eddy activities within this 


region. 


2.5 Atmospheric Effects on Troposcatter Propagation 


This concluding section is meant to embrace 
previous discussion while introducing some of the 
more pertinent atmospheric effects on radiowave 
propagation. Figure 16 charts the course this 
section will take. Natural phenomena, on the extreme 
left includes the observable yet uncontrollable 
events characterizing the troposphere. For lack of a 
better term, the refractivity event includes both 


large and small-scale refractivity changes as 
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described earlier. Crane [198la] and Bean, Horn, and 
Riggs [1962] loosely bundle gases and aerosols under 
macroscale (100-1000 km) variations; hydrometeors 
within mesoscale (10-100 km) and cloud (1-10 km) 
motions; and refractive index fluctuations among 
microscale (1 mm to 1 km) changes. Note that dust 
and sand constituents, which may occasionally enter 
the atmosphere, are not included. “CCIR [1986] Report 
563-3 mentions that dust and sand propagation 
degradations need further research, °~ile Report 721- 
1 adds that these contributions appear negligible. 

In the center of Figure 16 are mechanisms. 
These are the effects of natural phenomena on 
troposcatter propagation. Finally, on the far right 
are system parameters. Appendix B shows external 
noise and propagation loss as the only variable 
parameters in the system equation; therefore, all 
atmospheric effects on troposcatter propagation are 
reflected within either or both parameters. (Noise 
due to depolarization is manifested through 
crosstalk; however, Figure 16 shows a question mark, 
"2", here as no source listed this as a noise 
contributor.) In essence, then, the effects of the 
atmosphere on troposcatter propagation can be viewed 


from a causal framework: nat:ral phenomena cause 
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degrading propagation mechanisms which cause changes 
in system parameters. 

While various approaches describing these 
relationships are possible, this section will focus 
on the mechanisms. Note should be made that although 
Figure 16 neatly categorizes the causal nature of the 
atmosphere on radiowave propagation, the entire 
process is very complex. Therefore, this treatment 
is intended to be more introductory that rigorous. 
The multitude of texts devoted to radiowave 


propagation confirm this assertion. 


2.5.1 Refraction 

The ability of the atmosphere to refract or 
bend radiowaves was treated earlier in Section 2.3. 
Considerations of refractivity therefore include 
effective earth radius adjustments and allowances for 
anomalous propagation. Figures i7 and 18 can be used 
to determine the effective earth radius if either the 
gradient of refractivity (AN/Ah) or the surface 
refractivity (N,) are known respectively. Clavier 
(1956, p. 112} notes that effective earth radius K- 
factor variations of 4/3 to 0.7 should be expected 
due to large-scale refractivity changes. 

Anomalous propagation events (subrefraction, 


super-refraction, or ducting) can enhance or degrade 
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Source: Military Handbook, Facility Design for 
Tropospheric Scatter (Transhorizon Microwave System 
Design). MIL-HDBK-417, Department of Defense, 
Washington, DC, 25 November, 1977, p. 4-86. 


Figure 17. Effective earth radius factor, K, versus 
refractivity gradient 
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Figure 18. Effective earth radius versus surface 
refractivity 
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received signal levels. In rare circumstances, a 
surface duct will engender long periods of abnormally 
good propagation. More often, however, under extreme 
super-refraction (much less than -40 N units), 
radiowaves are bent towards the earth surface and 
Signal blackouts occur as the surface duct "skips" 
over the intended receiver. Elevated ducts can also 
cause complete signal loss. Roda [{1988, p. 147] 
concludes that instances of these extreme events 
subscribe to no definite rules; therefore, experience 
in site specific situations provides the best 
prediction tool. He notes an example of ducts over 
the North Sea lasting several hours yet occurring 
only 0.7% of the year. 

More often, however, deviations from standard 
refraction (-40 N units) fosters slow signal fades 
(Clavier, 1956, p. 112; Roda, 1988, p. 68]. 

Engineers recognize the inevitability of such 
attenuations and include them in the system equation 
of Appendix B. This fading is discussed more in 


depth in Chapter 4. 


2.5.2 Absorption 


Electromagnetic energy can be partially 
converted into thermal energy through absorption 


[Flock, 1979, p. 174}. Signal loss as well as 
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increases in noise result from this process. Figure 
16 shows gases, aerosols, and hydrometeors as the 
events leading to absorption. For simplicity, 
aerosols will be grouped with hydrometeors although 
Derr (1972, pp. 1-3 to 1-5] notes physical 
dissimilarities between the two events. 

Of the gaseous elements listed in Table 2, 
only oxygen exhibits significant absorptive 
qualities. This is because it possesses "a small 
magnetic moment" which, under the influence of a 
magnetic field (an siectromagnetic wave), causes it 
to “rotate end over end or to oscillate in many other 
possible ways" [Livingston, 1970, p. 10; Kerr, 1987, 
p. 25]. Furthermore, at certain frequencies, oxygen 
will resonate, and absorption peaks to significant 
levels. Figure 19 depicts these critical 
frequencies, 60 and 119 GHz, and further shows water 
vapor absorption which displays similar 
characteristics at 22, 183, and 325 GHz. Water vapor 
differs from oxygen since it has an electric dipole 
moment, yet the absorption process is very similar. 

Comparing the attenuation contributions of 
oxygen and water vapor, one notes oxygen's dominance 
at lower frequencies, about 0.007 dB/km between 2 and 


12 GHz, while water vapor remains under 0.005 dB/km 
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Frequency, f (GHz) 


Source: CCIR. Volume V. Propagation in Non- 
Ionized Media. Geneva, 1982, p. 141 


Figure 19. Gaseous absorption 
below 8 GHz. Beyond 12 GHz water vapor contributions 
match, then, for the most part, exceed those of 
oxygen [Engineering Considerations, 1972, p. 50]. 
Figure 20 provides a consolidated look at oxvaen and 
water vapor absorption attenuations for typical 
troposcatter frequencies and path lengths. 

Normally, hydrometeor attenuation 
calculations, particularly rain, include absorption 
and scattering, the sum of which is termed 
extinction. In an attempt to differentiate the two 


mechanisms, Flock [1979, p. 175] reports that "the 


WORD PROBLEMS 


Algebra 
Step 3. Total Electrical Output = Sum of the Electrical Outputs of the 
Three Facilities. 
ox 
Uae ee ee aD 
Step 4. Solving for x: 
x + 3x + 5% + 50 = 600 
2x 6x | 3x _ 600 - 50 
2 2 
Ik. 550 
2 
11x = 1100 
x = 100 
Solving for the other unknowns: 
3x = 3(100) 
3x = 300 
A ay +5024 Gooy +50 
ps 2 
= Gy) + 50 = 150 + 50 
1 @y + 50-2 200 
2 
Answers: 


Electrical Output of the Smallest Facility = 100 Mw 
Electrical Output of the Largest Facility = 300 Mw 
Electrical Output of the Third Facility = 200 Mw 
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OXYGEN AND WATER VAPOR ASSORPTION, Ag, IN DECIBELS 


effect of small, lossy water droplets at microwave 


frequencies is primarily one of absorption." 


Figures 21 and 22 show hydrometeor absorption for 
earth-space paths traversing the entire troposphere. 


Figure 23, more applicable for troposcatter, depicts 


TOTAL PATH DISTANCE IN KILOMETERS 


Source: Military Handbook, Facility Design fer 
Tropospheric Scatter (Transhorizon Microwave System 
Design). MIL-HDBK-417, Department of Defense, 
Washington, DC, 25 November, 1977. Available through 
Navy Publications and Forms Center, ATTN: NPODS, 
Office of Navy Publications, 5801 Tabor Avenue, 
Fhildelphia, Pa., 19120-5094, p. 4-91. 
Figure 20. Combined oxygen and water vapor 


atmospheric absorption 


For wavelengths which are long compared with the 
drop size, i.e. in the SHF band, attenuation due 
to absorption will be greater than that due to 
scatter. Conversely, for wavelengths which are 
short in relation to drop size, i.e. in and above 
the EHF band, scatter will predominate [Hall, 
1979, p. 47). 


Adwranan lou. der bet 


Figure 23. 


Figure 22 
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Source: Martin, J. Merrie wteaastaied Satellite 
Systems. Pl alai Cliffs, N.J. Prentice-Hall, 
Inc., p. 115 


Figure 21 


(Left). Atmospheric absorption due to 
rain 


(Right). Atmospheric absorption due to 
fog, mist and clouds 
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Source: CCIR. Volume V. Propagation in Non- 


Tonized Media. Geneva, 1982, p. 168. 


Absorption and scattering attenuation due 
to rain 
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cumulative absorption and scatter attenuation in dB 
per km. Note in all instances the insignificance of 


hydrometeor absorption at troposcatter frequencies. 


2.5.3 Scattering 


Scattering is essentially the re-radiation of 
portions of the electromagnetic energy in directions 
deviating from that intended. Obviously, those 
signals re-routed from the intended direction 
contribute to propa~ation loss. As mentioned, 
hydrometeors are a scattering source; additionally, 
small-scale refractivity variations will cause 
scattering thus making troposcatter propagation 
possible. Radar systems profit from this process 
since airplanes scatter signals, and, finally, 
scattering is a source of interference among 
different transmission systems [Lane, 1968, p. 4]. 

Scattering theory emphasizes particle size 
and number. Simplistically, at troposcatter 
wavelengths, scatter attenuation due to hydrometeors 
increases with drop size (with respect to a certain 
wavelength) and the number of drops [Staniforth, 
1572, p. 208]. Flock [1979, p. 175] further shows 


that the Rayleigh scattering model applies at 
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troposcatter wavelengths. ? However, 
[i]t must be stressed thet there is at present no 
single model for drop size distributions which is 
generally accepted as representing physical 
reality - even as a statistical mean over many 
rain events [Hall and Barclay, 1989, p. 176]. 
Crane (198ia, p. 200] contends that the scattering 
properties of "the more complex shapes actually 
assumed by wate: drops .. . can be approximated only 
after long and tedious numerical analysis." However, 
he concludes, scattering attenuation can be estimated 
through simple models. 

As mentioned, hydrometeor effects on 
radiowave propagation conventionally include both 
scatter and absorption. Again, Figure 23 is 
referenced, and the combined attenuation due to 
hydrometeors (specifically, rain) is seen as 
insignificant at troposcatter frequencies. Hall and 
Dowling [1974] offer the same conclusion, but add 
that “rain may cause significant changes in the mean 
direction of arrival of the scatter signal" ina 
troposcatter system. Crane [1988] and Doherty and 
Stone [1960] further report enhanced median signal 
levels during rain, but Doherty and Stone [1960] add 


that fading rates will increase. 


2The Rayleigh scatter model is used when 
scatterer size is small compared to wavelength. 
Raindrops range from 0.05 to 0.65 cm, at 6 GHz 
wavelength is 5.0 cm; thus, Rayleigh scatter applies. 


61 


The final discussion on scattering highlights 
small-scale refractivity changes. These variations 
are responsible for the troposcatter propagation 
mechanism and also "cause random independent bending 
ef the antenna beams both horizontally and 
vertically" [Roda, 1988, p. 68]. This action results 
in rapid fluctuations of received signal levels 
termed scintillation [Crane, 198la, p. 202]. While 
small in amplitude, system equation margins must 
allow for scintillation induced by scattering. 
Boithias [1987, p. 108) expresses scintillation 
amplitudes through the structure constant, Cy, as 


described in Appendix C. 


2.5.4 Depolarization 


The final mechanism encountered by radiowaves 
propagating through the troposphere is depolarization 
which may also be termed transpolarization or cross 
polarization. This mechanism results in portions of 
the propagating energy reappearing orthogonally to 
the intended polarization as discussed in Appendix D. 
The causes of depolarization, as illustrated in 
Figure 16, are aerosols, hydrometeors, and 
refractivity (again, aerosols will be lumped with 
hydrometeors). It should be noted that this 


mechanism arises from a mix of other mechanisms 
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(scatter and refraction) and is difficult to 
differentiate; however, its effect is unique, 
meriting separate treatment. 

Depolarization due to both large and small- 
scale refractivity variations is routinely associated 
with multipath. Multipath, described in more detail 
in Chapter 4, results from a variety of sources such 
as scattering, terrain and atmospheric reflection, as 
well as refraction. Simplistically, depolarization 
due to multipath results from the simultaneous 
arrival of the wanted, transmitted wave and an 
unwanted, orthogonally polarized wave created under 
multipath conditions [Ippolito, 1986, p. 116; 
Boithias, 1987, p. 110). 

Hydrometeor (rain) depolarization greatly 
depends on drop shape. These shapes change from 
spherical to oblate spheroids as drop size increases. 
Depolarization, then, 

is caused by the individual drops falling as 
oblate spheroids and producing different 
attenuation and phase shift for waves polarised 
{sic] parallel or perpendicular to the major axes 
of the drops [Hall, 1979, p. 112). 

More specifically, if the radiowave's electric field 
is not parallel to the axis of the equitorial 
plane of the drops, it gives rise, by scatter, to 
a wave with orthogonal polarization to that of 
the incident wave. The relative level of this 


orthogonal wave depends on many factors such as 
the angle of incidence of the wave, the canting 


angle of the drops, the intensity of rainfall, 
the distribution of drop diameter, frequency, etc 
{Boithias, 1987, p. 138]. 


Rain depolarization is further discussed in Appendix 
D. At troposcatter frequencies, depolarization is 
considered unimportant; however, as higher 
frequencies are used (see Crane, 1988) it may become 


Significant [Military Handbook, 1977, p. 4-173). 


CHAPTER 3 


TROPOSCATTER THEORY 


Long experience has .. . taught me not always to 
believe in the limitations indicated by purely 
theoretical considerations, or even calculations. 
These--as we all know--are often based on 
insufficient knowledge of all the relevant 
factors. I believe, in spite of adverse 
forecasts, in trying new lines of research, 
however unpromising they may seem at first sight 
[Carrol, 1956, p. 1057). 

- Guglielmo Marconi, 1932 


Introduction 


In the late 1940's, new theories attempting 


to explain high signal levels received beyond the 


horizon at short wavelengths first appeared. Prior 


to these, classical diffraction theory was modified 


to include atmospheric refractivity and ducting to 


account for this peculiarity. Success was marginal 


as experiments showed consistent signal levels many 


decibels greater than those predicted by these 


modified theories [Bullington, 1953, p. 132; Ortusi, 


1955, p. 87]. Investigators realized that nature had 


conveniently provided some sort of low altitude 


passive reflector, yet were baffled by its nature. 
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Accepted beyond the horizon theory was rooted 
in Van Der Pol and Bremmer's 1937 smooth sphere 
diffraction predictions which indicated "an 
exponential decrease in signal strength at a rapid 
rate at and beyond the radio horizon" [Radio 
Transmission, 1960, p. 30]. With a predicted decay 
of about 1 dB/km at 500 MHz and 2. dB/km at 5 GHz, 
long range propagation at and beyond VHF was thought 
impossible. Experimentation showed these figures as 
somewhat pessimistic, and large-scale refraction was 
included which extended the radio horizon through 
allowance for an effective earth radius 4/3 greater 
than actual [Lane, 1968, p. 2). However, even this 
modification could not adequately explain all 
observed data. 

After WWII, both radar and television systems 
highlighted circumstances where transmission ranges 
exceeded classical predictions. 

It was also pointed out that the median signal 
received at points far beyond the horizon could 
not be explained by modifying the effective earth 
radius since the data could not be fitted to an 
exponential law [Bullington, 1955, p. 1176]. 
Anomalous propagation events such as super-refraction 
and ducting as well as ionospheric influences were 


then incorporated. However, these conditions were 


sporadic and again could not clarify the persistency 


of observed beyond the horizon fields [Radio 
Transmission, 1960, p. 30]. 
Sources contend that even today the mechanism 
behind troposcatter propagation is not completely 
understood [McKay, 1989, p. 220; Roda, 1988, p. 2). 
However, what is known can be briefly summarized in 
Figure 2. 
The only mechanisms for radio propagation beyond 
the horizon which occur permanently for 
frequencies greater than 30 MHz are those of 
diffraction at the Earth's surface and scatter 
from atmospheric irregularities. Attenuation for 
diffracted signals increases very rapidly with 
distance and with frequency, and eventually the 
principal mechanism is that of tropospheric 
scatter (CCIR, 1986, p. 367). 

In short, troposcatter propagation exists, and is 

reliable enough to use for beyond the horizon 

communications. 

While both diffraction and scatter can 
Simultaneously exist as multimode, transhorizon 
propagation (see Appendix A), this section will 
examine pure troposcatter theory only, ignoring 
diffraction. Gjessing and Irgens [1964] group 
troposcatter theories under "turbulence", 
"reflection", or "mode" classifications; this 
treatment will do the same. Discussion will avoid 


technical analysis, but will provide a physical 


understanding of the proposed mechanisms. 


Algebra 


Step 5. 


Example 3: 


WORD PROBLEMS 


The largest facility has a total electrical output three times that of 
the smallest facility. 


3(100) = 300 


The other facility has an output which is 50 Mw more than half that of the 
largest facility. 


5 (300) + 50 = 150 + 50 = 200 


The total output of the three facilities is 600 Mw. 
100 + 200 + 300 = 600 


Thus, the answers check. 


The winning team in a football game scored 7 points less than twice the score of 
the losing team. If the total score of both teams was 35 points, what was the final 


score? 
Solution: 


Step 1. 


Step 2. 


Step 3. 


Rev. 0 


Let x = Winning Team’s Score 
Then, = @ + 7) = Losing Team’s Score 
Total Score = Winning Team’s Score + Losing Team’s Score 


1 
35 =x +(x +7 
) 


Page 47 MA-02 
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3.2 Turbulence Theories 

Concerning theories on troposcatter 
propagation, no single citation is referenced more 
than Booker and Gordon's 1950 IRE article, "A Theory 
of Radio Scattering in the Troposphere." However, 
their suggestion that constant, beyond the horizon 
fields are due to scattering from small turbulent 
blobs was initially forwarded by Pekeris [1947] 
[Johnson, 1958, p. 166). Additionally, at about the 
same time as Booker and Gordon, Megaw [1950] 
independently published a similar theory. A summary 
of turbulence theory proponents is offered by du 
Castel [1966, p. 12). 

Simplistically, turbulence theory purports 
that within the common volume, portions of 
transmitted energy are scattered by small-scale 
refractive variations "much as fog or moisture seems 
to scatter a searchlight on a dark night" [Freeman, 
1975, p. 265). Tatarski summarizes the problem: 

A plane monochromatic electromagnetic wave is 
incident on a volume V of a turbulent medium; 
because of turbulent mixing within the volume Vv, 
there appear irregular refractive index 
fluctuations, which scatter the incident 
electromagnetic wave. It is required to find the 
mean density of the energy scattered in a given 
direction [Tatarski 1961, p. 59]. 


Booker and Gordon pictured the atmosphere as 


consisting ot a collection uf spherical blobs of 
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diameter 1 (the scale of turbulence) with each blob 
having a refractive index slightly different from 
that of the mean. "Incident waves cause polarization 
of the elementary volumes, converting them to 
electric dipoles, which in turn radiate energy" 
[Picquenard, 1974, p. 32}. Figure 24 depicts a 
scatterer's radiation pattern which decreases very 


rapidly from the transmission beam's axis.1} 


INDICATIVE 
RADIATION 


Scatter angle 
PATTERN 


Source: Roda, G. .Troposcatter Radio Lirks. 
Norwood, Maine: Artech House, 1988, p. 63. 


Figure 24. Single scatterer radiation pattern 


Individual blob scattering is plotted as 
scattered power (P) versus scattering angle (8) on 
Figure 25. When all blobs within the common volume 
are considered, the plot becomes smeared as in Figure 
26 and the radiation pattern resembles Figure 27. 

lrhis, along with the fact that more 
scatterers are located in the lower portion of the 


troposphere, explains the need for a small scztter 
angle. 
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cS) 


Source: Gordon, W.E. "A Simple Picture of 
Tropospheric Radio Scattering." JRE Transactions on 
Communications Systems, vol. CS-4, no.1 (March 1956), 
p. 98 


Figure 25 (Top). Scattering power by an 
individual blob 


Figure 26 (Bottom). Scattering power by a number of 
blobs 


Transmission 


» MMH 041 ~ 


Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamon, 
1966, p. 48 


Figure 27. Radiation pattern of a number of 
scatterers 


Although most power is radiated in the forward 
direction (@=0), the receiver is located at (@>0); 
therefore, Booker and Gordon assert that the 
mathematical expression of Figure 26, the scattering 
coefficient or the scattering cross section (6), is 
critical. 

The scattering coefficient answers Tatarksi's 
question by giving the scattered power per unit solid 
angle, per unit incident power density, per unit 
volume [{Picquenard, 1974, p. 32]. When integrated 
over the scattering volume, it provides the power 
scattered to the receiver [Gordon, 1955, p. 98). A 
number of references provide different expressions 
for 6; however, these will not be provided due to the 
complexity involved. 2 Regardless, the crucial 
parameter in expressions for o relates to turbulence 
modeling. Wheelon [1959, p. 193] gives two equations 
for 6 using either the spectrum of irregularities, 
S(k), as described in Appendix C, or the spacial 
correlation function C(r). 

Booker and Gordon used an exponential C(r) 


model [Picquenard, 1974, p. 31): 


C(r) = exp(-r/l) (3-1) 


2see Booker and Gordon [1950]; Gordon [1955]; 
Wheelon [1959]; and du Castel [1966] for example. 
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The scale of turbulence 1 is considered to be the 
distance at which the cross correlation between 
the two sets of simultaneous refractive index 
fluctuation falls to 1/e of the value obtained at 
zero separation [Crain and Gerhardt, 1952, p. 
50). 
Thus the correlation function falls between unity 
(r=0) and zero (r=00). However, this choice was 
somewhat speculative as the ability to measure small- 
scale atmospheric refractivity variations was, at 
that time, marginal [Chisholm, 1956, p. 8; 
Picquenard, 1974, p. 33]. Later, after the 
development of the refractometer, other models were 
developed with the Bessel model, described by Staras 
and Wheelon (1959, p. 81], providing better agreement 
with experimental data. 

Another adjustment to Booker and Gordon's 
work is due to their disregard for the time 
variations of refractive index irregularities. 
Emphasis in turbulence theory shifted to the spectrum 
function, S(k), which is especially suited to depict 
these temporal fluctuations [Staras and Wheelon, 
1959, p. 80]. This function, described in Appendix 
C, “is the Fourier decomposition of the space 
correlation function” [Wheelon, 1959, p. 186]. 
Ortwein, Hopkins, and Pohl [1961] and Staras and 


Wheelon [1959] summarize both spacial correlation and 


spectrum methods in modeling turbulence. 
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While the above description of turbulence 
theory does not provide rigorous treatment, a few 
important conclusions are evident. Primarily, 
turbulence theory attributes persisvcent, beyond the 
horizon fields to scattering from spherical blobs 
whose refractive indexes slightly differ from the 
mean. Received fields are calculated through 
integration of the scattering coefficient over the 
critical common volume. Crucial in this theory is 
the modeling of turbulence which has undergone 
numerous revisions and exhibits several variations 


(see Appendix C). 


3.3 Reflection Theories 

The idea that beyond the horizon fields at 
short wavelengths are caused by reflections from 
tropospheric layers was first suggested by Norton 
{1948]. Later, Feinstein [1951, 1952a, 1952b), 
launched a similar investigation but his ideas were 
adapted to subsequent mode theories (discussed 
later). Serious endeavors include the work of Friis, 
Crawford, and Hogg [1957] and French researchers led 
by du Castel [1966, p. 12]. 

In general, proponents assert that layers 
within the troposphere are formed by relatively sharp 


gradients in the refractive index. These layers are 
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numerous in number, display limited yet varying 
dimensions, and present random position and 
orientation. 
The number and size of the reflecting layers, as 
well as the magnitude of the discontinuities in 
the gradient of dielectric constant which form 
them, influence the received power [Friis, 
Crawford, and Hogg, 1957, p. 628). 
An understanding of the character of a layer aids 
received power calculations. 

When Friis, Crawford and Hogg first 
postulated their theory, refractometer data 
substantiated the existence of steep variat' -s in 
the refractive gradient. However, the actua.s shape 
of the layers formed by these variations remained 
speculative. In short, then, calculations were 
performed for three general cases: large, small, and 
intermediate size layers with respect to Fresnel zone 
dimensions.?3 Later, du Castel [1966] offered a more 
thorough, and, quite elegant, description of these 
layers. 

Figure 28 displays du Castel's layer or 
feuillet. This thin, stable layer forms when laminar 
air flow "within a layer produces a change in the 

3Fresnel zones may be viewed as three- 
dimensional ellipsoids encompassing radiated energy, 
and dimensionally dependent on wavelength. Boithias 


{1987], Livingston [1970], and Kerr [1987] further 
describe this basic concept. 
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Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamon, 
1966, p. 154. 


Figure 28. du Castel's thin layer or feuillet 


mean refractive index across its thickness" [du 
Castel, 1966, p. 26). As shown on the left of Figure 
28, the refractivity gradient contains a 
discontinuity; therefore, within the layer, the 
refractive index differs slightly from that above and 
below the layer. The surface has primary 
irregularities, 1 and h, both on the order of tens of 
meters, and secondary irregularities, 1, and hy, 
several kilometers and a few hundreds of meters 
respectively. Activity within an irregularity may be 
likened to that of a turbulent blob described 


earlier; however, although turbulent irregularities 
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are crucial in layer formation, in this instance the 
existence of a layer iS more critical than individual 
blobs. A simplified layer model, consisting of 
numerous irregularities, is of size L and thickness H 
and is shown at the bottom of Figure 28 [du Castel, 
£966, pp. 154,155). 

A feuillet's reflection mechanism is easily 
understood through application of elementary optics. 
While the main flow of transmitted energy propagates 
(refracts) through the layer, a portion is reflected, 
hence, partial reflection occurs as predicted in 
Snell's law for mediums of differing dielectric 
constants. Furthermore, depending on the nature of 
the reflecting layer, either specular or diffuse 
reflection occurs [Barton, 1962, p. 335].4 Figure 29 
shows a number of elements, oO (not to be confused 
with the scattering coefficient described wider 
turbulence theory), within a surface, S, with 
transmitted energy incident at a grazing angle a. 

The primary reflections at the surface elements o 
within a solid angle @, add together in phase to 
give specular reflection in a sinaller solid angle 


@', Or add randomly to give diffuse reflection in 
a solid angle @ [du Castel, 1966, p. 159]. 


4Roithias [1987, p. 49] simplistically 
differentiates between specular and diffuse 
reflection. 
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Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamen, 


1966, p 


Figure 29. 
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Specular and diffuse reflection within a 
feuillet 


Reception 


Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamon, 
1966, p. 48. 


Figure 30. 


Radiation pattern for the reflection 
mechanism 


WORD PROBLEMS Algebra 


Step 4. Solving for x: 


1 
x +— (x +7) = 35 
a ) 


2x +x +7 = 70 


3x = 70 - 7 
3x = 63 
x = 21 points 


Solving for the other unknowns: 


1 1 
— ooo pe eee (eae 
ae ) = ) 
1 1 
ms +7) = _(Q2 
a ) eae, 


5 (x + 7) = 14 points 
Answers: Winning Team’s Score = 21 points 
Losing Team’s Score = 14 points 


Step 5. The winning team’s score is 7 points less than twice the score of 
the losing team. 


2(14) - 7 = 28 - 7 = 21 points 
The total score of both teams is 35 points. 
21 + 14 = 35 points 


Thus, the answers check. 
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Figure 30 gives a general look at troposcatter 
propagation via specular and/or diffuse partial 
reflection. | 

Calculations for the received field rely 
exclusively on evaluation of the reflection 
coefficient, p. Appendix E discusses p in greater 
detail. However, while determination of reflected 
power is a basic exercise, the complexities 
introduced by "the spatial distribution of layers, in 
size and intensity distributions, and in 
distributions of curvature for nonflat layers" make 
computations more statistically oriented [Cox, 1969, 
Pp. 907]. Thus, a simple calculation (see Friis, 
Crawford and Hogg [1957]), is again made difficult 
due to the unpredictability of the atmosphere. 

Recapitulating, when the normally smooth 
refractivity profile exhibits sharp discontinuities, 
layers consisting of turbulent irregularities are 
likely to form. These layers act as partial mirrors, 
reflecting a portion of the transmitted power. 
Normally basic calculations for received power are 
complicated by a reflection coefficient that must 
consider the complexities of the variable shapes and 
motions of atmospheric reflecting layers (see 


Appendix E). 
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3.4 Mode Theories 

When Bremmer [1949] mentioned that 4/3 earth 
curvature theory ignored the reflected component, 
partial coherent internal reflection or mode theory 
took root.> Feinstein (1951, 1952a, 1952b), Carroll 
[1952a, 1952b, 1952c], and Carroll and Ring [1955] 
were enthusiastic (most notably, Carroll) of this 
idea which challenged classical notions. 

Initially, one will find some similarities 
between mode and reflection theories. Both 
incorporate Snell's law of reflection and refraction; 
however, mode theory introduces no "new" concepts, 
such as turbulent irregularities. Instead, it 
focuses on large-scale refractivity noting that not 
only a refracted (see Section 2.3) but a series of. 
reflected waves must be produced due to the 
refractivity gradient [Feinstein, 1951, p. 1292). 
This in turn causes various modes of propagation 
similar to surface ducts, the distinction being that 
only the reflected, not the refracted, wave is 
considered. Figure 31 simplistically depicts one ray 
for several modes; however, it should be noted that 
each mode will exhibit a family of such rays, and 
these rays will experience reflection (external), and 

“For the earth's atmosphere, an upgoing wave 


reflects an internal wave, and a downcoming wave 
reflects externally [Carroll, 1952b, p. 9, 10). 


79 


Source: Katzin, M. "Trorospheric Propagation 
Beyond the Horizon." Transactions of the IRE, 
Professicnal Group on Antennas and Propagation, PGAP- 
3 (August 1952a), p. 116. 


Figure 31. Mode theory propagation 


therefore attenuation, as they propagate downward 

[Katzin, 1952a, pp. 112,113). 
The object of the internal reflection hypothesis 
is to relate the average received field to the 
rate of decrease in atmospheric density, and 
hence to eliminate some of the arbitrary 
parameters required by the scattering concepts 
(Bullington, 1963, p. 2850). 

Mode theory proponents were particularly 
critical of then accepted refractive index profiles 
which showed "decreases linearly with height 
indefinitely .. . [causing] the index of refraction 
to become less than 1 or even negative at 
sufficiently large heights" [Carroll, 1952c, p. 93). 
Initially, then, a bilinear model was introduced 
which showed linear refractivity decreases to 30,000 
feet and, above this sharp break in gradient, the 


index was assumed to be unity. Determining the 


received field involved an infinite summation of mode 
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contributions from successive layer reflections using 
Fresnel's summation rules. This aventuatiy gave a 
reflected field "equivalent to half the reflection 
from the half-wave layer of maximum contribution" 
(Carroll, 1952c, p. 84]. Although proponents admit 
nonrigorous calculations, close theoretical agreement 
with experimentation was provided by Colwell and 
Anderson [1952]. 

Attempts to provide a better fit with field 
data (Megaw's points) included use of trilinear and 


inverse square profiles as depicted in Figure 32. 


3000 Me 
ANTENNA HEIGHTS TLE. 7FT 
Mr1= 36321076 
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300 
Olstence (mites) 
Source: Chisholm, J. NN. “Progress of 
fropospheric Propagation Research Related to 
Communications Deyond the Horizon.” JRE Transactions 


on Communications Systems, vol. CS-4, no.t (March 
1956), p. 1 


Figure 32. Various mode theory profiles matched with 
field data 
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However, Chisholm [1956, p. 8] and du Castel [1966, 
p. 132) point out that the mode of maximum 
contribution occurs at the gradient discontinuities 
of the bilinear and trilinear models and that such 
discontinuities do not exist in nature. Further, the 
inverse square and a subsequent parabolic profile 
yield poor results [Picquenard 1974, pp. 52,53]. 
These "hit or mic." endeavors contradict 
Bullington's assertion that mode theory offers less 
arbitrary parameters, and provides the first 
criticism of mode theory. Other objections exist. 
Turbulence, which is know to persist, is not 
incorporated. Carroll and Ring [1955] admit to this 
shortcoming and use it as a possible explanation for 
high troposcatter fading rates. Saxton [1956] is 
critical of mode theory's nonrigorous approach, and 
Katzin [1952a, 1952b] shows the internally reflected 
component to be of negligible magnitude. Finally, du 
Castel (1966, p. 132] notes an absence of frequency 


dependence which contradicts experimentation. 


3.5 Other Theories 

While turbulence, reflection, and mode 
theories represent the brunt of ideas explaining the 
troposcatter mechanism, other perceptions have been 


published. Most notable is that of Bullington [1963] 


which incorporates the "best" of all three theories 


while eliminating inherent arbitrary factors.® In 
essence, Bullington's approach assumes an exponential 
refractivity profile on which turbulent fluctuations 
are superimposed. The primary mechanism is that of 
partial internal reflection with the Statistical 
fluctuations explaining both fading and frequency 
dependence. Turbulent irregularities are analyzed 
through long-term empirical data, and the reflection 
coefficient is related to the variance of this 
turbulent activity. Christopher and Debroux [1987] 
have found Bullington's predictions both suitable and 
Simple. However, due probably to the use of mode 
theory, sources do not mention further work in this 
direction. 

Attempts were also made to explain beyond the 
horizon fields through terrain irregularities. In 
fact, Bullington (1947, 1953] pointed out that 
surface roughness could, in some instances, produce 
enhanced fields, yet troposcatter paths over smooth 
paths such as water were known to exist [Jowett, 
1958, p. 92). Thus, pure diffraction theory, as 

SBullington considers scatter and reflection 
theories as basically the same; however, his use of 
the reflection coefficient favors reflection theory. 


This hesitancy to differentiate the two is explained 
in Section 3.6. 
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championed by Ortusi [1955], never amounted to much. 
A similar fate befell de Belatini [1959] who 
envisioned turbulent toroidal shapes, a few 
kilometers in diameter, which acted as weak lenses. 
These atmospheric lenses were said to cause vertical 
divergence of transmitted waves which allowed beyond 


the horizon propagation. 


3.6 Differentiating the Theories 

Judging from presented criticisms and the 
quantity of supportive sources, two theories, 
turbulence and reflection, best seem to explain the 
troposcatter propagation mechanism. At this time 
it's productive to further distinguish the two, 
since, as mentioned earlier, there is some difficulty 
differentiating them. Scattering may be thought of 
in two ways. Normally, one thinks of scattering as a 
random spread of energy from some source through 
space. If, however, some coherence is evident, then 
the terms reflection, forward scatter, and focusing 
may be used [Rice, et al., 1967, vol. 2, p. IV-1; 
Bullington, 1959]. 

Turbulence theory therefore refers to the 
random spread of transmitted energy from a single 
irregularity or blob. Although Booker and Gordon 


originally assumed isotropic scattering, turbulence 
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theory backers admit anistropy. The summation of 
power scattered by the numerous blobs within the 
common volume are purported to add incoherently. 
Conversely, reflection theory is essentially 
scattering from a layer consisting of numerous 
turbulent irregularities. Due to specular and 
diffuse components, power in this case is said to add 
in a quasi-coherent fashion. Therefore, while both 
theories recognize “scattering” as the propagation 
mechanism, the scattering source, individual blobs or 
collective layers, is in question. Taken one step 
further, the question does not center on turbulence 
since turbulence is known to exist; rather, the 
question is whether turbulent irregularities exist as 
single, randomly disposed entities or arrange 
themselves into layers. Finally, following Waterman 
[1970] and the above discussion, turbulence theory 
will henceforth be termed incoherent scattering while 
reflection theory is called quasi-coherent 


scattering. 


3.7 Modern Theory 


Although early work presented two dominant 
theories, a few cautious individuals like Saxton 
[1956], M. A. Johnson [Discussion on Tropospheric 


Propagation-I, 1958], and even Carroll [1952b] 
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acknowledged the possibility of several concurrent 
mechanisms. Indeed, both incoherent and quasi- 
coherent scattering will occur simultaneously with 
dominance related to operating frequency. However, 
this now accepted conclusion took many years to prove 
and arrived mostly through assorted experiments and 
theoretical "adjustments" designed to strengthen 
proposed theories. 

After development of the refractometer, 
incoherent scatter promoters saw the need to alter 
Booker and Gordon's original proposal since the scale 
of turbulence was larger than initially thought. 
Gordon [1955] and Booker and deBettencourt [1955] 
incorporated this change in modified theories; 
furthermore, the latter provided experimental results 
verifying their ideas. Later, however, de Belatini 
[1959], Bolgiano [1958], and Rice, et al. [1967, 
vol.2] challenged incoherent scatter based on 
uncorrelated theoretical versus experimentally 
derived wavelength dependencies (discussed in Chapter 
4). 

Evidence supporting quasi-coherent scatter 
includes a sizable effort from Crawford, Hogg, and 
Kummer [1959]. Of particular note are the wavelength 


dependence results [p. 1092] which, for intermediate 


size layers, closely match theory to data, while 
small layers, likened to single blobs, show poor 
correlation. Additionally, with respect to fading 
rates (Figure 33), these researchers show rather 
smooth signal levels at UHF -- a difficult result for 
incoherent scatter to explain, but causing no problem 
in quasi-coherence. Yet, as Appendix E demonstrates, 
quasi-coherent scatter (a reflection theory) is 
insignificant beyond UHF since reflection 
coefficients reduce substantially. Further, the 
uncertainties of layer size, orientation, and motion 
inject considerable guesswork in calculations. 
Of scatter concepts as a whole, then, 

Bullington asserts that they are 

a statistical framework that can be adjusted by 

arbitrary parameters to fit almost any consistent 

experimental data and, in fact, the values of the 

parameters have been changed significantly when 


the need to accommodate unexpected experimental 
results has arisen [Bullington, 1963, p. 2849]. 


Additionally, in a superb review of troposcatter 


field tests, Cox [1969] provides several conclusions: 


1. The most striking feature observed in all the 
experiments is the wide range of variation in the 
measured parameters for different time periods, 
regardless of what the parameters are. 


2. [S]Jimilar measurements were interpreted in 
different ways. 


3. {DJjuring some time periods the atmosphere 
appears to be in a state of nearly isotropic, 
homogeneous, nonchanging (stationary) turbulence, 


Algebra WORD PROBLEMS 


Example 4: 


A man is 21 years older than his son. Five years ago he was four times as old as his son. 
How old is each now? 


Solution: 
Step 1. Let x = Son’s Age Now 
Step 2. Then, 
x + 21 = Father’s Age Now 
x - 5 = Son’s Age Five Years Ago 
(x + 21) - 5 = Father’s Age Five Years Ago 
Step 3. Five years ago the father was four times as old as his son. 
(x + 21)-5 =4( - 5) 
Step 4. (x+21)-5 =4(x-5) 
x+16 =4x - 20 
x- 4x =-20 - 16 
-3x = -36 
x = 12 years 
Solving for the other unknowns: 
x+21 =124+21 
x+21 = 33 years 
Answers: Son’s Age Now = 12 years 
Father’s Age Now = 33 years 
Step 5. The man is 21 years older than his son. 


12 + 21 = 33 years 
Five years ago he was four times as old as his son. 
33-5 = 28 =402-5)=4x7 


Thus, the answers check. 
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Source: Crawford, A.B., Hogg. D.C., and Kummer 
W.H. "Studies in Tropospheric Propagation Beyond the 
Horizon." The Bell System Technical Journal, vol. 


38, no. 5 (September 1959), p. 1119. 


Figure 33. Fading rates for UHF and SHF links over 
the same path 
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but during other time periods the 
turbulence may be anisotropic and/or 
inhomogeneous and/or changing with time. During 
still other time periods (often at night) the 
atmosphere may tend toward a stable state with 
the major irregularities being caused by 
stratified layers having different 
characteristics [Cox, 1969, p. 921]. 
In short, then, two shortcomings are noted. First, 
experimenters are "guilty" of partiality to their 
theory, and, second, the source of scattering is of 
such unpredictability that complete theoretical 
agreement is currently impossible. Ignoring the 
first accusation, a closer look at the scattering 
source is desirable. 
Certainly the atmosphere is unpredictable. 
In fact, in his recent (1988) book, Troposcatter 
Radio Links, Roda is satisfied in concluding that two 
types of discontinuities coexist within a 
sufficiently large common volume: turbulent motion 
comprising blobs, vortices, or eddies; and laminar 
motion composed of feuillets or small reflecting 
surfaces [p. 63]. Physical evidence supporting 
small-scale turbulent motion is found in voluminous 
refractometer profiles conducted over many years. 
Furthermore, Hooke and Hardy [1975] have detected 
thin, wavelike disturbances produced through gravity 


waves, and Crane [1981] adds that newer radar systems 


enable direct observation of such layers. Finally, 
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indirect evidence of dual discontinuities occurred as 
far back as 1961 in Ortwein, Hopkins and Pohl's 
multi-frequency measurements. Undoubtedly, then, 
both incoherent scatter and quasi-coherent scatter 
explain short wave, beyund the horizon propagation. 
What remains is determination of the deminant 
propagation mechanism. Waterman [1970] uses 
generalized meteorological conditions to 
differentiate the two. Sarkar, Dutta and Reddy 
{1983] experimentally prove that the spectral slope 
(m, see Appendix C), refractivity gradient, or 
wavelength can be used as discriminators. Most 
sources use frequency (wavelength) as the 
differentiator; above a certain operating frequency 
incoherent scatter will dominate. Crzne [1981, p. 


656] shows the transition wavelength as 
A = 2L5ysin(@/2) (3-2) 


where Loy, the outer scale of turbulence, 
dimensionally describes the largest eddies entering 
the inertial subrange of Figure 15. Again, then, 
uncertainty enters the picture as Lo, will vary 
depending on atmospheric conditions. Eklund and 


Wickerts' [1968] tests place the transition between 1 


and 3 GHz, while Monsen, et al. [1983] use a 1 GHz 
cutoft. 

By way of summary, Figure 34 shows signal 
level variations versus frequency and distance for 
(1) coherent scatter, (2) diffuse scatter, and (3) 
incoherent scatter. (Coherent and diffuse scatter 


add to give quasi-coherent scattering.) 
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Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamon, 
1966, p. 171. 


Figure 34. Signal level variations for: (1) Coherent 
scatter, (2) Diffuse scatter, and 
(3) Incoherent scatter 
Three conclusions may be drawn. First, the 
transition frequency resides between 1 and 3 GHz 
contingent on acmospheric conditions. Second, both 


mechanisms have similar ranges. Finally, as will be 


explained in Chapter 5, predictions would benefit 
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from using incoherent scatter received power 
calculations as it provides a worst case approach. 
Thus, uncertainty induced by the atmosphere 
continues although great progress has transpired. 
For some, years of theoretical work has been 
fruitful; however, many sources state the need for 
theoreticians to cease pursuit of a universal 
approach, instead focusing on practical measures. 
Some may argue that the methods offered in Chapter 5 
supply such vehicles; however, until atmospheric 
phenomena is completely determinable, it is likely 


that some effort will persist. 


CHAPTER 4 
CHARACTERISTICS OF TROPOSCATTER PROPAGATION 


4.1 Introduction 

Although a complete understanding of 
troposcatter remains elusive, this transmission 
technique continues to enjoy world-wide use. Chapter 
1 surveyed these applications; an excellent summary 
of early troposcatter systems is provided by Gunther 
[1966]. This chapter will summarize pertinent 
characteristics of troposcatter transmission systems, 
emphasizing those parameters directly influenced by 
propagation. Specifically, it will highlight 
attributes of interest to communications engineers, 
providing typical values while describing expected 
performance. Equipment will be discussed only when 
enhancements, designed to reduce the effects of 


degraded propagation, are possible. 


4.2 Signal Level 


Critical in evaluating the feasibility of a 
transmission system to support communications 
requirements is the received signal level (RSL). 


Appendix B and Chapter 5 analyze RSL calculation. 
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This section looks at the distance and frequency 
dependence, fading characteristics, and aperture-to- 
medium coupling loss of troposcatter received 
signals. Since the RSL is expressed as a statistical 
median, this section will not emphasize the 
"temporary" effects of diurnal, seascnal and 
climatological influences. These events are covered 
elsewhere in this treatment; however, their influence 


cannot be understated. 


4.2.1 Distance Dependence 


Figure 35, derived experimentally, more 
accurately depicts attenuation for the scatter loss 


portion of Figure 2.1 It can be construed, 


f= 3300 Mc/s 


*y f=220 Me/s 
he 200 m 


h=10C0 m 


S 200 206 “Sg, 

3 Sh 

$ shy OY ; “cae, 

< “Alesp hee, 


ot 1 - 
259 §00 7§0 km 1000 0 250 500 750 1000 km 
Distance 


Source: du Castel, F. Tropospheric Radioweve 
Propagation Seyond the Horizon. New York: Perganmcn, 
1966, p. 64 


Figure 35. Troposcatter loss with distance 


lthe term "scatter loss" describes the loss 
exceeding that of a free space, line-of-sight link; 
it is more commonly used as attenuation relative to 
free space. ‘ 
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therefore, that troposcatter links exhibit distance 
dependence with losses ranging from 150 to 250 dB. 
This dependence is difficult to express in simple 
mathematical terms since different losses per unit 
distance occur for different link ranges [Boithias 
and Battesti, 1983, p. 658] .2 For example, in 1960 
the Joint Technical Advisory Committee (JTAC) 
reported a 20 dB/100 statute miles loss for links of 
100 to 300 miles, and 11 to 12 dB/100 miles in the 
subsequent 200 to 300 miles ["Radio Transmission," 
1960, p. 35]. Most sources generalize to an inverse 
power relationship such as the a~4 law (d, distance) 
giving about 0.1 dB/km [David and Voge, 1969, p. 
148). 

Other estimates are available. For links 
covering 150 to 300 km, a75-5 may suffice for 
antennas at zero degree elevation; however, an 
additional loss following n-2, where h is the height 
of the common volume, is included for antenna beams 
above the horizon [Picquenard, 1974, p. 41]. 
Surprisingly, Sarkar, Dutta and Reddy [1983] found 
distance exponents ranging from -7 to -13 for a 240 
km, 2 Ghz link in India (median value not given). 


2Explainable by multimode and/or simultaneous 
incoherent and quasi-coherent scatter propagation. 
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This unexpected variability is attributed to changing 
refractivity gradients. 

Another method which uses angular distance 
(9, the scatter angle) to predict loss was introduced 
by Norton, Rice and Vogler [1955]; however, in some 
instances (most notably, the influence of terrain) 
calculations are unsatisfactory [du Castel, 1966, p. 
67]. Regardless, Parl [1979] relates ranges of g-2 
to 9-6, and Flock [1979] provides Figure 36 showing 
scatter loss as a function of angular distance for 


900 MHz links. A correction factor, 10 log (f5/900), 
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Source: Flock, W.L. Electromagnetics and the 
Environment: Remote Sensing and Telecommunications. 


Englewood Cliffs, New Jersey: Prentice-Hall, 1979, p. 
190. 


Figure 36. Scatter loss as a function of scattering 
angle 
provides additional loss in dB for any frequency, f5, 


other than 900 MHz. Finally, note should be made 
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that for short links where smooth earth diffraction 
can dominate (multimode), an exponential law may be 
appropriate. 

The mentioned high loss of troposcatter links 
requires exceptionally precise antenna siting to 
avoid attenuating obstructions while keeping 
elevation angles at an absolute minimum. In 
addition, compared to typical line-of-sight systems, 
troposcatter links necessarily use 30 to 50 dB more 
transmission power, receivers with nearly 12 dB more 
sensitivity, and much larger antennas with aperture 
diameters of up to 120 feet [Azurza, 1975, pp. 
18,20). 


4.2.2 Frequency Dependence 


Troposcatter links normally operate in the 
250 to 6,000 MHz range (see Table 1). This domain is 
limited by antenna size on the low end and absorption 
and depolarization on the upper, although Crane 
[1988] recently showed the feasibility of higher 
operating frequencies [Hall and Barclay, 1989, p. 
207). Concerning the effect of frequency on signal 
levels, it was shown above (through the correction 
factor for angular distance dependence) and on Figure 
34 that loss increases (RSL decreases) as frequency 


increases. However, as Figure 37 discloses, this 


WORD PROBLEMS Algebra 


Word Problems Involving Money 


The five basic steps for solving algebraic word problems can be used for solving word problems 
involving money. Writing algebraic expressions for these problems depends on the general 
relationship between the total value and the unit value of money. The total value of a collection 
of money or a collection of items with a certain monetary value equals the sum of the numbers 
of items each multiplied by their unit values. Thus, the total value of five pennies, three nickels, 
four dimes, and two quarters is found by solving the following equation: 


x = 5($0.01) + 3($0.05) + 4($.10) + 2($0.25) 
x = $0.05 + $0.15 + $0.40 + $0.50 
x = $1.10 
The total value of 25 tickets worth $1.50 each and 30 tickets worth $0.75 each is 
25($1.50) + 30($0.75) which equals $37.50 + $22.50 or $60.00. Algebraic word problems 
involving money are solved using this general relationship following the same five basic steps 
for solving any algebraic word problems. 
Example 1: 
The promoter of a track meet engages a 6,000 seat armory. He wants to gross 
$15,000. The price of children’s tickets is to be one-half the price of adults’ 


tickets. If one-third of the crowd is children, what should be the price of tickets, 
assuming capacity attendance? 


Solution: 
Step 1. Let x = Price of an Adult Ticket (in dollars) 
Step 2. Then, 


> = Price of a Child’s Ticket (in 
dollars) 
(6.000) = 2,000 = Number of Children’s Tickets 


6,000 - 2,000 = 4,000 = Number of Adults’ Tickets 
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Figure 37. The effect of frequency over similar 
paths 
increase is subtle at lower frequencies (below 2.2 
GHz in this instance). CCIR Report 238-5 [1986, pp. 
377, 381] notes that troposcatter path attenuation 
relative to free space generally obeys an fi law up 
to 3 GHz.3 Expressions for higher frequencies were 


not found. 


3similarly, the ratio of power received 
(including scatter loss) to the power one should 
receive after free space loss only, Py/Peo, is 
proportional to f1. One should be aware that the 
exponent's sign will change when expressing this 
ratio as signal level versus attenuation; discussion 
uses attenuation relative to free space only. 
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Short-term variations of this general law are 
known to exist, however, and Report 238-5 notes such 
instances. As an example, two links in France 
operating at 460 and 2220 MHz, observed fF, 1% of the 
time and fi, 99% of the time for the longer (325 km) 
link. The shorter link (165 km) had a dependence of 
fi-5, 1% of the time and f0-5, 99% of the time. In 
addition, Eklund and Wickerts [1968, p. 1068, their 
Figure 3] revealed short-term frequency dependences 
ranging from f2 to £°1/3 for a 259 km path at 1 and 3 
GHz. Figure 38 clarifies short-term frequency 
dependences by showing distributions for the 
attenuation ratio of two frequencies traversing the 
same path; agreement with Eklund and Wickerts is 
notable.4 

As mentioned in Chapter 3, conflicts between 
theoretical and experimentally derived frequency 
dependence values (specifically, the exponent "n" of 
f™) were an early source of controversy among 
theoreticians. Depending on the turbulence model 
used for incoherent scatter theories, attenuation 

4again, confusion may develop. In Figure 38 
the attenuation ratio used corresponds to differences 
in RECEIVED POWER between opposing frequencies. 

Cited values by Eklund and Wickerts show ATTENUATION 
WITH RESPECT TO FREE SPACE; hence, the exponents of A 


on the far right of Figure 38, in Eklund and 
Wickerts' terms, would change sign. 


a2 


Attenuation 
Effect of frequency 


Percentage of cases where the level exceeded the ordinate 


Source: du Castel, F. Tropospheric Radiowave 
Propagation Beyond the Horizon. New York: Pergamon, 


1966, p. 70. 


Figure 38. Short-term effects of frequency. The 
received power ratios 200/2000 Mc/s and 
450/4000 Mc/s with their subsequent 
attenuation coefficients are shown. In 
terms applicable to discussion, a 
freqyency ependence range of about 
5 to £* is depicted. 
relative to free space was predicted to obey either 
f1/3 or ft laws [du Castel, 1966, p. 147; Rice, et 
al., 1967, Pp. IV-7]). Likewise, quasi-coherent 
scatter theory predicts exponent (n) values of either 
2 or 4, although in the particular case of diffuse 
reflection from intermediate size layers a value of 1 
is obtainable [Eklund and Wickerts, 1968, p. 1067; 
Crawford, Hogg, and Kummer, 1959, p. 1092). 


Further, when short-term variations, as discussed 
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above, were noted, evidence mounted against a single, 
dominant propagation mechanism. 

Once both theories were incorporated and 
theoreticians recognized the variability of 
turbulence, these short-term fluctuations were 
understandable. Consequently, the results of Sarkar, 
Dutta, and Reddy's [1983] experiments on a 240 km 
link in India are explainable. For a single 
frequency (2 GHz), they report exponent values 
ranging from -2.1 to -0.9 under mostly turbulent 
conditions, and 0.4 to 2.5 during layered situations 
(median values were not provided). Regardless, as 
one can deduce from Figure 37 (attenuation relative 
to free space), the long-term effect of frequency on 
signal level will be generally small below 3 GHz, but 


becomes important at higher frequencies. 


4.2.3 Fading 


Probably the most distinguishing parameter of 
troposcatter propagation is the extreme fading 
observed in the RSL. As discussed earlier, 
scattering within the common volume directs portions 
of energy toward the receiver; furthermore, the 
nature of these scatterers is quite variable. As a 
result, received signals, which are the sum of these 


numerous reradiations, exhibit variations directly 
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related to the activity within the common volume. As 
will be discussed, the RSL is then characterized by 
short and long-term fluctuations about a median 
value, and, in some instances, frequency selectivity 
is observed. Fading is a critical concern for analog 
communications systems; however, as discussed later 
(Section 4.3), digital systems are troubled more by a 
different parameter. 

Due to the unpredictability of the 
atmospheric phenomena responsible for fading, 
expressions for these variations are rooted in 
statistics. Common techniques depict cumulative 
amplitude distributions over hourly periods while 
stating the median value as that level equaled or 
exceeded 50% of the time ["Radio Transmission," 1960, 
Pp. 34). Many RSL prediction techniques, detailed in 
Chapter 5, heavily rely on these statistical 
distributions. Additionally, while short and long- 
term amplitude variations exhibit Rayleigh and log- 
normal distributions respectively, the actual 
instantaneous signal level is difficult to express 
mathematically but may be presented graphically as 
described in Panter [1972, pp. 365-369]. 


Generally speaking, short-term fading rates 


will increase with frequency (see, for example, 


Figure 33); however, this can be reduced by using 


antennas with narrow beamwidths. Further, as later 
highlighted in Section 4.5, long-term fading will 
show diurnal, seasonal, and climatological dependency 
{du Castel, 1966, p. 86; Crawford, Hogg, and Kummer, 
1959, p. 1118). Since fading can, at times, severely 
impact transmission quality, techniques to improve 
performance are essential. Among these, diversity 


reception offers the greatest utility. 


4.2.3.1 Short-Term Fading 


Persistent short-term fades, much like 
scintillation mentioned in Section 2.5.3, are the 
"trademark" of troposcatter propagation. Fading 
rates of a few per minute at VHF, 1 Hz at UHF, and 
several (up to 20) Hz at SHF are not uncommon. 
Studies of fading rates use statistical formats by 
which the mean fading frequency has been shown to 
vary "between 0.044 (exceeded for 99% of the time) 
and 4.3 (exceeded for 1% of the time) times its 
median value" [Hall, 1979, p. 142]. Additionally, 
CCIR Report 238-5 shows that short-term fading rate 
distributions vary as the hourly median RSL itself 
changes (a long-term fade). In short, when the 


median RSL falls above or below its median, fading 


103 


either decreases or increases respectively [CCIR, 
1986, p. 384). 

The amplitudes of short-term troposcatter 
fades will closely conform to a Raleigh distribution. 
This follows logically when one examines the cause of 
rapid troposcatter fades. The numerous scatterers 
within the common volume each provide individual 
contributions which, upon arrival at the receiver, 
add constructively or destructively to the RSL. In 
this way, atmospheric multipath emerges, and due to 
the randomness of the individual phase contributions, 
a Raleigh distribution, as provided in Figure 39, is 


established wee nea 1970, p. 121).° Typically, 
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Figure 39. Raleigh distribution showing short-term 
troposcatter fading amplitudes 


Soften, the term phase interference fading is 
used instead of short-term or Raleigh fading; this 
explains why [Peterson, et al., 1966, p. 5]. 


one can expect short-term fading amplitudes to exceed 
the median by 5 dB, 10% of the time, while 90% of the 
time the fade will not fall below 8 dB of the median; 
30 dB fades are shown to occur less than 0.1% of the 


time [Saxton, 1956, p. 588]. 


4.2.3.2 Long-Term Fading 


Short-term fades are superimposed on long- 
term or power fades which feature cyclic changes on 
the order of hours, days, and even seasons. The 
primary cause is variations in the refractivity 
gradient which will show high climatological 
dependence, while operating frequency provides little 


influence [Hall, 1979, pp. 139,i1!0; Livingston, 1970, 


Pp. 120; Bullington, 1955, p. 1179). As the gradient 


cr .nges, bending will essentially redefine the common 
volume; hence, the number of scattering sources will 
change. In addition, gradient fluctuations will 
influence the intensity of individual scatterers 
(related by the structure constant, Cie, in Appendix 
C), and both situations will cause RSL deviations. 

An additional cause of power fading is that 
propagation mechanisms (multimode, incoherent 


scatter, and quasi-coherent scatter) can change 


[Rice, et ali; 1967,. vole 1d ps 10-1}.® Figure 40 


provides evidence of mechanism changes on a 350 km, 
300 MHz path. 

Long-term fading is usually expressed as an 
hourly median which is derived from a "distribution 
of the hourly medians over a period of at least one 
full year" [Panter, 1972, p. 353]. When plotted on a 
decibel scale, the hourly median loss (that is, the 
value exceeding the long-term median) will display a 
log-normal density function [Saxton, 1956, p. 588]. 
Figure 41 shows this function for a standard 
deviation, 6, of 8 dB. Hall [1979, p. 140] notes 
that depending on path length and climate, o typically 
varies between 4 and 8 dB. This variation is 
depicted with respect to angular distance, 9, in 
Figure 42. Figure 43 provides the cumulative 
distribution for several values of 6. Interpreting, 
for a standard deviation of 8 dB, the hourly median 
value will exceed the long term median by 10 dB 10% 
of the time, while 90% of the time it will not drop 


below 10 dB of the same long term median. 


SExplaining mechanism changes, gradient 
variations will cause bending that may enhance the 
diffraction mechanism (multimode). Atmospheric 
conditions may foster extensive stratification 
(quasi-coherent scatter) or extreme turbulence 
(incoherent scatter) [(Watterman, 1970]. 


Figure 40. 
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1966, pp. 82, 83. 
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Tropospheric Radiowave 
New York: Pergamon, 


RSL at different times for a 350 km, 300 
MHz path. (a) Specuiar dominant, quasi- 
coherent scatter; (b) and (c) Diffuse 

dominant, quasi-coherent scatter; and (d) 
Incoherent scatter. 


Algebra 


WORD PROBLEMS 
Step 3. Gross Income = (Number of Children’s Tickets times their Unit 
Price) + (Number of Adults’ Tickets times their Unit Price) 
$15,000 = 2.00015) + 4,000 (x) 
Step 4. Solving for x: 


15,000 = 2.005 + 4,000 (x) 


15,000 = 1,000x + 4,000x 
15,000 = 5,000x 


x = $3.00 


solving for the other unknown: 


> = Price of a Child’s Ticket (in dollars) 


x _ $3.00 
7. oF. 
* = $1.50 
5 


Answers: Price of Adults’ Tickets = $3.00 
Price of Children’s Tickets = $1.50 
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Source: Panter, P.F. Communication Systems 
Cesign: Line-of-Sight and Tropo-Scatter Systems. St. 
Louis: McGraw-Hill, 1972, p. 355. 


Figure 41. Log-normal density function for o = 8 dB 


o,db 


30 


8, mrad 


Source: Fanter, P.F. Communication Systers 
Design: Line-cf-Sight and Tropo-Scatter Systems. St. 
Louis: McGraw-Hill, 1972, p. 358. 


Figure 42. Standard deviation, o, varying with 
angular distance, 0 
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Source: Panter, P.F. Communication Systems 
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Figure 43. Log-normal cumulative distribution 
function for various values of 6 


4.2.3.3 Frequency Selective Fading 
For troposcatter FDM-FM schemes (which still 


comprise a sizable portion of in-use systems), 
performance is also related to frequency selective 
fading characteristics. Essentially, the transfer 
function of a troposcatter channel, showing amplitude 
with respect to frequency, reveals random variations 
within the transmitted, RF, bandwidth. Although 
close correlation among adjacent frequencies is 
typical (the so-called "correlation bandwidth"), 
independent fading occurs for frequencies 


sufficiently separated. 
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Due to this independent fading, certain 
subchannels may fade and intermodulation noise on the 
baseband signal results. As a result, while not 
cited as critical in analog techniques, digital data 
transmitted on individual subchannels via low rate 
modems will experience an error rate that cannot be 
reduced. Bello [1969a, 1969b] and Bello and Ehrman 
{1969] should be referenced for detailed information; 
additionally, Section 4.3 further discusses frequency 


selective fading. 


4.2.3.4 Diversity 


While an obvious method to combat the effects 
of fading would be to build in large power margins, a 
more economical and less detrimental (more power 
increases chances for interference) solution is 
diversity reception. This well documented technique 
provides substantial improvement with respect to 
short-term and, to a lesser degree, frequency 
selective fading. While several parameters are 
available, the diversity principle remains the same: 
separate signals over virtually the same path will 
exhibit different short-term variations although 
their mean levels are nearly identical [Boithias, 
1987, p. 208]. The combination of the best of these 


distinct signals results in improved overall 
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INTENSITY OF SIGNALS 


TIwE (MINUTES) 


Source: Roda, G. Troposcatter Radio Links. 
Norwood, Maine: Artech House, 1988, p. 84. 


Figure 44. The diversity principle 


performance as Figure 44 illustrates. 
Clearly, the true value of diversity lies not in 
the median gain (of a few decibels), but in the 
fact that it flattens out the no-diversity 
Raleigh distribution. With diversity, short-term 
signal fluctuations are greatly reduced, leaving 
only long-term variations to be contended with 
(Panter, 1972, pp. 351,352). 

Diversity reception is an indispensable tool for 

troposcatter communications systems. 

Diversity techniques may be physically 
visible, termed explicit diversity, or inherent in 
the channel itself, termed implicit diversity 
[Monsen, 1980, p. 18]. Analysis will focus on 
explicit techniques; Section 4.3 discusses implicit 
diversity. Single, explicit techniques (often called 


dual diversity) consist of the following: 
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When two or more antennas are sufficiently 
separated, space diversity is established and 
advantage is taken of the different signals 
produced by slightly differen= common volumes 
("Evaluation of FDM and FM Systems," 1983, 
Pp. 22~-115-12-12).< 

Frequency diversity uses different 
frequencies which cause scatterers to 
reradiate at differing phases ["Evaluation of 
FDM and FM Systems," 1983, pp. 12-11,12-12). 
Polarization diversity, which uses separate 
polarizations (horizontal and vertical), 
provides limited improvement unless used in 
conjunction with space diversity [Monsen, et 
al., 1983). 

Angular diversity incorporates separate 
feedhorns on a single antenna; however, "the 
upper beam from the antenna generally 
receives a slightly lower mean level" 
(Boithias, 1988, p. 209]. 

Finally, time diversity may be of benefit if 
real-time transmission is not essential 


[Hall, 1979, p. 147]. 


The use of two techniques simultaneously is termed 


quad diversity. 
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While each technique offers both benefits and 
shortcomings, space and frequency diversity are most 
often used. Both techniques add certain equipment 
(receivers, diplexers, combiners, waveguide, etc) to 
the transmission system; however, space diversity 
costs are generally higher due to the additional 
antenna(s). Conversely, frequency diversity may be 
difficult as it increases spectrum use. Regardless 
of whether space or frequency diversity is used, 
adequate parameter separation is essential. Formulas 
to derive this separation stem from correlation 
analysis.’ Correlation coefficients describing the 
degree of independent signal fades with respect to 
one another will range from 1 (fully correlated) to 0 
(no correlation). While sources disagree over 
expected values, acceptable diversity occurs at 
values as high as 0.6 (Engineering Considerations, 
1972, p. 57; Roda, 1988, p. 85). 

From the correlation coefficient, a scale 
length, 1 in meters, is derived. Horizontal 
separation distances for troposcatter space diversity 


antennas are then given by 


Ay = 0.36(D2 + 4(1)2}2/2 (4-1) 


aN superb example is found in Monsen, et, al. 
(1983] for a quad diversity (dual space, dual 
polarization) tactical military system. 
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where D is the antenna diameter in meters. 
Typically, 1, for horizontal space diversity, will be 


about 20 m. For frequency diversity, 
Af = (1.44£/0da) (D2 + 12)1/2 (4-2) 


is used with f, being the operating frequency in MHz; 
6, the scattering angle, in mrad; d, path length, in 
km; and 1 approximately 15 m in this case. Caution 
is advised in using these expressions below 1 GHz 
[CCIR, 1986, pp. 381,382]. As a general rule, a 
horizontal space separation of 100A or a frequency 
separation of 2% or more suffices [Roda, 1988, p. 
87). 

The diversity improved RSL is realized 
through a combiner which can be of several 
configurations ["Evaluation of FDM and FM Systems," 
1983; "Tropospheric Scatter," 1979]. 

a. Simplest is the selector or switching 
combiner which selects then switches to the 
receiver having the best signal. Therefore, 
the selector method is not a combiner per se, 
and since it does not combine receiver 
outputs, it is the poorest performer of 


combining techniques. 
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b. An equal gain combiner adds contributing 
signals to provide a single output. Provided 
individual signals are all within about 6 dB 
of one another, equal gain combiners 
outperform selector combiners. However, 
under deep fades (about 30% of the time) 
equal gain combiners are less effective 
unless the poorer performing path's receiver 
is squelched. 

c. Finally, the optimum ratio, ratio squared, 
variable gain, or maximal ratio combiner also 
adds individual signals but only after 
conditioning circuitry manipulates individual 
receiver inputs. The manipulation is in 
proportion to the noise contributions of 
separate signals. Ultimately, a portion of 
the weaker signal(s) is added to the 
strongest signal giving the best performance 
of all combining techniques. 

Figure 45 compares the performance of these 
methods for (left) dual diversity and (right) quad 
diversity. Generally, dual diversity will yield 4 dB 
improvement 50% of the time and 17 dB, 0.1% of the 
time. Quad diversity improves performance to about 7 


and 27 dB respectively under the same time 
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percentages [Panter, 1972, pp. 18,19]. Studies in 
diversity and combining techniques enjoy voluminous 
treatment; excellent initial sources include Roda 


(1988] and Panter [1972]. 


4.2.4 Aperture-to-Medium Coupling Loss 


Completing the components that impact the RSL 


is aperture-to-medium coupling loss (coupling loss). 


This term, first coined by Booker and deBettencourt 
[1955], describes Lhe apparent degradation of 
theoretical gain for large aperture, troposcatter 
antennas. Generally, this degradation occurs only 
for antennas with gains exceeding 30 dB, and shows 
little distance dependence between 150 to 500 km 
[Boithias and Battesti, 1983, p. 662]. Discovery of 
this oddity, unique to troposcatter, was 
comparatively recent since it becomes appreciable 
only at apertures exceeding a hundred wavelengths 
which are, currently, physically realizable at 
microwave frequencies or higher [Crawford, Hogg, and 
Kummer, 1959, p. 1080). 

A widely accepted explanation of coupling 
loss is provided by Booker and deBettencourt [1955] 
with subsequent improvements by Boithias and Battesti 
[1983]. Figure 46 helps this discussion; however, a 


more realistic view incorporates a common volume full 


WORD PROBLEMS Algebra 


Step 5. The price of children’s tickets is one-half the price of adults’ 
tickets. 


5-($3.00) = $1.50 


The gross is $15,000. 
4,000($3.00) + 2,000($1.50) = $12,000 + $3,000 = $15,000 
Thus, the answers check. 
Example 2: 
A collection of coins consists of nickels, dimes, and quarters. The number of 
quarters is twice the number of nickels, and the number of dimes is five more than 


the number of nickels. If the total amount of money is $5.05, how many of each 
type of coin are in the collection? 


Solution: 

Step 1. Let x = Number of Nickels 

Step 2. Then, 
2x = Number of Quarters 
x + 5 = Number of Dimes 

Step 3. Total Value = (Number of Nickels)(Value of a Nickel) + (Number 
of Dimes)(Value of a Dime) + (Number of Quarters)(Value of a 
Quarter) 
$5.05 = (x)($0.05) + (x + 5)($0.10) + (2x)($0.25) 

Step 4. Solving for x: 


$5.05 = (x)($0.05) + (« + 5)($0.10) + (2x)($0.25) 
$5.05 = $0.05x + $0.10x + $0.50 + $0.50x 
$5.05 = $0.65x + $0.50 


$0.65x = $5.05 - $0.50 


$0.65x = $4.55 
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important 
Scattering 
Volume 


Source: Gordon, W.E. “A Simple Picture of 
Trepospheric Radio Scattering.” IRE Transactions on 
Communications Systems, vol. CS-4, no.1 (March 1956), 
p. 99. 


Figure 46. Coupling loss illustration 


of scatters with the majority in the lower portion of 
the volume. Nevertheless, one would expect 
proportional gain at the receiver, R, as antenna 
beamwidths decrease from B; to Be. However, as Bo 
decreases to Bs, the antenna gain increase is 
countered by a decrease in scatterers. In essence, 
less scatterers are illuminated and therefore less 
scatterers participate in reradiation. Other 
explanations that focus on wavefront distortions due 
to antenna proximity to terrain and anisotropic 
turbulence have been discussed by Freeman [1987], 
Picquenard [1974], and Staras [1957]. Regardless, 
the work of Boithias and Battesti [1983], recognized 
in CCIR Report 238-5, provides predictions shown 
experimentally as quite adequate; however, when 


incorporated in overall link predictions, Parl [1979] 


reveals substantial shortcomings in these empirically 
derived methods (see Section 5.3.6). 

Sources use several techniques with which to 
calculate coupling loss. Two will be presented here. 
Boithias and Battesti [1983] conclude that Figure 47 
(empirically derived) can be used for 150 to 500 km 


links. If, for example, transmit and receive 


Effective gain Gay in troposphere scatter propagation (4) 


Sum of antenna gains in free space.G, + G, (dB) 


Source: Soithias, L. Rectio Wave Propagaticn. 
St. wouis: MeGraw-#i}}, 1967, p. 210. 


Figure 47. Graphic method for coupling loss 
calculation 
antennas have a cumulative free space gain of 80 dB 
(40 dB for each antenna), the effective gain (Ge¢¢) 
is about 74 dB representing a 6 dB coupling loss. 


Another method provides 
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Ag = 0.07 exp{0.055(G, + G,)} (4-3) 


with transmit and receive antenna gains, G and G, 
respectively, given in dB. For the same example 
mentioned above, coupling loss, Ag, computes to 5.7 
dB. Expression 4-3 is limited to individual antenna 
gains of 55 dB, and both antennas should exhibit 
similar gain. Notably, coupling loss decreases above 
path lengths of 500 km, and vanishes above 1000 km 
[Roda, 1988, pp. 71,72]. 

An interesting comparison of practical 
importance results from discussion thus far. It is 
well known that there is a basic transmission loss 
between isotropic antennas in free space (see 
Appendix B); further, antennas exhibit a free space 
gain depending on aperture size. Finally, 
troposcatter coupling loss combines with these 
events, all of which show direct frequency 
relationships, to produce Figure 48. In this manner, 
optimum antenna selection for a chosen operating 
frequency is possible by weighing relative RSL 
benefits with the costs incurred by larger apertures 
(Boithias, 1987, pp. 212,213; Hall, 1979, pp. 
138,139). 
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Source: Boithias, L. Radio Wave Propagation. 
St. Louis: McGraw-Hill, 1987, p. 212. 


Figure 48. Relative RSL comparison for antennas of 
: different diameters for troposcatter 


links. Comparative reference set at 0 
aB for two, 10 m antennas at 1 GHz. 


4.3 Multipath Delay Spread 

Multipath, which has been mentioned briefly 
several times, is the cause of many detrimental 
effects. These include fast fading or scintillation, 
bandwidth reduction (as will be discussed in Section 
4.4), and delay spread. Multipath describes the 
slightly delayed arrival of portions of the 
transmitted wave. Therefore, individual rays of 
varying amplitude and phase arrive simultaneously and 


contribute in a positive manner, adding to the vector 
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sum of all arriving rays, or detrimentally, depending 
on phase relationships. They can be produced by 
partial reflection from refractivity gradient 
discontinuities, specular or diffuse ground 
reflections, and, always present in troposcatter, 
scattering from a number of randomly disposed 
inhomogeneities within the common volume (atmospheric 
multipath) [Freeman, 1987, p. 18}. In short, 
the power scattered at different positions in 
space arrive at the receiving antenna at 
different times, due to the various path lengths 
involved. This can be detected as the broadening 
of a transmitting pulse [Gjessing and McCormick, 
1974, p. 1330). 
This broadening, termed delay spread, can 
catastrophically impact high speed digital 
transmission. 

Delay spread, sometimes called multipath- 
spread, differential-delay, or time-smear, measures 
“the duration of the channel impulse response, or .. 
. the maximum delay difference between the first and 
last significant path" [Baghdady, 1970, p. 3). It 
can be affected by frequency, antenna diameter, path 
length, and scattering angle [Monsen, et al., 1983, 
Pp. 6-11). Representative values range from 50 to 370 
ns although 1 us widths have been experimentally 


shown to occur [Lemmon, 1989, p. 30-6]. Figure 49 


depicts typical delay scattering regions, note how 
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different portions of the common volume (shaded 
region) contribute different path delays. Notably, 
spread values exhibit seasonal variations due mainly 
to changes in the structure constant, Cry? (see 
Appendix C) [Monsen, et al., 1983, p. 6-11). 
Measurement techniques for delay spread are discussed 
by Lemmon [1989]. 

The formation of delay spread ina 
troposcatter link is simplistically depicted in 


Figure 50. A short transmitted pulse (impulse) 


Telay Fower Spectrum 


Adapted Frem: Xcda, S. frcpascertter Radio Linka. 
Kerweod, Maine: Artech Hesse, 1908, Ff. 74.5 Nesburger A. 
Treyheit, P.3., Lersax, G., Lsvingetan, C.C., an 
McLaughlin, Ls ?. “Met ROoi7O Critias Link ings nearie 
Merual.° The MiTRE cospereticn Working Faper wP-22928, 
Recfcerd, Ma., 1€ Jan .f8%, fF. 5. 


Figure 50. Development of the delay power spectrum 
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scattered by the common volume will be received as 

Gp (t) (the power impulse response) with a width much 
greater than that transmitted; amplitude will also be 
distorted. A subsequent pulse, transmitted shortly 
after the first, will exhibit a similar shape since 
high speed transmission rates greatly exceed short- 
term fading rates. However, additional received 
pulses will eventually change shape and the average, 
Q(t), of all impulse responses establishes the delay 
power spectrum. 

The spectrum width is commonly expressed as 
twice the rms spread, or the 26 spread, of the delay 
power spectrum. Typical values were given 
previously; theoretical values incorporate formidable 
expressions rooted in the work of Bello [1969a] and 
well summarized by Freeman [1987] (see Section 
5.3.10) .8 Most importantly, however, the impact of 
delay spread is essentially the widening of received 
pulses. Thus, components which arrive late will 
spill over into adjacent time slots creating 
intersymbol interference (ISI), and, ultimately, 
degrading bit error rate (BER) [Freeman, 1987, p. 
216). It is significant to note that the delay power 

8the interested reader would do well £6 
reference IEEE Transactions on Communications 


Technology, vol. COM-17, no. 2 (April 1969) in which 
much of Bello's work is conveniently packaged. 
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spectrum (a time domain representation) relates to 
the correlation bandwidth (a frequency domain 
expression) through Fourier transformation [Bello, 
1969a, p. 130). While the correlation bandwidth 
limits analog capabilities (see Sections 4.2.3.3 and 
4.4), the delay power spectrum can be exploited by 
digital schemes in a unique way. 

In Section 4.2.3.3 it was shown that FDM-FM 
systems which have RF bandwidths that exceed the 
medium's correlation bandwidth would experience 
frequency selective fades on certain subchannels. 
This can now be explained as due to multipath since 
multipath establishes the delay power spectrum which 
is known to be the Fourier transform of expressions 
for the correlation bandwidth. In this way, 
multipath is thought of as detrimental to 
troposcatter communications systems. However, if one 
were to take advantage of multipath in which 
different portions of the frequency band fade 
independently, a form of diversity, implicit 
frequency diversity, emerges. Similarly, since 
identical information will arrive over a spread in 
time, implicit time diversity is also possible 
[Monsen, 1980, p. 18; Roda, 1988, p. 101]. Hence, 


although multipath can induce severe problems in both 
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analog and digital transmission, it can, through 
rather clever techniques, be used to actually improve 
digital transmission. 

A variety of techniques are available through 
which implicit diversity as well as ISI reduction is 
realized. Roda [1988, pp. 100-103] lists several. 
Additionally, Monsen [1980] provides a general 
description of probably the most widely used 
troposcatter technique, adaptive processing. The 
basic principle behind adaptive processing is that 
successive pulses differ very little from one another 
due to the relatively slow, short-term fading rates 
(slow with respect to transmitted data rates) of the 
medium. Incoming pulses are compared with previous 
ones through adaptive equalizers, correlation 
filters, or maximum likelihood detectors and pulse 
shapes are corrected as the processor "adapts" to 
fade induce distortions. The net effect is to 
minimize ISI while adding diversity improvement 
(implicit frequency and time). Roda [1988, p. 185] 
mentions that adaptive processors are available that 
can support up to 12 Mbps, exceeding typical 
correlation bandwidths; furthermore, although high in 


cost, the improvement is well worth the expense. 


Algebra WORD PROBLEMS 


Solving for the other unknowns: 
2x = 2(7) 
2x = 14 
x+5=74+5 
x+5=12 
Answers: Number of Nickels = 7 
Number of Dimes = 12 
Number of Quarters = 14 
Step 5. The number of quarters is twice the number of 
nickels. 
2(7) = 14 


The number of dimes is five more than the number 
of nickels. 


74+5=12 
The total value is $5.05. 
7($0.05) + 12($0.10) + 14($0.25) = 
$0.35 + $1.20 + $3.50 = $5.05 


Thus, the answers check. 
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A preeminent example of the benefits gained 
through adaptive processing is given by the Raytheon 
distortion adaptive receiver (DAR) used on the 
transportable military AN/TRC-170 troposcatter 
terminal. Two time-gated information-bearing 
waveforms are transmitted on separate frequencies 
(subcarriers). Through time interleaving, the 
transmitted frequency is of nearly constant amplitude 
allowing 3 dB improvement over traditional, single- 
gated schemes. Distorted received pulse shapes are 
reformatted through the adaptive process described 
above and ISI can be circumvented up to a certain 
delay spread value, contingent on data rates. 
Finally, implicit diversity improvement is provided 
as multipath delay spread worsens (again, up to 
certain delay spread values). On Figure 51 three 
delay spread profiles are provided. The AN/TRC-170, 
operating between 4.4 and 5 GHz, 2 kW, quad explicit 
diversity, 1.024 Mbps, with 9.5 ft antennas will 
support total transmission losses of 237.4 dB for 
profile (A), 240 dB for (B), and 241.1 dB for (C) 
(Freeman, 1987, p. 218]. Discussion of the 
intricacies of the Raytheon DAR modem is provided by 


Monsen, et al. [1983]. 


Relative ainphitude wm dB 


cs 
Detay in psec 


10 


Source: Freeman, R.L. Radio System Design for 
Telecommunications (1-100 GHz). New York: John Wiley 
& Sons, 1987, p. 218. 


Figure 51. Delay spread profiles. (A) 65 ns, 
(B) 190 ns, (C) 380 ns 
Current trends in communications systems 

probably dictate greater emphasis on digital 
performance. However, for digital troposcatter, 
sources are limited, consisting mainly of military 
sponsored research. Additionally, the in-place 
commercial communications infrastructure consists 
mainly of line-of-sight networks rapidly being 
augmented by fiber technology. For this reason, 
research material in troposcatter will probably never 
provide the multitude of documents typifying early 
work. Furthermore, with respect to troposcatter 
Propagation (the thrust of this thesis), dated 


material maintains significance, regardless of the 


transmission scheme. Simply, no matter how 


sophisticated terminal peripherals may be, systems 
will always require RSLs above threshold to operate. 
Regardless, the impact of digital equipment 
peripherals, such as adaptive processors, has 
rejuvenated troposcatter systems through exploitation 
of otherwise detrimental propagation effects. The 
subsequent discussion on bandwidth will further 


amplify this assertion. 


4.4 Bandwidth 

Another parameter of interest is the capacity 
or bandwidth of troposcatter systems. Generally 
speaking, the transmittable bandwidth is related to 
climatology and distance [CCIR, 1986, p. 385}. 
Additionally, some original work by Booker and 
deBettencourt [1955] identified improved bandwidth 
performance with higher gain antennas. Figure 52 
provides a broad look at bandwidth availability as a 
function of distance and free space antenna gain. 
Within several hundred kilometers, bandwidths of 3 to 
4 MHz are typical; however, variability is noted. 
Although limited in capacity, analog troposcatter 
systems can provide multichannel operations, up to 


120 commercial grade voice subchannels. Further, a 


demonstration of the ability of troposcatter to 


130 


Available band width, MHz 


°o 
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Ls Source: Hall, M.?P.M. Effects cf the 
srepesptere on Racio Communication. Sew Yerk: Fetzer 
erezrinus, 179, p. i458. 


Figure 52. Useable bandwidth as a function of 
distance and antenna gain 
support television transmission was provided as early 
as 1953 by Tidd [1955]. Adaptive processing has, on 
the other hand, diminished the limitations of 
bandwidth on digital troposcatter schemes allowing 
data rates exceeding 10 Mbps. 

Explaining the comparatively small capacity 
of an analog troposcatter channel, one must again 
look at the propagation mechanism. Atmospheric 
multipath, produced by the random disposition of 
common volume scatterers, causes time variations in 


portions of the received signal. This, as mentioned, 


introduces frequency selective fading in the 


frequency domain and delay spread in the time domain. 
Within the correlation bandwidth, frequency selective 
fading is not a concern since "all the frequency 
components of a signal would maintain substantially 
fixed relative amplitude and phase relationships and 
fluctuate practically in step" [Baghdady, 1970, p. 
3]. This correlation bandwidth is an attribute of 
the propagation mechanism, and, as such, it is 
limited by the dimensions of the common volume. 

If the transmitted bandwidth exceeds the 
correlation bandwidth, intermodulation noise on the 
analog baseband signal increases, decreasing system 
performance [Panter, 1972, p. 488]. Likewise, delay 
spread increases, and unless adaptive processing is 
used, ISI increases on digital systems. Either the 
correlation bandwidth or delay spread can therefore 
be used to determine bandwidth. Additionally, due to 
the volatile nature of the scatterers within the 
common volume, it should be evident that bandwidth 
will exhibit variability. This gives rise to the 
notion of an instantaneous bandwidth, and, therefore, 
a distribution of bandwidths as depicted in Figure 53 


(du Castel, 1966, p. 72]. 
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Source: du Castel, F. Tropospheric Radiowave 
ropagaticn Beyond the Horizon. New York: Pergamon, 
1966, p. 71. 


Figure 53. Distribution of bandwidths. (2.3 GHz, 
300 km, 20 m Antennas) 

Calculating bandwidth is a simple matter as 
Hall [1979, p. 144] and Picquenard [1974, p. 43] 
show. If At represents the difference in time 
between the arrival of the longest and shortest 
reradiated rays, the bandwidth is 1/At. One can use 
the 20 figure of the delay power spectrum as At and 
will get a worst case capacity of 2.7 MHz for 370 ns 
and a best case bandwidth of 20 MHz for 50 ns. 
Modern test equipment readily provides 206 values; 
however, earlier techniques, such as that used by 
Crawford, Hogg, and Kummer [1959], relied on 
frequency-sweeps that provided frequency domain 
representations. Additionally, Gordon [1955] 


furnishes a way to theoretically calculate bandwidth 


through trigonometry. 


Mentioned distance and antenna gain 


dependence also merit treatment. Distance dependence 
is easily explained: as path length increases, common 
volume dimensions increase, and, therefore, so does 
At (bandwidth decreases). For antenna gain, large 
beamwidth (low gain) antennas illuminate a large 
volume with numerous scatterers. As beamwidths 
decrease, less scatters participate and At therefore 
decreases (bandwidth increases). However, as Section 
4.2.4 discusses, coupling loss develops for antennas 
with 30 dB or more gain; therefore, gain is 
sacrificed for bandwidth and the engineer must 
balance the two for an optimum mix [Booker and 
DeBettencourt, 1955, p. 289; Boithias, 1987, p. 213]. 
Concluding, it is interesting to note that 
bandwidth, once isolated as the major impediment to 
troposcatter applications, has diminished in 
Significance for digital systems due to adaptive 
processing (see Section 4.3). Through adaptive 
equalization and implicit diversity, competitive data 
rates are available. The primary limiter now is 
power: energy-per-bit to noise power density ratios 
(Ep/No), critical in BER performance (see Section 


5.3.11), is directly influenced by transmitter power 
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and this is physically limited by klystron 
capabilities [Monsen, 1980]. 
4.5 Diurnal, Seasonal, Climatic, and Meteorological 
Variables 
This final section focuses on the conditions 
Or variables under which propagation takes place and 
the impact of those variables on several of the 
previously mentioned parameters. It may help to 
define the variables to be discussed: 
a. Diurnal variations describe daily changes in 
link parameters. 
b. Seasonal variations describe seasonal (e.g. 
summer to winter) changes in link parameters. 
c. Climatic variations describe the regional 
differences in parameter values. These are 
provided in terms of geographical zones or 
latitude. Appendix F describes the climatic 
zones considered under troposcatter 
propagation. 
d. Meteorological variations describe weather's 
influence on link parameters. 
Close relationships characterize several of these 
variations; for this reason, climatic variations are 


not discussed separately but are included with 


diurnal and seasonal variations. Discussion will 
clarify this treatment. 

Regardless of the variable considered, the 
cause of parameter variation is rooted in atmospheric 
phenomena. In general, three cases are cited: 

a. Propagation mechanisms may change. Depending 
on conditions, scatterers within the common 
volume may resemble small, random, turbulent 


eddies that produce incoherent scatter 


thereby increasing short-term fades while 


possibly lowering the median RSL. ? 


Conversely, under stratification, scatterers 


may arrange themselves into layers that 
promote quasi-coherent scatter which provides 
higher median RSLs and less scintillation. 

b. The entire path may be influenced by 
refractivity gradient changes which will, 
through wave bending, alter the position of 
the common volume. Since there are more 
scatterers at lower heights the median RSL 
may improve or degrade. Additionally, on 
shorter paths, multimode propagation 
2From Figures 33 and 40 it is evident that 

incoherent scatter (dominant above about 2 GHz) fades 
more rapidly. Similarly, from Figure 34 and 40 it is 


evident that incoherent scatter provides lower RSLs 
below about 2 GHz. 


(Appendix A) may occur or diffraction may 


dominate. Finally, the intensity of the 
scatterers within the common volume, as 
measured by the structure constant (Cis see 
Appendix C), will change as the gradient 
changes and RSL is effected. 
ec. Substantial variations in the refractivity 

gradient may introduce anomalous propagation; 
while enhancements are possible, normally, 
RSL will degrade and short-term fading will 
increase. 

Discussion will show how variables can instigate 

these events during propagation. For consistency 

(and for ease of analysis), RSL deviations bear the 

brunt of parameter analysis. Literature more 

commonly uses long-term fading, transmission loss, or 


attenuation from a median value in similar studies. 


4.5.1 Diurnal Variations 

Daily variations in both RSL and short-term 
fading rates typify troposcatter links. Generally 
speaking, the RSL will be lowest in the afternoon and 
highest in the early morning. For desert climates, 
hourly median differences of 20 dB between these 


extremes are common. Temperate zones can show a 10 


GB swing; however, equatorial regions exhibit nearly 


WORD PROBLEMS Algebra 


Problems Involving Motion 


Many algebraic word problems involve fundamental physical relationships. Among the most 
common are problems involving motion. For example, the definition of speed is distance 


traveled divided by the time it takes. V. = sistance = i or multiplying both sides by ¢, d 
t 


a time 


= V,,. x t. For example, if a car travels at 50 miles per hour for 2 hours, the distance traveled 


equals (50 mi/hr)(2 hr) or 100 miles. This relationship applies for constant velocity motion only. 
In practice, it is applied more generally by using an average speed or average rate of travel for 
the time involved. The distance traveled is often represented by s; the average speed or average 
rate of travel, also called the average velocity, by v,,; and the time of travel by f. 

S=Viyt (2-13) 
This same basic physical relationship can be written in two other forms, obtained by dividing 


both sides of the equation by v,, or by ¢. 


t= 2 (2-14) 


oe (2-15) 


Example 1: 
How far can a car traveling at a rate of 52 miles per hour travel in 2% hours? 
Solution: 
Using Equation 2-13: 
S = Vyyt 
s = (52 miles/hour)(2% hours) 


s = 130 miles 
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insignificant changes [Bothias and Battesti, 1983, p. 
658; CCIR, 1986, p. 377). 
An example of diurnal RSL variation is 


provided in Figure 54. This link (2 GHz, 240 km in 
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Source: Sarkar, S.K., Dutta, H.N., and Reddy, 
B.4. “Development of a Prediction Technique for 
Trcpo-Path Loss frcm Observed Transhorizon 
Prcpagation Characteristics over India.” Third 
international Conference on Antennas and Fropagatica 
(IChP 83), Part 2: Propagation, Institution of 
Electrical Engineers, London (1983), p. 231. 


Figure 54. Diurnal RSL and surface refractivity, Noy 
variation. (2 GHz, 240 km link in India) 
India) shows swings of 30 dB. Fading rates are also 
known to vary diurnally, and this is illustrated in 
Figure 55. While RSLs are lower in the afternoon, 
fading rates are higher as expected for incoherent 
scatter dominance (see case {a} above) [Sarkar, 


Dutta, and Reddy, 1983). 
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Source: Sarkar, §.K., Dutta, H.N., acd Reddy, 
a.M. “Develcpmert cf a Fredicticn Technique fer 
Trope-Path Less {rem Qpserved Transherizon 2 
Prepagaticn Characteristics cver Jndia.” Third : 
Internsticnal Conference cn Antensas and Fropagstica 
(ICAP 83), Fert 2: Frogagaticn, Insticutica af 
Electrical Engineers, Landon (1983), p. 232. 


Figure 55. Diurnal fading rates. (2 GHz, 240 km 
link in India) 

The causes of diurnal RSL and short-term 
fading deviations are explained mostly through case 
(a), with some contributions by case (b). Probably 
of greatest significance, as mentioned in Section 
2.4.1, daily solar heating increases turbulent 
activity with convection currents bringing turbulent 
eddies to higher levels; therefore, incoherent 
scatter occurs. Nighttime movement is obviously 


reduced and this would increase the likelihood of 


quasi-coherent scatter. Case (b) is also likely to 


occur on a diurnal basis. It was demonstrated in 


Section 2.3.2.1 that daily K-factor (therefore, 
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refractivity gradient) variations are common. 
Therefore, the combination of cases (a) and (b), 
brought on by routine atmospheric phenomena (some of 
which are cited here), contribute to daily RSL and 


fading variations. 


4.5.2 Seasonal Variations 

As with diurnal variations, seasonal 
variations in RSL vary with climate. In temperate 
zones, RSLS are lower by as much as 15 dB for 150 to 
250 km paths in the winter than in the summer. 
(Notably, diurnal RSL variations are also lower in 
the winter [CCIR, 1986, p. 377].) The opposite is 
true for desert regions where RSLs are lowest during 
the hottest season. Tropical zones exhibit minimum 
RSLs during the rainy season, whereas monsoon 
climates provide lowest RSLs during the rainy and dry 
seasons. In all cases, the influence of seasonal 
variation diminishes with path distance [Boithias and 
Battesti, 1983, p. 658]. For purposes of analysis, 
seasonal variations are divided among eight time 
blocks as provided in Table 4; time block 2 is most 
often used as it provides worst case figures for 


temperate climates [Freeman, 1975, p. 267]. 
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Table 4. Seasonal Variation Time Blocks 


Number Month Hours 
1 Nov-Apr 0600-1300 
2 Nov-Apr 1300-1800 
3 Nov-Apr 1800-2400 
4 May-Oct 0600-1300 
5 May-Oct 1300-1800 
6 May-Oct 1800-2400 
7 May-Oct 0000-0600 
8 Nov-Apr 0000-0600 


Source: Freeman, R.L. Telecommunication Transmission 
Handbook. New York: John Wiley & Sons, 1975, p. 267. 


An example of seasonal RSL variation for a 
4.1 GHz, 171 mile link in the northeastern portion of 


the U.S. is given in Figure 56. Also depicted is a 
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Source: Crawford, A.B., Hogg. D.C., and Kummer 
W.H. "Studies in Tropospheric Propagation Beyond the 
Horizon." The Bell System Technical Journal, vol. 
38, no. 5 (September 1959), p. 1088. 
Figure 56. Seasonal RSL, temperature, and surface 
refractivity variations. (4.1 GHz, 171 
mile link in northeastern U.S.) 
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close correlation betwen RSL and surface 
refractivity, N,. This analysis may be misleading 
since changes in the refractivity gradient along the 
entire path and within the common volume, as in case 
(b), explain seasonal variations:19 

To clarify, one may analyze any region where 
certain months display higher humidity and 
temperature. Humidity (the measure of water vapor 
content) and temperature variations will effect 
refractivity as noted in expression (2-3). Water 
vapor variations are by far the largest contributor; 
therefore, during periods of high humidity 
refractivity will increase. Evidently, this increase 
(or a subsequent seasonal decrease) is not 
proportionally distributed with height and, 
therefore, the refractivity gradient, AN/Ah, differs 
from its median (-40 N units/km for the first 
kilometer of height). Super-refraction will occur 
(displacing the common volume downward where more 
scatterers are found), and scatterer intensity as 

10From Figures 54 and 55, one might conclude 
that surface refractivity is a reasonable indicator 
of RSL deviations. In numerous situations, it is 
[Bean and Dutton, 1966). However, one must remember 
that troposcatter propagation is influenced by 
gradient changes along the path and within the common 
volume; therefore, the refractivity gradient and 


structure constant are the best measurable indicators 
of RSL deviations. 
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well as population will increase. The cumulative 
result of super-refraction and scatterer variations 
is improved RSLs during more humid periods. CCIR 
Report 563-3 [1986] provides evidence of seasonal 
gradient variation in Figures 5 through 8 of that 
report. In short, seasonal variations within the 
atmosphere alter the refractivity gradient generating 
a case (b) Situation. 

Finally, the distance dependence (less 
seasonal influence with longer path distance) is 
explained through the displacement of the common 
volume to greater heights as path distance increases 
[Boithias, 1987, p. 208]. Although gradient changes 
may reduce this height, less scatterers are present 
than for a comparable shorter link. In effect, a 
change in RSL will occur for both links (in this 
case, an increase) but will be proportionally less 


for the longer of the two. 


4.5.3 Meteorological Variations 


Research provided little material addressing 
the effects of weather on troposcatter performance. 
Most efforts concern the diurnal and seasonal 
deviations mentioned above. This is predictable; 


theoreticians and engineers are more concerned with 
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long-term performance. However, users express 
concern only when the system fails to support 
requirements. Assuming proper equipment maintenance, 
the engineer must be aware of the weather conditions 
sponsoring degradations, and, somehow, he must 
explain this to the user. This section will attempt 
to help the engineer in this unenviable position. 
Discussion thus far has described typical 
diurnal and seasonal climatic variations. The 
introduction of temporary weather effects may, 
however, radically alter traditional performance. 
While there are a variety of weather phenomena, 
analysis boils down to refractivity; specifically, 
anomalous propagation. Section 2.3.2.2 discussed 
anomalous propagation, a brief summary follows: 

a. Subrefraction - When the refractivity 
gradient exceeds the norm (greater than -40 N 
units/km) wave bending is decreased. 

b. Super-refraction - When the refractivity 
gradient is less than the norm (less than -40 
N units/km) wave bending is increased. 

c. Ducting - As gradient values less than -157 N 
units/km are encountered, surface or elevated 


ducting occurs. 


Any one of these events will signal the onset of case 
(c) degradations (or possibly enhancements, but these 
will be ignored). The key is to determine the 
weather event(s) that produces these anomalies. Such 
events were also briefly discussed in Section 
2.3.2.2. This treatment will include that 


information with some amplification.!1 


4.5.3.1 Subrefraction 

Under Type A conditions (surface temperatures 
exceeding 30° C and relative humidity below 40%), 
convection currents wili raise layers of high 
humidity and, therefore, water vapor concentrates at 
increased heights. This most ofter. occurs in the 
late afternoon. Type B conditions (surface 
temperature between 10° and 30° C and humidity 
exceeding 60%) will occur mostly in the early morning 
"in constant trade wind and sea breeze areas where 
differential heating v»v.1 land and sea results in 
advection of air which is warmer and more humid than 
the normal surface layer" [Brauburger, 1979, p. 27]. 

llgne conditions producing super-refraction 
can, depending on severity, invoke surface ducts. 
Additionally, the simultaneous occurrence of sub- and 
super-refractive conditions may create elevated 
ducts. In both instances, propagation can deviate 
substantially and degrade troposcatter performance. 


Section 2.3.2.2 should be referenced for further 
information on ducting. 
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It's apparent that Type B conditions also occur when 
weather fronts are present. The net effect of Type A 
or B conditions is an increase in density, primarily 
water vapor content, with height producing an 
increase in the refractivity gradient. This action 
will redefine the common volume to higher levels 
where scatterer population decreases [Brauburger, 


1979). 


4.5.3.2 Super-Refraction 


Figure 8 indicates that within the 
troposphere temperature normally decreases with 
height. If, however, "cooler air either passes over 
or develops over a warm body of water or over warm 
aoaue soil" a temperature inversion will occur 
[Brauburger, 1979, p. 24). Hence, temperature rises 
with altitude producing large density decreases with 
height. This can occur at night as the water or 
ground cools faster than the air, or can occur 
anytime a cold front moves into an area. Another 
weather phenomenon, subsidence, develops when the dry 
a.r mass of a high pressure system slowly settles 
from high altitude. "This air mass is warmed by 
adiabatic compression, over-laying and trapping a 
cooler air mass saturated by surface moisture" 


[Brauburger, 1979, p. 25]. In both instances, 


density decreases with height much more than normal. 


This will decrease the refractivity gradient, more 
bending will occur, and troposcatter propagation can 
be severely degraded. Clues toward recognizing 
super-refractive conditions include cold front 
activity and low altitude layering of smoke, haze, or 
mist [Brauburger, 1979]. 

From a more general perspective, it should be 
apparent that weather fronts can provide poor 
propagation conditions. Albrecht [1967] reports RSL 
decreases by as much as 24 dB with the passage of 
cold fronts (900 MHz, 278 km link). Occlusions, 
formed as a cold front overtakes a warm front, 
provide similar effects. Additionally, thunderstorms 
within the common volume produce results much like a 
cold front. Since rain attenuation at troposcatter 
frequencies is, for the most part, negligible, 
thunderstorm degradation is better described by case 
(b): as the storm moves through the common volume, 
gradient changes will alter the intensity of the 
scatterers. On the other hand, compared to cold 
fronts, warm fronts have a less pronounced influence. 
Speculatively, if a link is located on a slow moving 


Or stationary front, prolonged degradation is likely. 


Algebra WORD PROBLEMS 


Example 2: 
How long does it take a plane traveling at 650 miles per hour to go 1430 miles? 


Solution: 


Using Equation 2-14: 


7 1430 miles 
650 miles 
hour 


t = 2.2 hours 


Example 3: 
What is the average speed of a train that completes a 450-mile trip in 5 hours? 


Solution: 


Using Equation 2-15: 


_ 450 miles 


xi 5 hours 


v, = 90 miles/hour 


Algebraic word problems involving motion are solved using the general relationship among 
distance, time, and average velocity following the same five basic steps for solving any algebraic 


word problem. 


Example 1: 
A plane flying at 525 miles per hour completes a trip in 2 hours less than another 
plane flying at 350 miles per hour. What is the distance traveled? 


Rev. 0 Page 55 MA-02 


147 


Summarizing, a variety of weather effects 
influence troposcatter propagation; however, the key 
determinant is refractivity gradient changes. Thus, 
determining meteorological influences on troposcatter 
propagation is difficult. Accurate real-time 
analysis is hampered by the need to accumulate and 
correlate RSL and gradient data. Additionally, using 
visual or generalized indicators such as haze layers, 
fronts, costal breezes, and subsidence is, at best, 
guesswork. Finally, while surface refractivity 
measurements are easily obtained and known to 
correlate with RSL deviations, noted limitations (du 
Castel [1966, p. 80] and Hall [1979, p. 180)) 
introduce speculation that prohibits complete 
reliability (see also footnote 10, this chapter). 

The accumulation of more empirical studies, termed 
radiometeorology, is neatly summarized in CCIR Report 
563-3; however, the focus is rather general, and not 
specific to troposcatter propagation. 

The author has, on several occasions, 
experienced the frustrations of weather oriented 
degradations on tactical military systems. Links 
that normally performed well were degraded for 
periods of several days, and, at least froma 


military perspective, this is unacceptable. In this 
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situation, analysis is worthless: operations were 
conducted regardless of the predicament faced by 
communications personnel; furthermore, in austere 
locations, meteorological data giving gradient 
behavior is unobtainable. There is a need for the 
development of systems whose attributes mirror 
troposcatter (comparatively long range, high quality, 
multichannel, and cost effective). Although the 
AN/TRC-170 mentioned earlier offers improved 
capability, it cannot avoid the effects of extreme 
super-refraction or ducting. Until development of 
such a system, the user would be well advised to 


"wait until the weather changes." 


CHAPTER 5 
TROPOSCATTER PREDICTION TECHNIQUES 


5.1 Introduction 

Armed with the knowledge provided in 
preceding chapters, one might suspect that predicting 
troposcatter link performance is difficult. Due to 
atmospheric complexity, troposcatter propagation 
offers a variety of deviations through multipath, 
diurnal, seasonal, climatic, and meteorological 
conditions. On top of this, it is known that the 
mechanism for propagation can include a mix of 
diffraction, incoherent scatter, and quasi-coherent 
scatter depending on such variables as path distance, 
operating frequency, and atmospherics. However, 
certain situations dictate the use of troposcatter. 
Thus, the engineer must have a tool for analyzing the 
feasibility of the proposed link to support 
requirements. 

Fortunately, there is a simple and quite 
reliable tool available. Unfortunately, the single 


variable needed to use this tool, the refractivity 


gradient within the common volume, is difficult to 
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obtain. (This technique, the Radiometeorological 
method, will be discussed later.) Therefore, an 
assortment of methods have been proposed, most of 
which rely on empirical, statistically oriented 
relationships established through a rather massive 
accumulation of data [Hall, 1979, p. 135]. 

The shortcomings of these experimentally 
derived techniques are readily apparent: no single 
metnod can encompass the multitude of variables 
impacting propagation in all areas of the world. 
Recognizing this problem, several techniques include 
uncertainty parameters which project the confidence 
which one can place in the prediction. Additionally, 
with the advantage of small, powerful computers one 
can provide these predictions rather rapidly, but, 
naturally, the product is only as good as the method 
employed and the data input. In short, the 
prediction must be viewed as an estimate, not 
absolute in accuracy since the result is rooted in 
Statistical analysis [Military Handbook, 1977, p. 4- 


321). 


5.2 Prediction Preparation 


Assuming the selected technique provides 
Suitable accuracy, one must be adequately prepared to 


begin the prediction. This first step, the 


accumulation of data, is the most time consuming and 


critical step in troposcatter propagation prediction. 
An initial desktop analysis supplemented by an actual 
Site survey provides inputs to include great circle 
calculations, path profiles, and, most importantly, 
antenna elevation angles. In addition, such 
variables as antenna height, sources of interference, 
location of the common volume, and typical 
meteorological conditions supplement the list of 
necessary data. In this treatment, it is assumed 
that this necessary :irst step is completed. An 
excellent document describing data accumulation is 
Military Handbook, Facility Design for Tropospheric 


Scatter [1977]. 


5.3 Prediction Techniques 


The “grandaddy" of troposcatter prediction 
tools is Transmission Loss Predictions for 
Tropospheric Communication Circuits (Rice, P.L., et 
al. [{1967}) commonly referred to as NBS Tech Note 101 
(TN 101). This document, first published in 1965, 
accumulated data from many years and consolidated 
related studies (most notably Barsis, Norton and Rice 
(1961, 1962) and Gordon [1955]). Additionally, 


Military Handbook, Facility Design for Tropospheric 


Scatter [1977] uses the same technique provided in TN 


LOL. 

CCIR Report 238-5 offers three techniques. 
Method I is a simplified version of TN 101. Method 
II reflects the work of Boithias and Battesti [1983]. 
Finally, the Chinese method appears in Annex II of 
the CCIR report. Notably, the earlier mentioned 
Radiometeorological method appears in Report 238-4 
but not in the more recent, 238-5 version (it was 
moved to Report 718-2). 

A newer technique, based on the ideas of Parl 
[1979] and Monsen, et al. [1983], still use portions 
of TN 101. However, whereas TN 101 is rather limited 
in application (explained in Section 5.4), this more 
contemporary approach incorporates variapility 
through the spectrum function. Additionally, 
aperture-to-medium coupling loss is calculated in 
more precise terms. Finally, calculations emphasize 
the incoherent scatter mechanism as this provides 
worst case analysis. The brunt of this effort was 
funded through a military contract and focuses on 
military systems; however, the basic approach is 
applicable for all troposcatter systems. Although 
most work was done through contract with SIGNATRON, 


Inc., this tool is termed the Parl method in 


deference to Dr. Steen A. Parl's [Parl, 1979] earlier 
efforts; note also that Parl co-authored the 1983 
SIGNATRON document [Monsen, et al., 1983]. 
Additionally, the MITRE Corporation specialized the 
Parl method for the AN/TRC-170 military tactical 
LOS/troposcatter terminal. Hence the MITRE method is 
limited mostly by frequency (4.4 to 5 GHz) and 
equipment (the DAR modem). 

A collection of other methods are available. 
These include the Yeh, Rider, Collins, Bullington, 
MIT, RCA, Page, ITT, and Longley-Rice models. The 
first four will be discussed. The remainder (except 
Longley-Rice which is a computerized version of TN 
101) are briefly considered by du Castel [1966, pp. 
209-213) % 


Before selecting a method, one must be aware 


that some techniques may exclude several important 


factors. These include atmospheric absorption, 
intermodulation noise, delay spread, aperture-to- 
medium coupling loss, diversity improvement, short- 
term fading, and diurnal and seasonal effects. As an 
example, the brief description of the system equation 
in Appendix B provides the essential ingredients of 
TN 101. After some scrutiny, the reader will observe 


the inclusion of coupling loss and absorption; 
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however, other factors such as diversity improvement 
and delay spread (if digital) are absent and can be 
overlooked. This is not a criticism of TN 101 since 
this technique is one of the most thorough offered. 
It is imperative, however, that the engineer be aware 
of the applicability of the selected method, making 
adjustments as needed. As a final word of caution, 
other techniques, not listed here, exist and perform 
well in specific situations; in short, beware of site 
specific tools. 

The remainder of this section provides a 
brief look at most of the prediction methods listed 
above. It will highlight the concepts incorporated 
in several of these techniques and, for others, it 
will provide the actual calculation. This approach 
is taken for brevity and simplicity: TN 101 and the 
Parl methods are complex and rather intimidating 


whereas the others are easily understood. 


5.3.1 TN 101 

Using data accumulated in the 1950's and 
early 1960's, the authors of TN 101 developed 
empirical models "for the estimation of the 
cumulative distribution of annual hourly median 
transmission loss as a function of frequency and path 


geometry" [Crane, 1988, Appendix A, p. 3]. Critical 
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in this approach is the description of hourly, long- 
term median RSL which, as shown through long-term 
fading in Section 4.2.3.2, displays a log-normal 
power density function. A standard deviation of 
nearly 6 dB is noted, and this deviation gives cause 
for the development of confidence measures 
{Christopher and Debroux, 1987, p. 43.3.4]. Before 
the calculation of confidence measures, however, TN 
101 considers the reference basic transmission loss 
(lysr) given in Appendix B, expression (B-6). 
Although simplistically presented, calculations for 
Lysr entail much greater complexity. Regardless, for 
the pure troposcatter propagation mode (TN 101 also 
analyzes multimode and diffraction paths), the 
calculation is then extended to accommodate the 
desired time availability and service probability.} 
For simplicity, it is assumed that Lysr is 
calculated as described in Appendix B. From there 


the following is applied: 


P0585) 50) CS tye = Vn (O57 50) (5-1) 


lwhen this is done, the system equation of 
Appendix B (equation {B-1}), which is an expression 
of the power required for a specified carrier-to- 
thermal noise ratio at any instant in time, is 
modified as described in Military Handbook [1977, pp. 
4-174 to 4-177]. 
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where L,(0.5,50) describes the basic transmission 
loss with a service probability of Q = 0.5 and a time 
availability of q = 50%. A time availability of 50% 
signifies that the path loss will meet or exceed Ly 
half of the time. A service probability of 0.5 
indicates that half of a sample of links under 
identical conditions will meet the specified time 
availability. The term V,(0.5,50) is a climate- 
variation factor. It is provided in Figure 57 for 
climate zones (subscript n) defined in Appendix F 


(Freeman, 1987, pp. 146-178] .2 


V(O.5) in dB 


O 100 200 300 400 500 600 700 800 300 
Effective Distance, da, in km 


Source: Military Handbook, Facility Design fer 
Tropospheric Scatter (Transhorizon Microwave System 
Design). MIL-HDBK-417, Department of cefense, 
Washington, DC, 25 November, 1977. Available through 
Navy Publications and Forms Center, ATIN: NPODS, 
Office of Navy Publications, 5601 Taber Avenue, 
Phildelphia, Pa., 19120-5094, p. 4-154. 


Figure 57. Climate-variation factor as a function of 
effective distance and climate type. 
(Code numbers provided in Appendix F) 


2Figure 57 uses different nomenclature for 
the climate-variation factor. This difference stems 
from terminology, and is not consequential in this 
analysis; therefore, consider V,(0.5,50) = V(0.5) 
(Military Handbook, 1977 p. 4-151; Freeman, 1987, p. 
178). The effective distance, d,, used in Figure 57 
is simple to calculate; see Freeman [{1987, p. 173). 


WORD PROBLEMS Algebra 


Solution: 
Step 1. Let x = Distance Traveled (in miles) 
Step 2. Then, using Equation 2-14, 
a = Time Taken by Faster Plane (in hours) 
= = Time Taken by Slower Plane (in hours) 
Step 3. Time Taken by Faster Plane = Time Taken by Slower Plane - 2 
hours 


eae hours = se hours - 2 hours 
525 350 


x x - 700 
525 350 
350)(525)|_2_ | = [= 709 \(350) (525 
(350) ( (a5) a5 (350) (525) 


350x = 525 : (x - 700) 
350x = 525x - 367,500 
350x - 525x = -367,500 


-175x = -367,5000 


-175x _ -367,500 


=175 =175 


x = 2100 miles 
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With L,(0.5,50) one now knows the basic 
troposcatter transmission loss exceeded 50% of the 
time for 50% of all links under similar conditions. 
This grade of service is unacceptable for most 
applications; therefore, time availability and 
service probability are scaled-up to desired levels. 
A simple approach to extend time availability is 


realized through curves similar to Figure 58. An 
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CURVES SHOW PALOICTED VALUES OF ¥(Q) 
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Vlad * VARIAGILITY ABOUT [HE LONG-TERM MEOIMAN, i DECIBELS 


Lt es) ee) et, en ty er SM 690 ESB 18 Tt 
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Source: Freeman, R.L. Radio System Cesign fcr 
Telecommunications (1-100 GHz). New York: John Wiiey 
& Sons, 1987, p. 183 


Figure 58. Long term power fading for continental 
temperate climate (Region 6), 
Frequency > 1 GHz 

additional loss, Yn(Q,de), is found through the curve 


corresponding to the desired time availability (q, on 


the far right) and is included in expression (5-1). 
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A family of such curves for different climates and 
frequency is available in TN 101; however, as more 
data accumulates, changes are made [Military 
Handbook, 1977, p. 4-153]. Furthermore, these curves 
are depicted for general frequency ranges; therefore, 
a more refined approach, as summarized by Freeman 
[1987, p. 178], uses a frequency correction factor 
that can improve accuracy by more than 2 dB. 

The service probability, included since there 
are additional variations for which the model cannot 
account, is enhanced through the following 


semiempirical formulas: 


6,7 (q) = 12.73 + 0.12¥,2 (a, dg) (5-2) 


and 


Grola) = (862(q) + 8,2)1/2, (5-3) 


The first step is to solve expression (5-2), using 
curves similar to Figure 58 for Yn(q-de), giving 

6,7 (a), the path-to-path variance between predicted 
and actual median transmission loss. Next, equation 
(5-3) is used to find Or-(q), the error between 
predicted and actual median transmission loss for q 
percentage of time. s,* is 4 dB* for new links and 2 


dB2 for established ones. 
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Finally, 0,,.(q) is multipiied by the standard 


normal deviate, 2Z,(Q), given in Figu.e 59. One 


00661 0.001 
¢ 0005 


Service Probabil'ty, Q 


Source: Freeman, R.L. Radio System Design fcr 
Telecemmunicaticns (1-160 Giz). New York: John Wiley 
& Sons, 1987, p. 1355. 


Figure 59. The standard normal deviate 


simply selects the desired service probability, Q, 
finds the product 295‘Q2)90,,.(q), and gets a value in 
dB that must be included in expression (5-1) along 
with the scaled-up time availability factor Y,(q,d,). 
The result is a prediction yielding the desired time 
availability, q, and service probability, Q. 
Normally, Q = 0.95 and q = 99.99% for high quality 
transmission; obviously the transmission loss for 
Ly,(0.95,99.99) will .ncrease from the original 


L,(0.5,50) (Freeman, 1987, pp. 193-197]. 
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Despite this admittedly shallow treatment of 
TN 101, one should now understand the fundamental 
concept used in this prediction tool. That is, if 
enough data is accumulated on a variety of 
troposcatter links, empirically derived models will 
afford adequate prediction. Further, recognizing 
inherent shortcomings, estimates should include time 
availability and service probability to bolster the 
confidence of the prediction. Affirming this 
summary, a family of curves, similar to Figure 58, as 
well as a climate-variation factor (Figure 57) 


characterize TN 101's underlying approach. 


5.3.2 CCIR Method I 

A "short course” in TN 101 is offered by the 
first CCIR prediction technique, CCIR Method I. 
Although no match for TN 101's laborious 
calculations, resulting predictions are close enough 
to make it perhaps the most popular of all tools. If 
compared with expression (B-6) in Appendix B, one 
will note many similarities in this method's 


fundamental formula: 


L(50) = 30 log f£ - 20 log d + F(qd) - G 


- Gp + Le - Vidg) (dB). (5-4) 
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For convenience, components are again delineated: 


£ operating frequency in MHz, 
d path length (km), 
F (qd) the attenuation function (see Appendix 


B, Figure B3), 
Ge, Gy, transmit and receive antenna gains (aB), 
Le aperture-to-medium coupling loss (see 
Section 4.2.4, expression {4-3}), and 
V (dg) the climate-variation factor (see 
Section 5.3.1, Figure 57). 
After solving for L(50), CCIR Method I uses a similar 
yet simpler time availability and service probability 
technique than TN 101 to establish prediction 


confidence. 


5.3.3 CCIR Method II 

At about the same time as the first 
publication of TN 101, Boithias and Battesti 
completed work on an easy-to-use technique based on 
worst month statistics. This graphical method 
requires knowledge of "the equivalent path distance. 
. ., the time percentage required, the type of 
climate, and the frequency" [Hall, 1979, p. 142]. 
CCIR Report 238-5 incorporates this tool as CCIR 


Method II. 
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Using Figure 60, the basic transmission loss 
(l{q}) for the least favorable month at a selected 


time availability is derived. There are three other 


Masec eanseniscion feras fav lit 
a 


f 
Least favourable 
ment 


100 189 209 00 309 403 $95 600 799 8959091909 
Equivalera distance in hm 


Scurce: Eoithias, tL. Radio Wave Propagation. 
St. Leouds: MeGraw-4ill, 2287, Pp. 204. 


Figure 60. Mean attenuation, Seestand path, 
temperate climate, 1 GHz 
such curves, one each for humid tropical, equitorial, 
and desert climates. These curves are for a 1 GHz 
path with zero degree elevation angles. For other 
frequencies (less than 5 GHz), a factor of 30logf 


(GHz) is added. In addition, the term 201og(d/dg) is 


included where 
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dg = d + 8.5(8) + Q). (5-5) 


dy is the equivalent path distance (km), and, again, 
d is the path distance (km). 6, and 05 are the 
elevation angles of the transmit and receive antennas 
respectively. Summarizing, for calculation of the 


actual transmission loss 
L(q) = 1(q) + 30 log f + 20 log (d/dg) - Geg¢ (5-6) 


where Figure 47 provides the effective gain (Gare) 
which is the sum of both antenna gains and the 
coupling loss [Roda, 1988, pp. 125-129; CCIR, 1986, 
pp. 372-376). 


5.3.4 The CCIR Chinese Method 
Researchers in China have suggested use of 


the following empirical formula (in dB): 


L(50%) = 30 log f + 30 log @ + 10 log d - Gog¢ 


+ 124.6 - 0.08(N, - 320) + N(H). (5-€) 


Here, f is the operating frequency in MHz, @ is the 
scattering angle in radians, d is the path distance 
in km, Ge¢g¢ is the effective gain from Figure 47, and 
N, is the annual mean surface refractivity value. 


Additionally, 


N(H) = 20 log(5 + 0.3H) + 0.65H (5-7a) 


164 


and 


H = @dyd5/d (5-7b) 


with d, and dy being the distances from each antenna 
to the crosspoint of the radio horizon rays (at the 
lowest portion of the common volume). Additionally, 
this method calculates the variability of the hourly 
median losses. In this instance, these are also 
shown to be log-normally distributed but standard 
deviations, 6, are given through terminal location, 
radio horizon path distance (d,), and the difference 
between mean summer and winter surface refractivity 
(ANS) [Roda, 1988, pp. 132,133; CCIR, 1986, pp. 
386,387] (in dB): 


Oo = 7.0 + 0.09AN, exp(-0.003d,) (flat areas) (5-8a) 
o = 4.6 + 0.06AN, exp(-0.003d,) (mountains) (5-8b) 
Oo = 8.8 + 0.11AN, exp(-0.003d,) (over the sea) (5-8c) 


5.3.5 The Radiometeorological Method 
The work of Battesti and Boithias, along with 


a third cohort (P. Misme), was again recognized by 
the CCIR in report 238-4 for efforts in troposcatter 
prediction. Recognizing that refractivity gradient 
changes will not only displace the position of the 
common volume but also alter the intensity of 


individual scatterers, their efforts produced an 
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exceptionally accurate technique termed the 
Radiometeorological method [CCIR, 1982, p. 137; 
Boithias and Battesti, 1983, pp. 659,660]. While it 
has been stressed that the best indicator of 
troposcatter performance loss is the gradient, this 
is a parameter of substantial variability and is, 
currently, impossible to model for every conceivable 
path. Regardless, if one knew the yearly gradient 
variations within the proposed link's common volume, 


he would apply 
L(dB) = 30 log f + 30 log d + 102 + 1.5G, (5-9) 


using f, the operating frequency in MHz; d, the path 
length, in km; and G,, the common volume's gradient, 
in N units per km. Obviously, L(dB), the basic 
transmission loss, is only as accurate as the 
sounding data used for Gu? 

Sarma [1988] shows the criticality of this 
sounding data in the design of a 300 km, 2 GHz link 
with a common volume situated above Kanpur, India. 

3CCIR Report 238-4 recommends referencing the 
original work of Battesti, Boithias, and Misme 
("Calcul des Affaiblissements en Propagation 
Transhorizon a Partir des Paramétres 
Radiométéorologiques" {"Calculations of Attenuations 
in Trans-horizon Propagation from Radiometeorological 
Parameters"} in volume 23, number 5-6, pages 129-140 


of Ann. des Télécomm.) for discussion of gradient 
soundings. 
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Using a plane mounted, state-of-the-art 
refractometer, Sarma obtained accurate refractivity 
gradient data for winter (worst case) conditions. 
Then, employing the Radiometeorological method, he 
compared results obtained through both the airborne 
configuration and available radiosonde measurements. 
The result was a discrepancy of nearly 35 dB; the 
costs of several days of data collection (use of a 
Cessna 182 H Skylane) are probably going to be less 
than the savings in transmitter configuration. Thus 
the importance of sounding data is demonstrated, and 
the advantages of the Radiometeorological method are 


well represented. 


5.3.6 The Parl Method 

It has now been well established that 
prediction accuracy largely depends on knowledge of 
the refractivity gradient within the common volume. 
However, many techniques, such as TN 101, do not 
stress this parameter due to its variability and 
simply assume a specific value. This, according to 
Parl [1979], limits prediction reliability. However, 
if one were to focus on activity within the common 
volume, specifically, the spectrum function (see 
Appendix C), accuracy would improve. This is the 


feature of the Parl method since the structure 


Algebra WORD PROBLEMS 
Solving for the other unknowns: 
= = Time Taken by Faster Plane (in hours) 
x _ 2100 
525 525 
_*_ =A hours 
25 
oT = Time Taken by Slower Plane (in hours) 
x _ 2100 
350 350 
_*_ = 6 hours 
350 
Answers: Distance Traveled = 2100 miles 
Time Taken by Faster Plane = 4 hours 
Time Taken by Slower Plane = 6 hours 
Step 5. The faster plane takes 2 hours less to complete the trip than the 


slower plane. 
6 hours - 2 hours = 4 hours 
Thus, the answer checks. 


Example 2: 


It takes a man 4 hours to reach a destination 1325 miles from his home. He 
drives to the airport at an average speed of 50 miles per hour, and the average 
speed of his plane trip is 500 miles per hour. How far does he travel by each 


mode of transportation? 


Solution: 
Step 1. Let x = Distance Traveled by Car (in miles) 
Step 2. Then, 
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constant (Co) is known to relate directly to changes 
in the refractive index, and, further, since values 
of the spectrum slope (m) indicate whether incoherent 
Or quasi-coherent scatter dominates [Eklund and 
Wickerts, 1968; Sarker, Dutta, and Reddy, 1983}.4 

Noting variability in the spectrum function, 
Monsen, et al. [1983] overhauled portions of TN 101 
to include values of the spectrum slope and structure 
constant that allow accurate predictions for 
virtually all types of troposcatter systems. Parl 
{1979] mentions that TN 101 uses a spectrum slope of 
m = 5 which corresponds to quasi-coherent modes, he 
then adds that at m = 11/3, incoherent scatter 
dominates. Incorporating this mechanism would yield 
more accurate predictions, since many systems use 
higher frequencies and incoherent scatter dominates 
above about 1 GHz; or more conservative analysis, 
since, even at lower frequencies, turbulent 
atmospheric conditions may temporarily foster the 
notably poorer performing incoherent scatter 
mechanism. Then, using m = 11/3, Monsen, et al. 

4the MITRE method incorporates the Parl 
method for specific application to the military 
tactical AN/TRC-170 terminal. Documents explaining 
the MITRE method include Dube and Hotzel [1985], 
Coirin and Kessler [1987], and Neuburger, et al. 


[1985]; however, these publications are limited in 
distribution. 
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[1983] developed an expression for ort 


(see 
expression {C-2a} of Appendix C) that allows 
calculation of path loss in a manner similar to TN 
101 (similar method, different results). Notably, 
however, the Parl method allows use of any spectrum 
slope value since it is available on a rather 
flexible computer program called TROPO. 

Another concept introduced in the Parl method 
highlights aperture-to-medium coupling loss. 
Basically, Parl [1979] asserts that coupling loss has 
been incorporated in other techniques (TN 101 for 
example) as an "afterthought" when, in reality, 
volume integrations used to derive path loss 
calculations must also account for narrow 
peamwidths.° This is because most initial 
calculations feature integrations for wide beamwidth 
antennas which illuminate more scatterers, then, if 
narrow beams are used, only antenna gain aud 
empirically derived coupling loss formulas are 
manipulated without regard to the initial 
integration. The error of this approach is readily 


seen; furthermore, in the majority of situations, 


“This thesis has purposely avoided integral 
formulas; however, the basic methodology of all 
techniques begins with an integration of the 
scatterers within the common volume. 
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this aspect is a more significant differentiator than 
the variability of the spectrum slope. 

Along with the advantage of being computer 
based, the Parl method also includes: 

a. Calculations for a variety of climates to 
include those delineated in TN 101 or any 
user defined zones. 

b. Computations for horizon angles, antenna 
elevation angles, antenna heights, diversity 
separations, coherence bandwidth, and yearly 
path loss and RSL distributions. 

c. The ability to analyze multimode paths. 

dad. Performance predictions for specific modems 
(DAR and the MD-918, used on military 
systems) as well as delay spread 
calculations. 

e. Time availability and service probability 
analysic. 

Again, however, it bears mentioning that the accuracy 
of this method is only as good as the data input. 
Furthermore, the uncertainty of the values used for 
the spectrum slope, as highlighted in Appendix C, 
once more introduces prediction skepticism since the 
Parl method performs only singular calculations for 


specific spectrum slope values. Echoing this 


concern, Crane [198la, 1981b) projects that only when 
2 


accurate Cy“ profiles are available will prediction 


accuracies substantially improved. 


5.3.7 The Yeh Method 
In 1960, Dr. Luang P. Yeh offered a simple 


prediction tool (in dB): 


Lmp = 30 log f + 20 Log “d) + 100: + i. 


- 0.2(N, - 310) + 57. (5-10) 


The parameter breakout for this calculation of the 


median path loss, L follows: f, operating 


mp’ 
frequency, in MHz; d, path length in miles; 6, 

scattering angle, in degrees; L,, coupling loss; and 
Ns, the surface refractivity [Panter, 1972, p. 393; 


Freeman, 1987, p. 268]. 


5.3.8 The Rider Method 
C. C. Rider's 1962 solution for the median 


path loss is as follows: 


Lp = 30 log f + 30 log d + 50 log 9+ Ly 


- 0.43(N, -330) + 49 (5-11) 


where f, d, 8, and N, are the same as in Yeh's 


method. Rider did not initially include coupling 
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loss, L however, it is included here for 


cl 


comparative purposes [Panter, 1972, p. 394). 


5.3.9 The Collins Method 

Another prediction tool is the U.S. Army's 
quick and easy Collins method as developed by the 
Collins Radio Company. This totally graphical 
technique exhibits surprizing accuracy through the 
use of four graphs (Figures 61 through 64). By 
adding the values obtained from all four graphs, 
Collins offers field expediency typifying tactical, 
on-the-move military communications [Panter, 1972, p. 


394). 


5.3.10 The New Bullington Model 


The concept of using a combination of scatter 
and mode theories in predicting troposcatter 
propagation was offered by Bullington in 1963. fThis 
was discussed in Section 3.5 where it was pointed out 
that not much was done to further this idea. Two 
employees of the MITRE Corporation, Christopher and 
Debroux [1987], have reexamined Bullington's ideas, 
adding foreground reflection and diversity 
considerations to the hypothesis that predictions can 
be based on an exponentially varying refractivity 


profile. The result is a computer driven prediction 
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Loss between two isotropic radiators, db 


D'stonce, sictute miles 


Source: Panter, P.F. Communication Systems 
Design: Line-of-Sight and Tropo- Scatter Systems. St. 
Louis: McGraw-Hill, 1972, p. 395. 


Figure 61. Collins method: Basic propagation loss at 
1 GHz 
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Figure 62. Collins method: Frequency correction 
curve 
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Louis: McGraw-Hill, 1972, p. 396. 


Figure 63. Collins method: Horizon angle loss 
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Louis: McGraw-Hill, 1972, p. 397. 


Figure 64. 
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Collins method: Coupling loss nomogram 
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tool, simple to use, yet rivaling the accuracy of 


more complex methods. 


5.3.11 Digital Considerations 


Completing this compendium of troposcatter 
prediction tools are digital transmission 
considerations. In many respects, digital 
troposcatter transmission systems use the same 
prediction tools as analog systems. Transmission 
loss (including coupling loss), path profiles, and 
antenna siting calculations can use any one of the 
described tools; however, delay spread and BER 
analysis, not included above, warrant consideration. 

A method to calculate delay spread, as 
mentioned in Section 4.3, is offered by Freeman 


[1987, p. 205]: 
A = 5.21d(Q + Q,) (4a + 4B, + Q + Q,)1078. (5-12) 


Here, d is path length in km, @, and B, are the 
transmit and receive main beam angles corrected for 
above horizon elevation (GQ), and B,, of Figure 5) in 
radians, and Q, andQ, are the transmit and receive 
antenna 3 dB beamwidths in radians. From this 
calculation one should ascertain the effects of delay 


spread as discussed in Section 4.3; adaptive 


processing considerations are essential. 
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To calculate the expected BER use the 
following: 
Ep/No = RSLapyw - 10 log (BR) = (204 aBW + NF ap) (5-13) 


This expression for the energy-per-bit to noise power 
density ratio should be somewhat familiar: BR is the 
bit rate in bps, NFgp is the noise figure of the 
receiver or low noise amplifier (LNA), and RSL is 


determinable through 
RSLapw = EIRP gpw bod Ty + Gy > Lyy- (5-14) 


For this equation, the effective isotropically 
radiated power (EIRP) includes the sum of transmitter 
power, antenna gain, and miscellaneous device losses 
(all in dB); T; is the total transmission loss as 
determined by a prediction tool; G, is the receive 
antenna gain; and L;, is the line loss to the LNA 
(Freeman, 1987, p. 214; Flock, 1987). 

All that now remains is to find the BER using 
the calculated E,/N, and Figure 65 (note the effect 
of different modulation schemes). One may see the 
importance of accurate prediction in the T; term of 
expression (5-14); other factors remaining constant, 
the accuracy of the predicted BER is contingent on 


the accuracy of the prediction technique. 
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DiFFERENTIALLY CODED 


CODED AND 
RANDOMIZED 
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Ep!No 
Source: Freeman, R.L. Radio System Design for 


Telecommunications (1-100 GHz). New York: John Wiley 
& Sons, 1987, p. 215. 


Figure 65. Determination of BER for coherent BPSK 
and QPSK 

Furthermore, if delay spread is sufficiently 

neutralized, the BER is the single most important 


parameter in assessing digital system performance. 


5.4 Comparison of Methods 


Based on information presented thus far, it 
would seem prudent to choose a simple tool such as 
the Collins or Yeh method. However, simplicity 
smatters of shortcuts, shortcuts translate into a few 
dB, and these few dB can be critical in link 


prediction. A rigorous comparison of all techniques 


WORD PROBLEMS Algebra 


1325 - x = Distance Traveled by Plane (in miles) 
and, using Equation 2-14, 


a = Time Traveled by Car (in hours) 


aes = Time Traveled by Plane (in hours) 
500 
Step 3. Total Time = (Time Traveled by Car) + (Time Traveled by Plane) 
Aono heueia 2 hes 
50 500 
Step 4. Solving for x: 
4-2 1323) =x 
50 500 
a= LOX +: 1325°=¥ 
500 
(500)4 = 2% * 1325 (599) 
500 


2000 = 9x + 1325 


2000 - 1325 = 9x 


685 = 9x 
9x _ 675 
9 9D 


x = 75 miles 


Solving for the other unknowns: 
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is not available; furthermore, such an undertaking 
would be quite laborious and this, compounded with 
lack of commercial interest, means such comparisons 
are not likely. Some analysis exists, however, and 
these will be presented. The intent is to provide 
the engineer with enough information from which to 
choose an applicable method. A good way to begin is 
to analyze the advantages and limitations of proposed 
techniques. 

biscussion will center on TN 101 as it forms 
the nucleus of many techniques including Military 
Handbook, Facility Design for Tropospheric Scatter 
{1977], CCIR Method I, the Parl, and the MITRE 
techniques. The primary advantage of TN 101 is its 
historical methodology. Years of empirical data are 
accumulated to provide prediction curves yielding 
accurate long term median path attenuation. This, 
however, can be a disadvantage since most data is 
gathered in temperate climates. Sarkar, Dutta, and 
Reddy [1983] report large discrepancies between TN 
101 predictions and actual data for a link in the 
Indian sub-continent. Fitzsimons [1968] offers 
similar criticism with data gathered from an 87 km 


link in Cyprus. 
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Crane [1988] also notes that much of the data 
used in TN 101 is for lower (below 1 GHz) links. 
These frequency limitations were highlighted earlier: 
since TN 101 uses a spectrum slope of m = 5 and since 
this corresponds to quasi-coherent scatter which is 
dominant only at lower frequencies, TN 101 should be 
cautiously applied above 1 GHz [Parl, 1979]. This, 
as mentioned, is where the Parl and MITRE methods 
differ since the more conservative m value of 11/3 is 
used (or any other value for the Parl method). 

Hence, the frequency limits of TN 101 are offset if 
one uses the similar Parl or MITRE methods. In 
addition, except for the Parl and MITRE models, all 
techniques incorporating aperture-to-medium coupling 
loss incorrectly embody this parameter and this can 
be exceptionally significant when narrow beamwidths 
are used. Unfortunately, subsequent Saicurseioas for 
modem performance in these methods are restricted to 
military systems; extending their use on a more 
general level would require alteration. 

Simplicity is always a consideration and TN 
101 and its derivatives (CCIR Method I excepted) do 
not offer this luxury. Notably, however, the 
Longley-Rice, Parl, and MITRE methods are available 


through computer applications. Further, there is no 
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reason why any of the models, with the exception of 
the Collins method, cannot be adapted for computer 
use. If, however, simplicity is crucial and computer 
programs are unavailable, any of the CCIR methods or 
the Yeh, Rider, or Collins techniques may be 
considered. These will not, however, offer 
comprehensive (or any) confidence measures typifying 
TN 101 and climate differentiation may not be 
incorporated. 

Another limitation of many techniques, to 
include TN 101, is that they do not quantitatively 
embrace short-term Rayleigh fading characteristics. 
The new Bullington technique does; furthermore, this 
method offers simple, compact results through 
computer applications [Christopher and Debroux, 
1987]. The newness of this technique may, however, 
generate skepticism; additionally, it is based, in 
part, on unaccepted mode reflection theories. 

A final criticism of most methods is the 
dominating influence of surface refractivity, Ng 
which has been shown fallacious in several instances. 
Methods that make this "mistake" include, to varying 
degrees, all TN 101 derivatives as well as the 
methods of Yeh and Rider. Neither the Collins, CCIR 


Method II, or the Radiometeorological method include 


Ns. However, despite its simplicity, the Collins 
method exhibits limited application for long (greater 
than 400 mi) links. Furthermore, the 
Radiometeorological method is known to be quite 
accurate and simple only if refractivity gradient 
data within the common volume is available. Finally, 
CCIR Method II provides good "worst case" analysis, 
at least for temperate climates [Boithias and 
Battesti, 1983, p. 660; CCIR, 1986, p. 376]. 

A 1968 comparison of several methods produced 
some surprizing results [Larsen 1968}. Data from 
fifteen operational links in various regions were 
compared with predictions for those links using the 
techniques of TN 101, CCIR Method I, Yeh, Rider, and 
Collins. Notably, only two of the links had 
operating frequencies above 3 GHz and two more above 
2 GHz. Despite several manipulations of results to 
provide equivalent solutions, Larsen states: 

(t]he conclusions which may be drawn at this 
stage indicate that the N.B.S. [TN 101] and CCIR 
are almost equal in performance, although CCIR is 
much more convenient to use. The CCIR method 
provides important estimates of fading ranges, 
and a combination of CCIR and Yeh gives good 
estimates of median path loss. The Collins 
method suffers from having a restricted range of 
parameters, but gives very good results when used 
inside this range. All the calculation methods 
show remarkable failure to account satisfactorily 
for climate variation, and indicate the need for 


further investigation of this point (Larsen, 
1968, p. 114). 
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Larsen's calculations indicated reasonable 
correlation for all methods except Rider's; it was 
considerably inferior. The Collins method 
outperformed all, with Yeh's being slightly better 
than TN 101 and CCIR Method I. However, Larsen 
cautions that his link sample could have 
significantly influenced results. 

Fitzsimons [1968] may also be referenced for 
a comparison between actual data on an 87 km, 4.7 GHz 
link in Cyprus and the predictions of TN 101, 
Collins, Yeh, and an earlier CCIR model. Results 
were all on the pessimistic side: Yeh by 7 GB, 
Collins by 9 dB, and TN 101 by 11 GB. 

Among the newer methods, Parl [1979] and 
Christopher and Debroux [1987] otfer some 
comparisons. In Figure 66 a comparison of TN 101 
(NBS) and the Parl (Turbulent Scatter) methods are 
given. The difference can be attributed to coupling 
loss calculations and the conservative approach of 
using incoherent scatter in all cases instead of 
quasi-coherent scatter as in TN 101's case. Figure 
67 compares the scatter losses of the new Bullington 
method with an earlier (1962) CCIR method and TN 101 
(Longley-Rice). As a reference, the "Chisholm" curve 


represents actual data for several links at 400 MHz. 
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Figure 66. Comparison of TN 101 (NBS) and the Parl 


(Turbulent Scatter) methods 
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Figure 67. Comparison of the CCIR (1962 Data), TN 


101 (Longley-Rice), and Bullington 
methods. "Chisholm" represents actual 
data for several links at 400 MHz. 
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5.5 Conclusions 

Conclusions are less than obvious. None of 
the techniques offer complete, "any situation" 
accuracy except the Radiometeorological method. Yet 
this statement is made with a notable absence of 
complete comparison. The poor performance of TN 101 
in Larsen's analysis leads one to suspect similar 
performance in the Military Handbook [1977], CCIR 
Method I, Parl, and the MITRE methods. ® However, 
given Larsen's limited analysis, heavily favoring 
lower frequencies, it is erroneous to include the 
Parl and MITRE methods in this allegation since these 
contemporary approaches fundamentally differ from TN 
101. Further, the limited samples used by Larsen and 
Fitzsimons nullify any conclusive arguments. 

One should note that with respect to 
theoretical considerations, the Parl method stands 
out. Through computer flexibility, this method 
allows variable inputs, provides theoretically sound 
coupling loss calculations, and does not emphasize 
surface refractivity or singular spectrum slope 
values as does TN 101. CCIR Method I, the CCIR 

Sone must assume that Larsen correctly 


applied the techniques being compared for each of the 
15 links analyzed. 
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Chinese method, and Yeh and Rider's techniques center 
on surface refractivity. The Collins method has 
limited application, CCIR Method II works best in 
temperate climates, and Bullington's treatment is 
untried and based, in part, on unaccepted mode 
theory. 

To conclude, recognizing that the majority of 
prediction techniques are simply estimates based on 
empirical analysis, the best procedure would be to 
choose a variety of methods. Final analysis would 
include projections from several techniques, anda 
best case/worst case forecast would establish 
prediction confidence. This recommendation is based 
on the limitations presented; modifications to 
techniques such as the Radiometeorological or Parl 
methods supplemented with development of accurate 
methods to profile common volume gradient variations 


could allow significant improvement. 
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1325 - x = Distance Traveled by Plane (in miles) 
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Answers: Distance Traveled by Car = 75 miles 
Distance Traveled by Plane = 1250 miles 


Step 5. The total distance traveled is 1325 miles. 
75 miles + 1250 miles = 1325 miles 


The average speed by car is 50 miles per hour. 
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a = 50 miles per hour 


yt hours 
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The average speed by plane is 500 miles per hour. 


Beans = 500 miles per hour 


gt hours 
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The total time traveling is 4 hours. 
1% hours + 2% hours = 4 hours 


Thus, the answers check. 


Solving Word Problems Involvin uadratic Equations 


Many algebraic word problems involve quadratic equations. Any time the algebraic expressions 
describing the relationships in the problem involve a quantity multiplied by itself, a quadratic 
equation must be used to solve the problem. The steps for solving word problems involving 
quadratic equations are the same as for solving word problems involving linear equations. 


Example: 


A radiation control point is set up near a solid waste disposal facility. The pad on which 
the facility is set up measures 20 feet by 30 feet. If the health physicist sets up a 
controlled walkway around the pad that reduces the area by 264 square feet, how wide 
is the walkway? 
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Step 1. Let x = Width of the Walkway 
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30 - 2x = Length of Reduced Pad 
20 - 2x = Width of Reduced Pad 
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APPENDIX A 
MULTIMODE PROPAGATION 


Two modes for terrestrial, beyond the horizon 
propagation are diffraction and troposcatter. While 
most troposcatter paths are engineered to avoid 
diffracting obstacles (unless diffraction is 
desired), situations may dictate otherwise. Roda 
[1988, p. 142] notes that at small scatter angles 
(less than about one degree) diffraction can, 


fora 


certain time percentage, dominate. 
For short periods (minutes) tne mechanism with 
the lower loss is dominant if the two losses 
differ by 6 dB or more. For longer periods 
(days, months), in view of the variability of the 
Signals, the dominant mechanism is definitely 


that with the lower loss if the median path 


losses differ by more than 20 dB [{Roda, 1988, p. 
142). : 


While troposcatter signals exhibit deep fades, 
diffracted signals remain comparatively stable 
therefore limiting the effects of fading on some 
links. 
Freeman [1987, pp. 145,146] discusses two 
ways to differentiate dominant propagation modes. 
a. Assuming low (ground level) antenna 
height, the transition distance (d) at 
which distances exceeding d is 


predominantly troposcatter (less than d 


implies diffraction) is given in 


kilometers by 
d = 65(100/£) 1/3, (A-1) 
where f is the operating frequency (MHz). 


b. If the scatter angle exceeds 20 mrad 
(about 1.1 degrees), diffraction effects 
cease to be important. 
Using (A-1) for small scatter angles, Table A.1 is 


developea: 


Table A.1. Mode Transition Distances 


Frequency (MHz) Distance (km) Distance (mi) 
500 38 24 
1000 30 19 
3000 21 1.3 
5000 18 11 


Other situations may allow diffraction 
contributions to be disregarded. If more than three 
diffracting obstacles are in the path, troposcatter 
is the dominant mode. Also, at microwave frequencies 
over a somewhat smooth earth, diffraction losses are 
large enough to allow consideration of troposcatter 


only [Monsen, et al., 1983, p. 2-55]. 


APPENDIX B 
THE SYSTEM EQUATION 


The troposcatter system equation, as provided 
by Military Handbook, Facility Design for 
Tropospheric Scatter [1977] (which borrows from Rice, 
P.L., et al., (1967]), is used for path predictions 
and can also serve to illustrate the impact of the 
earth's atmosphere on troposcatter propagation. This 


equation, 
Pe SR. * B+ by. = Gp - 204 + F + Lyer (dBW), (B-1) 


specifies the required transmitter power, Pe, to 
provide a specific carrier-to-noise ratio, R, at any 
instant in time. Assume, for this example, that R 
and the following parameters are fixed: 
B bandwidth (dB); 
L; the sum of waveguide, duplexer, and other 
system element losses (dB); and 
Gp effective antenna gain (dB), this 
parameter will also include degradations 
introduced by aperture-to-medium coupling 
loss described in Chapter 4. 
The constant -204, termed Johnson noise power per 
hertz, is found through (-10 log kT) with k being 


Boltzman's constant and T as the ambient reference 
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temperature, usually 288.5 K. The remaining 
parameters of (B-1), F and ly.;, are of particular 
interest since these include the uncontrollable 
effects of the atmosphere. 


F, the effective noise factor in dB, is found 


through 

F = 10 log f£ (dB) (B-2) 
and 

f= fa < 14 lel jt, (B-3) 
where 


fam is the external noise factor, 
1, is antenna circuit loss, 

1, is transmission line loss, and 
f, is the receiver noise. 

All constituents of (B-3) are expressed in power 
units. Critical in this analysis is f3, which is 
depicted on Figure Bi in dB as F,,. While a variety 
of noise sources factor into Fs,, note the 
contributions of sky noise due to oxygen and water 
vapor. These atmospheric related contributors appear 
negligible at troposcatter frequencies. However, the 
sun, although not considered an atmospheric 


component, merits mention since its effect can be 


substantial (25 dB at 2 GHz) when it passes through 


NOISE FACTOR, fom iN dB ABOVE kT, 
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Source: Military Handbook, Facility Design for 
Tropospheric Scatter (Transhorizon Microwave System 
Design). MIL-HDBK-417, Department of Defense, 
Washington, DC, 25 November, 1977. Available through 
Navy Publications and Forms Center, ATTN: NPODS, 
Office of Navy Publications, 5801 Tabor Avenue, 
Phildelphia, Pa., 19120-5094, p. 4-205. 


Figure Bl: External Noise Sources 
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antenna beams. Therefore, although atmospheric noise 
contributions are insignificant for troposcatter, 
certain circumstances (direct solar noise) vreclude 
complete disregard of all external noise 
contributors. 

While external noise sources are, for the 
most part, nominal, the atmosphere's effect on the 
calculated reference basic transmission loss, Lyers 
is more severe. For any instant in time, this loss 


is expressed as 


Lyer = Ly¢ + As + Acr (dB) (B-4) 


where 
Lp¢ is basic free space loss in dB (Figure 
B2), 
A, is oxygen and water vapor absorption in 
dB (Figure 20), and 
Aor is attenuation below that of free space 
due to atmospheric and terrain features 
in dB. 
Acy is a rather versatile figure contingent on the 
mode of propagation. Ignoring pure diffraction and 


multimode possibilities, focus is on pure 
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Figure B2: Basic Free Space Transmission Loss 
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troposcatter and A., is then developed.1} 
Te conform with ciced work, Aor is renamed as Ag 
(scatter loss) for a pure troposcatter path, and is 


the attenuation relative to free space in dB: 


As = Lysr = Lyf (daB) ° (B-5) 


Note that the basic free space loss, Lp-, will drop 
from (B-4) when used with (B-5). For typical 
troposcatter links (exceptions as noted in Military 
Handbook, 1977, p. 4-142) the reference basic 


transmission loss, Lysrr is 
Lysr = 30 log £ - 20 log d + Hy + F(@d) (dB), (B-6) 


with f as frequency in MHz and d as path distance in 
km. H,, the frequency gain function is significant 
only for low effective antenna heights and will be 
ignored for this analysis. (Military Handbook, 1977, 
pp. 4-144, 4-145 describes H, for these rare 
instances.) 

The attenuation function, F(@d) is plotted as 
a function of the product of the scatter angle, 8 in 

lpy ignoring diffraction and multimode a 
substantial portion of the path prediction tools 
provided by Military Handbook, Facility Design for 
Tropospheric Scatter [1977] and Rice, P.L. et al. 
(1967} is neglected. This is more in line with the 
thrust of this thesis (pure troposcatter); however, 


the engineer cannot neglect other mechanisms unless 
profile data dictate otherwise. 


Algebra WORD PROBLEMS 


Step 3. Area of Reduced Pad = (Length of Reduced Pad)(Width of Reduced 
Pad) 


600 - 264 = (30 - 2x)(20 - 2x) 
336 = 600 - 100x + 4x’ 


Step 4. Solve this quadratic equation. 
4x* - 100x + 264 = 0 


Using the Quadratic Formula, substitute the coefficients for a, b, and c and 
solve for x. 


-b + \b? - 4ac 


2a 
pe Stoll) \(-100)7 - 4(4)(264) 
2(4) 
x - 100 + 10,000 - 4,224 
8 
x - 100 + 5,776 
8 
100 + 76 
, 
8 
x - 100 +76 100 - 76 
a rr. ae 
176 24 
x= > 
8° 8 
= 2253 


The two roots are x = 22 feet and x = 3 feet. Since x = 22 feet is not 
physically meaningful, the answer is x = 3 feet. 
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radians, and d (Figure B3). The scatter angle was 
described in Section 1.3. Note che influence of Ng, 
surface refractivity, a parameter described in 
Section 2.3.1 and dependent on atmospheric 
conditions. 

As an example of atmospheric effects on the 
calculated reference basic transmission loss, Lyers 
consider a 200 km link, operating at 4.4 GHz, with a 
scatter angle of 0.039 radians. Clear sky 
atmospheric absorption, A,, would cause about 1.5 dB 
loss (see Figure 20) with rain adding no more than 2 
adB (see Figure 23). However, F(@d) would range from 
about 155 to 169 dB, depending on Ng, which in turn 
forces variations of 3 to 17 dB for A,. Overall, 
Lpyer might vary from 4.5 dB (best case) to 20.5 dB 
(worst case) for this example. 

Concluding, while several parameters in (B-1) 
are manageable, two parameters, F and Ly,,, exhibit 
uncontrollable and, at times, damaging traits 
contingent on atmospheric conditions. Fortunately, 
both F and Ly, are predictable and can be nearly 
circumvented through engineered margins. It remains, 
however, that atmospheric phenomena emerge as a 


crucial consideration in troposcatter link design. 
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Figure B3: 


19120-5094, p. 4-143. 


F (8d) Versus the Product @d 
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APPENDIX C 


THE SPECTRUM OF IRREGULARITIES 


Referring to Figure 15, the equation for the 
spectrum function, S(k), often shown as @®(k), is of 


the general form 
S(k) = bCy2k7™ (C-1) 


within the inertial subrange. Discerning individual 
parameter values is difficult as references provide 
several variations [CCIR Report 563-3, 1986; Crane, 
1988; Derr, 1972; Eklund and Wickerts, 1968; Flock, 
1979; Hall, 1979; and Parl, 1979]; however, sources 


are in general agreement with the following: 


b - a constant, typically 0.033; 


k - wavenumber, 2n/A; 

m - the slope of the spectrum; 

Cy? > The structure constant. 

Cae indicates the variability of amplitude 


fluctuations of the refractive index. Its value, 
valid below 2 km, ranges from 10715 to 10719 (m-2/3) 
(Boithias, 1987, p. 108; Hall, 1979, p. 44). Several 
formulas are available [Monsen, et al., 1983, p. 2- 


19; Gerlach, 1984, p. 49]: 
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Cy? = 8 x 10714 n-1/3 exp(-n/3200) (C-2a) 


for m = 11/3, and, more generally, 


(N(X1) - N(Xp)}4 = Cy?r2/3, (C-2b) 


In expression (C-2a), h is the height above the 
earth's surface to a scatterer in meters, and in 
expression (C-2b) "N is the fluctuating refractive 
index at two points X, and Xz separated by distance 
cr" [Gerlach, 1984, p. 49]. VanZandt, et al. [1978] 
explore the structure function from a practical 
perspective. 

The spectrum slope, m, is a figure of 
considerable uncertainty, values of which have 
engendered much of the controversy in predicting 
troposcatter Satie, An often used figure of 11/3 
originates by assuming an isotropic homogeneous 
atmosphere applied to the turbulence theories of 
Kolmogorov and Obukhov [Fehlhaber, 1968, p. 38; Lane, 
1968, p. 10).4 However, Rice, et al. [1967, p. IV-7] 
note shortcomings in the use of the 11/3 spectrum, 


although Parl [1979] reaffirms otherwise. Most 


limmediately apparent is the error in 
assuming isotropic scatterers; however, ease of 
calculation forced this initial assumption and 
consequences were felt negligible. Note that Figure 
27 more realistically shows anisotropic scattering. 


realistically, Gjessing and McCormick [1974] show m 


as quite variable: 


= 40.6 + 708v* 


= g/T(aT/dz + g/Cp) - 


Here v* is the Vaisdla-Brunt frequency used to 


designate atmospheric stability, g indicates gravity, 
T shows temperature, dT/dz is the temperature lapse 
rate, and Cp is specific heat at constant pressure. 
On several links in Norway and Denmark, Gjessing and 
McCormick's findings relate values ranging from about 
5/3 te 20/3 with a mean near 11/3. Similar findings 
are reported in Bolgiano [1958], du Castel [ed., 
1965), Cox [1969], and Sarkar, Dutta, and Reddy 
P1983). 

Referring again to Figure 15, a specific 


value defined by 
= (4n/X) sin (6/2) (C-5) 


is used (8 is the scattering angle). It is at this 
value (wavenumber) that the spectrum must be 
evaluated for troposcatter paths since it gives the 


"intensity of the vertical spectrum" at the operating 
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wavelength [Lane, 1968, p. 9; Ortwein, Hopkins, and 


Pohl, 1961, p. 789). 


Finally, a summary of the features of the 


spectrum is provided: 


1. Variability of the form with time (hour to 


hour and season) especially at low heights of 
the common volume. 


2. Variability of the slope of the spectrum with 
wave-number range within the inertial 
subrange. 


3. Increased constancy with height [du Castel, 
ed., 1965, p. 73). 


Thus, variability is the key term describing 


atmospheric turbulence. 


APPENDIX D 
DEPOLARIZATION 


The depolarization mechanism, as depicted in 
Figure Dl, results in received, copolarized (E,, and 


E92) and crosspolarized waves (Ej, and E)9). "The 


—_—_ —_— 


OEPOLARIZING 


2 
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Source: Ippolito, L.J. Jr. Radiowave 
Propagation in Satellite Communications. New York: 
Van Nostrand Reinhold Co., 1986, p. 94. 


Figure Dl: The Depolarization Mechanism 


ratio of the power of the wanted or copolarized wave 
to the power of the unwanted or crosspolarized wave" 
is termed cross polarization discrimination (XPD) 


[Flock, 1987, p. 4-42): 
XPD = 20 log (E,4/E,92) (dB) (D-1) 


This equation is applicable to the other fields (E59 
and E5,) in a similar manner. Additionally, higher 
XPD values (such as 25 dB) are desirable. 

Figure D2 shows depolarization due to rain. 


Drop canting results from wind forces and "normally 


CANTEO 
OBLATE SPHEAOIOAL 
pace 


diowave 
Source: Ippolito, L.J. Jr. Ra . 
Propagation in Satellite Communications. New York: 
van Nostrand Reinhold Co., 1986, p. 96. 


Figure D2: Depolarization Due to Rain 


exhibit a distribution of canting angles" [Flock, 
1987, p. 4-43]. Basically, the received waves 
consist of vertical and horizontal components (co- 
and cross- polarized waves) which sum to give Er} and 
Eri1- Rain depolarization produces both attenuation 
and phase differences which depend on droplet size 
and shape. Furthermore, at decreasing frequencies 
(below 10 GHz) depolarization remains a factor as the 
phase difference remains high at low frequencies 
(Flock, 1987, p. 9-33]. 

Figure D3 shows XPD changes on earth-space 
paths with respect to copolarized attenuation due to 


rain. Notably, troposcatter links, which normally 
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Figure D3: Depolarization Effects Due to Rain 


operate below 5 GHz, will experience negligible XPD 


degradation. 


APPENDIX E 
THE REFLECTION COEFFICIENT 


Determining the reflection coefficient, 9, 
for tropospheric layers offers unique complexities 
due to variability of the atmosphere. Rather than 
presenting a smooth, flat surface, atmospheric layers 
exhibit dimensional irregularity and constant motion 
which compound normally simple calculations. 

It can be shown that for an abrupt change in 
the atmosphere's refractive index, An, Fresnel's 


equation for reflection can be reduced to 
Po = An/2a2 (E-1) 


for 2An « a2 [Picquenard, 1974, p. 49]. Here, @ is 
the grazing angle. More often, however, layers can 
be formed by less abrupt changes in refractivity and 


Po will be reduced by a form function, 
Fo = sin (4maAh/A) /4naAh/A, (E-2) 


provided An « no2Ah/A and layer thickness «A/(4a) 
{[Hall, 1979, p. 39]. This gives: 


P = PoFp (E-3) 


which is normally much less than unity [Hall and 


Barclay, 1989, p. 168). 


WORD PROBLEMS Algebra 


Step 5. Check the answer. 


The area of the reduced area pad is 264 square feet less than the area of 
the original pad. 


600 - 264 = (20 - 2x)(30 - 2x) 
336 = [20 - 2(3)][30 - 2(3)] 
336 = (20 - 6)(30 - 6) 
336 = (14)(24) 


336 = 336 


Thus, the answer checks. 


Summary 


The important information from this chapter is summarized below. 


Algebraic Word Problems Summary 


Algebraic word problems can easily be solved by following these five basic 
steps: 


Step 1. Let some letter, such as x, represent one of 
the unknowns. 


Step 2. Express the other unknowns in terms of x 
using the information given in the problem. 


Step 3. Write an equation that represents in 
symbols exactly what the problem states in 
words. 


Solve the equation. 


Check the answer to see that it satisfies the 
conditions stated in the problem. 
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Exceptionally important for purposes of 
differentiating troposcatter propagation mechanisms: 
"[b]ecause the magnitude of Fo is inversely 
proportional to Ah/\, layer reflection is not of much 
consequence above UHF" [Hall, 1979, p. 40, emphasis 
mine]. Finally, Hall [1979, p. 40] shows that for 
troposcatter paths where there are a number of 


reflecting surfaces, N: 
p = (2N/cd J po2Fp215202av}!/2 (E-4) 


where lo is the shorter length of the Fresnel 
ellipsoid illuminating the reflecting layer and V is 


the common volume. 


APPENDIX F 
CLIMATIC REGIONS 


Troposcatter link performance varies 
considerably in different parts of the world. For 
this reason, some prediction techniques have divided 
the planet into various regions depending on 
climatology. From there, analysis is made for the 
specific region in question. Analysis in NBS Tech 
Note 101 [{Rice, et al, 1967] provided the first 
consolidated effort to categorize according to 
climate. Since then, changes have been made as 
empirical studies demanded modification. Both 
Military Handbook, Facility Design for Tropospheric 
Scatter (Transhorizon Microwave System Design) [1977] 
and CCIR Report 238-5 [CCIR, 1986] provide agreement 
on a current division scheme. The following bullet 
summary is extracted directly form the CCIR report, 
all divisions are by latitude in both hemispheres 
unless indicated otherwise. 

1. EQUITORIAL: 
= Between 10° N and 10° s. 
- Slightly varying high temperature. 
- Monotonous heavy rain. 
- Permanent humidity. 
2. CONTINENTAL SUB-TROPICAL: 
= Between 10% and 207. 


~ Dry winter. 
- Rainy summer. 


6. 


Ja. 


7D. 


8. 


MARITIME SUB-TROPICAL: 
= Between 10° and 20°. 
- Lowland areas near the sea. 
- Influenced by the monsoon. 


DESERT: 

- Two land areas roughly between 20° and 30°. 

- Yearly, semi-arid conditions. 

- Extreme diurnal and seasonal temperature 
variations. 


MEDITERRANEAN: 
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- On desert zone fringes, near the sea, between 


30° and 40°. 
- Fairly high temperature. 
- Marked influence by the sea. 
- Nearly no rain in summer months. 


CONTINENTAL TEMPERATE: 
= Between 30° and 60°. 
- Pronounced diurnal and seasonal variations. 
- Western portion: 
-- Strongly influenced by sea. 
-- More moderate temperature variations. 
-- Year round rain. 
- Eastern portion: 
-- More temperature variation. 
-- Less rain in winter. 
- Can include Japan. 


MARITIME TEMPERATE, OVERLAND: 

- Between 30° and 60° where prevailing winds 
unobstructed by mountains bringing moist 
maritime air inland. 

- Typical regions: 

-- U.K. 

-- North American west coast. 
-- Buropean west coast. 

~- African northwest coast. 


MARITIME TEMPERATE, OVERSEA: 

- Similar to 7a, focus on costal and oversea 
areas. 

- Propagation path oversea although terminals 
inland. 


POLAR: 

=~ Between 60° to poles. 
- Low temperature. 

- Low humidity. 


are 
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Algebra LOGARITHMS 


LOGARITHMS 


This chapter covers changing the base of a logarithm and solving problems with 


logarithms. 
EO 1.6 STATE the definition of a logarithm. 
EO 1.7 CALCULATE the logarithm of a number. 


Calculator Usage, Special Keys 


This chapter will require the use of certain keys on a calculator to perform the necessary 
calculations. An understanding of the functions of each key will make logarithms (logs) an easy 
task. 


Common Logarithm key 


This key when pressed will compute the common log (base 10) of the 
log number x in the display, where x is greater than zero. 


Natural Logarithm key 


This key when pressed will compute the natural logarithm (base e) of the 
Inx number x in the display, where x is greater than zero. 


This key when pressed before the log and In keys will compute the anti- 
log of the number x in the display. When used with the log key it will 
raise 10 to the displayed power (10’'’) and when used with the In key will 
raise (e) to the displayed power (e**"). 


INV 


Introduction 


Logarithms are exponents, as will be explained in the following sections. Before the advent of 
calculators, logarithms had great use in multiplying and dividing numbers with many digits since 
adding exponents was less work than multiplying numbers. Now they are important in nuclear 
work because many laws governing physical behavior are in exponential form. Examples are 
radioactive decay, gamma absorption, and reactor power changes on a stable period. 
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Preface 


The purpose of ATP 6-02.54 is to educate communicators on the options available when using beyond line 
of sight satellite communications. This publication includes information for planning, establishing, and 
operating communications networks with satellites. 


The principal audience for ATP 6-02.54 is Army professionals and contractors whose duties involve 
planning, installing, operating, and maintaining satellite communications systems and networks. Satellite 
communications trainers and educators throughout the Army will also use this publication. To apply this 
doctrine correctly, readers should be familiar with the capstone Army Doctrine (ADP 1 and ADP 3-0), FM 
3-0, and FM 6-02. 


Commanders, staff, and subordinates ensure their decisions and actions comply with applicable U.S., 
international, and, in some cases, host-nation laws and regulations. Commanders at all levels ensure their 
Soldiers operate according to the law of war and the rules of engagement (see FM 6-27). Commanders also 
adhere to the Army Ethic as described in ADP 6-22. 


ATP 6-02.54 uses joint terms where applicable. Selected joint and Army terms and definitions appear in both 
the glossary and the text. This publication is not the proponent for any Army terms. For other definitions 
shown in the text, the term is italicized, and the number of the proponent publication follows the definition. 


ATP 6-02.54 applies to the Active Army, Army National Guard/Army National Guard of the United States, 
and United States Army Reserve unless otherwise stated. 


The proponent of ATP 6-02.54 is the United States Army Cyber Center of Excellence. The preparing agency 
is Doctrine Division, United States Army Cyber Center of Excellence. Send comments and recommendations 
on a DA Form 2028 (Recommended Changes to Publications and Blank Forms) to Commander, United 
States Army Cyber Center of Excellence, ATTN: ATZH-OP (ATP 6-02.54), 506 Chamberlain Avenue, Fort 
Gordon, GA 30905-5735; by e-mail to usarmy.gordon.cyber-coe.mbx.gord-fg-doctrine@mail.mil. 
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Introduction 


ATP 6-02.54 expands on the doctrinal foundations and tenets found in FM 6-02. This publication identifies 
and explains the role of satellite communications as a part of the transport layer of the Department of Defense 
information network-Army. 


The vision for the Department of Defense Information Network-Army is the employment of an end-to-end 
network that provides assured global command and control and enables the Army to fight and win in a 
contested and congested operating environment. This network seamlessly integrates services and capabilities 
from strategic to tactical echelons and enables all warfighting functions. The network is a warfighting 
platform that enables commanders to integrate joint combined arms and all elements of combat power; 
support leaders’ ability to understand, visualize, and describe the operational environment, problems, and 
approaches to solving them; support commanders’ ability to make decisions and direct action toward a 
desired end state; and assess understanding of the problem and adequacy of the operational approach and 
subsequent plans and level of progress. 


The network is tailorable and adapts based on phases of the operation to support command and control at the 
home station, en-route, and in deployed environments. Deployed environments include training, exercises, 
theater security cooperation, initial entry, and combined arms maneuver. Deployments may use minimal to 
robust force packages, requiring the network to adjust to provide appropriate services at the point of need. 
Use of the home station mission command center can reduce the deployed footprint and operational risk. The 
network must embrace common joint and multinational standards that allow the addition of capabilities and 
systems while reducing, not increasing the complexity of the network. The network must provide an 
advantage and not a burden while providing enhanced speed and agility to our warfighting formations. 


The satellite communications capabilities provided by signal Soldiers play a vital role in supporting Army 
operations by enabling information advantage. Planners integrate satellite communications assets to support 
the commander’s intent and the operation plan. 


This publication presents non-prescriptive techniques for satellite communications. Procedures that cover 
wideband, narrowband, protected, and commercial satellite communications are addressed in various 
governing policy publications. 


ATP 6-02.54 chapters include— 


Chapter 1 provides an overview of satellite communications. This chapter covers wideband, narrowband, 
protected, and commercial satellite communications. 


Chapter 2 describes the roles and responsibilities of the joint and Army elements involved with Army 
satellite communications. 


Chapter 3 discusses the requirements, objectives, and considerations of the Army satellite communications 
architecture. 


Chapter 4 addresses satellite communications mission planning. This chapter explains how planners develop 
a satellite communications plan from a concept. 


Chapter 5 identifies units with unique satellite communications missions. This chapter addresses the 
deployment and employment of tailored signal units providing satellite communications support. 


Appendix A discusses the satellite communications ground segment. It identifies the equipment the Army 
uses to provide satellite communications support. It discusses the enterprise and tactical terminals that offer 
satellite communications support. 


Appendix B provides information about demand assigned multiple access, integrated waveform, and the 
wideband code division multiple access waveforms. It discusses the specifications of the three waveforms. 
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Introduction 


Appendix C provides details about the Global Broadcast System, including roles, attributes, uplink facilities, 
space segment, and broadcast segment. 


Appendix D provides information about protected satellite communications capabilities, including Milstar 
and advanced extremely high frequency. 
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Chapter 1 
Satellite Communications Overview 


This chapter explains the fundamentals and various types of satellite communications. 
The inherent nature of satellite communications allows for service over the Polar 
Regions, the oceans, and remote areas of the world. Satellite communications provide 
global connectivity to widely dispersed small and mobile forces. The Army relies on 
satellite communications to support each of the warfighting functions. Satellite 
communications systems provide network extension and long-haul communications 
transport to areas where terrestrial infrastructure may be insufficient or where line of 
sight equipment is inadequate. 


THE INFORMATION ENVIRONMENT 


1-1. U.S. forces seek to dominate the information environment to maintain information advantage. The 
information environment is the aggregate of individuals, organizations, and systems that collect, process, 
disseminate, or act on information (JP 3-13). The information environment is just one aspect of the 
operational environment. Effects in the information environment may affect other decisions and conditions 
in the operational environment. 


CONGESTED ENVIRONMENT 


1-2. Gaining and maintaining control of the electromagnetic spectrum is a critical requirement for the 
commander. From satellite communications (SATCOM), to information collection, to electromagnetic 
warfare, all forces and supporting agencies depend on the electromagnetic spectrum to execute operations in 
the air, land, maritime, space, and cyberspace domains. Within the electromagnetic spectrum, joint forces 
contend with civil agencies, commercial entities, allied forces, and adversaries for use of a common 
electromagnetic spectrum resource. Competition for the limited available bandwidth results in a congested 
electromagnetic spectrum, particularly when operating in developed nations where landing rights and host 
nation approval could affect availability. The proliferation of commercial cube satellites contributes to the 
physical congestion in space. 


CHALLENGES FOR SATELLITE COMMUNICATIONS 


1-3. The space domain is an increasingly contested environment with the availability of military, 
commercial and protected SATCOM. For this reason, managing satellite resources requires the consideration 
of electromagnetic spectrum vulnerabilities. Enemies and adversaries may deliberately attempt to deny the 
use of the electromagnetic spectrum, in either space-based or terrestrial communications systems. Due to 
heavy reliance on advanced communications systems, such an attack may be a central element of any enemy 
or adversary anti-access and area denial strategy, requiring a higher degree of protection for command and 
control systems and planning for operations in a denied or degraded environment. 


1-4. U.S. forces dominated the electromagnetic spectrum in Afghanistan and Iraq against adversaries who 
lacked the technical capabilities to challenge the coalition in a contested and congested electromagnetic 
operational environment. More recently, regional peers have demonstrated capabilities in a hybrid 
operational environment that threaten the Army’s dominance in the electromagnetic spectrum. Because 
communications are a key command and control enabler, U.S. military communications and information 
networks present a high-value target for enemies and adversaries. Technologically sophisticated adversaries 
understand the extent of U.S. forces’ reliance on space-based navigation and SATCOM systems. We should 
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expect that in future conflicts enemies and adversaries will contest use of these capabilities to deny 
operational access and diminish the effectiveness of U.S. and allied forces. 


1-5. A technologically advanced enemy or adversary can locate a ground-based satellite system using radio 
frequency direction-finding equipment. The enemy can then direct lethal fires to destroy the located satellite 
system. Synchronization of signal and electromagnetic protection techniques, coupled with current 
intelligence estimates, can help mitigate an enemy or adversary’s ability to find and attack satellite systems. 


1-6. While enemy action might cause a degraded environment, degraded capabilities may also occur 
because of insufficient resources to support all communications requirements. For example, inadequate 
communications satellite capacity in an operational area cause congestion and network latency. Jamming or 
unintentional electromagnetic interference may also cause degradation. The architecture of the tactical 
network implements redundant communications means to improve reliability in a degraded environment 
(FM 6-02). 


1-7. Successfully integrating signal support with electromagnetic warfare and intelligence capabilities is 
essential to obtaining and maintaining freedom of action in the electromagnetic spectrum while denying the 
same to our adversaries. Synchronizing capabilities across multiple domains and warfighting functions 
maximizes the inherently complementary effects in and through the electromagnetic spectrum. 


DEPARTMENT OF DEFENSE INFORMATION NETWORK 


1-8. The Department of Defense information network (DODIN) is the set of information capabilities, and 
associated processes for collecting, processing, storing, disseminating, and managing information on-demand 
to warfighters, policy makers, and support personnel, whether interconnected or stand-alone, including 
owned and leased communications and computing systems and services, software (including applications), 
data, security services, other associated services, and national security systems (JP 6-0). 


1-9. The DODIN provides communications services necessary to achieve information advantage. The 
DODIN is an integrated network that encompasses the Service-specific capabilities of the Army, Navy, and 
Air Force, combined with joint capabilities provided by the Defense Information Systems Agency (DISA). 
The Army DODIN operations mission is the responsibility of United States Army Cyber Command as 
primarily executed by United States Army Network Enterprise Technology Command (NETCOM). DODIN 
operations are the most important, most complex operations the Army performs daily. Commanders leverage 
the DODIN as a warfighting platform to support all Army warfighting functions and capabilities, including 
command and control; intelligence, surveillance, and reconnaissance; fires; logistics; and telemedicine. The 
Department of Defense information network-Army (DODIN-A) is an Army-operated enclave of the 
Department of Defense information network that encompasses all Army information capabilities that collect, 
process, store, display, disseminate, and protect information worldwide (ATP 6-02.71). 


1-10. SATCOM is a primary means of network transport for the DODIN-A. During SATCOM planning, the 
staff will consider what SATCOM resources to request, required configurations, the monitoring of the 
satellite signals, and response to-electromagnetic interference. 


1-11. Army-owned SATCOM terminals, support Army network connection to Defense Information Systems 
Network (DISN) services. Army strategic locations use SATCOM as the transport medium of choice to 
extend DISN services to all theaters of operation. 


SATELLITE COMMUNICATIONS FUNDAMENTALS 


1-12. SATCOM provides advantages over terrestrial means of communication. These advantages include 
worldwide coverage and beyond line of sight connectivity. Army communication planners, maintainers, and 
operators should understand these fundamental SATCOM principles— 


e SATCOM segments. 
e@ Frequency. 
e Bandwidth. 
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SATELLITE COMMUNICATIONS SEGMENTS 
1-13. SATCOM has three segments— 


Space Segment. The space segment consists of military and commercial satellites and SATCOM 
payloads in orbit. The space segment includes the military’s Ultrahigh Frequency Follow-On 
(UFO), Mobile User Objective System (MUOS), Defense Satellite Communications System 
(DSCS), Wideband Global Satellite Communications (WGS), Milstar, Advanced Extremely High 
Frequency (AEHF), Enhanced Polar System, and commercially leased SATCOM transponders 
and payloads. 

Link Segment. The link segment connects the ground and space segments together through the 
electromagnetic spectrum. This includes telemetry, tracking, and command signals necessary to 
control the spacecraft. The link segment includes satellite payload signals such as the SATCOM 
signal, enabling communication between points on the ground, or the positioning, navigation, and 
timing signals that enable navigation. 

Ground Segment. The ground segment consists of the ground facilities and antennas required to 
control the satellites and all terminals. The ground segment incorporates the operational 
management planning hardware and software at a regional satellite communications support 
center (RSSC) and the satellite command and control centers used to perform satellite, payload, 
and transmissions control. The Army’s wideband satellite communications operations center 
(WSOC) and the Navy Space Operations Center are examples of satellite control centers. 


FREQUENCY 


1-14. SATCOM uses the frequency range of 3 megahertz (MHz) to 300 gigahertz (GHz). Table 1-1 depicts 
the radio frequency bands used for military SATCOM. 


Table 1-1. Radio frequency bands 


Po 225-3902 | VHRIUHE 
UHF 
SHF 


EHF 
EHF 


LEGEND: 


EHF extremely high frequency SHF - super high frequency 
GHz gigahertz UHF - ultrahigh frequency 
MHz megahertz VHF - very high frequency 


BANDWIDTH 


1-15. Bandwidth is a range of radio frequencies which is occupied by a modulated carrier wave, which is 
assigned to a service, or over which a device can operate measured in hertz. In most cases as the bandwidth 
increases, data rates may also increase. It is important to note that the amount of bandwidth available is 
dependent on the SATCOM equipment system used. The Army’s use of new technologies drives 
requirements that demand greater amounts of bandwidth. Expanding requirements are partially responsible 
for the increased use of ultrahigh frequency (UHF), super high frequency (SHF), and extremely high 
frequency (EHF) technology and leased commercial systems. 
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TYPES OF SATELLITE COMMUNICATIONS 


1-16. Army SATCOM is a combination of military and commercial SATCOM resources. These resources 
are either tactical, or strategic small or large gateways. Military SATCOM is comprised of three separate 
bands (narrowband, protected, and wideband) examined in this chapter. Chapter 5 addresses commercial 
SATCOM. 


WIDEBAND SATELLITE COMMUNICATIONS 


1-17. Wideband SATCOM extends DISN services, including—Non-classified Internet Protocol Router 
Network (NIPRNET), SECRET Internet Protocol Router Network (SIPRNET), Joint Worldwide Intelligence 
Communications System, and video teleconferencing to deployed forces. Wideband SATCOM provides the 
global connectivity needed to support Army operations. Wideband systems operate in the C, Ku, K, Ka, S, 
and X radio frequency bands. 


1-18. Wideband SATCOM supports high data rate communications for the execution of command and 
control, crisis management, and intelligence data transfer. Wideband SATCOM supports a range of 
government, strategic, and tactical users including— 

The White House Communications Agency. 

The military Services. 

The Department of State. 

The Joint Staff. 

Geographic combatant commanders. 

Joint task forces. 


Multinational forces. 
e@ Other government agencies. 


1-19. Wideband SATCOM provides common user information transport and allows the user global 
reachback to other portions of the DODIN. 


The Defense Satellite Communications System 


1-20. The DSCS X band satellites operate with a 500 MHz uplink (7.9 GHz-8.4 GHz) and a 500 MHz 
downlink (7.25 GHz—7.75 GHz) bandwidth. The DSCS was the backbone of the military SATCOM for 
decades and still supports Soldiers today. The six-satellite DSCS constellation is now performing backup and 
residual wideband SATCOM roles. The DSCS constellation augments the WGS and continues to support 
many of its strategic missions, including the jam-resistant secure communications networks. The RSSCs plan 
DSCS missions, and the WSOCs execute payload and transmission control. 


Wideband Global Satellite Communications 


1-4 


1-21. WGS supports more tactical users in any area of operations than the DSCS. Each WGS satellite 
provides more than four times the available X band bandwidth of a single DSCS satellite. With the addition 
of Ka band capabilities, each WGS satellite provides more than ten times the bandwidth capacity of a single 
DSCS satellite, which helps the current congested environment. With higher power output, the WGS 
communications payload can support greater numbers of disadvantaged and tactical users. This additional 
power supports greater use of smaller tactical satellite terminals with higher data rates than possible over the 
DSCS constellation. WGS satellites support cross-banding of X and Ka bands. What this means to the user 
is that any DSCS X band terminal can communicate with the newer Ka band terminals without equipment 
upgrades. This increases flexibility to geographic combatant commands and satellite planners for mission 
support. Changes to the WGS constellation are based on mission requirements and geographic combatant 
commander priorities and managed by the consolidated satellite communications systems expert (C-SSE) for 
optimization of the constellation. Figure 1-1 on page 1-5 shows an example of orbital locations for WGS 
satellites. 
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Figure 1-1. Example orbital locations for Wideband Global Satellite Communications satellites 


1-22. Each WGS satellite has eight steerable and shapeable X band beams that give precise coverage over 
theaters, shipping lanes, and other broad areas of coverage. Each WGS satellite has ten steerable Ka band 
dish antennas that provide coverage to areas about 580 miles in diameter anywhere in the satellite’s coverage 
area. 


1-23. On the first three WGS satellites, two of the 10 beams are area coverage antennas, providing links to 
an area about 1,750 miles in diameter, but due to the large area of coverage, users will experience much lower 
data rates. Each WGS also employs an X band uplink and a downlink earth coverage antenna. The first three 
satellites are designated WGS Block I satellites. Those satellites handle up to 35 individual 125 MHz 
channels, three 47 MHz channels, and one 78 MHz X band earth coverage channel. 


1-24. WGS-4, WGS-S, and WGS-6 are block II. Block II satellites have the added ability of two 400 MHz 
channels that bypass the main payload, called the channelizer. This allows higher data rates to pass through 
the block II satellites. 


1-25. WGS-7 through WGS-10 are referred to as block II follow-on. The technical capabilities of WGS-7 
are more in line with WGS 4-6 than WGS 8-10. WGS-7 retains 125 MHz channelization and provides 
additional channels compared to WGS 4-6. The WGS-7 spacecraft channelizer with redundant port 
activation provides 46 primary and 10 redundant channels. WGS 8-10 are equipped with a modified 
frequency conversion system and a newer wideband digital channelizer, which allows for 500 MHz 
channelization and helps mitigate congested military SATCOM availability. 


Defense Satellite Communications System and Wideband Global Satellite Communications 
Ground Segment 


1-26. The Army portion of the ground segment includes RSSCs and WSOCs. These centers control the 
satellite payload and network access. RSSC and WSOC personnel provide guidance and instruction to 
terminal personnel using the DSCS and WGS constellations. Other centers maintain the satellites in their 
assigned orbital position and orientation. 
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Regional Satellite Communications Support Center 


1-27. The United States Army Satellite Operations Brigade operates four RSSCs, two in the continental 
United States, one in the Pacific region, and one in Europe (see figure 1-2). Geographic combatant command 
communications staffs validate unit requirements and send satellite access requests to the supporting RSSC 
where SATCOM planners produce a satellite access authorization for implementation by SATCOM users 
and WSOCs. 
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Figure 1-2. Regional satellite communications support center coverage 


1-28. RSSCs may assist users in SATCOM planning and management. The RSSCs— 


Support the geographic combatant commanders in routine, deliberate, and crisis action planning 
for SATCOM resources. 


Take part in planning conferences and meetings to identify theater SATCOM support 
requirements. 


Process satellite access requests and publish satellite access authorizations for approved missions. 


Wideband Satellite Communications Operations Center 


1-6 


1-29. Five geographically dispersed WSOCs provide transmission monitoring and satellite payload control 
for the DSCS and WGS constellations. The WSOC continuously monitors the operational condition and 
status of satellites. WSOC personnel— 


Monitor every terminal’s transmissions for proper power, bandwidth, and spectral characteristics 
from the start of the mission until mission completion. 


Monitor the satellite payload for anomalies and electromagnetic interference and help implement 
resolution actions. 


Record data and help identify equipment trends. 
Identify and solve terminal segment issues through the characterization of terminal transmissions. 


Perform satellite payload control in response to wideband satellite access authorizations sent from 
the RSSCs. 
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LOGARITHMS Algebra 


Definition 


Any number (X) can be expressed by any other number b (except zero) raised to a power x; that 
is, there is always a value of x such that X = b*. For example, if X = 8 and b = 2, x = 3. For 
X = 8 and b =4, 8 = 4° is satisfied if x = 3/2. 


1 1 
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47-47 =2=8 

In the equation X = b’, the exponent x is the logarithm of X to the base b. Stated in equation 
form, x = log, X, which reads x is the logarithm to the base b of X. In general terms, the 
logarithm of a number to a base b is the power to which base b must be raised to yield the 
number. The rules for logs are a direct consequence of the rules for exponents, since that is what 
logs are. In multiplication, for example, consider the product of two numbers X and Y. 
Expressing each as b raised to a power and using the rules for exponents: 


XY = (b*) (b*) = b*” 

Now, equating the log, of the first and last terms, log, XY = log, b*”. 

Since the exponent of the base b (x+y) is the logarithm to the base b, Log, b**” = x+y. 
log, XY = x+y 


Similarily, since X = b* and Y = b’, log, X = x and log, Y = y. Substituting these into the 
previous equation, 


log, XY = log, X + log, Y 


Before the advent of hand-held calculators it was common to use logs for multiplication (and 
division) of numbers having many significant figures. First, logs for the numbers to be 
multiplied were obtained from tables. Then, the numbers were added, and this sum (logarithm 
of the product) was used to locate in the tables the number which had this log. This is the 
product of the two numbers. A slide rule is designed to add logarithms as numbers are 
multiplied. 


Logarithms can easily be computed with the calculator using the keys identified earlier. 
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1-30. The WSOCs control the satellite payload to create links, shape beams, point antennas, and provide the 
power required to close the planned links. Each WSOC manages at least two satellites. As the WGS 
constellation grows, WSOCs may assume responsibility for more satellites. 


1-31. The Joint Staff designated the Commander of the United States Space Command (USSPACECOM) as 
the SATCOM operational manager. United States Army Space and Missile Defense Command (USASMDC) 
manages the RSSCs. The Combined Force Space Component Command (CFSCC) exercises tactical control 
over the WSOCs. The 53d Signal Battalion performs wideband SATCOM payload and transmission control 
at the WSOCs and supports Commander, CFSCC in conducting SATCOM operations, in coordination with 
USSPACECOM and Commander, CFSCC. The USASMDC wideband C-SSE provides technical direction 
and situational awareness to the WSOCs on behalf of CFSCC. 


Note. Refer to FM 3-14 for additional information on RSSCs and WSOCs. 


Global Broadcast System 


1-32. Global Broadcast System (GBS) ensures timely and secure net-centric capabilities supporting the full 
range of DOD warfighting and intelligence missions. GBS provides a broadcast service designed to meet the 
ever-increasing demand for a large volume of data. GBS provides high capacity smart-push and user-pull 
broadcast capability for video, high-resolution imagery, data, and other information. GBS supports training; 
military exercises; special activities; crisis operations; situational awareness; targeting; and intelligence, 
surveillance, and reconnaissance requirements. 


1-33. GBS augments other communications systems. GBS broadcasts use WGS satellites for transport. GBS 
provides high-speed multimedia communication and information for deployed, in-transit, and garrisoned 
forces. GBS supports operations with joint and multinational mission partners, depending on security 
classification and communications security release restrictions. See appendix C for more information about 
the Global Broadcast System. 


PROTECTED SATELLITE COMMUNICATIONS 


1-34. The joint Milstar and AEHF constellations are protected SATCOM resources. These satellite 
constellations provide highly secure and jam-resistant communications at the strategic, operational, and 
tactical levels. The satellites allow for low data rate, medium data rate, and extended data rate operation in 
the EHF and SHF bands. Protected SATCOM systems operate across the EHF uplink and SHF downlink 
frequency ranges. Protected SATCOM throughput is less than wideband SATCOM due to anti-jamming 
modulation techniques used in the Milstar and AEHF designs. 


Milstar 


1-35. Milstar is a joint SATCOM system that provides secure, jam-resistant, worldwide communications to 
meet essential wartime operations for higher priority military forces. The multi-satellite constellation links 
commands with a wide variety of resources, including ships, submarines, aircraft, and ground stations. The 
Milstar constellation provides interoperability for all Services and supports the Secure Mobile Anti-Jam 
Reliable Tactical Terminal (SMART-T). 


Advanced Extremely High Frequency 


1-36. The AEHF satellite system is a joint SATCOM system that provides global, secure, protected, jam- 
resistant communications. AEHF users can operate at data rates ranging from 75 bps—8 megabits per second 
(Mbps) over the AEHF payload; this encompasses the capabilities of both the low data rate and medium data 
rate payloads on Milstar block II satellites. The cryptographic design of the AEHF satellites allows secure 
separation of U.S. users and multinational mission partners. 


1-37. The AEHF system is flexible enough to support communications for separate operational environments 
and configurable to meet ever-changing operational requirements. The AEHF system protects critical voice 
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and data communications against jamming, interception, detection, and natural and nuclear effects at low, 
medium, and high data rates. See appendix D for more information about protected SATCOM. 


NARROWBAND SATELLITE COMMUNICATIONS 


1-38. Narrowband SATCOM supports worldwide tactical communications, including en route contingency 
communications, in-theater communications, intelligence broadcast, and range extension for combat net 
radios. Narrowband SATCOM radios connect tactical operations centers across echelons and support long- 
range surveillance units and Army special operations forces units separated from the main forces. Using 
small, portable SATCOM terminals for beyond line of sight communications reduces the probability of 
detection in a contested environment. Narrowband systems operate in the 300 MHz—3 GHz UHF range and 
include military UHF and commercial L and S radio frequency bands. 


1-39. Narrowband SATCOM is particularly important during contingency operations, crises, and training 
missions. UHF user terminals are small, lightweight, low cost, and can operate with small portable antennas. 
Since narrowband SATCOM transmits and receives in the lower UHF range, it provides more reliable 
communications while on-the-move, in adverse weather conditions, in remote locations, and in dense foliage. 
UHF is generally susceptible to detection, direction finding, and jamming. 


1-40. Narrowband SATCOM is ideal for highly mobile small tactical terminals such as manpack and 
handheld devices. The Army is the primary user of UHF SATCOM systems. The Navy develops, procures, 
provides engineering support for, and exercises executive oversight of all DOD advanced UHF narrowband 
communications satellites and associated ground systems. The narrowband satellite constellation has one 
fleet satellite communications satellite performing residual capabilities to support UHF requirements. 


UHF Follow-On 


1-41. The Navy sponsored UFO system, began replacing the aging fleet satellite system. The UFO system 
is the dominant UHF constellation supporting tactical forces. Transponders on various space platforms 
support the Army’s narrowband SATCOM mission. Both UFO and fleet satellite support VHF SATCOM. 
The UFO satellites provide worldwide coverage. The coverage areas are close to those of the WGS 
constellation (see figure 1-3 on page 1-9). Fleet satellite provides two-way UHF communications for Air 
Force SATCOM. 


1-42. The Navy has five UFO satellites in geosynchronous orbit. When a UFO satellite exceeds its designed 
service life, it is moved into a super-synchronous orbit (100-200 kilometers above geosynchronous). The 
Navy’s replacement for the aging UFO constellation is the MUOS. 


Mobile User Objective System 


1-43. The MUOS uses the same frequency range as its predecessors, providing backward compatibility for 
the standard 5- and 25-kilohertz (kHz) channels. However, it uses a new waveform to increase both capacity 
and user availability nearly tenfold. 


1-44. Narrowband SATCOM operates from 225 MHz—400 MHz. MUOS satellites have two payloads— 
wideband code division multiple access (WCDMA)-primary, and a legacy UHF payload as the migration to 
WCDMA over MUOS becomes available. The MUOS constellation consists of five satellites and shares the 
same orbital space with the UFO satellites. The fifth MUOS satellite is an on-orbit spare 


Note. Refer to ATP 6-02.53 for more information on narrowband SATCOM radios. 
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Figure 1-3. Narrowband satellite constellation 


Terminal Segment 


1-45. Army narrowband satellite ground terminals operate in the UHF frequency range and are available in 
vehicle-mounted and man-portable versions. The terminals transmit and receive over two operating modes, 
narrowband (5 kHz) and wideband (25 kHz). The terminals’ weight, availability, ease of use, and 
cryptographic systems make them suitable for the full range of military operations. Disadvantages of the 
terminals include difficulty in obtaining UHF satellite access and the lack of anti-jamming capability. 


1-46. The new modulation scheme used in the terminal segment is WCDMA. The WCDMA waveform is 
like the commercial 3G cellular waveform. The MUOS satellites replace cellular towers to provide worldwide 
coverage. This technology allows legacy UHF users to talk to WCDMA users through the MUOS to legacy 


UHF Gateway Component ground station. 


Ground Segment 
1-47. The MUOS program has four locations in the ground segment which combine the technology of 
smartphone-like communications to augment the space and terminal segments. The ground segment locations 
are in Chesapeake, VA, Wahiawa, HI, Geraldton, Australia, and Niscemi, Italy. There is one primary satellite 
control facility in Point Mugu, California, and a backup at Schriever Airforce Base, Colorado. Army units 
preparing for deployment should coordinate host-nation approval for MUOS-capable radios before 
movement. 
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Chapter 2 
Roles and Responsibilities 


Satellite communications involve several commands, agencies, and individuals 
operating together to provide a reliable, robust network and secured services. Planners 
and technicians need to know who is responsible for the functions necessary to 
establish and operate satellite communications systems. This chapter addresses the 
roles and responsibilities of the joint and Army commands, agencies, and individuals 
essential to satellite missions. 


JOINT AND DEPARTMENT OF DEFENSE 


2-1. The following are key elements that influence joint and Army communications. Refer to CJCSI 
6250.01F for more information on joint SATCOM operations. 


DEPARTMENT OF DEFENSE CHIEF INFORMATION OFFICER 


2-2. The DOD chief information officer (CIO) is the principal staff assistant for information management 
to the DOD. The DOD CIO is the architect of the DODIN and provides policies, oversight, guidance, 
architecture, and strategic approaches for all communications and information network programs and 
initiatives on an DOD-wide basis. The DOD CIO ensures military SATCOM systems and resources support 
the DODIN architecture (refer to DODD 5144.02). 


2-3. The office of the DOD CIO coordinates with the Chairman of the Joint Chiefs of Staff, United States 
Cyber Command, and USSPACECOM on any activities affecting SATCOM resource management, 
including resource allocation and service management. 


CHAIRMAN OF THE JOINT CHIEFS OF STAFF 


2-4. The Chairman of the Joint Chiefs of Staff is the principal military adviser to the President, Secretary 
of Defense, and the geographic combatant commanders. The Chairman of the Joint Chiefs of Staff exercises 
operational oversight over those portions of the DODIN utilized for communications using the National 
Military Command System, including SATCOM. 


2-5. The Chairman of the Joint Chiefs of Staff adjudicates allocation conflicts involving DOD SATCOM 
users that remain unresolved through USSPACECOM arbitration process. The Chairman of the Joint Chiefs 
of Staff provides contingency planning guidance to geographic combatant commanders and mission partners 
for the use of DOD SATCOM resources. 


2-6. The Chairman of the Joint Chiefs of Staff provides operational policy, guidance, and procedures for 
SATCOM. The primary policy sources for all DOD SATCOM are the Chairman of the Joint Chiefs of Staff 
issuances. 


COMMUNICATIONS SYSTEM DIRECTORATE OF A JOINT STAFF 
2-7. Duties and responsibilities of the communications system directorate of a joint staff (J-6) relevant to 
SATCOM include— 


e Monitoring, coordinating, and formulating actions requiring the Chairman of the Joint Chiefs of 
Staff approval for SATCOM resources. 


e Developing a coordinating joint staff position on SATCOM issues having operational 
implications. 
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e Monitoring the health and operational status of SATCOM systems and relevant connected 
networks, as reported by USSPACECOM. 


e@ Managing the SATCOM requirements process, including contingency and wartime commercial 
SATCOM assets. 

e Helping resolve international SATCOM interference issues. 
Operating the joint communications satellite center, the lead for monitoring, coordinating, and 
formulating actions to support Chairman of the Joint Chiefs of Staff actions requiring SATCOM 
operation access. 

e Directing Chairman of the Joint Chiefs of Staff communications planners responsible for 
SATCOM access to support the nine mission essential functions. 


e Staffing joint actions, as directed by Chairman of the Joint Chiefs of Staff. 
Delegating approval for final deployment and allocations of strategic SATCOM terminals to 
support validated USSPACECOM requirements. 

e Acting as the allocating authority for high-demand, limited-quantity, theater-deployable 
SATCOM assets. 

e Directing resolution of electromagnetic interference with USSPACECOM, Department of State, 
and host nations. 

e Serving as final approval authority for satellite communications database waiver requests to 
support satellite access. 


2-8. The J-6 controls joint force communications systems and networks through a joint network operations 
control center at a joint task force or theater network operations control center at a geographic combatant 
command. The joint network operations control center receives reports from Service systems control or 
network operations and security centers. Refer to ATP 6-02.71 for more information about the joint network 
operations control center and theater network operations control center. 


COMMANDER, UNITED STATES SPACE COMMAND 


2-9. Commander, USSPACECOM is the operational and configuration authority for on-orbit SATCOM, 
satellite control systems, and SATCOM terminal infrastructure, including DOD gateways. Commander, 
USSPACECOM directs the operational management of military SATCOM resources and provides 
authorized users global access to SATCOM capabilities. 


2-10. Commander, USSPACECOM performs SATCOM apportionment and arbitration and directs 
positioning, repositioning, and disposition of military satellite payloads and platforms. 
2-11. Other USSPACECOM SATCOM responsibilities include— 

e@ Maintaining the health, status, and surveillance of the military space segment. 

e Conducting integrated system-level planning and coordination for SATCOM systems to support 
strategic and global operations, including intelligence, commercial, and multinational SATCOM 
resources. 

e Developing, coordinating, and implementing operational management policies and procedures for 
SATCOM users. 


e Synchronizing and planning for cyberspace operations through United States Cyber Command. 


Note. Refer to CJCSI 6250.01F for additional information on Commander, USSPACECOM roles 
and responsibilities for SATCOM. 


DEFENSE INFORMATION SYSTEMS AGENCY 


2-12. The DISA is a DOD support agency responsible for planning, engineering, acquiring, fielding, and 
supporting global network-centric solutions to support the President, Vice President, the Secretary of 
Defense, and other DOD agencies. 
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2-13. The DISA performs enterprise-wide system engineering for the DODIN. The Director, DISA exercises 
program management over DODIN activities and components. The DISA prescribes policy, assigns 
responsibilities, and establishes guidelines for the use of DOD gateways. 


2-14. The DISA serves as the C-SSE for DOD gateway sites. The DISA provides technical, sustainment, and 
operational support to the SATCOM operational manager, according to the roles and responsibilities outlined 
in United States Strategic Command Strategic Instructions 714 series. 


2-15. The DISA manages the future commercial SATCOM services acquisition contract for commercial 
arrangements in partnership with the General Services Administration. The future commercial SATCOM 
services acquisition is the leading contract mechanism for U.S. Government commercial satellite services. 
Through the future commercial SATCOM services acquisition contract structure, the United States Space 
Force assists in areas of mutual concern to all users, such as cybersecurity, interference resolution, and 
technical reporting to USSPACECOM and other DOD offices. Users can obtain detailed information on 
commercial satellite communications services from companies participating in the future commercial 
SATCOM services acquisition contract by searching the General Services Administration Satellite Services 
Website. 


2-16. The DISA Contingency and Exercise Branch provides guidance, manages strategic resources, and 
coordinates usage of DISN services. The DISA Contingency and Exercise Branch processes gateway access 
requests and issues gateway access authorizations to extend pre-positioned DISN services through DOD 
gateway sites to support global requirements. 


2-17. The DISA performs assessments of satellite communications database submissions, engineering 
analyses, and performance-related studies of current and future SATCOM systems. The performance 
assessment and certification of all terminals are conducted by the DISA Joint Interoperability Test Command. 


Note. Refer to the DISA Website for more information DISA services and products. 


MILITARY DEPARTMENTS 


2-18. The Army employs military SATCOM resources whenever they are available. When military resources 
are not available, the Army contracts commercial capabilities and manages them according to mission 
requirements and sound business practices. All commercial SATCOM resources procured, including Service 
programs of record, follow the same process as military SATCOM programs for satellite access requests 
when achievable or feasible. Further duties and responsibilities are in each Service’s respective doctrine and 
policy publications. 


GEOGRAPHIC COMBATANT COMMANDS AND HEADS OF DEFENSE AGENCIES 


2-19. DOD agencies and geographic combatant commands coordinate prioritized SATCOM requirements 
with USSPACECOM and the Joint Staff J-6. DOD agencies and commands validate and coordinate 
commercial requirements the DISA. 


ARMY 
2-20. USASMDC and NETCOM have defined SATCOM roles for the Army. Those roles include 
architecture, allocation and apportionment, planning, and management. 

UNITED STATES ARMY SPACE AND MISSILE DEFENSE COMMAND 


2-21. USASMDC is the Army Service component command to USSPACECOM. USASMDC exercises 
administrative control for Space and Missile Defense and operational control over Army space forces, as 
delegated by Commander, USSPACECOM. USASMDC is the Army proponent for space and space-based 
capabilities. 
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2-22. USASMDC executes C-SSE duties for wideband and narrowband military SATCOM and satellite 
communications system expert (SSE) duties for DSCS, GBS, MUOS, and WGS. USASMDC’s SATCOM 
roles and responsibilities include— 


Directly supporting Commander, CFSCC to support identification, characterization, geolocation, 
trend analysis, and reporting of SATCOM interference events. 

Planning and managing SATCOM supporting Commander, CFSCC, geographic combatant 
commanders, Services, other U.S. Government agencies, and multinational partners through the 
RSCCs. 

Providing and sustaining the infrastructure and resources necessary to plan, manage, configure, 
control, and provide situational awareness of wideband and narrowband SATCOM assets 
supporting Commander, CFSCC and Commander, USSPACECOM. 

Providing facilities for RSSC Europe, RSSC Pacific, and RSSC East to host the planning and 
allocation of all SATCOM systems and the necessary personnel and equipment from the other 
USSPACECOM Service components and the DISA. 

Sourcing personnel and equipment at the RSSCs for planning and allocating SATCOM systems. 
Providing the management structure for RSSCs to integrate operations as directed by Commander, 
CFSCC. 

Providing payload resource management for wideband and narrowband SATCOM assets 
supporting Commander, CFSCC and Commander, USSPACECOM. 

Enhancing SATCOM delivery to the DOD, in coordination with multinational partners. 


UNITED STATES ARMY NETWORK ENTERPRISE TECHNOLOGY COMMAND 


2-4 


2-23. NETCOM has the authority to operate, control, and secure the Army’s enterprise-level transport 
capabilities on behalf of United States Army Cyber Command. NETCOM exercises technical control over 
all organizations that install, operate, maintain, and secure portions of the DODIN-A. 


2-24. NETCOM provides global communications capabilities to enable joint and multinational command 
and control. NETCOM provides backbone network transport to facilitate extension and reachback 
capabilities while engineering, installing, operating, and securing the DODIN-A. Reachback is the process 
of obtaining products, services, and applications, or forces, or equipment, or material from organizations that 
are not forward deployed (JP 3-30). NETCOM’s SATCOM responsibilities include— 


Providing protection of fixed-station communications facilities and the security of Army 
contractors. 


Operating the Army strategic communications facilities and circuitry as part of the DISN long- 
haul segment. 


Exercising Army review, approval, and validation authority over telecommunications service 
requests. 


Validating requests for special access requirements to increase survivability and reliability. 
Operating, maintaining, and sustaining the Army SATCOM resources. 


Commissioning and decommissioning of Mobile Satellite Services and Enhanced Mobile Satellite 
Services. 
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This chapter provides an overview of the satellite communications architecture. The 
satellite communications architecture conforms to the Defense Information Systems 
Network architecture and user requirements. The satellite communications architecture 
responds to situational and environmental factors. This chapter explains Army 
architecture requirements, objectives, and considerations. 


OVERVIEW 


3-1. The SATCOM architecture includes constellations, terminals, planning, management systems, and 
networks, both military and commercial. The SATCOM architecture is subject to change based on the 
national security posture; mission, user or force requirement changes; doctrinal changes associated with new 
equipment; policy or procedures changes; and changes associated with natural or manmade disasters. User 
requirements drive the SATCOM architecture for a given operation. 


3-2. CJCSI 6250.01F establishes joint policies for the use of DOD SATCOM resources and to plan for 
future systems. Following the procedures outlined in CJCSI 6250.01F, Army users can receive DOD 
SATCOM support 


REQUIREMENTS 


3-3. Requirements that drive architecture development include— 
Extension of DISN services to deployed units. 
SATCOM capabilities at-the-halt and on-the-move. 
Bandwidth optimization. 

Connectivity between echelons. 

Reachback capability. 

Logistics and administrative support. 


3-4. At the Army enterprise level, the chief architect is the Director of the Army Architecture Information 
Center with the CIO/assistant chief of staff for communications (G-6) Office of Architecture, Operations, 
Networks, and Space. An in-depth understanding of planning tools and the development process benefits 
commanders and planners. The roles and responsibilities of key players, and how these methods mesh with 
overall DOD architecture development, is essential to Army and joint missions, and the realization of long- 
term objectives. 


OBJECTIVES 


3-5. Commanders’ objectives create requirements that dictate the architecture. The SATCOM architecture 
adapts to support a changing operation. Planners need to know the commander’s intent and resource 
availability to satisfy the intent. Objectives include— 


e Interoperability. 
e Connectivity— 
=" Coverage. 
=" Capacity. 
= Protection. 
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e Cybersecurity. 
@ Operational management. 
@ Operational suitability. 


INTEROPERABILITY 


3-6. Interoperability is the condition achieved among communications-electronics systems or items of 
communications-electronics equipment when information or services can be exchanged directly and 
satisfactorily between them and/or their users (JP 6-0). Information sharing promotes common understanding 
of the operational environment and promotes ensure unity of effort and synchronization of actions. 


3-7. Interoperability is essential to effectiveness. The Army depends on the interoperability of 
communications systems when operating as a part of a joint force. Using a common SATCOM architecture 
enables forward deployed forces to more efficiently integrate into operations. 


CONNECTIVITY 


3-8. SATCOM connectivity provides the required amount of protected and unprotected communications 
services. Connectivity encompasses coverage, capacity, and protection. 


Coverage 


3-9. Coverage refers to the portion of the Earth’s surface to which a satellite can provide service. Coverage 
requirements are global, worldwide, theater, polar, or exoatmospheric. Global coverage provides service to 
the surface of the Earth and the airspace above it, including both poles. Worldwide coverage is the area 
between 65 degrees north and south latitudes. The North Polar Region is the area above 65 degrees north, 
and the South Polar Region is the area below 65 degrees south latitude. Exoatmospheric coverage is that 
portion of space immediately around the Earth’s surface, ranging from about 50 kilometers to 50,000 
kilometers or more. 


Capacity 


3-10. The capacity of a SATCOM system is the type and amount of throughput available. Capacity 
determines the number of users that the system can support. Users may share the same bandwidth, as is the 
case with broadcast or networked applications. 


Protection 


3-11. SATCOM system protection is the system’s ability to avoid, prevent, negate, or mitigate the 
degradation, disruption, denial, unauthorized access, or exploitation of communications services or system 
resources. SATCOM systems provide a degree of protection against disruption from environmental and 
atmospheric effects, physical destruction, and unwanted eavesdropping and intrusion. 


CYBERSECURITY 


3-12. Cybersecurity is the prevention of damage to, protection of, and restoration of computers, electronic 
communications systems, electronic communications services, wire communications, and electronic 
communications, including information contained therein, to ensure its availability, integrity, authentication, 
confidentiality, and nonrepudiation (DODI 8500.01). 


3-13. Space-based assets can be rendered useless through physical attacks with anti-satellite weapons. These 
assets may also come under attack through electronic means such as jamming or spoofing. These methods of 
attack interfere with the transmission of radio frequency signals and cause communications systems outages. 
Peer threats may use physical or electronic means to disrupt space-based systems to render ground-based 
weapons and communications systems ineffective, creating uncertainty and confusion. 


3-14. Threat activities in cyberspace continue to pose significant challenges to each of the different segments 
in spaced-based systems. Cyberattacks use a different approach from the traditional forms of aggression by 
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Algebra LOGARITHMS 
Examples: 

log, 8 = 3 since 8 =2° 

logy) 0.01 = -2 since 0.01 = 10° 

log; 5 =1 since 5=5! 

log, 1 = 0 since 1l=b 


From the above illustration, it is evident that a logarithm is an exponent. 3° is called the 
exponential form of the number 81. In logarithmic form, 3* would be expressed as log, 81 = 4, 
or the logarithm of 81 to the base 3 is 4. Note the symbol for taking the logarithm of the 
number 81 to a particular base 3, is log, 81, where the base is indicated by a small number 
written to the right and slightly below the symbol log. 


Log Rules 


Since logs are exponents, the rules governing logs are very similar to the laws of exponents. 


The most common log rules are the following: 


i 


Z 


Rev. 0 


log, (ABC) = log, A + log, B + log, C 
log, (A/B) = log, A - log, B 
log, (A") = nlog, A 


log, b = 1 


log, VA = log, A" = (I/nJlog, A 
log, 1 = 0 


log, (1/A) = log, 1 - log, A = -log, A 
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targeting communications systems to degrade or disrupt information and services. Peer threats may inject 
false signals to compromise the system without the knowledge of the intended recipient. 


OPERATIONAL MANAGEMENT 


3-15. Operational management is the oversight, planning, provisioning, management, and control of 
SATCOM terminals, the electromagnetic spectrum, control systems, and the networks supported to enable 
access by authorized users. Operational management of satellite resources assists commanders in exercising 
global command and control. Commanders maintain control and visibility over SATCOM assets in a 
congested and contested environment. Commanders and staffs plan and manage access, as stated in standing 
policies, operational requirements, and mission priorities. 


3-16. Operational management requires SATCOM resources that can adapt to meet operational demands. 
Effective operational management provides the right resource to the right user at the right ttme. SATCOM 
managers must also have insight into threats, whose activities could deny, degrade, or disrupt those resources. 


OPERATIONAL SUITABILITY 


3-17. Operational suitability refers to the degree SATCOM systems can be fielded, deployed, operated, 
sustained, and function as required, while meeting prescribed performance parameters. SATCOM systems 
must meet user requirements for system effectiveness in any operational environment. 


PLANNING CONSIDERATIONS 


3-18. The Army must be capable of responding to crises with rapidly deployable, relevant forces against a 
wide range of threats and challenges. Planning considerations differ across strategic and tactical 
environments. 


STRATEGIC CONSIDERATIONS 


3-19. Conducting operations in a fixed environment has its own set of variables; leaders may not be familiar 
with these variables. The distribution of services is highly dependent on strategic terminals. Long-haul 
network transport, procedures for leasing facilities, and negotiating with host nations for frequency use and 
landing rights are a few considerations. 


The Global Backbone 


3-20. Strategic SATCOM supports the global communications backbone with extensive reach and tie-ins to 
terrestrial networks. Deployed air, land, and maritime forces operational environments dictate the need for 
specialized communications in each domain. The global backbone supports the deployed network with high 
capacity communications for reachback to the sustaining base and extends DISN services to tactical 
command and control applications and systems. The high capacity backbone connects the DODIN through 
networks tailored to the Soldier’s area of operations. 


Interoperability With Other Services 
3-21. Integration with other Services during joint operations requires communications interoperability. The 
standardized DOD SATCOM architecture ensures that all Services’ SATCOM systems are interoperable. 
OPERATIONAL CONSIDERATIONS 
3-22. There are specific operational-level SATCOM considerations that enable SATCOM at the tactical 
level. Most negotiation for landing rights, and host-nation approval take place at the operational level. 
Landing Rights 


3-23. Landing rights are a set of agreements between a country and a satellite provider to accept satellite 
signals in that country. Landing rights do not include the right to own and operate a satellite earth terminal 
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or convey the right to transmit in that country. Landing rights may not include authorization to bring a specific 
piece of equipment into a country. Army use of commercial satellite systems may require specific approvals, 
particularly outside the continental United States. 


3-24. Host nations commonly require express permission to operate any foreign-owned SATCOM terminal 
within their borders. When requesting satellite access, users should allow plenty of time to negotiate landing 
rights. Some countries want multi-million dollar payments for landing rights for new satellite systems and 
impose annual licensing fees for ground terminals ranging from $1,000 to $10,000 per terminal. Refer to 
ATP 6-02.70 for more information about landing rights. 


Host-Nation Approval 


3-25. Host nation approval is permission given to operate, transport through, or locate in a foreign country. 
Obtaining permission may present a challenge. Some countries impose additional requirements that may 
include— 

e Fees for terminal licensing and or leasing. 

e Acquiring the ground terminals. 

e Using the appropriate frequency clearances for the space segment. 


3-26. Obtaining host nation approval may take four months or longer, depending on the country and the 
expediency of the agency handling the paperwork. Most countries require satellite earth terminals to be 
authorized and licensed, though it is possible to have a terminal authorized but not licensed. Authorization 
usually involves location, the percentage of national ownership, and non-competition with the local postal, 
telephone, and telegraph companies. Licensing agreements may include parameters such as beamwidth, 
transmission frequency clearance, fees, and permissions. 


3-27. Host nation approval to operate SATCOM equipment and access resources depends upon the political 
climate and the personality of the negotiator. Using a host nation’s airspace, ports, and electromagnetic 
spectrum requires coordination through the host nation’s government channels. 


TACTICAL CONSIDERATIONS 


3-28. Tactical communications systems extend home station-level services to deployed locations. Improved 
connectivity leads to increased situational understanding to enable better command decisions, faster 
targeting, and increased efficiency during tactical operations. Tactical considerations include— 


e Communications mobility. 
e Survivability 
e@ Global access. 


Communications Mobility 


3-29. Tactical satellite communications contribute to mission success with proper planning and training. 
Commanders exercise command and control in fast-paced, highly mobile scenarios across broad and 
sometimes non-contiguous areas of operations. Command and control is possible on-the-move, en-route to, 
entering into, operating in, or exiting an area of operations. Tactical satellite communications capabilities are 
available and accessible to the commander and staff, enabling communications on the move for better 
situational awareness and understanding. Tactical satellite communications provide the commander with 
global access to DISN services if planned according to the mission requirements. 


Survivability 


3-4 


3-30. Satellite communications systems provide command post support and command and control with both 
fixed and on-the-move capabilities. Signal planners should consider the operating characteristics, limitations, 
and effective planning distance for each available SATCOM communications asset. As planners define 
communications requirements, one consideration should include the survivability of both personnel and 
equipment. Survivable SATCOM networks result from techniques such as separation of key facilities, 
redundant communications nodes, or a combination of these techniques necessary for the physical protection 
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of personnel and protection of transmission equipment and infrastructure. While it is not practical to make 
all elements of a system equally survivable, the assets which enable command and control need protection 
equal to the survivability requirements of the associated command post. 


Global Access 


3-31. Long-range communications allow commanders global access to information and services increasing 
their awareness to the current or developing situation. Soldiers require continuous, reliable communications 
across the range of military operations. Long-range communications transmitted over satellite provide quick 
global access to communication services extends voice and data communications, information and 
intelligence, early warning, weather reports, and imagery anywhere on the globe. 
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Chapter 4 
Satellite Communications Planning 


This chapter addresses the planning process for Army satellite communications. 
Satellite communications planning is a complex process due to the many variables that 
affect satellite links. This chapter describes planning for narrowband, wideband, 
protected, and commercial satellite communications and addresses planning associated 
with Warfighter Information Network-Tactical. 


JOINT 


4-1. The geographic combatant commander provides communications system guidance and priorities to 
supporting commands through the J-6 to the joint cyberspace center. This guidance is provided to subordinate 
theater network operations control centers, joint network operations control centers, and Service-level 
network operations and security centers. 


4-2. There are three levels of SATCOM operational command structure— 
e Level 1: Chairman of the Joint Chiefs of Staff oversight. 
e Level 2: System-level staff and management directed by USSPACECOM, USASMDC, and the 
other Service components. 
e@ Level 3: 24-hour SATCOM command and control centers. 


LEVEL 1: CHAIRMAN OF THE JOINT CHIEFS OF STAFF 


4-3. The Chairman of the Joint Chiefs of Staff exercises oversight of operational SATCOM activities and 
resources supporting presidential and DOD SATCOM systems. The Joint Staff J-6 monitors, coordinates, 
and formulates actions requiring Chairman of the Joint Chiefs of Staff approval for strategic, tactical, and 
contingency SATCOM access. The Joint Staff J-6 monitors the health and operational status of SATCOM 
systems and any relevant connected networks, as reported by USSPACECOM. Refer to CJCSI 6250.01F and 
United States Strategic Command Strategic Instruction 714-04 for Chairman of the Joint Chiefs of Staff 
guidance on SATCOM planning, allocation, arbitration, adjudication, oversight, and assessment for daily 
systems management. 


LEVEL 2: SYSTEM-LEVEL STAFF AND MANAGEMENT 


4-4. Commander, USSPACECOM develops and implements policies, procedures, and standards for 
SATCOM systems with input from designated SSEs. As the SATCOM operational manager, Commander, 
USSPACECOM establishes global and regional operations centers to support geographic combatant 
commanders and other users. Commander, USSPACECOM distributes guidance through United States 
Strategic Command Strategic Instruction 714-04. The Service components also operate at this level (see 
chapter 2). USASMDC provides guidance to all SATCOM planners. 


LEVEL 3: 24-HOUR SATELLITE COMMAND AND CONTROL CENTERS 


4-5. The satellite command and control centers are the third level of SATCOM management. These 
command and control centers provide operations support to authorized users and are responsible for satellite 
control. The DISA Global Operations Command, operated by the DISA, provides near real-time, situational 
awareness and defense of the DODIN. A contingency operations section focuses on support for exercises and 
current operations, with emphasis on standardized tactical entry point (STEP) and teleport missions. 
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ANNEX K AND THE JOINT NETWORK MANAGEMENT SYSTEM 


4-6. The Joint Network Management System provides automated joint communications system 
management for geographic combatant commands and joint task forces. The Joint Network Management 
System is a package of hardware and software components that integrate several applications to plan and 
monitor deployed networks. The Joint Network Management System reporting subsystem provides 
automated editing to produce Annex K of a joint operation order and a schematic tool to create network 
diagrams supporting Annex K. The reporting subsystem provides an editor to produce and export the satellite 
access request and gateway access request. Refer to CJCSM 6231.01E for more information on the Joint 
Network Management System. 


ARMY 


4-7. Establishing satellite links requires extensive pre-planning and coordination. Army SATCOM planners 
should be familiar with— 

The satellite communications database. 
Requirements submission. 

Operating in degraded and denied environments. 
Satellite access requests. 

Gateway access requests. 

Access priorities. 

Apportionment. 

Access planning. 

Redundant communications procedures. 
Allocation process. 

After action reporting. 


Planning checklist. 


THE SATELLITE COMMUNICATIONS DATABASE 


4-8. The satellite communications database is a comprehensive database of approved military and 
commercial SATCOM requirements. The Joint Staff owns and validates the satellite communications 
database, while the DISA maintains it. The satellite communications database provides valuable data input 
for scenario development and other analyses and is available to SATCOM planners, managers, and analysts 
worldwide. The satellite communications database contains authorized requirements and applies to approved 
force structures or scenarios to facilitate required satellite analyses. 


4-9. The satellite communications database categorizes SATCOM requirements based on begin dates and 
extends for two years. Current requirements meet operational missions and may have specific end dates. 
These requirements specify a particular on-orbit satellite or frequency range based on operational limitations 
or equipment availability. The existing requirement entries of the satellite communications database represent 
a comprehensive catalog of recent and near-term requirements for management and operational assessment 
of SATCOM systems. 


4-10. Future requirements are those requirements with begin dates beyond two years. The future requirement 
entries represent a catalog of long-term requirements to aid in architectural planning and system 
developments. 


4-11. Many factors influence future requirements. These factors include— 
e The introduction of new weapon systems, automated information systems, and technologies to 
support present requirements. 


Projected changes to the operational environment. 
e Evolving Service doctrine. 
e@ Changes in Service force structures. 
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4-12. Future requirements may be new or may replace existing requirements based on changes as previously 
described. Program managers responsible for current or proposed systems that rely on SATCOM resources 
must ensure their requirements are documented in the Satellite Communications Database Management Tool. 


4-13. Users establish and document valid service requirements in the Satellite Communications Database 
Management Tool before requesting satellite access in the Joint Integrated Satellite Communications Tool. 
Users submit connectivity requirements using the Satellite Communications Database Management Tool. 
These requirement entry captures information including— 


e Begin date. 

End date. 

Classification of the network. 

Network name. 

Concept of operations. 

Impact if the requirement is not satisfied. 

Resource (X or Ka band military, EHF, C or Ku band commercial). 
Protection or survivability (if required). 

References. 

Types of services. 


User information. 

=" Types of terminals and antennas. 
=" Locations of terminals. 

= Link data rates. 

e Points of contact. 


4-14. Within the continental United States, users submit satellite communications database requirements to 
United States Army Forces Command (FORSCOM) for review and the geographic combatant command for 
submission to the satellite communications database. Outside the continental United States, the theater army 
submits satellite communications database requirements to their geographic combatant command for 
validation and submission. 


REQUIREMENTS SUBMISSION 


4-15. The geographic combatant command forwards SATCOM requirements to the joint satellite 
communications panel administrator using the satellite communications database management tool. The joint 
satellite communications panel administrator assigns a satellite communications database number and 
forwards the requirement to, USSPACECOM. USSPACECOM performs a comprehensive technical and 
operational assessment to determine supportability and returns its findings to the joint satellite 
communications panel administrator. The joint satellite communications panel administrator prepares the 
satellite communications database requirements for presentation to the Joint SATCOM Panel for final review 
and approval. The Joint SATCOM Panel reviews requirements and the USSPACECOM assessments, and 
either approves, holds in abeyance for more details or returns the request to the geographic combatant 
command for corrections. Final approval comes from the Joint Staff J-6. An approved requirement with a 
satellite communications database number does not guarantee access to SATCOM resources. However, a 
satellite communications database number is required when a user submits a satellite access request. 


OPERATING IN DEGRADED AND DENIED ENVIRONMENTS 


4-16. Understanding threat capabilities is critical to hardening the deployed SATCOM network against 
enemy electromagnetic warfare and signals intelligence. If an enemy cannot detect command posts and 
communications sites, it cannot target the sites with electromagnetic attack or lethal fires. Enemy attacks on 
friendly command nodes may combine electromagnetic attack, other information warfare effects, or lethal 
fires to deny friendly forces the use of spectrum-dependent systems. Threat forces gather technical and 
combat information about their enemies to accomplish this. Refer to ATP 6-02.60 for more information 
regarding techniques in tactical SATCOM deployments. 
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4-17. SATCOM planners must predict that our current adversaries are highly interested in degrading or 
denying our use of the congested and contested space domain. SATCOM resources are critical targets for the 
growth in anti-access and aerial denial capabilities from around the globe, the changing U.S. overseas defense 
posture, the emergence of more contested space and cyberspace, and the increasingly constrained 
electromagnetic spectrum. Due to heavy U.S. reliance on advanced satellite communications systems, such 
an attack may be a central focus of an enemy or adversary anti-access and aerial denial strategy, requiring a 
higher degree of planning and situational awareness for redundant, auxiliary, and mitigation techniques. 


4-18. Techniques to consider include — 
e Formulate satellite communications plans that minimize the radio frequency footprint. 
e Use modulation techniques which provide a low probability of signal detection or interception. 
e Identify bandwidth requirements (lower data rates require less radio frequency power). 
e Emission control (limiting radio transmission). 


4-19. SATCOM users must also be proactive and take appropriate actions to minimize the impacts of 
interference and adversary attacks. Users should assess threat risks and the capabilities and vulnerabilities of 
terminals to plan and implement appropriate primary, alternate, contingency, and emergency communication 
plans to assure communications and the ability to restore lost communications in operationally relevant 
timeframes. They should also bring all necessary equipment to support the primary, alternate, contingency, 
and emergency communication plan; protect information sent over SATCOM; routinely check terminal 
performance; report degradation to operations centers identified in their satellite access authorizations; and 
be prepared to change terminal settings to mitigate interference and attacks when directed by an operations 
center. 


4-20. Factors to consider include— 
e Primary, alternate, contingency, and emergency communication plans to mitigate the effects of a 
congested or contested environment. 


e Locating SATCOM antennas away from command posts to mitigate collateral damage if 
communications systems are destroyed. 


SATELLITE ACCESS REQUESTS 


4-21. When a unit has a validated requirement for SATCOM access, the communications planner at the 
division G-6 or other operations cell submits a satellite access request through corps headquarters to the 
theater army for verification. Once the geographic combatant command validates the requirement, the RSSC 
responsible for managing the SATCOM resources processes it. If sufficient satellite resources are available, 
the RSSC prepares a satellite access authorization after reviewing the approved satellite access request. If 
resources are not available, a satellite access request is denied or partially denied. If denied, the geographic 
combatant command may request arbitration. Approved satellite access authorizations permit operational 
access. The RSSC issues them to the originating unit, disseminated to the controlling SATCOM command 
center on a secure website. 


4-22. Planners should provide flexibility in the satellite access request by including all frequency bands their 
multi-band terminals can use. Doing so reduces the chance of denials or partial denials and increases the 
effectiveness of restoral by enabling planners to leverage multiple communication paths for multi-band 
terminals. Often, power restrictions or capacity limitations in one band do not carry over to other bands, so 
the user can get much better throughput and support if they are flexible and transparent. 


Satellite Access Request Guidelines 


4-4 


4-23. Each satellite access request must meet CJCSI 6250.01F requirements. Failing to meet the 
requirements results in denial of satellite or gateway access. 


4-24. Units generate satellite access requests using automated (preferred) or manual systems. Planners 
should submit requests as early as possible. Additional time may be necessary to coordinate frequency 
conflicts within the organization. Procedures may vary depending upon the type of SATCOM access 
(narrowband, wideband, protected, or commercial) required. When submitting a satellite access request or 
gateway access request, the requesting unit should follow these steps: 
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Signal or operations staff planners prepare a satellite access request. 
Unit forwards satellite access request to supported theater army SATCOM manager for validation; 
units in the continental United States submit requests to FORSCOM. 

e Theater army or FORSCOM submits request to the geographic combatant commander for mission 
approval. 

e The geographic combatant commander forwards validated satellite access requests and gateway 
access requests to the supporting RSSC. 


Note. In accordance with United States Strategic Command Strategic Instruction 714-1, the 
validation authority (geographic combatant command or FORSCOM) submits satellite access 
requests to the supporting RSSC at least 30 days before the requested access date. Validation 
authorities may require verification authorities or authorized users to submit a satellite access 
request and gateway access request well in advance of the 30-day minimum to meet applicable 
timeline requirements. Therefore, the geographic combatant commands and FORSCOM requires 
users to submit their request 51 days before the requested access date. The validation authority 
requires an exception to policy to justify the late submission signed by the first O-6 in the chain 
of command for requests not submitted 51 days in advance. If the requesting unit fails to submit 
30 days before mission access or the RSSC determines a pattern of systemically late requests the 
RSSC may request an O-6 level engagement with the validation authority, along with a letter of 
lateness submitted by an O-6 sponsoring the requesting unit. 


GATEWAY ACCESS REQUESTS 


4-25. The gateway access request submission is similar to the satellite access request. Planners submit a 
gateway access request to request DISN services. The DISA reviews and approves gateway access requests. 
The gateway access request submission starts with the unit and routes through the chain of command to the 
theater army. If approved, the gateway access request routes through the respective RSSC and DISA offices. 
If approved, the RSSC sends the request to DISA, and the authorization is assigned a satellite 
communications database number and priority. 


ACCESS PRIORITIES 


4-26. The Chairman of the Joint Chiefs of Staff sets priorities for military SATCOM systems. The Joint Staff 
J-6 collects, consolidates, assesses, and records requests and coordinates with the operations directorate of 
the Joint Staff to validate and prioritize them. 


4-27. The Chairman of the Joint Chiefs of Staff owns SATCOM assets and apportions them to each 
geographic combatant commander, who temporarily controls SATCOM assets within their area of 
responsibility. Geographic combatant commanders apportion resources to joint task forces or Service 
components, depending on operational requirements and national priorities. 


4-28. Users should have an endorsed satellite communications database requirement before submitting a 
satellite access request. Before submission to the RSSC, the division communications planner prioritizes 
satellite access requests based on mission priorities according to the priority tables in CJCSI 6250.01F. Table 
4-1 on page 4-6 outlines satellite communications priorities. 
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Table 4-1. Satellite communications priorities 


User Requirement User Category 


Strategic order 
(essential to national survival) 


Tasked plan execution 


(operation plan or concept plan) 


Essential operational support 
(operations not associated with an 
operation plan or concept plan) 


Training 


Very important person support 


Research, development, testing, and 
evaluation 


Miscellaneous 


APPORTIONMENT 


. System control orderwire. 
. Executive support. 
. Strategic and threat warning intelligence. 


. National and strategic nuclear force direction 
requirements. 


. Secretary of Defense-directed geographic 
combatant command emergency operations 
authority (other than executive support). 


. Chairman of the Joint Chiefs of Staff support. 
. Geographic combatant commander operations. 


. Joint or multinational task force operations direct 
task force communications. 


. Component operations (theater forces). 
. Tactical warning intelligence. 


3A. Humanitarian support or defense support of civil 
authorities. 


3B. Geographic combatant commander operations. 
3C. Joint or multinational task force operations. 

3D. Component operations. 

3E. Intelligence and weather. 

3F. Diplomatic post support. 

3G. Space vehicle support. 

3H. Electromagnetic interference activity resolution. 
31. Logistics (routine material transit and processing). 


. Chairman of the Joint Chiefs of Staff-directed 
exercise. 


. Pre-deployment exercise/training (30-45 days out). 


. Geographic combatant command-sponsored 
(homeland security and defense). 


. Major command. 

. Joint forces training (multiple categories). 
. Unit-sponsored, unit-level training. 

. Service secretaries. 

. Service chiefs. 

. Combatant commander travel. 

. Other travel. 

. Electromagnetic interference activity testing. 
. DOD-sponsored testing. 

. DOD-sponsored demonstrations. 

. DOD administrative support. 

. DOD quality of life initiative. 


. DOD support to law enforcement (non-joint task 
force support). 


. Civil non-federal agency support. 
. Non-U.S. support (as approved). 
. Other. 


4-29. Apportionment is the distribution of a block of SATCOM resources to geographic combatant 
commanders and other authorized users for contingency and crisis planning. The force planning construct 
outlines resource apportionment based on strategic planning guidance. This construct considers operational 
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Example 1: y= 5 gt’ where g = 32 
Solution: 
y=16r 


Find y for t = 10 using logs. 
log oy = logy) (16 £’) 

log oy = logy, 16 + logy, f° 
log,y = log,, 16 + (2 logy) 4) 
logy = 1.204 + 2 log,, 10 
log;y = 1.204+2x 1 

logyy = 3.204 


02.204 = 


but this means 1 y 


y = 1600 


Example 2: Calculate log,, 2 - logy, 3. 
Solution: 
Rule 2. log,) (A/B): log) A - log), B 
logy) 2 - logy, 3 
= logy, (2/3) 
= log, (.667) 


= -0.176 
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situations, threat conditions, and operational requirements. The apportionment process begins before 
deployment with the development of contingency plans directed in the Joint Strategic Capabilities Plan. 


4-30. Operational and mission variables can affect SATCOM apportionment; satellite resources may require 
reassignment to meet urgent operational needs. Geographic combatant commanders cannot draft detailed 
communication plans without knowing the SATCOM apportionment. 


ACCESS PLANNING 


4-31. To use their apportioned SATCOM resources, geographic combatant commanders need permission to 
access a satellite. To obtain this permission to access, geographic combatant commanders follow the Joint 
Operational Planning and Execution System. The Joint Strategic Capabilities Plan tasking contains the 
development of time-phased force and deployment data or an Annex K (communications annex) for the 
contingency or crisis plan. If time-phased force and deployment data is not required, geographic combatant 
commanders may initiate the production of a SATCOM requirements summary. 


4-32. Approval recommendation for geographic combatant commanders’ communications plans rests with 
the USSPACECOM J-6. The USSPACECOM J-6 determines if SATCOM support is feasible and resources 
are available. 


ALLOCATION PROCESS 


4-33. Allocation is the authorization of SATCOM resources to support authenticated requirements. The 
allocation process provides or denies the requestor access to satellite resources. Denial of service due to 
insufficient resources can go through the USSPACECOM arbitration process defined in United States 
Strategic Command Strategic Instruction 714-04. 


4-34. The allocation process starts with a satellite access request, as outlined in approved communications 
plans. If the unit requires gateway access to DISN services, the unit submits a gateway access request 
concurrently with the satellite access request. USSPACECOM requires the validation authority to submit 
satellite access requests for training missions to the supporting RSSC at least 30 days before the mission. 
Validation authorities may require verification authorities or authorized users to submit satellite access 
requests and gateway access requests more than 30 days in advance to meet applicable timeline requirements. 


4-35. The RSSC processes and certifies satellite access requests and issues satellite access authorizations to 
allocate SATCOM resources. The DISA Contingency and Exercise Branch processes gateway access 
requests and issues gateway access authorizations for pre-positioned DISN services. 


4-36. Processing times differ according to the priority of the satellite access request and gateway access 
request. The allocation process schedules satellite access according to system limitations, equipment 
constraints, and validated priorities. Processing times include— 
e Crisis or contingency satellite access request—within 24 hours if a solution exists. 
e Routine requirements—usually 30 days before mission or exercise start, or 21 days after satellite 
access request submission. 


Note. CJCSI 6250.01F outlines procedures for submitting waivers requests for rejected satellite 
access requests or gateway access requests. 


AFTER ACTION REVIEWS 


4-37. The after action review documents system and personnel performance, identifies procedural or 
technical conflicts, and records outstanding or substandard mission performance. The after action review 
provides historical information to identify trends, lessons learned, and potential systemic problems associated 
with satellite missions. The data collected during after action reviews can serve as a roadmap to improve 
future operations. 


4-38. Upon request from the user, geographic combatant commander, controller, planner, or manager, all 
entities involved with a SATCOM mission complete an after action review within 10 working days of the 
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request. The after action review submission follows the same channels as listed in paragraph 4-31 for satellite 
and gateway access requests. 


PLANNING CHECKLIST 


4-39. The SATCOM planning checklist helps planners understand SATCOM requirements. The checklist 
helps a planner in defining SATCOM requirements. The planning checklist requires the planner to answer 
the following questions: 


4-8 


Are we in the communications planning meetings for this operation? 

What is our mission? 

What is our deployment timeline? 

When specifically does the mission begin and end? 

Who is our supporting headquarters, and what information do they require from us? 
Whom do we support, and what services do they require? 


If the operation is outside the continental United States, are host-nation agreements and landing 
rights approved? 


What is the area of operations communications infrastructure? 
Can we leverage the existing communications infrastructure? 


What types of terrain may be present in the area of operations that may interfere with SATCOM 
access or terminal placement? 


What is the threat environment? 

Do we have justified SATCOM requirements to support the mission? 

Do we need to submit requests for satellite communications database numbers? 
Do we require expedited approvals? 

How long will SATCOM services be required? 

What are the types of circuits and data rates required? 

Where do we obtain the required frequencies? 


Are the Global Positioning System frequencies incorporated in the unit frequency plans to 
preclude interference from tactical communications equipment? 


Do we have adequate communications security devices and keying material to support our 
networks? 


What is our plan for the emergency destruction of classified material in the terminals? 
What multinational systems support or connect to the network? 
Do we have or foresee any interoperability issues with multinational partners or other Services? 


What type of traffic requires protected SATCOM links and what traffic can use commercial 
SATCOM? 

What are the priorities for individual links? 

What terminals are required to support the mission? 

Are the terminals on hand or do we obtain them from another unit? 

Where will the terminals be located? 

What is the phasing of the operation and what type of SATCOM support is necessary for each 
phase? 

What equipment and which troops will deploy? 


Do we have qualified SATCOM equipment operator-maintainers? What training is required 
before movement? 


What types of backup communications are necessary? 


Are SATCOM units and personnel prioritized and included in the time-phased force and 
deployment data? 


Have we established and disseminated clear policies for the use of personal Global Positioning 
System receivers, handheld commercial radios, cell phones, and morale calls using SATCOM? 
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Is there a heavy dependence on one means of communications during the operation? 


Have SATCOM requirements for the operation been evaluated to ensure the proper use of limited 
assets? 


e Can any of the networks combine or time-share based on usage patterns? 


Should we plan for and establish provisions for a changeover of tactical SATCOM with 
commercial SATCOM at the earliest opportunity? 


NARROWBAND SATELLITE COMMUNICATIONS 


4-40. Narrowband (UHF) SATCOM supports tactical forces. Planners should submit a satellite access 
request to the validation authority at least 30 days before the mission date to meet applicable timeline 
requirements. The validation authority submits the validated satellite access request to the supporting RSSC 
30 days before the requested access date, unless the validation authority identifies a satellite access request 
as an exception to policy, crisis, or contingency satellite access request. Planners use the Joint Integrated 
Satellite Communications Tool application on SIPRNET to prepare and submit narrowband SATCOM 
satellite access requests. 


4-41. UHF satellites have limited available bandwidth. Routine traffic should use other means of 
communication. 


Note. Refer to ATP 6-02.53 for more information on narrowband SATCOM planning. Refer to 
CJCSI 6251.01F for narrowband SATCOM policy guidance and procedures. 


WIDEBAND SATELLITE COMMUNICATIONS 


4-42. The primary purpose of wideband SATCOM is to extend the range of DISN services. WGS and DSCS 
satellites provide global backbone connections. Wideband SATCOM enables efficient use of the spectrum. 
The use of wideband frequencies adds flexibility to routed traffic between users in different scenarios. 
Wideband SATCOM improves performance for disadvantaged users and provides legacy compatibility with 
existing users. Both tactical and enterprise systems support wideband SATCOM, which is increasingly 
interoperable with commercial SATCOM infrastructure to maximize performance and flexibility. 


WIDEBAND PLANNING 


4-43. For wideband SATCOM development, planners rely on wideband satellite operations procedures. 
These procedures cover the use of the DSCS and WGS constellations and GBS. Wideband satellite operations 
procedures apply to all Services, agencies, and multinational mission partners requesting access to the DSCS 
and WGS constellations. 


WIDEBAND SATELLITE AND GATEWAY ACCESS REQUEST 


4-44. Wideband satellites are a limited and shared resource. The geographic combatant command J-6 staff 
analyzes communications requirements to support the command and subordinate commands within their area 
of operations. The J-6 staff collects requirements and develops their communications plan (Annex K) 
supporting command and control requirements at all echelons. The J-6 plan considers the equipment type, 
data rate, and connectivity characteristics of wideband SATCOM links required. J-6 planners coordinate with 
the wideband SATCOM manager from the servicing RSSC to identify shortfalls and resource availability. 


4-45. Communications planners submit an Army service request or satellite access request through their 
chain of command to the supporting RSSC to request satellite access for a wideband SATCOM mission. 
Planners should submit requests 30-45 days before the mission start date to allow adequate time for 
processing. The supporting RSSC adjudicates conflicting requirements before approving a satellite access 
authorization. The requests processes include— 


e Army service request or satellite access request for commercial Ku band. 
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e Army service request for WGS (Ka or X band) support using the Army Centralized Army Service 
Request System on SIPRNET. 

e Satellite access request for WGS SATCOM using the Joint Integrated Satellite Communications 
Tool application. 


4-46. The unit submits a gateway access through the Army Centralized Army Service Request system portal. 
When submitting a gateway access request, the planner includes the appropriate satellite communications 
database priority designator. FORSCOM validates and adjudicates the unit’s gateway access request against 
the collective mission of the Army, and provides a copy of the satellite or gateway access to USSPACECOM. 


4-47. RSSCs plan and authorize satellite access based on satellite resource availability, mission priority, and 
satellite communications database characteristics. Satellite access authorizations provide operating 
parameters, interim tactical orderwire system parameters, and interim tactical orderwire system-controlled 
frequency division multiple access network operating parameters. The Joint Integrated Satellite 
Communications Tool application transmits satellite access authorizations to the originator of the satellite 
access request, the primary and alternate WSOC, and the DOD gateway site (if applicable). 


PROTECTED SATELLITE COMMUNICATIONS 


4-48. User requirements determine the satellite and terminal connectivity necessary. Coordination with 
management and controlling organizations for protected SATCOM is necessary for network planning, 
antenna control, communications control, and resource monitoring. Protected SATCOM missions require— 


e Planning. 


e Access and authorization. 
e Terminal image generation. 
e Management of protected access. 
e Tactical reporting. 
PLANNING 


4-49. Geographic combatant commands consolidate and approve unit-level mission requirements. EHF and 
AEHF mission implementation is a complex process due to the amount of information required to prepare 
the satellite terminals for EHF and AEHF access. Planners submit satellite access requests over the Joint 
Integrated Satellite Communications Tool application. Planners should submit request early enough to allow 
30-45 days processing time for EHF and AEHF services. 


ACCESS AND AUTHORIZATION 


4-50. Accessing a protected SATCOM payload requires a satellite access authorization and terminal image 
data. Planners identify mission requirements and submit a satellite access request for EHF to the theater army 
SATCOM manager. The theater army G-6 verifies the mission and forwards requirements to the geographic 
combatant command for validation and mission approval. The RSSC implements the requirements. 


4-51. The RSSC verifies Milstar and AEHF can support the mission using the Tactical Mission Planning 
Subsystem. The RSSC verifies UHF Follow-On can support EHF low data rate missions using the UFO or 
EHF Communications Support Tool. Depending on the EHF or AEHF satellite used, the RSSC coordinates 
the mission with the theater army G-6 and geographic combatant command J-6 staff. 


4-52. The RSSC develops and issues the satellite access authorization, authorizes the protected mission, and 
issues an action copy to the requesting unit. The RSSC provides information copies to the theater army G-6, 
the geographic combatant command J-6, the Milstar Satellite Operations Center, and the Naval Satellite 
Operations Center. 


TERMINAL IMAGE GENERATION 


4-53. System constellation, payload, service, terminal configuration data, satellite ephemeris data, and 
transmission security and communications security keys for the EHF and AEHF mission form the terminal 
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image. The service terminal controller consolidates, develops, and distributes the terminal image data for 
loading by terminal operators. 


MANAGEMENT OF PROTECTED ACCESS 


4-54. The geographic combatant command manages allocated and apportioned resources according to 
warfighting requirements and can sub-apportion resources to the theater army and other Service components. 
The designated network control station or communications controller monitors services during the mission. 
Milstar and AEHF enable centralized management and decentralized execution. Refer to CJCSM 6254.01H 
for more information about Milstar network planning. 


TACTICAL REPORTING 


4-55. Accurate tactical reporting is essential to managing protected SATCOM. The EHF after action review 
documents information to identify trends, lessons learned, and problems with tactical EHF missions and 
improve future operations for the EHF management and user community. 


4-56. The tactical environment is always fluid. SMART-T and single-channel anti-jam man-portable 
terminals extend tactical communications to beyond line-of-sight ranges at echelons corps through brigade. 
Terminals frequently move, de-access and re-access the satellite, and are subject to preemption due to low 
precedence. 


4-57. Unit standard operating procedures dictate additional reporting requirements. Terminal operators 
report to the network control station or communications controller and communications planner during 
troubleshooting. Communications planners report conflicts to the RSSC to help resolve system problems. 


4-58. At the end of a protected SATCOM mission, participants provide feedback to the communications 
planner. The communications planner compiles comments for the after action review and submits these 
comments through the Joint Integrated Satellite Communications Tool for inclusion in the DOD satellite 
database. 


4-59. The after action review documents EHF and AEHF mission performance. Army units maintain a 
master station log to track mission information. DA Form 1594 (Daily Staff Journal or Duty Officers Log) 
is a master station log example. Terminal operators can use the SMART-T data export feature to save or print 
history, fault, and fault isolation logs. The logs assist in after action review development. 


COMMERCIAL SATELLITE COMMUNICATIONS 


4-60. The commercial satellite industry has a small number of multinational commercial satellite owner- 
operators and a greater number of vendors who resell satellite bandwidth and services. Commercial resources 
play a vital role in satisfying military SATCOM requirements. When operational requirements exceed 
military capabilities, or can be met more efficiently or effectively using commercial services, commercial 
satellites augment military wideband and narrowband capabilities. 


4-61. United States Air Force Space Command manages commercial SATCOM contracts. Planners route 
requests for commercial satellite support through United States Air Force Space Command or obtain a waiver 
through the DOD CIO. The increased use of and reliability of commercial satellite services make them a 
cost-effective solution for military use. In coming years, the demand for commercial capabilities to meet 
military SATCOM requirements is expected to continue to increase. 


ARMY USE OF COMMERCIAL SATELLITE COMMUNICATIONS 


4-62. The Army employs military SATCOM capabilities when they are available and the most effective or 
efficient asset for a particular mission. When available military resources are insufficient to support 
operations, units can request commercial satellite resources to provide the required additional bandwidth. In 
a few cases, the Army mission does not have a sufficiently high priority to receive consistent military 
SATCOM access. In other cases, the technical design or the deployment schedule of the military satellite 
constellations cannot fulfill mission requirements. In these cases, the Army employs a disciplined process of 
mission analysis, solution analysis, and resource analysis to provision commercial services. 
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4-63. Several Army organizations provide, operate, and manage commercial SATCOM networks to augment 
military capabilities for Army and DOD missions. These organizations include— 
e Program Manager-Defense Wide Transmission Systems—operational manager of the logistics 
SATCOM network. 
@ FORSCOM—operational manager of the commercial SATCOM network for Warfighter 
Information Network-Tactical (WIN-T) training in the continental United States. 
e Program Manager-Mission Command—operational manager of the friendly force tracking 
network. 


4-64. Commercial satellite access also goes through the satellite access request and satellite access 
authorization process. United States Air Force Space Command records the satellite communications 
database and transmission plan for each lease annually, and reports to USSPACECOM. 


PLANNING FOR COMMERCIAL SATELLITE COMMUNICATIONS FIXED SATELLITE SERVICES 


4-65. Army SATCOM networks require satellite communications database numbers in accordance with 
CJCSI 6250.01F. The satellite communications database entry for each network identifies whether 
commercial capabilities are the primary or alternate means of communication. Units submit their 
requirements through the supported geographic combatant command. Commercial satellite access requests 
follow similar procedures to requests for military SATCOM access. Planners should submit satellite access 
requests, gateway access requests, telecommunications service requests, statements of work, and commercial 
satellite service surveys to the theater army spectrum manager (outside the continental United States) or the 
FORSCOM SATCOM manager (in the continental United States) 30-45 days before the requested access 
date. 


4-66. Army units employing WIN-T systems in the continental United States request military or commercial 
satellite access based on unit training goals. Army units request access to military satellites using the Joint 
Integrated Satellite Communications Tool. FORSCOM processes the satellite access request for submission 
to USSPACECOM. FORSCOM manages commercial access to support WIN-T training. NETCOM operates 
the regional hub nodes to provide gateway access and a connection to DISN services for these missions. 
Units request access by submitting a satellite access request and a gateway access request using the Army 
Centralized Army Service Request System Portal. Requests should include the satellite communications 
database priority designator. FORSCOM validates the request and adjudicates the schedule and capacity 
based on overall collective training missions for the Army. USSPACECOM receives a copy of the satellite 
access request for validation. Most commercial SATCOM missions for training in the continental United 
States use the WIN-T regional hub nodes at Camp Roberts, California, and Fort Bragg, North Carolina for 
DISN access. 


COMMERCIAL SATELLITE COMMUNICATIONS MANAGEMENT 


4-67. USSPACECOM is the main DOD element for engagement with the commercial satellite industry. The 
Army participates in many working groups USSPACECOM organizes with Satellite Industry Association 
member companies. 


4-68. United States Air Force Space Command has two divisions that assist with managing commercial 
SATCOM. The Operate and Assure Division directs, coordinates, and synchronizes acquisition for 
commercial SATCOM. The Gateway Operations Division is the C-SSE for DOD gateways, manages the use 
of commercial satellite networks, and provides monitoring and control. 


MOBILE SATELLITE SERVICES 


4-69. Mobile satellite service is a portable satellite telephone that enables phone service anywhere on the 
earth. Mobile satellite service systems support Army missions and operations by augmenting military 
terrestrial and satellite networks and providing beyond line of sight communications capabilities. Mobile 
satellite service systems are commercial products; the Army does not exercise oversight in the development, 
fielding, or operation of these systems. The Army relies on vendor-provided information to determine the 
suitability of mobile satellite service systems for military use. 


4-12 ATP 6-02.54 05 November 2020 


Satellite Communications Planning 


4-70. The only mobile satellite service systems the Army can use without a waiver are Iridium and 
international maritime satellite INMARSAT). A mobile satellite service link is similar to a cellular telephone 
link, except the repeaters are orbiting the Earth, rather than on the surface. Those mobile satellite service 
repeaters are on geostationary, medium Earth orbit, or low Earth orbit satellites. If the system has enough 
satellites to provide global coverage, a mobile satellite service can link any two compatible handsets at any 
time, regardless of location. Mobile satellite service systems interoperate with land-based cellular and 
landline telephone networks. 


4-71. The DISA is the SSE for mobile satellite services. The DISA mobile satellite service office— 

e Provides planning and technical functions to support operational management of the INVARSAT 
satellite constellation and responds to operational requirements of military and non-military 
customers. 

e Maintains a management structure that integrates mobile satellite services with the DODIN. 

e Obtains, configures, operates, maintains, and provides the status of fixed and transportable mobile 
satellite service gateways. 

e Establishes procedures for reporting status and service interruptions of the Iridium and 
INMARSAT constellations. 

Establishes centralized contracts to procure mobile satellite service devices and services. 

e Provides mobile satellite service resources to meet the geographic combatant commanders’ 
operational requirements. 

e@ Maintains classified telephone directories for mobile satellite services. 

Coordinates connection approvals based on host-nation regulations and standards. 


Enhanced Mobile Satellite Service 


4-72. Enhanced Mobile Satellite Service is a satellite-based telephone and data communication service that 
uses commercial satellite infrastructure to provide voice and low rate data services from a mobile, lightweight 
terminal through a dedicated gateway to access the DODIN. Enhanced mobile satellite service can provide 
type-1 secure voice service and non-secure access to commercial and Defense Switched Network telephone 
services. 


4-73. Modifications to the commercial system provide compatibility with type-1 voice encryption and 
protection of sensitive user information. The Enhanced Mobile Satellite Service gateway provides remote 
access to the Defense Switched Network, commercial long-distance, commercial international long distance, 
and other DISN services. Enhanced Mobile Satellite Service features include— 
e Global coverage—Polar Regions (90 degrees north to 90 degrees south), ocean areas with no gaps, 
airborne service, and secure global handheld communications. 


e Encryption—end-to-end, type-1 voice, and non-secure data capability. 

e Signaling—protection of sensitive user information. 

e Access—U.S. Government control, denial of service protection, Defense Switched Network 
multilevel precedence and preemption. 

e Paging. 


e  Short-burst data. 


4-74. The Enhanced Mobile Satellite Service provides the following special features: 
e Broadcast service. 
e Protected paging. 
e Short burst messaging. 
e Conference calling. 
e@ NIPRNET and SIPRNET connectivity. 


4-75. The Enhanced Mobile Satellite Service is offered through the DISA to DOD users, other U.S. 
Government departments and agencies, state and local governments, and Joint Staff-approved multinational 
users. Specific value-added manufacturers approved by the DISA can offer Iridium-based solutions 
compatible with the DOD Iridium architecture. These value-added manufacturers must comply with 
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provisions for positive access control to the DOD Enhanced Mobile Satellite Service network, control of user 
information, and reports to the DISA. 


Iridium 


4-76. The Iridium system is the first commercially available, cross-linked, pole-to-pole, global enhanced 
mobile satellite service. Iridtum provides mobile, 24-hour telephone, paging, messaging, facsimile, and low 
data rate services to small handsets anywhere on the globe, including the polar regions. 


4-77. The Iridium constellation provides continuous coverage of every region on the globe by at least one 
satellite. Each satellite acts as a digital relay, cross-linked to four other satellites—two satellites in the same 
orbital plane and two in an adjacent plane—to deliver communications services to remote areas on the Earth 
where terrestrial communications may not be available. 


4-78. Iridium provides complete earth coverage. Iridium ground support involves the system control segment 
and gateways, which connect to the terrestrial telephone system. The system control segment is the central 
management component for Iridium. It provides global operational support and control services for the 
satellite constellation, delivers satellite-tracking data to the gateways, and performs the termination control 
function of messaging services. The DOD Iridium gateway in Wahiawa, Hawaii, handles Iridium military 
traffic for security and billing. 


4-79. Iridium handsets and associated hardware are available through the DISA Direct Order Entry ordering 
process. Various vendors offer third-party solutions. The DISA Direct Order Entry process ensures the 
solutions comply with the DOD Iridium architecture. The National Security Agency has approved and 
certified the Iridium Security Module. The Iridium security module provides users a secure method to 
coordinate with RSSCs for access and engineering purposes. The Iridium architecture depends on a clear line 
of sight to the satellite. Customers inside buildings, under dense foliage, or in steep terrain, such as high 
mountains or urban areas with tall buildings, may experience difficulty acquiring a satellite signal. 


International Maritime Satellite 


4-80. INMARSAT supports maritime, land, and aerial communications. Army planners should understand 
INMARSAT capabilities to better develop their communications solutions. INMARSAT capabilities 
include— 

e Standard voice communications. 

e Streaming (predetermined quality of service) and standard (shared data connection) internet 
protocol services at speeds up to 432 kilobits per second (kbps). 
Integrated Services Digital Network services supporting voice and data communications. 
Text messaging. 
Cybersecurity. 
Network usage and fault monitoring and reporting. 


e@ Customer support services. 


4-81. One of the major differences between the Iridium and INMARSAT constellations is the orbits the 
satellites use. Because INMARSAT operates in a geosynchronous orbit, it cannot offer polar coverage. 
INMARSAT shares the same advantages and disadvantages as other geosynchronous satellite constellations. 


WARFIGHTER INFORMATION NETWORK-TACTICAL PLANNING 


4-82. Each WIN-T SATCOM assemblage requires an authorization to operate from the designated approval 
authority before submitting a satellite access request or Army service request. The fielded WIN-T 
assemblages are type-accredited. Accreditation is part of the authorization to operate submission. 
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ACCESS REQUEST AND AUTHORIZATION 


4-83. The geographic combatant command adjudicates and validates resource requirements. The following 
organizational references only identify parent organization relationships. The satellite access request and 
Army service request process includes— 


The unit submits a satellite access request or Army service request, statement of work, commercial 
satellite service survey, network diagram, and air tasking order or interim authorization to operate 
through their chain of command to the theater army outside the continental United States or 
FORSCOM in the continental United States. 

The unit coordinates with the corps or division when developing and submitting the satellite access 
request, statement of work, commercial satellite service survey, Army service request, network 
diagram, and air tasking order. 

The corps verifies the submission paperwork and forwards it to theater army or FORSCOM. 

The theater army or FORSCOM validates the request, assigns mission priority and— 


=" Coordinates with the signal command (theater) [SC(T)] and the regional hub node operations 
section to ensure resources are available to support mission requirements. 


=" Coordinates requirements with the geographic combatant command if it funds the space 
segment or supports a joint mission or if arbitration of resources is necessary for competing 
joint mission requirements. 

If the approval authority disapproves a request, the authority returns it to the requesting unit noting 

disapproval. The theater army, SC(T), and the affected unit identify alternative courses of action, 

for example, out-of-theater regional hub node or teleport access. 

The theater army submits a satellite access request or commercial satellite team service survey to 

the RSSC planner for further processing. The SC(T) or NETCOM incorporates the mission 

requirement into the SATCOM access schedule. The theater army and geographic combatant 

command arbitrate resource conflicts for Army or joint missions. 

The SC(T) or NETCOM forwards the satellite access request or commercial satellite service 

survey to the RSSC, who— 

= Submits the package to the future commercial SATCOM services acquisition office at the 
DISA. The future commercial satellite communications services acquisition contractor 
develops a transmission plan and coordinates licensing, landing rights, and frequency 
clearance. 

= Assigns a mission number and develops the satellite access authorization. 

The satellite access authorization and transmission plan go back to SC(T) or NETCOM. The RSSC 

manager disseminates the satellite access authorization and transmission plan for joint missions to 

the geographic combatant command J-6 for theater space segment utilization and frequency 

management. The commercial SATCOM manager— 


= Submits the package to the DISN Satellite Transmission Service-Global who develop a 
transmission plan and coordinate licensing, landing rights, and frequency clearance. 

= Assigns a mission number and develops the satellite access authorization. 

= Reviews the interim authorization to operate or air tasking order and authorizes connectivity. 

=" Coordinates with the regional hub node operations section to identify equipment to support 
missions. 

The SC(T) develops the Army service authorization from the Army service request and 

incorporates the mission number from the satellite access authorization into the Army service 

request authorization. 

The SC(T) or NETCOM provides the authorization to connect, Army service authorization, 

satellite access authorization, and transmission plan to the tactical unit and regional hub node 

operations section. 

The regional hub node operations section and tactical unit implement crew assignment sheets, 

prepare systems, and implement equipment configurations for operation according to the satellite 
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access authorization, Army service authorization, and transmission plan, and coordinate with the 
regional hub node operations section for access to satellite and baseband services. 


4-84. In establishing services, the WIN-T equipped unit works with the regional hub node to initiate and 
troubleshoot services, as required. Regional hub node personnel coordinate with commercial satellite 
operations centers. 


MANAGING DEFENSE INFORMATION SYSTEMS NETWORK SERVICE ACCESS 


4-16 


4-85. The WIN-T equipped unit submits an Army service request to the theater army through the SC(T) to 
request regional hub node access and DISN services. The WIN-T equipped unit’s Army service request is 
internal to the Army because it uses Army pre-provisioned connectivity to DISN services. The unit follows 
the standard gateway access request process to request DISN service access over the DOD gateway. 


4-86. The SC(T) and regional hub node operations sections assist the unit with provisioning and extending 
services through the regional hub node. If the regional hub node cannot fulfill a mission requirement due to 
competing or higher priority missions, the deployed user, with support from the SC(T), submits a gateway 
access request through the geographic combatant command to the DISA Contingency and Exercise Branch 
for validation. 


ATP 6-02.54 05 November 2020 


Algebra LOGARITHMS 


Example 3: Calculate 3log,, 2. 


Solution: 
Rule 3. log, (A") = nlog, A 
3log i) 2 
= logy (2°) 
= log, 8 
= 0.903 


Example 4: Calculate 4log,, 10. 


Solution: 
Rule 4. log, b= 1 
Alog,, 10 
= 4(1) 
=4 


Example 5: Calculate (1/3)log,, 2. 


Solution: 


Rule 5. log, VA = log, A" = (I/n)log, A 


(1/3)log,, 2 


3 
= logo y2 
= logy) 1.259 


= 0.1003 
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Chapter 5 
Satellite Communications Enablers 


There are specific organizations within DOD responsible for the use of military and 
commercial satellite communications. These organizations help the satellite 
communications community support Army operations. Clear guidance and readily 
available assistance are essential for satellite communications efficiency. The units 
monitor satellite transmissions and ensure compliance with technical and regulatory 
guidance. This chapter discusses the various commands that enable satellite 
communications and the distribution of signal units. 


UNITED STATES SPACE COMMAND 


5-1. At the strategic level, Commander, USSPACECOM provides SATCOM support to geographic 
combatant commanders. Commander, USSPACECOM links the Joint Staff, DOD elements, and the 
President to the operational theater using SATCOM. 


5-2. USSPACECOM and its Service components oversee worldwide space operations, including 
SATCOM. As the SATCOM operational manager, Commander, USSPACECOM directs day to day, 24-hour 
SATCOM support. 


5-3. Commander, USSPACECOM designates C-SSEs and SSEs to serve as subject matter experts for their 
systems and portfolios. USSPACECOM requires an integrated management approach that combines the 
efforts of the various SSEs and provides recommendations through a fully integrated analysis. C-SSEs for 
military UHF, SHF, and EHF, commercial SATCOM, and DOD gateways coordinate and integrate inputs 
from the SATCOM community of interest and cross-system inputs from SSEs. The SSEs support the C-SSEs 
with an integrated SATCOM management framework to support USSPACECOM’s efforts to plan, assess, 
analyze, and integrate SATCOM. 


5-4. SSEs are experts on their specific SATCOM systems and have a general knowledge of other SATCOM 
systems. SSEs provide technical, operational, and engineering support to USSPACECOM, C-SSEs, 
electromagnetic interference managers, acquisition activities, and other USSPACECOM organizations. 
USSPACECOM may task SSEs to support other commands and agencies as required. SSEs respond to 
operational emergency requests 24 hours a day. USSPACECOM tasks non-component SSEs directly for 
required support. The C-SSE integrates non-component SSE input into a complete product for 
USSPACECOM use. 


UNITED STATES ARMY SPACE AND MISSILE DEFENSE 
COMMAND 


5-5. USASMDC executes space operations, ensuring joint and Army forces maintain an information 
advantage through access to space assets. To accomplish its mission, USASMDC exercises operational 
control over elements positioned worldwide. 


5-6. USASMDC is the designated C-SSE for military UHF (narrowband) and SHF (wideband) SATCOM. 
It is also the designated SSE for DSCS, GBS, MUOS, and WGS. USASMDC maintains 24-hour wideband 
and narrowband SATCOM assistance line. 
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UNITED STATES ARMY SATELLITE OPERATIONS BRIGADE 


5-7. The United States Army Satellite Operations Brigade provides existing and emerging space 
capabilities that enable the President, Secretary of Defense, U.S. forces, and allies to deliver decisive combat 
power. The brigade conducts continuous space force enhancement, space support, and space control 
operations. The United States Army Satellite Operations Brigade exercises command and control over its 
four subordinate space battalions, one being the 53d Signal Battalion. 


53D SIGNAL BATTALION (SATELLITE CONTROL) 


5-8. The 53d Signal Battalion (Satellite Control) executes the RSSCs satellite access authorizations for 
WGS and DSCS satellites. The battalion conducts satellite payload and transmission control, telemetry, 
network monitoring, and electromagnetic interference detection for the WGS and DSCS constellations for 
the President, the Secretary of Defense, the Department of Defense, geographic combatant commanders, and 
multinational partners. 


5-9. The 53d Signal Battalion authorizes wideband SATCOM terminal access, maintains the satellite 
communications database, and manages power of communications links. Using spectral monitoring of the 
communications across the satellite, the controllers can detect, monitor, and mitigate satellite anomalies and 
electromagnetic interference for their designated satellite. 


5-10. The 53d Signal Battalion manages six geographically dispersed companies. Five of the companies 
operate the WSOCs; the sixth is a headquarters and headquarters company responsible for the health, morale, 
welfare, training, discipline, conduct, and combat readiness for all assigned Soldiers and the battalion staff. 
Two companies have the additional task of managing the jam-resistant secure communication mission. Both 
companies provide global operations to ensure freedom of action in space to support USSPACECOM’s 
ability to ensure access to military and leased commercial satellite transmission paths of interest. 


UNITED STATES ARMY NETWORK ENTERPRISE TECHNOLOGY 
COMMAND 


5-11. NETCOM oversees the installation, operation, maintenance, and security of the DODIN-A. NETCOM 
provides staff assistance for Army units that provide SATCOM support. NETCOM is responsible for the 
Army Enterprise Infostructure. NETCOM executes its global mission through the SC(T)s. Refer to FM 6-02 
and AR 10-87 for more information on NETCOM. 


SIGNAL COMMAND (THEATER) 


5-12. The SC(T) is the highest-level signal organization in a theater of operations. The SC(T)s are 
subordinate commands of NETCOM and function under the operational control of their supported theater 
army. The SC(T) provides oversight for units installing, operating, maintaining, and securing elements of the 
DODIN-A in theater. The SC(T) exercises command and control over strategic and limited tactical 
organizations, visual information resources, wire and cable, commercial infrastructure, and theater signal 
maintenance. 


5-13. An SC(T) provides signal support to the theater army, including missions to support large-scale combat 
operations. The SC(T) exercises technical control over the theater tactical signal brigade and its assigned 
signal support elements. It also exercises command and control over the strategic signal brigade. 


5-14. The commander of the SC(T) may serve as the theater army G-6. The SC(T) commander receives 
mission orders from the theater army commander. The SC(T) performs network management through staff 
or technical channels through NETCOM, the geographic combatant command J-6, and USSPACECOM for 
service and enterprise management, technical compliance, and cybersecurity. The SC(T)’s SATCOM 
responsibilities include— 
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e Exercising command and control over subordinate units. 


Providing a staff component for various operational commands, including joint task force J-6, 
joint force land component command G-6, Army forces G-6, corps G-6, and division G-6. 
e@ Operationally managing signal assets in theater. 
Providing oversight to the regional cyber center. 
Providing planning and staff management of the ground mobile force tactical satellite Theater 
SATCOM Monitoring Center and Army ground mobile force terminals in theater. 
e Coordinating with the DISA and theater army G-6 concerning DISN matters. 


Coordinating with the DISA, theater frequency manager, and host-nation spectrum and 
communications authorities for scheduling and using commercial and host-nation assets in theater. 


e Providing visual information assets to support the theater army. 


5-15. The SC(T) supports Army network requirements in theater, whether as a forward element, operating 
in sanctuary, or from a power projection platform. Ideally, the SC(T) center of mass locates where the 
commander can best exercise technical control over signal assets, influence theater network schemes and 
architectures, and optimize network management in support of the theater army commander or joint force 
commander. 


302D SIGNAL BATTALION 


5-16. The 302d Signal Battalion executes Army enterprise (strategic) SATCOM operations in the continental 
United States. The 302d Signal Battalion is part of the 21st Signal Brigade, whose mission is to provide 
global information services for command and control for the President, Secretary of Defense, geographic 
combatant commands, and other federal agencies. Army fixed station earth terminals and technical control 
facilities in the continental United States are the responsibility of the 302d Signal Battalion, except for the 
auxiliary satellite control terminals at the WSOCs. 


DISTRIBUTION OF SIGNAL UNITS 


5-17. The Army’s force structure allows tailored signal assets to meet mission requirements when deployed. 
Expeditionary signal elements operate with common skills and capabilities at all tactical echelons. These 
elements include organic assets from corps to brigade combat team and the pooled assets of the expeditionary 
signal battalion (ESB) to support echelons above corps and downward reinforcing missions. 


BRIGADE LEVEL 


5-18. Brigade-level elements receive their network support either using their organic signal capabilities or 
by requesting the pooled signal capabilities of the ESB. Refer to FM 6-02 for more information about defining 
signal requirements and requesting support. 


Brigade Combat Team 


5-19. The organic signal assets of the brigade combat team support continuous operations to sustain the 
brigade communications networks. Brigade combat team signal elements install, operate, maintain, and 
secure automated information systems and networks to support brigade operations and integrate with higher 
and adjacent units and theater networks. Brigade combat team signal elements extend DISN services to 
subordinate elements through line of sight and satellite transport capabilities. The brigade signal company 
reports to the brigade signal staff officer. 


5-20. Communications assets not organic to brigade combat team signal elements, but which are organic to 
the brigade combat team, may still fall under the signal company’s responsibility to configure and install. 
Other signal assets, such as the very small aperture terminal, are the responsibility of the user to coordinate 
with the signal staff and integrate into the brigade combat team network. 


5-21. SATCOM extends the range of the brigade combat team communications network beyond line of sight 
and provides an internal brigade network down to the battalion level. SATCOM support to the brigade 
includes— 
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Milstar and AEHF. 

Point-to-point data links to SMART-Ts. 

UHF links to Spitfire terminals fitted on command vehicles. 
e WIN-T network 


5-22. The brigade combat team relies on WIN-T for wide-area network transport. WIN-T’s wideband tactical 
satellite terminals provide transmission for high bandwidth, voice, battlefield video teleconferencing, data 
applications, and collaborative planning while at-the-halt or on-the-move. Refer to ATP 6-02.60 for more 
information about WIN-T SATCOM transport. 


Support Brigade 


5-23. Multifunctional and functional support brigades are another substitutable formation type, based on 
operational specialty. Examples of support brigades are— 


e Multifunctional: 
= Field artillery. 
= Combat aviation. 
= Maneuver enhancement. 
= Sustainment. 
e Functional: 
=" Expeditionary military intelligence. 
=" Military police. 
5-24. Multifunctional support brigades have some organic signal assets but may require augmentation to 
support their deployed mission. Functional support brigades have no organic network capabilities. The S-6 


identifies and requests support through the request for forces process. Refer to FM 6-02 for more information 
about the request for forces process. 


EXPEDITIONARY SIGNAL BATTALION 


5-25. The ESB generally provides pooled network capabilities to support echelons above corps. The ESB 
also has smaller teams to support units within a brigade combat team, or when needed to provide network 
support for natural disaster relief efforts or other contingencies around the world. ESBs install, operate, 
maintain, and secure their portions of the DODIN-A. 


5-26. ESBs can deploy a tailored capability or an entire battalion, depending on mission requirements. Units 
with no organic signal capabilities may receive dedicated support from an ESB, or co-locate with a unit at a 
site that permits sharing of existing network support. The ESB structure has multifunctional elements, each 
containing the switching equipment, transmission systems, data network management systems, and network 
management resources that comprise a complete signal node. 


DEPLOYMENT AND EMPLOYMENT OF UNITS 


5-27. A robust network of satellites, radios, and tactical communications systems enables units to connect to 
the DODIN-A regardless of their location. These unique capabilities enable the joint force commander to 
perform missions that are interdependent, globally dispersed, and network-centric. 


Pre-Deployment 


5-4 


5-28. Signal planners prepare detailed signal plans, which include the satellite access request, frequency 
clearance, landing rights, deployment orders, deployment instructions, and equipment cut-sheets. Planners 
obtain geographic combatant command J-6 approval before the satellite access phase of any wideband 
SATCOM mission. Upon receiving the satellite access authorization, the communications planner— 
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Obtains frequency clearance by coordinating with the theater or host-nation spectrum authorities. 


Prepares terminal deployment orders and cut-sheets that reflect the approved communications 
parameters for wideband SATCOM terminal and gateway terminal operators involved in the 
mission. 


5-29. The WSOC updates the control communications subsystem identified in the satellite access 
authorization for positive control. The wideband SATCOM network terminal’s unit commander ensures 
terminals deploy with properly maintained equipment and qualified operators. 


Deployment 


5-30. The wideband SATCOM terminal operator deploys, installs, operates, and maintains the terminal 
equipment. The terminal operator reconfigures and adjusts operating parameters at WSOC direction to 
support various tactical missions. The wideband SATCOM network terminal operator responsibilities 
include— 
e Implementing and complying with the access and operating procedures found in USASMDC 
Wideband Satellite Communications Operating Procedures. 


Reviewing and understanding the terminal’s satellite access authorization and deployment orders. 


e Configuring the terminal according to the satellite access authorization, deployment orders, cut- 
sheets, and technical manuals. 


e Establishing and maintaining contact with the WSOC using the terminal’s orderwire or other 
dedicated means of communications before accessing the satellite. 


e Establishing an alternate means of control communications to maintain positive control, if the 
orderwire is not available. 

e Establishing and maintaining user communications according to the satellite access authorization 
and deployment orders. 


e Ensuring qualified personnel staff the terminal and can promptly comply with WSOC directives. 


e Reporting equipment problems—communications outages, loss of positive control, and terminal 
outage problems—promptly. 


Submitting 8-hour status reports to the WSOC. 
Helping the WSOC report, analyze, and resolve persistent or recurring interference incidents. 


e Preparing a joint spectrum interference resolution report as found in CJCSM 3320.02D and 
applicable Service guidelines in the case of unidentified electromagnetic interference. 


e Coordinating with the WSOC to resolve network communications disruptions, implement changes 
in service during a mission, and disseminate control directives or other communications between 
the WSOC and other network terminal operators. 


e Displacing the network terminal as required by the commander or the communications systems 
managing element, coordinating the move with the WSOC and communications systems planning 
element, and re-accessing the satellite, as necessary. 


POSITIVE CONTROL 


5-31. Positive control is the continuous ability to oversee satellite communications access and coordinate 
necessary changes in the frequency/channel, power level, or network settings. Coordination of access can use 
alternative communication means (e.g. radio, telephone, or orderwire, etc.) to help in the adjustment of power 
levels, frequency, and user modem settings with RSSC or WSOC guidance. All satellite communications 
access must be under positive control, if positive control is lost, the WSOC may terminate terminal access 
after coordination with the wideband C-SSE. As the technology built into systems allow, positive control 
through automated methods will be used (CJCSI 6250.01F). Wideband SATCOM terminals may access a 
satellite only under the conditions of positive control. 


5-32. The WSOC monitors signals transmitted by a wideband SATCOM terminal over a given satellite, 
communicates with the terminal operators to establish network communications matching the satellite access 
authorization, and maintains orderly network operation. Monitoring includes verifying terminal type, 
location, transmit and receive frequency, data rate, coding, and spectral shape of each carrier. The WSOC 
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may terminate network terminal access if the terminal causes unauthorized access or jamming. If changes in 
connectivity are necessary during a mission, the WSOC coordinates the change with the appropriate 
organizations. 
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This appendix discusses global networks, Department of Defense gateways, and the 
ground terminals that comprise the ground segment. The ground segment supports joint 
forces, Army forces, and global networks, extended through the Department of 
Defense gateways to deployed ground terminals. 


GLOBAL NETWORK 


A-1. SATCOM capabilities enable Soldiers in theater to access global networks. The DSCS and WGS 
constellations and their associated worldwide ground-segment network of control stations support wideband 


SATCOM activity for the DOD, other governmental and nongovernmental agencies, and multinational 
mission partners. 


A-2. Through the ground segment network the remaining global SATCOM constellations of Milstar, AEHF, 
UFO, MUOS, and commercial satellites provide access to wideband military and commercial satellite assets. 


DEPARTMENT OF DEFENSE GATEWAYS 


A-3. DOD gateways provide long-haul network transport and connections from the deployed tactical 
network to the strategic infrastructure. Gateways give tactical terminals access to DISN services regardless 
of their deployment location. DOD gateways are located across the globe to offer gateway entry points close 
to warfighters in all theaters. Figure A-1 shows the DOD gateway terminal locations. Refer to JP 6-0 for 
more information on DOD gateways. 
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Figure A-1. Department of Defense gateway locations 
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BENEFITS 


A-4. DOD gateway access is granted according to established priorities. The following is a list of the 
operational benefits afforded to users using gateway access— 


e@ On-demand, pre-positioned links to DISN services. 
e Automatic routing and information transfer over the most effective SATCOM network. 


e Cross-banding for communications between dissimilar SATCOM systems and frequency bands 
(C band, X band, Ku band, and Ka band). 


e@ Multi-hop links to connect fixed and deployed forces using the same frequency band over multiple 
satellites. This extends the range of SATCOM systems that lack cross-link capability. 
Receipt, pass-through, and re-routing of bulk-encrypted information as a normal function. 


e Interface with the WSOCs and other network management facilities to allow remote systems 
monitoring and management. 


STANDARDIZED TACTICAL ENTRY POINT 


A-5. STEP sites are joint assets under the operational control of the Joint Chiefs of Staff through 
USSPACECOM. STEP sites are strategically located, fixed enterprise facilities that provide deployed forces 
reachback connection to DISN services. STEP sites provide multi-band terminals to support simultaneous 
contingencies for the requirements of geographic combatant commanders and operational exercises. STEP 
capabilities are available to geographic combatant commanders and the Services on a priority basis. 


A-6. A single STEP site utilizes a single Earth terminal that views only one satellite. A dual STEP site 
utilizes two or more co-located Earth terminals that view multiple satellites. Both the single and dual STEP 
sites use a common suite of baseband equipment; however, the dual step requires more equipment and greater 
DISN service capacity to satisfy user requirements. STEP sites provide pre-positioned DISN services, 
including— 

e@ Defense Switched Network. 
Multilevel secure voice. 
SIPRNET. 
NIPRNET. 


Joint Worldwide Intelligence Communications System. 


Video teleconferencing. 


A-7. Mobile SATCOM terminals access a STEP site through wideband military or commercial SATCOM. 
Baseband equipment at a STEP provides a connection to DISN services for deployed tactical users. 


TELEPORT 


A-8. The DOD teleport program expanded some STEP sites, providing more connections to DISN services 
and more satellite connectivity using C, X, Ku, and Ka band SHF, and EHF and UHF satellites. Teleports 
integrate and expand STEP and commercial satellite functions into a reliable, accessible, and interoperable 
system and support high-throughput multiband and multimedia telecommunications services for deployed 
forces. 


A-9. Teleports provide 24-hour operations, using both military and commercial SATCOM terminals and 
associated baseband equipment to provide global access. The teleport (figure A-2 on page A-3) provides a 
connection to the DISN infrastructure on military and commercial SATCOM frequency bands. 
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Figure A-2. Teleport program 


GROUND TERMINALS 


A-10. Ground terminals are located on the surface of the Earth and communicate over satellites using radio 
waves in the super high frequency or extremely high frequency bands. Ground terminals may be fixed or 
mounted on a mobile platform. The ground terminals are controlled and managed to provide direct 
transmission paths for signals to and from interoperable systems, or for access to the satellites for relaying 
signals over long distances. 


ENTERPRISE TERMINALS 


A-11. Enterprise terminals are fixed-station, heavy, or medium expeditionary terminals that provide long- 
haul backbone transport for the DISN. Enterprise terminals are interoperable with tactical terminals. 


AN/FSC-78(V) 


A-12. The AN/FSC-78(V) is a fixed SHF SATCOM heavy terminal capable of providing many (the actual 
number depends on site equipment) transmit and receive carriers for both voice and high data rate traffic. 
Transmit frequency is from 7.9-8.4 GHz and the receive frequency is from 7.25—7.75 GHz. This terminal 
system consists of six subsystems: 


Antenna. 

Antenna tracking servo. 
Transmitter. 

Receiver. 

Frequency generator. 


Control and monitoring. 
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A-13. The AN/FSC-78(V) terminal (see figure A-3) has redundant subsystems with automatic switchover 
and fault isolation capability. The antenna for the AN/FSC-78(V) is a 60-foot diameter, high-efficiency, 
parabolic reflector mounted on a specially configured pedestal providing an antenna gain-to-noise 
temperature ratio of 39 decibels/Kelvin (18-27 GHz). 


Figure A-3. AN/FSC-78 terminal 


AN/GSC-39(V) 


A-14. The AN/GSC-39(V) has a 38-foot diameter, high-efficiency reflector and a pedestal housing the drive 
mechanism. The steerable, rear-fed antenna provides high quality, intermodulation-free SHF transport. The 
AN/GSC-39(V) features wideband access at 70 and 700 MHz intermediate frequency to accommodate analog 
and digital interfaces. The AN/GSC-39(V) is the same as the AN/FSC-78, except for the size of the antenna. 


A-15. The AN/GSC-39 has two versions: V1 is fixed and V2 is transportable. All major components are 
interchangeable between versions (see figure A-4 on page A-5). 
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Example 6: Calculate log,, 1. 
Solution: 
Rule 6. log, 1 =0 


log, 1 =0 


Example 7: Calculate -log,, 2. 


Solution: 
Rule 7: log, (1/A) = -log,A 
-logj) 2 
= log), (1/2) 
= -log,,) 0.5 
= -0.3010 


Common and Natural Logarithms 


In scientific and engineering practice, the natural system of logarithms uses the number 
2.718281828459042. Since this number is frequently encountered, the letter e is used. Many 
natural occurrences can be expressed by exponential equations with e as the base. For example, 
the decay of radioactive isotopes can be expressed as a natural logarithm equation. These 
logarithmic expressions are called natural logs because e is the basis for many laws of nature. 


The expression /n is used to represent a logarithm when e is the base. Therefore, the exponential 
equation is written as 


CN, 
and the logarithm expression is written as 
log, N=x ~~ or InN = x. 


As with base 10 logs (common logs), natural logs can be determined easily with the aid of a 
calculator. 
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Figure A-4, AN/GSC-39(V1) terminal 


AN/GSC-52B(V) 


A-16. The AN/GSC-52B(V)is a high-capacity medium SHF SATCOM terminal designed to operate with 
DSCS, WGS, and North Atlantic Treaty Organization satellites. It is capable of either attended or unattended 
operation. The AN/GSC-52B(V) has 12 upconverters and 12 downconverters, capable of expanding to 18 
each. The AN/GSC-52B(V) transmits from 7.9-8.4 GHz and receives at 7.25—7.75 GHz. The terminal design 
allows placement in a government-furnished electronic equipment building or modified vans. The antenna is 
a parabolic, 38-foot diameter, OE-371/G (see figure A-5 on page A-6). 
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Figure A-5. AN/GSC-52B(V) terminal 


Ka band Satellite Transmit and Receive System 


A-17. The Ka Band Satellite Transmit and Receive System (Ka-STARS) provides wideband communications 
over the WGS constellation. Ka-STARS alleviates X band spectrum saturation. Ka-STARS terminals provide 
additional terminals for mission support. The Ka-STARS provides connectivity from early warning sensor 
sites and intelligence agencies to command centers and information processing centers. The operational 
objective of the Ka-STARS is to provide continuous, high-quality communications. 


A-18. The Ka-STARS design complies with the joint technical architecture used in WGS, Ka band, and other 
commercial satellites. It is in a fixed configuration but is capable of relocation. The Ka-STARS control, 
monitor, and alarm subsystem allows for local or remote operation and integration with WSOCs. 


Modernization of Enterprise Terminals 


A-19. The modernization of enterprise terminals program (see figure A-6 on page A-7) replaces aging, 
bandwidth-limited infrastructure (Ka-STARS, AN/GSC-52B(V), -39, -70, and AN/FSC-78 terminals). 
Along with the new antennas, the modernization program upgrades associated SATCOM equipment 
including control, monitor, and alarm; performance measurement and testing; frequency and time standard; 
and transmit and receive subsystems. These new terminals come in various models from fixed, high-altitude 
electromagnetic pulse hardened to mobile configurations. Nomenclature for each system changes to 
AN/GSC-52B(V) x, where x identifies the capability of the terminal. Unique characteristics of these terminals 
are— 

@ Communicate over WGS, DSCS X band, and commercial satellites. 

e Transmit and receive X and Ka frequency bands. 

e Perform dual-polarization operations in the Ka frequency band. 
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e Control, monitor, and alarm up to six modernization of enterprise terminals from a single console. 
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Figure A-6. Family of modernization of enterprise terminals 


WIDEBAND TACTICAL TERMINALS 


A-20. Army wideband tactical terminals provide tactical satellite ground and commercial terminal services 
that enhance the efficiency of deployment and mobility. Wideband tactical terminals operate over C, Ku, Ka, 
and X frequency bands. These terminals provide commanders with reliable communications across the globe 
and flexibility in integrating into joint network. Wideband terminals enable the geographic combatant 
commander to execute multiple missions simultaneously. 


AN/TSC-86 


A-21.The AN/TSC-86 is a contingency SATCOM terminal. The AN/TSC-86A terminal is a mobile 
configuration; the AN/TSC-86C is a fixed version. This terminal can simultaneously communicate with up 
to four other terminals. The AN/TSC-86 performs modulation and demodulation, multiplexing, and signal 
conditioning to process voice and digital data signals. 


A-22. This terminal transmits at 7.9-8.4 GHz and receives at 7.25-7.75 GHz. Power comes from two 
palletized 30 kilowatt generators that deploy with the terminal. The terminal uses either an 8-foot (AS-3036) 
or 20-foot diameter (AS-3199) antenna (see figure A-7 on page A-8). 
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Figure A-7. AN/TSC-86A terminal 


AN/TSC-93E(V)1 (Lynx) Terminal 


A-23. The AN/TSC-93E tactical satellite terminal (Lynx) is a multichannel SHF terminal that receives, 
transmits, and processes low, medium, and high-capacity multiplexed voice and digital signals over DSCS 
and WGS satellites. The AN/TSC-93E operates as a point-to-point or multi-point trunking facility. As a spoke 
terminal, it can communicate with one other ground mobile force terminal. The Lynx provides circuit and 
range extension data rates up to 52 Mbps in frequency division multiple access mode, and 3 Mbps uplink and 
18 Mbps downlink in time division multiple access mode. 


A-24. The AN/TSC-93E provides one secure link plus orderwire and overhead using a tactical satellite signal 
processor (hub-spoke). The terminal carries a first-level multiplexer and can interface directly with 70 MHz 
intermediate frequency sources. The terminal typically operates with an integral AS-3036A 8-foot ground- 
mounted dish antenna. Additional upgrades include L-band ports added to the signal entry panel. This 
upgrade allows the terminal to support additional antenna types other than the AS-3036A antenna. The 
terminal does not have redundancy, but some variants carry on-board hot spares. The terminal is in one S- 
250 shelter and operated by a crew of three 25S Soldiers. ESBs use AN/TSC-93 terminals instead of Phoenix 
terminals. 


A-25. The S-250 shelter mounted on a Silver Eagle Tactical Trailer meets the Army’s up-armor requirements 
by distributing the weight of the Lynx shelter over the axle allowing the vehicle to tow significantly more 
weight. A second heavy high mobility multipurpose wheeled vehicle with two generators and a power 
synchronization switch also carries the 8-foot antenna. The generator trailer has a built-in fuel cell with the 
capacity to shift fuel system usage when fuel is low for more than 40 hours of continuous operation. The 
terminal can also operate using commercial three-phase power sources. Setup time is approximately 30 
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minutes using a three-person crew. The AN/TSC-93E is roll -on/rol1-off capable on C-130, C-141, and C-17 
aircraft (see figure A-8). 


Ka-Band 


Figure A-8. AN/TSC-93E Lynx terminal 


AN/TSC-156 (Phoenix) Terminal 


A-26. The Phoenix terminal is a transportable wideband tactical satellite terminal operating in the C, X, Ku, 
and Ka bands. It provides flexible, mobile, high capacity, range extension through military and commercial 
satellites. The Phoenix can interface with strategic networks using the replacement frequency modulation 
orderwire. Current upgrades have added time division multiple access and internet protocol interfaces to 
make the Phoenix interoperable with the WIN-T network. 


A-27. A Phoenix terminal has an integrated assemblage of non-developmental items; commercial off-the- 
shelf and government-furnished equipment; and items adapted for Army use to meet military specifications. 
Phoenix terminals are backward-compatible with legacy ground mobile force satellite terminals (X band 
only) to the second level multiplexer. Phoenix terminals can support up to four full-duplex links deployed in 
hub-spoke, hybrid mesh, or point-to-point configurations. 


A-28. Phoenix terminals operate over either military or commercial satellites and provide high capacity 
communications links to support voice and data up to 52 Mbps between two carriers. A Phoenix terminal 
may interface with other strategic networks through a STEP or strategic assets. It can also operate with the 
light-weight high gain X-band antenna to provide connectivity at the edge of satellite footprints, or to reduce 
satellite gain requirements. In commercial bands, Phoenix terminals can use standard commercial gateways 
or DOD gateways (see figure A-9 on page A-10). 
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Figure A-9. AN/TSC-156 Phoenix terminal 


AN/TSC-154A Secure Mobile Anti-Jam Reliable Tactical Terminal 


A-29. The AN/TSC 154A SMART-T (see figure A-10 on page A-11) is a transportable, multichannel, anti- 
jam SATCOM terminal that operates in the EHF frequency range. The SMART-T provides protected range 
extension for tactical command posts at corps, division, brigade combat team, field artillery brigade, combat 
aviation brigade, and ESB. The SMART-T operates over the low data rate and medium data rate EHF 
payloads on Milstar satellites, and the extended data rate payload on AEHF satellites. The SMART-T 
provides a protected link for critical communications for forward-deployed enclaves. Protected links provide 
assured communications so commanders can continue to exercise command and control during a jamming 
event. 


A-30. The SMART-T processes data and voice communications services up to 8.192 Mbps in the extended 
data rate mode over AEHF. It can also provide both low data rate (up to 2.4 kbps) and medium data rate (up 
to 1.544 Mbps) services simultaneously on Milstar or over AEHF in the Milstar backward-compatible mode 
if AEHF resources are not available. The SMART-T uses fiber, conditioned diphase, and non-return to zero 
serial and internet protocol interfaces. The SMART-T also accommodates non-WIN-T baseband 
configurations used by other Services and is fully interoperable with all joint EHF (Milstar) and AEHF 
tactical satellite terminals. This interoperability provides the flexibility for a SMART-T to connect to, and 
draw services from, a teleport site using a Navy EHF terminal when required. 


A-31. SMART-Ts have different role definitions assigned by the privilege level associated with the terminal 
identification number. Terminals can simultaneously fill roles as a net member terminal, network controller, 
communications controller, or antenna controller. The SMART-T can log on to the satellite and use 
authorized resources, join, and exit services as required. SMART-Ts receive Milstar or AEHF keys over-the- 
air once logged on to the satellite. SMART-Ts can send and receive over-the-air-data-distribution transfers 
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from other terminals and modify services by removing or adding members, if required and authorized by 
terminal role and privilege. 


A-32. The SMART-T can support up to four digital transmission paths for use as protected WIN-T inter- 
nodal links. The SMART-T can support other voice and data network and point-to-point services 
simultaneously. AEHF SMART-T communications capacity is a function of data rate and uplink modulation 
mode for each user link and service. It can support a mix of networks and services simultaneously, if the data 
rates do not exceed the aggregate AEHF threshold of 8.192 Mbps. 


A-33. The SMART-T is a vehicle-mounted, palletized system. It can be set-up and torn down in less than 30 
minutes. It is C-130 roll-on and roll-off capable and CH-47 and UH-60 sling-loadable. The SMART-T has a 
remote-control capability, allowing unmanned monitoring and operation. 


Figure A-10. Secure Mobile Anti-Jam Reliable Tactical Terminal 


Transportable Tactical Command Communications 


A-34. The Transportable Tactical Command Communications terminal provides tactical communications for 
early entry and secure forces deployed in a forward-deployed region. The transportable tactical command 
communications terminals provide scalable SATCOM capabilities using the AN/TSC-232 or AN/TSC-233 
to support small or large command posts. 
A-35. The Transportable Tactical Command Communications equipment provides— 
e AN/TSC-232— 
=" 1.2 meter inflatable antenna. 
=" Transmission over X, Ku, or Ka-band. 
=" Time-division multiple access. 
= NIPRNET, SIPRNET, and colorless enclaves. 
= Three user access ports per user enclave. 
e AN/TSC-233— 
= 2.4 meter inflatable antenna. 
=" Transmission over, X, Ku, or Ka-band. 
=" Time-division multiple access. 
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=" NIPRNET, SIPRNET, and colorless enclaves. 
= 16 user access ports per user enclave. 


Global Broadcast System Receive Suites 


A-36. The GBS receive suites include the receive broadcast manager and associated terminal equipment to 
receive and process broadcast products for distribution to end users. Receive suites can operate in either the 
military Ka band or commercial Ku band, but not simultaneously. 


A-37. The location of the receive suite is network-dependent. If located with units that have access to high 
bandwidth, the S-6 or G-6 manages the receive suite. Any SIPRNET traffic required passes down to the 
G-2. For units with limited bandwidth allocations, the receive suite locates in the G-2 secured area for 
management and access. 


Global Broadcast System Transportable Ground Receive Suite 


A-38. The standard GBS receive suite for tactical locations is the AN/TSR-11. Figure A-11 shows the major 
components of the transportable ground receive suite. 


A-39. The next generation receive terminal is a transportable earth station receiving antenna, consisting of a 
five-piece segmented circular center-fed reflector, gimbaled pedestal, integrated electronics with tracking 
receiver and controller, and lightweight tripod. The next generation receive terminal suite comes with a laptop 
computer, referred to as the server. The next generation receive terminal suite is stored in two transit cases— 
one for the reflector, and the other for the controller and grounding kit. A separate transit case houses the 
next generation receive terminal broadcast manager, cryptographic device, and other associated equipment. 


AN/TSR-11 
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Figure A-11. Global Broadcast System tactical receive suite 


Global Broadcast System Portable Receive Suite 


A-40. The AN/PRS-11 (suitcase) and the AN/PRS-12 (rucksack) GBS receive suites support special mission 
users requiring a lightweight suitcase or man-portable terminal. Both versions operate over the WGS satellites 
(see figure A-12 on page A-13). 


A-41. Portable receive suites allow users to access unmanned aircraft system imagery, including forward- 
looking infrared; terrain, geospatial, and mapping information; and full-motion video. Operators may use the 
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optional 60 cm parabolic dish to improve signal reception when weather effects or edge of beam conditions 
attenuate the signal. 


AN/PRS-11 (suitcase) AN/PRS-12 (rucksack) 


Figure A-12. Global Broadcast Service portable receive suite 


Global Broadcast System Access Procedures 


A-42. A GBS mission request starts, stops, drops, or changes services. Users submit requests 51 days before 
viewing date to the theater injection manager. The theater information manager reviews the global broadcast 
system mission request and passes it to the satellite broadcast manager for final approval. Once approved, 
the user receives a mission data sheet with all information needed to configure equipment to receive approved 
data services. Users without Joint Integrated Satellite Communications Tool application access should use 
the GBS mission request template located at the DISA GBS Satellite Broadcast Manager Website. 


AN/USC-60 


A-43. The AN/USC-60 flyaway tri-band satellite terminal is a commercial off-the-shelf terminal supporting 
deployed communications and special user requirements. The terminal can operate in C, X, or Ku band. It 
has a 2.4-meter antenna that unfolds. These specifications make the AN/USC-60 highly transportable. 


A-44. The flyaway tri-band satellite terminal operates from and is transportable in ruggedized transit cases. 
The transit case units are commercial airline checkable for ease of deployment. The terminal is also 
transportable on pallets by military aircraft. The terminal is capable of setup and satellite acquisition in under 
60 minutes. The flyaway tri-band satellite terminal provides worldwide communications over any of the 
following satellite constellations— 


e DSCS. 

e North Atlantic Treaty Organization IV. 
e UFO. 

e WGS. 


e Cand Ku band commercial satellites. 
A-45. The flexible architecture of the AN/USC-60 terminals easily accommodates expansions for digital 
video, digital voice or facsimile transmission, secure communications, and network control. 
SIPRNET/NIPRNET Access Point 


A-46. Like the AN/USC-60, the SIPRNET/NIPRNET Access Point terminals (see figure A-13 on page A- 
14), are commercial off-the-shelf, user-operated tactical satellite terminals. These terminals provide beyond 
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line of sight voice, video, and data communications and network capability down to the company, platoon, 
and team level. 


A-47. The SIPRNET/NIPRNET Access Point has two variations, the 1.2-meter, and the 2.2-meter terminal. 
The variants support access to X and Ka band satellites, based on authorizations and the unit’s mission. The 
transit case design allows rapid deployment and operation over either DSCS or WGS satellites. 


A-48. The SIPRNET/NIPRNET Access Point has a custom outdoor equipment enclosure, which houses an 
integrated spectrum analyzer and an auxiliary control unit for the auto-acquisition of satellites. It has a built- 
in uninterruptible power supply. This design allows for operational readiness in under 30 minutes. 


xi ott as ale SS: ~ 


Figure A-13. SIPRNET/NIPRNET Access Point 


AN/GSR-42A 


A-49. The AN/GSR-42A tactical single-channel transponder receives emergency action messages 
transmitted over DSCS satellites. The tactical single-channel transponder receiver can receive, demodulate, 
and extract near real-time messages from the DSCS beacon. The downlink frequency can be fixed or hopping 
over a wideband or narrowband frequency range. After messages complete tail parity checks, the message 
goes to the thermal printer for hardcopy. For the tactical single-channel transponder receiver installed in a 
building, the demodulator, access controller, power control unit, battery backup, and transmission security 
group (KI-36) are all in the equipment room; the printer may be up to 1,500 feet away in the operations 
center. 


NARROWBAND TACTICAL TERMINALS 


A-50. Narrowband tactical terminals transmit and receive over 5 kHz and 25 kHz channels. Narrowband 
UHF SATCOM provides vital beyond line of sight communications capabilities for emergencies, tactical 
operations, and special operations. It supports battlefield voice and data range extension requirements. 
Narrowband terminals are preferred for initial entry communications in contingency operations because the 
terminals are small, light, and very mobile. Disadvantages of narrowband terminals are difficulty in obtaining 
access to the UHF space segment and the lack of anti-jamming capability for threat mitigation. Refer to ATP 
6-02.53 for more information on UHF SATCOM radios. 
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Base 10 logs are often referred to as common logs. Since base 10 is the most widely used 
number base, the "10" from the designation log, is often dropped. Therefore, any time "log" is 
used without a base specified, one should assume that base 10 is being used. 


Anti-Logarithms 
An anti-logarithm is the opposite of a logarithm. Thus, finding the anti-logarithm of a number 
is the same as finding the value for which the given number is the logarithm. If log,, X = 2, then 
2.0 is the power (exponent) to which one must raise the base 10 to obtain X, that is, X = 10*° 
= 100. The determination of an anti-log is the reverse process of finding a logarithm. 
Example: 

Multiply 38.79 and 6896 using logarithms. 

Log 38.79 = 1.58872 Log 6896 = 3.83860 
Add the logarithms to get 5.42732 
Find the anti-log. 


Anti-log 5.42732 = 2.675 x 10° = 267,500 


Thus, 38.79 x 6896 = 2.675 x 10° = 267,500 


Natural and Common Log Operations 


The utilization of the log/In can be seen by trying to solve the following equation algebraically. 
This equation cannot be solved by algebraic methods. The mechanism for solving this equation 
is as follows: 


Using Common Logs Using Natural Logs 
Oe eg Vernet | 
log 2* = log 7 In 2* = In 7 
X log 2 = log 7 X In 2 = In 7 
x = os 7 _ 0.8451 _ 4 a0 x a TE 2c A862 5-908 
log 2 0.3010 In 2 0.693 
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AN/ARC-231 Skyfire Terminal 


A-51. The airborne-capable version of the AN/PSC-5D multiband, multimode radio is a very high frequency 
(VHF), UHF, line of sight, and SATCOM, demand assigned multiple access (DAMA) radio. It supports 
Army requirements for airborne, multiband, multi-mission, secure, anti-jam voice, data, and imagery. It uses 
military standard software and waveforms, so it is interoperable across Services. 


AN/PRC-117G Multiband Manpack Radio 


A-52. The PRC-117G is a software-defined radio and can provide wideband data performance and legacy 
narrowband interoperability operating from 30 MHz—2 GHz. The AN/PRC-117G is compatible with 
broadband area global network terminals. It can store multiple mission fill files and has an embedded 
selective availability anti-spoofing module Global Positioning System receiver to display position 
information, which it can report on situational awareness applications. It can hold up to 300 communications 
security keys. It has a removable front plate for ease of remote operations in man pack or mounted 
configuration. 


AN/PRC-152 


A-53. The AN/PRC-152 provides SATCOM support while moving or in a fixed configuration. The radio 
uses either a UHF high gain or UHF SATCOM antenna. The radio uses UHF and VHF line of sight waveform 
programming. The radio uses 5 kHz (presets 9-128) and 25 kHz channels (presets 129-239) over UHF 
satellite constellation. When operating in SATCOM mode, the radio operates in high power (5 watts). 


AN/PRC-155 


A-54. The AN/PRC-155 is man-portable, vehicle-mounted, or fixed site configurable. It becomes SATCOM 
capable when configured with the SATCOM, UHF high gain, or vehicle-mounted antenna. Global 
Positioning System functionality is built-in to the radio, providing the means to interface with other Global 
Positioning System units. The AN/PRC-155 can provide secure SATCOM utilizing the UFO or MUOS 
constellation. The radio has two half-duplex channels. The two channels give the radio the ability to cross- 
band a user. The radio can receive a VHF user on one channel and retransmit over U\HF SATCOM on the 
other channel. 


AN/PRC-158 


A-55. The AN/PRC-158 is a modular two-channel man pack radio that covers the full range from 30 MHz-— 
2.5 GHz. Each channel can transmit and receive in duplex, half-duplex, and simplex modes. The radio can 
connect to different networks and sub-networks for both voice and data, using the embedded routing and 
cross-banding capabilities. The radio provides the following waveforms: 


Type 1. 

Type 2. 

Soldier radio waveform. 
MUOS. 

SINCGARS. 
SATCOM. 


AN/PRC-162 


A-56. The AN/PRC-162 is a two-channel software defined radio. It can operate in both the narrowband and 
wideband frequency ranges and can use the MUOS waveform. Like the AN/PRC-158, the AN/PRC-162 
provides the same routing and cross-banding features and capability. 


AN/PSC-5 Spitfire Terminal 


A-57. The AN/PSC-5 (Spitfire) terminal provides wideband and narrowband range extension for voice and 
data in man pack configurations. The Spitfire radio replaced the existing inventory of single-channel 
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SATCOM radios, adding embedded communications security and DAMA capabilities on top of the 
SINCGARS family of radios. The radio can span two satellite footprints using the beyond line of sight mode. 


AN/PSC-5C Shadowfire Terminal 


A-58. The Shadowfire terminal has upgrades over the Spitfire including— 
e@ Improved voice encryption. 
Noise-canceling and frequency hopping capabilities. 
Maritime capability. 
HAVE QUICK and HAVE QUICK II capabilities in airborne operations. 
Expanded frequency range. 


AN/PSC-5D Multiband, Multi-Mission Radio 


A-59. The multiband, multi-mission radio has the capabilities found in the AN/PSC-5 series terminals, and 
additional capabilities— 


e Extended UHF frequency range to 512 MHz. 
e Black key database—up to 500 additional communications security keys. 
e Fully software programmable. 


Combat Survivor Evader Locator Radio 


A-60. The Combat Survivor Evader Locator system is an end-to-end rescue recovery system. The Combat 
Survivor Evader Locator radio is useful for special operations forces operating in or near enemy territory. 
The UHF space segment supports two-way messaging and geo-position information. The ground segment, 
consisting of multiple command, control, and communications workstations, is located in joint search and 
rescue centers. The terminal segment includes the handheld radio and a planning computer. 


A-61. The Combat Survivor Evader Locator radio supports rapid recovery operations. The radio provides the 
location of an isolated Soldier using geo-positioning to facilitate rescue or recovery operations. The radio 
enables a Soldier to send encrypted pre-programmed messages or text messages to describe situations. The 
Combat Survivor Evader Locator has a battery life of 10 days. 


A-62. The load data for the Combat Survivor Evader Locator radio includes operation-specific information 
including maps, personal data, Global Positioning System coordinates, and encryption keys. If a Soldier 
requires extraction, the radio sends a SIPRNET message to one of the four joint search and rescue centers 
over a UHF satellite. The search and rescue center sends an acknowledgment message back to the Soldier. 
The Soldier authenticates identity and responds to yes and no questions in text format. Messages continue 
while the rescue center attempts to determine the user’s location. When the recovery team is ready for the 
extraction, the Soldier can shift to VHF mode to talk directly to the recovery aircraft crew. 


WARFIGHTER INFORMATION NETWORK-TACTICAL SATELLITE COMMUNICATIONS 


A-63. WIN-T provides network transport and information services that enable command and control on-the- 
move or at-the-halt. WIN-T is a collection of transportable communications equipment that integrates 
hardware and software with high-band networking waveform line of sight and network centric waveform 
SATCOM. WIN-T enables collaboration from the division to the battalion level. 


A-64. WIN-T’s self-forming and self-healing network architecture helps mitigate adversary effects when 
operating in a contested environment. The communications-in-depth architecture includes redundant network 
transport capabilities to dynamically recover and reestablish network connectivity if disruptions occur with 
either the line of sight or the SATCOM links. Because WIN-T uses internet protocol routing, removing one 
node—even a key node—from the network does not interfere with the rest of the network’s ability to 
communicate. 


A-65. The WIN-T architecture has several SATCOM-capable systems employed from corps to battalion. 
Table A-1 on page A-17 outlines assets available at each echelon. Refer to ATP 6-02.60 for more information 
about WIN-T. 
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Table A-1. Warfighter Information Network-Tactical satellite communications capabilities 


Echelon Tactical Hub Tactical Satellite Point of 
Node Communications Transportable P 
A resence 

Node Terminal 
Corps Xx 
Division Xx x Xx Xx 
Brigade Xx Xx xX 
Battalion Xx x x 

Regional Hub Node 


A-66. The regional hub node is the gateway transport node for the Warfighter Information Network-Tactical 
and the transport medium for theater-based network service centers (ATP 6-02.60). The regional hub node 
allows pre-positioned DISN services to support deploying forces in a theater of operation. Regional hub node 
locations provide near-global coverage. The regional hub node consists of three 9.2-meter antennas and 
ancillary communications equipment that operates over either Ku or Ka band. A typical regional hub node 
can support up to 3 Army divisions and 12 separate enclaves, or up to 56 discrete missions. Access to the 
regional hub node allows forces to deploy without first developing network transport and network access 
solutions. 


A-67. Army airborne command and control and mounted on-the-move situational awareness applications are 
available through the regional hub node and WIN-T. These capabilities allow commanders to remain mobile 
without a decrease in situational awareness. Refer to ATP 6-02.60 for more information about the regional 
hub node. 


Tactical Hub Node 


A-68. For divisions deployed outside the coverage area of a regional hub node, the tactical hub node is 
available to provide network coverage. The tactical hub node uses the AN/TSC-187 unit hub SATCOM truck 
to support the organic WIN-T systems of one division. It merges the time division multiple access and 
frequency division multiple access satellite network architectures. It provides end-to-end network transport 
to extend DISN services to the deployed tactical network. The tactical hub node consists of three major 
subsystems: one baseband shelter and two time division multiple access and frequency division multiple 
access-capable SATCOM shelters. The SATCOM shelters provide master network timing for time division 
multiple access networks. 


A-69. Both time division multiple access and frequency division multiple access equipment shelters reside 
ona 5-ton family of medium tactical vehicles. Each truck has a mounted 6.3-meter Ku, Ka, or X band antenna. 
Each of the satellite equipment shelters houses a master reference terminal for all the time division multiple 
access subnets—one subnet per brigade combat team, multifunctional support brigade, and division). 


Tactical Communications Node 


A-70. The Tactical Communications Node AN/MSC-82 (see figure A-14 on page A-18) uses a small aperture 
20-inch antenna for SATCOM connectivity while on-the-move or at-the-halt. The 20-inch antenna is 
upgradeable to either Ku or Ka band. The AN/MSC-82 can connect to the Satellite Transportable Terminal 
at-the-halt for increased throughput. The Tactical Communications Node can connect to either a Phoenix or 
SMART-T to provide an alternate means network transport. The Satellite Transportable Terminal allows for 
Ku and Ka band transport. A typical brigade combat team has eight Tactical Communications Nodes. 
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Figure A-14. AN/MSC-82 Tactical Communications Node 


Satellite Transportable Terminal 


A-71. The Satellite Transportable Terminal has evolved during the WIN-T increment process. All versions 
of the Satellite Transportable Terminal can operate over Ku or Ka frequency bands. 


AN/TSC 167A (V) Satellite Transportable Terminal 


A-72. The AN/TSC-167A(V) Satellite Transportable Terminal (see figure A-15 on page A-19) is a 
lightweight, compact, 2.4-meter Ku antenna that has integrating foldable panels for transportation. The 
system has a Ku band equipment rack that houses the antenna control and radio frequency equipment. The 
AN/TSC-167A (V)1 supports both time division multiple access and frequency division multiple access 
SATCOM. The AN/TSC-167A(V)2 supports the Command Post Node or Single Shelter Switch and only 
supports time division multiple access. 


AN/TSC-185 Satellite Transportable Terminal 


A-73. The AN/TSC-185 Satellite Transportable Terminal system (see figure A-15 on page A-19) uses a 
durable 2.4-meter satellite antenna on a trailer-mounted terminal. The terminals provide increased throughput 
(20 Mbps standard and 50 Mbps optional), and Ku or Ka band operation. Several versions of this terminal 
exist: 
e AN/TSC-185(V)1 is time division multiple access and frequency division multiple access- 
capable. 
e AN/TSC-185(V)2 is time division multiple access-only to support WIN-T increment 1b 
Command Post Nodes. 
e AN/TSC-185(V)3 Satellite Transportable Terminal+, adds the Distributed Computing Element for 
node management and the network centric waveform modem to support WIN-T increment 2 units’ 
time division multiple access networks. 
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AN/TSC-202 High Power (HP) and AN/TSC-208 Satellite Transportable Terminal 


A-74. The AN/TSC-202 and AN/TSC-208 (see figure A-15) include a 2.5-meter antenna, tri-leg stabilized 
trailer platform, and a 400-watt high power amplifier for both Ku and Ka band operation. The AN/TSC-208 
has a smaller communications and equipment enclosure, which allows full front and rear equipment access. 


AN/TSC-202 


his 
a 


Figure A-15. Satellite Transportable Terminal 


Point of Presence 


A-75. The Point of Presence provides SIPRNET service on-the-move or at-the-halt. The Highband Radio 
Frequency Unit and Baseband Processing Unit provide self-forming, line of sight connectivity with 
associated neighbors. The Point of Presence uses the M20 parabolic SATCOM antenna over either Ku or Ka 
band. The Point of Presence and the network centric waveform modem provide a beyond line of sight 
communications link with other members of the network. This lighter and more agile unit provides division, 
brigade combat team, and battalion commanders satellite access in remote areas. A typical brigade combat 
team has seven Point of Presence terminals. The Point of Presence satellite communications B-kit can mount 
on different tactical vehicles, based on the unit’s mission. Figure A-16 on page A-20 shows a Point of 
Presence mounted on a High Mobility Multipurpose Wheeled Vehicle. 
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Figure A-16. Point of Presence 
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Demand Assigned Multiple Access, Integrated Waveform, 
and Wideband Code Division Multiple Access 


Demand assigned multiple access, integrated waveform, and wideband code division 
multiple access are techniques used to increase the number of users supportable by the 
limited pool of satellite transponder space. Demand assigned multiple access adds 
more satellite users per channel to the UHF systems and reduces satellite resource 
underutilization. 


INTRODUCTION TO DEMAND ASSIGNED MULTIPLE ACCESS 


B-1. DAMA enables greater flexibility when managing available bandwidth. Most users do not need 
constant bandwidth, so DAMA allows bandwidth sharing. DAMA systems quickly and transparently assign 
communication links or circuits to a network control system based on requests received from user terminals. 
Inactive channels provide bandwidth for others to use. DAMA allows multiple subscribers, using a fraction 
of the satellite resources required for dedicated point-to-point signal-channel networks, thus reducing the 
costs of satellite networking. 


B-2. User demand dictates access allocation. DAMA multiplexing channels allow dedicated access portions 
of the channel without interference, and through time division multiple access enables more networks to 
access the channel. Time division multiple access occurs when the network controller station transmits 
control signals that establish precisely recurring intervals of time (frames). A frame is one or more seconds 
in duration. Each frame is subdivided (time-division) into precise time slots. Specific slots in each frame are 
for the controller station to receive user station service requests, or to send control signals over the satellite. 
Other slots are available for user stations to transmit signal bursts to other stations over the satellite. User 
nets have slots within the frames on a given channel. This allows multiple nets to access the same channel 
simultaneously. 


ADVANTAGES AND DISADVANTAGES OF DEMAND ASSIGNED MULTIPLE ACCESS 


B-3. Army ground terminal radios using DAMA require both hardware and software changes before 
implementation. DAMA terminals use channel power and bandwidth efficiently through the automatic 
transponder resource control—a function of DAMA—because it does not correspond to fixed channel 
assignments. 


B-4. Figure B-1 on page B-2 is an example of information throughput without DAMA. Each radio network 
occupies an entire SATCOM channel continuously. 
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Figure B-1. Information throughput without demand assigned multiple access 


B-5. Figure B-2 on page B-3 is an example of information throughput with DAMA-capable terminals. 
DAMA terminals are time synchronized with the network and permitted access when and where bandwidth 
is available. Each network user shares the channel(s), effectively increasing channel capacity and information 
throughput. For example, there is approximately a five-fold increase in voice accesses using DAMA as 


opposed to non-DAMA systems. 
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Figure B-2. Demand assigned multiple access capable terminals 


DEMAND ASSIGNED MULTIPLE ACCESS 


B-6. UHF SATCOM uses two distinct DAMA waveforms—the 5 kHz waveform and the 25 kHz waveform. 
The two waveforms differ in the size of the channels, how much data each supports, and the controller of the 
channels demand assigned single access. 


B-7. Demand assigned single access allows the user to request a dedicated channel and the DAMA control 
station assigns the user to a satellite channel with no DAMA control signals. With DAMA, a user terminal 
requests access through the DAMA control station and then communicates within DAMA time slots. 


B-8. Demand assigned single access channel assignments are temporary time allocations. If a user wishes 
to create a temporary secure voice connection but requires a turnaround time faster than offered by 5 kHz 
DAMA, one of the user terminals requests a channel assignment. The channel assignment request indicates 
the desired receiving terminal or radio net and start time for the conversation. The DAMA control station 
processes the request and temporarily assigns a channel based on available resources, network rank, and 
loading on the system. 


INTRODUCTION TO THE INTEGRATED WAVEFORM 


B-9. Like DAMA, the integrated waveform supports many users with the least SATCOM resources 
possible. Experience has shown that DAMA has limitations. Complicated user procedures, significant time 
delays, and voice quality issues prompted the need for an integrated waveform. 


BENEFITS OF INTEGRATED WAVEFORM 


B-10. The integrated waveform replaces DAMA. The integrated waveform has some advantages and 
improvements versus DAMA. The benefits of integrated waveform include— 

e@ Greatly simplified operating procedures. 

e Carrier phase modulation to allow more access using the same channel. 
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Reduced time delays. 

Better link closure. 

Improved voice quality. 

2.5 times as many users can use the same frame. 

Older terminals are upgradable to use integrated waveform. 
Data rates up to 19.2 kbps. 


HOW THE INTEGRATED WAVEFORM WORKS 


B-4 


B-11. The integrated waveform is a two-phased upgrade for legacy terminals approved by the Naval 
Communications Functional Capabilities Board for the following radios— 


e@ AN/ARC-231. 

MD-1324B. 

AN/PRC-SC (Shadowfire). 

AN/PRC-117F. 

AN/PRC-148 Joint Tactical Radio System Enhanced Multiband Inter/Intra Team Radio. 
AN/USC-61 Digital Modular Radio. 

AN/USC-62 Joint Tactical Radio. 

RT-1828/9. 

e System access channel controller. 


B-12. Other terminals scheduled to receive the integrated waveform upgrade are the AN/PRC-117G and 
AN/PRC-152. 


B-13. In phase I of the upgrade, integrated waveform supports single access (one radio net per channel) and 
multiple access. Phase I only supports pre-assigned services. Pre-assigned services include— 


e  Preplanning user networks. 
e Assigning a service number. 


e Activating and deactivating by the control system and not by the user terminals using orderwire 
messages. 


B-14. All active pre-assigned services are broadcast over a system orderwire every 15—20 seconds. User 
terminals monitor the system orderwire and connect to the service selected by the terminal operator. 


B-15. Before deploying terminals, users must obtain certification of spectrum support as required. This 
certification process applies during experimental testing, developmental testing, or operation of satellite 
terminals in the United States and its possessions or in any foreign country. 


B-16. All integrated waveform-capable terminals operate using integrated waveform as much as possible. 
Increased use of the integrated waveform capability is necessary to increase the number of UHF accesses per 
available channel and to use available UHF resources (see figure B-3). 
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How would you calculate x in the following equation? 

log x =5 
The easy way to solve this equation is to take the anti-log. As division is the reverse of 
multiplication, so anti-log is the reverse of log. To take the anti-log log,, x = 5: 

anti-log (log X) = anti-log 5 

x = anti-log 5 

x = 100,000 


This is accomplished on a calculator by pressing the 5, INV, then the LOG key. This causes the 
inverse of the log process. 
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More than 10% of frame is wasted More than 30% of frame has no practical use 
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Figure B-3. Comparison of a 25-kbps demand assigned multiple access versus integrated 
waveform frame 


INTRODUCTION TO WIDEBAND CODE DIVISION MULTIPLE 
ACCESS 


B-17. The MUOS system uses geosynchronous satellites in conjunction with ground stations to provide 
military users with secure voice and internet protocol data connectivity. The Navy’s communications satellite 
program office has overall responsibility for the MUOS space segment and ground stations. 


ADVANTAGES OF WIDEBAND CODE DIVISION MULTIPLE ACCESS 


B-18. The MUOS waveform—spectrally adaptive WCDMA—is based on 3G cellular technology. Design 
features include rake receivers, advanced turbo coding, and state-of-the-art interference-mitigation 
techniques on both the downlink and uplink signal. 


B-19. Because the MUOS waveform functions like current cell phone technology, it allows radio operators 
to communicate on-the-move. The waveform mimics a roaming feature by seeking out signals as the Soldier 
moves from one location to another to improve reliability in dense vegetation and urban environments that 
challenge legacy SATCOM. 


B-20. The radios are considered two-channel radios that can send and receive a SINCGARS or Soldier radio 
waveform signal on one channel and the MUOS or WCDMA waveform on the second. The radio can 
internally bridge voice or data between the two waveforms to enable interconnectivity between disparate 
networks. 
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B-21. The manpack radios use an omnidirectional antenna that enables communications on-the-move without 
having to stop and point the antenna toward a satellite. This a key advantage over legacy tactical satellite 


communications. 


How Wideband Code Division Multiple Access Works 


B-22. There are four MUOS to legacy UHF gateway component ground stations (Hawaii, Norfolk, Sicily, 
and Australia) and two MUOS voice gateways co-located with the two MUOS radio access facilities at the 
Hawaii and Virginia locations to provide worldwide coverage. The MUOS voice gateways contain the 
switching and network management equipment for access to DISN services. 


B-23. Transmission of data using WCDMA is different than a legacy DAMA or integrated waveform, which 
used the MUOS satellite as a bent pipe for users in the same satellite coverage area. With WCDMA, the 
signal transmits to a MUOS satellite then back to a radio switching facility. The radio switching facilities 
connect through a fiber optic terrestrial network. Information destined for a radio outside the local footprint 
uplinks to a different MUOS satellite and back down to the user at that location. Figure B-4 illustrates the 
wideband code division multiple access network architecture. 
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Figure B-4,. Wideband code division multiple access network architecture 
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Appendix C 
Global Broadcast System 


The goal of the Global Broadcast System program is to satisfy requirements for high 
bandwidth broadcast of high volume information products. The primary function of 
GBS is to provide high capacity product dissemination for mission-essential situational 
awareness. Examples include imagery, intelligence, training, full-motion video, large 
data files, 24-hour commercial news, and weather services. 


GLOBAL BROADCAST SYSTEM ROLES 


C-1. Headquarters, Air Force Space Command, and the 50th Space Communications Squadron execute day- 
to-day operations of the GBS to support geographic combatant commands, Services, and agencies. 
Headquarters, Air Force Space Command is the lead agent and systems manager for the GBS and operates, 
maintains, and sustains the GBS. 


C-2. The 50th Space Communications Squadron manages the GBS. The GBS Operations Center provides 
centralized management of GBS operations. The GBS Operations Center remotely manages the GBS 
broadcast content and continuity of operations defense enterprise computing center satellite broadcast 
manager. Each geographic combatant command GBS theater information manager coordinates with the GBS 
Operations Center for broadcast scheduling, resource allocation, product integration, and mission planning. 


C-3. CFSCC provides the unified direction to the GBS Operations Center to deconflict geographic 
combatant command SATCOM requirements. CFSCC maintains situational awareness for the development 
of policies, adherence with regulations, outages affecting GBS, and resolution of user non-concurrence with 
GBS authorized service interruptions. 
C-4. The geographic combat command GBS theater information manager is the validating authority for 
GBS missions and products. The theater information manager validates geographic combatant command 
requirements and establishes GBS plans, policies, procedures, and information flow. The theater information 
manager coordinates and works closely with users, information providers, and the GBS Operations Center. 
Theater information manager functions include— 

e Coordinating beam plans. 
Processing GBS mission requests. 
Initiating or validating satellite access requests. 
Validating users. 
Verifying mission priorities. 


Maintaining user profiles within the geographic combatant commander’s area of responsibility 


C-5. The theater information manager collects and prioritizes requirements to direct GBS theater operations 
and coordinates with the GBS Operations Center and RSSCs on operational issues, broadcast schedules, 
resource allocation and management, and the identification of new products. The theater information manager 
also audits user pull requests and designs, configures, maintains, and validates the user profile database. 


C-6. The GBS Operations Center monitors and maintains regional GBS SATCOM situational awareness. 
GBS theater information managers and the RSSCs provide 24-hour mission planning, constellation loading, 
and transmission utilization and optimization to worldwide SATCOM users. The RSSCs process satellite 
access requests and approve satellite access authorizations. Within the RSSCs, the wideband operations cell 
maintains GBS situational awareness and provides GBS capabilities to theater information managers and 
other users. 
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GLOBAL BROADCAST SYSTEM ATTRIBUTES 


C-7. The GBS is a system of broadcast and content management to coordinate the distribution of 
information products and high definition videos from the Defense Enterprise Computing Center. The GBS 
consists of terrestrial networks and uplink facilities. GBS broadcast streams originate from the five primary 
gateway sites to the WGS satellites. 


UPLINK FACILITIES 


C-8. Uplink facilities deliver requested products using WGS satellites. The uplink terminals connect to the 
Defense Enterprise Computing Center. 


SPACE SEGMENT 


C-9. The space segment consists of the WGS satellites operating in the Ka band. Other U.S. and non-U.S. 
Ku and Ka band satellites can augment the space segment. Each WGS satellite can support GBS broadcast 
streams over 45 Mbps. 


C-10. In regions where military SATCOM resources are not available, leased Ku band commercial satellites 
can support user requirements. Figure C-1 provides an operational overview of the broadcast and space 
segments. 
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Figure C-1. Global Broadcast System broadcast and space segments 
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BROADCAST SEGMENT 


C-11. The primary Defense Enterprise Computing Center satellite broadcast manager is in Oklahoma City, 
Oklahoma. The backup satellite broadcast manager is in Mechanicsburg, Pennsylvania for continuity of 
operations. Data and streaming products are transmitted from their sources to the satellite broadcast manager 
(videos are simultaneously transmitted to the backup satellite broadcast manager), then across DISA 
backbone transport to DOD teleports, DOD gateways, and terminals for broadcast over the WGS satellites. 


C-12. The GBS architecture is a content priority-based broadcast. This architecture prioritizes essential 
information. The internet protocol architecture allows higher priority products to override the broadcast of 
lower priority broadcasts, after which the delivery of lower-level priority content resumes. GBS does not 
have nuclear survivability or hardening features and is vulnerable to the same threats as most commercial 
SATCOM systems. 
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Appendix D 
Protected Satellite Communications 


Protected satellite communications allow survivable communication at a reduced data 
rate. These unique capabilities make the use of the protected satellite communications 
frequency band ideal for the most critical strategic forces, and command and control 
systems. 


OVERVIEW 


D-1. Protected SATCOM features highly-focused spot beams, spread spectrum modulation, and frequency 
hopping technology to provide anti-jamming, scintillation resistance, low probability of intercept, and low 
probability of detection. 


MILSTAR 


D-2. The Milstar constellation has five satellites. The first two (block I) satellites have low data rate 
capability and can support up to four users on one channel (Milstar low data rate frame). The remaining three 
(block I) satellites support both low data rate and medium data rate capabilities, increasing the data rate to 
1.544 Mbps. 


D-3. The Milstar space segment provides worldwide coverage, between 65 degrees south and 65 degrees 
north. Crosslinks between the Milstar satellites permit worldwide communications relay without using 
intermediate ground stations. Crosslinks are helpful in a jamming scenario. Milstar satellites employ the EHF 
band for the following reasons— 
e Narrow antenna beams provide a low probability of intercept and low probability of detection, 
anti-jamming, and spatial diversity. 
Wide bandwidth for anti-jamming processing. 
e Combinations of Earth coverage, agile wide beam antennas, and narrow spot beam antennas 
provide appropriate power levels for each type of earth terminal. 


MILSTAR CAPABILITIES 


D-4. Milstar enables worldwide, secure, survivable, jam-resistant communication; satellite-to-satellite 
relay; autonomous operation; ability to reposition to meet theater requirements; and ability to directly support 
deployed forces. Milstar performs communications processing and network routing onboard the satellite, 
eliminating dependence on land-based relay stations and reducing the chance of interception. 


D-5. The Milstar constellation supports the Army’s protected SATCOM architecture by using the medium 
data rate payload on the Milstar II satellites. Milstar users can reconfigure their terminals without submitting 
a new Satellite access request, as long as the terminal operates within the allocated resources identified in the 
satellite access authorization. 


D-6. The medium data rate payload provides secure, jam-resistant communications services through 
onboard signal and data processing capabilities. The payload uses an EHF uplink and SHF downlink. Milstar 
processes the link and service data from the uplink signal and retransmits on the appropriate downlink beam 
based on allocated terminal and service configurations in the payload table. If necessary, the satellite 
crosslinks the data to another Milstar satellite. 


D-7. Adaptive nulling antennas resist jamming from within respective coverage areas by changing gain 
patterns during a jamming event. The distributed user coverage antennas provide high-gain and low side 
lobes. The antennas are individually steerable to a desired latitude and longitude. 


05 November 2020 ATP 6-02.54 D-1 


Appendix D 


D-8. The Milstar frequency bands, waveforms, and signal processing algorithms are robust. Survivability 
and endurance in the design of the space and mission control segments ensure Milstar users maintain essential 
communications connectivity. Milstar flexibility allows communications services with more configuration 
options. 


MILSTAR LOW DATA RATE PAYLOAD 


D-9. The Milstar low data rate payload (block I) supports narrowband communications with various 
antennas and beams. There are one earth coverage antenna and a UHF antenna for transmit and receive 
signals. Milstar satellites have nine EHF uplink coverage beams: one earth coverage, one wide spot beam, 
two narrow spot beams, and five agile beams. Each satellite also has five SHF downlink beams: one earth 
coverage beam, one wide spot beam, two narrow spot beams, and one agile beam. The low data rate payload 
operates at 75 bits per second (bps), 150 bps, 300 bps, 600 bps, 1.2 kilobits per second (kbps), and 2.4 kbps. 
The payload has the resources to cross-band from EHF to UHF, UHF to UHF, and EHF to SHF. The Milstar 
payload provides processes incoming signals so that adding and subtracting user terminals does not require 
power and bandwidth balancing. 


D-10. The low data rate crosslinks consist ofa classified number of 75 and 600 bps crosslink slots. Ifa service 
data rate is 75-300 bps, the signal uses one to four 75 bps crosslink slots. If a service data rate is 600 bps— 
2.4 kbps, the signal uses one to four 600 bps crosslink slots. Low data rate crosslinks are bi-directional 
between two or more satellites. 


D-11. The low data rate waveform, low frequency hopping, and high frequency hopping rates provide joint 
interoperability for ground terminals. The high frequency hopping rates provide sufficient processing gain to 
defeat jammers without a nulling antenna. The downlink agile beam provides increased power over the entire 
earth coverage field of view. User privileged terminals can dynamically control spot beam coverage 
throughout the earth coverage footprint. Crosslinks join adjacent satellites, provide worldwide connectivity, 
and synchronize timing for the global constellation to permit instant call set-up; secure connectivity; and 
secure telemetry, tracking, and command signals. 


MILSTAR MEDIUM DATA RATE PAYLOAD 


D-12. The Milstar (block IT) satellites support higher data rates by adding a medium data rate payload. The 
medium data rate payload provides secure, jam-resistant communications services through onboard signal 
and data processing capabilities. The medium data rate payload sends and receives individual voice, video, 
and data services at data rates up to 1.5 Mbps. The medium data rate payload processes the link and service 
data received on the uplink signal and retransmits the data on the appropriate downlink beam, based on 
allocated terminal and service configurations in the payload table. If necessary, it relays the data to another 
satellite using crosslink. 


D-13. Crosslinks provide rapid, ultra-secure communications by enabling the satellites to pass signals to one 
another worldwide while requiring only one ground station on friendly soil. The crosslink payload provides 
V band (60 GHz) communications for Milstar medium data rate and low data rate payloads. 


D-14. The medium data rate payload uses two nulling antennas and six distributed user coverage antennas. 
The antennas are mapped to onboard demodulators and are programmable to different numbers of channel 
configurations if necessary. All are steerable spot beams with approximately 450 nautical mile footprints. 
The nulling antennas can attenuate the uplink signal received from specific portions of the footprint if off- 
key or off timed energy from jamming, effectively eliminating jamming effects on the satellite and subscriber 
services. Milstar uplink beams are very narrow. This limits enemy ability to detect and deny, degrade, or 
disrupt the signal with downlink or uplink jamming. 


MILSTAR TO ADVANCED EXTREME HIGH FREQUENCY TRANSITION 


D-15. Before the first AEHF satellite was launched, the mission control segment transitioned to support both 
Milstar and AEHF constellations. In addition to low data rate and medium data rate, the newer AEHF 
satellites also carry the extended data rate payload and can process data rates up to 8.192 Mbps (see figure 
D-1). 


ATP 6-02.54 05 November 2020 


Protected Satellite Communications 


AEHF Single User Rates: 


5X over Milstar 
8Mbps 


24 Megabyte Imagery File Transmit Time 
UFO & Milstar 1 @ 2.4 kbps = 22.2 hours 
Milstar 2 @ 1.544 Mbps = 2.07 minutes 
AEHF @ 8.192 Mbps = 23.6 seconds 


LEGEND 
AEHF Advanced Extremely High Frequency UFO Ultrahigh Frequency Follow-on 
kbps kilobits per second WIN-T Warfighter Information Network- 
Mbps __ megabits per second Tactical 


Figure D-1. Milstar and advanced extremely high frequency data transfer capabilities 


ADVANCED EXTREMELY HIGH FREQUENCY SATELLITE 
COMMUNICATIONS 


D-16. The AEHF satellite constellation provides overlapping worldwide coverage, on-orbit redundancy, and 
protected SATCOM interoperability with multinational mission partners. AEHF still uses an EHF uplink and 
SHF downlink, but with more steerable and configurable beams. All of the steerable beams are usable at the 
higher data rates required for the Army’s tactical users: 


e Super high gain earth coverage—up to 160 beam locations. 
e Medium-resolution coverage antenna—6 beams. 
e Beam shared medium resolution coverage area—6—24 beam locations. 


D-17. The AEHF SATCOM system has three segments— 
e Space segment. 
e Control segment—mission control and associated communications links. 
e Terminal segment. 


ADVANCED EXTREMELY HIGH FREQUENCY SPACE SEGMENT 


D-18. The constellation of Milstar and AEHF make up the AEHF space segment (see figure D-2 on page D- 
4). The space segment utilizes EHF uplink frequencies and SHF downlink frequencies. AEHF satellites can 
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crosslink AEHF and Milstar satellites using the V band. Crosslinking enables worldwide communications 
without using vulnerable ground relay sites. 
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Figure D-2. Advanced extremely high frequency space segment 


D-19. Theater coverage divides into high resolution and medium resolution coverage areas. The AEHF 
system can cover multiple geographic theaters simultaneously. Theater coverage supports geographically 
concentrated tactical air, ground, and maritime forces. 


ADVANCED EXTREMELY HIGH FREQUENCY CONTROL SEGMENT 


D-20. The control segment consists of four elements. Together these elements provide command and control 
capabilities supporting the space, control, and terminal segments: 


e Mission control—payload reconfiguration, satellite maintenance, and satellite relocation. 


e Mission planning—planning networks and generating terminal images at the unit level on the 
Tactical Mission Planning Subsystem, AN/PYQ-19. 


e Mission and operations support—mission planning assistance and resource allocation and 
monitoring from RSSCs. 


e Training and simulation—support for training throughout the evolution and life cycle of the 
control segment. 


ADVANCED EXTREMELY HIGH FREQUENCY TERMINAL SEGMENT 


D-21. The terminal segment is interoperable, joining the Services and networks using common voice, data, 
cryptographic, and data network devices. The AEHF terminals can pass communications over AEHF and 
Milstar networks. The terminal segment configurations include— 


e Fixed ground. 
Mobile ground. 
Man-portable. 
Transportable. 
Airborne. 
Submarine. 


Ship-borne. 
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Algebra LOGARITHMS 


Summary 


The important information in this chapter is summarized below. 


Logarithms Summary 
A number L is said to be the logarithm of a positive real number N to the 
base b (where b is real, positive, and not equal to 1), if L is the exponent to 
which b must be raised to obtain N, or the function can be expressed as 
L = Log, N 
for which the inverse is 


N=b 


Simply stated, the logarithm is the inverse of the exponential 
function. 


Product = base*P""™™ 

Log aseProduct = exponent 

Log, (ABC) = log, A + log, B + log, C 
Log, (A/B) = log, A - log, B 


Log, (A") = nlog, A 


Log, VA = log, Al” = (I/n)log, A 


Log, 1 =0 

Log, (I/A) = log, 1 - log, A = -log,A 
Common logs are base 10 

Natural logs are base e 


Anti-log is the opposite of a log 
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Protected Satellite Communications 


D-22. AEHF terminals, including the SMART-T, can operate in both AEHF extended data rate and Milstar 
low data rate or medium data rate modes, but not simultaneously. All legacy Milstar terminals remain 
compatible with Milstar satellites and may also operate over AEHF satellites if the AEHF satellite 
configuration supports Milstar backward-compatible services. 
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Glossary 


The glossary lists acronyms and terms with Army, multi-service, or joint definitions, 
and other selected terms. Where Army and joint definitions are different, (Army) 
follows the term. The proponent for other terms is listed in parentheses after the 


definition. 
ADP Army doctrine publication 
AEHF Advanced Extremely High Frequency 
AR Army Regulation 
ATP Army techniques publication 
C-SSE consolidated satellite communications system expert 
CFSCC Combined Force Space Component Command 
CJCSI Chairman of the Joint Chiefs of Staff instruction 
CIO chief information officer 
DA Department of the Army 
DAMA demand assigned multiple access 
DD Department of Defense form 
DISA Defense Information Systems Agency 
DISN Defense Information Systems Network 
DOD Department of Defense 
DODD Department of Defense directive 
DODI Department of Defense instruction 
DODIN Department of Defense information network 
DODIN-A Department of Defense information network-Army 
DSCS Defense Satellite Communications System 
EHF extremely high frequency 
FM field manual 
FORSCOM United States Army Forces Command 
G-6 assistant chief of staff for communications 
GBS Global Broadcast System 
GHz gigahertz 
INMARSAT international maritime satellite 
J-6 communications system directorate of a joint staff 
JP joint publication 
Ka-STARS Ka Band Satellite Transmit and Receive System 
Kbps kilobits per second 
kHz kilohertz 
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Mbps 
MHz 
MUOS 
NETCOM 
NIPRNET 
RSSC 
SATCOM 
SC(T) 
SHF 
SIPRNET 
SMART-T 
SSE 

STEP 
UFO 

UHF 
USASMDC 
USSPACECOM 
VHF 
WCDMA 
WGS 
WIN-T 
WSOC 


megabits per second 

megahertz 

Mobile User Objective System 

United States Army Network Enterprise Technology Command 
Non-classified Internet Protocol Router Network 
regional satellite communications support center 
satellite communications 

signal command (theater) 

super high frequency 

SECRET Internet Protocol Router Network 

Secure Mobile Anti-Jam Reliable Tactical Terminal 
satellite communications system expert 
standardized tactical entry point 

Ultrahigh Frequency Follow-On 

ultrahigh frequency 

United States Army Space and Missile Defense Command 
United States Space Command 

very high frequency 

wideband code division multiple access 

Wideband Global Satellite Communications 
Warfighter Information Network-Tactical 


wideband satellite communications operations center 


SECTION Il - TERMS 


cybersecurity 


Prevention of damage to, protection of, and restoration of computers, electronic communications 
systems, electronic communications services, wire communications, and electronic communications, 
including information contained therein, to ensure its availability, integrity, authentication, 
confidentiality, and nonrepudiation. (DODI 8500.01) 


Department of Defense information network 


The set of information capabilities, and associated processes for collecting, processing, storing, 
disseminating, and managing information on-demand to warfighters, policy makers, and support 
personnel, whether interconnected or stand-alone, including owned and leased communications and 
computing systems and services, software (including applications), data, security services, other 
associated services, and national security systems. Also called DODIN. (JP 6-0) 


Department of Defense information network-Army 


An Army-operated enclave of the Department of Defense information network that encompasses all 
Army information capabilities that collect, process, store, display, disseminate, and protect information 
worldwide. Also called DODIN-A. (ATP 6-02.71) 


information environment 


The aggregate of individuals, organizations, and systems that collect, process, disseminate, or act on 


information. (JP 3-13) 


Glossary-2 
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interoperability 
The condition achieved among communications-electronics systems or items of communications- 


electronics equipment when information or services can be exchanged directly and satisfactorily 
between them and/or their users. (JP 6-0) 


positive control 
The continuous ability to oversee satellite communications access and coordinate necessary changes in 
the frequency/channel, power level, or network settings. Coordination of access can use alternative 
communication means (e.g. radio, telephone, or orderwire, etc.) to help in the adjustment of power 
levels, frequency, and user modem settings with RSSC or WSOC guidance. All satellite 
communications access must be under positive control, access will be denied/terminated to links that 
lack positive control. As the technology built into systems allow, positive control through automated 
methods will be used. (CJCSI 6250.01F) 

reachback 
The process of obtaining products, services, and applications, or forces, or equipment, or material from 
organizations that are not forward deployed. (JP 3-30) 

regional hub node 


The gateway transport node for the Warfighter Information Network-Tactical and the transport 
medium for theater-based network service centers. (ATP 6-02.60) 
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GRAPHING Algebra 


GRAPHING 


This chapter covers graphing functions and linear equations using 
various types of graphing systems. 


EO 1.8 STATE the definition of the following terms: 
a. Ordinate 
b. Abscissa 
EO 1.9 Given a table of data, PLOT the data points on a 


cartesian coordinate graph. 


EO 1.10 Given a table of data, PLOT the data points on a 
logarithmic coordinate graph. 


EO 1.11 Given a table of data, PLOT the data points on the appropriate 
graphing system to obtain the specified curve. 


EO 1.12 Obtain data from a given graph. 


EO 1.13 Given the data, SOLVE for the unknown using a nomograph. 


In work with physical systems, the relationship of one physical quantity to another is often of 
interest. For example, the power level of a nuclear reactor can be measured at any given time. 
However, this power level changes with time and is often monitored. One method of relating 
one physical quantity to another is to tabulate measurements. Thus, the power level of a nuclear 
reactor at specific times can be recorded in a log book. Although this method does provide 
information on the relationship between power level and time, it is a difficult method to use 
effectively. In particular, trends or changes are hard to visualize. Graphs often overcome these 
disadvantages. For this reason, graphs are widely used. 


A graph is a pictorial representation of the relationship between two or more physical quantities. 
Graphs are used frequently both to present fundamental data on the behavior of physical systems 
and to monitor the operation of such systems. The basic principle of any graph is that distances 
are used to represent the magnitudes of numbers. The number line is the simplest type of graph. 
All numbers are represented as distances along the line. Positive numbers are located to the right 
of zero, and negative numbers are located to the left of zero. 
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Publications dealing with Communication Systems 


HAVE QUICK (also HAVEQUICK, short HQ) is an ECM resistant / frequency hopping system 
used to protect military aeronautical mobile (OR) radio traffic. 


https://en.wikipedia.org/wiki/HAVE_ QUICK 


Link 22 is a secure digital radio link in the HF and UHF bands, primarily used by military forces as a tactical 
data link 


https://en.wikipedia.org/wiki/Link_22 


Link 4 is a non-secure data link used for providing vector commands to USAF and other NATO fighter aircraft. 


https://en.wikipedia.org/wiki/Link_4 


Tactical data link 


https://en.wikipedia.org/wiki/Tactical_data_link 


High Frequency Data Link (HFDL), also Known as HF-ACARS, ARINC 753, ARINC 635, and HF DATALINK 


https://en.wikipedia.org/wiki/Automatic_link_establishment 


Crisis Response Operations in NATO Operating Systems (CRONOS) 


https://en.wikipedia.org/wiki/NATO_CRONOS 
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Preface 


1. Purpose 


This consolidated reference will assist joint forces in utilizing high frequency radios 
as a supplement/alternative to overburdened satellite communications systems for over- 
the-horizon communications. 


2. Scope 


This publication describes multi-Service tactics, techniques, and procedures for basic 
high frequency-automatic link establishment (HF-ALE) radio operations. The contents 
of this publication are directed at the operator level. It does not delve into technical 
aspects of HF-ALE operations beyond that necessary for effective tactical use of the 
equipment. 


3. Application 


a. This publication provides commanders and their staffs unclassified guidance to 
simplify planning of HF-ALE radio procedures. It provides access to information on 
multi-Service communication systems to commanders and staffs conducting home 
station training or preparing for interoperability training. 


b. The United States (US) Army, Marine Corps, Navy, Air Force, and Coast Guard 
approved this multi-Service publication for use. 


4. Implementation Plan 


Participating Service command offices of primary responsibility will review this 
publication, validate the information and references, and incorporate it in Service 
manuals, regulations, and curricula as follows: 


Army. Upon approval and authentication, this publication incorporates the 
procedures contained herein into the US Army Doctrine and Training Literature 
Program as directed by the Commander, US Army Training and Doctrine Command. 
Distribution is in accordance with (IAW) applicable directives and the Initial 
Distribution Number listed on the authentication page. 


Marine Corps. The Marine Corps will incorporate the procedures in this 
publication in US Marine Corps training and doctrinal publications as directed by the 
Commanding General, US Marine Corps Combat Development Command. Distribution 
of this publication is IAW Marine Corps Doctrinal Publications System. 


Navy. The Navy will incorporate these procedures in US Navy training and 
doctrinal publications as directed by the Commander, Navy Warfare Development 
Command. Distribution of this publication is IAW Military Standard Requisitioning 
and Issue Procedures Desk Guide and Navy Standing Operating Procedures Publication 
409. 


MARINE CORPS PCN: 144 000139 00 


Air Force. The Air Force will incorporate the procedures in this publication [AW 
applicable governing directives. Distribution is IAW Air Force Instruction 33-360. 


Coast Guard. The Coast Guard will incorporate the procedures in this publication 
in US Coast Guard (USCG) doctrinal and training publications as directed by the 
Assistant Commandant for Operations, Director of Operations Policy, USCG. 
Distribution of this publication is IAW USCG standing operating procedures. 


5. User Information 


a. US Army Training and Doctrine Command, Marine Corps Combat Development 
Command, Navy Warfare Development Command, Air Force Doctrine Center, USCG, 
and the Air Land Sea Application (ALSA) Center developed this publication with the 
joint participation of the approving Service commands. ALSA will review and update 
this publication as necessary. 


b. This publication reflects current joint and Service doctrine, command and control 
organizations, facilities, personnel, responsibilities, and procedures. Changes in Service 
protocol, appropriately reflected in joint and Service publications, will likewise be 
incorporated in revisions to this document. 


c. ALSA encourages recommended changes for improving this publication. Key any 
comments to the specific page and paragraph and provide a rationale for each 
recommendation. Send comments and recommendation directly to— 


Army 


Commander 

US Army Training and Doctrine Command 
ATTN: ATFC-RD 

Fort Monroe, VA 23651-5000 

DSN 680-3951 COMM (757) 788-3951 
E-mail: doctrine@monroe.army.mil 


Marine Corps 


Commanding General 

US Marine Corps Combat Development Command 
ATIN: C42 

3300 Russell Road, Suite 318A 

Quantico, VA 22134-5021 

DSN 278-6233/6234 COMM (703) 784-6233/6234 
E-mail: deputydirectordoctrine@mccdc.usmc.mil 


Navy 


Commander 

Navy Warfare Development Command 

ATTN: Code N5 

686 Cushing Road 

Newport, RI 02841-1207 

DSN 948-1164/4189 COMM (401) 841-1164/4189 
E-mail: alsapubs@nwdc.navy.mil 


Air Force 


HQ AFDC/DJ 

204 Dodd Blvd, Suite 301 

Langley AFB, VA 23665-2788 

DSN 574-8091 COMM (757) 764-8091 
E-mail: afdc.dj@langley.af.mil 


Coast Guard 


Commandant (G-OPL) 

US Coast Guard 

2100 2nd Street, S.W. 
Washington, D.C. 20593-0001 
Comm: (202) 267-1178 

E-mail: dlwhite@comdt.uscg.mil 


ALSA Center 

ATTN: Director 

114 Andrews Street 

Langley AFB, VA 23665-2785 

DSN 575-0902 COMM (757) 225-0902 
E-mail: alsadirector@langley.af.mil 


Algebra GRAPHING 


The coordinate system of a graph is the framework upon which the graph is drawn. A coordinate 
system consists of numbered scales that give the base and the direction for measuring points on 
the graph. Any point on a graph can be specified by giving its coordinates. Coordinates describe 
the location of the point with respect to the scales of the coordinate system. There are several 
different coordinate systems commonly encountered. 


The Cartesian Coordinate System 


The Cartesian Coordinate System, also known as the rectangular coordinate system, consists of 
two number scales, called the x-axis (at y = 0) and the y-axis (at x = 0), that are perpendicular 
to each other. Each scale is a number line drawn to intersect the other at zero. The zero point 
is called the origin. The divisions along the scales may be any size, but each division must be 
equal. Figure 1 shows a rectangular coordinate system. The axes divide the coordinate system 
into four regions called quadrants. Quadrant I is the region above the x-axis and to the right of 
the y-axis. Quadrant II is the region above the x-axis and to the left of the y-axis. Quadrant III 
is the region below the x-axis and to the left of the y-axis. Quadrant IV is the region below the 
X-axis and to the right of the y-axis. 


Quadrant || Quadrant 


Quadrant Ill Quadran 


Figure 1 The Cartesian System 
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EXECUTIVE SUMMARY 


HF-ALE 


Multi-Service Tactics, Techniques, and Procedures for the 
High Frequency—Automatic Link Establishment Radios 


The military standard HF-ALE radio is widely deployed throughout the US military 
and provides a viable alternative to overburdened satellite communication systems. 
Automatic link establishment (ALE) is an improvement to high frequency (HF) radio 
that allows establishment of considerably clearer over-the-horizon voice 
communications and robust data transmissions. This publication establishes common 
tactics, techniques, and procedures to allow HF-ALE users to maximize use of HF-ALE 
radios in the inventory, as well as new HF-ALE radios currently being acquired. 


Chapter I provides an overview of HF radio operations, discussing propagation of 
radio waves in the atmosphere to include factors affecting atmospheric ionization, 
frequency and path optimization, and propagation prediction techniques. 


Chapter II provides an overview of ALE, a communication system that permits HF 
radio stations to call and link on the best HF channel automatically without operator 
assistance. This chapter describes how ALE systems select the best frequency by 
making use of recently measured radio channel characteristics stored in a memory 
matrix and by constantly scanning through assigned frequencies to listen for calls. 
System limitations are also discussed. 


Chapter III discusses common parameters required for all radios in the network, the 
contrast between settings required for different vendor equipment, and factors such as 
type and number of radios in the network. Communications security, electronic 
counter-counter measures, and linking protection are also covered. 


Chapter IV considers multi-Service ALE network operations. This chapter 
highlights the detailed planning and coordination required at multiple echelons within 
a joint force to achieve effective communications among joint users of HF-ALE 
compatible radios. The functions and responsibilities of joint forces, Services, and key 
personnel, with respect to HF-ALE operations are described, to include HF-ALE 
addressing and data distribution. 


Chapter V provides guidance to each Service’s radio operators and HF radio network 
coordinator on how to create and operate in a joint HF-ALE voice network. This chapter 
describes the network details provided by the joint task force J6, what should be done 
with this information, and key points to consider when implementing the network into a 
previously established HF communications architecture. These guidelines are also 
applicable to operating in civil nets. 
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Chapter | 
High Frequency Overview 


High frequency (HF) is a term used to describe the 1.6 to 30 megahertz (MHz) 
portion of the radio spectrum. This frequency range can provide both short-range and 
long-haul communications. However, it is also greatly influenced by the earth’s 
atmosphere. To communicate effectively in the HF spectrum, it is necessary to 
understand radio propagation and how the earth’s atmosphere affects this frequency 
range. 


1. Propagation 


Propagation describes how radio signals radiate outward from a transmitting 
source. A radio transmitter’s antenna emits radio waves much like the wave motion 
formed by dropping a stone in a pool of water. This action is simple to imagine for radio 
waves that travel in a straight line in free space. The true path radio waves take, and 
how the earth’s atmosphere affects these waves, is more complex. 


2. Earth’s Atmosphere 


The earth’s atmosphere is divided into three separate regions. The layers are the 
troposphere, the stratosphere, and the ionosphere. Most of the earth’s weather takes 
place in the troposphere, which extends from the earth’s surface to about 10 miles up. 
The weather variations in temperature, density, and pressure have a great effect on the 
propagation of radio waves. The stratosphere, which extends from roughly 10 to 30 
miles up, has little effect on radio wave propagation. The ionosphere, which extends 
from 30 to approximately 375 miles up, contains up to four cloud-like layers of 
electrically charged ions. It is this region and its ionized layers that enable radio waves 
to be propagated great distances. The ionosphere, and how it effects radio wave 
propagation, is discussed on page I-2. 


3. Types of Propagation 


There are two basic modes of propagation: ground waves and sky waves. Ground 
waves travel along the surface of the earth and are used primarily for short-range 
communications. Sky waves, reflected by the ionosphere, are “bounced” or reflected 
back to earth and provide a long-haul communications path, as well as short-range 
(0 to 180 miles or 300 kilometers [km]) communication in mountainous terrain. 


a. Ground Waves. Ground waves consist of three components: surface waves, 
direct waves, and ground-reflected waves. 


(1) Surface Waves. Surface waves travel along the surface of the earth, reaching 
beyond the horizon. Eventually, surface wave energy is absorbed by the earth. The 
effective range of surface waves is largely determined by the frequency and conductivity 
of the surface over which the waves travel. Bodies of water and flat land have the least 
amount of absorption, while desert and jungle areas have the greatest. For a given 
complement of equipment, the range may extend from 200 to 250 miles over a 
conductive, all-sea-water path. Over arid, rocky, nonconductive terrain, however, the 


range may drop to less than 20 miles, even with the same equipment. If terrain is 
mountainous, the radio frequency signal will be reflected rather than continuing along 
the earth’s surface, thus significantly reducing range. Absorption also increases with an 
increase in frequency. When trying to communicate using surface wave energy, use the 
lowest possible frequency. 


(2) Direct Waves. Direct waves, also known as (AKA) line-of-sight (LOS) waves, 
travel in a straight line, becoming weaker as distance increases. They may be bent, or 
refracted, by the atmosphere; this extends their useful range slightly beyond the 
horizon. Transmitting and receiving antennas must be able to “see” each other for LOS 
communications to take place; therefore, antenna height is critical in determining 
range. Any obstructions (such as mountains or buildings) between the two antennas 
can block or reduce the signal using LOS communications. At higher frequencies, 
reception is optimized by matching the polarization/antenna position of the radios. 


(3) Ground-Reflected Waves. Ground-reflected waves are the portion of the 
propagated wave that is reflected from the surface of the earth between the transmitter 
and receiver. 


b. Sky Waves. Sky waves are radiated upward, making beyond LOS 
communications possible. At certain frequencies, radio waves are refracted (or bent), 
returning to earth hundreds or thousands of miles away. Depending on frequency, time 
of day (TOD), and atmospheric conditions, a signal can bounce several times before 
reaching a receiver. Near vertical incident sky waves (NVIS) are useful for short-range 
non-LOS communication at distances up to 200 miles. NVIS are reflected off the 
ionosphere at steep take-off angles. At such steep take-off angles, however, some of the 
HF energy penetrates the ionosphere and is lost. Usually, the HF band is used for sky 
wave propagation. Radio communications that use sky wave propagation depend on the 
ionosphere to provide the signal path between the transmitting and receiving antennas. 
Understanding sky wave propagation requires a knowledge of the effects of the 
ionosphere and solar activity on HF radio propagation and a familiarization with the 
techniques used to predict propagation and select the best frequencies for a particular 
link at a given time. Using sky waves can be tricky, since the ionosphere is constantly 
changing. Several different computer programs are available to aid in the prediction of 
frequencies for the best propagation. Figure I-1 shows the different propagation paths 
for HF radio waves. 
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Figure I-1. Propagation Paths for HF 


4. lonosphere: Nature’s Satellite 


a. The ionosphere is a region of electrically charged particles or gases in the earth’s 
atmosphere, extending from approximately 50 to 600 km (30 to 375 miles) above the 
earth’s surface. Ionization—the process in which electrons are stripped from atoms and 
produce electrically charged particles—results from solar radiation. When the 
ionosphere becomes heavily ionized, the gases may even glow and be visible. This 
phenomenon is known as Northern and Southern Lights. 


b. Why is the ionosphere important in HF radio? This blanket of gases is like 
nature’s satellite, making most beyond LOS radio communications possible. When 
radio waves strike these ionized layers, depending on frequency, some are completely 
absorbed, others are refracted so they return to the earth, and still others pass through 
the ionosphere into outer space. Absorption tends to be greater at lower frequencies, 
and increases as the degree of ionization increases. Figure I-2 shows the angle at which 
sky waves enter the ionosphere, AKA the incident angle. 


Figure I-2. Incident Angle 


c. Incident angle is determined by wavelength (such as frequency) and the type and 
orientation of the transmitting antenna. Like a billiard ball bouncing off a rail, a radio 
wave reflects from the ionosphere at the same angle at which it hits the ionosphere. 
Thus, the incident angle is an important factor in determining communications range. 
Communications with a distant station requires a greater incident angle, while 
communications with a nearby station requires a lesser incident angle. 


d. The incident angle of a radio wave is critical. If the incident angle is too nearly 
vertical and the electro-motive force of the transmitted signal is relatively small in that 
direction, the radio waves will pass through the ionosphere without being refracted back 
to earth. If the incident angle is too great, the radio waves will be absorbed by the lower 
layers before reaching the more densely ionized upper layers. In turn, the incident 
angle must be sufficient to bring the radio wave back to earth, yet not so great that it 
will lead to absorption. 


5. Layers of the lonosphere 


a. Within the ionosphere, there are four layers of varying ionization (as illustrated 
in figure I-3). Since ionization is caused by solar radiation, the higher layers of the 
ionosphere tend to be more electrically dense, while the lower layers (protected by the 
outer layers) experience less ionization. Of these layers, the first, discovered in the 
early 1920s by Sir Edward Victor Appleton, was designated “E” for electric waves. 
Later, “D” and “F” were discovered and noted by these letters. Additional ionospheric 
phenomena were discovered through the 1930s and 1940s, such as sporadic E and 
aurora. The letters A, B, and C will be used to designate future discoveries. 


IONOSPHERE 


Fy 155-375 Miles 


F, 90-155 Miles 


E 60-90 Miles 


D 30-55 Miles ea 


Figure I-3. Layers of the lonosphere 


b. The D layer is the lowest region affecting HF radio waves. Ionized only during 
the day, the D layer reaches maximum ionization when the sun is at its zenith, but 
dissipates quickly toward sunset. 


c. The E layer reaches maximum ionization at noon. It begins dissipating toward 
sunset and reaches minimum activity at midnight. Irregular cloud-like formations of 
ionized gases occasionally occur in the E layer. These regions, known as sporadic E, can 
support propagation of sky waves at the upper end of the HF band and beyond. 
Sporadic E regions appear and disappear quickly and at irregular intervals. Therefore, 
they are difficult to predict. For this reason, sporadic E communications cannot be 
depended upon to support mission essential communications. 


GRAPHING Algebra 


The use of a graph starts with the plotting of data points using the coordinate system. These data 
points are known as the abscissa and the ordinate. The abscissa, also known as _ the 
y-coordinate, is the distance along the y-axis. The ordinate, also known as the x-coordinate, is 
the distance along the x-axis. A point on a Cartesian coordinate graph is specified by giving its 
x-coordinate and its y-coordinate. Positive values of the x-coordinate are measured to the right, 
negative values to the left. Positive values of the y-coordinate are measured up, negative values 
down. For example, the x- and y-coordinates are both zero at the origin. The origin is denoted 
as (0,0), where the first zero refers to the value of the x-coordinate. Point A in Figure | is 
denoted as (0,4), since the value of the x-coordinate is zero, and the value of the y-coordinate 
is 4. In Quadrant I, every point has a positive x-coordinate and a positive y-coordinate. Point 
B in Figure 1 is located in Quadrant I and is denoted by (4,2). Fractional values of coordinates 
can also be shown. Point C in Figure | is denoted by (1,1.5). In Quadrant II, every point has 
a negative x-coordinate and a positive y-coordinate. Point D is denoted by (-2,2). In Quadrant 
Il, every point has a negative x-coordinate and a negative y-coordinate. Point E is located in 
Quadrant III and is denoted by (-2,-4). In Quadrant IV, every point has a positive x-coordinate, 
but a negative y-coordinate. Point F is located in Quadrant IV and is denoted by (5,-4). 


Cartesian Coordinate Graphs 


The most common type of graph using the Cartesian Coordinate System is one in which all 
values of both the x-coordinate and the y-coordinate are positive. This corresponds to Quadrant 
I of a Cartesian coordinate graph. The relationship between two physical quantities is often 
shown on this type of rectangular plot. The x-axis and the y-axis must first be labeled to 
correspond to one of the physical quantities. The units of measurement along each axis must also 
be established. For example, to show the relationship between reactor power level and time, the 
X-axis can be used for time in minutes and the y-axis for the reactor power level as a percentage 
of full power level. Data points are plotted using the associated values of the two physical 
quantities. 


Example: The temperature of water flowing in a high pressure line was measured at regular 
intervals. Plot the following recorded data on a Cartesian coordinate graph. 


Time (min) Temperature (CF 

0 400° 

15 420° 

30 440° 

45 460° 

60 480° 

75 497° 

90 497° 
105 497° 
120 497° 
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d. The F layer is the most heavily ionized region of the ionosphere and, therefore, 
the most important for long-haul communications. At this altitude, the air is thin 
enough so the ions and electrons recombine very slowly and this layer retains its ionized 
properties even after sunset. 


e. In the daytime, the F layer consists of two distinct layers: Fl and F2. The F1 
layer, which exists only in the daytime and is negligible in winter, is not important to 
HF communications. 


f. The F2 layer reaches maximum ionization at noon and remains charged at night, 
gradually decreasing to a minimum just before sunrise. 


g. During the day, sky wave reflection from the F2 layer requires wavelengths 
short enough to penetrate the ionized D and E layers, but not so short as to pass 
through the F layer. Generally, frequencies from 8 to 20 MHz will be reflected back to 
earth during daytime hours and frequencies between 2 and 8 MHz will be reflected at 
nighttime hours. For NVIS nighttime communications, the most effective frequencies 
normally range between 2 and 5 MHz. 


6. Factors Affecting Atmospheric lonization 


a. The intensity of solar radiation varies periodically, thereby affecting ionization. 
Solar radiation intensity can be predicted based on the TOD and season, and equipment 
adjustments made to limit or optimize ionization effects. 


b. Ionization is higher during spring and summer because the hours of daylight are 
longer. Sky waves are absorbed or weakened as they pass through the highly charged D 
and E layers, in effect, reducing the communication range of most HF bands. 


c. Because there are fewer hours of daylight during autumn and winter, less 
radiation reaches the D and E layers. Lower frequencies pass easily through these 
weakly ionized layers. Therefore, signals arriving at the F layer are stronger and 
reflected over greater distances. 


d. Another longer term periodic variation results from the 11-year sunspot cycle, 
shown in figure I-4. Sunspots generate bursts of radiation that cause higher levels of 
lonization—the more sunspots, the greater the ionization. During periods of low 
sunspot activity, frequencies above 20 MHz tend to be unusable because the E and F 
layers are too weakly ionized to reflect signals back to earth. At the peak of the sunspot 
cycle, however, it is not unusual to have worldwide propagation on frequencies above 30 
MHz. 
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Figure I-4, 11-Year Sunspot Cycle 


e. In addition to these regular variations, there is a class of unpredictable 
phenomena known as sudden ionospheric disturbances that can affect HF 
communications as well. Sudden ionospheric disturbances—random events due to solar 
flares—can disrupt sky wave communication for hours, or days, at a time. Solar flares 
produce intense ionization of the D layer, causing it to absorb most HF signals on the 
side of the earth facing the sun. 


f. Magnetic storms often follow the eruption of solar flares within 20 to 40 hours. 
Charged particles from the storms have a scattering effect on the F layer, temporarily 
neutralizing its reflective properties. 


7. Frequency and Path Optimization 


a. Because ionospheric conditions affect radio wave propagation, communicators 
must determine the best way to optimize radio frequencies at a particular time. The 
highest possible frequency that can be used to transmit over a particular path under 
given ionospheric conditions is the maximum usable frequency (MUF). Frequencies 
higher than the MUF penetrate the ionosphere and continue into space. Frequencies 
lower than the MUF tend to refract back to earth. 


b. As frequency is reduced, the amount of absorption of the signal by the D layer 
increases. Eventually, the signal is completely absorbed by the ionosphere. The 
frequency at which this occurs is called the lowest usable frequency. The “window” of 
usable frequencies, therefore, lies between the MUF and lowest usable frequency. 


c. The frequency of optimum transmission (FOT) is nominally 85 percent of the 
MUF. Generally, the FOT is lower at night and higher during the day. 


d. In addition to frequency, the route the radio signal travels must also be 
considered in optimizing communications. A received signal may be comprised of 
components arriving via several routes, including one or more sky wave paths anda 


ground wave path. The arrival times of these components differ because of differences 
in path length; the range of time differences is the multipath spread. The effects of 
multipath spread can be minimized by selecting a frequency as close as possible to the 
MUF. Higher frequencies are generally less susceptible to atmospheric noise so 
communications can also be improved by choosing frequencies as close as possible to the 
MUF. 


8. Propagation Prediction Techniques 


a. Since many of the variables affecting propagation follow repetitive cycles and can 
be predicted, techniques for effectively determining FOT have been developed. 


b. A number of propagation prediction computer programs are available (see 
appendix H). One widely used and effective program is Voice of America Coverage 
Analysis Program (VOACAP), which predicts system performance at given times of day 
as a function of frequency for a given HF path and a specified complement of equipment. 


c. Ofcourse, since computerized prediction methods are based on physical 
calculations and historic data, they cannot account for present conditions affecting 
communications, such as ionospheric changes caused by random phenomena 
(interference and noise). 


Chapter Il 
Automatic Link Establishment Overview 


Automatic link establishment (ALE) is a communication system that permits HF 
radio stations to call and link on the best HF channel automatically without operator 
assistance. Typically, ALE systems make use of recently measured radio channel 
characteristics stored in a memory matrix to select the best frequency. The system 
works much like a telephone in that each radio in a network is assigned an address 
(similar to a call sign). When not in use, each radio receiver constantly scans through 
its assigned frequencies, listening for calls addressed to it. 


1. ALE Linking Sequence 


a. To reach a specific station, the radio operator simply enters an address, just like 
dialing a telephone number. The radio consults its memory matrix and selects the best 
available assigned frequency. It then sends out a brief digital message containing the 
identification (ID) of the destination. When the receiving station hears its address, it 
stops scanning and stays on that frequency. The two stations automatically conduct a 
“handshake” to confirm that a link is established, and they are ready to communicate 
(see figure II-I). 


Ground Station 


, am 


Ground BBB 
Receiver 
Scanning 
Scanning Call 10 Channels 
(Call Duration) (2 Channels per Second) 


|<——————_ 8.0 SEC ———_ | + 1.176 SEC —>| 


Initiates Call 


THISIS 


@ ou ai) cee 
BBB | BBB | BBB | BBB BBB | BBB | BBB 
| 392ms | 392ms | 392ms |392ms | | 392ms | 392ms | 392ms| 


(2) RESPONSE TO TO |THISIS 
AAA | AAA | BBB 

(3) ACKNOWLEDGEMENT To TO ITHISIS 
BBB | BBB | AAA 


Figure Il-1. ALE Linking Sequence 


b. The receiving station, which has been squelched, will emit an audible alert 
and/or a visual indication of the ALE address of the station that called to alert the 
operator of an incoming call. At the conclusion of the call, either operator can “hang-up” 
or terminate the link; a disconnect signal is sent to the other station and they each 
return to the scanning mode. 
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c. ALE can also be used for a group of stations using the ALE net call at the same 
time. In this situation, each receiving station answers back to the calling station in a 
certain sequence, which is set up during the ALE programming. Net calls must be used 
somewhat judiciously, as all called stations need to be in the same propagating region 
as the calling station. 


d. An HF communications network usually has a number of channels assigned. 
The ALE system has a link quality analysis (LQA) process that allows the radio to 
evaluate each of these channels to determine the best channel to place a call. 


e. At prescribed intervals, a station can be programmed to measure the signal 
quality on each assigned frequency (by listening to the sounding signals from the other 
stations in the network). The quality scores are stored in a matrix, listed by the other 
stations as ID versus channel. When a call to a certain station is initiated, the radio 
checks the matrix to determine the best quality frequency for the call to that particular 
station. It then attempts to link on that frequency. If the link cannot be established on 
that frequency, it will try again on the next best frequency, and so on until a link is 
established. Ifa link is not established after trying all the assigned frequencies, the 
radio will prompt the operator that a link could not be established. Sometimes when 
using the HF spectrum, communications between any two points may not be possible. 
In these cases, it is important to be persistent in attempts to communicate and consider 
using another station as a relay to get a message across. 


f. Inthe sample LQA matrix for the station headquarters (HQ) (table II-I), the 
channel numbers represent programmed frequencies; the numbers in the matrix are the 
most recent channel quality scores. In this example, scores range from 0 for the worst 
to 100 for the best. Actual LQA scoring varies between different vendors’ equipment. A 
blank (“__”) means the two radios could not use that channel to communicate. 


Table Il-1 Link Quality Analysis Matrix 


Address 


FALPHA1 | 60S] 33 | 12 | at | 8 
PALPEIA = she 10~ =e eee AB = [be ie 2 
PAEBHAS =} 2 20] 52 | OS 


g. Thus, if the operator from HQ wanted to call ALPHA 3, the radio would attempt 
to call on channel 05, which has the highest LQA score. If not successful, it would 
attempt to call on the channel with the next highest score (channel 04), and so on. 


h. When making multistation calls or a net call, the radio selects the channel with 
the best average score among the addresses in the net call. Thus, for a net call to all the 
addresses in the matrix, channel 04 would be used. 
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2. Generations of ALE 


a. Currently two generations of ALE are being used; these are commonly referred 
to as second generation (2G) and third generation (8G). This document primarily covers 
the 2G version of ALE. Military Standard (MIL-STD)-188-141A, appendix A and MIL- 
STD-188-141B, appendix A (updated) covers 2G ALE. 


b. The newest ALE technology (3G) is immature and not yet widely fielded. This 
technology provides the following advantages over the 2G of ALE: 


e Faster link setup time. 
e Linking at lower signal-to-noise ratios. 
e Improved network channel efficiency. 


e ALE, 3G, and data traffic use the same family of high-performance serial 
waveforms. 


e Higher throughput for short and long data messages. 


c. These advantages incorporate synchronous scanning, a burst phase shift keying 
waveform, and a carrier sense multiple access with collision avoidance channel access 
procedure. MIL-STD-188-141B, appendix C, and STANAG 4538 are the applicable 
standards that cover the 3G of ALE. 


3. Frequency Selection 


a. For ALE to function properly, frequency selection is important. When selecting 
frequencies to use in a network, take into consideration the times of operation and 
distances to be communicated, power level used, type of antenna(s) used and so forth. 


b. When using the above parameters, a good propagation program should also be 
used to determine which frequencies will propagate. Appendix H lists some of the 
available propagation software programs and contact information. 


c. Consulting with the frequency manager early on in this process may save you a 
lot of work, since the manager may already have lists of approved frequencies that can 
be used for particular functions in given areas. 


4. Limitations 


a. ALE isa tool that automates HF linking and frequency selection. It does not 
replace a properly trained HF operator. Knowledge of the specific radio equipment 
being used, propagation, antennas, and so forth is still essential to use ALE effectively. 


b. ALE will not improve propagation. If poor propagating frequencies are used, 
ALE will not make them work better. ALE only works as well as the frequencies you 
put into it; therefore, proper frequency management is essential. 


c. ALE makes the linking process more automatic, allowing a novice HF user to use 
the radio effectively. However, ALE in some cases takes more time than it takes two 
highly trained HF operators to establish a link. 


d. ALE determines only the best channel to pass traffic and tries to establish a link 
between radios. The ALE function, in itself, does not provide data capability other than 
a simple automatic message display (AMD) in the ALE header signal or other 
equipment specific features. 
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e. Depending on the specific equipment used, ALE may not determine if the 
channel is busy with voice or data traffic before it transmits. An operator has no 
indication if two other stations are currently linked. 
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Chapter Ill 
ALE Parameters Overview 


Creating a network in ALE requires that a number of parameters be set the same 
across all radios in the network. These settings are determined by considerations such 
as type of radios in the network and the number of radios in the network. Due to the 
number of different data devices and types of data, this document does not cover the use 
of data in an ALE network. To show contrast between vendor equipment, a sample ALE 
communications plan for an AN/PRC-150(c) radio is included in appendix F (Example 
Radio Programming Application), and a sample communications plan for an AN/ARC- 
220 radio is included in Appendix G (Example HF Communications Planning System 
(HF-CPS)). 


1. ALE Parameters 


a. The following lists of some of the ALE parameters provided to users. Different 
equipment may contain more or fewer parameters. 


(1) Address. This parameter assigns a unique call sign or address to each radio. 
The self address is the address assigned to the radio you are programming. The format 
is three to fifteen alphanumeric characters. Individual addresses are assigned to all 
other radios in the network. 


(2) ALL Call. This parameter determines if the radio will respond to an “ALL” 
call. An ALL Call attempts to link with all the ALE stations using a broadcast format. 
An ALL Call does not expect a response and does not designate a specific address. The 
letters A-L-L should not be used as a self or individual address. 


(3) AMD Allowed. This parameter enables (or disables) the ability of the radio to 
receive AMD messages. If this is turned off, your radio will not receive and store AMD 
messages sent to it. (This parameter does not exist in all vendors’ equipment.) 


(4) ANY Call. This parameter determines if the radio will respond to an “ANY” 
Call. An ANY Call attempts to link with all ALE stations in the same manner as with 
the ALL Call, except the individual stations are expected to respond at one of 16 
random intervals for linking purposes. The letters A-N-Y should not be used as a self or 
individual address. 


(5) Auto Display AMD. This parameter enables (or disables) the ability of the 
radio to display a received AMD message on its front panel. If this is turned off, your 
radio will not display AMD messages sent to it, but will store them in memory. For this 
feature to work, the AMD allowed parameter must be enabled. 


(6) Scan Set (AKA Channel Group or Scan List). This parameter groups 
individual channels together for use in an ALE network. The number of scan sets that 
can be created is dependent on the equipment used. 


(7) Key to Call. This parameter enables or disables a feature that allows the 
operator to simply key the microphone to place an ALE call to the last address called. 
This is like last number redial on a telephone. 
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(8) Activity Timeout (AKA Link Timeout or Return to Scan Timeout). This 
parameter returns the radio from a linked state to scan if the radio has not been keyed 
or has not received an ALE signal for a specified period of time. 


(9) Listen Before Transmit. This parameter forces the radio to monitor the 
channel for existing traffic before attempting an ALE call. Depending on the equipment 
used, the existing traffic can be an ALE handshake, voice, or data. 


(10) LQA in Call. This parameter enables (or disables) a feature that forces the 
radio to do an LQA before attempting an ALE call. 


(11) Maximum Scan Channels (AKA Call Duration). This parameter is used in 
ALE to determine the link call time to stations within the net. The calling station’s call 
needs to last long enough so the receiving station(s) have time to complete their scan 
cycle. This parameter must be set for the worst case radio in the network. For example, 
all radios scan five channels except one which scans 10, all radios in the network must 
set Max Scan Channels to 10. 


(12) Maximum Tune Time. This parameter sets the length of time the calling 
station waits for the target station to tune its antenna coupler and power amplifier and 
respond to the call. This parameter must be set for the slowest radio tune time in the 
network. If all radios in the network tune in four seconds except one, which takes six 
seconds, all radios in the network must set this parameter to 6 seconds. 


(13) Net Address. This is a list of the addresses in a network. The net address 
requires all radios to be programmed identically. The order of all addresses in the 
network (including your self address) must be the same in all radios. 


(14) Scan Rate (AKA Scan Minimum Dwell, 1/Scan Rate). This parameter sets 
the rate that the frequencies will be scanned. All radios in the network must be set at 
the same scan rate. 


2. Channel Parameters 
In addition to the ALE parameters, the radios have to be programmed with channel 
parameters. Depending on the equipment used, these parameters may include— 
e Channel number. 
e Frequency (both receive and transmit). 
e Power emission. 
e Modulation type (AKA emission mode). 
e Automatic gain control (AGC). 
e Channel bandwidth. 
e Receive (RX) only Cf set to YES, this channel is used just for receive only). 
e Sound enable/disable. 


e Sounding interval. 


3. Communications Security 


Communications security (COMSEC) must be programmed in all radios in the 
network. The planner must ensure that all stations are using compatible COMSEC 
devices and that the same keying material (KEYMAT) is used. 
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4. System Specific Parameters 


Each system has specific parameters that must be programmed (such as modem 
settings, pre/post selector settings). This document does not cover all these settings due 
to the variety of different systems and different parameters. 


5. Electronic Counter-Counter Measures 


When required, electronic counter-counter measures (ECCM) must be programmed 
in all radios in the network. The planner must ensure that all stations are using the 
same transmission security key material. 


6. Linking Protection 


When required, linking protection (LP) must be programmed in ALE operation for 
all radios in the network. The planner must ensure that all stations are using the same 
level of LP and LP key material. 
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Algebra GRAPHING 


The first step is to label the x-axis and the y-axis. Let the x-axis be time in minutes and 
the y-axis be temperature in °F. 


The next step is to establish the units of measurement along each axis. The x-axis must 
range from 0 to 120, the y-axis from 400 to 500. 


The points are then plotted one by one. Figure 2 shows the resulting Cartesian coordinate 
graph. 
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Figure 2 Cartesian Coordinate Graph of 
Temperature vs. Time 


Example: The density of water was measured over a range of temperatures. Plot the 
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following recorded data on a Cartesian coordinate graph. 


Temperature (°C Densit /ml 
40° 0.992 
50° 0.988 
60° 0.983 
70° 0.978 
80° 0.972 
90° 0.965 
100° 0.958 
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Chapter IV 
Multi-Service ALE Network Overview 


Achieving effective communications among all users of HF-ALE compatible radios 
on the modern battlefield requires detailed planning and coordination at multiple 
echelons within a joint force. This chapter describes the respective functions and 
responsibilities of the joint forces, Services, and key personnel, with respect to HF-ALE 
operations. 

1. Functions and Responsibilities 


a. Joint Chiefs of Staff (JCS). The JCS provides overall guidance on joint US 
military frequency engineering and management. The JCS have delegated certain 
authority to carry out this responsibility to the Chairman of the Military 
Communications-Electronics Board. The Chairman of the Joint Chiefs of Staff (CJCS) 
reserves the authority to resolve disputes. 


b. Joint Force Commander (JFC). The JFC is responsible for all facets of 
communications in the area of operations (AO). The JFC delegates the authority for 
communications coordination to the communications or signal special staff office of the 
Command, Control, Communications, and Computer Systems Directorate (J6). 


c. Command, Control, Communications, and Computers Systems Directorate. 


(1) The JFC's J6 is a functionally organized staff that controls and coordinates 
joint signal services for all elements in the joint operation or exercise. Normally when a 
joint force is using HF-ALE compatible radios, the J6 is responsible for the following: 


(a) Designating and distributing joint HF-ALE operating parameters 
including LP. 


(b) Publishing standing operating procedures (SOP) for communications. 
(c) Providing frequency management for joint HF-ALE nets. 

(d) Coordinating with host government for frequencies. 

(e) Controlling COMSEC assignment and use. 

(f) Establishing and assigning hierarchy for joint nets. 

(g) Establishing and assigning user addresses for joint forces. 

(h) Controlling ECCM assignment and use. 


(2) The J6 publishes procedures for the following actions in the operation plan 
(OPLAN) and operation order: 


(a) Operating in fixed (single-channel) or ALE modes. 
(b) Using channel plans. 
(c) Assigning and using traffic encryption key (TEK). 


(d) Determining applicable dates for net configurations. 
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(e) Assigning hierarchy for joint nets. 

(f) Establishing common network time. 

(g) Developing key management plans. 

(h) Developing emergency destruction plans. 


(3) In joint operations, all Services in the same tactical operating area will use 
HF-ALE compatible radios. Frequency management must occur at the highest multi- 
Service command level. For effective operations, a communications coordination 
committee should be composed of assigned J6 personnel and necessary augmentation 
personnel. The communications coordination committee should include— 


(a) Lead Service HF-ALE network coordinator. 


(b) The COMSEC custodian and/or communications-electronics operating 
instruction (CEOI) manager from the appropriate staff section. 


(c) The special plans officer from the operations directorate of a joint staff 
(J3) plans section. 


(d) The host-country frequency coordinator. 


(e) Frequency managers from the joint and Service frequency management 
offices. 


(f) The J3 aviation officer. 
(g) The J3 maritime officer. 


(h) A representative from each Service/functional component command J6, 
C6, or Army or Marine Corps component command, control, communications, and 
computer systems staff officer (G6) capable of accurately representing the component 
requirements, capabilities, and limitations. 


(4) The communications coordination committee must be identified and available 
prior to the execution of the OPLAN. They must be knowledgeable on Service-unique 
communications requirements and the operation and management of HF-ALE 
computer-based data management systems (such as the Joint Automated CEOI System 
or Revised Battlefield Electronics CEOI System, Automated Communications 
Engineering Software, and the Air Force Key Data Management System). 


(5) The communications coordination committee works with the intelligence 
directorate of a joint staff (J2) and the J3 section for planning electronic warfare (EW). 
The J3 establishes the joint commander’s electronic warfare staff (JCEWS) for planning 
EW operations. JCEWS normally consists of the J2, J3, EW officer, J6, and 
representatives from component Services. 


(6) The JCEWS coordinates all EW emissions in the joint arena. After 
coordination is complete, the J6 publishes a joint restricted frequency list (JRFL). It 
specifies the frequency allocations for communication and jamming missions restricted 
from use by anyone except those performing the jamming mission. The JFC has final 
approval of the JRFL, which must be continually updated to maximize effectiveness of 
EW assets and communications systems. The JRFL should contain only those 
frequencies that, when jammed, would jeopardize the mission and endanger personnel. 
A JFRL that contains too many frequencies defeats the purpose of the JRFL. 
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(7) Working with host-nation authorities, the communications coordination 
committee also builds the frequency list for the channel plans. In building the list, the 
committee should use HF propagation tools (such as systems planning, engineering, and 
evaluation device [SPEED], VOACAP, Rockwell Collins propagation software 
[PROPMAN)]). 


2. Planning 
a. Frequency and Network Management Responsibilities. 


(1) Frequency and Network Management. Joint force operations require 
frequency and network management at theater levels for interoperability. Combined 
operations will also require frequency and network management if allies use HF-ALE 
compatible radios. Inside the borders, airspace, or territorial waters of foreign 
countries, US forces have no independent authority to use radio frequencies. They are 
subject to existing international agreements. The US Department of State and theater 
commander coordinates these agreements with allied governments. 


(2) Frequency Allocations Assignments. Frequency assignments are area 
dependent; thus when units change their AO, frequency planning must be addressed 
early to minimize disruptions in the operation. Users must approach the spectrum 
management process in a manner consistent with the combatant commander’s policy for 
spectrum management. The J6 usually develops the commander’s policy, which 
includes documents such as the OPLAN and joint communications-electronics operating 
instruction (JCEOI). At each level, users must identify and submit spectrum 
requirements to the Joint Frequency Management Office (JFMO) or Joint Spectrum 
Management Element (JSME) as appropriate. Users are also responsible for operating 
their electromagnetic radiating equipment in accordance with parameters authorized by 
the frequency assignment process. Due to the long lead time required to coordinate 
spectrum assignments, users should submit their requests for frequencies early in their 
planning cycle. After receiving assignments, the JFMO/JSME will generate editions to 
the JCEOI/signal operating instructions, print out a hard copy for issue and usage, and 
create frequency lists needed for operations. 


(3) Network Allocations. Network allocations are mission dependent; thus when 
units change their AO, net planning must address and implement timely updates to 
minimize disruptions in the operation. The lead Service HF-ALE network manager 
must contact the JFMO/JSME for frequencies. The HF-ALE network manager will then 
validate the master address list and net assignments prior to generation. After 
receiving frequency assignments, the network manager will generate the required 
channel plan, print out both paper and electronic copy for issue and usage, and create 
channel plans needed for operations. (See figures IV-I and IV-II.) 
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Minimum Format Items 
(Check w/ Frequency Manager) 
. Security Classification (UB) 
. Type of Action (N) = New 
. Serial Number 
. Frequencies - K2000-M30 
. Station Class (ML) Mobile Land 
. Emission Designator (2K80J3E) 
. Transmitter Power (in watts) (W400) 
. Power Type (P) 
. Usage Hours Per Day (1H24) 
. Percentage of Use 
. Required Date (YYYYMMDD) 
. Expiration Date (YYYYMMDD) 
O 


. Joint Service (AF, AR) 

. Agency (USA, USN, USAF, or NSA) 

. Command (Unit) 

. SubCommand 

. Operating Unit 

. Transmitter Location, State, or Country 

. Transmitter Antenna Location 

. World Geodetic System 1948 (WGS 84) DATUM (Latitude and Longitude in Deg. Min, Sec) 
. Transmitter Equipment Nomenclature (G,AN/URC-121) 
. Transmitter Equipment Allocation Status (JF-12 number from DD 1494) (J/F 12/0XXXxX) 
. Antenna Name 

. Antenna Structure Height (In Meters) 

. Antenna gain 

. Antenna Elevation 

. Antenna Feed Point Height (In Meters) 

. Antenna Orientation 

. Antenna Polarization 

. Receiver Location, State or Country 

. Receiver Antenna Location 

. World Geodetic System 1948 (WGS 84) DATUM (Latitude and Longitude in Deg. Min, Sec) 
. Path Length (In Kilometers) 

. Receiver Equipment Nomenclature (G, AN/URC-121) 

. Receiver Equipment Allocation Status (JF-12 number from DD 1494) (J/F 12/0XXXX) 
. Antenna Name 

. Antenna Structure Height (In Meters) 

. Antenna Gain 

. Antenna Elevation 

. Antenna Feed Point Height (In Meters) 

. Antenna Orientation 

. Antenna Polarization 

. Description of Requirement 

. Major Function Identifier 

. Intermediate Function Identifier 

. Detailed Function Identifier 

. MAJCOM Tracking Number 

. Type Service (S-Simplex, D-Duplex) 

. Usage Code (3) 

. Requester Data (Rank, Name, Telephone Number) 

. Tuning Range/Increments 

. Date Required (YYYYMMDD) 

. Host nation Nominations Acceptable (Yes or No) 

. Exercise, Mission or Project Name 


Figure IV-1. Standard Frequency Action Format Example 
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005. UB 

010. N 

110. K2000-M30 

113. ML 

114. 2K80J3E 

115. W35 

140. 20010430 

141. 20010530 

144. O 

147. AR, AF 

200. USA 

204. UNIT INFORMATION (SMD) COMMAND 
207. UNIT INFORMATION (RS) Operating Unit 
300. CA 

301. FT IRWIN 

303. 351500N1164000W 

340. G, AN/PRC-150C 

343. J/F 12/04167/6 

354. WHIP 

356. 6 

357.0 

358. 2283 

359. 6 

362. ND 

363. V 

400. DE 

401. DOVER AFB 

403. 390736N0752754W 

407. 

440. G, AN/PRC-150C 

443. J/F 12/04167/6 

454. LOGPERIODIC 

456. 15 

457. 20 

458. 30 

459.15 

462. R 

463. V 

502. REQUIRED FOR COMMAND AND CONTROL DURING ROTATION 
511. GROUND OPERATIONS 

512. INFANTRY 

513. COMMAND AND CONTROL 

520. REQUEST 3 IN EACH OF THE FOLLOWING BANDS 
520/2. 2-3K, 4-5K, 6-12K, 12-15K, 15-17K, 17-18K, 
520/3. 19-20K, 20-23K, 23-25K, 25-30K 
702. 1-10SFG2003-0012 

704. 3510 

716.3 

803. SGT Jon Doe, 123-4567/4568 
804. K2000-K3000/100K 

805. 20010422 

806. YES 

910. Joint Enterprise 


Figure IV-2. Standard Frequency Action Format Example for HF-ALE 
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b. Compatibility and Interoperability. To support HF-ALE compatibility and 
interoperability between all Service components, planners must coordinate with J6 and 
their subordinate organizations. This coordination ensures that all combat and combat 
support elements have the following: 


(1) Equipment. 


(a) Interoperability. Equipment interoperability is a major issue in network 
planning for HF-ALE systems. While many US forces use HF-ALE-compatible radios, 
the radios of allied nations may not be interoperable with MIL STD 188-141 HF-ALE. 
Therefore, plans should address interfaces between HF and HF-ALE capable radios or 
lateral placement of interoperable radios in non-ALE command posts. 


(b) Cryptographic (Crypto) Management. The J6 should manage the use of 
crypto materials (key lists and devices) to ensure security and crypto interoperability at 
all levels. US forces may need to augment allied forces with US equipment and 
personnel for crypto interoperability as appropriate. Prior coordination is essential for 
mission accomplishment. 


(2) HF-ALE Channel Plan Data. 


(a) The J6 network manager is responsible for managing and generating 
multi-Service HF-ALE channel plan data (see figure IV-3). 


Generates Joint HF-ALE 
Channel Plan 


AIR AND SPACE 
OPERATIONS 
CENTER 


TASK 
FORCE 
COMMANDER 


TASK 
SEPARATE 
FORCE 
BRIGADE 
BRIGADE NAVIN 
Generates Unit Specific HF-ALE (©*P.D!TIONARY 


Channel Plan 


MARINE 
EXPEDITIONARY 
UNIT (SOC) 


Figure IV-3. Echelons Capable of Generating HF-ALE Network Plan Data 
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(b) The larger the number of frequencies and wider the distribution across 
the HF range, the better HF-ALE will perform. The minimum size for an effective 
channel plan is mission-dependent. Typically, the optimal channel plan of 10 to 12 
frequencies, spread across the frequency range, will adequately support both voice and 
data HF-ALE operations. As the number of frequencies in the channel plan decreases, 
the choices of LQA become limited, and may become zero. In addition, as the number of 
frequencies in the channel plan increases beyond the optimal number (10 to 12 
frequencies), the time required to conduct LQA and establish links increases. 
Aggressively scrutinizing frequency selections and using the optimal number of 
frequencies per channel plan ensures the best possible HF-ALE performance. 


(c) The use of global positioning system (GPS) Greenwich Mean Time 
(GMT) provides a common time reference that simplifies ALE LP operation and ECCM 
net synchronization. Use of GPS GMT with a common ALE database LP TEK and 
ECCM TEK enables operators to link quickly and frequency hop. 


e Use ofthe GPS. Maintaining accurate time is best accomplished 
using the GPS. TOD server will update time in HF-ALE-compatible radios using GPS 
GMT time from the precise lightweight GPS receiver or other time sources. 


e TOD Server. As required, J6 will establish a TOD server for joint 
HF-ALE nets. The J6 must coordinate this TOD server with all theater Services and 
echelons of command. 


(d) All HF-ALE radios, whether operating in fixed, ALE, ALE with LP, or 
ECCM, will operate in the cipher text (CT) mode whenever possible. HF-ALE radios 
have either embedded COMSEC or an external COMSEC device. Either the National 
Security Agency or the JFC designates the controlling authority (CONAUTH), 
depending on the circumstances, for all crypto-net operations. The CONAUTH J6 
provides overall staff supervision. COMSEC data includes TEK and key encryption key 
(KEK). 


e TEK. The normal effective period for the TEK is 30 days; however, 
the CONAUTH may specify a shorter period or extend the period under emergency 
conditions. 


e KEK. KEKs have an effective period of 90 days; however, the 
CONAUTH may authorize deviations as dictated by operations. Unit SOPs will 
describe routine loading of KEKs in all radios or the storing of the KEK in a fill device 
until needed. 


e Keying Material Compromise. When substantial evidence exists of a 
compromise of COMSEC keying material for HF-ALE radios, the CONAUTH will take 
immediate action. There is a range of options including immediate implementation of 
new keys and, if necessary, continued use of compromised key(s) until an un- 
compromised key can be implemented. CONAUTH will consider the tactical situation, 
the time needed to distribute reserve data, and the time required to reestablish 
communications after COMSEC key(s) are superseded. 


3. HF-ALE Data Distribution 


a. General. The J6 will manage the overall distribution of the joint HF-ALE 
channel plan and COMSEC data throughout the AO. The channel plan will be 
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distributed using paper, or electronically via secure means. Subordinate 
communications staff offices are responsible for forwarding their net requirements to 
their higher HQ. Staffs at each echelon must distribute data appropriately packaged for 
their users, whether routine or under emergency conditions, to ensure that critical 
communications are not disrupted. Staffs can distribute the data physically, 
electronically, or using a combination of both. 


b. Distribution within a Joint Force Command. 


(1) Responsibilities. In joint force operations, the J6 has responsibility for 
generating or importing the joint HF-ALE channel plans and COMSEC keys. The J6 
distributes this data directly to the component communications staffs. If appropriate, 
the J6 can delegate the generation and distribution of the joint HF-ALE channel plans 
and COMSEC keys to the Service/functional components. 


(2) Liaison. The J6 staff is responsible for providing the joint frequencies, HF 
data, HF-ALE channel plan, and any other CEOI information to the Service liaison 
personnel. Liaison personnel include ground liaison officers at air units, air liaison 
officers to ground units, and battlefield coordination elements. These individuals and 
units are important links to the Service or HQ they support. After receiving the 
HF-ALE channel plan and COMSEC data from their Service or functional component, 
liaison personnel can distribute the data to the unit they support. 


(3) Intratheater. HF-ALE channel plans are mission dictated and cannot be 
prepackaged by the warfighting commanders supporting joint force operations. They 
are mission-specific for a wide range of standing OPLANs and contingency plans. In the 
mission planning stage, HF-ALE channel plans should be generated and included with 
the COMSEC material. 
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c. Distribution within Services and/Components. 


(1) Army Forces (ARFOR) (see figure IV-4). The Army component CONAUTH 
receives and disseminates the HF-ALE channel plan, including LP, ECCM, and 
COMSEC data to subordinate echelons. Depending on the situation, the CONAUTH 
may be at the field Army, corps, or division level. Most often, the CONAUTH will be at 
the corps level. 


LIAISON ELEMENTS 
— — . When CORPS is the 
Senior Army Echelon 


Figure IV-4. Channel Plan Data Distribution within Army Units 
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GRAPHING Algebra 


The first step is to label the x-axis and the y-axis. Let the x-axis be temperature in °C and 
the y-axis be density in g/ml. 


The next step is to establish the units of measurement along each axis. The x-axis must 
range from approximately 40 to 100, the y-axis from 0.95 to 1.00. 


The points are then plotted one by one. Figure 3 shows the resulting Cartesian coordinate 
graph. 


terpolation 


Extrapolation—___ | 


60 


Temperature (°C) 


Figure 3 Cartesian Coordinate Graph of Density of Water vs. Temperature 


Graphs are convenient because, at a single glance, the major features of the relationship between 
the two physical quantities plotted can be seen. In addition, if some previous knowledge of the 
physical system under consideration is available, the numerical value pairs of points can be 
connected by a straight line or a smooth curve. From these plots, the values at points not 
specifically measured or calculated can be obtained. In Figures 2 and 3, the data points have 
been connected by a straight line and a smooth curve, respectively. From these plots, the values 
at points not specifically plotted can be determined. For example, using Figure 3, the density 
of water at 65°C can be determined to be 0.98 g/ml. Because 65°C is within the scope of the 
available data, it is called an interpolated value. Also using Figure 3, the density of water at 
101°C can be estimated to be 0.956 g/ml. Because 101°C is outside the scope of the available 
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(2) Marine Corps Forces (MARFOR) (see figure IV-5). The Marine Corps 
component CONAUTH receives and disseminates the HF-ALE channel plan and 
COMSEC data to subordinate echelons. Depending on the situation, the CONAUTH 
may be at the Marine expeditionary force (MEF), Marine expeditionary brigade, or 
Marine expeditionary unit. Most often, the CONAUTH will be at the MEF level. 


XX 
GCE/DIV 
DASC 


TACP 


FIGHTER/ATTACK/HELO 


DASC (A) 


TAC (A) 


ASC (A) 
FAC (A) 


Figure IV-5. Channel Plan Data Distribution within Marine Corps Units 
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(3) Navy Forces (NAVFOR) (see figure IV-6). The Naval component CONAUTH 
receives and disseminates the HF-ALE channel plan and COMSEC data to subordinate 
echelons. Most often, the CONAUTH will be at the numbered fleet, task force 
commander, amphibious task force commander, task group commander, carrier group 
commander, or task unit commander level. 


NAVFOR 
\ CATF N6 


Amphibious 
Ops 


Expeditionary Forces 


STRIKE oe 
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AEW AIRWING 
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Figure IV-6. Channel Plan Distribution within Naval Forces 
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(4) Air Force Forces (AFFOR) (see figure IV-7). The Air Force component 
CONAUTH receives and disseminates the HF-ALE channel plan and COMSEC data to 
subordinate echelons. Depending on the situation, the CONAUTH may be at the Air 
expeditionary task force, major command, wing, or unit. Most often, the CONAUTH 
will be at the air expeditionary task force level. 


ore 
es 
is 
Tana 


Figure IV-7. Channel Plan Data Distribution within Air Force Units 
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4. HF-ALE Addressing 


The HF-ALE network administrator will coordinate HF-ALE addressing in a joint 
environment. Three to 15 characters can be used as the HF-ALE self address depending 
on the system parameters. Using fewer characters in the address will optimize the 
speed of HF-ALE operations. However, due to operational considerations on some 
networks, it may be practical to use other forms of addressing techniques. In a joint 
HF-ALE network, an effective technique is to use the letter identifiers for the respective 
Service, as per table IV-1. No governing body has been identified in this document for 
issues or deconfliction of HF-ALE addresses. There is a potential of more than one 
agency/Service to have the same HF-ALE radio address (frequency deconfliction and 
HF-ALE radio address deconfliction are separate issues). 


Note: In accordance with Department of Defense (DOD) HF-ALE concepts of 
operations, AF0005 through AFO009 are reserved for Mystic Star and 
Presidential aircraft. 


Table IV-1. HF-ALE Self Addressing 


Air Force Army aba Marine Corps Navy 
Self Address AF Xxxx RXXXXX CGxxxx MCxxxx NAxxxx 
Example AFO001 RO0197 CG1034 MC10 NA987 
FEMA NATO SOF Bomelang Other 
Security 
Self Address FEXxxxx NTXxxx SFxxxx HSxxxx XXXXXX 
Example FE101 NT0297 SF4 HS1210 XX7345 
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Chapter V 
Individual Service Communications Staff Office 
and Radio Operator Guidance 


This chapter provides guidance to each Service’s HF radio network coordinator and 
radio operator on how to implement and operate in a joint HF-ALE voice network. This 
chapter describes the network details provided by the JFC’s J6, how to use this 
information, and key points to consider when incorporating the network into a 
previously established HF communications architecture. These guidelines are also 
applicable to operating in civil nets. 


1. General Description 


The technical details are the actual HF radio settings and network architecture. 
The operational details are the rules for operating within the network. This 
information is broken into three sections: (1) overall plan information, (2) technical 
details, and (3) network SOPs. If any of the information is not provided or is incomplete 
or unclear, the network manager or operator should ask for complete details or 
clarification from the source that provided the original information. A graphical 
representation of the network architecture is shown in figure V-1. The following 
information amplifies ALE parameters discussed in chapter III. 


a. Overall Plan Information. The overall plan includes information such as how the 
entire HF-ALE network is set up, purpose of network, architecture, and type of network. 
Information to be included in the overall plan includes, but is not limited to— 


(1) Joint HF-ALE network users. 

(2) Fixed station locations (if applicable). 
(3) Voice, data, or both. 

(4) Operational windows. 

(5) Encryption standard. 


(6) Any unique instructions (such as North Atlantic Treaty Organization [NATO] 
net SOPs). 


Theater Planning 


Identify Nets that are to be used 


NET 1. Define: NET 2 NE Vossecs NET N 
e Assigned stations 
e Call signs 
e Modems assigned to net presets 
e Encryption type and key 
e ALE Parameters (tune time, number scan channels, 


etc.) 
Scan sets/channel groups Identify stations in net station Channels Channels Channels 
Select channels assigned to | name and and and 
each scan set ALE same/address Stations Stations Stations 


t t ft ft 


Figure V-1. Theater Network Architecture 


b. Technical Details. This is a brief description of the technical parameters 
required to operate within the network. For many of these parameters, entering a 
wrong setting will mean your HF radio will not be able to link with another HF radio in 
the network. An example of the required information is shown in appendix F. 


(1) Channel Definitions. This defines the transmit-receive parameters of each 
channel. The following information will be provided for each channel: 


(a) Channel frequency. 

(b) Channel modulation type (AKA emission mode). 
(c) AGC. 

(d) Bandwidth. 

(e) Sound enable/disable. 

(f) Sounding interval. 


(2) Scan Sets (AKA channel groups, nets, or scan list). This defines how the 
channels are grouped together and assigns each group a name. 


(3) Participating Station Identification. This section assigns ALE addresses to 
all expected network members and their group associations, including self addresses. 
Some HF-ALE radio systems require this information to be pre-loaded before it will 
recognize another participant. Other systems will automatically load the station’s ALE 
address when it is heard broadcasting on the net. 
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(4) ALE Parameter Configuration. This is the list of ALE parameters that 
govern how every HF-ALE system in the network operates. A list identifying and 
defining the minimum parameters is provided in chapter III. 


c. Network SOP. This section identifies the general rules for participating in the 
net. These procedures are the same as the operational procedures required for typical 
communications circuits. It should include items such as— 


(1) Check-in/check-out procedures. 

(2) Designated operating times. 

(3) Type/priority of traffic. 

(4) How/when network settings will be changed. 


(5) Instructions for operating with non US military participants (allied/coalition 
forces, civilian agencies). 


2. Actions Required 


This paragraph describes the actions to be taken after the general, technical, and 
operational details are identified. First, the Service coordination staff should ensure 
that the available equipment is compatible with the technical and operational 
requirements and that all equipment is interoperable. Interoperability should include 
verification of COMSEC and key management. 


a. Once compatibility is confirmed, the Service coordination staff should determine 
how the network operational requirements are to be distributed to each user. For 
example, if all net participants are using the same type of radio, the Service 
coordination staff may e-mail configuration files with all settings preloaded. If different 
types of equipment are used, text documents or messages listing all the settings may be 
required. 


b. Operators must refer to their SOPs or individual equipment manuals to set the 
required network configurations for their specific radios. 


3. Implementation Considerations 


This paragraph offers insight into potential implementation issues that should be 
considered by the Service coordination staff or operator. 


a. Impact to Current Mission Equipment Requirements. Service coordination staff 
and operators need to determine how to implement a joint HF-ALE network with their 
current inventory of equipment. This may mean adding the joint HF-ALE network into 
a HF system along with pre-existing ALE networks, or dedicating an HF system solely 
to the joint network. When making this decision, Service coordination staff and 
operators should consider how the joint HF-ALE network parameters might affect the 
pre-existing HF-ALE networks. 


b. KEYMAT Management. If the joint network is added to an HF system that will 
be used in other HF-ALE networks, the Service coordination staff and operator should 
note any differences in COMSEC (such as different KEYMAT, or different KEYMAT 
shift times) between the networks, and develop an implementation plan that will 
minimize network interruption due to these differences. 
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Appendix A 
High Frequency Global Communications System 


The high frequency global communications system (HFGCS) is a 24-hour/7-day 
nonsecure network used by the President and Secretary of Defense, the DOD, and other 
federal departments, and allied users equipped with HF-ALE radio technology in 
support of command and control between aircraft/ships and associated ground stations. 
The system consists of fifteen communication stations. Fourteen stations are remotely 
controlled from the Central Network Control Station (CNCS) at Andrews Air Force 
Base, Maryland. Radio operators at the CNCS use position consoles to control 
individually each remote HF global station. Figure A-1 depicts system architecture and 
interstation connectivity. When authorized by the HFGCS ALE network manager, joint 
ALE users can use the HFGCS ALE network (see appendix B). 
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Figure A-1. Interstation Connectivity Architecture 


A-1 


Algebra GRAPHING 


data, it is called an extrapolated value. Although the value of 0.956 g/ml appears reasonable, an 
important physical fact is absent and not predictable from the data given. Water boils at 100°C 
at atmospheric pressure. At temperatures above 100°C it is not a liquid, but a gas. Therefore, 
the value of 0.956 g/ml is of no significance except when the pressure is above atmospheric. 


This illustrates the relative ease of interpolating and extrapolating using graphs. It also points 
out the precautions that must be taken, namely, interpolation and extrapolation should be done 
only if there is some prior knowledge of the system. This is particularly true for extrapolation 
where the available data is being extended into a region where unknown physical changes may 
take place. 


Logarithmic Graphs 


Frequently, the function to be plotted on a graph makes it convenient to use scales different from 
those used for the Cartesian coordinate graphs. Logarithmic graphs in which one or both of the 
scales are divided logarithmically are common. A semi-log plot is used when the function is an 
exponential, such as radioactive decay. A semi-log plot is obtained by using an ordinary linear 
scale for one axis and a logarithmic scale for the other axis. A log-log plot is used when the 
function is a power. A log-log plot is obtained by using logarithmic scales for both axes. Table 
1 gives data on the amount of radioactive strontium 90 present as a function of time in years. 
Every twenty-five years one-half of the material decays. Figure 4 is a Cartesian coordinate graph 
of the data given in Table 1. It can be seen from Figure 4 that it is difficult to determine from 
this plot the amount of strontium 90 present after long periods of time such as 125 years, 150 
years, or 175 years. 


TABLE 1 
Data on the Radioactive Decay of Strontium 90 


Time (years Amount of Strontium 90 (grams) 


0 100 

20 50 

50 25 

75 125 
100 6.25 
125 3.125 
150 1.5625 
175 0.78125 
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ALE Parameters 


DOD HF-ALE subject matter experts recommend the following parameters be used 
for interoperability and operation in the HFGCS ALE Network (see table A-1). All ALE 
systems configurations may not require the parameters and/or settings listed for 
HFGCS ALE network operation. 


Table A-1. Recommended Joint ALE Configuration Parameters 


| Configuration Parameters i Settings, 
[Maximum address characters | 9 
Power-on in initial automatic reset 


(2 channels/second) 
Terminate link transmission 


Table A-2. Recommended Joint ALE System Parameters 


[SystemParameters ———“‘*‘sSC‘*d Settings Sd 
MIL STD ALE 

Enable 

Disable 

120 seconds 

60 seconds 


Table A-3. Recommended Joint ALE Channel Parameters 


Channel Parameters [Settings 
Antenna direction LO eel 
|Antennanumber 


Channel number Channel number in ascending 
order for each channel in the scan 
list 

Frequency designator Applicable designator from the 
frequency list 


Link protection Disabled 


Receive frequency Enter in kHz 


Voice monitor 


Transmit audio mode 
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Appendix B 
Established and Proposed ALE Networks 


Established Networks 


Il. High Frequency Global Communications System (HFGCS) 


Managing Agency: HFGCS, Andrews AFB, MD 
DSN: 858-5333 

Commercial: (301) 981-5333 

Web Address: 

Purpose/Use: Global communications. 

Voice: Yes 

Data: Yes, HF Messenger 

Users: DOD and others as authorized 

Area of Coverage: Worldwide 

Special Capabilities: Automatic phone patching 
COMSEC: NSA Type 1 via KIV-7 


Customs Over the Horizon Enforcement Network 


Managing Agency: US Customs Service (USCS) 

DSN: 

Commercial: (800) 829-6336 

Web Address: 

Purpose/Use: Law enforcement operations coordination 

Voice: Yes 

Data: No 

Users: USCS mobile units and other government agency assets, as allowed 

Area of Coverage: CONUS, Alaska, Hawaii, Caribbean, South America 

Special Capabilities: Asset tracking via tracking and communication system (TRACS); protected 
phone patching via telephone to radio interface communications system (TRICS) 
COMSEC: Type III Data Encryption Standard (DES) protected using VP-110 and VP-116 


Shared Resources 


Managing Agency: National Communications System (NCS) 
DSN: 

Commercial: 

Web Address: http:/Awww.ncs.gov/n3/shares/shares.htm 
Purpose/Use: Supporting national security and emergency preparedness 
Voice: Yes 

Data: HF e-mail 

Users: Open to all (contact NCS for participation) 

Area of Coverage: CONUS, Alaska, Hawaii 

Special Capabilities: 

COMSEC: 
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IV. 


National Guard Bureau HF E-mail 


Managing Agency: National Guard Bureau 
DSN: 

Commercial: 

Web Address: 

Purpose/Use: Linking states/regions by e-mail 
Voice: Yes 

Data: Yes, HF E-mail 

Users: State emergency operation centers 
Area of Coverage: CONUS, Alaska, Hawaii, Puerto Rico, US Virgin Islands 
Special Capabilities: No 

COMSEC: No 


Proposed Networks (Networks Under Development) 


National Emergency Response Net 


Managing Agency: Federal Emergency Management Agency (FEMA) 
DSN: 

Commercial: (940) 898-5321 

Web Address: www.FEMA.gov 

Purpose/Use: National emergency coordination 

Voice: Yes 

Data: 

Users: As assigned by FEMA 

Area of Coverage: CONUS, Alaska, Hawaii, Puerto Rico, US Virgin Islands 
Special Capabilities: 

COMSEC: None 


US Coast Guard Coordination Network 


Managing Agency: US Coast Guard 

DSN: None 

Commercial: (202) 267-1225 

Web Address: 

Purpose/Use: General operations asset coordination 

Voice: Yes 

Data: No 

Users: US Coast Guard assets and other government agencies as allowed 
Area of Coverage: CONUS and 200+ nautical miles (nm) offshore, North and South Pacific 
Ocean, Caribbean, and Central America 

Special Capabilities: Automatic phone patching 

COMSEC: Type | — ANDVT 


lll. US Coast Guard HF Data Exchange Network 


Managing Agency: US Coast Guard 

DSN: None 

Commercial: (202) 267-1225 

Web Address: 

Purpose/Use: Record message traffic and e-mail exchange 

Voice: No 

Data: Yes, HF Messenger 

Users: US Coast Guard assets and other government agencies as allowed. 
Area of Coverage: CONUS and 200+nm offshore, North and South Pacific Ocean, Caribbean, 
and Central America 

Special Capabilities: No 

COMSEC: Type | via KIV-7 
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Appendix C 
Exclusion Band 


The following frequencies are reserved for specific purposes, and should never be 
used in an ALE network. 


Any frequency not assigned 


2,182 kHz - international distress standard voice 

2,187.5 kHz - international distress digital selective calling 
4,207.5 kHz - international distress digital selective calling 
6,312 kHz - international distress digital selective calling 
8,414.5 kHz - international distress digital selective calling 
12,577 kHz - international distress digital selective calling 
16,804.5 kHz - international distress digital selective calling 
2,500 kHz - worldwide time signal (WWV) 

5,000 kHz - worldwide time signal (WWV) 

10,000 kHz - worldwide time signal (WWV) 

15,000 kHz - worldwide time signal (WWV) 

20,000 kHz - worldwide time signal (WWV) 
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Appendix D 
Joint Interoperability Test Command Certified ALE 


Radios and Capability Matrix 


Joint Interoperability Test Command is located at Fort Huachuca, Arizona. A 
complete, updated list of all radios certified for compliance with 2G ALE (either 
MIL STD 188-141A or MIL STD 188-141B, appendix A, Interoperability and 
Performance Standards for Medium and High Frequency Radio Systems) and 3G ALE 
(MIL-STD-188-141B, appendix C) can be found at http://jitc.fhu.disa.mil/it/cert.htm. 


The following is a list of the radios that have been certified for compliance as of 12 
December 2002 (see table D-1). 


Table D-1 Joint Interoperability Test Command Certified ALE Radios and Capability Matrix 


188-141A 188-141B 188-141B 
Appendix A Appendix B Appendix C 

Nomenclature Certification Date Certification Date Certification Date 

AN/ARC-220 

AVRC-100 07/26/02 07/26/02 

AN/PRC-137C 03/20/95 

AN/PRC-137F/G 11/25/98 

AN/PRC-138 03/20/00 

AN/PRC-150(C) 

(RT-1694D(P)(C)/U) sieve he 

RT-1446/RF 7210 11/09/96 

RT-2200 02/12/02 

XK-2100L 05/25/00 

XK2900L Pending Pending 
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Figure 4 Cartesian Coordinate Plot of Radioactive Decay 
of Strontium 90 


If the same data, the decay of strontium 90, is plotted on semi-log, the resulting plot (Figure 5) 
will be a straight line. This is because the decay of radioactive material is an exponential 
function. The resulting straight line of the semi-log plot allows a more accurate extrapolation 
or interpolation of the data than the curve obtained from the cartesian plot. 


For graphs in which both of the quantities (x,y) vary as a power function, a log-log plot is 
convenient. A log-log plot is obtained by using logarithmic scales for both axes. Table 2 gives 
data on the frequency of electromagnetic radiation as a function of the wavelength of the 
radiation. Figure 6 is a log-log plot of the data given in Table 2. 
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Appendix E 
Example Communications Plan 


Table E-1. Channel Matrix 
Channel 
Channel Group Frequency Mode Agc Comsec Bandwidth Power Rx Only 
01 01 03545 USB MED KY-99 3.0 20 W NO 
02 01 03729 USB MED KY-99 3.0 20 W NO 
03 01 04580 USB MED KY-99 3.0 20 W NO 
04 01 06100 USB MED KY-99 3.0 20 W NO 
05 01 09580 USB MED KY-99 3.0 20 W NO 
06 01 101180 USB MED KY-99 3.0 20 W NO 
07 01 125000 USB MED KY-99 3.0 20 W NO 
08 01 164900 USB MED KY-99 3.0 20 W NO 
09 01 169970 USB MED KY-99 3.0 20 W NO 
10 01 183950 USB MED KY-99 3.0 20 W NO 
Table E-2. Address Matrix 
Station name Address 
JFC JFCO01 
NAVFOR NA0987 
ARFOR RO0197 
MARFOR MCO0100 
AFFOR AFO001 
SOF SOF054 
USCG CG1034 
NET JTF NET 
Table E-3. ALE Parameters 
Parameter Setting 
All calls OFF 
AMD allowed ON 
Any calls OFF 
AUTO display AMDs ON 
Key to call OFF 
Link timeout 15 (minutes) 
Listen before transmit ON 
LQA in call OFF 
Maximum scan channels 10 
Maximum tune time 2 (seconds) 
Scan Rate 5 
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JTF NET 


Figure E-1. Network Diagram 


Appendix F 
Example Radio Programming Application 


This radio programming application example was created using a Harris AN/PRC- 


150(C) and Harris RF-6550H radio programming application and the example 
communications plan from appendix E. 


Plan Name: JTF 
Author: KAISER 
Description: JTF COMMUNICATIONS PLAN 
Date Generated: 12/12/2002 10:29 AM 


Station Report: 
Station: JTF 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800H-MP Internal 
Call Sign: JTF 
Crypto: None 
Radio ID: 2 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 
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ALE Configuration: 
All Calls: No 
Any Calls: No 
Key to Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: PRE/POST ENABLED 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 
Station: NAVFOR 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800H-MP Internal 
Call Sign: NAVFOR 
Crypto: None 
Radio ID: 3 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key to Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: Stand 
ANDVT-BD Trnseq: 6 
Station: ARFOR 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800H-MP Internal 
Call Sign: ARFOR 
Crypto: None 
Radio ID: 4 
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Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key To Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 
Station: MARFOR 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800 H-MP Internal 
Call Sign: MARFOR 
Crypto: None 
Radio ID: 5 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key to Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 
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Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 
Station: AFFOR 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800 H-MP Internal 
Call Sign: AFFOR 
Crypto: None 
Radio ID: 6 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key To Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 
Station: SOF 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800 H-MP Internal 
Call Sign: SOF 
Crypto: None 
Radio ID: 7 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 
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Figure 5 Semi-log Plot of Radioactive Decay of Strontium 90 


TABLE 2 
Data on Frequency vs. Wavelength 
of Electromagnetic Radiation 


Wavelength (cm) Frequency (s’! 


1.0 x 10° 3x 10" 
0.5 x 107 6 x 10" 
1.0 x 10° 3x 10” 
0.5 x 10° 6 x 10'° 
1.0 x 10° 3x10" 
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Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key to Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 


ARQ Configuration: 
Threshold: 1000 
Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 
Station: USCG 
Description: 
Radio Type: AN/PRC-150C 
Modem Type: RF-5800 H-MP Internal 
Call Sign: USCG 
Crypto: None 
Radio ID: 8 


Configuration: 
Radio Silence: No 
Audio Compression: Enabled 
RX Noise Blanking: Disabled 
Bypass Coupler: No 
Squelch Level: High 
FM Squelch Type: Tone 
FM Deviation: 8000 Hz 
Analog Squelch: Disabled 
TX Power: High 


Data Port Configuration: 
Baud Rate: 2400 
Parity: None 
Bits Per Char: 8 
Stop Bits: 1 
Port Echo: No 
Flow Control: XONXOFF 


ALE Configuration: 
All Calls: No 
Any Calls: No 
Key to Call: No 
AMD Allowed: Yes 
Auto Display AMDs: Yes 
Listen Before TX: Yes 
Max Scan Channels: 10 
Link Timeout: 15 minute(s) 
Tune Time: 2 second(s) 
Scan Rate: 5 chan/sec 


Prepost Configuration: 
Scan Rate: Force Slow Scan 
Filter: Pre/Post Enabled 
RX Antenna Enabled: No 


Message Transfer Configuration: 
ARQ Baud Rate: 2400 
ARQ Mode: ACK 
ARQ Interleave: LONG 
ARQ Data Destination: RDP 
Modem Data Destination: RDP 
RPD Prebuffer: 425 
ARQ Configuration: 
Threshold: 1000 


Type 1 Configuration: 
ANDVT-BD Preamble: STAND 
ANDVT-BD Trnseq: 6 


Table F-1. Channel Report 


Channel RX Freq TX Freq RX Only Modulation | AGC Bandwidth | Hail Key 

001 3.5450 3.5450 No USB Medium | 3000 Hz | Disabled 
002 3.7290 3.7290 No USB Medium | 3000 Hz | Disabled 
003 4.5800 4.5800 No USB Medium | 3000 Hz | Disabled 
004 6.1000 6.1000 No USB Medium | 3000 Hz | Disabled 
005 9.5800 9.5800 No USB Medium | 3000 Hz | Disabled 
006 10.1180 | 10.1180 | No USB Medium | 3000 Hz | Disabled 
007 12.5000 | 12.5000 | No USB Medium | 3000 Hz | Disabled 
008 16.4900 | 16.4900 | No USB Medium | 3000 Hz | Disabled 
009 16.9970 | 16.9970 | No USB Medium | 3000 Hz | Disabled 
010 18.3950 | 18.3950 | No USB Medium | 3000 Hz | Disabled 


Channel Group Report: 


Group 


01 


Mode Member Channels 
01 02 03 04 05 06 07 08 O09 10 


ALE 


Modem Preset Report: 
No Modem Presets Defined 


Comsec Key Report: 
No Comsec Keys Defined 


Network Report: 


Net JTF NET: 


AFFOR 
ARFOR 
JTF 
MARFOR 
NAVFOR 
SOF 
USCG 


Station 
AFO0001 
R00197 
JTFO01 
MC0100 
NA0987 
SOF054 


ALE Self Addresses: 


USCG1034 


Net Name Mode Preset Name CH/HN CT Mode PT Mode CryptoMode COMSEC Mdm Preset 
ANDVT-HF 
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JTF NET 
OFF 


ALE 


{N/A} 


{N/A} 


DV24 CLR 


TEKO1 


00 


Appendix G 
Example HF Communications Planning System 


This example was created using the Rockwell Collins HF Communications Planning 
System (HF-CPS) Software for an ARC-220 Radio System. ALE Net 2 is based on the 
example communications plan from Appendix E. 


Datafill = ..My Documents\R00197. Version = MISSIONALPHA 
User Id = Admin Date = 3/13/2003 10:45:50 AM 
User database = C:\Hf-Cps_4.la\Network\Network.hfu 

System database = C:\Hf-Cps_4.la\Network\Network.hfs 

Master database = C:\Hf-Cps_4.la\Master\sample.hfm 
Operations database = C:\Hf-Cps_4.1la\Master\Opern\sample.hfo 


Interface Version 


Equip Interface 


System Parameters 


Parm Name Parm Value 

aia (70 | ean RC ai. : 
Amd_In_Ack EN 
Any_Call DI 
Automatic_Sounding EN 
Call_Reject_Duration 20 
Command_LQA DI 
Delay_Power_On_Sounding EN 
Keep_Alive_Transmission_Interval 30 
LBT_Enable DI 
Link Protection EN 
Listen_Before_Call_Time 1000 
LQA_Channel_Select Highest LQA Value 
LQA_Degrade_Interval 2 


LQA_Go_Data_Threshold 
LQA_Reject_Threshold_Level 
Max_Address_Characters 
Max_Call_Attempts 
Network_Tune_Time 
Noise_Reduction 
Power_On_In_lart 
LBC_Enable 

Rank_Order 


Received_LQA_Process_Method 


Return_To_Scan_Time (Sec) 
Rx_Only_Antenna 
Scan_Min_Dwell_Time 


Terminate_Link Transmission 


Time_Server_Capable 
LQA_Output_Enable 


Installation Parameters 


EN 


Center, Alt Lower/Higher 
Lowest, 5-minute Period 


60 
DI 
200 
EN 
DI 
DI 


Parm Name 
Aircraft_Identifier 
Antenna_Port_Output 
ARC-199_1553_Cmd_Enable 
AXID_Fixed_ID 
AXID_Station_ID 
Coupler_Bypass 
DS101_Terminal_Address 
GPS_Posn_Config 
GPS_Time_Config 
Power_On_PA_Level 
Power_On_Squelch_Level 
Power_On_Volume_Level 
Rx_Only_Antenna_Available 
Operator_Alert_Advisory 
Long_Holdoff_Advisory 
Short_Holdoff_Advisory 


Parm Value 
RO0197 

DI 

DI 

127 
AN/ARC-220 
DI 

255 

RCVR UH 
HAVE QUICK 
HI (100 W) 
Level 3 (SQ3) 
Level 3 (Vol 8) 
DI 

EN 

EN 

EN 


Channels 


chn xmt xmt xmt no rcv —s- rcv snd voice audio 
num freq mod pwr snd xmt freq mod int mon mode 
‘oe 102.1234 US. HI EN DI021234 US 60 DI vO | 
2 03.1234 US HI EN DI 03.1234 US 60 DI VO 
3 04.1234 US HI EN DI 04.1234 US 60 DI VO 
4 05.1234 US HI EN DI 05.1234 US 60 DI VO 
5 06.1234 US HI EN DI 06.1234 US 60 DI VO 
6 07.1234 US HI EN DI 07.1234 US 60 DI VO 
7 08.1234 US HI EN DI 08.1234 US 60 DI VO 
8 09.1234 US HI EN DI 09.1234 US 60 DI VO 
9 02.7890 US HI DI DI 02.7890 US 30 DI VO 
10 03.7890 US HI DI DI 03.7890 US 30 DI VO 
11 05.7890 US HI DI DI 05.7890 US 30 DI VO 
30 03.5450 US HI DI DI 03.5450 US 30 DI VO 
31 03.7290 US HI DI DI 03.7290 US 30 DI VO 
32 04.5800 US HI DI DI 04.5800 US 30 DI VO 
33 06.1000 US HI DI DI 06.1000 US 30 DI VO 
34 09.5800 US HI DI DI 09.5800 US 30 DI VO 
35 10.1180 US HI DI DI 10.1180 US 30 DI VO 
36 12.5000 US HI DI DI 12.5000 US 30 DI VO 
37 16.4900 US HI EN DI 16.4900 US 30 DI VO 
38 16.9970 US HI EN DI 16.9970 US 30 DI VO 
39 18.3950 US HI EN DI 18.3950 US 30 DI VO 
101 06.3456 US HI DI DI 06.3456 US 30 DI VO 
102 02.2345 US HI DI DI 02.2345 US 30 DI VO 
103 03.2345 US HI DI DI 03.2345 US 30 DI VO 
121 02.7890 US HI DI DI 02.7890 US 30 DI VO 
122 03.7890 US HI DI DI 03.7890 US 30 DI VO 
123 04.7890 US HI DI DI 04.7890 US 30 DI VO 


Scan Lists 


Scan Default Default 
list Call Default Othr Call Self LP Num List of 
idx drtn Protocol Prot Address Address LP Idx Chn channels 


1 O MS-ALE EN 128TOCS RO0197 EN 1 11 1234567891011 


2 0 MS-ALE DI JTF ROO197 DI 0 10 30 31 32 33 34 35 36 37 38 39 
Other Addresses 
Othr Rmt 
adr Scan sta 
idx Other list tune Call 
# address # time Protocol Region 
ei: 1BDE123 0 2  MSALE Zone3 
2 M21 0 2 MS-ALE Zone 2 
3 M22 0 2 MS-ALE Zone 2 
4 M23 0 2 MS-ALE Zone 2 
5 R12345 0 2 MS-ALE Zone 1 
6 R22345 0 2 MS-ALE Zone 1 
7 R32345 0 2 MS-ALE Zone 1 
8 R42345 0 2 MS-ALE Zone 1 
9 R52345 0 2 MS-ALE Zone 1 
10 R62345 0 2 MS-ALE Zone 1 
11 R72345 0 2 MS-ALE Zone 1 
12 R82345 0 2 MS-ALE Zone 1 
13 TAC123 0 2 MS-ALE Zone 3 
14 TOC123 0 2 MS-ALE Zone 3 
15 JTFOO1 0 2 MS-ALE N/A 
16 NA0987 0 2 MS-ALE N/A 
17 ROO197 0 2 MS-ALE N/A 
18 MC0100 0 2 MS-ALE N/A 
19 AFO001 0 2 MS-ALE N/A 
20 SOF054 0 2 MS-ALE N/A 
21 CG1034 0 2 MS-ALE N/A 
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Net Addresses 


No 
Net Scan rsp Fix Max 
adr Net list net len slot 
idx address idx call adr used 
ERNE, = =< i 0) Oe: aaa a Rca ae a ail : 
Slot Respondent 
num address 
Eee ee a ea a SOOT ee eee ee 
3 ROO0197 
4 JTFOO1 
5 MC0100 
6 NA0987 
7 SOF0O54 
8 USCG1034 
Auto Addresses 
Auto Num Num 
adr Call Sta 
idx Auto Address Atmp Address Mode Adr Station Addresses 
“~1123TOCS ss” 3 Priority 3 TOC123TAC123BDE123. : 


Group Addresses 


None 


Self Addresses 


Self Scan Indv Net No 

adr List self adr Rsp 

idx Idx address idx Net 
= 1 0R19345 0 DI © 

2 -1 R22345 0O DI 

3 -1 R382345 0 DI 

4 -1 R42345 0O DI 

5 -1 R52345 0 DI 

6 -1 R62345 0 DI 

7 -1 R72345 0 DI 

8 -1 R82345 0 DI 

8 -1 ROO197 O DI 

Modems 

ener Bixisbes-Gucse 

-.-Tx-- 

Mdm Data Intlv Data 
Intlv Adap 

Idx Modem Name Modem Mode Rate Length Rate Length tive 


1 300 148 1108S 148A/110 Single Tone Bps 300 Short Bps 300 Short DI 
2 300 110SHORT 110A Single Tone Bps 300 Short Bps 300 Short DI 
3 2400 110 SHORT 110A Single Tone Bps 2400 Short Bps 2400 Short DI 
4 1200110 SHORT 110A Single Tone Bps 1200 Short Bps 1200 Short DI 


LQA 


None 


AMD Messages 


None 


User Messages 


Msg Message 
idx text 
-s 1CROSSINGPHASELINERED  —————— 
2 CROSSING PHASE LINE BLUE 
3 MISSION COMPLETE, RETURNING TO BASE 


4 AIRCRAFT DOWN, POSITION REPORT TO FOLLOW 


Dictionary 


Idx Word 
_ 1LADVANCING. 

2 AIRCRAFT 
3 ATTACK 
4 BRIDGE 
5 CARGO 
6 RECON 
7 REPORT 
8 RESTRICTED 
9 RETREAT 


10 ROAD 


Linking Protection 


LP12 LP3 Time Auto 
LP LP Key Key Time Brdc App 
Idx Level Idx Idx NTS Role Brdc Intv Link 


1 Level 3 O 1 User Time Station DI 60 EN 


GRAPHING Algebra 


—~ 
| 
7) 
WS 
> 
oO 
= 
o 
=) 
ion 
oO 
tw 
WL 


077 


Wavelength (cm) 


Figure 6 Log-Log Plot of Frequency vs. Wavelength 
of Electromagnetic Radiation 


In summary, the type of coordinate system used to plot data, cartesian, semi-log, or log-log, 
should be based on the type of function to be graphed and the desired shape (curve or line) of 
the curve wanted. 


° Cartesian system - Linear (y = mx + b) type functions 
when plotted will provide straight 
lines; exponential functions (y = e”*) 
will plot as curves. 


° Semi-log system - Should not plot linear type functions 
on semi-log. Exponential functions, 
such as radioactive decay and reactor 
power equations when plotted will 
graph as straight lines. 


° Log-log - Rarely used; used to plot power equations. 
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MSLP 


None 


ECCM Frequency Lists 


Frq 
Lst Frequencies in MHz 


1 02.5100 02.5150 02.6100 02.6150 02.6200 02.6250 02.7200 02.7250 02.7300 
02.7350 02.8000 02.8050 02.8100 02.8150 02.8200 02.8250 02.8300 02.8350 02.8400 
02.8450 02.8500 02.8550 02.8600 02.8650 02.8700 02.8750 02.8800 02.8850 02.9000 


2 04.0500 04.0550 04.0600 04.0650 04.0700 04.1000 04.1050 04.1100 04.1150 
04.1200 04.1230 04.1260 04.1290 04.1320 04.1350 04.1380 04.1410 04.1440 04.1470 
04.1500 04.1540 04.1580 04.1620 04.1660 04.1700 04.1750 04.1760 04.1800 04.1820 
04.1860 04.1900 04.2000 04.2050 04.2100 04.2150 04.2200 04.2240 04.2280 04.2320 
04.2360 04.2400 04.2450 04.2500 04.2550 04.2600 04.2650 04.2700 04.2750 04.2800 
04.2840 04.2850 04.2880 04.2900 04.2920 04.2950 04.2960 04.3000 


ECCM Channels 
Chn Frq Lst Protocol 


ECCM Scansets 


Scan ALE KGV Num 
set ECCM -10 Freq 
idx net NTS Role idx List ECCM Channels 


1 DI User Time Station 1 11 
2 DI User Time Station 1 1 2 


System Nets 


Net Rec Modem Context 
Idx Net Type Idx Net Name Idx 


1 Basic Manual 121 MAN 01 ORG1 2 
2 Basic Manual 122 MAN 02 ORG1 2 
3 Basic Manual 123 EMGR VOICEMA 2 


1 Basic Preset 101 PRE 01 ORG1 
2 Basic Preset 102 PRE 02 ORG1 


3 Basic Preset 103 PRE 03 ORG1 2 


1 ALE Scan 1 ALEO1 RAVN 
2 ALE Scan 2 ALEO2 JTF NET 2 


1 ECCM 1ECCM01 2MEG 1 
2 ECCM 2ECCM02 4MEG 1 


Emergency Net 


Net 
Net Type Idx 
~~ ALEScan EEL ELEY 


Datafill Version 


Version Date 


MISSIONALPHA 3/13/2003 10:45:50 AM 
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Appendix H 
Propagation Software Programs 


VOACAP (Voice Of America Coverage Analysis Program) 


US Department of Commerce 

NTIA/ITS.S1 

325 Broadway 

Boulder, Colorado 80303 

Phone: (803) 497-3375 

FAX: (803) 497-3680 

E-mail: gh@its.bldrdoc.gov 

Home page: http://elbert.its.bldrdoc.gov/GregHand. html 
HF web page: http://elbert.its.bldrdoc.gov/hf. html 


SPEED (Systems Planning, Engineering, and Evaluation Device) 
Commanding Officer 

MCTSSA (SPEED Project Officer) 

Box 555171 

Camp Pendleton, California 92055-5171 


MARCORSYSCOM C4I Help Desk 

Phone 1-800-808-7634 or 1-760-725-0553 
DSN 365-0533 

NIPRNET: c41.helpdesk@mctssa.usmce.mil 
SIPRNET: helpdesk@mctssa.usmc.smil.mil 


PROPMAN 2000 
Rockwell Collins 
Government Systems 


400 Collins Road NE 


H-2 


Cedar Rapids, Iowa 52498 

Phone: (800) 321-2223 or (819) 295-5100 

FAX: (819) 295-4777 

E-mail: Collins@rockwellcollins.com 

Home page: http://www.rockwellcollins.com/contacts/ 


HF communications web page: http://rockwellcollins.com/gs/commsys/ 


Appendix | 
J6 HF-ALE Checklist 


Receive Mission. 

Assign lead Service ALE network controller. 
Determine threat. 

Establish and assign hierarchy for joint nets. 
Establish and assign user addresses for joint forces. 
Determine interoperability among forces. 

Provide frequency management for joint HF-ALE nets. 


Coordinate with host governments for HF frequencies. 


o ON OA FAN BS 


Develop key management plans for COMSEC assignment and use. 
10. Develop SOPs for communications. 
11. Develop joint HF-ALE operating parameters. 


a. Channel Matrix 
(1) Frequency assignment 
(2) Mode 
(3) AGC speed 
(4) COMSEC assignment 
(5) Bandwidth 
(6) Power 
(7) Sound enable/disable 
(8) Sounding interval 


b. Station Name and Addresses 
(1) ALE Parameter Settings as appropriate 


(2) All call Yes/No 
(3) AMD Yes/No 
(4) Any call Yes/No 


(5) Link timeout duration 
(6) Max scan channels (AKA call duration) 
(7) Max tune time 
(8) Scan rate (AKA scan minimum dwell) 
12. Develop emergency destruction plans 
13. Distribute SOPs to all participants. 


14. Develop plan to operationally check the network. 


References 
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SECTION I—ABBREVIATIONS AND ACRONYMS 


Numbers 


2G 
3G 


AFFMA 
AFFOR 
AFTTP (1) 


AGC 
AKA 
ALE 
ALSA 
AMC 
AMD 
AN/ARC 
ANDVT 
AN/PRC 
AO 
AOC 
AR 
ARFOR 
ARQ 
ASOC 
ASW 
AWACS 


second generation 
third generation 


air combat command 


airborne control element ((USAF); air combat element (NATO); 
aviation combat element (MAGTF) 


acknowledgement 

air defense artillery 

airborne early warning; air expeditionary wing 
Air Force base 

Air Force Frequency Management Agency 

Air Force forces 


Air Force tactics, techniques, and procedures 
(inter-Service) 


automatic gain control 

also known as 

automatic link establishment 

Air Land Sea Application Center 

Air Mobility Command 

automatic message display 

Army/Navy airborne radio communications 
advanced narrowband digital voice terminal 
Army/Navy portable radio communications 
area of operation 


air and space operations center (USAF); Army Operations Center 


Army 

Army forces 

automatic request-repeat 

air support operations center 
antisubmarine warfare 

Airborne Warning and Control System 


Glossary-1 


Algebra GRAPHING 


Graphing Equations 


Algebraic equations involving two unknowns can readily be shown on a graph. Figure 7 shows 
a plot of the equation x + y= 5. The equation is solved for corresponding sets of values of x 
and y that satisfy the equation. Each of these points is plotted and the points connected. The 
graph of x + y = 5 1s a straight line. 


cadee 

8 
7 
6 
5 
4 
3 
2 
1 
O 
—1 


CON OOF WDYDN 


Figure 7 Plot of x+y =5 


The x-intercept of a line on a graph is defined as the value of the x-coordinate when the 
y-coordinate is zero. It is the value of x where the graph intercepts the x-axis. The y-intercept 
of a graph is defined as the value of the y-coordinate when the x-coordinate is zero. It is the 
value of y where the graph intercepts the y-axis. Thus, the x-intercept of the graph of x + y = 
5 is +5. For a linear equation in the general form ax + by = c, the x-intercept and y-intercept 
can also be given in general form. 


Any algebraic equation involving two unknowns of any function relating two physical quantities 
can be plotted on a Cartesian coordinate graph. Linear equations or linear functions plot as 
straight lines on Cartesian coordinate graphs. For example, x + y = 5 and f(x) = 3x + 9 plot as 
straight lines. Higher order equations or functions, such as quadratic equations or functions and 
exponential equations, can be plotted on Cartesian coordinate graphs. Figure 8 shows the shape 
of the graph of a typical quadratic equation or function. This shape is called a parabola. Figure 
9 shows the shape of the graph of a typical exponential equation or function. 
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C6 
CAC 
CATF 
CEOI 
CG 
chan 
char 
CJCS 
clr 
cmdr 
CNCS 
co 
COMSEC 


CONAUTH 


CONUS 
CRE 
crypto 
CSSE 
CT 
CVBG 


D 


DASC 
DASC (A) 
DES 

det 
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battlefield coordination element 
black digital 

brigade 

battalion 


command, control, communications, computers, and intelligence 
communications and signals staff 

current actions center 

commander, amphibious task force 
communication-electronics operating instructions 
guided missile cruiser 

channel 

character 

Chief Joint Chiefs of Staff 

clear 

commander 

central network control station 

company 

communications security 

controlling authority 

continental United States 

control reporting element 

cryptographic 

combat service support element (MAGTF) 
cipher text 

carrier battle group 


direct air support center 

direct air support center (airborne) 
data encryption standard 
detachment 

division 

Department of Defense 

Defense Switched Network 


electric wave 


electronic counter-counter measure 
for example 

etcetera (and so forth) 

electronic warfare 


forward air controller 

Federal Emergency Management Agency 
field 

field manual; frequency modulation 
frequency of optimum transmission 
frequency 

fort 


Assistant Chief of Staff for Information Management 
ground combat element (MAGTF) 

ground liaison officer 

Greenwich mean time 

global positioning system 


helicopter 

high frequency 

high frequency-automatic link establishment 
High Frequency Global Communications System 
high frequency communication planning system 
headquarters 

hertz 


in accordance with 
identification 

initial distribution number 
that is 


intelligence directorate of a joint staff 
operations directorate of a joint staff 


Glossary-3 


J6 


JCEOI 
JCEWS 
JCS 
JFC 
JRFL 
JSME 
JSTARS 
JTF 


KEK 


kHz 


MAGTF 
MAJCOM 
MARFOR 


MARFORSYSCOM 


MATCS 
MCRP 
MCTSSA 
med 
MEF 
MHz 
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command, control, communications, and computer systems 


directorate of a joint staff 


joint communication-electronics operating instructions 


joint commander’s electronic warfare staff 
Joint Chiefs of Staff 

joint force commander 

joint restricted frequency list 

Joint Spectrum Management Element 

Joint Surveillance Target Attack Radar System 
joint task force 


key encryption key 
keying material 
kilohertz 
kilometer 


low altitude air defense 

light airborne multipurpose system (helicopter) 
lighterage control officer 

amphibious assault ship (general purpose) 
amphibious assault ship (multipurpose) 
line-of-sight 

linking protection 

amphibious transport dock 

link quality analysis 

landing safety officer; landing signal officer 


Marine air-ground task force 

major command 

Marine forces 

Marine Corps Systems Command 

Marine air traffic control squadron 

Marine Corps reference publication 

Marine Corps tactical systems support activity 


medium 


Marine expeditionary force 
megahertz 


mil 

MIL STD 
MILSTRIP 
MP 

MUF 


N 


N/A 

NAF 
NATO 
NAVFOR 
NAVSOP 
NCS 
NIPRNET 
nm 

NSA 
NTIA 
NTTP 
NVIS 


POC 
PROPMAN 
PT 

pub 


military 

military standard 

Military Standard Requisitioning and Issue Procedures 
manpack 

maximum usable frequency 


not applicable 

numbered air force 

North Atlantic Treaty Organization 

Navy forces 

Navy standing operating procedures 
National Communications System 
Nonsecure Internet Protocol Router Network 
nautical mile 

National Security Agency 


Navy tactics, techniques, and procedures 
near vertical incident sky wave 


operation plan 
operation 


point of contact 

Rockwell Collins Propagation Software © 
plain text (nonsecure) 

publication 


remote control unit 
receive 

radio data port 
reconnaissance 

radio frequency 
regiment 

radio programming data 
remote terminal 
receive; recelver 


National Telecommunications and Information Administration 
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Ss 


SATCOM 
SEAL 

sec 

SGT 
SIPRNET 
SOF 

SOP 
sqdn 
SPEED 
SSN 
STANAG 


TOD 
TRACS 
TRICS 
trnseq 
TX 


VOACAP 
VP 
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satellite communications 

sea-air-land team 

second 

Sergeant 

Secret Internet Protocol Router Network 
special operations forces 

standing operating procedure 

squadron 

systems planning, engineering, and evaluation device 
attack submarine, nuclear 
standardization agreement (NATO) 


tactical air coordinator (airborne) 


tactical air command center (USMC); tactical air control center 
(USN); tanker/airlift control center (USAF) 


tactical air control party 

tactical air direction center 

traffic encryption key 

time of day 

tracking and communication system 

telephone to radio interface communication system 
training sequence 


transmit 


United States 
United States Army 
United States Air Force 
upper side band 
Jnited States Coast Guard 
Jnited States Customs Service 
Jnited States Marine Corps 


U 
U 
U 
United States Navy 

universal transverse Mercator 


Voice of America Coverage Analysis Program 
voice privacy 


WOC wing operations center (USAF) 


WWV name of National Institute of Standards and Technology radio 
station at Fort Collins, Colorado. WWV broadcasts time and 
frequency information 24-hours a day, seven day a week to 
millions of listeners worldwide. See 
http://www.boulder.nist.gov/timefreq/stations/wwv.html 


SECTION II—TERMS AND DEFINITIONS 


air and space expeditionary task force -- A deployed numbered air force (NAF) or 
command echelon immediately subordinate to a NAF provided as 
the US Air Force component command committed to a joint 
operation. Also called AETF. (JP 1-02) 


airborne early warning — The detection of enemy air or surface units by radar or 
other equipment carried in an airborne vehicle, and the 
transmitting of a warning to friendly units. Also called AEW. (JP 
1-02) 

air expeditionary wing — A wing or wing slice placed under the administrative 
control of an air and space expeditionary task force or air and 
space task force by Department of the Air Force orders for a joint 
operation. Also called AEW. (JP 1-02) 


Air Mobility Command — The Air Force component command of the US 
Transportation Command. Also called AMC. (JP 1-02) 


air support operations center — An agency of a tactical air control system collocated 
with a corps headquarters or an appropriate land force 
headquarters that coordinates and directs close air support and 
other tactical air support. Also called ASOC. (JP 1-02) 


amphibious transport dock — A ship designed to transport and land troops, 
equipment, and supplies by means of embarked landing craft, 
amphibious vehicles, and helicopters. Designated As LPD. 


antisubmarine warfare — Operations conducted with the intention of denying the 
enemy the effective use of submarines. Also called ASW. (JP 1-02) 


area of operation — An operational area defined by the joint force commander for land 
and naval forces. Areas of operation do not typically encompass 
the entire operational area of the joint force commander, but 
should be large enough for component commanders to accomplish 
their missions and protect their forces. Also called AO. (JP 1-02) 


brigade — A unit, usually smaller than a division, to which groups and/or battalions 
and smaller units tailored to meet anticipated requirements are 
attached. Also called BDE. (JP 1-02) 

carrier battle group — A standing naval task group consisting of a carrier, surface 
combatants, and submarines as assigned in direct support, 
operating in mutual support with the task of destroying hostile 
submarine, surface, and air forces within the group's assigned 
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operational area and striking at targets along hostile shore lines or 
projecting firepower inland. Also called CVBG. (JP 1-02) 


combat service support element — Those elements whose primary missions are to 
provide service support to combat forces and which are parts, or 
prepared to become parts of, a theater, command, or task force 
formed for combat operations. Also called CSSE. (JP 1-02) 


command, control, communications, and computers — Integrated systems of 
doctrine, procedures, organizational structures, personnel, 
equipment, facilities, and communications designed to support a 
commander's exercise of command and control across the range of 
military operations. Also called C4 systems. (JP 1-02) 


commander, amphibious task force — The Navy officer designated in the order 
initiating the amphibious operation as the commander of the 
amphibious task force. Also called CATF. (JP 1-02) 


communications security — The protection resulting from all measures designed to 
deny unauthorized persons information of value that might be 
derived from the possession and study of telecommunications, or to 
mislead unauthorized persons in their interpretation of the results 
of such possession and study. Also called COMSEC, 
Communications security includes: cryptosecurity, transmission 
security, emission security, and physical security of 
communications security materials and information. 


cryptosecurity — The component of communications security that 
results from the provision of technically sound cryptosystems and 
their proper use. transmission security —- The component of 
communications security that results from all measures designed 
to protect transmissions from interception and exploitation by 
means other than cryptanalysis. 

emission security — The component of communications security 
that results from all measures taken to deny unauthorized persons 
information of value that might be derived from intercept and 
analysis of compromising emanations from crypto-equipment and 
telecommunications systems. 

physical security - The component of communications security that 
results from all physical measures necessary to safeguard 
classified equipment, material, and documents from access thereto 
or observation thereof by unauthorized persons. (JP 1-02) 


corps — A tactical unit larger than a division and smaller than a field army. A corps 
usually consists of two or more divisions together with auxiliary 
arms and services. 

cryptology — The science that deals with hidden, disguised, or encrypted 
communications. It includes communications security and 
communications intelligence. (JP 1-02) 

Defense Switched Network — Component of the Defense Communications System 


that handles Department of Defense voice, data, and video 
communications. Also called DSN. (JP 1-02) 
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detachment — 


1. A part of a unit separated from its main organization for duty 
elsewhere. 

2. Atemporary military or naval unit formed from other units or 
parts of units. Also called DET. (JP 1-02) 


direct air support center — The principal air control agency of the US Marine air 


division — 


command and control system responsible for the direction and 
control of air operations directly supporting the ground combat 
element. It processes and coordinates requests for immediate air 
support and coordinates air missions requiring integration with 
ground forces and other supporting arms. It normally collocates 
with the senior fire support coordination center within the ground 
combat element and is subordinate to the tactical air command 
center. Also called DASC. (JP 1-02) 


1. A tactical unit/formation as follows: 


A major administrative and tactical unit/formation which 
combines in itself the necessary arms and services required for 
sustained combat, larger than a regiment/brigade and smaller 
than a corps. 

A number of naval vessels of similar type grouped together for 
operational and administrative command, or a tactical unit of a 
naval aircraft squadron, consisting of two or more sections. 

An air division is an air combat organization normally consisting 
of two or more wings with appropriate service units. The combat 
wings of an air division will normally contain similar type units. 
2. An organizational part of a headquarters that handles military 
matters of a particular nature, such as personnel, intelligence, 
plans, and training, or supply and evacuation. 

3. (DOD only) A number of personnel of a ship's complement 
grouped together for tactical and administrative control. (JP 1-02) 


electronic warfare — Any military action involving the use of electromagnetic and 


directed energy to control the electromagnetic spectrum or to 
attack the enemy. Also called EW. The three major subdivisions 
within electronic warfare are: electronic attack, electronic 
protection, and electronic warfare support. 


a. electronic attack. That division of electronic warfare involving 
the use of electromagnetic energy, directed energy, or 
antiradiation weapons to attack personnel, facilities, or equipment 
with the intent of degrading, neutralizing, or destroying enemy 
combat capability—considered a form of fires. Also called EA. EA 
includes: 

1) actions taken to prevent or reduce an enemy's effective use 

of the electromagnetic spectrum, such as jamming and 

electromagnetic deception. 

2) employment of weapons that use either electromagnetic or 

directed energy as their primary destructive mechanism 

(lasers, radio frequency weapons, particle beams). 
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b. electronic protection. That division of electronic warfare 
involving passive and active means taken to protect personnel, 
facilities, and equipment from any effects of friendly or enemy 
employment of electronic warfare that degrade, neutralize, or 
destroy friendly combat capability. Also called EP. 


c. electronic warfare support. That division of electronic warfare 
involving actions tasked by, or under direct control of, an 
operational commander to search for, intercept, identify, and 
locate or localize sources of intentional and unintentional radiated 
electromagnetic energy for the purpose of immediate threat 
recognition, targeting, planning and conduct of future operations. 
Thus, electronic warfare support provides information required for 
decisions involving electronic warfare operations and other tactical 
actions such as threat avoidance, targeting, and homing. Also 
called ES. Electronic warfare support data can be used to produce 
signals intelligence, provide targeting for electronic or destructive 
attack, and produce measurement and signature intelligence. Also 
called EW. (JP 1-02) 


forward air controller — An officer (aviator/pilot) and member of the tactical air 
control party who, from a forward ground or airborne position, 
controls aircraft in close air support of ground troops. Also called 
FAC. (JP 1-02) 


global positioning system — A satellite constellation that provides highly accurate 
position, velocity, and time navigation information to users. Also 
called GPS. (JP 1-02) 


ground combat element — The core element of a Marine air-ground task force 
(MAGTF) that is task-organized to conduct ground operations. It 
is usually constructed around an infantry organization but can 
vary in size from a small ground unit of any type, to one or more 
Marine divisions that can be independently maneuvered under the 
direction of the MAGTF commander. The ground combat element 
itself is not a formal command. Also called GCE. (JP 1-02) 


ground liaison officer — An officer trained in offensive air support activities. Ground 
liaison officers are normally organized into parties under the 
control of the appropriate Army commander to provide liaison to 
Air Force and naval units engaged in training and combat 
operations. Also called GLO. (JP 1-02) 


joint force commander — A general term applied to a combatant commander, 
subunified commander, or joint task force commander authorized 
to exercise combatant command (command authority) or 
operational control over a joint force. Also called JFC. (JP 1-02) 

joint task force — A joint force that is constituted and so designated by the Secretary of 
Defense, a combatant commander, a subunified commander, or an 
existing joint task force commander. Also called JTF. (JP 1-02) 

landing signal officer — Officer responsible for the visual control of aircraft in the 


terminal phase of the approach immediately prior to landing. Also 
called LSO. (JP 1-02) 
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Marine expeditionary brigade — A Marine air-ground task force that is constructed 
around a reinforced infantry regiment, a composite Marine aircraft 
group, and a brigade service support group. The Marine 
expeditionary brigade (MEB), commanded by a general officer, is 
task-organized to meet the requirements of a specific situation. It 
can function as part of a joint task force, as the lead echelon of the 
Marine expeditionary force (MEF), or alone. It varies in size and 
composition, and is larger than a Marine expeditionary unit but 
smaller than a MEF. The MEB is capable of conducting missions 
across the full range of military operations. Also called MEB. See 
also brigade; Marine air-ground task force; Marine expeditionary 
force. 


Marine expeditionary force — The largest Marine air-ground task force (MAGTF) 
and the Marine Corps’ principal warfighting organization, 
particularly for larger crisis or contingencies. It is task-organized 
around a permanent command element and normally contains one 
or more Marine divisions, Marine aircraft wings, and Marine force 
service support groups. The Marine expeditionary force is capable 
of missions across the range of military operations, including 
amphibious assault and sustained operations ashore in any 
environment. It can operate from a sea base, a land base, or both. 
Also called MEF. (JP 1-02) 


Marine expeditionary unit — A Marine air-ground task force (MAGTF) that is 
constructed around an infantry battalion reinforced, a helicopter 
squadron reinforced, and a task-organized combat service support 
element. It normally fulfills Marine Corps forward sea-based 
deployment requirements. The Marine expeditionary unit 
provides an immediate reaction capability for crisis response and 
is capable of limited combat operations. Also called MEU. (JP 1- 
02) 


military standard requisitioning and issue procedures — A uniform procedure 
established by the Department of Defense for use within the 
Department of Defense to govern requisition and issue of materiel 
within standardized priorities. Also called MILSTRIP. (JP 1-02) 


Mystic Star -— High-frequency single-side-band communications system that provides 
high frequency communications for the President, Vice President, 
Cabinet members, and other senior government and military 
officials while aboard special mission aircraft. 


operation order - A directive issued by a commander to subordinate commanders for 
the purpose of effecting the coordinated execution of an operation. 
Also called OPORD. (JP 1-02) 


operation plan — Any plan, except for the single integrated operational plan, for the 
conduct of military operations. Plans are prepared by combatant 
commanders in response to requirements established by the 
Chairman of the Joint Chiefs of Staff and by commanders of 
subordinate commands in response to requirements tasked by the 
establishing unified commander. Operation plans are prepared in 
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GRAPHING Algebra 


Figure 8 Cartesian Coordinate Graph of Figure 9 Cartesian Coordinate Graph of 
Quadratic Equation or Function Exponential Equation or Function 


Nomographs 


A nomograph is a device used to relate the 
physical quantities in such a way that the value of 
an unknown quantity can be determined given the 
values of the other related quantities. Nomographs 
normally involve the relationship among three 
physical quantities. The scales are located in 
such a way that, when a straight line is drawn 
between the values of the known quantities on 
their respective scales, the line crosses the value 
of the unknown quantity on its scale. Figure 10 
is a typical nomograph that relates the distance 
traveled, the average speed, and the time traveled. 
It should be noted that, as with any graphical 
representation, the values determined are only 
approximations. 


SPEED DISTANCE TIME 
(miles (miles) (minutes) 


Figure 10 Typical Nomograph 
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either a complete format (OPLAN) or as a concept plan 
(CONPLAN). The CONPLAN can be published with or without a 
time-phased force and deployment data (TPFDD) file. 
a. OPLAN—An operation plan for the conduct of joint operations 
that can be used as a basis for development of an operation order 
(OPORD). An OPLAN identifies the forces and supplies required 
to execute the CINC's Strategic Concept and a movement schedule 
of these resources to the theater of operations. The forces and 
supplies are identified in TPFDD files. OPLANs will include all 
phases of the tasked operation. The plan is prepared with the 
appropriate annexes, appendixes, and TPFDD files as described in 
the Joint Operation Planning and Execution System manuals 
containing planning policies, procedures, and formats. Also called 
OPLAN. 
b. CONPLAN—An operation plan in an abbreviated format that 
would require considerable expansion or alteration to convert it 
into an OPLAN or OPORD. A CONPLAN contains the CINC's 
strategic concept and those annexes and appendixes deemed 
necessary by the combatant commander to complete planning. 
Generally, detailed support requirements are not calculated and 
TPFDD files are not prepared. 
c. CONPLAN with TPFDD—A CONPLAN with TPFDD is the 
same as a CONPLAN except that it requires more detailed 
planning for phased deployment of forces. Also called CONPLAN. 
(JP 1-02) 

precise lightweight global positioning receiver — US Army standard handheld 
GPS receiver, which provides advanced P/Y code positioning 
accuracy. Also called PLGR. 


reconnaissance — A mission undertaken to obtain, by visual observation or other 
detection methods, information about the activities and resources 
of an enemy or potential enemy, or to secure data concerning the 
meteorological, hydrographic, or geographic characteristics of a 
particular area. Also called RECON. (JP 1-02) 


sea-air-land team — A naval force specially organized, trained, and equipped to 
conduct special operations in maritime, littoral, and riverine 
environments. Also called SEAL team. (JP 1-02) 


Secret Internet Protocol Router Network — Worldwide SECRET level packet 
switch network that uses high-speed internet protocol routers and 


high-capacity Defense Information Systems Network circuitry. 
Also called SIPRNET. (JP 1-02) 


signal operation instructions — A series of orders issued for technical control and 
coordination of the signal communication activities of a command. 
In Marine Corps usage, these instructions are designated 
communication operation instructions. (JP 1-02) 


special operations forces — Those active and Reserve Component forces of the 
Military Services designated by the Secretary of Defense and 
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specifically organized, trained, and equipped to conduct and 
support special operations. Also called SOF. (JP 1-02) 


standing operating procedure — A set of instructions covering those features of 
operations that lend themselves to a definite or standardized 
procedures without loss of effectiveness. These procedures are 
applicable unless ordered otherwise. Also called SOP. (JP 1-02) 


tactical air control center — The principal air operations installation (ship based) 
from which all aircraft and air warning functions of tactical air 
operations are controlled. Also called TACC. (JP 1-02) 


tactical air coordinator (airborne) — An officer who coordinates, from an aircraft, 
the actions of other aircraft engaged in air support of ground or sea 
forces. Also called TAC(A). (JP 1-02) 


tactical air direction center — An air operations installation under the overall control 
of the tactical air control center (afloat) or tactical air command 
center, from which aircraft and air warning service functions of 
tactical air operations in an area of concern are directed. Also 
called TADC. (JP 1-02) 


universal transverse Mercator grid — A grid coordinate system based on the 
transverse Mercator projection, applied to maps of the earth's 
surface extending to 84 degrees N and 80 degrees S latitudes. Also 
called UTM grid. (JP 1-02) 


wing— 1. An Air Force unit composed normally of one primary mission 
group and the necessary supporting organizations, 1.e., 
organizations designed to render supply, maintenance, 
hospitalization, and other services required by the primary 
mission groups. Primary mission groups may be functional, such 
as combat, training, transport, or service. 
2. A fleet air wing is the basic organizational and administrative 
unit for naval-, land-, and tender-based aviation. Such wings are 
mobile units to which are assigned aircraft squadrons and tenders 
for administrative organization control. 
3. A balanced Marine Corps task organization of aircraft groups 
and squadrons, together with appropriate command, air control, 
administrative, service, and maintenance units. A standard 
Marine Corps aircraft wing contains the aviation elements 
normally required for the air support of a Marine division. 
4. A flank unit; that part of a military force to the right or left of 
the main body. (JP 1-02) 
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Algebra GRAPHING 


Example: 


Using Figure 10, find the distance traveled if the average speed is 20 mph and the time 
traveled is 40 minutes. 


The line labeled A in Figure 10 connects 20 mph and 40 minutes. It passes through 14.5 
miles. 


Thus, the distance traveled is 14.5 miles. 
Example: 
Using Figure 10, find the time required to travel 31 miles at an average speed of 25 mph. 


The line labeled B in Figure 10 connects 31 miles and 25 mph. It passes through 
70 minutes. 


Thus, the time required is 70 minutes. 
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Signal Troposcatter Company (Light and Heavy) 


PREFACE 


This manual describes the Signal Troposcatter Company (Light) and the Sig- 
nal Troposcatter Company (Heavy). It provides U.S. Army doctrine for the 
employment and operations of both Signal Troposcatter Companies in a thea- 
ter of operations and supports AirLand Battle doctrine. 


Users of this manual are encouraged to submit recommended changes and 
comments to improve its clarity or accuracy. Relate comments to the specific 
page, paragraph, and line of text in which the change is recommended. Provide 
reasons for each comment to ensure understanding and complete evaluation. 
Prepare comments on DA Form 2028 (Recommended Changes to Publications 
and Blank Forms) and forward directly to the Commander, U.S. Army Signal 
Center and Fort Gordon, ATTN: ATZH-DTL, Fort Gordon, GA 30905-5070, 
with an information copy to the Commander, U.S. Army Information Systems 
Command (USAISC), ATTN: AS-PLN-RM, Fort Huachuca, AZ 85613-5000. 


This manual is oriented toward its primary target audience which includes 
the commander and personnel assigned to both Signal Troposcatter Compa- 
nies, commanders and staffs of Theater Signal Brigades, and the commander 
and staff of a Theater Communications Command (Army). It is also of interest 
to a secondary audience that includes major Army commands and Army ser- 
vice schools. 


Communications equipment quantities and types specified in this manual may 
not coincide with some actual authorizations. Changing communications sup- 
port requirements should be reflected in authorization documents which can 
be specifically tailored and are adaptable to new and changing concepts. 


This manual does not affect or implement the New Manning System. 


This manual contains technical or operational information that is for official 
Government use only. Distribution is limited to U.S. Government agencies. 
Requests from outside the U.S. Government for release of this manual under 
the Freedom of Information Act or the Foreign Military Sales Program must 
be made to Commander, U.S. Army Signal Center and Fort Gordon, ATTN: 
ATZH-DTL, Fort Gordon, GA 30905-5070. 


Interim changes to this manual are not official unless they are authenticated 


by The Adjutant General. Users will destroy interim changes on their expi- 
ration dates unless sooner superseded or rescinded. 


*This manual supersedes FM 11-25, 6 November 1972. 
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CHAPTER 1 
INTRODUCTION 


1-1. Purpose 


This manual provides doctrinal guidance for the em- 
ployment and operations of the Signal Troposcatter 
(Tropo) Companies (Light and Heavy) at echelons above 
corps (EAC) in a theater of operations. The manual is 
oriented toward communications support operations 
behind the corps rear boundary in a large theater of 
operations. However, it is not limited in scope to any 
particular theater of operations. 


1-2. References 
ah uired and related publications are listed in the[ap-] 


1-3. Related manuals 


This field manual is one of seven manuals prepared by 
the U.S. Army Information Systems Command 
(USAISC) for communications doctrine at EAC. The 
seven manuals provide a comprehensive understand- 
ing of theater-level communications. 

a. FM 11-23 is the keystone manual, which contains 
an overview of EAC communications. It provides a 
structure for a type Theater Communications Com- 
mand (ARMY) (TCC(A)) and introduces the “building 
block” units which may be assigned to a TCC(A). The 
TCC(A) installs, operates, and maintains the Army’s 
Theater Communications System. 

b. FMs 11-24 through 11-29 provide specific doc- 
trinal guidance for the employment and operations of 
individual building block units (battalion and company 
size). 


1-4. Explanation of abbreviations 
and terms 


Abbreviations and special terms used in this manual 
are explained in the glossary. 


1-5. The AirLand Battle 


a. The U.S. Army must be prepared to meet a va- 
riety of challenges on battlefields worldwide. It must 
be prepared to fight both highly mechanized forces and 
light, well-equipped forces. In the areas of greatest 
strategic concern, the Army must expect battles of 
greater scope and intensity than ever fought before. 
It must anticipate battles that include the use of nu- 
clear, biological, and chemical (NBC) warfare and elec- 
tronic warfare (EW). To win, all available military 
forces must be coordinated in pursuit of common ob- 
jectives. AirLand Battle doctrine provides the Army’s 


basic operational concepts to meet these challenges. 
FM 100-5 describes the AirLand Battle doctrine. 

b. AirLand Battle doctrine fuses the separate geo- 

ee areas of combat into one battle. It extends 

rom our own rear areas, across the forward line of 
own troops (FLOT), deep into the enemy’s second ech- 
elons and rear areas. The theater commander plans 
and directs the major campaigns, emphasizing maneu- 
ver as opposed to close combat. Four basic character- 
istics express the essence of the AirLand Battle: ini- 
tiative, depth, agility, and synchronization. They apply 
to all levels of command and are summarized below. 

(1) Initiative is the ability to set the terms of bat- 
tle by action. Commanders must seize and preserve 
the initiative. This generates an offensive spirit in the 
conduct of all operations. 

(2) Depth refers to time, space, and resources. 
Commanders need to use the entire depth of the bat- 
tlefield to strike the enemy. Depth of resources pro- 
vides the commander great flexibility over large areas. 
These resources include the integration of ground and 
air operations. 

(3) Agility means acting faster than the enemy. 
Commanders must learn of critical events as they oc- 
cur and act swiftly to avoid enemy strength and exploit 
enemy weaknesses. This must be done repeatedly. 

(4) Synchronization of combat power assists in 
achieving maximum results. Commanders must waste 
no effort, initially or as an operation develops. Oper- 
ations must be synchronized with other services and 
allies. 

c. Communicators must be aware that decision- 
making by battle commanders is extremely time crit- 
ical. Our decision cycle must be less than that of any 
enemy. The range, scope, and support of operations 
is thus highly dependent on command and control. The 
AirLand Battle requires immediately responsive and 
highly reliable communications involving signal com- 
manders and officers at all levels. 


1-6. Theater Army 
communications 


a. Theater Communications System (Army). 

(1) When the Army must operate on a large land 
mass, the scope of combat forces, support services, 
and duration of involvement is increased signifi- 
cantly. Extended operations also introduce require- 
ments for Navy and Air Force support, as well as an 
expanded administrative and logistical base. Each ser- 
vice usually provides its own support services and com- 
mand structure to ensure the best possible support of 
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its tactical commanders. The Army headquarters which 
provides this support is the Theater Army (TA). The 
TA Headquarters and its support units generally op- 
erate in the area to the rear of the corps boundary 
called the communications zone (COMMZ). (One ex- 
ception to this doctrine is that a troposcatter terminal 
(light or heavy) may be used to provide connection into 
the corps tactical system.) The COMMZ can extend to 
the water’s edge in a large land mass, across a major 
water body to another land mass, or even to the Con- 
tinental United States. FM 100-16 provides a detailed 
discussion of support operations in EAC. It is the source 
of concepts and doctrine for EAC communications- 
electronics (C-E) TA operations. It relates the C-E 
role to the command and control requirements of the 
theater. 

(2) FM 11-23 describes the Army’s overall tele- 
communications system for command and control. The 
system is called the Army Automation Communica- 
tions Network (AUTOCOMM). The AUTOCOMM 
provides tactical, strategic, general support, and 
theather subnets. The theater subnet is called the 
Theater Communications System (Army) (TCS(A)). 
The Signal Tropo Companies (Light and Heavy) are 
employed in the TCS(A). As indicated above, they may 
also be employed in the communications system of the 
tactical subnet. 

(3) For many years, the concepts and doctrine for 
a theater have been focused on Europe with its com- 
bined and joint command structures. This has led to 
heavy reliance on C-E support from the commercial 
services and facilities which exist in industrially de- 
veloped central Europe. In this case, communications 
eeu and forces have become very dependent on such 

ost nation support (HNS). 

(4) Vietnam and other recent experiences have 
demonstrated the tremendous resources required to 
support ground combat in undeveloped regions. Mul- 
tichannel radio played a major role in providing com- 
munications to dispersed units. Troposcatter and sat- 
ellite radio also proved themselves important to theater 
command and control. 

(5) The new tactical troposcatter radio systems 
reatly enhance the flexibility and capacity of the 
heater Communications System. They can be moved 

and put in operation more rapidly than their prede- 
cessors. Their area of coverage is excellent when com- 
pared to other mulitchannel radio systems. A signal 
path may be as much as 150 miles (241 kilometers) long 
for the heavy troposcatter system. A troposcatter sys- 
tem creates a common volume in the troposphere which 
refracts and scatters the signal causing it to return 
pete and complete the Ha Eigure depicts this 
effect. 
b. Army Command and Area Communications 
System. 
(1) The TCS(A) provides both command and area 
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communications. It consists primarily of command and 
area links in a nodal configuration called the Army 
Command and Area Communications System (ACACS). 

(2) The ACACS provides service to the TA in the 
COMMZ on a common-user, geographical basis. TA 
Headquarters is supported by the Signal Command 
Operations Battalion (Theater) and accesses the ACACS 
through at least two area signal nodes. Major func- 
tional headquarters are interconnected with TA Head- 
quarters through the ACACS. This is accomplished 
through an extension node provided from the sup- 
porting major area node. The major area nodes and 
extension nodes are provided by the Signal Telecom- 
munications Battalion (Area). The area nodal portion 
of the ACACs also provides C-E services to other units 
assigned to or transiting through the COMMZ. 

(3) shows a representative ACACS 
found in the TCS(A). The ACACS can provide the 
high-volume telephone, radio, and record copy ser- 
vices required by larger headquarters. Troposcatter 
and tactical satellite radio may be employed in either 
the command or the area portion of the system. They 
can connect the TCS(A) to the strategic or tactical 
subnets of the AUTOCOMM network. The ACACS is 
required to interface with the Defense Communica- 
tions System (DCS) in at least two locations. The corps 
area signal system will also interface with the ACACS. 
See FM 11-23 for a more complete description of the 
services provided by the TCS(A). 

c. Theater Communications Command (Army) 

(1) The TCC(A) is under the operational control 
of the TA commander. It provides communications for 
U.S. Army units throughout the COMMZ. It may be 
directed to provide C-E support to other U.S. and non- 
U.S. units and to provide some or all of the strategic 
subnets in the theater. It also is responsible for suppl 
and maintenance support for TCC(A) unique oud 
air traffic control (ATC), and navigational aids 
(NAVAIDS) equipment. The TCC(A) is designed on 


a building block principle. 
of Figure 4 shows a typical TCC(A). The types 
and number Of units assigned can be changed to meet 


C-E requirements. If a major conflict should occur, 
available resources will be severely taxed by current 
force restrictions. Very important, also, is the fact that 
our major opponent has made known its intention of 
disrupting the Army’s support areas. C-E units will 
be primary Ya ae of this threat and must be prepared 
to combat it effectively. A future war will norbe ought 
only at the front. It will cover the breadth and depth 

of the entire theater in a simultaneous or nearly si- 

multaneous series of actions. 

(3) All these factors emphasize the need for de- 
tailed planning at every level within the TCC(A). 
Thorough planning and frequent practice is the only 
way to prepare for the surprises which occur in war- 
time. FM 11-23 provides detailed doctrine for the 
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Figure 1-1 Tropospheric scatter radio system. 


TCC(A). Generally, one Tropo Company (Heavy), up 
to 144-channel capability at a planning range of 150 
miles (241 kilometers), is assigned to a TCC(A). Also, 
one Tropo Company (Light), up to 144-channel capa- 
bility at a planning range of 100 miles (160 kilometers), 
is usually assigned to each TCC(A) Theater Signal 
Brigade. Each Company is an essential element in the 
TCS(A). 


1-7. Echelons above corps 
support 


EAC commanders must be prepared to operate in both 
joint and combined operations on the AirLand Battle- 
field. FM 100-16 includes broad doctrine concerning 
EAC support in both type operations and contingency 
deployment. Particularly in combined operations, com- 
mand and control, as well as intelligence collection and 
dissemination, present unique problems. Nations are 
reluctant to relinquish sovereign rights in these areas. 
In all cases, C-E support must be specifically tailored 
to meet the support and operational requirements of 
the type theater of operations. Signal commanders and 
planners must be aware of this. These requirements 
are best understood in terms of the two typical EAC 


situations explained in FM 100-16. The two major scen- 
arios in which the TCC(A) will be called upon to pro- 
vide EAC support are support to forward-deployed 
forces and support to nonforward-deployed forces. The 
two scenarios are briefly described below/ FM 100-16 
can be consulted for a more detailed discussion of each. 
a. Support to forward-deployed forces. Support 
to forward-deployed forces normally involves com- 
bined operations. U.S. forces are predeployed in a 
foreign country and operate with allied nations in an 
established theater. The European North Atlantic 
Treaty Organization (NATO) and Korean Combined 
Forces Command (CFC) are examples where U.S. 
forces are forward-deployed in foreign countries. In 
both cases, an established formal allied command 
structure exists, HNS agreements exist, and a TCS(A) 
is in place. A forward-deployed situation provides the 
benefits of time, planning, and experience in a specific 
theater of operations prior to an outbreak of hostilities. 
b. Support to nonforward-deployed forces. Sup- 
port to nonforward-deployed forces involves a contin- 
gency situation. A joint U.S. contingency force, with 
or without allied assistance, deploys to an area without 
a significant preestablished U.S. support base. It is 
anticipated that prepositioned war material stocks and 
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GRAPHING Algebra 


Summary 


The important information in this chapter is summarized below. 


Graphing Summary 


Ordinate - x-coordinate 
Abscissa - y-coordinate 
Cartesian Coordinate System 


Rectangular Coordinate System 
Divided into four quadrants by x- and y-axis 


Logarithmic Coordinate System 
One or both of the scales are divided logarithmically 
Semi-log graphs contain linear x-axis and logarithmic y-axis 
Log-log graphs contain logarithmic x- and y-axis 
Linear functions are usually plotted on Cartesian coordinate graph. 
Exponential functions (y = e*) are usually plotted on semi-log graphs to 
provide a straight line instead of the resulting curve placed on a Cartesian 


coordinate graph. 


Power functions (Y = ax’, y = ax’, etc.) are usually plotted on log-log 
graphs. 
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Figure 1-2 Army Command and Area Communications System. 


HNS agreements will be minimal or nonexistent. Ini- 
tial objectives will be limited. Planning must include 
a follow-on buildup and sustainment capability. The 
TCC(A) building block concept permits situation- 
dependent growth and maturity of the TCS(A). 


1-8. Role of the Signal _. 
Troposcatter Companies (Light and 
Heavy) 


The Signal Tropo Companies (Light and Heavy) pro- 
vide the theater commander with flexible, reliable, and 
secure communications. Their troposcatter radio sys- 
tems consist of equipment that can span great dis- 


tances for command and control of theater forces. Each 
member of a Tropo Company plays a significant role 
in the unit’s important mission. The focus of this man- 
ual is on the employment and operations of the Tropo 
Companies. Associated subjects essential to successful 
accomplishment of the Tropo Companies’ mission also 
are discussed] Chapters 10|through|13|provide a ready 
reference in communications planning, NBC and elec- 
tronic warfare, rear battle operations, and training. 
This manual does not tell all one needs to know in 
these areas. It does serve as a point of departure and 
leads to an array of documents which provide the detail 
required. FM 100-16 and FM 11-23 provide informa- 
tion on the functional and organizational environment 
in which the Tropo Companies operate. 
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CHAPTER 2 
SIGNAL TROPOSCATTER COMPANY (Light) 


2-1. Introduction 


a. The Signal Troposcatter Company (Light) is or- 
ganized and equipped to support a wartime TA. It 
operates in the COMMZ of a theater. 

b. The Tropo Company is essential to responsive 
communications support in t he TCS(A). Planning must 
keep pace with changing requirements. Requirements 
may dictate augmentation. Discussions will be limited 
to the Company’s organic assets. 

c. Company support requirements will depend on— 

(1) Mission of supported headquarters. 
(2) Force size. 
(3) Geographical area. 


2-2. Structure 


The Tropo Company (Light), table of organization and 
equipment (TOE) 11-367, is a building block unit de- 
signed to provide high-quality, multichannel tropo- 
scatter radio communications links for long-distance 
communications. The Company can command and con- 
trol additional troposcatter radio teams without head- 
quarters augmentation. 

a. Mission. The Tropo Company provides multi- 
channel troposcatter radio links. These links may be 
used to connect major headquarters or area signal nodes 
ina TCS(A). 

b. Assignment. 

(1) The Tropo Company (Light) may be assigned 
to the TCC(A) or a subordinate Theater Signal Bri- 
gade. 

(2) Platoons or sections may be attached to other 
signal units. If so, technical control usually passes to 
that signal unit. Overall system technical operations 
often are directed and engineered at theater level. 

(3) The Company is a category III unit. There is 
normally one Tropo Company (Light) in a Theater Sig- 
nal Brigade. 

c. Type organization. The Tropo Company (Light) 
is not adaptable to a type B organization employing 
indigenous personnel (AR 310-31). 

d. Organization. The Signal Tropo Company (Light) 
consists of the following: 

(1) A Company Headquarters. 

(2) A Technical Control Section. 

(3) Four Troposcatter Platoons. 

(4) A C-E Maintenance Section. 


2-3. Command and control 


The Tropo Company (Light) is under the command 
and control of the TCC(A) or the TCC(A) Theater 


Signal Brigade of attachment. Terminals will be widely 
dispersed. Technical direction is received by terminal 
sections from system controllers. The Company com- 
mander’s means for exercising internal command and 
control are discussed under resources in this chapter. 
General and special operating instructions contained 
in the communications-electronics operating instruc- 
tions (CEOI) and standing operating procedures (SOPs) 
should be used to cover normal situations. 

a. Company Headquarters. The Company Head- 
quarters provides the Company commander with the 
means to direct and coordinate operations and train- 
ing. The staff plans for and coordinates administrative 
and logistical support to the other elements of the 
Company. Execution of plans and orders depends on 
higher headquarters logistical support, especially 
transport priorities. 

(1) The Company Command Element. The Tropo 
Company presents a unique command challenge. The 
wide dispersion of its terminal sections complicates 
normal administrative and logistics support, thus mak- 
ing it difficult to exercise command and provide lead- 
ership. The Company platoon officers and noncom- 
missioned officers (NCOs), in effect, must function as 
staff and line leaders. 

(a) The Company commander is responsible for 
successfully accomplishing assigned missions and func- 
tions. The commander exercises command and control 
by issuing orders and directives to the operating ele- 
ments. 

(b) The first sergeant is the senior NCO in the 
Company. He or she acts in the name of the Company 
commander when dealing with other NCOs, and is the 
commander’s principal enlisted adviser. The first ser- 
geant supervises the functions of the enlisted person- 
nel in the Company. The fact that Company personnel 
operate at a distance from Company Headquarters 
makes this task difficult. All Company NCOs find 
themselves performing many tasks which would or- 
dinarily be done for them in other type units. The first 
sergeant maintains close contact with the sergeant ma- 
jor/command sergeant major of higher headquarters. 
He or she assists the commander by ensuring day-to- 
day tasks are performed, to include administration, 
training, scheduling, internal operations, and coun- 
seling (enlisted personnel). 

(c) The unit clerk assists the first sergeant by 
providing routine administrative support for day-to- 
day requirements. The unit clerk also assists in the 
operation of the switchboard ((d) below). 

(d) A switchboard operator operates the man- 
ual telephone switchboard and the high frequency (HF)/ 
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Figure 2-1 Organization of the Signal Troposcatter Company (Light). 


single sideband (SSB) radio. 

(2) Food Service Element. The food service ser- 
geant, first cook, and four food service specialists pro- 
vide a 24-hour dining facility. See FM 10-23 for details 
of unit feeding. Isolated sections require food service 
support from other units. 

(3) Supply Element. The supply sergeant is as- 
sisted by an equipment records atid parts specialist 
and an armorer. Supply operations provide the repair 
parts for operation of Company C-E equipment and 
vehicles. See DA Pamphlet 710-2-1 ae 10-14 for 
details of unit supply. 

(a) The supply sergeant acquires and distrib- 
utes supplies, ensures that supply records are main- 
tained, and supervises the armorer and the equipment 
records and parts specialist. 

(b) The armorer is responsible for unit level 
maintenance of organic weapons. He or she maintains 
a prescribed load list (PLL) of organizational repair 
parts for weapons organic to the Company. 

(c) The equipment records and parts specialists 
maintains the PLL for organizational demand-sup- 
ported signal repair parts. 

(4) NBC Element. The chemical NCO is respon- 
sible for the accomplishment of the Company com- 
a NBC program. As a minimum, the chemical 
NCO- 

(a) Is the principal NBC adviser to the com- 
mander. 


2-2 


(b) Ensures authorized NBC equipment is on 
hand and maintained. 

_ _ (c) Develops individual and collective NBC 
training. 

(d) Determines unit NBC team requirements. 

(e) Ensures team members are appointed on 
unit orders, equipped, and trained. 

(f) Ensures NBC training is conducted during 
physical training and during daily routines. 

(5) Motor Maintenance Element. The mainte- 
nance supervisor is assisted by five light wheel vehicle 
mechanics, a PLL clerk, three power generator equip- 
ment repairers, a ey vehicle operator, a utilities 
equipment repairer, and four petroleum large vehicle 
operators. 

(a) The maintenance supervisor is the principal 
maintenance adviser to the commander. He or she 
pas for and supervises unit-level maintenance of ve- 

icles and power generators organic to the Company, 
supervises maintenance personnel, and provides su- 
pervised on-the-job-training. 

(b) The light wheel vehicle mechanics provide 
unit-level maintenance on organic vehicles. 

(c) The PLL clerk is responsible for the main- 
tenance of motor repair parts records and stockage of 
organizational demand-supported items. 

(d) The power generator equipment repairers 
are responsible for unit-level maintenance of equip- 
ment organic to the Company. 
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(e) The recovery vehicle operator is responsi- 
ble for retrieving disabled vehicles. 

(f) The utilities equipment repairer is respon- 
sible for the light set organic to the Company. 

(g) The petroleum large vehicle operators are 
responsible for petroleum, oils, and lubricants (POL) 
resupply to widely dispersed tropo sites. 

b. Resources available. The Company commander 
has the following resources for command and control: 

(1) Existing common-user telephone network. 

(2) Local message centers. 

(3) Internal telephone network (switchboard and 
telephones). 

(4) HEF/SSB radio. 

(5) Troposcatter voice orderwire. 

(6) Messenger service. 

c. Internal communications. Communications 
among the Company commander, the Technical Con- 
trol Section, and the displaced radio terminals is es- 
sential. The type communications required depends on 
the type message or report. The following means of 
communications will normally be available: 

(1) Access to the common-user network. 

(2) Manual telephone systems. See figure 2-2. 

(3) An HF/SSB radio Company Command and 
Technical Control Net. 
Company Technical Control uses the net to supervise 
system installation, system quality, circuit rerouting, 
and displacement. The Platoon Command and Tech- 
nical Control Nets are netted together for this func- 


tion Figure 2-3 shows the Company Command and 


Control Net. 
(4) Troposcatter orderwire channel for terminal- 
to-terminal technical control. 


2-4. Employment 


The Company will normally be employed at EAC in 
the COMMZ. It provides a multichannel communica- 
tions system or links in a system when it is more prac- 
tical to use tropospheric radio because of terrain, dis- 
tance, or the tactical situation. The Tropo Company 
(Light) provides an extended range over multichannel 
line of sight (LOS) systems of the TCS(A) between 
area signal nodes and major headquarters. 
a. Functions. 

(1) At full strength, the Signal Tropo Company 
(Light) can install, operate, and maintain 16 terminals, 
or up to 8 multichannel systems. These terminals are 
mobile and can be installed and disassembled by three 
persons in 1 hour with the quick-reaction antenna 
(QRA). They are air transportable. Although mobile, 
they cannot operate in transit. 

(2) Troposcatter radio provides reliable high- 
quality voice, teletypewriter, and data circuits over 
extended distances. Because of its method of radio 
wave propagation, troposcatter radio is not limited to 
LOS transmissions. 

b. Employment in the Theater Communications 
Command (Army). One Signal Tropo Company (Light) 
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Figure 2-8. Signal Troposcatter Company (Light) Type HF/SSB Radio Command and Technical Control Net. 
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is normally assigned to a Theater Signal Brigade. It 
is au ed to provide— 

(1) Complete direct point-to-point command links 
between major command and functional headquarters 
in the COMMZ. 

(2) Communications links between area signal 
nodes in the TCS(A). These links extend over inac- 
cessible areas. Circuits are either terminated at a node 
or redirected to other links. 

(3) Skip node capability to bypass nodes. 


2-5. Operations 


The Signal Tropo Company (Light) provides commu- 
nications links over extended distances between 
COMMZ headquarters and between area signal nodes. 


Operations require detailed link engineering, site plan- 


ning, and preparation. 
2-4 


a. Capabilities. The Signal Tropo Company (Light) 
can provide the following: 

(1) Installation, operation, and maintenance of 
eight troposcatter radio communications links (two 
terminals per link). These links are capable of spanning 
a nominal distance of up to 100 miles (160 kilometers) 
with maximum traffic channels. 

(2) Circuit patching and limited test facilities to 
provide a technical control capability. 

b. Limitations. 

(1) The Signal Tropo Company (Light) requires 
the following support: 

(a) Health, religious, financial, and legal ser- 


(b) Personnel and administrative services. 
(c) Bulk POL resupply. 

(d) See transportation. 

(e) Refrigeration repair. 
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(2) Troposcatter installation may require a site 
survey for topography, siting, soil condition, terrain, 
bearings, horizon angles, and distances between ter- 
minals. Engineer support often is required for access 
to and development of remote sites. Because tropo- 
scatter sites are high priority targets, a high degree 
of physical security is required. Security forces from 
combat arms or indigenous troops may be required. 

(3) Cable and radio teams will be required to ex- 
tend circuits to outlying units. The Theater Army Area 
Command (TAACOM) support element is required for 
intermediate (general support (GS)) maintenance and 
logistical support of organic C-E equipment. Inter- 
mediate (GS) maintenance for communications secu- 
rity (COMSEC) equonent is provided by the GS unit 
of the TCC(A). Army aviation support may be re- 
quired to supply and maintain troposcatter terminals 
in isolated areas. 

(4) Frequencies must be engineered and assigned 
by the TCCCA), 

c. Defense. Personnel of the Signal Tropo Company 
(Light) may be used to conduct a coordinated defense 
of their area or a limited defense of an installation. 
Remote installations may require security forces. Use 
of Company personnel in defense may result in reduced 
communications spp Chap fas more infor- 
mation on rear battle operations defense and opera- 
tions in an NBC environment. 
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d. Mobility. 

(1) The Company headquarters has the following 
organic vehicles for transport of personnel and equip- 
ment: 

(a) Truck utility: tactical 34-ton with equip- 
ment (W/E) M1009. 

(b) Truck cargo: tactical 5/4-ton 4x4 W/E M1008. 

(c) Truck cargo: 2%2-ton 6x6 W/E. 

(d) Truck cargo: 5-ton 6x6 LWB W/E. 

(e) Truck wrecker: 5-ton 6x6 with winch W/E. 

(2) The Company is air transportable. TA avia- 
tion assets may be required for emergency transport 
of support personnel and repair parts. 


2-6. Deployment 


a. The Signal Tropo Company (Light) may be de- 
ployed in a theater or to support contingency opera- 
tions. Simultaneous displacement of all Company ele- 
ments is not likely after initial deployment. Company 
elements may be deployed to establish links between 
a COMMZ headquarters and forward command posts 
separated by an impassable land or water barrier. 

b. Normally, the Company Headquarters will be 
collocated with one of the deployed operating ele- 
ments. However, maintenance, supply, and personnel 
sae of dispersed terminals may be primary con- 
siderations that determine the headquarters location. 
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CHAPTER 3 
TECHNICAL CONTROL SECTION 


3-1. Introduction 


a. The Technical Control Section provides limited 
technical control, circuit patching, and test facility ca- 
pability. It supervises the Signal Tropo Company (Light) 
technical operations and may also be used to comple- 
ment the technical control facilities of other supported 
signal units. 

b. The Section has a Communications Technical 
Control Center (AN/TSQ-84), an Operations Center 
(AN/MSC-31), air conditioning, power generators, and 
support equipment. 


3-2. Structure 


The Technical Control Section provides personnel and 
equipment for diagnostic and engineering services of 
troposcatter signals and channels. 

a. Mission. The Technical Control Section provides 
technical control, circuit patching, and limited quality- 
assurance test facilities. It supervises quality of the 
circuits and systems of the Company and those op- 
erated by signal units that interface with the Com- 
pany. 

b. Assignment. The Technical Control Section is or- 
sue to the Signal Tropo Company (Light), TOE 11- 
367. 

c. Organization. The Technical Control Section pro- 
vides continuous operations in support of the Company 
or an area of assignment. Operations are normally in 
two 12-hour shifts. 


3-3. Command and Control 


The Technical Control Section provides the means for 
the Company commander to control the Signal Tropo 
Company (Light). The area communications chief su- 
pervises section personnel. 

a. Technical Control Section Personnel. The tech- 
nical control officer represents the commander and 
provides direct supervision to the personnel assigned 
to the Section. Personnel assigned to the Section per- 
form two separate, but related, functions: facilities 
control and circuit control. 

(1) The area communications chief, an illustrator, 
single-channel radio operators, and telecommunica- 
tions center operators operate the Communications 
Operations Center (AN/MSC-31). The Operations 
Center provides the facilities control. 

(a) The area communications chief supervises 
section personnel; prepares system plans, diagrams, 
and circuit orders; coordinates troposcatter system in- 
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stallation, operation, and maintenance; reroutes cir- 
cuits as required or as directed by the higher echelon 
systems control element; coordinates locations, ser- 
vices, and displacements with supported units; coor- 
dinates redeployment of terminals; and maintains cur- 
rent systems and equipment status, unit readiness, 
map profiles, site plans, and other operations infor- 
mation. 

(b) The illustrator prepares systems and circuit 
diagrams, status displays, and map profiles. 

(c) The radio operators operate the HF/SSB 
radio in the Company Command and Technical Control 
Net and are responsible for operation of the SB-22/PT 
switchboard in the AN/MSC-31. 

(d) The combat telecommunications center op- 
erators are responsible for the operation of the tele- 
typewriters in the Operations Center. 

(2) The circuit control sergeant and three tactical 
circuit controllers operate the Communications Tech- 
nical Control Center (AN/TSQ-84). The Technical 
Control Center provides circuit control. 

(a) The circuit control sergeant supervises per- 
sonnel in the Technical Control Facility that provides 
interface, interconnect, and test facility for commu- 
nications systems and circuits that enter or exit the 
site. 

(b) The tactical circuit controllers reduce cir- 
cuit outage time by rerouting circuits or channels; es- 
tablish emergency interconnections between tropo- 
scatter terminals and between terminals and com- 
munications units; correct difficulties between local and 
distant facilities by directing equipment checks; con- 
duct tests to isolate, diagnose, and correct faults; place 
circuits into service as traffic load increases; maintain 
circuit outage records; and ensure continuity and re- 
sponsiveness of communications. 

b. Resources Available. The technical control offi- 
cer, the area communications chief, and the circuit 
control sergeant have the following resources to es- 
tablish and/or maintain operational and technical con- 
trol of the Company systems: 

(1) Existing common-user telephone network. 

(2) Local message centers. 

(3) Internal telephone network (switchboard and 
telephones). 

(4) HE/SSB radio. 

(5) Troposcatter voice orderwire. 

(6) Teletypewriter. 

(7) Messenger service. 

c. Internal Communications. The following means 
of communications will normally be available: 


3-1 


15 October 1985 


(1) Access to the common-user telephone net- 
work. 
(2) Organic equipment that provides a manual 


telephone system. A manual switchboard is located in 
=) te AN/MSC-31. Se gue 22 
= (3) HF/SSB radio Company Command and Tech- 
nical Control Net located in the Operations Center 
(AN/MSC-3]) used_to. communicate with distant tro- 
poscatter sites. See figure 2-3 

(4) Troposcatter orderwire to pass instructions 
and information. 
__ (5) Teletypewriter circuits to pass coordination 
instructions. 


3-4. Employment 


a. The Technical Control Section is employed as a 
single unit. It provides technical expertise to ensure 
quality communications on systems and channels which 
pass through its area. 

b. At full strength, the Technical Control Section is 
capable of providing continuous facility and circuit con- 
trol services. These include, but are not limited to- 

(1) Systems planning and interfaces. 

(2) Circuit activation, routing, rerouting, and res- 
toral. 

(3) Circuit testing, fault isolation, and quality as- 
surance, 

(4) Status reporting and recordkeeping. 

(5) Internal and external coordination. 


3-5. Operations 


The Technical Control Section is responsible for con- 
trolling all C-E operations directed by the Company. 
It coordinates action directed by higher engineering 
and technical control elements. Its functions are com- 
plicated because directions can come from several 
sources and interfaces to other links not under its con- 
trol. It is responsible for quality of Company-operated 
systems and circuits. 
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a. Capabilities. The Technical Control Section pro- 
vides— 

(1) Facility control. 

(2) Circuit control. 

(3) Continuous operations. 

(4) Net control for HF/SSB Company Command 
and Technical Control Net(s). 

b. Limitations. 

(1) The Technical Control Section depends on 
Company Headquarters for administrative, logistical, 
food service, billeting, and personal service. 

(2) Company Headquarters provides organiza- 
tional maintenance on vehicles, environmental control 
equipment, and power generators. 

(3) The Company C-E Maintenance Section pro- 
vides intermediate (direct support (DS)) maintenance 
on organic C-E equipment. 

(4) Intermediate (GS) maintenance for COMSEC 
equipment is provides by the GS unit of the TCC(A). 

c. Defense. 

(1) Technical Control Section personnel may be 
used to assist in a limited coordinated defense of an 
installation or an area of assignment. This may include 
rear battle operations, operations in an internal de- 
fense, or operations under NBC conditions. 

(2) Due to the critical nature of the Section’s mis- 
sion and the limited number of assignment personnel, 
personnel should be used only during extreme emer- 
gencies. Technical control will deteriorate rapidly if 
personnel are used for any purpose other than assigned 
duties. 

d. Mobility. The Technical Control Section has one 
5/4-ton 4 x 4 cargo truck, with a communications kit 
and two 242-ton 6 x 6 cargo trucks. The 22-ton trucks 
are used to transport the AN/TSQ-84 and the AN/ 
MSC-31. Additional transport for personnel and sup- 
plies must be provided by the Company. 


3-6. Deployment 


The Technical Control Section will normally be collo- 
cated with the largest concentration of troposcatter 
elements of the Signal Tropo Company (Light). 
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CHAPTER 4 
TROPOSCATTER PLATOONS (Light) 


4-1. Introduction. 


a. The Signal Tropo Platoons (Light) are organized 
and equipped to support a wartime TA by providing 
communications links up to 100 miles (160 kilometers) 
between major commands and major functional head- 
quarters, and area signal nodes in the TCS(A) inac- 
cessible due to distance, vulnerability, and reliability. 

b. It is essential that the Signal Tropo Platoons 
(Light) provide responsive communications support in 
the TCS(A). Planning must keep pace with changing 
requirements. 


4-2. Structure 


The Signal Tropo Company (Light) has four identical 
Tropo Platoons. Each Tropo Platoon has two Tropo 
Sections, which consist of two terminal teams each. 
Each has personnel and equipment required to trans- 
port, install, operate, and maintain the troposcatter 
terminals. 

a. Mission. The Tropo Platoon is responsible for 
installation, operation, and maintenance of multichan- 
nel troposcatter terminals and associated patching fa- 
cilities as directed. 

b. Assignment. The Tropo Platoon is organic to the 
Signal Tropo Company (Light). Each Platoon remains 
under the command and control of the Company com- 
mander. When dispersed, elements of the Platoons 
may be attached to another headquarters for rations 
and quarters. 

c. Organization. The Tropo Platoon provides con- 
tinuous operations in the TCS(A). The four Platoons 
provide a total of 16 Terminal Teams. Operations nor- 
mally are in two 12-hour shifts. Each Platoon is or- 


ganized with two Tropa Sections containing two Ter- 
minal Teams each. See figure 4-1 


4-3. Command and Control 


The Tropo Platoons are under the command and con- 
trol of the Signal Tropo Company (Light) Company 
commander. The Platoon leader and tactical satellite/ 
microwave system supervisor of each Platoon super- 
vise assigned personnel. 

a. Troposcatter Platoon Personnel. 

(1) Each Platoon Headquarters consists of a Pla- 
toon leader and tactical satellite/microwave system su- 
pervisor and a power generator equipment repairer. 
The Platoon leader and Platoon sergeant supervise the 
installation and operation of the Tropo Sections and 
Terminal Teams assigned to the Platoon. 

(2) Each Tropo Section consists of a tactical sat- 
ellite/microwave system supervisor and six tactical 


satellite/microwave system operators. 

(3) Each Tropo Section consists of two Terminal 
Teams. Each Team consists of three tactical satellite/ 
microwave system operators. The Team chief is the 
senior enlisted member. 

b. Resources Available. The Company commander, 
Platoon leaders, and tactical satellite/microwave sys- 
tem supervisors have the following resources to es- 
tablish and/or maintain operational and technical con- 
trol of Platoon systems: 

(1) Existing common-user telephone system, if 
available. 

(2) Local message centers. 

(3) Internal Telephone network. 

(4) HE/SSB radio. 

(5) Troposcatter orderwire. 


4-4.Employment 


a. The assets of the Tropo Platoons will be required 
to meet the various needs of the TCC(A). Although 
multihop (back-to-back repeater) operation is possible, 
this method of employment is not considered efficient. 
Distances exceeding a 100-mile (160-kilometer) plan- 
ning range should be covered via multichannel tactical 
satellite communications (TACSATCOM) assets or 
heavy tropo. All of the system planning factors should 
be taken into account in determining if a given tropo 
system should be employed in the tropo mode or the 
LOS mode. Information Sheet 1102, Microwave and 
Troposcatter Radio Systems Engineering, prepared 
by the Signal School at Fort Gordon, GA, provides 
formulas, checklists, tables, and graphs for determin- 
ing link parameters or feasibility. These factors in- 
clude, but are not limited to, radio link distance, ac- 
ceptable bit error rates (BER), number of circuits 
required, terrain to be traversed, and the proximity 
of enemy means of intercept or jamming. 

b. The tropo systems may be used in any of the 
following ways: 

(1) Line of communications (LOC) interconnect 
mode. 

(2) Extension of existing defense communications 
systems. 

(3) Skip-node operation. 

(4) Contingency extension or restoral of U.S./al- 
lied communications systems. 

(5) Major headquarters connectivity to include al- 
lied or host nation. 

c. Two Terminal Teams work together to operate 
a multichannel link. The terminals may be separated 
by as much as 100 miles (160 kilometers). 
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SLOPES 


This chapter covers determining and calculating the slope of a line. 


EO 1.14 STATE the definition of the following terms: 
a. Slope 
b. Intercept 


EO 1.15 Given the equation, CALCULATE the slope of a line. 


EO 1.16 Given the graph, DETERMINE the slope of a line. 


Many physical relationships in science and engineering may be expressed by plotting a straight 
line. The slope(m), or steepness, of a straight line tells us the amount one parameter changes for 
a certain amount of change in another parameter. 


Slope 


For a straight line, slope is equal to rise over run, or 


slope = rise _ change iny _ Ay _ 27 


run change in x Be hs Fak 

Consider the curve shown in Figure 11. Points Pl and P2 are any two different points on the 
line, and a right triangle is drawn whose legs are parallel to the coordinate axes. The length of 
the leg parallel to the x-axis is the difference between the x-coordinates of the two points and 
is called "Ax," read "delta x," or "the change in x." The leg parallel to the y-axis has length Ay, 
which is the difference between the y-coordinates. For example, consider the line containing 
points (1,3) and (3,7) in the second part of the figure. The difference between the x-coordinates 
is Ax = 3-1 = 2. The difference between the y-coordinates is Ay = 7-3 = 4. The ratio of the 
differences, Ay/Ax, is the slope, which in the preceding example is 4/2 or 2. It is important to 
notice that if other points had been chosen on the same line, the ratio Ay/Ax would be the same, 
since the triangles are clearly similar. If the points (2,5) and (4,9) had been chosen, then Ay/Ax 
= (9-5)/(4-2) = 2, which is the same number as before. Therefore, the ratio Ay/Ax depends on 
the inclination of the line, m = rise [vertical (y-axis) change] + run [horizontal (x-axis) change]. 
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Figure 4-1. Organization of a Light Troposcatter Platoon. 


4-5. Operations 


The Light Tropo Platoon installs, operates, and main- 
tains troposcatter radio communications links between 
widely separated headquarters. Light troposcatter 
terminals should be sited on high ground. Site eleva- 
tion is important, although not as critical as it is for 
very high frequency (VHF) systems. Loss is depend- 
ent on the antenna takeoff angle at each end of the 
path plus distance and data rate. Antenna beam clear- 
ance of nearby obstructions is important. HF/SSB is 
initially used to provide communications for terminal 
lineup. 
a. Capabilities. 
(1) The Tropo Platoons can— 
(a) Install, operate, and maintain eight tropo- 
scatter links (two terminals per link). 
(b) Provide links of up to 100 miles (160 kilo- 
meters). Each link can provide up to four digital groups. 
(c) Support analog subscriber channels in lieu 
of digital subscriber loops. This is accomplished by 
replacing a digital loop card with an analog applique 
card. Each card supports two traffic channels. 
(d) Operate 24 hours a day. 
(e) Provide dual diversity capability. 
(f) Provide bulk encrypted transmission. 
g) Provide voice orderwire circuits for coor- 
dination between terminals. 
(2) The C-E Maintenance Section provides inter- 
mediate (DS) maintenance on organic equipment. 
b. Limitation. The Tropo Platoons are dependent 
on Company Headquarters for administrative, logis- 
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tical, food service, billeting, and other personal ser- 
vices. Tropo Platoons located away from the Company 
require these services from the supported headquar- 
ters. 

c. Defense. 

(1) Tropo Platoon personnel may be used to assist 
in a limited coordinated defense of the installation or 
area of assignment. This may include rear battle op- 
erations, operations in an internal defense, or opera- 
tions in an NBC environment. 

(2) Due to the minimum level of staffing in the 
Tropo Platoon and the critical nature of its mission, 
use of these personnel as a defensive force should be 
limited to extreme emergencies. 

(3) When personnel must assist in defense, com- 
munications services will be degraded. 

d. Mobility. Each Tropo Platoon Headquarters has 
a 5/4-ton 4x4 cargo truck with a communications kit. 
Each Tropo Section has a 4x4 commercial utility cargo 
vehicle (CUCV). Additional transportation for per- 
sonnel and supplies must be provided by the Company. 


4-6. Deployment 


Tropo Platoons may be deployed throughout the EAC. 
Proper planning for, and utilization of, tropo equip- 
ment will enhance or extend existing communications 
systems, replace existing systems, or restore de- 
graded or destroyed systems. Such planning requires 
properly engineered parameters and consideration of 
troposcatter radio limitations. 
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CHAPTER 5 


COMMUNICATIONS-ELECTRONICS MAINTENANCE SECTION 
(LIGHT) 


5-1. Introduction 


The C-E Maintenance Section provides intermediate 
(DS) maintenance on organic C-E equipment and 
COMSEC equipment. 


5-2. Structure 


The C-E Maintenance Section is staffed with a C-E 
technician (warrant officer), a C-E maintenance chief, 
tactical microwave system repairers, a crypto systems 
repairer, and a C-E material control and accounting 
specialist. 

a. Mission. The C-E Maintenance Section provides 
intermediate (DS) maintenance on organic C-E and 
COMSEC equipment for the Company. 

b. Assignment. The C-E Maintenance Section is or- 
sul to the Signal Tropo Company (Light), TOE 11- 


c. Organization. The Section is staffed to provide 
continuous maintenance support on unit troposcatter 
radio equipment and COMSEC equipment. Mainte- 
nance support teams provide maintenance support to 
dispersed sections of the Tropo Platoons. 


5-3. Command and control 


The C-E Maintenance Section is under the direct com- 
mand and control of the Signal Tropo Company (Light) 
Company commander. The C-E technician supervises 
Section personnel. 
a. C-E Maintenance Section personnel. 
(1) The C-E technician ensures intermediate (DS) 
maintenance is performed on unit quent: 
(2) The C-E maintenance chief— 
(a) Supervises enlisted personnel. 
(b) Schedules maintenance. 
(c) Coordinates onsite maintenance. 
(d) Dispatches maintenance support teams. 
(3) The tactical microwave systems repairers per- 
form intermediate (DS) maintenance on organic C-E 
equipment. 
(4) The crypto systems repairer performs inter- 
mediate (DS) maintenance on organic COMSEC equip- 


ent. 

(5) The C-E material control and accounting spe- 
cialist maintains maintenance schedules, requisition 
status reports, PLL, and accountability records. 

b. Resources available. The C-E Maintenance Sec- 
tion has the following resources to control and coor- 
dinate its activities: 

(1) Common-user telephone network. 


(2) Local message centers. 

(3) Internal telephone network. 

(4) Troposcatter orderwire through a local Ter- 
minal Team. 

(5) HE/SSB radio net. 


5-4. Employment 


The Section will normally be employed as a single unit. 
Maintenance supper teams may be organized to pro- 
vide assistance for the dispersed elements. 

a. Capabilities. The C-E Maintenance Section pro- 
vides— 

(1) Intermediate (DS) maintenance on organic C- 
E and COMSEC equipment. 

(2) Onsite maintenance to dispersed terminal lo- 
cations. 

b. Limitations. The Section depends on the Com- 
pany Headquarters for administrative, logistical, food 
service, billeting, and other personal services support. 

(1) Personnel qasioned to the Company Head- 
quarters provide unit maintenance on organic vehicles. 

(2) Intermediate (GS) maintenance for C-E equip- 
ment is provided by GS units of the TAACOM. 

(3) Intermediate (GS) maintenance for COMSEC 
equipment is provided by GS units of the TCC(A). 

c. Defense. 

(1) The defensive capabilities of the Section are 
limited. Personnel may be used to assist in a limited 
coordinated defense of the installation or unit area of 
assignment. This may include rear battle operations, 
Operations in an internal defense, or operations under 
NBC conditions. 

(2) If personnel are used to augment defensive 
forces, their maintenance capabilities will be de- 
graded. 

d. Mobility. 

(1) The C-E Maintenance Section has the follow- 
ing vehicles: 

(a) Truck cargo: tactical 5/4-ton 4x4 W/E M1008. 
(b) Truck cargo: 2%2-ton 6x6 W/E. 
(c) Electronic shop shelter mounted. 

(2) Additional transport of personnel and supplies 

must be provided by the Company. 


5-5. Deployment 


a. The C-E Maintenance Section will normally be 
deployed with the Company Headquarters. 

b. The Section may be collocated with a Tropo Pla- 
toon if the major concentration of terminals is in one 
general area. 
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CHAPTER 6 
SIGNAL TROPOSCATTER COMPANY (HEAVY) 


6-1. Introduction 


a. The Signal Tropo Company (Heavy) is organized 
and equipped to support a wartime TA. It operates in 
the COMMZ of a theater. 

b. Like the Signal Tropo Company (Light), the Sig- 
nal Tropo Company (Heavy) is essential to responsive 
communications support in the TCS(A). Planning must 
keep pace with changing requirements. Requirements 
may dictate augmentation. Discussions will be limited 
to the Company’s organic assets. 

c. Company support requirements will depend on— 


(1) Mission of supported headquarters. 
(2) Force size. 
(3) Geographical area. 


6-2. Structure 


The Tropo Company (Heavy), TOE 11-368, is a build- 
ing block unit. It is designed to provide high-quality, 
high-capacity multichannel troposcatter radio com- 
munications links for long-distance communications. 

a. Mission. The Signal Tropo Company (Heavy) 
provides multichannel troposcatter radio links. These 
links connect major headquarters or area signal nodes 
ina TCS(A). 

b. Assignment. 

(1) The Tropo Company (Heavy) is usually as- 
signed to the TCC(A), t may be assigned to a sub- 
ordinate Theater Signal Brigade. 

(2) Platoons or sections may be attached to other 
signal units. Technical control usually passes to the 
signal unit of attachment. Overall system technical 
Operations often are directed and engineered at thea- 
ter level. 

(3) The Company is a category III unit. Nor- 
mally, only one Signal Tropo Company (Heavy) is as- 
signed to a TCC(A). 

c. Type organization. The Signal Tropo Company 
(Heavy) is not adaptable to a type B organization em- 
ploying indigenous personnel (AR 310-31). 

d. Organization. The Signal Tropo Company (Heavy) 
consists of the following: 

(1) A Company Headquarters. 

(2) An Operations Section. 

(3) Two Troposcatter Platoons. 

(4) A C-E Maintenance Section. 


6-3. Command and control 


The Signal Tropo Company (Heavy) is under the com- 
mand and control of the TCC(A) or the TCC(A) Thea- 


ter Signal Brigade of attachment. Terminals will be 
separated widely. The Company commander’s means 
for exercising internal command and control are dis- 
cussed in b below. Technical direction is received by 
terminal sections from systems controllers. General 
and special operating instructions contained in the CEOI 
and SOPs should be used to cover normal situations. 
a. Company Headquarters. The Company Head- 
quarters provides the Company commander with the 
means to direct and coordinate operations and train- 
ing. The staff plans for and coordinates administrative 
and logistical support to Company elements. Execu- 
tion of plans and orders depends on higher headquar- 
ters logistical support, especially transport priorities. 
1) The Company Command Element. The Sig- 
nal Tropo Company (Heavy) presents a unique com- 
mand challenge. Terminal sections will be dispersed 
throughout the area of assignment. They can be sep- 
arated by as much as 150 miles (241 kilometers). This 
complicates normal administrative and logistics sup- 
port. It is difficult to exercise command and provide 
leadership. Company platoon officers and NCOs, in 
effect, must function as staff and line leaders. 

(a) The Company commander is responsible for 
the successful accomplishment of assigned missions and 
functions. The commander exercises command and 
control by issuing orders and directives to the oper- 
ating elements. 

(b) The first sergeant is the senior NCO in the 
Company. He or she acts in the name of the Company 
commander when dealing with other NCOs, and is the 
commander’s principal enlisted adviser. The first ser- 
geant supervises the functions of the enlisted person- 
nel in the Company. The fact that Company personnel 
operate at great distances from Company Headquar- 
ters makes this task difficult. All Company NCOs must 
assume many tasks which ordinarily would be done 
for them in other type units. The first sergeant main- 
tains close contact with the sergeant major/command 
sergeant major of higher headquarters. He or she as- 
sists the commander by ensuring day-to-day tasks are 
performed, to include administration, training, sched- 
uling, internal operations, and counseling (enlisted 
personnel). 

(c) The unit clerk assists the first sergeant by 
providing routine administrative support for day-to- 
day requirements. 

(d) The single channel radio operator operates 
a manual telephone switchboard and the HF/SSB 
radio. 

(2) Food Service Element. The food service ser- 
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Figure 6-1. Organization of the Signal Troposcatter Company (Heavy). 


geant, first cook, and food service specialists provide 
a 24-hour dining facility. Isolated sections require food 
service support from other units. See FM 10-23 for 
details on unit feeding. 

(3) Supply Element. The supply sergeant is as- 
sisted by the equipment records and parts specialist 
and the armorer. Supply operations must provide the 
repair parts for operation of Company C-E equipment 
and vehicles. See DA Pamphlet 710-2-1 and FM 10-14 
for details of unit supply. 

(a) The supply sergeant acquires and distrib- 
utes supplies, maintains supply records, and super- 
vises the armorer and the equipment records and parts 
specialist. 

(b) The armorer is responsible for unit-level 
maintenance of weapons organic to the Company. He 
or she maintains a PLL of organizational repair parts. 

(c) The equipment records and parts specialist 
maintains the PLL for srganizational denvand: aun: 
ported signal repair parts. 

(4) NBC Element. The chemical NCO is respon- 
sible for the accomplishment of the Company com- 


6-2 


mander’s NBC program. As a minimum, the chemical 
NC 


(a) Is the principal NBC adviser to the com- 
mander. 

(b) Ensures authorized NBC equipment is on 
hand and maintained. 

__ (c) Develops individual and collective NBC 
training. 

(d) Determines unit NBC team requirements. 

(e) Ensures team members are appointed on 
unit orders, equipped, and trained. 

(f) Ensures NBC training is conducted during 
physical training and during daily routines. 

(5) Motor Maintenance Element. The mainte- 
nance supervisor is assisted by a PLL clerk, light wheel 
vehicle mechanics, power generator equipment re- 
pairers, and a petroleum large vehicle operator. 

(a) The maintenance supervisor is the principal 
maintenance adviser to the commander, plans for and 
supervises maintenance of unit vehicles and power 
generators, and supervises maintenance personnel. 

(b) The PLL clerk is responsible for the main- 
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Figure 6-2. Signal Troposcatter Company (Heavy) Type Telephone Net. 


tenance of repair parts records and stockage of or- 
ganizational demand-supported repair parts. 

(c) The light wheel vehicle mechanics perform 
unit-level maintenance on organic vehicles. 

(d) The power generator equipment repairers 
are responsible for the intermediate (DS) maintenance 
on power generating equipment. 

(e) The recovery vehicle operator retrieves dis- 
abled vehicles. 

(f) The utilities equipment repairer is respon- 
sible for the light set organic to the Company. 

(g) The petroleum large vehicle operator is re- 
sponsible for POL resupply to the widely dispersed 
tropo sites. 

. Resources available. The Company commander 
has the following resources for command and control: 

(1) Existing common-user telephone network. 

(2) Local message centers. 

(3) Internal telephone network (switchboard and 
telephones). 

(4) HE/SSB radio. 

(5) Troposcatter voice orderwire. 

(6) Messenger service. 

c. Internal communications. Communications 
among the Company commander, the Operations Sec- 
tion, and the displaced radio terminals is essential. The 
type communications required depends on the type 
message or report. The following means of commu- 
nications will normally be available: 


(1) Access to the common-user network. 

(2) A manual telephone system. See figure 6-2. 

(3) An HF/SSB radio Company Command and 
Technical Control Net. The Company Operations Sec- 
tion uses the net to supervise system installation, sys- 
tem quality, circuit rerouting, and displacement. The 
Platoon Command and Technical Control Nets are net- 
ted together for this function. Figure 6-3 shows the 
Company Command and Technical Control Net. 

(4) Troposcatter orderwire channel for terminal- 
to-terminal technical control. 

(5) Motor messenger service provided by organic 
personnel and equipment. 


6-4. Employment 


The modern battlefield demands extensive command 
and control communications. The Signal Tropo Com- 
pany (Heavy) will be employed at EAC in the COMMZ 
rovide multichannel communications systems or 
in s in a system when such use is more practical due 
to terrain, distance, or the tactical situation. 
a. Functions. 

(1) At full strength, the Signal Tropo Company 
(Heavy) can install, operate, and maintain eight ter- 
minals, or four multichannel systems. Terminals are 
mobile and air transportable. They can be installed or 
disassembled by four persons in 5 hours. They cannot 


6-3 


15 October 1985 


PLATOON 
LEADER 


COMPANY 
COMMANDER 


SYSTEM 
SUPERVISOR 


SYSTEM 
SUPERVISOR 


FM 11-25 


C-E MAINT 
SECTION 


PLATOON 
LEADER 


SYSTEM 
SUPERVISOR 


SYSTEM 
SUPERVISOR 


Figure 6-3. Signal Troposcatter Company (Heavy) Type HF/SSB Company Command and Technical Control Net. 


operate in transit. 

(2) Troposcatter radio provides reliable high- 
quality voice, teletypewriter, and data circuits over 
extended distances. Because of its method of radio 
wave propagation, troposcatter radio is not limited to 
LOS transmissions. 

b. Employmmt in the Theater Communications 
Command (Army). One Signal Tropo compay (Heavy) 
is assigned to a TCC(A). It is employed to provide— 

(1) Long-range, single-hop links between ma- 
jor COMMZ headquarters. 
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(2) Communications links between nodes over 
inaccessible areas or areas not under friendly control. 
(3) Skip-node links to bypass nodes. 


6-5. Operations 


The Signal Tropo Company (Heavy) provides com- 
munications links over extended distances between 
COMMZ headquarters and between area signal nodes. 
Operations require detailed link engineering and site 
planning and preparation. 


FM 11-25 


a. Capababilities. The Signal Tropo Company (Heavy) 
can provide the following: 

(1) Installation, operation, and maintenance of four 
troposcatter radio communications links (two termi- 
nals per link). These links are capable of spanning 
distances of up to 150 miles (241 kilometers). 

(2) Operation in the quad (space and frequency) 
diversity mode. 

(3) Circuit patching and test facilities to provide 
a limited technical control capability when augmented. 

b. Limitations. 

(1) The Signal Tropo Company (Heavy) requires 
the following support: 

_ (a) Health, religious, financial, and legal 
services. 

(b) Personnel and administrative services. 
(c) Bulk POL resupply. 

(d) Supplemental transportation. 

(e i Refrigeration repair. 

(2) Troposcatter installation may require a site 
survey for topography, siting, soil condition, terrain, 
bearings, horizon angles, and distances between ter- 
minals. Engineer support often is required for access 
to and development of remote sites. Antenna rigging 
and equipment placement may also require heavy lift 
equipment. Because troposcatter sites will be high 
priority targets, a high degree of physical security is 
required. Security forces from combat arms or indig- 
enous troops may be required. 

(3) Cable and radio teams will be required to ex- 
tend circuits to outlying units. The TAACOM support 
element is required for intermediate (GS) maintenance 
and logistical support or organic C-E and COMSEC 
equipment. TA aviation assets may be required to sup- 
ply and maintain troposcatter terminals in isolated areas. 

(4) Frequencies must be engineered and assigned 
by the TCC(A). Communications engineering, to in- 
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clude path analysis, antenna orientation, and equip- 
ment layout, is required. 

c. Defense. Personnel of the Signal Tropo Company 
(Heavy) may be used to conduct a coordinated defense 
of their area or a limited defense of an installation. 
ses installations may require ec renaae | 
of Company personnel in defense may result in reduce 
communications spp Chap aha more infor- 
mation on rear battle operations and operations in an 
NBC environment. 

d. Mobility 

(1) The Company Headquarters has the follow- 
ing organic vehicles for transport of personnel and 
equipment: 

(a) Truck utility: tactical 34-ton W/E M1009. 
(b) Truck cargo: tactical 5/4-ton 4x4 W/E M1008. 
(c) Truck cargo: 2¥%2-ton 6x6 W/E. 

(d) Truck cargo: 5-ton 6x6 LWB W/E. 

(e) Truck wrecker: 5-ton 6x6 w/winch W/E. 

(2) The Company is air transportable. TA avia- 
tion assets may be required for emergency transport 
of support personnel and repair parts. 


6-6. Deployment 


a. The Signal Tropo Company (Heavy) may be de- 
ployed in a theater or to support contingency opera- 
tions. Simultaneous displacement of all Company ele- 
ments is not likely after initial deployment. Company 
elements may be deployed to establish links between 
a COMMZ headquarters and forward command posts 
separated by an impassable land or water barrier. 

b. Normally, the Company Headquarters will be lo- 
cated near a cluster of its operating elements. How- 
ever, maintenance, supply, and personnel support of 
dispersed terminals may be primary considerations that 
ultimately determine its location. 
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CHAPTER 7 
OPERATIONS SECTION 


7-1. Introduction 


The Operations Section provides the personnel and 
equipment required to assist the Company commander 
in coordinating the employment, management, and op- 
erational and technical control of communications 
equipment installed and operated by the Company. 


7-2. Structure 


The Section is staffed and equipped to provide 24-hour 
operations. Operations are sanded in two 12-hour 
shifts, 

a. Mission. The Operations Section provides com- 
mand and control coordination between the dispersed 
troposcatter radio terminals and other elements of the 
TCS(A). 

b. Assignment. The Operations Section is organic 
to the Signal Tropo Company (Heavy), TOE 11-368. 


7-3. Command and control 


The Operations Section provides the Company com- 
mander with control of the Signal Tropo Company 
(Heavy). The operations officer assists the commander 
by providing direct supervision over the Operations 
Section. 

a. Operations Section personnel. 

(1) The operations officer assists the Company 
commander in supervisory implementation of com- 
munications system control element (CSCE) direc- 
tives, coordinates the employment of Company ele- 
ments, and oversees the routine matters related to 
Company operations. 

6) The C-E operations chief is the senior NCO 
and accomplishes the following: 

(a) Assists the operations officer in Section 
operations. 

(b) Supervises the duty performance of the en- 
listed members of the Section. 

(3) The illustrator prepares system diagrams 
and graphic circuit traffic diagrams for systems 
engineering. 

(4) A tactical microwave system supervisor, a 
tactical circuit controller, and a combat telecommun- 
ications center operator constitute an operational shift. 
Two shifts are required for 24-hour operation. Each 
shift is responsible for routine functions of the Oper- 
ations Central, technical assistance to resolve systems 
problems, and informing the officer in charge (OIC) 
and noncommissioned officer in charge (NCOIC) on 
status. 

(5) The single channel radio operator operates the 


vehicular-mounted HF/SSB radio in the Company 
Command and Technical Control Net. 

b. Resources available. The operations officer has 
the following resources to establish and/or maintain 
operational control of the Company systems: 

(1) Existing common-user telephone network. 

(2) Local message centers. 

(3) Internal telephone network (switchboard and 
telephones). 

(4) HF/SSB radio. 

(5) Troposcatter voice orderwire. 

(6) Messenger service. 

c. Internal communications. The following means 
of communications will normally be available: 

(1) Access to the common-user telephone network. 
nternal manual telephone system. Refer to 


ompany Command and Con- 


trol Net. Refer to| Figure 6-3| 


(4) Troposcatter orderwire. 


7-4. Employment 


a. The Operations Section provides technical ex- 
pertise to ensure quality communications on systems 
and channels which pass through its area. The Section 
is employed as a single unit. 

b. At full strength, the Operations Section is capable 
of providing— 

(1) Technical assistance and control communica- 


(2) Circuit and systems information and records. 
(3) Display boards and overlay screens. 

(4) Internal/external coordination. 
(5) Movement coordination. 


7-5. Operations 


The Operations Section prepares and maintains plans 
and SOPs affecting Company operations, equipment 
status information, and status of systems and circuits 
within the Company’s area of responsibility. The yy 
erations Section also implements directives and tec 
nical instructions received from the CSCE. 
a. Capabilities. The Operations Section provides— 

(1) Command and control. 

(2) Circuit and systems control. 

(3) Equipment status information. 

(4) Planning and SOP guidelines. 

(5) Technical assistance. 

(6) Net control for HF/SSB Command and Tech- 
nical Control Net(s). 
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b. Limitations. 

(1) The Section depends on Company Headquar- 
ters for administrative, logistical, food service, billet- 
ing, and personal service. 

(2) Company Headquarters provides unit level 
maintenance on vehicles, environmental control equip- 
ment, and power generators. The Company C-E Main- 
tenance Section provides intermediate (DS) mainte- 
nance on organic C-E and COMSEC equipment. 

c. Defense. 

(1) Operations Section personnel may be used to 
assist in a limited, coordinated defense of the instal- 
lation or area of assignment. This may include rear 
battle operations, operations in an internal defense, or 
operations under NBC conditions. 

(2) Due to the critical nature of the Section’s mis- 
sion and the limited number of assigned person- 
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nel, personnel should be used only during extreme 
emergencies. 

d. Mobility. 


(1) The Operations Section has the following 
vehicles: 
(a) Truck utility: 34-ton W/E M1009. 
(b) Truck cargo: 2/2-ton 6x6. 
(2) Additional transportion for personnel, equip- 
ment, or supplies must be provided. 


7-6. Deployment 


The Operations Section will normally be collocated with 
the largest concentration of troposcatter elements of 
the Signal Tropo Company (Heavy), and in the general 
vicinity of the Company Headquarters element. 
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CHAPTER 8 
TROPOSCATTER PLATOONS (HEAVY) 


8-1. Introduction 


a. The Signal Tropo Platoons (Heavy) are organized 
and equipped to support a wartime TA by providing 
communications links up to 150 miles (241 kilometers) 
between major commands and major functional head- 
quarters, and area signal nodes in the TCS(A) inac- 
cessible due to distance, vulnerability, and reliability. 

b. It is essential that the Signal Tropo Platoons 
(Heavy) provide responsive communications support 
in the TCS(A). Planning must keep pace with changing 
requirements. 


8-2. Structure 


The Signal Tropo Company (Heavy) has two identical 
Tropo Platoons. Each Tropo Platoon has two Tropo 
Sections which consist of two Terminal Teams each. 
Each has personnel and equipment required to trans- 
port, install, operate, and maintain the troposcatter 
terminals. 

a. Mission. The Heavy Tropo Platoon is responsible 
for installation, operation, and maintenance of multi- 
channel heavy troposcatter terminals. 

b. Assignment. 

(1) The Tropo Platoon is organic to the Signal 
Tropo Company (Heavy). Each Platoon remains under 
the command and control of the Company commander. 

(2) Elements of the Platoons will be attached to 
another headquarters for rations and quarters when 
dispersed. 

c. Organization. 

(1) The Tropo Platoon provides continuous op- 
erations. Two Platoons provide a total of eight Ter- 
ae Teams. Operations normally are in two 12-hour 
shifts 


(2) Each Platoon is organized into twa Trapo 
tions with two Terminal Teams each. SeclFicure ell 
8-3. Command and control 


The Tropo Platoons are under the command and con- 
trol of the Signal Tropo Company (Heavy) Company 
commander. The Platoon leader, Platoon sergeant, and 
tactical microwave system supervisors in each Section 
supervise assigned personnel. 

a. Troposcatter Platoon personnel. 

(1) Each Platoon Headquarters consists of a Pla- 
toon leader, a Platoon sergeant, and a vehicle driver. 
The Platoon leader and the Platoon sergeant supervise 
the installation of equipment and operational functions 
of the Tropo Sections and Terminal Teams. 

(2) The Tropo Sections are supervised by tactical 


microwave system supervisors. Each Section super- 
visor has the responsibility for two troposcatter Ter- 
minal Teams. 

(3) Each Terminal Team consists of a tactical mi- 
crowave team chief and tactical microwave system op- 
erators. The team chief is responsible for the instal- 
lation and operation of the assigned terminal equipment. 

b. Resources available. Platoon leaders, Platoon 
sergeants, tactical microwave system supervisors, and 
tactical microwave team chiefs have the following re- 
sources to establish and/or maintain operational and 
technical control of Platoon systems: 

(1) Existing common-user telephone system. 

(2) Local message centers. 

(3) Internal telephone network. 
(4) HE/SSB radio. 
(5) Troposcatter orderwire. 


8-4. Employment 


a. Assets of the Tropo Platoons will be required to 
meet the various ener of the TCC(A). Dis- 
tances exceeding a 150-mile (241-kilometer) planning 
range should be covered via multichannel TACSAT- 
COM assets. 

b. System planning factors must be considered to 
determine if a tropo system should be employed in the 
tropo or LOS mode. Information Sheet 1102, Micro- 
wave and Tropospheric Radio Systems Engineering, 
prepared by the Signal School at Fort Gordon, GA, 
provides formulas, checklists, tables, and graphs for 
determining link parameters or feasibility. These fac- 
tors include, but are not limited to, radio link distance, 
acceptable BER, number of circuits required, terrain 
to be traversed, and proximity of enemy means of 
intercept or jamming. The tropo systems may be used 
in any of the following ways: 

1) LOC interconnect mode. 
(2) Extension of the DCS. 
(3) Skip-node operation. 
(4) Contingency extension or restoral of U.S /allied 
communications systems. 
(5) Connection between combined allied or host 
nation major headquarters. 

c. Two Terminal Teams must work together to op- 
erate a multichannel link. The terminals may be sep- 
arated by as much as 150 miles (241 kilometers). 


8-5. Operations 


The Heavy Tropo Platoons install, operate, and main- 
tain troposcatter radio communications links between 
widely separated headquarters. Heavy troposcatter 
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terminals should be sited on high ground. Site eleva- 
tion is important, although not as critical as it is for 
VHF’ systems. Loss is dependent on the antenna take- 
off angle at each end of the path plus distance and data 
rate. Antenna beam clearance of nearby obstructions 
is also important. HF/SSB is initially used to provide 
communications for terminal lineup. 
a. Capabilities. The Heavy Tropo Platoons can- 

(1) Install, operate, and maintain four troposcat- 
ter radio links (two terminals per link). 

(2) Provide links of up to 150 miles (241 kilome- 
ters). Each link can provide up to four digital groups. 

(3) Support analog subscriber channels in lieu of 
digital subscriber loops by replacing a digital loop card 
with an analog applique card. Each card supports two 
traffic channels. 

(4) Operate continuously. 

(5) Provide orderwire circuits for coordination 
between terminals. 

(6) Provide quad diversity capability (2x2 kilo- 
watt (kW) output). 

b. Limitations. 

(1) The Tropo Platoons are dependent on Com- 
pany Headquarters for administrative, logistical, food 
service, billeting, and other personal services support. 
The Tropo Platoons located away from the Company 
require these services from the supported headquar- 
ters. 

(2) The C-E Maintenance Section of the Company 
provides intermediate (DS) maintenance on organic C- 
E and COMSEC equipment. 

c. Defense. 
(1) Tropo Platoon personnel may be used to assist 
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in a limited, coordinated defense of the installation or 
area of assignment. This may include rear battle op- 

erations, operations in an internal defense, or opera- 
tions in an NBC environment. 

(2) Due to the minimum level of manning in the 
Tropo Platoons and the critical nature of their mission, 
use of these personnel as a defensive force should be 
limited to extreme emergencies. 

(3) When personnel assist in a defensive role, 
communications support services will be degraded. 

d. Mobility. 

(1) Each Tropo Platoon Se aa has one truck 
utility: tactical 94-ton W/E M1009. 

(2) Each Tropo Section has one truck utility: tactical 
¥4-ton W/E M1009. 

(3) Each of the eight Terminal Teams has the fol- 
lowing organic vehicles: 

(a) Truck cargo: 24%-ton 6x6 W/E. 
(b) Truck cargo: drop-side 5-ton 6x6 W/E. 

(4) Additional transport of personnel and evacu- 
ation of equipment will require support from the local 
transportation or aviation unit. 


Organization of a Heavy Troposcatter Platoon. 


8-6. Deployment 


The Tropo Platoons may be deployed throughout the 
EAC. Proper poms for and utilization of tropo 
equipment will enhance, extend, or replace existing 
systems, or restore degraded or destroyed systems. 
Such planning requires properly engineered para- 
meters and consideration of troposcatter radio 
limitations. 
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CHAPTER 9 
ees MAINTENANCE SECTION 


9-1. Introduction 


The C-E Maintenance Section provides intermediate 
(DS) maintenance on C-E and COMSEC equipment 
organic to the Signal Tropo Company (Heavy) and its 
operational elements. 


9-2. Structure 


The C-E Maintenance Section is staffed with a C-E 
technician (warrant officer), a C-E maintenance chief, 
a tactical microwave system repairer, a tactical com- 
munications system operator/mechanic, a crypto sys- 
tems repairer, and a material control and accounting 
specialist. 

a. Mission. The C-E Maintenance Section provides 
responsive intermediate (DS) maintenance on organic 
C-E and COMSEC equipment for the Company. 

b. Assignment. The C-E Maintenance Section is or- 
ganic to the Signal Tropo Company (Heavy), TOE 
11-368. 

c. Organization. The Section is staffed to provide 
continuous maintenance support on unit troposcatter 
radio and COMSEC equipment. Maintenance support 
teams provide maintenance support to dispersed sec- 
tions of the Tropo Platoons. 


9-3. Command and control 


The C-E Maintenance Section is under the direct com- 
mand and control of the Signal Tropo Company (Heavy) 
Company commander. The C-E technician supervises 
Section personnel. 

a. C-E Maintenance Section personnel. 

(1) The C-E technician ensures intermediate (DS) 
maintenance is performed on unit equipment. 

(2) The C-E maintenance chief- 

(a) Supervises enlisted personnel. 

(b) Schedules maintenance. 

(c) Coordinates onsite maintenance. 

(d) Dispatches maintenance support teams. 

(3) The tactical microwave system repairer and 
the tactical communications system operator/mechanic 
perform intermediate (DS) maintenance on organic 
C-E equipment. The operator/mechanic also operates 
the HF/SSB radio in the Company Command and 
Control Net. 

(4) The crypto systems repairer performs inter- 
mediate (DS) maintenance on organic COMSEC equip- 
ment. 

(5) The C-E material control and accounting spe- 


cialist maintains maintenance schedules, requisition 
status reports, PLL, and accountability records. 

b. Resources available. The C-E Maintenance Sec- 
tion has the following resources available for control- 
ling and coordinating activities: 

Common-user telephone network. 
(2) Local message centers. 
(3) Internal telephone network. 
(4) Troposcatter orderwire. 
(5) Engineering orderwire (HF/SSB radio). 


9-4. Employment 


The Section will normally be employed as a single unit 
with the Company Headquarters. Maintenance sup- 
port teams may be organized to provide assistance for 
the dispersed elements. 

a. Capabilities. The C-E Maintenance Section 
provides— 

(1) Intermediate (DS) maintenance on organic 
C-E and COMSEC equipment. 

(2) Onsite maintenance to dispersed terminal 
locations. 

b. Limitations. 

(1) The Section depends on the Company Head- 
quarters for administrative, logistical, food service, 
billeting, and other personal services support. 

(2) Personnel assigned to the company Head- 
quarters provide unit-level maintenance on organic 
vehicles. 

(3) Intermediate (GS) level C-E maintenance will 
be provided by the GS units of the TAACOM. 

(4) Intermediate (GS) level COMSEC mainte- 
nance will be provided by the GS units of the TCC(A). 

c. Defense. 

(1) The defensive capabilities of the Section are 
limited. Personnel may be used to assist in a limited, 
coordinated defense of the installation or unit area of 
assignment. This may include rear battle operations, 
Operations in an internal defense, or operations under 
NBC conditions. 

(2) If personnel are used to augment defensive 
forces, the maintenance capabilities will be degraded. 

d. Mobility. 

(1) The C-E Maintenance Section has the follow- 
ing vehicles: 

(a) Truck cargo: tactical 5/4-ton 4x4 w/com- 
munications kit. 

(b) Truck cargo: tactical 5/4-ton 4x4 W/E M1008. 

(c) Truck cargo: 242-ton 6x6 W/E. 

(d) Electronic shop shelter mounted. 
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(2) Additional transport for personnel and ts 
plies must be provided by other elements of the 
Company. 


9-5. Deployment 


a. The C-E Maintenance Section will normally be 
deployed with the Company Headquarters. 

b. The Section may be collocated with a Tropo Pla- 
toon if the major concentration of terminals is in one 
general area. 
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CHAPTER 10 
PLANNING 


10-1. Introduction 


a. C-E planning is a continuous process. It involves 
analyzing, allocating, and integrating C-E resources 
to support requirements. All commanders rely on com- 
munications to— 

(1) Control elements of their command. 

(2) Gather information. 

(3) Distribute intelligence. 

(4) Coordinate operations. 
When you are out of communications, you are out of 
command! 

b. Troposcatter communications planning is guided 
by the supported commander’s priorities. It must be 
geared to accomplish the mission. The planning de- 
mands that all Company planners understand tropo- 
scatter radio capabilities and limitations. Further, the 
Company commanders must see that no details are 
overlooked. 

c. This chapter provides an overview of C-E plan- 
ning with emphasis on Company planning for tropo- 
scatter operations. It briefly discusses the standard- 
ized planning procedures and techniques that help to 
ensure all relevant factors are considered. Reference 
is made to other publications that provide more detail. 


10-2. Troposcatter operations 
planning 


a. Planning for Tropo Company employment is ac- 
complished at TCC(A) and Theater Signal Brigade level. 
Plans and orders generally will originate at the Signal 
Brigade’s communications system planning element 
(CSPE). When the Tropo Company is assigned to a 
composite battalion, the plans will be further devel- 
oped by the battalion staff. The Tropo Company must 
advise higher commanders and staff of unit readiness 
and be involved in higher headquarters planning. 

b. Technical operation of the tropo Sections 1s di- 
rected by the organic Technical Control Section (Light) 
or Operations Section (Heavy). The composite battal- 
ion CSCE assists in circuit direction on as near a real- 
time basis as possible. The CSCE also coordinates with 
the communications nodal control elements (CNCE) 
in the area system. FM 24-22 provides a detailed dis- 
cussion of management and control planning under the 
C-E Management System (CEMS). 

c. There are numerous functions that must be planned 
within the Tropo Company. Systems plans, diagrams, 
and circuit orders are prepared in the Company Op- 
eration Center primarily by the Company commander 
and area communications ahiet or C-E operations chief. 


Logistics support, unit movements, site preparation 
and defense, and so forth, are planned by the Company 
commander and all subordinate leaders. When doing 
so, they should follow the same sequence of com- 
mander and staff planning actions used by higher com- 
manders and their staffs. This sequence, shown inf 
ite 0 dese a logical and systematic way to 
solve problems. The extent to which each step (exclu- 
sive of the decision) is performed by the Company 
commander varies. It can be influenced by the situa- 
tion and time available. Frequently, many of these 
steps are carried out concurrently. The initial step 
involves mission analysis-determining precisely what 
has to be done before determining how best to accom- 
plish it. This decisionmaking process is described in 
detail in FM 101-5. 


10-3. Plan development and 
orders 


Tropo Company operations require extensive coordi- 
nation and rapid adjustment to changing situations. 
Company facilities usually connect with multichannel 
radio and wire and cable facilities, as well as with each 
other, light and heavy troposcatter. The use of stand- 
ardized planning/decisionmaking techniques will pro- 
vide the detail necessary to achieve these ends. This 
paragraph provides a brief description of some tech- 
niques for Company planners. Reference is made to 
other publications for details. The best planning re- 
sults from careful application of common sense to these 
fundamental planning techniques. C-E planning must 
be included in Company leader training. 

a. Communications-electronics estimate of the sit- 
uation. C-E planning starts with an_estimate of the 
situation. This is a five-step process shows 
the basic process. At Company level, a mental esti- 
mate or informal written estimate is probably enough. 
The C-E estimate begins when a mission is assigned 
or deduced. The estimate is continuously updated. FM 
24-16 contains a detailed discussion on the preparation 
of a C-E estimate. 

b. Communications-electronics plan. 

(1) The C-E plan amplifies the decision in para- 
graph 5 of the estimate. The C-E planning format is 
the same format used to develop an Qperation order 
(OPORD) and its C-E annex. Refer tq table 10-2. 

ropo Company planning involves anticipa- 
tion of future resource needs. Many resource needs 
(for example, air transport, bulk fuels, and rations) 
must be obtained from other units or services. Plan- 
ning matches what is required with what is available. 
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COMMANDER’S ACTIONS 
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STAFF ACTIONS 


From Mission Received 


Mission analysis and commander’s «————-~~—__—> Information to commander and staff 


planning guidance 


decision and concept 


sections 


Staff estimates including 


Commander's estimate, including 


a Preparation of plans/orders 
Approval! of en) 
Command supervision i en Staff supervision 


To Mission Accomplished 


After Action 


Evaluation to determine lessons learned. 


Figure 10-1. Commander and Staff Planning Actions. 


If requirements cannot be met, either requirements 
must be reduced or more resources must reobtained. 
For detailed discussion on considerations for devel- 
oping C-E plans, see FM11-23, FM 24-1, and FM 24- 
16 


(3) Weather, terrain, and the enemy are routine 
considerations in the estimate process. Unusual ter- 
rain and extreme climatic conditions have a significant 
effect upon troposcatter systems. Detailed information 
about operations in special climatic environments is 
found in the FM 90-series and FM 24-21. NBC warfare 
also presents unique circumstances, The NBC envi- 
ronment is inemadincedl and discussed in 
detail in FM 3-100. 

c. Classes of signal unit orders. Orders fall into two 
general classes: routine and combat. 

(1) Routine orders. Routine orders cover admini- 
strative matters. The distance between elements of 
the Tropo Company makes control difficult. For this 
reason, the Company commander must make maxi- 
mum use of SOPs and instructions. These documents 
have the authority of combat orders. 

(a) Standing operating procedures. SOPs con- 
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tain instructions which lend themselves to a definite 
or standardized procedure. In particular, the operation 
of C-E equipment, facilities, and systems requires SOPs. 
Other SOPs are prepared as required. Uniform prac- 
tices established by SOPs promote understanding and 
teamwork and minimize confusion and error. FM 24- 
16 suggests subjects for signal unit SOPs. 

(b) C-E operating instructions. CEOI provide 
the guidance communications users need to operate 
most command and control communications. The pri- 
mary feature of the CEOI is the capability to change 
call signs, suffixes, and frequencies at least every 24 
hours. The command CEOI is the only authorized doc- 
ument from which to extract call signs and frequencies. 
FM 24-16 should be consulted for a detailed description 
of the CEOI and how to use it. 

(c) Allied and joint publications. A series of 
international agreements and procedures govern the 
operation of C-E systems in support of combined op- 
erations. Under certain circumstances, there may be 
memorandums of agreement or memorandums of un- 
derstanding with a host nation. Other agreements and 
procedures are Allied Communications Publications 
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TABLE 10-1 
FORMAT FOR THE ESTIMATE OF THE SITUATION 


ESTIMATE OF THE SITUATION (See FM 24-16, app B, for an 
example of a C-E estimate. } 


1. MISSION 
Know the problem. 


THE SITUATION AND COURSES OF ACTION 

Assemble all the facts that bear on the problem. 

Consider difficulties that could adversely affect mission accom- 
plishment. 

Determine possible solutions. 


ANALYSIS OF OPPOSING COURSES OF ACTION 
Analyze each possible solution to determine advantages and dis- 
advantages 


COMPARISON OF OWN COURSES OF ACTION 
Compare possible solutions. 
Select solution that best solves the problem. 


DECISION (OR RECOMMENDATION) 

Transcribe the selected solution into a decision (if it is the com- 
mander’s estimate) or recommendation (if it is the staff's es- 
timate). 


ro 


ad 


a 


on 


(ACPs) and International Standardization Agree- 
ments (STANAGs). Joint Army, Navy, Air Force 
Publications (JANAPs) are a series of service agree- 
ments governing communications procedures in joint 
operations. The instructions in JANAPs agree with 
those in allied publications, and all take precedence 
over conflicting provisions of Army publications (AR 
lists pertinent ACPs, STANAGs, 
and JANAPs. 

(2) Combat orders. Combat type orders pertain 
to operations in the field. They are used to direct, 
control, and/or govern the use of C-E assets. Detailed 
discussions of signal unit orders, procedures, and in- 
structions are found in FM 24-16. Combat-type orders 
express the commander’s a's of the operation. They 
convey instructions to subordinate commanders and 
must be clear, complete, and concise. Tropo Company 
officers and NCOs should make a practice of issuing 
instructions in the appropriate order format. There 
are three common types of combat orders. 

(a) Warning order. A warning order gives ad- 
vance notice of an operation or an order that is to 
follow. It contains as much information as is available 
at the time and is usually issued orally. 

(b) Operation order. OPORDs detail coordi- 
nated actions necessary to carry out the commander’s 
concept. They follow the standard five-paragraph format 
shown in Table 10-2. Company OPORDs can usually 
be issued orally. 

(c) Fragmentary order (FRAGO). FRAGOs are 
essential for contingency and other quick-reaction 
changes to plans, such as command post (CP) and tro- 
poscatter site relocation, enemy jamming, or intru- 
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TABLE 10-2 
FORMAT FOR A SIGNAL UNIT OPERATION ORDER 


OPERATION ORDER (See FM 24-16, app C, for an example of 
a signal unit OPORD; also see app D for 
an example of a C-E annex.) 


_ 


. SITUATION 
a. Enemy forces (location, strengths, capabilities, activity). 
b. Friendly forces (task organization, locations, signal support). 
c. Attachments and detachments (units attached or detached 
and effective time). 


no 


MISSION (clear, concise statement of battalion or company mis- 
sion). 


EXECUTION 

a. Concept of operation (types and phasing of communications 
support). 

b. Tasks for subordinate units (specific tasks for subordinate 
signal units). 

¢c. Coordinating instructions (information common to two or more 
units concerning signal centers, C-E systems, messenger, 
wire, radio, and so forth). 


a 


SERVICE SUPPORT (information pertaining to rations, med- 
ical support, transportation, and other combat support mat- 
ters). 


COMMAND AND SIGNAL 

a. Command (location of command post). 

b. Signal (CEOI number in effect, reference to applicable C-E 
annex or SOP). 


on 


sions. They often can be issued orally and follow the 
OPORD format. 


10-4. Records and reports 


Accurate C-E records and reports are a necessity. 
They provide commander and staff with impartial and 
factual data about a unit’s operations. Troposcatter 
operations records and reports are established by the 
Company Operations Center and Battalion CSCE. FM 
24-16 discusses records and reports that pertain to 
signal operations, supply and maintenance, and unit 
readiness. Examples of many records and reports are 
also shown in FM 24-16, Appendix G. 


10-5. Site planning 


a. Troposcatter radio systems design and general 
location of sites are in the OPORD. The exact location 
must be selected and the system configured on the 
ground. Site planning is usually carried out at the pla- 
toon level. In many cases, the troposcatter section or 
team chief must do the site plan. The plan must con- 
sider communications requirements, logistics sup- 
port, protection of resources, and the electronic threat. 
Light and heavy troposcatter terminals may also be 
collocated. 

b. Planning considerations for troposcatter trans- 
mission paths differ from LOS paths due to the mode 
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of propagation. Troposcatter terminals should be sited 
on high ground whenever possible. A relatively flat 
hilltop location with good drainage is usually the most 
desirable site. Troposcatter site elevation is important 
because troposcatter path loss is highly dependent on 
the angle the antennas at each end of the path make 
with the horizon. Alternative site diagrams should be 
prepared for various antenna, generator, and shelter 
configurations. Coordination with engineers may be 
necessary for site preparation. See FM 24-21 for in- 
formation on troposcatter siting, system operating 
techniques, and path engineering. Also see the micro- 
wave and troposcatter systems engineering data (in- 
formation Sheet 1102) prepared by the Signal Center 
at Fort Gordon, GA. 


10-6. Movement planning 


Under AirLand Battle doctrine, a signal unit cannot 
expect to stay in one place very long, even at EAC. 
Supported units and CPs will be displacing. Tropo- 
scatter terminal sections will be constantly planning, 
installing, and moving facilities. Sometimes this must 
be done without Company level support. Sections must 
be able to set up, tear down, and reestablish com- 
munications faster than ever before. The Tropo Com- 
pany commander should be aware of these mobility 
objectives and emphasize movement training. Con- 
stant coordination with supported headquarters plan- 
ners is required for timely displacement. 
a. Road marches. 

(1) A primary concern is rapid movement of tro- 
poscatter elements in support of tactical operations. 
Road march planning must often be accomplished has- 
tily. It consists of concurrently determining re- 
quirements, analyzing capabilities, and establishing 
priorities. Success or failure of a major mission may de- 
pend on the ability to move rapidly and reestablish 
necessary communications. The preparation of unit 
movement SOPs and movement training will help in 
achieving proficiency in road marching. Proper driver 
and preventive maintenance training also contrib- 
utes to the quick and safe movement of the unit. 

(2) The following routine items should be included 
in Company movement SOP: 

(a) Loading plans. 
(b) Composition of march units. 
(c) Control measures. 
(d) Rates of march. 
(e) Time intervals and distances. 
(f) Timing and duration of halts. 
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( f ) Tasks during halts. 

(h) Organization of reconnoiter parties. 
(i) Security measures. 

(j) Reporting instructions. 

(k) Location of CP. 

(1) Communications. 

(3) Training must be conducted to test and check 
load plans, improve SOPs, and maintain operational 
efficiency. Integrate occupation of assembly areas and 
road marches into other types of training whenever 
possible. See FM 55-30 for details on motor transport 
Operations. 

b. Command post displacement. Signal personnel 
must be particularly proficient during CP displace- 
ment. Two methods of displacement are generally used: 
phased and total. In each case, site planning must be 
accomplished. FM 24-1 contains information concern- 
ing CP displacement during combat. 

(1) Phased Displacement. In this method, mini- 
mum essential communications are installed at the new 
site. This provides communications for the first CP 
elements that displace. Continuity of operations is 
maintained as elements phase out of the old location 
and build up in the new area. 

2} Total displacement. In this method, opera- 

tions close out at the main CP at a designated time, 
and all elements move at once. An alternate CP is 
established for command and control until the main 
CP has displaced and has sufficient communications. 

c. Air, water, and rail movement. 

(1) Tropo Company deployment to a theater may 
involve one or all three of these types of movement. 
Support of rapid deployment forces will require air 
movement. Higher headquarters coordinates with ap- 
propriate units (Air Force, TAACOM, and so forth) 
and plans for the specific types of movement. The Com- 
pany must have basic plans and SOPs for movement 
by air, sea, or rail. Designated unit personnel should 
be trained in air-loading procedures. Rail movement 
is often a Company responsibility. Coordination with 
movement experts is mandatory. This ensures that 
all unique aspects of the C-E equipment/unit are 
addressed. 

(2) Specific plans for known operations must be 
developed in advance. This avoids confusion at the air, 
sea, or rail embarkation point. Units moving into such 
ports must be prepared to sustain themselves. Delays 
can occur and rations and supplies may not be avail- 
able. Safety, SOPs, and unit training are essential, 
See AR 55-355, Chapter 214, for additional information 
on movement planning. 
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CHAPTER 11 
ELECTRONIC WARFARE 


11-1. Introduction 


a. Communications have always been the heart of 
command and control. On today’s highly sophisticated 
battlefield, the Army places even greater dependence 
on communications and other battlefield electronic sys- 
tems. Our potential enemies (Threat forces) know this. 
A large part of Threat resources will be dedicated 
against our command and control systems. EW will 
be used by both sides to an extent not known in the 
past. How vulnerable we are to Threat EW depends 
very much on the communicator. 

b. me Company personnel must be trained to rec- 
ognize the Threat’s EW activities and know what to 
do about them. This chapter introduces EW and high- 
lights actions taken at the C-E operating level to min- 
imize its effect. Specific tactics that will help plan the 
defensive against EW are found in FM 32-30 and 
equipment TMs. 


11-2, Components of electronic 
warfare 


a. Three components of EW are described in FM 
32-30. They include all types of battlefield electronic 
systems: communications, surveillance, ae acqul- 
sition, and others. This manual deals with EW only as 
it involves communications systems that support TA 
command and control. 

b. Table 11-1 summarizes the three components of 
EW as they pertain to communications devices. The 
first two EW components, electronic warfare support 
measures (ESM) and electronic countermeasures 
(ECM), are technical. We rely on military intelligence 
(MI) units and U.S. Army Intelligence and Security 
Command (USAINSCOM) for advice and implemen- 


tation of ESM and ECM. The Threat force’s equivalent 
of our ESM and ECM is described as radioelectronic 
combat (REC). To counter Threat use of REC, we 
rely on communicators to use electronic counter-coun- 
termeasures (ECCM). 


11-3. Electronic threat 


The Threat forces use REC measures to collect intel- 
ligence data against our C-E systems. This is what 
intercept provides. The Threat then decides what REC 
would be appropriate from the data gained through 
intercept. High on the Threat REC target list will be 
theater level troposcatter communications. The Threat 
will use selected reconnaissance and REC assets to 
are and locate acre links, and relays. The ee 
will attempt to disrupt those communications whic 
are considered priority targets. depicts 
the Threat’s REC cycle. The goal of REC is to disrupt 
friendly use of the electromagnetic spectrum through 
destruction, deception, or jamming. The Threat will 
coordinate all three in an attempt to deprive us of 
command and control. All Tropo Company personnel 
must understand the severity of this electronic threat. 
More specific information on Threat force’s electronic 
intercept and direction-finding capabilities can be found 
in FM 100-2-1. About 25 seconds after friendly com- 
munications begin, the Threat targeting sequence can 
continue even if friendly communications cease. Ac- 
cordingly, the danger point is when radio transmis- 
sions exceed 20-25 seconds. 

a. Interception of signals intelligence. It is difficult 
for Threat forces to fix on a troposcatter terminal. 
However, the radios used for Tropo Company com- 
mand and control are highly vulnerable to REC. 
Through an alert Threat signals intelligence effort, we 


TABLE 11-1 


COMPONENTS OF ELECTRONIC WARFARE 


Component 


Objective 


Actions 


Electronic warfare support 
measures 


Electronic countermeasures 


Electronic counter- 
countermeasures 


identification) 


Disclose information about 
enemy communications 


Deny or reduce use of enemy 
communications 


Ensure continued effective use 
of friendly communications 
(protect against enemy 
detection, location, and 


Search, intercept, identify, 
locate 


Jam, deceive 


Antijam, circuit discipline, use 
approved operating 
techniques, security, harden, 
move, improve equipment, 
report, plan, train 
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Figure 11-1. Threat radioelectronic combat (REC) cycle. 


risk disclosing our troposcatter operations. The Threat 
monitors intercepted signals and performs traffic anal- 
ysis to provide a variety of information which can be 
exploited, such as— 

(1) Supported CP identification. 

(2) Location of troposcatter terminals. 

(3) Tracking of unit movements. 

(4) Relative importance of troposcatter to com- 
mand and control. 

(5) Weaknesses in our command and control sys- 
tems (poor operating procedures, poor COMSEC, lack 
of redundant or alternate systems, and overloaded 
networks). 

b. Location of emitters. A primary REC threat is 
the Threat force’s ability to locate key communications 
through radio direction finding (RDF). The Threat’s 
goal is to limit, delay, or nullify our command, control, 
and intelligence systems during the critical combat 
periods. RDF is especially effective against CPs which 
rely heavily on radios with omnidirectional antennas. 
Through the RDF technique, the troposcatter termi- 
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nals themselves may be placed in jeopardy. After lo- 
eating a friendly communications emitter, the Threat 
determines if it is a primary target. Once an emitter 
becomes a primary target, disruption may take the 
form of destruction, jamming, or deception. 

(1) Jamming. Threat jammers attempt to disrupt 
our conduct of the battle by interjecting delay and 
confusion into the command and control communica- 
tions system. These jammers operate against receiv- 
ers—not transmitters. They attempt to transmit with 
enough power to override friendly signals before the 
can be received. This jamming may be subtle and dif- 
ficult to detect, or it may be overt. It can be accom- 
plished from both ground and aerial platforms. How- 
ever jamming is accomplished, it is often most effective 
when operators become impatient and relax signal se- 
curity (SIGSEC) and operations security (OPSEC) 
procedures, thus providing additional opportunities for 
deception or destruction operations. Radio operators 
must be familiar with this form of REC. The more 
common jamming signals are described in FM 32-30. 
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(2) Deception. REC attempts to deceive friendly 
emitters through intercepting, locating, and inserting 
false or misleading information. Threat REC may im- 
itate friendly forces to gain access to our communi- 
cations nets or provide incorrect or misleading infor- 
mation over Threat communications links. They may 
also establish “dummy” nets to feed false information 
to our forces or to simulate nonexistent forces. 


11-4. Defensive electronic warfare 


Communications can still operate within the REC en- 
vironment just described. To do this, it is necessary 
to maximize the efficiency of available equipment and 
use sound, common-sense countermeasures. Commu- 
nications discipline, security, and resourcefulness un- 
derlie countermeasures to shield emissions. COMSEC 
techniques give the commander confidence in the se- 
curity of communications materiel and communica- 
tions. ECCM techniques provide some degree of con- 
fidence in the continued use of communications in a 
hostile EW environment. The two are closely re- 
lated-many COMSEC techniques also serve an ECCM 
role. Thus, the more effective the Tropo Company is 
in COMSEC, the more effective it is in ECCM. 
a. Communications security techniques. 

(1) COMSEC is a component of SIGSEC. It pro- 
tects communications through the use of security 
oe and techniques such as those shown in Table 

(a) Physical security safeguards COMSEC ma- 
teriel and information from access or observation by 
unauthorized personnel through physical means. 

(b) Crypto security protects radio com- 
munications through the use of technically sound 
cryptosystems. 

(c) Transmission security is designed to protect 
transmissions from hostile intercept and exploitation. 

(d) Emission security involves studies, inves- 
tigations, and tests to control compromising and in- 
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advertent emissions from equipment. 

(2) Most TCS(A) circuits are protected by COM- 
SEC equipment. However, orderwire and internal 
Company command and control nets may not be se- 
cure. Technical discussions between operators can con- 
tain information of vital importance to the Threat forces. 
The very nature of any communications mission gives 
them access to critical information on commanders, 
organizations, and locations of headquarters. This in- 
formation, although gained casually “on the job,” is 
sensitive and must be protected. 

(3) COMSEC must be a function of everyone who 
uses C-E equipment. It begins with command em- 
phasis. FM 34-62 covers overall SIGSEC and contains 
detailed information on COMSEC measures and 
techniques. 

b. Electronic counter-countermeasures techniques. 

(1) ECCM are taken to protect against Threat 
attempts to detect, deceive, or destroy friendly com- 
munications. The first line of defense against REC is 
a well-trained and alert operator because, as men- 
tioned earlier, many COMSEC techniques are equally 
ECCM techniques. To combat Threat REC efforts, 
operators must use ECCM techniques identified in OP- 
SEC surveys and unit SOPs, or as outlined in table 
11-2. 

(2) Unit SOPs must include actions to be taken 
against jamming and deception. Specific techniques 
are described 1n troposcatter technical manuals. 
Prearranged plans and frequent exercises are man- 
datory. Operators must follow SOPs to maintain or 
restore communications. 

(3) Other ECCM actions that will lessen our vul- 
nerability to a Threat REC effort are— 

(a) Preparing backup systems—orderwire, 
messenger, and HF radio. 

(b) Preparing to operate with the minimum 
amount of communications. 

(c) Moving CPs frequently. 

(d) Using state of the art equipment and ap- 


TABLE 11-2 

COMSEC MEASURES AND TECHNIQUES 
Physical Crypto 
Security Security 


Facility approvals Machine crypto 


Facility inspections Nonmachine crypto 


Materiel control systems Electronic crypto 


Transportation security 


Storage security 


Emission 
Security 


Transmission 
Security 


Emission control Site surveys 


Change of frequencies and call Engineering 
signs 

Authentication codes and Inspections 
brevity lists Studies 
Protective deception Tests 


Site masking 


Power variation 
Directional antennas 
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Algebra SLOPES 


Since slope m is a measure of the steepness of a line, a slope has the following characteristics: 


1. A horizontal line has zero slope. 

2: A line that rises to the right has positive slope. 

a A line rising to the left has negative slope. 

4, A vertical line has undefined slope because the calculation of the slope would 
involve division by zero. (Ay/Ax approaches infinity as the slope approaches 
vertical.) 


Example: What is the slope of the line passing through the points (20, 85) and (30, 125)? 


2 125 - 85 40 
Solution: MoS Se 
30 - 20 10 


Given the coordinates of the y-intercept where the line crosses the y-axis [written (0, y)] and the 
equation of the line, determine the slope of the line. 


The standard linear equation form is y = mx + b. If an equation is given in this standard form, 


m is the slope and b is the y coordinate for the y-intercept. 


Example: Determine the slope of the line whose equation is y = 2x + 3 and whose 
y-intercept is (0,3). 


Solution: y=mx+b 
y=2x4+3 
m= 2 
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plying authorized modifications to equipment. 
_ _ (e) Reporting all known or suspected REC 
activities. 
(f) Planning and training to counter an REC 
threat. 


(g) Dispersing communications equipment over 
a wide geographical area. 

(4) FM 32-30 contains appendixes that cover 
ECCM checks, ECCM planning, and ECCM training. 
It also covers EW reporting using the meaconing, in- 
trusion, jamming, and interference (MIJI) report. AR 
105-3 requires that all incidents of an electromagnetic 
nature that affect C-E operations be reported. Unit 
SOPs and other instructions must include the MIJI 
program. See glossary for a definition of meaconing. 

c. Emission control. 

(1) Emission control (EMCON) is both a COM- 
SEC and an ECCM technique, and probably the best 
method to counter the Threat REC effort. Radio trans- 
missions should be kept to the minimum required to 
accomplish the mission(s). Transmissions should not 
exceed 20-25 minutes. The Threat gains less infor- 
mation from a short transmission and has limited ca- 
pability of locating the transmitter by RDF. 

(2) EMCON can also be total or selective. Some- 
times, strict radio silence is necessary. The Company 
commander may also designate certain nets as “free 
nets” and others as “on order nets.” Controls, such as 
frequent changes in call signs and frequencies and re- 
location of emitters will tend to confuse Threat forces. 
Personnel must be taught to “think EMCON.” 
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11-5. Electromagnetic compatibility 


a. In an EW environment, we know that Threat 
forces will intentionally try to interfere with our com- 
munications. Self-inflicted unintentional interference 
is also possible. It may be caused by our own trans- 
mitted signals, faulty electronic components, poorly 
insulated high power lines, noise-producing equip- 
ment, and so forth. This type of interference is treated 
under the term “electromagnetic compatibility” (EMC). 
EMC is that desirable condition when all of our elec- 
tronic and electrical equipment, such as radios, radars, 
generators, and vehicle ignition systems, operate 
without interfering with each other. 

b. Troposcatter site planners and operators must 
be aware of EMC and its advantages. We do not want 
to assist the Threat’s REC efforts. When planning the 
layout of the Company CP or a terminal site, EMC 
must be considered. Operators experiencing interfer- 
ence must make every effort to determine if it is in- 
tentional or unintentional. The following are some typ- 
ical common-sense procedures to promote EMC: 

(1) Know the technical operating characteristics 
of the equipment. 

(2) Properly ground, operate, and maintain the 
equipment. 

(3) Site antennas away from noise sources. 

(4) Move noise-producing equipment out of trans- 
mission paths. 

(5) Provide for adequate receiver-transmitter 
frequency separation. 
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CHAPTER 12 
REAR BATTLE 


12-1. Introduction 


a. To provide continuous effective communication 
at EAC, the Tropo Company must be able to survive 
in a hostile environment. A major aspect of Threat 
doctrine is to disrupt rear area operations. When CPs 
and communications sites are located, Threat forces 
will try to neutralize them. Detection must be avoided 
to survive. Also, it may be necessary to defend ter- 
minal sites. Successful self-defense requires planning, 
preparing, rehearsing, and vigorous execution. 

b. The Tropo Company commander must prepare 
personnel for defense. Plans are based on coordination 
with supported units. This chapter will highlight the 
various type threats to the Company. It will then em- 
phasize defensive considerations. Because the subject 
is too broad and technical to cover completely, refer- 
ence will be made to appropriate manuals to consult 
for details. Also, soldier’s manuals for the senior skill 
levels within the Tropo Company list many of the tasks 
to be performed for specific security and defense sit- 
uations. 


12-2. Rear battle threat 


a. The rear area is the space within a command 
where the majority of the combat support and combat 
service support functions are performed. In a fully 
developed theater of operations, the whole COMMZ 
is classed as rear area. Threat forces have the capa- 
bility to initiate and support combat operations deep 
in the COMMZ. Their objective is to destroy critical 
elements, cause disruption, and degrade capabilities. 
The Tropo Company is usually employed in the COMMZ 
but may also be employed in the rear of the combat 
zone. 

b. The threat to rear battle operations may be of 
low, medium, or high intensity. These three levels of 
threat are summarized in table 12-1. Commanders de- 
velop alert systems and response actions according to 
the level of threat that must be countered. Elements 
of the Tropo Company may face any combination of 
Threat forces at the same time. Other disruptive oc- 
currences include conventional and NBC shelling and 
bombing and natural disasters. A detailed description 
of the rear battle threat can be found in FM 100-2-1. 


12-3. Unit security and defense 


a. Rear battle objectives. Company security and 
defense is accomplished within guidelines established 
by U.S. Army rear battle doctrine. The rear battle is 


TABLE 12-1 
REAR BATTLE THREAT LEVELS AND RESPONSES 
Threat Level Threat Response Forces 
Level I Agents, saboteurs, Base defense 
terrorists 
Level II Diversionary operations Military police 
and sabotage by (Base defense) 
unconventional and 
reconnoiter forces, raids by 
tactical units, special or 
unconventional warfare 
missions 
Level [II Airborne, heliborne, Tactical combat 
amphibious, and ground forces (Military 
forces deliberate police) (Base 
operations, infiltration defense) 


operations 


designed to make collective use of units in the rear to 
prevent or minimize interruption of operations. It in- 
cludes measures taken to protect the resources of rear 
area commands against sabotage, Threat forces activ- 
ity, and natural disasters. Rear battle objectives in- 
clude the following: 

(1) Securing the rear area and facilities. 

(2) Preventing or minimizing Threat interference 
with command, control, and communications. 

(3) Preventing or minimizing disruption of com- 
bat support and combat service support forward. 

(4) Providing unimpeded movement of friendly 
units throughout the rear area. 

(5) Finding, fixing, and destroying Threat intru- 
sions in the rear area. 

(6) Providing area damage control (ADC). 

b. Rear battle command and control. The TA 
commander is responsible for rear battle planning and 
execution at EAC. Rear battle operations are con- 
ducted through decentralized command and control 
systems utilized by EAC rear area operations centers 
(RAOCs). RAOCs are usually established at TA, 
TAACOM, and TAACOM Area Support Group (ASG) 
levels. Each echelon commander will appoint a rear 
battle officer to conduct rear battle operations. Where 
HNS agreements have been reached, certain rear bat- 
tle responsibilities may be assumed by the host nation. 
Within a TAACOM, Tropo Company elements would 
be assigned to particular bases for detente urposes. 
The base commander provides the command and con- 
trol headquarters for base defense. The base defense 
operations center (BDOC) is staffed and equipped by 
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the host and tenant units. Sometimes, base clusters 
are formed for mutual defense and controlled through 
abase cluster operations center (BCOC). The Tropo 
Company plans for the defense of its sites as part of 
base defense. Troposcatter section chiefs submit plans 
to the BDOC for approval. Defense plans should also 
include ADC considerations. See FM 90-14 for com- 
plete details on rear battle commandant control. 

c. Conduct of the rear battle. Responses to Threat 
attacks in the rear area must be rapid and strong enough 
to defeat them. They_must minimize disruption of 
friendly operations! Table 12-1] also shows rear battle 
responses to the various threat levels. Obviously, base 
defense is the cornerstone to effective conduct of the 
rear battle. 

(1) Unit defense planning. Detailed planning is 
done by the dispersed troposcatter sections and teams 
per unit SOPs. Frequently, Tropo Company assets will 
be deployed to remote locations. Site defense planning 
should be as complete as possible but flexible. One 
cannot plan for every situation. Defense or security 
requirements beyond organic capability should be 
identified. When unable to defeat attacking forces, site 
defense forces attempt to defend the site/base until 
other forces can respond. Defense procedures should 
be simple and easy to implement. Individual respon- 
sibilities should be clearly defined. One basic plan with 
alternative courses of action against various threats is 
probably best. 

(2) Defense against air and ground attack. Tro- 
poscatter terminal sections have a distinctive field sig- 
nature. They must rely heavily on sound OPSEC. This 
includes taking all counter reconnaissance/surveillance 
actions; for example, camouflage, watching thermal 
signature, controlling electronic emissions, and so forth. 
Facilities should be camouflaged, concealed, covered, 
and dispersed as much as possible. See FM 5-20. 
Warnings against air attack are broadcast over the air 
warning net, which should be constantly monitored. 
Army counterintelligence (CI) also can provide early 
warning and recommend OPSEC procedures to counter 
Threat intrusions into the rear area. See FM 34-60. 
Defense against ground attack should be based on a 
sound site defense plan. Some actions to be taken in 
most defensive situations are listed below: 

(a) Assign sectors of defense. 

(b) Locate a focal point for command and control. 

(c) Ensure individuals are familiar with their 
responsibilities. 

(d) Prepare positions (FM 5-15). 

(e) Place weapons to cover avenues of approach. 

(f) Use artificial obstacles and mines as required. 

( g ) Coordinate with adjacent units. 

(h) Hold frequent rehearsals and inspections. 

(i) Practice camouflage, light, and noise 
discipline. 

(j) Design a warning system. 
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(k) Establish procedures for requesting artil- 
lery and air support. 

(1) Designate assembly points for reserve forces 
and firefighting crews. 

(m) Plan for the evacuation of casualties. 

(n) Plan for the destruction of equipment and 
supplies. Personnel are trained in their individual 
weapons and in defensive measures, but have a limited 
capability to defend themselves. The Company com- 
mander should schedule refresher training and conduct 
defense exercises. 

d. Area damage control. The Tropo Company must 
plan and train for ADC operations. ADC limits dam- 
age, seals off affected areas, salvages equipment, saves 
lives, and restores operations. ADC activities must be 
included in SOPs and rehearsed to ensure individuals 
are certain of their responsibilities. See FM 90-14. In 
most cases, the dispersed Tropo Company elements 
should incorporate their ADC measures with those of 
collocated units. 


12-4. Emergency destruction of 
equipment 


a. Emergency destruction (ED) is a command re- 
sponsibility. Sensitive equipment and crypto material 
are involved in all troposcatter units. Due to the lack 
of mobility of troposcatter elements, ED is a distinct 
possibility. The Company SOP must include ED plans. 
Plans should be simple, be capable of rapid execution, 
and include priorities and methods for destruction. 
Specific people must be designated to perform the de- 
struction. Common methods of destruction include 
smashing, cutting, burning, bending, breaking, bur- 
ying, and scattering. If explosives are required, people 
must be trained to use them. See appropriate TMs for 
destruction procedures. 

b. Proper Authorization for ED is Required. ED is 
usually ordered by higher commanders as a last resort. 
The SOP must be specific as to what constitutes a local 
decision to destroy equipment. When ED is accom- 
plished, a report should be made to higher headquar- 
ters. For more detail, see AR 380-5 and FM 5-25. 


12-5. Nuclear, biological, and 
chemical threat 


A coordinated Threat attack of the COMMZ may well 
include NBC warfare. Few munitions can disrupt op- 
erations as extensively as NBC. The effects cover large 
areas and can produce massive casualties. Nuclear 
weapons are also capable of causing enormous destruc- 
tion. Communications centers and nodes will likely be 
prime targets. This paragraph will acquaint Tropo 
Company personnel with the severity of the threat 
posed by NBC munitions. Consult FM 3-100 for more 
complete information on the effects of NBC warfare. 

a. Nuclear weapons effects. Nuclear weapons ef- 
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fects are classified as initial or residual. Initial effects 
occur within | minute after detonation. Residual ef- 
fects, such as fallout, occur after the first minute and 
are primarily of long-term interest. The principal in- 
itial casualty-producing effects are blast, thermal ra- 
diation, and initial nuclear radiation. Other initial effects, 
electromagnetic pulse (EMP) and transient radiation 
effects on electronics (TREE), affect only electrical 
and electronic equipment. Also, blackout is an atmos- 
pheric condition which can disrupt communications for 
hours. Aside from the obvious devastating effects of 
a nuclear explosion, C-E systems are extremely sus- 
ceptible to EMP, and communications transmission may 
be impossible in the regions affected by blackout. 

(1) Blast. Blast is the actual explosive force of the 
nuclear weapon detonation and accounts for much of 
the physical destruction. Casualties to exposed troops 
will result from flying debris, troops being blown around, 
and over pressures which may cause injuries such as 
ruptured eardrums. 

(2) Thermal radiation. Immediate intense heat 
starts fires in buildings and forests. The heat can also 
burn exposed skin at distances where blast and nuclear 
radiation effects are minor. The extremely bright light 
formed can cause temporary or permanent blindness. 

(3) Nuclear radiation. Initial nuclear radiation 
is emitted within the first minute after detonation. To 
survive initial radiation, personnel must be in a pro- 
tected position before the detonation. Residual radia- 
tion lasts after the first minute. It consists of fallout 
or neutron-induced radiation near the point of deto- 
nation. Fallout is the primary residual hazard. 

(4) Electromagnetic pulse. EMP is a short du- 
ration radio frequency pulse. EMP does not affect per- 
sonnel. However, radio and troposcatter equipment 
can be damaged or made inoperative by EMP. Unless 
well buried (approximately 10 feet), cable and wire 
have varying degrees of vulnerability to EMP. This 
EMP energy may be higher than the circuit and com- 
ponent capabilities of the equipment. The damage can 
range from burned out fuses, transistors, and coils to 
the destruction of complete power supplies. Table 
12-2 provides an indication of the vulnerability of tac- 
tical equipment to EMP. EMP will vary by type and 
yield of burst. 

(5) Nuclear blackout. Nuclear blackout is the re- 
sult of the fireball itself and the large dust clouds which 
may be created. It can last from a few seconds to many 
hours. It affects radio and troposcatter communica- 
tions by— 

(a) Refraction (bending of the waves). 
(b) Absorption (consuming the waves). 
(c) Scattering (scattering the waves in all di- 
rections). 
b. Biological agent effects. Biological agents con- 
sist of disease-producing germs and toxins. These agents 
may be dispersed as aerosols by generators, low-ex- 
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TABLE 12-2 
EQUIPMENT VULNERABILITY TO EMP 
Equipment Probability Equipment Included in 
Categories of Damage Category 
I Very low Artillery, tactical equipment 
(excluding communications 
equipment) 
II Low Fire direction control equipment, 
nuclear warheads, missiles 
Ill Medium Long-range communications 
equipment (greater than 100 
kilometers), air defense radars 
IV High Target acquisition radars, short- 


range communications equipment 
(less than 100 kilometers), command 
and control equipment 


plosive shells and bomblets, venting rockets, and air- 
craft sprayers. The aerosol form allows them to be 
spread rapidly by the wind and cover large areas. 
Harmful germs may also be spread by the release of 
infected insects and rodents. Germs and toxins can be 
used to cause injury, death, and disease among people, 
animals, and plants. They also can be used to cause 
deterioration of materiel and supplies. Antipersonnel 
biological agents have little effect on electronic com- 
ponents. However, C-E equipment may require de- 
contamination in order to eliminate persistent contact 
hazards. 
c. Chemical agent effects. 

(1) Chemical agents are a significant threat to 
Tropo Company personnel as well as equipment. They 
can be disseminated by aircraft, artillery, rockets, and 
missiles. The severity of the effect is dependent upon 
the dose received. Chemical agents fall into four classes: 

(a) Nerve agents that directly affect the nerv- 
ous system. 

(b) Blister agents that affect the eyes and lungs 
and blister the skin. 

(c) Blood agents that affect the circulatory and 
respiratory systems by preventing the body’s cells from 
using oxygen. 

( a) Choking agents that affect the respiratory 
system by attacking the lungs. 

(2) Persistent chemical agents may contaminate 
supplies and equipment and restrict the use of terrain 
and facilities for hours and days. 


12-6. Nuclear, biological, and 
chemical defense 


The Tropo Company must be prepared to function un- 
der NBC conditions. FM 11-23 directs every TCC(A) 
unit to become proficient in the survival techniques 
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and operational standards for NBC warfare. NBC de- 
fense must be fully integrated into unit planning and 
training programs. 

a. Defense tasks and planning. 

(1) The Tropo Company must plan for three basic 
NBC defense tasks: contamination avoidance, protec- 
tion of personnel and equipment, and decontamination 
when necessary. The successful performance of these 
tasks should be the objective of the Company NBC 
training program. 

(a) Contamination avoidance. Contamination 
avoidance is accomplished through NBC awareness, 
detection and warning of NBC hazards, and limiting 
the spread of contamination. Contaminated areas should 
be bypassed if possible. If not, personnel must use 
protective clothing and equipment. FM 3-3 covers the 
marking of contaminated areas. 

(b) Protection of personnel and equipment. 
Personnel must be protected to maintain the integrity 
of Tropo Company operations. During the threat of a 
chemical attack, the Company commander can balance 
personnel safety with unit effectiveness by using a 
mission-oriented protective posture (MOPP). The MOPP 
prescribes what equipment and clothing must be worn 
and/or used and what operational precautionary meas- 
ures must be applied. Table 12-3 shows sample re- 
quirements for protective clothing/equipment for dif- 
ferent MOPP levels. FM 3-100 must be consulted for 
the detail necessary to pepe MOPP levels appro- 
priate to the Company. FM 3-3 provides added detail 
to prepare nuclear contamination avoidance levels. All 
MOPP information should be placed in the Company 
SOP. Also see FM 3-4 for NBC protection measures 
based on a particular situation. 

(c) Decontamination. Decontamination re- 
duces casualties and improves individual and unit ef- 
fectiveness. Individuals must be trained to perform 
emergency self-decontamination. Units must have the 
capability to perform personnel decontamination and 
partial equipment decontamination. The source of de- 
contamination devices and trained specialists should 
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be determined. FM 3-5 provides a guide for NBC de- 
contamination. 

(2) The NBC plan can be part of the unit defense 
plan or an annex to it. Dispersed Tropo Company ele- 
ments must be integrated into the supported unit NBC 
plan. For the details needed to plan and train for NBC 
defense, see FM 3-100. As indicated, unit SOPs for 
defense against NBC are a requirement. 

(3) The Company’s NBC program is directed by 
the chemical NCO. An NBC control party is formed 
to plan and conduct unit NBC defense activities. Other 
teams should be designated as required. Each element 
of the Company must be made aware of its responsi- 
bilities for NBC defense. 

b. Decontamination of communications equip- 
ment. Decontamination of Tropo Company equipment 
must be done very carefully. Ensure the power supply 
is disconnected to prevent injury to personnel and 
damage to the equipment. FM 3-5 provides instruc- 
tions for the decontamination of metal, plastic, leather, 
and wood parts. Care must be taken not to damage 
electronic components with decontamination solutions. 
Some decontaminants, by their nature, are reactive 
chemicals which can seriously corrode materials. For 
the electronic components themselves, the use of hot 
air, aeration, and weathering provide the best meth- 
ods of decontamination for chemical and biological 
agents. Some decontamination takes place from heat 
given off by operating the equipment. For radioactiv- 
ity, little can be done except to reduce radiation levels 
through aging. Complete decontamination is very 
difficult, time consuming, and often impossible to 
accomplish. 

c. Electromagnetic pulse and blackout defense. 

(1) Protective measures taken for EMP before a 
nuclear attack are critical to equipment survivability. 
Cables, wires, antenna systems, and all other metal 
structures are good electrical conductors. They absorb 
EMP energy. Material that couples with electromag- 
netic energy can absorb enough EMP energy to induce 
voltage and currents. The key to protection is to re- 


TABLE 12-3 
PROTECTIVE EQUIPMENT AND CLOTHING FOR MOPP LEVELS 
MOPP Overgarment Overboots 
0 Carried Carried 
1 Worn, opened or closed Carried 
based on temperature 
2 Same as MOPP 1 Worn 
3 Same as MOPP 1 Worn 
4 Worn, closed Worn 


Mask/Hood Gloves 
Carried Carried 
Carried Carried 
Carried Carried 
Worn, hood opened or closed Carried 
based on temperature 
Worn, hood closed Worn 
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duce EMP coupling. The best protection is to have the 
troposcatter terminals shut down and disconnected prior 
to a nuclear attack. If not possible, a portion of the 
equipment may be able to be off the air. Do not forget 
to take precautions with organic command and control 
C-E equipment. Protective measures may include fer- 
rous shielding, special voltage-limiting devices, and 
filtering systems built into the equipment. Also, new 
fiber optic cable systems are EMP resistant and may 
be used as replacements for current video and metallic 
cable systems. See Table 12-4 for a listing of some EMP 
protective measures. 

(2) There are no protective measures against 
blackout since it does not affect personnel or equip- 
ment. It does, however, prohibit radio transmission 
through affected areas. This problem can be mitigated 
by planning for alternate routing to bypass affected 
regions or by the use of other communications means 
(such as messenger). 


TABLE 12-4 
EMP PROTECTIVE MEASURES 


Measure Rationale 


Remove exterior 
conductors 


EMP can couple with external metal 
conductors even if they are covered with 
insulation. Examples of potential EMP 
conductors include all types of radio 
antennas; any wire or cable connections, to 
include handset, external speaker and 
headset cables, power cables, computer 
interface connectors, rechargers, 
telephone lines, field wire, and extension 
cords; and other metal conductors, such as 
pipes and ducts. When use is not essential, 
such conductors should be disconnected or 
removed to prevent EMP-induced currents 
from being transmitted into the piece of 
equipment and damaging critical 
components or upsetting the equipment by 
blowing fuses, tripping circuit breakers, 
and garbling computer memories. 


Shut down and 
protect unneeded 
and redundant 
radio systems. 


Use antennas that 
have small 
radiating elements 
when possible. 


Keep cable and 
wire runs as short 
as possible. 


Keep cable runs as 
straight as 
possible—A VOID 
LOOPS. 


Keep cable and 
wire on the ground 
where practical. 


Use shielded 
twisted pair cable 
where options in 
use of cable exist. 


Shield equipment 
when possible. 


Use ultrahigh 
frequency (UHF) 
and super high 
frequency (SHF) 
communications 
equipment in 
preference to very 
high frequency 
(VHF) equipment 
when possible. 


Avoid the use of 
broadband radios 
when possible. 


Communications equipment operating at 
UHF and SHF (225 MHz and higher) is 

less sensitive to EMP damage than VHF 
(2 to 225 MHz) equipment. 


Radios operating at frequencies below 
UHF are particularly sensitive to EMP. 
Broad-band radios will receive greater 
voltages and currents from EMP than will 
narrowband radios. 
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To provide high assurance that unit 
tactical fleld communications will survive 
EMP, any nonessential and redundant 
radio systems and equipment should be 
shut down and protected from the EMP. 


The smaller the radiating elements, the 
less EMP energy will be picked up and, 
consequently, the less the susceptibility of 
the associated equipment to EMP. Wide- 
angle doublet or omnidirectional antennas 
such as the OE-264 and long-wire field- 
expedient or AT-984 directional antennas 
are good collectors of EMP energy and 
should be avoided when possible. 


The longer the run, the greater will be the 
EMP energy that is collected by the cable 

and wire and transmitted into the attached 
equipment. 


Loops or bends in cable represent 
potential unintentional loop antennas that 
will pick up more EMP energy than 
straight runs. This is especially important 
for shorter, intrasite cable runs and is true 
even for ground cables. 


Elevating cable and wire may increase the 
EMP-generated voltages and currents. 
Burial is usually not practical since items 
would have to be placed under 
approximately 10 feet of earth to be 
adequately protected. 


Twisted pair cable picks up significantly 
less EMP energy than do coaxial and 
unshielded cable. Such reductions with 
shielded twisted pair cable, however, can 
be obtained only if the cable and shields 
are properly connected and terminated at 
both ends. 


Electrical and electronic equipment can be 
protected from the effects of EMP if 
placed in a totally enclosed electrical 
shield. Ideally, this shield should be made 
out of metal (steel or aluminum). For most 
tactical radios, the fully closed metal case 
will provide adequate protection if all 
external conductors have been removed. 
Metal ammunition cans and propellant 
charge cans make excellent storage 
containers for smaller electronic items 
such as handheld calculators and radio 
components. Placing items in vehicles, 
vans, and underground shelters provides 
effective protection. Wrapping small items 
in metal foil will also provide a lesser 
degree of protection for items that do not 
have their own metal case, such as circuit 
boards and electrical components. 
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CHAPTER 13 
TRAINING 


13-1. Introduction 


a. Preparing and conducting training properly is one 
of any commander’s most difficult, but most important, 
responsibilities. The primary objective is to produce 
a well-trained unit ready for field operations. The time 
to do that is now. Training is the central and primary 
task of the Tropo Company in peacetime. 

b. The Army Training System, taken as a whole, is 
a complicated subject. This chapter emphasizes those 
aspects that will assist the Tropo Company com- 
mander in accomplishing the Company’s training re- 
quirements. The chapter will be oriented toward tro- 
poscatter training in general. Detailed training 
information must be taken from technical manuals pre- 
pared for each item of Company equipment. The need 
for training in the areas of C-E planning, NBC and 
electronic warfare, and rear battle operations has been 
emphasized in previous chapters. Information that 
guides the overall conduct of Army training is found 
in a series of training field manuals. 

(1) FM 25-1 provides overall training philosophy 
and doctrine for the U.S. Army. 

(2) FM 25-2 describes the Army Training System 
and training management in units. 

(3) FM 25-3 contains principles and procedures 
for the conduct of training in units. 

(4) FM 25-4 describes how to plan, conduct, and 
control training exercises. 


13-2. Army training concepts 


Reliable long-range communications are essential for 
command and control by the TA commander. The Tropo 
Company must achieve and maintain the highest pro- 
ficiency levels. It must train as it will operate under 
field conditions-and train continually. Adherence to 
two fundamental concepts of training will assist the 
training effort. All leaders and trainers should thor- 
oughly appreciate and understand them. They are “de- 
centralized training” and “performance-oriented train- 
ing.” 

a. Decentralized training. 

(1) The decentralized training concept places the 
authority and responsibility to organize, conduct, eval- 
uate, and supervise training at the battalion or sepa- 
rate company level (Tropo Company). The training 
effort itself takes place at or below company level where 
the job is actually performed. This means that the 
Tropo Company commander and subordinate leaders 
must be able to determine specific training objectives. 
These are based on the supported unit’s mission, avail- 


able training resources, and present level of training. 
The principal trainers should be the first line leaders 
who directly supervise the soldiers and head the sec- 
ee Training is decentralized to these leaders because 
they— 
: (a) Know the soldiers and their training needs. 

(b) Know the section and its training needs. 

(c) Can better control what motivates the 
soldiers. 

(d) Have much to gain from having a skillfully 
trained unit. 

(2) The decentralized training concept also pre- 
sents several advantages for the Tropo Company 
commander: 

(a) Training can be tailored to specific unit needs. 

(b) Limited resources can be applied to priority 
programs. 

(c) Junior leaders are directly involved in man- 
aging the time and training of personnel. 

(d) Responsibility for training is consistent with 
the commander’s responsibility for unit readiness. 

b. Performance oriented training. 

(1) Training can be described as preparation for 
performance. Performance-oriented training is learn- 
ing by doing. It focuses on those critical tasks that 
prepare soldiers to do their jobs. Proper training 
consists of establishing objectives, conducting 
training, testing, and evaluating. Think of this as a 
formula: EFFECTIVE TRAINING = TRAINING 
OBJECTIVE + TRAINING + TESTING + 
EVALUATING. Once this idea becomes ingrained, 
training that serves the needs of the Company and its 
soldiers can be developed. 

(2) The key to effective training is the develop- 
ment of performance-oriented training objectives. The 
objectives must facilitate clear and concise thinking 
about training for troposcatter operations. They must 
contain pe statements of the task, condition(s) 
under which it is performed, and the training stand- 
ards of acceptable performance. See Table 13-1. FM 


TABLE 138-1 
THREE PARTS OF A TRAINING OBJECTIVE 


Task Define what skill the soldiers being trained are 
expected to acquire. 


Condition Shows your soldiers the conditions under which 
they must be able to demonstrate the skill. 
Standard Defines how well you expect these soldiers to 


perform the skiil. 
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25-3 contains a detailed explanation of how to develop 
performance-oriented training objectives. 


13-3. Training in the Company 


Training that takes place outside training centers and 

schools 1s conducted predominantly in operational units. 

Training in the Company includes both “individual” 

and “collective” training. Individual training is pre- 

paring individuals to do individual tasks to accomplish 
their mission and stay alive. Collective training pre- 

pares soldiers to perform those team, section, or Com- 

pany tasks essential to the accomplishment of the 

Company’s mission. FM 25-3 provides details for the 

conduct of training in units. 

a. Individual training. Troposcatter specialists re- 
ceive advanced individual training in training centers 
or service schools. There, they gain only a working 
knowledge of their military occupational specialties 
(MOSs). This is the essential knowledge to perform a 
job under supervision. Training in system employment 
is gained in the Tropo Company with leader supervi- 
sion. Supervised on-the-job training (SOJT) is a way 
to complete a soldier’s training. It can also be used to 
retrain a soldier into a new, critical shortage MOS. 
The complexity of troposcatter communications de- 
mands constant training for quick response to technical 
instructions. There are various training methods and 
tools to employ that focus on the mastery of mission- 
essential skills. It is important that Tropo Company 
leaders and trainers understand these and use them 
to the advantage of the Company. 

(1) Individual training methods. 

(a) Sustainment training is conducted to main- 
tain skill and task performance at a required level of 
proficiency dictated by the Company commander. This 
helps to ensure that a directed level of Tropo Company 
readiness is maintained. 

(b) Train-up training prepares soldiers to per- 
form tasks at higher levels of responsibility. This pro- 
vides the Company with experienced personnel to 
assist in training and prepares soldiers for promotion. 

(c) Cross-training prepares soldiers for other 
jobs and MOSs within the section or team. This im- 
proves the Tropo Company’s ability to survive in com- 
bat and contributes to the soldiers’ professional 
development. 

(d) Leader training prepares leaders to per- 
form leadership tasks, employ the section, and make 
decisions. This training can be conducted through 
coaching, as well as in a Company school. 

(2) Individual training tools. Training man- 
agers and trainers have numerous tools at their dis- 
posal. These include the familiar soldier’s manuals (SMs), 
trainer’s guides (TGs), job books, a variety of exten- 
sion training materials (ETMs), and the Individual 
Training and Evaluation Program (ITEP) (AR 350- 
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37). The tools are used for analyzing, training, and 
evaluating, and provide the basis for allocating re- 
sources. In a limited resource environment, making 
proper use of the tools is a must. 

b. Collective training. 

(1) Collective training is where teamwork comes 
in. It is every bit as important as individual training. 
In a Tropo Company, this training should involve the 
entire unit so that total impact of using all terminals 
is involved. The success of the Company mission de- 
pends on how well all sections do their jobs together. 
The Company Army Training and Evaluation Program 
(ARTEP) serves as the basis for developing collective 
training. It is important that training derived from the 
ARTEP be as realistic as possible. 

(2) Special emphasis must be placed on field train- 
ing exercises to practice section proficiency. Only by 
constant practice will leaders be able to perfect what 
is expected of them. The supported headquarters may 
conduct a command post exercise to refine command, 
control, and communications procedures. They are an 
effective vehicle to teach commanders and staffs how 
to operate together without using troops as training 
aids. Real equipment is used and interaction takes 
place with personnel in a tactical configuration. The 
Tropo Company may conduct its own signal field ex- 
ercise (SFX). The Company commander should ensure 
each section is involved in live equipment exercises as 
often as possible. Logistical support for terminal sec- 
tions or teams during an exercise may require support 
from other units. Detailed planning and support ar- 
rangements must be completed. Each element of the 
Company should have a defined objective to accom- 
plish before an exercise is terminated. 


13-4. Training management 


The Army training management system is the frame- 
work within which the Tropo Company is trained. It 
incorporates concepts, responsibilities, and tools to 
achieve and sustain a high state of training readiness. 
The system is responsive to individual and collective 
training needs. This section provides only a brief ov- 
erview of training management. FM 25-2 provides the 
details. 

a. Training responsibilities. Training responsibil- 
ities are established by commanders. This requires the 
Tropo Company commander and subordinate leaders 
to be abreast of current training techniques and EAC 
communications doctrine. Leadership emphasis and 
active supervision are essential to execute the Com- 
pany’s training program. Training responsibilities are 
divided between the training manager (the com- 
mander) and the trainers. The Company commander 
works with higher signal headquarters to develop and 
implement a specific company training program. Com- 
pany officers and NCOs, as both supervisors and train- 
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ers, must ensure their platoons and sections can per- 
form training objectives successfully. Each must be 
thoroughly knowledgeable of the soldier’s individual 
tasks. The officers are primarily oriented toward col- 
lective training. The NCO is the principal individual 
trainer. Each individual soldier is responsible for keep- 
ing up his or her skill level. In team training, one 
soldier should learn to assist the other. 
b. Training management systems. 

(1) The Army’s Battalion Training Management 
System (BTMS) is designed to standardize and teach 
the latest in training methodology. It is the system 
the Tropo Company uses for training management. It 
covers the planning, preparation, conduct, and eval- 
uation of training. ed FM 25-2 for a detailed descrip- 
tion of BTMS. 

(2) Other programs that Tropo Company trainers 
must use include the— 

(a) Army Standardization Program (ASP), a 
program to ensure that common tasks, drills, and pro- 
cedures will be performed in a single prescribed man- 
ner throughout the Army (AR 350-1, Chap 5). 

(b) Common Military Training (CMT) Pro- 
gram, a program that identifies selected DA training 
requirements (AR 350-1, Table 4-1). 

(c) New Equipment Training (NET), training 
conducted by a material developer or contractor to 
provide training on new equipment. 

c. Training phases. 
(1) Training management is a continuous process 
__ (a) Planning training to achieve desired profi- 
ciency. 

(b) Providing resources for planned training. 

(c) Conducting the training. 

(d) Pathe Be poe See ; ' 

his four-phased process is depicted graphi- 
cally 1 | Fioure 13-l) The teeees is deccibed if detail 
in FM 25-2. One of the most important steps in plan- 
ning training is to find out which tasks soldiers, sec- 
tions, and the Company already know how to do. By 
analyzing training results, strengths and weaknesses 
can be identified. A list of training objectives can then 
be developed as described earlier. The training pro- 
gram is based on these objectives. 

d. Training support. 

(1) Training support provides the foundation for 
Army training. Trainers must be able to obtain the 
training materials and resources needed to conduct 
individual and collective training. Locally, training 
materials are obtained as follows: 

(a) The unit learning center (LC) is the train- 
er’s primary source. The trainer can get training aids, 
films, training extension course (TEC) lessons, tele- 
vision equipment, and training materials. The LC should 
have a library of ARTEPs, SMs, FMs, and training 


15 October 1985 


(b) The Training Aids Support Center (TASC) 
usually serves an Army post or geographical area. The 
TASC has access to audiovisual materials. It can also 
order certain types of custom-made training aids. 
TASCs publish a periodic catalog of the materials they 
have available. The unit LC should keep an updated 
copy of this catalog available. The TASC is also the 
storage and issue facility for simulation devices. 

(c) Training funds, fuel, terrain, and ammuni- 
tion are essential training resources managed by the 
higher signal commander and staff. Tropo Company 
trainers and leaders must provide their requirements 
for resources to the Company commander. The Com- 
pany commander must ensure training resource needs 
are made known. Resources must be requested early 
enough to be reasonably sure of receiving them. 

(2) There are other programs and materials to 
help train soldiers to perform individual tasks to stand- 
ard. The Army training system provides a variety of 
extension (nonresident) training materials (ETMs) that 
are exportable to units. These include TEC lessons, 
SMs, FMs, and graphic training aids (GTAs). Pub- 
lished training materials exportable to units are found 
in ETM catalogs in the 350-100 series of DA pam- 
phlets. DA Pamphlet 350-100 provides a one-source 
listing of all applicable and available ETM for all Army 
MOSs. Other 350-100 series catalogs list ETMs for 
various type signal units. The last chapter in each 
catalog explains how to order the training materials. 
Additionally, DA Pamphlet 351-20 lists correspond- 
ence course programs and materials available to Com- 
pany personnel. 


13-5. Training tips 


A Tropo Company provides a service to other units. 
While the supported unit is training, troposcatter sec- 
tions are essentially operating to make that training 
a success. Therefore, the bulk of troposcatter training 
must take place before supporting an exercise. This 
means that the Company commander must maximize 
the use of what little training time is available. Be 
imaginative. Good training is accurate, well-struc- 
tured, efficient, effective, realistic, and safe. 

a. Realistic training. Conduct realistic training to 
develop full readiness. Avoid the classroom setting as 
much as possible. Troposcatter radio operators need 
to experience the power level, synchronization, fre- 
quency, and interference problems that occur in live 
operations. They must learn to take direction and be 
coordinated by the Company Operations Center. Re- 
alistic training includes realistic problem solving. This 
will aid personnel to overcome difficult situations they 
are sure to meet in the field. Instead of learning lessons 
the hard way, practice field skills such as the following: 

(1) Operate under stressed conditions, such as in 
an EW jamming environment. 
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Figure 13-1. Phases of training management in units. 


(2) Test alternate means of communications. 

(3) Train everyone connected with communica- 
tions to use communications. 

(4) Communicate with the other services. 

(5) Operate under adverse conditions, such as bad 
weather, threat of enemy attack, and/or NBC warfare. 

(6) Accomplish required maintenance under field 
conditions. 

(7) Logistically support communications elements 
in the field. 

(8) Deploy maintenance support teams on “no no- 
tice” situations. 

(9) Select and lay out sites, and move to new po- 
sitions during day and night. 

(10) Establish troposcatter links at night. 

b. Motivation for good training. Realistic, effec- 
tive training enables a unit to accomplish its mission. 
For a Tropo Company, that mission is to provide re- 
liable troposcatter communications. There are other 
payoffs to consider. When the Company is well trained, 
the amount of equipment loss and replacement will 
probably be reduced. Repair and maintenance are kept 
to a minimum and spare parts can be conserved. C-E 
equipment will be there when it is needed. Cross-train- 
ing and train-up contributes to increased flexibility. 
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For 24-hour operations, an operator must master a 

variety of skills with a lot of different equipment. Team 

members are often diverted for site preparation, im- 

provement, and defense. Most important, increased 

morale is a byproduct of good collective training. A 

soldier will give more when a member of a skilled team. 
c. Comprehensive evaluation of training. 

(1) The final step in conducting effective training 
is to complete a training evaluation. This is much more 
than supervision of training by the Company com- 
mander, subordinate leaders, and trainers. Supervi- 
sors can assist and encourage soldiers. Supervising 
also helps determine soldier performance of interme- 
diate objectives. Training evaluation is more compre- 
hensive. The overall training must be evaluated from 
two viewpoints—“training effectiveness” and “train- 
ing efficiency.” They are different and both are im- 
portant. 

(a) Training effectiveness relates to how well 
the soldier performs the overall training objectives. 

(b) Training efficiency relates to how well re- 
sources are used to conduct the training. 

(2) Always remember-the right things must 
not only be done well, they must be done well in the 
right way. 


SLOPES Algebra 


Example: Determine the slope of the line whose equation is 2x + 3y = 6 and whose 
y-intercept is (0,2). 


Solution: y=mx+b 


2x +3y=6 Write in standard form. 


3y = 6 - 2x 

3y = -2x + 6 

y= -2x+6 
3 

y = -2/3x + 2 

m = -2/3 


Example: 


Plot the graph of the following linear function. Determine the x-intercept, the y-intercept, 
and the slope. 


Tx + 3y = 21 
Solution: y=mx+b 
y = (-7/3)x + 7 


x-intercept = 3 
y-intercept = 7 


Slope = -2.333 
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d. Training in support type units. The Tropo 
Company commander must consider the unique as- 
pects of training in a support type unit. The training 
environment must be studied to determine training 
variables. This analysis will result in a list of actions 
that guide the planning and management of training. 
For a start, a few general hints are suggested here: 

(1) Be sure supported commanders know your 
unit’s mission uniqueness, capabilities, and special 
training needs. 

(2) Carefully coordinate training with the diverse 
nature of troposcatter operations. 

(3) Identify skill qualification test (SQT) tasks 

erformed on the job. Identify remaining tasks for 
individual or collective training. 
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(4) Integrate training on the job, in the motor 
pool, in the field-wherever possible. 

(5) Plan SOJT. Soldiers are seldom adequately 
trained for signal support operations in Army schools. 

(6) Plan consolidated training on common sub- 
jects for isolated sections or shift workers. 

(7) Conduct signal support operations under field 
conditions to evaluate your unit’s proficiency. 

(8) Study ways to minimize your unit’s signature. 

(9) Insist on the same high standards for training 
both in garrison and in the field. 

(10) Visit as many training sessions as possible. 
Involve yourself personally in both signal and common 
subject training. 
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GLOSSARY 
a 
Section |. Abbreviations 
ACACS Army Command and Area FRAGO fragmentary order 
Communications System GS general support 
ACP Allied Communications Publica- GTA graphic training aids 
tion HF high frequency 
ADC area damage control HMMWV high mobility multipurpose 
ARTEP Army Training and Evaluation wheeled vehicle 
Program HNS host nation support 
ASG Area Support Group INSCOM Intelligence and Security Com- 
ASP Army Standardization Program mand 
ATC air traffic control ITEP Individual Training and Evalu- 
AUTOCOMM Automation Communications ation Program 
Network JANAP Joint Army-Navy-Air Force 
BCOC base cluster operations center Publication 
BDOC base defense operations center LC learning center 
BER bit error rate LOC line of communications 
BTMS Battalion Training Management LOS line of sight 
System MHz megahertz 
C-E communications-electronics MI military intelligence 
CEMS Communications-Electronies MIJI meaconing, intrusion, jamming, 
Management System and interference 
CEOI Communications-Electronies MOPP mission-oriented protective 
Operating Instructions posture 
CFC Combined Forces Command MOS military occupational specialty 
CI counterintelligence MP Military Police 
CMT common military training NATO North Atlantic Treaty Organi- 
CNCE communications nodal control zation 
element NAVAIDS navigational aids 
COMMZ eommunications zone NBC nuclear, biological, and chemi- 
COMSEC communications security cal 
CP command post NCO noncommissioned officer 
CSCE communications system control NCOIC noncommissioned officer in 
element charge 
CSPE communications system plan- NET New Equipment Training 
ning element NRI net radio interface 
CUCV commercial utility cargo vehicle OIC officer in charge 
DCS Defense Communications Sys- OPORD operation order 
tem OPSEC operations security 
DS direct support PLL prescribed load list 
EAC echelons above corps POL petroleum, oils, and lubricants 
ECM electronic countermeasures QRA quick reaction antenna 
ECCM electronic counter-countermea- RAOC rear area operations center 
sures RDF radio direction finding 
ED emergency destruction REC radicelectronie combat 
EMC electromagnetic compatibility SFX signal field exercise 
EMCON emission control SHF super high frequency 
EMP electromagnetic pulse SIGSEC signal security 
ESM electronic warfare support SM soldier's manual 
measures SOJT supervised on-the-job training 
ETM extension training materials SOP standing operating procedure 
EW electronic warfare SQT skill qualification test 
FLOT forward line of own troops SSB single sideband 
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STANAG standardization agreement 

TA Theater Army 

TAACOM Theater Army Area Command 

TACSAT tactical satellite 

TACSATCOM tactical satellite communica- 
tions 

TASC Training Aids Support Center 

TCC(A) Theater Communications Com- 
mand (Army) 

TCS(A) Theater Communications Sys- 
tem (Army) 

TEC technical extension course 

TG trainers guide 


Section Il. 


Area signal node 


A signal facility that provides communications to units 
within its assigned geographical area of responsibility. 
This ties the units into the TCS(A) and supplements 
their organic means for communications with higher, 
subordinate, or adjacent headquarters. 


Army training system 


The system within which the Army develops, man- 
ages, and conducts training. System components are 
institutional training, unit training, and training sup- 
port. 


Authentication 


A security measure designed to protect a communi- 
cations system against fraudulent transmissions. 


A unit or multiunit position that has a definite perim- 
eter. Army, other services, or host nation units may 
make up a base. 


Base cluster 


Support and combat service support units in the rear 
area grouped together for rear battle operations or 
mission-related purposes. A base cluster has no clearly 
defined perimeter. 


Base defense operations 


Defense measures taken by a base to provide internal 
and perimeter security. Measures include organizing 
and preparing personnel and equipment in an effective 
manner to defend themselves until military police and, 
if needed, tactical combat forces can respond. A base 
defense operations center is established to coordinate 
base defense and area damage operations. 
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TOE table of organization and equip- 
ment 

TREE transient radiation effects on 
electronics 

TRI-TAC Tri-Service Tactical Communi- 


cations System 
Tropo tropospheric scatter 
UHF ultrahigh frequency 


USAISC United States Army Informa- 
tion Systems Command 
VHF very high frequency 
W/E with equipment 
Terms 
Brevity code 


A code which provides no security but which has as 
its sole purpose the shortening of messages rather than 
the concealment of their contents. 


Call sign 


Any combination of characters or numbers or pro- 
nounceable words which identifies a communications 
facility, command, authority, activity, or unit. It is 
used primarily for establishing and maintaining com- 
munications. 


Circuit 


In communications, an electronic path between two or 
more points capable of providing a number of channels. 
In engineering, a number of conductors connected to- 
gether for the purpose of carrying an electrical cur- 
rent. 


Code 


Any system of communications in which arbitrary 
groups of symbols represent units of plain text of vary- 
ing length. Codes are provided primarily for one of 
three purposes: (1) In the broadest sense, coding is a 
means of converting information into a form suitable 
for communication and encryption; (2) brevity codes 
are used to reduce the length of time necessary to 
transmit information; or (3) security codes are used to 
provide some degree of cryptographic protection for 
the information being transmitted. 


Collective training 


The preparation of soldiers to perform those team or 
unit tasks essential to the accomplishment of a unit’s 
TOE or operational mission. 
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Command and control 


An arrangement of personnel, facilities, and means for 
information acquisition, processing, and dissemination 
employed by a commander in planning, directing, and 
controlling operations. 


Command post 


A unit’s headquarters from which command and con- 
trol is centrally exercised. 


Common-user circuit 


A circuit allocated to furnish communications paths 
between switching centers to provide communications 
service on a common basis to all connected stations or 
subscribers. 


Communications-electronics (C-E) 


The design, development, installation, operation, and 
maintenance of electronics and electromechanical sys- 
tems associated with the collecting, transmitting, stor- 
ing, processing, recording, and displaying of data and 
information associated with all forms of military com- 
munications. 


Communications-electronics 
operating instructions (CEOI) 


A series of orders issued for the technical contro! and 
coordination of the signal communications activities of 
a command, 


Communications equipment 
support element (CESE) 


An element of the C-E system—radio, switeh, mul- 
tiplex, wire teams, maintenance, and so forth. 


Communications nodal control 
element (CNCE) 


A dual-function facility that incorporates both facilities 
control and technica] control requirements. The tech- 
nical control element of the CNCE contains patching, 
testing, conditioning, and monitoring equipment and 
provides technical control of circuits in and through 
the facility. The management element of the CNCE 
provides management and control of C-E functions 
within the node. 


Communications system control 
element (CSCE) 


The actual focal point for dynamic contro! which acts 
as operations center for command system, and directs 
organic and subordinate C-E systems. It maintains the 
data base. 
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Communications system planning 
element (CSPE) 


The staff and operational planners at each element 
which provide all the long-range planning. 


Communications zone (COMMZ) 


The portion of the theater of operations that begins at 
the corps rear boundary and extends rearward to in- 
clude the area necessary to provide support to forces 
in the combat zone. The combat zone begins at the 
corps rear boundary and extends forward to the extent 
of the corps commander’s area of influence. 


Cross-training 


The systematic training of the soldier on tasks related 
to another job within the same MOS or tasks related 
to a secondary MOS within the same skill level. 


Decentralized training 


The process whereby authority and responsibility for 
the detailed planning, organizing, conducting, evalu- 
ating, and supervising of training is delegated to the 
lowest command element having the capability to man- 
age effective training. 


Echelons above corps (EAC) 


Those headquarters and organizations that normally 
operate within the theater of operations and provide 
the interface between the deployed corps and higher 
operational, lateral, and/or support headquarters, and 
respective national control authorities, to include ser- 
vice components as required. The term is generic in 
nature and does not refer to a specific level of com- 
mand. Functions provided and controlled at EAC may 
be operational, administrative, logistical, or any com- 
bination of the above. 


Electromagnetic emission control 


The control of friendly electronic emissions (for ex- 
ample, radio and radar transmissions) for the purpose 
of preventing or minimizing their use by unintended 
recipients. 


Electronic counter-countermeasures 
(ECCMs) 


That division of EW involving actions taken to ensure 
friendly effective use of the electromagnetic spectrum. 
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Electronic countermeasures (ECMs) 


That division of EW involving actions taken to prevent 
or reduce the effectiveness of enemy equipment and 
tactics employing or affected by electromagnetic ra- 
diations, and to exploit the enemy’s use of such radia- 
tions. 


Electronic deception 


The deliberate radiation, reradiation, alteration, ab- 
sorption, or reflection of electromagnetic energy in a 
manner intended to mislead an enemy in the inter- 
pretation of use of information received by the enemy’s 
electronic systems. There are three categories of de- 
ception: manipulative, imitative, and simulative. 


Electronic jamming 


The deliberate radiation, reradiation, or reflection of 
electromagnetic energy with the object of impairing 
the use of electronic devices, equipment, or systems 
being used by an enemy. 


Electronic warfare (EW) 


That division of the military use of electronics involv- 
ing actions taken to prevent or reduce an enemy’s 
effective use of radiated electromagnetic energy, and 
actions taken to ensure our own effective use of ra- 
diated electromagnetic energy. 


Electronic warfare support 
measures (ESMs) 


That division of EW involving actions taken to search 
for, intercept, locate, record, and analyze radiated 
electromagnetic energy for the purpose of exploiting 
such radiations in support of military operations. ESMs 
provide a source of EW information required to con- 
duct ECM, ECCM, threat detection, warning, avoid- 
ance, target acquisition, and homing. 


Individual training 


Training received that enables officers, NCOs, and 
soldiers to perform the specific duties and tasks related 
to their MOS and duty position. 


Institutional training 


Training, either individual or collective, conducted in 
schools (Army service school, U.S. Army Reserve 
school, NCO academy) or Army training centers. In- 
stitutions which conduct this training are referred to 
as part of the training base. 
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Link 


The existence of communications facilities between two 
points. 


Meaconing 


A deliberate effort to mislead pilots who depend on 
navigational aids for geographic orientation. Nor- 
mally, meaconing is accomplished by blotting out the 
desired signal and establishing a false beacon from 
another location. 


Military occupational specialt 
(MOS) ” p p y 


A grouping of duty positions possessing such close 
occupational or functional relationship that an optimal 
degree of interchangeability among persons so class- 
ified exists at any given level of skill. 


Net 


An organization of stations capable of direct commu- 
nications with each other using a common frequency 
or channel. 


Net control station (NCS) 


A station designated to control traffic and enforce cir- 
cuit discipline within a given net. 


Network 


In communications, an organization of stations capable 
of intercommunication but not necessarily on the same 
channel. In engineering, two or more interrelated cir- 
cuits. 


New equipment training (NET) 


Training to transfer knowledge gained during materiel 
development to trainers, users, and support personnel 
during development and fielding of new equipment. It 
has the purpose of training unit soldiers and leaders 
on operating, maintaining, and tactically employing 
the new equipment. Numbers and type of personnel 
and units to be trained are determined on a system- 
by-system basis during the NET planning process. 


New Manning System 


Name applied to the concept for the replacement of 
U.S. Army personnel. It consists of two reinforcing 
subsystems: the Cohesion, Operational Readiness, and 
Training (COHORT) Unit Replacement System and 
the U.S. Army Regimental System. 
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Performance-oriented training 


Learning by doing. Performance to standard is re- 
quired. 


Radio direction finding (RDF) 


Radio location in which only the direction of a station 
is determined by means of its emission. Since this tech- 
nique can be used against all electronic emitters, it is 
sometimes simply referred to as direction finding (DF). 


Rear eves operations center 


(RAOC 


Rear area staff responsible for planning, coordinating, 
directing, and monitoring the rear battle. 


Rear area 


The area to the rear of the main battle area where 
supply, maintenance support, communications cen- 
ters, and administrative echelons are located. The rear 
area extends from the brigade rear boundary to the 
theater rear boundary. 


Systems approach to training 


A logical process for effectively and efficiently deter- 
mining what, where, when, and how tasks should be 
taught. It consists of the five interrelated phases of 
evaluation, analysis, design, development, and imple- 
mentation. 


Supervised on-the-job training 
(SOJT) 


A training process whereby students or trainees ac- 
quire knowledge and skills through actual performance 
of duties under competent supervision, in accordance 
with an approved, planned program. 


Table of organization and 
equipment (TOE) 


A document which prescribes the normal mission, or- 
ganizational structure, personnel, and equipment re- 
quirements for a military unit and is the basis for an 
authorizations document. 


Telecommunications 


Any transmission, emission, or reception of signals, 
signs, writings, images, sounds, or information of any 
nature by wire, radio, visual, or other electromagnetic 
systems. 


Telecommunications center 


An agency charged with the responsibility for accept- 
ance, preparation for transmission, receipt, duplica- 
tion, and delivery of messages. 
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Text 


That part of a message which contains the thought or 
idea which the originator desires to be communicated. 


Traffic (communication) 


All transmitted and received messages. 


Train-up training 


Training that prepares an individual to perform tasks 
at a higher skill level in the same career management 
field. 


Tropospheric scatter 


The propagation of radio waves by scatter as a result 
of irregularities or discontinuities in the physical prop- 
erties of the troposphere. 


Type B organization 


An organization with personnel positions that can be 
filled by non-U.S. personnel. The type B column of a 
TOE lists those positions which must be filled by U.S. 
military personnel. Vacancies in this column indicate 
those positions that may be filled by non-U.S. person- 
nel in support of the Army OCONUS. 


Unit category 


A category designated in section I of the unit TOK 
that applies to the assignment of secondary missions 
(AR 310-81). 

a. Category I TOE. In consideration of the primary 
mission, tactics, and normal employment of category 
I units, category I TOE will include secondary mis- 
sions in exceptional cases only. The secondary missions 
must be directly related to, and extensions of, the 
assigned primary missions. 

6. Category II TOE. Category I] TOE will include 
limited secondary missions when the nature of the pri- 
mary missions are such that the units using the TOE 
will not be employed full time in preparing for, or 
accomplishing, the primary missions. The secondary 
missions must be related to, and extensions of, the 
assigned primary missions. 

c. Category 111 TOE. Category ITI TOE will include 
secondary missions whenever possible. The secondary 
missions must be directly related to, and extensions 
of, the assigned primary missions. 


Unit training 


Training, individual or collective, conducted in a unit. 
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Algebra SLOPES 


Summary 


The important information in this chapter is summarized below. 


Slopes Summary 


For a straight line, slope is equal to rise over run, or 


Rise _ Change iny _ Ay 


Slope = 


Run Change inx Ax 


Since slope m is a measure of the steepness of a line, a slope has the following 
characteristics: 


1. A horizontal line has zero slope. 
De A line that rises to the right of vertical has positive slope. 
A line rising to the left of vertical has negative slope. 
A vertical line has undefined slope because the calculation of the 


slope would involve division by zero (Ay/Ax approaches infinity as 
the slope approaches vertical). 
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Preface 


This manual provides doctrine for planning the employment, deployment, and 
management of Mobile Subscriber Equipment (MSE) networks. It builds on the 
knowledge the reader has acquired on MSE from attending the Signal Officer Basic 
Course (SOBC), Signal Officer Advanced Course (SOAC), and MSE System Control 
Center-2 (SCC-2) Operations Course. It focuses on MSE at corps and division levels and 
covers the intended use of equipment. Signal operations may be somewhat different from 
one unit to the next, so this manual presents various types of operations. 


Signaleers must be familiar with the doctrine described in Field Manual (FM) 100-5 and 
FM 101-5 to maximize the communications services provided by the MSE system. 


The proponent of this publication is the United States Army Signal Center. Send 
comments and recommendations on DA Form 2028 directly to Commander, United 
States Army Signal Center and Fort Gordon, ATTN: ATZH-CDD (Doctrine Branch), Fort 
Gordon, Georgia 30905-5090 or via e-mail to doctrine@emh.gordon.army.mil. Key 
comments and recommendations to pages and lines of text to which they apply. If 
DA Form 2028 is not available, a letter is acceptable. Provide reasons for your comments 
to ensure complete understanding and proper evaluation. 


Unless this publication states otherwise, masculine nouns and pronouns 
do not refer exclusively to men. 


Chapter 1 
Overview of MSE Systems 


This chapter gives a brief overview of the mobile subscriber equipment 
(MSE) systems and range extension capabilities. 


BACKGROUND 


1-1. MSE is a common-user, switched communications system of linked 
switching nodes. The nodes form a grid that provides the force with an area 
common-user system (ACUS). It is one of the major communications systems 
of an Army force at echelons corps and below (ECB). The other major 
communications systems include combat net radio (CNR) and the Enhanced 
Position Location Reporting System (EPLRS). 


1-2. The MSE system is digital, secure, and flexible. It contains features that 
compensate for link or functional element outages, overload in traffic, and 
rapid movement of users. MSE provides voice and data communications on 
an automatic, discrete-addressed, fixed-directory basis using the flood search 
routing technique. MSE supports mobile and wire subscribers with a means 
to exchange command, control, communications, computers, and intelligence 
(C41) information. A tactical packet network (TPN) is a packet switching 
network that is overlaid on the circuit-switching network of MSE. 


1-3. MSE mounts in shelters on high mobility multipurpose wheeled vehicles 
(HMMWVs) and is easily transportable by roll-on and roll-off aircraft. 
Organic tactical satellite (TACSAT) equipment and tropospheric scatter 
(tropo) equipment provide range extension capabilities for MSE. Range 
extension improves the employment capability of MSE. 


1-4. Integrated system control (ISYSCON) enhances the system control 
(SYSCON) component of MSE. ISYSCON provides the signal commander and 
his staff with an automated capability to plan, engineer, and operate all 
communications systems and networks available to the signal force. 
ISYSCON also integrates the signal force structure into the Army Battle 
Command System (ABCS) to support mission plan management (MPM). 


EMPLOYMENT 


1-5. MSE can support a corps of five divisions in an area of operations (AO) 
up to 15,000 square miles by forming a grid network. For a division, the MSE 
grid consists of four to six node centers (NCs) that make up the backbone of 
the network. For the corps, the grid consists of 22 NCs. Throughout the 
maneuver area, subscribers connect to the small extension nodes/large 
extension nodes (SENs/LENs) by radio or wire. These extension nodes serve 
as local call switching centers and provide access to the network by 
connecting to the node center switch (NCS) at the NC. 
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1-6. The TPN supports data communications within the corps, joint task 
force (JTF), adjacent forces, echelons above corps (EAC) assets, North 
Atlantic Treaty Organization (NATO) forces, and commercial networks. See 
Appendix A for MSE symbology and equipment nomenclature. 


MAJOR COMPONENTS 


NC 


1-7. MSE has various integrated components to ensure mobile and static 
subscribers have voice, data, and facsimile capabilities. These capabilities 
support the subscribers’ communications no matter where they are in the 
MSE grid network of the AO. MSE major components include— 

¢ NC. 


e =6©LEN. 

e =6SEN. 

e Radio access unit (RAU). 
e ISYSCON. 


e System control center-2 (SCC-2). 

e = Line-of-sight (LOS) radio system (components of the switches). 
e Subscriber terminals. 

e Mobile subscriber radiotelephone terminal (MSRT). 


1-8. NCs provide key switching, traffic control, and access points for MSE. 
After determining the coverage area, NCs are allocated to establish a corps 
MSE grid network. NCs are primarily linked by LOS radios to provide 
communications throughout the system via the NCS. TACSAT and tropo are 
connected to the NCs by cable. If one NC is disabled, the system 
automatically routes communications through another NC. 


1-9. The NCS serves as an access point for LENs, SENs, RAUs, SCC-2s, and 
ISYSCON. Figure 1-1 shows NCS features. The NCS is the hub of the MSE 
node and provides network interface for subscriber access elements. It 
provides automatic subscriber finding features that allow permanent address 
assignment and removes the requirement of knowing where the subscriber is 
physically located. It is contained in three S-250 shelters: the switching 
group, the operations group, and the node management facility (NMF). Each 
shelter is mounted on an M-1097 HMMWV. The switching group provides the 
external interface, circuit switching, and associated functions. The operations 
group provides central processing and operator interface functions. 
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LEN 


NCS, AN/TTC-47 


Switching Group, ON-306/AN/TTC-47 
Operations Group, OL-413/AN/TTC-47 
NMF, AN/TSQ-154 


One gateway packet switch per NCS 

Two LAN ports (both 802.3 and X.25) 

64 trunks of 16 kbps each on the 1024 kbps trunk group 
between one NCS and another 


External terminations 


Digital: Trunks and local loops 
Analog: NATO applications 
16 DTGs, 15 of which are encrypted by TEDs 


Five internodal. 
Six SEN TGCs (two local) 


Two RAU TGCs (one local) 


Four DTGs assignable to any combination of internodal, LEN, SEN, 
SCC-2, or RAU TGCs 


24 local loops for digital telephones 
10 kW diesel generator, PU-753/M or PU-798 


Figure 1-1. NCS Features 


1-10. The LEN provides wired communications for personnel at large 
command posts (CPs). A LEN enables up to 164 wired subscribers to 
communicate freely through the large extension node switch (LENS) using 
automatic flood search routing. Subscribers have access to the NCs and to the 
rest of MSE via LOS radios that connect to the LENS by cable or super high 
frequency (SHF) radio systems. Figure 1-2 gives the LENS features. 


1-11. The LENS also provides automatic subscriber finding features that 
allow permanent subscriber address assignment and removes the 
requirement of knowing where the subscriber is physically located. It consists 
of two S-250 shelters containing a switching group and an operations group. 
Each shelter is mounted on an M-1097 HMMWV. The LENS is configured 
basically the same as the NCS. Differences include the configurations for 
terminating trunks. The LEN is not a tandem switch because it is not used 
primarily as an intermediate switching point between other switching 
centers. The LENS supports flood search routing. The switching group 
provides the external interface, circuit switching, and associated functions. 
The operations group provides central processing and operator interface 
functions. The LENSs can enable CNR users to enter the MSE network and 
can provide access to commercial networks. 
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SEN 


LENS, AN/TCC-46 


Switching Group, ON-305/AN/TTC-46 
Operations Group, OL-412/AN/TTC-46 


TPN 


Two packet switches per LENS 

Four LAN ports (both 802.3 and X.25) 

Seven conditioned diphase X.25 ports 

32 trunks of 16 kbps each or two 512 kbps trunk groups between the 
LEN and two NCSs 


External terminations 


Digital: Trunks and local terminations 
Analog: Commercial telephone 


Three DTGs encrypted by TEDs, KG-194A 


Two DTGs to two different NCs 
One DTG assignable to a SEN 


CNR interface capability 
10 kW diesel generator, PU-753/M or PU-798 


Figure 1-2. LENS Features 


1-12. The SEN supports the communications needs of smaller CPs. The 
AN/TTC-48(V1) can support 26 wired subscribers and the (V2) can support 41 
subscribers. Users have access to NCs and to the rest of MSE via LOS radios 
that connect to the small extension node switch (SENS) by cable or SHF radio 
systems. Figure 1-3 gives SENS features. 


1-13. The SEN also provides automatic subscriber finding features when 
connected to an NCS or a LEN. These features allow permanent subscriber 
address assignment, and they remove the requirement of knowing where the 
subscriber is physically located. The SEN is in one S-250E shelter mounted 
on an M-1097 HMMWV. The SEN consists of switching, multiplexing, and 
communications security (COMSEC) equipment. It is available in two 
versions: (V1) and (V2). Both versions provide two commercial office 
interfaces and a secure digital net radio interface (SDNRI) using the SDNRI 
unit (SDNRIU), KY-90. The SENS interfaces with the NCS and LENS 
directly via CX-11230A/G cable, LOS multichannel radio, or multichannel 
TACSAT. 


INTERPOLATION AND EXTRAPOLATION Algebra 


INTERPOLATION AND EXTRAPOLATION 


This chapter covers the use of interpolation and extrapolation to solve for 
unknowns on various types of graphs. 


EO 1.17 Given a graph, SOLVE for the unknown using 
extrapolation. 


EO 1.18 Given a graph, SOLVE for the unknown using 
interpolation. 


Definitions 


Interpolation Interpolation is the process of obtaining a value from a graph or table that is 
located between major points given, or between data points plotted. A ratio 
process is usually used to obtain the value. 


Extrapolation Extrapolation is the process of obtaining a value from a chart or graph that 
extends beyond the given data. The "trend" of the data is extended past the last 
point given and an estimate made of the value. 


Interpolation and Extrapolation 


Developing a curve from a set of data provides the student with the opportunity to interpolate 
between given data points. Using the curve in the following example, the value of the dependent 
variable at 4.5 can be estimated by interpolating on the curve between the two data points given, 
resulting in the value of 32. Note that the interpolation is the process of obtaining a value on 
the plotted graph that lies between two given data points. Extrapolation is the process in which 
information is gained from plotted data by extending the data curve beyond the points of given 
data (using the basic shape of the curve as a guide), and then estimating the value of a given 
point by using the extended (extrapolated) curve as the source. The above principles are 
illustrated in the example that follows. 
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RAU 


SENS, AN/TCC-48 


One packet switch per SENS 

Two LAN ports (both 802.3 and X.25) 

Five conditioned diphase X.25 ports 

16 trunks of 16 kbps each on the 256 kbps trunk group betwee 
the NCSs or LEN 


External terminations 
e Digital: Trunks and local terminations 
e Analog: Commercial telephone 


Two digital switch versions: 
e Switch V1: 26 digital terminations 
e Switch V2: 41 digital terminations 


Two small switchboards (SB-4303) 


One DTG 
e §=Switch V1: 12 channels to NC or LEN 
e = Switch V2: 15 channels to NC or LEN 
e Two commercial drops 


CNR interface capability 
10 kW diesel generator, PU-753/M 


Figure 1-3. SENS Features 


1-14. The RAU picks up signals from the MSRT and sends them to the NCs. 
When a mobile user moves out of range of one RAU and into another, the 
telephone service automatically transfers to the next (new) and into the 
range of another RAU, thus providing automatic reaffiliation. Any 
subsequent calls will be placed through the system via the new RAU 
ensuring full and continuous functional affiliation throughout the AO. Figure 
1-4 gives RAU features. 


1-15. The RAU, AN/TRC-191, is a fully automatic radio interface for MSRT 
subscribers. The RAU connects directly to the NC by cable or remotely via 
LOS radio. Through the parent NC, the local RAU provides radio coverage by 
automatically establishing secure and full-duplex communications between 
the MSRT and the MSE network. The planning range between the MSRT 
and RAU is 15 kilometers (9.3 miles). Terrain and weather will affect the 
actual range. 
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ISYSCON 


RAU, AN/TRC-191 


Eight digital radios, RT-1539 
Capacity of eight simultaneous MSRT calls 
One DTG of 256 kbps using 10 channels to NC 


Frequency range 
OCONUS: 30-88 MHz 
CONUS: 30-50 MHz 


30-35 MHz low band 
40-45 MHz high band 


Full duplex (uses high band/low band concept for simultaneous transmit/ 
receive) 


5 kW diesel generator, PU-751/M or PU-797 


Figure 1-4. RAU Features 


1-16. ISYSCON enables the commander to interact with ABCS by 
exchanging common battle command information with the force commander 
and his staff and by exchanging communications information with maneuver 
force signal officers. ISYSCON uses common hardware and software (CHS) 
for its workstations. The software meets the Department Information 
Infrastructure (DII) common operating environment (COE) standards for 
information exchange. ISYSCON is a suite of hardware and software in an S- 
250 or a standard integrated command post system (SICPS) shelter, and it is 
transported by heavy HMMWVs. 


1-17. ISYSCON extends to other ISYSCONs through the NC from ECB to 
EAC providing a complete, integrated network picture. ISYSCON will also 
extend to the Theater Signal Command (Army) (TSC(A)) ISYSCON and to 
the Joint Network Management System (JNMS). ISYSCON provides the 
tools to perform the information management process by automating the 
following functions: 


e Network planning and engineering (NPE). 
e Wide area network (WAN) management. 

e MPM. 

e Battlefield spectrum management (BSM). 
e COMSEC management. 

e System administration. 


e Local area management (LAN). 
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SCC-2 
1-18. The existing MSE SYSCON capability is the SCC-2, AN/TYQ-46(V). It 
monitors, manages, and configures the MSE network (voice and data) for 
optimum communications. Figure 1-5 gives SCC-2 features and capabilities. 


SCC-2, AN/TYQ-46(V) 


Large-screen display 
Digitized topographical maps 
TPN management/planning 


Frequency management/planning/distribution 


Automatic updating of standby SCC-2 


Figure 1-5. SCC-2 Features and Capabilities 


1-19. The SCC-2 is an integrated, computerized communications control 
system that provides automated, near real-time system control to support 
planning, configuring, reconfiguring, and monitoring the operation and 
movement of MSE assets. The SCC-2 normally connects to an NCS or LENS 
using CX-11230A/G pulse code modulation (PCM) cable. 


1-20. The SCC-2 comes in two versions: (V1) and (V2). Version 1 at corps 
consists of three shelters: one technical and two management/planning 
shelters. Version 2 is a stand-alone workstation for the corps area and 
support signal battalions. The SCC-2 at division consists of two shelters: one 
technical and one management/planning. 


1-21. The technical shelter contains a network management center (NMC) 
workstation and a technical workstation that provides a near real-time 
graphic display of the MSE network. The NMC monitors and controls the 
TPN. The primary function of the technical workstation is to monitor and to 
assign management functions. The network planners working inside the 
management/planning shelter complete the following functions— 


¢ Deployment management. 

e SCC-2 supervision and management. 

e Boundaries management. 

e COMSEC key management. 

e Very high frequency (VHF) management. 

e Ultra high frequency (UHF)/SHF management. 
e Subscriber database management. 

¢ Message management. 


1-22. The management/planning shelter houses two system management 
workstations. These workstations provide a near real-time graphic display of 
the MSE network and the automated tools necessary to create and change 
databases required for MSE operations. 
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1-23. The network planning tool (NPT) with its planning and management 
functions supports the SCC-2. The NPT provides improved NPE and 
operational automated information management capabilities. The enhanced 
NPE and operational functions of the NPT include— 


e Environmental parameters. 

e §6Digitized mapping. 

e Radio/antenna system engineering. 

e Terrain analysis profiling. 

e System asset placement. 

e Frequency assignment management (VHF, UHF, SHF). 

e Team information. 

e One-on-one interference analysis. 

e =6Electronic warfare (EW) threat analysis. 

e Subscriber list management. 

e Word processing program. 

e Spreadsheet program. 

e Electronic mail (e-mail) program. 

e Packet network monitoring. 
1-24. The SCC-2 includes the following functional software tools: 

e NPE for MSE assets. 

e BSM. 

e MSE WAN management. 

e System administration. 

e = =E-mail. 
1-25. The ISYSCON program will field the system in a variety of 
configurations. The ISYSCON(V1) will consist of two servers, four 
workstations, and ten remotes. The ISYSCON(V1) will reside at the corps 
signal brigade and the division signal battalions. The ISYSCON(V2) will 
consist of two servers, two workstations, and five remotes. The ISYSCON(V2) 


will reside at the corps area signal battalion. The ISYSCON(V1) will replace 
the SCC-2. 


LOS RADIO SYSTEM 


1-26. The LOS radio system consists of versatile links that connect all NCs in 
a grid network and provides automatic switched services to all wire and 
mobile subscribers. This radio grid delivers wireless communications to areas 
covering thousands of square kilometers. The LOS radio system, AN/TRC- 
190(V), has four versions. Figure 1-6 shows its design features. 
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LOS Radio, AN/TRC-190(V) 


Radio, AN/GRC-226(V) equipped with a digital group multiplexer 


Two NATO frequency bands 
e =Band 1: 225-400 MHz 
e Band 3: 1350-1850 MHz 


Nominal range: 25-40 kilometers 
5 kW diesel generator, PU-751/M 


Four versions 
e AN/TRC-190(V1) 
e AN/TRC-190(V2) 
e AN/TRC-190(V3) 
e AN/TRC-190(V4) 


Figure 1-6. LOS Radio Features 


1-27. The AN/TRC-190(V1) is an LOS multichannel radio terminal. It 
provides point-to-point UHF radio links using the AN/GRC-226(P) radio set 
between various nodes of the MSE system. If the AN/TRC-190(V1) has an 
AN/GRC-224(P) radio set installed, it can provide a short-range and a point- 
to-point SHF radio link. The SHF radio functions as a short-range, down-the- 
hill (DTH) radio providing a low signature connection between the sheltered 
CP site and the more exposed LOS terminal site. Each radio link supports a 
single, full-duplex, group-level connection and a single digital voice orderwire 
(DVOW) channel. The (V1) is equipped with one AB-1339 mast with Band I 
and Band III antennas. The planning range of the UHF radio is 40 
kilometers (28 miles). The (V1) typically deploys with the SENS or remote 
RAU. 


1-28. The AN/TRC-190(V2) is an LOS multichannel radio terminal. It 
provides point-to-point UHF radio links using the AN/GRC-226(P) radio set 
between various nodes of the MSE system. If the AN/TRC-190(V2) has an 
AN/GRC-224(P) radio set installed, it can provide a short-range and a point- 
to-point SHF radio link. The SHF radio set operates in tandem with the 
primary UHF radio link. Each radio link supports a single, full-duplex, 
group-level connection and a single DVOW channel. The (V2) is equipped 
with two AN/GRC-226(P) radio sets (one on-line and one spare) and one AB- 
1339 mast with Band I and Band HI antennas. The planning range of the 
UHF radio is 40 kilometers (28 miles). The (V2) typically deploys as an 
analog interface to NATO forces. 


1-29. The AN/TRC-190(V3) is an LOS multichannel radio terminal. It 
provides point-to-point UHF radio links using the AN/GRC-226(P) radio set 
between various nodes of the MSE system. If the AN/TRC-190(V3) has an 
AN/GRC-224(P) radio set installed, it can provide a short-range and a point- 
to-point SHF radio link. The SHF radio set operates in tandem with the 
primary UHF radio link. The SHF radio functions as a short-range radio link 
providing connectivity for CPs. Each radio link supports a single, full-duplex, 
group-level connection and a single DVOW channel. The (V3) is equipped 
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MSRT 


with four AN/GRC-226(P) radio sets (two on-line and one spare) and three 
AB-1339 masts with two Band I and two Band III antennas. The planning 
range of the UHF radio is 40 kilometers (28 miles). The (V3) typically deploys 
with the NCS and is a radio relay. 


1-30. The AN/TRC-190(V4) is an LOS multichannel radio terminal. It 
provides point-to-point UHF radio links using the AN/GRC-226(P) radio set 
between various nodes of the MSE system. Each radio link supports a single, 
full-duplex, group-level connection and a single DVOW channel. If the 
AN/TRC-190(V4) has an AN/GRC-224(P) radio set installed, it can provide a 
short-range, DTH, and a point-to-point SHF radio link. The (V4) is equipped 
with two AN/GRC-226(P) radio sets (two on-line) and two AB-1339 masts 
with Band I and Band III antennas. The planning range of the UHF radio is 
40 kilometers (28 miles). The (V4) typically deploys with the LENS. 


1-31. MSE network users gain mobile access using the MSRT (AN/VRC-97) 
through the RAU by affiliating onto the network. MSRTs can receive or send 
voice, facsimile, or data traffic. The planning range between the MSRT and 
RAU is 15 kilometers (9.3 miles). Terrain and weather will affect the actual 
range. 


SUBSCRIBER TERMINALS 


1-32. MSE users initiate and end all communications by using subscriber 
terminals. The terminals are described below. 


1-33. The digital nonsecure voice terminal (DNVT), TA-1035-U, provides 
voice and data access to the MSE network. Its features include— 


e Handset. 
e Keypad. 
e Digital transmission (16 kilobits per second (kbps)). 
e Four wire with data port to interface with computer/facsimile (FAX). 
e Compatibility with other terminals. 
1-34. The digital subscriber voice terminal (DSVT), KY-68, provides secure 


access to MSE for all mobile or fixed subscribers. It functions closely to the 
DNVT, and its features are the same. 


1-35. The FAX terminal, AN/UXC-7, transmits critical information such as 
overlays, diagrams, and handwritten messages over the system in seconds. 
Ruggedized versions are usable with both DNVTs and DSVTs. Its features 
include— 


e Digital transmission (16 kbps). 

e Black and white copy with eight shades of gray. 
e Standard issue paper usage. 

e Embedded memory with burst transmission. 

e NATO interoperable. 
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FORCE ENTRY SWITCH (FES) 

1-36. The FES combines the essential functions of the NCS/LEN/NMF 
shelters and a RAU in one shelter. The FES combined with an LOS 
AN/TRC-198 comprises the contingency communications package (CCP). The 
connections between the FES and the LOS are by cable since no SHF is 
supplied. The FES has packet switch capability, but it has no gateway 
function. Therefore, it has no direct connections to adjacent corps or EAC. 
The FES can be operator-controlled outside the shelter by a dismountable 
node management facility (DNMF) remote terminal. Figure 1-7 gives the FES 
features. 


One packet switch 

Ports for two LANs and six X.25 local hosts 
One dial-in port 

Dismounted CNR interface 


Downsized RAU capability for up to 25 subscribers 


Figure 1-7. FES Features 


1-37. The FES provides full flood search capability via the downsize routing 
subsystem (RSS-D), an SHF interface capability, and a DSVT in the truck. 
The line termination unit (LTU) provides modem/multiplex functions for the 
local subscriber interface and is equipped with a rear terminal board to 
permit direct connections instead of the J-1077. 


1-38. The LOS AN/TRC-198 is similar to an LOS(V3), except that the LOS 
AN/TRC-198 UHF radios operate on three separate link connections to the 
FES (no multiplex) and all links operate on either band. 


MSE RANGE EXTENSION 

1-39. The corps signal brigade has a range extension company that allows 
the grid network to flex with the dynamics of rapidly changing tactical 
operations. Range-extension packages are organic to this company and deploy 
according to mission, enemy, terrain, troops, and time available (METT-T) 
needs. The range extension company has one TACSAT platoon and four tropo 
platoons. Range-extension packages have two transmission media forms: 
TACSAT and light tropo. Both are vehicular mounted, air transportable, and 
have multichannel capability. Satellite availability determines the TACSAT 
range. The tropo range is about 160.9 kilometers (100 miles). 


Chapter 2 
How to Fight with MSE 


This chapter gives an architectural overview of the MSE system, and 
covers the doctrinal and technical impacts it creates. It also covers the 
techniques and procedures for tactical MSE employment which establish 
its use as a combat multiplier. Success during the full range of military 
operations, including military operations other than war (MOOTW), 
requires synchronization to support the requirements of all automated 
information systems (AISs). MSE provides a flexible, secure, and reliable 
means for the warfighter to synchronize the activities of his force. 


MSE ARCHITECTURE 


2-1. As the corps commander maneuvers combat units, the MSE network 
deploys to support these elements. The direction of maneuver and the 
location of combat, combat support (CS), and combat service support (CSS) 
units dictate the placement of communications units. MSE supports force 
subscribers at echelons from corps through battalion CPs. However, as the 
mission dictates, MSE will provide air defense artillery (ADA) support to 
elements lower than battalion echelons. 


2-2. The MSE network is a nodal switched voice and data communications 
system that is extended by a radiotelephone to provide area coverage. MSE is 
part of a three-tier communications network. It ties into the Tri-Service 
Tactical Communications (TRI-TAC) tier supporting the EAC network at 
selected NCs. MSE also provides CNR users with an interface to the ACUS 
via SDNRIU. This capability links Single-Channel Ground and Airborne 
Radio System (SINCGARS) users with telephone subscribers which provides 
an added method of communication for maneuver units. FM 11-32 covers the 
planning and operation of the SDNRI capability. Figure 2-1 shows the 
architecture of the MSE network. 


2-3. NCSs are arrayed from the corps rear boundary forward to the 
maneuver brigade based on geographic and subscriber density factors. NCSs 
provide the entire corps with connectivity and switching capability. NCs are 
somewhat independent of the existing command structures. Normally, not all 
NCs are committed at any given time. This gives SYSCON the flexibility to 
change MSE to meet the operational mission. The corps signal brigade can 
deploy 22 NCs, and each division signal battalion can deploy 4 to 6 NCs. Each 
NC must connect to at least 3 other NCs to provide route path survivability. 
This forms the backbone grid network. 
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ADJACENT 
INSTALL INTERNODAL LINKS DIVISION 


ADJACENT 
CORPS 


ADJACENT 


Depicts NC Backbone 


O rw 
ADJACENT 


Area Node DIVISION 
TTC-39A(V1) 


Figure 2-1. MSE System Architecture 


2-4. The standard five-division corps MSE network can serve up to 26,100 
subscribers from battalion through corps. This includes— 


¢ 8,200 DNVT subscribers. 
e 1,900 MSRT subscribers. 
e 16,000 data subscribers. 
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2-5. Figure 2-2 shows the MSE architecture divided into three layers. The 
upper layer is backbone structure that consists of interconnected NCs. The 
middle layer consists of LENs and SENs that provide CPs with network 
access. The bottom layer consists of static (wire line) and mobile subscribers. 
Up to 264 SENs and 9 LENs can deploy to support the corps. Typically, a 
SEN serves a brigade headquarters, separate battalion, or CP. Each of the 
112 RAUs (13 in each division and 47 in the corps) support from 20 to 25 
mobile subscribers. 


ASy. 
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Mm — Backbone Structure 
= Active Link 
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a 


Figure 2-2. MSE Architecture Layers 


Algebra INTERPOLATION AND EXTRAPOLATION 


Example: 
Given equation y = x? + 2x + 3: 
Plot the curve for x from 0 to 5. 
Extrapolate the curve and give the value of y at x = 6. 
Put 6 into the equation evaluating y, then compare the values. 
Interpolate the curve at x = 4.5. 


Put 4.5 into the equation evaluating y, then compare the values. 


Extrapolating x = 6 gives a value of y = 48. 
Using the equation, the actual value of y is 51. 
Interpolating x = 4.5 gives a value of y = 32. 


Using the equation, the actual value of y is 32.25. 
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2-6. The NCs serve as hubs for the entire nodal system. The LENs and SENs 
are extension nodes that branch off these NCs. The extension nodes provide 
voice, data, and facsimile communications to corps, division, and brigade CPs. 
LOS UHF radio links provide connectivity among NCs and from NCs to 
LENs and SENs. This architecture furnishes all MSE subscribers with 
automatic switching. Each NCS platoon has net radio interface (NRD) 
capabilities. 


2-7. A five-division corps MSE network has seven SCC-2s, two at the corps 
signal brigade headquarters and one each in the division signal battalions. 
The SCC-2 determines, with input from unit deputy G6/S6, where the NRI 
can best serve the subscriber. A LEN or SEN can have the NRI installed. The 
SCC-2 is an integral element of SYSCON. The SCC-2 directs network 
management and connects to host NCs by cable. 


2-8. Mobile subscribers with MSRTs can access the MSE network via a RAU. 
Any subscriber in the network can be called by simply dialing the subscribers’ 
number regardless of location. The mobile subscriber can talk while on the 
move, as long as one of the corps deployed RAUs is providing radio coverage. 
While moving from one RAU’s range to another, the MSRT in the users 
vehicle automatically searches for the nearest RAU’s beacon signal to 
maintain affiliation. This does not require operator intervention. 


DOCTRINAL IMPACTS 


2-9. MSE supports the corps and divisions’ communications requirements on 
the battlefield. MSE also provides links with the theater communications 
system and to EAC elements, as required. MSE furnishes CP 
communications to maneuver brigades and mobile subscriber radiotelephone 
service to maneuver battalions well forward into the maneuver area. It 
provides continuous and in-depth communications during force and CP 
movement. MSE small wire and cable requirements reduce CP setup and tear 
down times. Flood search ensures network survivability in spite of damage, 
overload, and changes in subscriber locations. The RAU provides MSRT 
connectivity for mobile subscribers when extension nodes and CPs move. 


2-10. MSE provides improved network access for units due to the increase of 
node entry points over the previous ACUS. Units no longer need to cluster 
together for system service as before. The essential user bypass (EUB) allows 
continued subscriber services for critical users if their parent NCS cannot 
provide call processing. Centralized network management helps the corps 
signal brigade commander maintain technical control (TECHCON) over all 
corps assets. Uniform technical operating standards for the corps network 
must be developed through effective standing operating procedures (SOPs). A 
solid working relationship among corps, division, and maneuver brigade 
signal planning staffs is crucial for success. 


2-11. MSE provides a seamless network between corps and divisions. 
Common equipment and team structure allow corps elements to reinforce 
division units. Signal planners must deploy MSE assets to best support the 
intent of the corps and division commanders. The corps often operates in 
division areas, proving the need for uniform SOPs throughout the corps. 
Subscriber equipment is user owned and operated. The signal battalion or 
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brigade is not responsible for customer education; however, signal officers 
should be prepared to advise on how to accomplish customer education. 


2-12. The maneuver brigade/battalion S6 performs critical functions for 
signal network managers. These functions include— 
e Training users. 


e Defining customer needs. 

e Coordinating detailed unit communications and data requirements. 
e §6Distributing COMSEC keys and frequencies. 

e Identifying subscriber problems accurately. 

e Ensuring troubleshooting is a coordinated effort. 

e Ensuring subscribers install WF-16 field wire properly. 


e Coordinating all jump locations 


2-13. The NPT provides automation support for many signal planning and 
engineering functions. These include profiling, producing annexes for 
operation orders (OPORDs) and fragmentary orders (FRAGOs), frequency 
management, some network functions, some equipment/team status 
functions, and some COMSEC functions. The SCC-2 further enhances the 
NPE capability and provides for MPM. Effective MPM depends on 
exchanging information between all signal staffs. Signal support platoon 
leaders and the S6 customers must maintain a close working relationship to 
provide efficient communications service. 


TECHNICAL IMPACTS 


2-14. In the MSE system, the hardware and software determine call routing, 
switch trunk capacity, and signaling characteristics. This allows signal 
planners to manage more assets. Only in special cases (such as non-MSE 
gateways) do signal planners make these decisions. 


2-15. Flood search routing will automatically route calls over the most 
optimum path on a call-by-call basis between any two end points within the 
area of coverage. This omits the need for switch routing tables. When a call 
request is not on the switch’s directory list, a call initiate search message for 
that number is sent out to each adjacent NCS and LENS. Thus, the 
procedures discussed below are implemented. 


2-16. Each NCS/LEN receiving a search message checks its subscriber 
affiliation table for the called directory number. If the called party is not 
affiliated at that switch, the search message is automatically forwarded to all 
other connected NCSs. 


2-17. Then, the NCS marks the path (but does not reserve it) for possible 
routing. However, the LEN does not forward search messages received from 
NCSs. This prevents tandem traffic through the LEN. At the terminating 
switch, where the called party is affiliated, a return message is sent back 
toward the originating switch over the marked routing path. The originating 
switch then broadcasts end-of-routing messages to all connected nodes. In 
turn, the uninvolved switches in the marked path can clear their routing 
registers of the call attempt. 
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2-18. Imposed restrictions on the broadcast of search messages regulate 
networkwide traffic and provide call precedence. A threshold level is 
periodically determined for each interswitch link. Search messages are sent 
only if the precedence level is equal to or higher than the current threshold 
level for that link. Search messages are sent to connected switches in a most- 
idle or preemptable-trunk order that automatically selects the route. This 
reduces network congestion. A search message is never sent over a link in 
which trunks are not available. 


2-19. Common-user switching uses a fixed numbering plan; however, units 
must maintain and publish directories. 


2-20. The MSE network has a packet switch network overlay called the TPN. 
It provides needed data communications in the tactical environment at ECB. 
The TPN is fully compliant with the US Army’s packet switch network. The 
TPN is overlaid on the voice network without competing for access needed to 
maintain MSE voice traffic. 


2-21. MSE meets the requirements to interface with other communications 
systems. See Appendix B for a detailed discussion of MSE interoperability. 
These systems include— 


e The Improved Army Tactical Communications System (IATACS). 

e The TRI-TAC system. 

e The Tactical Internet (TD. 

e Joint services. 

e Data communications systems. 

e NATO systems. 

e §6Allied military systems. 

e Host-nation commercial telephone systems. 

e The Defense Information System Network (DISN). 
2-22. Signal network planners and managers must have a clear 
understanding of MSE capabilities and limitations. TM 11-5800-216-10 
volumes 1 through 4 contain technical information on MSE for planners and 
managers. MSE assemblages meet the roll-on/roll-off requirement for air 


movement. Existing aircraft can transport HMMWV mounted shelters 
without structure or weight changes. 


TASK ORGANIZATION 


2-23. Signal assets should organize early in the planning process and should 
deploy with their supported organization when appropriate. This ensures an 
understanding of en route mission planning changes and provides immediate 
communications to the supported unit. All units will have their SEN teams 
linked before deploying. Selected CPs that depart ahead of all other assets 
should link with their SEN teams before leaving their home station. The 
maturity of the theater of operations will assist in determining the best 
course of action for supporting the supported unit’s communications needs. 
Corps signal assets attached to division units should link as soon as possible. 
However, signal planners must still consider the immature-theater and early 
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entry at EAC and ECB. Task organizing too early may limit flexibility if the 
main effort shifts from one maneuver unit to another. Pre-task organized 
units IAW their SOP will minimize any risks. A solid understanding of the 
corps’ contingency plans (CONPLANSs) is imperative to ensure all prospects 
are considered before attaching significant numbers of communications 
assets to any single division. 


WEIGHTING THE MAIN ATTACK 


2-24. The main attack must be weighted and can be done in many ways. 
Weighting can be obtained by the direct support (DS) of additional NCs from 
corps to division, DS of medium- and long-haul communications assets, 
placement of additional assets in certain areas, and increasing network 
connectivity. The theory is that it is easier to move a pre-positioned NC than 
to jump one currently in use. However, an NC from another division can be 
attached under the direction of the G3, if required. Then, the intent is to 
leapfrog NCs to keep up with the tempo of the battle as shown in Figure 2-3. 


RELIEF IN PLACE 


LEAPFROG 
IN-ECHELON 
SECTOR 


LEAPFROG 
OUT-OF-ECHELON 
SECTOR 


Figure 2-3. Maneuver (Weighting the Main Attack) 


2-25. Tropo and multichannel satellite terminals can terminate or extend 
special circuits. They also can terminate long locals or dial and hold circuits 
from EAC or joint service switches. These circuits include— 


e Tactical Data Information Link (TADIL) to support ADA data 
transfer. 


e Contingency Tactical Air Control Planning System (CTAPS). 
e Secure Internet Protocol Router Network (SIPRNET). 
e Nonsecure Internet Protocol Router Network (NIPRNET). 
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e Joint Worldwide Intelligence Community System (JWICS). 
e Automatic Digital Network (AUTODIN). 

e DISN. 

e Defense Messaging System (DMS), when fielded. 

¢ Global Command and Control System-Army (GCCS-A). 


COMMAND RELATIONSHIPS 


ATTACHED 


OPCON 


2-26. Signal units must clearly understand the doctrinal terminology for 
command relationships. FM 101-5-1 provides the Army definition for these 
important terms. In most cases, the Army definition applies directly to signal 
units. The terms attached and operational control (OPCON) are standard 
Army terms. TECHCON is a new term that describes the situation unique to 
signal operations. The terms are defined below. 


2-27. In signal operations, a signal company from a corps signal battalion 
may attach to a division signal battalion. The gaining commander exercises 
the same degree of command and control (C2) and the responsibility for the 
attached unit, as he does over units organic to his command. Attachment 
orders must clearly state additional responsibilities, such as the Uniform 
Code of Military Justice (UCMJ) and administrative and _ support 
responsibilities. When medium- or long-haul communications assets are 
attached to division signal battalions from corps signal units, the gaining 
commander maintains authority for their employment. While attachment is 
usually temporary, careful consideration must be used in determining when 
to attach signal assets. Once employed on the battlefield and integrated into 
the network, it is not easy to shift control of previously attached units 
immediately upon the revocation of attachment orders. 


2-28. This is the authority delegated to a commander to direct forces 
assigned so the commander may accomplish specific missions or tasks that 
are usually limited by function, time, or location; to deploy units concerned, 
and to retain or assign tactical control of those units. Signal units primarily 
use OPCON for movement. From both a division and corps perspective, NCs 
are OPCONed to maneuver brigades, armored cavalry regiments (ACRs), or 
other units for movement only. This occurs when these units are responsible 
for movement along designated routes or corridors and must control all units 
in their area for movement. Once NCs move forward and position in their 
designated locations, the OPCON relationship terminates. Usually, OPCON 
is not used for any other purposes. 
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TECHCON 


2-29. In signal operations, TECHCON provides the authority to control the 
technical aspects of the engineering and operation of the assigned portion of a 
communications network. There are several applications of TECHCON. NCs 
have control over all links coming from their extension nodes and remote 
RAUs. The link designator establishes control of internodal links. For 
example, if the link designator for an internodal link is 0712, then NC 07 is 
the controlling end of the link and has master control over the link. NCs can 
be placed under battalion control (BATCON) of a signal battalion that is not 
its parent. For instance, an NC from a corps signal battalion is placed under 
the control of a different battalion and is considered TECHCONed to that 
battalion. TECHCON gives the controlling battalion the authority over all 
technical aspects of the NC operation. The term BATCON applies to the S3 
staff operations of the battalions making up the corps signal brigade. The 
controlling battalion under the area support concept normally provides 
logistical support. 


SUPPORT RELATIONSHIPS 


DS 


GS 


2-30. Signal units must clearly understand doctrinal terminology for support 
relationships. Effective support relationships are critical to the sustainment 
of an effective communications network. FM 101-5-1 provides the Army 
definition for these important terms. DS and general support (GS) are 
defined below. 


2-31. In managing all communications networks, DS relationships are 
frequently established. The doctrinal definition applies. Communications 
assets can be placed in DS of other signal units. SENs are provided logistical 
support by the supporting unit, but remain under the TECHCON of their 
unit. Logistical support from the supported unit is typically coordinated on a 
case by case basis. 


2-32. All NCs, remote RAUs, and their associated transmission media are in 
GS of the corps or division. By definition, signal units who employ assets in 
the network provide support to the total force and not to any particular 
subdivision of the supported unit. Subordinate units of the corps and division 
do not control signal assets that are in GS of the corps or division. 


OFFENSIVE OPERATIONS 


2-33. All operations are generally phased, and communications support for 
each phase depends on many considerations. Different types of offensive 
operations will dictate certain levels and types of support as shown below. 
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PLANNING 


EXECUTION 


2-34. In preparing for offensive operations, division signal units should 
maintain uploaded NCs ready for rapid movement behind the lead attack 
elements. When possible, nodes and remote RAUs are positioned behind the 
forward line of own troops (FLOT) far enough to protect them from threat 
tube artillery. S2 staffs focus on threat artillery to minimize the threat to 
assets. Remote RAUs are positioned forward to provide MSRT coverage to 
maneuver battalion CPs. Maximum use of corps nodes in division areas 
provides the springboard for the attack division to employ its MSE assets for 
the offensive operation. 


2-35. During the attack, NCs follow advancing maneuver brigades with 
known locations for emplacement. Several possible locations should be 
identified to cover contingencies. Frequency modulated (FM) radios or single- 
channel satellites will be the primary means of communications on-the-move. 
In certain cases, remote RAUs will provide some MSRT coverage if 
connectivity to a node can be established. Each node and extension team 
should have various sets of team packet planning information to ensure 
options exist if communications with the BATCON or SYSCON are not 
possible. Using medium- and long-haul assets for range extension should be 
planned to ensure division networks remain connected to the corps network 
at all times. Usually, the division main and rear CPs will not move during 
the initial phases of the attack and will remain connected to the network. 
This is not true with the corps tactical CP. Communications links between 
commanders are always essential. Planning involves multichannel satellites 
linking the SEN, supporting the division tactical CP, to the corps network to 
ensure this critical connectivity. SENs supporting maneuver brigades will not 
install their links until the initial objectives are secured because tactical 
operations centers (TOCs) move too fast. MSRT coverage in the division rear 
areas is sacrificed to support forward operations. 


DEFENSIVE OPERATIONS 


PLANNING 


2-10 


2-36. Defensive operations are phased, and communications support for each 
phase depends on several considerations. The defensive role described here 
may not apply to all situations, but it will prove useful for most. The 
elements of the defensive role are shown below. 


2-37. Placement of nodes and remote RAUs must ensure MSRT coverage to 
at least the forward deployed maneuver battalion CPs. They should be out of 
the range of threat tube artillery. Additional locations for forward deployed 
nodes and remote RAUs are required for survivability purposes, and several 
locations should be identified for short-notice jumps. These contingency 
locations should be within 5 kilometers (3.1 miles) of their deployed locations, 
and all personnel should know the routes to each. Some nodes should be 
uploaded and prepared to move forward with the counterattack. Assistance 
from the corps is important when placing corps nodes in the division rear 
areas. Close coordination with the G3 regarding penetrations, creating 
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salients, and the locations of engagement areas is important for the 
survivability of communications assets. Plans must be made for 
synchronizing the movement of nodes and RAUs that fall into these areas. 
Some medium- and long-haul assets should be held in reserve and remain 
uploaded for movement with the counterattack. 


EXECUTION 


2-38. During the defense, signal commanders must be on the alert for rapid 
changes in division or corps plans. Nodes that are in danger must move to 
other locations when possible. RAU markers can be turned off in various 
sequences to reduce the static electronic signature that emanates from 
blanket RAU coverage. Maneuvers may dictate rapid jumps of RAUs. During 
movements out of salient or engagement areas, assets taken out of the 
system should remain uploaded and prepared to support the counterattack. 
MSRT coverage in the division rear area should be sacrificed to support the 
forward areas. Corps nodes and RAUs can again be placed in the division 
rear area to help support division requirements. 


SUPPORT OF THE SEPARATE MANEUVER BRIGADE AND 
REGIMENT 


2-39. The corps signal brigade will support the communications requirements 
of the separate maneuver brigade, regiment, and separate EAC theater 
missile defense (TMD) elements. These units have no organic MSE 
equipment other than subscriber devices. To support this type of operation, 
the supporting unit may have to dedicate almost one entire company (two 
NCs, three to five SENs, and four RAUs). Units, such as the ACR, are usually 
in a screening mission forward of or to the flank of the division. The ACR is 
often the first unit in the theater and deploys great distances to conduct its 
screening mission. Close coordination with division signal units is 
imperative, as division boundaries are established behind or to the flank of 
the ACR. Coordination is not only for network connectivity but also for 
logistical and electronic maintenance support. It is necessary to dedicate 
long-haul assets to the company supporting the separate brigade and 
regiment. These assets sometimes provide internodal connectivity and, in 
rarer cases, provide long-haul connectivity for a SEN at the regimental TOC. 
The overriding consideration is to ensure effective communications to and 
from the separate brigade, the regiment commander, and the corps 
commander. 


AREA SUPPORT CONCEPT 


2-40. While area support is simple in theory, it can be complicated in 
execution. Division and corps units must operate under the same rules. The 
concept calls for geographical boundaries between the corps signal battalions 
being jointly drawn by the brigade S3 and S4. Boundaries with the division 
signal battalion usually follow the division rear boundaries unless otherwise 
negotiated. Placement of corps nodes in division rear areas occurs often and 
requires close coordination with division signal units and division movement 
control activities. Control of corps assets in a division signal battalion AO 
must be coordinated between the corps and division signal unit. Corps assets 
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can also be used as springboard platforms. When possible, division signal 
units can remain uploaded to facilitate rapid movement to support offensive 
operations. During early phases of operations, signal units must provide 
communications support to assembly areas and ports. MSRT coverage should 
be maximized along movement corridors, main supply routes (MSRs), and 
other critical areas. Signal battalions are then responsible for all logistical 
support for GS signal assets and electronic maintenance support for all signal 
assets within the geographical boundary. Exceptions occur but must be 
negotiated between responsible units. Battalions providing support must 
take the lead in negotiating alternative solutions, when necessary. There is a 
relationship between TECHCON and logistical support, but they may not 
always be the same. 


SPLIT-BASED OPERATIONS 


2-41. Split-based operations place unique demands on the tactical 
communications network. Split basing is downsizing the traditional 
management elements like intelligence, logistics, and planning to the bare 
bone requirements for forces in the forward deployed area. The intent is to 
move data from the home base instead of deploying all C2 structure and 
supporting personnel and facilities. Split basing saves lift assets, without 
disrupting operations, by current communications capabilities. 
Communications planning must be carefully accomplished because normal 
organic communications and logistics support may not be adequate. Signal 
planners must analyze the mission to ensure that all the needs of forward- 
deployed force’s, TMD assets, especially logistics, intelligence, and planning 
functions, are adequately supported with communications. The 
communications support package must contain its own logistical support to 
ensure initial sustained system operation. To support the initial assault CP 
into the forward deployed area, a robust communications package must be 
identified and prepared to deploy with the division or corps staff. As a 
minimum, a multichannel satellite link is required to provide long-local 
service from an existing NC at home base using low-rate multiplexers (LRMs) 
or remote multiplex combiners (RMCs). Alternatively, the satellite link could 
provide connectivity for a SEN in the forward-deployed area for larger 
contingency operations, as required. Connectivity to DISN systems and 
support for possible special circuits must be considered in planning the 
appropriate communications support package both within and between the 
split bases. 


GRID AND ENCLAVE NETWORKS 


2-12 


2-42. Signal doctrine focuses on fighting with a five-division corps that 
demands grid employment of MSE throughout the AO (see Figure 2-1). While 
the military situation in some theaters of operations still justify such an 
employment of MSE, many scenarios dictate an AO consisting of enclaves 
that are linked and require a modified grid for communications support. This 
is true when considering joint and/or combined operations including 
MOOTW. Figure 2-4 shows MSE enclave network deployment. 
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Figure 2-4. An MSE Enclave Network 


2-43. FM 100-5 explains revised Army doctrinal approaches to fighting from 
forward deployed forces to force projection forces with sanctuary CPs 
remaining at home bases. Enclave networks frequently demand maximizing 
medium- and long-range range extension communications assets and 
flexibility in NPE. Planning should include using commercial and host nation 
systems. Connectivity to the DISN and the digital NATO interface (DNI) 
system is necessary, if appropriate. When using an enclave network, one 
must consider: 


Command relationship. 

Control. 

Logistics (parent unit provides the technical assistance). 
Switch group (which SCC-2 controls which nodes). 


Internet protocol (IP) addresses. 


2-44, The corps and division G8s must decide and coordinate these actions 
before deployment. This information should be explained in the OPORD. 
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INTERPOLATION AND EXTRAPOLATION Algebra 


Summary 


The important information in this chapter is summarized below. 


Interpolation and Extrapolation Summary 


Interpolation Interpolation is the process of obtaining a value from a graph or table that 
is located between major points given, or between data points plotted. A 
ratio process is usually used to obtain the value. 


Extrapolation Extrapolation is the process of obtaining a value from a chart or graph 
that extends beyond the given data. The "trend" of the data is extended 
past the last point given and an estimate made of the value. 
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Chapter 3 
Organization and Equipment 


This chapter details the organizational structure and equipment of the 
units responsible for installing, operating, and maintaining the MSE 
network. 


CORPS SIGNAL BRIGADE 


3-1. The standard corps signal brigade is the center of the corps MSE 
network (Figure 3-1). It consists of a headquarters and headquarters 
company (HHC), one or more corps area signal battalions depending on the 
size of the corps, a corps support signal battalion, a range extension company, 
and a visual information company. It provides SYSCON of the corps area 
MSE network and provides TECHCON of the division signal battalions’ 
installed components. The advantages of this arrangement are— 


e Greater operational flexibility. 
e Increased logistics support efficiency. 
e Kasier personnel management. 


e Centralized MSE assets control. 


CORPS 
SIGNAL BRIGADE 
(MSE) 


CORPS AREA CORPS SUPPORT 
SIGNAL BATTALION SIGNAL BATTALION 


VISUAL 
daa aa INFORMATION 
COMPANY 


Note: The airborne corps signal brigade is 
slightly different in organization and equipment. 


Figure 3-1. Standard Corps Signal Brigade 
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3-2. The HHC corps signal brigade consists of the brigade headquarters, the 
headquarters company, and the corps signal office (Figure 3-2). Figure 3-3 
lists the functions of the HHC. 
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SECTION 
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Figure 3-2. HHC Corps Signal Brigade 
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HHC Functions 


Directs and coordinates operations of the corps signal brigade including its 
battalions. 


Supervises the installation, operation, and maintenance of the corps 
communications systems. 


Provides the facilities the signal brigade commander uses to command and 
control the brigade including the SCC-2s. 


Provides a signal staff element (corps signal office) to advise the corps on 
communications and COMSEC matters (corps and brigade COMSEC offices of 
record). 


Operates a semi-automated SYSCON (fully automated with the fielding of 
ISYSCON). 


Performs all signal management system functions for the signal brigade 
commander (network control branch). 


Installs, operates, and maintains TACSAT communications systems and 
AN/TYC-39 message switches. 


Figure 3-3. HHC Functions 


3-3. The brigade headquarters has a command section, administrative 
section, operations/intelligence section, and _ logistics section. The 
operations/intelligence section consists of the plans/intelligence section, 
signal engineering branch, network control branch, and the brigade 
COMSEC office of record (BCOR). The brigade headquarters establishes the 
SYSCON center as part of the brigade CP. 


3-4. The plans/intelligence section is part of the S3/SYSCON for the brigade. 
Figure 3-4 lists the functions of the plans/intelligence section. 


Plans/Intelligence Section Functions 


Plans, coordinates, and supervises the plans and intelligence requirements 
for the brigade. 


Develops training plans for the brigade’s defensive chemical operations. 


Assesses chemical operations and training situations 


Figure 3-4. Plans/Intelligence Section Functions 
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3-5. The signal engineering branch is part of the S3/SYSCON for the brigade. 
Figure 3-5 lists the functions of the signal engineering branch. 


Signal Engineering Branch Functions 


Develops plans for establishing communications systems. 


Determines equipment suitability, adaptability, and compatibility with existing 
military communication systems. 


Determines installation and employment for quality transmissions over installed 
systems. 


Responds to frequency requests and maintains associated records for brigade 
units. 


Integrates allied, joint, and commercial communications into the corps 
communications network. 


Analyzes traffic status reports. 


Maintains direct coordination with the SCC-2/SYSCON in the network control 
branch. 


Informs the SCC-2/SYSCON of current and future facility needs throughout the 
corps communications network. 


Figure 3-5. Signal Engineering Branch Functions 


3-6. The network control branch is part of the S3/SYSCON. Figure 3-6 lists 
the network control branch functions. The network control branch installs, 
operates, and maintains two SCC-2s: one active and one standby. The SCC-2s 
facilitate network management and control tasks with computer-assisted 
tools. These tools— 


e Assist in issuing OPORDs and directives to node managers. 
e 6Assist in receiving and processing messages and reports. 
e Manage radio frequencies (RFs), COMSEC, equipment/personnel 


status reports, system activation/deactivation, and reconfiguration 
including network radio links. 


3-7. The BCOR is part of the S38/SYSCON and is responsible for the brigade 
COMSEC account. It also provides COMSEC logistics support for the control 
and distribution of internal brigade and subordinate battalion COMSEC 
material. 
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Network Control Branch Functions 


Provides MSE automated frequency management. 


Performs terrain analysis and path profiling. 


Conducts automated system engineering functions. 


Provides equipment status reporting. 
Performs COMSEC key management. 
Provides link and network load status. 
Maintains personnel management database. 


Manages system traffic flow and grade of service. 


Figure 3-6. Network Control Branch Functions 


3-8. The headquarters company has a company headquarters, 
communications-electronics (CE) maintenance section, motor maintenance 
section, unit ministry team, and a Civil/Judge Advocate (CJA) section. It may 
contain a support platoon headquarters that provides the TACSAT section 
and a modular tactical communication center (MTCC). Figure 3-7 lists the 
functions of the headquarters company. 

Note: Signal brigades that have an organic company 

do not require the TACSAT section in the brigade 

HHC. 


Headquarters Company Functions 


Provides internal support to the brigade and to the company. 


Maintains communications equipment for the brigade. 


Maintains the vehicles for the brigade. 


Figure 3-7. Headquarters Company Functions 


3-9. The corps signal office has a corps COMSEC office of record (CCOR) and 
an information service support office. The corps signal office is responsible for 
performing signal management functions for the corps. These functions 
provide adequate communications to the corps commander for commanding 
and controlling his forces. Figure 3-8 lists the functions of the corps signal 
office. 
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Corps Signal Office Functions 


Advises on command signal matters. 


Prepares signal estimates, plans, and orders. 

Supervises signal activities within the command. 
Manages corps unit signal requirements. 

Manages operational and contingency COMSEC matters. 
Develops COMSEC operational plans and policies. 


Plans, designs, and manages the integration and interconnectivity of tactical 
and nontactical information networks and communications systems. 


Figure 3-8. Corps Signal Office Functions 


CORPS AREA SIGNAL BATTALION 


3-10. The corps area signal battalion provides the signal facilities that 
support the plans developed by the corps signal staff and the corps signal 
brigade staff. The corps area signal battalion consists of an HHC, three 
standard area signal companies, and a signal support company (Figure 3-9). 
Figure 3-10 lists the functions of the corps area signal battalion. 


3-11. The airborne corps area signal battalion has three variations. One 
battalion has two contingency area companies and one standard area 
company. A second battalion has two standard area companies and one 
contingency area company. The third battalion has three standard area 
companies. All battalions have an NC instead of a LEN in the support 
company. 


CORPS AREA 
SIGNAL BATTALION 
(MSE) 


AREA SIGNAL SIGNAL 
COMPANY SUPPORT 
COMPANY 


Figure 3-9. Typical Corps Area Signal Battalion 
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Corps Area Signal Battalion Functions 


Advises the signal brigade commander on all communication matters. 


Directs the installation, operation, and maintenance of battalion communications systems and 
facilities for implementing plans developed by the corps signal staff to support unit 
communication requirements. 

Operates the operations/intelligence section. 

Plans and coordinates staff supervision of plans, requirements, and battalion training program. 
Plans and supervises communications support for the signal brigade plan. 

Prepares signal plans to incorporate into the signal brigade plans and orders. 

Coordinates with other headquarters staff sections regarding their communication needs. 
Exercises staff supervision over radio communication activities. 

Prepares signal plans, orders, and radio communication SOI items. 

Coordinates frequency allocation assignment and use. 

Reports and processes interface problems. 


Manages force integration of information system resources. 


Plans and coordinates with higher headquarters for information systems upgrade, replacement, 
elimination, and/or integration within units. 


Plans AlSs integration. 


Provides staff supervision of analysis and software support and automated systems 
troubleshooting. 


Manages and supervises ADP related areas. 

Designs and develops command information systems. 
Monitors unique “application program” development. 
Supervises maintenance of tactical databases. 

Plans newly assigned or attached unit database integration. 


Provides automated resources security training. 


Figure 3-10. Corps Area Signal Battalion Functions 
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3-12. The HHC of the corps area signal battalion consists of the battalion 
headquarters and a company headquarters (Figure 3-11). The battalion 
headquarters has a command section, an administrative section, a logistics 
section, an operations/intelligence section, a CE maintenance section, a motor 
maintenance section, and a unit ministry team. The operations/intelligence 
section coordinates the installation of NCs, LENs, SENs, and RAUs. The CE 
maintenance section performs DS maintenance of all organic CE and 
COMSEC equipment for the battalion. This section can send CE and 
COMSEC maintenance contact teams to repair faulty equipment at deployed 
sites. 
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CORPS AREA 
SIGNAL BATTALION 


BATTALION COMPANY 
HEADQUARTERS HEADQUARTERS 


COMMAND ADMINISTRATIVE LOGISTICS OPERATIONS/ 
SECTION SECTION SECTION ea 


CE MOTOR UNIT 
MAINTENANCE MAINTENANCE MINISTRY 
SECTION SECTION TEAM 


Figure 3-11. HHC Corps Area Signal Battalion 


3-13. Each area signal company has a company headquarters and two nodal 
platoons (Figure 3-12). Each nodal platoon consists of a _ platoon 
headquarters, two NC sections, and two extension switch sections. The NC 
section installs, operates, and maintains the NCS, four LOS(V3)s, and a local 
RAU. The extension switch section deploys LOS assemblages to support the 
SENS(V1) and (V2) and the remote RAU. 


3-14. Each area signal company and each support company has one military 
occupational specialty (MOS) 31F and one 31P, with a spares facility 
(AN/TSM-183), to perform on-site MSE nodal maintenance. These personnel 
were previously consolidated at the battalion HHC CE maintenance section. 


FM 11-55 


COMPANY 


HEADQUARTERS 


PLATOON 
HEADQUARTERS 


AREA 
SIGNAL 
COMPANY 


NODAL 
PLATOON 


EXTENSION 
SWITCH 
SECTION 


NODE CENTER 
SECTION 


Figure 3-12. Area Signal Company 


3-15. The typical signal support company (Figure 3-13) has a company 
headquarters, large extension switch platoon, and an extension switch 
support platoon. The large extension switch platoon has a _ platoon 
headquarters, a large extension switch section, and a cable/wire section. The 
extension switch support platoon has a platoon headquarters, an extension 
switch support section, and a cable/wire section. Signal support companies 
differ in the number of personnel and equipment they are authorized based 


on its mission. 
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Figure 3-13. Corps Area Signal Battalion Signal Support Company 
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CORPS SUPPORT SIGNAL BATTALION 


3-16. The corps signal brigade has a corps support signal battalion. It has an 
HHC, two area signal companies, and a signal support company (Figure 
3-14). The corps support signal battalion provides communication support 
throughout the corps AO. 


3-17. The airborne corps support signal battalion has one standard area 
company, one contingency area company, one TRI-TAC company, and one NC 
instead of a LEN in the support company. 
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Figure 3-14. Corps Support Signal Battalion 


3-18. The support signal battalions HHC consists of a _ battalion 
headquarters and a company headquarters (Figure 3-15). The battalion 
headquarters consists of a command section, an administrative section, a 
logistics section, an operations/intelligence section, a CE maintenance 
section, a motor maintenance section, and a unit ministry team. The 
operations/intelligence staff section coordinates the installation of NCs, 
LENS, SENS, and RAUs. The CE maintenance section performs DS 
maintenance of all organic CE and COMSEC equipment for the battalion. 
This section can send CE and COMSEC maintenance contact teams to repair 
faulty equipment at deployed sites. 


3-19. The signal support company has a large extension switch platoon, a 
company headquarters, and an extension switch support platoon (Figure 
3-16). Each area signal company and each support company has one MOS 
31F and one 31P, with a spares facility (AN/TSM-183), to perform on-site 
MSE nodal maintenance. These personnel were previously consolidated at 
the battalion HHC CE maintenance section. The structure and capabilities of 
these platoons are similar to those of the area signal battalion support 
company. The large extension switch platoon has a large extension switch 
section and two cable/wire sections. The extension switch support platoon has 
an extension switch support section and two cable/wire sections. 
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Figure 3-15. HHC Support Signal Battalion 
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Figure 3-16. Signal Support Company, Corps Support Battalion 


DIVISION SIGNAL BATTALION 


3-20. The division signal battalion provides communication support to major 
subscribers, CPs, and operational facilities in heavy and light divisions. The 
battalion’s structure is similar to a corps area signal battalion. The typical 
division signal battalion has an HHC, two area signal companies, and a 


signal support company (Figure 3-17). 


Note: The heavy division has three area signal 
companies that are organized the same as in the 
corps signal brigade. 
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Figure 3-17. Division Signal Battalion 


3-21. The division signal battalion’s personnel and staff sections are similar 
to the corps. The G6 section and the operations/intelligence section ensure 
quality communications throughout the division. The division signal 
commander is designated as the G6 and is the principal advisor to the 
division commander for all division communications. The G6 serves in the 
dual role of commander of the signal battalion and as a member of the 
general staff. These two functional roles are separate but related. 


3-22. As the signal battalion commander, the G6 commands, directs, and 
supervises the battalion’s efforts to complete their assigned missions. As a 
member of the general staff, the G6 presents the communication aspects for 
tactical operations for all staff planning. The G6 consults directly with the 
Chief of Staff (CofS) on all communication matters. 


3-23. The G6 performs management, operations, and maintenance of the 
commands communication and information systems using the SCC-2. This 
system assists the G6 and the deputy G6 in managing the division’s 
communications systems by providing planning, management, and C2 of 
tactical communications networks. The deputy G6 and the COMSEC officer 
assist the G6 in these efforts. The deputy G6 locates at the division tactical 
signal office and represents the G6 in providing communications support to 
the division. 


3-24. The G6 also conducts active liaison with the signal officers of higher 
headquarters, adjacent headquarters, and military intelligence (MD battalion 
combat electronic warfare intelligence (CEWD representatives. 


3-25. The G6’s staff ensures COMSEC complies with the current regulations, 
RF allocation and assignment, and division unit COMSEC logistics support. 
The signal battalion performs only COMSEC logistics support for the 
division. 
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3-26. The division signal battalion’s staff sections implement 
communications planning and engineering, OPCON (in stand-alone mode), 
and administrative and logistics direction. The staff uses the tasking from 
the corps communications plan to develop the division network. When 
operating in the stand-alone mode, it develops its own communications plan. 
Active monitoring of the network’s operational status ensures that it meets 
the corps' changing requirement and its own. This responsibility belongs to 
the operations/intelligence section. 


3-27. The division COMSEC office of record (DCOR) is responsible for the 
division COMSEC account. It provides COMSEC logistics support for the 
control and distribution of internal division COMSEC material. The division 


signal battalion staff implements, manages, and maintains the division 
COMSEC keys for the division. 


3-28. The HHC consists of a battalion headquarters and a company 
headquarters (Figure 3-18). The battalion headquarters has a command 
section, an administrative/logistics section, an operations/intelligence section, 
a division signal office, a motor maintenance section, a CE/COMSEC 
maintenance section, and a DCOR. The operations/intelligence section 
installs, operates, and maintains the division signal battalion’s SCC-2. The 
division area signal company’s structure, personnel, and equipment are the 
same as the corps area signal company. The CE maintenance section 
performs DS maintenance of all organic CK and COMSEC equipment for the 
battalion. This section can send CE and COMSEC maintenance contact 
teams to repair faulty equipment at deployed sites. 
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Figure 3-18. HHC Division Signal Battalion 
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3-29. The division signal support company has a company headquarters, an 
EPLRS platoon, a TACSAT platoon, and a general support platoon (Figure 3- 
19). It is similar to the corps area signal battalion’s signal support company 
in mission. Each area signal company and each support company has one 
MOS 31F and one 31P, with a spares facility (AN/TSM-183), to perform on- 
site MSE nodal maintenance. These personnel were previously consolidated 
at the battalion HHC CE maintenance section. However, its organization and 
equipment are different. The EPLRS, TACSAT, and general support platoons 
are described below. 
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Figure 3-19. Division Signal Support Company 


3-30. The EPLRS platoon includes a platoon headquarters and four EPLRS 
sections. EPLRS provides the capabilities needed to support the data 
distribution requirements of ABCS. It comprises the Army Data Distribution 
System (ADDS) that supports the ABCS components listed below. 


e Air Missile Defense Planning and Control System (AMDPCS). 
e Maneuver Control System (MCS). 

e Advanced Field Artillery Tactical Data System (AFATDS). 

e All Source Analysis System (ASAS). 

e Combat Service Support Control System (CSSCS). 

e Force XXI Battle Command - Brigade and Below (FBCB2). 


3-31. The TACSAT platoon includes a platoon headquarters and a 
multichannel TACSAT section. The multichannel TACSAT extends the 
distance of the ACUS by using strategic and tactical terminals for 
transmitting multiplexed voice and data channels. 
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3-32. The typical general support platoon consists of a platoon headquarters, 
an extension switch section, a wire section, and an FM retransmission section 
(Figure 3-20). The wire section installs and maintains the RMC TD-1234, CX- 
11230A/G and CX-4566 26-pair cables, J-1077 distribution boxes, WF-16, and 

local telephones. The FM retransmission section has three teams that provide 
single-channel retransmission stations for division level FM voice nets. 
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Figure 3-20. General Support Platoon 


MSE EMPLOYMENT CHARACTERISTICS 


3-33. NCs are the hubs of the MSE network providing internodal 
connectivity (Figure 3-21). The NCS is the main element of the NC. It 
provides network access to local and mobile subscribers through the RAU. 
Local subscribers consist of node and network management personnel. The 
NCS provides network access for LENS and SENS. At least two internodal 
links are made when providing a gateway between an adjacent MSE network 
or to the EAC network. Division establishes at least one link to adjacent 
division(s). NC deployment is based on _ serviced CP deployment, 
topographical considerations, LOS requirements, and network 
interconnectivity requirements. 


3-34. Rapid initial network deployment requires installing a preprogrammed 
backbone system. The S3/SYSCON uses the information provided by the 
deputy G6 to plan the backbone system. The designated area signal 
companies provide the assets to install, operate, and maintain the NCs. In 
the initial network, each NC must connect to at least three other NCs. As the 
network matures, each NC should connect to three or four other NCs to 
ensure optimum service and survivability. 


3-35. The LENS serves 164 wire subscribers: 84 through local J-1077s and 80 
through RMCs. The RMCs can be set out alone or two can link in series using 
CX-11230A/G cable. They provide access for up to eight wire line subscribers 
each. If the user unit requires access for more than eight subscribers, the 
RMCs are used in a paired configuration. Units that are next to each other 
and have eight or fewer subscribers use one RMC and CX-11230A/G cable 
each. The LENS can terminate up to five RMC groups of two. 
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Figure 3-21. Internodal Connectivity 
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3-36. The SEN or LEN can service CNR customers via a SDNRIU, TSEC/KY- 
90 (Figure 3-22). After the operator completes the connection, the SDNRIU 
functions automatically. Distribution of the TSEC/KY-90 is one per NC 
platoon in each of the area signal companies. 


Figure 3-22. CNR Interface with MSE 


3-37. RAUs are used in local and remote configurations. However, it does not 
mean both RAUs cannot be remoted; it depends on the availability of an LOS 
assemblage. Because RAUs constantly emit marker beacons declaring 
availability to affiliated MSRTs, those RAUs closest to the forward edge of 
the battle area (FEBA) must use electronic protection (EP) techniques to 
mask the emitter from the opposing force. 
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3-38. Deployment of the LOS assemblages must be considered to minimize 
the radio signature of the node. As an internodal link, the LOS(V3) can 
deploy on hills up to 400 meters from the node via CX-11230A/G cable. If the 
distance exceeds 400 meters, the SHF radio link can be used up to 10 
kilometers (6.2 miles) (see Figure 3-23). SHF radio distribution to the NCs 
and LOS assemblages allows for remoting 50 percent of the radio links. 
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Figure 3-23. SHF Radio Link 


3-39. The LOS(V2) supports the NATO analog interface (NAI) unit during 
combined operations (Figure 3-24). The LOS(V2) does not have SHF radio 
capability. The NAI locates at selected NCSs throughout the corps (Figure 
3-25). 
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Figure 3-24. NATO/MSE Interface using LOS(V2) 
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Figure 3-25. NAI Deployment at an NCS 
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3-40. MSE network users gain mobile access using MSRTs. Figure 3-26 
shows how the MSRT (AN/VRC-97) accesses the system through the RAU. 
MSRTs can receive or send voice, facsimile, or data traffic. When a RAU is 
deploying, it behaves like a mobile subscriber. The crew can place the DSVT 
(TSEC/KY-68) in the cab of the vehicle, configure one of its eight radios as an 
MSRT, and access another RAU. 


SYSTEM CONTROL 
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3-41. The corps and division signal battalions deploy their MSE signal assets 
under the overall direction of the corps signal brigade. However, operational 
requirements may dictate an OPCON relationship between division signal 
battalion MSE assets and corps/division assets. 


3-42. The corps signal brigade manages and controls the corps MSE network 
using the corps SCC-2. Within a corps MSE network, an active SCC-2 and a 
standby SCC-2 are netted for primary/regulatory network databases, 
displays, and processing services. This ensures continuity of operations. The 
active SCC-2 performs all automated network planning, management, and 
control for the corps. When in a corps network, the division SCC-2 functions 
in an active role but remains under the TECHCON of the corps’ active SCC-2. 


3-48. The corps signal brigade and the division signal battalion coordinate 
closely when moving and placing NCs. The respective division and corps 
signal battalion commanders are responsible for moving these assets. The 
corps signal brigade is responsible for maintaining network integrity, 
coverage, and service. The brigade accomplishes this by reallocating nodes, 
trunks, extension assets, and area responsibilities. In a division stand-alone 
configuration, the division SCC-2 assumes these functions and appoints 
responsibility for the division network elements. 


3-44. Initial MPM is exercised through CNR nets. MPM decreases threat 
radio electronic combat (REC) vulnerability. 
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Note: All mobile subscribers are equipped with telephone 
terminals and the capability for FAX data terminals. 
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Figure 3-26. Mobile Subscriber Interface 
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Chapter 4 
Operational Deployment 


This chapter describes the phased deployment process for the MSE 
network. Signal support elements are located throughout the battlefield 
in a typical corps AO. Since MSE provides an integrated ACUS with no 
artificial boundaries, MSE deployment requires carefully coordinated 
procedures throughout the supported battlefield. 


DEPLOYMENT 


4-1. The base requirement for establishing and controlling communications 
remains from higher to lower, left to right, supporting to supported, and 
reinforcing to reinforced. The element in the higher, left, or supporting 
category coordinates frequency plans, COMSEC keys, software, and edition 
and control mechanisms. 


4-2. Corps signal elements may be scattered throughout the division area. 
Divisions will support other divisions; thus, signal unit areas will become 
interlocked and interconnected. Basic responsibilities of corps signal 
elements are covered below. 


4-3. The corps G6, as a staff planner, plans for adequate and continuous area 
coverage throughout the corps area. In the division area, the organic four or 
six nodes often require augmentation. The corps G6 provides the assets 
needed to ensure area coverage. Normally, this requires two nodes. Allocation 
to the division depends on corps wide commitments. The division signal 
officer employs his assets to support the C2 needs of the division. He has 
direct control of overall network assets and planning within the division 
switching control group (SCG). The corps SYSCON provides centralized 
control of the MSE network and is responsible for its effective installation 
and operation. The division SYSCON works closely with the corps SYSCON 
to provide effective TECHCON. 


4-4, Each MSE NC connects to at least three other NCs. An internodal link is 
a link established between two NCs or between an NC and an LEN. 


4-5. Each MSE corps network needs at least two gateway connections to the 
EAC communications network. There should be at least one link between 
adjacent divisions and one between adjacent corps. The physical link 
connections are independent of the physical boundaries between adjacent 
units or echelons. Gateways are based on electronic boundaries. 
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4-6. The SCGs and the node switching groups (NSGs) define areas of 
responsibility within the integrated corps network. SCGs are based on the 
technical span of control of a corps or division SCC-2. In a corps network, 
each division SCC-2 controls the planning, engineering, and executing all 
signal support requirements and assets within the division SCG. The corps 
SCC-2 provides TECHCON for the integrated corps network while assisting 
the divisions, as required. 


4-7. An NSG consists of an NC or LENs with a signal battalion responsible 
for each. The NSGs provide a hierarchy of NC and LEN switches regarding 
the management of COMSEC keys. The corps area signal battalion and the 
division signal battalion provide all command, administrative, and logistical 
support for the signal teams within their areas of control. Figure 4-1 shows 
the area signal battalion and the division signal battalion NSGs and SCGs. 


Figure 4-1. The Corps Area and Division Signal Battalions 


4-8. Corps and division signal battalions provide service to subscribers in 
their assigned areas. Deploying node and extension assets provide this 
service. Within the corps, the CPs controlling close, deep, and rear operations 
may be provided with dual network connectivity. Normally, this requires 
assigning multiple extension assets to the division main CPs, the division 
tactical CP, the corps main CPs, and the corps tactical CP. MSRT, SEN, or 
LEN access provides all other CPs dual connectivity. Extension nodes and 
CPs are encouraged to establish and maintain a habitual relationship. This 
can occur within the division and corps units like ACRs, field artillery (FA) 
brigades, and ADA brigades. 


4-9. SYSCON exercises network management and control. In the corps 
network, at the corps echelon, SYSCON designates an active and a standby 
SCC-2. In a stand-alone division network, the single organic SCC-2 within 
SYSCON assumes the active role. 
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4-10. The active SCC-2 manages the planning, engineering, and control 
functions for a corps. Netting the standby corps SCC-2 and the division SCC- 
2s technically support this. Each is subordinate to the active corps SCC-2. 


4-11. In a corps network, at least two SCC-2s must simultaneously have the 
primary network databases, displays, and processing services. Although one 
SCC-2 actively manages the network, the standby SCC-2 can assume the 
active SCC-2’s role at anytime. As the NCSs or LENSs update the active 
SCC-2, the standby SCC-2’s database updates automatically. For the standby 
SCC-2 to assume the active role, it should be involved in the physical 
planning and monitoring of the network. In this way, the standby SCC-2 
understands and can execute the commander’s intent when it becomes active. 
SCC-2 teams should rehearse network control transfer often to keep the 
teams proficient. 


PHASED DEPLOYMENT 


4-12. MSE deployment requires carefully coordinated procedures throughout 
the corps. The MSE deployment procedures consist of four main phases, 
which are broken down into subphases. 


4-13. Predeployment (Phase ID) includes the following subphases— 
e User requirements. 
e Interfaces. 
e RAU/MSRT deployment plan. 
e Other system considerations. 
e Team packets. 
¢ COMSEC. 
¢ OPORD. 
e Site reconnaissance. 
e Database modifications. 
4-14. Installing the backbone (Phase IT) includes the following subphases— 
e NC to NC connectivity. 
e NC to LEN connectivity. 
e Duplication and bypass. 
e Bulk transfer (COMSEC). 


e Database modification (as required). 


4-15. Installing extensions (Phase ITI) includes the following subphases— 


e SCC-2. 
e RAU (local and remote). 
e =6°SEN. 
4-16. Operational management (Phase IV) includes the following subphases— 
¢ COMSEC. 


e Subscribers. 
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4-17. Figure 4-2 shows the MSE predeployment planning flow in a corps 
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Figure 4-2. MSE Predeployment Planning Flow in a Corps Scenario 
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PREDEPLOYMENT (PHASE I) 


4-18. During predeployment, the G3 planners assess the tactical situation, 
mission, and commander’s intent and develop this information into an 
overlay. The overlay contains corps and division boundaries, maneuver units 
down to battalion level, and dispersed support units down to platoon level. 
The G3 planners use this overlay to assign equipment and to support the 
predeployment subphases. 


USER REQUIREMENTS 


INTERFACES 


4-19. The MSE users identify their address basic and special communications 
support requirements initially as a basis for further planning and execution. 


4-20. The G6 planners, based on command guidance and in conjunction with 
SYSCON, determine which headquarters will receive support. This 
determines the method or type of signal support used to satisfy command, 
control, and communications (C3) requirements. These requirements include 
connectivity with adjacent units, EAC, and host nation’s communications 
resources. 


4-21. The SYSCON establishes and publishes communications priorities in 
the OPORD or unit SOP. Installing the backbone has top priority. Once the 
backbone has good connectivity, local and remote RAUs are then connected 
followed by the major headquarters. Examples are the corps main CP, the 
corps tactical CP, the division main CP, and the division tactical CP. Only 
SYSCON can direct deviating from the assigned priorities. 


4-22. The G6 planners need the initial locations of all units requiring support 
and, if possible, any planned jump locations. They also need to know all 
special requirements of the supported units, such as commercial access, 
TACSAT, CNR, and preaffiliation list (PAL) numbers. 


4-23. SYSCON ensures that backbone priorities are established for each NC. 
SYSCON ensures an NC establishes priority links one at a time. Figure 4-3 
shows an example of a priority listing. 


4-24. The MSE system can connect with a variety of non-MSE hardware. 
Connections are interfaces that require changes to the standard database. 
MSE has internal and external interfaces and both have special 
considerations. The network planner determines the requirements for 
database changes to the units involved in the interface. Normally, this occurs 
at the signal technical conference before deployment. Habitual relationships 
may result in the need to establish standard procedures to change the 
database. 
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Figure 4-3. Priority Listing 


4-25. Internal interfaces are simply interfaces with non-MSE 
communications assets within MSE networks. Examples are combat net 
radio interface (CNRI), commercial access, message switch (MS), and 
TACSAT as a transmission means. The network planner considers the 
requirements for interfaces and plans accordingly. Some critical planning 
factors for internal interfaces are covered below. 

e Due to the wide dispersion of users and scarcity of equipment, 

carefully plot CNRI locations. 


e Plot commercial access locations to ensure accessibility to the SEN 
and LEN for authorized user access. Time is required for coordination 
and reconnaissance. 
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4-26. The corps signal brigade determines MS locations to ensure support for 
communications terminals throughout the corps. 


4-27. The corps signal brigade coordinates TACSAT support for all 
requirements. Data rates and multiplex digital transmission group (MDTG) 
and digital transmission group (DTG) terminations must be determined to 
leave NCs with maximum flexibility. 


4-28. External interfaces are links between MSE and other various echelons 
and organizations such as EAC, joint services, or allies. External interfaces 
require detailed planning and coordination. Examples of these interfaces are 
with EAC and joint services through the IATACS, tropo, TACSAT, Integrated 
Digital Network Exchange (IDNX), and NATO. Critical planning issues are 
covered below. 


4-29. TACSAT planning includes— 
e Date and time the satellite is available to support the mission from 
the approved satellite access request (SAR). 


e Type of satellite terminals used in the link and point-to-point or hub- 
spoke relationship. 


e Type of link (MSE, TRI-TAC, and ABCS), terminating equipment or 
switches, group data rates, and any database changes. 


e Coordination for COMSEC keys. 


e Use of the NCS and LENS, which have very stable automatic timing 
sources and should normally be designated as master when 
master/slave relationships are required. 


4-30. Tropo planning at EAC includes— 
e Type of link (MSE, TRI-TAC), terminating equipment or switches, 
group data rates, cable modulation, and any required database 
changes. 


e Coordinating trunk encryption device (TED) keys, common 
interswitch rekey (CIRK), and area interswitch rekey (AIRK) for 
MSE or TRI-TAC/EAC links. 


e Locating each terminal, propagation mode (LOS, diffraction, tropo), 
transmit and receive frequencies, bandwidth (3 or 7 MHz), antenna 
azimuth, and horizon angle. 


e Use of the AN/TRC-170 (tropo) that does not require timing from a 
slave source and normally acts as the master. 


4-31. Internal and external interfaces require close coordination between 
gateways. This ensures signal timing relationships, DTG numbering and 
channel assignments, digital editing, and COMSEC exchange for successful 
switch interface. (See Appendix C for detailed discussion of COMSEC 
operations.) 


Note: Other considerations for links into other 
echelons are physical location of both terminals and 
frequencies. Make every effort to provide maximum 
flexibility for both ends of the system. There is no 
substitute for close coordination. 
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RAU/MSRT DEPLOYMENT PLAN 


4-32. The RAU network provides system access to mobile subscribers in 
planned corridors or areas. MSRT density is greatest along main routes of 
march and around CP locations down to the maneuver battalion CP level. If 
there is not enough equipment to cover 100 percent of the battlefield, holes in 
coverage may occur where there are few or no subscribers. The RAU planning 
factor is 20 to 25 MSRTs per RAU. The procedures discussed below support 
RAU/MSRT deployment. 


Before deployment, the SCC-2/NPT generates the frequency plan and 
transmits it to one or several RAUs for distribution. The NPT is used 
only as a backup. 


The SCC-2 can generate up to 16 different plans (00-15). Only four 
plans are downloaded to the RAUs and MSRTs, and only one plan is 
in effect at any given time. Of the four plans downloaded, one plan is 
active, one is preactive, and the last two are in reserve. 


The RAUs with the downloaded frequency plans are then positioned 
to serve as filling stations to download frequency plans directly to 
MSRTs via frequency fill cables provided with each MSRT. 


The S6 is responsible for downloading the frequency plans to their 
units’ MSRTs. 


SYSCON turns on the RAU’s marker beacon that identifies the RAU 
and provides affiliation instructions after deployment. The RAU’s 
marker beacon is turned off if the NCS or RAU’s extension link fails. 
This allows the MSRTs affiliated off the RAU to automatically 
reaffiliate with an operational RAU. If the NCS or LENS fails, the 
MSRT user must reaffiliate. 


OTHER SYSTEM CONSIDERATIONS 


4-33. The present NCS software has a standard database. This database 
determines the allocation of the DTGs at the NCS. Assigning DTGs is the 
basis for planning the NC site layout for cabling and antenna configurations 
as shown in Figure 4-4. 
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Figure 4-4. NCS DTG/Trunk Group Cluster (TGC) Standard Database 


4-34. The configuration also defines the assignment of the nine channel 
multiplex-demultiplex (NCMD) chips. The NCMD assignment determines the 
number of channels in each TGC. This assignment can be altered within 
limits to meet operational requirements. The NCS operator’s manual and the 
switch initialization procedures define the limitations. Database changes 
should be the exception not the rule, because changes can cause control and 
troubleshooting confusion. (See Table 4-1.) 
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Table 4-1. NCMD Chips 


MDTG 25 


TDSGM 
rocation NCMD DTG TGC 


MDTG 26 


TDSGM 
rocation NCMD DTG Tee 


MDTG 27 


TDSGM 
rocation NCMD DTG ree 
; 


2 
2 


‘The low-speed DTG switches permit these DTGs to 
bypass the MDTG. 


*Nonencrypted. Used for the local RAU. Not part of an 
MDTG. 


4-35. Complete all possible database modifications before deployment. The 
large-switch operator can store up to ten database modifications on the Litton 
disk drive. When modifying a database, always go from like data rate DTGs 
such as SEN to RAU, or RAU to SEN, or higher to lower if possible. 


4-36. The SYSCON staff and the NC officer in charge (OIC)/ 
noncommissioned officer in charge (NCOIC) use the DTG/TGC planning 
diagram (Figure 4-5) and the NCS equipment assignment diagram (Figure 
4-6) to set up site layouts. Each node manager prepares this diagram. The 
SYSCON staff resolves any conflict. 
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— SITE LAYOUT DIAGRAM 
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Figure 4-5. Site Layout Diagram 
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Figure 4-6. NCS Equipment Assignment Diagram 
4-37. A standard database in the LENS determines the allocation of DTGs. 


Assigning DTGs is the basis for planning the LEN site layout for cabling and 
antenna configurations. (See Figure 4-7.) 


4-12 


FM 11-55 


— TED 2 
Ww DTG 16 
TGC 2 
TED 3 
DTG5 


DTG 28 TGC 3 


~~ 
NONENCRYPTED » aime | sen } 
NY 


Leen J) 


YA 
> NONENCRYPTED NONENCRYPTED ps 


DTG 26 : DTG 25 > 
> NONENCRYPTED NONENGRYPTED a> 


2 


DTG 9 DTG 27 


J-1077 (8 each) 


Figure 4-7. LENS DTG/TGC Standard Database 


4-38. The configuration also defines the assignment of the NCMD cards. The 
NCMD assignment determines the number of channels in each TGC. This 
assignment can be altered within limits to meet operational requirements. 
The LENS operator’s manual and the switch initialization procedures define 
the limitations. Use reassignment only when needed. (See Table 4-2.) 


Table 4-2. LENS NCMD Cards 


ENCRYPTED 
TDSGM 
Location NCMD DTG/TGC 


1 15-18 1/1 NCS 
2 15-18 16/2 NCS 
1 19 & 20 5/3 SEN 


NONENCRYPTED 


TDSGM 
Location NCMD DTG/TGC 
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4-39. The SYSCON staff and the LENS OIC/NCOIC use the LENS DTG/TGC 
planning diagram (Figure 4-8) and the LENS equipment assignment diagram 
(Figure 4-9) to set up site layouts. The node manager prepares these 
diagrams. The SYSCON staff resolves any conflicts. 


SITE LAYOUT DIAGRAM 
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Figure 4-8. LENS Site Layout Diagram 
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Figure 4-9. LENS Equipment Assignment Diagram 


4-40. The DVOW provides secure digital voice communications between local 
and distant LOS shelters, NCSs, LENSs, and SENSs. Use the following rules 
when managing the DVOW’s 16 ring codes: 


e SYSCON develops the initial ring code assignments for all links. 


e Refer any ring code conflicts or duplications that affect the DVOW 
system to SYSCON. 


e = All NMFs will keep local diagrams showing all ring code assignments 
and changes to channel connections. 
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TEAM PACKETS 


COMSEC 
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4-41. Team packets contain the information needed to open and install the 
different elements of the MSE network. Team and equipment files require 
updating before creating team packets. SYSCON generates and issues team 
packets at least two days before deployment (one month for National Guard 
units). NCs may exercise OPCON over extension nodes outside their 
company. Team packets are initially distributed to their organizational unit. 
The company issues team packets to each NC, LEN, remote RAU, and SEN. 
As a minimum, team packets should include the items covered below: 


e LOS frequencies. 
«= Azimuths and polarizations. 
= Locations. 
= Activation times establish priorities. 
= System profile or margin. 
= Priority. 
¢ Two copies of the OPORD for each NC and LEN. (One for the NCS 
operator and one for the node manager.) 
e An NC system recapitulation (RECAP) for platoon leaders. 


e Team locations RECAP for each battalion administrative/logistics 
operations center (ALOC). 


4-42. The COMSEC custodian develops a sound key management plan that is 
understood and practiced by all operators and taught to all subscribers. 
Effective implementation of the plan includes the actions covered below. 


4-43. The corps G6 and the division deputy G6 coordinate COMSEC key 
distribution to all corps and division MSRT users. The teams receive pre- 
positioned keys IAW the COMSEC key management plan on the day of 
deployment or in the staging area. 


4-44, The S3 ensures the brigade COMSEC custodian distributes the pre- 
positioned key set to the battalion COMSEC custodian. MSE works when the 
correct keys are in the correct places in all equipment. SYSCON coordinates 
with adjacent corps and EAC for gateway keys before deployment. 


4-45. COMSEC accountability helps locate keys throughout the network. It is 
maintained for keys distributed to each element. Pre-positioned COMSEC 
keys at specified locations ensure switches and users have their respective 
keys. These keys are needed to operate specific equipment such as switches, 
MSRTs, and RAUs. COMSEC work sheets help the COMSEC custodian plan 
and conduct orderly distribution of COMSEC keys. Completed work sheets 
also provide an accounting record for initial key distribution. 
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OPORD 
4-46. At the end of the planning phase, the corps signal brigade OPORD is 
produced and distributed. For example, each successful LOS path-profiling 
project that is completed during the planning phase is printed and 
distributed to units responsible for installation. In addition, the process 
includes a planned schedule of events and the five-paragraph format of the 
OPORD. 
4-47. The planned schedule of events lets the signal commander know 
exactly what is expected. The schedule should include— 
e Concept briefing to commanders and staff by the S3. 
e Site reconnaissance, if METT-T factors allow. 
e Briefings with platoon leaders, platoon sergeants, and switch 
supervisors. 
e Back brief to the battalion commander/S3 by the company 
commander. 
e Final OPORD briefing to commanders, staff, and NC leadership. (At 
this time issue the OPORD.) 
e Final team packets issued to battalions for distribution to teams. 
4-48. The five-paragraph format of the OPORD is used when publishing MSE 
plans or annexes. Mandatory key points are— 
e Database edition. 
e COMSEC key distribution. 
e Number of RAU/MSRT frequency plans and designation of the active 
plan. 
e Which NCS loads which PAL? 
e Gateway area codes. 
¢ Geographic priority of RAU coverage (where RAUs should provide 
coverage). 
SITE RECONNAISSANCE 


4-49. When a team knows where it will deploy, it conducts a thorough 
reconnaissance if METT-T factors permit it. For an NC, this usually includes 
the platoon leader or platoon sergeant, LOS supervisor, and nuclear, 
biological, and chemical (NBC) team. The NC’s reconnaissance must be 
extremely detailed, as site selection and layout are critical to network 
success. Ensure all site layouts are correct the first time. The platoon leader 
completes NC reconnaissance when he fills out the NC diagram showing at 
least— 


e Antenna and LOS(V38) locations. 
e RAU location. 
e NCS/NMF locations. 


4-50. The LOS has first priority of siting, the local RAU second, and the 
NCS/NMF last. 
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DATABASE MODIFICATIONS 


4-51. A platoon leader determines if the database needs modifying by 
conducting a back brief to his command on his site layout. The back brief 
includes accessibility, strip maps, dead zones for LOS radios, available area 
for logistics support, SEN park area, and so on. SYSCON implements the 
database change requirements. 


NETWORK OPERATIONS 
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4-52. Network operations begin when planning is complete and the OPORD 
is distributed. The MSE network must respond to the operational needs of 
the Army, and it must support the maneuver commanders. Key factors in 
network operation are covered below. 


4-53. The signal brigade commander has TECHCON of all corps MSE assets. 
Battalion commanders provide assets to support the corps’ plan. They ensure 
movement and installation, operation, and maintenance of their assets. 


4-54. The division signal battalion commander manages his network and, 
through his division’s mission, supports the corps network. The corps G6 may 
designate certain areas of the battlefield to be technically controlled by a 
division signal battalion commander. If so, the division battalion commander 
must still request network changes through the corps active SCC-2. The 
brigade SYSCON has final approval authority. 


4-55. The corps area and signal support battalions have the network control 
terminal (NCT), AN/GGC-66. (The ISYSCON(V2) will replace the NCT.) The 
NCT sends and receives messages to and from the SCC-2. The battalions may 
request information from the SCC-2 at any time. When an action takes place 
concerning one of the MSE teams, the NCT receives an information copy of 
the message. 


4-56. SYSCON manages the MSE network, including COMSEC keys, 
whether at corps or at the stand-alone division level. The COMSEC key 
manager directs the initialization, generation, and activation of keys and 
maintains records on their use and location. 


4-57. The SCC-2 cannot generate or distribute keys. It directs the primary 
node switch (PNS) to generate and transfer COMSEC keys. Normally, the 
SCC-2 connects directly to the PNS. The corps also designates an alternate 
NCS. Normally, this is where the standby SCC-2 is connected. 


4-58. The stand-alone divisions designate an alternate NCS for key 
generation. The second NCS is designated as possible backup if the PNS 
cannot perform bulk transfer due to equipment or hardware problems. 
However, the COMSEC custodian ensures the alternate NCS has all the 
COMSEC keys needed to perform bulk transfer for each NCS. 


FM 11-55 


INSTALLING THE BACKBONE (PHASE IT) 


4-59. The most critical element in MSE operations is establishing and 
sustaining the backbone network (NC to NC link). The objective is for a 
strong multilink system that allows the direct bulk transfer of key sets to all 
NCSs/LENSs and RAU/MSRT frequency plans to all RAUs. Establishing a 
strong backbone before allowing subscriber connectivity alleviates work 
arounds due to switch software, hardware, or COMSEC problems. This is 
also true for loading the PAL. All network managers, NCS supervisors, and 
node OICs must remember that a PAL is loaded only once. Network 
managers designate which NCSs will load and keep track of PALs (Figure 
4-10). 


INSTALL INTERNODAL LINKS ADJACENT 
DIVISION 


ADJACENT 
CORPS 


ADJACENT 


ADJACENT 
DIVISION 


Area Node 
TTC-39A(V1) 


Figure 4-10. Phased Deployment, Phase Il, Internodal Links 
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MATHEMATICS 


ABSTRACT 


The Mathematics Fundamentals Handbook was developed to assist nuclear facility 
operating contractors provide operators, maintenance personnel, and the technical staff with the 
necessary fundamentals training to ensure a basic understanding of mathematics and its 
application to facility operation. The handbook includes a review of introductory mathematics 
and the concepts and functional use of algebra, geometry, trigonometry, and calculus. Word 
problems, equations, calculations, and practical exercises that require the use of each of the 
mathematical concepts are also presented. This information will provide personnel with a 
foundation for understanding and performing basic mathematical calculations that are associated 
with various DOE nuclear facility operations. 
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4-60. OICs follow OPORD procedures for priority of backbone LOS 
connectivity once deployed. All radio links may work at the same time; 
however, only one link is engineered into the switch at a time. Duplication 
and bypass follow the link priority list. (See Figure 4-11.) At this stage, node 
OICs inform SYSCON of their NCs operation, including messages back to the 
SCC-2. (See Figures 4-12 and 4-13.) All NCSs/LENSs keep the duplication 
and bypass assignment printed and current. This information is vital when 
nodal links fail, or as NCs move throughout the network, or when redirection 
of duplication and bypass occur. 


PERFORM DUPLICATION AND BYPASS soca 
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Figure 4-11. Phased Deployment, Phase II, Duplication and Bypass 
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Figure 4-12. Initial Deployment Orders and Reports 
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Figure 4-13. Displacement Orders and Reports 
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4-61. As the first backbone link is established (DTG status 13 and trunk 
signaling buffer (TSB) 5), the NCS operator verifies link status. He uses the 
display interswitch link (DIL) screen before preparing to send duplication 
and bypass to another NCS. This ensures the link is initialized and a 
transmission status of Y2 is established. Any other status is unacceptable. 


4-62. Once established, each NCS duplicates all virtual trunk groups (32-40) 
which contain affiliated, preaffiliated, and disaffiliated subscribers and TGCs 
over the first backbone link. The exception is TGCs 1 through 6, unless 
downsized for a SEN/RAU. (See Figure 4-14.) NCSs continue to follow their 
priority list, and the second backbone link is established. The NCS operator 
deletes all even-numbered TGCs and even virtuals from the first nodal link 
and duplicates them over the second nodal link. (See Figure 4-15.) 


4-63. When problems occur, SYSCON is notified. The problems are corrected 
before the RAUs turn on their marker beacon (signals). On direction from the 
SYSCON, the NMF directs the RAU operator to turn on his marker beacon. 
However, if the NCS fails, the NMF directs the RAU to turn off the marker 
beacon. Once the NCS recovers, the operator verifies his mode of operation 
and requests permission to turn on the marker beacon. Modes of operation 
include automatic, forced, and inhibited. 


4-64. RAU or SEN subscribers affiliated with a bypassed parent switch 
automatically transfer to another designated NCS or LENS as a group if the 
RAU or SEN group is marked for bypass. Setting up EUB tables are part of 
the duplication process. They cannot be on separate DTGs. LEN operators set 
up EUB and duplication data in both NCs to which they are linked. 


4-65. Upon activating EUB, the adjacent NCS provides phone service. The 
number of channels required determine the number of TGCs (1024) that are 
bypassed. A SEN requires 13, a RAU requires 8, and the SCC-2 requires 8. 
There are 58 channels per internodal TGC holding duplication. The NC can 
have 58 EUB channels per 1024 link. The LEN can have 26 EUB channels 
per 512 link. 


4-66. When the duplication and bypass process is complete and the backbone 
is operational, the NCS operator performs bulk transfer of COMSEC keys. 
(See Figure 4-16.) To establish a COMSEC error-free network, the bulk 
transfer of a master key set is sent directly into the correct hardened unique 
storage (HUS) locations from the leader switch to the subordinate NCSs in 
that NSG. 
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Figure 4-14. Duplication and Bypass, First Nodal Link 
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TGC Assignment for 
Duplication and Bypass 7,10, 11,15, 15, 16 


1. Duplicate All TGCs and 
Virtuals 32-40 Over the First 
Internodal Link (Except 12, 14,8 Local, Remote RAU 
TGCs 1-6 Unless Downsized 

fora RAU/SEN). 32-35 Local, Affiliated Loops 


9 SCC-2 


2. Duplicate All Odd- or Even- 36 Absent (Disaffiliated) Subscribers 


Numbered Virtuals and TGCs 


Over the Second Nodal Link. 37-40 Preaffiliated Subscribers 


1, 2,3,4,5,6 NC (Only if Downsized for a RAU or SEN) 


Legend: 3 SEN (at LEN) 


Figure 4-15. Duplication and Bypass, Second Nodal Link 
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PERFORM BULK TRANSFER (BT) 
STEP 1: From the PNS to the NSG leaders. »»=»> 


STEP 2: From the NSG leaders to the NCS and LENS. > ADJACENT 


EAC 


(™ 
(——) 
C7 


DIVISION 


ADJACENT 
CORPS 


ADJACENT 
DIVISION 


Area Node 
TTC-39A(VI) 


Figure 4-16. Phased Deployment, Phase II, Bulk Transfer 


INSTALLING EXTENSIONS (PHASE IID 


4-67. After installing the backbone network, each NCS installs extension 
links by priority. Install local and remote RAUs first as illustrated in Figure 
4-17. The NMF notifies the RAU operator to affiliate the group logic unit 
(GLU) and his DSVT. 


4-68. Once the GLU is affiliated, the NMF generates a frequency plan 
request message for each local or remote RAU to the SCC-2. This is not 
required if frequency plans are already distributed before deployment. The 
SCC-2/NPT then automatically sends the frequency plan to the GLU. If the 
NMF is not available, the SCC-2/NPT can force a frequency plan to the GLU. 
The RAU operator calls the call service position (CSP) of his NCS to ensure 
the RAU can process calls. He then calls a CSP of a distant node to ensure 
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other keys are correct. This process ensures that the COMSEC keys are in 
the proper HUS locations before providing mobile subscriber access into the 
network. 


ADJACENT 
INSTALL EXTENSION NODES DIVISION 


ADJACENT 
CORPS 


ADJACENT 
CORPS 


Extension links (RAU/SEN) are installed by priority 
(prior coordination between the G6 and S3s). 


Depicts NC Backbone 
Y NC ADJACENT 
p= RAU DIVISION 
Area Node 
O SEN TTC-39A(V1) 


Figure 4-17. Phased Deployment, Phase Ill, Extension Nodes 


4-69. When problems occur, SYSCON is notified. The problems are corrected 
before the RAUs turn on their marker beacon (signals). On direction from the 
SYSCON, the NMF directs the RAU operator to turn on his marker beacon. 
However, if the NCS fails, the NMF directs the RAU to turn off the marker 
beacon. Once the NCS recovers, the operator verifies his mode of operation 
and requests permission to turn on the marker beacon. Modes of operation 
include automatic, forced, and inhibited. 
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4-70. The SEN teams deploy to support CPs and to provide service for wire 
subscribers. They install distribution boxes (J-1077) and enforce cable/wire- 
tagging procedures. The SENS operator initializes the SENS, used in either a 
stand-alone or MSE network configuration, and loads COMSEC keys 
required for operation. 


4-71. Once connectivity is established, the NCS calls the SENS operator over 
the DVOW and directs him to affiliate his DNVT. The SENS operator 
affiliates his DNVT and calls the NCS CSP to verify if it can process calls. 
Then, the SENS operator notifies the S6 who notifies subscribers to affiliate 
their phones. 


4-72. The DSVT subscriber off a SEN loads the proper keys (U and M), 
affiliates his telephone, hangs up, and waits for ring busy and nonsecure 
warning (NSW) lights to flash. The DSVT subscriber is marked out-of-service 
if he does not wait for the flashing ring busy and NSW lights. This requires 
the NCS/LENS operator to restore service. If the SEN has a KY-90, the NCS 
and SENS operators must ensure they can process calls. 


4-73. At this stage, NCs use their priority list to install SENSs. NCs 
coordinate priority list changes with SYSCON. 


OPERATIONAL MANAGEMENT (PHASE IV) 
4-74. Operational management is maintaining an effective network that best 
serves the subscribers and begins after establishing the network. Here, the 
SCC-2 becomes an operations management tool for making additional 
changes. The information flow between all elements, units, signal personnel, 
and the SYSCON becomes more important as the network changes and 
reconfiguration occurs. (See Figure 4-18.) 


4-75. RAU coverage and frequency plans are checked continuously. Ensure 
SYSCON is aware of all changes that affect the network. The NC’s NMF 
reports frequency interference, equipment failure, COMSEC, and other 
problems to SYSCON. To identify problems, several management screens at 
the active SCC-2 need printing periodically. These printed screens help make 
network decisions when subscribers jump and equipment fails. 


4-76. RECAP screens are printed, reviewed, and stored in the station 
logbook. This logbook should contain at least— 


e Link data, RECAP of all planned and in-use internodal and extension 
node links. 


e Authorized and restricted LOS/SHF frequencies. 
e Current RAU/MSRT frequency plans. 

e Current locations of all assemblages. 

e Subscriber management cell operations. 

e SCC-2 SICPS layout diagram. 
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SEN/RAU NC RESPONSIBLE 
RR LEN }MASTER SLAVE MESSAGE SCC-2 ELEMENT PLANNING ACTIONS 


LEGEND: 
@ Origin of message. 
+> Destination of message. 
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PROJECT 
OPEN 
NC (FOR 
PLANNING 
IN NC). 


oe NODAL PLT 


STATUS LDR 
REPORT (SLAVE NC) 


NODAL PLT 
LDR 
(MASTER NC) 


OPEN LEN 
E ORDER i 
MOVE LEN 
ORDER 


POSITION 
STATUS 
REPORT 


[| OPEN LINK 
ei — d 

OPEN LINK 

be — 


LDR 
REPORT 

ea 
ii REQUEST il 


TO OPEN 
SEN/RAU/RR* 


SEN/REMOTE 
RAU/RR/ 
OIC/NCOIC 


SEN/RAU/RR SCC-2 
Vee ORDER i 
Poeniee SCC-2 
ORDER 
POSITION SEN/REMOTE 
STATUS RAU/RR 
f REPORT Se 
OPEN LINK SCC-2 
pe ORDER j 
OPEN LINK SCC-2 
E ORDER i 
OPEN LINK 
REPORT 


| L_REPORT I 


MASTER NG 


@® Origin of messge relayed via NCS or LEN. 


= =» = = Indicates message passed to/from the 
NCS/LENS by telephone, facsimile, 
or courier, NOT via TTY. 


Figure 4-18. Message Flow 


Signal Bde or Bn S3 tells SCC-2 
staff to plan an NC deployment to a 
specific area of the corps battlefield. 
SCC-2 staff finds best location for 
NC within that given area. SCC-2 
studies for future point (signal path 
profile). SCC-2 designates which 

NC deploys. (For initial deployment, 
the SCC-2 develops the orders and 
puts them in an envelope and gives 
them to the Nodal Pit Ldr.) For 
subsequent NC displacement, the 
orders are sent via TTY or are hand 
delivered from the SCC-2to the NC 
Plt Ldr/Sgt in the NMF. SCC-2 GDU 
and VDU are updated automatically 
upon receiving NC status reports. 
On order or IAW unit SOP, the NC 
updates the SCC-2 with personnel/ 
equipment status reports. 


SEN/Remote RAU/RR notifies 

the SCC-2 (via NC or LEN) of 

its future location and requests 

to open and establish a radio link. 
The SCC-2, using automated signal 
path profiling, finds a way to link the 
SEN, remote RAU, or RR to an NC. 
Then, the SCC-2 creates the 
appropriate project. 


All message traffic to and from the 
SEN/Remote RAU/RR must be 
routed through an NCS. 


Final destination of 
message. Revised 
via NCS or LENS. 
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4-77. The active SCC-2 issues orders to all NMFs. It receives reports from 
the NMFs upon execution of these orders. Thus, the SCC-2 maintains control 
of the network. The NMF’s OIC/NCOIC sends reports by the workstation or 
other electronic means. This is the only means to update SCC-2 files without 
manual input by SCC-2 operators. (See Figures 4-19 and 4-20.) All directives 
and reports for SEN, RAU, NATO, NAI, and relay teams are routed to the 
NMF and passed by orderwire, telephone, CNR, or courier. 


VZCZC 
007561007 
DE7561707/0250/2509152/0061 
TY SM 

HEADER FM = SCC-2 
TO NC = 61 
INFO 


BT 
CONFIDENTIAL 


TEXT 


OBJ/OPEN/LINK = 61 LO2 
DTG = 251500Z 
COORD/MASTER = PK283460 
COORD/SLAVE = PK310443 
AZ = 60 

TRAILER BAND =A 
FREQ/XMIT = 310.125 MHz 
FREQ/RCV = 240.750 MHz 
MARGIN = 10 
POLARIZATION = V 
KEY LINK = 2 
BT 


Figure 4-19. Open Link Sent to NC 61 


07561707 
007561707 
DE7561007/0086/251500Z/0061 


CLASSIFICATION 
OBJ/OPENI/LINK = 61 L02 
DTG = 2515002 

BT 


Figure 4-20. Open Link Report from NC 61 
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4-78. The SCC-2 must have influence over COMSEC, subscribers, 
frequencies, switches, and teams and equipment for a successful network. 
(See Figure 4-21.) 


SWITCHES SUBSCRIBERS 


FREQUENCIES 


Figure 4-21. Five Major Areas of Phase IV Operational Management 


4-79. COMSEC plans and operations do not change when the network 
deploys. SYSCON directs changes once MSE assets are employed. After 
installing the network, subscriber key mismatch may occur. COMSEC error 
messages printed on the NCS/LENS printer identify most problems. 
COMSEC messages, especially rekeyed terminated messages, are reported to 
SYSCON to determine if a network COMSEC problem exists. Table 4-3 
shows some reportable COMSEC messages. 


4-80. Subscriber problems are channeled from the extensions to NMFs 
through the SYSCON’s subscriber cell. The cell includes personnel in charge 
of subscriber problems. The cell handles subscriber problems and passes 
information down to the NMF. When the cell manages network problems, it 
also looks for potential problems and fine-tunes the network. For MSRT 
subscribers, SYSCON requires all NMFs to monitor RAUs using the display 
group status (DGS) screens. NMF'ss report the number of subscribers affiliated 
to their RAUs. With these reports, SYSCON determines if more RAU 
coverage is needed. 


4-81. SYSCON manages frequencies for all communications systems in the 
corps/division, including all MSE LOS links and MSRTs/RAUs. Operators 
absolutely must not flip-flop, swing, bootleg, or use unauthorized frequencies. 
SYSCON cannot accurately perform frequency management if problems are 
not reported. Interference problems occur when node OICs change or use 
other than SCC-2 assigned frequencies. As the network grows, overriding the 
SCC-2’s automatic frequency allocation feature causes interference problems. 
The SYSCON OIC decides whether to input frequencies and override the 
SCC-2 manually. 
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Table 4-3. Reportable COMSEC Messages 


Command 42 failed, KG93xx Indicates U key mismatch with an MSRT. 
KG82nn did not SYNCH with xx-xx 
DRCVR n. 


KG82nn did not SYNCH with Indicates wrong M key failure to SYNCH with an 
DRCVR n. MSRT. 


KG82nn did not SYNCH with xx-xx, | Indicates wrong M key in LD(X) position of wire line 
DRCVR yy. DSVT. 


Rekeyed terminated: n, [directory Indicates M key mismatch between the switch and 
number] LNXXXXxX, [profile] nn. an MSRT. This normally occurs with the KG82 


[Terminal address] xx-xx out of Indicates a wire line DSVT terminal address 

service. marked out of service which occurs with M key 
mismatch and prints with the KG82 failed to 
SYNCH message. 


4-82. All frequency margins should be at least +13 for internodal links and 
+11 for extension links. These margins are only guidelines and may be 
altered, depending on local conditions. Margins of +15 may cause over 
modulation that degrades the link. Consider remoting the LOS with SHF to 
obtain a higher margin. 


4-83. RAU frequencies should contain as many frequency pairs as possible 
(up to 96; recommended minimum is 40). The frequency manager determines 
the number of frequency pairs. RAUs working within the same network use 
20 percent of the frequency pairs of the active plan duplicated in the reserve 
plan. This ensures that MSRT users can reaffiliate in the network during 
frequency plan changes. RAUs working in different networks and occupying 
the same area must have zero percent of frequency overlaps between active 
frequency plans. The dialogue between the MSRTs and RAUs searches for a 
frequency pair. If they match, there is a CRYPTO alarm on the MSRT 
because of different M keys. 


4-84. Switches assist SYSCON in managing the network by determining 
network performance. 


4-85. Traffic metering reports provide the node OIC with a detailed look of 
the switch’s performance. These reports include— 


e R1 - switch traffic report. 

e R2- node pair traffic report. 

e R38-summary for TGCs. 

e R4- precedence reports for TGCs. 
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e R5 - loop traffic report. 


e kR6 - DTG binary digit error rate report. (All DTGs should average 
100 percent of the time at 10-6.) 


4-86. Traffic load control (TLC) limits subscriber access at each switch during 
low call completion rates, bad or busy trunks, or network/switch congestion. 
The subscriber’s profile contains its TLC level. TLC levels are— 

e 1-no restrictions. 


e 2- restrict trunk access. 
e 63- restrict trunk access. 
e § 5- restrict switch access. 


Note: If TLC 2, 3, or 5 is implemented, telephones can 
receive calls. However, they will not have a dial tone. 


4-87. Gateways may become overloaded with traffic due to increased use or 
reduced grade of service. Zone restriction limits groups of subscribers, based 
on profile, access to certain gateways. Two zone restriction lists have a 
maximum of 101 entries. The other six zone restriction lists have a maximum 
of 33 entries. Restricted lists prevent subscribers from calling those zones on 
the list, while permissive lists prevent subscribers from calling any zone that 
is not on the list. Each entry contains— 

e Entry number. 

e Start code (defining a single zone or the start of a zone range). 


e End code (either blank for a single zone or defining the end of the 
zone range). 


4-88. The zone range uses two entries in the database. The start or end codes 
consist of a three-digit area code, a four-digit unit code, or a six-digit NATO 
area code in the form NYX, LNXX, or 9YX XXX, where— 

e N=any digit 2 through 9. 

e lL=any digit 1 through 7. 

¢ X-=any digit 0 through 9. 

e Y~=any digit 0 or 1. 

e 9=defines NATO subscriber. 


4-89. NCS/LENS operators can temporarily change subscriber profile 
assignments with approval from SYSCON. Profile reassignment must be 
coordinated through the G6. 


4-90. When the number of MSRTs affiliated to the RAU exceeds 25, SYSCON 
should consider distributing the MSRT load to other RAUs or “shaking the 
blanket.” This action requires the RAU operator to turn off the marker 
beacon and report to the NMF when all radios are free. Shaking the blanket 
is performed only when there is sufficient overlapping of RAU converge or 
during low-traffic periods. The switch operator performs an _ assign 
SEN/RAU/SCC-2 (ASR) database modification to indicate “absent” and places 
the remaining subscribers in the absent subscriber mode. This forces active 
MSRTs to transfer affiliation automatically to the strongest available RAU 
marker. SYSCON notifies the NMF to turn on the marker beacon and 
perform another DGS to determine the correct number of MSRTs. However, if 
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the numbers have not changed, SYSCON considers the importance of 
subscribers and the use of RAU modes of operation. Modes of operation 
include— 
e Automatic: Six radios are for routine subscribers and two are 
reserved for priority users. 


¢ Forced: All radios are used for priority subscribers only. 


e Inhibited: No radios are reserved; all subscribers can access any 
radio. 
4-91. The node OIC/NCOIC makes database changes for MSE links. 
SYSCON provides assistance for non-MSE links. If problems occur, SYSCON 
is notified. All changes are made as they are required. 


4-92. SYSCON normally controls the movement of SENs or LENs. During 
the rapid flow of battle, SENs or LENs may displace before notifying 
SYSCON. If this occurs, the S6 coordinates with the corps or division deputy 
G6 or SYSCON. Based on the S6’s coordination, the SCC-2 can engineer 
systems to the extension node’s proposed location. If time permits, the SEN’s 
NCOIC and the unit’s S6 perform reconnaissance for the proposed site. The 
SEN NCOIC notifies the NC of information that is passed to SYSCON. 


4-93. SYSCON generates team packet FRAGOs and sends them by message 
to the gaining and losing NC. The SEN calls the losing NC by telephone for 
permission to close the link. Before closing the link, the NC gives information 
from the team packet to the SEN to install a link with the gaining NC. The 
NC enters ASR/MODIFY/ABSENT before closing the link. The NC closes the 
link and sends a close link report to the SCC-2. The SEN team reports 
leaving the site to the losing NC by MSRT or FM radio. Once the SEN team 
arrives on site, they report to the gaining NC who notifies SYSCON by 
telephone. After establishing the link to the SEN, the gaining NC sends an 
open link report to the SCC-2. 


4-94. SYSCON takes immediate action on unexpected changes, such as 
destroyed or failed NCs. SYSCON first determines if the NC is destroyed or 
has failed. A destroyed NC can be identified if no communications can be 
made to the NC by FM radio or its internodal links. A failed NC is identified 
by contact being made from the NMF. SYSCON directs the extensions to re- 
home their LOS antennas to provide connectivity if the NC is inoperable for a 
long time. For the SENS to regain access into the network, SYSCON finds an 
NC that can handle the additional system. The SEN is contacted by FM radio 
to reorient its LOS. It is not always possible to give all the extensions access 
into the network. SYSCON determines which SEN is given network access. 

Note: Re-homing links require the SCC-2/NPT to 

generate a new project, assign new frequencies, and 

create new team packets. 


4-95. The SCC-2/NPT maintains team and equipment files. The files are 
updated before and during each operation. This ensures the SCC-2/NPT has 
the most current information available. It is important to update these files 
because without updated information, teams could be committed to a mission 
they are not equipped to accomplish. While in garrison, the operational 
readiness report (ORR) is used to update the SCC-2/NPT files. Once 
deployed, the node OIC must feed this information to the SCC-2 by report 
messages. 
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Chapter 5 
Network Database Management 


This chapter describes database development and provides doctrinal 
guidance to accomplish those tasks. The discussion includes developing 
and managing an MSE database using the NPT. The NPT and the SCC-2 
are used as the network status controller including the NMC for the TPN 
operation and management. 


MANAGEMENT AND CONTROL 


5-1. The NPT, SCC-2, NCS, LENS, and their NMFs operate from a 
standardized network database. The critical part of long-range planning is 
initially generating the network database. The corps or the division G6, if 
establishing a stand-alone division network, sets up network management 
and control parameters for this process. 


5-2. The signal brigade headquarters conducts management and control in 
an MSE corps network. The division signal battalion headquarters conducts 
management and control in a stand-alone division MSE network. Within 
these headquarters, the SYSCON conducts MSE network planning and 
operation. SYSCON maintains TECHCON of the network and is responsible 
for— 

e Planning, engineering, controlling, and maintaining the network. 


e Assigning and reassigning variable network operating parameters. 
e Distributing all operating parameters networkwide. 


e Establishing relationships among network components. 


DATABASE DEVELOPMENT 


5-3. For signal planners, the supported unit's mission and planning guidance 
determine the content of the database. Signal planners may prepare one 
master database from which all missions evolve or prepare individual 
mission databases to support specific contingencies. The number of databases 
depends on the differences in force structure, missions, and geographical AO. 


5-4. In operation plans (OPLANSs), the force commander and staff define each 
mission, contingency, and exercise. The force signal staff prepares the 
databases and obtains the following information: 


e Active and reserve component forces that require support. 
e Radios to be used. 

e Available MSE assets and unit information. 

e Desired link reliabilities. 


e Environmental parameters. 


FM 11-55 


e Desired network-planning factors. 


e Subscriber terminals to include— 


Level of authorized precedence. 


Type of authorized subscriber terminal and designation of tactical 
unit where each terminal will deploy. 


Type of service required by each user/office (for example, 
progressive conference and commercial network access). 


Preprogrammed conference participants. 


Compressed dial participants. 


e Expected joint and allied interface requirements, including units and 
specific mission requirements. 


e Expected geographical AOs. 


e Authorized and restricted frequencies by range and type. 


e Known competing, civilian emitters that could be in the AO, including 
grid locations, operating frequencies, and transmit power. 


e §©Potential EW emitters. 


5-5. This information is then used to respond to one or more of the following 


areas. 


e Digitized maps. 


e High point data. 
e PALs. 


e §6Profile lists Gncluding compressed dial lists). 


e Preprogrammed conference lists (PCLs). 


e Team files. 


e MSE frequency management. 


5-6. The MSE database includes the global database (GDB), and it— 
e Supports a seamless network architecture. 


e Provides joint and service interoperability at EAC and ECB. 


e Provides an effective communications network for any force projection 
scenario. 


5-7. The GDB identifies joint (Commander-in-Chief (CINC)) level, US Army, 


US Air Force, US Navy, and US Marine organizations. The GDB manager 
(GDB MGR) is located with the US Army Signal Center. The GDB includes— 


e Nonduplicated PAL sublist numbers. 


e Nonduplicated team label identification for switch and control 
systems. 


e Nonduplicated phone numbers. 
e Global Standard Profile Matrix (GSPM) 255. 
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5-8. The NPT can develop the MSE network database, plan and engineer the 
network, and distribute team information to all appropriate switches. The 
SCC-2 acts as network status controller, and the NMC within the SCC-2 
manages the operation of the TPN after it is initialized and loaded with the 
database. 


DIGITIZED MAP REQUIREMENTS 


5-9. The MSE NPT uses two types of map data for its software applications. 
Both are originally sourced from the National Imagery and Mapping Agency 
(NIMA) and are available on compact disk-read only memory (CD-ROM). 


5-10. The ARC-Digitized Raster Graphics (ADRG) is a digitized picture of 
paper maps that clearly shows the terrain features (for example, rivers, 
roads, lakes, hills). They are available in five forms. 

e Joint Operations Graphics-Air (JOG-A), 1:250,000. 

e Joint Operations Graphics-Ground (JOG-G), 1:250,000. 

e Topographic Line Maps (TLM), 1:50,000. 

e Tactical Pilotage Charts (TPC), 1:50,000. 

e Operational Navigation Charts (ONC), 1: 1,000,000. 


5-11. The digitized terrain elevation data (DTED), Level 1, provides the 
terrain data applied to the digitized map for use in site location and radio 
system profiling. 


HIGH POINT DATA REQUIREMENTS 


5-12. High points are developed using the high elevation retrieval option 
within the network planning-frequency assignment application of the NPT. A 
user-selected rectangular area, defined by coordinates of its southwest and 
northeast corners, can be established using appropriate map data. This 
rectangular area map plot can be divided into five rows of five columns 
(equaling 25 cells) with up to five high points per cell, so that selected high 
points may be chosen throughout the original map plot. When selecting high 
points, a minimum separation value is applied to prevent all high points from 
being on the same high piece of terrain (for example, single hilltop). With this 
capability, the NPT can make a map reconnaissance of potential site 
locations before making the physical reconnaissance. 


5-18. Two other NPT software applications support high point refinement. 
The interactive asset placement (IAP) application searches for high elevation 
placement for particular radio links at a site that still profiles. The automatic 
asset placement (AAP) application checks for the centroid of mass of switches 
that an NC supports and identifies the highest ground within a 1-kilometer 
area of a selected site. 


5-14. Signal planners must consider all METT-T factors when selecting 
potential high points. The final high point selection is coordinated with senior 
headquarters SYSCON and the G3. Other weapons and communication 
systems can have high points as key terrain. 
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PREAFFILIATION LIST REQUIREMENTS 


5-15. The MSE database includes telephone numbers for fielded units 
contained on the switch PAL. This database contains a unique telephone 
number for each subscriber position. The database is updated annually 
according to actual subscriber requirements that allocate a specific type of 
terminal to each operational subscriber. 


5-16. The PAL sublists identify subscribers’ numbers and the associated 
profile service characteristics likely to be affiliated with the network. The 
signal organization planner, through the US Army Signal Center GDB MGR, 
manages the development of the PAL. A PAL database can have up to 1,000 
PAL sublists (database designators DB000-DB999). Each PAL sublist can 
contain a maximum of 200 subscribers. Each sublist is developed according to 
the standard requirements code (SRC) assigned to each unit or entity within 
a PAL database. The sublist may include command structure or community 
of interest, such as division main (DMAIN), division tactical command post 
(DTAC), or division rear (DREAR). PAL sublists are a part of the global PAL 
(GLPAL) baseline that includes all joint and US military services. 


5-17. The doctrinal guidelines for developing a PAL database are shown 
below. 


5-18. Assign unit or telephone prefixes (first part of the phone number) 
according to the Global Block Numbering Plan (GBNP) approved in June 
1995, and subsequently changed or defined by the GDB MGR. 


5-19. Assign telephone numbers by using the prefix from the unitlist.dbf 
and associating a suffix from the suffix.dbf based on the SRC or subscriber 
template. The subscriber database is created from association and reviewed 
by the network manager or PAL manager of the specific PAL database. Units 
should use the subscriber database to develop telephone directories to meet 
their requirements. 


5-20. Ensure a subscriber’s telephone number is unique with a profile 
assigned and placed only on one sublist. 


5-21. Develop PAL sublists along task organized lines, depending on 
requirements. A subscriber's DNVT and MSRT number may appear on 
different PAL sublists. This depends on the way the network deploys and 
supports the units. 


5-22. Group GLPAL sublists for corps into DBO00-DB999 signal technical 
numbers as shown in Table 5-1. 


5-23. Group GLPAL sublists for all other databases into DB000-DB099 
signal technical numbers as shown in Table 5-2. 
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Table 5-1. Corps GLPAL Sublists 


Database Designators Community of Interest 


DBOO00 


DB001-DB009 
DB010-DB019 
DB020-DB029 
DB030-DB039 


DB040-DB049 
DB050-DB059 
DB060-DB069 

| DB070-DB079 
DB080-DB089 
DB090-DB094 
DB095-DB099 


Area Brigade DBAOO 
Corps Signal Brigade SCC-2/ 
ISYSCON 


Area Battalion DBAO1 Corps 
Area Battalion DBAO2 Corps 
Area Battalion DBA03 Corps 
Area Battalion DBA04 Corps 
(Support) 

Division DBDO1 

Division DBD02 

Division DBD0O3 

Division DBDO4 

Division DBDO5 

Division DBDO6 

Division DBDO7 


Table 5-2. GLPAL Sublists for Other Databases 


Database Designators Community of Interest 


DBOO00 


DB001-DB009 
DB010-DB019 
DB020-DB029 

| DB030-DB039 
DB040-DB049 
DB050-DB059 
DB060-DB069 
DB070-DB079 
DB080-DB089 
DB090-DB094 
DB095-DB099 
DB100-DB999 


Area Brigade DBAOO 
Command or Brigade ISYSCON 


Area Battalion DBA01 
Area Battalion DBA02 
Area Battalion DBA03 
Area Battalion DBA04 
Area Battalion DBAO5 
Area Battalion DBA06 
Area Battalion DBAO7 
Area Battalion DBA08 
Area Battalion DBA09 
Area Battalion DBA10 
Area Battalion DBA11 
As Required 
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5-24. Table 5-3 shows an example of the switch PAL. 


Table 5-3. Switch PAL 


Switch PAL Example 
PA520597 contains 9 PALs 


PAL Number 52001 
|_ CTSC 29 SC BN NCS 5201 


9 entries: 
5200100 184 
5200101 190 
5200102 190 
5200103 190 
5200104 190 
5200105 190 
5200106 190 
5200110 190 
5200111 190 


5-25. Do not include data terminal adapter (DTA) numbers in switches on 
PAL sublists or subscriber databases. The network uses these numbers to 
communicate between switches. They follow the format of DB99907 (999 is 
number 000-099 and 07 is standard for all flood search switches). 


5-26. Group all signal battalion MSRT numbers on one PAL. This allows the 
signal numbers needed for network control to activate in the first operational 
NCS and ensures that signal managers have immediate access to the 
evolving network. Other MSRT subscribers may use a similar rule, so they 
may have phone service as soon as they enter the area. 


5-27. The NPT can accept a PAL load disk with its PBOOKII software 
application. Do not use PBOOKII software when modifying and updating a 
PAL. The PBOOKII software application provides an electronic phone book to 
support tactical switching. It also supports the 63 and 255 profile matrix 
standards with version 2.01 and the GDB with version 2.02. 


MATHEMATICS 


FOREWORD 


The Department of Energy (DOE) Fundamentals Handbooks consist of ten academic 
subjects, which include Mathematics; Classical Physics; Thermodynamics, Heat Transfer, and Fluid 
Flow; Instrumentation and Control; Electrical Science; Material Science; Mechanical Science; 
Chemistry; Engineering Symbology, Prints, and Drawings; and Nuclear Physics and Reactor 
Theory. The handbooks are provided as an aid to DOE nuclear facility contractors. 


These handbooks were first published as Reactor Operator Fundamentals Manuals in 1985 
for use by DOE category A reactors. The subject areas, subject matter content, and level of detail 
of the Reactor Operator Fundamentals Manuals were determined from several sources. DOE 
Category A reactor training managers determined which materials should be included, and served 
as a primary reference in the initial development phase. Training guidelines from the commercial 
nuclear power industry, results of job and task analyses, and independent input from contractors 
and operations-oriented personnel were all considered and included to some degree in developing 
the text material and learning objectives. 


The DOE Fundamentals Handbooks represent the needs of various DOE nuclear facilities’ 
fundamental training requirements. To increase their applicability to nonreactor nuclear facilities, 
the Reactor Operator Fundamentals Manual learning objectives were distributed to the Nuclear 
Facility Training Coordination Program Steering Committee for review and comment. To update 
their reactor-specific content, DOE Category A reactor training managers also reviewed and 
commented on the content. On the basis of feedback from these sources, information that applied 
to two or more DOE nuclear facilities was considered generic and was included. The final draft 
of each of the handbooks was then reviewed by these two groups. This approach has resulted in 
revised modular handbooks that contain sufficient detail such that each facility may adjust the 
content to fit their specific needs. 


Each handbook contains an abstract, a foreword, an overview, learning objectives, and text 
material, and is divided into modules so that content and order may be modified by individual DOE 
contractors to suit their specific training needs. Each subject area is supported by a separate 
examination bank with an answer key. 


The DOE Fundamentals Handbooks have been prepared for the Assistant Secretary for 
Nuclear Energy, Office of Nuclear Safety Policy and Standards, by the DOE Training 
Coordination Program. This program is managed by EG&G Idaho, Inc. 


Rev. 0 MA 
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PROFILE LIST REQUIREMENTS 


5-28. Profiles provide particular phone service and system features to wire 
and mobile subscribers. The subscriber’s profile defines the level of 
authorized service to each MSE subscriber. A method of developing profiles is 
to classify the subscribers by type and/or position. Each subscriber is 
assigned a permanent profile. This profile can be changed temporarily at the 
switch; however, this is the exception not the rule. Signal planners must 
consider area TMD communications support requirements, whereas TMD 
assets require dial-hold (channel reassignment function) circuits through the 
MSE network. 


5-29. The US Army uses the GSPM 255 0895 matrix, which replaces the 
earlier Army Standard Profile Matrix 0191. The GSPM 255 0895 matrix— 

e Increases profiles from 63 to 255. 

e Provides additional profiles to meet evolving subscriber service 

requirements. 

e Includes profiles for joint communications networks. 

e Provides direct conversion from the 63 to the 255 matrix. 

e Addresses the COMSEC rekey rule “250” limitation. 


e Provides 19 subscriber features. 


5-30. Six basic groups within the matrix are— 
e 0- Wireline subscribers (terminal type-3) DSVT. 
¢ 1-—Mobile subscribers (terminal type-3) MSRT. 
e 2—DNVT subscribers (terminal type-13) DNVT. 
e 3-DTA (terminal type-15). 
e 4—GLU (terminal type-16). 
e 5-—Analog/secure terminal unit (STU) (terminal type-248). 


5-31. There are 50 subgroups which are categorized by profile and 
precedence order. The COMSEC rekey rule states that a maximum of 250 
mobile subscribers should be assigned on a single rekey ID within a network. 
All wireline subscribers are assigned to one rekey ID-01. Fourteen mobile 
groups with unique rekey IDs will assist in preserving the COMSEC limit of 
250. 


5-32. The GSPM contains the old profile numbers cross-referenced to the 
GSPM profile. The US Army Signal Center initially converts all databases to 
the GSPM profiles. Each signal organization network manager may review 
each subscriber to determine if the new profile meets the subscriber’s 
requirements. Each group for DSVTs converts to 03, 04, and 06, which 
translates to 009, 010, and 015, respectively. MSRTs may convert directly to 
MSRT groups 1-7 from old groups 1-7, or MSRT groups 1-7 for division slots 
and MSRT groups 8-14 for corps troops. EAC and other databases may only 
use MSRT groups 1-7. 


5-33. Figure 5-1 shows the GSPM. The network manager must complete the 
profile matrix to initiate the MSE network. 
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Figure 5-1. GSPM (Continued) 


5-12 


FM 11-55 


YAgEIWNN 3A1IdOud 

411d0ud G10 

AdAL TVNIWHYAL 

TOYLNOD GVOT DisAVYL 
TAA71 ALIYNDAS 

THA351 SONAGADAYd 
SOILSIHALOVYVHO TVNIWYAL 
A1aILVdINOO HOLIMS SSIN 
AOVAYSALNI OIGVY LAN 
ADNAYSAINOO SAISSAYDOU"d 
SNIGUVMYOS TIVO 

SSA90V TVIOHUAWINOD 
SSVdAd Y3ASN IWILNASSA 
SLSIT ONIIVIG GASSAY¥dNOO 
NOLIDIY.LSAY ANOZ 

ADIAUAS SSADOV LOAYIG 

dl AAM3Y 

di AAMY G10 

V GI LAN 

4g Gi LAN 

SSA00V ANNYL ¥va 

TIVO YVd 


GROUP: 132 MOBILE GROUP 14 
pie | te tT Le TE VN IN TY ety fe to fo} ee) foe fern 


rae tarts [t PPP Lv NEN yy fpf p32 7 poe Lar NL 
(147 |32/3 [5 |P |R |V IN IN |]Y¥ |Y¥ IN [IN /]2 [5 Jo f22ti7jo2{a7{N] 
—Gnaue: iss MOBILE DATs 


Eo Uo a 

L496 |= Saas eM NEONE ONS ON TONE TEN SOG a ay of fie fe = 2 Np | 

(157 | [13}1 JP [P JIMIN{ININININ]Y¥Yfo[3{i1] ]| | {| [N] | 
GROUP: 236 DNVT DAS Preferred/Voice (P/V) 

ee a a a A ee ee 

P59) S813. oP as | Wen NINES NS ONS NSal Ye Oe EO mica le Solid t 1s = SNA] 

160. [13 |. Po] Pe Pv NNO | NODN LY fo oft) | PN 
GROUP: 237 DNVT DAS Preferred/Voice (P/V) 

tert fis tt {Nn tro [VIN IN fy fy te tt to to fff TIN 


ries [3 }s-TN- PLN N NN ENPsO 
Be Ee ee 
rer {—pis ts twtr Pe tw pw pwn tte Peto 


13 [3 0 

ries Ls [eNO 

P70] 13 15 NR | VEN EN TYTN TN TN [43 fof 
GRoUR: = DNVT Preferred/Voice eat poe 


Figure 5-1. GSPM (Continued) 
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Figure 5-1. GSPM (Continued) 
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Figure 5-1. GSPM (Continued) 
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Figure 5-1. GSPM (Continued) 


5-34. Profile 238 is used for the RAUs GLU and 237 is used for the DTAs. 
The other 253 profiles for subscriber equipment contain all five levels of 
precedence for operation and control purposes. Table 5-4 shows the 
percentage of precedence category calls a network will contain. 


Table 5-4. Percentage of Precedence Category Calls 


Percentage Precedence 


0.0% Flash Override (FO) 
0.2% Flash (F) 
4.0% Immediate (I) 
27.8% Priority (P) 
68.0% Routine (R) 


Note: Source is Chairman, Joint Chiefs of Staff 
Memorandum (CJCSM) Publication 6231.07A 
series. 
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5-35. Table 5-5 shows the class marks, which make up a subscriber’s profile 
and the input codes associated with each class mark. 


Table 5-5. Class Mark Input Codes 


CLASS MARK E VALID INPUTS i] INPUT CODES 


Terminal Type DSVT 
DNVT 

DTA : : 

SCC-2 84 

LG-1 16 

ANALOG 251 


Traffic Load Control Most Essential 
More Essential 
Essential 
Less Essential 
Least Essential 
Not Applicable N/A 


ahWON— 


Security Level Security Required R 
Security Preferred P 
End-To-End E 


Maximum Flash Override FO 
Precedence Flash F 
Immediate | 
Priority P 
Routine R 
Terminal Voice 
Characteristics Multimode 
Data 
Message Switch Yes 
Compatible No 
Not Applicable 
i Y 
N 
Progressive Yes 
Conference No 
Call Forwarding . Y 
N 
Commercial Network 
Access 
Essential User Yes 
No 
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Table 5-5. Class Mark Input Codes (Continued) 


CLASS MARK i VALID INPUTS il INPUT CODES 


Compressed Dialing Not Authorized 
List CD list 1 
CD list 2 
CD list 3 
CD list 4 
CD list 5 


akrkwn+Oo 


Zone Restriction No Restriction 
ZR list 1 
ZR list 2 
ZR list 3 
ZR list 4 
ZR list 5 
ZR list 6 
ZR list 7 
ZR list 8 


Direct Access Yes Y 
No N 
1 1 


Rekey 


ONDOaRWN-O 


Net IDA 2 2 


Net ID B 27 27 


Bar Trunk Access Yes 
No 
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5-36. The different subscriber terminal types within MSE can include— 
e Terminal type 3 (DSVT) — identifies the KY-68 or KY-90. 
e Terminal type 13 (DNVT) — a TA-1035/U or a TA-1042 with a data 
port to provide for data input. 
Note: DNVTs or MSRTs must connect to a switch 
and have an individual directory number. 
e Terminal type 15 (DTA) — allows data to flow to and from the SCC-2. 
e Terminal type 248 — an analog circuit. 
e Terminal type 16 (GLU) - enables it to receive and distribute 
frequency plans and manage the eight radios in the RAU. 
e Terminal type 84 (SCC-2 network interface device) — provides the 
four transmit and four receive lines to the network. 


5-37. TLC reduces network traffic during busy periods by efficiently using 
available switching and transmission resources. TLC restricts trunk access 
and local calling to class marked subscribers. Subscribers should be class 
marked for one of the five TLC levels shown in Table 5-6. The switch’s TLC 
restrictions rule how the subscriber’s TLC class mark is used in the MSE 
system. Table 5-6 explains how the switch uses class marks. 


Table 5-6. TLC Application 


TRAFFIC 
LOAD SUBSCRIBER CLASS MARK 
CONTROL 
LEVEL 


ee NO TRUNK NO TRUNK 
CALLS 
3 (TRUNK CALLS CALLS 


PERMITTED: 
RESTRICTION) RESTRICTIONS | RESTRICTIONS eae PERMITTED PERMITTED 


NO TRUNK NO TRUNK NO TRUNK 


2 (TRUNK NO CALLS CALLS CALLS NO TRUNK 
RESTRICTION) RESTRICTIONS PERMITTED: PERMITTED: PERMITTED: CALLS 
LOCAL CALLS LOCAL CALLS LOCAL CALLS ice 


5 (SWITCH NO CALLS 
RESTRICTION) RESTRICTIONS RESTRICTIONS RESTRICTIONS RESTRICTIONS PERMITTED 
4 (SWITCH NO CALLS NO CALLS 
RESTRICTION) RESTRICTIONS RESTRICTIONS RESTRICTIONS PERMITTED PERMITTED 


Note: A local- or long-loop subscriber or private branch exchange (PBX) trunk attempting a trunk 
call is returned a line-busy tone. The call is not completed. Time-out actions on sending a line- 
busy tone is IAW the specific requirements of the particular loop or trunk. (See individual signaling 
and supervision appendices for details.) A digital in-band trunk signaling (DIBTS) trunk attempting 
a call is returned a call incomplete (all trunks busy from tandem switch). 
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5-38. The three security level class marks are security required (R), security 
preferred (P), and end-to-end (E). In profile development, only preferred and 
end-to-end are used. 


5-39. Security required is used when a subscriber can only complete calls 
over secure links to approved loops or to a DSVT. 


5-40. Security preferred are calls extended as secure, if possible; otherwise, 
the call is completed in a nonsecure mode. Most terminals are class marked 
as security preferred. Security preferred is for access to commercial networks 
and to the DISN. 


5-41. End-to-end applies only to DSVTs. DSVT subscribers can only call 
other DSVT subscribers. 


5-42. All five precedence levels can be assigned. The maximum precedence 
entry specifies the highest precedence level a subscriber may impose on a 
call. The national command authority (NCA) and/or the theater commander 
authorize assigning a particular precedence to a user. 


5-48. The terminal characteristics entry specifies subscriber terminal 
characteristics. The three different terminal characteristics are voice (V), 
multimode (M), and data (D). NCTs and ABCS computer terminals, such as 
the MCS terminal, using the DSVT are class marked as data if the DSVT is 
used with MCS only; otherwise, it is class marked “M” for voice and data. 
Terminals without communication terminals (CTs) and with facsimile are 
class marked voice only. 


5-44. The MS compatible entry specifies whether a subscriber in the data 
mode is compatible with the AN/TYC-39 (yes [Y] or no [N], and has access 
privilege for record traffic users with the CT (AN/UGC-144). 


5-45. The NRI entry is only for the KY-90, and all subscribers have access by 
dialing the KY-90 phone numbers. The NRI is given a precedence to support 
contingencies. 


5-46. The progressive conference entry specifies whether the subscriber is 
authorized to initiate a progressive conference (Y or N). With this authority, 
the subscriber may dial the selected subscribers for his conference. A 
conference call can have a maximum of 14 subscribers. The PCL must be 
loaded in the switches with subscribers needing this service. 


5-47. The call forwarding entry specifies whether the subscriber can forward 
incoming calls to another terminal (Y or N). Do not confuse call forwarding 
with call transfer. Call transfer is transferring a connected call to another 
number and is not an MSE capability. 


5-48. The commercial network access entry specifies whether the subscriber 
is authorized to initiate calls to commercial networks (Y or N). 


5-49. The EUB class mark specifies essential users terminated at an NCS or 
LENS for bypass to another NCS if the subscriber’s parent NCS cannot 
provide call processing because of processor failure (Y or N). 
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5-50. Compressed dialing lists (CDLs) allow selected subscribers to quickly 
dial frequently called people. The compressed dialing entry specifies whether 
the subscriber is authorized to use the compressed dialing feature. A zero 
shows that the subscriber cannot use compressed dialing. A digit (1-5) 
indicates that the subscriber can call anyone on the same CDL. There are five 
compressed dialing lists each containing up to 80 subscribers. Each entry is 
assigned a number between 20 and 99, which then becomes the compressed 
dialing number. Figure 5-2 shows a CDL. 


5-51. Zone restriction lists (ZRLs) may be permissive or restrictive. ZRLs 
either allow a subscriber access to anywhere in the network or restrict access 
to certain areas. The restrictive list is for routine users only and limits them 
to calls within the corps network. Changes to this list are made at the NPT 
and sent by technical message to the NCS/LENS. 


5-52. MSE wire subscribers may be class marked for direct access service 
(DAS). An NCS or LENS can have up to 60 assigned subscribers, and a SENS 
can have up to 10 subscribers. DAS can be assigned as a paired operation, 
where subscriber A can only call subscriber B and vice versa. DAS can also be 
assigned as a one-way operation, where subscriber A can only call subscriber 
B, but subscriber B can call any MSE subscriber. One-way operation is 
mainly used; it can also be used as the initiator of a preprogrammed 
conference. When a DAS subscriber initially connects to a switch, he must 
contact the switch operator and provide the directory number to which he 
desires direct access. Once the operator programs the switchboard, service is 
automatically provided. When the subscriber no longer requires DAS, he 
must contact the switch operator to disconnect this service. 


5-53. The rekey ID 1 entry is valid with wireline DSVT-like devices only. 
Rekey IDs 2-23 are used for MSRTs only. Rekey IDs 24 and 25 are not 
assigned in the GSPM 255. Each ID (1-25) identifies the rekey variable of a 
DSVT-like net (recommended maximum of 90 terminals). 


e =6Net IDs A and B are not used. 
e ~=Bar truck access and bar call were added with the GSPM 255. 


e The network manager must use the GSPM 255 to assign profiles to 
subscribers. 


Note: The NPT using the PBOOKII software application 
supports both the 63 and the 255 profile matrix. The 
subscriber list management (SLM) application of the 
NPT can manage the subscriber database, including the 
PAL, CDL, and ZRL. 
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COMPRESSED DIALING LIST 1 OF 5 
UNIT: 1st DIV | Poc: SGTLane PHONE: 791-1600 
COMPRESSED DIALING DIRECTORY COMPRESSED DIALING DIRECTORY 
NUMBER NUMBER NUMBER NUMBER 

20 3401019 70 

21 3401389 71 

22 4601019 72 

23 4401019 73 

24 4201019 74 

25 4202019 75 

26 76 

27 77 

28 78 

29 79 

30 80 

31 81 

32 

33 e 

3d Le 

35 85 

36 86 

: S 

38 88 

39 89 

40 90 

41 91 

42 92 

43 93 

44 94 

45 95 

46 96 

47 97 

48 98 

49 99 

50 THIS FORM MAY BE REPRODUCED 

51 TO DEVELOP UP TO FIVE LISTS. 

52 

53 

54 

55 

56 

57 

58 

59 

60 

61 

62 

63 

64 

65 

66 

67 

68 

69 
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Figure 5-2. CDL 
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PREPROGRAMMED CONFERENCE LIST REQUIREMENTS 


5-54. Authorized PCL members can initiate a conference call with members 
of the PCL list (Figure 5-3). There can be a total of 20 PCLs numbered from 
20 to 39, and each list can contain up to 14 subscribers. It is also possible to 
have four PCLs with a maximum of five subscribers each if there are enough 
bridge terminal cards in service at the switch. At the top of each list, YES or 
NO is circled to indicate whether security is required for the conference list. 
A YES entry requires a loop key generator (LKG) per instrument per call. 
Each DSVT/MSRT (whether security is circled YES or NO) requires an LKG 
per instrument per call. Therefore, the standard for programmed conferences 
should be DNVT telephone numbers and a security NO entry. Multiple 
conferences outside the standard will degrade service at the NCS. 


PREPROGRAMMED CONFERENCE LIST 31 OF 39 


UNIT: 1st DIV POC: SGT Lane PHONE: 791-1600 
SECURITY REQUIRED 
(YES OR (NO) 
ENTRY DIRECTORY SUBSCRIBER AUTHORIZED 
NUMBER NUMBER TO INITIATE CONFERENCE 
(YES OR NO) 
1 3401019 YES 
2 3401389 YES 
3 4601019 NO 
4 4401019 NO 
5 4201019 NO 
6 4202019 NO 
e 
8 
9 


2 


The preprogrammed conference lists 


must be numbered from 20 to 39. 


This form may be reproduced to develop 


up to 20 lists. 


Figure 5-3. PCL 


5-55. There are 20 corps common PCLs numbered 20 through 39. Only 
coordination with and approval of the corps signal office can change these 
PCLs. Any temporary change for a particular exercise does not require a 
change to the tactical standing operating procedure (TSOP), but it does 
require updating a work sheet for that period. Table 5-7 shows an example of 
the corps PCL assignment. 
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Table 5-7. Example of the Corps PCL Assignment 


Preprogrammed 
Conference List 
21 
Corps Administrative/ 
23 Logistics 
25 
27 COSCOM 


28 Corps Reserved 
29 


33 
35 
36 4th Division 
37 
39 


TEAM LABEL DATA FILE REQUIREMENTS 
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5-56. The US Army Signal Center enters team label data into the team label 
data file (TLDF). The signal organization network manager or PAL manager 
for that database validates the TLDF. All teams are included in the TLDF. 
All MSE signal teams are assigned team labels according to the global team 
labeling scheme (Figure 5-4.) Table 5-8 shows the resulting corps standard 
team designation chart, which is used for team C2. Table 5-9 shows an 
example of the 1st Division’s team labels. 
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Figure 5-4. Global Team Labeling Scheme 
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Table 5-8. Corps Global Standard Team Designation Chart 


CORPS AREA SIGNAL BN DIVISION SIGNAL BN TEAM LABELS AND SLOTS 
TEAM LABELS AND SLOTS 


DB01-DB09 DBAO1 
DB10-DB19 DBA02 
DB20-DB29 DBAO3 


DB30-DB39 DBA04 


DB40-DB49 
DB50-DB59 
DB60-DB69 
DB70-DB79 
DB80-DB89 
DB90-DB94 
DB95-DB99 


Note: SENs are designated with a letter team designator (A-K). 


AREA BN SLOTS: 


DBA01-DBA69 SEN(V1) 
DBAOt 
DBA70-DBA99 SEN(V2) 
DBB01-DBB69 SEN(V1) 
DBAO2 
DBB70-DBB99 SEN(V2) 
DBC01-DBC69 SEN(V1) 
DBAO2 
DBC70-DBC99 SEN(V2) 
DBD01-DBD69 SEN(V1) 
DBA04 
DBD70-DBD99 SEN(V2) 


DIVISION BN SLOTS: 


DBE01-DBE69 SEN(V 
DBE70-DBE99 SEN(V 
DBF01-DBF69 SEN(V 
DBF70-DBF99 SEN(V 
DBG01-DBG69 SEN(V 
DBG70-DBG99 SEN(V 
DBHO01-DBH99 SEN(V1 
DBH70-DBH99 SEN(V2 
DBIO1-DBI69_ SEN(V1) 
DBI70-DBI99_ SEN(V2) 
DBJO1-DBJ69 SEN(V1) 
DBJ70-DBu99 SEN(V2) 

1) 

2) 


DBDO1 
BD02 


BDO3 


spc = 
Si Ss 


D 

D 

DBD04 
D 


BDO5 


DBDO6 
DBK0O1-DBK69 SEN D 


(V1) DBDO7 
DBK70-DBK99 SEN(V 


Note: The LEN section is combined with the NCS section. 
Note: Remote radio access units (RRAUs) are designated with an R -Team designator, and 
local radio access units (LRAUs) are designated with a U -Team designator. 


RRAU: 


DBRO01-DBRO9 DBAO1 
DBR10-DBR19 DBA02 
DBR20-DBR29 DBAO3 
DBR30-DBR39 DBA04 


LRAU: 

DBU01-DBU09 DBAO1 
DBU10-DBU19 DBA02 
DBU20-DBU29 DBAO3 
DBU30-DBU39 DBA04 


RRAU: 


DBR40-DBR49 DBDO1 
DBR50-DBR59 DBD02 
DBR60-DBR69 DBD03 
DBR70-DBR79 DBD04 
DBR80-DBR89 DBD05 
DBR90-DBR94 DBDO6 
DBR95-DBR99 DBDO7 


LRAU: 

DBU40-DBU49 DBDO1 
DBU50-DBU59 DBD02 
DBU60-DBU69 DBD03 
DBU70-DBU79 DBD04 
DBU80-DBU89 DBD05 
DBU90-DBU94 DBD06 
DBU95-DBU99 DBD07 


Both are designated with 0-9, Z-Team designators. 
Note: NATO interface teams, LOS(V2)s with NAI are designated with N -Team designators 
DBN01-DBN9Q9. 


Note: Network management systems (SCC-2/ISYSCON, CSCE) are designated with a W-Team 
designator. 
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MATHEMATICS 


OVERVIEW 


The Department of Energy Fundamentals Handbook entitled Mathematics was prepared 
as an information resource for personnel who are responsible for the operation of the 
Department's nuclear facilities. A basic understanding of mathematics is necessary for DOE 
nuclear facility operators, maintenance personnel, and the technical staff to safely operate and 
maintain the facility and facility support systems. The information in the handbook is presented 
to provide a foundation for applying engineering concepts to the job. This knowledge will help 
personnel more fully understand the impact that their actions may have on the safe and reliable 
operation of facility components and systems. 


The Mathematics handbook consists of five modules that are contained in two volumes. 
The following is a brief description of the information presented in each module of the 
handbook. 
Volume | of 2 
Module | - Review of Introductory Mathematics 
This module describes the concepts of addition, subtraction, multiplication, and 
division involving whole numbers, decimals, fractions, exponents, and radicals. 
A review of basic calculator operation is included. 


Module 2 - Algebra 


This module describes the concepts of algebra including quadratic equations and 
word problems. 


Volume 2 of 2 
Module 3 - Geometry 


This module describes the basic geometric figures of triangles, quadrilaterals, and 
circles; and the calculation of area and volume. 


Module 4 - Trigonometry 
This module describes the trigonometric functions of sine, cosine, tangent, 


cotangent, secant, and cosecant. The use of the pythagorean theorem is also 
discussed. 


Rev. 0 
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Table 5-9. Example of the 1st Division’s Team Labels 


Team Label Team Label 


TST (TACSAT) 
TRT (TROPO) 
LOS (LOS1-LOS8) 


Signal Support Company C 


LEN 

RRAU 

LOS 

TST (TACSAT) 
TRT (tropo) 


MSE FREQUENCY MANAGEMENT REQUIREMENTS 


5-57. MSE is the primary element of the ACUS, and its frequency 
management is an important task on the force-projection battlefield. 
However, it is only part of the total frequency management process. Both the 
CNR system and the ADDS also require frequency management support. 
These three systems are not mutually exclusive. The NPT provides an 
effective capability to manage the frequency spectrum for all three 
communications systems, while ensuring that the corps and its associated 
divisions can engage in a combat situation with minimum frequency 
interference. The NPT uses authorized frequencies obtained by the frequency 
manager to support VHF, UHF, and SHF spectrum requirements. The NPT 
tactical frequency assignment model (TACFAM) application develops 
frequency assignments for LOS radio links and performs link and site 
engineering and deconfliction based on selected parameters. Table 5-10 
shows the number of MSE emitters in the corps AO. Table 5-11 shows the 
NPT frequency management capabilities. 
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Table 5-10. Number of MSE Emitters 


Number of MSE 
Emitters 
RAU 
MSRT 
LOS Node Center 
LOS (Extension Node/RAU) 
LOS (EAC/NATO/MISC) 
SHF 


LOS Radio, AN/GRC-226(V) One set of frequencies per LOS radio link 


(VHF) Two frequency plans 
Two frequency bands: 
# 225.0 to 400.0 MHz 
* 1350 to 1850 MHz 


Radio, AN/GRC-224(P) e One set of frequencies per SHF radio link 
(SHF) e One frequency plan (14.50 to 15.35 GHz) 
e Frequency subband L and M 
Mobile Subscribers, RT-1539(P)/G One active frequency plan per corps 
(VHF) Up to 96 sets of frequencies per plan (3 
subplans of 32 sets) 
One frequency band (380 to 88 MHz) OCONUS 
Two frequency bands: 
= 30-50 MHz (training) 
= 30-88 MHz (operations 


5-58. The NPT VHF planning/management application uses the VHF input 
to develop the RAU/MSRT frequency plan. Coordination is then made with 
the system planner for distributing the frequency plan throughout the corps. 
The Revised Battlefield Electronics Communications-Electronics Operating 
Instructions (CEOD System (RBECS) is the primary SOI management tool. 


FREQUENCY MANAGEMENT PARAMETERS 


5-59. The following paragraphs cover UHF parameters, SHF parameters, 
and LOS antenna polarization. 


UHF PARAMETERS 


5-60. The UHF radio (AN/GRC-226) operates in two frequency bands. Band I 
is known as Band A and covers the frequency range from 225 to 400 MHz. 
Band III is known as Band B and covers the frequency range from 1350 to 
1850 MHz. The SCC-2 system manager(s) select(s) the appropriate frequency 
band when preparing the open LOS radio link project. 
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Signal-to-Interference Ratio 


5-61. Table 5-12 provides AN/GRC-226 signal-to-interference ratios. This 
data represents operation at the highest (1,024 kbps) data rate. The data 
assumes a signal level at the terminal to the receiver unit at -88 dBm. 
Signal-to-interference ratios corresponding to various frequency separations 
between the received signal and the interference signal are given. The data 
applies to operation in either frequency Band I or III, respectively. 


Table 5-12. AN/GRC-226 Radio Signal-to-Interference Ratio 


Signal-to-Interference Signal-to-Interference Radio 
Frequency Spacing Limitation’ 
(MHz) (dB) 
+21 


+16 
-1 
-36 
-70 (and lower) 


' 4 Means signal power > interference power. 
- Means signal power < interference power. 


Cable Loss Value 


5-62. The following transmit and receive cable loss values represent the 
maximum attenuation for each of the two frequency bands. 


e At 400 MHz 3.5 dB. 

e At 1850 MHz 8.5 dB. 
5-63. If frequency scaling is used within the computer program, the following 
adjustment factors can be used: 


e §€Within the 225 to 400 MHz band, cable attenuation increases at 1.25 
dB/octave from a minimum of 2.4 dB at 225 MHz to a maximum of 3.5 
dB at 400 MHz. 


e = =Within the 1350 to 1850 MHz band, cable attenuation increases at 3.0 
dB/octave from a minimum of 6.5 dB at 1850 MHz to a maximum of 
8.5 dB at 1850 MHz. 


5-64. Otherwise, the maximum values given above are used throughout the 
respective bands. 
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Receiver Sensitivity 


5-65. The minimum receiver sensitivity for each of the two frequency bands 
is— 
e¢ 225 to 400 MHz -90 dBm. 


e 1350 to 1850 MHz -89 dBm. 


These values represent performance limits for the maximum data rate used. 
The maximum energy delivered by the transmitter for each of the two 
frequency bands is— 


e 225 to 400 MHz band, +10 dBw at 1024 kbps. 
e 1850 to 1850 MHz band, +7 dBw at 1024 kbps. 


SHF PARAMETERS 

5-66. The SHF radio AN/GRC-224(P) operates in a single frequency band. 
This band is 14,500 to 15,341 MHz and is divided into eight subbands. The 
subbands are paired to each other for the assignment of transmit and receive 
frequencies. The frequency manager selects the SHF frequency band when 
preparing the open LOS radio link project. Table 5-13 shows SHF and 
channel allocations for bands L and M. Band L is assigned to switches and 
Band M is assigned to LOS radio terminals. The following values 
characterize the performance of the SHF radio relative to the system 
communications margin computation. 

e Maximum transmitter power at the antenna, operating at 4,096 kbps: 

+13 dBm. 


e Transmitter and receiver are located directly at the antenna; 
therefore, no cable loss. 


e Receiver sensitivity, operating at 4,096 kbps: -77 dBm. No 
quantitative data is available on the SHF radio’s_ signal-to- 
interference performance. Table 5-14 shows estimated SHF radio 
signal-to-interference ratios. This estimated data is used until more 
accurate data can be provided. 


LOS ANTENNA POLARIZATION 
5-67. The antennas can operate at either vertical or horizontal polarization. 
The NPT selects the antenna polarization for each LOS radio link by either 
an automatic or a manual mode. 
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Table 5-13. SHF Bands L and M Frequency (in MHz) and Channel Allocations 


Band L Channel Frequency | Band M Channel Frequency 


14648.0 
14651.5 
14655.0 
14658.5 
14662.0 
14665.5 
14669.0 
14672.5 
14676.0 
14679.5 
14683.0 
14686.5 
14690.0 
14693.5 
14697.0 
14700.5 
14704.0 
14707.5 
14711.0 
14714.5 
14718.0 
14721.5 
14725.0 
147285 
14732.0 
14735.5 
14739.0 
14742.5 
14746.0 
14749.5 
14753.0 
14756.5 
14760.0 
14763.5 
14767.0 
14770.5 
14774.0 
14777.5 
14781.0 
14784.5 
14788.0 
14791.5 
14795.0 
14798.5 
14802.0 
14805.5 
14809.0 
14812.5 
14816.0 


15033.0 
15036.5 
15040.0 
15043.5 
15047.0 
15050.5 
15054.0 
15057.5 
15061.0 
15064.5 
15068.0 
15071.5 
15075.0 
15078.5 
15082.0 
15085.5 
15089.0 
15092.5 
15096.0 
15099.5 
15103.0 
15106.5 
15110.0 
15113.5 
15117.0 
15120.5 
15124.0 
15127.5 
15131.0 
15134.5 
15138.0 
15141.5 
15145.0 
15148.5 
15152.0 
15155.5 
15159.0 
15162.5 
15166.0 
15169.5 
15173.0 
15176.5 
15180.0 
15183.5 
15187.0 
15190.5 
15194.0 
15197.5 
15201.0 
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Table 5-14. Estimated SHF radio signal-to-interference limitations 


Signal-to-Interference Signal-to-Interference Radio 
Frequency Spacing Limitation’ 
(MHz) (dB) 


+21 
+16 
-1 
-36 
-70 (and lower) 


‘+ Means signal power > interference power. 


- Means signal power < interference power. 
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Chapter 6 


Contingency Communications Package and the Light 
Contingency Communications Package 


The CCP and the light CCP (LCCP) improves the operational capability 
and flexibility of the MSE network to support contingency missions. 
Airborne, air assault, light forces, and early entry TMD assets conduct 
these missions. The CCP and LCCP have the capabilities and functions of 
several standard MSE shelters. The CCP can deploy by air, land, or sea. 
The LCCP deploys with its supported force into the operational area by 
air transport. This chapter covers the battalion structure, equipment 
capabilities, and deployment of the CCP and the LCCP. 


DOCTRINAL IMPACTS 


6-1. Standard MSE configurations exceed air-sortie allocations, and area 
communications requirements exceed single-channel radio capabilities. 
Therefore, the CCP and the LCCP can support airborne, air assault, light 
forces, and early entry TMD assets in entry operations. The CCP and LCCP 
can deploy to operational areas as predesigned support packages in up to two 
C-141 sorties or C-130 equivalents. The CCP and LCCP provide connectivity 
to the sustaining base from the entry position via multichannel TACSAT 
within one-half hour of deployment. The CCP and LCCP also allow 
interconnectivity to a second CCP or LCCP at a different entry position using 
LOS links if possible and satellite if not. 


6-2. Each CCP or LCCP can support a task force CP/airfield and maneuver 
brigade headquarters to include the brigade main and jump CPs. At the task 
force CP/airfield, signal support provides parent switching with static and 
mobile subscriber access and NRI. Additional signal support provides 
multichannel TACSAT connectivity to the sustaining base or other task force 
CPs. At the brigade headquarters, signal support provides extension 
switching, mobile subscriber access, and NRI and LOS connectivity. 


DIVISION SIGNAL BATTALION STRUCTURE 
6-3. Under the CCP or LCCP concept, the division signal battalion is 
reconfigured as follows: 


6-4. The HHC and A Company retain their standard MSE table(s) of 
organization and equipment (TOE). 


6-5. B Company, Contingency Area Communications Company, consists of a 
headquarters platoon, one standard nodal platoon, and one contingency nodal 
platoon (one CCP). The CCP consists of one contingency communications 
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parent switch (CCPS) and two contingency communications extension 
switches (CCESs) called FESs. 


6-6. C Company, Signal Support Company (MSE), Airborne/Air Assault, 
consists of a headquarters platoon, one standard nodal platoon, one 
multichannel TACSAT platoon, and four FM retransmission teams normally 
associated with the Light Forces Signal Support Company (MSE). 


6-7. The reconfigured MSE CCP and LCCP replace existing MSE 
assemblages within the division signal battalion. 


6-8. The CCP in the airborne division replaces— 
e One LENS. 
e One NCS. 
e Four SENSs. 
e Three RAUs. 
e §=6Six LOS(V1)s. 
e Four LOS(V3)s. 
e One LOS(V4). 


6-9. The LCCP in the light division replaces— 


¢ One LENS. 

e One NMF. 

e One LEN support vehicle. 
e One RAU. 


e One LOS(V1). 

e One LOS(V4). 
6-10. Basis of allocation for the CCP is four CCPs to the XVIII Airborne 
Corps (35th Signal Brigade) and two CCPs each to the 82d Airborne Division 


(82d Signal Battalion) and the 101st Air Assault Division (501st Signal 
Battalion). The CCP consists of— 


e¢ One CCPS (communications central (with LTU), AN/TTC-50). 
e Two CCESs (communications central (without LTU), AN/TTC-50). 


e One dismounted extension switch (DES) (communications switching 
set, AN/TTC-51). 


e =6Two AN/TRC-198(V1)s (similar to an LOS(V3)). 
e Two dismounted LOS (DLOS) AN/TRC-198(V2)s. 


6-11. Basis of allocation for the LCCP is two LCCPs each to the selected light 
infantry division signal battalions (10th and 125th). The LCCP consists of— 
e One parent switch (communications central, AN/TTC-50). 


e Two DESs (communications switching set, AN/TTC-51). 
¢ Two LOS AN/TRC-198(V1)s. 
e Four DLOS AN/TRC-198(V2)s. 
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EQUIPMENT CAPABILITIES 


6-12. The CCPs can support local switching, tandem trunking, flood search 
routing, and database maintenance for extension switches and RAUs. 


6-18. At the task force CP/airfield, the CCP can support 12 local RAU 
subscribers, 117 local wire subscribers, 8 defense switching networks (DSNs) 
or 8 commercial access trunks, and 7 packet switch hosts. 


6-14. At the brigade headquarters, the CCP can support 15 local RAU 
subscribers, 47 local wire subscribers, 8 DSNs or 8 commercial access trunks, 
and 7 packet switch hosts. 


6-15. The CCP and LCCP are fully interoperable with other MSE systems. 
Two C-141B aircraft sorties can transport each CCP or LCCP. 


DEPLOYMENT 
6-16. The following paragraphs cover CCP and LCCP deployment. 


CCP INITIAL DEPLOYMENT 


6-17. As the CCP initially deploys, connectivity is maintained to the 
sustaining base, to an adjacent CP/airfield if present, and to a brigade 
headquarters. Connectivity to the sustaining base is maintained through 
multichannel TACSAT. Connectivity to the adjacent CP/airfield is 
maintained through LOS multichannel or through multichannel TACSAT. As 
the brigade headquarters deploys, connectivity is maintained through the 
DLOS. (See Figure 6-1.) 


ADJACENT 
CP/AIRFIELD 
(CCPS) 


CONUS 
BASED MSE 


12 SUBSCRIBERS 


BRIGADE 
CP/AIRFIELD HEADQUARTERS 
(CCPS) (CCES) 
TRC-198(V1) DLOS(V1) 


8 DSNs/ > 8 DSNs/ 
8 COMMERCIAL 8 COMMERCIAL 
ACCESS TRUNKS ACCESS TRUNKS 


35 DIGITAL 35 DIGITAL 
SUBSCRIBERS SUBSCRIBERS 


Figure 6-1. CCP Initial Deployment 
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CCP FULL DEPLOYMENT 


6-18. As the network matures, the CCP supports the deployed brigade 
headquarters and a jump brigade headquarters and maintains connectivity to 
an adjacent CP/airfield and to the sustaining base. Connectivity to the 
adjacent airfield is supported by another CCP and maintained through LOS 
if possible. Connectivity to the sustaining base is maintained through 
multichannel TACSAT. (See Figure 6-2.) 
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12 SUBSCRIBERS 


| DCN! | 

DCNRI 

conus Wi BRIGADE 
BASED MSE HEADQUARTERS 


12 SUBSCRIBERS 


TACSAT DNMF i> 8 DSNs/ 
8 COMMERCIAL 


eo ™ 
: 35 DIGITAL 
CP/AIRFIELD 7) SUBSCRIBERS 


(CCES) 


ACCESS TRUNKS 


(CCPS) 


° > DCNRI 
DNMEF 
8 DSNs/ 
8 COMMERCIAL J-1077 


ACCESS TRUNKS 12 SUBSCRIBERS 


105 DIGITAL JUMP BRIGADE 
SUBSCRIBERS V7 HEADQUARTERS 
(CCES) 


DNME a> 8 DSNs/ 
8 COMMERCIAL 
ACCESS TRUNKS 


35 DIGITAL 
SUBSCRIBERS 


Figure 6-2. CCP Full Deployment 
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CCP CONVENTIONAL MISSION 


6-19. In a conventional entry operations mission, the MSE CCP maintains 
connectivity to two NCs and two brigade headquarters. Connectivity is 
maintained using LOS multichannel communications. (See Figure 6-3.) 
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OMMERCIAL 
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CCPS 105 DIGITAL 
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J-1077 [12 SUBSCRIBERS 


WW 


| DNMF | > 8 DSNs/ 
> 8 COMMERCIAL 


ACCESS TRUNKS 


35 DIGITAL 
SUBSCRIBERS 


Figure 6-3. CCP Conventional Mission 


LCCP INITIAL DEPLOYMENT 


6-20. As the LCCP initially deploys, connectivity is maintained to the 
sustaining base, to an adjacent CP/airfield if present, and to a brigade 
headquarters. Connectivity to the sustaining base is maintained through 
multichannel TACSAT. Connectivity to the adjacent CP/airfield is supported 
by another CCP and maintained through LOS multichannel or through 
multichannel TACSAT. As the brigade headquarters deploys, connectivity is 
maintained through the DLOS to the DES. LOS is also used to maintain 
connectivity to a RAU at the brigade headquarters. (See Figure 6-4.) 
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Figure 6-4. LCCP Initial Deployment 


LCCP FULL DEPLOYMENT 


6-21. As the network matures, the CCPS supports two deployed brigade 
headquarters and two RAUs, located at the brigade headquarters, and 
maintains connectivity to an adjacent CP/airfield and to the sustaining base. 
Connectivity to the adjacent airfield is supported by another CP and 
maintained through LOS if possible. Connectivity to the sustaining base is 
maintained through multichannel TACSAT. Connectivity to the brigade 
headquarters is maintained through LOS terminals at the CP/airfield and 
through the DES at the brigade headquarters. (See Figure 6-5.) 
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Figure 6-5. LCCP Full Deployment 


LCCP CONVENTIONAL MISSION 


6-22. In a conventional MSE mission, the CCP maintains connectivity to two 
NCs and two brigade headquarters. Connectivity is maintained using LOS 
multichannel communications. (See Figure 6-6.) 


FM 11-55 


2 COMMERCIAL 


TRUNKS 16 DIGITAL 


SUBSCRIBERS 


is, 
DES } 
7 


12 SUBSCRIBERS 


LCCES 


vo ™, 
CCPS NW), 2 COMMERCIAL 46 piGiTaL 


TRUNKS — SUBSCRIBERS 
3 


fs 
~ (DES ) 
Si ay 

8 COMMERCIAL 

ACCESS TRUNKS 


105 DIGITAL 
SUBSCRIBERS 


Figure 6-6. LCCP Conventional Mission 


Chapter 7 
Tactical Packet Network 


This chapter introduces packet switching and covers the Army TPN 
architecture which contains the network’s hardware and software. It also 
covers TPN employment and management. 


PACKET SWITCHING NETWORK 


7-1. Packet switching is a standard for interconnecting many computers. (See 
Figure 7-1.) Packet switching transmits data from one location (host) to 
another, just as circuit switching transmits voice from one location to 
another. Packet switching breaks the data into small packets with addresses 
and routes each packet to its destination through the network across the 
quickest and shortest path. The packet switching network uses the 
established paths of the circuit switch network rather than engineering the 
same links. Dedicating some trunk group channels to packet switching allows 
the packet switching network to take advantage of alternative path routing. 


USER ACCESS NETWORK 
L_] 


=| 


EXTERNAL 
NETWORK 


PS - Packet Switch 
GW - Gateway 


Figure 7-1. TPN Overview 


FM 11-55 


TACTICAL PACKET NETWORK ARCHITECTURE 


7-2. The TPN includes packet-switching overlays to the MSE circuit switched 
network at ECB and EAC. The MSE overlay at ECB (the MPN) and the TRI- 
TAC packet overlay at EAC are basically identical and comprise the Army 
TPN. Typically, a data system must have four essential items to take 


advantage of the packet network capabilities. These are— 


e A physical interface. 


¢ Department of Defense (DOD) standard protocols. 


e Tactical name server (TNS) registration software. 


e Auser application program written with packet access in mind. 


7-3. The MPN is implemented with packet switches in the NC, SEN, LEN, 
FES, and NMT. The EAC packet overlay is implemented with packet 
switches in the TTC-39Ds, SENS, and LENS. An NMC manages the network. 
It is installed in the NMT at ECB and collocated with the CSCE at EAC. 
Other major components include the interworking gateways and the 


TNS/message transfer agent (MTA). Figure 7-2 shows the TPN WAN. 
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Figure 7-2. TPN WAN 
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AN/TYC-20 PACKET SWITCH 


7-4. The AN/TYC-20 is a self-contained unit and is the packet switch used in 
the TPN. The switch provides user access and routes packets through the 
MSE network. To accomplish this, the switch contains two separate 
processors. One processor is the main processor which automatically switches 
and routes data as packets. The other processor is the integral gateway 
(IGW) (the IGW-side) which acts as a transparent gateway to all LAN hosts. 


7-5. One packet switch locates in the NCS, SEN, NMT, and FES shelters. 
Two packet switches locate in the LEN shelter and the TTC-39D. In MSE and 
TRI-TAC networks, a small portion of the trunking is dedicated to support 
the packet overlay. The SEN to NCS/TTC-39D trunks are at 16 kbps, while 
backbone trunking (NCS/TTC-39D to NCS/TTC-39D, NCS/FES/TTC-39D) 
and LEN to NCS/TTC-39D trunking are at 64 kbps. This data overlay of 
packet switches is implemented with almost no impact on voice user grade-of- 
service. The SEN, LEN, TTC-39D, and FES packet switches are mainly used 
for host connections and host access into the TPN backbone. The NCS packet 
switch, however, acts primarily as the backbone trunking packet switch for 
the TPN. 


7-6. The IGW in the AN/TYC-20 acts as a transparent gateway and reverse 
address resolution protocol (RARP) server for all LAN hosts. The IGW 
contains two ports for LAN connections: LAN 0 and LAN 1. Both ports pass 
through separate Institute of Electrical and Electronics Engineers (IEEE) 
802.3 transceivers and the shelter’s signal entry panel (SEP). The IGW 
allows all connected TPN LAN hosts to send off LAN IP datagrams without 
any knowledge of the present TPN topology. 


7-7. The TPN packet switch can connect up to 64 hosts on each of its LAN 
ports. However, with the AN/TYC-20, the IGW is considered one host per 
LAN appearance. Therefore, only a maximum of 63 hosts can connect to each 
LAN of the TPN. The IEEE 802.3 standard is 30 LAN hosts per 185 meters of 
RG-58 Thinlan cable. If using the LAN to full capacity, a repeater should be 
placed after the first and second 185-meter segment containing 29 or 30 
hosts. If using only one segment of 185-meter cable, the TPN can connect only 
30 hosts minus the IGW. 


7-8. In the NCS, TTC-39D, and FES, there is a further limitation on LAN 0. 
The switch workstation is connected to LAN 0 and is considered connected to 
host port 56 at all times. Therefore, LAN 0 at the NCS, TTC-39D, and FES is 
not used in either shelter. The switch workstation contains the TNS and the 
MTA. If a user improperly connects to LAN 0, the workstation may be 
disconnected causing the TNS and the MTA to function incorrectly. This is 


highly undesirable; therefore, the user community should not connect to this 
LAN. 


7-9. The TPN has two general configurations of the packet switch: the six 
port and the twelve port. The different configurations allow the various MSE 
and EAC shelters to accommodate distinct arrays of hosts and trunks. The 
SEN, LEN, and NMT contain the six-port configuration. The six-port 
configuration has twelve physical ports on the packet switch back plane; 
however, only six of these ports are configured in the packet switch software 
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and are physically realized on the input/output (I/O) circuit card assembly 
(CCA). The NCS, FES, and TTC-39D contain the twelve-port configuration. 
There are twelve physical ports on the packet switch and all ports are 
configured for operational use. 


AN/TYC-19 GATEWAY SWITCH 


7-10. The AN/TYC-19 or the T-20 gateway IP router is a communications 
gateway processor. As a stand-alone device, it resides only in the NCS and 
TTC-39D as part of its packet switching equipment. The gateway 
interconnects three different IP networks. These different networks may be 
networks with different net identifications (IDs) or other types of LANs and 
WANs (Internet or DISN). The T-20 router provides up to three port 
interfaces, hence the interconnection of three different packet switch 
networks. The gateway also supports direct trunk lines to other T-20 
gateways. 


CV-4206/TTC SIGNAL DATA CONVERTER 


HOSTS 


7-11. The LEN, SEN, FES, and TTC-39D configurations can connect a wired 
subscriber to the packet switching network, but they require a signal 
conversion. The signal data converter (SDC) performs this function. It 
converts four-wire data into a conditioned diphase (CDP) stream in one 
direction, and converts the CDP stream into data in the opposite direction. 
The SDC enables hosts to operate at distances of up to 4 kilometers (2.4 
miles). 


7-12. Hosts can be any type of computer that meets the specifications of the 
TPN and can operate with the protocols prescribed by the network. These 
hosts can connect through an X.25 interface or as part of a LAN. Hosts 
classify as either standard hosts or high priority hosts. The high priority 
hosts are normally LAN hosts because the packet switch does not monitor 
LAN hosts and the IGW provides the interface, whereas the X.25 hosts 
connect directly to the packet switch. 


TACTICAL NAME SERVER AND MESSAGE TRANSFER AGENT 


7-13. The TNS and the MTA are combined on a single workstation in the 
NCS, FES, LEN, and TTC-39D. However, the TNS and MTA are running 
only in the NCS and the TTC-39D, and possibly the FES (if it is configured as 
an NCS). The TNS and MTA are not running in the LEN or the FES if the 
FES is configured as a LEN, unless the LEN is booted as an NCS. 


7-14. The TNS is a dynamic database consisting of registered hosts and 
mailboxes whose main function is to answer queries from hosts and from the 
MTA. The database is dynamic due to the ability of a host or mailbox to 
relocate anywhere in the TNS network. Thus, when a host relocates, the local 
TNS receives the new registration information and transmits it to the other 
TNSs. 
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7-15. The TNS provides an automatic affiliation process similar to voice 
users. It performs host address resolution and user registration and provides 
a means for users to determine the current network location of other users on 
the network. The TNS network may consist of one or more IP networks. This 
is because occasionally one network cannot contain all the necessary packet 
switches. 


7-16. The MTA is the e-mail component of the network. It performs e-mail 
store and forward, absent host coverage, and multiple addressing. The TNS 
and MTA combine to support mobile users in a tactical environment. 


PHYSICAL INTERFACES 


7-17. The two physical interfaces to the packet network are Thinlan (IEEE 
802.3 or Ethernet) and four-wire CDP (for X.25 users). Access via [EEE 
802.3/Ethernet is by a standard LAN card with the transmission control 
protocol (TCP)/IP. The length of the coaxial cable cannot exceed 185 meters 
without a repeater (not supplied with the system) at a maximum access rate 
of 9.6 kbps. The alternative to IKEE 802.3/Ethernet is X.25 access via a four- 
wire CDP connection (WF-16 field wire). The four-wire connection provides 
access at a range of up to 4 kilometers (2.4 miles) with an access data rate of 
16 kbps. Figure 7-3 shows user connectivity to a SEN. 


X.25 INTERFACES 


7-18. Direct X.25 connection of the TCP/IP host computer to the TPN four- 
wire CDP X.25 port requires a special interface. Commercial X.25 cards do 
not support four-wire CDP output, but most cards support synchronous RS- 
232 signaling levels. Three interface solutions can convert the RS-232 output 
of a commercial X.25 card to four-wire CDP. These solutions are used to 
connect TCP/IP hosts to the TPN. 


7-19. The first solution is the tactical packet adapter (TPA). It is a self- 
contained external device and a simple, low-cost synchronous RS-232 to four- 
wire CDP converter. The installation of the TPA requires only a cable 
connection to the computer network adapter to the TPA and the connection of 
the CDP lines to the binding post. 


7-20. The second solution is the MSE data interface device (MDID) (all 
models). The MDID is a simple, low-cost synchronous RS-232 to four-wire 
CDP converter. 


7-21. The third solution is the tactical terminal adapter (TTA). It is a simple, 
low-cost synchronous RS-232 to four-wire CDP converter. 


7-22. Host computers still require X.25 and TCP/IP to use the TPN. Host 
registration software is also required to take full advantage of the TPN. 
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Figure 7-3. User Connectivity to a SEN 


INTERNET PROTOCOL ADDRESS 


7-23. IP is the protocol used in layer three (or four) of the International 
Standards Organization (ISO) seven layer stack model. This protocol builds a 
message into an IP datagram. The datagram contains a header, a source 
address, a destination address, the data, and an error-checking mechanism. 


7-24. An IP address (source or destination) is composed of four bytes (or 
octets). It is constructed in the following format: Xl. X2. X38. X4, where "X" can 
take the values of 0-255. This address form is the decimal dot notation or 
simply the IP address. The TPN supports both Class A and Class B IP 
addresses. Networks that have more than 65,536 but less than 16,777,216 
hosts use Class A addresses. Networks that have more than 256 hosts but 
less than 65,536 hosts use Class B addresses. The TPN is licensed legally to 
use only the Class B addresses. 


MATHEMATICS 


Module 5 - Higher Concepts of Mathematics 


This module describes logarithmic functions, statistics, complex numbers, 
imaginary numbers, matrices, and integral and derivative calculus. 


The information contained in this handbook is by no means all encompassing. An attempt 
to present the entire subject of mathematics would be impractical. However, the Mathematics 
handbook does present enough information to provide the reader with a fundamental knowledge 
level sufficient to understand the advanced theoretical concepts presented in other subject areas, 
and to better understand basic system and equipment operations. 


Rev. 0 
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7-25. The IP address in the TPN is similar to the telephone number of the 
circuit switch network. The switches have to know a user’s IP address and/or 
number to route information from one user to another. In the TPN, the 
packet switch node can automatically assign the connecting host an IP 
address. Hosts connecting to a packet switch, however, must have the 
required software for the automatic assignment of an IP address. If the host 
does not have this software, the switch operator must manually assign an IP 
address. Whereas, if the required software is present, the IP address is 
obtained without any user knowledge of the TPN topology. 


7-26. An X.25 host should have Auto X.25 functions, and a LAN host should 
have RARP functions for automatic assignment of IP addresses, respectively. 
TPN X.25 hosts obtain their IP address from their connecting packet switch 
by sending a CALL REQUEST packet. The packet switch responds to the 
CALL REQUEST packet with an INCOMING CALL packet. 


7-27. Once the host obtains its address, it can begin talking with the rest of 
the network and can register itself with the TNS. This is a nonstandard 
implementation for TPN users. User communities must develop and 
implement the software to perform this automated method of attaining an IP 
number. 


7-28. For LAN hosts, the TPN can connect up to 63 host port numbers per 
user LAN. Again, only 29 hosts may connect per 185-meter segment of 
Thinlan cable. TPN LAN hosts automatically obtain their IP address from 
the IGW by using the RARP. A low-level protocol binds addresses 
dynamically instead of using a static table that lists each host’s physical 
address and corresponding IP address. The IGW is the RARP server for all 
TPN LAN hosts. No other RARP server may attach to the TPN LANs. There 
are multiple times at which the host may send a RARP request. One of the 
most common procedures is to send a RARP request to the IGW for an IP 
address as the host is booting up. 


7-29. A new IP address is required each time a host obtains a new physical 
connection to the TPN, or if the host is reconnected to a LAN after having 
powered down, or if the host is otherwise disconnected from the LAN. The 
RARP request contains the requesting host’s 48-bit hardware IP address. The 
IGW responds to the RARP request with a RARP response to the requesting 
host. The RARP response includes the IP address and hardware address for 
the originator and the IGW. The IGW RARP server assigns IP addresses from 
highest port to lowest port; therefore, if hosts do not have RARP or the 
requirement is to assign IP addresses manually, the assignment is from 
lowest to highest. (See Figure 7-4.) 


HOST REGISTRATION 


7-30. Registration allows a host and associated mailboxes to register with the 
TNS allowing the host to communicate with all hosts in the network. After 
the host receives its name, registration involves two separate processes. The 
first is to obtain the host’s IP address from the packet switch network. The 
second is to register the host and associated mailboxes with the TNS as 
described in SR-48A and SR-45. (See Figure 7-4.) 
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Figure 7-4. Host Address Assignment and Registration with the TNS 


NETWORK MANAGEMENT 


7-31. The NMC (AN/TYQ-54) manages the network, and it is a 
comprehensive real-time network monitoring and control system for the TPN. 
It is a computer workstation that monitors and controls the packet switching 
equipment. The NMC’s hardware components include a central processing 
unit (CPU), a color monitor, a keyboard, and a trackball. Its software, known 
as the Integrated Management System (IMS), enables the NMC operator to 
observe activity in a tactical network and to diagnose any problems that may 
arise. (See Figure 7-5 and Figure 7-6.) 


MONITORING: 
e Constant watch on network components. 
e Recording and displaying device status changes and network events. 
e Operator querying of specific network components real-time status. 


CONTROL: 
e Network operators can remotely issue commands to control network 
components (for example, diagnostics, throughput, and software 


downloads). 


STATISTICS COLLECTION: 
e Gathers statistical data for further processing. 


REPORTING: 
e Processes statistics and monitors information to produce management 
reports. 


Figure 7-5. Packet NMC Functions 
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Figure 7-6. Packet NMC in the NMT 
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Chapter 8 
Asynchronous Transfer Mode Switch 


This chapter gives an overview of the asynchronous transfer mode (ATM) 
switch for high-speed data switching. 


BASIC ASYNCHRONOUS TRANSFER MODE TECHNOLOGY 


8-1. ATM technology provides a highly efficient communication system for 
high-speed data switching. This capability transmits voice, video, and data in 
a single communication link. Figure 8-1 shows the basic ATM switch 
technology. The system can also transmit still photography, images, and 
graphics. 


ATM VPI/VCI SYSTEMS 


ATM Cells 
Voice Video Data 


oe! 


(an ALIA | 
(Am CIC) ) 


Multimedia 


(am c)ea ) 
( ) 
| AO) mm ) 


ATM Virtual Path ATM Virtual Circuits 


Figure 8-1. ATM Switch Technology 


8-2. The ATM basic technology concept involves using a virtual path 
identifier (VPI and a virtual circuit identifier (VCI). The VPI and VCI are 
used for ATM address assignment. The VPI directs the data to the correct 
receiver, and the VCI identifies the different cell streams within a 
transmission. Virtual circuits are one-way ATM connections from source to 
destination, which means that two connections are required for full-duplex 
(two-way) communications. 
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FUNCTIONS 


8-3. ATM technology offers additional advantages that include— 


e More efficient use of radio bandwidth because it dynamically assigns 
bandwidth as needed. 


e Ability to assign priority and precedence for designated users, 
allowing data from high priority users to be sent out first. 


8-4. ATM switching shows significant potential, especially for large 
throughput and fast speed of service. The ATM hub switch provides the 
tactical ATM backbone switching support for all tactical users. The switch 
terminates wideband fiber optics, synchronous optic network (SONET) 
radios, and currently employed tactical digital radios and DTG network 
interfaces. It has an adaptive forward error correction (FEC) capability that 
improves the quality and reliability of the DTGs. 


8-5. The ATM switch package provides a multimedia and a_ video 
teleconference (VTC) capability for commanders in the field. ATM technology 
applies to selected switches in the MSE ACUS. ATM switches support 
workstations where key commanders participate in VTCs using the MSE 
network as a transmission medium. ATM cells created at the workstation 
and those created in the ATM switch are transmitted across MSE links 
according to designated addresses. 


8-6. The ATM switch package is the Integrated Systems Technology (IST) 
Model LDR-100 ATM switch card, which has two versions. The first is the 
LDR-100C compact version installed in the SENs. The other is the LDR-100S 
standard version installed in the AN/TTC-47 NCS. The LDR-100-— 


e Uses the Lucent Limitless ATM Network (LANET) ATM protocol that 
puts ATM cells into frame for synchronization and ease of 
identification. 


e Provides cell leader error correction that allows address mapping 
according to possible errors if a header or address contains error data 
(bits). 


e Supports ATM and non-ATM links that supports VTC, multimedia, 
MSE voice, and TPN traffic. 


e Contains special buffers to minimize the delay of constant-bit-rate 
(CBR) traffic and to allow peak data rates for variable-bit-rate traffic. 


e Supports up to 4,095 independent ATM addressees for each port. 


e Uses four serial ports using the Communications-Electronics 
Command (CECOM) Quad-Serial Card. This card _ supports 
programmable data rates of 300 bytes per second (bps) to 1.544 
megabytes per second (mbps) using serial protocols (RS-232 or 
RS-422) and the transmission of cell-bearing and non-cell bearing 
data. The Quad-Serial Card interfaces the ATM switch with the MSE 
system. 
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e Uses one transparent asynchronous transceiver interface (TAXI) card 
to support connections for one serial system and one parallel port. It 
allows programmable data rates for each port and supports the 
transmission of cell-bearing and non-cell bearing data. 


e Uses a TAXI card to connect the user’s VTC workstation to the ATM 
switch. 


e Uses an interface card that has its own CPU. The CPU stores the 
configuration and settings for that interface card, and it allows 
preconfiguration of ATM switches during the predeployment phase. 


DEPLOYMENT 


8-7. The ATM switch package is embedded in selected NCs, LENs, and SENs 
of the MSE network. Figure 8-2 shows the NC and LEN switch configuration. 
Figure 8-3 shows the SEN switch configuration. 
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Figure 8-2. ATM Switch Configuration for NC/LEN 
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Figure 8-3. ATM Switch Configuration for SEN 


8-8. ATM-enabled MSE switches are positioned according to the factors of 
METT-T to best support the commander’s concept of the operation. ATM 
switches usually locate with the DTAC, the brigade TOC, the aviation TOC 
(AVTOC), and the brigade rear TOC. ATM-enabled MSE switches also locate 
as needed with the Army Air Missile Defense Command (AAMDOC), Air and 
Missile Defense Planning and Control System (AMDPCS), and Air and 
Missile Defense Task Force. Figure 8-4 shows an example of a typical 
deployment of the MSE network with ATM-enabled NCSs and SENSs. 


Figure 8-4. Deployment of the MSE Network with ATM-Enabled NCSs and SENSs 
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OPERATIONAL SOFTWARE 


8-9. Sun Net Manager is the operational software used and is contained in a 
laptop computer. To support the operational requirements for efficient high- 
speed data switching, the ATM switch applies the advanced ATM technology 
in its operational software design. Figure 8-5 shows that the data being 
transferred is broken down into very small pockets (53 bytes) called cells and 
given specific addresses for their destination. Each cell contains a 5-byte 
leader for control purposes and 48 bytes for the data payload. The software 
design supports the transmission of video, audio, and data from their sources 
to their destinations within the MSE architecture. 


Empty ("Null") cells are not switched 
but regenerated at interface. 


) 
Video 
Source 
A Z Vv A 


— Dv 
Za CiCl = 


VoD 
ATM m= Cl 
Switch 
Synchronous Channel Signaling 


Fixed Cell Size (53 bytes) 
Header: 5 bytes 
Payload: 48 bytes 


Fixed Cell Transmission Rate 


Asynchronous 
Information 
Sources 


Figure 8-5. ATM Source Multiplexing Function 


OPERATIONAL PROCEDURES 


8-10. Operational planning for the ATM network focuses on ensuring the 
required communication capabilities are available and tailored to the 
commander’s requirements. ATM facilities and capabilities are tuned to 
support the operational requirements of the mission. ATM connections and 
naming requirements are determined well before deployment. Figure 8-6 
shows a typical DTG path for ATM-enabled telephone circuits. 
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Figure 8-6. DTG Path for MSE Telephone Circuits 


8-11. Data rates between an NC and a SEN are increased from 256 kbps to 
1024 kbps. This allows 256 kbps for MSE switching and the TPN; and 786 
kbps to support user VTC, whiteboarding, and high-data requirements 
through the ATM switch. Links between two NCs (internodal links) will 
operate at 1024 kbps. The NCS will configure their databases to operate at 
512 kbps. This allows 512 kbps for VTC/whiteboarding workstation 
connections and MSE switching and TPN data. Figure 8-7 shows the use of 
two DTGs for the ATM. Network planning factors include workstation needs 
to operate within hardware and software parameters. For example, ATM 
network interface cards (NICs) in the workstations listen only for ATM 
connections addressed with O as the VPI. 
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Figure 8-7. Using Two DTGs for an ATM Solution 


TACTICS AND TECHNIQUES 


8-12. The current ATM-enabled MSE switch contains limitations that affect 
employment techniques in the field. ATM technology relies on LOS radios 
operating at 1024 kbps. Potential frequency allocation problems are due to 
the number of frequencies available within the battlespace. Current MSE 
systems were designed for 1024 kbps for internodal links between NCs and 
512 kbps for links for LENs and SENs (256 kbps was typically used for links 
leading from SENs). The requirement for increasing the bandwidth for all 
links to support ATM switching can lead to frequency allocation problems. 
Careful planning is required to allow adequate bandwidth and frequency 
allocation. 


8-13. Within the NCs, it is impossible to use the same DTG for interface in 
and out of the ATM switch. This is because the transmission group modem 
and orderwire (TGMOW) card in the NCs cannot support multiple data rates. 
The TGMOW card provides the interface to both the plain text and cipher 
test sides of the TED. On the plain text side of the TGMOW, the card creates 
and manages the framing channel to the DTG. On the cipher text side, the 
TGMOW provides a reclocking buffer to adjust for differences between 
network and switch timing. Although both sides are running synchronous 
interfaces (clock and data), the two sides are not independent of each other. 
The TGMOW card requires a common clock for both sides and must operate 
at different data rates. 
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8-14. The necessity to run the TGMOW at two different rates is due to 
inherent properties of CBR cell encapsulation. The CECOM Quad card 
provides two modes: a non-cell bearing CBR RS-442 access and cell bearing 
DTG trunk. The access modes on the CECOM Quad card encapsulate 
incoming data into ATM cells. This process takes the CBR data, regardless of 
content, and places it within the payload of an ATM cell. 


8-15. The resulting output has an additional 10 percent in ATM header 
information in addition to the data. This results in a higher data rate on the 
cell-bearing side of the CECOM Quad card. To resolve the multiple data rate 
problem, a second DTG is set up to interface to the output of the CECOM 
Quad card at the cell-bearing rate while the DTG connected to the switch 
matrix will run at the access data rate. This keeps the TGMOWs in 
agreement with the input and output rates at the ATM switch. NCs must 
also modify the database so that the TED corresponding to the actual DTG 
used is consistent with the setup. This way, the COMSEC controller card 
knows which TED to control if an AUTO-RESYNC COMMAND occurs. 


8-16. An ATM-enabled SEN does not have the same problem as the NCs with 
the TGMOW card. The ATM-enabled SEN can only connect to an ATM- 
enabled NC. This reduces the flexibility of reconfiguring the MSE network 
during movement across the battlefield. The ATM-enabled NCs must have a 
CECOM Quad card and two DTGs available before it can connect the SEN 
into the MSE system. Network planners must know the contents and 
configuration information of the NCs database and the ATM switch 
configuration to reconfigure the network. 


HIGH-SPEED MULTIPLEXER 


8-17. A high-speed multiplexer (HSMUX) circuit card that replaces the 
multiplexer-demultiplexer (MXDMX) card in MSE switch modems provides 
video and high-speed data access through the MSE network at ECB and the 
TRI-TAC network at EAC. The HSMUX expands the group rate from 256 to 
512 kbps and provides a port for local connections and four high-speed ports 
that support data rates of 64, 128, and 256 kbps. The HSMUX enables high- 
speed data access over the existing backbone network. Circuit configuration 
is via the channel reassignment function (CRF) that allows the switch 
operator to configure automatic connection for VTC service. An enhancement 
option will allow automatic circuit configuration through programming 
software. Appendix D provides a more detailed description of the HSMUX. 


ENHANCED TRANSMISSION GROUP MODEM AND ORDERWIRE 


8-18. The enhanced transmission group modem and orderwire (ETGMOW) 
cards will be an interim solution to increased data capabilities prior to the 
Warfighter Information Network (WIN). The ETGMOW and HSMUX II cards 
alleviate customizing the standard database (channel reassignment) at the 
NC and assigning multiplexers that reduce extension capabilities. 


Appendix A 
MSE Symbology and Equipment Nomenclature 


This appendix gives the current symbology and equipment nomenclature 
for MSE including the ISYSCON symbols. 


MSE SYMBOLOGY 


Table A-1 contains symbols that represent joint symbology for tactical 
communications. They are derived from the Global Team Labeling (GTEAM) 
data file of the GDB. The left-hand column of the table shows the symbol and 
the right-hand column lists the equipment nomenclature associated with the 
symbol. The standard team name is identified above the symbol. The team 
label is identified below the symbol and is either a four or a five character 
field. The symbol is associated with the team type in the GTEAM data file. 


Table A-1. Joint Symbology for Tactical Communication Systems 


NC 


NC 
TTC-47 
XXXX 
FES FES Airborne (ABN) (CCES) 
TTC-50 
XXXX 


FES FES CCPS 
TTC-50 
XXXX 


LEN LEN 
TTC-46 ECB 


XXXX 


FM 11-55 


Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


LEN Medium Extension Node 
lf N 
=| 
No 


XXXX 


SENX SEN 
TTC-48(V1) (SEN1) 
TTC-48(V2) (SEN2) 
XXXXX 
DES DES 
TTC-51 
XXXXX 


(TTC-46 and GSQ-80) 
EAC 


3865 SB-3865 
Air Force (AF)/ 
United States Marine Corps (USMC) 
XXQXX 
RAU 
XXRXX 
39D Area Node 
TTC-39D 
XXXX 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


39A4 Area Node 
TTC-39A(V4) 
XXXX 
39A3 Area Node 
TTC-39A(V3) 
XXXX 
39A1 Area Node 
TTC-39A(V1) 
XXVXX 


CDS Area Node 
Compact Digital Switch (CDS) 
XXXX 
39E Area Node 
TTC-39E 
XXXX 
39E1 Area Node 
TTC-39E(V1) 
SOF Shelter Node 
XXXX 
42 TTC-42 
(AF/USMC) 
XXMXX 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


41x or 3614 


O 


AF Digital Switch 


Switch Multiplex Unit (SMU) is planned to be 
used in Standard Tactical Entry Point (STEP), 
Super High Frequency Tri-Band Advanced 
Range Extension Terminal (STAR-T), and 
aboard ships. 


Analog Switch (ALOG) 


ALOG Switch (Tandem) 
TTC-41(V1) (411 through 414) 
SB-3614 (3614) 


Commercial Digital (CDIG) 


Radio Relay (RR) 
LOS(V1-V4) (LOS1-LOS4) 


Remote LOS (RLOS) 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


Symbol 
TYC 


TYC 
Label 
MSC 
Label 
TECHCON 


= 


Label 


Nomenclature 


Message Center 
TYC-39 
TYC-39A 


Message Center 
TYC-17 


Message Center MSC-63 
R or Y in center of symbol 


Network Manager System (SCC-2, ISYSCON, 
CSCE and CSS) 


Technical Control (TECHCON) 
TSQ-188 

TSQ-111 

TSQ-84 


ATM Switch 


SMART MUX (SMUX) 
Integrated Digital Network Exchange (IDNX) 
TIMEPLEX 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


Dp 
; ee 
Label 
RGLM Remote Loop Group Multiplexer (RLGM) 
Label 


TGM Tactical Group Multiplexer (TGM) 
Label 
NAI 
XXNXX 
TMIF Tactical MSE Interface Family Digital Modem 
(TMIF) 
Label 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


ADI Air Defense Interface (ADI) 
XXTXX 

TPS Tactical Packet Switch (TPS) 
Label 


IPR or GW Internet Protocol Router (IPR)/Gateways (GW) 
also Tactical Multinet Gateway (TMG) and 
Internet Controller (INC) 
Label 


D Data Terminal or Computer Terminal 


DNS or TNS Domain Name System (DNS) or TNS 


Multilevel Security (MLS) Device 
| INE 
G Guard 
F Firewall 
Other 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


KG Encryption Device 
(KG-194, KG-84) 
Label 


EGRU EPLRS Relay 
Enhanced Grid Reference Unit (EGRU) 
Label 
EPLRS EPLRS NCS 
Label 


Label 

TRT TRT 
JAM Jammer 
Label 
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Table A-1. Joint Symbology for Tactical Communication Systems (Continued) 


HFR HF Radio (HFR) 
Primary/Alternate 
Label 


ee 
ee 


Department of Energy 
Fundamentals Handbook 


MATHEMATICS 
Module 3 
Geometry 


Appendix B 
MSE Interoperability 


This appendix focuses on the three methods used to interface the ACUS 
and the Army Tactical Communications System (ATACS) equipped units, 
and it also covers data communications. Interoperability and connectivity 
between an MSE equipped corps/division and one unequipped 
corps/division are accomplished in several ways. The three methods 
covered show how an MSE SENS (AN/TTC-48) interfaces with an 
IATACS switch (AN/TTC-41). Interfacing requires slight modifications to 
the AN/TTC-41 and AN/TTC-48. The three methods of making this ACUS 
interconnection are— 


e Method 1: Type V circuit card to Type I circuit card. 
e Method 2: Type V circuit card to Type II circuit card. 


e Method 3: Type VI circuit card to Type VI circuit card (the preferred 
method). 


INTERFACE METHOD 1 - TYPE V TO TYPE I 
B-1. Method 1 interfaces the IATACS switch card to the SENS. (See Figure 
B-1.) The database entries for method 1 are very minor, but require extensive 
operator intervention. 


AN/TTC-47 
MSE NETWORK TYPEV- 2V DC CLOSURE DIAL PULSE 


<es OR DTMF TRUNK 


TYPE !- 2V RINGDOWN TRUNK 


IATACS NETWORK 


AN/TTC-48 | TYPE TYPE | AN/TTC-41 
Vv | I 
SENS ke SB-3614A 


DATA TERMINAL MUST BE CONFIGURED DATA TERMINAL MUST BE CONFIGURED 
FOR DIGITAL CONNECTION TO DSVT/DNVT. FOR ANALOG MODEM CONNECTION. 


** ANALOG 2-WIRE TRUNKS CAN BE EXTENDED WITH THE AN/TRC-145/151. 


Figure B-1. MSE-IATACS Interface Method 1 - Type V to Type | 


B-1 
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B-2 


B-2. Method 1 achieves reliable voice communications across the 
MSE/IATACS boundary. The MSE operator must use a TA-312 telephone 
that is wired in parallel with the SENS dial central office (DCO) terminal. 
This sends a ringdown signal to the IATACS operator. Telephone calls cannot 
be automatically routed across the networks, and both operators must 
intercept and extend calls. Method 1 has the disadvantage that the SENS 
loses its ability to interface with a public switch. 


B-3. Method 1 does not achieve data communications across the 
MSE/IATACS boundary. Data communications are from computer-to- 
computer. With MSE, the computers are configured for digital connection to 
the DSVT or DNVT. With IATACS, the computers are configured for analog 
modem connection. These configurations are not compatible with each other. 


B-4. The following procedures network IATACS with MSE using interface 
method 1: 

e The two switchboards are connected with field wire. A TA-312 is 
attached to the same terminals that send a ringdown signal to the 
SB-3614A. The signal alerts the IATACS operator that a call is 
coming in from the MSE operator. 


e This interface does not allow automatic routing between the two 
networks. MSE network subscribers are given the SENS CSP number 
(LNXXXXX) and must place calls to the IATACS network through the 
SENS operator. IATACS network subscribers are given the MSE 
network area code (November Yankee X-ray [NYX]) and the 
designated MSE interface number assigned to the DCO line. They 
must place calls to the MSE network through the IATACS operator. 
The MSE operator intercepts all calls from the IATACS network on 
the DCO lines. The SENS operator extends calls into the MSE 
network in the normal manner. 


e This method does not require any additional circuit cards, but does 
require a TA-312 (from the IATACS network) and some database 
changes. 

NOTE: See TM 11-5800-216-10-1. 


B-5. MSE system planning required for operation is as follows: 
e Publish the SENS CSP DNVT phone number as the operator accesses 
the AN/TTC-41 network. 


e Provide the SENS operator with phone directories for the AN/TTC-41 
network and the MSE network, since calls from both networks are 
intercepted at the SENS. 


e Determine if the adjacent network meets security requirements. 
Instruct gateway SENS to clear NSW tone when appropriate. 
B-6. IATACS system planning required for operation is as follows: 
e Publish the area code of the MSE network. 


e Publish the directory number of the Type I terminals as another 
access to the MSE SENS operator. A fixed directory number could be 
assigned to simplify the dialing instructions for the network. 
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e The AN/TTC-41 operator should provide the SENS operator with 
directory assistance in the AN/TTC-41 network. 


INTERFACE METHOD 2 - TYPE V TO TYPE II 


B-7. Method 2 is similar to method 1. (See Figure B-2.) Method 2 interfaces 
the SB-38614A (AN/TTC-41) with the SENS (AN/TTC-48). The database 
entries for method 2 are minor, but they require significant SENS operator 
intervention. 


AN/TTC-47 


MSE NETWORK TYPE V - 2V DC CLOSURE DIAL PULSE OR 


== DTMF TRUNK 


TYPE Il - 2V COMMON BATTERY PULSE DIAL 
OR DTMF PHONE INTERFACE LINE CARD 


IATACS NETWORK 


AN/TTC-48 AN/TTC-41 


SENS SB-3614A 


DATA TERMINAL MUST BE CONFIGURED FOR DATA TERMINAL MUST BE CONFIGURED 
A DIGITAL CONNECTION TO THE DSVT/DNVT. FOR AN ANALOG MODEM CONNECTION. 


**ANALOG 2-WIRE TRUNKS CAN BE EXTENDED WITH THE AN/TRC-145/151. 


Figure B-2. MSE-IATACS Interface Method 2 - Type V to Type I 


B-8. Method 2 also achieves reliable voice communications across the 
MSE/IATACS boundary. The telephone calls cannot be automatically routed 
across the networks. The SENS operator must extend all calls from or into 
the IATACS network. Method 2, like method 1, has the disadvantage that the 
SENS loses its ability to connect to a DCO. 


B-9. Method 2 does not achieve data communications across’ the 
MSE/IATACS boundary for the same reasons described for method 1. 


B-3 
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B-10. MSE system planning required for operation is as follows: 


Publish the SENS CSP DNVT phone number as the operator accesses 
the IATACS network. 


Provide the SENS operator with phone directories for the IATACS 
network and the MSE network since the SENS intercepts all calls 
from both networks. 


Determine if the adjacent network meets security requirements. 
Instruct gateway SENS to clear NSW tone when appropriate. 


B-11. IATACS system planning required for operation is as follows: 


Publish the NYX area code of the MSE network. Assign digits that 
are easy to remember. 


Publish the directory number of the Type II terminals as another 
access to the MSE SENS operator. A fixed directory number could be 
assigned to simplify the dialing instructions for the network. 

The AN/TTC-41 operator should provide the SENS operator with 
directory assistance in the IATACS network. 


INTERFACE METHOD 3 -TYPE VI TO TYPE VI 


B-12. Method 3 interfaces the MSE SENS to an IATACS network using Type 
VI tone burst confirmation trunking cards in both systems (NCS MSE version 
or lower software). (See Figure B-3.) The database entries for method 3 are 
significant. 


MSE NETWORK 


——— 


STU-III 


AN/TTC-47 
TYPE VI - 4V TONE BURST CONFIRMATION TRUNKS 


IATACS NETWORK 


AN/TTC-41 
SB-3614A 


BOTH DATA TERMINALS ARE 

CONFIGURED FOR ANALOG 
NOTE: CONFIGURATION 4-WIRE TRUNKS MODEM CONNECTION. 
CAN BE EXTENDED WITH THE AN/TRC-145/150. 


Figure B-3. MSE-IATACS Interface Method 3 - Type II to Type VI 


B-4 
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AREA CODE 


B-18. Method 3 achieves reliable voice communications across the MSE/ 
IATACS boundary. It allows calls to route automatically between the 
networks without operator intervention. Implementing this method requires 
installing additional circuit cards into the SENS. The IATACS network 
furnishes these cards. This method has the advantage of automatically 
routing calls across the networks and retaining the SENS ability to interface 
with a public switch. It also extends the distance between the SENS and 
IATACS switches. 


B-14. Method 3 provides the SENS with analog subscriber loop ability. This 
allows computers in both networks to be configured for analog modem 
connection; therefore, protocols would be compatible. Using this method, the 
Tactical Army Combat Service Support (CSS) Computer System (TACCS) 
data communications across the MSE/IATACS boundary are successful, but 
MCS data communications are not. The MCS software aborts the data 
transmission before the communication systems achieve terminal connection. 
When the MSE system is expanded, TACCS data communications across the 
MSE/IATACS boundary become marginal. (See Figure B-4.) 


AN/TTC-47 


AREA CODE = 814 AREA CODE = 301 


MSE NETWORK IATACS NETWORK 


Figure B-4. MSE/IATACS Expanded Network 
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DATA COMMUNICATIONS 


B-15. MCS data communications do not work across the MSE/IATACS 
boundary (digital/analog). TACCS communications are marginal due to 
frequency repeatability degradation above 2000 hertz (Hz). For passing data 
across the MSE/IATACS boundary, unused channels of the multichannel 
system connecting the MSE and IATACS switches are used. Method 3 
provides four common-user analog trunks for MSE/IATACS connectivity 
which leaves eight unused channels that could be dedicated to MCS or 
TACCS gateway functions. CNR could also be used as a gateway to bridge the 
MSE/IATACS boundary. 


B-16. If an MCS in the MSE network wanted to send a message to an MCS in 
the IATACS network, it would send the message to the MSE gateway MCS. 
The IATACS gateway MCS will examine the message header and nodal 
address and automatically route the call over channel 1 to the appropriate 
MCS user in the IATACS network. 


B-17. Figure B-5 shows the setup for single MCS gateways. 


—* 
MSE 
(Digital) 


B-6 


MCS 
GATEWAY 


Figure B-5. Single MCS Gateway 


B-18. Figure B-6 shows the setup for the dual MCS gateway. 


IATACS MSE 
(Analog) (Digital) 


= 
= 


2- or 4- 
<< —— 
(CDP or FSkK) 


GATEWAY 


Figure B-6. Dual MCS Gateway 


Appendix C 
Communications Security Operations 


This appendix gives an overview of COMSEC operations. 


SECURE COMMUNICATIONS 


C-1. The MSE network provides secure voice and data communications up to 
the SECRET level with special provisions for TOP SECRET/sensitive 
compartmented information (TS/SCI). This is accomplished by using a 
combination of physically protected wire lines and cryptographic equipment. 


Note: When exchanging classified communications 
with a subscriber outside the MSE system but 
interfaced with MSE, MSE subscribers should ensure 
the distant user is communicating within an 
approved protective communications configuration. 


PROTECTED WIRE LINES 


C-2. Wire lines between subscribers and MSE switchboards are considered 
approved loops. Operators and users must monitor these wire lines to ensure 
only authorized subscribers access the network. 


CRYPTOGRAPHIC SECURITY 


Trunk 


Orderwire 


Switch 


C-3. Overall cryptographic security is the result of netted protection in trunk, 
orderwire, switch, and subscriber areas. Table C-1 describes equipment 
architecture and lists equipment allocations. 


C-4. Throughout the system, TEDs (KG-194/A) encrypt DTGs_ for 
transmission between switches. 


C-5. The VINSON (KY-57) and the orderwire control unit (OCU) or 
communications modem (CM) provide secure, half-duplex communications to 
radio and cable links. The system also provides over-the-air rekey (OTAR) for 
MSE assemblages. 


C-6. The automatic key distribution center (AKDC) (KGX-93A) provides the 
generation, storage, and transfer of COMSEC keys. Loop key generators 
(KG-112s) provide secure communications between the NC/LEN and 
MSRTs/wire line DSVT. They also protect the transfer of keys between NCs 
and LENs. 
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Assemblage/COMSEC NCS | LENS LOS | MSRT 
Equipment 
1 1 


Table C-1. COMSEC Equipment Allocations 


AKDC, KGX-93A 


LKG, KG-112 8 8 

TED, KG-194A 15 3 1 1 1(V2) 
VINSON, KY-57 1 1 1 1 1 

DSVT, KY-68 1 1 
MCU 8 1 
SDNRIU, KY-90 1" 1" 

NCD, KYX-15 1 1 

ETD, KYK-13 1 1 1 1 
KOK-12 or KOK-16 2 


"Has provisions for the KY-90. 


? Two per signal battalion. 


Subscriber 


C-7. The MSRT consists of an RT-1539(P/G radio, mobile COMSEC unit 
(MCU), and a DSVT (KY-68). The X key overrides the M key and secures the 
signaling between the NCS and the DSVT. It does not encrypt the voice 
traffic transmission. The DSVT secures the connection to the NC/LEN. The 
SDNRIU (KY-90) provides a secure link between the MSE system and the 
secure CNR nets. 


C-8. Additional crypto devices are allocated for generation, storage, transfer, 
and verification of crypto keys (see Table C-1). 


NET CONTROL DEVICE (NCD) 


C-9. The NCD (KYX-15) is used at NCSs and LENSs and stores 16 keys. 


ELECTRONIC TRANSFER DEVICE (ETD) 


C-10. The ETD (KYK-13) is used at all other locations and can store six keys. 


SMART FILL DEVICE 


C-2 


C-11. The smart fill device (KOK-12 or KOK-16) is used for COMSEC key 
management at signal brigades and battalions. The KOK-12 or KOK-16 can 
identify COMSEC keys by displaying the assigned key tag number on its 
liquid crystal display (LCD) screen. The KOK-12 or KOK-16 can also store 
and transfer up to 160 COMSEC keys. 
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EQUIPMENT USE 


C-12. The SCC-2 COMSEC key manager controls key management and 
distribution within the corps. He directs the PNS to generate all system 
common and user keys. Then, through a courier distribution system, certain 
keys are pre-positioned to leader NCs within the corps. Leader NC key 
managers, in turn, distribute a pre-positioned set to their supported 
NC/LENs. Each master NC/LEN link generates the unique TED internodal 
keys. The leader NC key manager directs the bulk transfer of these keys to 
the slave NC/LENs. Once the backbone network is stable, the SCC-2 
COMSEC key manager directs the bulk transfer of all keys to each leader 
switch that does the same for their supported NC/LENs. Unit couriers pick 
up user keys from the corps key manager. 


C-13. All key transactions except bulk transfer are recorded manually on 
COMSEC key management logs and reported through the distribution 
channels. Bulk transfer transactions are recorded automatically in each 
NC/LEN database and can be retrieved if necessary. Trunks are bulk 
encrypted through the TED (KG-194/A). 


C-14. The Army Key Management System (AKMS) program consists of two 
systems that provide cryptographic keys, SOIs, and fills for CNRs. The 
Automated COMSEC Management and Engineering System (ACMES) 
software resides on laptop computers and is used by both theater and tactical 
units. The Army Electronic Generation and Distribution System (AEGADS) 
software resides on desktop computers and is used by strategic and 
sustainment base units. Both systems use automated net control devices 
(ANCDs) and key distribution devices (KDDs) to distribute SOIs and 
COMSEC variables and keys. The AKMS greatly reduces current dependence 
on paper-based keying materials. 


C-15. Switch COMSEC functions include generating, storing, transferring, 
and activating COMSEC keys and providing traffic encryption. This is done 
in the NCS (LENS in an emergency only) using the LKG, AKDC, and TED 
during the key generation, distribution, and activation phases. The AKDC in 
the NCS generates, transfers, and activates keys. The AKDC is driven by 
software commands using the video display unit (VDU). The operator can 
also generate and transfer keys directly from the AKDC. Electronic keys are 
stored in the HUS. The HUS can store up to 512 variables (256 active and 
256 reserve). The LKGs in the NCS and LENS provide key control and key 
transfer to support end-to-end encryption for DSVT subscribers on a per—call 
basis. 


C-16. MSRT/subscriber COMSEC functions operate through a key loaded 
MCU within the RT-1539(P)/G radio and embedded COMSEC within the 
DSVT. Subscriber COMSEC functions include encrypting radio frequency 
signaling using the MCU. The DSVT COMSEC encrypts the subscriber’s 
traffic. COMSEC protection at the secure subscriber level begins with the 
COMSEC keys. The subscriber’s ETD (KYK-13) electronically loads the keys 
into the radio’s MCU and the DSVT. 
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C-17. The analog engineer orderwire (EOW), inherent in each LOS radio, is 
used only for initializing the system. The orderwire is not encrypted and 
should only be used for unclassified traffic. After establishing the link, the 
operator switches to the DVOW. The orderwire voice is then encrypted 
through the VINSON (KY-57) located in the NCS, SENS, LENS, RAU, and 
LOS assemblages. The DVOW is also used for OTAR or transfer of COMSEC 
keys. However, this method is only used on an exceptional basis. When using 
the encrypted DVOW, traffic is not to exceed the SECRET level. When using 
DVOW for OTAR, a key encryption key (KEK) is used to pass the key. 


KEY DESCRIPTION, DISTRIBUTION, INITIALIZATION, AND 
ACCOUNTABILITY 


DISTRIBUTION 


C-18. The AKDCs generate keys (except the S key) for the MSE system. Table 
C-2 lists the different types of keys. It also identifies the key, its use (such as 
subscriber’s KY-68), the type of numeric or key encryption, its distribution, 
and a short description. 


C-19. The courier method is used for initial key distribution. The S key 
distribution is a user responsibility. Used with the KOI-18s and KOK-16s, 
properly cleared personnel physically deliver electronic keys. Reliance on 
courier delivery will decrease as the AKMS is fielded. 


C-20. The bulk transfer method results in the electronic transfer of keys from 
the designated HUS location(s) of one AKDC to the same type of HUS 
location(s) of another AKDC. 


C-21. The OTAR method transfers keys to various assemblages. The DVOW 
encrypts the keys by using remote keying encryption (K key). Used with the 
NCD (KYX-15), the KY-57 can transfer keys to another KY-57 or to an ETD 
(KYK-13). 


C-22. The electronic method is an operation, transparent to users, that 
downloads the X and V keys to the DSVT (using the U key). 


C-23. The PNS generates corps common system operational keys. 


INITIALIZATION 


C-4 


C-24. The division COMSEC material direct support activity 
(CMDSA)/DCOR stores the pre-positioned keys required for system 
initialization. On deployment, the trunk key establishes internodal links and 
the master switch is the controlling NCS. Once the TN key is loaded in each 
TED, the link is activated. 


C-25. The COMSEC key manager oversees the generation of all COMSEC 
keys. He stores and distributes the keys to teams before deployment. Tables 
C-3 through C-7 show the appropriate key sets. 
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AMBD-~DOaWCH 


ma—-samono 


TEK 
TEK 
TEK 
TEK 
CNV (N)| KEK 
RKV (K)| TEK 
KEK 


Table C-2. Key Descriptions 


aod. EQUIPMENT | DISTRIBUTION DESCRIPTION 


DSVT/KY-90/ 
RT-1539 
MCU 


DSVT/KY-90 


DSVT/KY-90 


KY-68 
NCS/LENS 


KY-68 


KG-194/A 


KG-194/A 


KG-194/A 
KG-194/A 


NCS/LEN 


NCS/LEN 


NCS/LEN 


DSVT/KY-90 


NCS 
AN/TYC-39 


NCS 
AN/TYC-39 


Corps Common 
Corps Common 


Per Call 


Corps Common 


One per subscriber 
determined by 
profile 


Special Use 


Corps Common 
Pair-Wise Unique 


Pair-Wise Unique 


Corps Common 


Corps Common 


Corps Common 


Corps Common 


Corps Common/ 
As required 


Corps Common 


Corps Common 


Message Switch 
Rekey (Special 
Use) 


Message Switch 
Net Key (Special 
Use) 


Re-entry/initial entry. 


Used in the signaling and synchronization 
between the MCUs in the RAU and MSRT. 


Unique per call associated with a DSVT/KY-90. 
Establishes end-to-end synchronization. 


Used in transferring the V and X keys from the 
NCS/LENS to the terminal. 


Used to support TS/SCI users to the TYC-39 
message switch. 


Generated and used by others to raise 
encryption level to TS/SCI (usually military 
intelligence (Ml)). 


Initialized nodal links. 


TED nodal links. 


TED gateway links. 


Used to secure extension links to SENs and 
RAUs. 


Used for securing voice over the orderwire. 


Used to encrypt COMSEC keys for OTAR 
transmission. 


Secures the V (per call) key between 
NCS/LENS. 


Secures the V (per call) key between 
gateways. 

Used in the bulk transfer of keys between 
switches. 


Used in the signaling and synchronization 
between the terminal and the NCS/LENS. 


Used to encrypt the per-call key to the 
TYC-39 message switch. 


Used to encrypt the synchronization signaling 
between MSE and the TYC-39 message 
switch. 
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Table C-3. NC Key Set 


TED 
Switch-to-switch (AKDC) 
DVOW Traffic 


As Required 
As Required 
As Required 
As Required 


TED 

Switch-to-switch (AKDC) 
DVOW Traffic 

DVOW Rekey 
RT-1539(P)/G 

DSVT (LD(U)) 


CNV FM 
RKV FM 


Table C-5. SEN Key Set 
ev [use —=* 

TE TED 
, DVOW Traffic 

DVOW Reke 

KY-90 (if required) 

KY-90 (if required) 
aa CNRI 
RKV FM 


Table C-6. RAU Key Set 


Pee [se 
TEc TED 

N DVOW Traffic 

K DVOW Reke 


CNV FM 
RKV FM 
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Table C-7. Subscriber Key Set 


M DSVT (LD(X)) 


RT-1539(P)/G 
U(I) DSVT (LD(U 


“|= U Net ID. 


C-26. The PNS directs initial start-up. The SYSCON switch technician 
assumes COMSEC key management tasks once the system is activated. 


Predeployment 


Deployment 


ACCOUNTABILITY 


The PNSs load network keys in the HUS locations. 


The pre-positioned keys stored in the KYX-15s are issued to 
NCSs/LENSs. 


Subscriber keys are issued to users IAW their COMSEC account 
numbers. 


The S6 stores keys in the user’s KYK-13. 
Pre-positioned keys for the SEN, RAU, and LOS are issued. 
The NCS and LENS load pre-positioned keys in the HUS locations. 


NCSs and LENS deploy and establish internodal links using T keys. 
The SENs deploy to support units. 


The RAUs deploy to support areas of mobile subscriber 
concentrations. 


Subscribers begin affiliation. 


C-27. The MSE system requires key accountability for all key generation, 
transfer, and activation. The accountability process helps the manager 
accurately determine where the keys are maintained throughout the 
network. Accountability is accomplished through a combination of SCC-2 
project screens, messages, and log entries. 


C-28. Project screens within the SCC-2 display the cryptographic state of the 
network. Whenever a COMSEC project is approved, a record is created on the 
logbook teletype. 


C-29. At the NCSs and LENSs, three screens allow the node COMSEC OIC 


to— 


Maintain key accountability. 


Use the display incoming transfer (DIT) and the display outgoing 
transfer (DOT) screens. 


Assign bulk transfer (ABT). 
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e 6Assign transfer list (ATL). 
e Print copies of these screens. 


C-30. Manual transfer of keys requires marking the fill device and creating 
and recording information on a log entry. 


C-31. COMSEC key records (classified CONFIDENTIAL) are maintained for 
an appropriate period and then destroyed. 


TASK ORGANIZATION 


C-32. If task organization requires attaching units not previously aligned, all 
corps common keys and gateway keys must be either physically or 
electronically transferred (through secure means) to _ establish 
communications. (See Table C-1.) 


AUTOMATIC KEY DISTRIBUTION CENTER 
C-33. The AKDC houses all the keys generated at the NCS/LENS. Table C-8 
shows an example of HUS locations and key tag assignments. Keys have A 
and B locations. The active key is on side A and the reserve key is on side B. 
SYSCON may authorize storing keys other than those listed. 


Table C-8. Example of HUS Locations and Key Tag Assignments 


CIRK 
Spare 
Rekey 1 
KEK - OCU 


TEK - OCU 
BT Storage 
T Key 
AIRK 

M Key 

X Key 


C-8 


Appendix D 
High-Speed Multiplexer 


Fast and reliable access to data information is critical to a commander’s 
success. The HSMUX card enhances the warfighters’ ability to process 
data information on the battlefield. Enhanced NCs and SENs equipped 
with the HSMUX card have additional data ports and higher data rate 
terminations than non-enhanced NCs and SENs. This appendix covers 
the HSMUX card and the enhanced configurations of the SEN and NC. 


HIGH-SPEED MULTIPLEXER CARD 


D-1. The HSMUX card enhances the capabilities of the CM and provides the 
capability to terminate data rates higher than 512 kbps. The HSMUX 
provides up to four additional ports within a standard DTG. Depending on 
the configuration, these ports can provide up to four synchronous data 
circuit-terminating equipment (DCE) RS-422 (balanced) serial data links at 
64, 128, or 256 kbps. Figure D-1 shows the HSMUX SEN configuration. 


MD-1270 512 kbps 1024 kbps 
CM Group to NC 


Group MUX 
HSMUX 


Loop MUX (PO) Port2 Port3 


256 kbps 
Serial 


13 Trunks 


SB-4303 Packet 


Switchboard Switch CSU/DSU 
AN To VTC Suite 


To Telephones 


Figure D-1. HSMUX SEN Configuration 


D-2. The HSMUX performs an inverse multiplexer function by taking the 
aggregate port rate (256 kbps) of each serial data circuit (router) and breaks 
it into individual 16 or 32 kbps channels on the DTG. Figure D-2 shows the 
inverse multiplexer. 
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Subscriber Side : Network Side 


Reformats 64, 128, 

or 256 kbps data into 

16 kbps MSE compatible 
data channels. 


4 each 
RS-422 
Serial Ports 


Figure D-2. Inverse Multiplexer 


D-3.The HSMUX card replaces the A10 multiplexer (MX)/demultiplexer 
(DMX) card in the CM, and it provides four additional serial ports. The back 
plane of the A10 card is not wired for access outside the CM. The individual 
Diphase Loop Modem-A (DLPMA) card provides access to the patch panel for 
the original SEN trunks. A high-speed balanced interface card (HSBIC) 
provides access to the new high-speed ports without modifying the CM or 
LTU. The HSBIC replaces one of the DLPMA cards in the CM. The HSBIC 
terminates two of the four HSMUX ports and extends them to the patch 
panel instead of the four voice trunks. These serial circuits are then patched 
over to the line side of the patch panel so the circuit can be extended over 26 
pair to a J-Box. Figure D-3 shows the HSMUX/HSBIC SEN signal flow. 


ENHANCED SEN CONFIGURATION 


D-4. The HSMUX enhancement provides standard MSE connectivity and two 
high-speed ports that terminate in a router and a channel service unit 
(CSU)/data service unit (DSU) used for serial video teleconferencing. The 
router and the CSU/DSU are safeguarded by a universal power supply (UPS). 
The UPS provides battery backup and acts as a DC inverter, drawing power 
off the vehicle's 24-volt electrical system. Figure D-4 shows the enhanced 
SEN configuration. 
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Figure D-4. Enhanced SEN Configuration/Signal Flow 
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D-5.The router is configured for two serial connections and two Ethernet 
connections. Ethernet transceivers (EO and E1) connect to the router 
attachment unit interface (AUI) ports allowing for 10Base2 coaxial cable to 
extend into the TOC. LAN cables are routed behind the equipment rack to 
the inside cover of the LAN’s SEP. The packet switch (IGW) connections to 
the SEP are disconnected, allowing the new coaxial cable from the router to 
have access to the outside LAN 0 and LAN 1 Bayonet Neill Concelman (BNC) 
connectors. 


D-6. The router serial connections provide access to the backbone high-speed 
data network and the legacy TPN. Port 1 on the HSMUX card directly 
connects to Serial 0 on the router. The HSBIC is not used in this 
configuration to save the four voice trunks. A flat ribbon cable is fabricated to 
connect Port 1 of the HSMUX and is routed out the front cover of the CM. 
The ribbon cable is flat enough to allow the CM cover to partially close. This 
configuration provides 256 kbps data to the backbone routing network at the 
NC. This connection is via a channel reassignment of 16 channels (17-32) on 
the extension link DTG. The HSMUX at the SEN and NC provide the inverse 
multiplexing function and combine these channels to support a 256 kbps 
aggregate rate. 


D-7. The packet switch is still used; however, a packet switch port (PO) now 
directly connects to the router (S1) via a DCE serial interface cable. This does 
require the packet switch port to be re-jumpered for slaving timing off the 
router. This packet switch to router connection provides a backdoor to the 
router from the TPN. However, the primary route for all data out of the SEN 
is via the serial interface (SO) to the HSMUX card Port 1. 


D-8. The CSU/DSU is configured to terminate and/or extend up to four ports 
of the HSMUX. Presently, HSMUX Port 2 is terminated by the CSU/DSU 
using V.35 interface. The CSU/DSU converts this eight-wire balanced 
nonrestrictive zone (NRZ) circuit into a two-wire circuit that can extend up to 
2 miles over standard WF-16. This does require a CSU/DSU at the TOC to 
terminate the circuit and convert the two-wire signal back to RS-422, which 
is required by the VTC system. The two wires leaving the CSU/DSU inside 
the SEN are presently spliced into a patch cord that allows the circuit to be 
patched down a 26-pair via the patch panel. 


D-9. The HSMUX multiplexes the 256 kbps router data, the 256 kbps VTC 
data, and the SEN standard trunks into a 1024 kbps DTG. The settings of the 
HSMUX, the CM, and the LOS radio must be changed to reflect this data 
rate/configuration. The HSMUX card (A10) is manually configured from a 
predefined set of port options. A set of DIP SWITCHES (label S1) on the card 
determines the group rate of the DTG and each individual port rate. See 
Table D-1 for S1 settings with appropriate port/channel assignments. 
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D-10. The HSMUX card has several peculiarities. It has two 21-pin 
connectors (J2 and J4) that provide access to the data ports. Each connector 
provides access to two ports. Each port provides an eight-wire balanced NRZ 
full-duplex data and timing interface. The ports are configured as DCE, 
which provide transmit and receive timing for the terminal device. This 
requires the connecting circuit (data terminal equipment (DTE)) to slave 
timing from the HSMUX. The connector to each port is easily misaligned 
considering there is no set keying. Each internal cable has either an 8- or 10- 
socket box connector at each end. If a 10-socket head is used, two sockets on 
the box connector remain empty. These two empty sockets should always be 
to the TOP. Extreme caution should always be used to connect the box 
connector to these extremely fragile pins. As mentioned earlier, the ports are 
manually configurable by DIP SWITCHES (S1) on the HSMUX card and 
these switches are read right to left. Figure D-5 gives the layout of the 
HSMUXxX card. 


Table D-1. HSMUX (16 kbps Channel Rate) Port Options 


iad eed aA 
87654321 Rate P P P3 P4 
Pea | [| — | - fisie? TT 
ee ee ee a 
Pe ee ee ee ee 
| 128k | ask | — | — | 1724 |a5a2| | 
K | 64k | 64K | —~ | 29-32 | 
| 256k | 25ek | — | —~ | 
K_| 128K 
K K 


29-32 


Jooo1tot1o? | to2zak | 15 | 256k | 256k | 256K | -— | 


2 
520 forest | 
-28 


' PO is standard SEN channels (not trunks) not including Channel 1 Loop Signaling Channel (TT-119). 


eee 


? The bolded line is our present standard which provides three ports at 256 kbps while continuing to 
support the SEN's normal trunk capability (13 voice/1 packet). 
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*$1 is the label for the DIP SWITCHES. 


Figure D-5. HSMUX Card Layout 


ENHANCED NC CONFIGURATION 
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D-11. The NC is an integral piece to the enhanced SEN configuration. The 
output of the HSMUX card is a 1024 kbps time-division multiplexed DTG (16 
kbps 64 channels). The NC processes the DTG as a normal group with 
channels 2-14 terminated as SEN trunks (TT-86) and channel 15 as a packet 
trunk. The remaining 48 channels must be extended to their predetermined 
destination via channel reassignments. The HSMUX card at the SEN 
allocates channels 17-32 on the DTG for the router serial port 1. This port is 
predetermined to terminate on Serial 0, 1, 2, or 3 of the NC's router and is 
appropriately channel reassigned to the NC HSMUX dedicated for router 
connectivity. The HSMUX card at the SEN could also allocate channels 33-48 
on the DTG for the VTC circuit. This circuit is usually destined for another 
SEN either off the same NC or one across the network. These channels are 
reassigned to the appropriate internodal (channels 49-64) or extension link 
DTG (channels 33-48). 


D-12. The NC HSMUX configuration is significantly different than a SEN. 
The mission of the HSMUX in the NC is to inverse multiplex the individual 
channels from a SEN/NC DTG to an aggregate 256 kbps serial link. These 
links provide data connectivity between various network routers. This 
configuration provides a robust data network compared to the TPN. The CM 
in the NC can only terminate four HSMUX ports and one packet switch host 
trunk interface (PSHTI) port. Potentially, two ports for internodals, two ports 
for HSMUX extension links, and a port for a T-20 interface. See Figure D-6 
for the NC HSMUX configuration. 
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Figure D-6. NC HSMUX Configuration 


D-13. The NC’s CM requires a local DTG at 1152 kbps (depending on port 
configuration). The DTG is used to channel reassign internodal and/or 
extension link HSMUX router ports to the NC. The DTG comes off the 
switching shelter SEP and extends to the operations shelter via CX-11230. 
This does require special modification to the operations shelter's SEP. 


D-14. The NC (unlike the SEN) CM uses two HSBICs in slots A3 and A4. 
These two HSBICs extend the four HSMUX ports out the back of the CM to 
the J5 connector. Cables are also fabricated to extend these connectors to the 
router's DCE serial cables. A separate cable connected to J14 extends the 
PSHTI card in slot Al to Serial 7 of the router. Figure D-7 shows the NC 
signal flow. 


D-15. A HSMUX network does require multiple changes to the MSE standard 


database to accommodate high-speed extension links above 256 kbps and the 
local CM. Figure D-8 shows a proposed HSMUX standard database. 
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Figure D-7. NC Signal Flow 
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CDP 
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MCS 
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MDID 
MDTG 
Mech 
METT-T 
mgt 
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MI 
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MLS 
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MOS 
MPM 

MS 

MSE 
msg 
MSNV 
MSR 
MSRT 
MSRV 
MTA 
MTCC 
mux 
MX/DMX 
N/A 
NAI 
NATO 
NBC 

NC 
NCA 
NCD 
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Marine Corps 

Maneuver Control System 

mobile COMSEC unit 

MSE data interface device 

multiplex digital transmission group 
mechanized 

mission, enemy, terrain, troops, and time available 
management 

megahertz 

military intelligence 

miscellaneous 

multilevel security 

military operations other than war 
military occupational specialty 
mission plan management 

message switch 

mobile subscriber equipment 
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message switch net key 
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mobile subscriber radiotelephone terminal 
message switch rekey 

message transfer agent 
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multiplex/multiplexer 
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obj 
OCONUS 
OCU 
OIC 
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Noncommissioned Officer in Charge 
node center switch 

network control terminal 

Army National Guard 

network interface card 

National Imagery and Mapping Agency 
Nonsecure Internet Protocol Router Network 
network management center 

node management facility 

number 

network planning and engineering 
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node switch 

node switching group 
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pkt 

plt 
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POC 
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PPP 
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PSHTI 
PSN 
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retrans 
RF 
RH 
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packet 
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primary node switch 
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point-to-point protocol 

packet switch 

packet switch host trunk interface 
packet switch network 
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remote access switch 
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remote base station 
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retransmission 

radio frequency 
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remote loop group multiplexer 
remote line-of-sight 

remote multiplexer combiner 
radio relay 

remote radio access unit 
remote switching center 
routing subsystem 


downsize routing subsystem 
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S2 

S3 

S4 

S6 

SAR 

sat 

SB 

SC 

SCC 
SCC-2 
SCG 
SDC 
SDNRI 
SDNRIU 
SEN 
SENS 
SEP 
SGT 
SHF 
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Intelligence Officer (US Army) 
Operations and Training Officer (US Army) 
Supply Officer (US Army) 
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satellite access request 

satellite 

switchboard 

Signal Corps 

system control center 

system control center-2 

switching control group 

signal data converter 

secure digital net radio interface 
secure digital net radio interface unit 
small extension node 

small extension node switch 

signal entry panel 

Sergeant 

super high frequency 


standard integrated command post system 


signal 


Single-Channel Ground and Airborne Radio System 


Secure Internet Protocol Router Network 


subscriber list management 


Secure Mobile Antijam Reliable Terminal - Tactical 


switch multiplex unit 

SMART mux 

secondary node switch 

Signal Officer Advanced Course 
Signal Officer Basic Course 
Special Operations Forces 
signal operating instructions 
synchronous optic network 


standing operating procedure 
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SPARC 
spt 

SRC 

SSI 

SSS 
STANAG 
STAR-T 


STEP 
STU 
SVM 

sw 
SYNCH 
sys 
SYSCON 
TACCS 
TACFAM 
TACSAT 
TADIL 
TAXI 

TC 

TCP 
TCT 
TDM 
TDSG 
TDSGM 
TECHCON 
TED 
TEK 

TG 

TGC 
TGM 
TGMD 
TGMOW 


Scalable Processor ARChitecture (Laptop) 
support 

standard requirements code 

standing signal instructions 

signal shelter switch 


Standardization Agreement 


Super High Frequency Tri-band Advanced Range Extension 


Terminal 

Standardized Tactical Entry Point 
secure terminal unit 

secure voice module 

switch 

synchronize/synchronization 

system 

system control 

Tactical Army Combat Service Support (CSS) Computer System 
tactical frequency assignment model 
tactical satellite 

Tactical Data Information Link 
transparent asynchronous transceiver interface 
technical control 

transmission control protocol 

tactical communications terminal 

time division multiplex 

time division switching group 

time division switching group (modified) 
technical control 

trunk encryption device 

trunk encryption key 

trunk group 

trunk group cluster 

tactical group multiplexer 

trunk group multiplex/demultiplex 


transmission group modem and orderwire 
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THAAD 
TLC 

TI 
TLDF 
TLM 
™ 
TMD 
TMG 
TMIF 
TNS 
TOC 
TOE 
TP 
TPA 
TPC 
TPN 
TPS 
TRADOC 
TRI-TAC 
TRL 
tropo 
TRT 
TSC(A) 
TSOP 
TS/SCI 
TSB 
TSL 
TST 
TTA 
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Theater High Altitude Air Defense 
traffic load control 

Tactical Internet 

team label data file 

topographic line maps 

technical manual 

theater missile defense 

tactical multinet gateway 

Tactical MSE Interface Family Digital Interface 
tactical name server 

tactical operations center 

table(s) of organization and equipment 
telephone 

tactical packet adapter 

tactical pilotage charts 

tactical packet network 

tactical packet switch 

Training and Doctrine Command 
Tri-Service Tactical Communications 
tropospheric link 

tropospheric scatter 

tropospheric terminal 

Theater Signal Command (Army) 


tactical standing operating procedure 


TOP SECRET/sensitive compartmented information 


trunk signaling buffer 

tactical satellite link 

tactical satellite terminal 
tactical terminal adapter 
teletype 

Uniform Code of Military Justice 
ultra high frequency 

universal power supply 


United States (of America) 
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USAF 
USAR 
USARSO 
USASOC 
USMC 
USN 


United States Air Force 

United States Army Reserve 

United States Army Forces Southern Command 
United States Army Special Operations Command 
United States Marine Corps 

United States Navy 

volt(s) 

volts of alternating current 

virtual circuit identifier 

visual display unit 

very high frequency 

line interface card 

virtual path identifier 

video teleconference 

wide area network 

Warfighter Information Network 

Warfighter Information Network - Terrestrial 
World Wide Web 

receiver 

transmit 

zone restriction 


zone restriction list 
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Preface 


Purpose and Scope 


This manual establishes procedures and techniques for the Information Mission Area 
(IMA) disciplines of printing, publications, and records management. These disciplines 
include the following battlefield information services (BIS): 


* Printing. 

« Publications. 

* Forms management. 

* Reproduction. 

* Classified document control. 

¢ Distribution/official mail. 

¢ Correspondence. 

* Files management. 

* Freedom of Information Act (FOIA)/Privacy Act (PA). 


This manual provides doctrinal guidance for applying BIS in the tactical environment. 


FM 24-1, Signal Support in the AirLand Battle, provides the doctrinal base for the 
IMA disciplines: communications, automation, visual information, printing, publications, 
and records management. The IMA disciplines of printing, publications, and records 
management do not stand alone, but integrate into the other IMA disciplines. 
Commanders should use this manual with FM 24-1 to ensure this integration takes 
place. 


The intent of this publication is to provide guidance to Information Services Support 
Offices (ISSOs), commanders, and staff officers across the operational continuum. 


User Information 


The proponent of this publication is HQ TRADOC. Send comments and 
recommendations on DA Form 2028 directly to Commander, United States Army Signal 
Center and Fort Gordon, ATTN: ATZH-DTL, Fort Gordon, Georgia 30905-5075. Key 
comments and recommendations to pages and lines of text to which they apply. If DA 
Form 2028 is not available, a letter is acceptable. Provide reasons for your comments 
to ensure complete understanding and proper evaluation. 
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Chapter 1 


Operational Concept 


1-1. Background 


a. Battlefield Information Services (BIS) are information services provided on the 
battlefield. They combine the Information Mission Area (IMA) disciplines of printing, 
publications, and records management. BIS include functions and resources used to 
organize, distribute, retrieve, dispose, and manage all records, regardless of media. 


b. Under the IMA, signal organizations provide information services in garrison as 
well as when a unit deploys. In garrison, the Director of Information Management 
(DOIM) organization supplements these services. When a maneuver unit deploys, the 
organic signal element provides information services in the combat environment. These 
services are tailored to the commanders’ battlefield needs using the unit’s organic 
equipment. 


c. BIS are essential information services needed to support the maneuver commander 
in the field and do not duplicate the services in garrison. In garrison, information 
services are more extensive than those for the deployed unit. In garrison, the DOIM 
supplements the installation’s post and units with information services and resources 
which are external to the maneuver unit. For example, when a corps or division is in 
garrison, the DOIM provides support for information services; printing; automated 
systems; and post, camp, and station telephone access. When the unit deploys, its 
organic signal element ensures essential BIS are provided in a tactical environment. 


d. The signal element provides essential information services or BIS. The BIS are 
defined below. See References for appropriate regulatory publications. 


(1) Printing. Printing is the processes of composition, plate making, press work, 
and binding to include micropublishing for producing publications. Printing is putting 
an image on paper in volumes over 5,000 units of a single original and no more than a 
total of 25,000 units of a multipage document. 


(2) Publications. Publications are items on which information is printed or 
reproduced, mechanically or electronically, for distribution. They include directives, 
pamphlets, posters, forms, manuals, brochures, magazines, and newspapers produced 
in any printed media for the Army. 


(3) Forms management. Forms are officially prescribed documents with prepared 
spaces for inserting information. 
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(4) Reproduction. Reproduction is recreating an original document by mechanical 
means. These means include printing, duplicating, and copying which are defined in 
AR 25-30. In the field, this is done by automatic copying-processing, copier-duplicating, 
or printing machines using electrostatic, thermal, or other copying processes. 


(5) Classified document control. Classified document control are procedures 
developed to ensure classified material is accounted for and protected. See AR 380-5 for 
further guidance. 


(6) Distribution/official mail. Distribution is a system for providing receipt, 
collation, additional reproduction, and the proper routing of messages and printed 
material in a specific organization or between organizations. Official mail is part of the 
distribution system. It contains official information and is normally addressed to the 
commander of a military unit. Delivering mail is a US postal responsibility. However, 
when official mail is turned over to the Army, the Signal Corps’ Information Services 
Support Office (ISSO) assumes distribution responsibility. See AR 25-51 for further 
guidance. 


(7) Correspondence. Correspondence refers to communications media which may 
be produced, reproduced, or transmitted manually or electronically. It may also be 
magnetic media or other special purpose correspondence or forms used in official Army 
business. Correspondence includes all forms and formats contained in AR 25-50. 


(8) Files/records management. Files consist of any materials created, saved, or 
stored. These include books, papers, maps, photographs, machine readable materials, 
or other documentary materials regardless of content, or their physical form. See 
AR 25-400-2 for further guidance. 


(9) Freedom of Information Act (FOIA). The FOIA program implements DOD 
policy. This policy requires activities be conducted in an open manner consistent with 
the need for security and adherence to other requirements of law and regulation. The 
program’s objective is to ensure that only information which is exempt from disclosure 
by the FOIA is withheld from the public. See AR 25-55 for further guidance. 


(10) Privacy Act (PA). The PA program protects an individual’s privacy from 
unwarranted invasion. This is done by ensuring the recorded information about the 


individual is necessary, timely, accurate, complete, and confidential. See AR 340-21 for 
further guidance. 


1-2. BIS Responsibilities 


a. Information management is a command responsibility at all levels. The signal 
element is the executive agent for providing BIS in the field. 
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b. The signal commander/staff is responsible for managing BIS for the maneuver 
commander. To aid in this effort, division-size or larger units have a staff element. 
This staff element is the ISSO. In units without an ISSO, the S1 is responsible for 
performing and managing BIS. These units are the maneuver brigade and the 
battalion. The requirement for BIS at the maneuver brigade is minimal because of the 
maneuver unit’s mission. 


c. The signal element provides a framework or procedural guidance for functional 
staffs to operate, obtain, or perform information services. The functional user/staff 
receives, passes, and obtains information within the BIS framework. 


d. The signal element establishes the framework and format for services. However, 
the functional proponent/user is responsible for the content. For example, the signal 
element is responsible for controlling and providing guidance on forms management or 
developing a uniform records management system (files) IAW AR 25-400-2. The 
functional user is responsible for the design and content of the form or information 
contained within the file. The ISSO establishes classified document control procedures; 
however, the user is responsible for generating and storing classified material. 


e. The operating element that provides BIS, under the control of the signal 
commander, is the ISSO. 


f. Division, corps, and theater levels have an ISSO. The ISSO coordinates and 
supports BIS requiring centralized management internal to the headquarters. It also 
guides and regulates services that are not centrally managed. The ISSO falls under the 
assistant corps signal officer’s (ACSO) control at corps and the assistant division signal 
officer’s (ADSO) control at division. 


g. The theater has an ISSO and an Information Services Support Branch (ISSB). 
The ISSO is an element of the office of the Chief of Staff. The ISSB is assigned to the 
Deputy Chief of Staff for Information Management (DCSIM). The ISSB oversees theater 
BIS which include operations of reproduction detachments, and it coordinates BIS 
requirements with the sustaining base. 


h. At battalion and brigade, the S1 performs ISSO functions. The functional staff 
officers (S1, S2, S3, S4) execute services in their respective staff sections. Users are 
responsible for obtaining and following their unit’s BIS directives. 

i. The primary functions of the ISSO are-- 

(1) Providing centralized management and executing distribution, reproduction, 
publications and forms account management, and FOIA/PA at division, corps, and 
theater. 


(2) Advising and assisting the commander with BIS. 
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(3) Providing staff supervision for all BIS to units and tenant units in the field. 


j. shows the BIS organization from theater through battalion. 
1-3. BIS Management 


BIS is managed through direct control of the activity or through promulgation of 
policies. Management by policy occurs when the signal element sets the policy and the 
user follows the policy. 


a. Direct action. Under the control of the signal element, a specified point of 
contact (POC) receives and routes all requests concerning a service. Distribution, 
reproduction, and FOIA/PA require direct control or action. 


(1) Distribution. The ISSO/S1 establishes a distribution process and is responsible 
for internal distribution. Internal distribution is the distribution between functional 
staff elements of the same headquarters including official mail. External distribution 
is the movement of official mail (including publications) and distribution between 
command posts (CPs). Official mail requires postage once it enters the Army postal 
office. At division and above, the ISSO provides the distribution center. At brigade and 
below, the S1 provides the distribution center. The recipient is responsible for collecting 
the distribution from the distribution center. 


(2) Reproduction requirements. Reproduction requirements are centrally 
managed through the ISSO. The ISSO receives user printing requests and routes them 
to the theater printing detachments or the proper sustaining base supporting activity. 
The user is responsible for his own organic reproduction equipment; for example, 
topographic, psychological, and intelligence operations and public affairs reproduction 
applications. 


(3) FOIA/PA. Requests for information and PA administration require centralized 
execution. The ISSO/S1 is the central POC for all FOIA/PA requests. His responsibility 
is to determine the appropriate approving authority for FOIA/PA requests. 


b. Management by policy. The signal element sets local policies by supplementing 
standing regulations. The functional staff and users are responsible for their own BIS 
requirements. Users must comply with appropriate ARs and local policies promulgated 
by the ISSO. 
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Figure 1-1. BIS organization. 
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Chapter 2 


Information Services Support Office 


2-1. Mission 


The ISSO’s primary mission is to provide BIS and policies to the commander. It also 
coordinates distribution/official mail, reproduction requests, and FOIA/PA for the 
organization. Additionally, the ISSO recommends policy, directs, and supervises staff 
and users in the areas of correspondence, classified document control, and publications, 
forms, and files management. 


2-2. Functions 


a. The ISSO provides-- 


* Distribution of official mail, reproduction, FOIA/PA support to the division, corps, 
and theater staff. 


* Staff advice on information services functions. 


* Technical assistance to information services support facilities and to subordinate 
units within the command. 


b. The ISSO serves as a staff and technical supervisory agency. This office 
establishes and monitors commandwide programs for BIS and provides BIS training. 


2-3. Organization 


a. The ISSOs at division, corps, and theater provide the same basic functions. The 
difference is the level of support the ISSO provides at each echelon. 


b. The theater has an ISSO and an ISSB. 


(1) The ISSO is responsible to the Chief of Staff of the theater signal command and 
is responsible for the internal information needs for the theater Army. The theater 
ISSO coordinates reproduction requests and controls the theater reproduction 
detachments. 


(2) The ISSB works at the direction of the signal support division and is assigned to 
the DCSIM. The ISSB issues policies and procedures for corps and below. It also 
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manages, prepares, coordinates, and develops the theater Army capability analysis, BIS 
management, and combat camera operations. 


c. The ISSO has three sections. These are the headquarters and operations section, 
the publications and reproduction section, and the records management and distribution 
section. Figure 2-1 illustrates an example of the ISSO’s organization. 


Headquarters and Publications Records Management 


Operations Section and ; and 
Reproduction Section Distribution Section 


Figure 2-1. An example of a theater, corps, or division 
ISSO. organization. 


2-4. Section Personnel and Responsibilities 


a. Headquarters and Operations Section. This section provides staff supervision 
over the information services support program within the division, corps, and theater. 
It-- 


(1) Establishes policies and prepares command policies on BIS for each respective 
level of command. 


(2) Establishes a distribution/official mail pickup and delivery schedule, a routing 
guide, and information on procuring tactical reproduction services. The user is 
responsible for procuring equipment and contracting services. 


(3) Prepares guidelines on preparing, coordinating, routing, and dispatching 
correspondence through the ISSO distribution center. 


(4) Develops policies on centralized reproduction services for the classified 


correspondence repository. This repository is the responsibility of the ISSO until 
distribution is made to the user. 
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(5) Performs staff supervision of the FOIA/PA. Recommending policies, procedures, 
and conventions, and serves as the central POC within the command for FOIA/PA 
requests, It refers related requests to the proper staff element or personnel services 
support activity. 


(6) Provides technical assistance to subordinate units of the command by establishing 
and monitoring commandwide programs for BIS support. 


(7) Keeps the staff and command group informed of the information services support 
situation via the signal officer. 


(8) Maintains a current reference library of ARs, published command guidance, and 
other regulatory guidance on all BIS. These references are needed to perform staff 
supervision functions, to establish policies, to support the command group, and to 
prepare the ISSO’s standing operating procedure (SOP). 


b. Publications and Reproduction Section. This section-- 


(1) Performs staff supervision of reproduction, publications, and forms management. 
It recommends policies, procedures, standards, and conventions. When warranted, staff 
elements at theater and below will establish their own publications and forms account 
(see DA Pamphlet 25-33). This is usually due to location and special requirements. 


(2) Establishes copying, duplicating, and printing control IAW with AR 25-30. 


(3) Provides supplemental high-volume reproduction/copying services for command, 
staff, signal headquarters, and subordinate units as necessary. Provides reproduction 
support to meet the requirements of the ISSO. 


(4) Serves as the central POC within the command for printing support requests. 
It verifies the format of user printing requests and forwards them through channels to 
the proper signal theater reproduction detachment or sustaining base printing support 
activity (DOIM). 


(5) Reviews requests and assists users with technical specifications for procuring 
user-owned reproduction equipment. 


(6) Provides information on sources through which the devices may be procured; 
however, users are responsible for determining their own reproduction requirements. 
If the user identifies high-volume reproduction requirements, this section validates and 
forwards the requirements to the appropriate organization for action. 


(7) Operates and manages the division, corps, and theater headquarters publications 
and forms control programs. 
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(8) Prepares an index of headquarters publications and forms and establishes and 
maintains distribution plans for headquarters publications. 


(9) Reviews and submits requisitions for reproduction and publications support for 
the headquarters staff elements. 


(10) Establishes both headquarters and command initial distribution of publications 
and forms to the unit staff, headquarters elements attached to the headquarters, and 
subordinate units. 


(11) Maintains required DA publications (excluding technical publications). It also 
keeps other official forms for the unit staff. These functions are performed by the 
functional staff/user in the organizational elements within division, corps, and theater 
boundaries without organic ISSOs/S1s. 


(12) Maintains an internal stock of DA regulations, other publications, and forms 
IAW operational needs. It keeps the amount and type needed to support associated 
information services support activities. In coordination with the ISSO, functional staff 
elements requisition, issue, and maintain publications and forms. They also track 
receipt of requisitions and dispose of expired publications and forms. 


(13) Provides specific publications for the headquarters staff. In addition, it 
maintains an internal ISSO library of information services publications. This section 
maintains publications needed to provide staff supervisory support to associated ISSOs 
and functional information services activities. 


(14) Approves user requests for new forms. Functional users must follow forms 
usage and generation policies, including use management and requesting resupply. 


c. Records Management and Distribution Section. This section-- 


(1) Performs staff supervision of files management, classified document control, and 
distribution/official mail. It recommends policies, procedures, standards, conventions, 
and inspections as applicable. 


(2) Establishes and monitors the records management program. This program 
includes correspondence, maintenance, management, and disposition of files. It also 
monitors adherence to the records management program and suggests corrective 
measures as needed. It maintains liaison with records management staff elements 
throughout the command. 


(3) Advises users/functional staffs on files management as it applies to FOIA/PA. 
(4) Approves files listings and electronic filing. Analyzes and evaluates proposals, 


studies, and equipment requests for micrographic, magnetic, optical, and electronic 
records systems. 
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(5) Recommends classified document control policies, procedures, standards, and 
inspections in all phases and areas of IMA. This includes correspondence, printing, 
reproduction, distribution/official mail, and files management. 


_(6) Determines routes and schedules for a classified courier system (in coordination 
with the G2). The G3 tasks units for personnel and equipment to man the courier 
system. This section stores classified documents until distribution occurs. 


(7) Coordinates with the G2 on evacuation plans, headquarters’ classified documents, 
and material held by the ISSO awaiting distribution. 


(8) Operates the headquarters central distribution center and serves as the primary 
POC within the command for internal headquarters distribution. Headquarters staff 
elements are responsible for collecting their own distribution/official from the 
distribution center. 


(9) Advises subordinate commands on postal matters. 


(10) Provides external distribution services. This section recommends policies, 
procedures, and conventions. It also prepares guidelines on preparing, coordinating, 
routing, and dispatching correspondence through the ISSO distribution center. This 
section receives, controls, and distributes all official publications and correspondence 
(except electrically transmitted messages). It coordinates requirements for messengers 
and classified document couriers as required. 


(a) The signal officer determines messenger routes and schedules and coordinates 
messenger resources with the G3. Maximum use will be made of existing delivery 
systems. 


(b) Messenger service is an unresourced signal mission (see FM 24-1). Until the 
mission is resourced, the signal officer ensures that messenger service is provided with 
augmentation by supported units. Personnel assigned to the ISSO are not resourced as 
messengers. However, the signal officer may use the ISSO to control messenger service. 


(11) Coordinates with the appropriate telecommunications activities on receiving, 
controlling, and delivering electrically transmitted messages addressed to the ISSO. 
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Chapter 3 


Printing and Publications 


3-1. Printing Responsibilities 
a. Overview. 


(1) There is no organic printing capability at corps and below. If the unit has a large 
printing requirement, the ISSO validates, prioritizes, and forwards the request through 
channels to the appropriate organization. All ISSO/S1 officers are responsible for 
verifying the correct format of material and requests IAW AR 25-30. The ISSO has no 
involvement in topographic, psychological, or intelligence operations. 


(2) The ISSO validates the printing requirements at corps and division. Organic 
reproduction devices include personal and unit-level computers, tactical deployable 
duplicators (TDDs), tactical document copiers (TDCs), and subscriber terminals. 
Reproduction detachments provide printing services to organic and nonorganic units in 
their area of operation. 


b. ISSO. 


(1) The ISSO serves as the central POC within the command for high- and medium- 
volume printing support requests. It verifies the format and forwards the requests 
through channels to the appropriate signal theater reproduction detachment or 
sustaining base printing facility. 


(2) Theater reproduction detachments are assigned to the signal battalion which is 
organic to the theater Army signal brigade assigned to the Theater Signal Command 
(Army) TSC(A). This unit provides volume printing services on a 24-hour basis. 
Printing services include collating, binding, and packaging. TSC(A) reproduction 
detachments provide volume printing for all theater units not supported by organic 
volume printing capabilities. 


c. S1. At brigade and below, the S1 approves and validates all printing requests and 
forwards them to the ISSO. 


d. Functional Staff/User. 
(1) Staff and users at all levels will forward reproduction requirements beyond their 
capabilities to the ISSO for disposition. At division and below, the tactical document 


copier is authorized for small reproduction requirements. The next higher command 
through the ISSO provides any printing needs beyond the unit’s capability. 
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(2) The fictional staff officer is responsible for installing, operating, and 
maintaining organic reproduction equipment to support his own low-volume 
requirements. These requirements include organic reproduction equipment and 
peripheral printing devices connected to organic computers and battlefield automated 
systems (BAS). 


(3) The signal officer is not responsible for organic reproduction equipment. This 
includes topographic, psychological, or intelligence operations and public affairs 
reproduction applications. 


e. Printing. Table 3-1 lists the printing responsibilities from battalion through 
theater. illustrates the printing process. 
Table 3-1. Printing responsibilities. 


PRINTING 


ISSO refers fo Signal Corps responsibilities, user refers to user responsbilities, staff refers to functional 
staff responsibilities, and $1 refers to S1 responsibilities. S1 provides all ISSO services at battalion and 


brigade: 
RESPONSIBILITIES |BN | BDE | DIV/CORPS| THEATER 


rockranrepetbtommens [sr fs | sso | 20 


There is no printing capability at corps and below. If the need arises, the ISSO/S1 forwards the request through 
signal channels to the appropriate organization. The ISSO/S1 is responsible for verifying correct formatting of 
material and requests. The ISSO has no involvement in topographic, psychological, intelligence operations at 
corps. 
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Geometry OBJECTIVES 


TERMINAL OBJECTIVE 


1.0 Given a calculator and the correct formula, APPLY the laws of geometry to solve 
mathematical problems. 
ENABLING OBJECTIVES 
1.1 IDENTIFY a given angle as either: 
a. Straight 
b. Acute 
c. Right 
d. Obtuse 
1 STATE the definitions of complimentary and supplementary angles. 
L3 STATE the definition of the following types of triangles: 
a. Equilateral 
b. Isosceles 
c; Acute 
d. Obtuse 
Cc: Scalene 
1.4 Given the formula, CALCULATE the area and the perimeter of each of the 
following basic geometric shapes: 
a. Triangle 
b. Parallelogram 
c. Circle 
Ls Given the formula, CALCULATE the volume and surface areas of the following 
solid figures: 
a. Rectangular solid 
b. Cube 
Cc; Sphere 
d. Right circular cone 
é: Right circular cylinder 
Rev. 0 Page v MA-03 
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Theater | isso 
Reproduction THEATER 


Detachment 


Approves and 
forwards printing request 
to the reproduction 
detachment 


ISSO 
RESPONSIBILITIES 


Approves and forwards 
printing request 


Approves and forwards 
printing request 


$1 


Approves and forwards 
RESPONSIBILITIES 


printing request 


Validates 
and approves 
printing request 


Submits 
DD Form 843 
(Requisition for 
Printing) 


Figure 3-1. Printing process. 
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3-2. Publications Responsibilities 


a. Overview. The ISSO is responsible for staff supervision of publications at 
division, corps, and theater. It recommends policies, procedures, and conventions for 
publications IAW AR 25-30. At brigade and below, the S1 is responsible for 
publications. When units enter the theater, the theater ISSO or the highest echelon 
ISSO assigns them a battlefield account number (BAN). The United States Army 
Printing and Publications Command (USAPPC) has set aside a specific block of BANs 
available for deployed units only. Units authorized the BAN will receive priority for all 
publications/forms requirements. The BAN allows units to requisition publications 
expeditiously in a tactical environment. Before deployment, units should ensure they 
have enough publications to accomplish their wartime mission for 90-120 days. 


b. ISSO. The ISSO-- 
* Maintains the unit’s publications account. 


* Controls and prepares an index of headquarters publications (except combat 
operations orders). 


¢ Reviews and approves publications requirements and ensures that required 
publications are correctly reflected on DA 12-series forms. 


¢ Prepares and submits requisitions for administrative, training, doctrinal, and 
technical publications for headquarters staff and attached elements. 


¢ Establishes both headquarters and command initial distribution of publications 
and forms to the unit staff, headquarters elements attached to the headquarters, and 
subordinate units. 


¢ Establishes and maintains a stock of DA publications and blank forms for the 
headquarters staff and attached elements. 


¢ Maintains a library of administrative publications for the headquarters staff. The 
publications section maintains technical publications IAW its operational needs. 


* Controls the storage and use of classified, accountable, and sensitive publications 
and forms IAW AR 25-30. 


¢ Reviews the annual initial distribution requirements printout received from the 
USAPPC. 


¢ Ensures that publications account personnel are properly trained and are familiar 
with this manual, AR 25-30, and DA Pamphlet 25-33. 
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c. S1. 


(1) At brigade and battalion, the $1 is the unit publications account manager and is 
responsible for consolidating, ordering, and distributing subordinate unit publications 
requests. 


(2) For units at battalion and below, the S1 ensures that publications and forms are 
properly forwarded to the subordinate units that requested them. 


d. Functional Staff/User. Staff/Users-- 


Identify publications and forms requirements. 


Identify correct quantity of publications. 


* Manage their own publications accounts IAW AR 25-30. 
* Notify the ISSO when moving throughout the battlefield so APOs can be adjusted. 


e, Publications. Table_3-2| lists the publications responsibilities from battalion 
through thea Aj illustrates publications and forms distribution using the 
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Table 3-2. Publications responsibilities. 


PUBLICATIONS 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and $1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES ae BDE | DIV/CORPS | THEATER 


Staff supervision of publications 
recommending policies, procedures, and 
conventions 


Publications account management 
consolidating, ordering, and distriouting 
subordinate unit requests through the pinpoint 
distribution system. This function occurs only 
at the echelon owning the pinpoint account. 
(see note) 


Identify publications requirement 


Publications library 
* nota mandatory requirement 
* when applicable, geared towards user's 
function (for example, S2 and maintenance) 


NOTE: When the user has a separate pinpoint account, the account will be the user's responsibility. 
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THEATER 

-_ | ACCOUNT HOLDERS 
; CORPS 

ACCOUNT HOLDERS 

DIVISION 
ACCOUNT HOLDERS 

aN ad BRIGADE 
ACCOUNT HOLDERS 


Figure 3-2A. Publications and forms distribution via mail 
using the BAN. 


USAPPC 


HOME STATION DEPLOYED 
STOCKROOM UNIT 


Figure 3-2B. Publications and forms distribution via mail before 
the BAN is established. 
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3-3. Forms Management Responsibilities 


a. Overview. The ISSO is responsible for staff supervision of forms management 
for the headquarters IAW AR 25-30. At brigade and below, the S1 is responsible for 
forms management. When units enter the theater, the theater ISSO or the highest 
echelon ISSO assigns them a BAN. The BAN allows units to requisition and distribute 
forms in a tactical environment. Before deployment, units should ensure they have 
enough forms to accomplish their wartime mission for 90-120 days. 


b. ISSO. The ISSO-- 

* Recommends and forwards requests for new forms. 
* Resupplies forms for the headquarters staff. 

c. S1. The SI-- 


* Compiles, orders, and distributes forms. (This function occurs only at elements 
owning the forms account. ) 


¢ Approves forms requests. 
d. Functional Staff/User. Staff/Users-- 
¢ Request resupply of forms through the USAPPC or the ISSO. 


¢ Adhere to forms usage policies. (This includes use management and requesting 
resupply.) 


e. Forms. [Table 3-3} lists the forms management responsibilities from battalion 
through theater. 
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Table 3-3. Forms management responsibilities. 


FORMS MANAGEMENT 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and $1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES an | poe | DIV/CORPS |THEATER 


Staff supervision of forms management 
* recommending policies, procedures, and 
conventions 


© compiling, ordering, and distributing forms 
(This function occurs only at the elements 
owning the pinpoint account.) 


Request for new forms 
* recommending 
* approving 
Adhere to forms usage policy 
* includes use management 


* requesting resupply 


3-4. Reproduction Responsibilities 


a. ISSO. 


(1) The ISSO has staff supervision of reproduction services. It recommends policies, 
procedures, and conventions IAW AR 25-30. Reproduction services include duplicating, 
collating, binding, and packaging. To provide reproduction services, the ISSO is 
authorized high-volume reproduction equipment. If reproduction requests exceed the 
volume limits, the requests are forwarded to the reproduction detachment. 


(2) The ISSO-- 


¢ Manages printing, reproduction, and self-service copying operations for the 
headquarters staff. 


e Approves, validates, and provides reproduction support to meet operational 
requirements. 
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¢ Provides limited emergency and special purpose reproduction for the headquarters 
staff and subordinate units when necessary. 


e Ensures that proponents request the most economical materials, construction, 
processes, and number of copies that will achieve the intended purpose of the request. 


(3) The ISSO has technical review responsibility for self-service copiers. Self-service 
copying is automatic and end-user operated. Self-service copy processing produces 
copies by electrostatic, thermal, or other processes. Self-service copiers should not be 
consistently used to reproduce more than 25 copies per original. 


(4) Self-service a will only be moved from one activity to another with 
notification of the ISSO. 


(5) The TDD is for medium- to high-volume duplicating in a tactical environment. 
Its use in garrison is prohibited. The DOIM through the General Printing Service (GPS) 
provides duplicating requirements while in garrison. The TSC(A), corps signal brigades, 
headquarters and headquarters companies, and division signal battalions have 
authorization for TDDs with speeds of more than 70 copies per minute (CPM). In these 
TOE/MTOE organizations, the ISSO will operate and maintain the TDD. AR 71-13 and 
CTA 50-909 (Table 75) authorize acquisitions for TDDs with speeds of up to 130 CPM. 
The ISSO will forward printing requirements that exceed the definition of duplicating 
to the first available printing organization. 


b. S1/Functional Staff. The functional staff is responsible for-- 
¢ Validating, approving, assisting, and advising user requirements for copying. 
¢ Assisting users in procuring organic reproduction/copying equipment. 


¢ Reviewing user requests and providing information and advice on the different 
classes and technical specifications of reproduction devices IAW AR 25-30. 


¢ Providing information on sources through which the reproduction devices may be 
procured. 


c. User. 
(1) Users are responsible for determining their own reproduction requirements. Once 
the user identifies his reproduction requirements, the functional staff validates the 


requirements. 


(2) Users are responsible for copier operations and maintenance. 
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(3) A self-service copier may no longer be required or may become unserviceable. In 
these cases, the user coordinates with the ISSO/S1 to determine proper disposition and 
to return the copier to the vendor. 


(4) Users will normally obtain self-service copier maintenance support while in 
garrison through the DOIM. Such equipment, whether owned or leased, will become 
station property. An exception is the acquisition and use of TDCs for MTOE units, 
activities, or major elements. (See CTA 50-909, Chapter 14, Appendix C, for acquisition 
authority for these copiers. ) 


d. Reproduction. Table 3-4 lists the reproduction responsibilities from battalion 


through theater.|Figure 3-3] illustrates the reproduction process, 


Table 3-4. Reproduction responsibilities. 


REPRODUCTION 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsbilities, staff refers to 
functional staff responsibilities, and S1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES cics DIVICORPS {THEATER 


Staff supervision of reproduction 
recommending policies, procedures, and 
conventions 


Tactical deployable duplicator (TDD) operations 


Copier management 
¢ determining need for requirement 
* validating requirement 
* assisting/advising in satisfying the 
requirement 


Copier operation and user maintenance 


* TDDs are not authorized below division. 
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ISSO 


RESPONSIBILITIES Handles request for medium- 


to high-volume copies 


$1 


RESPONSIBILITIES Validates and approves 


copying request 


If requirements for 
low-volume copier is exceeded 
then forward to BDE 


Figure 3-3. Reproduction process. 
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Chapter 4 


Records Management 


4-1. Overview 


At division, corps, and theater the signal officer is responsible for staff supervision 
of correspondence, files, and FOIA/PA. Staff supervision includes interpreting and 
overseeing compliance with established policy, doctrine, and procedures. The 
S1/functional staff and users manage those files, correspondence, and FOIA/PA that are 
administrative and are necessary for their specific mission. Certain FOIA/PA requests 
can be approved at any level IAW AR 25-55. If a request cannot be approved at the 
level received, it is forwarded to the proper approving authority. 


4-2. 


a. 


Correspondence Responsibilities 


ISSO. The ISSO-- 

Is responsible for staff supervision of correspondence IAW AR 25-50. 
Recommends local procedures and conventions governing authentication. 
Establishes distribution plans. 


Recommends local procedures governing reading files. 


. SIL. The Sl-- 


Creates, edits, and authenticates correspondence for the commander. 


Forwards correspondence through the ISSO for distribution. 


. Functional Staff. The functional staff-- 


Is responsible for the management and input of the reading file. 


Forwards correspondence to the $1 and the ISSO for distribution. 
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d. User. Users-- 
* Create and edit correspondence for the commander. 
* Are responsible for quality control of correspondence. 
* Provide input to the reading file. 


e. Correspondence. Table 4-1 lists the correspondence responsibilities from 
battalion through theater. 


Table 4-1. Correspondence responsibilities. 


CORRESPONDENCE 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, S1 refers to S1 responsibilities, and CDR refers to commander responsibilities. 
Si provides all ISSO services at battalion and brigade. 


eseonsipunes —_|an_ [aoe lonconrs feaTen 


Staff supervision of correspondence 
recommending focal procedures and conventions 
goveming authentication (who, what, when, how) 


Preparing correspondence 
Establishing distribution schemes 


Authenticating correspondence 
(authentication is defined as approved for release) 


Reading file 
* management 
* recommending local procedures governing reading 
files 


Once the correspondence has been authenticated, it becomes "distribution" and then a "file." 
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4-3. Files Management Responsibilities 


a. ISSO. The ISSO-- 
¢ Is responsible for staff supervision of files management. 


¢ Recommends policies, procedures, and conventions for files management IAW AR 
25-400-2. 


¢ Approves file listings and electronic conventions. 

¢ Verifies accuracy and provides guidance on preparing records holding packages. 
b. S1. The SI-- 

¢ Transfers eligible inactive files to the records holding area. 

¢ Approves records transmittal listings. 

¢ Conducts records management inspections. 

¢ Establishes records management training. 


c. Functional Staff/User. Staff/users maintain their own files and transfer them 
to the records holding area through the S1 and the ISSO. 


d. Files.| Table 4-2) lists the files management responsibilities from battalion through 
theater. 
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Table 4-2. Files management responsibilities. 


FILES MANAGEMENT 


SigO and ISSO refer to Signal Corps responsbilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and $1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES cme DIV/CORPS |THEATER 


Staff supervision of files management 
recommending policies, procedures, and 
conventions 

Files transfer to records holding area 

Approval of file listing 


Files maintenance 


4-4. FOIA/PA Responsibilities 


a. ISSO. The ISSO-- 
¢ Is responsible for supervision of FOTA/PA. 


+ Recommends policies, procedures, and conventions IAW AR 25-55, AR 25-1, and 
AR340-21. 


e Enters requests into a formal control system. 

¢ Determines and refers requests to the appropriate action office for response. 
¢ Clears requests upon receipt of response from action office. 

¢ Dispatches responses to requester. 

¢ Compiles data for the annual FOIA/PA reports. 

¢ Maintains complete case files. 


¢ Is the POC for FOIA/PA at division, corps, and theater. 
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b. SI. The S1-- 


* Ensures each responsible individual is familiar with FOIA/PA regulations and local 
procedures. 


¢ Determines if requested information or material is releasable IAW AR 25-55. 


¢ Forwards requests immediately to the FOIA/PA official for entry into the formal 
control system. 


¢ Ensures the FOIA/PA request is processed and information is provided to FOIA/PA 
official within 10 working days. 


c. Functional Staff/User. Staff/users-- 
* Implement FOIA/PA. 
* Process FOIA/PA requests in its areas of responsibility. 


d. FOIA and PA. Tables 4-3 and |4-4]list the FOIA and PA responsibilities from 
battalion through theater. illustrates the FOIA/PA process. 


Table 4-3. FOIA responsibilities. 


FREEDOM OF INFORMATION ACT (FOIA) 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and S1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES ia oeee) DIVICORPS |THEATER 
SigO SigO ISSO iSSO 
S1 $1 ISSO ISSO 
User User User User 
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Staff supervision of FOIA 
recommending policies, procedures, and 
conventions 


POC for FOIA 


Implementation of FOIA 
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Table 4-4. PA responsibilities. 


PRIVACY ACT (PA) 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and S1 refers to S1 responsibilities. S1 provides all ISSO services at 
battalion and brigade. 


RESPONSIBILITIES Fen | Boe | DIV/CORPS |THEATER 


SigO SigO iSSO ISSO 
S1 Si ISSO ISSO 
User User User User 


Staff supervision of Privacy Act 
recommending policies, procedures, and 
conventions 


POC for Privacy Act 


Imptementation of Privacy Act 
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ISSO 
RESPONSIBILITIES 


THEATER 
FOIA/PA request 


Approves and forwards 
request IAW AR 25-55 


FOIA/PA request and AR 340-21 


Approves and forwards 
request IAW AR 25-55 


FOIA/PA request and AR 340-21 


RESPONSIBILITIES 


Approves and forwards 
request IAW AR 25-55 
and AR 340-21 


NO 


| sis Approves and forwards 


request IAW AR 25-55 
and AR 340-21 


FOIA/PA request 


FOIA/PA request 


Figure 4-1, FOIA/PA process. 
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4-5. Classified Document Control Responsibilities 


a. ISSO. The ISSO is responsible for temporary control and storage of classified 
documents awaiting distribution. It recommends classified document policies, 
procedures, and inspections IAW AR 380-5. The ISSO does not perform TOP SECRET 
document control nor does it operate a centralized TOP SECRET repository in garrison. 
The DOIM operates TOP SECRET repositories in garrison. 

b. S1. The S1 performs-- 

¢ Classified document distribution and storage. 

¢ Top Secret document destruction (at commander’s discretion). 

c. Functional Staff/User. Staff/users provide-- 

¢ Derivative classification responsibility. 

¢ Classified document storage. 

¢ TOP SECRET repositories. 

¢ SECRET document destruction. 


¢ Classified document control as correspondence or files. 


d. Classified document control.| Table 4-5} lists the classified document control 
responsibilities from battalion through theater. |Figure 4-2) illustrates the tactical 
classified document control process. 
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Table 4-5. Classified document control responsibilites. 


CLASSIFIED DOCUMENT CONTROL 


SigO and ISSO refer to Signal Corps responsbilities user refers to user responsbilities, staff refers to 
functional staff responsibilities, S1 refers to S1 responsibilities, and CDR refers to commander 
responsibilities. S1 provides all ISSO services at battalion and brigade. 


RESPONSIBILITIES NSPE | DIV/CORPS| THEATER 


Staff supervision of classified document contro! 
recommending classified document policies, 
procedures, and inspections (see note) 


Classification authority 
Classified document distribution 


Classified document storage (see note) 
TOP SECRET repository (while awaiting distribution) 


Classified document control as correspondence 
or file 


Document destruction 
* SECRET 
* TOP SECRET 


NOTE: Classified document control must apply in phases and areas of the IMA (for example, correspondence, 
printing/reproduction, distribution/mail, and file management). Because signal is so involved in classified document 
control and because of this area's criticality, another proponent --the intelligence community--must set and enforce 
the standards. The ISSO will only be responsible for temporary storage of classified documents awaiting 
distribution. 


* Novuser original classification authority authorized at this level. (See AR 380-5.) 
** Can be either S1 or S2 depending on the commander's discretion. 
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CLASSIFIED 
DOCUMENT 
DISTRIBUTION 


a ones Pe 


ISSO 


TEMPORARY 
STORAGE 


CLASSIFIED 
DOCUMENTS 


CLASSIFIED 
DOCUMENT 
DISTRIBUTION 


$1 


TEMPORARY 
STORAGE 


CLASSIFIED 
DOCUMENTS 


Figure 4-2. Tactical classified document control process. 


Geometry BASIC CONCEPTS OF GEOMETRY 


BASIC CONCEPTS OF GEOMETRY 


This chapter covers the basic language and terminology of plane geometry. 


EO 1.1 IDENTIFY a given angle as either: 
a. Straight 
b. Acute 
Cc. Right 
d. Obtuse 
EO 1.2 STATE the definitions of complimentary and 


supplementary angles. 


Geometry is one of the oldest branches of mathematics. Applications of geometric constructions 
were made centuries before the mathematical principles on which the constructions were based 
were recorded. Geometry is a mathematical study of points, lines, planes, closed flat shapes, and 
solids. Using any one of these alone, or in combination with others, it is possible to describe, 
design, and construct every visible object. 


The purpose of this section is to provide a foundation of geometric principles and constructions 
on which many practical problems depend for solution. 


Terms 
There are a number of terms used in geometry. 


A plane is a flat surface. 

Space is the set of all points. 

Surface is the boundary of a solid. 

Solid is a three-dimensional geometric figure. 

Plane geometry is the geometry of planar figures (two dimensions). Examples 
are: angles, circles, triangles, and parallelograms. 

6. Solid geometry is the geometry of three-dimensional figures. Examples are: 
cubes, cylinders, and spheres. 


IY Ri? 


Lines 


A line is the path formed by a moving point. A length of a straight line is the shortest distance 
between two nonadjacent points and is made up of collinear points. A line segment is a portion 
of a line. A ray is an infinite set of collinear points extending from one end point to infinity. 
A set of points is noncollinear if the points are not contained in a line. 
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4-6. Distribution/Official Mail Responsibilities 


a. ISSO/S1 (Distribution). The ISSO/S1--- 
¢ Is responsible for staff supervision of distribution. 
¢ Recommends policies, procedures, and conventions. 


¢ Maintains accountable distribution including official mail. (The S1 also maintains 
accountable distribution.) 


¢ Is responsible for internal headquarters distribution. (This includes distribution 
center operations and distribution pickup.) 


* Coordinates with G3 for unit taskings to augment necessary messenger services. 
b. ISSO/S1 (Official Mail). The ISSO/S1-- 


Follows postal regulations in processing official mail. 


¢ Picks up and distributes official mail from higher headquarters. (Once mail is 
delivered, it becomes normal distribution within the unit. ) 


¢ Coordinates pick up of official mail by lower echelon units. 
¢ Determines if mail is mailable IAW US postal service regulations. 


¢ Checks that all addresses and return addresses have a ZIP+4 code/APO and an 
assigned unit/consolidated mailroom (CMR) or unit number. 


¢ Inspects mail for proper packaging, wrapping, and conformity to size and weight 
limitations. 


¢ Checks parcels for appropriate customs declaration forms. 


¢ Checks that unaccompanied baggage mailed from APOs to CONUS by a 
transportation officer is correctly prepared and screened before loading onto any aircraft. 
Follow Military Airlift Command (MAC) mail security screening requirements. 


c. Functional Staff/Users. Staff/users are responsible for picking up distribution 
and censoring mail. 


d. Distribution/official mail. [Table 4-6) lists the _distribution/official mail 
responsibilities from battalion through theater. Figure 4-3} illustrates the 
distribution/official mail process. 
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Table 4-6. Distribution/official mail responsibilities. 


DISTRIBUTION/OFFICIAL MAIL 


SigO and ISSO refer to Signal Corps responsibilities, user refers to user responsibilities, staff refers to 
functional staff responsibilities, and $1 refers to St responsibilities. S1 provides all SSO services at 
battalion and brigade. 


RESPONSIBILITIES or DIV/CORPS {THEATER 


Staff supervision of distribution 
recommending policies, procedures, and 
conventions 


intemal HQ distribution 
* distribution center operations 
* pickup of distribution 


External distribution service 
* recommending policies, procedures, and 
conventions 
* providing resources for necessary messenger 
service. (Maximum use is made of existing 
delivery systems.) 
* coordinating resources for messenger service 


Official mail 

* official mail, intemal distribution 

* censorship 
NOTE: Mail may be categorized as official or personal; however, once official mail is received by a unit, it 
becomes normal distribution. Personal mail remains mail, subject to postal regulation, until delivered to the 
intended recipient. Official mail contains military information. Personal mail contains personal information 
sometimes subject to censorship. Personal mail is an Adjutant General's Corps and Army Postal Office 
responsibility. 
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ISSO 
DISTRIBUTION/ UNIT 
OFFICAL MAIL —_ [MESSENGERS 


STAFF/ 
USER 


=) 
DISTRIBUTION MESSENGERS 


OFFICAL MAIL 


SQUAD STAFF/ 
PLATOON USER 


Figure 4-3. Distribution/official mail process. 
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Glossary 


Acronyms and Abbreviations 


assistant corps signal officer 

assistant division signal officer 

Army Post Office 

Army regulation 

attention 

battlefield automated systems 

battlefield account number 

brigade 

Battlefield Information Services 

battalion 

commander 

consolidated mailroom 

Chief of Staff 

continental United States 

command post 

copies per minute 

common table of allowances 

Department of the Army Pamphlet 
Department of the Army 

Deputy Chief of Staff for Information Management 
division 

Department of Defense/used with forms 
Director of Information Management 

field manual 

Freedom of Information Act 

Assistant Chief of Staff, G2 (Intelligence) 
Assistant Chief of Staff, G3 (Operations and Plans) 
General Printing Service 

headquarters 

in accordance with 

Information Mission Area 

Information Services Support Branch 
Information Services Support Office 
Military Airlift Command 

modification table of organization and equipment 
Privacy Act 

point of contact 

Adjutant (US Army) 

Intelligence Officer (US Army) 

Operations and Training Officer (US Army) 
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S4 Supply Officer (US Army) 

SigO signal officer 

SOP standing operating procedure 

TDC tactical document copier 

TDD tactical deployable duplicator 

TOE table(s) of organization and equipment 

TRADOC United States Army Training and Doctrine Command 
TSC(A) Theater Signal Command (Army) 

US United States (of America) 


USAPPC United States Army Printing and Publications Command 
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CDR, 4-2 
functional staff, 4-1 
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$1, 4-1 


SigO, 4-2 
user, 4-2 


direct action, 1-4 
distribution, 1-4 
FOIA/PA, 1-4 
reproduction requirements, 1-4 
Director of Information Management, 1-1, 2-3 
distribution, iii, 1-4, 2-4, 2-5, 4-11--4-13 
external, 1-4, 2-5, 4-12 
internal, 1-4, 4-12 
process, 4-11, 4-13 
responsibilities, 4-11, 4-12 
battalion through theater, 4-11, 4-12 
functional staff, 4-11 
ISSO, 4-11, 4-12 
Sl, 4-11, 4-12 
SigO, 4-12 
user, 4-11, 4-12 
DOIM. See Director of Information Management. 


Files, iii, 1-2, 2-4, 4-3, 4-4 
management, ili, 1-2, 2-4, 4-3, 4-4 
records management, 1-2 
responsibilities, 4-3, 4-4 
battalion through theater, 4-3, 4-4 
functional staff, 4-3, 4-4 
ISSO, 4-3, 4-4 
Sl, 4-3, 4-4 
SigO, 4-4 
user, 4-3, 4-4 
FOIA. See Freedom of Information Act. 
Forms, iii, 1-1, 3-8, 3-9 
management, iii, 1-1, 3-8, 3-9 
responsibilities, 3-8, 3-9 
battalion through theater, 3-8, 3-9 
functional staff, 3-8, 3-9 
ISSO, 3-8, 3-9 
S1, 3-8, 3-9 
SigO, 3-9 
user, 3-8, 3-9 
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BASIC CONCEPTS OF GEOMETRY Geometry 


Two or more straight lines are parallel when they are coplanar (contained in the same plane) and 
do not intersect; that is, when they are an equal distance apart at every point. 


Important Facts 


The following facts are used frequently in plane geometry. These facts will help you solve 
problems in this section. 


1. The shortest distance between two points is the length of the straight line segment 
joining them. 


2 A straight line segment can be extended indefinitely in both directions. 
3. Only one straight line segment can be drawn between two points. 
4, A geometric figure can be moved in the plane without any effect on its size or 
shape. 
3: Two straight lines in the same plane are either parallel or they intersect. 
6. Two lines parallel to a third line are parallel to each other. 
Angles 


An angle is the union of two nonparallel rays originating from the same point; this point is 
known as the vertex. The rays are known as sides of the angle, as shown in Figure 1. 


Figure 1 Angle 


If ray AB is on top of ray BC, then the angle ABC is a zero angle. One complete revolution of 
a ray gives an angle of 360°. 
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Geometry BASIC CONCEPTS OF GEOMETRY 


Figure 2 - 360° Angle 


Depending on the rotation of a ray, an angle can be classified as right, straight, acute, obtuse, or 
reflex. These angles are defined as follows: 


Right Angle - angle with a ray separated by 90°. 


Figure 3 Right Angle 


Straight Angle - angle with a ray separated by 180° to form a straight line. 


Straight angle 


Figure 4 Straight Angle 
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Preface 


This manual provides tactics, techniques, and procedures (TTPs) for the Joint Network Node-Network (JNN-N) 
in the predeployment, deployment planning, and management to support military operations and training. The 
scope of this manual includes descriptions of the JNN-N components and their functions, applications, 
procedures, planning, management, and maintenance providing a user reference guide to support the 
deployment and operation of the JNN-N in support of the digitized force. When applicable, the reader is 
referred to the appropriate technical manuals and other documentation for more detailed information on subject 
matter beyond the scope of this manual. 


This publication applies to the Active Army, the Army National Guard (ARNG)/Army National Guard of the 
United States (ARNGUS), and the United States Army Reserve (USAR) unless otherwise stated. 


The proponent of this publication is the United States Army Training and Doctrine Command (TRADOC). 
Provide electronic comments and suggestions at http://www.doctrine.gordon.army.mil or send comments and 
recommendations on DA Form 2028 (Recommended Changes to Publications and Blank Forms) directly to 
Commander, United States Army Signal Center and Fort Gordon, ATTN: ATZH-CDD (Doctrine Branch), Fort 
Gordon, Georgia 30905-5000 or via e-mail to doctrine@gordon.army.mil. 


Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively to men. 
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Chapter 1 
The Joint Network Transport Capabilities - Spiral 


The Army is quickly and continually transforming to the Land Warrior Network 
(LandWarNet). The overarching focus of LandWarNet is the Army’s transformation 
into joint, network-enabled, interoperable, knowledge-based warfare. A key enabler 
for transforming these operational capabilities is information superiority. Information 
superiority is the capability to collect, process, and disseminate an uninterrupted flow 
of information while exploiting or denying an adversary’s ability to do the same. 
Achieving information superiority requires a network-enabled operations 
environment, to include a Global Information Grid (GIG). The GIG provides an end- 
to-end set of information services, associated processes, and people to manage and 
provide the right information to the right user at the right time, with appropriate 
protection across all Department of Defense (DOD), warfighting, intelligence, and 
business domains. The Joint Network Transport Capabilities - Spiral (JNTC-S) 
provides the infusion of commercial technologies that enables the Army to improve 
its ability to effectively bridge from the current force to one of greater strength. Each 
spiral, as it is fielded, enlarges and improves on the previous. This chapter provides 
an introduction to the three major components of the JNTC-S of which the JNN-N is 
a critical component. Refer to Figure 1-1 which illustrates the employment of the 
JNN-N at each echelon at the division level and below. 
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Figure 1-1. JNN Network at Division and Below 
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JOINT NETWORK TRANSPORT CAPABILITIES - SPIRAL 


1-1. Commanders have been unable to leverage strategic and tactical information obtained from a single 
network to gain a tactical advantage over the enemy. The ability to obtain information from the Army’s 
portion of the GIG and to enable better decisions for precision engagement, maneuver, or information 
operations is vital for the sustainability and employment of current forces. 


1-2. In order to obtain informational superiority, the current tactical communications systems must be 
capable of high mobility and joint and strategic interoperability. To gain this interoperability, modernized 
communications teams must use like equipment or compatible government off-the-shelf (GOTS) and 
commercial off-the-shelf (COTS) equipment found in the GIG infrastructure, while maintaining tactical 
mobility. 


1-3. Joint and strategic interoperability underpins the efforts to create a single integrated communications 
package that enables the brigade combat team (BCT) to deploy autonomously, to work directly for a joint 
headquarters (e.g., joint force land component command, joint task force, or other joint force component 
commands), or work for a division or corps. 


1-4. Bridge to future networks is the Army’s near term solution to the current bandwidth capability gap 
as it transitions to the Warfighter Information Network-Tactical (WIN-T). It provides a solution to the near- 
term operational requirements for beyond line of sight (BLOS) capability and integrates commercial 
satellite programs with military programs. The use of the commercial Ku band is critical to this initiative 
and is used extensively. The supporting system architecture is the JNTC-S. 


1-5. The three major transport components of JNTC-S that use commercial-based satellite 
communications (SATCOM) systems are the combat service support (CSS) SATCOM, Trojan Special 
Purpose Integrated Remote Intelligence (SPIRIT), and the JNN-N. 


CSS SATCOM 


1-2 


1-6. The CSS SATCOM provides wideband Non Secure Internet Protocol Router Network (NIPRNET) 
connectivity to all major sustainment nodes across the Army. The CSS SATCOM enables deployed 
maneuver and support battalions to reach key sites located in the continental United States (CONUS) and in 
sanctuary. It is combined with the wireless CSS Automated Information Systems Interface (CAISD) system 
to provide flexible connectivity down to the unit level logistics systems (ULLS) ground, and ULLS-S4 
system. Refer to Figure 1-2 which illustrates the JNTC-S Support for Sustainment Units. 


FMI 6-02.60 5 September 2006 


The Joint Network Transport Capabilities - Spiral 


| Strategic | 
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Figure 1-2. JNTC-S Support for Sustainment Units 


TROJAN SPIRIT 


1-7. Trojan SPIRIT is a military intelligence operated system that is a critical network enabler for the 
commander and the intelligence elements. It is currently the primary network capability connecting the 
deployed user to Top Secret Sensitive Compartmented Information (TS/SCI) networks which include the 
Joint Worldwide Intelligence Communications System (JWICS) and the National Security Agency (NSA) 
network. Seventeen locations within the division have now been identified as requiring TS/SCI points of 
presence or connectivity (to include three per BCT). Currently there are two Trojan SPIRITs designated for 
the division; one Trojan SPIRIT for the BCT and the remaining points of presence will be tunneled through 
the Joint Network Node (JINN) components via KG-175 tactical fastlane (TACLANE) in-line network 
encryption (INE) devices. Figure 1-3 depicts the Trojan SPIRIT at division or brigade being tunneled 
through the JNN to other points of presence that do not have a dedicated Trojan SPIRIT. This is done by 
using a KG-175 within the respective TS/SCI enclaves. 
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Figure 1-3. JNTC-S Military Intelligence Support 
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Chapter 2 
Joint Network Node-Network 


Army and joint operations are required to pass high volumes of data over greater 
distances while maintaining a high degree of flexibility and mobility. Many of the 
information exchanges are critical, time-sensitive, and must be analyzed and used 
quickly. The JNN-N provides this capability though a suite of voice, video, and data 
communication tools designed to meet the needs of the division, brigade, and 
battalion command post structure. This chapter provides an overview of the 
components that make up the JNN-N and describes the employment at different 
levels. 


NETWORK DESCRIPTION 


2-1. The JNN is a suite of communications equipment, housed in transportable shelters and associated 
transit cases, for the purpose of providing the resources for the network manager to exercise effective 
control over communication links, trunks, and groups within a deployed network. The JNN-N provides the 
capabilities to interface those resources with satellite and terrestrial transmission resources to establish a 
robust network consistent with the Army's vision for the modular division and BCT force structure down to 
the battalion command post level. The JNN-N is comprised of five fielded major communications nodes, 
transit cases, and Ku band satellite transportable terminals for the division through battalion levels. 


UNIT HUB NODE 


2-2. The Unit Hub Node (UHN) connects the time division multiple access (TDMA) and frequency 
division multiple access (FDMA) Ku band satellite network architectures together. The UHN provides end- 
to-end Ku band satellite link network connectivity which will allow tactical JNN access into the standard 
tactical entry point (STEP), teleport, Defense Information Systems Network (DISN), and the Defense 
Switched Network (DSN) services. The UHN consists of three major communications assemblages: the 
baseband shelter and two combined TDMA and FDMA satellite shelters. The following paragraphs provide 
basic descriptions and capabilities of the UHN. 


Baseband Shelter 


2-3. The baseband UHN is housed in a transportable shelter and transported on a 5-ton family of medium 
tactical vehicles (FMTV) with one 35 kW diesel generator. The first two iterations (spiral 1) were fielded 
on commercial semi tractor-trailers with one 40 kW generator. The baseband UHN is a transportable circuit 
switched and IP-based nodal communications system that supports the modular BCT and division force 
structure. The baseband shelter is equipped with the necessary components to interface with the JNN, 
command post node (CPN), and the GIG via Ku band satellite. Equipment included within the baseband 
shelter are routers, switches, firewalls, servers, communications security (COMSEC) equipment, 
conditioned diphase modems, media converters, one transmission resource controller (TRC) multiplexer, 
and one private branch exchange (PBX). The baseband shelter serves as the divisional interface point into 
the GIG, which pulls services such as SECRET Internet Protocol Router Network (SIPRNET), NIPRNET, 
and DSN via fiber optic connection. Appendix A contains a detailed listing of components and 
interconnectivity for the baseband shelter. 
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TDMA and FDMA Satellite Vans 


2-4. TDMA is digital transmission technology that allows a number of users to access a single radio 
frequency (RF) carrier without interference by allocating unique time slots to each user within each carrier 
separated by time. FDMA is a static multiple access technique where transponder bandwidth is subdivided 
into smaller frequency bands or subchannels. Each subchannel is then assigned to a specific user. This 
method is frequently used, but it does not readily adapt to changing traffic loads. The UHN fielded in spiral 
one had two satellite vans — one dedicated to TDMA and one to FDMA. Subsequent fielding’s also had two 
satellite vans with each van containing both TDMA and FDMA equipment. The TDMA and FDMA 
satellite vans are housed in a transportable shelter and have two commercial 20 kW diesel generators 
mounted on a 5-ton FMTV truck bed and two commercial 3-ton environmental control units (ECUs). 
Within each of the satellite vans is a master reference terminal (MRT) for all the TDMA subnets (one 
subnet per BCT, brigade, and division). Appendix A contains a detailed listing of components and 
connectivity between the satellite vans and the baseband shelter. 


JINN 


2-5. The JNN is located at the division and BCT levels. The JNN consists of a high-mobility 
multipurpose wheeled vehicle (HMMWV) mounted S-250 shelter communications platform that allows a 
division and BCT headquarters to assume control of critical pieces of network services, network 
management, and prioritization when the division and BCT fights as a whole. The division and BCT JNN 
connect into the UHN for end-to-end network service connection into the GIG, DISN, and DSN. With the 
use of a division and BCT JNN, the divisional and BCT G-6 or S-6 will assume network responsibility 
from Network Enterprise Technology Command (NETCOM) to allow the communications support plan to 
mirror the tactical priority of effort. 


2-6. The JNN supports user interfaces into NIPRNET and SIPRNET data networks. There are four transit 
cases to support the user interfaces into red and black voice networks, network and management service 
components, and voice over internet protocol (VoIP) phones. One additional transit case containing the 
Battlefield Video Teleconferencing (BVTC) which provides the management of teleconferencing using 
both H.320 and H.323 multimedia communication standards. There is one 2.4M dish Ku band satellite 
transportable terminal (STT) fielded with the JNN to provide direct reachback capabilities to higher 
command and or strategic enclaves using FDMA and TDMA 


2-7. The JNN can provide up to 3 Mbps FDMA satellite communications and is capable of shared bursts 
up to 4 Mbps to the CPN. The JNN is also capable of simultaneous STEP and or joint interface through the 
UHN to provide NIPRNET and SIPRNET access. Figure 2-1 shows a typical JNN with its associated 
equipment at the division and BCT levels. Appendix B contains a detailed list of components and 
connectivity of the JNN. 


CPN 


2-2 


2-8. The CPN interface cases are a group of deployable transit cases located at the division, BCT, and 
battalion level. At the division and BCT level, the CPN transit cases are deployed with the JNN shelter. The 
SIPRNET and NIPRNET transit cases provide data services to subscribers in the network, voice switching 
functions which provide VoIP, transmission system Ku band services (TDMA and FDMA), and user local 
area network (LAN) services for the subscriber to mesh into the GIG. Refer to Appendix C for further 
information. 


FMI 6-02.60 5 September 2006 


Joint Network Node-Network 


10 kW I 
Generator 


-2----------45 


| Network Management System | 


Data Cases Voice 
Cases 


, \ Tp 
(zm — (= 
iI 


aqui 
=| a WAN 
Planning 
Element’/| LAN WAN 
Nodal | Mgmt Monitor 
_— GK —7" Mgmt CF.29 
a i ai CF-73 
amo |} 


Unix 
Tadpole 


HCLOS AN/TRC-190(V)3 


Black Voice 


HCLOS Nodal Support 
Vehicle w/Trailer 


Figure 2-1. JNN and Associated Equipment 


2-9. Following are the major networking capabilities provided by JNN to support network enabled voice, 
data, and video services: 
e Supports 32 secure telephone equipment (STE) subscribers (also supports 2 dial central office 
[DCO] connections). 
Supports 48 2-wire phone subscribers (SIPRNET and NIPRNET). 
Supports 24 Internet Protocol (IP) voice subscribers (SIPRNET and NIPRNET). 
Supports 46 IP data subscribers (SIPRNET and NIPRNET) (includes 24 data subscribers 
connected to IP phones). 
e Supports one local black Private Branch Exchange (PBX) Transmission Level | Signal (1.544 
Mbps or tier 1) T1 trunk. 
e Supports 8 MSE black long local voice subscribers. 
Supports Defense Red Switch Network (DRSN) long local access to the TRC via a Pairgain 
modem. 
e Supports remote BVTC access to the TRC via a Pairgain modem. 
e Supports 2 MSE Digital Transmission Group (DTG) supporting voice and data. 


2-10. The JNN facilitates the management of digital groups, trunks, and circuits. It provides the means 
through which the communications resources at a node can be monitored, controlled, and managed. JNN 
capabilities include Ethernet switching, IP routing, network management, and network security services 
that include network intrusion detection. 


TRANSMISSION CAPABILITIES 


2-11. The JNN provides a high-speed and high-capacity backbone communications network focused on 
rapidly moving information in a manner that supports commanders, staff, functional units, and capabilities- 
based formations. The JNN-N enables commanders to plan, prepare, and execute multiple missions and 
tasks simultaneously. The JNN-N connects to the GIG, through the UHN and provides autonomous brigade 
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operations by allowing brigade networking access and capabilities without requiring traditional division or 
higher echelon communication support. The JNN-N will also provide NIPRNET connectivity down to the 
battalion level of operations. The JNN-N capabilities provide joint and coalition connectivity and allow for 
interfacing to current network communications systems through: 


e STEP. 
e BLOS. 
e = Line of sight (LOS). 


2-12. The STEP and teleport sites provide multiband, multimedia, and worldwide reachback capabilities to 
DISN in addition to providing a variety of voice, video, and data transport services to classified and 
unclassified users. The STEP and teleport sites support high throughput and multiband and multimedia 
telecommunications services for deployed forces of all services in all operational scenarios. 


2-13. The Ku band STT is the primary link connectivity to provide DISN services through the UHN to the 
JNN. To ensure continuity of DISN services, a secondary network or link connectivity may be established 
to the STEP or teleport site to ensure that there is no break in DISN services in the event the primary (Ku 
band) link experiences network connectivity outages. 


2-14. Regional STEP or teleport sites provide the following services on a requested or as-needed basis. 

e Data Services: 
=» NIPRNET. 
=» SIPRNET. 

e Voice Services: 
=» DSN-A worldwide private-line telephone network. 
=» DRSN - A global secure voice service which provides the President, Secretary of Defense, 
Joint Chiefs of Staff, combatant commanders, and selected agencies with command and control 
secure voice and voice-conferencing capabilities up to the TS/SCI level. 


e@ Video Services: 


=» DISN video services provide interoperable dial-up and dedicated subscriber services for 
point-to-point and multipoint video conferencing. 
=» Provide a means to communicate within the different SATCOM systems. 


BLOS INTERFACING CAPABILITIES 


2-15. The JNN is designed to interface with existing satellite Ku band and ground mobile forces (GMF) 
transport systems. The JNN can also interface with the typical SATCOM systems to provide reach and or 
range extension capabilities such as the Secure Mobile Anti-jam Reliable Tactical Terminal (SMART-T) 
AN/TSC-154 and the Flyaway Tri-Band Satellite Terminal (FTSAT) AN-USC-60A. These SATCOM 
terminals can provide alternate and additional reach capabilities to the area of operations (AO) and STEP or 
teleport sites in addition to range extension capabilities. The following paragraphs provide a brief 
description of these typical communication transport systems that are most likely to interface with the JNN. 


Ku Band Satellite Terminal 


2-4 


2-16. At the division and BCT level, the JNN is fielded with a STT to provide access to the Ku band 
commercial satellite constellation to support FDMA and TDMA networks. At the battalion level the STT 
provides TDMA access only. Each level provides reach and or reachback capabilities to a higher command 
and strategic enclaves. The 2.4M Ku band satellite trailer interfaces into the JNN via the Ku modems and 
or conditioned diphase interface (CTM-100) modems. Figure 2-2 illustrates the JNN signal entry panel 
(SEP) MP3 A1 interface connection which supports the Ku band SATCOM terminal. Refer to Appendix D 
for setup and equipment information. 
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Acute Angle - angle with a ray separated by less than 90°. 


ACULE -Ongle 


Figure 5 Acute Angle 


Obtuse Angle - angle with a ray rotated greater than 90° but less than 180°. 


Obtuse 


Figure 6 Obtuse Angle 


Reflex Angle - angle with a ray rotated greater than 180°. 


Figure 7 Reflex Angle 
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Ku-Band Terminal 


Figure 2-2. Ku Band Satellite Terminal Connection via SEP MP3 


GMF Satellite Terminals (AN/TSC-85/93) 


2-17. The AN/TSC-85, tactical satellite communications (TACSAT) terminal, can interface with the JNN 
to provide STEP or teleport reachback capabilities and or extend the network services. The AN/TSC-85 is a 
multi-channel super high frequency (SHF) terminal which receives, transmits, and processes low, medium, 
and high capacity multiplexed voice, data, and teletype signals. The AN/TSC-85 is a nodal terminal 
capable of communicating with up to four other GMF terminals. The AN/TSC-85 can operate in a point-to- 
point mode or as a nodal terminal in a nodal network. The AN/TSC-85 can interface into the JNN via SEP 
MP3. 


2-18. The AN/TSC-93, TACSAT terminal can interface with the JNN to provide STEP or teleport reach 
capability. The AN/TSC-93 is an SHF multi-channel terminal that provides analog and digital secure 
multiplexed channels. The TACSAT terminal operates as a point-to-point or as a spoke in a nodal network. 
As a non-nodal terminal, it is capable of communicating with one other GMF terminal. It can 
simultaneously transmit and receive a single high data rate carrier. The AN/TSC-93 can interface into the 
JNN via the conditioned diphase interface diphase modem. Figure 2-3 depicts the JNN SEP MP3 interface 
connection that supports the GMF terminals. 
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ANITSC-85/93 


Figure 2-3. GMF Satellite Terminal Connection via SEP MP3 


SMART-T (AN/TSC-154) 


2-19. The SMART-T is a transportable satellite communications system that provides robust, anti-jam, low 
probability of intercept (LPI) communications. The SMART-T may be used to extend JNN services BLOS. 
The SMART-T interfaces into the JNN via the CX-11230 conditioned diphase modem. Figure 2-4 depicts 
the JNN SEP MP1 interface connections that support the SMART-T assemblage. 


5) SIPRLAI 


Hi 
@ SIPR Tier 2 SIPR Tier 2 SIPR Tier 2 SIPR Tier 2 
40n100 iS} " iC} " fc} ul fe} ul 
o2H4 FA 27 FA 28 FA 2/9 FA240 
Al J1 J2 oJ3 Jd 
TP CRD D 


Figure 2-4. SMART-T Terminal Connection via SEP MP1 
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FTSAT (AN/USC-60A) 


2-20. The AN/USC-60A, FTSAT, is a COTS terminal supporting theater deployed communications and 
special user requirements. It is a small, lightweight tri-band satellite communications terminal. The FTSAT 
can operate on C-band, X-band, and Ku band frequencies. The FTSAT can provide STEP and teleport 
connectivity to provide GIG, DSN, DISN services to the JNN or be used to extend BLOS services. The 
FTSAT interfaces into the JNN via SEP MP3. Figure 2-4 above depicts the JNN SEP MP1 Al, A2, A3, and 
A4 interface connections that support the FTSAT assemblages. 


LOS INTERFACING CAPABILITIES 


2-21. The JNN is designed to interface with existing terrestrial LOS systems (e.g., high capacity line of 
sight (HCLOS) systems: AN/TRC-190(V)3; LOS, AN/TRC-190 (V1); and the Tropospheric Scatter Radio 
terminal [TROPO], AN/TRC-170) to extend network services to modular forces. 


2-22. The HCLOS radio (V3) is a terrestrial, microwave radio system capable of 8 Mbps of data 
throughput which can vary depending on the radio band selected. Each AN/TRC-190(V3) is equipped with 
three HCLOS radios and provides up to 25 miles of extended range communication capabilities. The 
AN/TRC-190(V3) interfaces into the JNN via the Quad Multiplexer (QMUX) (JNN spiral 1) or the Flex 
Multiplexer (FLEXMUX) (JNN spirals 2-7), Fiber Optic Modem (FOM), or Tactical Fiber Optic Cable 
Assembly (TFOCA). Figure 2-5 depicts the JNN SEP MP2 interface connections which support the 
HCLOS assemblages. 
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Figure 2-5. HCLOS (V1) and (V3) Terminal Connection via SEP MP 2 


TROPO Terminal (AN/TRC-170) 


2-23. The TROPO terminal interfaces with the JNN to provide BLOS and LOS capability. The AN/TRC- 
170 is a transportable, self-enclosed tropo-scatter terminal (multi-channel) capable of transmitting and 
receiving analog and digital data over varying distances (up to 100 miles). The TROPO terminals are 
deployed at hybrid nodes for internodal and extended range (skip node) communications. The AN/TRC- 
170 radio terminal will extend the JNN network services up to 100 miles and interfaces into the JNN via 
the diphase modem. Refer to Figure 2-6 for the overview of the over-the-air communications links. 
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X-band Link 


GMF ANITSC-85/93 


Ku band Link 
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TROPO Link 


TROPO AN/TRC-170 100 miles 
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Figure 2-6. Over-the-Air Communications Links 


CONNECTIVITY TO CURRENT NETWORKS 


2-24. The JNN at the division and or BCT levels provides a high-speed wide area network (WAN) 
infrastructure that connects the BCT main command post (CP) to the joint voice and data networks. The 
JNN allows tactical users to interface into the GIG, joint, interagency organizations, and the division 
headquarters. The JNN is also interoperable with commercial networks and current force communications 
networks (e.g., mobile subscriber equipment [MSE] and Tri-Service Tactical Communications Program 
[TRI-TAC]). The JNN interfaces with high bandwidth satellite and terrestrial data transmission systems 
currently in the Army inventory providing video teleconferencing, email, and local area network services. 
The JNN can support two MSE and TRI-TAC DTGs via the diphase modems, DTG modem, or the 
Vantage. The JNN connects directly to the following systems: 


2-8 


MSE - The JNN can support two MSE digital transmission groups. Typically, the following 
assemblages will interface into the JNN: 


» NODE CENTER SWITCH (NCS) - The JNN can provide DISN services to the NCS 
which in turn provides essential switching, traffic control, and access points for MSE. The NCS 
interfaces into the JNN via the CX-11230 cable on SEP MP1. 


» FORCED ENTRY SWITCH (FES) - The JNN can provide DISN services to the FES. 

=» LEN - The JNN can provide DISN services to the LEN switch. 

TRI-TAC — The TRI-TAC communication networks consist of components that ensure 
subscribers have the capability to transmit and receive voice, data, and video. The JNN can 
support two TRI-TAC DTGs. Typically the following assemblages will interface into the JNN: 

s AN/TTC-39D SWITCH - The JNN can provide DISN services to the AN/TTC-39D 
switch. 
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s AN/TTC-56 — The JNN can provide DISN services to the AN/TTC-56 Single Shelter 
Switch (SSS). 


2-25. The Vantage provides an H.323 gateway between tactical and commercial networks. The Vantage 
takes various types of network elements (Integrated Services Digital Network [ISDN], IP, radio, and analog 
voice) and allows distant ends to talk to each other while providing services such as affiliation and or 
disaffiliation, routing, bandwidth, and link management. JNN VoIP subscribers register with the Vantage 
and receive a Tactical User ID (TUID)) for communication within the tactical Time Division Multiplexer 
(TDM) network. 


JNN CPN TRANSIT CASES 


2-26. The JNN CPN cases are a group of lightweight deployable transit cases that consist of SIPRNET and 
NIPRNET communication processing equipment for voice and data functions at the division and BCT 
level. At the division and BCT level the CPN transit cases are deployed with the JNN shelter. The 
SIPRNET and NIPRNET transit cases provide data services to subscribers in the network, voice switching 
functions which provide VoIP, transmission system Ku band services (TDMA and FDMA), and user LAN 
services for the subscriber to mesh into the GIG. The SIPRNET data cases consist of data case A, data case 
B, and an Uninterruptible Power Supply (UPS) case. The NIPRNET data cases consist of the data case B 
and an UPS case. 
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Chapter 3 


Employment of the Joint Network Node-Network at the 
Division, Brigade, and Battalion Level 


The JNN-N is designed to be employed at all levels of the Army structure and fully 
supports the modularity concept of the Army. The JNN-N is scalable to provide 
capabilities necessary to support different CPs ranging from battalion CPs to larger 
and more complex CPs at the brigade and division. This chapter discusses the 
employment of the JNN-N at the division, brigade, and battalion. 


DIVISION 


3-1. The division headquarters uses all components of the JNN-N. This section describes the employment 
of the JNN-N at division. 


UNIT HUB NODE 


3-1 


3-2. The UHN is used to provide the division access into the STEP or teleport range of services. The hub 
is located in close proximity to the STEP and is usually cabled into its network. One UHN is fielded at the 
division level for this requirement. In order to increase the responsiveness of a complex network and to 
facilitate the bandwidth required to support the division headquarters and BCT networks, the division can 
employ a network operations (NETOPS) cell with the UHN. The G-6 will exercise control of the network 
and NETOPS through the UHN. The MRT at the UHN allows the TDMA mesh resources to be allocated 
across the division and provide the means to ensure that priority units, down to the battalion level, have the 
necessary bandwidth to accomplish their mission. The UHN flattens the disparate TDMA satellite network 
structure and increases the bandwidth capability from approximately 6 Mbps to 40 Mbps, while an 
embedded NETOPS cell can provide the management to enable the division network. 


3-3. The network hub platoon of the division network support company contains the personnel to install 
and operate the baseband shelter and satellite shelters. Table 3-1 shows the structure of the network hub 
platoon. MOS 25N (Nodal Network Systems Operator-Maintainer) has been approved and will be reflected 
in place of MOS 25F (Switch Systems Operator-Maintainer) in the operation of the JNN-N at the division 
and brigade levels. 


Table 3-1. Network Hub Platoon 


Rank | MOS _ 
O02 25A00_ | Platoon Leader 


W3 250N Network Management Technician 


E7 25S40 | Platoon Sergeant 


Baseband Team 
25F30 | Switch System Supervisor 


25B20 | Senior LAN Manager 


E6 
E5 
E5 25F20 | Senior Switch Sys Operator-Maintainer 
E4 


25B10 | LAN Manager 


TDMA Multiband Team 


25$20_| TACSAT System Team Chief 
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Table 3-1. Network Hub Platoon 


Rank [Mos | Position 
E4 
E3 
ES 
E4 
E3 


ES 
E4 
E3 Signal Support System Specialist 


JOINT NETWORK NODE 


3-4. There are typically three JNNs located within the division headquarters to support three command 
and control elements: division main command post (CP) and the tactical command posts (TAC CPs) | and 
2. The TAC CP provides the commander the flexibility to organize continuous full spectrum operations. 
The division main CP may be located anywhere within the division AO but is larger and thus entails a 
longer time to set up and tear down. For this reason the main CP typically will set up in a semi-stationary 
base within the theater or sanctuary. The JNN provides the division G-6 the means to exercise network 
control from the main CP and the two TAC CPs. The G-6 also provides NETOPS support for the CPs 
through the division network, operations, and security center. 


3-5. The division headquarters may deploy with command and control of six BCTs and possibly other 
service land forces. If the division is given command and control of other service land components, 
additional joint manning and network management equipment may be necessary to support the mission. An 
example of network management equipment is the Joint Network Management System which is not 
doctrinally allocated to division level forces. 


3-6. In addition to expanding bandwidth, the division has the capability to dynamically reassign the 
bandwidth so that the communications support plan matches the division commander’s ground tactical 
plan. The division UHN, through the MRT, ordinarily provides this. If a BCT is deployed autonomously it 
can be equipped with a push package containing an MRT to control the bandwidth of its subordinate 
battalions through the JNN. This provides an unprecedented capability to adjust bandwidth on demand to 
those who need it to enable the ground tactical plan. 


3-7. The division and BCT will be equipped with the necessary JNN assemblages and equipment which 
may vary depending on the division mission, to provide network services to modular formations (e.g., 
division, BCT, and battalion [BN]) to meet their current information requirements. Figure 3-1 illustrates the 
various connectivity services between the division, BCT, BN CPN, and STEP or teleport locations. 


HCLOS 


3-2 


3-8. Each JNN section has an AN/TRC-190(V) 3 (HCLOS) capable of providing up to 8mbps of data 
throughput. At division there are three HCLOS, and two at each BCT, allocated to be used with the JNN-N. 
The HCLOS can be used to establish connectivity with the three division CPs or subordinate BCTs. The 
HCLOS is used to provide additional bandwidth when the satellite bandwidth becomes saturated, when the 
mission dictates, when the terrain allows, and for sustainment operations. The HCLOS can also be used for 
establishing communications with MSE equipped units. 
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Figure 3-1. Division to BCT Connectivity 


BRIGADE COMBAT TEAMS 


3-9. The heavy brigade combat team (HBCT), infantry brigade combat team (IBCT), and Stryker brigade 
combat team (SBCT) have two JNNs to support a main CP and a TAC. The brigade S-6 typically operates 
out of the brigade Nodal Operations Security Center (BNOSC) located at the main CP and based on 
mission requirements, plans, coordinates, and directs the execution of the brigade communications support 
plan using the JNN as his focal point. The JNN will typically be emplaced near the CP with the voice and 
data cases for NIPRNET and SIPRNET located within the brigade NOSC. The S-6 will exercise 
monitoring and control of the brigade network using the management tools. Figure 3-2 shows a 
representative CP at the BCT level. The employment of the JNN is essentially the same at the division and 
BCT level with the exception of the authorized manning levels, control functions, and planning 
characteristics. 
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Figure 3-2. Representative CP Configuration 


3-10. The JNN team establishes communications and extends the capabilities from the van via TFOCA II 
to the SIPRNET and NIPRNET voice and data transit cases in the CP. The individual sections under the 
guidance of the S-6 will connect their systems. 


3-11. In addition to the Ku satellite trailer, each JNN has an AN/TRC-190(V3) HCLOS to establish 
connectivity to adjacent brigades or subordinate battalions as needed. This provides a traffic capability of 8 
Mbps to adjacent brigades and 2 Mbps to subordinate battalions when the battalion is equipped with an 
AN/TRC-190(V1) LOS. 


3-12. There are two network extension platoons in the BCT network support company which contain the 
personnel to operate the JNN. Table 3-2 lists the personnel required in the JNN section. MOS 25N has been 
approved and will be reflected in place of 25F in the operation of the JNN-N at the division and brigade 
levels. Refer to page 3-1. MOS 25Q (Transmission Systems Operator-Maintainer) has been approved to 
replace 25F as the Range Extension Operator and will be reflected on future manning documents. 


Table 3-2. Joint Network Node Section 


[Rank [Mos [Postion 
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Geometry BASIC CONCEPTS OF GEOMETRY 


If angles are next to each other, they are called adjacent angles. If the sum of two angles equals 
90°, they are called complimentary angles. For example, 27° and 63° are complimentary angles. 
If the sum of two angles equals 180°, they are called supplementary angles. For example, 73° 
and 107° are supplementary angles. 


Summary 


The important information in this chapter is summarized below. 


Lines and Angles Summary 


Straight lines are parallel when they are in the same plane and do 
not intersect. 


A straight angle is 180°. 

An acute angle is less than 90°. 

A right angle is 90°. 

An obtuse angle is greater than 90° but less than 180°. 


If the sum of two angles equals 90°, they are complimentary 
angles. 


If the sum of two angles equals 180°, they are supplementary 
angles. 
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COMMAND POST NODE 


3-13. There is one CPN located at the brigade level to provide support to the mobile command group or 
TAC CP based on mission requirements. Table 3-3 shows the composition of the CPN support section. 


Table 3-3. Command Post Support Section 


|Rank|MOS | Position 
25Q20 | Senior Transmission Systems Operator-Maintainer 
25Q10 | Transmission Systems Operator-Maintainer 


25B10 | Information Systems Specialist 
25B10 | Information Systems Specialist 


BATTALION 


3-14. There is one CPN located at the battalion level to provide voice and data capabilities. It uses TDMA 
satellite transmission to gain access through the JNN or UHN to the GIG. The CPN consists of a Ku band 
trailer and associated transit cases to provide a wide array of services. Figure 3-3 shows battalion 
connectivity to the brigade using the TDMA mesh. 


3-15. The CPN is located at the battalion CP, and the battalion S-6 typically exercises control from this 
location. The equipment that is used to interface with the CPN in the CP is organic to the unit; therefore the 
unit sets up and operates the equipment with technical oversight from the S-6. The battalion may have an 
AN-TRC-190(V1) assigned, to provide a 2 Mbps traffic capability to the brigade when the mission dictates. 
The personnel to operate the CPN are assigned to the S-6 section. 


Ku-Band Satellite 


BCT Command Post 


Battalion CP 
Battalion CP Battalion CP Battalion CP 


Figure 3-3. Battalion Command Post Connectivity 
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Chapter 4 
Joint Network Node-Network Network Management 


The JNN-N network management (NM) is based on the application of COTS, GOTS, 
and industry standard software and techniques (a collection of 12 packages) 
distributed from the UHN to the CPN level. This chapter will address the network 
management packages fielded from the division to the battalion level as part of the 
JNN-N. Specific applications of the packages have changed with each spiral but the 
essential capabilities of the packages are the same. 


NETWORK MANAGEMENT COMPONENTS 


4-1. The JNN-N NM system provides autonomous NM operation at the division or BCT level. The JNN-N 
NM solution is distributed rather than centralized in one location. This provides operational control from 
the division NOSC at the division main CP and provides subordinate units the capability to manage their 
respective portions of the network. An automated reporting procedure to pass information from subordinate 
units to the division NOSC is embedded and allows the division NOSC to provide situational awareness of 
the network to higher levels. There are three main components to the JNN network management system: 
planning, configuration, and monitoring. 


PLANNING 


4-2. The planning component consists of the Detailed Planning and Engineering Module (DPEM). The 
DPEM provides the capabilities to create and configure JNN equipped units and to place them 
geographically on a map within their areas of responsibilities (AORs). It enables the user to place assets on 
the battlefield and graphically assess connectivity in a logical view or on a map background. Patching 
diagrams, cutsheets, and reports for switch configurations are generated from the DPEM. 


CONFIGURATION 


4-3. The network management COTS software product provides four tools to configure devices in the 
JNN network: Config Upload, Config Download, Config Editor viewer, and Compare Configs. These tools 
give the ability to upload, download, edit, view, and compare device configuration files. 


MONITORING 


4-4. The network monitoring COTS tool is provided to graph the performance of devices and provides a 
real time view of the devices. It also can monitor bandwidth utilization of routers, switches, and servers to 
provide current and historical charts of network performance. 


4-5. Tools are provided to monitor traffic load on network links and provide a current representation of 
the traffic. 


4-6. Warfighter Machine Interface (WMI) is a node management tool used to provide the status and rack 
views of monitored devices and is used in the JNN and UHN. 


4-7. A COTS monitoring and configuring program for the PBXs is provided in the JNN and UHN. 


4-8. The UHN has management software that is used to configure and monitor the network of 
transmission resource control (TRC) multiplexers. 
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NETWORK MANAGEMENT AT THE DIVISION 


4-9. The senior mission commander commands and controls the network. The commander delegates the 
authority to control and configure the network to the G-6. The G-6 participates in the military decision 
making process (MDMP) and identifies the optimum placement of network equipment and personnel to 
achieve the goals of the commander. 


4-10. Network operations (NETOPS) control is the authority granted to the senior signal officer by the 
operational commander. 


UNIT HUB NODE 


4-11. The management package for the UHN serves as the central point in the network for the devices that 
require a centralized management server such as firewalls and intrusion detection systems (IDS). There are 
separate hardware platforms for the SIPRNET and NIPRNET domains. The management tools include: 


e@ WMI management. 

TRC planning software. 

Network monitoring management software to monitor and configure the PBX. 
Network management software to configure and monitor routers. 

Firewall and IDS managers. 

TACLANE management software to monitor and control KG-175’s in the network. 
MRT that supports the management and planning of the SATCOM network. 


DIVISION MAIN (DMAIN) G-6 
4-12. The network management tools provided to the DMAIN G-6 are designed to aid in the planning and 
management of the TOC LAN. These tools are — 
e DPEM. 
e Integrated system control (ISYSCON V4). 
e Software to monitor and manage the LAN. 
e Separate laptops to control the SIPRNET and NIPRNET domains. 


DMAIN NETOPS 


4-13. The NETOPS section will work in conjunction with the DMAIN G-6 and will always be collocated 
with a JNN. It contains the necessary tools for planning and to manage the WAN, administer and monitor 
IDS and firewalls, software to manage TACLANEs in the network, and separate platforms for the 
SIPRNET and NIPRNET domains. 


DMAIN JNN 
4-14. The JNN package includes a limited planning capability for the TACLANEs. WMI is used to 
monitor the JNN components within the network and has the capability to monitor link status. 

DIVISION TAC CP 1 AND CP 2 G-6 


4-15. The DTAC G-6 section has the same capabilities as the DMAIN G-6 section with the exception that 
it does not contain the capability of the DPEM. The DTAC G-6 section does have the capability to monitor 
and manage the DTAC LAN. 


DIVISION TAC CP 1 AND CP 2 NETOPS 


4-16. The division TAC CP 1 and CP 2 NETOPS section has the same capability as the DMAIN NETOPS 
section. This section does not have the capability to create detailed plans of the network or control 
TACLANE management functions. 
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DIVISION TAC CP 1 AND CP 2 JNN 
4-17. The division TAC CP 1 and CP 2 JNNs have the same management capability as the DMAIN JNN. 


NETWORK MANAGEMENT AT THE BRIGADE 


4-18. Network management at the brigade level is performed from the BNOSC controlled by the brigade 
S-6, which includes personnel assigned to the S-6 section and NSC which is primarily performed from the 
BNOSC. The capabilities include monitoring and controlling the networks within its AOR based on the 
mission and orders from division. It also includes the control and monitoring of the assets at battalion. The 
following management packages are used at brigade: 

e The BNOSC S-6 management package consists of the tools to manage and control the CP LAN 
and to provide the capabilities necessary in the event the brigade deploys autonomously. 

e The brigade NETOPS section is provided essentially the same management package as the 
division NETOPS section. The WAN management capability controls and monitors down to the 
battalion level, and automatically forwards information to the division NETOPS section. 

e The brigade main JNN management package is the same as provided at the division JNN. 

The brigade TAC CP S-6 section is provided the same management tools as the BNOSC without 
the ability for network planning. 

e The brigade TAC JNN has the same management package as the division main JNN. 


AUTONOMOUS BRIGADE DEPLOYMENT 


4-19. In the event that the brigade is deployed autonomously, additional management and control tools are 
required, which are provided in a push package for the NETOPS section to perform the functions ordinarily 
performed by the division. These tools include: 


e@ MRT to manage and control SATCOM assets. 
e@ TACLANE management application. 
e IDS Remote Management. 


NETWORK MANAGEMENT AT THE BATTALION 


4-20. The battalion S-6 management functions will be limited to monitoring and controlling the LAN with 
the ISYSCON V4. One platform is used with removable hard disk drives (RHDDs) for the SIPRNET and 
NIPRNET domains. 
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Appendix A 
Unit Hub Node Component Listing 


The UHN is a deployable communications support package that integrates, manages, 
and controls the interfaces between the communications assets within the division 
network. Figure A-1 depicts a division network satellite systems overview. When 
fully populated, the UHN can support a division network of 16 FDMA links and 16 
TDMA nets. Figure A-2 shows the interconnections between the baseband shelter and 
the satellite vans. This appendix discusses the components that comprise the UHN 
baseband van and an overview of the UHN satellite vans. 


X-Band Satellite 


TSC-85/93 


Ku-Band Satellite 


Hub Node Division MAIN 


EHF-Band Satellite 


7) 
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TSC-85/93 


Battalion CP 


BCT Command Post Battalion CP 


Figure A-1. Division Network Satellite Systems Overview 
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Figure A-2. Baseband and Satellite Vans Interconnections 


BASEBAND SHELTER 


A-1l. The UHN baseband shelter is comprised of components located in an S-280 shelter and includes 
routers, firewalls, servers, transmission resource center, media converters, flexmux, and COMSEC devices 
divided into separate NIPRNET and SIPRNET domains. The shelter has seven functional areas: 


e NIPRNET data. 
SIPRNET data. 

Voice switching. 
Transmission systems. 
Patching. 


Network management. 
@ Power. 


A-2. The NIPRNET and SIPRNET data sections provide basic data and server services to subscribers in 
each domain. The data networks are designed to provide information assurance functions to data 
subscribers. The voice switching function provides the equipment necessary to service voice and data 
subscribers, both locally and to subordinate units. The voice function also provides support for current 
forces subscribers and interface to commercial switching assets external to the UHN baseband. The 
patching and network management capabilities provide the necessary functions to route, reroute, monitor, 
and troubleshoot circuits in the network. Equipment is also provided for timing distribution and line 
conditioning. The transmission functional system includes multiplexer and modem functions to provide 
equipment to multiplex lower data rate signals into larger aggregate signals and convert, as necessary, to a 
format suitable for transport through the tactical network. It also includes the COMSEC function to supply 
equipment used to protect and encrypt data and transmission lines from hostile interception. The power 
subsystem provides the capabilities to connect to power sources and distribute power to the UHN baseband 
shelter. The network management function provides capabilities to plan and manage the implementing 
circuits, trunks, and transmission systems for the WAN. 
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UHN COMPONENTS 


A-3. The voice and data equipment are in separate racks that contain the same components in order to 
support the NIPRNET and SIPRNET domains. The following descriptions apply to both the SIPRNET and 
NIPRNET domains unless specified. For further information on the components refer to the COTS manual 
supplied with the equipment. 


Global Positioning System (GPS) 


A-4. A GPS timing source in the baseband shelter provides Stratum | timing and synchronization of the 
various serial devices used in the FDMA network. The GPS recovers clock from the GPS satellite 
constellation and disciplines an on-board rubidium oscillator, allowing the device to operate in the event of 
GPS signal loss. The GPS uses the recovered timing to distribute timing to the equipment. An external 
antenna that is mounted on the front of the shelter provides the GPS input. 


Domain Workstations 


A-5. There are separate workstations and tabletop areas for the NIPRNET and SIPRNET domain. This 
setup allows the monitoring and configuration of the components in each domain to be user friendly. Each 
workstation consists of a monitor, keyboard, and trackball. 


NIPRNET Tier 1 Routers 


A-6. The NIPRNET tier 1/1 and tier 1/2 routers perform the following functions: 
e Public side router used to create a three part security domain. 


e Contains access lists to create a first line of defense for security. 

e Provides links for external connections to an isolation network. 

e Provides serial WAN connections. 

e Will run routing protocols to reach networks within the WAN. 
NIPRNETTier 2 Router 


A-7. The NIPRNET tier 2 router provides default gateway and routing functions for locally connected 
NIPRNET hosts and shelter components. The tier 2 router contains an Ethernet switch module. The 
Ethernet switch is used for shelter component Ethernet connections. The NIPRNET tier 2 router has a T1 
card that interfaces to the Tl patch panel. The NIPRNET tier 2 router can serve as a gateway between VoIP 
subscribers and the shelter PBX. 


MEDIA CONVERTERS 


A-8. The 100Base TX to 100Base FX media converters are used in the NIPRNET and SIPRNET data 
network to convert LAN interfaces from the internal shelter data network to fiber interfaces. There are four 
media converters used in each network for this purpose. The fiber output of each of the media converters 
appears on the shelter SEPs as a TFOCA II connector. The fiber optic conversion allows devices to be 
connected over greater distances than standard shielded twisted pair cable will allow. 


KEYBOARD, VIDEO, MONITOR (KVM) SWITCH 


A-9. Within the two security domains there are multiple devices that require a keyboard, monitor, and 
pointing device (trackball or mouse). Shelter space availability does not allow for multiple monitors and 
keyboards within the shelter for each security domain. To allow each machine to have access to the 
required devices and to minimize the number of devices, a KVM switch has been included in the 
NIPRNET and SIPRNET domain equipment. A KVM switch allows one keyboard, monitor, and trackball 
to be switched between different servers, without causing upset on the servers, as the devices are switched 
in and out. The KVM switch will allow remote IP connection to access any of the processors that are 
connected to it. 
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CONDITIONED DIPHASE MODEMS (CDIM) 


A-10. There are two CTM-100 modems in the NIPRNET domain and one in the SIPRNET that are used to 
transmit signals over existing copper wire. The modems convert NRZ data to CDI data over fiber, and can 
also extend fiber from the shelter using CX-11230 or fiber optic cable. 


FIREWALL 


A-11. The COTS firewalls used in the NIPRNET and SIPRNET domains are used to protect the LAN and 
public servers such as mail, Web, or FTP. 


IA CONFIGURATION PANEL 


A-12.The IA configuration panel is used to patch the IA components together to meet mission 
requirements. 


TACLANE 


A-13. The UHN baseband has four TACLANEs (E100 and classic). The TACLANE is an INE that 
provides security for the data passing over the Ku network. The E100 version connects directly to both the 
NIPRNET and SIPRNET switches via RJ45 connections. The classic version connects to the NIPRNET 
switch and the GEM server using RJ45 connections. 


ETHERNET SWITCH 


A-14. The UHN baseband has two Ethernet switches used in both the NIPRNET and SIPRNET domains. 
The Ethernet switches are connected to all the KVM-managed servers as well as the other devices like the 
TACLANEs and call managers (CM). 


HSFEC UNItTs 


A-15. The HSFEC unit provides forward error correction to enhance data transmission over noisy lines. 
The UHN has three HSFEC units in the shelter. Each unit has two HSFEC functions to yield a total of six 
HSFEC channels. Each HSFEC channel appears on patch panel 4. The HSFEC can be patched in and 
configured for standard serial or NIPRNET router serial data to one of the many transport and encryption 
devices available at the patch panel 4. 


NIPRNET SEP 


A-16. The NIPRNET SEP data interfaces are Ethernet interfaces and appear at the SEP as either wired 
(cabled) or fiber optic (FO) interfaces. There are four wire or cable interfaces (two for future use), six GMF 
and EHF cable interfaces, and eight fiber optic interfaces (four for future use). Of the two cable interfaces, 
one cable connects to the remote NIPRNET tier | router; the other connects to the remote NIPRNET tier 2 
router. Each wired Ethernet interface has an MS round connector on the SEP. Two 50-foot external cables 
are provided with the system which converts the MS round connector interface to a standard RJ45 Ethernet 
cable interface. 


SIPRNET DOMAIN 


A-17. The SIPRNET data network components are similar to the NIPRNET data components. The 
SIPRNET JA architecture consists primarily of a tier 1 and tier 2 router, separated by a firewall, with an 
intrusion detection sensor. 


A-18. The SIPRNET tier 2 router serial ports connect to patch panel 6, the HSFEC, or directly to KIV-7s. 
At patch panel 6, the serial ports can be patched to KIV-19s, KIV-7s, or HSFEC units. The SIPRNET 
connections cannot be patched to black devices without first being interfaced to a crypto device. The 
Vantage also appears on the SIPRNET domain. The Vantage has an Ethernet connection to the SIPRNET 
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SHAPES AND FIGURES OF PLANE GEOMETRY 


This chapter covers the calculation of the perimeter and area of selected plane 


figures. 
EO 1.3 STATE the definition of the following types of triangles: 
a. Equilateral 
b. Isosceles 
c. Acute 
d. Obtuse 
e. Scalene 
EO 1.4 Given the formula, CALCULATE the area and the 
perimeter of each of the following basic geometric 
shapes: 
a. Triangle 
b. Parallelogram 
C, Circle 


The terms and properties of lines, angles, and circles may be applied in the layout, design, 
development, and construction of closed flat shapes. A new term, plane, must be understood in 
order to accurately visualize a closed, flat shape. A plane refers to a flat surface on which lies 
a straight line connecting any two points. 


A plane figure is one which can be drawn on a plane surface. There are many types of plane 
figures encountered in practical problems. Fundamental to most design and construction are three 
flat shapes: the triangle, the rectangle, and the circle. 


Triangles 


A triangle is a figure formed by using straight line segments to connect three points that are not 
in a straight line. The straight line segments are called sides of the triangle. 


Examples of a number of types of triangles are shown in Figure 8. An equilateral triangle is 
one in which all three sides and all three angles are equal. Triangle ABC in Figure 8 is an 
example of an equilateral triangle. An isosceles triangle has two equal sides and two equal 
angles (triangle DEF). A right triangle has one of its angles equal to 90° and is the most 
important triangle for our studies (triangle GHJ). An acute triangle has each of its angles less 
than 90° (triangle JKL). Triangle MNP is called a scalene triangle because each side is a 
different length. Triangle QRS is considered an obtuse triangle since it has one angle greater 
than 90°. A triangle may have more than one of these attributes. The sum of the interior angles 
in a triangle is always 180°. 
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tier 2 router Ethernet switch function. Accompanying the Vantage is a switch for SIPRNET voice gateway 
functions. 


SIPRNET SEP 


A-19. The shelter SIPRNET SEP contains data interfaces that are Ethernet interfaces off of the SIPRNET 
tier 1 and tier 2 routers. The Ethernet interfaces appear at the SEP as either wired (cabled) or FO interfaces. 
There are two wire or cable interfaces and six fiber optic interfaces. One cable interface connects to each of 
the SIPRNET routers. Each wire Ethernet interface has an MS round connector on the SEP. Two 50-foot 
external cables are provided with the system which converts the MS round connector interface to a standard 
RJ45 Ethernet cable interface. The six fiber interfaces are interior router Ethernet interfaces converted to 
100Mbps fiber by four separate media converters. These internet interfaces terminate on the SIPRNET tier 
2 router. It should be noted that the TFOCA II connector and cables have the capacity for two connections 
(2 pairs of fiber). The UHN only connects to one of the pairs in the cable. 


VOICE SWITCHING 


A-20. There are separate NIPRNET and SIPRNET domains that mirror each other. The UHN voice 
components are architected to interface with traditional tactical networks and to combine tactical voice with 
data networks. The main voice components of the converged UHN voice system are the PBX, Vantage, and 
CMs. The PBX is a COTS voice switch mounted in the shelter. The Vantage acts as an interface between 
the current forces tactical network and the VoIP network and can be used to supply flood search routing, 
tactical numbering, and multi-level precedence and preemption for subscribers. The CM software assists in 
call supervision and gateway call service for VoIP subscribers. Also included as part of the voice network 
are the Ethernet switches (one per security domain). The Ethernet switches are used to terminate and 
provide power to VoIP subscribers. All of the voice components are mounted internal to the shelter. 


CM 


A-21. There are two CMs in the NIPRNET and two in the SIPRNET domain that are main components in 
the shelter voice architecture. The CM is a software-based call processing station that extends the benefits 
of IP telephony into current forces telephone systems. This allows administrators to control call processing, 
assign device limitations, administer dial plans and phone features, and centralize directory services. The 
CM’s primary functions are as follows: 


e Call processing. 

e Signaling and device control. 
e Dial plan administration. 

e Phone feature administration. 


PBX 


A-22. The UHN is supplied with a PBX for support of black voice users over the FDMA network. The hub 
PBX is also used for connectivity to a STEP or teleport site and acts as a gateway to DSN. The PBX has six 
T1 interfaces that connect to the TRC to provide voice over the FDMA network. 


Vantage 


A-23. The Vantage appears on the SIPRNET domain and acts as an H323 gatekeeper providing services 
such as affiliation, disaffiliation, routing, bandwidth, and link management to nontactical between the 
tactical and commercial networks.. VoIP subscribers register with Vantage and receive a TUID for 
communication with the tactical TDM networks such as MSE and TRI-TAC. 


TRC 


A-24. The UHN TRC is a four-shelf TRC that provides multiplexing of voice (black PBX), data (both 
SIPRNET and NIPRNET), and video interfaces for transport over the FDMA network. The TRC is the 
hub’s primary means of transporting these interfaces to the JNNs or to the STEP and teleport sites. The 
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hub’s TRC provides 12 aggregate trunk interfaces (2 are spares), and space is allocated in the TRC for a 
total of 16 trunks. The symmetrical-asymmetrical trunk modules (SA-TRKs) may be used for FDMA, 
cable, GMF SATCOM, or line of sight links. Typically, the TRC links are distributed to the JNNs via the 
hub’s FDMA satellite van. The TRC port interfaces provide the necessary electrical and functional 
interfaces for connectivity to the hub’s routers, dedicated encryption devices (DEDs), external video 
devices, and the shelter’s PBX. 


FOM 


A-25. The FOMs are used to efficiently transport the TRC’s Trunk Encryption Device (TED)-encrypted 
SA-TRKs between the baseband van and the satellite van for transport over the FDMA network. The FOMs 
are the primary means of transport to the satellite van for the FDMA TRC links. The fiber outputs are 
brought to separate 12-pair TFOCA II cables, and are patchable at fiber optic patch panels in both the 
satellite and the baseband vans. 


SATELLITE VANS 


A-26. When initially fielded, the UHN had two satellite vans; one for FDMA and one for TDMA. 
Beginning with spiral two, the FDMA and TDMA satellite vans were combined so that each van is 
equipped to support eight FDMA and eight TDMA links for a total of 16 links each. Both satellite vans 
contain MRTs that provide timing and management for the TDMA mesh. 


A-27. The UHN satellite van is a transportable circuit switched and IP-based communications system that 
allows for voice and data operation in FDMA and TDMA carrier mode. The UHN is an S-280 shelter 
mounted on a five-ton FMTV and includes a 3.9M antenna to operate within the Ku band. It is powered by 
two 20 kW generators mounted on the truck-bed and has two 18k BTU commercial ECUs. 
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This appendix covers the component listing, installation, operation, and maintenance 
of the JNN at the division and BCT level. The JNN provides the resources for the 
network manager to exercise effective control over the communication links, trunks, 
and groups within a deployed network. The JNN also provides the capabilities to 
interface those resources with satellite and terrestrial transmission resources to 
establish a robust network consistent with the Army's vision for the modular force 
structure. Figure B-1 shows the JNN application from the division to battalion CP 
level. The battalion CPN is covered in Appendix C. The configuration and settings on 
the individual equipment contained within the JNN are for illustrative purposes only. 
The actual configuration and settings will vary based on the unit’s mission and 
policies in effect and will be in accordance with the Defense Information Systems 
Agency (DISA) Security Technical Implementation Guide (STIG). 


X-Band Satellite 


Ku-Band Satellite 


EHF-Banth<atellite Division Main 


< 
8Mbps To Adjacent JNN 


BCT Command Post 


°S\ 2lMbps To BnCPN 


Figure B-1. JNN and BCT Deployment 
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COMPONENTS 


B-1. The JNN consists of components located in an S-250 shelter and includes routers, firewalls, servers, 
transmission resource center, media converters, flexmux, Vantage, TACLANES, and COMSEC devices 
divided into NIPRNET and SIPRNET domains. Figure B-2 shows the inside roadside view, and Figure B-3 
shows the inside curbside view. The following paragraphs provide a description of the shelter components 
and their operating procedures. 


SERVER FIREWALL HEEL 


KVM SW 
CPPA 


POWER 
CONTROL 


PANEL 


TIER 2 ROUTER 


Figure B-2. JNN Roadside View 


GLOBAL POSITIONING SYSTEM (GPS) 


B-2. The GPS, which includes the unit and antenna, is implemented in the JNN as a timing source. The 
antenna is mounted externally on the shelter and is connected via an external SEP connection. The GPS 
provides a Stratum 1 timing source with P(Y) coding for anti-spoofing. In the event of satellite 
unavailability, the device has a disciplined Rubidium backup. The GPS is configurable via a console 
(serial) port interface to the NIPRNET server. The GPS has eight connections to the GPP for TED Black 
Station Clock Timing, one connection to the GPP for T1 timing (to the TRC) and one reference clock 
appearance at the GPP. The components within the JNN are configured to draw all timing from the GPS 
with a minimum amount of patching. 


KVM SwITcCH 


B-3. The JNN has two separate domains (SIPRNET and NIPRNET) which have multiple devices that 
require a keyboard, monitor, and pointing device (trackball or mouse). Shelter space availability does not 
allow for multiple monitors and keyboards within the shelter. To allow each machine to have access to the 
required devices, and to minimize the number of devices, a KVM switch has been included in the domain 
equipment. The KVM switch allows one keyboard, monitor, and trackball to be switched between different 
machines, without causing upset on the machine, as the devices are switched in and out. The KVM switch 
will allow remote IP connection to access any of the processors that are connected to it. There is a separate 
KVM switch for each of the domains. 
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Figure B-3. JNN Curbside View 


TERMINAL SERVER 


B-4. For device configuration and management purposes, the NIPRNET server is required to have a serial 
or console port interface to the following devices: tier | router, tier 2 router, firewall, TRC, CSUMs, GPS, 
CDIM #1, CDIM #2, CDIM #3, NIPRNET KVM, VPN router, and the PBX. Because there is only one 
serial port on the server itself, a terminal server device is employed to increase the number of interfaces that 
the server can simultaneously access. The devices requiring serial or console port management connect to 
serial ports on the terminal server. The terminal server in turn connects to the server directly via a console 
port, and indirectly via an Ethernet connection to the tier 2 Ethernet switch module. The terminal server 
allows access to the connected device’s serial ports via the Ethernet interface. There is a separate server for 
the NIPRNET and SIPRNET domains. 


PATCH PANELS 


B-5. There are two types of patch panels in the JNN: communications patch panel (CPP) and GPP that are 
used to manually reconfigure, monitor, and test circuits. The components within the JNN are configured to 
be normal through and require little or no patching for typical circuits. However, some interfaces are dead- 
ended at the patch panel to allow for flexibility in configurations. The patch panels will be used primarily to 
test and monitor circuits. 


CPP 


B-6. The JNN is equipped with two CPPs (one within the NIPRNET domain and one within the SIPRNET 
domain) which are used to patch multi-pin interfaces from the JNN equipment. The CPP permits normal 
through connection of digital EQUIP to LINE interfaces, loopback testing of individual channels, and cross 
patching for channel reassignment. Each CPP is composed of modules housed in an 18-slot chassis. 
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GPP 


B-7. The JNN is equipped with three GPPs used to patch NRZ interfaces from the JNN equipment and to 
patch modulated interfaces. NRZ interfaces are brought to the panel to allow access to individual signals. 
This configuration allows the JNN operators to access and reconfigure portions of circuits for special 
configurations or testing. Also the group patch panel is used to patch coaxial signals. 


NON-SECURE DATA NETWORK 


B-8. The NIPRNET data network components are laid out in an JA-based architecture. The IA 
architecture consists primarily of a tier 1 and tier 2 router, separated by a firewall, with an Intrusion 
Detection System (IDS). Figure B-4 shows a representative [A-based architecture. The overall NIPRNET 
data network is shown in Figure B-5. The following sections describe each individual component within 
the NIPRNET data network. 


Netscreen 
Firewall 


3725 Router 3725 Router 


Tier 2 Tier 1 
(Internal Router) (Exterior Router) 


JNN Host JNN Network Access 
Subscriber To HUB/STEP/DISA 


IDS Sensor 


Figure B-4. Information Assurance-based Architecture 
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Figure B-5. NIPRNET Data Network 


MEDIA CONVERTERS 


B-9. There are five media converters used in the NIPRNET network to convert LAN interfaces from the 
internal shelter NIPRNET data network to fiber interfaces. The fiber output of each of the media converters 
appears on the shelter NIPRNET SEP as a TFOCA II connector. The fiber optic conversion allows devices 
to be connected over greater distances than standard shielded twisted pair (STP) cable will allow. Four of 
the five media converters are connected to the Ethernet switch module of the tier 2 NIPRNET router. The 
fifth converter is connected to an Ethernet port on the VPN router. The VPN router fiber connection is 
intended to be used to connect to the TDMA Ku transmission equipment. 


NIPRNET TIER 1 ROUTER 


B-10. The NIPRNET tier | router is used to create a three-part security domain, contains access lists, and 
provides a first line of defense for security. It provides serial WAN connections and connects directly to the 
hub for IDS and firewall access. The router has six serial interfaces to communication patch panel B, one 
Ethernet interface to the NIPRNET hub, and one Ethernet interface to the SEP. The tier | router’s console 
port connects to the NIPRNET terminal server. The terminal server allows the NIPRNET server’s WMI 
function to access the router via its console port for configuration and management purposes. 


CONFIGURING A NEW OR ERASED TIER | ROUTER 


B-11. Using Trivial File Transfer Protocol (TFTP) to copy a known template or base configuration will 
normally provide the most accurate results and is covered below. A command interpreter called exec is 
provided. There are two levels of exec: User exec which is nondestructive and designated by an angle 
bracket > and Privilege exec which allows parameters to be changed. All procedures in this document will 
be run from Privilege exec unless otherwise noted. To enter Privilege exec, type: enable at the User exec 
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prompt. An account and password may be required. The following user names and passwords may be 
encountered if the unit is in the Group A configuration (initial checkout upon delivery) and should be 
changed by the gaining unit: Account = jnnadmin, Password = jnn1234$. Table B-1 shows the basic steps 
to configure a new or erased tier | router. 


Table B-1. Configure a Tier 1 Router 


Connect to the router console port via the terminal server or laptop. 


After router boots and does not find the configuration file it will want to start auto config 
routine. Answer "no" to start auto config. 


At > prompt, enter enable, press Enter, prompt should change to #. 
Enter conf t, press Enter. Prompt changes to router (config) #. 
Enter interface FEO/O and press Enter. 


Enter "ip addr xxx.xxx.xxx.xxx yyy.yyy-yyy-yyy"” where x is the IP of the port and y is the 
subnet mask. 


Enter no shut, CTRL-Z. 

Verify TFTP Server port is active. 

Tier 2 router and firewall are already configured. Ping NIPRNET management PC once 
router port FEO/0 addressed, enabled and static addresses are added to the router. 
Verify TFTP server application is open and the server has a valid configuration file in the 
TFTP_files directory. 


Verify TFTP server application can send and receive files (under security tab: SolarWinds 
TFTP Server > File > Configure > Security Tab). 


Enter copy TFTP start from the router to start the transfer of the file to the router via the 
configured interface. 


Enter the IP of the TFTP server when the router asks for the address of the remote host 


When the router asks for the source file name enter the exact name of the configuration file 
that is stored on the TFTP server. File names are case sensitive 


Enter startupconfig when the router asks for the destination filename. This should be 
specified as default and is the string within the [ ] of the prompt. 


As data is transferred,! will appear to show successful data transfer. 


B-12. Table B-2 shows representative entries for the configuration of a tier | router. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission and current policies. 


Table B-2. Representative Entries for Tier 1 Router Configuration 


version 12.3 

service timestamps debug datetime localtime show-timezone msec 
service timestamps log datetime localtime show-timezone msec 
clock timezone GMT 0 

service password-encryption 


no service finger 

no service udp-small-servers 
no service tcp-small-servers 
no ip bootp server 

no snmp-server 

no ip http server 
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no ip source-route 

no service config 

cdp run 

service nagle 

l 

Hostname_ JNN 1 

l 

no ip domain-lookup 

ip domain name jnn.army.mil 

! crypto key generate rsa 

| 

boot-start-marker 

boot system flash:c3725-advipservicesk9-mz.123-9.bin 
boot-end-marker | 

logging buffered 51200 warnings 
| 

username jnn101 password us9876# 
enable password us9876# 
enable secret us9876# 

ip subnet-zero 

ip cef 

| 

ip multicast-routing 

l 

no ip domain lookup 

ip audit po max-events 100 

no ftp-server write-enable 

l 

! 

no crypto isakmp enable 

| 

| 

interface LoopbackO 

ip address 149.033.077.210 255.255.255.255 
no ip directed-broadcast 

no ip proxy-arp 

| 

interface FastEthernet0/0 
description NIPR Hub Port 1 

ip address 172.022.253.250 255.255.255.248 
ip ospf cost 14 

duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 
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no shutdown 

| 

interface Serial0/0 
description Interface to P-400 HSD 1-0 through CPP B-A1 
ip unnumbered Loopback0O 
ip ospf cost 22 

encap ppp 

no shutdown 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

| 

interface FastEthernet0/1 
description To SEP MP2A3A1 
ip address 

duplex auto 

speed auto 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface Serial0/1 
description Interface to P-400 HSD 2-0 through CPP B-A3 
ip unnumbered LoopbackO 
no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

ip ospf cost 22 

encap ppp 

no shutdown 

l 

interface Serial0/2 
description 

ip unnumbered LoopbackO 
ip ospf cost 22 

encap ppp 

no shutdown 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

| 

interface Serial0/3 
description Interface to P-400 HSD 4-0 through CPP B-A7 
ip unnumbered LoopbackO 
no shutdown 
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Figure 8 Types of Triangles 


Area and Perimeter of Triangles 


The area of a triangle is calculated using the formula: 


A = (1/2)(base) « (height) (3-1) 
or 
A = (1/2)bh 


Figure 9 Area of a Triangle 


Rev. 0 Page 7 MA-03 


Joint Network Node Components and Connectivity 


Table B-2. Representative Entries for Tier 1 Router Configuration 


ip ospf cost 22 

encap ppp 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/4 

description Interface to KIV-19 #10 through CPP B-A16 
ip unnumbered LoopbackO 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/5 

description Interface to CPP B-A17 
ip unnumbered LoopbackO 

no shutdown 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

l 

router ospf 21 
log-adjacency-changes 

network 148.022.069.209 0.0.0.0 area 0 
network 172.022.253.248 000.000.000.007 area 0 
l 

ip classless 

I 

ntp server 148.022.069.141 
snmp-server community REAL RO 


snmp-server ifindex persist 
! 


Typical configuration for the Tier 1 router to make an external BGP connection 
Router ospf 1 

network X.x.X.X X.X.X.X area X 

default-information originate metric-type 1 metric 100 route-map SEND _DEFAULT_IF 


Router BGP XX (Your Autonomous system number) 
no synchronization 


5 September 2006 FMI 6-02.60 B-9 


Appendix B 


Table B-2. Representative Entries for Tier 1 Router Configuration 


redistribute ospf 1 route-map ALLOWED_ROUTES 
neighbor x.x.x.x remote-as XXXX (neighbor AS number) 
neighbor x.x.x.x route-map setMED out 

no auto-summary 


Access-list 1 permit 0.0.0.0 


Access-list 2 permit x.x.x.x x.x.x.x (Summary address of all subnets you want to advertise via BGP to 
your neighbor) 


Route-map SEND_DEFAULT_IF permit 10 
match ip address 1 
match ip next-hop x.x.x.x (your eBGP neighbor address) 


Route-map ALLOWED_ROUTES permit 10 
match ip address 2 


Route-map setMED permit 10 
set metric-type internal 


banner motd c 


ATTENTION! 

THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 

Cc 

line con 0 

exec-timeout 5 0 


login local 
! 


line aux O 
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Table B-2. Representative Entries for Tier 1 Router Configuration 


no exec 
exec-timeout 0 10 


transport input none 
| 


line vty 0 4 


login local 

exec-timeout 5 0 
transport input telnet ssh 
| 

end 


NIPRNET TIER 2 ROUTER 


B-13. The NIPRNET tier 2 router provides default gateway and routing functions for locally connected 
NIPRNET hosts and shelter components. It is the access point for a TACLANE that is used to tunnel 
through the SIPRNET data network. The router contains an Ethernet switch module used for shelter 
component Ethernet connections. Five Ethernet switch ports appear at the SEP. Four of those five are fiber 
optic converted and the fifth is a standard wire interface. The router has a T1 card that interfaces to the 
group patch panel. It can serve as a gateway between VoIP subscribers and the shelter PBX and can be 
configured to connect to the hub and firewall. The tier 2 router console port connects to the NIPRNET 
terminal server. The terminal server allows the NIPRNET servers WMI function to access the router via its 
console port for configuration and management purposes. 


CONFIGURING A NEW OR ERASED TIER 2 ROUTER 


B-14. Using TFTP to copy a known template or base configuration will normally provide the most accurate 
results and is covered below. A command interpreter called exec is provided. There are two levels of exec: 
User exec which is nondestructive and designated by an angle bracket > and Privilege exec which allows 
parameters to be changed. All procedures in this document will be run from Privilege exec unless otherwise 
noted. To enter Privilege exec, type: enable at the User exec prompt. An account and password may be 
required. The following user names and passwords may be encountered if the unit is in the Group A 
configuration (initial checkout upon delivery) and should be changed by the gaining unit: Account = 
jonadmin Password = jnn1234$. Table B-3 shows the basic steps to configure a new or erased tier 2 router. 


Table B-3. Configure a Tier 2 Router 


Connect to the router console port via the terminal server or laptop. 


After router boots and does not find the configuration file it will want to start auto config 
routine. Answer "no" to start auto config. 


At > prompt, enter enable, press Enter, prompt should change to # 


Enter conf t, press Enter. Prompt changes to router (config. 


Enter interface VLAN1 and press Enter. 


Enter "ip addr xxx.xxx.Xxx.xxx yyy. yyy-yyy-yyy"” where x is the IP of the port and y is the 
subnet mask. 


Enter no shut, CTRL-Z. 
Verify TFTP Server port is active. 


TFTP_files directory. 
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Table B-3. Configure a Tier 2 Router 


Verify TFTP server application can send and receive files (under security tab: SolarWinds 
TFTP Server > File > Configure > Security Tab). 


12 | Enter copy TFTP start from the router to start the transfer of the file to the router via the 
configured interface. 


Enter the IP of the TFTP server when the router asks for the address of the remote host 


14 | When the router asks for the source file name enter the exact name of the configuration file 
that is stored on the TFTP server. File names are case sensitive. 
15 | Enter startupconfig when the router asks for the destination filename. This should be 


specified as default and is the string within the [ ] of the prompt. 
As data is transferred, ! will appear to show successful data transfer. 


B-15. Table B-4 shows representative entries for the configuration of a tier 2 router. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission. 


Table B-4. Representative Entries for Tier 2 Router Configuration 


version 12.3 

service timestamps debug datetime localtime show-timezone msec 
service timestamps log datetime localtime show-timezone msec 
clock timezone GMT 0 

service password-encryption 

no service finger 

no service udp-small-servers 

no service tcp-small-servers 

no ip bootp server 

no snmp-server 

no ip http server 

no ip source-route 

no service config 

no cdp run 

service nagle 

I 

hostname JNN NTR2 

I 

no ip domain-lookup 

ip domain name jnn.army.mil 

I 

boot-start-marker 

boot system flash:c3725-advipservicesk9-mz. 123-9.bin 


boot-end-marker 
| 


logging buffered 51200 warnings 
I 


username jnn101 password us9876# 


enable secret us9876# 
| 


no network-clock-participate slot 1 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


voice-card 1 
dspfarm 

| 

no aaa new-model 
ip subnet-zero 

ip cef 

| 


ip multicast-routing 
I 


ip dhcp excluded-address Insert IP Range 

| 

ip dhcp pool data 

network Insert IP Address and Subnet Mask 
default-router Insert IP Address 

| 

ip audit po max-events 100 

no ftp-server write-enable 

| 

controller T1 1/0 

framing esf 

linecode b8zs 

ds0-group 0 timeslots 1-24 type e&m-wink-start 
| 

controller T1 1/1 

framing esf 

linecode b8zs 

ds0-group 0 timeslots 1-24 type e&m-wink-start 
| 

no crypto isakmp enable 

| 

interface LoopbackO 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip proxy-arp 

| 

interface FastEthernet0/0 

description Interface to Tier 1 IA Panel Router 
ip address Insert IP Address and Subnet Mask 
duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


interface FastEthernet0/1 
no ip address 

duplex auto 

speed auto 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/0 
description Interface to CM 
switchport access vian 58 
no ip address 

no ip proxy-arp 

no shutdown 

I 

interface FastEthernet2/1 
description Interface to MGT PC 
no ip address 

no shutdown 

I 

interface FastEthernet2/2 
description Interface to KVM 
no ip address 

no shutdown 


interface FastEthernet2/3 

description Interface to Terminal Server 
no ip address 

no shutdown 

I 

interface FastEthernet2/4 

description Interface to Redcom 

no ip address 

no shutdown 

l 

interface FastEthernet2/5 

description Interface to VPN (Future Use) 
no ip address 

shutdown 

I 

interface FastEthernet2/6 

description Interface to IDS 

no ip address 

no shutdown 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


interface FastEthernet2/7 
description Trunk to Voice Case 
switchport trunk allowed vian 1,2,58,1002-1005 
switchport mode trunk 

no ip address 

no shutdown 

| 

interface FastEthernet2/8 
description Trunk to Data case 
switchport access vian 59 
switchport trunk allowed vian 1,2,59,1002-1005 
switchport mode trunk 

no ip address 

no shutdown 

I 

interface FastEthernet2/9 
description Interface to SEP MC3 
no ip address 

no shutdown 

I 

interface FastEthernet2/10 
description Interface to SEP MC4 
no ip address 

duplex full 

speed 100 

no shutdown 

| 

interface FastEthernet2/1 1 
description Interface to SEP 

no ip address 

no shutdown 

l 

interface FastEthernet2/12 
description Interface to IA Patch 
no ip address 

shutdown 

| 

interface FastEthernet2/13 
description Interface to VPN router 
switchport access vlan 67 

no ip address 

no shutdown 


| 
interface FastEthernet2/14 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


description Interface to Taclane2 PT 

no ip address 

shutdown 

l 

interface FastEthernet2/15 

description Interface to GPS NTP Port 

no ip address 

no shutdown 

I 

interface Vlan1 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Vian58 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Vian59 

description Vlan for NIPR data case 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Vian67 

description Interface to VPN Router 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

router ospf 21 

log-adjacency-changes 

network Insert Network and Inverse Mask area 0 
network Insert Network and Inverse Mask area 0 ! FastEthernet 0/0 
| 

ip classless 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


snmp-server community Insert Community String RO 

snmp-server enable traps tty 

banner motd _C 

ATTENTION! 

THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 


| 

voice-port 1/0:0 

timeouts interdigit 2 

| 

voice-port 1/1:0 

! 

dial-peer voice 1 voip 
destination-pattern 6700... 
session target ipv4: Insert IP Address 
| 

dial-peer voice 2 pots 
destination-pattern .T 

port 1/0:0 

| 

gateway 

| 

ntp server Insert IP Address 
banner motd c 


ATTENTION! 

THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
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Table B-4. Representative Entries for Tier 2 Router Configuration 


AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 

Cc 

| 

line con 0 

exec-timeout 5 0 

login local 

| 

line aux 0 

no exec 

exec-timeout 0 10 


NIPRNET VIRTUAL PRIVATE NETWORK (VPN) ROUTER 


B-16. The NIPRNET VPN router is used to establish VPN links via the Ku TDMA network to the CPN, 
UHN, and other JNN shelters. The VPN links are Advanced Encryption Standard (AES) encrypted. The 
VPN router is configured as the Certificate Authority Server to support the encryption system. The VPN 
router is populated and configured to use a web cache module. (Note the Web Cache function is 
independent of its other VPN and IP security functions.) The router has Ethernet connectivity to the 
NIPRNET tier 2 router Ethernet switch module, the cipher text port of the TACLANE, and the SEP. The 
purpose of the NIPRNET router interface is to allow NIPRNET data connectivity to access the VPN 
networks. The TACLANE interface allows SIPRNET traffic to tunnel through the VPN Ku TDMA 
network. The SEP interface is fiber optic modulated for connection to the external Ku TDMA transmission 
equipment. 


CONFIGURING A NEW OR ERASED VPN ROUTER 


B-17. Using TFTP to copy a known template or base configuration will normally provide the most accurate 
results and is covered below. A command interpreter called exec is provided. There are two levels of exec: 
User exec which is nondestructive and designated by an angle bracket > and Privilege exec which allows 
parameters to be changed. All procedures in this document will be run from Privilege exec unless otherwise 
noted. To enter Privilege exec, type: enable at the User exec prompt. An account and password may be 
required. The following user names and passwords may be encountered if the unit is in the Group A 
configuration (initial checkout upon delivery) and should be changed by the gaining unit: Account = 
jonadmin Password = jnn1234$. Table B-5 shows the basic steps to configure a new or erased VPN router. 


Table B-5. Configure a VPN Router 


1 Connect to the router console port via the terminal server or laptop. 


2 | Power up router. 
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SHAPES AND FIGURES OF PLANE GEOMETRY Geometry 


The perimeter of a triangle is calculated using the formula: 

P = side, + side, + side. (3-2) 
The area of a traingle is always expressed in square units, and the perimeter of a triangle is 
always expressed in the original units. 
Example: 


Calculate the area and perimeter of a right triangle with a 9" base and sides measuring 
12" and 15". Be sure to include the units in your answer. 


Solution: 
A= 1/2 bh P=s,+5,+b 
A = .5(9)(12) P=9+12+415 
A = .5(108) P = 36 inches 
A = 54 square inches 

Quadrilaterals 


A quadrilateral is any four-sided 
geometric figure. 


A parallelogram is a_ four-sided 
quadrilateral with both pairs of opposite 
sides parallel, as shown in Figure 10. 


Figure 10 Parallelogram 


The area of the parallelogram is calculated 
using the following formula: 


A = (base) « (height) = bh (3-3) 
The perimeter of a parallelogram is calculated using the following formula: 
P=2a+2b (3-4) 


The area of a parallelogram is always expressed in square units, and the perimeter of a 
parallelogram is always expressed in the original units. 
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Table B-5. Configure a VPN Router 


After router boots and does not find the configuration file it will want to start auto config 
routine. Answer "no" to start auto config. 


At > prompt, enter enable, press Enter, prompt should change to #. 
Enter conf t, press Enter. Prompt changes to router(config)#. 
Enter interface FE0/0 and press Enter. 


Enter "ip addr xxx.xxx.Xxx.xxx yyy.yyy-yyy-yyy"” where x is the IP of the port and y is the 
subnet mask. 


Enter no shut, CTRL-Z. 
Verify TFTP Server port is active 


Tier 2 router is already configured. Ping NIPRNET management PC once router port FEO/1 
addressed and enabled. 


Verify TFTP server application is open and the server has a valid configuration file in the 
TFTP_files directory. 


Verify TFTP server application can send and receive files (under security tab: SolarWinds 
TFTP Server > File > Configure > Security Tab). 


Enter copy TFTP start from the router to start the transfer of the file to the router via the 
configured interface. 


14 | Enter the IP of the TFTP server when the router asks for the address of the remote host 


15 | When the router asks for the source file name enter the exact name of the configuration file 
that is stored on the TFTP server. File names are case sensitive 


16 | Enter startupconfig when the router asks for the destination filename. This should be 
specified as default and is the string within the [ ] of the prompt. 


As data is transferred, ! will appear to show successful data transfer. 


B-18. Table B-6 shows representative entries for the configuration of a VPN router. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission. 


Table B-6. Representative Entries for a VPN Router Configuration 


version 12.3 

service timestamps debug datetime localtime show-timezone msec 
service timestamps log datetime localtime show-timezone msec 
clock timezone GMT 0 

service password-encryption 

no service finger 

no service udp-small-servers 

no service tcp-small-servers 

no ip bootp server 

no snmp-server 

no ip http server 

no ip source-route 

no service config 

no cdp run 

service nagle 

| 

hostname Insert Hostname BVR 
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Table B-6. Representative Entries for a VPN Router Configuration 


| 
boot-start-marker 
boot system flash:c3725-advipservicesk9-mz. 123-9.bin 


boot-end-marker 
| 


username Insert username for JNN Operators privilege 5 password Insert user password 
username Insert username for JNN Administrators privilege 5 password Insert admin password 


enable secret Insert enable secret password 
no network-clock-participate slot 2 
no aaa new-model 

ip subnet-zero 

ip cef 

| 

no ip domain-lookup 

ip domain name Insert Domain name 
l 

ip audit po max-events 100 

no ftp-server write-enable 

ip multicast-routing 

l 

class-map match-all SIPRdata 
match dscp af21 

class-map match-all SIPRvoiceSig 
match dscp af31 

class-map match-all SIPRvoice 
match dscp ef 

class-map match-all Routing 
match dscp cs6 

class-map match-any Linkway 
match class-map SIPRdata 

match class-map SIPRvoiceSig 
match class-map SIPRvoice 
match class-map Routing 

match class-map class-default 

l 

| 

policy-map Aggregate 

class SIPRvoice 

priority percent 40 

class SIPRvoiceSig 

bandwidth remaining percent 3 
class Routing 

bandwidth remaining percent 2 


class SIPRdata 
bandwidth remaining percent 30 
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Table B-6. Representative Entries for a VPN Router Configuration 


class class-default 

fair-queue 

policy-map Linkway 

class Linkway 

shape average 4096000 

service-policy Aggregate 

| 

crypto isakmp policy 10 

! encr aes 

authentication pre-share 

crypto isakmp key Insert Key address Insert IP Address and Subnet Mask 
! crypto isakmp keepalive 60 10 

l 

| 

crypto ipsec transform-set aes_set esp-aes 256 esp-md5-hmac 
mode transport 

l 

crypto ipsec profile jnn 

set transform-set aes_set 

l 

interface LoopbackO 

ip address Insert IP Address and Subnet Mask 
no ip directed-broadcast 

no ip proxy-arp 

l 

interface Tunnel1 

description DMVPN Multipoint Hub to BN Spokes 
ip address Insert IP Address and Subnet Mask 
no ip redirects 

ip mtu 1420 

ip nhrp authentication Insert Key 

ip nhrp map multicast dynamic 

ip nhrp map multicast Insert IP Address 

ip nhrp map 1 Insert IP Address Insert IP Address 
ip nhrp network-id Insert net id 

ip nhrp holdtime 600 

ip nhrp nhs Insert IP Address 

ip ospf network broadcast 

bandwidth 4096 

ip ospf priority 2 

tunnel source FastEthernet2/0 

tunnel mode gre multipoint 

tunnel key Insert Key 

tunnel protection ipsec profile jnn 

no ip directed-broadcast 

no ip mask-reply 
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Table B-6. Representative Entries for a VPN Router Configuration 


no ip proxy-arp 

no shutdown 

l 

interface FastEthernet0/0 

description Interface to Taclane CT 

ip address Insert IP Address and Subnet Mask 
duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet0/1 

description Interface to NIPR T2 Router Fa2/13 


ip address Insert IP Address and Subnet Mask 
duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Content-Engine1/0 

no ip address 

shutdown 

hold-queue 60 out 

no ip proxy-arp 

l 

interface FastEthernet2/0 

description Interface to TDMA modem 

ip address Insert IP Address and Subnet Mask 
service-policy output Linkway 

duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/1 

ip address Insert IP address and Subnet Mask 
duplex auto 

speed auto 

no ip directed-broadcast 
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Table B-6. Representative Entries for a VPN Router Configuration 


no ip mask-reply 

no ip proxy-arp 

shutdown 

| 

router ospf 21 

log-adjacency-changes 

network Insert Network and Inverse Mask area 0 

passive-interface FastEthernet2/0 

| 

router rip 

version 2 

network Insert Network Address 

l 

log-adjacency-changes 

ip classless 

ip http server 

no ip http secure-server 

ntp server Insert IP Address 

I 

snmp-server community Insert Community String RO 

banner motd c 

ATTENTION! 

THIS IS A DOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 

Cc 

! 

line con 0 

exec-timeout 5 0 

login local 

! 


line aux 0 
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Table B-6. Representative Entries for a VPN Router Configuration 


no exec 
exec-timeout 0 10 


transport input none 
! 


line vty 0 4 


login local 

exec-timeout 5 0 
transport input telnet ssh 
! 


end 


NIPRNET FIREWALL 


B-19. The NIPRNET data network contains a firewall. The firewall can be positioned either between the 
tier | and tier 2 router, or between the tier 2 router and its Ethernet switch module. The firewall forms a 
boundary between the protected (inside) and unprotected (outside) networks. All JNN traffic between the 
protected and unprotected networks flows through the JNN firewall to maintain security. The firewall is 
locally managed via the security domain’s server. The firewall has a console port interface to the terminal 
server for configuration. It has two Ethernet connections to the IA config panel. 


CONFIGURING A FIREWALL 


B-20. The firewall is preconfigured with a default configuration. The JNN operators will receive updated 
firewall configurations and policies from the NETOPS cell. The following procedures can be used to 
monitor and download precreated configurations on the firewall. The IP addresses shown are examples 
only. Table B-7 shows the steps for connecting the device to a network and configuring the firewall using a 
vt100 Terminal Emulator or Telnet. 


Table B-7. Connecting and Configuring Firewall 


Ensure the power switch is off. 
Connect the power cable to the power outlet at the rear of the device and to a power source. 


Connect a RJ-45 cross-over cable from trust zone interface (Ethernet port 1) to internal 
switch, router or hub. 


4 | Connect a RJ-45 straight-through cable from untrust zone interface (Ethernet port 3) to 
external router. 


Flip power switch to on position. 


6 | Power LED glows green, Status-1 LED blinks green and Ethernet port LEDs for each 
connected interface glow or blink green. 


There are two ways to establish a console session with the firewall after connecting: vt100 
Terminal Emulator through a RJ-45 serial cable connected to the console port or using Telnet 
through a TCP/IP network connection. To establish a connection using a vt100 Terminal 
Emulator: 


Connect a RJ-45 serial cable between the console port on the firewall and serial port on your 
computer. 


2 | Press ENTER for login prompt. 
3 | At Username prompt, type: netscreen. 
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B-21. The default IP address for managing the firewall through the Trust zone interface (Ethernet port 1) is 
192.68.1.1. This is the IP address used to manage the device through a Telnet session or with the WebUI 
management application. If a different IP address is used, it needs to be assigned. Table B-8 shows the 
steps to set the IP address of the Trust zone interface. 


Table B-8. Set IP Address 


Choose an unused IP address within the current address range of the Local Area Network 
2 | Enter set interface ethernet1 ip jp_addr/mask. 


3 | To confirm new port settings enter get interface. 
4 | Observe that the IP address for the Trust zone interface is one set. 


B-22. Table B-9 shows the steps to connect using Telnet. 
Table B-9. Connect Using TELNET 
Connect a RJ-45 cross-over cable from Trustzone interface (Ethernet port 1) on the firewall to 
internal switch, router or Hub in the LAN. 
2 | Open a Telnet session to 192.168.1.1 


At Username prompt, type: netscreen 
4 | At Password prompt, type: netscreen 


Allowing Outbound Traffic 


B-23. By default, the firewall does not allow inbound or outbound traffic. Access policies must be created 
to permit specific kinds of traffic in the directions needed. Access policies to deny and tunnel traffic can 
also be created. Configuration of the firewall and access policies is accomplished based on current policies 
and the guidance currently in effect. 


B-24. The Outgoing Policy Wizard in the WebUI management application may also be used to create 
access policies for outbound traffic. Table B-10 shows the steps to access the device with the WebUI 
management application. 


Table B-10. Connect Using WebUI 


Connect your computer to the Trust zone interface (Ethernet port 1). 


Launch the browser , enter the IP address of the Trust zone interface in the URL field and 
press enter. 


The NetScreen WebUI application window appears and configurations may be downloaded 
or uploaded. 


B-25. Table B-11 shows representative entries for the configuration of a firewall. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission and current policies. 


Table B-11. Representative Entries for a JNN Firewall Configuration 


set clock ntp 
set clock timezone 0 


set vrouter trust-vr sharable 
unset vrouter "trust-vr" auto-route-export 
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Table B-11. Representative Entries for a JNN Firewall Configuration 


id O set auth-server "Local" 

set auth-server "Local" server-name “Local” 
set auth default auth server "Local" 

set admin name gdadmin 

set admin password gd1234$gd1234$ 

set admin auth timeout 10 

set admin auth server "Local" 


set admin auth banner secondary "This computer system, including all related equipment, 
networks and network devices (specifically including Internet access) are provided only for 
authorized U. S. Government use. DoD computer systems may be monitored for all lawful 
purposes, to ensure that their use is authorized, for management of the system, to facilitate 


protection against unauthorized access, and to verify security procedures, survivability and 
operational security. Monitoring includes active attacks by authorized DoD entities to test or 


verify security of this system. During monitoring, information may be examined, recorded, copied 
and used for authorized purposes. All information, including personal information, placed on or 
sent over this system may be monitored. Use of thisDoD computer system, authorized or 
unauthorized, constitutes consent to monitoring of this system. Unauthorized use may subject 
you to criminal prosecution. Evidence of unauthorized use collected during monitoring collected 
during monitoring may be used for administrative, criminal or adverse action. Use of this system 
constitutes consent to monitoring for these purposes." 


set admin auth banner telnet login "This is a Department of Defense computer system." 
set admin auth banner console login "This is a Department of Defense computer system." 
set admin format dos 

set zone "Trust" vrouter "trust-vr" 

set zone “Untrust” vrouter "trust-vr" 

set zone “DMZ” vrouter “trust-vr" 

set zone “VLAN” vrouter “trust-vr” 

set zone “Trust” tcp-rst 

set zone "Untrust" block 

unset zone "Untrust" tcp-rst 

set zone”’MGT” block 

set zone “DMZ” tcp-rst 

set zone “VLAN” block 

set zone "VLAN" tcp-rst 

set zone “Untrust” screen tear-drop 

set zone "Untrust" screen syn-flood 

set zone "Untrust" screen ping-death 

set zone "Untrust" screen ip-filter-src 

set zone "Untrust" screen land 

set zone “V1-Untrust" screen tear-drop 
set zone “V 1-Untrust" screen syn-flood 
set zone “V 1-Untrust" screen ping-death 
set zone “V 1-Untrust" screen ip-filter-src 
set zone “V 1-Untrust" screen land 

set interface ethernet1 phy full 100mb 
set interface ethernet2 phy full 100m 

set interface ethernet 3 phy half 100 
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Table B-11. Representative Entries for a JNN Firewall Configuration 


set interface ethernet4 phy full 100mb 
set interface "ethernet1" zone "V1-Trust" 
set interface "ethernet2" zone "Null" 

set interface "ethernet3" zone "V1-Untrust” 
set interface vlan‘ ip 

unset interface vlan1 bypass-others-ipsec 
set vlan1 bypass-non-ip 

set interface vilan1 ip manageable 

set interface vlan1 broadcast arp 

unset interface vian1 manage telnet 

set interface vian1 ip m 

set interface vlan1 broadcast 

unset interface vian1 manage telnet 
unset interface vian1 manage snmp 
unset interface vian1 manage ssl 

unset interface vian1 manage web 

unset zone V1-Trust manage telnet 

unset zone V1-Trust manage snmp 

unset zone V1-Trust manage ssl 

unset zone V1-Trust manage web 

set zone V1-Trust manage ping 

set zone V1-Trust manage ssh 

set zone V1-Untrust manage ping 

set zone V1-Untrust manage ssh 

unset flow no-tcp-seq-check 

set flow tcp-syn-check 

set console timeout 5 

set hostname JNN_ 

set ike respond-bad-spi 1 

set pki authority default scep mode "auto" 
set pki x509 default cert-path partial 

set url protocol sc-cpa 

exit 

set policy id 1 from "V1-Trust" to "V1-Untrust" "Any" "Any" "ANY" permit log 
set policy id 2 from "V1-Untrust" to "V1-Trust" "Any" "Any" "ANY" permit log 
set alarm threshold CPU 90 

set alarm threshold session percent 80 
set firewall log-self 

set nsmgmt bulkcli reboot-timeout 60 

set ssh version v2 

set ssh enable 

set config lock timeout 5 

set dl-buf size 4718592 

set ntp server 144.104.1 

set ntp interval 20 

set snmp port listen 161 
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Table B-11. Representative Entries for a JNN Firewall Configuration 


set snmp port trap 162 
set vrouter "untrust-vr" 
exit 
set vrouter "trust-vr" 

unset add-default-route 

set route 0.0.0.0/0 interface vlan1 gateway 144.104.133.145 


exit 


set vrouter "untrust-vr" 


exit 


set vrouter "trust-vr" 


exit 


IDS 


B-26. The IDS used in the JNN consists of two main components: manager and sensor. A separate IDS is 
used on the SIPRNET and NIPRNET domains. 


IDS Manager 


B-27. The IDS manger consists of software loaded on an IDS management server and usually resides in the 
UHN and provides central management of all JNN network sensors. In the event a JNN is employed 
autonomously, the management function may be performed by the JNN as part of the network management 
push package provided. 


IDS Sensor 


B-28. The IDS sensor monitors connected network segments, analyzes traffic, and looks for intrusions and 
signs of network abuse. It monitors network traffic in search of known attack signatures. A signature is a 
code used to detect a specific security event. When an intrusion is detected, the IDS will respond in the 
following ways: 


e Records the date and time. 

e Records source and target of event. 
e Records the content of the intrusion. 
e Notifies the administrator. 


SECURE INTERNET PROTOCOL DATA NETWORK 


B-29. The SIPRNET data network mirrors the NIPRNET data network with few variations. Figure B-6 
depicts the SIPRNET data network. The components and procedures are the same for both domains. Only 
the differences between the NIPRNET data network and SIPRNET data network will be addressed here. 
There is no VPN router on the SIPRNET domain. It uses a KG-175 (TACLANE) to interface with the 
NIPRNET VPN router from the SIPRNET tier 2 router. TACLANES provide the capability of creating 
Secure Virtual Networks overlaid upon existing networks as depicted in Figure B-7. The SIPRNET router 
serial ports (from both the tier 1 and tier 2 router) connect to patch panel A. At patch panel A, the serial 
ports can be patched to KIV-19s, KIV-7s, or FEC units. The SIPRNET connections cannot be patched to 
black devices without first being interfaced to a crypto device. The Vantage appears on the SIPRNET 
domain. The Vantage has an Ethernet connection to the SIPRNET tier 2 router Ethernet switch function. 
The Vantage also has KVM connections to the SIPRNET KVM. Accompanying the Vantage is a router for 
SIPRNET voice gateway functions. There are two HSFEC units. Each unit has two functions to yield a 
total of four HSFEC channels. Each channel appears on CPP-A and can be patched in and configured for 
standard serial or SIPRNET router serial data to one of the transport or encryption devices available on the 
patch panel. 
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Geometry SHAPES AND FIGURES OF PLANE GEOMETRY 


Example: 


Calculate the area and perimeter of a parallelogram with base (b) = 4’, 
height (h) = 3°,a =5° and b=4’. Be sure to include units in your answer. 


Solution: 
A=bh P=2a+2b 
A = (4)(3) P = 2(5) + 2(4) 
A = 12 square feet P=10+8 
P = 18 feet 


A rectangle is a parallelogram with four right angles, as shown in Figure 11. 


Figure 11 Rectangle 


The area of a rectangle is calculated using the following formula: 

A = (length) « (width) = lw (3-5) 
The perimeter of a rectangle is calculated using the following formula: 

P = 2(length) + 2(width) = 21 + 2w (3-6) 


The area of a rectangle is always expressed in square units, and the perimeter of a rectangle is 
always expressed in the original units. 
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Figure B-6. SIPRNET Data Network 


SIPRNET TIER 1 ROUTER 


B-30. The SIPRNET tier | router is initially configured the same as the NIPRNET tier | router. Table B-12 
shows representative entries for the configuration of the SIPRNET tier 1 router. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission. 


Table B-12. Representative Entries for a SIPRNET Tier 1 Router Configuration 


version 12.3 

service timestamps debug datetime localtime show-timezone msec 
service timestamps log datetime localtime show-timezone msec 
clock timezone GMT 0 

service password-encryption 

no service finger 


no service udp-small-servers 
no service tcp-small-servers 
no ip bootp server 

no snmp-server 

no ip http server 

no ip source-route 

no service config 
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Table B-12. Representative Entries for a SIPRNET Tier 1 Router Configuration 


cdp run 

service nagle 

| 

hostname JNN1_68050_ST1R 
| 

no ip domain-lookup 

ip domain-name jnn.army.smil.mil 
| 

! SSH must be configured. 

ip ssh time-out 60 

ip ssh authentication-retries 2 


! AAA authentication and authorization must be configured for SCP to work. 


aaa new-model 

aaa authentication login default local 
aaa authorization exec default local 

! Enables SCP 

ip scp server enable 

! crypto key generate rsa 

] 

boot-start-marker 

boot system flash:c3725-advipservicesk9-mz.123-9c.bin 
boot-end-marker 

I 


logging buffered 51200 warnings 
I 


username Insert username for JNN Operators privilege 5 password Insert user password 
username Insert username for JNN Administrators privilege 5 password Insert admin password 


enable secret Insert enable secret password 


ip subnet-zero 

ip cef 

| 

ip multicast-routing 

| 

| 

no ip domain lookup 

ip audit po max-events 100 
no ftp-server write-enable 

l 

| 

no crypto isakmp enable 

I 

| 

interface Loopback0O 

ip address Insert IP address and subnet mask 
no ip directed-broadcast 
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Table B-12. Representative Entries for a SIPRNET Tier 1 Router Configuration 


no ip proxy-arp 

| 

interface FastEthernet0/0 
description SIPR Hub Port1 
ip address Insert IP address and subnet mask 
ip pim sparse-mode 

ip ospf cost 14 

duplex half 

speed auto 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Serial0/O 
description Interface to KIV-19 #3 through CPP A-A1 
no ip address 

ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface FastEthernet0/1 
description To SEP MP1A1A1 
ip address ! ! 

ip pim sparse-mode 

duplex auto 

speed auto 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

shutdown 

l 

interface SerialO/1 
description Interface to KIV-19 #4 through CPP A-A2 
ip unnumbered Loopback0O 
ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
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Table B-12. Representative Entries for a SIPRNET Tier 1 Router Configuration 


no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/2 
description Interface to FEC 1-1 through CPP A-A3 
ip unnumbered Loopback0O 
ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/3 
description Interface to FEC 1-2 through CPP A-A4 
ip unnumbered LoopbackO 
ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/4 
description Unused 

ip unnumbered Loopback0O 
ip pim sparse-mode 
shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/5 
description Unused 

ip unnumbered LoopbackO 
ip pim sparse-mode 
shutdown 

pulse-time 5 

ip ospf cost 22 
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Table B-12. Representative Entries for a SIPRNET Tier 1 Router Configuration 


encap ppp 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

| 

router ospf 21 

log-adjacency-changes 

network Insert network and inverse mask area 0 
network Insert network and inverse mask area 0 
l 

! 

ip classless 

l 

l 

logging host Insert IP address 

logging trap informational 

logging facility local7 

I 


ntp server Insert IP address 

snmp-server community Insert community string 
snmp-server ifindex persist 

snmp-server enable traps tty 

| 

banner incoming % 


KEKKKRRRRKEKKEKRKRERER EKER ERRREERKEKRKEKRKREREKKEK 


BGP configuration Guide for T1 router. 

Configuration needed to make an external BGP connection to draw SIPR services 
Router ospf 1 

network X.x.X.X X.X.X.X area X 

default-information originate metric-type 1 metric 100 route-map SEND_DEFAULT_IF 


Router BGP XX (Your Autonomous system number) 

no synchronization 

redistribute ospf 1 route-map ALLOWED_ROUTES 
neighbor x.x.x.x remote-as XXXX (neighbor AS number) 
neighbor x.x.x.x route-map setMED out 

no auto-summary 


Access-list 1 permit 0.0.0.0 
Access-list 2 permit x.x.x.x xX.x.x.x (Summary address of all subnets you want to advertise via BGP to 


your neighbor) 


Route-map SEND_DEFAULT_IF permit 10 
match ip address 1 
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match ip next-hop x.x.x.x (your eBGP neighbor address) 


Route-map ALLOWED_ROUTES permit 10 
match ip address 2 


Route-map setMED permit 10 
set metric-type internal 


Configuration of a lateral BGP connection: Connection with another 

Division without being a transit AS) 

Router ospf 1 

network X.X.X.X X.X.X.X area X 

default-information originate metric-type 1 metric 100 route-map SEND_DEFAULT_IF 
redistribute bgp XX (Your AS number) metric 1000 subnets route-map ACCEPT_ROUTES 


Router BGP XX (Your AS number) 

no synchronization 

redistribute ospf 1 route-map ALLOWED ROUTES 
neighbor x.x.x.x remote-as XXXX (remoteAS number) 
neighbor x.x.x.x route-map setMED out 

no auto-summary 


Access-list 1 permit 0.0.0.0 


Access-list 2 permit x.x.x.x X.x.x.x (summary address of all subnets you want to advertise via BGP to 
your neighbor) 


Access-list 3 permit x.x.x.x X.x.x.x (Summary addresses of all subnets you want to recieve from your 
BGP neighbor). 


Route-map SEND_DEFAULT_IF permit 10 

match ip address 1 

match ip next-hop x.x.x.x (This IP address must be removed so a default route is not advertised from 
this node 

or a bogus address could exist in this space) 


Route-map ALLOWED_ROUTES permit 10 
match ip address 2 


Route-map ACCEPT ROUTES permit 10 
match ip address 3 


Route-map setMED permit 10 
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set metric-type internal 


KRREKEKKKKRREREKEKEKEKEK RRR EKRERKRRERREKREKERERE 


% 

| 

banner exec % 

ver. TRG.v19.1_NoACLs 

% 

| 

banner motd c 

ATTENTION! 

THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 

c 

I 

line con 0 

exec-timeout 5 0 

login local 

| 

line aux 0 

no exec 

exec-timeout 0 10 

transport input none 

| 


line vty 0 4 

login local 

exec-timeout 5 0 
transport input telnet ssh 
l 

end 
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SIPRNET TIER 2 ROUTER 


B-31. The SIPRNET tier 2 router is initially configured the same as the NIPRNET tier 2 router. Table B-13 
shows representative entries for the configuration of the SIPRNET tier 2 router. The IP addresses and 
description lines of the interfaces are not meant to be all inclusive. The actual entries will vary according to 
the mission. 


Table B-13. Representative Entries for a SIPRNET Tier 2 Router Configuration 


service timestamps debug datetime localtime show-timezone msec 
service timestamps log datetime localtime show-timezone msec 
clock timezone GMT 0 

service password-encryption 

no service finger 

no service udp-small-servers 

no service tcp-small-servers 

no ip bootp server 

no snmp-server 

no ip http server 

no ip source-route 

no service config 

cdp run 

service nagle 

hostname JNN1_ST2R 

| 

l 

boot-start-marker 

boot system flash:c3725-advipservicesk9-mz.123-9c.bin 
boot-end-marker 

l 

logging buffered 51200 warnings 

username Insert username for JNN Operators privilege 5 password Insert user password 
username Insert username for JNN Administrators privilege 5 password Insert admin password 
enable secret Insert enable secret password 

| 

no network-clock-participate slot 1 

ip subnet-zero 

ip cef 

| 

ip multicast-routing 

l 

ip dhcp excluded-address Insert IP Range 

ip dhcp excluded-address Insert IP Range 


ip dhcp pool voice 

network Insert IP Address and Subnet Mask 
default-router Insert IP address 

option 150 ip Insert IP address 

| 

no ip domain-lookup 
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ip domain-name jnn.army.smil.mil 
| 

! SSH must be configured. 

ip ssh time-out 60 

ip ssh authentication-retries 2 


! AAA authentication and authorization must be configured for SCP to work. 


aaa new-model 


aaa authentication login default local 
aaa authorization exec default local 


! Enables SCP 

ip scp server enable 

! crypto key generate rsa 

| 

ip audit po max-events 100 
no ftp-server write-enable 

| 

class-map match-all SIPRdata 
match not dscp af31 

match not dscp ef 

match input-interface Vian222 
match input-interface Vian6 

| 

policy-map SIPRdata 

class SIPRdata 

set dscp af21 


no crypto isakmp enable 
| 


interface LoopbackO 


ip address Insert IP address and subnet mask 


no ip directed-broadcast 
no ip proxy-arp 

| 

interface Tunnel‘ 


description multi-point Tunnel to Bns 
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ip address Insert IP address and subnet mask 
no ip redirects 

ip mtu 1289 

ip pim nbma-mode 

ip pim sparse-mode 

ip nhrp authentication Insert Key 

ip nhrp map multicast dynamic 

ip nhrp map multicast Insert IP address 
ip nhrp map Insert IP addresses 

ip nhrp network Insert network ID 

ip nhrp holdtime 600 

ip nhrp nhs Insert IP address 

ip nhrp map multicast Insert IP address 
ip nhrp map Insert IP address 


ip nhrp nhs Insert IP address 
| 


ip ospf network broadcast 

ip ospf priority 3 

ip ospf cost 1050 
service-policy output SIPRdata 
bandwidth 3072 

tunnel source FastEthernet1/1 
tunnel mode gre multipoint 
tunnel key 6805 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet0/0 
description Interface to IA PP port 1 
ip address Insert Ip address and subnet mask 
ip pim sparse-mode 

ip ospf cost 14 

duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet0/1 
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SHAPES AND FIGURES OF PLANE GEOMETRY Geometry 


Example: 


Calculate the area and perimeter of a rectangle with w = 5° and/=6’. Be sure to include 
units in your answer. 


Solution: 
A =lw P=21+2w 
A = (5)(6) P =2(5) + 2(6) 
A = 30 square feet P =10+ 12 
P = 22 feet 


A square is a rectangle having four equal sides, as shown in 
Figure 12. 


The area of a square is calculated using the following formula: 
A=@ (3-7) 


The perimeter of a square is calculated using the following 
formula: 


A= 4a (3-8) 


Figure 12 Square 


The area of a square is always expressed in square units, and the perimeter of a square is always 
expressed in the original units. 


Example: 


Calculate the area and perimeter of a square with a= 5”. Be sure to include units in your 


answer. 
Solution: 
A=a P=4a 
A = (5)5) P=4(6) 
A = 25 square feet P= 20 téet 
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description Interface to IA PP port 2 
ip pim sparse-mode 

no ip address 

no shutdown 

duplex auto 

speed auto 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface Serial0/O 
description Interface to FEC2/1 through CPP A-A5 
ip unnumbered Loopback0O 
ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 

interface SerialO/1 
description Interface to FEC2/2 through CPP A-A6 
ip unnumbered Loopback0O 
ip pim sparse-mode 
pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Serial0/2 
description Interface to KIV-19 #5 through CPP A-A11 
ip unnumbered Loopback0O 
ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 
no ip mask-reply 

no ip proxy-arp 

l 
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interface Serial0/3 

description Interface to KIV-19 #6 through CPP A-A12 
ip unnumbered Loopback0O 

ip pim sparse-mode 

no shutdown 

pulse-time 5 

ip ospf cost 22 

encap ppp 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

l 

interface FastEthernet1/0 

description Interface to Taclane #2 CT 
ip pim sparse-mode 

no ip address shutdown 

duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet1/1 

description Interface to Taclane #1 PT 
ip address Insert IP address and subnet mask 
ip pim sparse-mode 

duplex auto 

speed auto 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/0 

description Interface to MGT PC 
switchport access vlan 222 

no ip address 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/1 

description Interface to MRV Terminal Server 
switchport access vlan 222 

no ip address 

no ip proxy-arp 
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no shutdown 

l 

interface FastEthernet2/2 

description Interface to Call Manager 
switchport access vlan 58 

no ip address 

duplex auto 

speed auto 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/3 

description Interface to Avocent KVM Server 
switchport access vlan 222 

no ip address 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/4 

description Interface to Vantage 
switchport access vlan 58 

no ip address 

speed 100 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/5 

description Spare interface used for test 
ip pim sparse-mode 

no ip address 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/6 

description Interface to IDS LAN2 Port 
switchport access vlan 222 

no ip address 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/7 

description Interface to Voice case ESW3750 
switchport trunk allowed vlan 1-2,6,58,59,222,1002-1005 
ip pim sparse-mode 

switchport mode trunk 

no ip address 
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no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/8 

description Interface to Data case 3745 RTR 
switchport trunk allowed vian 1-2,6,58,59,222, 1002-1005 
ip pim sparse-mode 

switchport mode trunk 

no ip address 

duplex full 

speed 100 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/9 

description Interface to TOC RTR Vlan 6 
switchport trunk allowed vian 1-2,6,58,59,222,1002-1005 
ip pim sparse-mode 

switchport mode trunk 

no ip address 

duplex full 

speed 100 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/10 

description Interface to TOC RTR Vlan 6 
switchport trunk allowed vlan 1-2,6,58,59,222,1002-1005 
ip pim sparse-mode 

switchport mode trunk 

no ip address 

duplex full 

speed 100 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/11 

no ip address 

duplex full 

speed 100 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/12 

description Interface to IA PP port 3 

no ip address 
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ip pim sparse-mode 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/13 

description Interface to SVoice Gateway Router 
switchport access vlan 58 

no ip address 

ip pim sparse-mode 

no ip proxy-arp 

no shutdown 

l 

interface FastEthernet2/14 

no ip address 

ip pim sparse-mode 

no ip proxy-arp 

no shutdown 

| 

interface FastEthernet2/15 

description Spare interface used for test 
no ip address 

ip pim sparse-mode 

no ip proxy-arp 

no shutdown 

l 

interface Vlan1 

no ip address 

ip pim sparse-mode 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

| 

interface Vlan222 

ip address Insert IP address and subnet mask 
ip pim sparse-mode 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

l 

interface Vlan58 

description Voice Vian for CM and Phones 
ip address Insert IP address and subnet mask 
no ip directed-broadcast 

no ip mask-reply 
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no ip proxy-arp 

no shutdown 

l 

interface Vlan6 

ip address Insert IP address and subnet mask 

ip pim sparse-mode 

no ip directed-broadcast 

no ip mask-reply 

no ip proxy-arp 

no shutdown 

I 

router ospf 21 

log-adjacency-changes 

network Insert network and inverse mask area 0 
network Insert IP address and subnet mask area 0 
network Insert IP address and subnet mask area 0 
network Insert IP address and subnet mask area 0 
network Insert IP address and subnet mask area 0 
| 

ip classless 

ip route Insert IP address and subnet mask 

l 

no ip http server 

ip http authentication local 

no ip http secure-server 

l 

I 

ip pim bsr-candidate loopback 0 4 250 

ip pim rp-candidate loopback 0 priority 5 

ip pim spt-threshold infinity 

ip pim rp-address Insert IP address 

| 

logging host Insert IP address 

logging trap informational 

logging facility local7 

| 


ntp server Insert IP address 

snmp-server community Insert community string 
snmp-server ifindex persist 

l 

banner exec % 

ver. TRG.v19.1_ NoACLs 

% 

| 

banner motd c 

ATTENTION! 
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THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S.GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED FOR 
ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST UNAUTHORIZED 
ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND OPERATIONAL 
SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE ATTACKS BY 
AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS SYSTEM. DURING 
MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, AND USED FOR 
AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL INFORMATION, 
PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF THIS DOD 
COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES CONSENT TO 
MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY SUBJECT YOU 
TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE COLLECTED DURING 
MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR OTHER ADVERSE ACTION. 
USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING FOR ALL LAWFUL 
PURPOSES. 


line con O 
exec-timeout 5 0 
login local 

| 

line aux O 

no exec 
exec-timeout 0 10 
transport input none 
| 


line vty 0 4 
login local 
exec-timeout 5 0 


transport input telnet ssh 
| 


end 


KG-175 TACLANE 


B-32. The TACLANE is an INE that can encrypt IP traffic for transmission over IP networks. INEs are 
used to “tunnel” traffic of one security level through networks of another security level. There are two 
TACLANEs in the JNN shelter. The first TACLANE has its plain text Ethernet interface connected to the 
NIPRNET interior router. The cipher text port is connected to the SIPRNET interior router. In this 
configuration, data from the NIPRNET network can be encrypted and tunneled through the SIPRNET data 
network. If required, the plain and cipher text connections on the TACLANE can be reconfigured by 
cabling to tunnel SIPRNET through NIPRNET. The second TACLANE in the shelter has its cipher text 
interface connected to the VPN router, and its plain text interface connected to the SIPRNET interior 
router. The purpose of this configuration is to allow SIPRNET data to be encrypted as it traverses the Ku 
TDMA transmission system. Figure B-7 illustrates the Secure Virtual Network with TACLANES, and 
Table B-14 shows the steps for basic configuration of the KG-175. 
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NIPR 
NETWORK 


NIPR VPN 


Figure B-7. Secure Virtual Network with TACLANEs 


Table B-14. Configuring the TACLANE 


1 
2 | From Maintenance menu select DATE/TIME. 

3 
4 
5 
6 


Entering the TACLANE IP Address. NOTE: The TACLANE requires a Cipher Text IP address and 
a Plain Text IP address as well as a Cipher Text and Plain Text default gateway. 


1 [From the OffLine Main Menu select CONFIG. 
2 [From the Configuration menu select NETWORK ———SSSOSCSCSC~S~S~S~S«S 
3 [From the Configuration menu select IP COMM, SSS 
4_[ From the IP Communications menu select IP ADDRESS. SSS 


5 | Use arrow keys to navigate to a particular digit of an IP address. Use +DIGIT and —DIGIT 
function keys to increase or decrease each digit. Enter IP addresses for TL CT IP, TL PT IP, 


GWY CT IP, and GWY PT IP. 
6 | Select DONE when finished. 


7 | Select YES to save changes, restart TACLANE , and return to Offline Main Menu. 
Assign a Subnet Mask 
1 | From Offline menu select CONFIG. 


2 | From Configuration menu selectNETWORK. 
3 | From Configuration Network menu select IPCOMM, 
4 | From IP Communications menu select SUBNETMASK. 
5 | Use arrow keys to navigate to a particular digit of subnet mask. Use +DIGIT and-DIGIT___| 
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Table B-14. Configuring the TACLANE 


function keys to increase or decrease each digit. Enter CT and PT subnet mask. 


6 | Select DONE when finished. 
7 | Select YES to save changes and return to IP Communications menu. 


Filling FIREFLY Vector Set. NOTE: The TACLANE must be offline with no security level selected. 
Only one FireFly Vector Set may be filled. Any existing FireFly Vector Set must be deleted. 


1 | Attach end of fill cable to DTD serial fill port and the other end to TACLANE serial fill port. 


2 [From Offine Main Menu select KEYMGMT. 
3 [ From Key Management window select FILL, SOS 
4 [FILL FIREFLY VS menuis displayed. SSCS 
5 [ Configure DTD to transmit operations FreFly Vector Set ——SCSCS~S~S~S 
a 
b 
Cc 


d 

e 

f | Highlight Select and use down arrow to find required FireFly key. Each TACLANE in network 
must have a unique FireFly key. Press ENTER. 


g | Use arrow key to highlight Send and pressENTER 
h | AtSend To screen highlight Direct and press ENTER. 
i | AtConnecttostationpressSend 
6|SelectREADYonTACLANE, 


7 | Screen displays “Initiate fill device operations or abort.” Transmit operations FireFly Vector 


8 | Select DONE and M_MENU to return to main menu. 
Setting FireFly Security Level 


1 | From Offline Main Menu select Operations. 
2 | From Operations menu select SELECT LVL. 


3 | Select desired security level. 


Configuring TACLANE static routing. NOTE: The TACLANE must be configured with routing 
information for any remote TACLANE it will establish call paths with. 


1 | From Offline Main Menu select CONFIG. 
2 | From Configurations menu select SECURITY. 
From Security menu select STATIC RTE. 


3 
4 | From Static Route Generation menu select CREATE. 
5 


Enter network ID, subnet mask and TACLANE CT IP address of remote network you are 
creating a route for. 


6 
Bringing TACLANE online 
2 


3 | The screen should display “SECURE COMM MAIN MENU” and classification level. The 
TACLANE is ready for operation. 
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CDIM 


B-33. The JNN has three CTM-100C modems in the shelter. The purpose of the CDIMs is to convert the 
NRZ data into CDI or fiber and to allow interfaces to be extended from the shelter using either CX11230 
cable or FO cable. Each CTM-100 modem has two modem functions that convert NRZ data to either CDI 
or FO data (three CTM-100s yield four modem functions per shelter). Each modem function can be 
individually programmed for data circuit equipment (DCE) or data terminal equipment (DTE) operation. 
The typical JNN application is for RS-530 DCE operation. The diphase output can, depending on data rate, 
drive up to 2 miles. The fiber output, using multimode cable, can drive up to 10 miles at all data rates. Each 
CTM-100 CDI interface has a corresponding normal through appearance on group patch panel A (modems 
1 and 2) and group patch panel C (modem 3). This appearance is connected to a CX11230 SEP connection. 
The CTM-100 fiber interfaces are directly connected to the TFOCA II SEP connections. 


CSUM 


B-34. There are two CSUMS in the JNN that are stand-alone units. Each of the two modems has four 
corresponding binding posts on the SEP. The CSUMs have baseband RS-530 DCE interfaces to the GPP. 
The function of the CSUM is to provide a modem to convert a network interface into a High-data-rate 
Digital Subscriber Line (HDSL) for transmission over local telephone grade wire connections. The network 
interfaces are RS-530 data components (TRC ports, NIPRNET serial router ports, KIV-7 encrypted 
SIPRNET and NIPRNET router serial ports). The modulated output can operate in either one-loop or two- 
loop mode. In one-loop mode, only one pair of wires is required for connection to the distant end. Data 
payload in one-loop mode ranges from 128 to 2304 kbs in 64 kbs increments. In two-loop mode, two pairs 
of wire are required for connection to the distant end. Near end pair one must connect to far end pair one, 
and near end pair two must be connected to far end pair two. In two-loop mode, payload data rates vary 
from 256 to 4608 kbs in 128 kbs increments. CSUM binding posts are provided for external wire 
connection. 


VOICE SWITCHING 


B-35. The JNN voice components are architected to interface with traditional tactical networks and to 
combine tactical voice with data networks. The main voice components of the JNN voice system are the 
PBX, Vantage, CM, and VG-248s. The PBX is a COTS voice switch mounted in the shelter. The Vantage 
acts as an interface between the current forces tactical network and the VoIP network and can be used to 
supply flood search routing, tactical numbering, and multi-level precedence and preemption for subscribers. 
The CM software assists in call supervision and gateway call service for VoIP subscribers. Each VG248 
converts 48 standard two-wire subscriber interfaces into CM compatible VoIP connections through the data 
network to the CM. Also included as part of the voice network are the 3750 Ethernet switches (one per 
security domain). The Ethernet switches are used to terminate and provide power to VoIP subscribers. With 
the exception of the Ethernet switches and VG248s, all the voice components are mounted internal to the 
shelter. Figure B-8 shows the NIPRNET voice switching, and Figure B-9 shows the SIPRNET voice 
switching. 
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Circles 


A circle is a plane curve which is equidistant from the 
center, as shown in Figure 13. The length of the 
perimeter of a circle is called the circumference. The 
radius (r) of a circle is a line segment that joins the 
center of a circle with any point on its circumference. 
The diameter (D) of a circle is a line segment connecting 
two points of the circle through the center. The area of 
a circle is calculated using the following formula: 


A=tr (3-9) 
The circumference of a circle is calculated using the 
following formula: Figure 13 Circle 
C= 2ar (3-10) 
or 
C=7D 


Pi (7) is a theoretical number, approximately 22/7 or 3.141592654, representing the ratio of the 
circumference to the diameter of a circle. The scientific calculator makes this easy by designating 
a key for determining 7. 


The area of a circle is always expressed in square units, and the perimeter of a circle is always 
expressed in the original units. 
Example: 


Calculate the area and circumference of a circle with a 3" radius. Be sure to include units 
in your answer. 


Solution: 
A=ar C= 2ar 
A = 1(3)(3) C = (2)n(3) 
A = (9) C = 16) 
A = 28.3 square inches C = 18.9 inches 
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Figure B-8. JNN NIPRNET Voice Diagram 
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Figure B-9. JNN SIPRNET Voice Diagram 


CM 


B-36. The CM is a main component in the shelter voice architecture. There are two CMs in the shelter (one 
dedicated to the NIPRNET domain, and another dedicated to the SIPRNET domain). The CM is physically 
associated with a particular security domain by KVM and Ethernet connectivity to that domain. The CM 
software function is hosted on a PC. The CM is a software-based call processing component providing 
signaling and call control services to integrated telephony applications (e.g., VG-248 subscribers and IP 
phones). The CM’s primary functions are as follows: 


e Call processing. 

e Signaling and device control. 
e Dial plan administration. 

e Phone feature administration. 


B-37. Table B-15 contains the initial configuration steps for the NIPRNET and SIPRNET CM. 
Table B-15. Configuring the Call Manager 
NOTE When the Call Manager is installed, the following information is required to be configured: 
Start Call Manager Server 


Server Configuration 
Call Manager Configuration 


Gatekeeper 
Trunk 


Route Groups, Lists, Patterns 


Install Call Manager software as supplied on the Call Manager Installation Disk. 
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Table B-15. Configuring the Call Manager 


2 | Verify CallManager Services via the CallManager browser interface. 

a_ | Open Internet Explorer and log in using admin account (jnnadmin, jnn1234$). 
b 

Cc 


Select Application>Cisco CallManager Serviceability. 

Select Tools/Service Activation, select jnncm and verify the following services are 
enabled. If not. Enable and click update when done. 

Cisco Call Manager. 

Cisco TFTP. 


Cisco Messaging Interface. 


Cisco IP Voice Media Streaming App. 

Cisco CTIManager. 

Cisco MOH Audio Translator. 

Cisco RIS Data Collector. 

Cisco Database Layer Monitor. 

Cisco CDR Insert. 

Modifying Defaults. 

Select Application>Cisco CallManager Serviceability. 


Select your server. 


Select Cisco CallManager. 

Under Cluster Wide Parameter change t302 timer to 5000 msec. 

Start Call Manager Server. 

From the Call Manager Server desktop, double click Internet Explorer. 
The Main Call Manager Administrator window opens. 

Configure Call Manager Server. 

From Call Manager Main menu, select System>Server. 

Click Add a New Server or Modify the existing server. 

Enter IP address of Server. 

Click Update. 


Configure Call Manager. 
Choose System>Cisco CallManager. 
Click Add a New Cisco Call Manager. 


Enter appropriate settings: 
Call Manager Name: <IP Address>. 


NOITIMIOIAsloO JOIVM AjoasM9 | HRIAIO |O]M | oo 


Description : Same as the name. 
Starting Directory Number: trunk prefix plus the start extension range. 
Ending Directory Number: trunk prefix plus the highest directory number. 


Click Insert to save Cisco CallManager configuration in database 


Configure Gatekeeper NOTE: Gatekeeper is only used in SIPRNET domain. 
Choose Device>Gatekeeper. The Gatekeeper Configuration page displays. 


Select Add a New Gatekeeper or Modify the existing one. Add the following information: 
Hostname IP Address: <VantageGK IP>. 


TIM IN|IaQ 


Description: 
Registration Time to Live: 
Registration Retry Timeout: 
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Enabled Device: 
Click Insert. The page updates and name of new gatekeeper displays in Gatekeepers list. 
Configure Intercluster Trunk. 


Choose Device>Trunk. 


oa} |oO}O 


Select Add a New Trunk. Enter the following information using pull down selection. 


Trunk Type: Intercluster Trunk (Gatekeeper Controlled). 
Device Protocol: Intercluster Trunk. 


c | Click Next. The trunk Configuration screen appears. 


d_ | Enter the following information: 
Device Name: Name of the trunk. 
Description: A description of the trunk. 
Calling Party Selection: Originator. 
Calling Party Presentation: Allowed. 
(SIPRNET Domain only) Gatekeeper Name: Vantage IP address. 
Terminal Type: Gatekeeper. 
Technology Prefix: Trunk prefix number. 


e : 
9 

a 

b : 

@ | Choose device name ports ALL setorder# ———=~S~“‘*‘“*~“‘*~*‘“‘~*~*~*~*Y 
d [Clickinsert 
10 | ConfigureRouteLiss 
a_|SelectRoutePlan>RouteList 
b |ClickAddaNewRouteList 
c_|Nameanddescription, 
d |Clickinsert 
11 | Configure Route Patten. 
a_|SelectRoutePlan>RoutePattern, 
b |ClickAddaNewRoutePatten, 
Cc i ‘ 

d 


Enter appropriate Route Pattern 
Click Insert. 


12 | Restart Call Manager to register with the Gatekeeper. 
Select Application>Cisco Call Manager Serviceability. 


a 

p [Select ToolssControlCente. SSCS 
¢ [CickonSever.SSOSCSCSC“‘“SsS“‘“SsSCSCS 
4 [Select Cisco CallManager. ——=SC~C“‘“‘*S*S*S*“‘“‘*‘“‘“‘~“~*‘“‘~*~*~* 
e 


Click Stop. 
Click Start. 
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VANTAGE AND GATEWAY ROUTER 


B-38. The Vantage and SIPRNET voice gateway router work together to provide a seamless interface 
between the VoIP network and the tactical network. The Vantage acts as a H.323 gatekeeper providing 
services such as routing, bandwidth, and link management to non-tactical SIPRNET JNN subscribers. The 
Vantage allows JNN subscribers to invoke the tactical network flood search algorithms to locate and call 
properly classmarked subscribers in the tactical network. Its digital transmission group interface to the 
tactical network is a flood search DTG. The JNN Vantage is equipped with two DTG cards. Its diphase 
outputs are cabled to the group patch panel (GPP). At the GPP, the Vantage DTGs are normal through 
connected to CX-11230 SEP appearances. The cipher text (CT) and plain text (PT) interfaces for the 
Vantage TED interfaces are patchable. The Vantage has two serial ports that connect to CPP-A. Each serial 
port corresponds to a Tactical High Speed Data Network (THSDN) interface on each DTG. At CPP-A, the 
Vantage serial connection can be patched either directly to a SIPRNET router port or to one of the four 
FEC functions. From the FEC unit, they may then be patched to the SIPRNET routers. The Vantage 
processor card has an Ethernet connection to the SIPRNET tier 2 router and monitor, mouse, and keyboard 
connections to the domain. The Vantage is populated with a 16-port Tl card. Four of the T1 ports are 
directly connected to four T1 ports on the SIPRNET voice gateway router. The SIPRNET voice gateway 
router provides a gateway function between the VoIP network and the Vantage. Figure B-10 shows the 
voice connectivity to MSE and TRI-TAC networks. Table B-16 shows the startup procedures for the 
Vantage. 


Call 
Manager 


TRI-TAC DTG_—. 


Flood Search 


Tactical - 
Voice Network > 


6701333 6701444 


Figure B-10. Voice Connectivity to MSE and TRI-TAC Networks 


Table B-16. Vantage Start up and Configuration 


Verify all physical network connections have been made. Monitor, keyboard and mouse have 
been attached to the Call Manager and IP address of Vantage Gatekeeper set. 


Flip red main power switch on back of Vantage node to on 


Flip power switch on front of KIV-19’s to on. 
Press main power button on front of Cisco Call Manager. 
Wait for Vantage to completely boot. 
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Table B-16. Vantage Start up and Configuration 


Log into Vantage operating system from the Vantage Console. 
Enter user name : administrator. 
Enter password: password. 


Double click Internet Explorer icon from desktop 


Observe the default homepage is the Vantage gatekeeper. 


Log in with the appropriate username and password. 
Enter User name: gdadmin. 


Enter password: helicopter. 


Select Registered Gateways under H.323 Entities header and verify that Cisco router 
(JNN3725) and Call Manager (cm855_1) are displayed with their respective prefixes. 


Select Node Configuration under the Node header and verify/configure IAC, Switch Code, 
Operator Number, and ..., fields as desired. 


Select Affiliation Lists under Subscribers header, scroll down, and click on desired affiliation list 
number. On Affiliation List Details screen select Affiliate. 


Select Node Timing under Node header and verify/configure sources for Primary Master and 
Backup timing. 


Ensure that necessary COMSEC has been loaded into KIV-19s within Vantage node. 
Ensure DTG at PBX has been configured and initialized. 


Select DTG Characteristics under Node header. There are 2 available DTGs that can be (M) 
Modified, (D) Deleted, and/or (R) Reset. 


(M) Modify desired DTG's characteristics selecting associated blue M box. At Modify DTG 
Characteristics screen, change desired DTG setting(s) and select OK button on top right of 
screen when finished. It is recommended DTG be (R) Reset after modifications have been 
made. 

(D) Delete function will remove DTG assignment from Vantage and is not recommended without 
consulting Quick Reference Guide. 

(R) Reset desired DTG by selecting associated green R box. Select OK at acknowledgement 
prompt. Note: Verify LED indicators on front of respective DTG card fall in sync (switch from red 
to all green within approx. 30s after (R) Reset). 


Using the Affiliated Subscribers command, verify that each affiliated subscriber has the following 
information displayed: 

TUID. 

Personal Code. 

Profile number. 

Indication if subscriber is a PBX subscriber. 


Select Node Timing from Menu and set the Primary Master and Backup. 


Select OK. 


PBX 


B-39. The JNN PBX is a one-shelf COTS ISDN gateway switch (IGX). The T1 interfaces are directly 
connected to the GPP. From the GPP, the Tls may be patched to the SEP or to TRC primary rate card 
(PRC) ports. The 32 plain old telephone service (POTS) lines are directly connected to the SEP. The users 
may be connected to the SEP via two standard 1077 junction boxes. One junction box will allow the 
connection of 24 two-wire pairs or subscribers. The other will provide two two-wire terminations and direct 
current (DC) closure commercial office lines (when the PBX is configured with its alternate population of a 
DC closure card). It should be noted that from the timeslot perspective the IGX shelf is over-subscribed 
with the 4 Tls and 32 POTS subscribers. It is likely that all 4 Tls will not be allocated. The PBX is 
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configured via a console port interface. The PBX console interface is directly cabled to a port on the 
NIPRNET terminal server. The operating system and feature sets have been installed according to the 
defined configuration and card set provided with it. PBX translations are stored on the processor’s personal 
computer memory card international association (PCMCIA) translation card (slot 1). These translations 
contain the defined dialing plan, and routing for the JNN voice network. During system installation or 
bootup, the PBX system will automatically load the translations from the PCMCIA translation card. An 
alternate card is supplied with the JNN for connection to two ground-start/loop-start DC closure 
commercial office trunks. This trunk card, ground-start loop-start ringdown, is installed in slot 9 and 
replaces the T1 cards occupying slots 9 and 10. 


TRC 


B-40. The TRC is the means of interconnecting and controlling secured and unsecured digital trunks 
between JNNs as well as a limited number of channel level telephony and data equipment. Connection 
between any two like ports in the TRC network is possible if there is at least one path between the 
respective stations. The connection between data points in the network is referenced as a call. This is 
independent of whether the data path carries voice or data traffic. If a link in the network is broken, and a 
path providing sufficient bandwidth is available, the TRC automatically reroutes the data calls. The TRC 
also provides a demand-assigned bandwidth capability that dynamically allocates only the amount of 
bandwidth needed to support a call (plus a minimal amount of overhead bandwidth). The TRC is a STEP 
site compatible multiplexer. Configurable inputs for the TRC are serial interfaces, T1 circuits, and diphase 
interfaces. The TRC can have three standard aggregate outputs. Additionally, the TRC is configured and 
populated for T1 circuit voice compression and echo cancellation capabilities. The JNN configuration has 
one shelf. The shelf is populated with TRC common equipment cards and feature cards. The shelf has 12 
slot sets with two integral power supplies. A slot set is defined as a front and back card. (Note that some 
card types do not require both front and back card slots to be simultaneously populated.) The TRC is 
configurable via a serial interface to the NIPRNET configuration PC. The TRC is configured with trunk 
modules, data modules, and voice modules. Typically, with the exception of the PrimeVoice Secure-12 
(PVS-12) Module, a module is comprised of a front card and a back card. 


PRC 


B-41. The JNN TRC contains two PRC modules that consist of a PRC front card and a DS-1 rear interface 
card. Each module has two T1 interfaces to yield a system capacity of four Tls. The fundamental purpose 
of the Tl module is to allow T1 interfaces to be brought into the TRC fabric for multiplexing. The 
secondary purpose of one of the four PRC interfaces is for system timing. The TRC can be configured to 
recover and derive clock from a PRC’s T1 interface. Of the four T1 interfaces, one is cabled to be normal 
through to a Tl output on the GPS. The timing T1 allows TRC timing to be taken directly from the GPS. 
This is a core element in the JNN system-timing scheme. All four PRC T1 interfaces are connected to the 
GPP. At the patch panel they may be connected to T1 interfaces off of the PBX, T1 interfaces from the 
NIPRNET router, or to external T1s via a SEP patch connection. 


PVS-12 Module 


B-42. The PVS-12 Module consists of a single front card without a rear interface card. Each PVS-12 
Module provides 12 channels of voice compression. With two cards supplied in the JNN, a total of 24 voice 
ports may be compressed at any one time. 


High Speed Data (HSD) Module 


B-43. The JNN configuration has four HSD modules. Three are configured with dual RS-530 back cards, 
and one has a dual CDI DCE back card. The purpose of the HSD card in the system is to allow serial data 
to be brought into the TRC fabric. The 530 back cards allow RS-530 formatted data to be interfaced to the 
TRC. The dual CDI card allows either 530 or conditioned diphase formatted data to be interfaced to the 
TRC. Each of the four HSD modules has two back card RS-530 DCE ports cabled to the communication 
patch panel. At the communication patch panel, the 530 ports may be patched to NIPRNET serial data 
interfaces, KIV-7 encrypted SIPRNET serial interfaces, or modems to introduce data from devices external 
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to the shelter to the TRC. The dual CDI back card has two additional CDI connections to the GPP. At the 
GPP, the two HSD CDI ports can be connected to the Vantage DTG (not typical), CTM-100 outputs, or to 
external interfaces via SEP appearances. It should be noted that though the dual CDI back card has both 
530 and CDI interfaces for each of its two ports, only one mode can be invoked for a port at a time. 


SA-TRK Module 


B-44. The TRC has three SA-TRK modules. Each module has one interface. The SA-TRK modules are the 
main aggregate interfaces for the TRC. Information from other voice, data, and trunk modules can be 
combined and routed out of the TRC via the SA-TRK modules. Each SA-TRK interface connects to the 
communications patch panel. In a typical application, the SA-TRK will be patched to the plain text 
interface of a TED KIV-19. The CT interface of the KIV-19 will be patched to a modem to exit the shelter. 
Figure B-11depicts a TRC block diagram. 
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Figure B-11. TRC Block Diagram 


TRC Timing 


B-45. The TRC has the capability to recover timing from one of six external sources. The TRC is 
configured to recover primary timing from the shelter GPS via a Tl on a PRC. Secondary timing may be 
derived from any trunk interface (maximum of 2). Timing source configuration is done via software 
strapping of the node and the interface cards. During TRC database initialization, the TRC prompts for 
timing configuration information. The data for TRC timing may be entered at that time or later. If not 
entering timing data during the database initialization process, it will be necessary to use the MODIFY 
NODE command to enter the primary and alternate timing sources. A typical installation will use the PRC 
digroup 0 to recover timing from the shelter GPS. A secondary backup timing source may be provided 
from one of the trunk cards. 
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TRC Domain 


B-46. The TRC operates in a domain of nodes. Each individual network is called a domain. A domain is a 
TRC network that can comprise from one up to 250 nodes. Domains are connected to each other by 
gateway nodes. A gateway node is physically connected to its neighbor gateway node (NGW) in the other 
domain through a gateway link (GWL). A gateway link is a trunk-side connection between two domains 
that enables calls to originate in one domain and terminate in another domain. Local domain parameters are 
set to the default values when the node is initialized. These parameters are used to specify and configure 
domain information for the node. 


FLEXMUX 


B-47. The flexmux is a multi-channel synchronous time-division digital multiplexer combined with a 
digital signal level 3 (DS3) FOM. In the JNN configuration, it has two multiplexed groups. It multiplexes 
up to four inputs into a single coaxial cable 44.736 Mbs (megabits per second) which is applied to an 
internal DS3 FOM card. The flexmux has built in self test diagnostics and must be configured through a 
command line interface. 


KIV-7 ENCRYPTION DEVICE 


B-48. The JNN contains four KIV-7 data encryption devices to encrypt the red SIPRNET serial data lines 
from the SIPRNET routers before they appear on the black patch panel. Once encrypted by the KIV-7s 
(and rendered black), the serial lines from the SIPRNET router may be connected to other black interfaces 
such as multiplexers and modems via the patch panel. A KIV-7, or compatible unit, is required at the far 
end to decrypt the SIPRNET serial line and interface it to a red SIPRNET device. Figure B-12 shows 
typical signal flow using a KIV-7. 
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Figure B-12. Signal Flow Using KIV-7 
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TED 


B-49. The JNN shelter has 12 KIV-19 TEDs to perform digital data encryption and decryption in full 
duplex synchronous operation. They use identical key generators for transmit and receive. The KIV-19s 
can operate at data rates between 9600 bps and 13 Mbs. When operated in “traditional crypto mode” the 
KIV-19A is cryptographically compatible with the following equipment types: KG-81, KG-94, KG-94A, 
KG-194, KG-194A, KG-95, and KIV-19s, when operated at operationally common data rates. The KIV- 
19s are used in the JNN system to bulk encrypt aggregate data streams (as from the TRC SA-TRK 
interfaces), or to encrypt serial data streams from the SIPRNET router as a KIV -7 does. Because some 
systems use the KIV-7 for this and some a KIV-19 and they are not compatible, the JNN has the ability to 
use either for wider interface compatibility. Figure B-13 shows a typical application of the KIV-19. 
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Figure B-13. Typical KIV-19 Application 


NETWORK MANAGEMENT 


B-50. A Panasonic Toughbook laptop computer with related software is used within each security domain 
to provide a manager platform. The node manager provides monitoring and control capabilities that report 
on the condition of the network components. It also has the capability to build and save device 
configurations. 


SIGNAL ENTRY PANELS 


B-51. There are three SEPs on the JNN designated as Metal Plate (MP) 1, MP2 and MP3. MP1, as depicted 
in Figure B-14, provides the cable connections for the SIPRNET domain as well for the current forces 
DTGs to the Vantage. MP2, as depicted in Figure B-15, provides the cable connections for the NIPRNET 
domain as well as the GPS and flexmux. MP3, as depicted in Figure B-16, provides the cable connections 
for the Ku band and GMF. 
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Summary 


Geometry 


The important information in this chapter is summarized below. 
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Shapes and Figures of Plane Geometry Summary 


Equilateral Triangle 
Isosceles Triangle 
Right Triangle 

Acute Triangle 

Obtuse Triangle 
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Area of a triangle 
Perimeter of a triangle 
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Perimeter of a parallelogram 
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Figure B-14. Cable Connections for MP1 
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Figure B-16. Cable Connections for MP3 
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SATELLITE TRANSPORTABLE TERMINAL 


B-52. The primary transmission means for the JNN is the satellite transportable terminal. It consists of a 
2.4M Ku band antenna mounted on a tactical trailer with associated equipment to provide access to the Ku 
band commercial satellite constellation. It is also configurable for Ka Band as it becomes available. It 
supports FDMA and TDMA networks at the division or BCT level. See Appendix D for detailed 
information on the satellite transportable terminal. 


TRANSIT CASES 


B-53. The JNN also has three SIPRNET data cases and two NIPRNET cases that are typically located in 
the division and BCT TOCs, which provide subscriber support for voice and data. Refer to Appendix C of 
this manual for detailed information on this equipment. 


MAINTENANCE 


B-54. The following is guidance for troubleshooting and performing operator-maintainer (MOS 25N) level 
maintenance on the JNN. The maintenance on the JNN requires an operator-maintainer who is familiar 
with the functional operation, information, and troubleshooting procedures contained in the maintenance 
technical manuals for the JNN equipment. 


B-55. Located in Technical Manual 11-5805-861-13&P-1, & P-2 (Operator, Unit and Direct Support 
Maintenance Manual Including Repair Parts and Special Tools List Central Office, Telephone Automatic 
AN/TTC-59(V1),(V2)) are troubleshooting charts, equipment indicators, displays, and fault isolation 
procedures to assist the operator-maintainer with troubleshooting, repairing, and replacing equipment 
within the JNN. 


B-56. The troubleshooting procedures are based on fault indicator observations during normal operations. 
Fault indicators can be generated by both visual alarms and generated user reports. The visual alarms 
consist of LEDs which may consist of single or multiple indicators signaling minor or major alarms within 
the equipment. 


B-57. The operator-maintainer has several steps that must be exercised before determining equipment 
failures. The primary troubleshooting objective is to isolate the failure at the lowest level. Flow charts are 
provided in the technical manuals to assist in troubleshooting, along with alarm summaries which report 
results of built in tests. 


B-58. Once the failure has been identified, the proper procedures to correct the problem will require 
knowledge of the process. Within the two level maintenance guidelines, the field level maintenance 
requires the operator to replace COTS equipment from spares located on site. According to Standard 
Operating Procedures (SOP) the equipment is forwarded to the S-6 on DA Form 2407 or DA Form 5504 
and then to the BCT/DIV Customer Field Service Representative (CFSR). 
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Command Post Node Component Listing, Startup, and 
Maintenance Procedures 


This appendix will cover the CPN component listing, startup, and maintenance 
procedures. The CPN provides enhanced voice and data capabilities along with the 
ability to interface directly to the Ku band or LOS radio transmission resources down 
to the support battalions. The CPN interface cases located at the division and BCT 
level are deployed with the JNN shelter. The SIPRNET and NIPRNET cases, at the 
division and BCT level, provide data services and voice switching functions, which 
provide VoIP, transmission system Ku band services (TDMA and FDMA), and user 
LAN services for the subscriber to mesh into the GIG. The CPN cases located at the 
BN are deployed separately with the battalions. The CPN SIPRNET cases provide 
data services and voice functions which provide only TDMA service to the battalion 
level. 


DIVISION AND BRIGADE INTERFACE CASES 


C-1. The division and brigade CPNs are lightweight deployable transit cases that consist of SIPRNET and 
NIPRNET communication processing equipment for voice and data functions. Each division is fielded two 
CPNs, whereas each BCT is fielded only one. Refer to Figure C-1 for SIPRNET and NIPRNET interface 
components. 


SYSTEM COMPONENTS 


C-2. The division and BCT CPN configuration consists of SIPRNET and NIPRNET cases. The SIPRNET 
cases are comprised of interface case A, interface case B, and an UPS case. The NIPRNET cases consist of 
the interface case B and an UPS case. The BVTC/BITS connects to the SIPRNET voice case to interface 
with the JNN. 


INTERFACE CASE A COMPONENTS 


C-3. Interface case A provides SIPRNET capability only. With this capability, the interface case provides 
SIPRNET LAN access for users to the JNN. The SIPRNET interface case supports and provides Web 
Cache, firewall screening to LAN users, and a transmission control protocol/internet protocol (TCP/IP) 
performance enhancing proxy in order to provide IP capability over satellite links. The LOS case is 
compatible with telephony case A to support connections for the SIPRNET data users. 
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Figure C-1. SIPRNET and NIPRNET Domains 


Turbo IP 


C-4. The COTS Turbo IP equipment is designed to combat problems of TCP transmission over satellite 
links. The Space Communications Protocol Standard (SCPS) is a standard-based transport protocol (SCPS- 
TP) performance enhancement for satellite communication networks. The unit restores network efficiency 
and overcomes the inherent limitations of TCP/IP on impaired links and enables implementation on a node- 
by-node basis for deployment and end-to-end data transfer. TCP/IP bottlenecks in an impaired environment 
(high delay, high bit error rate, or both) are minimized and interoperability with the TCP devices is 
maintained. 


Router 


C-5. The COTS router optimizes high performance routing, integrated low density switching, security, 
voice, IP telephony, and content networking in a single integrated modular unit. The unit incorporates 
network modules (NMs), WAN interface cards (WICs), and Advance Integration Modules (AIMs) for 
WAN access, voice gateway, security content, and dial applications. The unit also includes a doublewide 
form factor that provides support for high density service modules (HDSMs) for higher port density and 
high performance services. 


Media Converter Chassis CPSMC0800-100 


C-6. The media converter chassis can accommodate up to eight single-slot media converter slide-in 
modules or four dual-slot media converters, allowing connection to dissimilar media. The unit is equipped 
with alternating current (AC) or DC power supplies and fans to dissipate heat from the power supplies and 
media converter modules. 
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Firewall 


C-7. The firewall provides perimeter and or internal network protection for the IP network. The firewall 
can be used to protect both the user’s LAN and WAN from harmful packets and attacks. The firewall has 
four 10/100 auto-sensing ports. The unit can handle up to 100 Mbs of firewall traffic and 20 Mbs of 3 Data 
Encryption Standard (DES) or AES VPN tunnel traffic simultaneously while using up to 500 policies to 
filter traffic. 


RJ-45 Patch Panel and SEP 


C-8. The RJ-45 patch panel is used to extend the 34 RJ-45 Ethernet connections from the Ethernet switch. 
Also extended to this panel is the console port of the Ethernet switch. The SEP has four TFOCA II 
connectors; two are connected to the two media converter modules, and two are connected to the uplink 
gigabyte interface converter (GBIC) modules, thus extending two Gigabit Ethernet and two Fast Ethernet 
ports over the fiber link. The SEP also includes console ports for the router, the WebCache router module, 
the Turbo IP, and the firewall. The four 25-pin RS-530 connectors are used for the four serial ports from 
the WIC2 T router modules. 


INTERFACE CASE B COMPONENTS 


C-9. Interface case B provides capabilities for NIPRNET and SIPRNET applications to the end users. 
Case B provides NIPRNET access to the JNN via fiber for up to 22 users. The Ethernet switch provides 
terminations for locally connected data users. The media converters are used to convert Ethernet interfaces 
to a fiber format for Ethernet switch connectivity to either the JNN shelter or to other case types. Case B is 
also compatible with the JNN voice case, allowing a single point connection for NIPRNET data users and 
allowing scalability of IP phone support. When the case is used with case A, it allows SIPRNET scalability 
access for increased user accounts. 


Media Converter Chassis CPSMC0200-200 


C-10. The dual-slot chassis can accommodate one or two selectable media converter slide-in modules, 
allowing connection of two dissimilar media. The unit is powered by an external power supply. 


Switch 


C-11. The COTS switch is equipped with 24, 10/100 Power over Ethernet (PoE) ports and two small form- 
factor pluggable (SFP) uplink ports. The unit is capable of providing VoIP phones with in-line power as 
well as standard IP connections to users. The SFP ports are populated with GLC-SX-SM modules 
providing two 1000Base links over a multi-mode fiber cable and a wavelength of 850nm. 


Media Converter CBFTF1013-100 


C-12. This unit is a bridging media converter designed to connect a 10/100 Ethernet media using an RJ-45 
connector to a 100Base-FX 1300 multi-mode fiber optic cable using two SCIOOBASE-FX connectors 
(transmit and a receive). 


RJ-45 Patch Panel and Power Entry Panel 


C-13. The RJ-45 patch panel is used to extend the 22 RJ-35 connections from the Ethernet switch network 
module in the router. The Ethernet ports from the firewall and the Turbo IP as well as an additional Fast 
Ethernet port from the router’s FA0/0 are also extended through the patch panel. The SEP portion of the 
panel includes four TFOCA II connectors that are connected to the four media converter modules to extend 
two Gigabit and two Fast Ethernet ports over fiber. The power entry panel (PEP) connects to an external 
power source and provides power to transit case equipment through a circuit breaker switch as well as 
surge protection. 
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UPS CASE 


C-14. The UPS transit case supplies power to the JNN interface cases and battalion command post transit 
cases. The UPS is a 1.0 kW, uninterruptible, AC power supply designed to provide continuous, filtered, 
surge protected, isolated, and regulated AC power to a computer system. It accepts 120 VAC input power 
and is provided with internal, rechargeable batteries which will power a 1.0 kW load for a minimum of 10 
minutes if AC power input is not available. Batteries used in the UPS are a sealed, lead-acid type. The 
batteries will not vent any gases, are spill-proof, maintenance free, and may be operated in any position. 
The battery pack module for the UPS is self-contained. The battery pack module is accessible to the 
operator from the front of the UPS and may be removed and installed without the use of tools. Electrical 
connection to the UPS is achieved via a docking connector which connects on insertion of the battery pack 
module into the UPS. 


CONNECTING THE DIVISION, BRIGADE, AND BCT INTERFACE CASES 


C-15. The division, brigade, and BCT interface transit cases connect to the JNN shelter via two separate 
domains: 

@ The SIPRNET domain. 

@ The NIPRNET domain. 


C-16. The connection points for both domains are via TFOCA II connector on the signal entry panels (MP1 
and MP2). Each of the possible fiber connection points connect to a media converter inside the shelter. The 
media converter converts the fiber media to a 100BaseT format. The 100BaseT interface then connects to 
an Ethernet switch port on the tier 2 router. There are four possible connection points on each domain for 
the BCT connection. Table C-1 and Table C-2 below depict the connection points for each domain. Refer 
to Figure C-2 for the JNN case setup. Connect the BCT interface cases as follows: 


e Connect SIPRNET router case (Case A) 100BS circuit to MP1J2. 
e Connect NIPRNET Ethernet switch case (Case B) 100BS circuit to MP2J2. 


Table C-1. SIPRNET Connection Points 


Media Converter SIPRNET Router Port 
MP1A4J4 
MP1A4J2 |ATAGA2 | Tier2portzex | 
MP1A4J3 FATAGAZ | Tier 2port29x | 
MP1A4J4 |A7AGAS | Tier2portziox, | 


Table C-2. NIPRNET Connection Points 


SEP Position Corresponding Media _ | Corresponding Comment 
Converter NIPRNET Router 
Port 


MP2A41 ATASAT Tier 2port27x | 


MP2A4J2 A7ASA2 Tier 2 port 2/8X Preferred Connection Point 
MP2A4J3 ATA5A3 Tier2port2/9x | —ss—sSsiszY 
MP2A4J4 ATASAA Tier2port210x | 
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Figure C-2. Connection between JNN and Interface Cases 


C-17. The JNN signal entry panel provides one T1 circuit connection on panel MP2. There are no default 
connections to the SEP T1 connector in the JNN; you must patch in one of the shelter’s T1 circuits using 
the group patch panel A SEP T1 connection. 


BVTC/BITS 


C-18. The BVTC/BITS provides the capability to introduce video teleconferencing into the JNN system. 
The JNN will provide one interface case which will connect to the JNN by means of an HDSL modem. The 
BVTC/BITS connects thru the SIPRNET voice case, and then interfaces at the JNN SEP. 


C-19. The BVTC/BITS capability is necessary to provide the commander with access to accurate, timely, 
situational information while coordinating and interacting with different echelons and adjacent units. The 
BVTC/BITS is more bandwidth efficient than current forces circuit switched video teleconference (VTC) 
by giving bandwidth back to the users when it is not operational. The BVTC/BITS uses existing 
communication LAN infrastructure at the TOCs and across the network backbone. 


VOICE CASES 


C-20. There is one set of JNN voice interface cases allocated for each domain. One set is used for RED 
voice subscribers and the other is used for BLACK voice subscribers. The JNN voice telephony suite 
provides IP telephone access and power for 30 VoIP phones. The voice telephony case provides IP 
conversion for 48 POTS subscribers, Ethernet connectivity for the analog gateway and external server, and 
a single connection point back to the JNN shelter. Refer to Figure C-3 for voice components. 
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Figure C-3. Red and Black Voice Telephony Case 


SIPRNET Media Converters 


C-21. There are two 100BaseT to 100BaseFL slide-in media converters housed in a CPSMC0200-200 
chassis. The media converters provide an RJ-45 to 100BaseT connection and an RX (receive) and TX 
(transmit) SC100BaseFL connection to a multi-mode fiber optic cable. 


Ethernet Switch 


C-22. There is one Ethernet switch in the transit case that provides inline power to the VoIP phones. 


VG-248 


C-23. The VG-248 is an analog gateway that is managed and controlled by the CM software. The analog 
gateway provides ports for 48 analog phones to connect POTS telephones, modems, and fax machines to 
the CM IP telephony system. It is equipped with digital signal processing that converts analog voice into IP 
packets for transport through the IP network using coder/decoder (CODEC). Subscribers receive a local 
phone number and services from the CM server. After registration with the CM server, the POTS phones 
may then register with the Vantage gatekeeper function to receive its TUID. Subscribers receive local 
phone numbers and services from the CM server. Each VG-248 allows 48 analog phones to derive service 
from the VoIP components in the system. Subscriber connection to each VG-248 is accomplished via RJ- 
11 connectors on the SEP. Initial configuration of the VG-248 may be accomplished by directly connecting 
a cable from the node manager laptop directly to the connector on the transit case that corresponds to the 
VG-248 console port. Subsequent configuration may be either via the direct console port connection or 
from telnet sessions to the device. 
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SOLID GEOMETRIC FIGURES 


This chapter covers the calculation of the surface area and volume of selected 
solid figures. 


EO 1.5 Given the formula, CALCULATE the volume and 
surface areas of the following solid figures: 

Rectangular solid 

Cube 

Sphere 

Right circular cone 

Right circular cylinder 


caooE 


The three flat shapes of the triangle, rectangle, and circle may become solids by adding the third 
dimension of depth. The triangle becomes a cone; the rectangle, a rectangular solid; and the 
circle, a cylinder. 


Rectangular Solids 
A rectangular solid is a six-sided solid figure 
with faces that are rectangles, as shown in Figure 


14. 


The volume of a rectangular solid is calculated és 
using the following formula: 


V=abc (3-11) c 


The surface area of a rectangular solid is Figure 14 Rectangular Solid 
calculated using the following formula: 


SA = 2(ab + ac + bc) (3-12) 


The surface area of a rectangular solid is expressed in square units, and the volume of a 
rectangular solid is expressed in cubic units. 
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PEP 


C-24. The voice interface case has a separate PEP installed into the case that connects to a government- 
furnished external power source. The power and surge protection is supplied to the case equipment through 
a circuit breaker switch. One grounding stud is present for means of a grounding point for the case. 


Patch Panel 


C-25. The patch panel is used to extend the connections from the various types of media that are used 
within the system. On the patch panel there are extended console ports for the Ethernet switches, analog 
gateway, and LAN ports. For signal entry, the panel has two TFOCA II connectors that are connected to the 
media converter which will extend the 2 GB over fiber optic cable. 


UPS 


C-26. The UPS is housed in a deployable transit case. It supplies power for the JNN voice interface 
equipment transit case. The UPS is a 1.0 kW, uninterruptible, AC power supply designed to provide 
continuous, filtered, surge protected, isolated, and regulated AC power to a computer system. It accepts 120 
VAC input power and is provided with internal, rechargeable batteries which will power a 1.0 kW load for 
a minimum of 10 minutes if AC power inputs are not available. Batteries used in the UPS are valve 
regulated, nonspillable, and flame retardant, lead-acid type. The batteries do not vent any gases, are 
maintenance free, and may be operated in any position. The battery pack module for the UPS is self- 
contained. The battery pack module is accessible to the operator from the front of the UPS. Electrical 
connection to the UPS is achieved via a docking connector which mates on insertion of the battery pack 
module into the UPS. 


BATTALION COMMAND POST NODE SYSTEM COMPONENTS 


C-27. The CPN cases at the battalion level are deployed with the battalions. There will be one CPN located 
at the BN level to provided extended services. The CPN consists of a router case, a VPN case, an LOS 
case, and two | kW UPS cases. The router case interfaces to the Ku TDMA transmission network through a 
fiber optic connection to the VPN case. Since the Ku transmission network is a black network, and the 
VPN case is also black, the Ethernet interface between the VPN and router cases is encrypted by a 
TACLANE within the router case. The router case contains a firewall for local user protection. Local users 
connect to the Ethernet switch through an RJ-45 connection block, mounted on the back of the case. The 
router runs Call Manager Express software to provide a light CM package for local VoIP phone services. 
The Ethernet switch can provide power to its connections to facilitate the use of VoIP subscribers requiring 
PoE. To improve performance over satellite systems, a TCP/IP performance enhancement proxy is included 
in the router case. The router case can support connections of up to 20 subscribers (voice or data). If 
additional subscriber connectivity is required, then the Ethernet switch from the BCT and division case set 
may be connected to augment subscriber connection counts. Refer to Figure C-4 for the BN CPN 
interconnectivity diagram. 
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Figure C-4. Battalion Command Post Node Block Diagram 


ROUTER TRANSIT CASE 


C-28. The BN router case is used in the SIPRNET domain to provide connectivity to data and VoIP users. 
The router case contains the following components: 
e TCP/IP performance enhancing proxy. 
Media converters CBFTF1013-100. 
TACLANE KG-175. 
Firewall. 
Access router. 
Switch. 


TCP/IP PERFORMANCE ENHANCING PROXY 


C-29. The COTS TCP/IP performance enhancing proxy equipment is designed to combat problems of 
TCP/IP transmissions over satellite links. The Space Communications Protocol Standard (SCPS) is a 
standard-based transport protocol (SCPS-TP) performance enhancement for satellite communication 
networks. The unit restores network efficiency and overcomes the inherent limitations of TCP/IP on 
impaired links and enables implementation on a node-by-node basis for deployment and end-to-end data 
transfer. TCP/IP bottlenecks in an impaired environment (high delay, high bit error rate, or both) are 
minimized and interoperability with the TCP/IP devices is maintained. 
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MEDIA CONVERTER CHASSIS CPSMC0200-200 


C-30. The media converter dual-slot chassis can accommodate one or two selectable media converter slide- 
in modules, allowing connection of two dissimilar media. The unit is powered by an external power supply. 
This power converter is supplied as part of the media converter chassis and is mounted on the top rack of 
the case. 


MEDIA CONVERTER CBFTF1013-100 


C-31. This unit is a bridging media converter designed to connect a 10/100 Ethernet media using an RJ-45 
connector to a 100Base-FX 1300nm multi-mode fiber optic cable using two SC1OOBASE-FX connectors 
(TX and RX). Two of these modular units populate the CPSMC0200-200 chassis. 


KG-175s (TACLANE) INE 


C-32. The TACLANE unit provides end-to-end encryption of IP packets over a strategic IP network 
(SIPRNET). This function can be characterized as an encrypted tunnel through another network from one 
TACLANE to another TACLANE to provide security. 


FIREWALL 


C-33. The firewall provides perimeter and internal network protection for the IP network. This firewall can 
be used to protect both the LAN and the WAN from harmful packets and attacks. The firewall has five 
10/100 auto-sensing ports. It can handle up to 70 Mbs of firewall traffic and 20 Mbs of three DES or AES 
VPN tunnel traffic simultaneously while using up to 100 policies to filter traffic. It can handle 2000 
concurrent sessions, ten site-to-site VPN tunnels, and 100 VPN users. 


MULTISERVICE ROUTER 


C-34. The multiservice router provides a one-network module slot platform with two fixed 10/100BaseT 
Ethernet port(s), two integrated WIC-2T slots, and one Advanced Integration Module (AIM) slot, with 
performance up to 40 kbs. 


SWITCH 


C-35. The COTS switch is a 24-port 10/100 PoE switch with two small form-factor pluggable (SFP) uplink 
ports. The unit is capable of providing VoIP phones with in-line power as well as standard IP connections 
to users. The SFP ports are populated with GLC-SX-SM providing two 1000Base links over a multi-mode 
fiber cable and a wavelength of 850nm. 


RJ-45 PATCH PANEL AND SEP 


C-36. The RJ-45 patch panel is used to extend the 21 RJ-45 Ethernet connections from the Ethernet switch. 
The SEP has four TFOCA II connectors; two are connected to the two media converter modules, and two 
are connected to the uplink GBIC modules, extending two Gigabit Ethernet and two Fast Ethernet ports 
over fiber. The SEP also includes console ports for the Ethernet switch, router, WebCache router module, 
the Turbo IP, and the firewall. The two 25-pin RS-530 connectors are used for the two serial ports from the 
WIC-2T module. The last connector is for the second media converter module 10/100 side. 


VPN TRANSIT CASE EQUIPMENT 


C-37. The BN VPN case provides the interface to the Ku TDMA transmission system. When used as part 
of the Quick Shot Network, the case is regarded as black. The VPN case contains the following 
components: 


e@ VPN access router. 
e Firewall. 
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e Media converters CBFTF1013-100. 
e Switch. 


C-38. The firewall in the case is included for possible future expansion of the NIPRNET network to the 
battalion command post and is therefore not presently configured. The VPN router is used to provide a 
generic router encapsulation (GRE) tunnel encrypted by the AES algorithm through the TDMA network to 
the other Ku endpoints. The media converters provide the conversion from the case’s internal Ethernet to 
the external fiber connections going to both the Ku assembly and the BN LOS case. 


MEDIA CONVERTER CPSMC0200-200 CHASSIS 


C-39. The media converter CPSMC0200-200 dual-slot chassis can accommodate one or two selectable 
media converter slide-in modules, allowing connection of two dissimilar media. The unit is powered by an 
external power supply. The BN VPN case provides the interface to the Ku TDMA transmission system. 
When used as part of the Quick Shot Network, the case is regarded as black. The VPN case contains the 
following components: 

e Media converters CBFTF1013-100. 

e Switch. 

e Firewall. 

e@ VPN access router. 


MEDIA CONVERTER CBFTF1013-100 


C-40. This unit is a bridging media converter designed to connect a 10/100 Ethernet media using an RJ-45 
connector to a 100Base-FX 1300nm multi-mode fiber optic cable using two SC1OOBASE-FX connectors 
(transmit and receive). 


SWITCH 


C-41. The COTS switch is a 24-port 10/100 Ethernet switch capable of providing standard IP connections 
to users. The switch offers internetwork operating system (IOS) functionality for basic data, video and 
voice services as well as Standard Image (SI) software. 


FIREWALL 


C-42. The firewall features one Untrust 10/100BaseT Ethernet port, four Trust 10/100BaseT Ethernet ports 
and provides 70 Mbs of firewall and 20 Mbs of 3DES VPN performance, protecting the LAN as well as 
public servers such as mail, web, or FTP. The firewall has the following capabilities: 


e@ 70 Mbs firewall — 2,000 concurrent sessions. 
20 Mbs 3DES VPN — 10 IPSec tunnels. 

100 policies. 

4 Trust and | Untrust 10/100 BaseT. 


LOS TRANSIT CASE EQUIPMENT 


C-43. The LOS case is an interface used to access the LOS transmission system. It is used in conjunction 
with either the CPN VPN case or the CPN router case. Current LOS transmission systems employ diphase 
modulation as baseband inputs. The LOS case will connect with a serial interface, as from the VPN or 
router case, and will apply forward error correction and then encrypt via the KIV-19. The signal is 
modulated using a CTM-100 diphase modem when connected to the LOS transmission system via CX- 
11230. The cable from the VPN case to the LOS case is a 25-pin, RS-530 cable connected to the SEPs. The 
BN CPN LOS case is populated to support 2 LOS links as delivered. Refer to Figure C-5 for the LOS block 
diagram. The LOS case contains the following components: 


e Conditioned Diphase Modem. 
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e HSFEC unit. 
e KIV-19 (one or two units). 


KIV 19 #1 


KIV 19 #2 cTfto 


CTM-100C (CDIM) ™ 
GROUP 1 { 


GROUP 2 = 
RX 


AS OUTLET STRIP 


AC POWER 
SOURCE 


Figure C-5. LOS Block Diagram 


CTM-100 Protocol Converter 


C-44. The CTM-100 protocol converter is a dual-port multiplexer that converts two independent data 
streams between NRZ, CDI, and fiber while meeting standard and current forces protocols. The unit can 
also multiplex two high-speed groups of voice or data. This multi-port multiplexer (MUX) is compatible 
with military switching equipment such as THSDN, MSE, and echelon above corps (EAC) Common 
Baseline Circuit Switches (CBCS). The output of the MUX is a TRI-TAC framed compatible aggregate. 
The CTM-100C supports cable drive distances up to 16 km at data rates up to 18.720 Mbs utilizing tactical 
fiber cable CX-13295, as well as distances up to 3.2 km at data rates up to 4.608 Mbs via copper cables 
such as CX-11230. The unit’s optical transceivers can drive circuits up to 16 km over single or multi-mode 
cable. 


KIV-19A Rackmount 


C-45. The KIV-19A rackmount that houses two KIV-19A units and an AC/DC power supply in three 
separate compartments is installed and secured to a mounting kit in the LOS case. The KIV-19As and the 
power supply are removable from the front of the rackmount. 


5 September 2006 FMI 6-02.60 C-11 


Appendix C 


KIV-19A TED 


C-46. The KIV-19A is a trunk encryption device capable of performing digital data encryption and 
decryption utilizing identical key generators for transmission and reception. It will provide cryptographic 
security for all classifications of digital data traffic at rates from 9.6 Kbs to 13 Mbs. 


PEP 
C-47. The PEP is a rackmounted power strip that includes a power cord to connect to the UPS power 
source, a circuit breaker to turn power on or off, and two utility outlets. 

SEP 
C-48. The SEP includes two CX11230 high power assemblies (HVAs) to connect the LOS to the protocol 
converter in the LOS transit case. 

UPS Transit Case 
C-49. The UPS transit case houses an Uninterruptible Power Supply which supplies power for the JNN 
interface and BN CPN transit cases. 

UPS 


C-50. The UPS is a 1.0 kW, uninterruptible, AC power supply designed to provide continuous, filtered, 
surge protected, isolated, and regulated AC power to a computer system. It accepts 120 VAC input power 
and is provided with internal, rechargeable batteries which will power a 1.0 kW load for a minimum of 10 
minutes if AC power input is not available. Batteries used in the UPS are a sealed, lead-acid type. The 
batteries will not vent any gasses, are spill-proof, maintenance free, and may be operated in any position. 
The battery pack module for the UPS is self-contained. After the front UPS bezel has been removed, the 
battery pack module is accessible to the operator from the front, and may be removed and installed. 
Electrical connection to the UPS is achieved via a docking connector which mates on insertion of the 
battery pack module into the UPS. 


KIV-19A Power Supply 
C-51. The KIV-19A power supply is installed in the middle compartment of the KIV-19A rackmount. The 
unit is a redundant power supply capable of operating on AC or DC external power. External power is 
applied through the rear panel of the KIV-19A rackmount. 

HSFEC Unit 
C-52. The HSFEC provides forward error correction over line of sight radio and satellite links to 
compensate for inherent signal loss that is experienced in a tactical environment. 


CONNECTING THE BN CPN LOS CASE 


C-53. The battalion uses the LOS case to connect to the JNN via Ku band satellite and also to communicate 
with other BNs. The battalions communicate to each other with their LOS case, in which the case will be 
connected to a TRC-190 (V1) via CX11230 cable providing SIPR voice and data services. 


CONNECTING THE CPN 


C-54. The CPN equipment in each case is pre-mounted and the internal signal and power cables are 
installed in the transit case. 


C-55. When applying AC power to the transit cases, the power received is from an associated 1kW UPS. 
The UPS provides conditioned AC power as well as battery backup protection to the transit cases. 


C-56. Apply power to the transit case as follows: 
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e Ensure that a 120 volts, alternating current (VAC) government-furnished equipment (GFE) 
power source is connected to the transit case UPS and power up the GFE power source. The AC 
INPUT LED on the front panel of associated UPS should illuminate green. 

e Atthe UPS front panel, press the ON button. Wait a few seconds and the battery level indicator 
should cycle through the battery test. The UPS ON green indicator should illuminate and at least 
one battery level indicator should illuminate green. 

e At associated transit case, set PEP circuit breaker (CB) | to ON. Apply power to all other 
equipment connected to UPS outlets. The transit case units are now powered on. 


2) 
FEC, Diphase 


—— Kiva 
[ Modems 


Battalion Command 
Equip. Cases 


2651 Router, Firewal - Stein eae 


Etharnat Swiltch 
Media Converters ati FY — 


Data 
Subscribers 


VPN Data Cases Router Data Cases: _ volP 


= 


Figure C-6. Network Diagram of CPN Transit Cases and JNN 


CAUTION 


All units within the transit cases are powered through their respective 
PEPs. Some units have individual power switches that are not readily 


accessible from the rear of the transit cases. These switches should 
remain on at all times and powered off from the PEP circuit breaker 
CB1. 120 VAC power source is required. Connection to a power 
source greater than 120 VAC will result in damage or loss of the UPS. 


C-57. The signal cables are connected through the SEP. The following table (Table C-3) provides the 
location through the connection for each connector on the router case. 


e The first step is to identify the location where to set up the operations. Ensure setup is at least up 
to 300M away. 
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LOCATION 


Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
Patch Panel 
SEP 

SEP 

SEP 


If set up is for long durations, the transit cases cannot be stacked more than three high. The 
preferred method of stacking is the heaviest box on the bottom (SIPRNET) with the lightest on 
the top (UPS). 


Once the boxes are in place, ground the equipment and run the TFOCA II cable out to the trailer. 
The TFOCA II cable connects to the Ku port on the NIPRNET box, and to the TFOCA II 
connecter beneath the main circuit panel outside of the generator on the trailer. The cable should 
be run so that it will not be stepped on or driven over. 


Should it be necessary to acquire power from the trailer, be certain that there is enough extension 
cord to reach the boxes, that it is weather proof, and will not be damaged by vehicle or foot 
traffic. 


Connect the UPS to the power source and let the battery charge without turning the UPS on. 


Connect the TFOCA II cable to the NIPRNET box and the NIPRNET and SIPRNET power 
cables to the UPS box. 


Connect the CATS cable from port 21 slot on the back of the SIPRNET box to the TACLANE 
PT slot. 


Connect an additional CAT5 cable from the TACLANE CT to the NIPRNET 22 slot. 
Table C-3. CPN Router Case Connection Points 


DESCRIPTION 
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Table C-3. CPN Router Case Connection Points 


LOCATION CONNECTOR CONNECTION FUNCTION 
DESCRIPTION 


RJ-45 3750 Console 3750 Switch Console 
DB25 | =| Serial RS530 Interface 
DB25 | == Serial RS530 Interface 


Trocan | SC SIPRNET Connection | 
Trocal | SC SIPRNET Connection | 
Trocal | CC SIPRNET Connection | 
jTrocan | CS SIPRNET Connection | 


EQUIPMENT INITIALIZATION 


C-58. These procedures contain information on installing equipment, software, and database information. 
Individual equipment initialization is usually done after a component (that requires software or a database 
to operate) has been removed and replaced. Individual equipment that has had its software or database 
corrupted will also require initialization. Individual equipment initialization procedures must be performed 
before the equipment’s function can be brought on-line. 


Firewall 


C-59. The firewalls are pre-configured with a default configuration. The JNN operators will receive 
updated firewall configurations and policies from the IA hub operators. The following procedures can be 
used by the JNN operator to monitor and download pre-created configurations on the NetScreen SXT 
firewalls. Refer to the installation instructions on the NIPRNET Firewall Install Disk. 


CONFIGURING THE BATTALION ROUTER CASE 


C-60. Table C-4 contains sample configuration files that will assist in the configuration of the CPN 
SIPRNET router. The IP addresses and description lines of the interfaces are meant to be a general 
representation. The actual entries will vary according to the mission. 


Table C-4. Sample Configuration File for Battalion SIPRNET Case 
ATTENTION! 


THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
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Table C-4. Sample Configuration File for Battalion SIPRNET Case 


OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 


version 12.3 
service timestamps debug datetime msec 
service timestamps log datetime msec 
service password-encryption 
| 
hostname BN11_T2 
l 
boot-start-marker 
boot system flash flash:c2600-advipservicesk9-mz. 123-8.T3.bin 
boot-end-marker 
username jnnadmin privilege 15 password 7 082B4240584B564356 
username n privilege 15 password 7 0701 
voice-card 0 
dspfarm 
no local-bypass 
l 
no aaa new-model 
ip subnet-zero 
ip dhcp excluded-address 192.168.0.97 192.168.0.99 
ip dhcp excluded-address 192.168.0.109 192.168.0.110 
ip dhcp excluded-address 192.168.0.193 192.168.0.195 
ip dhcp pool cme 
network 192.168.0.96 255.255.255.240 
option 150 ip 192.168.0.97 
default-router 192.168.0.97 
| 
ip dhcp pool laptops 
network 192.168.0.192 255.255.255.240 
default-router 192.168.0.193 
dns-server 192.168.0.27 
netbios-name-server 192.168.0.27 
l 
| 
ip cef 
no ip domain lookup 
ip domain name gdc4s.com 
ip ips po max-events 100 
ip ssh time-out 60 
ip ssh authentication-retries 2 
no ftp-server write-enable 
voice service voip 
allow-connections h323 to h323 
h323 
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Example: 


Calculate the volume and surface area of a rectangular solid with a= 3", b = 4", and 
c = 5". Be sure to include units in your answer. 


Solution: 
V = (a\(b)(c) SA = 2(ab + ac + bc) 
V = (3)4)6) SA = 2[(3)(4) + (3)3) + (4)95)] 
V = (12)6) SA = 2[12 + 15 + 20] 
V = 60 cubic inches SA = 2[47] 
SA = 94 square inches 
Cube 


A cube is a six-sided solid figure whose faces are congruent 
squares, as shown in Figure 15. 


The volume of a cube is calculated using the following fal 
formula: 

Ved (3-13) 
The surface area of a cube is calculated using the following G a 
formula: 

ta 2 6P (3-14) Figure 15 Cube 


The surface area of a cube is expressed in square units, and the volume of a cube is expressed 
in cubic units. 


Example: 


Calculate the volume and surface area of a cube with a= 3". Be sure to include units 
in your answer. 


Solution: 
v=o SA = 6a 
V = (3)3)G3) SA = 6(3)(3) 
V = 27 cubic inches SA = 6(9) 
SA = 54 square inches 
S phere 


A sphere is a solid, all points of which are equidistant from a fixed point, the center, as shown in 
Figure 16. 
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Table C-4. Sample Configuration File for Battalion SIPRNET Case 


call start slow 

interface Tunnel21 

description multipoint Tunnel to JNN 
ip address 10.10.10.1 255.255.255.0 
no ip redirects 

ip mtu 1416 

ip pim nbma-mode 

ip pim sparse-mode 

ip nhrp authentication sipr 

ip nhrp map 10.10.10.9 172.16.0.188 
ip nhrp map multicast 172.16.0.188 
ip nhrp map 10.10.10.29 172.16.199.212 
ip nhrp map multicast 172.16.199.212 
ip nhrp network-id 99 

ip nhrp holdtime 300 

ip nhrp nhs 10.10.10.9 

ip nhrp nhs 10.10.10.29 

ip ospf network point-to-multipoint 

ip ospf priority 0 

tunnel source FastEthernet0/0.2 
tunnel mode gre multipoint 

tunnel key 100000 

interface Loopback0O 

ip address 14.1.2.1 255.255.255.255 
l 

interface FastEthernet0/0 

description Local LAN 

no ip address 

speed auto 

full-duplex 

interface FastEthernet0/0.1 
encapsulation dot1Q 1 native 

l 

interface FastEthernet0/0.2 
encapsulation dot1Q 175 

ip address 172.16.0.124 255.255.255.248 
l 

interface FastEthernet0/0.58 
encapsulation dot1Q 58 

ip address 192.168.0.97 255.255.255.240 
h323-gateway voip bind srcaddr 192.168.0.97 
interface Serial0/0 

no ip address 

shutdown 

no fair-queue 

l 
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Table C-4. Sample Configuration File for Battalion SIPRNET Case 


interface FastEthernet0/1 

description Interface to Turbo IP 

ip address 192.168.0.121 255.255.255.248 
speed 10 

full-duplex 

interface Content-Engine1/0 

no ip address 

ip wccp web-cache redirect in 


service-module external ip address 192.168.0.194 255.255.255.240 


service-module ip default-gateway 192.168.0.193 
hold-queue 60 out 

router ospf 21 

log-adjacency-changes 

redistribute connected subnets 

redistribute static subnets 

network 10.10.10.0 0.0.0.255 area 0 

network 14.1.2.1 0.0.0.0 area 0 

network 192.168.0.120 0.0.0.7 area 0 

ip classless 

ip route 172.16.0.112 255.255.255.248 172.16.0.123 

ip route 172.16.0.184 255.255.255.248 172.16.0.123 

ip route 172.16.199.208 255.255.255.248 172.16.0.123 
ip route 192.168.0.192 255.255.255.240 192.168.0.123 
ip http server 

no ip http secure-server 

ip http path flash: 

| 


| 

snmp-server community jnnpublic RO 
snmp-server community jnnprivate RW 
snmp-server enable traps tty 

l 

| 

tftp-server flash:P00303020214.bin 
tftp-server flash:P00403020214.bin 

l 

control-plane 

dial-peer voice 58 voip 

description Primary route to MSE 
preference 1 

max-conn 1 

destination-pattern 58..... 

session target ipv4:192.168.0.33 
codec g711ulaw 

ip qos dscp cs5 signaling 

dial-peer voice 9999 voip 
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Table C-4. Sample Configuration File for Battalion SIPRNET Case 


description All other calls go to hub for routing 
preference 2 

max-conn 1 

destination-pattern .T 

session target ipv4:192.168.199.33 

codec g/711ulaw 

dial-peer voice 670 voip 

description Non JNN1 BGE calls to JNN users go to Hub 
preference 2 

max-conn 1 

destination-pattern 670.... 

session target ipv4:192.168.199.33 

codec g711ulaw 

gateway 

l 

I 

| 

telephony-service 

load 7910 P00403020214 

load 7960-7940 P00303020214 
max-ephones 8 

max-dn 48 

ip source-address 192.168.0.97 port 2000 
create cnf-files version-stamp 7960 Jun 14 2004 15:03:42 
max-conferences 4 

moh music-on-hold.au 

web admin system name administrator password password 
ephone-dn 1 

number 6701101 

l 

l 

ephone-dn 2 

number 6701102 

l 

l 

ephone-dn 3 

number 6701103 

l 

l 

ephone-dn 4 

ephone 1 

mac-address 0011.20F6.85B5 

type 7940 

button 1:3 

I 

l 
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Table C-4. Sample Configuration File for Battalion SIPRNET Case 


l 

ephone 2 

mac-address 0011.2111.1644 
type 7940 

button 1:2 

line con 0 

exec-timeout 0 0 

logging synchronous 
login local 

line 33 

no activation-character 
no exec 

transport preferred none 
transport input all 
transport output all 

line aux 0 

line vty 0 4 

login local 

transport input telnet ssh 


CONFIGURING THE VIRTUAL PRIVATE NETWORK ROUTER 


C-61. The following table contains sample configuration files that will assist in the configuration of the 
CPN NIPRNET router. The IP addresses and description lines of the interfaces are meant to be a general 
representation. The actual entries will vary according to the mission. 


Table C-5. Sample Configuration File for Battalion NIPRNET Case 
ATTENTION! 


THIS IS ADOD COMPUTER SYSTEM. BEFORE PROCESSING CLASSIFIED INFORMATION, 
CHECK THE SECURITY ACCREDITATION LEVEL OF THIS SYSTEM. DO NOT PROCESS, 
STORE OR TRANSMIT INFORMATION CLASSIFIED ABOVE ACCREDITATION LEVEL OF THIS 
SYSTEM. THIS COMPUTER SYSTEM, INCLUDING ALL RELATED EQUIPMENT, NETWORKS 
AND NETWORK DEVICES (INCLUDES INTERNET ACCESS) ARE PROVIDED ONLY FOR 
AUTHORIZED U.S. GOVERNMENT USE. DOD COMPUTER SYSTEMS MAY BE MONITORED 
FOR ALL LAWFUL PURPOSES, INCLUDING TO ENSURE THEIR USE IS AGAINST 
UNAUTHORIZED ACCESS, AND TO VERIFY SECURITY PROCEDURES, SURVIVABILITY, AND 
OPERATIONAL SECURITY. MONITORING INCLUDES, BUT IS NOT LIMITED TO, ACTIVE 
ATTACKS BY AUTHORIZED DOD ENTITIES TO TEST OR VERIFY THE SECURITY OF THIS 
SYSTEM. DURING MONITORING, INFORMATION MAY BE EXAMINED, RECORDED, COPIED, 
AND USED FOR AUTHORIZED PURPOSES. ALL INFORMATION, INCLUDING PERSONAL 
INFORMATION, PLACED ON OR SENT OVER THIS SYSTEM MAY BE MONITORED. USE OF 
THIS DOD COMPUTER SYSTEM, AUTHORIZED OR UNAUTHORIZED, CONSTITUTES 
CONSENT TO MONITORING. UNAUTHORIZED USE OF THIS DOD COMPUTER SYSTEM MAY 
SUBJECT YOU TO CRIMINAL PROSECUTION. EVIDENCE OF UNAUTHORIZED USE 
COLLECTED DURING MONITORING MAY BE USED FOR ADMINISTRATIVE, CRIMINAL OR 
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Table C-5. Sample Configuration File for Battalion NIPRNET Case 


OTHER ADVERSE ACTION. USE OF THIS SYSTEM CONSTITUTES CONSENT TO MONITORING 
FOR ALL LAWFUL PURPOSES. 


! Last configuration change at 15:46:07 UTC Fri Jun 18 2004 
! NVRAM config last updated at 15:56:50 UTC Fri Jun 18 2004 
l 

version 12.3 

service timestamps debug datetime msec 

service timestamps log datetime msec 

no service password-encryption 

I 

hostname BTN1_VPN 

boot-start-marker 

boot-end-marker 

l 

enable secret 5 $1$D.px$gd22yn0z3DduGIThkXgq5/ 
enable password Password 

l 

no aaa new-model 

ip subnet-zero 

no ip domain lookup 

ip domain name cisco.com 

ip audit notify log 

ip audit po max-events 100 

no ftp-server write-enable 

crypto ca trustpoint cisco1 

enrollment retry count 5 

enrollment retry period 3 

enrollment url http://172.16.0.69:80 
revocation-check none 

| 

l 

crypto ca certificate chain cisco1 

certificate 03 nvram:cisco1ciscoc#5303.cer 
certificate ca 01 nvram:cisco1ciscoc#5301CA.cer 
crypto isakmp policy 10 

encr aes 

crypto isakmp key cisco123 address 0.0.0.0 0.0.0.0 
l 

l 

crypto ipsec transform-set aes_set esp-aes esp-sha-hmac 
l 

crypto ipsec profile btn1 

set transform-set aes_set 

interface Tunnel2 

ip address 10.0.0.2 255.255.0.0 
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Table C-5. Sample Configuration File for Battalion NIPRNET Case 


ip mtu 1416 

ip nhrp authentication dont_say 

ip nhrp map 10.0.0.1 172.16.0.81 
ip nhrp map multicast 172.16.0.81 
ip nhrp network-id 99 

ip nhrp nhs 10.0.0.1 

ip ospf network broadcast 

tunnel source FastEthernet0/0 
tunnel destination 172.16.0.81 
tunnel key 100000 

tunnel protection ipsec profile btn1 
interface FastEthernet0/0 

ip address 172.16.0.82 255.255.255.240 
duplex auto 

speed auto 

no cdp enable 

no mop enabled 

I 

interface FastEthernet0/1 

no ip address 

shutdown 

duplex auto 

speed auto 

no cdp enable 

router ospf 21 
log-adjacency-changes 

network 10.0.0.0 0.0.255.255 area 0 
network 172.16.0.80 0.0.0.15 area 0 
I 

ip classless 

l 

ip http server 

no ip http secure-server 

l 

| 

dialer-list 1 protocol ip permit 

l 


control-plane 

line con 0 
exec-timeout 0 0 

line 33 

no activation-character 
no exec 
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tran 
tran 
tran 
line 
line 


Command Post Node Component Listing, Startup, and Maintenance Procedures 


Table C-5. Sample Configuration File for Battalion NIPRNET Case 


sport preferred none 
sport input all 

sport output all 

aux 0 

vty 0 4 


password jnn1234$ 


login 


ntp clock-period 17179888 
ntp server 172.16.0.27 


| 
End 


COMMAND POST NODE TRANSIT CASE MAINTENENANCE 


C-62. The following provides guidance for troubleshooting and performing operator-maintainer, 
Information Systems Specialist (25B), level corrective maintenance on the CPN transit cases. The 
maintenance on the CPN requires an operator-maintainer who must be familiar with the functional 
operation, information, and troubleshooting procedures contained in the maintenance technical manuals for 
the equipment. 


C-63. Located in Technical Manuals 11-5895-1791-13&P, 11-5895-1804-13&P (Operator, Unit and Direct 
Support Maintenance Manual Including Repair Parts and Special Tools List - Switching Group, Digital 
Data OM-86/T, OM-97/T) are troubleshooting charts, equipment indicators, displays, and fault isolation 
procedures to assist the operator-maintainer with troubleshooting, repairing, and replacing equipment 
within the CPN. 


C-64. Troubleshooting procedures are based on fault indicator observations during normal operations. Fault 
indicators can be generated by both visual indicators and generated user reports. The visual alarms consist 
of LEDs which may consist of single or multiple indicators signaling minor or major alarms within the 
equipment. 


C-65. The operator-maintainer has several steps that must be exercised before determining equipment 
failures. The primary troubleshooting objective is to isolate the failure at the lowest level. Flow charts are 
available in the technical manuals to assist in troubleshooting, along with alarm summaries which report 
results of built in tests. 


C-66. Once the failure has been identified, the proper procedures to correct the problem will require 
knowledge of the repair, replace, and turn-in process. Within the two level maintenance guidelines, the 
field level maintenance requires the operator to replace COTS equipment from spares located on site. 
According to the Standard Operating Procedures (SOP) the equipment is then forwarded thru the Battalion 
S6 on DA Form 2407 or 5504 and then to the BCT/DIV Customer Field Service Representative (CFSR). 
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Appendix D 
Ku Band Satellite Transportable Terminal 


The Ku band consists of a 2.4M Ku antenna mounted on a satellite transportable 
terminal. The electronic components that provide two-way digital communications 
are mounted in two electronic equipment racks located in a cooled electronics 
equipment compartment on the rear of the trailer. The trailer is designed to provide 
voice and data connectivity from worldwide forward locations for intra- or inter- 
theater operations. The terminal has many features that make it ideal for both short- 
or long-term deployment, providing high capacity reach and reachback services. The 
terminals can be operated in continuous, uninterrupted operations either manned or 
unmanned as required. 


CAPABILITIES 


D-1. The satellite transportable trailer is based on TDMA and FDMA technology. The Ku band satellite 
transportable terminal (AN/TSC-167A [V1]) currently fielded with the JNN at the division and BCT level, 
supports both TDMA and FDMA satellite communications. The Ku band satellite transportable terminal 
(AN/TSC-167A [V2]) currently being fielded at the battalion CPN level only supports TDMA satellite 
communications. The difference between the two Ku band satellite transportable terminals is the additional 
satellite modem and fiber-optic modem needed in the JNN to implement the FDMA communications 
capability. Both versions of the trailer can support the optional MRT package. The environmentally 
controlled electronics compartment has three rackmounts in which two of the three rackmounts are for the 
standard electronic component racks, and one empty rackmount for an optional MRT. 


D-2. FDMA is a transmission technology that allows multiple users to access the network separated by 
frequency. Two frequencies are used per full duplex carrier. The link bandwidth is designed to carry 
maximum nominal traffic and cannot expand to meet increased demand. The full bandwidth is always 
utilized even when no traffic is present. 


D-3. TDMA is a method of transmitting digital data that allows multiple users to access a single RF 
carrier without interference by allocating unique time slots to each user within an RF carrier. The TDMA 
technology allows multiple RF carriers on a spacecraft to be allocated toa TDMA network. For the satellite 
transportable terminal network, each RF carrier represents a bandwidth pool that can be dynamically shared 
between users through allocation of TDMA time slots on demand. 


D-4. The Ku trailer terminal interfaces with the baseband and data communications equipment via fiber- 
optic cable (TFOCA II 4 Channel Fiber Assembly). The trailer is supplied with two batteries which supply 
electrical power to the electronic equipment and the HPA in case of shore power failure. The satellite 
transportable terminal is designed to run on the batteries while the auxiliary power unit (APU) is started 
and brought online. The ECU is not powered by the batteries, and will remain off until the APU is online or 
shore power is restored. The battery charger is located in rack A2. The inverters in rack Al and rack A2 run 
off the batteries in the event of a shore power failure. Refer to Figure D-1 for satellite transportable 
terminal equipment rackmounts. 
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Figure D-1. Equipment Racks 


TRAILER 


D-5. The trailer is the mobile platform supporting the satellite transportable terminal. The trailer can be 
towed by a HMMWY, rail, or helicopter transport using lift points. The trailer is equipped with two hand 
brakes (one for each wheel). The trailer has a tongue jack as well as three outrigger stabilizer jacks for use 
during deployment. The trailer has an equipment compartment on the rear for the equipment racks. It also 
has a general storage compartment located on the trailer curb side. Refer to Figure D-2 for the satellite 
transportable terminal trailer. 


2.4 METER ANTENNA 


D-6. The Vertex 2.4M antenna is lightweight and compact integrating foldable panels for transportation. 
The antenna is made up of the reflector, feed system and pedestal. The reflector is a composite carbon fiber 
or foam core construction. The feed system is made up of the HPA with an integrated block upconverter 
(BUC), low noise block (LNB) downconverter and feed unit mounted on support arms. 
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The volume of a sphere is calculated using the following 
formula: 


V =4/3nr° (3-15) 


The surface area of a sphere is calculated using the 
following formula: 


SA = 4nr (3-16) 


The surface area of a sphere is expressed in square units, 
and the volume of a sphere is expressed in cubic units. 


Figure 16 Sphere 


Example: 


Calculate the volume and surface area of a sphere with r= 4". Be sure to include units 
in your answer. 


Solution: 
V = 4/3ar° SA = 4nr 
V = 4/30(4)(4)(4) SA = 41(4)(4) 
V = 4.2(64) SA = 12.6(16) 
V = 268.8 cubic inches SA = 201.6 square inches 


Right Circular Cone 


A right circular cone 1s a cone whose axis is a line 
segment joining the vertex to the midpoint of the circular 
base, as shown in Figure 17. 


The volume of a right circular cone is calculated using 
the following formula: 


V = 1/3arh (3-17) 


The surface area of a right circular cone is calculated 
using the following formula: 


Figure 17 Right Circular Cone 


SA =r + trl (3-18) 


The surface area of a right circular cone is expressed in square units, and the volume of a right 
circular cone is expressed in cubic units. 
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Ku Band Satellite Transportable Terminal 


Figure D-2. Satellite Transportable Terminal Trailer 


KU BAND SATELLITE TRANSPORTABLE TERMINAL EQUIPMENT 
DESCRIPTION 


D-7. The Satellite Transportable Terminal has electronic components, mounted in two separate racks (Al 
and A2), which provide voice and data connectivity for intratheater or intertheater operations. 


SATELLITE TRANSPORTABLE TERMINAL EQUIPMENT RACK A1- ANTENNA CONTROL OR RF 
EQUIPMENT 


D-8. The following is the antenna control or RF equipment which is located in rack Al, on the Ku band 
trailer: 


Spectrum analyzer — PSA-45D. 

Antenna control unit (ACU) — 123T-DC. 
Traveling wave tube amplifier control panel. 
PDU — ACU PDU. 

10MHz reference or LNB power — chassis. 
AC distribution — APC SurgeArrest. 
Inverter. 
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Spectrum Analyzer (PSA-45D) 


D-9. The PSA-45D spectrum analyzer is a small, lightweight analyzer provided with the satellite 
transportable terminal system. It is used to measure signal strength of the satellite to assist in acquiring an 
initial satellite signal during setup. It is used for monitoring downlink and uplink L-band signals. It is also 
used for isolation and resolution of terminal transmit and receive troubles. The spectrum analyzer is used to 
monitor transmit and receive IF L-band signals. 


ACU 


D-10. The ACU provides manual and automatic antenna pointing and satellite acquisition. It uses the 
terminal’s GPS and flux compass for location and pointing information. It calculates pointing angles to a 
given satellite and sends pointing information to the antenna power drive unit. The ACU uses an integrated 
L-band range tracking receiver to auto track and to acquire a selected satellite. The antenna control unit 
used on the satellite transportable terminal is a Vertex 123T-DC. This antenna controller is designed for use 
with elevation over azimuth antennas on mobile satellite uplink vehicles. It automates the process of 
locating and locking onto a particular satellite. 


ACU PDU 


D-11.The ACU PDU receives drive commands from the ACU and provides drive power to the antenna 
motors. When the antenna is commanded to move, the PDU receives antenna velocity as it checks limit 
switch status. As the antenna moves, the PDU relays position data from the resolvers, pointing data from 
the flux compass, and tilt data from the antenna tilt sensor. The PDU is powered by 90 to 264 VAC, 50/60 
Hz +/- 5%. 


HPA Control Panel 


D-12. The control panel is a unit controller for the HPA. A multicolored alarm indicator reports HPA 
alarms, faults, and communications faults at a glance. 


10 MHz Reference or Low Noise Block (LNB) Power Chassis 


D-13. The 10 MHz reference or LNB power chassis supplies +24 volts direct current (VDC) power and a 
10MHz (0+/-1 dBm) reference signal to the LNB. The unit supplies only the 1OMHz reference to the BUC 
powered by the HPA. On the uplink side, the 10 MHz reference chassis inputs the L-band range uplink 
carriers from the TDMA and FDMA modems and passes them to the BUC. On the downlink side, the unit 
inputs the L-band range downlink signal from the LNB and passes it to the TDMA and FDMA modems via 
a 2-way divider. Signal losses through the 10 MHz chassis is minimal. The unit also blocks all DC and 
reference signals from the modems to the LNB and BUC. The 10 MHz reference chassis is powered by 85 
to 264 VAC, 0.52-1.2A, 47 to 63H. 


AC Output Distribution 


D-14. The AC distribution panel is used to provide up to eight switched AC outputs. The AC output power 
is 120 VAC, 50/60 Hz +/- 5 Hz at 15 amps. Power surge protection, which is designed to handle current 
surges as high as 13000 amps, is provided for the eight switched outlets. 


Inverter 


D-15. The inverters supply conditioned AC voltage to the HPA and satellite transportable terminal 
equipment racks Al and A2. Inverter A1A7 is dedicated to supplying high power requirements to the HPA. 
Inverter A2A7 supplies power to the equipment racks Al and A2. The inverters are used to condition AC 
input voltages or convert DC input voltages to an AC voltage. Input DC voltage range is 20 to 36 VDC 
(rated at 100A at 18 VDC). Input over current protection is also provided at 140 amps. Each inverter 
supplies 110 to 120 VAC 50/60 Hz (1500 watts) of output power. Power is drawn from the batteries and 
inverted to supply electronic equipment power during shore power failure while the APU is started and 


D-4 FMI 6-02.60 5 September 2006 


Ku Band Satellite Transportable Terminal 


brought online. The batteries will support the satellite transportable terminal for twelve minutes. The ECU 
is not powered while the inverters are running off of the batteries. 


SATELLITE TRANSPORTABLE TERMINAL EQUIPMENT RACK A2 — BASEBAND OR SIGNAL 
MONITOR EQUIPMENT 


D-16. The following is the baseband or signal monitor equipment which is located in rack A2, on the Ku 
band trailer. 
e TDMA satellite modem. 
Console interface. 
FOM shelf (containing media converter and Codem) in JNN only trailer. 
FDMAsatellite modem (JNN only). 
AC distribution (PDU). 
Battery charger. 
Inverter. 


Power indicator or DC cutoff switch control. 


TDMA IP Modem 


D-17. The TDMA IP modem is a multi-carrier, multi-rate, TDMA, VSAT-like platform. The TDMA IP 
modem demodulates the data from the L-band carrier and provides the router and TDMA satellite modem 
functionality for the terminal. 


Console Interface Panel 


D-18. The console interface panel is used for external user interface to the TDMA IP modem. A user 
supplied PC can connect the PC’s serial port to the TDMA IP modem via a console cable assembly. 
Another port is provided for loading DMD-20 modem firmware upgrades. 


CDIM (JNN Only) 
D-19. The CDIM is used to convert data from CDI on fiber optic transport (TFOCA II/100Base-FX) to 
NRZ on copper transport. The modem is located on the JNN satellite transportable terminal only. 

Media Converter 
D-20. The media converter is used to convert network traffic to and from fiber optic (TFOCA II/100Base- 
FX) media and copper (10/100BaseT) media. 

FDMA Satellite Modem (JNN Only) 
D-21. The FDMA satellite modem is programmable and provides FDMA functionality for the terminal. 
The FDMA satellite modem is on the JNN satellite transportable terminal only. 

Battery Charger PM-24-20 


D-22. The battery charger is used to convert AC power to DC power. The DC power is used to charge the 
satellite transportable terminal standby batteries. The input voltage for the unit is 85 — 135 VAC, 47 — 63 
Hz at 16 amps. The output voltage is 27.2 VDC at 20 amps. Front panel test points are provided for 
monitoring the DC output voltage. 


L-band Combiner or Splitter Assembly and Battery 


D-23. The L-band splitter assembly contains the downlink 2-way splitter and uplink two-way combiner. 
The A8 assembly is mounted on the rear of equipment rack A2 and has no controls or indicators. The 
downlink 2-way divider divides the L-band range signals from the 10 MHz reference chassis LNB power 
and routes them to the FDMA and TDMA. 
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D-24. The uplink 2-way combiner combines the two L-Band range signals from the FDMA and TDMA 
modems and routes them to the 10 MHz reference chassis. This assembly also has a connection point for 
the battery charger’s temperature sensor. 


Inverters 


D-25. The inverters supply conditioned AC voltage to the HPA, and satellite transportable terminal 
equipment racks Al and A2. Inverter A2A7 is totally dedicated to supplying power to the HPA because of 
its high power requirements. Inverter AlA7 supplies power to equipment racks Al and A2. The inverters 
are used to condition AC input voltages or convert DC input voltages to an AC voltage. Input DC voltage 
range is 20 to 36 VDC (rated at 100A at 18 VDC). Input over current protection is also provided at 140 
amps. Each inverter supplies 110 to 120 VAC 50/60 Hz (1500 watts) of output power. 


EQUIPMENT POWER UP 


D-6 


D-26. The site for the satellite transportable terminal trailer should have a clear view of the area of the sky 
where the satellite is located. In the Northern hemisphere, a clear view of the Southern sky is needed. In the 
Southern hemisphere, a clear view of the Northern sky is needed. The location should be a flat, stable 
location. Check to make sure there are no overhead power lines. An overhead clearance of at least 50 feet is 
recommended. 


D-27. To turn on the equipment in equipment racks Al and A2 follow the steps below: 
e At the inverter press the ON/OFF switch to the ON position and place the AC Output switch to 
the ON position. 
e At the HPA AC indicator and DC cutoff switch control, turn the cutoff switch to the ON 
position. 


Note. The HPA ON/OFF switch should be ON. HPA will be in filament time delay for three 
minutes. Verify the HPA fan on bottom of HPA is blowing. 


e Press the power switch to the ON position at the AC distribution assembly. 


Press the power switch on the right to the ON position. Verify that the Inverter batteries are 
charging. Measure the bottom set of test points and verify that the voltage is 24 - 27 VDC. 


e Set the power switch to the ON (up) position on the PDU. 
Press power switch to the ON (up) position on the ACU. 
Press the ON/OFF switch to the ON (up) position on the spectrum analyzer. 
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D-28. All equipment should be turned on, ensure all indicators are on. Check that the HPA is in standby 
mode. If any equipment is not on, refer to troubleshooting flowcharts in Section 4 of the STT Operation 
and Maintenance Manual AN/TSC-167 (V). Refer to Figure D-3 for the trailer block diagram. 
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Figure D-3. Block Diagram 
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ACRONYMS AND ABBREVIATIONS 


Acronym 
AC 
ACU 
AES 
AIM 
AO 
AOR 
APU 
ARFOR 
BCP 
BCT 
BDE 
BITS 
BLOS 
BN 
BNOSC 
BOS 
BPS 
BUC 
BVTC 
CAISI 
CBCS 
CDI 
CDIM 
CDS 
C-E 
CECOM 
CFSR 
CHS 
CM 
CND 
CODEC 
COMSEC 
CONUS 
COTS 
CP 

CPN 
CPP 
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Definition 

alternating current 

antenna control unit 

Advanced Encryption Standard 
Advance Integration Module 

area of operations 

area of responsibility 

auxiliary power unit 

Army forces 

Battle Command Post 

brigade combat team 

brigade 

Battlefield Information Transmission System 
beyond line of sight 

battalion 

brigade Nodal Operations Security Center 
battlefield operating system 

bits per second 

block upconverter 

Battlefield Video Teleconferencing 
CSS Automated Information Systems Interface 
Common Baseline Circuit Switches 
conditioned diphase 

conditioned diphase modem 

Compact Digital Switch 
communications-electronics 
communcations electronics command 
contractor field service representatives 
common hardware software 

call manager 

computer network defense 
coder/decoder 

communications security 

continental United States 

commercial off-the-shelf 

command post 

Command Post Node 


communications patch panel 
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CSS 
CSUM 
CT 

DC 
DCE 
DCO 
DCSS 
DED 
DES 
DIBITS 
DISA 
DISN 
DMAIN 
DOD 
DPEM 
DRSN 
DS 
DS3 
DSCS 
DTAC 
DTE 
DTG 
DSN 
ECU 
EHF 
FDMA 
FES 
FLEXMUX 
FO 
FOM 
FMI 
FMTV 
FTP 
FTSAT 
FTX 
GBIC 
GFE 
GIG 
GMF 
GOTS 
GPP 


Glossary-2 


combat service support 

Channel Sevice Unit Modem 

cipher text 

direct current 

Data Circuit Equipment 

dial central office 

Defense Communication Satellite Subsystem 
dedicated encryption device 

Data Encryption Standard 

digital in-band interswitch trunk signaling 
Defense Information Systems Agency 
Defense Information Systems Network 
Division Main 

Department of Defense 

Detailed Planning and Engineering Module 
Defense Red Switch Network 

direct support 

digital signal level 3 

Defense Satellite Communications System 
division tactical 

data terminal equipment 

digital trunk group 

Defense Switched Network 
environmental control unit 

extremely high frequency 

frequency divison multiple access 

forced entry switch 

Flex Multiplexer 

fiber optic 

Fiber Optic Modem 

Field Manual Interim 

family of medium tactical vehicles 

file transfer protocol 

Flyaway Tri-band Satellite Terminal 

field training exercise 

gigabit interface converter 
governement-furnished equipment 

Global Information Grid 

ground mobile forces 

governemnt off-the-shelf 


group patch panel 
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GPS 
GRE 
GWL 
HBCT 
HCLOS 
HDSL 
HDSM 
HMMWV 
HP 
HSD 
HSFEC 
HVA 
IA 
IBCT 
IDS 
IGX 
INE 
IOS 

IP 
ISDN 
ISYSCON 
JFLCC 
JNMS 
JINN 
JNN-N 
JNTC-S 
JTF 
JV2020 
JWICS 
KVM 
kW 
LAN 
LDR 
LED 
LEN 
LMS 
LNB 
LOS 
LPI 
MAC 
Mbps 
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global positioning system 

generic router encapsulation 

Gateway Link 

heavy brigade combat team 

high capacity line of sight 
High-data-rate Digital Subscriber Line 
High Density Service Module 
high-mobility multipurpose wheeled vehicle 
Hewlett Packard 

High Speed Data Channel 

High Speed Error Corrector 

High Voltage Assembly 

information assurance 

infantry brigade combat team 

intrusion detection system 

ISDN gateway switch 

In-line Network Encryptors 
internetwork operating system 

internet protocol 

Integrated Services Digital Network 
integrated system control 

joint force land component commander 
Joint Network Management System 
Joint Network Node 

Joint Network Node-Network 

Joint Network Transport Capability-Spiral 
joint task force 

Joint Vision 2020 


Joint Worldwide Intelligence Communications System 


Keyboard, Video and Mouse 
kilowatt 

local area network 

low data rate 

light emitting diode 

large extension node 
Lightweight Modular Shelter 
low noise block 

line of sight 

low probability of intercept 
maintenance allocation chart 


megabytes per second 
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Mbs 
MDMP 
MDR 
MHz 

MI 
MILSTAR 
MOS 

MP 

MRT 
MSE 
MTOE 
MUX 
NCS 

NET 
NETT 
NETCOM 
NETOPS 
NIPRNET 
NM 

NMF 
NOSC 
NRZ 

NSA 

NSC 

PBX 
PCMCIA 
PDU 

PEP 

PLL 
PMCS 
PoE 
POTS 
PRC 

PT 
PVS-12 Module 
QMUX 
QoS 

RAU 
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megabits per second 

military decision-making process 

medium data rate 

megahertz 

military intelligence 

miltary strategic and tactical relay system 
military occupational specialty 

Metal Plate 

Master Reference Terminal 

mobile subscriber equipment 

modified table of organization and equipment 
multiplexer 

Node Center Switch 

new equipment training 

new equipment training team 

Network Enterprise Technology Command 
network operations 

Non-Secure Internet Protocol Router Network 
network management 

Network Management Facility 

network operations and security center 
non-return-to-zero 

National Security Agency 

network support company 


Private Brnach Exchange 


personal computer memory card international association 


power drive unit 

power entry panel 
prescribed load list 
preventative maintenance checks and services 
Power Over Ethernet 

Plain Old Telephone System 
Primary Rate Card 

plain text 

PrimeVoice Secure Module 
Quad Multiplexer 

quality of service 

radio access unit 

radio frequency 

Regional Service Center 


receive 


FMI 6-02.60 


5 September 2006 


SOLID GEOMETRIC FIGURES Geometry 


Example: 


Calculate the volume and surface area of a right circular cone with r= 3", h = 4", and 
1=5". Be sure to include the units in your answer. 


Solution: 
V = 1/3mrh SA =r + Tl 
V = 1/37(3)(3)(4) SA = 1(3)(3) + 1(3)(5) 
V = 1.05(36) SA = 19) + 1(15) 
V = 37.8 cubic inches SA = 28.3 + 47.1 


SA = 528/7 = 75-3/7 square inches 


Right Circular Cylinder 


A right circular cylinder is a cylinder whose base is 
perpendicular to its sides. Facility equipment, such as 
the reactor vessel, oil storage tanks, and water storage 
tanks, is often of this type. 


The volume of a right circular cylinder is calculated 
using the following formula: 


V =rh (3-19) 


The surface area of a right circular cylinder is calculated 
using the following formula: 


Figure 18 Right Circular Cylinder 

SA =2nrh + 2nr (3-20) 
The surface area of a right circular cylinder is expressed in square units, and the volume of a 
right circular cylinder is expressed in cubic units. 


Example: 


Calculate the volume and surface area of a right circular cylinder with r = 3" and 
h = 4". Be sure to include units in your answer. 


Solution: 
V =%rh SA =2mrh + 2nr 
V = 1(3)(3)(4) SA = 27(3)(4) + 27(3)(3) 
V = 71(36) SA = 27(12) + 279) 


V = 113.1 cubic inches SA = 132 square inches 
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Trojan SPIRIT 
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command, control, communications and computers operations (C4 Ops) officer 
satellite communications 
symmetrical-asymmetrical trunk module 
stryker brigade combat team 

System Control Center-2 

Space Communications Protocol Standard 
Software Engineering Center 

small extension node 

signal entry panel 

small form-factor pluggable 

super-high frequency 

SECRET Internet Protocol Router Network 
Secure Mobile Anti-Jam Reliable Tactical Terminal 
switch multiplexer unit 

Simple Network Management Protocol 
standard operating procedures 

single shelter switch 

secure telephone equipment 

standard tactical entry point 

security technical implementation guide 
Shielded Twisted Pair 

Strategic Command 

tactical command post 

tactical fastlane 

tactical satellite 

transmission control protocol/internet protocol 
time division multiplexer 

time division multiple access 

trunk ecryption device 

Tactical Fiber Optical Cable Assembly 

Trivial File Transfer Protocol 

Transportable Ground Receive Suite 

Tactical High Speed Data Network 

Tactical Internet 

Tactical Information Management System 
Tool Kit 

tactical operations center 

Transmissions Resource Control 

Tri-Service Tactical Communications Program 
Trojan Special Purpose Integrated Remote Intelligence Terminal 


trophospheric scatter 
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TS/SCI 
TTP 
TUID 
TX 
UA 
UHF 
UHN 
ULLS 
UPS 
VAC 
VDC 
VoIP 
VPN 
VSAT 
VTC 
WAN 
WIC 
WIN-T 
WMI 
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top secret/sensitive compartmented information 


tactics, techniques, and procedures 


Tactical User Identification 
transmit 

unit of action 

ultrahigh frequency 

Unit Hub Node 

unit level logistics system 
uninterruptible power source 
volts, alternating current 
volts, direct current 

Voice Over Internet Protocol 
Virtual Private Network 
very small aperture terminal 
video teleconferencing 
wide-area network 

WAN Interface Card 
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Geometry SOLID GEOMETRIC FIGURES 


Summary 


The important information in this chapter is summarized below. 


Solid Geometric Shapes Summary 


Volume of a rectangular solid: abc 

Surface area of a rectangular solid: 2(ab + ac + bc) 
Volume of a cube: a” 

Surface area of a cube: 6a” 

Volume of a sphere: 4/32r° 

Surface area of a sphere: 477° 

Volume of a right circular cone: 1/3r°h 

Surface area of a right circular cone: mr° + trl 


Volume of a right circular cylinder: 1r°h 


Surface area of right circular cylinder: 2nrh + 217° 
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PREFACE 


1. Scope 


The intent of this publication is to assist planners and users at the joint task force, 
Service component, and other functional components by providing an improved and 
unified process for planning, managing, and using ultra high frequency (UHF) tactical 
satellite (TACSAT) frequencies with special emphasis on maximizing the use of this 
limited resource. 


2. Purpose 


Lessons learned and collected by Joint Staff J-6 from numerous joint operations 
identified significant problems with planning and utilizing the limited number of UHF 
TACSAT frequencies. Current methods and procedures based on use, geography, 
channel size, demand access, and time have proved difficult to integrate and require 
extensive manual tracking and manipulation. These inefficiencies contribute to the 
shortage of this critical command and control resource. This multi-Service tactics, 
techniques, and procedures (MTTP) publication consolidates and standardizes Service 
tactics, techniques, and procedures (TTP) for planning and executing UHF TACSAT 
frequency management operations. It serves as a planning and execution guide and a 
framework for coordination and synchronization consistent with current Joint doctrine. 


3. Application 


a. This publication is applicable to unit level UHF TACSAT planners and users 
throughout the joint force. 


b. The United States (U.S.) Army, Marine Corps, Navy, and Air Force approved 
this multi-Service publication. 


4. Implementation Plan 


Participating Service command offices of primary responsibility review this 
publication, validate the information, and reference and incorporate it into Service 
manuals, regulations, and curricula as follows: 


Army. Upon approval and authentication, this publication incorporates its 
procedures in the U.S. Army Doctrinal and Training Literature Program as directed by 
the Commander, U.S. Army Training and Doctrine Command (TRADOC). Distribution 
is in accordance with applicable directives and the initial distribution number (IDN) on 
the authentication page. 


Marine Corps. The Marine Corps incorporates the procedures in this publication 
in U.S. Marine Corps doctrinal and training publications as directed by the 
Commanding General, U.S. Marine Corps Combat Development Command (MCCDC). 
Distribution is in accordance with the Marine Corps Publication Distribution System. 


Marine Corps PCN: 1440000380 


Navy. The Navy incorporates these procedures in U.S. Navy training and doctrine 
publications as directed by the Commander, Navy Warfare Development Command 
(NWDC [I5]). Distribution is in accordance with Military Standard Requisition and 
Issue Procedure Desk Guide (MILSTRIP Desk Guide) Navy Supplement Publication- 
409 (NAV SUP P-409) and NTTP 1-01, the Navy Warfare library. 


Air Force. The Air Force incorporates the procedures in this publication in 
accordance with applicable governing directives. Distribution is in accordance with Air 
Force Instruction (AFI) 33-360. 


5. User Information 


a. TRADOC, MCCDC, NWDC, Headquarters Air Force Doctrine Center (AFDC), 
and the Air Land Sea Application (ALSA) Center developed this publication with the 
joint participation of the approving Service commands. ALSA reviews and updates this 
publication as necessary. 


b. This publication reflects current joint and Service doctrine, command and control 
organizations, facilities, personnel, responsibilities, and procedures. Changes in Service 
protocol, appropriately reflected in joint and Service publications, will be incorporated 
in revisions to this document. 


c. We encourage recommended changes for improving this publication. For each 
recommendation, include the specific page and paragraph and provide a rationale. Send 
comments and recommendations directly to— 


Army 


Commander 

US Army Training and Doctrine Command 
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Fort Monroe, VA 23651-5000 
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EXECUTIVE SUMMARY 


UHF TACSAT/DAMA 


Multi-Service Tactics, Techniques, and Procedures 
for UHF TACSAT and DAMA Operations 


Chapter I identifies key players in the management of tactical satellite (TACSAT) 
resources and offers critical guidance for the user to optimize this scarce resource. The 
usage guidance centers on the need to consider other communications capabilities before 
requesting access to TACSAT resources. The chapter concludes with sections on 
TACSAT capabilities, military standards, waveforms, and slave channels. These 
sections include discussions of narrowband and wideband channels, the utilization of 
dedicated and demand assigned multiple access (DAMA) services, and descriptions of 5- 
kHz and 25-kHz waveforms. 


Chapter II provides a detailed look at the communications planning cycle of assessing 
force structure, acquiring resources, managing resources, and issuing resources to users. 
It discusses DAMA emission control, terminal base address (TBA) management and 
precedence, common, and private networks, and disadvantaged users. 


Chapter III provides techniques and procedures for UHF TACSAT equipment and 
operations, TBA management, orderwire (OW) key management, and communications 
security equipment. It also provides samples of 5- and 25-kHz DAMA checklists, 
accessing dedicated and DAMA channels. The equipment list provides the planner with 
the capability to assess communications interoperability of various elements in a Joint 
Task Force (JTF). The point of contact list provides TACSAT users a means of 
troubleshooting a variety of common problems with UHF TACSAT operations. 


The appendices provide samples of checklists, troubleshooting guides, and other 
planning resources. 
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Chapter | 
Overview/Terminology 


1. Introduction 


This multi-Service tactics, techniques, and procedures (MTTP) publication serves as 
a preparation and execution guide for the communications planner and the terminal 
operators. It explores solutions to the following problems: 


a. Proper preparation and utilization for the limited number of ultra high frequency 
(UHF) tactical satellite (TACSAT) resources. 


b. Greater efficiency in the utilization of this critical command and control 
resource. 


c. Proper consolidation and standardization of Service tactics, techniques, and 
procedures for planning an execution of UHF TACSAT management. 


2. Definition of Key Terms 


a. Communications planner. For purposes of this publication, the term 
“communications planner” refers to individuals responsible for developing UHF satellite 
communications (SATCOM) requirements in support of the unified combatant 
commander operations plan (OPLAN), exercise plan (EXPLAN), or emerging operations 
(EMOP), including unit through component level. Communications planners may be 
referred to in varying Service elements as frequency managers, signal noncommissioned 
officer, signal officer, S6, J-6, spectrum manager, communication chief, or other similar 
term. 


b. Terminal operator. For purposes of this publication, the term “terminal 
operator” refers to any individual who interacts (directly or indirectly) with a UHF 
TACSAT terminal. 


c. Frequency management. The term “frequency management” refers to the 
process of requesting, issuing, and managing frequency resources in accordance with 
joint policy, United States (US) and international law, and Service procedures. A 
SATCOM channel consists of two frequencies managed as individual frequencies. 


d. Demand assigned multiple access (DAMA). DAMA is a technique used to 
increase the number of users a limited “pool” of satellite transponder space can support. 
The ability to share bandwidth is based on the assumption that not all users require 
simultaneous access to communication channels. DAMA systems, quickly and 
transparently, assign communication links or circuits to a network control system based 
on requests received from user terminals. Once a circuit is not in use, the channels are 
immediately returned to the central pool for reuse. Using DAMA allows many 
subscribers to be served using a fraction of the satellite resources required by dedicated, 
point-to-point signal-channel-carrier networks, thus reducing the costs of satellite 
networking. 


e. Naval Computer and Telecommunications Area Master Station 
(NCTAMS)/Satellite Management Center (SMC). The NCTAMS is a station tasked to 
install, operate, man, and maintain satellite ground stations. The SMC is the DAMA 
controller office responsible for configuring, monitoring, and troubleshooting DAMA 
network assignments. 


f. Joint UHF Military Satellite Communications (MILSATCOM) Network 
Integrated (JMIND controller. The JMINI is the hardware and software suite used by 
the NCTAMS-SMC to manage 5-kilohertz (kHz) and 25-kHz DAMA networks. It isa 
multiplexer controlling the technical configuration of the DAMA satellite channels to 
provide functionality of the system. 


g. Satellite access request (SAR). The SAR is a formal request, submitted in 
preformatted message form, to the UCC communications planning office by a using unit 
through the chain of command. The SAR requests satellite resources to support valid 
mission requirements. 


h. Satellite access assignment (SAA). The formal SAA assignment message 
assigning specific resources to a unit for a specific period of time. The SAA is issued by 
the regional SATCOM support center (RSSC). It is sent to the requesting unit and the 
NCTAMS for controller configuring and system monitoring . 


1. Net control station (NCS). The NCS is an individual, office, communications 
control center, or command responsible for facilitating shared access between terminal 
operators for a particular UHF SATCOM network. 


j. Satellite database (SDB). The SDB is the base document listing validated 
requirements as a result of UCC mission analysis. The document is reviewed annually 
to ensure current resource requirements are included. 


3. Organizations and Functions 


The Joint Chiefs of Staff (JCS), United States Strategic Command (USSTRATCOM), 
UCC, joint frequency management office (JFMO), global SATCOM support center 
(GSSC)/RSSC, joint task force (JTF), NCTAMS, combatant commands (COCOM), 
communications planners, and terminal operators play key roles in planning and 
managing UHF SATCOM requirements and resources. The responsibilities of each 
organization are summarized below. The functional relationships between these 
organizations are depicted in Figure I-1. 


1-2 


Joint Chiefs of Staff 


Apportion and Allocate 
SATCOM Resources 


USSTRATCOM 


Implement Apportionment and 
Allocation of Satellite Resource 


JFMO Unified Combatant 
Frequency Commands (UCC) 
Clearance 
Water yas 
Requirements 


Global/Regional SATCOM 
Support Centers 
Se ee ae 


Issue uae 


Request Satellite 
esources Naval ea and Telecommunications 
Area Master Station ae ae 
A Operate Controllers 


Communication Planners 


Terminal Operators 
Local Frequency Management 


Execute Operations 


Figure I-1. UHF SATCOM Functional Organization Chart 


a. Joint Staff/J-6. 
(1) Provide and maintain a staffing capability to perform the following: 


(a) Monitor, coordinate, and formulate actions — approved by the Chairman 
of the Joint Chiefs of Staff (CJCS) — for strategic, tactical, and contingency SATCOM 
operational access. 


(b) Develop a coordinated Joint Staff position on SATCOM issues having 
operational implications. 


(c) Implement CJCS adjudication directives for SATCOM resources. 
(d) Monitor the health and operational status of SATCOM systems. 


(2) Assist non-Department of Defense (DOD) users in accessing SATCOM 
capabilities. 


(3) Ensure near-real-time visibility of all SATCOM capabilities and users. 


(4) Assist in resolving international SATCOM interference issues that cannot be 
resolved by COCOM. 


(5) Manage the SATCOM requirements process, including the necessary 
requirements for commercial SATCOM assets for contingency and war situations. 


(6) Co-chair the monthly Joint SATCOM panel with USSTRATCOM. 


(7) Co-chair the annual joint revalidation and approval for planning purposes of 
all SATCOM access requirements contained in the SDB with USSTRATCOM. 


(8) Review and assess the results of the UCC annual review of SATCOM access 
requirements. Provide recommendations and corrective actions to the CJCS. 


(9) Chair joint working groups addressing SATCOM issues in support of CJCS 
responsibilities. 


(10) Coordinate on USSTRATCOM’s recommendations for initial positioning of 
satellites. 


(11) Coordinate the communications message processor (CMP) within the Joint 
Staff. Oversee the coordination of CMP actions between the Services. 


b. USSTRATCOM. 


(1) Manage and dynamically assign SATCOM resources commensurate with its 
role as the single point of contact in military space operational matters. 


(2) Monitor resource contention among users and facilitate resolution. Arbitrate 
conflicts resulting from apportionment decisions, allocation, and spacecraft positioning. 
Forward unresolved issues to the Joint Staff for adjudication by the CJCS. 


(8) Serve as SATCOM operational manager for the day-to-day management of 
operational SATCOM resources. (See Appendix B for definitions of functions and 
responsibilities.) 


(4) Serve as the advocate for, and develop annual assessment of, SATCOM 
systems and capability requirements for SATCOM systems supporting operational 
requirements, as described at Appendix E. 


(5) Maintain a direct liaison with the Services, Joint Staff, Defense Information 
Systems Agency (DISA), Office of the Secretary of Defense, and users of SATCOM 
systems to identify system provisioning requirements, support DOD SATCOM 
architecture development, and integrate SATCOM into the Global Information 
Grid/Defense Information Systems Network. 


(6) Coordinate the CMP schedules and issues with the COCOM annually. 
Prioritize requirements, indicate shortfalls and operational impacts, and provide 
accurate information to the Services and DISA. 


c. Unified Combatant Command (UCC). 


(1) Support relationship. Per JP 0-2, "Unified Action Armed Forces 
(UNAFF)," the Secretary of defense establishes support command relationships between 
combatant commanders for the planning and exeecution of joint operations. Operations 
Allied Force and Iraqi Freedom highlighted the need to properly manage SATCOM 
bandwidth, a challenge that may be exacerbated if the supported / supporting 


relationship is not clearly defined. With regard to SATCOM support from 
USSTRATCOM, the UCC typically will be the supported commander and, unless 
limited by the establishing directive, will "have the authority to exercise general 
direction of the supporting effort." When designated as the supporting commander, 
Commander USSTRATCOM will determine the "methods, procedures, and 
communications to be employed in providing this support" and "provide the 
requested capabilities, as available, to assist the supported commander to 
accomplish missions requiring additional resources." 


(2) Conduct annual reviews of SATCOM requirements for each validated 
OPLAN, concept of operation plan, or operational architecture in accordance with the 
joint strategic capabilities plan and CJCSM 3122.01. 


(3) Identify shortfalls from apportioned SATCOM capacity and Joint Strategic 
Capabilities Plan guidelines. Ensure SATCOM requirements are consistent with 
current plans and have a validated SDB number. 


(4) Consolidate and prioritize all SATCOM requirements needed to execute the 
referenced plan or mission, including requirements of components and supporting 
COCOM, Services, Defense agencies, and exercise and training requirements. 


(5) Forward a list of prioritized requirements, including requirements that could 
not be filled using apportioned assets, to USSTRATCOM. Provide an information copy 
to Joint Staff/J-6 with the annual SDB revalidation. DISA assists by providing a mix of 
media assessments and modeling support. 


(6) Provide operational control of subnetworks for apportioned SATCOM 
resources including— 


(a) Manage apportioned SATCOM capabilities. 
(b) Develop allocation plans and allocate apportioned SATCOM assets. 


(c) Establish access priorities for subordinate units according to appropriate 
OPLAN, concept of operation plan, or mission requirements. 


(7) Adjudicate SATCOM access conflicts within the respective commands. 


(8) Ensure component communications staffs are trained to manage apportioned 
SATCOM resources. 


(9) Prepare an annual report to DISA on commercial SATCOM operational use 
and associated costs. Provide an information copy to the Joint Staff/J-6 and the 
Assistant Secretary of Defense (NII). Submit the reports in the first quarter of each 
fiscal year to DISA. DISA consolidates the reports into one comprehensive report and 
submits it (annually) to the Joint Staff/J-6 and the Assistant Secretary of Defense. 


(10) Ensure proper coordination is routinely employed to obtain, defend, and 
renew host nation approval for the various SATCOM systems employed by DOD. 
Determine required coordination based on area of responsibility with the SATCOM 
operational manager and its SATCOM system experts, the Services, and DISA. 


(11) Provide an applicable satellite, terminal, control, and network management 
segment information for CMP development and updates. 


d. GSSC/RSSC. 
(1) Perform 24-hour operations functions. 
(2) Plan and manage communications for the UCC. 
(3) Process SARs and issue SAAs. 
(4) Provide apportionment oversight for the UCCs. 
e. JTF. 


(1) Exercise control over joint communications systems and establish and 
maintain joint circuits, per unified command J-6 guidance. 


(2) Submit frequency requirements to the theater JFMO. 


(3) Validate, consolidate, prioritize, and forward UHF TACSAT requirements to 
the COCOM for channel allocation. 


f. JFMO. 
(1) Provide frequency clearance for apportioned TACSAT channels. 
(2) Assist users in resolving electromagnetic interference (EMI). 
g. NCTAMS. 
(1) Configure communications plans for the GSSC/RSSC. 
(2) Execute communications security (COMSEC) rollovers. 
(3) Provide EMI characterization. 
(4) Monitor DAMA control system performance. 
(5) Maintain DAMA control system equipment. 
h. Component Command. 
(1) Develop communications plans supporting UCC OPLAN/EXPLAN/EMOP. 
(2) Validate and rank component SARs. 
i. Communications Planners. 
(1) Identify resource requirements. 
(2) Submit SARs. 


(3) Perform local frequency deconfliction. 


4. UHF TACSAT Usage Guidance 


a. UHF TACSAT bandwidth is an extremely scarce resource. Other means of 
communications are considered prior to requesting a UHF TACSAT resource. UHF 
TACSAT resources include dedicated channels and DAMA networks. Table I-1 presents 
criteria communications planners use to determine when a UHF TACSAT resource is 
necessary. A signals intelligence (SIGINT) risk assessment is performed to determine 
the system and mode best suited to mitigate the SIGINT risk while accomplishing the 
mission. 


b. Use a logical process for communications planning. The process should include 
determining the distance and evaluating the terrain between terminating points; the 
type of information to be moved (voice, data, imagery, video); the systems and modes 
available to move the information; and the ability of the unit to furnish, install, operate, 
and maintain the systems and modes. Compare the communications requirements to 
the systems and modes available to communicate. 


c. Do not consider TACSAT as the default solution to any communications 
requirement. Specific planning considerations drive communications planning and the 
process of defining the resources required to move information. As the process of system 
and mode analysis consideration proceeds, eliminate non-TACSAT systems through 
accurate and defensible mission analysis before determining that TACSAT is required. 


d. The planning matrix in Table I-1 represents the logical process used to analyze 
the systems and modes available to a unit for its communications mission. 


Department of Energy 
Fundamentals Handbook 


MATHEMATICS 
Module 4 
Trigonometry 


Table I-1. Voice/Data Planning Matrix 


Distance Mode System Example Remarks 
VRC-8x/9x 
MBITR 
LOS (line of sight) AN/PSC-5/A/C/D 
FM Secure AN/PRC-117F 
Voice/Data LST-5D 
1 to 20 AN/TRC-176 
kilometers AN/GRC-206 
(km) AN/URC-119 
5 PRC-104 
LOS HF Voice/Data AN/GRC-206 Pallet 
AN/PRC-150 
Secure STU/STE, Iridium, GSM, National Security Agency (NSA) Type | 
Phone/Satellite INMARSAT Encryption Required 
LOS HI PWR FM 
Voice/Data VRG-Omox 
AN/URC-119 Plan 1 watt/km; RETRANS 
. PRC-104 Terrain-Dependent 
20 to 50 km | LOS HF Voice/Data AN/GRC-206 Pallet 
AN/PRC-150 
Secure STU/STE, Iridium, GSM, : : 
Phone/Satellite INMARSAT ions Type Lene phone eduited 
LOS HI PWR FM ‘ 
Voice/Data, AN/VRC-8x/9x w/RETRANS Site { Ree ee 
w/RETRANS P 
AN/PSC-11/SCAMP 
neh Sane AN/TSC-154/ 
SMART-T 
ne 150 AN/URG-119 
. PRC-104 
LOS HF Voice/Data AN/GRC-206 Pallet 
AN/PRC-150 
AN/PSC-5/A/C/D 
TACSAT AN/PRC-117F 
LST-5D 
Connected to a Tactical Local Area 
SIPRNET SHF Network (LAN) 
AN/URC-119 
HF PRC-104 
150 AN/GRC-206 Pallet 
‘oO 
10,000 km AN/PRC-150 
(over-the- EHF AN/PSC-11/SCAMP 
horizon) AN/TSC-154/ SMART-T 
Secure STU/STE, Iridium, GSM, 


Phone/Satellite 


INMARSAT 


NSA Type | Encryption Required 


TACSAT 


AN/PSC-5/A/C/D 
AN/PRC-117F 
LST-5D 


e. Figures I-2, I-3, I-4, and I-5 are decision matrices providing a methodical process 
for assessing which systems and modes to use for the communications mission. Use this 


methodical process during all phases of communications planning to ensure the 
appropriate system and mode are used. Using the following matrices, the 


communications planner determines which system and mode meets the requirement. 
Use the first system and mode identified. 


TASK: 
Send/Receive 
Secure Voice/Data 
1-20km 


SIGINT 
Risk Assessment 


Do | have? 


Acquire LOS FM/VHF/UHF 
LOS FM/VHE/UHF Acquire LOS HF 


Secure Phone Acquire Secure Phone 


1. Use LOS FM/VHF/UHF 
2. Use LOS HF 
3. Use Secure Phone 


Figure I-2. Short-Range (1 to 20 kilometers) System/Mode Decision Matrix 


TASK: 
Send/Receive 
Secure Voice/Data 
20 - 50 km 


SIGINT 
Risk Assessment 


Do | have? 


Acquire Hl PWR LOS FM/VHF/UHF 
— 4 
pwn ores feet Acquire Hl PWR LOS HF 


Secure Phone Acquire Secure Phone 


1. Use LOS FM/VHF/UHF 
2. Use LOS HF 
3. Use Secure Phone 


Figure I-3. Medium-Range (20 to 50 kilometers) System/Mode Decision Matrix 
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TASK: 
Send/Receive 
Secure Voice/Data 
50 - 150 km 


SIGINT 
Risk Assessment 


Do | have? 
HI PWR LOS FM/VHF/UHF 


fap at HI PWR LOS FM/VHF/UHF 
w/RETRANS 


w/RETRANS Acquire Tropospheric Scatter Radio Set (AN/TRC-170) 


Tropospheric Scatter Radio Set (AN/TRC-170) Acquire Secure Phone 
Secure Stipa ed Phone Acquire TACSAT 


1. Use LOS FM/VHF/UHF 

2. Use Tropospheric Scatter Radio Set (AN/TRC-170) 
3. Use Secure Phone 

4. Use TACSA 


Figure I-4. Long-Range (50 to 150 kilometers) System/Mode Decision Matrix 
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TASK: 
Send/Receive 
eure Lifecionlea 
- 10000 ki 


! 


SIGINT 
Risk Assessment 


\ 


Do | have? 


Acquire SIPRNET 
Sal! Acquire Hl PWR HF 
Acquire EHF/SCAMP 
Acquire Secure Phone 
Acquire TACSAT 


1. Use SIPRNET 

2. HI PWR HF 

: Use EHF/SCAMP 
4. Use Secure Phone 

5. Use TACSAT 


Figure I-5. Over-the-Horizon (150 to 10,000 kilometers) System/Mode Decision Matrix 


5. Description of UHF TACSAT Capabilities 
The following are commonly used definitions. 
a. Bandwidth. 


(1) Narrowband. Narrowband describes a low-capacity voicedata 
communications circuit, path, or channel. This usually implies that the channel is 
capable of carrying a signal bearing data at a rate of 2.4 kilobits per second (kbps) or 
less. 


(2) Wideband. Wideband describes a medium-capacity voice/data 
communications circuit, path, or channel. This usually implies that the channel is 
capable of carrying a signal bearing data at a rate greater than 2.4 kbps and up to 64 
kbps. 


b. When speaking within the context of communications through 5-kHz and 25-kHz 
channels of the UHF satellites (per the terminology of MIL-STD 188-181B for single- 
channel non- DAMA UHF SATCOM), communications up to 9.6-kbps in 5-kHz channels 
are called narrowband channels; communications up to 64-kbps in 25-kHz channels are 
called wideband channels. 
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(1) The UHF follow-on satellite provides twenty-one 5-kHz channels and 
seventeen 25-kHz channels. In addition to the tactical channels, the Navy uses super 
high frequency (SHF)-uplink/UHF-downlink broadcast channels to disseminate data to 
ships. Each footprint has two primary satellites. USSTRATCOM provides a current 
reference for satellite channel availability at http://uhfweb2.usspace.spacecom.smil.mil. 


(2) UHF TACSAT channels provide two types of satellite access, dedicated and 
DAMA. Each type of access can support both voice and data communications. 


(3) A combination of fleet satellite communications (FLTSATCOM) and UHF 
follow-on satellites provides coverage. Each satellite coverage area terminates in at 
least two adjacent NCTAMS/Naval computing and telecommunications station (NCTS). 
This redundant coverage ensures global connectivity when using DAMA capabilities. 


c. Dedicated TACSAT. All terminals in a net operate on one uplink radio frequency 
paired with one downlink frequency and assigned exclusively to the net. A net’s 
associated uplink frequency paired with its downlink frequency constitutes a single 
channel dedicated for the net’s operational use during an assigned span of hours or 
days. All stations in the net monitor its channel for calls. Each station has a unique 
station identifier (or call sign) that is used to identify it to other station operators in the 
net. Usually, one station in the net is designated as NCS to supervise and authenticate 
the entry and exit of authorized stations. 


d. DAMA. DAMA is a channel access scheme; a TACSAT channel can 
accommodate multiple concurrent communications. Uuser terminals access is allocated 
in accordance with demand. DAMA multiplexing channels allow dedicated access to 
portions of the channel without interference and, through time division multiple access 
(TDMA), enables more networks to access the channel. TDMA is accomplished when a 
network controller station transmits control signals that establish precisely recurring 
intervals of time (frames). A frame is typically one or more seconds in duration. Each 
frame is subdivided (time-division) into precise time-slots. Certain slots in each frame 
are reserved for the controller station to receive user station service requests, or to 
transmit control signals via the satellite. These kinds of signals are called orderwires 
(OW). Other time-slots are available for user stations to transmit signal bursts to each 
other via the satellite. User nets are assigned slots within the frames on a given 
channel. This allows multiple nets to access the same channel simultaneously. 


e. Five-kHz DAMA. A 5-kHz DAMA channel supports one 2.4-kbps voice time-slot 
(with current MIL-STD 188-182 terminals) and provides a dedicated point-to-point (or 
point-to-network) connection between two outstations. 


(1) Point-to-point or point-to-network private circuit is used primarily for data. 
The time delays in the waveform cause extensive latency for voice and, therefore, limit 
voice circuits. 


(2) The users manually disconnect (teardown) from the time-slot on completion 
of send/receive to make the time-slot available for other users. 


f. Twenty-five-kHz DAMA voice/data. When a dedicated 25-kHz channel is 
converted to DAMA, it supports up to five 2.4-kbps time-slots that support voice and 
data communications. A 25-kHz DAMA channel can provide two types of service. 


(1) TDMA DAMA (preassigned time-slots). 
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(a) A shared time-slot dedicated to one network. In this type of service, one 
set of users with a common or private (guard) network address has exclusive access to 
this time-slot. 


(b) Delay is in proportion to the number of simultaneous users connected to 
the network address. 


(c) A user can be connected, monitoring traffic without interfering with 
other users, much like a dedicated channel. 


(2) Ad hoc DAMA (real DAMA). 


(a) Point-to-point/terminal base address (TBA)-to-TBA/TBA-to-common or 
private (guard) network connection, a private connection between two or more 
outstations in one time-slot. 


(b) No delay or interference due to the point-to-point connection capability. 


(c) Users manually disconnect (teardown) from the time-slot on completion 
of send/receive to make the time-slot available for other users. 


g. Five-kHz DAMA multiple-hop (MHOP). 


(1) A circuit can be established between two radios that are physically located in 
two different satellite footprints. 


(2) MHOP provides for data transmission over long distances, but has a system 
delay due to data hopping across multiple satellite footprints that impairs voice 
communication. 


6. Military-Standards (MIL-STD) for DAMA 


a. MIL-STD-188-181 (Interoperability Standard for Single Access 5-kHz and 
25-kHz UHF Satellite Channels) provides guidance on the use of UHF TACSAT 
channels in the dedicated mode. Revision B, the most current version, provides the 
information on home channel numbers and their respective frequencies. It also includes 
information on higher throughput capabilities for both 5-kHz and 25-kHz DAMA 
channels. 


b. MIL-STD-188-182 (Interoperability Standard for 5-kHz UHF DAMA Terminal 
Waveform) provides guidance on using 5-kHz DAMA channels. Descriptions of 
capabilities and OW transmissions are included. Revision A includes a shortened turn- 
around time for voice communications and allows two simultaneous time-slots for voice 
communications. 


c. MIL-STD-188-183 (Interoperability Standard for 25-kHz UHF DAMA Terminal 
Waveform) provides guidance on using 25-kHz DAMA channels. Descriptions of 
capabilities, frame formats, and OW transmissions are included; revision A to this 
standard allows for both 5-kHz and 25-kHz channels to be utilized as slave channels; 
other changes included in the document allow the DAMA semi-automatic controller 
(SAC) to be utilized by terminals conforming to this standard. 


7. Waveforms 


a. Five-kHz DAMA allows for the multiplexing of widely dispersed terminals over 
single or multiple non-processed satellite channels. The DAMA waveform is divided 
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into frames of 8.96 seconds. Each frame is subdivided into 1024 building blocks with a 
length of 8.75 milliseconds (ms) each. These building blocks are grouped into three 
segments in each frame, two for OW transmissions and one for communications. The 
OWs sent from the primary channel controller (PCC) to the terminals are forward 
orderwires (FOW) and the OWs from the terminal back to the PCC are return 
orderwires (ROW). The breakout of a frame is depicted in Figure I-7. 


ee 8.96-seconds) —AAA >| 
Frame 
1024 Building Blocks 

| 


| 
| 1 | 


... Variable... ... Variable... 
Number Number 
of Slots of Slots 


Each time slot consists of a variable 
number of 8.75-ms building blocks. 


Ear eee 
8. ig 


<—E? —>le— 3 


Fl k— 8 soe —>\<— § poo —> 


Time Slot 


Synchronization Data Guard Time 
Element Element Element 


Figure I-7. Waveform Breakout for 5-kHz DAMA 


b. In 5-kHz DAMA, the waveform is divided using a flexible frame format. In 
flexible frame format, each frame can be different, based on the missions supported. 


However, each frame has the same basic set up with the three segments. See Figure I- 
8. 


(1) The FOW is the first segment of all frames. It provides essential control 
information to all users via one time-slot, which consists of a variable number of 
building blocks. The number varies in each frame, based on the amount of information 
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sent at that time and the number of users requiring replies from the PCC. In every 
frame, the FOW contains information on the next frame. 


(2) The ROW is the second segment. It consists of several time-slots, based on 
the number of users sending information to the PCC. Again, the number of time-slots 
and number of building blocks changes in each frame based on the number of ROWs 
sent and how many terminals require ranging in that frame. To ensure there is 
sufficient room for communications, the ROW slot is limited to a maximum of four user 
requests in each frame. 


(3) The user communications segment is the third segment. It is made up of the 
remaining building blocks. The building blocks are grouped into time-slots for baseband 
communications between terminals. The data rate and size of message determine how 
many building blocks are required in the time-slot for a given transmission. An 
additional consideration in the length of the time-slot is whether the user has a full- 
duplex or half-duplex terminal. Based on the continual adjustment of frames, the 
flexible frame format can technically support an infinite combination of formats. It is 
also important to note that, with this waveform, the user time-slots are sequential. No 
other user can begin a transmission until the current user finishes. 


8.96-second frame 


Duration of each segment varies frame to frame 


Previous 
Frame FOW ROW User Communciation 
Segment Segment Segment 


Transmits information ge eC eS One 2400-bps 
for the next frame- - 7 voice/data net 
who can communicate No more than four 
orderwires from terminals 
in each frame-these include: 
log-in, ranging, 
requests for service, etc. 


Four 75-bps data nets 


Figure I-8. Waveform Communications for 5-kHz 


c. In 25-kHz DAMA, the frames are broken down differently than in 5-kHz DAMA. 
Each frame has a fixed frame format, predetermined by the controller. The format is 
based on the number of users supported and the data rates utilized by each one. Unlike 
5-kHz DAMA, where each frame is continually adjusted by the changing requests of the 
users, the frame format normally stays constant on a 25-kHz DAMA channel. The 
frame is divided into more defined segments, as seen in figure I-9. 
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1.3866-second frame 


Previous 


R 
A 
N 
G 
E 


Transmission | 
of Requests 


Provides time slot 
assignments 
during master frame ie 
(every eighth frame). Timing 


Communication time slots- 
Communication time slots— Communication time slots— up to 5 voice/data users, 
up to 5 data users, up to 7 voice/data users, dependent upon data rates. 
dependent upon data rates. dependent upon data rates. 


Figure I-9. Waveform Communications for 25-kHz DAMA 


d. The OWs transmitted by the PCC are the channel control orderwire (CCOW) and 
always start the frame. Every eighth frame is a master frame in which the information 
on the frame format is provided to the terminals along with COMSEC information. In 
the 25-kHz DAMA frame, the OWs sent from the terminals return channel control 
orderwire (RCCOW) are divided into link test, range, and RCCOW slots. The remaining 
frame is divided into three user segments, as seen in Figures I-10, I-11, and I-12. Each 
segment—A, B, and C—is divided into time-slots for the users based primarily on the 
data rate being utilized for communications. The row selected in each user segment 
provides the controller the information required to select the frame format for the 
channel, normally stated in three-digit format. 
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1 2 3 
75 - 9.6 - 1/2 75 - 9.6 - 1/2 75 - 9.6 - 1/2 
10033 10034 10035 
1 2 3 4 
75 - 19.2 - 1/2 75 - 19.2 - 1/2 75 - 19.2 - 1/2 75 - 19.2 - 1/2 75 - 19.2 - 1/2 
10065 10066 10067 10068 10069 
1 2 
300 - 9.6 - 3/4 75 - 19.2 - 1/2 
10097 10098 
1 2 
600 - 19.2 - 1/2 75 - 19.2 - 1/2 
10129 10130 
1 
1200 - 19.2 - 3/4 
101 
1 61 2 
600 - 32 - 1/2 600 - 32 - 1/2 
10193 10194 
1 2 3 4 
300 - 32 - 1/2 300 - 32 - 1/2 300 - 32 - 1/2 75 - 32-1/2 
10225 10226 10227 10228 
1 2 
1200 - 32 - 3/4 75 - 9.6 - 1/2 
10257 10258 
1 
1200 - 19.2 - 3/4 
10289 
1 
1200 - 19.2 - 3/4 
10321 
1 
1200 - 19.2 - 3/4 
10353 
1 
1200 - 19.2 - 3/4 
10385 
1 
1200 - 19.2 - 3/4 
10417 
1 
1200 - 19.2 - 3/4 
10449 
1 
1200 - 19.2 - 3/4 
10481 


KEY TO FIGURE EXAMPLE 
Number Above Block: AC Slot Number 1 


Top Number Inside Block: Baseband Rate - Burst Rate- Code Rate 75-9.6-1/2 
Bottom Number Inside Block: DC Circuit Number 10033 


Figure I-10. A Segment Slots 
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5 
16 kbps - 32 - 3/4 
10006 
600 - re 1/2 75 - v7 1/2 
2400 - 9.6 - 1/2 
10070 
4800 - 19.2 - 1/2 
10102 
6 7 8 9 
2400 - 32 -1/2 300 - 19.2 - 1/2 2400 - 32 - 1/2 2400 - 32 - 1/2 
10134 10135 10136 10137 
6 7 8 9 10 11 
Cs) 2400 - 32 - 3/4 300 - 32 - 3/4 2400 - 32 - 3/4 75 - 9.6 - 1/2 2400 - 32 - 3/4 75 -9.6- 1/2 
10166 10167 10166 10169 10170 10171 
6 Z 
2400 - 19.2 - 3/4 
10198 
6 7 8 


12 


75 - 19.2 - 1/2 
10235 


75 - 19.2 - 1/2 
10301 


600 - 32 - 1/2 
10334 


1200 - 19.2 - 3/4 
10362 


Tea 1/2 “33° 1/2 ea: 1/2}300 a 1/2} 300 ae 1/2}300 8a 1/2/300 aoe 1/2]300 aoe 1/2}300 ee 1/2 | 300 waa 1/2 | 300 - 9.6 - 1/2 
a = 
SOE OE STE OTT OTST ST 75 - 19.2 - 1/2 
10422 10423 10424 10425 10426 10427 10428 
6 Z 8 
2400 - 19.2 - 3/4 2400 - 19.2 - 3/4 2400 - 19.2 - 3/4 
10454 10455 10456 
6 


7 8 9 


2400 - 32 -3/4 1200 - 19.2 - 1/2 1200 - 19.2 - 1/2 1200 - 19.2 - 1/2 
10486 10487 10488 10489 


KEY TO FIGURE EXAMPLE 
Number Above Block: AC Slot Number 6 
Top Number Inside Block: Baseband Rate - Burst Rate - Code Rate 2400 - 19.2 - 1/2 
Bottom Number Inside Block: DC Circuit Number 10038 


Figure I-11. B Segment Slots 
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17 18 19 20 21 22 
300 - 19.2 - 3/4 75 - 9.6 - 1/2 75 -9.6- 1/2 75 - 9.6 - 1/2 75 - 9.6 - 1/2 75 - 9.6 - 1/2 
10049 10050 10051 10052 10053 10054 


17 18 19 20 
600 - 19.2 - 1/2 300 - 9.6 - 3/4 75 - 9.6 - 1/2 75 - 19.2 - 1/2 
10081 10082 10083 10084 
17 20 
1200 - 9.6 - 3/4 75 - 19.2 - 1/2 
10113 10114 
17 18 19 20 21 22 
75 - 32-1/2 75 - 19.2 - 1/2 75 - 19.2 - 1/2 75 - 19.2 - 1/2 300 - 9.6 - 3/4 300 - 9.6 - 3/4 
10145 10146 10147 10148 10149 10150 


16 17 18 
600 - 19.2 - 1/2 ~19.2- ~19.2- 
Cs) 
7 18 19 
75-32-12 300 - 32- 1/2 2400 - 32- 1/2 
10209 10210 10211 
7 18 
75 - 19.2 - 1/2 2400 - 19.2 - 3/4 
Cc) 
7 18 19 20 
600 - 32 - 1/2 75-19.2-1/2 
10273 10374 
7 18 
7 18 9 20 
1200 - 32 - 3/4 1200 - 32 - 3/4 1200 - 32 - 3/4 75 -19.2- 1/2 
10337 10338 10339 10340 
7 18 19 
= 
10369 10370 10371 


1 20 


17 18 21 
300 - 19.2 - 1/2 300 - 19.2 - 1/2 300 - 19.2 - 1/2 300 - 19.2 - 1/2 75 - 19.2 - 1/2 
10401 10402 10403 10404 10405 
1 18 19 
300 - 9.6 - 1/2 300 - 9.6 - 1/2 300 - 9.6 - 3/4 
10433 10434 10435 


BCDOE 2400 - 19.2 - 3/4 
GUARD 10465 
17 18 19 20 
600 - 32 - 1/2 600 - 32 - 1/2 600 - 32 - 1/2 600 - 32 - 1/2 
10497 10498 10499 10500 


KEY TO FIGURE 
Number Above Block: AC Slot Number 


Top Number Inside Block: Baseband Rate - Burst Rate- Code Rate 300 - 19.2 - 3/4 
Bottom Number Inside Block: DC Circuit Number 10049 


Figure I-12. C Segment Slots 


e. The segments shown in Figures I-10 through I-14 are complete selections. They 
facilitate understading how the controller determines the number of users that may 
simultaneously use a channel without causing interference. The first item considered is 
the data rate of the baseband device. This is indicated by the first number in each 
block. The second item considered is the burst rate, which can be one of three 
selections. On good channels, the burst rate can be as high as 32-kilosymbol(s) per 
second; on noisier channels (or channels with disadvantaged users), the burst rate is 
lowered to 19.2- or 9.6-kilosymbol(s) per second to increase the likelihood of successful 
communication. The encoding rate also plays a major role, especially with the 
disadvantaged users on the DAMA channels. 
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f. While there are selections that can accommodate up to 22 time-slots and 
selections that can accommodate 16-kbps data/voice users, the most common Navy 
selections are the 257 and 259 formats (shown in Figure I-13). These formats allow five 
narrowband voice users at a 2.4-kbps data rate on the channel along with several lower 
data rate users. The benefit to the user is that five voice nets can be placed on one 
channel instead of five separate channels. These formats require ideal conditions in 
which burst rates can be at their highest speed. 


g. Adjustments to the frame format are made for different data rates and different 
requirements of the users. The UCC, RSSC, or JMINI control station operator always 
determines the frame format. Users only supply the requests for access to the channels 
and information (such as data rates, type of communications, length of transmissions, 
and disadvantaged terminals within the network) supporting the use of the time-slots. 
This allows the control operators to adjust the channels to support the greatest number 
of users with the highest quality communications slots available. 


1 2 3 4 5 
Le | Oat la (Oo ee ee uae ge 75 - 19.2 - 1/2 
10069 
Bes lee) 19.2 - 1/2 
Bes lee) 


Ce) 2400 - <= 3/4 75-192 - 1/2 75-19.2- 1/2 75-19.2- 1/2 75 - 732- 1/2 75-19.2-1/2 
10310 


KEY TO FIGURE EXAMPLE 
Number Above Block: AC Slot Number 1 
Top Number Inside Block: Baseband Rate - Burst Rate - Code Rate 75-19.2-1/2 
Bottom Number Inside Block: DC Circuit Number 65001 


Figure I-13. Typical Navy 25-kHz DAMA Assignments 


h. While these may be the most common frame formats used, they are not the only 
formats available. Frame formats can, and should, be based on the communications 
requirements submitted, then updated based on the quality of communications 
provided. When a unit has disadvantaged users (such as manpack, 20w radio with a 
low-look angle to the satellite) within the network, the frame format should be adjusted 
to provide a more robust time-slot. This may include reducing the number of time-slots 
available to allow for lower burst rates. The lower burst rates (19.2 and 9.6) allow for 
communications to be established when the burst rate of 32 does not support the 
majority of users. 
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i. For TDMA DAMA, the time-slots within the frame format for communications 
are assigned to a network address. This guarantees assured access to the units. The 
slot is used only by those terminals contacting the network address. TDMA DAMA does 
not allow point-to-point or conference calls since all time-slots are dedicated to network 
addresses as indicated in Figure I-14. In addition, use of TDMA DAMA does not allow 
changing frame formats based on communications problems. The time-slots are 
assigned and cannot be changed. 


1 2 3 4 5 
75 bps 75 bps 75 bps 75 bps 75 bps 
65001 65002 65003 65004 65005 


6 9 10 11 12 
2400 bps 300 - 32 - 3/4 2400 bps 75 bps 2400 bps 75 bps 2400 bps 
65101 10167 65102 65006 65103 65007 65104 

7 18 


1 
75 bps 2400 bps 
65008 65105 


KEY TO FIGURE EXAMPLE 
Number Above Block: AC Slot Number 1 
Top Number Inside Block: Data Rate 75 bps 
Bottom Number Inside Block: Net Guard Address 65001 


Figure I-14. Example of 25-kHz TDMA DAMA Assignments 


8. Slave Channels 


a. Slave channels capitalize on a frequency switching concept to assign services on 
5-kHz and 25-kHz channels that are time-slaved to a 25-kHz DAMA control channel 
(Figure I-15). 


(1) DAMA control channel used for OW communications, ranging, and link tests. 
(2) DAMA slave channels used for baseband communications. 


(3) DAMA slave channels do not require channel control modems/radios. 


User 
Home Channel Segment 
(overhead & data) A 


Link Test 


User User 
Segment Segment 
B Cc 


User terminal switches to slave channel for baseband-communications 


and back to home.channel for orderwire, ranging, and link tests. 


25-kHz Slave Channel Vi Seamer Segment 


Figure I-15. Slave Channels for 25-kKHz DAMA 


b. Only DAMA SAC supports slave channels; JMINI at full operational capability 
supports— 
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(1) Both -183 (baseline) and -183A terminals can use 25-kHz slave channels. 


(2) Only -183A terminals can use 5-kHz slave channels. New burst rates and 
forward are correction rates. 


(3) Set up and push-to-talk delays on 5-kHz slave channels are the same as on 
any 25-kHz DAMA channel. 


c. Consider slave channels a hybrid of DAMA with demand assigned single access 
(DASA) capability. DASA requires— 


(1) User tunes to DAMA home channel, requests timed DASA access. 
(2) Radio frequency switches to DASA channel for dedicated channel use. 
(3) Radio uses frequency switching technology. 
d. In each frame cycle— 
(1) Users tune to home channel for overhead. 
(a) CCOW. 
(b) RCCOW. 
(c) Link test. 
(d) Ranging. 
(e) No OW, ranging, or link data on slave channel. 


(2) Users frequency switch to slave channel for baseband communications on 
appropriate data slot(s). 
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25-kHz DAMA Control Channel 
(Home Channel) 


NCTAMS_ _ 


25-kHz Slave Channel 


u we UHF SATCOM users 
elas tooean Controller assigns (ais, land, 20a) 2 
pigs satellite access - ~ , 


‘ 


25-kHz DAMA Slave Channel 


25-kHz DAMA Slave Channel 


Users communicate on assigned satellite channel and return to home 
| = DAMA Orderwire channel every frame to receive/transmit orderwire messages 


Figure I-16. Communications on 25-kHz DAMA Slave Channels 
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Chapter Il 
Communications Planning Cycle 


1. Assess Force Structure Requirements 


a. What is the mission requirement? Who, what, where, when, why 
(OPLAN/EXPLAN/EMOP)? 


b. Validate mission requirements against established SDB (per 
OPLANS/EXPLANS/EMOP/fragmentary order/Annex-K), and CJCSI 6250.01A priority 
code. 


ASSESS FORCE STRUCTURE 
Receive the Mission 


Analyze the Force Structure Requirements 


Validate against SDB 


ISSUE RESOURCES TO USERS COMMUNICATIONS ACQUIRE RESOURCES 
Issue Unit Communication PLANNERS Define unit specific resources 


Voice/Data 
Monitor Operations for Emerging Duty Cycle 


Instructions 


Requirements 


Access Period 
Respond to Preemptions and/or 


Recover Resources as Required Traffic Priority 
Mission Rationale 
Submit SAR 


MANAGE RESOURCES 
Monitor Mission Planning Process 


Receive Resources (SAA) 
Frequency Clearance/Deconfliction 


Interference Resolution 


Figure Il-1. Communications Planning Cycle 


2. Acquire Resources 


a. Define unit specific resources. TACSAT resources are extremely constrained due 
to proliferation of TACSAT capable radio systems. Based on system constraints a unit 
may receive an assignment that provides for lower data rates than originally requested. 
Communications planners validate all resource requirements based on mission criteria 
and ensure that realistic resource requests are submitted based on mission analysis. 


(1) Do not use TACSAT networks for routine traffic when other systems and 
modes of communication are available. 


(2) Do not request resources at a higher priority than required. 
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b. Voice. 
(1) Bandwidth (25-kHz or 5-kHz). 
(2) Mode (DAMA or dedicated). 
(3) Data rate (2.4-kbps or 16-kbps). 
(4) Criteria. 


(a) Per the JCS, narrowband voice mandate, compatibility with advanced 
narrowband digital voice terminal (ANDVT) application 3 using voice digitization at 2.4- 
kbps is the joint standard for secure voice operations via UHF satellites. 


(b) For a number of high priority networks, the COCOM can designate that 
a network operate at 16-kbps for technical or voice recognition requirements. 


c. Data. 
(1) Bandwidth (25-kHz or 5-kHz). 
(2) Mode (DAMA or dedicated). 
(3) Data Rate (75-bps to 64-kbps). 


(a) The major factors that determine data rate selection are the file size 
required to be transmitted, the volume of traffic, and tolerance for delay in access to the 
circuit. 


(b) Larger file sizes require greater throughput speed (for example, a file 
size of 50-bytes may be transmitted over a 300-baud link, but a 1.2-megabyte file may 
require a nine.6-kbps link). 


d. Duty cycle. (For what percentage of a 24-hour day is access to the circuit 
required?) 


(1) Low—1 to 2 hours access per 24-hour period. 
(2) Medium—2 to 8 hours access per 24-hour period. 
(83) High—8 hours or more access per 24-hour period. 


e. Access period. Coordinated universal time date-time group of start access date 
and stop access date with specific periods of use per day (for example, 0700Z to 1700z 
daily). Request 24-hour access if mission analysis identifies the requirement. 


f. Traffic priority. CJCSI 6250.01A identifies a prioritization scheme to determine 
access to both the core warfighting and enterprise-wide SATCOM resource 
apportionment. See Appendix J for the prioritization scheme used to determine access. 


g. Mission rationale (for specific/special resource request). 


(1) Equipment, platforms, or mission capabilities/limitations (such as not 
capable of operating in all modes or bandwidths). 


(2) Support relationships (special users, coalition users). 


(3) Geographic or physical location (DAMA MHOP), footprint, look angle 
constraints. 
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(4) DAMA emission control (EMCON) While using 25-kHz DAMA channels, 
especially TDMA DAMA, periodic slot connect OWs are transmittable to the terminals. 
Stating EMCON is required, ensures the DAMA controllers are ready to transmit this 
OW every 2 to 7 minutes. This “pulls in” any terminal logged into the DAMA channel 
with the net guard address programmed into the guard list. This eliminates some 
operator errors in accessing the net guard. 


(5) TBA management in TDMA DAMA networks. Access to the 25-kHz DAMA 
channels is preassigned to the networks. Preassigning the channels removes the 
capability to make point-to-point or conference calls and prevents preemption of time- 
slots based on TBA precedence. Usually, the networks are assigned as common 
networks, eliminating the need to identify which TBAs will participate in the net guard 
address. Therefore, listing TBAs and requesting precedence for the TBA is not required. 


(6) TBA precedence. A unit assigns each TBA a precedence for establishing 
services/calls via the SAR. For 5-kHz DAMA, the precedences are routine, priority, 
immediate, flash, and flash override. The precedence determines how fast the terminal 
accesses the satellite channel. All accesses on 5-kHz DAMA are precedence based. 
Higher precedence services preempt lower precedence services, even if already 
established. The precedences for 25-kKHz DAMA and 5-kHz DAMA are the same, except 
emergency action is the highest precedence in 25-kHz DAMA. For ad hoc DAMA 
channels, TBA precedence works much the same as on 5-kHz DAMA. Precedence is not 
the only basis for preemption. Ranked networks preempt slots on the channel first, 
followed by precedence. Preassigned time-slots (TDMA DAMA) cannot be preempted by 
any precedence. 


(7) Common network. A common network is a net guard address without a 
designated list of access permitted terminals. Any terminal may participate if the net 
guard address is on the guard list and it uses the configuration code assigned to the 
address. The size of the network is limited to 512 addresses, because only 512 terminals 
may use one 25-kHz DAMA channel (ranging limitation). The size on the 5-kHz DAMA 
channel is limited to 64 terminals, based on the military standard. 


(8) Private network. A private network. is a net guard address with a 
designated access list of terminals. This is the standard network for 5-kHz DAMA. A 
maximum of 64 TBAs are assigned to the network and designated in the SAR as 
participants. Any terminal can initiate the network for a call or service and any service 
is available to the network. A 25-kHz DAMA private network. is also limited to 64 
TBAs and they must be stated in the SAR as participants. In addition, designate one 
terminal as the NCS of the network. This is the only terminal that initiates the 
network. Usually, these networks are not given preassigned time-slots. A private 
network on 25-kHz DAMA may request access to a DASA channel while a common 
network cannot. 


(9) Disadvantaged users. Disadvantaged users are terminals with problems 
accessing the satellite channels. These include, but are not limited to, manpack 
terminals, aircraft, on-the-move vehicles, and terminals situated in areas with low-look 
angles to the satellite (especially 20 degrees or less). Five-kHz DAMA has built in 
capabilities to compensate disadvantaged users. Twenty-five-kHz DAMA must assign 
frame formats to the channel to compensate these users. The assigned time-slots must 
have the same data rate but lower burst rates (19.2 or 9.6) to ensure communications. 
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This reduces the number of time-slots on a channel, but provides better access for the 
user. 


h. Submit SAR. Submit the SAR to higher headquarters (to be published). A 
common SAR is found at [Web site to be determined]. If unavailable, UCC guidance is 
used. 


3. Manage Resources 


a. Monitor the mission planning process for changes and submit updates as 
required. 


b. Receive SAA [Web site to be determined] (to be published). 
(1) Verify that frequencies are correct. 


(2) For terminals using channel number, verify that the home channel number is 
provided (see Appendix A). 


c. Provide a copy of the SAA to the frequency management office. Based on theater 
guidance, the frequency management office— 


(1) Verifies that frequencies are clear in the intended area of operation. 


(2) Verifies that frequency records (uplink/downlink) are included in the 
electromagnetic battlespace database (such as Spectrum XXI). 


(3) Tags TACSAT frequency assignments for inclusion in the joint restricted 
frequency lists at the appropriate level. 


(4) Assists user with resolving EMI per Chairman Joint Chiefs of Staff Manual 
(CJCSM) 3320.02. 
4. Issue Resources To Users 


a. Incorporate appropriate information from the SAA into cut sheets, operations 
orders, Annex-K, and so forth. Distribute as required. (See Appendix I for samples of 
cut sheets.) 


b. Monitor mission for emerging requirements or changes. 


c. Coordinate extensions, preemptions, and terminations of SAAs as they occur. 
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Chapter Ill 
TACSAT Radio Equipment and Operations 


1. Terminal 
Table Ill-1a. Radio Equipment 
: AN/PSC-5C AN/PSC-5D Multiband 
Radio vert Anes SENPIRE SHADOWFIRE Multimission Radio 
Frequency 
Range 30 to 400 30 to 420 30 to 512 
Megahertz (MHz) 

Modes of LOS, SATCOM, 5-kHz LOS, SATCOM, 5-kHz LOS, SATCOM, 5-kHz 
Operations DAMA, 25-kHz DAMA DAMA, 25-kHz DAMA DAMA, 25-kHz DAMA 
DAMA MIL-STD 188-181 MIL-STD 188-181B MIL-STD 188-181B 

Compliance MIL-STD 188-182 MIL-STD 188-182A MIL-STD 188-182A 
P MIL-STD 188-183 MIL-STD 188-183 MIL-STD 188-183A 
VINSON 
VINSON MELP oe 
Embedded ANDVT ANDVT KG-84A (Modes 1, 2, 3 
COMSEC KG-84A (Modes 3 and 4) KG-84A (Modes 1, 2, 3, and 4) ee 
FASCINATOR and 4) 
FASCINATOR FASCINATOR 
Platform Manpack/Vehicular Manpack/Vehicular Manpack/Vehicular 
Ports One One One 
eee Home Channel Numbers Home Channel Numbers | Home Channel Numbers 
requencies 
Table Ill-1b. Radio Equipment 
MD-1324 
Radio Item AN/PRC-117F ANS G2 Wl W/RT-1771 or AN/ LST-5D 
TD-1271 
WSC-3 
Frequency 
Range(MHz) 30 to 512 225 to 400 225 to 400 225 to 400 
J LOS, SATCOM, 
Modes of | LOS, SATCOM, 5-kHz | SATCOM, SAT Sea tee 
Operations | DAMA, 25-kKHzDAMA | 25-kHz DAMA__| DAMA, 25-kHz | 5-kHz DAMA, 
DAMA 25-kHz DAMA 
DAMA MIL-STD 188-181B MIL- | FSCS for 25- MIL-STD 188-181 | MIL-STD 188-181 
Compliance STD 188-182 kHz DAMA MIL-STD 188-182 | MIL-STD 188-182 
MIL-STD 188-183 and A MIL-STD 188-183 | MIL-STD 188-183 
VINSON VINSON 
ANDVT ANDVT 
plied KG-84A (Modes 1, 2,3, | External Crypto | External Crypto KG-84 
COMSEC 
and 4) External Crypto for 
FASCINATOR Second Port 
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Table Ill-1b. Radio Equipment 


MD-1324 
Radio Item AN/PRC-117F ANS G3 We W/RT-1771 or AN/ LST-5D 
TD-1271 
WSC-3 
Platform Manpack/Vehicular Mounted/Ship Mounted/Ship pa pene 
Ports One Four Two Two 
Uplink and Uplink and Uplink and 
Programming Home Channel Numbers Downlink Downlink Downlink 
Frequencies Frequencies and | Frequencies and Frequencies and 
Offsets Offsets Offsets 
Table Ill-1c. Radio Equipment 
: AN/ARC-231 Mini-DAMA AN/USC- 
Radio Item SKYFIRE DMR 42(V)1,2,3 
Frequency Range 
(MHz) 30 to 512 2 to 2000 225 to 400 
Modes of Operations LOS, SATCOM, 5-kHz | LOS, SATCOM, 5-kHz LOS, SATCOM, 


DAMA, 25-kHz DAMA 


DAMA, 25-kHz DAMA 


DAMA Compliance 


MIL-STD 188-181B 
MIL-STD 188-182A 
MIL-STD 188-183A 


MIL-STD 188-181B 
MIL-STD 188-182A 
MIL-STD 188-183A 


MIL-STD 188-181B 
MIL-STD 188-182 
MIL-STD 188-183 


VINSON 
ANDVT VINSON VINSON 
Embedded COMSEC | KG-84A (Modes 1, 2, ANDVT ANDVT 
3, and 4) KG-84A KG-84 
FASCINATOR 
Platform Airborne Mounted/Ship Mounted/Ship/Airborne 
Ports One Four Eight 
Programming Home Channel 
Frequencies Numbers Dnikniown Bao 


Note: Information on all DAMA certified equipment is available on the Joint 
Interoperability Test Command (JITC) Web site: 
http: //jitc.fhu.disa.mil/reg/uhfdama.htm. 
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2. Terminal Set up and Operations 
a. AN/PRC-117F. (See Appendix C.) 


Figure Ill-1. AN/PRC-117F 


b. AN/PSC-5A/C/D. (See Appendix D.) 


Figure IIl-2. AN/PSC-5 Series 


c. Lightweight satellite terminal (LST)-5D. (See Appendix E.) 


Figure IlI-3. LST-5 
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d. AN/ARC-231. (See Appendix F.) 


Figure Ill-4. AN/ARC-231 


e. AN/WSC-3. (See Appendix G.) 


Figure Ill-5. AN/WSC-3 


f. TD-1271B/U. (See Appendix G.) 


Figure Ill-6. TD-1271B/U 
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g. MD-1324 W/AN/WSC-3 or RT-1771. (Not available) 


Figure Ill-7. MD-1324 


h. Digital modular radio (DMR) (not available). 


Figure IIIl-8. DMR 
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1. USC-42(V)1, 2, 3 (mini-DAMA) (not available). 


Figure IIl-9. USC-42(V)1, 2, 3 


j. AN/ARC-210 (not available). 


Figure IIl-10. AN/ARC-210 


3. Terminal Base Address (TBA) Management 


a. All DAMA capable terminals must have a valid, unique TBA to operate in a 
DAMA network. A TBA identifies the radio on the DAMA network and in the DAMA 
controllers at the SMC. TBAs cannot be shared by terminals in a DAMA network. A 
TBA functions in a DAMA network much like an IP address functions in a computer 
network. For those radios with more than one port, additional addresses are required 
and known as port addresses. Space and Naval Warfare Systems Command (SPAWAR) 
Charleston, South Carolina assigns these port addresses based on the type of terminal 
for which the unit requests an address. Joint DHF MILSATCOM DAMA maintains a 
list of all TBAs in the call directory, fleet satellite communications system (FSCS)-211- 
80-29-2. This directory may be downloaded periodically from SPAWAR’s Charleston, 
South Carolina Web site, http://sscc.spawar.navy.mil/ or contact SPAWAR’s 
Charleston, South Carolina TBA administrator at commerical phone number (COMM) 
(843) 218-6620 or defense switched network (DSN) 588-6620. 
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b. Units request TBA from their higher headquarters to preclude proliferation of 
unnecessary TBA. The headquarters coordinate with SPAWAR to acquire the required 
TBAs. This ensures major commands have oversight of the procured TBAs available to 
their units. Units should not interact with SPAWAR on a regular basis. 
FSCS-217-98-00-1 provides guidance for requesting. (Point of contact at SPAWAR is 
COMM (8438) 218-6620.) Requests for TBAs should allow a 30 day turn around time for 
the addresses to ensure the TBA is properly entered in the worldwide JMINI and SAC 
databases and the TBA is recognized when it logs onto the network to access DAMA 
network resources. Most units receiving the terminals must submit SARs in a timely 
manner, therefore address requests should take place 60 to 90 days before receipt of 
radios. 


4. Orderwire (OW) Key Management 


a. Unit COMSEC custodians maintain the OW keys used in DAMA. For a unit that 
does not have keys available, the COMSEC custodian orders the keys from— 


(1) Joint Chiefs of Staff ICP Manager, 7115 South Boundary Blvd, MacDill AFB, 
FL 33608-2461. 


(2) COMM (813) 828-2461 or DSN 968-2461. 


Note: Only the requesting unit's COMSEC custodian with valid COMSEC 
account is authorized to order these keys. The DAMA system consists of 
four satellite coverage areas. Each satellite coverage area has a unique 
OW key. The requesting activity must specify the satellite coverage area, 
for example, continental United States (CONUS), Atlantic (LANT), Indian 
Ocean (IO), or Pacific (PAC) for the OW key requested. The COMSEC 
custodian receives a message stating which key segment is used for the 
WEEKLY key. 


b. The DAMA SAC and JMINI initial operational capability use keys in positions 0 
to 7 while, the AN/PSC-5A (Spitfire) uses keys in positions 1 to 8. Careful coordination 
is performed before executing any DAMA operations. Additionally, the key location 
must be coordinated in each footprint that operations occur to ensure compatibility with 
the DAMA controller in all areas of operation. A good technique is placing the same key 
in the first four fill positions. The other four positions are reserved for future 
over-the-air rekeying capabilities. The NCTAMS places the keys in the positions 
indicated in Table IIJ-2. Coordination is required to determine the key position for the 
current week. 
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Table IIl-2. OW Key Positions 


DAMA Controller (PCC) Footprint NCTAMS Key Position 
NCTAMS LANT CONUS 0 and 1 
NCTAMS EURCENT LANT (MED) 2 and 3 
NCTAMS PAC PAC 2 and 3 
NCTAMS Guam {e) 0 and 1 


5. Samples of Checklists 
a. Sample checklist, 5-kHz DAMA. 


Table Ill-3. Checklist for 5-kHz DAMA 


CO ANDVT 0 3KG-84 L4K6-84 CO External 
av 

O75 300 eo \12007/ 02400 9600 
___/_ (129 to 191and 194 to 239) 

© (000)to 514 (use 060 for 2400bps)) 

a act 


Operation Mode O(Normal O Silent O EMCON 


Satellite ID M2 03 O14 ls) O16 laly O18 


Longitude: _° (0° to 180°) 
Satellite Ephémeris Ascension Time: __: ‘Zulu 
Inclination: —-_———° (0° to 10°) 
Latitude: N/S_—° (0° to 90°) 
Longitude: E/W_———° (0° to 180°) 


Terminal Pasition 
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b. Sample Checklist, 25-kHz DAMA. 


Table IIl-4. Checklist for 25-kHz DAMA 


ITEM 


OPTIONS 


Modulation C1 PSK 
Encryption CO ANDVT O01 3KG-84 01 4KG-84 CI VINSON OC External 


Service Type OAC 4 DC 


Data Rate O75 


Satellite Ephemeris 
Terminal Position it 
Terminal Time nao 


Guard List 
COMSEG-Key 


1 300 O600 011200 0 2400 
1116000 CO 32000 C1 56000 LI 64000 


23 to 43 dBm 
009 to 128, 192,193 A > 
01 to 99 (Usé code jassignéd in SAA) 
OPT i eT 
XO Nefmal C1 EMCON 
D Active XO (Maint) 


CL 4800 


O Paésive 
Nie to 8 
\ Longitude: ___° (0° to 180°) 
Ascénsion time: _:_ Zulu 
Inclination: ° (0° to 10°) 
Latitude: N/S_—° (0° to 90°) 
Longitude: E/W_——° (0° to 180°) 


__: Zulu 


Call Precedence OEA 


Destination 


Circuit Number 


6. Accessing a Dedicated Channel 


L1 FO oye {et 


Five-digit addresses 


OP OR 


000 to 999 (DC mode only) 


a. A dedicated channel is a 5-kHz or 25-kHz satellite channel (uplink and downlink 
frequency pair on a transponder) supporting a single communications network for a 


designated period of time. 


TE) 


b. User requirements— 
(1) Azimuth and elevation to satellite. 


(2) Home channel/frequency pair/uplink and offset. (See Appendix A to verify 
home channel number based on frequency pair.) 


(3) COMSEC type, mode of operations, and data rate. 


7. Accessing a DAMA Channel 


a. Description—DAMA (called “demand assignment multiple access in the MIL- 
STDs- is also correct) is a method of automated channel-sharing (multiplexing). User 
terminals automatically interact with a control station, which allocates a portion of a 
satellite channel for that terminal’s communications. Channel allocation is based on 
current needs and priorities. Any unused DAMA resource is available on a precedence 
basis and is shared by all users. The ad hoc nature of DAMA limits the waste caused by 
long-term preassigned satellite resources. Channel-sharing is transparent to the 
TACSAT user. Since there are two types of UHF satellite channels, 5-kHz and 25-kHz, 
there are two types of DAMA. 


b. User requirements— 
(1) Azimuth and elevation to satellite. 


(2) Home channel/frequency pair/uplink and offset. (See Appendix A to verify 
home channel number based on frequency pair.) 


(3) COMSEC type, mode of operations, and data rate. 
(4) OW key and position. 
(5) Type of channel—5-kHz or 25-kHz. 
(6) Configuration code. 
(7) Type of communications—normal, silent, EMCON. 
(8) TBAs with assigned maximum precedence and net guard addresses. 
(9) Demarcation number for 5-kHz DAMA. 
(10) Type of ranging. 
(11) Types of services 
(a) 5-kHz—message, circuit, or DASA. 
(b) 25-kHz—two-party or conference calls. 
c. Fundamentals of DAMA operations— 


(1) Acquiring the satellite. All terminals must be able to receive and decrypt 
OWs transmitted by the DAMA controllers. Unless this is accomplished by the 
individual terminal, access to the satellite channel is not obtained. The OWs include 
the information required to decrypt messages. Common problems are using the wrong 
OW key and placing the OW key in the wrong position. 


(2) Ranging. For terminals to transmit in the proper time-slot, the radios must 
have range reaching the satellite. Active ranging may be performed by the terminal. It 
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automatically determines the range and provides the information required for 
transmissions. Passive ranging is an option where a terminal computes the range to 
the satellite based on the terminal position, zulu time (z), and satellite ephemeris data 
to obtain the information required for transmissions. 


(8) Logging in. While terminology is different between the two types of DAMA, 
each terminal must inform the controller the terminal is accessing the channel. 


(a) In 5-kHz DAMA, the radio sends a log in message providing the 
terminal information to the controller. 


(b) In 25-kHz DAMA, the radio sends a status B message providing the 
terminal information to the controller. 


(4) Establishing communications. When the terminal completes the previous 
steps, it must still request permission to access the channel. 


(a) To communicate on 5-kKHz DAMA, the type of service or call must be 
decided before establishing communications with other terminals. The service or call is 
limited to one address, so either a point-to-point or a net guard call is made. The types 
of calls are circuit service, DASA service, and message service. Once communication is 
complete, the call or service is automatically terminated or the operator terminates the 
call or service manually. This releases the time-slot to be used by other terminals. The 
system permits the controller to terminate the call or service, in case an operator 
forgets, so the time-slot is available to other terminals. 


(b) To communicate on 25-kHz DAMA, a call or service must be established 
with the other terminals. The call or service is made to a net guard address, another 
terminal address, or a conference call (up to six terminal addresses or a mixture of one 
net guard address and terminal addresses). Once the call or service is established, the 
individual terminal notifies the operator that communication is possible. In a true 
DAMA environment, the operators use the time-slot assigned for transmissions and 
then return the resource by tearing down/completing the call so others may use the 
time-slot. 


(5) Completing communications. 


(a) In 5-kHz DAMA, completion of the call or service is based on the type of 
service established. With a message service, the call or service automatically 
terminates once the data is sent and received by the terminals. With a DASA service, 
the operator must request a time limit (5 to 5115 minutes or indefinite, which is 5115 
minutes). The call or service automatically terminates when the time expires. For a 
circuit service, the individual operator terminates the call or service. In addition, the 
controller monitors the service for communications and if none are detected, the 
controller terminates the call or service. 


(b) In 25-kHz DAMA, completion of the call or service is based on channel 
set up. The operators may establish the communications with a time limit (01 to 59 
seconds, minutes, hours, or days). Once the time limit is reached, the call or service 
automatically terminates, releasing the time-slot. Ifa time limit is not set, the 
operators must initiate the completion of the call or service. If the channel is set up so 
time-slots are preassigned (also known as TDMA DAMA), the time-slot is not released 
and completion of the call or service is not performed by the operator. 
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(6) Logging out. 


(a) For 5-kHz DAMA, a log out message must be transmitted to notify the 
controller the terminal is leaving the channel. Failure to send the log out OW effects 
terminals when they reaccess the DAMA channels. Terminals on a 5-kHz DAMA 
channel are monitored continuously and can be logged out by the control station when 
they do not respond to periodic polling. This time limit is normally set at 30 minutes. 


(b) For 25-kHz DAMA, an out of order service OW is transmitted to the 
controller. This OW notifies the controller to take the terminal off line. The OW 
requires use of a reason code. To date, 99 is the only code identified. Failure to send 
the OW does not effect the terminal’s ability to reaccess the channel. 


d. Common DAMA challenges. 


(1) Wrong OW key loaded, OW key loaded in the wrong position or control 
station has wrong OW key. 


(2) Radio programmed improperly. 
(3) Radio not programmed or contained incorrect TBA. 
(4) Guard list loaded improperly in the radio. 
(5) Radio loaded with the wrong home channel number/frequencies. 
(6) JMINI or SAC improperly programmed at the NCTAMS. 
(7) NCTAMS problems. 
e. EMI resolution checklist sample. (See Appendix H.) 


f. DAMA operations assistance. 


Table IIl-5. DAMA Points of Contact 


AGENCY/POSITIO 


UHF Ops Support COMM (719) 554-4151 
Orderwire Key 
SPAWAR SPAWAR SPAWAR SPAWAR 


SPAWAR Systems 
SPAWAR POC NOON: |-Génten charleston. ieee ae eine oe 
SAC : DSN 588-5698 
South Carolina 


SPAWAR Systems 
SPAWAR POC ae AMIN DAME Center Charleston, Ser ee 
South Carolina 
SPAWAR Systems 
SPAWAR POC DAMA/JMINI/DAMA Center Charleston, COMM (843) 218-4937 
SAC P DSN 588-4937 
South Carolina 
SPAWAR POC SPAWAR Systems | COMM (843) 218-6620 
TBAs Center Charleston, 
(TBAs) South Carolina DSN 588-6620 
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Table IIl-5. DAMA Points of Contact 


SPAWAR Systems 
1-877-4SPAWAR 
Commeane ALLDAMAHELP | 24 hours, 7daysa | Con (843) 974-5550 
Consolidated Call week 
DSN 588-5550 
Center (Level 1) 
SPAWARSYSCEN 
Charleston UHF | 4) Danan HELP tailed COMM (843) 974-4546/4939 
DAMA Help Desk stu g DSN 588-4546/4939 
(Level 2) pngey, 


CONUS CONUS CONUS 
COMM (757) 445-5461/5279 
NCTAMS LANT JMINI ciara aa 
COMM (757) 445-7111/7112 
NCTAMS LANT DAMA SAC Tech Control/Watch | Con (757) 445-5625/5626 
Officer 
DSN 565 
Global SATCOM __| SARs; DAMA 
Support Center Assistance; Satellite Sa uw ae 
(USSTRATCOM) Issues 
COMM (719) 554-6000 
GSSC POC 24/7 number DSN 312-692-6000 
SARs; DAMA 
te DAMN: Comm (813) 828-6840 
RSSC CONUS fori Satellite | UHF CELL DSN 968-6840 
UHF SATCOM UHF SATCOM Fane RES 
Manager Manager 
COMM (305) 437-166 
ore Frequency Manager | USSOUTHCOM DSN 567-1661 
Fax 305-437-1951 


COMM (757) 836-8006 
JFMO LANT DSN 836-8006 
Fax (757) 836-8022 


CONUS CONUS 
SOCCENT Spectrum Manager DSN 968-4079 
SOCSOUTH Spectrum Manager DSN 865-3970 


anager 
FORSCOM FORSCOM FORSCOM FORSCOM 


FORSCOM COMM (404) 464-5572 

FORSCOM POC | spectrum Mgr Rone COM DSN 367-5572 

COMM (404) 464-5807 
FORSCOM POC Frequency Manager | FORSCOM DSN 367-5807 

COMM (404) 464-6016 
FORSCOM POC Frequency Manager | FORSCOM DSN 367-6016 
Additional source of | AN/URC-133 Users 14° WPS/DOSCX 
reference. Hurlbert Field, FL Debus ead 

USASOC USASOC USASOC USASOC 

USASFC G6 USASFC G6 
Operations/Plans Operations/Plans USASOC st Aenea 
NCO NCO 
Spectrum Manager | Spectrum Manager ea S010: DSN 299-4855 
MARINE CORPS | MARINE CORPS MARINE CORPS MARINE CORPS 


USAF (CONUS) 


CONUS 
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Table IIl-5. DAMA Points of Contact 


Spectrum Manager 
Marine Forces COMM (757) 444-5960 
Atlantic; Marine DSN 564-5960 


MARFORSOUTH arnae 
MARFORNORTH seta Marine | Fax (757) 444- 6136 


nm Cor, 
MARFORRES || MARFORRES DSN 678-6777 


Spectrum Manager 
MARFORLANT; 


MARFORPAC MARFORPAC DSN 315 477-8481 
MARFOREUR MARFOREUR DSN 314 431-2343 


|__EUROPE EUROPE 

Ee ae a a CC a 
== 
con [EE] uaa 
con | mem 


SOCEUR SpectrumManager | =  ~——~_| DSN 314 430-4589 


49-711-680-8853 
USEUCOM USEUCOM DSN 430-8853 
Fax 430-5006 


MARFOREUR MARFOREUR DSN 314 431-2343 


PACIFIC PACIFIC PACIFIC PACIFIC 
FNCTAMS PAC [JMINI | SSSSC*CSNGTOAB-O7GO 


Tech ControlWatch | COMM (808) 653-0084/0090 
OTA EG DEMOS Officer DSN 315-453-0084/0321/0322/5544 
COMM 671-355-5104 
NCTS GUAM pane. COMM (671) 355-5326 
DSN 315-355COMM 
Pee SARs; DAMA Assist; | UHF SATCOM CELL_ | COMM (808) 656-0582/4700 
Satellite Issues RSSC PAC DSN 315 456-0582/4700 
COMM (808) 438-8219 
USARPAC POC Frequency Manager | USARPAC DSN (315) 438-8219 


SOCPAC SpectrumManager | 
SOCKOR SpeciumManager | SSCS~dYSC“‘CNCO#*‘“‘CSN™SCOC#C#C*<dS 
MARFORPAC Spectrum Manager MARFORPAC DSN 477-8481 


8. COMSEC Equipment 


a. VINSON. VINSON encryption is provided at 16 kbps only for voice and data 
communications. It is used with 25-kHz channels, either dedicated or DAMA (with a 16 
kbps time-slot). 


b. ANDVT. ANDVT encryption is provided at 1.2 kbps or 2.4 kbps for voice and 
data communications. It is used with 5-kHz and 25-kHz channels, either dedicated or 
DAMA. 


c. Mixed excitation linear predicative (MELP) voice encoder. MELP encryption is 
provided for 2.4 kbps voice only, providing increased voice recognition, reliability, and 
quality. It is used with 5-kHz and 25-kHz channels, either dedicated or DAMA. 
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d. KG-84. KG-84 encryption is primarily used for data communications and is used 
with data rates from 75 bits per second (bps) up to 56 kbps. It is used with 5-kHz and 
25-kHz channels, either dedicated or DAMA, depending on the data rate. It is the 
encryption device used with the MIL-STD 188-181B data rates, providing up to 9.6 kbps 
on 5-kHz dedicated and DASA channels and up to 56 kbps on 25-kHz dedicated and 
DASA channels. 


e. KGV-11. KGV-11 is used to provide OW encryption/decryption, either embedded 
or external. 
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Appendix A 
SATELLITE CHANNEL AUTHORIZATION LIST 


Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel 


Uplink Frequency 


Downlink Frequency 


Number (MHz) (MHz) Channel Bandwidth 
1 SHF 250.350 N/A 
2 SHF 250.400 N/A 
3 SHF 250.450 N/A 
4 SHF 250.500 N/A 
5 SHF 250.550 N/A 
6 SHF 250.600 N/A 
7 SHF 250.650 N/A 
8 SHF 250.700 N/A 
i) 292.850 251.850 25-kHz 

10 292.950 251.950 25-kHz 
11 293.050 252.050 25-kHz 
12 293.150 252.150 25-kHz 
13 294.550 253.550 25-kHz 
14 294.650 253.650 25-kHz 
15 294.750 253.750 25-kHz 
16 294.850 253.850 25-kHz 
17 296.250 255.250 25-kHz 
18 296.350 255.350 25-kHz 
19 296.450 255.450 25-kHz 
20 296.550 255.550 25-kHz 
21 297.850 256.850 25-kHz 
22 297.950 256.950 25-kHz 
23 298.050 257.050 25-kHz 
24 298.150 257.150 25-kHz 
25 299.350 258.350 25-kHz 
26 299.450 258.450 25-kHz 
27 299.550 258.550 25-kHz 
28 299.650 258.650 25-kHz 
29 306.250 265.250 25-kHz 
30 306.350 265.350 25-kHz 
31 306.450 265.450 25-kHz 
32 306.550 265.550 25-kHz 
33 307.750 266.750 25-kHz 
34 307.850 266.850 25-kHz 
35 307.950 266.950 25-kHz 
36 308.050 267.050 25-kHz 
37 309.150 268.150 25-kHz 
38 309.250 268.250 25-kHz 
39 309.350 268.350 25-kHz 
40 309.450 268.450 25-kHz 
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Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel Uplink Frequenc Downlink Frequenc : 
Nutmber P (MHz) y (MHz) | Y | Channel Bandwidth 
41 310.650 269.650 25-kHz 
42 310.750 269.750 25-kHz 
43 310.850 269.850 25-kHz 
44 310.950 269.950 25-kHz 
45 293.950 260.350 25-kHz 
46 293.975 260.375 25-kHz 
47 294.000 260.400 25-kHz 
48 294.025 260.425 25-kHz 
49 294.050 260.450 25-kHz 
50 294.075 260.475 25-kHz 
51 294.100 260.500 25-kHz 
52 294.125 260.525 25-kHz 
53 294.150 260.550 25-kHz 
54 294.175 260.575 25-kHz 
55 294.200 260.600 25-kHz 
56 294.225 260.625 25-kHz 
57 294.250 260.650 25-kHz 
58 294.275 260.675 25-kHz 
59 294.300 260.700 25-kHz 
60 294.325 260.725 25-kHz 
61 294.350 260.750 25-kHz 
62 294.375 260.775 25-kHz 
63 294.400 260.800 25-kHz 
64 294.425 260.825 25-kHz 
65 294.450 260.850 25-kHz 
66 295.050 261.450 25-kHz 
67 295.075 261.475 25-kHz 
68 295.100 261.500 25-kHz 
69 295.125 261.525 25-kHz 
70 295.150 261.550 25-kHz 
71 295.175 261.575 25-kHz 
72 295.200 261.600 25-kHz 
73 295.225 261.625 25-kHz 
74 295.250 261.650 25-kHz 
75 295.275 261.675 25-kHz 
76 295.300 261.700 25-kHz 
77 295.325 261.725 25-kHz 
78 295.350 261.750 25-kHz 
79 295.375 261.775 25-kHz 
80 295.400 261.800 25-kHz 
81 295.425 261.825 25-kHz 
82 295.450 261.850 25-kHz 
83 295.475 261.875 25-kHz 
84 295.500 261.900 25-kHz 
85 295.525 261.925 25-kHz 


Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel Uplink Frequenc Downlink Frequenc : 
Number P (MHz) y (MHz) | Y | Channel Bandwidth 
86 295.550 261.950 25-kHz 
87 295.650 262.050 25-kHz 
88 295.675 262.075 25-kHz 
89 295.700 262.100 25-kHz 
90 295.725 262.125 25-kHz 
91 295.750 262.150 25-kHz 
92 295.775 262.175 25-kHz 
93 295.800 262.200 25-kHz 
94 295.825 262.225 25-kHz 
95 295.850 262.250 25-kHz 
96 295.875 262.275 25-kHz 
97 295.900 262.300 25-kHz 
98 295.925 262.325 25-kHz 
99 295.950 262.350 25-kHz 
100 295.975 262.375 25-kHz 
101 296.000 262.400 25-kHz 
102 296.025 262.425 25-kHz 
103 296.050 262.450 25-kHz 
104 296.075 262.475 25-kHz 
105 296.100 262.500 25-kHz 
106 296.125 262.525 25-kHz 
107 296.150 262.550 25-kHz 
108 297.150 263.550 25-kHz 
109 297.175 263.575 25-kHz 
110 297.200 263.600 25-kHz 
111 297.225 263.625 25-kHz 
112 297.250 263.650 25-kHz 
113 297.275 263.675 25-kHz 
114 297.300 263.700 25-kHz 
115 297.325 263.725 25-kHz 
116 297.350 263.750 25-kHz 
117 297.375 263.775 25-kHz 
118 297.400 263.800 25-kHz 
119 297.425 263.825 25-kHz 
120 297.450 263.850 25-kHz 
121 297.475 263.875 25-kHz 
122 297.500 263.900 25-kHz 
123 297.525 263.925 25-kHz 
124 297.550 263.950 25-kHz 
125 297.575 263.975 25-kHz 
126 297.600 264.000 25-kHz 
127 297.625 264.025 25-kHz 
128 297.650 264.050 25-kHz 
129 302.445 248.845 5-kHz 
130 302.450 248.850 5-kHz 
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Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel Uplink Frequenc Downlink Frequenc 
Numbar P (MHz) y (MHz) | Y | Channel Bandwidth 
131 302.455 248.855 5-kHz 
132 302.465 248.865 5-kHz 
133 302.475 248.875 5-kHz 
134 302.485 248.885 5-kHz 
135 302.495 248.895 5-kHz 
136 302.500 248.900 5-kHz 
137 302.505 248.905 5-kHz 
138 302.515 248.915 5-kHz 
139 302.525 248.925 5-kHz 
140 302.535 248.935 5-kHz 
141 302.545 248.945 5-kHz 
142 302.550 248.950 5-kHz 
143 302.555 248.955 5-kHz 
144 302.565 248.965 5-kHz 
145 302.575 248.975 5-kHz 
146 302.585 248.985 5-kHz 
147 302.595 248.995 5-kHz 
148 302.600 249.000 5-kHz 
149 302.605 249.005 5-kHz 
150 302.615 249.015 5-kHz 
151 302.625 249.025 5-kHz 
152 302.635 249.035 5-kHz 
153 302.645 249.045 5-kHz 
154 302.650 249.050 5-kHz 
155 302.655 249.055 5-kHz 
156 302.665 249.065 5-kHz 
157 302.675 249.075 5-kHz 
158 302.685 249.085 5-kHz 
159 302.695 249.095 5-kHz 
160 302.700 249.100 5-kHz 
161 302.705 249.105 5-kHz 
162 302.715 249.115 5-kHz 
163 302.725 249.125 5-kHz 
164 302.735 249.135 5-kHz 
165 302.745 249.145 5-kHz 
166 302.750 249.150 5-kHz 
167 302.755 249.155 5-kHz 
168 302.765 249.165 5-kHz 
169 302.775 249.175 5-kHz 
170 302.785 249.185 5-kHz 
171 302.795 249.195 5-kHz 
172 302.800 249.200 5-kHz 
173 302.805 249.205 5-kHz 
174 302.815 249.215 5-kHz 
175 302.825 249.225 5-kHz 


Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel Uplink Frequenc Downlink Frequenc : 
Number P (MHz) y (MHz) | Y | Channel Bandwidth 
176 302.835 249.235 5-kHz 
177 302.845 249.245 5-kHz 
178 302.850 249.250 5-kHz 
179 302.855 249.255 5-kHz 
180 302.865 249.265 5-kHz 
181 302.875 249.275 5-kHz 
182 302.885 249.285 5-kHz 
183 302.895 249.295 5-kHz 
184 302.900 249.300 5-kHz 
185 302.905 249.305 5-kHz 
186 302.915 249.315 5-kHz 
187 302.925 249.325 5-kHz 
188 302.935 249.335 5-kHz 
189 302.945 249.345 5-kHz 
190 302.950 249.350 5-kHz 
191 302.955 249.355 5-kHz 
192 307.750 254.150 25-kHz 
193 311.150 257.550 25-kHz 
194 316.955 243.855 5-kHz 
195 316.960 243.860 5-kHz 
196 316.975 243.875 5-kHz 
197 317.000 243.900 5-kHz 
198 317.010 243.910 5-kHz 
199 317.015 243.915 5-kHz 
200 317.025 243.925 5-kHz 
201 317.035 243.935 5-kHz 
202 317.045 243.945 5-kHz 
203 317.055 243.955 5-kHz 
204 317.065 243.965 5-kHz 
205 317.075 243.975 5-kHz 
206 317.085 243.985 5-kHz 
207 317.090 243.990 5-kHz 
208 317.095 243.995 5-kHz 
209 317.100 244.000 5-kHz 
210 317.105 244.005 5-kHz 
211 317.110 244.010 5-kHz 
212 317.115 244.015 5-kHz 
213 317.125 244.025 5-kHz 
214 317.135 244.035 5-kHz 
215 317.145 244.045 5-kHz 
216 317.155 244.055 5-kHz 
217 317.165 244.065 5-kHz 
218 317.175 244.075 5-kHz 
219 317.185 244.085 5-kHz 
220 317.190 244.090 5-kHz 
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Table A-1. Satellite Channel (Home Channel) Authorization List 


Channel Uplink Frequenc Downlink Frequenc : 
Noiber P (MHz) y (MHz) | Y | Channel Bandwidth 

221 317.195 244.095 5-kHz 
222 317.200 244.100 5-kHz 
223 317.205 244.105 5-kHz 
224 317.210 244.110 5-kHz 
225 317.215 244.115 5-kHz 
226 317.225 244.125 5-kHz 
227 317.235 244.135 5-kHz 
228 317.245 244.145 5-kHz 
229 317.255 244.155 5-kHz 
230 317.265 244.165 5-kHz 

231 317.275 244.175 5-kHz 
232 317.285 244.185 5-kHz 
233 317.290 244.190 5-kHz 
234 317.295 244.195 5-kHz 
235 317.300 244.200 5-kHz 
236 317.305 244.205 5-kHz 
237 317.310 244.210 5-kHz 
238 317.315 244.215 5-kHz 
239 317.325 244.225 5-kHz 
240 307.550 253.950 25-kHz (& 25-kHz UK) 
241 307.700 254.100 25-kHz 
242 311.050 257.450 25-kHz (& 25-kHz UK) 
243 311.200 257.600 25-kHz 
244 307.750 254.150 25-kHz UK 
245 311.250 257.650 25-kHz UK 
246 307.650 254.050 25-kHz UK 
247 311.150 257.550 25-kHz UK 
248 294.800 to 314.800 253.650 to 254.350 25-kHz UK 
249 298.300 to 313.300 257.150 to 257.850 25-kHz UK 


Appendix B 
Information Request Codes 


Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Disconnect constant key offender. 


The controller determined a constant key 


offender should be disconnected. 


Terminal has been transmitting for 17 
minutes—waveform does not allow for 
constant transmission. AN/PSC-5 terminal 
does not provide a means to bypass this rule, 
so all transmissions must be less than 17 
consecutive minutes. 


Terminal type cannot be connected to the 


requested guard number. 
The requested guard number is 
associated with terminals built to a 


different version of the MIL-STD. Check 


the guard number and try connecting 
again. 


FSCS or 183A terminal requested to 
connect to a guard number associated 
with 183 (baseline) terminals. 

183 (baseline) terminal requested to 
connect to a guard number associated 
with FSCS and 183A terminals 


Information request code 66 is sent when a 
user requests to join/start a network service 
using the wrong network address. 

MIL-STD 188-183(-) uses the odd numbered 
(primary) address; this is the AN/PSC-5, 
AN/PRC-117F, and so forth. 

FSCS and MIL-STD 188-183(A) use the even 
numbered (alternate = primary + 1); for now 
this is the TD-1271, since there are not any 
certified 188-183(A) terminals yet. 

Note: 117F and AN/PSC-5D are pending 
upgrade to 183B capability.) 

The new DAMA SAC channel controller 
software links the even/odd network address 
pair to maintain interoperability between all 
terminal types. 

Example VOICE CMD NET: 

Primary network address: 56001 for MIL-STD 
188-183 (-). 

Alternate network address: 56002 for TD-1271 
and MIL-STD 188-183A terminals. The 
DAMA SAC links 56001 and 56002 in its 
software to the same data slot. Use of 56001 
is required in the AN/PSC-5. Any TD-1271 
and MIL-STD 188-183A terminals would use 
56002. 
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Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Terminal cannot communicate on the 
assigned channel. 

The requested service is assigned on a 
channel a MIL-STD 188-183 (baseline), to 
which the terminal cannot connect. 

The channel is identified by an 8-bit 
channel code and this terminal uses 
channels identified by a 6-bit channel 
code. 

The channel is a 5-kHz slave channel. 
Log out report has been ignored— 
terminal log out is performed only from 
port 1. 

The log out information report was not 
sent from port 1. Change to port 1 and 
retry. 

Terminal identification (ID) duplicates an 
existing operational address. 

The requesting terminal’s ID duplicates 
the address of an operational controller. 


Requesting party’s guard list does not 
contain guard address. 

The requesting user’s port guard list does 
not contain the guard address of the 
guard it is activating. 

Service request access restriction 
violation. 


The service requested either has a higher 
precedence than allowed by the source’s 
terminal access restriction level or it has a 
lower precedence than the channel 
access restriction level. 

Requesting party already has an 
outstanding queued request. 

A user can have only one request in the 
queue. This user already has a request 
queued. Therefore, the current request is 
canceled. 


AN/PSC-5 terminals receive this code if 
mistakenly assigned a 5-kHz slave channel. 
AN/PSC-5 terminals cannot use these 
channels. Contact NCTAMS. 


Should not receive this code—contact 
NCTAMS. AN/PSC-5 is a single port terminal 
and only uses port 1. In addition, start using 
code 99 when sending the out of service 
message. This performs log out on the DAMA 
SAC. 


Terminal address is the same as a PCC's. 
Check the terminal address. 


Enter the correct net guard address in the 
guard list. 


Send a status B message. Lower the 
precedence and set up the service again. 


Three things may have occurred— 

1. Already sent a service set up to the queue. 
Only permitted one service on 25-kHz DAMA. 
The operator must teardown and then set up 
the new service. 2. The control station 
believes a service is pending for the terminal. 
Teardown and retry. If this does not work, 
teardown, out-of-service, send status B, and 
set up the service again. 3. Received a busy 
signal from the distant end—try later or page 
the terminal. 


Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Requesting party is not authorized to 
activate All-Call. 

The current request is canceled because 
only the controller operator activates a 
service to the All-Call address. 


Requested terminal is already connected 
to a DASA service. 

The requested user is on a terminal 
connected to a DASA service already; 
therefore, it is unavailable. 

Request canceled by user. 

The source of the service request 
canceled the request while it was queued 
and waiting for a resource. 

Queued call canceled; service queue 
time-out timer expired. 

The previously queued request from the 
requesting user has been canceled due to 
the controller imposed time-out limit on 
queued service requests. 

Terminal does not exist in the controller 
database. 

The controller has no record of the 
requesting terminal’s address being 
assigned. 

Currently the request queue is full. 

The controller has too many requests in 
the queue and cannot accept more at this 
time. 

Call in the queue canceled; connection is 
no longer possible. 

The controller deleted a request from the 
queue, either at the request of the 
controller operator or because it was no 
longer a valid request. 

Enter a configuration code and retry. 

The terminal operator has not entered a 
configuration code into the port originating 
the request since the terminal was 
powered up or since an RCCOW, out-of- 
service message was sent from this port. 
Required data rate cannot be supported. 
The data rate required for this connection 
is not supported by any channels 
operating on this satellite. 


This code applies only if the service 
addressed is—16383 or 65535. Check the 
service set up and ensure the correct address 
was entered. If not, resend request with 
correct address. If still receiving code 73— 
JMINI identified address incorrectly—contact 
NCTAMS. 

The terminal called is unavailable. Teardown 
(if required) and try later. 


Received if teardown of the service is sent 
before the service is provided (after 
requesting a service setup; usually it is 
queued). No action is required. 


JMINI canceled service. Set up the service 
again. 


Terminal address is missing from the 
database—check TBA for accuracy. If 
correct, contact NCTAMS. 


Should not receive this code. However, 
received a busy signal again— try later. 


Attempt the service set up again. If the 
terminal(s) called sent an out of service or 
radio is the only one active on the network, a 
different code may be received providing 
updated information. . 


Check for a configuration code, ensure it is 
correct on the current menu, and set up the 
service again. 


Requested a data rate different from the 
original SAR submission. The channel cannot 
support changing to a different data rate. Set 
up service for original data rate and 
configuration code (via current mode screen). 
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Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Requested party unknown. Check call 
directory and retry. 

The requested user or guard does not 
exist in the controller database. 


Cannot add users to this guard. 

The requesting party is connected to a 
guard and attempted to add user port(s) 
to the guard connection. 

Cannot add a guard to an existing call. 
The requesting user is participating in a 
call and attempting to add a guard. 
Requesting party is not authorized to 
activate this guard. 

The requesting user attempted to activate 
a guard, but this user is not authorized to 
activate the guard for one of the following 
reason: 

e The requesting party attempted to 
activate a private guard, but is not a net 
controller for this guard (All). 

e This is acommon guard and common 
guards cannot be activated by a user 
(SAC only). 

e This common or private guard is 
specified in the communications plan but 
is not active at this time (SAC only). 
Requesting party is not a member of this 
private guard. 

The requesting user attempted to join a 
private guard, but the user is not an 
authorized member of this private guard. 
JMINI controller sends this code. 
Requested user’s terminal is unauthorized 
or zeroized. 

The user‘s terminal is marked in the 
controller database as unauthorized or 
zeroized. 


Check the terminal or network address in the 
service setup and retry. If the network 
address is correct and terminals are active on 
the network, the controller may not have 
activated the network address. Contact 
NCTAMS. (If unable to contact NCTAMS, try 
making a conference call.) 

Terminal is not at SVC idle. Teardown and 
retry the call. (Even if it says SVC idle, try this 
procedure first.) 


Terminal is not at SVC idle. Teardown and 
retry the call. (Even if it says SVC idle, try this 
procedure first. ) 

The JMINI database marked the net guard 
address wrong. Contact NCTAMS to correct 
error. 

OR 

The unit requested a private guard and the 
NCS has not or is not setting up the service to 
the network first. 


Terminal not listed as part of the private 
network. 

OR 

Called the wrong net guard address (check 
service set up). Contact NCTAMS. 

Ensure terminal called the correct address. If 
yes, contact NCTAMS about the address to 
determine why it is marked this way. 


Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


DAMA SAC sends. 

Requested service requires a 5-kHz or 
25-kHz slave channel, but the required 
slave channel is not accessible from the 
requestor’s home channel. 


Requesting party’s device is incompatible 
with this guard. 

The requesting port’s baseband device is 
incompatible with the baseband device 
specified for this guard. 

Requested party does not have a 
compatible baseband device. 

No port on the requested terminal is 
configured for a baseband device 
compatible with the baseband port from 
originating the request. 

None of the users requested are 
available. 

Not enough requested users are capable 
and available (for various reasons) to 
activate the service request. 

Connection would cause contention. 

The requested connection would cause 
contention with an ongoing 
communication. 


Not all requested parties could be 
connected. 

At least one, but not all, of the requested 
parties could be connected. (This request 
is honored, connecting any available 
parties.) 


Other link test in progress. 

Only one link test can be conducted on a 
channel and currently another user 
terminal is conducting a test. 


Requested a service with a terminal and/or 
network address assigned to a different home 
channel. Currently, no capability to assign 
terminal to either a different home channel or 
a slave channel associated with a different 
home channel. If authorized to talk within this 
network, check current mode screen to ensure 
it is set up for the correct home channel. If 
not, send an out of service message, make 
changes, or select correct preset, reenter the 
DAMA mode on the correct channel and set 
up service again. 

Configuration code does not match the JMINI 
database for the net guard address. Check 
the code. If correct per the SAA, retry. If 
continued receipt of code—contact NCTAMS. 


Configuration code does not match the JMINI 
database for the terminal being called. Check 
the code. If correct, the distant end may have 
entered the wrong code. First, try again, then 
need to work with distant end. 


Set up the service for a later time. If making a 
conference call, page the other terminals. If 
making a network call, there may not be any 
other active users on the network. 


Teardown and out of service then send status 
B and attempt to set up the service again. If 
this does not work—contact NCTAMS. 
Mistakenly, the JMINI has the terminal in 
service. 

Set up a conference call but not all 
participants received the service assigned 
message. Call all the stations and find out 
who is not connected. Before making a 
conference call, page all users to ensure they 
are available for the call. This ensures the 
terminal does not receive this message. 
However, if a message is received, send a 
status B message. The only way to add a 
missed terminal into the service is for all to 
teardown, and then have one terminal set up 
the service again. 

Wait 2 to 5 minutes then rerun link test. Run it 
at 32-kbps first. 
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Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Condition 


Unable to connect parties from different 
channels (JMINI sends). 

OR 

Unable to perform frequency switch 
required for this connection (DAMA SAC 
sends). 

Frequency switching is required to 
connect the requested service, but 
frequency switching cannot be 
accomplished for any of the following 
reasons: 

e Terminal or terminals that must switch 
e Communications and orderwire 
channels are not on the same satellite. 

e Required frame segment on the 
communications and orderwire channels 
match. 

e Frame timing for the channels may not 
be aligned 

JMINI sends. 

Demand assigned activation disabled for 
this guard. 

This network is activated on a 
preassigned basis only. In order fora 
user to activate this network, the national 
military strategy network management 
system operator must check the "Allow 
User to Activate" box in the network 
definition. 

DAMA SAC sends. 

DASA requests are reserved for guards 
only. 

The requesting user’s configuration code 
indicates a DASA service and the user 
have requested connection to another 
user or users. Configuration codes 98 
and 99 are reserved for DASA services 
and only private guards can be assigned 
to DASA channels. 


Requested a service with a terminal and/or 
network address assigned to a different home 
channel. Currently, there is no capability to 
assign the terminal a different home channellf 
authorized to talk within this network, check 
current mode screen to ensure it is set up for 
the correct home channel. If not, send an out 
of service, make changes or select correct 
preset, reenter the DAMA mode on the correct 
channel and set up service again. 


The JMINI database marked the net guard 
address wrong. Contact NCTAMS to correct 
the error. 


Should not receive this code—contact 
NCTAMS. 


No DASA channel available. Should not receive this code—contact 
NCTAMS. 


Table B-1. Information Request Codes 


Note: If action states contact NCTAMS — the RSSCs may be contacted for assistance. 


Condition Action 


Party is connected to a DAMA time-slot Should not receive this code—contact 
already. NCTAMS. 

Cannot assign a DASA connection if 

another user port on the 

requested/requesting user’s terminal is 

participating in a DAMA service of equal 

or higher precedence. If it has a lower 


precedence, the user could be preempted 

out of the DAMA service. 

Too many guards specified in this Request can state only one network address. 
request. Use terminal addresses for the other four 
More than one guard was specified in addresses. 

conference request. 


Reserved for TD-1271 home channel Should not receive this code—contact 
change notification. NCTAMS. 


Table B-2. Configuration Codes 


ab crite Equipment Data Rate Protocol —_ 


a 
|_| essen (P rene d) = IAW Network/Prearranged | IAW Network/Prearranged 


| Teletype | ascisn2 | 8N2 | KG-B4nc 84A/C 
=e 
pT rsczn [ts | scan fon 
as ee eS 
euanerueay 


Pag [= pane era 
(Prearranged) 

ae a a 
cr [aco [acne er 
a 


B-7 
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Table B-2. Configuration Codes 


Seems Equipment Data Rate Protocol Crypto 


oe Ngee IAW Network/Prearranged 
[—— fed KYV-5, KY-99A/100 
ee eal 


IAW Network/Prearranged | IAW Network/Prearranged 


KG-84A/C 
KYV-5, KY-99A/100 
KG-84A/C 
KG-84A/C 
KYV-5, KY-99A/100 
KG-84A/C 
KYV-5, KY-99A/100 


KL-43C/F 1200 ASCII 8N2 KL-43C/F 
1200 ASCII 8N2 KYV-5, KY-99A/100 


ee eee See IAW Network/Prearranged | [AW Network/Prearranged 
LL 


Table B-2. Configuration Codes 


Configuration 


Code Equipment Data Rate Protocol Crypto 


E 


15 IAW Network/Prearranged | [AW Network/Prearranged 
76 


7 
78 ASCII 8N2 KL-43C/F 
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Appendix C 
AN/PRC-117F Radios 


1. AN/PRC-117F Dedicated UHF SATCOM Operation 


The AN/PRC-117F operates in UHF SATCOM mode using MIL-STD 188-181B 
modulation and HPW data operation. It supports encrypted voice and data 
communications in wideband 25-kHz and narrowband 5-kHz channels. The AN/PRC- 
117F in SATCOM mode is compatible with VINSON KY-57 (wideband 25-kHz), ANDVT 
KY-99/99A, and KG-84C cryptographic equipment. Refer to tables C-1 through C-3 for 
capabilities. 


Table C-1. Dedicated UHF SATCOM Capabilities 


raration | MOD | comsec | paravoc | synorasync 


Narrowband 
Channel MS181 KG-84C DATA only 4800, 6000, 7200, 8000, 9600 
using Continuous Phase 
20 Watts Max Modulation (CPM) 
KG-84C DATA only 4 to 8.5 kbps — ARQ 
MS181 PT-None DATA only 1200, 2400, 9600 
2 kbps, 16 kbps 
MS181 VINSON VOICE 16 kbps 
sarcom [MSt81__ | VINSON [DATA | 16kbps 
SATCOM MS181 VINSON DATA 16 kbps 
25-kHz Wideband MS181 KG-84C DATA only 1.2 k, 2.4 k, 9600, 16 k 


Channel MsS181 KG-84C DATA only 19.2, 28.8, 32, 38.4, 48, 56 kbps 
20 Watts Max using CPM 


MS181 ANDVT DATA 300, 600, 1200, 2400 
MS181 FASC VOICE Special RETRANS Systems 
KG-84C DATA only 18 to 56 kbps — ARQ 
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Table C-2. MIL-STD 188-181B Data Rate Options, 5-kHz 


Option | "Rate Type | COMSEC | Data” | Remarks 

008 1200 SBPSK KG-84 DATA 

010 2400 SBPSK KG-84 DATA 181A 
010 2400 SBPSK ANDVT D/V 181A NB Voice 
A10 1200 SBPSK ANDVT DATA 

B10 600 SBPSK ANDVT DATA 

C10 300 SBPSK ANDVT DATA 

013 4800 CPM KG-84 DATA 

016 6000 CPM KG-84 DATA 

018 7200 CPM KG-84 DATA 

020 8000 CPM KG-84 DATA 

021 9600 CPM KG-84 DATA 


Table C-3. MIL-STD 188-181B Data Rate Options, 25-kHz 


Option l/O Data | Modulation | Applicable Voice or ReniaiKe 
Rate Type COMSEC Data 
130 9600 SBPSK KG-84 DATA 
131 9600 CPM KG-84 DATA 
132 16k FSK VINSON D/V 181A WB Voice 
F12 12k FSK FASCINATOR | VOICE 
137 19.2 k CPM KG-84 DATA 
139 28.8 k CPM KG-84 DATA 
141 32 k CPM KG-84 DATA 
143 38.4 k CPM KG-84 DATA 
144 48 k CPM KG-84 DATA 
145 56 k CPM KG-84 DATA 


2. UHF Dedicated SATCOM Programming Checklist 


Table C-4 outlines programming parameters necessary for dedicated UHF SATCOM 
net presets. See Figures C-1 and C-2 for the sub menu and programming tree. 


Table C-4. UHF SATCOM Programming Parameters 


Menu Item 


Options 


Remarks 


FREQUENCY 


Frequency Code 


Channel Number 
001-249, or 999 


Refer to Appendix A for list of FREQ codes. 


Receive Frequency 


Use 999 to manually enter non-standard uplink 


999 and downlink frequencies. 
Transmit Frequency 225.00000 to 511.99999 mHz 
Receive Only ee YES for EMCON, no transmit. 
COMSEC 
Function switch in PT, mode defaults to DATA 
None 
only. 
VINSON Not available on NB channels. 
Crypto Mode ANDVT 2400 max data rate. 
KG-84 Data only in NB or WB. 
Not available on NB channels. Available for 
EASCINATOR SATCOM to LOS BLACK RETRANS. 
Encryption Key TEK 01 to 25 Load TEKs first. 
naiod Dara YES External devices with own modem, eliminates 
g NO crypto resyncs that interfere (KL-43C/F). 
Redundant Mode 1 : 
Redundant Mode:2 Match mode used in net. 
aa vati Non-Redundant 
ynchronization Mode 3 
NoneRoaundant HPW operation requires Mode 1. 
Mode 4 
HPW Transec Key ID | TSK 01 to 25 TSK loaded in SATELLITE storage position. 


Training Frames 


6, 9, 12, 15, 30, or 60 


Sets length of training frames sequence, 9 is 
default. 


DATA/VOICE 


DATA 


Only option w/KG-84 selected. 


AUTO on ADF Port 


Data/Voice With VINSON, select port to receive DATA. 
AUTO on DATA Port 
DATA or VOICE With ANDVT COMSEC. 
NMadulation MS181 Regular SATCOM 
HPW Requires using KG-84 encryption in mode 1. 
Sync/Async Select ASYNC ASYNC requires port programming. 
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Table C-4. UHF SATCOM Programming Parameters 


Menu Item Options Remarks 
SYNC Synchronous data systems 
Baud Rate (HPW) UFO (25-kHz) | Select type of satellite used, NB only on NB 
WB (25-kHz) | channel when using FREQ code 999. Refer to 
NB (5-kHz) Appendix A 
Option Data Option Codes Available options dependent on FREQ code and 
COMSEC previously selected. 
SQUELCH 
Digital Squelch ON Digital squelch ON prevents PT override. 
OFF 
Digital Squelch ON Digital squelch ON prevents PT override. 
OFF 


POWER 


TX Power Level 


2 to 20 watts 


Steps in one-dBm increments. 


NAME 


Change Net Name 


NET 00 to 99 


12 characters alphanumeric, no spaces. 
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FREQ CODE COMSEC DATA/VOC 


SQUELCH 
USE < — TO SELECT ITEMS 


POWER NAME 


Figure C-1. UHF SATCOM Programming Sub Menu 


Frequency 
le 
001 - 249, or 999 


Receive 
Frequency 


Transmit 
Frequency 


Receive Only 


None 

L Hpw TRANSEC KEY ID 
01-25 

VINSON [1] 
Encryption Key 


TEK 01 - 25 
Analog Data 
No 
Yes 
ANDVT 
L Encryption Key 
TEK 01 - 25 
Training Frames 


Net Type 
SATCOM 


Digital 
Auto on ADF Port Squeich 
SYNC/ASYNC Select 
E SYNC 
ASYNC 
Auto on Data Port 


L SYNC/ASYNC Select 


E SYNC 
ASYNC 


Data or Voice 


SYNC/ASYNC Select 


SYNC 
ASYNC 


Change 
Net Name 


TX POWER Level 
2 Watts 


2.5 Watts 
3 Watts 
4 Watts 
6 Watts 
6.3 Watts 


8 Watts 


Option 10 Watts 


L Refer to Table 12 or 13 13 Watts 


16 Watts 
Data 


Modulation 20 Watts 


With BAU Attached 
5 to 50 Watts in 2dB Steps 


KG - 84 


Encryption Key HPW 
LL tex 01 - 25 L aauo Rete 


Synchronization WB 


Redundant (MODE 1) UFO 

L- HPw TRANSEC Key ID NB 

Loi -25 MS181 
Redundant (MODE 2) SYNC/ASYNC Select 
Non-Redundant (MODE 3) SYNC 
Non-Redundant (MODE 4) ASYNC 
Fascinator Option 
Encryption Key 

VINSON TEK 01 - 25 
Analog Data 

No 

Yes 


Refer to Table 12 or 13 


Figure C-2. SATCOM Programming Menu 


3. Dedicated UHF SATCOM Operational Steps 


a. To operate in dedicated UHF SATCOM mode, connect a medium or high gain 
SATCOM antenna to VHF-HI/UHF J8 antenna connector with a coax cable. Analyze 
terrain in planned areas of operation for satellite look-angle access. Verify the 
SATCOM antenna is correctly oriented using a magnetic compass to point the antenna 
on the proper horizontal azimuth to the satellite. Make an approximate antenna vertical 
elevation adjustment. Pointing graphs and look-angle calculation software may assist 
in this task. Azimuths from these graphs are not adjusted for local magnetic 
declination. Table C-5 contains UHF satellite positions. To check SATCOM antenna 
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pointing using the SATCOM receive signal strength indicator (RSSI) test, complete the 
following procedures: 


Table C-5. UHF Satellite Positions 


Footprint Name Satellite Position 

CONUS 100 and 105 dog W longitude 
LANT 15 and 23 dog W longitude 
lO 72 and 72. dog E longitude 
PAC 172 and 177 dog E longitude 


Note: The SATCOM RSSI test can be conducted only by using data operating 
parameters of 1200 or 2400 bps. Preselect data operation using KG-84 or 
ANDVT at one of these rates before initiating the test. 


(1) After placing the AN/PRC-117F into normal mode dedicated SATCOM 
operation, press the CALL button on the KDU. 


(2) Press ENT to initiate the SATCOM RSSI test. 


(3) Watch display for test completion. A relative signal strength score is 
displayed with a value from 000 to 100. Repeat test and adjust pointing of the 
SATCOM antenna to obtain a better than 80 score. 


(4) Press CLR to exit SATCOM RSSI test. 
b. Perform the following procedure for dedicated UHF SATCOM operation: 


(1) Rotate function switch to cipher text (CT) or TD. The AN/PRC-117F does not 
allow plain text (PT) non-secure voice operation in SATCOM to operate in a non-secure 
SATCOM mode. The radio defaults to DATA only operation when PT is selected. 


(2) After the radio initializes, press MODE. 

(3) At the OPERATIONAL MODE prompt, select NORMAL; press ENT. 

(4) Select the desired SATCOM net preset by pressing the PRE + or — switch. 

(5) Begin radio operation. See Figure C-3 for SATCOM operational displays. 
4. SATCOM 181B Data Operation Using KG-84 COMSEC and Continuous 
Phase Modulation 


a. When using a SATCOM net preset using KG-84 COMSEC and Continuous Phase 
Modulation (CPM) modulation, the sender transmitting station decides in which CPM 
data option to conduct the transmission. The receiving end must also use a CPM data 


code of the same channel type. To change the data option code for the currently selected 
SATCOM net preset— 


(1) Press the circular arrow key to view the data option page of the SATCOM net 
preset. See Figure C-3 for SATCOM displays. 


(2) Use left/right arrow key to scroll over to data option field. With the up/down 
arrow key, select the required code. Only the data option codes relating to the presently 
selected COMSEC mode and/or satellite channel type can be selected. 
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(3) Refer to Table C-6 AN/PRC-117F DAMA SATCOM capabilities. If COMSEC 
mode needs to be changed to achieve required data option, use the COMSEC menu 
under OPT key. 


Volume 
Meter Encryption Key 
Net Name Crypto Type and Number  penotes 
R/T Indicator Type Plain Text 
(R) for Receive ipher Text 
Operation 


Norm Vinson  TEKO1 CT Signal 


Strength 
Meter 


SAT Voc DAT 181 ON 
Type ADF Data Mode SQL 


Digital Squelch 
Setting 
Modulation 


ADF Connector Data Port Mode 


Mode XY 
Mode 
Jenn Circular Arrow Button 


(Press to Change Displays) 


Downlink 
Frequency RBATHL =Norm Vinson  TEKO1 


R: 261.87500 
T: 295.47500 


Frequency 


Uplink 
Frequency Net Type Frequency 


Data Rate Code 


Channel Type 
= R BATE Norm Vinson  TEKO1 CT 


25 kHz 


132 FSK 16.0 
OPT MOD Type Rate 


MS181B Data 


Option Modulation Type: Data Rate terete b 


FSK, CPM, ON SBPSK 


Figure C-3. Dedicated UHF SATCOM Displays 


b. To send SATCOM DATA with CPM data option— 


(1) Ensure net communications plan is for all outstations to use a CPM data 
option from Table C-7 for the same channel type (5-kHz or 25-kHz). A synchronous data 
transmission application is best. 


(2) Sending station selects the desired CPM data option with which to transmit 
the data message. On transmitting the message, the receiving radio automatically 
matches speed of the sending station. 


(3) If transmission is unsuccessful, (the receiving end does not acknowledge good 
reception), it may be necessary to reduce the CPM data rate and re-attempt the data 
transmission. If transmissions continue to be unsuccessful, troubleshoot the 
communications software set up to determine the communications failure. 
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5. AN/PSC-117F DAMA UHF SATCOM 
a. UHF DAMA SATCOM is a separate mode of operation in the AN/PRC-117F. 


DAMA operation is available on 5-kHz and 25-kHz UHF SATCOM channels that have 
been converted to DAMA control. THE 25-kHz DAMA is operated in either automatic 


control (AC) or distributed control (DC). Refer to Table C-6 AN/PRC-117F DAMA 
SATCOM for capabilites. 


Table C-6. AN/PRC-117F DAMA SATCOM Capabilities 


Channel Type MOD COMSEC Data Voice | Data Rates 

5K CKT ANDVT VOICE 2400 

5K CKT ANDVT DATA 600, 1200, 2400 

5K CKT KG-84C DATA 75, 300, 600, 1200, 2400 
SaCoMe S 5K MSG_|_KG-84C DATA 75, 300, 600, 1200, 2400 

25K AC ANDVT VOICE 2400 

25K AC ANDVT DATA 600, 1200, 2400 

25K AC KG-84 C DATA 75, 300, 600, 1200, 2400 

25K DC ANDVT VOICE 2400 
DAMA UHF 25K DC ANDVT DATA 600, 1200, 2400 
SATCOM 25-kHz | 25K DC KG-84 DATA 75, 300, 600, 1200, 2400 
(DC) 25K DC VINSON VOICE 16 kbps 

25K DC | VINSON DATA 16 kbps 

25-kHz VINSON VOICE 16 kbps 

25-kHz VINSON DATA 16 kbps 
DAMA UHF 25-kHz KG-84C DATA 75, 300, 600, 1200, 2400, 
SATCOM 
Dedicated Calls Ud DPS 
(DASA) 5-kHz ANDVT VOICE 2400 

5-kHz ANDVT DATA 600, 1200, 2400 
5-kHz KG-84C DATA 75, 300, 600, 1200, 2400 


b. Figure C-4 depicts the overall DAMA UHF SATCOM programming menu tree. 
Entry into DAMA programming takes the radio offline (not communicating). 


Trigonometry 


OBJECTIVES 


1.0 


TERMINAL OBJECTIVE 


Given a calculator and a list of formulas, APPLY the laws of trigonometry to 
solve for unknown values. 


ENABLING OBJECTIVES 


1.1 Given a problem, APPLY the Pythagorean theorem to solve for the unknown 
values of a right triangle. 
1.2 Given the following trigonometric terms, IDENTIFY the related function: 
a. Sine 
b. Cosine 
Cc. Tangent 
d: Cotangent 
: Secant 
f. Cosecant 
1.3 Given a problem, APPLY the trigonometric functions to solve for the unknown. 
1.4 STATE the definition of a radian. 
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From Normal Mode 


rome] [en oe 


Select INFO Code 
AC # # (01 - 99) 
Port_CONFIGS 
= 
Report 
Response 


& Report 
V, Code 


Response 
Code 
L pc ##: #HHHH 


L AC ##: ##### 


DC# # (01 - 99) 


See See 
FIG36 FIG 37 


See 
FIG 35 


See 
FIG 34 


From DAMA Mode 


PGM? Will Lose Net 


No 
Yes 


Satellite ID 
Lo-9 


EPOCH 
L pp/mmuvvvvy 


Longitude of ASCEN 
L 000.0000 - 359.99999 


Inclination 
L 000.00000 - 179.99999 


Arguement of Perigee 
L 000.0000 - 359.99999 


Eccentricity 
000.00000 - 0.99999 


Mean Motion 
000.00000 - 0.99999 


Mean Anomaly 
L 000.00000 - 359.99999 


Figure C-4. Overall DAMA Programming Menu Tree 


Location Method 


L GPS 
Manual 


Longitude 
LL ddd.MM.MMMM E/W 


Latitude 
LL dd.MM.MMM N/S 


Altitude 
L. 00000.0 - 99999.9 M 


c. Table C-7 is the overall DAMA programming checklist. Figure C-5 is DAMA net 


preset programming menu tree. 


Table C-7. DAMA Progra 


mming Checklist 


Menu Item Options Remarks 
PRESETS 
Sets up the parameters required to access a 
Nets (10) 00 to 09 DAMA channel. 

Port_Config (10) Matches the DAMA channel with the desired 
00 to 09 COMSEC and mode of operation. 
Destinations (50) Sets all the call parameters to use a TBA on 

00 to 49 any type of DAMA channel. 
DEFAULTS 
Defaults Sets defaults in CALL operating menu. 
CODES 
Select Info Code Report Response Code Allows programming of expected response 
AC # # (01 to 99) ACHH#HH#H##H# to report codes. 
Select Info Code Report Response Code Allows for programming of expected 
DC ## (01 to 99) ACH#H#H#H# response to report codes. 
EPHEM 
Satellite ID 0to9 A storage location linking programmed data 
to the corresponding number in the DAMA 
net preset, not a UFO number. 
EPOCH DD/MMIYYYY The data for the TLE data set being used, 
not the current date unless the same. 
Longitude of 000.00000 to 359.99999 Calculated from the TLE for the UFO being 
ASCEN ranged. 
Inclination 000.00000 to 179.00000 
Argument of 000.00000 to 359.99999 
Perigee 
Eccentricity 0.00000000 to 0.99999999 
Mean Motion 0.00000000 to 0.99999999 
Mean Anomaly 000.00000 to 359.99999 
LOCATION 
Menu Item Options Remarks 
Location Method GPS Requires PLGR to radio interface. 
Manual 
Longitude DDD MM.MMMM E/W Decimal minutes format in WGS-84 datum. 
Latitude DD MM.MMM N/S 
Altitude +/- 00000.0 to 99999.9 


meters 


C-10 


Tweme ] | [me 


Channel Number Ranging Method Orderwire Encryption Transmit Power Change Name 


Transmit Capability 
Full 
EMCON 
Silent (1) 


Passive (3) Key Location 0 - 7 1.6 Watts 
L. Satellite 1D E None 2 Watts 
Lo-9 TSK 01 - 25 2.5 Watts 
Fixed 3 Watts 
L Range in Chips 4 Watts 
ie] 
L 0000 - 99999 5 Watts 
Yes 
6.3 Watts 


Log-in Type (1) ADDR 8 Watts 
10 Watts 


Over the Air 
Preassigned 13 Watts 
16 Watts 


Default CONFIG Base_Address Guard_List 20 Watts 
L #DAMACFG 0 - 9 


Base Address Add 
Note: L. 00001 - 65535 L. Address to Add 
(1) Only Available in 5-kHz UHF DAMA L. 00001 - 65535 
(2) Only Available in 25-kHz UHF DAMA ; 
(3) Requires 5 Programming EPHEM Data, Location and Time Review 


L 001 - 239 e Off 1 Watts L DAMA Net 0-9 
Active On 1.3 Watts 


Constant Key Port (2) 


Delete 


Figure C-5. DAMA Net Preset Programming Menu Tree 


d. Table C-8 is the DAMA net preset programming parameters checklist. 


C-11 


Table C-8. DAMA Net Preset Parameters 


Menu Item Options Remarks 
TRANSEC 
Orden OFF PT EOW operation. 
: ON by present doctrine. Requires TSKs to 
Encryption ON ; 
be assigned to key locations. 
None 
Key Location 0 TSK 01 to 25 
None 
Key Location 1 TSK 01 to 25 
Key Location 2 Nene 
y TSK 01 to 25 DAMA EOW TSKs loaded to SATELLITE 
storage positions. 
: None 
Key Location 3 
TSK 01 to 25 
Nowe Assign proper key where channel controller 
i expects to find it. 
Key Location 4 TSK 01 to 25 p' 
: None : : 
IF not known, assign key to all key locations. 
Key Location 5 TSK 01 to 25 g y y 
None 
Key Location 6 TSK 01 to 25 
None 
Key Location 7 TSK 01 to 25 
ADDR 
Base_Address 00001 to 65535 
Address to add: Add up to 15 TBA and/or network 
00001 to 65535 addresses. 
Guard_List ; : 
Review View programmed addresses. 
Delete Removes an address. 
POWER 
Transmit Power 1 to 20 watts Steps in one-dBm increments. 
NAME 
Change Net Name DAMANET 0 to 9 12 characters alphanumeric, no spaces. 


e. Table C-9 is the DAMA port configuration preset parameters. Figure C-6 is the 
DAMA port configuration preset menu tree. 


Table C-9. DAMA Port Configuration Preset Parameters 


Menu Item Options Remarks 
COMSEC 
None Function switch in PT. 
Crista nade VINSON Not available on NB channels. 
ryP ANDVT 2400 max data rate. 
KG-84 Data only. 
Encryption Key TEK 01 to 25 Load TEKs first. Do not program empty 
position. 
Analog Data YES External devices with own modem, such as 
g NO KL-43C/F. 
Redundant Mode 1 
KG-84 SYNC Redundant Mode 2 Match mode used in net. PSC-5 only 
Mode Non-Redundant Mode 3 compatible with Mode 4. 


Non-Redundant Mode 4 


Training Frames 


6, 9, 12, 15, 30, or 60 


Sets length of training frames sequence for 
KY-99 compatibility, 9 is default setting. 


DATA/VOICE 


AUTO ON ADF PORT 


AUTO ON DATA PORT 


With VINSON, select port on which to 
receive DATA. 


patavons DATA or VOICE With ANDVT COMSEC. 
DATA With KG-84 COMSEC. 
SYNC/ASYNC ASYNC : 
Select SYNC ASYNC requires port programming. 
WB to 75, 300, 600, 1200, 
2400, 4800, 16 kbps 
Baud Rate NB to 75, 300, 600, 1200, COMSEC mode and CHAN type dependent. 
2400 
CONFIG_CODE 
Use configuration code that matches 
aks oo Config 01 to 99 COMSEC type, data rate, and data device. 
Refer to Appendix B, Table B-2. 
Add leading zero, same codes as in 25-kHz 
5-kHz Port Config 001 to 511 DAMA. Use configuration code that 


Code 


matches COMSEC type, data rate, and data 
device. Refer to Appendix B, table B-2. 


NAME 


Change Name 


DAMACFG 0 to 9 


12 characters alphanumeric, no spaces. 


Port_CONFIGS 
Select Port 
CONFIG 


COMSEC Data/VOC 


CRYPTO Mode Data/Voice 
None L Auto on ADF Port 
Vinson Auto on ADF Port 


L Encryption Key SYNC/ASYNC 


LTEK 01 - 25 aoee 
L Analog Data 
LiVox ASYNC 
Baud Rate 


No 
KG - 84 
L Encryption Key 
LTEK 01 - 25 


FS Synchronization 
L Redundant (Mode 1) 
LRedundant (Mode 2) 
LNon-Redundant (Mode 3) 
LL Non-Redundant (Mode 4) 


ANDVT 
L Encryption Key 
Lrek 01 - 25 
Training Frames 


Le, 9, 12, 15, 30, or 60 


0-9, DAMA CFG0-9 


CONFIG_Code 


25-kHz Port CONFIG Code 
01-99 


5-kHz Port CONFIG Code 
001 - 511 


Change Name 
DAMA CFG 0 - 9 


Figure C-6. DAMA Port Configuration Preset Programming Menu Tree 


f. AN/PRC-117F DAMA destination presets may be used on any type of DAMA 
channel. All necessary elements for each type of channel are included in the preset. 
Table C-10 is the preset checklist and Figure C-7 is the preset programming tree. 
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Table C-10. DAMA Destination Preset Programming Checklist 


Menu Item Options Remarks 
5-kHz 
Destination TBA 00000 to 65535 5-kHz channels allow calls only to one 
address. 
25-kHz AC 
1: 00001 to 65535 
Add 2: 00001 to 65535 25-kHz AC operation allows up to five 
Destination tenaa: 3: 00001 to 65535 addresses to be designated. 
Soe ; 4: 00001 to 65535 Conference call capability. 
5: 00001 to 65535 
Review Destination X of X Allows checking of programmed addresses. 
Delete 00000 to 65535 Remove an address. 
25-kHz DC 
Circuit Number 10000 to 10999 Enter authorized 25-kHz DC circuit number. 
SEARCH 
Search Area (5-kHz Local Local footprint only. 
Only) Global Sets up 5-kHz MHOP operation. 
NAME 
Change Name DAMADESTO 0 to 49 12-digit albhanumeric name. 
CLEAR 
Are You'Sure? YES Used to clear all parameters in the preset 
NO being programmed. 


Select 


Destinations 


00 - 49 [DAMA DEST 00 - 49) 


Destination Add Circuit Number Search Area Change Name Are You Sure? 


00000 - 65535 = Local Yes 
eres to Add (UP to 5) 10000 - 10999 ee Leama DEST 00 - 49 ae 
lobal 


i 00000 - 65535 


Review 


Destination X of X 


Delete 


Figure C-7. DAMA Destination Preset Programming Menu Tree 


g. DAMA defaults set which items appear as default values throughout the 
AN/PRC-117F DAMA CALL menus. This speeds up operation by reducing the amount 
of scrolling needed to reach the proper CALL parameters. All options for making calls 
are still available in the CALL menus, regardless of DAMA defaults initially 
programmed. Refer to Table C-11 for the checklist and Figure C-8 for the defaults 
programming tree. 


Table C-11. DAMA Defaults Programming Checklist 


Menu Item Options Remarks 


OUT OF SERVICE 


Routine, Priority, 
Immediate, Flash, Flash 


Precedence Override, Emergency Use only authorized precedence. 
Action 
Reason Code 00 to 99 User developed codes. 
HHHH-S 4 Requires setting the amount and the units 
Duration Minutes Hoge OL. 2 before pressing ENT. 
ais Use 0000 for indefinite. 
PAGE 
1:H###HE#H 
eee 0 2 HHHHH 00000 to 65535 
S:HHHHEE 
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Table C-11. DAMA Defaults Programming Checklist 


Menu Item Options Remarks 
LINK _TEST 
9.6k Sets default link test data rate when 
Link Test Rate 19.2k conducting link tests. Refer to Table C-13 for 
32k times required to complete link tests. 
CALL 


####- Seconds, Requires setting the amount and the units 


Duration : before pressing ENT. 
MUGS pute aN Use 0000 for indefinite. 
5-kHz CIRCUIT 
Bedieatee YES Set YES to make call default to dedicated 
NO DASA operation. 
Requires setting the amount and the units 
Duration Hi Sec ones before pressing ENT. 


Minutes Hours: Rays Use 0000 for indefinite. 


25-kHz Sets the default type of channel requested 
5-kHz when making dedicated DASA calls. 


DAMA 
Defaults 


Service 


Addresses to Page Link Test Rate Duration Dedicated 
1: ##### . Lieve Yes 
2: HHH ; ; No 
3: HHH 


Channel Type 


Precedence 
Routine 
Priority 
Immediate 
Flash 


L 
Flash Override ine 
Emergency Action 
Hrs 
Reason Code Day 


L 00-99 


Duration (1) 


Durations (1) Channel Type 
25-kHz 
5-kHz 


Note: 
Enter 0000 for Indefinite. 


Figure C-8. DAMA Defaults Programming Menu Tree 


h. Passive ranging and ephemeris data is used when the tactical situation dictates 
the need to control emissions from the radio. Refer to Table C-12 to determine the 
necessary elements required for passive ranging programming and operation. 


Table C-12. DAMA Ranging Methods 


Ranging Transmit Time . EPHEM 
Method Used | Capability | (Options) | °°" | Data qenetegyn 
mets Full Silent Not Not Not Over-the-Air or 
Required Required required Preassigned 
Full Silent Over-the-Air or 
Ee (5-kKHz) Yes ss ik — Preassigned 


WARNING 


Contact with the antenna or exposure directly in front of the antenna during 
DAMA SATCOM transmissions may cause injury to personnel. In DAMA 


SATCOM operation, the AN/PRC-117F interacts automatically with the channel 
controller, transmitting and receiving as needed. This automatic transmission 
may not be apparent to the operator; therefore, all personnel should avoid 
contact with the antenna or exposure directly in front of the antenna. 


i. The 25-kHz DAMA UHF SATCOM is operated in either AC or DC. The 
AN/PRC-117F uses the following types of DAMA presets to manage operating 
parameters. These presets allow for quick configuration changes to any type of 
operation. 


(1) DAMA net presets, 10 each—0 to 9. 
(2) DAMA port configuration presets, 10 each—0 to 9. 
(3) DAMA destination presets, 50 each—00 to 49. 


j. Verify that the SATCOM antenna is oriented correctly using a magnetic compass 
to point it on the proper azimuth, as determined from pointing slide rule graphs or 
software applications. Make an approximate adjustment in the elevation angle as 
needed. SATCOM RSSI test cannot be used in DAMA operation. 


k. Initial operation calls may be either normal DAMA circuit service calls or DASA 
dedicated calls. See Table C-9. Perform the following procedure for initial operation: 


(1) Rotate function switch to CT. 
(2) At the OPERATIONAL MODE prompt, select DAMA; press ENT. 


(3) Select the desired DAMA net preset by pressing the left/right arrow keys on 
the KDU to scroll to the NET preset number and use the KDU numeral keys to enter 
the desired net preset number. 


Note: In DAMA mode, the PRE + /— key on the KDU is disabled to prevent 
inadvertently changing the net preset while in a net connected state. 
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Trigonometry 


Intentionally Left Blank 
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(4) Press the circular change key to see that the proper DAMA port configuration 
preset is selected for the intended DAMA service request. Ifa different DAMA port 
configuration preset is desired, use the left/right arrow keys on the KDU to scroll to the 
preset number. Enter the required preset number and press ENT. 


(5) Begin radio operation. View main screen for network status changes in the 
order listed: 


(a) ACQUIRING. 

(b) RANGING (active ranging method only). 
(c) LOGGING IN (5-kHz only). 

(d) CONNECTED. 


(6) Network status of CONNECTED indicates the terminal is ready to request or 
receive services in the DAMA network. If terminal does not become connected, check 
antenna pointing, loading, and programming assignment of the proper EOW TSK and 
TBA. ERROR network status indicates that no DAMA EOW TSK is loaded. 


l. The 25-kHz DAMA has two modes of operation: AC or DC. The channel 
controller determines the frame format of the channel and the radio operates 
accordingly. 


m. Calls in 25-kHz AC DAMA may be made from one to five terminal or network 
addresses. A network address is a predetermined group of terminals operated together 
as a network. Determine the following before making a call request: 


(1) Type of Service. Before placing the call, use the proper DAMA port 
configuration preset for the service needed from the service state display screen. On 
changing the port configuration preset with a connected terminal, the radio sends a 
status report B RCCOW to the channel controller for notification of the new 
configuration. For DASA dedicated calls in 25-kHz AC DAMA, a port configuration 
preset with a configuration code to signify DASA must be used. Refer to current 
configuration codes. 


(2) Station(s) to be Called. DAMA destination presets are used in call menus to 
select station(s) to be called. TBAs associated with this destination preset are shown on 
the line below the DAMA destination preset name. 


(3) Precedence of the Call. Use the proper precedence for the importance of the 
required service. If a higher precedence than authorized is used, the call is denied. Not 
all terminals have access to every precedence level. Check with organization DAMA 
planners and authorization documents. At certain times, the channel controller can 
place precedence restrictions. The AN/PRC-117F does not allow calls below this 
precedence during these times. 


(4) Duration of the Call. Request enough time to complete the required 
communications; service is terminated automatically at the end of this time. See Figure 
C-9. Perform the following procedure to place a call using 25-kHz AC DAMA: 


(a) Press CALL key to bring up SELECT REQUEST TYPE. 
(b) Select PLACE A CALL and press ENT. 


(c) Select the destination to be called. Use the left/right arrow keys to select 
the DAMA destination preset number field, then enter the preset number needed. As 
an alternative, select the destination name field or scroll through the DAMA destination 
presets names with the up/down arrow keys. Press ENT when proper destination 
preset number or name is in view. The TBAs associated with this destination preset are 
shown at the bottom of the display. 


(d) At the next display screen, choose the precedence of the CALL and press 
ENT. 


Note: When the channel controller places system restrictions, it sets the 
minimum precedence required to place a call on the DAMA channel. 
When this happens, the call precedence not authorized is no longer 
showm on AN/PRC-117F call menus. 


(e) Enter the required call duration in number of seconds, minutes, hours or 
days (or input 0000 for indefinite). Use the left/right arrow keys to select between 
either the unit digits field or the units. Press ENT when correct time and units are 
selected. 


(f) The display returns to the main operational display. Service state 
changes to PENDING. Wait for the radio to send the request to the channel controller. 


(g) Observe the following service states: 


e PENDING—Radio terminal is negotiating the sending of the call 
request and action on it from the channel controller. Wait until it becomes active or a 
system message is received concerning the request. 


e ACTIVE—Service request has been granted, the normal indication to 
commence operation with the requested service. 


e QUEUED—Service request is being held and is granted when channel 
resources are free. Wait until the service is granted or terminate the call and try again 
later. 


e DEDICATED—Indicates that DASA operation has been granted. 
Operation in DASA is ruled by MIL-STD 188-181A covering 5-kHz and 25-kHz 
dedicated UHF SATCOM. 


e IDLE—tThe radio is not active or is setting up a service. 


n. Terminate a 25-kHz AC DAMA call on completion. The user should terminate 
the timed or indefinite call so the channel controller can reassign that channel to 
another terminal user in the network. 


o. The 25-kHz DAMA has two modes of operation: AC or DC. The channel 
controller determines the frame format of the channel and the radio operates 
accordingly. 


p. Calls in 25-kHz AC DAMA can be made from one to five terminal or network 
addresses. A network address is a predetermined group of terminals operated together 
as a network. Determine the following before making a call request: 
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(1) Type of Service. Before placing the call, use the proper DAMA port 
configuration preset (from the service state display screen) for the service needed. On 
changing the port configuration preset with a connected terminal, the radio sends a 
status report B RCCOW to the notify channel controller of the new configuration. For 
DASA dedicated calls in 25-kHz AC DAMA, use a port configuration preset with a 
configuration code to signify DASA. Refer to current configuration codes. 


(2) Station(s) to be Called. DAMA destination presets are used in call menus to 
select station(s) to be called. TBAs associated with this destination preset are shown on 
the line below the DAMA destination preset name. 


(3) Precedence of the Call. Use the proper precedence for the importance of the 
required service. If a higher precedence than authorized is used, the call is denied. Not 
all terminals have access to every precedence level. Check with organization DAMA 
planners and authorization documents. At certain times, the channel controller can 
place precedence restrictions. The AN/PRC-117F does not allow calls below this 
precedence during restricted times. 


(4) Duration of the Call. Request enough time to complete the required 
communications; service is terminated automatically at the end of this time. See Figure 
C-9. Perform the following procedure to place a call using 25-kHz AC DAMA: 


(a) Press CALL key to bring up SELECT REQUEST TYPE. 
(b) Select PLACE A CALL and press ENT. 


(c) Select the destination to be called. Use the left/right arrow keys to 
select the DAMA destination preset number field, then enter the preset number needed. 
As an alternative, select the destination name field or scroll through the DAMA 
destination presets names with the up/down arrow keys. Press ENT when proper 
destination preset number or name is in view. The TBAs associated with this 
destination preset are shown at the bottom of the display. 


(d) At the next display screen, choose the precedence of the call and press 
ENT. 


Note: When the channel controller places system restrictions, it sets the 
minimum precedence required to place a call on the DAMA channel. The 
call precedence not authorized is no longer shown on AN/PRC-117F call 
menus. 


(e) Enter the required call duration in number of seconds, minutes, hours, 
or days (or input 0000 for indefinite). Use the left/right arrow keys to select either the 
unit digits field or the units field. Press ENT when correct time and units are selected. 


(f) The display returns to the main operational display. Service state 
changes to PENDING. Wait for the radio to send the request to the channel controller. 


(g) Observe the following service states: 


e PENDING—Radio terminal is negotiating the sending of the call 
request and action on it from the channel controller. Wait until it becomes active or a 
system message is received concerning the request. 
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e ACTIVE—Service request has been granted, the normal indication to 
commence operation with the requested service. 


e QUEUED—Service request is being held and is granted when channel 
resources are free. Wait until the service is granted or terminate the call and try again 
later. 


e DEDICATED—Indicates that DASA operation has been granted. 
Operation in DASA is ruled by MIL-STD 188-181A covering 5-kHz and 25-kHz 
dedicated UHF SATCOM. 


e IDLE—tThe radio is not active or is setting up a service. 
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Select Request Type 


Place a call 
Select a destination 
# # DAMA DEST 00 - 49 
Precedence 
Routine 
Priority 
Immediate 
Flash 
Flash Override 


Emergency Action 
Duration 


a H##H# Secs 
Min 
Hrs 


Days 


Terminate Call 
Out of Service 
Precedence 

Routine 
Priority 
Immediate 
Flash 
Flash Override 


Emergency Action 
Reason Code 

## 
Duration 


Lawes 


Return to Service 


Figure C-9. DAMA 25-kHz AC Call Menu 
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q. Terminate 25-kHz AC DAMA calls on completion. The user should terminate a 
timed or indefinite call so the channel controller can reassign that channel to another 
terminal in the network. Perform the following procedures to terminate a call: 


(1) From a service state display indicating ACTIVE and time remaining, press 
CALL. 


(2) From SELECT REQUEST TYPE display, select TERMINATE CALL with the 
up/down arrow keys; press ENT. 


(3) The TERMINATE CALL request is sent to the channel controller. The 
channel controller tearsdown the service and the service state of the terminal returns to 
one of the service states (IDLE, PENDING, or QUEUED), depending on other ongoing 
requests. 


r. Send a 25-kHz AC DAMA out-of-service request to the channel controller instead 
of logging out as in 5-kHz DAMA. In these requests, the duration for being out of 
service, precedence, and reason code is transmitted. If another station attempts to call 
the terminal during the out-of-service period, the channel controller can report the 
reason code and time to be out of service to that user. Perform the following procedures 
to send an out-of-service request: 


(1) Press CALL key to bring up SELECT REQUEST TYPE display. 
(2) Select OUT OF SERVICE and press ENT. 

(3) Select precedence for out-of-service request and press ENT. 

(4) Enter two-digit numerical out-of-service code. 


(5) Enter duration for the out of service period; use 0000 if it is to be indefinite. 
Press ENT. 


(6) The out-of-service request is sent to the channel controller. Watch the 
display for acknowledgement from the channel controller. 


s. To return to service in 25-kHz AC DAMA operation, send a status report B 
RCCOW (menu item RETURN TO SERVICE) to the channel controller. This informs 
the channel controller that the operator has returned. When an operational radio is 
unmanned, it is not necessary to use this menu item when turning on after a power off. 
The RCCOW sent to the channel controller when connected notifies the channel 
controller of return to service. Perform the following procedure to return to service: 


(1) Press CALL key to bring up SELECT REQUEST TYPE display. 
(2) Select RETURN TO SERVICE and press ENT. 
(3) A Status report B RCCOW is sent to the channel controller. 


t. In 25-kHz UHF AC DAMA, an AN/PRC-117F terminal user can page up to three 
other terminals. Paging is available only in 25-kHz AC DAMA. Using organization 
network planners, determine the procedures on responding to pages. See Figure C-10. 
Perform the following procedure to page: 


(1) Press CALL key to bring up service request screen of SELECT REQUEST 
TYPE. 


(2) Select PAGE and press ENT. 
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(3) Use KDU number keys to type in the first address to page; press ENT to 
accept number. 


(4) Repeat step 3above for the second and third addresses. (If no more addresses 
need to be paged, type 0000 and press ENT.) 


(5) The radio sends the page request to the channel controller. The paged 
station should respond as unit procedure dictates. 


Select Request Type 


Page 


Address to Page (00001 - 65535) 
1: ##HHH 
2: #HHHH 
3: ##HHH 


Start Link Test 


L Link Test Rate 
9.6K 


19.2K 
32K 
Abort Link Test 


Send an Info Report 


Figure C-10. Twenty-five-kHz AC Paging and Link Test 


u. To alleviate problems in 25-kHz AC DAMA operation, the channel controller can 
send an information request code to request information (INFO Report, see Figure C- 
10). from the terminal operator. The terminal operator must respond to the request 
with an information report code to continue operation in DAMA. Perform the following 
procedure to send an information report code at any other time: 


(1) Press CALL to bring up SELECT REQUEST TYPE display. 
(2) Select INFO REPORT from menu and press ENT. 


(3) Enter the desired information report response code to send to the channel 
controller and press ENT. The radio sends the code to the channel controller. 


v. The 25-kHz DAMA has start-link test built into its frame format. Link testing 
determines suitability for data operations using more robust frame formats that support 
higher burst data rates. It does not reduce channel overhead allotted to supporting 
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communications. Slower data rate link tests require more time to complete. Refer to 
Table C-13. Perform the following procedure to conduct a link test: 


(1) Press CALL key to bring up SELECT REQUEST TYPE display. 
(2) Select START LINK TEST and press ENT. 


Note: This sends a link test request to the channel controller. When the link 
test slot becomes available, the channel controller commands the radio to 
begin the link test. On completion of the link test, the radio displays the 
results in number of bit errors and missed acquisitions during the test. 
Results are recorded automatically by the channel controller and used to 
determine data burst rates. Terminals that show good results in link 
tests are assigned frame formats supporting more robust burst data rates, 
thereby increasing overall data throughput. 


Table C-13. Link Test Data Rates, 25-kHz DAMA 


Link Test Data Rate Hine Required. t0 
Complete 
9.6-kbps 6 to 7 minutes 
19.2-kbps 2 minutes 
32-kbps 1 minute 


w. Abort link test (25-kHz AC or DC DAMA) and use the radio for another purpose, 
perform the following procedure: 


(1) Press the CALL key to bring up the SELECT REQUEST TYPE display. 


(2) Select ABORT LINK TEST and press ENT. The radio aborts the link test 
process and terminates the link test. 


x. View network status messages (all DAMA modes). The AN/PRC-117F displays 
operational status messages that pop up on the display and are then placed into a 
message database while DAMA operation continues. To determine the steps in an 
operation while using DAMA, refer to the technical manual for a list of the messages 
and their explanation. There are two methods that may be used to view messages while 
operating in UHF DAMA SATCOM: message indicator method and options menu 
method. 


y. Perform the following procedure for the message indicator method: 


(1) Press the left/right keys to scroll over to the envelope icon on the operational 
display and press ENT. 


(2) Use the up/down arrow keys to scroll through the message database. 


(3) Press CLR to return to operational screens. 


Note: When operations on a current DAMA net terminate, all the DAMA status 
messages erase. Some pop-up messages require operator intervention to 
continue. 


C-26 


z. In 5-kHz DAMA, calls can be made to a single terminal address for a point-to- 
point capability or to a sub-net address giving network capability. The nine-second 
frame format creates long delays for voice users. The 5-kHz DAMA network operation 
was designed and, therefore, more suited for DATA operations. DASA dedicated service 
requests are used to handle service requests greater than the DAMA channel can 
handle. On entry into DAMA mode using a properly configured DAMA net preset, the 
AN/PRC-117F automatically acquires, ranges, and logs in with the channel controller. 
Network status shows CONNECTED, if successful. DASA call requests are placed with 
precedence of the call and the desired duration. Service request can be granted, placed 
in queue, or denied. Calls made with a precedence higher than authorized are denied. 
The 5-kHz DAMA has two basic modes of operation of circuit or message service. The 
AN/PRC-117F is placed in each mode by changing it on the display. The mode of 
operation is selected prior to operation in that mode. If a service message is received 
while in circuit mode, the radio is switched to message mode to download the message. 


(1) Circuit service provides half-duplex encrypted voice or data service to a single 
destination or to a network, or terminals grouped under a sub-network address. 


(2) Message service is a specialized data mode that provides packet transmission 
and reception of data messages up to 14 kilobytes. This requires an external data device 
to input the message to the AN/PRC-117F. 


aa. Place a call (5-kHz circuit service or dedicated call). (See Figure C-11.) Requests 
for circuit service and dedicated calls are essentially the same. Dedicated service gives 
a channel unhindered by the delay the long 5-kHz DAMA frame format. Not all users 
have authorized use of dedicated service. Dedicated service is used to support data 
rates and message lengths not adequately supported by circuit service. Consider the 
following items before placing a call: 


(1) Type of service. Use the proper DAMA port configuration preset for the 
service needed. Select this preset from the service state display screen before placing 
the call. 


(2) Station(s) to be called. DAMA destination presets are used in call menus to 
select station(s) to be called. TBAs associated with this destination preset are displayed 
on the line below the DAMA destination preset name. 


(3) Precedence of the call. Use the proper precedence for the importance of the 
required service. If a higher precedence than authorized is used, the call is denied. Not 
all terminals have access to every precedence level. Check with organization DAMA 
planners and authorization documents. 


(4) Duration of the call (DASA only). Request enough time to complete the 
required communications. Service is terminated automatically at the end of this time. 
Additionally, when making DASA calls, select either 5-kHz NB or 25-kHz WB channels. 
Perform the following procedure to place a call using 5-kHz DAMA: 


(a) Rotate function switch to CT. 
(b) After the radio initializes, press MODE. 
(c) At the OPERATIONAL MODE prompt, select DAMA; press ENT. 
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(d) Select the desired DAMA net by pressing the left/right arrow keys on the 
KDU to scroll to the NET preset number. Use the KDU number keys to enter the 
desired net preset number. 


(e) Press the circular change key to view that the proper DAMA port 
configuration preset is selected for the intended DAMA service request. If a different 
DAMA port configuration preset is desired, use the left/right arrow keys on the KDU to 
scroll to the preset number. Enter the required preset number and press ENT. 


(f) Begin radio operation. View main screen for network status of 
CONNECTED. 


(g) Use the circular arrow key to check service state screen for 5-kHz CKT 
mode. If in MSG mode, use the left/right arrow keys to scroll to mode and change to 
CKT mode. 


(h) Press CALL key to bring up SELECT REQUEST TYPE. 
(i) Select PLACE A CALL and press ENT. 
G) To select the destination to be called, use either— 


e The left/right arrow keys to select DAMA destination preset number for 
numeric entry of the destination 


e The up/down arrow keys to select the destination preset name for the 
desired destination. 


Note: The five-digit terminal addresses associated with this destination preset 
show on the bottom line of the display. 


(k) At next display screen, choose the precedence of the call and press ENT. 


(l) At DASA REQUEST? prompt, select YES for dedicated service and NO 
for regular DAMA circuit service. 


(m) Enter the required DASA call duration in numerical units of seconds, 
minutes, hours, or days (or use 0000 for indefinite). Press ENT when proper time and 
units are selected. Time is not entered for normal DAMA calls. 


(n) For DASA dedicated calls, channel type (5-kHz or 25-kHz) is also 
requested in the call request. This menu option is not shown when making a normal 
DAMA circuit service call. 


(o) The display returns to the main operational display. Service state 
changes to PENDING. Wait for the radio to send the request to the channel controller. 


(p) Observe the service state display for the following indications: 


e PENDING—Radio terminal is negotiating the sending of the call 
request and action on it from the channel controller. Wait until it becomes active or a 
system message appears concerning the request. 


e ACTIVE—Service request is granted. This is the normal indication to 
commence operation with the requested service. 
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Trigonometry PYTHAGOREAN THEOREM 


PYTHAGOREAN THEOREM 


This chapter covers right triangles and solving for unknowns using 
the Pythagorean theorem. 


EO 1.1 Given a problem, APPLY the Pythagorean theorem to 
solve for the unknown values of a right triangle. 


Trigonometry is the branch of mathematics that is the study of angles and the relationship 
between angles and the lines that form them. Trigonometry is used in Classical Physics and 
Electrical Science to analyze many physical phenomena. Engineers and operators use this 
branch of mathematics to solve problems encountered in the classroom and on the job. The 
most important application of trigonometry is the solution of problems involving triangles, 
particularly right triangles. 


Trigonometry is one of the most useful branches of mathematics. It is used to indirectly 
measure distances which are difficult to measure directly. For example, the height of a flagpole 
or the distance across a river can be measured using trigonometry. 


As shown in Figure | below, a triangle is a plane figure 

formed using straight line segments (AB, BC, CA) to 

connect three points (A, B, C) that are not in a straight 

line. The sum of the measures of the three interior 

angles (a', b', c') is 180°, and the sum of the lengths of 

any two sides is always greater than or equal to the | A C 
third. 


Pythagorean Theorem 


The Pythagorean theorem is a tool that can be used to 

solve for unknown values on right triangles. In order to RB 
use the Pythagorean theorem, a term must be defined. 
The term hypotenuse is used to describe the side of a 
right triangle opposite the right angle. Line segment C 
is the hypotenuse of the triangle in Figure 1. 


Figure 1 Triangle 


The Pythagorean theorem states that in any right triangle, the square of the length of the 
hypotenuse equals the sum of the squares of the lengths of the other two sides. 


This may be written as c? = a+ b’ or c = Va’ + b’. (4-1) 
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e PREEMPTED—An active service is preempted by a higher priority 
service. Wait for the service to become active again. 


e DEDICATED—Indicates that DASA operation is granted. Operation in 


DASA is ruled by MIL-STD 188-181B covering 5-kHz and 25-kHz dedicated UHF 


SATCOM. Use the appropriate DAMA port configuration preset needed for the DASA 


service. 


e IDLE—The radio is inactive or setting up a service. 


Select Request Type 


Place a Call 
Select a Destination 
# # DAMA DEST 00 - 49 
Precedence (1) 
Routine 
Priority 
Immediate 
Flash 
Flash Override 
DASA Request 


No 
Yes 


& Duration (2) 
#### 


Days 
Channel Type (3) 
i 5-kHz 
25-kHz 
Terminate Call (4) 
Teardown Service 


Logout 


Notes: 

1. Do not use higher precedence than authorized. 
2. Use 0000 for indefinite. 

3. Type of channel for DASA request. 

4. Used to terminate DASA calls. 


Figure C-11. Call Menu 5-kHz DAMA 


bb. Perform teardown service (5-kHz). If time is still remaining or if indefinite time 


period (0000) is selected, circuit service and dedicated service are torn down on 
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completion of the communications. Perform the following procedure for service 
teardown: 


(1) At end of using a DAMA service, press CALL key on KDU. 


(2) Use up/down arrow keys to scroll to TEARDOWN. Press ENT to begin 
teardown. 


(3) Use the up/down arrow keys to select the desired service to teardown. Press 
the circular arrow keys to view the second screen of the service state. 


(4) Press ENT to teardown this service. 


ce. Terminate call (5-kHz dedicated call only). If time is remaining, dedicated calls 
should be terminated. Perform the following procedure to terminate a dedicated call: 


(1) At the end of using DASA dedicated service, press CALL button on KDU. 
(2) Use up/down arrow keys to scroll to TERMINATE CALL. 

(83) Press ENT to terminate call. 

(4) Service state goes to IDLE after reacquiring the network home channel. 


dd. Send a message using 5-kHz DAMA message service. DATA messages of less 
than 14 kilobytes are uploaded to radio and the packet is sent to the destination 
address. The terminal prompts a message upload to the radio. Perform the following 
procedure to send a message: 


(1) Ensure the DATA device is connected to the J1 ADF connector or J3 data 
connector and is ready for operation with a message to be transmitted. 


(2) Select a DAMA port configuration preset that properly interfaces the data 
device to the radio using KG-84C encryption. 


(3) Press the circular arrow keys to move display screens to service state screen 
to place radio in MSG mode. If radio is in CKT mode, use the left/right arrow keys to 
scroll to MODE and change to MSG mode with the up/down arrow keys, then press 
ENT. 


(4) Press CALL key to bring up display for SELECT REQUEST TYPE. See 
Figure C-12. 


(5) Select SEND A MESSAGE and press ENT. 


(6) Select DAMA destination preset to which the message is sent and press ENT. 
TBAs associated with this preset are shown across the bottom line of the display. 


(7) The next display is SELECT PRECEDENCE. The display shows the 
precedence last used to call the selected destination. Press ENT to keep that precedence, 
or scroll and select an alternate message precedence. 


(8) After a brief configuring screen, the terminal prompts the user to ENTER 
MESSAGE to the radio. Send the message on the data device to upload it into the 
radio. Press CLR to abort. 


(9) When uploading is complete, the service state indicates IDLE with a message 
status of one (1) for outgoing. After the message is transmitted, the outgoing message 
indicator number decreases. 
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ee. Receive a data message using 5-kKHz DAMA message service. Depending on 
operation of the particular data device, the radio is programmed to either automatically 
download a received message from the radio buffer to the data device, or manually 
download a received message after the data device is ready to accept it from the radio. 
When using manual message release, remember to download messages so additional 
messages are received without losing important data. When using 5-kHz message 
service, the AN/PRC-117F is operated with a network state of CONNECTED anda 
service state of IDLE. When a sender initiates sending a data message to the terminal, 
the channel controller looks for the presence of the destination terminal and sets up a 
service between the two terminals. On successful transmission, the AN/PRC-117F 
indicates (in its message buffer) that it is holding a message for downloading. If the 5- 
kHz MSG mode is set to AUTO instead of MANUAL, it sends the message immediately 
to the interfaced output data device. Perform the following procedure to download a 
message using 5-kHz message service with manual message mode: 


(1) Verify there is a buffered message in the radio and the radio is in MSG mode. 


(2) Connect the data device to either the J1 ADF connector or J3 data port, as 
applicable, and ensure it (connector or port) is ready to receive the message. 


(3) Press the CALL key and bring up SELECT REQUEST TYPE display. 
(4) Select DOWNLOAD MESSAGE and press ENT. 


(5) The service state changes to DOWNLOAD and the message is sent to the 
data device. When complete, the service state changes back to IDLE. 


(6) Check the data device for proper reception of the message. The incoming 
message number is decremented. 
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Select Request Type 


Send a Message 
Select A destination 
# # DAMA DEST 00 - 49 
Precedence (1, 2) 


Routine 
Priority 
Immediate 
Flash 

Flash Override 


Download Message (3) 


Notes: 
1. Do not use higher precedence than authorized. 
2. Upload message to radio at this point. 
3. Message is automatically sent to data device if 5k. 
Message mode is set to automatic release. 
The download message prompt only appears if using manual release. 


Figure C-12. MSG Service Call Menu, 5-kHz DAMA 


ff. Log out of 5-kHz DAMA. To leave the 5-kHz DAMA channel, the terminal must 
log out with the channel controller. Also, this is required if shutting the radio off for 
any reason (such as changing the batteries or adjusting the antenna). Perform the 
following procedure to log out of a 5-kKHz DAMA net: 


Note: Ifthe radio goes off the net without logging out, the channel controller 
automatically logs it out after it missed 200 ROWs (approximately 30 
minutes). Until it logs out, the channel controller considers the terminal 
logged in. If the terminal attempts to log in a second time, the channel 
controller may reject the second log in attempt. If a log in is rejected, go 
into net preset programming (Figure C-6) and change log in type to 
preassigned. The terminal is connected again. Return setting to over- 
the-air after the net connects again. 


(1) Press the CALL key to bring up the SELECT REQUEST TYPE display 
screen. 
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(2) Use the up/down arrow keys to select LOG OUT; press ENT to log out. 


Note: The service state and network state switch to DISABLED after the 
channel controller acknowledges the log out request. The radio is 


switched to another DAMA net preset, or turned off. Figure C-13, Figure 
C-14, and Figure C-15 provide screen displays and descriptions for the 


radio. 


‘i TEK 
pa rie ge Encryption CRYPTO 
pe Type Switch 
Setting 


RBATMC DAMA ADVT TEKO1 CT Status 
0 - DAMA Net 0 8 &X] Sate 
Connected 
Network 25 kHz - AC 


Network Status: 

Acquiring, Ranging, : 
Logging In, Connected, gone rhhly ng 
Configure, Error Disabled Ay 25-kKHz~ DC. or 

Circular 5 kHz 
Arrow 


Buttons Orderwire 
Receive/Transmit a aaa 
Indicator FR BaTML DAMA ANDVT / TEKO1 


R: 263.725 
T: 297.325 


Receive 
Frequency 


Transmit Frequency TX OPTS 
Frequency 


TX Capability Channel 
x Full, EMCON, Number 
Silent 


To DAMA Service 
State Displays 


Figure C-13. DAMA Network State Displays, 5-kHz and 25-kHz 
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To DAMA Network State Displays 


Circular 
Arrow 
Buttons 


0 COMSEC TEK 
Port 


Configuration Such 
Preset Name Setting 
Port 
Configuration 
Preset Name 


CT 


1120 min 
Service TIME REMAINING 
Connection Status: Time Units: 
Active, Queued, Sec, Min, Hrs, Day 
Dedicated, Idle, Time Remaining 
ip seed py aca Before Disconnection 
isabled, Error (or blank if indefinite) 


Destination 
Address 


Norm Vinson TEKO1 CT 25-kHz AC 


RX ONLY Q Xx wie 


OFF 2400 
Data Rate 


Sync 
Synch 
ADF Port State: 

VOC, DATA, OFF 


Data Port State: 
DWV, VOC, Data, Off 


Or 


Status 
Message Shortcut 


RBATML DAMA ANDVT_ TEKO1 25-kHz DC 
CR: 12345 ravtx Q Display 


voc DATA 2400 
ADF Data Rate 


<> Baseband Pott 


Bit Rate Synchronization 


To DAMA Network State Displays 


Figure C-14. DAMA Service State Displays, 25-kHz 
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From DAMA Network State Displays 


Circular 
Arrow 


Buttons 
3 ) Traffic Encryption 
bo Key (TEK) 


Port jode 
Configuration Sukch 
Preset Name Setting 


RBATML DAMA ANDVT TEKO1 cT 5-kHz DASA 


Port 
Configuration Q Display 
Preset Number] 4 - DAMA CFG 4 Z| { 


Dedicated 1120 min 
Service Time Remaining 


Time Units: 
SEC, MIN, HRS, DAY 


Time Remaining 
Or Before Disconnection 
(or blank if indefinite) 


RBATML DAMA ANDVT TEKO1 CT 25-kHz AC 


Display 
4- DAMA CFG 4 


Anne Detoaen tie Communications Nia gasl ee 
Pending, Preempted, Off-line 5a essage Indicato! 
Error, Disabled, Uploading, 
Downloading 
RT Indicator Status 
Message Shortcut 


RBATML DAMA ANDVT_ TEKO1 


Destination RX ONLY 


Address TO: 12345 


ADF Port State: 
VOC, Data, Off 


Port 
Data Port State: 2 Baseband izati 
DNV, VOC, Data, Off cares.  erecenon 


To DAMA Network State Displays 


Figure C-15. DAMA Service State Displays, 5-kHz 
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Appendix D 
AN/PSC-5 Series Radios 


1. Line of Sight (LOS) Operations 
a. Press ESC until the main menu is displayed. 
b. Press 3 (set presets). 

Press 1 (set mode presets). 

Select LOS. 


e. Enter the preset number (1 to 6). 
SET PRESET 
LOS -P# 


a9 


TEK# 
Normal 
R###.. AHH 


f. Enter the COMSEC key number (1 to 5). 


g. Select modulation (amplitude modulation [AM], frequency modulation [FM] or 
frequency-shift keying [FSK)). 


h. Select encryption type (VINSN, FASCN, 3KG-84, 4KG-84). 
1. Select mode (V or D). 

j. Select data rate. 

k. In orderwire encryption PT only, select normal. 

l. Select transmit power level (see Table D-1). 


m. Enter receive frequency (030.000 to 399.975). 


Table D-1. Lind of Sight (LOS) Operations 


FREQs Modulation Power 
30.000 to 87.975 FM/FSK 23 to 43 dbm 
108.000 to 129.975 AM 23 to 38 dbm 
23 to 38 AM 
430.000 to 148.975 AMIFM/FSK Fase 
156.000 to 173.975 
225.000 to 399.975 FMIFSK 23 to 39 dbm 


n. Ifthe transmit frequency is the same as the receive frequency, press ENT. 


Otherwise enter a new transmit frequency. 


2. 


o. To load additional presets, repeat steps e through n. 
p. Perform the following procedure for LOS operation. 
(1) In the current mode screen, select LOS. 
(2) Enter the preset number (1 to 6). 


(3) Check all fields to ensure they are correct. 
CURRENT MODE 

LOS -P# Sq- -054 
TEK# FM VINSN D16K 
Normal Tpwr 37 dbm 


q. Proceed with communications. 


SATCOM Operations 
a. Press ESC until the main menu is displayed. 
b. Enter 3 (set presets). 
Enter 1 (set mode presets). 
d. Select SATCOM. 
e. Enter the preset number (1 to 6). 


Note: Modulation is not selectable. Satellite loopback is not performed in FSK. 


SET PRESET 
SATCOM -P# 


TEK# FSK VINSN V16K 
Normal Tpwr 43 dbm 


f. Enter COMSEC key (1 to 5). 

g. Select encryption type (ANDVT, VINSN, 3KG-84, 4KG-84). 
h. Select mode (V or D). 

Select data rate (1200, 2400, 9600, 16 kbps). 

j. Enter/select power level (23 to 43dbm). 


e. 


Note: It may be necessary to re-enter the encryption type and data rate after 
entering the channel number. 


k. Enter channel number (009 to 239) or 999 to enter frequency pairs manually. Using 
the home channel number is recommended. SATCOM loopback cannot be utilized if 999 is 
the channel number. 

Channel Number: ### 


RiHH HE TH HHT 
DIFF 


l. If999 was entered in previous step, enter the receive and transmit frequencies 
(225.000 to 399.995). 


m. Select encoding type (DIFF or NDIFF). Radios must have the same encoding type to 
communicate. 


n. To load additional presets, repeat steps d through m. 

o. Perform the following procedures for SATCOM operation. 
(1) In the current mode screen, select SATCOM. 
(2) Enter the preset number (1 to 6). 


(3) Check all fields to ensure they are correct. 


CURRENT MODE 
SATCOM -P# Sq-__-030 


TEK# FSK VINSN V16K 
Normal Tpwr 43 dbm 


3. DAMA 5-kHz Operations 


a. Perform the following to select 5-kHz input/output (I/O) rates. (See Table D-2 for I/O 
data rates.) 


Table D-2. I/O Data Rates for 5-kHz DAMA 


Baud KG-84 Data ANDVT Data | ANDVT Voice 
75 x Xx 

300 Xx X 

600 x xX 

1200 Xx X 

2400 x x Xx 

9600 Xx 

16 k xX 


(1) Press ESC until the main menu is displayed. 
(2) Press 2 (database options). 

(3) Press 4 (5-kHz I/O rates). 

(4) Use NEXT/PREV to select a field. 


PYTHAGOREAN THEOREM Trigonometry 


Example: 
The two legs of a right triangle are 5 ft and 12 ft. How long is the hypotenuse? 
Let the hypotenuse be c ft. 
e+h=c 
IP ESP ee 
1444+ 25=c° 


169 =c’ 


yl69 =c 


13 ft=c 


Using the Pythagorean theorem, one can determine the value of the unknown side of a right 
triangle when given the value of the other two sides. 


Example: 


Given that the hypotenuse of a right triangle is 18" and the length of one side is 11", 
what is the length of the other side? 


a? +b? =? 


11? +b? = 18? 
b? = 18? - 11 
b? = 324 - 121 
b = 203 
b = 14.2 in 
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(5) Use arrow keys to select (or deselect) each option, then press ENT. If voice is 
used, 2400 is checked by default. 
DAMA 5KHz I/O RATES 
_75 _ 300 _ 600 


__ 1200 12400 _ 9600 
__16k 


(6) Repeat steps 4 and 5, as required. 
(7) When completed, press ESC to return to the database menu. 


b. To ensure the terminal receives communications from a terminal, place that 
network address (common guard, private guard, or subnet) in the guard list (do not enter 
the terminal address). To add to (or change) the guard list, follow the procedure below. 


Note: The guard list is a set of addresses for which a terminal receives services. 
The guard number is the address of a single terminal or network. Terminal 
addresses from which communications need to be received by a specific 
terminal are placed in the guard list. When a terminal address is placed in 
the guard list, the control station logs that address into the network. 


The guard list procedure is not recommended for 5-kKHz DAMA. Ifa guard 
list is used for a 5-kHz terminal, ensure the terminal addresses placed in the 
guard list are not used by another active terminal. 


The demarcation point divides addresses between single terminals and 
networks. Addresses below the demarcation point (single terminals) should 
usually be left off the guard list. 


(1) Press ESC until the main menu is displayed. 
(2) Press 2 (database options). 
(3) Press 2 (guard list). 
(4) Select desired action (add, delete, modify, or view). 
(5) Perform the following, as required: 
(a) Add/enter address. 
(b) Delete—use NEXT/PREV to move to the desired address; press ENT. 


(c) Modify—use NEXT/PREV to move to the desired address; enter the new 
address. 


(d) View—use NEXT/PREV to scroll through the list. 
(e) When completed, press ESC to return to the database menu. 
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GUARD LIST Note: 64000 is an 


VIEW example only. Do 
4 G4000 + ---- not enter it as a 

eae as atresia default setting. 

Tip sweaty oe, 

io 

1300 werner 


c. Perform the following procedure to enter a DAMA preset. 
(1) Press ESC until the main menu is displayed. 
(2) Press 8 (set presets). 


(3) Press 1 (set mode presets). 
(4) Select DAMA.. 


(5) Enter preset number (1 to 6). 
SET PRESET 
DAMA -P# 


TEK# PSK ANDVT V2400 
5 KHz Tpwr 35 dbm 


Note: Modulation is not selectable. 


(6) Enter the COMSEC key number (1 to 5). 

(7) Select encryption type (ANDVT, 3KG-84, 4KG-84). 
(8) Select mode (V or D). 

(9) Select data rate (75 to 2400). 

(10) Select DAMA type (5-kHz). 

(11) Enter/select power level (23 to 48 dBm). 


(12) Enter channel number (129 to 191, 194 to 239). Corresponding frequencies are 
displayed on the next line. 
Channel Number: ### 
R##H.AHH HHH HH 


Code:## OW:CT 
Normal Range: Active 


(13) Enter configuration code. 

(14) Select orderwire encryption (PT or CT). 

(15) Select mode of operation (normal, EMCON, silent). 

(16) Select ranging (passive, active, maintenance). 

(17) If passive ranging, enter satellite number (1 to 8). 

(18) For 5-kHz DAMA, select log in (preassigned, over-the-air). 
(19) If preassigned, select precedence (FO, F, I, P, R). 


(20) If preassigned, enter demarcation number 49999. If demarcation number is not 
entered in preset, the radio defaults to 16384. 
Channel Number: ### 
R### HHH HHH HH 


Code:## OW:CT 


Normal Range: Passive 
Satellite ID: 4 

Login: Preassigned 
Prec:R Dmark:49999# 


d. Perform the following procedure to enter a 5-kHz service preset. 
(1) Press ESC until the main menu is displayed. 
(2) Press 3 (set presets). 
(3) Press 2 (5-kHz service). 


(4) Enter preset number (01 to 20). 
SET PRESET 5K P01 
CIR EN SYN V2400 


Prec:R D: 74H 
Code: ### 


(5) Select type of service (CIR or DASA). 
(6) Select encryption (EN or UN). 


(7) Select data communications (SYN or ASYN, see Table D-3). Use synchronous 
unless sending asynchronous data in PT. 


Table D-3. SYN/ASYN Settings 


Data Device Type Mode Switch Selection 
Synchronous PT or CT SYN 
Asynchronous PT ASYN 
Asynchronous CT SYN 


(8) Select mode (V or D). 

(9) Select data rate (75 to 16k). Data rate is selected in the 5-kHz I/O rates menu. 
(10) Select precedence (FO, F, I, P, R). 

(11) Enter destination address. 


(12) Enter configuration code. 


(13) For DASA only, enter time requested in hours and minutes, or select 
INDEFINITE. Maximum time is 85 hours 15 minutes, in five-minute increments. 
Indefinite is 85 hours 15 minutes. 

SET PRESET 5K P01 
DSA EN SYN V2400 
Prec: R D: HHH 
Code:### 

INDEFINITE 


(14) To load additional presets, repeat steps 4 through 138 above. 
e. Perform the following to enter a 5-kHz message preset. 

(1) Press ESC until the main menu is displayed. 

(2) Press 3 (set presets). 

(83) Press 4 (5-kHz message). 


(4) Enter preset number (01 to 20). 
SET PRESET 5K MESG 
XMIT P01 


TEK1 3KG84 
PREC: R EN _ D:##HHH 


(5) Enter the COMSEC key number (1 to 5). 

(6) Select encryption type (3KG-84, 4KG-84, ANDVT). 
(7) Select precedence (FO, F, I, P, R). 

(8) Select encryption (EN or UN). 


(9) Enter destination address. 


(10) To load additional presets, repeat steps 4 through 9 above. 
f. To start a 5-kHz DAMA network service quickly, perform the following. 
(1) In the current mode screen, select DAMA. 
(2) Enter preset (even if displayed already). 
(8) Enter the service preset number (01 to 20). 


Note: Verify terminal DAMA address is correct before continuing. 


(4) Press ENT on start DAMA.. 


(5) Observe display. See Table D-4 if LOGIN is rejected by controller. 

CURRENT MODE 

DAMA -P1 - -060 

TEK1 PSK ANDVT V2400 

5KHz Tpwr 35 dbm 

Channel Number: 136 

R248.900 T302.500 

Code: 060 OW:CT 

Normal Range: Active 


Login: Over The Air 


Service Preset: 01 
Start DAMA for 01000 


DAMA SQ- -045 
5K Acquiring N 
SRV-Idle 
1-Service Setup 


(a) Acquiring—Acquisition in process. 

(b) Range—Wait while ranging in process. 
(c) Log in—Manual log in required. 

(d) Log in-Pnd—Login pending. 

(e) Connected—Log in successful. 


(6) At SRVC ASGND popup message, enter on ACCEPT. To reject the service, use 
the arrow keys to select REJECT and press ENT key. 


Note: When a warning or error message is displayed, refer to tables D-5 and D-6 for 
proper corrective action. 


Srve Asgnd 

CIR TEK ANDVT  V2400 
Prec:R EN D:01000 
SYN S:02000 {ACCEPT} 


Note: When SRV-RX/TX appears on the display, the terminal is ready for normal 
communications. See Table D-7 for hot keys to access additional tasks. 


Table D-4. Messages, 5-kHz DAMA 


Message Action 


Terminal is not receiving OW. Check azimuth, power out, and reposition 
antenna. 


Check previous status messages. If logged out, log in over-the-air. Other 
Aborted messages include circuit not available (especially DASA) and the reason. 
Attempt to re-establish or establish a different type of service. 


Acquisition Failed 


Circuit service request is denied for the stated reason. If condition is 


Denied’ (Reason) correctable, take appropriate action or try again later. 


An incoming service is established but a mismatch is detected between the 
Mismatch Detected service and the current mode settings. Check setting of PT/CT mode and 
type of attached data device. 


The channel controller preempted the circuit. Wait for it to resume before 
transmitting. 
Preempted Or 


Contact was temporarily lost with the controller; wait for it to resume. 


Receive Buffer Check data device for incomplete message or errors in message. If needed, 
Overflow request source to retransmit message. 


Service is queued for the reason supplied. 


Set up Queued Local—terminal called is logged in but time-slot is unavailable. 


(Reason) MHOP—terminal called is not logged in with controller. If it is in another 
footprint, wait. If it is supposed to be in the current footprint, teardown and 
try again later. 


Service request is denied for the stated reason. Try again later unless one 
of the following reasons is displayed. 


Data Rate—Requested a DASA service at higher than 2400 bps—no 25-kHz 
DASA channel available. 


Not Assignable—The LQ from terminal or the destination terminal is poor. 
Check LQ in network state menu. If LQ is low, check antenna or raise 
Set up Rejected power. 


(Reason) Prec. Violation—The precedence entered is not allowed. Check network 


state menu for assigned values. Ensure previous messages do not state 
logged out. If previous message stated logged out, log in over-the-air and 
re-attempt service set up at lower precedence. 


Service Restrict—Request for a 2400 bps circuit denied due to network 
traffic. Reduce data rate or wait until LIO no longer displayed in network 
state. 


Terminated (Reason) An existing service is terminated for the stated reason. Try again later. 


COMMAND 


Rejected Check parameters and network; try again. 


Rejected Port is busy 
(Check Current 
Mode) 


Request is rejected because of an existing active service. Ensure terminal is 
idle before setting up a service. 


Message 


Table D-4. Messages, 5-kHz DAMA 


Action 


CTIC 


Alarm Invalid Key 


Alarm Invalid Time- 
slot Number 


Alarm Unknown 
Cause 


Invalid OW key. Reload OW key in correct position. 


Invalid time-slot number detected. Reload OW key in correct position. 


Reload OW key in correct position. 


Incoming Message 
From: xxxxx Aborted 


Message from another terminal aborted. 


[| ea ere ee eres 


Logged Out 
(Reason) 


Command Rejected 


Failed No PCC 
Response 


The controller logged the terminal off the network for the reason supplied. 
Correct the error and perform an over-the-air log in. 


Invalid Address on Guard—Check the addresses in the guard list. 


Not Authorized—Terminal address is not in the database—contact the 
controller if correcting it fails. 

200 Missing FOWs—Once the terminal accumulates 200 FOWs the terminal 
automatically logs itself off. Check antenna and radio. To clear count, 
change current mode to LOS then return to DAMA. Start DAMA and 
perform a preassigned log in. 

Invalid Service Request—The terminal is not logged in the network. Log in 
and resend the service request. 


More than one log in has been attempted; wait for the controller to respond. 


Try again. If no response, the control station is down. Contact control 
station. 


Rejected, Invalid Log 
in Address 


Rejected, No 
Capacity 
Rejected, Not 
Authorized 


Terminal address must be in the range of one to the demarcation address 
(49999). Other possibilities: 
Log in already accomplished. 


Logged in on a 25-kHz channel and now attempting to log in on a 5-kHz 
channel. 


Another operator has the terminal address in their guard list. 
Trying to log in over-the-air in silen/EMCON mode. 
To resume, log in preassigned. 


The current channel has no capacity. Call the controller. 


Terminal is not authorized to participate in the network. Call the controller. 


LOG OUT 


Command Rejected 


Failed No PCC 
Response 
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Attempted to log out more than once—wait the 18 seconds for response. 


The controller has not responded to the log out request. Shut down the 
system. 


Table D-4. Messages, 5-kHz DAMA 


Message Action 


Aborted To:xxxx 
(Reason) 
From: xxxx Encrypt Mode switch (PT/CT) setting is different from the transmitting terminal. 
Mismatch Detected Contact distant end to correct. 
Transmission rejected. Another operator is transmitting—try again later. 
Input Rejected Or 
Radio is in idle—set up a service. 
Transmission rejected. Another operator is transmitting—try again later. 
Output Rejected Or 
Radio is in idle—set up a service. 


Message is aborted for the stated reason. Try again. 


Set up Rejected, 
(Reason) 
Terminated Frm: xxxx 
to:yyyy (Reason) 
Mode Command 
Rejected, Node 
Address is Zero 
Msg Set up Rejected Precedence entered is not allowed. Check network state menu for allowed 

Precedence Violation values and re-enter. 
No Resources for 
Message From: xxxx 


Message set up is rejected for the stated reason. 


Message is terminated for the stated reason. Try again later. 


Terminal address is entered as zero. This is reserved for the controller. 
Enter a valid terminal address. 


Terminal is busy and cannot receive a message from the other terminal. 


Check current mode entries and antenna. Run BIT to verify terminal 
operation. 
Overdue Transmit A successful ranging attempt is not completed as scheduled. Transmission 
Inhibited is denied. Check antenna. Transmit a ranging burst using the contention 
ranging menu. 
SYS RT ES TC | 
Command Rejected Verify connected and logged in and try again. 
Rejected, Invalid Data 
Rate 


Failed 


Ensure a valid data rate is selected. 


se agaeital command The terminal has rejected the teardown request. Verify Idle. 

ejected 

Transmission rejected. Another operator is transmitting—try again later. 
Or 

Radio is in idle—set up a service. 

Tx Rejected, Check Transmission rejected. Another operator is transmitting—try again later. 

Mode & Status Msgs Or 


Retransmit Radio is in idle —set up a service. 


Transmission 
Rejected Re-Transmit 


Table D-5. Service Assigned Errors and Warnings 


Verify VO Device a. ERROR. Attach asynchronous data device and accept service. 
y b. WARNING. Attach synchronous data device and accept service. 
I/O Device Present? Attach data device and accept service. 


Assuming Ext Encrypt If using external encryption, accept service. Otherwise, reject service. 


I/O Rate Invalid Check for proper rate selection on the 5-K DAMA I/O rates menu. 


Table D-6. Message Queue Errors 


No Ext Dev? Attach data device. 


Ext Encrvot? If using external encryption, continue. Otherwise, set mode switch to CT 
ryPts and send encrypted data. 


Check PT/CT Switch Set mode switch to other setting (PT or CT) and accept service. 


PT/CT? If message is not encrypted, set mode switch to PT. 
Attach synchronous device or set mode switch to PT. 
Inv I/O Rate? Check for proper data rate selection on 5-kHz DAMA 1/O rates menu. 


Table D-7. Hot Keys, 5-kHz DAMA 


Key | Function Screen 
: i SERVICE SETUP Pat 
Service Set up. Information on type of service CIR EN SYN V2400 
1 requested so controller can set up communication PREC: R D: #444 
with another party. Requests time on satellite for CODE: ### 
communication services (dials the phone). {SEND} 


bests, : i TEARDOWN 1/3 
Teardown. Ends current service; terminal remains DESTIN ADD 02000 CIR 


2 logged in to network (hangs up the phone) (hot key 1 D PT PREC: R 


emits LOCAL ACTIVE {SEND} 
SERVICE STATE 1/3 
3 Service State. Indicates status of up to three DESTIN ADD 02000 CIR 
services. D PT PREC: R 
LOCAL ACTIVE 
NETWORK STATE 


4 Network State. Indicates status of current network. PCC: HHH MHOP LIO 


LQ should be greater than 36.0. FOW MISS ##### LO: #E# 


Table D-7. Hot Keys, 5-kHz DAMA 


Key | Function Screen 
PREC MIN/MAX: R/FO 
MSG #E:AHZ 01 of 10 
5 Status Messages. Displays last 10 stored NETWORK 
messages (hot key 2), when using dedicated service. | ACQUIRED 
02 
LOGOUT 
6 Log out. Removes terminal from network. OVER-THE-AIR 
{SEND} 


Contention Ranging. Ranges satellite when 
7 operating in silent mode. Contention ranging should 
be performed initially, then once every 4.5 hours. 


CONTENTION RANGING 


{SEND} 


Message Queue. Accesses queue to send or 
receive data messages. 


MESSAGE QUEUE 

XMIT P## 1 IN QUE 

TEK# ANDVT D2400 

Prec: R EN D: AE 
{SEND} 


g. Perform the following to set up a 5-kKHz DAMA network manually. 


(1) In the current mode screen, select DAMA. 


(2) Enter preset (even if already displayed). 
CURRENT MODE 
DAMA -P1 Sq- -045 


TEK1 PSK ANDVT V2400 


5KHz Tpwr 35 dbm 


Note: For manual service set up, ensure service preset is set to 00. 


(3) Press ENT on start DAMA. 
Channel Number: 136 


R248.900 T302.500 
Code: 060 OW:CT 


Normal Range: Active 
Login: Over The Air 
Service Preset: 00 
Start DAMA for 01000 


(4) Observe display. 


DAMA Sq- 
5K Acquiring 


SRV-Idle 
1—Service Setup 


(a) Acquiring—Acquisition in process. 


(b) Range—Wait while ranging in process. 


-045 


Trigonometry PYTHAGOREAN THEOREM 


Summary 


The important information in this chapter is summarized below. 


Pythagorean Theorem Summary 


The Pythagorean theorem states that in any right triangle, the square 
of the length of the hypotenuse equals the sum of the squares of the 
lengths of the other two sides. 


This may be written as c? = a’+ b’ or c = a? + b?. 
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DAMA Sq- -045 
5K LOGIN 


SRV-Idle 
LOGIN 


(5) Select log in type (over-the-air or preassigned). 
LOGIN 
Over The Air 


{SEND} 


(6) For preassigned, select maximum assigned precedence (FO, F, I, P, R) and enter 
demarcation address (49999). 


(7) Press ENT on send. 
LOGIN 
Preassigned 
Prec: R Dmark:#####4# 


Note: “Connected” appears on display and the terminal is ready for service set up. 
To set up a service, proceed to manual service set up by pressing Hot Key #1. 
See Table D-7 for hot keys to access additional tasks. 


DAMA Sq- -045 
5K Connected N 


SRV-Idle 
1-Service Setup 


Note: Ensure current service state is idle (SRV-IDLE). 


h. Circuit/DASA service set up (hot key #1). 


(1) Enter on preset number 00 for manual service set up, or enter the service preset 
number and proceed to step k. 


(2) Select type of service CIR or DSA. 

SERVICE SETUP P## 
DSA EN’ SYN_ V2400 
Prec: R ANDVT D: 4H 
Code: ### ##hr ##min 


{SEND} 


(3) Select encryption (EN or UN). 

(4) If using data service, select data type (SYN or ASYN). 
(5) Select mode (V or D). 

(6) Select data rate, if applicable. 

(7) Select precedence (FO, F, I, P, R). 


(8) Enter destination address. 


(9) Enter configuration code, if required. 
(10) If using DASA, specify length of service. 


(11) For indefinite, press ENT on indefinite, then press ENT on send (indefinite for 
DASA is 85 hours 15 minutes). 


(12) For timed service, with indefinite highlighted, press right or left arrow key. 
With hour highlighted press ENT. Move cursor to ## field and input number of hours, if 
applicable, and press ENT. Move cursor to ## field and input number of minutes and press 
ENT. 


(13) Press ENT on send. 


(14) At SRVC ASGND popup message, enter on ACCEPT. To reject the service, use 
the arrow keys to select REJECT and press ENT key. 
Srvc Asgnd 
DSA TEK1 KG-84 D2400 


Prec:R UN D: 01320 
SYN $:02000 {ACCEPT} 


Note: When a warning or error message is displayed, refer to Table D-5 for proper 
corrective action. 
“SRV-Rx/Tx” appears on display, when terminal is ready for communications. 


1. Send a message (hot key #8). 


(1) Ensure service is idle; select XMIT. The display indicates how many messages 
are in the queue. 


MESSAGE QUEUE 
XMIT P## 0 IN QUE 
TEK 1 4KG-84 D2400 
Prec:R EN D: HHH 
{SEND} 


(2) Enter 00 if not using a service preset, or enter the preset number and proceed to 
step 8. 


(3) Enter the COMSEC key (1 to 5). 


(4) Select encryption type (4KG-84, 3KG-84, VINSN, ANDVT) same as current 
mode. 


(5) Select precedence (FO, F, I, P, R). 
(6) Select encryption (EN or UN). 
(7) Enter address of the message recipient. 


(8) Press ENT on SEND and observe display. See Table C-6 if an error message is 
displayed. 


(9) After “Enter Message Now’ is displayed, key data device. (Message input from 
the data device is confirmed by the message prompt “Msg Input Done” briefly displayed on 
line 5 of the Msg Queue Display.) 


Note: When sending a message to a terminal address with manual or automatic 
release selected and the receiving operator downloads the message to their 
data device within 60 seconds, two popup acknowledgement messages are 
displayed. No acknowledgement is displayed if the message is sent to a 
network address or if the message was not downloaded to the data device 
within 60 seconds. If using AUTO message release, messages are 
automatically sent to the data device and the following procedure is not 
applicable. 


j. Receive a message (hot key #8). 


(1) Ensure service is idle; select RCV. The display indicates how many messages are 
in the queue. 


(2) Enter the COMSEC key number (1 to 5). 


MESSAGE QUEUE 
RCV 1 IN QUE 
TEK 1 4KG-84 D2400 
Prec: R EN D: HHH 
{RELEASE} 


(3) Select encryption type (3KG-84, 4KG-84, ANDVT) same as current mode. See 
Table D-5 if an error message is displayed. 


(4) Select RELEASE to send the message to the data device, or DELETE to erase 
the current message. 


k. Teardown (hot key #2, hot key #1 for DASA). 
(1) Select service (# /#) to teardown. 
(2) View DESTIN or SOURCE address, and enter. 


(3) Press ENT on SEND. 

TEARDOWN 1/1 
DESTIN ADD 02000 CIR 
D PT PREC:R 
LOCAL ACTIVE 


{SEND} 


(4) Press ENT to verify teardown. The display changes to the network menu. A 
status message confirms the result of the teardown. 
TEARDOWN 
Verify Teardown 


{SEND} 


1. Log out (hot key #6). 


Note: When logging out then back in, use the following as a rule of thumb: Log out 
over-the-air—log back in over-the-air. Log out forced locally—log back in 
preassigned. 
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(1) Select over-the-air, if the terminal is off for 30 minutes or longer. Select force 


locally, if less than 30 minutes. 


LOGOUT 
Over The Air 


{SEND} 


(2) Press ENT on SEND. 


Note: A status message confirms the result of the log out. If no log out was sent, or 
if the terminal was off for more than 30 minutes after a force locally log out, 
the JMINI logs the terminal out of the network. 


Input Rejected 
Output Rejected 


Setup Rejected, 
(Reason) 


Terminated 
Frm:xxxx to:yyyy 
(Reason) 


Mode Command 
Rejected, Node 
Address is Zero 


Msg Setup Rejected 
Precedence 
Violation 


No Resources for 
Message From:xxxx 


Failed 


Overdue Transmit 
Inhibited 


Command Rejected 


Rejected, Invalid 
Data Rate 


Teardown Command 
Rejected 


Transmission 
Rejected Re- 
Transmit 


Tx Rejected, Check 
Mode & Status Msgs 
Retransmit 


Transmission rejected. Another operator is transmitting - try again later. Or, radio is in idle — set up a service. 
Transmission rejected. Another operator is transmitting - try again later. Or, radio is in idle — set up a service. 


Message setup is rejected for the stated reason. 


Message is terminated for the stated reason. Try again later. 


Terminal address is entered as zero. This is reserved for the controller. Enter a valid terminal address. 


Precedence entered is not allowed. Check network state menu for allowed values and re-enter. 


Terminal is busy and cannot receive a message from the other terminal. 


Check current mode entries and antenna. Run BIT to verify terminal operation. 


A successful ranging attempt has not been completed as scheduled. Transmission is denied. Check antenna. 
Transmit a ranging burst using the contention ranging menu. 


Verify connected and logged in and try again. 


Ensure a valid data rate is selected. 


The terminal has rejected the teardown request. Verify Idle. 


Transmission rejected. Another operator is transmitting - try again later. Or, radio is in idle — set up a service. 


Transmission rejected. Another operator is transmitting - try again later. Or, radio is in idle — set up a service. 


AN/PSC-5 25-kHz AD 
HOC DAMA SETUP 
GUIDE 


1. The following are required before 

setup: 
AN/PSC-5 
Satellite Antenna 
Proper Crypto (ANDVT) 
Proper Orderwire set 
e. Good batteries 
Turn radio on to PT, Let the BIT 
finish, then ESC. 
Go to Set Presets (3), enter. 
Choose Set Mode Presets (1). 
> to DAMA; hit enter. 
Choose Preset number 1; hit enter. 
Choose COMSEC fill slot— 

e Use TEK1 as the default fill slot for 
ANDVT. 

8. Choose type of Crypto: ANDVT; hit 
enter. 

9. Choose Data transfer rate— 

e 2400; hit enter. 

10. Choose 25-kHz, enter. 

11. TPWR select 43 dbm; enter. 

12. Channel number; enter. 

13. Code 60; enter. 

14. OW: CT; enter. 

15. Normal; enter. 

16. Range: Active, enter. 

17. Send Status B, YES. 

18. Hit ESC. 

19. Select Current Mode; enter. 

20. Change mode to LOS; enter. 

21. Hit ESC. 

22. Go to Database Options (2), enter. 

23. Go to Guard List (2), enter. 

24. > ADD, enter ###### (the Guard 
lis/ NETWORK ID number from the 
SOI/SAA), enter. (DO NOT PUT 
THE TBA HERE!) 

25. Hit ESC once. 

26. Go to Terminal Data (3), enter. 

27. Enter ADDRESS #H### (the TBA, 
from the SOl) hit enter. (DO NOT 
PUT THE NETWORK ADDRESS 
HERE!) 

28. Backlight Timer, (user pref), enter. 

29. Msg Release: Manual. Enter. 

30. ENTER N 

E 
TIME = ZULU TIME 
(not required) 

31. Platform: Stationary, hit enter. 

32. Press ESC twice. 

33. Change radio on/off switch to F1. 

34. Input ANDVT in fill slot 1. 

35. Follow the on screen instructions 
for filling the key. Watch for the Key 
Filled message on the screen. Be 
patient. 

36. Change radio on/off switch to F2. 


290709 


N 


NO Or 
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37. C5594 (positions 3-4), IO = C5596 
(positions 1-2) (Must input the 
same key set in positions). Do not 
connect the cable until the ANCD 
says “connect to radio”. Cycle the 
radio to CT and return to F2 if it 
continually fails to load. Be patient. 

38. Go to Current Mode (1) and hit 
enter. 

39. Change mode back to DAMA; hit 
enter. 

40. Press Preset #1, hit the 1 key on 
the keypad; hit enter. 

41. Enter correct TEK#; hit enter. 

42. Hit enter to confirm the remainder 
of the settings until SEND STATUS 
B YES/NO. 

43. Verify connection to an antenna at 
this time, with antenna on azimuth 
to satellite. 

44. At SEND STATUS B, select YES, 
hit enter. 

45. Select the desired service preset 
(P01, P02, etc), hit enter twice. 

46. Radio screen will blink, an arrow in 
the right side of the screen will go 
up and then down once or twice, 
then see acquiring, then range, 
then 25kHz AC connected-SRV- 
idle. 

47. NOTE: AD HOC DAMA ALLOWS 
TBA-TO-TBA, TBA-TO- 
NETWORK, OR TBA TO 
MULTIPLE TBA CONNECTIONS. 

48. Hit next to Service Setup (1), 
select R (Routine), then enter the 
TBA or NETWORK ADDRESS, 
then enter desired connection 
time, hit enter and then Send, 
enter. 

49. Radio screen will show arrows on 
the right going up and down and 
then the screen will display 25-kHz 
AC SRV-RX/TX (the station called 
will change at the same time). 

50. Ready to talk as normal (be 
patient). 

51. To terminate setup, select 
Teardown (2) THE CONNECTION 
MUST BE TORN DOWN AFTER 
COMPLETING TRAFFIC TO 
AVOID LOCKING UP THE OTHER 
STATION AND BLOCKING 
OTHER TRAFFIC TO THAT 
STATION. Terminal will be in 25- 
kHz AC Connected SVC-idle 
mode. 


NOTE: To send data: (for 
example, KL-43 or V-Mail) change the 
V2400 to D2400. 


NOTE: If the radio is not working 
properly cycle the radio off/on, then 
filter tune the radio and run a second 
BIT. 


ERROR CODE = DO THIS 
Load Orderwire Keys, LANT = 
(PREVENTIVE MEASURE) 


77 = Talk to net NCS. NCS needs 
to check with the SMC/NCTAMS to 
ensure the network is on line. 


82 = Check the TBA entered into 
the radio to ensure it is correct. 
(PMCS). 


90 = This is a busy signal. Call 
back later. 


92 = Indicates a conference call 
was made or more than one terminal 
was Called. At least one terminal is 
not on the air but others are. 


Troubleshooting DAMA problems— 


Problem: Fail to get past 25-kHz — 
Acquiring — Idle when attempting first 
connection after initial setup. No up and 
down arrows displayed on the right side 
of the screen. 


Solution: Ensure the current Orderwire 
key segment is loaded in fill slots 1 — 4 in 
F2. Lack of the current orderwire 
COMSEC loaded and/or not in 1 — 4 will 
cause a connection stop at the 25-kHz 
AC — Acquiring — Idle window during 
initial connection. 


Problem: Cannot get the Orderwire 
COMSEC to load. 


Solution: Do not connect the ANCD 
cable to the radio until the ANCD 
displays Connect ANCD to Radio. Press 
the down arrow after connecting the 
cable, follow on screen instructions. 


Problem: COMSEC Alarm continues to 
popup. 

Solution: Refill ANDVT key in F1. 
Problem: CTIC alarm. 


Solution: Refill the orderwire key in the 
correct positions. 


Problem: Data communications not 
getting through but voice 
communications are. 


Solution: Run Link Test. It is item 7 in 
DAMA menu, needs to be run at 32 
kbps, and the Symbol Errors need to be 
less than 100 when transmitting data. 
Takes about a minute to run and lets the 
operator know a better signal is needed. 
Info Code 93 appears, send back 
information report and wait since 
someone else is running the test. 


25-kHz AD HOC DAMA 


SETUP GUIDE — AN/PSC- 


9C/D RADIOS 


1. The following are required before 
setup: 


a. AN/PSC-5C/D 

b. Satellite Antenna 

Cc. Proper Crypto (ANDVT) 
d. Proper Orderwire set 

e Good batteries 


Turn radio on to PT, let the BIT 
finish, then ESC. 

Go to Set Presets (3), enter. 
Choose Set Mode Presets (1). 

> to DAMA; hit enter. 

Choose Preset number 1; hit enter. 

e Choose COMSEC fill slot: Use TEK 

01 as the default fill slot for ANDVT. 

7. Choose type of Crypto: ANDVT; 
enter. 

8. Choose Data transfer rate— 

e 2400; enter. 

9. Choose 25-kHz, enter. 

10. Channel number; enter. 

11. >Normal; enter 

12. TPWR select 43dbm; enter. 

13. Code 60; enter. 

14. OW: CT; enter. 

15. Range: Active, enter. 

16. Send Status B, YES 

17. Hit ESC X 2. 

18. Select Current Mode; enter. 

19. Change mode to LOS; enter. 

20. Hit ESC. 

21. Go to Database Options (2), enter. 

22. Go to Guard List (2), enter. 

23. > ADD, enter ###### (the network 
ID number from the SOI) enter. 
(DO NOT PUT THE TBA HERE!) 

24. Hit ESC twice. 

25. Go to Configuration (4), enter. 

26. Go to Terminal Data (1), enter. 

27. Enter ADDRESS #H4### (the TBA, 
from the SOl) hit enter. (DO NOT 
PUT A NETWORK ADDRESS 
HERE!) 

28. DS-101 ADD, ignore. 

29. Backlight Timer, (user pref), enter. 

30. Msg Release: Manual. Enter. 

31. ENTER LATN 

LON E 
TIME = ZULU TIME 
(not required) 

32. Platform: Stationary, hit enter. 

33. Freq Bands: Unlimited. 

34. Ext PA Opt: Normal. 

35. Remote Opt: PRCD. 

36. Press ESC twice. 

37. Change radio on/off switch to F1. 

38. Input ANDVT in fill slot 1. 

39. Follow the on screen instructions 
for filling the key. Watch for the Key 
Filled message on the screen. Be 
patient. 
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25-kHz TDMA DAMA 


40. Change radio on/off switch to F2. 

41. Load Orderwire Keys, LANT = 
C5594 (positions 3-4), |O = C5596 
(positions 1-2) (Input the same key 
set in positions). Do not connect the 
cable until the ANCD says “connect 
to radio”. Cycle the radio to CT and 
return to F2 if it continually fails to 
load. Be patient. 

42. Return on/off switch back to CT. 

43. Go to Current Mode (1) and hit 
enter. 

44. Change mode back to DAMA; hit 
enter. 

45. Press Preset #1, hit the 1 key on 
the keypad; hit enter. 

46. Enter correct TK##; hit enter. 

47. Hit enter to confirm the remainder 
of the settings until SEND STATUS 
B YES/NO appears. 

48. Ensure antenna is connected at this 
time, with antenna on azimuth to 
satellite 

49. At SEND STATUS B, select YES, 
hit enter. 

50. Select the service preset desired 
(P01, P02, etc), hit enter twice. 

51. Radio screen will blink, an arrow in 
the right side of the screen will go 
up and then down once or twice, 
then see acquiring, then range, 
then 25-kHz AC connected-SRV- 
idle 

52. NOTE: AD HOC DAMA WILL 
ALLOW TBA-TO-TBA, TBA TO 
MULTIPLE TBA, AND TBA TO 
NETWORK CONNECTIONS. 

53. Hit next to Service Setup (1), 
select R (Routine), then enter the 
TBA, MULTIPLE TBA’S, OR TOA 
NETWORK ADDRESS enter time 
required, hit enter and then Send, 
enter. 

54. Radio screen will show arrows on 
the right going up and down and 
then the screen will display 25-kHz 
AC SRV-RX/TX (the station or 
network called will change at the 
same time). 

55. Ready to talk as normal (be 
patient). 

56. To terminate setup, select 
Teardown (2) THE CONNECTION 
MUST BE TORN DOWN AFTER 
COMPLETING TRAFFIC TO 
AVOID INTERFERING WITH 
OTHER STATIONS’ TRAFFIC. 

57. Terminal will be in idle mode. 


NOTE: To send data: (for 
example, KL-43 or V-Mail) change the 
V2400 to D2400. 


NOTE: If the radio is not working 
properly cycle the radio off/on several 
times. Filter Tune does not correct all 
as it did with older versions of radios! 


38. Do not connect the cable until the 
ANCD says “connect to radio”. 


ERROR CODES = DO THIS 
(PREVENTIVE MEASURE) 


77 = Talk to net NCS. NCS needs 
to check with Naples to insure the 
TBA is on line. 


82 = Check the TBA entered into 
the radio to ensure it is correct. 
(pmes) 


90 = This is a busy signal. Call 
back later. 


92 = Indicates conference call to 
more than one terminal was made. At 
least one terminal is not on the air but 
others are. 


Troubleshooting DAMA problems 


Problem: Fail to get past 25-kHz 
AC — Acquiring M — Idle when attempting 
first connection after initial setup. No up 
and down arrows displayed on the right 
side of the screen. 


Solution: Ensure the current 
Orderwire key segment is loaded in fill 
slots 1-4 in F2. Lack of the current 
orderwire COMSEC loaded and/or not in 
1-4 will cause a connection stop at the 
25-kHz AC — Acquiring — Idle window 
during initial connection. 


Problem: Cannot get the Orderwire 
COMSEC to load. 


Solution: Do not connect the 
ANCD cable to the radio until the ANCD 
displays Connect ANCD to Radio. Press 
the down arrow after connecting the 
cable, follow on screen instructions. 


Problem: COMSEC Alarm 
continues to popup. 


Solution: Refill keys in F1. 
Problem: CTIC alarm. 


Solution: Refill the orderwire key in 
the correct positions — F2. 


Problem: Data communications not 
getting through but voice 
communications are. 


Solution: Run Link Test. It is item 7 
in DAMA menu, needs to be run at 32 
kbps, and the Symbol Errors need to be 
less than 100 when transmitting data. 
Takes about a minute to run and lets the 
operator know a better signal is needed. 
Info Code 93 appears, send back 
information report and wait since 
someone else is running the test. 


ERROR CODES = DO THIS 
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SETUP GUIDE AN/PSC-5 


1. The following are required before sett 
AN/PSC-5 
Satellite Antenna 
Proper Crypto (ANDVT) 
Proper Orderwire set 
e. Good batteries 
Turn radio on to PT; let the BIT 
finish, then ESC. 
Go to Set Presets (3), enter. 
Choose Set Mode Presets (1). 
> to DAMA; hit enter. 
Choose Preset number 1; hit enter. 
Choose COMSEC fill slot: Use TEK 
01 as the default fill slot for ANDVT. 
8. Choose type of Crypto: ANDVT; hit 
enter. 
9. Choose Data transfer rate— 
e 2400; hit enter. 

Choose 25-kHz, enter. 
11. TPWR select 43dbm; enter. 
Channel number; enter. 
Code 60; enter. 
OW: CT; enter. 
Normal; enter. 
Range: Active, enter. 
Send Status B, YES. 
Hit ESC. 
Select Current Mode; enter. 
Change mode to LOS; enter. 
21. Hit ESC. 
Go to Database Options (2), enter. 
Go to Guard List (2), enter. 
> ADD, enter ##### (the Guard 
lis/ NETWORK ID number from the 
SOl) enter. (DO NOT PUT THE 
TBA HERE!) 
Hit ESC once. 
Go to Terminal Data (3), enter 
Enter ADDRESS ##### (TBA, from 
the SOl) hit enter. (DO NOT PUT 
THE NETWORK ADDRESS 
HERE!) 
Backlight Timer, (user pref), enter. 
Msg Release: Manual. Enter. 
ENTER LATN 

LONE 

TIME = ZULU TIME 

(not required) 
31. Platform: Stationary, hit enter. 
Press ESC twice. 
Change radio on/off switch to F1. 
Input ANDVT in fill slot 1. 
Follow the on screen instructions 
for filling the key. Watch for the Key 
Filled message on the screen. Be 
patient. 
Change radio on/off switch to F2. 
Load Orderwire Keys, LANT = 
C5594 (positions 3-4), 1|O = C5596 
(positions 1-2) (Input the same key 
set in positions). 
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Cycle the radio to CT and return to 
F2 if it continually fails to load. Be 
patient. Return on/off switch back to 
CT. 
Go to Current Mode (1) and hit 
enter. 
Change mode back to DAMA; hit 
enter. 
41. Press Preset #1, hit the 1 key on 
the keypad; hit enter. 
Enter correct TEK# for the mode (V 
or D); hit enter. 
Hit enter to confirm the remainder 
of the settings until SEND STATUS 
B YES/NO appears. 
Verify connection to an antenna at 
this time, with antenna on azimuth 
to satellite 
When SEND STATUS B appears, 
select YES, hit enter. 
Select the desired service preset 
(P01, P02, etc), hit enter twice. 
Radio screen will blink, an arrow in 
the right side of the screen will go 
up and then down once or twice, 
then see acquiring, then range, 
then 25-kHz AC connected-SRV- 
idle. 
NOTE: TDMA DAMA WILL NOT 
ALLOW TBA-TO-TBA 
CONNECTIONS. SERVICE MUST 
BE SET UP SERVICE TO THE 
NETWORK ADDRESS. 
MULTIPLE STATIONS CAN BE 
CONNECTED AT ONE TIME BUT 
THEY SHARE THE “CHANNEL”. 
Hit next to Service Setup (1), 
select R (Routine), then enter the 
NETWORK ADDRESS (6???? Or 
52227) enter 00 ind (required for 
TDMA) hit enter and then Send, 
enter. DO NOT SET UPA 
SERVICE TO A TBA! THIS WILL 
LOCK UP THE NETWORK. 
Radio screen will show arrows on 
the right going up and down and 
then the screen will display 25-kHz 
AC SRV-RX/TX (the called station 
will change at the same time). 
51. Ready to talk as normal (be 
patient). 
To terminate setup, select 
Teardown (2) Terminal will be in 
idle mode. 
TEARDOWN IS NOT REQUIRED 
IN TDMA. Terminal can remain 
connected and monitor traffic 
without interfering with other 
stations if desired. 
NOTE: To send data: (for 
example, KL-43 or V-Mail) change the 
V2400 to D2400. If the radio is not 
working properly cycle the radio 
off/on, then filter tune the radio and 
run a second BIT. 


46. 


47. 


48. 


49. 


50. 


52. 


53. 


39. 
40. 


Input ANDVT in fill slot 1. 

Follow the on screen instructions for 
filling the key. Watch for the Key 
Filled message on the screen. Be 


(PREVENTIVE MEASURE) 


77 = Talk to the NCS. NCS needs 
to check with Naples to ensure the 
network is on line. 


82 = Check the TBA entered into 
the radio to ensure it is correct. 
(PMCS) 


90 = This is a busy signal. should 
not be seen with TDMA. 


92 = Indicates more than one 
party was called. At least one party is 
not on the air but others are. 


Troubleshooting DAMA problems 


Problem: Fail to get past 25-kHz 
AC — Acquiring — SVC - Idle when 
attempting first connection after initial 
setup. No up and down arrows displayed 
on the right side of the screen. 


Solution: Ensure the current 
Orderwire key segment are loaded in fill 
slots 1 — 4 in F2. Lack of the current 
orderwire COMSEC loaded and/or not in 
1-4 will cause a connection stop at the 
25-kHz AC — Acquiring -SVC - Idle 
window during initial connection. 


Problem: COMSEC Alarm 
continues to popup. 


Solution: Refill ANDVT key in F1. 
Problem: CTIC alarm. 


Solution: Refill the orderwire key in 
the correct positions (F2). 


Problem: Data communications not 
getting through but voice 
communications are. 


Solution: Run Link Test. It is item 7 
in DAMA menu, needs to be run at 32 
kbps, and the Symbol Errors need to be 
less than 100 when transmitting data. 
Takes about a minute to run and lets 
operator know a better signal is needed. 
Info Code 93 appears, send back 
information report and wait since 
someone else is running the test. 


NOTE 1: To send data: (for example, 
KL-43 or V-Mail) change the V2400 to 
D2400. 
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5C/D RADIOS 


The following are required before 
starting setup: 
AN/PSC-5C/D 
Satellite Antenna 
Proper Crypto (ANDVT) 
Proper Orderwire set 
e. Good batteries 
Turn radio on to PT, let the BIT 
finish, then ESC. 
Go to Set Presets (3), enter. 
Choose Set Mode Presets (1). 
> to DAMA; hit enter. 
Choose Preset number 1; hit enter. 
Choose COMSEC fill slot— 
Use TEK 01 as the default fill slot for 
ANDVT. 
Choose type of Crypto: ANDVT; hit 
enter. 
Choose Data transfer rate— 
2400; hit enter. 
2400 for voice; hit enter. Choose 
25-kHz, enter. 
Channel number; enter. 
> Normal; enter. 
TPWR select 43 dbm; enter. 
Code 60; enter. 
OW: CT; enter. 
Range: Active, enter. 
Send Status B, YES. 
Hit ESC X 2. 
Select Current Mode; enter. 
Change mode to LOS; enter. 
Hit ESC. 
Go to Database Options (2), enter. 
Go to Guard List (2), enter. 
> ADD, enter ##### (the network ID 
number from the SOI) enter. (DO 
NOT PUT THE TBA HERE!) 
Hit ESC twice. 
Go to Configuration (4), enter. 
Go to Terminal Data (1), enter. 
Enter ADDRESS ###### (the TBA, 
from the SOI) hit enter. (DO NOT 
PUT A NETWORK ADDRESS 
HERE!) 
DS-101 ADD, ignore. 
Backlight Timer, (user pref), enter. 
Msg Release: Manual. Enter. 
ENTER LATN 
LONE 
TIME = ZULU TIME 
(not required) 
Platform: Stationary, hit enter. 
Freq Bands: Unlimited. 
Ext PA Opt: Normal. 
Remote Opt: PRCD. 
Press ESC twice. 
Change radio on/off switch to F1. 
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41. 
42. 


43. 
44, 


49. 


50. 


51. 


52. 


53. 


54. 


55. 


56. 
57. 


58. 


patient. 

Change radio on/off switch to F2. 
Load Orderwire Keys, LANT = 
C5594 (positions 3-4), |O = C5596 
(positions 1-2) (Input the same key 
set in positions). Do not connect the 
cable until the ANCD says “connect 
to radio”. Cycle the radio to CT and 
return to F2 if it continually fails to 
load. Be patient. 

Return on/off switch back to CT. 

Go to Current Mode (1) and hit 
enter. 

Change mode back to DAMA; hit 
enter. 

Press Preset #1, hit the 1 key on the 
keypad; hit enter. 

Enter correct TK##; hit enter. 

Hit enter to confirm the remainder of 
the settings until SEND STATUS B 
YES/NO appears. 

Verify connection to an antenna at 
this time, with antenna on azimuth to 
satellite. 

When SEND STATUS B appears, 
select YES, hit enter. 

Select the service desired preset 
(P01, P02, etc), hit enter twice. 
Radio screen will blink, an arrow in 
the right side of the screen will go up 
and then down once or twice, then 
see acquiring, then range, then 
25-kHz AC connected-SRV-idle 
NOTE: TDMA DAMA WILL NOT 
ALLOW TBA-TO-TBA 
CONNECTIONS. SET UP SERVICE 
TO THE NETWORK ADDRESS. 
MULTIPLE STATIONS CAN BE 
CONNECTED AT ONE TIME BUT 
THEY SHARE THE “CHANNEL”. 
Hit next to Service Setup (1), select 
R (Routine), then enter the 
NETWORK ADDRESS (6???? Or 
5?227) enter 00 ind (required for 
TDMA) hit enter and then Send, 
enter. DO NOT SET UP SERVICE 
TO A TBA, IT WILL LOCK UP THE 
NETWORK. 

Radio screen will show arrows on 
the right going up and down and 
then the screen will display 25-kHz 
AC SRV-RX/TX (the station or 
network called will change at the 
same time). 

Ready to talk as normal (be patient). 
To terminate setup, select Teardown 
(2) Terminal will be in idle mode. 
TEARDOWN IS NOT REQUIRED IN 
TDMA. It is possible to remain 
connected and monitor traffic 
without interfering with other 
stations if desired. 


NOTE: If the radio is not working 
properly cycle the radio off/on several 
times. Filter Tune does not correct all 
as it did with older versions of radios! 


ERROR CODES = DO THIS 
(PREVENTIVE MEASURE) 


77 = Talk to the NCS. NCS needs to 
check with NAPLES to ensure the TBA 
is on line. 


82 = Check the TBA entered into the 
radio to ensure it is correct. (PMCS) 


90 = This is a busy signal -- should not 
be seen with TDMA. 


92 = Indicates more than one party 
was Called. At least one party is not on 
the air but others are. Check service 
state (3) for who is connected. 


Troubleshooting DAMA problems 


Problem: Fail to get past 25-kHz AC — 
Acquiring M — Idle when attempting first 
connection after initial setup. No up and 
down arrows displayed on the right side 
of the screen. 

Solution: Ensure the current Orderwire 
key segment is loaded in fill slots 1-4 in 
F2. Lack of the current orderwire 
COMSEC loaded and/or not in 1 — 4 will 
cause a connection stop at the 25-kHz 
AC — Acquiring — Idle window during 
initial connection. 


Problem: Cannot get the Orderwire 
COMSEC to load. 


Solution: Do not connect the ANCD 
cable to the radio until the ANCD displays 
Connect ANCD to Radio. Press the down 
arrow after connecting the cable, follow 
on screen instructions. 


Problem: COMSEC Alarm continues to 


popup. 
Solution: Refill ANDVT key in F1. 


Problem: CTIC alarm 
Solution: Refill the orderwire key in the 
correct positions (F2). 


Problem: Data communications not 
getting through but voice communications 
are. 


Solution: Run Link Test. It is item 7 in 
DAMA menu, needs to be run at 32 kbps, 
and the Symbol Errors need to be less 
than 100 when transmitting data. Takes 
about a minute to run and lets them know 
they need a better signal. Info Code 93 
appears, send back information report 
and wait since someone else is running 
the test. 
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Table D-8. 5-kHz DAMA Operations (Same Footprint/MHOP) Guide 


Procedure 


Steps/Notes 


Load presets for 
5-kKHz DAMA 


. Turn on the radio; go to PT. 

. Escape to main menu. 

. Scroll to set presets; press enter or 3. 

. Select mode DAMA (press = to get to DAMA). 


Enter 5-kHz DAMA 
channel 


Enter preset number 2. 

. Enter encryption device: ANDVT. 
. Enter D. 

. Enter data rate 2400. 

. Enter 5-kHz (for type of DAMA). 

. Enter channel number. 

. Enter configuration code N/A. 

. Enter OW: CT. 

. Enter mode of operations: normal. 
10. Enter range: active 


OANDARWBNH AIR WN >= 


Load database 


From current menu, scroll to database options and enter (or press 2). 


Enter guard list 
addresses 


1. From database menu, press enter (or 1). 

2. Use arrow keys to scroll through options—VIEW, ADD, DELETE, MODIFY. 

3. Enter on ADD. 

4. Enter guard list addresses 

Notes. Guard list includes addresses for which operator wishes to receive 
services; it does not impact who is called. 
Each address must be 5 digits long. 
Up to 15 different addresses may be entered. 
Always enter network address in the guard list. Terminal addresses may 
be entered if the operator wishes to listen to calls made to that address. 


In 5-kKHz DAMA, if a terminal address is entered in the guard list, the 
controller also logs in that TBA. When the terminal attempts to log in, it is 
denied. Be careful. 


Enter terminal data 
LAT, LON, TIME 


1. Enter LAT—N or S and four-digit number N. 

2. Enter LON—E or W and four-digit number E. 

3. Enter time—Must be Zulu time (if no time was entered, the time reflected is how 
long the terminal is turned on). 


Note. This needs to be entered only if terminal is set up for silent, passive mode 
in 5-kHz DAMA. This is NOT the preferred method. 


Enter terminal 
address 


TBA from the SOI. 
Note: Every terminal must have its own terminal address; no two terminals can 
come up on a DAMA channel with the same address. 


Enter platform 


Enter stationary. 


Enter type of MSG 
release 


5-kHz message 


Enter MANUAL if the radio is to hold the message, AUTO if the message is to go 
straight into the data device (rule of thumb, KL-43, DMDG, PSC-2A, use MANUAL; 
VDC-400/computer, use AUTO). 


Note: If voice is used, this field always reverts to manual. 
queue only. 
Enter 5-KHZ I/O Check only the ones used. If voice is used, 2400 bps must be checked. 
data rates 


5-kHz DAMA only 
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Table D-8. 5-kHz DAMA Operations (Same Footprint/MHOP) Guide 


Procedure 


Steps/Notes 


Enter satellite 
ephemeris data 


Not required 

Note: This information is obtained from the unit frequency manager (who gets it 
from the SMC). It is required only if terminal is set up for silent, passive 
mode. 
There are eight positions to input satellite ephemeris data. 
This information changes. Information used for one exercise may differ for 
the next exercise. 


Check COMSEC 
keys 


1. Change mode selector switch to CT. 
2. Scroll to database options and enter (press 2). 
3. Scroll to COMSEC key states and enter (press 7). 


4. Scroll through key positions to ensure key was filled. Update column should 
state 0, unless some of the keys were updated. 


Load orderwire 
keys 


1. Change mode selector switch to F2 position. Before loading orderwire keys, it 
is best to have the COMSEC keys already loaded. Key positions 1 through 8 are 
available. Orderwire keys need to be put in positions 1 to 4 only. 

2. Positions 5 to 8 are reserved for over-the-air rekeying in the future. 


Check orderwire 
keys 


The only way to check to see if keys were loaded is to go to F2 and see if the 
numbers are on the line. 


Change to DAMA 
preset and enter 
DAMA network 


1. Go to current mode screen. 

2. Change mode to DAMA. 

3. Press preset number for channel and enter (press 2). 

4. Ensure all information is correct from preset by pressing enter through all fields. 

(The TEK is not part of the presets so special attention should be given to this field 

to ensure it is correct.) 

5. Press enter on start DAMA (radio does not change to DAMA mode until enter 

on network is done). 

Notes Watch screen for 5-kKHz ACQUIRING; 5-kKHz RANGE; 5-kHz LOGIN PND. 
If the radio does not go to 5-kKHz LOGIN PND or an M is on the net 
acquiring line, check the following: 

Adjust antenna. 

Adjust output power. 

Refill keys. 

Ensure the proper key is loaded and in correct position. 

Radio automatically log in—check for status messages. 

Respond and view as necessary to all status messages received. 
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TRIGONOMETRIC FUNCTIONS Trigonometry 


TRIGONOMETRIC FUNCTIONS 


This chapter covers the six trigonometric functions and solving right triangles. 


EO 1.2 Given the following trigonometric terms, IDENTIFY the 
related function: 
a. Sine 
b. Cosine 
Cc. Tangent 
d. Cotangent 
e. Secant 
f. Cosecant 
EO 1.3 Given a problem, APPLY the trigonometric functions to 


solve for the unknown. 


As shown in the previous chapter, the lengths of the sides of right triangles can be solved using 
the Pythagorean theorem. We learned that if the lengths of two sides are known, the length of 
the third side can then be determined using the Pythagorean theorem. One fact about triangles 
is that the sum of the three angles equals 180°. If right triangles have one 90° angle, then the 
sum of the other two angles must equal 90°. Understanding this, we can solve for the unknown 
angles if we know the length of two sides of a right triangle. This can be done by using the six 
trigonometric functions. 


In right triangles, the two sides (other than the 
hypotenuse) are referred to as the opposite and adjacent 
sides. In Figure 2, side a is the opposite side of the 
angle ® and side b is the adjacent side of the angle 0. 
The terms hypotenuse, opposite side, and adjacent side 
are used to distinguish the relationship between an acute 
angle of a right triangle and its sides. This relationship 
is given by the six trigonometric functions listed below: 


sine 9 = 2 = _OPposite_ 
c hypotenuse (4.2) 
Figure 2. Right Triangle 
cosine 9 = b = adjacent _ 
c hypotenuse (4-3) 
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Table D-8. 5-kHz DAMA Operations (Same Footprint/MHOP) Guide 


Procedure 


Steps/Notes 


Log in manual— 
over-the-air 


1. Ensure the radio is at the 5-kHz —LOG IN screen. 

2. Press enter. 

3. Screen states LOGIN; Over-the-air; SEND—press enter to send. 

Notes: Do not perform this step until the first line states 5-kHz —LOGIN and last 
line states LOGIN. 
When accepted by the controller, screen changes to 5-kHz — 
CONNECTED. 
Many other OWs may be sent and received by the terminal; one to 
especially watch for is the guard list being changed. 

Only one over-the-air log in is transmitted without sending an over-the-air 
log out. If more than one is attempted, the terminal receives an error 
message from the controller. 

Log in rejected. 

Not authorized. 

Log in rejected, invalid log in address. 
These messages let the operator know that log in was attempted too many 
times. 
It is also possible to receive the above messages because the controller 
did not activate the terminal address in the database. In this case, the unit 
frequency manager intervenes. 
Now, the terminal is ready to communicate with other radios. The terminal 
is able to respond to service requests from other radios or send service 
requests to other radios. 


Log in, manual, 
preassigned 


1. Ensure the radio is at 5-kHz LOGIN. 

2. Press enter. 

3. Screen states LOGIN; over-the-air—change to preassigned 

4. New screen appears; ensure the maximum precedence is correct and the 

demarcation point (DMARkK) is at 49999 (unless told otherwise by the frequency 

manager). 

5. Press enter on send. 

Notes: OWs are not received from the controller; this is only a means for telling 
the terminal that it needs to be logged in. 
If the terminal was not previously logged in (except when a SILENT 
terminal), an attempt to set up a service is denied and the reason given is 
the terminal is not logged in. In this case, send the over-the-air log in. 
This is used when an over-the-air log in was already sent and the terminal 
needs to come back up in the DAMA network—OR—when a service 
connection has been torn down and re-access is required but the terminal 
has not logged off the net. 
The controller has the maximum precedence already stored in its 
database. If that precedence is exceeded when attempting to set up a 
service, the controller may log the terminal out of the system. The 
operator needs to go back and send an over-the-air log in. 


Set up circuit 
service— 
data/terminal for 
MHOP 


1. Ensure current mode screen reflects D. 

2. Ensure screen states 5-kHz CONNECTED—SVC IDLE. 

3. Scroll to service set up and enter (or press) 1. 

4. Information displayed is the same information as in current mode (what was put 
in the preset). Change anything that does not reflect data, 2400 bps, ANDVT. 

5. In Destination, enter TBA (NOT network address) that is in the other footprint. 
Enter on Send 


Communicate 


When SRVCASGND message is received, press enter to ACCEPT. Pass traffic 
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Table D-8. 5-kHz DAMA Operations (Same Footprint/MHOP) Guide 


Procedure Steps/Notes 


with VDC-400 CARD. Traffic takes longer over multiple footprints in the MHOP 
service. 


1. Check to ensure 5-kHz connected; may check service state whether in a 

service, pending a service, or preempted from a service (also when idle). 

2. Scroll to check service state and enter (or press 3). 

Note: |nformation only screen displays how many services there are (up to 3)— 
change the first number by pressing 2/3 to see other services and their 

Check service state Status. 

Who set up the service/who was the destination address. 

CIR or MSG service. 

V or D; PT/CT; and precedence sent. 

LOCAL (in the same footprint) or MHOP. 

ACTIVE, PENDING, or QUEUED. 


. Ensure 5-kHz connected. 

. Scroll to check network state and enter (or press 4). 

3. Displays information about the DAMA network: 

PCC address—address assigned to the DAMA control station (not to be 
confused with 00000). 

4. MHOP indicates the controller is capable of sending messages across 

footprints. 

Note: LIO (limited input/output)—if displayed, controller does not accept services 
of 2400 bps or higher. If using data, use a lower data rate if possible when 
setting up a service. If using voice (which is highly discouraged on 5-kHz 
DAMA), terminal is denied if a service set up is sent for voice 

Check network communications. 

state FOW Miss—number of OWs missed from the controller. This is a running 

total (which means misses could be intermittent). However, if the terminal 

misses 200 consecutive OWs, the terminal is supposed to be logged out of 
the network by the controller and goes to acquiring on its own. 

Link Quality—values are from 26.0 to 57.5. The terminal requires a 

minimum of 36 to access DAMA communications, 45 or better for data 

communications. 

Precedence/Precedence—indicates minimum precedence for network 

access (if the net is a routine net and this displays priority, the entire 

network is unable to gain access to the DAMA channel). Second 
precedence indicates the maximum precedence for the terminal; the 
frequency manager should provide this information. This is a way to check 
what is in the controller's database. 


Bh — 


1. Ensure the terminal is at 5-kHz CONNECTED and SVC IDLE; if there are any 
services active, teardown. 

2. Scroll to log out and enter (or press 6). 

Log out 3. Select over-the-air log out and send. 

4. Radio is now ready to be shut down. Terminal should receive a log out 
acknowledgement message. 

5. Turn off the radio or go to another preset channel for other modes of operation. 
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Appendix E 
LST-5D Radios 


1. LST-5D LOS Procedures (Updated: 02 APR 98) 


a. Reminder. 
(1) HD SET—Use a 6-pin audio connector plain text handset connector only. 


(2) LOS—Refers to line of sight. The radio is configured in the AM mode. This 
may be used for ground-to-air and air-to-ground communications. If FM is required in a 
LOS environment, the radio is configured in the SATCOM mode. 


(3) Audio/Data/Fill Connector—Connects to handset in secure voice modes, data 
devices in secure data modes, or fill devices in fill modes. 


b. Prior to COLD START, press 0 and right arrow together. Then turn on the 
radio. This will MASTER CLEAR all settings and crypto in the radio, if needed. 


c. Cold start initialization. 


Note: The down arrow button works as the “enter” button. 


(1) When unit is powered up in an un-initialized state, the unit performs system 
tests and then displays a blinking ALARM message. (If the alarm blinks without going 
to self-test, press ESC twice and then self-test begins.) The speaker shaped icon in the 
lower left corner of the display is an ALARM annunciator. As long as the internal 
COMSEC KG is not initialized, the radio set remains in the ALARM condition and 
displays the ALARM message. 


(2) Rotate the key management (KGMT)switch to the LD KG position, then 
depress and release the ESC on the front panel keypad twice. The SELF TESTING 
message is displayed after the internal COMSEC KG successfully performs its power up 
tests. 


(3) Once the radio completes and passes all power up tests (approximately 60 to 
70 seconds) the radio displays a prompt to connect a fill device. 


(4) The radio is not used in a secure mode, move the KGMT switch to operate 
(OP) position. 


(5) The three-digit alarm code in the lower right corner of the display should 
read 050. 


(6) The three digit error code 255 is a catchall error code. Reinitiate the radio. 


d. Programming operating modes. 


Note: The left and right arrow buttons move to the menu option needed. 


(1) Turn the mode select to OP position. 


(2) At the function screen, usethe right arrow button to select PROG and then 
depress the down arrow button. 


(83) The program menu displays MODES and FREQS. 


(4) Select FREQS depress the right arrow button followed by the down arrow 
button to enter. 


(5) The Program Freqs Menu displays CH1 with the RX—TX 
(DOWNLINK/UPLINK) UHF frequencies. Insert the appropriate frequencies in the 
channels (there are nine channels to use). 


(6) Depress the up arrow until STORE FREQ menu is displayed. Select YES and 
depress the down arrow button to enter and save. 


(7) At the program screen, select MODES using the left arrow button followed by 
the down arrow button to enter. 


(8) Select the preset to store the configuration into (enter a number) and depress 
the down arrow button. 


(9) Scroll through the terminal selections and select LOS, depress the down 
arrow button. 


(10) Display/SOURCE KG, select PT, depress the down arrow button. 
(11) Display/RADIO SCAN, select OFF, depress the down arrow button. 


(12) Display/CHANNEL SELECT, select the preset channel, depress the down 
arrow button. 


(18) Display/POWER ADJ, select LOW or HIGH, depress the down arrow 
button. 


(14) Select SAVE, depress the down arrow button to store. 

(15) Display/STORE INTO PRESET (what ever the circuit preset is 1 to 6) 
(16) Press ESC until the OP screen is displayed and select OP. 

(17) Recall the PRESET. 
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(18) After recalling the preset, the display shows a monetary alarm condition. 
Radio initializes for a minute or so. Then the radio automatically accesses the 
frequencies and the display reads as— 
PRESET # 1 
LOS PLAIN TEXT 
LTTLTLTITTITT (power bars) 

SIG 

CH#1 FREQ RX 


e. Upon completion of the circuit, depress the ESC button or the up arrow button to 
the FUNCTION menu. 


f. Remember, communications are only as good as antennas. 


2. LST-5D SATCOM Procedures 


a. SATCOM. SATCOM refers to satellite communications. When using plain text 
voice communication, this is FM modulation. Using secure communication is frequency- 
shift keying (FSK) or phase-shift keying (PSK) depending on the data rate. 


b. Cold start initialization. 


(1) When unit is powered up in an un-initialized state, the unit performs system 
tests and then displays a blinking ALARM message. (If the alarm blinks without going 
to self test, press ESC twice and then self test begins.) The speaker shaped icon in the 
lower left corner of the display is an ALARM annunciator. As long as the internal 
COMSEC KG is not initialized, the radio set remains in the ALARM condition and 
displays the ALARM message. 


(2) Rotate the key management (KGMT) switch to the LD KG position, then 
depress and release the ESC on the front panel keypad twice. The SELF TESTING 
message is displayed after the internal COMSEC KG successfully performs its power up 
tests. 


(3) Once the radio completes and passes all the power up tests (approximately 60 
to 70 seconds) the radio displays a prompt to connect a fill device. 


(4) If the radio is not used in a secure mode, move the KGMT switch to OP. 


(5) If the radio is used in a secure mode, the internal COMSEC KG is initialized 
and the KGMT switch is placed in the LD KG position. 


(6) The three-digit alarm code in the lower right corner of the display should 
read “050". 


(7) The three digit error code 255 is a catchall error code. Reinitiate the radio. 


(8) The COMSEC KG within the radio has six key variable storage locations. 
Locations 1 to 4 are user selectable traffic variable locations, 5 and 6 are used for Saville 
advanced remote keying (SARK). 


(9) Switch the KGMT to LD KG. 
(10) CONNECT FILL DEVIC” blinks, connect KYK-13 to the ADF connector. 


(11) Turn on KYK-18 and screen displays KG VARIABLE FILL (put fill in any of 
the variable, KG1 to KG4) depress the down arrow button. 


(12) After pushing the variable position to fill location, depress the STO/RCL 
button. 


(13) The fill device light flashes. Display reads KG FILL IN PROGRESS. 


(14) Turn off KYK-13 and disconnect, the display reads KG FILL 
SUCCESSFUL. (This verifies the correct transfer of the variable). 


c. Programming operating modes. 


Note: The left and right arrow buttons move to the menu option needed. 


(1) Turn the mode select to OP position. 


(2) At the function screen, select PROG use the right arrow button then depress 
the down arrow button. 


(3) The program menu displays MODES and FREQS. 


(4) Select FREQS use the right arrow button followed by the down arrow button 
to enter. 


(5) The Program Freqs Menu displays CH1 with the RX - TX 
(DOWNLINK/UPLINK) satellite frequencies. Insert the appropriate frequencies in the 
channels (there are nine channels to use). 


(6) Depress the up arrow button until STORE FREQ menu is displayed. Select 
YES and depress the down arrow button to enter to save. 


(7) At the program screen select MODES use the left arrow button, then the 
down arrow button to enter. 


(8) Select a preset channel to store the configuration (a number must be entered) 
and depress the down arrow button. 


(9) Scroll through the terminal selections and select SATCOM, depress the down 
arrow button. 


(10) Display/SOURCE KG, select INT KG, depress the down arrow button. 
(11) Display/CRYPTO MODE, select ANDVT, depress the down arrow button. 


(12) Display/ KG VARIABLE, select VARIABLE POSITION THAT IS LOADED 
(1 to 6), depress the down arrow button. 


(13) Display/PHASING, select NORMAL, depress the down arrow button. 
(14) Display/TX MODE, select NORMAL, depress the down arrow button. 


(15) Display/DATA INVERT, select DISABLE, (for SATCOM), depress the down 
arrow button. 


(16) Display/RADIO SCAN, select OFF, depress the down arrow button. 


(17) Display/CHANNEL SELECT, select the channel previously entered, depress 
the down arrow button. 


(18) Display/POWER ADJ, select desired level (for example, 12) up to 18, 
depress the down arrow button. 
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(19) Select SAVE, the down arrow button to store in desired preset (a number 
must be entered ). 


(20) Press ESC until the OP screen is displayed and select OP. 
(21) Recall the PRESET. 


(22) After recalling the preset, the display shows a monetary alarm condition. 
Radio initializes for a minute or so. Then the radio automatically accesses the satellite 
and the display reads as— 


PRESET # 1 
SATCOM ANDVT V2.4V1 
ITTLITIETT (power bars) 
SIG 
CH#1 FREQ RX 


d. Upon completion of the circuit, depress the ESC of the up arrow button to the 
FUNCTION menu. 


3. Key Variable Zeroization 


a. The radio has six fill positions. To zeroize all six key variables, pull and rotate 
the KMGT switch to the extreme counter clockwise position. This is labeled ZALL. If 
the radio set is in a mode that has the COMSEC hardware turned on, the display 
immediately shows the ALARM message signifying a successful ZEROIZATION. The 
preset operating modes are not affected by ZEROIZATION. If the radio is in a mode 
with COMSEC hardware off, the display may not immediately display the ALARM 
message after a ZALL. However, if a mode is entered that causes the COMSEC 
hardware to turn on, the ALARM message | appears and a KG initialization is required. 


b. The radio can be zeroized by two other means. Removing the standby battery 
when the radio set is turned off zeroizes all key variables. Also, unauthorized attempts 
to access the COMSEC compartment zeroizes the key variables. 


c. To zeroize a specific key variable location, rotate the KMGT switch to the ZSEL. 
Select (use the left or right arrow keys on the keypad) the key variable storage location 
number (KG1 —to KG6) desired to zeroize. 


d. Once the proper location for the key variable is entered and verified on the 
display, press and release the STO/RCL button on the keypad. If a KG variable is 
selected, the message ZSEL IN PROGRESS is displayed briefly. The message ZSEL 
SUCCESSFUL is displayed when the operation is completed successfully. The ZSEL IN 
PROGRESS display should be brief and may not be identifiable. 


4. LST-5D DAMA 25-kHz AC Procedures (For MOD-3 and Below) 


a. Under AC, 25-kHZ AC is 25-kHz DAMA. This terminal is used for satellite 
communication in either voice or data mode. The channel width is 25-kHz. 


b. DAMA is a channel access scheme in which access of a channel from 
geographically distributed communications terminals is allocated based on demand. 


c. AC is an operating mode that allows communications slots within the waveform 
to be dynamically assigned to terminals requiring access to the slots. 


d. Prior to COLD START, press 0 and right arrow together and then turn on the 
radio. 


e. This will MASTER CLEAR all settings and crypto in the radio, if needed. 


5. Cold Start Initialization 


a. When unit is powered up in an un-initialized state, the unit performs system 
tests and then displays a blinking ALARM message. (If the alarm blinks without going 
to self-test, press ESC twice and then self-test begins.) The speaker shaped icon in the 
lower left corner of the display is an ALARM annunciator. As long as the internal 
COMSEC KG is not initialized, the radio set remains in the ALARM condition and 
displays the ALARM message. Do not power up the unit in the OP position and then 
toggle the KGMT switch to the LDOW position. 


b. The three-digit alarm code in the lower right corner of the display should read 
050. 


c. The three digit error code 255 is a catchall error code. Reinitiate the radio. 


6. Loading LST-5D for DAMA Use 


a. To initiate the internal fill, the KMGT switch must be placed in the LDOW 
position for the internal modem to initialize. The fill device cannot be connected before 
the internal modem initializes. During the initialization process, the message LOAD 
CTIC ORDERWIRE INITIALIZING is displayed. If the initialization is longer than 
5 minutes, toggle the switch to OP and then back to LDOW. The menu should change 
within a few minutes. If the fill device connects before the modem completes 
initializing, the message LOAD CTIC ORDERWIRE DISCNCT FILL DEVICE is 
displayed and the fill device must be disconnected. After the modem completes 
initialization, the message CONNECT FILL DEVICE blinks until a device is connected 
and/or turned on or the KMGT switch is moved to another position. 


b. After the fill device is connected, the message LOAD CTIC ORDERWIRE KEY 1 
is displayed. Load the appropriate keymat in all variable positions by pressing and 
releasing the STO/RCL button. Do this for all variables. The lamp on the KYK-13 
flashes when the button is pressed and the message OW FILL IN PROGRESS is 
displayed. If the fill is completed successfully , the message OW FILL SUCCESSFUL is 
displayed. In addition, when the KYK-18 is turned off, the CONNECT FILL DEVICE 
message is displayed. Toggle the KGMT switch to the LDKG position and load the 
ANDVT) keymat in load variable 1 of the LST-5D by pressing and releasing the 
STO/RCL button. When the KGMT switch is toggled to the LDKG and the ALARM 255 
flashes in the lower right corner, press the ESC button. The radio goes into an ALARM 
050 and then to self-testing. Wait for the CONNECT FILL DEVICE to flash and then 
load the ANDVT keymat. 


7. Programming Operating Modes 


a. Turn the mode select to the OP position. 


b. At the function screen, use the right arrow button to select PROG and then 
depress the down arrow button. 


c. The program menu displays MODES and FREQS. 


d. Select FREQS using the right arrow button followed by the down arrow button to 
enter. 


e. The Program Freqs Menu displays CH1 with the RX - TX (Downlink/Uplink) 
satellite frequencies. Insert the appropriate frequencies in the channels (there are nine 
channels to use). 


f. To save the frequencies depress the up arrow button until STORE FREQ menu 
displays. Select YES and depress the down arrow to enter. 


g. Atthe program screen, select MODES using the left arrow button and then the 
down arrow button to enter. 


h. Select a preset channel in which to store the configuration (a number must be 
entered) and depress the down arrow button. 


1. Scroll thru the terminal selections and select 25-kHz AC and depress the down 
arrow button to enter. 


j. Select the frequency channel the satellite frequencies are stored in and then 
depress the down arrow button to enter. 


k. Adjust the power up to 18 watts. Depress the down arrow button. 
1. Select ranging NORMAL. Depress the down arrow button. 
m. TX INHIBIT: select NO. Depress the down arrow button. 


n. XMODE ADDR: insert the TBA for that radio. The communication plan should 
have this information. 


o. INTKG ADDR: automatically changes to the next higher number. Depress the 
down arrow button. 


p. INTKG is displayed with 25-kHZ AC. 
q. ORDERWIRE: select ENABLE. Depress the down arrow button. 
r. CRYPTO MODE: select ANDVT. Depress the down arrow button. 


s. KG VARIABLE: insert 1. ANDVT keymat should have been inserted in 
variable 1. Depress the down arrow button. 


t. DATAINVERT: can select DISABLE or ENABLE. (Does not matter with voice). 
Depress the down arrow button. 


u. DEST ADDR: insert the NET # from the COMM STATUS REPORT. Depress 
the down arrow button. 


v. CONFIG CODE: insert the number from the COMM STATUS REPORT. 
Depress the down arrow button. 


w. ALLOW CONSTANT KEY: select NO. Depress the down arrow button. 
x. XMODE now displayed with 25-kHZ AC. 


y. Throughout XMODE menus, depress the down arrow button. Do not change any 
of the menus. Used only with external crypto. 


z. GUARD ADDR 01: insert the NET #. Depress the down arrow button. 


aa. INTKG should flash. Leave as is. Depress the down arrow button. 


bb. GUARD ADDR 02: Leave as is. (all XMODE menus are leave as is). Depress the 
down arrow button. 


cc. Arrow over to SAVE. Depress the down arrow button. 


dd. STORE INTO PRESET: insert desired preset which is to be stored. (Enter 
number). 


ee. Hit ESC or UP ARROW until the FUNCTION MENU is displayed. Arrow over 
to OP and depress the down arrow button. 


ff. RECALL PRESET: enter the number where the preset is stored.The display 
shows a monetary alarm condition. The menu reads as— 
PRESET 1 SU 
25KAC ANDVT V2.41 
INITIALIZING 


gg. Once the radio completes initializing, source dual port reads as— 
DAMA DL/IL OK 
SOURCE: DUAL PORT 


hh. The menu reads as— 


STAT REPROT B (either) NACKED or 
ACKED 


*DOWN ARROW TO NEXT 


i. Depress the down arrow button. The menu reads as— 
XMODE NOT CONNECTED 
INTKG NOT CONNECTED 


jj. Depress the down arrow button. The menu reads as— 
REQUEST CALL 

TERMINATE CALL 

SEND STAT REPORT B 

*RESERVED 


kk. Depress the down arrow button. The menu reads as— 
INHIBIT TX 

PAGE USER(S) 

SEND INFO REPORT 


ll. Depress the down arrow button. The menu reads as— 
OUT OF SERVICE 

PERFORM LINK TEST 

*RESERVED* 

EXIT PRESET 


mm. Depress the down arrow button, returns to DAMA DL/UL OK menu. 


nn. To make calls on air. 
(1) Go to the REQUEST CALL menu 


(2) Press number 1. 
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Trigonometry TRIGONOMETRIC FUNCTIONS 


tangent 0 = ca pppoe 
b adjacent a 
cosecant 9 - © = hypotenuse 
oposite ia 
secant 9 = © = hypotenuse 
a adjacent — ae 
cotangent 0 = b = ball 
a opposite we 


The trigonometric value for any angle can be determined easily with the aid of a calculator. To 
find the sine, cosine, or tangent of any angle, enter the value of the angle into the calculator and 
press the desired function. Note that the secant, cosecant, and cotangent are the mathematical 
inverse of the sine, cosine and tangent, respectively. Therefore, to determine the cotangent, 
secant, or cosecant, first press the SIN, COS, or TAN key, then press the INV key. 


Example: 


Determine the values of the six trigonometric functions of an angle formed by the x-axis 
and a line connecting the origin and the point (3,4). 


Solution: 


To help to "see" the solution of the problem it helps to plot the points and construct the 
right triangle. 


Label all the known angles and sides, as shown in 
Figure 3. 


From the triangle, we can see that two of the sides 
are known. But to answer the problem, all three 
sides must be determined. Therefore the Pythagorean 
theorem must be applied to solve for the unknown 
side of the triangle. 


Figure 3. Example Problem 
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(3) DAMA CALL REQUEST 

(4) CH PREC = ROUTINE 

(5) PORT INTKG OR XMODE appears 

(6) Use INTKG, press the down arrow button 


(7) CALL PREC: ROUTINE appears (This is the call precedence. Press the 
down arrow button.) 


(8) CONFERENCE CALL? Yes or No 

(9) USER 1 

(10) Enter the NET number. Press the down arrow button. 

(11) Radio emits RCCOW and displays if it is or is not connected. 

(12) If the menu states the RCCOW NACKED, go back to the REQUEST CALL 


menu and reinitiate. 

(13) After completing the use of the circuit, press the ESC or the up arrow 
button and scroll until the EXIT PRESET is displayed and press number 4. 
8. Fill Procedures Using A KYX-15 


a. On the KYX-15, select the desired key to be loaded (1 to 16), then set the switch 
to the LD position. On the radio, enter and verify on the display the proper storage 
location for the variable. Press and release the STO/RCL button on the radio set’s 
keypad and the lamp on the KYX-15 flashes when the button is pressed. The message 
KG FILL IN PROGRESS is displayed. To verify correct transfer of the variable, 
disconnect the KYX-15. If the fill completed successfully, the message KG FILL 
SUCCESSFUL is displayed. 


b. Continue with the operating procedures. 


9. Key Variable Zeroization 


See section 3 above. 
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Appendix F 
AN/ARC-231/SKYFIRE 


1. Skyfire Operator Training 
Obtain basic operational knowledge of the AN/ARC-231(V8). 


ae os 


Radio (Skyfire) system characteristics and capabilities. 
Understand basic operations of the Skyfire radio. 

Load COMSEC variables. 

e. Load presets manually and through software/PCMCIA. 


a9 


f. Place Skyfire radio into various modes of operation, to include plain and Cipher 
text modes. 


g. Change from preset to manual operations and back to preset. 


2. Skyfire Characteristics and Capabilities 
Multi-band receiver/transmitter that provide the following modes of communication: 
a. LOS 30- to 400-MHz. 
b. Maritime voice communications 156- to 162.025-MHz. 
c. HAVE QUICK (HQ) voice communications 225- to 400-MHz. 


d. Single channel ground and airborne radio system voice and data 30- to 
87.975-MHz. 


e. SATCOM DAMA 5-kHz and 25-kHz channel spacing voice and data 225- to 
400-MHz. 


Non-DAMA SATCOM voice and data 225- to 400-MHz. 
ADF 380- to 400-MHz. 


Beacon transmission 30 to 400 MHz. 


pa 


Scan mode up to ten preset frequencies and transmit on one stored frequency, 


ee 


3. Capabilities and Features 
a. Menu driven operations displayed on a 5 line by 20 character control interface 


b. Internal diagnostics that continuously run built in test routines. 


c. Embedded COMSEC functions provide VINSON, ANDVT), KG-84 modes 1 to 4, 
and FASCINATOR. 


d. Preset mode allows storage of 20 sets of parameters for the following modes: 
LOS, Maritime, HQ, single channel ground and airborne radio system, and non-DAMA 
SATCOM. 


e. DAMA SATCOM mode allows storage of 30 presets. 


f. The radio stores the last operating mode and all presets in non-volatile memory. 
In addition, COMSEC keys are retained up to 20 minutes when internal battery is fully 
charged, or indefinitely using an external hold up power source. 


4. Control/Fill Panel 
Data display 5 line 20 characters. 


eal 


Preset card slot 

c. Selector control 

d. Enter encryption key switch 
Fill connector 


Mode select switch 


Lary 


g. Toggle switches Figure F-1. Control/Fill Panel 


5. Loading COMSEC 
Note: Unless stated otherwise, all switches and controls called out in this 
procedure are on the control indicator (CI). 
Until directed, do not connect fill device. 
Always load key position number 1 first, for proper key recall. 


STEP 1. Set mode switch on fill panel from PT to CT position. 


The following message appears— 


COMSEC RANDOMIZE 
PROCEED TO F1 AND 


PRESS ENT TWICE 
(0) 
SiG M/Z D/D PIN XIE 


The following message appears— 


INITIALIZING 
TERMINAL FOR 


KEY FILL 
S/G M/Z D/D P/N XIE 


STEP 2. Press the X/E /Control Enter switch down, the (0) field changes to (1). 
STEP 3. Press the X/E J Control Enter switch down again, the (1) field changes to 
(2). 


STEP 4. Press the ENTER switch twice on the fill panel to ensure COMSEC is 
randomized 


The following message appears— 


F1: COMSEC 
CONNECT DEVICE 


S/G M/Z D/D P/N XIE 


STEP 5. Connect desired fill device such as, KYK-13, KYX-15, or CYZ-10 
(configured for DS-102) to the fill panel connector; the display shows the COMSEC fill 
menu when the fill device is turned on. 


F1: COMSEC 

DS-102 

COMSEC Key: _ _ 

KEY TYPE: VINSN 

SiG M/Z D/D PIN X/E 


STEP 6. Rotate the selector control knob clockwise, as required, to select COMSEC 
key storage position (01 to 19). Next press ENTER (X/E) J 


STEP 7. Rotate selector control knob to select desired key type (ANDVT, FASCN, 
VINSN, or #KG84, where #-1, 2, 3, or 4). (Field defaults to over-the-air rekeying if 
position 20 was selected.) 


F1: COMSEC 

DS-102 

COMSEC Key: 01 

KEY TYPE: VINSN 

S/G M/Z D/D P/N XIE 


STEP 8. Set address select (fill) switch on KYK-13 to the desired position. 


STEP 9. Press (X/E) J Enter switch on the control indicator and observe that LED 
on KYK-13 flashes. 


STEP 10. The CI display shows the message Key Filled or Key Fill Failure. 


F1: COMSEC 
KEY FILLED 


COMSEC Key: _ _ 
KEY TYPE: VINSN 
S/G M/Z D/D P/N X/E 


STEP 11. If key fill failed message appears, repeat steps 6 through 9 and try to fill 
radio again. 


F-2 


STEP 12. If additional keys need to be filled, select desired key on fill device (if 
applicable) and repeat steps 6 through 9. If key fill operation is complete, turn off and 
disconnect COMSEC fill device from fill panel. Rotate mode select from F1 to CT or PT 
position. 

Note: If at any time, the radio displays an alarm condition; follow the instruction 

given by the radio to clear the alarm properly. 

If an alarm condition does not clear using the instructions given, press 
the T X/E switch to escape the menu and reset the radio. 

If an alarm condition persists, turn off radio for 15 to 30 seconds and then 
turn the radio on in PT mode. Allow the radio to go through BIT to 
ensure fault is not a system failure. Once BIT is complete and the radio 
goes into the current operations mode, continue previous operation. 


6. Download Presets 
Note: Unless stated otherwise, all switches and controls called out in this 


procedure are on the control indicator (CI). 


STEP 1. Set mode switch on fill panel to PT. After BIT is complete, the display 
shows the last active operational CURRENT MODE. 


LOS-P01 Rx-PT-120 
AM V16K 
R378.050 1T378.050 


GUARD: OFF 
S/G M/Z D/D P/N XIE 


STEP 2. Press MODE (M/Z). The display shows the CI mode menu. 
STEP 3. Insert the pre-loaded PCMCIA card into PCMCIA port on the CI. 


STEP 4. Rotate selector control knob to select LOAD PRESETS and press ENTER 
(ENT) J. 


Cl MENU 
CMD: SAVE PRESETS 


ENT 


STEP 5. The display shows the LOAD PRESETS submenu. Notice toggle switches 
on CI change function and are re-identified. 


STEP 6. Press LOAD switch up or down to activate loading process. 


Cl MENU 
LOAD PRESETS 


LOADING PRESETS 
LOAD EXIT 


STEP 7. When message PRESET LOAD COMPLETE is displayed, the PCMCIA 
card may be removed from PCMCIA port on the CI. 


Cl MENU 

LOAD PRESETS 

PRESET LOAD COMPLETE 
LOAD EXIT 


STEP 8. Press EXIT switch up or down to deactivate LOAD PRESET function. 
STEP 9. The display returns to the main CI mode menu. 


Cl MENU 
CMD: SAVE PRESETS 
ENT 


STEP 10. To return to radio operating menus, rotate selector control knob to select 
CONTROL RT and press ENTER (ENT).1 


Cl MENU 
CMD: CONTROL RT 
ENT 


STEP 11. The radio returns to the main menu with cursor flashing over number 1. 
Press the ENTER (X/E)J switch to return to the current operating mode. 


MAIN MENU 
1 - CURRENT MO 
2 - DATABASE OPTIONS 


3 - SET PRESETS 
S/G M/Z D/D P/N XIE 


7. Save Presets Manually 


STEP 1. From the current operating mode, press the ESCAPE/ENTER 1(X/E) 
switch to proceed to the main menu. 


F-4 


MAIN MENU 
1 - CURRENT MODE 


2 - DATABASE OPTIONS 
3 - SET PRESETS 
S/G M/Z D/D P/N XIE 


STEP 2. Press the (P/N) J switch until cursor is flashing over number 3, then press 
the ENTER (X/E)J switch to activate the preset submenu. With cursor flashing over the 
number 1, press the ENTER (X/E)J switch to activate the preset submenu. 


MAIN MENU SET PRESETS 

1 - CURRENT MODE 1 —- SET MODE PRESETS 
2 - DATABASE OPTIONS 2 -5-K SERVICE 

3 -SET PRESETS 3 — 25K SERVICE 

S/G M/Z D/D P/N XIE S/IG M/Z D/D P/N XIE 


STEP 3. Rotate the selector control knob to move through available selections, or 
select numeric value using the (D/D) T number switch to change the numeric value and 
the (X/E) J to accept the number. Press the ENTER (X/E)J/ switch to save choice in the 
non-volatile memory. 


SET MODE PRESET 
LOS-P01 Sq- -39 

TK 01 AM VINSN V16K 
R378.050 1T378.050 
GUARD: OFF 

NORMAL Tpwr 43 dbm 


STEP 4. After setting all desired presets; press the ESCAPE/ENTER 1T(X/E) switch 
twice to proceed to the main menu. 


MAIN MENU 
1 - CURRENT MODE 
2 - DATABASE OPTIONS 


3 - SET PRESETS 
S/G M/Z D/D P/N XIE 


STEP 5. Press the ENTER (X/E)J switch to return to the current operating mode. 


8. Brightness Adjustment 
STEP 1. Press MODE (M/G)T. The display shows the CI mode menu. 


F-5 


STEP 2. Rotate selector control knob to select BRIGHTNESS and press ENTER 
(ENT) J 


Cl MENU 
CMD: BRIGHTNESS 


ENT 


STEP 3. Rotate the selector knob to brighten or dim the display. Press the EXIT 
switch up or down to save the brightness setting and return to the CI mode menu. 
Press the NVG or NORM switch up or down to apply or remove the NVG brightness 
delta respectively. 


Cl MENU 
BRIGHTNESS 
NVG NORM EXIT 


STEP 4. Press the EXIT switch up or down to deactivate brightness menu. 
STEP 5. The display returns to the main CI mode menu. 


Cl MENU 
CMD: SAVE PRESETS 
ENT 


STEP 6. To return to radio operating menu, rotate selector control knob to select 
CONTROL RT and press ENTER. (ENT) J. 


Cl MENU 
CMD: CONTROL RT 
ENT 


STEP 7. The radio returns to the main menu with cursor flashing over number 1. 
Press the ENTER (X/E)J switch to return to the current operating mode. 


MAIN MENU 
1 - CURRENT MODE 
2 - DATABASE OPTIONS 


3 - SET PRESETS 
S/G M/Z D/D P/N XIE 


9. LOS Operations 


a. Preset operation. 
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Note: Unless, stated otherwise, all switches and controls called out in this 
procedure are on the Control Indicator (CI). Do not proceed to CT 
operations until radio initialized in PT. 


STEP 1. Set mode switch on fill panel to PT. Initialization BIT runs for 
approximately 30 seconds when PT is selected. 


STEP 2. With cursor flashing in the display mode field, rotate selector control knob 
left or right until LOS appears then press ENTER (X/E) J. The cursor moves to preset 
the field. 


STEP 3. Rotate selector control knob for desired preset (01 to 20) and press ENTER 
(X/E) J. 


LOS-P01 Sq- -030 
AM V16K 
R378.050 1T378.050 


GUARD: OFF/ NONE 
S/G M/Z D/D P/N XIE 


STEP 4. For CT operations change mode switch to CT, ensure prior to LOS 
operations, proper key is loaded according to COMSEC loading procedures. If required, 
rotate selector control knob to select desired key (01 to 19) then press (X/E) J. to 
configure radio. 


LOS-P01 Tx-CT-38 TK 01 
AM VINSN V16K 
R378.050 1T378.050 


GUARD: OFF 
S/G M/Z D/D P/N XIE 


STEP 5. Begin communications. 
b. Manual LOS operation 


For manual operation, make desired changes to CURRENT MODE menu (for 
example, transmit power, operating frequency, and so forth). After making changes, the 
“—_P” field changes to “—M” to indicate manual operation. 


LOS-M01 Sq- -30 


STEP 1. Press PREVIOUS/NEXT (P/N) JT to move to desired field(s) for changes. 


STEP 2. Rotate selector control knob to move through available selections, or select 
numeric value using the (D/D) T switch to change the numeric value 


STEP 3. Press ENTER (X/E) J. Switch to accept change and configure radio. 


STEP 4. Begin communications 


10.LOS Guard Operations 


a. Perform the following steps to control guard operation: 


(1) On = Activates guard receiver. 
(2) Off = Deactivates guard receiver. 


(3) Emergency = Disables guard receiver and tunes main receiver to guard 
channel. 


STEP 1. Press NEXT (P/N) J to scroll down menu to guard field. 
STEP 2. Rotate selector control knob to select On, Off, or Emergency. 


LOS-P01 Sq- -30 
TK 01 AM VINSN V16K 
R378.050 1T378.050 


GUARD: ON 
S/G M/Z D/D P/N XIE 


STEP 3. Press ENTER (X/E) J. 


STEP 4. Begin communications. 


11.SATCOM Operations 


a. Preset operation. 


Note: Unless stated otherwise, all switches and controls called out in this 
procedure are on the control indicator (CI). It is assumed proper 
COMSEC key material is loaded and system is initialized in PT mode. 


STEP 1. Set mode switch on fill panel to CT. 


STEP 2. With cursor in the display mode field, rotate selector control knob to 
SATCOM and press ENTER (X/E) J. 


STEP 3. Rotate selector control knob for desired preset (01 to 20) and press ENTER 
(X/E) J. Radio reconfigures. 


SATCOM-P01 = Rx-CT-120 
TK 01 FSK VINSN V16K 
CHANNEL NUMBER: 100 


R295.975 1262.375 
S/G M/Z D/D P/N XIE 


STEP 4. Begin communications. 


b. Manual operation. 
Note: For manual operation, simply make desired changes to CURRENT MODE 
menu (for example, transmit power, channel number, and so forth.). After 


making changes, the preset “—P” field changes to “—M” to indicate 
manual operation. 


STEP 1. Press PREVIOUS/NEXT (P/N) 17 to move to desired field(s) for changes. 


TRIGONOMETRIC FUNCTIONS Trigonometry 


Having solved for all three sides of the triangle, the trigonometric functions can now be 
determined. Substitute the values for x, y, and r into the trigonometric functions and 
solve. 


cos 8 =— == =0.600 
Tt 

re: eae ea ee 
x 3 

ese Oech Se 556 
y 4 

eo 22 ac667 
x 3 

ed aes -3 = 0.750 


Although the trigonometric functions of angles are defined in terms of lengths of the sides of 
right triangles, they are really functions of the angles only. The numerical values of the 
trigonometric functions of any angle depend on the size of the angle and not on the length of the 
sides of the angle. Thus, the sine of a 30° angle is always 1/2 or 0.500. 


Inverse Trigonometric Functions 


When the value of a trigonometric function of an angle is known, the size of the angle can be 
found. The inverse trigonometric function, also known as the arc function, defines the angle 
based on the value of the trigonometric function. For example, the sine of 21° equals 0.35837; 
thus, the arc sine of 0.35837 is 21°. 
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STEP 2. Rotate selector control knob to move through available selections, or select 
numeric value using the (D/D) T number switch to change the numeric value. 


STEP 3. Press ENTER (X/E) J press the Enter switch to configure to radio. 


SATCOM-M01 Rx-CT-120 
TK 01 FSK VINSN V16K 
CHANNEL NUMBER: 100 


R295.975 1262.375 
S/G M/Z D/D P/N XIE 


STEP 4. Begin communications. 


Appendix G 
AN/WSC-3 


1. Setting Up for DAMA 


At antenna controller, dial in the elevation and azimuth of satellite (such as, UHF 
follow-on 6) that the assigned channel is located. This setting depends on a ship’s 
location and it changes as the ship travels the ocean. There is an azimuth/elevation 
computation aid used to determine these values; each ship has one or more. 


a. Verify all power to the SA-2000 is on and all switches are turned on. 
b. On WSC-3 turn on or set as follows: 

(1) Turn power on. 

(2) Place standby/operate switch to operate. 

(3) Place control switch to local. 

(4) Place SATCOM/LOS switch to SATCOM. 

(5) Place modulation switch to EXT Modem. 


(6) For frequency select switches, dial the uplink frequency from Daily Comm 
Status message for the operational channel (for example, CONUS DAMA 1). 


(7) Completely turn power control knob clockwise, then turn back approximately 
one-quarter turn. 


(8) Partially extend radio from chassis. 


(a) Set SATCOM offset switch to offset 4. (This is the normal setting if the 
difference between uplink and downlink frequency is 41-MHz. Sometimes offset 3 is 
used if the difference is 33.6-MHz.) 


(b) This switch sets the downlink frequency in the radio. 
(c) Set TDMA/non-TDMA switch to TDMA position. 
(d) Return radio into chassis. 


c. At SB-4125 or SB-4126 IF patch panel, patch the TD-1271 Xmt to the 
transmitting radio. Patch the TD-1271 Rev to the receiving radio. (Usually it is the 
same radio.) 


d. On the SB-4124 PATCH panel on the OK-454 or OK-455 equipment rack, ensure 
the TD-1271 XMT position is either normal thru’d or patched to the radio used to 
transmit. This TD-1271 XMT position is the top left position on the panel (A1J1). 


e. At the TD-1271. 
(1) Turn on the TD-1271. 


(2) Ensure the transmit inhibit switch is off. 


(3) Load proper current keymat variable into the KGV-11 memory position called 
for in the Daily Comm Status message for the operational channel and according to the 
ship’s CMS procedures. 


(4) Normally, loading is performed with a KYK-13 or KOI-18. 
(5) Set KGV mode switch to Fill. 


(6) Attach fill device to front of KGV-11, set the KYK-13 to the proper position in 
which the key variable is located and turned on. 


(7) Depress bite alarm reset pushbutton. Any bite alarm should clear. 


(8) Use the numeric keypad to depress the memory position number specified in 
the Daily Comm Status message (for example, 0 or 1 CONUS, 2 or 3 LANT). Then press 
Fill pushbutton. The KG alarm light should go out. 


(9) If using a KOI-18 pull tape through tape reader. KG alarm light should go 
out. 


(10) Shut off and remove fill device 
(11) Set KGV mode switch to operate. 


(12) If everything above is lined up and loaded correctly, the TD-1271 acquires 
and logs on the channel within approximately 5 to 10 seconds. An indication this 
happened is a 6 (randomly a D) displayed in the front window of the multiplexer. Ifa B 
displayed, check the crypto load for currency or proper memory location. If a C 
displayed, check the IF patching on the SB-4125/4126, TD-1271 XMT control patching 
on the SB-4124 patch panel, and satellite antenna azimuth/elevation alignment. 


(13) If the 6 (randomly a D) display is observed, the terminal is operating in 
DAMA. 


(14) Press number 1 followed by the ENTER key to transmit the status report. 
Acceptance and completion of this is observed by the ACCPT, XMT, and ACK lamps on 
the front panel of the TD-1271. Upon receipt of the status report, the channel controller 
automatically issues a channel change command, the TD-1271 alarms, automatically 
enter port 1 and display an information code of AAA99. Enter number 600000 and 
depress the ENTER key to clear the alarm. (This clear sequence has to be repeated in 
the other ports as they were entered.) 


(15) Use the command *6 to exit portl. (The ENTER key is not required.) 


(16) Connect to the proper circuit(s). From the Daily Comm Status message for 
the operational channel, record the guard number and configuration code of the circuit 
where communications are established. For example— 


CIRCUIT GUARD CC 
SATHICOM 15014 60 


f. On the SB-4124 patch panel, find the baseband device (such as, ANDVT) and 
either normal-through or patch the device to one of the four TD-1271 I/O ports. 
Assuming port 2. 


g. On the TD-1271, use the following keystroke to enter port 2: 


G-2 


(1) Enter *92 then depress the Enter key. (Port 1 is *91, port 3 is *98, and port 4 
is *94.) 


(2) Enter number 600000 then depress the Enter key to clear any AAA99 IR 
codes. 


(8) Enter the configuration code *5 60 then depress the Enter key. The TD-1271 
transmits the configuration of the port to the channel controller. This is observed by the 
ACCPT, XMT, and ACK lamps on the front panel of the TD-1271. 


(4) Enter the guard number into the port—*1 15014—then depress the Enter 
key. A momentary 01 is displayed if that is the only guard in the multiplexer port. If 
more than one guard is in the port a 02 or higher number is displayed. The preference is 
to have only one guard in each port and that the same guard number is not put into any 
other port. To read what guards are entered in the port, depress number 2 and watch 
the display. A number is displayed for two seconds, which is the TBA of the port (for 
example, 02157). Each guard number in the port is displayed for two seconds. To 
remove unwanted guard numbers use the command number 4 followed by the guard 
number then depress the Enter key (for example, number 4 15008 ENTER). 


(5) Use the keystrokes—#76 15014 ENTER—to request a connection to the 
appropriate guard. The ACCPT, XMT, and ACK lamps on the front panel of the TD- 
1271 cycle. If the guard number is a valid guard for the channel, the proper 
configuration code was entered, and the terminal is an authorized user on the channel. 
The channel controller responds with a guard connect command. (If one of the previous 
actions is not valid, an information code is returned.) There is a laminated sheet with 
the codes and their meanings). If everything is correct, the port connects to the correct 
time-slot (guard) and beeps five times to indicate a connection. The CALL CONN lamp 
should illuminate. 


(6) Enter *7 to display the guard number the terminal connected to. 

(7) Enter *6 to exit the port. 

(8) Repeat above steps for other circuits/baseband equipment configurations. 
h. When a connection is no longer required or desired— 

(1) Enter the appropriate port with a *91, *92, *938, or *94 command. 


(2) Enter—*4 ##HH# Enter—to remove the guard number (for example, *4 15014 
ENTER). 


(3) Enter number 4 to disconnect from the circuit. 


(4) Enter *6 to exit the port. 


Notes: Be observant of KGV-11 keymat rollover dates and memory locations. 
They are listed in the Daily Comm Status messages. If mux front panel 
PREC display goes to a B, it is an indication of improper key or memory 
location. 
Do not put the same guard number in two or more ports. 
If the TD-1271 beeps entering a guard connect request (for example, 
number 76 ######) and refuses to take the guard, it indicates the port is 
keyed already. The source of the key must be removed before the TD- 


G-3 


G-4 


1271 accepts entry of the guard connect request. 
Call COMM (848) 218-4937/4939 or DSN 588-4937/4939, SPAWAR 
Charleston if problems are experienced. 


Appendix H 
EMI CHARACTERIZATION CHECKLIST 


Extract from CJCSM 3320.02, Joint Spectrum Interference Resolution (JSIR) 
Procedures. 


Table H-1. EMI Characterization Checklist 


COMPLETE 
STEP ACTION 
Y/N 


Start a log and collect as much information as possible. 


Record what interference sounds like. If appropriate measurement equipment is 
available, an attempt should be made to quantify the characteristics of the 
interference signal. These characteristics include the interfering source’s center 
frequency, bandwidth, relative amplitude, modulation, direction of interference, 
time of occurrence, and any other characteristics that can be obtained. 


Geographical Information. as 
003-01 Check with other units in the geographical area to determine the area affected. P 
003-02 Verify exact location of receiver using global positioning system, if available. 


Determine interference start and stop times. 


Ensure affected system is operating correctly. 
07 
08 


005-02 Ensure antenna cables are in good condition. 


005-03 Have maintenance personnel ensure equipment is Operating\IAW technical 
manual specifications and frequency assignmexit parameters. 


Verify antenna is on the correct azimuth and\elevation. 


|007 | Environment Information 


0 
0 
005-01 Ensure all connectors are tight. 
0 


007-01 Contact all nearby units to determine ifthey have recently installed any new 
equipment. 


007-02 
the result of maintenance-actions or avi equipment malfunction. This should 
include non-RF equipfent that\caw cause spark-type interference used to 
support the operatién Of RF eauipment (e.g., thermostat-controlled devices, 


electric motors Awelders, etc4 
007-03 | Check to see +# construction is being conducted in the immediate area. 


Frequency Assignment Information 
008-01 Verify through service Component or JTF spectrum manager that a valid 
frequency assignment and/or satellite authorization exists. 


008-02 If no assignment exists, cease transmission and request new frequency. 


008-03 If valid assignment exists, change to alternate frequency and determine if 
interference is present. If interference is to a satellite communications system, 
skip to step 9. 


007-04 Deterroine whether the natural environment is the cause of the problem; see 
Enclosure —. 


008-04 If a valid assignment exists and the interference goes away after changing to an 
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COMPLETE 
STEP ACTION 
Y/N 


| |readguaresaanessc | 
headquarters and info JSC 
008-05 Where co-channel or adjacent channel interference is suspected (i.e., the 
interfering signal overlaps the operating bandwidth of the victim receiver) , check 
with local and area frequency management personnel to determine if ies 
pF 


locally operated equipment has been recently assigned a co-chanitel o\adjacent 
channel frequency. 
1009s Satellite Communications Interference for MILSATCOM _\_| 
009-01 Net Control Station should contact the supporting SSC and Yelerminé if they can 
identify interference on the satellite. A determination-shall be\made at this time 
as to whether the interference is on the uplink or downlink of the satellite 
channel. If two or more users separated by 380 miles ars observing the same 
interference, the interference is likely on the uplink: 
009-02 If no interference is present on the satetiite ujplink frequency, request to be 
switched to an alternate channel in adiffexent\part of\the frequency band. 


009-03 If SSC reports a steady receive kéy (SRK) onthe ehannel, have all users vacate La 
the net. 


Once all users are off the net, contact SSC and ask if the SRK is present. 

If SRK is gone, have “Sers re\access the net one at a time while SSC monitors; 
once the userthat was-eausino>the interference moves back onto the net the 
SRK will re-appear. 

If SRK is present, requestanother channel for testing. Have users move to the 


new channel, cre ata time, while monitoring the channel. 


009-07 Once all usefs-tiave moved to new channel, determine if SRK is present on the 
original channer 


interference to terrestrial systems. 
resolution to space systems. 
taken and the resolution. 


Appendix J 
CUT SHEETS 


The following figures are examples of cut sheets. Each unit may have developed cut 
sheets specific to their unit or mission. 


LOS Cut Sheet Presets 


es as ae eee 
Modulation fh - ti | 
|| AL LAY 
aRECR EazEa ie 
ee FASCINATOR | | 
4-KG84 \ 
3-KG84 Wad ae 


rr ANDVT 


A\ | 

— ee | 

eee \ \ eo 

oy -—— 
| 

| 

— 4 


ea 12k es es 


Scan Mode a 
SCAN oe 
TX Power (dBm) a es ee 
es ieee ee |e S| 
ees ES a Se | 
Ce ee 


Figure J-1. Sample of LOS Cut Sheet 
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SATCOM Cut Sheet Presets 


= 


Parameter 


Encryption 


Communications 


Data Rate 


= 
© 
e 
< 
W 


a 4, 
TX Power (dBnvy 
Home Chainel 
Number 9 to 239 
(no SATCOM or 999 
loopback if 999) 


RX Frequency required if 999 
TX Frequency required if 999 
. DIFF 
Encoding 
Non-DIFF 
Mode Switch PT or CT 


Figure J-2. Sample of SATCOM Cut Sheet 


DAMA Database Set up 


Parameter | Values 


Backlight 
Timer 


2 to 60 
seconds 


Guard List 


Terminal 
Data 


5-kHz I/O 
Data Rate 


Satellite 
Ephemeris 


i 
| 


Information 
Codes 
(25-kHz 
Only) 


Y 
” 
2 
aad 
co 
A feed) 
< 
= 
< 
= 


LS > 
ox xe) 


=x 
ow 


> 
4 


5 
+ 


> 
oO 


> 
oO 


> 
?) 


>l|> 
eure) 


> 
?) 


Zidiu/) Adiréss Msg. Rel. 


Stationary | Manual 
an Gn” a 
or ae oe 
Ne 
aes SS 


ASscety In 


)C\ | Request Meaning Response 


70 Network address not in guard list 


71 Violated Maximum Precedence 
72 Already have a pending service 


Moe ell 

75 message N/A 
ere 

a database N/A 
ell 

81 configuration code N/A 

82 


Configuration code incorrect for 
88 network 


> 
?) 


Configuration code does not 
89 match distant end 


> 
O 


All addresses called are not 
90 available 


Some addresses called are not 
92 available 


LET ULL: 


93 Someone else is running link test 


Two or more addresses are 
98 network addresses N/A 


Figure J-3. Sample of DAMA Cut Sheet page 1 
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Trigonometry TRIGONOMETRIC FUNCTIONS 


There are two notations commonly used to indicate an inverse trigonometric function. 


arcsin 0.35837 = 21° 


sin’ 0.35837 = 21° 


The notation arcsin means the angle whose sine is. The notation arc can be used as a prefix to 
any of the trigonometric functions. Similarly, the notation sin! means the angle whose sine is. 
It is important to remember that the -1 in this notation is not a negative exponent but merely an 
indication of the inverse trigonometric function. 


To perform this function on a calculator, enter the numerical value, press the INV key, then the 
SIN, COS, or TAN key. To calculate the inverse function of cot, csc, and sec, the reciprocal key 
must be pressed first then the SIN, COS, or TAN key. 


Examples: 


Evaluate the following inverse trigonometric functions. 


arcsin 0.3746 = 22° 
arccos 0.3746 = 69° 
arctan 0.3839 = 21° 


arccot 2.1445 = arctan = arctan 0.4663 = 25° 


2.1445 

arcsec 2.6695 = arccos = arccos 0.3746 = 68° 
2.6695 

arccsc 2.7904 = arcsin = = arcsin 0.3584 = 21° 
2.7904 
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DAMA Cut Sheet 


cre 0) ee a es ee 
a _ | 


Encryption 


Communications 


Data Rate 


RX Frequericy For Reference Only 


rxcrrewugiey” /|ForReterence ony | | [||| 
conta a TT TCC 
a 
[owenoyeion [Pret [| | | | |_| 
Ec 
Mode of Operation [—Ewcon [|| | ||| 
Pstent 

Renong eee 
a a 


: Passive Ranging 
Satellite ID Number Only (1 to 8) 


Figure J-4. Sample of DAMA Cut Sheet page 2 


Note: CINCs and other users rank order within a category when multiple accesses are 


Appendix K 
Prioritization Scheme 


Table K-1. SATCOM Priority Table 


SATCOM PRIORITY TABLE 


assigned the same priorit 


Priority User 


Priority 1 
1A 

1B 

1B1 

1B2 

1B3 

1C 

1D 
Priority 2 
2A 

2B 

2C 

2D 

2E 

2F 

2G 

2H 
Priority 3 
3A 

3B 

3C 

3D 

3E 

3F 

3G 


Category 


Strategic Order (Essential to National Survival) 
System Control/Orderwire 

National Command Authorities 

Presidential Support 

Secretary of Defense Support 

Envoy and Emissary Support 

Strategic and Threat Warning/Intelligence 
SIOP/Force Direction Requirements 

Warfighting Requirements 

Department of State Diplomatic Negotiations 
CJCS Support 

COCOM Operations 

JTF or CTF Operations 

Component Operations (Theater Forces) 

Tactical Warning and Intelligence 
CJCS-Sponsored Select Exercises 
Counternarcotics Operations 

Essential Nonwarfighting Operational Support 
Humanitarian Support 


Intelligence and Weather 


Logistics 

Radio Frequency Interference Resolution 
Diplomatic Post Support 

Space Vehicle Support 

Other Service Support 
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Table K-1. SATCOM Priority Table 


SATCOM PRIORITY TABLE 


Note: CINCs and other users rank order within a category when multiple accesses are 
assigned the same priorit 


Priority User Category 


Priority 4 Training 

4A CJCS Sponsored 

4B COCOM Sponsored 

4C MAJCOM, major command, Echelon 2 Sponsored 
4D Unit Sponsored 

Priority 5 VIP Support 

5A Service Secretaries 

5B Service Chiefs 

5C COCOM Travel 

5D Other Travel 

Priority 6 RDT&E and General 

6A DOD-Sponsored Testing 

6B DOD-Sponsored Demonstrations 
6C DOD Administrative Support 

6D DOD Quality of Life Initiatives 
Priority 7 Miscellaneous 

TA DOD Support to Law Enforcement 
7B Other Non-DOD Support 


7C Non-U.S. Support as approved by the authorized organization 
7D Other 
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DEQPSK 
DISA 

DMR 

DOD 

DSCS 

DSN 

D/V 


Glossary-2 


combatant command 
commercial 

communications security 
concept plan 

continental United States 
continuous phase modulation 
cyclic redundancy check 
cipher text 

combined task force 


communications security/transmission security integrated 
circuit 


demand assigned multiple access 

demand assigned multiple access configuration 
demand assigned multiple access network 

demand assigned multiple access semi-automatic controller 
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global broadcast service 
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global system for mobile communications 
Global SATCOM Support Center 
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high frequency 
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high performance waveform 
HAVE QUICK, headquarters 
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hertz 
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inter-theater COMSEC package 
identification 
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low data rate 

limited input/output 
longitude 
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military standard 

military standard requisition and procedure 
minute 
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message 

multi-Service tactics, techniques, and procedures 


integer number; north 

not applicable 
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narrowband 
noncommissioned officer 
network control station 
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Europe Central 
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Naval Computing and Telecommunications Station 
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national information infrastructure 
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noise power spectral density 
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Navy tactics, techniques, and procedures 
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operate 


operations plan 
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RSSC 
RSSC EUR 
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RSSI 

RX 


SARK 
SATCOM 
SBPSK 
SCAMP 
SCCF 
SDB 

SEC 

SHF 
SIGINT 
SIOP 
SIPRNET 
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Pacific 

primary channel controller 

program 

precise lightweight global positioning receiver 


preventive maintenance checks and services 
point of contact 


phase-shift keying 
plain text 


power 


quadrature phase shift keying 


return channel control orderwire 

research, development, test and evaluation 
radio frequency 

return orderwire 

Regional SATCOM Support Center 
Regional Space Support Center Europe 
Regional Space Support Center Pacific 
receive signal strength indicator 

receiver 


south 

satellite access assignment 
semi-automatic controller 

satellite access request 

Saville advanced remote keying 
satellite communications 

shaped binary phase-shift keying 
single channel anti-jam man portable terminal 
spectrum management 

satellite database 

second 

super high frequency 

signal intelligence 

single integrated operational plan 
secret internet protocol router network 


TRIGONOMETRIC FUNCTIONS Trigonometry 


Summary 


The important information in this chapter is summarized below. 


Trigonometric Functions Summary 
The six trigonometric functions are: 
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SMC 

S/N 
SOCCENT 
SOCEUR 
SOCKOR 
SOCPAC 
SOCSOUTH 
SPAWAR 
SPAWARSYSC 
EN 

SPOC 
SRK 

SSC 

STE 

STU 

SVC 

SYNC 

T 
TACSAT 
TBA 

TD 

TDMA 
TEK 

TLE 
TRADOC 
TRANSEC 
TSK 


UHF 


UHF SATCOM 
CELL RSSC PAC 


UK 
UN 
USA 
USAF 


Satellite Management Center 

signal to noise 

Special Operations Command, Central 
Special Operations Command, Europe 
Special Operations Command, Korea 
Special Operations Command, Pacific 
Special Operations Command, South 
Space and Naval Warfare 

Space and Naval Warfare Systems Center 


space command operations center 
steady receive key 

space support center 

secure telephone equipment 
secure telephone unit 

service 

synchronous 


tactical satellite 
terminal base address 


time division multiple access 
traffic encryption key 

telemetry 

Training and Doctrine Command 
transmission security 

task 

tactics, techniques, and procedures 
transmitter 


unified combatant command 
ultra high frequency follow-on 
ultra high frequency 


ultra high frequency satellite communications cell Regional 


Space Support Center Pacific 
United Kingdom 
unencrypted 

United States of America 
United States Air Force 


USARPAC 
USASFC 
USASOC 
USEUCOM 
USMC 

USN 
USSOCOM 
USSOUTHCOM 
USSTRATCOM 
Vv 

VHF 

VINSON 

VIP 


access 
acknowledgment 


acquisition 


acquisition back- 
off number 


active ranging 


active service 


address 
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U 
U 
U 
U 
United States Marine Corps 
U 
U 
U 
U 


nited States Army, Pacific 

nited States Army Special Forces Command 
nited States Army Special Operations Command 
nited States European Command 


nited States Navy 
nited States Special Operations Command 
nited States Southern Command 


nited States Strategic Command 


very high frequency 
encrypted ultrahigh frequency communications system 
very important person 


watts; west; with 
wide area network 


wideband 


Zulu 


PART Il -- TERMS AND DEFINITIONS 


The ability, permission, or liberty to communicate with, or 
make use of, any system resource. 


A message from the addressee indicating that information 
has been received without error. 


A necessary preliminary condition of a receiver, by which 
frequency and phase ambiguities of an incoming radio 
frequency (rf) carrier are sufficiently resolved to allow 
information modulated onto the carrier to be properly 
demodulated. 

A number used by the terminal in the algorithm to reduce 
the possibility of conflicting transmissions during the initial 
ranging of terminals. 

The transmission and subsequent reception of a burst signal 
used for estimating the range to a satellite. 

A service that has been assigned communications resources 
and has not been torn down. Active services are either 
assigned or preempted. 

A 16- or 14-bit code that uniquely identifies a terminal I/O 
port or network. 


algorithm 


allocation 


alternate channel 
controller 


angle of inclination 


antenna 


apogee 
assigned service 


assigned-return 
orderwire time-slot 


asymmetric 
warfare 


asynchronous 
transfer node 


atmosphere 


attenuation 


attitude 


A procedure or formula for solving a mathematical problem. 
Extremely complex algorithms or sets of algorithms are used 
to simplify, modify or predict data in the digital 
manipulation of information. Often, algorithms developed 
for digital applications are proprietary and are an important 
aspect of defining significant differences among the various 
digital compression and codec (coding/decoding) standards. 


TDMA frame time apportioned by the PCC for a particular 
function. 


The control station function that monitors the channel and 
can assume control, either manually by operator action or 
automatically when it detects that the PCC has failed. 


The angle at which a satellite’s orbit is tilted in relation to 
the Earth’s equator. A 90-degree angle of inclination is a 
polar orbit. A zero degree angle of inclination is an 
equatorial orbit. 


A device for transmitting and receiving radio waves. 
Depending on their use and operating frequency, antennas 
can take the form of a single piece of wire, a dipole, a grid 
such as a yagi array, a horn, a helix, a sophisticated 
parabolic-shaped dish, or a phased array of active electronic 
elements of virtually any flat or convoluted surface. 


The point in orbit where an object, such as a satellite, is 
farthest from Earth. 


A service being assigned communications resources. 


A ROW segment time-slot that a PCC assigns to a specific 
terminal for the terminal's sole use. The assignment is made 
by the PCC when the terminal is required to respond to a 
FOW, such as when the PCC transmits a FOW requesting a 
network status message be transmitted by the terminal. 


Unanticipated or non-traditional approaches to circumvent 
or undermine an adversary’s strengths while exploiting his 
vulnerabilities through unexpected technologies or 
innovative means. Simply put, dirty fighting that gives the 
weak the best chance to defeat the strong. 


A switching architecture that uses cell relay technology to 
carry vast quantities of data at extremely high speeds. 


The layer of gas surrounding the earth or other planets. The 
upper atmosphere is the region of Earth’s atmosphere above 
the troposphere (which extends to about 20-km). Regions of 
the upper atmosphere are the stratosphere, mesosphere and 
thermosphere. 


The loss of power of electromagnetic signals between the 
transmission and reception point. It can be caused by 
distance or weather. 


The position in space of a spacecraft or aircraft. A satellite’s 


Glossary-9 


aurora 


automatic control 


automatic 
frequency change 


bandwidth 


baseband 


binary phase-shift 
keying 


bit 


bit error rate 


bit rate 
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attitude can be measured by the angle the satellite makes 
with the object it is orbiting, usually the Earth. Attitude 
determines the direction a satellite’s instruments face. The 
attitude of a satellite must be constantly maintained; this is 
known as attitude control. 


Light radiated by ions and atoms in the Earth’s upper 
atmosphere, mostly in polar regions. 


An operating mode that allows communications slots within 
the waveform to be dynamically assigned to terminals 
requiring access to the slots. 


A terminal capability to automatically switch to and operate 
on another 5- or 25-kHz DASA or DAMA channel upon 
receipt of a FOW directing such a change. This capability 
requires the change to be accomplished within 8.96...seconds 
for switching to a DASA channel, 90 seconds for switching to 
another DAMA channel (5- or 25-kHz), and 90 seconds for 
switching from a DASA channel to a DAMA channel. The 
90-second switching time from a DASA to a DAMA channel 
applies when assigned time on DASA channel expires. 


A measure of spectrum (frequency) use or capacity. For 
instance, a voice transmission by telephone requires a 
bandwidth of about 3000 cycles per second (3-kHz). A TV 
channel occupies a bandwidth of 6 million cycles per second 
(6-MHz) in terrestrial systems. In satellite-based systems, a 
larger bandwidth of 17.5- to 72-MHz is used to spread or 
“dither” the television signal in order to prevent 
interference. 


The original band of frequencies produced by a signal- 
initiating device such as a microphone or data key prior to 
the initial modulation of the carrier. 


A form of PSK in which the instantaneous phase of the 
carrier can be either unchanged or shifted 180 degrees. The 
information content of an uncoded BPSK signal is 1 binary 
digit (bit) per symbol; therefore, the symbol rate and the 
information rate are identical. 


A single digital unit of information The smallest increment 
of digital information. Often referred to as a 1 or 0 in the 
binary system. Also referred to as an ‘on’ or ‘off when 
referring to the mechanical operation of bits in the 
computer. 


The fraction of a sequence of message bits that are in error. 
A bit error rate of 1016 means that there is an average of 
one error per million bits. 

The amount of data being transported, measured relative to 
quantity over time in bps; the speed of a digital 
transmission, measured in bps. 


bit 
synchronization 
(clock lock) 


blocked service 


building block 


burst 


burst code 
burst rate 


bus 


carrier 


carrier acquisition 


carrier frequency 


carrier to noise 
ratio 


cassegrain 


channel 


The condition achieved when significant transitions of the 
recovered data rate clock are phase-stable to within 25 
percent of the bit period. 


A queued service held from scheduling, awaiting (1) the 
availability of participating terminals busy with other 
services, or (2) the completion of setting up the path for a 
multiple-hop service. 


A fundamental unit of channel time used in determining 
time within a frame. Used in the assignment of channel 
resources. 


A time-limited transmission composed of a synchronization 
preamble and a finite-length data stream that are formatted 
into interleaver block pairs. 


A combination of modulation rate, coding rate, and (for 
message services) maximum burst size. 


The over-the-air transmission rate (modulation rate) in 
symbols per second. 


The body of a satellite. The bus holds all of the scientific 
equipment and other necessary components of the satellite. 
The bus of a satellite is made of a variety of materials that 
are selected to protect the satellite from things like 
collisions, a build-up of electric charge, extreme 
temperatures, and radiation. 


The basic radio, television, or telephony center of frequency 
transmit signal. The carrier in an analog signal is 
modulated by manipulating its amplitude (making it louder 
or softer) or its frequency (shifting it up or down) in relation 
to the incoming signal. Satellite carriers operating in the 
analog mode are usually frequency modulated. 


The condition achieved when a receiver carrier reference is 
coherent in frequency and phase with the receive signal. 


The main frequency on which a voice, data, or video signal is 
sent. Microwave and SATCOM transmitters operate in the 
band from 1- to 14-gigahertz (GHz) (a GHz is one billion 
cycles per second). 


The ratio of the received carrier power and the noise power 
in a given bandwidth, expressed in dB. This figure is 
directly related to G/T (antenna gain-to-noise temperature 
in dB/K) and signal/noise (S/N); and in a video signal the 
higher the C/N, the better the received picture. 


The antenna principle that utilizes a sub-reflector at the 
focal point that reflects energy to or from a feed located at 
the apex of the main reflector. 

A frequency band in which a specific broadcast signal is 
transmitted. The Federal Communications Commission 
specifies channel frequencies in the United States. 
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channel control 
orderwire 


channel control 
orderwire 
acquisition 
channel control 
orderwire time-slot 
channel controller 


channel resources 
circuit burst kind 


circuit number 


circuit service 


C/KT 


coherent 
demodulation 


connected 
connectivity 
contention-return 


orderwire time-slot 


continuous phase 
modulation 


control channel 
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The transmissions from a controller that control the 
waveform and its usage, such as frame number, encryption 
synchronization counts, user time-slot assignments, and 
frame format in current use. 


The terminal’s status when it has successfully achieved 
error free reception of a CCOW: Master Frame (checked by 
CRC). 


The time-slot through which a terminal receives CCOW 
transmissions. 


A generic term that relates to either a primary or alternate 
controller. 


The available time, bandwidth, and power of a channel. 


A field that identifies the type of burst being transmitted 
during a circuit service. 


A 5-digit decimal number that identifies a time-slot when 
operating in the DC mode. 


Channel resource assignments in each frame that are 
dedicated for use by participating members for duration of 
the assignment. 


The ratio of the rf carrier power (C) relative to noise power 
density. Carrier power is measured into the receiving 
system. k = Boltzman's constant and T = the effective noise 
temperature at the terminal antenna in kelvins. 


A demodulation process characterized by a synchronized, 
phase-matched condition between a receiver's reference and 
the received signal. 


The configuration of a channel controller in which 
connectivity to adjacent satellite footprints by relay is 
available. 


The physical infrastructure required to allow access and 
exchange of electronic information. 


A ROW segment time-slot available for use by any terminal 
that has achieved downlink acquisition. The possibility 
exists that transmissions from multiple terminals occurs in 
the same time-slot. 


A phase-only modulation technique in which the signal 
phase changes are continuous. Phase changes for each 
symbol are odd integer multiples of the modulation indices 
hi. For multi-h CPM, the indices cyclically change from 
symbol to symbol in order to provide coding gain to the 
waveform. 


A 25-kHz DAMA channel on which a channel controller (CC) 
transmits CCOW messages and the frame is segmented for 
terminals to transmit RCCOW, link test, ranging, and user 
communications signals. 


control station 


controller 


coronal mass 
ejection 
cyclic redundancy 


check 
data block 


delay 


Demand assigned 
multiple access 


demand assigned 
single access 


destination 
terminal 


differential 
encoding 


differentially 
encoded 
quadrature phase- 
shift keying 


digital 


digitization 


distance learning 


The equipment and software that performs resource 
management, channel control, and external interface 
functions in two adjacent satellite coverage areas. 


An entity that establishes frame format and system timing. 
In the AC mode a controller also assigns waveform access to 
users. 


A vast region of hot, dense, and high speed solar wind 
propagating away from the Sun. 


A type of error detection scheme that uses parity bits 
generated by polynomial encoding and decoding algorithms 
to detect transit-generated errors. 


A quantity of user data (224 bits) used in integer multiples 
within message-service packets. 


The time it takes for a signal to go from the sending station 
through the satellite to the receiving station. This 
transmission delay for a single hop satellite connection is 
very close to one-quarter of a second. 


A highly efficient means of instantaneously assigning a 
channel in a transponder according to immediate traffic 
demands. 


An access scheme in which a SATCOM channel is assigned 
for single access through the DAMA control system in 
accordance with demand. 


The terminal addressee of a communication. 


A process by which baseband digital data before modulation 
is used to resolve the phase ambiguity of digital data 
recovered from demodulation. It is not used for error 
detection or correction. A process such that if the prior code 
bit and the message bit are the same, the encoder output is 
zero. If they are different, the encoder output is a one. 


Quadrature phase-shift keying (QPSK) that has been 
differentially encoded. DEQPSK is used to resolve the 
phase ambiguity of digital data recovered from 
demodulation. It is not used for error detection or 
correction. 


Conversion of information into bits of data for transmission 
through wire, fiber optic cable, satellite, or over the-air 
techniques. Method allows simultaneous transmission of 
voice, data or video. 


Digitization comprises the nuts and bolts solution for 
synchronizing the vast amount of communications and 
sensor equipment on the battlefield. Digitization allows a 
plane to talk to a ship to talk to a soldier, etc. 


Using video technology to allow students in one location to 
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distributed control 


Doppler shift 


downlink 


downlink 
acquisition 


dual spin 


eccentricity 


effective isotropic 
radiated power 


encryption 


energy per bit 


even link test time- 
slot 


field 
fill bits 
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participate in a class broadcast from another location. 


An operating mode in which a terminal's access to a 
communications slot is preassigned (both time-slot and 
frame format). 


An apparent shift in the frequency of a wave. For example, 
when someone is listening to the sound of an ambulance 
siren, and that person is staying still but the ambulance is 
driving by, the person hears a change in pitch of the 
ambulance siren. That change in pitch is caused by the 
“Doppler effect”. The frequency of a sound wave determines 
the pitch, so the distance of the source of the sound from the 
observer of that sound determines the amount that the 
frequency seems to have shifted, known as the Doppler shift. 


The satellite-to-earth half of a 2-way telecommunications 
satellite link. Often used to describe the receive dish end of 
the link. 


Condition during initial acquisition of the waveform, when 
the terminal or a non-controlling CC receives a correct FOW 
burst. 


Spacecraft design whereby the main body of the satellite is 
spun to provide altitude stabilization, and the antenna 
assembly is despun by means of a motor and bearing system 
in order to continually direct the antenna earthward. This 
dual-spin configuration thus serves to create a spin- 
stabilized satellite. 


The measure of how circular a satellite’s orbit is. Fora 
perfectly circular orbit the eccentricity is zero; elliptical 
orbits have eccentricities between zero and one. The higher 
the eccentricity, the more “squashed” the orbit is. 


This term describes the strength of the signal leaving the 
satellite antenna or the transmitting earth station antenna, 
and is used in determining the carrier/noise (C/N) and 
signal/noise (S/N). The transmit power value in units of 
decibels relative to 1 watt is expressed by the product of the 
transponder output power and the gain of the satellite 
transmit antenna. 


To encode data so as to render a document unreadable by all 
except those who are authorized to have access to it. 
Encryption is accomplished by scrambling the bits, 
characters, words, or phrases in the original message. 

The average signal energy contained in a binary digit. 

A link test time-slot used to perform dedicated ranging 
measurements when the receive frame count is even. 

A specific portion of a burst or message. 

Fill bits are used to complete the last interleaver block and 
must be zero. 


flush bits 


footprint 


format 


format number 1 


format number 2 


forward error 
correction 


forward orderwire 


frame 


frame count 


frame format 


frame lock 


frame lock loss 


frame subformat 


frame time delay 


All-zero bits added to a data field prior to encoding to 
provide proper convolutional encoder operation. 


The area with which a satellite in geostationary orbit can 
communicate. A footprint can be as large as an entire 
country; for example, many Canadian satellites have 
footprints almost the entire size of Canada, from coast to 
coast. 


The structuring of a frame into time-slots for the 
transmission and reception of CCOW, RCCOW, ranging, 
link test, and user communications bursts. 


The frame structure in effect when subformat B-1 is 
selected. Used to reduce contention for half-duplex 
terminals [at radio frequency (rf)| that require 
communications on two 2400-bps circuits. 


The frame structure in effect when subformats B-00 or B-2 
through B-F are selected. 


Adds unique codes to the digital signal at the source so 
errors can be detected and corrected at the receiver. 


The OW used for transmitting control and status 
information from a PCC to terminals or alternate channel 
controller. 


A unit of time on the channel. (5-kHz DAMA) A frame is 
8.96 seconds long and consists of 1024 building blocks, 
which are grouped into segments for waveform overhead 
and user-to-user communications. (25-kHz DAMA). A unit 
of time on achannel. A frame is 1.38866 seconds long and is 
subdivided into waveform overhead slots and user time 
segments. 


The sequence in which a particular frame occurs. The frame 
count is defined by a 21-bit field transmitted by the 
controller in each master frame. 


The frame time-slot configuration defined by the 
combination of frame subformats in use for user segments A, 
B, and C. Also refers to the 3-digit hexadecimal code used to 
specify this configuration. 

The status a terminal achieves when it has received and 
detected the precise location of two consecutive CCOWs. A 
terminal that achieves this status is considered to have 
properly established receive frame timing. 

The condition of a terminal that has not decoded any CCOW 
for 5 minutes for DC mode and 2 minutes for AC mode. 


The time-slot configuration of user communications 
segments A, B, or C. Also refers to the 1-digit hexadecimal 
code used to specify this configuration. 


Time delays introduced due to conversion of a continuous 
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frequency code 


frequency-shift 
keying 


frequency 
switched 
connection 


frequency 
switching 


frequency 
uncertainty 


full-duplex 


gain 


geosynchronous 


global 


ground segment 


guard group 
guard list 
guard time 
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data stream into burst-formatted data blocks. 


An 8-bit code that defines the uplink and downlink 
frequency pair of a satellite transponder. 


A form of frequency modulation. In FSK modulation, the 
frequency of the carrier is discretely controlled by the 
transmitted information bits. In binary FSK, the 
instantaneous frequency of a signal is shifted between two 
discrete values called the mark and space frequencies. 


A time-slot connection on a channel other than the one 
where the terminal receives CCOW. 


The ability of a terminal to transmit and receive in multiple 
channels within the same frame. 


The difference between a received signal's expected 
frequency and its actual frequency. Frequency uncertainty 
results when (1) a difference in frequency between reference 
oscillators exists, (2) Doppler effects cause frequency shifts, 
or (3) frequency-setting inaccuracies occur. 


(1) Communications that occur in both directions (transmit 
and receive) within one frame. (2) A terminal characteristic 
that signifies the capability to simultaneously receive and 
transmit rf signals. 


A measure of amplification. It is the ratio of output, 
current, voltage or power to input current, voltage or power, 
respectively. Gain is usually expressed in decibels. If the 
ratio is less than unity, the gain expressed in dB, is 
negative, in which case there is a loss between input and 
output. 


Refers to an orbit with a period equal to one day. A satellite 
in geosynchronous orbit above Earth’s equator stays over 
the same point on Earth at all times. Communications 
satellites are often put in geosynchronous orbits so that 
satellite dishes on earth can remain pointed at the same 
point in the sky at all times. 

A network configuration in which relays are present and 
data may be routed to a network on another satellite 
channel. 


A term that describes that portion of the total 
communications satellite system that is situated on the 
Earth such as the transmitting and receiving antennas, 
signal generating facilities, repeaters, RF receivers and 
digital encoding equipment and decoders. 

A group of terminals that have a common guard address. 
A set of addresses for which a terminal receives services. 


Unused time interval within a frame that prevents overlap 
of transmissions that could occur due to timing differences 


Trigonometry RADIANS 


RADIANS 


This chapter will cover the measure of angles in terms of radians and degrees. 


EO 1.4 STATE the definition of a radian. 


Radian Measure 


The size of an angle is usually measured in degrees. However, in some applications the size of 
an angle is measured in radians. A radian is defined in terms of the length of an arc subtended 
by an angle at the center of a circle. An angle whose size is one radian subtends an arc whose 
length equals the radius of the circle. Figure 4 shows ZBAC whose size is one radian. The 
length of arc BC equals the radius r of the circle. The size of an angle, in radians, equals the 
length of the arc it subtends divided by the radius. 


Length of Arc 
Radius 


Radians = (4-8) 


One radian equals approximately 57.3 degrees. There are 
exactly 2m radians in a complete revolution. Thus 27 
radians equals 360 degrees: 1m radians equals 180 degrees. 


Although the radian is defined in terms of the length of an 
arc, it can be used to measure any angle. Radian measure 
and degree measure can be converted directly. The size of 
an angle in degrees is changed to radians by multiplying 


by. The size of an angle in radians is changed to 


Figure 4 Radian Angle 


degrees by multiplying by ne 
™ 


Example: 


Change 68.6° to radians. 


068.61 =) - (68:9) _ 196 radians 
180 180 
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half-duplex 
high power 


satellite 
home channel 


hyperspectral 


inclination angle 
indicator 
input/output data 
rate 

Internet 


interoperability 


key generator 
identification 
number 


key generator 
memory 
key generator net 


number 
local area network 


link test time-slot 


local 


local footprint 


between transmitting terminals. 


A terminal characteristic that allows receipt and 
transmission of signals, but not both at the same time. 


A satellite with greater than 100 watts of transponder radio 
frequency transmitting power. 


The control channel that a terminal uses to receive its 
CCOW messages and transmit its RCCOW and other system 
support messages. 


An instrument capability using many very narrow spectral 
frequency bands (300 or more), enabling a satellite-based 
passive sensor to discriminate specific features or 
phenomena on the body being observed (e.g., Earth). 


The angle between a satellite's orbital plane and the earth's 
equatorial plane. 


A symbol, flag, or signal that serves to identify a specific 
state or item. 


The rate, in units of bps, at which bits are sent to or received 
from an I/O device. 


Interconnection of thousands of networks linked by a 
common set of technical protocols which make it possible for 
users to communicate and use services. 


The ability to have applications and computers from 
different vendors work together on a network. 


A unique 16-bit ID number associated with the OW 
encryption/decryption device. The KG ID number is the 
same as the terminal base address. 


A 38-bit code that defines one of eight memory locations in 
which the KG keys used for OW encryption and decryption 
are stored. 


A 5-bit code used to prepare the KG, which encrypts the 
CCOW and RCCOW. 


A group of computers and related equipment connected 
locally, usually within a single building, by a 
communications channel capable of sharing information 
among several users. 


A shared time-slot used by a terminal to evaluate its link 
conditions or measure two-way range to the satellite. A link 
test 1s performed only in odd-numbered frames; range 
measurements are performed only in even-numbered 
frames. 


(1) Operations within a channel or group of channels in a 
single footprint controlled by one PCC. (2) Initiations by an 
equipment operator. 

The satellite coverage area of a PCC and the terminals 
operating under its control. 
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low power satellite 


master frame 


master frame 
epoch 


medium power 
satellite 
message service 


modem 


modernization 


modulation rate 
modulo 


multicast 


multi-h 


multiple-channel 


multiple-hop 
multiplexing 


narrowband 
operation 


net guard address 


node 


noise power 
spectral density 


noncoherent 
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A satellite with less than 30 watts of transponder radio 
frequency transmitting power. 


A frame occurring once in every eight frames that identifies 
the current waveform format and other configuration 
parameters. 


A set of eight contiguous frames, beginning with a master 
frame. 


A satellite with greater than 30 watts but less than 100 
watts of transponder radio frequency transmitting power. 


A service that provides resources for transmitting messages, 
using a packet-oriented protocol. 


A telecommunications device that converts between analog 
and digital signals, allowing communication over voice 
circuits. 


The replacement of equipment, weapons systems, and 
facilities in order to maintain or improve combat capability, 
upgrade facilities, or reduce operating costs. 


The rate at which information is transferred across a 
satellite channel, in units of symbols per second. 


A mathematical function that yields the remainder of a 
division. 

Multicast is a subset of broadcast that extends the broadcast 
concept of one to many by allowing “the sending of one 
transmission to many users in a defined group, but not 
necessarily to all users in that group.” 

A scheme that employs multiple modulation indices, or h 
values, that are cyclically changed for successive symbol 
intervals. 

The network capability of automatically switching from 
channel to channel within a single satellite footprint for 
transmit and receive services when commanded by the PCC. 
Operations that relay information between two or more 
satellite channels. 

Techniques that allow a number of simultaneous 
transmissions over a single circuit. 

A communications mode whose essential spectral content is 
limited to a channel of nominal 5-kHz bandwidth. 


Address above the demarcation number that allows multiple 
terminals to communicate. Also called network address, 
guard address, subnet address, or guard list address. 


A terminal or channel controller in a network. 
The noise power per hertz (Hz) of bandwidth (No = kT) 


A demodulation process in which there is no synchronized 


demodulation 


nonprocessed 
channel 


nonregenerative 
transponder 


Northern Lights 


offset quadrature 
phase-shift keying 


operator 
orbit 


orderwire 


originator 
packet 


pad bits 


passive ranging 


pending service 


perigee 
polarization 


polar orbit 


phase-matched condition between a receiver's reference and 
the desired signal. 


A channel capable only of receiving, amplifying, filtering, 
limiting, frequency translating, and retransmitting a 
received signal. (There is no signal processing.) 


A transponder (e.g., a satellite repeater) in which digital 
signals are not reconstituted. 


A name for the aurora occurring over the North Pole. 


A form of offset quadrature phase-shift keying in which the 
in-phase (I) and quadrature bit streams are offset in time by 
one-half a symbol period, equal to the reciprocal of the data 
rate. 


The person who controls and operates a communications 
terminal or controller. 


The path of an object that is moving around a second object 
or point. 

The portion of the DAMA (or TDMA) frame used for 
transmission of management, control, and status 
information among the channel controllers and terminal 
users. 

A person or terminal that initiates a communication. 

For message service, the information transmitted in one 
burst. 

Pad bits are used both before and following user data when 
insufficient user data is present to fill the data portion of a 
burst. 

A process by which a terminal determines signal 
propagation time to a satellite by means other than 
transmitting a ranging signal. 

A queued service that is not blocked but is awaiting 
availability of communications resources on the channel. 
Low point of an orbit. 

The property that describes the orientation of an 
electromagnetic wave. 

A satellite orbit passing over both poles of the Earth. 
During a 12-hour day, a satellite in such an orbit can 
observe all points on Earth. 
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preamble 


preassigned 
service 

preempted service 
primary channel 
controller 


quadrature phase- 
shift keying 


queued service 


range 


range lock 


range time-slot 
ranging 
ranging epoch 


interval 


relay 


requested party 


Glossary-20 


Consists of a carrier segment modulated by a predetermined 
signal used for acquisition. The preamble may also include 
an unmodulated segment, immediately preceding the 
modulated carrier segment, which is used by the receiver 
during carrier acquisition. The carrier segment modulated 
by a predetermined bit pattern is used by the demodulator 
for bit synchronization. The preamble bit pattern 
immediately precedes, and is phase-locked to, transmitted 
baseband data 


A type of service whose channel or time-slot allocation is 
scheduled and set up well in advance of being used. 


A service that has been interrupted to allow for higher- 
precedence network activities. 


The control station function that actively controls the DAMA 
channel. 


A form of PSK in which the instantaneous phase of the 
carrier can be either unchanged, shifted +90 degrees, or 
shifted 180 degrees. QPSK may be represented as two 
independent binary bit streams modulated onto the in phase 
(1) and quadrature phase components of the carrier. The 
information content of a QPSK signal is 2 binary digits (bits) 
per symbol; therefore, the symbol rate is one-half the 
information rate. 


A service in the request queue at the PCC waiting to be 
assigned communications resources. Queued services are 
either blocked or pending. 


The round-trip distance between a satellite and a terminal 
within the satellite footprint. (Because signal propagation 
velocity 1s constant, terminals measure range in units of 
time.) 

The status a terminal achieves when it has determined its 
range time delay with an uncertainty of less than or equal to 
875-microseconds (Fs). [Terminal transmissions are 
inhibited (except for active ranging transmissions) until the 
terminal achieves this status. ] 


A shared slot used to measure two-way range to the 
satellite. 

A process by which a terminal determines signal 
propagation time to a satellite to establish uplink timing. 
The interval between scheduled dedicated ranging attempts 
by a terminal. 

A method of communications in which data is passed from 
one DAMA channel to another to achieve greater 
connectivity than that which is provided by the one channel. 
The address to which a call is placed. 


requesting party 


return channel 
control orderwire 


return orderwire 


satellite 
satellite footprint 


segment 
service 
shaped binary 


phase-shift keying 


shaped offset 
quadrature phase- 
shift keying 


slant range 


slave channel 


slot connect 
slot number 


solar flare 


solar wind 


The address of the I/O port initiating a call. 


A TDMA slot used by the terminals to (1) request, from the 
channel controller, access to the waveform; (2) respond to 
channel controller requests with information such as status 
and configuration; and (8) transfer computer data to other 
terminals. 


The OW used to transmit control and status information 
from network terminals to the channel controller and 
perform system support functions, including ranging. 


A body that revolves around a larger body. 


The area of the earth's surface from which terminals are 
able to access a particular satellite. 


A portion of a frame allocated to users for communicating. 
The segment is further divided into time periods called time- 
slots. 


A specified set of information-transfer capabilities provided 
to a group of users by the DAMA system. 


A form of BPSK modified to produce the phase-shift over a 
period of time. For example, in 50 percent shaped binary 
phase-shift keying, the phase-shift occurs over a period of 
time equal to one-half a bit period. 


A form of offset quadrature phase-shift keying modified to 
produce phase-shift over a period of time. For example, in 
50-percent shaped offset quadrature phase-shift keying, the 
phase-shift occurs over a period of time equal to one-half a 
bit period. 

The one-way distance between a satellite and a terminal 
within the satellite's footprint. (Because signal propagation 
velocity 1s constant, terminals measure range in units of 
time.) 


A DAMA channel (5- or 25-kHz) used only for user 
communications and not for reception or transmission of OW 
or system support messages. Channel timing is derived 
from synchronization with the CCOW on the control 
channel. 


A connection between a terminal's I/O port(s) anda 
communications slot in a TDMA frame. 


A 5-bit code that identifies a time-slot when operating in the 
AC mode. 


An explosive release, marked by a sudden brightening near 
a sunspot or prominence, of electromagnetic radiation and 
huge quantities of charged particles from a small area of the 
solar surface. 


A stream of particles accelerated by the heat of the solar 
corona (outer region of the sun) to velocities great enough to 
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source terminal 


space weather 


special frame 
format 


spectrum 


spot beam 


spread spectrum 


subformat 
subnet 


symbols per second 


synchronization 


system support 
slots 


teardown 
telemetry 


telemetry, 
tracking, and 
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permit them to escape from the Sun’s gravitational field. 


The terminal from which information is considered to 
originate. 


The conditions and processes occurring in space that have 
the potential to affect the near Earth environment. Space 
Weather processes can include changes in the 
interplanetary magnetic field, coronal mass ejections from 
the sun, and disturbances in the Earth’s magnetic field. The 
effects can range from damage to satellites to disruption of 
power grids on Earth. 


A frame format in which one or more of a terminal's 
subformats may differ from the frame format indicated in 
the master frame. 


The range of electromagnetic radio frequencies used in 
transmission of voice, data and television. 


A focused antenna pattern sent to a limited geographical 
area. Spot beams are used by domestic satellites to deliver 
certain transponder signals to geographically well-defined 
areas such as Hawaii, Alaska, and Puerto Rico. 


The transmission of a signal using a much wider bandwidth 
and power than would normally be required. Spread 
spectrum also involves the use of narrower signals that are 
frequency-hopped through various parts of the transponder. 
Both techniques produce low levels of interference between 
the users. They also provide security in that the signals 
appear as though they were random noise to unauthorized 
earth stations. 


See frame subformat. 


A group of terminals with a need for common 
communications that share a common address. 


The unit of measure of the modulation rate. The modulation 
rate in symbols per second is calculated by dividing the bit 
rate, after forward error correction, by the number of bits 
per symbol. 


A deliberate attempt to determine what aspects of unit 
processes are hindering the flow of information and order; 
figuring out the bottlenecks and then coming up with better 
ways. 

Those portions of a control channel allocated for terminals to 
perform link test and ranging operations. 


Termination of an established communication. 


Radio signals from a spacecraft used to encode and transmit 
data to a ground station. 


Telemetry, Tracking, and Control refers to the brain of a 
satellite and its operating system. Telemetry, Tracking, and 


control 


terminal 


terminal base 
address 


time chip 


time-slot 


transformation 


transmission mode 


transmitter turn- 
on time 


transponder 


uplink 
uplink acquisition 


user time-slot 


Van Allen 
radiation belts 


Control is the satellite’s method for storing and analyzing 
the data it collects, and controlling its various systems. It 
also logs every activity of the satellite, receives information 
from the ground station, and takes care of any general 
upkeep, or “housekeeping”, the satellite needs to do. 


Equipment designed to receive and transmit voice or data 
information using the frequencies, modulations, data rates, 
access protocols, eirp, and sensitivity needed to establish 
and sustain voice or data communications over a satellite 
channel. A terminal may include internal or external voice 
or data encryption devices, or both. 


The address of the lowest numbered I/O port attached to a 
terminal. 


One cycle of a 19,200-Hz oscillator (approximately 
52-microseconds). 


A fraction of a TDMA frame allocated for a specific control 
function (FOW and ROW) (CCOW, RCCOW, Range, and 
Link Test) or user communications. 


(Regarding Army future change) The evolution and 
deployment of combat capabilities that provide 
revolutionary or asymmetric advantages to our forces. 


A terminal configuration (such as modulation rate or I/O 
rate) specified by the channel controller for a specific 
transmission. 


The time interval between baseband equipment key down 
and the time at which the transmitter has stabilized to 
within 90 percent of steady-state transmit power and 20-Hz 
of the steady-state transmit center frequency 


An instrument used on communications satellites that 
receives a signal from a station on Earth at one frequency, 
amplifies it, and shifts it to a new frequency. 


The earth station used to transmit signals to a satellite 


The status attained by a terminal or an alternate channel 
control (1) after downlink acquisition is successful, and (2) 
upon correct reception of a ranging burst or determination of 
round-trip propagation time to the satellite by some other 
means. Uplink acquisition is lost if round-trip propagation 
time to the satellite is not known to within 12.604- 
millisecond. 


A fraction of the waveform frame that carries user-to-user 
communications (such as encryption preambles, 
independent network protocols, and encrypted data). 


Bands of radiation trapped in Earth’s magnetic field. These 
bands absorb ambient deep-space radiation and provide 
protection for Earth’s surface. They are hazardous for 
satellites and humans operating within them. 
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waveform 


wide area network 


wideband 
operation 


x-band 


zulu 
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The combination of baseband signal structure, rf signal 
structure, and communications protocols that provides a 
framework within which coordinated communications can be 
effected. 

A long distance computer network that enables users to 
share information across large geographical distances; a 
WAN may connect a number of LANs at different sites. 

A communications mode whose essential spectral content is 
limited to a nominal 25-kHz channel bandwidth. 

A portion of the RF spectrum located between 7.25-GHz and 
8.4-GHz that is dedicated to the United States Military for 
SATCOM. 


Time zone indicator for Universal Time. 
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RADIANS Trigonometry 


Example: 


Change 1.508 radians to degrees. 


(1.508 ratians| = UESOSIUBO) .g6As 
Tl TU 


Summary 


The important information in this chapter is summarized below. 


Radian Measure Summary 


A radian equals approximately 57.3° and is defined as the angle 
subtended by an arc whose length is equal to the radius of the circle. 


Rida Length of arc 


Radius of circle 


qT radians = 180° 
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FOREWORD 


This handbook is published for use by the operating forces, systems commands, and 
field activities as a guide to the systems design and installation of line-of-sight and 
tropospheric scatter communications systems in the 1 gigahertz-to-10 gigahertz 
frequency range. 


The intent of the document is to provide under one cover, with the exception of terrain 
and meteorological data of particular sites, sufficient information and one calculation 
method to perform the electronic systems design for a LOS or troposcatter system. 
Unique installation requirements have been included together with a listing of applica- 
ble standard installation criteria. 


Personnel concerned with system design of LOS and tropo facility designs and in- 
stallations may refer to this handbook for the following: 


o Acquiring data for site selection 

o Predicting transmission path performance 

o Providing criteria for the selection of electronic hardware 
o Providing information about unique installation problems 


o Providing an index of necessary standard installation criteria. 
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CHAPTER 1 


MICROWAVE COMMUNICATIONS SYSTEMS 


1.1 SYSTEM CHARACTERISTICS 


Communications systems in the 1 GHz to 10 GHz portion of the radio frequency spec- 
trum utilize the property that propagation approaches an optical straight-line path. 
Propagation takes place in the lower atmosphere (troposphere) and is affected by 
meteorological factors such as pressure, temperature, water vapor, turbulence, and 
stratification. Communications in this media are generally either line-of-sight or 
tropospheric scatter. 


1.1.1 Line-of-Sight System 


A line-of-sight (LOS) microwave system consists of one or more point-to-point hops. 
Each hop is designed so that it can be integrated into a worldwide communications 
network. LOS system characteristics are: 


o Propagation. Free space as affected by the troposphere. 


o Communications Capacity/Bandwidth. Up to 600 - 4 kHz voice channels; 
wideband, can accept TV. 


o Range. Usually 50 to 150 km (31 to 95 statute miles). This depends upon 
antenna height, earth curvature and intervening terrain. 


o RF Power. Usually less than 10 watts. 
o Antennas. Both transmitting and receiving antennas are horn driven 
paraboloids providing high gain and narrow beam widths. In some applications plane 


reflectors are used in combination with the paraboloids. 


o Reliability. Designed for operational availability in excess of 99 percent 
of the time, including effects of poor propagation. 


o Countermeasures. Due to directivity of antennas the system is difficult to 
jam. Should not be susceptible to nuclear disturbances of the ionosphere. 


‘e) Site Size. Requires minimum amount of space. Site size is usually govern- 
ed by the antenna tower guy wire requirements. 


et ete 1-1 
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o Relative Costs. Construction operation, and maintenance costs as shown 
in figures 1-1, 1-2, 1-3, and 1-4 of an LOS system are relatively low. Costs include 
the "Location Factor" commonly used in worldwide construction estimating. 


o Application. Due to the bandwidth capability and siting requirements, LOS 
is well adapted to: moderate distance point to point multichannel communications 
(with repeaters); transmission of closed circuit TV; transmission of radar information 
from outlying locations; communications relay between locations in congested areas 
and ''Antenna Farms". 


1.1.2 Tropospheric Scatter System 


A tropospheric scatter microwave system consists of one or more point-to-point hops 
(or sections). Each hop is designed so that it can be integrated into the world wide 
communications network of the Defense Communications System (DCS). Tropospheric 
seatter links have these characteristics: 


o Propagation. Free space as affected by the troposphere 


o Communications capacity/bandwidth. Up to 600 - 4 kHz voice channels; 
wideband, can accept TV. 


o Range. Up to 800 km (500 statute miles) 


o RF Power. High, up to 75 kilowatts depending upon bandwidth, quality, and 
range. 


o Coverage. Point-to-point only. 


o Antennas. Both transmitting and receiving antennas are horn driven para- 
boloids providing high gain and narrow beam widths. Antenna "dishes'' may be as 
large as 50 to 60 feet in diameter. 


o Reliability. Designed for operational availability in excess of 99 percent 
of the time including periods of poor propagation. 


o Countermeasures. Extremely difficult to jam due to high directivity. Should 
not be susceptible to nuclear disturbances of the ionosphere. 


0 Site Size. Moderate. The area in front of transmitting antenna must be 
kept clear due to electromagnetic radiation hazards. The size of this area is dependent 
upon the beamwidth and RF power. 


o Relative Costs. Moderate to high. Start up and operating costs generally 
higher than for HF communication systems. The greater number of stations required 
for tropospheric scatter systems is offset by the higher information rate. 


o Application. This mode of propagation meets the communications require- 
ments between HF within its minimum skywave one hop distance in the order of 400 
miles and the one hop line-of-site of about 30 miles. It is especially useful where 
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tropographic conditions preclude the use of line-of-sight or adverse propagation con- 
ditions interfere with other transmission methods. 


1.2 SYSTEMS TRANSMISSION STANDARDS 


In order to assure high quality performance and to interface with the Defense Com- 
munications System, LOS and tropospheric scatter microwave cc mmunications equip- 
ments, facilities and systems shall meet the interface and performance requirements 
of the Defense Communications Agency (DCA) Engineering-Installation Standards 
Manual (DCA Circular 330-175-1). 


1.2.1 Defense Communications System Reference Circuit 


The DCS reference circuit for wideband systems consists of six links, each 1000 
nautical miles, reference figure 1-5. The links are interconnected on an audio fre- 
quency and baseband (group) basis. 


Each link is further subdivided into three sections nominally 333 nautical miles (NM) 
long consisting of radio/wire facilities with intermediate repeaters as required and 
equipped with Frequency Division Multiplex (FDM) equipment. Each section in 
figure 1-5 has different multiplex terminations to illustrate various interconnections 
that are possible. Transmission specifications for the DCS Reference Circuit are 
listed in Table 1-1. 


1.2.2 Line-of-Sight System Reference Circuit 


The DCS Reference Circuit as applied to LOS microwave systems is illustrated in 
figure 1-6. The 333 NM Section is divided into 13 hops, each nominally 26 NM 
in length, 


In practice, geographical and communications requirements will dictate the actual 
terminations and lengths. Figure 1-7 illustrates a typical case. Consequently the 
DCS transmission specifications must be pro-rated on a per mile, per hop or per 
section basis. The basic allowable transmission media noise for LOS sections is 
defined as: 


Section Length in NM Allowable Noise 


L >151NM 3.33L pwpO 
27< L <151NM 2.76L pwpO + 85.5 pwpO 
L <27NM 0.160 pwpO 


This is a slight variation from that specified in Note 2, table 1-1, but it was found 
necessary since extremely short links sometimes necessary in LOS systems were 

not envisioned in the basic specification. Figure 1-8 shows a LOS hop and the inter- 
faces between circuit links. Figure 1-9 lists the various interface parameters and their 
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Table 1-1. Transmission Specifications for DCS 
Reference Circuit Transfer Function 


NORMALLY ASSIGNABLE TO 


OVERALL REFERENCE TRANSMISSION 
PARAMETER CIRCUIT 6,000 NM (6 MEDIUM, IN- MULTIPLEX EQUIPMENT 
LINKS) CLUDING REPEAT- (1 LINK ONLY) 


Insertion loss-frequency, ref. to 1,000 


ERS (6LINKS) 


Hz 
600-2400 Hz +4.0 -4.0dB +0.7 -0.7dB 
400-3, 000 Hz +9.0 -4, 0dB 41.5 -0.7dB 
300-3, 400 Hz +18.0 ~4, 0dB +3.0 -0.7dB 
Envelope Delay Distortion, 1,000 1,000 ysec 160 psec 


2,600 Hz max. 
Median noise level, from all sources, 


worst hour, worst month: Term Only Term & 
Psophometrically weighted at Intermed 
OTLP, pwp 25, 000 20,000 A475 815 
Equiv. white noise, FIA line 
wtg, dBaO 38.0 37.0 20.8 23.1 
Harmonic distortion -40 dBm 
Gain change for out- +3.5 dBmO 0.35 dB max 
put level increase +12.0 dBmO 5.0 dB min 
from 0 dBmO, to 
Net loss variation, max at 1,000 Hz 42.0 dB +0.5 dB +0.2 dB 
audio, or at any baseband fre- 
quency. 
Level adjustability +0.5 dB +0.5 dB 
Max. overall change in any audio + Hz +2 Hz 
frequency. 
Stability of multi- Initial setting 2 parts in 108 
plex frequency to- 
generator Drift per month 2 parts in 107 
Single tone interference 24 dBaO 
Max. data/telegraph levels, single (FSK) — 13 dBmO 
channel high speed. (AM) — 10 dBmO 


Speech level 


Notes: 


— 15 dBmO 


The noise power shall be divided such that 5,000 pwp is assigned to the multiplex equipment 
and 20,000 pwp to the transmission media. 

The allowable transmission media noise in a section of length 1. nautical miles (L less than 
the 6,900 nautical mile reference circuit) is found by --- 


x 20,000 pwp - 3.331. pwp 


, __L 
Noise = 6000 


The total noise shall not exceed 316,000 pwp (49 dBaO) 1-minute mean value more than a 
cumulative 0.01 percent of the worst month. 
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REFER 


NOTE: FOR LOS, 333NM SECTION 
tS DIVIDED INTO APPROX— 
IMATELY {3 HOPS, 


AIAa& OO7 


Figure 1-6. DCS Standard Reference Hop, Link and Section Allocations 


actual CIRCUIT LENGTH UP To 6000 NM 
Re eens tae LINK 
LINK 


95 HOPS 18 HOPS. 


35 HOps 


AtaA 236 


Figure 1-7. Typical Arrangements With Hops, Sections, and 
Links of Various Lengths 
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specifications. RF signal levels listed in the figure are only an indication of approxi- 
mate value since the actual levels will be determined as part of the calculations 
included in this handbook. 
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Figure 1-8. Interface Between Reference Circuit Links 


1.2.3 Tropospheric Scatter System Reference Circuit 


The DCS Reference Circuit as applied to tropospheric scatter microwave systems is 
illustrated in figure 1-6. The 333 NM Section is the nominal length of a tropospheric 
scatter hop. 


In practice, geographical and communications requirements will dictate the actual 
terminations and lengths. Consequently the DCS transmission specification must be 
pro-rated on a per mile, per hop or per section basis. The basic transmission media 
noise (N) for a tropospheric scatter hop (or section) shall not exceed 

N = 3. 33L pwp median during time block 2 


or exceed 


316,000 pwp for more than a cumulative L (. 02) percent 
of time block 2. 


where L is hop length in nautical miles, 
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It is not expected that each hop will meet these noise limits, some hops will be better 
and some worse, however, the cumulative noise power from all hops in tandem within 
the 1000 NM reference line shall meet the criteria. To achieve this it is often con- 
venient to analyze the system performance in terms of tandem hop performance. 


The basic transmission media noise (N) for tandem hop performance shall not exceed 
a. N= 3.336 pwo median during time block 2 


or b. 316,000 pwp for more than a cumulative 
_L_ (0.1) percent of time block 2 
100 


Figure 1-10 shows a nominal Troposcatter transmission section and figure 1-11 identifies 
the various interface parameters and their specifications. The RF signal levels are 

not specified since their levels are determined as part of the calculations included in 

this handbook. 
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Figure 1-10. DCS Reference Transmission Section 
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CHAPTER 2 


LOS PROPAGATION PATH 


2.1 BASIC THEORY 


Radio waves are a form of electromagnetic radiation similar to heat and light radia- 
tion, but differ in the manner of generation, detection and frequency range. There are 
a number of mechanisms by which radio waves may propagate from a transmitting to a 
receiving antenna. The normal propagation paths which exist between two antennas 
are illustrated in figure 2-1. The various paths shown are dependent upon antenna 
directivity, launching angle, frequency range, and power levels. The surface (or 
ground) wave consists of electric and magnetic fields associated with currents induced 
in the ground. The space wave represents energy that travels from the transmitting 
to the receiving antenna in the earth's troposphere and usually consists of two com- 
ponents, One is a wave that travels directly from transmitter to receiver (direct 
wave), while the other is a wave that reaches the receiver as a result of reflection 
from the surface of the earth (ground reflected wave). The sky wave depends on the 
presence of the ionized layers above the earth that reflect back some of the energy 
that otherwise would be lost in outer space. The tropospheric scatter wave depends 
upon atmospheric turbulence to produce sections of the atmosphere with refractive 
indexes that are sharply different from those of the surrounding atmosphere. When 
irradiated by a microwave signal, these sections of the atmosphere reradiate the sig- 
nal, scattering it in all directions. Some of this scattering is in the forward direc- 
tion producing a wave at the receiver. 


All of the possible paths shown in figure 2-1 exist in any radio propagation problem, 
but some are negligible in certain frequency ranges. At frequencies less than 1500 
kHz, surface waves provide primary coverage, and the sky wave helps to extend this 
coverage at night when ionospheric absorption is at a minimum. At frequencies above 
30 to 50 MHz, direct and ground reflected waves are frequently the only important 
paths. At these frequencies the surface wave can usually be neglected as long as the 
antenna heights are not too low, and the sky wave is ordinarily a source of occasional 
long distance interference rather than a reliable signal for communication purposes. 


At frequencies of the order of thousands of megahertz, where the microwave systems 
under discussion operate, the direct wave is usually controlling on good optical paths. 
The tropospheric scatter wave is only utilized in systems with high power trans- 

mitters, large antennas, and sensitive receivers in multiple diversity arrangements. 


Since radio transmission at microwave frequencies is generally confined to space 
waves, propagation paths are then limited to line-of-sight paths. A line-of-sight path 
is a path that provides optimum clearance, above the earth's surface or obstructions, 
for maximum transfer of the desired portion of the propagated energy. 
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Figure 2-1. Normal Propagation Paths 


Radio waves at microwave frequencies and light waves have many similar characteris- 
tics. Since the behavior of light waves is well known through the science of optics, 

and microwaves have many of the same properties, certain optical principles are use- 
ful in describing radio wave propagation. The most useful of these are refraction, 
defraction and reflection, Individually or in combination, these properties can 

greatly affect reception of the microwave signal at the receiver and, therefore, in- 
fluence the per-hop or system propagation reliability, 


2.1.1 Refraction (K Factor) 


At microwave frequencies, radio energy travels along an approximately straight-line 
path, and the practical range of transmission is said to be limited to line-of-sight 
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conditions. The limitation imposed on the transmission range is due, primarily, to 
normal earth curvature, At first, it might seem that microwave communication 
beyond the range at which the receiving antenna can actually be seen from the trans- 
mitting antenna would be impossible (that is, limited to the optical horizon), In actual 
practice, however, this is not true. The actual range extends considerably beyond 
the optical horizon because of the refractive effect of the earth's atmosphere upon the 
transmitted wave. This refractive effect causes radio waves to bend in a downward 
direction and to follow a path which closely approximates the earth's curvature. The 
point at which the radio waves become tangent to the earth's surface is known as the 
radio horizon, Under normal conditions in the lower atmosphere, called the tropo- 
sphere, the line-of-sight path from a point of given elevation to the radio horizon is 
approximately 15 percent greater than the path to the optical horizon. The basic 
relationship between the optical and radio horizon is shown in figure 2-2, 


RADIO LINE OF SIGHT 
OPTICAL HORIZON 


RADIO HORIZON 


a 


TRUE EARTH RADIUS 


Figure 2-2. Optical and Radio Horizons Relationship 


Angular refraction through the atmosphere occurs because radio waves travel with 
differing speeds in a media of varying dielectric constants. In free space (a vacuum) 
the speed is a maximum, but in the atmosphere where the dielectric constant is 
slightly larger due to the presence of gas and water molecules, the radio wave travels 
slower. In a standard atmosphere the pressure, temperature, and water vapor con- 
tent (humidity) all decrease linearly with increasing altitude. The dielectric constant, 
being a single parameter combining the resultant effect of these three meteorological 
properties, also decreases with altitude. Since electromagnetic waves travel faster 
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in a medium of lower dielectric constant, the upper part of a wave front begins to 
travel faster than that lower portion which is still in the denser region causing a 
downward deflection of the wave. In a uniform atmosphere where the change in air 
density is gradual, this bending or refraction of the radio wave may be essentially 
continuous, so that the beam is gently curved away from the thinner to the denser 
atmosphere. The beam then tends, generally, to follow the earth's curvature. 


Under these conditions, the earth's radius appears to the microwave beam to be 
larger than the true radius; that is, the earth appears flatter because of the tendency 
of the beam to refract downward in the atmosphere and follow the earth. The ratio of 
this apparent or fictitious earth's radius to the actual earth's radius is referred to as 
the "effective earth's radius factor" and is designated K. K is approximately equal 
to 4/3 during the "standard" atmospheric conditions previously described in which the 
refractive gradient is uniform. 


It is worth noting that if the atmosphere were homogeneous throughout the path, the 
microwave beam would travel in a straight line between the stations. This condition 
does often occur and is represented by the K=1, homogeneous atmosphere line of 
figure 2-3. 
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Figure 2-3. Refraction of the Microwave Beam Through 
Normal Atmosphere on True Earth's Radius 
of Curvature Profile Paper 
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Figure 2-4 displays the reconstruction of the profile shown in figure 2-3 based upon 
an apparent increase in the earth's radius of curvature by a factor of 4/3 (K = 4/8). 
The normally defracted microwave beam path geometrically becomes a straight line 
on this type of representation. This makes 4/3 earth's radius profile paper invaluable 
for studying path clearances, locating reflection points, and establishing antenna 
heights adequate for microwave propagation during standard atmospheric conditions 
prevailing up to 80 percent of the time in all parts of the United States. The disadvan- 
tage of this type of profile is that it fails to readily lend itself to investigation of path 
conditions when the microwave beam refraction is other than K = 4/3. In coastal and 
other areas characterized by high humidity and fog, or reflective terrain, or com- 
binations of these, 4/3 earth's radius profile paper is commonly employed only for a 
cursory first look at the path. 
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Figure 2-4. Reconstruction of Figure 2-4 
on 4/3 Earth's Radius of 
Curvature Profile Paper 


An interesting comparison between the K = 1 profile and the K = 4/3 profile (refer to 
figures 2-3 and 2-4) is that the apparent path clearance with the microwave beam 
represented as a straight line is less (210' versus 280') for the K = 1 than with the 
K = 4/3 profile. This results in more conservative path engineering evaluation (for 
example, higher antenna support structures for a given clearance). However, the 
latter properly assumes some clearance advantage due to standard refraction. 
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In practice, this nominal value of K = 4.3 is only a mean value occurring in temperate 
climates. K actually varies between 1 and 2, with lower values existing in cold or 
dry climates and at high altitudes. The higher values of K are common in coastal 
areas where the humidity is high. Superstandard values of K from 2 to infinity and 
substandard values from 1 down to 1/2 and less are encountered occasionally in the 
United States. This occurs mainly in tropical coastal areas typical of the Gulf of 
Mexico area and, to a lesser extent, along the East Coast and near the coast of 
Southern California, 


The practical limits of refraction changes in a widely varving atmosphere typical of 
coastal areas is shown in figure 2-5. The end effect of these changes in K is a wide 
fluctuation in path clearance, from excessive as K approaches infinity to possibly 
grazing or less as K drops to 1/2. 
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Figure 2-5. Refraction of the Microwave Beam Through 


Standard Homogeneous, Superstandard, and 
Substandard Atmospheres on True Earth's 


Radius of Curvature Profile Paper 


Ranges of K and corresponding wave bending effects are illustrated in figure 2-6. It 
should be noted that, in cases where K is negative, the earth should be considered a 

plane without any curvature, since geometric optic methods do not hold for a concave 
surface, 
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Figure 2-6. The Modified Earth's Radius 


a. Superstandard Refraction, Superstandard or refraction greater than stand- 
ard (also called super-refraction) results from such meteorological conditions as a 


rise in temperature with increasing height (temperature inversion), or a marked 
decrease in total moisture content in the air. Either of which will cause a reduction 

in the dielectric constant gradient with height. Under these circumstances K increases 
resulting in an effective flattening of the equivalent earth's curvature, One of the con- 
ditions which may cause this type of abnormal refraction is the passage of warm air 
over a cool body of water. Water evaporation will cause an increase in moisture 
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content and a decrease in temperature near the surface, thus producing a temperature 
inversion. But, it is not only the temperature inversion itself which causes the 
abnormal bending of the microwave beam. The large increase in water vapor content 
and, hence, in the dielectric constant near the surface further increases this effect. 


In extreme instances of super-refraction, K approaches infinity, as shown in figure 
2-5 and a microwave beam which starts parallel to the earth will remain parallel 
until obstructed or otherwise attenuated. 


b. Substandard Refraction, Substandard or less than standard refraction 
occurs during certain meteorological conditions which cause the dielectric constant to 
actually increase with height, This condition causes an upward curvature of the 
microwave beam as shown in figure 2-5, (K = 1/2 curve) and is often called inverse 
beam bending. This unusual refractive condition is also called "earth bulging." A 
profile constructed with an effective earth's radius factor of K = 1/2 is graphically 
shown in figure 2-7. The microwave beam, substandardly refracted, is represented 
as a straight line with the K = 1/2 fictitious earth bulging to the path. 


Substandard refraction occurs less frequently than super-refraction in the coastal 
areas, This is one of the parameters, along with path length and reflection char- 
acteristics, that must be considered in establishing the microwave antenna height. 
Even if substandard refraction causes path blockage for a total of only 1.4 minutes a 
day, the microwave reliability considering outages due to this alone will be reduced 
to 99.9 percent if suitable clearance is not provided. 


A substandard atmospheric condition may exist when a low fog is formed by nocturnal 
cooling of the ground, since the contribution to the increase of the atmospheric dielec- 
tric constant due to water in the form of droplets is much less than that due to water 
in the form of vapor. The dielectric constant will then be lower near the ground than 
at higher elevations, causing an upward bending of the rays. 


c. Radio Standard Atmosphere, The radio refractive index of air, n, is a 
function of atmospheric pressure, temperature, and humidity, Near the surface of 
the earth and for VHF-UHF frequencies, n is a number of the order of 1.0003. Since 
for air, n never exceeds unity by more than a few parts in 10°4, it is convenient to 
consider climatic variations of n in terms of the "radio refractivity,'’ N, defined as: 


N= (n-1) X 10° (2-1) 


The average density of the atmosphere varies approximately exponentially with height 
and the mean values of the refractive index of the atmosphere may be approximated as 
a function of height by the following exponential function: 


N(h) = N. exp (-ch) (2-2) 


where, Ngis the surface value of refractivity, h is the height above the surface in 
kilometers, and c is determined by the relation: 
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Figure 2-7. Reconstruction of Figure 2-5 on 1/2 Earth's 
Radius of Curvature Profile Paper 


eal (2-3) 
N, +AN 


where, AN is the difference in the N values at a height of one kilometer above the 
surface and at the surface. 


Nis, in general, correlated with the surface value N, and may be estimated by the 
following: 


-AN = 7,32 exp (.005577N_). (2-4) 
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The effective earth's radius, k, is determined bv: 
-6 -1 
K=[(1- Yo (eN) iG yi 
n 
s 
Je 226 
n =1+N_X10 (2-5) 
Ss Ss 


and ro is taken as 6373. 02 km for all value of Ng; where the surface refractivity, Ng, 

is 289, c becomes 0.136, and the effective earth's radius factor, K, is equal to 

1. 3332410, or 4/8. 

Thus, the Basic Exponential Reference Atmosphere is defined by the relationship: 
N(h’ ) = 289 exp (-.136h’ ) (2-6) 


where, h’ is the height above the surface in kilometers. 


Table 2-1 lists the constant c and K for the CRPL exponential radio refractivity 
atmospheres, 


Table 2-1. CRPL Exponential Radio 
Refractivity Atmospheres 


N= Ne exp (-ch) 


C 


1.17769 | . 118399 
1.25016 | .125626 
1.33324 | . 135747 
1.36280 | .139284 
1.42587 | .146502 
1.55105 | . 159332 
1.90766 | .186719 
2. . 223256 


The standard model of the atmosphere is obtained by assuming that N decreases lin- 
early in the first kilometer above the surface: 


N= N,+AN@-h.), hoghgh +1 (2-7) 


where, AN is obtained from (2-4), his the height above sea level and h, is the height 
of the surface above sea level in kilometers. 


It is assumed that N = 105 at 9 km above sea level and that refractivity decreases 
exponentially between 1 km above the earth's surface, h, + 1, to the value of 105 at 
9km. This assumption means that N may be expressed by: 
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N= N, exp [-c(h - h. - 1), h. + 1<h<9 (2-8) 
where, 
-c= 4 In — 
~8-h N 
s 


and, Ny, is the value of Nath = h, + 1. Note that the only two variables in equation 
(2~8) are the height of the surface above sea level and N; which is a function of Ng. 


Above 9 km the refractivity is determined by: 
N= 105 exp [-0. 1424 (h - 9)] h>9 km 


This three part model of the atmosphere has been adopted for use at the National 
Bureau of Standards. The constants adopted are given in table 2-2 and specify the 
CRPL Reference Refractory Atmosphere, 


Table 2-2. Constants for the Standard Reference Atmosphere 


3960, 1. 00000 

3961, : 1.16599 F 0.106211 
2960, ; 1.23165 : 0.114559 
3960, : 1, 33327 : 0.118710 
3960. . 1, 36479 . 0.121796 
3960, ‘i 1,48905 0.130579 
3960, . 1. 76684 . 0.143848 
3960, : 2.34506 0.154004 


a’ 


=a+h_ where h. is the height of the earth's surface above sea 
level 


a= 3,960 miles, 


N can be calculated from radiosonde data by: 


5) 
: 3. 
= St + at ete (Dry Term) + (Wet Term) (2-9) 


T 


N 
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where: 


P = atmospheric pressure in millibars 


1] 


l] 


e = vapor pressure in millibars 


T = temperature, degrees kelvin 


Significant components of N are the "wet" and "dry"! terms and the differential effects 
produced by them in the refractory gradient AN. Curvature and hence K, is depend- 
ent upon this gradient. 


It will not be necessary to use the mean square gradient explicitly in transmission 
loss calculations. A set of "standard atmospheres" has been defined which show the 
height dependence of radio refractivity as a function of its value at the surface, Ng. 
Near the ground, the following empirical relationship is valid between Ng, and the 
difference in refractivity, AN, between Ng and N at one kilometer above the earth's 
surface; 


AN/km = -7, 32 exp (0. 005577N,) (2-10) 


If (2-10) is inverted, N, can be obtained as a function of the refractory gradient AN; 


Ng = 412.87 log/AN] - 356. 93 (2-11) 


Estimates for N, for winter afternoons (time block 2) may be obtained from figures 
2-8 and 2-9 which show the distribution of a related quantity, N,, for the continental 
United States, and for the entire world, respectively. In order to allow for climatic 
conditions different from the northern temperate zone, the N, contours on figure 2-9 
are plotted for the monthly minimum values in the northern temperate zone. 


The quantity plotted on figures 2-8 and 2-9 is the surface refractivity reduced to zero 
elevation above mean sea level. It is related to the surface refractivity N. at an 
elevation h. above mean sea level by: 


N= Nj exp (-0. 03222h _) (2-12) 


where, the elevation h, is expressed in thousands of feet. For within-the-horizon 
paths, hg is the average of the horizon elevations, 


Figure 2-10 is a plot of equation (2-12). Now, from No we can obtain surface refrac- 
tivity Ng at any height. Using Ng equation (2-10) provides the refractory gradient per 
kilometer above the surface and this permits calculation of average values of K. 


"KY is a function of the refractory gradient AN as well as the surface refractory 
values N,. The relationships are given by the following expressions, where a is the 
actual radius of the earth (approximately 3960 statute miles) and a, is the effective 


earth radius: 
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Figure 2-9. 
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a -1 
e AN 
SSS 1 2 —— - 
K A (1 + 0.00637 na? (2~18) 
a, -1 
K = ~ = [1 - 0.04665 exp (0. 005577 N,)] (2-14) 


Figure 2-11 is a plot of equation (2-13) illustrating the effect of the refractory gradient 
on K. These expressions will break down, when the quantities in the brackets approach 
zero. This corresponds to refractive conditions where the earth has become flattened 
out (K=0), In this case, as well as in cases where K would become negative, the 
earth is considered a plane without any curvature, as geometric optics methods used 
here do not hold for a concave surface, 


A 
Figure 2-12 is a plot of refractory gradient = and ''K" versus surface refractivity 


N.. The limiting values are AN = 156.9, corresponding to Ng = 550. The latter value 
rarely will be encountered in practical applications. If actual measurements of AN 
are utilized for calculation of within-the-horizon paths, limiting values may be encoun- 
tered more frequently. 


Table 2-3 lists parameters discussed above for several reference atmospheres, which 
will be used subsequently in transmission loss calculations. 


The usual term "four-thirds earth radius," or "standard refraction" refers to the con- 
ditions where the surface refractivity is 301, the gradient is -39.23 N units per kilo- 
meter, and the ratio of the effective to the actual earth's radius 'K" is very nearly 
4/3. It is seen from table 2-3 that the effective earth's radius in this case is 5280 
statute miles, This number is also useful in conversions from feet to statute miles. 


Since K depends upon the refractivity gradient, it is subject to short and extreme 
variations with wind, clouds, daylight, etc. These variations must be estimated from 
rather limited statistical information and are important because they cause fading, 


K variations are usually smaller in high, dry climates and greater in low humid areas. 
Figures 2-13, 2-14 and 2-15 represent a family of estimated K distributions for differ- 
ent local conditions. 


2.1.2 Diffraction (Fresnel Zones) 


Diffraction of light and radio wavefronts occurs when the wavefront encounters an 
obstruction which is large compared to the wavelength of the wave. At lower VHF 
frequencies, the wavefront will tend to bend or diffract around intervening objects 

with increased attenuation, At microwave frequencies above 3000 MHz, however, this 
attenuation increases so rapidly (with increasing obstruction such as earth bulge) that 
except for specialized systems designed for extreme path loss, the syster’ becomes 
unusable. The amount of energy diffracter around the obstruction is negligible at these 
microwave frequencies. The actual amount of obstruction loss is dependent upon the 
area of the microwave beam obstructed as related to the total frontal area of the energy 
propagated, and to the coefficient of reflectivity of the obstruction. 
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Table 2-3. Standard Atmosphere Parameters 


REFRACTIVITY EFFECTIVE 
SURFACE GRADIENT EARTH RADIUS 
REFRACTIVITY NEAR SURFACE a/n 
AN/km STATUTE MILES 


4878.50 
5280. 00 
5896, 66 
6996. 67 


Essentially free-space propagation exists when the frontal area of the wave bounded by 
the limits of six-tenths of the first Fresnel zone is clear of all obstructions on the 
path. Any obstruction extending into this circular region from any direction will cause 
significant attenuation of the microwave beam. The first Fresnel zone boundary is 
formed by the locus of all points from which a wave could be reflected with a total path 
length increase of 1/2 wavelength over the direct path. Each successive Fresnel zone 
boundary is described by the increase of reflected path length in multiples of 1/2 wave- 
length, For example, a ray reflecting at any point on the surface defining the fifth 
Fresnel zone is physically five 1/2 wavelengths longer than the direct path between 
antennas, Actually, there are an unlimited number of Fresnel zones on a wave front, 
However, the region described as the first Fresnel zone accounts for approximately 
one-quarter of the total received field energy. The first five Fresnel zones for a 40- 
mile path are shown to scale in figure 2-16, This microwave path is represented as 
partially obstructed by a hill at a distance of 14 miles from one terminal. This hill is 
shown at two heights for illustrative purposes. If the path clearance over this hill is 
equal to the radius of the fifth Fresnel zone (obstruction 1 in figure 2-16), arrival of 
the reflected wave will be delayed 3 wavelengths behind the direct ray, and the two 
will add in phase resulting in a received signal level increase of as much as 6 dB. 
This delay results from a 180° (1/2 wavelength) phase reversal or lag at point of 
reflection plus five 1/2 wavelengths difference in the physical path length for a total of 
six 1/2 wavelengths or 3 wavelengths. 


If the obstruction were higher and a zero-clearance or grazing condition resulted, as 
represented by obstruction 2 in figure 2-16, the received signal would decrease from 
free space values by at least 6 dB and perhaps as much as 15 dB. The wide fluctua- 
tions in predicted signal level enhancements due to odd Fresnel zone additions and 
degradation due to even zone cancellations result from differences in the value of the 
coefficient of reflection (R) of various obstructions, Wider ranges of signal increase 
or decrease are apparent when the terrain is highly reflective (R = 0.8 to -1.0, the 
negative sign making reference to the 180° phase reversal at the reflection point), A 
special condition occurs at the lower ranges of R (0 to -0. 3) when the obstruction is 
knife edge. Fluctuations in received signal level with varying clearances are attrib- 
uted more to wavefront diffraction and Fresnel zone obstruction than to reflected ray 
interference patterns, Table 2-4 lists reflection coefficients of various categories of 
terrain together with attendant effect on receive signal level. Figure 2-17 is a re-plot 
of the upper right side of figure 2-16 depicting path attenuation versus path clearance. 
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Figure 2-16. Fresnel Zones for a 40-Mile Microwave Path, Standard Atmosphere, 
on 4/3 Earth's Radius of Curvature Profile Paper (6 GHz) 
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Table 2-4. Approximate Values of R for Various Terrain 


APPROXIMATE 
DEPTH OF 
TYPE OF EVEN FRESNEL 
TERRAIN ZONE FADE dB 


Heavily wooded, 
forest land 


Partially wooded (trees 
along roads perpendicu 
lar to path, etc.) 


Sagebrush, high grassy 
areas 


Cotton with foliage, 
rough sea water, low 
grassy areas 


Smooth sea water, 
salt flats, flat 
earth 


The values of R given in this table are approximate, of course, 
but they do give an indication of signal degradation to be expected 
over various terrain should even lumbered Fresnel zone reflec- 
tions occur, 


Bending or diffraction around obstructions can be explained using Huygens' Principle 
which states: "All points on a wavefront can be considered point sources for the 
production of spherical secondary wavelets. After atime, t, the new position of the 
wavefront will be the surface of tangency to these secondary wavelets." 


Figure 2-18 is a free space example. At the time t = 0, a portion of the wavefront is 
shown as ab, Several points (see dots) on the wavefront, ab, serve as centers of 
radiation (wavelets), At time t, the wavelets have reached the position ct. The new 
wave front, de, is made up of ct components normal to wave front ab. Vector com- 
ponents parallel to the wave front are equal in magnitude but opposite in direction and 
therefore cancel. When a knife-edged obstruction is located at a wavelet source as 
shown in figure 2-19, the components of ct parallel to wave front ab no longer cancel 
and a portion of the signal is transmitted behind the obstruction (shadow zone). If the 
obstruction is a smooth sphere instead of a knife edge, a portion of the signal in the 
shadow zone will be reflected from the spherical surface away from the receiving 
antenna with some cancellation taking place. The resulting received signal will be 
much less than in the knife-edge diffraction case. 
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Figure 2-18. The Propagation of a Plane Wave in Free Space 
as Described by the Huygens' Principle 
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Figure 2-19. The Propagation of a Plane Wave Around a Knife- 
Edge Obstruction Using the Huygens’ Principle 
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2.1.3 Reflections 


When more than six-tenths first Fresnel zone clearance exists on a path, the received 
signal can be more or less than the free space calculated value depending upon the 
relative strength and phase of the reflected signal as discussed previously. The direct 
and reflected waves interfere and result in maxima and minima receive signal strength 
pattern as the path clearance is increased above grazing over reflective terrain, This 
condition is often referred to as reflected-ray or Fresnel fading and is illustrated in 
figures 2-16 and 2-17, 


As the transmitting and receiving antennas are elevated simultaneously to increase 
path clearance from obstructed to free space, the received signal level increases 
linearly with clearance, Free-space clearance occurs when the actual received signal 
level corresponds to the previously calculated value assuming free-space propagation 
conditions. Path clearance over the obstruction at this point is about equal to six- 
tenths of the radius of the first Fresnel zone, shown cross-hatched in figure 2-16, 


As the antennas are raised further, part of the beam may be reflected from the obstruc- 
tion towards the receiving antenna, assuming the angles of incidence and reflection are 
equal (a procedure for locating points of reflection meeting this criterion will be dis- 
cussed), When the length of the reflected path is longer than the direct path by 1/2 
wavelength, these rays will arrive in phase, since an additional phase shift of about 
180° lagging (1/2 wavelength) takes place at the reflection point. The result will be an 
increase in the received signal level of from 1 to 6 dB over free-space calculations, 
depending upon the magnitude of the reflected wave. This reflective surface may be 
located below the main beam (water or a barren hill), above the main beam (an at- 
mospheric discontinuity or aircraft), or to one side of the path (a nearby building), and 
the locus of all of these points identifies the first Fresnel zone as previously discussed. 
The third, fifth, and all remaining odd-order zones occur at the point of reflection 
when the reflected ray arrives at the receiver in phase (even multiples of 1/2 wave- 
length) with the direct ray, thus, increasing the resultant signal level. 


Conversely, clearance equal to the radii of even Fresnel zones (second, fourth, etc. ) 
at the point of reflection may cause the addition of the main beam with out-of-phase or 
even-zone reflection components, This will result in a reduction in the received sig- 
nal, which varies from just a few dB to an infinite amount, depending upon the value of 
the coefficient of reflection, 


Path clearances in terms of Fresnel zone numbers for various values of K over points 
of reflection are extremely important parameters and must be determined. The nth 
Fresnel zone radius in feet for any point along a microwave path of length D is given 
by: 
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md. d 
1 2 
F = 2280\/ a (2-15) 


D, d 


where: 


v and d, are distances in miles (d, + d, =D) 


n= Fresnel zone number, and 
f = Frequency, MHz 


If the first Fresnel zone radius is known at a particular point on a path, the radius for 
the nth zone can be readily determined from the relationship; 


is 1 (2-16) 


Computer printouts have been prepared listing the solution of the above equations in 
tabular form. 


Dimensions which are important in the practical engineering of microwave paths over 
reflective terrain are identified in figure 2-20. The direct ray, ro, is shown as a 
straight line over a fictitious earth whose radius is a function of K. The length of the 
reflected ray ro is dependent upon path clearance over the point of reflection. If this 
clearance is equal to Fs (the radius of the second Fresnel zone), the path of the 
reflected ray is physically one wavelength (about 1-3/4 inches at 6.75 GHz) longer 
than the direct ray. This almost infinitesimal (compared to a typical 20 mile path 
length) difference may result in almost complete cancellation of the received signal if 
the coefficient of reflectivity approaches -1. The position of the reflecting point over 
flat terrain and water is determined with the aid of figure 2-21 which locates this area 
as a fraction of the total path length for each value of K. As K becomes lower during 
substandard atmospheric conditions, the reflecting plane tangent is altered, moving 
the point of reflection toward the higher antenna. 


When a radio wave is incident upon the earth's surface, it is not actually reflected 
from a point on the surface, but from a sizable area. This reflection area may be 
large enough to include several Fresnel zones, or it may be in the form of a ridge or 
peak including only a part of the first Fresnel zone. Where the wave is incident upon 
a plane surface, the resulting Fresnel zones formed on the reflecting surface take the 
form illustrated in figure 2-22A. Elliptical zones formed on the reflecting surface 
are similar to those which would be formed on an oblique plane placed between a 
transmitting source and a receiver in free space, as shown in figure 2-22B, There- 
fore, earth reflected Fresnel zones are simply a projected image of free space Fresnel 
zones at the plane of reflection. They may be determined by the same geometry used 
for free space Fresnel zones. 
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Figure 2-20. Geometry for Within-the-Horizon 
Paths 


The significance of the ground-reflected Fresnel zones is similar to that mentioned for 
free space Fresnel zones. However, radio waves reflected from the earth's surface 
are generally changed in phase depending upon wave polarization and the angle of 
incidence. Horizontally polarized waves at microwave frequencies are reflected from 
the earth's surface and shifted in phase by approximately 180° effectively changing the 
electrical path length by 1/2 wavelength. On the other hand, for vertically polarized 
waves, there will be a considerable variation in the phase angle for different angles of 
incidence and reflection coefficients. This variation will be between 0° and 180° lag, 
depending upon ground conditions, Therefore, for horizontally polarized (and in some 
cases for vertically polarized waves), if the reflecting surface area is large enough to 
include the total area of any odd-numbered Fresnel zones, resulting wave reflections 
will arrive out of phase (at the receiving antenna) with the direct wave and cause fad- 
ing interference. 
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Figure 2-21. Point of Reflection on an Over- 
Water or Flat Terrain Path 


The antenna radiation pattern near a reflecting surface, such as the ground, differs 
from the free space pattern primarily because of the existence of ground reflections. 
Since the direct path and reflected path will not be of the same physical length and 
there will be a phase change upon reflection, the two waves may arrive at the receiv- 
ing antenna with any phase relationship. This phase relationship of the two waves will 
cause either an increase or a decrease in signal strength at the receiver. It will also 
produce the effect of distinct lobes and nulls in the radiation pattern, since the two 
rays add vectorially at the receiver. 
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Figure 2-22. Earth Reflected 
Fresnel Zones 


2.1.4 Polarization 


In a simple qualitative way, energy radiated by an antenna may be thought of as con- 
sisting of packets of electric and magnetic lines of force. Electric lines of force (the 
E component of the electromagnetic wave) are a measure of force direction and mag- 
nitude exerted on a unit positive charge at any point in the field. In an analogous way, 
magnetic lines of force (H components) give vectorial force information exerted ona 
north seeking magnetic pole at the same point. If a unit positive charge always moves 
in a vertical direction when placed in an electromagnetic field (i.e., if the electric 
lines of force are vertical), the field is said to be vertically polarized. Similarly, if 
a unit positive charge moves in a horizontal direction (i.e., if the electric lines of 
force are horizontal), the wave is said to be horizontally polarized. In the radiated 
field, E and H components are mutually perpendicular and are perpendicular to the 


direction of wave propagation. 


RTrAWT ANP 
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Energy radiated from an antenna may be vertically polarized, horizontally polarized, 
or in some cases, it may have both horizontally and vertically polarized components, 
In the latter case, if the horizontal and vertical components are at the same frequency, 
but not in time phase, elliptical polarization will result, When energy is being 
radiated on one polarization, a small portion may be converted to the other polariza- 
tion due to small imperfections in the antenna system. The ratio of power in the 
desired polarization to the power converted to the other polarization is called cross- 
polarization discrimination, 


2.2 PATH ATTENUATION 


Power radiated from a transmitting antenna is ordinarily spread over a relatively 
large area. As aresult, the power available at most receiving antennas is only a 
small fraction of the radiated power. This ratio of radiated power to received power 
is called the radio transmission loss, and its magnitude in some cases may be as 
large as 150 to 200 dB. The transmission loss between transmitting and receiving 
antennas determines whether the received signal will be useful. Each radio system 
has a maximum allowable transmission loss, which, if exceeded, results in either 
poor quality or poor reliability. Reasonably accurate predictions of transmission loss 
can be made on paths that approximate the ideals of free space or plane earth. 


2.261 Free Space Transmission Loss 


The following definition is based on recommendations of the National Bureau of Stand- 
ards and CCIR. Transmission loss, Lp, is defined as power lost in transmission 
between a transmitting antenna at one point and a receiving antenna at a different 
point. It is measured as the difference between the net power passing the first point 
and the net power passing the second. 


The basic concept in estimating free space transmission loss is the loss expected in a 
region free of all objects that might absorb or reflect radio energy. This concept is 
essentially the inverse square law in optics applied to radio transmission, For a one 
wavelength separation between isotropic (nondirective) antennas, the free space loss 


is 22 dB, and increases by 6 dB each time the distance is doubled. The basic trans- 
mission loss ratio at a distance d, is depicted in figure 2-23 and is given by: 


Ly = 10 log = = 10 log (2°) (2-17) 


where: 


Pr, Pt = received power and radiated power, respectively, and 
measured in same units 


X = wavelength measured in same units as d. 
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Equation 2-17 is also written as, 


L, = 36.6 + 20 log f+ 20 logd (2-18) 


where: 
f{ =frequency in MHz 


d = distance in miles. 


POWER TRANSMITTER (Pt) =AREA OF SPHERE 
4m7d*, WHERE d = RADIUS 


POWER RECEIVED (Pr) =EQUIVALENT AREA OF AN 
ISOTROPIC ANTENNA 


»? 
47 


WHERE \ = WAVELENGTH AlAao3s2 


Figure 2-23. Transmission Loss Solid Geometry 


A chart for the free space transmission loss between isotropic antennas is given in 
figure 2-24, 


Free space transmission loss is not a loss in the dissipative sense, but rather, reflects 
the condition whereby the loss is the total energy radiated compared to the amount of 
energy picked up by the area of an isotropic antenna. The total energy radiated is 
proportional to area of a sphere, since energy is radiated equally in all directions, 

The amount of energy picked up is proportional to the equivalent area of an isotropic 
antenna, 
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Figure 2-24. Free Space Transmission Loss 
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2.2.2 Median Received Signal 


The median system noise per channel is the sum of noise contributions from individual 
radio hops plus noise from the multiplex equipment. A limiting noise level value of 

38 dBa0 for all sources has been specified for the overall reference circuit (6000NM) 
not to be exceeded during 50% of all hours of time block 2. 


The median noise contribution for noise assignable to just the transmission medium is 
37 dBa0 and the remainder being assignable to multiplex equipment. The median 
transmission medium noise contribution for one link would therefore be 37 dBa0 - 

10 log 6 = 29,22 dBa0. Next, dividing the remaining noise into contributions from the 
individual hops, we have, from chapter 1 that each link is comprised of three sections 
with each section divided into nominally 138 hops. Therefore, for a 3 x 13 = 39 hop 
nominal link, we have for the median transmission medium noise contribution for one 
hop a nominal value of 29, 22 dBa0 - 15.91 dBa0 = 18.31 dBaO. The corresponding 
signal-to-noise (S/N) ratio would be S/N = 82 - dBaO = 82 - 13.31 = 68.69 dB. The 
latter equation is defined in chapter 4, 


To obtain a corresponding median received signal level for a per channel noise value 
of 13.31 dBa0, the noise characteristic for the particular radio equipment is required. 
All radio equipment has a characteristic of derived channel S/N ratio versus received 
RF signal level, or noise characteristic. Manufacturers supply a noise characteristic 
for any particular radio equipment, or one can be constructed from adequate specifica- 
tions on noise contributions by their equipment. Transmitter deviation, baseband 
width, and load must be specified as they directly affect the noise characteristic, For 
this reason, there will often be more than one characteristic given for a single type of 
radio equipment. Refer to chapter 3 for a discussion on noise performance as related 
to noise characteristics. 


2.2.3 Water Vapor 


Attenuation due to water vapor (oxygen loss) in the air is negligible at frequencies 
below 10 GHz but reaches a first peak of about 0.2 dB per kilometer at 24 GHz. 
Absorption by oxygen in the atmosphere reaches a peak of about 10 dB per kilometer at 
60 GHz, but attenuation is only about 0.015 dB per kilometer at 10 GHz decreasing 
rapidly for frequencies below 2 GHz. Figure 2-25 shows attenuation in dB per kilo- 
meter for water vapor and oxygen as a function of frequency. 


2.3 FADING 


During abnormal propagation conditions, the path loss may differ considerably from 
the normal. In some cases, the path loss may decrease a small amount (positive gain), 
but the more usual case is for increases (negative gain) of 10, 20, 30 dB or more to 
occur for short periods, These variations with time in the path loss are referred to 

as fading. Fading can be considered as a temporary diversion of energy to some other 
location rather than the desired location. 
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Figure 2-25, Attenuation Due to Atmospheric Gasses 


The factors involved in fading phenomena are many and complex. Exact explanations 
for all fading phenomena are not yet available, but some general characteristics can 

be stated. It is known that during the daytime, when the lower atmosphere is thoroughly 
mixed by rising convection currents and winds, the signals on line-of-sight paths are 
normally steady and near the predicted free-space values. Also, when the humidity 
content of the atmosphere is low, signal variations are usually small. However, on 
clear nights with little or no wind, abnormal distributions of temperature and humidity 
can create steep dielectric constant (or refractory) gradients in the lower atmosphere, 
thus causing anomalous propagation and fading. 


If it were possible to keep all conditions constant, it would be simple to plan the loca- 
tions of transmitting and receiving antennas so that the difference in path length of two 
signals would be 1/2 wavelength. Then signals would always arrive at the receiving 


NAVELEX 0101, 112 


antenna enchanced to the greater than normal value. Unfortunately, both direct and 
reflected signals must travel through an atmosphere which is anything but homogeneous 
with respect to temperature, density, and moisture content. These factors are further 
subject to the many vagaries which determine our weather hour-to-hour, day-to-day, 
and season-to-season. The result is that microwaves are bent this way and that while 
traveling over paths constantly changing in direction and are sometimes longer or 
shorter, similar to a beam of light through an imperfect and somewhat cloudy lens. 
The received signal also varies from moment to moment, sometimes strong due to 
reinforcement and then very weak due to cancellation, 


2.3.1 Multipath Fading 


The most common type of fading is the result of multiple path transmission. The 
arrival of one or more interfering rays via atmospheric reflection or refraction paths 
may result in rapid fluctuations in the received signal level which are completely 
independent of path clearance. Since it is highly improbable that all transmission 
paths will be of the same length, phase interference can and often does occur. Signals 
arriving at the receiving antenna from slightly different angles reinforce or cancel 
each other, depending upon the phase relationship between them. Since the angle of 
convergence is small as compared with the antenna beamwidths, antenna pattern 
discrimination against secondary paths is negligible. Since the various propagation 
paths do not suffer greatly different attenuations, nearly complete cancellation can 
occur at the receiving antenna when two signals arrive 180 degrees out of phase. 


The phase relationship of reflected rays with respect to the direct ray are completely 
random in nature. Path length differences between the direct ray and indirect rays of 
over 50 wavelengths have been measured. Therefore, when signals arrive having 
different delays, the received carrier level is the summation of all the arriving signals 
in both amplitude and phase. This leads to an amplitude distribution for which the 
Rayleigh distribution is a sufficiently accurate fit to measured data. After the multi- 
path fading has reached the Rayleigh distribution, a further increase in either path 
distance or operating frequency increases the number of fades of a given depth, but 
decreases the duration so that the product is the constant indicated by the Rayleigh 
distribution. Representative values of fading on a path with adequate clearance are 
shown in figure 2-26, The curve shows that atmospheric multipath fades of 25 dB or 
more from normal may be expected to occur 0.2 percent of the time for frequencies of 
4 GHz and higher. Occurrence of multipath fading is not primarily a matter of locality 
or path clearance. Generally it is much worse in the summer months than at other 
times of the year, For any particular day, fading is greatest in the early morning 
hours. Fading is frequency selective, and virtually no correlation is shown on fre- 
quencies separated by 160 MHz or more. The average maximum rate of change of 
fade was found to be 10 dB/second with rates as high as 100 dB/second occurring 

very seldom. 


It is extremely unlikely that all hops of a multi-hop system will have the same worst 
month, Evidence indicates that probably no more than 30 percent of the hops are in 
simultaneous worst month or Rayleigh fading during any one month. The remaining 
hops are probably experiencing less than Rayleigh fading of varying severity. 
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Figure 2-26. Typical Fading Characteristics in the 
Worst Month on a 30 - to 40 - Mile 
Line-of-Sight Paths With 50 - to 100 - 
Foot Clearances 
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2.3.2 Refractive Fading 


Abnormal variations in the atmospheric refractive index cause other types of fading. 
Normally, the atmospheric refractive index decreases with altitude so that the direct 
path is usually curved in the direction of the earth's curvature. As discussed earlier, 
this is equivalent to a flattening of the earth's surface, and frequently an earth radius 
of 4/3 the actual radius is assumed as the average condition in appraising the path 
profile. 


a. Earth Flattening Effect. If the index of refraction decreases with height 
more rapidly than normal, bending of the direct path towards the earth's surface will 
increase. This phenomenon was discussed earlicr from the standpoint of origin and 
varying degrees of the effect as superstandard refraction. 


Signal fading may result due to cancellation caused by the time (and hence phase) lag 
of refracted waves from the lower wavefront portion with the upper wavefront portion 
at the receiving antenna. Under extreme conditions, propagation path curvature due 
to downward bending may have a radius less than that of the earth causing the wave- 
front to strike the earth short of the receiving antenna. In this case, only reflected 
rays will reach the receiving antenna and fading will result. 


b. Earth Bulging Effect. Ifthe index of refraction increases with height in the 
lower atmosphere, a situation results where the wave is bent upward and away from 
the earth. This phenomenon was discussed from the standpoint of origin and varying 
degrees of the effect as substandard refraction. 


The upper portion of the wavefront may actually lag so far behind the lower portion 
that the propagation path curvature is reversed. This form of wave bending is also 
referred to as "inverse beam bending."' This condition also has the effect of reducing 
path clearance resulting in fading since optimum clearance will no longer exist. Under 
extreme conditions, the degree of bending may be so severe that the beam actually 
overshoots the receiving antenna. Fading due to earth bulging may last for several 
hours; however, the magnitude and frequency of occurrence can be reduced by increas- 
ing the normal path clearances. An equivalent earth's radius of 2/3 to 1/2 of the 
actual radius may have to be assumed in areas of the country where this effect is 
known to be prevalent. 


2.3.3 Reflected Ray Fading (Fresnel Fading) 


Another rare type of fading is observed when a reflecting layer forms above or comes 
into existence below the transmission path. The received signal is subject to interfer- 
ence between the reflected wave and the direct path wave. These reflections may come 
into existence periodically even though, under normal conditions, path geometry does 
not permit such reflection. 


This condition can result in changes of received signal level up to 6 dB above free 
space values or to complete signal cancellation depending upon reflected ray phase 
and magnitude. In regions hwere K is nearly constant with time, the resultant received 
signal level could remain stable at a value somewhere in this range. As K varies, 
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1.0 SOLVE problems involving probability and simple statistics. 


ENABLING OBJECTIVES 


1.1 STATE the definition of the following statistical terms: 


a. Mean 
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1.2 CALCULATE the mathematical mean of a given set of data. 
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14 Given the data, CALCULATE the probability of an event. 
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path clearance and point of reflection are altered with a resultant change in reflected 
signal amplitude and phase causing fading. 


Reflected ray fading is easily identified by very deep, fairly rapid fluctuations in the 
received signal level as path clearance over the reflective surface changes through 
even Fresnel zone radii. This type of fading most severely affects the transmission 
of time-sequenced information (data and supervisory control information) over a 
microwave link, since its occurrence is somewhat random and may not follow a diurnal 
or other predictable pattern. Complete path failure lasting for seconds at a time or 
longer may occur in a varying atmosphere. Unlike ducting and substandard refraction 
fading, which often provide some semblance of warning minutes and perhaps hours 
prior to causing a path outage, unpredictability, rapidity and severity are characteris- 
tic of fades due to even Fresnel zone reflected ray fading. To circumvent this type of 
fading on paper is the most time-consuming task related to the path engineering of 
over-water microwave systems. 


2.3.4 Ducting (Surface, Elevated) 


Atmospheric focusing is another possible cause of fading which may occur occasionally. 
This condition occurs when moisture content of the air at the ground surface is very 
high, but decreases very rapidly with increasing height. In the region where abnor- 
mally steep gradients in the refraction index exist, curvature of rays passing through 
the atmosphere is greater than that of the earth. Asa result, energy originating in 
this region, and initially directed approximately parallel to the earth's surface, tends 
to be trapped and propagate around the earth's curved surface in a series of hops 
involving successive earth reflections. This situation is similar to the direct waves 
being transmitted in a waveguide or duct formed by the earth and a reflecting layer. 


When duct propagation exists, line-of-sight and diffraction-zone concepts no longer 
apply, and energy will travel great distances around the earth's curvature with rela- 
tively low attenuation. This concept involves the angle with which the propagated rays 
impinges on the top of the duct. The angle within which energy trapping occurs is, 
typically, of the order of 1 degree or less. Rays outside of this angular range ulti- 
mately pass out of the duct to the space above. 


Typically, duct heights range from tens to hundreds of feet. Ducting may either 
increase or decrease the received signal level depending upon the antenna's relative 
position with relation to the duct. Surface ducts occur most commonly over water. 

In fact, it is believed that such ducts are nearly always present over the ocean, partic- 
ularly in the trade-wind belts. Surface ducts can also occur over land, but this 
happens less frequently. It is always a temporary rather than a continuing condition 
when it does occur. 


Under certain meteorological conditions, an elevated duct may occur. In this case, 
the upper limit is formed by the upper limit of a superstandard or inversion layer, and 
the lower limit by a substandard layer. During these conditions the beam will tend to 
remain within the duct limits due to bending toward the duct center. Raciio energy con- 
centration within a duct will cause an increase in received signal when both the trans- 
mitting and receiving antennas are within the duct. However, this effect cannot be 
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relied upon for satisfactory propagation because conditions producing the duct are 
subject to change. The terms trapping, super-refraction, or guided propagation also 
describe the propagation phenomena associated with ducts. 


2.3.5 Precipitation 


In addition to the fading types discussed, rainfall, snowfall, and fog produce very pro- 
nounced effects at higher microwave frequencies. At about 2 MHz and above, the 
presence of precipitation introduces an absorption in the atmosphere which depends on 
the amount of moisture and on the frequency. 


Rain attenuation increases with frequency and with an increasing rate of rainfall. Rain 
attenuation on a particular radio communication circuit depends on frequency. Rain 
attenuation depends on the number of drops per unit volume in the radio path, the 
square of the drop diameter, and a complex factor representing the ratio of total 
energy absorbed and scattered by a single drop to the energy in the wavefront area 
equal to the projected raindrop area. 


Rain attenuation curves as a function of rainfall rate for frequencies of 4 MHz, 6 MHz, 
and 11 MHz are shown in figure 2-27. Below 8 MHz, a linear relationship exists 
between attenuation and rainfall rate, and attenuation may be expressed in dB/km per 
millimeter per hour of rainfall. At higher frequencies the loss increases more rapidly 
with rainfall rate. 


Attenuation due to dry snow is a small fraction of that of rain at the same precipita- 
tion rate. Attenuation caused by dry snow is very small even at the snowfall rate of 
five inches (127 mm) per hour. Wet snow attenuation may be comparable with that of 
rain. Excess attenuation caused by hail is about 1/100 of that caused by rain. 


Rain attenuation on a particular path can be estimated from figure 2-27 if the path 
length and frequency are known, and if the average rainfall rate along the path is 
known. Monthly rainfall rates for many areas of the world are available, and, in 
some cases, the time variation of various rainfall rates are also known. However, 
little information has been published on rain storm spatial distribution. Although it 
may be possible to determine the percentage of time that a certain rainfall rate may be 
exceeded at a given weather recording station, it is often difficult to determine over 
what area this rainfall rate is applicable. High rainfall rates lasting a comparatively 
short time are likely to be restricted to an area of perhaps a few miles in diameter. 
Whereas, low rainfall rates may extend over a region measured in hundreds of miles. 


In general, it can be said that a rainfall rate of 4 mm/hour is moderate and 15 mm/ 
hour may be considered as heavy. In certain temperate climates a rainfall rate as 

high as 30 mm/hour may be expected for a few minutes about once per year. In the 
tropics, however, a rate of several hundred mm/hour may occur for short periods 

once per year, while values as high as 100 mm/hour may last for an hour. Summary 
data on the estimated atmospheric absorption for various conditions of rainfall is shown 
in figure 2-28. It should be noted that the attenuation over any individual band is almost 
independent of frequency and, therefore, no protection is offered by use of frequency 
diversity. 
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Figure 2-28, Estimated Atmospheric Absorption 


Rain attenuation on a particular transmission path at a given time and frequency is 
proportional to the average rainfall along the path at that time. In order to estimate 
the rain attenuation exceeded, for example, 0.01% of the year, it is necessary to know 
what is the path rainfall rate that is only exceeded for about one hour per year. A path 
rainfall rate is defined as the space average of the point rates along the path. Figure 
2-29 provides estimates of the instantaneous path average rainfall rate exceeded for 
0.01, 0.1, 1.0 and 5 percent of the year as a function of the distance between ter- 
minals, normalized for a total annual rainfall of 100 centimeters. For other annual 
rainfalls, multiply the average rainfall rate of figure 2-29 by the ratio of 100 to the 
actual annual rainfall. 


Data provided in figures 2-28 and 2-29 can be utilized for determining additional sys- 
tem margin in terminal performance. 
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Figure 2-29. Percent of Year That Average Rainfall is Exceeded: 
Total Annual Rainfall = 100 cm 
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At frequencies as low as 388 MHz, attenuation due to absorption by condensed water in 
the air begins to be significant. The attenuation due to fog is about proportional to the 
visual range. Attenuation due to a dense fog exceeds that due to moderate rain, The 
drops are much larger in the rain, but the total water content of the dense fog greatly 
exceeds that of the rain, Little is yet known about the frequency of occurrence or area 
covered by fogs of various densities in different parts of the world. 


In summary, it is evident that precipitation attenuation must be considered for any sys- 
tem at frequencies below 10 GHz in areas where heavy rain occurs frequently. In more 
temperate climates, rain attenuation effect is less pronounced and no additional fade 
margin beyond that which is normally provided for reliability against interference type 
fading would be required, In almost all cases, precipitation is accompanied by winds 
that minimize stratification and attenuation fading, 


2.4 FADE MARGIN AND RANGE 


The fade margin to the specified minimum acceptable noise performance point, i.e. ’ 

49 dBa0 (refer to table 1-1) is the difference between the received signal level cor- 
responding to 49 dBa0, taken from the equipment noise characteristic and the median 
received signal also obtained from the noise characteristic. This is the significant 
fade margin for specification purposes as it is the only one referred to a clearly defined 
channel noise level. 


In general, the number of fades per unit time increases as the path length between 
antennas and the transmitting frequency are increased. However, during severe fad- 
ing conditions measurements have shown the duration of a fade of a given depth tends 
to decrease as path length and frequency are increased. Thus, the percent of time a 
system experiences a particular depth of fade tends to be independent of repeater spac- 
ing and frequency. 


Most common in LOS microwave communication systems is for fades of 10 to 30 dB or 
more to occur for short periods. 


Experience has shown that paths with adequate clearance exhibit fading that approaches 
the Rayleigh Distribution as a worst case, Military systems require a reliability of 
99.99 percent, consequently, a fade margin, reference figure 2-30, of 38 dB should be 
provided. 


2.5 TRANSMISSION PATH STUDY AND EVALUATION 


It is necessary to have a clear line-of-sight between transmitting and receiving anten- 
nas to obtain satisfactory microwave transmission, The microwave transmission path 
survey allows the selection of suitable station sites and antenna heights. The survey 
consists of gathering and analyzing elevation data and other information on the possible 
sites and the intervening terrain. 
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Figure 2-30. Approximate Interference Fading 
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A preliminary study is required by DCAC 330-175-1 and must be accomplished prior 
to actual site survey such that several alternate sites be selected, Maps shall be used 
with a scale of at least 1 in 250, 000 (1 inch = approximately 4 miles) with contours to 
the nearest 20 meters (approximately 66 feet or 22 yards). Distance shall be deter- 
mined to the nearest mile. 


2.5.1 Feasibility Study 


It is sufficient to know that for the purposes of preliminary route survey and site selec- 
tion, path clearance greater than optical line-of-sight will be required on each radio 
path. All possible routes between two terminals should be studied, and all available 
elevation data about the intervening terrain for each radio path should be assembled, 
When selecting radio sites, availability of electrical power, existing road access, and 
other pertinent factors should be considered. 


This task includes map studies, logistic and environmental considerations, and the 
requirements of the complete system which must be fulfilled by the station or stations 
under study. During the desk survey, station equipment is determined considering the 
approximate physical size. Support requirements of individual stations are outlined, 
and potential sites are chosen to be surveyed to establish their relative suitability. 
Based upon system requirements, characteristics of equipment to be installed, and 
other considerations, the scope of the field survey will be specified. This data is then 
compiled and supplied to the field survey team. 


a. Topographic Map Study. Accurate topographic maps are available for many 
areas of the United States and some countries. 


The Geological Survey is making a series of standard topographic maps for the United 
States, Alaska, Hawaii, and Puerto Rico. Under the general plan adopted, the unit of 
survey is a quadrangle bounded by parallels of latitude and meridians of longitude. 
Quadrangles covering 7-1/2 minutes of latitude and longitude are generally published 
at the scale of either 1:24, 000 (1 inch = 2, 000 feet) or 1:31, 680 (1 inch = 1/2 mile), 
Quadrangles covering 15 minutes of latitude and longitude are published at the scale of 
1:62,500 (1 inch = approximately 1 mile), and quadrangles covering 30 minutes of 
latitude and longitude are published at the scale of 1:125, 000 (1 inch = approximately 2 
miles), In some areas, maps of a new series covering one degree of latitude and two 
degrees of longitude have been published at the scale of 1:250, 000 (1 inch = approx- 
imately 4 miles). 


For each State and Puerto Rico, index circulars identify all maps distributed. They 
provide quadrangle location, survey date, name, and publisher (if not Geological 
Survey). Also listed are special maps and sheets with prices, map agents and federal 
distribution centers, addresses of map reference libraries, and detailed instructions 
for ordering topographic maps. 


State index circulars and a folder describing topographic maps are furnished free on 
request. Private agents sell quadrangle maps at their own prices. Names and 
addresses of private agents are listed in the State index circulars, Special request 
should be made for copies of maps with woodland coverage. 
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Aeronautical charts are also useful as a source of information, In general, the Coast 
and Geodetic Survey publishes and distributes aeronautical charts of the United States 
its Territories and Possessions, Charts of foreign areas are published by the USAF 
Aeronautical Chart and Information Center (ACIC) and are sold to civil users by the 
Coast and Geodetic Survey. A catalog of aeronautical charts is available from The 
Director, Coast and Geodetic Survey, Washington 25, D.C. This catalog also gives 
complete ordering information and a list of district offices from which charts may be 
obtained. These charts are also available at many airports. The contour lines on 
these maps are spaced farther apart and consequently do not give as much elevation 
information as the Geological Survey maps, but they do give much additional informa- 
tion about airports and hazards to air navigation that must be considered when planning 
a new tower installation, 


’ 


Accurate topographic maps are available for many areas of Canada. The whole of 
Canada is covered by maps published on the scales 1:506, 880 (8 miles to 1 inch) and 

1:1, 000, 000 (15. 783 miles to 1 inch), but coverage on other large scales is not com- 
plete. Many areas are covered by maps published on the scales of 1:50, 000 (0.79 

miles to 1 inch), 1:63, 360 (1 mile to 1 inch), 1:126, 720 (2 miles to 1 inch, and 1:253, 440 
(4 miles to 1 inch), The indices to these maps and the maps themselves may be pur- 
chased directly from the Department of Mines and Technical Surveys, Geographical 
Branch, Ottawa. 


Additional maps may be obtained from the Department of Mines, Lands and Forests, 
or Department of Natural Resources of the Provincial Governments in the appropriate 
provincial capitals. Any available aerial photographs should also be obtainable at 
these places. 


The aeronautical charts on scales 8 miles to 1 inch and 16 miles to 1 inch may also be 
a useful source of information. These are also obtainable from the Department of 
Mines and Technical Surveys, Ottawa. 


In many areas, county highway maps are available. While these maps seldom give any 
detailed elevation information, they are useful in planning the exact route of a field 
survey and are helpful in plotting the exact field party location during the survey. 
These maps are usually current and contain detailed information on roads, buildings, 
bridges, and other structures. They are usually drawn to a scale of 1/2 mile to the 
inch and are quite accurate. 


Additional information may be obtained from U.S. Forestry Service maps. Road maps 
and strip or profile maps available from railroad, oil, or power companies are another 
data source. 


Any of the above maps are useful sources of information, and, for this reason, every 
available map of a given area should be assembled for study. 


b. Feasibility Study Equations and Calculations. After all pertinent informa- 


tion related to the proposed sites has been assembled, preliminary map investigations 
are begun. Scope of the map study performed at this initial phase should be sufficiently 


RT ee ee ee) 


NAVELEX OLOL, Liz 


broad to provide all necessary physical detail concerning the site and path areas. 
Preliminary information to be determined for each site includes: 


o Site elevation, location, and general topography characteristics at site 
areas 


o Path length and path azimuths, by means of great circle calculations, from 
coordinates determined from the mapping 


o Path profiles and reflection points 
o Accessibility 


Feasibility study equations and calculation forms are contained in Appendix B. 


2.5.2 Final Study 


The final study effort consists of refining the feasibility study data. All preliminary 
site data must be further analyzed and evaluated for each site considered in a given 
area. Generally, no single site will satisfy all conditions for each of these factors. 
Site selection usually entails selecting the one site approximating optimum conditions 
for each path in the proposed system. 


Microwave terminal and possible repeater sites should be plotted on each available 
map and a straight line should be drawn between adjacent sites. Mark off the distance 
between sites in miles and use a small paper scale to interpolate distances between 
marks, Elevation data should be taken from each map and plotted on a profile chart 
for additional study. The amount of field work required is determined by the amount 
of path clearance on the profile chart and the accuracy of the information plotted. 


If the profile has been plotted from very accurate topographic maps (for example the 
7.5 minute series Geological Survey maps), it will only be necessary to make a quick 
visual survey along the path to determine average tree height or other obstructions 
and gather information about the terminal sites. If the accuracy of the available maps 
is doubtful, or if the path has not been surveyed for trees and other possible obstruc- 
tion, or the path clearance is marginal, it will be necessary to obtain additional in- 
formation through more detailed field survey work. 


Many of the quadrangle maps based on surveys made before 1970 have been found to 
contain errors in elevation and location of topographic details. In areas not covered 

by topographical maps, information on benchmarks can often be obtained at the County 
(or City) Surveyor's Office. In some states, this information is compiled in book form, 


a. Path Profiles, After tentative antenna sites have been selected, and terrain 
relative elevation (and obstacles) between the sites has been determined, a profile 
chart can be prepared. In some cases, a complete profile will be necessary and in 
other cases only the end sites and certain hills or ridges need to be plotted. 


Higher Concepts of Mathematics OBJECTIVES 


TERMINAL OBJECTIVE 


2.0 SOLVE for problems involving the use of complex numbers. 


ENABLING OBJECTIVES 


2.1 STATE the definition of an imaginary number. 
2.2 STATE the definition of a complex number. 


2.3 APPLY the arithmetic operations of addition, subtraction, multiplication, and 
division to complex numbers. 
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The relative curvature of the earth and microwave beam is an important factor when 
plotting a profile chart. From previous sections, it has been shown that, although the 
earth's surface is curved, a beam of microwave energy tends to travel in a straight 
line. However, the beam is normally bent downward a slight amount by atmospheric 
refraction and the amount of bending varies with atmospheric conditions. The degree 
and direction of bending was defined by an equivalent earth radius factor, K, and ficti- 
tious earth curve, The curve was defined as being equivalent to the relative curvature 
of the microwave beam with respect to the curvature of the earth, that is, it was equal 
to the curvature of the actual earth minus the curvature of the actual beam of micro- 
wave energy. Therefore, any change in the amount of beam bending caused by atmos- 
pheric conditions was expressed as a change in K. This relative curvature could be 
shown graphically; either as a curved earth with radius Ka and a straight line micro- 
wave beam, or as a flat earth with a microwave beam having a curvature of Ka. The 
second method of plotting is preferred because it; permits investigation (and illustra- 
tion) of the conditions for several values of K to be made on one chart, eliminates the 
need for special earth curvature graph paper, and facilitates the task of plotting the 
profile. It is convenient to plot the profiles on 11 x 17 or B size reproducible graph 
paper with 10 x 10 divisions to the inch. 


b. Final Study Equations and Calculations, Pre-site survey data sheets should 
be completed prior to team departure to the field and should be developed during the 
system design phase. Coordinates of the site proposed for survey should be estab- 
lished from map studies and the degree of accuracy clearly stated. Actual values 
given should not imply greater accuracy than the method of attainment warrants, 


Triangular point locations or other control points are imperative if an accurate base- 
line is to be established, and to verify the coordinates in the field. 


Appendixes C and D contain the detail study equation and calculation forms, and the 
great circle calculation forms respectively. 


c. Land Options. Assuming a proposed site is acceptable or an alternate site 
has been selected, proceedings should be initiated to acquire options to purchase or 
lease the sites. Otherwise, extensive planning would be wasted if the selected site is 
not obtainable at the time of equipment installation, 


d. Field Survey. DCAC 330-175-1 requires that the selected sites be surveyed. 
A terrain profile must be constructed showing the distances and elevations including 
the path azimuth and be within an accuracy not less than the following: 


re) Coordinates to third order accuracy 

o Elevations to the nearest 2 meters 
The primary field survey objective is to obtain accurate data concerning microwave 
path clearance above all obstructions. The detailed survey not only verifies the 


results of the feasibility and final studies, but provides for accumulation of all per- 
tinent field information that makes advanced planning possible. Specific objectives 


include conducting detailed observations, measurements, and inquiries at the selected 
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station sites and along the microwave radio relay routes. Inquiries concerning 
weather data, air traffic, and commercial power information must be made. In addi- 
tion, complete survey reports must be prepared for each site and each hop of the entire 
system, 


(1) Site Survey. To ascertain that all necessary information is obtained 
when the site survey is made, a field survey notebook is usually issued to the survey 
group. It is necessary that the handbook be completed in every detail. The field sur- 
vey notebook is contained in Appendix E. 


Site location, dimensions, and contour must be shown, including the proposed shelter 
and tower location, The site must be large enough to permit the installation of guy 
anchors for a tower within site limits. Site terrain description is useful in shelter and 
tower planning. Proximity to airports and airways have a direct bearing on tower 
height and tower lighting plans. Site accessibility throughout the year must be known 
to determine the need for standby radio equipment and to determine fuel tank size for 
standby power equipment. The need for improving existing roads or for building new 
roads must also be indicated. 


Weather information must be acquired to determine heating, cooling, and/or ventilat- 
ing equipment needs. This information also governs tower design, and shows the need 
for antenna heaters or protective covers. An accurate altitude measurement should be 
made at the site. Photographs of the site and the terrain toward each adjacent station 
should be made for reference purposes. Power information should be collected from 
the local power company, and measurements made to determine the distance to be 
spanned to supply power to the site. Fuel types and availability for auxiliary power 
equipment should be determined. 


Equipment shelter needs should be noted and if there is a shelter at the site, it should 
be described and photographed. The need for establishing telephone lines to the site 
should be ascertained. Specific site development and/or site improvement require- 
ments should be identified. Another consideration is the need for protection of the site 
from vandalism. 


Information gathered during the field survey of the terrain between stations is usually 
recorded on a hop report form. In this report, the hop should be defined and the 
compass bearing to at least one adjacent site should be given. A description of the 
terrain between sites is vital information, as is the naming of obstructions at critical 
points. Local agencies should be consulted to ascertain whether construction that 
might interfere with the microwave hop is contemplated. Any bodies of water along 
the path must be described, along with other pertinent details. Terrain features such 
as those just mentioned should be shown in a plan view sketch of the path, along with 
distance measurements, The altitude of critical points should be accurately measured. 
Finally, a profile of the hop should be prepared and included with the hop report. This 
profile is usually plotted on profile paper. 


Practically all systems present unusual problems on one or more of the hops. The 
problem of surmounting or avoiding natural obstructions often requires special atten- 
tion. Also troublesome is the overwater hop, particularly when the overwater distance 
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is great. A choice must often be made between establishing a hop that is somewhat 
longer than average and adding another relay station (usually at much greater cost), 


(2) Methods of Determining Path Clearances. Various methods of deter- 


mining path clearances for the survey report are identified and discussed. 


Oo Optical. Often the clearance of a path can be verified by visual 
sighting from one end to the other with the aid of a pair of field glasses or telescope. 
If a transit is used, the amount of clearance can be measured more accurately by 
measuring the depression angle to a high point in the path from both end sites and 
plotting this information on the profile chart, In other cases, it may be more con- 
venient to carry the transit to the high point on the path and determine the clearance 
by forward and back sighting to the two end sites. Greater accuracy in measuring 
angles of depression (or any other angle) can be obtained using a theodolite. 


When visibility is poor and restricts sighting directly with optical instruments, the 
line-of-sight path clearance can often be checked by flashing with a mirror. This 
technique requires a team at each end of the path with radio communication between 
the teams. One team should be equipped with a transit or other sighting instrument, 
and the other team should be equipped with a mirror about one foot square, The object 
is to reflect a beam of sunlight to the other end of the path so that the other team can 
take a sighting. This is done by nutating or panning the beam of light in the general 
direction until the other party indicates, by radio, that a sighting has been made, If 

a path is partially obstructed so that this technique cannot be used, it is sometimes 
possible to raise a balloon at one end until it can be sighted from the other end. The 
height of the balloon can be measured. For easier sighting, hang a piece of aluminum 
or other reflecting material from the balloon. Use a single cord allowing the reflect- 
ing material to swing freely. If sighting is done at night, a flare or any other type of 
light suspended from the balloon will be helpful. A helicopter can be used if a weighted 
measuring line is carried aloft and reeled out until it touches the ground when line-of- 
sight conditions are reached. The observer should be sure that the visual path is not 
through trees that are seasonably barren. 


It should be noted that, like microwave radio beams, horizontal rays of light are 
refracted in the direction of the earth's curvature. The amount of bending for light is 
approximately one half as much as for a microwave radio beam, This factor should 
be considered when plotting optical sighting results. When optical line-of-sight condi- 
tions have been established and the data plotted on a profile chart, it is a simple pro- 
cedure to add the required additional clearance and determine the height required for 
antennas, 


o Altimeter. When information obtained from maps or optical sight- 
ing is not sufficient or accurate enough to determine adequate path clearance, the pre- 
cision altimeter method of field survey should be used, if possible. This method can 
be used in all cases when critical elevations along a path are accessible by some means 
of ground transportation or by helicopter. The special equipment required consists of 
a portable precision surveying altimeter and a precision recording barometer (baro- 
graph) of the type available from American Paulin System, 1524 Flower Street, Los 
Angeles 15, California. Careful use of this equipment will yield elevation data with a 
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probable error in the order of five feet. These instruments should not be confused 
with the ordinary aneroid altimeter and barograph which have insufficient accuracy for 
this purpose. 


Measured elevations appear on topographic maps in the form of spot elevations at road 
intersections and other easily identified points, or as benchmarks. These benchmarks 
can often be located during a survey and are in the form of a concrete post or rock in- 
lay containing a bronze dise about four inches in diameter inscribed with an identifying 
name, On many of the older benchmarks, the elevation has been stamped into the 
disc. Information about benchmarks in a given area can be obtained by writing to the 
Geological Survey Information Center, Washington 25, D.C. Where maps and bench- 
marks are not available, known elevations can often be found on railroad stations, post 
offices, water towers, or other structures. Elevation information from railroad sta- 
tions should be used with caution since not all railroads use standard mean sea level 
as the basis for their surveys. 


In general, the technique is to carry the altimeter to selected points along the micro- 
wave path and record indicated altitude, time, temperature, location, and other perti- 
nent data at each point. The altimeter will measure only relative elevation. There- 
fore, to obtain elevations referred to mean sea level, it will be necessary to measure 
one or more points of known elevation in vicinity of the path. 


Since this technique (called barometric leveling) is dependent on the measurement of 
air pressure, conditions other than changes in elevation that affect air density (and 
consequently pressure) introduce errors for which corrections must be applied. One 
such condition is the variation in barometric pressure caused by a change in local 
weather conditions, such as an approaching storm. It is impractical to attempt baro- 
metric leveling when thunderstorms are occuring or when whirlwinds are forming in 
the locality. Any measurements made under these conditions should not be relied 
upon. However, variations in pressure caused by the relatively slow movement of 
high and low pressure major storm centers and normal pressure changes due to the 
sun can be measured and automatically recorded with a portable barograph. 


The portable barograph is self contained and driven by two clock type motors capable 
of running for 18 hours or more. This instrument should be set up as near as possible 
to the points to be measured and should not be disturbed while recording altimeter 
measurements including recheck of the starting point. The barograph recording iden- 
tifies atmospheric pressure changes with respect to time that can be applied directly 
to altimeter measurements made at known times. Complete operating instructions 
are given in the manual that comes with the instrument. 


When a barograph is not available, corrections can be obtained from a second altimeter 
located at a fixed reference point. This method requires a second operator to make 
recordings at regular intervals of 5 to 10 minutes of the indicated elevation at the 

fixed point. Changes in readings taken at the fixed point are the correction factors to 
be applied to the readings from the roving survey altimeter. 


NAVELEX 0101, 112 


Another condition which affects air density is the ambient temperature. Air density 
varies inversely to absolute temperature, Therefore, when the air temperature differs 
from that for which the altimeter is calibrated (at a known elevation), a temperature 
correction must be applied. The error introduced is approximately 0.2 percent per 
degree Fahrenheit. Instructions for making this correction are contained in the 
instruction book included with the altimeter. 


The number of altimeter measurements to be made on a given path is dictated by the 
nature of the terrain and the accuracy or availability of topographical maps. In the 
more difficult case, where suitable maps are not available, it is advisable to make 
more than one complete end-to-end and return path survey so that final profile accuracy 
will be improved. The separate surveys should start at opposite path ends and be con- 
ducted on different days. Any discrepancies found in the profile data should be re- 
checked before the field party leaves the area. In many cases, it will be necessary to 
check only a few points on a path and the field work will therefore be greatly simplified. 


In those cases where there are good maps and many known elevations in the immediate 
path area, it may be unnecessary to use the barograph or to determine corrections 

for air density changes. A simplified technique is to make an altimeter measurement 
at a known elevation point near the unknown point, proceed quickly to the unknown point 
to make another measurement, and quickly return to the original known point to make 
a third measurement. The time should be recorded with the altimeter data at each 
point. Iftwo altimeter measurements at the known elevation coincide, no measure- 
ment corrections at the unknown point is necessary. If the two measurements for the 
known point differ with very little accuracy loss, it can be assumed the change in 
atmospheric pressure was linear during the time of the measurements (provided the 
total time was only a few minutes and weather conditions fairly stable). The change 
(in feet) in altimeter calibration versus time can be obtained directly by dividing the 
difference between the two measurements at the known elevation by the time elapsed. 
This factor multiplied by the difference in time between the first measurement and the 
measurement at the unknown elevation will give the correction to be applied to the 
measurement made at the unknown point. 


o Airborne. In areas where map coverage does not exist and the 
terrain prohibits travel or access, it may be convenient to search for possible sites 
by airplane. If a helicopter is available, it may be possible to occupy the sites and 
prove adequate path clearance by visual methods and by taking photographs. 


When it is not possible to sight visually along the entire length of the path, it may be 
necessary to run path profiles by radar surveying from the air. This technique has 
been developed to a satisfactory degree. However, it is an expensive method due to 
the huge investment in airborne radar and other equipment. There are organizations 
equipped to perform radar surveys on a contractual basis. 


Another technique for airborne surveys is the one often used for making topographic 
maps. This requires making a complete set of accurate stereoscopic photographs of 
the area from a photo-reconnaissance aircraft and interpreting these photos with 
special optical instruments to produce a topographic map or profile. This is the most 
accurate method mentioned, but is prohibitively expensive for microwave surveys. 
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e. Final Determination, DCAC 330-175-1 requires that final path parameters 
(path profile) be determined with an accuracy not less than the following: 


O All distances to 0.1 mile 
oO All azimuths to 10 seconds 


o Maps utilized shall have a scale of 1 in 25, 000 with contours at 5 meter 
intervals. In areas where maps to this scale are not available, a scale of up to 1 in 
100, 000 with contours at not more than 30 meter intervals may be used, 


f. Field Tests (Propagation). DCAC 330-175-1 requires that wherever require- 
ment for a subsystem or a hop is such that time, funds, manpower and test equipment 
are available, a path loss measurement should be conducted to determine transmission 
losses, variability and propagation anomalies. To accomplish these tests, it is nec- 
essary to establish temporary microwave stations using portable equipment. Contin- 
uous or periodic signal measurements can be made to prove the feasibility of the ten- 
tative path. This type of test can provide valuable information for long hops, obstructed 
hops, or multipath hops (such as overwater hops which present a reflected wave prob- 
lem). The practicability of employing diversity reception is often investigated in this 
manner, 
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CHAPTER 3 


LOS SYSTEM NOISE CONSIDERATIONS 


The performance of a multichannel microwave communication system should be 
evaluated by how well it meets the requirements of the user. Fundamentally, the 
purpose of a communications system is to transfer some form of intelligence, or 
"signal,'' from one point to another. An ideal system would deliver at the receiving 
end a signal identical in every detail to the signal applied at the transmitting end, 
with nothing altered and nothing added. 


In a real communications system, this ideal performance is never completely achieved. 
In such a system every characteristic of the signal is altered to some degree, and 
there is always something added along the way. Thus, the received signal is always 

a somewhat less than faithful reproduction of the signal applied at the transmitting end, 
plus some other elements which are mostly unrelated to the original signal and which 
may be present even when the signal is completely absent. 


Communications system performance is measured by how closely the received signal 
resembles the transmitted signal and how free it is of these other elements. The 
definition and measurement of the performance thus falls into two natural categories. 
In the first category would be considered technical characteristics which define 
accuracy or fidelity of the reproduced signal: amplitude-frequency response, level 
stability, phase response, delay distortion, etc. These characteristics are, more 
or less, under the control of the equipment designer and may be held to almost any 
desired value. 


In the second category would be considered all the extraneous elements appearing at 
the channel output, not a part of the input signal. These elements are usually 
lumped together in a single category called "noise."" The following material treats 
noise in terms of its appearance in the derived voice channels. Noise in a voice 
channel has been selected as a criterion even though most systems carry telegraph 
and data as well as voice. 


The basic voice channel is familiar to all, is reasonably well standardized, and there 
is a large body of experience to draw on. Furthermore, the majority of equipments 
used for modern telegraph and data service are designed to operate over such a 
carrier-derived voice channel, or some fraction or multiple of it. It is not difficult 
to evaluate the effect on a data system of a particular level of noise in the 4 kHz band. 


3.1 UNITS AND OBJECTIVES 


Measurement of noise is an effort to characterize a complex signal. To specify the 
amplitudes of noise, it is convenient to define it at some reference point in the system. 
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Amplitudes at any other physical location can be related to this reference point if the 
loss or gain between them is known. Up to now, channel noise has been considered 

in terms of signal-to-noise (S/N) ratio, expressed in dB, with the ''signal" understood 
to be a 1 kHz test tone with 0 dBm power at a 0 transmission level point, with noise 
being the unweighted noise in a 3 kHz bandwidth. The ''signal" in S/N ratio really 
means "standard signal" taken as the test tone level. 


Conceptually, S/N ratio is the significant end result and it is considerably more con- 
venient for purposes of calculation to have the channel noise expressed in an absolute 
form. One such way is in terms of a unit identified as dBa, FlA-weighted. This 
reference level, or 0 dBa, is equivalent to a 1 kHz tone with a power of -85 dBm or 
of a 3 Hz white noise band with a power of -82 dBm. 


A second way of expressing noise, developed by CCITT and CCIR, is in terms of 
picowatts psophometrically weighted (pwp). The reference level, 1 pwp, is the 
equivalent of an 800 Hz tone with a power of -90 dBm, a 1 kHz tone with a power of 
-91 dBm, or a 3 kHz band of white noise with a power of about -88 dBm. The shapes 
of the F1A weighting curve and the psophometric curve are essentially identical 

(see figure 3-1). 


Using the following equation, dBa can be converted to picowatts, or vice versa: 


dBa = -6 + 10 108, 9 pwp (38-1) 


Since dBa and picowatt are both absolute units, it is necessary to relate them to some 
specific transmission level before they have real significance. One common way to do 
this is to add a zero to the unit to indicate that it is referred to as a zero transmission 
level point. The resulting units, written as dBa0 and pwp0, can be converted to S/N 
ratios identified by the formulas: 


S/N = 82 - dBa0 (3-2) 


S/N = 88 - 10 log, , pwp 0 (3-3) 


These relations are correct only if the noise is essentially white noise. Noise pro- 
duced in multichannel microwave systems is almost entirely of this type, so the 
correlations are valid for microwave noise. Table 3-1 correlates S/N ratio, dBa, 
and picowatts for noise which is essentially random (i.e., ''white’ noise, since only 
in this case is a summation on a power addition basis valid). Figures A-11 and 
A-12 in Appendix A gives dBa versus picowatts in graphical form. 


The dBa and the psophometric picowatt are equally valid absolute noise units but differ 
somewhat in application, because one is logarithmic and the other linear. The linear 
unit, picowatt, has the advantage that addition of noise powers becomes a matter of 
simple arithmetical addition of the picowatts. Addition of powers expressed in 
logarithmic units, such as the dBa, is not quite so simple but can be done relatively 
easily by the use of figures A-11 and A-12 in Appendix A. 
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Table 3-1. Comparison of Noise Performance Units 


pepe Lome fate foe [oe fo fe 


1,000, 000 
794, 000 
631, 000 
502, 000 


398, 000 


316,000 


252, 000 
200, 000 
159, 000 
126, 000 
100, 000 
79, 400 
63, 100 
50, 200 
39, 800 
31,600 
29, 200 
20, 000 
15, 900 
12,600 
10, 000 


NOTE: Flat S/N ratio in a 3-kHz band; dBa0, F1A weighted; and psophometrically 
weighted picowatts. 
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OBJECTIVES Higher Concepts of Mathematics 


TERMINAL OBJECTIVE 


3.0 SOLVE for the unknowns in a problem through the application of matrix mathematics. 


ENABLING OBJECTIVES 


3.1 DETERMINE the dimensions of a given matrix. 


3.2. SOLVE a given set of equations using Cramer’s Rule. 
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When only system-generated noise is considered with its measurement at the radio 
baseband output point, there is little difference whether weighting is used. For this 
noise, the effect of weighting is to reduce the noise by a fixed, known amount (3 dB for 
F1A weighting and about 2 dB for psophometric weighting). Using weighting changes 
the numerical value of a noise reading by that fixed amount. It is equivalent to chang- 
ing the noise unit itself. A noise level giving a flat S/N ratio of 50 dB will give an 
F1A weighted ratio of 53 dB, but the noise quantity is the same. 


When noise in the complete system and its measurement at the voice channel output 
is considered with all the multiplex equipment and drop equipment connected and 
functioning, weighting is far more significant. In this case there may be substantial 
amounts of noise which are not random. Much of this noise may be at very low or 
very high frequencies where the affect on measurements of noise power is far out 

of proportion to the affect on actual transmission quality. For this reason, telephone 
practice is to use weighted noise units. 


To evaluate the affect of audio frequency noise on typical equipments when noise 
measurements are being made, weighting networks are used. In the case of FM, the 
weighting network is a 75-microsecond de-emphasize network. This is a simple re 
network which starts to attenuate at about 400 Hz and has an attenuation of 17 dB at 

15 kHz. For purposes of this discussion, the F1A weighting network and the CCITT 
weighting network apply. These networks are intended to simulate telephone set 
response. The networks are used only for noise measurements and are removed 
from the circuit when connections are made to the telephone network. The response 
of these networks are shown in figure 3-1. The weighting curve includes telephone 
frequency characteristics as well as the hearing of an average person. The remainder 
of the communication system is assumed to provide transmission which is essentially 
flat across the band of a voice channel. Significance of the weighting curves of 

figure 3-1 is that, for example, a 200 Hz tone of a given power is 20 dB less disturb- 
ing than a 1 kHz tone of the same power, Note how noise at the band edges affects 
unweighted measurements out of proportion to its actual interfering affect. 


Even though weighting is based strictly on voice transmission, it is quite possible 
that for data transmission systems designed to operate over a voice channel, a 
weighted measurement may be as good a criterion as an unweighted one or perhaps 
even better. Because of phase effects near the band edges, such data circuits are 
usually located in the interior part of the band. This is an area where the weighting 
characteristic introduces the least change. 


3.2 NOISE SOURCES 

Noise which appears in a microwave system voice channel comes from a number of 
different sources, some of which vary in a rather complex manner. It is useful 

to consider three general types of noise classified in accordance with how they vary. 


3.2.1 Thermal Noise 


This is noise generated by the receiver "input termination" plus noise generated in 


the receiver ''front end."' In a microwave receiver, "input termination" is an 
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antenna coupled to the atmosphere and ''front end" noise is essentially that noise 
internal to the first active devices of the receiver. In an FM system, thermal noise 
varies in an inverse relation to the RF level at the receiver input and, therefore, is 
affected by fading. It is not affected by system loading; however, it sets the minimum 
level to which signals can be allowed to fall. 


3.2.2 Intrinsic or Idle Noise 


This noise, also thermal in nature, is generated by random current variations in the 
radio equipment and is present whether or not a modulating signal is being applied. 
Typical intrinsic noise sources would be thermal noise generated within low level 
amplifiers and mixer rectifiers, shot noise in tubes, noises in semiconductor 
multipliers, traveling wave tube (TWT) noise, and FM residual noise. 


Figure 3-2 illustrates an oscillograph recording connected to a wideband intrinsic 
(thermal) noise source. Three general observations can be made about such a 
waveform. 


a. Waveform Repetition. The waveform never repeats itself exactly during any 
period, therefore, it is nonperiodic. 


b. Waveform Time Interval. Measuring the time interval between the various 
zero crossings and converting this data into frequency indicates that frequency com- 
ponents in the wave occur equally or are of equal magnitude across the noise source 
bandwidth. This result is in accordance with kinetic theory of heat predictions 
(the thermal noise source power spectrum is flat with frequency). 


c. Waveform Amplitude. Peaks of various heights occur and if measurements 
are taken over a long enough period, all magnitudes can be recorded. This indicates 
that the thermal noise signal has no unique peak. If distribution of the various 
signal magnitudes were computed, results would indicate a normal or gaussian 
distribution is approached. This conclusion is not unreasonable when considering the 
physical mechanism of the noise generation process. The noise signal appearing 
across conductor terminals is due to a sum of a large number of current pulses 
caused by random flights of electrons between collisions with the conductor molecules. 
The statistical central limit theorum states that the distribution approached by the 
sum of a large number of individual independent random components is a normal or 
gaussian distribution. Hence, magnitudes occurring in the noise signal have such a 
distribution. Because of this, thermal noise is also referred to as gaussian noise. 
The probability density function of a normal distribution is shown in figure 3-3 and 
its equation is: 


prob (e,) = _ exp (3-4) 
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Figure 3-2. Oscillograph Recording 
of Wideband Thermal 


Noise 
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Figure 3-3, Gaussian Probability 
Density Function Distribution 
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The term @;, is not only the standard deviation of the probability distribution described, 
but also the RMS magnitude of thermal noise signal having that distribution of signal 
magnitudes. 


The amount of intrinsic noise generated is a characteristic of radio equipment that 
can be measured between terminals under conditions of no modulating signal and 
adequate received signal strength. It is not affected by the RF input level or system 
loading. 


3.2.38 Intermodulation Noise 


This noise is actually spurious signals created by intermodulation between the various 
frequency components of the total composite signal. Noise due to intermodulation 
products are generated by any nonlinearity in the receiver, transmitter terminal 
equipment, or transmission media. This nonlinearity will generate spurious fre- 
quencies in the receiver passband. The RF input stage, modulator, and detector in 
wideband FM systems always have some nonlinearity and tend to produce intermodu- 
lation products. If two cr more RF carriers are put through a nonlinear element, 
typical resultant intermodulation products are shown in figure 3-4. Intermodulation 
product levels are determined by RF carrier levels and the degree of unit non- 
linearity processing the signal. Since a multichannel system baseband spectrum is 
extraordinarily complex, the number of intermodulation products produced in such 

a system approaches infinity. Statistically this noise becomes very similar to 
intrinsic and thermal noise. Intermodulation noise increases as system loading 
increases, but it is not directly affected by the RF input level. Figure 3-5 illustrates 
the balancing of idle and intermodulation noise. 


3.3 DCS REFERENCE CIRCUIT NOISE PARAMETERS 


DCS Standards define performance requirements for the total communications system 
by transfer function parameters for the overall reference circuit. These overall 
parameters are distributed between two major subdivisions of the total system, i.e., 
transmission medium, and multiplex equipment. Consequently, when the transmission 
medium and multiplex equipment portions of the system are designed separately to 
measure up to performance characterisitcs defined by the respective parameters, the 
DCS Standards for the total system will be met. 


The DCS Standards categorize noise sources in accordance with the two major sub- 
divisions of the total system, identified in Table 3-2, and includes noise from all 
sources. However, noise from different sources is treated differently depending on 
its nature and magnitude. Transmitter and receiver noise is controlled by providing 
adequate signal levels. Radio and electrical interference must be discriminated 
against by equipment design which includes selective filtering, shielding, and direc- 
tivity (in the case of antennas). Noise from the propagation path-atmospheric noise 
and path intermodulation noise (due to multipath signals) is relatively insignificant 
in line-of-sight radio propagation. 
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Table 3-2. Division of Noise Sources Used in Standards 


CATEGORY SOURCES 


Transmission medium Transmitters, receivers, 
propagation path, radio and 
electrical interference, 
feeder echo 


Multiplex Multiplex equipment 


Basic noise allocation dictated by the DCS Standards is identified in Table 3-3. In 
addition to the basic allocations, the DCS Standards provide for prorating noise 
allowances on the basis of: 


fe) Transmission medium distance 


o Multiplexing stages for the multiplex equipment. 


Table 3-3. Noise Allocations for DCS Reference Circuit 


NOISE CATEGORY MEDIAN NOISE ALLOCATION 
PER VOICE CHANNEL 


Transmission medium 20,000 pwp* per 6,000 nautical miles 


Multiplex equipment 5,000 pwp* distributed among all 


multiplex equipment 


Total Noise 25,000 pwp* 


*Picowatts psophometrically weighted (pwp) measured at, or referred 
to, a zero transmission level point. 


3.3.1 Transmission Medium Noise 


Transmission medium noise is allocated on the basis of circuit length. Thus, 
20,000 pwp of noise power is allowed for the transmission medium of the overall 
reference circuit length of 6,000 nautical miles. Allowance for circuits of lesser 
length is obtained from the relationship: 


Noise (pwp) = oe x 20,000 = 3 1/3 x L(NM) (3-5) 


where L is the circuit length in nautical miles, 
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Converting to kilometers, the relationship becomes: 
Noise (pwp) = 1.8 x L' (km) (3-6) 
where L'is the circuit length in kilometers. 


The DCS Standards suggest a subdivision of transmission medium noise allowance 
into two equal parts for thermal and equipment intermodulation components, with 
provision that such subdivision be applied unless other tradeoffs are indicated. The 
intent is to attain the least total noise. Therefore, any proportionality between 
thermal and equipment intermodulation components which produces a smaller total 
noise than a balance of the two should be considered a suitable tradeoff. 


3.3.2 Multiplex Equipment Noise 


Multiplex equipment noise specifications in the DCS Standards are treated as follows: 


re) Total transfer function noise allocation for the 6,000 MM DCS 
Microwave (LOS) Reference Circuit. 


oO Total noise allocation for one Link of the Reference Circuit 
(Reference Link). 


o Maximum noise allowance, at a specified loading per multiplexed 
channel, for each stage of Frequency Division Multiplex (FDM) equipment. 


In the design of a LOS system, the transfer function noise specification is the funda- 
mental criterion as it gives the total noise allowance for the Reference Circuit. 
Based on the overall circuit allowance, the noise allocation per Reference Link and 
per mile is determined. The DCS Standards noise performance per FDM multiplexed 
stage is for a channel loading level that exceeds the operating channel loading 
capabilities of real systems. Consequently, in most cases, the DCS Standards FDM 
equipment noise levels are not directly applicable to FDM system design. Additional 
information on the foregoing major subdivision of the total system is presented in 

the system design considerations. 


3.4 NOISE PERFORMANCE 


Each of the three kinds of noise identified earlier affects system operation in a 
different way, as shown in figure 3-6. This graph shows noise performance for one 
hop of a high quality microwave system. Note: This is a plot of typical worst per- 
channel noise as a function of receiver input level and system loading. Noise is 
shown at the left as unweighted S/N ratio in a 3 kHz voice chamel, and at the right 
in dBa, F1A weighted, at a 0 transmission level point. The curve is typical for 

the top channel (in which noise is usually the greatest) of a 300 channel system. The 
effect of the receiver front-end noise on the channel S/N ratio is shown by the long 
line starting at the lower left-hand corner and running to the upper right-hand corner. 
It is evident that this noise is the controlling factor when the RF input is lower than 
about -40 dBm. Threshold noise is almost entirely of this type. 
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Figure 3-6. Noise Performance of One Hop of a 
High-Quality Microwave System 


At high receiver input levels, idle noise becomes the controlling factor and limits the 
available S/N ratio as shown by the bend in the upper line at the upper right-hand 
corner. This noise sets an upper limit to the channel S/N ratio when the system is 
in an idle or unloaded condition. 


The effect of intermodulation noise is shown by the lower branch line. This noise 


sets the limit to the channel S/N ratio when the system is loaded to simulate busy hour 
conditions. 


A noise characteristic curve such as figure 3-6 assists understanding of microwave 


noise performance, since it includes, essentially, all of the noise effects shown for 
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all operating conditions. Three significant bits of information derived from the curve 
are: noise level at the practical threshold point, noise level at the normal RF receiver 
input level point under busy hour loading conditions, and fade margin. 


A microwave system meeting the requirements identified in figure 3-6 is usually 
engineered to have a median RF input level somewhere between -30 and -40 dBm. 
This level permits having a very high S/N ratio during periods of no fading or very 
little fading, a condition which exists for all but a very small percentage of the time. 
It also has a fade margin which permits the RF input level to drop by at least 40 dBm 
(about one ten-thousandth of normal) before the S/N ratio becomes objectionable. 


With a typical median input level of about -37 dBm, as shown in figure 3-6, system 
S/N during non-fading periods will be very high. It approaches Curve A during 
periods of light loading and drops a few dB towards Curve B during heavy loading 
periods of the busy hour. Only after the input signal has faded several dB does the 
S/N ratio begin to drop significantly as receiver thermal noise begins to exceed the 
other noises. Over the straight line portion of the curve, the S/N ratio varies with 
the receiver input level. It is determined only by the receiver noise figure and the 
deviation ratio used for the particular channel. Over this curve portion, the un- 
weighted S/N ratio in dB in the derived 3 kHz voice channel can be calculated from 
equation 3-7. 


S/N (dB) = C + 136 - NF + 20 log D (3-7) 
where: 

C = receiver input level in dBm, 

NF = receiver noise figure in dB, 

D = deviation ratio, or peak deviation for the channel divided 


by the carrier frequency of the channel. 


Signal-to-thermal noise ratio can be improved in three ways: increasing input level 
with higher transmitting power or bigger antennas, lowering receiver noise figure, or 
increasing the deviation ratio. In practice, system and equipment designers raise 
effective power and lower receiver noise as far as economically practicable. The 
effect of increasing the deviation ratio is not so simple. It improves the S/N ratio 
for thermal and idle noise, but degrades for intermodulation noise. For this reason, 
the equipment designer must choose a deviation ratio which provides an optimum 
balance between the different types of noise. 


When the receiver input signal becomes very high, a point is reached where the 
signal-to-thermal-noise ratio is no longer directly dependent on the receiver input 
level. This effect is indicated by the bend in the upper right branch of the curve. 
Here, thermal noise produced in transmitter circuits and those portions of the 
receiver circuits not affected by automatic gain control (AGC) provides an upper S/N 
limit for non-loaded conditions. This portion of the curve, though of some interest, 
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is not really operationally significant since the S/N ratio makes little difference if 
the system is not being used. 


In this area of high receiver input level, the lower branch is the significant opera- 
tional curve. This gives the signal-to-total-noise ratio since it includes thermal 
noise, idle noise, and intermodulation noise under loaded conditions. 


3.5 MULTIPLEX NOISE 


The noise performance curve of figure 3-6 applies only to one hop of a microwave 
system, and does not include the noise contribution of the associated multiplex equip- 
ment. The multiplex noise must be added to the microwave noise (or transmission 
medium noise) to get the system S/N ratio. Multiplex noise under loaded conditions 
is approximately 20 to 23 dBa0 for a pair of carrier terminals (refer to Table 1-1). 
This noise is considerably higher than the noise shown for the single microwave hop. 
For a one or two hop system, overall noise is mainly that of multiplex. For a long 
microwave system in which the multiplex noise appears only once and the per-hop 
microwave noise many times, the latter becomes the controlling factor. 


Refer to DCS Reference Link, 1,000 NM (figure 1-5) for the following assumed multi- 
plex noise assessment. 


Multiplex equipment for translating from a given frequency to a higher one and back is 
assumed to have total noise as follows (one terminal): 


o Channel translation, 345 pwp or 19.4 dBa0d 

o Group modem equipment, 70 pwp or 12.5 dBa0d 

o Supergroup modem equipment, 60 pwp or 11.8 dBa0 

o Through group filter and AGC equipment, 50 pwp or 11.0 dBa0. 
Total noise for one link (excluding group filter and AGC equipment) is 475 pwp (one 
terminal). Thus, a set of equipment for translating from audio to baseband and back 
to audio at each terminal of a link will have the following noise allowance (two 
terminals): 

o Channel translation, 345 pwp 

o Group modem equipment (2 at 70 pwp), 140 pwp 


re) Supergroup modem equipment (3 at 60 pwp), 180 pwp 


o Through group filter and AGC equipment (3 at 50 pwp), 150 pwp. 
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Total noise for one link = 815 pwp (two terminals). Total for six links = 4890 pwp or 
30.9 dBa0. This compares with the standard allocation of 5000 pwp for multiplex 
noise over the reference circuit. 


The above summations on a power-addition basis result from multiplex noise being 
essentially intermodulation products composed primarily of even order harmonics 
which are fully incoherent even on tandem hops. This incoherency is furthered by 
random interconnection of telephone channels, groups, and supergroups at the 
junctions between the homogeneous reference circuit sections. 


Multiplex or terminal equipment noise is primarily due to intermodulation products 
resulting from a number of causes, such as: 


o Improper level setting for individual channels. 

o Nonlinearity of terminal modulator/demodulator. 

o Improper alignment or failure of baseband amplifiers. 

o Any AFC malfunction which results in operation off the IF baseband center. 
o Amplifier amplitude and phase nonlinearities. 


In summary, multiplex noise results from either a nonlinearity or a malfunction 
having a nonlinear effect. The concept of amplifier nonlinearity (figure 3-7) by 
contrasting the transfer characteristics of an ideal and an actual amplifier. These 
nonlinearities tend to produce undesirable frequency components (intermodulation 
products). These spurious products include the sums and differences of each 
frequency and its harmonics present in the modulating signal, and all of the other 
frequencies and their harmonics. In a multichannel radio system, intermodulation 
products are so varied that they resemble white noise. Intermodulation products 
from individual channels increase the noise levels in all channels. 


The remainder of multiplex noise can be attributed to intrinsic or idle noise. These 
noise sources are listed in table 3-4. However, with the exception of thermal noise, 
the contribution of these sources is negligible. 


3.6 INTERFERENCE 


Interference is divided into two major categories: intentional interference and 
unintentional interference, with the following definitions: 


6) Intentional interference is deliberate in nature and utilized to curtail 
reception of desired signals. 


o Unintentional interference is generally created by lack of sufficient 
frequency spectrum between RF equipntents, RF energy emission at other than 
assigned frequencies, reception of energy at other than the assigned frequency at 
the receiver. 
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Figure 3-7, Nonlinearity in Amplifiers 


RA A XTT ANN 


NAAV EDN Vivi, ase 


Table 3-4. Multiplex-Intrinsic Noise Sources 


TYPE ORIGIN CHARACTERISTICS FOUND IN 


Excess 


Avalanche 


Multistate 


Random Thermal 
motion of carriers 
within conducting 
medium 


Random passage of 
carriers across 
discontinuity, such 
as semiconductor 
junction 


Produced by passage 
of current through 
semiconductor 
material 


Thought to be result 
of cascade (multiply- 
ing) of carriers in 
high voltage gradient 
which arrive at 
junction as bundles 


Mechanism unknown, 
is probably a surface 
phenomenon 


White 
Gaussian amplitude 
distribution 


White 
Gaussian amplitude 
distribution 


lf f-G.e. » noise 
power inversely 
proportional to 
frequency) 
Gaussian amplitude 
distribution 


White 
Gaussian amplitude 
distribution 


No fixed relationship 
Non-Gaussian 


All components 


Transistors, 
diodes, electron 
tubes 


All semiconducto 
devices 


Diodes, 
transistors, 
capacitors 


Some diodes and 
transistors 


Mutual interference between systems is the greatest source of radio frequency inter- 
ference. In almost every case, this is identified as narrow band interference as 


compared to the broadband characteristics of non-system sources. 
the interference is at a single frequency or only a very narrow portion of the spectrum. 


This means that 


The number of system interference sources are relatively small, but the manner in 
which they combine provide a large number of mutual interference types. 


Various types and sources of unintentional interference which may occur in a multi- 
channel system are: 


o Same channel (cochannel) interference. 


o Image channel interference. 


NTAYV 1079 


NAVELEA O101, Liz 


o Adjacent channel interference. 
o Direct adjacent channel interference. 


O Limiter transfer action. 


3.6.1 Same Channel (Cochannel) Interference 


The problem of same channel interference illustrated in figure 3-8 shows, in block 
form, four consecutive repeaters and five typical interference paths. Separate 
receiving and transmitting antennas are shown although some systems use only a 
single antenna. The two most serious potential interference paths are labeled "1" 
and "2", Here, transmitting antenna high-level signals interfere with receiving 
antenna low-level signals. When determining permissible interference levels, it 
is important to note that the receiving antenna signal level should be the signal 
level expected when the desired channel is experiencing the deepest allowable fade. 
The high-level signal is reduced by back-to-back ratios of path 2 antennas, but only 
the side-to-side loss between path 1 antennas attenuates the signal. 
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Figure 3-8, Same Channel Interference 
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In practice, the amount of loss is not adequate. Additional loss might be introduced 

if the desired signal is cross polarized with respect to the interfering signal, but this 
method is unreliable. This is due to the complex and unknown nature of the coupling 
path, particularly with respect to its influence on polarization direction. The problem 
of excessive coupling can be avoided by using different transmitting and receiving 
frequencies at a given repeater. 


Another source of same channel interference is path 3 in figure 3-8. For this path, 
using a two-frequency allocation, two signals are received on the same frequency. 
Normally, the signal is about the same level at the receiving station. In this case, 
interference will be reduced by the front-to-back ratio of a single antenna which may be 
about 70 dB for a delay lens or horn reflector antenna but only about 40 to 50 dB for 

a parabolic antenna. Further advantage might be obtained by using orthogonal polar- 
izations. As noted previously, this method is also unreliable. 


Two other sources of same channel interference are identified by the paths 4 and 5 in 
figure 3-8. Path 4 type of interference presents no problem since frequency frogging 
is used in adjacent hops. Overreach interference, represented by path 5, is poten- 
tially troublesome but can be reduced to tolerable proportions by locating the trans- 
mission path in every thrid hop slightly out of line. 


3.6.2 Image Channel Interference 


Image channel interference is illustrated in figure 3-9. Two signals with carrier 
frequencies of 11,000 MHz are shown. These signals are separated with filters and 
applied to modulators for translation to 70 MHz intermediate frequency (IF). Assume 
a beat oscillator frequency of 11,070 MHz is used for the 11,000 MHz signal. If the 
filters are ideal, there will not be any problem. However, suppose rejection of the 
11,140 MHz signal by filter 1 is inadequate, then, this signal would beat with the 
11,070 MHz beat oscillator tone to give an unwanted 70 MHz IF interference. This is 
known as image channel interference, and is defined as the channel which differs in 
frequency from the beat frequency by the same amount as the desired chamnel, but is 
on the other side of the beat frequency. 


One impractical way to avoid image channel interference is to leave the image channel 
empty. Alternatively, adequate filtering must be provided to prevent excessive 
interference even if a deep fade occurs on the desired channel. Cross polarization 

in adjacent channels is helpful here. 


3.6.3 Adjacent Channel Interference 


Adjacent channel interference occurs when two FM channels are placed close together 
in frequency so that the sidebands from one extend into the other. Figure 3-10 shows 
how this can happen by making use of the power spectral density of a carrier which 
has been phase-modulated by a baseband signal consisting of random noise. Inter- 
ference can be prevented by removing the higher order sidebands with filters before 
the two signals are combined. However, this cannot be done without causing some 
signal distortion. 
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Figure 3-9, Image Channel Interference 
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Figure 3-10, Adjacent Channel Interference 
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It is evident that channel spacing has an important-influence on the problem of filtering 
overlapping sidebands. This fact has given rise to a rule which is sometimes used in 
the design of long-haul, heavy-route systems. The rule states that channel spacing 
should be at least three times the top baseband frequency. This ensures that second 
order sidebands from an interfering channel will not overlap first order sidebands in 
an adjacent channel. Applying this rule, generally leads to practically realizable 
channel filters. 


3.6.4 Direct Adjacent Channel Interference 


Interference due to overlapping sidebands will generally be garbled or unintelligible 
since the disturbing sidebands are inverted with respect to the disturbed carrier. In 
systems with very closely spaced channels, however, a more complicated form of 
adjacent channel interference has been noted in which the interference is intelligible. 
This type of interference, where the signal on the adjacent channel appears as an 
identical signal in the disturbed channel, is termed direct adjacent channel interference 
(DACI). The mechanism producing this type of interference, although not fully under- 
stood, is believed to involve phase to amplitude conversion of the interfering carrier 
and its sidebands in the selectivity ''skirts" of the disturbed channel. This results 

in amplitude to phase conversion in the disturbed channel limiters or other nonlinear 
devices. 


3.6.5 Limiter Transfer Action 


Using limiters in the radio repeater may result in interference between channels and 
is often referred to as limiter transfer action. The basic mechanism of this inter- 
ference is illustrated in figure 3-11. Three adjacent radio channels with carriers 
spaced 20 MHz are shown. Channel 2 is assumed to be cross-polarized with respect 
to channels 1 and 3. Assume that channel 1 is carrying a 7 MHz baseband tone with 
a sufficiently low index of modulation such that only first order sidebands need to be 
considered. At station A, channel 1 output will consist of a carrier and single 
frequency sidebands 7 MHz on each side of the carrier. At station B, channel 1 
signal upper sideband appears as an interfering tone 13 MHz off center frequency in 
the channel 2 receiver. Amplitude of the tone reaching the channel 2 limiter depends 
on the cross-polarization discrimination between channels 1 and 2 on the station A 

to station B path, and the channel 2 receiver gain 13 MHz off center frequency. The 
channel 2 carrier and interfering tone represent a composite AM-PM signal at the 
limiter input. The AM component is removed by the limiter and the PM component 
remains. However, the limiter output has the carrier and sidebands, 13 MHz on each 
side of the carrier. This signal is transmitted by channel 2 at station B. At station 
C, channel 2 signal upper sideband appears as an interfering tone, 7 MHz off center 
frequency in the channel 3 receiver. Amplitude of this tone depends on cross- 
polarization discrimination between channels 2 and 3 on the station B to station C 
path, and the loss of the channel 2 radio transmitter 13 MHz off center frequency. 
Thus, a baseband signal in one channel may appear as interference at the same 
baseband frequency in another channel. In addition, the channel 2 lower sideband 
can couple back to the channel 1 receiver at station C. In either case, an analysis 
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should include a study of frequency tolerances of the various beat frequency oscillators 
used in the paths to determine actual frequency range about the nominal within which 
the interfering tone may appear at the third station. 


Tests have shown that limiter transfer action is in exact accordance with elementary 
FM theory. The mechanism may become an important consideration when a high-level 
tone is present on a channel, or a carrier is located near the edge of a broadband 
radio channel. 


3.6.6 Tone Interference 


Tone interference, though possibly caused in several different ways, is essentially 
single frequency in nature. Important sources of this type of interference are the 
previously discussed same and image channel interferences, and beat oscillators 
in or near the equipments involved. 


Unless the frequency allocation is carefully planned, a beat oscillator frequency for 
one channel may fall within the band of another RF channel. An extremely large 
amount of filtering will be required to keep the high-level beat oscillator output 

from leaking out of the converter where it is used and getting into the other channel 
at the same frequency. There are higher order products, possibly 4th or 5th order, 
which may be produced in a converter if the extraneous tones from other RF channels 
or other beat oscillators are present. Those products which fall in the frequency 
band of the desired output constitute tone interferences. 


3.7 CROSSTALK 


Crosstalk is unwanted coupling from one signal path onto another. Crosstalk may be 
due to direct inductive or capacitive coupling between conductors. It may also be 
caused by coupling between radio antennas, or by cross-modulation between channels 
and single frequency signals (carriers or pilots) in multichannel carrier systems. 
Such cross-modulation may occur in any nonlinear element, such as repeater electron 
tubes or terminal modulators. In many instances, the resulting interference in 
carrier systems is unintelligible due to the interfering signal being inverted, dis- 
placed in frequency, or otherwise distorted. In these cases, crosstalk is generally 
grouped with other noise type interferences. 


When coupling paths give rise to intelligible (or nearly intelligible) interference, it 

is necessary to design the cable, open-wire line, antenna, repeater, or modulator 

so that the probability of hearing a "foreign" conversation will be less than a pres- 

cribed value. In normal practice, a one percent chance is considered tolerable and 
is based on an arbitrary judgment. 


Three major crosstalk paths between physical four-wire systems are shown in figure 
3-12. These are: the near-end path between the opposite directions of transmission, 
the interaction crosstalk paths from the output of one repeater into a paralleling 
cable pair (a voice circuit perhaps) and then into the input of the same or another 
repeater, and the far-end path from the output of one repeater to the input of another. 
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Two cables are used alternately to provide the pairs for each direction of transmission. 
By using physical isolation, the near-end crosstalk paths between the opposite direc- 
tions of transmission are automatically eliminated. The interaction crosstalk path 

is effectively broken up by alternating (‘frogging"') the two directions of transmission 
between the two cables in successive repeater sections. In this way, the interaction 
path is made to terminate at the high-level point at a repeater output and is, there- 
fore, less serious by the gain of a repeater. These measures do not, of course, affect 
the far-end crosstalk between carrier systems in the same cables, This last path is 
improved by rather elaborate carrier frequency balancing of the cable pairs. 
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3.8 DISTORTION 


Distortion appears in a multichannel microwave system as intermodulation noise and 
attributed to two factors, delay and echoes. Any signal that carries intelligence is a 
composite signal; i.e., it contains a number of frequencies, often harmonically 
related, in some given phase relationship. If such a signal is passed through a system 
or component which has different delays at different frequencies, the output signal will 
not be identical in shape to the input signal. DCAC 330-175-1 requires that differen- 
tial delay distortion (1000-2600 Hz) not exceed 1000 prsec over the 6000 NM reference 
circuit. 


Echoes are generated by reflection from discontinuities in the transmission path. 
Because of this, the signal becomes modified in phase by the reflected energy. When 
the FM signal is translated to baseband, the signal will have a distortion component 
proportional to the frequency of the product (second or third order). 


Various types of distortion which may occur in a microwave system are: 
o Feeder distortion 
o Path distortion 
o Group delay 
o AM to PM conversion 
o Telegraphic distortion 
3.8.1 Feeder Distortion 


Often a source of considerable noise in microwave high capacity systems is the trans- 
mission line (waveguide system). Microwave transmission lines are similar to cable 
pairs and coaxial tubes with regard to impedance match. Mismatches cause multiple 
reflections which add a delayed, attenuated replica (echo) of the desired signal. In 
an FM system, the effect of an echo is to introduce distortion into the message 
channels. The distortion level is a function of the round trip echo delay time, 

echo amplitude, number of message channels (baseband width), frequency band of the 
particular message channel being observed, RMS deviation of the radio, and the radio 
channel frequency. A typical relationship between time delay and distortion is shown 
in figure 3-13. Distortion is always directly proportional to the echo amplitude, 
which must be about 60 dB below the incidental signal te reduce distortion to an 
inconsequential value. Short time delay echoes are not as degrading as long time 
delay echoes, and a point is reached where increased echo delay no longer increases 
distortion. Note that the waveguide length is related to the interfering effect of an 
echo and, for that reason, should be held to a minimum. 
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Figure 3-13. Typical Relationship of Echo 
Magnitude and Delay Versus 
Distortion 


The difference in level between the incidental signal and the reflected signal is known 
as "return loss.'' Poor return loss results in signal cancellation due to the phase 
relation of the two signals, intermodulation distortion and other degradation to 

the microwave signal. Return loss (expressed in dB) is a measure of discontinuities 
in the transmission equipment, waveguide, antenna, and connecting flanges. It 

is defined by: 


NAT ART ANFOS 
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1 


10 reflection coefficient (3-8) 


R, = return loss = 20 log 


where: 


‘ d si 
reflection coefficient = HeMecte st nal (expressed as voltage or current) 
incident signal 


Reflection and re-reflection may occur at any point in the transmission path. The 
actual echo added to the desired signal is composed of many components with various 
amplitudes and phases. Since echo phasing is a function of distance and frequency, 
some radio frequency channels may experience more severe distortion than other 
channels. For this reason, it is necessary to specify component performance over 
the complete transmission band, and to adequately evaluate the antenna feed system 
after installation. 


This discussion gives an idea of the physical mechanism associated with feeder 
distortion. A mathematical analysis of the phenomenon would show that the 2nd order 
distortion is proportional to the square of the line length, the 3rd order distortion 

to the cube of the line length, etc. For this reason, feeder noise increases so rapidly 
with line length. Poor feeder return loss performance is indicated by a high frequency 
ripple in the group delay pattern. 


3.8.2 Path Distortion 


The distortion producing phenomenon present in feeders occurs in a similar way in 
the propagation medium along the transmission path. The basic difference between 
feeder echoes and transmission path echoes is: the former comprise relatively weak 
echoes with delays ranging upward from approximately 0.1usec, and the latter 
comprise powerful echoes approaching the main signal level with very short time 
delays (usually less than 0.01 sec) and is caused by atmospheric multipath trans- 
mission and ground reflections. 


Selective fading is caused by destructive interference between a microwave signal 
and one or more lagging echoes. In addition, nonselective type of fading causes 
receiver FM noise to contribute to the total distortion. An efficient means of coping 
with multipath fading is diversity transmission. 


Another cause of distortion involving the propagation medium, is the presence of RF 
interference generated within the microwave system or externally to the microwave 
link, but affecting its performance. 


3.8.3 Group Delay Distortion 


Nonlinearity of the IF and RF circuits phase characteristics produces nonlinear 
distortion in FM systems. If some of the frequencies which make up a given signal 
do not travel at the same speed in traversing a medium (tuned circuit, propagation 
path, transmission line, etc.), but are attenuated more than others, the signal 
arrives at its destination distorted. Ideally, the phase shift (6) versus frequency (f) 
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characteristic should be linear. If the phase shift through a device is a linear function 
of frequency, the group delay, tg = -d 6/du, (figure 3-14) will remain constant. 
Therefore, a signal can be transmitted without distortion. In general tg is not constant 
but a function of w, which expressed in a power series can be written: 


2 
W-WO W-Wwo 
tq) = tay t tae ( B/2 )+ tay ( 7 Bo?) 


d@ 
GROUP DELAY: —— 
dw 


w (RAD /SEC) 


Figure 3-14. Phase Versus Frequency Through 
a Transmission Device 


The meaning of the coefficients is shown on figure 3-15. 


A network designed to make the group delay essentially constant over the desired 
frequency range is called a delay equalizer. Such an equalizer introduces compensat- 
ing delays at certain frequencies and has minimal effect on the circuit amplitude 
response. Adequate uniformity of IF and RF circuits amplitude/frequency response 
is also necessary (measured at signal levels below limiting) so that the amplitude 
relationship of all significant sidebands are preserved. 
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3.8.4 AM to PM Conversion Distortion 


Most active amplifying circuits exhibit a characteristic that will change the phase 

of a signal passing through as a function of the AM modulation on that signal. What 

is more important, it will also change the phase of any other signal passing through 
the amplifier at the same rate as the AM signal and in proportion to the percent of 
AM modulation. This amplifier characteristic is the AM to PM conversion coefficient 
(Kg), and is expressed in degrees per dB. 


In any FM system there is some AM modulation generated on the carrier as the 
carrier is deviated in frequency because of the gain slope in the amplifier. This gain 
slope (Ki) is expressed in dB/Hz. 


These two factors combine in an FM system to produce crosstalk between carriers 
that can be intelligible in the case of telephone traffic. The amount of phase modula- 
tion produced on a carrier from another FM carrier passing through a common 
amplifier is given by: 


0, - AF, Ky Kk, (3-10) 


where, AF_ is the peak frequency deviation of one carrier. The peak frequency 
deviation induced on the other carrier is given by: 


Af_=0, F (3-11) 
where, is the modulation frequency of the first carrier. The level of crosstalk 


F 
between thé two carriers is given by: 


= x = (3-12) 


where, a, and ay are the carrier amplitudes. 


The crosstalk ratio for a given system is a function of the baseband frequency. 
Therefore, it is only a factor for high channel capacities and at the higher groups of 
channels. 


3.8.5 Telegraph Distortion 


The term "telegraph distortion" originated long before data transmission became 
common, but it is equally applicable to digital telegraph (or data) signals, since 
this type is normal in the DCS. 


In binary transmission, the signal is always in one of two states, marking or spacing. 
At various points in a transmission system, the signals may appear as DC signals, 
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audio frequency signals, or RF signals. As DC, the two binary states can be either 
ON or OFF, or positive and negative. As AM audio or RF signals, the two binary 
states will be ON and OFF. As frequency-shift-keyed (FSK) or phase-shift-keyed 
(PSK) audio or RF signals, the two binary states will be two frequencies or two 
phase positions, respectively. 


Any change in the duration of mark and/or space intervals as compared to their ideal 
durations is termed "telegraph distortion.'' Distortion may be introduced by the 
sending end instrument, the transmission medium, or any equipment between the 
sending and receiving end instruments. Telegraph distortion can occur to varying 
degrees in different parts of a system, so it is essential to minimize it in each part. 
The DCS Standards specify the amount which may be introduced by sending end 
instruments, and the amount which should be tolerated by receiving end instruments. 
Between these two extremes, it is controlled by specifying frequency response and 
envelope delay of various subsystems and components. 


Most telegraphic distortion can be attributed to sending and/or receiving electro- 
mechanical teletype equipment. There are several different types of telegraphic 
distortion and are mainly caused by the end equipment. The remaining distortion 
is caused by combinations of the foregoing principal types of distortion and are 
identified for information purposes only. 


o Bias distortion 

o End distortion 

o Characteristic distortion 

O Fortuitous distortion 

o Cyclic distortion 

re) Speed distortion 
3.9 SUMMARY 
To catalog the various noise sources that comprise a multichannel microwave system 
noise budget, refer to Table 3-5 and figure 3-16. The various noise sources 
identified and discussed in this chapter are tabulated and keyed to a simplified block 
diagram of a multichannel communications system consisting of two terminals and 
one intermediate heterodyne repeater. The signal can be traced from the information 


bearing input channels at the transmitter terminal to the corresponding receiver 
terminal output channels. 
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Table 3-5. Sources of Noise 


REFERENCE 
NUMERICAL KEY NOISE TYPE PARAGRAPH 


intrinsic, Intermodulation 3.2.2, 3.2.3 
AM to PM Conversion, Thermal 3.2.1, 3.8.4 
Thermal 

Intrinsic 

Feeder Distortion 

Path Distortion 

Thermal 

Group Delay 

Limiter Transfer Action 

Multiplex Noise 

Telegraph Distortion 

Crosstalk 

Image Channel Interference 

Same Channel Interference 


Adjacent Channel Interference, 
Direct Adjacent Channel Interference 


Higher Concepts of Mathematics STATISTICS 


STATISTICS 


This chapter will cover the basic concepts of statistics. 


EO 1.1 STATE the definition of the following statistical terms: 
a. Mean 
b. Variance 
c. Mean variance 


EO 1.2 CALCULATE the mathematical mean of a given set of 
data. 


EO 1.3 CALCULATE the mathematical mean variance of a 
given set of data. 


EO 1.4 Given the data, CALCULATE the probability of an 
event. 


In almost every aspect of an operator’s work, there is a necessity for making decisions resulting 
in some significant action. Many of these decisions are made through past experience with other 
similar situations. One might say the operator has developed a method of intuitive inference: 
unconsciously exercising some principles of probability in conjunction with statistical inference 
following from observation, and arriving at decisions which have a high chance of resulting in 
expected outcomes. In other words, statistics is a method or technique which will enable us to 
approach a problem of determining a course of action in a systematic manner in order to reach 
the desired results. 


Mathematically, statistics is the collection of great masses of numerical information that is 
summarized and then analyzed for the purpose of making decisions; that is, the use of past 


information is used to predict future actions. In this chapter, we will look at some of the basic 
concepts and principles of statistics. 


Frequency Distribution 


When groups of numbers are organized, or ordered by some method, and put into tabular or 
graphic form, the result will show the "frequency distribution" of the data. 
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CHAPTER 4 
TROPOSPHERIC PERFORMANCE CONSIDERATIONS 


4.1 PATH PROPAGATION 


Trans-horizon propagation can occur by refraction, by forward tropospheric scatter 
or by both. For transmission paths extending only slightly beyond line-of-signt 
diffraction will be the dominant mode and scatter may be neglected. Conversely for 
very long paths, the diffraction mode can be neglected. In intermediate cases, both 
modes must be considered and the results combined to obtain the reference trans- 
mission loss. 


4.1.1 Basic Theory 


The diffraction mode of propagation is discussed in chapter 2. Experiments conducted 
at distances well beyond the normal horizon, primarily during the years from 1935 to 
1950 show that a remarkable persistant weak field in the VHF, UHF and SHF bands 
existed and were much stronger than could be explained on the basis of simple dif- 
fraction theory. In the early 1950's these persistant long distance fields came to be 
called "scatter" fields. The rapid and intense short-term fading characteristic 
naturally brings to mind the concept of multiple source scattering propagation. Many 
theorys have been presented to explain the mechanics of this type of communications. 
Some of those theories have been withdrawn or modified because of new data presented 
by the numerous agencies working on this phenomenon. The theory presented here is 
probably the most widely used. 


Although the atmosphere becomes uniformly less dense with increasing height above 
the earth, certain irregularities exist in this gradient as evidenced by the twinkling of 
stars and sudden bouncing of aircraft. These perturbations occur in blobs which are 
large compared to the wavelength used in scatter communications and present an index 
of refraction which differs from that of the surrounding medium. This abrupt change 
in the index of refraction causes a refraction or "scattering" of an electromagnetic 
wave. This refraction is only partial at best, since most of the energy propagated 
continues in a forward direction; however, enough energy is scattered toward the 
earth for large area, narrow beam antennas to capture it. Direct airborne measure- 
ments of the refractive index variations indicate that they are characterized by a 
spectrum of scales extending over a range from a few centimeters to several kilo- 
meters, and the intensity decreases on the average exponentially with increasing 
height. Figure 4~1 illustrates the scatter model. Both the transmit and receive 
antennas are aimed to the same spot in the sky. Since the bending or scattering effects 
are small, more energy is deflected toward the receiving antenna if the scatter angle 
is small, that is if both the transmit take off and receiving antenna angles are small. 
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Figure 4-1. Effect of Take-Off Angle 


NAVELEX 0101, 112 


If one or both antennas utilize a large take-off angle, the common scatter volume would 
be larger due to the increased distance, but the amount of energy deflected toward the 
receiving antenna would be reduced due to the much larger scatter angle. As stated 
previously, the higher altitudes exhibit much less scattering, consequently the effective 
received power decreases rapidly with increased altitude and scatter angle. 


As stated in chapter 2, radio energy at microwave frequencies follows a slightly curved 
path. In a uniform atmosphere where the change radio refractive index is gradual. The 
bending or refraction of the radio wave may be essentially continuous, so that the beam 

is gently curved toward the earth. 


Under that condition, the radius of the earth appears to the microwave beam larger than 
the true radius, that is, the earth appears flatter because of the tendency of the beam 
to refract downward in the atmosphere. The ratio of this apparent or fictitious earth's 
radius to the actual of the earth is referred to as the 'K factor". The surface radio 
refractivity (Ns) during Standard" atmospheric conditions is 301, the K factor is 1. 333 
(4/3). The effects of the variation in K is shown in figure 4-2. In practice, the value 
of K = 4/3 is only a mean value occurring in temperate climates. The usual variation 
in K is between 1 and 2, with the lower values existing in cold or dry climates and at 
high altitudes. The higher values of K are common in coastal areas where the humidity 
is high. Superstandard values of K from 2 to infinity, and substandard values from 1 
down to 1/2 are encountered occasionally in the United States, mainly in tropical coastal 
areas. 


An analysis of a troposphere scatter path requires the construction of a path profile 
containing all the obstructions in the line of propagation. To aid in the analysis, the 
effective earth's curvature should be used in order that the microwave paths can appear 
as a straight line. 


To calculate the scatter loss, the scatter angle must first be determined. The deriva- 
tion of the scatter angle 94, for the smooth earth case is shown in figure 4-3. The two 
obstacle path geometry shown in figure 4-4 is most common and is derived in a similar 
manner. Before starting calculations, a path profile should be constructed to deter- 
mine the required antenna heights and the top of the highest obstructions in route. 


4.1.2 Transmission Loss 

The transmission loss is defined as the sum of the terminal losses and propagation 

losses. The propagation loss is the total loss in signal between an isotropic antenna 

located at the transmitting antenna site and a similar antenna located at the receiving 

site. Ata later stage in the system calculations the terminal losses, antenna directivity 

gain, and antenna coupling losses are considered. 

The long term median basic transmission loss in a forward tropospheric scatter path is: 
Ipsr = 30 log f-20 log d + F (0d) ~Fo + Ho + Aa dB (4-1) 


where: 


f is the transmitted frequency in megahertz 
dis the mean sea level great circle distance in kilometers 
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Figure 4-2. Kin Terms of Ray Bending 
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Figure 4-4, Two Obstacle Path Geometry 
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F(@d) the scattering efficiency and Ho the frequency gain function are discussed 
in later sections. 


As stated previously, the exact mechanism of tropospheric scatter propagation is com- 
plex and unknown. In addition to calculation of the propagation loss, while being the 

most critical computation in the system performance, is also the most ambiguous. There 
is no exact method to determine the scatter loss; rather, it can only be estimated from 
empirical data. In addition, the loss varies both on a fast, short term basis and on a 
long term slowly varying basis. A discussion of these will be made later in the text. 

For the present, it will suffice to say that the scatter loss for a given path is not con- 
stant. It is a time varying quantity with both long and short term statistical distribu- 
tions. Therefore the propagation loss must be indicated as either a median value or as 

a value exceeded for some other percentage of time. 


Lpsr in equation 4-1 is the median basic transmission loss in dB on a forward tropos- 
pheric scatter path, for winter afternoons. That is, if hourly median values of the 
total propagation loss (excluding terminal loss) are measured during the months of 
November through April, between the hours of 1 PM and 6 PM, then Lysr would be the 
median of these values. This loss is approximately 3 dB higher than the yearly median 
value. 


The attenuation function F(@d) depends upon the propagation path and the surface refrac- 
tivity Ns. The function includes a small empirical adjustment to data available in the 
frequency range from 100 to 1000 Megahertz. Figure 4-5 may be used to determine 
F(9d) for all scatter links where 9d <10. For values of 6d <10 the curve is valid only 
for paths with symmetry factors (s) from 0.7 to unity the symmetry factor. 


s = ae 


The last three terms in equation 4-1 may be neglected in most applications. The scat- 
tering efficiency term Fo corrects for the reduction in scattering efficiency at great 
heights in the troposphere. The Frequency Gain Functions Ho, is a correction term 
for ground reflection effects. If the antennas involved are sufficiently high, the reflec- 
tions of radio energy by the ground increases the power incident on the scatters visible 
to both antennas and can increase the scattered power. As the frequency is reduced, 
the ground-reflected energy tends to cancel direct-ray energy at the lower part of the 
common volume of the antenna beam intersection and decreases the efficiency of the 
communications path. 


At frequencies above 1 GHz attenuation of radio waves due to absorption or scattering 
by constituents of the atmosphere, and by particles in the atmosphere may seriously 
affect microwave links. At lower frequencies the total radio wave absorption by oxygen 
and water vapor for propagation paths of 1000 kilometers or less will not excees 2 
decibels but may be appreciable at higher frequencies. Figure 4-6 is a plot of median 
oxygen and water vapor absorption losses based upon data taken in the Washington 

D. C. area. 
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STATISTICS Higher Concepts of Mathematics 


Example: 


A test was given and the following grades were received: the number of students 
receiving each grade is given in parentheses. 


99(1), 98(2), 96(4), 92(7), 90(5), 88(13), 86(11), 83(7), 80(5), 78(4), 75(3), 60(1) 


The data, as presented, is arranged in descending order and is referred to as an ordered 
array. But, as given, it is difficult to determine any trend or other information from the 
data. However, if the data is tabled and/or plotted some additional information may be 
obtained. When the data is ordered as shown, a frequency distribution can be seen that 
was not apparent in the previous list of grades. 


Number of Frequency 
Grades Occurrences Distribution 


1 

11 

1111 
11111 11 
11111 


11111 11111 111 
11111 11111 1 
11111 11 

11111 

1111 

111 

1 


In summary, one method of obtaining additional information from a set of data is to determine 
the frequency distribution of the data. The frequency distribution of any one data point is the 
number of times that value occurs in a set of data. As will be shown later in this chapter, this 
will help simplify the calculation of other statistically useful numbers from a given set of data. 


The Mean 


One of the most common uses of statistics is the determination of the mean value of a set of 
measurements. The term "Mean" is the statistical word used to state the "average" value of a set 
of data. The mean is mathematically determined in the same way as the "average" of a group 
of numbers is determined. 
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4.1.3 Path Antenna Gain 


The full plane-wave gain of an antenna, calculated on the basis of its diameter, in terms 
of wavelength and efficiency cannot be realized when used in the tropospheric scatter 
mode. The difference between the plane-wave gain and the realized gain is referred 
to as the aperture-to-median coupling loss. The aperture-to-median coupling loss 
arises from the fact that the scattered signal arriving at the receiver does not come 
from a point source, but from an extended volume subtending a measurable solid angle 
at the receiver. Thus, if the transmitting antenna is of very narrow beamwidth it will 
illuminate a volume of air space smaller than the effective size of the scatter volume 
when a broad beam antenna is used. Since the scatter volume is decreased, the signal 
arriving at the receiver will not increase in the same proportion as it would under free 
space propagation conditions. This difference between the free space expected-gain of 
a narrow beam antenna and its measured gain on a scatter circuit is termed "antenna 
gain degradation" or "antenna-to-medium coupling loss" and has been theoretically 
determined to be proportional to the ratio of the scatter angle (0) to the antenna beam- 
width (Q). 


4.1.4 Fading 


A scatter signal at a particular instant is the resultant of a number of individual signals 
arriving with random phase differences. For short periods of time the random variations 
of these phase differences produce a signal of varying amplitude, which tends to be 
Rayleigh distributed. Over long periods of time, the scatter signal assumes a log- 
normal distribution. 


In the early stages of troposcatter communications it was soon recognized that the 
short term distribution always approximated to a Rayleigh curve. The short-term 
Ravleigh distributed signal variations are independent of the season but are brought 
about because of the nature of scatter propagation. The received signal is composed 
of components of random phase from different points in the scatter volume. The sum 
of these components is constantly varying. The effects of the short term fades were 
found to be minimized by diversity. 


The short term fading of the scatter signal, during the hour, is assumed to follow a 
Rayleigh distribution. The cumulative Rayleigh distribution curve is shown in figure 
4-7, This curve, identified as ''Rayleigh Fading" in the figure, shows the percentage 
of the hour that a given received power level, in dB, is exceeded (upper abcissa scale). 
Power levels are given in dB with reference to the hourly median value. 


A technique that is widely used in troposcatter systems to eliminate, to a large extent, 
the effects of this fast fading is known as diversity. Diversity consists of transmitting 
the same information over two or more communications paths that have uncorrelated fast 
fading. The fact that the fadings on the paths are uncorrelated allows the separate 
signals to be combined into a single signal which is much more stable with respect to 
time. 


Where two separate paths are provided, the scheme is known as two-fold (or dual) 
diversity; four paths, four-fold (or quadruple) diversity, etc. The resultant curves for 
two fold diversity are shown in figure 4-7 along with the no-diversity Rayleigh distri- 
bution. The terms Maximal-Ratio, Equal Gain, and Selection Diversity refer to the 


dB WITH REFERENCE TO THE NO-DIVERSITY MEDIAN VALUE 
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manner of signal combining employed. Briefly, a selector is a switching circuit that 
is continually choosing the signal with the higher power level; equal gain combining 
consists of the addition of the different signals to arrive at a single sum output; and, 
maximal ratio combining connotes the addition of the separate signals with the gain of 
each signal channel in the summing network proportional to the RMS signal level and 
inversely proportional to the mean square noise level, the same proportionality con- 
stant being used for each signal. 


In figure 4-7 note that regardless of the type of combining used, a considerable prove- 
ment is obtained by the use of diversity. Referring to the maximal ratio curve, it is 
seen that an hourly median (5 percent improvement, or gain, of 4dB is realized. 
(Note the median, or 50 percent point for the no-diversity Rayleigh curve is used as 
the 0 dB reference level). More important, we are concerned with the extreme fades 
occurring during the smaller percentages of the hour. For example, the level ex- 
ceeded 99 percent of the hour stated in another way: the level which we are below for 
1 percent of the hour is seen to be 18.5 dB below the reference median value where 
no diversity is used; whereas, for maximal ratio combining two-fold diversity, the 
99 percent level is only 6.5 dB below the median reference level. Thus, a 12 dB 
gain is obtained when the 99 percent point is considered. 


Clearly, the extent of improvement, or gain, that a diversity system provides is 
function of the percentage of the hour with which we are concerned; thus, so-called 
median gain values are sometimes misleading. The true value of diversity lies not 
in the median gain, but in the fact that it "flattens out" the no-diversity Rayleigh 
distribution. With diversity, short term signal fluctuations are almost negated, 
leaving only the long term signal variations to be contended with. 


The fading distributions for four-fold diversity are given in figure 4-8. While the 
improvement obtained from two-fold diversity over no-diversity is considerable, the 
further improvement received by using four-fold diversity is also quite significant. 
The signal level exceeded for 99 percent of the hour with four-fold maximal-ratio 
diversity is almost 1 dB better than the signal exceeded 50 percent of the hour (i.e., 
median value) with no diversity. 


In conventional tropospheric scatter systems four-fold diversity is usually used. 
Aside from the better performance provided, a redundant two fold diversity scheme 
is also maintained in this manner. This significantly reduces circuit outage time 
resulting from equipment failure. In post-detection combining schemes the maximal 
ratio technique is usually used, while in pre-detection combining, an equal gain com- 
biner is normally utilized. Pre-detection equal gain combining gives almost the 
same gain as post-detection maximal ratio combining and at the same time decreases 
below-threshold outage time and reduces the size of the necessary equipment. 


Aside from the short-term Rayleigh distributed fades, long term fading is encountered 
on tropospheric scatter paths. This is a variation in the hourly median received power 
level due to changes in refractive index, changes in the nature of the scatter volume, 
etc. Long term fading here will be used to connote variations from hour to hour while 
short term fading is used to identify signal fluctuations within the hour. To date, the 
use of diversity has not been found to have any appreciable effect on these long term 


dB WITH REFERENCE TO THE NO—DIVERSITY MEDIAN VALUE 


NAVELEX 0101, 112 


Pine aan as 

rr Si 
lines Saas 
7) oe | | | Pee 
poate | Laat | LA 
2 6 a a || aT | 
i] a aT UL NS ee et | 
g|__EQUAL-GAINDiveRsiTy,N=4— | [| | ILA 
tthe Sees aes ee 

gpa i a a eee ee ac 
Ree CaP ahr eee ee 

4 Fae el A ee 
ele AN ca) al) 

5 aes al WOES Iss 
Fis Weg a PaaS lod 


BaP 
| [i | Ls TALL LI | |S Secection oiversity, n= 4 
AHA 


RAYLEIGH FADING 


Brae 
SAR ieee 
FALE aces 
Sittin sees 
or) 2808 AT 99:9 
ee eee 


> mee 
BEE RsF SER esee ees 
aan eA eae 
tee SRR 
peaked ese Me isseale 2celeah tol 9] Pel TM 
See ee eee 
tH A HHH 4 Eis 


jy a 
fea a ce 


0.010.005 02051 2 5 10 20 30 405060 70 80 90 95 989 


© 
ite) 
co 
ey 
© 
wo 
ire) 
ite) 
wo 
Te) 


PERCENT OF TIME BELOW ORDINATE AIARAGS 


Figure 4-8, Short-Term Fading 
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fades. The design procedure is generally to determine the maximum severity of 
fading to be encountered and then design the equipment complement to meet minimum 
performance requirements during the worst part of the year. 


Long term median signal variations are due primarily to weather and seasonal changes. 
The slow signal fluctuations come about mainly because of the changes in atmospheric 
refraction. 


The median path loss is usually greatest during the winter, being at times, of the 
order of 20 dBin excess of that observed for the equivalent period of measurement 
carried out during the summer. Upward bending of the radio beams in the colder 
portions of the year tend to increase the scattering angle of the path and thus increase 
the scattering loss. In addition extreme climatic variations could cause ducting 

or introduce new path obstacles which in turn could cause abrupt variations in the 
received signal. 


4.2 NOISE 


The total noise in any tropospheric scatter system is composed of the noise contri- 
butions of several types including thermal, intermodulation, interference and multi- 
plex noise. Distortion appears intermodulation noise. With the exception of path 
delay distortion, all noise and intermodulation effects are treated in chapter 3. 


The beam of microwave energy is not a single line but a wavefront extending for a 
considerable distance about the centerline. At 120 kilometers an antenna beam of 0.5 
degrees would be approximately 1 kilometer wide. The received wave is the sum of 

a large number of reflections within the common scatter volume of the transmit and 
receive antennas. The path delay distortion is caused by the differences in path lengths 
from transmitter to receiver via the various scatter points within the common scatter 
volume. Using the path length along the centerlines of the two antenna beams as the 
median path. The maximum path delay error is based upon the energy along the most 
elevated edge of the antenna beams. This delay in seconds is defined as 


re (2) (2) (2 : 4 ere 


dis difference in path lengths 

c is the velocity of light in Km/sec 

Qis the beamwidth of the antennas in radians 
8 is the path angular distance in radians. 


where 
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CHAPTER 5 


LINE-OF-SIGHT SYSTEM PLANNING 


This chapter provides a systematic approach to the problems involved in planning 
line-of-sight (LOS) microwave communications systems. The basic concept of 
systems planning is divided into several categories. Each category is organized 

in a logical fashion to describe the various tasks involved. Major tasks are presented 
in such a manner that each task presents information that must be considered in the 
development of succeeding tasks. 


In the preliminary planning stages, the systems planner lays the groundwork for the 
proposed system. Investigations are conducted to determine the locations that must 

be connected by the particular system, the number and type of communications circuits 
required between the various locations, and the possible need for interconnecting the 
system with existing communications facilities. Based on the data compiled, a 
preliminary system plan and a channelization diagram showing the general system 
configuration and traffic pattern are prepared. These tentative diagrams show the 
basic system requirements and serve as a basis for the overall system plan. The 
preliminary system plan indicates the geographic locations to be linked by the proposed 
system. The next planning phase, route engineering, is concerned primarily with 

path evaluation and site selection. The tasks involved comprise those required to 
establish suitable transmission paths between the important system locations, and to 
select sites for the installation of required terminal and repeater stations. Feasi- 
bility path-loss calculations, together with the initiation of the BESEP (The Base Elec- 
tronics System Engineering Plan) is also presented. Appendix B contains feasibility 
design data sheets with required equations. This chapter provides a numerical 
example of the calculations. 


5.1 CHARACTERISTICS OF LOS RADIO SYSTEMS 


Frequency modulated, microwave, LOS radio systems provide a flexible, reliable, 
and economical method of establishing point-to-point, multichannel communications. 
When the path is predominantly over land, and the terrain permits the use of inter- 
mediate repeater stations, these systems can be extended for several hundred miles, 
Aided by appropriate multiplex equipment, such systems can provide the transmission 
potential for a great number of voice, telegraph, facsimile, and data channels, accom- 
modating basebands consisting of up to 1800, 4 kHz channels. 


Typical systems, operating at frequencies currently in use (about 1 kMHz to 12 kMHz), 
use high-gain directional antennas, not normally exceeding 15 feet in diameter, low 
power transmitters (about 1.0 watt), and sensitive receivers which, through the use 

of suitable isolation units, share the antennas with the transmitters. Active repeaters 
of various types and passive repeaters are used to meet particular system require- 
ments. Where no access to the baseband is necessary, heterodyne type (LF) 
repeaters are used. Where insertion or dropping of traffic at a repeater is called for, 


NAVELEX 0101,112 


remodulating repeaters (back-to-back terminal equipments) are used, Passive 
repeaters, consisting of plane reflectors or back-to-back parabolas, are used to 
change direction of transmission to avoid obstacles or conflicts with other services. 
Plane reflectors are also frequently used in lieu of transmission lines or waveguides 
when tower heights and frequencies are such that transmission losses and costs 
would be excessive. 


Primary power requirements for LOS radio stations are relatively light. Where 
inconvenient or uneconomical to obtain power from a local source, battery and motor- 
generator supplies are included as part of the station complement. Auxiliary battery 
and motor-generator power sources are normally provided at all sites for emergency 
use. Various combinations of operational and backup supplies are possible. 


5.2 INITIAL EFFORTS 


Planning functions include definition of the communications requirements, system 
concept, system trunking and routing, frequency considerations, support functions 
and preliminary implementation schedule preparation. Planning functions are 
presented in a logical sequence for task accomplishment and include data to facilitate 
preparation of the documentation required at various stages of system development. 
These activities are summarized in Table 5-1. 


Table 5-1. Planner's Activities 


ACTIVITY COMMENT 


Development of May be a formal procedure documented 
Requirements in study, or informally documented 
in memo form. 


Establishment of Early work in concept development is 
a Basic Concept typically at a level indicated by 
figure 5-3. 


Detailing the Plan Basic information that must be generated: 


Trunking and Routing Plan 

Map Studies (Paper Terminal and 
Repeater Siting) 

Preliminary Site Survey Results 

Support Requirements 

Frequency Plan 
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The initial step in establishing system parameters is the interpretation and translation 
of the basic communications need into a realistic and feasible definition of the system 
requirements. This initial step is provided by concise statements of the items devel- 
oped in Table 5-2, which provide an analysis and substantiation of the requirement. 
The analysis must consider the merits of competitive approaches. If, for example, an 
existing cable or LOS system can be extended and updated economically to fulfill the 
requirement, the planner is required to recommend consideration of this alternative. 
A graphic presentation of the factors considered and courses of action to which they 
may lead is shown in figure 5-1. 


During this initial phase of project definition, broad guidance is needed to permit the 
planner to determine rapidly an appropriate means of transmission, taking into 
consideration distance and the number of channels required. 


Table 5-2. Development of Requirements 


ITEMS CONSIDERED ELABORATION 


Mission of the System Include statement of authorized communi- 
cations requirements that this system 
will satisfy, which are not satisfied, or 
only partly satisfied, by existing 
facilities. 


Evaluation of Impact of the system Consider budgeting requirements and the 
on Overall Navy Communications competing alternatives for the same 


funding. Consider impact of proposed 
system on other existing or proposed 
systems that it interfaces, replaces, or 
partially duplicates. 


Interpretation of Long Range Effect Optimum use of proposed system may 

of the Proposed System require that related facilities be 
designed; if so, this should be pointed 
out. The potential of the system for 
growth or modification to meet changing 
conditions should be developed. 


When requirements have been analyzed and defined, a system concept is developed 
that meets the needs of the prospective communications users. Factors that must be 
considered and the steps to be followed in establishing the concept are shown in 
foldout 5-1. The system concept in the planning stage is sufficiently simple that it 
may be depicted in a single line drawing on which all known information is noted. 
Figure 5-2 shows one possible system concept presentation. 
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Higher Concepts of Mathematics STATISTICS 


The arithmetic mean of a set of N measurements, X,, X,, X3, ..., X, 1S equal to the sum of the 
measurements divided by the number of data points, N. Mathematically, this is expressed by the 
following equation: 


1 
Xx a 


eal 
where 
x = the mean 
n = the number of values (data) 
Xj = the first data point, x, = the second data point,....x, = the i" data point 
x; = the i" data point, x, = the first data point, x, = the second data point, etc. 


The symbol Sigma ().) is used to indicate summation, and i = 1 to n indicates that the values of 
x, from i = 1 toi =n are added. The sum is then divided by the number of terms added, n. 


Example: 


Determine the mean of the following numbers: 


J; Te 1, 3: 4 
Solution: 
Z 1 y 1 5 
xX ae x; = x, 
Mi-l ae 
where 
x = the mean 
n = the number of values (data) = 
x = Sy = ee = 1s SS 3 a = 4 
substituting 


= (5+74+1+4+3+44)/5 = 20/5 =4 


4 is the mean. 


Rev. 0 Page 3 MA-05 
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The feasibility survey, following preliminary system concept development, considers 
such questions as whether Site A or Site E is the most appropriate choice, and whether 
any one of the major hops might be impractical. If, for political or other reasons, 
there were no suitable radio sites in Site B, and the alternate choice might make the 
link to Headquarters Location in Site E impractically long, a two-hop link and the use 
of an additional site in the system would solve the problem. 


5.2.1 Preliminary System Configuration 


The steps in developing the preliminary system configuration and instructions for 
their implementation and obtaining the necessary documentation are provided in the 
following paragraphs. 


The first step is to develop a system trunking plan based on approved user require- 
ments. This plan will provide, in line diagram form, a layout of system channeli- 
zation requirements and terminal locations. The steps involved in developing a trunk- 
ing plan are best conveyed by an example. Figure 5-3 is a geographical plan of a 
sample system and Table 5-3 presents its circuit requirements. Both voice and tele- 
type requirements are included. Teletype requirements are also translated into 
equivalent voice channel requirements on the basis of multiplexing 16 teletype channels 
into one voice channel. 


The system routing plan is based on the trunking plan and portrays the system layout 
in terms of a definitive system configuration. The objective of the system layout 
analysis at this phase of systems planning is to determine the feasibility of installing 
LOS radio links between two or more locations and not necessarily to establish the 
final route of the system. Where it is apparent that certain stations will have to be 
located some distance from existing U.S. military facilities, requirements for 
auxiliary systems and construction should be determined to a degree sufficient for 
approximating overall systems costs. 


It is seldom possible to establish the final location of all system sites during initial 
planning. For costing and other preliminary planning aspects, however, systems 
planning groups must determine locations, and ascertain the need for intermediate 
repeater stations. Systems engineering assistance should be obtained for this task. 
A simplified systems engineering procedure is given to enable engineers to make 
rapid determinations of site selection factors and other facets of the system 
configuration. 


5.2.2 Preliminary (Paper) Siting of Terminals (Including Alternate Paths) 
and Repeaters 


A map survey is of major importance in planning and selecting sites that offer the 
most promising technical and logistical possibilities. Careful analysis of maps that 
provide reliable topographical data will save much time and effort in the field. 
From map surveys it is possible to evaluate potential sites and to determine those 
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Table 5-3. Sample Circuit Requirements 


VOICE EQUIVALENT 
BETWEEN STATIONS VOICE TELETYPE TO TELETYPE 


to be visited by the field team. One or more alternate sites will be selected for each 
terminal or relay facility. The criteria for map acquisition and study is outlined 
in Chapter 2. 


After appropriate maps are obtained, user locations are plotted. Insofar as practical, 
terminal stations of the LOS system are located close to the users. In many instances 
this will not be feasible, and a connecting wire line will be required. For example, 
where the user is located in a city or town or where for other reasons adequate 

space does not exist, the radio terminal will necessarily be remote. Furthermore, 
collocation of terminal sites with the user will frequently severely limit the site 
selection so as to preclude taking advantage of terrain features conducive to micro- 
wave radio propagation. Factors which will determine the adequacy of an LOS site 
are covered below. While all the factors listed may influence site selection, they 
cannot be considered to have equal weight; therefore, several sites should be 
evaluated in terms of their relative merits. 


a. Topography of the area surrounding the site affects several factors such as 
antenna height, support of the site, construction cost of required housing, etc. 
Many compromises must be resolved, such as: selecting an excellent communications 
site or a good one offering better accessibility, utilities, and lower construction costs. 
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b. Vegetation is known to affect propagation, but the degree is relatively 
uncertain; sparse growth is more penetrable than heavy growth. The safest proce- 
dure is to consider vegetation such as trees, vines and high grass or weeds, as 
being impenetrable to RF energy above 100 MHz, and evaluate the site as if the 
vegetation were solid earth. 


ec. The proximity of an LOS link to other Communications-Electronics (C-E) 
facilities, such as radio transmitters or receivers, radar sets, industrial areas, 
diathermy equipment, etc., is of extreme importance. Fundamental and harmonic 
frequencies of all these sources may produce mutual interference. If analysis of the 
frequencies and levels of radiation indicate probable interference, it may be necessary 
to relocate one of the facilities. 


d. The staff planner should evaluate sites with a view toward expansion of the 
radio facilities. Such expansion may require increased antenna sizes or, possibly, 
space for additional antennas and towers, or an enlargement of logistics and other 
capacities. Wherever possible, sites should be selected to give good line-of-sight 
conditions in all anticipated directions of communication. Foldout 5-2 depicts a 
typical site layout. 


After tentative selection of the radio terminal locations and any required intermediate 
repeater sites, the preliminary routing planis prepared. Figure 5-4 is a sample 
routing plan, based on the circuit requirements in Table 5-3. Figure 5-5isa 
trunking diagram derived from circuit requirements and the routing plan. This 
diagram will be used in the system engineering phase as the basis for the multiplex 
channelization plan. 


5.2.3 Plotting the Preliminary Route 


The procedure outlined below may be used for plotting the tentative backbone route 
of the proposed system. When the general system layout indicates that a spur system 
is required, this procedure may also be employed for plotting the spur route. 


a. Using a contour map and a sheet of transparent linear graph paper, 
prepare an outline drawing of the general system area. Figure 5-6 shows a repre- 
sentative portion of a typical outline map. 


b. On the outline map, designate the locations of the terminal stations and all 
other main system locations, as determined in paragraph 5. 2.2. 


c. Locate the highest suitable elevation at, or close to, each terminal station 
and all other main system locations. 


d. Starting at one terminal station, connect all main system locations with a 
solid line indicating the preferred (straight-line) route of the backbone system. 
Where a spur system is required, connect the spur station to the backbone system 
at a logical junction point. 
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t BLOCK = 2 MILES 


REPEATER 
SITE 2 
ae 


Figure 5-6. Map of System Area Showing 
Tentative Site Location 


e. From the original map scale, assign a scale to the outline map. In 
figure 5-6 one block equals 2 miles. 


f. From one terminal station, draw an arc having a radius of 30 miles which 
crosses the preferred backbone route in the general direction of the opposite terminal. 
Pick and plot all suitable elevations falling on or near the 30 mile arc (see figure 5-6). 


g. Select a tentative site location from the elevations plotted above, and label 
this site Repeater Site 1. Connect the terminal station and Repeater Site 1 by means 
of a dotted line indicating a tentative path. 


h. Using the procedure outline in Appendix E, plot an earth profile graph for 
the tentative hop between the terminal station and the relay point. Determine from 
the graph whether there is a line-of-sight path between the two sites. If a suitable 
path cannot be established, select an alternate location for Repeater Site 1, and 
repeat the above procedure. 


i. When a suitable site is located, draw an arc with a 30 mile radius about 
this point in the direction of the next main system location or terminal station (see 
figure 5-6). Repeat the above procedure to locate Repeater Site 2. 
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j. When a suitable location for Repeater Site 2 is determined, locate Repeater 
Sites 3, 4, etc., as required to span the distance between the terminal stations. Ifa 
spur system is required, this procedure may be used for plotting the spur route. 


The preliminary route plan resulting from the above calculations will provide planning 
personnel with an insight to the general requirements of the proposed system, and may 
be used for estimating purposes. The plan must be considered as tentative, and 
subject to changes based on field survey findings. 


5.3 BASIC SYSTEM DESIGN DATA 


The application of microwave equipment to a communications system is generally 
that of a radio-relay or radio-link function. A basic microwave system consists of 
two terminal stations and as many radio-relay stations (repeaters) as are required 
to span the distance beween the terminals. The total area traversed by the system is 
called a route. The distance between any transmitter and the receiver that receives 
its transmissions is called a hop. The terrain over which the transmissions in any 
hop travel is called a path. A basic system may consist of a single hop; more 
complex systems are made up of a number of hops. The system may be designed to 
provide simplex (one-way) or duplex (two-way) communication. 


In planning the system layout, certain basic design criteria and standard system 
arrangements are used. The following paragraphs contain information relating to the 
important factors that must be considered. 


5.3.1 Hop Length 


For purposes of communication using microwave frequencies, radio transmission 

is generally confined to the troposphere, that portion of the earth's atmosphere 
directly adjacent to the earth's surface. The troposphere is generally considered to 
extend upward from the earth's surface to between 5 and 10 miles, depending on the 
geographic location. Radio waves transmitted within the troposphere are attenuated 
very rapidly with distance; therefore, useful transmissions within this region are 
generally limited to short distances (25-35 miles), commonly called "line-of-sight" 
paths. Because of this restriction, the permissible hop length between any trans- 
mitting and receiving equipment is somewhat critical, and is a primary consideration 
when preparing tentative system plans. As a general rule, an average hop length 

of 30 miles should be used in preparing the preliminary system layout. Longer hops 
may be considered where elevations and propagation conditions are suitable. 


5.3.2 Backbone System 


The main route between any two principal terminals is termed the "backbone" system. 
The backbone system may be of any length, as necessary to fit the general require- 
ments of the area to be served. The backbone system should be planned to follow the 
shortest practical route between the terminal stations. System locations situated 
away from the logical backbone may be connected through the use of a side hop or 
spur system. Figure 5-6 shows the proposed backbone route of a typical system. A 
proposed spur system is shown connected at Site B. 
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5.3.8 Spur Systems 


There are several methods by which a spur system may be connected with the back- 
bone system. The method used will depend on one or more considerations, such as 
cost of installation, type of terrain, required system flexibility, and circuit require- 
ments of the spur station. 


a. ‘Tandem Repeater. The most economical method of connecting a spur station 
to the backbone system is through the use of a tandem repeater arrangement (see 
figure 5-7). Note that the original linkage between Stations B and E is broken by re- 
orienting the antennas toward the spur station (c); in other words, the spur station is 
simply made a part of the backbone. Such an arrangement requires a minimum amount 
of equipment since the spur station serves as another repeater. The tandem repeater 
is limited in application because it can be used only when the distances involved are 
relatively short and when the elevations and paths are suitable. 
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Figure 5-7. Tandem Repeater Spur 
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b. Terminal-to-Terminal Spur (see Figure 5-8). The spur system is connected 
to the backbone system by means of a junction station employing a microwave repeater 
and a microwave terminal. The connection between the repeater station in the back- 
bone system and the terminal equipment feeding the spur system is accomplished 
through the use of a hybrid junction. 
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Figure 5-8. Terminal-to-Terminal Spur 


c. Drop Repeater with Terminal-to-Spur. The spur system arrangement 
shown in Figure 5-9 is similar to the terminal-to-terminal spur; however, facilities 
are provided for dropping one or more channels at the junction station. Interconnection 
between the backbone system and the spur system is accomplished by means of an 
audio patch between the multiplex dropout equipment, in the backbone system, and 
the multiplex terminal that feeds the spur system. 


STATISTICS Higher Concepts of Mathematics 


Example: 
Find the mean of 67, 88, 91, 83, 79, 81, 69, and 74. 
Solution: 
= 1 
i = x 
Nia] 


The sum of the scores is 632 and n = 8, therefore 


In many cases involving statistical analysis, literally hundreds or thousands of data points are 
involved. In such large groups of data, the frequency distribution can be plotted and the 
calculation of the mean can be simplified by multiplying each data point by its frequency 
distribution, rather than by summing each value. This is especially true when the number of 
discrete values is small, but the number of data points is large. 

Therefore, in cases where there is a recurring number of data points, like taking the mean of a 
set of temperature readings, it is easier to multiply each reading by its frequency of occurrence 
(frequency of distribution), then adding each of the multiple terms to find the mean. This is one 
application using the frequency distribution values of a given set of data. 


Example: 

Given the following temperature readings, 

573,573, 574, 574, 374, STA, 375,:5755.575,.575; 3755. 576, 576, 576,578 
Solution: 


Determine the frequency of each reading. 
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Figure 5-9. Drop Repeater With Terminal- 
to-Terminal Spur 


d. Back-to-Back Terminal with Terminal Spur (see figure 5-10). This method 


of interconnection is commonly used in systems employing a central terminal. 

Signal interconnection for both the backbone and the spur system is accomplished 

by means of an autdio patch between the multiplex terminal equipments. This method 
of interconnection, although having large equipment requirements, provides the 
system with a high degree of flexibility. Circuit routing may be provided by a dial 
selective automatic switching arrangement or by a telephone switchboard. 
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Figure 5-10. Back-to-Back Terminal 
With Terminal Spur 


5.4 CHANNEL AND FREQUENCY ALLOCATION PLANS 


A microwave radio relay system will perform within its specified requirements, 
provided the systems engineer has properly defined the system channel loading 
requirements, and provided he has allocated the most appropriate frequency plan. 
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5.4.1 Channelization 


The term channel, as applied to microwave communications systems denotes that 
portion of the total communications bandwidth required for the transmission of a 

single voice-band signal between two or more stations. Voice-band signals are defined 
as those signals within a 100-3500 Hertz band, and include the signals normally used 
in telephone conversation, teletype, telegraph, telemetering, facsimile, etc. A 
standard voice-band channel, including guard bands, has a 4000 Hertz bandwidth. 


Voice-band channelization in microwave systems applications is obtained through the 
use of multiplexing equipment. Multiplexing equipment provides the means of 
combining signals from a number of sources into a composite signal for transmission 
by the microwave carrier. The number of channel inputs or outputs required at a 
given station has a direct bearing on the quantity and type of multiplexing equipment 
required. In addition, the transmission bandwidth required for transmitting the 
composite multiplex, or baseband, signal determines the bandwidth requirements of 
the microwave transmitting equipment. Since the total number of channels required 
in a given system has a direct bearing on the equipment requirements, care must be 
exercised in determining the channel requirements. The channelization diagram is 
prepared for the purpose of summarizing the overall channel requirements of the 
system. 


a. Channel Requirements. The traffic or trunking plan for the system (a 
typical trunking plan is shown in figure 5-5) outlines the operational requirements of 
the system and shows the proposed routing of all data. To determine the number of 
channels required to accomplish the desired distribution, the requirements of each 
station must be considered separately. The bandwidth required for transmitting each 
type of data must be determined, and one or more channels then allotted to each 
function. If the equipment types are known, the bandwidth required to the particular 
type of signal may be obtained from the equipment manuals or from manufacturers' 
specifications. In those cases where no specific technical information is available, 
estimates should be based upon the technical characteristics of the equipment 
employed in similar applications. The following paragraphs provide general informa- 
tion which may be used for determining the channel requirements of the average 
system. 


(1) Telephone Channels, For satisfactory telephone transmission, the 
bandwidth provided by a full voice-band channel is required. Therefore, the number 
of individual telephone circuits required at a given station determines the number of 
channels which must be allotted to this function. If the telephone circuit is to be used 
on a party-line basis, the same channel is assigned to all stations designated to share 
the circuit. If a private-line telephone circuit is required, the channel is assigned at 
only those stations to be connected. 


(2) Telegraph and Teletype Channels. The bandwidth required for satis- 
factory telegraph or teletype transmission will vary, depending upon the operational 
characteristics of the equipment employed. In general, a bandwidth of between 50 
and 75 Hertz is adequate for satisfactory transmission of a single telegraph channel. 
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Through the use of standard voice-frequency telegraph equipment, a number of tele- 
graph or teletype signals may be combined for transmission over a single voice-band 
channel, In these applications, a bandwidth of several hundred cycles is required. 
To determine the number of voice-band channels required, therefore, the quantity of 
information to be transmitted must be determined, and suitable carrier telegraph 
equipment selected. For example, using Navy standard 16-channel voice-frequency 
carrier telegraph equipment, a single voice-band channel can carry 16 separate 
telegraph-type signals. If 48 telegraph channels must be provided, three voice-band 
channels, each equipped with 16-channel carrier telegraph equipment, will be 
required. 


(3) Telemeter Channels. The bandwidth required for transmission of a 
telemeter channel depends on the type of data to be transmitted, the degree of accuracy 
required, and the functional characteristics of the telemetering equipment used. 

In general, a single voice-band channel can be used for transmitting a number of high 
grade telemeters. In systems applications where great quantities of data must be 
transmitted, special encoding equipment is available that permits a number of tele- 
meters to be transmitted in the bandwidth normally occupied by a single telemeter 
channel. 


(4) Facsimile Channels. Facsimile is the transmission of graphic material 
such as pictures and text, by electrical signals. The bandwidth required for trans- 
mitting this type of information depends upon the type of facsimile equipment employed. 
Equipment is available which operates in the standard voice-band frequency range. 
When this type of equipment is used, each facsimile channel occupies a full voice- 
band channel. In applications where a high degree of resolution is required of the 
transmitted material, wideband facsimile equipment is used. This equipment requires 
about twice the transmission bandwidth required by standard equipment; thus, two 
voice-band channels are necessary for satisfactory transmission. The wideband 
channel required in this instance can be obtained through the installation of special 
multiplexing equipment at the sending and receiving stations. 


(5) Other Channel Requirements. In addition to the above channel require- 
ments, the average system requires one or more voice channels for maintenance 
communications purposes and to permit the transmission of various types of control 
data. One voice channel, connecting all stations with a responsible terminal station, 
is generally reserved for maintenance purposes. This channel is called the service, 
or order-wire, channel. In addition to providing a voice communication facility, the 
service channel, through the use of special equipment, may also be used for fault 
reporting (alarm) purposes and/or supervisory control functions. The fault alarm 
system permits operators at system control points to monitor equipment status at 
unattended stations; supervisory control circuits permit system operators to control 
remote functions. 


b. Channelization Diagram. The channelization diagram (foldout 5-3) 
summarizes the voice-band channel requirements of a typical system. In addition to 
showing the overall channel requirements, the diagram is also used to designate system 
control points and the monitoring stations for the fault alarm system. 
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5.4.2 Frequency Allocation 


In the United States, including its territories and possessions, the use of all radio 
frequencies is subject to the control of two government agencies, the Federal Com- 
munications Commission (FCC), and the Interdepartment Radio Advisory Committee 
(IRAC). Under their joint authority, the frequency spectrum from 10 kHz to 30 kMHz 
has been divided into bands and assigned to a general category for use, such as 
Marine, Broadcasting, Aeronautical and Radionavigation, Public Service and 
Government, and Experimental and Amateur. 


Microwave communication system frequencies occupy the following bands: Common 
carrier, 5925-6425; Industrial 6575-6875; and Government 7125-8400. Non- 
governmental agencies or individuals desiring to use any frequency within the 
appropriate bands must apply to the FCC for permission, stating the frequency, power, 
and type of modulation or operation desired. Governmental agencies must apply to 
IRAC for frequency allocations in the Government bands. 


Military users of microwave communication systems generally attempt to operate 
within the allocated Government frequency band, so that recourse to the FCC for 
permission to operate on a specific frequency is not necessary. A frequency 
assignment coordinator at the cognizant military headquarters is responsible for 
assigning frequencies to elements under the headquarters command. Frequency 
assignment is based on the frequencies allocated to, and the geographic location of, 
other government or non-government users in the same area, 


Since microwave equipments are used worldwide, and since the frequency bands. 
allocated for microwave systems may be different throughout the world, no specific 
rules can be established for all cases. However, the following general procedures 
should be adhered to as closely as is practicable. 


a. Determine the frequencies desired, including suitable alternates, after 
consulting available. records to determine the frequencies presently in use in the area. 


b. Request the assignment of frequencies from the appropriate agency; i.e., 
the cognizant military headquarters, the FCC, IRAC, or the foreign equivalent of 
these agencies. 


c. Inthe case of military systems, frequencies should be chosen in either 
the Industrial or Common Carrier band if it becomes necessary to select frequencies 
outside the Government band. 

5.5 INITIATION OF BESEP 
The foregoing planning efforts, together with all other aspects related to employing 


a microwave communications link, are usually organized in a comprehensive 
planning document entitled a ''Base Electronic System Engineering Plan" (BESEP). 
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5.6 FEASIBILITY PATH LOSS CALCULATIONS 
5.6.1 Path Data Sheet 


Path data sheets provide a way of determining and recording all parameters affecting 
overall transmission loss. They are a useful tool for preliminary work, as well as for 
recording data for future reference. A separate sheet can be completed for each path, 
or the data for a number of paths can be combined into a single sheet (in the latter 
case, the data and calculations are for the individual paths and not for the overall 
system). 


Figure 5-11 is an example of a completed path data sheet. The following discussion 
illustrates some of the planning details and the calculation methods. 


The heading indicates that this was a one-hop system, operating in the 7125-8400 MHz 
frequency band, with a 960-channel design capacity. 


The data in Items 2, 3, and 4 were determined during the path survey, which also 
produced a path profile and other data, allowing the engineer to determine the tower 
heights (Item 5), based on the desired clearance criteria. (rom the disparity in 
tower heights at the two ends, it appears either the path was non-symmetrical, or 
that a high tower at Alpha was impractical. ) 


Items 7 and 8 were calculated from Items 2 and 3, and the path attentuation 
then calculated using equation E-1 in Appendix E (or read from the appropriate 
chart in Appendix A) and entered as Item 9. 


Items 10 through 15 record separately, for each end of the path, the collective 
dB losses in all fixed-loss items between the equipment-connection flange and 
the antenna-connection flange, plus the fixed loss of the radome (if one is used, 
and its loss is not included in the antenna gain figure). 


In the system design stage, the exact waveguide layout is usually not known, so 
reasonable estimates must be made at this time as to the amount and types of 
guide to be used. The fixed losses appear small in comparison to path attenua- 
tion, but are vitally important to the system loss and gain equation, and must 
receive very careful consideration. (A 3-dB increase in fixed losses is equivalent 
to cutting transmitter power in half, or a 6-dB increase in fixed losses is 
equivalent to doubling path length.) 


The items from 10 on are not developed in the order in which they appear in the 
data sheet because of interactions between many of the items; actual selection 
usually involves evaluating several different combinations to find the one most 
suitable for the particular circumstance. 


Thus, the remaining items are discussed in the sequence in which the trans- 
mission engineer might have developed them: 
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MICROWAVE PATH DATA CALCULATION SHEET 
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Figure 5-11. Microwave Path Data Calculation Sheet 
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o He ascertained that the required (or desired) fade margin is 40 dB to 
the 55 dBrncO point. He entered the 55 dBrncO value in the parentheses of 
Item 30, to establish the practical threshold point. He also tentatively entered 
40 dB in Item 31. 


oO He ascertained from manufacturer specifications, or from a curve such 
as figure 5-12, that the RF input required to give 55 dBrnc0 in the top (worst) 
channel was -74 dBm. He entered this value in Item 30. 


o = By algebraically adding Item 31 to Item 30, he determined a tentative 
value of -34 dBm as the received signal needed to give a 40 dB fade margin. It 
was also ascertained (from manufacturer specifications) that the recommended 
median receive signal level for 960-channel operation is -33 dBm. Since this was 
higher than the calculated -34 dBm, -33 dBm was tentatively entered in Item 27. 


o From manufacturer specifications, it was determined that the transmitter 
had a minimum output power of +28 dBm, and this was entered in Item 26. 


o By algebraically subtracting Item 27 from Item 26, he determined a maxi- 
mum allowable value of 61 dB for net path loss, and tentatively entered 61 dB in 
Item 25. 


o..  By algebraically subtracting the 61 dB in Item 25 from the 141.5 dB in 
Item 9, it was determined that total antenna gains, minus fixed losses, must be at 
least 80.5 dB to produce the desired value of net path loss. 


o At this point a tentative selection of antenna system types was made. (If 
other considerations are not controlling, the choice will probably be based on the 
best combination, considering gaining-efficiency and economics. However, frequency 
congestion or other considerations might preclude the use of a periscope system, or 
dictated the choice of specific antenna arrangements. ) 


We assume that the choice was a direct radiating parabola at Alpha, mounted atop the 
tower, and a periscope system at Beta. 


o Having chosen the antenna system, he must make a reasonably close 
estimate of the amount of waveguide and all other applicable fixed-loss items 
required, In this case he chose WR 137 rigid waveguide, and entered the estimated 
lengths in Item 10. He also entered estimated lengths of flexible waveguide losses, 
using 2.0 dB per 100 feet for the rigid and 0.1 dB per foot (typical value) for the 
flexible waveguide and entered the total losses in Item 12. 


Item 13 is a catchall for small losses associated with pressure windows, bends, and 
flanges. (The 0.5 dB per end shown is a conservative estimate for most waveguide 
runs. ) 


In this case there were no circulators or hybrids external to the equipment; no entry 
was made in Item 14. 
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Figure 5-12. 
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Item 15 will depend on the type of radome; 0.5 dB is typical for an unheated radome 
in this band. 


re) The fixed losses were totaled and entered in Item 16. He added the 5.5 dB 
total fixed losses to the 141.5 dB path attentuation of Item 9, and entered the 147.0 dB 
result in Item 17. 


o He subtracted the tentative value of Item 25 (61 dB) from the total losses 
of Item 17 (147.0 dB), and obtained 86.0 dB as a tentative value of required total gain 
(Item 24), 


o He divided 86.0 dB by two to obtain a tentative value of 43.0 dB as the 
required antenna gain at each end of the path. ([t is usually most cost effective to 
have antenna gains divided about equally. ) 


o He determined that a 43.0 dB gain at 6175 MHz would require at least a 
10-foot parabolic antenna. In this case he entered the gain figure as taken from 
charts in Appendix A, 43.0 dB, as the gain of the Alpha antenna in Item 23, and entered 
10 feet in the Alpha column for Item 19. 


o By subtracting this 43.0 dB from the tentative 86.0 dB of Item 24, it was 
found that 43.0 dB antenna system gain was needed at the other end. From charts in 
Appendix A, using the -0.7 dB gain factor and the 1.09 dB distance factor for the 
6.175 GHz band, it was determined that a 12-foot x 17-foot reflector was needed to 
meet the 43.0 dB true gain requirement. 


At an apparent (chart) distance of 230 feet x 1.09 feet = 251 feet, a 6-foot dish and 
either a C.R. ora C.E. reflector gave an apparent (chart) gain of about 44.5 dB 

(a true gain at 6.175 GHz of 44.5 - 0.7 = 43.8), somewhat better than the objective. 
If the requirements were absolute, this would have been the probable choice, but 

in this case the engineer did not want to use the very large and heavy 12-foot x 17-foot 
reflector. Instead, the next lower size (a 10 foot x 15 foot) was examined and it was 
determined that at the apparent distance of 251 feet, a 6-foot dish and a 10-foot x 15- 
foot C.E. reflector gave an apparent gain of about 42.6 dB (a true gain of 41.9 dB) 

at 6.175 GHz. After entering this value in Item 23 and carrying out the necessary 
calculation, the median received signal was found to be -34.1 dB instead of the 
desired 40 dB. The 0.1 dB difference in fade margin was insignificant because 
there was no stringent requirement and, since noise performance was also found 

to be satisfactory, the final choice was a 6-foot dish and a 10-foot x 15-foot 
reflector. 


o The engineer entered a 6-foot parabola under Beta in Item 19, anda 
10-foot x 15-foot curved reflector under Item 21. (Items 18, 20, and 22 were deter- 
mined and entered prior to accomplishment of Step 13.) He entered 41.9 dB under 
Beta in Item 23, changed the tentative 86.0 dB in Item 24 to the final value of 84.9 dB, 
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STATISTICS 


We have discussed the averages and the means of sets of values. While the mean is a useful tool 
in describing a characteristic of a set of numbers, sometimes it is valuable to obtain information 
about the mean. There is a second number that indicates how representative the mean is of the 
data. For example, in the group of numbers, 100, 5, 20, 2, the mean is 31.75. If these data 
points represent tank levels for four days, the use of the mean level, 31.75, to make a decision 
using tank usage could be misleading because none of the data points was close to the mean. 
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subtracted this from Item 17 to obtain the final value (62.1 dB) for Item 25; 
subtracted 62.1 dB from the +28.0 dBm of Item 26 to obtain the final median 
received signal level (-34.1 dBm), and subtracted from this the -74.0 dBm0 of 
Item 30, to obtain the final fade margin (39.9 dB) for Item 31. 


Item 28, the "receiver noise threshold," and Item 29, the "theoretical RF C/N 
ratio,'' have been deliberately left blank in this example, since they play no part 

in the choices or calculations. They are on the sheet mainly for historical reasons, 
and because user specifications occasionally call for them. Item 28 is 10 dB lower 
than the 'FM Improvement Threshold.'' In this example, the FM threshold is of no 
importance in the calculations, since the practical threshold determined from noise 
considerations is at a considerably higher level. (Figure 5-12, which shows that 
the FM threshold would fall at about -79 dBm, assuming a 32 MHz IF bandwidth, 

or at -78 dBm with a 40 MHz bandwidth. ) 


A hop which includes a passive repeater requires a somewhat more complicated 
approach in the path data sheet. For Items 1 through 9, and the pertinent Items 
from 17 through 23, it is treated as a two-path system, but from Item 24 on it is 
treated the same as a one-path system. 


Space diversity hops also are more complicated than the example, because they 
have two separate antenna and waveguide systems at each end of the path, with 
different characteristics and, in some cases, different gains. Details of both 
antennas and guides are shown, and the subsequent calculations are made using 
the one with the lower gain for conservatism. 


NAVELEX 0101, 112 


CHAPTER 6 
TROPOSPHERIC SCATTER SYSTEM PLANNING 


This chapter provides a systematic approach to the various problems involved in 
planning tropospheric scatter microwave communications systems. The basic 
concept of systems planning, as advanced in this chapter, is divided into several 
categories. Each category is organized in a logical fashion to describe the various 
tasks involved. The major tasks are presented in such a manner that each task 
presents information that must be considered in the development of succeeding tasks. 


In the preliminary planning stages, the systems planner lays the groundwork for the 
proposed system. Investigations are conducted to determine the locations that must 
be connected by the particular system, the number and type of communications 
circuits required between the various locations, and the possible need for inter- 
connecting the system with existing communications facilities. Based on the data 
compiled, a preliminary system plan and a channelization diagram showing the 
general system configuration and traffic pattern are prepared. These diagrams, 
although tentative in nature, show the basic system requirements and serve as a 
basis for the overall system plan. 


The preliminary system plan indicates the geographic locations that are to be linked 
by the proposed microwave system. The next planning phase, that of route engineer- 
ing, is concerned primarily with microwave path evaluation and site selection within 
the area to be served. The tasks involved comprise those required to establish 
suitable transmission paths between the important system locations, and to select 
sites for the installation of the required microwave terminal and repeater stations. 
Feasibility path loss calculations, together with the initiation of the BESEP (The 
Base Electronics System Engineering Plan) is also presented. An appendix will 
contain feasibility design data sheets with required equations. This chapter will 
provide a numerical example of the calculations. 


6.1 CHARACTERISTICS OF TROPOSPHERIC SCATTER SYSTEMS 


The dominant characteristic of tropospheric radio systems is the large, widely vary- 
ing attenuation encountered in the propagation of microwave signals beyond the 
horizon. The magnitude of the attenuation is such that high system gain must be 
provided for successful wideband transmission; hence, the most obvious features of 
tropospheric radio stations - the large antennas. In addition to such outwardly 
apparent features, there are the transmitters capable of high power outputs at 
microwave frequencies and the highly sensitive and selective receiving systems. 
Besides the physically apparent features, there is the almost exclusive use of 
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frequency modulation (FM), to provide high quality performance with respect to 
effective noise reduction. The rapid, wide variations in attenuation necessitate a 
diversity of radio paths for the satisfactory reception of the desired signal; therefore, 
a multiplicity of similar equipment is used at most tropospheric radio stations. 


Tropospheric scatter is only one of the several mechanisms of beyond-the-horizon 
microwave propagation. The other mechanisms result from diffraction and are 
classified in accordance with the terrain over which the diffraction takes place. 
Thus, there is knife-edged diffraction, diffraction over rounded obstacles, diffrac- 
tion over rough terrain, etc. Since there is no sharp, static dividing line between 
tropospheric scatter and the diffraction modes - often there is a combination of 
mechanisms - and since the same type of equipment is required in each of the 
mechanisms, tropospheric radio system engineering generally encompasses all 
beyond-the-horizon microwave hops. 


The antennas used in tropopsheric radio systems consist of a feed element (usually 
a horn) and a parabolic reflector. The diameters of the reflectors range from 

10 feet to 120 feet. The smaller antennas - up to 20 feet or so, are seldom used 
in strategic systems, where the installations are generally of a fixed-plant nature; 
they are more appropriate for tactical installations where mobility is the prime 
consideration. Antennas with diameters of 30 to 60 feet are used for the average 
tropospheric radio hop. The massive 120-foot antennas are used only on the most 
difficult hops. The feeder systems associated with the antennas use high quality 
waveguide. 


The transmitters, designed specifically for tropospheric radio systems, have final 
power amplifiers whose average power outputs range from 500 watts to 100 kilowatts. 
Lower power outputs are available, but have little use in beyond-the-horizon trans- 
mission because of the high attenuations encountered. The input power requirements 
of the higher power amplifiers are large; consequently, high capacity primary power 
sources are required. 


The receivers used in tropospheric radio systems are specially designed to provide 
high quality performance with low-level input signals. They have noise figures of 
only 8to 14dB. The receiver noise figures are often reduced to as low as 2 to 5 dB, 
depending upon frequency, by the use of tunnel-diode or parametric amplifiers. The 
pass-bands of the receivers are specially designed to produce low levels of inter- 
modulation distortion in the complex wideband signals resulting from multichannel 
modulation. Diversity reception is always used in high grade tropospheric radio 
systems to level off the wide amplitude variations produced in the received signal 

by the variations in path attenuation. Successful diversity operation requires separate 
transmission paths, which are usually achieved through the use of multiple carrier 
frequencies and properly spaced multiple receiving antennas. Sophisticated combin- 
ing schemes provide the maximum advantage from diversity reception. 
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6.2 INITIAL PLANNING 


Planning functions include definition of the communication requirement, system 
concept, system trunking and routing, frequency considerations, support functions 
and manpower training requirements, project management, preliminary implemen- 
tation schedule, and budgetary cost estimate. The planning functions are presented 
in a logical sequence for task accomplishment and to facilitate the preparation of 
documentation required at various stages of the system development. These 
activities are summarized in table 6-1. 


Table 6-1. The Planner's Activities 


ACTIVITY COMMENT 


This may be a formal procedure documented 
in a staff study. It may be informal and be 
documented in memo form. As the need 
crystalizes, the planner finds himself 
required to respond as to his solution to 

the problems. 


Development of 
Requirements 


Early work in concept development is 
typically at a level indicated by 
Figure 4-4. 


Establishment 
of a Basic 
Concept 


Basic Information that must be 
Generated: 


Detailing the 
Plan 


Trunking and Routing Plan 
Map Studies 


Preliminary Site Survey Results 


Support Requirements 


Frequency Plan 


The initial step in establishing system parameters is the interpretation and trans- 
lation of the basic communication need into a realistic and feasible definition of the 
system requirement. This initial step is provided by a concise statement of the 
items developed in table 5-2 which provide an analysis and substantiation of the 
requirement. The analysis must necessarily consider the merits of competitive 
approaches. If, for example, a partially completed line-of-sight microwave system 
can be extended and updated more economically to do an equivalent task, the planner 
is required to recommend that this alternative be considered. Figure 5-1 illus- 
trates in graphic fashion the factors considered and the courses of action to which 
they may lead. 
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During this initial phase of the project definition, broad guidance is needed to permit 
the planner to rapidly determine appropriate transmission means, taking into 
consideration, distance and the number of channels required. It is possible, for 
example, to use cable for carrying messages between terminals whatever the 
distance of separation of the two terminals involved. Further, more than one line- 
of-sight hop may be used in place of a single tropo hop. 


When the requirements have been analyzed and defined, a system concept is developed 
that will meet the needs of the prospective communications users. The factors that 
must be considered and the steps to be followed in the establishing of the concept are 
shown in foldout 5-1. 


The system concept in the planning stage is sufficiently simple that it may be depicted 
in a single line drawing on which all known information is noted. Figure 6-1 shows 
one possible presentation of the system concept. Large size drawings of this type 
are often made for planning purposes utilizing ''flip-on" acetate information strips 

to indicate alternate concepts. 


The feasibility survey which follows the development of a preliminary system con- 
cept considers such questions as whether Town A or a nearby Town E is the most 
appropriate choice, and whether there are reasons why any one of the major hops 
might be impractical. Thus, if for political or other reasons, there were no suitable 
radio site in City B, the alternate choice might make the link to Headquarters 
Location Town E, impractically long, requiring a two-hop link and the location of 

an additional site in the system. 


6.2.1 Preliminary System Configuration 


The steps in developing the preliminary system configuration and the resulting output 
documentation are provided in the following paragraphs. 


The first step in preliminary system planning is to develop a system trunking plan 
based on approved user requirements. Such a system trunking plan will provide, 
in line diagram form, a layout of system channelization requirements and termina- 
tion locations. The steps involved in developing a trunking plan are best illustrated 
by example. Figure 6-2 is a geographical plan of a sample system and table 6-2 
presents its circuit requirements. Both voice and teletype requirements are 
included. The teletype requirements are also translated into equivalent voice 
channel requirements on the basis of multiplexing 16 teletype channels into 1 voice 
channel. 


The system routing plan is based on the trunking plan and provides the system 
layout in terms of a definitive system configuration. The objective of the system 
layout analysis at this phase of systems planning is to determine the feasibility of 
installing a tropospheric radio link between two or more terminal locations and 

not necessarily to establish the final route of the system. Where it is apparent that 
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USE EXISTING LINE-OF-SIGHT HOP 


+> _> 
20 NM * Aap @ PROPOSED HOSPITAL FY 75 


a) ALL LINKS HAVE 72 CHANNEL CAPACITY 
b) USERS IN TOWN "A" INCLUDES 


c) USERS IN CITY "B" INCLUDE 


d) IN CITY "A" SYSTEM INTERFACES 
WITH U.S. NAVY___ NETWORK 


HEADQUARTERS LOCATION 
TOWN E 


NOTE: TRAFFIC EXPECTED 
TO DOUBLE IN 3 YEARS 


TOWN A 


NOTE: A PROCUREMENT CENTER WILL 
BE ESTABLISHED HERE IN FY 73 


AAA 169 


Figure 6-1. Initial System Concept, Typical 
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Table 6-2. Sample Circuit Requirements 


VOICE EQUIVALENT | TOTAL 
BETWEEN STATIONS VOICE TELETYPE TO TELETYPE* VOICE 


*1 voice channel can carry up to 16 teletype channels 


certain stations will have to be located some distance from existing U.S. Military 
facilities the requirements for auxiliary systems and construction should be 
determined to a sufficient degree for approximating overall systems costs. 


It is not practical at the planning level to finalize the location of all the sites of a 
system, because the precise site selections depend largely on the results of the 
definitive systems engineering described in chapter 8. For purposes of costing 

and other preliminary planning aspects, however, system planning groups must 
determine tentative terminal locations and the need for intermediate stations. 
Systems engineering assistance should be sought in carrying out this task. A sim- 
plified system engineering procedure is given which will enable systems engineers 

to make rapid determinations of the factors involved in site selection as well as other 
facets of system configuration. 


6.2.2 Preliminary Siting of Terminals 


A map survey is necessary in planning and selecting sites which offer the most 
promising technical and logistical possibilities. Careful analysis of maps that 
provide reliable topographical data will save much time and effort in the field. 
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From map surveys it is possible to evaluate potential sites and to determine those 
to be visited by the field team. One or more alternate sites will be selected for 
each terminal or relay facility. The criteria for map acquisition and study is out- 
lined in chapter 2. 


After obtaining the appropriate maps, the locations of the users are plotted. Insofar 
as practical, the terminal stations of the tropospheric radio system are located in 
close proximity to the ultimate users. In many instances this will not be feasible 
and a connecting link of wire line and/or line-of-sight radio will be required. For 
example, where the user is located in a city or town or where for other reasons 
adequate space does not exist, the tropospheric radio terminal will necessarily be 
remoted to a different location. Furthermore, the collocation of the terminal sites 
with the user will frequently severely limit the site selection so as to preclude taking 
advantage of terrain features conducive to tropospheric radio propagation. The 
factors which will determine the adequacy of a tropospheric radio site are covered 
in the following subparagraphs. While all of the factors listed may influence the 
selection of a site, they cannot be considered to have equal weight; therefore, 
several sites should be evaluated in terms of relative merits. 


a. The topography of the area surrounding the site affects several factors, 
such as, antenna height, the support of the site, the cost of construction of the 
buildings required, etc. The terrain should be fairly level to aid in location of 
antenna foundations and waveguide runs. However, many compromises will have to 
be resolved; the first being a balance between a good communications location and a 
good location in terms of cost of construction and logistic support. 


b. The take-off angle of the radio beam from each antenna is a factor of 
primary importance in tropospheric radio systems. This is the angle between a 
horizontal line extending from the radiation center of the antenna and a line extending 
from the same point to the radio horizon. (See figure 6-3.) The importance of 
take-off angle to tropospheric radio systems stems from its geometrical relationship 
to the so-called scatter angle. This relationship is illustrated in figure 4-1. It can 
be seen that any increase in take-off angle will result in a corresponding increase in 
scatter angle. Since path attenuation is roughly proportional to scatter angle, it 
follows that high take-off angles will produce higher path attenuation than low take- 
off angles. In fact, an increase of only one degree in take-off angle normally 
results in an increase of several dB in path attenuation. For this reason it is 
essential that take-off angles be considered very carefully. They can be computed 
from topographic maps for preliminary siting but optical surveying techniques must 
be used during the field survey. Since take-off angles can be negative under pro- 
pitious circumstances, the order of precedence in site selection is as follows: 

Sites with the largest negative take-off angles are the first choice, and those with 

the largest positive take-off angles the last choice. Objects within the beam of the 
antenna will cause reflections which may be detrimental to system performance. 
Those objects that are directly along the path within the half power antenna beam- 
width and cannot be removed, have to be considered in determining the take-off angle. 


st es Ee es A ae ie pe 
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Figure 6-3. Site Choice Considering 
Take-off Angle 


c. The effect of slight variations in path length is negligible for constant take- 
off angles; the transmission loss varies approximately 0.1 dB per mile. Conse- 
quently, decreasing the total path length by 10 miles only decreases the transmission 
loss by approximately 1 dB. The major effect of increasing or decreasing the total 
path distance is to change the scatter angle which does strongly affect the trans- 
mission loss. 


d. Meteorology plays a very important part in tropospheric radio propagation, 
but its effect on siting a terminal is usually negligible because there are ordinarily 
no permanent sharp atmospheric boundaries in the troposphere and the general site 
area is presumably already established. There are exceptions to this rule, however, 
which require that a thorough analysis be made of the meteorological data available 
at each location being considered as a potential site. Ducting is a notable exception 
to the condition of gradual transitions between atmospheric layers, which can 
invalidate the most rigorous propagation analysis based on normal atmospheric 
physics. 


STATISTICS Higher Concepts of Mathematics 


This spread, or distance, of each data point from the mean is called the variance. The variance 
of each data point is calculated by: 


Variance = x - x, 


U 


where 


each data point 


x = mean 


The variance of each data point does not provide us with any useful information. But if the 
mean of the variances is calculated, a very useful number is determined. The mean variance is 
the average value of the variances of a set of data. The mean variance is calculated as follows: 


n 
Mean Variance = Ly 
Miz] 


x, - 3| 


The mean variance, or mean deviation, can be calculated and used to make judgments by 
providing information on the quality of the data. For example, if you were trying to decide 
whether to buy stock, and all you knew was that this month’s average price was $10, and today’s 
price is $9, you might be tempted to buy some. But, if you also knew that the mean variance 
in the stock’s price over the month was $6, you would realize the stock had fluctuated widely 
during the month. Therefore, the stock represented a more risky purchase than just the average 
price indicated. 


It can be seen that to make sound decisions using statistical data, it is important to analyze the 
data thoroughly before making any decisions. 


Example: 
Calculate the variance and mean variance of the following set of hourly tank levels. 


Assume the tank is a 100 gal. tank. Based on the mean and the mean variance, would 
you expect the tank to be able to accept a 40% (40 gal.) increase in level at any time? 


MA-05 


1:00 - 40% 6:00 - 38% 11:00- 34% 
2:00 - 38% 7:00 - 34% 12:00- 30% 
3:00 - 28% 8:00 - 28% 1:00 - 40% 
4:00 - 28% 9:00 - 40% 2:00 - 36% 
5:00 - 40% 10:00- 38% 
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e. The proximity of a tropospheric radio link to other Communication- 
Electronic (C-E) facilities, such as radio transmitters or receivers, radar sets, 
industrial areas and diathermy equipment, etc., is of extreme importance. Primary 
and harmonic frequencies of all these sources may produce mutual interference. If 
analysis of the frequencies and levels of the radiation indicates the probability of 
interference, it may be necessary to relocate one of the facilities. 


f. Inthe siting of tropospheric radio communications terminals, careful 
consideration should be given to the harmful effects of electromagnetic radiation on 
the human body and on physical objects such as radio equipment, fuel storage or 
service areas and electrically detonated explosives. A level of 0.01 watts/cm 
is the maximum average power which can be considered safe for personnel on a 
continuous exposure basis. The storage of explosive devices and fuel near the 
transmitting antenna presents a radiation hazard problem which requires careful 
observance of NAVELEX 0101,106, Naval Shore Electronics Criteria Electromagnetic 
Compatibility and Electromagnetic Radiation Hazards. 


g. The planner should evaluate sites with a view towards future expansion of 
the tropo facilities. Such expansion may require an increase in antenna sizes or 
possibly space for additional antennas, increased logistic areas and other facilities. 
Wherever possible, sites should be selected to give good take-off angles in all 
anticipated directions. The layouts in figures 6-4 through 6-7 depict the simplicity 
of illustrations adequate in the preliminary planning. Similar coding and appropriate 
dimensions apply to all figures. The extent of the Restricted Area is usually defined 
in the preliminary site sketches. Two categories of restrictions are obstruction 
restriction and radiation hazard restricted area. 


After tentative selection of the radio terminal locations and any required inter- 
mediate repeater sites, the preliminary routing plan is prepared. Figure 6-8 is 

a sample routing plan, based on the circuit requirements given earlier in table 6-2. 
Figure 6-9 is a trunking diagram derived from the circuit requirements and the 
routing plan. This diagram will be used in the system engineering phase as the 
basis for the multiplex channelization plan. 


6.2.3 Plotting the Route 


The procedure used in plotting the route of a proposed system for preliminary and 
final path determination differs only in the order of accuracy of measurements and 
calculations. 


When a preliminary study is made prior to the actual site survey such that alternate 
sites are selected, maps with a scale of at least 1 in 250,000 with contours at not 
more than 60 meters shall be used. The distance determinations shall be to the 
nearest mile and coordinates to second order accuracy. 
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Figure 6-4. Four-Terminal Tropo Site, 
60-Foot Antennas 
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Figure 6-5. Three-Terminal Tropo 
Site, 60-Foot Antennas 
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Figure 6-6. Two-Terminal Tropo Site, 
60-Foot Antennas 
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Figure 6-7. One~Terminal Tropo Site, 
60-Foot Antennas 
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The selected sites shall be surveyed, so that a terrain profile may be constructed 
showing the distances and elevations along the path azimuth with an accuracy not 
less than: 


o Coordinates to third order accuracy. 
o Elevations to the nearest 5 meters. 


The final path parameters (path profile) shall be determined with an accuracy not 
less than: 


6) All distances to 0.1 mile. 
O All azimuths to 10 seconds. 


o Maps utilized shall have a scale of 1 in 25,000 with contours at 5 meter 
intervals. 


The procedure outlined below may be used: 


o Using a small scale map such as is shown in figure 6-10, the proposed 
transmitter and receiver sites are plotted and a straight line (rhumb line) drawn 
connecting the two sites. A rhumb line is a line that intersects all meridians 
(degree of longitude) at the same angle. For distances less than 70 kilometers, the 
rhumb line approximates a great circle path. For greater distances, the true great 
circle path must be determined. 


o Using the rhumb line, select the detail topographic charts to be used in 
the path profile analysis. At the receiver site (in figure 6-10) quadrangle maps 
covering 7-1/2 minutes of latitude and longitude (scale 1:24, 000) have been selected 
and at the transmitter site quadrangle maps covering 30 minutes of latitude and 
longitude (scale 1:125,000) have been selected for use. 


o Using the detail topographic charts, the highest suitable sites at or close 
to each terminal station must be located. 


o Using latitude and longitude of each site, the great circle distance, the 
transmit azimuth, and receive azimuth are calculated using the method in 
Appendix D. 


o To determine the radio horizon, the great circle path on the quadrangle 
charts must be plotted. The great circle path is approximated by a series of rhumb 
lines not exceeding 70 kilometers in length. To do this intermediate positions along 
the great circle path are caldulated and these positions interconnected by straight 
lines. Normally the positions selected are on the edges of the charts. 


Figure 6-11 depicts the spherical triangle for these calculations. 
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Figure 6-11, Great Circle Path Computations, 
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If the great circle path is predominately east-west a longitude is selected (longitude 
difference C') and latitude Ly is calculated from 


t 


cos Y' = sin X sin C' sin La- cos X cos C'! 
and 
sin X cos L 
cos ie 
cos Li. 
sin Y' 


If the great circle path is predominately north-south, a latitude is usually selected 
(latitude difference L ) and the longitude difference C! is then calculated from 


sin X cos L 


sin Y' = A 
cos Lit 
and 
La, + Ly 
Cc! ye ye |e C2 2 
cot — = tan ——— 7 
2 2 z L,, - La 
2 


Where the path is close to 45 degrees either method may be used. 


o The sea level refractivity of the atmosphere (N,) is determined from 
figure 2-8 or 2-9. Using the average height of the transmitter and receiver sites 
above sea level and entering figure 2-10 with this height in kilometers and No» 
the surface refractivity N, is determined. 


o The elevations hj of the terrain on the great circle route as read on the 
topographic maps are tabulated with their distances x; from the transmitting 
antenna. The recorded elevations should include successive high and low points 
along the path. 


The modified elevation y; of any point h; at distance xX; from the transmitter along 
a great circle path is: 


where the effective earth's radius a, in kilometers, is read from figure 6-12 as a 
function of N_. A plot of y. vs x; on linear graph paper as shown in figure 6-13 
provides the desired profile. The ray from each antenna to its horizon is a 
straight line if the elevation above sea level of the horizon and that of its antenna 
differs by less than one kilometer. 
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Solution: 
The mean is 
[40(4)+38(3)+36+34(2)+304+28(3)]/14= 492/14 = 35.1 


The mean variance is: 


+ (l40 _ 35.1| + [38 — 35.1] + [28 - 35.1] +..136 - 35.1]) - 


1 
a O/8).= 412 
14 wee 


From the tank mean of 35.1%, it can be seen that a 40% increase in level will statistically fit into 
the tank; 35.1 + 40 <100%. But, the mean doesn’t tell us if the level varies significantly over 
time. Knowing the mean variance is 4.12% provides the additional information. Knowing the 
mean variance also allows us to infer that the level at any given time (most likely) will not be 
greater than 35.1 + 4.12 = 39.1%; and 39.1 + 40 is still less than 100%. Therefore, it is a good 
assumption that, in the near future, a 40% level increase will be accepted by the tank without any 
spillage. 


Normal Distribution 


The concept of a normal distribution curve is used frequently in statistics. In essence, a normal 
distribution curve results when a large number of random variables are observed in nature, and 
their values are plotted. While this "distribution" of values may take a variety of shapes, it is 
interesting to note that a very large number of occurrences observed in nature possess a 
frequency distribution which is approximately bell-shaped, or in the form of a normal 
distribution, as indicated in Figure 1. 


Figure 1 Graph of a Normal Probability Distribution 
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Figure 6-13. Modified Terrain Profile for 
a Double-Horizon Path 


6.3 BASIC SYSTEM DESIGN 


As a result of planning activities previously described, a basic communications 
requirement has been defined. The user locations, the number and type of channels 
needed, a tentative route and system layout have been established. The next step 
in the evaluation is the determination whether or not each radio frequency link is 
feasible. To do this: 
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o The transmitter power is assumed/or selected. 
o The receiver sensitivity is assumed/or selected. 
o The frequency or frequency band is assumed/or assigned. 
o The antenna sizes and gains are assumed. 
o The antenna heights are assumed. 


o The degree of diversity is assumed. 


Based upon these assumptions the RF attenuation of each pathis calculated. The 
first result is almost always unsatisfactory requiring alteration of the propagation 
path, or one or more of the assumed parameters. When the preliminary calculations 
of path loss for each path in the proposed system show the paths are feasible, all the 
foregoing planning efforts are incorporated in a planning document entitled "Base 
Electronics System Engineering Plan’ (BESEP). As the design progresses the 
BESEP is refined from a planning document to an implementation document. 


6.4 PRELIMINARY PATH LOSS CALCULATIONS 

Beyond the horizon propagation occurs by the mechanisms listed in table 6-3. The 
two major methods are forward scatter and diffraction over a knife edge obstacle. 
Paths just beyond the horizon are predominantly diffraction paths and long paths 
(more than @ = 15 milliradians) forward scatter. The area between is a combination 
of the two. In preliminary or path feasibility calculations the path is considered one 
or the other and calculated as such. 


6.4.1 Forward Scatter 


A forward troposcatter microwave link is proposed between points A and B. 
Figure 6-14 is an example of the Path Data Calculation Sheet. 


a. The latitudes, longitudes and site elevations (items 2, 3, and 4) were 
determined from the map study of large scale maps (chapter 2). 


b. The antenna launch azimuths and the path length (items 7 and 8) were 
computed using appendix D. 


c. The frequency assigned for this path is 4.8 GHz. 
d. The following parameters are assumed: 
o 30 foot parabolic antennas at each end (item 19). 


o Each antenna is 26 feet (8 meters) above the ground (item 18). 
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Table 6-3. Basic Design Considerations 


POSSIBLE PROPAGATION 
MECHANISMS COMMENT 


Forward Scatter Consider the following modifying factors: 


Possibility of reflections enhancing or 
weakening the forward scatter effect. 


Orientation of the antennas. 
Height of the antennas. 
Frequency effects. 


Effect of contributions from diffraction. 


Trans-Horizon Diffraction Distance at which diffraction and forward 

Around a Smooth Earth scatter are approximately equal is 65 
(100/£)4 3km. In general, for most paths 
having an angular distance (9) greater than 
15 milliradians, the diffraction calculations 
may be omitted. 


Diffraction Over a Single Obstacles may be knife edge or rounded, 

Isolated Obstacle different design approaches apply to the two 
cases. The possibility of reflections on 
either or both sides of the obstacle should 
be considered. 


Diffraction Over Two or Involves an extension of the method 
More Obstacles described above. 


Ducting This is a propagation anomaly which requires 


the engineer to investigate the climatology of 
an area in detail. 


o The transmitter is 1 kW (+60 dBm) (item 26). 


o The receiver noise threshold is -98 dBm (item 28) and the FM 
improvement threshold (-49 dBa) is -88 dBm (item 30). 


o Items 10 through 14 are assumed based upon antenna height, diversity 
and experience. 
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Figure 6-14, Microwave Path Data Calculation Sheet 
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e. The surface radio refractivity N, is determined from figure 2-9 and N E 
for the average surface refractivity from figure 2-10 is 301. 


f. Using a preprinted form with the k factor determined from table 2-2, or 
using the method specified in paragraph 6.2.3, the path profile is plotted as shown 
in figure 6-15. 


g. Based upon the path geometry defined in figure 4-4, the applicable values 
from the profile, figure 6-15, are shown on figure 6-16. 


h. Figure 6-17 shows the computations to obtain the scatter angle (or path 
angle) 0. Aw, and Af, are obtained from figure 6-18. If N, is other than 301 the 
correction of figure 6-19 must be applied. 


i. Using the parameters previously calculated, the long term median trans- 
mission Lpspr (figure 6-20) is determined to be 215. 8 dB which is entered as 
item 9 on figure 6-14. It must be noted that in these calculations, the scattering 
efficiency term F,, the frequency gain function Ho, and the atmospheric absorption 
term A, are omitted during the initial calculations. 


j. The gain efficiencies of most commercial antennas with parabolic reflectors 
are on the order of 55 to 65 percent. With 55 percent efficiency, the gain of a para- 
bolic antenna is: 


O 
lI 


20 log B + 20 log F+ 7.5 


where 


ro) 
ll 


gain over isotropic in dB 
F = frequency in gigahertz 
B = parabolic diameter in feet. 


From this the gain of a 30 foot disk at 4.8 GHz is 50.6 dB which is entered under 
item 23 and totaled in item 24. 


Although this formula can be used for estimating purposes, the actual gain deter- 
mined from manufacturers' published specifications should be used during the final 
planning phases. 


k. ho and Q are computed as shown in figure 6-21. Entering figure 6-22 
with h, and Ng determine 7,. Entering figure 6-23 with 6/Q and ng the antenna 
coupling loss Loy is determined as 10 dB which is entered in figure 6-14, item 15. 
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(EXISTING TROPOSCATTER PATH) 


44 
4400 2 (8500) “3 18500) 


0.00506 — 0.00026 -— 0.00049 
= 4.80 mr 


his— Hes Hts~ Hrs 
d d 


89.75 + 21 — 102 89.75 21 — 102 
2 (8500) 89750 2 (8500) ~ ~—-89750 


0.00528 — 0.00091 0.00528 + 0.00091 


4.37 mr 


0 ABE 9 
FIGURES 6-I8 AND 6-19 FROM FIGURES 6-18 AND 6-19 


A $8.4 +x+ Aa By =94 +y+t OB, 


4.80 + 4.37 mr 4.97 + 6.19 mr 


= 9.17 mr 11.16 mr 


8992 9=agtBo = 9.17 + 11.16 = 20.33 mr 


AIAAI85 


Figure 6-17. Tropospheric Path Angle 
Computations (Milliradians) 
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Figure 6-19, The Coefficient C(Ng) 
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STATISTICS Higher Concepts of Mathematics 


The significance of a normal distribution existing in a series of measurements is two fold. First, 
it explains why such measurements tend to possess a normal distribution; and second, it provides 
a valid basis for statistical inference. Many estimators and decision makers that are used to make 
inferences about large numbers of data, are really sums or averages of those measurements. 
When these measurements are taken, especially if a large number of them exist, confidence can 
be gained in the values, if these values form a bell-shaped curve when plotted on a distribution 
basis. 


Probability 


If E, is the number of heads, and E, is the number of tails, E,/(E, + E,) is an experimental 
determination of the probability of heads resulting when a coin is flipped. 


P(E,) = n/N 


By definition, the probability of an event must be greater than or equal to 0, and less than or 
equal to 1. In addition, the sum of the probabilities of all outcomes over the entire "event" must 
add to equal I. For example, the probability of heads in a flip of a coin is 50%, the probability 
of tails is 50%. If we assume these are the only two possible outcomes, 50% + 50%, the two 
outcomes, equals 100%, or 1. 


The concept of probability is used in statistics when considering the reliability of the data or the 
measuring device, or in the correctness of a decision. To have confidence in the values measured 
or decisions made, one must have an assurance that the probability is high of the measurement 
being true, or the decision being correct. 


To calculate the probability of an event, the number of successes (s), and failures (f), must be 
determined. Once this is determined, the probability of the success can be calculated by: 


where 
s + f =n = number of tries. 
Example: 


Using a die, what is the probability of rolling a three on the first try? 
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PARAMETER 


DISTANCE d,km 
(From Figure 6-14) 


SCATTER ANGLE @, MILLIRADIANS 
(From Figure 6-17) 

@d , RADIANS 

(89.75) (20.33) x 107° 

ATTENUATION FUNCTION F(@d) IN dB 
FROM FIGURE 4-5) 

30 LOG f IN dB 

(fis frequency in MHz) (4800) 


-20 LOG d in dB 
(d is distance in km) (89.75) 


Lper 730 LOG f-20 LOGd + F(@d)-FotHotAg, dB AMMA 188 


Figure 6-20. Computation of Long-Term Median 
Transmission Loss of Tropospheric Scatter 
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ANTENNA COUPLING LOSS {SCATTER LOSS) 


a Os 
By 


(FROM FIGURE 6-17) 


Dg-d-diz-diR 
(FROM FIGURE 6-17) 


89.75 - 4.4 - 84 
76.95 kilometers 


_ S Ds @ 
(1+s$)2 


0.821) (76.95) (,02033 
(1 + .821) 


= .445 km 


THE HALF POWER BEAM WIDTH 1. OF A PARABOLIC ANTENNA IS 


APPROXIMATELY 
: F = FREQUENCY IN GHz 
= —422 wicuirapians WHERE 
FB B = PARABOLA DIAMETER FEET 


(FROM FIGURE 6-14) 


= 1222 = 8.5 milliradians 
(4,8) (30) 


SCATTER LOSS Lgp 
(FROM FIGURE 6-23) 


Figure 6-21. Antenna Coupling Loss 
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l. In figure 6-14: 
oO Items 12, 13, 14, and 15 are totaled and entered in item 16. 
o Items 9 and 16 are totaled in item 17. 
o The difference between items 17 and 24 is entered in item 25. 


o The median received power item 27 is the difference between items 25 
and 26. 


o The difference between items 27 and 28 is the theoretical signal to 
noise ratio, item 29. 


o The difference between items 27 and 30 is the fade margin 18.7 dB. 


m. Figure 7-1 indicates that for 99.99 reliability required by DCA standards, 
a fade margin for quadruple diversity of 5 to 9 dB is required, depending upon the 
combined methods. Hence, propagation along this path is possible. 


6.4.2 Diffraction Path Calculations 


A propagation path with a common horizon for both terminals may be considered as 
having a single diffracting edge. This diffraction loss can be estimated from 

Figure A-7. However, the transmission loss over a practical knife-edge diffraction 
path depends critically on the shape of the diffracting edge. Since a natural obstacle 
such as a mountain ridge may depart considerably from an ideal knife edge, the 
diffraction loss in practice is usually up to 20 dB greater than that estimated for the 
ideal case. 


The initial path loss calculations for this type of path should be identical to that 

given in chapter 5 and appendix D except that an additional diffraction loss determined 
from figure A-7 and an added 10 dB loss for a departure from a theoretical knife 
edge should be added to the free space loss. 
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CHAPTER 7 


LOS SYSTEM DESIGN 


This chapter includes simplified procedural steps for establishing a LOS system to 
satisfy certain communication requirements between two points. The curves and 
nomographs are based on theoretical and empirical results; such readily predictable 
factors as free-space loss may differ from the calculated amount because of peculiar 
local conditions, and one cannot predict results exactly, because so many variables 
exist. However, by applying the methods and procedures presented here, an opera- 
tional system may be successfully designed, installed, and operated. 


Procedures for designing a LOS communications circuit can be organized into four 
major steps: determination of basic system requirements; analysis of proposed sys- 
tem configuration to determine path length, frequency, and optimum site location; pre- 
diction of system performance based on type of equipment used, path length, and 
required channel capacity, and actual installation procedures. 


7.1 SYSTEM REQUIREMENTS 


The first step in planning a LOS system between two given site locations is clarifica- 
tion of system requirements, The following questions should be answered: 


o Will the link be used for voice, teletype, or high-speed data transmission? 
o What is the required channel capacity? 

o What is the minimum acceptable reliability? 

o What carrier frequencies are available to be used? 

o What is the required system availability? 


With the answers to these questions, the system designer can select a basic trans- 
mitter and antenna as a first approximation, 


7.2 SYSTEM CALCULATIONS 


Before system predictions can be attempted, certain system calculations must be made 
to determine operating parameters peculiar to the particular system. System design 
is a process of balancing system gains with system losses to provide a minimum 
usable signal (MUS) at the receiver. The system losses are Free-Space Loss, Coup- 
ling Loss, and Miscellaneous System Losses, System gains are Transmitter Gain, 
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Antenna Gain, and Diversity Gain. Such things, therefore as path length and receiver 
sensitivity must be known. Methods for determination of these parameters are pre- 
sented in the following paragraphs. 


7.2.1 system Losses 


a. Free Space Loss, The attenuation (Lyg) between two isotropic radiators 
(in dB) is: 


Lig = 37 + 20 log D + 20 log f (7-1) 


where D = distance (in statute miles) 
f = frequency (in megahertz) 


The requirements for true Free-Space Loss to be realized as presented in Equation 
7-1 are: 


o No large obstacles intervene between the antennas along an optical line-of- 
sight. 


o No alternate transmission path can be followed by a substantial fraction of 
the radiated energy. 


o ‘The intervening atmosphere has a constant index of refraction so that no 
bending of the wave occurs at the frequency used. 


o The intervening atmosphere does not absorb energy from the wave at the 
frequency used. 


These conditions are closely approximated for the case of LOS systems where the total 
loss can be considered to be Free-Space Loss. For the case where the receiver is 
beyond the line-of-sight, an additional loss called Scatter Loss must be added to the 
Free-Space Loss, 


b. Miscellaneous Losses. There are always losses associated with transmis- 
sion lines, duplexers, etc. To allow for these losses in system design, a figure of 
4 dB is usually given for systems using 1 kMHz and using waveguide, and 6 dB is used 
for 2 kMHz systems which use waveguides. 


If the transmitter is more than 100 feet from the antenna, add to the miscellaneous 
loss additional transmission line losses. 


7.2.2 Minimum Usable Signal (MUS) 


When system losses have been calculated, system gain requirements must be evaluated 
to determine optimum system design based on requirements. The minimum usable 
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signal, MUS, is a minimum signal level at the receiver input terminals which will pro- 
vide a usable receiver output signal. The present state-of-the-art is such that a 
receiver output may be provided even if the transmitter signal is not received at the 
antenna, (Output will be developed from galactic, man-made, and thermal noise.) At 
LOS communication frequencies, galactic and man-made noise are of little consequence 
and are not considered in system calculations. However, thermal noise developed in 
the antenna and receiver input section, receiver generated noise, and a margin of 
signal-to-noise ratio required for FM threshold detection must be analyzed in develop- 
ing the system design. The relationship of these factors is: 


MUS = thermal noise + 10 log of the receiver (7-2) 
bandwidth + receiver noise figure + FM 
threshold value carrier to noise, 


It has been determined that thermal noise is evenly distributed throughout the micro- 
wave spectrum and equals KT watts per hertz of bandwidth where: 


K = Boltzman constant, 1.37 x 1073 


T = Effective temperature in degrees Kelvin (for a typical 
microwave application 80° F, which equals 300° 
Kelvin, is used) 
Thus noise power = 4, 107° watt or KT = -204 dBW per Hz of bandwidth. 


Since thermal noise is continuous and equal throughout the spectrum, a wider band- 
width will ''see'' more noise and subsequently require a higher minimum usable signal 
at the receiver input to overcome this noise. This factor is accounted for in the MUS 
calculations (Equation 7-3) by the second factor (10 log of the receiver bandwidth). In 
LOS systems this is usually a significant factor since bandwidth may be several MHz. 
The receiver front end will contribute noise to a system also, and this is accounted 
for in the third factor in the formula: receiver noise figure; high quality maser and 
parametric amplifiers will introduce as little as 2 dB noise; with more conventional 
vacuum tube amplifiers, the figure may be 8 to 12 dB. For an FM system the thresh- 
old level (fourth factor in Equation 7-3) is defined as the received input power which 
produces about a 10 dB RMS signal-to-noise ratio; to provide this margin the MUS 
must be increased by 10 dB. Using these factors, then, the MUS becomes: 


MUS = ~-204 + 10 log BW+ RNF+ 10 dB (7-3) 
where BW = bandwidth 


RNF = receiver/noise figure 
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7.2.3 System Gains 


When system losses have been estimated, and the minimum receiver signal require- 
ments established, system design parameters to provide the necessary gains must be 
calculated, 


a. Transmitter Gain, The gain of a power amplifier transmitted is given by: 


P 
Gop = 10 log (7) dBW (7-4) 


where P = RF power output in watts 


Note that in order to standardize the system calculation, all gains are determined in 
dBW (1 watt = odBW reference). 


b, Antenna Gain. Antenna gain is determined by: 


G, = (20 log f+ 20 log D, -52.6) dB (7-5) 
A A 
where Gy = antenna gain over an isotropic radiator in dB 
f = frequency in megahertz 
Dy = diameter of reflector in feet 


ec. Diversity Gain. To minimize the affects of fast fading, the designer may 
use a form of diversity. The fast fading (multipath) phenomenon does not affect signals 
of different frequency or over different paths in a correlated manner. To reduce the 
overall affect of rapid fading, a diversity scheme can be used, whereby two or more 
essentially non-correlated signals are combined to produce a signal which is freer of 
fades than any individual signal. All types of diversity require the use of additional 
receivers and various other equipments; however, it is economical to use diversity on 
LOS systems where continuous, reliable service is required. By the use of maximal- 
ratio combiners, a gain in the median signal level can be obtained, The gain is the- 
oretically 3.8 dB for dual-diversity, 6.0 dB for triple diversity and 7.2 for quadruple- 
diversity. 


Quadruple-diversity is most economically obtained by using a form of space and po- 
larization diversity. The four space paths are achieved by transmitting signals in the 
horizontal plane from one antenna and in the vertical plane from a second antenna, On 
the receiving end, two antennas are used, each antenna having dual-polarized feed 
horns for receiving signals in both planes of polarization. The net effect is to produce 
four independent signal paths which provide a diversity order of four. 


Figure 7-1 shows the curves for dual-, triple-, and quadruple-diversity crossing the 
50 percent reliability line at 3.8, 6.0, and 7.2 dB, respectively. The use of more 
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Higher Concepts of Mathematics STATISTICS 


Solution: 
First, determine the number of possible outcomes. In this case, there are 6 possible 
outcomes. From the stated problem, the roll is a success only if a 3 is rolled. There is 


only 1 success outcome and 5 failures. Therefore, 


Probability = 1/(1+5) 
= 1/6 


In calculating probability, the probability of a series of independent events equals the product of 
probability of the individual events. 


Example: 
Using a die, what is the probability of rolling two 3s in a row? 
Solution: 


From the previous example, there is a 1/6 chance of rolling a three on a single throw. 
Therefore, the chance of rolling two threes is: 


1/6 x 1/6 = 1/36 


one in 36 tries. 


Example: 
An elementary game is played by rolling a die and drawing a ball from a bag containing 
3 white and 7 black balls. The player wins whenever he rolls a number less than 4 and 
draws a black ball. What is the probability of winning in the first attempt? 


Solution: 


There are 3 successful outcomes for rolling less than a 4, (i.e. 1,2,3). The probability of 
rolling a 3 or less is: 


3/(3+3) = 3/6 = 1/2 or 50%. 
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than one antenna or more than one propagation path in conjunction with combining type 
receivers, therefore, produces a system gain of several dB. 


7.2.4 System Performance 


When the system gains and losses are tabulated, their algebraic total is the median 
received signal level. If this level is equal to the MUS, the system will function. 
However, the received signal will fluctuate rapidly, and will be obscured by noise at 
every fade. The reliability of such a system would be 50 percent, which is unsatisfac- 
tory for most military applications. If the median received signal is greater than the 
MUS, a fade equal to the difference between median received signal level and MUS will 
be absorbed without loss of the modulated information. The greater the difference of 
median received signal level and MUS (this difference is termed fade margin), the less 
is the likelihood that the received signal level will drop below the MUS. 


7.2.5 Pre-emphasis (FM) 


Pre-emphasis and the channel-loading factor are important considerations in determin- 
ing the channel noise. While only a brief description of each is presented at this time, 
their use in the calculation of channel noise will be reserved for later paragraphs. 


In order to assure that each channel has as near as possible the same signal-to-noise 
ratio, it is necessary to have the same deviation ratio in each channel. As the mod- 
ulation frequency increases, the deviation ratio decreases. Thus, pre-emphasis must 
be added to make the frequency deviation in each channel a function of modulation fre- 
quency as well as modulation voltage. Ifthe pre-emphasis is used, there is a gain in 
signal-to-noise in the top channel due to the increased deviation. A good engineering 
approximation is 4 dB average gain in a system using pre-emphasis over a system 
without pre-emphasis. 


7.2.6 Channel Loading Factor 


The load on a multi-channel system in terms of the number of telephone, teletype, and 
data channels in use will vary slowly with time. The multichannel system is also sub- 
jected to a rapidly varying instantaneous load resulting from the combination of the 
voltages in the various channels. A busy channel is one in which communications 
energy is actually flowing to a customer at the far end of the system. In the case of a 
telephone connection, busy channel time will be spent in ringing the far end, the near 
end talker upholding his portion of the conversation, and the rest of the time the talker 
at the far end will be talking, each pausing for breath and waiting between words and 
sentences. The fraction of time a busy telephone channel is active (termed activity 
factor) is obviously much less than one-half; thus indications are that a maximum 
telephone activity factor is 0.25. 


7.3 SYSTEM CALCULATION EXAMPLE 


To clarify the use of formulas and methods, a sample system calculation will be made. 
The system will be designed with line-of-sight calculations and consists of a path 


NAVELEX 0101, 112 


approximately 28 miles long in which the transmitter and receiver antennas are sep- 
arated by path obstacles, 


This system requires 72 full duplex voice channels and has been assigned a carrier 
frequency of 2 MHz between points A and B. The noise level must not exceed 38 dBa0 
in any channel and the minimum acceptable carrier-to-noise ratio is 10 dB. The sys- 
tem must have a reliability of no less than 99.99 percent. As a first approximation, 
system design may be based on calculations, but noise levels in each channel must 
also be found to be within limits before the design can be accepted, 


To begin, site information must be obtained. The site under consideration is located 
in the Mediterranean area; adequate topographic maps have been assembled and a path 
profile has been drawn from these. Terminal A was found to be 6450 feet above sea 
level and terminal B was found to be 3970 feet above sea level. The 28 mile path is 
within a temperate climate. These figures are obtained from maps, but should be 
verified by a site survey. 


The basic approach will be to design a system such that the following equation will be 
satisfied: 


< Gains = Losses + MUS + Fade Margin (7-6) 


Losses + AMUS (Actual Minimum Usable Signal) 


First, the terms on the right-hand side of equation 7-6 will be determined, then equip- 
ment will be selected which will provide the necessary gains to overcome their losses 
and produce the required reliability. The only piece of equipment which must be 
selected at this time prior to determining terms on the right side of equation 7-6 is 
the antenna. For paths of about 30 miles, a good starting antenna would be one which 
possessed a 2-foot dish. Consideration must be given in each case, to the number of 
channels required and geographical location (arctic regions being more lossy than 
temperate regions). Thus, initial consideration will be given to use of a 2-foot dish. 


To begin system calculations, certain preliminary calculations must be made. These 
include the determination of the Great Circle Distance, the equivalent distance and the 
receiver bandwidth. These preliminary calculations appear in the following para- 
graphs. 


Table C-1 in Appendix C is a convenient form for recording system parameters. The 
first calculation in the system design is determination of the Great Circle Distance, 
This can be determined by the method presented in Appendix D and has been found to 
be: 


Great Circle Distance - 28.55 Miles 


The Great Circle Distance will be used in the determination of Free-Space Loss and 
Scatter Loss, 
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The power spectrum of a FM radio carrier is dependent on the modulating waveform 
and the deviation ratio, Medhurst has shown that for a normally distributed modulat- 
ing waveform and sufficiently large deviation ratio, the RF power spectrum of the FM 
carrier is Gaussian. This is true since the RF energy in a particular frequency band 
is proportional to the percentage of time that the instantaneous carrier frequency 
remains in that band. 


The first decision to be made in the choice of bandwidth is the RMS deviation correspond- 
ing to the channel test tone, realizing that a high deviation yields a high FM improve- 
ment as well as a higher threshold. CCIR Recommendation Number 274 calls for the 
following RMS frequency deviation per channel, without pre-emphasis, for line-of- 

sight and near line-of-sight systems. (To be used as an indicator only for tropo- 

scatter systems): 


MAXIMUM RMS DEVIATION 
NUMBER PER CHANNEL 
OF CHANNELS (KHZ) 


35 
50, 100, 200 
50, 100, 200 


A multichannel FM system which uses no pre-emphasis has a per channel deviation 
ratio inversely proportional to the channel frequency in the baseband. The channel 
deviation ratio for a sine wave test tone with a peak value equal to the channel level 
which, when exceeded, is considered as instantaneous channel overload, is: 


Vv c (7-7) 


where, AF, is the RMS frequency deviation of the main carrier in Hz and F¢ is the fre- 
quency in Hz of the channel sine wave modulating voltage in the baseband. 


The RMS deviation of the RF carrier by the multichannel signal can be determined by 
taking the square root of the sum of the squares of the per channel mean deviations of 
the RF carrier. The RMS multichannel deviation will vary as the mean multichannel 


power. The peak deviation of the carrier may be determined by: 


AF, (peak) = V2 Af1(N) Hz (7-8) 


where Af = RMS deviation per channel in Hz 


N = number of channels 
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1(N) = antilog oS 


AF. (peak) = peak carrier deviation 


The bandwidth may then be determined by entering figure 7-2 with the deviation ratio 
or by using (7-9) below: 


3 dB bw = 2 (AF, (peak) + at) (7-9) 
where: fa = maximum modulating frequency in Hz (see table 7-1) 


As an example, consider 72 channels with an RMS deviation of 100 kHz per channel, 
The load factor, L(N), from figure 7-3, is 18.1 dB, thus 1(N) is about 8.05. Then the 
peak carrier deviation, AF, (peak) is found from (7-8) above; 


AF , (peak) = 1.414(100)(8. 05) 


=1140 kHz 


The top channel frequency is 300 kHz so that the peak deviation ratio from (1) above is: 


_ 1140 ~ 
p 300 


3.8, 
The 3 dB bandwidth may now be determined using (7-9) above 
3 dB bw = 2(1140 + 600) 
= 3480 kHz 


The bandwidth may also be determined by use of figure 7-2. Entering with a deviation 


ratio, Mp; of 3.8, curve (A) shows a ratio b of about 3.9, so the flat band- 
AF, (peak) 
width is about 4440kHz; Curve (B) shows a ratio b of about 3.05, so that 
AF, (peak) 


the 3 dB bandwidth of 3480 kHz of equation (7-9) is verified; Curve (C) shows a ratio 


b : . . : . 
AFe (peak) of about 2.38, so the flat bandwidth for a distortion-to-signal ratio of 


-80 dB is about 2710 kHz. The 3 dB bandwidth required in the IF, De is about 3.5 MHz. 


In the general case, the rms deviation per channel should be chosen so that the peak 
deviation ratio is around 3, The result of several cases is shown in table 7-1. 
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7.3.1 System Losses 


Now we are ready to compute systems losses. The first loss considered is Free- 
Space Loss, obtained from Appendix A or from the relationship: 


Lag = 37 + 20 log D+ 20 logf (7-10) 
= 37 + 20 log 28.55 + 20 log 1965 


= 37 + 28,96 + 65,87 


131.83 
Free Space Loss = 132 dB 


To the above loss we add the allowance (6 dB) for all miscellaneous losses (transmis- 
sion lines, etc.) 


Miscellaneous Losses = 6 dB 


The losses are tabulated as shown below: 


Losses 
Free-Space 132.0 dB 
Miscellaneous 6.0 dB 


Total Losses 138.0 dB 


7.3.2 Actual Minimum Usable Signal 


With the system losses determined, attention will now be given to the evaluation of the 
Actual Minimum Usable Signal (AMUS). The AMUS is composed of two factors: 


o the MUS 
o the additional gain required for obtaining the desired reliability (fade margin). 
The minimum usable signal, MUS, is obtained from: 
MUS = -204 dBW + 10 log BW + (receiver noise figure in dB) (7-11) 
+ (carrier-to-noise ratio in dB) 


= -204 + 10 log 3.2 x 10° + 12+ 10 


-204 + (10) (6.505) + 22 


MUS = -117 dBW 
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The MUS represents the minimum usable signal level, in dB, for a system possessing 
50 percent propagation reliability. The receiver noise-figure is 12 dB, and the 
carrier-to-noise ratio is 10 dB (by definition) for FM systems. 


Since ordinary military systems require a propagation reliability greater than 50 per- 
cent, the MUS must be adjusted to meet the requirement. For the system under con- 
sideration, the adjustment necessary to increase the reliability to 99.99 percent is 
38.0 dB as obtained from figure 2-30. Therefore: 

Fade Margin = 38.0 dB 


Thus, the AMUS for this system is: 


AMUS = MUS + additional gain to obtain 99.99% (7-12) 
reliability (fade margin) 


= -117 + 38 


-79 dB 


7.3.3 System Design Parameters (System Gains) 


Combining the total losses with the AMUS, equation 7-6 reveals that the system must 
produce a minimum gain of 59 dB if it is to be acceptable. 


Required Gains = Losses + AMUS (7-13) 

Required Gains = 138 - 79 = 59 dB 
Gains. System gain is a function of transmitter power, antenna diameter, order of 
diversity and (when present) knife-edge gain. 
A 1-watt transmitter is first considered and has a gain of 0 dB. 

lw 
= 1 ae = —_ 
Ging = 10 log Ga) 0 dB (7-14) 


Antenna gain, obtained from Appendix A or Equation 7-15, is: 


G, = 20 log f+ 20 log D, -52.6 (7-15) 


= 20 log 1965 + 20 log 2 -52.6 
= 19dB 


System antenna gain is (19.0) (2) = 38 dB. 
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Next, the order of diversity is given consideration, First, consider dual diversity. 
From figure 7-1, it is seen that a gain of 3.8 dB is realized if dual diversity is used. 
This calculation is median path loss; therefore, enter curve at 50 percent time level. 
Therefore: 
Diversity Gain = 3.8 dB 
Tabulating the above gains, a total gain of 41.8 dB is obtained: 


Transmitter (1-watt) 


Antenna (2') 


Diversity (dual) 


Total Gain 


Comparing the total system gain (41.8 dB) with that required for 99.99 percent reli- 
ability (59.0 dB), indicates that the system does not meet the requirements. The next 
consideration is to find the simplest and cheapest method of obtaining the required 
increase. This may be accomplished by reducing the losses (difficult in most cases) 
or increasing the gains. 


There are three direct methods of increasing gains: increasing the order of diversity; 
increasing antenna size; or increasing transmitter power. 


7.3.4 Balance 


Quadruple diversity may be used instead of dual diversity. With quadruple diversity a 
gain of 7.2 dB (3.4 dB over dual diversity) (see figure 7-1) is realized. 


Retabulating system gain using the increase in gain due to quadruple diversity yields 
a total gain of 45.2 dB, as follows: 


Transmitter (1-watt) 
Antenna (2') 


Diversity (Quadruple) 


Knife-Edge 


Total Gain 


Again, comparing system gain (45.2 dB) with the gain required for 99.99 percent reli- 
ability (59.0 dB) indicates that further adjustment will be necessary. 


STATISTICS Higher Concepts of Mathematics 


The probability of drawing a black ball is: 
7/743) = 7/10. 
Therefore, the probability of both events happening at the same time is: 


7/0 x 1/2 = 7/20. 


Summary 


The important information in this chapter is summarized below. 


Statistics Summary 


The sum of a group of values divided by the number 
of values. 


Frequency Distribution An arrangement of statistical data that exhibits the 
frequency of the occurrence of the values of a variable. 


Variance The difference of a data point from the mean. 


Mean Variance The mean or average of the absolute values of each 
data point’s variance. 


Probability of Success The chances of being successful out of a number of 
tries. 
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Increasing antenna size will next be considered. Consider the use of 4-foot reflectors 
in place of 2-foot reflectors, As determined from equation 7-15, a gain of 50 dB 
(2) (25.0) results from this consideration. 


Retabulating system gain using the increase in gain due to the larger antenna yields: 


Transmitter (1-watt) 


Antenna 


Diversity (Quadruple) 


Total Gain 57.2 dB 


Again, comparing system gain (57.2 dB) with the gain required for 99.99 percent reli- 
ability (59.0 dB) indicates that still further considerations will be necessary. 


The third possibility of obtaining an increase in gain is through the use of higher power 
transmitters, If 2-watt instead of 1 watt transmitters are used, the system will expe- 
rience a 3 dB gain (3 dB over a 1 watt transmitter), This will increase the total sys- 
tem gain to 60.2 dB, which exceeds the 59 dB required for 99.99 percent reliability. 
Thus, the requirements have been met. 


Very often only one or two of the above considered methods for increasing gain will be 
sufficient to meet requirements, In such a case, the method selected to obtain the 
required reliability should be based on cost, availability of equipment and materials, 
ease of maintenance, and space and height limitations, as well as equipment depend~ 
ability and power requirements, The three methods of achieving the required reli- 
ability must be analyzed in the light of the peculiarities of the individual sites. 


Quadruple diversity may be effected without additional antennas by simultaneously 
transmitting horizontal and vertical modes. Both modes are received on each receiv- 
ing antenna, using dual polarized horns feeding into combining-type receivers. This 
is an economical method of requiring only two additional waveguide runs and two addi- 
tional receiver-combiners. The total space requirement is only slightly greater. 
Increased maintenance is necessary, causing additional down time which decreases 
reliability unless spare receiver(s) are provided. 


The use of larger antennas is effective in providing increased gain. However, cost 
and space requirements are increased, Air hazards are also presented with the use 
of larger antennas. This method, however, provides increased gain with little addi- 
tional maintenance or post-installation cost. 


Transmitters of greater power may be considered as a means to increase the received 
signal level, However, additional building space is required for heat exchangers and 
prime power requirements are greatly increased. Replacement cost of klystrons over 
several years might prove to be very high. 


7-16 - RT AW 100709 
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bedeD Channel S/N Calculations 


After reliability considerations have been established and a favorable system design 
completed, it is necessary to compute the expected channel noise. According to the 
DCA System Performance Specifications, the channel noise objective is 38 dBaO. The 
requirement states that: 


...noise in any channel shall not exceed 38 dBa median at zero 
relative level (25, 000 picowatts) in any channel during the worst 
month, and shall not exceed 49 dBa at zero relative level 


(316, 000 picowatts) in any channel for more than 1.0 percent of 
the worst month, 


The channel noise (Signal-to-Noise ratio (S/N)) may be computed after the Carrier-to- 
Noise (C/N) ratio of the path has been determined. The relationship between channel 
S/N and system C/N in an FM system is determined primarily by the bandwidth 
required for the particular type of information being transmitted and the degree of 
deviation produced in the system. 
The Carrier-to-Noise defines the power relationship that exists between the received 
signal level and the noise. The total median C/N is obtained by adding the reliability 
fade margin (additional gain required for desired reliability) to the defined Carrier-to- 
Noise ratio of 10 dB. 

In this case: 

C/N = 10 + 38.0 

= 48 dB 

With the total median C/N known, the S/N ratio may be obtained from: 
FOR SSB 


S/N = C/N+ 10 log (=) -L (7-16) 


FOR FM 


S/N = C/N + 20 log (Modulation Index) + 10 108(spm)* PF - L- MUX (7-17) 


where, 


C/N = Total Median C/N Ratio 


i 


BW Receiver IF Bandwidth 


bw = Voice Channel Bandwidth 
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L = Channel Loading Factor 

PF = Pre-emphasis Gain 

MUX = Multiplex Equipment Noise Insertion 
For the system under consideration: 


Modulation Index = 3 


C/N =48dB 

BW = 3.2 MHz 

bw - 4kHz 

PF = 4dB 

L = 10.8 dB (See figure 7-4) 


Il 


MUX 2 dB (average factor) 


Thus, 


3.2 xX 10° 


S/N = 48 + 20 log 3+ 10 log (S22, 


) A e108 = 2 


= 20 log 3+ 10 log (4x 10°) + 39.2 
= (20) (.466) + (10) (2,602) + 39,2 


9,54 + 26,02 + 39.2 


I 


= 74,76 dB 


Thus, the S/N ratio has been computed. Before proceeding to the determination of 
channel noise, it is important to briefly consider the meaning of the S/N ratio, 


The term "signal-to-noise ratio" (S/N) originated in single-channel communications 
practice and generally took into consideration only background or residual noise in a 
single radio channel. With the growth of multichannel communications, it is also used 
to express total intermodulation and residual noise in a single radio channel and is 
frequently referred to as "per-channel flat signal-to-noise ratio."' Basically, it 
expresses the ratio, in dB, of signal power to total noise power in a channel. It does 
not take into account the actual interfering affect of noise on the signal in complete 
circuits. 


The channel noise factor is expressed in dBaO Decibels adjusted, or dBa, originated 
in the telephone industry as an expression of overall system noise performance. 


yo ae NTAWYW 1a"79 


NAVELEX 0101, 112 


0001 


10308, Sutpeo]T wayshs *p-L sans 


STANNVHO ZH» ¢ SO HASWON 


sel vviv 


L 
0 


errt 


jaa se 


€@P — YOLOV4 ONIGVOT W3LSAS 


SStiass 


tit 


CH 


an 


7. 


0Z 


NAVELEX 0101, 112 


Strictly speaking, the term dBa implies that the frequency response or weighting of the 
voice frequency equipment used is 'F1A" weighting. This method of noise performance 
is especially practical. It takes into account not only special types of noise or noise in 
particular items of equipment, but also the affects of all system noise. 


By definition, dBa refers to decibels of noise power above a reference noise power, 
with an adjustment factor included to compensate for weighting. Even though the equip- 
ment from which F1A weighting was derived has been superseded by newer equipment 
having better performance, F1A weighting continues to be used extensively because it 
provides a very close approximation to the performance of most telephone equipment. 


The reference noise power to which dBa is referred is -85 dBm. To obtain dBa0, it 
is only necessary to calculate how many dB above this reference power the signal is. 
For flat voice channels, the corrected reference level is -85 + 3 or -82 dBm. There- 
fore, in this case 


dBa0 = 82 - (S/N) = 82 - 74.76 = 7.24 dBad (7-18) 


The allowable median noise in a real LOS hop specified by DCAC-330-175-1 is based 


on its actual length as follows: 
hop length in NMI Allowable Noise 
3,33 L pWpO 


L>151 NMI 


27<L<151 NMI 2.76 L pWpO + 85.5 pWpO 


L<27 NMI 


160 pWpO 


Where L is the hop length in nautical miles. 
Therefore, for a 28.55 mile hop the allowable noise is: 
= 2.76 (28.55) + 85.5 pWpO 
= 164.4 pWpO 
or 16,6 dBaO 


Thus, a channel having a S/N ratio of 74.76 dB exhibits 7,24 dBaO noise. The allow- 
able median noise is 16,6 dBaO and the channel noise requirement is met. 


If the value of the channel noise factor did not meet the minimum specified for the sys- 
tem, it would be necessary to increase the basic peak channel deviation, or the pre- 
emphasis, or base the signal reliability on a greater C/N ratio, The choice will depend 
on the flexibility of the particular equipments involved. The affect on the bandwidth of 
adjusting the deviation ratio is shown in table 7-1, 
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The system calculations presented in this paragraph are provided as a guide and are 
a compilation of the most recent and reliable data available. 


The data sheets (table 7-2) illustrate the foregoing example. Blank data sheets are 
included in Appendix C. 


7.4 FREQUENCY PLANNING 


In the design of any microwave communications system involving the use of two or more 
radio frequencies, it is necessary to develop a plan of frequency allocation that will 
preclude the possibility of interference. Such interference may be defined as the recep- 
tion of an undesired signal with, or in place of, the desired signal. This undesired 
signal, or interference, should be considered in terms of its source and permissible 
level at the receiver. 


Types of Undesired Signals, There are three types of undesired signals which must be 
considered by the system planner, two of which are directly under his control. The 
undesired signals are: 


ce) Signals arriving at two or more receivers from two or more transmitters 
operating from the same location and in the same direction, that is, signals traveling 
parallel paths. These signals will arrive at about the same signal level, and will be 
affected equally by any fade that may occur along their path (assuming that frequency 
separation is not too great), These parallel signals will cause interference at the 
receivers unless the transmitting frequencies are chosen with the RF and IF rejection 
characteristics of the particular equipment in mind. 


o Signals from other transmitters at the same station in close proximity to the 
receivers. The desired signal, in this case, may be very weak as compared with the 
signal radiated from the nearby transmitter (for example, -75 dBm as compared with 
0dBm). Also, the undesired signal is generally not subject to atmospheric fading, as 
is the desired signal. Allowing for a fading margin of 30 dB, the desired signal level 
might be as lowas -105 dBm. Because of these factors, the frequency separation 
between the undesired locally transmitted signal and the desired received signal must 
be great enough to allow sufficient attentuation (about 25 dB) of the undesired signal 
below the minimum level of the desired signal. 


o = Signals originating from sources external to, or unrelated to, the micro- 
wave system under consideration. These undesired signals are the most difficult to 
eliminate, Military microwave systems, or commercial systems operating in the 
vicinity of military installations, may have interference from certain types of radar 
or other super-high-frequency equipment. In some instances, an undesired signal may 
be the fundamental frequency of the radar equipment, and, in certain types of radar, 
the peak amplitude of this signal may be as much as 60 dB above the peak RF output of 
the microwave equipment. Since it is improbable that a change in radar frequency can 
be effected, it follows that the microwave system frequency allocation must be recon- 
sidered. 
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Table 7-2. LOS System Data Sheet 


FROM: Site A 
SYSTEM REQUIREMENTS 


Tvpe of Transmission (Voice, TTY, etc. ) Full Duplex Voice 
Number of Voice Channels 72 

Desired Reliability 99.99 

Maximum Allowable Channel Noise 6000 mi. cct. 37 dBaO 
Maximum Modulating Frequency , FM 400 kHz 

RF Carrier Frequency, F 1965 MHz 
Modulation Index 

Site Coordinates: 


LA 0 "W Long 


LB ; ———— = a W Long 


PRELIMINARY CALCULATIONS 


Great Circle Distance , D 


Revr. Bandwidth, BW = 2(1F, + Fy) 


1 


h 
Dual n Xmtr 
To 2' - 1-2 
Quad 4' - 
1 
1 


Ant, 
' 
! 
Free-Space Loss, Lyg = 37 + 20 log D 
(miles) + 
20 log f (MHz) -] 132.0 | 132.0 32.0 132.0 
Misc. Transmission Loss 6.0 
TOTAL LOSSES 138.0 | 138.0 38.0 138.0 


MINIMUM USABLE SIGNAL, MUS 
= 204 dBW+ 10 log BW +12dB+10dB--- -117 dBW 


ADDITIONAL GAIN REQUIRED FOR 99.99% 
RELIABILITY (FADE MARGIN) 


ACTUAL MINIMUM USABLE SIGNAL, AMUS 
= MUS + FADE MARGIN 
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Table 7-2, LOS System Data Sheet (Continued) 


TOTAL REQUIRED GAIN in dBW 
= TOTAL LOSSES + AMUS 


GAINS - dBW Change | Change 
1 


Xmtr Gain, Gpp = 10 log Br 
Antenna Gain , Ga = 20 log f + 20 log 


Diversity Gain, Gpry 
TOTAL GAIN 


SYSTEM FEASIBILITY 


(Compare Step VIII and Step VID Adjustment Required 


OK 


MEDIAN CARRIER-TO-NOISE RATIO, C/N 
= FADE MARGIN +10 dB 


SIGNAL-TO-NOISE RATIO , S/N 
= C/N +10 log /BW \+ 20 log (Modulation Index) 
( 
74,76 dB 


7.24 dBaO 
ALLOWABLE MEDIAN NOISE 
L >151 NMI 3.33 L pWpO 
27 <L<151 NMI 2.76 L + 85.5 pWpO 
L<27 NMI 
MAX ALLOWABLE NOISE- 


XIV. SUMMARY 


Desired Reliability: 99.99% Actual Reliability: 99.99% 
Max, Allowable Channel Noise: 15.6 dBaO Actual Channel Noise: 7.24 dBaO 
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Table 7-2. LOS System Data Sheet (Continued) 


Recommended Design Parameters: 


Transmitter Power: 2 watts 
Antenna Size: 4 feet 
Diversity, order 

of: Quadruple 


GENERAL NOTES 


o The maximum modulating frequency is the sum of the minimum modulating fre- 
quency (60 kHz); the voice channel bandwidth (a product of the number of voice channels 
and the nominal 4 kHz spacing); and the spacing between basic supergroups (J2 kHz). 


o See Appendix Dif Great Circle distance must be determined exactly (to five 
place accuracy). Otherwise, measurements from a map with + 10-mile accuracy will 
suffice. 


o To allow for losses associated with transmission lines, coupling, transition, 
duplexers, etc., a figure of 4 dB is given for systems using 1 kMHz and a figure of 6 dB 
is used for 2 kMHz systems. 


o_.In this equation 12 dB = receiver-noise figure and 10 dB = C/N figure. These 
are approximate values and may be changed to fit the specific case. For instance, if 
parametric amplifiers are used, the 12 dB receiver-noise figure is changed to 2 dB. 


o In this equation C/N is that computed in Step X, BW is that computed in Step II, 
bw = voice channel bandwidth, PF = pre-emphasis gain, L = channel loading factor, and 
MUX = multiplex equipment noise insertion (about 2 dB.). 
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In the case of interference resulting from harmonics of nearby transmitters operating 
on a lower frequency, it is necessary to locate the offending equipment and attempt 
modifications or adjustments to suppress or prevent the generation of harmonics. If 
this cannot be done, it will become necessary to employ harmonic waveguide filters to 
eliminate the interference. Problems of this nature must be solved on an individual 
basis through cooperation with the cognizant government or commercial agency. The 
above types of interference and additional types are discussed in chapter 3. For addi- 
tional information in reference to the Utilization of Frequency Spectrum, consult 
NAVELEX 0101, 106 "Electromagnetic Compatibility and Electromagnetic Radiation 
Hazards." 


7.4.1 Frequency Assignment 


When developing a radio-frequency allocation plan for a complex system, allowance 
should be made for the maximum number of channels that may be required by future 
expansion, This will permit orderly system expansion with the minimum amount of 
modification, and will eliminate major readjustments which might otherwise be 

required. Frequency assignment for military objectives (refer to DCAC 330-175-1) 
include channel spacing, transmit-receive frequency separation and IF interference. 


a. Channel Spacing, The minimum RF channel spacing for any microwave sys- 
tem shall be as follows: 


No. Voice Channels Channel Separation 


11.2 MHz 
14.0 MHz 
29.0 MHz 


b. Transmit-Receive Frequency Separation. If a transmitter and receiver are 


operated at the same frequency in the same station, the loss between the transmitter 
and receiver must be greater than 120 dB. All "go" channels shall be in one-half of 
the band, and all "return" channels shall be in the other half of the band. The terms 
"go" and ''return" are used only to distinguish between the two directions of transmis- 
sion. 


For adjacent RF channels in the same half of the band, different polarization shall be 
used alternately. This means that the odd-numbered channels in both directions of 
transmission on a given section shall use H(V) polarization, and the even-numbered 
channels shall use V(H) polarization. 


In order to prevent interference between the transmit and receive antennas on opposite 


sides of a station, each channel shall be shifted in frequency (frogged) as it passes 
through a repeater station as shown in table 7-3, 
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Higher Concepts of Mathenatics IMAGINARY AND COMPLEX NUMBERS 


IMAGINARY AND COMPLEX NUMBERS 


This chapter will cover the definitions and rules for the application of 
imaginary and complex numbers. 


EO 2.1 STATE the definition of an imaginary number. 
EO 2.2 STATE the definition of a complex number. 
EO 2.3 APPLY the arithmetic operations of addition, subtraction, 


and multiplication, and division to complex numbers. 


Imaginary and complex numbers are entirely different from any kind of number used up to this 
point. These numbers are generated when solving some quadratic and higher degree equations. 
Imaginary and complex numbers become important in the study of electricity; especially in the 
study of alternating current circuits. 


Imaginary Numbers 


Imaginary numbers result when a mathematical operation yields the square root of a negative 
number. For example, in solving the quadratic equation x? + 25 = 0, the solution yields x* = -25. 


Thus, the roots of the equation are x =+y-25 . The square root of (-25) is called an imaginary 
number. Actually, any even root (i.e. square root, 4th root, 6th root, etc.) of a negative number 
is called an imaginary number. All other numbers are called real numbers. The name 
"imaginary" may be somewhat misleading since imaginary numbers actually exist and can be 
used in mathematical operations. They can be added, subtracted, multiplied, and divided. 


Imaginary numbers are written in a form different from real numbers. Since they are radicals, 


they can be simplified by factoring. Thus, the imaginary number ~-25 equals y(25)(-1l) , 


which equals 57-1 . Similarly, ¥-9 equals ¥(9)(-l) , which equals 3y¥-l . All imaginary 
numbers can be simplified in this way. They can be written as the product of a real number and 


y-l . In order to further simplify writing imaginary numbers, the imaginary unit 7 is defined as 
y-l . Thus, the imaginary number, ~-25 , which equals 5y~-l , is written as 5i, and the 


imaginary number, y-9 , which equals 3-1 , is written 37. In using imaginary numbers in 
electricity, the imaginary unit is often represented by j, instead of i, since i is the common 
notation for electrical current. 
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The minimum separation between a transmit and receive carrier frequency on a single 
hop shall be as shown in table 7-4. 


c. IF Interference. The center frequency and the channel spacing of the RF 
carrier frequencies shall be chosen so as to prevent interference due to harmonics of 
the shift frequency. That is, harmonics cannot occur at f. the channel frequency, or 
at i + 70 MHz when the IF is 70 MHz. 


Table 7-3. Minimum Frequency Shift as Channel 
Passes Through Station 


NO, VOICE RF CARRIER FREQUENCY, kMHz 
CHANNELS 6 to 8 


120 161 


120 or less 


300 or greater 213 


Table 7-4. Minimum Spacing Between a Transmit and Receive 
Carrier Frequency at a Single Station. 
(Minimum Guard Channel Width Between Upper 
and Lower Half of the Allocated RF Band.) 


NO. VOICE RF CARRIER FREQUENCY, kMHz 
CHANNELS 


60 - 120 49 30 
120 68 44.5 


7.4.2 Frequency Plan 


The Defense Communication Agency recommends the use of one of two frequency plans 
for the military, to be used under appropriate circumstances, The DCA frequency 
plans are illustrated in figures 7-5 and 7-6. 


The DCA specifies that the frequency channels shall be assigned on a hop-by-hop basis 
such that the median value of the unwanted signal in the receiver, due to using the same 
or adjacent frequency channels in two relay sections shall be at least 10 dB below the 
inherent noise level of the receiver. 


When the system requirement is such that a large number of voice channels must be 


handled and it is necessary to use all the RF carrier channels on a single hop, fre- 
quency plan 2 (illustrated in figure 7-6) is recommended. However, when the number 
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Figure 7-5, Recommended Frequency Plan 
for Small Capacity System 
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of voice channels is small, interference may be minimized by using frequency plan 1 
(illustrated in figure 7-5), where alternate channels are used on alternate hops. 


A basic computer model which may be used in developing frequency plans is included 
in Appendix H. 


7.5 EQUIPMENT SELECTION CRITERIA 

This paragraph provides information to be used for the specification and selection of a 
microwave system and associated equipments. Each item in the system is described 
in terms of its function, operating and physical parameters, and compliance with spec- 


ifications, A summary of the specifications for major items of equipment is presented 
in table 7-5. 


7.5.1 Antenna Systems 
Antenna systems include some or all of the following equipments: 
a. Antennas 
(1) Parabolic (or modified parabolic) reflectors 
(2) Antenna feed devices 
(3) Passive reflectors 
(4) Radomes with and without heating elements. 
b. Waveguide Components 
(1) Rigid waveguide 
(2) Flexible waveguide 
(3) Waveguide switches 
(4) Ferrite load isolators 
(5) Circulators 
(6) Duplexers 


(7) Diplexers. 


ec. Pressurizing and Dehydrating Equipment. Military microwave communica- 


tions systems occupy the following frequency bands: 
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(1) 744 - 985 MHz 

(2) 1.7 - 1.85 GHz 

(83) 2.3 -2.4 GHz 

(4) 4.4 -5.0 GHz 

(5) 7.125 - 8.4 GHz 

(6) 13.5 - 16.5 GHz 
The most common antenna used in LOS systems operating over these frequency ranges 
is the parabolic reflector incorporating either a horn or dipole feed device. However, 
it is impractical to use dipole feeds above 3 GHz. Parabolic reflectors to cover the 


frequencies listed are available in diameters of 4, 6, 8, 10, and 12 feet. 


Horn feeds are manufactured in both rectangular and circular configurations. The 
rectangular horn is energized from rectangular waveguide and circular type is usually 
energized from circular waveguide. 


Feed devices are linearly polarized in either the vertical or horizontal plane (plane 
polarization), polarized in both planes (dual polarization), or circularly polarized 
(rotating). 


Feed methods for parabolic reflectors are classified either front feed or rear feed and 
are illustrated in figure 7-7. 


Plane and dual polarized feed horns are shown in figure 7-8. A plane polarized dipole 
feed is shown in figure 7-9. A parabolic reflector with "offset" feed (see figure 7-10). 


Antennas less than 50 feet above ground are usually mounted on a mast or tower when 
used at the frequencies listed above. When antennas, operating at the higher micro- 
wave frequencies, are to be elevated more than 50 feet, various considerations point 
to the following advantages gained from using a parabolic dish and passive reflector 
combination (see figure 7-12), 


o Long runs of expensive waveguide and associated pressurizing systems are 
eliminated. 


o Maintenance procedures are reduced. 
o High standing wave ratios present in long waveguide runs are reduced. 


o The free space and reflector losses are less than losses resulting from long 
waveguide runs, 
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Figure 7-7. Parabolic Reflector Feed Methods 
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Figure 7-8. Polarized Feed Horns 
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AIAA 135 


Figure 7-9, Plane Polarized Dipole Feed 


Figure 7-10. Offset Antenna 
(Modified Parabolic Dish With Offset Feed) 
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Figure 7-11. Parabolic Antenna and 
Passive Reflector Combination 
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IMAGINARY AND COMPLEX NUMBERS Higher Concepts of Mathematics 


Imaginary numbers are added or subtracted by writing them using the imaginary unit i and then 
adding or subtracting the real number coefficients of i. They are added or subtracted like 


algebraic terms in which the imaginary unit / is treated like a literal number. Thus, / -25 andy -9 
are added by writing them as 5i and 37 and adding them like algebraic terms. The result is 8i 


which equals 8y¥-1 or ¥-64 . Similarly, ¥-9 subtracted from ~-25 equals 37 subtracted 
from 5i which equals 2i or 2¥-1 or ¥4 . 


Example: 
Combine the following imaginary numbers: 


Solution: 


(16 +36 -/49 -/A = 
f-16 +36 - 49 -fA =4 +61 -7i -i 
=10i - 8i 


= 2i 
Thus, the result is 21 =2y¥-l =y/-+4 


Imaginary numbers are multiplied or divided by writing them using the imaginary unit 7, and then 
multiplying or dividing them like algebraic terms. However, there are several basic relationships 
which must also be used to multiply or divide imaginary numbers. 


? =()) = (WA) (4) =-1 
® = (PA) = CDW =-i 
i= (AP) = CDCD = +1 


Using these basic relationships, for example, (y-25) (¥-4 ) equals (5i)(2i) which equals 107. 
But, i* equals -1. Thus, 10i* equals (10)(-1) which equals -10. 


Any square root has two roots, i.e., a statement x* = 25 is a quadratic and has roots 


x = +5 since +5* = 25 and (-5) x (-5) = 25. 
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Figures 7-12 and 7-13 depict some typical site layouts using passive reflectors. Fig- 
ure 7-12 shows a standard layout with the parabolic antenna mounted near the tower 
base and the passive reflector atop the tower. A site layout where the equipment shel- 
ter is located at a lower elevation than the tower is illustrated in figure 7-13. This 
layout eliminates the need for a high tower to clear the obstruction between sites. 


7.5.2 Transmission Lines/Waveguide 


Three types of waveguides are available for use in microwave systems: standard 
rectangular, elliptical, and circular. Typical installation using these types of wave- 
guide are shown in figure 7-14. 


Data of rigid rectangular waveguide for the frequency range 3 to 10 GHz is presented 
in table 7-6, and an attenuation graph of high-conductivity waveguide is shown in fig- 
ure 7-15, 


For installations that use primary and standby microwave equipment, waveguide 
switches are used to connect either the primary or the standby equipment to the antenna, 
and to properly terminate the output of the unused equipment. Waveguide switches are 
usually electrically operated to provide for automatic switching applications, 


A ferrite load isolator provides isolation between a signal source and its load with a 
resulting increase in power and improved frequency stability. The ferrite device 
accomplishes these results by reducing the standing wave ratio in the transmission 
line linking the signal source to the load. By placing the load isolator in the RF os- 
cillator branch of the waveguide tee that links the antenna to the klystron RF oscillator 
and receiver input circuits, the RF oscillator is isolated from the other two branches 
of the tee, 


When it is necessary to couple two or three microwave equipments to a single antenna, 
a waveguide circulator is used. This device, illustrated in figure 7-16, is similar to 
a duplexer. With an antenna connected to one arm and three microwave equipments 
connected to the other arms, or two equipments and shorting plate connected to the 
other arms, the following apply: 


Attenuation from arms 1 to 2, 2 to 3, 3 to 4, and 4 to 1 is about 0.5 dB in each 
instance. 


Attenuation between other combinations of arms is on the order of 20 dB. 


7.5.3 Line Pressurization/Dehydration 


Installations of rigid line are pressurized and dehydrated to eliminate chances of mois- 
ture accumulation and resulting changes in impedance or short circuits within the run. 
Dehydration is extremely important in runs subject to temperature changes due to 
either climatic conditions or indoors/outdoors runs. Dehydration will be accomplished 
with an automatic compressor /dehydrator unit, 
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Figure 7-14, Waveguide Installations, Typical 
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Figure 7-15, Attenuation of Oxygen - Free High 
Conductivity Waveguide 


7.5.4 Radio Equipment 


A microwave radio relay link is composed of two terminal stations and, in most cases, 
a number of repeater stations. Terminal stations are situated at the ends of a com- 
munication link and the repeater stations between. 


The RF portion of a terminal and repeater station consists of RF transmitters, RF 
receivers, and associated power supplies, terminal and repeater stations, or between 
repeater stations, 


Remodulating and IF heterodyne repeaters are used: 


o A remodulating repeater consists of two terminal radio equipments back-to- 
back, the receiver output from one feeding the transmitter input of the other. 


o Inthe heterodyne type of repeater, the incoming carrier is heterodyned 


down to frequency which may be easily amplified (usually 70 MHz), and after amplifica- 
tion heterodyned back up to the transmitting frequency. 
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The RF equipments in terminal and repeater stations are basically the same, Ter- 
minal equipment can be converted to repeater equipment and vice versa by making a 
few wiring changes on terminal boards provided for this purpose. Microwave equip- 
ments currently available reflect the latest "state-of-the-art" techniques in solid- 
state design and packaging and comply with the applicable portions of DCAC 330-175-1. 


a. Transmitter. In general, a microwave transmitter includes: 
o Exciter baseband group. 
o Modulator group. 
o Power amplifier. 
o Power supplies. 


In a typical microwave transmitter (see figure 7-17) the exciter baseband group includes 
a pilot oscillator and pilot tone detector for alarm functions, pre-emphasis network, 
and an insertion amplifier. The modulator group includes the klystron oscillator, 
linearizer, filters, automatic frequency control circuitry (AFC), and a power monitor. 
In operation, the output of a telephone multiplex terminal which consists of frequency 
multiplexed AM carrier signal, is applied to the terminal transmitter. This input sig- 
nal (baseband signal) could also be a television signal or any other form of signal that 
is to be transmitted over a microwave radio path. A pre-emphasis network empha- 
sizes the high baseband frequencies relative to the low, to gain certain signal-to- 
noise advantages in the radio system, The insertion amplifier accepts the pre-em- 
phasized signal, amplifies and applies it to the klystron oscillator in the modulator 
group. With this method, the input signal from the multiplexer directly modulates the 
output frequency of the transmitter resulting in a frequency modulated wave. Since the 
klystron modulation characteristic becomes nonlinear with increasing deviation, a 
"linearizer" couples a nonlinear reactive component back into the klystron cavity and 
compensates for its nonlinearity. This "linearization" technique allows optimum 
performance for modulation densities as high as 1200 channels. 


The transmitter output signal (on the order of 1 watt) is passed through an output filter 
to reduce spurious emissions to a negligible level, and then applied to the antenna, 
When higher power (5 watts) is required, particularly in heterodyne applications, a 
traveling wave tube (TWT) is used as a final amplifier. This device, comparable to a 
klystron, as far as ease of tuning and life-expectancy is concerned, can provide up to 
40 dB of RF gain. 


Modern microwave transmitters are designed to exhibit a high degree of frequency 
stability. Crystal-referenced AFC systems can correct transmitters to within 

0.002 percent of their assigned output frequency. DCS Standard DCAC 330-175-1 
states that carrier frequency stability shall be controlled to within 0.01 percent for 

all operating conditions. This degree of stability is required for full route devel- 
opment and for interference coordination with other systems. By sampling the RF 
output and mixing it with a crystal reference frequency, AFC is obtained. By sampling 
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Figure 7-17, 
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the RF output and mixing it with a crystal reference frequency, AFC is obtained. The 
resultant signal is converted to a lower frequency and applied to a discriminator. The 
DC error voltage output from this discriminator is amplified and applied to the klystron 
repeller grid. 


Typical transmitter system performance specifications are shown in Table 7-7 . 


Table 7-7. Typical Transmitter Characteristics 


PARAMETER DESCRIPTION 


Operating Frequency Range: 5.9 to 7.2 GHz 
7.2 to 8.5 GHz 


FM 
(CCIR pre-emphasis) 


Type of Modulation: 


24 VDC 
48 VDC (optional) 
115/230 VAC 


Power Source: 


Power Output: 


+30 dBm (1 watt) min, 


+0. 01%; +0. 002% with AFC 
option 


Frequency Stability: 


+3 MHz 


Carrier Deviation: 


Input Impedance: 75 ohms unbalanced 


Sensing Options: RF carrier level, continuity 


pilot 


Rack Dimensions: Height: 8 feet 
Width: 19 inches 


Depth: 18 inches 


b. Receiver. A microwave receiver consists of: 
Oo =©6©RF-IF Group 
o Local Oscillator Group 
o Demodulator Group 


o Receiver Baseband Group. 


MAY 1972 7-45 


Higher Concepts of Mathenatics IMAGINARY AND COMPLEX NUMBERS 


Similarly, 


25 =+51 
y4 =+2i 
and 
y25 y+ =+10 
Example 1: 
Multiply ~2 and ¥32 . 
Solution: 
(V2 ) (32) = (21) (32d) 
= y(2) (32) i? 
= 64 (-1l) 
= 8 (A) 
Example 2: 
Divide ¥-48 by ¥3. 
Solution: 
-3 3i 
mn fas 
3 
= /16 
= 4 


Rev. 0 Page 13 MA-05 


NAVELEX 0101, 112 


The RF-IF group includes a preselector filter, ferrite, isolator, mixer, and IF ampli- 
fier. The local oscillator group consists of a klystron oscillator and automatic fre- 
quency control (AFC) circuitry. The demodulator group consists of a limiter, dis- 
criminator, and de-emphasis circuitry. The receiver baseband group includes a pilot 
detector, noise limiting circuitry, a baseband amplifier, filters, and demultiplexing 
equipment, 


In operation, a signal from the antenna passes through a waveguide preselector, that 
provides a high IF image rejection ratio and eliminates interference from adjacent RF 
channels, and enters a waveguide filter tuned to its frequency. The filter bandpass is 
designed to reject all unwanted signals. The signal next passes through a ferrite 
isolator which minimizes intermodulation noise and holds the antenna system VSWR 

to a reasonable value (less than 1, 2:1) in accordance with DCAC 330-175-1 require- 
ments, The incoming signal is mixed with the local oscillator output to produce the 
standard 70 MHz IF frequency. The IF output is amplitude limited and applied to an 
AFC discriminator, the output of which is used to control the frequency of the klystron 
oscillator, The limiter output is also applied to a signal (IF) discriminator, a de- 
emphasis circuit, and a noise muting (squelch) circuit that disconnects the baseband 
amplifier and demultiplexing equipment if system noise increases above a preset level. 
After the squelch circuit, the signal is passed to the baseband amplifier and then to 
the demultiplexing equipment where the original intelligence is retrieved. 


Typical characteristics of a microwave receiver are shown in table 7-8. 


Table 7-8. Typical Receiver Characteristics 
Receiver 
Noise Figure 14 dB or less 
Local Oscillator Reflex Klystron with AFC loop 
Preselector 5-section waveguide filter 
IF Center Frequency 70 MHz 
RF Bandwidth 15 MHz 3-dB bandwidth, standard 


receiver optional narrow band IF 
filters for low traffic application 


Peak Deviation +3 MHz 


Capability 


Output Impedance 75 ohms unbalanced; 26 dB 
minimum return loss 
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A block diagram of a typical microwave receiver is shown in figure 7-18. Though not 
shown in the diagram, sensing and alarm functions are integral to all microwave com- 
munications. 


7.9.5 Alarm Functions 


In the transmitter these functions are provided by applying a pilot tone to the baseband 
input and monitoring the output. The power output of the klystron is also monitored. 
These monitored signals are applied to logic circuits that determine whether a varia- 
tion in pilot tone or klystron power is a fault condition. If standby equipment is avail- 
able, its condition will also be indicated. In the event of a transmitter failure, auto- 
matic switchover is effected. Should primary power fail, automatic switchover to a 
battery bank takes place. Usually terminal connections are available for remote 
switching of transmitters. Local control of switchover is accomplished by means of a 
manual switch. Pilot lights indicate which terminal unit is on the air and alarm con- 
tact provide for remote alarm. 


In the receiver, the desired signal usually passes through a pilot bandstop filter and a 
standby switch prior to entering the demultiplexer. The standby switch connects the 
demultiplex circuits, A pilot bandpass filter and pilot detector are connected across 
the baseband output to monitor receiver operation. The output of this detector and the 
local oscillator power monitor are applied to an alarm sensing and switching unit. If 
either monitor indicates a fault and a fade does not exist, the switching unit will trans- 
fer to standby operation, if the standby unit itself is not at fault. As in the transmitter, 
both local and remote alarms as well as local control are provided. 


Sensing Options: Baseband noise level, continuity 
pilot; RF carrier level 


Power Source; 24 VDC, 48 VDC (optional) 
115/230 VAC 


Frequency Stability:  +0.01%; +0. 002% with AFC option 


7.5.6 Standby Equipment 


A high degree of system reliability can be obtained when "standby" equipment is used 
to supplement the primary equipment. However, standby equipment should only be 
specified for stations where the greatest benefit will be realized, for example, an 
isolated station difficult to reach under adverse conditions, Automatic switching equip- 
ment (as mentioned previously) is available to place the standby equipment in operation 
if primary equipment fails. 


7.5.7 Signalling 


In-band signalling at 2600 Hz and 2280 Hz is commonly used in the United States and 
Europe, respectively. The 2600 Hz tone has been used commercially for some years, 
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and where interface is required with this equipment, provisions for this form of sig- 
nalling must be made, The International Telegraph and Telephone Consultative Com- 
mittee (CCITT) provides for 2280 Hz "in-band" signalling on international circuits, 
With either type the entire voice band is available for intelligence at all times except 
during the signalling period. With "out-of-band" signalling, as specified by DCA 
Standards, the voice band is continuously available but with a narrower bandwidth to 
permit insertion of 3825 Hz tones. Regardless of the type of signalling selected (in- 
band or out-of-band), E and M signalling is normally provided on the user's lines. 
Ringdown, loop signalling, or subscriber signalling may also be provided depending 
on the user's equipment. Typical in-band signalling and ringdown loop signalling 
facilities are illustrated in figure 7-19. 


7.5.8 Order Wire 


In most relay systems, one voice channel will be withheld from voice transmission 
order to use it as a service wire, or order wire. This channel will inform the nearest 
terminal station of a fault existing at a relay station, together with some indication of 
the type of fault existing. A complicated system of blocking is used, so that two 
repeaters cannot "report" trouble at the same time, which would happen in the event 
of a failure of one station disrupting the operation of an adjoining station. 


7.5.9 Spare Parts 


During the course of preventive maintenance inspections, it will be noted from time to 
time that the performance of some components has deteriorated. Rather than wait for 
the component to become weaker or to fail completely and cause system interruptions, 
it is considered good maintenance practice to replace such weak components during the 
inspection. Although components are replaced before their full service life has been 
realized, service interruptions can be avoided in this manner. This practice will, in 
turn, increase the expected replacement parts cost for an operating system; however, 
the increase is justified on the basis of increased system reliability and the saving of 
additional manpower costs that would be incurred in making special rush trips to un- 
attended stations to restore station operation. 


Based on the known degree of component reliability of current installations, and con- 
sidering a preventive maintenance program such as that described above, it can be 
expected that in a year's time a microwave system will require replacement parts 
equal in cost from 1 to 2 percent of the initial cost of the equipment, and replacement 
tubes equal in quantity from 25 to 30 percent of the total number of operating tubes. 
The tube replacement ratio, as noted above, is considerably higher than the part 
replacement ratio. This is generally to be expected because tubes have a higher fail- 
ure incidence rate; and also, the relative performance of operating tubes is more 
easily checked than the relative performance of other components, so that more fre- 
quent tube replacements naturally result. 


Supply depots should be established at convenient locations along the microwave sys- 


tem so that maintenance personnel will have the most frequently needed spare parts 
and supplies available, The stock carried at these depots should include components, 
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subassemblies, and other parts that experience shows to have a high replacement 
factor. Some parts, such as tubes, crystals, critical relays, etc., should be stocked 
at the stations themselves in a ratio of at least 1:1. 


7.5.10 Test Equipment 


In order to properly test and service a microwave communications system, mainten- 
ance personnel should have a thorough understanding of the equipment's physical make- 
up, operational characteristics, capabilities, and limitations, and should be familiar 
with the circuit theory of operation. It is equally important that the proper test equip- 
ment be available for utilization by these personnel, Each field maintenance man 
should be equipped for making routine measurements. Typical equipments recommended 
for this purpose include a microwave test set, an IF/MF test set, a multimeter, and an 
oscilloscope; these units must be compatible with the microwave system in which they 
are used. As the area of maintenance progresses from on-site field maintenance to 
depot maintenance, the quantity and requirements of the test equipment to perform the 
maintenance procedures will increase. 


A list of test equipment for use in the alignment and adjustment of a typical microwave 
communications system is given in table 7-9. This list is for use with systems 
employing microwave equipment and time-division multiplex equipment. It includes 
the type of test equipment necessary, and the required characteristics of this equip- 
ment, Those pieces of equipment which are applicable for general field maintenance 
are indicated with an asterisk (*). 


Table 7-10 lists the test equipment required for laboratory (depot maintenance) meas- 
urements for a typical microwave system employing microwave equipment and time- 
division multiplex equipment. The item numbers under the EQUIPMENT NEEDED 
heading refer to the test equipment itemized in table 7-9. 


7.5.11 Tools Required for Maintenance 


It is important that maintenance personnel have a thorough understanding of the equip- 
ment utilized in the system, and that they have the proper test equipment to perform 
the required maintenance checks. In addition to the above, the maintenance personnel 
must have the proper tools to efficiently repair the malfunctioning equipment when the 
defects are located. Of course, the maintenance man should know how to properly 
use the tools required for maintenance, 


Table 7-11 lists the quantity and type of tools generally included in a tool kit required 
by a field serviceman to properly maintain a microwave communications system, In 
addition to these tools, the special tools indicated in the equipment manuals should 
be included. 


Table 7-12 lists the type of tools required at a typical microwave station, The quantity 
of these tools will depend on the amount and type of equipment installed. The special 
tools indicated in the equipment manuals should also be included. Where the main- 
tenance schedules require work on gasoline engine-generators, shelters, towers, etc., 
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additional tools may be required, depending on the type of equipment and hardware 
involved. 


The tools required at a microwave system centralized maintenance depot are essen- 
tially the same as those required at a microwave station. However, the quantity of 
these tools will depend on the number of maintenance personnel assigned to the depot, 
the work load at the depot, and the type and quantity of equipment utilized in the sys- 
tem. In addition, special equipment such as a spray-painting equipment, a drill press, 
and other shop equipment may be required at the depot to facilitate the overhaul of the 
microwave system electronic and electrical equipment. 
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Table 7-9. Typical Test Equipment, List of 


ITEM NO. EQUIPMENT NECESSARY CHARACTERISTICS 


*Signal generator 


*Multimeter 


*Vacuum-tube voltmeter 


Oscilloscope 


Variable autotransformer 


Square-wave generator 


Signal generator 


Visual-alignment generator 


*Test sound-powered handset 


*Volume-level indicator 


Variable attenuator 


Directional coupler 


Detecting section 


Standing-wave detector 


Matching load 


Cavity frequency meter 


Directional coupler 


Power meter 


MAY 1972 


Range: 10 Hz to 1 MHz; max output; 3V into 600 ohms. 


Volts: 2.5 to 1000V full scale (dc: 20K ohm/V, ac: 
1K ohm/V); resistance: 0 to 0.6 megohm; current: 
100 wa to 10 AMP, full scale. 


Volts: 1,5 to 1500V full scale (dc: 10 megohms, 
ac: 5 megohms); resistance; 0 to 100 megohms. 


Vertical: 0.1V/in. (peak to peak), 3-dB bandwidth 
10 Hz to 1 Hz; driven sweep or recurrent sweep 
0.15 sec to 4 sec; voltage and time calibration. 


1,72 kva; nominal input: 115V, 60 Hz; output: 0 to 
135V, 10 AMP, (max. 15 AMP.),. 


Freq: 100 kHz; max. output: 8V into 600 ohms; 
syne output, 


Range: 70 to 110 mHz; max, output: 20 mv to 53 
ohms, 


Range; 70 to 110 mHz; max. sweep width: 15 mHz; 
marker osc; crystal calibrator; max, output: 50 mv 


4-wire; separate trans and rec plugs; impedance: 
600 ohms, 


Scale; minus 20 to plus 3 vu; scale zero: plus 4 to 
plus 20 vu in 28-vu steps; impedance; 7500 ohms. 


Range: 2 to 20 dB; max, VSWR: 1.2; line: RG 
50/U; freq range: 5.9 to 7.8 kmHz, 


Nominal coupling: 30 dB; line: RG 50/U; freq 
range: 5.9 to 7,8 kmHz. 


Max VSWR: 1.5; line: RG 50/U; freq range: 5.9 to 
7,8 kmHz, 


Slotted section: 8-25/32 in, insertion length; broad- 
band probe; line: RG 50/U; freq range: 5.9 to 
7.8 kmHz, 


Max. VSWR: 1.05; line: RG 50/U; freq range 5.9 to 
7.8 kmHz, 


Loaded Q: 700Q accuracy: 0.01 percent freq range: 
5.9 to 7.8 kmHz, 


Nominal coupling: 24 dB; line: RG 50/U; freq 
range: 5.9 to 7.8 kmHz. 


Range: 0.02 to 5 mw; accuracy: 5 percent of full 
scale, 
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Table 7-9. Typical Test Equipment, List of (Continued) 


EQUIPMENT NECESSARY CHARACTERISTICS 


Silicon diode Use with item 13 when item 13 is used as a erystal 
detector. 


Use with item 13 when item 13 is used as a barretter 
mount, 


Barretter 


Range: 5825 to 7725 mHz (6 bands); FM modulation 
1000 Hz, 0 -- 15-mHz deviation; power meter; 
freq meter; two transducers. 


*Microwave test set 


Input: 117V, 60 Hz; outputs (regulated): minus 750, 
100 ma; minus 1075 VDC; variable - 75 v; 6.3 VAC 
isolated from ground, 


Klystron power supply 


Range; 0 to 100 dBin 1 - dB steps; impedance: 


Step attenuator 
600 ohms; audio. 


Range: 10 to51 dB ini - dB steps; impedance: 


Step attenuator 
53.5 ohms; freq: 50 to 110 mHz. 


DC; scales (full): 1.5, 15, and 150V; accuracy: 
0.5 percent. 


Standard voltmeter 


DC; scales (full): 200, 500, and 1000V; accuracy: 
0.5 percent. 


Standard voltmeter 


AC; scales (full): 150 and 300V, rms; accuracy: 
0.5 percent. 


*Standard voltmeter 


Range: minus 6 to plus 85 dBm; impedance: 


Noise meter (optional) 
600 ohms; "FLA" frequency weighting. 


Special insulated tool. 


*Klystron tuning tool 


*Capacitor tuning tool Corning Glass capacitor tool, 


Insulated handle; small metal blade. 


*Low-capacity screw driver 


RG 59/U (AN number), 


*Coaxial cable 


RG 55/U (AN number). 


*Coaxial cable 


UG 260/U, BNC plug (AN number). 


*Connector 


*Connector N. T. 49195, UHF plug (AN number). 


*Test lead Hook-up wire; pin plugs, test prods. 
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Table 7-10. Test Equipment for Laboratory 
(Depot Maintenance) Measurement 


EQUIPMENT NEEDED 
MEASUREMENTS (ITEM NO. ) 


MICROWAVE RADIO RELAY EQUIPMENT 


R-F Section 
Transmitter power 

Transmitter frequency 

Received signal strength 

A-G-C vs received signal calibration 

Klystron (bench tuning) 

Wave-guide phaser and variable attenuator 

Wave-guide discriminator 

Wave-guide receiver leg 

Wave-guide transmitter tee 


4, 11, 12, 18, 16, 18, 19, 20, 22, & 33 
2, 4, 11, 13, 15, 17, 19, 21, 22, & 33 
4, 15, 16, 17, 22, & 33 

2, 3, 4, 11, 13, 16, 17, 19, 22, 31, &3 
4, 11, 12, 18, 14, 16, 19, 22, & 33 


I-F Section 


Signal-to-noise ratio 1, 3, 4, 7, 21, & 32 
I-F discriminator 7, 8, 24, & 34 

I-F sensitivity 2, 7, &24 
Receiver bandpass 7, 8, &24 


Video Section 


Video response 1, 4, &23 
Transient response 4&6 
Insertion 1, 4, 9, &23 
Feed-back loop 1, 4, &23 
Modulation capability 1&4 


Hum, ripple, and distortion 1, 3, 4, 23, 28, & 29 
Miscellaneous Sections 
Power supplies 
Servo chassis 
Blowers 
Heaters 
Controls 


Over-all sensitivity (back-to-back) 
Channel characteristics 
All other tests and measurements 


TELEPHONE EQUIPMENT 
Circuit noise 


32 
Circuit level 3, 9, & 32 


SHELTER EQUIPMENT 


2 
2 & 20 
2 & 30 


Lighting 
Motor-generators 
Primary power lines 
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IMAGINARY AND COMPLEX NUMBERS Higher Concepts of Mathematics 


Complex Numbers 


Complex numbers are numbers which consist of a real part and an imaginary part. The solution 
of some quadratic and higher degree equations results in complex numbers. For example, the 
roots of the quadratic equation, x” - 4x + 13 = 0, are complex numbers. Using the quadratic 
formula yields two complex numbers as roots. 


_ b+ yb’ - 4ac 


xX = 
2a 
x ott vile = 52 
2 
4+ 7-36 
xX = 
2 
4+ 61 
xX = 
2; 
x =2 + 31 


The two roots are 2 + 3i and 2 - 3i; they are both complex numbers. 2 is the real part; +37 and - 
3i are the imaginary parts. The general form of a complex number is a + bi, in which "a" 
represents the real part and "bi" represents the imaginary part. 
Complex numbers are added, subtracted, multiplied, and divided like algebraic binomials. Thus, 
the sum of the two complex numbers, 7 + 5i and 2 + 37 is 9 + 87, and 7 + 5i minus 2 + 3i, is 
5 + 2i. Similarly, the product of 7 + 5i and 2 + 3i is 14 + 31i +15i”. But i? equals -1. Thus, 
the product is 14 + 317 + 15(-1) which equals -1 + 31i. 
Example 1: 

Combine the following complex numbers: 

(4 + 3i) + (8 - 2i)- (7 + 3) = 


Solution: 


(4 + 31) + (8 - 21) -(7 + 3) = (44+8-7)+3-2- 3)i 
=3-2i 
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Table 7-11. Field Maintenance Tool Kit, Typical 


Tool case 

1/4-in, utility electric drill 

Threading kit, including taps and dies 
4-40 10-32 8-32 
6-32 1/4"'-20 

Plastic utility box, 9 compartments 

Drill gauge 

No, 44 Drill 

No, 36 Drill 

No, 33 Drill 

No, 29 Drill 

No, 28 Drill 

No, 21 Drill 

No, 19 Drill 

No. 11 Drill 

No, 7 Drill 

1/4-in, Drills 

Each - bolt w/nut and lockwasher 
4-40 3/4" 8-32-1"' 
8 32 1" 10 32-1" 

No, 410 Channel-lock gripping pliers 

No, TH-6 Hold-E-Zee screwdriver 

No, TH-4 Hold-E-Zee screwdriver 

No, TH-7 Hold-E-Zee screwdriver 

No, PS-2 Hole-E-Zee screwdriver 

Small ball peen hammer 

Diagonal cutters 

Pair long-noise pliers 

6-in, adjustable wrench 

Electrician's knife 


Lee et el ani cel cen ee a cee a eo ey 


Quickwedge screwdriver 
Scriber, double point 

Point screwdriver 

4-1/2 in, screwdriver, narrow 
Solder gun 

Flashlight, with batteries 
Extension cord, 15 ft 
Alignment tool 

Hex and spline wrench kit 
Multimeter 

Soldering aid 

Tube puller 

7-pin tube straightener 
9-pin tube straightener 
Wire stripper 

Wrench kit 

Slip pliers 

Hand Clamp tool 

6-ft pocket rule 

Roll rosin-core solder, 1 lb. 
No. 99 Xcelite tool roll 
Klystron tuning tool 

IF discriminator tuning tool 
Capacitor tuning tool 

Roll electric tape 


60-watt soldering iron with small tip 


Center punch 
File kit 

Gram gauge 
Burnishing tool 


MAY 1972 


MAY 1972 


NAVELEX 0101, 112 


Table 7-12. Station Maintenance Tools, Typical 


Channel-lock gripping pliers 
Screwdriver 
Screwdriver 
Screwdriver 
Screwdriver 
Screwdriver 


Screwdriver 


Nail hammer 

Diagonal cutters 
Long-noise pliers 
Adjustable wrench 
Adjustable wrench 
Adjustable wrench 
Scriber 

Pocket screwdriver 
Narrow screwdriver 
Solder gun 

Flashlight 

Flashlight batteries 
Extension cord 
Alignment tool 

Tool roll 

Hex and spline wrench kit 
Multimeter 
Sound-powered handset 
Soldering flux 

Tube puller 

Tube puller 

Pin straightener 

Pin straightener 

Wire stripper 

Offset rachet handles and interchange- 
able adapters 

Offset screwdriver 
Tool case 

Soldering iron 
Temperature regulating stand 
Needle-nose pliers 
Combination pliers 
Dental mirror 

Socket contact gauge 
Neon circuit tester 
Capacitor tuning tool 
Klystron tuning tool 
Oil can and lubricating oil 
Coil tuning tool 

Pocket knife 

End wrench, ignition 
Ball peen hammer 
Thermometer 

Mill file 

Paint brush 

Solder, rosin core 
Soldering paste 
Friction tape 


Polar relay adjusting tools, as follows: 


(1) contact burnisher 
(2) tool 

(1) file 

(1) gauge 


9-1/2 in, 

6-in. 

4~-in, 

8-in, 

1-3/4 in, stubby 

Phillips No. 2503 (for Phillips 
screws No. 10 to No. 16 incl) 
Phillips No. 2502 (for Phillips 
screws No, 5 to No. 9 incl) 


8-in, double point, style 3 
2-in, 

6-in, 

2-cell 

15-ft. 


Xcelite No. 99 or equivalent 


4-in. 
150-watt 


5-in, 
6-in, 


3-in-1 type or equivalent 


3/8-in. 

1/2 tb. 

Outdoor type with Fahrenheit scale 
10-in, 

2-in, 
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CHAPTER 8 


TROPOSPHERIC SCATTER SYSTEM DESIGN 


Given the fundamental plans and study results, and the profiles, data and other informa- 
tion obtained from the field investigation, the next order or procedure concerns the 
transmission engineering plans, calculations and design specifications. Some of this 
work, such as planning, is actually accomplished prior to the route selection work. 
After the field investigation is finished, the final calculations concerning antennas, 
interference, system and channel noise, distortion and propagation reliability are made. 
If the final sites have not been selected from the field data at this point, this must be 
done prior to much of the other work. Also at this point it may be important that in- 
formation about the choice of sites be made available to those responsible for obtaining 
the necessary property, as failure to obtain one site may affect some of the other 
selections. 


The final objective for any microwave system is that it provides the best distortion- 
free and interference-free service continuity for the type of service to be assigned, 
and within the framework of the available economics. 


Overall reliability or service continuity involves not only equipment failure rates and 
power failures, but also the propagation performance and the individual paths, This 
involves antenna sizes and elevations, frequency or space separations in diversity sys- 
tems, path lengths and frequency-attentuation relationships. It also includes fading 
margins which, in addition to path parameters, are affected by noise figure, trans- 
mitter power, and attentuation of waveguide and filter arrangements, 


Distortion may occur in the radio path, but more often it occurs due to poor return 
loss of amplifier components, waveguide filters and antennas. Also the characteristics 


of switching devices and/or combiners are involved. 


System noise is affected by the same things which, in addition to interference, can 
have an adverse effect on overall system performance, 


8.1 SYSTEM CALCULATIONS 


Procedures for designing a tropospheric scatter communications circuit can be or- 
ganized into five major steps. These are: 


o The determination of the basic system requirements (the communications 
need) 


o ©The preliminary analysis of the proposed system configuration to determine 
path lengths and possible site locations (feasibility study) 
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o The field surveys of the proposed sites and the paths between to accurately 
determine coordinates, and elevations of salient features and provide information not 
evident from a map study (site survey) 

o Using the results of the first three steps, a final prediction of the link 
performance is made, based upon the type of equipment to be used, the path length, 
and channel capacity 


o = The actual installation procedures, 


The first two steps were discussed in chapter 6, the field survey requirements are 
listed in Appendix E, and the final prediction is described in the following paragraphs, 


The final design calculations are to be based upon the best information obtainable but 
shall have an accuracy not less than: 


oO Coordinates to third order accuracy 

o Elevations to nearest 5 meters 

o Distances to 0.1 miles 

o All azimuths to 10 seconds. 
Maps utilized shall have a scale not less than 1 in 25, 000 with contours at 5 meter 
intervals. In areas where maps of this scale are not available a scale of 1 in 100, 000 
with contours at not more than 30 meter intervals may be used with care. 
To clarify the use of the formulas and methods, a sample link calculation shall be 
made. The preliminary studies showed a transhorizon link was feasible between 
Dallas and Austin, Texas. Based upon the site survey the coordinates of the sites are 
as shown in figure 8-1. 


Using figure 2-8 or 2-9 the radio refractivity N, is determined as 315. 


From the average heights above sea level of the antennas hh, = 280.4 m and h,, = 
243.9 m, 


the average antenna height 


h = +h 
s ts rs 
2 
h =261.9m 
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Figure 8-1, Microwave Path Data Calculation Sheet 
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and from equation 2-12 


N 
s 


Il 


‘ h 
No exp (0.03222 3) 


N_ = 306 
Ss 
The effective earth's radius a = 8580 km is determined from figure 6-2, Using the 
map study method specified in section 6.2.3 the path profile is plotted as shown in 
figure 8-2. The troposcatter path geometry is shown in figure 8-3. 


The tropospheric path angle (or scatter angle) @ is calculated as shown in figure 8-4, 
The parameters not calculated on the page are easily determined from the previous 
calculations or measurements, The correction terms Aa, are determined from fig- 
ures 6-18 and 6-19 as follows: 


o Enter figure 6-18 with @ 4 and dgt and obtain Aag (for Ng = 301) 
o If Ng is other than 301, enter figure 6-19 and obtain C (N,) 
o Multiply (for Ng = 30) by C (N,) to obtain 


The median transmission loss (lyr) calculation is shown in figure 8-5. The attenua- 
tion function F(0d) is obtained from any one of figure 806 through 8-11 depending on the 
required Ng. The scattering efficiency factor Fp is usually small. It exceeds 2 dB 
only for distances and antenna heights so large that hg exceeds hj by more than 3 kilo- 
meters. The total loss in the example of figure 8-5 is 238.6 dB which is entered in 
item 9 of figure 8-1. 


Other losses to be tabulated include: 
100 feet of RG 49 waveguide for each terminal which has (from table 8-1) 


1.4 dB per 100 feet at 5 GHz, waveguide connectors 0.3 dB per terminal and 1.0 dB 
for the circulator at the receiving end. 


The antennas proposed for this link are 30 feet in diameter with a gain of 52 dB and a 
beamwidth Q of 0.49 degrees (8.5 milliradians), The individual gains are entered in 
item 23, the diversity factor for quadruple diversity of 7 dB from figure 7-1 is entered 
in item 22, then the totals of these in item 24, 


One additional loss must be considered that is the scatter coupling loss. 
: 0. . 
The ratio of > is obtained. 
In this case 
32,151 


8 & 
OQ = e5 7 3-79. 
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DISTANCE IN KILOMETERS 
Profile of a Transhorizon Path 


a:6580 km 
hyg0.2439 km 


hrg=0.0098 km 
hy, ¢0.2743km 


Figure 8-2, 


0.03215 rad. 


6,,20.003845rad. 6, :+0.002933 rad 
6 


283.1 km 
hts 20.2804 km 


Ng 20.1585 km 
Lt 20.2195 km 
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Distance to earth's center=a 


AlAAI9S 


Figure 8-3. DCAC~-330-175-1 Path Geometry 
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280.4 m 
219.5 m 
135 m 


39.6 km 
130,72 km 


hist Mts St 
qt 2a 


219.5 - 280.4 39,6 
39600 2 (8580) 


- 3.845 mr 


283.1 280.4 ~ 243.9 
2 (8580) 283.1 


16.679 mr 


FROM FIGURES 6-I8 AND 6-19 


a, =O, txt Ady 


= 3.845 + .1455 + 0 


12,834 mr 


(EXISTING TROPOSCATTER PATH) 


NAVE LEX 0101, 112 


243.9 m 
274.3 m 
9.8 m 
8.8 km 
103,95 km 
burs bes — Sir 
dur 2a 


_ 274.3 - 243.9 _ 88 
8800 (8580) 


= + 2.933 mr 


his~ Nes 
d 


283.1 (280.4 - 243.9) 


2 (8580) 283.1 


- 10,013 mr 


4 


FROM FIGURES 6-!8 AND 6-I9 


B, 9%, tyt+ 4B, 


+ 2,933 - .1125 


19.317 mr 


AIAAIS6 


igure 8-4, ‘!ropospheric Path Angle Computations (Milliradians) 
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Higher Concepts of Mathematics 


Example 2: 


IMAGINARY AND COMPLEX NUMBERS 


Multiply the following complex numbers: 


(3 + 51)(6 - 2i)= 


Solution: 
(34+ 516-21) =18+4+ 30i- 6i- 107 
= 18 + 247 - 10(-1) 
= 28 + 24i 
Example 3: 
Divide (6+87) by 2. 
Solution: 
6 + 8i 6 8. 
= 2+ i 
2 2 2 
= 344i 


A difficulty occurs when dividing one complex number by another complex number. To get 
around this difficulty, one must eliminate the imaginary portion of the complex number from the 


denominator, when the division is written as 


numerator and denominator by the conjugate form of the denominator. 


a fraction. This is accomplished by multiplying the 
The conjugate of a 


complex number is that complex number written with the opposite sign for the imaginary part. 


For example, the conjugate of 4+5i7 is 4-5i. 


This method is best demonstrated by example. 


Example: (4 + 8i) + (2 - 47) 
Solution: 
4+ 81 2+ 4i 
2-4 244i 
Rev. 0 


845327 4 327" 
4 - 16i* 


— 8 + 327 + 32(-1) 


4-16(-1) 


-24 + 32i 
20 
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psy 730 LOG f-20L0G D+F(@d)-Fy tHotAg 4B 


gd IN RADIANS 
(283.1) (32.151) (107?) 


PATH ASYMMETRY FACTOR 
12, 834 
Bo 19,317 


ATTENUATION FUNCTION F(@d) IN dB 
FROM FIGURE 8-6, 7,8,OR9 


30 LOG F IN dB = 30 LOG 5000 


—20L0G d IN dB = — 20 LOG 283.1 


Ss d@ _ 4664 (9,10) 
IN km = “G+, 664) 


“tse 


= 41,92 Of Neg = 41.92 (0321) (5000) (.135) 


= 41,92 Of hye = 41.92 (.0321) (5000) (..0098) 


Ho (1) + Ho (ra) 
Hoe ge = 


+ AH IN 4B 


. + 13.5 + .61 
2 
Ho (r}) & Holr2) FROM FIGURE 8-10 


-664 (234.7) (.0321) na 


(1 + .664)2 


Fo =1.086 (FS) (ho-hy hey hy) dB 


2 Ma . E > 
= 1.086( ) (2.18 1,82 - ,219 - .274) 


Ag FROM FIGURE 4-6 


Computation of Long-Term Median Transmission 
Loss Trpospheric Scatter 


Figure 8-5, 
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THE PATH DISTANCE, d, IS EXPRESSED IN KI 
AND THE ANGULAR DISTANCE, @, IN RADIAN 
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Figure 8-6. The Function F(@d) for N, = 250 
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THE PATH DISTANCE, d, IS EXPRESSED IN KILOMETERS 
ANDO T DIANS. 
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Figure 8-7. The Function F( d) for N, = 301 
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SOR 
N |_| THE PATH DISTANCE, d, 


: AND THE ANGULAR DISTANCE, 6, IN RADIANS 
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Figure 8-8, The Function F(6d) for Ng = 350 
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F(@d) IN DECIBELS 
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Figure 8-9. The Function F(@d) for Ng = 400 
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Figure 8-10. The Frequency Gain Function, H, 
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Figure 6-23 gives this loss as 13.5 dB which is entered in item 15. 


The total path losses then becomes 256.5 dB (items 9 and 16) less the total gain of 
111 dB (item 24) giving a net path loss of 145.5 dB (item 25), If a to kW (+77 dBm) 
transmitter is used the median received signal (item 27) becomes -68.1 dBm, 


The receiver bandwidth is considered next. Using a 72 voice channel system with a 
peak deviation AFp of 1.2 MHz (modulation index of 3), the maximum modulating fre- 
quency is about 360 kHz. This is computed as follows: 


Minimum modulating frequency = 60 kHz 
Voice channel bandwidth 72 (4 kHz) = 288 kHz 
Spacing between supergroups = 12 kHz 


The maximum modulating frequency Fm = 360 kHz 
The Bandwidth 

BW = 2 (AFy + Fy) 

BW = 2 (1.2 MHz + 360 kHz) = 3.12 MHz 


The receiver noise threshold is obtained from 


iH 


Threshold = .174 + log BW + (Receiver Noise figure in dB) 


Il 


.174+ 10 log 3.12 x 10° + (5) 


.174+65+5 =.104 dBm 


which is entered in item 28 of figure 12-8 providing a theoretical carrier to 
noise ratio of 35.9 dB. The FM threshold is 10 dB above the receiver noise threshold 
or -94 dBm providing a fade margin of 25.9 dB. 


After reliability considerations have been established and a favorable system design 
completed, it is necessary to compute the expected channel noise. According to the 
DCA System Performance Specifications, the channel noise objective is 38 dBaO, The 
requirement states that: 


...noise in any channel shall not exceed 38 dBa median at zero relative 
level (25, 000 picowatts) in any channel during the worst month, and shall 
not exceed 49 dBa at zero relative level (316, 000 picowatts) in any chan- 
nel for more than 1.0 percent of the worst month. 


The channel noise (Signal-to-Noise ratio (S/N)) may be computed after the Carrier-to- 
Noise (C/N) ratio of the path has been determined. The relationship between channel 
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S/N and system C/N in an FM system is determined primarily by the bandwidth re- 
quired for the particular type of information being transmitted and the degree of 
deviation produced in the system. 


The Carrier-to-Noise defines the power relationship that exists between the median 
received signal level and the noise. 


The signal to Noise ratio 


BW 


BW + PF -L -MUX 


S/N = C/N + 20 log (Mod index) + 10 log 
where, 


C/N = Total Median Carrier-to-Noise Ratio 


BW = Receiver IF Bandwidth 
bw = Voice Channel Bandwidth 
L = Channel Loading Factor 
PF = Pre-emphasis Gain 


MUX = Multiplex Equipment Noise Insertion 
For the system under consideration 
Modulation Index = 3 


C/N = 25.5 dB 


BW = 38.2 MHz 

bw = 4kHz 

PF = 4dB 

L = 10.8 dB (See figure 7-3) 


MUX = 2 GB (average factor) 


S/N = 35.9+20log3+10 log /3.2x108| + 4 -10.8 -2 
8 x 103 


= 20 log 3 + 10 log (4 x 10°) + 27,1 
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Summary 


The important information from this chapter is summartized below. 


Imaginary and Complex Numbers Summary 


Imaginary Number 
° An Imaginary number is the square root of a negative number. 
Complex Number 


° A complex number is any number that contains both a real and imaginary 
term. 


Addition and Subtraction of Complex Numbers 


° Add/subtract the real terms together, and add/subtract the imaginary terms 
of each complex number together. The result will be a complex number. 


Multiplication of Complex Numbers 


° Treat each complex number as an algebraic term and multiply/divide 
using rules of algebra. The result will be a complex number. 


Division of Complex Numbers 


° Put division in fraction form and multiply numerator and denominator by 
the conjugate of the denominator. 


Rules of the Imaginary Number 7 
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(20) (. 466) + (10) (2.602) + 27.1 


HT 


9,54 + 26,02 + 27.1 
= 62,76 


Thus, the S/N ratio has been computed, Before proceeding to the determination of 
the channel noise, it is important to stop briefly consider the meaning of the S/N 
ratio. 


The term signal-to-noise ratio (S/N) originated in single-channel communications 
practice and generally took into consideration only the background or residual noise 
in a single radio channel, With the growth of multichannel communications, it is 
also used to express the total intermodulation and residual noise in a single radio 
channel and is frequently referred to as "per-channel flat signal-to-noise ratio." 
Basically, it expresses the ratio, in decibels, of signal power to total noise power in 
a channel, It does not take into account the actual interfering effect of the noise on 
the signal the circuits. 


The channel noise factor is expressed in dBaO. Decibels adjusted, or dBa, origi- 
nated in the telephone industry as an expression of overall system noise performance. 
Strictly speaking, the term dBa implies that the frequency equipment used is "FIA" 
weighting, This method of noise performance is especially practical. It takes into 
account not only special types of noise or noise in particular items of equipment, but 
also the effects of all system noise. 


By definition, dBa refers to decibels of noise power above a reference noise power, 
with an adjustment factor included to compensate for weighting. Even though the 
equipment from which the FIA weighting was derived has been superseded by newer 
equipment having better performance, FIA weighting continues to be used exten- 
sively because it provides a very close approximation to the performance of most of 
the world's telephone equipment, 


The reference noise power to which dBa is referred is -85 dBm. To obtain dBaO, it 
is only necessary to calculate how many dB above this reference power the signal is. 
For flat voice channels, the corrected reference level is -85 + 3 or -82 dBm. There- 
fore, in this case 


dBaO = 82 -(S/N) = 82 -62.76 = 19, 24 dBaO 


The path length in question is 283.1 kilometers which is 283.1 (.54) or 153 nautical 
miles, 


The DCA standard allows noise N for a troposcatter link to be 


N= 6000 x 20, 000 pWpO where L is in nautical miles 
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therefore 
N = 8.33 (153) = 510 pWpO 
and 
N (dBaO) = 10 log pWp -6 dB 
= 21 dBaO 


If the value of the chamnel noise factor did not meet the minimum specified for the 
system, it would be necessary to increase the basic peak channel deviation, or the 
pre-emphasis, or base the signal reliability on a greater carrier-to-noise ratio. 
The choice will depend on the flexibility of the particular equipments involved. The 
effect of adjusting the deviation ratio on the bandwidth is shown in figure 7-4. 


The system calculations presented in this section are provided as a guide and are a 
compilation of the most recent and reliable information currently available. 


8.2 FREQUENCY PLANNING 


In the design of any microwave communications system, it is necessary to develop 

a plan of frequency allocation that will preclude the possibility of interference. Such 
interference may be defined as the reception of an undesired signal with, or in place 
of, the desired signal. This undesired signal, or interference, should be considered 
in terms of its source and permissible level at the receiver. 


8,2,1 Types of Undesired Signals 


There are three types of undesired signals which must be considered by the micro- 
wave system planner, two of which are directly under his control. 


o Signals arriving at two or more receivers from two or more transmitters 
operating from the same location and in the same direction, that is, signals trav- 
eling parallel paths. These signals will arrive at approximately the same signal 
level, and will be affected equally by any fade that may occur along their path as- 
suming that their frequency separation is not too great), These parallel signals 
will cause interference at the receivers unless the transmitting frequencies are 
chosen with the RF and IF rejection characteristics of the particular equipment in 
mind. 


o Signals from other transmitters at the same station, or at other stations 
in close proximity to the receivers. The desired signal, in this case, may be very 
weak as compared with the signal radiated from the nearby transmitter (for example, 
-75 dBm for the desired signal as compared with O dBm for the undesired signal). 
The undesired signal is usually not subject to atmospheric fading, as is the desired 
signal, Allowing for a fading margin of 30 dB, the desired signal level might be as 
low as -105 dBm, Because of these factors, the frequency separation between the 
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undesired locally transmitted signal and the desired received signal must be great 
enough to provide at least 25 dB attenuation of the undesired signal below the mini- 
mum level of the desired signal. 


o Signals originating from sources external to, or unrelated to, the micro- 
wave system under consideration, These undesired signals are the most difficult 
to eliminate. Military microwave systems, or commercial systems operating in the 
vicinity of military installations, may have interference from certain types of radar 
or other UHF or SHF equipment, In some instances, an undesired signal may be the 
fundamental frequency of the radar equipment, and, in certain types of radar, the 
peak amplitude of this signal may be as much as 60 dB above the peak RF output of 
the microwave equipment, Since it is improbable that a change in radar frequency 
can be effected, it follows that the microwave system frequency allocation must be 
reconsidered. 


In the case of interference resulting from harmonics of nearby transmitters oper- 
ating on a lower frequency, it is necessary to locate the offending equipment and 
attempt modifications or adjustments to suppress or prevent the generation of harmon- 
ics, If this cannot be done, it will become necessary to employ harmonic waveguide 
filters to eliminate the interference. Problems of this nature must be solved on an 
individual basis through cooperation with the cognizant government or commercial 
agency. 


A more complete discussion of these and other types of interference can be found in 
chapter 38, 


8.2.2 Frequency Assignment 


When developing a radio-frequency allocation plan for a microwave communication 
system, allowance should be made for the maximum number of channels that may be 
required by future expansion. This will permit orderly system expansion with the 
minimum amount of modification, and will eliminate major readjustments which 
might otherwise be required. The frequency assignment requirements for military 
objectives specified in DCAC-330-175-1 include: 


a. The unit of frequency separation shall be .08 MHz and the spacing between 
frequency allocations used in a given system shall be an integral multiple of 0.8 MHz. 


b. The minimum separation between a transmit and receive carrier frequency 
of the same polarization on the same antenna shall be 120 MHz. 


c, Where two frequency channels are handled on separate antennas, or at 
different polarizations, the frequency separation in (b) above may be reduced by an 
amount corresponding to the increased loss between the two frequencies, but shall 
not be less than 50 MHz. 


d. The minimum separation between a transmit and receive carrier frequency 
at a single station shall be 50 MHz, but in any case, an integral multiple of 0.8 MHz. 
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e, To avoid interference within a single station, separation of the transmit- 
receive frequencies shall not be near the first IF frequency of the receiver. The min- 
imum separation of transmit or receive carrier frequencies shall be seven units 
(5.6 MHz) for systems with 36 channels or less. (Table 8-2 shows the recommended 
separation for a larger number of channels, ) 


Table 8-2. Transmit (or Receive) Frequency Separations 


MAXIMUM MAXIMUM 
NUMBER OF IF BAND- FREQUENCY 
CHANNELS WIDTH SEPARATION 


5.6 MHz 
11.2 MHz 
16.8 MHz 


8.2.3 Frequency Plan 


The frequency channels shall be assigned on a hop-by-hop basis such that the median 
value of an unwanted signal in the receiver, due to using the same or adjacent frequen- 
cy channels in two relay sections, shall be at least 10 dB below the inherent noise 
level of the receiver, Figure 8-12 depicts a frequency plan recommended by DCA 

Cir, 330-175-1. 


Within the Navy, responsibility for the procurement, assignment, and protection of 
radio frequencies is assigned to the Chief of Naval Operations. A frequency alloca- 
tion must be approved prior to the procurement or installation of any C-E equipment 
designed to radiate or receive electromagnetic energy. For further information 

see NAVELEX 0101, 106, "Electromagnetic Compatibility and Electromagnetic Radi- 
ation Hazards." 


Table 8-3 lists the microwave bands available for government services within the 
United States. Frequency assignments outside of these bands for use in the U. 8. 
requires FCC approval. All frequency assignments for locations outside the United 
States are assigned by the host country. 


A basic computer program which may be used in developing frequency plans is in- 
cluded in Appendix H. 


8.3 EQUIPMENT SELECTION CRITERIA 
This section provides information to be used for the specification and selection of 


microwave systems and associated equipments. Table 8-4 summarizes the applica- 
ble performance standards for each subsystem and components, 
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Table 8-3, Microwave Bands Available for Federal 
Government Services Within U.S. A. 


CENTER ATT'N IN 
RANGE FREQ dB AT 
GHz GHz 1.0 MILE 


Pun us | uno | ioe 


*7,25 - 17,30 GHz reserved for Satellite-to-Earth 
7.975 - 8.025 GHz reserved for Earth-to-Satellite 


8.3.1 Antenna Systems 


The antenna systems include: 
o Antenna feed 
o Antenna reflector 
o Transmission lines 
o = Load isolators 
o Antenna tower 


The most common antenna utilized in tropospheric scatter systems operating above 
1 gigahertz is the parabolic reflector utilizing a horn feed. 


Horn feeds are manufactured in both rectangular and circular configurations. The 
rectangular horn is energized from rectangular waveguide and the circular type from 
circular waveguide. 


Feed devices are linearly polarized in either the vertical or horizontal plane (plane 
polarization), polarized in both planes (dual polarization), or circularly polarized 
(rotating). Feed methods for parabolic reflectors are classified as either front or 
rear feed. 


These are illustrated in figure 7-7. For small antenna systems the feed horn is often 


an integral part of the reflector, but it is usually separate on larger dishes. This 
feature allows the feed polarization to be altered at installation. 
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Parabolic reflectors for the antenna systems vary from 10 to 120 feet in diameter. 
The usual size is 10 to 30 feet with 60 and 120 foot units limited to extremely long and 
difficult paths. The beam-width is dependent upon the diameter and the transmitting 
frequency and varies from about 1.6 degrees for the larger ones. Radomes and heat- 
ers are not usually utilized on these larger antennas except in areas of extreme wind, 
snow or ice loading where distortion of the reflector (or tower) could substantially 
reduce the reliability of the path. 


Tower construction and marking is detailed in chapter 15, in the Electronic Industries 
Association Standard RS-222A, and in Part 17 of the Rules and Regulations of the 
Federal Communications System. 


Transmission lines between the transmitters and receiver and their associated anten- 
na feeds are usually waveguides. Three types are available for use in microwave 
systems: standard rectangular, elliptical, and circular, A typical installation using 
these types of waveguides illustrating the various types of components is shown in 
figure 7-14. Table 8-1 lists the parameters of standard rigid rectangular waveguide. 
The use of flexible waveguide must be limited to only those areas where it is neces- 
sary and only short length should be considered due to the high attenuation. 


For installations that utilize primary and standby microwave equipment, waveguide 
switches are used to connect either the primary or the standby equipment to the anten- 
na, and to properly terminate the output of the unused equipment, Waveguide switches 
are usually electrically operated to provide for automatic switching applications. 


A ferrite load isolator provides isolation between a signal source and its load with a 
resulting increase in power and improved frequency stability. The ferrite device 
accomplishes these results by reducing the standing wave ratio in the transmission 
line linking the signal source to the load. By placing the load isolator in the RF os- 
cillator and receiver input circuits, the RF oscillator is effectively isolated from the 
two branches of the tee. 


When it is necessary to couple two or three microwave equipments to a single antenna 
waveguide circulator is utilized. This device, illustrated in figure 7-16, is similar 
to a duplexer. With an antenna connected to one arm and three microwave equipments 
connected to the other arms, or two equipments and shorting plate connected to the 
other arms, the following apply: 


Attenuation from arms 1 to 2, 2 to 3, 3 to 4, and 4 to 1 is approximately 0.5 dB in 
each instance. 


Attenuation between other combinations of arms is on the order of 20 dB. 


Installations of rigid line are pressurized and dehydrated to eliminate chances of mois- 
ture accumulation and resulting changes in impedance or short circuits within the run. 
Dehydration is extremely important in runs subject to temperature changes due to 
either climatic conditions or indoors/outdoors runs. Dehydration will be accomplished 
with an automatic compressor/dehydrator unit. 
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8.3.2 Radio Equipment 


The radio equipment used in Tropospheric scatter is very similar to that described in 
chapter 7, The major differences are: 


The receiver utilizes a low noise front end or preamplifier. Usually a parametric 
amplifier and/or a Tunnel Diode amplifier is used. 


The transmitter utilizes a high power klystron amplifier to boost the transmitted 
power from 1 to 50 kilowatts or more. 


8.3.3 Alarm Functions 


Alarm functions similar to those used in line-of-sight systems are usually included in 
Tropo installations to allow rapid fault determination even through tropo installations 
are rarely unattended. 


8.3.4 Multiplexing and Terminating Equipment 


The system operation and performance will dictate the type, quantity and configura- 
tion of the multiples equipment used, If the system contains predominately one-way 
channels and no requirement exists for expansion of the return channel, do not provide 
these channels or limit the selection to equipment with common channel modems. 
Likewise, it should appear obvious that at a multi-direction terminal, complete multi- 
plex terminal equipment for each direction of transmission should not be provided. 
Rather in this case, a common bay of equipment (correctly arranged with redundant 
amplifiers, power supplies and carrier oscillators) will be provided with separate 
banks of channelizing or grouping equipment for each path. Similarly at a location 
where there is no need for channel drops and a spur link may be provided, the correct 
design approach is to arrange the channelization and equipment for demodulating to 

the supergroup or group and pass through the station in the desired direction in this 
manner, The advantages gained by this procedure are economy and elimination of the 
noise that would be introduced in the modulation/demodulation process in the channel 
modems. 


The multiplex equipment must be configured for the use of audio pads (usually 16 and 
7 dB) external to the multiplex channel level adjustments to permit setting all circuits 
to the specified level at the ''Zero Transmission Level Point.'’ The need for synchro- 
nization, equalization, regulation and pilot tone interface also regulates the choices 
available for equipment configuration. 


8.3.5 Standby Equipment 
A high degree of reliability can be obtained in a microwave system when "standby" 


equipment is used to supplement the primary equipment, However, standby equipment 
should only be specified for stations where the greatest benefit will be realized, for 
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MATRICES AND DETERMINANTS 


This chapter will explain the idea of matrices and determinate and the rules 
needed to apply matrices in the solution of simultaneous equations. 


EO 3.1 DETERMINE the dimensions of a given matrix. 


EO 3.2 SOLVE a given set of equations using Cramer’s Rule. 


In the real world, many times the solution to a problem containing a large number of variables 
is required. In both physics and electrical circuit theory, many problems will be encountered 
which contain multiple simultaneous equations with multiple unknowns. These equations can be 
solved using the standard approach of eliminating the variables or by one of the other methods. 
This can be difficult and time-consuming. To avoid this problem, and easily solve families of 
equations containing multiple unknowns, a type of math was developed called Matrix theory. 


Once the terminology and basic manipulations of matrices are understood, matrices can be used 
to readily solve large complex systems of equations. 


The Matrix 


We define a matrix as any rectangular array of numbers. Examples of matrices may be formed 
from the coefficients and constants of a system of linear equations: that is, 


2x-4y=7 
3x+y= 16 


can be written as follows. 


Rte GF 
3 1 16 


The numbers used in the matrix are called elements. In the example given, we have three 
columns and two rows of elements. The number of rows and columns are used to determine the 
dimensions of the matrix. In our example, the dimensions of the matrix are 2 x 3, having 2 rows 
and 3 columns of elements. In general, the dimensions of a matrix which have m rows and n 
columns is called an m x n matrix. 
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example, an isolated station difficult to reach under adverse conditions. Automatic 
switching equipment (as mentioned previously) is available to place the standby equip- 
ment operation if primary equipment fails. The use of standby equipment is minimal 
at Tropo scatter sites, Multiple equipments are utilized in the quadruple diversity 
normally used in most links. Failure of one piece of equipment only reduces the 
degree of diversity and not necessarily the performance over a limited period of time 
(unless it occurs during a time of high fading), This allows corrective maintenance 
without interruption of service. 


8.3.6 Spare Parts 


During the course of preventive maintenance inspections, it will be noted from time to 
time that the performance of some components has deteriorated, Rather than wait 
for the component to become weaker or to fail completely and cause system interrup- 
tions, it is considered good maintenance practice to replace such weak components 
during the inspection. Although components are replaced before their full service 
life has been realized, service interruptions can be avoided in this manner. This 
practice will, in turn, increase the expected replacement parts cost for an operating 
system; however, the increase is justified on the basis of increased system reliability 
and the saving of additional manpower costs that would be incurred in making special 
rush trips to unattended stations to restore station operation. 


Based on the known degree of component reliability of current installations, and con- 
sidering a preventive maintenance program such as that described above, it can be 
expected that in a year's time a microwave system will require replacement parts 
equal in cost from 1 to 2 percent of the initial cost of the equipment, and replacement 
tubes equal in quantity from 25 to 30 percent of the total number of operating tubes. 
The tube replacement ratio, as noted above, is considerably higher than the part re- 
placement ratio. This is generally to be expected because tubes have a higher failure 
incidence rate; and also, the relative performance of operating tubes is more easily 
checked than the relative performance of other components, so that more frequent 
tube replacements naturally result. 


8,3.7 Test Equipment 


In order to properly test and service a microwave communications system, main- 
tenance personnel should have a thorough understanding of the equipment's physical 
make-up, operational characteristics, capabilities, and li..itations, .nd should be 
familiar with the circuit theory of operation. It is equally important that the proper 
test equipment be available for utilization by these personnel. Each field maintenance 
man should be equipped for making routine measurements. Typical equipments 
recommended for this purpose include a microwave test set, an IF/MF test set, a 
multimeter, and an oscilloscope; these units must be compatible with the microwave 
system in which they are used, As the area of maintenance progresses from on-site 
field maintenance, the quantity and requirements of the test equipment to perform the 
maintenance procedures will increase. 
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A list of test equipment for use in the alignment and adjustment of a typical microwave 
communications system is given in table 7-9, This list is for use with systems employ- 
ing microwave equipment and time-division multiplex equipment. It includes the type 

of test equipment necessary, and the required characteristics of this equipment, Those 
pieces of equipment which are applicable for general field maintenance are indicated 
with an asterisk (*). 


Table 7-10 lists the test equipment required for laboratory (depot maintenance) mea- 
surements for a typical microwave system employing microwave equipment and time- 
division multiplex equipment. The item numbers under the EQUIPMENT NEEDED 
heading refer to the test equipment itemized in table 7-9, 


8.3.8 Maintenance Tools 


It is important that maintenance personnel have a thorough understanding of the equip- 
ment utilized in the system, and that they have the proper test equipment to perform 
the required maintenance checks. In addition to the above, the maintenance personnel 
must have the proper tools to efficiently repair the malfunctioning equipment when the 
defects are located. Of course, the maintenance man should know how to properly 
use the tools required for maintenance. 


Table 7-11 lists the quantity and type of tools generally included in a tool kit required 
by a field serviceman to properly maintain a microwave communications system, In 
addition to these tools, the special tools indicated in the equipment manuals should be 
included. 


Table 7-12 lists the type of tools required at a typical microwave station, The quan- 
tity of these tools will depend on the amount and type of equipment installed, The 
special tools indicated in the equipment manuls should also be included, Where the 
maintenance schedules require work on gasoline engine-operators, shelters, towers, 
etc., additional tools may be required, depending upon the type of equipment and 
hardware involved. 


The tools required at a microwave system centralized maintenance depot are essen- 
tially the same as those required at a microwave station. However, the quantity of 
these tools will depend on the number of maintenance personnel assigned to the depot, 
the work load at the depot, and the type and quantity of equipment utilized in the 
system, In addition, special equipment such as a spray-painting equipment, a drill 
press, and other shop equipment may be required at the depot to facilitate the over- 
haul of the electronics and electrical equipment. 
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CHAPTER 9 
MICROWAVE STATION CONFIGURATIONS 


This chapter describes typical microwave (LOS and Tropo) station configurations. 
9.1 SIMPLEX AND DUPLEX RELAY SYSTEMS 


In the radio relay systems under consideration, microwave transmitters and receivers 
are used to relay multiplex signals from point to point. A simplex relay system pro- 
vides one-way communication; it consists of a transmitting terminal, a number of 
repeaters (employing a receiver and a transmitter), and a receiving terminal (figure 
9-1A). A duplex relay system provides two-way communication by using two simplex 
systems, one transmitting in one direction and the other transmitting in the opposite 
direction (figure 9-1B). The duplex system is further refined by using a single antenna 
for transmitting and receiving. This is accomplished by using different transmitting 
and receiving frequencies and by employing a duplexer in the transmission line. Under 
these conditions the transmitting and receiving functions can operate simultaneously. 


9.1.1 LOS Equipment 


A typical Tropospheric Scatter microwave communications link operating at microwave 
frequencies currently in use (approximately 1 gigahertz to 12 gigahertz) is subjected to 
large propagation losses. To overcome these losses and have a system with the re- 
quired reliability, the effective transmitted power must be increased, the receiver sen- 
sitivity increased, and the fade margin decreased over that used in LOS transmission. 
(AFC) circuit is used to stabilize the carrier center frequency. A typical receiver is 
a superheterodyne type with an intermediate frequency between 30 and 90 MHz. The 
local oscillator is usually a klystron tube, with an associated AFC circuit to stabilize 
its frequency. The intermediate frequency is demodulated to obtain the multiplex 
signal, which is applied to associated de-multiplexing equipment. The receiver is 
often combined with the transmitter in a single rack or cabinet. 


9.1.2 Tropospheric Scatter Equipment 


A typical Tropospheric Scatter microwave communications link operating at microwave 
frequencies currently in use (approximately 1 gighertz to 12 gighertz) is subjected to 
large propagation losses. To overcome these losses and have a system with the re- 
quired reliability, the effective transmitted power must be increased, the receiver sen- 
sitivity increased, and the fade margin decreased over that used in LOS transmission. 


High gain directional antennas usually from ten to sixty feet in diameter are used. 


These usually have beam widths of from 0.3 to 1.6 degrees. The transmitter- 
exciter usually has an output power level of approximately two watts and drives a 
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Figure 9-1, Basic Radio Relay System, Block Diagram 


power amplifier. Low power, power amplifiers are rated at 1 and 10 kilowatts, 
and high power, power amplifiers at 50 or more kilowatts. These power amplifiers 
usually utilize klystrons. 


To achieve the high sensitivity required of the receivers, low noise figure pre- 
amplifiers are used. These consist of parametric and tunnel diode amplifiers or 
tunnel diode amplifiers. A description of these devices is given in chapter 10. 


The 38 (or 40) dB fade margin usually used in LOS transmission hops are prohibitive 
in tropospheric scatter links and must be reduced. This is done by using at least 
dual and more usually quadruple diversity which requires a fade margin of 18 dB 

for dual or 8 dB for quadruple diversity systems without sacrificing signal reliability. 


A high degree of reliability can be obtained in a microwave system when standby 
equipment is used to supplement the primary microwave equipment. Although 
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it is highly desirable to provide standby equipment at all stations in the system, such 
a practice may not be economically feasible. In this case, microwave equipment 
should be specified for those stations where the greatest benefit will be realized. 
Normally redundant equipment such as exciters, power amplifiers and receivers 

are not provided at troposcatter sites. Equipments that would be on standby as 
spares are utilized on-line to provide the required signal diversity. Failure of one 
of the equipments results only in the loss of part of the diversity improvement. For 
example, when one of the dual transmitter exciters fails in a quadruple diversity 
path, the operating mode of the distant receiver becomes dual space diversity instead 
of quadruple frequency and space diversity. When one of the four receivers is out of 
service, the operating model is reduced from fourth to third order diversity. 


While present day tropospheric scatter radio communications systems seldom 
include completely unattended repeaters, radio subsystem fault alarms similar to 
those described in chapter 13 are usually installed. These visual and aural alarm 
systems provide designated monitor and control stations within the system, an 
automatic indication of major and minor faults at satellite stations. If unattended 
tropospheric repeaters are included in a system, a fault alarm system must be 
provided and must include in addition to radio fault alarms, fault alarms from acces- 
sory equipments, power sources, tower lighting, and other fault circuits deemed 
critical to that system. 


9.2 STATION REQUIREMENTS 
9.2.1 Terminal Station Requirements 


The microwave equipment requirements of a basic terminal station are relatively 
simple. A transmitter and a receiver, often contained in a single equipment rack, 
are the basic requirements for the more common duplex relay system terminal 
station. 


9.2.2 Repeater Station Requirements 


Before stating the requirements of a basic repeater station, it may be advisable to 
consider the various means available for handling the signal at the repeater station. 


Four types of repeater operation are logical, but only two are in common use. The 
simplest type of repeater is a straight-through repeater, in which the signal from the 
receiving antenna is amplified and applied directly to the transmitting antenna. This 
type of repeater is not used at microwave frequencies for two reasons: (1) noise- 
free amplifiers are not generally available for the frequencies used in microwave 
communications; (2) it is desirable to change the transmission frequency to prevent 
RF interference along the route, but this cannot be done with such a repeater. 


An improved type of repeater uses the heterodyne principle. In this type of 


repeater, the received signal is heterodyned to an intermediate frequency which can 
be amplified efficiently, and a second mixer is used to raise the frequency to the 
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desired microwave carrier frequency. This signal is amplified and transmitted. 
Although this method permits changes in transmission frequencies along the route, 
it is not always a suitable method because the final mixing and amplifying stages 
require mixers and microwave amplifiers. 


The most commonly used method is to use a complete superheterodyne receiver and 
obtain the multiplex signal by demodulating the intermediate frequency. The multi- 
plex signal can then be re-transmitted as it was in the terminal station. In addition, 
multiplex signals can be dropped or inserted at the repeater station by means of 
multiplex equipment. This flexibility in message handling is highly desirable and 
practical. 


The final method is to receive and demultiplex all signals so that voice frequencies 
are obtained. These voice signals are patched to multiplex equipment which feeds a 
transmitter which retransmits the microwave signal. This method is more flexible 
than the third method, but it is also more expensive because it requires more multi- 
plex and termination equipment. Therefore, this latter method is used mostly in 
special situations where the additional flexibility is most useful. 


From the foregoing, it can be seen that the basic repeater station requires two 
complete microwave equipments, each containing a transmitter and a receiver, if 
duplex (two-way) communication is desired. A special type of repeater which uses 
only one RF oscillator for both transmitting and receiving is commonly used today for 
cost effectiveness. In this repeater, a small portion of the klystron output is used to 
provide the local oscillator function in the receiver, and the remainder of the output 
fulfills the transmitting function. A necessary requisite is that the received frequency 
differ from the retransmitted frequency by an amount equal to the receiver inter- 
mediate frequency. This imposes some restrictions on frequency allocation through- 
out the system but this is not a serious limitation. 


9.2.3 Requirements of Primary Microwave Equipment 


The most important considerations in the selection of specific microwave equipment 
are those dealing with RF matters and those concerning compatibility with multiplex 
equipment. In the RF category, the operating frequency range, frequency stability, 
power output, and receiver sensitivity are prime considerations. Equipment is 
readily available for operation in each of the standard microwave communication 
bands. Operation in a particular band can usually be obtained by selecting the appro- 
priate RF panel or the appropriate klystron oscillator for placement in a standard 
microwave equipment rack. Also, it is possible to select either a complete equipment 
or an arrangement of panels in an equipment that will satisfy the requirements of 
either a terminal station or a repeater station. The RF power output and receiver 
sensitivity must be adequate to meet or surpass the requirements established in 
chapter 7. (The size of the paraboloidal antennas used with the equipment is deter- 
mined by these characteristics of the equipment.) Frequency stability, obtained by 
means of an AFC system, must meet FCC regulations of +0.05 percent. (The DCA 
requirements are +1 x 1076 for tropo systems and +150 kHz for LOS systems. ) 
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Concerning compatibility with multiplex equipment, consideration of RF bandwidth 
and multiplex signal levels are most important. The multiplex signal can be likened 
to the video signal of a TV system; because of the complexity of these signals, a 
relatively wide RF band is required to transmit them. Since bandwidth is a function 
of signal complexity, there is a practical limit to the amount of information, in multi- 
plex signal form, that can be transmitted by a single microwave equipment. Of 
course, the type and design of the multiplex equipment enters into the problem, since 
this equipment affects the composition of the multiplex signal. Standards have been 
established within the communications industry so that economical microwave equip- 
ment can be designed to meet most signal-handling applications. The matter of 
matching signal levels, from multiplex equipment to microwave equipment, must 
also be considered, but this problem is minimized by standard design practices and/ 
or by amplifier or attenuator design in one or both of the equipments. 


Equipment manufacturers incorporate numerous features in their equipment to 
improve the performance and reliability of their product. Such features must be 
weighed in the light of system requirements. Other factors, such as ease of opera- 
tion and ease of maintenance, are additional considerations of some importance. 


9.2.4 Requirements of Standby Microwave Equipment 


A high degree of system reliability can be obtained when standby microwave equipment 
is used to supplement the primary equipment. Although it is highly desirable to pro- 
vide standby equipment at all stations in the system, such a practice may not be econ- 
omically feasible. If this is the case, standby equipment should be specified for those 
stations where the greatest benefit will be realized. For example, an isolated station 
that is difficult to reach under adverse weather conditions should rate a higher 
priority than an attended station. (Automatic switching equipment is available to 
place the standby equipment in operation if the primary equipment fails. ) 


9.3 DIVERSITY METHODS 


When fading is within narrow limits, and equally affects all frequencies in the trans- 
mission bandwidth, an automatic volume control (AVC) in the receiver is helpful in 
minimizing its affects. But when the fade is of such magnitude that the signal level 
falls to the noise level or below, AVC increases the receiver sensitivity as before, 
but cannot increase the signal-to-noise ratio. When such fading occurs, there is one 
technique which has proven effective in maintaining a suitable signal-to-noise ratio. 
It consists of using two or more "copies" of the desired signal, separated in time, 

in frequency, in phase, in polarization, or in spatial derivation, and is called diver- 
sity reception. 


It has been shown that two or more radio channels sufficiently separated in frequency, 
space, polarization, time, or angle of arrival exhibit independent short term fading 
characteristics. Diversity systems make use of this fact to improve the overall 
performance by combining or selecting radio channels on a single circuit. The 
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Rayleigh Distribution in figure 9-2 is taken as the limiting value of single channel 
(no diversity) short term fading on a troposcatter path. 


The fading phenomenon varies with both time and frequency, and it has been found 
that fading is not correlated at points separated by about 10 wavelengths or more at 
the transmission frequency. Since it is due to a random variation in path-length, 

the phase variation between two or more copies of the signal is also random. Finally, 
radio waves reflected from the ionosphere contain energy components which have been 
shifted in polarization, so at the receiving antenna there are both horizontally and 
vertically polarized signal ''copies.'"' Diversity may be designated as time, space, 
frequency, phase, or polarization diversity, depending on the method by which the 
signal replicas are obtained. 


9.3.1 Time or Phase Diversity 


Time diversity is the transmission of a signal more than once, either on an element- 
by-element or on a complete-message basis. At the receive site, the replicated 
transmissions are compared and combined to recover the total signal information. 
Time or phase diversity utilizes only one antenna and one receiver but requires com- 
plex circuitry to extract the optimum signal. Consequently, this type of diversity is 
seldom used in operational communications circuits. 


9.3.2 Frequency Diversity 


Frequency diversity requires signal transmission simultaneously on two or more 
frequencies. The frequencies may be separated so as to require a receiver for each 
transmitted frequency, or the frequency separation may be that between tones of a 
frequency division multiplexed (FDM) signal transmitted on a single carrier. In its 
simplest form, frequency diversity is obtained in the modulated carrier wave (MCW) 
keying method. The signal contains essentially three frequencies, the carrier (fc), 
f, plus 500 Hz, and f, minus 500 Hz, all being interrupted by the same keying 
sequence. The likelihood of all three frequencies fading simultaneously is quite 
remote, so that one or more copies of the intelligence are always present. 


Figure 7-3 shows the approximate improvement that can be achieved by using fre- 
quency diversity with various frequency separations. In practice, it is usually not 
feasible to have more than a 2 or 3 percent separation since the frequency band 
allocated to a particular service is limited. 


9.3.3 Space Diversity 


Space diversity requires the use of two or more antennas separated at least 70 wave- 
lengths, but preferably 100 wavelengths. This separation must be perpendicular 
(horizontally or vertically) to the direction of propagation. Each antenna has its own 
receiver and the outputs are combined to provide the most reliable signal. 
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MATRICES AND DETERMINANTS Higher Concepts of Mathematics 


A matrix with only a single row or a single column is called either a row or a column matrix. 
A matrix which has the same number of rows as columns is called a square matrix. Examples 
of matrices and their dimensions are as follows: 


176 
=-2x3 
ee 


1 7 
62];=3x2 
3 5 


5 
2 | Sor ae ul 
it 


We will use capital letters to describe matrices. We will also include subscripts to give the 
dimensions. 


4 13 3 
BEES |" ee see 


Two matrices are said to be equal if, and only if, they have the same dimensions, and their 
corresponding elements are equal. The following are all equal matrices: 


Orie 
Beta i 
24 24 ; 


Addition of Matrices 


we] 


Matrices may only be added if they both have the same dimensions. To add two matrices, each 
element is added to its corresponding element. The sum matrix has the same dimensions as the 
two being added. 
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9.3.4 Polarization Diversity 


Polarization diversity utilizes horizontally and vertically polarized antennas or 
antenna with dual polarization. The performance of this type of diversity is equiva- 
lent to space polarization. 


9.3.5 Angle of Arrival Diversity 


Angle of arrival diversity has been demonstrated experimentally. It employs a 
number of feeds to the transmitting antenna diverse in angle so the transmitted beam 
contains components at several angles. These are separated at the receiver and the 
resultant diversity effect is used to extract the optimum signal. 


9.3.6 Hybrid Diversity 


Hybrid diversity consists of standard frequency diversity path, in which the two 
transmitter-receiver pairs at one end of the path are separated from each other and 
connected to separate antennas which are located as in space diversity. 


This arrangement provides a space diversity effect in both directions. In one direc- 
tion the receivers are in space diversity and in the other direction, the transmitters 
are in space diversity. This arrangement combines the operational advantages of 
frequency diversity and space diversity. 


9.3.7 Multiple Diversity 


It is impossible to design a tropospheric scatter radio system complying to the 
Defense Communications System standards of performance and reliability without 

the use of diversity operation. Therefore, one of the major considerations facing 
the system designer is the equipment configuration to be used for diversity operation. 


Quadruple diversity is normally used in tropospheric scatter systems. All forms of 
quadruple diversity used today require antennas with dual (or cross polarized) feed 
systems to permit transmit/receive isolation and the reception of four uncorrelated 
RF paths. Feed horns can be an integral part of the antenna or as completely 
separate structures as is done on the larger types. The type to be used is primarily 
dictated by the system antenna gain requirements. Figures 9-3 and 9-4 are examples 
of the two most commonly used quadruple diversity configurations. Both include 
maximal ratio combining. 


The diversity arrangement shown in figure 9-3 uses the antenna feed horn isolation to 
completely separate the high power and low power (transmitting and receiving) 
equipment. The arrangement utilizes four receivers in space and frequency diversity 
on the same polarization at one end. The opposite terminal uses orthogonal polari- 
zation. Transmitters are connected to the same polarization of each of two antennas 
and transmit-to-receive isolation is dependent upon the isolation achieved in the feed- 
horn. Additional protection is provided in the form of filtering in the receive lines 
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when sensitive low noise front ends are required and higher powered transmitters 
are used. Additional preselection and filtering is achieved in using tuned diplexers 
at the receiving elements. 


Low noise front ends may be required to meet the system requirements. Maximum 
benefit is achieved by placing these parametric and/or tunnel diode amplifiers at or as 
near the antenna as practical to overcome the transmission line losses as indicated 

in figure 9-3. The low noise front end must be a wideband unit to receive both 
frequencies prior to splitting at the receive diplexer. The advantages are: 


o High power diplexing (duplexing and filtering not required). 
o Lowest system noise figure consistent with frequency. 
o Minimum length of transmission line. 
o Receive filtering and diplexing combined. 
The disadvantages are: 


o The wideband low noise device and filtering limit the frequency spread and 
present design difficulties. 


oO The failure of the low noise device disables two receivers. 
o Transmission in each direction is limited to different polarizations. 


o Maintenance and test of the antenna mounted low noise preamplifier is 
difficult. 


Figure 9-4 presents an alternative configuration which permits quadruple diversity 
operation. Each transmitter feeds its own antenna at different polarizations and 
frequencies. Two receivers are duplexed to the transmitters and two are connected 
directly to the antenna operating on orthogonal polarizations. Unlike the configuration 
shown in figure 9-3, low noise devices are not usually placed at the antenna in this 
arrangement because of the difficulty of protecting the low noise device against the 
high transmitted power on the duplexed line. Individual devices are placed at the 
receiver proper after the necessary preselection/isolation filtering. Any degree of 
diversity is easily achieved, since there are no devices common to all four receivers. 
Spurious suppression and transmit isolation are achieved by low-pass and harmonic 
filters in the transmit line and the duplexer and feed horn in the receive line. The 
advantages to this configuration are: 


o The configuration lends itself to any form or degree of diversity. 


o All equipment is available for test and maintenance. 
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o All transmission line components are readily available. 
The disadvantages are: 
o The complexity of the duplexer increases with the transmitted power. 
o The lowest noise figure is not always achieved due to the placement of the 


parametric amplifier/tunnel diode amplifier between the receiver and the preselector/ 
diplexer. 
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CHAPTER 10 


MICROWAVE RADIO EQUIPMENT 


It is obvious from the preceding discussions that there is a very close interrelation- 
ship between the characteristics of the various items of the equipment to be used, and 
the engineering choices and performance parameters of the paths themselves. 


Thus it is desirable, in fact almost essential, that the path survey engineers have 
enough advance knowledge of the frequency bands to be considered (often only one, but 
in some cases more than one), the kind of service, the number of channels (both 
present and future) to be accommodated by the system, the kind of performance and 
reliability criteria desired, and the pertinent parameters of the microwave equipment 
to be used (for example, transmitter output power, receiver noise figure and band- 
width, per channel deviation, et cetera), to allow an intelligent approach to the prob- 
lem of path engineering, Many choices are involved in path selection, and choices 
made without a thorough knowledge of all the pertinent circumstances may not be the 
best ones. 


Microwave systems can range from as little as 5 or 10 miles to distances as long as 
4000 miles. Facility requirements can be relatively small, requiring structures and 
equipment for only a light route, or they may be very heavy, requiring multi-channel, 
heavy route layout with sophisticated switching. They can be constructed for nominally 
good service during certain limited hours of the day with considerable economy, or 
they can be built for a very high quality of service on a 24 hour a day, year-in and 
year-out basis. 


Some systems are of a "through" type, with all or almost all of the channels going end- 
to-end, while others require multiple access, with dropping and inserting of channels 
at most, if not all, repeater points. 


The two types of FM microwave equipment in common use are the IF heterodyne type 
and the baseband (remodulating) type. The IF heterodyne type, by eliminating demod- 
ulation and remodulation steps at repeaters, contributes the least amount of distortion, 
and is the preferred choice for systems handling exclusively, or almost exclusively, 
long-haul traffic, with little or no requirement for drop and insert along the route. 

The heterodyne type is also preferable for systems carrying color TV, if more than a 
few hops are involved. Equipment of the baseband type is widely used for short haul 

or for distributive systems, The great flexibility for drop and insert, plus maintenance 
advantages, are the determining factors. Heterodyne systems are inherently at a con- 
siderable disadvantage in such applications. 


Apart from the choice between heterodyne or baseband equipments, primary considera- 
tions in the selection of the best radio equipment for a particular system include: 
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(a) characteristic of the end-to-end baseband facility (including bandwidth, frequency 
response, loading capability, noise figure, and noise performance); (b) the amount of 
radio gain available, as determined by transmitter power output and receiver noise 
characteristic; (c) operating frequency band, and required frequency spacing between 
radio channels, as determined by transmitter deviation, receiver selectivity and fre- 
quency stability; (d) primary power requirements and options available; (e) supervisory 
functions available, including order wire, alarms and controls; (f) equipment reliability, 
including availability of redundant versions such as frequency diversity, 1-for-N or 
2-for-N multiline switching, hot standby, or hot standby at transmitters and space 
diversity at receivers; and (g) provisions for testing and maintenance. 


With the rapidly changing nature of the state-of-the-art, and the continuing develop- 
ment of new equipments and upgrading of old ones, specific data on microwave equip- 
ment characteristics can become outdated in very short order. Consequently, the 
foregoing should be viewed in that light. 


10.1 RECEIVER 


The receiver consists basically of RF amplifiers, local oscillators, IF amplifiers, 
detectors, and video or audio amplifiers, along with gain and frequency control cir- 
cuits, This chapter discusses the characteristics of terminal receivers used in micro- 
wave relay systems and the principles by which they operate. 


At frequencies ranging from 600 - 13, 000 MHz a variety of differences in receiving 
conditions are found as compared to lower frequencies. The fluctuation noise of tubes 
and circuits in the receiver becomes greater than external noises, such as atmos- 
pheric disturbances and man-made interference. Therefore, receiver noise is one of 
the chief limitations of receiver sensitivity at such frequencies. The necessity of 
handling greater receiver bandwidths is also of great importance, both for determining 
the maximum rate at which information can be received and as a controlling factor of 
the total noise encountered. These greater bandwidths will increase the effective noise 
power originating in the resistors and tubes of the receiver as well as the received 
external noise. 


10.1.1 Low Noise Preamplifier 


There are few election tubes that will operate satisfactorily at 1 KMHz and above as 
RF amplifiers. Therefore, the use of RF pre-selection and a crystal mixer has been 
commonly used. The RF pre-selector is a tunable filter with low insertion loss to the 
operating frequency and high loss at undesired frequencies. 


The limiting factor in the operation of RF amplifiers, especially at frequencies above 
300 MHz, is the noise generated by the amplifier. Consequently, in certain applica- 
tions (such as tropospheric systems) low noise devices such as parametric amplifiers 
have been used as RF amplifiers. Since the significant part of the noise generated in 
a cascaded operation is contributed by the first several stages, the use of such low 
noise devices is equivalent to improving receiver sensitivity thus permitting detection 
of extremely weak signals. 
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Probably the only significant parameters affecting RF-amplifier performance are 
noise figure and gain. Throughout this chapter all discussion relating to noise figure 
assumes that input noise is equal to KT. B and that this is the only noise contributed by 
the testing instrument or device - where the testing instrument output impedance is at 
room temerature (T, = 290 K), K is Boltzman's constant (1.37 x 10723), and B is the 
bandwidth at 3 dB reference. 


Although all parts of the receiver contribute noise to the output, the initial stages are 
the chief contributors, Unless the mixers and IF amplifiers have exceptionally high 
noise figures, the RF amplifier can be considered to be the determining factor. This 
is clearly indicated by the following expression for the total noise figure of cascade- 
connected multistage networks. 


F Boo ss et SC (10-2) 


{=S2y "1: -G G.G G.G 


where: 


F ta noise factor of the first stage 


I 


Fy = second stage, etc., and 


G, = gain of first stage 


G, = gain of second stage, etc. 


Noise Figure = 10 log noise factor 


Thus, it is evident from the expression, that after any high gain network the overall 
noise figure is not influenced greatly by additional networks even though their individual 
noise figures are relatively high. Consequently, for this measurement, it is some- 
times assumed that the RF amplifier is the major contributor, and that the noise fig- 
ure reflects the noise added by the amplifier alone. Such an approximation may not be 
valid especially where parametric amplifiers and masers are used, since their con- 
tributions to overall receiver noise are very small with respect to the mixer and the 

IF amplifier. 


a, Parametric Amplifier, When the received signal is low, receiving system 
performance is most degraded by the addition of noise. Consequently, low noise pre- 
amplifiers are used for the first active electronic components in the receiving system. 
A low noise preamplifier chain may consist of a parametric amplifier and a tunnel 
diode amplifier. Figure 10-1 is the block diagram of a typical 4-stage parametric 
amplifier. The input is filtered to remove any transmit signals that have entered the 
receive channels. This filtered signal and a high frequency "pump" are applied to the 
amplifier stages (see figure 10-2), Three circulators and two loads are included to 
give stability to the amplifier by preventing reflections. Circulators are microwave 
devices in which signals that enter one port flow only to the adjacent clockwise port. 
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CIRCULATOR CIRCULATOR CIRCULATOR 
2 3 ALAA 087 


Figure 10-2, Amplifier - Stage Schematic 


The device which amplifies is a varactor diode (see figure 10-3). The varactor diode 
is made part of two circuits, one resonant at the signal frequency and one resonant at 
the idler frequency (the difference between pump and signal frequencies). The junction 
capacitance of a varactor diode varies with the voltage across it. In a parametric 
amplifier, the capacitance is varied by application of the pump signal to the varactor 
diode. With the proper choice of pump level, pump frequency, and signal impedance 
matching, the diode presents a negative impedance to the incoming RF signal. This 
negative impedance causes the signal power reflected from the diode input impedance 
to be greater than the power incident on the impedance, thereby providing signal 
amplification. 


The pump signal can be generated by a klystron oscillator or solid state source, A 
current-controlled attenuator in an automatic gain control (AGC) loop keeps the pump 
power to the amplification stages nearly constant despite changes in oscillator power. 
The pump power is sent through hybrids to all four amplifier stages. Each stage 
operates independently of the others, The frequency response of each stage is adjusted 
by setting the DC bias voltage to it. Blocking devices prevent the bias voltage from 
being sent along with the signal from one stage to the next. The amplifier stages are 
tuned separately and then together to give a combined gain of up to 30 dB across the 
receive bandwidth. 
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Example: 


Add matrix A to matrix B. 
6 2 6 2 1 3 
A- B= 
ER 3 4] ke 3 : 


6+2 2+1 6+3 
A+B-= 
fee 33 as 


8 39 
1-10 6 


Multiplication of a Scalar and a Matrix 


Solution: 


When multiplying a matrix by a scalar (or number), we write "scalar K times matrix A." Each 
element of the matrix is multiplied by the scalar. By example: 


2 3 
K-=3 and A= 


then 
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Figure 10-3. Varactor Diode Equivalent Circuit 


To keep the parametric amplifier noise temperature as low as possible, some units 
are refrigerated. In very large systems, the physical temperature of the amplifying 
stages may be kept below 20K with a cryogenic refrigerating system consisting of 
helium compressor and expansion units. The expansion unit is insulated by a vacuum 
jacket. Metallic conductors transfer heat from the amplifier stages to the refrigera- 
tor. In smaller systems the more commonly used method is peltier cooling. 


Electrical characteristics of a typical parametric amplifier are shown in table 10-1. 


b. Tunnel Diode Amplifier, The parametric amplifier output is often further 
amplified by single-stage tunnel diode amplifiers. At microwave frequencies, a 
suitably-biased tunnel diode is basically a one-port device which can be used as a 
transmission-line termination. If the tunnel diode is used as a termination on a cir- 
culator port, the non-reciprocal properties of the circulator establish a one-way path 
along which signals may enter the circulator, undergo reflection at the tunnel diode 
port, and emerge from another circulator port (see figure 10-4). (The load shown on 
one port circulator is bypassed by the forward traveling signal, and is used only to 
absorb any reflected signals traveling in the reverse direction. ) 
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Table 10-1. Typical Parametric Amplifier Characteristics 


PARAMETER CHARACTERISTICS 


Gain 30 dB min 


Instantaneous (0.5 dB) 
bandwidth 500 MHz min 


Frequency band 3.7 to 4.2 GHz 


Noise temperature without 
preselector filter 15 K max 


Input or output SWR 1.3 max 


Gain stability + 0.2 dB/minute 
+ 0.5 dB/12 hours 
+ 1.0 dB/week 


Gain flatness + 0.2 dB/30 MHz 
Amplitude response ripple Less than 0.5 dB 


Amplitude response slope 0.02 dB/MHz at any frequency 
in band 


Dynamic range Less than 1 dB compression for 
input signal from noise level up 
to -65 dBm 


Spurious signals 60 dB below output level corres- 
ponding to -85 dBm input 


Delay distortion 3 nanoseconds across any 200 MHz 


Slope of time delay shall not 
exceed 0.1 nanoseconds per MHz 
at any frequency across the band 


Cool down time About 4 hours 


Phase Stability + 2°/24 hours 


Intermodulation Products More than 60 dB down for two 
carriers at -85 dBm each 


Recovery from Incidental 
Cryogenic failures 30 minutes 
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Figure 10-4, Tunnel Diode Amplifier Schematic 


As with a parametric amplifier, a tunnel diode (see figure 10-5) has negative input 
impedance at its design frequencies and under its bias conditions. Reflection of sig- 
nals from this negative impedance amplifies the signals. Lg and R, are the series 
inductance and resistance, Cj is the junction capacitance, and -R, is the negative 
resistance of the tunnel diode. The input impedance, Zjn, consists of a real and an 
imaginary part, both of which are functions of frequency. According to semi-conductor 
physics, -Rp and, to a lesser extent, C; are both functions of the instantaneous voltage 
across the diode junction. Therefore, the input impedance depends on frequency, DC 
bias, and signal level. In practical amplifiers, resonant circuits and transformer 
sections are used with Zjn to produce an overall diode impedance. Zgq = Rg + Xq, 
which varies typically with frequency as shown in figure 10-6 for small-signal condi- 
tions, where the diode behavior is essentially linear. 


Electrical characteristics of a typical tunnel diode amplifier used in a receiving sys- 
tem are listed in Table 10-2, 


A limit to the tunnel diode amplifiers is that they become nonlinear above -40 dBm. 


Where amplification is necessary above -40 dBm, high peak-current tunnel diodes are 
used, 
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Figure 10-5, Tunnel Diode Equivalent Circuit 


Table 10-2. Typical Tunnel Diode Amplifier Characteristics 


PARAMETER CHARACTERISTICS 


5.0 dB max 


Noise figure 


Bandwidth, 0.5 dB 500 MHz min 


Frequency band 3.7 t0 4.2 GHz 


Amplitude response ripple Less than 0.5 dB 


0.02 dB/MHz max at any 
frequency in band 


Amplitude response slope 


Gain 14 dB min 


Gain stability + 0.5 dB under all conditions 


Burnout level +10dBm 


Departure from linearity 0.01 dB up to -55 dBm input 


Input match, SWR 1.2 max 


Stability Unconditionally stable with short 
or open at input or output at any 


phase 


0.1 nanosec/MHz at any frequency 
in band 


Delay slope 
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Figure 10-6, Tunnel Diode Impedance 
Versus Normalized Frequency 


The basic difference between high-peak tunnel diodes and the others is that the area of 
the junction is larger. Although the negative resistance of high-current tunnel diodes 
is smaller than that of low-current tunnel diodes, causing lower gain, the large junc- 
tion area lowers distortion and increases the power handling capability. A graph of 
output versus input for a high level tunnel diode amplifier is shown in figure 10-7, 

The graph also shows the magnitude of intermodulation products versus input for two 
carriers. The magnitude of the intermodulation products gives a measure of the non- 
linearity of the tunnel diode amplifier. 


10.1.2 Superheterodyne Receiver 
The main type of receiver used at frequencies from 1 to 13 KMHz, as at lower fre- 


quencies, is the superheterodyne. Variations of the individual stages occur as the 
frequency is increased, but the general principles of operation remain the same. 
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Figure 10-7. High Peak-Current Tunnel Diode 
Amplifier: Input Versus Output 
and Intermodulation Products 


A superheterodyne receiver (see figure 10-8) operates by heterodyning, or mixing, the 
received RF signal with a locally generated RF voltage obtained from the local oscil- 
lator. These two voltages are combined in a non-linear device such as a crystal recti- 
fier (mixer), producing, in addition to the original frequencies, the sum and difference 
frequencies. This process is identical with amplitude modulation as used in trans- 
mitters. 


The difference frequency (lower sideband) is selected and amplified by a fixed tuned 
intermediate frequency (IF) amplifier system. The IF amplifier frequency remains 
the same in a given receiver regardless of the incoming signal frequency, This is 
accomplished by changing the local oscillator frequency so that the difference fre- 
quency between the desired signal and the local oscillator signal remains constant. 
Currently, the microwave receiver IF is specified to be 70 MHz by the Defense Com- 
munication Agency (DCA). 
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Figure 10-8, Superheterodyne Receiver, Block Diagram 


After amplification, the IF signal is demodulated. The information and the carrier are 
separated and the signal containing the information is passed on to the output amplifier. 
Here the signal is amplified enough to be used as desired. 


At some point in the frequency band about 1500 MHz, the use of an RF stage ina 
receiver results in a lower signal-to-noise ratio than without the stage. Klystrons 
produce amplification at these frequencies and are useful as transmitting amplifiers, 
but they are too noisy for use in receivers as RF amplifiers. Tube noise is important 
only when small signal levels are being handled. If the signal strength is of the same 
order as the noise produced in a stage, a large amount of distortion will result. How- 
ever, if the signal level is of much larger amplitude than the noise, little if any effect 
will be produced. For this reason, noise produced in amplifiers is of importance only 
in low power level stages such as the initial stages of a receiver. Traveling wave 
tubes are useful as RF amplifiers in receivers and are made with as low a noise figure 
as the crystal mixers used for the first stages in receivers above 500 MHz. Receivers 
used for higher frequencies have as their first stages (1) the antenna, (2) a tuned cir- 
cuit or preselector, and (3) a crystal mixer or traveling wave tube (TWT) for convert- 
ing the signal to a lower intermediate frequency. The preselector is composed of one 
or more tuned circuits, which reject all frequencies except the desired frequency band. 
Coaxial cavities may be used for frequencies from about 500 MHz up. 
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a. Preselector. In general, a preselector is fed from a low-impedance source, 
the antenna, and is coupled to the higher impedance of a crystal mixer. The tuner 
must therefore act also as an impedance transformer to obtain maximum energy trans- 
fer. It must have a pass band that is at least as wide as the pass band of the IF ampli- 
fier and an off-frequency attenuation which produced the largest amount of image and 
harmonic rejection that can be obtained. If the desired attenuation characteristic can- 
not be obtained by a single-tuned circuit and still maintain the required pass band, 
double- or triple-tuned circuits must be used. 


b. Local Oscillators, The local oscillator used in the receiver must operate at 
a frequency similar to the received frequency. The exact frequency of the oscillator 
is the desired signal frequency plus or minus the intermediate frequency. The local 
oscillator may operate either at a higher or a lower frequency than the received sig- 
nal, since the difference frequency will remain the same. Klystron oscillators, usually 
of the reflex variety, are used as local oscillators almost exclusively above 3 KMHz. 
Additionally, solid-state oscillators are currently available for several frequency 
bands. 


c. Mixers. The device used to produce the IF from the received signal and the 
local oscillator signal is the mixer (first detector). Any nonlinear device may be used 
for this purpose, although at frequencies above 500 MHz crystal mixers are appreci- 
ably superior to any triode mixers now available because of the small amount of noise 
generated. The conversion loss of type-1N26 crystals is low, even at 23 KMHz, with 
a maximum conversion loss varying from 5.5 to 7.5 dB in the frequency range from 
3 to 16 KMHz. The maximum noise ratio (the amount of noise generated by the mixer 
compared to the noise produced in an equivalent impedance resistor) varies from 1.5 
to 2.5 in the same frequency range. Silicon crystal mixers have the disadvantage that 
they are damaged by overloads. 


d. IF Amplifiers, The difference frequency produced in the mixer may be any 
desired value. Selection of the frequency to be used in a given receiver will depend on 
several factors, A high IF is desirable to eliminate image response, but the select- 
ivity and noise figure of an amplifier becomes worse with an increase in frequency, 
and ganged tuning of the local oscillator and preselector is thus a compromise between 
the desired image-rejection ration, on one hand, and the desired sensitivity, select- 
ivity, and circuit simplicity on the other. 


A method of obtaining both good image-rejection by using a high IF, and good select- 
ivity and simplicity of circuits through the use of a low IF, is the double-conversion 
superheterodyne receiver. A high IF is first produced to obtain a good image-rejec- 
tion characteristic. This frequency is further reduced by a second frequency conver- 
sion, bringing the IF down to a frequency that can be easily amplified and that provides 
good selectivity. The oscillator used to produce the second IF may be crystal con- 
trolled since it heterodynes with a fixed frequency. The disadvantage of this system is 
the additional local oscillator and mixer stages required. 


e. Detectors. Some means of separating the carrier from the desired informa- 
tion must follow the IF amplifier. The second detector (demodulator) is used for this 
purpose, 
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Detectors used for FM are often called discriminators. A discriminator produces a 
DC voltage proportional to the frequency of an input signal. This may be accomplished 
in a number of ways. One method uses two tuned circuits, one tuned above the center 
frequency and one tuned below to obtain two IF voltages whose amplitudes depend 
directly on frequency. These voltages are rectified and combined so that zero voltage 
output is obtained at the center frequency. A difference voltage of the two IF voltages 
that is proportional to the frequency is obtained when the frequency of the IF signal is 
above or below the center frequency. A discriminator of this type is sensitive to am- 
plitude variations in the input, so a clipper-limiter stage must be used preceding the 
discriminator to remove any AM. Another method of obtaining frequency discrimina- 
tion is the use of the phase detector. This operates by comparing the phase relation- 
ships of two signals, one the IF signal and the other the IF signal phase-shifted in a 
resonant circuit tuned to the center frequency. The amount of phase shift will be 
proportional to the frequency of one signal, A limiter stage is also required for the 
phase detector. 


To eliminate the need for a limiter stage, several types of discriminators have been 
developed that will respond to amplitude changes. The first of these is the ratio 
detector. Instead of the two rectified voltages of the ordinary discriminator being 
combined with opposite polarity, they are combined so as to add. The sum of the volt- 
ages is kept constant by a large-value capacitor. This eliminates any amplitude varia- 
tions of the IF signal and makes the use of a limiter stage unnecessary. The ratio of 
the two voltages changes as the frequency input to the ratio detector changes and the 
output is taken from one of the rectifier loads. 


f, AFC Systems. Receiver stability is even more important than transmitter 
stability. In contrast to the AFC systems used in transmitters, which tend to keep the 
operating frequency at an absolute value, receiver AFC systems usually compare the 
receiver's operating frequency to the received signal. This is done by using a dis- 
criminator in the IF channel to develop the error signal used to retune the oscillator. 
An FM receiver may use the same discriminator for signal detection and AFC pro- 
vided the signal variation is averaged over a period of time so that the oscillator does 
not attempt to follow the modulation, but only slow frequency drifts. With the excep- 
tion of the development of the error signal, AFC is obtained by the same methods as 
in transmitters and is discussed in that paragraph. 


g. AGC Systems. Since received signal strength will vary over a wide range 
some means of automatic gain control (AGC) is required in the receivers. This is 
accomplished by rectifying the received carrier and averaging the voltage over several 
cycles of modulation. This voltage is used as bias for the IF amplifiers so that as the 
average signal strength increases, the gain of the IF amplifier is decreased. The bias 
is usually not applied to the first amplifier stage since the stage tends to become noisier 
with AGC applied. With some types of modulation, such as for TV, the rectified IF sig- 
nal may be too large to make practical the use of the average value to control the 
receiver gain, Special techniques must be used to provide AGC in these cases, 


h. Output Amplifiers. The detected modulation must be amplified for further 


use, The output amplifier must amplify the output frequency range, which in some 
equipment is up to 20 MHz wide, with uniform response. For pulse transmission, the 
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bandwidth in MHz must be at least twice the reciprocal of the pulse duration in micro- 
seconds if the pulse is to approximate its original shape. Phase shift characteristics 
are as important as bandwidths. Since phase distortion will change the pulse shape by 
phase shifting the harmonics which make up the pulse difference angles. 


10.1.3 FM Noise Threshold 


FM threshold is defined as the point at which the received RF carrier signal peak, 
equals or exceeds noise peaks 99.999 percent of the time when the RF-RMS carrier 
level is 10 dB above noise threshold. The detector in an FM receiver is controlled by 
peak voltages. When noise peaks exceed signal peaks, the receiver follows noise peaks 
rather than the signal variations which are marked by noise. Peak noise is defined as 
the voltage level which is exceeded a certain percentage of the time, depending on the 
peak reference chosen, In a random noise distribution, the arbitrary ratio choice of 
noise peaks to noise RMS equal to 13 dB means that RF peak signal input equals or 
exceeds noise peak 99.999 percent of the time (figure 10-9). The ratio of peak to RMS 
for a sinusoidal signal is 3dB. Therefore, the ratio of the RMS value of signal to 
RMS value of noise at threshold where noise peaks equal signal peaks is 10 dB. 


Analytical Derivation of FM Threshold: 
N = Peak Noise Voltage 


RMS = Effective Noise Voltage at Noise Threshold 
oh = Peak Carrier Signal Voltage 


s = Effective Carrier Signal Voltage 
rms 
From a statistical distribution of noise, the following statements can be made: 


N =N oe + 13 (Noise peaks are exceeded 0.001 percent of the time) 
Yr 


By definition at FM Threshold, the peak signal voltage shall be equal to or greater 
than the peak noise voltage 99.999 percent of the time. 


Sp > Np 


> N + 10 

rms 2 rms 

The expression arbitrarily defines FM Threshold. The RMS RF signal level, if 10 dB 
above noise threshold, means that noise peaks and noise bursts will exceed the peak 
signal level 0.001 percent or less of the time, or that the input signal voltage peaks 
will exceed noise peaks 99.999 percent of the time. 
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Multiplication of a Matrix by a Matrix 


To multiply two matrices, the first matrix must have the same number of rows (m) as the second 
matrix has columns (n). In other words, m of the first matrix must equal n of the second matrix. 
For example, a 2 x 1 matrix can be multiplied by a | x 2 matrix, 


x ax bx 
Il vi [2 i 


or a 2 x 2 matrix can be multiplied by a 2 x 2. If an m x n matrix is multiplied by ann x p 
matrix, then the resulting matrix is an m x p matrix. For example, if a 2 x 1 anda 1 x 2 are 
multiplied, the result will be a 2 x 2. Ifa 2 x 2 and a2 x 2 are multiplied, the result will be a 
22. 


To multiply two matrices, the following pattern is used: 


Ad 


awtby ax+bz 
cw+dy cx+dz 


In general terms, a matrix C which is a product of two matrices, A and B, will have elements 
given by the following. 


Cy = Dy; + Andy ttt... + indy; 
where 

1 = ith row 

j = jth column 
Example: 


Multiply the matrices A x B. 
1 2 aD 

Ais B= 
3 4 0 6 
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Noise Threshold - The RF input level at which signal power just equals the internally 
generated front end noise power or where RMS noise equals RMS signal. 


10.1.4 Receiver Characteristics 


To properly describe and evaluate overall FM receiver performance, it is necessary 
to analytically trace the curve of output signal-to-noise (S/N) ratio as a function of the 
input RF carrier, that is, S/N = f{(C/N) and correlate this expression with experimental 
data. In many specifications, usually only one point is defined. This is insufficient to 
properly describe this function, with operation below FM threshold not discussed or 
described. To evaluate FM receiver performance the function must be described. 

For example, when a 3 dB threshold improvement is measured, what is a proper 
reference? This can be determined by use of this curve. In carefully analyzing 
experimental data and curves for many typical FM receivers, it appears reasonable 

to conclude that the curve [S/N = f(C/N] can be approximated by three asymptotic 
straight lines, each with a different slope. The curves can be defined analytically, and 
will be developed from noise threshold to receiver saturation. 


Refer to figure 10-10 which shows the theoretical development of S/N = f(C/N). 
a. Noise Threshold to FM Threshold 


From Figure 10-10, Slope I, at noise threshold, 


C/N axis, 

Noise Threshold = 10 log KTB + NF(dB) (10-2) 
S/N axis, 

(S/N), = 0 (dB) (10-3) 


at FM threshold, 


C/N axis, 
_ 10 log KTB + NF (B) + 10 dB : 
Ha hneskold Noise Threshold tre) 
S/N axis, 
Bie F 
(S/N), (Thermal) = 10 + (10 log a 20 log ai” L+P+W 
C(dB) 7 
+ N ) (10-5) 
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where, 


Bie = Carson rule bandwidth = 2 F +2 Fay’ normally corresponds to IF bandwidth 


F = Peak deviation 

FM = Highest modulating frequency 
b = Voice channel bandwidth = 3 KHZ 
L = The multichannel loading factor 
P = Pre/De-emphasis improvement 


W = The weighting factor improvement or effective voice channel shaping for 
measurement purposes. 


Equation 10-5 defines S/N ratio due to thermal noise in one voice channel for a multi- 
channel FDM system. Equations 10-2 through 10-5 therefore, locate the points con- 

nected by straight line I between noise threshold and FM threshold. The slope of line 
Lis, 


/N). - N 
Slope = (S, )o (S/ 4 (10-6) 
FM threshold - noise threshold 


(S/N), -0 


se a 
10 lot KTB + NF + 10 -(10 log KTB + NF) 
(S/N), 
10 


Slope = 


b. FM Threshold to Receiver Saturation 


From figure 10-10, Slope I, 


1 

' 

S/N (THERMAL) = C/N +110 log a 
L 

The encircled portion of the equation can be described as a constant for a particular 

receiver once the variables are fixed. The equation can then be written as follows: 


S/N=C/N+K 


From this equation, it is apparent that a linear relationship exists between output S/N 
and input C/N. The coefficients of both are equal and the slope for curve II is equal 
exactly to one. It can also be stated that the slope is exactly one for all FM receivers 
when operating above FM threshold and up to receiver saturation; that is, assuming 
that the only variable is the received RF input (C/N) with the other variables held con- 
stant. In addition, it is possible to obtain a family of curves for one receiver by vary- 


ing any one of the parameters Bop F, or Fm. 
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Figure 10-10, Analytically Developed Characteristic 
Curve of S/N Versus C/N for FM Receivers 


c. Receiver Saturation 


The output S/N ratio in one voice channel will keep increasing for a corresponding 
increase in received RF level, since this decreases the affects of thermal noise (see 
figures 10-11 through 10-14), The increase in RF input signal level increases the 
affects of AGC which then decreases receiver gain and thus the output thermal noise 
contribution will decrease, since output thermal noise is equalto KTBG. This proc- 
ess will continue until the received RF carrier level drives the RF amplifier beyond’ 
AGC control, At this juncture, an increase in received RF level does not decrease 

the affects of thermal noise and, consequently, the S/N ratio will be held virtually 
constant, It should be emphasized that the equation for output S/N is for a single FDM 
voice channel (3.1 kHz. This equation cannot be used for other applications, such as 
wideband signals, TV, PCM, radar video, etc. In practice, the receiver RF amplifier 
does not saturate completely but does saturate in a gradual asymptotic fashion; therefore, 
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Figure 10-12. Relative S/N Ratio of AM and FM Systems 
as a Function of Field Intensity 


the S/N at saturation is not a horizontal line. However, from a practical point of view, 
describing it in this manner will be reasonably accurate for most engineering considera- 
tions. The point at which receiver saturation occurs cannot be determined without hav- 
ing receiver design data available. 


10.1.5 Threshold Extension 


In a system with a perfectly linear input-output transfer characteristic, the noise band- 
width would be the bandwidth of the narrowest filter. Most receiving systems become 
non-linear below the point identified as the "threshold." It is therefore convenient to 
use two bandwidths when establishing system performance. The first is the noise 
bandwidth which is either the pre-detection bandwidth or the bandwidth inherent in the 
detection system itself, whichever is smaller; and the second is the base bandwidth 
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Figure 10-138. FM Receiver Characteristic Curves, 
Without Pre-emphasis 


which is the effective bandwidth of the post-detection and instrument filters. To iden- 
tify signal powers in each of these bandwidths, it is conventional to use the term 
"carrier" for the total signal power in the noise bandwidth and the term "signal" for 
the demodulated signal power in the base bandwidth. In the case of multiplex telephone, 
carrier means the total received signal while signal means the demodulated intelligence 
in one channel only, usually the highest. The conventional plots of receiver perform- 
ance show the S/N ratio measured in the base bandwidth as the ordinate, and the C/N 
power ratio measured in the noise bandwidth as the abscissa, These plots are meaning- 
less unless the noise bandwidth is precisely known. As this is seldom the case, it is 
much more meaningful to plot carrier power at the input terminals of the first ampli- 
fier as the abscissa. It is difficult to assign an exact number to the base bandwidth 
because of the effect of shaping networks, filters, and instrument characteristics. It 
is more meaningful to identify the frequency response of the entire post-detection cir- 
cuit and also the actual measuring instrument. 
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Figure 10-14, Thermal Noise Characteristics 
Showing Noise as a Function of 
Receiver Input Power 


For design, the noise bandwidth must be known. When measuring a complete receiver 
using FM feedback, the noise bandwidth is not a simple measurement. The noise band- 
width of typical receivers can be estimated from Table 10-3. 


Selection of noise bandwidths for a receiving system depends on the receiver threshold, 
which dictates how wide the bandwidth can be. The amount of information that must 
pass through the system dictates how narrow the bandwidth can be. 


Threshold is the minimum C/N ratio that yields an FM improvement which is not sig- 
nificantly deteriorated from the value predicted by the usual small-noise S/N formulas. 
For comparison, the threshold is picked as that carrier power at which the output S/N 
ratio has dropped 1 dB below, i.e., departed from, the linear relationship between 
S/N ratio and carrier power. 
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Table 10-3. Noise Bandwidth of Receivers 


TYPE OF RECEIVER NOISE BANDWIDTH 


Conventional Same as 3 dB bandwidth of IF ampli- 
fier 


F-M Feedback 1.57 times the 3-dB bandwidth of the 
filter in the feedback loop if it is a 
simple single-pole network; or 1.25 
times the 3-dB bandwidth of the fil- 


ter in the feedback loop if it is a 
double-tuned circuit. 


Phase Lock Feedback 3.24 times the 3 dB bandwidth of the 
closed loop, provided that the damp- 
ing factor of the loop is 0.707 and 
provided that the input noise is white, 
additive gaussian, 


If the noise bandwidth is reduced below the base bandwidth by a simple filter, severe 
distortion results in the output unless the carrier deviation is reduced accordingly at 
the transmitter so that the base bandwidth is no longer wider than the noise bandwidth, 
Reducing the deviation, in turn, greatly reduces the advantages gained by using fre- 
quency modulation. A brief review of the basic fundamentals of frequency modulation 
shows that when modulation is applied, a theoretically infinite number of sidebands, 
spaced symmetrically above and below the carrier, are generated. In actual practice, 
only the significant sidebands, i.e., those containing significant power, are considered, 
The bandwidth required to convey this information by a frequency modulated carrier 
depends upon the amplitude and frequency of the modulating signal. This leads to the 
formation of the modulation index (m) which is defined as 


m= = (10-8) 
m 


where 


tx 
I 


= carrier deviation 


f = modulating frequency. 


The modulation index, when applied to mathematical tables derived from Bessel func- 
tions, provides the number of significant sidebands that will be generated for the part- 
icular index, and therefore the required bandwidth. As shown in Table 10-4, a large 
index results in a large number of sidebands and a large bandwidth; a small index 
results in a smaller number of sidebands and a corresponding reduction in bandwidth 
requirements. 


In a conventional FM receiver, the IF and demodulator bandwidth is made to be 2fm(m + 1). 
A list of required bandwidths for several modulation indices is given in Table 10-4, To 
lower the threshold by decreasing receiver bandwidth, the modulation index must be 
reduced to ensure an undistorted output signal. This process is called threshold exten 
sion. 
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Table 10-4. Modified Bessel Chart 


NO. OF 

SIGNIFICANT BANDWIDTH (bw) 

MODULATION SIDEBAND (f = MODULAT- 
INDEX (m) PAIRS ING FREQUENCY) 


1 


OANA PWN RBH Be 


0.0 
0.1 
0.4 
0.5 
1.0 
2.0 
3.0 
4.0 
5.0 


Note: When m>3, a reasonable approximation of occupancy is 
bw = 2f (1 + m) 


The term threshold extension is also used to define the performance of an FM feedback 
receiver with reference to a conventional receiver with a noise bandwidth equal to 
2fm(m +1). The extension is given in terms of the reduced carrier power, referred to 
the carrier power at threshold in a conventional receiver, expressed in dB. Since 
designers have claimed both reduced noise bandwidth and reduced carrier-to-noise 
ratio in this bandwidth, the value of threshold extension must be given by: 


10 log carrier power to reach threshold in conventional receiver (10-9) 


T 
E carrier power to reach threshold in feedback receiver 


i 


= 10 log q/N, = 10 log C/N, + 10 log B,/B, 
where TE = threshold extension in dB 


C/ N, = C/N ratio measured on conventional receiver with noise bandwidth = B. 
C/ N, = C/N ratio measured on feedback receiver with noise bandwidth = B. 

B, = noise bandwidth of conventional receiver 

B. = noise bandwidth of feedback receiver 


One wideband FM system characteristic facilitates reducing effective bandwidth: 
although the incoming signal may occupy any position in the passband, the transmitted 
baseband information is restricted in the rate at which it may move from one passband 
position to another, This signal-modulation restraint is used to obtain effective band- 
width reduction in all currently used FM-feedback threshold-extension systems, 
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Higher Concepts of Mathematics MATRICES AND DETERMINANTS 


Solution: 
(1x3)+(2x0) (1x5)+(2x6) 


(3x3)+(4x0) (3x5)+(4x6) 


3+0 5+12 


9+0 15+24 


Sp dy 


9. 29 


It should be noted that the multiplication of matrices is not usually commutative. 
The Determinant 


Square matrixes have a property called a determinant. When a determinant of a matrix is written, 
it is symbolized by vertical bars rather than brackets around the numbers. This differentiates the 
determinant from a matrix. The determinant of a matrix is the reduction of the matrix to a single 
scalar number. The determinant of a matrix is found by "expanding" the matrix. There are 
several methods of "expanding" a matrix and calculating it’s determinant. In this lesson, we will 
only look at a method called "expansion by minors." 


Before a large matrix determinant can be calculated, we must learn how to calculate the 
determinant of a 2 x 2 matrix. By definition, the determinant of a 2 x 2 matrix is calculated as 
follows: 
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10.1.6 Noise Figure 


Noise figure in dB (noise factor) is defined as: 


N= (C/N) in _ Cin Nin _ NOISE OUT 10-10 
f (C/N) Cc, G NOISE INX G ( ) 
out in 
Nout 


NOISE IN X G + N. kT BG + N. 


Ne" NOISEINXG __ KT.BG 
N T, 
N= 1+ ip Be i teas 


In a perfect device, the noise output and the noise input are equal, assuming unity gain, 
An actual amplifier has a finite noise contribution and that is why the noise figure >1. 


G = Power Gain 
T = Source Temperature assume 290°K 


B = Bandwidth at 3 dB reference (in FM receivers, 
this is I, bandwidth) 


f 
N_ = Noise power contributed by device that is being 
* measured = K T, BG 
Nin = Input Noise power 
Nout = Output Noise power from device 


T = Effective input noise temperature, a measure of 
internal noise sources of device 


The noise figure of a device is a function of temperature of the noise generator, and 
may be defined for any source temperature, Usual custom is to define noise figure in 
terms of standard temperature T, = 290K, and noise figure can be determined at differ- 
ent source temperatures T, by using the equation: 

N T 


x oO 
Neg =1+ GKT_B or Neg = T. (Ne -~1j)+1 or (10-11) 
qT, Ny 
Neg ~T ( ) +4 
s GKT,B 
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Noise figure of a complete receiver = 


N= 10 log ne = Dp + + eae (10-12) 
1 G G_G G_G,...G 


where 
N, = Voice Figure 
G, = Gain of first stage 


G, = Gain of second stage 


| 


FY = Noise factor of first stage, etc. 


| 


It is evident that the system noise figure is affected primarily by the first stage gain 
and noise figure, with each subsequent stage having a decreasing effect. When using a 
high gain, low noise, front end, the system noise figure is approximately equal to the 
noise figure of the front end (tunnel diode amplifier or parametric amplifier). 


10.1.7 Emphasis 


Pre-emphasis is an FM practice of increasing the amplitude of the higher frequency 
components of the baseband, according to a pre-determined plan (a pre-emphasis 
curve). An examination of the problems in FM which give rise to the necessity of 
using pre-emphasis is probably the best means of arriving at an understanding of this 
practice and the reasons for it. The fundamental problem necessitating the use of pre- 
emphasis lies in the output characteristics of an FM discriminator. If uniform white 
noise (constant amplitude with respect to frequency) is placed at the input of an FM 
discriminator, the output will be a finite band with linearly increasing amplitude with 
increasing frequency. Discriminator input and characteristics are shown in figures 
10-15 and 10-16. The ramp-like output resulting from a white noise input of finite 
bandwidth is illustrated in figure 10-17. The problem results from the fact that white 
noise is applied at the discriminator along with the IF signal output. After detection, 
the higher frequency baseband components are degraded by the ramp-like noise output. 
The result is a decreasing S/N ratio with increasing baseband frequency. Since opti- 
mum performance requires constant S/N ratio across the baseband spectrum, this 
effect must be corrected. Pre-emphasis at the transmitter modulator is used to 
accomplish this purpose. 


Since increasing peak frequency deviation (AF) will increase baseband amplitude, pre- 
emphasis is accomplished by increasing the peak frequency deviation in accordance 
with a curve design to effect compensation for the ramp-like noise at the discriminator 
output. A pre-emphasis curve is shown in figure 10-18. Note that the curve is in 
terms of deviation ratio (D) rather than AF, despite our previous statement that OF is 
the parameter which is varied for pre-emphasis. This apparent inconsistency is 
resolved when we examine the definition of D and note that in any given baseband con- 
figuration, the modulating frequency (Fy) is essentially constant, being taken by 
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convention as either the middle or upper baseband subcarrier frequency. Drawing out 
pre-emphasis curve in terms of the deviation ratio (D) extends the usefulness of the 
curve by making it applicable to a variety of different baseband configurations with 
different subcarrier frequencies. 


FREQUENCY 


Figure 10-15. Discriminator Characteristics 


Once pre-emphasis has been allowed to accomplish its purpose of preserving a con- 
stant S/N across the baseband, it is then necessary to restore the detected baseband 
to its original amplitude configuration. This restoration (de-emphasis) will affect 
both noise and the signal, preserving the original S/N ratio, The de-emphasizing 
process can be performed by a single passive network having an attenuation character- 
istic (de-emphasis curve) inverse to the pre-emphasis curve. Pre-emphasis and de- 
emphasis are also used for individual FDM voice channels. This is necessary because 
of the spectral amplitude distribution of speech which shows a high amplitude level 
concentration at the lower frequency end of the voice channel, This signal distribu- 
tion, when applied to a baseband, can result in masking the higher frequency low- 
amplitude components by white noise present before modulation, and in the receiver 
after detection. The amplitude of the higher frequency components of the voice chan- 
nels increased to compensate for this condition. De-emphasis is used at the demulti- 
plexer to restore the proper amplitude configuration. 


10.1.8 Selectivity 


The selectivity of a receiver is its ability to differentiate between the desired signal 
and signals at other frequencies. Selectivity is usually defined as the ratio of the 
sensitivity for desired signals to the sensitivity for undesired signals, expressed in 
decibels, The sensitivity of the receiver for a range of frequencies about the desired 
frequency is often plotted as a selectivity curve whose shape is primarily determined 
by the response of the IF amplifiers. 
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Figure 10-16. Limited Noise Input 
to Discriminator 


FREQUENCY 


Figure 10-17, Discriminator Output 
Characteristics, Triangular Noise 
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Figure 10-18. Normalized Pre- and De~emphasis Curve 


10.1.9 Image Rejection and Spurious Response 


The image ratio at the receiver is a measure of the rejection of that frequency which, 
when mixed with the local oscillator signal, produces the same IF as the desired sig- 
nal. If the local oscillator is operated below the signal frequency, the image frequency 
will be the same amount below the local oscillator frequency that the signal frequency 
is above. The image rejection must take place prior to the mixer in the RF amplifier 
or preselector stages. Presently the DCA specifies that the image and out-of-band 
frequencies shall be rejected by at least 60 dB. 


10,1,10 Frequency Stability 


6 
Frequency tolerance of the receiver shall be 1 part in 10 per day (+ 0.0001%) or 
better. 
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10,2 TRANSMITTER 


The transmitter consists basically of an oscillator, modulator, and amplifier, with the 
complexity of these units depending on frequency, power output required, and type of 
modulation used, This section discusses oscillators as they apply to microwaves, 
methods of frequency stabilization, microwave modulators, and power amplifiers used 
in microwave transmitters, 


10.2.1 Oscillators 


As microwave frequencies are approached the triode coaxial oscillators begin to fall 
off in efficiency and again new systems must be resorted to in order to produce oscilla- 
tions at these frequencies. Three general types of oscillators have been developed for 
use in these ranges: the klystron, the magnetron, and the traveling wave tube. While 
in the coaxial triode oscillators the problem of interelectrode transit time was en- 
countered, these new types of oscillators take advantage of the finite speed of the 
electron, 


a. Klystron. Two main categories of klystron oscillators exist: the reflex 
klystron and the 2-cavity klystron. The reflex klystron has low efficiency (about 1 
percent) and generates relatively low power. It is primarily used in receivers, local 
oscillators, and test equipment. Two-cavity klystrons are much more efficient (from 
20 to 40 percent) and can be designed to generate high power levels. Most of the 
limitations of conventional negative grid tubes do not exist in klystrons, The cathode 
and anode are outside the RF field and therefore may be made as large as desired. 
The cathode to anode spacing is of the order of one inch so that extremely high voltages 
may be used without danger of internal arcing. The only limiting factor in the amount 
of power which may be produced by a klystron is the loss in the dielectrics making up 
the windows between the output cavity and the load. 


In a 2-cavity klystron, a stream of electrons from and electron gun passes through a 
resonant cavity called a buncher. This cavity is the input cavity and contains an RF 
field corresponding to the signal input. In the case of an oscillator, the input is fed 
back with the proper phase relationship from the output or catcher cavity, The buncher 
either accelerates or retards the electrons in the stream depending on the portion of 
the RF cycle. Following the buncher there is the drift space where the electron beam 
is unaffected except by the uniform accelerating force of the anode voltage. In this 
space the electrons form into bunches, the retarded electrons falling back and the 
accelerated electrons moving forward to the next bunch. When the electrons, now 
bunched, reach the catcher, they set up a varying electric field from which energy may 
be taken. The electrons themselves continue on to the anode, or collector, where 
their remaining kinetic energy is dissipated as heat. 


A modified version of the 2-cavity klystron is the reflex klystron oscillator. The 
operating principles remain nearly the same. In this klystron the coupling between 
the input and the output is accomplished by the electron beam itself, In fact, the two 
resonating cavities are replaced by one cavity which functions both as buncher and 
catcher. The electrons are produced and accelerated by an electron gun as before. 
Then they pass through the cavity for the first time, being velocity modulated as in the 
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buncher of a 2-cavity klystron. The electrons travel into the drift-space but instead 
of being further accelerated, they are in a uniform retarding field produced by the 
negative repeller plate, The electron beam slows to a stop and then reverses direc- 
tion being accelerated back toward the cavity. As the bunched electrons pass through 
the cavity for the second time, they give up part of their energy to the cavity and are 
then stopped by the cavity, which also functions as the collector. The frequency of 
operation can be changed to a limited extent by changing the repeller voltage, thus 
changing the transit time in the drift stage. 


The reflex klystron is less efficient than the 2-cavity klystron because a single reson- 
ator performs both functions of bunching and catching. On the other hand, the single 
resonator tuning and the ease of electrical tuning by varying the repeller voltage makes 
it better for use when only small amounts of power are required. Another advantage 
of the reflex klystron is its greater stability as compared to a 2-cavity klystron when 
used as a master oscillator, 


b. Magnetron, To aid understanding of the principle of operation in a traveling- 
wave magnetron, the most commonly used, consider the movement of an electron in 
magnetic and electric fields. An electron moving at right angles to a magnetic field 
will be acted upon by a force perpendicular to both its direction of motion and the mag- 
netic field. This force does not change the velocity of the electron but causes it to 
move in a circular path, the radius of the path being determined by the magnetic field 
strength and the velocity of the electron. An electron moving parallel to an electric 
field will be either accelerated, taking energy from the field, or retarded, giving 
energy to the electric field. 


The magnetron is basically a fixed-frequency device, but certain of the newer types 
may be frequency modulated by changing the potentials on certain elements, Anode 
power is normally applied to a magnetron in very short pulses of very high amplitude. 
Voltages of 40 kilovolts and currents of 100 amperes are not unusual in pulsed mag- 
netron service, It is possible to produce a peak power of 2.5 megawatts at 3000 MHz 
with an efficiency as high as 50 percent. At frequencies of 25,000 MHz, more than 50 
kW may be obtained, but the efficiency will fall to about 25 percent. 


The traveling wave tube (TWT) connected as an oscillator is essentially an amplifier 
which uses an electron beam and an RF wave traveling together in such a way that the 
wave accepts energy from the electron beam. In some ways it is similar to the linear 
magnetron discussed previously. The TWT consists of a helical coil inside a con- 
ductor, It may be considered as a coaxial cable with a helical inner conductor. In 
operation, the RF wave to be amplified travels along the helical coil which greatly 
reduces the velocity of the wave. This slower velocity causes the RF wave to travel at 
the same speed as an electron beam centered in the helical coil, which enables the RF 
wave to accept energy from the beam. 


Assuming the electron velocity and the wave propagation velocity are the same, the 
electrons in the beam will be retarded or accelerated by the electric field. This will 
cause bunching to occur, with the electron bunches forming in alternate points of zero 
longitudinal electric field. In producing these bunches, as many electrons are retarded 
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as are accelerated and no net transfer of energy is made in either direction. Since 
this would produce no amplification, some means must be found of obtaining a transfer 
of energy from the electron beam to the electric field. This can be done by a slight 
increase in the velocity of the electron beam, The electron bunches are now at a 
retarding point of the electric field and the electrons are retarded for a longer period 
of time than they are accelerated. This will produce a transfer of energy to the wave, 
and therefore the wave is amplified. A necessary addition to the TWT is some means 
of preventing the electron beam from spreading. This is done by using a longitudinal 
magnetic field. As long as the electron beam moves parallel to the magnetic field it 
has no effect on the electrons. When the electron strays from a parallel path, how- 
ever, the magnetic field forces the electron back into the beam. By coupling the out- 
put to the input in the proper phase relationship, oscillation may be produced, The 
TWT can be used over a great range of frequencies with high gain, at a cost of low 
power output and efficiency, 


10.2.2 Frequency Stability 


An ideal oscillator would be one in which the frequency could be easily adjusted and, 
once set, remain at that frequency regardless of temperature, output load, or voltage 
input. At low frequencies these conditions are relatively easy to approach, but as 
operating frequencies are increased, stability of operating frequency becomes more 
difficult to obtain, Even by attaining the same percentage of stability, which in itself 
is hard to do, serious frequency shifts may occur at microwave frequencies. A fre- 
quency shift of 0.01 percent at 1 MHz is only 100 cycles which presents no problems, 
but this same percentage shift at 10,000 MHz is equal to 1 MHz which is enough to 
interfere with satisfactory operation. 


Three primary factors affect the operating frequency of an oscillator, There are, 
first, geometric factors in which the effective inductance and capacitance are changed 
directly through mechanical motion; second, pulling factors in which reactance is 
coupled into the oscillatory circuit from the load; and third, pushing factors in which 
reactance is introduced by changes in input conditions, such as voltage, current, or 
magnetic field. 


There are three means of insuring stable operating frequencies. One is by the use of 
frequency stabilizers that tend to maintain a constant frequency of oscillations; another 
is by automatic frequency control (AFC) systems that mechanically or electronically 
retune the oscillator when it shifts from a reference frequency; the third is the use of 
synthesizing circuits, where crystal control is necessary to maintain the required 
frequency stability. 


As required by DCA standards, equipment design shall be such that the center fre- 


quency of the radiated signal from any transmitter which generates its own RF signal 
internally shall be maintained to within 150 kHz of the assigned frequency. 


10.2.3 Emphasis 


Both pre-emphasis and de-emphasis are defined and discussed in paragraph 10.1.7. 
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10.2.4 RF _Extraneous and Spurious Outputs 


The average power of any extraneous or spurious emissions in the fy + 5% f, band. 
MIL-STD-461 and Figure 14, Appendix C of MIL-STD-188C specify the out-of-band 
emission limits in terms of absolute power levels versus the transmitted power of the 
fundamental, Measurements shall be made taking full advantage of transmission line 
and antenna filtering characteristics. (For RF leakage, other undesired-emanation 
measurements and permissible limits refer to Military Standards 461 and 462. ) 


10.2.5 Deviation-Mod Index 


In FM, the varied parameter of the carrier, which carries the amplitude of the mod- 
ulating wave, is its instantaneous frequency, but the maximum deviation of frequency 
from its assigned value is limited arbitrarily and independently of the modulation. 
Thus, frequency allocations for FM broadcast are for a 200-kHz channel. A guard- 
band of 25 kHz is used at each side of the channel, leaving a 150-kHz bandwidth, or 
plus and minus 75 kHz from the carrier resting frequency. Other allocations for FM 
services may limit the total band to 50 kHz, or 10 kHz. A function called "modulation 
index" is the ratio of the maximum frequency difference between the modulated and the 
unmodulated carrier, or deviation frequency to the modulation frequency. It is some- 
times referred to as the "deviation ratio.'' The degree of modulation in an FM system 
is usually defined as the ratio of the frequency deviation to the maximum frequency 
deviation allowable, or the ratio of frequency deviation to the maximum deviation of 
which the system is capable. Degree of modulation in a frequency modulation system, 
therefore, is not a property of the signal itself. 


10.2.6 Power Amplifiers 


The modulated signal may be passed to an amplifier to increase the amplitude of the 
outgoing signal. The same limitations of conventional circuits at microwave fre- 
quencies that applied to oscillators apply as well to amplifiers. In the microwave 
region no amplification is possible with conventional vacuum tubes and circuits; either 
the oscillator itself must supply enough power, or specially designed amplifiers must 
be used. 


a. Klystron Amplifier. The klystron amplifier may be a 2-cavity klystron as 
used for an oscillator or a special amplifier klystron used for high power, which is 
known as a cascade or 3-cavity klystron, This tube is effectively two klystrons con- 
nected in cascade within the same envelope, with the catcher for the first section 
functioning as the buncher for the second section. The signal to be amplified is applied 
to the first cavity and the power output is taken from the third cavity. The second 
cavity is energized by the bunched electron beam and is not supplied with external RF 
driving power. These tubes are capable of power gains up to 30 dB, efficiencies of 
30 to 40 percent, with a power output of 12.5 kW. 
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b. Traveling Wave Tube Amplifiers. Traveling wave tube amplifiers are the 
second type of amplifier tube that may be used at microwave frequencies. The tubes 
have inherent regenerative feedback due to wave reflections in the tube. When designed 
for amplifier service, some means of attenuating the reflected wave must be provided. 
However, they are capable of large amplifications with a wide passband and high effi- 
ciency. 
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Example: Find the determinant of A. 


6 2 
-1 3 


Solution: 


A = (6:3) - (-1:2) 


ad) x(-2) 
21849 
- 20 


To expand a matrix larger than a 2 x 2 requires that it be simplified down to several 2 x 2 
matrices, which can then be solved for their determinant. It is easiest to explain the process by 
example. 


Given the 3 x 3 matrix: 


13 1 
2 i ae 
DGS 


Any single row or column is picked. In this example, column one is selected. The matrix will 
be expanded using the elements from the first column. Each of the elements in the selected 
column will be multiplied by its minor starting with the first element in the column (1). A line 
is then drawn through all the elements in the same row and column as 1. Since this is a 3 x 3 
matrix, that leaves a minor or 2 x 2 determinant. This resulting 2 x 2 determinant is called the 
minor of the element in the first row first column. 


(M13 47) 
edie se 
Lik B 
i 
(5) 6 3 
— 
1 
6 3 
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CHAPTER 11 


MICROWAVE MULTIPLEX EQUIPMENT 


Multiplex operation is the simultaneous transmission of two or more messages in 
either or both directions over the same transmission path. There are two general 
methods of accomplishing this: Frequency Division Multiplex (FDM) is the division of 
the available frequency spectrum into discrete bands, each of which carries one of the 
functions; Time Division Multiplex (TDM) is the division of the time available into dis- 
crete intervals that are assigned successively to the several functions, 


11.1 FREQUENCY DIVISION MULTIPLEX 


11.1.1 Functional Description 


Telephone multiplex subsystems provide the overall communication system with the 
capability to transmit and receive a number of voice frequency channels over a single 
transmission subsystem, In FDM subsystems, all channels to be multiplexed onto a 
single broadband channel are "divided" in the frequency domain to keep the signal 
channels separated. The information contained in each channel within the composite 
FDM signal is transmitted during the same instant of time. That is, all FDM signal 
channels overlap in the time domain and, in effect, are transmitted in parallel. This 
is accomplished through the use of various frequency translations. Basically, fre- 
quency translation is the shifting of a band of frequencies from one part of the fre- 
quency spectrum to another. During the process of frequency translation, the informa- 
tion contained in the original band of frequencies is not changed. Frequency transla- 
tion is obtained through the use of modulation techniques, and the translation may be 
to a higher or a lower band of frequencies. 


Figure 11-1 illustrates the basic process of FDM for a 12 channel voice frequency 
system. With reference to the figure, it should be noted that each channel originally 
occupies a 4 kHz band of frequencies. During transmission, each channel is trans- 
lated up in frequency to occupy a unique 4 kHz band in a continuous frequency region. 
For example, channel 12 is translated to occupy the 60 to 64 kHz band, channel 11 is 
translated to occupy the 64 to 68 kHz band, et cetera. The result of this translation 
process is the stacking of all 12 channels within a continuous frequency band of 48 kHz. 
The composite signal contained within the 48 kHz band may then be transmitted over a 
single transmission subsystem. One or more steps of frequency translation may be 
required depending on the multiplex and transmission subsystems that will be used. 


During reception, each 4 kHz band of frequencies in the composite signal is translated 
down in frequency to obtain the 12 individual 4 kHz channels. 
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Figure 11-1, FDM Process for a 
Basic 12-Channel Group 


All multiplex subsystems use some type of modulation scheme to translate the voice 
frequency signals to a composite signal of some suitable frequency range. The modula- 
tion scheme includes frequency allocations for the composite signa] and the type of 
modulation used for frequency translation. The frequency allocation for the system 
shown in figure 11-1 represents the basic standard building block for long haul multi- 
plex subsystems within the DCS. This standard, 60 to 108 kHz, 12 channel system is 
used to form systems with hundreds of channels by using additional steps of frequency 
translation. 


The 12 channels contained within the 60 to 108 kHz band are commonly referred to as 
a 12 channel group, or simply a group. A 60 channel system, commonly called a 
supergroup, is obtained by translating five groups to another part of the frequency 
spectrum, The basic translation process is similar to that used to develop a group, 
the only difference being the frequency allocation and bandwidth of the composite 
supergroup signal. Figure 11-2 illustrates the structure of a 60 channel supergroup. 


A 600 channel system is obtained by translating 10 supergroups using the same basic 
FDM process. The DCS standard frequency allocation for the 600 channel system is 
shown in figure 11-3. It should be noted that in the 600 channel system, supergroup 1 
is translated down in frequency and supergroup 2 is transmitted without additional 
translation, All other supergroups are translated up in frequency by methods similar 
to the translation process for channels to group, and groups to supergroup. The use of 
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guard bands between each supergroup when translated to the master group frequency 
spectrum should also be noted, Between supergroups 1 and 2, and 2 and 3, a 12 kHz 
guard band is used. An 8 kHz guard band is used between all other supergroups. In 
the case of translating from channels to group, and groups to supergroup, guard bands 
are not included in the composite frequency allocation. 
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Figure 11-2. FDM Process for a 60-Channel Supergroup 


The preceding discussion was intended to provide a broad functional description of the 
basic FDM process as applied to telephone channels. It should be noted that the actual 
frequency allocations for a particular telephone FDM multiplex system will be depend- 
ent upon: 


o The type of transmission subsystem 
o The number of channels required for the overall system. 
Chapter 6, System Design, presents equipment performance criteria, including fre- 


quency allocation and interface parameters, for the various types of transmission 
subsystems used in the DCS. 
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Figure 11-3. FDM Process for a 600-Channel Master Group 


Telephone multiplex subsystems are designed primarily to handle voice frequency (VF) 
signals. DC telegraph signals, as found in teletypewriter operation, cannot be handled 
directly by telephone FDM equipment. By using the techniques of modulation and 
multiplexing, DC signals can be converted to AC tones in the VF range. The VF tones 
can be handled by the telephone FDM equipment. Voice frequency carrier telegraph 
(VFCT) equipment is used to provide this capability. 


In FDM/VECT operation within the DCS, a number of carriers within the VF range 
are modulated by DC signals from telegraph loops. Each telegraph loop is associated 
with a particular carrier. The nominal center frequencies of the carriers are gen- 
erally spaced 170 Hz apart, With this spacing, it is possible to obtain 16 to 18 car- 
riers within the VF range. Some VFCT equipments, such as the AN/FGC-75(V) and 
-76(V), use a phase modulation technique to transmit up to 32 telegraph channels over 
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a single VF channel. This technique, however, is not specified in DCAC 330-175-1. 
In addition, such equipment is not compatible with conventional FDM VFCT equipment, 


11.1.2 Theory of Operation 


The basic technique used in FDM is frequency translation, Signals that occupy a 
particular band of frequencies are translated (shifted) to another part of the available 
frequency spectrum, The shifting of signals in frequency is accomplished through the 
process of modulation. Since AM is so important to the overall FDM process, the 
various forms of AM will be briefly described. 


Basically, modulation is the process by which some property of a signal is varied in 
accordance with the intelligence to be transmitted. The signal that is varied by the 
intelligence is generally called the carrier signal, or simply the carrier. In AM sys- 
tems, it is the amplitude of the carrier that is varied. 


When a carrier is amplitude modulated, a complex signal is generated. In addition to 
the carrier frequency itself, an AM signal contains other frequencies commonly known 
as the upper and lower sideband frequencies. The upper sideband contains the sum of 
the carrier frequency and the frequencies in the modulating signal. The lower sideband 
contains the difference of the carrier and signal frequencies. Other sidebands centered 
at multiples of the carrier frequency are also generated, but are generally eliminated 
by filters. 


Figure 11-4 illustrates the basic AM process. In this example, the intelligence to be 
transmitted contains frequencies up to 4 kHz, and the carrier frequency is 64 kHz. 

Both intelligence and carrier are mixed in the amplitude modulator in order to generate 
the AM signal. The resulting AM signal is centered around the carrier frequency of 

64 kHz with the intelligence contained in the two 4 kHz wide sidebands. Thus, the 
intelligence is translated in frequency to another part of the frequency spectrum. 


The AM process can be repeated to shift the signal frequencies to still another band, 
either higher or lower in frequency. It is this ability to translate signal] frequency 
components to any part of the frequency spectrum that makes the process of modula- 
tion so important to FDM subsystems, The manner in which the sidebands are shown 
in figure 11-4 is the standard method when dealing with FDM subsystems, Upper side- 
bands are shown with the long side of the right triangle increasing in height from left 
to right. The reverse is true for lower sidebands., Also, it is common practice to 
call the upper sideband the erect sideband, and the lower sideband the inverted side- 
band, Furthermore, this AM process is also referred to as double sideband emitted 
carrier (DSBEC) in order to differentiate between certain variations of AM that are 
described below. 


In AM systems, the carrier does not contain any intelligence. The carrier is used 
only to carry the intelligence to another band of frequencies. Furthermore, both the 
upper and lower sidebands contain identical information. Thus, the carrier and one of 
the sidebands are completely superfluous with regard to the intelligence contained in 
the AM signal. Because of this, certain FDM subsystems do not use AM directly but 
instead use variations of AM. The generally used variations of AM are: 
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Figure 11-4. Basic Amplitude Modulation Process 


o Single sideband suppressed carrier 

o Double sideband suppressed carrier 

o Independent sideband 

o Single Sideband Suppressed Carrier (SSBSC), 
With SSBSC, only one sideband is transmitted. The other sideband and the carrier 
are eliminated or suppressed. By transmitting only one sideband, the power required 
to transmit the signal is reduced. Also, the frequency band is effectively reduced to 


one-half of that required for a direct AM signal. It then becomes possible to transmit 
twice as many signal channels in the same multiplex frequency band. 
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Figure 11-5 illustrates a two channel SSBSC multiplex subsystem, Signals from each 
telephone transmitter pass through low-pass filters. These filters limit the upper end 
of the frequency band to about 4 kHz. The + kHz wide signals are applied to the bal- 
anced modulator where they are combined with their respective carriers as in conven- 
tional AM. By using a balanced modulator, the carrier is suppressed within and does 
not appear in the output signal spectrum. Therefore, the output of each balanced 
modulator contains only the upper and lower sidebands, centered around their respec- 
tive suppressed carriers. Both sidebands are applied to a bandpass filter where the 
upper sideband is eliminated, The output of the bandpass filters are combined to form 
the composite FDM signal. The composite signal contains the intelligence from both 
telephone transmitters, and occupies an 8 kHz band between 60 and 68 kHz. 


At the receiving end, the composite signals are applied to bandpass filters. The band- 
pass filter associated with channel 1 passes only the 60 to 64 kHz band, and that of 
channel 2 the 64 to 68 kHz band. The outputs of the bandpass filters are applied to 
balanced modulators where they combine with their respective carriers. This process 
is similar to that performed at the transmit end, and the carriers are suppressed 
within the balanced modulators. Therefore, the output of the balanced modulators 
contain only the upper and lower sidebands, The lower sidebands associated with each 
channel occupy the 0 to 4 kHz band, i.e., the original band of frequencies out of the 
low-pass filters at the transmit terminal. The upper sideband (associated with chan- 
nel 1) occupies the 124 to 128 kHz band and that of channel 2 the 128 to 132 kHz band. 
The lower sidebands are then applied to the telephone receivers after the upper side- 
bands are removed by the low-pass filters. 


The basic principles of operation for the illustrative two channel system apply to FDM 
subsystems that can handle hundreds of channels. This particular variation of AM is 
used in most high density FDM subsystems and is the standard FDM technique for 
international communication systems. 


o Double Sideband Suppressed Carrier (DSBSC). In FDM subsystems that use 
the DSBSC variations of AM, both sidebands are used but the carrier is suppressed. 
This technique offers a saving in power required to transmit the composite multiplex 
signal but is still wasteful of frequency spectrum. However, DSBSC systems are less 
expensive to implement than the SSBSC variation. This is primarily due to the elim- 
ination of bandpass filters required to remove the unwanted sidebands in the transmit 
of the FDM equipment. 


Both the emitted and suppressed carrier versions of the double sideband type of sys- 
tem find extensive use in multipair cable transmission subsystems. This is partic- 
ularly true where transmission paths do not exceed 50 miles and the required number 
of channels is 24 or less. 


The most widely used double sideband FDM subsystems fall into the category commonly 
known as the N-type of system. Various manufacturers offer FDM subsystems using 
the same frequency allocations and channel arrangements so that they coordinate back 
to back over the same transmission subsystem. Some systems are available that 
coordinate from a frequency standpoint with N-type systems, but that use single 
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Figure 11-5, Two Channel SSBSC Multiplex Subsystem 
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sideband techniques. Therefore, the number of channels that can be handled on the 
transmission subsystem is doubled. 


o Independent Sideband (ISB). With independent (twin) sideband modulation, a 
single carrier is used to generate two independent sidebands (the upper and lower side- 
bands centered around the same carrier contain different information). The same 
basic AM and filtering techniques described above are used to generate the ISB signal. 
The ISB method of modulation is used in high frequency (HF) subsystems and in certain 
high-density multiplexer sets. 


In HF subsystems, the maximum authorized bandwidth in the HF spectrum is 12 kHz. 
Due to this narrow bandwidth and the need for the maximum number of channels within 
the 12 kHz spectrum, individual channels are limited to a bandwidth of 3 kHz. Using 
ISB, four channels can be accommodated within the 12 kHz spectrum. Two 2 kHz 
channels are first multiplexed into a 6 kHz band. Two such bands are used to modulate 
two independent sidebands of an HF ISB transmitter to produce four channels in the HF 
spectrum, Figure 11-6 illustrates the frequency spectrum of an HF ISB system. 
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Figure 11-6. HF/ISB Frequency Spectrum 
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In high capacity multiplex sets (60 channels or greater) the group, supergroup, and 
line frequency allocations are in accordance with DCS and international standards. 
However, the channel multiplexing modulation is independent (twin) sideband as 
opposed to the all-lower sideband modulation that is the DCS and international standard, 
A later version of the AN/FCC-17 family, designated AN/UCC-4(V), provides an all- 
lower sideband capability. Figure 11-7 illustrates the difference between ISB and all- 
lower sideband modulation (note that 12 carriers are required to generate the standard 
basic group and only 6 carriers are required for the ISB basic group), 
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Figure 11-7. Comparison of Standard Basic Group With ISB Basic Group 


11.2 TIME DIVISION MULTIPLEX (PULSE MODULATION) 


11.2.1 Functional Description 


In telephone TDM subsystems all voice frequency (VF) channels to be multiplexed are 
"divided" in the time domain. The information contained in each channel within the 
composite TDM signal is transmitted during a different instant of time but overlaps in 
a common frequency spectrum. That is, all TDM signal channels "time share" a 
common transmission channel and, in effect, are transmitted in a serial manner. The 
direct relationship of the composite signal to the original input signal found in FDM 
subsystems is not found in TDM subsystems due to the nature of the basic TDM proc- 
ess as described below. 
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The TDM method employs sampling techniques. If a signal is sampled at a rate twice 
its highest frequency component, an adequate representation of the signal may be 
obtained, If there are a number of channels to be sent over a common transmission 
path, the first channel is sampled briefly, then the second, and so on until the last 
channel. After the last channel is sampled, the process is repeated. Before each 
sample is applied to the common transmission path, some form of pulse modulation 
is used to form the composite TDM signal. Figure 11-8 illustrates the basic TDM 
transmission-process for a 12 channel telephone system. 
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Figure 11-8, Basic Time Division Multiplex Process 
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Each voice channel occupies a 4 kHz bandwidth. Therefore, a sampler must scan and 
sample each of the voice channels at twice this figure, i.e., at 8 kHz. One complete 
set of samples (in this case, 12 samples) is generally called a frame. The time it 
takes to sample all 12 channels is called the frame period. In this example, the frame 
period, ts, is equal to 125 microseconds, 


1 ‘ 
te = 3 kuz 3 seconds = 125 microseconds 
8x10 


Each sample within a frame period is pulse modulated before it appears sequentially 
on the composite TDM signal channel. For this example, the time available to repre- 
sent the sample in a pulse modulated form is equal to one-twelfth of the frame period. 
Therefore, the pulse modulated sample period, ts, is equal to about 10.4 micro- 
seconds, The pulse modulated sample period can be broken down into smaller sub- 
periods depending upon the type of pulse modulation used in the TDM subsystem. 


At the receiving end, the reverse process takes place. Each sample is demodulated to 
obtain the original voice channel sample. The voice channel samples are filtered and 
sequentially applied to the corresponding voice channel to yield a restored voice sig- 
nal, 


Pulsed systems of modulation offer an attractive means of providing much greater 
density of information bits per channel than has been discussed. Consider a pulsed 
circuit in which the highest modulating frequency is to be 5000 cycles per second, com- 
parable to the modulation band of a broadcast transmitter. The minimum sampling 
rate for pulse modulating such a wave is 10,000 samples per second, or twice the fre- 
quency of the highest modulation frequency. This gives an interval per pulse of 100 
microseconds, but pulses need be only one or two microseconds long to transmit the 
essential information. Thus, if a pulse position modulated (PPM) system has pulses 
of 1-microsecond duration, and the maximum time displacement at peak modulation is 
4,5 microseconds, the allocation of time per pulse must be about 10 microseconds, 
This leaves 90 microseconds of each pulse interval that is not needed for the channel 
considered, and that can be allocated to other channels. If, in this instance, we divide 
the available 100 microseconds into 8 time blocks of 12 microseconds each, we can 
accommodate eight 5 ke channels, with a 20 percent (2-microsecond) guardband 
between each channel, plus a 4-microsecond interval in which to transmit a syn- 
chronizing pulse, This synchronizing pulse if needed at the receiver to provide a 
reference by use of which the individual channel pulses may be separated. 


A time-multiplexed signal can be obtained by generating the pulses for each individual 
channel just as if it alone is involved, with the addition of timing circuits to delay the 
individual channel pulses so that successive channels have a progressive time differ- 
ence, in the above case a difference of 12 microseconds, and the addition of a 4- 
microsecond synchronizing pulse prior to each sequence of channel pulses. This mix- 
ture of pulses is then used to modulate the carrier, which may be either a wire line, 
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a radio path, or a subcarrier of such transmission media, At the receiver, after 
demodulation and separation of the subcarriers, the detector-output will consist of a 
chain of pulses identical with the one at the transmitter, This output passes through a 
system of time gates, one for each channel, that are controlled by the synchronizing 
pulse. The control is such that the gate for an individual channel is open only during 
the 12-microsecond interval associated with that channel. 


Other pulsed systems may be time-multiplexed by the same method. If, in a given 
system, there are "n" time-multiplexed channels on each of "m" subcarriers, the 
system will have a total number of channels equal to 'mn." The total number of chan- 
nels is an important consideration. However, for a frequency allocation of fixed band- 
width, an increase in the number of channels reduces the bandwidth available per 
channel and, depending upon the application, this will dictate the maximum number of 
channels to be generated. 


Figure 11-9 shows a time-multiplexed PAM system. Figure 11-10 shows a series of 
typical waveforms in the TDM/PAM system. In figure 11-9 the commutator connects 
the input channels in sequence to the sampling circuit at the basic repetition rate 
established by the clock pulse generator, and separates each series of timed samples 
with a synchronizing pulse. The resulting pulse train is shown in B, figure 11-10. 

At the receiver the pulse train in duplicated at the detector output. The pulse-width 
discriminator isolates the synchronizing signal, and the synchronizing signal initiates 
a series of time delays corresponding to the channel pulse positions in the pulse train. 
Each gate circuit receives all pulses at one input, and a gating pulse for a specific 
channel at the other input opens the gate only, during the time interval that its cor- 
responding signal pulse appears at the multiple pulse input. The output of each gate 
circuit is thus a sequence of signal pulses sampled from a single channel; this mod- 
ulated waveform may be recovered by using a low-pass filter or a peak detector. 


Any mode of pulse modulation lends itself to TDM. The requirement being that the 
receiving equipment must be able to separate the several channels so that the sample 
pulses may be used to reconstruct the original modulating signal with distortion within 
acceptable limits. 


The basic principles of operation of TDM telegraph equipment are similar to that of 
TDM telephone equipment. DC signals from a number of telegraph loops are assembled 
(interleaved) sequentially for transmission over a single circuit. However, since DC 
telegraph signals are already in pulse form, the sampling and pulse modulation 
required in TDM telephone equipment is not needed. The process is simply one of 
interleaving telegraph channels into a composite TDM signal that is compatible with 

the particular transmission subsystem. 


In its simplest form, the operation of telegraph TDM equipment is similar to that of 
parallel-to-serial and serial-to-parallel converters. That is, when sending, parallel 
inputs are converted to a single serial output. Conversely, when receiving, a single 
serial input is converted to a number of parallel outputs. The modulation rate of the 
single serial stream depends on the number of associated telegraph loops and the loop 
modulation rate, For example, if 16 unit interval signals of 75 bauds are time division 
multiplexed, the modulation rate of the serial stream would be 16 x 75 = 1200 bauds. 


MAY 1972 11-13 


NAVELEX 0101, 112 


CARRIER 
\) FREQUENCY 
INPUTS 


ELECTRONIC 


TRANSMIT 
COMMUTATOR O stony 


A. TRANSMITTER SYSTEM 


RECEIVED OUTPUTS 


AM 
DETECTOR 
LOCA 


SIGNAL 


L 
OSCILLATOR 
3 
4 
B. RECEIVER SYSTEM AlAA O62 


Figure 11-9. Time Multiplexed PAM System 
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Figure 11-10. Waveforms in the FDM/PAM System 
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Typical telegraph TDM equipment used in the DCS can handle up to sixteen 60-, 75-, 
or 100-word-per-minute DC telegraph loops. 


11.2.2 Theory of Operation 


Earlier it was mentioned that all TDM subsystems are based on the principle of time 
sharing. Signals are multiplexed by sequentially allocating different time intervals 
for the transmission of each signal. The signals that are sequentially allocated are 
not a direct representation of the original signal, but only a sample of the original 
signal, Before each sample is applied to the common transmission path, some form 
of pulse modulation is used to form the composite signal. This paragraph will des- 
cribe in greater detail the principles of pulse modulation techniques that can be applied 
to TDM subsystems. 


With pulse modulation, one or more parameters of a pulse are varied in accordance 
with a modulating signal to transmit the desired information, The resultant mod- 
ulated pulse train may then be used to modulate a carrier. This is done with AM or 
FM techniques, depending upon the transmission subsystem to be used. Pulse mod- 
ulation that can be used to form composite TDM signals include: 


o Pulse amplitude modulation (PAM) 


o Pulse duration modulation (PDM) 
Analog Pulse Modulation 


o Pulse position modulation (PPM) PTM 
o Pulse frequency modulation (PFM) 


o Pulse code modulation (PCM) 
Digital Coding 
o Delta modulation (DM) 


It should be noted at this point that PAM and PTM are truly analog pulse modulation 
techniques. Although the latter two, PCM and DM, are commonly referred to as 
pulse modulation techniques, they are really digital coding techniques. The following 
paragraphs discuss and compare the various pulse modulation techniques beginning 
with the concept of sampling. 


a, Pulse Modulation Sampling Theorem, Figure 11-11 illustrates the spectrum 
of a sampled signal. Assume that the signal at (A), plotted as amplitude versus time, 
has a spectrum (B) which contains negligible energy outside some low-frequency band- 
width fy. This is actually the case with most communication signals, though the 
location and width of fy, depends more or less on an arbitrary definition of "negligible 
energy." If the signal is now multipled by a periodic series of pulses, shown at (C), 
the product, shown at (E), is called a "sampled signal" and is obtained from (A) by 
"sampling, '' The period ''T'' between sampling pulses is called the "sampling interval" 
and its reciprocal 1/T is the sampling frequency, shown in (D). Inspection of the 
sampled spectrum at (F) shows that the free space called "margin" between the shifted 
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Figure 11-11. Spectral Characteristics of a Sampled Signal 
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replicas of the original spectrum is equal to the sampling frequency less twice the 
original frequency spectrum f,,. When such a margin exists -- that is, if the spectral 
replicas do not overlap - then spectrum (F) contains exactly the same information 
about the original signal as does the original spectrum (B), and the original signal (A) 
is recoverable from the sampled signal (E). One method of recovery is to pass the 
sampled signal through an electric wave filter, which passes frequencies below fm 
without distortion, but rejects frequencies above fy,. When the spectral pulses of (F) 
overlap, the margin is negative and each pulse is contaminated by its neighbors. This 
contamination represents lost information concerning the original signal, and thus the 
original signal is no longer completely recoverable. To avoid such negative margin, 
the sampling frequency must be at least twice the highest modulation frequency. That 
is, the signal must be sampled at least twice during each cycle of its highest frequency 
component, in order that it may be recovered without recourse to highly complex cir- 
cuitry. 


b. Pulse Amplitude Modulation (PAM). The sampling pulses of a sampled sig- 
nal must be varied in some characteristic by the modulating signal, in order for the 


intelligence of the signal to be present in the pulsed wave. Figure 11-12 shows some 
of the ways in which pulses may be varied; (A) represents a sine wave of intelligence 

to be modulated on a transmitted wave; (B) shows the timing pulses which determine 
the sampling interval; (C) shows Pulse Amplitude Modulation (PAM) in which the ampli- 
tude of each pulse is controlled by the instantaneous amplitude of the modulation signal 
at the time of each pulse. (The other patterns of figure 11-12 will be discussed in 
subsequent paragraphs, as PAM is the present subject. ) 


Pulse amplitude modulation may be either unquantized, where the pulse amplitude is 
varied as a continuous function of the modulation signal, or quantized, where the con- 
tinuous information to be transmitted is approximated by a finite number of discrete 
values, one of which is transmitted by each sampling pulse. Quantization will be 
treated in detail later in the following paragraphs. In figure 11-11 (E) and figure 
11-12 (C) are shown examples of unquantized pulse amplitude modulation, in which the 
amplitudes of the successive pulses are proportional to the instantaneous values of the 
signal wave, at the time of sampling. It is apparent that these successive pulses will 
quite faithfully reproduce the signal wave, and that the fidelity of reproduction will be 
greater with increased sampling frequency. As previously stated, the sampling fre- 
quency must be at least twice the highest modulation frequency for full signal recovery. 


As indicated in figure 11-11, each harmonic of the pulse frequency is amplitude mod- 
ulated by the modulating signal, resulting in sideband signals displaced above and 
below each harmonic by the modulating frequency. After further modulating an RF 
carrier, either by amplitude or angle modulation methods, transmission and demod- 
ulation at a receiver by suitable amplitude or angle detection, the modulation signal 
may then be recovered by filtering or by peak detection methods. 


The basic process of PAM will be applied to a hypothetical 4 channel TDM subsystem. 
For this example, it will be assumed that each of the four channels is band limited to 
4 kHz; therefore, the sampling rate must be at least 8 kHz. Using an 8 kHz sampling 
rate, each channel is sampled once every 125 microseconds, i.e., each frame is 125 
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microseconds long. The channels are sampled sequentially with regard to signal 
amplitude as shown by the shaded areas S1, S2, S3, et cetera, on figure 11-18. Since 
there are 4 channels to be sampled during each frame, the time available to represent 
each signal amplitude in pulse form is 31-1/4 microseconds. As each channel is 
sequentially sampled, the signal amplitudes at each sampling instant amplitude modulate 
a repetitive pulse train. This results in the composite TDM signal shown in figure 
11-14, 
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Figure 11-13, Analog Signal Channels 
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Figure 11-14. Comparison of TDM Processes 
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c. Pulse Time Modulation (PTM). In pulse modulated systems, as in analog 
systems, it is possible to impress the intelligence on the carrier by varying any of its 


characteristics. In the preceding paragraphs, it was discussed how a pulse train was 
modulated by varying its amplitude. The same intelligence could be used to modify 
the time characteristic of the pulses. There are two time characteristics which may 
be affected; the time duration of the pulses, which is called Pulse Duration Modulation 
(PDM), or Pulse Width Modulation (PWM); and the time of occurrence of the pulses, 
called Pulse Position Modulation (PPM), and a specific type of PFM called Pulse Fre- 
quency Modulation (PFM). Figure 11-12 shows these types of pulse time modulation 
at (D), (E), and (F). 


(1) Pulse Duration Modulation (PDM). Pulse Duration Modulation (PDM), 
Pulse Width Modulation (PWM), and Pulse Length Modulation (PLM) are all designa- 
tions for a single type of modulation in which the width of each pulse in a train is made 
proportional to the instantaneous value of the modulating signal at the instant of the 
pulse. Either the leading edges, the trailing edges, or both edges of the pulses may 
be modulated to produce the variation in pulse width. PDM can be obtained in a num- 
ber of ways, one of which is illustrated in figure 11-15. By adding the modulating 
signal, figure 11-15 (A), to a repetitive sawtooth, (B), the waveform at (C) is obtained. 
This waveform is then applied to a circuit which changes state when the input signal 
exceeds a specific threshold level to produce pulses whose width is determined by the 
length of time that the input waveform exceeds the threshold level. The resulting 
pulse train is then as shown at (D), and in figure 11-12 (D). 


Figure 11-14(B) illustrates the PDM process as applied to TDM subsystems. In this 
simplified example, only four distinct signal amplitudes are used, i.e., signal ampli- 
tudes of 1, 2, 3, and 4. This was also true in the PAM example described above. 
Therefore, to represent the four distinct signal amplitudes in PDM form, four distinct 
pulse durations are required. These can be obtained by designating the full pulse dura 
tion to represent a signal amplitude of 4, three-fourths of the pulse duration to repre- 
sent a signal amplitude of 3, et cetera. This is illustrated in the composite TDM sig- 
nal shown in figure 11-14(B). It should be noted that the trailing edge of the pulse is 
modulated in this example. 


Demodulation of PDM signals also may be accomplished in a number of ways. Since 

the average value of the pulse train varies in accordance with the modulation, the same 
as in the case of PAM, the intelligence may be extracted by passing the width-modulated 
pulses through a lowpass filter that passes only the desired modulation frequencies, 


(2) Pulse Position Modulation (PPM). Pulse Position Modulation (PPM) is 
a method in which each instantaneous sample of a modulating wave controls the time 
position of a pulse in relation to the timing of a recurrent reference pulse that co- 
incides with the position of each unmodulated signal pulse. The pulse train is shown 
in figure 11-12(E) as solid lines and the reference positions are shown as broken 
lines. PPM can be obtained in several different ways, two of which will be discussed 
in the following paragraphs. One system uses a method similar to that used to obtain 
PDM. Figure 11-16 shows the curves for this method. The modulating signal is added 
to a repetitive sawtooth and a pulse of fixed duration is generated each time the 
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Figure 11-15. Method of Generating PDM 
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combined signal exceeds a fixed threshold level. PPM can also be obtained by taking 
a PDM pulse train that has fixed leading or t ailing edges, differentiating the pulses 
and then using a rectifier to separate the pulses having the polarity corresponding to 
the differentiated modulated edge of the individual width-modulated pulses. This is 
illustrated in figure 11-17 using PDM with fixed leading and modulated trailing edges. 
The effect of pulse-position modulation upon the pulse frequency spectrum is to fre- 
quency modulate each of the harmonic components of the pulse spectrum as well as the 
DC term. 


When the peak variation in pulse time occurrence is small compared to the interpulse 
period, PPM can be demodulated by passing the pulse train through a network having 

a frequency response with a slope of -6 dB per octave throughout the range of mod- 
ulating frequencies. Alternative methods of demodulating a PPM wave are to convert 
the wave to either pulse-width or pulse-amplitude form, and then demodulating with a 
lowpass filter or a peak detector. The process involved in TDM subsystems using 
PPM is illustrated on figure 11-14(C). Once again, only four distinct signal amplitudes 
are used. Therefore, four distinct pulse positions are needed. Each sampling interval 
is broken up into four possible positions. A pulse present in the first position repre- 
sents a signal amplitude of 1; a pulse in the second position represents a signal ampli- 
tude of 2, et cetera. This is illustrated on the composite TDM signal shown on figure 
11-14(C). 


(3) Pulse Frequency Modulation (PFM), Pulse Frequency Modulation (PIM) 
is a method of pulse modulation in which the modulating wave is used to frequency mod- 
ulate a carrier wave consisting of a repetitive pulse train, The resultant pulse train 
is shown in figure 11-12(F). A comparison of this pulse train with that of the PPM 
train shown at (E) reveals that PFM is only a variation of PPM and can be demodulated 
by the same techniques, 


d. Quantization. All of the pulse modulation systems discussed provide methods 
of converting analog wave shapes, such as audio, video, and facsimile systems prod- 
ucts, to digital wave shapes; that is, pulses occurring at discrete intervals, some 
characteristic of which is varied as a continuous function of the analog wave, If the 
entire range of amplitude (or frequency or phase) valucs of the analog wave is arbitrar- 
ily divided into a series of standard values, and each pulse of a pulse train takes the 
standard value nearest its actual value when modulated, the modulating wave can be 
rather faithfully reproduced as shown in figure 11-12 at (G) and (If). The amplitude 
range has been divided into five standard values at (G), and each pulse is given what- 
ever standard value is nearest its actual instantaneous value. At (Th, the same ampli- 
tude range has been divided into 10 standard levels, and it is immediately apparent 
that the curve of (H) is a much closer approximation of the modulating wave (A) than 
is the five-level quantized curve at (G). From this it is evident that the greater the 
number of standard levels used, the more closely the quantized wave approximates the 
original. This is also made evident by the fact that an infinite number of standard 
levels exactly duplicates the conditions of nonquantization. 
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Figure 11-16. Method of Generating PPM 
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Figure 11-17. PPM Wave Obtained From PDM Wave by Differentiating 
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Although the quantization curves of figure 11-12 are based on five- and 10-level 
quantization, in actual practice the levels are usually established at some exponential 
value of 2, such as 4(2“), g(23), 16(24), 32(2°) ... N(2"), The reason for selecting 
levels at exponential values of 2 will become evident in the discussion of pulse code 
modulation (PCM). Quantized FM is analogous in every way to quantized AM. That 
is, the range of frequency deviation is divided into a finite number of standard values 
of deviation, and each sampling pulse results in a deviation equal to the standard 

value nearest the actual deviation at the sampling instant. Similarly, for phase mod- 
ulation, quantization establishes a set of standard values. Quantization is used mostly 
in amplitude- and frequency-modulated pulse systems. 


e. Pulse Code Modulation (PCM). Pulse Code Modulation (PCM) refers to a 
system in which the standard values of a quantized wave are indicated in the modulated 
wave by a series of coded pulses that, when decoded, indicate the standard values of 
the original quantized wave so that it may be reconstructed. The codes may be binary, 
in which the symbol for each quantized element will consist of pulses and spaces; 
ternary, where the code for each element consists of any one of three distinct kinds or 
values, such as positive pulses, negative pulses and spaces; of N-ary in which the code 
for each element consists of any one of N distinct kinds or values. This discussion 
will be based on the binary PCM systems, 


Figure 11-18 shows the relationship between decimal numbers, binary numbers, and a 
pulse-~code waveform that represents the numbers. This is a 16-level code; that is, 

16 standard values of a quantized wave could be represented by these pulse groups and 
only the presence or absence of the pulses are important, The next step up would be a 
32-level code, with each decimal number represented by a series of five binary digits, 
rather than the four of figure 11-18. Six-digit groups would provide a 64-level code; 
seven digits a 128-level code, et cetera, Figure 11-19 shows the application of pulse 
coded groups to the standard values of a quantized wave. 


In figure 11-19 the solid curve represents the unquantized values of a modulating sin- 
usoid, the dashed curve is reconstructed from the quantized values taken at the sam- 
pling interval, and shows a very close agreement with the original curve. Figure 
11-20 is identical to figure 11-19 except the sampling interval is four times as great, 
and the reconstructed curve is no longer so faithful to the original. As previously 
stated, the sampling rate of a pulsed system must be at least twice the highest mod- 
ulating frequency in order to get a usable reconstructed modulation curve. At the 
sampling rate of figure 11-19, and with 4-element binary code, 128 bits (presence or 
absence of pulse) are transmitted for each cycle of the modulating frequency. At the 
sampling rate of figure 11-20, only 32 bits are used, and at the minimum sampling 
rate, only 8 bits are required. 


As a matter of convenience, especially to simplify the demodulation of PCM, the pulse 
trains actually transmitted are reversed from those shown in figures 11-18, 11-19, 
and 11-20, that is, the pulse with the lowest binary value is transmitted first and the 
succeeding pulses have increasing binary values up to the code limit. Pulse coding 
can be performed in a number of ways, using fairly conventional circuitry or by means 
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Figure 11-18, Binary Numbers and Waveform Equivalents 
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Higher Concepts of Mathematics MATRICES AND DETERMINANTS 


Solution: 
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| | 1 4 
(0) 1 4 
Second acto 
Minor es ie ae 4 6 
4,5), 6 = —1 - -1 (16 - 0) = —-1 (16) = —16 
I Fi O 4 
@) (1) 4 
Third ‘Cae 
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Ox 4 ) 
Determinant = 12 + (-16) + (12) = 38 


Using Matrices to Solve System of Linear Equation (Cramer’s Rule) 


Matrices and their determinant can be used to solve a system of equations. This method becomes 
especially attractive when large numbers of unknowns are involved. But the method is still 
useful in solving algebraic equations containing two and three unknowns. 


In part one of this chapter, it was shown that equations could be organized such that their 
coefficients could be written as a matrix. 


ax + by=c 
ext+fy=g8 


where: 
x and y are variables 


a, b, e, and f are the coefficients 
c and g are constants 
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of special cathode-ray coding tubes. One form of coding circuit is shown in figure 
11-21. In this case, the pulse samples are applied to a holding circuit, a capacitor 
which stores pulse amplitude information, and the pulse duration modulator converts 
pulse amplitude to pulse duration. The PDM pulses are then used to gate the output of 
a precision pulse generator that controls the number of pulses applied to a binary 
counter, The duration of the gate pulse is not necessarily an integral number of the 
repetition pulses from the precisely timed clock-pulse generator, so the signal to the 
binary counter corresponding to each gate pulse may be a number of pulses plus the 
leading edge of an additional pulse. This ''partial'' pulse may have sufficient duration 
to trigger the counter, or it may not. The counter thus responds only to integral num- 
bers, effectively quantizing the signal while encoding it. Each bistable stage of the 
counter stores a 0 or a1 for each binary digit it represents (binary 1110) or decimal 7 
is shown in figure 11-21. An electronic commutator samples the 29, 21, 22, and 23 
digit positions in sequence and transmits a mark or space bit (pulse or no pulse) in 
accordance with the state of each counter stage. The holding circuit is always dis- 
charged and reset to zero before initiation of the sequence for the next pulse sample. 
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Figure 11-21. Block Diagram of a Quantizer and PCM Coder 


MAY 1972 11-31 


NAVELEX 0101, 112 


At the receiver, after the complex wave has been demodulated and separated into dis- 
crete channels, each PCM channel has its code of pulses translated back to its cor- 
responding standard amplitude. This is relatively simple when the pulse-code groups 
have been transmitted in "reverse" order; that is, if the unit pulse is transmitted first 
and the pulse with the highest digital value is transmitted last. A current source can 
be used to apply the pulse code to an RC circuit such as shown in figure 11-22 (A). The 
time constant of the RC circuit is such that the current leaks off to half-amplitude in 
the time corresponding to the interval between pulses. This value permits the capaci- 
tor charge from one pulse to decay to one-half its original value by the time of the next 
pulse position and to one-fourth its original value by the time of the second succeeding 
pulse time. The response to each of the four pulses shown in figure 11-22 (B), con- 
sidered separately, are shown in (C) and represent binary numbers 0001, 0010, 0100, 
and 1000, equivalent to 1, 2, 4, and 8 in the decimal system. The peak amplitude of 
the response to each pulse, the RC time constant, and the sampling time were selected 
so that the responses would correspond to the decimal value of the voltage. In a linear 
circuit any number involving two or more pulses will have a total response equal to the 
sum of the individual responses at any given sampling time, after the last pulse; thus, 
at (d), the total response is 7 volts, composed of one volt from the first pulse (29 = 16 
volts halved four times), two volts from the second (21 = 16 volts halved three times), 
and four volts from the third pulse (22 = 16 volts halved twice), and nothing from the 
fourth pulse position (23), except an additional time interval during which each of the 
preceding pulses is halved. The sampling time is not critical because the choice of RC 
time constant pulse interval assures binary weighting of the 4-digit positions at any 
time after the charging pulse of the highest binary position. 


The process of TDM using PCM is illustrated in figure 11-14 (D). With the binary 
code, each signal amplitude is represented by a unique digital sequence, as shown on 
figure 11-14 (D). For example, the signal amplitude at sampling instant S1 is 4. 
Therefore, the digital sequence would be 100, as shown on the composite TDM in the 
S1 time interval. 


The PCM demodulator will reproduce the correct standard amplitude represented by 
the pulse-code group provided that it is able to recognize correctly the presence or 
absence of pulses in each position. For this reason, noise introduces no error at all 
if the signal-to-noise ratio is such that the largest peaks of noise are not mistaken for 
pulses. When the noise is of random type (circuit and tube noise), it is possible to 
determine mathematically, for any ratio of signal-to-average-noise power, the prob- 
ability of the appearance of a noise peak comparable in amplitude to the pulses. When 
this is done for 10° pulses per second, the approximate error rate for three values of 
signal-power to average-noise power is: 


17 dB = 10 errors per second 
20 dB 7 1 error every 20 minutes 
22 dB - 1 error every 2000 hours 
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Figure 11-22. Decoding of PCM Pulse Groups 
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There is evidently a threshold of signal-to-noise ratio of about 20 dB above which vir- 
tually no errors occur. In all other systems of modulation, even with signal-to-noise 
ratios as high as 60 dB, the noise will have some effect. Moreover, the PCM signal 
can be retransmitted, as in a multiple relay link system, as many times as desired, 
without the introduction of additional noise effects; that is, noise is not cumulative at 
relay stations, as with other modulation systems. 


There is, of course, the distortion introduced by quantizing the signal, since the stand- 
ard values selected and the sampling interval both tend to make the reconstructed wave 
depart from the original. This distortion, called quantizing noise, is initially intro- 
duced at the quantizing and coding modulator and remains fixed throughout the trans- 
mission and retransmission processes. Its magnitude can be reduced by making the 
standard quantizing levels closer together. The relationship of the quantizing noise to 
the number of digits in the binary code is given approximately by the following rela- 
tionship: 


Peak Si 
se ON a 1) ee ANE 


Average quantizing noise power where n 
is the number of digits in the binary code 


Thus, with the 4-digit code of figure 11-19 and figure 11-20, the quantizing noise will 
be about 35 dB weaker than the peak signal which the channel will accommodate. 


The advantages of Pulse Code Modulation are twofold. First, there is the almost com- 
plete elimination of noise interference when the pulse signals exceed noise levels by a 
value of 20 dB or more, since only the presence or absence of each pulse need be 
determined to find the exact value of the transmitted signal. Second, the signal may 
be received and retransmitted (relayed) as many times as may be desired without 
introducing progressive distortion and deterioration of the signal. 


f. Delta Modulation (DM). The process of delta modulation is based on the 
comparison of signal amplitudes at two consecutive sampling instants. Based on this 
comparison, a determination is made as to whether to transmit a pulse, or to inhibit 
a pulse in a repititive pulse train. In its simplest form, a pulse is inhibited if the 
comparison shows that the signal level at the present sampling instant has decreased 
from the last sampling instant. If the comparison shows an increase, a pulse is trans- 
mitted. 


The DM process as applied to TDM is shown on figure 11-14 (E). For the purpose of 
illustration, the sequence of pulses for channel 1 will be described. The comparison 
of the signal amplitude at S5 with that at S1 shows a decrease in signal amplitude. 
Therefore, during sampling interval S5 on the composite TDM signal, a pulse is inhib- 
ited. The comparison of amplitudes at S9 with S5 shows an increase, resulting in the 
transmission of a pulse during sampling interval S9. This sequence is shown cross- 
hatched on figure 11-14 (E). 
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11,3 COMPARISON OF MULTIPLEX TECHNIQUES 


In single sideband FDM subsystems, the bandwidth of the composite FDM signal is 
equal to the number of channels times the bandwidth of each single channel. For 
example, in a 12 channel system, with 4 kHz bandwidths per channel, the composite 
signal will have a bandwidth of 48 kHz. Ina double sideband FDM system, this band- 
width will be doubled, i.e., 96 kHz. These bandwidths are relatively narrow when 
compared to that required in practical TDM subsystems. In a 64 level PCM/TDM 
system handling twelve 4 kHz channels, the composite TDM signal would have frequency 
components exceeding 576 kHz, or 48 kHz per channel, This is 12 times greater than 
that required for single sideband FDM, and six times greater than the bandwidth 
required for double sideband FDM. When the available transmission subsystem band- 
width is restricted due to technical or economic reasons, FDM would be the proper 
choice, This would be true where the available bandwidth of the transmission subsys- 
tem is derived at substantial cost, such as present day tropospheric scatter radio and 
submarine cable systems. In cases where the available bandwidth is not restricted, 
TDM may be a better choice, since it is capable of providing better performance with 
regard to overall circuit noise. 


11.3.1 Noise 


From a performance standpoint, the noise in FDM systems increases as the system 
length is increased, i.e., noise is cumulative. The reason for this is that as noise is 
introduced into the system, it is added to, and amplified with, the signal at all repeater 
stations and terminals. As the system length is increased, more repeaters and ter- 
minals are required, resulting in high overall circuit noise between originating and 
terminating user terminals. 


In TDM systems, the elements (bits) in the composite TDM signal are usually regen- 
erated at each repeater station or terminal. As used here, regeneration refers to the 
process of generating a "clean" pulse upon receipt of a "noisy" pulse. Noise in TDM 
systems will stay relatively constant between terminals regardless of distance. This 
is true as long as the noise in the transmission subsystem links does not exceed the 
threshold of recognition for proper regeneration of the TDM pulse. 


11.3.2 Future Prospects of TDM 


The above comments were made with regard to the present state-of-the-art of TDM 
and applicable pulse modulation techniques. As new techniques in TDM become avail- 
able, further comparison with FDM will be required. Furthermore, improvements in 
future transmission subsystems may provide wider bandwidths for transmission of 
information, If this indeed becomes a reality, the fact that TDM techniques are waste- 
ful of frequency spectrum may become inconsequential. 
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CHAPTER 12 


MICROWAVE ANTENNAS 


There are a number of antenna characteristics which are of primary importance in a 
microwave system. The first of these is antenna gain. An antenna has gain because 
it concentrates the radiated power in a narrow beam rather than sending it uniformly 
in all directions as an isotropic antenna does. Since it reduces the section loss, high 
antenna gain is obviously desirable. Antenna gain is increased by increasing the 
antenna area. 


Closely associated with antenna gain is beamwidth. Since an antenna achieves gain 
by concentrating power in a narrow beam, the width of the beam must decrease as 
the antenna gain is increased. 


Practical antennas comprise maximum achievable gain to obtain sidelobe radiation. 
For reflector type antennas, tapering of the reflecting illumination pattern is used to 
effect about 55% reflector illumination factor, hence, the actual gain is about 3 dB 
less than the maximum possible. 


Antennas used in microwave systems ordinarily have half power beamwidths of the 
order of one degree (see figure 12-1). A narrow beam is desirable in order to 
minimize interference from outside sources and adjacent antennas. Too narrow a 
beam, however, imposes severe mechanical stability requirements and leads to 
problems in antenna alignment and signal fading. Not all of the energy from an 
antenna is in the direction of the main beam; however, some of it is concentrated 

in minor beams in other directions. These minor beams are called sidelobes and 
may be important sources of interference into other microwave paths. Figure 12-2 
illustrates the relationship between the main beam and sidelobes for a horn reflector 
antenna. 


There are several antenna characteristics which are important in evaluating the 
interference to be expected between adjacent transmitting and receiving antennas. 

One such property is the front-to-back ratio. This is defined as the ratio of the 
power received from (or transmitted to) the front side of the antenna to the power 
received from (or transmitted to) the back side, for the same incident field intensity, 
and is usually expressed in dB. Two front-to-back ratios may be given for an antenna. 
The ideal front-to-back ratio is the ratio that would exist if the antenna were isolated 
in free space. The effective front-to-back ratio is the ratio that would be measured in 
a typical antenna installation, and may be 20 dB to 30 dB below the ideal or free space 
ratio because of reflections from the foreground or from objects in or near the main 
beam of the antenna. The front-to-back ratios for the antennas deseribed in the next 
section are effective ratios. One use of the front-to-back ratio in systems analysis 

is in computing the interfering effect between a transmitting antenna on one tower 

and a receiving antenna on the preceding tower. 
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Figure 12-1. Approximate Antenna Gain and Beam Width 
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Figure 12-2. Horizontal Directivity of Horn Reflector Antenna at 3740 MHz 


Side-to-side coupling expresses the fraction of transmitted pove r that is received 
by a second antenna located alongside the transmitting antenna. It is generally 
expressed indB. The usual practice is to give the effective, rather than ideal, 
side-to-side coupling for the particular types of antennas, as measured for specific 
side-to-side orientations of these antennas. 


Back-to-back coupling expresses, in dB, the fraction of the transmitted power 
received by a second antenna located to the rear of and facing away from the trans- 
mitting antenna, on the same tower. The value of back-to-back coupling quoted for 
a pair of antennas is normally the effective coupling as measured in a typical 
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The equations can be rewritten in matrix form as follows: 


a b \\x Cc 


ef iy] leg 


To solve for each variable, the matrix containing the constants (c,g) is substituted in place of the 
column containing the coefficients of the variable that we want to solve for (a,e or b,f ). This 
new matrix is divided by the original coefficient matrix. This process is call "Cramer’s Rule." 


Example: 


In the above problem to solve for x, 


c b 
a f 


c b 
BaF 


and to solve for y, 


ac 
eg 
y= 
ab 
ef 
Example: 


Solve the following two equations: 


x+2y=4 
-x+3y=1 
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antenna installation. Both side-to-side and back-to-back couplings are useful in 
computing the interfering effects between transmitting and receiving antennas 
located on the same tower. 


Some antennas must transmit or receive both vertically and horizontally polarized 
waves and their cross polarization discrimination is important. As previously 
defined, the cross polarization discrimination expresses the ratio, generally in dB, 
of the power in the desired polarization to the power which appears in the opposite 
polarization due to the residual conversion mechanisms in the antenna system. 


Good impedance match must be maintained between the antenna, the waveguide feed, 
and the radio transmitter in order that reflections do not distort the transmitted 
signals. The problem of maintaining a good match has been reduced by the use of 
isolators, which are waveguide devices which pass the signal in the desired direction 
but effectively block (by absorption) the reflections traveling in the opposite direction. 


The cost and complexity of the antenna system are important. The antenna tower 

and associated antenna mounting arrangements are sometimes an appreciable portion 
of the cost of a microwave system. When this is true, a balance must be made 
between the cost saving that can be achieved through the use of a lightweight antenna 
on a lightweight, inexpensive tower and the improved transmission performance which 
may result from using a larger and heavier antenna with a correspondingly more 
rugged and expensive tower. The cost of any antenna system is affected by the 
difficulty of construction and maintenance. 


Consideration must be given to the mechanical tolerances which must be attained in 
production and maintained in the field under conditions of ice and wind loading. A 
common rule of thumb for mechanical tolerances on reflecting surfaces is that 
dimensions should be held within 1/16. Since at 11 GHz this is 1/16 inch, the 
construction of large antennas is not simple. 


The choice of antenna for any particular system is a result of a careful weighing 
of the factors noted above to produce the most efficient arrangement within the 
cost framework dictated by system economics. 


12.1 PARABOLIC ANTENNA (PLANE AND DUAL POLARIZED) 


The parabolic antenna utilizes a reflector consisting of a paraboloid of revolution 
and a primary radiator at the focal point. The geometric properties of the parabola 
enable the reflector to convert the non-directional wave radiating from the focus to a 
directional coherent wave pattern across the aperture of the paraboloid to concen- 
trate the energy in a beam which is basically the diffraction pattern of the aperature 
(much like a searchlight beam in the near field). 


A plane-polarized antenna uses a single linearly-polarized signal. A dual-polarized 
antenna is one using two linear polarizations, perpendicular to each other. 
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Vertical polarization is a linear polarization in which the electric vector is perpen- 
dicular to the surface of the earth. Horizontal polarization is a linear polarization 

in which the electric vector is parallel to the surface of the earth. Normally, micro- 
wave systems employ plane-polarized antennas with either vertical or horizontal 
polarization. In practice, approximately 20 dB isolation may be obtained between 
signals of opposite polarizations. 


12.2 UNIFORM AND TAPERED ILLUMINATION 


The antenna 3 dB beamwidth and sidelobe characteristics are intimately related to 
the dependence of gain on the aperture field distributions. For constant phase 
distribution across the aperture, maximum gain is realized with uniform illumination. 
If the illumination over the aperture is modified so that the intensity is peaked in the 
central area of the aperture and tapered down in magnitude toward the aperture 
boundary, the diminution in gain is accompanied by an increase in beamwidth and 

a decrease in sidelobe intensity relative to the peak intensity of the main lobe. The 
prominence of the sidelobes can be traced to the discontinuity at the edge of the 
aperture. 


12.3 RADOMES 


At microwave frequencies the collection of ice or snow can have a deleterious effect 
on antenna performance. A dish full of soft snow can cause losses of 10 dB at 6 GHz. 
Worse than this, certain ice formations on the feed can result in high VSWR and 
considerable attenuation. Radomes are recommended for all antennas by some radio 
companies, to prevent ice formation in frigid or temperate climates and to reduce 
the antenna windload on the tower in warmer locations. 


The conical fiberglas plastic radomes are attached to the rim of the reflector with 
steel brackets. Manufacturing methods vary, but stronger, lower loss radomes 
are fabricated of fiberglas cloth and bonding resins using hand lay-up methods. 
Lower labor cost radomes can be attained by spray-up manufacturing techniques 
using a mixture of chopped fiberglas fibers and resin; however, the extra thickness 
and surface irregularities of this type result in 1.5 to 2 times more attenuation than 
that of the more expensive hand lay-up radomes. 


Higher quality radomes also include a dark gelcoat treatment which seals the surface, 
extends the life and improves the "slip" factor for shedding ice or snow. 


While unheated radomes offer adequate protection in most of the United States, some 
users prefer heated radomes in areas subject to severe sleet or heavy snow storms. 
Heated radomes include resistance heating wires molded between the fiberglas layers 
which are activated by air sensing thermostats in the icing temperature range of 

20C to -4°C. Electronic Industries Association recommends heater powers range 
from approximately 600 W for a 4-foot radome to 3500 W for a 10-foot radome. 


Radome heating wires should be wound in a circular or spiral pattern to eliminate 
the need for polarization adjustment of the radome during installation and to allow 
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dual polarized operation if needed. Parallel wire radomes have been known to cause 
3 dB or more attenuation if the heater wires are aligned parallel to the electric 


vector instead of perpendicular to it. 


Most standard radomes are designed to withstand winds of 100 mph without damage. 
For systems subject to hurricane winds or problem locations with extreme wind 
gusts, special extra strength reinforced fiberglas radomes are available. These 
radomes will withstand 150 mph winds and introduce about 0.4 dB more attenuation. 


Various manufacturers will achieve different attenuation figures, but typical 
guaranteed radome attenuations are given in Table 12-1. The better performance 


radomes normally cost more. 


Table 12-1. Radome Attenuation Versus Frequency 


DIAMETER 
(FEET) 


Unheated -5-1.0dB 
-5-1.0dB 
-7-1.5 dB 
.8-1.5dB 


.5- .8dB 
-5-1.0dB 
-7-1.5 dB 
-8-1.5 dB 


1.1- 1.5 dB 
1.2-1.5 dB 
1.4 - 2.0 dB 
1.6 - 2.0 dB 


1.1-1.5dB 
1.2-1.5 dB 
1.4 - 2.0dB 
1.6 - 2.0 dB 


Most fiberglas radomes have a minor effect on antenna VSWR, ranging from 0.01 to 
0.02. In most cases the changes in pattern are negligible, only +1 or 2 dB. 


Dish and feed heaters have been used on some systems to eliminate the slight losses 
of radomes. However, the added power required in this age of low drain, solid 
state equipment and the difficulty of maintenance monitoring have made dish heaters 
less popular in recent years. Some users have reported that heater failures were 


not detected until after icing resulted in system outages. 


12.4 SHROUDS 


High performance antennas offer the high directivity for long haul systems using a 
two frequency plan for locations in which a better pattern is needed to reduce RF 
interference. The high directivity is achieved through the use of premium dishes 
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and feeds, and a cylindrical metal shroud lined with absorbent material to attenuate 
side and back radiation, as shown in figure 12-3. 


STRUCTURAL 
TORSION BOX 


CYLINDRICAL METAL 
SHIELD 


RF ABSORBER 


GUY WIRES 


WAVE GUIDE 
RADIATOR 


FLEXIBLE HYPALON 
RADOME 


Figure 12-3. High Performance Antenna With Shroud 


The antennas use deeper dishes with lower F/d (focal length to diameter) ratios and 
special low VSWR feeds with absorbent material and illumination shaping aids. 
Front-to-back ratios (over the region 180° +80°) have been achieved in the order 

of 67 to 72 dB for 8 foot and 10 foot shrouded antennas in the 6 GHz band. High 
performance antennas also include low pass, planar radomes with 0.1 dB attenuation 
and negligible VSWR contribution. The long life, Hypalon coated nylon radome is 
stretched across the opening of the cylindrical shield and spring loaded. The 
radome surface, under tension, flexes slightly in the wind and readily sheds ice 

and snow in most U.S, environments. 


12.5 HORN REFLECTOR ANTENNAS 


In the horn reflector antenna, a vertical mounted horn, located at the focal point, 

is used to illuminate a section of a parabolic surface which then reflects the energy 
outwards. Because of the design and size of the horn, the impedance of this 
antenna is very good, the return loss being between 40 and 50 dB. It is a broadband 
antenna and can be used with both vertical and horizontal polarization in the 
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4, 6, and 11 GHz bands. Its nominal characteristics are tabulated in Table 12-2. 
Due to its shielded construction, the horn reflector antenna has small sidelobes and 
radiates very little power to the rear, resulting in a nominal 70 dB front-to-back 
ratio. Measurements made at 6 GHz on a large number of antenna installations have 
shown that side-to-side and back-to-back coupling, as well as cross-polarization 
discrimination, of horn reflector antenna systems follow approximately normal 
distributions. The side-to-side and back-to-back coupling of the antenna system will 
vary considerably from location to location due to such factors as foreground reflections 
and leakage of energy at the joints of the waveguide run feeding the antennas. The 
cross polarization discrimination of the complete antenna waveguide system will be 
considerably lower than that of the antenna alone. This difference is due primarily 
to ellipticity of the circular waveguide run feeding the antenna. 


Table 12-2. Horn Reflector Antenna Characteristics 


POLARIZATION VERT ime VERT ae VERT aE 


Midband gain (dB) 


Front-to-back radio (dB) 


Beam width (azimuth) 
(degrees) 


Beam width (elevation) 
(degrees) 


Sidelobes (dB below 
main beam) 


Cross-polarization 
discrimination (dB) 


Side-to-side coupling (dB) 


Back-to-back coupling (dB) 


These characteristics are for a particular pair of antennas without any waveguide 
system attached. 


A disadvantage of the horn reflector antenna is its bulk (large surface area and 
weight) and difficulty in mounting. Construction is somewhat expensive. 
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12.6 REFLECTORS (PLANE, CURVED) 


Periscope antennas, consisting of tower top 45° sereens and ground based dishes, 
are popular for 6 GHz and 12 GHz systems. VSWR of the periscope configuration 
itself is negligible and the VSWR depends on the ground paraboloid antenna. The 
overall gain depends upon the reflector and paraboloid sizes, separation and 
frequency. A reflector-paraboloid combination will generally give more gain at 
less cost than competitive tower based paraboloids and long feeders. 


Various aluminum passive reflector designs are available from several tower 
companies. Standard sizes are 6 x 8 feet, 8 x 12 feet, and 10 x 15 feet with 
rectangular, elliptical, or clipped edge designs. Curved face reflectors are more 
popular today than the flat face type because the curving results in a slight gain 
improvement when the curved surface resembles a section of a large parabola with 
the focal point at the position of the illuminating paraboloid. Gain curves are 
supplied by microwave equipment suppliers. 


A set of typical gain figures are given in Table 12-3. 


Table 12-3. Gain for 6.5 GHz Antenna Systems 


PARABOLOID ANTENNA *FEEDER NET 
ANTENNA GAIN LOSS GAIN 


8 ft. at 100 ft. 39.9 dB 


10 ft. at 200 ft. 


12 ft. at 300 ft. 


*25 ft. added for building to tower run. 
Te er 


CURVED REFLECTOR 
ANTENNA SYSTEM 


PERISCOPE ** FEEDER NET 
GAIN LOSS GAIN 


4 ft. dish/8 x 12 ft. 
reflector, 100 ft. 


41.1 dB 


6 ft. dish/10 x 15 ft. 
reflector, 200 ft. 


8 ft. dish/10 x 15 ft. 
reflector, 300 ft. 42.8 dB 


**25 ft. for building to pylon run. 


43.1 dB 
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There are, however, some drawbacks in the relatively high side and back radiation 
characteristics of periscope antennas. High sidelobe levels sometimes cause false 
antenna alignment, and a high back radiation (about -45 dB) in the region 20° to 180° 
precludes the use of a 2 frequency pattern and exposes the system to more potential 
interference and difficulties in frequency coordination. In addition, the towers must 
have better stability and the initial alignment may be more difficult for passive 
reflectors as compared to tower top paraboloid antennas. 


12.7 DUPLEXERS 


A duplexer is a device which makes possible the use of a single antenna for simultan- 
eous transmission and reception. Where pulse techniques are used and the require- 
ment for simultaneous transmission and reception from the same antenna is not 
present, electronic switching devices may be used for the transmitter and receiver 
circuits, respectively. This manner of operation presupposes that the antenna is 
used for transmitting at one instant of time, whereas it is used for receiving at 
another instant of time. 


A continuous wave (CW) system imposes more restrictive conditions on the duplexer 
than would a system involving pulse transmission. Where CW is used, a duplexer 
must effectively keep the transmitter disconnected from the receiver at all times 

and yet maintain maximum coupling between the transmitting and receiving antenna 
circuits. If the transmitted and received signals are on the same frequency and 
polarization, it can be shown that a lossless 3 terminal network cannot satisfy these 
requirements, A 4 terminal network, however, can satisfy these requirements, 

such a network being in nature of a magic T. However, the use of this device 
requires that the fourth terminal, the one not connected either to the transmitter, 
receiver, or antenna, be terminated in a matched load. This matched load dissipates 
both 1/2 of the transmitted power and 1/2 of the received power indicating that if the 
device is essentially lossless, then there is still an insertion loss of 3 dB whether the 
transmitted direction or the received direction be considered. Not only is this loss 
undesirable from the aspect of circuit efficiency, but this loss imposes severe 
requirements on a terminating load, especially where high powered transmitters are 
being used. 


To avoid these restrictions, the transmitted signal and the received signal are 
usually separated in frequency and the frequency difference between these two signals 
makes possible their isolation one from the other while maintaining a good coupling 
factor to the antenna. Essentially, the device is so tuned that the receiver leg 
appears to have an admittance (electrical impedance) approaching zero at trans- 
mitting frequency, whereas the transmitter leg has an admittance approaching zero 
at the receiving frequency. The antenna must be sufficiently broadbanded so that 
both the transmitted frequency and the received frequency can be matched with a 

low VSWR. 


Figure 12-4 illustrates the principle of operation of such a duplexer. The transmitter 
and receiver legs are connected in parallel to the antenna. The bandpass filter on 
the receiver leg is so constructed that it presents the characteristic admittance of 


the line at the center frequency of the received signal, yet presents an admittance 
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approaching zero at the transmitted frequency. The bandpass filter in the trans- 
mitter leg is similarly constructed; the junction exhibits the characteristic admittance 
of the line at the center frequency of the transmitted signal, yet presents an admittance 
of essentially zero at the received frequency. Practically speaking, the receiver leg 
does not exist as far as the transmitter frequency is concerned, nor does the trans- 
mitter leg exist as far as the received frequency is concerned. Figure 12-4 illustrates 
the parallel combination; series coupling is also possible, but is not commonly used. 


ANTENNA 


TRANSMITTER RECEIVER 
. 


BAND BAND 


PASS PASS 
FILTER FILTER 


DUPLEXER 


BAND—PASS CHARACTERISTICS OF A DUPLEXER 


ADMITTANCE 


Figure 12-4. Operation of a Duplexer 
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Isolation between the transmitter and receiver is directly related to the quality of the 
bandpass filter used in each leg. From the standpoint of admittance matching, the 
object of the design is to keep the susceptance of the off-resonant branch as small 

as possible with the conductance essentially zero. With respect to the resonant 
frequency of each branch, the insertion loss should be kept at a minimum over a wide 
band, while the attenuation of the resonant frequency of the opposite leg should be 
maintained at a maximum. The bandpass filters are required to have a fairly flat 
top and very good selectivity; i.e., sharp skirts to the response curve as shown in 
figure 12-4. 


The duplexer is essentially two bandpass filters terminated in the transmitter and 
receiver, respectively, and connected to the antenna in parallel. The coupling 
between the transmitter leg and the receiver leg is a function of the characteristic 
of the bandpass filters and the separation in frequency between the transmitter leg 
and the receiver leg. 


This type of duplexing can be extended to include almost any arbitrary number of 
transmitters and receivers operating in this fashion, with each addition to the junction 
being characterized by its own particular bandpass filter. The method is exactly 

the same, with the exception that the antenna must be capable of increasingly broad- 
banded operation as the number of inputs increase. Where many of these inputs are 
required, a simple junction as illustrated in figure 12-4 will not suffice and these 
inputs usually are distributed along a transmission line. This requires more compli- 
cated matching since the sections of transmission line between the inputs can be 
critical where length is concerned with respect to the operating frequency of each 
input. Line stretchers can be used between inputs of this nature to tune the overall 
complex for optimum operation over the frequency ranges desired. 


The following paragraphs concentrate on the simple duplexer; i.e., a single trans- 
mitter and a single receiver coupled to the antenna. Usually the duplexer is not 
field tunable and in manufacturing it is fixed-tuned to operate over the required 
frequency band; therefore, it is unnecessary to consider the different methods used 
to achieve this goal. 


A duplexer can be made in different ways. Probably the most common uses coaxial 
transmission line for the bandpass filters. For simplicity of design, a duplexer 
using waveguide is advantageous since the filter can be built into the waveguide by 
means of irises. Irrespective of the type, the principles are exactly the same; 

what is considered with respect to waveguide duplexers applies equally well to 
coaxial duplexers. In measuring the characteristics of such a duplexer, it can be 
considered to be a 3-port black box with an antenna terminal, a receiver terminal, 
and a transmitter terminal. Important parameters to be considered when measuring 
a duplexer for satisfactory operation are: 


o Coupling factor between the antenna and receiver. 


o Coupling factor between the antenna and transmitter. 
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o Attenuation in the receiver arm of the transmitter frequency. 
o .- Attentuation in the transmitter arm of the receiver frequency. 


oO Bandpass characteristics of each arm centered on its own proper 
resonant frequency. 


Even at relatively low frequencies, such as 300-500 MHz, waveguides have been 
used in the section for the duplexer. This utilizes the simpler construction techniques 
for incorporating the bandpass filters in the duplexer proper. 


12.7.1 Insertion Loss or Coupling Factor of the Duplexer 


Measurement of the coupling factor between the antenna and the transmitter and 
receiver ports, respectively, is a measure of insertion loss (attenuation factor) of 
the duplexer. A method for measuring insertion loss (coupling factor) must allow 
for any inherent directive qualities which the duplexer may have. Such a method 
consists of monitoring a signal fed from the antenna into the duplexer and monitoring 
the signal at the receiver port. 


Conversely, a signal can be injected into the duplexer at the transmitter port and 
monitored at the antenna port. The difference between the input and output signals 
is a measure of duplexer insertion loss. A receiver whose power level can be 
monitored is used as a detector on the receiving leg, and a signal generator tuned 
to the receiving circuit center frequency is connected to the antenna terminal. 

A signal at the center frequency of the receiving system whose level is accurately 
monitored at the signal generator is fed through the antenna port and received at 
the receiving port, and the signal level is recorded at the receiver. If an output 
meter is not available at the receiver, provision can be made to measure the AGC 
voltage which can be used as the level determining reading. The signal generator 
is then comnected directly to the receiver (the circuit remaining the same except 
that the duplexer has been removed from it), Again the same monitored signal is 
received at the receiver, and its level noted. The difference between the two 
levels would be the duplexer insertion loss. The same method would be used on the 
other duplexer leg with the signal generator connected to the transmitter port and 
the receiver comected to the antenna port. If an insertion loss greater than 1/2 dB 
is noted, the duplexer may not be in proper operating condition. (Since the 
duplexer is not adjustable, excessive insertion loss could indicate that the duplexer 
was not well designed. Remember that for this measurement the port which is 

not being measured must be terminated in the characteristic impedance of the line. ) 


12.7.2 Bandpass Characteristics of the Duplexer 
The method of measuring duplexer insertion loss may be extended to measure 


the duplexer bandpass characteristics if a variable frequency receiver in the range 
of operation is available. Since the usual 1/2 dB bandwidth of the duplexer should 
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be known, a number of points within the region of the center frequency should be 
sufficient to determine the flatness of the curve over its desired bandwidth. The 
signal generator could be tuned to several discrete frequencies and the receiver 
tuned to meet these frequencies. A comparison of the receiver output is then 
graphed to determine the bandwidth characteristics of the duplexer. It is recom- 
mended that these measurements include frequencies other than those contained 
within the 1/2 dB bandwidth. The nature of the selectivity of the filter can be well 
estimated if the 20 dB bandwidth is measured. This would entail measuring several 
additional points where the receiver response is down to as great as 20 dB below 
the response at the center frequency. 


12.7.3 Isolation of the Duplexer 


Since the attenuation necessary between the transmitter and receiver leg is extremely 
high (in excess of 100 dB), ordinary methods of measuring this isolation will not 

be adequate. Duplexer performance can best be determined while it is in use in the 
actual circuit. The necessity for a good degree of isolation can be illustrated by 
referring to figure 12-5. The response curve to the left is the idealized frequency 
response curve of the transmitter leg. The response curve to the right is the 
idealized receiving leg frequency response curve. It can be seen that the response 

of the receiver leg to the transmitter frequency should be maintained at a minimum. 
Response of the receiver leg to transmitted energy is illustrated by the shaded portion 
in the transmitter bandpass. The amount of area under this curve is indicative of 

the amount of energy from the transmitter that appears in the receiver leg. The 
isolation of the receiver leg from the transmitter leg is indicated by the distance A, 
the attenuation from the peak power of the transmitter. This attenuation should be 
maximum. Two effects will follow if attenuation A is not sufficient: 


o Increased noise will appear in the bandpass of the receiver. 


o If the energy associated with this unwanted signal in the receiver leg is 
sufficiently high, it can block the receiver RF stages. This situation is idealized in 
that it assumes that all the energy from the transmitter will be contained within the 
indicated bandwidth which, of course, is not necessarily true. 


The method utilized in the following paragraphs constitutes an approximate determina- 
tion of the change in noise level and in minimum detectable signal caused by the use 
of the duplexer. 


The receiver will be connected to the receiver port, the transmitter to the transmitter 
port and the antenna to the antenna port. With the transmitter off, a recording of the 
noise output of the receiver should be determined; i.e., after the initial warmup 

time has elapsed, the receiver should be allowed to operate merely on the noise from 
the system. Then the transmitter should be turned on and should be adjusted to 
maximum operating power with full modulation. The noise level of the receiver 
should again be recorded for comparison with the first recording. If no discernible 
difference (less than 1 dB) is evident between the two recordings, it can be assumed 
that the isolation between the transmitter and the receiver is sufficient. 
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Figure 12-5. Relative Pass Bands of the Transmitter and 
Receiver Bands of a Duplexer 


Receiver blockage due to excessive energy from the transmitter will be very apparent 
in that the receiver will tend to saturate, causing the receiver noise level to change 
markedly, indicating the duplexer to be inadequate. 


Measurement of the receiver output should be made immediately after the IF 
amplifier or immediately after the detector. The degree of isolation is not only 
a function of the duplexer, but is also a function of the selectivity of the receiver. 


If significant difference is noticed between the two recordings of the noise level of 
the receiver, it should be determined if this increased noise in the receiver on the 
second reading is due to the lack of isolation of the duplexer or due to the leakage 
or radiation of the transmitter. The following method may be used to determine the 
extent of isolation. The receiver is disconnected from the duplexer and both the 
receiver and the duplexer are terminated in good quality, matched terminations with 
the matched load. A record of the noise level is obtained. The transmitter is then 
turned on and adjusted to full power and full modulation. A second record of the 
noise level of the receiver is obtained. If there is any difference between these two 
readings; i.e., greater than 1 dB, it can be assumed that stray coupling between the 
transmitter and the receiver is excessive and the determination of the performance 
of the duplexer would be in error. It is extremely important, for the accuracy of 
this determination, that grounds be maintained between the duplexer and the trans- 


mission line to the receiver so that the paths of stray coupling experienced while 


MAY 1972 12-15 


NAVELEX 0101,112 


the duplexer was in the system will not be disturbed. If excessive coupling is noted 
between the transmitter and receiver when they ave not connected through the duplexer, 
steps must be taken to eliminate the stray coupling problem before the duplexer can 

be measured. If the increase in the noise level due to operation through the duplexer 
is in excess of 1 dB, the isolation should be considered inadequate. 


12.7.4 Circulators 


A waveguide circulator is used to couple two or three microwave equipments to a 
single antenna. Such an arrangement is useful when diversity equipment is employed 
or when additional microwave equipment is added to existing equipment to increase 
chamnel capacity. The particular type of waveguide circulator described here is a 
ferrite device which is similar in design to duplexers used in other microwave 
applications. The circulator (figure 12-6) consists of three basic waveguide sections 
combined into a single assembly. The end section that terminates in arms 1 and 3, 
is a modified magic T. The other two arms of the modified magic T are folded so 
that they are parallel and feed into the center section of the circulator. The center 
section is a ferrite non-reciprocal phase shifter. It consists of two parallel lengths 
of waveguide each containing a strip of ferrite material. An external permanent 
magnet causes the ferrite material to exhibit phase shifting characteristics. The 
third section of the circulator is a short slot hybrid which has a coupling slot in the 
common wall of the parallel lengths of waveguide. 


DIRECT RAY PATH 


REFLECTED 
RAYS 


ADAAISE 


Figure 12-6. Waveguide Circulator 
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With an antenna connected to one arm and either three microwave equipments 
connected to the other arms or two equipments and a shorting plate connected to 

the other arms, the following rules apply: The attenuation from arms 1 to 2, 2 to 3, 
3 to 4, and 4 to 1 is about 0.5 dB in each instance. Attenuation between other 
combinations of arms is considerably higher, on the order of 20 dB. For example, 
the attenuation between arms 1 and 3 is high because of the properties of the short- 
slot hybrid. Finally, the attenuation from arms 1 to 4, 4 to 3, 3 to 2, and 2to lis 
high because of phase cancellation brought about by the combined effects of all three 
sections. 


Assuming that the antenna is connected to arm 4, the net attenuation (approximately) 
of the circulator on transmission and reception is shown in Table 12-4. By using 
identical arrangements of circulators and transmitter-receivers at two or more 
stations, the circulator losses can be equalized for each parallel path. This is shown 
in the table since the transmission loss at one station plus the reception loss at the 
next station can be made to total approximately 2 dB for each of the three sets of 
equipment, 


Table 12-4. Circulator Attenuation 
TRANSMISSION "eee, TOTAL T-R 
LOSS (dB) LOSS ( LOSS (dB) 


ma GG 
=i el) 


Transmitter-Receiver No. 1 


Connected to Arm 1 


Transmitter-Receiver No. 2 


Connected to Arm 2 


Transmitter-Receiver No. 3 


Connected to Arm 3 


12.8 WAVEGUIDE 


Waveguide and transmission line is important not only for its loss characteristics, 
which enter into the path loss calculation, but also for the degree of impedance 
matching attainable, because of the effect on echo distortion noise. The latter 
becomes extremely important with high-density systems having long waveguide runs. 


In the 2 GHz bands coaxial cable is usually used, and, except for very short runs, it 


is usually of the air dielectric type. Typical sizes are 7/8 inch, with an attenuation 
of about 2 dB per 100 feet and 1-5/8 inch, at about 1.1 dB per 100 feet. Itis 
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normally ordered in the exact lengths required, with factory installed and sealed 
terminal connectors. When larger size cable is used, it is desirable to reduce 

to 7/8 inch with a suitable transition, for flexibility in connecting to the radio 
equipment. In some cases, similar treatment may be needed at the antenna end, 
though generally the use of a rigid right angle connector will allow sufficient flexi- 
bility for antenna orientation. 


The other bands use waveguide almost exclusively, one of three basic types; rigid 
rectangular, rigid circular, and semiflexible elliptical. The elliptical type is of 
continuous construction, while the other types come in sections with flanges. Short 
sections of flexible waveguide are also used for the connections to the antennas and 

to the equipment. In all cases it is desirable to keep the number and length of flexible 
sections as small as possible, since they tend to have higher losses and poorer 

VSWR than the main waveguide types. (See figure 12-7.) 


12.8.1 Rectangular Guide 
Rigid rectangular waveguide is the most commonly used, with oxygen free, high 


conductivity copper (OFHC the recommended material. The types and approximate 
characteristics are as follows: 


) 4 GHz bands. WR 229, standard for most installations, has a loss of 
about 0.85 dB/100 feet. 


o 6 GHz bands. WR 137 (normally used) has a loss of about 2.0 dB/100 feet. 
In cases where, due to high towers, a reduced transmission loss is required, 
transitions can be supplied for use with WR159, which has a loss of about 
1.4 dB/100 feet. 


o 7-8 GHz bands. WR112 is normally used. Attenuation is about 
2.7 dB/100 feet. 


o 11 GHz bands. WR 90 is normally used. Attenuation is about 
3.5 dB/100 feet. 


0 12-13 GHz bands. WR 75 is normally used. Attenuation is about 
4.5 dB/100 feet. 


For critical applications, where extremely low VSWR is required to meet stringent 
noise performance specifications, special precision waveguide, manufactured to 
a very tight tolerance, is recommended. 


12.8.2 Circular Guide 
Circular waveguide has the lowest loss of all, and in addition, it can support two 


orthogonal polarizations within the single guide. It is also capable of carrying more 
than one frequency band in the same guide. For example, WC281 circular guide is 
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RECTANGULAR WAVEGUIDE 


HELIAX ELLIPTICAL WAVEGUIDE 


CIRCULAR WAVEGUIDE 


Figure 12-7. Types of Waveguide 
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normally used with horn reflector antennas to provide two polarizations at 4 GHz and 
two polarizations at 6 GHz. But circular guide has certain disadvantages. It is 
practical only for straight runs, requires rather complicated and extremely critical 
networks to make the transition from rectangular to circular, and can have significant 
moding problems, when the guide is large enough to support more than one mode for 
the frequency range in use. Consequently, though circular waveguide is available in 
several different sizes, and its low losses make it attractive, it is recommended that 
it be used with considerable caution. 


12.8.3 Elliptical Guide 


Semiflexible elliptical waveguide is available in sizes comparable to most standard 
rectangular guides, with attenuations differing very little from the rectangular 
equivalents. The distinctive feature of elliptical guide is that it can be provided and 
installed as a single continuous run, with no intermediate flanges. When very care- 
fully transported and installed, it can provide good VSWR performance, but relatively 
small deformations can introduce enough impedance mismatch to produce severe echo 
distortion noise. 


The most commonly used types and their approximate characteristics are as follows: 
re) 4 GHz hand. EW-37, about 0.85 dB/100 feet. 
o 6 GHz band. EW-59, about 1.75 dB/100 feet. 
o 7-8 GHz bands. EW-71, about 2.5 dB/100 feet 
o 11 GHz band. EW-107, about 3.7 dB/100 feet. 
o 12-13 GHz bands. EW-122, about 4.5 dB/100 feet. 
In all types of waveguide systems it is desirable to keep the number of bends, twists, 
and flexible sections to a minimum. It is also vitally important to use great care in 
installation, since even very slight misalignments, dents, or introduction of 
foreign material into the guides can create severe discontinuities. 
12.9 DEHYDRATORS AND PRESSURIZERS 
Variation in temperature and humidity can cause condensation on the inside of a wave- 
guide run or air dielectric cable if they are not pressurized. This condensation will 


seriously impair line electrical efficiency and, in the case where a section or line 
is filled with water, complete system failure can result. 


12.9.1 Static Pressure System 


The static system is one in which the transmission lines are pressurized by means 
of a dry air pump, a dehydrator or a nitrogen tank. After the desired pressure is 
reached, the system is sealed off by means of a valve, and the pressurization source 
is removed. 
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In a static system, the cable gauge pressure will vary with temperature and baro- 
metric pressure changes in accordance with the physical law governing the behavior 
or perfect gases. Therefore, system pressures must be adequate to accommodate 
the most extreme conditions. 


Barometric pressure changes usually do not cause detectable changes in system 
pressures and they can be omitted from consideration for most situations. 


Temperature differentials are more severe and can cause significant changes. 
Temperature change of 80°F can lower internal system pressures 1 to 2 PSIG. An 
exact system pressure cannot be stated since environmental conditions vary; however, 
a system pressure of 3 PSIG is necessary for most conditions. 


12.9.2 Dynamic Pressure System 


A dynamic system is one that incorporates a pressurizing source which acts as a 
system reservoir. The pressurizing source, automatic dehydrator or nitrogen 
gas cylinder, remains in the system and maintains positive pressure in the line at 
all times. 


A dynamic system may be accomplished with an automatic dehydrator or a nitrogen 
gas cylinder. Either medium can be connected into the system so that it maintains 
a pressure greater than atmospheric (3 PSIG is recommended) in the transmission 
line. It should be noted that for a dynamic system the pressure need only be 
nominally positive; higher pressures offer no advantage and increase the loss of 
pressurizing medium, since leakage rates increase rapidly with increases in 
internal pressure. 


Dry air and nitrogen are very similar and either gas is satisfactory for pressurizing 
transmission lines. Nitrogen cylinders are recommended for use in simple 
installations. Automatic dehydrators are recommended for extensive waveguide 
runs and more complex installations. 


12.10 DIVERSITY COMBINERS (PRE-DETECTION, POST-DETECTION) 


The value of diversity systems is realized only if the opertions at the receiving site 
are such that the signal available at the output of the system is a better reproduction 
of the original modulating signal than that obtainable from using a single copy of the 
signal. So the problem becomes a question of how to utilize the available disturbed 
copies of the signal in order to achieve the least possible loss of signal information. 
The techniques available fall into three general classifications. These are: switch- 
ing, combining, and a combination of the two; and may be accomplished on the noisy, 
fading carriers (pre-detection), or on the noisy, fading modulation components after 
extraction from the carrier (post-detection). 
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12.10.1 Switching Technique 


In the switching technique, each of the signal copies available is scanned, compared 
to each of the others, and the one selected becomes the only signal effective in the 
following stages. In one such system, the waveforms of the available signals are 
scanned in sequence, and the first one in which the quality exceeds a predetermined 
threshold is switched in and is held in until its quality falls below the thre shold, when 
the scanning process is repeated. In this system, the output signal is not necessarily 
the best, but will be above the threshold of acceptability. In another system, all 
available signals are scanned simultaneously and the one having the best quality is 
selected. These are known as the scanning-diversity and optimal-selection diversity 
techniques. In high frequency space-diversity systems, the several antennas feed 
several receivers that go to a common output. The receiver which has the strongest 
signal develops the AVC voltage which controls the gain of all the receivers, which 
gives, in effect, a switched system on an optimal selection basis. 


12.10.2 Combining Techniques (Equal Gain, Maximal Ratio) 


In the combining techniques, all of the available waveforms are utilized simultaneously. 
Of all the possible choices of combining signals, two are of most interest. First, if 
we assume no prior knowledge that any given copy will always be poorer than the 
others, all are weighted equally in the total signal summation, regardless of the quality 
fluctuations that will be experienced. Thus, equal mean values of signal level and 
equal rms values of noise being assumed, the combination is made and is known as 
equal-weight or equal-gain combining. Second, since the output of any of the channels 
is a function of the signal quality in the channel, each output is constantly adjusted to 
give the best signal-to-noise ratio before combining with other channels. This is 
called maximal-ratio combining. In the alternate switching and combining method, 
some of the signals are dropped when they become appreciably noisier than the others, 
with the remaining signals being combined to obtain the maximum possible signal-to- 
noise ratio in the output signal. 


Figure 12-8 shows the improvement which may be expected in the average signal-to- 
noise ratio at the output of a diversity receiving system over that of a single channel 
system. The three methods of selection or combining previously discussed are 

shown in their relative effectiveness as the number of diversity channels is increased. 
Figure 12-9 is a percent-of-time plot of a two channel diversity system, with the 
same three methods of utilization, compared to a single channel system when random 
fading of the signal occurs. 


12-22 MAY 1972 


NAVELEX 0101,112 


MAXIMAL-RATIO Oa 
° 


° 


AVERAGE SIGNAL-TO-NOISE RATIO db ABOVE ONE CHANNEL 


NUMBER OF DIVERSITY CHANNELS Ataa 103 


Figure 12-8, Improvement in Average Received Signal-to-Noise 
Ratio With Diversity 
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Figure 12-9. Percent-of-Time Distribution of Received 
Signal-to-Noise Power Ratio for Single 


Channel and Two-Channel Diversity Using 
Three Combining Methods 
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CHAPTER 13 
MICROWAVE TECHNICAL CONTROL 


13.1 VOICE ORDER WIRE 


The average system requires one or more voice channels for maintenance communica- 
tions purposes and to permit the transmission of various types of control data. One 
voice channel, connecting all stations with a responsible terminal station, is generally 
reserved for maintenance purposes. This channel is called the service, or order-wire, 
channel. In addition to providing a voice communication facility, the service channel, 
through the use of special equipment, may also be used for fault reporting (alarm) pur- 
poses and/or supervisory control functions. The fault alarm system permits operators 
at system control points to monitor the status of equipment at unattended stations; su- 
pervisory control circuits permit system operators to control remote functions. 


13.2 SIGNALING (TERMINATION EQUIPMENT) 


Termination equipment is required in radio relay systems to interconnect multiplex 
equipment and telephone equipment. The functions of such termination equipment will 
be described in this section, along with considerations that have to do with the use of 
standard telephone circuitry and facilities with radio relay equipment. The first con- 
sideration is that input signals applied to multiplex equipment and output signals from 
demultiplex equipment are limited to a frequency range of approximately 50 to 3500 Hz 
per channel. This frequency range is compatible with telephone equipment specifica- 
tions for voice transmission; however, it is not compatible with telephone signaling 
requirements, since telephone signaling is normally accomplished by means of 20 Hz 
signals or DC pulses. Other considerations are those concerned with impedance match- 
ing, two-wire to four-wire transformation, and signal levels. 


The basic functions performed by termination equipment are as follows: to transform 
two-wire telephone lines to four-wire multiplex lines, a pair for sending and a pair for 
receiving, and vice versa; and to convert DC or 20-Hz ringing voltages to voice-fre- 
quency signals, for transmission purposes, and vice versa. Because of the nature of 
the functions performed by the equipment, a more descriptive name such as Signaling 
and Terminating Equipment is also used. Industry standards for adapting microwave 
communication systems to telephone equipment are contained in Electronic Industries 
Association (EIA) Standard RS-210. 


The number of signaling and terminating equipments required can be determined with 
ease, since one such cquipment is used in conjunction with each voice channel being 
transmitted, and, likewise, one is used in conjunction with each voice channel being 
received. The telephone equipment required can be determined on the same basis if 
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only individual telephone sets are to be used. In more complex systems, the use of 
switchboards, extension phones, etc., may enter into these considerations. In de- 
seribing the functional operation of typical signaling and terminating equipment, the 
presentation will be simplified by discussing the receiving and the transmitting func- 
tions separately. It should be remembered that only one voice channel will be con- 
sidered, and that similar equipment will be used in conjunction with each of the other 
voice channels that work into or out of the multiplex equipment. A single telephone 
set is common to both functions. 


13.2.1 Transmitting Function 


The transmitting function of typical signaling and terminating equipment is shown in 
figure 13-1. To transmit a ringing signal, the operator causes the transmit relay 

to be energized or keyed by means of a telephone key or a telephone dial. As a result, 
a 3500-Hz signal is applied to the multiplex equipment by way of the relay contacts. 
The transmit filter prevents these signals from affecting other circuits shown to the 
left of it. When the operator speaks into the telephone, the voice signals are passed 
by the hybrid coil, the transmit pad, the limiters, and the transmit filter, and are 
applied to the multiplex equipment. The hybrid coil in this instance provides two-wire 
to four-wire transformation and impedance matching. The transmit pad, a variable 
attenuator, is provided to prevent abnormally high signal levels, possibly caused by 
shouting into the telephone, from exceeding the design limits for signal levels. The 
transmit filter removes any 3500-Hz components of the voice signal which might cause 
ringing to occur. 


13.2.2 Receiving Function 


The receiving function of typical signaling and terminating equipment is shown in fig- 
ure 13-1. When a 3500-Hz ringing signal is received from the demultiplex equipment, 
itis applied to the receive filter. This filter permits the 3500-Hz signal to pass to 
the amplifier and detector, but not to the receive pad, The amplified and detected ring- 
ing signal energizes the receive relay, and, as a result, a 20-Hz signal source rings 
the telephone bell. When voice signals are received from the demultiplex equipment, 
they are passed by the receive filter to the receive pad, but not to the amplifier and 
detector. The receive pad is a variable attenuator which is adjusted to provide the 
desired signal level. The voice signals are applied, in turn, to the hybrid coil. The 
hybrid coil, common to both the receiving and the transmitting functions, provides 
impedance matching and four-wire to two-wire transformation. The voice signals 
from the hybrid coil are applied by way of relay contacts (of the unenergized receive 
relay) to the telephone receiver. 


13.2.3 Interoffice Carrier Circuits 


In many cases, the use of carrier or radio to provide the interoffice circuit precludes 
subscriber loop signaling methods, Usually some form of E and M signaling may be 
used. E and M signaling derived its name from arbitrary letter designations appear- 
ing on early circuit drawings for systems using this type signaling. 
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Figure 13-1. Functions of Signalling and 
Terminating Equipment 


E and M signaling is characterized by the use of separate paths for the signaling and 
the voice signals. The M lead transmits ground or battery to the distant end of the 
circuit, while incoming signals are received as either a grounded or open condition 
on the E lead. With this method of signaling, the M lead reflects local conditions, 
while the E lead reflects the conditions existing at the far end of the circuit. 


13.2.4 Signaling in Carrier (In-Band, Out-of-Band) 


Some communications systems use separate channels to convey information used in 
controlling the operation of others. The communications industry considers it more 
economical and much more flexible if each channel carries its own signaling. In 
local telephone circuits, this can be achieved by direct currents which share the line 
with the signal voltages. In multi-channel carrier transmission, different techniques 


are required. 
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Voice channels occupy a bandwidth of 4-kHz. Some of this bandwidth is used for iso- 
lation from adjacent channels. The rest, usually about 3700 cycles, must carry both 
speech and signaling. In some cases, this channel bandwidth is used not only for 
voice, but also for one or more telegraph or teletypewriter circuits; these circuits 

are called speech-plus. These circuits must contain channel filters designed to pre- 
vent mutual interference between the speech, telegraph, and supervisory signals which 
share the channel. 


In most carrier systems, one of three basic methods may be used for signaling: in- 
band, out-of-band, or separate channel signaling. Generally, separate-channel sig- 
naling is only used on very high density backbone routes or under special circumstances 
where signaling cannot be conveniently handled with the communications channels them- 
selves. 


The two most widely used signaling methods are called in-band and out-of-band meth- 
ods. With out-of-band signaling, channel filters are designed with an upper cutoff 
frequency well below the top edge of the channel. This leaves a portion of the spec- 
trum free to transmit signaling tones. Generally, a single tone is used and this is 
keyed to convey signaling information. 


Some equipment takes advantage of the existence of a separate signaling channel above 
the voice frequency portion to perform other functions. In Lenkurt 45-class equipment, 
for example, two tones can be used. Signaling information is transmitted by alterna- 
tions between the two tones. Since one or the other of the two tones is always present, 
it becomes possible to use the signaling tone as a reference pilot for regulating the 
individual channel level. 


By completely separating signaling from the speech portion of the channel, it is possi- 
ble to maintain relative freedom from mutual interference between the speech and the 
signaling tones; signaling tones can be transmitted during the conversation, thus per- 
mitting extra functions such as regulation. 


In addition to being more flexible, out-of-band signaling can be much easier and more 
economical to accomplish, particularly if some sacrifice in channel bandwidth is al- 
lowed. In telephone circuits, there is very little speech energy present at the upper 
end of the channel. Accordingly, filtering requirements may be somewhat relaxed 
(telephone instrument weighting also provides a degree of filtering). This makes it 
possible to provide good quality transmission for relatively little equipment cost, 
since the greatest cost of carrier systems is in the channel filters. 


One disadvantage of out-of-band signaling is that it requires some kind of DC repeater 
at the end of each link. That is, the signal pulses are detected and made to operate 

a relay. The relay, in turn, keys the signaling equipment in the succeeding link. 
Therefore, signaling terminals are required at both ends of each link. This has the 
disadvantage of increasing the cost, complexity, and possible distortion of the signals. 


The use of in-band signaling appears to be a natural evolutionary step away from the 


use of separate channels for signaling. With in-band signaling, speech and signaling 
are intimately merged. Signaling tones are transmitted at a frequency within the 
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Speech band, usually either 1600, 2400, or 2600 Hz. The principal objection to in- 
band signaling is that the signaling tones lie right in the speech band. This leads to 
the possibility that speech energy at the signaling frequency may be able to cause 
false signals with voice energy (called talk-down signaling). Conversely, signaling 
tones are audible and thus cannot be using during conversations. 


The biggest advantage of in-band signaling is the extreme flexibility that it provides. 
The speech and supervisory signals share the same transmission facility, but at dif- 
ferent times. The system is arranged so that supervisory signals are on the line only 
before or after a call. Since the signaling becomes a part of the transmission, it is 
not necessary to use DC repeaters. At branching points, a similar flexibility is ob- 
tained. 


In-band signaling provides unusual flexibility and economy in large offices because it 

is then unnecessary to cable the E and M (receive and transmit) signaling leads through 
the office. The signaling equipment can be associated directly with the switching equip- 
ment, allowing a trunk circuit to be obtained from any available transmission medium, 
rather than being restricted to certain carrier systems. 


13.2.5 Ringdown Signals 


Ringdown signals are spurts of ringing current (16 to 25 Hz) applied usually through 

the ringing key of an operator and intended to operate a bell, ringer, or drop at the 
called end. The current may be generated by a manually operated magneto or by a 
ringing machine with or without automatically inserted silent periods. Ringing to 
telephone subscribers in automatic central offices is stopped or "tripped" automatically 
by relay action resulting from the subscriber's off-hook condition. Ringing signals 
may be converted to 500 or 1000 Hz, usually interrupted at a 20 Hz rate, to pass through 
voice channels of carrier equipment. A ringing signal to a manual switchboard usually 
lights a switchboard lamp, which can be darkened again only by local action and not by 
stopping or repeating the ringing Signal. This characteristic makes ringdown opera- 
tion unsuitable for fully automatic operation. Ringdown signaling over carrier circuits 
has the advantages of simplicity and of not requiring the distinct signaling channels of 
E and M systems. 


13.3 SYSTEM ALARMS 


In a typical microwave communications system, many of the repeater stations are de- 
signed for unattended operation. To ensure reliability of operation at these unattended 
locations, a fault-alarm system should be incorporated into the overall system design. 
The primary function of the fault-alarm system is to permit supervisory and operating 
personnel at the system control stations to monitor the operational status of the un- 
attended locations. The fault-alarm system may be used to monitor the functional 
status of primary or standby microwave equipment, various accessory equipments, pri- 
mary or standby power sources, or tower lighting circuits, or to provide illegal-entry 
alarm circuits for station buildings, site area, et cetera. Through the use of fault- 
alarm circuits, system outage time may be reduced to a minimum, since the type and 
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location of faults are immediately reported to the monitoring stations from which main- 
tenance personnel may be dispatched. In addition, maintenance departments may be 
established at strategic locations, and personnel deployed more efficiently. The fol- 
lowing paragraphs provide planning personnel with an insight to fault-alarm system 
design. A typical example of a basic fault-alarm system is also provided. 


The number and type of faults to be monitored in a given system will vary, depending 
upon the length of the system, the number of unattended stations, and the degree of 
system reliability required. Therefore, a careful study of the proposed facilities 
must be made in order to determine individual needs. It is normal practice to monitor 
at least three functions from each unattended station. The functions normally monitor- 
ed are: primary power failure or standby generator operation, primary RF equipment 
failure or standby RF equipment operation, and tower obstruction light failure. Other 
typical faults for which alarm facilities may be required are failure of multiplex equip- 
ment, illegal entry into station buildings or the site area, insufficient fuel levels in 
storage tanks for standby power generators, and excessive ambient operating tempera- 
ture in station equipment building. 


The number of monitoring stations required is dependent upon the overall system length, 
the number of unattended stations involved, and the number of fault-reporting circuits 
required. The monitoring stations may be located at the ends of the system (terminal 
stations) or at intermediate points (central terminal) throughout the system, as neces- 
sary to meet individual requirements. In long systems involving many hops, it is rec- 
ommended that at least two monitoring stations be established, each equipped with main- 
tenance communications facilities, and that they be located at opposite ends of the sys- 
tem. This arrangement prevents total loss of the fault-monitoring facilities due to 
operational failure within the system. 


In any microwave system, the number of stations that may be equipped with fault-rep- 
orting facilities is limited by certain factors, the most significant of which are as 
follows: the number of multiplex voice-band channels allotted to the fault-alarm sys- 
tem, the usable bandwidth of the allotted channel or channels, and the frequency spacing 
required for individual fault tones. Although more than one voice-band channel may be 
used for fault-tone transmission, it is generally considered impracticable to use more 
than one unless absolutely necessary. For an average system using time-division 
multiplexing, the service channel (channel 1) will generally provide sufficient usable 
bandwidth for the transmission of the necessary fault tones. In systems employing 
frequency-division multiplexing, a portion of the microwave baseband is normally 
allocated to fault-reporting functions. 


The allocation of specific fault-tone frequencies in a given system is governed by the 
requirements of the particular fault-alarm equipment used. A variety of equipments 
are available for use in fault-alarm applications; in general, the manufacturer's rec- 
ommendations for the particular equipment selected should be followed when frequency 
assignments are made. 


Each station from which faults are to be reported must be assigned a specific fault- 
tone frequency so that when faults occur, system operators at the monitoring stations 
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can easily determine which unattended station is reporting. As an example, consider 
the fault-tone frequency assignment plan used in a typical system employing time- 
division multiplexing. In this system, a portion of the service channel bandwidth (be- 
tween 2.0 and 3.0 kHz) is allotted to fault-alarm functions, and fault-alarm equipment 
requiring 100-cycle spacing between individual fault tones is employed. It is evident 
that within the allotted bandwidth (1000 cycles) space is available for 11 separate fault 
tones, using the required spacing (2.0 kHz, 2.1 kHz, 2.2 kHz, etc.). Therefore, a 
separate fault-tone frequency may be assigned to a maximum of 11 stations. So that 
more thanone fault may be reported on each assigned frequency, a simple coding device, 
such as a fault-interrupter panel, may be used at each assigned station. However, 
other types of systems provide an alarm which does not require a separate frequency 
per terminal. This type of alarm is particularly useful on large systems where the 
service channel frequency spectrum will not handle one discrete tone frequency per 
terminal. 


If supervisory control functions are required in the system, a portion of the service 
channel bandwidth normally allotted to fault-alarm functions may be used for trans- 
mitting control data. This will reduce the number of frequencies available for fault- 
reporting purposes. When both fault-alarm and supervisory control data are trans- 
mitted simultaneously in the service channel, it is recommended that the higher fre- 
quencies be used for fault tones and the lower frequencies for control functions. If 
voice (maintenance) communications are also being accomplished on the service chan- 
nel, the number of fault tones should be limited to six, located between 2.5 and 3.0 
kHz to prevent mutual interference between the two functions. 


13.3.1 Basic Fault-Alarm Equipment 


The following paragraphs describe the functions and applications of the basic equipment 
used in typical fault-alarm systems. 


13.3.2 Fault-Tone Transmitter 


The fault-tone transmitter consists basically of a fixed-tuned tone generator and ampli- 
fier designed to operate within a specific frequency rate. The unit is normally installed 
at unattended stations from which fault conditions are to be reported. If more than one 
fault is to be reported, the fault-tone transmitter may be operated in conjunction with 

a keying device such as a fault-interrupter panel. 


13.6363 Fault-Tone Receiver 


The fault-tone receiver consists of a highly sensitive fixed-tuned receiver designed to 
detect the fault tones generated by the fault-tone transmitter, and to operate fault- 
indicating devices. This unit is normally installed at monitoring stations. One receiver 
is required for each unattended station which is monitored. 


13.3.4 Duplex Signaling Unit 


The duplex signaling unit consists of a fault-tone transmitter and a fault-tone receiver. 
This unit is designed for use in a duplex signaling system, for transmitting control data 
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and detecting fault signals on two-way audio channels. The unit may also be operated 
on a simplex basis, in which case only the transmitting portion is used at unattended 
stations, and the receiving portion at monitoring stations. 


13.3.5 Fault-Interrupter Panel 


The fault-interrupter panel is a keying device used in conjunction with fault-tone trans- 
mitting equipment to facilitate the transmission of more than one fault on a single fault- 
tone frequency. Two general types of fault-interrupter panels are available. One type 
is used in fault-alarm systems employing the tone-off method of fault reporting, and 
the other is used in systems employing the tone-on method. Figure 13-2 shows sim- 
plified schematics of the two types of panels. 


Although the system applications of the tone-off (A) and tone-on (B) panels differ, the 
units are similar. Each unit consists of a set of motor-driven cams and contacts, 

and fault-interrupter relays, which are connected in series with the keying circuit of 
the fault-tone transmitter. Each cam has a different configuration, and, when acti- 
vated, opens and closes its associated contacts at a different rate. The field coils 

of the fault-interrupter relays are connected via the external fault-sensing circuits to 
the power line, so that when a fault occurs, power is applied to the coil of the appro- 
priate relay. When no faults are present, all relays and cam motors are de-energized, 
and the fault circuits remain in a stable state. When a fault occurs, power is applied 
to the coil of the appropriate fault-interrupter relay by means of the external fault- 
sensing circuit. When the relay is energized, it interrupts the continuity of the fault- 
tone keying circuit and applied power to the cam-drive motor. The fault-tone circuit 
is then completed and the fault-tone transmitter is keyed in accordance with the keying 
rate generated by the associated cam-operated contacts. Should more than one fault 
occur simultaneously, the coded signals for each fault follow each other in such a 
manner that all faults can be positively identified. 


13.3.6 Fault-Light Panel 


As the system monitoring station, the outputs of the fault receivers for the unattended 
stations are connected to a fault-light panel. A light is provided for each station from 
which faults are to be monitored, and each light panel is equipped with a buzzer. In 
the event of a failure (fault) at a station, the light on the panel associated with that 
station flashes on and off in a predetermined sequence, which serves to identify the 
particular fault. The buzzer on the light panel also sounds in synchronism with the 
light, thereby drawing immediate attention to the fault occurrence. 


13.3.7 Filter Panel 
Filter panels are required in alarm systems where the fault-tone channel is also used 


for voice communications (service, maintenance, etc.). The filter panel is used to 
separate the tone and voice frequencies, and must be selected to fit individual needs. 
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Higher Concepts of Mathematics MATRICES AND DETERMINANTS 


Expanding the bottom matrix for x using the elements in the first column gives: 


2. 2 3 -1 3. 
2 + (1 3 
I, [2 aD 


2(4 - 2) + (-1) (-6 + 1) + 3 (6 — 2) = 
Aas S al S21 


This gives: 


y and z can be expanded using the same method. 


sed 
ZZ =s3 


Summary 


The use of matrices and determinants is summarized below. 


Matrices and Determinant Summary 


The dimensions of a matrix are given as m x n, where m = number of rows and 
n = number of columns. 


The use of determinants and matrices to solve linear equations is done by: 
placing the coefficients and constants into a determinant format. 


substituting the constants in place of the coefficients of the variable to be 
solved for. 


dividing the new-formed substituted determinant by the original 
determinant of coefficients. 


expanding the determinant. 
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CHAPTER 14 


MICROWAVE POWER SUPPLIES 


The reliability of a microwave radio relay system depends to a large degree upon the 
reliability of the source of power at each station. Since the reliability of the power 
source can be made to approach 100 percent through the use of primary and standby 
power sources and automatic switching devices, the determination of primary and 
standby power requirements must be made on the basis of system reliability specifi- 
cations and economic considerations. The most common sources of primary and 
standby power will be discussed here, and comparisons will be made between several 
types of generating mechanisms. Recommendations will also be made in an effort to 
reduce the number of options and thereby simplify the task of the system planner. 


14.1 ANALYSIS OF PRIMARY POWER SOURCES 


Two primary power sources will be considered: one is a large scale commercial 

(or possibly private or military) power plant and the other an independent on-the-site 
generating plant. Of course, one usually thinks of the commercial power source in 
terms of the nearest power transmission line. For the larger terminal stations in 
the United States, the choice of commercial power is almost taken for granted because 
power lines are likely to be available at such sites. For stations at remote sites, 

the choice of an independent power plant may also be taken for granted since power 
lines are not likely to be nearby. But for the majority of stations, a comparison must 
be made between the installation and occasional maintenance costs of service lines to 
existing power lines and the installation, regular maintenance, and depreciation costs 
of an independent power plant, before a decision can be made. The following para- 
graphs present the factors which should be considered in order to arrive at the most 
satisfactory conclusions. 


14.2 COMMERCIAL POWER 


The use of power from a large scale commercial power plant is highly desirable if 
commercial power lines are available and if the power characteristics are compatible 
with radio relay equipment requirements. Information concerning commercial power 
lines and power characteristics can be obtained from the report of the field survey. 
The frequency must be between 50 and 60 Hz, and the nominal voltage should be 

115 volts or 230 volts. If the radio relay equipment is not adaptable to 230-volt 
operation, a 2:1 stepdown transformer can be employed to provide 115 volts. Like- 
wise, single-phase requirements can be met by means of transformer arrangements, 
The line-voltage tolerance need not meet the system requirements of +5%, but it must 
meet the input range of available voltage regulators 95 to 130 volts. The power 
handling capacity of the lines must also be ascertained; this is particularly important 
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for long lines in remote areas and for large stations with heavy power demands. 
Commercial power must also meet the standards of dependability that can be estab- 
lished by the system planner. Obviously, the outage time of primary power cannot 
exceed the maximum operating period of standby power equipment. This requirement 
should not be difficult to meet if weather conditions are not unusually severe. The 
measure of dependability will therefore be based on an estimate of the line mainten- 
ance problems that will be encountered in times of heavy snow or ice, high wind, or 
high water. The possible frequency of such occurrence will naturally enter into this 
estimate. 


In addition, the initial cost of installing power lines from existing lines to the radio 
relay site and the cost of maintaining these lines must be calculated and/or estimated. 


14.3 INDEPENDENT PRIMARY POWER (SIZING) 


An alternative to the use of commercial power is the generation of primary power on 
the site. One of the most economical and convenient methods of doing this is by the 
use of an internal combustion engine and a generator. The diesel engine generator 
is preferred for primary power service. 


A recommended independent power source uses two separate diesel engine generator 
sets, connected through a common panel so that the load can be transferred from one 
to the other every 48 hours, or whenever the failure of one of the units makes such a 
transfer necessary. The output voltage of these generators should be 115 volts AC, 
regulated within the limits of +5% to eliminate the need for separate voltage regulators. 


The size of the engine generators depends upon the power requirements of the station. 
The capacity of the fuel tank for these units depends upon the accessibility of the site 
and the size of the engine generators. It should not be necessary to refill the fuel 
tanks more than once a month. If inclement weather or undue hardship makes 
necessary a longer period of time between refuelings, a larger tank is recommended. 
The approximate rate of fuel consumption, in gallons per hour, of a diesel driven 
generator can be calculated by multiplying the output in kilowatts by 0.136; this 
calculation will be helpful in determining the size of tank needed. 


14.4 STANDBY POWER (EMERGENCY POWER) SOURCES 


Several secondary power sources for standby or emergency service are considered 
here. The most common standby setup is described first; this setup can be used only 
when a short outage time for switchover purposes is permissible. Two other equip- 
ment arrangements, which are applicable when no outage time is permitted, are then 
described. 


14,5 COMMON STANDBY POWER SOURCE 


When the system reliability requirements are not too stringent, a gasoline engine 
generator set is adequate for standby service. An automatic transfer panel is 
required for proper utilization of the standby engine generator. This panel normally 
connects the load to the primary power source. If the line voltage falls below the 
required minimum value for a period of 3 to 5 seconds, the engine is started. When 
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the engine generator output exceeds the minimum voltage value, the load is transferred 
from the primary power terminals to the standby generator terminals. Normally, 

the load is supplied by the standby engine generator for approximately 15 minutes, 

then is switched back to the original condition if primary power is restored. The size 
of the engine generator required depends on the power requirements of the station. 


In addition to the automatic transfer panel, a starting battery and battery charger 

must be provided. Protective controls usually include an over-cranking limiter, a 
low-oil-pressure cutout, and a high-temperature cutout. Radio interference suppress- 
ors are normally furnished. Crankcase immersion heaters are available for quicker cold 
weather starting. The capacity of the fuel tank depends upon the size of the engine 
generator and the reliability of the primary power source. 


14.6 CONTINUOUS SERVICE POWER SOURCES 


For system specifications that call for a high degree of reliability, where engine 
starting time and switchinginterruptions cannot be tolerated, a more extensive 
standby power source is required. At least two types of continuous service power 
systems are available. One type employs an AC motor, an AC generator, and a 
gasoline engine (figure 14-1). The motor is mechanically connected to the generator, 
and the engine is linked to the generator by means of a magnetic clutch. When primary 
power is available, the AC motor drives the generator, which furnishes power to the 
station load. In this condition, the magnetic clutch is de-energized; therefore, the 
engine is disconnected from the generator. If the primary power fails, the magnetic 
clutch is energized, and the engine is cranked by the rotational energy of the 
generator. The engine starts and becomes the prime mover of the generator, which 
continues to furnish power to the load throughout the operation. In addition, the AC 
motor is disconnected from the primary power line. When primary power is restored 
for a continuous period of at least 10 minutes, the magnetic clutch is de-energized, 
the AC motor is reconnected to the primary power line, and the engine is stopped. 


Another type of continuous service power system employs an AC motor, an AC 
generator, a DC motor, and a group of storage batteries. The two motors and the 
generator are mechanically connected so that they rotate together. Normally, the 
AC motor, which is supplied by the primary power source, is the prime mover, and 
the AC generator furnishes power to the load. In this condition the DC motor acts 
as a DC generator which charges the batteries. If the primary power fails, the DC 
motor receives power from the batteries and becomes the prime power. The AC 
generator continues to furnish power to the load. The batteries must have sufficient 
capacity to supply power for the maximum anticipated outage time of the primary 
power source. For stations where it is impracticable to meet this requirement, a 
separate engine generator can be employed to supply power to the DC motor and 
batteries if the primary power failure is of long duration. 


14.7 COMPARISON OF ENGINE GENERATORS 


The selection of an engine generator for use as an independent power source (primary 
and/or standby) will depend on several factors. The selection is usually between 
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a diesel and a gasoline engine. Each has its own characteristics which determine its 
suitability for a particular application. 


The diesel engine is suitable for either continuous or part-time service. The initial 
cost of a diesel engine is slightly higher than that of a comparable gasoline engine. 
For certain applications, however, this disadvantage is more than offset by other 
advantages. The diesel engine is extremely rugged, it uses less and lower cost fuel, 
it has a long life expectancy, and it offers maximum reliability. Several reasons for 
these advantages are: diesel fuel has a higher energy content than gasoline or liquid 
petroleum, the operating speed of the diesel engine is approximately half that of the 
gasoline engine, and the diesel engine does not require an electrical ignition system. 
The last two factors mentioned account for the lower maintenance and overhaul costs 
for the diesel engine. Engine starting time is comparable for diesel and gasoline 
engines, 


Gasoline engines can be used for continuous duty, but are better suited for standby 
use. As previously mentioned, the gasoline engine is lower in initial cost, but has a 
shorter life expectancy. It has a higher operating speed, which wears the engine out 
more rapidly. It uses more and higher cost fuel, and it is not as reliable as a diesel 
engine. This is true because a gasoline engine uses the well known electrical ignition 
system which is subject to failure due to dampness, age, and carbon buildup. 


Liquid petroleum engines are basically gasoline engines with a modified fuel intake 
system. The conversion cost to liquid petroleum is modest, but the conversion 
results in a 10 percent reduction in horsepower. This is true because there is less 
energy per gallon in liquid petroleum than in gasoline. Liquid petroleum is a highly 
volatile type of fuel consisting of butane and propane combined in varying percentages, 
depending on the operating temperatures and geographical locations. Engines using 
this fuel are generally not economically competitive with gasoline or diesel engines. 


Fuel energy is measured in British thermal units; this system of measurement gives 
a comparison of the power possibilities of different fuels. 


The factor of personnel safety is also an important consideration in the choice of fuel. 
Gasoline and liquid petroleum are very volatile, and constitute a safety hazard. The 
possibility of fires or explosions, therefore, is much greater with these fuels than 
with diesel fuel. Diesel fuel is not highly volatile, and is, therefore, quite safe. 


The two graphs shown in figure 14-2 show the initial cost plus cumulative fuel costs, 
plotted against time of operation for diesel and gasoline engine generators. 


The graphs are for a 10 kW generator operating at full load and at half load. The 
fuel prices used were 15 cents per gallon for diesel fuel, and 25 cents per gallon for 
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Figure 14-2. Comparison of Engine-Generators, Diesel and Gasoline 
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gasoline. The crossover point, which shows the number of hours of operation 
required to equalize the costs, can be computed as follows: 


Gallons of Cost of Gallons of Costof — Net savings per 
gasoline gasoline diesel fuel diesel ~~ hour using 
used per used per fuel diesel engine 
hour hour generator 


Extra cost of diesel 


engine generator = Number of hours needed to 
Net savings per hour equalize costs 

using diesel engine 

generator 
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CHAPTER 15 


MICROWAVE INSTALLATION CRITERIA 


This chapter covers the development and preparation of detailed installation plans for 
microwave radio communication stations. Constraints placed upon the installation due 
to the svstem design requirements will also be discussed. 


Information and data are provided as facility design criteria in accordance with cur- 
rent Navv regulations. and updated on a continuing basis until finalized. A&E drawings, 
utilized for the station implementation phase, become the station "plant-in-place" 
records upon completion of the installation. 


Facility design criteria. supplied by the communications system engineering activity, 
inelude site location and layout information, building location and lavout information, 
site leveling and grading requirements. AC power requirements, utilities. water and 
sewage requirements. proposed manning. and, when appropriate, plans for future 
station expansion. 


When a station is to be installed in existing buildings. the physical dimensions and lav- 
out of the buildings are supplied to the Navy planners who determine if modifications 
are needed. Orientation of the equipment and buildings must be considered to provide 
the optimum antenna arrangement, Distribution of AC power in the building must be 
investigated to assure ample power for the equipment. The equipment lavout must be 
reviewed to verify the availability of sufficient floor space and overhead for equipment 
installation. 


The detailed installation drawings prepared by the system enginecring activity will 
contain all information required to accomplish not only the entire inside plant installa- 
tion but also that portion of the outside plant under cognizance of the svstem engineer- 
ing activity. Engineering information affecting the A&E design contained in these 
drawings is provided to the Navy planners prior to generation of the A&E drawings. 
Installation drawings specify where and how to install cable trays. cables, distribution 
frames, equipment, system grounds. and AC power distribution. Each drawing also 
includes a List or Bill-of-Material (LOM or BOM) required to accomplish the installa- 
tion. 


The engineering activity. engaged in development of a communication system. is res- 
ponsible for providing the Navy planners with definitive facility design criteria, cover- 
ing the scope of development work involved. The extent of plans and specifications 
required for this development work. depends upon the individual station and system 
requirements. The categories of activity required for total development and construe- 
tion of a communication station are as follows: 
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CALCULUS 


Many practical problems can be solved using arithmetic and algebra; however, 
many other practical problems involve quantities that cannot be adequately 
described using numbers which have fixed values. 


EO 4.1 STATE the graphical definition of a derivative. 


EO 4.2 STATE the graphical definition of an integral. 


Dynamic Systems 


Arithmetic involves numbers that have fixed values. Algebra involves both literal and arithmetic 
numbers. Although the literal numbers in algebraic problems can change value from one 
calculation to the next, they also have fixed values in a given calculation. When a weight is 
dropped and allowed to fall freely, its velocity changes continually. The electric current in an 
alternating current circuit changes continually. Both of these quantities have a different value 
at successive instants of time. Physical systems that involve quantities that change continually 
are called dynamic systems. The solution of problems involving dynamic systems often involves 
mathematical techniques different from those described in arithmetic and algebra. Calculus 
involves all the same mathematical techniques involved in arithmetic and algebra, such as 
addition, subtraction, multiplication, division, equations, and functions, but it also involves several 
other techniques. These techniques are not difficult to understand because they can be developed 
using familiar physical systems, but they do involve new ideas and terminology. 


There are many dynamic systems encountered in nuclear facility work. The decay of radioactive 
materials, the startup of a reactor, and a power change on a turbine generator all involve 
quantities which change continually. An analysis of these dynamic systems involves calculus. 
Although the operation of a nuclear facility does not require a detailed understanding of calculus, 
it is most helpful to understand certain of the basic ideas and terminology involved. These ideas 
and terminology are encountered frequently, and a brief introduction to the basic ideas and 
terminology of the mathematics of dynamic systems is discussed in this chapter. 


Differentials and Derivatives 


One of the most commonly encountered applications of the mathematics of dynamic systems 
involves the relationship between position and time for a moving object. Figure 2 represents an 
object moving in a straight line from position P, to position P,. The distance to P, from a fixed 
reference point, point 0, along the line of travel is represented by S,; the distance to P, from 
point O by S,. 
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oO 


6) 


Site Layout and Plot Plan, RADHAZ Clearances 

Access Roads and Parking Areas 

Site Preparation, Clearing and Grading (maximum slope of 5%) 
Building Design 

Water Supply and Sanitation System 

Antenna Footings and/or Structures 

Prime and Auxiliary Power 

Heating and Air Conditioning (Environmental Control) 


Site Security Fencing and Lighting 


General information, relative to a proposed station, needed by the Navy planners for 
the development of facilities, plans and specifications includes: 


ie) 


15,1 


Expected life of station 

Location of station 

Elevation of station 

Meteorological conditions 

Personnel housing requirements 

Total assigned personnel 

Number and functions of "on-duty" personnel 


SITE LAYOUT REQUIREMENTS AND RESTRICTIONS 


Development of site plans requires close coordination of all aspects of civil and com- 
munications system engineering to determine the optimum site configuration. Site 
plans are developed by the system engineering activity and provided to the Navy plan- 
ners as guidance. This compatibility is based on various factors that affect or control 
the logical arrangement of system components with respect to activity and operational 
requirements, These factors include: 


oO 


10) 


oO 


15-2 


Site topography 
Available area 


Size, number, and types of buildings 
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o Direction and number of transmission paths 
o Size, number, and height of antennas and supporting structures 


o Obstructions to radio paths. 


15.1.1 Antenna Spacing 


A typical site layout, prepared by the Navy planners is based on making the equipment 
building the center of site operations, with the antenna structures as close to this 
building as practicable to minimize the transmission line lengths required between 
equipment and antennas. Diversity antennas require vertical separation from each 
other by a distance, h, determined as follows: In a space diversity system, only one 
signal is transmitted but it is received by two (or more) receivers connected to sep- 
arate antennas. The antennas are widely spaced in elevation, so that propagation 
effects or path reflections are not likely to be the same at the different elevations. An 
approximation of the spacing required is given by the following formula: 

_1.3x 10°d 


h= acs ae (15-1) 


where: 
h =diversity spacing in feet 


d 


distance between stations, in miles 


Kh 
I 


= operating frequency, in megacycles 


= height of transmitting antenna, in feet, above a reflecting plane 
tangent to the earth at the point of geometrical reflection. 


Figure 15-1 illustrates a space diversity antenna arrangement, Figure 15-2 is a block 
diagram of a typical space diversity system. 


15,1,2 Buildings 


The number and direction of transmission paths specified normally determine orienta- 
tion of the equipment building with respect to the site. Power generator buildings 
require separation from the equipment building, but are located sufficiently close to 
minimize power cable voltage drops between generators and equipment. Fuel storage 
areas should be located where the RF power density is less than 5.0 watts per square 
centimeter, Living quarters are to be located sufficiently remote from equipment and 
power buildings to assure isolation of living and work areas, 
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Figure 15-1. Space Diversity Antenna Arrangement 


15.1.3 Topography 


The topography of the site area has an important effect upon the site layout. When 
necessary, compromises in site layout are effected to keep site preparation and grad- 
ing within reasonable limits, 


15.1.4 RADHAZ Clearances 


Since microwave line-of-sight transmitters presently operate with relatively low out- 
put powers (one to five watts are typical values) the radiation levels which are con- 
sidered hazardous to personnel (0.01 watts per square centimeter) are not present. 
The equation used to determine the radiation intensity at the center of a beam in the 
near field is: 


4P 
wer (15-2) 


W = Power density in watts per square centimeter 
P= Transmitter output power in watts 


A= Antenna area in square centimeters 
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This subject is covered in detail in Volume I], Tropospheric Radio Communication 
Systems, since the radiated energy for tropo-scatter systems does create significant 
hazards to personnel, fuel, and explosive storage. 
15.1.5 Final Site Plan 
A final site plan is prepared by the Navy planners using the preliminary site layout 
prepared by the communications system engineering activity, site survey information, 
and the criteria discussed above. The final site plan includes the following data in 
addition to the physical positioning of various site components: 

o Site boundary and property lines 

oO Base line and benchmarks 

fe) Access roads and parking areas 

o Elevation, azimuth, and coordinates for the center of each antenna 

o Underground utilities 

6) Underground services 

o Existing buildings and facilities. 
A typical site plan is illustrated in figure 15-3. 


15.2 ACCESS ROADS 


The design of access roads to a communications station is accomplished by the Navy 
planners. A preliminary engineering study, prior to the development of site access 
roads and parking areas, should take into account vehicular traffic demands, Although 
the final access road position will depend primarily on site location, layout, and 
topography, the final design should offer direct routing, adequate right of way visibil- 
ity, good foundation, proper drainage, and degrees of curvature and grade consistent 
with good highway engineering practice. 


15.3 SITE PREPARATION 

Site preparation includes clearing and grubbing, roadway excavation, structure excava- 
tion, burrow and fill excavation, site grading, and drainage operations. Site topog- 
raphical information and other survey data provided by the systems engineering ac- 
tivity, form the basis for site clearing and grading drawings. 


15.4 BUILDING DESIGN-CONSTRUCTION CRITERIA 


The size of a building used to house microwave equipment depends upon the station 
function. In particular the following factors must be considered: 
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Figure 15-3. Typical Site Plan 


o Size and quantity of required equipment and possible future equipment 
ce) Necessary working space around equipment 
o Required space for maintenance purposes 
o Personnel requirements (desk space, sanitary facilities) 
o Housing of power equipment, 
At some sites, contemplated use of existing buildings necessitates investigation of 


load bearing capabilities of the floor. The need for heavy antenna mounts on the build- 
ing may require building reinforcement. 
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At remote sites new buildings must be erected, the type of construction depending upon 
physical conditions peculiar to the locality, and availability and relative cost of con- 
struction materials. Other considerations include the required strength and durability 
of the building, and necessary maintenance. Additional factors affecting the type and 
strength of a structure are: climatic conditions, temperature range, wind velocities, 
and amount of rainfall and/or snowfall. Transportation and handling costs and site 
accessibility affect the selection of construction materials. Local codes governing 
the use of certain materials and methods of construction must be investigated. The 
availability of skilled labor may be a deciding factor. For small stations the above 
requirements can be met by using either sheet metal or masonry construction, Sheet 
metal buildings can be prefabricated, easily erected, and readily enlarged. Masonry 
buildings have greater durability. For each building, the Navy planners prepare an 
A&E drawing package that includes the following categories of plans: 


o Architectural Plans. Floor plans, elevations, details, schedules 

o Structural Plans. Foundations, section, construction details 

o Electrical Plans. Power distribution, control panels, lighting, schematics 
o Mechanical Plans. Heating, ventilation, air conditioning 

o Plumbing. Water supply and sanitation facilities and systems. 


Actual building design is accomplished by the Navy planners using the space require- 
ments, room configurations, and other facilities design criteria provided by the com- 
munications system engineering activity, The design includes a future station expan- 
sion capability of 25 percent. Various architectural standards and specifications are 
utilized. Specific building design criteria associated with communications station 
requirements are discussed in the following paragraphs. In new facilities a 100 per- 
cent equipment expansion should be anticipated. 


Buildings of single story, rectangular construction are most desirable for microwave 
radio communications equipment installation. Normally, equipment buildings are 
physicaily separated from other site buildings such as power generator buildings and 
living quarters. When a single building is employed, use of one end as the equipment 
room minimizes interference by off-duty personnel, and power generators. The cen- 
ter of the building is then utilized for maintenance and storage, the opposite end for 
administrative functions at the station. 


To determine the space requirements and layout of the building, floor plans are devel- 
oped showing the location of all equipments in the operations and maintenance areas. 
Requirements for spare parts storage space are determined by the tvpes of equipment, 
and level of maintenance to be performed at the station. Consideration is given to the 
reduction of spare parts storage requirements resulting from improved equipments, 

and streamlines maintenance and supply techniques now being employed. Space require- 
ments for administrative and sanitation facilities are determined from the number of 
personnel programmed for normal operation and maintenance duty at the station. 
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At least one outside door to the equipment room, capable of passing the largest single 
component that may be moved into the station, is required. A loading ramp must be 
provided immediately outside this door to facilitate loading and unloading heavy equip- 
ment from trucks. 


Ceilings in the equipment area should be at least 10 feet above the floor level for ad- 
equate ventilation of standard eight-foot equipment racks. This height also provides 
proper diffusion of light throughout the equipment area from ceiling luminaires. 


The building floor must be designed to support the heaviest equipment likely to be 
placed upon it. Overall, the floor should support the entire weight of all equipment, 
and provide a 50 percent overload factor to accommodate any expansion of facilities. 

A minimum floor loading of 200 pounds per square foot is considered desirable. Pro- 
visions must be made in the walls, ceiling and roof of the equipment building for in- 
stallation of transmission lines running to the outside of the building. These exit ports 
require "tailoring" to the installation at each station, and may include RF shielding. 


Incandescent lights will be used in electronic equipment areas to preclude fluorescent 
light radiation interference. A minimum of 30 foot-candles of light will be provided 
at a distance of 26 inches above the floor, A battery-powered emergency lighting sys- 
tem is required during power failures, pending activation of auxiliary power plants. 


The building must be provided with a good station ground system in accordance with 
NAVELEX 0101, 102, Naval Communication Station Design, 


15,5 ELECTROMAGNETIC COMPATIBILITY (EMC) 


Although many specifications and standards exist which may be applied against individ- 
ual electronic equipments for the purpose of interference control, these documents do 
not necessarily insure electromagnetic compatibility when a multiplicity of equipments 
are located in a common electromagnetic environment, Many cases have been recorded 
where a well-designed piece of equipment failed to perform its intended function because 
of electromagnetic incompatibility with another equipment at the intended location. The 
application of interference control measures to individual equipment, without regard 

for those measures already applied at interfacing equipment, can also result in redun- 
dancy, with associated increased cost, weight, and design time. 


The system design approach avoids problems because system design for EMC means 
approaching the problem at the very beginning of project activity, wherein a detailed 
functional design study is made of the overall system, its constituent subsystems and 
equipments, and the intended operational environment. At that time, the EMC prob- 
lem is defined, possible contributory factors are analyzed, and necessary goals are 
established. In general, the desired goals in the achievement of optimum compatibility 
are: 


o Minimization of electromagnetic emissions which may affect other equip- 
ment (effects of the system upon external elements - inter-system) 
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oO Minimization of susceptibility to emissions (e.g., effects of external ele- 
ments upon the system inter-system) 


O Minimization of emissions and susceptibility between equipments within a 
system (internal effects - intra-system). 


System designs also mean that EMC must be integrated into all project activities 
throughout the project life to assure the accomplishment of these goals from a preven- 
tive-measures approach rather than the use of inefficient, costly, after-the~fact 
remedies, 


The implementation of EMC, therefore, calls for the establishment of a formal pro- 
gram having well-defined objectives and controls. Such a program is discussed in the 
following paragraphs. A summary of the salient features of EMC programs and their 
objectives follows. 


The establishment of an EMC program within the framework of an overall project must 
include a clear statement of the objectives of such a program, In general, a formal 
program will have the following objectives: 


re) Gathering of information and data, including spectrum signature measure- 
ment data on the equipment or system and on the intended operational electromagnetic 
environment 


o Selection, interpretation and application of EMC specifications and standards, 
engineering methods, and testing procedures which may be applied toward the selec- 
tion or design of equipments 


o Selection and application of methods of prediction of both interference and 
radiation hazards in the intended environment, based on information gathered 


o Dissemination of gathered information to all personnel concerned with the 
planning, design, or installation of the equipment or system 


o Generation of an EMC program plan when required, which states the spec- 
ific practices, procedures, design criteria, etc., to be used (and to be avoided) to 
achieve EMC throughout all phases of a program. 


15.6 ANTENNA FOOTINGS AND/OR STRUCTURES 


Supporting structures, foundations, lighting system, and antenna interfaces are 
designed by the Navy planners. Design factors include: height of structure, size and 
type of antennas, obstruction lighting regulations, path azimuths, and wind and ice 
loading. Foundation design is based on results of a soil analysis performed during 

the site survey. The Navy planners prepare specifications for the supporting struc- 
tures and foundation design, and construction drawings for installation of structures 

at the Station. Erection drawings and procedures for the structures and antenna inter- 
faces with the towers, are normally supplied by the antenna component manufacturer. 
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15.7 PRIMARY AND AUXILIARY POWER (TECHNICAL POWER) 


DCS requirements for power systems are contained in paragraph 3.6 of DCA Standard 
300-172, Primary power requirements for a communications facility are determined 
by the system configuration, and include equipment loads (technical power), utility and 
domestic loads, and provisions for future expansion, The A&E design agency is respon+ 
sible for design of the site primary power system and its distribution. One of the most 
economical and convenient sources of auxiliary power is the diesel engine-generator, 
However, an engine-driven-generator requires time to start and warmup, causing a 
delay before taking the load after a power failure. NAVELEX practice is to use stor- 
age batteries to provide power instantly and economically. They are kept fully charged 
by the primary power source during normal operation and, when a failure occure, the 
batteries assume the load instantly without interruption to service. Batteries lack the 
capacity to supply power for a long period of time and it is necessary to have available 
an auxiliary generator, Figure 15-4 illustrates the arrangement of a typical DC power 
plant, containing the 24-volt and 48-volt system, required to satisfy the demands of 
current transistorized equipments. The figure also shows the "standby" generator 
input to the distribution panel. The "end cells" are employed in battery systems to 
offset the effect of dropping voltage as the batteries discharge. End cells are switched 
into the regular battery circuit one cell at a time, as needed, to raise the battery volt- 
age to a proper level, 


15.8 ENVIRONMENTAL CONTROL (HEATING AND AIR CONDITIONING) 


Design of the environmental control system is accomplished by the Navy planners. 
The communications system design activity is responsible for specifying the required 
environmental limits for equipment operating conditions, and personnel requirements, 
This includes detailed information concerning the heat dissipation figures for all 
equipments. 


The heating system will vary as to type of fuel employed and method of heat distribu- 
tion, Oil is usually the best fuel choice. If the microwave station is located on or 
near an existing Government facility, it may be possible to obtain piped steam heat 
from the facility central heating plant. Forced hot air is the preferred method of 
distribution and has the following advantages: 


o The ducts, blower, and outlets may also be used for the air conditioning 
system, Compactness and economy are realized by this approach 


o Dust control is maintained by means of filters 

o The Navy planners determine the capacity of the heating system. 
Heating evaluations include personnel comfort provisions under regional extremes of 
humidity, high wind, and low temperature. Individual controls for each room should 


be specified where required to achieve proper temperature control, especially for 
equipment rooms which require less heat when the equipment is operating. 
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Sj 


Figure 2 Motion Between Two Points 


If the time recorded by a clock, when the object is at position P, is ¢,, and if the time when the 
object is at position P, is 4, then the average velocity of the object between points P, and P, 
equals the distance traveled, divided by the elapsed time. 


De oD. 
Vi = (5-1) 


If positions P, and P, are close together, the distance traveled and the elapsed time are small. 
The symbol A, the Greek letter delta, is used to denote changes in quantities. Thus, the average 
velocity when positions P, and P, are close together is often written using deltas. 


5S, - § 
Me AS Pa M1 (5-2) 
At fot 


Although the average velocity is 
often an important quantity, in 
many cases it is necessary to know 
the velocity at a given instant of 
time. This velocity, called the 
instantaneous velocity, is not the 
same as the average velocity, 
unless the velocity is not changing 
with time. 


displacement 


Using the graph of displacement, 
S, versus time, f, in Figure 3, we 
will try to describe the concept of 
the derivative. Figure 3. Displacement Versus Time 
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Air conditioning must be provided to remove sufficient heat from the building to bring 
the temperature within an acceptable range for equipment and personnel, and condense 
sufficient water vapor from the air to bring the relative humidity within acceptable 
limits. Air conditioning units employing the compressor-condenser-evaporator cycle 
are preferred. The compressor is driven by an electric motor. 


15.9 SITE SECURITY AND PROTECTION 


The extent of site security and protection required depends upon the nature, size, and 
location of the communications facility. The A&E design agency is responsible for the 
design and implementation of security facilities, and protective devices required by the 
system design agency. This may include site security fencing, security lighting, fire 
detection and alarm systems, fire-fighting equipment, and personnel safety and pro- 
tection features. 


15.10 INSTALLATION PLANS 
Installation drawings contain all the information required to accomplish the "inside 
plant" installation, and that portion of the "outside plant" installation under the cog- 
nizance of the system engineering agency. 
15.10.1 Installation Plan (Inside-Plant) Installation Drawings 
Drawings provide complete information to make the station or system installation as 
planned and in accordance with approved installation practices; a listing of the specific 
types and quantities of installation materials and hardware required for installation of 
the individual equipments; a complete "as-installed" record of the installation includ- 
ing the following drawings: 

o  ©6Floor Plans 

o Cable Rack Installation Drawings 

fe) Cable Termination Lists 

ce) Cross-connect Lists 

o Power Distribution Drawings 

o Grounding and Bonding Plans. 
15.10.2 Floor Plans 
Floor plans are prepared to provide a pictorial representation of equipment placement. 
Equipment racks are usually arranged side by side in a row (or rows). Microwave 


transmitter and receiver racks are arranged to provide short waveguide runs to the 
antenna(s). All racks are arranged to minimize inter-rack cabling. Minimum 
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requirements for front and rear clearance are obtained by consulting the equipment 
handbooks. Equipment lineups require a break at least every 20 feet. 


Exceptions to these procedures are equipments subject to mutual interference. These 
are physically separated. Equipment is arranged to minimize interconnecting cable 
lengths, Attended equipment should be arranged for operating convenience and mini- 
mum personnel requirements, 


Auxiliary equipment, such as voltage regulators, are often wall-mounted and arranged 
to simplify power distribution wiring. Other items or furnishings that should be shown 
on a floor plan are: workbenches, storage racks for test equipment and spare parts, 
desks, ventilating fans, air conditioners, and space heaters. A separate, ventilated 
room should be provided for battery storage and use. When the station is confined to 
one large building, rooms will be provided to accommodate the attendant personnel. 


All required dimensions must be specified on the floor plan. Sufficient details are 
included, relative to obstructions, to preclude interference with equipment placement. 
Notes should be included to clarify the drawings and installation requirements for 
installation personnel. 


15.10.3 Cable Rack Layouts 

Cables for interconnecting and terminating equipments are distributed by one or a 
combination of two methods: overhead open rack, or floor trenches in order of prefer- 
ence, The advantages and disadvantages of each method are compared in Table 15-1. 
Selection of one or a combination of the above cable distribution methods is dictated by 
individual station environment, Layout drawings are prepared for cable rack distribu- 
tion. The A&E drawings of the building include floor trenches so no additional layout 
drawings are generated for this type of distribution. Information provided on the rack 
layout includes: 


o Overhead view of rack layout superimposed on floor plan 


o Detailed two-dimensional and perspective three-dimensional views of rack 
arrangements such as elbows, splits, tee sections, reducing sections, and dropouts 


o Equipment distribution frames and AC branching panel access details 

o Rack and hardware bill of materials keyed to layout and details 

oO Notes required to assure that the drawing is completely self-explanatory. 
15.10.4 Cable Termination Lists 
Terminating information for multipair cables on a distribution frame is provided by 


these lists. The base and mate of each individual pair are given specific punching 
assignments on a specific distribution frame termination block, 
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Table 15-1. Distribution Comparison 


Type Distribution Advantages Disadvantages 


Overhead Open Time consuming for 
Rack cable installa- 
tion 


Flexibility in arrange- 
ment and rearrange- 
ment of cables 


Difficult to maintain 
clean, neat appear- 
ance 


Rapid economical instal- 
lation of racks and 
cable 


Cable expansion ac- 
commodated readily 


Separate racks re- 
quired for sepa- 
ration of signal 
and power cables 


Floor Trench Rapid, economical 
installation of 


cable 


Equipment arrange- 
ment dictated by 
trench layout 


Cable expansion 
limited by trench 
eize 


Provides neat, clean 
appearance 


Extremely difficult 
to separate power 
and signal cables 


15.10.5 Cross-Connect Lists 


The jumpers required on a distribution frame are specified on a cross-connect list. 
Separate lists are prepared for each distribution frame, so lists vary in length from a 
Single wire to several pairs. Cross-connects are used to describe the connection of 
a particular equipment group in a prescribed manner. Typical Cross-Connect lists 
are shown in Table 15-2, 


15.10.6 Power Distribution Drawings 


Power wiring from the power distribution panel to each equipment is completely des- 
cribed by the power distribution drawings, including the method to be used by the 
installer in wiring individual electronic equipments to the AC power source, They 
specify: 
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e) Type and size of wire to be used 
o Routing of wires 
o Specific circuit breakers associated with each equipment 


o Diagrams of each panel board, indicating equipment connected to each cir- 
cuit breaker, rating of the breaker and the load connected to each breaker 


o Tabulation of total loads on each phase of the panel feeder and the total load 
on all phases 


o  Jtemized list of materials required to accomplish the installation. 


Most electronics equipment in a microwave radio system requires a source of single 
phase, 115-volt, 50 to 60-cycle AC power. The non-technical load equipments require 
three-phase power. Since most commercial power units furnish three-phase power, 
the station load must be evenly divided between the three legs. With modern solid- 
state equipments, a 24-volt DC or 48-volt DC (optional) requirement exists for an 
auxiliary power source in event of prime power failure. 


Power distribution from a panel board is protected by means of automatic circuit 
breakers. Individual equipments are connected to the panel boards by running the 
wiring in cable racks or conduits, or a combination of both. 


Insure that power wiring and signal wiring are run in separate ducts. Any conduit used 
must be of sufficient size to permit ready installation or withdrawal ofthe conductors, 
Consideration should be given to dissipation of the heat generated in wire "bundles" 
without injury to insulation. 


The wiring to each equipment will be sized to carry the load current with no noticeable 
voltage drop. Circuit breakers must be rated in accordance with the current carrying 
capacity of the conductor. Signal leads will consist of individually shielded pairs of a 

size consistent with good commercial practice. 


Convenience outlets will be provided in the base of equipments in sufficient number to 
provide maintenance personnel ready access to power for test equipment or tools. 
Power distribution systems will be designed in complete conformance with the require- 
ments of the National Electric Code (NEC) of the National Board of Fire Underwriters. 


15.10.7 Grounding Drawings 


The station grounding system is shown by a grounding diagram that specified ground 
system routing, cable sizes, type and position of all ground connectors and an item- 
ized list of materials required to install the grounding system. The station ground 
shall be in accordance with NAVELEX 0101, 102 Naval Communication Station Design. 
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15.10.8 Equipment Installation Drawings 


All necessary information to accomplish installation of an equipment is provided by the 
equipment installation drawing. It contains installation details peculiar to a specific 
equipment and illustrates the planned procedures for accomplishing each portion of the 
installation effort. When several different equipments require identical basic installa- 
tion information, a common installation drawing may be submitted for individual equip- 
ment drawings. In either case, the drawing provides the list of materials required to 
accomplish the individual equipment installation efforts. 


15.10.9 Transmission Line Layout 


Details for the RF transmission line installation are provided by a transmission line 
layout. This drawing shows transmission line routing. The layout shows what size 
"pieces" to use at each point along the route and where bends and flexible sections are 
to be located. The location of gas barriers and the arrangement of the pressurizing 
system are also included on this drawing. The major consideration in planning coaxial 
transmission line runs is to keep them as short as possible. Waveguide planning is 
subject to certain restrictions. Some general rules for planning the layout of wave- 
guide systems follows: 


o Waveguide runs should be made as short as possible to achieve minimum 
line loss 


o Waveguide clamps should be spaced every four feet to support waveguide 
runs 


o Allowance must be made for the expansion and contraction of waveguide. 
For a change in temperature of 100 degrees Fahrenheit, the change in length is approx- 
imately 1-1/2 inches per 100 feet. Under the same conditions, the change in length of 
the waveguide relative to the change in height of a steel tower is approximately 1/2 
inch per 100 feet. 


When sections of waveguide are joined, the rectangular openings must be made to co- 
incide and a choke flange should be mated with a plain flange. In vertical runs, the 
choke flange should be uppermost so that moisture cannot collect in the slot of the 
choke, 


Sharp bends in flexible waveguide sections should be avoided. 


Flexible waveguide sections should be used only where freedom of motion is required. 
A typical installation has the rigid waveguide attached to the midpoint of the tower; 
waveguide clamps above and below this point permit the waveguide to expand or con- 
tract; a flexible section at the antenna not only permits the waveguide to change length, 
but also permits antenna alignment; a flexible section at the base of the tower has two 
functions - to permit changes in length and to provide for any motion of the tower with 
respect to the equipment building. Inside the building, a flexible section(s) may be 
used to relieve strain between the microwave equipment and the building, and also to 
serve as an odd length of waveguide. 
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Pressurizers and automatic dehydrators should be used where the total waveguide 
length to a single equipment exceeds fifty feet. This figure should be adjusted accord- 
ing to prevailing humidity conditions. Pressure windows are available to isolate 
pressurized and unpressurized portions of the waveguide. 


15,11 TOWER REQUIREMENTS 


In addition to the calculation of tower heights, it is necessary to consider the types of 
towers (or similar structures) available, the structural requirements of the towers, 
government regulations concerning such structures, and the preparation of installation 
specifications. These matters are important in that they have a significant effect upon 
the cost, performance, and reliability of the entire microwave radio-relay system. 
Fortunately, many of the engineering problems have been simplified by industry-wide 
acceptance of EIA (Electronic Industries Association) standards, and as a result, 
standard towers are readily available to suit most needs. For special problems, tech- 
nical assistance can be obtained from the engineering departments of tower manufac- 
turers. 


15,11.1 Types of Towers 


Any structure that is sufficiently high to meet the clearance requirements of the micro- 
wave signal path, and that provides a stable mounting place for an antenna or plane 
reflector, may be used as, or in place of, atower. The antenna or plane reflector 
must remain rigid within a specified tolerance to assure maximum directivity of the 
radiated beam. Grain elevators, office buildings, mountains, wooden poles, and steel 
structures have been successfully used to provide the required elevation and to main- 
tain the necessary rigidity. 


For lower tower height requirements (30 to 60 feet), wooden poles of good quality, 
properly preserved, may be used if they are available in the required lengths. Con- 
sideration must be given to guying arrangements in order to obtain the required rigidity. 
It is often necessary to use H-frame or other special construction techniques to attain 
this rigidity. 


Generally, a hot-dipped galvanized-steel tower is the most desirable support for an 
antenna or plane reflector, This type of tower is easily shipped in sections 10 or 20 
feet in length, it is durable, it can be easily climbed, and it can be procured to meet 
the exact height requirements. Both the guyed and self-supporting types of towers may 
be obtained to support the antenna or plane reflector in increments of height up to sev- 
eral hundred feet. In general, it is not economically advisable to go above 300 feet 
because of the rapidly increasing cost of suitable towers. Guyed towers are generally 
preferred over the self-supporting type because they are more economical and because 
they can be installed more easily (foldout 15-1). The guyed tower can usually be 
placed closer to a shelter; this is advantageous when a roof-mounted antenna and a 
tower-mounted plane reflector are to be used. Of course, the guyed tower requires a 
larger site because of the need for installing guy anchors to which the guy wires can be 
attached. It can be seen that self-supporting towers are more likely to be required 
where real estate is at a premium or where the tower is to be placed on a roof of 
limited area. 
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15,11.2 Physical Factors and Design Considerations 


The specifications for antenna towers will depend somewhat upon the terrain features 
(soil bearing pressure) of the location chosen, but they are mainly dependent upon the 
size, physical arrangement, and beam width of the paraboloidal antenna or passive 
reflector to be mounted at the top of the tower and upon the meterological conditions to 
be expected. 


15.,11.3 Foundations and Soil Bearing Capacity 


Tower installation specifications usually include a statement of the minimum allowable 
value of bearing pressure for the soil upon which the foundation will be placed. Table 
15-3 may be used as a guide in determining whether the intended location has sufficient 
bearing capacity to support a tower of standard design, or whether a special base 
design is needed. Because of the arbitrary nature of soil designations, an adequate 
safety margin should be allowed when using the table. As an example, assume that 
the tower to be used is designed for 4000 pounds per square foot soil-bearing pressure 
and that the soil at the site will withstand a maximum of only 3000 pounds per square 
foot. To be conservative, the design bearing pressure of the soil would be taken as 
2000 pounds per square foot. These values indicate that the area of the base should be 
slightly more than doubled in order to reduce the design pressure by one-half. (The 
additional concrete added to the base in enlarging it keeps the variation between area 
and pressure from being exactly inverse.) A good approximation is obtained by a 
factor of 1.6. Whenever possible, expert advice should be obtained to substantiate 
such findings. Standard foundations should be of reinforced concrete, with anchor 
bolts firmly embedded, and should be of such dimensions as not to exceed a soil pres- 
-sure of 4000 pounds per square foot under the specific loading area of the tower. A 
typical example of a concrete base for a microwave tower is illustrated in foldout 
15-1, The relative dimensions of the foundation shown are typical for a 250-foot 
tower; these dimensions will vary, depending on the tower height, design load, and 
soil conditions. The height of the foundation above the ground line will be governed by 
ground-water conditions, but in any event should be not less than 6 inches. In warm 
climates, where frost is not a problem, the depth of the foundation will be governed 
only by tower-load and soil-bearing characteristics, but in colder climates it will be 
necessary to extend the depth of the foundation below the frost line or to firm ground. 


15.11.4 Wind Loading 


Towers are generally designed for a wind load of 30 pounds per square foot of flat sur- 
faces without ice coatings. For areas subject to tornadoes or hurricanes, or where 
ice loads may be excessive, heavier towers are necessary. Wind loads are defined as 
the maximum forces and torques produced by a specified unit horizontal wind pressure 
acting on the tower, antenna assemblies, reflectors, and other members (additional 
radio antennas, etc.), which may be attached to the tower. Meteorological wind data 
is usually given in terms of wind velocity in miles per hour. If the wind velocity is 
known, the wind pressure that is exerted on a tower can be calculated by means of the 
following formula: 
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Table 15-3, Maximum Soil Bearing Capacity 


MAXIMUM 
ALLOWABLE 
BEARING 
VALUE 
(LB PER 
MATERIAL SQ FT) 
Bedrock (sound) without laminations 
Slate (sound) 
Shale (sound 
Residual deposits of broken bedrock 
Hardpan 
Gravel (compact) 
Gravel (loose) 
Sand, course (compact) 


Sand, coarse (loose) 


Sand, fine (compact) 


Sand, fine (loose) 


Hard clay 
Medium clay 


Soft clay 


(15-3) 
where: 
P = the wind pressure in pounds per square foot 


K = the wind conversion factor (considered to be 0.004 for flat surfaces, 
and 2/3 of 0.004 for cylindrical surfaces) 


V = the wind velocity in miles per hour. 


Table 15-4 indicates the wind loading that can be expected for several wind velocities. 
The expected wind velocity is taken from meteorological records. The projected area 
for towers having a triangular cross section is generally assumed to be 1.5 times the 
area of one face, and the projected area for towers having a square cross section is 
generally assumed to be 1.75 times the area of one face. 
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Using equation 5-1 we find the average velocity from S$, to S, is 7 '. If we connect the 


274 
points S, and S, by a straight line we see it does not accurately reflect the slope of the curved 
line through all the points between S, and S,. Similarly, if we look at the average velocity 
between time +, and f, (a smaller period of time), we see the straight line connecting S$, and S, 
more closely follows the curved line. Assuming the time between ¢, and ¢, is less than between 
t, and f;, the straight line connecting S, and S, very closely approximates the curved line between 


S, and S,. 


ako! de ; : deen aN 
As we further decrease the time interval between successive points, the expression = more 
t 


closely approximates the slope of the displacement curve. As At 0, ae approaches the 


instantaneous velocity. The expression for the derivative (in this case the slope of the 


displacement curve) can be written ° = lim ay In words, this expression would be 
t 


At >0 At 


"the derivative of S with respect to time (t) is the limit of as as At approaches 0." 
t 


ds lim As 

dt At at oo 
The symbols ds and dt are not products of d and s, or of d and ¢, as in algebra. Each represents 
a single quantity. They are pronounced "dee-ess" and "dee-tee," respectively. These 
expressions and the quantities they represent are called differentials. Thus, ds is the differential 
of s and dt is the differential of t. These expressions represent incremental changes, where ds 
represents an incremental change in distance s, and dt represents an incremental change in time 
t. 


The combined expression ds/dt is called a derivative; it is the derivative of s with respect to 
t. It is read as "dee-ess dee-tee." dz/dx is the derivative of z with respect to x; it is read as 
"dee-zee dee-ex." In simplest terms, a derivative expresses the rate of change of one quantity 
with respect to another. Thus, ds/dt is the rate of change of distance with respect to time. 
Referring to figure 3, the derivative ds/dt is the instantaneous velocity at any chosen point 
along the curve. This value of instantaneous velocity is numerically equal to the slope of the 
curve at that chosen point. 


While the equation for instantaneous velocity, V = ds/dt, may seem like a complicated 
expression, it is a familiar relationship. Instantaneous velocity is precisely the value given by 
the speedometer of a moving car. Thus, the speedometer gives the value of the rate of change 
of distance with respect to time; it gives the derivative of s with respect to f; 1.e. it gives the 
value of ds/dt. 
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Table 15-4, Wind Loading Values for Flat Surfaces 


LOADING 
(LB PER SQ FT) 


Meteorological data, which is representative of peak and average wind velocities and 
icing conditions for areas throughout the world, can be obtained from prepared charts 
and graphs, An example can be found in EIA Standard RS-222, which includes a map 
of the United States and related data showing wind-loading zones and values. 


15.11.5 Twist and Deflection 


The twist and deflection tolerances of the tower structure depend upon the character- 
istics of the antenna system. The maximum value of these tolerances is also deter- 
mined by the required reliability of the overall communications system. Tower twist 
at any specified elevation is defined as the horizontal angular displacement of the 
tower from its no-wind-load position at that elevation is defined as the angular dis- 
placement of a tangent to the tower axis at that elevation from its no-wind-load posi- 
tion at that elevation. 


The importance of twist and deflection tolerances can easily be understood when the 
antenna beam width is considered. Experience indicates that it is satisfactory to pro- 
vide sufficient tower stability to limit the decrease in signal strength caused by deflec- 
tion of the antenna to 3 dB for winds up to 50 mph, and to 10 dB for winds up to 80 mph, 
The resulting occasional decrease in signal strength does not impair system perform- 
ance because a good system will be designed for a fading margin of approximately 30 
dB. Tropospheric fading and the decrease in signal strength caused by tower motion 
do not occur simultaneously; during periods of severe tower motion, therefore, the 
fading margin is available to compensate for the deflection of the antenna beam from 
the norm. 


For antenna systems, the twist and deflection specifications must conform with the 
limitations dictated by the beam width, which is inversely proportional to the size of 
the antenna or reflector. The specifications for 4-, 6-, and 8-foot systems are given 
in Table 15-5. 


For systems using directly beamed paraboloids without plane reflectors, the deflec- 
tion tolerance may be reduced to the same value as the twist tolerance. In general, 
towers designed to meet required wind-load and ice-load specifications are sufficiently 
rigid to meet twist and deflection tolerances. For increased rigidity, it is advisable 
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to use rigid torque braces in the guying system, and six guy wires at the top of the 
tower instead of three guy wires. When cross-connected, these guys will maintain a 
high degree of rigidity. The guy anchors should be capable of withstanding the maxi- 
mum load imposed by the guy wires, with an adequate margin of safety. Furthermore, 
the guys must be evenly tensioned and the turnbuckles securely locked, to prevent 
turning and resultant loosening of the guys. A typical guyed microwave tower is il- 
lustrated in foldout 15-1, Note the guying arrangement for maximum stability, and 
the requirements set forth for proper installation of the guy anchor section. 


Table 15-5. Antenna-Tower Twist and Deflection Specifications 
for Antenna Systems Using Plane Reflectors 


PARABOLOID WIND PERMISSIBLE PERMISSIBLE 
DIAMETER VELOCITY TWIST DEFLECTION 
(FT) (MPH) (DEGREES +) (DEGREES +) 


15.11.6 Lightning Protection 


Lightning protection must be considered as part of each tower installation, Tower 
grounding procedures establish an electrical connection between the tower and the 
earth to provide proper lightning protection. In the case of directly beamed parabol- 
oidal antenna systems, the waveguide path down the tower cannot be considered as a 
reliable path to ground, Steel tower installations should be protected by the use of a 
low-resistance ground connection at the base of the tower. When wooden poles are 
used for towers. copper wire should be connected from the top of the pole to a low- 
resistance ground arrangement at the base of the pole. The steel tower should be 
grounded in the following manner: Install ground rods on opposite sides of each tower 
foundation at a distance not greater than 12 inches from the foundation. Use 5/8-inch- 
diameter ground rods, or equivalent, and drive them not less than 8 feet into the 
ground. Bond each leg or the common base of the tower to the ground rods by means 
of No. 6 AWG or larger copper wire. Using the same size wire, connect the tower 
ground system to the station ground system, Specifications for the station ground sys- 
tem are in NAVELEX 0101, 102. Install ground rod in the same manner at each con- 
crete guy anchor; the metal portion of the guy anchor should be bonded to the ground 
rod. Where steel or other metallic anchors are in direct contact with the earth, no 
additional ground rods are required. 
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Any and all equipment mounted on a tower shall be so fastened that it is effectively 
grounded through the tower. On structures provided with obstruction lights, it may be 
desirable to place suitable lightning arresters on the wires supplying these lights, at 
least between the lower portion of the tower and the power-supply source, and in some 
cases also at the top of the tower. 


The above-mentioned standards as set forth by the EIA, through the mutual cooperation 
of electronics equipment manufacturers, are the minimum requirements for such 
installations, These standards, in addition to sound engineering judgment, will deter- 
mine the specific requirements for any tower installation, 


As a general rule, the maximum resistance that is permissible between any two ground 
rods prior to connection to the tower is 2 ohms. If the resistance between rods is 
found to be greater than 2 ohms, it will be necessary to increase the conductivity of 
the soil, One method of lowering the resistance path between ground rods is as 
follows: Dig a tapered trench around each ground rod, (The trench should be approx- 
imately 2 feet deep, with a bottom radius of 1 foot and a top radius of 2 feet). Then 
place approximately 40 pounds of rock salt in the trench and backfill the trench. 


15.11.7 Painting and Lighting Requirements 


In order to prevent excessive hazards to air commerce, antenna towers and similar 
structures must be marked in such a way as to make them conspicuous when viewed 
from aircraft. The type of marking to be used depends, in part, on the height of the 
structure, its location with respect to other nearby objects, and its proximity to air- 
craft traffic routes near landing areas, 


Requirements and specifications for the marking and lighting of potential hazards to 

air navigation have been established through the joint cooperation of the Federal Avia- 
tion Agency (FAA), the Federal Communications Commission (FCC), the Department 
of Defense (DOD), and appropriate branches of the broadcasting and aviation industries, 
The specifications determined by these groups aid in the final decisions as to whether 
or not a structure constitutes an obstruction to air navigation. 


In the conduct of the preliminary survey of main and alternate routes for microwave 
sites, it is advisable to determine the prevailing ordinances concerning such struc- 
tures, and perhaps to discuss them with local government and building authorities. 
When dealing with locations within the continental limits of the United States, the lat- 
est copies of Government Rules and Regulations (FCC FORM 715 and FCC Rules Part 
17, and FAA Standards for Marking and lighting Obstructions to Air Navigation), with 
all revisions, should be consulted. These rules not only apply to specifications for 
antenna structures, but also set forth the forms which must be submitted to the FCC, 
FAA, and U.S. Coast and Geodetic Survey (FCC Form 4-1A Revised, FAA Form 117, 
FAA Form ACA-114, and C &G. S, Form 844). 


a, Day Marking. In order to warn airmen of the presence of obstructions dur- 


ing daylight hours in good weather conditions, all structures that may present a hazard 
to air commerce should be painted from top to bottom with alternate bands of orange 
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and white aviation surface paints, terminating in orange bands at both top and bottom. 
The width of the orange bands should be approximately one-seventh the height of the 
tower structure, provided, however, that the bands shall be not more than 40 feet nor 
less than 1-1/2 feet in width. If the height of the tower causes the width of the color 
bands to fall outside these limits, a larger or smaller number of bands should be used, 
depending on whether the structure is greater than 280 feet or less than 35 feet in 
height. The surface coatings used should be selected in accordance with the applicable 
specifications and existing approved aviation surface paints. 


b. Night Marking. The purpose of lighting a structure that is a hazard to air- 
craft operations is quite obvious. Both the FCC and FAA lighting specifications are 
set forth in terms of the heights of the antenna structures. Figure 15-5 illustrates the 
requirements for the placement of obstruction lights on towers up to 600 feet in height. 
The specifications further stipulate that the placement of the lights on either square or 
rectangular towers shall be such that at least one top or side light be visible from any 
angle of approach. When a flashing beacon is required, it shall be equipped with a 
flashing mechanism capable of producing not more than 40 nor less than 12 flashes 
per minute, with a period of darkness equal to one-half the luminous period. 


OVERALL HEIGHT 451 TO 600 FT: 
STANDARD LIGHTING REQUIRES TWO BEACONS, SIX SINGLE 
a, OBSTRUCTION LIGHTS (EIGHT LIGHTS FOR SQUARE TOWER), 
AND BEACON FLASHER. 


OVERALL HEIGHT 301 TO 450 FT: 
STANDARD LIGHTING REQUIRES ONE BEACON, FOUR SINGLE 
OBSTRUCTION LIGHTS (TWO AT 1.3 LEVEL, AND TWO AT 2 3 TOWER -O 
LEVEL), AND BEACON FLASHER = 


OVERALL HEIGHT 151 TO 300 FT: 
STANDARD LIGHTING REQUIRFS ONE BEACON, TWO SINGLE 
OBSTRUCTION LIGHTS (MIN- POINT ON TOWER), BEACON FLASHER, 


OVERALL HEIGHT 21 TO 150 FT 
STANDARD LIGHTING REQUIRES ONE DOUBLE 
OBSTRUCTION LIGHT. 
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Figure 15-5. Tower Lighting Specifications 


When the tower structure is in the process of construction, the FCC and FAA require 
that temporary lights, consisting of at least two 100-watt lamps enclosed in aviation 
red globes, be displayed at the top of the structure from sunset to sunrise. Lights 
must also be installed at intermediate heights, if necessary, in accordance with the 
general specifications indicated in figure 15-5, 


MAY 1972 15-25 


NAVELEX 0101, 112 


(1) Lamp Requirements, The lamps most commonly used for tower lighting 
have a rated operating voltage of 115 volts. The specifications state that the maximum 
voltage variation at the lamps should not exceed 5 percent, i.e., the regulation above 
and below the rated voltage should not exceed 2.5 percent. It is quite possible that the 
regulation of the primary voltage source will not fall within these limits; however, 
these values are useful in determining the allowable voltage drop in the wiring to be 
selected for lighting a particular obstruction. The stated requirements for obstruction 
lights and beacons are 111 and 620 watts, respectively; special lamps are designed to 
meet specifications for reliability and long life expectancy (3000 hours). The lamps 
should be encased in a beacon assembly or obstruction light assembly which uses 
approved aviation-red globes in ruggedized, watertight housings. 


(2) Light Control. The FCC requires that the tower lighting be exhibited 
during the period from sunset to sunrise unless otherwise specified. At unattended 
microwave installations, a dependable automatic obstruction-lighting control device 
must be provided. A light-sensitive control device or an astronomic dial clock and 
time switch may be used to control the obstruction lighting in lieu of manual control. 
This requirement can be met in microwave installations by employing a photoelectric 
control unit that applies power to the lights when the north skylight intensity is less 
than approximately 35 foot-candles, and that disconnects the power when the north 
skylight intensity is greater than approximately 58 foot-candles. 


(3) Fault Indication, To insure the proper operation of tower lights, the 
FCC specifies that the lights be inspected at least once every 24 hours; the inspection 
can be performed either by direct observation or by observation of an automatic and 
properly maintained indicator designed to register failure of such lights, Where 
obstruction lighting is not readily accessible for periodic inspection, the rules permit 
the use of electric signaling devices to indicate lamp failure. Should the fault alarm 
system register a failure in obstruction or beacon lighting, the failure must be reported 
to the nearest Airways Communication Station of the Federal Aviation Agency. The 
FAA must be notified of any code beacon, rotating beacon, or top light failure if not 
corrected within 30 minutes after failure. 


(4) Tower-Lighting Control Circuits. The block diagram of a typical 
tower-lighting control circuit is shown in figure 15-6, The operation of the circuit is 
as follows: When the photoelectric control unit senses a light intensity of less than 35 
foot-candles, a relay within the unit applies AC power to the coil of an obstruction 
lamp relay and to the motor of a flashing mechanism. As a result, the relay is en- 
ergized and its contacts apply power to the obstruction lamps. Also, the motor of the 
flashing mechanism causes power to be applied intermittently to the beacon lamps by 
way of the fault relay, and the beacon lamps flash on and off. If the flashing mech- 
anism fails to function or the beacon lamps burn out, the fault relay signals the failure 
to the fault alarm system, which sounds an alarm at a remote control center. Should 
any problem arise concerning the proper procedure to be followed in the marking or 
lighting of tower structures, the FAA will provide professional guidance for obstruc- 
tion marking, Since the FCC specifications for tower marking and lighting are, in 
general, more rigid than those of the FAA, and the proposed lighting must be approved 
by the FCC before that agency will issue a construction permit, it may be expected 
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that the FCC specifications will apply in those cases where FAA and FCC specifications 
differ, In overseas installations, regulations imposed by cognizant military and/or 
governmental agencies must be studied. 


OBSTRUCTION OBSTRUCTION 


LAMP 
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ELECTRIC BEACON 
CONTROL LAMPS 
UNIT 
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Figure 15-6. Tower Lighting Control Diagram 


15,11.8 Tower Specifications 


If a tower is to be furnished and/or installed by an outside contractor, specifications 
must be prepared to define the extent of the work and to establish responsibility, 
Written specifications such as those given in the following paragraphs, and any ap- 
plicable drawings, can be said to constitute the tower specifications, provided, of 
course, that they are presented in the proper format as given in NAVFAC DM-2, 


The tower shall be a guyed, steel, non-insulated structure of uniform cross section. 

A pivoted base type tower shall be considered preferable but not mandatory. The 

tower shall be supplied with guys, anchors, and all necessary hardware for erection. 
When erection is specified the tower shall be erected at sites specified by the purchaser, 
and the contractor shall provide all material, labor and tools necessary to install the 
complete tower, plan reflectors and accessories, such as tower lighting equipment and 
VHF antenna as required by the purchase order. 
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15,11.9 Design Specifications 


In general, all material, loading, unit stresses, manufacture, workmanship, finish, 
plans, markings, foundations and installation shall conform with EIA standard RS-222 
as amended to date. For towers in excess of 300 feet in height, the requirements of 
NAVPAC DM-2 shall apply. 


Loading shall be based on the coaxial VHF antenna and transmission line, obstruction 
lighting equipment including wiring, and two plane reflectors, 


With the tower fully equipped but with a wind load of 20 pounds per square foot on flat 
surfaces and 13.3 pounds per square foot on cylindrical surfaces, the tower shall not 
exceed the following limits of twist and deflection at the elevation of reflector attach- 
ment, 


o Twist - 1.25 degrees 
o Deflection - 0. 60 degrees. 


The angle of twist shall be defined as the horizontal angular displacement of the tower 
from its no wind load position at the specified elevation, The angle of deflection shall 
be defined as the angular displacement of a tangent to the tower axis at the specified 
elevation from its no wind load position, 


The path from paraboloidal antennas (located near base of tower) to plane reflectors 
must be unobstructed by any member of the tower structure but may be obstructed by 
guy wires, 


The two passive reflectors shall be mounted at the top of the tower at any angle of 
approximately 45 degrees from the vertical. The mounting for the two reflectors 
shall be designed to permit orientation of the reflectors in azimuth so that the included 
angle with respect to each other covers a range of 90 degrees to 180 degrees. Each 
reflector shall be capable of rotating through a range of 90 degrees in azimuth about 
its own pivot point, 


a. Tower Height. Shall be specified by purchase order. 

b. Plans, One complete set of prints shall be submitted to the purchaser for 
approval prior to fabrication, Complete bill of material, plans, and erection drawings, 
including guy tension data, shall be supplied showing all necessary details for installa- 
tion. One set of prints or reproduced tracings shall be supplied to the purchaser, 


NOTE 


When tower manufacturer does not install tower, one com- 
plete set of erection prints shall be shipped with each tower. 
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c. Calculations. The tower manufacturer shall submit stress calculations and 
twist and deflection calculations which must be approved by the purchaser prior to 
fabrication. 


Sample approval by the purchaser is required but this approval does not release the 
manufacturer of responsibility for failure under conditions covered by the specifica- 
tions. 


d. Tower, The tower manufacturer shall specify the warranty life of tower and 
necessary maintenance procedures, 


The tower manufacturer shall supply foundation and guy anchor design specifications, 
calculations, and drawings for each height of tower for approval by the purchaser. All 
towers shall provide suitable climbing facilities to the top of the tower, including access 
to any beacons or antennas mounted thereon. 


e. Grounding. The tower manufacturer shall supply the following as a minimum 
amount of grounding material for each tower: 


o Two 8~foot long, 5/8 inch diameter copper covered ground rods or 
equivalent for each tower base 


o One 8-foot long, 5/8 inch diameter copper covered ground rod or equiv- 
alent for each guy anchor 


o Grounding wire, No. 6 AWG copper wire as required (minimum length 
30 feet) 


Oo Two grounding clamps per ground rod for attaching the grounding wire 
from the ground rod to the guy anchor or tower mast. 


f. Installation. Erection of tower when specified by the purchase order shall 
be in accordance with the following specifications: 


o The foundation and guy anchors shall be installed in accordance with 
approved drawings as furnished under paragraph 3-544, and shall conform to EIA 
standard RS-222. 


© Prior to installation, soil conditions shall be reviewed and determined 
through data submitted on the site plan and/or by contractor's survey. Where actual 
soil conditions are not normal, the contractor shall supply complete information of 
soil conditions and the remedial measures that are to be taken, When construction has 
been started and abnormal soil conditions are encountered, the contractor shall imme- 
diately notify the purchaser and modify the construction to suit conditions, after 
obtaining permission from the purchaser 


o The tower shall be erected in accordance with best modern practices 
for similar structures and shall conform to the erection drawings 
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o The ground rods shall be driven into the ground at 12 in. minimum dis- 
tance from each side of the foundation and approximately 6 ft. to 8 ft. apart. Ground 
rods shall be connected to each of two tower legs and form a good electrical and mech- 
anical contact 


o Tower lights, when specified, shall be installed in accordance with EIA 
specifications 


o VHF antenna and coaxial transmission line, when specified, shall be 
installed in accordance with the specifications 


o Painting of tower, when specified, shall conform with latest CAA and 
FCC regulations 


o Passive reflectors shall be installed in accordance with the site plan 
and as specified on the purchase order. 


15,12 SAFETY 


15.12.1 Safety Measures 


Safety implies the absence and/or control of conditions that can cause personal injury 
or death or damage to or loss of equipment or property. Within the system safety is 
concerned with the elimination or control of those factors affecting the safe and effi- 
cient operation of personnel, equipment and facilities organized to attain a common 
goal. The criteria established in the safety engineering portions of MIL-STD-~1472, 
MIL-STD-882, MIL-STD-454 followed in the test, checkout and operation of the equip- 
ment, 


15.12.2 Safety Plan 


The objective of safety is to assure maximum freedom from inadvertent and possibly 
destructive mishaps resulting from facilities, equipment, procedural or personnel 
deficiencies during all phases of system operation. 


15.12.3 Electrical Safety 


Provisions are normally incorporated in the equipment to protect personnel from ac- 
cidental contact with dangerous voltages while operating the equipment or performing 
maintenance, Some of the features provided for this assurance are: 


o Each equipment cabinet grounded 


o Convenience outlets will be the 3 wire type to automatically ground the case 
or frame of any tools and equipment 


o AC power plugs equipped with safety ground 
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o  =6. All! subsystem drawers equipped with circuit breakers. The AC input ter- 
minals appropriately covered for protection during maintenance periods 


o Voltages greater than 70 volts are protected by barriers that are labeled 
with the highest voltage encountered upon removal 


o Voltages greater than 500 volts marked with danger labels and completely 
inaccessible to personnel 


o © Interlocks provided, when voltages in excess of 70 will be exposed to person- 
nel. Interlocks are two piece type and when bypass devices are required, returning 
the door or cover to its operating position automatically opens the bypass switch and 
leaves the interlock in its normal functioning position 


o Provision for capacitor discharge devices 


o No voltages will be exposed when equipment connectors are removed from 
cabinets 


o © Utilization of step down circuitry for measuring high voltages 


o Maintenance telephone system provided to allow coordination of activity 
during servicing. 


15,12.4 Mechanical Safety 


A number of simple features should be provided to protect personnel from mechanical 
hazards. Equipment cabinets are designed without sharp corners. Slide mounted 
drawers are provided with automatic stops to prevent accidental disengagement of the 
slides. Some additional mechanical safety measure deals with lighting, provision of 
fire extinguishers, adequate exits in case of emergency, environmental control, use 
of non-slip mats in front of equipment cabinets. 


15,13 PERSONNEL REQUIREMENTS 


Personnel should be selected whose background and basic skills lend a high degree of 
assurance that all the qualifications can be met after training, thus meeting the func- 
tional organizations minimum requirements. Some job descriptions and qualifications 
for microwave communication systems personnel deployed at active terminals would 
be the following: 


15,13.1 Operations Section Head 


The Operations Section Head is responsible for effective operations and maintenance 
of the continuous communication service, This includes directing continuous shift 
operations; enforcing maintenance methods and procedures; and utilizing personnel in 
an efficient manner. In the absence of the Assistant Station Manager he will assume 
those duties. 
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Higher Concepts of Mathenatics CALCULUS 


The ideas of differentials and derivatives are fundamental to the application of mathematics to 
dynamic systems. They are used not only to express relationships among distance traveled, 
elapsed time and velocity, but also to express relationships among many different physical 
quantities. One of the most important parts of understanding these ideas is having a physical 
interpretation of their meaning. For example, when a relationship is written using a differential 
or a derivative, the physical meaning in terms of incremental changes or rates of change should 
be readily understood. 


When expressions are written using deltas, they can be understood in terms of changes. Thus, 
the expression AT, where T is the symbol for temperature, represents a change in temperature. 
As previously discussed, a lower case delta, d, is used to represent very small changes. Thus, 
dT represents a very small change in temperature. The fractional change in a physical quantity 
is the change divided by the value of the quantity. Thus, dT is an incremental change in 
temperature, and dT/T is a fractional change in temperature. When expressions are written as 
derivatives, they can be understood in terms of rates of change. Thus, dT/dt is the rate of 
change of temperature with respect to time. 


Examples: 


1. Interpret the expression AV/V, and write it in terms of a 
differential. AV/V expresses the fractional change of velocity. 
It is the change in velocity divided by the velocity. It can be 
written as a differential when AV is taken as an incremental 
change. 


AV ; dV 
—— may be written as — 
V ¥ 


2 Give the physical interpretation of the following equation relating 
the work W done when a force F moves a body through a 
distance x. 


dW = Fdx 
This equation includes the differentials dW and dx which can be 
interpreted in terms of incremental changes. The incremental 


amount of work done equals the force applied multiplied by the 
incremental distance moved. 
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In addition, he has parallel responsibilities to the Support Section Head, which include, 
but are not limited to: 


ie) 


Gives direction and assists in the calibration, check-out and test trouble 


analysis, adjustment and alignment of the basic equipment 


oO 


oO 


ce) 


Establishes and supervises maintenance and operations activities 
Analyzes system operating trends based on operations records 


Evaluates system and subsystem discrepancies and/or failures and takes 


appropriate action for changes 


10) 


16) 


Reviews and makes changes to operating and maintenance procedures 
Evaluates technical logistic problems 
Enforces and recommends quality control procedures 


Evaluates and makes changes in supporting documentation of the communica- 


tions equipment and support equipment 


1e] 
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Coordinates all maintenance activities in both sections. 


Support Section Head 


The Support Section Head, through three or four Maintenance Leaders: 


Oo 


oO 


Establishes and supervises the more complex maintenance work areas 
He directs and assists with the in-depth maintenance routines 
Analyzes system operating trends based on operating records 


Responsible for the maintenance of all equipment histories, test data collec- 


tion, and data documentation 


oO 


ie) 


Reviews and recommends changes to operating and maintenance procedures 
Evaluates technical logistics problems 
Recommends quality control procedures 


Evaluates and makes changes in supporting documentation on the communica- 


tions equipment and support equipment 


ie) 


Responsible for spares inventory, teletype repair, and test equipment main- 


tenance /calibration., 
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In addition to this function devoted to the basic equipment, he must be capable of direct- 
ing the maintenance of facilities through the Facilities Leader. This requires giving 
direction in the maintenance of all heavy equipment as follows: continuous duty power 
generating equipment; heating, air-conditioning and ventilating units; and heat ex- 
changers. 


15,13.3 Maintenance Leader 


The Maintenance Leader is responsible for the performance of in-depth preventive 
maintenance routines on the equipment that requires specialized knowledge not posses- 
sed by the Operations Section personnel. He is responsible for specifically assigned 
communications equipments requiring complex alignment, adjustment, and calibra- 
tion procedures. He performs preventive maintenance routines himself; and he has 
Communications Shift Supervisors and Communication Technicians assigned to him for 
the performance of routine tasks. These are the tasks that can be assumed by the 
shift personnel after procedures are learned, He must cross-train these personnel in 
the more complex maintenance tasks in which he is knowledgeable, and monitor the 
performance of the various routine maintenance he has given them. He directs work 
which may involve disassembly of significant portions of the communications equip- 
ment. He provides back-up to the Communications Shift personnel when communica- 
tions problems occur. 


15.13.4 Facilities Leader 


The Facilities Leader supports his Section Head through independent maintenance 
activities performed on heat, ventilation, and air-conditioning equipment, He is 
responsible for the all-important maintenance of uninterrupted power. This includes 
the care, repair and overhaul of the diesel engines. He is provided help in this by 
having the Electrician-Machinist assigned full time to him. Cross-support is given by 
four shift Electrician-Technicians. In addition, he directs the housekeeping and 
groundskeeping personnel required for the maintenance of buildings, structures, water, 
sanitation, and lighting, as well as fire-fighting, roads, and grounds, when required. 


15.13.5 Communications Shift Supervisor 


The Communications Shift Supervisors are responsible for continuous operation of the 
station, including all communications circuits and the equipments supporting com- 
munications, including Message Center. He directs activities from the control center. 
In order to accomplish this, he performs calibration, checkout, trouble-shooting, 
testing, and operations of the communications equipment himself and with the aid of 
the Communications Technicians. He sets up new communications channels as traffic 
routing changes, and provides the basic quick-reaction fault location and correction 
leadership. He is responsible for the station log and careful documentation of signif- 
icant events on his shift. 


Typically, he monitors communications circuits using idle channel noise measure- 


ments. He makes deviation and level adjustme nts. He monitors the spectral display 
of all transmit and receive sub-carriers to detect intermodulation anomalies produced 


MAY 1972 15-33 


NAVELEX 0101, 112 


by saturation effects. He monitors television transmissions, establishing routing for 
it and adjusting its baseband parameters. 


Additionally, he performs preventive maintenance work assigned to him by the Opera~ 
tions and/or Support Section Head. 


15.13.6 Communications Technician 


The Communications Technician performs routine calibration, troubleshooting, test- 
ing and operation of the communications equipment, and the message center equipment. 
He is able to quickly analyze and isolate communication faults and equipment anomalies 
independently. He has detailed knowledge in the total variety of patching and use of 
replaceable modules. Typically, he performs tasks parallel to those of the Com- 
munications Shift Supervisor, and provides cross-support to the Support Section by 
doing routine maintenance himself and giving hands-on assistance to Maintenance 
Leaders in the more complex and/or time consuming routines, 


15.13.7 Electrician-Technician 


The Electrician-Technician is required to directly monitor the operation of the diesel- 
driven power generating plant in the power building. He performs generator phasing 
and cutover operations as required by preventive and corrective maintenance sched- 
ules. He is necessary for quick-reaction failure correction in the power generating 
plant. He detects faults beyond the capability of monitoring devices supplied with the 
diesel-driven power generating equipment. He provides cross-support, hands-on 
repair and overhaul of heavy equipment, and maintains power building logs and records. 


15.13.8 Electrician-Machinist 


The Electrician-Machinist is assigned full time to the Facilities Leader to accomplish 
preventive maintenance of the support facilities. In addition, he fabricates semi- 
precision special parts and assemblies and makes repairs using the shop power tools 
available to him. He provides hands-on repair and overhaul of the diesel driven 
power generating plant including the diesel engines. 


15.13.9 Spareskeeper 


The Spareskeeper is directly responsible for the maintenance of the spares inventory 
and attendant record keeping. In addition, he provides hands-on maintenance, repair, 
and on-site calibration of all electronic test equipment. He takes care of all the nec- 
essary arrangements for off-site maintenance and coordinates factory repair and 
returned goods activity. He does the repair and maintenance of teletype equipment. 
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APPENDIX A 
REFERENCE DATA 


A.1 INTRODUCTION 


This appendix contains reference material required in connection with the engineering 
of Microwave and Tropospheric Communication Systems. 


A.2 STATISTICS 


Appropriate definitions and formulas used in determining Binomial, Normal, and 
Poisson distributions are given in figure A-1. 


A.3 REFERENCE CURVES AND NOMOGRA PHS 


Reference curves and nomographs most commonly used in the engineering of 
Microwave and Tropospheric Systems are given in figures A-2 through A-18. 


A.4 EQUATIONS 
A compilation of common equations are shown in figure A-19. 
A.5 CONVERSION TABLES 


Conversion tables of various frequency, wavelength, and metric units are shown 
in figure A-20. 
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STATISTICS 


A. DEFINITIONS 
Arithmetic Mean — 


The arithmetic mean of a set of numbers is defined 


as follows: 
n 
x 
_Xi+X2+Xs.--+ Xe _ ist 
n n 


Weighted Arithmetic Mean — 


WX, + WoX. + WaX,...W,Xn 


X= W,+W,...W, 


Standard Deviation — 


The standard deviation of a set of numbers is 
defined as follows: 


Variance = ¢2 


Geometric Mean — 


The geometric mean of a set of N numbers, 
X,X_X;. X, is the nth root of the product. 


G= 14%. gee Xp 


Harmonic Mean — 


The harmonic mean of a set of numbers X,, Xo, 
X3,.-. X, is the reciprocal of the arithmetic mean of 
the reciprocal of the numbers: 


Figure A-1. 


Root Mean Square — 


The root mean square (RMS) of a set of numbers 
X,, X2... X is defined as follows: 


Median — 


The median is the middle value, or the arithmetic 
mean of the two middle values. 


Example 1: 
3, 4, 4, 5, 6, 8, 8, 8, 10 median = 6 


Example 2: 


5, 5, 7,9, 11, 12, 15, 18 median = 2 as 1 10 


Mode — 

The mode is the number which occurs with the 
greatest frequency and may not exist or there may 
be more than one value: 


Example 1: 


2, 2,5, 7,9, 9,9, 10, 10, 11, 12, 18; mode = 9 


Example 2: 


3, 5, 8, 10, 12, 15, 16; no mode 


B. BINOMIAL DISTRIBUTION 


If p is the probability that an event will happen 


in any single trial (called the probability of a success) 
AlIAA 605 


Statistics (Sheet 1 of 3) 
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and q = 1 — p is the probability that it will fail to 
happen in any single trial (called the probability of 
a failure) then the probability that the event will 
happen exactly X times in N trials (i.e., X successes 
and N — X failures will occur) is given by 


N! 


P(X) = xCxpXqh* = STK PMA 


where X = 0, 1, 2,..., Nand N! = N(N-1) 
(N—-2)...1. 0! = 1 by definition. 


Example 1: The probability of getting exactly 2 
heads in 6 tosses of a fair coin is 


6! 
62(14)?2(14) = Sai (A)® = 1% 
with N = 6, X = 2,and p = q = If. 


Example 2: The probability of getting at least 4 
heads in 6 tosses of a fair coin is 


014) 414A) + Cs(AUA)& + 
+ gCe(1A)® = 1% 4 + Sa + Ms = M2 


Some properties of the binomial distribution are 
listed as follows: 


Mean p = Np 


Variance a? = Npq 


«= V Npq 


Standard deviation 


Moment coefficient of skewness a3 = a lel 
V Npq 


Moment coefficient of kurtosis a, = 3 + Nee 


C. THE NORMAL DISTRIBUTION 


One of the most important examples of a proba- 
bility distribution is the normal distribution, normal 


curve or Gaussian distribution defined by the equation 
Alaa 606 
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1 


Y = — 
oY 2x 


exp [—4(X—p)?/0?] 


where » = mean, ¢ = standard deviation, r = 
3.14159 ...,e = 2.71828... 

The total area bounded by the curve and the X axis 
is one; hence the area under the curve between two 
ordinates X = a and X = b, wherea < b, represents 
the probability that X lies between a and b, denoted 
by Pr{a < X <b}. 

When the variable X is expressed in terms of 
standard units, z = (X—y)/o, the so-called stand- 
ard form is expressed as 


Y= = exp (-14 2?) 
2n 


V 


In such case we say that z is normally distributed with 
mean zero and variance one. 

A graph of this standardized normal curve as 
shown in Figure 114 has indicated the areas included 
between z = — 1 and + 1,2 = — 2 and + 2, 
z = + 3and — 3 are equal respectively to 68.27%, 
95.45% and 99.73% of the total area. 


Example of Normal Distribution 


The mean weight of 500 students is 151 Ibs and 
¢ = 15; assume normal distribution, determine how 
many students weigh (a) between 120 and 155 Ibs 
and (b) more than 185 Ibs. 


— (1195-151) 
uuerese | mai 


_ (155.5 — 151) _ 
Z= 7} =. 


Area from — 2.10 to .30 = 0.600 


2.10 


30 


The number of students = 500 (0.600) = 300 


b. Students weighing more than 185 


= 185.5 — 151 
15 

Area between 0, and 2.30 = 0.4983 

= 0.5 — 0.4893 = 0.0107 

The number of students = 500 (0.0107) = 5, 


Zz = 2.30 


‘ 
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3 
~— 68.27% = 
pean OF AK, —Qo————t 
ee 973 ———— 


Cs ny, an 
fvanance SSC 
[stanoano peviarion [6 
TMoNENT COEFFICIENT oF Srewness| @y = 0 
[MOMENT COEFFICIENT oF KuRTOsIs | eta= 3 


MEAN DEVIATION 6 2/7 = 0.7979 


Some Properties of the Normal Distribution 


D. RELATION BETWEEN BINOMIAL AND Mean 
NORMAL DISTRIBUTIONS 


If N is large and if neither p nor q is too close to 
zero, the binomial distribution can be closely approxi- Standard deviation 
mated by a normal distribution with standardized 
variable given by 


>= X= Np 


VNpq | 
F. RELATION BETWEEN BINOMIAL AND 
E. THE POISSON DISTRIBUTION POISSON DISTRIBUTIONS 


The discrete probability distribution 


Variance 


Moment coefficient of skewness 


Moment coefficient of kurtosis 


In the binomial distribution, if N is large while the 
Xr probability p of occurrence of an event is close to zero 

p(X) = Xr (X = 0, 1,2,...) so that q = (1—p) is close to 1, the event is called a 

rare event, In practice we shall consider an event as 

where e = 2.71828 .. . and } is a given constant, is rare if the number of trials is at least 50 (N = 50) 
called the Poisson distribution. while Np is less than 5. In such cases the binomial 
Some properties of the Poisson distribution are distribution is very closely approximated by the 
listed in the following table. Poisson distribution with } = Np. AIAA607 


Figure A-1. Statistics (Sheet 3 ot 3) 


A-4 MAY 1972 


NAVELEX 0101,112 


VOLTAGE 
REFL. COEFF. POWER REFLECTED POWER TRANSMITTED 


To 0B 
(¢] 


Figure A-2. VSWR Nomograph #1 
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Figure A-3. VSWR Nomograph #2 
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Figure A-4. VSWR Nomograph #3 
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POWER TRANSMITTED 


100 


CALCULUS Higher Concepts of Mathematics 


3: Give the physical interpretation of the following equation relating 
the force, F, applied to an object, its mass m, its instantaneous 
velocity v and time f. 


Pe. 


dt 


This equation includes the derivative dv/dt; the derivative of the 
velocity with respect to time. It is the rate of change of velocity 
with respect to time. The force applied to an object equals the 
mass of the object multiplied by the rate of change of velocity with 
respect to time. 


4, Give the physical interpretation of the following equation relating 
the acceleration a, the velocity v, and the time ¢. 


This equation includes the derivative dv/dt; the derivative of the 
velocity with respect to time. It is a rate of change. The 
acceleration equals the rate of change of velocity with respect to 
time. 


Graphical Understanding of Derivatives 


A function expresses a relationship between two or more variables. For example, the distance 
traveled by a moving body is a function of the body’s velocity and the elapsed time. When a 
functional relationship is presented in graphical form, an important understanding of the meaning 
of derivatives can be developed. 


Figure 4 is a graph of the distance traveled by an object as a function of the elapsed time. The 
functional relationship shown is given by the following equation: 


s = 40t (5-4) 
The instantaneous velocity v, which is the velocity at a given instant of time, equals the 


derivative of the distance traveled with respect to time, ds/dt. It is the rate of change of s with 
respect to ¢. 
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Figure A-7. Knife-Edge Diffraction Relation to Free Space 
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Figure A-8. 
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CONVERSION FACTORS 
NPR TO SNR®* IN 3.2 KHz CH 
(PER COIR LOADING) i 


NPR (FLAT) + (2+6LOGy3 (n< 240] | |] [ 7 | T| 
= NPR (FLAT) + 18+3(n > 240) 


a ee ee ee eee eee eee 
x —_ IN GENERAL: fal 
FIA WEIGHTED) = NPR. (FLAT) + X dB 
ee eo ee ee ee sealed 
a ee eee eee eee 
|__| “SNR =0dBmo TEST TONE SIGNAL—IN EQUIPMENT NOISE — Pi TT | 
——4 IN 3.2 KHz CHANNEL RATIO 
bese 
| | 
a 
| 
Pe eee a 
SS Rew eae Sees 
re eee rE TT 
a wes | 
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° oO [oe] Oo oO 
AIAA 214 n= NUMBER OF CHANNELS ~ : eo eee 


Figure A-9. Conversion Factors, NPR to SNR 
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Figure A-12. Noise in Picowatts Psophometrically Weighted #2 
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Figure A-13. Noise Figure (293°K) Versus Noise Temperature (CK) 
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FM Receiver Characteristic Curves 


Higher Concepts of Mathematics CALCULUS 


The value of the derivative ds/dt for the case 
plotted in Figure 4 can be understood by para 
considering small changes in the two variables 
sand t. 200 + 
As _ (s + As) - s % 160 | 
At “(4 AD= 4 — 
&. 40en 
The values of (s + As) and s in terms of (f+ | 5 
At) and ¢, using Equation 5-4 can now be | 4 
substituted into this expression. At time f#, s Beir 
= 40f; at time ¢t + At, s + As = 40(¢ + Ad). : 
4o - 
As _ 40(t + At) - 40t . 
‘At (t + At) - t a a a oo 
As _ 40t + 40(A) ~ 401 Wiaie Aoee on) 


At Pe APed 
Figure 4 Graph of Distance vs. Time 
As _ 40(At) 
‘At At 
BS 46 
At 


The value of the derivative ds/dt in the case plotted in Figure 4 is a constant. It equals 40 ft/s. 
In the discussion of graphing, the slope of a straight line on a graph was defined as the change 
in y, Ay, divided by the change in x, Ax. The slope of the line in Figure 4 is As/At which, in this 
case, is the value of the derivative ds/dt. Thus, derivatives of functions can be interpreted in 
terms of the slope of the graphical plot of the function. Since the velocity equals the derivative 
of the distance s with respect to time f, ds/dt, and since this derivative equals the slope of the plot 
of distance versus time, the velocity can be visualized as the slope of the graphical plot of 
distance versus time. 


For the case shown in Figure 4, the velocity is constant. Figure 5 is another graph of the 
distance traveled by an object as a function of the elapsed time. In this case the velocity is not 
constant. The functional relationship shown is given by the following equation: 


s= 10° (5-5) 
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Figure A~17. 
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Figure A~18. Nomograph for Determining Surface 
Areas of Paraboloid Devices 
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Loading CCIR Standard 
L (mean) = — 1+ 4logN 


L (mean) = — 15 + 10logN 


Loading Military Standard 


L (mean) = — 5 + 10 logN 


S/N (thermal) = C/N + 10 log 


+ 20 log aE — L (peak) + 


+P+W+C 


S/N (intermodulation) = NPR + 10 log x 


x ® ~ NLR (Noise Loading Ratio) 


dBa = dBm + 85 F1A (1000 cycle reference) 
dBa = dBm + 82 flat weighted (one voice channel) 
dBa = dBm + 90 144 weighted 


Ba =dBm + 90 C message weighted (1000 cycle 
reference) 


dBa = — S/N + 82 FLA weighted, 144 weighted 
(1000 cycle reference) 


dBrm (C message) = — S/N + 88.5 (1000 cycle 
reference) 


FM Threshold = 10 Log KTB + Ng + 10 


Noise Threshold = 10 Log KTB + Ng 


Ne ~ 1 


System Noise Figure = Np, + + 


Ney — 1 N,, ~ 1 
GG, '''G,G,...G,q 


°R = °F + 459.67 


+ 


oF = 9/5 °C + 32 
K=5/9R 

log MN = log M + logN 
log M/N = logM — logN 


log Mp = PlogM 


Figure A-19. 
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S/N(dB) = Log [ toe ee Nal 2 7 


S+N a s 
N (a8) = Log [ tog: nd) + | 


Equivalent Noise Temperature = Antilog insertion 
loss X 290°K 
By = 3.4 (F,, + AF); empirical approx, 


By = Fy X S; 
D 


8/N (P) = 10 Log 2 - 


(when the signal power is 1 mw) 


Allowable noise (pwp) =o X 20,000 X 10712 


Log | 480+.6] _ 
og! | —T5— | = PRP 


pw = 1X 10-2 watts 
L (peak) = 20 Jog AF (peak) 
b 


AF (4 
é (rms) 


L (mean) = 20 Lo; AE, 


= 2.404 (Carrier goes through first null, 


AF 
Fm all transmitted power in sidebands) 


temperature 
°C = 5/9 (°F—32) 
°K = °C + 273,15 


Conversion from d8m to Volts 


E = Log? 287 x R x 10% 


Conversion from Volts to d8m 


2 
dBm = 10 Log R493 


Common Equations 
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APPENDIX B 
LOS PATH DATA CALCULATIONS 


By appropriate substitutions and by converting d to miles and frequency in GHz as an 
inverse function of wavelength, the frequency path loss between two isotropic antennas 
becomes: 


A = 96.6 + 20 logo F + 20 log 9 D (B-1) 


where 
A = free space attenuation between isotropics, in dB 
F = frequency in GHz 
D = path distance, in miles 


Figure B-1 is a path data form. Utilization of the form, together with a numerical 
example, can be found in chapter 5. 
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MICROWAVE PATH DATA CALCULATIONS 


LATITUDE 
LONGITUDE 
ELEVATION 
TOWER HEIGHT 
TOWER TYPE 
AZIMUTH FROM TRUE NORTH. 
PATH LENGTH 
PATH ATTENUATION 
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wo 
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WAVEGUIDE LOSS a | | | | ‘42: 
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e[ NEAR FIELDGAN SSCS? | Cd 
a6 ANTENNA SYSTEMGAIN === 8 | Sd 
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APPENDIX C 
LOS SYSTEM DATA SHEET 


The data sheets of Figure C-1 may be used in the calculation of the LOS System 
parameters. 
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CALCULUS 


Higher Concepts of Mathematics 


The instantaneous velocity again equals the 
value of the derivative ds/dt. This value is 
changing with time. However, the 
instantaneous velocity at any specified time 
can be determined. First, small changes in 
s and ¢ are considered. 


As _ (s + As) - 5s 


At * PSR Se 


The values of (s + As) and s in terms of 

(t + At) and ¢ using Equation 5-5, can then 
be substituted into this expression. At time 
t, s = 10f; at time t + At, s + As = 10(¢ + 
At)’. The value of (t + Af)’ equals f° + 
2t(At) + (At)*; however, for incremental 
values of At, the term (Af)’ is so small, it 
can be neglected. Thus, (¢ + Af)? =f + 
21(Ar). 


As — 10[t? + 2n(An] - 102? 


At (t + At) - t 


As — 10t* + 20r(An)] - 102? 


“At t+ At-—t 
— = 20t 


The value of the derivative ds/dt in the case 
plotted in Figure 5 equals 20r. Thus, at time 
t= 1s, the instantaneous velocity equals 20 
ft/s; at time ¢ = 2 s, the velocity equals 40 
ft/s, and so on. 


When the graph of a function is not a straight 
line, the slope of the plot is different at 
different points. The slope of a curve at any 
point is defined as the slope of a line drawn 
tangent to the curve at that point. Figure 6 
shows a line drawn tangent to a curve. A 
tangent line is a line that touches the curve at 
only one point. The line AB is tangent to the 


S=10t2 


Distance 
(Feet) 


Time 
(Seconds) 


Figure 5 Graph of Distance vs. Time 


y + dy 


6) x x + dx 


Figure 6 Slope of a Curve 
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FROM: 
SYSTEM REQUIREMENTS 


Type of Transmission (Voice, TTY, etc. ) 
Number of Voice Channels 

Desired Reliability 

Maximum Allowable Channel Noise 6000 mi. cect. 
Maximum Modulating Frequency , FM 

RF Carrier Frequency, F 

Modulation Index 

Site Coordinates; 


PRELIMINARY CALCULATIONS 


Great Circle Distance , D 


Revr. Bandwidth, BW = 2(AF, + Fy) 


LOSSES - dB 


Free-Space Loss, Lyrg = 37 + 20 log D 
(miles) + 
20 log f (MHz) 
Misc. Transmission Loss 
TOTAL LOSSES 
MINIMUM USABLE SIGNAL, MUS 
= 204 dBW+ 10 log BW +12 dB +10 dB 


ADDITIONAL GAIN REQUIRED FOR 99.99% 
RELIABILITY (FADE MARGIN) 


ACTUAL MINIMUM USABLE SIGNAL, AMUS 
= MUS + FADE MARGIN 


AIAGGSIS (a) 


Figure C-1, Line-of-Sight System Data Sheet (Sheet 1 of 3) 
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TOTAL REQUIRED GAIN in dBW 
= TOTAL LOSSES + AMUS 


CAINS - dBW 


Xmtr Gain, GypR = 10 log Br 


Antenna Gain , Ga = 20 log f + 20 log 
Da-52. 6 

Diversity Gain, Gpry 

TOTAL GAIN 


SYSTEM FEASIBILITY 


(Compare Step VIII and Step VII) Adjustment Required 
OK 


MEDIAN CARRIER-TO-NOISE RATIO, C/N 
= FADE MARGIN + 10 dB 


SIGNAL-TO-NOISE RATIO , S/N 
= C/N +10 log/ BW) + 20 log (Modulation Index) 
bw 
+PF- L- MUX 


CHANNEL NOISE FACTOR 
= 82 - S/N 


ALLOWABLE MEDIAN NOISE 


L >151 NMI 
27 <L<151 NMI 

L<27 NMI 

MAX ALLOWABLE NOISE 


SUMMARY 


Desired Reliability: 99.99% Actual Reliability: 
Max. Allowable Channel Noise: 15.6 dBa0 Actual Channel Nose: 


AlAA 615 (B) 


Figure C-1. Line-of-Sight System Data Sheet (Sheet 2 of 3) 
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Recommended Design Parameters: 


Transmitter Power: watts 
Antenna Size: ___ feet 
Diversity, order 

of: 


GENERAL NOTES 


o The maximum modulating frequency is the sum of the minimum modulating fre- 
quency (60 kHz); the voice channel! bandwidth (a product of the number of voice channels 
and the nominal 4 kHz spacing); and the spacing between basic supergroups (12 kHz). 


o See Appendix Dif Great Circle distance must be determined exactly (to five 
place accuracy). Otherwise, measurements from a map with + 10-mile accuracy will 
suffice. 


ce) To allow for losses associated with transmission lines, coupling, transition, 
duplexers, etc., a figure of 4 dB is given for systems using 1 kMHz and a figure of 6 dB 
is used for 2 kMHz systems. 


Oo In this equation 12 dB = receiver-noise figure and 10 dB = C/N figure. These 
are approximate values and may be changed to fit the specific case. For instance, if 
parametric amplifiers are used, the 12 dB receiver-noise figure is changed to 2 dB. 


ce) In this equation C/N is that computed in Step X, BWis that computed in Step II 
bw = voice channel bandwidth, PF = pre-emphasis gain, L = channel loading factor, and 
MUX = multiplex equipment noise insertion (about 2 dB. ). 


¥ 


Figure C-1. Line-of-Sight System Data Sheet (Sheet 3 of 3) 
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APPENDIX D 
GREAT CIRCLE CALCULATIONS 


A simple and direct method of performing the great-circle calculations required in 
siting line-of-sight and scatter communication stations is presented here. An under- 
standing of how the method is derived is not needed. 


The calculation of the great-circle path length and azimuths between the transmitter 
and the receiver sites can be easily made if the latitudes and longitudes of the sites 
are known. Usually these coordinates can be obtained with sufficient accuracy from 
reliable maps of the areas involved. It is worthwhile for two persons to make the 
computations independently, comparing their results after each step. If only one per- 
son is making the computations, he should check each step thoroughly as it is com- 
pleted. The computations require the addition, subtraction, multiplication, and divi- 
sions of positive and negative numbers and the use of tables of functions. 


An accuracy of two minutes of arc is usually adequate for the great-circle calculations 
needed in siting line-of-sight scatter communication stations. This accuracy can be 
obtained by using five-place tables of logarithms and trigonometric functions. The 
tables should be graduated for every minute or every one-hundredth of a degree of arc. 
If five-place tables are used, it is recommended that six decimal places be carried in 
performing the arithmetical operations of the great-circle calculations and that inter- 
polation be used to obtain all functions to six places and all angles to the nearest tenth 
of a minute or one-thousandth of a degree of arc. The computed azimuths should then 
be rounded to the nearest minute or one-hundredth of a degree of are and the path 
length should be rounded to one decimal place, although the last digit will not always 
be significant. 


The procedure presented here requires the uniform system of nomenclature shown in 
figure D-1. The location having the more westerly longitude is designated point A and 
the location having the more easterly longitude as point B. The North Pole is always 
used as the third point of the terrestrial triangle, regardless of the latitude of point A 
or B, and is designated as P. 


The equations upon which the great-circle computations are based are the law of 
cosines. In terms of the terrestrial triangle PAB shown in figure D-1, these are 


sin Asin P_ sinB 


D- 
sina sinp. sinB ey) 


and 
cos p = cos a cos b + sin a sin b cos P (D-2) 


where equation (D-1) is the law of sines and equation (D-2) is the law of cosines. Since 
a = (90° - Lat B) and b = (90° - Lat A), equations (D-1) and (D-2) may be rewritten as 
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Figure D-1. Geometry for Great-Circle Calculations 
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cos p = Sin (Lat B) sin (Lat A) 


(D-3) 
+ cos (Lat B) cos (Lat A) cos P 


and 


sin A . Sin E sin B 
cos (Lat B) sinp_ cos (Lat A) 


from which the following equations for sin A and sin B are obtained: 


Sik See eos (tHe By (D-4) 
sin p 


and 


sin B = 22 cos (Lat B) (D-5) 
sin p 


Application of the law of cosines to angles A and B results in the equations 


ae ee sin (Lat B) - cos p sin (Lat A) (D-6) 


sin p cos (Lat A) 


and 


re sin (Lat A) - cos p_sin (Lat B) (D-7) 


sin p cos (Lat B) 


Angle P is equal to the algebraic difference of the longitudes of points A and B; that is, 
angle P = Long A - Long B and can have any value between 0° and 360°. Longitudes 
west of Greenwich are considered to be positive and those east of Greenwich are naga- 
tive. Likewise, latitudes north of the equator are positive and those south of the equa- 
tor are negative. An arc above two capital letters is used to indicate the shorter 
great-circle are between two points on the earth, and the direction of the arc is indi- 
cated by the order in which the capital letters are written. For example, AB repre- 
sents, and is read as, "the shorter great-circle arc from point A to point B." 


For the purpose of this appendix, the azimuth at point A of AB is defined to be the 
angle at A between AP and AB, measured eastward from north. The azimuth at point 
B of BA is defined in a similar manner. These azimuths may have any value between 
0° and 360°. For example, in figure D-1, the azimuth at point A of AB is the interior 
angle A, while the azimuth at point of B of BA is 360° minus the interior angle B. In 
general, these azimuths do not differ by 180°. 


Angles A and B are special angles introduced to simplify the computation of azimuth. 
They are positive angles between 0° and 90° and are, by definition, equal to the values 
of angles A and B respectively, when these latter angles are obtained directly from 

the tables without regard to quadrant. Use of the trigonometric tables is thus simpli- 
fied and large angles need not be dealt with until the last steps of the computation. For 
example, if sin A = -0.5, then A = 30°, not -30°, Similarly, if cos B= 0.5, then 

B = 60°, not 120°. The computation of both the sines and cosines of angles A and B 
from equations (D-4), (D-5), (D-6), and (D-7) allows the formulation of rules for the 
summarized in the tables below and on the computation forms. 
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Two examples are given, using forms especially designed to facilitate the computa- 
tions. One illustrates the use of five-place tables of logarithms, the other a calculat- 
ing machine (figure D-2 and figure D-3). The latter is also applicable if it is neces- 
sary to make the calculations by longhand (see figure D-4). If accurately followed, 
the indicated procedures will automatically eliminate any ambiguity in the quadrant of 
angles computed. 


A typical computer program which may be used in great-circle calculations is shown 


in figure D-5. This program has been developed by the INFONET Division of Compu- 
ter Sciences Corporation and it is reprinted here with their permission. 
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curve y = f(x) at point P. 


The tangent line has the slope of the curve dy/dx, where, 8 is the angle between the tangent line 
AB and a line parallel to the x-axis. But, tan 8 also equals Ay/Ax for the tangent line AB, and 
Ay/Ax is the slope of the line. Thus, the slope of a curve at any point equals the slope of the line 
drawn tangent to the curve at that point. This slope, in turn, equals the derivative of y with 
respect to x, dy/dx, evaluated at the same point. 


These applications suggest that a derivative can be visualized as the slope of a graphical plot. 
A derivative represents the rate of change of one quantity with respect to another. When the 
relationship between these two quantities is presented in graphical form, this rate of change 
equals the slope of the resulting plot. 


The mathematics of dynamic systems involves many different operations with the derivatives of 
functions. In practice, derivatives of functions are not determined by plotting the functions and 
finding the slopes of tangent lines. Although this approach could be used, techniques have been 
developed that permit derivatives of functions to be determined directly based on the form of the 
functions. For example, the derivative of the function f(x) = c, where c is a constant, is zero. 
The graph of a constant function is a horizontal line, and the slope of a horizontal line is zero. 


fx) =c 


dlf)] _ 9 (5-6) 
dx 


The derivative of the function f(x) = ax + c (compare to slope m from general form of linear 
equation, y = mx + b), where a and c are constants, is a. The graph of such a function is a 
straight line having a slope equal to a. 


fix) =ax+c 


d[fix)] _ 5-7 
7 a (5-7) 


The derivative of the function f(x) = ax", where a and n are constants, is nax™'. 
f(x) = ax" 


al) _ nt (5-8) 


nax 
dx 


The derivative of the function f(x) = ae, where a and 5 are constants and e¢ is the base of natural 
logarithms, is abe™. 
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Figure D-4. 


Great-Circle Calculations (Sheet 2 of 3) 
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Azimuth from Site 


Azimuth from Site 


° x 69.093 = (Statute Miles) 


Figure D-4. Great-Circle Calculations (Sheet 3 of 3) 
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*** SPHERE 
SPHERICAL TRIANGLES 
Geometry 02.03 


Program No. 01-0640 


ABSTRACT ***SPHERE solves spherical triangles having an apex at the 
North Pole and the other two corners defined by their respective 
latitudes and longitudes. Program output includes great circle 
distances, true bearings, and the hour angle at the North Pole. 


DESCRIPTION ***SPHERE solves spherical triangles having an apex at the 
North Pole. Input consists of: 


e Local latitude and longitude 
e@ Remote latitude and longitude 
e Observed altitude, if any 
Output consists of: 
e Local hour angle at the North Pole 
Zenith (great circle) distances 
True bearings (great circle courses) 


Altitude (remote celestial position above the local 
horizon) 


e Line of position 


INSTRUCTIONS After the program description has printed, enter input data in the 


following format: 


10 DATA LTD, LTM, LGD, LGM, RLTD, RLTM, RLGD, 
RLGM, ALD, ALM 


E00004-00.016-00 ©1970 Computer Sciences Corporation 
Los Angeles, California 
Printed in U.S.A. 


Figure D-5. Great-Circle Distance,Computer Program (Sheet 1 of 5) 
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SAMPLE RUN 
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LTD, LTM = local latitude (degrees, minutes) 

LGD,LGM = local longitude (degrees, minutes) 

RLTD, RLTM = remote latitude (degrees, minutes) 

RLGD, RLGM = remote longitude (degrees, minutes) 

ALD, ALM — = observed altitude (if any) (degrees, minutes) 


Each pair of numbers specifies the. degrees and the minutes of each 
associated location. 


For South latitudes and East longitudes, enter the degree values 
as negative numbers. If there is no observed altitude, set ALD and 
ALM equal to zero. 


The first DATA statement used must be numbered 10. DATA for 
as many cases as desired can be entered successively in succeeding 
DATA statements. DATA statements can be numbered 10-99. 


After all DATA statements have been entered, type RUN 
(followed by a carriage return) and program execution will continue. 


To re-execute the program, enter the desired new DATA statements 
and type RUN again. 


Solve the spherical triangle problem using the following data: 
Local Latitude: 40 degrees 50 minutes North Latitude 


Local Longitude: 73 degrees 30 minutes West Longitude 


Remote Latitude: 23 degrees 26 minutes North Latitude 


Remote Longitude: 133 degrees 30 minutes West Longitude 


Observed Altitude: 37 degrees 20 minutes 
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***SPHERE 
SPHERICAL TRIANGLES 


RUN +***sSPHERE 
***eSPHERE 11339 05/12/70 


SQ@LUTION OF SPHERICAL TRIANGLES 
#017-06403 VERSION 2 


DETAILS CYESsN@) 7YES 


***SPHERE SOLVES SPHERICAL TRIANGLES HAVING THE 
APEX AT THE NORTH POLE AND THE @THER TWO CORNERS DEFINED 
BY THEIR RESPECTIVE LATITUDES AND L@ONGITUDES- 
MULTIPLE CASES MAY BE ENTERED SUCESSIVELY IN DATA 
STATEMENTS 10-999 IN THE FOLLOWING FORMATS 


10 DATA LTDsLTMs LGDsLGMs RLTDsRLTMs RLGDsRLGMs ALDsALM 


WHERE EACH PAIR @F NUMBERS SPECIFIES A L@CATION IN THE FORM 
*DEGREES»MINUTES® AS FOLLOWS: 


LTD»sLTM LOCAL LATITUDE 

LGDsLGM LOCAL LONGITUDE 

RLTD»RLTM REMOTE LATITUDE 

RLGD»RLGM REMBTE LONGITUDE 

ALDsALM OBSERVED ALTITUDE CIF ANY) 


SOUTH LATITUDES AND EAST LONGITITUDES ARE SPECIFIED 
WITH NEGATIVE DEGREES AND POSITIVE MINUTE VALUES~- 
IF THERE IS NO OBSERVERED ALTITUDE» SET ALD AND ALM 
EQUAL TO ZERO. 


END OF *#**SPHERE 
N@W AT *END* 


11241 RAN 0 MINS 0-32 SECS 


READY 
10 DATA 40250573,305232265133s30,37520 
RUN 


*** SPHERE 11342 05/12/70 


SOLUTION OF SPHERICAL TRIANGLES 
#01-06403 VERSION 2 
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*** SPHERE 
SPHERICAL TRIANGLES 


CASE NUMBER 1 


LOCAL P@SITION: 

40 DEG 50 MIN N@RTH LATITUDE 

73 «DEG 30 MIN WEST LONGITUDE 
REMOTE POSITION: 

23 DEG 26 MIN NORTH LATITUDE 
133 DEG 30 MIN WEST LONGITUDE 
LOCAL H@UR ANGLE CAT NORTH POLE): 

60 DEG 

60 DEG O MIN 

4 HRS O MIN 0 SEC 
ZENITH (GREAT CIRCLE) DISTANCES: 

5206 DEG 

32 DEG 37 MIN 

3157 NAUTICAL MILES 

3635¢5 STATUTE MILES 
TRUE BEARINGS (GREAT CIRCLE COURSES): 
REMOTE P@OSITIGN FROM LOCAL POSITION: 
270¢«1 DEG 

270 DEG 4 MIN 

LOCAL POSITION FROM REMOTE POSITION: 


556 DEG 
55 DEG 33 MIN 


ALTITUDE CREMOTE CELESTIAL POSITION 
ABOVE LOCAL POSITION HORIZON): 


37-4 DEG 
37 DEG 23 MIN 
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*** SPHERE 
SPHERICAL TRIANGLES 


OBSERVED ALTITUDE: 
37 DEG 20 MIN 


37-33 DEG 


LINE OF POSITION: 


3 MILES AWAY @N LINE BEARING 90-1 DEGREES TRUE 


END OF ***SPHERE 
N@W AT *END* 


11243 RAN O MINS 0612 SECS 
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APPENDIX E 
LINE-OFF-SIGHT AND TROPOSCATTER SITING SURVEY 


The purpose of the accompanying forms is to facilitate the on-site survey phase of 
site selection. No attempt has been made to produce a text on the subject, nor is it 
intended as a replacement for any known USN document. Rather, this collection of 
forms is intended as an aid in assembling the pertinent field data for engineering 
design of either a line-of-sight or a tropospheric communications system, regard- 
less of the locale, or agency making the survey. 


Dependent upon the purpose of survey or the geographic area, some of the included 
data is not applicable (e.g., import data for sites within the U.S. Z.I.) and should, 
therefore be removed from the forms prior to issuance to the survey teams. A 
suggested list of required equipment, for field survey, is shown in Figure E-1. 


In the preparation of these forms, it has been assumed throughout that competent 
field teams would be utilized in making the surveys. There is no reliable short-cut 
method for selecting line-of-sight or tropospheric scatter sites since no two sites 
present identical problems. In the final selection, a compromise is usually neces- 
sary between the purely electronic considerations and those involving site accessibil- 
ity and the costs of procurement and construction, with certain minimum trans- 
mission requirements as the one inflexible parameter. An orderly and logical ap- 
proach to the selection of sites is outlined in the following steps. 


o Preliminary Design. Engineering design, based on thorough map studies, 
taking into consideration path loss calculations, anticipated transmitter power, 
antenna size, approximate site location, zone of radiation hazard, and where ap- 
plicable, the great circle bearings to adjacent sites. 


o On-Site Survey. Working from the preliminary design, features of an 
area such as line-of-sight visibility, accessibility, topography, construction and 
support facilities, and other considerations essential to the selection are evaluated 
from a physical survey. These forms are intended for use in this phase of the work. 


o Path Loss Measurements. These measurements are obtained by actually 
measuring the propagation losses between adjacent sites when on-site survey or 
prediction techniques fail to provide clear assurance of adequate field strengths at 
otherwise acceptable site locations. 
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o Site Acquisition. This involves the negotiations for purchase or lease, for 
right-of-way, etc. When the survey is undertaken for a government agency this 
phase is accomplished by offices of the U.S. Government and under no circumstances 
are survey teams to anticipate or enter into any part of these negotiations. 


Ideally, a site survey team should include an electronic engineer and a civil engineer, 
and for obvious reasons, it is recommended that these men be thoroughly familiar 
with the area maps, plats, and path calculations as well as the preliminary design 
prior to the actual field survey. 


o Data Book. The Survey Data Book included in this appendix, consists of 
forms and check-lists for the collection of information that is required regardless of 


the type of site. 


The following table lists the forms of the Data Book as they appear in this Appendix. 


Form Figure Number Page Number 
I. Pre-Site Survey Data E-2 E-4 


Il. Electronic Engineering 
Survey Data E-3 E-7 


III. Civil Engineering 
Survey Data E-4 E-18 


IV. Support Data E-5 E-24 
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CALCULUS Higher Concepts of Mathematics 


fx)= ae” 


d[f(x)] = abe’* (5-9) 
dx 


These general techniques for finding the derivatives of functions are important for those who 
perform detailed mathematical calculations for dynamic systems. For example, the designers of 
nuclear facility systems need an understanding of these techniques, because these techniques are 
not encountered in the day-to-day operation of a nuclear facility. As a result, the operators of 
these facilities should understand what derivatives are in terms of a rate of change and a slope 
of a graph, but they will not normally be required to find the derivatives of functions. 


The notation d[f(x)]/dx is the common way to indicate the derivative of a function. In some 


applications, the notation f/(x) is used. In other applications, the so-called dot notation is used 
to indicate the derivative of a function with respect to time. For example, the derivative of the 


amount of heat transferred, Q, with respect to time, dQ/dt, is often written as Q. 


It is also of interest to note that many detailed calculations for dynamic systems involve not only 
one derivative of a function, but several successive derivatives. The second derivative of a 
function is the derivative of its derivative; the third derivative is the derivative of the second 
derivative, and so on. For example, velocity is the first derivative of distance traveled with 
respect to time, v = ds/dt; acceleration is the derivative of velocity with respect to time, a = dv/dt. 
Thus, acceleration is the second derivative of distance traveled with respect to time. This is 
written as d’*s/dt’. The notation d’[f(x)]/dx* is the common way to indicate the second derivative 


of a function. In some applications, the notation f(x) is used. The notation for third, fourth, 
and higher order derivatives follows this same format. Dot notation can also be used for higher 
order derivatives with respect to time. Two dots indicates the second derivative, three dots the 
third derivative, and so on. 


Application of Derivatives to Physical Systems 


There are many different problems involving dynamic physical systems that are most readily 
solved using derivatives. One of the best illustrations of the application of derivatives are 
problems involving related rates of change. When two quantities are related by some known 
physical relationship, their rates of change with respect to a third quantity are also related. For 


example, the area of a circle is related to its radius by the formula A = mr. If for some reason 
the size of a circle is changing in time, the rate of change of its area, with respect to time for 
example, is also related to the rate of change of its radius with respect to time. Although these 
applications involve finding the derivative of function, they illustrate why derivatives are needed 
to solve certain problems involving dynamic systems. 
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I, PRE-SITE SURVEY DATA 
A. GENERAL SURVEY DATA 


The following data is to be on hand and available to the survey team prior to their departure 
for the field. When at al possible, marked maps and plats will be furnished which indicate proposed 
sites, antenna bearings, radiation hazard area, and horizontal profile constructed from map studies. 


Name of Project 

Task Number 

Site Name 

Location of Site 

Owner 

Date of Survey 

Survey Party Members: 


Name Affiliation 


a 
b 
c. 
d. 
e 
f. 
g. 
h, 
i. 
j. 
k. 
1. 


Description of coordinates of established geographic points in the area to be surveyed and the 
bearing and distance from these points to the proposed site. 


Latitude Longitude Elevation 
(Obtain latitude, longitude, and elevation from map study) 


Code Designation 

Type of Station 

Required Area in Acres 

Alternate Site Name 

Description of coordinates of established geographic points in the area to be surveyed and the 
bearing and distance from these points to the proposed alternate site. 


Latitude Longitude Elevation 
(Obtain latitude, longitude, and elevation from map study) 


AIK A620 
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E-4 MAY 1972 


NAVELEX 0101, 112 


B. TABLE OF MAPS AND PLATS FURNISHED COMPANY OR ACQUIRED BY SURVEY TEAMS 
EER RK PANY OR ACQUIRED BY SURVEY TEAMS 
1. Title 


Descriptive name of map 


a. Map Series 
aa a ee ey 
b. Type 


Geographic, Geodetic, Topographic, Profile, Plot, etc. 


c. Territory 
sl 
d. Source 


eee 
e. Scale Date 


a ah 
Special Data (Plot size, antenna bearing, etc.) 


a ee 
Or — — 


2. Title 
Descriptive name of map 
a. Map Series 
b. Type 
Geographic, Geodetic, Topographic, Profile, Plot, etc. 
ec. Territory 
d. Source 
e. Scale Date 


Special Data (Plot size, antenna bearing, etc.) 


a es he 
eee 
3. Title 


Descriptive name of map 


a. Map Series 


b. Type 


Geographic, Geodetic, Topographic, Profile, Plot, etc. 


c. Territory 
eee 
d. Source 


ee 
e. Scale Date 


a a Se ee 
Special Data (Plot size, antenna bearing, etc.) 


OOOO __-_-+_ ————— 
ee 


4, Title 
Descriptive name of map 
a. Map Series 
i ese a 
b. Type 


Geographic, Geodetic, Topographic, Profile, Plot, etc. 


c. Territory 
a ee ee 

d. Source 

e 


ne E ", 
Scale Date 


Special Data (Plot size, antenna bearing, etc.) 


OO CO rrr — — — 
rr se es 
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ENGINEERING DESIGN DATA 


Anticipated Frequency. MHz 
Proposed Transmitter Power. kw 
Antenna Size diameter in feet 

Tower Height feet 

Radiation Hazard Zone feet in front of antenna 


Approximate Layout of Fized Plant 


IMPORT AND CUSTOMS REQUIREMENTS 


Bills of Lading Required Yes 

Consular Invoices Required Yes 

Gross Weights Required Yes 

Net Weights Required Yes 

Special Classifications (Describe special classifications required by types of materials, 
countries of origin, processing, references to import elassifications, etc.) 


a 


Duties (List only fees to be paid by NAVELEX or its contractors) 


a 


Import License Requirements (List only those pertaining to the NAVELEX and its 
contractors) 


a. Title and date of regulations 


b. Source from which regulations may be obtained 


a ———— — 
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The objective of this survey is to determine the radio horizon, that is, the minimum angle of 
take-off of the radio beam above or below the horizontal. Line-of-sight requires that the center 
of the beam be above all obstructions from one station to the next. For tropo, itis highly desir- 
able to have a negative take-off angle, with a maximum of +1° being the usual limit. 


With this in mind, the transit is set in position at the selected antenna site, and the vertical 
angle, above or below the horizon, of all obstructions for 360° of azimuth, are plotted on the 
polar coordinate paper (included in this appendix) as indicated in the following instructions. 
Distances to the obstacles are not required. 


o Horizon Profile Requirements 


a. Shall be plotted on polar coordinate graph paper 

b. Shall be plotted with respect to true north 

c. Shall include bearing to magnetic north 

d. hall include azimuth bearing to adjacent stations 

e. Elevations shall be plotted to the smallest direct reading of the instruments used 
at ten degree increments of azimuth except on the path to adjacent stations where elevation incre- 
ments shall be at least six minutes at one-degree increments for five degrees on either side of 
the true bearing of the adjacent stations. Where abrupt changes occur within increments readings 
are to be made to reflect this change. 


o Path Profile for Line-of-Sight Site. The number and accuracy of measurements required 
to establish a meaningful path profile are matters of good engineering judgment. In the event that 
highly accurate maps are available from which graze point and Fresnel Zone interference points can 
be sealed, it is necessary only to establish accurate path clearance optically. Where optical sight- 
ings are not feasible, or when accurate maps of the area under investigation are not available, the 
engineer must determine the altitude of the adjacent sites and all intervening heights which could 
affect the transmission characteristics of the path. In either case a profile graph of the proposed 
path shall be included in the data obtained, 


o Path Profile for Tropospheric Scatter Sites. The distance between tropospheric scatter 
sites makes it impractical for site survey teams to field-plot path profiles between stations. Such 
profiles are best constructed from engineering map studies. However, it is desirable that the 
terrain adjacent to the site be compared to the profile provided by the engineering study. Minimum 
requirements are elevation of site and angles to visible obstructions along the path. Notations 
should be made on the profile where deviations are noted. 


In the event that a site (other than the one selected by the map study) is surveyed, a profile graph 
of the new path must be constructed. 


Figure E-3. Electronic Engineering Survey Data (Sheet 1 of 11) 
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As in surveying a line-of-sight site, engineering judgment dictates the detail required for the 
profile graph. Generally speaking, all heights masked from the observer's view along the proposed 
path by adjacent heights lose their significance. In flat or rolling terrain, heights protruding six 
minutes above the theoretical earth curvature to a distance of thirty miles are of interest. 


o Use of Path Profile Chart. A path profile chart is used in the following manner: 


a. The path route is established. 

b. The elevations of all high points along the path are determined. 

e. The distance from the selected site to the obstruction is calculated. (Usually good 
topographic maps will give results of sufficient accuracy). 

d. These elevations and distances are plotted on the profile chart. 

e. Horizon (tangential) lines are constructed on the chart, from each plotted site, to 
establish line-of-sight without obstructions. 


Map elevations should not be used in areas of tall trees or other obstructions that extend above the 
indicated map elevation. The elevation of the top of the highest obstruction should be plotted. 


A blank profile chart is provided in this manual in the event that a profile must be constructed in 
the field. In order to provide the maximum flexibility for using the charts, a graph has been 
provided for selecting the proper scales. The examples below illustrate the use of these charts. 


o Example. Assume sites are approximately 40 miles apart. On scale l-a at '40 miles', 
read elevation opposite on scale 1-b '1600 ft.'. Since this represents full-scale elevation on the 
profile chart, each major elevation division on the profile chart will then be marked in increments 
of 160 ft. The major division of the "Distance Between Stations" scale on the profile chart will be 
marked in increments of 2 miles, i.e. 40 miles is 20 divisions. 


o Example 2. Assume that the available maps are scaled in kilometers and that the sites 
are approximately 100 kilometers apart. Step A: On scale 3-a, opposite 100 kilometers, read 
62.2 miles on scale 3-b. Step B: Opposite 62.2 miles on 1-a, read 3830 feet on I-b. Step C: 
Opposite 3.83 thousand feet on 5-b, read 1150 meters on scale 5-a. The profile chart can now 
be marked off with a full horizontal scale (distance between stations) of 100 kilometers, and a 
full vertical scale (height above sea level) of 1150 meters with increments of 115 meters. 


Figure E-3, Electronic Engineering Survey Data (Sheet 2 of 11) 
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Horizon Profile Data 


Azimuth bearing of Magnetic North 

Azimuth bearing of adjacent station East (ASE) 
Azimuth bearing of adjacent station West (ASW) 
Instrument data 


Instrument type 
Instrument serial no. Date of Last Calibration 


Horizon data 


(This data should be plotted on the polar chart.) 


AIAA 630 
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PROFILE CHART SCALES 


THESE CONVERSION NOMOGRAPHS ARE TO BE USED TO ESTABLISH 


APPROPRIATE SCALES ON FOUR-THIRDS EARTH'S RADIUS GRAPH PAPER 
FOR CONSTRUCTING RADIO TRANSMISSION PROFILE CHARTS. 
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B, PHO TOGRA PHS 


The purpose of photographing the site is to visually display a 360° panoramic view of the forward 
area and the area within the site boundary. Care should be used in photographing the panoramic 
view in order that individual photos can be matched to display 360° of azimuth. One satisfactory 
method involves fastening a chalk-board (on which are written the pertinent facts of site and 
bearing) to the stadia rod which is targeted for horizontal level. Obviously, the task will be 
simplified if the camera (preferably Polaroid) is mounted on the transit in such a manner that 
azimuth adjustments can be accurately and simply made. A cable release for the camera is 
essential. 


The number of shots required to complete a 360° arc of the site is dependent upon the camera 
used and should be determined before the photographs are made. Approximate vertical angles 
of obstructions and other useful information can be derived from photographs taken in this manner. 


1. Photograph Data (Every effort should be made to obtain aerial photographs of the site 
and vicinity. Photographs covering 360° of azimuth from near the center of the site must be 
included.) 


Title 

1. Source 

. Date 
Availability 
Shows 


2 
3 
4 


Title 
Source 
Date 
Availability 


Source 

Date 
Availability 
Shows 


Title 

1. . Source 

2. Date 

3. Availability 
4 Shows 


(Add Additional Sheets If Necessary) 
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Cc. RADIO INTERFERENCE DATA 


Radio or Radar Transmitters 


Distance miles 
Direction degrees 
Frequency kHz 

Power kW 
Antenna pattern - attach radiation pattern when critical. 


Radio Receiving Stations 


a. Distance 
b. Direction 
c. Receiving frequencies 
(attach sheets if required) 
d. Type of station and operation organization 


[Distance from Roads oF Highways in Frontof Antenna 
[.Bistaoe fom Oxdnanee Asean 
6. Distance to Airports 
(7. Existence of Atzways or Trae Ptteras in Antena Quadrant 
8. Average Number of Flights per Day 
Type of Aircraft 
Preponderantly jet 
Preponderantly propeller 
Commercial airline 
Private light plane 
10. Anticipated Industrial Noise Level 
High Low 
11, Radiation Hazard Zone (zone determined from engineering design) 
Occupied dwelling Thoroughfare 


Live-stock grazing area 
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Higher Concepts of Mathenatics CALCULUS 


Example 1: 
A stone is dropped into a quiet lake, and waves move in circles outward from the 
location of the splash at a constant velocity of 0.5 feet per second. Determine the 
rate at which the area of the circle is increasing when the radius is 4 feet. 
Solution: 
Using the formula for the area of a circle, 
A =r 


take the derivative of both sides of this equation with respect to time ¢. 


dA dr 

ier 094) y alee 
dt dt 

But, dr/dt is the velocity of the circle moving outward which equals 0.5 ft/s and 

dA/dt is the rate at which the area is increasing, which is the quantity to be 

determined. Set r equal to 4 feet, substitute the known values into the equation, 

and solve for dA/dt. 


dA dr 
ee Da 
dt dt 
“ = (2)(3.1416) (4 ft) (0.5 ft/s) 
t 
aoe 12.6 ft’/s 
dt 
Thus, at a radius of 4 feet, the area is increasing at a rate of 12.6 square feet per 
second. 
Example 2: 


A ladder 26 feet long is leaning against a wall. The ladder starts to move such 
that the bottom end moves away from the wall at a constant velocity of 2 feet per 
second. What is the downward velocity of the top end of the ladder when the 
bottom end is 10 feet from the wall? 

Solution: 


Start with the Pythagorean Theorem for a right triangle: a = cc? - b° 


Rev. 0 Page 39 MA-05 


NAVELEX 0101, 112 


D. 
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Figure E-3. 


UTILITIES 


Electric Power 


Primary power available 
Operating company 
Address 


Distance to nearest transformer or substation 
where take-off of usable power can be effected 


Equipment power plan drawing no. (where applicable) 


Standby available Yes 
Other services (light, heat, ete. ) 
Standby available 


Equipment power characteristics 

Regulation % Primary 

Power outages hours yearly 
Is there adequate power capacity to accommodate site load? 
Yes No 

Joint usage of pole lines or underground cable Yes 


Estimated cost of power line construction from "d"' above to site 


substation 
show calculations and source of cost data 


Telephone Service 


Distance to nearest telephone service connection 
Type of line construction Open wire 
Cable 
Number of pairs available 
Estimated cost of line extension $ 
Remarks 


Electronic Engineering Survey Data (Sheet 8 of 11) 
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PROPERTY OWNERSHIP 


MAY 1972 


Private Government (Check one) 
Name of Owner(s) (if privately owned) 

Description of All Improvements on Land Areas Selected (including buildings and 
structures on property. Identify any problems of riparian or mineral rights). 


NOTE 


The proposed purchase or lease of property by the Federal Government is 
considered classified data. Survey party personnel shall not inquire into 
the availability or cost of property nor shall they divulge the suitability of 
the site to indigenous personnel. Inquiries and negotiations for real estate 
shall be handled by personnel designated by the interested agency. When 
specifically requested by NAVELEX, approximate lease or purchase 
prices may be obtained from the District or Division Corps of Engineers. 
Concurrence of the site selection should also be obtained from the U. S. 
Military Commander to prevent a conflict of interest in siting. 
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Figure E-3. Electronic Engineering Survey Data (Sheet 9 of 11) 
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E-16 


F. WEATHER DATA 


1. Location of Recording Weather Station 


city - town 


2. Recording Station Elevation 


3. Recording Station Distance from Survey Site 


4, 
Rain Fall (inches) 
Max. recorded 


/ / 


inch /month/year 


5. 
Snow Fall (inches) 
Max. recorded 


/ / 
inch /month/ year 


6. 

Humidity (%) 
Mean ave. 
May/Sept. 


Oct. /Apr. 


7. 
Temperature 
Max. 
Mean Ave. 
May/Sept. 
Oct. /Apr. 


8. 

Wind Velocity (mph 
Max. 

Direction 


9. Presence of Permafrost 


10. Average Frost Line Depth Winter Summer 


11. Location of Nearest Site Making Upper Air Sounding 


Figure E-3. 
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REMARKS AND PERTINENT DATA NOT COVERED BY PRECEDING SHEETS 


Figure E-3. Electronic Engineering Survey Data (Sheet 11 of 11) 
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A. 


E-18 


Ill. 


SITE CONDITIONS 
1. 


Topography 


CIVIL ENGINEERING SURVEY DATA 


a. Highest elevation (above sea level) 


b. Lowest elevation 
Terrain 

a. Heavy vegetation 
b. Heavily wooded 


c. Steep slopes 


(above sea level) 


Light vegetation 
Lightly wooded 
Gentle slopes Rolling 


d. Vegetation to be removed: Heavy Light 


e. Remarks 


Soil Data 


a. Rock Clay 


b. Water table (feet 


Drainage 


Gravel Sand Silt 


below mean surface of site) High 


a. Surface characteristics 


b. Sub-surface characteristics 


Corrosion and Erosion 


Salt air Sand storms Dust storms Ice 


Tornados 


Hurricanes Monsoons Tidal wave Chemical 


fumes Earthquakes Others 


Water 


a. Drinking water source: Wells Piped Springs 


Rain 


Muncipal Government Private Springs 


Rain 


Name and address of supplier 


If existing wells, 


Capacity (gals/min.) Depth 


If existing pipe lines, Pressure psi Quantity 


Distance to supply 


Figure E-4. 


Civil Engineering Survey Data (Sheet 1 of 6) 
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Remarks (Reliability, etc.) 


Other Water Available 
Lake River None Other 
Pumping required Yes Approximate head in feet 
Potable Yes 
Distance to supply 

Sanitary Facilities 


a. Existing 


Type: Septic Treated Open drain 


None Other 


If treated, name and address of owner 


Size of main inches diameter 
Capacity of main cfm 
Distance to main 
Pumping station required Yes No 
Distance to probable outfall for a new sewer miles 
Pumping station required Yes No Approximate head feet_ 
How many 

Storm Sewers 

a. Existing Required 

Natural Drainage 

a. Good Poor 

Method of Garbage Disposal Required 

Method of Rubbish Disposal Required 


Remarks 
B. EXISTING SITE FEATURES 


1. Towers 


a. Type and number 


Maximum heights 


AIAA634(B) 


Figure E-4, Civil Engineering Survey Data (Sheet 2 of 6) 
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Fence Enclosures 
Owner 
Type and heights 
Identification 
Buildings 
Type 


Other Projections or Obstructions 


Can existing towers be utilized 


. Modification required 


C. ROADS 
1. Highways 
Distance from site to main highway 


Classification: Paved highway 


Types: Concrete Asphalt 


Minimum widths 


AIAA 63 4(C) 


Figure E-4, Civil Engineering Survey Data (Sheet 3 of 6) 
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Paved shoulders 


Maximum grades percent 


Bridge or tunnel limits: Load Tons/axle Clearance feet 


Total width feet Lanes 


Reliability: Months of year usable 


Improvements required 


Existing Access Roads (From site to highway) 

a. Distance to nearest existing road 

b. Type: Paved Dirt Rock 
Width feet Capacity: Heavy 
Months of year usable 
Drainage: Excellent Good 


Improvements required 


Construction of New Access Roads (if required) 

a. Length miles 

b. Type: Paved Dirt Rock 
Width feet Capacity: Heavy 
Maximum grade percent 
Culverts required: Quantity Average Fill 
Bridges required: Quantity Average Length 


d. Construction period 


Summer months only 
Year round 
Cable Railways Yes No 
a. Capacity Cubic feet Weight 


Remarks 
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Figure E-4. Civil Engineering Survey Data (Sheet 5 of 6) 
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Materials Available 


Sand and Gravel 
Rock 

Ready-mix Concrete 
Cement 

Steel 

Lumber 


Miscellaneous Hardware 


Crushing Facilities 


6. Remarks 


41AK634 (F) 


Figure E-4. Civil Engineering Survey Data (Sheet 6 of 6) 
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CALCULUS 


Higher Concepts of Mathematics 


Take the derivative of both sides of this equation with respect to 
time ft. The c, representing the length of the ladder, is a constant. 


Gg oi 

t dt 
Oa, 
dt dt 


But, db/dt is the velocity at which the bottom end of the ladder is 
moving away from the wall, equal to 2 ft/s, and da/dt is the 
downward velocity of the top end of the ladder along the wall, 
which is the quantity to be determined. Set b equal to 10 feet, 
substitute the known values into the equation, and solve for a. 


a? =c? - b? 

a =yc? -b’ 

a = (26 ft? - (10 fo” 
a = (6162 2100 
a = (S76 


a= 24 ft 
ae 
dit 

da __bdb 

dt a dt 

a _ 00 © 02 tus) 
dt 24 ft 

fa _ 0.933 fils 

dt 


Thus, when the bottom of the ladder is 10 feet from the wall and moving at 
2ft/sec., the top of the ladder is moving downward at 0.833 ft/s. (The negative 
sign indicates the downward direction.) 
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IV. SUPPORT DATA 
A, TRANSPORTATION 


Waterway 


a, Open sea River Canal Lake Bay None Other 


a 


b, Channel depths: Daily high water feet Daily low water feet Mean yearly 
high water feet Mean yearly low water feet 


c. Name of shipping company 


d. Docking facilities. Excellent Good Poor None 
e, Distance from site to dock. Air miles Road miles 
f, Reliability: Months of year usable 


Distance from site to waterway, Air miles Road miles 


Remarks 


pe ee eS SS eS eee 


2. Railway 


a, Existing railway facilities 


Government Municipal Private None 


Name and address of nearest terminal 


oa oe Se a 8 ee SS SS SSS 


c. Passenger Freight 

d. Distance to terminal: Air miles Road miles 
e., Distance to tracks: Air miles Road miles 
f, Regular passenger runs: Yes No 

g. How often? 

h, Type rails: Standard gauge Other 


i. Reliability: Months of year usable 


Remarks 


pe he a Sees a eS SS 


Airway 


a, Existing airports 


Government Municipal Private _ None 


Name and address 


oo ee i eS SSS 
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Figure E-5. Support Data (Sheet 1 of 5) 
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Type of air strip: Concrete Asphalt Dirt Ice Other 


d. Length of runway feet 


e. Maximum size planes accommodated 


a 
f. Terminal facilities: Passenger Freight Radar control None 


&. Maintenance and fueling facilities 
ees 


Reliability: Months of year usable 
sss 
i, Distance from site: Air miles Road miles 
j. Remarks 
ee 
a 


4, Passenger Service 


Scheduled bus service Taxi 


Distance to nearest terminal 


Remarks 


a 


5. Commercial Trucking 


Availability: Unlimited Limited None 


b. Nearest terminal Miles 
re a i 
c. Name and address of companies 
ees 

Se as ee 

d. Remarks 
a 

es te 


B, IMPORT AND CUSTOMS REGULATIONS (Foreign Countries Only) 


Include here notes on special problems or procedures which were not covered under this heading 


in Part I, Pre-survey Data. 


Figure E-5. Support Data (Sheet 2 of 5) 
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C,. SUPPORT CONSIDERATIONS 


1, Living Standards: High Modest Poor 


2. Housing 
a. Hotels: Plentiful Scarce None 
Accommodations: Excellent Adequate Poor 


Lodging, average price per day 


Food, average price per day 


b. Private Homes: Plentiful Scarce None 


Accommodations: Excellent Adequate Poor 


—_—— 


Average price per month $ 


3. Food Supply (USA - N/A) 


a. Local restaurants: Yes __ No 

Prices compared to U.S. % Higher __ Same ____% Lower 
b. Local merchants: Plentiful Scarce None 

Prices compared to U.S.: % Higher Same % Lower 
c. Import Supplies: Yes No 

From where: 


octet e ees 


Remarks: 


Banking 


Nearest large bank air miles road miles 


Name and address: 


a 


Local banks: Plentiful Searce None 


Clothing 


Local merchants: Plentiful Scarce None 
b. Prices compared to U.S.: % Higher Same None 
c. Import: Yes No 


From where? 


Remarks: 


AiwaA635 (Cc) 
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MAY 1972 


Recreation 
Types available: Government 


Describe; 


Medical facilities 
Nearest hospital 


Name and address: 


Dispensary facilities or doctors: Yes 


Distance; Air miles 


Remarks: 


Schools 
Existing; Grade School 
Private tutors 
Distance 
Standards: Excellent 
Private 


Sponsor: Government 


Name of Sponsor: 


Municipal 


Air miles 


High Loaf 


Satisfactory 


NAVELEX 0101,112 


Private 


Road miles 


No 


Road miles 


College 


Poor 


Municipal 


Probable Support from a U.S, Military Base for Supplies and Services 


Site 

Type 

Location 

Type Support 

Automobile maintenance: Field depot 
Clothing equipment and repair 
Clothing supply 

Commissary 

Communications & electronics supply 
Dry cleaning 

Heating fuel 

Laundry 

Maintenance: Radar, Comm, 


Mortuary 


Figure E-5. 


Support Base 


AlAA 635 (0) 


Support Data (Sheet 4 of 5) 
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PO. L. 
Post exchange 
Purchasing & contracting 
Rations: Field 
Repair & utilities 
Salvage 
Shoe Repair 
T/A Supply 
TO&E Supply 
Technical publications 

10. Population Data 

a, Distance to nearest large city 

Name of nearest large city 
Population of nearest large city 
Distance to nearest town 
Name of nearest town 
Population of nearest town 
Prevailing nationality of population 


Principal language spoken 


REMARKS AND PERTINENT DATA NOT COVERED BY PRECEDING SHEETS 


AtAAG35 (E) 


Figure E-5. Support Data (Sheet 5 of 5) 
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APPENDIX F 
TROPOSPHERIC SCATTER EQUATIONS 


This appendix contains appropriate forms to be used in reference to a Feasibility and 
System Design Study. 
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MICROWAVE PATH DATA CALCULATIONS 


(ee ee 
PRAM = ee 
LE eA] (A) EN! 
[eievation OC 
TOWER HEIGHT | a aa (es 
TOWER TYPE Pee ee Ee 


7) AZIMUTH FROM TRUE NORTH. 


PATH ATTENUATION dB : 
RIGID WAVEGUIDE rr | [| =| | ds z 
FLEXIBLE WAVEGUIDE re | | | ff 5 E 
WAVEGUIDE LOSS EC ee a ee (es ee 
3| CONNECTOR LOSS rT ee ee ee 
CIRCULATOR OR HYBRID LOSS wo | | {|  |{ | 
RADOME LOSS, TYPE* a | | [| |e 
TNEARFIELDLOSS.s=“‘SSCCC+«B®*~SNNSC‘S$SN’'W“#NSNW VN —sd|sS 
7| CLOSE COUPLING LOSS (DOUBLE PASS.) de] | | [| a 
8| TOTAL FIXED LOSSES awl [| | | |? 
19] TOTAL LOSSES Ce a Ge 
20| PARABOLA HEIGHT ee a ee ee 
21| PARABOLA DIAMETER re | [| | [| ee E 
22| REFLECTOR HEIGHT ae | | | [|  |s#2 
23| REFLECTOR SIZE, TYPE a a es ee ee as é 
24[ PARABOLA - REFLECTOR SEP. ere || | | | & 
25| NEAR FIELD GAIN 3] | ide ¢ 
26] ANTENNA SYSTEM GAIN al; | {| |{ | a? e 
TOTAL GAINS afl | 4dr 
128] NET PATH LOSS a[ | gs 
29] TRANSMITTER POWER rs ee ee 
30] MED. RECEIVED POWER (+ 2 dB) re es ee 
31 RECEIVER NOISE THRESHOLD TG : 
I32| THEORECTICAL AF C/N RATIO ie as ee 
33] FM IMP, THRESHOLD ( dBa) Fy a 3 5 
I34[ FADE MARGIN (To FM Imp. Thresh.) do, |... |?" % 
35] RELIABILITY SPACINGT "5 a ee C= = 
9g] POLARIZATION? 
G7[ PROFILENUMBER 


CUSTOMER 
PROJECT NO, _.___C FREQUENCY 
SYSTEM EQUIPMENT 
LOADING _______dBim0 ( CHANNELS OF 
AIAA 229 
DATE ___ CO ENGINEER Sheet of 


Figure F-1, Microwave Path Data 
Calculation Sheet 
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PARAMETER 


SCATTER ANGLE @, MILLIRADIANS 


6d RADIANS 


ATTENUATION FUNCTION F(@d) IN dB 
(FROM FIGURE 4-5) 


30 LOG f IN dB 


-20 LOG d IN dB 


Lbsr 730 LOG f-20 LOG d + F(@d)-FotHotAg, dB 


Figure F-2. Computation of Long Term 
Median Transmission Loss 
Tropospheric Scatter (for) 
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AIAA 230 


Preliminary Design Purposes) 


MAY 1972 
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ANTENNA COUPLING LOSS (SCATTER LOSS) 


(FROM FIGURE 6-17) 


De=d-diz~di p 


(FROM FIGURE 6-17) 


THE HALF POWER BEAM WIDTH 1. OF A PARABOLIC ANTENNA IS 
APPROXIMATELY 


FREQUENCY IN GHz 
MILLIRADIANS 


= PARABOLA DIAMETER FEET 


(FROM FIGURE 6-14) 


SCATTER LOSS Lgp 
(FROM FIGURE 6-23) 


AlAA231 


Figure F-3, Antenna Coupling Loss 
(Seatter Loss) 


MAY 1972 


MAY 1972 


Lpsr #30 LOG f-20L0G D+F(9d) -Fy + Hy +A, 


@d IN RADIANS 


PATH ASYMMETRY 
Se te, 


Ba.” 


dB 


ATTENUATION FUNCTION F(@d) IN dB 
FROM FIGURE 8-6, 7, 8, OR9 


30 LOG F IN dB= 


—20 LOG d IN dB= 


1, = 41.92 Of hte= 


ro= 41.92 Of Nie = 


7, FROM FIGURE 6-22 


Ho( 1) + Ho fra) 
Hy=—? 9 


5 + A Ho IN a8 


Ho (r}) & Hola) FROM FIGURE 


8-10 14 He FROM FIGURE 8-1! 


Fo *1.086 (F£)( ho-hy hut —hi,) dB 


FROM FIGURE 4-6 


Figure F-4, 


Computation of Long Term 
Median Transmission Loss 
Tropospheric Scatter (for 
Design Purposes) 
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Higher Concepts of Mathenatics CALCULUS 


Integrals and Summations in Physical Systems 


Differentials and derivatives arose in physical systems when small changes in one quantity were 
considered. For example, the relationship between position and time for a moving object led to 
the definition of the instantaneous velocity, as the derivative of the distance traveled with respect 
to time, ds/dt. In many physical systems, rates of change are measured directly. Solving 
problems, when this is the case, involves another aspect of the mathematics of dynamic systems; 
namely integral and summations. 


Figure 7 is a graph of the instantaneous velocity of an object as a function of elapsed time. This 
is the type of graph which could be generated if the reading of the speedometer of a car were 
recorded as a function of time. 


At any given instant of time, the velocity 
of the object can be determined by 
referring to Figure 7. However, if the 
distance traveled in a certain interval of 
time is to be determined, some new 
techniques must be used. Consider the 
velocity versus time curve of Figure 7. 
Let's consider the velocity changes 
between times ¢, and f,. The first 
approach is to divide the time interval into 
three short intervals (At,,At,,At,), and to 
assume that the velocity is constant during 
each of these intervals. During time 
interval At,, the velocity is assumed 
constant at an average velocity v,; during 
the interval At,, the velocity is assumed 
constant at an average velocity v,; during 
time interval At,, the velocity is assumed 
constant at an average velocity v,. Then 
the total distance traveled is approximately the sum of the products of the velocity and the 
elapsed time over each of the three intervals. Equation 5-10 approximates the distance traveled 
during the time interval from 1, to ¢, and represents the approximate area under the velocity curve 
during this same time interval. 


> 
eas 
o 
nee 
D 
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Figure 7 Graph of Velocity vs. Time 


s =v,At, + v,At, + v,At, (5-10) 
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(EXISTING TROPOSCATTER PATH) 


Aaz ABze 


FROM FIGURES 6-!8 AND 6-19 FROM FIGURES 6-I8 AND 6-19 


a, =O. txt Aay By =8y +yt AB, 


——————————— LS TSS aes 


890 ted 8=Aaot Bo 


ALAA 233 


Figure F-5. Tropospheric Path Angle 
Computations (Milliradians) 
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APPENDIX G 
COMPUTER INTERFERENCE/FREQUENCY ANALYSIS 


This appendix contains a basic computer model which may be used in studying new 
frequency allocation plans and their effects on the existing electromagnetic 
structure. 


This appendix has been reproduced in its entirety from the following document: 
"Frequency Assignment Techniques for Microwave Systems,'’ Volume | and 
Volume Il. Prepared for: The Federal Communications Commission under 
Contract No. RC-100900. By: Communications and Systems, Inc., subsidiary 
of Computer Sciences Corporation. Report No. CSC-70-576, dated August 1970. 
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APPENDIX X-1. COMPUTER INTERFERENCE MODEL ANALYSIS 


1.0 INTRODUCTION 

To perform his frequency engineering function the spectrum 
manager requires a model which analyzes the electromagnetic environ- 
ment for him when the deployment of stations and the use of multiple 
frequencies and equipment types in changing terrains produce a com- 
plex situation. Such a model can be made useful tor interference pre- 
diction, frequency selection, and engineering planning activities. 

In interference prediction a model can contribute to understand- 
ing the nature of the sources and the susceptibility of the receivers, 
and therefore can assist in determining what course of action would 
best eliminate the interference. A model can also be made to select 
the best set of frequencies to ensure minimum potential interference. 
Similarly for engineering planning activities, a model can be used to 
study the effects of proposed new allocation plans, increased user 
density, increased traffic, etc., on the existing electromagnetic 
structure. 

The model presented herein is a basic one and is not offered as 
the optimum model for satisfying all the needs of the spectrum man- 
ager. It is presented to show that mathematical/computer models can 
offer the spectrum manager a potentially powerful tool in his work 
and that, without some such model, the calculations and prediction 
methods become intractable. 

2.0 CONFIGURATION MODEL 

The computer model developed herein examines the interference 
environment for multiple variations of topography, frequency and 
equipment (transmitter, receiver and antenna) characteristics, and 
has been applied to several hypothetical microwave link configura- 
tions (Figure 1). The configuration of the model is geographically 
symmetrical and uses Site 1 as the common site for nine links. The 
topographical symmetry permits examination of the joint effects of 


several simultaneous variations: in this case azimuthal offset and 
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MICROWAVE NODE MODEL 
FIGURE 1 
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carrier frequency difference on relative interference levels. The 
primary link is designated Link 2-1, and is, for this analysis, geo- 
graphically situated in a direct north-south direction (i.e., from lL 
to 2) at an azimuth of 0° 00' 00". Each link has a path length of 


approximately 26.9 miles and the following azimuths (see Figure 1). 
Link Azimuth 


F-1 0° 55' @) 
G-1 1° 50' () 
H-1 2° 45' (7) 
I-1 4°35! (8) 
359° 05! 
358° 10! 
357° 15! 
355° 25! 


Interference calculations are initially performed using a partic~ 


ular set of parameters. The interference calculations are then re- 
peated with successive variation of these parameters. The resultant 
output from the computer program shows total interference levels at 

the receiver(s) at every site as a function of each parameter variation. 
Details of the computer program are discussed in paragraph 3.0. 


The following parameters were chosen for the computer runs per- 


formed. 


(a) The transmitter frequency at Site 2 always is equal to 
6060 MHz. 


(b) The transmitter frequency at Sites F, G, H and I was chosen 
as 6060 MHz for run one and as 6040 MHz for run two. 


(c) The transmitter frequency at Sites Z, R, Q and P was chosen 
as 6030 MHz for run one and 6050 MHz for run two. 


(d) The frequency stability for both runs was chosen as £1.8 MHz 
(i.e., approximately 3 x 1072 percent). 


(e) The transmitted power level for both runs was 5 watts 
(37.0 dBm) for all transmitters. 


(f£) The receiver and transmitter antenna patterns assumed for 
both runs were adapted from the Western Union 8-foot para- 

bolic reflector at 6 GHz, vertically polarized, and are 

shown in Figure 2. 
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The receiver selectivity curve employed for both runs was 
adapted from the General Electric TRS-696 receiver (960 VF 
channels), and is presented in Figure 3. 


(g) 


In the particular computer analyses performed, the most impor- 


tant results are the interference levels at the receiver of primary 


link 2-1 at Site 1, caused by all other secondary link (i.e., F-1, 


Z-1, G-1, H-1, etc.) transmissions to their respective receivers, 


which are located at Site 1. The interference levels at all other 


sites were also determined but, as expected, were well below those 


obtained at Site l. 


The pertinent computer print-out segments of runs one and two 


are presented in Figures 4 and 5 respectively. Figure 4 presents the 
interference level (i.e., relative interference) caused by secondary 
links transmitting at 6060 MHz ( A f = 20 MHz) and 6050 MHz (A£f= 10 


MHz). For both runs the "desired signal Strength" output is the wanted 


primary link signal (i.e., -23.6 dBm). All other dBm entries represent 


interfering signal strengths. 


The results have been summarized and plotted in Figures 6 and 7. 


Figure 6 is a plot of the interference level at the Site 1 receiver 


of link 2-1 as a function of frequency separation between desired car- 


rier and interfering carrier in MHz, with change in azimuth as a param- 


eter. Figure 7 is a plot of the interference level at the Site 1 re- 


ceiver of link 2-1 as a function of the change in azimuth between the 


primary link 2-1 and each of the interfering secondary links, with 


frequency separation as a parameter. 


The zero dB interference level in both Figures 6 and 7 is refer- 


enced to a power level of 2 pWp at a zero transmission level point. 


A value of 2 pWp was arbitrarily used as a minimum tolerable inter- 


ference level. Its selection does not bias the absolute levels of 


interference, but is used simply as a limit for the computer operation. 


As an example of how the results of the computer runs may be em- 


ployed in determining appropriate microwave link configurations for 


given interference level constraints, a 2-link system with a total 
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SELECTIVITY CURVE 
ADAPTED FROM GENERAL ELECTRIC TRS-696 RECEIVER (960 VF CHANNELS) 


ra) 
2 
a 
w 
Ww 
x 
4 
< 
oO 
~ 
ax 
«= 
nz 
aS 
a 
zu 
wi 
we 
<q 
zs 
w 
oo 
2 
2a 
Ow 
Ee 
<u 
cr 
fz 
a= 
” 
> 
oO 
2 
w 
> 
Oo 
w 
rd 
Te 


FIGURE 3 


1-¥-1800E99-8-ISP 


G-7 


MAY 1972 


NAVELEX 0101,112 


L°o- 
$°eT- 
€° l= 
S°Se- 
9° TS 
Bers 
9° ES 
e°ch 
ech 
SATLV134y 


% WeNold 
T NMG WaLNdWOd 


9°9%- 
o°St- 
2° by~ 
er Len 
be lon 
(ile de a 
o°ce~ 
2°92- 
9°fe- 
waa 


JINAHIIYZINI 


TNOIIVIS LV DW C°C9OS 


ND ONIAT3I394 


A arr 


WEC 9°EZ— ='HISONIYLS IWNOIS FD3YISIO 


9°9E09 
O°CE9 
o° 2209 
270839 
3°9909 
0°9909 
3°2709 
2° D999 
2°9999 


vouiv Saud 


LIWSNVYL 


e NOILVES 


T NOTLVIS 
TNOTIVIS 
T NOILVIS 
T NOILVEIS 
T NOTLVIS 
TNOlivi 

T NOTLVIS 
TNOTIVIS 
T NOTLVAS 

a 


Z NOTLIVLIS 
yu NOTLVLS 
0 NOFLVIS 
d NOILVIS 
TI NOTLVLE 
H NOTAIVIS 
9 NOTLV7IS 
d NOTIVIS 
@ NOTLVIS 
v 


ANI AYVINDI3IS 


LT NOTIVIS YNID AUVWId 


MAY 1972 


G-8 


NAVELEX 0101, 112 


8°49 

ek: 
2° Ly 
0° 4% 
6°9 
T°OTt 
6°eT 

L 
9°Gd 
ALY) 


3X 


9°9%= 
> = 
c° oon 
7° Liy- 
ye Lin 
2° ohn 
¥°SE= 
O "*O¢= 
9°fe- 
wad 


JINIVIINZINI 


¢ aundld 
@ NMG YWaLNdNOD 


v 


WO0d 9°EZ— = HLONSYIS 


0°0S09 
0°0S09 
0°0S99 
0°0S09 
0°0%709 
9°9899 
0°99C9 
0°0%799 
0°9999 

V Osa 
LIWSNVSL 


NOILVLS 
NOTLVAi 

NOTLVIS 
NOTLIVIS 
NOTIVis 
NOTIVIS 
NOILViS 
NOILVIS 
NO]ivis 


VNOTS d3¥uIS3a0 


~ 


NOILVLS 
OLLV1 
NOILViS 
NOTILVI 
NOTLVLS 
NOIIV 
NOIIVIS 
NOTIVI 
NOTLiv1S 


Nuo raja a 


ANID AYVINIIAS 


Sh ee ee ee 


T NOTivis IV DW 070909 NO ONTIAIS93¢ ¢ NOTIVIS - T NOTIVIS WNIT AYVWIYd 


MAY 1972 


CALCULUS Higher Concepts of Mathematics 


This type of expression is called a summation. A summation indicates the sum of a series of 
similar quantities. The upper case Greek letter Sigma, L, is used to indicate a summation. 
Generalized subscripts are used to simplify writing summations. For example, the summation 
given in Equation 5-10 would be written in the following manner: 


3 
S=)° vAt, (5-11) 


The number below the summation sign indicates the value of i in the first term of the 
summation; the number above the summation sign indicates the value of i in the last term of the 
summation. 


The summation that results from dividing the time interval into three smaller intervals, as shown 
in Figure 7, only approximates the distance traveled. However, if the time interval is divided 
into incremental intervals, an exact answer can be obtained. When this is done, the distance 
traveled would be written as a summation with an indefinite number of terms. 


S=}- vAt, (5-12) 
i=l 


This expression defines an integral. The symbol for an integral is an elongated "s" f. Using 
an integral, Equation 5-12 would be written in the following manner: 


t, 
S -{ v dt (5-13) 
t, 


This expression is read as § equals the integral of v dt from t = t, to t= t,. The numbers below 
and above the integral sign are the limits of the integral. The limits of an integral indicate the 
values at which the summation process, indicated by the integral, begins and ends. 


As with differentials and derivatives, one of the most important parts of understanding integrals 
is having a physical interpretation of their meaning. For example, when a relationship is written 
as an integral, the physical meaning, in terms of a summation, should be readily understood. 
In the previous example, the distance traveled between t, and t, was approximated by equation 
5-10. Equation 5-13 represents the exact distance traveled and also represents the exact area 
under the curve on figure 7 between tf, and f,. 


Examples: 
Ly Give the physical interpretation of the following equation relating 
the work, W, done when a force, F, moves a body from position 
Xx, tO xX). 
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interference level limit of 8 pWp (6 dB) is assumed. If the primary 
link operates with a transmitting frequency of 6060 MHz, then a second 
link transmitting at 6039.8 MHz must have an azimuth differential of 
at least 4° 35' to assure that the 8 pWp interference level is not 
exceeded. Alternatively, if a second site is located with a differ- 
ential azimuth of only 2° 45', then it must transmit with a frequency 
difference of at least 21 MHz (6039 or 6081 MHz). 

Multi-link configurations are examined by iteration of the same 
technique. 
3.0 DESCRIPTION OF COMPUTER PROGRAM USED FOR INTERFERENCE MODEL 

The program used for the calculations described in the preceding 
paragraph consists of two phases: a basic program and a modified pro- 
gram, both of which are described below. It is the modified program 
which has been used to perform the required calculation. The source 
language employed is FORTRAN IV for the IBM 7094. 

3.1 FUNDAMENTAL PROGRAM 

In a 9-link radio system, confined to a geographically lim- 

ited area, there are at ‘e22t 18 receivers, each of which may receive 
interference from as many as 17 transmitters. This situation can 
produce 306 potential interference cases. Most of these interference 
cases can be eliminated immediately by inspection, and a systematic 
approach to frequency selection can sometimes be used to assure that 
only a few potential significant interference cases occur. A severe 
problem arises when the network becomes extremely dense, and is co- 


located with existing installations that must be protected, such that 


systematic manual approaches no longer yield workable frequency plans. 


The feasibility of a plan depends on antenna patterns, reciever inter- 
ference rejection characteristics and the network geometry. This com- 
puter program makes a routine calculation of the interference level 

at each receiver due to each transmitter, taking into account the 
antenna characteristics and relative path angles, the transmitter 
power, the free space propagation loss and the receiver character- 
istics. The cumulative signal level and the margin above or below 


the allowable level are printed. 
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Another printout from this program presents only those cases 
where the computed interference level is greater than a predetermined 
allowable level. Based on prior study of the network the planner may 
have a fairly good idea which transmitter-receiver combinations will 
appear on this list. Its main use is to point out cases he has over- 
looked and to indicate the expected magnitude of the interference. 

The program assumes that free space line-of-sight propagation 
prevails between all stations of the network with intervening obstacles 
not protruding into the beam any deeper than the 0.6 Fresnel radius. 
This conservative assumption infers an infinite effective earth radius 
for some links: the engineer can through further investization then 
decide to ignore computed interference cases he knows to be negligible 
because of terrain masking. 

3.1.1 Limitations 

In addition to the propagation calculation limitations, 
the following should be noted: 


1. Inter-station interference due to carrier- fre- 
quency fundamentals only are considered. Cross- 
band (i.e., 2 GHz to 4 GHz interferences) are 
not properly computed because antenna patterns 
and the propagation loss equation do not apply. 
This is generally not a limiting factor since 
the amplitudes of harmonics are well below that 
of the fundamental frequency. 


Polarization isolation is not considered. Any 
polarization discrimination, therefore, adds to 
the interference protection. 


Harmonics, intermodulation, man-made or solar 
noise are not considered. 


4. Terrain backscatter or antenna misalignment 
are not considered. 


3.1.2 Overall Program Flow 
The entire program consists of three routines (jobs) 


that are sequentially executed on the IBM 7094. The input for Job 1 


consists of station indices and map coordinates in latitude and long- 


itude. Its output is a listing of bearing and ranges from each 
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station to every other station. Up to fifty stations (sites) may 

be simultaneously accepted. The listing is used mainly for cross 
checking and reference; the main output is a magnetic tape in binary 
format used as input to Job 2. 

Job 2 accepts link defining cards that specify the 
topology of the network. From these and the output of Job 1, it com- 
putes relative angles for side lobe computation from each antenna to 
every other antenna. A frequency independent component of the path 
loss [20 LOG (distance)] is computed for later use in Job 3. A 
binary tape of distance, 20*ALOG10 (DIST), and the relative antenna 
angles are written as input to Job 3. A listing of this data is printed 
for reference. 

One input for Job 3 is a card which defines the fre- 
quency band and the allowable limit of interference above receiver 
threshold. Another input is a set of cards which defines the charac- 
teristics of a set of receivers and antennas, specifying allowable 
interference level in dBm versus frequency and gain relative to iso- 
tropic for angles from the center of the main beam. Each receiver 
and antenna is given a unique number used in the next set of cards 
that specifies the frequency, transmitter power, receiver type and 
antenna types (at transmitter and receiver) used on each link of t'.e 
system to be computed. Job 3 uses these cards, with the preprocessed 
geographic information from Job 2 to produce the final desired out- 
put. 

In each job, the stations are identified by alpha-~- 
numeric names which may contain as many as 12 characters. The pro- 
grams search for the relevant data by these names, hence the spelling 
in Jobs 2 and 3,must be identical with the spelling in Job l. 

3.1.3 Flow Charts 
Figues 8, 9, and 10 give simplified flow charts of 


the 3 jobs. Each block is a distinct segment with no branching to 


other blocks except as shown. The individual blocks may be fairly 


complicated internally, but the source program has liberal comments 
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and, with the detailed statement-by-statement flow charts, can be 
easily followed. Two kinds of links are referred to: 

A primary link is a transmitter at one station send- 
ing a desired signal to a receiver at another station; a secondary 
link is a transmitter-receiver pair sending an undesired (potentially 
interfering) signal to the receiver of the primary link. Note that 
links are unidirectional as far as the program is concerned. The 
usual two-way radio link is treated as two separate Links. 

3.2 MODIFIED PROGRAM 
The modified program incorporates several changes to the 
fundamental program. These changes result in an output that is suit- 
able for use by personnel not familiar with computer programming and 
processing. The basic part of this program is identical] to the orig- 
inal program with two exceptions: 


1. An additional scratch tape is used to record information 
on all interference links on the system. 


2. Near the end of the program a subroutine is called which 
uses the information written on the scratch tape to eval- 
uate the degree of interference at each station. 


The program operates on the assumption that the receiver 
sensitivity characteristics are given as follows: 

The receiver sensitivity characteristics is a plot of inter- 
ference level vs. frequency spacing from the desired signal. Specifi- 
cally, the curve should indicate the level of RF interference required 
to produce the maximum acceptable interference noise in any of the 
channels in the baseband of the receiver. 

Each link is analyzed according to this specification and 
the results are printed based on the following criteria: 


1. I£ the total interference noise on any link is less 
than the previously defined maximum baseband interfer- 
ence level, no interference information is listed. 


2. If the total interference noise exceeds that level, then 
each link which contributes more than five percent of 
the total noise is listed, in order of descending noise 
contribution. All pertinent parameters, such as anten- 
na type, distance, receiver type, azimuth, etc. are listed 
for the interference paths. 
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Additionally, the program provides a drift simulator. 
This part of the program wakes slight changes in the 
values of the assigned transmitter and receiver fre- 
quencies to simulate the frequency stability character- 
istics. Presently, the program assumes and selects the 
worst case interference when the system drifts within 

the programmed limits. The value can be changed to simu- 
late other stability characteristics. 


3.2.1 Overall Program Flow 
Tne basic program follows the same philosophy of the 


original program. 


The major change occurs when subroutine FORMA is 


called by the main program. At this point subroutine FORMA acts as 


an executive program to control the operation of sorting and printing 


the essential interference data on each primary link in the system. 


The basic operation of the executive program is as follows: 


1. 


MAY 1972 


Initially, the program loads all pertinent data 
on a single primary link into a common one-dimen- 
sional array. This data has been previously writ- 
ten in binary format on scratch tape KUT 20. 


Next the program proceeds to read another block 
of data representing a secondary interference 
link into another two-dimensional array (A). 

The program continues to read in blocks of data 
on secondary links until it senses that there are 
no more secondary links. This is done by testing 
each secondary link for a combination of variables 
which are unique to primary links. If a primary 
link is found, the tape is backspaced one logical 
record and the system stops reading links and 
proceeds to the next part of the program. During 
the time each logical record of the secondary 
links is being stored in the array A, a running 
total of the noise level in pWp is maintained. 


At this point a check is made on the total noise 
of the system. If it is insignificant (i.e. below 
the assigned maximum level), the system abandons 
further processing of the primary link and pro- 
ceeds to step 1 where it begins to process the 
next primary link. If a significant amount of 
noise is present, the system proceeds to step 4. 


The program now calls subroutine SORT. This 
subroutine begins to scan array A to find the 
secondary link with the greatest amount of inter- 
ference noise (pWp). This link is exchanged with 
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w-=[ Fdx 
xX 
The physical meaning of this equation can be stated in terms of a 
summation. The total amount of work done equals the integral of 
F dx from x = x, tox =x,. This can be visualized as taking the 
product of the instantaneous force, F, and the incremental change 
in position dx at each point between x, and x,, and summing all 
of these products. 


2. Give the physical interpretation of the following equation relating 
the amount of radioactive material present as a function of the 
elapsed time, t, and the decay constant, A. 


N, 
{ > = At 
N, 


The physical meaning of this equation can be stated in terms of a 
summation. The negative of the product of the decay constant, A, 
and the elapsed time, f, equals the integral of dN/N from N = Ny 
ton =n,. This integral can be visualized as taking the quotient 
of the incremental change in N, divided by the value of N at each 
point between N, and N,, and summing all of these quotients. 


Graphical Understanding of Integral 


As with derivatives, when a functional relationship is presented in graphical form, an important 
understanding of the meaning of integral can be developed. 


Figure 8 is a plot of the instantaneous velocity, v, of an object as a function of elapsed time, f. 
The functional relationship shown is given by the following equation: 


v = 6¢ (5-14) 


The distance traveled, s, between times ¢, and f, equals the integral of the velocity, v, with 
respect to time between the limits ¢t, and f,. 


s -{ v dt (5-15) 
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the first link in the array. The process is re- 
peated for the next highest link and transfers 

made with the second link in the table, etc. 

Each time a change is made the noise is inspected 
to see if it is higher than the five percent level. 
If it is not, then the sorting process is stopped, 
since levels below this figure are insignificant 
and will not be printed in the final output. 


After the sorting process stops, the SORT sub- 
routine takes note of the number of significant 
secondary links which have been sorted and passes 
control back to the main program. 


The main program then calls subroutine PRINT and 
transfers the sorted secondary array data and the 
primary link data to the PRINT subroutine. The 
final subroutine consists mainly of tormat state- 
ments, line counting and page numbering routines. 
Basically it takes the primary link data and prints 
it at the top of the page, then lists the signifi- 
cant secondary links in the order of importance, 
i.e., highest interference noise. Miscellaneous 
data on the total noise, difference, allowable 
limits, etc., are also computed and printed. 

After all significant interference links have 

been printed, control is passed back to executive 
subroutine FORMA where the system returns to the 
beginning of the subroutine. The next primary 
link and associated secondaries are read from 

tape KUT 20 and processed in the same manner. 


The entire process is repeated until all primary and 


secondary links have been processed. When all links are printed, the 
executive program returns to the main program. The location in the 

main program is near the end, so for all practical] purposes the pro- 
gram is finished and program execution is terminated by the main pro- 


gram. 
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GLOSSARY 


The following are the definitions of the more commonly used microwave terms. Note 
that figure Glossary - 2 is a tabulation of microwave terms and equations. 


Antenna (Gain), The ratio of the maximum radiation intensity in a given direction to 
the maximum radiation intensity produced in the same direction from a reference 
(isotropic) antenna with the same power input. 


Antenna (Isotropic). A hypothetical antenna which radiates or receives equally in all 
directions. It can represent convenient reference antennas for expressing directional 
properties of actual antennas. 


Antenna (Parabolic). An antenna consisting of a radiating element (dipole or horn) and 
a reflector in the general shape of a parabola to concentrate the energy into a narrow 
beam, 


Attenuation. A general term used to denote a decrease in magnitude of current, voltage, 
or power of a signal in transmission from one point to another. It may be expressed 
as a ratio or, by extension of terms, in decibels (dB). 


Attenuation Constant. For a traveling wave at a given frequency, the real component 

of the propagation constant; the relative rate of exponential decrease of amplitude of 

a field component (voltage or current) in the direction of propagation expressed in nepers 
or GB per unit length. 


Azimuth. Direction, specified in degrees clockwise from north. Thus, due west would 
be 270° azimuth. 


Bandpass Filter. A circuit that allows certain frequencies to pass and reduces in am- 
plitude all frequencies above and below the bandpass region. The power level applied 
to a filter is very important. Excessively high levels can completely negate the opera- 
tion of the filter. (Filter rated as having a given loss at a specified frequency-devia- 
tion outside pass band. ) 


Bandwidth. The range of frequencies of a device within which performance with respect 
to some characteristic conforms to a specified standard. General practice is to specify 
bandwidth at half-power (3-dB) points. 


Baseband. The sum of the frequencies that make up a composite multiplex signal. In 
the process of modulation, the frequency band occupied by the aggregate of the trans- 
mitter signals when first used to modulate the carrier. The term is commonly applied 
to cases where the ratio of the upper to the lower limit of the frequency band is large 
compared to unity. 
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Beam. The focusing of electromagnetic energy into space as radiated from a directional 
antenna. 


Bend, E Plane. A bend in a waveguide in the plane of the electric field. Commonly 
called an "easy" bend. 


Bend, II Plane. A bend in a waveguide in the plane of the magnetic field. Commonly 
called a "hard" bend. 


Bolometer. A barretter, thermistor, or any other instrument using the temperature 
coefficient of resistivity to measure power. It contains an element, the resistance of 
which changes as a result of heating by RF power. 


Channel (RF). That portion of the frequency spectrum that is assigned to a particular 
transmitter or receiver. 


Choke Joint. A connector between two sections of transmission line in which the gap 
between the sections is built out to form a series-branching transmission line carry- 
ing a standing wave, in which contact is at or near a current minimum. 


Coaxial Line. A transmission line where one conductor completely surrounds the other, 
the two being coaxial and separated by a dielectric or dielectric spacers. Such a line 
has no external field and no susceptibility to external fields from other sources. 


Coupler, Directional. A transmission coupling device for separately sampling (through 
a known coupling loss for measuring purposes) either the forward (incident) or the back- 
ward (reflected wave in a transmission line. Similarly, it may be used to excite in the 
transmission line either a forward or backward wave. (See figure Glossary - 1.) 


Crosstalk, The phenomenon in which a signal transmitted on one circuit or channel of 
a transmission system is detectable in another circuit or channel. 


Cutoff Frequency (Waveguide). The lowest frequency at which energy will propagate 
in some particular mode without attenuation. 


Cutoff Frequency of Amplifier, The highest and the lowest frequencies at which ampli- 
fier gain begins to decrease sharply. 


Cutoff Frequency of Filter. The frequency at which the filter attenuates applied fre- 
quencies by a stated amount. 


Cutoff Wavelength. The ratio of the velocity of electromagnetic waves in free space 
to the cutoff frequency. 


Diffraction. The phenomenon produced when waves pass the edge of an opaque body, 
in which the wave appears to be deflected, producing fringes of parallel waves. 


Diplexer. A device that permits an antenna system to be used simultaneously or sepa- 
rately by multiple transmitters operating on different frequencies. Not a duplexer. 
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GL-1. Power Flow in Directional Coupler 


Directional Coupler. see Coupler, Directional. 


Duplexer. A device which permits a transmitter and a receiver to operate on a single 
transmission line or antenna. It effects a mismatch in the receiver section of the trans- 
mission line when the transmitter is operating and restores matching in this section 
when the transmitter is quiescent. (Not a diplexer. ) 


Equalization. The process of obtaining a flat frequency response over a frequency 
band. 


Equalizer. A device that corrects for the nonlinear response of an electrical circuit. 


Four-Wire Circuit. A two-way sending and receiving circuit which uses an individual 
pair of wires to carry transmitted intelligence in one direction and received intelli- 
gence in the opposite direction. This method provides the highest grade circuits, but 
requires twice as many pairs of wire as 2-wire operation, in which sending and receiv- 
ing are accomplished over a single pair of wires. 


Frequency Division Multiplex (FDM). A method of deriving two or more simultaneous, 
continuous channels from a medium connecting two points by assigning separate portions 


of the available frequency spectrum to the several channels. (Each signal channel modu- 
lates a separate subcarrier. ) 
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Frequency Modulation (FM). The form of modulation in which the instantaneous 
frequency of a sine wave carrier is caused to depart from the carrier frequency by 
an amount proportional to the instantaneous value of the modulating signal. 


Frequency Shift Keying (FSK). A method of transmitting the mark and space portions 
of a teletype (TTY) signal by shifting the carrier frequency a fixed amount. It is 


characterized by continuity of phase during the transition from one signaling condition 
to another. 


Fresnel Zone. The cigar-shaped zone (or region) between an antenna and the 
Fraunhofer region, the center of which is the direct beam path between a microwave 
transmitting and receiving antenna. If the antenna has a well-defined aperture D 

in a given aspect, the Fresnel zone in that aspect is commonly taken to extend a 
distance 2D2/A in that aspect, where A = wavelength. The total distance from any 
point on the first fresnel zone to the transmitting and receiving antenna is one-half 
wave length longer than the direct path. 


High Pass Filter. A filter that allows all frequencies above a certain (cuto ff) 
frequency to pass with very little attenuation and attenuates all frequencies below 
that frequency. 


Horizontal Polarization. A radio wave in which the electrostatic field (E vector) is 
in a horizontal plane. The transmitting antenna will be horizontal, and the receiving 
antenna should also be in this plane. 


Impedance, Characteristic (of a rectangular wave-guide). A pure resistance, whose 
magnitude is dependent on the dimensions of the cross-section of the guide and on the 
medium in which the wave is transmitted, but is independent of frequency. For the 
dominant (TE 9) mode at any specific frequency above cut-off frequency, it is the 
ratio of the square of the rms voltage between midpoints of the two conductor-faces 
normal to the electric vector to the total power flowing when the guide is match- 
terminated. For modes other than TE, ), the impedance must be derived from 
analysis of the particular geometric structure of the guide relative to the specific 
frequency. 


Impedance, Characteristic (of a two-conductor transmission line). The square root 
of the product of the inductance per unit length and the capacitance per unit length. 
For a traveling, transverse electromagnetic wave, the ratio of the complex voltage 
between the conductors to the complex current on the conductors in the same trans- 
verse plane, with the sign so chosen that the real part is positive. 


Impedance, Normalized. The impedance of a system divided by the characteristic 
impedance. 


Incident Power or Signal. Power from the generator transmitted to the load. 


Glossary-4 MAY 1972 


NAVELEX 0101, 112 


Ionosphere. That part of the outer atmosphere (25 or more miles above the earth) 
where ions and free electrons are normally present in quantities sufficient to affect 
radio-wave propagation. It is divided into several regions or layers which can 
absorb or reflect electromagnetic radiation. 


Isolator, Ferrite. A device which allows RF energy to pass through in one direction 
with very little loss; RF power in the reverse direction is greatly attenuated. 


Junction Hybrid. A waveguide arrangement with four branches which has the property 
that energy can be transferred from any one branch into only two of the remaining 
three branches. 


Line of Sight (LOS). An optical path between two points. 


Lobe. One of the three-dimensional sections of the radiation pattern of a directional 
antenna bounded by one or two cones of nulls. (The size, shape, and relative power 
are dependent on antenna characteristics.) The lobe containing the direction of 
maximum radiation or reception is called the major lobe; all other lobes are called 
minor lobes. 


Loss, Mismatch (reflection loss). The ratio, in dB, of the incident power to the 
difference between incident power and reflected power; a measure of the loss caused 
by reflection. 


Lower Sideband. The difference-frequency produced by the combination of the carrier 
and the modulating frequencies when amplitude-modulation is used. 


Low Pass Filter. A circuit that allows all frequencies below a certain (cutoff) 
frequency to pass with very little attenuation and attenuates all frequencies above the 
cutoff frequency. 


Matched Termination (Waveguide). A termination producing no reflected wave at 
any transverse section of the waveguide; i.e., the real power is totally absorbed 
by the termination. (To achieve this, the termination must present a purely 
resistive load equal in magnitude to the characteristic impedance of the associated 
waveguide. ) 


Microstrip. A microwave transmission component using a single conductor supported 
above a ground plane. 


Microwave Region. That portion of the electromagnetic spectrum lying between 


the far infra-red and the conventional RF portions - commonly regarded as extending 
from 1 MHz (30 cm) to 300 kMHz (1mm). 
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Mode (of transmission propagation). The mode of propagation of electromagnetic 
waves through waveguide is described by the configurations of electric (E) and 
magnetic (H) fields existing in a plane perpendicular to the waveguide axis. These 
modes are further identified by double-subscripts that indicate the electric- and 
magnetic-field distribution in half-cycles along the x- and the y-axis, respectively, 
of the waveguide. The modes are: TE (transverse-electric) waves; TM (transverse- 
magnetic) waves; and TEM (transverse-electromagnetic) waves. A typical mode- 
designation might be TE), g» which indicates a TE mode with one half-cycle of 
E-field along the x-axis, and zero half-cycles along the y-axis. 


Modem. A contraction of 'modulator-demodulator,'' for a device which performs 
both functions. It is mounted in a single panel and usually has some circuits which 
are common to both functions. 


Multipath Effect. The condition produced when a radio signal transmitted from a 
point is received at a distant station as two separate signals varying slightly in phase 
(time) due to their traveling over paths of different length. 


Multiplex. A method to provide more than one communications channel on a single- 
carrier circuit. 


Profile Chart. Vertical cross-sectional drawing of the terrain between two micro- 
wave stations showing distance between stations, location, and elevation of obstruc- 
tions, etc. 


Propagation Constant. A transmission characteristic of a line which indicates the 
effect of the line on the wave being transmitted along the line. It is a complex 
quantity having a real term, the attenuation constant and an imaginary term, the 
phase constant. 1. Per unit length of a uniform line, it is the natural logarithm of 
the ratio of the current at a point of the line, to the current at a second point, at 

unit distance from the first point along the line in the direction of transmission, when 
the line is infinite in length, or is terminated in its characteristic impedance. 

2. Per section of a periodic line, it is natural logarithm of the ratio of the current 
entering a section, to the current leaving the same section, when the periodic line is 
infinite in length, or is terminated in its iterative impedance. 3. Of an electric 
transducer, it is the natural logarithm of the ratio of the current entering the 
transducer, to the current leaving the transducer, when the transducer is terminated 
in its iterative impedance. 


Radiation Pattern. A polar graphical representation displaying the relative intensity 
of radiation from an antenna in any direction. 


Reflected Power or Signal. Power flowing from the lead back to the generator. 


Reflection Coefficient. The vector ratio of the electric field associated with the 
reflected wave to that associated with the incident wave. 
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Reflectometer. A system so arranged to measure the incidental and reflected voltages 
and indicate their ratio. 


Reflector (Passive). A flat surface placed at an angle in the beam path of a signal to 
change its direction. 


Refraction. The change in direction of propagation of a wave front due to its passing 
obliquely from one medium into another of different density. 


Resonator, Cavity. A region enclosed by conducting walls, within which resonant 
fields may be excited and whose frequency is determined by the geometry of the 
enclosure. 


Sidebands. Two bands of frequencies, one above and one below the carrier frequency, 
produced as a result of modulation of a carrier. The upper sideband contains the 
frequencies that are the sums of the carrier and modulated frequencies. The lower 
sideband contains the eifference of these frequencies. 


Simple Sideband Suppressed Carrier Modulation (SSB). A type of amplitude modulation 


in which the carrier and one sideband are eliminated before the RF signal is 
transmitted. 


Slotted Section. A length of waveguide, in the wall of which is cut a non-radiating 
slot (used for standing wave measurements). 


Smith Diagram. A diagram with polar co-ordinates, developed to aid in the solution 
of transmission-line and waveguide problems. 


Subcarrier. A carrier that is modulated and in turn modulates a second carrier. 


Telemetering. The process of transmitting intelligence of a type that is normally 
read on meters or gauges to a remote point and producing the desired information 
at that point. 


Thermistor. A resistance element made of a semi-conducting material which 
exhibits a high negative temperature coefficient of resistivity. 


Time Division Multiplex (TDM). A method of deriving several channels from a given 
frequency spectrum, by assigning discrete time intervals in sequence to the different 
channels. During a given time interval the entire available frequency spectrum can 
be used by the channel to which itis assigned. In general, TDM systems use pulse 
transmission. The multiplex pulse train may be considered to be the interleaved 
pulse trains of the individual channels. The individual channel pulses may be 
modulated either in an analog or a digital manner. 


UHF. Ultra-high frequency, the band of frequencies between 300 and 3000 mHz. 
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CALCULUS Higher Concepts of Mathematics 


The value of this integral can be determined for 
the case plotted in Figure 8 by noting that the 
velocity is increasing linearly. Thus, the average 
velocity for the time interval between ¢, and f, is 
the arithmetic average of the velocity at t, and 


the velocity at t,. At time ft,, v = 6f,; at time fy, > 
v = 6t,. Thus, the average velocity for the time a 
Ot FO: 5 O 
interval between ft, and t, is —~——— which 4 

> 


equals 3(t, + ¢t,). Using this average velocity, the 
total distance traveled in the time interval 
between f, and f, is the product of the elapsed 
time ¢, - f, and the average velocity 


3(t, + tp). 
Time (s) 
s = v,,At 
5 = 3(t, + ty )(ty - th) (5-16) Figure 8 Graph of Velocity vs. Time 


Equation 5-16 is also the value of the integral of the velocity, v, with respect to time, ¢, between 
the limits ft, -f, for the case plotted in Figure 8. 


t, 


{ vdt = 3(t, +t,)(t, - t,) 


ty 


The cross-hatched area in Figure 8 is the area under the velocity curve between ¢ = t, and t = 
ty. The value of this area can be computed by adding the area of the rectangle whose sides are 
ty, - t, and the velocity at t,, which equals 6¢, - t,, and the area of the triangle whose base is f, - 
t, and whose height is the difference between the velocity at f, and the velocity at t,, which 
equals 6f, - ty. 


- t,)(6t, - 6t,) 


1 
Area = [(t, ~ tt] + | (ty 
Area = 6t,t, - 6t, + 3ty - 6t,t, + 3t, 


Area = 3t, - 3t, 


Aféa,=3(,-*-6,)( = &) 
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Upper Sideband. The frequency produced from the sum of the carrier and the 
modulating frequencies when amplitude-modulation is used. 


VHF. Very high frequency, the band of frequencies between 30 and 300 mHz. 


Voltage Standing-Wave Ratio (VSWR). The ratio of the amplitude of the electric field 
or voltage at a voltage minimum to that at an adjacent maximum in a stationary- 


wave system, as in a waveguide, coaxial cable, or other transmission line. 


Wave, Dominant. The guided wave having the lowest cutoff frequency; the only 
wave which will carry energy when excitation is between the lowest cutoff frequency 
and the next higher frequency of a waveguide. 


Waveguide Tee. A junction used to connect a branch section of waveguide in series 
or parallel with the main transmission line. 


Waveguide Tuner. An adjustable device added to a waveguide to effect an impedance 
transformation. 


Waveguide Wavelength. For a traveling plane wave of a given frequency, the distance 
along the waveguide between points at which a field component (or the voltage or 
current) differs in phase by two radians. 


Wave, Transverse Electric (TE Wave). In a homogeneous isotropic medium, an 


electromagnetic wave in which the electric field vectors are everywhere perpendicular 
to the direction of propagation. 


Wave, Transverse Electromagnetic ([EM Wave). In a homogeneous isotropic medium, 


an electromagnetic wave in which both the electric and magnetic field vectors are 
everywhere perpendicular to the direction of propagation. 


Wave, Transverse Magnetic (TM Wave). In a homogeneous isotropic medium, an 
electromagnetic wave in which the magnetic field vector is everywhere perpendicular 
to the direction of propagation. 


Wave, TE (In Rectangular Waveguide). The transverse electric wave for which 
m is the nunioer of half-period variations of the electric field along the longer 
transverse dimension and n is the number of half-period variations of the electric 
field along the shorter transverse dimension. 


Wave, TM ey (In Rectangular Waveguide). The transverse magnetic wave for which 
m is the number of half-period variations of the magnetic field along the longer 
transverse dimension, and nis the number of half-period variations of the magnetic 
field along the shorter transverse dimensions. 


Wavemeter, Absorption. A device using the characteristics of a resonator which cause 


it to absorb maximum energy at its resonant frequency when loosely coupled to a 
source. 
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MICROWAVE TERMS AND EQUATIONS 


Attenuation 
Attenuation of air filled copper transmission 
line = 0.35 X 10-* nepers/meter = 0.3 x 1075 
db/kilometer 
coefficient of reflection = —1 for short circuit 
= +1 for open circuit = 0 for matched load 
skin depth 
Dielectric constant 
Dielectric constant for air 
Wavelength 
Guide wavelength 
Cutoff wavelength 
Permeability 
Permeability of air = 477 x 10~’henries/meter 
Coupling coefficient 
Resistivity = 1.74 xX 10-* ohm-meters for 
copper 
Electrical conductivity 
Permittivity of air — 8.854 X 10—"? farad/meter 
Velocity of propagation 
Velocity of propagation in air = 2.998 x 10° 
centimeter/second = 2.998 X 10° meters/sec- 
ond = 186,280 miles/second = 11.808 x 10° 
inches /second 
Phase angle 
Phase constant 
Characteristic impedance = 376.7 ohms for free 
space = 1207 
Directivity 
Power 
Voltage 
Current 
Resistance 
Capacitance 
Conductance 
Susceptance 
Reactance 
Admittance 
Inductance 
Frequency 
Angular frequency = 27f 
Figure of Merit of a resonator = 
energy stored Af 
wT ae = 
énergy dissipated per cycle f, 
Magnetic vector 
Electric vector 
Broad waveguide dimension 
Narrow waveguide dimension 
Direction of propagation 
Mode designation (for TE,. m = 1,n = 0) 
Mode designation (for TE. m = 1,n = 0) 
VSWR_ Voltage Standing Wave Ratio 
PSWR_ Power Standing Wave Ratio 
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A termination is connected to terminal B, and a 
signal P, is applied to terminal A. P, will flow 
through the device and be reflected by the termination 


Wavelength in meters A, = 
300,000 —~ _ 3007 
f in kilocycles — f in megacycles 
Wavelength in centimeters A... = 
30,000,000, _ 30,000 


fin kilocycles — f in megacycles 


Wavelength in inches A,, = 
11,808,000. 11,808 
f in kilocycles —_f in megacycles 


J ATPXneters 
20 Cmeters 


Z. = (Mo/ ko)? 
Plies Vi goal. 
db = 10 log—5-= 20 jog ve 20 log i 


z,=y+ 
K 


In a lossless medium of dielectric constant + 
Vo 


= Zo = Bo 


Vo 
fVe a re 


Kof 
Pratectes = VSWR — 1 
Piecider VSWR +1 
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% Power reflected = Vswe 


PSWR = (VSWR) 


VSWR — 1 aa 


For waveguides 


2 
Onde = Cy Gy 
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For TE, in air filled waveguide 


resulting in P, and a standing wave. A small portion 
of the input signal P, is extracted at terminal C, un- 
affected by the reflection from the termination and 
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proportional to the magnitude of the input signal. A 
similar portion of the reflected signal P, is extracted 
at terminal D, proportional to the magnitude of the 
reflected signal and vanishing when the termination 
is adjusted for unity VSWR. 


Coupling — 


The ratio of power supplied to the power output 
at the auxiliary line output. 


; P P 
Coupling (db) = 10 Log —* = 10 Log 
P, P, 

Directivity — 

A measure of the discrimination of a directional 
coupler between waves traveling in two directions in 
the main line. It is measured as the ratio of the two 
power outputs from an auxiliary line when a given 
amount of power is successively applied to each 
terminal of the main line. 


when P, = 0, Directivity (db) = 10 Log a 
d 


Formulas — 


The directional coupler is employed to measure 
the magnitude of the reflection coefficient by measur- 
ing the magnitude of the direct and reflected voltages. 


MATCHING 
NETWORK 


RF INPUT 
—_ 


DC RETURN 


GL-2, 


{ LO INPUT 


Figure 100. Down Converter 
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where 


K = magnitude of reflection coefficient 
E, = magnitude of reflected voltage 
Eq = magnitude of direct voltage 


The resultant VSWR, return loss, and mismatch loss, 
may be computed as follows: 


1+(T] 


Return Loss (db) = 10 Log a 


Mismatch Loss (db) = 10 Log 


1 
1 — K2 


Down Converters — 


THEory: A down converter is a crystal holder 
with two RF inputs. A local oscillator signal of 
known frequency is applied to one input, the RF 
signal to the other. The two signals are mixed in the 
nonlinear crystal. The result of the mixing is to pro- 
duce, among other frequencies, the difference fre- 
quency between the RF and LO (local oscillator) 
signals at the IF output. The mixer thus converts an 
RF signal to a much lower frequency IF signal which 
is more conveniently amplified and otherwise 
handled, 


DESIGN: The schematic circuit of the XR mixers 
is shown in Figure 100. 
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Foldout 5-1, Basic System Concept 
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NOTES 


1, FOR COMPUTING GUYING AREA REQUIREMENTS AS INDICATED 
ON PLAN VIEW: 
H = HEIGHT OF TOWER 
R = GUY RADIUS - MAY EQUAL “H" AND SHALL NOT BE LESS THAN .8H 
2. SIZE OF TOWER FOUNDATION & GUY ANCHORS SHOWN ARE TYPICAL FOR 
250' TOWER AND WILL VARY DEPENDING ON TOWER HEIGHT, DESIGN LOAD, 
AND SOIL CONDITIONS. 
TOWERS ARE PAINTED AND LIGHTED AS REQUIRED BY FCC & CAA REGULATIONS. 
INTERMEDIATE GUY ANCHORS ARE NORMALLY REQUIRED FOR TOWERS OVER 200 FT. 
IN HEIGHT. 
TOWERS ARE OF TRIANGULAR CROSS-SECTION WITH A 36” NOMINAL FACE WIDTH. 
TOWERS AT LEVEL OF TOP GUY ATTACHMENT HAVE EXPANDED SECTION TO PROVIDE 
INCREASED TORQUE RESISTANCE. 
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Foldout 15-1. Typical Guyed Tower 
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Higher Concepts of Mathenatics CALCULUS 


This is exactly equal to the value of the integral of the velocity with respect to time between 
the limits t, and t,. Since the distance traveled equals the integral of the velocity with respect 
to time, /vdt, and since this integral equals the area under the curve of velocity versus time, the 
distance traveled can be visualized as the area under the curve of velocity versus time. 


For the case shown in Figure 8, the velocity is increasing at a constant rate. When the plot of 
a function is not a straight line, the area under the curve is more difficult to determine. 
However, it can be shown that the integral of a function equals the area between the x-axis and 
the graphical plot of the function. 


x 


2 
{ f(x)dx = Area between f(x) and x-axis from x, to x, 
x 


1 

The mathematics of dynamic systems involves many different operations with the integral of 
functions. As with derivatives, in practice, the integral of functions are not determined by 
plotting the functions and measuring the area under the curves. Although this approach could 
be used, techniques have been developed which permit integral of functions to be determined 
directly based on the form of the functions. Actually, the technique for taking an integral is the 
reverse of taking a derivative. For example, the derivative of the function f(x) = ax + c, where 
a and c are constants, is a. The integral of the function f(x) = a, where a is a constant, is ax + 
c, where a and c are constants. 


f(x) =a 


{ f(x)dx =ax +c (5-17) 


: ; . ; a Pe 

The integral of the function f(x) = ax", where a and n are constants, is Saad x" +c, where 
nt 

c is another constant. 


f(x) = ax® 


{ f(x)dx = 8 x" 4¢ (5-18) 
nN + 


The integral of the function f(x) = ae™, where a and b are constants and e is the base of natural 
bx 
: a. Hae ‘ 
logarithms, is “5 +c, where c is another constant. 
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GENERAL 


The Fundamentals of Microwave Communications subcourse is designed to provide you with the 
knowledge necessary for performing tasks related to providing line-of-site radio transmission path, and 
profiling tropospheric scatter radio transmission path. The subcourse is presented in three lessons, each 
lesson corresponding to a terminal objective as indicated below: 


Whenever pronouns or other references denoting gender appear in this document, they are written to 
refer to either male or female unless otherwise indicated. 


Lesson 1: FUNDAMENTALS OF RADIO COMMUNICATIONS 


TASK: The soldier will be able to identify the elements of fundamentals of transmission and reception, 
radio wave and methods of transmission. 


CONDITIONS: Given information and diagrams about the elements of fundamentals of transmission, 
reception, radio wave and methods of transmission. 


STANDARDS: Demonstrate competency of the objective by responding to 85 percent of the multiple- 
choice test covering the elements of fundamentals of transmission, reception, radio wave and methods of 
transmission for lesson 1. 

(This objective supports Task 113-611-4004, Profile Tropospheric Scatter Transmission Path.) 

Lesson 2: PROPAGATION OF RADIO WAVES 


TASK: The soldier will identify the principles of propagation on radio waves, microwave multichannel 
systems and microwave multichannel radio antennas. 


CONDITIONS: Given information and diagrams about the principles of propagation of radio waves, 
microwave multichannel systems, and microwave multichannel radio antennas. 


STANDARDS: Demonstrate competency of the objective by responding to 85 percent of the multiple- 
choice test covering the principles of propagation of radio waves, microwave multichannel systems and 
microwave multichannel radio antennas in lesson 2. 

(This objective supports SM Task 113-611-4004, Profile Tropospheric Scatter Transmission Path.) 
Lesson 3: SYSTEM ALIGNMENT 


TASK: The soldier will identify the principles of system alignment, noise, interference and fading. 


CONDITIONS: Given information and diagrams about the principles of system alignment, noise and 
interference and fading. 


STANDARDS: Demonstrate competency of the objective by responding to 85 percent of the multiple- 
choice test covering the principles of system alignment, noise interference and fading in lesson 3. 


(This objective supports SM Task 113-611-4004, Profile Tropospheric Scatter Transmission Path.) 
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INTRODUCTION 


Communications using microwave frequencies have been a fact for many years, and new developments 
in electronics have made it possible to expand the methods of communications in the microwave region. 
As a Signal Soldier, you must acquaint yourself with the characteristics and types of microwave 
communications. 


After you complete this subcourse you will be aware of the need to understand the fundamentals of 
microwave communications. 


This subcourse consists of three lessons and an examination. 


* % IMPORTANT NOTICE * * # 


THE PASSING SCORE FOR ALL ACCP MATERIAL IS NOW 70%. 


PLEASE DISREGARD ALL REFERENCES TO THE 75% REQUIREMENT. 


LESSON 1 
FUNDAMENTAL OF RADIO COMMUNICATIONS 
TASKS 


The soldier will be able to identify the elements of fundamentals of transmission, reception, radio wave 
and methods of transmission. 


CONDITIONS 


Given information and diagrams about the elements of fundamentals of transmission and reception, 
radio wave and methods of transmission. 


STANDARDS 


Demonstrate competency of the objective by responding to 85 percent of the multiple-choice test 
covering the elements of fundamentals of transmission, reception, radio wave and methods of 
transmission for lesson 1. 


REFERENCES 
FM 11-65, FM 24-18, and FM 24-21. 


Learning Event |: 
ELEMENTS OF TRANSMISSION AND RECEPTION 


1. Radio equipment. A radio set consists essentially of a transmitter that generates radio frequency 
(RF) energy; a source of electrical power; a key, microphone, or teletypewriter, that controls these 
energy waves; a transmitting antenna that radiates RF waves; a receiving antenna that intercepts some of 
the radiated RF waves; a source of electrical power; a receiver that converts intercepted RF waves into 
usable energy (usually audio frequency (AF) energy); and a loudspeaker, headphones, or teletypewriter 
provided intelligibility. When the frequency coverage of two sets is similar, when they have the same 
modulation, and the distance between them does not exceed the range of the equipment, two-way 
communications using electromagnetic (radio) waves is possible. Figure | is a block diagram of a basic 
radio set. 


Dd TRANSMITTER 


Figure 1. Block Diagram of Basic Radio Set. 


2s Radio transmitter. The simplest radio transmitter (figure 2) consists of a power supply and an 
oscillator. The power supply can be batteries, a generator, an alternating-current (AC) power source, 
including a rectifier and filter or a direct-current (DC) rotating power source. The oscillator, which 
generates RF alternating current, must contain a tuned circuit to tune the transmitter to the desired 
operating frequency. The transmitter must also have some device for controlling the generated RF 
energy. The simplest device is a telegraph key, which is merely a type of switch for controlling the flow 
of electric current. When the key is operated, the oscillator is turned on and off for varying lengths of 
time to form dots and dashes of RF energy. 


OSCILLATOR 


Figure 2. Block Diagram of a Simple Radio Transmitter 


3: Antennas. After an RF signal has been generated and amplified in the transmitter, a means must 
be provided to radiate this RF energy into space. At the same time, a means must be provided at the 
receiver location to intercept (pick up) the signal. The device that fulfills these requirements is called an 
antenna. The transmitting antenna sends transmitter signal energy out into space. This energy, radiated 
in the form of electro-magnetic waves, is intercepted by a receiving antenna. If the receiver is tuned to 
the same frequency as the transmitter, the signal will be received and intelligible information made 
available. 


4. Radio receiver. 


a. Detector (demodulator). There are two general kinds of RF signals that can be received by a 
radio receiver: modulated RF signals that carry speech, music, or other audio energy, and continuous 
wave (CW) signals that are a burst of RF energy conveying intelligence by means of code (dot) signals. 
The process whereby the intelligence carried by an RF signal is extracted is called detection or 
demodulation. The circuit used to accomplish this is called a detector (figure 3), since it actually detects 
the incoming intelligence. The receiver must have some means of tuning in or selecting the frequency 
of the desired RF signal. This selective action is necessary to avoid the detection of many RF signals or 
different frequencies at the same time. That part of the detector which is used to tune in the desired 
signal is called a tuned circuit. In FM radio receivers, the detector is known as a discriminator. 


\V 


DETECTOR 


NY 


Figure 3. Block Diagram of Simple Radio Receiver. 


b. RF amplifier. Because an RF signal diminishes in strength or amplitude at a very rapid rate 
after it leaves the transmitting antenna and because many RF signals of various frequencies are crowded 
into the radio frequency spectrum, a detector is not used alone. An RF amplifier (figure 4) is included in 
the receiver to increase the sensitivity (ability to receive weak signals) and the selectivity (ability to 
separate signals of different radio frequencies). The RF amplifier is provided with one or more tuned 
circuits so that the desired RF signal (the one to which it is tuned) is amplified more than RF signals of 
other frequencies. 


CALCULUS Higher Concepts of Mathematics 


fx)= ae” 


i f(x)dx = =e" +c (5-19) 


As with the techniques for finding the derivatives of functions, these general techniques for 
finding the integral of functions are primarily important only to those who perform detailed 
mathematical calculations for dynamic systems. These techniques are not encountered in the 
day-to-day operation of a nuclear facility. However, it is worthwhile to understand that taking 
an integral is the reverse of taking a derivative. It is important to understand what integral and 
derivatives are in terms of summations and areas under graphical plot, rates of change, and 
slopes of graphical plots. 


Summary 


The important information covered in this chapter is summarized below. 


Derivatives and Differentials Summary 


The derivative of a function is defined as the rate of change of one quantity 
with respect to another, which is the slope of the function. 


The integral of a function is defined as the area under the curve. 


end of text. 
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RF 


AMPLIFIER DETECTOR 


Figure 4. Block Diagram of Detector and RF Amplifier. 


c. Audio frequency amplifier. The power output of a detector, with or without an RF amplifier, 
is generally too little to be useful. One or more audio frequency amplifiers (figure 5), therefore, are 
added to the receiver to increase the audio frequency power to a level that will operate headphones, a 
loudspeaker, or teletypewriter equipment. 


Figure 5. Block Diagram of Complete Radio Receiver. 


Learning Event 2: 
RADIO WAVES 


1. General. Radio waves travel near the surface of the earth and also radiate skyward at various 
angles to the earth's surface (figure 6). These electromagnetic waves travel through space at the speed of 
light, approximately 186,000 miles (300,000 kilometers (km)) per second. 


VERTICAL ANTENNA 


GROUND WAVES 


Figure 6. Radiation of Radio Waves From a Vertical Antenna. 


a. Wavelength. The length of radio wave is the distance traveled by the wave in the period of 
time required to complete one cycle. Each complete cycle of two alternations of the wave (figure 7) is 
one wavelength and is expressed in meters. This wavelength may be measured from the start of one 
wave to the start of the next wave, or from the crest of one wave to the crest of the next wave. In either 
case, the distance is the same. 


WAVELENGTH 


wa ewe ee ne wwe eo wwe oewe we eee oe 


Figure 7. Wavelength of a Radio Wave. 


b. Frequency. 


(1) The frequency of a radio wave is the number of complete cycles that occur in one second. 
The longer the time of one cycle, the longer the wavelength and the lower the frequency. The shorter 
the time of one cycle, the shorter the wavelength and the higher the frequency. Figure 8 compares the 


wavelength of a 2 mc wave with that of a 10 mc wave. 


150 METERS ———>} 


{ 
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Figure 8. Comparison of Two Waves of Different Frequency. 


(2) Since the frequency of a radio wave is very great, it is expressed in kilocycles per second 
(kc) or megacycles per second (mc). One kc is equal to 1,000 cycles per second, and | mc is equal to 
1,000,000 cycles per second. 


(3) For practical purposes, the velocity of a radio wave is considered to be constant, 
regardless of the frequency or the amplitude of the transmitted wave; therefore, to find the wavelength 
when the frequency is known, divide the velocity of the frequency. 


Wavelength (in meters) = 300,000,000 (meters per second) 
(free space) requency (cycles per second) 
= 300,000 
frequency (kc) 
= 300 
frequency (mc) 


(4) To find the frequency when the wavelength is known, divide the velocity by the 
wavelength. 


frequency = 300,000,000 
(cycles per second) wavelength (meters) 
frequency (kc) = 300,000 
wavelength (meters) 
frequency (mc) = 300 
wavelen (meters ) 


c. Frequency bands. Most tactical radio sets operate within the 1.5 mc to 400 mc portion of the 
frequency spectrum. Radio frequencies are divided into groups or bands of frequencies for convenience 
of study and reference. The frequency bands of the radio spectrum are shown in the following chart. 


Band Frequenc mc 
Very low frequencies (VLF) |Below .03 

Low frequency (LF) |.03 to .3 

Medium frequency (MF) |.3 to 3.0 

High frequency (HF) {3.0 to 30 

Very high frequency (VHF) 130 to 300 
Ultrahigh frequency (UHF) 1300 to 3,000 
Superhigh frequency (SHF) 13,000 to 30,000 
Extremely high frequency (EHF) 130,000 to 300,000 


d. Characteristics of frequency bands. The data in the chart below, which are approximate 
under normal operating conditions, indicate that each frequency band has certain transmission 
characteristics. The exact characteristic depends upon the condition of the propagation medium, the 
transmitter power output, and many other factors. 


Range | Power 

Band | Ground Waves | Sky Waves | required 

| Miles | km | Miles | km ! (kW) 

| | 

IF ]} 0 to 1000 } 0 to 1609 | 500 to 8000 | 835 to 12,872 | above 50 
MF } 0 to 160 | 0 to 161 | 100 to 1500 | 161 to 2415 | **.5 to 50 
HF {| 0 to 50 i 0 to 83 { 100 to 8000 | 161 to 12,872 {| .5 to 5 
VHF | 0 to 30 | 0 to 48 | *50 to 150 | *83.5 to 241 | .5 or less 
UHF | 0 to 50 | 0 to 83 | creeen---- | erence ne-Hn- | .5 or less 

| i 


* Troposcatter or ionospheric scatter provides this range. 
** Troposcatter or ionospheric scatter requires this power range. 


Learning Event 3: 
METHODS OF TRANSMISSION 


General. The radio communications equipment in lower echelon units is used primarily to 
transmit intelligence in the form of speech or telegraphic code. When audio-frequency vibrations 
(speech or telegraphic code) activate the ear drum, the effect on the human nervous system is called 
sound. This form of acoustical energy travels through the air at a velocity of approximately 1,100 feet 
per second. Although sound can be converted to audio-frequency electrical energy, it is not practical to 
transmit it in this energy form through the earth's atmosphere by electromagnetic radiation. For 
example, efficient transmission of a 20-cycle audio signal would require an antenna almost 5,000 miles 
long. None of the above limitations apply when radio-frequency electrical energy is used to carry the 
intelligence. Tremendous distances can be covered; efficient antennas for radio frequencies are of 
practical lengths; antenna power losses are at reasonable levels; many channels, each carrying 
information, can be used; and selectivity or information is possible. 


a. Modulation. 


(1) Since the carrier wave (figure 9) itself does not convey intelligence, information in the 
form of a signal wave is super-imposed upon the carrier. This process, which is called modulation, 
varies or modifies either the frequency or the amplitude of the carrier waveform. Both amplitude 
modulation and frequency modulation methods are used in military radio communications systems. 


(2) When antenna frequency signals are superimposed on the RF carrier, additional RF 
signals are generated. The additional frequencies are equal to the sum and difference of the audio 
frequencies and the radio frequency involved. For example, assume that a 1000 kc carrier is modulated 
by a 1 kc audio tone. Two new radio frequencies are developed, one at 1001 kc (the sum of 1000 and 1 
kc) and the other at 999 kc (the difference between 1000 and 1 kc). If a complex audio signal is used 
instead of a single tone, two new frequencies will be set up for each of the audio frequencies involved. 
The new frequencies are called sidebands. 


b. Amplitude modulation (AM). Amplitude modulation is defined as the variation of the RF 
power of a transmitter at an audio rate. In other words, the RF energy increases and decreases in power 
according to the audio (sound) frequencies. In very simple terms, amplitude modulation is the process 
of varying the power output of a transmitter (figure 9). 


(1) When an RF carrier is modulated by a single audio tone, two additional frequencies are 
produced. One is the upper frequency, which equals the sum of the frequency of the RF carrier and the 
frequency of the audio note. The other is the lower frequency, which equals the difference between the 
frequency of the RF carrier and the frequency of the audio note. The one higher than the carrier 
frequency is the upper side frequency; the one lower than the carrier frequency is the lower side 


frequency. 


(2) When the modulating signal is made up of complex tones, as in speech, each individual 
frequency component of the modulating signal produces its own upper and lower side frequencies. 
These side frequencies occupy a band of frequencies called sidebands. The sideband that contains the 
sum of the carrier and modulating frequencies is called the upper sideband; the sideband that contains 
the difference of the carrier and the modulating frequencies is called the lower sideband. 


(3) The space that a carrier and its associated sidebands occupy in a frequency spectrum is 
called a channel. In amplitude modulation, the width of the channel (bandwidth) is equal to twice the 
highest modulating frequency. Consequently, if a 5,000 ke carrier is modulated by a band of 
frequencies ranging from 200 to 5,000 cycles (.2 to 5 kc), the upper sideband extends from 5,000.2 


to 5,005 kc, and the lower sideband extends from 4,999.8 to 4,995 kc. The bandwidth is then 10 kc, 
which is twice the highest modulating frequency (5 kc). 


(4) The intelligence of an amplitude-modulated signal exists solely in the sidebands, the 
amplitude of which vary according to the strength of the modulating signal. 


(5) Amplitude modulation generally is used by radiotelephone transmitters operating in the 
medium and high frequency portions of the spectrum. 
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A CARRIER 


B SIGNAL 


C AMPLITUDE MODULATED WAVE 


D FREQUENCY MODULATED WAVE 


Figure 9. Waveshape. 
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c. Frequency modulation (FM). Frequency modulation is the process of varying the frequency 
(figure 9) of the carrier wave. 


(1) In a frequency-modulated wave, the frequency varies instantaneously about the 
unmodulated carrier frequency in proportion to the amplitude of the modulating signal. When the 
modulating signal increases in amplitude, the instantaneous frequency increases; when the modulating 
signal decreases, the frequency decreases. 


(2) In an FM wave, the amplitude of the modulating signal determines the extent of departure 
of the instantaneous frequency from the center, or rest, frequency. Thus, the instantaneous frequency 
can be made to deviate as much as desired from the carrier frequency by changing the amplitude of the 
modulating signal. This deviation frequency may be as high as several hundred kilocycles, even though 
the modulation frequency is only a few kilocycles. The sideband pairs generated by frequency 
modulation are not restricted, as in amplitude modulation, to the sum and difference between the highest 
modulating frequency and the carrier. 


(3) The first pair of sideband pairs in an FM signal are those of the carrier frequency plus and 
minus the modulating frequency. Additional sideband pairs will appear at each multiple of the 
modulating frequency. For example, if a carrier of 1 mc is frequency modulated by an audio signal of 
10 kc, there will be several sideband pairs spaced equally on either side of the carrier frequency at 990 
ke and 1,010 kc, at 980 ke and 1,020 kc, at 970 kc and 1,030 kc, and so on. As a result, a frequency- 
modulated signal occupies a greater bandwidth than does an amplitude-modulated signal. 


(4) As indicated above the FM wave consists of a center or carrier frequency and a number 
of sideband pairs. When modulation is applied and the amplitude of the modulating signal is increased, 
power is taken from the center-frequency component and forced into the sideband pairs. 


(5) The FM signal leaving the transmitting antenna is constant in amplitude, but varying in 
frequency according to the audio-modulating signal. As the signal travels between the transmitting and 
receiving antennas, however, it is combined with natural and manmade noises that cause amplitude 
variations in the signal. All of these undesirable amplitude variations are amplified as the signal passes 
through successive stages of the receiver until the signal reaches the limiter stage. 
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(6) The limiter eliminates amplitude variations and passes the FM signal on to the 
discriminator, which is sensitive to variations in the frequency of an RF wave. The resultant constant- 
amplitude, frequency-modulated signal is then processed by the discriminator circuit, which transforms 
the frequency variations of the signal into corresponding voltage amplitude variations. These voltage 
variations reproduce the original modulating signal in a reproducing device, such as a headset, 
loudspeaker, or teletypewriter. 


(7) Frequency modulation generally is used by radiotelephone transmitters operating in the 
VHF and higher frequency bands. 


d. Radiotelephone. 


(1) A microphone of a radiotelephone set converts voice or soundwaves (figure 10) to weak 
electrical impulses. These impulses are strengthened by passing them through a series of audio 
amplifiers and then through a modulator. The modulator provides the audio power necessary to 
modulate the RF amplifier. At the receiver, the modulated RF is demodulated, allowing only the audio 
component of the incoming signal to be reproduced by a loudspeaker or headset. 


A 00 AS IN FOOD 


B © AS IN FLOW 


Figure 10. Examples of Voice-Sound Wave. 
(2) Radiotelephone transmission is used extensively for communications with highly mobile 


combat units, where speed of transmission is essential. It is used for person-to-person contact, where 
security is not a limiting factor. 
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LESSON 1 


PRACTICE EXERCISE 
(PERFORMANCE-ORIENTED) 


Which of the following is the simplest radio transmitter? 


a 
b. 
c. 
d. 


Power supply and antenna. 
Power supply and transmitter. 
Power supply and receiver. 


Power supply and oscillator. 


Which of the following can be a radio transmitter power supply? 


a 
b. 
C. 
d. 


Generator. 
Switch. 
Rectifier. 


Antenna. 


What type of circuit does the oscillator contain? 


a. 
b. 
€. 


d. 


Power circuit. 
Tune circuit. 
Close circuit. 


None of the above. 


What is the purpose of the detector? 


a 
b. 


Cc. 


Pp. 


Extracts intelligence from the RF signal. 
Induces intelligence into the RF signal. 
Modulates the RF signal. 

Stops the RF signal. 
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What is the use of the RF amplifier? 


a. Increases the audio frequency. 
By Increases the power frequency. 
c. Increases the radio frequency. 
d. Increases the ground frequency. 


What is the approximate speed of the radiowave? 


a 186,000 kilometers per second. 
b. 300,000 kilometers per second. 
c 18,600 kilometers per second. 
d. 30,000 kilometers per second. 


What type of frequency will you have when the wavelength is long? 


a Higher. 
b. Shorter. 
Cc. Lower. 

d. Longer. 


What is the approximate distance that the VHF band of frequencies can travel? 


a. 500 to 800 miles. 
b. 100 to 1500 miles. 
C; 100 to 150 miles. 
d. 50 to 150 miles. 


Where does intelligence of an amplitude modulated signal exist? 


a RF carrier. 
b. Sidebands. 
Cc. FM carrier. 


Pp. 


None of the above. 
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10. What is the state of the frequency modulated signal as it leaves the transmitting antenna? 
a. Constant amplitude. 
b. Varying amplitude. 
re No amplitude. 
d. All of the above. 
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LESSON 2 
PROPAGATION OF RADIO WAVES 
TASK 


The soldier will identify the principles of propagation of radio waves, microwave multichannel systems 
and microwave multichannel radio antennas. 


CONDITIONS 


Given information and diagrams about the principles of propagation of radio waves, microwave 
multichannel systems, and microwave multichannel radio antennas. 


STANDARDS 


Demonstrate competency of the objective by responding to 85 percent of the multiple-choice test 
covering the principles of propagation of radio waves, microwave multichannel systems and microwave 
multichannel radio antennas in lesson two. 


REFERENCES 
FM 11-65 and FM 24-21. 


Learning Event 1: 
PROPAGATION OF RADIO WAVES. 


lis The atmosphere. Wave propagation deals with the properties and the nature of the atmosphere 
through which radio waves must travel from the transmitting antenna to the receiving antenna. The 
atmosphere is not uniform, but varies with the altitude, geographic location, time of day or night, season, 
and year. A knowledge of the composition and properties of the atmosphere aids in the solution of 
problems that arise in planning radio communications paths and in predicting the reliability of 
communications. 


a. Troposphere. The troposphere is that portion of the earth's atmosphere extending from the 
surface of the earth to heights of approximately 6 1/2 miles (10 km). Within the troposphere, the 
bending of radio waves by refraction causes the radio horizon to exceed the optical horizon. 
Tropospheric refraction (reflection caused by sudden changes in the characteristics of air in a lower 
atmosphere) affect the received signal at distances beyond the radio horizon. 


b. Stratosphere. The stratosphere is that portion of the earth's atmosphere lying between the 


troposphere and ionosphere about 6 1/2 miles to 30 miles (10 to 48 km) above the earth. The 
temperature in this region is nearly constant. 
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c. Ionosphere. The ionosphere is that portion of the earth's atmosphere above the lowest level 
at which ionization (splitting of molecules into positive and negative charges, or ions) of low pressure 
gasses will affect the transmission of radio waves. It extends from about 30 to 250 miles (48 to 402 km) 
above the earth. The ionosphere is composed of several distinct layers in which ionization occurs at 
different levels and intensities. 


d. In the ultra-high-frequency band (300 to 3000 mc), the direct wave must be used for all radio 
transmissions. Communications is limited to a short distance beyond the horizon. Lack of static and 
fading in these bands makes line-of-sight reception very satisfactory. Highly directive antennas can be 
built into small spaces to concentrate RF energy into a narrow beam, thus increasing the signal intensity. 


2; Radiation. 


a. When power is delivered to an antenna, two fields are set up by the fluctuating energy: One 
is the induction field, which is associated with the stored energy; the other is the radiation field, which 
moves out into space at nearly the speed of light. At the antenna, the intensities of these fields are high 
and are proportional to the amount of power delivered to the antenna. At a short distance from the 
antenna, and beyond, only the radiation field remains. This radiation field is composed of an electric 
component and a magnetic component. 


b. The electric and magnetic fields (components) radiated from an antenna form the 
electromagnetic field. This field is responsible for the transmission and reception of electromagnetic 
energy through free space. Thus, the radio wave may be described as a moving electromagnetic field, 
having velocity in the direction of travel, and with components of electric intensity and magnetic 
intensity arranged at right angles to each other (figure 11). 


19 


TRANSMITTING SIGNAL VOLTAGE ELECTRIC FIELD 
ANTENNA 


RECEIVING 
ANTENNA 


DIRECTION 


MAGNETIC 
FIELD 


Figure 11. Components of Electromagnetic Wave. 


3: Directivity. Communications over a radio circuit is satisfactory when the received signal is 
strong enough to override undesired signals and noise. In other words, the receiver must be within range 
of the transmitter. Communications effectiveness can be increased between two radio stations by 
increasing the transmitting power, changing the type of emission (for example, changing from a 
radiotelephone to CW), changing to a frequency that is not readily absorbed, or using more directional 
antenna. In point-to-point communications, it is usually more economical to increase the directivity of 
the antenna system. Directional transmitting antennas concentrate radiation in a given direction and 
minimize radiation in other directions. A directional antenna may also be used to lessen interception by 
the enemy and interference with friendly stations. 


Learning Event 2: 
MICROWAVE MULTICHANNEL RADIO SYSTEMS. 


1; General. The radios used in microwave multichannel systems are designed specifically for 
such use and are not generally used without multiplex equipment. The radios (figure 12) are used in 
pairs; one at each end of the line-of-sight or troposcatter path. These radios operate on frequencies 
above 30 megahertz (MHz). The frequency range and associated multiplex equipment determine 
whether the sets are compatible with each other. Since radio is the least secure means of 
communications, transmission security is a constant concern in multichannel operation. The enemy 
obtains information through merely knowing that such radio sets are operating. His analysis of the 
number and location of radios in operation and their volume of traffic, may produce even more 
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valuable data. Transmission security is part of communications security (COMSEC). COMSEC, along 
with electronic security (ELSEC), are embodied in signal security (SIGSEC). 
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a. Radio frequency spectrum use by microwave multichannel radio. 


(1) Spectrum. The radio frequency spectrum is very broad. It is used by many radio 
frequency (RF) emitting devices other than those radios used in multichannel communications. The 
radios used in multichannel communications systems use only a selected portion of the overall RF 
spectrum; that ranging from very high frequency (VHF) through ultra high frequency (UHF) up to super 
high frequency (SHF). 


(2) Frequency range. Each radio operates on a range of frequencies that may overlap or 
parallel the frequencies used by another radio. Yet, the radios may not be technically compatible or may 
use entirely different modes of propagation. For this reason, it is difficult to confine a particular type of 
radio to a distinct RF operating class or to define a radio by its operating frequency. Figure 13 illustrates 
the use of the RF spectrum by various radios used in multichannel systems. 


23 


MCI 13.34h 


MARINECORPS INSTITUTE 


MATH FOR MARINES 


MARINE BARRACKS 
WASHINGTON, DC 


UTILIZATION OF RADIO FREQUENCY SPECTRUM 


LOS RADIO 
25 TO 30 MI (40 TO 48 KM} 


MICROWAVE RADIO 
LESS THAN 50 MI (80 KM) LOS MICROWAVE 


TROPOSPHERE 


“TROPOSPHERIC = SCATTER 100 TO 200 MI 
(160 TO 320 KM) 


*— Microwave RADIO. —————> 
i= LINE OF SIGHT (LOS) RADIO i _sTROPO SCATTER age E 


+ VERY HIGH ~ ULTRAHIGH SUPERHIGH 4 


QUENCY (UHF) —-t—— FREQUENCY (SHF) 
300 MHz 3000 MHz 30 GHz 


FREQUENCY {VHF) 


30 MHz 


Figure 13. RF Spectrum Use by Microwave Multichannel Radio. 
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(3) VHF and UHF bands. The VHF and UHF bands cover frequencies from 30 to 300 MHz 
and from 300 to 3000 MHz respectively. Radio waves in these bands travel in nearly straight lines, and 
normally require a line-of-sight path between the transmitting and receiving antennas. Useful 
transmissions in these bands are generally limited by the curvature of the earth to 25 to 30 miles (40 to 
48 km). However, longer transmissions may be possible under abnormal conditions. 


(4) Microwave. Microwave radios operate in the UHF and SHF bands. Microwave 
frequencies start at approximately 1000 MHz in the UHF band and range upward into a portion of the 
SHF band. The SHF band extends from 3 gigahertz (GHz) to 30 GHz. Radio waves in the SHF band 
also travel in nearly straight lines. This generally limits transmissions to line-of-sight paths and 
distances under 50 miles (80 km). The exception is when a portion of the SBF band is used for 
tropospheric scatter transmissions. 


(5) Tropospheric scatter. Tropospheric scatter radio sets operate in the SHF band. Stable 
and reliable radio propagation is possible over great distances by forward scatter of SHF waves (figure 
13). Tropospheric scatter is one of two types of scattered transmission. Ionospheric scatter is the other, 
but it is useful only at frequencies below 60 MHz. In tropospheric scatter, radio waves are reflected off 
areas of turbulence in the troposphere 6-10 miles (10-16 km above the earth). The reflected energy is 
scattered back to earth beyond the horizon, permitting reliable communications at distances of 100 to 
200 miles (160 to 320 km). The results of scatter propagation are generally predictable and useful. 


Learning Event 3: 
MICROWAVE MULTICHANNEL RADIO ANTENNAS. 


1. General. In microwave multichannel systems, radio-frequency energy is generated by the 
transmitter and fed to a transmitting antenna through a transmission line. The antenna radiates this 
energy into space at approximately the speed of light. A receiving antenna absorbs part of this energy 
and sends it to the receiving equipment through another transmission line. 


a. Functions of antennas. The transmitting antenna converts the output power generated by the 
radio into an electromagnetic field that is radiated through space. Thus, the transmitting antenna 
converts energy from one form to another. The receiving antenna has the opposite function. It converts 
the electromagnetic field that sweeps by it into energy that the radio receiver can use. In transmission, 
the antenna operates as the load for the transmitter. In reception, it operates as the signal source for the 
receiver. 
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b. Antenna gain. The gain of an antenna depends primarily on its design. Transmitting 
antennas are designed for high efficiency in radiating electromagnetic energy, while receiving antennas 
are designed for the efficient pickup of electromagnetic energy. In radio links of multichannel systems, 
transmission is needed between the transmitter and only one receiver. This situation makes it desirable 
to radiate as much energy as possible in only one direction. The directional characteristics of antennas 
increase the energy transfer in the favored direction and, at the same time, reduce the reception of 
unwanted noise and signals from other directions. Antennas are designed to minimize energy losses and 
maximize efficiency as radiators and receptors. 


c. Radiation. 


(1) When power is delivered to an antenna, two fields are set up. One is the induction field, 
which is associated with the stored energy; the other is the radiation field, which moves out into space. 
At the antenna, the intensities of both these fields are high. At a short distance from the antenna, and 
beyond, only the radiation field remains. 


(2) The electromagnetic field is responsible for the transmission and reception of 
electromagnetic signals through free space. Radio waves consist of components of electric intensity and 
components of magnetic intensity. Thus, radio waves are moving electromagnetic fields (figure 14). 
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Figure 14. Electromagnetic Wave Component. 


d. Antenna radiation patterns. 
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(1) The energy radiated by an antenna forms an electromagnetic field having a definite 
pattern, depending on the type of antenna used. This pattern is used to show both range and directional 
characteristics of an antenna. A vertical antenna theoretically radiates energy equally in all directions. 
In practice, however, the pattern is usually distorted by nearby obstructions or terrain features. 


(2) The full radiation pattern is a three-dimensional field. It looks somewhat like a doughnut 
with the transmitting antenna in the center (figure 15). Radiation patterns will change with the design of 
the antenna. The virtually round doughnut shape is radiated by omni-directional antennas. Elongated 
ellipses are formed by the directional VHF and UHF antennas. Narrow, highly concentrated beams are 
associated with microwave and tropospheric signals in the UHF and SHF range. The elliptical and 
narrow beam patterns permit the major portion of the energy to be concentrated in the direction of 
transmission. This directional pattern is known as the lobe (figure 16). 
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Figure 16. Example of a Direction Lobe. 
e. Polarization. 


(1) Polarization of a radiated wave is determined by the direction of the lines of force making 
up the magnetic field. If the lines of electric force are at the right angles to the surface of the earth, the 
wave is said to be vertically polarized. If the lines of electric force are parallel to the surface of the 
earth, the wave is said to be horizontally polarized. 


(2) Maximum energy transfer results when a receiving antenna is so oriented that its polarity 
lies in the same plane as the electric field component of the transmitting antenna. Thus, a vertical 
antenna is used for efficient reception of vertically polarized waves, and a horizontal antenna is used for 
the reception of horizontally polarized waves. In some cases, the field rotates as the waves travel 
through space. Under these conditions, both horizontal and vertical components of the field exist and 
the wave is said to have elliptical polarization. 


f. Directivity. Antennas used in multichannel systems possess high directivity. They 
concentrate radiation in a given direction and minimize radiation in other directions. Because 
wave lengths in the VHF and UHF ranges are short, it is practical to use antennas of such directivity 
and gain that moderately low power can provide reliable communications. The high directivity 
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also aids in obtaining a slight degree of security, makes enemy direction finding more difficult, and 
reduces noise, interference, and fading. 


g. Antennas used in the VHF and UHF ranges. 


(1) The VHF frequency range begins at 30 MHz and the UHF frequency range ends at 3000 
MHz. The antennas used in multi-channel systems are designed to match those frequencies. The wire 
rhombic and log periodic antennas used in the high frequency (HF) (3-30 MHz) range are not effective 
when used in the VHF and UHF ranges. Therefore, rhombics and log periodic antennas are seldom used 
at frequencies above 30 MHz. Reflective antennas, such as corner reflectors and parabolic reflectors, 
are preferred. 


(2) At frequencies above 100 MHz, corner reflectors may be used. Above 400 MHz, the 
wave length is such that even a parabolic reflector, excited by a dipole at the focal point, is practical. 


h. Parabolic reflector antenna. A parabolic reflector antenna (figure 17) consists of a saucer- 
like reflecting surface (parabola) with a small waveguide opening or a dipole (feed device) placed at its 
focal point. The wave from the primary source is reflected forward by the parabolic reflector as a plane 
wave. The larger the surface, the greater the antenna gain and the narrower the beam width. When a 
dipole source is used, a parasitic element or a small auxiliary reflector is often placed in front of the 
dipole so that more of the energy is directed toward the large parabolic surface. The presence of the 
dipole and auxiliary element has some blocking effect on the forward pattern, but the loss is small in 
large reflector antennas. The polarization of the field in the horizontal and vertical planes is the same as 
that of the primary source. In other directions, a cross polarized wave is developed that has both 
horizontal and vertical components. The reflector surface may be solid or perforated. To reduce wind 
resistance, some of the larger reflectors often have perforated surfaces or grid wires in which the 
spacings are a precalculated fraction of a wave length. Perforated and grid reflectors serve as well as 
solid reflectors. Parabolic reflector antennas are not restricted to the VHF portion of the spectrum. 
They are equally effective in line-of-sight microwave (frequencies at 1000 MHz or above) paths and 
tropospheric scatter paths. In microwave multichannel systems, parabolic reflector antennas are used 
with microwave radios using frequencies from 1500 MHz upwards, and with microwave and 
tropospheric scatter radios using frequencies up to and above 5000 MHz. Tropospheric scatter antennas 
must be sited to obtain the lowest possible line-of-fire angels while microwave antennas must be sited to 
obtain the best possible line-of-sight paths between stations. 
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Figure 17. Parabolic Reflector Antennas. 
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i. Polarization of antennas. 


(1) General. Radio waves transmitted from a vertical antenna are vertically polarized and 
those transmitted from a horizontal antenna are horizontally polarized. Either type of polarization may 
be used, but the performance will vary under certain conditions. In all cases, the polarization of the 
receiving antenna must be the same as the transmitting antenna, otherwise, the loss of signal strength 
may be great enough to prevent communications. 


(2) Advantages of vertical polarization. 


(a) Vertically polarized waves are less affected by aircraft flying over the transmission path 
than are horizontally polarized waves. 


(b) Vertically polarized antennas are more efficient for transmission over sea water at 
frequencies lower than 100 MHz. Ordinary line-of-sight antennas, less than 45 to 50 feet (15 meters) 
high, work best when vertically polarized. At higher frequencies, there is little difference in 
performance. 


(3) Advantages of horizontal polarization. 


(a) Horizontal antennas are less likely to pick up manmade electrical interference such as 
that which comes from power lines and transformers. Such interference is usually vertically polarized. 


(b) In fairly dense forests, horizontally polarized waves suffer less loss than vertically 
polarized waves. Also, standing wave effects are not as pronounced with horizontal polarization. 
Standing wave effects can cause great variation in the field strength of vertically polarized waves when 
antennas are moved among trees or buildings. 


(c) In very dense jungles, there is no advantage in either type of polarization. Performance is 
poor in this environment for all types of polarization. 


(4) Cross polarization. In this configuration, the transmit and receive antennas at a 
multichannel station are oppositely polarized. Depending on equipment capabilities, the transmit and 
receive antennas may be mounted on a common mast or on separate masts. Cross polarization is 
normally used to reduce the required transmitter-to-receiver frequency separation. 
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(5) Polarization effects over tropospheric scatter paths. The transmitted polarization is 
generally preserved in tropospheric scatter operation paths. Experiments show that 90 percent of the 
received signal has the same polarization as the transmitted signal. Tests also indicate there are no 
appreciable differences in signal strength for horizontal, vertical, or circular polarization. Therefore, 
polarization has no significant effect on signal strength provided the receiving antenna is oriented in the 
same plane as launched by the transmitting antenna. 
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LESSON 2 


PRACTICE EXERCISE 
(PERFORMANCE-ORIENTED) 


The troposphere is approximately how many miles above the earth's surface? 


a 
b. 
C 
d. 


6 1/2 miles. 
3 1/2 miles. 
4 1/2 miles. 
2 1/2 miles. 


Where is the location of the stratosphere? 


a 9 F B 


Between the earth and ionosphere. 
Above the ionosphere. 
Between the troposphere and ionosphere. 


Below the troposphere. 


What are the two fields set up in the antenna by the fluctuating energy? 


a. 
b. 
C. 


d. 


Induction and radiation fields. 
Left and right fields. 
Modulation and carrier fields. 


Passive and active fields. 


What is the advantage of using a directional transmitting antenna? 


a 
b. 


Cc. 


Pp. 


You can see the direction of travel. 
You can concentrate the radiation. 
You can interface with friendly stations. 


None of the above. 
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In what direction does the band of frequencies in the VHF and UHF travel? 


a. Straight. 
b. Parabolic. 
re Hyperbala. 


d. Curve. 
What are the frequencies used in microwave systems? 


a 1000 MHz and above. 
b. 200 MHz and above. 
Cc. 300 MHz and above. 
d. 50 MHz and above. 


Which agency handles part of the transmission security? 


a. MOMSEC. 
b. COMSEC. 
C. EOMSEC. 
d. BEMSEC. 


What kind of polarity will there be when the lines of electric force are at the right angles to the 
surface of the earth? 


Horizontally polarized. 


a 
b. Vertically polarized. 


© 


Cross polarized. 


All of the above. 


A. 
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10. 


What polarity does the receiving antenna have to be to receive maximum power transfer from the 


transmitting antenna? 


a 
b. 
oe 
d. 


Receiving is vertical, transmitting horizontal. 
Receiving is vertical, transmitting vertical. 
Receiving is horizontal, transmitting vertical. 


None of the above. 


What purpose does the paratolic reflector serve? 


a 
b. 


Ce 


Pp. 


Increases antenna gain. 
Decreases antenna gain. 
Stops antenna gain. 


All of the above. 
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LESSON 3 
SYSTEM ALIGNMENT 
TASK 
The soldier will define the principles of system alignment, noise, interference and fading. 
CONDITIONS 


Given information and diagrams about the principles of system alignment, noise, interference and 
fading. 


STANDARDS 


Demonstrate competency of the objective by responding to 85 percent of the multiple-choice test 
covering the principles of system alignment, noise, interference and fading in lesson 3. 


REFERENCE 
FM 24-21 


Learning Event 1: 
CONTROL OF ALIGNMENT 


1. General. 


The overall microwave multichannel system must be aligned in accordance with instructions 
contained in the appropriate equipment technical manuals (TM). Both the radio system and the 
multiplexer system are included in the overall system alignment. 


2) Control of alignment. 


a. All alignments are supervised by the controlling terminal, designated terminal A. The 
remaining terminal in the system is designated terminal B. The multichannel equipment operators at 
terminal A will supervise the overall system alignment. 


b. During system alignment, intermediate or repeater stations report all readings to the 
controlling terminals. 


c. Permission to make alignment adjustments must be obtained from the control terminal. If 
equipment is being used that requires critical signal levels to be transmitted over the system, the control 
terminal must ensure that no more than a 2 dB change will result in the system as a result of any one 
alignment. 
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3. Radio-system alignment. 


a. The radio system alignment is performed after the starting procedures for each radio set of 
the system have been made. If connections to the multiplexing system have been made, the control 
multiplexing terminal must be informed when the radio-system line-up is completed. Then the overall 
system alignment may be accomplished. 


b. The radio alignment procedure is accomplished first in the A-B direction, and then in the B- 
A direction. When performing the alignment, the controls of the transmitter at radio terminal A are 
adjusted first. When this has been accomplished, the control radio terminal attendant directs the 
attendant at the next receiver in the A-B direction to adjust his receiver control to obtain appropriate 
signal level. When this has been accomplished, radio terminal A then directs that the next transmitter in 
the A-B direction be adjusted. Each successive receiver and transmitter in the A-B direction is aligned 
in sequence until the receiver at terminal B is aligned. At this point, radio terminal B assumes 
temporary control, and directs the alignment in the B-A direction. 


4, Overall system alignment. 


The overall system alignment is performed for both the multiplexing system and the radio 
system. The alignment is performed at the direction of the controlling multiplexing terminal. As in the 
case of the radio system alignment, the multiplexing system alignment is accomplished first in the A-B 
direction and then in the B-A direction. The procedure followed is the same at both terminal and 
repeater stations as in radio alignment. 


Learning Event 2: 
NOISE AND INTERFERENCE. 


1. General. The amount of noise or interference at the receiver location limits the length of hops 
between multichannel equipment. The more noise or interference that is present, the shorter the distance 
that can be covered. A high noise level will reduce quality in telephone circuits and cause errors in 
teletypewriter circuits. In the automatic switching system, an excessive noise level can cause trunk call 
blockage. 


a. Noise in line-of-sight and tropospheric scatter systems. The two basic types of noise existing 
within line-of-sight or tropospheric scatter relay systems are: 
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(1) Idle noise. This noise is always present in a system, with or without modulation. Idle 
noise includes thermal noise generated within the equipments by mixer diodes, low level amplifiers. It 
includes shot noise from klystrons. It also includes noise generated by semi-conductors, multiplier 
chains, and crossover electro-magnetic effects. 


(2) Intermodulation noise. This noise is introduced into the system as a result of heavy 
signal load or increased operating level. The greater the traffic load or the higher the operating level, the 
more intermodulation noise introduced. Usually intermodulation noise increases slowly until a "break 
point" is reached, after which, it increases rapidly. Generally, it is desirable to operate the systems at as 
high a signal level as possible (short of the breakpoint) in order to improve the signal/noise (S/N) ratio. 
For some equipment, however, specific signal levels must be maintained to ensure proper operation. 

b. Interference in line-of-sight and tropospheric scatter systems. Most interference in line-of- 
sight or tropospheric scatter systems is generally of three types; interference from natural sources, man- 
made interference, and mutual interference. The prime requirement for good communications is a high 
S/N ratio. Radio interference is discussed in more detail in the next three paragraphs. 

c. Interference from natural sources. 

(1) Radio interference from natural sources may be divided into four classifications: 

(a) Atmospheric interference; electrical storms. 


(b) Solar and cosmic interference; eruptions on the sun and other stars. 


(c) Precipitation static from charged particles in the atmosphere. Particles may be rain, sleet, 
snow, sand, and smoke or dust. Dry particles produce greater charges than wet ones. 


(d) Fading from disturbances in the medium through which radio waves are propagated. 
(2) The interferences listed above appear in electronic equipment as audible noise or errors in 
the output of some terminal equipments. There is some interference at most frequencies, but the higher 


the frequency, the less noise. 


d. Mutual interference. 
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(1) When one communications system interferes with another or when one unit in a system 
interferes with other units in the same system, there is a condition of mutual interference. 


(2) Mutual interference may appear in several forms, such as noise, crosstalk, and harmonic 
interactions. Some of the common conditions that cause mutual interference are as follows: 


(a) Transmitter fundamental radiation to receiver fundamental response. 

(b) Transmitter spurious radiation to receiver fundamental response. 

(c) Transmitter fundamental radiation to receiver spurious response. 

(d) Transmitter spurious radiation to receiver spurious response. 

(e) Receiver radiation to receiver fundamental response. 

(f) RF arcing in transmitters. 

(g) Impedance mismatch in the antenna system. 

(h) High voltage pulse interference. 

(i) Improper frequency assignments. 

(3) Spurious radiation refers to signals radiated from the transmitter on many frequencies 
other than the fundamental or carrier frequency. While these spurious radiations are weaker than the 
fundamental or carrier frequency, they may be strong enough to cause interference (noise) in nearby 
receivers. This is true especially when a receiver is tuned to a frequency corresponding to one of the 
spurious transmitter radiations. 

(4) If these interference signals are strong enough, they may be amplified to the point where 
they will render the desired signal unintelligible. It is possible for the local oscillator in a 
superheterodyne-type receiver to radiate a signal which can cause interference. This is known as 
receiver radiation. 

(5) Mutual interference may originate from many local and distant sources. Frequency 
relationships, geographical locations, faulty adjustment of equipment, improper operating techniques, 


and weather conditions are factors contributing to mutual interference. Equipment and systems that are 
potential generators of mutual interference include radar, radio, radio aids to navigation, and telephones. 


41 


e. Operation with high system noise. 


(1) Occasionally, traffic channel noise is excessive. This may be caused by a higher noise 
level at one or more radio hops than at others. A hop may have relatively high path attenuation due to a 
long transmission path or line-of-sight obstructions. A high noise level also may be caused by external 
sources such as ignition or radio interference. 


(2) Under such conditions, it frequently will be possible to improve the overall system 
signal-to-noise ratio. Better reception may be obtained by increasing the signal output of the transmitter 
and reducing the gain of the receiver where the high noise level occurs. 


(3) There are limits to signal-to-noise improvement; however, changing a multichannel 
output of a certain number to a channel output of a lesser number will increase the relative signal-to- 
noise level. For example, a 12-channel output may be reduced to a 4-channel output, or a 4-channel 
output may be reduced to a |-channel output, etc. This assumes that all of the transmitter power that 
was used in the higher number of channels is applied to the lower number. 


(4) When a particular hop is operating with excessive noise, follow the procedure outlined in 
the equipment manual. 


Learning Event 3: 
FADING. 


1. General. Fading may generally be considered a form of interference. It is not normally cause by 
man-made interference of sources outside of the transmission medium. Fading is the variation of radio 
field strength caused by changes in the transmission medium with time. 


a. Violent changes in the ionosphere, known as ionosphere storms, may also cause fading, 
especially at frequencies higher than 1500 kHz. These disturbances are caused by vigorous sunspot 
activity and may last as long as several weeks. 


b. All frequencies used in microwave multichannel links are subject to fading. The most 
common method to overcome fading is to increase the power to the transmitter. The use of automatic 
gain control in the receiver will compensate for minor changes in signal intensity. Though fading can 
occur along any transmission path, the effects of fading are not as pronounced on VHF and UHF paths 
as it is On microwave and tropospheric scatter paths. Other aspects of fading, and measures to combat 
them, are discussed in the following paragraphs. 
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2; Microwave multichannel fading aspects. 


a. For paths above the horizon, two general kinds of microwave fading exist; inverse-bending 
and multipath. They differ in origin, character, locations where they are most prevalent, and effects on 
communications. 


(1) Inverse-bending fading is typically found over water. It is rare over land, except on some 
foggy paths near large bodies of water. The individual fades may last for minutes or hours, until the 
climatic phenomena no longer exists. 


(2) Multipath fading may occur over many kinds of paths. It may result from reflections 
from water or highly reflective earth. At the longer distances, it may be a result of refraction from an 
elevated layer of the toposphere. It may also result from adjacent multiple paths caused by local 
irregularities in the troposphere. The duration of individual multipath fades is from about a second to a 
minute. 


(3) Both kinds of fading may occur at the same time on the same path. When the signal is 
weakened by inverse-bending, it is more subject to multipath effects. 


b. The maximum depth of fading occurs when the air is still and humid, and the ground is 
warmer than the air. The minimum depth of fading occurs when the air is dry and well-stirred by winds. 
Therefore, deep fading is ordinarily seasonal. 


c. The depth of fading tends to be greater at longer distances, but climatic conditions are fully 
as important as distance. The amount of fading, or its time occurrence, cannot be accurately predicted; 
and therefore, must be estimated. 


d. Fading results in a poorer signal-to-noise ratio. When the audio signal-to-noise ratio is 
seriously impaired by fading, telephone communications becomes difficult, errors appear in the 
telephone signaling and in VF teletypewriter traffic, and facsimile reproductions show spots, blotches, or 
blackout. If the fade is deep enough, the signal is entirely lost in the noise. 


e. In pulse modulation systems, when the RF signal weakens, the audio signal-to-noise ratio is 
about proportional to the RF signal-to-noise ratio until the latter reaches a low value called the breaking 
point. If the RF signals are weaker than this breaking point, the audio noise increases much faster than 
the RF signal decreases. The margin between the steady-state conditions and the breaking point is 
sometimes called the fade margin. When the breaking point is reached on any system, the noise has 
already reached a level above the 0 dB transmission level. This seriously impairs reception. 
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3. One percent microwave multichannel fading. 


a. One percent fading is taken as the depth of face (in dB) that is exceeded only 1 percent of the 
total time in the worst month of the year in the locality concerned. This is approximately 7 hours, 
assuming 24 hours a day operation. One percent fading is the sum (total time) of all the separate 
intervals (times) that the depth of fade exceeds the stated amount. General fading conditions may 
extend over a period of several hours (usually in the early morning hours during worst month 
conditions). However, the deep fades that exceed the stated amount for | percent fading criteria are of 
very short duration, ranging from a few seconds to a minute or so. Thus, out of the total period that 
disturbing fades exist, only a total of a few minutes would exceed the stated amount for | percent fading 
criteria. 


b. Microwave fading estimates are based on an expected | percent fading depth of 20 dB ona 
single 35-mile link. In the month of worst microwave fading, the dB depth of fade, with good siting, 
will vary above or below 20 dB based on the square root of the link length. When one link has a deep 
fade, the others will seldom have one at the same moment. These figures apply when there is a good 
clearance. At, or just above, grazing (on the basis of K = 4/3 true earth radius), the fading probably 
would be about 6 dB deeper. 


4, General measures to combat microwave fading. 

a. Avoid paths where deep fading is likely. 

b. Make the path loss low enough to provide an adequate fade margin. 

c. Use space diversity when needed. 

d. When fading is of the inverse-bending type (slow fading), raise the antenna higher than just 
enough to give free space loss. Clearance (above the grazing line over the surface of the earth or the 
most prominent obstacle) approximately twice the clearance necessary for free space loss is 
recommended in this case. If fast fading also is prevalent, use space diversity. 
ay Space density. 

a. To use space diversity (figure 18), a second receiving antenna is so placed that when the 
signal at the first receiving antenna is weak, the signal at the diversity antenna is relatively strong. To 
do this, the two antennas must be properly spaced. Each antenna must connect to its own receiver, and 


the receiver outputs must be connected through a combining circuit actuated by control voltages taken 
from the two receivers. 
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b. When fading is of the inverse-bending type, space diversity ordinarily is not helpful, unless 
the second antenna can be placed considerably above the original antenna. 


c. Fading effects are not completely eliminated by the use of space diversity, but the duration of 
poor signal-to-noise ratio is considerably reduced. 


d. The diversity antenna usually is placed from 50 to 100 feet directly below or above the first 
receiving antenna (figure 19). Only a rough practical rule can be used, so considerable changes in 
antenna spacing may be necessary. Spacing of even less than 50 feet may be effective. Frequency 
diversity may also be used to minimize fading on microwave systems. 
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Figure 19. Space Diversity Antenna Arrangement. 


47 


e. Frequency diversity. In frequency diversity, the same information is sent simultaneously on 
more than one frequency. Because of lack of correlation of fast fading over a path on different 
frequencies, a strong likelihood exists that the carrier and all sidebands will not fade out together, and at 
least one frequency will nearly always be received. Such a system is wasteful of bandwidth, but offers 
advantages in certain applications where a space diversity system is not feasible. It can be combined 
with space diversity further to reduce error rates. 


f. Space diversity. This is the only technique that has been used extensively on long-range 
tropospheric scatter circuits. It is the most commonly used form of diversity when sufficient ground is 
available. Dual space diversity (use of two paths) receiver-antenna configuration provides 
approximately 99.9 percent reliability in a 100-mile point-to-point communications circuit, providing 
the scatter volume height and scatter angle are kept low. To obtain the same circuit reliability with a 
single receiver-antenna system would require either an increase in transmitter power, a decrease in 
receiver noise figures, or an increase in overall antenna gain. In a space diversity system, the outputs of 
the individual receivers are switched or combined in such a manner as to ensure the best possible signal- 
to-noise ratio in the final diversity signal. 
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LESSON 3 


PRACTICE EXERCISE 
(PERFORMANCE-ORIENTED) 


Which terminal controls all alignments? 


a Cc, 
b. A 
Cc. B. 
d. D 


What must the controlling terminal ensure? 


a No more than 10 dB of change. 
by No more than 7 dB of change. 
c. No more than 5 dB of change. 
d. No more than 2 dB of change. 


Which direction is the radio alignment first made? 


a B-C. 
b. B-A. 
c, A-B. 
d. A-C, 


What type of noise is always present in a system? 


a Intermodulation noise. 
b. Idle noise. 

Cc. Cosmic noise. 

d. High noise. 
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What is one of the basic types of noise existing within line-of-sight or tropospheric scatter relay 
systems? 


a Solar noise. 
b. Precipitation noise. 
C. Intermodulation noise. 


d. All of the above. 


What is it called when one communication system interferes with another? 


a Mutual inductance. 
b. Mutual interference. 
c. Mutual capacitance. 
d. Mutual murial. 


What happens to communication equipment when there are eruptions on the sun and other stars? 


a Atmospheric interference. 
b. Cosmic interference. 

C Precipitation interference. 
d. Increase signal strength. 


What type of interference is caused by charged particles in the atmosphere? 


a Atmospheric interference. 
b. Cosmic interference. 
C; Precipitation interference. 


Pp. 


None of the above. 
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10. 


What may cause fading in the 1500 kHz range and above? 


a. Tropospheric storm. 
b. Stratospheric storm. 
ee Ionospheric storm. 
d. Rain storm. 


Where is inverse-bending fading typically found? 


a Cities. 
b. Farms. 
Cc. Mountains. 
d. Water. 
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PRACTICE EXERCISES 
(SOLUTION SHEET) 
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Dy (c) Increases the radio Lsn 1, LE 1, Para 4b Pg 3 
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7. (c) Lower Lsn 1, LE 2, Para lb Pg 6 
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This is an update of the User's Guide for Building and Operating Environmental 
Satellite Receiving Stations, which was published in document form in July of 1997. There have 
been several changes in the technology and availability of receiving equipment as well as 
changes to the NOAA operated satellites since the previous publication. This has made a new 
User's Guide necessary to maintain the National Oceanic and Atmospheric Administration's 
commitment to serve the public by providing for the widest possible dissemination of 
information based on its research and development activities. 


The previous version of this User's Guide was a major update of NOAA Technical 
Report 44, Educator's Guide for Building and Operating Environmental Satellite Receiving 
Stations, originally published in 1989, and reprinted in 1992. 


The environmental/weather satellite program has its origins in the early days of the U.S. 
Space program and is based on the cooperative efforts of the National Oceanic and Atmospheric 
Administration (NOAA) and the National Aeronautics and Space Administration (NASA) and 
their predecessor agencies. 


A portion of this publication is devoted to examining inexpensive methods of directly 
accessing environmental satellite data. This discussion cites particular items of equipment by 
brand name in an attempt to identify examples of readily available items. This information 
should not be construed to imply that these are the only sources of such items, nor an 
advertisement or endorsement of such items or their manufacturers. Sources for a more complete 
list of suppliers are cited elsewhere in this publication. 


Readers of this publication requiring additional information on the application of 
environmental satellite data can consult Appendix B for several useful resources. 
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I. INTRODUCTION 


Satellites provide us with a unique and long-sought after opportunity to look at Earth 
from space. These spacecraft now enable us to observe and measure the many forces of nature 
which converge on our planet. Mankind can now observe the global nature of the environmental 
factors which interact to form the complex systems we call Earth. From the unique vantage point 
of space, sophisticated environmental/weather satellites bring us information about cloud 
formations and movements, precipitation amounts, temperatures, ocean currents, sea surface 
temperatures, air and water pollutants, drought and floods, severe weather conditions, vegetation, 
insect infestations, ozone content of the atmosphere, volcano eruptions, and other factors that 
affect our daily lives. They have also provided us with less tangible aesthetic values which help 
shape attitudes about the environment of this planet. This global attitude is, perhaps, just as 
important as the hard data that the satellites provide. 


Much of this information is transmitted from these satellites via direct readout to ground 
stations where it can be displayed and analyzed. These Direct Readout Services were pioneered 
more than 45 years ago by the first weather satellites and have been expanded and operated in 
the United States by the National Oceanic and Atmospheric Administration (NOAA). The most 
popular of these services are the Automatic Picture Transmissions (APT) and High Resolution 
Picture Transmission (HRPT) of the U.S. Polar Orbiting Environmental Satellites (POES) and 
Low-Rate Information Transmission (LRIT) and GOES Variable (GVAR) data transmitted by 
the U.S. Geostationary Operational Environmental Satellites (GOES). 


Thousands of direct readout stations have been purchased or built to receive the direct 
readout transmissions from these satellites. Government and military agencies, private industries, 
and a variety of private individuals including ham radio operators, students and faculty are 
operating ground stations. Perhaps the fastest growing use of this data is within the educational 
community. Many teachers with students at all levels within educational institutions have 
discovered the benefits of these satellites. Innovative teachers are using real time data to teach a 
variety of curriculum materials including the sciences, electronics, engineering, computer 
sciences, social studies, geography and art. Exposure to this exciting world of Earth remote 
sensing can help retain students, motivate them toward higher education, and expand career 
possibilities to areas unheard of a few years ago. This publication is designed to provide a broad 
spectrum of potential users with the basic information needed to establish and operate a direct 
readout ground station and understand the imagery provided by Earth-orbiting weather satellites. 


II. DIRECT READOUT TRANSMISSIONS FROM METEOROLOGICAL 
SATELLITES 


Overview 


In the early 60’s satellite pictures received from the weather satellites were analyzed by 
U.S. Weather Bureau meteorologists, and the results, in the form of hand drawn "nephanalyses" 
(cloud depiction charts), were transmitted to major forecast centers throughout the United States 
and overseas. These charts, sent by conventional land line or radio facsimile circuits, often 
reached these centers too late to be of any practical value in forecasting the weather. The weather 
satellite direct broadcasting system, or more commonly called direct readout service, was 
developed to overcome this problem. Remotely sensed meteorological data are transmitted 
directly from polar orbiting or geostationary satellites in "real time" to forecasting centers and 
ground stations within signal range of the satellite. The weather satellite images were designed 
with a format that could be received and reproduced by relatively inexpensive ground station 
equipment, and the data is transmitted free of charge to anyone with the appropriate receiving 
and display equipment. 


The Direct Readout Services are an integral component of both the Polar Operational 
Environmental Satellites (POES) system, and the Geostationary Operational Environmental 
Satellites (GOES). Each of these satellite platforms can provide a high resolution and lower 
resolution image data product. Direct Readout Services include Automatic Picture Transmission 
(APT), High Resolution Picture Transmission (HRPT), and Direct Sounder Broadcasts (DSB) 
from the POES satellites, and Low-Rate Information Transmission (LRIT) ), and GOES Variable 
Format (GVAR) data from the GOES satellites. Today, the majority of the world's users of 
weather satellite imagery acquire them through the use of these direct readout systems. Over 120 
countries and approximately 8,000 known (and an estimated several thousand more unknown) 
ground stations rely on these daily transmissions of meteorological data. 


The first APT system was pioneered on TIROS-VIII (Television Infrared Observational 
Satellite), launched in December 1963. TIROS-VIII was one of the early polar orbiting weather 
satellites. Several U.S. weather offices were equipped to receive transmissions from this satellite, 
and plans for building relatively simple, low cost ground receiving stations were widely 
distributed to foreign meteorological services. By 1965, radio amateurs (hams) were designing 
stations for home reception and publishing design information in popular electronic magazines. 
Interest and activity in receiving direct readout transmissions by members of the academic 
community also developed. This was, in part, due to a series of articles by Professor H.R. Crane 
which appeared in issues of the Physics Teacher Journal during 1968 and 1969. 


Today, polar orbiting satellites launched by the United States continue to transmit images 
of the Earth via APT and HRPT. These have been joined by Chinese Feng Yun spacecraft, with 
similar transmission systems. This is fortunate because a ground station capable of receiving 
data from the U.S. polar orbiting satellites can also receive images from satellites of other 
countries as well. 


APT From The TIROS Series Satellites 


APT services and subsystems were initially designed to broadcast direct readout satellite 
imagery to low-cost ground receiving equipment. By 1990, more than 5000 stations, were 
receiving APT data from U.S. and Russian satellites. A basic ground station consists of a low- 
cost steerable directional antenna or fixed omni-directional antenna, a VHF receiver, and a 
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display device such as a personal computer. APT data can be acquired whenever a NOAA 
POES satellite passes within range of a ground station (at least four times in a 24 hour period). 
The number of satellite overpasses depends on the latitude of the station; high latitude stations 
can receive far more than four passes a day. 


On the POES Advanced-TIROS-N series of satellites the APT images are produced by 
the primary scanning instrument called the Advanced Very High Resolution Radiometer 
(AVHRR). This instrument is designed to detect five channels of radiant energy from the surface 
of the Earth ranging from the visible spectrum, the near-infrared, and infrared spectra. Data from 
these channels are transmitted directly in a high speed digital format known as High Resolution 
Picture Transmission (HRPT). 


The analog APT signal is derived from the original digital data and is multiplexed so that 
only two of the original channels appear in the APT format. This is accomplished on the satellite 
by using every third scan line of the digital HRPT data, produced at 360 lines per minute; to 
amplitude modulate a 2400 Hz tone. The scan rate of the APT signal is, therefore, 120 lines per 
minute (2 lines per second). The two images that appear in the APT are selected from ground 
control and, during daylight passes, usually consist of the visual channel and one of the infrared 
channels. At night, two infrared images are usually found in the APT. Therefore, the final 
product from APT consists of two images, side by side, representing the same view of the Earth 
in two different spectral bands. (See Figure II-1) 


=. ae? Bees A . 
Figure II-1 APT Image Containing Infrared (left) and Visible (right) Channel Data 


The APT signal is transmitted continuously from the satellites. This results in an image 
strip that continues as long as the transmission is received at the ground station. Radio reception 
of the APT signal, however, is limited to "line of sight" from the ground station and therefore it 
can only be received when the polar orbiting satellite is above the horizon of a user’s ground 
station. This is determined by both the altitude of the satellite and its particular path across the 
ground station's reception range. The U.S. and Chinese polar orbiting satellites operate at 
altitudes between 810 and 1,200 km (488 and 744 miles). At these altitudes the maximum time 
of signal reception during an overhead pass is about 16 minutes. During this time a ground 
station can receive a picture strip equivalent to about 5,800 km (3,600 miles) along the satellite 
path. 


NOAA plans to continue APT support throughout the current series of satellites and 
NOAA N’ is yet to be launched. Based on the typical life expectancy of these satellites, APT 
should be available on at least one NOAA satellite until about 2015. APT will not be provided 
on future U.S. satellites, all data from the next generation NPOESS satellites will be digital 
services and will require different ground station equipment. 


High Resolution Picture Transmission From The TIROS Series Satellites 


The AVHRR instrument on the NOAA Advanced-TIROS polar orbiting satellites 
provides the High Resolution Picture Transmission (HRPT) digital imagery which is the original 
data from which the APT pictures are derived. Since the APT imagery is derived from the 
HRPT data, and both are received real time directly from the satellite, the area of coverage is 
essentially the same for the two data types. HRPT consists of six channels of data in the visible, 
near infrared and infrared spectrum, the data are digitized to 10-bit precision, transmitted at 360 
lines per minute (LPM) at 665 kilobits per second (kbps). The HRPT data stream also includes 
non-imagery data from other instruments on board the spacecraft. Due to the higher resolution 
of the HRPT imagery (1 .1km in the visible band), and the additional spectral channels of 
information, direct readout users often prefer this data stream over the analog APT, particularly 
where quantitative analysis is involved. 


Several vendors provide HRPT systems as individual components or as an integrated 
ground station. Features available include automated satellite tracking, geopolitical gridding, 
longitude/latitude registration, temperature calibration, and scheduled ingest of data. HRPT 
ground stations previously cost $100,000 or more, but technological advances have brought this 
price range down to under $10,000, making it feasible for some amateur direct readout users to 
install an HRPT ground station. Figures II-2 and II-3 are examples of processed HRPT images. 
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Figure II-2 Color Enhanced HRPT Visible Image of Central America, Mexico and the U.S. 
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High Resolution Imagery From The Geostationary Satellites 


The GOES-East and GOES-West satellites provide a rich source of multispectral imager 
and sounder data that can be applied to a multitude of meteorological and earth sciences 
investigations. The Imager and Sounder on the GOES satellites scan various regions of the earth 
scene and generate a raw data stream that is transmitted to a NOAA Command and Data 
Acquisition ground station. The raw data is then processed on the ground to become the GOES 
VARiable (GVAR) processed instrument data. This data is then retransmitted in near real time 
to the spacecraft where it is relayed to direct data users. Figures I-4 and II-5 are examples of 
GOES GVAR Imagery. The GVAR format is used primarily to transmit high resolution (1 km. 
visible, 4 km. infrared) meteorological data and instrument data. This digital data is transmitted 
at 2.11 Mbps at a frequency of 1685.7 MHz. A significant advantage of direct data reception of 
geostationary data is that a tracking antenna is not required and imagery data is available nearly 
continuously throughout the day and night. Although the cost for a basic GVAR ground station 
is out of the reach of many amateur direct readout users, many professional meteorologists, 


11 


commercial, and military users are benefiting from this high resolution imagery and sounder 
data. A complete, basic GVAR reception system can be purchased for approximately $10,000. 
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Figure II-4 GOES West Full Disk, Visible Channel Image 
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Figure II-5 GOES East Full Disk, Visible Channel Image 


LRIT From The Geostationary Operational Environmental Satellites (GOES) 


From 1975 until 2005 the GOES East and West spacecraft served as a communication 
relay for a low rate analog direct data service known as WEFAX. This service included data 
products from multiple sources including the host GOES spacecraft, POES images, European 
and Japanese Geostationary Images and other processed data. In 2005, NOAA completed a 
transition from the analog WEFAX format to the Low-Rate Information Transmission (LRIT) 
digital service. The Coordination Group for Meteorological Satellites (CGMS) began 
developing LRIT standards in the1990’s in response to the recommendation of the World 
Meteorological Organization (WMO). The CGMS Global Specification provides the standard 
that is supported by all operational geostationary meteorological satellites to be flown by the 
United States, European agencies, Japan, China, and Russia. NOAA and other world 
meteorological agencies have developed subsequent system specifications, designs, and 
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implementations of their specific LRIT systems. The LRIT system is an S-Band (1691MHz) 
broadcast of low rate digital data (64 kbps through 256 kbps) using CCSDS formatting. This 
service is available 24 hours a day from both GOES East and GOES West. Products available 
include GOES images, EMWIN forecasts and emergency weather information , DCS, text 
messages, and more. The LRIT system provides NOAA the opportunity to transmit more data, 
of various types, and with more flexibility than the WEFAX system allowed. Figure II-6 is a 
GOES-East full disk image as viewed on the LRIT user station. 
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Figure II-6 GOES-East Full Disk Image Viewed Using LRIT 
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Ill. THE SATELLITES: POLAR ORBITING AND GEOSTATIONARY 


The United States maintains two civil and one military program to provide 
meteorological imagery and data from spacecraft in polar and geostationary orbits around the 
Earth. The civil programs are managed by the National Oceanic and Atmospheric Administration 
(NOAA) and the military program is managed by the Department of Defense. The National 
Environmental Satellite, Data, and Information Service (NESDIS) is a unit of NOAA and is 
responsible for operating the civilian weather satellites (GOES and POES), distributing the 
satellite data and imagery, archiving the data, and planning for future systems. NESDIS also 
controls the Department of Defense constellation of polar orbiting weather satellites called 
Defense Meteorological Satellite Program (DMSP), which is similar to the civilian POES 
program. 


Geostationary orbits are ones in which the satellite is always in the same position with 
respect to the rotating Earth. By orbiting at the same rate as the Earth, and in the same direction, 
the satellite appears to be stationary (synchronous with respect to the rotation of the Earth). This 
is achieved by placing the spacecraft into an orbit at an altitude of 35,790 kilometers (22,240 
miles) above the Equator, this produces an orbital period equal to the period of the rotation of the 
Earth (about 23 hours 56 minutes). With this high altitude and near stationary position, a satellite 
can provide continuous coverage over a wide-area. The U.S. typically operates a constellation of 
two geostationary satellites, one at 135 degrees West longitude (GOES-West), and another at 75 
degrees West longitude (GOES-East). 


Figure II-1 shows the global coverage area for a constellation of geostationary satellites 
operated by the United States (GOES East and GOES West), European Space Agency 
(METEOSAT), India, (INSAT), China (FY-2), and Japan (MTSAT). 
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Figure III-1 Worldwide Geostationary Satellite Coverage 


Polar orbiting weather satellites (POES and DMSP) provide a local view of the Earth but 
move in relation to the Earth to provide full global coverage every 12 hours. These satellites 
orbit around the poles of the Earth approximately every 101 minutes at an inclination to the 
Equator of 98 degrees (a true polar orbit has an inclination of 90 degrees). The satellites are 
launched into a sun-synchronous orbit which places the spacecraft in a relatively constant 
relationship to the sun so that the northbound portion of the orbit and the southbound portion 
remain at near constant solar time, this provides similar illumination orbit-to-orbit and 
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throughout the year. To achieve a sun-synchronous orbit, the orbital plane of the satellite must 
rotate (precess) approximately one degree per day to keep pace with the Earth's orbit around the 
sun. Figure III-2 shows the orbital characteristics of a polar orbiting satellite. The satellite 
continues to orbit in nearly the same plane throughout the day while the Earth rotates beneath it. 
The result is a different ground path on subsequent orbits resulting in total coverage of the Earth 
twice per day. 


Figure III-2 Polar Orbit 


Figure II-3 shows the satellite coverage of the Earth's surface for a single orbit and 
illustrates the offset caused by the Earth’s rotation. 


Figure III-3 Polar Orbit Ground Track 
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Figure III-4 Polar Orbit Ground Track for 24 Hours (14 orbits) 


Figure II-4 shows the orbital track from the previous figure, but with 14 additional 
orbits drawn in yellow. This figure gives a good indication of the daily coverage of a single 
satellite in sun-synchronous orbit. Note that the satellite does not make an integer number of 
orbits in a single day, so that there is a slight offset in the orbital tracks after 14 orbits. This 
means that although the equatorial crossing time in terms of the local solar time is constant, 
the clock time for the satellite overpass at a fixed location will vary from day to day, as will 
the distance and azimuth to the satellite. 


POES and GOES Satellites: Why Two Systems? 


Figure IL-5 illustrates the geometric differences between the orbits of a Low Earth 
Orbiting (LEO) polar satellite and a Geostationary (GEO) satellite. Each of these orbits provide 
specific advantages. The LEO polar orbiting satellites provide high resolution images of all the 
Earth’s surface at least twice per day; however since the swath imaged by a single orbit is 
limited, these data do not allow continuous tracking of developing weather patterns especially in 
the tropical and temperate regions. Geostationary satellites on the other hand provide continuous 
coverage of one side of the Earth allowing them to track regional weather patterns. One 
disadvantage of the GEO orbit is that resolution at the Earth limb is limited; this impacts 
coverage in the polar regions. Also since the spacecraft observe only one side of the Earth, 
approximately five spacecraft are required to provide global coverage. 
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Study Guide 


Congratulations 


Your Personal 
Characteristics 


Congratulations on your enrollment in a distance training course from the 
Distance Learning Technology Department (DLTD) of the Marine Corps 
Institute (MCI). Since 1920, the Marine Corps Institute has been helping tens 
of thousands of hard-charging Marines, like you, improve their technical job 
performance skills through distance training. By enrolling in this course, you 
have shown a desire to improve the skills you have and master new skills to 
enhance your job performance. The distance training course you have 
chosen, MCI 1334H, Math for Marines, provides a math review to include 
algabraic equations, finding area and volume of basic geometric shapes, and 
use of the Pythagorean theorem. The course presents the history and 
principles behind each subject. 


e YOU ARE PROPERLY MOTIVATED. You have made a positive 
decision to get training on your own. Self-motivation is perhaps the most 
important force in learning or achieving anything. Doing whatever is 
necessary to learn is motivation. You have it! 


e YOU SEEK TO IMPROVE YOURSELF. You are enrolled to improve 
those skills you already possess, and to learn new skills. When you 
improve yourself, you improve the Corps! 


e YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you 
have shown you are a self-starter, willing to reach out for opportunities to 
learn and grow. 


e YOU ACCEPT CHALLENGES. You have self-confidence and believe 
in your ability to acquire knowledge and skills. You have the self- 
confidence to set goals and the ability to achieve them, enabling you to 
meet every challenge. 


e YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL 
GOALS. You are willing to commit time, effort, and the resources 
necessary to set and accomplish your goals. These professional traits will 
help you successfully complete this distance training course. 


Continued on next page 
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Hubble Space Tdescope = 600 km 
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Figure III-5 Comparison of Geostationary and Polar Orbit Geometries 


Figure III —5 shows the true relative distances from the Earth of geostationary and polar 
orbiting satellites. From geostationary altitude, the entire Earth disk only subtends an angle of 
17.4 degrees. A typical polar orbiting meteorological satellite, at an altitude of about 850 km, 
sees a relatively small portion of the globe at any one time. For example, the Advanced Very 
High Resolution Radiometer or AVHRR scans a swath that is 110.8 degrees in width, 
corresponding to a surface distance of roughly 3000 km. As seen at this scale, the Earth's 
atmosphere, most of which is limited to altitudes below 30 km, is only slightly thicker than the 
width of the lines used to draw the illustration. 
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NOAA Polar-orbiting Operational Environmental Satellite (POES) 


Because of the polar orbiting nature of the POES satellites, they are able to collect global 
data on a daily basis for a variety of land, ocean, and atmospheric applications. Data from these 
satellites supports a broad range of environmental monitoring applications including weather 
analysis and forecasting, climate research and prediction, ocean dynamics research, volcanic 
eruption monitoring, forest fire detection, global vegetation analysis, and many other 
applications. The instruments on the POES spacecraft perform the following functions: 


1. Environmental monitoring for imaging and measuring the Earth’s atmosphere, its surface 
and cloud cover, including Earth radiation, atmospheric ozone, aerosol distribution, sea 
surface temperature, and vertical temperature and water profiles in the troposphere and 
stratosphere. 

Measurement of proton and electron flux at orbit altitude. 

3. Data collection from remote platforms. These platforms consist mainly of drifting and 
moored buoys, subsurface floats, remote weather stations that serve meteorological and 
oceanographic applications, fishing vessels for fishing resource management, and 
tracking animals for biological and species protection purposes. The platforms relay data 
such as atmospheric pressure, sea surface temperature and salinity, surface and 
subsurface ocean currents, sea and river levels, vessel positions, and animal temperature 
and activity. 

4. Search and Rescue beacon reception and relay for the Search and Rescue Satellite Aided 
Tracking (SARSAT) system. This international system, called COSPAS-SARSAT, 
transmits the location of emergency beacons from ships, aircraft and people in distress to 
SARSAT ground stations. The program, in place since 1982, has resulted in the rescue of 
over 20,000 people. 

5. Passive microwave measurements for the generation of temperature, moisture, surface, 
and hydrological products in cloudy regions where visible and infrared (IR) instruments 
have decreased capability. 
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The POES instruments include: the Advanced Very High Resolution Radiometer 
(AVHRR), the High Resolution Infrared Radiation Sounder/4 (HIRS/4), the Advanced 
Microwave Sounding Units (AMSU-A1 and -A2), the Microwave Humidity Sounder (MHS), 
and the Solar Backscatter Ultraviolet Radiometer (SBUV/2), the Data Collection System (DCS), 
the Search and Rescue Repeater (SARR), the Search and Rescue Processor (SARP), and the 
Space Environment Monitor (SEM). 


Figures III-6 and III-7 illustrate the POES Spacecraft and Instrument configuration. 


More extensive information about POES spacecraft, their history, and current operational 
status are available via web sites referenced in Appendix B. 
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NOAA-N spacecraft on-orbit configuration 


AMSU _ Advanced Microwave Sounding Unit 


AVHRR Advanced Very High Resolution Radiometer 


BDA __ Beacon Dipole Antenna 


*DCS __ Data Collection System 


ESA __ Earth Sensor Assembly 


HIRS High Resolution Infrared Radiation Sounder 


IMP Instrument Mounting Platform 


IMS Inertial Measurement System 


*MEPED Medium Energy Proton/Electron Detector 


MHS _ Microwave Humidity Sounder 


NEA _ Nitrogen Engine Assembly 


SAD _ Solar Array Drive 


*SAR Search and Rescue 


SBA S-Band Antenna 


SBUV | Solar Backscatter Ultraviolet Radiometer 


SLA Search and Rescue Transmitting Antenna (L-Band) 


SOA S-Band Omni Antenna (2 of 6 shown) 


SRA Search-and-Rescue Receiving Antenna 


TED __ Total Energy Detector 


UDA _ Ultra High Frequency Data Collection System Antenna 


VRA __ Very High Frequency Real-time Antenna 


*Not shown in this view 


Figure III-6 POES Instruments and Spacecraft Components 
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Figure III-7 Artist View of NOAA-N on-Orbit Configuration 
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The United States Defense Meteorological Satellite Program 


NOAA also operates a series of polar orbiting weather satellites for the United States 
Department of Defense called Defense Meteorological Satellite Program (DMSP). This is a 
parallel but currently a separate program from POES and provides high resolution weather imagery 
and other data to military commanders around the world 


The DMSP program originated in the mid-1960s with well-defined military objectives, 
including the capability to provide daily cloud-cover information, worldwide. DMSP was used for 
the tactical support of U.S. forces in Vietnam in the late 1960's and into the 1970's and is today 
used by most of the Armed Forces of the United States on a daily basis. The primary missions of 
DMSP are to provide: 


a. Global weather data, both visible and infrared (at a nominal resolution of 2.7 km.) 
b. Tactical weather data (at a nominal fine-mode resolution of 0.55 km.) 

c. Low-light visible data 

d. Oceanographic and solar-geophysical information 


The DMSP spacecraft fly in a sun-synchronous circular orbit of 833 km. and have an 
orbital period of 101 minutes, with an inclination of 98.7 degrees to the Equator. Normally, two 
satellites comprise the constellation, traditionally with one early morning earth terminator orbit and 
one midmorning orbit. The DMSP operates in the direct readout mode similar to the NOAA POES. 


Some of the DMSP instruments include: 


1. Operational Linescan System (OLS) - The primary sensor instrument for DMSP. OLS provides 
high resolution (0.55 km.) daytime visible imagery, and slightly lower resolution imagery in the 
Infrared spectrum. This instrument provides highly-detailed information about cloud tops and 
synoptic weather patterns. The OLS has a unique capability to detect low levels of visible-near 
infrared (VNIR) radiance at night. With the OLS "VIS" band data it is possible to detect clouds 
illuminated by moonlight, and lights from cities, towns, industrial sites, gas flares, and ephemeral 
events such as fires and lightning illuminated clouds. 


2. Special Sensor Microwave Imager Sounder (SSM/IS) - This instrument measures 24 channels 
of microwave radiation from the Earth's atmosphere and surface. It provides vertical water vapor 
and temperature profiles and information about ocean surface wind speed, rain rate, sea ice, 

snow water content, and soil moisture content. 


3. Special Sensor Ultraviolet Limb Imager (SSULI) — This instrument measures UV radiation in 
the 80-170 nm range (FUV/EUV), and provides global electron density and neutral density 
profiles of the upper atmosphere. It also provides atmospheric temperature and composition. 


4. Special Sensor Ultra-violet Spectrographic Imager (SSUSJ) - This instrument makes FUV 
(115-180 nm, 430-630 nm) spectrographic observations of the airglow and aurora, and visible 
photometric measurements of the aurora and nightglow. This provides a best estimate of 
electron density profiles, plasma transition zones, auroral boundaries, and energy deposition rates 
into auroral latitudes. 


5. Space Environmental Sensors - A series of instruments that provides data on the geophysical 
environment of the upper atmosphere and ionosphere, including the charged particle activity and 
magnetic fields around the spacecraft, the Earth's aurora, and characterization of solar storms that 
may interfere with military communications around the globe. 
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Due to the classified nature of the DMSP imagery and other data products, the DMSP 
downlink data is encrypted, and thus the direct readout system is not available to nonmilitary 
users. However, data from the low light sensors, auroral imagery, and OLS hurricane imagery 
have been released to the public domain through the National Geophysical Data Center (NGDC) 
of NOAA. Figure III-6 is an example of the nighttime low light detection capability of the 
DMSP satellites it shows light bands from aurora and lights from Eastern U.S. cities. 
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Figure III-8 Visible DMSP Satellite Image Utilizing the OLS Instrument 
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POLAR ORBITING WEATHER SATELLITES OF OTHER COUNTRIES 


In addition to the United States, the People's Republic of China, and a consortium of 
European nations, own and operate polar orbiting weather satellite systems. Some of these 
satellites employ direct readout systems that are compatible with the U.S. POES direct readout 
data products, and thus may be received by the appropriately equipped ground stations. 


Chinese Polar Weather Satellites 


The People's Republic of China meteorological satellite program consists of both polar 
orbiting and a geostationary satellites. China’s polar orbiting satellites have a direct readout 
capability fully compatible with the NOAA POES. 


Feng Yun (FY-1D) was launched on May 15, 2002 it carries a 10 channel scanning 
radiometer. Chinese meteorological satellites provide a CHRPT direct broadcast service similar 
to POES HRPT data. The Chinese are developing their next generation of polar orbiting 
satellites which are designated Feng Yun -3. 


European Polar Weather Satellites 


The European Organisation for the Exploitation of Meteorological Satellites 
(EUMETSAT) ,a consortium of twenty European nations, launched their first polar orbiting 
meteorological satellite, METOP-A in October 2006. This satellite carries a suite of advanced 
sensors, and is in an orbit similar to the U.S. POES satellites, EUMETSAT and NOAA have 
formed an Initial Joint Polar Orbiting Satellite System (IJPS) and will be sharing data between 
systems. EUMETSAT will operate METOP satellites in a morning orbit while the POES satellites 
will operate in an afternoon orbit. The METOP satellites have direct readout transmission services, 
providing AHRPT similar to POES HRPT. The APT service is not provided, LRPT (Low Rate 
Picture Transmission) is provided for users of lower resolution data. The LRPT service is digital 
rather than analog, requiring modification of APT receiving stations. 


THE UNITED STATES GOES GEOSTATIONARY SATELLITES 


As discussed in the beginning of this chapter, satellites in geostationary orbits maintain a 
fixed position relative to points on the Earth's surface. This type of orbit is particularly 
advantageous for meteorological/environmental remote sensing because the same areas of the 
Earth can be viewed continuously. Also, because of their high altitude, large areas of the Earth can 
be seen by the same satellite, therefore a two-satellite system can cover almost all of North 
America and South America from the Pacific to the Atlantic. The geostationary satellites operated 
by NOAA are usually referred to as GOES-East and GOES-West. GOES-East is positioned at 75 
degrees West longitude, and GOES-West is positioned at 135 degrees West longitude. 

The first prototype Synchronous Meteorological Satellite (SMS-1) was developed by 
NASA and was launched on May 17, 1974. The first NOAA funded geostationary operational 
satellite, GOES-1, was launched in October of 1975. The GOES series of spacecraft have been 
providing environmental monitoring since this time using spacecraft and sensors with ever 
increasing capabilities. An updated version of the early spacecraft was first launched in September 
1980, and consisted of the GOES D-G (GOES 4-7) satellites. The next series of GOES satellites, 
referred to as GOES I-M, began with the launch of GOES-8 in April 1994. Further technological 
advances are included in the GOES N-P series; the first of this series (GOES-13) was launched in 
May 2006. Future GOES series (GOES-R) are in the planning process. Figures I-9 and I-10 
are illustrations of GOES I-M and GOES N-P series satellites. 
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Figure III-10 GOES N-P Series Spacecraft with Earth Facing Panel at the Top of the View 


GOES Spacecraft 


Early GOES D-H spacecraft were spin-stabilized platform, consisting of a cylinder 
covered with solar panels, containing the instrumentation and antennas. The spacecraft spun at 
100 rpm with the spin axis oriented parallel to the Earth's surface. The gyroscopic effect of the 
spin improved the stability of the satellite, making it easier to design a scanning instrument to 
take stable imagery of the Earth. 
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The GOES I-M spacecraft are the first three-axis stabilized geostationary weather satellites. 
With a three-axis stabilized attitude control system, the satellite body remains stationary relative to 
the desired pointing axis. The stationary platform provided by the GOES I-M allows spacecraft 
instruments to remain Earth pointing and supports simultaneous imaging and sounding using 
independent instruments. 


The GOES satellites are designed to provide the nearly continuous and repetitive 
observations needed to predict, observe, and track severe weather. Instruments on the spacecraft 
observe the Earth's cloud cover, snow and ice cover, surface and cloud top temperatures, vertical 
distributions of atmospheric temperatures and humidity, and other environmental data. GOES also 
measures and images solar X-rays, collects and relays data from environmental remote platforms, 
and broadcasts instrument data to ground stations within the satellite communications "footprint” 


The complement of instruments in the GOES payload section includes: 


- Five-channel Imager (4 IR and 1 visible) 

- Nineteen-channel Sounder (18 IR and 1 visible) 

- Data Collection System 

- Search and Rescue 

- Solar X-Ray Imager 

- Space Environment Monitor (SEM) instrument suite consisting of 
- High Energy Proton, Electron, and Alpha Particle Detectors 
- X-Ray Sensor 


- Magnetometer 


The primary meteorological instruments on the GOES spacecraft are the 5-channel Imager 
and 19-channel Sounder. The Imager has a pair of servo motors that precisely move the instrument 
optics to produce an image. A scan line is produced by moving the optics in an East-to-West 
direction. At the end of the scan line, another motor slightly changes the optics elevation in a 
North-to-South direction, and the next scan line is swept in a West-to East direction. This process 
is repeated to produce the required image. The Imager can be commanded to scan various sized 
regions of the Earth, these range from a full Earth disk image once every 26 minutes, to a small 
area scan of severe storm activity as frequently as once per minute. The instrument resolution is 1 
km in the visible range and 4 km. or 8 km in the infrared ranges. 


The Sounder operates in a manner similar to the Imager, with one motor controlling the 
East-West and one controlling the North-South movement of the instrument optics. The instrument 
can produce sounding data over a 3000 by 3000 km. Region every 42 minutes. As with the Imager, 
the Sounder can be directed to scan smaller sectors, as needed. 


The GOES Imager and Sounder data are used to produce a large number of primary or derived data 
products. These include: 


Basic day/night cloud imagery 

Winds derived from cloud motions at several levels 

Sea surface temperature data 

Albedo and infrared radiation flux to space, important for climate monitoring 

Detection and monitoring of natural and manmade forest fires and smoke plume monitoring 
Precipitation estimates 

Vertical temperature and moisture profiles 
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These data products enable users to accurately monitor severe storms, determine wind 
speed and direction, and when combined with data from Earth based sensors, produce improved 
short-term weather forecasting and analysis. 


The Data Collection System (DCS) equipment on the GOES satellites allow direct relay 
from remote reading platforms located on the Earth's surface. These platforms contain sensors and 
automatic data transmission equipment that allow information to be sent directly to the satellite 
from remote sites on the oceans, on land, and in the air where continuous data collection would be 
difficult or impossible. The environmental parameters that can be monitored are quite varied from 
these platforms. Data such as river heights, precipitation, earthquakes, ocean currents and 
temperatures, water pH, wind speed and direction, and barometric pressures are examples of the 
data sensed by these remote platforms. The data from these platforms are received by radio 
equipment on the GOES satellites and then relayed to ground stations for decoding and distribution 
to the operators of the remote platforms. More information is available from the NOAA/NESDIS 
DCS Coordinator on this system (see Appendix B). 


GOES also provides instantaneous relay functions for the SARSAT (Search and Rescue 
Satellite) system. A dedicated search and rescue transponder on GOES spacecraft is designed to 
detect emergency distress signals originating from Earth-based sources (ships at sea, planes, etc.). 
These unique identification signals are relayed to a search and rescue ground terminal, the 
information is validated and then routed to the appropriate Rescue Coordination Center where it is 
used to perform effective search and rescue operations. 


The Space Environment Monitor (SEM) instrument suite collects data involving solar 
activity that is exhibited as high energy particles, solar X-rays and magnetic flux. Data from 
the SEM is valuable in providing information concerning high altitude and space radiation, 
solar activity, and radio wave propagation. 


GOES Direct Broadcast Services 


There are two types of direct readout services provided by GOES satellites, GVAR and 
Low Rate Information Transfer (LRIT). Both of these data products can be received by a ground 
station within the "footprint" of the satellite signal. The GVAR data is the high resolution (1 km. 
visible, 4 km. infrared, 8 km. water vapor) Imager data and the Sounder data, and is transmitted at 
the S-band frequency of 1685.7 MHz. The data is transmitted to the ground station at 2.11 Mbps. 
This GVAR data is not generally received by the standard "amateur" ground station. 


The Low Rate Information Transfer (LRIT) images and information transmitted by the 
GOES satellites are of most interest to operators of lower cost ground stations. The LRIT is a 
digital transmission that replaced the previous WEFAX which was similar to the POES APT 
analog format. Major ground station modifications are required to convert from the analog 
WEFAX to the digital LRIT service. The LRIT service uses the GOES spacecraft as a transponder 
to transmit low-resolution imagery sectors, Emergency Managers Weather Information (EMWIN) 
forecasts and notices, DCS data, and administrative messages to the direct data user. The LRIT 
format allows a great deal of flexibility in products transmitted, and additional processed data and 
information may be provided in the future. 


A significant portion of the LRIT transmissions are imagery from the host GOES 
spacecraft, these are generated on a 24 hour schedule. The image sequence involves breaking up 
the Earth disc into major geographical regions. For GOES East, the routine sequence of images 
consists of a Northern Hemisphere extended, Continental US, and Southern Hemisphere image 
repeated on a half hour basis throughout the day. This sequence is interrupted for a full disk 
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Study Guide, Continued 


Beginning Your 
Course 


Leafing 
Through the 
Text 


The First Study 
Unit 


Reading the 
Learning 
Objectives 


Completing the 
Exercises 


Before you actually begin this course of study, read the student information 
page. If you find any course materials missing, notify your training officer or 
traming NCO. If you have all the required materials, you are ready to begin. 


To begin your course of study, familiarize yourself with the structure of the 
course text. One way to do this is to read the table of contents. Notice the 
table of contents covers specific areas of study and the order in which they are 
presented. You will find the text divided into several study units. Each study 
unit is comprised of two or more lessons, lesson exercises, and finally, a study 
unit exercise. 


Leaf through the text and look at the course. Read a few lesson exercise 
questions to get an idea of the type of material in the course. If the course has 
additional study aids, such as a handbook or plotting board, familiarize 
yourself with them. 


Turn to the first page of study unit 1. On this page you will find an 
introduction to the study unit and generally the first study unit lesson. Study 
unit lessons contain learning objectives, lesson text, and exercises. 


Learning objectives describe in concise terms what the successful learner, 
you, will be able to do as a result of mastering the content of the lesson text. 
Read the objectives for each lesson and then read the lesson text. As you read 
the lesson text, make notes on the points you feel are important. 


To determine your mastery of the learning objectives and text, complete the 
exercises developed for you. Exercises are located at the end of each lesson, 
and at the end of each study unit. Without referring to the text, complete the 
exercise questions and then check your responses against those provided. 


Continued on next page 
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image every 3 hours. LRIT transmissions include visible and infrared images, grids outlining the 
political and geographic boundaries and longitude and latitude references assist in navigation of 
the imagery. LRIT data also includes a limited set of images from the alternate GOES 
spacecraft, this extends the image coverage beyond that of the host satellite. 


GEOSTATIONARY WEATHER SATELLITES OF OTHER COUNTRIES 


In addition to the United States; geostationary meteorological satellites are operated by 
Japan, China, India and a European consortium. Due to the geostationary nature of these satellites 
direct data reception is limited to the geographic region covered by the satellite; however 
cooperation between international meteorological organizations allows images from other nation’s 
satellites to be provided in WEFAX or LRIT format to direct data users. Images from these 
satellites can also be found on various web sites 


European Geostationary Satellites 


The European Organisation for the Exploitation of Meteorological Satellites 
(EUMETSAT) a consortium of twenty European nations operates a series of geostationary weather 
satellites called METEOSAT (METEOrological SATellite). EUMETSAT currently operates 
satellites at two orbital locations; the 0° longitude location serves as the primary satellite 
servicing Europe, the second location at 57.5°E longitude provides coverage for the Indian 
Ocean. The EUMETSAT satellites provide LRIT direct data services to European users. 


Meteosat-7 provides data in three wavelength channels for visible, infra-red and water 
vapor images. Meteosat-7 served as the prime European satellite until it was moved to 57.5°E 
longitude to provide coverage of the Indian Ocean. The first Meteosat Second Generation (MSG- 
1) series was launched in 2002 and entered into service with EUMETSAT as Meteosat-8; it 
serves as back-up at 0° longitude. The MSG-2 satellite launched in December 2005, was 
renamed Meteosat-9, it is on station at 0° longitude and serves as the prime operational 
meteorological satellite for Europe. 


Indian Geostationary Satellites 


The Indian Space Research Organization (ISRO) has operated a series of Indian National 
Satellite System (INSAT) geostationary satellites since 1983. The INSAT spacecraft are either 
communication satellites or multipurpose communications/meteorological satellites. Full disk 
Earth images as well as regional images from these satellites are available on the internet. 


Chinese Geostationary Satellites 


The first Chinese geostationary satellite Feng Yun -2A was launched in June 1997. The 
Feng Yun 2 series of satellites are spin stabilized with a VISSR-type instrument. FY-2 satellites 
can transmit S-VISSR high resolution digital data and WEFAX low resolution data. Feng Yun- 
2C was launched in October 2004 on a Long March-3A rocket from the Xichang Launching 
Centre. The satellite is located at longitude 105 degrees East. The satellite provides hourly full- 
disk images of the Earth in visible and infrared wavelengths. 
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Japanese Geostationary Satellites 


The Japanese Geostationary Meteorological Satellite program launched (MTSAT-1R) on 
26 February 2005. MTSAT-1R has an onboard sensor, which is called the Japanese Advanced 
Meteorological Imager (JAMI). JAMI obtains "full-disk" earth imagery, and observes earth 
surface conditions and cloud distributions as well as meteorological phenomena such as 
typhoons, depressions, and fronts. In addition, various meteorological parameters, such as sea 
surface temperature and winds from cloud motion are extracted from image data. MTSAT-IR 
has communication functions to disseminate image data and processed pictures. The original raw 
data of all channels are processed to normalized geostationary images, and are disseminated to 
the users of Medium-scale Data Utilization Stations (MDUS) with High Rate Information 
Transmission (HRIT). MTSAT IR also provides weather facsimile (WEFAX) pictures and Low 
Rate Information Transmission (LRIT) image data to the users of Small-scale Data Utilization 
Stations (SDUS), according to the daily operation schedule. 
Similar to U.S. GOES spacecraft, the MTSAT-1R also has a Data Collection System (DCS), 
communication function to relay in-situ meteorological data measured by Data Collection 
Platforms (DCP) equipped in buoys, ships, and aircraft. MTSAT-1R provides imagery for the 
Northern Hemisphere every thirty minutes, and full disk imagery every hour. 


Figure III-11 MTSAT-1R 
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21:00 UTC 12 MAR 2007 


Figure IIJ-12 Full Disk MTSAT-1R Infrared Image 
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IV. BASIC GROUND STATION SYSTEM 


Technological advances in microelectronics and computer software applications over the 
past decades have made it rather simple to assemble and use a basic direct readout ground 
station. Early editions of this Guide discussed using surplus radio receivers to receive the 
satellite signals, and old photographic facsimile drum recorders to reproduce the APT or 
WEFAX imagery. Today one can purchase off-the-shelf, state of the art commercial products for 
the same cost as the older surplus equipment, and an inexpensive personal computer can perform 
most of the functions originally performed by additional hardware. 


When planning the installation of a direct readout system, several issues must be 
considered: 


- Do you purchase a complete "turn-key" system from a commercial source or, 

- Do you purchase individual components (antenna, receiver, demodulator, software, 
etc.) and assemble a system yourself? 

- Is the direct readout station primarily for low resolution regional imagery (APT), or do 
you require higher resolution or global capabilities (HRPT, GVAR and LRIT)? 

- What are the financial considerations and limitations for assembling a complete direct 
readout system? 


Most newcomers to weather-satellite imagery start by assembling a polar orbiter 
receiving station for the Automatic Picture Transmission imagery. Starting with a basic analog 
APT system allows the user to become familiar with satellite image reception techniques, 
receiving satellite radio telemetry from a fast-moving platform in space, learning the techniques 
of predicting satellite orbits and acquisition of signal timing, and analyzing weather patterns and 
temperature variations in the visible and infrared direct readout imagery. As one gains practical 
experience with satellite image reception, and as the application requirements change, one may 
migrate to the higher resolution digital LRIT, HRPT, and GVAR commercial systems. 


A basic direct readout station typically contains the following components: 


- Antenna 

- Preamplifier 

- Radio receiver 

- Demodulator card to "decode" the satellite signal 

- Display system to view the satellite imagery (typically a personal computer) 

- Astorage system (computer disk, tape) to store and archive the satellite 
imagery 

- Computer software to manipulate the imagery (image enhancement) 

- A method to predict when the satellite will be in view of the ground station 


Each of these components will be described in further detail in the following chapters. 


The more advanced direct readout systems (LRIT, HRPT, GVAR) utilize the same basic 
components, although the antenna, receiver design and demodulation system differ due to the 
nature of the radio frequencies required to transmit and demodulate the high speed digital 
imagery. 


A generalized diagram of the components of a direct readout ground station to receive 
polar orbiting APT is shown in Figure [V-1. These components are typical of many satellite 
ground stations currently in operation for the U.S. POES satellites, as well as the Chinese Feng 
Yun satellites. 
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Figure IV-1 Typical Components Found in an APT Receiving Station 


Several different types of antennas may be used for polar orbiting 
reception of APT imagery. One is directional and requires tracking of the moving 
satellite and the second type, shown in Figure IV-2, is omnidirectional and less 
expensive but will give a slightly reduced reception range. Both of these are 
discussed in Section V of this publication. 


Figure [V-2 Omnidirectional "turnstile" Type Antenna for APT Reception 
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Near the antenna, the signal is processed by a small preamplifier which increases the 
strength of the desired frequencies and also filters out unwanted frequencies, the signal is then 
passed to the radio through a transmission line. The radio receiver used in most ground stations 
is a crystal controlled FM receiver with good sensitivity capable of detecting radio frequencies 
between 137 and 138 MHz. Since each satellite operates at slightly different frequencies, a 
specific crystal is needed for each satellite that is to be accessed. Some of the more modem 
radios have synthesized frequency capabilities and do not require a crystal for each satellite. 


The radio receives the FM signal and detects the 2400 Hz amplitude modulated sub- 
carrier which carries the satellite image. At this point, if this 2400 Hz tone is inserted into an 
appropriate display reproduction system the satellite image can be viewed. Some stations use a 
stereo tape recorder to record the 2400 Hz sub-carrier at this stage of the processing so that the 
transmission can be played back later. 


The majority of display systems are based on personal computers that use specialized 
demodulator cards and software programs to ingest the audio signal from the satellite, convert it 
to a digital signal, display the image on the screen, and store the image to disk. Some direct data 
users use the sound card provided with most PCs to demodulate the subcarrier. Other software 
features on the PC may be used to schedule data ingest, digitally enhance images, add 
geographic gridding, or analyze the temperature variations in the infrared imagery. 


Figure IV-3 is an APT image of the Eastern U.S. with thermal channel data on the left 
and visible channel on the right. This image was received at a direct readout station similar to 
the one described above. Figures IV-4 and IV-5 are enlarged Visible and Infrared portions of the 
same APT image, Figure IV-6 is a combination of the IR and visible images color enhanced 
using commercially available software. 


Figure IV-3 NOAA-17 APT Image 
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Figure IV-4 Visible Image Portion of Figure IV-3 
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Figure IV-5 Infrared Image Portion of Figure IV-3 
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Sus? fk une t | 
Figure IV-6 Color Enhanced APT Image with Infrared and Visible Channels Combined 
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DIRECT READOUT SENSORS AND IMAGE FORMATS 


In order to gain an appreciation for the ground station equipment required to receive the 
polar orbiting direct readout imagery, it is helpful to have a basic understanding of the sensors on 
board these spacecraft, and how the images are created, formatted, and transmitted from the 
satellites to direct readout ground stations. 


Polar Orbiting Environmental Satellite Direct Readout Sensors 


The primary imaging sensor on the Advanced-TIROS satellites is the Advanced Very 
High Resolution Radiometer (AVHRR/3) instrument. The AVHRR is the latest in a long series 
of imaging instruments to be flown on the polar orbiting satellites. The original sensors provided 
by the early weather satellites were actually television-based systems using automatic (analog) 
picture transmissions. Since the TV vidicon tubes were very delicate and easily damaged by the 
rigors of space, they were replaced in later satellites by scanning radiometers. 


The scanning radiometer is basically a system of various lenses, a motor-driven mirror 
system, and several solid state sensors sensitive to various wavelengths of the electromagnetic 
spectrum. The scanning radiometer builds up an image by scanning successive thin lines at right 
angles to the satellite's orbital track. The satellite motion along its orbital track causes the 
successive scan lines to form a contiguous, two-dimensional image. The system operates 
continuously, so an image of the Earth scene can be received for the full time the satellite is 
within range of the ground station. 


The AVHRR scanning mirror rotates at 360 rpm, with each rotation of the mirror; data 
are collected from deep space, the Earth scene, and a warmed black body radiator. The scan 
across the Earth measures visible light and infrared wavelengths. Each infrared channel is 
effectively recalibrated on every revolution of the scanning mirror by providing the blackbody 
radiator and the deep space data as references. The spectral energy collected by the scanning 
mirror is passed to six separate detectors for the visible, near-infrared, and thermal infrared 
channels (See Table IV-1). 
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Study Guide, Continued 


Continuing to Continue on to the next lesson, repeating the above process until you have 
March completed all lessons in the study unit. Follow the same procedures for each 
study unit in the course. 


Seeking If you have problems with the text or exercise items that you cannot solve, 

Assistance ask your training officer or training NCO for assistance. If they cannot help 
you, request assistance from your MCI distance training instructor by 
completing the course content assistance request form located at the back of 
the course. 


Preparing for To prepare for your final exam, you must review what you learned in the 
the Final Exam course. The following suggestions will help make the review interesting and 
challenging. 


e CHALLENGE YOURSELF. Try to recall the entire learning sequence 
without referring to the text. Can you do it? Now look back at the text to 
see if you have left anything out. This review should be interesting. 
Undoubtedly, you’ll find you were not able to recall everything. But with 
a little effort, you'll be able to recall a great deal of the information. 


e USE UNUSED MINUTES. Use your spare moments to review. Read 
your notes or a part of a study unit, rework exercise items, review again; 
you can do many of these things during the unused minutes of every day. 


e APPLY WHAT YOU HAVE LEARNED. It is always best to use the 
skill or knowledge you’ ve learned as soon as possible. If it isn’t possible 
to actually use the skill or knowledge, at least try to imagine a situation in 
which you would apply this learning. For example make up and solve 
your own problems. Or, better still, make up and solve problems that use 
most of the elements of a study unit. 


Continued on next page 
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Channel Spectral Range (uM) Wavelength Primary Uses 


1 0.58-0.68 Visible Daytime cloud/surface 
delineation, snow & ice 
melting 

2 0.725-1.00 Near-infrared Surface water delineation, 


sea surface temperature, 


vegetative indexing 


3A 1.58-1.64 Near-infrared Snow / Ice discrimination 


3B 3:55-3:93 Thermal Forest fire monitoring, 


nighttime cloud mapping, 


surface temperature 


4 10.30-11.30 Thermal Sea surface temperature, 
and night cloud mapping, 
soil moisture 

5 11.50-12.50 Thermal Sea surface temperature, 
and night cloud mapping 


Table IV-1 AVHRR/3 Instrument Sensing Characteristics 


The Channel | detectors are sensitive to visible light, and thus dependent entirely on 
sunlight reflected off the Earth. Illumination levels need to be quite high to obtain usable visible 
light images. Land/sea contrast is generally poor, particularly at higher latitudes. Channel 2 is 
reflected infrared energy. This channel is usually assumed to be the "visible" channel on APT 
transmissions. Land/sea boundaries are very clear and cloud detail is also very good. Channel 2 
is the most used daytime channel for APT images. Channel 4 is the long wave infrared channel 
and is effective both day and night. It is the channel offering good land/sea and cloud contrast 
during the night and is the channel used for nighttime APT imagery. Channel 5 has very similar 
characteristics to Channel 4. Channel 3B can image the Earth by both reflected infrared and 
emitted infrared energy. 


When energy falls on the AVHRR detectors, it generates a proportional electric current 
which is amplified and converted to digital information via an analog-to-digital converter. This 
digital information is what comprises the actual weather satellite imagery. The image is 
composed of 2048 picture elements (pixels) per line; the number of lines received at a station 
varies based on the length of time the spacecraft is above the horizon on that particular orbit. 
Each pixel transmitted has a resolution of 1.08 km. at the satellite nadir point (point on Earth 
immediately below the satellite sensor). However, as the image moves away from the nadir 
point, the pixels become progressively distorted, and resolution decreases to approximately 5 
km. 


This digital data from the AVHRR is processed to produce separate data streams that are 
transmitted by the satellite to the ground stations. These data transmissions are: 


1. High Resolution Picture Transmission (HRPT) - Real time 1.1 km. resolution images 
containing all five spectral channels and telemetry data transmitted as high speed digital data. 
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2. Global Area Coverage (GAC) - Recorded 4 km. digital images that are produced over all 
regions of the Earth and then are transmitted, on command, to NOAA command and control 
ground stations. 


3. Local Area Coverage (LAC) — Full resolution HRPT data that are recorded over selected 
regions of the Earth and then are transmitted, on command, to NOAA command and control 
ground stations. 


4. Automatic Picture Transmission (APT) - Continuous real time analog transmissions of 2 
channels of processed, reduced resolution AVHRR data. 


High Resolution Picture Transmission Data 


The HRPT data format is digital, and is transmitted by the POES satellites at six lines per 
second (360 lines per minute). Each HRPT scan line is formatted as digital "words," with 11,090 
words of information (each of these words is 10 binary digits (bits) long, providing 1024 levels 
of gray scale). Not all of the HRPT digital data is imagery. Data from the TIROS Operational 
Vertical Sounder (TOVS), the Space Environment Monitor, the Data Collection System, and the 
spacecraft telemetry are also transmitted. 


Since the HRPT imagery is transmitted as a digital signal (665 kilobits per second, split 
phased encoded, phase modulated), at radio frequencies of 1698 MHz, 1707 MHz, or (standby) 
1702.5 MHz, fairly sophisticated ground receiving equipment is required to receive the radio 
signal, demodulate the signal, and display it on a personal computer. Until recently, an HRPT 
receiving ground station was not economically feasible for most amateur users of POES direct 
readout imagery. The requirements for an HRPT ground station will be covered in the chapter on 
Advanced Direct Readout Systems. 


Automatic Picture Transmission Data Format 


The analog APT system was designed to produce real-time video images that can be 
received and reproduced by low cost satellite ground stations. This data stream is produced by 
amplitude modulating a 2400 Hz sub-carrier with the 8 most significant bits of the 10 bit digital 
AVHRR data. This results in an analog signal with the amplitude varying as a function of the 
original AVHRR digital data. Two of the six possible AVHRR spectral channels are multiplexed 
so that channel A APT data is obtained from one spectral channel of the first AVHRR scan line 
and channel B from another spectral channel contained in the second AVHRR scan line. The 
third AVHRR scan line is omitted from the APT before the process is repeated. The two spectral 
channels are determined by ground command and are not selectable by the user. This processing 
results in the APT containing 1/3 of the data from the AVHRR 360 scan lines/minute. The 
resolution of the APT is, therefore, proportionally reduced and is received at the ground station 
at a rate of 120 lines per minute of video. During the APT formatting, appropriate calibration and 
telemetry data for each of the selected images is inserted into the transmission. This results in an 
APT video format as shown in Figures IV-6 and IV-7. 
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APT Video Line Time 


Fea 0.5 seconds ae 


Minute Marker 


- 4 lines 
$s (2 white, 
P 2 black) 
A 
Cc 
E 
One 
Complete A 
APT 
Frame nd 


AMAA r = 


Telemetry Frame A Telemetry Frame B 


WEDGE | WEDGE WEDGE WEDGE WEDGE WEDGE | WEDGE | WEDGE 
#1 #2 #3 #4 #5 #6 #7 #2 
1 2 3 4 5 6 7 8 


: 4 a Thermistor | Thermistor |Thermistor | Thermistor Patch Back 
odulation 

Reference amp, Temp. Sean 
9 13 14 15 


Notes: 

1) Each telemetry frames consists of 16 points 

2) Telemetry frame rate is 1 frame per 84 seconds 

3) Each telemetry point is repeated on 8 successive APT video lines 


Figure IV-7 APT Frame Format 
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APT Frame Format 


|< __________— APT video Line Time: 0.5 seconds. —————— > 


Channel A Video | Channel B Video 
Telemetry Frame A Telemetry Frame B 
Space and Minute Marker Space and Minute Marker 
Sync A Sync B 


Figure IV-8 APT Frame Format Image 


As can be seen in Figures IV-6 and IV-7 each APT video line is 0.5 seconds in length, 
containing two equal segments. Each 0.25 second segment contains: 


1. A specific sync pulse 

2. Space data with | minute timing inserts 

3. Earth scan imagery from a selected AVHRR channel 
4. A telemetry frame segment 


Each 500 ms line of image data contains 250 ms of IR data, and 250 ms of visible light 
data. While the majority of each 250 ms interval consists of Earth scan data, the sync pulse, 
space data with 1 minute timing inserts, and telemetry frames are also of interest to the direct 
readout user. The following paragraphs describe these elements. 


IR Sync Sequence - Each IR scan line begins with a 832 Hz square wave sync sequence where 
the sub-carrier swings between white and black for seven cycles. Receiving equipment can detect 
this 832 Hz sync to detect the IR component of the image. This train of pulses appears in the IR 
image as a series of fine vertical black and white bars. This IR sync and the visible sync make up 
the distinctive "tick-tock" sound on the received APT audio signal. 


IR Pre-Earth Scan - Prior to scanning the Earth, the IR sensor briefly scans empty space. The IR 
data format represents cold as white in the image, and therefore space data appears as a white 
strip down the edge of the IR image. Once each minute, the spacecraft clock inserts minute 
markers into this pre-Earth scan portion of the image. These minute markers appear as thin, 
black horizontal lines across the white pre-Earth scan. The black markers provide a 60 second 
time reference in the image. 
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IR Earth Scan - The majority of the 250 ms IR scan is the scan of the Earth's surface. Warm 
objects appear black or shades of gray, with cold objects appearing white or lighter shades of 


gray. 


IR Telemetry - At the end of the IR line is a zone dedicated to telemetry information. This data is 
coded as step-like changes in brightness, resulting in a strip down the right side of the IR image 
made up of gray scale step "wedges." This information is used for calibrating temperature data in 
the image. 


Visible Sync Sequence - The visible image follows the IR scan data. The visible scan begins 
with a seven-pulse sync sequence similar to the IR sync, except it is a 1040 Hz rate so that the 
receiving equipment can discriminate between the IR and visible sync pulses. The visible sync 
pulses appear as narrower vertical black and white stripes down the left side of the image as 
contrasted to the IR sync pulses. 


Visible Pre-Earth Scan - The scan of deep space in visible light produces a black stripe down the 
side of the visible image. The 60 second clock data appears as white horizontal lines across the 
vertical black strip. 


Visible Light Earth Scan - The majority of the 250 ms visible light interval is taken up by the 
Earth scan data. This is a scan using reflected light from the Earth's surface, oceans, and clouds. 
Clouds appear in varying shades of white, water as black, and land features various shades of 
gray. 


Visible Light Telemetry - The visible scan line ends with a telemetry window similar, but not 
identical, to the IR telemetry wedges. 


During daytime passes, the APT format shows the visible data and IR data. During 
nighttime passes, the ground control stations may command the satellite to insert data from 
another IR channel to replace the visible channel, as the visible channel data would appear all 
black during a nighttime pass. The two IR channels would sample slightly different spectral 
bands, and thus would appear different from each other. 


Further details of the APT format are available on-line via the NOAA KLM users guide 
which is available on web sites referenced in Appendix B. 


Geostationary Satellite Sensors 


The GOES satellites have independent Imager and Sounder instruments that operate 
simultaneously, they independently scan different portions of the earth scene. Raw data output 
from these instruments is received ata NOAA Command and Data Acquisition (CDA) ground 
station, where it is demodulated, processed, and output in the GVAR format by the Sensor 
Processing System at the CDA. After processing the data, the calibrated, earth-located, GVAR 
data is retransmitted back up to the GOES satellite, which in turn, retransmits it to the direct 
readout stations on the ground. 


The GOES satellites carry a five-channel (four infrared and one visible) Imager and a 19 
channel (18 infrared and one visible) Sounder. Imager channels 1, 2, 4, and 5 correspond 
approximately to the Advanced TIROS AVHRR channels 1, 3, 4, and 5. GOES Imager channel 3 
is centered on 6.75 uM. 
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GVAR (Goes VARiable) Data Format 


The GVAR data is digital data, transmitted to the direct readout ground stations at 2.11 
Mbps. Resolution is 1 km. for the visible channel, 4 km. for three of the infrared channels, and 8 
km. for the water vapor channel. The majority of the amateur direct readout community utilize 
the NOAA POES APT imagery, due to ground station complexity and cost constraints, a smaller 
portion of the direct readout population is currently receiving the high resolution GVAR image 
products. However, costs for GVAR readout stations have fallen over the past few years and the 
increasing number of users of these data now include small commercial enterprises, educational 
institutions and a few amateurs. 


Ground stations configured to receive LRIT, HRPT and GVAR digital data will be 
described in the chapter entitled "Advanced Direct Readout Systems." 
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V. ANTENNA SYSTEMS FOR APT 


Antenna systems for weather satellite reception consist of two primary elements, the 
antenna and the transmission system. Several design factors will determine how well an antenna 
system will function and thus will impact the overall quality of the weather satellite imagery. 
The three design considerations of primary importance include: 


1. The physical size of the antenna components is determined by the frequency of 
the transmissions it is intended to receive. In most Very High Frequency (VHF) 
antenna designs, the driven elements or radiating elements are designed for 1/4 or 
1/2 wavelengths. 


2. The antenna design should fit the type of RF signal polarization it is to receive. 


3. The antenna needs to provide sufficient signal gain to produce noise- 
free reception whenever it is used with an appropriate radio receiver. 


Several key definitions are required to fully understand the design and function of 
antenna systems. These include gain, beamwidth, and polarization: 


Gain - The gain of an antenna is the measure of how much the antenna increases the 
level of the signal relative to some reference point. This reference point is usually a simple 
dipole antenna. Gain is based on a logarithmic scale, and the units of gain measured in decibels 
(dB). Since this is a logarithmic scale, a gain of 3 dB indicates a doubling of the signal level. The 
gain of the antenna will assist in overcoming signal losses in the cable transmission system and 
result in better overall image quality. However, higher gain usually means a decrease in the 
beamwidth of the antenna. External preamplifier circuitry can be used in conjunction with the 
antenna to increase the overall gain and signal strength presented to the radio receiver. 


Beamwidth - Beamwidth is a measure of the width of the antenna pattern. The wider the 
antenna pattern, the more signals it will receive from different directions. Generally, the wider 
the beamwidth or pattern, the lower the gain of the antenna. Thus, a trade off exists for gain and 
beamwidth. A high-gain antenna must be pointed very accurately due to the narrower 
beamwidth. For polar orbiting weather satellites, this means that some method of tracking or 
pointing the antenna will be required.This is usually accomplished with a postioner mounted just 
below the antenna that can turn the antenna both in azimuth and elevation in order to track the 
movements of the satellite. 


Antennas that are "omnidirectional," or receive signals from many directions, generally 
have very low gain, but have the advantage of not requiring a method of tracking of the satellite. 
One special type of omnidirectional antenna is called a quadrifilar design, and receives signals 
well from all directions. 


Polarization - Polarization is a function of the orientation of the radio waves in space to 
that of the transmitting and receiving antenna. Ideally, the receiving antenna should be oriented 
in space to match the orientation of the transmitted signal, thus maximizing the signal strength. 
The most common types of antenna polarization include linear (horizontal, vertical) and circular 


polarization. TV and FM radio stations usually have horizontally polarized transmitting 
antennas, and thus TV antennas are designed to have the elements mounted horizontally to the 
ground. Police radios and cellular phones typically use vertical polarization, and thus the 
receiving whip antennas are mounted vertically on the automobile. Satellites, particularly polar 
orbiting platforms, commonly use antennas with circular polarization. This is due to the fact that 
satellites are in constant motion, and linearly polarized signals would be constantly changing 
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polarization (and hence signal strength) with respect to linearly polarized ground station 
antennas. Circularly polarized antennas on both the spacecraft and on the ground provide a more 
stable received signal strength. A linearly polarized ground antenna can be used for the POES 
satellites, but significant signal loss would occur due to cross-polarization from the transmitting 
to the receiving antennas. Geostationary satellites do not move in relation to a ground station, so 
linear polarized antennas may be used at both the spacecraft and ground station. 


The RF signal is right-hand circularly polarized on U.S. spacecraft and varies between 
left and right-hand circularity on the Russian and Chinese satellites. 


VHF Antenna Systems for APT Imagery 


Considering the frequencies, signal strength, and polarization factors of the 
transmissions, a number of antenna designs can accomplish adequate APT reception when used 
in conjunction with a good preamplifier and a properly designed radio receiver. These designs 
include both omnidirectional antennas and higher-gain beam antennas. With the advent of 
modern electronics; antenna construction remains as one of the few areas that amateurs can build 
hardware to yield significant savings and performance equivalent to commercially available 
antennas. There are numerous amateur webs sites with detailed instructions to construct 
antennas that are suitable for APT reception. 


Omnidirectional antennas: 


Turnstile Reflector - The turnstile reflector (see Figure IV-2) antenna is one of the 
simplest and least expensive antennas to use for APT weather satellite imagery. It is 
omnidirectional, theoretically receiving the satellite signal from all directions, is easy to mount, 
and does not require the more complex tracking guidance needed by high-gain directional 
antennas. The disadvantage of these antennas is that they offer little; if any signal gain and this 
can result in a reduced area of coverage compared to the higher signal gain offered by directional 
antennas. Due to the design and placement of the antenna elements in a turnstile, the satellite 
signal is often received better in one direction than others. This can create some loss of signal 
strength and a "fading" of the received APT transmission. Fading often results in noise bursts or 
"sparklies" in the APT video image. 


Quadrifilar Helix Antennas - A quadrifilar helix antenna is a special type of 
omnidirectional antenna that provides a much better "radiation pattern" compared to turnstile 
reflectors, and does not suffer from the loss of signal strength exhibited in simple turnstile 
antennas. The quadrifilar helix usually consists of four 1/2-turn helices equally spaced around the 
circumference of a common cylinder. The radiation pattern is omnidirectional in the plane 
perpendicular to its main axis. Radiation of the signal is nearly circularly polarized over the 
entire hemisphere irradiated. This makes it almost ideal for receiving signals from polar orbiting 
weather satellites. Well designed quadrifilar helix antennas often exhibit inherent gain from 3 dB 
to 5 dB. A low physical profile combined with high performance makes the quadrifilar antenna 
an excellent antenna for APT reception in the home. Its small diameter also allows it to be 
enclosed in a waterproof housing or made from corrosion resistant materials. 


Figure V-1 shows two quadrifilar helix antennas designed for 137 MHz APT reception. 
One antenna is commercially available; it is constructed of stainless steel specifically for marine 
use. The second antenna is a simple home built design. Instructions for home built Quadrifilar 
antennas designed for APT reception can be located on various web sites. 
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Figure V-1 Quadrifilar Helix Antennas 


Pricing differences and performance at low reception elevations are the factors which 
separate the turnstile and quadrifilar antennas. The quadrifilar antenna will provide virtually 
noise free reception once the satellite reaches an elevation of 5 to 10 degrees above the horizon. 
The turnstile will provide slightly less performance at lower elevations levels, but is usually 
much less expensive to purchase than the quadrifilar design. 


The simple omnidirectional antenna shown in Figure V-2 can be constructed by 
modifying a commercial FM antenna with a pair of crossed, folded dipole elements. These 
antennas can be found in many stores and on web sites selling television and radio antennas. 
Such antennas are low cost, and are made of thin wall aluminum tubing that can be cut to 
modified dimensions quite easily. Similar antennas designed specifically for APT can also be 
purchased commercially. 


The antenna in Figure V-2 was modified as follows: 


1. The length of the folded dipoles (A and A') was reduced by trimming the longer FM element 
tubing to 103 cm (40.3 inches) to provide an approximate 1/4 wavelength match for the 137.5 
MHz center frequency of the APT transmission. 


2. Two reflectors (B and B') at right angles to each other were made from 6.4 mm (1/4 inch) 
diameter aluminum tubing, cut to 113 cm (44.1 inch) length. These were mounted 43.6 cm (17 
inches) below and parallel to the folded dipoles. These reflectors create a broad beam antenna 
that, when pointed vertically, allows a wide angle of antenna reception with no need for pointing 
toward the satellite as it passes over the ground station. 
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Figure V-2 Modified FM Antenna for Omnidirectional APT Reception 


Directional Antennas: 


Directional antennas offer much higher gain and signal to noise ratios compared to 
simple onmidirectional antennas. Such directional antennas have very sharp radiation patterns, 
and therefore require accurate tracking of the satellite to take advantage of the gain provided by 
the antenna system. This tracking requirement presents an additional complexity to the receiving 
station both in construction and operation since the satellites must be actively tracked from 
horizon to horizon. Directional antennas can be positioned using TV type rotors mounted in an 
Azimuth / Elevation configuration or using commercially available or home built antenna 
positioners controlled by a PC. 


Crossed Yagi -The crossed yagi directional antenna has been a popular choice for many 
amateur constructed APT stations. This design functions well for APT reception, is relatively 
inexpensive, and can be purchased commercially or constructed without much difficulty. The 
crossed yagi antenna consists of a number of elements similar to a multi-element TV antenna. 
The major difference is that the elements are arranged at right angles to each other. This crossed 
element design eliminates fading of the circular polarized RF signal transmitted by the satellites. 
Figure V-3 illustrates a commercially available crossed Yagi antenna (without satellite tracking 
positioners). 
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Study Guide, Continued 


Preparing for 
the Final Exam, 
continued 


Tackling the 
Final Exam 


Completing 
Your Course 


Graduating! 


e USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask another 
Marine to lend a hand by asking you questions about the course. Choose 
a particular study unit and let your buddy “fire away.” This technique can 
be interesting and challenging for both of you! 


e MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good habits 
that enhance learning. They don’t have to be long and tedious. In act, 
some learners find short reviews conducted more often prove more 
beneficial. 


When you have completed your study of the course material and are confident 
with the results attained on your study unit exercises, take the sealed envelope 
marked “FINAL EXAM” to your unit training NCO or training officer. 

Your training NCO or officer will administer the final exam and return the 
exam the answer sheet to MCI for grading. Before taking your final exam. 


The sooner you complete your course, the sooner you can better yourself by 
applying what you’ ve learned! HOWEVER--you do have 2 years from the 
date of enrollment to complete this course. If you need an extension, please 
complete the Student Request/Inquiry Form (MCI-R11) located at the back of 
the course and deliver it to your training officer or traming NCO. 


As a graduate of this distance training course and as a dedicated Marine, your 
job performance skills will improve, benefiting you, your unit, and the Marine 
Corps. 


Semper Fidelis! 


Vili 


Figure V-3 Commercial Crossed Yagi Antenna 


The Transmission System 


The components of the transmission system which carries the RF signal from the 
antenna to the radio receiver are a critical part of the satellite station. Proper construction of 
this portion of the direct readout station is important to ensure that radio frequency signal 
losses do not exceed acceptable limits. Excessive cable lengths and improper cable selection 
can result in significant attenuation of the signal 


To avoid excessive loss of signal from the antenna to the radio receiver, low loss 50 
ohm RG8U coaxial cable should be used for the transmission line leading through the building to 
the receiver. Most receivers require a 50 ohm impedance match between the antenna cable and 
the receiver and therefore support direct connection of a 50 ohm cable. 


All connector plugs in the transmission line should be installed carefully so that good 
electrical contacts are made. Any connectors exposed to the weather should be weather protected 
with some type of sealant (i.e. "Coax-Seal") so that water cannot enter the connectors or cable 
and cause electrical shorting. If this does happen, serious signal loss will occur. 


Modified FM antennas and some home built antennas are designed to connect to 300 ohm 
TV lead-in wire. For a better impedance match between the 300 ohm TV line and the 50 ohm 
RG-8U, a matching transformer or balun should be inserted between the TV line and the RG-8U 
cable. 


For stations with relatively short feed cable lengths a pre-amplifier may not be required to 
achieve high quality, noise-free signals from the satellite. However longer feed lengths may 
require that a preamplifier be incorporated into the transmission system. These preamplifiers 
offer less than 0.5 dB noise for about 20 dB gain and can be ordered pre-tuned to 137.5 MHz 
which is the center of the frequencies of interest. The bandwidth is sufficient to cover all the 
APT frequencies. Purchase of this component will add about $60.00 to the cost of the station, but 
it will give a noticeable improvement to the quality of the APT signal. 


The preamplifier, if used, should be placed in the 50 ohm RG-8U line close to the 
antenna. Most commercial preamplifiers are weatherproof, and can be placed in exposed 
locations. Many preamplifiers have provisions for powering the electrical components through 
the coaxial line rather than running a separate power line to the preamplifier, they have 
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components to provide +12 volts to the center conductor of the RG-8U cable at the radio receiver 
end. Some receivers have their own internal pre-amp power supply; these supplies typically 
have current limiting to prevent damage if shorted. Figure V-4 shows a commercially available 
pre-amp which includes band pass filtering and is designed specifically for APT reception. 


Figure V-4 Commercial Pre-Amplifier 
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VI. RADIO RECEIVERS FOR SATELLITE DIRECT READOUT 


One of the key components of a direct readout station is the radio receiver. The type of 
radio receiver used for the satellite downlink will determine the ultimate quality and resolution of 
the APT imagery. Radio receivers for direct readout stations are similar to the many FM "high 
band," solid state receivers used to receive police and fire department transmissions, and NOAA 
weather radio broadcasts. In fact, many of these receivers could be modified for direct readout 
service. Basically, any receiver must meet certain minimum requirements for adequate video 
reception. These requirements are set by the nature of the APT signal transmitted from the 
satellite. The APT transmission parameters for the polar orbiting weather satellites of the United 
States are given in Table VI-1. 


Parameters U.S. POES 

Fr . 137.50, 137.62, 137.1, 
se esata 137.9125 MHz 

Carrier Analog AM/FM 

Modulation 


Transmit Power 
Antenna Right Hand Circular 
Polarization poe | 
Carrier +/- 17 KHz 


TABLE VI-1 APT Transmission Parameters for POES Satellites 


There are five factors of primary importance in a direct readout station receiver: 
- The frequency of the transmitted APT signal 
- The type of RF signal modulation 
- The bandwidth of the transmitted signal 
- The sensitivity of the receiver 
- The selectivity of the receiver 


The "satellite band" for the APT from polar orbiting satellites is between 137 and 138 
MHz. This is a narrow section of frequencies located between commercial aircraft allocations 
and the 2-meter amateur radio band. All the satellites are transmitting APT with Frequency 
Modulation (FM) with an underlying sub-carrier that is amplitude modulated. Based on these 
transmitting frequencies, it will be necessary to obtain an FM receiver that is capable of 
operating through this range of radio frequencies. 


The most practical (and least expensive) approach for a direct readout station is to use a 
radio receiver that has crystal controlled tuning. Using this type of receiver, after the crystals of 
the proper frequency are placed in the radio, no further tuning should be necessary; and the 
radio will be on-frequency for proper reception. Also, many radios of this type will 
accommodate a number of crystals of different frequencies with a switch for frequency 
selection. Crystals of the proper type can be purchased from a number of manufacturers and 
distributors. Many of these advertise in popular radio magazines, and have on-line shopping or 
toll-free telephone numbers for placing orders. The crystals for the APT frequencies will 
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probably not be in stock, and there will be a few weeks before they will be available after the 
order is placed. The type and model of the receiver should be included with the order. 


Newer radio receivers have a built-in frequency synthesizer. Crystals are not required. 
The frequency is simply punched in via a keyboard on the radio or through the use of tuning 
switches. One advantage of a synthesized receiver is that no additional crystals are required if 
the frequencies for APT reception are changed. Many newer radios also have the capability to 
automatically scan a set of frequencies for active signals, allowing for automatic reception of 
APT imagery from multiple satellites at different times of the day. 


The bandwidth of the APT receiver is also an important factor in receiving good video 
products from the weather satellites. In receivers, the bandwidth is established by a filter in the 
IF (intermediate frequency) stage. To reproduce good APT pictures, the bandwidth must be wide 
enough to pass the entire signal or distortion and loss of picture resolution will occur. Too 
narrow an IF bandwidth and the blacks and whites in the imagery will be clipped. Excessive 
bandwidth, however, will introduce excessive noise into the signal. The APT signal bandwidth is 
influenced by two factors, the satellite transmission deviation and the Doppler effect, which 
cause a frequency shift as the rapidly moving satellite approaches and passes the ground station. 
The signal deviation of the TIROS series transmission is +/- 17 KHz. It is +/- 15 KHz for the 
Meteor series. The Doppler frequency shift for these satellites is about +/- 4.5 KHz during an 
overhead pass, where the effect will be most severe. Using these parameters, for ideal APT 
signal reception, the bandwidth of the receiver should be about 40 KHz (+/- 20 KHz). A signal 
received on a typical police-type scanner with a +/- 7.5 KHz (15 KHz bandwidth) will be very 
distorted and produce poor imagery. It is possible to modify these receivers by changing out the 
original IF bandwidth filter with one closer to 30-40 KHz deviation and receive adequate 
imagery from both the POES and Russian satellites. 


The sensitivity of the receiver is of prime importance in APT signal reception. Since 
noise-free signals produce the best satellite pictures, it is essential that the noise level be kept at a 
minimum. Sensitivity refers to the ability of the receiver to detect weak signals through the noise 
level of the receiving system which includes antenna and internal thermal noise of the receiver. 
Generally, this is referred to as the signal to noise ratio-where the signal strength is given in 
microvolts and the noise in dB (decibels). A good receiver for APT direct readout stations will 
have a sensitivity of about 0.2 to 0.3 microvolts for 20 dB of quieting. However, with the 
addition of a low noise preamplifier, receivers with less sensitivity, on the order of 0.6 
microvolts, can produce noise-free signals when used with the antenna and transmission systems 
described in this publication. 


In most cases, acquiring a receiver for the APT direct readout station will be influenced 
by cost. Since the basic requirements of frequency, bandwidth, and sensitivity are not 
unreasonable, a radio adequate for receiving APT should not introduce cost factors out of line 
with most personal budgets. Generally, there are three practical ways of obtaining radio 
receivers: 


1. Purchase a commercial receiver specifically designed for APT 
2. Modify a scanner receiver for the correct bandwidth 
3. Modify a surplus high-band commercial receiver 
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COMMERCIAL RECEIVERS 


The simplest, most effective approach is to purchase a commercial weather satellite 
receiver. There are several vendors who market crystal-controlled and fully synthesized receivers 
optimized for the 137 MHz weather satellite band. References to commercial vendors are 
discussed at the back of this publication. One such vendor is Hamtronics, Inc. An example of 
their crystal controlled receivers is the R139 which is shown in Figure VI-1, and is typical of 
such APT receivers. 


SCAN POWER 


zee R139 WEATHER Fax RECEIVER 
( 
ay 


Figure VI-1 Crystal Controlled Receiver 


The R139 Weather Satellite receiver is a low cost, crystal controlled receiver featuring 
high sensitivity (0.2 microvolts typical) and selectivity for the 137 MHz band. This receiver uses 
special wideband filters for 38 KHz IF modulation acceptance and low video distortion from the 
U.S. POES spacecraft. The unit can automatically scan up to five channels, and lock on to any 
one active satellite frequency. The scan circuit contains a tape recorder control to allow 
automatic and unattended search and recording of satellite signals. The R139 can be purchased 
fully assembled or in a kit form. 


There are several sources for commercial, frequency synthesized general coverage 
broadband receivers. They are available with interfaces allowing them to be directly controlled 
by a personal computer. These high-end commercial units cover both the VHF APT weather 
satellite band, as well as the WEFAX, GVAR, and HRPT S-band frequencies of 1.6 and 1.7 
GHz. These receivers are very flexible and can be fully programmable either in manual mode or 
via a PC. Due to the bandwidth requirements of APT a modification kit may be needed to 
change the IF bandwidth in FM narrow-band mode to 40 KHz. Most of these receivers are in 
the $ 500 to $1000 price range, but they provide many features allowing reception of several 
different direct readout data products, and other radio services. 


SCANNERS 


One economical approach to obtaining a weather satellite receiver is to modify a new or 
used police or utility band scanner. Several different types of scanners exist in the used 
marketplace, including crystal controlled scanners, programmable scanners for public service 
bands, and the wider-coverage commercial scanners. 


Crystal-controlled VHF scanners covering the 144-174 MHz band are fairly common. 
These are generally the easiest to convert by those familiar with hobby electronics. Crystals for 
the 137 MHz band can be ordered, an IF filter of 30-40 KHz bandwidth can be installed, and 


52 


with a slight amount of re-tuning, the modifications should provide adequate signal quality for 
APT imagery. A good preamplifier is recommended as the front-end sensitivity of these earlier 
model scanners was generally poor. 


Programmable scanners made by Radio Shack, Uniden, and other manufacturers are also 
prime candidates for low cost APT receivers. Many of these scanners already cover the 137 MHz 
frequency range. It is simply a matter of punching in the correct frequency with the keypad and 
modifying the IF filter. One brand of scanner, manufactured by Uniden, simply requires the 10.7 
MHz IF ceramic filter to be removed, and replaced with a 0.01 microfarad capacitor to bring the 
IF bandwidth to 40 KHz. This procedure normally takes less than thirty minutes and can provide 
good performance for a APT receiver. Once again, a good preamplifier, preferably mounted at 
the antenna, is recommended for higher gain and sensitivity. 


SURPLUS HIGH BAND RECEIVERS 


Many police and fire departments have been retiring the commercial FM units designed 
primarily for the VHF frequency ranges, in favor of the newer 900 MHz cellular or trunked radio 
systems. These surplus units are of high quality, and could be converted to the 137 MHz 
frequency with minimal effort. Often these units may be obtained at very low cost or even free 
for schools. Typically the IF frequency filters need to be changed for 30-40 KHz, and some 
retuning of the front-end circuitry required for peak performance at 137 MHz. Local ham radio 
operators can often assist with conversion of these units. 


PREAMPLIFIERS 


Due to the fairly low signal strength from the POES satellites, receiving stations 
generally require a high quality preamplifier. The preamp should have a reasonable amount of 
gain and a relatively low noise figure. Gain specifies how much signal is amplified, and the noise 
figure is a measurement that specifies the amount of noise the amplifier adds to the original 
satellite signal. A noise figure of 1 dB and a gain of 15 to 20 dB are more than adequate for APT 
reception. 


The general rule on preamplifier gain is to use only enough gain to set the system noise 
figure and overcome the loss in the coaxial cable that connects the preamp to the receiver. Any 
excess gain contributes to receiver inter-modulation problems. Inter-modulation (also called 
intermod) is a common problem for receiving stations located in larger cities. Intermod is created 
in the receiver due to excessive preamplifier gain. If you hear aircraft radios or ham radios 
coming through the satellite receiver, then intermod is usually the problem. 


Typically, signal losses in a 100-foot run of RG-8 coax can be as much as 50%, 
depending on the frequency of the received signal. Preamplifiers help boost the initial signal 
strength prior to traveling down the coax line to the receiver. Modern preamplifiers use either 
JFET or Gallium Arsenide JFET transistors. These units provide high gain (20 dB typical) with 
low noise figures (0.8 dB). Normally the preamps are manufactured in a small metal enclosure 
with either PL259 or N connectors at both ends for the attachment of coax cable to the antenna 
and the receiver. 
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Preamplifiers mounted at the antenna will require both power and waterproofing. Either a 
separate +12 volt line may be run externally to the preamplifier, or, the coax feed line can carry 
both the DC power and the RF signals. Many modern weather satellite radios can provide the + 
12 volts to the preamp directly from the radio through the coax lines. Weatherproofing can be 
provided with rubber gasket seals around the metal housing and antenna connectors. Commercial 
preamplifiers can be purchased for around $60, and can be provided in weatherproof metal 
enclosures for in-line mounting close to the antenna. 


RECORDING SATELLITE SIGNALS FROM WEATHER SATELLITES 


With advances in PC memory capacity and disk storage space, most users will store 
satellite imagery directly on their PC in a digital format. This readily provides for image 
processing, enhancement and display. However since the APT sub-carrier at 2400 Hz is in the 
middle of the audio range, this signal can also be recorded and reproduced using a tape recorder. 


Many audio tape recorders do not have enough accuracy in motor speed to assure proper 
synchronization of the image on play back. This can be overcome if a stereo tape recorder is used 
and a synchronization reference, such as a 2400 Hz tone, is recorded on one of the audio 
channels while the satellite transmission is being recorded on the other channel. Then, on play 
back, the display system can use this reference to track slight changes in the motor speed and 
adjust the synchronization so that the satellite image will be properly aligned to produce a 
coherent image. The use of a tape recorder with large variations in motor speed during replay 
will cause the picture to drift or to have wave-like variations from border to border even when 
using a synchronization tone on the second channel. Recorders with a wow and flutter around 
0.3% will work well with APT if a sync tone is used. 


Users report that digital audio tape (DAT) recorders provide a good platform to record 
APT signals with little or no distortion in the video image. Users have also had good results 
using video recorders, since these usually have excellent wow and flutter specifications. 
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VII. DEMODULATION AND DISPLAY OF APT IMAGERY 


The next major component of the direct readout station is that of demodulation and 
display of the imagery. Once the signal is received from the POES satellites, the audio tones 
must be converted or demodulated to represent varying levels of visible and infrared energy as 
processed by the satellite radiometer. Computer display systems are the most common method of 
displaying weather satellite images. Improved high resolution graphics hardware, increased 
computer speed and memory, high quality software programs with sophisticated image analysis 
processes are now available at costs that were unavailable only a few years ago. Because of the 
great variety of computer systems available, only a general discussion of this subject is possible 
in this publication. However, some computer features that are required for satellite direct readout 
are examined, which can guide the user in selecting a computer that will meet their needs. 


The diagram in Figure IV-1 shows a generalized view of the hardware components that 
are found in most personal computer APT systems. At the ground station radio receiver, the 
satellite transmissions are detected as a 2400 Hz amplitude modulated (AM) signal transmitted at 
120 lines per minute from the POES satellites. At this point the image exists as an analog 
representation of the original image created by the satellite's imaging instrumentation. The 
varying amplitude can be measured as a varying voltage having a discrete voltage range. The 
2400 Hz tone, referred to as the video sub-carrier, carries the image as a function of its 
amplitude. Two electronic processes must be accomplished before this analog image can be 
managed within a computer system: 


1. The 2400 Hz sub-carrier must be removed and only the amplitude variations of 
this carrier, which is the actual image, allowed to pass. This process is known as 
demodulation and is necessary so that the 2400 Hz, which in itself contains no 
information, does not become a part of the finished image. 


2. The demodulated video, in the form of a varying voltage, must be changed into 
relative digital values so that this data can be handled in the digital domain of the 
computer. This step in the process can be accomplished by an analog to digital 
converter (A/D) which is built to detect a voltage at a given instant and represent that 
reading as a binary digit. In 8- bit computer systems this will be a value between 0 
and 255. This digit can then be stored in computer memory and the next conversion 
made. Each of these digital values then becomes a discrete element of the image and 
is referred to as a pixel or picture element. It is important to note that the speed or 
frequency of the sampling process will influence resolution of the image and the 
relative width of each scan line but is limited by the resolution of the original data. 


Two additional steps are needed in order to display these digital pixels as a coherent 
image on the computer video monitor. Both of these require software programs written 
specifically for the computer and graphic display hardware that is available. 


1. Each digital picture element must be assigned a specific intensity or brightness 
proportional to the original amplitude of the image. In black and white displays this 
can be used to form a linear gray scale or, in instances where enhancement of a 
certain portion of the image is desirable, other intensities can be used. Color 
enhancement can also be accomplished by assigning specific colors to ranges of 
digital values. 
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2. The picture segments, or scan lines, must be precisely aligned to form a final 
coherent image. This requires that the beginning of each scan line can be recognized 
by the software and positioned in the proper location on the monitor screen. 


Purchasing a commercial satellite computer display system is probably the most viable 
alternative in setting up a direct readout station. If a computer is already available, the cost of 
the additional hardware and software is normally not prohibitive. The commercial direct 
readout systems now available have been designed for a variety of computers and have many 
different features. A partial list of vendors is available from the resources listed in the 
Appendices. Some features that can be expected from these commercial systems are: 


. Capture and display of U.S. POES satellite data. 

. Automated image ingest and storage in various graphic file formats 
. Color enhancement of images 

. Multi-spectral (IR and visible) image processing and enhancement 
. Automatic IR channel temperature calibration 

. Zoom and pan features 


. Built-in satellite prediction and tracking routines 
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. Scheduling features for unattended satellite image capture 
9. Automatic longitude/latitude and geopolitical gridding 
10. Some of the systems provide an input jack for a Global Positioning Satellite 


(GPS) receiver to input the station's exact location, altitude and precise local time 
directly to the satellite receiving system 


Since APT data transmissions have been available for over 40 years, many of the 
commercially available systems were developed for earlier versions of personal computers. 
With this in mind, the system requirements for APT reception are quite modest by today’s 
standards for memory capacity, speed and disk storage. Since these requirements are so modest 
a personal computer configuration meeting these requirements may be readily available as a 
second hand or surplus machine. 


As an illustration, the following is the recommended minimum configuration for a 
commercial system in use by NOAA to receive and process APT data; this software also runs on 
more current hardware and operating systems: 

- IBM PC compatible with 80486 processor (Pentium II recommended) 

- Microsoft Windows 95/98/NT 

- 16 MB of random access memory 

- 20 MB free hard disk space 

- Super VGA type display with at least 800 x 600 pixels and 256 or more colors 


- Spare serial port 


The exact configurations of commercial APT systems will vary depending on the 
computer type and features offered. In some cases both the demodulator and receiver are 
combined on an internal PC card, and for some both the receiver and demodulator are external 
units. In a system that has an external receiver and demodulator, cables must be installed 
between the receiver, the audio input jack of the demodulator, and the demodulator output to the 
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computer. Following the physical installation of the receiver / demodulator to the personal 
computer, cables are connected from the receiver to the APT preamplifier and antenna. 


SETTING UP AND USING DIRECT READOUT SOFTWARE 
APT software programs generally have four or five main functions. These would include: 


Initial Configuration and System Setup 
Satellite Image Capture and Scheduling 
Satellite Prediction and Tracking 

Viewing and Enhancement of Satellite Imagery 
Image Animation 


eo) ee re 


After some initial configuration and testing, the user has a choice of capturing new 
satellite images, displaying and enhancing images already in memory or stored on the hard drive, 
creating weather animations from a series of stored images (typically only used for geostationary 
satellite images), or predicting when a particular satellite will be in view of the ground station. 


1. Initial Configuration and System Setup 


A software installation program will properly configure the software for the type of 
demodulator card, APT image reception, and printer configurations. Most vendors provide a 
software installation routine to assist the user with setting the correct interrupt levels and 
addresses unique to the personal computer and the specific type of computer operating system. 
Following installation of the demodulator card and software, an internal test routine may be run 
to validate proper installation of the hardware and configuration options. 


One of the first items to customize in most direct readout software programs is to tell the 
program your geographic location and local time information. This data is used to help predict 
when the polar orbiting satellite will be in view of your station, and also to setup 24 hour 
scheduling of APT imagery. Normally the program will ask for the following information: 


- Latitude 

- Longitude 

- Height above sea level 

- Time offset from Universal Time Coordinate (Greenwich) time 


The latitude, longitude, and height above sea level can be obtained from a good quality 
atlas, local pilots, airports, or municipal government offices. The latitude and longitude values 
entered should be accurate to at least one arc minute or 0.0167 decimal degrees. Height should 
be accurate to the nearest 305 meters (1000 feet). UTC time offset is based on your local time 
zone. The UTC offset for Eastern Standard Time would be -5 hours, for Central Standard Time - 
6 hours, etc. All four data points can usually be obtained by calling the local flight control 
center at the local airport. Alternatively, a GPS receiver may be used to directly input this data. 


2. Satellite Image Capture and Scheduling 


APT direct readout software needs to know which satellite will be transmitting the 
imagery so that it can be properly formatted and displayed, or to animate several frames of APT 
images. For systems that have built in receiver control, this will also set the correct frequency for 
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STUDY UNIT 1 
NUMBER SYSTEMS AND OPERATIONS 


Introduction. Every Marine, from a scout in a fireteam to 
the Commandant, uses numbers in some form every day. Numbers 
are an inescapable item in our way of life. Some common uses 
of numbers may be any one of the following: 


All Marines will carry 3 days' rations and ammunition. 
How much fuel will the tank platoon need to travel 127 miles? 


Calculate the TNT needed by the engineer platoon to breach 
the log obstacle. 


Convert 123° magnetic azimuth to grid azimuth. 


If a 20 mile march took 5 hours to complete, how fast did the 
company travel? 


These are just a few of the everyday situations involving 
numbers that Marines deal with. Marines need to know how to 
work with numbers. This study unit will provide you with the 
ability to identify components of the real number system and 
basic properties of numbers. You will also be able to 
identify symbols of grouping and simplify mathematical 
expressions. Let's first take a look at the history of real 
numbers. 


Lesson 1. HISTORY OF REAL NUMBERS 
LEARNING OBJECTIVES 


1. Given a list of events, select the single factor that 
made the Hindu-Arabic number system superior to all 
others. 


2. Given selected purposes, identify the two purposes that 
numerals or digits have in any number. 


1101. Systems of Notation 


In order to have an understanding of the systems of notation, you 
must first look at the principle of one to one correspondence and 
model groups. Let's see how Charlie Caveman handled these. In 
ancient times, Charlie had to design a way to keep track of his 
herd. 


the satellite transmissions. Most APT software uses the concept of a configuration file to define 
what is expected from specified satellites. 


Several of the weather satellites differ in their characteristics. Polar Orbiting satellites 
use several different VHF frequencies to transmit the APT information, including 137.40 MHz, 
137.50 MHz, 137.62 MHz, 137.85 MHz, and 137.795 MHz The image formats used by U.S. and 
Russian satellites are very different: U.S. satellites send two side-by-side images simultaneously, 
while the Russian satellites send one visible or infrared image only. U.S. satellite image 
information is synchronized (phase-locked) to the radio signal frequency, while most Russian 
satellites are not synchronized. When utilized, phase-locking allows image registration control 
during reception, which assures that the image is precisely aligned vertically, without any 
sideways skew or bowing of the images. Finally, satellites alternate between ascending passes 
(south to north movement) and descending passes (north to south movements). 


In order to properly receive and display images, the software must know which satellite 
will be transmitting the imagery. For example, data will not be received if the desired satellite is 
transmitting an image on 137.5 MHz, but the software has configured the receiver to 137.62 
MHz. Furthermore, once the receiver is set to the correct frequency, the image will not be 
displayed properly if the satellite type is set to Meteor when attempting to receive a U.S. NOAA 
satellite. With the software set to a satellite type of Meteor, the adapter card will listen for the 
256 Hz tone burst that defines the image edge of a Meteor satellite, but the NOAA satellite uses 
a 832 Hz tone burst. Since the expected tone burst will not be received, the image will not start. 


Thus, a configuration file will help determine which satellite profile needs to be 
implemented. A list is normally displayed of the various weather satellites capture modes, 
including: NOAA POES, Meteor, Feng Yun, METEOSAT, GMS and, possibly OKEAN. 


Often the capture program will allow the user to specify the image sampling rate, which 
will define the image resolution. The APT images are sent as individual scan lines. Many direct 
readout adapter cards have the ability to vary the number of samples that are taken and stored 
from each line of image information. When the sample rate matches the resolution of the images 
being transmitted, then the maximum image resolution is captured, and no increase in the image 
quality will be gained by setting the sample rate to a higher value. The cost for the increased 
resolution is that the stored file size increases with higher resolutions. An image capture at 4,800 
samples per second will be 33 percent larger than one captured at 3,200 samples per second. So, 
the file size is a tradeoff for increased resolution. 


The sampling rate also affects image symmetry. For example, increasing the sample rate 
will increase the resolution of an individual scan line, but since the number of scan lines is fixed 
by the transmission format, the image symmetry will change. Optimally square pixels are 
obtained in NOAA APT image transmissions by using the 4096 sample per second rate. 
Increasing or decreasing the sample rate will change the resolution at the expense of the image 
symmetry. 


The image capture routine will typically allow setup up of specific directories to store the 
captured satellite images. The software may also support several different graphics file types for 
the received images (i.e., GIF, JPEG, TIF, PCX, BMP, etc.). 


The image capture routine also requires a method to correct for Doppler shift. Since the 
polar orbiters spend virtually all of their time moving from or toward the ground station receiver, 
the frequency as seen by the stationary receiver is shifted (the Doppler effect). If the receiver 


58 


does not correct for the amount of shift, the image will bow as is shown in Figure VH-1. This is 
due to the fact that Doppler shift slightly adds to, or subtracts from, the 2400 Hz sub-carrier 
being transmitted by the satellite. If the receiver uses a fixed oscillator as a reference frequency, 
the Doppler shift changes the start and stop for each scan line in relation to the fixed oscillator. 
Use of a Phased Lock Loop (PLL) circuit in the APT demodulator can correct the Doppler shift 
problem. By setting the PLL clock, the hardware locks onto, and tracks the received frequency 
instead of a fixed oscillator. The PLL therefore tracks the amount of Doppler shift and 
compensates for it. The use of the PLL allows true vertically aligned images in spite of the 
Doppler shift present on the satellite signal. 


—_ 


Figure VII-1 Doppler Shift "bowing" 


The software program may also allow the user to establish time slots when images will 
be automatically received and stored to the hard drive. This allows unattended reception of 
images for later use or analysis at a more convenient time. Most scheduler routines work on a 24- 
hour format. The schedule will wait until the scheduled time before capturing the image for the 
scheduled duration. For polar orbiting satellites, normally you set each event in the scheduler to 
start one minute before the image is transmitted and the stop time to one minute after 
transmission is predicted to end. 


3. Satellite Prediction and Tracking 


Several of the APT direct readout systems include a "Predict" function which provides 
satellite prediction, tracking, and APT data capture in a single, integrated program format. Use of 
the standard "SGP4" satellite orbital prediction model is common. This is a mathematical model 
intended to track and acquire data from polar orbiting satellites. The SGP4 prediction model is 
accurate for all low altitude satellites such as the NOAA POES and Russian Meteors. Although 
the satellites can be entered which are not strictly covered by the SGP4 model, such as 
geosynchronous satellites, the accuracy of the predicted position is decreased since deep space 
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perturbations are not accounted for. Further discussion on predicting when the satellite will be in 
view and orbital mechanics will be covered in the chapter on "Satellite Tracking and Prediction." 


Three items are critical to the proper tracking of satellites during image capture: 

Accurate time - Probably more important than any other item, the PC clock should be 
accurate to within two seconds. Time is especially critical if images are to be 
ground located (map grid lines added) based on time of reception. There are 
shareware programs available from on-line bulletin boards and Internet sites that 
allow the computer to be synchronized with the National Institute of Standards and 
Technology (NIST) or the U.S. Naval Observatory. These programs can readily 
set the PC clock to an accuracy of 0.5 second or better. The NIST provides time 
synchronization via radio, internet, and dial-up modem. Alternatively, a GPS 
receiver may be used to set the PC clock. 

Accurate Ephemeris - The ephemeris data need to be updated at least every two weeks. 
This is actually radar observation data gathered by the U.S. Air Force and is the 
information used by the satellite prediction program to determine when a satellite 
will be in view of the ground station. Ephemeris data (otherwise known as 
Keplerian elements) may be obtained from many bulletin boards and the Internet. 
Some sources are in the Appendices. 

Accurate Ground Station Location Information - the latitude, longitude, and height above 
sea level entered during the initial setup of the APT program will be used by the 
satellite prediction routines in determining acquisition of signal and loss of signal 
times for the satellites. Some software packages support GPS receiver updates of 
ground station location; this is especially helpful for marine and mobile systems. 


A separate satellite prediction/tracking program may also be used for those APT systems 
that do not include an integrated satellite prediction function. Such programs are available as 
"shareware" and "freeware." Use of a multitasking operating systems such as Windows allow 
both the APT capture program and satellite tracking routine to be run concurrently. 


4. Viewing and Enhancement of Satellite Imagery 


The ultimate goal of direct readout is the actual viewing and manipulation of the satellite 
imagery. APT programs often provide extensive image processing functions such as zoom, 
rotate, contrast, brightness, false coloring, sharpen, smooth, noise filter equalize, NOAA 
enhancement curves, and even 3-D effects of the IR imagery are possible. The ability to place 
map grid lines and a temperature calibration of the NOAA imagery are other features often 
integrated into the programs and can add to the information value extracted from the image. 
Once image enhancement has been performed on the original image, the new image may be 
saved under a different filename to compare and contrast with the original data. 


When temperature differences in transmitted infrared images are small, it becomes 
difficult for the human eye to recognize significant cloud and surface features present in the 
images. The information may be present, but the observer cannot discern the features. Such 
phenomena include convective weather features, haze, fog, ocean current boundaries, and 
terrain features. Image enhancement, through the use of enhancement curves, increases the 
contrast between targeted features and the background, which serves to make the features more 
apparent. These curves also serve as a convenient way to identify several different types of 
features within the images. Satellite images may also be colorized, by changing the palettes 
used for the image. Such false-coloring can often assist with accentuating cloud tops, rotation 
in hurricanes, and sea surface temperatures. 
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A map overlay function is another useful feature of direct readout programs. The polar 
orbiting weather satellites do not transmit images with map overlays as is done on the GOES 
GVAR direct readout. The lack of map overlays can create difficulties identifying land and water 
features in images covered with clouds, since no reference point can be found in the image. APT 
software often overcomes this limitation with the ability to create map overlays (longitude, 
latitude, and geopolitical boundaries) for NOAA polar orbiting weather satellites. 


Figure VII-2 shows a NOAA 17 APT thermal image with geopolitical gridding applied 
and a user created enhancement curve. This curve was selected to enhance variations in 
ground temperature which reveals warmer temperatures in urban areas. The info window 
shows the surface temperature at a selected curser location (Chicago) to be 88 °F, it also 
calculates the latitude, longitude, and heading and distance from user selected location to the 
curser position. 
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Figure VII-2 NOAA 17 Thermal APT Image Showing Software Enhancement Tools 


5. Image Animation 


An image animation function can be used to display a sequence of captured images. 
This feature is especially useful for geostationary images but it can also be applied to polar 
orbiting images. Individual frames of images are usually stored in a special subdirectory based 
on a specified capture schedule. The number of frames to be animated and speed of the 
animation sequence is entered in the program, and the images are displayed in a continuous 
loop on the computer screen. The animation capability is very useful for tracking hurricanes, 
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weather fronts, and even changes in sea surface temperatures and can help in understanding to 
the physical processes taking place. 


Shareware Direct Readout Software 


Over the years direct readout enthusiasts have written their own image capture and 
display software, and designed some simple demodulator circuits that can be built by the 
electronics hobbyist for less than $50. The software has been freely distributed as 
"shareware," and these programs can be downloaded from the Internet. Some of these 
programs have not been updated to be compatible with current hardware. 
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Vill. ADVANCED DIRECT READOUT SYSTEMS 


The popularity of APT direct readout systems grew over the years due to the ability of the 
user community to receive real-time weather satellite imagery on a daily basis with low cost and 
easy to maintain receiving equipment, while not being charged for either the service or the data 
products. The more advanced direct readout systems (HRPT and GVAR) had, until recently, 
been both very expensive to procure and complicated to operate. The cost of an HRPT ground 
station could easily exceed $100,000 with similar costs for the GOES GVAR systems. 


In the late 1980's amateur radio operators and APT imaging enthusiasts were 
experimenting with HRPT receiving systems of their own design. Amateur radio operators have 
always been at the forefront of designing and building their own systems, and advanced direct 
readout imaging stations were no exception. Thanks to the efforts of these experimenters basic 
schematics and components for HRPT ground stations were available in kit form by 1990, and 
several amateur weather satellite enthusiasts finally had access to the high resolution imagery 
from NOAA POES. Similar "amateur" development occurred for the earlier GOES VAS data 
products (and later GOES GVAR). These advanced direct readout systems were based on 
personal computer technologies, and utilized the high resolution graphics capabilities and fast 
microprocessors necessary to receive, display, and store digital imagery. 


Inevitably, these amateur designs were expanded and enhanced by several commercial 
manufacturers, and HRPT and GVAR/LRIT ground stations may now be either purchased 
commercially or assembled from component parts for approximately $10,000. Although this 
represents a significant expenditure, it is an order of magnitude less cost than the $100,000 to 
$250,000 commercial systems available just a few years ago. Since some of the ground station 
components of an APT system may be utilized for HRPT and GVAR / LRIT (personal computer, 
disk storage, tracking antennas), it is actually possible to configure an HRPT or GVAR / LRIT 
station for approximately $8,000. 


This chapter will review the basic components of HRPT and GVAR / LRIT direct 
readout stations.. 


Parabolic Dish Antennas 


Due to the higher frequencies and higher data rates for HRPT, GVAR and LRIT 
parabolic dish antennas are required to receive these data types. A parabolic or "dish" reflector 
collects and concentrates the weak signals into a smaller receiving area referred to as a "feed 
horn" that is placed at the focal point of the reflector. This, and the use of electronic low noise 
pre-amplification of the signal, make it possible to receive noise free transmissions. This same 
approach has been used with C-band satellite dishes that receive satellite television from 
geostationary television satellites. The television satellites, however, transmit signals that are 
quite different from weather satellites in both frequency and format. The feed horn construction 
and electronics are different but the parabolic reflectors are similar and can be modified for 
weather satellite reception if available. 


The diameter of the antenna dish determines the overall gain of the antenna however here 
are trade offs between gain, beam width, and physical structure / tracking systems. A 2-3 foot 
dish is small and easy to handle, but offers minimal gain and a very wide beam width which is 
susceptible to interference from signals of other satellites. Larger dishes provide high gain but 
have a very narrow beam width; if the dish is not aimed accurately the satellite may move out of 
the antenna pattern causing loss of signal. Table VIII-1 illustrates the Gain versus diameter of 
parabolic dish antennas. 
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Dish Diameter Gain (dBi) 
2 feet (0.6 meters) 18 

4 feet (1.2 meters) 24 

6 feet (1.8 meters) 27.5 
10 feet (3.0 meters) 32 


Table VIII-1 Parabolic Dish Antenna Diameter Versus Gain 
POES High Resolution Picture Transmission Direct Readout 


By way of review, the AVHRR instrument is the primary imaging system flown on the 
NOAA POES satellites. This instrument provides the raw data for the High Resolution Picture 
Transmission (HRPT) and Automatic Picture Transmission (APT), Global Area Coverage 
(GAC), and Local Area Coverage (LAC) modes of operation. The LAC and GAC services use 
onboard tape recorders (or digital solid state recorders) to store the digital information for 
selected portions of the satellite's orbit. This recorded data is transmitted to NOAA ground 
stations in the United States for processing, and is re-broadcast via other services around the 
world. Most direct readout users would not be able to receive and process these recorded 
transmissions 


The AVHRR instrument has a resolution of 1.1 km providing 10 bit data in five 
separate spectral bands. Table IV-1 summarized the spectral range and primary uses of the five 
sensors. Contrasted with the 4 km, 8 bit data and 2 spectral bands for the APT transmissions, 
HRPT, with its 5 data channels and 10 bits of data represents about a 10-fold advantage in the 
amount of information that may be analyzed when compared to APT data. This is very 
important to meteorologists and other professionals who need the most accurate information 
available for analysis. 
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Table VIII-2 reviews the parameters for the AVHRR HRPT digital transmissions from 
the NOAA POES satellites. 


Transmit Frequencies 1698,1707,1702.5 MHz 
Antenna Polarization Right-hand Circular, Left-hand Circular based on 
transmitter in use 
RF Carrier Modulation Digital, Split Phase, Phase Modulated 
Bandwidth 3 MHz 
Lines per Frame 6 per second (360 lines per minute) 
Digital Words per line 11090 
Word Rate 66,540 per second (665.4 kbps) 
Number of bits 665,400 per second 
Words per Channel 2048 per line 
Spectral channels Five 
Channel | 0.58-0.68 uM 
Channel 2 0.72-1.1 uM 
Channel 3A/3B 3.55-3.93 / 3.55-3.93 uM 
Channel 4 10.3-11.3 uM 
Channel 5 11.5-12.5 uM 


Table VIII-2 Characteristics of the POES HRPT Digital Transmissions 


The question arises as to what additional ground station equipment is required to receive 
and display HRPT images. Although the basic requirements appear similar to those required for 
APT ground stations, the high data rate and digital nature of the transmissions require some 
specialized circuitry. A basic HRPT ground station would consist of the following elements: 


1. Four-foot (or larger) parabolic dish 

2. Antenna positioner and control hardware including azimuth and elevation rotators 
3. Feedhorn and quadrature combiner 

4. Low noise amplifier 

5. Wide band receiver 

6. Down converter circuitry 

7. Phase-locked loop demodulator 

8. Bit-synchronization board 

9. Personal Computer 

10. Software for image ingest, processing, and display 


Figure VIII-1 Illustrates most of these elements. There are common features / functions 
required in all digital ground systems however there are many variations in ground system 
configuration based on the hardware utilized. Earlier ground stations tended to have separate 
functions performed in separate hardware, however with more advanced microcircuit technology 
and the advent of high speed digital signal processing many of the functions required to process 
digital data from a meteorological satellite are now included in a single chassis or on a single 
computer card. Therefore, while the general functions of a ground station may be common, the 
hardware available to individual users will affect the ground station configuration significantly. 
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Figure VIII-1 A General Functional Diagram of a Digital Ground Station 


Basic HRPT Station Design 


Antenna - The HRPT signal is transmitted at 1698 and 1707 MHz, with backup at 1702.5 MHZ. 
At these frequencies the beam width is very narrow and proper tracking of the satellite is 
essential. Most HRPT systems employ a parabolic dish. Experience has shown that a four-foot 
dish (1.2 meters) provides adequate gain (around 24 dB) while still providing a manageable 
platform for tracking. Some experimenters have utilized a six-foot "loop yagi" antenna design, 
but stability of the antenna during tracking can lead to signal fades and loss of signal 
synchronization and lock. Parabolic dishes are available commercially at moderate cost. From a 
durability, accuracy, and maintenance perspective, they are a very good investment. 


Feedhorn and Combiner - The feedhorn can be around 17 cm. long and 12 cm in diameter, 
centered at the focus of the parabolic dish. Two quarter-wave monopole probes, each about 4 
cm. long, need to be placed 90 degrees apart about 4.5 cm. from the back of the feedhorn. 
Circular polarization may be obtained by feeding one pole 90 degrees out of phase with respect 
to the other. This is the quadrature combiner. 


Low-Noise Preamplifier - A low noise preamplifier is a must for good quality HRPT images. 
The LNA noise figure should be 0.8 dB or lower. This corresponds to a noise temperature of 59 
degrees Kelvin. The gain should be at least 30 dB. 
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Down converter - The HRPT signal at 1698 to 1707 MHz is often converted to a more 
transportable signal in the VHF frequency range. A down converter circuit is used to perform 
this conversion. Frequencies of 128 to 145 MHz are often used as the output of the down 
converter. Good quality down converters use 6 pole filters to prevent out of band interference to 
the HRPT receiving system. 


Demodulation - The demodulation section is essentially an amplifier-filter that raises the signal 
level and establishes the final system band pass for the phase demodulation. A phased-lock loop 
(PLL) demodulator circuit is used. 


Bit and Frame Synchronization - A bit synchronizer is required to extract the data clock. Frame 
synchronization and decommutation is accomplished with another circuit to complete the 
telemetry and image data extraction. This document does not attempt to provide the specific 
frame synchronization and decommutation schemes required to extract useable information from 
the HRPT data stream. This information is readily available on NOAA web sites referenced in 
Appendix B. Commercial software with compatible hardware are available for this purpose as 
are various shareware sources. 


Personal Computer - The personal computer needs to have enough power to handle the 665 
kbps data rate and substantial storage for the hundreds of megabytes of AVHRR data. Today's 
personal computers are more than sufficient for this purpose. A minimum disk storage should be 
two gigabytes with 16 megabytes of RAM. The same computer used for APT reception may be 
utilized for HRPT if there is enough disk storage and slots for the HRPT data and circuitry. 


GOES GVAR High Resolution Direct Readout 


The NOAA GOES series of satellites have two primary instruments, the Imager and 
Sounder. The Imager is the instrument most people are familiar with, as it produces the views 
from space we most often see. The Imager is a five-channel imaging radiometer that can sense 
reflected and radiant energy. Table VIH-3 summarizes the characteristics of the 5 channels that 
comprise the Imager data. 


Wavelength Range um Meteorological use 


5507 Visible loud cover 
5 8004.0 TR eauitinesioudeove 


oo 20 - 11.20 4 | 4km | Surface | Surface temperature, clouds _| clouds 


water vapor 


Table VIII-3 GOES I-M Imager Sensor Summary 


The GOES GVAR high resolution direct readout transmission and transmissions are 
different in nature than the POES HRPT transmission. On the POES spacecraft, radiances 
detected by the AVHRR instrument are processed on board the spacecraft and then transmitted 
directly to the direct readout user on the ground as the spacecraft flies overhead. With the 
GOES spacecraft, the 5 channel, 10-bit Imager raw data is down-linked to the NOAA CDA 
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The method that he used is basic to our present day mathematics. 
He simply matched the number of animals with items ina 
collection of objects. For example, as he let the animals out in 
the morning he tied a knot in a rope for each animal; when they 
came back in the evening he matched each knot with an animal. If 
he had knots left over, he had animals missing. He did the same 
thing by piling up stones or sticks, each one representing an 
animal. 


As Charlie became more rational, he tired of those processes for 
accounting for his possessions. His next step toward the 
beginning of numbers was the formation of model groups. This was 
an extension of his one-to-one correspondence or matching 
process. It involved using well-known items from his environment 
to symbolize a given collection of objects. Each symbol had a 
characteristic that was typical of the model group. These were 
exemplified by: the wings of a bird symbolizing two; the leaves 
of a clover, three; the legs of a sheep, four; the fingers ona 
hand, five; the petals on a particular flower, six; and so on. 

In his mind, Charlie replaced that pile of five stones with the 
number of fingers on his hand. Naturally, the evolution brought 
about using the name for the model group instead of the actual 
symbol. Although it still was not counting, the model group was 
a major step toward it. It simply provided a recognition of the 
cardinal (how many) value of a number. Later, when man started 
to systematize his model groups and organize them in sequence 
(each succeeding the other by one), he was on his way to 
counting. Let's look at the different systems of notation and 
see how this was accomplished. 


a. Egyptian number system. Anthropologists have shown us that 
all of the early civilized cultures had number systems and 
counting. The Egyptians used a system that started with tally 
marks which were continued until 10 which was replaced by the 
symbol for a heelbone. Each succeeding power of 10 was replaced 
by a different symbol. The system was based on addition and 
repetition. That is, add up the repeated symbols (fig 1-1). 


station at Wallops Island, Virginia at a rate of 2.62 Mbps. Here it is processed and formatted 
into the GVAR format, then sent back up to the GOES satellite at a rate of 2.111 Mbps to a 
relay transmitter. This relay transmitter provides the GOES GVAR transmission service 
(called the processed data relay or PDR) that is received by users. The GVAR data stream 
contains the data from both the Imager and Sounder instruments as well as calibration and 
spacecraft navigation data, spacecraft telemetry and miscellaneous products. Similarly the 
LRIT data does not originate directly on board the satellite; it is provided by various data 
sources and is relayed to the CDA station where it is transmitted to the GOES spacecraft for 
relay to data users. 


Table VIII-4 is an overview of the characteristics of the GVAR and LRIT data 
transmission from the U.S. GOES satellites. 


GVAR LRIT 
Transmit 1685.70 1691.00 
Frequency MHz MHz 
Antenna Linear Linear 
Polarization 
RF Carrier Digital, PCM/NRZ-L/BPSK 
Modulation Biphase, 

Shift 

Keyed 

(BPSK) 
Bandwidth 6 MHz 293 

Ksamples.sec 

Lines per 8 N/A 
Scan 
Number of Variable N/A 
Digital 
Words 
Words per Variable N/A 
image 
Data Rate 2,111,360 bits per second 128 Kbps 
Spectral Five N/A 
channels 


Table VIII-4 Characteristics of GVAR and LRIT Digital Transmissions 


It should be noted that the number of words making a complete line (or E-W swath), or a 
complete GOES GVAR image is variable. How the Imager instrument aboard the GOES 
operates to make an image is substantially different from the AHVRR operation aboard the 
POES. The AVHRR scans continuously using a mirror rotating at a constant 360 rpm. An image 
is essentially unlimited in the direction along the satellite track over the Earth's surface and is 
constrained by a fixed, consistent scan width in a cross-track direction. With GOES, the Imager 
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scanning mirror can be moved in an East-West direction and North-South direction by variable 
amounts depending on how large or small an area of the Earth is being imaged. This results in a 
variable number of Imager data words being transmitted, followed by a variable number of 
Sounder data words (depending on how many are available for transmission) which comprise the 
total GVAR data structure. 


Basic GVAR / LRIT Station Design 


In the simplest form, the basic components of a GVAR / LRIT station are very similar to 
an HRPT receiving station. The data stream is captured using a parabolic antenna, collected at a 
feed horn, passed through a preamplifier and down converted, demodulated, after which bit and 
frame synchronization occurs. The exact specifications of each component are different to 
accommodate the different transmission frequencies, bandwidth, data rates, etc. Hardware 
complexity is also significantly reduced because active antenna tracking is not required due to 
the geostationary orbit. 


Antenna - The GVAR and LRIT transmission are also in the S-band, at 1685.7 and 1691.0 
MHZ. Parabolic dishes are required, GVAR reception requires a minimum 3 m (10-foot) 
diameter required for acceptable results, and a somewhat larger size of 3.6 m (12-foot) diameter 
is preferred. LRIT with its lower data rate should provide acceptable reception with a 1.8 m (6 
foot) dish. Once the antenna is aimed at a geostationary satellite; it can be locked in position 
and does not have to be actively steered as is the case with HRPT. 


Feedhorn - The feedhorn assembly is not as complex as HRPT, as the polarization of the GVAR 
/ LRIT signal is linear and is not changing with respect to the ground station as the satellite 
moves as is the case with HRPT. The feedhorn is aligned once to maximize the linearly polarized 
signal from the GOES transmitter and then fixed in place. 


Low Noise Preamplifier - A preamplifier fora GVAR / LRIT receiving system is essentially the 
same as would be used in an HRPT system. 


Down converter - The GVAR / LRIT signals transmitted at 1685.7 / 1691.0 MHZ are converted 
to a signal in the VHF frequency range. The converted output signal is usually at or about 70 
MHZ and fully filtered to prevent out of band interference. 


Demodulation - The demodulation technique is nearly the same in GVAR and HRPT. LRIT 
includes more complex encoding and bit error correction techniques that increase the complexity 
of the signal processing. These include randomization, Viterbi convolutional encoding to reduce 
bit errors in transmission, Reed Solomon encoding to perform bit error correction, and data 
compression. 


Bit and Frame Synchronization - While there are different bit frame patterns in GVAR, LRIT, 
and HRPT, the technique for frame processing is nearly the same. This document does not 
attempt to provide the specific frame synchronization and decommutation schemes required to 
extract useable information from the LRIT or GVAR data streams. This information is readily 
available on NOAA web sites referenced in Appendix B. Commercial software with compatible 
hardware are available for this purpose as are various shareware sources. 
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Personal Computer - Because 5 channels of HRPT data are received only for a short period of 
time (the length of a pass over the station), while GVAR and LRIT are available nearly 
continuously; the disk storage and memory requirements for GVAR or LRIT are greater. A full 
disk scan of GVAR data requires approximately 350 megabytes of storage. Also, because of the 
larger file sizes typical with GVAR images, animation of imagery usually requires 32 MB (or 
greater) of RAM. 


In spite of the somewhat greater hardware requirements fora GVAR ground receiving 
station, the advantage of GVAR and LRIT over HRPT is the 24-hour availability of the data. 
HRPT is only available at certain times of the day when a polar orbiting satellite is within view 
of the receiving station. Each user has to balance the costs involved, the type of data needed, and 
application of the data when choosing whether HRPT or GVAR / LRIT would be more 
appropriate 
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IX. SATELLITE PREDICTION AND TRACKING 


In order to obtain APT video using direct reception, accurate information concerning 
locations, movements and times that the satellites can be received must be available. This is 
necessary because signal reception is possible only while the satellites are above that ground 
station’s horizon. Although all polar orbiting satellites have basic orbital characteristics in 
common, each spacecraft is unique in its orbital parameters and needs to be tracked individually. 
The data necessary to locate and track meteorological satellites is not difficult to obtain. NOAA 
provides a TBUS report daily for each of its spacecraft; and two line element files that define the 
satellite’s orbit are also available. Sources of this information are provided in Appendix B. 
These reports provide the detailed orbit information needed to automatically track the spacecraft 
using a narrow beam-width dish antenna. These inputs can also be used by analysis software to 
properly geo-locate the data received. The TBUS reports include two minute sub-point latitude, 
longitude and altitude information for a single orbit that can be used manually to predict data 
acquisition times for APT direct data users with omni-directional antennas. If a directional 
antenna is used this will also allow the user to determine the azimuth and elevation of the 
satellite as it passes over the ground station. With a single orbit’s information, the generation of 
future orbits of a given satellite can be also be easily calculated. Numerous software programs 
are available to perform these functions to a great accuracy, and most users will want to use these 
tools however, the paragraphs that follow serve to illustrate that the basic concepts of predicting 
satellite passes are straight forward, and can be performed using simple mathematics and 
mechanical tools. 


Figure [X- I shows a typical orbital path of a NOAA-POES satellite. A polar orbit, in 
strict terms, would carry the satellite directly over the north and south poles with an inclination 
of 90 degrees to the equator. Most polar orbiting meteorological satellites have orbits that pass 
within 10 degrees of the geographic poles and have slight inclinations relative to the equator. The 
advantage of a polar orbit is that the satellite will have the best routine coverage for all areas of 
the Earth's surface during a 24-hour time frame. In addition, all of the POES satellites are 
inserted into sun-synchronous orbits which will place the spacecraft in a relatively constant 
relationship to the sun so that the ascending node (northbound equator crossing) will remain at a 
constant solar time. This permits images and other meteorological data to be received by direct 
broadcast at about the same local time each day. 
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Ascending Pass Descending Pass 


Figure IX-1 A Typical Orbital Path of a POES / TIROS Series Satellite 


The time required to complete one orbit is referred to as the NODAL PERIOD of that 
satellite. For polar orbiting satellites this is measured from the time it crosses the equator (0 
degrees latitude) moving northward (ASCENDING NODE) until the next northbound equator 
crossing. The Southbound equator crossing is called the DESCENDING NODE of that orbit. 
During the time of one orbit (NODAL PERIOD) the Earth is rotating at 0.25 degrees per minute. 
This causes the next equator crossing to be farther west than the previous one. The amount of 
Earth rotation between two successive equator crossings, given in degrees of longitude at the 
equator, is known as the satellite INCREMENT. This increment can be calculated as follows: 


INCREMENT = NODAL PERIOD (in minutes) x 0.25 degrees 


If a satellite's NODAL PERIOD, and the time and longitude of an equator crossing are 
known, it is not difficult to predict future orbits for that satellite for days or months in advance. 
This can be done by simply adding increments and the times of orbits to get the next longitude of 
an equator crossing and the time this will occur. This is a time-consuming task if each orbit is 
calculated and recorded by hand. A more convenient approach is to use a computer and a simple 
orbit prediction program or a spreadsheet to do these calculations. Any user with some 
knowledge of computer programming can develop and run programs for a variety of computers 
that will accurately predict future orbits of any polar orbiting satellite. These programs can take 
various approaches from simple listings of equator crossing longitudes and times to more 
complex programs that give local station times, orbital numbers, antenna tracking data for 
azimuth and elevation and a variety of other information. 
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Table IX-1 displays an example spreadsheet that calculates the future equator crossings 
for polar orbiting satellites using the method described above. The following reference orbit 
input data are all that is required: 


1. Time of equator crossing (Month, Day, Year, Hour, Minutes, Seconds) 
2. Longitude of the north bound equator crossing (Ascending Node) 
3. The time, in minutes, of the orbital period (Nodal Period) of the satellite 


The computed equator crossing locations and times provided by this spreadsheet, when 
used in conjunction with the tracking map and overlay discussed in the following paragraphs, are 
all the information needed to accurately determine when a polar orbiting satellite will pass within 
reception range of a given ground station. 


Satellite ID Time of Equator East Longitude of Satellite 
Crossing Equator Crossing Orbital 
(decimal degrees) Period 
(minutes) 
NOAA18 5/5/07 23:48 207.3265 102.10748 
Date Time of Equator East Longitude of Satellite Satellite 
Crossing Equator Crossing Orbital Orbital 
period Increment 
(decimal (degrees 
days) Long.) 
May 5, 2007 23:48:47 207.3265 0.0709 25.52687 
May 6, 2007 1:30:53 181.7996 
May 6, 2007 3:13:00 156.2728 
May 6, 2007 4:55:06 130.7459 
May 6, 2007 6:37:13 105.2190 
May 6, 2007 8:19:19 79.6922 
May 6, 2007 10:01:26 54.1653 
May 6, 2007 11:43:32 28.6384 
May 6, 2007 13:25:38 3.1115 
May 6, 2007 15:07:45 337.5847 
May 6, 2007 16:49:51 312.0578 
May 6, 2007 18:31:58 286.5309 
May 6, 2007 20:14:04 261.0041 
May 6, 2007 21:56:11 235.4772 
May 6, 2007 23:38:17 209.9503 
May 7, 2007 1:20:24 184.4235 
May 7, 2007 3:02:30 158.8966 
May 7, 2007 4:44:37 133.3697 
May 7, 2007 6:26:43 107.8428 
May 7, 2007 8:08:49 82.3160 
May 7, 2007 9:50:56 56.7891 
May 7, 2007 11:33:02 31.2622 
May 7, 2007 13:15:09 5.7354 


Table IX-1 A Spreadsheet for Simple Orbit Prediction 
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Time (Minutes) Latitude Longitude 
since 

Ascending 
0 4.48 39.9 E 
2 2.7N 38.4E 
4 9.7N 36.8 E 
6 16.8 N 35.2E 
8 23.8 N 33.4E 
10 30.8 N 31.6E 
12 37.8N 29.5E 
14 44.8N 27.1E 
16 51.7N 24.2 E 
18 58.6N 20.4E 
20 65.3 N 15.0E 
22 71.7N 6.4E 
24 77.5 N 10.0 W 
26 81.2N 44.3 W 
28 80.0 N 88.6 W 
30 75.1N 113.5 W 
34 62.3 N 132.4 W 
36 55.5. N 137.0 W 
38 48.6 N 140.3 W 
40 41.6N 143.0 W 
42 34.6N 145.2 W 
44 27.5. N 147.2 W 
46 20.5 N 149.0 W 
48 13.4N 150.7 W 
50 6.3 N 152.3 W 
52 0.88 153.8 W 


Table IX-2 Latitude and longitude of a NOAA Satellite sub-points, at Two-Minute 
Intervals 


Table IX-2 contains the location in degrees of longitude and latitude of a typical NOAA 
POES polar orbiting satellite for every two minutes during the Northern half of one orbit, these 
locations are known as the orbital sub-points. This information is calculated by NOAA for each 
operational satellite and is included (in a different format) in the daily TBUS reports. These 
specific points change for each orbit, but the shape of the orbital track traced over the Earth's 
surface is the same for any orbit of these satellites. If these points are plotted on a polar 
projection map, they form a track as shown in Figure IX-2. If this track is copied on a 
transparent film and placed on the polar map shown in Figure IX-3 so that this sheet can be 
rotated about the north pole on Figure [X-3, a simple but effective satellite tracking system is 
formed. By placing the arrow at any ascending equator crossing longitude, the path that the 
satellite will follow across the northern hemisphere during that orbit can clearly be seen. Each 
two minute mark on Figure [X-2 represents two minutes of travel after the time of the ascending 
equator crossing, the swath width on the diagram represents the image swath for the POES 
AVHRR. 
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Figure IX-2 Typical POES Orbital Track Plotted at 2-Minute Intervals 
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Figure IX-3 Northern Hemisphere Orbital Track Plotting Map 
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Reception of the 137-138 MHZ APT signal from the satellites is essentially "line of 
sight" which means that the satellite must move above the ground station horizon before APT 
images can be received. This is a function of the altitude of the orbit. Since the NOAA POES 
satellites have orbital altitudes between 833 and 900 kilometers, a ground station can expect to 
receive APT signals if these satellites pass through a circular area with a radius of about 3,100 
kilometers with the ground station at the center. This area will vary somewhat with the exact 
altitude of a given satellite but can be used for routine work. 


Figure [X-3 includes the “station circles” for five different ground stations used during 
various phases of a POES satellite mission. The outer circles represent a zero degree elevation, 
this is the idealized receiving range of the ground station (radius=3,100 kilometers). A satellite 
passing through this circle can be received with a tracking antenna set at the proper azimuth and 
0 degrees of elevation. In reality all stations have physical limitations due to local geography 
that affect reception at very low elevations, for this reason the inner circles are included, they 
represent an elevation of 10 degrees above an idealized horizon. The five stations displayed vary 
in latitude from 20 degrees North to 65 degrees North, and as can be seen from the diagram the 
station circle plots vary in size for each station and are not truly circular, this is due the polar 
projection of this map. If these station circles were displayed on a spherical globe they would all 
be of the same size and would be circular. The station circles illustrated can be used as a 
template for direct data stations at similar latitudes by tracing them onto a clear sheet and placing 
the template at the station’s location. 


When the ground track overlay of Figure [X-2 is combined with the map of Figure [X-3 
and the time and longitude of ascending node, these materials can be used to provide 
information on time of reception, azimuth, elevation, area of image coverage and the length of 
time the APT signal can be expected during any satellite pass. There are many sophisticated 
personal computer based tracking programs available that provide more advanced capabilities 
than the materials in this chapter, but this exercise gives one an appreciation of the methodology. 
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Fig 1-1. Symbols for Egyptian Numbers. 


b. Roman number system. Most of us are familiar with the Roman 
system of notation because it is still taught in our schools and 
is used to some extent for decoration on monuments or buildings, 
and for dates. Basically, this system is also founded on the 
principles of addition and repetition. The Roman system greatly 
reduced the symbolism that was required in the Egyptian system, 
but it still did not approximate the value of the Hindu-Arabic 
number system. 


c. Hindu-Arabic number system. The Hindu-Arabic system came 
into being possibly as early as 500 or 600 BC. The nomadic 
Arabian tribes picked up the Hindu notation in their travels and 
carried it to Europe. It was several hundred years, however, 
before it replaced the Roman system. This system differs from 
the Egyptian and Roman systems in that a different symbol is used 
for each number. It is similar to the other systems because it 
is based on addition, meaning that any number's value is a sum of 
its parts. It is similar to the Egyptian system because there is 
a compounding at each power of ten. This simply means that the 
Hindu-Arabic system is a decimal system. An important similarity 
to the Roman system is the position of the numerals. Moving the 
symbols within the number changes the value of the number. The 
unique principle of the Hindu-Arabic system was the idea of place 
value (how many of what) which no system had previously employed. 
In its early use, the Hindu-Arabic system had no distinct 
advantage over the number system of any other culture. 


X. THE FUTURE OF DIRECT READOUT SYSTEMS 


During the next ten to twenty years; there will be new series of both polar orbiting and 
geostationary meteorological satellites launched by the United States, the European consortium 
(EUMETSAT), Japan and China. These satellites will carry improved versions of current 
instruments or entirely new instruments. The general trend is towards sensing in additional areas 
of the electromagnetic spectrum with multi-spectral instruments providing higher resolution data 
at higher data transmission rates. At the same time, the world’s meteorological organizations are 
moving towards more international cooperation with further integration of systems and sharing 
of environmental data. As part of this process NOAA is participating in the Global Earth 
Observation System of Systems (GEOSS). With GEOSS, additional data sources will be 
available to the direct data user. These factors combined will result in vastly increased amounts 
of data being transmitted from satellites, at higher transmission rates, and with further use of 
data compression techniques to transmit the data within available bandwidth. During this time, 
there will also be the continued transition from analog transmissions (as presently used for APT) 
to all digital transmission services. The following paragraphs discuss some of these future plans. 


LRPT / APT 


The analog APT direct data service will be replaced with a Low Resolution Picture 
Transmission (LRPT) format on future NOAA spacecraft. LRPT is an all digital 
data service, which is not compatible with APT receive systems. The LRPT digital transmission 
will be similar to the present-day digital HRPT transmission from NOAA satellites. However, 
LRPT image data will be compressed, and the data will be packetized into a CCSDS 
(Consultative Committee for Space Data Systems) format. Hardware / software will be required 
to perform demodulation, bit synchronization, frame synchronization and processing the stream 
of packetized data units to the computer. Computer software will also be required to decode, sort 
and decompress the data the user wants to display. The first opportunity for direct data users to 
receive LRPT data was to be the METOP-A satellite, however as of this writing the service will 
not be used operationally on METOP-A due to an electrical interference problem on the 
spacecraft. 


While an LRPT receiving system is more complex than APT, this complexity will be 
offset by the advantages of more useful data. The number of channels will be increased from the 
present two, to three. Spatial resolution will be increased from the present average of 4 km to | 
km. With the digital format the radiance of each pixel is specifically quantified, eliminating 
analog to digital conversion errors at the ground station. The LRPT data stream will also include 
data from other spacecraft instruments which will contain information about the vertical and 
horizontal temperature and moisture structure of the atmosphere. References relating to the 
LRPT format can be found in Appendix B. 


NOAA will continue to provide the analog APT system on its satellites through NOAA- 
N'. According to present schedules, NOAA-N' would likely reach the end of its design life 
around 2013, however historically these satellites have performed well beyond their design life, 
and it is quite possible that APT will be available until 2017. Prior to that, NOAA will launch 
the first of the National Polar Orbiting Satellite System (NPOESS) satellites. NPOESS is a 
program that combines the civilian NOAA POES satellite mission with the Department of 
Defense DMSP mission into a single, integrated system. NPOESS spacecraft will carry digital 
LRPT systems. 


There will a considerable period of overlap when both analog APT and digital LRPT 
will be available to users. METOP and POES satellites will continue to be in orbit 
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simultaneously, and there will also be a period of time when METOP, POES, and NPOESS 
satellites will be operating simultaneously. This overlap will allow APT users to transition their 
ground stations to LRPT. 


MCUT 


Recognizing that digital ground station costs are higher than current analog APT and 
previous WEFAX systems, and that the digital signals do not lend themselves to modification of 
readily available consumer equipment, NOAA has funded the development of prototype Multi- 
Constellation User Terminals (MCUT). These terminals are designed to serve as a 
demonstration of technologies that can reduce the costs of manufacturing satellite receive 
systems. The cost reductions are achieved by using Application Specific Integrated Circuits 
(ASIC) -based receiver technology which was developed for wireless applications and is 
available at low cost without the software development needs of other digital approaches. This 
technology allows the reception and processing of UHF/VHF, L and S-Band meteorological 
services using a single receiver. MCUT has also developed common antenna hardware for 
reception of L and S band services. These designs may be made available to manufacturers for 
further development and production, and it is hoped that this can further reduce costs to the 
direct data user. 


GEONETCast 


The United States along with 57 other nations have agreed to develop a Global Earth 
Observation System of Systems (GEOSS) to meet the need for timely, high quality, long-term 
global information as a basis for sound decision making and to enhance delivery of benefits to 
society. The GEOSS goal is to enhance access to environmental data in nine societal benefit 
areas (agriculture, weather, water resources, energy, health, climate, biodiversity, disaster 
mitigation, and ecosystems). 


GEONETCast is a data distribution system within the GEOSS by which environmental 
data and products from data providers are transmitted to users through a global network of 
communications satellites using a multicast, broadband capability. This general dissemination 
capability, manifested through a small number of regional but interconnected GEONETCast 
systems, may be especially useful in parts of the world where high speed land lines and/or 
internet are not available, or in regions where terrestrial communication lines have been 
disrupted by disasters. GEONETCast is currently deployed in Europe as EUMETCast, in Asia 
as Fenyuncast and in the Americas the U.S. is developing the GEONETCast Americas portion of 
the GEONETCast system. 


GEOSS data that will be disseminated through GEONETCast Americas will include 
processed value-added products and may include diverse raw data. The products may include 
environmental data or products from any observing data platforms including operational or 
research-based, in situ or remote sensing systems such as satellites (polar or geostationary), 
ground-based, or airborne platforms. Other non-observational environmental information will 
also be disseminated such as text-based environmental data or products, e.g., climate 
assessments, fisheries announcements, or earthquake advisories that support GEOSS. 


The GEONETCast Americas broadcast service will be based on DVB-S technology 
similar to that used in satellite television. It will be received on the ground by relatively low-cost 
user receiver stations with commercial off-the-shelf components to the maximum extent 
possible. These receive stations are intended to be relatively affordable with a projected cost of 
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just a few thousand dollars or less. The stations will include an appropriately-sized dish antenna 
(initially a 2.4 meter dish) and a standard personal computer and components necessary to 
decode the incoming satellite signal and create the data files on the station’s hard disk. 

Standards and specifications for these components will be developed and published by NOAA 
for use by potential users and commercial vendors. Receiver station hardware, software and 
instructions will be available from commercial vendors to decode the signal, select the data types 
of interest to the user, translate the signal into data files in their original format, and distribute the 
incoming data products into appropriate product category folders on the receiver station. 


Additional information regarding GEONETCast can be found on a NOAA sponsored 
web site identified in Appendix B. 


CLASS 


When the first version of this document was written, world wide network access was in 
its infancy. At the present time users with a high speed connection have nearly immediate 
access to multiple types of environmental data from numerous sources world wide. While this 
is not specifically direct data which is the topic of this document, for many users, this approach 
may satisfy their needs and may be more cost effective than establishing a ground station. A 
key development by NOAA in this area is the Comprehensive Large Array-data Stewardship 
System (CLASS). CLASS is a web-based data archive and distribution system for NOAA’s 
environmental data. It is NOAA's premier online facility for the distribution of NOAA and U.S. 
Department of Defense (DoD) operational environmental satellite data (GOES, POES, and 
DMSP) and derived data products. CLASS is evolving to support additional satellite data 
streams, such as MetOp, EOS/MODIS, NPP, and NPOESS, and NOAA's in situ environmental 
sensors, such as NEXRAD, USCRN, COOP/NERON, and oceanographic sensors and buoys, 
plus geophysical and solar environmental data. CLASS is in a major 10-year growth program, 
adding new data sets and functionality to support a broader user base. A link to NOAA’s 
CLASS can be found in Appendix B. 


GOES-R 


NOAA and NASA are currently in the conceptual design phase of the next generation of 
GOES spacecraft, the first of these spacecraft will be GOES-R. New instruments will be flown 
on these spacecraft providing expanded monitoring of the space environment, solar activity, and 
earth scene. The new imaging system will provide multi-spectral capabilities with higher 
image resolutions and faster image rates requiring much faster data rates. Many of the present 
day direct data services will continue to be provided from this new series however some data 
formats will change. Current plans are to continue the transmission of EMWIN, DCS, and 
LRIT, although the LRIT data rate will most likely be increased to 256 Kbps making it a HRIT. 
Current information regarding the GOES R project can be found on websites identified in 
Appendix B. 
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XI. ADVANCED APPLICATIONS 


APT images provide data for a wide range of studies of the Earth and its atmosphere. 
Since the imaging instruments on the TIROS satellites can sample various sections of the 
electromagnetic spectrum, visible and infrared products are available to direct data ground 
stations. The visible images are routinely used to obtain information on cloud cover, location and 
movement of storms, ice and snow cover, hydrologic data and land features. Infrared images, 
produced by sampling thermal radiations, provide information used to estimate precipitation, 
determine storm strength, measure soil moisture, provide for frost warnings, and measure sea and 
lake surface temperatures. 


The process presented in this section is an example of the steps required to derive 
quantitative data from APT infrared images to support more detailed analysis. Unfortunately the 
analog nature of APT transmission requires additional steps to correct the received digital values 
to their original digital values. The temperature calibration techniques for APT images provide 
basic information needed to obtain accurate temperature measurements using the infrared images 
transmitted by the TIROS satellites. The use of these techniques can expand the scope of 
possibilities for using APT data. 


DIGITAL TEMPERATURE CALIBRATION TECHNIQUES FOR TIROS APT 
INFRARED IMAGES 


The analog Automatic Picture Transmission (APT) produced by the NOAA polar 
orbiting satellites is processed AVHRR data containing two images and corresponding 
calibration and telemetry data. The two images for the APT are selected by ground command 
from six possible spectral ranges available from the Advanced Very High Resolution Radiometer 
(AVHRR) imaging instrument. These are: 


Channel 1: 0.58 — 0.68um Visible 

Channel 2: 0.325 — 1.10um Near Infrared 
Channel 3A: 1.58 — 1.64um Thermal Infrared 
Channel 3B: 3.55 — 3.93 um Thermal Infrared 
Channel 4: 10.30 — 11.30 um Thermal Infrared 
Channel 5: 11.50 — 12.50 um Thermal Infrared 


Table X1-1 APT Channels 


The APT format is shown in Figure IV-7. Each video line is 0.5 seconds in length, 
containing two equal segments. Each 0.25 second segment contains: 


1. A specific sync pulse 

2. Space data with 1-minute timing inserts 

3. Earth scan imagery from a selected AVHRR channel 
4. A telemetry frame segment 


During daylight passes the APT usually contains video from the AVHRR visible channel 


1 and infrared channel 4. The space data and telemetry frames, located vertically along either 
side of the image, both contain information that pertains to that particular AVHRR channel. 
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The telemetry information is often overlooked by APT users. This is unfortunate because 
this contains data that can be used to obtain accurate temperature measurements from the thermal 
infrared images. The use of this data can greatly expand the applications possible for low cost 
APT stations. Temperature measurements from noise free signals can be made with an accuracy 
of +/- 2 degrees C using microcomputer techniques now available at many low cost ground 
stations. 


In order to better understand the techniques of APT temperature calibration it is helpful to 
review the origin of the APT signal produced by the Advanced Very High Resolution 
Radiometer instruments on the NOAA polar orbiting satellites. 


ADVANCED VERY HIGH RESOLUTION RADIOMETER 


The AVHRR is the principal Earth imaging instrument operating on the TIROS-N 
satellites. It is designed to scan with a mirror, rotating at 360 rpm, perpendicular to the direction 
of the satellite flight. With each rotation of the mirror, data from deep space, an Earth scan, and a 
warmed black body radiator, which is a part of the instrument housing, are obtained. The radiant 
energy collected by the mirror is passed through a telescope and then through a relay optics 
assembly where it is split into six spectral "windows" and passed to six separate detector 
assemblies. Each of these detectors has been designed with sensitivity to radiant energy within 
specific spectral regions of the visible, near-infrared, and infrared spectrum. The three thermal 
infrared detectors are mounted on a passively cooled mounting called the "patch." This mounting 
is maintained at a temperature of about 105 degrees Kelvin to assure the proper operation of 
these infrared detectors. 


The analog information from each of the detectors is converted to 10 bit digital samples 
via an analog to digital converter controlled by a high data rate processor called the Manipulated 
Information Rate Processor (MIRP). This digital data is then processed by the MIRP to produce 
separate data streams that are transmitted by the satellite to ground stations. These data 
transmissions, previously discussed, are: High Resolution Picture Transmission (HRPT) - real 
time 1. 1 kilometer resolution digital images containing all five spectral channels, and Automatic 
Picture Transmission (APT) - continuous real time analog transmissions of processed AVHRR 
data. 


APT FROM AVHRR DATA 


The analog APT system was designed to produce real time video that can be received and 
the images reproduced by low cost satellite ground stations. This data stream is produced by the 
MIRP by amplitude modulating a 2400 Hz sub-carrier with the 8 most significant bits of the 10 
bit digital AVHRR data. This results in an analog signal with the amplitude varying as a function 
of the original AVHRR digital image and data. Two of the six possible AVHRR spectral 
channels are multiplexed so that channel A APT data is obtained from one spectral channel of 
the first AVHRR scan line and channel B from another spectral channel contained in the second 
AVHRR scan line. The third AVHRR scan line is omitted from the APT before the process is 
repeated. The two spectral channels are determined by ground command. This processing results 
in the APT containing 1/3 of the data from the AVHRR 360 scan lines/minute. The resolution of 
the APT is, therefore, proportionally reduced and is received at the ground station at a rate of 120 
lines per minute of video. During the APT formatting, the MIRP also inserts appropriate 
calibration and telemetry data for each of the selected images being transmitted. This results in 
an APT video format as shown in Figure IV-7. 
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APT ANALOG TO DIGITAL TECHNIQUES 


One must begin by determining the calibration and telemetry values within the calibration 
telemetry wedges. These values must be determined before temperature calibrations are 
attempted. In the APT telemetry wedge values are determined by the amplitude of the analog 
signal and can be measured as voltage levels. This information constitutes a very short segment 
(10.817 milliseconds) of the 0.5 second scan line which makes it difficult to detect and measure 
without specialized electronic instrumentation often not available to APT users. However, the 
development of PC based display systems using analog to digital conversion of the APT signal 
has made it possible to read these telemetry wedges as digital values from the image files. It has 
been shown that digitized APT offers good-quality quantitative measurements when statistically 
compared to AVHRR transmission products. 


Most PC based image display systems use the same basic techniques. That is, they 
demodulate the signal to remove the 2400 HZ sub-carrier, digitize the demodulated signal with 
an analog to digital converter which reads the voltage changes in a digital format, assigns a user 
determined gray level to the digital value, and displays these as pixel elements of the original 
APT image on a monitor screen. (See Figure IV-3 and IV - 4). The analog to digital conversion 
done in this process creates an accurate voltage measurement of the APT signal transmitted by 
the satellite. Basically, this process reverses the original processing done by the MIRP on the 
spacecraft and reproduces the original 8-bit values used to establish the amplitude modulation of 
the 2400 Hz carrier. If all systems were error free, the ground station could recover the exact 
digital values of the AVHRR however in practice, the transmission and reception process add 
some non-linearity and offset in the received digital values. These errors can be corrected by 
analysis of the values in the APT telemetry frame. 


Although the hardware and software vary considerably from system to system, most 
software systems allow these digital images to be stored as a digital file. In an 8-bit digital 
system these will be values of 0-255 in an array which is used to create the image on the monitor 
screen. 


If this array contains the IR image from the AVHRR thermal channels 3, 4, or 5 and the 
corresponding telemetry frames, the user can, with simple software, easily print out portions of 
the file containing the telemetry information and find the values of the wedges that are needed 
for the temperature calibrations. The same software can be used to print the digital values found 
in portions of the IR image. These, then, can be related directly to the original known values of 
the data transmitted by the NOAA spacecraft. This will provide the necessary information to 
complete temperature calibrations for the APT telemetry and to determine temperatures from 
the digital image. 


THE APT TELEMETRY FRAME 


The key to temperature calibration of APT infrared channels is in the understanding of 
the data contained within the space and telemetry frames and the ability to measure these 
values. Table XI-2 shows the telemetry frame format used in the current NOAA polar orbiting 
satellites. One complete frame contains 16 individual wedges each of which is composed of 
eight successive video lines. (One frame = 16 wedges x 8 lines = 128 lines/frame) These 
frames are continuously repeated during the satellite orbit so that a number of complete frames 
are available at the ground station during one satellite pass. Only one frame is needed for the 
calibration process. It should be noted that within a telemetry frame the first 14 wedges are 
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identical in both images of the APT format. Only wedges 15 and 16 will be different in channel 
A and B. 


APT ANALOG VOLTAGE DIGITAL VALUE 
1. 0.757 ¥ 

MI = 10.6% 31 
2. 1.538 V 

MI=21.5% 63 
3. 2.319 V 

MI = 32.4% 95 
4. 3.101 V 

MI=43.4% 127 
5. 3.881 V 

MI = 54.2% 159 
6. 4.663V 

MI = 65.2% 

7 5.444 V 

MI=76.0% 223 
8. 6.225V 

MI=76.0% 255 
9. ZERO 

MODULATION 0 
10. THERM TEMP 


11. THERM TEMP 
PRT #2 

12. THERM TEMP 
PRT #3 

13. THERM TEMP 
PRT #4 

14. PATCH TEMP 

15. BACK SCAN 

16. CHANNEL IDENT 


UH 


Table XI-2 Telemetry Frame Format Used in TIROS-N Series Satellite APT 


WEDGE 1-8: Calibration Values 

The first eight wedges within one telemetry frame are produced by modulating the 2400 
Hz APT sub-carrier with 8 linear, 8-bit outputs, from the MIRP on the satellite. The digital 
values used to modulate each wedge are given in Table XI-2 as "Digital Value." The resulting 
analog signal received at the ground station is referred to as a "Modulation Index" (MI), and, in 
the analog domain, will exist as a voltage level for each wedge. A ground station using a black 
and white display system will see these eight wedges as a gray scale shading from dark gray to 
near white (MI=10.6% to 87.0%). The graph in Figure XI-1 shows the relationship between 
these gray levels and the original 8-bit AVHRR output of the MIRP. This linear scale forms the 
standard APT signal output to which all telemetry data in the remaining wedges can be 
compared. 
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Figure XI-1 Analog/Digital Telemetry Wedge Relationship 


WEDGE 9: Zero Modulation 

The zero modulation wedge contains no signal modulation and represents a base signal level 
reference. In a black and white display system this wedge will appear black and will have a 
voltage level of 0 and an 8-bit AVHRR equivalent value of 0. 


WEDGE 10-13: Black Body Temperatures 1-4 

During the operation of the AVHRR imaging, the scanner periodically "views" a warmed 
black body radiator held at approximately 20°C (293°K) to detect the thermal radiance of that 
temperature. This "back scan" radiance produces a telemetry response shown in wedge 15. The 
telemetry in wedges 10- 13 provide the data necessary to determine the actual in-flight 
temperature of this black body radiator. Four Platinum Resistance Thermometers (PRT's) are 
mounted on this radiator. The output of each thermometer is monitored as a digital value which 
then is used to modulate this portion of the APT signal. Temperatures across this heated segment 
may vary slightly due to differences in temperatures on the satellite. The best estimate of the 
black body temperature will be obtained from an average of the values contained in wedges 10- 
13. 


The equation to convert the PRT levels to degrees Kelvin is provided in Appendix D of the 
NOAA KLM Users Guide (see Appendix B of this document for the web site) is: 


Tprr = do + di Cprr + do Cprr’ + d3 Cprr® + da Cprr’ 
Where Tprr is the PRT temperature in degrees Kelvin do, di, dz, d3, dy are the calibration 
coefficients provided by NOAA and Cprris the digital count. The users guide provides different 


calibration coefficients for each PRT on each spacecraft, however the coefficients are for 10 bit 
HRPT telemetry versus 8 bit APT telemetry. The easiest approach to accommodate this is to add 
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the two least significant bits to the 8 bit data to fill it to a 10 bit quantity before applying the 
values to the equation above. This has the effect of multiplying the 8 bit APT counts by 4. For 
NOAA-17 the PRT1 coefficients are: 


do = 276.628 

d; = 0.05098 (10 bit coefficient) 

do = 1.371 E -06 (10 bit coefficient) 
do, d; =0 


Figure XI-2 shows a representative example of this equation with the counts multiplied 
by 4 before they are applied to the equation. The horizontal lines are markers for the APT 
calibration levels in telemetry wedges 1, 2, and 3. 
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Figure XI-2. Digital Black Body to Temperature Relationship 


WEDGE 14: Patch Temperature 
The patch temperature is a measurement of the temperature of a portion of the AVHRR 
thermal infrared window mounting that is passively cooled to a temperature of approximately 
105° Kelvin. This temperature is monitored but does not play a direct role in the calibration 
process discussed here. The equation for converting this value to Kelvin temperature is: 
°K =. 124 (8-bit AVHRR) + 90.113 


WEDGE 15: Back Scan 

The back scan is the telemetry value produced when the AVHRR instrument observes 
and detects the radiance from the black body radiator. This value will vary with each thermal IR 
channel (AVHRR channels 3, 4, 5) and with slight variations in the temperature of the black 
body. The response of the AVHRR "look" at the black body is first measured as a digital value 
which is then used to modulate this portion of the APT signal. Since the value of this data is a 
measure of the radiance of the black body, and the black body is at a known temperature (from 
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wedges 10-13), this data can be used as a single point for in-flight calibration of the infrared 
spectral channel. 


WEDGE 16: Channel Identification 

The AVHRR channel identification wedge contains information to identify which of the 
6 AVHRR channels is being used to produce the APT image. This is done by modulating this 
portion of the APT signal with a value equal to one of the first 6 gray calibration wedges in the 
telemetry frame. Table XI-3 illustrates how this is interpreted on current POES spacecraft which 
provide both a channel 3A and 3B. 


Channel in use Equivalent Wedge 
1 1 
2 2 
3A 3 
3B 6 
4 4 
5 5 


Table XI-3 Wedge 16 AVHRR Channel Indicator 


Space Data 

Immediately following the sync pulse for each image (See Figure IV-7), the APT video 
line contains space data. This is a continuous bar that is overwritten with two lines which mark 
60 second intervals during the flight of the satellite. The signal level of this data is equal to a 
value detected by the AVHRR as it views deep space. For temperature calibration purposes this 
value is considered to have zero radiance for each of the thermal AVHRR channels. This value 
can therefore be used to establish a second point for the temperature calibration. 
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The single factor that made the Hindu-Arabic number system 
superior to all others was the invention of zero sometime in the 
9th century AD. The zero serves as a place holder and a 
signifier of "no value," or "nothing." When used in this 
context, the zero becomes significant. The Hindu-Arabic system 
uses 10 basic symbols: 1, 2, 3, 4, 5, 6, 7, 8, 9, and O. In any 
number, each of the numerals or digits signifying it has two 
urposes; one is to show the cardinal value (how many) and the 
other is to show the place value (that is, how many units, tens 
of units, hundreds of units, thousands of units, and so on). To 
show the cardinal value, the symbol 0, conveys the concept of 
absence or emptiness, the symbol 1, the concept of oneness or 
singleness and so on. To show the place value, with the aid of 
the principle of addition, we show the next number after nine as 
10 which symbolizes one ten and no units. Here the zero is 
functioning as a placeholder occupying space in the units column. 
It shows that there are no units involved in this number. The 
next number is 11 which is one ten and one unit. The next number 
is 12 which is one ten and two units. This continues until 99 
which is nine tens and nine units after which we must use three 
digits. The numerals 100 signify one hundred, no tens, and no 
units. The numerals 463 signify four hundreds, six tens, and 
three units. The numerals 999 signify nine hundreds, nine tens, 
and nine units. After this, four digits are needed. As you can 
see from this, the system is unlimited in size. 


Lesson Summary. This lesson provided you with a brief history of 
real numbers, the single event that made the Hindu-Arabic number 
system superior to all others, and the two purposes found in any 
number. Now, let's move forward to Lesson 2 and take a look at 


the natural numbers. 
Lesson 2. NUMBERS AND CLOSURE 
LEARNING OBJECTIVES 


1. Given selected numbers, identify the natural numbers in 
the counting process. 


2. Given selected mathematical equations, select the example 
that illustrates the principle of closure. 


1201. Natural Numbers 


Remember that when Charlie Caveman put the model groups into an 
organized sequence, this was the forerunner to counting. The 
successive model groups in his counting system each increased by 
one the size of the group that preceded it. This was the key to 
the counting process (increase by one). Now man had the means to 
count, and the numbers he used to do this counting are called the 
natural numbers. They are 1, 2, 3, 4, 5, 6, 7, 8, 9, 10, 11, 

12. . . (the three dots in mathematics indicate "and so on"). 
Note that the counting or natural numbers do not include Zero 
(fig 1-2). 


WEDGE #1 


WEDGE #2 


WEDGE #3 


WEDGE #4 


WEDGE #5 


WEDGE #6 


WEDGE #7 


WEDGE #8 


112 112 110 109 10 110 


136 137 137 138 37 137 
138 138 136 136 37 138 
138 137 137 138 39 139 


162 162 165 164 61 161 
162 163 165 165 63 163 


217 216 212. 213 216 216 
217 216 211 212, 215 215 


214 214 215 214 213 215 
215 215 213 214 216 215 


Table X1-4 Digital Value Printout from one 16 Wedge Telemetry Frame 


211 
211 
211 
211 


WEDGE #9 


WEDGE #10 


WEDGE #11 


WEDGE #12 


WEDGE #13 


WEDGE #14 


WEDGE #15 


WEDGE #16 


206 206 


207 207 
206 207 
205 207 
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110 


112 
112 


RP Ree ee eee 
WNWNWABAN SO 


NNN NY 


HRwOHhUNRWNH HL 


NO, 


HRwWhUNH HAN 


ARR HRWNWH A 


RRR HRUNWW AL 


DIGITAL APT NORMALIZATION TECHNIQUES 


Table XI-4 shows a printout of the digital values taken from one 16-wedge telemetry 
frame of channel 4 IR APT data. NOTE: The IR channel identification can be done by observing 
the digital value of wedge 16 and comparing it with the first 8 telemetry wedges. In this example, 
wedge 16 matches wedge 4 indicating channel 4 IR is being transmitted via the APT. A small 
segment of space data is also included. The source data for this table is an APT image that was 
received, digitized and stored as a digital text file. One noise-free telemetry frame and segment 
of space data were then selected from this image file and printed. 


Since a variety of factors cause variation of the digital values within the APT data, an 
average was taken as the best estimate for each wedge and the space data. These averages, with 
their standard deviations to show the amount of variation within the data, are shown in Table XI- 
5. 


WEDGE NUMBER MEAN DIGITAL VALUE STANDARD DEVIATION 

1 30.39 0.865 

2 57.98 0.899 

é) 84.77 1.178 

4 111.31 1.310 

5 137.03 1.221 

6 163.08 1.276 

i 188.95 1.516 

8 214.42 L753 

9 4.09 0.830 

10 95.14 0.960 

11 94.71 0.990 

12 94.30 0.890 

13 94.17 1.090 

14 89.37 0.760 

15 61.17 0.720 

16 111.78 0.970 
SPACE 209.80 2.189 


Table XI-5 Statistical Analysis of an APT Digital Telemetry Frame 


The first step to calibrate APT data is to utilize the first nine calibration wedges to 
normalize the received digital values to those transmitted by the satellite. A relationship must 
first be established between the received station counts (SC) and the original AVHRR 8-bit 
linear values used by the spacecraft electronics to establish the analog APT signal. This can be 
done, using standard statistical techniques of correlation and regression analysis. Determining 
the correlation between the APT station counts and the original AVHRR digital values will show 
how well the station counts reflect the AVHRR counts and regression analysis will provide the 
necessary equation that can give the best estimate of the AVHRR data based on the station 
counts. Both of these analyses are not difficult but they do require rather laborious calculations. 
Fortunately, a number of pocket calculators perform these mathematical processes and a variety 
of statistical software packages for PCs are available to do both correlation and regression 
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analysis. Additional information concerning these techniques can be found in any basic statistics 
book. 

NOTE: The calibration process requires that the original signal level, during the analog to 
digital conversion, not exceed the 255 digital level. This would drive the near white (cold 
temperatures) digital values to saturation and would result in a loss of this data and an inaccurate 
calibration of all of the image data. This can be controlled by establishing the proper volume of 
the radio receiver when the satellite signal is acquired and digitized. 


Normalization 
Step 1 

To determine if there is a statistically significant correlation between the station count 
data shown in Table XI-5 and the standard AVHRR 8-bit digital values the following equation 
for correlation can be used: 


niu XY-XUX LY 
te 


V [mY X?-( XP] Im Y Y?-( NYY] 


Where X=AVHRR values and Y= Station count averages from Table XI-3 


x ag 

31 30.39 

63 57.98 

95 84.77 

127 111.31 
159 137.03 
191 163.08 
223 188.95 
Pee) 214.42 


[ 8 (176532.4)] - [(1144) (987.93)] 


T= 


V [8 (206600) — 1308736] [ 8 (150911.4) — 976005.68 ] 


r=.99 


When using 8 pairs of data, r values between .66 and 1.0 are considered to be 
significantly correlated within a 95% confidence level. The correlation value (r = .99) in this 
example indicates that the station counts and the AVHRR data are significantly correlated and 
will be good predictors of the original AVHRR values established on the spacecraft. 


Step 2 
If the relationship between the station counts and the AVHRR values show significant 
linear correlation, an equation to estimate the AVHRR counts from the station counts can be 
calculated by regression analysis using the following equation: 
Y=BX+A 


Where Y = Station Counts, 
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and X= AVHRR Counts 


and B=n- XY - YXV'Y and A=ZY-B-YX 
nx? (VX)? n 


In this example: 
B= [8 (176533.35)] — (1144) (987.93) ] 
[ 8 (206600)] — (1308736) ] 


B=0.8198 
and A = 987.93 — [(.8198) (1144) ] 
8 
A= 6.25 


Therefore, from Y=BX+A, the best estimate of AVHRR data from station counts is: 


Y =.8198 X + 6.25 


Or, X= Y-6.25 or, AVHRR Counts = Station Counts - 6.25 
0.8198 0.8198 


TEMPERATURE CALIBRATION 


Using the prior steps the received APT data can be converted to equivalent AVHRR 
counts, however, several additional steps are required to arrive at calibrated temperature values 
derived from the Earth scene counts. Following is a quick overview of the steps required: 


1. Calculate the temperature of each of the three black body temperature PRT sensors as 
discussed earlier in this chapter, and average these to provide a black body temperature. 

2. Calculate the black body radiance at this temperature 

3. Utilize the black body and space radiances and counts to compute a linear representation 
of the Earth scene radiance. 

4. Calculate a non-linear correction and add it to the linear representation to provide Earth 
radiance values 

5. Convert the Earth scene radiances into equivalent black body temperatures. 


This process is presented in detail in the KLM Users Guide section 7.1.2.4 which is 
available on-line. This section of the KLM Users Guide is written for HRPT users, however the 
same techniques apply to APT users with the exception that APT counts should be multiplied by 
four to arrive at an HRPT equivalent (10 bit) input value. The calculations described can be a 
daunting task to perform by hand, however once the equations have been entered into a 
spreadsheet or programmed into a PC the process can be run quickly. An APT user applying 
these techniques needs to determine an approach that best suits their needs. Some alternatives 
are to have software perform separate calculations for each pixel in a scene or to generate a 
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software look up table with a cross reference between earth scene counts and temperature for 
given satellite pass. Table XI-6 is a lookup table generated using a spreadsheet to perform the 
equations provided in the KLM Users Guide. The inputs to the equations are the black body and 
space scene data in Table XI-5 and the calibration values for the NOAA-18 AVHRR provided in 


the KLM Users Guide. 
8-bit Earth Ce 10 Bit Nlin Ncorr Ne Te Te 

Station 8-bit Equivalent Earth Radiance | Corrected Un-Corr. Corrected 

Counts AVHRR Radiance | Correction Earth Earth Earth 

Counts Linear Radiance Temp Temp 

Approx. 

Deg K Deg K 
55 59.466 237.863 115.358 0.016 115.374 301.761 301.745 
56 60.686 242.742 114.577 0.008 114.586 301.300 301.283 
57 61.905 247.621 113.797 0.001 113.798 300.837 300.819 
58 63.125 252.501 113.016 -0.005 113.011 300.373 300.355 
59 64.345 257.380 112.235 -0.011 112.224 299.907 299.888 
60 65.565 262.259 111.454 -0.016 111.438 299.440 299.421 
61 66.785 267.138 110.673 -0.020 110.653 298.971 298.951 
62 68.004 272.018 109.892 -0.024 109.868 298.501 298.480 
63 69.224 276.897 109.111 -0.027 109.084 298.030 298.008 
64 70.444 281.776 108.330 -0.029 108.301 297.556 297.534 
65 71.664 286.655 107.549 -0.031 107.518 297.082 297.059 
66 72.884 291.535 106.768 -0.032 106.736 296.605 296.582 
67 74.103 296.414 105.987 -0.033 105.955 296.127 296.103 
68 75.323 301.293 105.206 -0.032 105.174 295.648 295.623 
69 76.543 306.172 104.425 -0.032 104.394 295.166 295.141 
70 77.763 311.051 103.644 -0.030 103.614 294.684 294.657 
71 78.983 315.931 102.863 -0.028 102.835 294.199 294.172 
72 80.202 320.810 102.083 -0.026 102.057 293.713 293.685 
73 81.422 325.689 101.302 -0.022 101.279 293.225 293.196 
74 82.642 330.568 100.521 -0.018 100.502 292.735 292.706 
75 83.862 335.448 99.740 -0.014 99.726 292.243 292.213 
76 85.082 340.327 98.959 -0.008 98.950 291.750 291.719 
77 86.302 345.206 98.178 -0.003 98.175 291.254 291.223 
78 87.521 350.085 97.397 0.004 97.401 290.757 290.726 
79 88.741 354.965 96.616 0.011 96.627 290.258 290.226 
80 89.961 359.844 95.835 0.019 95.854 289.757 289.724 
81 91.181 364.723 95.054 0.027 95.081 289.255 289.221 
82 92.401 369.602 94.273 0.036 94.310 288.750 288.715 
83 93.620 374.482 93.492 0.046 93.538 288.243 288.208 
84 94.840 379.361 92.711 0.056 92.768 287.734 287.698 
85 96.060 384.240 91.930 0.067 91.998 287.223 287.187 
86 97.280 389.119 91.149 0.079 91.228 286.710 286.673 
87 98.500 393.999 90.369 0.091 90.460 286.195 286.157 
88 99.719 398.878 89.588 0.104 89.692 285.678 285.639 
89 100.939 403.757 88.807 0.118 88.924 285.159 285.119 
90 102.159 408.636 88.026 0.132 88.158 284.637 284.597 
91 103.379 413.515 87.245 0.147 87.391 284.114 284.073 
92 104.599 418.395 86.464 0.162 86.626 283.588 283.546 
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93 105.818 423.274 85.683 0.178 85.861 283.059 283.017 

94 107.038 428.153 84.902 0.195 85.097 282.529 282.486 

95 108.258 433.032 84.121 0.212 84.333 281.996 281.952 

96 109.478 437.912 83.340 0.230 83.570 281.460 281.416 

97 110.698 442.791 82.559 0.249 82.808 280.922 280.877 

98 111.918 447.670 81.778 0.268 82.046 280.382 280.336 

99 113.137 452.549 80.997 0.288 81.285 279.839 279.792 
100 114.357 457.429 80.216 0.309 80.525 279.294 279.246 
101 115.577 462.308 79.435 0.330 79.765 278.746 278.697 
102 116.797 467.187 78.655 0.352 79.006 278.195 278.146 
103 118.017 472.066 77.874 0.374 78.248 277.642 277.592 
104 119.236 476.946 77.093 0.397 77.490 277.085 277.035 
105 120.456 481.825 76.312 0.421 76.733 276.527 276.475 
106 121.676 486.704 75.531 0.445 75.976 275.965 275.913 
107 122.896 491.583 74.750 0.470 75.220 275.400 275.347 
108 124.116 496.463 73.969 0.496 74.465 274.833 274.779 
109 125.335 501.342 73.188 0.522 73.710 274.262 274.208 
110 126.555 506.221 72.407 0.549 72.956 273.689 273.633 
111 127.775 511.100 71.626 0.577 72.203 273.112 273.056 
112 128.995 515.980 70.845 0.605 71.450 272.532 272.475 
113 130.215 520.859 70.064 0.634 70.698 271.949 271.891 
114 131.434 525.738 69.283 0.663 69.947 271.363 271.304 
115 132.654 530.617 68.502 0.693 69.196 270.774 270.714 
116 133.874 535.496 67.721 0.724 68.446 270.181 270.120 
117 135.094 540.376 66.941 0.756 67.696 269.584 269.523 
118 136.314 545.255 66.160 0.788 66.947 268.985 268.923 
119 137.534 550.134 65.379 0.820 66.199 268.381 268.318 
120 138.753 555.013 64.598 0.854 65.451 267.774 267.711 
121 139.973 559.893 63.817 0.888 64.704 267.163 267.099 
122 141.193 564.772 63.036 0.922 63.958 266.549 266.484 
123 142.413 569.651 62.255 0.957 63.212 265.931 265.864 
124 143.633 574.530 61.474 0.993 62.467 265.308 265.241 
125 144.852 579.410 60.693 1.030 61.723 264.682 264.614 
126 146.072 584.289 59.912 1.067 60.979 264.051 263.983 
127 147.292 589.168 59.131 1.105 60.236 263.417 263.347 
128 148.512 594.047 58.350 1.143 59.493 262.778 262.707 
129 149.732 598.927 57.569 1.182 58.752 262.135 262.063 
130 150.951 603.806 56.788 1.222 58.010 261.487 261.414 
131 152.171 608.685 56.007 1.262 57.270 260.835 260.761 
132 153.391 613.564 55.227 1.303 56.530 260.178 260.103 
133 154.611 618.444 54.446 1.345 55.790 259.516 259.441 
134 155.831 623.323 53.665 1.387 55.052 258.849 258.773 


Table XI-6 Look-Up table for Earth Scene Temperature Derived from Table XI-4 Data 
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albedo 


amplitude 
modulation 


analog 


apogee 


APT 


argument 
of perigee 


ascending 
node 


AVHRR 


azimuth 
bandwidth 
blackbody 


carrier 


APPENDIX A. GLOSSARY 


Same as reflectivity. Expressed as the percent of visible radiation reflected from a 
surface. 


AM.- the strength (amplitude) of a signal is varied (modulated) to correspond to 
the information to be transmitted. As applied to APT, an audible tone of 2400 Hz 
is amplitude modulated, with maximum signal corresponding to light areas of the 
photograph, the minimum levels black, and intermediate strengths the various 
shades of gray. 


A system of transmitting and receiving information in which one value (i.e. 
voltage, current, resistance, or, in the APT system, the volume level of the video 
tone) can be directly compared to the information (in the APT system, the white, 
black, and gray values in the photograph. 


The point in a satellite's orbit farthest from the Earth. 


Automatic Picture Transmission. A function of polar orbiting weather satellites 
which transmits earth scan imagery to direct readout stations in real time in an 
analog video format. Transmission consists of an amplitude modulated audible 
tone which can be converted to an image when fed to an appropriate display 
device. 


Number of degrees from the ascending node where perigee occurs. 


Intersection of a satellite's orbital plane with the Earth's equatorial plane. 


Advanced Very High Resolution Radiometer. Sensor on board POES and 
METOP satellites which senses passive radiation emitted from Earth and its 
atmosphere. 


Angle measured in the horizontal plane from true North. 
In FM, radio frequency signal bandwidth is the amount of deviation of the signal. 


A perfect radiator and absorber of electromagnetic energy. A blackbody has an 
emissivity of 1, and its NOAA IR channel temperature will be equivalent 
to its actual temperature. 


In radio, an rf frequency capable of being modulated with some type of 
information 
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Circularly 
polarized rf 


dB (db) 


Descending 
Pass 


DMSP 


Doppler 
effect 


dropout 


eccentricity 


ecliptic 


elevation 


emissivity 


EMWIN 


epoch 


equatorial 
plane 


facsimile 


(FAX) 


Field of View 


frequency 
modulation 


GAC 


GEONETCast 


Radio frequency transmissions where the wave energy is divided 
equally between a vertically polarized and a horizontally polarized component. 


Decibel - the unit measuring the intensity of a sound expressed as a ratio to a 
reference level. The decibel is also used to measure relative strengths of antenna 
and amplified signals and always refers to a ratio or difference between two 
values. 


The portion of a polar orbiting satellite's orbit which passes over the earth from 
north to south 


Defense Meteorological Satellite Program 


If an electromagnetic source moves relative to an observer, there is a shift in the 
observed frequency. If the source is receding from the observer, the observed 
frequency will appear to decrease. 


The loss of data from one or more scan lines. 


Description of the shape of a satellite's orbit. A circular orbit has an eccentricity 
of 0.0, the closer to 1.0 the eccentricity, the more elliptical an orbit is. Most 
meteorological satellite orbits have an eccentricity less than 0.01, essentially 
circular. 


The great circle around the sky on which the sun appears to move through the 
year as the earth revolves around it. The ecliptic plane is the plane of the earth's 
orbit around the sun. The orbit's of the other planets also lie close to this plane. 


Angle above the horizon 


The ratio of energy emitted by a material to that which would be emitted by a 
blackbody at the same temperature. 


Emergency Managers Weather Information. A direct data service providing 
users with weather forecasts, warnings and other information. 


Year, Month, Day of orbital elements. 


An imaginary plane through the center of the Earth and the Earth's equator. 


A process where graphic or photographic information is transmitted or recorded 
by electronic means. 


Essentially the synthesis of the IFOV from the scanning process of the 
radiometer. 


FM-the frequency of a transmission signal is varied (modulated) from a given 
center frequency to correspond to the information to be transmitted. As applied 
to APT, the radio signal from the satellite is broadcast on an FM band of the 
radio spectrum, requiring an FM radio receiver for reception. 


Global Area Coverage. Recorded HRPT data at low resolution (4 km). 
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geostationary 
orbit 


GMS 
GMT 


GOES 


GVAR 


An international environmental data distribution system providing worldwide 
distribution of data, and processed products via communications satellite 


An orbit whose period equals the rotation period of the Earth and whose orbital 
inclination is approximately zero degrees. Geosynchronous satellites are placed in 
orbit at 35,800 km altitude above earths equator. 

Geostationary Meteorological Satellite. Specifically, a Japanese satellite. 


Greenwich Mean Time, also known as Zulu time or UTC (Coordinated Universal 
Time), it is the local time at Greenwich Observatory, England (0 degrees 
longitude). 


Geostationary Operational Environmental Satellite. Specifically, a United States 
satellite. 


GOES VARiable. The processed instrument data format for GOES. 


Hertz-MHz-KHz 


HIRS 
HRIT 


HRPT 
IFOV 
inclination 
IR 

Kbps 
kilometer 


LAC 
LRIT 


mean 
anomaly 


mean motion 


Hertz is the unit of measuring the frequency. One Hertz equals one cycle per 
second. Radio frequencies are expressed in the decimal multiples of Megahertz 
(1,000,000 cycles) and Kilohertz (1,000 cycles). 


High Resolution Infrared Radiation Sounder, a TIROS instrument. 


High-Rate Information Transmission, a digital direct data service providing 
imagery and processed data 


High Resolution Picture Transmission. A telemetry from the NOAA TIROS-N 
satellites. 


Instantaneous Field of View. The solid angle through which a detector is sensitive 
to radiation. It forms one limit to the resolution of an imaging system. 


The angle between the orbit plane and the Earth's equatorial plane, measured 
counter-clockwise. A zero inclination orbit would mean the satellite is orbiting 
directly over the equator, an inclination of 90 degrees is a perfectly polar orbit. 


Infrared 

Kilobits per second 

Metric unit of distance equal to 3,280.8 feet or.621 miles. 

Local Area Coverage, HRPT data recorded at high resolution (1.1 km). 


Low-Rate Information Transmission, a digital direct data service providing 
imagery and processed data and information via GOES and other international 
geostationary environmental satellites 


Represents the angular distance from the perigee point to the satellites mean 


position. Measured in degrees along the orbital plane in the direction of motion. 


Number of complete revolutions the satellite makes in one day. 
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Mbps 


Meteor 


METEOSAT 


MSU 
NASA 
NOAA 
Nadir 
NESDIS 


OLS 


orbital 
elements 


PDUS 


perigee 
POES 
polar orbit 


reflectivity 


Retrograde 


right- 


ascension-of- 


ascending- 
node 


SAR 
SBUV 
SEM 


Megabits per second. 


The Soviet Union's series of polar orbiting weather satellites. The Meteor 
satellites transmit imagery in a system compatible with the NOAA TIROS 
satellites. 


Meteorological Satellite. Specifically, a European satellite. Megahertz-see Hertz. 


Microwave Sounding Unit, a TIROS instrument. 
National Aeronautics and Space Administration 
National Oceanic and Atmospheric Administration 
The point on the ground vertically beneath the satellite. 


National Environmental Satellite Data and Information Service, a component of 
NOAA. 


Operational Line Scanner, a DMSP satellite instrument. 


A collection of quantities that, together, describe the size, shape, and orientation 
of an orbit. 


Primary Data User Stations consisting of mainly a ground station and an image 
processing system. Refers to those stations receiving data directly from the 
satellite (such as GVAR data) versus preprocessed data. 


The point in a satellite's orbit where it is closest to the Earth. 
Polar Operational Environmental Satellite 
An orbit whose path crosses near the earths poles. 


Same as albedo. Expressed as the percent of visible radiation reflected from a 
surface. 


Satellite orbit motion which is opposite to the Earth's direction of rotation, also 
defined as an orbit with an inclination greater than 90 degrees 


The angular distance from the vernal equinox measured eastward in the equatorial 
plane to the point of intersection of the orbit plane where the satellite crosses the 
equatorial plane on the ascending node. 

Search And Rescue 


Solar Backscattered Ultraviolet system. A TIROS instrument. 


Space Environment Monitor. An instrument found aboard both TIROS and GOES 
satellites. 


97 


Fig 1-2. Graphical representation of the natural numbers. 


In order to understand the difference between the various systems 
and why they developed, it is necessary to talk about one 
important principle of numbers called closure. 


1202. Principle of Closure 


The principle of closure means that, regardless of any operation 
(addition, subtraction, multiplication, or division) you perform 
on a number in the rational number system, the result will always 
be a rational number. Other number principles will be discussed 
in a later study unit, but closure must be discussed here in 
order to progress to the other systems. If you add, multiply, 
subtract, or divide natural numbers, will the sum, product, 
difference, or quotient be a natural number? Let's take a look 
at each of these areas and see how closure affects them. 


a. Addition. If you add 6 + 8, 10 + 27, 99 + 236, 9872 + 10463, 
or any two natural numbers, the result will always be a natural 
number. When this occurs, the system is said to be closed under 
addition. oe, 
b. Multiplication. If you multiply 5 x 6, 33 x 44, 356 x 687, 
3422 x 22345, or any two natural numbers, the result will always 
be a natural number. This is because multiplication is a form of 
repeated additions, which makes the system closed under 
multiplication. That is, the product of any two natural numbers 
will always be a natural number. 


c. Subtraction. How about subtraction? Is the difference 
between any two natural numbers a natural number? Again look 
over the system and try a few examples. It should not take you 
long to see that problems such as 7 - 10 and 20 - 25 cannot be 
answered with a natural number. Thus, natural numbers are not 
closed under subtraction. 


ad. Division. An example of 4 + 3 = 1.33..., is enough to show 
that the natural numbers are not closed under division. 


What does all of this mean to you? What is the importance of 
closure? The early cultures had extremely little use for 
numbers. Counting, mainly to keep track of possessions, was 
their primary use. Charlie Caveman had no need for anything 
other than the natural numbers, but with civilized cultures came 
the development of towns and the use of money which places a 
premium on knowledge of numbers. This is one of several reasons 
why closure is important and that there is a need for other 
number systems. 


shimmer 


SDUS 


SSM/I 
SSM/TI 


SSM/T2 
SST 
SSU 


Sun - 
synchronous 


TIROS 


TOVS 


VISSR 


WEFAX 


yagi 


An effect produced by the movement of masses of air with differing refractive 
indices. Shimmer results in the blurring of remote sensed images, and is the 
ultimate limiting factor over the resolution. 


Secondary Data User Station. A ground receiving station capable of receiving 
preprocessed satellite imagery (and other imagery), typically referring to WEFAX 
user stations. 


Special Sensor Microwave Imager. A DMSP satellite instrument. 


Special Sensor Microwave Temperature sounder on board the DMSP satellites 


Special Sensor Microwave water vapor profiler on board the DMSP satellites. 
Sea Surface Temperature. 


Stratospheric Sounding Unit. A TIROS instrument. 


Describes the orbit of a satellite whose orbital plane remains at a fixed angle with 
respect to the sun. This provides consistent lighting of the earth scene and causes 
the satellite to pass the equator and each latitude at the same local time each orbit. 
The orbital plan of a sun-synchronous orbit must also precess (rotate) 
approximately one degree each day to keep pace with the earth's orbital rate 
around the sun. 


Television Infrared Operational System. A series of polar orbiting meteorological 
satellites operated by NOAA. Only early satellites used television as the imaging 
instrument; however the TIROS name remains as the satellite series name. 


TIROS Operational Vertical Sounder. A suite of instruments aboard TIROS 
comprised of the HIRS, MSU and SSU. 


Visible Infrared Spin-Scan Radiometer. The primary imaging instrument aboard 
the GOES satellites through GOES-7. 


Weather Facsimile. An analog data transmission service from the GOES satellites. 
This service has been replaced by the LRIT digital service. 


A type of receiving antenna which has several rod elements mounted on a beam. 
Its directional pattern of sensitivity and ease of construction make it ideal for APT 
direct readout stations. 
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APPENDIX B. INFORMATION RESOURCES 


The NOAASIS web site (http://noaasis.noaa.gov/NOAASIS/ is operated by NOAA/NESDIS 
Direct Services Division, and contains extensive information related to the NOAA TIROS and 
GOES satellites. The NOAASIS web site also contains links to sources of information for other 
meteorological/environmental satellites and related areas of interest to satellite direct readout 
users. 


Current information about POES satellite status can be located at http://www.oso.noaa.gov/ 
The NOAA KLM Users Guide and other POES documents can be located at 
http://www2.ncdc.noaa.gov 


Orbital elements for tracking meteorological satellites, in the form of two-line elements (TLEs), 
monthly predictions and/or TBUS messages can be found on the following Internet sites: 


NOAASIS web site, http://noaasis.noaa.gov/NOAASIS/ml/navigation.html 


Celestrak, http://celestrak.com/index.asp This site also has information on the contents 
and decoding of the TLE messages. 


A list of manufacturers and suppliers of complete weather satellite receiving systems and 
components is available. This "Manufacturers List" can be requested from address (1) below, or 
can be found on the NOAASIS web site http://noaasis.noaa.gov/NOAASIS/ml/manulst.html 


NOAA’s Comprehensive Large Array-data Stewardship System (CLASS) is a web-based data 
archive and distribution system for NOAA’s environmental data it can be located at 
http://www.osd.noaa.gov/class/ 


GVAR Data Format http://noaasis.noaa.gov/NOAASIS/ml/nesdis82.html 


LRIT Data format http://noaasis.noaa.gov/LRIT/ 
LRPT Format http://www.wmo.int/pages/prog/sat/documents/pdf_cgms_04-LRPT-HRPT.pdf 


HRPT Data Format http://www?2.ncdc.noaa.gov/docs/klm/html/c4/sec4-1.htm 
GEONETCast Americas http://geonetcastamericas.noaa.gov 


GOES-R Project http://osd.goes.noaa.gov/ 
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Addresses 


(1) 

Direct Readout Program Manager 
NOAA/NESDIS Satellite Services Division 
NSOF Room 1660 

4231 Suitland Road 

Suitland, MD. 

20746 

Telephone: 301-817-4523 


FAX: 301-817-3904 


E-mail : satinfo@nesdis.noaa.gov 
(2) 


Direct Broadcast Program Manager 
NOAA/NESDIS Satellite Services Division 
NSOF Room 1659 

4231 Suitland Road 

Suitland, MD. 

20746 

Telephone: 301-817-4521 


FAX: 301-817-3904 


For information about the Search And Rescue program utilizing the NOAA GOES and TIROS 
satellites, contact: 


(3) 

SARSAT Coordinator 

NOAA/NESDIS Satellite Services Division 
NSOF Room ???? 

4231 Suitland Road 

Suitland, MD. 

20746 

Telephone: 301-817-3846 


FAX: 301-817-3904 


For information about, and requirements to use the GOES Data Collection System (DCS) 
contact: 


(4) 

DCS Coordinator 

NOAA/NESDIS Satellite Services Division 
NSOF Room 1663 

4231 Suitland Road 

Suitland, MD 

20746 

Telephone: 301-817-4558 


FAX: 301-817-3904 
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E-mail : goes.dcs@noaa.gov <mailto:dcs@noaa.gov> 


(5) 

SARSAT Coordinator 

NOAA/NESDIS Satellite Services Division 
NSOF Room 1426 

4231 Suitland Road 

Suitland, MD. 

20746 

Telephone: 301-817-3846 


FAX: 301-817-3904 
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The following internet sites provide information about non-U.S. meteorological satellite agencies 
and their spacecraft: 


Information about the European METEOSAT and METOP satellites, and their operations can be 
found on the EUMETSAT web site, http://www.eumetsat.int/Home/index.htm 


Information about the Japan Meteorological Agency and MTSAT spacecraft can be found at 
http://www.jma.go.jp/jma/jma-eng/satellite/ 


Information about the Indian Space Research Organization and INSAT spacecraft can be found 
at http://www.1isro.org/ 


The following internet sites are suggested as places to find more information about getting 
started in satellite direct readout activities and general information about 
meteorological/environmental satellites: 


www.amsat.org/amsat/keps/kepmodel.html 
www. rig. org. uk 
www.drig.com 


http://www.nasa.gov/ 


http://www.wmo.ch 


At least one journal is devoted exclusively to weather satellite reception, and 
aimed at nonscientific and amateur readers. Contact them for subscription 
information.: 

Remote Imaging Group Journal 

PO Box 142 

Rickmansworth WD3 4RQ 

United Kingdom 


(or web site www.rig.org.uk) 
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APPENDIX C. GROUND STATION USER'S SURVEY 


The National Environmental Satellite, Data, and Information Service (NESDIS) manages the 
United States’ civil Earth-observing satellite systems. In an effort to better serve the user 
community of NOAA-operated and other environmental satellites, NESDIS maintains a "users 
list" of all known environmental satellite readout stations throughout the world. 


The users list is one way NESDIS has of keeping the user community informed of changes to 
satellite operations, establishing how direct readout data is being used, and planning future 
satellite capabilities and programs. NESDIS also provides limited information about satellite 
station location and type of data received only, to the World Meteorological Organization 
(WMO). 


When establishing a new satellite receiving station, or modifying or relocating an established 
station, NESDIS requests the station operator's cooperation by completing the questionnaire (or a 
copy) on the following page, and returning to NESDIS. 


Your response is voluntary and all information is handled in accordance with the United States 
Privacy Act. 


The completed questionnaire can be mailed to the following postal address: 


Direct Readout Program Manager 
NOAA/NESDIS Satellite Services Division 
NSOF Room 1660 

4231 Suitland Road 

Suitland, MD. 

20746 

Telephone: 301-817-4523 


FAX: 301-817-3904 


E-Mail: nesdis.osdpd.dsd.info@noaa.gov <mailto:satinfo@nesdis.noaa.gov> 


An on-line version of the survey is also available for completion at the NOAASIS web site. 
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NOAA Satellite Ground Station Customer Questionnaire 
OMB Authorization #0648-0227 expires 31 May 2008 


This survey is for any organization or person operating a ground station who receives data from 
NOAA meteorological and environmental satellites. 


NOAA, the operator of Geostationary Operational Environmental Satellites (GOES) and Polar 
Orbiting Environmental Satellites (POES), maintains a voluntary list of known meteorological 
satellite receiving stations throughout the world. NOAA will make significant changes to its 
satellite systems over the next few years and this user list enables NOAA to keep its satellite user 
community informed. 


This survey is designed to help NOAA provide the best service to you. It also assists us in 
planning and evaluating changes to the next generation of NOAA satellites and in providing 
limited information to the global meteorological community through the World Meteorological 
Organization (WMO). 


If you have not completed a similar survey for NOAA during the past 12 months or would like to 
update your previously submitted information, please complete this short survey. We are 
specifically interested in responses from all users throughout the world who receive 
meteorological data from NOAA satellites. 


All respondents are advised that any information you submit will be treated in accordance with 
the U.S. Freedom of Information Act. We do not disclose any of your personal information that 
would constitute an invasion of your personal privacy. 


NOAA provides a limited amount of information about the type of station you operate and 
satellite data you receive to the WMO. NOAA does not provide personal information about you 
to the WMO. 


Thank you for taking the time to complete this survey. Please answer all questions that apply to 
you and your reception equipment. 


Please Note: * Indicates a Required Field 


1. *Select one user category that best describes your activity: 
Amateur 

Commercial /Business 

Equipment or Software manufacture, (also see below) 
Government meteorological organization 

Other civil government 

Military 

High School, Technical School or Elem. School 
Television or Radio Broadcast Station 

University or College 

Other Category 


“TTA AMoOAWS 
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If You’ve selected 1C, Equipment or Software manufacture, please select products/services 
that you make: 


APT AHRPT Software 
___LRPT LRIT Image interpretation services 
___HRPT ___ GOES GVAR ____Complete ‘turn-key ‘ installations 


2. *What data types do you receive? 
Please select all products or services below that apply 


___ APT AHRPT EMWIN 
LRPT LRIT Do not know or Not Applicable 
HRPT GOES GVAR 


3. What is the location of your receiving station antenna? 


Please use DD:MM:SS format; i.e 32 degrees, 34 minutes, 3 seconds N would be 32:34:03 N or 
DD.dddd decimal format; i.e 32.5675 degrees N would be 32.5675 N) 


LATITUDE* North/ South 
LONGITUDE* West / East 
ELEVATION feet / meters 


Not Applicable (no antenna but receive data via the internet, cable, etc.) 
4. User Information Please Note: * Indicates a Required Field) 


Name (Last, First) * 


Title 


Organization 


Division 


Country * 


Street Address* 


City/Town * 


State/Province* 


Postal /Zip Code* 
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Telephone 
Fax 
Email Address* 


Describe your data application (what do you use it for?) 


http://directreadoutsurvey.noaa.gov/user/survey_form.jsp?lang=en&Referer 


If you have any questions about this survey or any aspect of the NOAA satellite program, please 
contact the Data Services Team at the above address or facsimile number. 
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Lesson Summary. This lesson provided you with the ability to 
identify the natural numbers in the counting process and 
introduced the principle of closure. You learned that natural 
numbers are not closed under subtraction and division. Closure 
shows you that the natural numbers are not sufficient to handle 
all operations. There is a need for other number systems. They 
will be covered in our next lesson. 


Lesson 3. INTEGERS AND RATIONAL NUMBERS 
LEARNING OBJECTIVES 
1. Given various mathematical problems, select the equation 


that illustrates integers as a system of positive and 
negative whole numbers. 


2. Given a list of selected mathematical terms, select the 
one that best illustrates the concept of rational 
numbers. 

1301. System of Whole Numbers 


a. Integers. The integers are the system of whole numbers. Of 
course the natural numbers are whole numbers, but not the 
complete set that man was to need. With the use of subtraction 
there came a need for an expanded system. If you recall, it was 
mentioned that problems such as 7 - 10 and 20 - 25 could not be 
answered with the natural numbers. The answers to both of these 
problems require a system that includes positive and negative 
numbers (fig 1-3). Note that the integers start at and include 
zero, and extend indefinitely in both directions from that point. 


-6 -5 -4 3-3 -2 -1 O +1 42 43 +4 #+5 +6 
| | | | | | | | | | | | | 


Fig 1-3. Graphical representation of the integers. 


If you perform several checks on this system, you will see that 
it is closed under addition, multiplication, and subtraction; but 
again, a simple problem such as 3 + 2 = 1.5 is enough to show 
that the integers are not closed under division. 


b. Rational Numbers. Rational numbers are simply numbers that 
can be expressed as fractions, that is, as the quotient of two 
integers. Man must have had a need for the rational numbers 
before the integers, but the integers were discussed first 
because of their association with subtraction which man probably 
used very early in his number career. The rational numbers 
include the integers (5, 6, 7), terminating and repeating decimal 
fractions (.25 = 1/4, .333 = 1/3), and all fractional numbers. 
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PART ONE 
GENERAL 


CHAPTER 1 
INTRODUCTION 


1-1. Purpose 


The purpose of this manual is to aid personnel 
in using high-frequency (hf) radio systems to 
achieve successful communications. The manual 
is intended to provide theoretical and practical 
information for use in setting up and operating 
hf radio systems. 


1-2. Scope 

a. Part One of the manual provides funda- 
mental principles and setup and operating guid- 
ance for all hf radio operators and other personnel 
responsible for hf radio communications. The in- 
formation in Part One is primarily for use by 
tactical operators as well as personnel using non- 
tactical transportable systems. Information in 
Part One includes hf radio-wave propagation 
fundamentals, transmission line fundamentals, 
and hf antenna principles. 


b. Part Two of the manual presents more com- 
plicated techniques for the most efficient selection, 
siting, and orientation of antennas, and for fre- 
quency selection. Part Two describes the radio 
propagation services provided by the US Army 
Communications-Electronies Engineering Instal- 
lation Agency (USACEEIA). Also included is 
information on handling problems peculiar to 
short skywave paths; information on problems 
in communicating in mountains, desert, jungle, 
arctic terrain, and equatorial areas; and informa- 
tion on hf net communications. 

c. A glossary of terms commonly used in radio 
propagation is found in the rear of the manual, 
along with appendixes covering: 

(1) The usage of decibels. 

(2) Required signal-to-noise ratios for hf 
systems. 

(3) A description of USACEEIA hf propa- 
gation services. 

(4) The use of ionospheric sounders. 

(5) Fresnel zone measurements and effects. 

(6) Solar effects and ionospheric disturb- 
ances with their cause and corrective techniques 


for radio-wave propagation. 
(7) HF exercise operational checklist. 


1-3. Introduction to Hf Radio 


a. For successful communications, radio-fre- 
quency performance depends upon the type of 
emission, the amount of transmitter power out- 
put, the characteristics of the transmitter an- 
tenna, the amount of propagation path loss, the 
characteristics of the receiver-antenna, the amount 
of received noise, and the sensitivity and selec- 
tivity of the receiver. A signal-to-noise ratio must 
be present at the input of the receiver which is 
sufficient for satisfactory receiver performance. 

b. The challenge facing hf radio personnel is 
tremendous. They are expected to use their hf 
radio systems to complete important missions. In 
combat or in peacetime emergencies or disasters, 
these missions are usually critical. The challenge 
of making hf radio systems work can be illustrated 
by contrasting them with the commonly used 
line-of-sight (LOS) radio systems. A well de- 
signed, properly maintained LOS system will 
operate hour after hour, day after day, and year 
after year with insignificant outages. On the other 
hand, even if the hf system is initially well de- 
signed, the hf radio operator must continually 
adjust that system to compensate for an ever- 
changing ionosphere and an ever-changing ter- 
restrial environment (interference from other 
stations, atmospheric interference, manmade 
noise, ete.). 

c. Despite the additional human effort required 
to make them work, hf radio systems still are 
vitally necessary because they do some jobs that 
other systems cannot do, or at least cannot do 
economically. It is practically impossible at the 
present time to match the combination of sim- 
plicity, economy, transportability, and versatility 
of hf systems. Using readily available equipment, 
these systeras can be used over almost any dis- 
tance, air-dropped, installed quickly, and dis- 
mantled quickly. Under ideal conditions 15 watts 
of transmitter power may be used to successfully 
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communicate over thousands of miles. Knowledge- 
able operators, backed up by antenna design and 
propagation predictions from a highly developed 
propagation engineering service, are the key to 
successful hf radio-frequency system performance. 


1-4. User’s Comments 


You are encouraged to submit comments and 
recommended changes to this manual to improve 
its usefulness. Key each comment to the specific 
page, paragraph, and line of text where the change 
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is recommended. Provide a reason for each com- 
ment so that the evaluator understands clearly 
the reason for the recommended change. Submit 
your comments on DA Form 2028 (Recommended 
Changes to Publications and Blank Forms) and 
mail them to Commander, US Army Communica- 
tions Command, ATTN: CC-OPS-SM, Fort 
Huachuca, Arizona 85613. Mail an information 
copy to Commander, US Army Signal Center and 
Fort Gordon, ATTN: ATZHTD-P-L, Fort Gor- 
don, Georgia 30905. If DA Form 2028 is not avail- 
able, a letter is acceptable. 
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CHAPTER 2 
RADIO WAVE PROPAGATION FUNDAMENTALS 


2-1. The Radio Spectrum 

The radio spectrum is generally considered to be 
that portion of the electromagnetic wave spectrum 
extending from about 30 Hz to about 3 x 10 Hz 
(3000 GHz). The lower limit is completely arbi- 
trary; the upper limit approximates the lower 
limit of the infrared portion of the specrum. The 
various portions of the radio spectrum have been 


given the names listed in table 2-1. The arbitrary 
divisions listed in the table give the lower limit 
of the high frequency band as 3 MHz. In this 
manual it will be considered as extending to 2 
MHz since there is no essential difference in the 
manner of wave propagation between a fre- 
quency of 3 MHz and one of 2 MHz. The upper 
limit of 80 MHz corresponds to a marked break 
in the manner of wave propagation. 


Table 2-1. Divisions of the Radio Spectrum 


Frequency range 


Metric subdivision 


Designation 


30 to 300 hertz 

300 to 3000 hertz 

3 to 80 kilohertz 

30 to 300 kilohertz 
300 to 3000 kilohertz 
3 to 30 megahertz 

30 to 300 megahertz 
300 to 3000 megahertz 
3 to 30 gigahertz 

30 to 300 gigahertz 


Megametric waves 
Myriametric waves 
Kilometric waves 
Hectometric waves 
Decametric waves 
Metric waves 
Decimetric waves 
Centimetric waves 
Millimetric waves 


800 to 3000 gigahertz 


Decimillimetric waves 


elf Extremely low frequency 
_..... | vf Voice frequency 

vif Very-low frequency 

lf Low frequency 

mf Medium frequency 

hf High frequency 

vhf Very-high frequency 

uhf Ultra-high frequency 

shf Super-high frequency 

ehf Extremely high frequency 


2-2. The Atmosphere 


Wave propagation deals with the properties and 
the nature of the atmosphere through which radio 
waves must travel from the transmitting antenna 
to the receiving antenna. The atmosphere is not 
uniform, but varies with the altitude, geographic 
location, time of day or night, season, and year. 
A knowledge of the composition and properties of 
the atmosphere aids in the solution of problems 
that arise in planning radio communication paths 
and in predicting the reliability of communica- 
tions. 

a. Troposphere. The troposphere is that portion 
of the earth’s atmosphere extending from the 
surface of the earth to heights of approximately 
10 km (6144 mi). Within the troposphere, the 
bending of radio waves by refraction causes the 
distance to the radio horizon to exceed the dis- 
tance to the optical horizon. Tropospheric refrac- 
tion (bending caused by sudden changes in the 
characteristics of air in a lower atmosphere) 
affect the received signal at distances beyond the 
radio horizon. 

b. Stratosphere. The stratosphere is that por- 


tion of the earth’s atmosphere lying between the 
troposphere and ionosphere, about 10 to 60 km 
(614 to 37 mi) above the earth. The temperature 
in this region is more nearly constant than in the 
troposphere. 


c. Ionosphere. The ionosphere is that portion of 
the earth’s atmosphere above the lowest level at 
which ionization (splitting of molecules into posi- 
tive and negative charges, or ions) of low-pressure 
gases affects the transmission of radio waves. It 
extends from about 60 to 1,000 km (387 to 600 mi) 
above the earth. The ionosphere is composed of 
several distinct layers in which ionization occurs 
at different levels and intensities. 

d. Propagation in the Atmosphere. There are 
two principal paths by which radio waves can 
travel from a transmitter to a receiver. One is by 
groundwaves, which travel near the ground from 
the transmitter to the receiver. The other is by 
skywaves, which travel up to the ionosphere and 
are bent downward, or refracted, back to the 
earth (fig. 2-1). Long distance hf radio transmis- 
sion is achieved by the use of skywaves. Short- 
distance transmission is by means of ground- 
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Figure 2-1. Hf radio wave components. 


waves.Groundwave propagation is affected by the 
electrical characteristics of the earth and by the 
amount of diffraction, or bending, of the wave 
around the curvature of the earth. These charac- 
teristics vary in different localities, but they are 
relatively constant with respect to time and the 
season. Skywave propagation is variable, since 
the constantly changing state of the ionosphere 
has a definite effect on the refraction of the waves. 


2-3. Groundwave Propagation 

a. General. The groundwave is considered to 
be made up of three components: the direct wave, 
the ground-refiected wave, and the surface wave, 
as shown in figure 2-2. The field intensity of 
groundwaves depends upon the radio frequency, 
transmitter power, transmitting antenna charac- 
teristics, and electrical characteristics (conduc- 
tivity and dielectric constant) of the terrain. Low 
and very low frequencies are propagated much 
better by surface wave than are high frequencies. 
When high-powered transmitters and efficient an- 
tennas are used, the surface wave has a maximum 
range of about 500 km (300 mi) at 2 MHz and the 
range decreases with increasing frequency. About 
80 km (50 mi) represents the usual maximum 
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range. The range of the groundwave from com- 
monly used transportable equipment is less. 

b. Direct Component. 

(1) The direct wave is that component of 
the entire wave front which travels directly from 
the transmitting antenna to the receiving antenna. 
In terrestrial communications, this component of 
the groundwave is limited by the distance to the 
horizon from the transmitter, plus the small dis- 
tance added by the atmospheric refraction of the 
wave around the curvature of the earth. This is 
essentially the line-of-sight distance. This distance 
can be extended by increasing the height of either 
the transmitting or the receiving antenna, or both. 
The direct wave is also useful for extraterrestrial 
communications. 

(2) The direct wave is useful in air-ground 
communications, but most short-distance air- 
ground services are now on very high frequencies 
(vhf) or ultra high frequencies (uhf). 

c. Ground-Reflected Component. The ground- 
reflected component, as its name indicates, is the 
portion of the radiated wave that reaches the 
receiving antenna after being reflected from the 
ground or from the sea. Upon refiection from the 
earth’s surface, a near-grazing wave undergoes a 


It should be evident that the system is closed under all four of 
the basic operations: addition, subtraction, multiplication, and 
division. That is, any of these operations performed on a number 
in the rational number system will give us a rational number as 
the answer. 


Natural numbers, the two number systems that we have just 
mentioned (integers, rational), and one additional system 
(irrational numbers) make up the real number system (fig 1-4). 


REAL NUMBERS 
| 


Se ed 


IRRATIONAL RATIONAL 
V2, 7 | 
NATURAL INTEGERS FRACTIONS 
NUMBERS 
128. ac wee 73-21 O +14+24+3... 1/2,1/3,1/4 


Fig 1-4. The real number system. 


The graphical representation of the real numbers looks the same 
as the one for rational numbers. For our use, the numbers are 
the same. The irrational numbers are numbers such as v2, 7m, and 
non-terminating, non-repeating decimals. We will discuss them in 
a later study unit. 


Lesson Summary. This lesson provided you with the information to 
identify that integers are a system of whole numbers composed of 
positive and negative numbers, and rational numbers are numbers 
that can be expressed as fractions. 
Lesson 4. PROPERTIES OF NUMBERS 

LEARNING OBJECTIVES 


Given simple equations, and according to established laws of 
mathematics: 


1. Identify the three axioms of equality. 


2. Identify the commutative property with respect to 
addition and multiplication. 


3. Identify the associative property with respect to 
addition and multiplication. 


4. Identify the distributive property with respect to 
multiplication. 


DIRECT WAVE 
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Figure 2-2. Possible routes for groundwaves. 


phase shift of 180°. Since the reflected component 
travels a longer time in reaching its destination, 
a phase displacement somewhat greater than the 
180° shift caused by reflection results. The net 
result near the ground is a weakening of the 
direct wave, by an amount approximately equal to 
the strength of the reflected wave. 
d. Surface Wave Component. 

(1) The surface wave is that component of 
the groundwave that is affected primarily by the 
conductivity and the dielectric constant of the 
earth. When both transmitting and receiving an- 
tennas are close to the ground, the direct and 
ground-reflected components of the wave tend to 
cancel out, and the resulting field intensity is 
principally that of the surface wave. The surface- 
wave component is not confined to the earth’s 
surface, however, but extends up to considerable 
heights, diminishing in field strength with in- 
creased height. Its intensity becomes negligible 
at a height about one wavelength over ground and 
five to ten wavelengths over sea water. 


(2) Absorption of part of the surface wave’s 
energy is by the ground, which attenuates the 
electric intensity of the surface wave. This attenu- 
ation depends on the relative conductivity of the 
surface over which the wave travels. Table 2-2 
shows the relative conductivity for various types 
of terrain. The best type of surface for surface- 
wave transmission is sea water. The electrical 
properties of the terrain that determine the at- 
tenuation of the surface wave field intensity vary 
little, and therefore this type of transmission has 
relatively stable characteristics. 


(8) The earth has a short-circuiting effect, 
which results in severe attenuation, on the elec- 
tric field of a horizontally polarized wave. How- 
ever, the earth has much less effect on vertically 
polarized waves. For this reason, a vertically 
polarized wave is usually transmitted when the 
surface-wave component is used for communica- 
tions. Radio waves travel more slowly in the 
earth than in the air, resulting in a forward tilt 
of the wavefront. This forward tilt means that 


Table 2-2. Propagation Characteristics of Various Types of Terrain 


Type of surface 


Relative 
conductivity 


Dielectric 
constant 


Sea water 80 
Large bodies of fresh water 80 
Wet soil 30 
Flat, loamy soil 15 
Dry, rocky terrain 7 


Desert 


the wave is being directed toward the surface. 
This explains the satisfactory performance of 
antennas only slightly above the ground. Poor 
conducting surfaces cause high loss and greater 
tilt. 


2-4. Polarization 
a. Radio waves consist of an electric (E) field 


and a magnetic (H) field. These fields are at right 
angles to each other and also at right angles to 
the direction of propagation. A horizontally polar- 
ized wave has an electric field parallel to the 
earth’s surface. A vertically polarized wave has 
an electric field perpendicular to the earth’s sur- 
face. Figure 2-3 shows horizontally and vertically 
polarized waves. 
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Figure 2-3. Vertieal and horizontal polarization. 


b. The polarization of the propagated wave is 
determined initially by the type and arrangement 
of the transmitting antenna. As a rule, a vertical 
conductor radiates a vertically polarized wave, and 
a horizontal conductor radiates a horizontally 
polarized wave. More complex forms, such as 
circular and elliptical polarization, in which the 
direction of maximum voltage rotates in space 
at the frequency of transmission, are also possible. 
These complex waves are generated by special 
antennas, or may be developed accidentally when 
linearly polarized waves pass through nonuni- 
form media such as the ionosphere. The perform- 
ance of a receiving antenna is improved if it can 
be oriented to take advantage of the polarization 
of the incident wave. However, as a consequence 
of random changing of the polarization of high- 
frequency waves as they travel through the iono- 
sphere, matching the polarization of transmitting 
and remote receiving antennas is not essential. 
If possible, both vertically and horizontally polar- 
ized antennas should be tried. Where circuit re- 
quirements dictate surface-wave propagation, it 
is important that the antennas at both ends of 
the path have the same polarization. However, 
vertically polarized antennas provide the most 
effective surface-wave coverage. 


2-5. The lonosphere 


a. General. Long-distance, high frequency com- 
munication is made possible by reflections of radio 
waves from the ionized layers in the earth’s upper 
atmosphere. Under favorable conditions attenua- 
tion of the skywave is relatively low, and com- 
munication over a path thousands of miles in 
length is possible with very low transmitter 
power. However, the ionosphere is in a constant 
state of flux, and communication by skywave is 
much less stable than by groundwave. The com- 
municator in the field other than the forward 
area tactical communicator will usually have avail- 
able long-term propagation predictions, as well as 
current information and short-term forecasts of 
solar activity and ionospheric disturbances. (Ap- 
pendixes D and G describe the services available.) 
This discussion on skywave propagation is in- 
tended to aid the communicator in understanding 
this material available to him. 

b. Formation of the Ionosphere. 

(1) The ionosphere is that portion of the 
earth’s atmosphere which is sufficiently ionized 
that the presence of free electrons significantly 
affects the propagation of radio waves. It extends 
from approximately 60 km (37 mi) to about 1,000 
km (600 mi) above the earth’s surface. The funda- 
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mental cause of the ionized region is ultraviolet 
radiation from the sun. Radiation and particles 
from outside the solar system also contribute. 
A highly variable source of ionizing agents is the 
solar wind. The solar wind consists of ions thrown 
out from the surface of the sun as a result of 
turbulent processes there. As particles travel out 
through space, some come close enough to the 
earth to be trapped by the earth’s magnetic fields. 


(2) At great heights the ionizing agents are 
very intense, but the atmosphere is rare and there 
are few molecules present to be ionized. There- 
fore in this region the ionization density (num- 
ber of ions or electrons per unit volume) is very 
low. As height is decreased, the atmospheric pres- 
sure and ionization density increase until a height 
is reached where the ionization density is a 
maximum. Below this height the atmospheric 
pressure continues to increase, but the ionization 
density decreases because a large portion of the 
ionizing energy has been absorbed or used up in 
the process of ionization. 

c. Structure of the Ionosphere. 


(1) Layers in the ionosphere. Figure 2-4 
shows typical day and night profiles of electron 
density in the ionosphere. The figure shows several 
regions in which the electron density increases 
with height. These regions are called the D, E, E,, 
F, F1, and F2 layers, as shown in the figure. The 
existence of layers is accounted for by the fact 
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Figure 2-4. Typical day and night electron-density 
profiles in the ionosphere. 
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that the atmosphere is a mixture of gases which 
diiTer in their susceptibility to ionizing radiations, 
and which thus produce maximum ionization at 
different altitudes. The degree of ionization and 
height of these layers is affected by time of day, 
season of year, and variations in solar activity. 
Some characteristics of the ionosphere layers are 
summarized in table 2-8. Figure 2-5 is a pictorial 
representation of the ionospheric layers (the E, 
(sporadic E) layer is omitted because of its ir- 
regular occurrence and limited geographic extent). 

(2) D layer. The D layer extends from about 
60 to 90 km (87 to 55 mi) above the earth. Normal 
D-layer ionization is produced by solar ultraviolet 
light and X-rays during daylight hours. The 
normal D-layer ionization decreases soon after 
sunset and increases at dawn. Additional D-layer 
ionization may be produced at any time of day 


or night, especially at high latitudes, by high- 
energy electrons and protons originating from 
the sun. This type of increase in D-layer ioniza- 
tion is likely to be associated with geomagnetic 
disturbances. High frequency radio waves are not 
reflected by the D layer. The layer is important 
because of its adverse effect in absorbing energy 
from waves traversing it. The absorption is small 
at night and greatest about midday. It is quite 
variable, in general increasing with sunspot 
number. 

(3) E layer. The E layer extends from about 
100 to 140 km (60 to 85 mi) above the earth. The 
ionization is produced by solar ultraviolet and 
X-ray radiation, hence the ionization drops to 
relatively low values at night. During the day, 
reflections from the E layer are useful for com- 
municating at distances up to about 2,000 km 
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Figure 2-5. Average layer distribution of the ionosphere. 
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Table 2-3. Characteristics of Ionospheric Regions 


Characteristics D region 


E region 


F1 layer F2 layer 


Likely origin (a) Ionization of 
nitrous oxide with 
Lyman-alpha radi- 
ation 

(b) Ionization of all 
gases by soft X- 

rays 


| 


Height, km 


60-90 by day; weakens | 100-140 


at night 


Ionization of all gases 
by soft X-rays 


' Ionization of oxygen 
with fast decrease of 
recombination co- 
efficient with height 


| Ionization of oxygen by 
ultraviolet, X-ray 
and probably cor- 
puscular radiation 


180-240 by day; dis- 
appears by night 


230-400 


Electron or ion density, 
per cubic centimeter. 


102-10 for electrons; 
10%-10* for ions 


night 


Up to 4.5 x 105 by 
day; fixed at about 
5 xX 103 to 104 at 


Max. 2 x 10° by day in 
winter; max. 2 x 105 


by day in summer, 3 
x 10° at night in 
winter 


2x 105-45 x 105 


(1,250 mi.). The E layer is not useful for com- 
munications at night. 

(4) Sporadic EF layer. Within and somewhat 
above the region normally occupied by the E layer, 
a thin, patchy layer of high electron density some- 
times occurs. Such a layer is known as a sporadic 
E (E;,) layer. E, is spotty in geographical extent 
and in time. The cause of the E, layer is not 
definitely known. In the arctic regions, it is fre- 
quently associated with auroral activity. The ex- 
istence of E, may be detrimental or beneficial to 
communications. The E, layer may offer a useful 
reflection medium, or it may interfere with the 
use of higher ionospheric layers. 

(5) F region. As a factor in high frequency 
communications, the F region is the most im- 
portant portion of the ionosphere. Most skywave 
transmissions involve one or more reflections from 
the F region. During the day there are two 
separate layers, Fl and F2, in the F region. The 
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F1 layer extends from about 180 to 240 km (110 
to 150 mi) above the earth. It is useful for com- 
munication during the daylight hours. It dis- 
appears at night. The F2 layer has a range of from 
about 230 to 400 km (145 to 250 mi) above the 
earth. The height and electron density of the F2 
layer vary with geographical location, solar ac- 
tivity, and local time. It is most useful for com- 
munications at night. 


2-6. Skywave Propagation 


a. Refraction in the Ionosphere. 

(1) Refraction and reflection. As an oblique 
radio wave enters a region of increasing electron 
density, its phase velocity increases in propor- 
tion to the density. This increase in phase velocity 
results in a refraction of the wave away from the 
direction of increasing electron density, as shown 
in figure 2-6. A ray starting at an oblique angle 
from A is bent toward the horizontal and, finally, 
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Figure 2-6. Refraction of radio waves by variation in electron density. 
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downward, ending at B. In many ways, the be- 
havior of the ray is as though it had been reflected 
from the point H. It is commonly said that radio 
waves are reflected from the ionized layers, when 
in fact they are refracted by the layers. This 
manual follows the usual practice of referring to 
reflected waves when no ambiguity in meaning 
results. 

(2) Virtual height. The height of the point H 
(fig 2-6), from which the wave appears to have 
been refiected, is referred to as virtual height of 
the layer. 

(3) Critical angle. Figure 2-6 shows the ray 
CD which is not bent back to earth because its 
take-off angle is too large. The largest take-off 
angle which allows the ray to return to earth is 
called the critical angle. Because the amount of 
refraction depends upon frequency, the critical 
angle is frequency dependent and the frequency 
should always be stated when the value of the 
critical angle is given. 

(4) Critical frequency. As the frequency of 
the transmitted signal at vertical incidence is in- 
creased, the wave is returned to earth from suc- 
cessively high layers. As the increase in frequency 
continues, a frequency will be reached which will 
penetrate the F2 layer and will not be returned to 
earth. The highest frequency at which a vertical 
signal will be returned to earth is known as the 
critical frequency. 

(5) Maximum usable frequency. Although 
the critical frequency for any layer represents 
the highest frequency that will be reflected back 
from that layer at vertical incidence, it is not the 
highest frequency that can be reflected from the 
layer. The highest frequency that can be reflected 
depends upon the angle of incidence, and hence, 
for a given layer height, upon the horizontal 
length of the hop. The maximum frequency that 
can be reflected back for a given transmission 
path is called the maximum usable frequency 
(MUF) for that path. The MUF is closely related 
to the critical frequency and, like the critical fre- 
quency, it changes with the time of day, season, 
solar activity, and location. 

(6) Frequency of optimum cperation. Be- 
cause of the strong increase of absorption with 
decreasing frequency it is desirable to use as high 
a frequency as possible. From a purely physical 
point of view, a frequency very close to the MUF 
would be most suitable, This, however, is imprac- 
ticable since the MUF changes considerably from 
day to day and, for operational reasons, the work- 
ing frequency cannot be adapted to these changes. 
Even the monthly median of the MUF is unsuit- 
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able since it is reached only during 50 percent of 
the days. In practice a frequency is chosen which 
corresponds to a 90 percent probability of reflec- 
tion. It is considered to be approximately 0.85 
times the monthly median value of the MUF. The 
frequency thus chosen is called the frequency of 
optimum operation (FOT). (The abbreviation 
FOT is derived from the international term “fré- 
quence optimum de travail.) It is also called 
optimum working frequency and optimum traffic 
frequency. 


b. Ordinary and Extraordinary Waves. In gen- 
eral a wave propagating perpendicular to the 
earth’s magnetic field will have components of the 
electric field both parallel and perpendicular to 
the magnetic field. Such a wave in the ionosphere 
will split into two refracted waves which travel 
different paths with different time delays. The 
process is termed magnetoionic splitting. The 
waves are called the ordinary and the extraordi- 
nary wave. The ordinary and extraordinary waves 
are shown in figure 2-7. The extraordinary wave 
suffers greater absorption at high frequencies and 
has a slightly higher critical frequency than the 
ordinary wave. 


c. Measurement of Layer Heights and Critical 
Frequency. The simplest method of measuring 
heights of ionospheric layers is by means of a 
vertical-incidence sounding. A vertical-incidence 
sounding station is a combination of a transmitter 
and a receiver placed side-by-side, often using the 
same antenna. The transmitter sends out pulses 
of electromagnetic energy, which, during a period 
of about a minute, sweep in frequency through 
the range from 0.75 to 25 MHz. The receiver is 
synchronized with the frequency of the trans- 
mitter. The output of the receiver is coupled to a 
display (usually, a cathode-ray tube) which indi- 
cates the time required for the transmitted pulses 
to be returned as a function of the swept fre- 
quency of the transmitter. A permanent record 
can be obtained by photographing the display. The 
travel time is used to determine the virtual height 
of the ionized layers. A plot of the measured 
height versus frequency is called an ionogram. A 
simplified ionogram is shown in figure 2-8. The 
figure shows that at the lowest frequency of 
the sweep, the signal is reflected from the E layer. 
As frequency is increased, the height of reflec- 
tion increases, until, at the frequency designated 
“f, E” on the figure, the E layer is penetrated 
(f, E can be thought of as the critical frequency 
for the E layer). Similarly, the F1 layer is picked 
up and then penetrated. Above the critical fre- 
quency, no return signal is received. Appendix E 
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Figure 2-7. Ordinary and extraordinary waves. 


provides more complete information about iono- 
spheric sounders and interpretation of ionograms. 
Both vertical incidence and oblique sounders are 
discussed in the appendix. 

d. Multthop Paths. The ray paths in figures 
2~6 and 2-7 have shown a single reflection from 
the ionosphere. Actually, the radio waves are also 
reflected by the earth’s surface and may be again 
reflected by an ionospheric layer. Several such 
reflections can take place. Communication paths 
involving multiple reflections are termed multihop 


VIRTUAL HEIGHT 


paths. Figure 2~9 shows the common reflection 
modes. The designation under each diagram is 
descriptive of the mode. For example, “3E” indi- 
cates three hops with all ionospheric reflections 
from the E layer. The designations ““N” and “M” 
are used because their diagrams suggest those 
letters. The three diagrams on the lowest row 
represent complex paths. Long circuits require the 
use of multihop paths. However, each reflection 
increases the signal loss and increases the possi- 
bility of multipath rays. Where possible, use a 
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Figure 2-8. Simplified vertical incidence ionogram. 
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Figure 2-9. Common ionospheric propagation modes. 


higher frequency for communications, and thus 
avoid a large number of hops. 


2-7. Multipath and Differential Delay 


Sometimes a signal can follow more than one 
path between transmitter and receiver. Because 
the paths are usually not the same length, the 
transit times over the paths are not identical. A 
sample ionogram in appendix E shows a multi- 
path skywave situation. When the groundwave is 
being used as the principal communications mode, 
under some conditions the skywave will also be 
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received. Differential delay is most troublesome 
when the amplitudes of signals arriving by differ- 
ing paths are almost equal. The differential de- 
lays on practical circuits do not affect voice trans- 
missions appreciably but they are a limiting factor 
on speed of digital traffic. Because of this limita- 
tion, it is common to multiplex numerous low- 
speed teletypewriter channels, with or without 
voice channels, on a single high frequency circuit. 
It is possible to discriminate against undesired 
multipath by proper frequency and antenna selec- 
tion. In general, a frequency near the MUF and 


antennas favoring low elevation angles should be 
used. 


2-8. Fading 


a. General. Because of fluctuations in iono- 
spheric conditions, the received intensity of the 
skywave is not constant, but varies with time. The 
term fading is applied to these variations, some of 
which occur during a space of seconds, or even 
fractions of a second. In general, fading is more 
sudden on high than on low frequencies. A type 
of fading known as selective fading also can cause 
distortion in radio-telephone signals. In such cases, 
the fading affects certain frequencies more than 
others and, therefore, may affect the side bands 
and the carrier wave differently. Selective fading 
has less effect on single sideband operation than 
on double sideband. Fading falls into four princi- 
pal classes: interference fading, polarization fad- 
ing, absorption fading, and skip fading. Most of 
the rapid fading in the input to a receiver is a 
combination of the first two types; the other two 
are responsible for slower changes. 


b. Rapid Fading. 


(1) Interference fading. Interference fading 
is caused by phase interference of waves arriving 
at the receiver over slightly different paths. The 
relative phases of the waves arriving over the 
different paths vary with time as a result of 
ionospheric changes, causing alternate reinforce- 
ment and cancellation of the field intensity. If the 
waves are of almost equal amplitude, severe fad- 
ing can result. Figure 2-10 represents a case of 
severe, rapid fading at 18 MHz. The vertical scale, 
receiver automatic gain control voltage, is a func- 
tion of signal strength but without a calibration 
curve cannot be equated to it. 


(2) Polarization fading. Variation in the 
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Figure 2-10. Example of rapid fading at 18 MHz. 
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signal intensity at the receiving antenna can re- 
sult from changes in the state of polarization of 
the incoming wave relative to the orientation of 
the antenna. This variation is called polarization 
fading. In general, the incoming skywave’s state 
of polarization is changing constantly, mainly be- 
cause its two oppositely polarized components, 
the ordinary and the extraordinary wave, each 
have varying amplitudes and phases. As a result, 
values change randomly and constantly in the 
amplitude and orientation of the electric field with 
respect to the receiving antenna. The state of 
polarization of skywaves varies more rapidly the 
higher the frequency, which accounts in part 
for the rapid fading on the higher frequencies. 

(8) Terrain screening. Apparent fading, 
especially that associated with mobile tactical 
operations, may be due to groundwaves or sky- 
wave screening. Examples of the natural form of 
radio path screening are dense brush and trees 
with heavy, leafy foilage which absorbs radio 
waves. Mobile tactical operation lends itself to 
natural screening when the unit enters a valley. 
Mobile units are also subject to screening by such 
manmade obstructions as tunnels, underpasses, 
or steel bridges. Pole-mounted wire lines, such as 
telephone and power, absorb power from radiating 
antennas located in their vicinity. Buildings 
located between stations, particularly steel and 
reinforced concrete structures, hinder transmis- 
sion and reception. 

c. Long Term Fading. 

(1) Absorption fading. Absorption fading 
is caused by variations in the amount of energy 
lost from the wave because of absorption in the 
ionosphere. In general, the ionospheric absorp- 
tion changes slowly. 

(2) Skip fading. Skip fading is observed at 
places near the limit of the skip distance, and is 
caused by changes in refraction. Near sunrise 
and sunset, when the ionization density of the 
ionosphere is changing, it may happen that the 
MUF for a given transmission path fluctuates 
about the actual operating frequency. When the 
skip distance moves past the receiving station, the 
received intensity abruptly drops by a factor of 
100 or more, and just as abruptly increases when 
the skip distance moves in again. This may take 
place many times before steady conditions for 
transmission are established. 

d. Counteracting Fading by System Design. 

(1) General. A very elementary high fre- 
quency radio system can be made up of a low- 
powered transmitter, a simple receiver, and half- 
wave horizontal antennas. Such a system will 
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function very well under favorable propagation 
conditions. The principal purpose of system design 
is to increase the percent of time that satisfactory 
communications prevail. Only the principles of 
combating fading by system design are discussed 
in this paragraph. Application details are dis- 
cussed in chapter 5. 

(2) Diversity. Diversity means receiving 
the signal by two or more methods and either com- 
bining the received signals or choosing the best 
one. The use of diversity is covered in paragraph 
5—8b. 

(3) Antenna selection. During system design 
the optimum elevation angles of departure and 
arrival for various seasons and times of day will 
be determined. These angles will be selected for 
the minimum number of hops and will be lower 
than for many of the multipath interfering sig- 
nals. Selecting an antenna which favors the de- 
sired angle will tend to minimize fading caused by 
interference. 

e. Fading Control by Operator. 

(1) The adverse effects of ionospheric dis- 
turbances can often be minimized by a change in 
operating frequency. Appendix G describes serv- 
ices available to the operator from the Air Force 
Global Weather Central and from the Space En- 
vironment Services Center, and also provides 
guidance to the operator regarding effective use 
of these services. On the basis of these services 
the operator may be able to inform the responsible 
person that a frequency change is required. 
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(2) If the operator has oblique ionospheric 
soundings available, frequencies having good 
signal strength with a minimum of multipath can 
be chosen. The operator may, on the basis of the 
ionogram, select an operating frequency much 
higher than the forecast FOT. The use of iono- 
spheric sounding in choosing an operating fre- 
quency is discussed in appendix E. 


2-9. lonospheric Variables Related to 
Communications 
a. Long Term Variables. 

(1) Sunspot number. Since radiation from 
the sun is the principal cause of ionization in the 
earth’s atmosphere, a correlation between solar 
activity and conditions in the ionosphere would be 
expected. Sunspots are disturbances in the ex- 
tremely hot and highly ionized atmosphere of the 
sun. An index of sunspot activity, called the sun- 
spot number, has been developed by astronomers. 
Records of sunspot numbers extend back about 
200 years. Sunspot numbers have a well docu- 
mented ll-year cycle which is also found in 
ionospheric conditions. Figure 2-11 shows how 
noon and midnight critical frequencies vary in 
phase with variations in the sunspot number. The 
curves in the figure are based on smoothed data. 
Knowledge of phase of the sunspot cycle is useful 
for predicting average sunspot numbers a few 
months in the future. Attempts at forecasting 
years in advance have not been successful because 
of variations in the 11-year cycle. 
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Figure 2-11. Variations in sunspot number and in noon and midnight critical 
frequencies (smoothed data). 
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In the pre-1950 era of mathematical instruction, little was ever 
taught about why you can do some of the things that you do with 
numbers. Now we are teaching the "why" in addition to the "how." 
Upon analysis, you will see that much of this "why" is self- 


evident. This is actually what an "axiom" is -- "a self-evident 
truth." Since you have been taught how to perform mathematical 


operations and you now do them without second thought, the 
introduction of the properties of numbers may seem at first 
irrelevant and unnecessary. But, this is judgment based on 
hindsight. Place yourself in the position of the beginner in the 
study of arithmetic and imagine the value that could be gained by 
knowing the fundamental properties of a number. Even at this 
stage of your mathematical education, an understanding of the 
properties can lead to an increased ability to handle more 
complicated problems. What you need to understand next are the 
three axioms of equality. (An equality is simply a statement 
that two things are equal: a = b.) The axioms of equality are 
important in the study of equations, and they also have important 
applications in your work in arithmetic. Let's take a look at 
them. 


1401. Three Axioms of Equality 


a. The reflexive property of equality. This is sometimes 
referred to as the law of identity. It is simply a long-winded 


way of saying that any number reflects itself or is equal to 
itself. Stated symbolically, for any number a, a = a. 


b. The symmetric property of equality. This states that an 
equality is reversible. Stated symbolically, for any numbers a 


and b, if a = b then b = a. 


c. The transitive property of equality. This makes it possible 


to identify two numbers as being equal to a third quantity. 
Stated symbolically, for any numbers a, b, and c, if a = b and b 
=c, thena=c. 


Now that you understand the axioms of equality, let's take a look 
at the commutative and associative properties. 


1402. Commutative and Associative Laws or Properties 


There are certain laws that are obeyed by various number systems. 
In fact, number systems can be categorized by their conformity to 
these laws. Two of the basic laws are the commutative and the 
associative. Let's look at how these laws are applied. 


a. The commutative law or property with respect to addition. 
This law states that the order of addends (numbers to be added) 


is immaterial; the sum will be unaffected. It doesn't matter 
whether we add 7 and 3 by writing 7 + 3 or 3 + 7. Stated 
symbolically, for any numbers a and b, a+b=bt+a.ks 


(2) Ottawa 10.7-cm solar flux. Another basic 
index of solar activity is the 10.7-cm solar fiux. 
This flux is routinely measured by the Algonquin 
Radio Observatory, Ottawa, Canada. Monthly 
mean values of the 10.7-cm flux and the E-layer 
critical frequency correlate well. The 10.7-cm flux 
is gaining favor over sunspot number because it 
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is a measured parameter whereas the sunspot 
number is determined subjectively. Figure 2-12 
is a plot of the 10.7-cm flux which shows a 27-day 
cycle which persisted through two cycles then 
decayed. (Twenty-seven days is the approximate 
period of rotation of the sun at its midlatitudes.) 

(3) Sunspot number of solar flux conver- 


10 15 18 22 
6 | 14 Ig 
FEB 2 7 IO 14 


DAY OF MONTH 


| 5 10 ike} 


20 25 271 5 


ROTATION DAY 


Figure 2-12. Solar 10.7-cm flux over three solar rotations. 


sion. There is good but not exact correlation be- 
tween the 10.7-cm solar flux and sunspot number. 
A best fit showing this correlation is presented in 
figure 2-13. 


b. Short Term Variables. 
(1) Daily variation. One of the outstanding 
characteristics of the ionosphere is the change in 
structure which it undergoes daily. The D layer 


is ionized during the day but weakens and is un- 
important at night. The E layer is useful for short 
range communications during the day, but not at 
night. The single F layer which exists at night 
becomes the F1 and F2 layers during the day. 
These regular variations dictate the need for at” 
least two frequencies for all around-the-clock sky- 
wave links—a minimum of a day frequency and 
a night frequency. 
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Figure 2-13. Relationship between 10.7-cm solar flux 
and sunspot number. 


(2) Irregular variations. In addition to the 
regular changes in the ionosphere, there are ir- 
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regular variations related to disturbances on the 
sun. The effect of these disturbances on communi- 
cations can range from a decrease in circuit qual- 
ity on a few circuits for a few hours to an almost 
complete blackout of all hf skywave circuits for 
a day or two. In general, high latitudes are 
affected more than low latitudes. Ionospheric dis- 
turbances and their effect on hf communications 
are discussed in appendix G. 


2-10. Noise 
a. Potential Noise Sources. The desired signal 

is always in conflict with both internal noise in 
the receiver and external radio noise from vari- 
ous sources. Thermal agitation of electrons creates 
noise in all components. At the very minimum, 
the noise at the input of a receiver is the thermal 
noise generated in the antenna. Thermal noise 
is given by the expression— 

N=kTB watts, where 

k is Boltzman’s constant 

T is the absolute temperature (frequently 
assumed as about 290 K for antennas) 

B is the bandwidth of the receiver in hertz. 


Manmade, atmospheric, and galactic noise are 
added to this thermal noise. Because the thermal 
noise is always present, noise levels are frequently 
expressed as dB above &TB. Figure 2-14 indicates 
the spectrum of potential sources of noise external 
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Figure 2-14. Potential noise sources. 
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to the receiver. Blowing snow and sand result 
in charged particles striking antennas. This can 
be an occasional source of noise. Other noise 
sources are relatively unimportant. The desired 
signal can also be in conflict with other types of 
interference resulting from emanations from 
other C-—E systems in the area. See paragraph 
5-9 for a discussion of electromagnetic com- 
patibility (EMC) and potential sources of inter- 
ference and noise. 

b. Relation of Antenna to Received Noise. 
Antennas are responsive principally to waves 
having the same polarization as the antenna. For 
maximum noise reduction, the antenna should 
have a polarization 90° from that of the noise. For 
other reasons, this may not always be practical. 
Better site selection may aid in minimizing noise. 
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c. Atmospheric Noise. Atmospheric noise origi- 
nates in lightning. A lightning flash starts with a 
predischarge, an initial stroke during which a 
pilot streamer slowly moves from the cloud toward 
the ground, followed by a leader with a current of 
about 200 amperes, moving in a series of steps of 
25 to 30 microseconds duration. The main dis- 
charge is the return stroke with a peak current 
of from 10 to 109 kiloamperes, progressing from 
the earth to the cloud through the path blazed 
by the stepped leader. When atmospheric noise 
is received from a distance, its spectrum at the 
receiving site is influenced by the progagation 
path. The spectrum of median values of distant 
atmospheric noise at Washington, D.C., for sum- 
mer and winter is shown in figure 2-15. Noise 
levels in figure 2-15 are in dB’s above kTB. 
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Figure 2-15. Comparison of atmospheric and manmade noise. 


d. Manmade Noise. 

(1) A spectrum of estimated median values 
of manmade noise expected at typical rural loca- 
tions is included in figure 2-15. The amplitudes 
are different, but the spectrum is similar for the 
different areas—business, residential, and rural. 
Figure 2-16 indicates the power spectrum and 
amplitude of ac powerline noise from measure- 
ments taken while moving parallel to a 115-kV 


line in rural Wyoming, both under the line and 
14 mile from the line. At a distance of 14 mile, 
the powerline noise is of the same order of magni- 
tude as the usual manmade background noise. 
Manmade radio noise can be generated by switch- 
ing transients in relay operation, vibrating con- 
tacts, ignition transients, commutator noise on 
rotating equipment, pulsed currents in radars, 
X-ray and diathermy equipment, and corona and 
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Figure 2-16. Comparison of powerline and normal rural area noise. 


other electrostatic discharges. Much manmade 
noise is periodic. 

(2) A simple technique for locating noise 
sources is to carry a portable radio around the 
area surrounding the receiving site. A receiver 
which tunes over the frequency range of interest 
is best, but a set tuned to the upper end of the 
broadcast band is acceptable. The receiver should 
be tuned to a frequency at which no radio signal 
is received and the volume should be set so that the 
noise is audible. The antennas on most portable 
radios have at least some directivity. By changing 
the azimuth of the set as it is being moved, mov- 
ing in the direction in which the signal be- 
comes stronger, and tuning higher in frequency 
as the noise becomes stronger, it is frequently 
possible to locate noise sources. Mobile sources 
and sources of intermittent interference may be 
difficult to find. 

(3) The operator at a site develops a “feel’’ 
for the usual noise reading on the “S’” meter for 
a particular frequency band, antenna, and receiver 
combination. An increase in that reading, except 
from thunderstorm, precipitation, or blowing- 
sand static, is probably caused by a new noise 
source. The new noise source should be located 
at once. 
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(4) The cure for interfering noise is some- 
times simple. Generator brushes may need re- 
placing. Noise from an ignition system may be 
eliminated by replacing the plugs with the resis- 
tive type and installing resistive ignition wire. 
The distributor cap may require replacement. For 
more difficult problems, the procedure is to filter 
and shield the offending item. Dimmer controls 
on lights and speed controls on motors generate 
noise spikes by their switching action. A capacitor 
across the line at the control may be sufficient, 
but an L—C filter is more effective. If filtering does 
not solve the problem in a particular case of 
noisy equipment, enclose the noise source in a 
ferrous shield, if possible, and ground the shield. 
The shield need not be solid—at hf, hardware 
cloth or similar material is effective. 

(5) Excessive noise from a powerline caused 
by leaky insulators, transformers, or other hard- 
ware can be corrected by proper maintenance. 
Proper maintenance will also minimize corona 
discharge from a powerline. Suspected powerline 
deficiencies should be reported to the cognizant 
agency—the commercial power company or the 
base civil engineering organization. 

(6) A decrease of 3 dB in overall noise is an 
increase of 3 dB in the signal-to-noise ratio. This 


has the same effect as doubling the power of the 
transmitter. Hence, it is obvious that noise re- 
duction yields worthwhile benefits. However, noise 
reduction can be effective only at a naturally 
noise-free site. Little can be done about the noise 
from multiple sources in an urban area. 

e. Galactic Noise. The galactic noise spectrum 
is shown in figure 2-14. Above 20 MHz its ampli- 
tude may be greater than atmospheric noise or 
quiet, rural-area manmade noise. In most rural 
areas and in residential areas, galactic noise is, in 
general, less than manmade noise. 

f. Solar Noise. Solar noise is usually insignifi- 
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cant as an hf noise source. This is because the 
hf region is far from the peak of solar radiation 
and because much of the hf radiation is reflected 
by the ionosphere. 


g. Atmospheric Emission Noise. Atmospheric 
noise does not become significant until the operat- 
ing frequency is about 3 GHz or higher, and is 
not severe below about 10 GHz. This source can 
be completely neglected in the hf band. 


h. Ground Emission Noise. Ground emission 
noise is relatively constant, but it has a very low 
value. It is not important in the hf band. 
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CHAPTER 3 


TRANSMISSION LINE FUNDAMENTALS 


3-1. General 


It is sometimes desirable or necessary to situate 
a radio transmitter or receiver some distance 
away from the associated antenna. When this 
is done, a transmission line is used as the con- 
necting link. The purpose of a transmission line 
is to transfer radio frequency energy with mini- 
mum loss. Also, an ideal transmission line should 
neither radiate to nor receive energy from sur- 
rounding space. 


3-2. Types of Transmission Lines 


a. Two Parallel Conductors. Two parallel con- 
ductors are frequently used as a transmission 
line (fig. 3-1). The type of line shown at the 
left of figure 3-1, known as twin-lead, is com- 
monly used for home television and frequency- 
modulated radio lead-in. It is usually about half 
an inch wide. The open wire line shown at the 
right of figure 3-1 may be constructed in almost 
any desired size, but usually widths are 6 inches 
or less. Solid, cellular, or air dielectric can be 
used between conductors. Air has the least loss. 
A transmission line made up of two parallel 
conductors is symmetrical and is called a balanced 
line. 


PLASTIC COVERING 


CONDUCTORS 


TWIN LEAD 


b. Coaxial. Most transmission lines currently in 
use are of the coaxial type. A coaxial transmission 
line consists of an inner conductor, a dielectric, 
and a concentric outer conductor (fig 3-2). Air 
or other gas dielectric, foam dielectric, or solid 
dielectric may be used. A coaxial line may be 
rigid, semiflexible, or flexible. Most coaxial lines 
are less than one-half inch in diameter. However, 
much larger coaxial lines are occasionally used. 
Coaxial transmission lines are usually operated 
with the outer conductor at ground potential. Be- 
cause of the lack of symmetry, coaxial transmis- 
sion lines are called unbalanced. 


3-3. Properties of Transmission Lines 


a. Characteristic Impedance. A parallel-conduc- 
tor line has distributed series resistance and in- 
ductance, and also capacitance and conductance 
across the line. Figure 3-3, showing a series of 
closely spaced resistors, inductances, and capaci- 
tors, approximates a real transmission line. When 
an alternating voltage is placed upon such a line, 
each resistance and inductance limits the rate at 
which the following capacitor is charged. The 
effect of the chain is to establish a definite rela- 
tionship between the voltage applied to the line 
and the current. The relationship is known as 
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Figure 3-1. Paraliel-conductor transmission lines. 
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Figure 3-2. Couxial transmission lines. 
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Figure 3-3. Simplified concept of a transmission line. 


characteristic impedance, Z,. For a given line, this 
value is a constant for a line of infinite length. It 
is also this same constant for a line terminated 
in its characteristic impedance, regardless of line 
length. The values of distributed resistance, in- 
ductance, and capacitance, and hence the imped- 
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ance, depend upon such physical factors as con- 
ductor size, conductor spacing, and the dielectric 
constant. Parallel lines with large, closely spaced 
conductors have a relatively low characteristic 
impedance. Lines with thin, widely spaced con- 
ductors have a relatively high impedance. The 


practical range for parallel-conductor lines is 200 
to 800 ohms. For coaxial lines, the important 
dimension is the ratio of the inner diameter of the 
outer conductor to the outer diameter of the inner 
conductor. The larger this ratio, the higher the 
impedance. Coaxial lines usually range from 50 
to 150 ohms. Figures 3-4 and 3-5 provide graphs 
and formulas for determining characteristic im- 
pedances from physical factors. 


b. Attenuation. Attenuation is the loss which 
occurs in the signal as it progresses along a trans- 
mission line. Since low loss is always desirable, 
the attenuation characteristic is usually the most 
important factor to consider in choosing a trans- 
mission line. The loss per unit distance is called 
the attenuation constant, a. In the United States, 
manufacturers usually state the attenuation as 
loss in decibels per 100 feet. (See appendix B for 
an explanation of decibels.) For any given trans- 
mission line, the attenuation constant increases 
with frequency. The total attenuation of a line at 
any frequency is the attenuation constant at that 
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frequency multiplied by the length of the line. The 
length of the line must be expressed in the same 
unit of length as that used in the attenuation con- 
stant. Figure 3-6 shows the attenuation of some 
commonly used coaxial transmission lines. In gen- 
eral, the larger the diameter of coaxial lines, the 
less the attenuation. Although not included in 
the figure, the loss of coaxial lines having air 
dielectric is very low. Likewise, the loss of parallel 
conductor lines using air dielectric and high qual- 
ity insulators is very low. 


c. Velocity of Propagation. In some applications 
it is necessary to know the wavelength of a signal 
in a transmission line. Wavelength depends upon 
frequency and velocity of propagation. The ratio 
of the velocity of propagation of a given trans- 
mission line to that of free space is the velocity 
of propagation factor. It is always less than one. 
Typical values range from about 0.7 for solid 
dielectric to above 0.9 for very low-loss lines. The 
velocity of propagation factor is equal to 1/\/e, 
where « is the dielectric constant. However, the 
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Figure 38-4. Characteristic impedance of parallel-conductor transmission line. 
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Figure 3-5. Characteristic impedance of coaxial transmission line. 


factor is usually given directly in a manufactur- 
er’s descriptive information. The wavelength of 
a signal in a transmission line is its wavelength 
in free space multiplied by the velocity of propa- 
gation factor. 


3-4. Resonant and Nonresonant Transmission 
Lines 


a. Voltage Standing Wave Ratio. The load on a 
transmission line may be either the transmitting 
antenna or the receiver. If the load presents a 


3-4 


proper impedance match to the transmission line, 
all the energy flowing in the line is absorbed and 
the voltage-to-current ratio at any point on the 
line is equal to the characteristic impedance, Zp. 
In general, the load does not exactly match the 
characteristic impedance of the line and only a 
portion of the power flowing in the line is ac- 
cepted by the load. The remainder is reflected into 
the line, resulting in waves traveling in both 
directions. The voltage at any point along the line 
is the sum of the incident voltage and the reflected 
voltage, and standing waves exist along the line. 


b. The associative law or property with respect to addition. 


This law states that the order in which addends are grouped or 
associated is immaterial; again the sum will be unaffected. This 
pertains to a problem with at least three addends. Addition is a 
binary operation meaning that only two numbers can be added at 
one time; however, their sum may be added to another and so on. 
In the problem 4 + 5 + 8, it doesn't matter whether you add 4 and 
5 and then add this sum to 8, whether you add 4 and 8 and this 
sum to 5, or whether you add 5 and 8 and this sum to 4. The 
answer will always be 17. Stated symbolically, for any numbers 
a, bandc, (at+b) tc=a+ (b+ c) = (a +c) +b. 


c. The commutative law or property with respect to 
multiplication. This law is similar to the law for addition. It 


states that the order of factors (numbers to be multiplied) does 
not affect the product. In the problem 8 x 7, it doesn't matter 
whether you multiply 8 x 7 or 7 x 8, the result is 56. Stated 
symbolically, for any numbers a and b, a x b=b)D) xX a. 


dad. The associative law or property with respect to 
multiplication. This law is also similar to the law for 
addition. It states that in any multiplication problem, the 
product is unaffected by the combinations in which the factors 
are grouped. Again, as with addition, multiplication is binary 
and the groupings will be in pairs. In the problems 4 x 9 x 3, 
the same product will be found by (4 x 9) x 3, or by 4 x (9 x 3). 
Stated symbolically, for any numbers a, b and c, (a x b) x c=a 
x (b x c) = (a xX Cc) Xb. 


1403. Distributive Property for Multiplication 


This law or property states that multiplication can be 
distributed over addition. It can be best explained by use of an 
example: Multiply 3 times the sum of 4 and 6. One method of 
doing the problem is to add the 4 and the 6 then multiply this by 
3 to get the answer 30: 3 x (4 + 6) = 3 x 10 = 30. Now by the 
distributive method, you distribute the 3 to each of the addends: 
3 x (4 + 6) = (3 x 4) + (3 x 6) = 12 + 18 = 30 


Although it may not seem like the best method for this particular 
problem, it is one of the most used properties in algebra. 


Remember that this property is for multiplication over addition. 
The converse is not true; addition is not distributive over 


multiplication. The examples below show the difference between 
the two: 


3 + 24 = 27 


3 + (4 x 6) 
3 + (4 x 6) = (3 + 4) x (3 + 6) = 7x9 = 63 
Note: (27 does not equal 63) 
Stated symbolically the distributive law is, for any numbers a, 


b, andc, ax (b+ c) = axbtaxe. 
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Figure 8-6. Attenuation of selected coaxial transmission lines. 
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Figure 3-7 is a graph of the voltage along a trans- 
mission line, showing the standing waves. The 
ratio of a maximum voltage (E,,,) to an adjacent 
minimum voltage (Eman) is the voltage standing 
wave ratio (VSWR). It is sometimes called merely 
the standing wave ratio (SWR). The points of 
maximum voltage are called voltage loops; the 
points of minimum voltage are called voltage 
nodes. Standing waves of current accompany the 
standing waves of voltage. Points of current max- 
imums (current loops) occur at voltage nodes and 
points of current minimums (current nodes) oc- 
cur at voltage loops. 


b. Converting Incident and Reflected Power 
into VSWR. VSWR may be measured directly. 
However, it may also be computed from other 
parameters. Many transmitters have a built-in 
meter which reads incident and refiected power. 
Figure 3-8 provides a convenient nomograph for 
converting these readings into VSWR. If a calcula- 
tor with a square-root function is available, 
VSWR can be calculated directly from the 
formula: 


1 + VP,/P; 
VSWR = ——————_- 


1 As/PyP, 
P, is incident power and P, is reflected power. 
Figure 3-8 illustrates the example of 180 W in- 


cident power and 2.7 W reflected power. The 
VSWR can be read as approximately 1.27, which 


VSWR = 


AMPLITUDE 


can be rounded off to 1.3. The same conditions 
are used as an example of applying the formula. 


1 2.7/180 
VSWR = Sa ar 


1 — \/2.77180 
1 + \/0.015 


1 — \/0.015 
1 + 0.1225 
1 — 0.1225 
= 1.279 = 138 


c. Nonresonant Lines. Exact matching of the 
impedance of the load to the line is a sufficient 
condition to ensure a VSWR of 1:1. A line with 
this exact match is a nonresonant line. Although 
the ideal cannot be realized in practice, the VSWR 
should be as low as practical. A VSWR of 1.5:1 is 
usually considered good and up to 2:1, acceptable. 
A line with a VSWR of 2:1 or less can be con- 
sidered a nonresonant line for practica] purposes. 
The length of a nonresonant line is not critical. 
Any VSWR above 1:1 introduces additional trans- 
mission line loss, because of the increased I°R loss 
at current nodes and increased loss in the dielec- 
tric at voltage loops. However, as shown in figure 
3-19, the additional loss is not great for a VSWR 
of less than 2:1. 


d. Resonant Lines. The input impedance of a 
transmission line with a high VSWR depends 
upon the length of the line and is resistive only 
when the line is an integral number of one-quarter 
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Figure 3-7. Graph of voltage standing wave ratio. 
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Figure 3-8. VSWR nomograph. 


wavelengths. Lines cut to such a length and op- 
erated with a VSWR greater than about 3:1 are 
called resonant lines. A resonant line is used when 
it is no tpractical to match the line to the load. 
For example, if a resonant antenna is operated on 
several harmonically related frequencies, it is 


impossible to obtain a match that will hold for 
all frequencies. 


e. Radiation from Transmission Lines. Coaxial 
lines are essentially nonradiating because the 
outer conductor is at ground potential. When 
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Figure 3-9. Additional transmission line loss because of 


standing waves. 


the conductors of parallel-wire transmission lines 
are equally spaced throughout the length of the 
line and equally distant from other objects, the 
line is symmetrical. The currents in the two con- 
ductors of a symmetrical line are equal but op- 
posite in direction. Cancellation of the fields about 
the conductors results. Any departure from sym- 
metry results in some radiation, the radiation 
being least if there are no standing waves. How- 
ever, if spacing between the conductors is 0.01 
wavelength or less, radiation is negligible even 
with a high VSWR, provided the currents in the 
two conductors are equal. 


3-5. Power Ratings of Coaxial Transmission 
Lines 


The power-handling capability of coaxial trans- 
mission lines is related to the distance between 
the inner and outer conductors and the ability of 
the dielectric to withstand the heat generated in 
the inner conductor. The greater the distance 
between inner and outer conductors, the higher the 
power that can be safely handled. Polyethylene 
dielectric can be damaged by temperatures in 
excess of 80° C, while high-temperature dielectrics 
can withstand temperatures on the order of 250° 
C. Table 3-1 gives maximum power ratings at 30 
MHz for the most commonly used military cable 
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Table 3-1. Power Ratings of Coaxial Transmission Lines 


Cable 


type O.D. Maximum power rating (kilowatts) 
(RG/U) (em) at 30 MHz 
13 1.1 1.35 
17A 2.2 74 
58 0.5 55 
59 0.6 q 
213 1.0 1.7 
216 11 1.35 
218 2.2 7.4 


types. Higher powers can be applied at frequen- 
cies below 30 MHz, with caution to prevent dam- 
aging overheating. Since ambient temperature is 
a factor in the temperature of the cable, high 
ambient temperatures wil] result in lower power 
handling capabilities than those given in the table. 
The same is true of high VSWR. Since standing 
waves cause “hot spots” along the cable, the power 
handling capability falls off as VSWR increases. 


3-6. Optimum Transfer of Signal Energy 


The importance of matching the load to the trans- 
mission line was discussed in the preceding para- 
graph. Provided this has been done, the greatest 
transfer of energy from the signal source to the 
line occurs when the source impedance matches 
the transmission line. Hence, the receiving an- 
tenna and the receiver should both be matched to 
their connecting transmission line. Likewise, the 
transmitter and the transmitting antenna should 
both be matched to their connecting transmission 
line. The two transmission lines, however, may 
be of different impedances. 


3-7. Matching Between Transmitter and Line 


Transmitters are designed to present a character- 
istic impedance close to that of some standard 
transmission line: 50 and 70 ohms for coaxial line, 
and 300 and 600 ohms for open-wire line. Hence, 
the obvious means of impedance matching is se- 
lection of a transmission line with impedance 
corresponding to that of the transmitter. Multi- 
couplers are used when it is necessary to connect 
two or more transmitters to a single antenna. 
Multicouplers built to DCA _ standards are 
equipped with meters to measure VSWR on each 
line while tuning the multicoupler. Where con- 
nections between balanced equipment and unbal- 
anced lines are required, baluns are used (para 
3-86). Baluns also accomplish impedance trans- 
formations. If it is necessary to connect the un- 
balanced, low-impedance output of a transmitter 


to a higher impedance, balanced line, one of the 
methods shown in figure 3-10 can be used. If it 
is necessary to match the coaxial line from a trans- 
mitter to a coaxial transmission line having a 
high VSWR, one of the circuits shown in figure 
3-11 can be used. The circuits can be adjusted to 
give a VSWR close to 1:1 on the line to the trans- 
mitter. 


3-8. Matching to the Antenna 


a. Balanced Line. Even though coaxial trans- 
mission lines are usually used, occasionally there 
is an application for a balanced line. The two 
types described in this paragraph are simple and 
may be used under emergency conditions. 

(1) Twisted-pair feed. An emergency method 
for center-feeding a half-wave antenna uses a 
twisted-pair line, the characteristic impedance of 
which is approximately 70 to 80 ohms (fig 3-12). 
The twisted pair will usually give a fair match to 
the center of a half-wave antenna. This method 
normally is not used because of the high line 
losses associated with the twisted pair. In emer- 
gencies, however, a twisted pair formed from a 
lamp cord or field telephone wire can be used as a 
transmission line. 
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Figure 8-10. Matching coaxial line to balanced line. 
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Figure 38-11. Feeding coaxial line with high VSWR. 
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(2) Two-wire feed using delta match. Because 
of constructional difficulties, the open two-wire 
line cannot always have a characteristic imped- 
ance. A practical line of this type has a Z, of 300 
to 600 ohms. If this line is used to center-feed a 
half-wave antenna having a 73-ohm input im- 
pedance, some type of impedance transformation 
is necessary. In the delta match this transforma- 
tion is obtained by spreading the transmission 
line as it approaches the antenna (fig 3-13). Elec- 
trically speaking, the delta section is actually part 
of the antenna. The delta, therefore, introduces 
a radiation loss, which is one of its disadvantages. 
Another disadvantage is that although formulas 
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Figure 8-12. Twisted pair transmission line. 
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Figure 3-13. Delta match to antenna. 
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can be used for the first trial dimensions, cut-and- 
try methods must be used to determine the opti- 
mum dimensions of the delta section. Since two 
dimensions can be varied, adjustment is laborious. 
To avoid equipment damage, follow the dimen- 
sions given in figure 3-13 closely for the first trial. 


b. Unbalanced Lines. Coaxial transmission lines 
are available which provide a good match to the 
center of a half-wave antenna. If a balun is not 
available, the inner conductor of the cable can be 
connected to one section of the antenna and the 
outer conductor to the other. This configuration, 
however, gives a skew to the radiation pattern, 
and the use of a balun, as shown in figure 3-14 or 
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3-15, is preferred. Figure 3-15 shows a balun 
which gives either a 1:1 or 1:4 transformation 
ratio. A balun transformer is very often used to 
couple the 50- or 75-ohm output of a transmitter 
to a balanced transmission line leading to the 
antenna. The various types of rf transformers and 
baluns exhibit different frequency and power- 
handling capabilities. The specifications for power 
handling capability, operating frequency range, 
and maximum permissible VSWR for the various 
types of RF transformers and baluns should be 
carefully observed. Balun transformers make pos- 
sible the ease of operation, safety, and simplicity 
of switching coaxial lines inside the station while 
permitting the use of economical and efficient open 
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Figure 3-14. Baluns with 1:1 transformation ratio. 
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wire lines outside. A well-built balun is practically 
maintenance-free, dependable, and, when proper- 
ly enclosed, suitable for long-term outdoor service 
in severe weather. The only maintenance required 
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is occasional cleaning and externa] inspection. 
Baluns are usually equipped with coaxial connec- 
tors for the unbalanced side and standoff insula- 
tor connections for the balanced side. 


CHARACTERISTIC COIL IMPEDANCE EQUAL 
TO 2X BALANCED INPUT IMPEDANCE 


UNBALANCED LINE 


IMPEDANCE RATIO 1:1 


CHARACTERISTIC COIL IMPEDANCE EQUAL 
TO 1/2X BALANCED INPUT IMPEDANCE 


UNBALANCED LINE 


-— _—__ 


BALANCED 
CINE )TO ANTENNA 


IMPEDANCE RATIO 1:4 


Figure 8-15. Balun with 1:1 or 1:4 transformation ratio. 
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CHAPTER 4 


HIGH FREQUENCY ANTENNA PRINCIPLES 


4-1. General 


It is necessary to couple the output power of the 
transmitter to some type of structure capable of 
radiating electromagnetic waves into space and, 
likewise, to connect the input of the receiver to a 
structure capable of receiving such waves from 
space. An antenna is such a structure. Antennas 
are available with a wide variety of electrical 
characteristics. They vary in horizontal directiv- 
ity, vertical angle characteristics, polarization, 
bandwidth capability, and method of feed. Power 
handling capability must also be considered for 
transmitting antennas. Various physical forms 
have been designed to attain the wide variety of 
desired electrical characteristics. Proper antenna 
selection is one of the most important parts of hf 
radio system design. 


4—2. Isotropic Antenna 


a. To understand actual radio transmitters and 
the associated wave propagation, it is helpful to 
examine an idealized model. Such a model is an 
isotropic radiator in free space. An isotropic 
antenna is one that radiates equally well in all 
directions. Free space means that the earth, its 
atmosphere, its ionosphere, and other objects are 
far enough away that they have no influence. 
Radio waves are transmitted through free space 
without loss. The power flow from an isotropic 
radiator in free space is represented in figure 4-1. 
Power originates from a point at the center of 
the imaginary sphere and radiates equally well in 
all directions. The amount of energy flowing 
through the area abed on the surface of the sphere 
is exactly the same, no matter where on the sur- 
face it is placed. 


b. A useful concept is implied in figure 4-1. The 
area of a sphere is 4rr? where r is the radius. 
Consider a sphere having a 1-foot radius with a 
1-W transmitter at its center. One watt of radia- 
tion is spread over a surface of 4x ft”, or 12.57 ft”. 
The intensity of radiation (power density) is 1 
W/12.57 ft?, or 0.0796 W/ft?. Consider a second 
sphere, with a radius of 2 feet, with the same 1-W 


Figure 4-1. Power flow from an isotropic radiator 
in free space. 


transmitter. The area of the second sphere is 47 
x 4 ft?, or 50.27 ft?. The power density is 1 W/ 
50.27 ft?, or 0.0199 W/ft?. This is one-fourth of 
the previous density. Computations for a sphere 
of 3-ft radius will yield an intensity or power 
density of one-ninth the original. We can conclude 
that radiation intensity in free space varies in- 
versely as the square of the distance. This rela- 
tionship is known as the inverse square law. 


4-3. Radiation from a Wire 


An electric current flowing in a wire is accom- 
panied by a magnetic field around it. When the 
magnetic field is changing, as it does with alter- 
nating current a changing electric field is also 
present. When an rf current is fed into a short, 
isolated, straight piece of wire, radiation of a 
portion of the magnetic and electric fields results. 
By definition, the direction of polarization of the 
radiated wave is the direction of the lines of 
flux of the electric field. If the wire is in a hori- 
zontal position, the radiation is horizontally po- 
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larized. In free space, the radiated wave travels at 
the speed of light (3 « 10° m/s or 186,000 mi/s). 
The power density of the wave varies inversely 
with the square of the distance. At 200 miles the 
power density is one-fourth that at 100 miles. 


4—4, Half-Wave Dipole Antenna 


a. A dipole is a straight antenna, usually fed 
at the center, and producing a maximum of radia- 
tion in the plane normal to its axis. A very com- 
mon and quite useful antenna is a center-fed di- 
pole which is one-half wavelength long. This an- 
tenna is called a half-wave dipole. The antenna 
may be horizontal, sloping or vertical, but at high 
frequencies it is usually horizontal. Figure 4-2 
shows a sketch of a center-fed, half-wave dipole. 
In the discussion of transmission lines, chapter 3, 
it was pointed out that proper termination of a 
transmission line prevented, or at least held to a 
minimum, standing waves. Although standing 
waves are undesirable on transmission lines, they 
are an inherent characteristic of a resonant an- 
tenna. Figure 4-2 shows the standing waves of 
voltage and current and.the variation in imped- 
ance along the antenna. The minimum impedance, 
about 73 ohms, represents the impedance encoun- 
tered by the radiating electromagnetic waves, and 
is called radiation resistance. 


b. Unlike the isotropic antenna, the half-wave 
dipole antenna does not radiate equally in all di- 
rections, but is directional. Figure 4-3 shows the 
electromagnetic field created by a half-wave dipole 
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in free space. This pattern is discussed further in 
paragraph 4-11. 


4-5. Quarter-Wave Vertical Antenna 


a. The ground is a fairly good conductor for 
medium and low frequencies and acts as a large 
mirror for the radiated energy. This results in 
the ground reflecting a large amount of energy 
that is radiated downward from an antenna 
mounted over it. It is just as though a mirror 
image of the antenna is produced, the image 
being located the same distance below the surface 
of the ground as the actual antenna is located 
above it. Even in the high frequency range, very 
significant ground reflections occur, especially if 
the antenna is erected over highly conducting 
earth, salt water, or a ground screen. 


b. Utilizing this characteristic of ground, a 
quarter-wave vertical antenna operating against 
a ground can be considered as being the upper 
half of a vertical dipole (fig 4-4). 


c. Because the quarter-wave antenna physi- 
cally consists of half a dipole, it is frequently 
called a monopole. The term monopole is applied 
generally to vertical antennas which appear to 
have an image antenna. 


d. There are two modes of operating the quar- 
ter-wave vertical antenna. The base of the antenna 
may be insulated from the ground and the an- 
tenna fed at the base. Or, the base may be 
grounded and the feed connected a short distance 
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Voltage, current, and impedance characteristics of a half-wave 


dipole antenna. 
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Lesson Summary. In this lesson you identified the three axioms 
of equality: reflexive, symmetric, and transitive. You also 
studied the commutative property for addition and multiplication, 
the associative property for addition and multiplication, and the 
distributive property for multiplication. There are many other 
laws or properties of numbers and all of them are important for 
various applications; you will cover two more in the next lesson. 


Lesson 5. OTHER PROPERTIES OF NUMBERS 
LEARNING OBJECTIVE 


Given simple equations, solve the equation using the zero and 
unity elements. 


1501. Zero and Unity Elements 


The zero and unity elements are the two additional laws and 
properties of numbers that you will cover; let's take a look at 
them. 


a. Zero element. As pointed out earlier, the invention of zero 
by the Hindus is what made the Hindu-Arabic number system. Its 
value as a place holder and a signifier of a nothing value is 
what set the system apart from others. The zero has several 
unique properties that come into play in operations with numbers. 
The first one is in addition. 


(1) Addition. Zero is referred to as the additive identity 
or the identity element for addition. This simply means 
that when zero is added to a number it preserves the 
identity of the number: 5 +0= 5, 0+ 82+ 8, 10 +0 = 
10, etc. Although fundamental, this property is not 
always obvious. Let's see how it works with both 
multiplication and division. 


(2) Multiplication. Multiplication with the zero is quite 
another story. Where adding zero to a number preserves 
its identify, multiplication of a number by zero destroys 
its identity, for any number times zero is zero. Stated 
symbolically, for any number a, ax0=O0 xae=0. 


(3) Division. There are two aspects of division with zero. 


Dividing zero by a number always results in zero. 
Dividing a number by zero is impossible. These 


statements can be proved by several examples. 


In dividing zero by a number, 0 + 8 = ?, whatever number 
replaces the question mark must be a number that, when 
multiplied by 8, will give zero. Remember that in order 
to check a division problem, multiply the quotient 
(answer) times the divisor. This will give the dividend. 
In the above problem, the only possible replacement for 
the question mark is zero since it is the only number 
that multiplied by 8 will give zero. 
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above the base, at a point where the antenna’s 
input impedance matches that of the transmission 
line, In either case, coaxial transmission line with 
grounded outer conductor is used. 


e. The radiation pattern of the quarter-wave 
antenna is shown in figure 4-5. It resembles 
half of the pattern of a half-wave antenna in 
free space. 


4-6. Power Gain and Directivity 


a. It can now be seen that different types of 
antennas result in different patterns of propaga- 
tion. Given the same location point with refer- 
ence to the antennas, different values of power 
density will be measured for different types of 
antennas. This is true even though the input 
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Figure 4-3. Sotid radiation patter of half-wave 
dipole in free space. 
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power is the same for both types. Power gain and 


directivity are concepts which are useful in de- 
scribing antenna patterns. 
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Figure 4-4. Voltage ava current distribution in quarter- 


wave vertical antenna. 
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Figure 4-5. Radiation pattern of quarter-wave vertical antenna. 
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b. The power gain of an antenna is the ratio 
of the maximum power density radiated by the 
antenna to the maximum power density radiated 
by the reference antenna (e.g., the isotropic) when 
both antennas have equal! input powers. 


ce. The directivity of the antenna, which is 
sometimes confused with antenna power gain, is 
the ratio of the maximum power density radiated 
by the antenna to the average power density 
radiated by the antenna. 


d. Antenna power gain takes antenna power 
losses into account, whereas directivity does not. 
Since all real antennas have some power losses, 
the directivity of the antenna will exceed the 
antenna power gain. 


e. Gain and directivity are discussed further in 
paragraph 4-10c. 


4-7. Antenna Resistance and Impedance 


a. Resistance. A current flowing in an antenna 
must contend with three tvpes of resistance. The 
power expended*in radiation can be thought of 
as an I°R, loss, where R, is the radiation resist- 
ance. The current flowing in the antenna itself 
has an IR, loss, where R., is the ohmic resistance 
of the antenna. There is an additional I°R loss 
because of leakage resistance. In most practical 
antennas of good design, the radiation resistance 
is large compared with the other resistances and 
is the only resistance which needs consideration. 
The radiation resistance of a half-wave dipole in 
free space is about 73 ohms. 


b. Impedance. An antenna has standing waves 
of current and voltage. The impedance of the 
antenna itself at any point can be thought of as 
the value of the voltage divided by the value of 
the current at that point. For a half-wave antenna, 
the theoretical impedance would range from in- 
finite at the ends to zero at the center. Because of 
some capacitive effects, the impedance at the ends 
is not infinite. but several thousand ohms. If the 
antenna is cut to resonance, the impedance at the 
center, is 73 ohms. Figure 4-2 shows the variation 
in impedance of a half-wave dipole in free space. 


4—8. Antenna Bandwidth 


The frequency range over which an antenna can 
be used is an important consideration. Both the 
impedance and the directivity of a given antenna 
change with frequency. For transmitters, the 
bandwidth is determined by the frequency range 
over which the VSWR can be held to 2:1 or less. 
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The criterion for receivers, which are more toler- 
ant of VSWR than are transmitters, is the fre- 
queney range over which acceptable directional 
gain can be obtained. The half-wave dipole, dis- 
cussed in paragraph 44, belongs to the class of 
antennas called resonant. A simple reasonant 
antenna characteristically has a bandwidth of 
only a few percent of its resonant frequency. 
Another class of antennas, called nonresonant, 
consists of antennas which are deliberately de- 
signed for great bandwidth. Nonresonant anten- 
nas characteristically operate over bandwidths of 
2:1 up to 4:1, but a range of 10:1 is possible. 


4-9. Velocity of Propagation and Antenna 
Length 


a. In free space an electrical wavelength in 
free space can be computed from the formula 


Af =e 
where 

X = wavelength 

f = frequency in hertz 
and 


c = the velocity of propagation in the 
same units used for , (8 « 108 m/s or 
9.843 « 108 ft/s) 


The equation can be transposed into 
a e/f 


The half-wavelength, which is more frequently of 
interest, is 
A/2 = ¢/2f 


In the metric system, 
/2 (meters) = 150/f (MHz) 


In the English system, 
4/2 (feet) = 492/f (MHz) 


Two factors cause the wavelength in an antenna 
to be slightly less than that in free space. 

(1) The velocity of propagation in a finite 
conductor is slightly less than in free space. 

(2) Stray capacitance increases the dielectric 
constant and lowers the wave velocity. This ca- 
pacitance can be cauzed ky the transmission line, 
the insulators supporting the antenna, or nearby 
objects. This second factor, termed the end effect, 
is the more important of the two. 


b. In the hf band, a practical half-wavelength 
antenna is about 5 percent shorter than a half- 
wavelength in free space. The previous formulas 
become— 

4/2 (meters) = 148/f (MHz) 
A/2 (feet) = 468/f (MHz) 


4-10. Harmonic Operation of Linear Antennas 


a. Length. A harmonic antenna is a multiple 
of half-wavelengths in electrical length. The end 
effect discussed in paragraph 4—9 occurs only 
twice, regardless of the antenna length. Hence, 
an antenna one wavelength long electrically will 
not physically be twice as long as an electrical 
half-wavelength antenna. The formulas for physi- 
cal length of harmonic antennas are— 


1 (meters) = 15$(L-0.05)/f (MHz) 
] (feet) = 492(L-0.05) /f (MHz) 


where L is the number of half-wavelengths for 
which the antenna is being designed. 


b. Standing Waves. As the length of the an- 
tenna is increased so that it operates on higher 
harmonic frequencies, or as the frequency applied 
to an antenna of fixed length is raised, a greater 
number of half-waves of voltage and current oc- 
cur on the antenna. This is shown in figure 4—6. 
The standing waves of voltage and current are 
90° out of phase. 


c. Gain and Directivity. 

(1) Very little gain occurs when the antenna 
is only a few wavelengths long. When the length 
becomes appreciable, however, considerable power 
gain results, and increased power gain is ac- 
companied by greater directivity. This is true 
since an increase of power in certain directions 
is attained by reduction of power in other direc- 
tions. The approximate power gain of harmonic 
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antennas of various lengths in free space is shown 
in the tabulation below. 


Power gain 
(over half- 
wave antenna) 


Antenna length 
(wavelengths) 


(2) Figure 4—7 shows the radiation patterns 
of harmonic antennas up to three wavelengths. 
The pattern produced by the half-wave antenna 
is shown for comparison. Note that as the an- 
tenna length is increased, more lobes are pro- 
duced. The 114-wavelength antenna, which oper- 
ates on the third harmonic, has three lobes—two 
major lobes and one minor lobe, the latter lying 
at right angles to the antenna. The 3-wavelength 
antenna, which operates on the sixth harmonic, 
has six lobes—two major lobes and four minor 
lobes. 


d. Feeding Harmonic Antennas. Since a point 
on the antenna which is a current loop on one 
harmonic does not remain a current loop on the 
next higher harmonic, an antenna which is cur- 
rent-fed at a single fixed point can operate only 
at odd harmonics of the original frequency. To 
operate on all harmonics, end-feeding is required. 
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Figure 4-6. Standing waves on harmonic antennas. 
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Figure 4-7. Solid radiation pattern of harmonic antennas. 


4-11. Radiation Patterns 


a. Figure 4-8 shows how the solid radiation 
pattern of figure 4-8 can be transformed into 
horizontal and vertical plane patterns. The figure 
shows patterns for the antenna axis vertical and 
for the axis horizontal. In a plane through the 
axis, the pattern is highly directional. In the 
plane at right angles to the axis, the pattern is 
symmetrical. The free space patterns of the half- 
wave dipole are greatly modified when the antenna 
is near the ground, but the symmetry in a plane 
at right angles to the axis is retained for a vertical 
antenna. The patterns of the half-wave dipole are 
important because the patterns of many practical 
antennas can be derived from them. 


b. Figure 4-8 is merely showing a concept, 
so no scale is shown. Patterns representing prac- 
tical antennas will have a scale showing relative 
power. A plot of power may be in decibels (dB) 
relating the antenna performance to a standard 
antenna. Comparison to the standard antenna, the 
isotropic, is indicated by dBi. A half-wave dipole 
in free space is also used as a reference antenna. 
The various methods of plotting antenna patterns 
will be shown by examples in this manual as 
specified antennas are discussed. 


c. Figure 4—9 shows a horizontal radiation pat- 
tern. The figure states that gain is with respect 
_ to an isotropic radiator. The plotted curve shows 
that the forward gain is 12 dB above an isotropic 
radiator. At azimuths of 60° and 300° the radi- 
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ated power is equal to that of an isotropic 
radiator. The rear lobe is down 15 dB compared 
with isotropic. 


d. Some patterns may show power in dB com- 
pared to the maximum intensity of the main lobe. 
Some examples given later in this chapter show 
field strength in millivolts per meter at one mile 
for one watt input at antenna. Other patterns 
may show the relative power factor, with zero at 
the center and circles labeled 0.5, 1.0, 2.0, 3.0, etc., 
up to 4.0 or higher. In many cases the pattern 
gives qualitative information only and the units 
are not stated. For engineering purposes, precise 
information such as shown in figure 4-9 is re- 
quired. 


e. Vertical radiation patterns also exist in 
various forms. Again, for engineering purposes, 
a pattern with a clearly defined scale is required. 


f. For convenience in indicating the degree of 
directivity, the parameter known as beamwidth 
has been developed. Beamwidth is the angle 
bounded by the halfpower points on the pattern. 
To locate the half-power points on a pattern 
representing relative power, draw an arc whose 
radius is one-half the distance from the center 
to the maximum of the lobe. The interesections 
of this arc with the pattern are the half-power 
points. If the pattern is plotted in terms of volt- 
age, the boundary lines are the points where the 
voltage is 0.707 times the maximum. (Power is 
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Figure 4-8. Horizontal and vertical patterns o f half-wave dipole in free space. 
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Figure 4-9. Typical horizontal radiation pattern. 


proportional to the square of the voltage (0.707)? 
ez 0.5.) Figure 4-10 shows the radiation pattern 
for an antenna plotted in both relative field 
strength and relative power. In either case, the 
beamwidth is 90°. If the antenna plot is in deci- 
bels (dB), the half-power point is 3 dB below the 
lobe maximum. 


4-12. Radiation and Induction Fields 


a. When rf power is fed to an antenna, two 
fields are set up. One is the radiation field (the 
far field), which transmits the desired signal. 
The other is the induction field (the near field), 
which is associated with the stored energy in the 
vicinity of the antenna. Very near the antenna, 
the induction field is stronger than the radiation 
field. However, its power density falls off in 
proportion to the fourth power of the distance. 
At a distance of one and one-half wavelengths 
the induction field of a small antenna can usually 
be disregarded. 
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Figure 4-10. Beamwidth measured on relative field 
strength and relative power patterns. 


b. The induction field may cause interference 
problems by overloading receivers or creating 
intermodulation. With powerful transmitters, per- 
sonnel safety is a consideration. The pattern of 
the induction field is not the same as that of the 
radiated field. Hence, it is not safe to assume 
that induction field problems will be confined to 
the main lobe of the transmitting antenna. 


4—13. Reciprocity 


a. The half-wave antenna has the property of 
reciprocity since, when it is used for transmitting, 
it has the same directivity characteristics as when 
used for receiving. A half-wave antenna used for 
transmitting radiates its maximum energy at 
right angles to the antenna itself. When such an 
antenna is used for reception, it receives maxi- 
mum energy at right angles to itself. A vertically 
mounted half-wave antenna radiates energy 
equally in all horizontal directions. A similar 
antenna used for reception receives energy 
equally in all horizontal directions. Consequently, 
a pattern which shows the radiation of an antenna 
can be used also to show the reception pattern of 
that antenna. 


b. In general, this reciprocity of radiation and 
reception applies not only to the half-wave an- 
tenna but also to more complicated antennas. 
If an antenna is highly directive as a transmitting 
antenna, it will have similar directivity as a 
receiving antenna. 


c. Even though antenna reciprocity holds, path 
reciprocity may not always exist. For example, 
assume that two identical antennas, A and B, are 
used for communication by way of the ionosphere. 
When antenna A is transmitting to antenna B, 
the radiated energy follows a certain path up 
toward the ionosphere and then down toward 
antenna B. When antenna B is transmitting to 
antenna A, it is possible that a slightly different 
path is followed by the radiated energy in travel- 
ing toward antenna A. Under these conditions, 
the received wave at A will arrive at a slightly 
different vertical angle, and a different part of the 
directive pattern will be used. For complete path 
reciprocity to exist, it is also necessary that an- 
tennas be terminated similarly when transmitting 
and receiving. 


4-14. Effect of Perfect Ground on Radiation 
Pattern 


a. Reflection Factor. The reflection factor is a 


FM 11-65 


term by which the free-space radiation pattern 
of an antenna must be multiplied in order to de- 
termine the radiated field strength of a practical 
antenna at a given vertical angle. The maximum 
value of the reflection factor is two. At vertical 
angles having a factor of two, the direct and re- 
flected waves are in phase, and twice the free- 
space signal strength occurs. The minimum value 
of the reflection factor is zero. At vertical angles 
having a factor of zero, the direct and reflected 
waves are of opposite phase, and complete can- 
cellation occurs. Two and zero are limiting values 
which occur only with a perfectly reflecting 
ground. Actual values will be greater than zero 
and less than two. The value of the reflection 
factor depends on the height of the antenna above 
the ground plane as well as the vertical angle. 


bv. Effect of Ground on Horizontal Half-Wave 
Antenna. 


(1) When reflection factors are applied to 
the free-space radiation pattern of a horizontal 
half-wave antenna, the patterns shown in figure 
4-11 are produced. Patterns A, C, E, and G are 
the vertical radiation patterns in the plane of 
the antenna itself. B, D, F, and H are the vertical 
radiation patterns in the plane which is at right 
angles to the antenna. Patterns A and B are for 
antenna heights of a quarter-wavelength; C and D 
are for antenna heights of a half-wavelength; E 
and F are for heights of three quarter-wave- 
lengths; G and H are for heights of one wave- 
length. 

(2) Although vertical patterns are shown 
here for only four specific heights above ground, 
it is not difficult to predict the patterns produced 
at intermediate heights. This is because the pat- 
terns do not change abruptly as the height of the 
antenna is increased gradually. There is a smooth 
transition from the pattern shown for a height of 
a quarter-wavelength to the pattern shown for a 
height of a half-wavelength. 

(3) At heights less than a quarter-wave- 
length above ground, the vertical patterns pro- 
duced by a horizontal half-wave antenna are 
almost circular. As the antenna is raised, the 
vertical pattern is flattened somewhat at its top, 
at a vertical angle of 90° (B, fig. 4-11). As the 
height is increased above a quarter-wavelength, 
a depression begins to appear at the top of the 
pattern, and the pattern width increases. The 
depression grows deeper and deeper as the an- 
tenna height approaches a_half-wavelength. 
Finally, at a height of a half-wavelength, the 
pattern splits into two separate lobes. The radia- 
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tion at a vertical angle of 90° (straight up) 
is zero at this height, as in D of figure 4-11. As 
the antenna height increases still more, a lobe of 
radiation begins to grow out of the center of the 
pattern at a vertical angle of 90°. As this lobe 
increases in amplitude with increasing antenna 
height, the two side lobes spread farther apart so 
that their maximums occur at lower vertical 
angles. This vertical lobe has its maximum ampli- 
tude and begins to flatten somewhat (F, fig 4-11) 
at an antenna height of three quarter-wave- 
lengths. As the antenna height increases still 
more, the vertical lobe develops a depression that 
grows deeper as the height increases. Finally, at 
a height of one wavelength, the center lobe splits 
into two separate lobes and the radiation at a 
vertical angle of 90° is again zero. Now four 
distinct lobes exist (H, fig 4-11). 

(4) The patterns that are produced at an- 
tenna heights in excess of one wavelength also 
can be estimated by studying figure 4-11. When 
the height of the horizontal antenna is an odd 
number of quarter-wavelengths above ground, a 
lobe of maximum radiation is produced at a 
vertical angle of 90°. When the height of the 
antenna is an even number of quarter-wave- 
lengths above ground, a null (zero radiated 
energy) occurs at the 90° vertical angle. 


(5) At a height of one quarter-wavelength 
above ground, the radiation pattern is seen to 
consist of one lobe only. At a height of two 
quarter-wavelengths (A/2) above ground, the ra- 
diation pattern consists of two lobes. At a height 
of three quarter-wavelengths, the pattern consists 
of three lobes. At a height of four quarter-wave- 
lengths (A) above ground, the radiation pattern 
consists of four lobes. Consequently, the number 
of vertical lobes produced is numerically equal to 
the height of the antenna above ground in 
quarter-wavelengths and continues for any an- 
tenna height. It is possible to get a fairly good 
idea of the vertical radiation pattern of a hori- 
zontal half-wave antenna at any height above 
ground. For example, if the antenna is located 
at a height of two wavelengths above ground, 
which is an even number of quarter-waves, a null 
is produced at a vertical angle of 90°. Then, since 
two wavelengths represent eight quarter-wave- 
lengths, the radiation pattern consists of eight 
lobes. 

(6) Antenna heights which are an even num- 
ber of quarter-wavelengths should not be used for 
short-distance links. For very long distances, 
which require a low elevation angle, considerable 
height is desirable. In both cages, the axis of the 


FM 11-65 


major lobe should be in line with the direction of 
communication. 


c. Vertical Half-Wave Antenna. When refiec- 
tion factors are applied to the free-space radia- 
tion pattern of a vertical half-wave antenna, the 
patterns shown in figure 4-12 are produced. Only 
a single-plane view need be shown here because 
the vertical half-wave antenna is nondirectional 
in the horizontal plane. Its free-space horizontal 
radiation pattern is a circle. Therefore, the effect 
of the reflection factor is the same in all hori- 
zontal directions. At all antenna heights, the 
vertical half-wave antenna produces a null at 
90°. As the antenna is raised above ground, a 
greater number of lobes appear (A, fig 4-12). 
When the antenna is raised to a half-wavelength, 
four lobes appear, as in B. The amplitude of the 
upper lobes is much smaller than that of the lobes 
which lie along the ground. At a height of three 
quarter-wavelengths, there are still four lobes, 
but the amplitude of the upper lobes has in- 
creased, as shown in C. When the antenna is 
raised to a height of a full wavelength, as in D, 
six lobes appear. A vertical antenna is useful where 
low elevation angles are required. However, the 
lack of directivity in the horizontal] plane must also 
be considered. This lack of directivity can be de- 
sirable or undesirable, depending upon the com- 
munication requirements. 


d. Harmonic Antenna. Some horizontal radia- 
tion patterns at various elevation angles for 
harmonic antennas parallel to the ground are 
shown in figure 4-138. The general shapes of the 
patterns are not altered by the earth. The effect 
of the earth is to change the relative amplitude 
of a pattern, as can be seen by comparing the 
pattern for a 10° elevation angle with the pattern 
for a 15° elevation angle on A, B, or C. 


4-15. Effect of Imperfect Ground on Antenna 
Height and Radiation Pattern 


a. Effect on Antenna Height. The depth to 
which a radio wave penetrates the surface of the 
earth varies with frequency and type of soil. The 
tabulation below gives some representative values 
of penetration depths. The values given in the 
tabulation are the depths at which the signal 
is reduced to about 37% (1/e, where e is 2.718 
. . ., the base of natural logarithms). 


Depth (m) 


Frequency 
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Figure 4-12. Vertical-plane radiation patterns produced by vertical half-wave antenna 
above perfectly conducting ground. 


The penetration of the earth by the signal re- 
sults in an increase in effective antenna height. 
However, this effect is important only for the 
upper part of the hf band over poor ground. 


b. Hffect on Radiation Pattern. 

(1) Horizontal antennas. When a radio wave 
strikes an imperfect ground, there is no sharp 
plane of reflection. This means that the sharp 
reinforcements and cancellations of a perfect 
ground are tempered. 

(2) Vertical antennas. In general, vertical 
antennas yield stronger signal strengths over 
good ground than poor ground, but the effect is 
not pronounced. When the performance of a 
vertical antenna depends upon a good ground, a 
counterpoise or other ground system should be 
provided, as discussed in paragraph 4-19. 


4—16. Effect of Ground on Radiation Resistance 


a. The radio-frequency current flowing in an 
antenna is made up of two components. One com- 
ponent is determined by the free-space radiation 
resistance and the power supplied by the trans- 
mitter. The second component is produced by 
radio waves which, after being directed earth- 
ward from the antenna, are reflected upward 
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from the earth. Upon passing back across the 
antenna, these reflected waves induce a current 
in the antenna. The phase and strength of this 
induced current depends on the height of the an- 
tenna above ground or reflecting surface. Al- 
though the induced current is small compared to 
that supplied by the transmitter, it cannot be ne- 
glected. At some antenna heights, the two cur- 
rents are in phase and they combine to produce 
a resultant current which is greater than that ex- 
pected from the free-space radiation resistance. 
At other heights, the two currents are out of 
phase so that the resultant current is reduced. 
Resistance equals power divided by the square of 
the current, 


R = P/P. 


Therefore, if the antenna current is changed by 
changing the antenna height while holding the 
power input constant, it is equivalent to changing 
the radiation resistance of the antenna. 


b. Figure 4-14 shows the variation in radia- 
tion resistance for half-wave antennas at various 
heights above ground. The curves in this figure 
have been plotted for antennas erected above a 
highly conducting ground, If an imperfectly con- 


You should see that this will be the same for any number 
divided into zero. Stated symbolically, for any number 
a, OF a= 0. 


In dividing zero into a number, 6 + 0 = ?, you should see 
that there is no replacement for the question mark that 
when multiplied by zero will give 6. This would be the 
same for any number. This operation is said to be 
impossible or undefined. 


Stated symbolically, for any number a, a + 0 = 
impossible. You have just seen the effects of the zero 
element on numbers; let's now take a look at the effects 
of the unity element on numbers. 


b. Unity element. The number one has many significant 
properties. One aspect that you want to examine is its identity 
quality. Where zero is the identity element in addition, one is 
the identity element in multiplication. That is, any number 
multiplied by one will be equal to that number, or one will 
preserve the number's identity. This property is sometimes 
referred to by the important-sounding title, multiplicative 
identity. Stated symbolically, for any number a, 1 xa = 

a xl=a.s. 


Division with the number one also has some important aspects. 
Dividing a number by one preserves its identity in the same 
manner as multiplying by one. That is, any number divided by one 
gives us that number. Stated symbolically, for any number a, 
azttl=a.e. 


Dividing one by a number is quite a different story. One divided 
by a number gives the reciprocal of the number. This is a very 
important term that you will find throughout your mathematical 
education. You will have occasion to use it several times in 
this course. For example, the reciprocal of 15 is 1/15, the 
reciprocal of 3/4, is 4/3. Note: An important fact is that the 
product of a number and its reciprocal is one; for example: 4 x 
1/4 = 1, 15 x 1/15 = 1, 3/4 x 4/3 = 1, etc. 


Lesson Summary. This lesson taught you two more important laws, 
the zero and unity elements and how they effect the identity of 
our number system. 
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Figure 4-13. Horizontal patterns of harmonic antenna 
at various vertical angles. 
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Figure 4-14. Effect of ground on radiation resistance of 
half-wave antenna. 


ducting ground is used, the cureves are modified. 
In general, the use of an imperfectly conducting 
ground shifts the curves shown slightly toward the 
left. In addition, the curves do not rise to as high 
values nor do they fall to as low values as when a 
highly conducting ground is used. The effect is to 
smooth out the curves and reduce the amount of 
change in radiation resistance as the antenna 
height is increased above ground. If appropriate, 
allowance should be made for the increase in effec- 
tive height caused by penetration of the radio 
waves into the earth (para 4-15a). 


4—17. Antenna Tuners 


a. An antenna tuner is very useful in meeting 
many antenna feed requirements which occur 
under field conditions. By using an antenna tuner, 
it is possible to match any transmitter output or 
any transmission line to any desired antenna feed 
point. As examples, a half-wave conductor can be 
fed from the end rather than from the middle, 
or a random length of wire which does not 
resonate at the operating frequency can be 
matched to the transmitter. Many of the trans- 
portable and field-expedient antennas described 
subsequently in this chapter require an antenna 
tuner or other impedance-matching device. 


b. An antenna tuner consists of variable 
capacitances and inductances which can be ar- 
ranged in a network and tuned to provide the 
desired impedance match. The antenna tuner 
may be part of the transmitter or may be a 
separate device mounted on or near the trans- 
mitter cabinet. Tuning, which is accomplished at 
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very low power levels, lowers the VSWR to near 
1:1. Tuners are available which automatically 
adjust the VSWR to an acceptably low level. 


4—18. Commonly Used HF Antennas 


a. General. A variety of practical antennas 
have been developed to meet various performance 
requirements and to suit various operating con- 
ditions. The more elaborate, higher performance 
antennas are usually used only at fixed perma- 
nent stations. Transportable stations usually use 
simple antennas and sometimes may use expedi- 
ent versions having reduced effectiveness. 


b. Horizontal Half-Wave Dipole. 

(1) The horizontal half-wave dipole, which 
formed the basis for much of the theoretical dis- 
cussion in the early portion of this chapter, is a 
very serviceable operational antenna. Its limited 
bandwidth (about 5 percent) is a handicap for 
general application. However, it is useful for com- 
municating by skywave over short and moderate 
distances if only a single frequency or a narrow 
band of frequencies is involved. Even though 
several antennas may be needed because of fre- 
quency requirements, its use may be economical. 
The radiation pattern is bidirectional, with maxi- 
mum lobes at right angles to the antenna axis. 
At heights less than a quarter-wavelength the 
antenna radiates and receives well at the steep 
angles involved in skywave transmission over 


distances of 400 km (250 mi) or less. At these 
heights the orientation of the antenna is not 
important; it has little azimuthal directivity. At 
heights approaching a half-wavelength, the an- 
tenna is suitable for greater distances (up to 
2,000 km, or 1,200 mi), but it then exhibits a 
bidirectional radiation pattern. The antenna is 
not ideal for extremely great distances. Hori- 
zontal half-wave antennas that are fed in the 
center are called doublets (fig 4-15). 

(2) Because of its simplicity, the doublet is 
ideal for transportable applications. Its radiation 
pattern is well suited to short and medium range 
skywave communication. The antenna can be sup- 
ported from two poles, or from trees or buildings. 
In a form specially designed for field use, the 
antenna consists of two reels of phosphor-bronze 
wire rope stored in a cylindrical housing. For 
operation at a particular frequency, each wire 
is pulled out of the housing to the correct length 
as indicated by a dial calibrated in frequency. 
The wires are secured at the desired length with 
wire-lock knobs mounted in the housing. The end 
of each wire is attached through a swivel to a 
length of nylon rope. The antenna is then raised 
to the desired height by passing each rope over 
a tree limb, tower, or other vertical structure. A 
ferrite balun contained in the housing tranforms 
the balanced dipole circuit to a 50-ohm unbalanced 
line. Connection to the radio equipment is made 
with standard 50-ohm coaxial cable. The antenna 
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Figure 4-15. Doublet antenna for field use. 
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weighs less than 5 pounds and can be deployed by 
one man in 5 to 20 minutes. 


(8) The transportable doublet can be fur- 
nished in the form of sufficient length of radiat- 
ing wire and many spare insulators, making it 
easy to devise an antenna whose resonant fre- 
quency can be changed easily. The concept of such 
an antenna is shown in figure 4-16. A glass or 
ceramic insulator is used at the feed point. How- 
ever, in an emergency any nonconducting ma- 
terial such as rope, wood, plastic, or leather may 
be used as long as it is moisture free. In wet 
weather, only good quality insulators can be used. 
To facilitate the changes in length required to 
accommodate frequency changes, insulators are 
placed in the antenna at points corresponding to 
the desired resonant frequencies. Jumpers are 
placed across insulators in order to yield the 
operational length required. When it is necessary 
to change frequency, the antenna is lowered and 
the jumper arrangement is changed. The con- 
figuration shown in figure 4-16 corresponds to 
the length designated as L;. The formula for 
length on figure 4-16 can also be used for a dipole 
for a single frequency. 


(4) Antenna support can be furnished by 
means of ropes tied to either end of the antenna 
and to supporting structures such as buildings, 
trees, poles, etc. For best results, keep the antenna 
arms well away from foliage, parallel wires, or 
any other types of conductors. 


(5) Guidance about antenna height is fre- 
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quently expressed in terms of wavelength or 
fraction of a wavelength. Figure 4-17 may be 
used to convert operating frequencies into wave- 
lengths or fractions of wavelengths. As an approx- 
imation, a height of 10 meters (33 ft) will work 
reasonably well for most of the hf band. 


c. Horizontal Half-Wave Dipole Variations. 

(1) Sometimes it is necessary to depart from 
the standard doublet configuration because of lack 
of space or lack of supporting structures. Some 
degradation in antenna performance results from 
such variations. To keep the degradation to a 
minimum, the central portion of the antenna 
should be the proper height above the ground. 
Most radiation takes place from the central por- 
tion, where the current is high. 

(2) Loading can be very effectively used on 
a doublet. By careful design, the size of the an- 
tenna can be reduced by one-half while the effi- 
ciency is lowered by only about 2 dB. When the 
need for such an antenna is anticipated, the an- 
tenna design services of USACEEIA should be 
requested, following the instructions provided in 
appendix D. The details of design are quite im- 
portant in order to maintain a reasonably good 
efficiency with the reduced size. 

(8) Another method of reducing the space 
requirement for a half-wave antenna is shown in 
figure 4-18. The figure illustrates a situation in 
which there is not enough space between two 
trees for a standard half-wave dipole. The an- 
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Figure 4-16. Segmented wire doublet. 
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Figure 4-17. Conversion of radio frequency into wavelengths and fractions. 
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Figure 4-18. Modified half-wave dipole in restricted space. 


tenna is cut to the standard length, but the ends 
are allowed to droop. 

(4) If an antenna is to be erected outdoors 
where only a single tree or other natural support- 
ing structure is present, a sloping wire antenna 
or the inverted V antenna can be considered. Such 
a situation is shown in figure 4~19. The use of an 
inverted V antenna places more of the important 
radiating portion of the antenna at the highest 
point. But if the tree has much foliage, a sloping 
wire antenna may be better if the central portion 
can be kept higher and in the clear. 


d. Vertical Monopole. 

(1) Vertical quarter-wave antennas are 
useful for groundwave service because they radi- 
ate vertically polarized waves at low elevation 
angles. Simple quarter-wave vertical antennas are 
resonant, the length of the grounded antenna 
being given by the equations— 


H (meters) = 71.5/f (MHz) and 
H (feet) = 234/f (MHz) 


The height is measured from the tip of the an- 
tenna to the point of connection to ground or to 
a counterpoise. The antenna may be a self-sup- 
porting conductor such as a metal rod, a struc- 
ture supported by insulated guys, or a wire sup- 
ported by rope. The antenna may be taped to a 
wall as an expedient measure. Installation need 


not be stripped from the wire except for connec- 
tion to the transmitter, receiver, or transmission 
line. The antenna will perform just as well with 
the insulation in place. 

(2) The monopole may be insulated from the 
ground and fed at the base, or it may be con- 
nected to the ground and fed a short distance 
above the base. A good ground is essential for 
effective operation of the monopole. Unbalanced 
feed is required. 

(3) At the upper end of the hf band (30 
MHz), a resonant monopole is 2.4 m (7.9 ft) long. 
Hence, self-resonant monopoles are practical at 
the upper end of the hf band. For lower fre- 
quencies, loading is usually utilized in mobile 
operations and at transportable stations. For 
other than mobile operation, a sloping antenna 
cut to resonance according to one of the formulas 
in (1), above, can be used. A sloping antenna is 
useful in the vicinity of 2 MHz where ground- 
waves are very effective, but a quarter-wave- 
length antenna is about 85 m (115 ft) long. 


e. Top Loaded Antennas. 

(1) Forming the radiating conductor in the 
shape of a physical inverted L, as shown in figure 
4-20, is a method of reducing the height of a 
vartical quarter-wave antenna. The top portion 
of the antenna can be bent over in a horizontal 
direction without severely altering its resonant 


4-17 


FM 11--65 


Snore ot Fi mtd boy MS ttm 4 HN pconrene ad Maat Hee OR oe 


INVERTED V 


wee, ty 7) 


x 
iy 
€ 

’ 
f 
y 

> 
: 
t 
7 
bd 
¢ 
? 
b 

¢ 

3 
a 


etal Te hee 


CENTER- FED 
SLOPING WIRE 


Figure 4-19. Use of a tree for antenna support. 


frequency. The portion of the antenna which is 
bent into a horizontal direction is removed as a 
contributor to the desired radiation pattern. Be- 
cause the current is smallest at the end of the 
wire away from the transmitter, bending this 
portion away from the vertical will have the 
smallest degrading effect on performance. No 
more of the wire than is absolutely necessary 
should be bent over. Often one or more additional 
wires are connected at the point where the bend 
in wire occurs in order to add more capacitance 
to the vertical portion of the wire. Loading the 
antenna in this fashion allows it to be tuned to 
resonance at the operating frequency. 

(2) Various other examples of top-loading 
are also shown in figure 4~20. The schemes shown 
are arranged in the order of preference, with the 
best arrangement on the left. The “cross” is 
preferred because it permits the greatest amount 
of top-loading in the smallest space, but does re- 
quire room to extend wire in all directions from 
the antenna. There is no limitation on the number 
of wires which can be used to top-load. Each ad- 
ditional wire has less effect than the preceding 
one, however. The “Tee” is simply a two-wire 
version of the cross. The “crow’s foot” is a com- 
promise version of the cross used when it is 
impossible to deploy the wires in every direction 
about the azimuth plane. Spreading the wires of 
the crow’s foot apart as far as possible tends to 
increase the top-loading effect. The inverted L 
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represents the simplest method of top-loading. 
The length of the vertical and horizontal wires 
together should total a quarter-wave. The last 
two examples shown on the figure should be 
avoided, if possible, because the downward flow 
of current in the top-loading wires tends to par- 
tially cancel the radiation current in the mono- 
pole. 


f. Whip Antennas. 


(1) Whip antennas are the most commonly 
used antennas for field radio communication over 
relatively short distances with portable and 
mobile radio equipment. Most whip antennas are 
constructed of sections of metal tubing that can 
be taken apart or telescoped when not in use. 
In this way, the antenna has a minimum length 
during transit and portability is increased. In 
some lightweight portable equipment, the an- 
tenna can be collapsed completely into the equip- 
ment itself so that none of it is exposed. Although 
there is no definite upper limit on the physical 
length of mobile whips, few are longer than 18 
feet. Whip antennas in the hf band are usually 
less than a quarter-wavelength long, and are 
loaded to obtain resonance. 

(2) When used with a suitable ground as an 
antenna for a transportable station, the whip’s 
characteristics are similar to those of other verti- 
cal antennas. When a whip is mounted on a ve- 
hicle, the metal of the vehicle affects the opera- 


tion of the antenna. As a result, the direction in 
which the vehicle is facing may also affect trans- 
mission and reception, particularly when distant 
stations or other weak signals are involved. A 
vehicle with a whip antenna mounted on its left 
rear side will transmit its strongest signal in a 
line running from the antenna through the right 
front side of the vehicle. Similarly, an antenna 
mounted on the right rear side of the vehicle radi- 
ates its strongest signal in a direction toward the 
left front side (fig 4-21). The best reception is 
obtained from signals traveling in the directions 
shown by the broken lines. In some cases, the 
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best direction can be determined by driving the 
vehicle in a small circle until the best position 
is located. Normally, the best direction for re- 
ceiving from a distant station is also the best 
direction for transmitting to that station. 


(3) A vertical monopole is not ordinarily 
used for short-distance skywave service because 
the radiation pattern favors low angles. However, 
if a whip antenna is bent as shown in figure 4—22, 
its ability to receive and transmit high-angle sky- 
waves is enhanced. 


g. Inverted L Antenna. One form of inverted 
L antenna, in which the horizontal section of the 
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Figure 4-20. Top-loading of vertical antenna. 
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Figure 4-21. Directional effects of vehicle on whip antenna. 
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antenna is used primarily as a means of top 
loading the vertical section, was discussed in e 
above. In another common form of inverted L 
antenna, the horizontal section is made long 
enough to provide, in addition to top loading, a 
useful amount of horizontally polarized radia- 
tion for use on short and medium distance sky- 
wave paths. 


h. Horizontal V Antenna. The horizontal V 
antenna consists of two wires arranged in the 
form of a V as shown in figure 4—23. It is a low- 
angle, medium-gain, highly directive, broadband 
antenna of simple, inexpensive construction. It 
can be designed to handle high power. The two 
wires are fed at the apex of the V by means of 
a balanced line or balun, so that equal currents 
of opposite phase flow in corresponding parts of 
the two wires. The apex angle is so chosen that 
the main lobes of the wires reinforce each other 
along the bisector of the apex angle. The lobes 


Figure 4-22. Whip antenna tied down for high-angle 
skywave service. 


in other directions tend to cancel. The V antenna 
may be made unidirectional by terminating the 
far end of each leg to ground with a noninduc- 
tive resistor. Each resistor should have a value 
of approximately 500 ohms and should be capable 
of dissipating at least a third of the power sup- 
plied to the antenna. An excellent ground should 
be used on each terminator (para 4-19d). 


i. Sloping V Antenna. The sloping V antenna 
(fig 4-24) is a very useful field antenna. It has 
the advantage of requiring only a single support, 
which should have a height of about 23 meters 
(75 ft) and not less than 15 meters (49 ft). The 
best practice is to elevate the terminated ends 
about 8 meters (26 ft) and not less than 4.5 
meters (15 ft). Each terminating resistor should 
be noninductive, have a resistance of 360 to 400 
ohms, and be capable of dissipating one half of 
the power supplied to the antenna. An excellent 
ground should be used on each terminator (para 
419d). 


j. Rhombic Antenna. Where space is available, 
the rhombic antenna is often the best choice for 
long distance links. The rhombic antenna con- 
sists of four spans of wire of equal length, ar- 
ranged in the form of a diamond, or rhombus, 
supported in a horizontal plane. A rhombic an- 
tenna is shown in figure 4-25. The important 
rhombic design parameters are the length of 
each span, L, the tilt angle, ¢, and the height 
above ground, H. Varying these parameters 
changes the radiation pattern of the antenna, 
The tilt angle, ¢, is the angle each span makes 
with the minor axis, as shown in the figure; it 
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Figure 4-28. Horizontal V antenna. 
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Figure 4-24. Sloping V antenna. 


is not the angle of maximum radiation. The an- 
tenna is fed at the acute angles at one end and 
usually terminated at the opposite end by a re- 
sistor or dissipation line which matches the 
characteristic impedance of the antenna (about 
500 ohms). This termination should be capable of 
dissipating one-third of the input power to the 
antenna. This termination makes the rhombic 
antenna unidirectional, with direction of maxi- 
mum propagation towards the terminated end. 
If bidirectional characteristics are desired, the 
termination is omitted. Each leg of the terminated 
rhombic antenna has its own radiation pattern as 
shown in figure 4-26. The radiation patterns of 
all four legs combine with each other, and with 
the reflection from the ground, to produce one 
overall main pattern for the antenna as shown 
in figure 4-27. Some advantages of the rhombic 
antenna in hf applications are: the radiated 
energy can be concentrated in one major lobe to 
provide a high order of gain in the direction of 
transmission or reception; the major lobe can be 
directed at the low vertical radiation angles neces- 
sary for long distance coverage; the chacteristics 


of the radiation pattern remain satisfactory over 
a wide frequency range, typically four to one, 
The chief disadvantage of the rhombic antenna is 
that it requires a large area. Where space is 
limited, the rhombic performance can be ap- 
proached by an appropriate log-periodic antenna. 


k. Vertical Half-Rhombic Antenna. A vertical 
half-rhombic, shown in figure 4~28, has the ad- 
vantage that only a single support is required. 
When terminated, the half rhombic is unidirec- 
tional and broadband. Due to the low efficiency of 
the antenna at low frequencies, the terminating 
resistor should be capable of dissipating all the 
transmitter output power. 


l. Log-Periodic Antenna. The log-periodic an- 
tenna approaches the performance of a rhombic 
and has the advantage of requiring less space. 
Bandwidths over a frequency range of ten to one 
can be achieved with a practical log-periodic 
antenna. A wide variety of log-periodic antennas 
are available. 

(1) The horizontal log-periodic dipole an- 
tenna consists of parallel and coplanar elements 
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Figure 4-25. Rhombic antenna. 


in which the element length and spacing are 
logarithmically periodic, proceeding from the 
small apex out to the longest elements (fig 4-29). 
The low-frequency cutoff occurs when the longest 
dipole is approximately one-half wavelength 
long. The high-frequency cutoff occurs when the 
shortest dipole is about a quarter-wavelength 
long. At any frequency between the cutoff fre- 
quencies, the antenna currents are largest in the 
several elements that are about a half-wave long. 
These elements contribute most of the radiation 
and form the active region of the antenna. This 
antenna is fed with a balanced two-wire line 
entering at the apex and running through the cen- 
ter of the structure, transposed between adjacent 
elements so that all adjacent elements are fed 
180° out of phase. The height, H, of the shortest 
element is about 3 meters. A typical array slope 
angle is approximately 30° above the horizontal. 

(2) A vertical log-periodic antenna may be 
of either the dipole or monopole type. The dipole 
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type is very similar to the horizontal log-periodic 
except for the method of suspension. A common 
type of vertical log-periodic antenna arrangement 
is composed of monopoles (one-half of the dipole 
system). This requires an extensive ground sys- 
tem to provide the image equivalent of the other 
half-dipoles. A vertical log-periodic requires only 
one tall tower and is easier to install than the 
horizontal (fig 4-30). A log-periodic monopole 
array cannot be considered as simply one-half of 
a dipole array fed against ground. This is because 
the transmission line cannot be transposed from 
one element to the next as is done in the dipole 
array. The solution is to provide the proper phase 
shift between elements by other means, involv- 
ing lumped constant T-sections that use series 
inductance and shunt capacitance between ele- 
ments. These sections also act as filters near cut- 
off to confine the currents in the array to the 
elements that are nearly a quarter-wave long. 
An unbalanced feed is required. 


Lesson 6. SYMBOLS OF GROUPING 
LEARNING OBJECTIVE 


Given simple equations using symbols of grouping, simplify 
the mathematical statements. 


1601. Mathematical Punctuation Marks 


The symbols of grouping are the punctuation marks of mathematics. 
They change the meaning of a group of numbers the same way that 
commas can change the meaning of a group of words. For example, 
punctuate this sentence: 


Pvt. Buttplate said the Gunny is a meathead. 


If you are a Gunnery Sergeant you probably did it something like 
this: "Pvt. Buttplate," said the Gunny, "is a meathead." 


On the other hand, you may have completely changed the meaning by 
punctuating the sentence like this: Pvt. Buttplate said, "The 
Gunny is a meathead." 


You should see from these examples that the placement of 
punctuation marks is important. Placing symbols of grouping in 
mathematical equations is equally important. The following 
examples show the four different symbols of grouping (devices) 
used: 


parenthesis ( 6-2 ) 
brace {6 - 2} 
bracket [6 - 2] 


bar or vinculum 6 - 2 


Let's look at a problem and see how the use of these devices can 
clear it up. What is the answer to this problem: 3 x 7+ 4= ? 
Is it 25 or 33? There is a proper order of operations for this 
type of problem, and you will look into this in the next lesson; 
however, the problem is clarified when you insert a grouping 
symbol such as a parenthesis: 3 x (7 + 4) = 33. Moving the 
parenthesis to another position will produce a different result: 
(3 x 7) + 4 = 25. In the first example, 3 x (7 + 4), you have a 
multiplication sign included. When a number directly precedes or 
follows a grouping symbol, multiplication is indicated. For 
example, 3(6), (3)(6), and (3)6 all indicate to multiply 3 times 


AID 


WIP. 
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Figure 4-26. Radiation patterns of legs of rhombic antenna. 


(3) Rotatable log-periodic antennas are 
available in transportable configurations. Rotat- 
able log-periodics are of the horizontal type, as 
shown in figure 4-81. 


m. Long-Wire Antenna. A low wire many 
wavelengths long makes an effective antenna 
which is highly directional in the general direc- 
tion of the wire. Gain and directivity increase 
with length. Long-wire antennas are character- 
istically about 300 m (1,000 ft) long. The wire 
may be 1 to 6 m (8 to 20 ft) high, the lower wire 


having the advantage of low visibility. Figure 
4-32 shows a schematic of a long-wire antenna. 
When terminated, the antenna is nonresonant and 
unidirectional. The input impedance of the an- 
tenna is about 500 ohms which is about the 
characteristic impedance of a single-wire trans- 
mission line with ground return. A long-wire an- 
tenna is also called a Beverage wave antenna. 
Due to the low efficiency of the antenna, the 
verminating resistor should be capable of dis- 
sipating all of the output power of the trans- 
mitter. 
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Figure 4-27. Radiation putterns of rhombic antenna. 
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Figure 4-28. Vertical half-rhombic antenna. 


n. Random Length of Wire As an Antenna. In 
an emergency, any random piece of wire may be 
used as an antenna. To the extent possible, the 
random wire should be in the clear, and be con- 
figured so as to optimize the polarization desired. 
The performance of a random piece of wire will 
usually not approach that of a well designed an- 
tenna, but may be adequate for temporary re- 
quirements. The use of the makeshift antenna 
may occur merely during the period while a more 
suitable antenna is being constructed. When the 
antenna is used for transmitting, an antenna 
tuner must be placed between the antenna and 
transmitter to provide proper impedance match. 


o. Summary of Antenna Characteristics. Table 
4-1 summarizes the important characteristics of 
the practical antennas discussed in this chapter. 


4-19. Antenna Grounding 


a. General. It is important in the design of an 
antenna to determine the extent of its ground 
system. In general, a ground system will be re- 
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quired for a ground-mounted antenna if the an- 
tenna is fed in a manner which makes the ground 
the return path for the current flowing in the 
antenna. A ground system thus provides a low- 
loss path for this return current and acts to 
improve the radiation efficiency of the antenna. 
Lightning arresters may be required if occasional 
lightning storms prevail in the area where the 
antenna is located. Ground systems for improve- 
ment of antenna efficiency may also serve as a 
portion of the system required for lightning pro- 
tection, although the converse is not necessarily 
true. 


b. Radial Ground Systems 


(1) Experience has shown that the most 
practical configuration of wires in an antenna 
ground system is a radial distribution with its 
center at the base of the vertical portion of the 
antenna. This arrangement is dictated by the 
radial nature of the paths followed by returning 
ground currents. If site factors require crossing 
of radials, they should be insulated at the cross- 


Figure 4-29. Horizontal log-periodic antenna. 
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Figure 4-30. Vertical log-periodie monopole antenna. 
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Figure 4-31. Rotatable log-periodic antenna. 


over points. The radials should lead out from the 
antenna base in a straight line. 

(2) Vertical antennas, which are often 
located with the antenna feed point at the ground 
surface, require a system of radial ground wires 
extending from the antenna to a sufficient dis- 
tance to provide a low-resistance return path 
for the ground currents produced by the induc- 
tion fields. For short vertical antennas, the radial 
length should be approximately equal to the wave- 
length divided by 27; for longer antennas the 
length is approximately equal to the antenna 
height. In addition, near the antenna base, where 
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the fields are intense, a grid-type ground mat is 
frequently used. 

(3) It is recommended that No. 8 or No. 10 
AWG annealed copper or copper-clad steel wire 
be used for the radials. If more copper is desired 
in the ground system, it is best to lengthen the 
radial wires rather than to increase the cross- 
sectional area, unless the antenna current has a 
large value, causing high current densities in the 
individual wires. In general, the wire of the radial 
conductors has little effect on the performance of 
the ground system. When the above conditions are 
met, the gage need only be large enough to with- 
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Figure 4-82. Long-wire antenna. 


stand the mechanical stresses of the burying 
process. 

(4) If the plot of ground that is to be used is 
not large enough for the circular layout, then com- 
promises must be made. Under certain boundary 
conditions the radial wires may not be the re- 
quired optimum length and ground rods will have 
to be used. These ground rods should be driven 
into the earth at the end of the shorter radials to 
a depth equal to the skin depth to minimize 
ground loss. For the range of frequencies which 
are of interest, computed skin depths indicate that 
rod depths of 30 feet would be required for 
normal soil conditions and depths of 45 feet or 
more for poor soil conditions. From a practical 
standpoint, however, it will usually be adequate 
to drive a 10-foot rod to terminate the ends of 
such radials. If the property is so small as to 
limit all of the radial wires to a length shorter 
than optimum length, then ground rods and 
peripheral bonding should be used. 

(5) If the radials are optimum length, 
sufficient to have zero current at the end of the 
wires, there is no need for ground rods. The 
test for this is to drive one ground rod, connecting 
one of the radial wires to it, and measure the 
current distribution along the wire. If an appreci- 
able current exists at the end of the wire, a 
ground rod is necessary. The same applies to the 
circular bonding wire around the perimeter of 
the ground system. It is only when the radials 
are too short that it is necessary to use circular 
bonding. 

(6) The depth of the wire is immaterial, 
whether the soil is moist or dry. HF antennas 
requiring a ground system perform best with 
ground radials on the surface of the soil. Bury 
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radials only as deep as necessary for physical 
protection. The wires should be brought to the 
surface near the base of the antenna so that a 
good ground screen is formed above the soil where 
the electric field strengths are high. 


(7) In some instances, the earth’s surface 
under the antenna is largely rocky in nature so 
that radials cannot be buried or ground rods 
driven. In this event, radials should be laid on 
the surface and staked at frequent intervals to 
keep them in place. Shifting of grids on the 
surface of soil or rock formation during high 
winds is detrimental to signal-to-noise ratio. 


ce. Ground Screens. When high base currents 
are encountered, it is desirable to use a copper 
mesh ground screen at the base of an antenna to 
further insure against ground system power loss. 
The ground screen is normally covered only to the 
extent necessary to protect it against physical 
damage. Typical screens have dimensions of 12 
by 12 feet or larger and are fabricated of ex- 
panded copper mesh or a grid of welded copper 
wire. Each radial wire must be carefully bonded 
to the screen. In all bonding operations only silver 
soldering, brazing or copper welding should be 
used. 


d. Antenna Termination Grounds. In terminat- 
ing non-resonant antennas, BALUN cases, and 
antenna masts, it is recommended that a star- 
ground be used. Five or six ground rods (pref- 
erably, at least eight feet long) should be driven 
into the earth in a circle around a central ground- 
rod. The radius of the circle should be equal to the 
length of the rod. The rods should be bonded to 
each other. 


4—20. Tuning To Correct Mismatch to Antenna 


a. Matching the antenna to the transmission 
line involves adjusting the point or points of feed 
and, in the case of a resonant antenna, adjusting 
the length of the antenna. Matching the trans- 
mitter to the transmission line is accomplished 
by adjusting a network which either is a part of 
the transmitter or is inserted between the trans- 
mitter and the transmission line. The accuracy of 
the match is indicated by the VSWR. 


b. Monitoring the VSWR of a transmission line 
or individual antennas in an array without inter- 
rupting normal operation may be accomplished 
with a directional coupler. The coupler is per- 
manently installed in each line or antenna input. 
A jack is provided for an external VSWR indica- 
tor which measures incident and reflected power. 
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Table 4-1. Comparison of Antenna Characteristics 


Appropriate 


Usable Power material 
Antenna types, Power gain radiation handling cost 
listed by {referred to angles Land capability (thousands of 
azimuthal patterns and polarization isotropic) (dB) { degrees ) required (kW pep) dollars) 
Note 2) ! (Note 3) (acres ) (Note 4) (Note 5) 


| | Limited 
Horizontal rhombic 8 to 23 4-35 i 5-15 5-10 


by 
| termi- 
nation 3-6 


4 to 10 5-30 4-9 
Horizontal \/2 dipole 8 to 15 5-45 2-4 40 15-25 
Vertical log-periodic (dipole) 6 to 10 40 20-30 


Horizontal terminated V 


Vertical log-periodic (monopole) 20-30 
Horizontal »/2 dipole 1-2 
Vertical half rhombic 

Inverted L 

Long wire (Beverage) 


Random wire 


Omnidirectional pattern (vertical) 


Vertical monopole 5 to 7 5-45 <1 20 


Table 4-1. Comparison of Antenna Characteristics—continued 


Nominal Nominal Horizontal Horizontal : Nominal 
Antenna types, bandwidth bandwith beamwidth beamwidth Sidelobe Transmit _ input 
listed by i ratio limited (—3 dB) (—10 dB) suppression maximum impedance 


azimuthal patterns and polarization i {Note 6) (degrees) (degrees ) {dB) VSWR (ohms) 


by 
Horizontal rhombic 2:1 Pattern | 6°-26° | 11°-46° 500 
Horizontal terminated V =:3:1 Pattern 8°-386° 11°-48° 500 
Horizontal log-periodic =8:1 VSWR | 55°-75° | 75°-120° 50/300 
Vertical log-periodic (dipole) 8:1 VSWR |90°-140° | 150°-180° 50 
Vertical log-periodic (monopole) =8:1 VSWR =12 50 
ri : 


Horizontal 4/2 dipole =5% VSWR }|80°-180°/ | 180°/lobe N 1.5:1 73 
i lobe 


| 
Vertical half rhombie =<za | Pattern | Noe? | ~| +4 ~«d;~S 


h 


Random wire Note 10 


Omnidirectional pattern (vertical) 


Vertical monopole =5% VSWR NA | NA 1.5:1 Note 11 


Note 1. All antennas listed can be designed for any frequency from 2 te 30 MHz. 

Note 2. Typical power gains are gains of antennas over good earth for vertical polarization and poor earth for horizontal polarization. 

Note 8. Usable radiation angles are typical radiation angles over good earth for vertical polarization and poor earth for horizontal polarization; 
lower angles may be possible for vertical antennas over better earth, e.g., salt water. 

Note 4. The power limitation criteria apply to the antenna only. The use of certain baluns may result in a lower power limitation. These criteria 
should be used as a basis of comparison only, since any antenna can be engineered, at increased cost, to provide increased power-handling capability. 

Note 5. Approximate material costs include steel towers, guys, and installation hardware. Costs are established only to provide a relative basis of 
comparison of one antenna against another. 

Note 6. Nominal bandwidth is the ratio of the two frequencies within which the stated VSWR will not be exceeded or within which the desired 
pattern will not suffer more than 3 dB degradation. 

Note 7. No standard design for this antenna. Performance highly variable, depending upon construction details. 

Note 8. No standard design for this antenna. 

Note 9. No standard design for this antenna. Bearawidth becomes narrower and gain increases with increasing length. 

Note 10. No standard design for this antenna. Performance highly variable, depending upon construction details. Antenna tuner required. 

Note 11. Input impedance about 50 ohms; depends upon location of feed point. 
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Models are available for coaxial lines as well as 
open-wire lines. Maximum power rating on most 
commercial types is limited to 1,000 watts. The 
directions for the individual meter must be fol- 
lowed in determining VSWR. 


c. Emergency VSWR indicators for use with 
open-wire transmission lines can be fabricated 
from parts normally available in the field. A crude 
indication of the presence of standing waves on 
a transmission line can be obtained by coupling 
a neon lamp or fluorescent light to one conductor 
of the transmission line and observing whether 
the lamp brilliance changes when the lamp is 
moved along the transmission line. On a well- 
matched transmission line, the brilliance should 
be constant regardless of location on the line. If 
three identical lamps are available, they can be 
mounted at one-eighth wavelength intervals and 
antenna adjustments made until all lamps have 
equal brilliance, indicating that the standing 
waves have been eliminated. 


d. If the transmitter contains a meter which 
reads incident power and reflected power, the 
method described in paragraph 3—4b can be used 
to obtain the VSWR. If the VSWR is 1.5 or less, 
no action is required. 


e. If the VSWR is above 3, check for bad con- 
nections or a short circuit. If the reading is be- 
tween 2.0 and 3, adjustment is required. If the 
reading cannot be lowered below 2.0 by adjusting 
the balancing network, adjustments must be made 
at the antenna. The length of a doublet can be 


ANTENNA 
WIRE —___» 


ANTENNA 
IMAGE _ 
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varied. If the mismatch becomes worse when the 
frequency is lowered a bit, the antenna requires 
lengthening. If it becomes better, shortening is 
needed. The point, or points, at which the trans- 
mission line is connected to the antenna can be 
adjusted. By a combination of all adjustments, 
obtain the lowest reading. Anything below 2.0 
is generally acceptable although 1.5 is preferred. 


4-21. Antenna Siting 


a. In selecting an antenna site, the terrain and 
the height of the antenna should be chosen in 
such a way that the ground-reflected wave rein- 
forces the direct wave at the desired angle. Also, 
a site should be selected in which there are no 
obstacles to interfere with the transmitted or re- 
ceived radio wave. For receiving sites, there are 
the additional considerations of interfering radio 
signals and manmade noise. In selecting the site 
for a fixed station, every step practical should be 
taken to ensure optimum conditions. In establish- 
ing field stations, the best site available under 
the circumstances should be chosen. 


b. A satisfactory horizon clearance exists when 
no obstruction exceeds half the elevation angle of 
the radio beam in that direction. If the elevation 
angle of the transmitted or received beam in a 
given direction is 10°, the horizon in that direc- 
tion can be as much as 5°. 


ce. Short-range, skywave circuits using one-hop, 
high-angle radiation give a great latitude in the 
choice of sites. For F-layer transmission to dis- 


WAVE 
REFLECTION 
A oe — 


Figure 4-33. Clearance requirements for good wave reflection. 
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tances of 800 km (500 mi) and less, the vertical 
beam angles are always greater than 30°. Satis- 
factory sites for such transmission can often be 
located in rather deep valleys without compro- 
mising the circuit performance. 


d. Where a choice of soil type is possible, the 
site with soil having the highest conductivity 
should be chosen. A site by a sea or lake, which 
can use the water as a reflecting surface, is ex- 
cellent. 


e. For groundwave service, there should be a 
minimum of intervening hills. Hf groundwaves, 
especially at the lower end of the band, are not 
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strictly line-of-sight but have some tendency to 
follow the earth’s surface. However, substantial 
obstructions do block transmission. 


f. Appendix F provides detailed instructions 
for calculating clearances required in the vicinity 
of antennas for skywave service. However, the 
use of figure 4~38 provides sufficient accuracy and 
detail for the operation of transportable equip- 
ment. 


g. Receiving sites have an additional require- 
ment that manmade noise not be excessive, pref- 
erably less than atmospheric noise at the loca- 
tion. 
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PART TWO 


SYSTEM APPLICATIONS 


CHAPTER 5 


RADIO FREQUENCY PERFORMANCE ASPECTS OF HIGH FREQUENCY SYSTEMS 


5—1. General 


a. Implementation of an hf link of the type 
being considered in this manual involves making 
the best possible use of physical resources already 
on hand or readily obtainable by the using or- 
ganization. This chapter gives general guidance 
to aid the field communicator in making the best 
choice of the options available. Assistance, in the 
form of propagation engineering services, is 
available from HQ USACEEIA, ATTN: CCC- 
EMEO-PED, Ft. Huachuca, AZ 85613. Appendix 
D describes the services available and provides 
instructions for requesting assistance. However, 
guidance is given in this manual regarding fre- 
quency choice when USACEEIA services are not 
available. 


b. This chapter includes discussions of system 
parameters such as diversity, coding, and signal 
processing to reduce bit error rate, and electro- 
magnetic compatibility (EMC). 


ce. An early decision must be made as to 
whether the groundwave or skywave mode of 
transmission is to be utilized. Eighty km (50 mi) 
is the approximate upper limit for the ground- 
wave mode in military field operations. In rugged 
terrain, the maximum distance is less. Ground- 
wave propagation is most effective at the lower 
frequencies, that is, 2 to 5 MHz. Unfortunately, 
noise (both atmospheric and manmade), is more 
detrimental at the lower frequencies, thus re- 
quiring a careful choice of frequency. 


d. A compact, precise, internationally accepted 
method of designating the characteristics of 
transmitted radio signals has been developed. 
The complete scheme covers all types of radio 
communications. Table 5-1 shows the emission 
designations applicable to hf communications. 
The first character, a letter, tells whether the 


carrier is amplitude (A), frequency (F), or pulse 
(P) modulated. The second character is a numeral 
designating the type of transmission, and the last 
character is a letter designating supplementary 
characteristics. By placing a numerical prefix 
before the emission designation, it is possible to 
include the bandwidth required in kilohertz. For 
example, the standard military independent side- 
band (isb) hf emission type and bandwidth are 
indicated as 12A9B. Modulation is discussed in 
TM 11-486-3. Modulation and emission terms are 
defined in the glossary. The signal-to-noise ratio 
required for satisfactory communications depends 
in part upon the type of emission being utilized. 


5-2. Power Budget in an Hf System 


a. The performance of any communications 
system depends upon the signal-to-noise ratio at 
the receiver. An adequate signal-to-noise ratio 
means good intelligibility for voice, a clear pic- 
ture on TV, undistorted music on entertainment 
fm, and a low error rate on digital traffic. Ap- 
pendix C presents and discusses the required 
signal-to-noise ratio for various types of high- 
frequency services. 


b. Figure 5-1 is a diagram of the main com- 
ponents of an hf system. As shown in the figure, 
the signal-to-noise ratio at the input of the re- 
ceiver is a function of all other components of the 
system. 


c. In this power budget discussion, transmitter 
power is expressed in dBw so that received power 
can be computed by adding and subtracting path 
gains and losses. The transmission line loss is 
typically a few dB. Antennas are chosen and in- 
stalled so as to favor the desired direction of 
transmission. Antenna gain will vary from a 
couple of dB to perhaps 15 dB. 
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Table 5-1. Designation of Radio Emissions 


Type of ! 


modulation of | ae 
main carrier Type of transmission Supplementary characteristics Symbol} 


Amplitude With no modulation AO 


modulation | 


Telegraphy without the use of a modulating Al 
audio frequency (by on-off-keying) 


Telegraphy by the on-off keying of an ampli- : A2 
tude-modulating audio frequency or audio 
frequencies, or by the on-off keying of the 

| modulated emission (special case: an un- 

keyed emission amplitude modulated) 


Telephony ' Double sideband, full carrier A383 
\ ' Single sideband, reduced carrier A38A 
. Single sideband, suppressed carrier A3d 
Two independent sidebands, reduced A3B 
i earrier 
| 
Facsimile (with modulation of main carrier ! Single sideband, reduced carrier A4 
either directly or by a frequency-modulated | A4A 
subcarrier) | 
Television | Vestigial sideband A5C 
Multichannel voice-frequency telegraphy Single sideband, reduced carrier ATA 
Cases not covered by the above, such as a Two independent sidebands A9B 


combinbation of telephony and telegraphy 
SR Serre ee gE A re Be ee EE Nato eae 


Frequency With no modulation FO 
(or phase) Telegraphy by frequency-shift keying without Fl 
modulation the use of a modulating audio frequency: : 

one of two frequencies being emitted at any 
instant 
Telegraphy by the on-off keying of a frequency- F2 
modulating audio frequency or by the on-off 
keying of a frequency-modulated emission 
(special case: an unkeyed emission, fre- 
quency modulated) 
Telephony F3 
Facsimile by direct frequency modulation of F4 
the carrier 
Television F5 
Four-frequency diplex telegraphy F6 
Cases not covered by the above, in which the F9 


main carrier is frequency modulated 


d. The path loss is usually large and highly it is of sufficient intensity to overload the front 
variable. Path losses may typically be 90 to 140 end of the receiver. 
dB on a 1,200-km (745 mi) path. 

e. The receiving antenna gain and transmission 
line loss will be comparable to those at the trans- 
mitting end. Most of the received noise is picked 
up by the receiving antenna. A highly directional 
antenna will discriminate against noise from di- 
rections other than that of the arriving signal. 
The receiver will usually accept only a narrow 
band of frequencies, the exact bandwidth de- 
pending upon the type of service. Noise outside g. As an example, assume the following sample 
this frequency band is of no consequence unless system: 


f. Any change in any portion of the system has 
an effect on the signal-to-noise ratio. Assuming a 
barely adequate signal-to-noise ratio, an increase 
of 3 dB in the received noise level requires an 
increase of 3 dB in transmitter power. An in- 
crease of 3 dB means doubling the power. Each 
segment of the system is important in determin- 
ing the signal-to-noise ratio. 
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Grouping symbols are all used in the same manner. Our original 
problem could be written in four ways: 


3 x 11 


3 (7 + 4) 33 


3(7 +4) =3 x 11 = 33 


3 {7 + 44 =3 x 11 = 33 


37+42=3 X 11 = 33 


As you can see, symbols of grouping help simplify mathematical 
statements, but what happens when you have more than one set of 
symbols? Our next lesson, Order of Operations, will help answer 
this question. 


Lesson Summary. This lesson taught the punctuation marks for 
mathematics, better known as the symbols of grouping. They are 
used to simplify mathematical statements. 


Lesson 7. ORDER OF OPERATIONS 
LEARNING OBJECTIVE 


Given the rules for the order of operations, solve simple 
equations. 


1701. Solving Mathematical Expressions 


In solving a mathematical expression it is possible to have more 
than one answer, but there is only one correct answer. It 
depends on the order in which you perform the indicated 
operations of the problem (3 x 7 + 4 = 25 or 33?). In the 
preceding lesson, you saw how the use of grouping symbols gives a 
clear indication of the intent of the problem, making it easier 
to work the problem. Whether or not there are any grouping 
symbols in a problem, there are rules which dictate the proper 
sequence of operation. These rules must be followed if you are 
to arrive at the correct answer: 


a. When grouping symbols are used, simplify the parts of the 
expression first, following the order of operation in rules (b) 
and (c) listed below. 


b. Perform all multiplication or division operations indicated 
in the expression in the order you come to them, working from 
left to right. 


c. Perform all addition or subtraction operations indicated in 
the expression in the order you come to them, working from left 


to right. 
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Figure 5-1. Power budget ina high frequency radio system. 


(1) Transmitter power (100 W) 20 dBw 
(2) Transmitter transmission line 
(coaxial) loss 2 dB 
(3) Transmitter antenna gain 6 dBi 
(4) Path loss 120 dB 
(5) Receiving antenna power gain 8 dB 
(6) Receiver transmission line loss 2 dB 


(7) Calculated received power at 
input to receiver 
(20 dBw — 2 dB + 6 dB—120 dB + 
8 dB — 2 dB) = —90 dBw 
(8) Noise power at receiver 


input —150 dBw 
(9) Signal-to-noise ratio at input to 
receiver 60 dB 


5-3. Radio Frequency Performance Analysis 


a. General. A detailed radio frequency per- 
formance analysis is based upon the concept of 
the power budget presented in paragraph 5-2. 
Path loss and antenna gain are examined in great 
detail. 


b. Path Loss. Path loss is by far the most com- 
plex item in the power budget. Each reflection 
from an ionized layer and from ground involves 
a loss. Also, passage through lower ionized layers 
before and after reflection involves Jo~ses. These 
ionospheric losses vary with time of day, season, 


sunspot number, and latitude. If multiple hops are 
involved, reflections from the earth’s surface in- 
troduce losses. 


c. Mathematical Simulation. The only feasible 
method of performing the large number of calcu- 
lations involved is to use a large, high-speed elec- 
tronic computer. The USACEEIA performance 
analysis program uses mathematical modeling in 
conjunction with such a computer. 


d. Antenna Selection. In designing a new sys- 
tem, path loss calculations are carried out for 
isotropic antennas. Based on engineering judge- 
ment various combinations of antennas and trans- 
mitter powers are then incorporated into the sys- 
tem until the most suitable (usually the most eco- 
nomical) combination is found which will provide 
the required performance. For operating systems, 
performance calculations are made for the exist- 
ing equipment. 


e. Requesting Performance Analysis Service. 
Appendix D provides details on requesting per- 
formance analyses and other USACEEIA propa- 
gation engineering services. The appendix lists 
the information the user must provide and ex- 
plains a sample frequency reliability table. The 
skywave prediction program considers the iono- 
spheric conditions expected to occur during the 
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lifetime of the hf radio system. The groundwave 
program predicts coverage for systems using 
vertically polarized antennas. 


5—4. Antenna Selection and Construction 


a. Antenna selection is one of the most im- 
portant steps in the design of an hf system. 
Proper antenna choice will contribute much to- 
ward achieving the most cost-effective system. 
The factors to be considered are— 


(1) Frequencies to be utilized. 
(2) Takeoff and arrival angles. 
(3) Gain required (or desired). 


Figure 5-2 gives takeoff and arrival angles for 
various distances and modes of propagation. 


b. Transportable equipment will often be used 
on relatively short paths, for which the half-wave 
horizontal dipole is well suited. The effectiveness 
of the horizontal dipole is dependent upon its 
being erected at the proper height. Figure 5-3 
provides guidance on the optimum height. Be- 
cause it may not be possible to achieve the opti- 
mum height under field conditions, the figure 


also gives the height at which a 3-dB penalty 
is incurred. 


c. If greater gain is required than that pro- 
vided by a dipole, a more complex antenna such 
as a rhombic or log-periodic may be chosen. The 
sloping V is very useful under field conditions. As 
explained in appendix D, USACEEIA antenna ad- 
visory and engineering services are available 
upon request. 


5—5. Antenna Siting and Orientation 


a. Siting. Paragraph 4-21 provided guidance 
regarding antenna siting. For a relatively per- 
manent site, the rules provided in appendix F re- 
garding Fresnel zone clearance should be followed. 
For horizontal antennas, clearance to the first 
Fresnel zone is required in order to obtain maxi- 
mum reinforcement of the direct ray by the 
ground-refiected ray. For very short skywave 
paths siting is not a serious problem. Siting prob- 
lems are greater for groundwave service and for 
intermediate and long skywave paths. 


b. Orientation. 
(1) If the azimuth of the radio path is not 
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Figure 5-2. Takeoff and arrival augles for isnospheric transmissions as a function of 
range and mode. 


5-4 


ANTENNA HEIGHT IN WAVELENGTHS 


° 200 400 600 800 


FM 11-65 


pw 


s 
a 


" 
a 


H++4— 


NS 


1000 1200 1400 1600 1800 


PATH DISTANCE (km) 


Figure 5-3. Approximate height of half-wave dipole for best F2 layer propagation. 


provided the azimuth should be determined by 
the best available means. The accuracy required 
in determining the azimuth of the path is de- 
pendent upon the radiation pattern of the an- 
tenna. If the antenna beamwidth is very wide 
(90° angle between half-power points, for ex- 
ample), an error of 10° in azimuth is of little con- 
sequence. In transportable operation, the rhombic 
and V antennas may have such a narrow beam 
as to require great accuracy in azimuth determi- 
nation. 

(2) For paths a few hundred kilometers or 
less in length and in areas between 50°S and 
50°N latitude, the path may be plotted on any 
available map and the azimuth estimated from 
the latitude and longitude lines on the map. For 
longer distances, azimuth may be determined by 
stretching a string on a globe between the two 
end points. Great care is required, however, be- 
cause antennas used on long paths are apt to have 
narrow beams. 

(3) The antenna should be erected in for 
the correct azimuth. Great accuracy is not re- 
quired in erecting broad-beam antennas. Unless 
a line of known azimuth is available at the site, 
the direction of the path is best determined by a 
magnetic compass. Figure 5—4 is a map of magnetic 


declination, showing the variation of the compass 
needle from true north. When the compass is held 
so that the needle points to the direction indicated 
for that location on the map, all directions indi- 
cated by the compass card will be true. 


5-6. Antenna Grounds 


a. Unless the antenna is erected over highly 
conducting soil considerable ground losses occur. 
Ground losses result in reduced reinforcement 
and cancellation of the direct ray by the reflected 
ray and in alteration of the radiation pattern. 
The alteration reduces the sharpness of the an- 
tenna pattern. Rocky soil in hills and mountains 
and dry, sandy soil have poor conductivity. Al- 
though a good ground is always desirable, it is 
essential for vertical quarter-wave antennas, 
which depend upon the reflected wave as a princi- 
ple of operation. Soil characteristics must be con- 
sidered in selecting an antenna site. 


b. Where optimum antenna performance is es- 
sential and a site with good conductivity is not 
available, a ground screen must be constructed. 
Ground screens are described in paragraph 4-19. 


c. USACEEIA performance calculations con- 
sider soil characteristics. In requesting USA- 
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Figure 5-4. Magnetic declination over the world, 


CEEIA assistance in performance predictions or 
in antenna selection or design, the soil character- 
istics should be given. 


5-7. Frequency Selection for Skywave Mode 


a. General. Because propagation of radio waves 
in the hf band is highly frequency-dependent, the 
selection of the proper operating frequency is of 
extreme importance. Under normal operating 
conditions, a frequency change must be made at 
least twice daily. When unusual conditions exist, 
more frequent changes are required. Whenever 
possible, the propagation prediction services of 
USACEEIA should be utilized in selecting fre- 
quencies. This paragraph will discuss the use of 
USACEEIA predictions. 


b. Using Frequency Reliability Tables. One 
form of output of USACEEIA’s skywave predic- 
tion program is a frequency reliability table. A 
sample table is presented at figure D-1 and de- 
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scribed in appendix D. The use of the tables in 
selecting the operating frequency will be ex- 
plained by examples. Refer to figure 5-5. 

(1) As example 1, choose the best operating 
frequency for the period 0200 UT. The frequency 
of 7.3 MHz is the frequency giving the greatest 
reliability at this time interval. If interference is 
experienced on 7.3 MHz, the next choice would be 
10.4 MHz, at a slight decrease in reliability. Note 
that the reliability for 9.2 MHz drops below 0.90 
and multipathing increases to 0.38. At the bottom 
of the table the maximum usable frequency 
(MUF) and the frequency of optimum operation 
(FOT) are shown for this circuit. The FOT is 
11.2 for 0200 UT. Since the reliability is com- 
puted for each of 11 frequencies, a good sampling 
of reliability is obtained throughout the frequency 
assignment. 

(2) As example 2, choose the best operating 
frequency for 1000 UT. At this hour the highest 
frequency giving the greatest reliability is 12.1 
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Figure 5-5. Operational frequency plan based ox frequency reliability table. 


MHz. Although the same reliability, 0.96, is 
predicted for 11.5 MHz, there is less likelihood 
of interfering signals at the higher frequency. 
Should interference be expeirenced at 12.1 MHz, 
the operator should try 11.5 MHz as a second 
choice. If interference is experienced on both 12.1 
and 11.5, the operator should try 15.7 MHz. From 
the FOT table it is seen that FOT at this hour is 
22.2 MHz. 

(3) Usually it is desired that the stations 
have communications capability at all times. A 
plan of operational frequencies is drawn up which 
gives a high probability of successful communi- 
cations with a minimum of frequency changes. 
Figure 5-5 shows such a plan based on the fre- 
quency reliability table already discussed. 


5-8. Improving Communications by Signal 
Processing 


a. General. In the discussion of the power budg- 
et (para 5-2), the importance of an adequate 
signal-to-noise ratio was stressed. High frequency 
communications are characterized by various 


types of fading which result in deterioration of 
the signal-to-noise ratio. Methods of partially 
counteracting short periods of fading by signal 
processing are discussed in this paragraph. Some 
techniques improve the signal-to-noise ratio; 
others utilize the periods of good transmission 
and disregard the periods of serious fading. 


b. Use of Diversity. 

(1) Diversity is the reception of signals by 
two or more paths, followed by the choosing of 
the best signal or by combining all signals. Di- 
versity is very effective in reducing errors in 
digital transmission. Dual] diversity, using two 
paths, is most commonly used on hf. Quadruple 
diversity, using four paths, can be used on hf, 
but is more common on microwave links. Diver- 
sity techniques require special receiving equip- 
ment, and al except space diversity require special 
transmitting equipment or techniques. 

(2) Ata space diversity receiver site, two an- 
tennas are used and these are spaced some dis- 
tances apart so that the signal from the trans- 
mitting antenna to each of the receiving antennas 
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Figure 5-6. Example of diversity improvement. 


travels a different path through the medium. A 
separate receiver is employed for each receiving 
antenna and some selecting or combining equip- 
ment must be used. Over a period of time, the 
combined diversity signal will have a higher 
average value than a single signal. This is shown 
in figure 5-6, which presents signal levels for a 
single signal and the combined signal from two 
diversity receivers. Comparison of the curves 
shows that the fading of the combined signal is 
less than that of the single signal. The effect of 
antena spacing on the performance of two hf an- 
tennas and receivers in space diversity is shown 
in figure 5~-7. It is apparent that, as the spacing 
is increased from zero, the improvement is very 
rapid initially, but bevond 7.5 wavelengths the 
rate of improvement is so small that no further 
increase would be warranted. Space diversity is 
the most commonly used diversity technique. 

(3) Fading does not affect all frequencies 
equally. Frequency diversity may use two carrier 
frequencies or two tones on the same carrier. 
Both techniques are wasteful of the frequency 
spectrum, The use of a separate carrier means 
two transmitters as well as two receivers. The 
use of two tones on the same carrier is less ef- 
fective than space diversity. 

(4) Time diversity takes advantage of the 
fact that the error-producing factors usually oc- 
cur in oursts of moderately well defined time 
durations. The time diversity technique places 
the same information two or more times in the 
same medium, separated by more than the normal 
duration of an error burst. Excellent performance 
improvements are possible even when the medium 
has a high percentage of such bursts. Its major 
disadvantage is that it requires at least twice 
the nominal throughput capacity of a nondiversity 
system. 

(5) Where space is not available to separate 
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two large horizontal antennas, polarization di- 
versity is a compromise which requires very little 
space yet provides almost as much advantage as 
is offered by space diversity, or more advantage 
if space separation is less than five wavelengths. 
The antennas can be very close to each other. 
In polarization diversity, one antenna is vertical 
and one horizontal. Each antenna is fed into a 
separate receiver in a manner similar to a space 
diversity system. Polarization diversity is effec- 
tive on medium and long paths, but on long paths 
space diversity with adequate separation is better. 

(6) One doublet antenna can be erected 
broadside to the distant station and one erected 
with the doublet ends in line with the distant 
station. The antennas can share a common sup- 
port pole. Radio waves arriving after bouncing 
off the ionosphere will be randomly or elliptically 
polarized. The doublets arranged in a cross ar- 
rangement will function as a cross-polarized an- 
tenna to a wave arriving at a very high angle. 
As a result, fading will be highly uncorrelated 
and excellent diversity gain will result on paths 
up to 650 km (400 mi). Figure 5-8 shows an- 
tennas connected in the right-angle diversity 
configuration. 


c. Coding Techniques. Both error-detecting and 
error-correcting codes are used to improve the 
bit error rate. An automatic request-repeat 
(ARQ) feature may be used with any full duplex 
circuit having an error-detecting code. The re- 
ceiving terminal is configured to automatically 
transmit “QR” (request repeat) when an error is 
detected. The transmitting terminal then repeats 
the character or block of characters involved. 
ARQ works well on hf circuits. 


d. Adaptive Techniques. 
(1) Various techniques can be used to adapt 
a communications link to deteriorated conditions. 
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Concentrating the available transmitter power under adverse conditions. Dropping to a single 
over a narrower bandwidth improves the signal- teletypewriter channel will allow communications 
to-noise ratio. Changing from two voice channels under even worse conditions. 
(6 kHz bandwidth) to a single voice channel (3 (2) Teletypewriter service frequently uses 
kHz) may allow continuation of communications frequency shift keying, in which one frequency is 
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Figure 5-8. Right-angle diversity antennas. 


transmitted for a “mark” and another frequency 
is transmitted for a “space.’’ In general, fading 
is not identical on the two frequencies. Some re- 
ceivers alter the method of distinguishing between 
the marks and spaces in response to varying 
propagation conditions. Significant improvement 
in error rates can be achieved by such techniques. 


e. Noise Blanking. Noise blanking is used to 
combat manmade noise on voice transmissions. 
In one type of blanking a noise receiver, tuned 
somwhat above 30 MHz, is used to pick up noise. 
The output of the noise receiver is used to dis- 
able rf and if sections of the communications re- 
ceiver during noise pulses. The result is brief 
blankings of the desired signal, but the absence of 
signal is much less disturbing to the listener than 
the noise bursts, and intelligibility is improved. 


f. Speech Processing. 

(1) Speech waveforms have much lower 
average power than peak power. Increasing the 
ratio of average power to peak power by signal 
processing increases the effectiveness of the 
signal. 
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(2) A simple way of improving the average 
to peak power ratio is by using an audio com- 
pressor circuit. Such a circuit acts as an auto- 
matic volume control. 

(3) A more effective technique is clipping 
the peaks. Clipping introduces higher order har- 
monics and causes splatter. To prevent this, audio 
frequencies above those needed for intelligible 
speech are filtered out after clipping but before 
modulation. 

(4) Rf clipping of a single sideband (ssb) 
signal is very effective. Improvements of 8 dB 
in signal-to-noise ratio can be obtained with this 
technique. Severe clipping (20 dB) changes the 
total quality of the voice signal, but intelligibility 
is increased. With moderate clipping (6 to 12 
dB), there is little loss in naturalness of tone and 
intelligibility is increased considerably. 

(5) Automati: level control can be used to 
maintain the rf peak of an ssb transmitter at a 
relatively constant level. The choice of the time 
constant for the circuit, which governs its reac- 
tion time, is critical. To be most effective the 
circuit should react to the syllables of speech. 


5-9. Electromagnetic Compatibility 


a. Definition. Electromagnetic compatibility 
(EMC) means the ability of communications- 
electronics equipments, subsystems, and systems, 
together with electro-mechanical devices (for ex- 
ample, motor vehicles, engine generators, and elec- 
trical tools}, to operate in their intended opera- 
tional environments without suffering or causing 
unacceptable degradation because of unwanted 
electromagnetic radiation or response. Electro- 
magnetic compatibility embraces both susceptibil- 
ity and vulnerability. Radio frequency interfer- 
ence reduction is an older term for (and is con- 
sidered to be synonymous with) the newer, pre- 
ferred term, electromagnetic compatibility. 

(1) Design compability is electromagnetic 
compability achieved by incorporating engineer- 
ing characteristics and features during the design 
stages as opposed to corrective measures adopted 
after equipment has been produced. EMC engi- 
neering and analysis services are available at HQ, 
USACEEIA (CCC-EMEO-ECD), Fort Huachu- 
ca, Arizona 85613. 


(2) Operational electromagnetic compatibil- 
ity is electromagnetic compatibility among C-E 
items of material in a real operational situation. 
HQ USACEEIA provides assistance to help cor- 
rect operational problems caused by electromag- 
netic interference (EMI). 


b. Sources of Interference. 


(1) Some of the many sources of interference 
are discussed in this paragraph. A more detailed 
treatment of interference sources can be found in 
TM 11-490-5, Operational Electromagnetic Com- 
patibility and FM 11-486-15, Telecommunications 
Engineering: EMC for Systems Engineers. 

(2) Interference can arise from natural or 
from manmade causes. Although the effects of 
natural interference are usually geographically 
widespread, manmade interference usually affects 
only limited areas relatively close to the source. 


c. Natural Interference. 

(1) In the case of natural interference, the 
source may be as close as the earth’s atmosphere 
or as far away as distant galaxies. 

(a) Atmospheric noise includes such things 
as lightning discharges, which produce “static.” 
This is well known and easily recognized by most 
people. Another type of atmospheric noise is 
“precipitation static’ which is caused by rain, 
hail, snow, and dust storms. Most atmosnvheric 
noise consists of short, erratic bursts spread over 
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the rf spectrum. Such noise is usually the limiting 
factor in communications below 30 MHz. 

(6) Solar noise is usually a long-term 
noise level covering the major portion of the us- 
able frequency spectrum. It increases in level 
during high sunspot or solar flare activity. Some 
parts of the frequency spectrum may experience 
greater increase in noise than others. Solar noise 
is usually not important in the hf band. 

(c) Galactic noise varies with frequency 
and with position in the galaxy. Galactic noise is 
usually not important in the hf portion of the rf 
spectrum. 

(2) There is little we can do about natural 
interference except to know as much as possible 
about it and to use this knowledge to minimize 
its worst effects. For example, a knowledge of 
the usual effects of sunspot and solar-flare activ- 
ity might enable us to anticipate which frequen- 
cies might be usable if the normal frequencies are 
affected by such activities. 


d. Manmade Interference. As might be ex- 
pected, manmade interference is most prevalent 
in areas where man is most prevalent, such as 
industrial areas and densely populated areas. It 
arises from intentional radiation from communi- 
cations and radar equipment, and from many 
other equipments which emit electromagnetic en- 
ergy as an unintentional but largely unavoidable 
byproduct of their operation. Examples of the 
latter are electric generators and motors and 
many types of medical equipment, such as X-ray 
and diathermy apparatus. Manmade interference 
falls into two categories—narrowband and broad- 
band. 

(1) Narrowband interference is interference 
which affects or interferes with one specific fre- 
quency or frequency band without affecting oth- 
ers. The various types are cochannel and adjacent 
channel interference. Cochannel interference is 
caused by one or more unwanted frequencies 
which fall within the pass-range of a particular 
system, or in one or more channels of a system, 
in sufficient strength to cause unacceptable inter- 
ference. Adjacent channel interference is caused 
by one or more unwanted frequencies which, al- 
though outside the frequency range of a given 
receive channel, are sufficiently close in frequency 
and of sufficient strength to cause unacceptable 
interference. Usually, proper planning and the 
built-in facility of most receivers to reject un- 
wanted signals are sufficient to afford protection. 
However, if the unwanted signals are in the same 
channel as the wanted signal (cochannel), the 
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receiver cannot tell the difference between the 
two. In many cases, the unwanted signals arise 
from authorized emissions, so the question is, why 
the interference? There are several possible rea- 
sons: 

(a) A ecochannel emission without ade- 
quate geographical separation is a typical scurce 
of interference. If the proximity is unavoidable, 
every effort should be made to allocate frequencies 
sufficiently separated to prevent the cochanne! ef- 
fects. This may be the case in transportable opera- 
tions where it is necessary to locate receiver and 
transmitter adjacent to each other. If it is not 
possible to obtain either the required geographical 
or frequency separation, steps should be taken to 
ensure minimum power radiation and bandwidth 
consistent with the mission. 

(b) The need for good maintenance can 
never be stressed too much. The effects of inade- 
quate maintenance are magnified where potential 
adjacent channel interfering signals are present. 
Transmitter or receiver frequency drift can cause 
the onset of the problem. If, because of inadequate 
maintenance, the receiver’s ability to reject fre- 
quencies outside the tuned range (its sciectivity) 
is below standard, the likelihood of expermencing 
adjacent channel interference is greatly increased. 

(c) Sometimes, as a result of such phenom- 
ena as sunspot activity, solar flares, or magnetic 
storms, unusual propagation conditions can occur. 
These can cause not only the temporary loss of 
usual operating frequencies but also the reception 
of signals from distant locations which normally 
would not be significant. The result is that the 
distant station cun be mistaken for a local tnter- 
fering station and time can be wasted in attempt- 
ing to locate it. The presence of such a station, 
coupled with abnormal propagation conditicns, 
should always raise the possibility that the inter- 
ference is not local. Under such circumstances, a 
frequency change might be the only effective solu- 
tion. 

(d) Harmonics are multiples of a basic 
frequency. In a transmitter’s radiated emission, 
there are always some harmonics and other spuri- 
ous components. These are a norma! outcome of 
the internal electronic mechanism, not only of 
transmitters but also of most types of electronic 
equipment. Usually, these components are kept at 
a low level compared with the fundamental radi- 
ated frequency. If, however, adequate mainte- 
nance is not carried out or circuits are malad- 
justed, the inevitable outcome is an increase in 
the level of harmonics and spurious components. 
These not only use up an unnecessar’ly high pro- 
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portion of available power, but also occupy space 
in the frequency spectrum at a level which could 
cause significant interference. Given a good equip- 
ment design in the first instance, this problem can 
be minimized only by thorough, regular mainte- 
nance of equipment, including antennas, trans- 
mission lines, switches, connectors, and grounding 
conductors and connections. 

(e)} Intermodulation occurs when two or 
more signals or frequencies which are simultane- 
ously present in a circuit, such as a receiver input 
or a transmitter output, mix in such a way as to 
produce other frequencies called intermodulation 
products. Cross-modulation oceurs when the intel- 
ligence on an unwanted signal is superimposed on 
the wanted signal. Both types of phenomena can 
cause frequency interference to other circuits. As 
in the case of harmonics, these products are usu- 
ally of a low level relative to the wanted signal, 
and increase to an unacceptable level for the same 
reasons—lack of adequate maintenance or malad- 
justment of circuits, loose antenna leads, or con- 
nectors, corrosion or foreign matter inside equip- 
ment, and the like. Thorough maintenance will do 
much to keep intermodulation and crossmodula- 
tion products within tolerable limits. A pertinent 
point relating to detecting problems arising from 
all types of spurious components is that even 
when they are causing local interference, their 
levels are usually well below that of the funda- 
mental frequency of the emitters concerned. Con- 
sequently, they can be mistaken for the output of 
a distant transmitter. The possibility should al- 
ways be considered, unless there is a positive 
identification of a distant transmitter. Steps for 
isolation are then required. The usual start point 
is to arrange for each local transmitter to be 
removed from operation, in turn, and as briefly as 
possible, to see if the interference disappears. 
Where appropriate, approval] should be obtained 
in advance, and whenever possible, alternative 
facilities should first be provided. 

(2) Broadband interference is characterized 
by noise emission which extends over a wide fre- 
cuency range, usually at an even intensity. It has 
many sources, but the most common cause is the 
periodic opening and closing of a circuit, which 
produces “transient” voltages and currents com- 
posed of many frequencies harmonically related 
to the opening /closing rate. 

(a) Sudden changes of voltage are caused 
by surges, corona, arcing, sparking, or any inter- 
ruption of an electric power circuit. The most 
common causes of powerline interference are: in- 
sulators covered by dust or other airborne mate- 


Remember, when you have a problem or equation which contains more 
than one type of grouping symbol, "work from the inside out." 
This simply means complete all of the indicated operations within 
the innermost set of symbols first, the next innermost set of 
symbols second, and so on. When all of the indicated operations 
within a grouping symbol have been completed, the symbol may be 
removed from the problem. This will keep the problem from 
becoming cluttered with unnecessary symbols which could cause you 
to make an error. Also, neatness and an orderly step-by-step 
procedure for simplifying a problem will prevent many errors. 


Remember, you must do all multiplication and division before any 
addition and subtraction, and the rules must be applied to each 
step needed to simplify the problem or equation. Now that you 
have rules to govern the order of operations, the answer to the 
expression presented previously is quite easy: 3 x 7+4+H=?= 
21+ 4 = 25. 


Let's look at a few other examples: 
6 xX 8 - 7x2 = (6 x 8) - (7 xX 2) = 48 - 14 = 34 
30 + 10 x 3 = (30 + 10)3 = 3 x 3 = 9 


These examples show you how important the rules for the order of 
operations are in solving equations. Remember, when grouping 
symbols are not given, these rules must be followed if you are to 
arrive at the correct answer. 


Lesson Summary. This lesson demonstrated how to use the rules 

for order of operations to solve given equations. Remember the 
rules: Simplify by removing the grouping symbols, multiply or 

divide, then add or subtract. 


Unit Exercise: Complete items 1 through 38 by performing the 
action required. Check your responses against 
those listed at the end of this study unit. 


1. What single factor made the Hindu-Arabic number system 
superior? 


a. Ability to perform addition 
b. Compounding of powers of ten 
c. Ability to repeat numbers 

dad. Invention of zero 


rial, resulting in conduction of current across the 
material; damaged insulators; excessive voltage, 
which causes a breakdown in the dielectric (insu- 
lating medium) between power lines; insulation 
breakdown in transformers or capacitor banks; 
intermittent contact between metallic objects on 
power poles; poor ground connections between a 
neutral line and earth; and sharp points project- 
ing from powerlines causing corona. Again, the 
most effective answer is a thorough inspection 
and maintenance program. Proper maintenance 
will minimize corona, but some corona will exist 
on very high voltage lines despite the best main- 
tenance practices. 

(b) Transient voltages can be generated 
by the normal operation of fluorescent and other 
arc-discharge lights or by defective starter or 
ballast units. The interference so caused can be 
conveyed to the victim receiver by direct radia- 
tion, by conduction along powerlines, or by radia- 
tion into the powerline followed by conduction 
along the powerline. Interference caused by de- 
fective arc-discharge lights can usually be pin- 
pointed because of visual or aural indications from 
the light involved. However, as some lights cause 
interference while working perfectly, it may be 
necessary to undertake a trial and error system 
to locate the culprit. The main thing is not to 
discount a fluorescent, mercury vapor, or sodium 
vapor light, based on lack of visual or aural indi- 
cation that it is at fault. 

(c) Transient voltages are generated by 
are-welding equipment and these may cause inter- 
ference. Industrial quality arc-welders usually 
have adequate suppression incorporated. However, 
inadequate maintenance can result in significant 
radiation. The first step is to ensure that the 
equipment is properly installed. This includes 
proper shielding, bonding, bypassing, and ground- 
ing. In particular, the shortest possible grounding 
connection should be made. Subsequently, a thor- 
ough maintenance program will minimize prob- 
lems. Inspection for loose connections, broken 
bonding straps, and defective filters or bypass 
capacitors should be carried out regularly and 
repairs made without delay. 

(d) Interference caused by vehicular-type 
ignition systems is normally present over a wide 
frequency range (0 to 500 MHz). Although it is 
usually most troublesome in the frequency range 
from 30 to 150 MHz, it also affects the 2- to 30- 
MHz range. The effects can be intensified in 
vehicles having defective ignition harnesses. Al- 
though this interference is usually minimal at 
distances over 500 feet from the source, instances 
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have oceurred of interference from greater dis- 
tances. This depends largely on the sensitivity of 
the victim receptor. Because of the diversity of 
interference sources of this type (including pri- 
vate vehicles, lawn mowers, and the like), it is 
difficult to remedy. Remedial steps could include 
fitting noise-suppression devices to site service 
vehicles, denying or restricting site access to 
other vehicles, and careful selection of timings 
for lawn-cutting (periods of low communications 
usage). 

(e) The operation of switches and relays 
causes transient voltages capable of producing in- 
terference. This is particularly so of electro- 
mechanically-operated switches or relays working 
at a periodic rate (such as vibrators or buzzers). 
Many components of this type, particularly re- 
lays, have suppression devices incorporated. Non- 
operation or failure of the suppressor can result 
in significant interference. Checking and mainte- 
nance can minimize the effects of this type of 
interference. 


(f) In a motor or generator, a rotating 
commutator is usually connected to external cir- 
cuitry through brushes which rest upon and slide 
over the commutator segments as the commutator 
rotates. This type of switching arrangement which 
will produce transient voltages capable of causing 
interference. The interference can be intensified 
by brush bounce and commutator segment surface 
irregularities. As the segments become pitted and 
dirty with carbon deposits (and this is a normal 
occurrence in a motor or generator), the degree 
of interference generated will increase. Thorough 
and regular maintenance (cleaning of sliding 
parts, replacement of brushes) will help to mini- 
mize interference. 

(g) Any sort of rapidly pulsed voltage, 
such as radar, contains components of energy 
spread over a wide frequency range. Most radar 
systems employ some type of sweeping or rotating 
antenna system, which causes the intensity of 
any interference experienced by a receptor to 
vary at the antenna’s sweeping rate. It is there- 
fore fairly easy to detect and isolate. It may be 
possible to eliminate the interference by means 
of a slight change of location of the victim re- 
ceptor’s antenna. If this fails, a closer examina- 
tion to include trial and error corrective proce- 
dures will be required. It is important in such 
cases to report the interference to the appropriate 
authority and request assistance. 


(h) Industrial, scientific, commercial, and 
medical apparatus employ radio frequency elec- 
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tromagnetic energy which can produce serious 
interference, particularly as the latter can be 
radiated or conducted over long distances. Such 
equipment includes diathermy, X-ray, microwave 
ovens, and induction heaters. Remedies for this 
type of interference might be difficult to obtain. 
If a problem can be traced to a local source, it 
may be possible to arrange for the faulty equip- 
ment to be checked out, repaired if practicable, 
or replaced if necessary. If the source is distant, 
it may not be possible to locate it because there 
may be no trace of the interference anywhere 
between the source and the victim. In such cases, 
“evasive” action such as a frequency change or a 
reassignment of channels may be the only solu- 
tion. A pictorial representation of some of the 
sources of interference described is contained in 
figure 5-9. 


e. Rf Interference With Audio Equipment. Rt 
signals are outside the passband of audio equip- 
ment and normally cause no problems. However, 
very strong rf signals may overload any audio 


NATURAL 


COCHANNEL 


NARROWBAND 


stages they are able to enter and cause severe 
interference. Amplitude modulated signals can be 
rectified in an overloaded audio stage and intel- 
ligible interference may appear at the output of 
the audio equipment. The cure for this problem is 
to shield and filter signal and power leads so that 
rf does not enter the audio equipment. Power 
leads or input cable may be acting as an antenna 
for rf. Sometimes it may be necessary to improve 
the shielding of the audio equipment which is 
rectifying the rf signal. Series inductances and 
shunt capacitors may have to be installed at the 
device. 


f. Transfer Mechanisms. 

(1) In practice, it is usually necessary to 
isolate and locate a source of interference before 
effective action can be taken to eliminate it. To 
determine the source, it is usually necessary to 
find out by what means the interfering energy is 
being transferred from the culprit to the victim 
equipment. The two basic means of transfer are 
conduction and radiation and, although these are 
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Figure 5-9. Interference sources. 
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quite different in nature, many instances of inter- 
ference occur because of a combination of the two 
effects. 

(a) Interference by conduction can occur 
when two separate circuits have an element, or 
part of a load, in common. Voltages from one 
circuit, present in the common element, affect 
the other circuit. One of the most frustrating 
aspects of the common load is that there need not 
be a physical connection between the two circuits. 
Voltages in a wire can be transferred into an- 
other wire in close proximity because of certain 
coupling phenomena. These effects are true of 
tones or other alternating currents. They are not 
true of steady-state direct currents but are very 
much a factor where direct current is being 
keyed or switched either periodically or aperiodi- 
cally. If such effects are noted in a new installa- 
tion, either the design or the installation tech- 
niques, or both, are poor. If they suddenly appear 
in an installation, someone has changed some- 
thing. One of the most frequent instances of a 
physical common connection is in grounding sys- 
tems. If the earth leads from various circuits are 
connected to a common point as close as possible 
to the subterranean earth system (in the ground 
if possible), the interference effects will usually be 
minimized. If, however, they are joined together 
to a common earth wire some distance from the 
subterranean earth system, the impedance of the 
wire between the joint and the earth system con- 
stitutes a common load and interference can be 
experienced in this way. Given a sound installa- 
tion in the first place, subsequent conduction in- 
terference is generally caused by proximity cou- 
pling and as a result of some action taken by a 
member of the site staff. If the transmission power 
levels in a system are maladjusted, and are 
higher than they should be, the proximity effects 
between adjacent cables or pairs in a particular 
multipair cable are intensified. Where the trans- 
ferred voltage at the correct level setting might 
be imperceptible, it may be sufficient to cause 
interference if the level is set too high. Most 
cables carrying different types of signals at vari- 
ous levels, such as TTY, vf, and control, have 
metal foil or other types of shields to prevent or 
minimize coupling of the energy to other pairs in 
the same cable or other cables. The shield must 
be unbroken and propery bonded to earth at one 
end. If the shield is broken or the earth discon- 
nected for any reason, the shield becomes ineffec- 
tual and interference can occur. This usually hap- 
pends when someone has been doing work close to 
the cable in question. The work may have been 
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the laying of a new cable, retermination of cables, 
jumpering, or some other activity not directly 
associated with the cable in question but close 
enough to it physically to cause damage. Another 
possibility is that in installing and connecting a 
new cable and carrying out associated jumpering, 
the incorrect type of cable or jumper may have 
been used (for example, nonshielded cable or 
jumper when shielding was needed). 

(b) Many C-E and other types of elec- 
tronic equipment are designed to transfer infor- 
mation to the desired receptor by means of radia- 
tion, or wave propagation through space. Many 
equipments radiate without any requirement or 
intention to do so. Consequently, our atmospheric 
environment is heavily dosed with radiated elec- 
tromagnetic energy. Owing to the limitations in- 
herent in propagation, only a small fraction of 
the energy radiated from an emitter usually 
reaches the desired receptor. Some finds its way 
into outer space; some experiences absorption in 
various media. Owing to various other phenom- 
ena, such as reflection, refraction, and diffraction, 
the remainder finds its way as interference into 
receptors for which it was not intended. Sound 
frequency planning, together with the bandwidth 
and power limitations previously discussed, usu- 
ally minimizes the degree of interference which 
is experienced. However, it is clear that the prop- 
agation media which exist between emitter and 
receptor, and the conditions existing in those 
media at any time, will have a profound effect on 
how and where the energy is distributed. 

(2) A knowledge of these transfer mecha- 
nisms is invaluable as a starting point in trying 
to locate and eliminate sources of interference. 
In particular, it is important to establish how 
interference is entering a receptor, as well as 
where it comes from, because the nature of the 
transfer mechanism often determines what re- 
medial action can, rather than should, be taken. 

(3) Methods of locating interference were 
discussed in paragraph 2-10d. 


g. Avoidance and Minimization of EMC Prob- 
lems. 

(1) Although a particular installation cannot 
always avoid being the victim of externally gen- 
erated interference, there is much that can be 
done within the station to prevent it from either 
suffering from its own interference or inflicting 
it on someone else. 

(2) Some of the most important factors in 
avoiding or minimizing EMC problems are knowl- 
edge of the station or facility and the capacity to 
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speedily detect any abnormalities. It is essential 
that operating personnel have knowledge of nor- 
mal meter and indicator readings, normal signal 
sounds, and normal visual representations of sig- 
nals on instruments such as cathode ray oscillo- 
scopes and spectrum analyzers. This should be 
coupled with a thorough familiarity with all] 
aspects of station configuration, and expertise in 
operational and maintenance procedures. The use 
of accurate station logs and performance records 
for channels and systems will then provide in- 
valuable data on past problems, which may throw 
light on current problems. 


h. Electromagnetic Radiation (HMR) Hazards. 
Whenever electromagnetic energy is radiated 
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there is a potential hazard to nearby ordnance, 
fuel, and personnel. The hazard criteria for ord- 
nance items depends upon the type of items and 
their configuration (in storage, transit, and vari- 
ous stuges of assembly). Prior to installing and 
operating transmitters in the vicinity of ordnance 
items HQ, USACEEIA (CCC-EMEO-ECD) 
should be contacted to determine if electromag- 
netic fields will be generated which may exceed 
the applicable hazard criteria. For installation of 
transmitiers near refueling operations, 5 watts/ 
co's onsidered to be hazardous. Power density 
of LO mW-em® is considered to be hazardous to 
persennel. The Environmental Hygiene Agency, 
Aberdeen Proving Ground. should be contacted 
concerning hazards to personnel. 
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CHAPTER 6 


ESTABLISHING HIGH FREQUENCY COMMUNICATIONS WHEN 
FREQUENCY RELIABILITY TABLES ARE NOT AVAILABLE 


6-1. General 


Although it has been stressed in this manual that 
communicators should take advantage of the engi- 
neering and advisory services of USACEEIA, 
situations will inevitably arise in which such 
services will not be available. This chapter pro- 
vides guidance to be used in the absence of more 
specific advice. Expedient methods of choosing 
operating frequencies and determining great cir- 
cle distances and azimuths are discussed. 


6—2. Short Groundwave Paths 


a. General. With the transmitter power likely 
to be available, 80 km (50 mi) over sea water 
should be taken as the upper limit for groundwave 
service. Path lengths that may be supported by 
groundwave get progressively shorter as_ the 
ground conditions become poorer. Sometimes even 
with relatively high power, only 2 miles or less 
can be covered by groundwave, even with optimum 
frequency selections. Controlling elements include 
frequency, type of antennas, and the condition of 
the terrain over which propagation must be ac- 
complished. Groundwave propagation is most ef- 
fective at the lower frequencies, that is, 2 to 5 
MHz. Unfortunately, noise (atmospheric, man- 
made, etc.) has a more detrimental effect at the 
lower frequencies, thus requiring a careful choice 
of operating frequency. The use of vertical an- 
tennas is strongly recommended for groundwave 
propagation since the signal radiated from a 
vertical source is not attenuated to as great a 
degree as that produced by a horizontal antenna. 
A sloping wire antenna is also an effective radia- 
tor for reliable groundwave communications. 


b. Groundwave Range Charts. “Ground Wave 
Propagation Charts for Selected Areas World 
Wide” is a book published by USACEEIA to pro- 
vide guidance about groundwave propagation for 
selected areas of the world. Various types of 
earth conditions are considered. Groundwave 
ranges are predicted for 2, 3, 5, 7, 10, 12, 15, 20, 


and 25 MHz. Appendix D contains a somewhat 
more complete description of the charts and pro- 
vides instructions for requesting copies. Use of 
these charts will give the communicator an indi- 
cation of the range to be expected from ground- 
wave service and provide a basis for deciding 
between the use of groundwave and skywave. It 
must be kept in mind, however, that in hilly and 
mountainous terrain the groundwave range may 
be much less than indicated by the charts. 


6-3. Short and Intermediate Skywave Paths 


“Intermediate and Short Distance Skywave Prop- 
agation Charts” is a series of separate volumes 
published by USACEEIA. Each volume covers a 
specific geographic area. The charts provide prop- 
agation predictions for distances up to 2,400 km 
(1,500 mi). The charts are described more com- 
pletely, and instructions for requesting copies are 
provided, in appendix D. These charts, and in- 
formation provided in paragraph 6-6, can be 
used in selecting operating frequencies. 


6—4. Air/Ground Communications 


Most air/ground communications are now carried 
on at vhf and uhf frequencies. However, because 
communications at vhf and uhf frequencies are 
restricted to essentially a line-of-sight range, there 
are two important applications of hf to air/ground 
service. These are communications at great dis- 
tances and communications with low-flying heli- 
copters in hilly and mountainous terrain. Commu- 
nications with the low-flying helicopter are little 
different than any other short skywave path. For 
communications with aircraft at distances up to 
8,300 km (4,500 nmi), USACEEIA publication 
“Air/Ground Sky Wave Propagation Charts for 
Selected World Wide Stations’ may be used for 
guidance. The short title of the publication is 
“A/G Book.” A description of the A/G Book and 
instructions for requesting copies are included in 
appendix D. 
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6—5. Estimating Azimuth and Great Circle 
Distance 


JSACEEIA will provide azimuth ard great circle 

distance computations upon request. Instructions 
for requesting this service are included in appen- 
dix D. It is desirable that this information be 
obtained from USACEEIA in all cases. It is es- 
sential that it be obtained when highly directional 
antennas are used on paths more than a few hun- 
dred kilometers in length. On short paths, using 
a half-wave dipole, any of its variations, or any 
other broadbeam antenna, approximations de- 
scribed in paragraph 5—5b may be used. The an- 
tenna should be oriented using a magnetic com- 
pass, also as described in paragraph 5—5b. With 
broadbeam antennas the orientation need not be 
precise, and any available supports which provide 
approximate alinement may be utilized. Distance 
ean be sealed from any available map. 


6—6. Obtaining Information by Listening 


a. A considerable amount of information about 
propagation conditions can be obtained by listen- 
ing to signals which can be received. Any signal 
emanating from the vicinity of the cistant station 
may be used. If a received signal is very strong, 
propagation conditions are good between the 
transmit and receive points. Unless transmitting 
power and type of antenna are known, reception 
of a weak signal does not give much information. 
The signal may be weak because the transmission 
is beamed in another direction. Variations in sig- 
nal strength do give useful information. Table 
6~1 lists the international cal] sign prefixes. K, W, 
and N are basic stems for United States stations. 
The United States is also authorized to use call 
letters AAA through ALZ. During peacetime, in- 
terception of amateur radio stations is recom- 
mended. The call sign gives the country of origin. 
Table 6-2 lists amateur geographical prefixes. In 
the United States the numeral! following the initial 
prefix usually but not always defines the geo- 
graphical area (fig 6-1). Table 6—3 lists the fre- 
quencies and type of emission for the amateur 
bands. 


bh. Another source of excellent propagation data 
is international time signals. For example, WWV, 
located at Ft. Collins, Colo., and operated by the 
National Bureau of Standards, broadcasts time 
signals on 2.5, 5, 10, and 15 MHz. WWVH, lo- 
cated in Hawaii, broadcasts the same signals on 
the same frequencies with the exception of 2.5 
MHz. Several countries broadcast time signals on 
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hf frequencies. Some of these transmissions are 
included in table 6-4. 


ce. In order to obtain propagation data by signal 
intercept, it is virtually essential that a tunable 
receiver be available so that the bands can be 
scanned reasonably rapidly. The antenna must 
have relatively constant gain and directivity char- 
acteristics across the hf band, since evaluation is 
based on received signal intensities. Figure 6-2 
shows sample data obtained from 24-hour propa- 
gation intercept. After a couple of days of sam- 
pling, a reasonably accurate propagation chart 
can be constructed. In the interim, the intercept 
data must be used for propagation guidance. When 
in doubt as to which signal to use of those indi- 
cated as propagating, select the highest or next 
to the highest band indicated. Be very careful in 
the use of frequencies above 21 MHz as they may 
have unstable propagation characteristics. 


6-7. Calling Frequencies 


Calling frequencies are frequencies designated for 
use in making initial contact between stations. In 
hf operations, three or four calling frequencies 
may be assigned so as to have an appropriate fre- 
quency available for various ionospheric condi- 
tions. 


6-8. Characteristics of Various Frequencies in 
the Hf Spectrum 


a. All radio waves are attenuated in passing 
through an ionized region. The attenuation is in- 
versely proportional to the square of the fre- 
quency. Lower frequencies are attenuated more 
than higher frequencies. The optimum frequency 
for operation is only slightly less than the maxi- 
mum usable frequency. For very short distances, 
the best operating frequency is only slightly below 
the critical frequency. For greater distances, as 
the elevation angle of the ray decreases, the best 
operating frequency increases. 


b. Very low frequencies in the 2 to 30 MHz band 
are least affected by the solar cycle and are 
needed, especially at night, for successful skywave 
transmission over short paths. For very long dis- 
tances, 10 MHz at night and 20 MHz during the 
day are useful. The optimum frequencies increase 
with increasing sunspot numbers. 


ce. The maximum usable frequency for long 
paths is almost always determined by the F2 
layer. At short and intermediate distances, the E 
layer is controlling during the daytime. 


AAA-ALZ 
AMA-A0Z 
APA-ASZ 
ATA-AWZ 
AXA-AXZ 
AYA-AZZ 
BAA-BZZ 
CAA-CEZ 
CFA-CKZ 
CLA-CMZ 
CNA-CNZ 
COA-COZ 
CPA-CPZ 
CQA-CRZ 
CSA-CUZ 
CVA-CXZ 
CYA-CZZ 
DAA-DTZ 
DUA-DZZ 
EAA-EHZ 
EIA-EJZ 
EKA-EKZ 
ELA-ELZ 
EMA-EOZ 
EPA-EQZ 
ERA-ERZ 
ESA-ESZ 
ETA-ETZ 
EUA-EWZ 
EXA-EZZ 
FAA-FZZ 
GAA-GZZ 
HAA-HAZ 
HBA-HBZ 
HCA-HDZ 
HEA-HEZ 
HFA-HFZ 
HGA-HGZ 
HHA-HHZ 
HIA-HIZ 
HJA-HKZ 
HLA-HMZ 
HNA-HNZ 
HOA-HPZ 
HQA-HRZ 
HSA-HSZ 
HTA-HTZ 
HUA-HUZ 
HVA-HVZ 
HWA-HYZ 
HZA-HZZ 
IAA-IZZ 
JAA-JSZ 
JITA-JIVZ 
JWA-JXZ 
JYA-JYZ 
JZA-JZZ 
KAA-KZZ 
LAA-LNZ 
LOA-LWZ 
LXA-LXZ 
LYA-LYZ 
LZA-LZZ 
MAA-MZZ 


Prefix 


Table 6-1. International Call-Sign Prefixes 


Coantry 


United States 
Spain 
Pakistan 
India 
Australia 
Argentina 
China 

Chile 

Canada 

Cuba 
Morocco 
Cuba 

Bolivia 
Portuguese Territories 
Portugal 
Uruguay 
Canada 
Germany 
Philippines 
Spain 
Ireland 
Soviet Union 
Liberia 
Soviet Union 
Iran 

Soviet Union 
Estonia 
Ethiopia 
Soviet Bielorussia 
Soviet Union 
France and Territories 
Great Britain 
Hungary 
Switzerland 
Ecuador 
Switzerland 
Poland 
Hungary 
Haiti 
Dominican Republic 
Colombia 
Korea 

Iraq 

Panama 
Honduras 
Thailand 
Nicaragua 

El Salvador 
Vatican City 
France and Territories 
Saudi Arabia 
Italy and Territories 
Japan 
Mongolia 
Norway 
Jordan 

Trian 

United States 
Norway 
Argentia 
Luxembourg 
Lithuania 
Bulgaria 
Great Britain 


NAA-NZZ 
OAA-OCZ 
ODA-—ODZ 
OEA-OEZ 
OFA-OJZ 
OKA-OMZ 
ONA-OTZ 
OUA-OZZ 
PAA-PIZ 
PJA-PJZ 
PKA-POZ 
PPA-PYZ 
PZA-PZZ 
QAA-QZZ 
RAA-RZZ 
SAA-SMZ 
SNA-SRZ 
SSA-SSM 
SSN-STZ 
SUA-SUZ 
SVA-SZZ 
TAA-TCZ 
TDA-TDZ 
TEA-TEZ 
TFA-TFZ 
TGA-TGZ 
THA-THZ 
TIA-TIZ 
TJA-TIZ 
TKA-TKZ 
TLA-TLZ 
TMA-TMZ 
TNA-TNZ 
TOA-TQZ 
TRA-TRZ 
TSA-TSZ 
TTA-TTZ 
TUA-TUZ 
TVA-TXZ 
TYA-TYZ 
TYA-TZZ 
UAA-UQZ 
URA-UTZ 
UUVA-UZZ 
VAA-VGZ 
VHA-VNZ 
VOA-VOZ 
VPA-VSZ 
VTA-VWZ 
VXA-VYZ 
VZA-VZZ 
WAA-WZZ 
XAA-XIZ 
XJA-XOZ 
XPA-XPZ 
XQA-XRZ 
XSA-XSZ 
XTA-XTZ 
XUA-XUZ 
XVA-XVZ 
XWA-XWZ 
XXA-XXZ 
XY A-XZZ 
YAA-YAZ 


Prefix 
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Country 


United States 

Peru 

Lebanon 

Austria 

Finland 
Czechoslovakia 
Belgium 

Denmark 

Netherlands 
Netherlands Antilles 
Indonesia 

Brazil 

Surinam 

(Service abbreviations) 
Soviet Union 

Sweden 

Poland 

United Arab Republic 
Sudan 

United Arab Republic 
Greece 

Turkey 

Guatemala 

Costa Rica 

Iceland 

Guatemala 

France and Territories 
Costa Rica 

Cameroon 

France and Territories 
Central African Republic 
France and Territories 
Congo (Brazzaville) 
France and Territories 
Gabon 

Tunisia 

Chad 

Ivory Coast 

France and Territories 
Dahomey 

Mali 

Soviet Union 

Soviet Ukraine 

Soviet Union 

Canada 

Australia 

Canada 

British Territories 
India 

Canada 

Australia 

United States 

Mexico 

Canada 

Denmark 

Chile 

China 

Upper Volta 

Cambodia 

Vietnam 

Laos 

Portuguese Territories 
Burma 

Afghanistan 
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Table 6-1. International Call-Sign Prefixes—continued 


Prefix Country Prefix Country 
YBA-YHZ Indonesia 5VA-5VZ Togo 
YIA-YIZ Iraq 5WA-5WZ Western Samoa 
YJA-YJIZ New Hebrides 5XA-5XZ Uganda 
YKA-YKZ Syria 5YA-52ZZ Kenya 
YLA-YLZ Latvia 6AA-6BZ United Arab Republic 
YMA-YMZ Turkey 6CA-6CZ Syria 
YNA-YNZ Nicaragua 6DA-6JZ Mexico 
YOA-YRZ Romania 6KA-6NZ Korea 
YSA-YSZ El Salvador 6O0A-60Z Somali 
YTA-YUZ Yugoslavia 6PA-6SZ Pakistan 
YVA-YYZ Venezuela 6TA-6UZ Sudan 
YZA-YZZ Yugoslavia 6VA-6GWZ Senegal 
LAA-ZAZ Albania 6XA-6XZ Malagasy 
ZBA-ZIZ British Territories 6YA-6YZ Jamaica 
ZKA-ZMZ New Zealand 6ZA-6ZZ Liberia 
ZNA-ZOZ British Territories TAA-TIZ Indonesia 
ZPA-ZPZ Paraguay TJA-7NZ Japan 
ZQA-ZQZ British Territories TOA-7PZ (not allocated) 
ZRA-ZUZ South Africa 7QA-7QZ Malawi 
ZVA-ZZZ Brazil TRA-TRZ Algeria 
2AA-222 Great Britain TSA-TSZ Sweden 
3AA-3AZ Monaco TTA-TYZ Algeria 
3BA-EFZ Canada TZA-TZZ Saudi Arabia 
3GA-3GZ Chile 8AA-8IZ Indonesia 
3HA-3UZ China 8JA-8NZ Japan 
3VA-3VZ Tunisia 80A-8RZ (not allocated) 
3WA-3WZ Vietnam 8SA-8SZ Sweden 
3XA-3XZ Guinea 8TA-8YZ India 
BY A-3YZ Norway 8ZA-8ZZ Saudi Arabia 
3ZA-3ZZ Poland 9AA-9AZ San Marino 
4AA-4CZ Mexico 9BA-9DZ Iran 
4DA-41Z Philippines 9EA-9FZ Ethiopia 
AJA-ALZ Soviet Union 9GA-9GZ Ghana 
4MA-4MZ Venezuela 9HA-9HZ Malta 
4ANA-40Z Yugoslavia dIA-9JZ Zambia 
A4PA-4SZ Ceylon 9KA-9KZ Kuwait 
ITA-ATZ Peru 9LA-9LZ Sierra Leone 
4UA-4UZ United Nations 9MA-9MZ Malaysia 
4AVA-4VZ Haiti 9NA-9NZ Nepal 
AWA-4WZ Yemen 90A-9TZ Congo (Leopoldville) 
4X A-4XZ Israel 9UA-9UZ Burundi 
AYA-4YZ International Civil Aviation 9VA-9WZ Malaysia 

Organization 9XA-9XZ Rwanda 

AVA-4ZZ, Israel 9Y A-9Z2Z, Trinidad and Tobago 
SAA-5AZ Libya Recent Additions 
5BA-5BZ Cyprus A2A-A2Z Republic of Botswana 
5CA-5GZ Morocco A3A~A3Z Kingdom of Tonga 
5HA-5IZ Tanzania A4A-A4Z Oman 
5JA-5KZ Colombia ASA~A5Z Bhutan 
5LA-5MZ [sheria A6A-A6Z United Arab Emirates 
5BNA-50Z Nigeria C2A-C2Z Republic of Naura 
5PA-5QZ Denmark C3A-C3Z Principality of Andorra 
5RA-5SZ Malagasy L2A-L9Z Argentina 
5TA-5TZ Mauretania S2A-S3Z Bangladesh 
5UA-5UZ Niger 


d. Abnormal ionospheric conditions associated 
with solar disturbances disrupt high frequency 


Paths traversing the polar regions are particularly 
sensitive to solar influences. Appendix G dis- 


communications to varying degrees. In severe in- 
stances {!:ere can be an almost complete blackout. 
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cusses solar disturbances and their effects on 
communications. 


Table 6-2. Amateur Radio Geographical Prefixes 
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Prefix Country Prefix Country 
AA-AL USA LZ Bulgaria 
AP Pakistan N USA 
BV Taiwan OA Peru 
BY China oD Lebanon 
CE Chile OE Austria 
CM, CO Cuba OH Finland 
CN Morocco OK Czechoslovakia 
CP Bolivia ON Belgium 
CR9 Macao OX, XP Greenland 
CT Portugal OZ Denmark 
CT2 Azores PA, PD, PE, PI Netherlands 
CX Uruguay PY Brazil 
DA, DF, DJ, DK, DL West Germany SK, SL, SM Sweden 
DM, DT East Germany SP Poland 
DU Philippines SU Egypt 
EA Spain SV Crete, Greece 
EI Treland TA, TC Turkey 
EP Tran TF Iceland 
ET3 Ethiopia TG Guatemala 
F France TI Costa Rica 
G England UA USSR 
GM Scotland VE Canada 
GW Wales VK Australia 
HA Hungary vo Canada 
HB Switzerland VP9 Bermuda 
HC Ecuador VS6 Hong Kong 
HH Haiti VU India 
HI Dominican Rep. Ww USA 
HK Colombia XE Mexico 
HL, HM Korea XU Khmer Republic 
HP Panama XW Laos 
HR Honduras XZ Burma 
HS Thailand YI Traq 
HV Vatican City YK Syria 
HZ, 7Z Saudi Arabia YN Nicaragua 
I, IT Italy YO Rumania 
JA, JE, JG, JH, IR Japan YU Yugoslavia 
JY Jordan YV Venezuela 
K USA ZA Albania 
KA US personnel in Japan ZB Gibraltar 
KC4AA, KC4US Antarctica ZE Rhodesia 
KG4 Guantanamo Bay, Cuba ZL New Zealand 
KH6 Hawaii ZP Paraguay 
KL7 Alaska ZS1, 2, 3, 4, 5, 6 South Africa 
KP4 Puerto Rico 3V Tunisia 
KS6 US Samoa 4U ITU Geneva 
KW6 Wake Island 4X, 4Z Israel 
KZ Canal Zone 5A Libya 
LA, LB, LF, LG, LU Norway 9H1 Malta 
LU Argentina 9Q Rep. of Zaire 
LX Luxembourg 
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Figure 6-1. Amateur Call Area Designations. 


Table 6-3. Internationaily Allocated Hf Amateur Bands 


Band designation Frequency coverage Emissions Remarks 


160 meter 1.800-2.050 (MHz) 0.1A1, 1.1F1, 3A3J, 643 Some power restrictions, worldwide 
80 meter 3.500—3.890 0.1A1 and 1.1F1 Worldwide 

75 meter 3.800—-4.000 3A3J and 6A3 Worldwide 

40 meter 7.000-—7.1)0 0.1A1, L1IF1, 3A3J, 6A3 Europe and Pacific only 

7.000-7.300 0.1A1, L1F1, 3A3J, 6A3 CONUS, Alaska, and 
South America 

20 meter 14.000-14.350 0.1A1, LIF1, 3A3J, 6A3 Worldwide 

15 meter 21.000-21.450 0.1A1, 1.1F 1, 2A3J, 6A3 Worldwide 

10 meter 28.000—2¢.700 O1A1, 2.1F1, 3A3J, 6A3 Worldwide 
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10. 


The two purposes of the digits in any number is to show 
the 


a. cardinal and place values. 

b. cardinal and face values. 

c. natural and place values. 

dad. natural and face values. 

Which set consists of entirely natural numbers? 


a. 3, 17, 19.5 c. 0, 1, 2 
b. 1/2, 2, 10 dis~ ~ 35. 25% -27 


Which example illustrates the principle of closure? 


c. 479 
qd. 9F+4 


a. 4-9 
b. 4+9 


tol 
it Ul 


Which answer to the example below is an integer? 


a. 3 +2 Cc. 8 - 12 
b. 12.6 - 4 a. 71/4 x5 


Rational numbers can be expressed as 


a. fractions. c. decimals. 
b. whole numbers. dad. real numbers. 


Which example illustrates the reflexive property of 
equality? 


i} 
) 


a. 26=a c. a 
a=hb dad. b 


When you write a statement such as a = 6, what axiom of 
equality allows you to change this to 6 = a? 


a. Commutative property 
b. Symmetric property 
c. Reflexive property 
d. Distributive property 
W 
b 


hat axiom of equality applies to this statement? If a = 
and b= c, then a=c. 


a. Transitive property 
b. Commutative property 
c. Reflexive property 

d. Distributive property 


The addition of 27 + 31 can be written 31 + 27 because of 
the property. 


a. commutative c. reflexive 
b. associative d. transitive 
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Call 
Sign 


ATA 


CHU 


HBN 


JIY 


LOL 


MSF 


OMA 


RWM/ 


RES 


VNG 


Wwv 


WWVH 


ZUO 


ZUO 


Table 6~4. Standard Frequency and Time Stations 


Latitude 
an 

Location name ; longitude 
New Delhi, India 28° 34° N 
77° 19° E 

Ottawa, Canada 45° 18° N 
75° 45° W 

Neuchatel, Switzerland 47° 00’°N 
06° 57’ E 

Tokyo, Japan 35° 42’ N 
189° 31’ BE 

Buenos Aires, Argentina 34° 37'S 
58° 21’ W 

Rugby, United Kingdom 52° 22’ N 
o1° 11" W 

Prague, Czechoslovakia 50° 07’ N 
14° 35’ E 

Moscow, Soviet Union 55° 45’ N 
37° 18° L 

Lyndhurst, Victoria, Australia 38° 00'S 
145° 12’ E 

Fort Collins, Colo., USA 40° 41° N 
105° 2’ W 

Maui, Hawaii, USA 20° 46’ N 
156° 28’ W 

Olifantsfontein, South Africa 25° 58’ S 
28° 14’ E 

Johannesburg, South Africa 26° 11'S 
28° 04’ E 


Carrier 
frequency 
(MHz) 
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CHAPTER 7 


PROBLEMS OF SHORT SKYWAVE PATHS 


7-1. General 


Short skywave paths of 650 km (400 mi) or less 
present certain difficulties. For one, groundwave 
propagation may interfere with the desired sky- 
wave propagation. For another, takeoff angles up 
to almost 90° are required. 


7—2. Possibility of Interference Between 
Groundwave and Skywave 

Sea water and ground of high conductivity cause 
groundwaves to propagate very efficiently. Where 
these conditions exist between the terminals of a 
short skywave path, the groundwave can cause 
destructive interference. Since vertically polarized 
waves result in better groundwave propagation, 
antennas intended for skywave paths where 
groundwave interference may be expected should 
be horizontally polarized to provide the maximum 
discrimination against the unwanted groundwave. 
Selection of an operating frequency as close as 
possible to the FOT will also tend to discriminate 
against groundwave interference because the 
higher frequencies are less effective in ground- 
wave propagation. 


7-3. High Takeoff Angles 

a. Short skywave paths of course require high 
takeoff angles. Such angles introduce problems of 
antenna selection and construction. They also se- 
verely curtail the choice of operating frequencies. 


b. Antenna types that will produce high takeoff 
angles generally have low gains. 


c. The range between LUF and FOT, especially 
at night, is extremely small, limiting the choice of 
operating frequencies. Moreover, the proximity of 
the FOT to the lower frequencies magnifies the 
noise problems. The lower hf spectrum is more 
congested. It is also more susceptible to interfer- 
ence from natural causes such as lightning, pre- 
cipitation and snow static, ete. 


7—4. Low Operating Frequency 
a. FOT has been defined as equal to approxi- 


mately 85% of the MUF. The MUF in turn is a 
function of the critical frequency, f., and the angle 
of incidence, i, of the transmitted beam, that is, 
the angle between the direction of transmission 
and a line perpendicular to the surface of the 
earth. The critical frequency has been defined as 
the highest frequency that will be reflected back 
to earth when transmitted straight up (angle of 
incidence = 0°). The MUF is related to critical 
frequency and angle of incidence by 


MUF = f, sec i. (7-1) 


As i increases with increasing transmission dis- 
tance, secant i becomes larger and the MUF be- 
comes higher. The corollary applies to short paths: 
the MUF is close to the critical frequency. 


b, The lower limit on the range of frequencies 
that can be successfully used for skywave trans- 
mission is set by the LUF. Since the LUF does 
not vary in the same manner as the MUF (it is a 
function of the parameters which determine sig- 
nal-to-noise ratio), the useful frequency range 
varies in accordance with the transmission dis- 
tance. The shorter the distance, the smaller the 
range. For distances up to about 460 km (250 mi) 
nighttime frequencies range between 2 and 4 
MHz, and daytime frequencies, between 4 and 8 
MHz. 


7—5. High Atmospheric Noise 


a. Atmospheric noise is produced mostly by 
lightning and varies with location, season, time 
of day, and weather. In general, it is lower at the 
higher latitudes. 


b. Atmospheric noise is higher at the lower fre- 
quencies. This provides one means for guarding 
against it: using the highest possible frequency, 
i.e., operating at or near the critical frequency. 
Since charted MUF are statistical medians de- 
rived from empirical data, there are times when 
aetual MUF will be higher. Operation at higher 
frequencies during these times will reduce the 
atmospheric noise. Interception and analysis of 
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other signals emanating from the location of the 
distant terminal can provide information on us- 
able frequencies. If available, data collected by 
an oblique ionospheric sounder will aid in select- 
ing the operating frequency. 


c. Other means for protecting against atmos- 
pheric noise consist of the use of directional an- 
tennas and high transmitter powers. 


7-6. High Level of Interference From Other 
Stations 


The lower hf frequency ranges are heavily con- 
gested. Large portions are allocated to aeronauti- 
cal, maritime, broadcast and amateur uses. Con- 
sequently, electromagnetic interference (EMI) 
constitutes a severe problem at these frequencies. 


7-7. High Level of Manmade Noise 


Manmade noise is higher at the lower hf frequen- 
cies. It comes mostly from electrical machinery 
or internal-combustion-engine ignition systems 
within 100 m or so of the receiving antennas. It 
can also come from power lines in the vicinity. 
High-voltage transmission lines can produce in- 
terfering signals at even greater distances. The 
same is true for certain high-frequency medical 
devices such as diathermy equipment. Manmade 
noise levels, of course, vary widely with location, 
the noisiest being urban areas. Manmade noise is 
propagated primarily by groundwave, although it 
may also travel by skywave at frequencies below 
about 20 MHz. Manmade noise may also be trans- 
mitted over power lines. (Manmade noise is 
treated in chapter 2, paragraph 2-10d.) 


f(LOW) 


f(MEDIUM } 


f( HIGH) 


SPECIAL FEED BLOCK 
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7-8. Big Antennas 


Big antennas are required to provide reasonable 
gain at the lower hf frequencies. The gain of big 
antennas is limited, however, by losses introduced 
by the extreme lengths of the antenna conductors. 
The size of the antennas is also a disadvantage 
from the point of view of installation in the tacti- 
cal environment. 


7-9, Low Gain Antennas 


The antennas used for short skywave paths are 
usually low gain antennas. For vehicular commu- 
nications, bent verticals and inverted L type an- 
tennas are used. For fixed applications, the doub- 
let is the most commonly used antenna, although 
its structural requirements sometimes lead to the 
use of an inverted V antenna. The multiple doublet 
antenna (fig 7-1) may be used where it is neces- 
sary to operate well over several frequencies, 
although it is structurally more complex than 
either the single doublet or inverted V. This is a 
compromise antenna. If used for transmitting, it 
requires some “cut and try” to function within a 
reasonable VSWR for the frequencies involved. It 
consists of two or more doublets tied together and 
fed directly with 52-ohm coaxial cable. Very little 
interaction is noticeable and the antenna works 
well, provided the separation between wires is 
maintained, especially at the feed point. Using an 
antenna such as this will normally require use of 
three supporting masts, the center one to prevent 
sag. For broadband requirements, there are trans- 
portable log-periodic antennas such as the one 
shown in figure 7-2. Table 7~1 summarizes the 


Figure 7-1. Multiple doublet antenna, 


7-2 


Figure 7-2. Transportable log-periodic antenna. 
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Table 7-1. Summary of Low Gain Antennas for Short Skywave Paths 


Type Description 

Doublet »/2 dipole constructed of wire, 
center fed. Can be a tape dipole. 

Inverted | A/2 dipole constructed of wire or 

Vv tape, center fed. Uses only one 
mast. 

Multiple | Compromise broadband antenna for 

doublet hf. 

Log- High-angle (90°-40°) broadband 

periodic antenna. 


Application 


Used for short and medium dis- 
tance communication. Useful radia- 
tion normally 40°-90°, good to 
about 1,300 km. 


Used for short and medium dis- 
tance communication. Slightly less 
efficient than normal doublet, par- 
ticularly at short distances. 


Basically same results as doublet, 
but operates well on several fre- 
quencies in band. 


Used for very short path, 0 to 1,300 
km, transmit or receive, up to 2.5 
kW pep, 4-30 MHz. 


Construction 


Wire, center fed normally with 
52-72 © coax supported between 
masts or poles. Maximum radiation 
perpendicular to plane of wire. No 


_ tuning unit required. 


Wire, center fed normally with 52 


: Q coax. Supported with single mast 
at center, ends drooping to ground, 
‘ otherwise same basic characteris- 


tics as a doublet. No tuning unit 
required. 


Two or three doublets, all connected 
together. Fed with 52 2 coax cable, 
wires separated by minimum of 30 
em. 


Two 45° towers each approximately 
30 m high supporting a log-peri- 
odic dipole curtain. 


characteristics of the various low gain antennas 
used for short skywave paths. 


7-10. The Dipole as a Field Antenna 


The horizontal dipole, or doublet antenna, pro- 
vides a ready solution to the problem of achieving 
high takeoff angles in the field. Doublets are easily 
installed and can even use trees of suitable height 


for masts. For frequencies between 2 and 15 
MHz, a height above ground of 10 m (38 ft) is 
recommended. A major disadvantage of the doub- 
let antenna is its frequency sensitivity. To facili- 
tate frequency changes, the segmented doublet 
(fig 4-16) can be used. It consists of an antenna 
with insulators at appropriate intervals such that 
they can be jumpered to change the electrical 
length of the antenna. 
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CHAPTER 8 


HIGH FREQUENCY COMMUNICATIONS UNDER UNUSUAL CONDITIONS 


8-1. General 


a. Some problems in hf communications are 
peculiar to certain geographic areas and certain 
types of terrain. These problems are discussed in 
this chapter. The polar region is one such area. 
The polar ionosphere is very susceptible to the 
effects of solar disturbances. Hence, communica- 
tion paths which traverse the arctic are disturbed 
more frequently than those at lower latitudes. 
Mountainous areas present problems both because 
of the rugged terrain and the poor soil conduc- 
tivity. The dense vegetation in jungles absorbs 
groundwaves and presents problems in providing 
a clear path for skywaves. Special rules for an- 
tenna alinement apply near the magnetic equator. 
Desert areas present problems because of poor 
ground and atmospheric noise caused by blowing 
dust. 

b. A high-altitude nuclear explosion creates 
intense ionization over a large portion of the 
earth. This ionization has very disruptive effects 
on many types of radio communications, includ- 
ing high frequency paths. 


8-2. Special Problems in the Arctic 

a. Groundwave Mode. The arctic regions have 
very poor groundwave propagation characteris- 
tics, poorer than those for sandy soil, forests, and 
even jungle. Hence, in those regions the skywave 
mode is the most practical means of hf communi- 
cations. 


b. Skywave Mode. Because of the effect of the 
earth’s magnetic field on charged particles arriv- 
ing from the sun, the ionosphere is affected more 
over the polar regions than over temperate or 
equatorial regions. These disturbances disrupt 
communications not only between two arctic sta- 
tions but also between any two stations whose 
great circle connecting-path crosses a polar region. 

(1) Spread-F. Spread-F may occur during 
an ionospheric storm and is particularly disruptive 
to communications in the arctic, where it is some- 
times known as “auroral flutter.”” Spread-F occurs 
because of the breaking up or dispersion of the 


F2 reflecting region. This brings about rapid 
fading which is disastrous to hf communications. 

(2) Shortwave fade. A shortwave fade (or 
blackout) is a form of sudden ionospheric disturb- 
ance created when high energy X-rays and ultra- 
violet rays strike the ionosphere. This radiation 
causes a sudden increase in ionization of the D- 
layer which greatly increases the absorption of 
hf radio signals. Typically, a shortwave fade lasts 
1 to 4 hours and occurs during the daylight hours. 
Generally, the low end of the high frequency band 
is affected first. The LUF rises rapidly and may 
result in a sudden radio blackout. 

(3) Polar cap absorption. High-energy pro- 
tons from the sun are deflected toward the poles 
by the earth’s magnetic field. Here they produce 
increased ionization in the D-layer. Severe absorp- 
tion of hf radio waves results and may last for 
several days (especially in the sunlit polar cap). 
Polar-cap absorption is generally followed by a 
geomagnetic storm. 


8~3. Special Problems in Mountainous Terrain 
a. Because of intervening terrain, it is fre- 
quently not feasible to use groundwave in moun- 
tainous areas. Hence, skywave may be used even 
for very short distances. For short skywave paths, 
nearby ridges and peaks will not be a problem 
because of the high angles being employed. For 
long paths, it may be difficult to obtain the hori- 
zon clearance required for low elevation angles. 


b. Forested areas should be avoided, if possi- 
ble. Signal attenuation in a thick forest will be 
similar to that in a jungle environment (para 
8-4). 

ec. Poor ground will usually be found in moun- 
tainous areas. This is especially true on ridges and 


peaks. The use of a ground screen may be nec- 
essary. 


8—4. Special Problems in a Jungle Environment 


a. Groundwave attenuation in jungles and in 
other areas of dense vegetation is much greater 
than in other environments. The amount of at- 
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tenuation is dependent on the density of the foli- 
age. Groundwave communications are limited to 
a mile or so for normal transmitter power when 
the transmitting and receiving antennas are lo- 
cated within the jungle growth. Figure 8-1 com- 
pares field intensities of various environments for 
a vertically polarized wave. 


b. Another peculiarity of radio wave propaga- 
tion in the jungle is the result of the discontinuity 
in the radio refractive index which exists at the 
jungie-air interface. This discontinuity may re- 
fract or reflect radio waves, as shown in figure 
8-2. A wave may be refracted so as to travel along 
the interface, with a small amount of its energy 
being refracted or scattered to the receiving an- 
tenna. Such a wave is called a lateral wave. 


c. Because of the jungle growth, the ground- 
reflected wave, the direct wave, and the wave 
reflected by the jungle-air interface are at least 


60 dB below the lateral wave at distances greater 
than 1 km (0.6 mi). The lateral wave (the wave 
refracted by the jungle-air interface) is stronger 
than the skywave for very short distances. The 
distance at which the lateral wave and the sky- 
wave components become equal depends upon the 
time of day and the frequency being used. Be- 
cause of attenuation of the lateral wave, the sky- 
wave will usually be stronger at long distances. 

d. Raising antennas to minimize the portion of 
the path through the jungle foliage will improve 
communications. The horizontal doublet will prob- 
ably be the best antenna, even for short distances. 
Sloping antennas should not be used. 


8—5. Antenna Orientation Near the Magnetic 
Equator 

a. In the usual cases of groundwave and sky- 

wave communications, the transmitting and re- 

ceiving antennas are aimed so that their main 


DISTANCE (MILES) 


GROUNDWAVE AT 2 MHz 
TRANSMITTER POWER- 1000 WATTS 

FIELD ADJUSTED FOR I5-FOOT WHIP 
WITH MINIMUM TYPE GROUND SCREEN 
(92 dB> | aLV/M AT Imi) 


dB >1AV/M 


pre. ye ae 
an ee a 
a so 


DISTANCE (KILOMETERS) 


Figure 8-1. Groundwuve field intensity for vertically polarized antenna over different 
types of terrain. 
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TRANSMITTER 


1. GROUND-REFLECTED WAVE 


2. DIRECT WAVE 


GROUND 


RECEIVER 


3. WAVE REFLECTED FROM JUNGLE-AIR INTERFACE 


4. LATERAL WAVE 
5. SKYWAVE 


Figure 8-2. Radio paths in a jungle environment. 


beams point to each other. However, theory and 
experiments indicate a possible variation from 
this rule for nearly vertical incidence skywave 
communications at latitudes near the magnetic 
equator. The ordinary wave (2-60) is desirable 
because it usually has less attenuation than the 
extraordinary wave. The ordinary wave is best 
received in areas near the magnetic equator, on 
paths of 100 km (60 mi) or less, by alining dipole 
antennas in a north-south direction, regardless of 
the direction of propagation. Considering the ef- 
fect of the magnetic field over the geomagnetic 
equatorial region, it has been shown that such 
usage of north-south dipoles for both transmitting 
and receiving—and hence utilization of the ordi- 
nary wave mode—would involve a relative gain 
over the orthodox antenna arrangement of 6 to 18 
dB, depending on ionospheric conditions at the 
time. 


b. However, during certain periods of the day, 
especially at near-vertical incidence (on very 
short-distance paths), when the transmission fre- 
quency is very near the ordinary wave critical 
frequency, the extraordinary wave may be more 
stable or less absorbed than the ordinary wave. 
In such cases, east-west alinement should be used. 


e. The following recommendations are made 
for paths up to about 100 km (60 mi) near the 
geomagnetic equator. 

(1) Horizontal half-wave dipole antennas are 
preferable to vertical quarter-wave whip antennas 
in all environments, especially in the dense forest; 
other horizontally polarized antennas, singly or 
in arrays, may be used in place of dipoles. 

(2) Horizontal dipoles for both transmitting 
and receiving should be oriented in the magnetic 
north-south direction for paths shorter than 100 
km (60 mi). For paths greater than 100 km (60 
mi) use the classic broadside dipole alinement. 

(3) Should the quality of reception become 
poor because the signal strength is dropping low 
into the background noise, either or both of the 
two following procedures should be tried: 

(a) Shift the operating frequency to the 
next one allocated. Shift to the lower frequency 
first, then to the higher one if necessary. 

(b) Try east-west dipoles if this alternative 
is available. 

(4) If facilities for diversity reception are 
provided in the system, the cross north-south and 
east-west antennas should be used for receiving 
and the north-south antenna for transmitting. 
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8—6. Operating in a Post-Nuclear 
Environment 


a. An atmospheric nuclear burst always pro- 
duces large disturbances in the atmosphere. For 
bursts below about 25 km, the most significant 
disturbed region is a well defined fireball having 
dimensions ranging from fractions of a kilometer 
to tens of kilometers. If the burst occurs at shal- 
low depths below the earth’s surface, or at very 
low altitudes, i.e., a hundred meters or so above 
the earth’s surface, large dust clouds are gener- 
ated in the atmosphere in addition to the fireball. 


b. For bursts at altitudes of about 80 km and 
higher the affected regions extend far beyond the 
fireball and are measured in hundreds of kilome- 
ters. For bursts between 25 and 80 km, there is 
a transition from the well defined fireball to the 
extended affected regions. 


c. The increase of ionization in the D, E, and F 
layers by a nuclear burst may have several effects 
on hf propagation. First absorption can be in- 
creased, and the hf wave can be at least partially, 
if not totally, absorbed. The refraction character- 
istics of the E and F layers may also be signifi- 
cantly changed. Where absorption has not been 
total, there will be a change in propagation char- 
acteristics. Where there has been intense ioniza- 
tion of the D layer, hf waves may be totally 
absorbed in this layer. Or, only a portion of the 
wave may be absorbed and the remainder re- 
fracted back to the earth. In this instance, there 


will be attenuation of the hf signa! and changes 
in the hf propagation geometry. 


d. Low altitude bursts could cause some inter- 
ference for both the skywave and groundwave 
modes of propagation. This interference will not 
be significant unless the bursts are close enough 
to the transmitting and receiving antennas to 
affect a significant portion of the main transmis- 
sion path. Noise from the fireball will also be a 
source of interference. Interference from dust will 
be negligible. 


e. The interference with hf skywave communi- 
eations from high altitude bursts may last many 
hours. The other types of interference discussed 
above are expected to last only a few seconds. 
Table 8-1 summarizes the effects of a nuclear 
burst on hf communications. 


8—7. Special Problems in the Desert 


a. Blowing dust often causes very high levels 
of atmospheric noise. This noise can be minimized 
by maintaining an antenna and surrounding area 
which are free of sharp points. 


b. Due to the poor ground in a desert, special] 
care should be taken to establish a good man-made 
ground for the vertical antenna to work against. 


c. For safety reasons, metallic objects should 
be grounded with a good static discharge path to 
ground. 


Table 8-1. Effects of Nuclear Burst on Hf Communications 


Approximate 
diameter of 
affected area 


Burst region Mode of hf propagation 


Degree of disturbance Duration 


Below 25 km Groundwave and skywave 


km 


80 km and above Skywave 


Km to tens of 


Hundreds of km 


Blackout for very near stations, Few seconds 


otherwise degraded performance 


Minutes to 
several hours 


Blackout to degraded performance 


Note, For bursts between 25 km and 80 km there is a transition of effects from those of a low altitude burst. 
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11. Which example illustrates the associative property for 
addition? 


a. 3+6+9 = 18 

b. 18 =9+6+ 3 

Cc. 9+6+3=9+H+ 9 

d. (3 +6) +9 = (9 + 3) +6 

12. 7x 9 = 9 x 7 illustrates the for 
multiplication. 


a commutative property 
b. symmetric property 
c. distributive property 
a transitive property 


13. Which example illustrates the associative property for 
multiplication? 


14. The law that states multiplication can be distributed 
over addition is the property. 


a. distributive 
b. commutative 
c. transitive 
dad. symmetric 


15. Which example best describes the distributive property? 


a 5 xX (2 + 3) = (5 x 2) + (5 x 3) 
b. 5 ¥ (2 + 3) 

Cc. 10 x 15 

ad. 25 


Solve items 16 through 19 by using the zero and unity elements. 


16. 10 x 16 +0 = 


a. Impossible c. O 

b. 16 ad. 1/16 
17. 7 +12: 

a. 1 c. 7 

b. 1/7 d. oO 
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CHAPTER 9 


MIXED PATH DISTANCES 


9-1. Hf Nets 


In the operation of hf nets it is not unusual to 
encounter a mix of path distances which requires 
special consideration. (In planning a net, early 
coordination with a propagation engineer is rec- 
ommended.) The mix may be a combination of 
groundwave and skywave modes, or it may be a 
wide range of distances using only the skywave 
mode. A multipoint net can consist of fixed sta- 
tions, mobile stations, and manpack stations (fig 
9-1). After considering service requirements, the 
configuration and concept of operation of the net 
are developed. In some cases, it is impossible to 
meet the requirements with a single antenna at 
any one time. Important considerations are— 


a. The service radius or area coverage required. 


b. Antenna type and power output of radio 
transmitters involved. 


ce. Directions of stations from the net control 
station. 


d. Requirement for all net stations to hear all 
other stations or only for all net stations to hear 
the net control station. 


e. Special aeronautical and land mobile net 
entry requirements. 


9-2. Sample Hf Net 


a. Consider an hf net which has the net control 
station in San Antonio, Tex. The net control sta- 
tion requires hf contact with all Texas land mobile 
and fixed stations, and also requires contact with 
stations in Illinois, Missouri, Indiana, Kentucky, 
and other Midwest states. There is no require- 
ment for each station to talk directly to all other 
stations or hear all transmissions directed to all 
other stations. A requirement does exist for all 
stations to talk directly with the net control sta- 
tion. Two radio positions at the net control station, 
should be considered, one using frequencies in the 
lower portion of the hf band to serve the Texas 
stations and one using higher frequencies to serve 


the Midwest stations. Midway stations can use 
the frequency they receive best (fig 9-2). 


b. Since the maximum distance involved is no 
more than 1,300 km (800 mi), the consideration 
of antennas for the net control station would in- 
clude several doublets for the Texas stations and 
a log periodic, sloping to the ground, for the mid- 
west stations. The doublets and log-periodic an- 
tennas should be at heights suitable for the re- 
quired takeoff angles. The transmit and receive 
antennas should be separated to minimize receiver 
blocking or desensitization. A rotatable log-peri- 
odie antenna, in addition to the fixed antennas, 
would provide increased flexibility in operation. 


ec. Horizontal or sloping doublets would be con- 
sidered for the nearby stations; and log-periodic 
antennas, aimed at the net control station would 
be considered for the distant station. 


d. There may be a requirement in a similar net 
for all participants to hear all transmissions from 
the net control station. In this case, all transmis- 
sions are made on several frequencies simultane- 
ously. 


9-3. Intersite Links 


Where transmitter and receiver sites are separated 
by severa] thousand feet or more, intersite links 
consisting of low power line-of-sight radio links 
are generally employed. A typical terminal is 
shown in figure 9-3. 


9-4. Air-to-Ground 


A conical monopole antenna is frequently used at 
the ground station for hf air-to-ground commu- 
nications because of its omnidirectional, broad- 
band coverage. It can be used for continuous moni- 
toring and for short-range, two-way communi- 
cations. For effective communications at greater 
distances, the conical monopole might be supple- 
mented by a rotatable log-periodic. (The conical 
monopole is discussed in FM 11-486-3.) 
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DESK UNIT 
OR CONSOLE 


MANPACK UNIT 


MOBILE UNIT 


FIXED STATION 


RADIO 
XMTR/RCVR 


NET CONTROL STATION 


PORTABLE 
UNIT 


MOBILE UNIT 


Figure 9~1. Multipoint hf radio net. 


9-5. Complex Nets 


In complex nets, it may be necessary for the net 
control to monitor and to have transmit capability 
on many frequencies simultaneously. Multiple re- 
ceivers fn operate from one broadband antenna 


9-2 


by the use of an rf antenna multicoupler. Outputs 
for 4, 8, and 12 receivers are common and more 
outputs can be provided. Sometimes the rf multi- 
couplers are combined with antenna switches for 
greater flexibility. Antenna patch panels and 
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AREA USING HIGHER 
FREQUENCY 


ee 


AREA USING FREQUENCY WHICH 
PROVIDES BEST PERFORMANCE 


Figure 9-2. Two-frequency multipoint net. 


switching matrices are used for even greater capa- requires the use of many frequencies because of 
bilities. A diagram of this arrangement is shown the large volume of traffic between net control 
in figure 9-4. Figure 9-5 diagrams a net which and the individual! stations. 
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Figure 9-8. Example of uhf radio terminal configuration at hf transmitter site. 
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Figure 9-4. Example of receive multicoupler and antenna switching network. 
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Figure 9-5. Hf net using many frequencies. 
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APPENDIX B 


DECIBELS 


B—1. Expressing Power Ratios in Decibels 


a. The decibel (dB) is a unit used to express 
the ratio between two powers. By definition, the 
ratio in dB’s equals 10 log,, P:/P.2, where P, and 
P. represent the powers being compared. The dB 
notation is applied to a wide variety of power 
ratios, such as the gain of an antenna over an 
isotropic radiator, the free space loss between 
antennas, or the signal-to-noise ratio at any point 
in a system. 


b. Consider an amplifier which yields an output 
of 9.7 watts with an input of 0.9 watt. 


dB’s = 10 log. 9.7/0.9 
= 10 log,, 10.78 
== 10x 1.03 
= 10.3 


The amplifier has a gain of 10.3 dB. 


c. Table B-1 shows the relation of dB to power 
ratio for a range from 1.0 to 10.0 and provides 
rules for extending the table. The table shows that 
a 3-dB change is equal to changing power by a 
factor of two. A 10-dB change is equal to changing 
power by a factor of 10. The smallest change 
detectable by the human ear is about 1 dB. Usually, 
a change of less than 14 dB is not important. 
However, a series of such variations can be of 
extreme importance in system operation. For ex- 
ample, on a long coaxial transmission line having 
hundreds of repeaters, the gain of the repeaters 
must be held to a very close tolerance to keep the 
overall performance within acceptable limits. 


d. Consider a transmission line which receives 
100 watts from a transmitter and delivers 89 
watts to the associated antenna. 


dB = 10 log,, 89/100 
= 10 log,, 0.89 
== 10 x (—0.0506) 
= —0.506 


The negative sign indicates a loss. Hence, the 
transmission line has a loss of 14 dB. 


B—2. Advantages in the Use of Decibels 


a. Because dBs are logarithmic, performance 
calculations are reduced from a series of multi- 
plications to a series of addition and subtraction 
steps. Consider a system with the following char- 
acteristics : 

(1) The transmission line at the transmitter 
has a loss of 10 percent. 

(2) The transmit antenna has a gain of four 
over an isotropic radiator. 

(3) The free space loss between transmit and 
receive antennas is 99.999 999 999 999 9 percent 
of the transmitted signal. (Received power is 
0.000 000 000 000 1 percent of transmitted signal.) 

(4) The receive antenna has a gain of two 
over an isotropic antenna. 

(5) The transmission line at the receive end 
has an efficiency of 85 percent. 


What is the ratio of received power (Px) to trans- 
mitted power (Pr)? 


b. To solve without dB: 
P,p/Prp=0.9x%4x1x10"%x2x 0.85 
= 6.12 x10 
Note that the large value of path loss is difficult 
to handle. 
c. To solve with dB: 

(1) Transmit transmission line loss equals 
10 log 0.9 — 0.5 db. 

(2) Transmit antenna gain equals 10 log 4 
= 6 dB. 

(3) Free space loss equals 10 log 1 x 10° = 
150 dB. 

(4) Receive antenna gain equals 10 log 2 = 
3 GB. 

(5) Receive transmission line loss equals 10 
log 0.85 — 0.7 dB. 

(6) Pr/P, in dB = 5 + 6 — 150 + 3 — 0.7 
= —142 dB. 
To verify that the two methods give consistent 
results: 10 log 6.12 x 10° — —142., 


d. Because the use of dB is simpler, it is custo- 
mary to express gains and losses in dB, although 
amplifier and antenna gains are sometimes also 
expressed as ratios. 
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Table B-1. Relation of Decibel to Power Ratio 


Decibel values are along top and left edge; power ratios are in body of table. 


4B 0 A 2 3 4 5B 6 7 8 ze) 
1.00 1.02 1.05 1.07 1.10 1.12 1.15 1.17 1.20 1,23 
0 1.00 977 955 .933 .912 891 871 851 832 813 
1.26 1.29 1.32 1.35 1.38 1.41 1.45 1.48 1.51 1.55 
1 .794 .776 .759 .741 724 .708 692 .676 661 646 
1.58 1.62 1.66 1.70 1.74 1.78 1.82 1.86 1.91 1.95 
2 .631 .617 603 589 .575 562 550 5387 525 518 
2.00 2.04 2.09 2.14 2.19 2.24 2.29 2.34 2.40 2.46 
3 501 .490 .479 468 457 447 437 A27 417 .407 
2.51 2.57 2.63 2.69 2.75 2.82 2.88 2.95 3.02 3.09 
4 398 389 380 372 .3863 355 3847 339 331 324 
3.16 3.24 3.31 3.39 3.47 3.55 3.63 3.72 3.80 3.89 
5 316 .3809 .3802 .295 .288 .282 .275 .269 .263 257 
3.98 4.07 4.17 4.27 4.37 4.47 4.57 4.68 4.79 4.90 
6 .251 .245 .240 .234 .229 .224 .219 .214 .209 .204 
5.01 5.13 5.25 5.37 5.50 5.62 5.75 5.89 6.08 6.17 
7 .200 195 191 .186 182 178 174 .170 .166 .162 
6.31 6.46 6.61 6.76 6.92 7.08 7.24 7.41 7.59 7.76 
8 .158 .155 151 148 .145 141 .138 .135 .132 .129 
7.94 8.13 8.32 8.51 8.71 8.91 9.12 9.33 9.55 9.77 
9 126 .123 .120 117 115 112 .110 .107 105 .102 
10.0 
10 .100 
The following rules are used to extend the table: 

Multiply Subtract Divide 

Add to dB ratio by from dB ratio by 

10 10 10 10 

20 100 20 100 

30 1,000 30 1,000 

10n 10n 10n 10n 


Sign of dB is positive for ratios greater than one, and negative for ratios less than one. 


B-3. Use of Decibels with Voltage and Current 
Ratios 


a. If the impedance of a circuit remains con- 
stant, thepower is proportional to the square of 
the voltage. The ratio of powers in such circuits 
is the same as the ratios of the squares of the 
voltages. 


dB — 10 log V’,/V?: 
== 10 log (V,/V.)? 
= 20 log V./V: 


To use this relation, it is essential that the im- 
pedances associated with the voltages be the same. 


b. Although not commonly used, the dB notation 
can also be used with current ratios. The formula 
is the same as for voltage ratios. 


db — 20 log I,/I. 


As with voltages, the impedances must be equal. 
Table B—2 shows the relation of dB to voltage and 
current ratios. 


B-2 


B—4. Use of Decibels to Express Power Levels 


By designating a reference power, dB can be used 
to express absolute power values. When 1 mW 
is used as the reference, the unit is designated 
dBm. A power of 2 mW is 3 dB above 1 mW and 
is designated 3 dBm. Figure B-1 shows the rela- 
tion of dBm to milliwatts. When 1 W is used as 
the reference, the unit is designated dBW. A 1 
kW transmitter has a power of 30 dBW. 


B-5. Use of Decibels to Express Sound Intensity 


By defining a reference level, dB nomenclature 
can be used to express sound intensity. The gen- 
erally accepted reference level is 1 x 10-'* watts 
per square centimeter. Sound level meters are 
calibrated to read the level in dB above this ref- 
erence. Properly, such readings are designated as 
dBrap (dB above reference acoustic pressure). 
In popular usage, the designation dB alone is 
frequently used. Table B-3 gives some typical 
sound levels. 


a. 0O c. -580 
b. 58 a. 580 


a. 56 c. 562 
b. 561 d. 5611 


Simplify items 20 through 29 by using the symbols of grouping. 
20. (8 + 2) +7 
21. 5 + [3 x 2] 


22. 8 + (3 +5) 


23. 4(3 + 7) 


24. 2 {6 + 5} 


25. (8 +3) +5 


26. 2(5 + 3) 


She [ae 8 40) P47] 


28. 17 15 x 2 


29. {17 + 3} 18 


FM 11-65 


Table B-2, Relation of Decibel to Current or Voltage Ratio (Equal impedances) 


Decibel values are along top and left edge; voltage and current ratios are in body of table. 


0 J 2 3 
1.00 1.01 1.02 1.04 
0 1.00 .989 O77 966 
1.12 1.14 1,15 1.16 
1 891 881 871 861 
1.26 1.27 1.29 1.30 
2 794 785 776 167 
1.41 1.48 1.45 1.46 
3 .708 -700 692 684 
1.58 1.60 1.62 1.64 
4 631 624 617 .610 
1.78 1.80 1.82 1.84 
5 562 556 550 543 
2.00 2.02 2.04 2.07 
6 501 495 .490 484 
2.24 2.26 2.29 2.32 
7 AAT 442 437 432 
2.51 2.54 2.57 2.60 
8 398 B94 389 385 
2.82 2.85 2.88 2.92 
9 355 351 3847 343 
3.16 3.20 3.24 3.27 
10 316 313 309 305 
8.55 3.59 3.63 3.67 
11 282 279 275 272, 
3.98 4.03 4.07 4.12 
12 251 248 245 243 
4.47 4.52 4.57 4.62 
18 224 221 219 216 
5.01 5.07 5.18 5.19 
14 .200 197 195 .193 
5.62 5.69 5.75 5.82 
15 178 176 174 172 
6.31 6.38 6.46 6.53 
16 158 157 155 153 
7.08 7.16 7.24 7.33 
17 141 .140 138 186 
7.94 8.04 8.18 8.22 
18 126 124 128 122 
8.91 9.02 9.12 9.23 
19 112 11 110 108 
10.00 
20 -100 


4 5 6 1 8 9 
1.05 1.06 1.07 1.08 1.10 1.11 
955 944 .933 928 -912 902 
1.18 1.19 1.20 1,22 1.28 1.25 
851 841 832 822 813 804 
1.32 1.33 1.35 1.37 1.38 1.40 
759 -750 TAL .733 724 716 
1.48 1.50 1.51 1.53 1.55 1.57 
.676 .668 661 653 646 638 
1.66 1.68 1.70 1.72 1.74 1.76 
603 596 589 582 575 569 
1.86 1.88 1.91 1.93 1.95 1.97 
537 531 525 519 513 507 
2.09 2.11 2.14 2.16 2.19 2.21 
AT9 473 468 A62 ABT 452 
2.34 2.37 2.40 2.43 2.46 2.48 
A27 422 17 412 407 403 
2.63 2.66 2.69 2.72 2.75 2.79 
.380 376 372 367 363 359 
2.95 2.99 3.02 38.05 3.09 3.13 
339 3385 331 327 324 320 
3.31 3.35 3.39 3.43 3.47 3.51 
302 298 295 292 .288 .285 
3.72 3.76 3.80 3.85 38.89 3.94 
269 .266 263 .260 257 254 
4.17 4.22 4.27 4.382 4.37 4.42 
240 237 284 232 229 226 
4.68 4.73 4.79 4.84 4.90 4.95 
214 211 .209 207 204 202 
5.25 5.31 5.387 5.48 5.50 5.56 
191 .188 .186 184 182 180 
5.89 5.96 6.03 6.10 6.17 6.24 
-170 .168 166 164 162 160 
6.61 6.68 6.76 6.84 6.92 7.00 
151 150 148 146 145 143 
TAL 7.50 7.59 7.67 7.76 7.85 
.135 .133 132 .130 129 127 
8.32 8.41 8.51 8.61 8.71 8.81 
120 119 117 116 115 114 
9.33 9.44 9.55 9.66 9.77 9.89 

-107 106 105 104 102 101 


1. The sign of a@B is positive for ratios greater than one, and 
negative for ratios less than one. 


B—6. Other Uses of Decibel Nomenclature 


In addition to dBm, dBW, and dBrap, many spe- 
cialized dB designations have been devised. Those 
most commonly used in communications are dis- 
cussed below. 


a. The unit dBm0 expresses signal or noise 
power measurements made at, or referred to, a 
zero level transmission point. The unit is used es- 
pecially with test tones. If the normal level at 
the zero level transmission point is 0 dBm, then 
9 dBm0 is 9 dBm for that point in that system. 
At a point in that system normally 5 dB below 
the zero level transmission point, 0 dBm0 for that 


2. To extend the table, add 20n to dB, which is ratio multiplied by 
10n. 


point is —5 dBm. If a level of —10 dBm is normal 
for the zero level transmission point, 0 dBm0 
for that point is —10 dBm. For a new transmis- 
sion level point in the same system which is 5 dB 
below the zero level transmission point, 0 dBm0 is 
—15 dBm. 

5b. The relative signal level (dBr) is the ratio 
of power, expressed in dB, at the measurement 
point to the power at the zero transmission level 
point (0 TLP). A test point which should read 
16 dB below the zero level reference point is a 
—16 dBr point. A signal] at a —16 dBr point which 
is 1 dB too high reads —15 dBr. 

e. The term dBrn is used to denote dB above 
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Figure B-1. Relation of dBm to miiliwatts. 


reference noise. The reference is one picowatt 
(10-'* watts; —90 dBm) of a 1,000-Hz tone meas- 
ured through the weighting network. The term 
dBrne indicates that the measurement is made 
through the C-message weighting network. The 
C-message network matches the 500-type tele- 
phone. The term dBrncO indicates that the C- 
message weighting network is used and that the 
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reference ievel is the noise power at the 0 TLP. 
The use of dBrn0 and dBrnc0 allows noise meas- 
urement made at different points to be readily 
compared. They indicate a measurement made at 
or referred to the 0 TLP. For example, a noise 
reading of 43 dBrnc made at a +7 transmission 
point level is 36 dBrncO (42 dBrne —[+7 dBr] 
= 36 dBrnc0). 


Table B-3. Typical Sound Levels 


Sound level; 


Source of sound dBrap* 
Jet plane at 100 feet; pain 130 
Propeller plane takeoff at 20 feet; thunder 120 
Riveting shop 110 
Superhighway; New York subway 90 
Noisy street 85 
Very noisy office; telephone use difficult 60 
Average room 50 
Quiet room 30 
Broadcast studio 25 
Soundproof vault; threshold of audibility 10 
Average speech at lips 110 
Average speech at microphone diaphragm 100 
Average speech at 4 feet 70 
Average whisper at 4 feet 25 


*Decibels above 1 x 10-!6 W/cm? 


B—7. Relations Between Decibel Units 


a. Figure B-2 shows the relation between the 
various units. The figure provides a number of 
equations for converting among the units. Some 
obvious relations are— 


(1) To convert from dBrn to dBrne, subtract 


(2) to convert from dBrne, add 2. 

(8) To convert from dBrn to dBm, subtract 
90. 

(4) To convert from dBm to dBrm, add 90. 

(5) To convert from dBrnc to dBm, subtract 
88. 

(6) To convert from dBm to dBrne, add 88. 


Comparable rules apply to measurements referred 
to the zero transmission level point. 


b. To convert from a unit in the upper half of 
the figure to a unit in the lower half, or vice versa, 
it is necessary to enter a dB value by the ““TLP”’ 
block. This value is the normal level of the TLP 
above the 0 TLP. If the TLP being considered is 
at the same level as the 0 TLP, the numerical 
values in the two halves of the figure are the same. 


c. Consider an example in which the normal level 
at the TLP is 7 dB above the 0 TLP and noise at 
that point measures 17 dBrn. Substracting 7 from 
17 gives 10 BrnO. Subtracting 3 from 10 gives 
dBrne to dBrnc0. Subtracting 90 from 17 gives 
—73 dBm. Subtracting 7 from —73 gives —80 
dBm0. Adding 88 to —80 gives 8 dBrnc0. Con- 
sistent values are obtained regardless of route 
followed. 


B-8. Addition of Powers Expressed in Decibels 
a. When two powers are expressed in dB with 
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Figure B-2. Relations among decibel units. 


respect to some reference level (for example, noise 
power in dBrnO or signal power in dBm), their 
sum or difference is not obtained by adding or 
subtracting the individual dB values. The powers 
themselves must be added or subtracted and then 
the sum or difference must be converted to dBrn0, 
dBm, or dB with respect to the reference used. 
Figure B-3 is a graph for determining directly the 
dB value corresponding to the sum or difference 
of two powers, the values of which are known in 
terms of dB with respect to some reference. 


b. For example, given the two powers 10 dBm 
and 6.5 dBm. First, find the arithmetical differ- 
ence between them (3.5 dB). Spot this 3.5 dB 
value on the abscissa (horizontal scale) of the 
graph. A projection of this 3.5 dB point upward 
intersects the subtraction curve at 2.6 on the left 
vertical scale. To obtain the difference in power 
between the original value given, subtract 2.6 
from the larger of the original values (10 —2.6 — 
7.4 dBm). To obtain the sum of the two powers, 
project the 3.5 dB point upward until it intersects 
the addition curve (at 1.6 on the right vertical 
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Figure B-3. DB corresponding to sum or difference or two powers. 
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scale). Then add 1.6 to the larger original value 
(10 + 1.6 = 11.6 dBm). 


c. For a short-cut method of adding two pow- 
ers expressed in dB above a common reference 
point, take the difference between the two dB 
values and find in the following chart the number 
corresponding to that difference; then add this 
number to the larger dB value. Most of these 
tabulated values are taken from the addition curve 
in figure B-3. 


Difference Add to Difference Add to 
in dB larger value in dB larger value 
0 3.0 dB vi 0.8 dB 

0.5 2.8 8 0.6 

1.0 2.5 9 0.5 

1.5 2.3 10 0.4 

2.0 2.1 ii 0.3 

3.0 1.8 13 0.2 

4.0 1.5 16 0.1 

5.0 1.2 20 0.0 

6.0 1.0 


d. When there are more than two powers to be 
added, the resultant may be obtained as shown in 
the following example. Assume that it is necessary 
to find the number of dBm that corresponds to 
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the total of the powers represented by these values 
of dBm: 10, 9.7, 6.5, 6.5, and 3. One method of 
solution by pairing is as follows: 


DB to add Resultant obtained 

Difference (from addition after value from 

Pairs of between the curve 01 curve is added 
values 2 values figure B-3) to larger of pair 
10, 6.5 3.5 1.6 104+ 1.6 = 11.6 
6.5, 3 3.5 1.6 654+16= 8.1 


Use the two resultants obtained above (11.6 and 
8.1) as a pair: 


11.6, 8.1 3.5 1.6 11.6+ 1.6 = 13.2 


e. To add a number of equal powers expressed 
in dBm (or dBrn0 or dBrne), the sum may be 
found by adding the number obtained from the 
following formula to the value of one power: 

Number of dB to be added — 10 log (number 
of equal powers). 
For example, assuming four powers are each 30 
dBm: 

Number of dB to be added = 10 log 4=— 6. 
Adding 6 dB to the power of 30 dBm gives a total 
power of 36 dBm. 


B-7 
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APPENDIX C 


REQUIRED SIGNAL-TO-NOISE RATIOS FOR VARIOUS GRADES OF SERVICE 


C-1. General 


The primary factor in determining the circuit 
reliability is the signal-to-noise ratio, which is 
directly associated with a grade of service. The 
grade of service defines the type of communication 
desired. The grade of service may state the per- 
centage of error-free messages in teletype trans- 
missions, the intelligibility of voice transmissions, 
or the percentage of satisfied observers of fac- 
simile transmissions. A minimum required signal- 
to-noise ratio is associated with the desired 
grade of service. This ratio is a function of 
the class of emissions, modulation index, modu- 
lation rate, and signaling codes, and includes 
the effects of fading, error-correcting schemes, 
noise reducers, optimum modulation and detection 
techniques, and diversity schemes. The user of the 
system may specify the grade of service or the 
signal-to-noise ratio. Representative signal-to- 
noise ratios for various grades of service are given 
in table C-1. 


C-—2. Bandwidth Considerations 


a. Note that this table lists the required S/N 
ratio for the signal in the occupied bandwidth 
relative to noise in a 1~Hz bandwidth. To convert 
the values to the ratio S/N (signal to noise in 
the oecupied bandwidth), subtract the dB equiva- 
lent of the actual signal bandwidth from the 
tabulated values. 


b. For example, the tabulated required S/N for 
6A3 emission, double sideband am, dua! diversity, 
fading, operator-to-operator, is 48 dB. The equiva- 
lent required S/N for both signal and noise in a 
3-kHz bandwidth 

= 48 dB —10 log signal bandwidth 
= 48 dB —10 log 3000 dB 

== 48 db —10 X 3.5 dB 

= 48 db —35 dB 


= 13 dB 


Table C-1. Required Signal-to-Noise Ratio in Occupied Bandwidth Relative to Noise 
in a 1-Hz Bandwidth 


Radio telephone 


Operator-to-operator! 


Stable 
eondition 


6A3 
Double sideband am 50 
3A3 
Single sideband am 
3A3A (reduced carrier) 48 
3A3J (suppressed carrier) 47 
6A3 
Independent sideband am 
6A3 (2 voice channels) 49 
9A3B (3 voice channels) 49 
12A3B (4 voice channels) 50 


See note below table. 


No 
divers 


51 


Signal-to-noise ratio (dB) 


Good commercial quality 


Fading Fading 
condition Stable condition 
condition 
Dual No Dual 
ity diversity diversity diversity 

48 67 5 70 
46 65 73 68 
45 64 72 67 
47 66 74 69 
47 66 T4 69 
48 67 75 70 
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Table C-1. Required Signal-to-Noise Ratio in Occupied Bandwidth Relative to Noise 
in a 1-Hz Bandwidth—continued 


Signal-to-noise ratio (dB) 
Radio teletypewriter 
Character error rate? 


10-2 10-2 10-4 
No Dual No Dual No Dual 
diversity diversity diversity diversity diversity diversity 
11F1 | | 
FSK, 60 wpm, 1500-Hz filter | 
Start-stop 56 51 63 59 69 64 
Synchronous 51 47 59 | 55 66 61 
BA7I | 
SSB, suppressed carrier, 16 teletypewriter | | 
subchannels, each subchannel + 42.5 Hz | | 
FSK, 110-Hz filter, 100 wpm | 
Start-stop 62 59 69 65 : 5 10 
Synchronous 57 53 65 61 ‘ 12 67 
6A9B 
ISB, 1 voice channel and 16 teletypewriter | 
subchannels, each subchannel + 42.5 Hz, 
FSK, 110-Hz filter, 100 wpm 
Start-stop 65 60 72 66 78 71 
Synchronous 60 56 68 64 15 70 
12A9B 
ISB, 2 voice channels and 32 teletypewriter 
subchannels, each subchannel + 42.5 Hz, 
FSK, 110-Hz filter, 100 wmp 
Start-stop 66 62 73 68 719 73 
Synchronous 61 57 69 65 76 71 
1 For 90 percent intelligibility of related words. 2 5-unit code, no error control schemes. 
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APPENDIX D 


HIGH FREQUENCY RADIO WAVE PROPAGATION 
ENGINEERING SERVICES AVAILABLE FROM USACEEIA 


D-—1. Summary of Services Available 


High frequency radio wave propagation services 
available from the US Army Communications- 
Electronics Engineering Installation Agency 
(USACEEIA) are listed below and are discussed 
more completely in subsequent paragraphs. 


a. Rf system performance analyses, including 
propagation predictions. 


b. Antenna selection and antenna design. 


c. Great-circle distance and azimuth calcula- 
tions. 


d. Advice on radio-wave propagation engineer- 
ing matters. 


e. Publications related to radio-wave propaga- 

tion. 

(1) Groundwave propagation charts for se- 
lected areas worldwide. 

(2) Intermediate and short-distance skywave 
propagation charts. 

(3) Air/ground skywave propagation charts 
for selected worldwide stations. 

(4) Weekly Ionospheric Activity Report. 


D-—2. Requesting Service 


a. Avatlability of Services. The services de- 
scribed in this appendix are available to all De- 
partment of Defense organizations activities. Re- 
quests may be made by mail or by telegraph. 
Telephonic consultation service is also available. 


b. Mail Requests. Mail requests should be ad- 
dressed to— 


Commander 

USACEEIA 

ATTN : CCC-EMEO-PED 
Fort Huachuca, Arizona 85613 


c. Telegraphic Requests. Telegraphic requests 
should be addressed— 

CDRUSACEEIA FT HUACHUCA AZ 
//CCC-EMEO-PED// 


d. Telephonic Consultation. Telephonic consul- 
tation service is available during duty hours, 1430 
Z to 2315 Z. Phone numbers are AUTOVON 879-— 
6779 or commercial (602) 538-6779. 


D-3. Rf System Performance Analyses 


a. Performance Analysis Summary. For a new 
system or radio net exercise, the “performance 
analysis summary” is offered. These summaries 
usually are in technical report format and de- 
scribe propagation conditions for the paths in 
question, provide antenna design or selection rec- 
ommendations, and give an accurate estimate of 
the system performance in terms of circuit re- 
liability for a given type and grade of service. 
In some cases, the requester is interested in an 
analysis which provides advice as to antenna 
design and frequency selection for development 
of an operations plan for a full-scale communica- 
tions exercise. At other times the requester needs 
to evaluate a number of alternative system con- 
figurations. A recently innovated figure of merit 
for making comparison analyses in accordance 
with military standards is being found to be useful 
for system designers and program managers. 


b. High Frequency Skywave Propagation Pre- 
diction. 

(1) Description. The USACEEIA Sky Wave 
Prediction Program is used to describe the iono- 
spheric conditions expected to occur during the 
lifetime of the hf radio system. The program is 
capable of predicting path conditions for the fre- 
quency range of 2 to 30 MHz. These point-to-point 
propagation predictions are available on a one- 
time basis or a recurrent monthly or quarterly 
basis. Ionospheric conditions which are predicted 
for a given path from the worldwide data base 
are— 


(a) Probability of the seven most predomi- 
nant modes. 


(b) Takeoff angle in degrees above hori- 
zontal. 
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(c) Virtual height of the reflection layer. 

(d) Time delay of the signal. 

(e) Free space path loss. 

(f) Absorption loss. 

(g) Ground reflection loss. 

(h) Fraction of days that a particular 
mode is expected to exist at that hour during the 
specific month. 


Many options of output form are available. One 
that is very useful to operators is the frequency 
reliability table. A sample table is reproduced as 
figure D-1. 


(2) Frequency reliability tables. 

(a) The heading gives information as to 
geographic location of transmitter and receiver, 
antenna dimensions, transmitter power, type of 
service, etc. Element length and height above 
ground may be given in meters for fixed physical 
lengths. When the electrical length or height re- 
mains fixed (the physical length varies with fre- 
quency) the dimension will be shown. For exam- 
ple, half-wave elements will be shown as “L-0.5.” 
An antenna that is 14, wavelength above ground 
would be shown as ‘“H-0.25.” 

(b) No attempt is made to predict the 
probability of interference from signals originat- 
ing from other transmitters. However, as a gen- 
eral rule, more interference can be expected on 
the lower frequencies. For this reason, when two 
or more frequencies show the same reliability, the 
highest frequency should be tried first. 

(c) The frequency reliability table shown 
in figure D-1 is for Fort Huachuca, Arizona 
transmitting to Fort Sill, Oklahoma in April 1978. 
In the upper right hand corner of the table, 
“DRXB178R32” is an internal control number 
for USACEEIA. 

(d) In the upper left hand block, “100 
PROJECT” is the project number for USA- 
CEEIA. “DCA NO.” precedes the DCA circuit 
number if there is such a number for the circuit. 
“ANT.TBL- 1 78082” is an internal control num- 
ber for USACEEIA. 

(e) In the upper center block, “USA- 
CEEIA FREQUENCY RELIABILITY TABLE” 
is the title. “MP POWER = 10DB DELAY = 
2. OMS” refers to the probability that signals 
from the transmitter may propagate over different 
paths and thus arrive at the receiver at slightly 
different times and at different values of signal 
strength. For teletypewriter emissions, when two 
or more signals are within 10 dB of each other in 
strength and the delay equals or exceeds 2.0 milli- 
seconds, distorition may result and errors may 
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appear in the message. “725.1 STAT. MILES 
1166.9 KM” is the terrestial length of the circuit. 

(f) In the upper right hand block, “APRIL 
1978” is the month for which the predictions ap- 
ply. “SSN72.0” is the predicted sunspot number 
for that month. “TOS 1.1F1” is the type of serv- 
ice or emission. “REQD S/N = 57 DB” is the 
ratio of the signal in the occupied bandwidth to 
the noise in a 1 Hz bandwidth required to ensure 
a character error rate of not more than one error 
in one thousand characters for 1.1F1 emission 
with dual diversity. (2dB is allowed in the 57dB 
for transmitter coupling and transmission line 
losses. ) 

(g) In the “TX” block “FT HUACHUCA, 
ARIZONA” is the location of the transmitter. 
“69.56N—110.40W”’ is the set of geographical co- 
ordinates for that location. “69.56 TRUE, 57.41 
MAGN.” is the bearing of the propagation path 
from the transmitter. “FREQ 2-30” is the fre- 
quency range of the transmitting antenna in MHz. 
“ANTENNA DIPOLE” is the type of transmit- 
ting antenna. “H 10.0” is the height of the an- 
tenna in meters. “L—.5” is the length of the an- 
tenna in wavelengths. “A 0.0” indicates that no 
angle is associated with the antenna. “POWER — 
A00KW” is the output power of the transmitter. 

(hk) In the RX block, “FT SILL, OKLA- 
HOMA” is the location of the receiver. “34.68N— 
98.42W”’ is the set of geographic coordinates for 
that location. “256.12 TRUE, 247.76 MAGN.” is 
the bearing of the propagation path from the re- 
ceiver. “FREQ 2-30” is the frequency range of 
the receiving antenna in MHz. “ANTENNA DI- 
POLE?” is the type of receiving antenna. “H 10.0” 
is the height of the antenna in meters. “A 0.0” 
indicates that no angle is associated with the an- 
tenna. “3MHz MAN-MADE NOISE = —164 
DBW?” is the manmade noise in a 1 Hz bandwidth 
in a quiet rural location. 


(tz) In the table itself, the column labeled 
“FREQ” shows a maximum of 11 frequencies for 
which reliabilities are shown. When the trunk is 
a part of the DCA system, the frequencies may be 
taken from the DCA Frequency Directory. Where 
more than 11 frequencies are assigned, computa- 
tions are made for frequencies selected to be 
representative of other nearby frequencies. In 
some cases the user may wish to designate a 
frequency complement. When the frequency com- 
plement is not known, eleven frequencies in the 
2-30 MHz band are arbitrarily assigned for the 
purpose of computation. In each case, the com- 
puter rounds the frequencies to the nearest 0.1 
MHz before they are printed, although the cal- 


Solve items 30 through 38 by using the rules for order of 
operations. 


302. i 43: $22) SS 


31. (7 +3 + 2) + (3 + 1) 


32. 5(7 +9) +443 


33. 7+3(5 -1) +6 


34. 30 - 3(7 - 2) 


35. 27 + 10 - (11 + 3) 


36. (2 ¥ 3 - 12 + 3) +2 


37. 6(6 + 8) + 8 - 32 + 16 


38. (15 - 3+ 8742) + 8x 5 


UNIT SUMMARY 


This study unit has introduced or reintroduced you to the history 
of the real numbers. You have identified the natural numbers, 
integers, and the rational numbers within the real number system. 
You have identified the laws and properties that pertain to the 
number system. Try to remember these laws, their names, and how 
they are used with the basic operation of numbers. You can now 
recognize the symbols of grouping and solve expressions using the 
rules for order of operations. 
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DORX#I7BR32 


100 100] ###eee He US ACEEIA #eaeaeneeee APRIL 1978 
PROJECT EME * FREQUENCY RELIABILITY TABLE + SSN 72,0 
DCA NO, %* MP POWER = 1008 DELAY = 2.0MS #* TOS 1.1F) 


ANT.TBL= 1 78082 #* 72521 STATMILES 1166.9 KM # ReEQD S/N =57 DB 


Sb de th ae Se Te de Fe de te te do te ae oe SE db te th EE te Se do aE SE Te de St $F ob Se HE HE te ae Sb ob tb ae th te He ob te tb Se Fb SE Sh Se tb oe ob ae oh Sh te Se ab ob ae te te a te te a te 


TX FTeHUACHUCA, ARIZONA * RX FT.SILL» OKLAROMA 
31-¢57N ~ 110240W * 34.68N = 98.42W 
69.56 TRUE» 5724] MAGN. # 256612 TRUE, 247.76 MAGN, 
FREQ ANTENNA Hi L A # FREQ ANTENNA al L A 
2-30 DIPOLE 10.0 “5 0.9 # 2-30 DIPOLE 10.0 “5 0.0 
POWER = e400KW + 3MH7 MAN-MADE NOISE = =-164 DbBW 


TPT CEOOL Eee ee ee ee ee ee ee ee ee ee ee ee 
GREENWICH TIME 


FREQ 02 04 06 08 10 le 14 16 1s 20 22 c4 


25.0 = = = = = ee REL 
. m a - a - = = = - “ - MP PB 

20.0 o - - - - - = - - = 203 003 REL 
‘ - - - a - - - . - 7 - MP PB 

16.0 .05 - - - = Da - - - - 015 .16 REL 
a ~ 7 “ - = = - “ - MP PB 

16.0 19 - - - - - - 09 .02 .06 39 40 REL 
~ - 7 - = - ~ - = « ~ - MP PB 

14.0 .43 - - - - - el2 641 290 .96 293 695 REL 
- - ° - é - - - - - ~ - MP PB 

12.0 296 eel = ed = = eS] 97 99 99 298 299 REL 
a = < = é - = = - = - - MP PH 

10.0 298 .55 629 22 015 2625 6.99 2.99 4.99 699 99 99 REL 
a ae 5. oe oie = ae - = = MP PB 

8.0 .97 .96 .90 .86 74 4.89 6.59 .99 6.50 .41 93 .96 REL 
- - is - = - = = = - 7 - MP PB 

6.0 .88 09D «89 287 291] 092 094 o4z a = e23 084 REL 
= = = = = = = 240 = =. 023 - MP PB 

4.0 .55 .54 .49 .46 .64 .67 ,.43 - - - = 30 REL 
= 7 a 7 ‘ - - 2 s - = - MP PB 

2-9 .02 207 208 08 e290 007 = - — = = = REL 
0 06 206 205 el? 007 - -. = = - MP PE 


02 04 06 08 10 12 14 16 18 20 22 24 


MUF 13.3 


Ge Ro5 1148 13.41 14.69 15.3 1563 1504 
FOT 9.6 7. 


8 &.7 1 
1 67 2 665 967 10.8 13-9 13.3 11.69 12.0 
DASHES SIGNIFY THAT RELIABILITIES ARE ZERO 


VALUES GIVEN IN MP PB LINES INDICATE THE FRACTION OF TIME MULTIPATH 
CAN BE EXPECTED TO CAUSE SYSTEM DEGRADATION 


PROVIDE CIRCUIT UPDATE INFORMATION TO: 

UseSeARMY COMMUNICATIONS=ELECTRONICS ENGINEERING INSTALLATION AGENCY 
ATTN: CCC@EMEO-PED 

FORT HUACHUCA ARIZONA 85613 

AUTOVON 879-6779 


Figure D-1. Sample frequency reliability table. 
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culations are carried to three decimal places. The 
top row of the table shows Greenwich time at 
two-hour intervals, the times for which reliabili- 
ties are computed. Reliability (“REL”) is defined 
as the percentage of days of the month that suc- 
cessful communication may be expected for a 
given two-hour period, month, and sunspot num- 
ber. In the example shown, successful communi- 
cation would be described as a character error 
rate not to exceed one character per thousand. If 
a lower character error rate is desired, the re- 
quired signal-to-noise ratio must be increased and 
the reliabilities will change. The “MP PB” lines 
in the table show the probability of multipath at 
a given frequency and time. 

(7) In order to provide the most accurate 
service, the parameters upon which the reliabili- 
ties are based must be correct. If the information 
is incorrect as to the type of antennas or their 
dimensions, transmitter output power, type of 
service, or geographical coordinates, the reliabili- 
ties may not be accurate. The user of the tables 
is urged to check the information in the heading 
and provide necessary corrections to the address 
at the bottom of the table. 

(3) Using a frequency reliability table. The 
operator will normally choose the frequency hav- 
ing the greatest reliability at that time. If inter- 
ference is experienced, the next highest reliabil- 
ity is tried. A frequency change plan will be 
developed which will provide a high degree of 
communications reliability without excessive 
changes of frequency. 

(4) Color propagation charts. 

(a) Upon request, USACEEIA can make 
available color propagation charts, similar to fig- 
ure D-2. Colors are used to show regions of time 
and frequency in which a given quality of hf 
communications is predicted to be possible for 90 
percent or more of the undisturbed days in the 
month. For example, a chart might have green for 
12A9B service, yellow for 6A9B service, and red 
for order-wire quality 3A3J. Such a chart tells an 
operator not only where the best frequency is 
located at any hour, but also when to anticipate 
a need to reduce channel loading in order to keep 
a circuit on the air. This is extremely important 
when operating such radio terminals as the AN/ 
TSC-25, AN/TSC-26, and AN/TSC-38B. 

(6) The sample chart is for the hf link 
from MacDill AFB to Fort Huachuca, for the 
month of September 1975. Shown are the hours 
of the day in universal time and a frequency 
scale ranging from 2 to 30 MHz. Contour lines 
show predicted regions of best operation. For 
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example, at 0200 hours the best operating fre- 
quencies for 12A9B service fall between 6 and 10 
MHz. After 0300 hours, 12A9B service is not pre- 
dicted to be supported at any frequency. However, 
a reduced type of service consisting of one voice 
channel and one teletypewriter channel is shown 
to be usable on frequencies from 4.5 to 8 MHz. 
At 0700, 12A9B service can be resumed at about 
8 MHz. 

(c) Color propagation charts are used in 
a manner similar to the frequency reliability ta- 
bles. However, use of the color charts eliminates 
the need for the operator to use several frequency 
reliability tables simultaneously, one for each type 
of service. 

(5) Information required from user. 

(a) Transmitter location, including lati- 
tude and longitude. 

(b) Receiver location, including latitude 
and longitude. 

(c) Power in watts delivered to transmit- 
ting antenna, identified as peak envelope power 
or carrier power. 

(d) A complete description of the physical 
characteristics (fig D-3) of the transmitting an- 
tenna, including manufacturer’s type number (if 
applicable). Informaticn should be verified by 
actual physical inspection as far as practical, 
since changes may have been made that are not 
recorded on the station records. 

(e) A complete description of the physical 
characteristics (fig D-3) of the receiving an- 
tenna, including spacing between diversity an- 
tennas and manufacturer’s type number (if ap- 
plicable). Information should be verified by actual 
physical inspection as far as practical, since 
changes may have been made that are not re 
corded on the station records. 

(f) Angle subtended by any horizon ob- 
struction in direction of transmission or recep- 
tion. If no angle is indicated, zero will be as- 
sumed. 

(9) Type of ground at transmitting and 
receiving sites. Specify dielectric constant and 
conductivity, if available, or classify ground as 
poor or good. If no ground information is pro- 
vided, poor ground (dielectric constant of 4 and 
conductivity of .001 mhos/m) will be assumed. 

(h) Descriptions of the terrain roughness 
and slopes in the reflection zones of the antennas. 
If no descriptions are furnished, smooth earth 
will be assumed. The earth can be considered to 
be smooth if the surface of the reflection zone 
has no abrupt changes greater than 0.1 wave- 
length of the highest operating frequency and has 
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Figure D-2. Color propagation chart. 


no slope greater than 10 percent in the direction 
of transmission or reception and five percent 
normal thereto. 

(i) Median level of manmade radio noise 
at the receiving area as recorded with a short 
vertical lossless antenna, expressed in dB refer- 
enced to 1 watt in a 1-Hz bandwidth at 3 MHz, or 


classification of the receiving area as urban 
(—136.5 dBw), suurban (—148.6 dBw), or quiet 
rural (—165.6 dBw). An urban location is defined 
as one within the industrial or business area of 
a large city, suburban as one near a large city 
or within a small town, and rural as one well 
removed from all populated areas and chosen to 
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RHOMBIC 3 


height 

leg length 

tilt angle 

true bearing 
frequency range 


VERTICAL 


length 

length of radials 
radius of radials 
number of radials 
frequency range 


HORIZ. A/2 DIPOLE 


10. 


height 
true bearing 
frequency range 


HORIZONTAL YAGI Tis 


feed height 

driven element length 
reflector length 

true bearing 

director length 

no. of elements 
director spacing 
reflector spacing 
frequency range 


VERTICAL DIPOLE 


feed height 12. 


length 
frequency range 


SLOPING VEE 
feed height 


leg length 
half-apex angle 


true bearing 13. 


terminated height 
frequency range 


INVERTED 'L' 


height 

length 

true bearing 
frequency range 


SLOPING RHOMBIC 


feed height 

leg length 
half-apex angle 
true bearing 
terminal height 
frequency range 


SLOPING WIRE 


feed height 
length 

slope from horiz. 
true bearing 
frequency range 


CONSTANT GAIN 


gain 
frequency range 


HORIZONTAL LPA 


feed height 

rear element length 

Slope from vertical 

true bearing 

unloaded transmission line 
impedance 

angle between array axis and 
element tips 

TAU 

no. of elements 

frequency range 


TILTED DIPOLE 


feed height 

length 

angle of element from 
horizontal 

true bearing 

frequency range 


HALF RHOMBIC 


leg length 

angle from ground 
true bearing 
frequency range 


Figure D-3. Antenna description form. 


be as free as possible of manmade radio noise. 
If nothing is specified, a quiet rural location will 
be assumed. 

(7) Type of service including emission des- 
ignation and complete description (for example— 
12A9B, three voice channels, 16-channel frequen- 
cy-division multiplexing, noncoherent frequency- 
shift keying, 100 w/m/ch; start-stop teletype- 
writer; limiter-discriminator demodulator; 100- 
Hz bandpass filter in each channel). 

(k) Maximum allowable bit error rate for 
data systems, maximum allowable character error 
rate for teletypewriter systems, and minimum 
grade of service (just usable or good commercial 
quality) for voice systems. 

(1) Type of diversity, if any. 

(m) If multipathing calculations are re- 
quired, minimum difference in delayed signal 
power in dB and maximum difference in delay 
time in milliseconds. If multipathing figures are 
not provided, 10 dB and 2 milliseconds will be 
assumed. 

(vn) Operating frequencies. If operating 
frequencies are not provided or there are more 
than 11 of them, 11 representative frequencies 
will be used. 

(0) The DCA trunk designator, if any. 

(p) A statement as to whether the predic- 
tions should be for one time, monthly recurrent, 
or quarterly recurrent. 

(q) Number of copies of each required. 

(vr) Organization mailing address. 

(s) Name and telephone number of per- 
son who may be contacted for informal coordina- 
tion of details of request. 


(t) If predictions are required for both 
directions of a path, the information outlined in 
(a) through (s), above, should be provided for 
each direction. 


c. Groundwave Propagation Predictions. 


(1) Description. Computerized, theoretical 
techniques are available for predicting ground- 
wave coverage for systems using vertically polar- 
ized antennas. Predictions are for a given signal- 
to-noise ratio at the output of the receiving an- 
tenna. These predictions are used in a manner 
similar to the skywave predictions. Groundwave 
propagation is much more stable than skywave 
propagation, and fewer frequency changes are 
required. 

(2) Information required from user. The fol- 
lowing information is required for groundwave 
system performance analysis, in addition to those 
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items listed under Skywave Propagation Predic- 
tions. 

(a) Description of propagation path in 
terms of dielectric constant and conductivity of 
ground or water. If the path is inhomogeneous, 
specify the distances from the reference point to 
the junctions. If the ground constants are not 
known, classify ground in terms of poor or good, 
and water in terms of fresh or salt. 

(b) For regions having heavy forestation 
or jungle cover, describe distances from the refer- 
ence point that this area includes. 

(c) For regions which are considered 
rough (very hilly terrain or mountainous), a ter- 
rain path profile should be included. 


D—4. Antenna Selection and Antenna Design 


USACEEIA has the capability to give advice re- 
garding antenna selection and, if necessary, to 
design antennas to meet special needs. Requests 
for such services should include the information 
required for a high frequency skywave or for a 
groundwave rf system performance analysis, 
along with any antenna size, height, or other 
limitations. Preferably, a site plot plan of exist- 
ing antenna fields should be provided. Include 
the name and telephone number of a person who 
may be contacted for informal coordination. 


D—5. Great-Circle Distance and Azimuth 
Calculations 


Great-circle computations are very laborious when 
performed by hand, using logarithmic and trigo- 
nometric tables. However, USACEEIA has com- 
puter programs for making these calculations and 
will furnish this information on request. When- 
ever the combination of path length and antenna 
directivity makes the azimuth critical, this service 
should be requested. Information required of the 
user is latitude and longitude of transmitter and 
receiver, to the nearest minute. 


D—6. Publications 


a. Groundwave Propagation Charts for Se- 
lected Areas Worldwide. 

(1) This document provides predicted dis- 
tance ranges for groundwave propagation at 2, 3, 
5, 7, 10, 12, 15, 20, 25, and 30 MHz. Currently 24 
areas, covering the continental United States, Cen- 
tral America, Europe, Africa and parts of Asia, 
South America, and Greenland, are defined. Pre- 
dictions of this document cover all seasons. They 
are applicable to any year and are issued on a 
one-time basis until such time as revisions war- 
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rant a reissue. Requests for these charts need 
state only the number of copies desired. 

(2) The charts are for 15-foot whips, 32-foot 
whips, 50-foot sloping wire, and one-quarter wave- 
length antennas. These antennas are representa- 
tive of those used with tactical equipment and are 
not the best to use for maximum groundwave 
range, Ten categories of transmitter powers cover 
from 5 to 4,000 watts. Various services ranging 
from Morse code CW to two 3-kHz independent 
sidebands are included. Three types of earth con- 
dition are considered: poor ground, sea water, 
and, when applicable, rice paddies. The charts are 
for vertically polarized signals. 


b. Intermediate and Short Distance (ISD) Sky- 
wave Propagation Charts. 
(1) “Intermediate and Short Distance Sky- 


C4 


wave Propagation Charts” is a series of separate 
volumes providing propagation predictions. The 
area covered by each volume is shown in figure 
D-—4. Within each volume the predictions are 
given for six seasonal intervals: January-Febru- 
ary, March-April, May-June, July-August, Sep- 
tember-October, and November-December. The 
charts show the upper and lower limiting frequen- 
cies for communications in the 2- to 30-MHz band 
for distances up to 2,400 km. Predicted values of 
frequencies are shown for the solar activity ex- 
tremes for a normal solar cycle (solar activity 
indexes of 10 and 110). Values of frequency pre- 
dictions may be obtained for any time during the 
normal solar cycle by means of interpolation. 
(2) Within each seasonal interval the predic- 
tions are given in a series of 15 charts. The first 


0° 30° 60° 90° 120° 150° 180° 


210° 240° 270° 300° 330° 
1. AFRICA! 8. CENTRAL EUROPE 15. NORTH EUROPE II 22. NORTH ATLANTIC 29. UNITED STATES Il 
2. AFRICA HI 9. INDIA | 16. PHILIPPINES 23. SOUTH AMERICA | 30. HAWAII 
2. AFRICA III 10. INDIA II 17. SOUTHEAST ASIA | 24. SOUTH AMERICA Il 31. IRAN 
4. AFRICA IV 11. INDIA II 18. SOUTHEAST ASIA II 25. SOUTH AMERICA III 32. SAUDI ARABIA 
5. AFRICA V 12. JAPAN-KOREA 19. ALASKA 26. SOUTH AMERICA IV 33. INDONESIA 
6. AFRICA VI 13. MEDITERRANEAN 20. CARIBBEAN | 27. SOUTH AMERICA V 
7. AFRICA VII 14. NORTH EUROPE | 21. CARIBBEAN II 28. UNITED STATES | 


Figure D-4. Key to areas covered by short and intermcdiate distance skywave chart. 


chart provides MUF and FOT values for each 
hour. The other charts provide LUF values at even 
2-hour intervals. The MUF and FOT values are 
tabulated at six distance intervals—160 km, 400 
km, 800 km, 1,200 km, 1,600 km, and 2,400 km. 
At each distance interval the MUF and FOT are 
given at each hour of local time for the solar 
activity extremes of a normal solar cycle. 
(3) The LUF charts are prepared for the fol- 

lowing antenna types: 

(a) Horizontal 4/2 dipole, 38 feet (10 m) 
high. 

(b) Horizontal A/2 dipole, 66 feet (20 m) 
high. 

(c) Vertical 15-foot whip. 

(d) Vertical 32-foot whip. 

(e) Inverted L. 

(f) Sloping long wire. 

(g) Sloping V. 


c. Air/Ground Skywave Propagation Charts for 
Selected Worldwide Stations. These charts (two 
volumes) provide predicted MUF for various dis- 
tances between 41 selected ground stations and 
aircraft flying within a 8,300 km (4,500 nmi) 
radius. The selected stations include both CONUS 
and overseas locations. Predictions are for vari- 
ous sunspot numbers, times of day, and seasons. 
Requests for these charts should specify the num- 
ber of copies desired. 


d. Using the Groundwave, ISD, and Air/ 
Ground Charts. Because of their general nature, 
the user must locate the charts applying to his 
particular parameters. Although not as conveni- 
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ent to use and not as accurate as point-to-point 
predictions, the operator can determine the best 
frequencies and best antennas to use for his par- 
ticular situation. In some cases he may find that 
with the equipment available continuous commu- 
nication is unlikely, but that certain times are 
quite favorable. 


e. Weekly Ionospheric Activity Report. The ac- 
tual day-by-day ionospheric activity over a 7-day 
period is published in the weekly Ionospheric 
Activity Report. These reports are extracted from 
the National Oceanographic and Atmospheric Ad- 
ministration messages and alerts from the Global 
Weather Central at Offutt AFB. A request to 
be placed upon the list to receive these reports 
should state the duration of the need for the 
reports. 


D-—7. Consulting Service 


The services of USACEEIA are available for 
problems involving radio wave propagation and 
antenna design. In addition to the expertise of 
the personnel, many computer programs are avail- 
able for handling propagation and antenna design 
problems. The initial request should describe the 
problem and provide a name and phone number 
for informal coordination. If it is necessary to 
establish a long hf path, the point-to-point propa- 
gation services and the engineering services of 
USACEEIA should always be utilized. Successful 
long hf paths require high power, as well as 
proper selection of frequencies and antennas and 
good siting. 
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APPENDIX E 


IONOSPHERIC SOUNDINGS 


E~1. lonospheric Measurements 


Measurements of ionospheric conditions are useful 
in adding to the general understanding of the 
ionosphere and its role in radio propagation. 
Measurements can also assist in selecting operat- 
ing frequencies. Two types of sounding devices 
are in use, the vertical and the oblique. 


E—2. Measurement of Layer Heights and 
Critical Frequency 


The simplest method of measuring heights of 
ionospheric layers is by means of a vertical inci- 
dence sounding. A vertical-incidence sounding sta- 
tion is a combination of a transmitter and a 
receiver placed side-by-side, often using the same 
antenna. The transmitter sends out pulses which 


are swept through the frequency range from about 
0.75 to 25 MHz. The receiver is synchronized with 
the frequency of the transmitter. The output of 
the receiver is coupled to a display (usually, a 
cathode-ray tube) which displays the time delay 
between the transmitted and returned pulse at 
each frequency. A permanent record can be ob- 
tained by photographing the display. Assuming 
that the waves travel to and back from the re- 
flection point at the velocity of light in free space, 
the time delay can be used to determine the virtual 
height of the ionized layers. This display of height 
versus frequency is called an ionogram. A simpli- 
fied ionogram is shown in figure E-1. The figure 
shows that at the lowest frequency of the sweep, 
the signal is reflected from the E layer. As fre- 
quency is increased, the height of reflection in- 
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F2 
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Figure E-1. Simplified vertical incidence ionogram. 
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creases, until, at the frequency designated “f, E”’ 
on the figure, the E layer is penetrated (f, E can 
be thought of as the critical frequency for the E 
layer). Similarly, the F1 layer is picked up and 
then penetrated. Above the critical frequency, no 
return signal is received. An actual ionogram may 
also show a spurious E layer and may give re- 
turns which can be interpreted as magnetoionic 
splitting. These ionograms are useful in estimat- 
ing propagation path frequencies and angles of 
arrival. 


E~3. Oblique lonospheric Sounders 


By separating the transmitter and receiver of the 
ionospheric sounding set, information about the 
actual communications path can be obtained. Fig- 
ure E-2 is a simplified drawing prepared from an 
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Figure E-¢g. Simplified oblique incidence ionogram. 


oblique ionogram. Unlike the vertical incidence 
ionogram, the vertical scale on an oblique iono- 
gram cannot be directly interpreted as height. 
The data for the figures were obtained over a 
4,000-km path during daytime in winter. The 
ionogram has been interpreted by the analyst as 
showing two, three, four, five, and six hops involv- 
ing the F layer. The ionogram indicates the best 
operating frequency to be in the 20- to 22-MHz 
range. Other frequencies with apparently good 
received signal strength involve multipath recep- 
tion and its attendant interference and distortion. 


E—4. The AN/TRQ-35 Tactical Frequency 
Management System (Chirpsounder) 


The AN/TRQ-85 is a transportable oblique inci- 
dence ionospheric sounding system. A block dia- 
gram of the system is shown in figure E-3. Trans- 
mitter power can be adjusted from 0.2 watt to 
10,000 watts as required. Transmitter power is 
usually less than 100 watts. When used with com- 
munications transmitters of 2.5 kW or less, the 
AN/TRQ-35 signal can be diplexed through the 
existing transmit antenna. When used with high- 
er power communications transmitters, a separate 
transmit antenna is required for the AN/TRQ-35. 
Selectable frequencies on the AN/TRQ-35 trans- 
mitter can be blanked to avoid interference with 
operating circuits. The use of the AN/TRQ-35 
allows operators to select frequencies to suit ac- 
tual operating conditions. Tests have shown that 
outages are greatly reduced when real-time sound- 
ings are available. The AN/TRQ-35 does not as- 
sist in the initial contact, since manual synchroni- 
zation of transmitter and receiver is required. 
The AN/TRQ-35 yields an ionogram similar to 
that shown in figure E-2. 
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Figure E-3. Block diagram of the AN/TRQ-35 Chirpsounder. 
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APPENDIX F 
FRESNEL ZONE CONSIDERATIONS 


F—1. Ground-Reflected Rays 


Ground-reflected rays are of importance because, 
depending upon the phase relationship, they may 
either reinforce or weaken the direct ray. Follow- 
ing the guidance given in the body of the text of 
this manual regarding antenna siting and antenna 
height will ensure reinforcement rather than can- 
cellation. However, to obtain optimum propaga- 
tion, very careful site preparation is required and 
the antenna must be placed at the proper height. 
Such attention to detail is usually not possible 
when using transportable equipment, but it is 
warranted at permanent sites. 


F—2. Fresnel Zone Description 
a. The concept of Fresnel zones as described in 


this manual applies to horizontal antennas and 
to resonant vertical antennas that are an even 
number of half-wavelengths long. Because of the 
length this entails in the hf band, such vertical 
antennas are very rare. The first Fresnel zone is 
defined as the first area in front of the antenna 
from which the reflected rays will reinforce the 
direct ray at the desired elevation angle. The 
geometry of the first Fresnel zone is shown in 
figure F-1. The reference ray is the reflected ray 
which is parallel to the direct ray and has a path 
length one-half wavelength longer than the direct 
ray. There is a phase shift of 180° in a ray upon 
reflection. After reflection, the reference ray is in 
phase with the direct ray. The ellipse outlined by 
the dashed line represents the area from which 


Figure F-1. Geometry of the first Fresnel zone. 
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the reflected rays will be less than 180° from the 
phase of the reference ray. All reflections from 
the elliptical area will reinforce the direct ray. 
The geometry of the first Fresnel zone can be de- 
termined if the wavelength (frequency) and the 
elevation angle (@ in the diagram) are known. The 
area within the first Fresnel zone should be 
smooth and free of obstacles. 


b. Second, third, and higher order Fresnel zones 
surround the first Fresnel zone. They are of less 
importance because at the greater distance from 
the transmitter the reflected rays are weaker. In 
the odd-numbered Fresnel zones the reflected ray 
strengthens the direct ray; in the even-numbered 
zones, it weakens the direct ray. 


F-3. Determining Elevation Angle 


a. The elevation angle is a function of total 
path length between transmitter and receiver, the 
number of hops (reflections), and the height of 
the ionospheric reflecting layer. The height of the 
E layer is typically taken to be 110 km (70 mi). 
The height of the F1 layer can be taken as 200 km 
(125 mi), and the F2 layer, as 280 to 360 km (175 
to 225 mi), depending upon season, latitude, and 
time of day. Determine the elevation angle by us- 
ing paragraph 6 or c below. 


b. For E-layer propagation, divide the path 
length by 2,000 km (1,250 mi) ; round to the lower 
integer but not to less than one (to obtain lowest 
elevation angle). Divide path length by this inte- 
ger to obtain hop distance. Using this hop dis- 
tance and the estimated E-layer height of 110 km 
(70 mi), obtain the elevation angle from figure 
F-2. If angle is negative, read as zero degrees. 


c. For F-layer propagation, divide the path dis- 
tance by 4,000 km (2,500 mi) ; round to the lower 
integer but not to less than one. Divide the path 
length by this integer to obtain the hop distance. 
Using this hop distance and the assumed height 
of the F layer, obtain the elevation angle from 
figure F-2. If angle is negative, read as zero 
degrees. 


F—4. Determining Antenna Height 


Determine antenna height by using elevation an- 
gle, frequency, and figure F-3. As an alternative, 
antenna height can be calculated from the equa- 
tion 


~ A gin 6 


F-2 


If the. elevation angle is less than about 5°, a 
reasonable antenna height can be obtained only 
on sloping terrain, as discussed in paragraph 
F-7. The distance between the base of the antenna 
and the point of reflection of the reference ray 
can be determined with the use of figure F_4. 
The near and far edges of the first Fresnel zone 
are obtained from figures F-5 and F-6, respec- 
tively. The width of the zone is obtained from 
figure F-7. 


F—5. Allowable Roughness 


For reflections from the Fresnel zone to reinforce 
the direct ray, the Fresnel zone must be free of 
obstruction and without appreciable roughness. 
Table F-1 lists the acceptable upper limits of 
irregularities in the Fresnel zone. The symbols 
correspond to those used on figure F-1. There 
should be no buildings, trees, or other obstacles 
in the Fresnel zone. In addition, no reflected ray 
from any portion of the first Fresnel] zone should 
be obstructed by buildings, trees, or terrain. The 
size of the first Fresnel zone and the unobstructed 
areas are greatest for low elevation angles and 
least for high elevation angles. 


Table F-1. Fresnel Zone Roughness Criteria 


Maximum departure from 
ideal smoothness 


Reflection zone section 


From d, to 0.2 dr 0.2h 
From 0.2 dr to 0.6 dr 0.5h 
From 0.6 dr to dr h 


F—6. Compromise in First Fresnel Zone Criteria 


By accepting a degradation of about 2 dB, the 
compromise shown in table F-2 below may be 
made, rather than adhering strictly to the first 
Fresnel zone geometry. 


Table F-2. Compromise Fresnel Zone 


Fresnel zone 


geometry Comprise 
dr 0.6 dr 
dn 1.6 dy 
w 0.7 W 


F—7. Sloping Sites 


For very low elevation angles, reasonable antenna 
heights can be obtained only on sites which slope 
downward in the direction of the radio path. The 
effect of the downward sloping terrain is to give 
an apparent increase in the height of the antenna, 
as shown in figure F-8. For the use of figures F-3 
through F-7 on sloping ground, the angle of 


GREAT CIRCLE DISTANCE (KILOMETERS) 


5000 


2000 


g 


800 


500 


100 


100 200 300 400 
IONOSPHERIC LAYER HEIGHT (KILOMETERS) 


Figure F-2. Elevation angle as a function of distance and ionospheric layer height. 
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Figure F-8. Antenna height as a function of elevation angle and frequency. 
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Figure F-4. Horizontal distance from antenna to point of reflection of reference ray. 
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Figure F-6. Horizontal distance from antenna to far edge of first Fresnel zone. 
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Figure F-7. Width of first Fresnel zone. 
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GROUND 


Figure F-8. The geometry of reflection from a sloping site. 


slope can be added to the elevation angle. Instead 
of using figure F-3, one can determine the an- 
tenna height by the equation 


x 
P= ain (6+ B) 


F—8. Elevated Sites 


Tower heights may also be reduced by locating the 
antenna on elevated terrain, like a cliff. An ele- 
vated site is shown in figure F-9. The symbols 
are the same as those used in figure F-1. Note 
that the reflection from the far end of the first 
Fresnel zone clears the cliff on the right. 


F~9. Other Terrain Considerations 


An area with good ground (moist black soil, 
swampland, or lakes) should be selected if pos- 
sible. Dry, rocky land should be avoided. 


F—10. Siting Vertical Antennas 


a. In the hf band, vertical antennas will usually 
be a quarter-wavelength electrically and will de- 
pend upon reflections from the ground to provide 
the image antenna. Good ground is even more 
essential for the quarter-wave vertical antenna 
than for horizontal antennas. Unless the ground 
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Figure F-9. An elevated site. 


has good conductivity, a ground screen must be 
provided for optimum radiation. 


b. When vertical antennas are used in ground- 
wave service, any obstruction will cast a radio 
shadow. Hence the site around the antenna should 
be as free from obstructions as possible. When 
vertical antennas are used in long-distance sky- 
wave service, no obstructions should be higher 
than about one-half the elevation angle of the 
radio ray. 


c. The requirements for good ground and free- 
dom from obstructions tend to be contradictory. 
The best ground is apt to be in the low-lying land. 
The solution may be to choose an elevated loca- 
tion and use a ground screen. 
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APPENDIX G 


EFFECTS OF SOLAR ACTIVITY ON HF COMMUNICATIONS 


G-—1. Introduction 


This appendix discusses solar activities and solar 
disturbances and their effects on the ionosphere. 
Also covered are the effects on radio wave propa- 
gation, and the use of solar and ionospheric pre- 
dictive services. Corrective techniques for at- 
tempting to maintain uninterrupted radio commu- 
nications during disturbances are suggested. This 
appendix supplements the discussion of iono- 
spheric variables and their relation to communi- 
cations in paragraph 2-9. 


G-2. Solar Activities 


a. Quiet Solar Structure. 

(1) The radiating surface of the sun has a 
temperature of approximately 6,000 K (10,000° 
F). Most of the sun’s energy is in the visible and 
infrared portions of the spectrum, and a rela- 
tively small amount is in the ultraviolet and even 
less in the X-ray region. Nevertheless, the ultra- 
violet and soft X-ray radiations are the important 
ionizing agents. Figure G—1 shows the relation of 
the sun’s spectrum to radio waves. 

(2) The surface of the sun which we can 
observe is the photosphere. Sunspots show on the 
photosphere as dark areas. The photosphere, as 
seen from the earth, appears to rotate about once 
in 27 days at the sun’s midlatitudes. Directly 
above the photosphere is the chromosphere. 


(8) Above the chromosphere is the corona, 
which is the outer atmosphere of the sun. The 
corona, in the form of the solar wind, extends 
past the earth. The corona is composed of fully 
ionized plasma. Because of its high temperature, 
over a million degrees absolute, the corona radi- 
ates in the X-ray and short ultraviolet wave- 
lengths. As solar activity increases, shock waves 
from lower in the sun’s atmosphere propagate 
outward through the corona, sometimes accom- 
panied by gigantic bubbles of hot plasma. These 
dynamic features are thought to contribute to the 
solar wind. Individual particles in the solar wind 
travel from the sun to the earth in about 3 to 5 
days. 

(4) The stream of particles in the solar wind 
is deflected by the earth’s magnetic field, which 
in turn is distorted by the stream of ionized 
particles. Figure G—2 illustrates the interaction. 
The representation of the earth on the figure is 
not to scale. 


b. The Active Sun. 

(1) Much solar activity is generated in ver- 
tical columns in the solar atmosphere overlying 
sunspots. Figure G-8 is a schematic representa- 
tion of an active region. As shown in the figure, 
the magnetic field extends great distances. It is 
the magnetic field that creates changes from the 
quiet sun conditions which are important to com- 
municators. 
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Figure G-1. Wavelengths of solar and radio spectrum. 
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Figure G-2. Interaction of solar wind with 
earth’s magnetic field. 
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Figure G-3. Schematic representation of an 
active region on the sun. 


(2) Active chromosphere regions show plages, 
associated with magnetic fields, and arch filament 
systems. Plages are large, luminous patches of 
calcium and hydrogen clouds that appear near 
disturbed areas of the sun. The arch filament sys- 
tems are likely precursors of nearby activity. 
Filaments are narrow lines, either dark or bright, 
and are called arch filaments if they curve back 
to the sun. 

(3) Active coronal regions are characterized 
by hot structures called coronal plages. They emit 
strong X-rays and often remain a month or more 


G-2 


after the underlying photospheric and chromo- 
spheric phenomena have disappeared. 

(4) Other phenomena of an active sun are 
solar flares, eruptive prominences, surges, bursts 
of radio emission, proton emissions, and shock 
waves. 

(5) Many of the indications of an active sun 
are accompanied by variations in the solar wind. 
The locations of high speed streams in the solar 
wind are correlated with the locations of coronal 
holes on the solar surface. These coronal holes 
are regions of very low emissivity in the corona 
and are thought to be located where the magnetic 
field lines are open to interplanetary space. It is 
also known that recurrent geomagnetic disturb- 
ances are related to high speed streams in the 
solar wind and, hence, to coronal holes. Coronal 
hole monitors have become important tools in the 
prediction of geomagnetic indices. Generally, a 
maximum of geomagnetic activity occurs about 3 
to 4 days after a coronal hole passes the central 
portion of the sun’s disk. This is about the time 
required for disturbances in the solar wind to 
reach the earth’s magnetic field. 


c. Geomagnetic Activity. Variations in the solar 
wind result in changes in the earth’s magnetic 
field. This reaction explains the reasonably good 
correlation between solar activity and the earth’s 
magnetic storms. A commonly used measure of 
geomagnetic activity, the K index, uses a roughly 
logarithmic scale of 0 through 9. It represents 
magnetogram variations over a 3-hour period. The 
point of measurement is sometimes indicated by 
a subscript: Kz; means Boulder, Colo; Kpg means 
Fredericksburg, Va. The A, index is an average of 
the eight 3-hour indexes for a day. Sometimes, A 
is used to mean Ax. When indexes from many 
stations are combined to give a planetary average, 
the index is called Kp or Ap. 


G-3. Propagation Effects Associated With 
Solar Disturbances 


a. Vertical and oblique incidence ionograms 
show directly the effect of solar disturbances on 
the ionosphere. Figure G—4 shows analyzed iono- 
grams taken during quiet and disturbed condi- 
tions. The ionograms show a compression of 
usable frequencies which is characteristic of dis- 
turbed conditions. 


b. Figure G-5, based on analyzed vertical inci- 
dence ionograms, shows the effects of an iono- 
spheric storm. During an ionospheric storm the 
ionosphere becomes turbulent and loses its normal 
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Figure G-4. Sterling, Va., to Boulder, Colo., ionograms under 
quiet and disturbed conditions. 
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Figure G-5. Effect of ionospheric storm on critical frequency. 
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Figure G—5.—continued 


stratification. The result is that radio wave propa- 
gation becomes very erratic, and it is often neces- 
sary to lower the working frequency in order to 
maintain communication. Figure G-5 also shows 
the phenomenon known as spread F, in which the 
distinct F layers disappear. Sometimes the dura- 
tion of a pulse reflected from the F region may 
be as much as ten times greater than the dura- 
tion of the incident pulse, causing the ionogram 
to have a “smeared” appearance. In middle and 
higher latitudes the occurrence is essentially a 
storm phenomenon. In equatorial regions it occurs 
on magnetically quiet days and disappears with 
the onset of a magnetic storm. The cause of the 
ionospheric storm is thought to be the emission 
of a burst of electrified particles from the sun. The 
fact that the storms sometimes tend to occur at 
27-day intervals, the period of rotation of the 
sun, indicates that there are active areas on the 
sun which produce the phenomenon. The effects 
of ionospheric storms may last for several days. 
As solar activity increases, the intensity and rate 
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of magnetic storms and ionospheric disturbances 
also increase. 


c. Ionospheric effects of solar disturbances are 
usually greater at high geomagnetic latitudes. 
Geomagnetic coordinates are obtained by shifting 
the normal geographic latitude and longitude grid 
so that the poles correspond to the magnetic poles. 
Figure G-—6 is a world map of geomagnetic lati- 
tudes. 


d. A dramatic irregular variation in the iono- 
sphere is a sudden ionospheric disturbance (SID), 
which produces a radio blackout lasting from a 
few minutes to an hour or more. The phenomenon 
is caused by sudden bright eruptions on the sun 
that produce a large increase in the electromag- 
netic ionizing radiations that reach the D layer. 
The increase of ionization density in this layer can 
result in a complete absorption of all skywave 
signals having a frequency greater than about 
1 MHz. An SID is often accompanied by disturb- 
ances in the geomagnetic field. Figure G—-7 shows 
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Figure G-6 Geomagnetic latitudes. 


how an SID affected a radio path. It also shows 
the concurrent magnetic disturbance. The effect 
never occurs at night because of the earth’s shield- 
ing of the effective solar electromagnetic radia- 
tion. 


é. If the ionization of a reflecting layer changes 
very rapidly, the radio path may be shortened or 
lengthened abruptly, resulting in a change in the 
received frequency. This phenomenon is called the 
Doppler effect. Figure G-8 is an example of a 
sudden frequency deviation which resulted from 
a solar flare. Another transmission peculiarity 
associated with solar flares is polar cap absorp- 
tion (PCA). PCA may cause a complete blackout 
of paths crossing the affected area. Although there 
is a lack of data for the south polar cap, it is 
believed that PCA events occur simultaneously in 
both hemispheres. PCA is believed to be due 
primarily to the ionizing effects of high energy 
solar protons penetrating down to altitudes of 
the order of 50 km. Observations of PCA are 
almost always preceded by a major solar flare on 


the visible hemisphere of the sun. The time in- 
terval between the appearance of the flare and 
the start of the PCA ranges from a fraction of 
an hour to several hours. The duration is usually 
about 3 days but may be as short as 1 day; the 
longest may be about 10 days. 


f. Geomagnetic and ionospheric storms also in- 
fluence circuit quality, as shown in figure G-9. 
This figure shows that the higher geomagnetic 
latitude paths are more degraded, as indicated by 
the larger amplitudes of the circuit disturbance 
ratings. 


g. Table G~1 shows the changes in the iono- 
sphere associated with solar and geomagnetic 
events. Table G-2 shows communication anoma- 
lies associated with solar and geomagnetic events. 
Solar disturbances have a wide range in type and 
intensity. Also, the reactions of solar events with 
the ionosphere and the earth’s magnetic field are 
very complex. Therefore, tables G-1 and G-2 
summarize only the usually associated events. The 
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Figure G-7. Example of shortwave fadeout and magnetic disturbance. 
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Figure G-8. Effect of solar flare on received frequency. 
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Figure G-9. Latitude effect on traffic disturbances. 


tables are simplified presentations of some com- 
plex phenomena. In individual cases, many excep- 
tions to the tables will be found. 


G—4. The Use of Solar and lonospheric 
Predictive Services 


a. Air Force Global Weather Central. 

(1) The Air Force Global Weather Central 
at Offutt AFB, Neb., issues periodic bulletins on 
solar and geomagnetic activity and radio propaga- 
tion conditions. Figure G-10 is a sample of the 
primary hf radio propagation report issued daily 
at 0600Z. Secondary reports containing only Part 
I are issued daily at 0000Z, 1200Z, and 1800Z. 
Figure G-11 is a description of the primary and 
secondary hf radio propagation reports. Figure 
G-12 is a sample of GWC’s seven-day outlook 


issued every Friday at 0800Z. This report in- 
cludes an outlook for expected hf radio propaga- 
tion conditions for the seven-day period. Figure 
G-18 is a sample of the extended period forecast 
issued every Monday at 0800Z. This report gives 
a general forecast of solar and geomagnetic ac- 
tivity for several weeks in advance, and also con- 
tains an outlook for expected hf radio propaga- 
tion conditions for the following seven days. 

(2) In addition to issuing the regular bulle- 
tins, the Global Weather Central has a duty 
forecaster available at all times to respond to 
questions regarding hf propagation. The duty 
forecaster can be reached at AUTOVON numbers 
271-5871 or 271-2709. Figure G—14 summarizes 
the services of Global Weather Central pertaining 
to hf propagation. 
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STUDY UNIT 2 
FRACTIONS AND PERCENTS 


Introduction. One day our friend Charlie Caveman and his 
number one son Calvin were snooping and pooping through the 
boonies hunting for a tasty brontosaurus for the evening 
meal. Calvin spotted one and took up a position with good 
observation and field of fire while Charlie enveloped to the 
right. Upon arriving at the assault position, Charlie heard 
a clattering noise and saw Calvin had opened up the base of 
fire with his slingshot a little too early. Charlie, weary 
from his envelopment through the heavy brush, charged out and 
threw his Ml spear at the brontosaurus. His aim was not 
steady (poor sight picture) and he missed the beast. His 
spear hit a rock and broke in half. Charlie sat down to 
catch his breath while the bumbling Calvin went to retrieve 
the spear. He returned and said, "Dad, your spear broke. 
Here is the big half. The little half is splintered." 
Charlie's ears perked up at this unfamiliar terminology. He 
thought a moment and said, "Calvin, you chased away our 
evening meal, but you just invented fractions." 


Of course this is fantasy, but it is used to show that even 
primitive man, although he primarily used his limited number 
of model groups, had an awareness that whole things had 
parts. Undoubtedly, things such as parts of a journey, 
portions of food, or parts of his herd were recognized for 
what they are, but it took a more sophisticated culture than 
Charlie's to actually invent fractions. The Egyptians and 
Romans had some symbolism to indicate the idea of fractions, 
but it was the Hindus who actually originated the system that 
we have today. They took good qualities from both the 
Egyptians and the Romans and added a vertical system of 
notation. The system allowed for variation in both the 
number parts (numerator) and the size of the parts 
(denominator). Remember that the numerator is the part above 
the line and the denominator is the part below the line. 


This study unit will provide you with the skills you need to 
apply the basic principles of fractions and to perform 
operations with fractions, the decimal form of fractions, 
decimals, and percentages. As you are about to see, being 
able to perform these operations plays an important role in 
our daily lives as Marines. 
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SUBJ: HF RADIO PROPAGATION REPORT 
SPACE ENVIRONMENTAL SUPPORT BRANCH 
ATR FORCE GLOBAL WEATHER CENTRAL 
PRIMARY HF RADIO PROPAGATION MESSAGE ISSUED AT 239688Z MAR 77 
PART I. SUMMARY 230200 TO 238698 MAR 77/ 
FORECAST 23698 TO 23129%Z MAR 77. 


QUADRANT 
I II III IV 
6T0 98 W 98 WTO 188 188 TO 9fE OBE TO B 
REGION POLAR N6/+49 N6 N7/+32 N7 
AURORAL U5/+46 N5 N6/+25 U6 
MIDDLE N7/+2@ N7 N7/+35 N7 
LOW N7 N7 N7 N7 
EQUATORIAL N7 N7 N7 N7 


PART II. GENERAL DESCRIPTION OF HF RADIO PROPAGATION CONDITIONS 
OBSERVED DURING THE 24 HOUR PERIOD ENDING 2224992 MAR 77 AND 
FORECAST CONDITIONS FOR THE NEXT 24 HOURS. 

THE GEOMAGNETIC FIELD REACHED MINOR STORM LEVEL BRIEFLY AROUND 
1038Z AND SUBSIDED SHORTLY THEREAFTER. THIS CREATED SHORT PERIODS 
OF SIGNAL FADE AND ABSORPTION ON AURORAL AND POLAR PATHS. 

ENHANCED MID LATITUDE SPORADIC E HAS BEEN OBSERVED DURING THE 
POST MIDNIGHT HOURS AND IS EXPECTED TO CONTINUE TO OCCUR DURING 
THE FORECAST PERIOD. THE GEOMAGNETIC FIELD IS EXPECTED TO REMAIN 
UNSETTLED DURING THE NEXT 24 HOURS. 

PART III. SUMMARY OF SOLAR FLARE INDUCED IONOSPHERIC DISTURBANCES 
FOR THE 24 HOUR PERIOD ENDING 222480Z MAR 77: NONE 

PROBABILITY FOR THE NEXT 24 HOURS: NIL 

PART IV. OBSERVED/FORECAST F 16/K 

THE OBSERVED 19.7 CM FLUX FOR 22 MAR 77 WAS 975. THE PREDICTED 
18.7 CM FLUX FOR 23, 24, AND 25 MAR 77 IS 075, 876, AND 877. THE 
OBSERVED K VALUE FOR 22 MAR 77 WAS 93. THE FORECAST K VALUES FOR 
23, 24, AND 25 MAR 77 ARE 93, 93, AND Q3. 


Figure G-10. Sample Global Weather Central primary propagation report. 
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(1). Part I contains a grid of observed and six hour forecast hf propagation condi- 
tions. The grid is made up of four longitude quadrants and five latitude zones. Quadrants 
are defined as: 

Quadrant I 0° to 90° W. 

Quadrant II 90° W to 180°. 

Quadrant III 180° to 90° E. 

Quadrant IV 90° E to 0°. 
Zones will be: 

Polar Greater than 70° from the equator. 

Auroral 55° to 70° from the equator. 

Midlatitude From 30° to 55° from the equator. 

Low Latitude From 10° to 30° from the equator. 

Equatorial Within 10° of the equator. 
All coordinates are geographic. A simple literal numerical scheme will be used to define 
the observed and forecast propagation conditions within each area described by the grid, 
20 areas in all. The literal part will be used to describe the propagation conditions 
within the area during the previous six hours, using the following convention: 

W - Poor U = Fair N - Normal. 
The numerical indicator will describe the forecast conditions expected during the next six 


hours, using the following convention: 


i Useless 2 Very poor 
3 Poor 4 Poor to fair 
5 Fair 6 Fair to good 
7 Good 8 Very good 


9 Excellent. 
In addition to the observed/forecast propagation quality within each area, maximum usable 
frequency (MUF) deviation of more than 20 percent from the seasonal means will be so in- 
dicated. 

(2). Part II (optional on secondary report). This part will include a commentary on 
unusual conditions within each area, such as, geomagnetic substorm activity, enchanced 
sporadic E or spread F conditions, polar cap absorption, etc. General terms will be used 
to make this portion of the message useful to a variety of communicators and frequency 
managers. 

(3). Part IIl. This part will include disturbances reported during the previous radio 
day due to solar flare activity. This section will include start and end times, whether the 
event was confirmed on an hf system, and the frequency range affected. It will also give a 


probability of occurrence of solar flare induced short wave fades using the following conven- 


tion: 
Nil Less than 1 percent 
Slight 1 to 20 percent 
Moderate 20 to 50 percent 
Strong Greater than 50 percent 


(4). Part IV. This part will include the observed/forecast daily F10 (10 cm solar 
radio flux) and K value (measure of geomagnetic activity on a scale from 0 to 9). The 
forecast will be for the next three days. 

Note: The primary bulletins (HFUS1), conforming to the above format, will be issued 

at 06002 daily. 
The secondary bulletins (HFUS2), which may consist only of Part I of the format, 
will be issued at 0000Z, 1200Z, and 18002. 


Figure G-11. Explanation of Global Weather Central propagation reports. 
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SUBJ: SEVEN DAY OUTLOOK ISSUED 
SOLAR ACTIVITY: SOLAR ACTIVITY 
LOW DURING THE FORECAST PERIOD. 
MAY OCCUR WITH NEWLY DEVELOPING 
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18988992 MARCH 1977. 

IS EXPECTED TO BE LOW TO VERY 
OCCASTONAL CLASS C X-RAY EVENTS 

REGIONS. 


GEOMAGNETIC ACTIVITY: THE GEOMAGNETIC FIELD SHOULD BE UNSETTLED 


THE FIRST TWO AND LAST TWO DAYS 
PERIOD. 


AND QUIET THE REMAINDER OF THE 


HF PROPAGATION: HF RADIO PROPAGATION CONDITIONS WILL BE 
GENERALLY GOOD AT LOW AND MIDDLE LATITUDES. SOME PERIODS OF FAIR 
TO POOR CONDITIONS WILL ACCOMPANY SUNRISE AT LOW LATITUDES. HIGH 
LATITUDE CONDITIONS WILL BE FAIR TO POOR ON NIGHTTIME 
TRANSAURORAL CIRCUITS DUE TO NOISE, SIGNAL ABSORPTION, AND 
SPORADIC FADING. WORST CONDITIONS WILL BE DURING THE FIRST TWO 
AND LAST TWO DAYS. OTHERWISE, HIGH LATITUDE CONDITIONS WILL BE 


FATR TO GOOD. 


Note: This outlook is issued each Friday at 8992. 


Figure G-12. Sample Global Weather Central seven-day outlook. 


SUBJ: AFGWC EXTENDED PERIOD FORECAST ISSUED 2198@%Z MAR 1977. 
FORECAST VALID FOR THE PERIOD 21 MAR=16 APR 1977. 


SOLAR ACTIVITY: SOLAR ACTIVITY 


SHOULD CONTINUE AT VERY 


LOW LEVELS DURING THE FORECAST PERIOD. 

GEOMAGNETIC ACTIVITY: UNSETTLED TO ACTIVE CONDITIONS CAN 

BE EXPECTED 21 TO 24 MAR, AND AGAIN FROM 4 TO 11 APRIL. MINOR 
STORM CONDITIONS ARE LIKELY DURING THE LATTER PERIOD. GENERALLY 
QUIET TO UNSETTLED CONDITIONS SHOULD PREVAIL DURING THE 
REMAINDER OF THE FORECAST PERIOD. 


HF PROPAGATION OUTLOOK VALID 21 
HF RADTO PROPAGATION CONDITIONS 


MAR - 27 MAR 1977. 
WILL BE GENERALLY GOOD ON LOW 


AND MIDLATITUDE CIRCUITS THROUGHOUT THE FORECAST PERIOD. HIGH 
LATITUDE CONDITIONS WILL BE GENERALLY FAIR TO GOOD DURING THE 
DAYLIGHT HOURS AND FAIR TO OCCASIONALLY POOR DURING THE NIGHTTIME 
HOURS. DEGRADED CONDITIONS WILL BE DUE TO ABSORPTION, FADING, 


AND NOISE. 


Note: This forecast is issued each Monday at 989@Z. 


Figure G-13. Sample Global Weather Central extended period forecast. 


b. Environmental Research Laboratories. The 
Environmental Research Laboratories of the Na- 
tional Oceanic and Atmospheric Administration 
provide observations and forecasts of solar and 
geomagnetic activity from their Space Environ- 
mental Services Center. Their services do not, 


however, include propagation observations and 
forecasts. Information is available from WWV 
broadcasts and by telephone, as shown in figure 
G-15. Figure G-16 provides an explanation of the 
format and content of the WWV service. Figure 
G-17 is a copy of the form used in preparing the 
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DATA AND ANALYSES 

FROM NOAA SPACE 
ENVIRONMENTAL LABORATORIES 

BOULDER, COLORADO 


HF PERFORMANCE DATA 


TIMES 


VIA AUTODIN 


PRIMARY BULLETIN—-DAILY 0600Z 


SECONDARY BULLETIN-DAILY 0000Z 
1200Z 
18002 
SEVEN DAILY OUTLOOK - FRIDAY 0800Z 
EXTENDED FORECAST~MONDAY O800Z 


AIR FORCE GLOBAL 
WEATHER CENTRAL 
OFFUTT AFB NEBR. 


DUTY FORECASTER 
AVAILABLE AT ALL 


AUTOVON 
271-5871 


271-2709 


GEOMAGNETIC DATA 


SCOTT AFB ILL. 


AUTOVON 
638- 474) 


SPECIAL 
INTERESTS 


Figure G-14. Global Weather Central hf propagation services. 


telephone recording, which shows the format of 
the recording. Copies of figure G-17 can also be 
used to facilitate copying the recording. 


G-5. Maintaining Hf Radio Communications 
During Disturbed Conditions 


a. General. The forecasting of high frequency 
propagation conditions is based upon detailed 
knowledge of current solar, geomagnetic, iono- 
spheric, and radio wave propagation conditions 
together with known ionospheric responses to spe- 
cific types of solar activity. The tendency for 
ionospheric disturbances to recur at about 27-day 
intervals is also considered. Keep well informed 
about solar activity and ionospheric conditions in 
order to better interpret forecasts and better re- 
act to deteriorating propagation conditions. Lis- 


G14 


ten to the WWV broadcasts and, if possible, 
obtain the Global Weather Central reports. Listen 
to commercial] and amateur stations to learn what 
frequencies are being propagated well. When 
propagation conditions deteriorate, attempt to 
determine the type of disturbance before taking 
adaptive action. 


b. Communicating During an SID. 

(1) At the onset of an SID, signals fade away 
entirely within minutes and may not return for 
2 hours or more. Only the sunlit hemisphere is 
affected. Low latitudes, where the sun’s rays are 
perpendicular or nearly so, are affected more 
than high latitudes. An SID occurs at the same 
time a bright solar flare is observed. 

(2) Everything appears to go dead at once. 
Even background noise disappears. During an 
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SCIENTIFIC DATA SOURCES 
COMMERCIAL PHONE 


499-1000, X3171 
LOWRY 
ASK FOR SOLAR AND AFB COLO. 


GEOMAGNETIC INFO. 


NOAA SPACE ENVIRONMENTAL SERVICE CENTER 


SELDADS DUTY FORCASTER. (I400Z TO 07002) 
(MAY BE CONTINUOUS DURING INCREASED SOLAR ACTIVITY) 


ANSA PHONE 


GLOBAL WEATHER 
RECORDING 


CENTRAL 


SEE FIGURE G-i4 FOR 
GWC SERVICES 
COMMERCIAL PHONE 
(303) 499-8129 
ANYTIME 


ANSAPHONE AND WWV SERVICES 
ARE SIMILAR BUT NOT IDENTICAL . 
BOTH INCLUDE SOLAR AND GEOMAG- 
NETIC DATA AND FORECASTS. SEE 
FIGS. G-I6 AND G-I7 FOR DETAILS. 


SCOTT AFB ILL. 


WWV RECORDING 


AUTOVON 
926-1110 


WWV BROADCAST 


AUTODIN, TELEX, 
18 MIN AFTER HOUR TWX SUBSCRIBERS 


25 5 0 %I5 MHz 


BERGSTROM 


AFB TEX. 
WWV_RECORDING 


WWV RECORDING 


COMMERCIAL PHONE 
(303) 499-711) 


AUTOVON 
685-3303 


Figure G-15. Services of Environmental Research Laboratories. 


SID, use the highest frequency possible. High fre- 
quencies are the last to go out and the first to 
come back. If even the high portion of the band 
becomes unusable, wait until the fadeout ends. 
Resist the urge to troubleshoot apparently dead 
receiving equipment. 


c. Communicating During an Ionospheric Storm. 
(1) Very large solar flares tend to be fol- 
lowed in 1 or 2 days by geomagnetic and iono- 
spheric storms. During an ionospheric storm, 
signals on frequencies normally received well drop 
to very low levels, become erratic, and often dis- 


appear entirely. The high portion of the hf band 
is most affected, and it is affected to the same ex- 
tent in both sunlit and dark hemispheres. High 
latitude paths are affected more than low, and 
auroral paths are most severely disturbed. 

(2) To maintain communications, reduce fre- 
quency, increase power or drop channels, and 
route around auroral zones. Such measures may 
allow communications to continue during the 
storm. In the most severe storms, even the low- 
altitude paths become unusable. The storm may 
last for several hours or several days. 
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Geophysical alerts are broadcast on WWV at 18 minutes after the hour. 


The messages are changed each day at 0000 GMT. Part A of the message 
which gives the Boulder K index is updated every six hours. 

Part B which gives the solar-terrestrial conditions for the previous 
day is 1) The 1700Z solar flux from Ottawa at 2800 MHz. The A index is the 
estimated A value for Fredericksburg. 2) Solar activity is classified as: 
Very low = usually only quiet regions on the solar disk and no more than 

five of these; fewer than ten class-C subflares without 
centimetric radio burst or SID observed or expected. 


usually more than five but less than ten quiet regions on the 
solar disk; only Class-C subflares without centimetric radio 
bursts or SID observed or expected. 


Low 


Moderate = eruptive regions on the solar disk; fewer than five class-M 
X-ray events with centimetric radio bursts and SID observed or 
expected. 


High 


active regions on solar disk; several class-M X-ray events with 
centimetric radio bursts and strong SID; and/or one to two 
importance-2 chromospheric flares or class-X X-ray events observed 
or expected. 


Very high =region capable of producing protons on the sun; one or more 
chromospheric flares of importance-2 or greater; with outstanding 
centimetric radio bursts (500 flux units or greater), class-X 
X-ray bursts, and major SID observed or expected. 


3) The geomagnetic field is classified as: 


Quiet = A< 7, usually no K-indexes > 2. 

Unsettled = 7 < A < 15, usually no K-indexes > 3. 

Active = 15 <A < 30, a few K-indexes of 4. 

4) The geomagnetic storms are classified as: 

Minor = 30 < A < 50, K-indexes mostly 4 and 5. 

Major = A > 50, some K-indexes 6 or greater. Sudden commencements 


indicated by beginning time given to nearest minute. 
Gradual commencements indicated by beginning time to nearest 
hour. 


Figure G-16. WWV geophysical alert format. 
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5) the rest of the report is as follows: 
Solar Flares 


Class C = any solar X-ray burst with a peak flux at 1-8 A of less than 
107* erg cm-2 sec™+. 

Class M =a solar X-ray burst with peak flux at 1-8 BR greater than or 
equal to 10-2 but less than 107! erg cm-2 secu1l, 

Class X = a solar X-ray burst with peak flux at 1-8 A greater than or 


equal to 10-1 erg cm-2 sec-l. 


Major Solar Flare = a flare of optical importance >} 2 B with a centimetric 
radio outburst of 500 flux units or more; or an X-ray event of class-X 
intensity of duration % 180 min regardless of optical flare importance. 

Proton Flare = protons by satellite detectors (or polar cap absorption by 
riometer) have been observed in time association with the Ha flare. 

Satellite-Level Proton Event = a proton enhancement detected by Earth- 
orbiting satellites with particle flux >» 10 MeV at least ten times 
background. 

Polar Cap Absorption = proton-induced absorption 3% 2 dB as measured by 
a 30 MHz riometer located within the polar cap. 

Stratwarm = reports of stratospheric warmings in the high latitude regions 
of the winter hemisphere of the Earth, associated with gross distortions 
of the normal circulation associated with the winter season. 

Part C. This is a forecast for the next day which is based on the 
forecaster's data and knowledge of solar activity. 


Notes: 

WWV frequencies are 2.5, 5, 10, and 15 MHz. Information identical 
to that broadcast can be obtained by phoning (303) 499-7111 at 18 minutes 
after the hour. The same information can be obtained by calling AUTOVON 
685-3303 (Bergstrom AFB, Austin, Tex.) at 18 minutes past the hour. Geo- 
physical alerts are not transmitted by WWVH. 


Figure G—16.—continued 
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G-18 


A. 


Information obtained by calling (303) 499 8129 


DATE 
ANSAPHONE RECORDING 


BOULDER K-INDEX -- GIVE DATE ALSO 


() 
ce) 


() 
() 
() 


THE BOULDER K-INDEX AT 0000 UT WAS 
THE BOULDER K-INDEX AT 0300 UT WAS 
THE BOULDER K-INDEX AT 0600 UT WAS 
THE BOULDER K-INDEX AT 0900 UT WAS 
THE BOULDER K-INDEX AT 1200 UT WAS 
THE BOULDER K-INDEX AT 1500 UT WAS 
THE BOULDER K-INDEX AT 1800 UT WAS 


THE BOULDER K-INDEX AT 2100 UT WAS 


SOLAR TERRESTRIAL CONDITIONS FOR FOLLOW: 


ALWAYS INCLUDE THE FIRST THREE, ADD OTHERS AS APPROPRIATE. 
SOLAR FLUX AND A-INDEX 

SOLAR ACTIVITY WAS 

GEOMAGNETIC ACTIVITY WAS 

MAJOR SOLAR FLARE AT _ UT 

PROTON FLARE AT UT 

PROTON EVENT ON SATELLITE 

PCA EVENT 

FORECAST FOR FOLLOWS : 

ALWAYS INCLUDE THE FIRST TWO, ADD OTHERS AS APPROPRIATE. 
SOLAR ACTIVITY WILL BE 

GEOMAGNETIC FIELD WILL BE 


GEOMAGNETIC STORM EXPECTED 


PROTON FLARE EXPECTED 


Figure G-17. Space Environment Services Center telephone service format. 


Lesson 1. BASIC PRINCIPLES OF FRACTIONS 
LEARNING OBJECTIVES 


1. Given a series of fractions, use the proper operations to 
reduce them to the lowest terms. 


2. Given a series of fractions, use the proper operations to 
reduce them to the higher terms. 


2101. Reducing Fractions 


The Golden Rule. The basic principle involving the manipulation 
of fractions is referred to by many textbooks as the "Golden Rule 
of Fractions." It is: If the numerator and denominator of a 
fraction are both multiplied or divided by the same number (other 
than zero), the value of the fraction is not changed. This 
principle is fundamental to all of the operations with fractions 
and there are two important points to be examined concerning it: 
First, the Golden Rule implies that you must remember to multiply 
or divide both terms of the fractions. If just the numerator is 
multiplied, for example, the resulting fraction will not be equal 
to the initial one. Second, this principle concerns 
multiplication and division only. If the same number is added to 
or subtracted from both the numerator and denominator, the value 
of the resulting fraction will not be the same as the initial 
one. The importance of this principle lies in the fact that it 
is often necessary to change the form of a fraction without 
changing its value. This change in form is known as a reduction. 
Strangely enough, the term reduction does not necessarily mean to 
make smaller, because in mathematics we can reduce to lowest 
terms or reduce to higher terms. The latter appears to be a 
contradiction, but this is the mathematical terminology. 
Remember, a reduction is a change in form without a change in 
value. Let's take a look at both terms. 


a. Reducing to lowest terms. This is a familiar process that is 
accomplished by dividing each term of a fraction by a common 
factor; a process usually referred to as "cancellation." It has 
come along with the development of mathematics, but it does not 
accurately describe what is taking place during its use. Cancel 
implies to eliminate or get rid of, to leave nothing. Our 
mathematical cancel will always leave at least a value of 1. 
Let's look at some examples of reducing to lowest terms: 


Note: (4 and 6 have the common factor 2) This middle step 
is usually mental, but it is inserted here to illustrate what 
is actually being done. 
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APPENDIX H 


HF EXERCISE 
OPERATIONAL CHECKLIST 


H-1. Before the Exercise 
a. Request propagation charts. 
b. Request frequencies. 


c. Compare complement of assigned frequencies 
to predictions. How many hours of operation are 
predicted? Is an antenna analysis needed to im- 
prove predicted time availability? 


d. Set up initial time-versus-frequency matrix. 


e. Check antenna kits for ground rods, extra 
copper wire, bug nuts, etc. 


f. Make sure the antenna shown on the propa- 
gation predictions is one that can be built. 


g. Set up a tentative schedule of frequency- 
change times based on the frequency-usage versus 
time-of-day forecast given in the propagation pre- 
dictions. Schedule shift or crew changes at times 
when the frequency change probability is low. 


h. Arrange to have a spare, continuously tune- 
able, monitor receiver at the site for listening to 
other stations (short-wave broadcast, time, 
MARS, amateur, etc) to check on current propa- 
gation conditions and to troubleshoot the HF 
system being operated in the exercise. (Weak 
signals in that system may be equipment related 
rather than propagation related.) 


i. Is duplicate equipment necessary to assist in 
minimizing time required in determining useable 
frequencies and making frequency changes? 

7. Write the Communications Operating Instruc- 


tions (COI) based on previous items and in the 
best manner to achieve the mission goals. 


H-2. Selecting a Site 

a. Are there any significant horizon obstruc- 
tions? 

b. Is there enough room for the antennas? 
Avoid putting antenna in the foreground of an- 
other antenna. 


c. Is it likely that there will be a co-site prob- 
lem with the antennas? 


d. Is the site far enough removed from indus- 
trial areas, hospitals, power lines, and highways 
so that manmade noises will be at the lowest 
practical level? 


H-3. Preparing the Site 


a. With regard to transmission lines: 

(1) Keep them (especially transmit lines) as 
short as possible. 

(2) Avoid sharp bends. 

(3) Keep receiving lines separated from 
transmitting lines. 

(4) Make sure all connectors are OK. 

(5) Clearly mark the lines to avoid damage 
or accidents. 


b. Make sure antenna dimensions and headings 
are correct. 


c. Make sure all wire connections in the antenna 
system are tightly clamped. 


d. Ground (or suitably protect) all metallic 
items that may become a hazard to personnel. 
Large items, such as fences, should be grounded 
every eight feet. 


e. Avoid long ground leads for equipment. Use 
multiple grounds if necessary. 


f. Use good grounds on antennas. 


g. Provide an environment for the operators 
that is as quiet as possible. 


h. Consider safety of the people involved. 


H—4. During the Exercise 


a. Compile data on— 
(1) Propagation outages on an hourly basis. 
(2) Daily circuit reliability versus predicted 
reliability. 
(8) Comparison of actual and predicted fre- 
quency changes. 
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(4) Adjustment of frequency-versus-time 
matrix as determined by experience. 


b. Maintain close contact with the USAF Global 
Weathe Central to follow ionospheric conditions. 


c. Consider reducing the number of channels on 
the circuit when propagation is poor. 


d. Make a daily inspection of the antenna field, 
radio equipment, transmission lines, power sys- 
tem, and grounding. 


e. If outages occur, troubleshooting should begin 
by looking for the symptoms, making a determi- 
nation of the problem, and effecting a solution in 


H-2 


one or more of the following four basic problem 
areas. 


(1) Propagation outage 

(2) Improper frequency usage 

(3) Antenna design/electrical failure 
(4) Transmitter/receiver fault 


H-5. After the Exercise 
Prepare an after-action report, which should: 


a. Compare predicted and actual system per- 
formance. 


b. Assess achievement of mission goals. 
c. Document troubleshooting actions. 
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GLOSSARY 


A 


active region of sun—A localized, transient region 
of the solar atmosphere in which sunspots, facu- 
lae, plages, flares, etc., may be observed. 


amplitude modulation (am)—A form of modulation 
in which the amplitude of a carrier wave is 
varied in accordance with the instantaneous 
value of the modulating signal. 


angle of incidence—The acute angle between a ray 
and the normal to the surface on which the ray 
is incident. 


angstrom (A)—A unit of length = 1 x 10° cm. 


antenna—Any structure or device used to collect 
or radiate electromagnetic waves. 


antenna matching—The process of adjusting im- 
pedance so that the input impedance of an an- 
tenna equals the characteristic impedance of its 
transmission line. 


antenna tuner—Also called antenna loading unit. A 
device used to electrically lengthen or shorten 
an antenna by using lumped inductance and 
capacitance. In addition, it matches the antenna 
to the feedline impedance. 


aperiodic antenna—An antenna designed to have 
an approximately constant input impedance 
over a wide range of frequencies, e.g., termi- 
nated rhombic antennas and wave antennas. 
Synonym: nonresonant antenna. 


arch filament system—A system of small, arched 
filaments which are often a sign of rapid or con- 
tinued growth in an active solar region. 


ARQ system—See error-detecting and feedback sys- 
tem. 


AUTODIN—A world-wide data communications net- 
work of the Defense Communications System; 
acronym for AUTOmatic DIgital Network. 


balanced—Electrically symmetrical with respect to 
ground. 


balun—A device used for matching an unbalanced 
impedance to a balanced impedance. 


bandwidth—The difference between the limiting 
frequencies of a continuous frequency band. The 
bandwidth of a device is the difference between 
the limiting frequencies within which perform- 
ance in respect to some characteristic falls 
within specified limits. 


baud—The unit of modulation rate. One baud cor- 
responds to a rate of one unit interval per sec- 
ond. 


beam width—The angle between the half-power 
points (8-dB points) of the main lobe of the 
antenna pattern when referenced to the peak 
power point of the antenna pattern. It is meas- 
sured in degrees and normally taken off the 
horizontal radiation pattern. 

binary digit (bit)— 

1. In pure binary notation, either of the char- 
acters, 0 or 1. 

2. A unit of information equal to one binary 
decision or the designation of one of two possi- 
ble and equally likely states of anything used 
to store or convey information. 


bit error rate (BER)—The number of erroneous bits 
divided by the total number of bits over some 
stipulated period of time. 


Cc 


carrier— 
1. A wave suitable for modulation by an in- 
telligence-bearing signal to be transmitted over 
a communication system. 
2. An unmodulated emission. The carrier is 
usually a sinusoidal wave or a recurring series 
of pulses. 


chromosphere—The layer of the solar atmosphere 
between the photosphere and corona. 


corona—The outermost layer of the solar atmos- 
phere. 


corona discharge—Luminous discharge due to ioni- 
zation of the air surrounding a conductor 
around which exists a voltage gradient exceed- 
ing a certain critical value. 
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cosmic noise—The broad spectrum of radio noise 
arriving at Earth from sources outside the solar 
system. 


circuit reliability—The percentage of time a circuit 
was available to the user during a specified 
period of scheduled availability. As used in hf 
circuit analysis, the fraction of days that suc- 
cessful communications may be expected at a 
given hour within the month. Synonym: time 
availability. 


code—A set of unambiguous rules specifying the 
manner in which data may be represented. 


critical frequency—The limiting frequency below 
which a wave component is refiected by, and 
above which it penetrates through, an iono- 
spheric layer at vertical incidence. 


D 


decibel (dB)—The standard unit for expressing 
transmission gain or loss and relative power 
ratios. They are expressed in terms of the 
logarithm to the base 10 of a power ratio. 


dB = 101 “ 
== O8i0 P, 


E, 


db = 20 login E 


i 
== 20 logo T, 


dBm—dB referred to one milliwatt; employed in 
communications work as a measure of absolute 
power values. Zero dBm equals one milliwatt. 


dBW-—dB referred to one watt. Zero dBW equals 
one watt. 


demodulation—A process wherein a wave resulting 
from previous modulation is processed to derive 
a wave having substanially the characteristics 
of the original modulating wave. 


diffraction—The bending or radio, sound, or light 
waves around an object, barrier, or aperture. 


dipole antenna—A radiator, usually fed at the cen- 
ter, producing a maximum of radiation in the 
plane normal to its axis. The length specified is 
the overall length. 


direct wave-Wave that travels directly between 
the transmitter and receiver without reflections 
from any object. 


diversity reception—That method of radio reception 
whereby, in order to minimize the effects of fad- 
ing, a resultant signal is obtained by combina- 
tion or selection, or both, of two or more inde- 
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pendent sources of received-signal energy which 
carry the same modulation or intelligence, but 
which may vary in their fading characteristics 
at any given instant. 


Doppler effect—The phenomenon evidenced by the 
change in the observed frequency of a sound or 
radio wave caused by a time rate of change in 
the effective length of the path of travel be- 
tween the source and the point of observation. 


double sideband transmission—That method of side- 
band transmission in which both sidebands are 
transmitted. 


dual diversity—The simultaneous combining of, or 
selection from, two independently fading sig- 
nals through the use of space, frequency, angle, 
time, or polarization characteristics. 


effective radiated power (ERP)—The power supplied 
to the antenna multiplied by the power gain of 
the antenna in a given direction. 


electrical length—The length expressed in wave- 
lengths, radians, or degrees of an electromag- 
netic wave. 


electromagnetic compatibility (EMC)—The ability of 
communications-electronics equipments, subsys- 
tems, and systems, together with electromechan- 
ical devices (for example, vehicles, engine gen- 
erators, and electric tools), to operate in their 
intended operational environments without suf- 
fering or causing unacceptable degradation be- 
cause of unwanted electromagnetic radiation or 
response. 


electromagnetic interference (EM!)—The phenomenon 
resulting when electromagnetic energy causes 
unacceptable or undesirable responses, malfunc- 
tion, degradation, or interruption of the intend- 
ed operation of an electronic equipment, sub- 
system, or system. Synonym: radio frequency 
interference 


emission—The classification of the modulated or 
unmodulated output wave of a radio transmit- 
ter. The designator is developed using the band- 
width of the signal, the type of modulation, and 
characteristics of the transmission. An example 
is 6A3, which is a signal 6 kHz wide, amplitude 
modulated with voice. 


end effect—Effect of capacitance at the ends of an 
antenna. The actual length of a half-wave an- 
tenna is about 5 percent less than half a wave- 


length, with this percentage increasing to about 
6 percent at frequencies above 50 MHz. 


error-correcting code—A code in which each tele- 
graph or data signal conforms to specific rules 
of construction so that departures from this 
construction in the received signals can be au- 
tomatically detected. This permits the automatic 
correction, at the receiving terminal, of some or 
all of the errors. Such codes require more signal 
elements than are necessary to convey the basic 
information. 


error-detecting code—A code in which each tele- 
graph or data signal conforms to specific rules 
of construction, so that departures from this 
construction in the received signals can be auto- 
matically detected. Such codes require more sig- 
nal elements than are necessary to convey the 
basic information. 


error-detecting and feedback system—A system em- 
ploying an error-detecting code and so arranged 
that detection of an error automatically initiates 
a request for retransmission. Synonyms: ARQ 
system ; request-repeat system. 


F 


facula—A bright region of the solar photosphere 
seen in white light; white light plage. 


fading—The variation, with time, of the intensity 
or relative phase, or both, of any or all frequen- 
cy components of a received radio signal due tu 
changes in the characteristics of the propaga- 
tion path with time. 


field strength—The intensity of an electric, magnet- 
ic, or electromagnetic field at a given point, 
normally used to refer to the rms value of the 
electric field, expressed in volts per meter. 


flux unit—A measure of the intensity of solar activ- 
ity equal to 10°? W Hz m”. 


free space—Empty space with no free electrons or 
ions present. The term also implies remoteness 
from material objects that could cause refiection 
of radio waves. , 


frequency modulation (fm)—The form of modulation 
in which the instantaneous frequency of a sine 
wave carrier is caused to depart from the car- 
rier frequency by an amount proportional to the 
instantaneous value of the modulating signal. 


frequency shift keying—A form of frequency modu- 
lation in which the modulating signal shifts the 
output frequency between predetermined val- 
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ues. Commonly, the instantaneous frequency is 
shifted between two discrete values termed the 
mark and space frequencies. 


Fresnel zone—A cigar-shaped shell of circular cross 
section surrounding the direct path between a 
transmitter and a receiver. For the first Fresnel 
zone, the distance from the transmitter to any 
point on this shell and on the receiver is one 
half-wavelength longer than the direct path; for 
the second Fresnel zone, two half-wavelengths, 
etc. 


G 


galactic radio noise—Random noise originating out- 
side the earth’s atmosphere. 


gamma—A unit of magnetic field intensity equal 
to1 x 10° gauss. 


geoalert--A message broadcast daily by the Space 
Environment Services Center, Boulder, Colo., 
which summarizes solar-geophysical activity 
for the past 2 hours and forecasts activity for 
the next 24 hours. 


geomagnetic storm—A worldwide disturbance of 
the earth’s magnetic field, distinct from regular 
diurnal variations. 


grade of service—The quality specification of a com- 
munication channel or system. It may be stated 
in terms of signal-to-noise ratio, bit-error-rate, 
message throughput rate, call blocking proba- 
bility, ete. 


ground constants—The electrical constants of the 
earth, such as conductivity and dielectric con- 
stants. These values vary with the chemical 
composition of the earth, moisture content, and 
frequency. 


groundwave—A radio wave that is propagated over 
the earth and is affected by the presence of the 
ground. Ground waves do not depend upon the 
ionosphere for propagation. 


ground screen—A network of wires underneath an 
antenna, usually buried a few inches, used to 
improve grounding. 
H 


hertz (Hz)—The international unit denoting one 
cycle per second. 


I 
impedance—The total passive opposition offered 


to the flow of an alternating current. It consists 
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of a combination of resistance, inductive reac- 
tance, and capacitive reactance. 


ionosphere—The region of the atmosphere, extend- 
ing from roughly 50 km to 400 km altitude, in 
which there is appreciable ionization. 


ionospheric disturbance—A sudden increase in the 
ionization of the D-region of the ionosphere, 
caused by solar flares, which results in greatly 
increased radio wave absorption. 


ionospheric scatter—The propagation of radio waves 
by scattering due to irregularities in the iono- 
sphere. 


isotropic antenna—A hypothetical antenna that ra- 
diates or receives equally in all directions. 


K 


K-index—A measure of geomagnetic activity. 


L 


log-periodic antenna—A broadband, multielement, 
unidirectional, narrow-beam antenna. 


lowest useful frequency (LUF)—The lowest frequency 
in the hf band at which the received field in- 
tensity is sufficient to provide the required 
signal-to-noise ratio on 90 percent (80 percent 
for some northern areas in USACEEIA’s Inter- 
mediate and Short Distance Skywave Book) of 
the undisturbed days of the month. 


M 


mark—In binary communications, one of the two 
significant conditions of modulation. 


maximum usable frequency (MUF)—The upper limit 
of the frequencies that can be used at a speci- 
fied time for radio transmission between two 
points and involving propagation by reflection 
from the regular ionized layers of the iono- 
sphere. MUF is a median frequency applicable 
to 50 percent of the days of a month, as op- 
posed to 90 percent cited for the lowest useful 
frequency (LUF) and the optimum traffic fre- 
quency (FOT). 


modem—(Acronym for MOdulator-DEModulator). 
A device that modulates and demodulates sig- 
nals. Modems are primarily used for convert- 
ing digital signals into quasi-analog signals for 
transmission and for reconverting the quasi- 
analog signals into digital signals. 


modulation~The process, or result of the process, 
of varying certain characteristics of a signal, 
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called a carrier, in accordance with a message 
signal. 


monopole antenna—An antenna, usually vertical, 
either a quarter-wavelength or tuned to a quar- 
ter-wavelength, which depends upon reflections 
from the ground to complete its radiation pat- 
tern. 


multicoupler—A device which simultaneously cou- 
ples several receivers to a single antenna with 
little or no signal loss over a wide bandwidth 
(assuming an amplification device in multi- 
coupler). Also called a branching amplifier. A 
transmitter multicoupler couples more than one 
transmitter to an antenna with no interaction. 


multipath—The propagation phenonemon that re- 
sults in radio signals reaching the receiving 
antenna by two or more paths. Multipath effects 
range from constructive reinforcement to de- 
structive cancellation of the signal. 


noise—Unwanted or disturbing energy introduced 
into a communications system from manmade 
and natural sources. 


fe) 


optimum traffic frequency (FOT)-The highest fre- 
quency that is predicted to be available for sky- 
wave transmission over a particular path at a 
particular hour for 90 percent of the days of 
the month. 


P 


parity—In binary-coded systems, a condition ob- 
tained with a self-checking code such that in 
any permissible code expression the total num- 
ber of 1’s or 0’s is always even or always odd. 


path loss—The decrease in power in transmission 
from one point to another. It is usually ex- 
pressed in decibels, and in radio systems is 
taken to be the loss between transmitting and 
receiving antennas. 


peak envelope power (PEP)—The average power 
supplied to the antenna transmission line by a 
radio transmitter during one radio frequency 
cycle at the highest crest of the modulation en- 
velope, taken under conditions of normal oper- 
ation. 


phase modulation (pm)—Modulation in which the 
phase of a sine-wave carrier deviates from the 


no-signal phase by an amount proportional to 
the modulating wave. 


photosphere—The lowest layer of the solar atmos- 
phere which we can see. 


polar cap absorption—A large increase in the iono- 
spheric absorption at high magnetic latitudes, 
due to increases in the D-region electron density, 
caused by solar rays. 


polarization—That property of a radiated electro- 
magnetic wave describing the time-varying di- 
rection and amplitude of the electric field vector. 


power gain of an antenna—The ratio of the power 
required at the input of a reference antenna to 
the power supplied to the input of the given 
antenna to produce, in a given direction, the 
same field at the same distance. When not spec- 
ified otherwise, the figure expressing the gain 
of an antenna refers to the gain in the direction 
of the radiation main lobe. 


pulse modulation—The use of a series of pulses to 
convey information. 


Q 


quadruple diversity—The term applied to the si- 
multaneous combining of, or selection from, 
four independently fading signals and their 
detection through the use of space, frequency, 
angle, time, or polarization characteristics or 
combinations thereof. 


radiation—In radio communication, the emission 
of energy in the form of electromagnetic waves. 


radiation pattern—The variation of the field inten- 
sity of an antenna as a function of direction. 


refraction—The bending of a sound, radio, or light 
wave as it passes obliquely from one medium 
to another medium in which its speed is differ- 
ent. 


reliability—The probability that an item will per- 
form its intended function for a specified inter- 
val under stated conditions. 


rf bandwidth—The difference between the highest 
and the lowest emission frequencies in the re- 
gion of the carrier or principal carrier fre- 
quency. 


rhombic antenna—An antenna composed of long- 
wire radiators comprising the slides of a rhom- 
bus. It is usually terminated and unidirec- 
tional; when unterminated, it is bidirectional. 
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S 


signal-to-noise ratio—The ratio of the amplitude of 
the desired signal to the amplitude of noise sig- 
nals at a given point in time, usually expressed 
in dB. 


single-sideband transmission—That method of side- 
band transmission in which only one sideband 
is transmitted. The carrier may be suppressed. 


skip distance—The minimum distance between the 
transmitting station and the point of return to 
the earth of the transmitted wave reflected 
from the ionosphere. 


skip zone—A region within the transmission range 
wherein signals from a transmitter are’ not 
received. It may be between the farthest points 
reached by the ground wave and nearest points 
at which the refracted skywaves come back to 
earth or between areas served by skywaves. 


skywave—A radio wave that travels upward in 
space from the antenna. It may or may not be 
returned to earth from the ionosphere. 


solar flares—Solar phenomena which have the effect 
of producing significant but short-term (3-10 
days) increases in the level of ionization of the 
ionosphere. 


solar wind—Outward flux of solar material from 
the corona which passes the earth with a veloc- 
ity of 250 to 400 km/s and with proton and 
electron densities of 7/cm* to 20/cm?. 


sporadic E propagation—Radio wave propagation 
by means of returns from irregular ionization 
that appears at heights of about 90 km to 120 
km. 


standing wave—Distribution of current and volt- 
age on a transmission line formed by two sets 
of waves traveling opposite directions, and 
characterized by the presence of a number of 
points of successive maxima and minima in the 
distribution curves. This also occurs on resonant 
antennas. In antenna feed lines it indicates 
power reflected from the antenna and is not 
desirable. 


standing wave ratio (SWR)—The ratio of the ampli- 
tude of a standing wave at a point of maximum 
voltage to the amplitude at a point of minimum 
voltage. 


sudden ionospheric disturbance (SID)—Abnormally 
high ionization densities in the D region caused 
by an occasional sudden outburst of ultraviolet 
light on the sun (solar flare). This results in a 
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suden increase in radio-wave absorption, which 
is the most severe in the upper mf and lower hf 
frequencies. 


sunspots—A solar phenomenon which affects the 
degree of ionization of the ionosphere. A long- 
term sun spot cycle exists, having about 11 
years between successive maxima or successive 
minima. 


T 


transmission loss—In communications, the decrease 
in power during transmission from one point to 
another, usually expressed in decibels. 


tropospheric scatter—The propagation of radio 
waves by scattering as a result of irregulari- 
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ties or discontinuities in the physical properties 
of the troposphere. 
U 
ultraviolet {uv)—That part of the electromagnetic 
spectrum between 50 and 4000 A. 
Vv 


V antenna—A directional antenna consisting of two 
straight conductors set at an angle to each other 
and fed at the junction. 


WwW 


whip antenna—A flexible vertical monopole used 
with transportable and mobile equipment. 
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Reduce 15/30 to lowest terms. Suppose 5 is used as the common 
factor. In this case dividing each term by 5 gives us: 


Here, though, 3/6 is not expressed in lowest terms; there is 
still a common factor 3: 


The highest common factor, 15, would have given the quickest 
reduction, but sometimes the highest common factor is not readily 
evident. Always express an answer in lowest terms. When all 
common factors, other than 1, have been removed from the 
numerator and denominator, the fraction is in lowest terms. 


b. Reducing to higher terms. This is the opposite of reducing 
to lowest terms. Instead of dividing by a common factor, 
multiply the numerator and denominator by some number greater 
than one. Reversing the procedure of the examples above: 


oO 2 Oe oo 
3 2x3 6 

12.15 x1_ 415 
2 15x 2 30 


Note: The middle step is usually mental. 


It should be evident that to change a fraction to some desired 
higher term, you must divide the denominator of the smaller 
fraction into the denominator desired. This quotient is the 
common factor. For example, change 2/5 to an equivalent fraction 
with a denominator of 30. 
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What number must be multiplied times 5 in order to get 30? Since 
you have memorized the primary multiplication combinations, you 
know instantly that it is 6. Therefore multiply the numerator by 
6 and get: 


When the desired denominator reaches a size larger than a product 
of the primary combinations, then divide as mentioned above. As 
you know, the resulting fraction is the equivalent of the initial 
fraction although the form has changed. The ability to reduce to 
higher terms is essential for adding and subtracting fractions. 


Lesson Summary. This lesson taught you how to reduce fractions 
to the lowest terms by dividing and to the highest terms by 
multiplying. Remember, reducing fractions (reduction) does not 
change the value of the fraction, only the form. 


Lesson 2. OPERATIONS WITH FRACTIONS 
LEARNING OBJECTIVES 


1. Given a series of fractions, use the operations for 
addition of fractions to find the sum. 


2. Given a series of fractions, use the operations for 
subtraction of fractions to find the difference. 


3. Given a series of fractions, use the operations for | 
multiplication of fractions to find the product. 


4. Given a series of fractions, use the operations for 
division of fractions to find the quotient. 


2201. Addition of Fractions 


a. Adding fractions with like denominators. Do you remember 
from study unit 1 that the operation of addition of natural 


numbers is based on several principles, among them the 
commutative and associative laws and likeness? The addition 
operation with the rational numbers is also based on these same 
principles. Of particular concern is the principle of likeness 
which is controlled by the position of the numerals. In the 
natural numbers, recall that you add the numbers in the same 
columns. The column itself provides the likeness: first column 
is units, second column is tens, third is hundreds, etc. The 
determining factor of likeness in fractions is the size of the 
parts to be combined. Of course you know that the size of the 
part is the denominator. For example, the fractions 4/5 and 4/9, 
although both 4 of something, are not alike. 
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However the fractions 3/5 and 1/5 are alike because although the 
number of parts is different, the size of the parts is the same. 
When this is so, there is no difficulty in adding the fractions. 
The number of parts (numerators) are added to find the total 
number being considered. Symbolically you could characterize 
addition of fractions as: For any numbers a, b, and c (except 
when b = 0): 


—- arte 


Cc 
+= 
b b 


a practical example would be to add: 


ce er a pe ee ae eye 


=e iL 
12 12 12 12 2 


The middle step is not necessary. It is included to show the 
mental step that is taken. Note that the answer is expressed in 
lowest terms. Now, let's examine the operation of adding 
fractions with unlike denominators. 


b. Adding fractions with unlike denominators. Take, for 
example, the addition of 1/3 and 5/6. Clearly, they are not 


alike. Something must be done to one or both of these fractions 
to make them alike. Remember that it was mentioned that the 
process of reduction would be necessary in adding and subtracting 
fractions. You want to change the form of either 1/3 or 5/6. It 
is easier to change the 1/3 to sixths without changing the value 
of the fraction. This is a problem similar to the ones in the 
last exercise. 


Clearly the answer is 2/6. Now it is quite simple to add 2/6 + 
5/6 = 7/6 = 1 1/6. 


Again, note that the answer has been reduced to lowest terms. As 
a review, what kind of fraction is 7/6? How about 1 1/6? If you 
said improper and mixed number, you are correct. Let's try 
another example: 
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Preface 


ATP 2-01 establishes doctrine for the specific tasks under planning requirements and assessing collection. It 
expands on the principles in FM 3-55. ATP 2-01 should be used in conjunction with FM 3-55 and with FM 2-0. 
Readers should be familiar with fundamental doctrine contained in ADPs 2-0, 3-0, 5-0, and 6-0 and ADRPs 2-0, 
3-0, 5-0, and 6-0. 


This publication’s primary audience is the intelligence and operations staffs within the Army’s corps, divisions, 
brigade combat teams, and maneuver battalions. These staffs collaborate to develop the information collection 
plan. Commanders also must understand the importance of developing requirements and assessing collection as 
part of information collection planning and the operations process. Commanders and staffs of Army headquarters 
serving as a joint task force or multinational headquarters should refer joint doctrine contained in JP 2-01 or 
appropriate multinational doctrine. ATP 2-01 forms the foundation for instruction on planning requirements and 
assessing collection within the Army’s educational system. 


Commanders, staffs, and subordinates ensure their decisions and actions comply with applicable U.S., 
international, and, in some cases, host-nation laws and regulations. Commanders at all levels ensure their 
Soldiers operate in accordance with the law of war and the rules of engagement. (See FM 27-10.) 


ATP 2-01 uses joint terms where applicable. Selected joint and Army terms and definitions appear in both the 
glossary and the text. Terms for which ATP 2-01 is the proponent publication (the authority) are marked with 
an asterisk (*) in the glossary. Definitions for which ATP 2-01 is the proponent publication are boldfaced in the 
text. For other definitions shown in the text, the term is italicized and the number of the proponent publication 
follows the definition. 


ATP 2-01 applies to the Active Army, the Army National Guard/Army National Guard of the United States, and 
the U.S. Army Reserve unless otherwise stated. 


The proponent of ATP 2-01 is the U.S. Army Intelligence Center of Excellence. The preparing agency is the 
Capabilities Development and Integration Directorate, U.S. Army Intelligence Center of Excellence. Send 
written comments and recommendations on a DA Form 2028 (Recommended Changes to Publications and Blank 
Forms) to Commander, U.S. Army Intelligence Center of Excellence, ATTN: ATZS-CDI-D (ATP 2-01), 550 
Cibeque Street, Fort Huachuca, AZ 85613-7017; by e-mail to usarmy.huachuca.icoe.mbx.doctrine@mail.mil; or 
submit an electronic DA Form 2028. 
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Introduction 


ATP 2-01 establishes doctrine for the specific functions under planning requirements and assessing collection. It 
expands on the principles in FM 3-55. ATP 2-01 should be used in conjunction with FM 3-55 and with FM 2-0. It 
outlines the preparation of planning requirements tools during the conduct (planning, preparation, execution, 
and assessment) of operations. 


This publication provides details on the four continuing functions of planning requirements and assessing 
collection. It includes techniques for developing planning requirements tools and keeping them current 
throughout an operation. It addresses factors to consider when supporting offensive, defensive, and stability 
tasks. It also discusses considerations when operating in urban and nontemperate environments. 


Although the discussions and descriptions in this manual may seem linear, planning requirements and assessing 
collection is a dynamic, continuous, and interactive process requiring constant interaction between the 
commander and staff. Depending on the mission, time available, ongoing operations, and standard operating 
procedures (SOPs), units may develop techniques for abbreviated information collection planning to meet the 
commander’s needs. The information presented is descriptive, not prescriptive or restrictive. However, it 
describes the optimal process. This manual complies with Doctrine 2015 guidelines. 


Chapter 1 discusses information collection and its tasks—planning requirements and assessing collection, task 
and direct collection, and execute collection—across the echelons and the vital role of the commander and staff. It 
also addresses the linkage between planning requirements and assessing collection, the military decisionmaking 
process (MDMP), intelligence preparation of the battlefield (IPB), and targeting. 


Chapter 2 describes how the commander provides the staff with inputs necessary to perform planning 
requirements and assessing collection and how the staff develops their respective running estimates, requests for 
information, and requirements. It also outlines the functions of planning requirements and assessing collection. 


Chapter 3 discusses the development of requirements—the identification, prioritization, and refining of gaps in 
data and relevant information—and knowledge concerning the operational environment that must be resolved 
for the commander to achieve situational understanding. 


Chapter 4 describes the development of planning requirements tools. These tools, developed by the intelligence 
staff, begin the process of synchronizing the information collection plan with the scheme of maneuver and are 
updated as the scheme of maneuver changes. 


Chapter 5 discusses assessing the information collection plan, providing feedback to information collection 
assets, and retasking of assets. 


Chapter 6 discusses the process of updating planning requirements tools and updating or revising the 
information collection plan to remain synchronized with operations. 


Chapter 7 discusses the considerations for planning requirements and assessing collection when conducting 
offensive, defensive, and stability tasks. 


Chapter 8 discusses the considerations for planning requirements and assessing collection for urban, mountain 
and cold weather, jungle, and desert environments. 


Appendix A discusses joint, national, and multinational intelligence, surveillance, and reconnaissance (ISR) 
planning considerations. 


Appendix B provides tactics, techniques, and procedures for requesting aerial collection. 


See introductory table-1 on page vi for significant changes in this version. 
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Introductory table 1. Summary of changes 


General changes 
This version of ATP 2-01 incorporates changes to fundamental doctrine made since 2012. 


This version of ATP 2-01 eliminates essential elements of information (also called EEls) from 
Army doctrine. Joint doctrine still uses this term. 


Term changes 


The term planning requirements and assessing collection is changed to plan requirements and 
assess collection. The wording of the definition is modified slightly but the meaning remains 
essentially unchanged. 

This manual is now the proponent publication for the term /atest time information is of value. The 
definition is unchanged. 
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PART ONE 


Fundamentals 


Chapter 1 
Relationships 


INFORMATION COLLECTION AND THE INTEGRATING TASKS 


1-1. This chapter provides basic information regarding planning requirements and assessing collection. It 
starts with a brief discussion of information collection and its tasks, of which one is planning requirements 
and assessing collection. Then it discusses planning requirements and assessing collection across the 
echelons and the vital role of the commander and staff. Finally, it discusses the linkage between planning 
requirements and assessing collection, the MDMP, IPB, and targeting, all of which are executed to support 
current and future operations. 


INFORMATION COLLECTION 


1-2. The Army executes ISR through the operations and intelligence processes (with an emphasis on 
intelligence analysis and leveraging the larger intelligence enterprise) and information collection. 
Information collection is an activity that synchronizes and integrates the planning and employment of 
sensors and assets as well as the processing, exploitation, and dissemination systems in direct support of 
current and future operations (FM 3-55). FM 3-55 describes an information collection capability as any 
human or automated sensor, asset, or processing, exploitation, and dissemination (PED) system that can be 
directed to collect information that enables better decisionmaking, expands understanding of the 
operational environment, and supports warfighting functions in decisive action. Army doctrine on 
information collection highlights aspects that influence how the Army operates as a ground force in close 
and continuous contact with the environment, including the enemy, terrain and weather, and civil 
considerations. 


INFORMATION COLLECTION TASKS 


1-3. Information collection involves the acquisition of information and the provision of this information 
to processing elements and consists of the following tasks: 


e Plan requirements and assess collection. 
e@ Task and direct collection. 
e@ Execute collection. 


PLAN REQUIREMENTS AND ASSESS COLLECTION 


1-4. Plan requirements and assess collection is the task of analyzing requirements, evaluating available 
assets (internal and external), recommending to the operations staff taskings for information collection 
assets, submitting requests for information for adjacent and higher collection support, and assessing the 
effectiveness of the information collection plan. It is a commander-driven, coordinated staff effort led by 
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the G-2/S-2. The continuous functions of planning requirements and assessing collection identify the best 
way to satisfy the requirements of the supported commander and staff. These functions are not necessarily 
sequential. The planning requirements and assessing collection functions are discussed in chapter 2 of this 
publication. 


TASK AND DIRECT COLLECTION 


1-5. The G-3/S-3 (based on recommendations from the staff) tasks, directs, and, when necessary, retasks 
the information collection assets. Tasking and directing of limited information collection assets is vital to 
their control and effective use. Staffs accomplish tasking information collection by issuing warning orders, 
fragmentary orders, and operation orders. They accomplish directing information collection assets by 
continuously monitoring the operation. Staffs conduct retasking to refine, update, or create new requirements. 
(See FM 3-55.) 


EXECUTE COLLECTION 


1-6. Executing collection focuses on requirements tied to the execution of tactical missions (normally 
reconnaissance, surveillance, security operations, and intelligence operations). (Army doctrine defines 
intelligence operations as the tasks undertaken by military intelligence units and Soldiers to obtain 
information to satisfy validated requirements [ADRP 2-0]. See appendix A for a discussion of joint 
intelligence operations.) Information acquired during collection activities about the threat and the area of 
interest is provided to intelligence processing and exploitation elements. (For intelligence purposes, 
exploitation is defined as taking full advantage of any information that has come to hand for tactical, 
operational, or strategic purposes [JP 2-01.3]). Typically, collection activities begin soon after receipt of 
mission and continue throughout preparation for and execution of the operation. They do not cease at the 
conclusion of the mission but continue as required. This allows the commander to focus combat power, 
execute current operations, and prepare for future operations simultaneously. (See FM 3-55.) 


1-7. To provide effective support to execution, planning requirements and assessing collection must be 
linked to planned and ongoing operational activities. Plans and orders direct and coordinate information 
collection by providing information collection tasks based on validated requirements essential for mission 
accomplishment. Plans and orders help allocate scarce information collection assets effectively and 
efficiently. The intelligence staff must collaborate with higher, lower, and adjacent intelligence staffs to 
ensure the effectiveness of planning requirements and assessing collection. 


COLLABORATION ACROSS ECHELONS 


1-8. Planning requirements and assessing collection is integrated and layered across echelons. It is integrated 
with all other activities, systems, efforts, and capabilities associated with unified land operations to provide 
the information required to create intelligence. Integration occurs vertically and horizontally, with unified 
action partners and throughout the operations process. (See appendix A.) It also requires the intelligence 
staff to leverage the intelligence enterprise. (See ADRP 2-0.) 


1-9. Requirements for information collection are arranged vertically and horizontally using a layered 
approach. Layering ensures the optimal use of limited information collection assets within a unit’s task 
organization. Layering allows for mutual supporting activities to share requirements. Sharing requirements 
across echelons helps to support commanders at all levels. 


ROLES OF THE COMMANDER AND STAFF 


1-2 


1-10. Commanders drive information collection activities through their choice of critical information 
requirements and through mission command. (See ADRP 6-0 for doctrine on mission command.) 
Commanders provide planning guidance with their initial intent statement. Planning guidance conveys the 
essence of the commander’s visualization. (See FM 6-0.) 
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First 1/2 should be changed to an equivalent fraction with a 
denominator of 8. This is 4/8 which can be added to 3/8. 


How about when one denominator cannot be reduced to the size of 
the other one? What is done then? For example: 


The fraction 1/5 cannot be expressed as fourths and 3/4 cannot be 
expressed as fifths. As you know, a denominator must be found to 
which each of these denominators can be reduced (a common 
denominator). The quickest way to find a common denominator is 
to find the product of the denominators of the fractions to be 
added. 


For example, the common denominator for 1/5 and 3/4 is 20. This 
simply means that each of these fractions can undergo a reduction 
to 20. 


oo cee) 

5. 0. ee 20 

therefore: 1,3. 4,415 _19 
5 4 20 20 20 


What is a common denominator of 1/6 and 3/4? If you said 24, you 
are correct and the fractions would be reduced in this manner: 


= Aa AB 22 A 


24 24 24 12 


Ol 


rae 
4 


Notice that although 24 is a common denominator, there is a 
better one that could be used. Each of the denominators 6 and 4 
can be reduced to 12. Remember this is called the least or 
lowest common denominator (LCD). See how the problem is worked 
using this: 


Relationships 


1-11. Effective planning requirements and assessing collection focuses information collection activities on 
obtaining the information required by commanders and staffs to influence decisions and operations. 
Planning requirements and assessing collection— 
e Includes commander and staff efforts to synchronize and integrate information collection tasks 
throughout the operations process. 
e Supports the commander’s situational understanding and visualization of the operation by— 
= Identifying information gaps. 
=» Coordinating assets and resources against requirements for information to fill these gaps. 
» Assessing the collected information and intelligence to inform the commander’s decisions. 
e Supports the staff during all operations process activities, integrating processes, and continuing 
activities (for example, during IPB and the MDMP, as well as the targeting, operations, and 
intelligence processes). (See ADRP 5-0.) 


1-12. The direct result of the intelligence and operations staffs’ efforts is a coordinated information 
collection plan. The information collection plan supports the operation with the necessary information 
collection assets and the required PED enablers to support collection and decisionmaking. As information 
and intelligence are assessed and refinements to the plan are made during execution, the operations staff 
issues fragmentary orders to retask or assign new missions to information collection assets. Chapter 2 
discusses the commander and staff roles in more detail. 


ARMY PROCESSES 


1-13. In addition to its relationship to information collection, planning requirements and assessing 
collection relates to each of the Army’s integrating processes and continuing activities, primarily to the 
MDMP, IPB and targeting process. 


RELATIONSHIP WITH THE MILITARY DECISIONMAKING PROCESS 


1-14. During mission analysis, the staff develops a list of initial information requirements. (See FM 6-0.) 
This list is based on higher headquarters tasks, commander’s guidance, staff assessments, and subordinate 
and adjacent unit requests for information. This list also identifies requirements for each potential threat 
course of action and any civil considerations—then, later in MDMP, the friendly course of action the 
commander selects as the concept of operations. The staff also develops and recommends initial 
commander’s critical information requirements (CCIRs) during mission analysis. These CCIRs identify 
information critical for planning. They usually result in information collection missions executed while 
planning for the overall operation is underway. Commanders decide what information is critical based on 
their experience, the mission, the higher commander’s specified and implied intent, and the input from the 
entire staff. 


1-15. At the conclusion of the wargame, the commander designates the CCIRs for the mission. These 
CCIRs identify information requirements essential to support decisionmaking during execution. At this 
point, it is important for the staff to determine, whether by time or event, the point in the operation where 
satisfying each CCIR ceases to be critical. This is usually done by associating a latest time information is of 
value (LTIOV). The staff prioritizes the information collection effort based on these determinations. 


1-16. Figure 1-1 on page 1-4 lists the MDMP steps and the corresponding outputs specific to planning 
requirements and assessing collection that either involve the intelligence staff or that the intelligence staff 
directly prepares during planning. (For more information on the MDMP, see FM 6-0.) 
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Key inputs Key outputs 


Step 1 * Issue commander’s guidance 
Higher headquarters plan or order Receipt of See at are j 
Higher headquarters IPB products Mission : olga meee Seer 


Warning Order 


* Develop initial CCIRs 

* Develop initial enemy situation template 

* Develop initial high-value target list 

¢ Review initial information collection 
resource availability and status 

* Obtain commander’s guidance for 
informations collection 

* Create initial planning requirements tools 

* Create initial information collection plan 

* Issue warning order 


Warning Order 


¢ Update planning requirements tools 
* Update information collection plan 


Higher headquarters plan or order Step 2 
Higher headquarters IPB products Mission 
Updated running estimates Analysis 
Initial commander's guidance 


+ Updated IPB products Step 3 
* Specified and implied information collection COA 
tasks Development 


* Updated IPB products Step 4 ¢ Update planning requirements tools 
* Specified and implied information collection COAAnalysis Update information collection plan 
tasks * Refine CCIRs and information requirements 


+ Recommend COAs 

¢ Update planning requirements tools 
¢ Update information collection plan 
¢ Refine CCIRs 


+ Wargame results Step 5 
« Updated running estimates COA 
« Updated CCIRs Comparison 


* Recommended COAs Step 6 + Update planning requirements tools 

¢ Updated planning requirements tools and COA ¢ Update information collection plan 
information collection plan Approval + Update CCIRs and information requirements 

* Updated CCIRs and information requirements * Issue warning order 


Warning Order 


* Commander selected COA Step7 
* Updated planning requirements tools and Orders * Approved information collection plan 
information collection plan Lda + Approved CCIRs and information requirements 
+ Updated CCIRs and information requirements  [ilbmanmpabbunbnennenhe 
and Transition 
CCIR commander's critical information requirement IPB intelligence preparation of the battlefield 
COA _ course of action MDMP _ military decisionmaking process 


Figure 1-1. Planning requirements and assessing collection tasks within the military 
decisionmaking process 


RELATIONSHIP WITH INTELLIGENCE PREPARATION OF THE BATTLEFIELD 


1-17. Planning requirements and assessing collection relies on the results of IPB. The staff's completion of 
IPB provides an analysis of the operational environment and the options it presents to friendly and threat 
forces. It also provides information required to plan information collection activities, such as— 
e Characteristics of the area of interest that will influence friendly and threat operations (including 
civil considerations). 
e Enemy event templates, including decision points and matrices critical to information collection 
planning. 


1-4 ATP 2-01 19 August 2014 


Relationships 


Information collection assets’ sensitivities to weather and the effects of weather on planned or 
potential operations. 

Threat characteristics, doctrine, tactics, techniques, and behavior. 

Possible and likely threat courses of action. 

High-value targets. 


1-18. For more information on IPB see FM 2-01.3. For more information on operational environments see 


JP 3-0. 


RELATIONSHIP WITH TARGETING 


1-19. The targeting process produces requirements that are incorporated into planning requirement tools 
and the unit’s information collection plan. The tools and plan contain tasks for target development, target 
detection, and combat assessment that support the scheme of fires. 


1-20. To effectively target the threat, the staff develops named areas of interest (NAIs) and targeted areas 
of interest (TAIs). The staff also develops a high-value target list that can include geographic NAIs or TAIs 
as well as organizations, networks, or individuals identified as key or critical nodes. Targeting requirements 
must support the commander’s objectives and intent. In certain circumstances, some requirements may not 
be focused on a certain geographic area. (See FM 3-60.) 
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Chapter 2 
Inputs and Functions 


ROLES OF THE COMMANDER AND STAFF 


2-1. The commander and staff interact to provide input to planning requirements and assessing collection 
throughout the overall operation. Based on this input, the staff performs the planning requirements and 
assessing functions. (See figure 2-1.) This chapter discusses how the commander provides the staff with 
inputs necessary to perform planning requirements and assessing collection. It then describes how the staff, 
using the commander’s inputs, develops their respective running estimates, requests for information, and 
requirements. Finally, it outlines the functions of planning requirements and assessing collection, specifically 
why each is important and their successful results. 


Plan Requirements and Assess Collection 


The task of analyzing requirements, evaluating available assets (internal and external), 
recommending to the operations staff taskings for information collection assets, 
submitting requests for information for adjacent and higher collection support, and 
assessing the effectiveness of the information collection plan. 


Commander Input 
¢ Visualization 
¢ Situational understanding 
+ Approval of commander's Plan Requirements and 
critical information Assess Collection Functions 
requirements Operations and * Requirements development 
* Intent _ Intelligence * Develop planning requirements tools 
Collaboration, - Assess the execution of tactical tasks 
Staff Input ”| « Update planning requirements tools 
* Running estimates 
* Requirements 
* Requests for information 


Figure 2-1. Commander and staff inputs to planning requirements and assessing 
collection 


COMMANDER AND STAFF INPUT 


2-2. The commander is the most important participant in planning requirements and assessing collection. 
The initial commander’s intent, planning guidance, and CCIRs form the foundation of the information 
collection plan and the basis for assessing its execution. During planning and preparation, the staff, 
primarily the operations and intelligence working group, develops the information collection plan and the 
staff products required to execute it. During execution, they oversee execution of the plan, keeping the staff 
products current and using them to keep information collection efforts synchronized with the overall 
operation. The staff updates planning requirements as operations unfold and modify the plan as necessary 
to satisfy new information requirements that emerge. 
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COMMANDER INPUT 


2-3. During planning, the commander’s visualization provides the basis for developing the order, including 
the information collection plan. Commanders and staffs continuously assess the progress of operations 
toward the desired end state. 


2-4. When providing guidance, commanders consider that military intelligence collection assets are 
distinct from other Army information collection capabilities. The distinction is required because intelligence 
collection is enabled by and must comply with all applicable U.S. laws and policy. While there are too 
many to list completely, these include but are not limited to the authorities listed in table 2-1. Commanders 
should request assistance from their servicing judge advocate to interpret or deconflict these legal authorities 
when necessary. 


Table 2-1. Sources of law and policy applicable to intelligence operations 


Executive Order Relevant Department of Defense instructions 

12333 National Security Council intelligence directives 

AR 381-10 U.S. signals intelligence directives 

DOD 5240.1-R Manual for Courts-Martial (Uniform Code of Military Justice) 
DODD 2310.1E International treaties, such as the Hague Convention (1899 and 


DODD 3115.09 1907), the Geneva Conventions (1949), and Protocol | to the 
FM 2-22.3 Geneva Conventions (1977) 

FM 27-10 Military orders, including fragmentary orders 

Rules of Status of forces agreements 

engagement 

Law of land warfare 


2-5. After commanders visualize an operation, they communicate their visualization to their staffs and 
subordinates. Through collaboration and dialog, commanders ensure subordinates understand the visualization 
well enough to begin planning. As it pertains to information collection activities, commanders express their 
initial visualization in terms of— 


e Initial commander’s intent. 
e Planning guidance, including an initial concept of operations. 
e@ Requirements. 


Initial Commander’s Intent 


2-6. The initial commander’s intent links the operation’s purpose with the conditions that define the 
desired end state. The staff uses the initial commander’s intent statement to develop and refine requirements 
and assess the information collection plan throughout the operation. Usually, the initial intent statement 
evolves as planning progresses and more information becomes available. The information collection plan 
evolves concurrently. 


Planning Guidance 


2-7. Commanders provide planning guidance with their initial intent statement. Planning guidance conveys 
the essence of the commander’s visualization. Effective planning guidance is essentially an initial concept 
of operations that prioritizes the information collection activities. Planning guidance— 
e Reflects how the commander sees the operation unfolding. 
e Broadly describes when, where, and how the commander intends to employ combat power to 
accomplish the mission within the higher commander’s intent. 
e For planning requirements, provides the staff information to begin the steps within the planning 
activity of the operations process, that is, to develop an initial information collection plan, which is 
refined into the final plan that is incorporated into the unit order. 
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Requirements 


2-8. Commanders base their initial information requirements on the critical gaps identified during IPB in 
the mission analysis step of the MDMP. Refined and updated requirements result from staff wargaming and 
the commander’s selection of a particular friendly course of action that becomes the concept of operations. 
Commanders drive planning requirements and assessing collection through their choice of critical information 
requirements and through mission command throughout the operations process. 


2-9. For requirements management, there are two types of requirements that result from planning 
requirements and assessing collection: priority intelligence requirements (PIRs) that are part of the CCIRs, 
and information requirements. PIRs and information requirements may focus on threat units or on 
capabilities the threat requires to complete missions and tasks. Each requirement is further refined into 
discrete pieces of information that together answer that requirement. These pieces are referred to as 
indicators and specific information requirements (SIRs). The indicators and SIRs are used to develop the 
information collection plan. (See figure 2-2.) 


PIRs identify information about the 


enemy, terrain and weather, and 
civil considerations the commander 
considers most important. The 


intlligence staff refines PIRs into 
areas where information can be 
collected by collection assets. 


Indicators are positive or negative 
evidence of threat activity or any 
characteristics of the AO that 


SIRs facilitate tasking by 


matching requirements to 


points toward threat vulnerabilities, qt 
asset capability. 


the adoption or rejection by the 
threat of a particular activity, or 
which may influence the friendly 
commander's selection of a COA. 


AO areaofoperations COA course of action PIR _ priority intelligence requirement SIR _ specific information requirement 


Figure 2-2. Relationship between priority intelligence requirements, indicators, and 
specific information requirements 


Information Requirements 


2-10. An information requirement is any information element the commander and staff require to 
successfully conduct operations (ADRP 6-0). They include all elements necessary to address the mission 
variables (mission, enemy, terrain and weather, troops and support available, time available, and civil 
considerations [also called METT-TC]). For the purposes of the intelligence warfighting function, 
validated information collection plan requirements are requirements that, when answered, will fill a gap in 
knowledge and understanding of the area of operations (AO) and the area of interest. 
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Commander’s Critical Information Requirements 


2-11. A commander’s critical information requirement is an information requirement identified by the 
commander as being critical to facilitating timely decisionmaking (JP 3-0). The two CCIR categories are 
friendly force information requirements and PIRs. (See figure 2-3.) A CCIR directly influences 
decisionmaking and facilitates the successful execution of military operations. Commanders decide 
whether to designate an information requirement as a CCIR based on likely decisions and their 
visualization of the course of the operation. A CCIR may support more than one decision. During planning, 
staffs recommend information requirements for commanders to designate as CCIRs. During preparation 
and execution, they recommend changes to CCIRs based on assessment. A CCIR is— 

e@ Specified by a commander for a specific operation. 
Applicable only to the commander who specifies it. 
Situation-dependent—directly linked to a current or future mission. 
Focused on predictable events or activities. 


Time-sensitive—CCIR answers are reported to the commander immediately by any means 
available. 


PIR FFIR 
What the commander What the commader 
needs to know about what needs to know about the 
part of the operational friendly force 
environment 


CCIR—commander’s critical information requirement PIR—priority intelligence requirement 
FFIR—friendly force information requirement 


Figure 2-3. Information requirements 


2-12. Priority Intelligence Requirements. A priority intelligence requirement is an_ intelligence 
requirement, stated as a priority for intelligence support, that the commander and staff need to understand 
the adversary or other aspects of the operational environment (JP 2-01). PIRs identify information about the 
enemy, terrain and weather, and civil considerations that the commander considers most important. The 
intelligence staff manages PIRs for the commander. Commanders limit the number of PIRs to focus the 
efforts of limited information collection assets. This helps staffs and subordinates identify information the 
commander needs immediately. A good staff expertly distills that information, identifying answers to PIRs 
and disseminating them to the commander immediately. 


2-13. Friendly Force Information Requirements. A friendly force information requirement is information 
the commander and staff need to understand the status of friendly force and supporting capabilities (JP 3-0). 
Friendly force information requirements identify the information the commander considers most important 
about the mission, troops and support available, and time available for friendly forces. In coordination with 
the staff, the G-3/S-3 manages friendly force information requirements for the commander. 
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STAFF INPUT 


2-14. Planning requirements and assessing collection consists of various staff functions designed to place 
collection assets and resources into a synchronized plan in order to leverage the various capabilities. The 
plan synchronizes and coordinates collection activities within the overall concept of operations. The 
information collection plan positions and tasks collection assets so they can collect the right information, 
sustain or reconstitute for branches or sequels, or shift priorities as the situation develops. Effective 
planning for information collection focuses on answering the commander’s requirements by translating 
information collection tasks into orders. 


2-15. Planning requirements and assessing information collection requires full staff integration. The staff— 
e Prepares or updates their respective running estimates. 
e Develops requirements. 
e Participates in the operations and intelligence working group (if formed). 
e Develops technical channels (as required). 


Running Estimates 


2-16. A running estimate is the continuous assessment of the current situation used to determine if the current 
operation is proceeding according to the commander’s intent and if planned future operations are supportable 
(ADP 5-0). Intelligence staffs (or the operations and intelligence working group, if formed) use running estimates 
to assist with determining whether requirements have been satisfied, the need for additional requirements, and 
which assets are available for tasking. (See FM 6-0 for additional information on running estimates.) 


Operations and Intelligence Working Group 


2-17. Depending on the availability of personnel, the commander may designate an operations and intelligence 
working group. The primary staff officers for operations and intelligence (G-3/S-3 and G-2/S-2) should direct and 
manage the efforts of this working group to achieve a fully synchronized and integrated information collection plan. 


2-18. The operations and intelligence working group is a temporary grouping of designated staff representatives 
who coordinate and integrate information collection, and provide recommendations to the commander. The 
purpose of the operations and intelligence working group is to bring together representatives from all 
command post cells to validate information requirements and deconflict the use of organic and attached 
assets. The operations and intelligence working group ensures maximum efficiency in information 
collection by carefully synchronizing all collection tasks within the information collection plan. Input is 
required from each member of the working group. 


2-19. Unit SOPs and the operation’s tempo determine how frequently the operations and intelligence 
working group needs to meet. This working group should be closely aligned with both the current 
operations and integration cell and the future operations (or plans) cell to ensure information collection is 
properly integrated into the overall operation plan. 
2-20. The G-3/S-3 comes prepared to provide the following: 

e The current friendly situation. 
Current CCIRs. 
The status and availability of collection assets. 
Requirements from higher headquarters (including recent fragmentary orders or taskings). 
Changes to the commander’s intent. 
Changes to the task organization. 
Future operations. 


2-21. The G-2/S-2 comes prepared to provide the following: 
e The current enemy situation. 
e Current status of PIRs, and potential changes to PIRs. 
e The current information collection priorities and strategies. 
e The status and availability of intelligence operations assets. 
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Current planning requirements tools. 

The situational template tailored to the time discussed. 

Current status of the communication plan for information collection assets. 
Support the G-2/S-2 must request from higher headquarters’ resources. 


Weather and effects of weather on information collection assets. 
e Civil considerations (as applicable). 


2-22. Outputs of the working group include but are not limited to— 
e Priorities and recommendations for latest information collection plan. 
e@ Updated CCIRs for commander approval. 
e Information collection input for fragmentary orders. 


2-23. See FM 6-0 for doctrine on command post cells and working groups. See FM 3-55 for details on the 
operations and intelligence working group. 


Technical Channels 


2-24. Information normally moves throughout a force along specific transmission paths, or channels. 
Establishing these channels directs the flow of reported information derived during intelligence operations. 
Channels help streamline information dissemination by ensuring the right information passes promptly to 
the right people. Commanders and staffs normally communicate through three channels—command, staff, 
and technical. (See ADRP 6-0 and FM 6-02.71.) 


2-25. For intelligence operations, technical channels are the transmission paths between intelligence units 
(to include command post cells and staff elements) performing a technical function requiring special 
expertise. Technical channels are used to transmit required technical data used to focus the highly technical 
intelligence operations collection. Establishing intelligence technical channels facilitates adherence to 
existing policies or regulations for information collection tasks contained within the information collection 
plan. Technical channels do not interfere with command and staff channels. Technical channels are not 
used for conducting operations. 


2-26. While planning requirements and assessing collection, the intelligence staff ensures that technical 
channels are used to focus intelligence collectors appropriately. These channels facilitate a collaborative 
environment and more efficient intelligence operations. The collector or lowest level management for the 
collector, in turn provides feedback of a technical nature to the intelligence staff. An example of this 
feedback is when a collector is tasked to collect on threat communications but does not possess the 
equipment capable of intercepting the signal. The collector provides this feedback to the intelligence staff. 
The staff then has the tasking revised or requests support from an adjacent or higher headquarters. (See 
ADRP 2-0 for more information on technical channels.) 


PLANNING REQUIREMENTS AND ASSESSING COLLECTION 
FUNCTIONS 


2-6 


2-27. After receiving inputs from the commander and staff—intent, planning guidance, and requirements— 
the intelligence staff, in close coordination with the operations staff, performs the planning requirements 
and assessing collection functions. (See figure 2-4.) The planning requirements and assessing collection 
functions are the basis for creating an information collection plan that synchronizes activities of the 
information collection effort to enable the commander’s visualization and situational understanding. The 
intelligence staff, in coordination with the operations staff, monitors available collection assets and assesses 
their ability to provide the required information. They also recommend adjustments to new requirements or 
locations of information collection assets, if required. The planning requirements and assessing collection 
functions are— 

e Develop planning requirements. 

e Develop planning requirements tools. 

e Assess information collection. 

e Update planning requirements tools. 
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The last step, reducing to lowest terms, was eliminated by 
selecting the LCD. Always try to find the LCD, but remember that 
the product of all of the denominators is a common denominator 
and can be used. The main disadvantage of this is that you will 
sometimes have to work with larger numbers and then reduce to 
lowest terms at the end. For those who like definitions and 
rules: The sum of two fractions with different denominators is 
obtained by replacing these fractions with equivalent fractions 
having a common denominator, and then adding the numerators. 
Stated symbolically, for any fractions: 


c¢ _ ad + be 
d bd 


Note that throughout this study unit, addition has been performed 
in a horizontal form. It may just as well, and sometimes should, 
be done in a vertical form. Let's take a look at a couple of 
examples: 


2234 32923 
? 7 3 14 ? 4 ? 4 
3 3 1 2 
+S = =| t+1+=+14 
14 14 = 2 4 
7.38 a 4 
3 14 3 2 10 a 11 4 


As you can see by the two examples above, adding fractions ina 
vertical form rather than a horizontal form in most cases will be 
much easier. Let's now take a look at subtraction. 


2202. Subtraction of Fractions 


a. Subtraction with like denominators. As stated in lesson 1, 
subtraction is the opposite of addition. Since the rules of 
addition of natural numbers apply to rational numbers, it follows 
that the rules for subtraction of natural numbers apply to the 
subtraction of rational numbers. In particular, pay attention to 
the principle of likeness which states that only like fractions 
may be subtracted. This, as you know, means that only fractions 
having like denominators may be subtracted. This is done by 
subtracting the numerators and expressing the result over the 
common denominator, for example: 


Military 
Decisionmaking 
Process 
(Mission Analysis and 
Course of Action 
Analysis) 


Develop Requirements 


Create refined requirements with 
greater specificity in order to develop 
a collection strategy. 


Develop Planning 
Requirements Tools 


Create a fully developed collection 
strategy and tools in order to support 
the operations staff tasking of 
information collection assets. 


Information Collection Plan 
(Annex L) 


Inputs and Functions 


Commander's 
Visualization and 
Situational 
Understanding 


Intelligence Products 
and 
Combat Information 


Staffs Situational 
Awareness 
and Understanding 


Intelligence 


Analysis and 
Production 


Update Planning 
Requirements Tools 


Adjust tools as collection is 
adjusted or requirements are 
satisfied. 


Operations and 


Intelligence 


Collaboration 


Assess Collection 


Adjust information collection through 
close collaboration with the 
operations staff. 


Information Collection 
* Assigned Assets 
* Attached Assets 
* Supporting Assets 


Figure 2-4. Planning requirements and assessing collection functions 
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DEVELOP PLANNING REQUIREMENTS 


2-28. Developing requirements involves identifying, prioritizing, and refining uncertainties concerning the 
threat and significant aspects of the operational environment that must be resolved to accomplish the 
mission. The purpose of the develop requirements function is to receive, analyze, and prioritize requirements 
appropriate to task to organic assets as part of the information collection plan. 


2-29. An important element of developing requirements during execution is the constant collaboration 
between analytical personnel and staff elements of the various command post cells to refine information 
requirements and focus the information collection effort as the situation develops. 


2-30. The result of requirements development is a prioritized list of validated requirements. Successful 
requirements development results in— 


e The information arriving in time for commanders to use. 
e Analysts receiving information that directly relates to the CCIRs. 
e Collection carried out only on requirements important to the operation. 


DEVELOP PLANNING REQUIREMENTS TOOLS 


2-31. The intelligence staff creates and uses planning requirements tools to track planned and ongoing 
information collection tactical tasks—reconnaissance, surveillance, security operations, and intelligence 
operations. These tools are not tasking documents or systems; they are products developed to facilitate the 
synchronization of collection and analytical efforts. The intelligence staff uses the tools to assist the 
operations staff in creating the information collection plan. 


2-32. The subfunction tasks to develop planning requirements tools (see chapter 4) are— 
e Evaluate resources. 
e Develop a collection strategy. 
=» Submit requests for support (collection). 
=» Submit requests for information. 
=» Match information collection asset capabilities to expected activity. 
=» Develop SIRs. 
e Develop supporting tools. 
=» Information collection matrix. 
= Information collection synchronization matrix. 
= Information collection overlay. 


2-33. The result of develop requirements planning tools is the creation of working aids that assist in the 
creation and execution of an information collection plan that answers the CCIRs. Success results in the 
synchronization of information collection with the overall operation through the effective use of the right 
collection assets at the right time and place. Successful requirements planning tools result in— 

e Selecting a collection asset with the appropriate capability. 


e Focusing the collection asset on the right area at the right time to answer the requirements. 


ASSESSING COLLECTION 


2-8 


2-34. Assessing collection involves two concurrent tasks: assessing the information collection plan and 
assessing tactical task execution. Commanders and staffs continuously evaluate the information collection 
plan based on the assessment of results from tactical tasks. Collection assessment is particularly important 
during execution because situations change rapidly; evaluation identifies updates for information collection 
activities. Together, commanders and staffs determine if CCIRs have been satisfied or are still relevant. 


2-35. The subfunction tasks of assess tactical task execution (see chapter 5) are— 
e@ Monitor the tactical situation. 
e Screen reporting to ensure task completion. 
e Correlate reports to requirements. 
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e Provide feedback to assets. 

e Maintain synchronization with operations. 
e Cue assets to collection opportunities. 

e Recommend retasking of assets. 


2-36. Monitoring information collection tasks aids in identifying the need to retask assets as the situation 
changes or cue assets to collection opportunities. Effective monitoring allows the intelligence and operations 
staffs to keep the information collection plan current. To support this goal, the rest of the staff also 
monitors the situation from the perspective of their command post cell to identify possible issues that need 
to be brought to the attention of the G-3/S-3. 


UPDATE PLANNING REQUIREMENTS TOOLS 


2-37. As the situation changes, adjustments to the planning requirements tools keep information collection 
synchronized with the overall operation, thus optimizing the force’s collection effort. Satisfied requirements 
are deleted, and collectors remain focused on unsatisfied and new requirements. Success results in the 
collection and reporting of information when needed to support the commander’s decisions. 


2-38. The subfunctions of update planning requirements tools (see chapter 6) are— 
e Receive inputs from the commander and staff. 
e Eliminate satisfied requirements. 
e@ Develop and add new requirements. 
e Transition to the next operation. 


2-39. The functions of planning requirements and assessing collection are continuous, collaborative, and 
interactive. Several outputs from the various MDMP steps require collaboration with the rest of the staff, 
especially between the intelligence and operations staffs. Keeping the planning tools current cannot be 
achieved without constant coordination among the entire staff. At every step in the MDMP, the intelligence 
staff relies on input from the rest of the staff and cooperation with the operations staff to develop 
information collection products that support the commander’s requirements and maximize collection 
efficiency. 
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PART TWO 


Techniques 


Chapter 3 
Developing Requirements 


ROLE OF DEVELOPING REQUIREMENTS 


3-1. Requirements development forms the foundation of the information collection plan. This chapter 
describes how to perform the tasks associated with this function. Developing requirements includes the 
following subfunction tasks: 

e Participate in planning. 

e Anticipate requirements. 

e Analyze requirements. 

e Refine requirements. 


PARTICIPATE IN PLANNING 


3-2. Throughout planning, requirements are developed and refined; some are consolidated, others discarded. 
Commanders and staffs add and delete individual requirements throughout an operation based on the 
information needed for specific decisions. 


3-3. Requirements development begins as early as possible—in some cases before receipt of mission, 
when only partial information about the general location or category of a mission is known. Development 
continues as the intelligence staff collects initial (baseline) information and intelligence from existing 
sources and databases and through intelligence reach to develop the initial intelligence estimate in support 
of planning. Other command post cells gather information as they prepare or update their running estimates 
to support planning. 


3-4. Maximum efficiency in information collection is achieved when all the collection tasks are carefully 
synchronized throughout an operation. This appropriate mix of collection tasks helps satisfy as many 
different requirements as possible. It also reduces the likelihood of the operations and intelligence working 
group favoring or becoming too reliant on one particular unit, intelligence discipline, or system. 


3-5. The intelligence staff and other staff members continue to develop and refine requirements as the 
commander receives the mission and presents initial guidance to the staff. The commander’s guidance 
includes the critical information for the AO and area of interest that the commander must know to 
successfully conduct operations, expressed in later steps of the MDMP as CCIRs. 


3-6. The commander decides what information is critical based on experience, the mission, input from the 
staff, the higher commander’s intent, and the staffs recommendations. Critical information requirements 
are based on events or activities linked directly to the current and future situation. 


3-7. Because developing requirements is continuous, the function occurs throughout all activities of the 
operations process. Developing requirements results in the production of new requirements from ongoing 
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operations that drive new operations, branches, and sequels. Effective requirements development depends 
on establishing the intelligence architecture and having effective network connectivity that provides situational 
understanding and input from the entire staff. Command post cells and staff elements use the following 
products to identify gaps that may result in information requirements: 


e Detailed and current IPB. 

Current intelligence running estimate. 

Current running estimates from other command post cells and staff elements. 
Enemy situation templates and course of action statements. 

Event templates and matrices. 


Estimates and templates of anticipated civil responses to friendly and threat operations (as 
applicable). 


3-8. Requirements management is not a one-time effort or the sole responsibility of the intelligence staff. 
Each staff element that develops requirements must follow the same development process. Figure 3-1 
depicts the developing requirements subfunction tasks and products. 


ANTICIPATE REQUIREMENTS 


3-9. The intelligence staff and other staff members identify new requirements or refine existing ones and 
present them to the commander for approval. The intelligence staff must recognize when and where to shift 
collection assets and make timely recommendations to the operations staff. Anticipating and developing new 
requirements requires a detailed understanding of the unit and its operational capabilities. It also requires a 
detailed situational understanding, a thorough understanding of IPB products and existing intelligence 
holdings, and an understanding of the concept of operations—including branches, sequels, and anticipated 
transitions to follow-on operations. 


3-10. The ability to anticipate requirements gives intelligence staffs additional time to plan the use of 
information collection assets, including any joint or national assets available. It requires seamless 
involvement with the planners and operations staff. Anticipating upcoming requirements allows 
intelligence staffs to communicate with higher headquarters and plan future requests for information. The 
more time intelligence staffs give units that control Army, joint, and national systems, the more likely they 
are to obtain the required support for a specified time frame. A good example is forecasting additional 
support needed during critical events, such as national elections while conducting stability tasks, or during 
the initial phases of an attack. 


ANALYZE REQUIREMENTS 


3-2 


3-11. The intelligence staff analyzes requirements to determine the most effective use of information 
collection assets. Each requirement is analyzed to determine how best to satisfy it. Sometimes this does not 
require tasking a unit, organization, or sensor for collection. Often, a newly received requirement can be 
satisfied by intelligence reach or by submitting a request for information. Analyzing requirements involves 
separating, recording, validating, consolidating, and prioritizing each recommended requirement. 
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Figure 3-1. Requirements development 
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SEPARATE 


3-12. Intelligence staffs place intelligence gaps into one of three categories based on how best to answer 
them. These categories are— 


RECORD 


Intelligence reach. Intelligence reach allows access to resources of national, joint, foreign, and 
other military organizations and units. Requesters can acquire information through push and pull 
of information, databases, homepages, collaborative tools, and broadcast services. Intelligence 
reach also supports distributed analysis. (See ADRP 2-0.) 


Requests for information. Submitting a request for information to the next higher headquarters 
or adjacent units is the normal procedure for obtaining intelligence information that available 
information collection assets cannot collect. Users enter requests for information into a 
management system where every other system user can see them. Thus, an organization several 
echelons above the actual requester can become aware of the request and answer it. 

Request for support (collection). When a gap cannot be answered by available sources and 
assets, intelligence staffs submit requests for support (collection) to higher and lateral 
organizations for incorporation into their information collection plans. 


3-13. In addition to requirements produced from mission analysis, course of action analysis (wargaming), 
and current operations, intelligence staffs receive requirements based on tasks from higher units and 
requests for information. Various working groups also generate requirements. Requirements from higher, 
adjacent, and subordinate units are recorded along with requirements produced during planning. The record 
tracks each requirement, from its receipt to its eventual satisfaction, merger, or elimination. Recording can 
be done using a spreadsheet, database, or other mechanism prescribed by unit SOP. 


VALIDATE 


3-14. Once recorded, the intelligence staff validates the requirements. Remember the commander provides 
the final validation of requirements when approving the operation order or fragmentary order. A valid 
requirement is necessary, feasible, and complete. 


Necessity. Is this requirement really necessary? If yes, has it already been satisfied? If it has not, 
check databases to see if someone has already collected the information or produced the 
intelligence. If a product that satisfies the requirement already exists, provide the requester to the 
agency that produced it. If the requester does not have access to that agency’s database, then 
obtain and provide the product to the requester. Refer requests for production to the appropriate 
agency. In some cases, the intelligence already exists but not in the format the requester desires. 
For example, a unit may need a demographic map created from existing data. In those cases, ask 
the requester if the product on hand will answer the requirement. If so, provide it. 

Feasibility. Does the unit have assets with capabilities able to execute the mission in time and 
with the detail required to support a decision? If not, can the unit submit a request for 
information to the echelon owning the information collection capability with a reasonable 
expectation of receiving a timely response? 

Completeness. All requirements should specify— 

= Who (needs the results). 


= When (time the indicator is expected to occur and the latest time the commander needs to 
know). 


= What (activity or indicator). 

s Where (geolocation, NAI, or TAI). 

s Why (justification). 

=s Other (specific instructions or information). 


3-15. Once requirements are validated, existing information, such as a database, is examined to determine 
if requirements can be satisfied with existing information through either a request for information to higher 
or lateral units or through intelligence reach. If the requirement cannot be completely satisfied by either of 
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these methods, the requirement is further refined and provided to the operations staff for incorporation into 
the information collection plan. 


CONSOLIDATE 


3-16. Requirements received as tasks and requests are often similar to those generated during planning. 
Consolidation involves identifying identical and similar requirements and combining them into a single 
requirement. Successful consolidation results in a smaller number of requirements to track and 
identification of subordinate elements that may be capable of collecting on a requirement. 


3-17. Merging similar requirements simplifies the collection effort. For example, replace a poorly written 
requirement with the wording of the better justified or more specific requirement. However, exercise 
caution by— 

e Ensuring the intent of the original requirements is not lost when merging requirements. 

e Maintaining accountability of merged requirements through accurate recordkeeping. 


e Disseminating requirements to every requesting headquarters when requirements are satisfied or 
eliminated. 


PRIORITIZE 


3-18. Each requirement is prioritized based on its importance in supporting the concept of operations and 
anticipated decisions. Prioritization based on the commander’s guidance and the current situation ensures 
limited collection assets are directed towards the most critical requirements. Effective prioritization 
requires monitoring the operation to respond to changing situations. 


3-19. When prioritizing, the significance of the requirement to the requester is considered more important 
than the echelon that generated the requirement. A subordinate commander’s requirement may well be 
more important to the success of the higher headquarters’ mission than all other requirements. 


3-20. When prioritizing requirements over the course of the operation, intelligence staffs should consider 
their ability to meet requirements as well as the justification, specificity, significance, and time phasing of 
individual requirements. 


Significance 


3-21. Some tasks the force performs are more important to accomplishing the mission than others. During 
wargaming, commanders give guidance on what they consider most important. In any case, the 
commander’s intent is reflected in the priorities assigned to each phase of the operation. This is the basis 
for establishing a prioritized requirements list from which to make recommendations to the commander for 
approval. 


3-22. After intelligence staffs prioritize the requirements and make recommendations, commanders 
designate some of the most important requirements as PIRs. Answering PIRs is mission-essential. In other 
words, failure to satisfy the PIRs endangers the command’s mission accomplishment. For maximum 
effectiveness, intelligence staffs and commanders should refine PIRs into specific questions. The 
significance of a requirement is often tied to the phase of the operation in which the information is required. 


Time Phasing 


3-23. Time phasing influences prioritization. Requirements time phasing, like synchronization, is a 
continuous process. The operation may progress more or less quickly than anticipated during wargaming. 
Consequently, expected timelines based on wargaming may change during the operation. Staffs monitor 
execution of the operation and remain alert for changes in the LTIOV based on other shifts in the 
operational timeline. Latest time information is of value is the time by which an intelligence 
organization or staff must deliver information to the requester in order to provide decisionmakers 
with timely intelligence. This must include the time anticipated for processing and disseminating that 
information as well as for making the decision. The most important requirement may have an LTIOV in 
a later phase of an operation. 
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3-24. Normally, each requirement is tied to a point in the operation when satisfying it will be critically 
important. Often, this point is an anticipated decision. After that, the requirement may become insignificant 
or unnecessary to collect against. Consequently, the relative priority of each requirement may change over 
time. Some PIRs may remain the same for the duration of the operation, while other PIRs change during 
the operation—from phase to phase or based on the sequence of events as they unfold. 


3-25. The staff establishes LTIOVs based on the commander’s input, the priorities in each phase of the 
operation, and by considering the time required to deliver the finished intelligence to the commander and 
staff. The staff must be sure to establish an LTIOV that allows delivery of the intelligence in time for the 
commander to make a decision. 


3-26. Another method for establishing LTIOVs is using an enemy event or a trigger as the basis for when 
information is required. Critical events are those that directly influence mission accomplishment. They 
include events that trigger significant actions or decisions and essential tasks identified during mission 
analysis. The list of critical events includes major events from the unit’s current position to the 
accomplishment of the mission. Decision points are events or locations where decisions are required during 
mission execution. Decision points relate to identified critical events and are linked to NAIs and TAIs. 


REFINE REQUIREMENTS 


3-27. The developing requirements function does not end with the commander’s approval of the PIRs. 
Each requirement is further broken down into groups and indicators by the intelligence staff. This facilitates 
matching requirements to collection asset capabilities while developing the planning requirements tools. 
(See figure 2-2 on page 2-3.) 


3-28. Using PIRs as a basis, the intelligence staff develops discrete groups. These groups further refine 
PIRs into areas where information can be collected by collection assets and resources. For example, 
groupings for the PIR “What threat cells are conducting attacks that destabilize the AO?” might be— 


e@ Where are the threat leaders, facilitators, technicians, and agents operating in villages X, Y, and Z? 


e@ Where are the threat cell’s support zones in the AO, specifically in the vicinity of villages X, Y, 
and Z? 


e Where does the threat cell receive active and passive support? 


INDICATORS 


3-6 


3-29. An indicator, in intelligence usage, is an item of information which reflects the intention or 
capability of an adversary to adopt or reject a course of action (JP 2-0). Indicators are positive or negative 
information regarding threat activity or any characteristic of the AO that— 

e Points toward threat capabilities and vulnerabilities. 

e Points toward the adoption or rejection by the threat of a particular course of action or activity. 

e@ May influence the commander’s selection of a course of action. 
3-30. Indicators may result from previous actions or from threat failure to take action and usually do not 
stand alone. Indicators are typically not sent out as part of the information collection tasks but rather are 
used primarily by all-source intelligence analysts. All-source intelligence analysts develop indicators, 


integrating each one with other factors to detect patterns or signatures and establish threat intentions. An 
initial set of indicators is developed during the MDMP. 


3-31. Indicators corresponding to the PIRs and groups described in paragraphs 3-27 and 3-28 might be— 


e Identification of agitators, insurgents, or criminal organizations, their supporters, and sympathizers 
who suddenly appear in or move from an area. 


e Evidence of increased foot and vehicle traffic. 
e Increased travel within and into remote or isolated areas. 
e Apartments, houses, or buildings being rented but not lived in as homes. 


3-32. The mission statement, key tasks, and PIRs signify the initiation of developing requirements and the 
initial information collection plan. The G-2/S-2 identifies requirements appropriate to task to unit collection 
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b. Subtraction with unlike denominators. For fractions with 
unlike denominators, the process again is similar to addition. 
Find the LCD and express each fraction as an equivalent fraction 
with the LCD. Subtract the numerators and reduce the resulting 
fraction to the lowest terms. For example: 


c. Subtraction with mixed numbers. There is one other facet of 
subtraction that should be covered here, that is, subtraction of 
mixed numbers. At times the process of "borrowing" presents a 
problem to students. Let's look at several examples. First, 
fractions with like denominators, and no borrowing: 
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lw [Es ww |do 


- 6 


wo 
Ww |B 


Here the numerators were subtracted and placed over the common 
denominator and then the integers were subtracted. Now, how 
about: 
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Here the fractional part of the subtrahend (the number being 
subtracted) is larger than the fractional part of the minuend. 
This is solved by borrowing 1 from 15, converting it to its 
fractional form (1 = 6/6) and adding it to 1/6 (often done 
mentally) : 
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assets and recommends tasking those assets to the G-3/S-3. The G-3/S-3 includes these recommendations 
in the Tasks to Subordinate Units subparagraph of paragraph 3 (Execution) of either the base order or of 
annex L (Information Collection) to the order. Subordinate units incorporate assigned tasks into their 
individual information collection plans. Tasks to subordinate units that must be executed before the 


operation order is issued are conveyed to those units in a either a warning order or separate operation order 
issued by the G-3/S-3. 


3-33. After performing functional analysis and developing threat models, the intelligence staff is prepared 
to further refine PIRs into areas where information can be collected by collection assets and resources. For 
the major threat groups operating within the AO in a counterinsurgency environment, these groupings may 
include— 


e Leadership: 
=» Who are cell leaders? 
=» How do they operate within the urban areas of the AO? 

e Safe havens: Where are groups receiving passive and active support? 
Movement: Where and how are cell members moving throughout the AO? 


e Logistics: Centered on weapons and weapon-making materials, how are materials obtained for 
offensive and defensive tasks? 


e Finance: How are group operations funded? 


e Intelligence collection: How are groups receiving information and conducting reconnaissance 
and surveillance of targets? 


e@ Personnel: 
=» How are cells structured? 
=» How are they receiving and incorporating new personnel? 
e Ideology: How are groups using the information environment? 
Communication: 
=» How do groups communicate internally within the group? 
=» How do groups communicate externally with other groups? 


3-34. Economic-based PIRs may have the following associated groupings: 

How do telecommunications in the area of interest impact the economy? 
How do natural resources in the area of interest impact the economy? 
How do power plants in the area of interest impact the economy? 

How do marketplaces in the area of interest impact the economy? 

What is normally traded within these markets? 

What are the normal prices of food items? 

What are the normal prices of clothing items? 


Are new items being sold within the markets? 


3-35. Economic-based PIRs based on the threat may have the following associated groupings: 
e@ What businesses are targeted by the threat? 
e@ What businesses support the threat? 
e@ What illegal products are produced, sold, or traded in the market place? 


3-36. Information-based PIRs may have the following associated groupings: 


e What are the information sources, resource facilities, and organizations within the area of 
interest? 


What are the official and unofficial information channels within the area of interest? 
What are the means of communication within the civilian population? 
What media representatives and organizations are in the area of interest? 


Which authorities in the area of interest espouse anti-host-nation government rhetoric? 
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PRODUCTS 


3-8 


3-37. The conduct and results of initial and continuous IPB are important prerequisites to developing 
requirements. They provide— 
e Well-reasoned threat situation overlays, course of action statements, and event templates or 
matrices. 
e Thorough analysis of civil considerations (areas, structures, capabilities, organizations, people, 
events [often referred to as ASCOPE]) for inclusion in the information collection plan. 


Continual and timely adjustment of the running estimate as the situation changes. 


e Information and intelligence that support the development of the commander’s decision points or 
actions (lines of operations or lines of effort). 


3-38. The most useful product for developing requirements is the event template. A technique to better 
understand how the threat conducts operations is to use threat models to graphically depict their anticipated 
actions and related decisions. (FM 2-01.3 describes how to develop threat models.) The threat model is 
used to create an event template. The event template depicts the threat’s actions on a timeline showing the 
steps through which threat activities advance while preparing to execute a task and mission. This graphic 
provides the staff with ways to create requirements for collection and to possibly interdict threat operations. 
(See figures 7-2 on page 7-4, 7-5 on page 7-8, and 7-8 on page 7-12 for examples of event templates.) 


3-39. Once developed, the event template is a key product in developing the information collection plan. 
Likely threat locations, avenues of approach, infiltration routes, support areas, and areas of activity become 
NAIs or TAIs on which information collection assets and resources focus their collection efforts. 


3-40. During operations against irregular or hybrid threats, the event template must be modified to address 
more than the predicted threat activity. For example— 
e Within the AO, Army forces interact with additional organizations and the local population on a 
daily basis. 
e In addition to the tasks performed by Army units, multinational units, and the host-nation 
military in the AO, the commander and staff must be aware of events occurring within the area 
of interest. 


3-41. If the commander and staff choose to expand the event template, they require input from outside of 
the staff. The activities of interagency partners should be considered whenever possible. The commander 
and staff determine the activities to depict. Activities may include— 


e Religious events. 

Government meetings. 

Reconstruction projects. 

Openings of government facilities, markets, schools, and clinics. 
Medical clinic activity (immunizations). 


Transportation improvements (work on roads). 
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ROLE OF PLANNING REQUIREMENTS TOOLS 


4-1. The planning requirements tools developed by the intelligence staff begin the process of synchronizing 
the information collection plan with the concept of operations and are updated as the concept of operations 
changes. The tools are used by the operations staff (in close collaboration with the intelligence staff) to 
develop the information collection plan. Developing requirements tools includes evaluating resources, 
developing a collection strategy, and developing supporting tools. (See figure 4-1 on page 4-3.) 


EVALUATE RESOURCES 


4-2. While reviewing collection assets during the MDMP, the staff also performs an evaluation of the 
collection assets using the following criteria: availability, capability, sustainability, and vulnerability. 


AVAILABILITY 


4-3. Staff members must know the collectors and PED enablers available at their echelon, as well as those at 
echelons above and below, and how to request and manage those assets. (See ADRP 2-0.) Combatant command 
and subordinate joint forces apportion joint assets to subordinate echelons. Corps and divisions allocate support 
from the apportioned assets to brigade combat teams (BCTs) and below. (See appendix B.) Staff members must 
understand the system of apportionment and allocation. They determine what joint assets are available by— 


e Conducting collaboration and coordination early in the planning process. 
e Analyzing the higher headquarters order and reviewing the various scheduling or tracking mechanisms. 


CAPABILITY 


4-4. The staff must know and consider practical capabilities and limitations of all unit organic assets. 
Capabilities include the following: 


e Range. Range deals with the collector’s ability to provide target coverage. When considering an 
asset’s range, it is important to consider mission range (duration and distance) and how close the 
collection asset must be to the target to collect against it. Additionally, intelligence staffs consider 
communication requirements from the asset to the command post. The staff determines— 


= Ability to maneuver, including travel and support times. 
= Transit and dwell times, if the best asset is an unmanned aircraft system (UAS). 


e Day and night effectiveness. Staffs consider factors such as available optics and any effects of 
thermal crossover. 


e Technical characteristics. Each asset has time factors (such as set-up and tear-down times) for 
task accomplishment that must be considered. Other technical characteristics include the following: 
=» Whether the sensor can see through fog or smoke. 


= The effects of the environment on the collection asset (including factors such as urban or 
tural terrain and soil composition). 


=» Whether the asset can continue despite electronic attack. 


e Reporting timeliness. Each asset is assigned an earliest time and a latest time information 
reporting is of value to the information collection plan, based on— 


= The established reporting criteria for each collection asset. 
=» How long it takes to disseminate collected information to each requester. 
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e@ Geolocation accuracy. Accuracy implies reliability and precision. The asset must be capable of 
locating a target accurately enough to engage it with precision-guided munitions. 

e Durability. Durability includes such factors as— 
=» Whether the aircraft can launch in high winds or limited visibility. 
=» Whether the prime mover can cross restricted terrain. 

e Threat activity. The staff considers whether the collection asset can detect the expected threat activity. 
Performance history. Experienced staff officers know which information collection assets have 
been reliable in meeting different information requirements. Readiness rates, responsiveness, 
and accuracy over time may raise one collector’s reliability factor. 

e PED enablers. The staff considers whether the unit has the PED enablers required to support 
more flexible and responsive intelligence operations. (See ADRP 2-0.) 


SUSTAINABILITY 


4-5. Each collection asset has specific sustainment requirements; therefore, the staff considers the 
collection asset’s sustainability for long-duration operations. The longer the collection period, the more 
difficult it is to find assets for continuous activity. Weather can significantly affect sustainability of certain 
collection assets. 


VULNERABILITY 


4-6. The staff must evaluate the collector’s vulnerability to threat forces, not only in the target area but 
also along the entire route of travel. It is important to evaluate the threat’s ability to locate, identify, and 
destroy collection assets. For example, a helicopter’s capabilities may make it a suitable collection asset; 
however, its vulnerabilities could make it too risky to use if the enemy possesses surface-to-air missiles. 
Another consideration is the signature associated with the collection asset. For example, a UAS engine 
emits an uncommon noise that is distinctly identifiable and may alert the target they are under surveillance. 


DEVELOP A COLLECTION STRATEGY 


4-7. After thorough evaluation of availability, capability, sustainability, and vulnerability of collection 
assets, the operations and intelligence staffs develop a collection strategy. Although the strategy adopted 
will vary based on the mission and the information requirements to be satisfied, tasking organic assets 
should be considered first. The advantage to this is that the commander has the most control over these 
assets and they are generally more responsive than other supporting assets. If organic assets cannot satisfy a 
requirement, the staff may need to submit a request for support (collection) or request for information to 
higher or lateral headquarters. Layering collection assets is accomplished through cue, redundancy, and mix. 


SUBMIT REQUESTS FOR SUPPORT (COLLECTION) 


4-8. Information requirements generated during planning often require external resources to answer. 
When needed, requests for support (collection) from higher headquarters—such as for joint force, 
combatant command, or national assets—should be prepared and submitted through appropriate channels. 
Although external collection resources may be more capable than organic assets, those external assets may 
already be tasked against other information requirements, resulting in the requester’s requirements going 
unmet. Various tasking documents levy information on collection resources. Some tasking mechanisms are 
joint force- or intelligence system-unique. Various manuals specify procedures and formats for requesting 
support from national systems or agencies. Combatant commands also modify, clarify, or add to these 
procedures in their local intelligence SOPs. 


SUBMIT REQUESTS FOR INFORMATION 


4-9. When the unit cannot satisfy a requirement through intelligence reach or its own assets, the 
intelligence staff composes and submits a request for information to the next higher echelon or lateral units. 
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Evaluate Resources 
+ Availability 
* Capability 
* Sustainability 
+ Vulnerability 


Develop a Collection Strategy 
+ Submit Requests for Support 
+ Submit Requests for Information 
* Match Resources to Indicators 
* Develop Specific Information Requirements 


Develop Supporting Tools 
+ Information Collection Matrix 
* Collection Synchronization Matrix 
* Information Collection Overlay 


Figure 4-1. Develop planning requirements tools 
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4-10. A request for information is initiated to respond to tactical requirements (critical information gaps) and 
is validated in accordance with the unit’s SOP. For example: A BCT S-2 may submit a request for information 
confirming the size and composition of an enemy formation (no further information) reported by one of its 
battalions at a specific location. This would then be researched by the higher headquarters intelligence staff 
and answered immediately if the information or intelligence exists. If the information or intelligence does not 
exist, the request for information would form the justification to request joint or national support. 


4-11. Requests for information are typically requested using an information management system that 
allows all other users can see the requests. That system allows analysts several echelons above the actual 
requester to become aware of the request and answer it. At each echelon, the requirement is validated and a 
determination made as to whether or not that echelon can satisfy the requirement. If an echelon cannot 
satisfy the requirement, it is passed to the next higher echelon. 


4-12. Civil information is often not developed or held within military channels. Unified action partners are 
often the best sources to satisfy requirements for many types of civil information. Requests for civil 
information are also managed by the intelligence staff. Unified action partners operating in the AO may be 
queried directly by the appropriate staff. Unified action partners often maintain liaison at higher level staffs, 
and the normal request for information process may occur through those liaison elements. 


MATCH RESOURCES TO INDICATORS 


4-13. After evaluating available assets, the operations and intelligence staffs match these assets to SIRs. 
Each requirement is associated with its corresponding decision points and timelines. Starting at the point in 
time the commander requires intelligence to make a decision, the intelligence staff reverse-plans to account 
for dissemination, analysis, processing, collection, and tasking time. An effective tool used to link and 
synchronize the collection strategy with the expected flow of the operation is the information collection 
synchronization matrix. As part of matching assets to SIRs, the staff also considers cueing, redundancy, and mix. 


Cueing 


4-14. Cueing involves the use of one or more information collection assets to provide data that directs 
collection by other assets. For example, sweeping the AO electronically with a surveillance system can 
reveal activity that triggers direct collection by a more accurate sensor system. Cueing maximizes the 
efficient use of limited collection assets in support of multiple, often competing, information collection 
priorities. An effective strategy includes plans to create opportunities for cued collection. 


4-15. For example: A BCT may plan to use a human intelligence (HUMINT) source 24 hours prior to a 
UAS launch to confirm or deny activity along a key corridor. If the source reports the absence of activity, 
the UAS may be redirected to another mission or used to confirm the absence of activity, depending on the 
relative priority of requirements. If the HUMINT source reports significant activity earlier than anticipated, 
the UAS mission may be accelerated to collect supporting details or retasked to another collection mission. 


Redundancy 


4-16. Redundancy planning as part of collection strategy development involves the use of several same- 
discipline (or same-capability) assets to cover the same target. Redundant tasking is appropriate against 
high-payoff targets when the probability of success by any one system is low. For example, if several 
signals intelligence (SIGINT) collectors target a designated emitter at different times, the probability of 
intercept improves, even if the emitter operates intermittently. Using redundant collection assets also 
improves the chance of accurate geolocation. 


Mix 


4-4 


4-17. Mix means planning for complementary coverage by a combination of assets from multiple 
intelligence disciplines. Sensor mix increases the probability of collection and reduces the risk of successful 
enemy deception. It also can facilitate cueing and provides more complete reporting. For example, if scouts 
report activity within a known assembly area, SIGINT intercept of the associated logistic net might provide 
unit identity, subordination, and indications of future activity. 
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DEVELOP SPECIFIC INFORMATION REQUIREMENTS 


4-18. The intelligence staff develops SIRs for each PIR based on its group, the indicators, and related 
information requirements. (See paragraphs 3-27 through 3-28.) Developing SIRs requires the collection 
manager to be knowledgeable of the following: 

e Capabilities of the available collection assets. 

e Specificity of the information they provide. 


e Time it takes to collect and report the information in relation to the specificity and timeliness 
requirements the commander and staff articulated with the LTIOV. 


4-19. SIRs help the intelligence staff determine the right combinations of collection assets to provide the 
timely, specific, and relevant information required. SIRs also ensure that information collection taskings 
correlate with the PIRs and priorities for information collection. In addition, SIRs allow collection assets to 
work in combinations timed to achieve efficient results and reduce the possibility of being fooled by threat 
denial and deception efforts. 


4-20. SIRs are developed for each information collection asset based on the capabilities of the asset and the 
expected threat activity. SIRs provide specific information about specific threat activity (or lack thereof) at 
specific locations. SIRs help collection assets provide information specific and timely enough to make a 
difference in answering the PIRs. 


DEVELOP SUPPORTING TOOLS 


4-21. The supporting tools are developed by the intelligence staff to help the operations staff develop the 
information collection plan. Both staffs work closely together to ensure the collection plan is synchronized 
with the concept of operations and updated as the concept of operations changes. Chapter 7 contains sample 
information collection matrices and information collection overlays for offensive, defensive, and stability 
missions. Supporting tools are— 

e The information collection matrix. 

e The information collection synchronization matrix. 

e The information collection overlay. 


INFORMATION COLLECTION MATRIX 


4-22. The information collection matrix links PIRs with indicators, SIRs, NAIs, and TAIs. Constructed in a 
spreadsheet format and including individual work sheets as required, the matrix provides detailed collection 
and reporting requirements. The information collection matrix is not a tasking document. Although not 
published as part of the order, the matrix is a key tool used by both the intelligence staff and the operations 
staff in executing the information collection plan. It is maintained on the unit Web page and assists the 
intelligence staff in synchronizing internal information collection activities across echelons. 


4-23. To create the information collection matrix, the intelligence staff requires several outputs from the 
MDMP. Initial and subsequent refinements to the following are required to complete the requirements matrix: 

e Concept of operations. The concept of operations is a statement that directs the manner in 
which subordinate units cooperate to accomplish the mission and establishes the sequence of 
actions the force uses to achieve the end state (ADRP 5-0). 

e Commander’s guidance for information collection. The concept of operations, coupled with 
the commander’s guidance for information collection, provides the intelligence staff with how 
the commander intends to use information collection to support the concept of operations. 

e@ Commander’s critical information requirements. CCIRs, mainly PIRs, are those requirements 
for which the information collection plan provides timely answers. 

e Initial task organization. The initial task organization depicts assets available that the 
intelligence staff may consider requesting for tasking by the operations staff. 

e Apportionment, allocation, and distribution of Army and joint aerial assets. 
= Apportionment. The joint force commander determines the apportionment of aerial assets. 
Apportionment, in the general sense, is distribution of forces and capabilities as the starting point 
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for planning, etc. (JP 5-0). Specific apportionments (such as, air sorties and forces) are described 
as apportionment of air sorties and forces for planning. (See JP 5-0.) Apportionment (air) is 
determination and assignment of the total expected effort by percentage and/or by priority that 
should be devoted to various air operations for a given period of time. (See JP 5-0.) 

= Allocation. The joint force air component commander takes that apportionment and turns it 
into sorties to support priority ground forces in accordance with the joint force commander’s 
intent. This process is called allocation, which is the distribution of limited forces and resources 
for employment among competing requirements (JP 5-0). Allocation (air) is the translation of 
the air apportionment decision into total numbers of sorties by aircraft type available for each 
operation or task. Thus, a corps or division is allocated joint ISR sorties. 

« Distribution. When the corps or division sends its allocated sorties to subordinate units, 
normally via the air support operations center or a tactical air control party, this process is called 
distribution. The distribution of joint assets provides additional information collection capabilities 
for inclusion into the information collection plan. 

=» See Appendix B for more information on the joint request process for aerial assets. 


INFORMATION COLLECTION SYNCHRONIZATION MATRIX 


4-24. The intelligence staff uses the information collection synchronization matrix to synchronize 
information collection tasks with the current threat assessment and friendly concept of operations. This 
product and process can synchronize and communicate information collection tasks horizontally and 
vertically across commands. However, it does not provide the detail needed to perform control of 
information collection assets through technical channels. 


4-25. Figure 4-2 on pages 4-8 and 4-9 displays an example of an information collection synchronization 
matrix. The intelligence staff uses this matrix to accomplish the following: 


e Ensure collection tasks are tied to the concept of operations in time and space, effectively linking 
information collection to it. The matrix is typically constructed in spreadsheet format and accompanied 
by an information collection overlay that graphically depicts the information the matrix contains. 


e Synchronize information collection tasks the same way the operations staff uses the maneuver 
synchronization matrix to synchronize the overall unit scheme of maneuver. 


e@ When necessary, brief the information collection plan and overlay to specific information 
collection assets. (This usually is done during operations predominated by stability tasks.) 


4-26. Intelligence staffs develop and modify the matrix based on the current intelligence running estimate, 
enemy situation overlay, stated requirements, and event template or matrix. The matrix generally has five parts: 


e Threat timeline. 

e Friendly timeline. 

e Information collection focus. 
e Collection assets. 

e Coverage timeline. 


4-27. The information collection synchronization matrix coordinates the collection strategy with the 
planned friendly and predicted threat operations. The matrix depicts the NAIs from the event template and 
reflects timelines of expected threat activity from the event template and matrix. The matrix also provides 
the basic structure for completion of the information collection plan and is tied to a decision or decision 
points for the impending operation. 


INFORMATION COLLECTION OVERLAY 


4-28. The operations staff issues an information collection overlay depicting the information collection 
plan in graphic form as an appendix to annex L (Information Collection) to the operation order. (See figure 7-3 
on page 7-5 and figure 7-6 on page 7-9.) Typical items on the overlay include— 

e Friendly boundaries and phase lines. 

e Reconnaissance handover lines. 
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e NAIs and TAIs. 

Limits of advance and limits of reconnaissance. (Limits of reconnaissance are constraints 
derived from higher headquarters orders that may designate a limit of advance affecting 
reconnaissance units. See FM 3-55.) 


Counterreconnaissance areas. 

Fire support coordination measures. 

Graphics depicting zone, area, or route reconnaissance missions. 
Route start points, release points, infiltration lanes, and checkpoints. 
Primary and alternate observation post locations. 

Ambulance exchange points and logistic release points. 

Planned or existing obstacles. 

Scan sectors for sensors. 

UAS flight paths. 

Retransmission locations. 


PLANNING REQUIREMENTS BRIEFING TOOL 


4-29. Many units create a graphic version of the planning requirements function for briefing purposes. The 
planning requirements briefing tool combines the information collection synchronization matrix, 
information collection overlay, and PIRs into one product. (See figure 4-3 on pages 4-10 and 4-11.) 


WORKING AIDS FOR CREATING TOOLS 


4-30. The intelligence staff uses several working aids that assist in creating planning requirements tools. 
Normally developed and refined during the MDMP, these working aids are not contained within the 
requirements planning tools or information collection plan. 


NAMED AREA OF INTEREST MATRIX 


4-31. The NAI matrix is used to synchronize information collection missions with NAIs or TAIs. The 
purpose of the NAI matrix is to ensure information collection assets are tasked to cover critical NAIs and 
TAIs during anticipated times of activity. (See figure 4-4 on page 4-12.) 


NAMED AREA OF INTEREST WORK SHEET 


4-32. For each NAI, the operations and intelligence staffs develop observation times and a task, a purpose, 
and SIRs for assets conducting information collection missions involving it. This information may be 
consolidated on an NAI work sheet. (See figure 4-5 on page 4-13.) It is crucial to focus the task on a clearly 
defined and achievable purpose. 


NAMED AREA OF INTEREST OVERLAY 


4-33. An NAI overlay visually depicts NAI locations. (See figure 4-6 on page 4-14.) The NAI overlay may 
also contain the task and purpose (what and why) of the NAI. 
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Let's take a look at another problem: 


3 3 11 
42=4+25= 344 
8 8 8 

3 6 6 
-22=22%2+-2 2 
4 8 8 

5 

2B 


Note that 3/4 was converted to an equivalent fraction with the 
common denominator 8. This still left the fraction of the 
subtrahend smaller than that of the minuend. One was borrowed 
from 4 in the fractional form 8/8 and added to 3/8 totalling 
11/8. This gave a workable fraction which could then be 
subtracted from in the normal manner. A definition of 
subtraction of fractions has been presented. For any two 
fractions it can be represented as: 


2 ana €& 


b qt if ad > bc, then: 


Note: the symbol > is read: is greater than. 


Remember, only like fractions can be subtracted (fractions having 
like denominators), with unlike fractions, first, find the lowest 
common denominator, subtract, and reduce the result to the lowest 
terms. 


2203. Multiplication of Fractions 


Here again is an operation that is based on the same principles 
that applied to the natural numbers: the associative, 
commutative, and distributive laws. Multiplication for fractions 
is still a rapid or shortened addition process. All you need to 
do in order to multiply fractions, therefore, is draw on the 
principles you have already learned. There is one aspect of 
multiplication of fractions that is a unique process which proves 
troublesome to the thinking of some students. To multiply 
usually implies to gain, or to make larger. This is true with 
integers, but when dealing with multiplication by a fraction, the 
converse is true; a smaller quantity will result. For example if 
you take one-half of something, say a dozen eggs, you end up with 
a smaller quantity, 6 eggs, although you actually performed a 
multiplication, 1/2 times 12. You should keep this fact in mind 
when multiplying by a fraction and have confidence in the answers 
that are produced. 
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Named Area of Interest Work Sheet 
Course of Action Adoption Indicators 


Indicators 


BRDM-2s 
and BMP-2s 


BRDM2s, 
BMP2s, 
T-80s, and 
2819 


BMP-2s or 
BMP-2ss 
and 2S19s 


BMP-2s or 
BMP-2ss 
and 2S19s 


BN battalion 
CO company 
COA course of action 


19 August 2014 


BMP-2s 
BMP-2s, 
T-80s 


MECH IN CO attacks 
east followed by 2 
MECH IN BNs on 
Route Packers. 


MECH IN PLT attacks 


east followed by 
MECH IN CO on 
Route Niners. 


MECH IN CO attacks 
east followed by 2 
MECH IN BNs on 
Route Falcons. 


MECH IN CO, with 
artillery support, 
attacks east followed 
by 2 MECH IN BNs 
on Route Packers. 


MECH IN PLT 
followed by MECH IN 
CO attacks east on 
Route Packers. Unit 
does not become 
decisively engaged. 
Initial artillery support 
lessens. 


MECH IN PLT 
followed by MECH IN 
CO attacks east on 
Route Niners. Unit 
does not become 
decisively engaged. 
Initial artillery support 
lessens. 


MECH IN PLT 
followed by MECH IN 
CO attacks east on 
Route Niners. Unit 
does not become 
decisively engaged. 
Initial artillery support 
lessens. 

IN infantry 

MECH mechanized 
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MECH IN PLT attacks 
east followed by MECH IN 
CO on Route Packers. 


MECH IN CO attacks 
west, then 3 MECH IN 
BNs attack east on Route 
Niners. 


MECH IN PLT attacks 
east followed by MECH IN 
CO on Route Falcons. 


MECH IN PLT followed by 
MECH IN CO attacks east 
on Route Packers. Unit 
does not become 
decisively engaged. Initial 
artillery support lessens. 
MECH IN CO, with 
artillery support, attacks 


east followed by 3 MECH 
IN BNs on Route Niners. 


MECH IN CO, with 
artillery support, attacks 
east followed by 3 MECH 
IN BNs attack east on 
Route Niners. 


MECH IN CO, with 
artillery support, attacks 
east followed by 3 MECH 
IN BNs attacks east on 
Route Seahawks. 


PLT platoon 


NAI named area of interest 


COA 1 COA 2 COA 3 


MECH IN PLT attacks east 
followed by MECH IN CO 
on Route Packers. 


MECH IN PLT attacks east 
followed by MECH IN CO 
on Route Niners. 


MECH IN PLT attacks east 
followed by MECH IN CO 
on Route Falcons. 


MECH IN PLT followed by 
MECH IN CO attacks east 
on Route Packers. Unit 
does not become decisively 
engaged. Initial artillery 
support lessens. 


MECH IN PLT followed by 
MECH IN CO attacks east 
on Route Niners. Unit does 
not become decisively 
engaged. Initial artillery 
support lessens. 


MECH IN PLT followed by 
MECH IN CO attacks east 
on Route Seahawks. Unit 
does not become decisively 
engaged. Initial artillery 
support lessens. 


MECH IN PLT followed by 
MECH IN CO attacks east 
on Route Niners. Unit does 
not become decisively 
engaged. Initial artillery 
support lessens. 


Figure 4-5. Sample named area of interest work sheet 
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Figure 4-6. Sample named area of interest overlay 
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Assessing Collection 


ASSESSMENT 


5-1. Assessment is determination of the progress toward accomplishing a task, creating a condition, or 
achieving an objective (JP 3-0). Commanders, assisted by their staffs and subordinate commanders, 
continuously assess the operational environment, the progress of the operation, and the information 
collected by the assets executing the information collection plan. Based on their assessment, commanders 
direct adjustments to the information collection plan, thus ensuring the plan remains focused on providing 
information and intelligence products to assist in decisionmaking. Assessing collection involves assessing 
the information collection plan and assessing tactical task execution. Figure 5-1 on page 5-2 shows the 
tasks associated with assessing collection. 


ASSESSING THE INFORMATION COLLECTION PLAN 


5-2. The commander and staff continuously evaluate the information collection plan based on the 
assessment of results from reconnaissance missions, surveillance tasks, intelligence operations, and security 
operations. Collection assessment is particularly important during execution because situations change 
rapidly. Evaluation identifies updates required to keep the information collection plan synchronized with 
the overall operation. Together, commanders and staffs determine if CCIRs have been satisfied or are still 
relevant: 
e If CCIRs have been satisfied or are no longer relevant, they are eliminated from the 
information collection plan. 
e If CCIRs have not been satisfied but are still relevant, the intelligence staff coordinates with 
the operations staff during operations and intelligence working group meetings for additional 
assets and/or recommends adjustments to the current coverage. 


5-3. The operations staff is deeply involved in assessing the operation as a whole and looks to the 
operations and intelligence working group’s assessment of the information collection effort to assist in that 
assessment. Assessment is one of the working group’s continuing activities to support directing and 
collecting. (See FM 3-55.) It is particularly important in enabling the evaluation of the information 
collection plan. 


ASSESSING TACTICAL TASK EXECUTION 


5-4. The staff performs the following steps when assessing the execution of tactical tasks: 
Monitor the tactical situation. 

Screen reporting to ensure the completion of tasks. 

Correlate reporting to requirements. 

Provide feedback to assets. 

Maintain synchronization with operations. 

Cue assets to other collection opportunities. 


Recommend retasking of assets. 


19 August 2014 ATP 2-01 5-1 


Chapter 5 


Maintain * Recommend Retasking 
Synchronization with of Assets 
Operations * Cue Assets 


Assess ; P : te eits 
information Monitor Tactical Situation 


Collection * Screen Reporting 
Plan * Correlate Reporting to 
Requirements 


Provide 
Feedback 
to Assets 


Figure 5-1. Assessing collection 
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MONITOR THE TACTICAL SITUATION 


5-5. Staffs track the progress of the operation against requirements and the information collection plan. 
The operation seldom progresses on the timelines assumed during planning and staff wargaming. The staff 
watches for changes in tempo that require changes in reporting times, such as LTIOVs. The intelligence and 
operations staffs coordinate any changes with all parties concerned, including commanders and appropriate 
staff elements. It is possible that the staff’s assumptions about enemy courses of action will not prove 
entirely correct. The usual result is a change in requirements, as well as adjustments to the timelines. The staff 
may initiate the rapid decisionmaking synchronization process to accommodate changes in its assumptions or 
the situation. (See FM 6-0.) 


SCREEN REPORTING TO ENSURE THE COMPLETION OF TASKS 


5-6. The staff screens reporting to determine whether each collection task has been satisfied and screens 
each report for the following criteria: 
e@ Relevance. Does the collected information actually answer the requirements associated with the 
information collection task? If not, can this information be used to satisfy other requirements? 
e@ Completeness. Is essential information missing? (Refer to the original information collection 
task.) 
e Timeliness. Has the asset reported by the LTIOV established in the original task? 
Opportunities for cueing. Can this asset or another asset take advantage of new information to 
increase the effectiveness and efficiency of the overall information collection effort? If the report 
suggests an opportunity to cue other assets, the intelligence and operations staffs immediately 
cue them and record any new requirements in the appropriate planning requirements tool. 


CORRELATE REPORTING TO REQUIREMENTS 


5-7. The staff tracks which specific information collection task originates from which requirement to 
ensure the collected information is provided to the original requester and to all who need the information. 
For efficiency and timeliness, the staff ensures production tasks are linked to requirements. This allows the 
staff to determine which requirements have been satisfied and which require additional collection. 


5-8. The staff addresses the following potential challenges: 
e Large volumes of information that could inundate the intelligence analysis staff element. The 
intelligence staff may have trouble correlating each report to a requirement. 
Assembling information from multiple reports that partially satisfy a number of collection tasks. 


e Routing information from reports that have nothing to do with the collection task to tasks the 
information might satisfy. 


e Reports that do not refer to the task that drove the collection mission. 
e Circular reporting or unnecessary message traffic that wastes valuable time. 


5-9. Correlating information reporting to the original requirement and evaluating reports is key to 
effective requirements management. This quality control effort helps the staff ensure timely satisfaction of 
requirements. Requirements management includes dissemination of reporting and related information to 
original requesters and other users. 


PROVIDE FEEDBACK TO ASSETS 


5-10. The staff provides feedback to all collection assets on their mission effectiveness and to analysis 
elements on their production. Normally this feedback is given to the military intelligence leader or 
commander of the asset or staff element. Feedback reinforces whether collection or production satisfies the 
original task or request and provides guidance if it does not. Feedback is essential to maintaining 
information collection effectiveness and alerting leaders of deficiencies to be corrected. 


5-11. Running estimates are important tools for assessing the information collection plan. They inform the 
staff of the status of collection on the CCIRs. Running estimates are even more effective when compared 
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with previous estimates that refer to the same time period. This rates the accuracy and relevancy of the 
prediction to what actually occurred. 


MAINTAIN SYNCHRONIZATION WITH OPERATIONS 


5-12. As execution progresses, the staff refines the estimate of when information is needed (the LTIOV, 
based on the decision point timeline in the order) with when the information is actually required. The staff 
stays alert to the need for recommending changes in the information collection plan because of these 
refinements. As the need for changes arises, the intelligence staff coordinates with the appropriate 
command post cells and staff elements to update products as required to refine the information collection 
plan. This may be as simple as updating timelines, or it may require that these products be completely 
redone. Sometimes it may require retasking information collection assets. 


CUE ASSETS TO OTHER COLLECTION OPPORTUNITIES 


5-13. The intelligence and operations staffs track the status of information collection assets, cueing them as 
necessary and teaming assets as appropriate. Cueing allows assets to take advantage of new information to 
increase the effectiveness and efficiency of their collection. For example, if a Soldier reports hearing 
tracked vehicles but cannot observe the vehicles due to the terrain, a UAS can be cued to observe the area 
for the presence of tracked vehicles. 


RECOMMEND RETASKING OF ASSETS 


5-14. Retasking is assigning an information collection asset a new task and purpose. It is done— 

e Upon completion of its initial requirement. 

e After the LTIOV, if the original requirement has not been satisfied and the LTIOV cannot be 

adjusted. 

e@ On order to support a branch or sequel. 

e To respond to variances in the situation. (See ADRP 5-0.) 
5-15. The operations staff issues orders to retask assets, normally in consultation with the intelligence staff 
for assets controlled by the unit. In cases where the intelligence staff is coordinating with higher 


headquarters for additional assets, the intelligence staff may transmit the request for retasking resources, 
but the operations staff typically follows up through operations channels to the higher headquarters. 
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a. Multiplying a fraction by a whole number. Multiplication has 
been defined as a shortened addition of like addends. Therefore, 


multiplication of fractions is also a shortened addition of like 
addends. The addends in this case have like numerators and 
denominators. For example, to add: 


In this case, 8/13 which you can see is 4 (the number of addends) 
times 2 (like numerator) over the like denominator. (Remember, 
the numerators are added and placed over the like denominator). 
Stated as a rule: To multiply a whole number times a fraction, 
multiply the whole number times the numerator and express this 
product as the numerator of a new fraction whose denominator is 
the same as the original fraction. Symbolically stated, for any 
numbers a, b, and c, 


* 
; ney fae ke ene -5 
Example: 7 x 5 5 5 


b . ab 
Cc Cc 


ll 
psy 
ule 


(* denotes mental step) 
One further example by way of a pictorial representation 


(fig 2-1) should illustrate the rationale of multiplying an 
integer times a fraction: 5 x 3/4 = ? 


ita hos boo 
mtd fod med it 


Fig 2-1. An integer times a fraction. 
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Updating Planning Requirements Tools 


STAFF ACTIONS DURING EXECUTION 


6-1. Evaluation and assessment of collection reporting, production, and dissemination together identify 
updates required to keep information collection activities synchronized with the overall operation. As the 
tactical situation changes, the staff adjusts the planning requirements tools to effect this synchronization. 
This optimizes the collection and exploitation effort. 


6-2. Determining satisfied requirements allows the staff to redirect assets to unfulfilled requirements. 
Whether modifying reporting requirements because of new reporting criteria, new or modified PIRs, loss of 
an asset, or changes in the mission, the staff recommends modifications to the information collection plan 
to fit the commander’s needs. During modification of the information collection plan, the following 
considerations should be addressed: 

e@ What assets need to be shifted? 

e What is the new collection requirement? 

e@ What is the target location? 

e Must the asset move to a new location? 

e@ What is the risk of moving the asset? Is the risk worth the potential gain of information? 

e Does the collector functionally match the collection requirement based on the collector’s 

capabilities? 

e@ What and when does the collector report? 

e How does the collector report? 

e@ To whom does the collector report? 


6-3. Updated IPB products and running estimates can be used as a baseline for refocusing the information 
collection effort. Information collection assets are retasked as appropriate for subsequent missions. 
Requirements are constantly updated to ensure information collection efforts are synchronized with current 
operations while also supporting future operations planning. As requirements are answered, the information 
collection plan and planning requirements tools are updated. 


6-4. After receiving input from the commander and staff, the intelligence staff synchronizes new 
requirements with ongoing information collection activities and recommends adjustments to the 
information collection plan to the operations staff. The following steps are performed when updating 
planning requirements tools: 

e Eliminate satisfied requirements. 

e Develop and add new requirements. 

e Transition to the next operation. 
6-5. These steps are collaborative efforts by the intelligence and operations staffs. Some steps 
predominately engage the intelligence staff while others engage the operations staff. Steps may require 
coordination with other staff elements, and the entire intelligence and operations working group may be 
engaged, at times. (See figure 6-1 on page 6-2.) 


ELIMINATE SATISFIED REQUIREMENTS 


6-6. While evaluating information collection activities, the intelligence staff identifies satisfied 
requirements. Satisfied requirements and requirements no longer relevant, even if unsatisfied, are 
eliminated during this step. 
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Figure 6-1. Update planning requirements tools 
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DEVELOP AND ADD NEW REQUIREMENTS 


6-7. Unanticipated situations—such as the loss of a collection asset or signal—may not only disrupt the 
collection task but also require dynamic retasking of other assets. (See paragraph 6-11.) The best method of 
preparing for dynamic retasking is preparing battle drills for the command post SOPs. 


6-8. Battle drills can be developed by asking “what if’ questions and then proceeding systematically 
through the logical process that should follow. Although they cannot foresee all possible circumstances, the 
intelligence and operations staffs can be better prepared by developing drills that cover the most common 
occurrences. If a retasking results in a change in an asset’s mission, its movement, or a change in its 
function in the scheme of intelligence collection, the operations staff issues a fragmentary order or 
instructions over command or operations channels. 


6-9. As the operation unfolds and the situation develops, commanders generate new requirements that are 
prioritized against remaining requirements. The intelligence staff— 

e Consolidates new requirements with existing requirements when possible. 

e Reprioritizes requirements when necessary. 

e Evaluates resources based on the consolidated listing and priorities. 

@ Makes appropriate recommendations to the commander and operations staff. 


IMMEDIATE AND DYNAMIC RETASKING 


6-10. Immediate retasking involves effecting changes or making additions to information collection tasks 
assigned to an asset after planning but before it begins executing the mission. The staff can order minor 
immediate retaskings without modifying the information collection plan. Branches and sequels to the order 
should have been factored into the information collection plan during planning and preparation for the 
overall operation. Immediate retasking is accomplished more easily if branches and sequels are considered 
in the original plan. 


6-11. Dynamic retasking involves effecting changes in the mission of a collection asset while it is 
executing its mission. It involves actually stopping the ongoing collection and redirecting the asset to other 
targets. 


REQUEST SUPPORT FROM JOINT AERIAL ASSETS 


6-12. Appendix B contains procedures for requesting joint aerial assets. 


TRANSITION TO THE NEXT OPERATION 


6-13. Transitions mark a change of focus between phases or between the ongoing operation and execution 
of a branch or sequel. Shifting priorities between offensive, defensive, and stability tasks also involves a 
transition. Transitions require planning and preparation well before their execution to maintain the 
momentum and tempo of operations. Typically, the task organization evolves to meet changing conditions; 
however, transition planning must also account for changes in mission. Commanders continuously assess 
the situation and task-organize and cycle their forces to retain the initiative. They strive to achieve changes 
in emphasis without incurring an operational pause. For planning requirements and assessing collection, a 
transition may involve staff actions ranging from adjusting the information collection plan to participating 
in developing a completely new plan. The unit may need to rely on higher echelon collection for a time as 
the unit repositions assets and changes to task organization (as well as command and support relationships) 
are completed. 
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Chapter 7 


Considerations for Offensive, Defensive, and Stability 
Tasks 


SUCCESS AND DECISIONMAKING DURING EXECUTION 


7-1. The techniques associated with information collection do not drastically differ whether conducting 
offensive, defensive, or stability tasks. The difference lies in the tempo at which offensive and defensive 
tasks are conducted versus the tempo at which stability tasks are conducted. In operations where offensive 
and defensive tasks predominate, the activities of the operations process and commander’s decisionmaking 
are accelerated to match the quickly changing conditions. 


7-2. Commanders and staffs follow the rapid decisionmaking and synchronization process to make 
decisions during execution. It is routinely employed when the MDMP not timely enough for mission 
execution. This technique is used by leaders to focus on executing rather than planning. The rapid 
decisionmaking and synchronization process is based on an existing order and seeks an acceptable solution, 
while the MDMP seeks an optimal solution. (See FM 6-0.) 


7-3. Success in stability tasks is measured in far different terms from success in the offense and defense. 
Time may be the ultimate arbiter of a stability mission’s success: time to bring safety and security to an 
embattled populace; time to provide for the essential, immediate humanitarian needs of the people; time to 
restore basic public order and a semblance of normalcy to life; and time to rebuild the institutions of 
government and market economy that provide the foundations for enduring peace and stability. 


ECHELONED APPROACH AND INTELLIGENCE HANDOVER LINES 


7-4. In the offense or defense, the commander attacks or defends in depth. Information collection adopts 
this principle by using a phased, echeloned approach to collecting information to satisfy requirements. Each 
echelon conducting information collection plays a critical role in the success of any military operation. 
There are interdependencies at each echelon for the horizontal and vertical integration of collected 
information and the resulting intelligence, sensor feeds, and reporting in support to commanders and staffs. 
Interdependent relationships exist from the lowest tactical echelon to the highest strategic-level agencies 
and centers; no one echelon can do it all. Commanders require intelligence operations to provide information 
that is timely, accurate, relevant, and in sufficient detail to enable situational understanding and effective 
decisionmaking. 


7-5. In the offense and defense, units should use an intelligence handover line to effect the echeloned 
approach. The intelligence handover line is a control measure that establishes areas within which each echelon 
is responsible for collecting information. It is much like a limit of reconnaissance and based on the unit’s AO. 
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7-6. Assigning an AO to a unit includes the authority to collect information within it. Intelligence 
handover lines are developed to deconflict collection efforts between echelons and reduce the likelihood of 
duplication occurring. Several factors, such as the following, affect the location and designation of 
intelligence handover lines: 


e The unit’s organic intelligence collection capability. 

e Size and proficiency of the intelligence staff. 

e Availability of PED capabilities. 

e The unit’s authority to task or request support from nonorganic resources. 


7-7. Intelligence handover lines are established to— 
e Facilitate coordination between a unit and its subordinates. 
e Direct units to detect and track threat units and high-payoff targets in their areas. 
e Transfer collection responsibility for portions of the AO from one echelon to another. 


7-8. A unit may define the intelligence handover line either dynamically or conceptually. The dynamic 
definition is more useful in a rapidly changing situation involving lower echelon units. For example, a 
division may set the intelligence handover line 12 kilometers in front of its committed brigades’ forward 
line of own troops. This technique requires continuous situation updates from subordinate units. In most 
other circumstances, the intelligence handover line coincides with a phase line. Figure 7-1 depicts 
intelligence handover lines tied to phase lines for a BCT and division. 


OFFENSIVE TASK CONSIDERATIONS 


7-2 


7-9. An offensive task is a task conducted to defeat or destroy enemy forces and seize terrain, resources, 
and population centers (ADRP 3-0). The purpose of the offense is to impose the commander’s will on the 
enemy. Figures 7-2 on page 7-4, 7-3 on page 7-5, and 7-4 on page 7-7 depict samples of an event template, 
an information collection overlay, and part of an information collection matrix associated with an offensive 
task. Conducting offensive tasks may— 

e Deprive the threat of resources. 
Seize decisive terrain. 
Deceive or divert the threat. 


Develop intelligence. 
e Fix a threat in position. 
7-10. Offensive tasks are either force-oriented or terrain-oriented. Force-oriented tasks focus on the threat. 


Terrain-oriented tasks focus on seizing and retaining control of the terrain and facilities. A commander’s 
information requirements for offensive tasks commonly include— 


e Locations, composition, equipment, strengths, and weaknesses of the defending enemy force, 
including high-payoff targets and enemy information collection capabilities. 


Locations of possible enemy assembly areas. 

Locations of enemy indirect-fire weapons systems and units. 
Locations of gaps and assailable flanks. 

Locations of landing zones for friendly and enemy air assaults. 
Locations of enemy air defense gun and missile systems. 

Locations of enemy electronic warfare systems. 

Effects of weather and terrain on current and projected operations. 
Numbers, routes, and direction of movement of dislocated civilians. 
Withdrawal routes for enemy forces. 


Anticipated timelines for the enemy’s most likely course of action and other probable courses of 
action. 


e Locations of enemy command posts, fire direction control centers, electronic warfare sites, and 
target acquisition sensor and target fusion sites and the frequencies they are using. 
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Figure 7-1. Sample intelligence handover lines 
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Figure 7-2. Sample offensive event template 
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Figure 7-3. Sample offensive information collection overlay 
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7-6 


7-11. See ADRP 3-90 and FM 3-90-1 for doctrine on offensive tactics. See FM 2-01.3 for additional 
information requirements associated with offensive tasks. 


7-12. Figure 7-4 shows a sample information collection matrix for a PIR associated with an offensive task. 
Information collection matrices for all decisive action tasks display information as follows: 


Column 1 states the PIR. Units may determine that the best way to manage the requirements 
matrix is for each sheet to contain one PIR. This technique provides a single page containing the 
collection strategy for each PIR. 

Column 2 contains indicators associated with the PIR. (See paragraphs 3-29 through 3-31.) 
Column 3 contains SIRs associated with each indicator. Each requirement, coupled with the 
collection strategy, should contain all information needed by the intelligence staff to develop 
supporting SIRs. As the intelligence staff develops SIRs, the staff should coordinate the BCT, 
division, and corps intelligence and operations staffs, including supporting analysts, to gain an 
understanding of the specifics required to support planning. One technique is for intelligence 
staffs to develop SIR sets while operations staffs develop the collection strategy for each 
requirement and the general scheme of maneuver. (See paragraphs 3-29 through 3-31.) 

Column 4 contains the NAIs or TAIs associated with each SIR. NAIs and TAIs each have an 
associated task and purpose statement explaining what is to be conducted by the observer and 
why it is essential for accomplishment. The staff may develops several types of NAIs based on the 
situation in the AO and the types of activity for observation. When conducting a counterinsurgency, 
the following types of NAIs may be appropriate: 

=» Counter-improvised explosive device NAIs—NAIs at tier-1 locations where improvised 
explosive device emplacement typically occurs. 

=» Support zones—NAIs at locations where insurgent groups have unlimited freedom of 
movement and where caches, safe houses, and other supplies are located. 

s High-value individual NAIs—NAIs at targeted high-value individuals’ pattern of life 
locations. 

= Infrastructure—NAIs at key infrastructure locations. 

Column 5 contains the starting time and ending time for collection. These times are based on the 
LTIOV and the capabilities and limitations of available information collection assets. Additionally, 
the time required to process and exploit the collected information (for example, translation of 
SIGINT intercepts, exploitation of imagery, drafting of HUMINT reports) is considered when 
developing the collection end time. The LTIOV is the absolute latest time the information can be 
used by the commander in making the decision the PIR supports. The LTIOV can be linked to 
time, an event, or a point in the operation. 

Remaining columns contain organic resources available for the intelligence staff to recommend 
for tasking by the operations staff. Also included are requested collection resources whose support 
has been confirmed by higher headquarters. 
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Fig 2-1. An integer times a fraction--cont'd. 


This example (fig 2-1) is a pictorial representation that 
illustrates the rationale of multiplying an integer times (x) a 
fraction. It is sometimes referred to as a "putting-together" 
operation. 


b. Multiplying a whole number by a fraction. Because of the 
commutative law, you know that this process will produce the same 
result as multiplying a fraction times an integer. The mechanics 
of the operation are the same: Multiply the numerator of the 
fraction times the integer and express this product as the 
numerator of a new fraction having the denominator of the 
original fraction. Symbolically stated, for any numbers a, b, 
and c, a xX b = ab. For example: Find 2 of 8 acres (fig 2-2). 
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Fig 2-2. A fraction times an integer. 
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Figure 7-4. Sample offensive information collection matrix 


DEFENSIVE TASK CONSIDERATIONS 


7-13. A defensive task is a task conducted to defeat an enemy attack, gain time, economize forces, and 
develop conditions favorable for offensive or stability tasks (ADRP 3-0). Defensive tasks alone normally 
cannot achieve a decision. Their purpose is to create conditions for a counteroffensive that allows Army 
forces to regain the initiative. Other reasons for conducting defensive tasks include— 


e Retaining decisive terrain or denying a vital area to the enemy. 
e Attritting or fixing the enemy as a prelude to offensive tasks. 

e Surprise action by the enemy. 
e 


Increasing the enemy’s vulnerability by forcing the enemy commander to concentrate subordinate 
forces. 


7-14. Figures 7-5 on pages 7-8, 7-6 on page 7-9, and 7-7 on page 7-10 depict samples of an event template, 
an information collection overlay, and part of an information collection matrix associated with a defensive 
task. A commander’s information requirements for defensive tasks commonly include— 


Locations, composition, equipment, strengths, and weaknesses of the enemy force. 
Enemy reconnaissance objectives or goals. 

Locations of possible enemy assembly areas. 

Location of enemy indirect fire weapons systems and units. 


Location of gaps between echelons and between units within an echelon, assailable flanks (once 
the attack is underway), and other enemy weaknesses. 


Location of areas for enemy helicopter and parachute assaults. 
Location of artillery and air defense gun and missile systems. 
Location of enemy electronic warfare systems. 

Location, numbers, and intentions of civilian populations. 

Effects of weather and terrain on current and projected operations. 
Numbers, routes, and direction of movement of dislocated civilians. 


Anticipated timeline for the enemy’s most likely course of action. 


7-15. See ADRP 3-90 and FM 3-90-2 for doctrine on defensive tactics. See FM 2-01.3 for additional 
information requirements associated with defensive tasks. 
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Figure 7-6. Sample defensive information collection overlay 
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BCT Assets | IMINT| SIGINT |HUMINT Division |Corps 
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52d BEB 

52d BSB 
Prophet/LLVI 
|Predator UAS 


x 


Report composition, disposition, 3999 3947 
strength, and activity of enemy 
DRT elements consisting of | movement consisting of at least 
5 to 7 man teams 1 BRDM, 1 BMP 3004 3005 
| Report composition, disposition, 3006 
Enemy movement consisting | strength, and activity of DRT 


PIR 4 of at least 1 BRDM | elements consisting of 5 to 7 
Where are the Donovian and man teams 


BFB reconnaissance teams 
and indirect fire assets that 
target 1/52 ABCT? 


3012 


3015 
Report composition, dispositon, 
strength, and activity of 
cecgeon petit BM21 (wheeled 122mmMRL), | 3018 
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and IL -220 (artillery locating radar) | 


3019 


armored brigade combat team CAV cavalry LLVI tow-level voice intercept 
brigade combat team DRT division reconnaissance team MRL multiple rocket launcher 
brigade engineer battalion ELINT electronic intelligence NAI named area of interest 
Bilasuvar Freedom Bngade FA field artillery PIR prionty intelligence requirement 
tracked infantry fighting vehicle HCT human intelligence collection team SIGINT signals intelligence 

battalion H-hour specific hour at which a particular operation commences SIR specific information requirement 
wheeled reconaissance vehicle HUMINT — human intelligence UAS unmanned aircraft system 
brigade support battalion IMINT imagery intelligence 


Figure 7-7. Sample defensive information collection matrix 


STABILITY TASK CONSIDERATIONS 


7-16. Stability is an overarching term encompassing various military missions, tasks, and activities 
conducted outside the United States in coordination with other instruments of national power to maintain or 
reestablish a safe and secure environment, provide essential government services, emergency infrastructure 
reconstruction, and humanitarian relief. (See JP 3-0.) Stability tasks address societal factors that may affect 
accomplishing a mission. In operations where these tasks predominate, these tasks are often key, if not 
essential, tasks. One example is when Army forces conduct stability tasks to support a host-nation or an 
interim government or as part of a transitional military authority when no government exists. Another is a 
mission where stability tasks help to establish or maintain a safe and secure environment by training or 
resourcing the host-nation security forces and facilitating reconciliation among local or regional adversaries. 
Figures 7-8 on page 7-12, 7-9 on page 7-13, and 7-10 on page 7-14 show a sample event template, information 
collection overlay, and information collection matrix associated with a stability task. 


7-17. Information needed to accomplish stability tasks usually falls under the civil considerations mission 
variable. However the wide variety of societies and cultures Army forces may encounter precludes 
establishing a single checklist of factors to consider. That said, the following list provides a starting point 
for organizing this information into categories: 


e Demographics. 

Economy. 

Culture and customs. 

Threats and adversaries, such as criminals and insurgents. 
Formal and informal leaders. 

How people communicate. 

Civil services. 


Other aspects of a society. 
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7-18. The information collection effort provides information the entire staff uses to provide products and 
assessments to support situational understanding. For each stability mission, information collection is 
focused to provide the relevant information the commander and staff require to make decisions. The 
following is a basic (but not all-inclusive) description of what the information collection effort does to 
support conducting stability tasks: 

e Identify insurgents, threats, adversaries, and other impediments to the unit’s accomplishment of 
its mission. 

e Identify the natural or manmade hazards that exist with the unit’s AO. 

e Provide the foundational information needed to assess the establishment of a safe and secure 
environment. 

e Identify areas of conflict among social, religious, or ethnic groups within the AO. This must be 
done by city to be most effective. 

e Identify the areas of conflict among local, regional, and national organizations, groups, and 
factions, and how these are tied to political, social, and economic unrest. 

e Identify unofficial, religious, and political leaders locally, regionally, and nationally. 

Provide the information needed to assess the effectiveness of civil-military operations projects. 
Identify the newspaper, radio, and television services that service populations within the AO, 
including their ranges and any specific ethnic, religious, or political affiliation. 

e Provide the information needed to assess the establishment or rebuilding of political, legal, 
social, and economic institutions. 

e Provide the information needed to assess the ability of the legitimate civil authority to assume 
responsibility for governance. 

e Constant awareness and shared understanding of civil considerations are crucial to the long-term 
success of stability tasks. The intelligence staff classifies civil considerations into logical groups 
(such as, tribal, political, religious, ethnic, and government) based on the mission and situation. 
This information is refined further by the information collected during collection activities. 
These groups are evaluated, graphically portrayed, maintained, and updated. Because the 
populace is rarely homogeneous, sentiments exhibited by different population segments may 
vary in different geographical areas. 

e Commanders typically visualize stability tasks along lines of effort. A line of effort is a line that 
links multiple tasks using the logic of purpose rather than geographical reference to focus efforts 
toward establishing operational and strategic conditions (ADRP 3-0). For stability tasks, 
commanders may consider linking primary stability tasks to their corresponding line of effort. 


DEFENSE SUPPORT OF CIVIL AUTHORITIES TASK 
CONSIDERATIONS 


7-19. Army defense support of civil authorities operations encompass all support provided by the 
components of the Army to civil authorities within the United States and its possessions and territories. 
This includes support provided by the Regular Army, Army Reserve, and Army National Guard. Army 
forces frequently conduct defense support of civil authorities operations in response to requests from 
federal, state, local, and tribal authorities for domestic incidents, emergencies, disasters, designated law 
enforcement support, and other domestic activities. (See ADRP 3-28.) 


7-20. When Army intelligence personnel, assets, or capabilities are needed to provide intelligence support 
to defense support of civil authorities operations, specific authorization from the Secretary of Defense is 
required for both the mission and use of those military intelligence resources. The Secretary of Defense 
authorization will stipulate that a military intelligence element supporting defense support of civil 
authorities operations is subject to Executive Order 12333, applicable Department of Defense and Service 
regulations and policies, and intelligence oversight rules, as well as any other mission-specific restrictions. 
Due to the complexities associated with intelligence support to defense support of civil authorities, readers 
should refer to TC 2-91.7 when assigned this mission. 
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BCT brigade combat team HUMINT human intelligence area of interest 

Cl counterintelligence IMINT imagery intelligence priority intelligence requirement 
ICOMINT communications intelligence LCMR __ lightweight countermortar radar recon reconnaissance 

FMV full-motion video MTl moving target indicator 


What insurgent cells are conducting attacks that destabilize BCT area of operations? 


Figure 7-10. Sample stability information collection matrix 
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Chapter 8 
Considerations for Unique Environments 


SIGNIFICANCE OF ENVIRONMENTAL FACTORS 


8-1. The geographic range of U.S. interests in the world today requires Army forces to be prepared to 
fight and win in all types of environments. Army tactical units may be committed to battle in areas where 
severe weather, climate, and terrain affect military operations, including the intelligence mission. In 
addition to the physical effects on the individual Soldier, environmental extremes limit information 
collection capabilities. Regardless of environmental conditions, commanders need information for 
decisionmaking. This chapter covers environments in which operations may require special tactics, 
techniques, or equipment. 


SUPPORT IN URBAN ENVIRONMENTS 


8-2. Urban operations are military operations conducted in a topographical complex and adjacent natural 
terrain where manmade construction and high population density are the dominant features. (See FM 3-06 
for Army doctrine on urban operations and considerations for planning requirements and assessing 
collection to support them. See FM 2-01.3 for general considerations for developing requirements and 
indicators in support of planning requirements and assessing collection.) The following discussion 
addresses the considerations for information collection in an urban environment. 


INFORMATION SOURCES IN URBAN ENVIRONMENTS 


8-3. As in any environment, every Soldier in an urban environment is an information collector. Soldiers 
conducting patrols, manning observation posts, manning checkpoints, or even convoying supplies along a 
main supply route can serve as the commander’s eyes and ears. The challenge for intelligence professionals 
is to understand what types of information Soldiers performing different tasks and missions can provide to 
an understanding of the overall situation, how to get them to report, and how to leverage that information 
into situational understanding. 


8-4. This discussion briefly addresses some of the types of information Soldiers with different specialties 
can provide to the intelligence staff during urban operations. It is essential to properly brief Soldiers so they 
are aware of their information collection tasks prior to their missions and to debrief them immediately upon 
completion of their missions. Prompt debriefing captures information while it is still current in their minds. 
It also places the information into the intelligence system sooner, increasing the likelihood that it can be 
used for further action. Some examples of debriefing techniques are listed in FM 2-91.6. This cycle (brief- 
mission-debrief-intelligence/understanding of the current situation) is continuous throughout operations. 


8-5. Table 8-1 on pages 8-2 and 8-3 lists potential information that may be gained from Soldiers of 
different specialties or organizations. Table 8-2 on page 8-4 lists potential information available from 
nonmilitary organizations. 
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Table 8-1. Information possibly available from military sources 


Air defense artillery 

@ Current threat posed by enemy unmanned aircraft systems, cruise missiles and rockets, mortars, and 
missiles. 

Mi May have secondary non-air-and-missile defense missions, such as observing named areas of interest 
or conducting urban patrols with supported units. 

@ When not used for air and missile defense missions, may be employed along the urban perimeter to 
detect unusual or unauthorized traffic into or out of the urban area at night. 

Aviation 

@ Whether air operations are feasible in a given urban environment. 

@ Gun camera video and surveillance systems carried by aircraft provide timely, thorough, and on-demand 
information. 

@ Observation of threat forces and activities, from tracking individual vehicles through city streets to 
determining locations of enemy obstacles in the urban environment. 

Chemical, biological, radiological, and nuclear 

@ Estimates on the effects of chemical, biological, radiological, and nuclear use in urban environments as 
well as the location, types, and potential effects of toxic industrial materials. 

Bi Identify chemical, biological, radiological, and nuclear hazards that Soldiers may not normally recognize. 

Hf Assist in determining if a chemical, biological, radiological, and nuclear hazard exists as part of the 
urban environment or is a deliberate weaponized attack. 

Civil affairs 

Hf Local-national sentiments towards U.S. and multinational forces and policies. 

i Local-area assessments that focus on the local geography, political geography, history, people, labor 
situation, and legal system. 

Hf Civil reconnaissance to collect information related to civil considerations. (See FM 3-57.) 

Engineers 

Hi Information about the terrain, threat engineer activity, obstacles, and weather effects. 

Hf Information on the effects of structures on the operation, bridge weight class and conditions, and most 
likely obstacle locations and composition. 

Hi Assistance in assessing potential collateral damage by analyzing risks of damage caused by the release 
of dangerous forces, power grid and water source stability, and the viability of sewage networks. 

@ Standard urban intelligence preparation of the battlefield products and operational decision aids. 

@ Products such as no-fire area overlays (hospitals, churches), trafficability overlays, target packages, 
refugee tracking products, line-of-sight surveys, reverse line-of-sight overlays, slope overlays, and 
critical infrastructure overlays, or assistance in creating them. 

@ Specialized maps in the scales needed for operations in urban environments. 

M Assistance in creating special enemy decision support template products. 

@ Products may be produced in either vector or digital format. 


Note. Information on topographic engineer products and services can be found at the Topographic Engineering Center 
Web site. 


Explosive ordnance disposal 

i Types of munitions threat forces may use. 
@ Effects of munitions threat forces may use. 
Mi Stand-off distances for threat munitions. 

@ Methods of threat munitions employment. 


Note. Munitions may range from conventional land mines to all sorts of improvised explosive devices, such as, car 
bombs, booby-trapped artillery shells, remotely detonated homemade bombs, and suicide vests. 


Human terrain teams 

# Operationally relevant social science research and an embedded knowledge capability to establish a 
coherent, analytical socio-cultural framework for conducting operations. 

Mi Assistance in building relationships with local leaders and power brokers. This can assist in gaining 
local, regional, socio-cultural, economic, and political insight. 
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Fig 2-2. A fraction times an integer--cont'd. 


c. Multiplying a fraction by a fraction (fig 2-3). In this 
operation you are interested in finding part of a part. The 
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Fig 2-3. A fraction times a fraction. 
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Table 8-1. Information possibly available from military sources (continued) 


@ Potential health threats, including disease outbreaks that may affect friendly forces or detainees. 

Wi Assistance in coordinating medical surveys to pinpoint existing hospitals, clinics, sanitariums, blood 
banks, pharmaceutical industries, medical supply warehouses, and veterinary and public health 
facilities, as well as to identify key indigenous medical personnel. 

HE Information on the threat medical status, which discloses— 

QO) Threat strengths and weaknesses. 

Q) Attitudes of threat prisoners and detainees undergoing treatment. 
Q) Type and utility of captured medical supplies. 

Q) The use of chemical or biological weapons. 


Military information support operations 


@ Understanding of the local populace, including cultural information and the effects threat operations are 
having on the local populace. 
i The psychological effects that U.S. military activities may have on the local-national population. 


@ Conduct any of the following missions: 

Area security operations. 

Maneuver and support operations. 

Internment and resettlement. 

Law and order operations. 

Liaison with local-national law enforcement officials. 

@ Conduct police intelligence operations and ensure information collected during the conduct of military 
police functions is provided as input to the intelligence collection effort. 

Hi Maintain a detainee information database; information from this database can be used when 
constructing link diagrams and association matrixes. 

@ Synchronize their efforts with intelligence personnel to determine releasability of detainees. 


Scouts, snipers, and other surveillance and reconnaissance personnel 


@ Scouts and reconnaissance patrols can provide— 
QO) Grid coordinates of key locations for future use, such as landmarks—preferably ones that are 
visible from overhead (such as road intersections). 
O) A physical description of the key location. 
M@ Snipers are trained observers who operate in a stealthier mode with the intent to remain unobserved. 
They can provide— 
QO) Spot reports to clarify a situation. 
QO) Identity of probable leaders in a gathering of people. 
Q) Gender of individuals, the size of a group, and any equipment they may be carrying. 


Note. When employed in a reconnaissance role (active collection), these Soldiers tend to be most useful when 
accompanied by an interpreter who allows them to interact with people they encounter, which allows them to better 
assess the situation. 


@ The presence of patrols in urban areas, particularly while conducting stability tasks, may directly 
influence what they observe. Insurgent and local nationals may change their habits or actions either 
consciously or subconsciously when friendly patrols are in their area. 


Special operations forces 


@ Provide valuable, real-time information on topics such as the current situation, local nationals, and the 
culture of the local population. 

BA historical database of after action reviews and lessons learned for every mission a special operations 
force team conducts. 


Transportation and logistics 


M@ Status of lines of communications. 
B Civilian population movements. 

@ Impact of weather on movement. 
@ Notable activity in populated areas. 
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Table 8-2. Information possibly available from nonmilitary sources 


Civilian linguists and local hires 

@ Local cultural understanding. 

@ Current sentiments of the local population and local-national authorities. 

Mi Identity of key individuals or groups who might be a threat to mission success. 


Note. All information provided by these sources must be carefully evaluated and placed into context, based on the 
reliability, credibility, and biases of the individual or group. 


Intergovernmental organizations 

M@ This category includes such agencies as the International Criminal Police Organization (also called 
INTERPOL), United Nations, or North Atlantic Treaty Organization (also called NATO). 

i Provide assessments (upon request) regarding the— 

C1 Needs of the local populace. 

QO) Ability of the infrastructure to enable their support or aid to be effectively provided. 

() General security situation. 

C1 General stability of the area. 

Local-national authorities 

Politicians usually know their populations very well and can provide detailed socio-cultural information 
on the populace within their region of control, such as— 

L) Economic strengths and weaknesses. 

QO) Religious, ethnic, and tribal breakdowns. 

@ Police can provide information on the following within their operational areas: 

Q) Local criminal organizations. 

QO) Religious, ethnic, and tribal breakdowns. 

Q) Key terrain. 

i Fire department personnel often have ready access to— 

QO) Blueprints of the structures within their precincts. 

) Information on fire escapes and other information related to building safety. 

QO) Detailed information on the structural composition of buildings and the fire threat in individual 

buildings or whole blocks of a city. 

@ Public works personnel are uniquely familiar with the infrastructure of the city. They can provide 
information on— 

Q) Critical points in the city that must be secured in order for public services to be maintained. 

QO) Avenues of approach throughout the city, especially underground service passages and sewer and 

drainage systems. 

Hi City halls are typically repositories of the following information: 

O) Detailed maps of the city. 

Q) Key city infrastructure information. 

Q) Blueprints of the buildings in the city. 


Note. These authorities may be biased for any number of reasons and their advice is almost certainly slanted in their 
own long-term favor. 


INTELLIGENCE OPERATIONS IN URBAN ENVIRONMENTS 


8-6. The fluid nature of the urban environment creates a need for reliable and timely intelligence. 
Information needed to develop this intelligence is difficult to acquire. The effects of concentrations of 
buildings on information collection efforts, the complexity and difficulty of providing specific details on 
the urban threat, and the lack of cultural information can compound the challenges to the collection of 
information in an urban environment. 


8-7. With knowledge of U.S. collection techniques, threats can use the environment to impede 
information collection efforts. The amount of detail that needs to be collected in the urban environment and 
constant attention to focusing on the details that are significant in urban analysis in a particular situation 
creates further challenges for intelligence professionals. Current analysis tools and methods must be 
appropriately focused and developed to the level of detail required for the urban environment. 
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8-8. Table 8-3 presents the considerations for intelligence operations in an urban environment. 


Table 8-3. Considerations for intelligence operations in an urban environment 


Counterintelligence 


@ Conduct screening operations to identify personnel who may be of counterintelligence interest or have 
counterintelligence leads. 

Note. As appropriate, those inquiries are pursued separately from standard collections and debriefings if they become 

investigations or operations. 

@ When operating with the local populace, counterintelligence personnel are effective only when 
provided with properly cleared linguist support. 

Hi Assist employers with screening host-nation citizens (such as linguists) for Army or Department of 
Defense employment. 

Hj Assist with threat assessments and vulnerability assessments. 

i Provide analysis of the threat’s human intelligence, imagery intelligence, and signals intelligence 
capabilities in support of intelligence collection, terrorism, and sabotage in order to develop 
countermeasures against them. 

 Counterintelligence technical services that may be available and of use in the urban environment 
include the following: 

Q) Surveillance. 

OQ) Computer network operations; for example, assisting in protecting U.S. information and 
information systems while exploiting and/or attacking adversary information and information 
systems. 

Q) Technical surveillance countermeasures (identification of technical collection activities conducted 
by adversary intelligence entities). 

Counter-signals-intelligence, which is a counterintelligence disciplinary function carried out by the 
signals intelligence community. 

Geospatial intelligence 

@ Unmanned aircraft system imagery may be one of the fastest, least risky methods of conducting 
reconnaissance of specific urban areas. It can update and verify current maps of those areas, showing 
clear routes, obstacles such as damaged and destroyed buildings, and intact and destroyed bridges. 

MH Overhead imagery collection platforms are unable to see “inside” or “around” densely packed 
structures. Employing infrared or electro-optical systems helps, but not to the extent necessary to 
adequately support urban operations. 

M@ Cameras located with measurement and signature intelligence systems that activate when those 
systems are triggered provides additional “eyes” on named areas of interest. 

Providing patrols with a digital camera or video camera can greatly assist in the debriefing and patrol 
reporting processes. 

@ Gun camera images from aircraft that can provide a stand-off reconnaissance platform may give 
valuable insight into enemy tactics, techniques, and procedures. 

@ Thermal sights on a vehicle patrolling an urban street late at night may note the hot engine of a vehicle 
on the side of the road, possibly indicating suspicious activity. 

Mf The Joint Surveillance Target Attack Radar System (also called JSTARS) provides such information as 
the amount of vehicular traffic entering and leaving a city via multiple avenues. 

Human intelligence 

Obtain information from people and multimedia to identify elements, intentions, composition, strength, 
dispositions, tactics, equipment, personnel, and capabilities within and affecting the urban area. 

@ Can help establish and understand the socio-cultural characteristics of the urban environment. 

M@ Sources can provide early warning of deep-rooted problems awaiting U.S. forces. 

@ Conduct debriefings, screenings, liaison, human intelligence contact operations, interrogations, and 
tactical questioning; support document and media exploitation. 

@ Assist the intelligence staff in deducing critical patterns and trends of persons. 

@ Conduct interrogations of captured enemy personnel. 


Note. Concentrations of humans on the battlefield do not necessarily denote a need to concentrate human intelligence 
assets in those locations. Threat actions outside an urban area may be a source of significant events inside the urban 
area. Additionally, information from sources in one city may impact operations in a distant city. Creating arbitrary 
intelligence boundaries based solely on geography can result in a lack of timely fusion of all critical elements of 
information that may be available. 
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Table 8-3. Considerations for intelligence operations in an urban environment (continued) 


Joint and Department of Defense 


M@ Defense Intelligence Agency produces the following products: 

1 Intelligence support packages, which include graphics, land satellite and land satellite digital 

terrain evaluation data-merge imagery, maps, target line drawings, photography (when available), 

and multiscale electro-optical imagery. 

QO) Contingency support studies, which— 
= Support planning for deployed force operations and contingency planning. 

m Include text weather and climate data, oceanography and landing beaches (for amphibious operations), 
terrain analysis, and significant facilities with an overview map and a large-scale map of the 
target areas are included. 

a Include high-resolution electro-optical and land satellite imagery. 

OQ) Contingency support packages, which— 

m Are produced in response to a specific crisis. 

=» Are mission-oriented products, typically supporting a noncombatant evacuation operation. 
Imagery includes the embassy, the ambassador's residence, evacuation routes, assembly areas, 
helicopter landing zones, beaches, ports, and airfields. 

OQ) Gridded reference graphics, which— 

= Provide an overview map, a small-scale imagery mosaic, and large-scale individual prints of a 
specific target area. 

a Are typically focused on urban areas but are also produced to cover large maneuver areas and 
lines of communications. 

=» Complements National Geospatial-Intelligence Agency city graphics (1:25,000 to 1:10,000 scales) 
and provides excellent detail for urban mission planning. 

# National Geospatial-Intelligence Agency produces a range of products that can be useful in urban 
environments. These products include city graphics, urban features databases, gridded installation 
imagery (Secret-level products), the geographic names database, terrain analysis products, imagery 
intelligence briefs, and annotated graphics. 

H Combatant commands produce noncombatant evacuation operation intelligence support handbooks to 
support planning for noncombatant evacuation and hostage recovery operations. 


Measurement and signature intelligence 


M@ Measurement and signature intelligence technology can be used for both information collection and 
protection. 

@ Unattended ground sensors using measurement and signature intelligence technology can be used 
for— 


Early warning (including chemical, biological, radiological, and nuclear). 
Noncontiguous area overwatch. 

Reconnaissance, surveillance, and target acquisition perimeter security. 
Protection. 


Survivability. 

@ Examples of how units may employ unattended ground sensors include— 

Coverage of point and area named areas of interest, either as a single asset or in conjunction 
with other manned and unmanned sensors. 

Integrated chemical, biological, radiological, and nuclear smart sensors to provide the ability to 
detect a release from weapons of mass destruction production or storage facilities as part of post- 
strike battle damage assessment or a named area of interest surveillance. 

Surveillance of mounted and dismounted assembly areas outside urban areas to facilitate condition 
setting for a tactical assault. 

Area observation and information collection within urban and jungle areas for dismounted infantry 
operations. 

Ground reconnaissance efforts by maintaining sensor contact and allowing Soldiers to continue 
performing other reconnaissance tasks. 

Flank security for more static key assets, such as forward support bases, aviation assembly areas 
and forward arming and refueling points. 

Screen missions, deception actions, and coverage of areas otherwise not observable as an 
economy of force role. 
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Table 8-3. Considerations for intelligence operations in an urban environment (continued) 


Open-source intelligence 


@ Academia. Courseware, dissertations, lectures, presentations, research papers, and studies in both 
hardcopy and softcopy on economics, geography (physical, cultural, and political-military), international 
relations, regional security, science, and technology. 

H@ Governmental, intergovernmental, and nongovernmental organizations. Databases, posted 
information, and printed reports on a wide variety of economic, environmental, geographic, humanitarian, 
security, science, and technology issues. 

# Commercial and public information services. Broadcasted, posted, and printed news on current 
international, regional, and local topics. 

M@ Libraries and research centers. Printed documents and digital databases on a range of topics, as 
well as knowledge and skills in information retrieval. 

Mf Individuals and groups. Handwritten, painted, posted, printed, and broadcasted information (for 
example, art, graffiti, leaflets, posters, and Web sites). 

Mi The Internet offers quick access to numerous types of information on urban environments, such as 
Intelink. 


Signals intelligence 


@ Buildings affect wave propagation, signal strength, and direction, thus degrading friendly 
communications and collection of threat signals. 

H Comprehensive electronic preparation of the battlefield must be developed during the military 
decisionmaking process. 

Technical intelligence 


@ Collect weapons components or materials for further analysis. 

@ Populate databases that track different types of weapons and can link weapons to a known or 
suspected maker based on materials and methods used in its construction. 

M@ Analyze found or captured materials to determine if they are in fact weapons precursors. 

@ Analyze current weapons construction and initiation methods. 

M@ Predict weapons trends and likely future construction and initiation methods. 

Assess possible sources of weapons components based on forensic analysis. 

Bi Assist in linking captured personnel to weapons activity based on forensic evidence. 


8-9. Table 8-4 on page 8-8 shows applications of the complementary intelligence capabilities. (See ADRP 2-0 
for more information on the complementary intelligence capabilities.) 


SUPPORT IN MOUNTAIN AND COLD WEATHER ENVIRONMENTS 


8-10. A mountain environment is generally categorized as an area where altitude, relief, and weather 
significantly degrade normal military activities. Mountainous terrain exists in the jungle, temperate, and 
arctic regions of the world. (See FM 3-97.6 and ATTP 3-21.50 for doctrine on mountain operations, 
including considerations for information collection in a mountain environment.) 


8-11. The cold weather environment is characterized by low temperatures, fog, freezing rain, snow, ice, 
frozen conditions, and a series of freeze-thaw cycles. These conditions can occur over 50 percent of the 
earth’s landmass at any given time. (See ATTP 3-97.11 for doctrine on cold region operations.) 


MOUNTAIN ENVIRONMENTS 


8-12. Offensive and defensive tasks are the two primary military activities conducted in a mountainous 
environment. This discussion addresses considerations for employing information collection assets in a 
mountainous environment. 


8-13. Operations conducted in mountainous areas are characterized by heavy use of indirect fires, 
canalized movements along valley floors, decentralized combat, increased reliance on aerial collection 
assets, and reduced communication capabilities. Mountainous terrain degrades the target acquisition and 
early warning capabilities of unattended ground sensors and the collection capabilities of intelligence 
systems. Such degradation increases the importance of emplacement and utilization of information 
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collection assets. Military intelligence Soldiers may have to use man-portable equipment to execute 
intelligence operations. 


Table 8-4. Complementary intelligence capabilities 


Biometrics-enabled intelligence 

Biometrics as a process of confirming identity is not exclusive to the intelligence warfighting function. This 
enabler supports multiple activities and tasks of other warfighting functions. Intelligence-related functions 
that biometrics can support or enhance include— 

Mi Intelligence analysis (including link and pattern analysis). 

M@ Forensic analysis. 

Mi Site exploitation. 

M@ Base access and local security (to include screening of foreign-national and local-employee hires). 

@ Force protection. 

Mf Interrogation and detention tasks. 

@ High-value target confirmation (including high-value individuals and individuals killed in action). 

@ Population control or census (screening, enrolling, and badging tasks). 

@ Personnel recovery tasks. 

Hf Disaster relief operations. 

@ Human intelligence and counterintelligence vetting of sources. 

M See TC 2-22.82 for doctrine on biometrics-enabled intelligence. 


Cyber-enabled intelligence 


Cyber-enabled intelligence is a complementary intelligence capability providing the ability to collect 
information and produce unique intelligence. Cyber-enabled intelligence is produced through the combination 
of intelligence analysis and the collaboration of information concerning activity in cyberspace and the 
electromagnetic spectrum. The use of cyber-enabled intelligence facilitates an understanding of the threat’s— 
i Capabilities. Potential actions. i Impact on the environment. 

Mi Intentions. @ Vulnerabilities. 


Document and media exploitation 


Document and media exploitation is the processing, translation, analysis, and dissemination of collected 

hardcopy documents and electronic media that are under the U.S. Government’s physical control and are 

not publicly available. When conducted properly, document and media exploitation tasks are intended to— 

@ Maximize the value of intelligence gained from captured enemy documents and electronic storage media. 

i Provide the commander with timely and relevant intelligence to effectively enhance awareness of the 
threat’s capabilities, operational structures, and intent. 

@ Assist in criminal prosecution or legal proceedings by maintaining chain of custody procedures and 
preserving the evidentiary value of captured materials. 

@ See TC 2-91.8 for more information on document and media exploitation. 


Forensic-enabled intelligence 


Forensics involves the application of a broad spectrum of scientific processes and techniques to establish 

facts. Battlefield or expeditionary forensics refers to the use of forensic techniques to provide timely and 

accurate information that facilitates situational understanding and supports decisionmaking. This includes— 

@ Collecting, identifying, and labeling portable items for future exploitation. 

@ Collection of fingerprints, deoxyribonucleic acid (also called DNA), and other biometric data from 
nontransportable items at a scene. 

Mi Intelligence personnel can use information from forensic analysis and send it as combat information or 
incorporate it in the intelligence analysis effort. Forensic-enabled intelligence— 

QO) Helps accurately identify networked and complex threats and attributes them to specific incidents 

and activities. The effort is often critical in supporting the targeting process. 

QO) Can identify and determine the source of origin of captured materials. Accurate site documentation 

(of incidents or events and from material and structural analysis) and supporting data and 

information (from various forensic processes and techniques) provide valuable data and facilitate 

adjusting friendly tactics and techniques and modifying equipment to enhance protection. 

Can help protect the force from contaminants, toxins, and other hazards through toxicology, 

pathology, and other forensic techniques. 

Supports Army medical intelligence. This intelligence includes detailed information on medical 

conditions of a specific area or of a threat. 
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8-14. The operation of ground surveillance systems in mountainous terrain is affected by interrupted line of 
sight, extreme temperature variations, and heavy precipitation. In mountain operations, the terrain isolation 
of friendly units may require battalions and companies to operate more independently than in other 
environments. The higher elevations are frequently shrouded by rain, snow, sleet, and fog. Electronic 
surveillance and visual observation are severely limited under these conditions. However, when weather 
permits, mountain heights offer outstanding conditions for long-range visual observation and electronic 
surveillance. 


8-15. Intelligence staffs consider terrain trafficability and the enemy’s ability to move cross-country when 
determining enemy capabilities and intentions. Wooded mountainous terrain has the same general effect on 
intelligence operations as does a dense jungle. Enemy forces are difficult to locate and collect against. As in 
jungle terrain, the best sources of information have proven to be enemy prisoners of war, defectors, and 
friendly reconnaissance patrols. 


8-16. Mountainous terrain favors operations that use stealth and the cover of darkness. Forces are likely to 
be deployed to control passes, road junctions, built-up areas, and the high ground adjacent to these areas. 
Enemy tactics may include bypassing defensive positions and attacking from the flanks and rear. 
Mountainous terrain favors decentralized employment of artillery and using individual multiple rocket 
launchers as fire units. 


8-17. Mountain tactics favor threat use of helicopters to drop forces behind friendly emplacements, and for 
reconnaissance, control, resupply, and evacuation. Threat forces can be expected to use infantry troops in 
the higher elevations. Mechanized units may be encountered in the lower elevations, broad valleys, 
depressions, and on the slopes of small hills. 


8-18. In defensive positions, enemy tanks are often placed in tiers on both forward and reverse slopes, 
usually within platoon-sized strong points. Enemy defensive frontages can be expected to increase in 
mountain warfare. Enemy forces tend to select the terrain most suitable for defense and the most 
inaccessible to the friendly force. Mountain operations are usually directed at the control of passes. The 
force that controls the mountain passes controls a significant amount of terrain. 


8-19. Intelligence staffs rely on maneuver Soldiers, aircraft crews, vehicle operators, and maps for terrain 
analysis. Mountain heights offer exceptional sites for observation posts, which may be supplemented by 
foot patrols. Population centers in valley areas provide a HUMINT collection and interrogation potential, 
especially for terrain information. Operations security, as in all operations, is of prime importance for 
attacking forces. Defending forces have a distinct advantage to deceive and contain any attack. 


8-20. Electronic surveillance is difficult to execute in mountainous terrain. The enemy can use terrain 
masking, relay, and retransmission to thwart both direction finding and electronic attack activities against 
their communication sites. The irregular terrain, multitude of dead spaces, and degraded communication 
devices renders electronic surveillance less effective in the mountains than in other types of terrain. Prophet 
systems are best employed on high ground, concentrating on enemy approaches. Their employment can 
best be directed against the population centers and avenues of approach. Line-of-bearing data may be 
questionable due to the terrain; however, it can be used in conjunction with aerial assets for more reliable 
direction finding results. (See FM 2-0.) 


COLD WEATHER ENVIRONMENTS 


8-21. Assessing the enemy’s capability to live and fight in extreme cold is an essential information 
requirement. At minimum, intelligence staffs consider the following factors when making this assessment. 
The effects of cold weather environments on personnel and equipment are numerous. Because of the effort 
and extra equipment necessary to keep warm, common tasks take longer and are more difficult to perform. 
Mobility over frozen ground can be better than over unfrozen ground. Snow or spring mud, on the other 
hand, can hinder or halt movement on roads or cross-country. Fog and blowing snow can reduce visibility 
to zero. 


8-22. Staffs also consider the effects of these factors and others discussed below on friendly information 
collection. Extreme cold can affect the ability of Soldiers to perform collection tasks, the effectiveness of 
sensors and other military intelligence collection assets, and the speed at which many collection tasks can 


19 August 2014 ATP 2-01 8-9 


Chapter 8 


be accomplished. In short, intelligence staffs must consider the effects of extreme cold when planning 
requirements and assessing collection. 


Staff Considerations 


8-23. Key considerations for the staff when conducting plan requirements and assess collection include but 
not limited to— 


e@ Key passage points in the terrain based on the cold weather and snow effects. 

Changes to mobility corridors and avenues of approach due to ice and freezes. 

Infrared sensors are more favorable for use due to cold temperatures. 

During arctic operations, there is a great chance for electromagnetic storms (Northern lights). 
Direct and indirect fire ranges are minimized. 


Ambient temperature anomalies are good indicators of activity. 


Information Collection Asset Considerations 


8-24. Snow and cold weather can have detrimental effects on the operations of both mechanical and 
electronic equipment. The following factors can cause degradation of information collection tasks: 


e Reduced mobility of vehicle-mounted systems. 


e Poor or inaccurate performance of radars, sensors (including unattended ground sensors), radios, 
and other electro-optical systems. 


e Antenna icing, which can reduce range, increase noise, alter frequency, or simply collapse 
antennas. 


e = Thickened oil and lubricants, which can cause mechanical problems in generators and vehicles. 
e Decreased battery life and performance. 
e Certain environmental phenomena, such as snow and fog, can significantly degrade visibility. 


8-25. The successful operation of radar in cold weather is affected by— 
e Signal scattering by ice, fog, and airborne snow. 
e Variation of radar images caused by snow cover and frozen ground. 
e Reduced ability of the equipment operators to function in the cold. 
e@ Reduced battery life and performance. 
e Cold- and condensation-induced maintenance problems. 


8-26. In cold weather operations, Soldiers require longer periods of time to perform even simple tasks. 
Experience shows that five times the normal time may be needed. Therefore, increased time must be 
allowed in planning for set-up and relocation of assets. A major impact of cold weather operations on 
equipment is caused by cold and snow. 


8-27. Extremely low temperatures cause metal parts of weapons to become brittle, resulting in a high 
breakage factor for internal parts. Vehicle engines and generators require frequent starting, and the frequent 
starts cause condensation in the internal parts of the engine, which later freezes. The intake filters of 
carburetors as well as communication and electronics equipment are particularly susceptible to icing. 


8-28. Condensation covers on microphones and telephone handsets ice frequently if not protected. Blowing 
snow can also jam air intake valves. Pneumatic antenna masts and computer equipment freeze because of 
condensation. Power supplies have greatly reduced life spans. Long-haul communication equipment is very 
susceptible to malfunction in these conditions. 


8-29. In cold weather operations, the human element is all-important and demands concerned leadership 
and thorough training. Particular attention must be given to minimizing the effects of vision whiteouts, with 
the attendant loss of perception, which affects driving and flying. High wind-chill factors and the potential 
problems of frostbite and immersion foot are additional considerations. Only with the proper training, 
planning, and preparation can operations be successfully conducted in a cold weather environment. 
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SUPPORT IN JUNGLE ENVIRONMENTS 


8-30. The jungle environment includes densely forested areas, grasslands, cultivated areas, and swamps. 
Jungles vary from tropical rain forests and secondary growth to swamps and tropical savannas. Heavy 
rainfall, high and constant temperature, high humidity, and thick vegetation are the dominant features of 
jungle areas. These factors—climate and vegetation—contribute to the restriction of operational and 
sustainment capabilities of information collection assets. This discussion addresses the considerations for 
information collection assets in a jungle environment. (See FM 90-5 for doctrine on jungle operations.) 


DECENTRALIZED MISSIONS 


8-31. Because of the nature of the jungle, information collection missions are decentralized. Ground 
mobility restrictions of the jungle require that all information collection systems be light, man-portable, and 
rugged. Units operating in a jungle environment require more of these systems than units operating in 
other, more open, environments. 


STAFF CONSIDERATIONS 


8-32. Key considerations for the staff when conducting plan requirements and assess collection include but 
not limited to— 
e Jungle operations require limited NAIs, TAIs, and engagement areas due to the lack of movement 
and maneuver opportunities for forces. 


Night vision capabilities are degraded due to jungle canopy blocking ambient light. 
Changes to mobility corridors and avenues of approach due to rain and monsoons. 
Infrared sensors are less favorable due to heavy vegetation, humidity, and wildlife. 


Unattended acoustic ground sensors are the best sensor, even with issues of echoing, false 
readings, and noise trapping. 

e Heavy, dense vegetation restricts vehicular mobility but favors dispersed and dismounted 
infantry operations. 

Because of heavy vegetation, rate of movement times increase. 

Torrential rains and high humidity degrade performance of personnel and equipment. 


INFORMATION COLLECTION ASSET CONSIDERATIONS 


8-33. The following paragraphs describe the effects of jungle environments on selected information 
collection systems. 


Unattended Ground Sensors 


8-34. Heavy rain showers limit the ground sensor detection of enemy electronic signatures to short ranges. 
Unattended ground sensors in heavy jungle foliage are of little or no value. Signal reflections from vehicles 
and troops passing through or behind dense foliage tend to be inaccurate and unreadable. Although 
unattended ground sensor operations in jungle environments normally are limited, they are still a valuable 
asset to the supported commander when properly employed. Unattended ground sensors are particularly 
useful in preventing surprise when used with other battlefield surveillance devices. 


Ground-Based Reconnaissance 


8-35. Lightly equipped long-range surveillance and dismounted scouts play a major role in jungle 
information collection tasks. The terrain improves chances for accomplishing their mission unobserved and 
undetected. In patrol planning, consideration is given to the possibility that an aerial resupply, often 
required in jungle operations, might provide the enemy with indications of patrol activity and possibly 
reveal the location of the patrol. Communicating is also a problem. The intelligence value of the 
reconnaissance is reduced if intelligence and targeting data is not rapidly communicated. 
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Signals Collection 


8-36. The climate, dense vegetation, and reduced radio line of sight significantly reduce the effectiveness 
of radio communications. These factors also make it difficult to collect against threat emitters. In the 
jungle, electromagnetic radiation is absorbed by a factor of 10 to 25 percent and communication ranges 
decrease by a factor of 20 percent. To facilitate effective communication, hilltops or aerial relays may often 
be used. Although using wire appears to be a logical solution, security and maintenance considerations may 
preclude its use. 


Human Intelligence Collection 


8-37. The intelligence staff may find the best sources of information to be local people. The indiginous 
populace can provide a wealth of information about enemy forces operating in the local area. In insurgency 
situations, efforts are made to identify individuals who support the enemy by providing supplies, food, and 
information about friendly forces in the area. 


Aerial Collection 


8-38. When used in conjunction with unattended ground sensors, aerial assets can present the commanders 
with the best picture of the battlefield. Appropriately equipped aerial assets provide the best radio line of 
sight to targets for line-of-bearing, intercept, and electronic attack tasks. 


MAINTENANCE CONSIDERATIONS 


8-39. Performing continuous preventive maintenance in accordance with the corresponding technical 
manuals prolongs equipment life and prevents it from becoming non-mission-capable. High incidence of 
tust, corrosion, and fungus caused by jungle moisture and humidity highlights the necessity for daily 
maintenance on equipment, especially at the operator level. This is especially true for electronic systems 
and communications security gear, which are subject to very high failure rates in jungle environments. 
Continuous operation of such systems generates heat, which combats moisture, corrosion, rust, and fungus, 
decreasing the mean time between failures but hastening system wear-out and increasing the consumption 
of fuel. 


MOUNTAINOUS JUNGLE REGIONS 


8-40. Mountainous regions may also be found in jungle areas. These areas are particularly difficult for 
patrols to traverse, especially during the rainy season. In these regions, the extremes of weather can run 
from very hot and humid at the lower elevations to cold and wet at the highest elevations. 


SUPPORT IN DESERT ENVIRONMENTS 


8-41. Deserts are semiarid regions of varying relief containing a wide variety of soils. There are three types 
of desert: mountain, rocky plateau, and sandy or dune. Desert temperatures vary according to latitude and 
season, from over 136 degrees Fahrenheit in the deserts of Mexico and Libya to the bitter cold of winter in 
the Gobi (East Asia). In some deserts, day-to-night temperature fluctuation exceeds 70 degrees Fahrenheit. 
(See FM 90-3 for doctrine on desert operations.) This discussion addresses the considerations for 
information collection assets in a desert environment. 


OVERVIEW 


8-42. Collection assets are focused on targets at significantly greater distances than normal in the desert. 
The characteristics of desert terrain require more tracked and fewer wheeled vehicles for electronic 
surveillance systems. Frequent and extreme changes in desert weather have a significant influence on 
information collection capabilities. Long periods of unlimited visibility can be abruptly interrupted by 
violent winds and sandstorms. These storms reduce visibility and drive sand into mechanical and electronic 
equipment, causing frequent breakdowns. Wear and tear, particularly on mechanical equipment, requires 
frequent replacement of moving parts. Increased requirements for spare parts place an additional burden on 
the supply system, increasing the vulnerability of friendly logistic operations. 
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4 x 5 20 of 1 acre 
Fig 2-3. A fraction times a fraction--cont'd. 


dad. Cancellation. Earlier in this lesson, the term cancellation 
was used to indicate reducing to lowest terms. Many times the 
proper use of canceling when multiplying fractions will enable 
you to work with smaller numbers and find answers more quickly. 
Look at the example worked first without canceling and then with 
canceling: 


ci: eres eee 

1s * 20 

8 6 48 . 

— —_ = — 1s must no e 

is x 30 360 (Th m now be reduced) 
48 + 24 = 2. 

360 + 24 = 15 

2 1 

Bap eS pe (Divide 8 & 20 by 4 and then 
28 20 15 divide 6 & 18 by 6) 

3 5 


Note: You may cancel the numerator of one fraction with the 
denominator of another when reducing the individual 
fraction. From this you should see that there is a 
definite advantage to canceling before multiplying. 
Let's see how canceling affects mixed numbers. 


Considerations for Unique Environments 


TEMPERATURE 


8-43. Wide variations in day and night temperatures also have detrimental effects on people and machines. 
Precautions must be taken to prevent casualties resulting from high temperatures and direct exposure to the 
sun. High desert temperatures may cause equipment to overheat. Heat causes batteries to lose power more 
quickly. High temperatures cause overheating in communication equipment, resulting in equipment failure. 
Communication equipment must be protected from heat and from the direct rays of the sun. 


8-44. Degradation of line-of-sight radio communication occurs due to extreme heat. Communication 
during hours of darkness are excellent. However, during daylight, a 20-to-30 percent loss of radio 
communication is experienced, due to heat. Frequency drift can also limit radio capabilities. Electronic 
surveillance equipment suffers frequent down time from sand and dust if not protected. Imagery systems 
are subject to heat wave distortion and dust storms. HUMINT operations are reduced, due to smaller 
population areas. 


8-45. Vehicle maintenance requirements increase in extreme heat. The heat dries out seals and gaskets and 
causes tires to crack. The effects of sand on equipment create the need to constantly replace bearings and 
other moving parts. Since reconnaissance in desert operations is generally accomplished using mounted 
patrols, maintenance requirements directly impact on reconnaissance capabilities. 


8-46. Humidity and temperature variations cause condensation and rust. Condensation degrades the 
effectiveness of the optical devices by causing mold to form on lenses, requiring extra precautions to be 
taken. Equipment must be cleaned on a daily basis. 


STAFF CONSIDERATIONS 


8-47. Key considerations for the staff when conducting plan requirements and assess collection include but 
not limited to— 


e Desert operations favor mechanized and armored forces. 


e Mobile nature of dessert operations necessitates the use of radios to maintain adequate mission 
command and networks. 


e Surveillance ranges are extended in both depth and width, allowing for maximum range 
engagement. 


e@ Opportunities for high rates of advance can cause maneuver forces to outrun their intelligence 
operations assets. This causes more reliance on aerial information collection assets. 


Ground and aerial operations are extremely limited during dust- and sand storms. 
Infrared sensors are favorable for use but are hampered during thermal crossover. 
Severe temperature variations require personnel to be equipped for both hot and cold weather. 


Direct and indirect fire ranges are extended. 


INFORMATION COLLECTION ASSET CONSIDERATIONS 


8-48. The following paragraphs describe the effects of desert environments on selected information 
collection systems. 


Visual and Electronic Observation 


8-49. The problems associated with desert observations and reconnaissance include— 
e Long ranges and the refraction of visible light impairing visual perception. 
e@ Heat waves blurring detail. 
e The actual location of observed objects becoming difficult to determine. 
e Mirages distorting objects to the point of being unrecognizable. 


8-50. The intensity of these effects often depends on the angle of the sun in relationship to the observer. 
Observation in the desert is enhanced by placing observers as high above the desert floor as possible. 
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8-51. The optimum operation of radar in desert terrain is degraded by— 
e Dust and sand. 
e Temperature variations. 
e Static electricity. 
e Wind. 


8-52. To obtain the best performance in target detection, place the radar set as high as possible above the 
area under surveillance, so that the radar antenna overlooks the area. On smooth, sandy surfaces, the 
detection range for moving targets may be reduced, because sand presents a surface that does not reflect an 
appreciable amount of clutter. Increasing the operating angle helps to reduce this deficiency. A second 
disadvantage caused by the terrain is that little natural cover and concealment is available for radar 
positions. 


Unattended Ground Sensors 


8-53. Unattended ground sensors can be used to overcome visual distortion caused by the magnification by 
heat waves. They can also be used to acquire targets at extended ranges and cover considerable distances 
across the front and flanks. 


Aerial Collection Platforms 


8-54. It is extremely difficult to conceal combat forces and operations in the flat, open terrain common to 
many deserts. Airborne collection platforms are very effective in locating concentrated enemy forces. Air 
reconnaissance is used to the maximum extent possible. 


Ground-Based Reconnaissance 


8-55. Observation posts in static situations are sited in pairs as far apart as possible to permit accurate 
intersection. Desert terrain favors wide envelopments and turning movements. The information collection 
effort must cover all directions and use all available collection systems, especially those with long-range 
capabilities. 


8-56. Foot patrols are generally limited to static defensive operations, while mobile patrols are effective in 
offensive operations. When a unit is on a march, security elements will normally be located at least 2,000 to 
4,000 meters to the front and flank of the lead elements, depending on the terrain. 


Signals Intelligence 


8-57. Operations security responsibilities increase significantly due to the long range of enemy imagery 
and SIGINT systems in the desert. Like operations security, the value of electronic warfare has increased 
importance in the desert. The expansiveness of the desert precludes using terrain masking to avoid 
jamming. Electronic attack can play a significant role in air defense and close air support suppression. 


MILITARY DECEPTION 


8-58. Since large unit consolidations and preparations for attack are virtually impossible to hide, 
commanders on both sides may decide to conceal the time and place of attack through the use of deception 
operations. The intelligence staff must be prepared to provide intelligence support to the operations staff for 
deception planning. The intelligence staff incorporates all available collection means to achieve as much 
redundancy as possible. All efforts are made to confirm or deny significant indications of enemy intentions. 
(See JP 3-13.4 for doctrine on military deception.) 
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JOINT INTELLIGENCE OPERATIONS 


A-1. Joint intelligence supports joint operations by providing critical information and finished intelligence 
products to the combatant command, subordinate Service and functional component commands, and 
subordinate joint forces. Commanders at all levels depend on timely, accurate information and intelligence 
on a number of an adversary’s dispositions: among them, strategy, tactics, intent, objectives, strengths, 
weaknesses, values, capabilities, and critical vulnerabilities. Joint intelligence must focus on the 
commander’s mission and concept of operations. 


A-2. An understanding of joint ISR is required to understand the relationship of Army intelligence 
operations and information collection to joint ISR. (See FM 2-0.) Many joint ISR collection assets that 
formerly supported joint force and higher echelons now support Army forces at BCT, or even battalion, 
level. Thus, all Army staffs must understand specific planning considerations for joint, national, and 
multinational assets. 


A-3. One example of joint ISR support now available to Army forces is the Navy’s P-3 Orion aircraft. 
This system, originally designed for antisubmarine and anti-surface-warfare maritime patrol operations, is 
now used to provide full-motion video and SIGINT support to commanders of deployed forces. P-3s are 
also used by the Department of Homeland Security for countersmuggling and counterdrug operations. 
Another example is the Air Force’s UAS systems, such as the Predator and Reaper. These were in the 
purview of commanders at echelons above corps, but are now available to tactical-level Army 
commanders. Air Force ISR liaison officers are assigned at corps and division headquarters and planned for 
availability at BCTs in the near future. 


JOINT INTELLIGENCE PROCESS 


A-4. Joint doctrine defines intelligence operations differently from Army doctrine. Joint doctrine defines 
intelligence operations as the variety of intelligence and counterintelligence tasks that are carried out by 
various intelligence organizations and activities within the intelligence process (JP 2-0). The joint 
intelligence process describes how the various types of joint intelligence operations interact to meet the 
commander’s intelligence needs. The process includes the following intelligence operations: 


e Planning and direction. 
Collection. 

Processing and exploitation. 
Analysis and production. 
Dissemination and integration. 
Evaluation and feedback. 


JOINT TERMINOLOGY 


A-5. Service-specific and joint terms describing management of information collection may differ, based 
on the respective Service. In joint intelligence doctrine, collection management is the process of converting 
intelligence requirements into collection requirements, establishing priorities, tasking or coordinating with 
appropriate collection sources or agencies, monitoring results, and retasking as required (JP 2-0). In the 
joint lexicon, collection management has two distinct functions: collection requirements management and 
collection operations management. (See figure A-1 on page A-2.) 
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Figure A-1. Joint collection management 


A-6. Collection requirements management— 
e Defines what intelligence systems must collect. 
e Focuses on the requirements of the customer. 


e Is all-source- (all-intelligence-discipline-) oriented and advocates (provides and supports) what 
information is necessary for collection. 


A-7. Collection operations management— 
e Specifies how to satisfy the requirement. 
e Focuses on the selection of specific intelligence disciplines and specific systems within a 
discipline to collect information addressing customers’ requirements. 
e Is conducted by organizations to determine which collection assets can best satisfy customers’ 
product requests. 


A-8. Collection requirements management and collection operations management are performed at all 
joint levels. Each level interacts with levels above and below, as well as among units, agencies, and 
organizations on the same level. The further up the chain of command, the broader the perspective and 
scope of responsibility; the lower the chain of command, the more specific the function and narrower the 
scope. Organizations possessing collection assets or resources perform collection operations management. 


A-9. Tasking, processing, exploitation, and dissemination (also called TPED) is the joint expression used 
to describe associated activities that support a joint task force commander’s collection strategy and 
subsequent ISR operations. Similarly, Army intelligence officers consider the analysis, production, and 
dissemination effort as part of planning requirements and assessing collection. Much of tasking, processing, 
exploitation, and dissemination occurs outside the theater of operations via reachback (what the Army calls 
intelligence reach) and is distributed through the intelligence architecture so requirements do not 
overwhelm in-theater assets. Service organizations and joint organizations provide reachback capabilities to 
forward-deployed joint forces. Service organizations include the National Ground Intelligence Center, 
National Maritime Intelligence Center, Marine Corps Intelligence Agency, and the Air Force Intelligence, 
Surveillance, and Reconnaissance Agency (which includes the National Air and Space Intelligence Center). 
Joint organizations include the Defense Intelligence Agency and the National Center for Medical 
Intelligence. 


A-10. Two other important joint terms are collection asset and collection resource. A collection asset is a 
collection system, platform, or capability that is supporting, assigned, or attached to a particular 
commander (JP 2-01). A collection resource is a collection system, platform, or capability that is not 
assigned or attached to a specific unit or echelon which must be requested and coordinated through the 
chain of command (JP 2-01). A collection asset is subordinate to the requesting unit or echelon, while a 
collection resource is not. (See JP 2-01.3.) 
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A-11.In joint collection management, all requests for support (collection) are referred to as target 
nominations. From the joint collection resource perspective, an NAI or TAI is a target for collection. Target 
nomination boards are responsible for prioritizing collection requests and allocating resources against those 
requirements. 


JOINT INTELLIGENCE ORGANIZATIONS 


A-12. When Army forces operate under a joint headquarters, several organizations in the joint intelligence 
architecture can assist intelligence officers at lower echelons in their planning. The key organizations in the 
defense intelligence architecture are as follows (see JP 2-0 for a discussion of each): 
e Intelligence directorates (also called J-2s) at every joint level of command. 
e Joint intelligence operations centers (also called JIOCs) at combatant command level. 
e The following elements at joint task force level: 
= Joint intelligence support element (also called the JISE). 


= Joint functional component command-intelligence, surveillance, and reconnaissance (also 
called the JFCC-ISR). 


= Joint reserve intelligence center (also called the JRIC). 


A-13. At the joint task force level, a joint intelligence support element is normally established. However a 
joint intelligence operations center may be established, based on the scope, duration, and mission of the 
unit or joint task force. 


A-14. For example, a joint intelligence operations center created in a typical joint task force intelligence 
directorate may include collection management operations and request for information branches. These 
elements plan information collection activities and are therefore useful to Army intelligence officers. In 
some cases, the collection management and dissemination sections are combined into one section. 


A-15. The joint force collection manager ensures all requests for additional collection resources are based 
on validated needs established by the command’s formal intelligence requirements. 


A-16. Subordinate Army commanders submit their requests for information through echelon channels. If 
they cannot be answered at the intermediate echelons, they are passed to the joint task force for research 
and response. Once a request for information is returned unanswered, subordinate commanders can submit 
a request for support (collection) or request for joint support to the joint intelligence operations center, 
which apportions its assets or resources from higher echelons against the requests in order of priority, as 
defined by the joint force commander. Collection requirements that cannot be satisfied by assets controlled 
or apportioned by the joint task force are transferred into the national intelligence system for collection. 


A-17. The joint intelligence support element is created at the discretion of the joint force commander to 
augment the intelligence directorate of a joint task force. For Army planners, the collection management 
operations branch is the interface where subordinate Army commanders receive support from the joint task 
force. The collection management operations branch is responsible for joint task force ISR operations. 
Dynamic retasking of joint resources must be coordinated with the joint intelligence support element 
collection management operations branch. 


JOINT COLLECTION MANAGEMENT PLANNING CONSIDERATIONS 


A-18.In joint collection management operations, the collection manager, in coordination with the 
operations directorate, forwards collection requirements to the Service component commander exercising 
tactical control over joint force ISR assets. A mission tasking order is issued to the unit selected as 
responsible for the collection operation. The selected unit, sometimes called the mission manager, makes 
the final choice of specific platforms, equipment, and personnel required for the collection operation, based 
on operational considerations, such as, maintenance, schedules, training, and experience. 


COLLECTION MANAGEMENT MISSION APPLICATIONS 


A-19. Collection Management Mission Applications is a Web-centric information system architecture that 
incorporates existing programs and is sponsored by several commands, Services, and agencies. It provides 


19 August 2014 ATP 2-01 A-3 


Appendix A 


tools for recording, gathering, organizing, and tracking intelligence collection requirements for all 
intelligence disciplines. It facilitates the rapid and secure exchange of collection management data and 
applications and provides continuous mission support to consumers of collection management information 
worldwide. 


A-20. The Collection Management Mission Applications is used by the Air Force and comprises the 
following subsystems: 

e Battlespace Visualization Initiative is a three-dimensional graphical visualization system used 
to plan imagery intelligence, SIGINT, and measurement and signature intelligence collection by 
national technical means. 

e@ Web Battlespace Visualization Initiative is the two-dimensional version of Battlespace 
Visualization Initiative for lower end workstations. 

e Flight Control® is a commercial tool providing a geospatial interface used to develop 
situational awareness in near real time. 

e Planning Tool for Resource Integration, Synchronization, and Management (also called 
PRISM) is a collection requirement, management, and collaboration tool. 

e Joint Collaborative Environment uses a commercial software application called Info 
Workspace, allowing users to collaborate online in conferences and in one-on-one chats. Joint 
Collaborative Environment provides far-flung users with the ability to collaborate on conflicts 
and synchronize the collection effort. 

e@ Multi Asset Synchronizer provides critical planning and execution tools to the air and space 
operations center. 

e Intelligence, Surveillance, and Reconnaissance Gateway uses compartmented mode 
workstation applications along with data feeds from assets within the theater of operations to 
provide situational understanding for critical planning, management, tasking, and reporting. 


NATIONAL CONSIDERATIONS 


A-21. Army intelligence Soldiers need to be familiar with the organizations in the intelligence community 
and the support they can provide to Army commanders. (See ADRP 2-0 for a description of the intelligence 
community and joint considerations.) 


A-22. National collection resources are leveraged against national priorities. Intelligence Soldiers must 
remember that these assets are scarce and have a multitude of high-priority requirements. 


NATIONAL INTELLIGENCE SUPPORT TEAMS 


A-23. National intelligence support teams are formed at the request of a deployed joint task force 
commander. These teams comprise intelligence and communication experts from the Defense Intelligence 
Agency, Central Intelligence Agency, National Geospatial-Intelligence Agency, National Security Agency, 
and other agencies, as required to support the joint force commander’s specific needs. The Joint Staff 
intelligence directorate is the executive agent for the national intelligence support team program and has 
delegated this mission to the Deputy Directorate for Crisis Operations (also called the J-2O0). This office 
manages daily operations and interagency coordination for all teams. The Defense Intelligence Agency is 
the executive agent for all national intelligence support team operations. Once on station, a team supplies a 
steady stream of agency intelligence on local conditions and potential threats. Mission needs dictate the 
team’s size and composition. 


A-24. National intelligence support team personnel are often sent to support corps- or division-level 
organizations. However, during recent operations, national agencies placed personnel at the BCT level. 
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NATIONAL PLANNING RESOURCES 


A-25. The following national databases and Intelink sites contain information applicable to the IPB process 
and planning. They should be reviewed and evaluated to determine the availability of current data, 
information, and intelligence products that might answer intelligence or information requirements: 


Modernized Integrated Data Base. Accessible via Intelink, this database contains current, 
worldwide and theater threat characteristics (previously order of battle factors). This data is 
organized by country, unit, facility, and equipment. 

National Exploitation System. Managed by the National Geospatial-Intelligence Agency and 
accessible via Intelink, this resource permits users to— 

= Research the availability of imagery coverage over targets of interest. 

=» Access historical national imagery archives and imagery intelligence reports. 

Country knowledge bases and crisis home pages. Many combatant commands and joint force 
commands have Intelink Web sites containing the best and most up-to-date intelligence products 
available from the intelligence community. 

SIGINT On-line Information System. This resource is a database containing current and 
historical finished SIGINT products. 

Secure Analyst File Environment. This resource comprises structured data files. The following 
databases are accessible: 

= Intelligence Report Index Summary File. This resource contains index records and the 
full text of current and historical intelligence information reports. 

=s All-Source Document Index. This resource contains index records and abstracts for 
hardcopy all-source intelligence documents produced by the Defense Intelligence Agency. 
HUMINT collection requirements. This is a registry of all validated HUMINT requirements 
and tasking. 

Modernized Defense Intelligence Threat Data System. This resource is a collection of 
analytical tools that support the retrieval and analysis of information and intelligence related to 
counterintelligence, indications and warning, and counterterrorism. 

Community On-Line Intelligence System for End-users and Managers. This database 
application (also called COLISEUM), allows users to identify and track the status of all 
validated crisis and noncrisis intelligence production requirements. 


GEOSPATIAL INTELLIGENCE INFORMATION MANAGEMENT SERVICES 


A-26. The Geospatial Intelligence Information Management Services brings together various tools and 
systems to centralize the management, tasking, and collection of geospatial intelligence data for 
government and commercial sources. It also incorporates elements of the National Geospatial-Intelligence 
Agency Production Management Alternative Architecture, which provides an integrated geospatial 
requirements and production management system. The Geospatial Intelligence Information Management 
Services— 


Includes commercial ordering capabilities formerly associated with the Production Management 
Alternative Architecture. 


Incorporates the geospatial data tasking portions of the Production Management Alternative 
Architecture. 


Supports collection managers and analysts who want to submit geospatial intelligence needs. 


Is Web-based and available via the Joint Worldwide Intelligence Communications System (also 
called JWICS). 


Allows novice- and expert-level research, discovery, and simple and advanced searches. 
Allows users to capture, store, and manage geospatial knowledge and geospatial objects. 


Is the single entry point for tasking of national technical means and commercial assets and 
supports one-stop shopping for tasking, production, and dissemination of geospatial intelligence 
products. 


Allows viewing of the National Geospatial-Intelligence Agency production process. 


19 August 2014 ATP 2-01 A-5 


Appendix A 


NATIONAL SIGNALS INTELLIGENCE REQUIREMENTS PROCESS 


A-27. The National SIGINT Requirements Process is an integrated and responsive system of policies, 
procedures, and technology used by the intelligence community to manage requests for national-level 
SIGINT products and services. This process replaced the National SIGINT Requirements System. 


A-28. The National SIGINT Requirements Process establishes an end-to-end cryptologic mission 
management tracking system based on information needs. This process establishes guidance SIGINT 
collectors follow to satisfy tactical- through national-level consumer information needs. The process 
improves the consumer’s ability to communicate with the collector by adding focus and creating a 
mechanism for accountability and feedback: 

e Information needs are used to relay collection requirements to SIGINT collectors and systems. 
Information needs are prioritized and classified according to standardized time categories. They 
are further prioritized based on how quickly the SIGINT community must react to the request for 
support (collection): 
= Routine requests require action in 30 or more days. 
= Time-sensitive requests require action within 4 to 29 days of submission. 
= Time-critical requests must be acted upon within 3 days of submission. 

e Research information needs priorities involve limited efforts and only exist for a defined 
period of time using existing data (no new collection is required). 

e Limited duration needs require collection and production over a period of 0 to 90 days. 

e Standing needs require sustained collection over periods from 91 days to two years. 


A-29. Requests for national SIGINT collection must be sponsored at the national level, validated by the 
intelligence community, and prioritized among all other competing requirements. 


MULTINATIONAL INTELLIGENCE OPERATIONS 


A-30. There is no single intelligence doctrine for multinational operations. Each coalition or alliance must 
develop its own procedures. (See FM 3-16.) 


A-31. In multinational operations, the multinational force commander exercises command authority over a 
military force comprising elements from two or more nations. Therefore, in most multinational operations, 
the joint task force must share intelligence with foreign military forces as necessary for mission 
accomplishment and coordinate the exchange of intelligence liaison with those forces. 


A-32. Command of national resources may remain essentially national or may be integrated into a single 
command and control structure for the force. Either way, intelligence remains a national responsibility, and 
most nations with a significant presence in the multinational force establish a national intelligence cell. 


A-33.U.S. units subordinated to non-U.S. headquarters may require augmentation with linguists or 
bilingual liaison officers. These units may also require connectivity to U.S. networks. Connectivity to U.S. 
networks is critical to success in a multinational environment. 


ALLIANCES 


A-34. Army units frequently perform intelligence operations in a multinational environment within the 
structure of an alliance, which presents many additional challenges for intelligence personnel. The North 
Atlantic Treaty Organization (also called NATO) and the United Nations Command in the Republic of 
Korea are examples of highly structured and enduring alliances. Intelligence architectures, organizations, 
and procedures are well defined in alliances. Therefore, Army staffs must learn to operate within the 
parameters of an alliance, maintaining SOPs and standards in accordance with their unit policies but also 
complying with the alliance’s standardized agreements. 


A-35. An alliance’s existing international standardization agreements (for example, NATO standardization 
agreements [also called STANAGs]) establish rules and policies for conducting joint intelligence 
operations. Since each multinational operation has unique aspects, such standing agreements may have to 
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be modified or amended based on the situation. However, these agreements provide a starting point for 
establishing policies for a specific operation. 


COALITIONS 


A-36. Other multinational military organizations, such as the coalition formed during the 1991 Gulf War, 
are temporary or ad hoc organizations formed for a particular mission. Coalitions require a great deal more 
adaptation and improvisation to achieve success. Often, the coalition comes together on short notice, and 
the arrangements for collaboration and intelligence sharing must be established while planning is 
underway. 


A-37. Sometimes a U.S. force might require authority to go outside the usual military channels to provide 
information to nongovernmental organizations or other governments and agencies to achieve the 
commander’s intent. In those cases, the force must tailor its intelligence policies and dissemination 
guidance. 


INTELLIGENCE COLLABORATION 


A-38. Multinational force operations can be complicated by language issues, differing tasking and request 
channels and formats, information classification and foreign disclosure concerns, and national sensitivities. 
Troop-contributing nations may have political or rules of engagement constraints that limit their ability to 
perform certain missions. 


A-39. Collection managers must be familiar with multinational collection and communication systems and 
the tasking and request channels they require. Using intelligence liaison personnel has proven effective in 
formulating an effective collection strategy and facilitating rapid dissemination of information and 
intelligence. 


A-40. The exact steps taken to effect intelligence collaboration between U.S and multinational forces 
depend on the command structure of the multinational force and the nature of the operation. The following 
guidelines for a U.S. intelligence staff have proven effective in facilitating this collaboration: 


e Establish liaison between the U.S. and multinational force intelligence organizations. 


e Develop procedures for review to expedite sanitization and sharing of U.S.-generated 
intelligence products with multinational partners. 


e Communicate friendly objectives, intentions, and plans to appropriate intelligence organizations. 


Ensure interoperability of mission command information and communication systems. This is 
achieved by placing a common multinational intelligence information system, such as the 
Combined Enterprise Regional Information Exchange System (also called CENTRIXS), in the 
force headquarters and subordinate units to facilitate communication. 


Similarities and Differences 


A-41. There are differences in intelligence doctrine and procedures among multinational partners. A key to 
effective multinational intelligence is extensive coordination, training, and liaison, beginning with the 
highest levels of command, to make the adjustments required to resolve these differences: 


e Major differences may include— 
» How intelligence is provided to the commander (jointly or by individual Services or 
agencies). 
= Procedures for sharing information among intelligence agencies. 
= The degree of security afforded by different communication systems and procedures. 
e Administrative differences that need to be addressed may include— 
= Classification levels. 
= Personnel security clearance standards. 
=» Requirements for access to sensitive intelligence. 
s Translation requirements. 
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A-42. Typically, there is a disparity in the capabilities of U.S. and multinational forces: 
e Multinational forces may have— 
= Greater intelligence resources within a given region. 
=» Valuable and extensive HUMINT capabilities. 
=» Access to the population and open sources. 
e US. forces generally have to provide technical assistance to share information and intelligence. 


Foreign Disclosure Considerations 


A-43. It is imperative that multinational force commanders establish a system that optimizes each nation’s 
contributions and strengths. All units under the multinational headquarters are entitled to reliable 
intelligence. U.S. units subordinated to non-U.S. headquarters may face unique problems in disseminating 
intelligence. If a direct channel is available to the next higher U.S. headquarters, the tactical U.S. unit may 
have better and more current intelligence than its controlling non-U.S. headquarters. In that instance, 
liaison personnel have a responsibility to disseminate intelligence both up and down, while adhering to 
restrictions that deal with the release of intelligence to multinational forces. 


A-44. In multinational operations, there are constraints to foreign disclosure due to the technical nature of 
the data, imagery, or intelligence product disseminated. Practices, such as “write for release,” become very 
important in facilitating intelligence sharing. Whenever possible, tear-line reports and releasable imagery 
should be obtained to share with multinational partners. 


SYSTEMS COMPATIBILITY 


A-45. A multinational force may have multiple national communication systems that do not communicate 
with each other. Each nation in a multinational force brings its own internal systems; however, in most 
cases involving U.S. forces, multinational partners are likely to rely on the United States to provide a 
common communication system. The importance of placing U.S. liaison officers at multinational partner 
headquarters cannot be understated because of system compatibility issues that frequently arise. 
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e. Multiplying with mixed numbers. This involves changing the 
mixed numbers to improper fractions and then proceeding with the 


rules for multiplying fractions. For example: 


2 5 
4=x5 ==? 
7 9 
10 
38 50 500 17 
By B= = 23 2 
7 a 21 21 
3 
Note: First, change the mixed number to an improper 


fraction, cancel, then multiply. As you can see canceling 
with mixed numbers simplifies the equation. 


2204. Division of Fractions 


There are two computational techniques generally in use for 
division of fractions: The common denominator method and the 
simpler and probably more used inverted divisor method. Let's 
take a look at then. 


a. Common denominator. In this method, a common denominator is 
first found just as in addition and subtraction. Each fraction 
is reduced to an equivalent fraction having the common 
denominator. The denominators are then disregarded and the 
numerators are divided. This can be shown with an example: 


3212.5 
4 | . 
ae ee oe ee 
4 3 12 3 4 12 
The common denominator is 12. Reduce each fraction to an 


equivalent fraction with a denominator of 12. 


12 12 
Divide 9 by 4 and 12 by 12. 


cae 
12 12 


Appendix B 
Aerial Collection Requests 


COORDINATING COLLECTION REQUIREMENTS 


B-1. Comprehensive coordination between the intelligence and operations staffs ensures forecasting and 
resourcing of critical collection requirements. Despite deliberate planning for aerial support, more 
immediate and critical requirements emerge and evolve continually. Retasking assets quickly is an 
important aspect of exploiting opportunities presented, consistent with the joint force commander’s intent 
and standing priorities. 


B-2. In joint collection management operations, the collection manager, in coordination with the 
operations directorate of the joint force staff, forwards collection requirements to the Service component 
commander exercising tactical control over the joint force reconnaissance and surveillance assets. A 
mission tasking order goes to the unit selected to be responsible for the collection operation. The selected 
unit, sometimes called the mission manager, makes the final choice of specific platforms, equipment, and 
personnel required for the collection operations based on operational considerations such as maintenance, 
schedules, training, and experience. 


B-3. Any information collection plan involving aerial assets must consider airspace coordination. (For 
additional information on Army airspace coordination, see FM 3-52.) 


AIR AND SPACE OPERATIONS CENTER 


B-4. Joint air planning products produced by the air and space operations center include the— 
e Air tasking order (ATO). 
e Airspace control order. 
e Special instructions (also called SPINS). 


B-5. The ATO, airspace control order, and special instructions provide operational and tactical direction at 
the appropriate levels of detail. For aerial assets, these products are important for intelligence staffs as well 
as mission managers and operators (for example, UAS operators and aircraft pilots). 


B-6. Army intelligence staffs coordinate with the air and space operations center through an Army unit 
called a battlefield coordination detachment. This detachment is the Army Service component command’s 
liaison at the air and space operations center. It communicates the land component commander’s issues to 
the air component commander. Aerial collection requests flow through the battlefield coordination 
detachment to the air and space operations center for consideration. (See ATTP 3-09.13.) 


B-7. The joint force air component commander may establish one or more joint air component 
coordination elements with other headquarters to better integrate joint air operations with their operations. 
When established, this coordination element is a Service component-level liaison that serves as the direct 
representative of the air component commander. 


B-8. To maximize combat effectiveness, minimize the risk of fratricide, and assure deconfliction, all 
Service component forces must adhere to the joint force commander’s guidance. This guidance is provided 
in the rules of engagement, airspace control plan, airspace control order, area air defense plan, and the 
special instructions (contained in the ATO). 


AIR TASKING ORDER 


B-9. An air tasking order is a method used to task and disseminate to components, subordinate units, and 
command and control agencies projected sorties, capabilities and/or forces to targets and specific missions. 
(JP 3-30). The ATO normally provides specific instructions such as call signs, targets, and controlling 
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agencies, as well as general instructions. The ATO articulates the tasking for joint air operations for a 
specific time frame, normally 24 hours. The full air tasking cycle, from joint force commander guidance to 
the start of ATO execution depends on the joint force and air component commanders’ procedures; 
however, a 72-hour cycle is fairly standard. Some smaller (group 1) UASs may not be included in the ATO 
based on use and mission requirements. The inclusion of air assets in the ATO does not imply any change in 
command relationships or tasking authority over them, nor does it restrict Service component commanders’ 
flexibility to respond to the dynamics of the operational environment. (See JP 3-30.) 


AIRSPACE CONTROL ORDER 


B-10. The airspace control order is an order implementing the airspace control plan that provides the 
details of the approved requests for airspace coordinating measures. It is published either as part of the air 
tasking order or as a separate document (JP 3-52). The airspace control order provides directions to 
deconflict airspace and air defense plans in order to avoid mutual interference (such as collisions and near- 
miss situations), facilitate air defense identification, safely accommodate and expedite airflow, and prevent 
fratricide. 


B-11. The airspace control order describes positive and procedural control measures to be used in the joint 
operations area and designates airspace coordinating measures, altitude restrictions, and identification 
procedures. For example, UAS operations require the designation of restricted operating zones to prohibit 
manned aircraft from conflicting with unmanned aircraft. 


SPECIAL INSTRUCTIONS 


B-12. Special instructions are instructions issued to aviators that describe detailed procedures for loss of 
communication, escape and evasion, and search and rescue operations. (See JP 3-30.) Special instructions 
are normally published in an annex to the ATO. The Special Instructions annex of the ATO implements the 
area air defense plan. 


B-13. It is important for intelligence staffs to be aware of special instructions so they can react to a downed 
aircraft or isolated Soldier incident. Special instructions can be used to anticipate the actions of Soldiers on 
the ground when immediate collection requirements arise. In addition, special instructions (and the rules of 
engagement) contain the priorities and procedures for dynamic retasking of joint ISR assets, including UASs. 


AIR TASKING ORDER PLANNING CYCLES 


B-14. The ATO planning cycle typically consists of three 24-hour periods: 
e@ The 24-hour period currently in execution. 
e@ The 24-hour period when the next order is in development, production, and dissemination. 
e@ The 24-hour period when the order after next is in planning. 


B-15. Submission of air mission requests or UAS mission inputs are usually required before the air tasking 
cycle begins. Army units having problems with an ATO or requiring an emergency change to the ATO 
should coordinate through the battlefield coordination detachment. Precise time frames for ATO planning 
and submission of air mission requests are specified in the air and space operations center SOPs or 
operation plan. 


B-16. Intelligence staffs may use different planning horizons for ground-based assets; however, planning 
for aerial assets must be tied to the air tasking cycle and planned in advance for loading into the ATO to 
support the commander’s needs. 


B-17. The ATO tasks and disseminates to Service components, subordinate units, and command and 
control agencies the projected sorties, capabilities, and forces to targets and specific missions. This process 
normally provides specific instructions, such as, call signs, targets, controlling agencies, and general 
instructions. To intelligence staffs at the various maneuver echelons, the ATO outlines the daily schedule of 
aerial reconnaissance missions. 


B-18. From command guidance, target work sheets, and Service component requirements, the appropriate 
staff finalizes the ATO, special instructions, and airspace control order. The ATO describes the actions 
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while the special instructions and airspace control order impose constraints. An airspace control order, for 
example, might specify that air defense assets in a given area assume any aircraft below 10,000 feet is 
hostile (air defense plans). The special instructions might include political considerations that require 
certain areas not to be overflown (airspace control). 


B-19. Considerations for a typical 72-hour aerial collection cycle are based on the ATO and the associated 
timelines at the various echelons. Table B-1 describes the tasks associated with a 72-hour air tasking cycle. 


B-20. A target deck is a list of locations along the flight routes or objective area where the unit wants the 
aircraft to collect information. It may also be a list of SIGINT targets on which the unit wants to collect 
information. Approved target decks are posted to unit Web pages. Aerial collection units and the supported 
units establish real-time communications, sometimes down to Soldier level, to work the bottom-up 
refinement and dynamic retasking. That process is critical to ensure the collection assets collect information 
focused on the supported commander’s current priorities, not on a template produced at corps or division. 


Table B-1. Division-level tasks associated with an aerial collection cycle timeline 


—pe to 72 hours before collection mission start 


Brigade combat teams develop their collection requirements and build their target decks, 
forwarding them to division for refinement and inclusion in the division’s requests for support 
(collection). 

The primary deconfliction function during this time frame is verifying requests against stated 
information collection priorities. 

Information collection priorities are normally published in the unit order or plan and drive the 
overall information collection effort. 

The initial plan is presented to the G-3 and forwarded to corps to begin parallel planning. 
The proposed schedule is posted to the division home page. 


48 to 72 hours before collection mission start 


e Any issues concerning the proposed aerial asset schedule and changes in the collection 
priorities are solved. 


e A proposed information collection plan is presented to the G-3 for approval, as well as 
distributed to brigade combat teams and other subordinate commands. 


24 to 48 hours before collection mission start 


The G-3 approves the proposed information collection plan and sends it to corps for action. 


Requests for changes in the approved schedule, including immediate requests or priority 
changes, are presented to the G-3 for resolution. 

Once all changes based on the tactical situation are made, the staff begins the mission planning 
cycle. 

Requirements at corps are validated, and aerial assets are tasked to conduct reconnaissance 
and surveillance missions. 


Simultaneously, the air and space operations center coordinates airspace and creates the air 
tasking order. 


At the aerial unit, command groups receive the tasking and initiate the mission planning process. 
At the aerial unit, the staff develops the schedule and coordinates mission and flight operations. 


Additionally, mission operations sections collaborate with the corps, divisions, or brigade combat 
teams to ensure target decks are logical and the correct aerial asset is placed against the 
collection requirement. 


6 to 12 hours before collection mission start 


e The approved plan is refined as dictated by the tactical situation, with G-3 approval. 


e Intelligence staffs, along with aerial mission planners, make final adjustments to collection asset 
target decks. 
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REQUESTING AERIAL COLLECTION 


B-21. There are three types of collection requests: preplanned, immediate, and dynamic. 


PREPLANNED REQUESTS 


B-22. Preplanned collection requirements are those required for the requesting unit to plan, prepare, 
execute, and assess future operations. They may also be existing standing requirements for indications and 
warning or protection of the force. The air and space operations center and battlefield coordination 
detachment monitor and analyze threat activity and support targeting while providing feedback to the 
commander to aid decisionmaking for shaping operations. Preplanned collection enables the seamless 
transition from preplanned missions to dynamic tasking and cueing of assets. Preplanned requirements 
typically focus on— 
e Indications and warning—identifying key events and tippers to activity. 
e Support to targeting—assisting the fires cell in the targeting process. 
= Target identification—assisting in identifying high-value targets and high-payoff targets. 
= Target verification—assisting in establishing the identification and status of a target. 
= Combat assessment—providing intelligence to support the combat assessment process. 
e Situational awareness—providing knowledge and understanding of the current situation, which 
promotes timely, relevant, and accurate assessment of operations to facilitate decisionmaking. 
e Protection—providing information collection and joint aerial assets to protect friendly forces. 
e Personnel recovery—assisting in recovering missing personnel. 
e National requirements—fulfilling national requirements taskings. 
e@ Common operational picture—providing information for the common operational picture. 


B-23. Figure B-1 shows the information submitted with a typical request for aerial collection. 


ee Required effect (or example, fullmotion 
’ ; ; video, electro-optical, radar, signals 
e Requesting unit. intelligence). 
e Requesting unit point of contact. Unit tracking number. 


e Unit point of contact information (phone Supported event or operation. 
and email). 


Internet relay chat (also called mIRC) 
rooms (primary and alternate). 


Date and time of request. 


Request justification. 
Classification of products. 
Dissemination of results. 


Provide the following additional information for the target. If the request involves multiple targets, 


provide the following information for each target: 
Priority. Latest time information is of value. 
Target name. Essential elements of information. (Enter 
Target description. groups and indicators. See paragraphs 3- 
Target location (in latitude and longitude 27 through 3-30.) 
and military grid reference system Reporting instructions. 
coordinates). Special instructions. 


Basic encyclopedia (also called BE) Remarks. 
number. 


Earliest time information is of value. 


Figure B-1. Required information for a request for aerial support 
B-24. The collection request approval process varies. A typical approval process is shown in figure B-2. 


This process shows how a request to the BCT (or any subordinate unit) is processed at the division or corps 
level and eventually becomes a tasking for an aerial collection asset. 
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B-25. The originating unit makes the first decision: whether organic collection assets have the capability to 
answer the information requirement. If the requesting unit does not have the organic capability to collect 
against and process information needed to answer the information requirement, the unit may submit a 
request for aerial collection. Requests for support (collection) require additional information, some of 
which may not be in the unit’s information collection plan. These requests become preplanned, immediate, 
or dynamic requests for support (collection). 


Submit request 
to higher 


ls the collection 
asset on track? 


Coordinate request 
through 
division and corps 


Division/corps 
Division and corps coordinates with 
approve request BCT for alternate 
coverage. 


Task aerial asset 


Conduct mission 


BCT—brigade combat team DT—dynamic target TIC—troops in contact 


Figure B-2. Aerial collection request process 
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IMMEDIATE REQUESTS 


B-26. An immediate collection request is a collection requirement submitted outside the normal ISR 
operations planning cycle after the ATO and daily joint ISR plan are published. It attempts to integrate joint 
aerial collection into a time-sensitive operation. Proper coordination through the chain of command is vital 
throughout the collection management process, including immediate collection requests. Subordinate units 
must coordinate their immediate collection requests with their higher headquarters collection managers. 
This makes the immediate collection process quicker and ensures proper prioritization of immediate 
collection requests with existing requirements already tasked for collection during the ATO cycle. 


DYNAMIC REQUESTS 


B-27. Aerial dynamic retasking is any change to the ATO during execution. Only the air and space 
operations center can effect dynamic retasking of airborne aerial assets. Situations that may warrant 
dynamic retasking of an aerial asset include— 


e Dynamic targeting. 

Troops in contact. 

Time-critical physical and functional assessment. 

Weather and maintenance issues. 

Ad hoc or emergent collection. 

Personnel recovery or downed aircraft. 

Compressed or extended collection timelines and/or processing. 


Exploitation. 
e Dissemination system failures. 


B-28. The most notable difference between immediate requests and dynamic retasking is aircraft launch 
status. Typically, immediate requests are those made inside the normal planning cycle and generate a new 
mission. Dynamic retaskings are those requests that divert existing missions to new priorities. Dynamic 
retasking requires a greater level of risk management, as the approved collection requirements are cancelled 
to meet the retasking requirements. In addition to a risk management process, dynamic retaskings require a 
stricter approval process and an increased level of airspace coordination because airspace situational 
understanding by aircrews and air controllers is necessary. 


B-29. Dynamic requests for retasking may follow an eight-line format similar to the one in table B-2. 


B-30. Figure B-3 depicts a staff battle drill for dynamic requests of aerial assets. 


REDIRECTION OF AERIAL COLLECTION ASSETS 


B-6 


B-31. Redirecting is moving the asset or sensor in accordance with the ATO and ISR annex, and does not 
require air and space operations center approval or a transfer of tactical control, unless otherwise specified 
in the ISR annex. Intelligence staffs should anticipate potential requirements for redirecting and provide 
language in the mission task order that minimizes collection dilemmas during execution. When working in 
a direct support role, the air and space operations center permits redirection of aerial assets as much as 
possible. 
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Table B-2. Format for dynamic requests for retasking 


Explanation 


Required. Request the type of aerial support required. Most common 
entries are full-motion video, electro-optical, infrared. 


Required. Most common target name entries are the building name, 
facility, or location name of the target. 


Required. The latitude and longitude location, military grid reference 
Line 3: Target location system location, and Universal Transverse Mercator coordinate of the 
target location. 


Required. The essential elements of information that, when 
observed, are reported. (These are normally groups and indicators. 
See paragraphs 3-27 through 3-30.) 


Line 4: Essential elements of 
information 


Required. The collection time. Earliest time information is of value is 
Line 5: Earliest or latest time the earliest time that the information collected is of value to the 
information is of value requesting units. Latest time information is of value is the latest time 
the collected information is of value to the requesting unit. 


Required. Reporting instructions to the collecting unit. The 
requesting unit must know collector’s report types and then specify 
the report type required. The requesting unit may request negative 
reporting be included. 


Line 7: Asset detection concerns | Optional. Aerial asset detection concerns. 


Line 8: Airspace control Optional. Any airspace control deconfliction measures required by 
deconfliction this request. 


Line 6: Reporting instructions 


The brigade combat team (BCT) identifies an information requirement and is unable to meet the 
need by retasking organic assets. The BCT S-2 or S-3 submits a request to the division G-2 collection 
management element, including the following information: 

Task and purpose for additional assets. 

Length of time the requested asset is required. 

Why the BCT cannot use an organic asset to meet the requirement. 

The task or mission the asset will support. 

A hasty collection plan. 
Note. BCT S-3s may call the division current operations integration cell directly to provide situational awareness and 
help expedite the process. However, all requests must be sent to the collection management element. The current 
operations integration cell does not make a final decision until the collection management element or G-2 operations 
provides a recommendation. 
The collection management element performs an initial analysis: 

e = If assets are not available without impacting division or BCT operations, the collection 
management element contacts the current operations integration cell with possible courses of 
action for retasking assets. 

If assets are available without impacting division or BCT operations, the collection management 
element obtains G-3 approval to retask the asset, retasks the asset, and notifies G-2 operations 
for situational awareness. 

If meeting the request might require a corps asset, the collection management element alerts 
corps of a possible request. 

The current operations integration cell contacts the losing BCT for operational assessment and 
impact. 


Decision Point: The current operations integration cell approves or denies the BCT’s request. 


Figure B-3. Dynamic request battle drill example 
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Glossary 


SECTION | - ACRONYMS AND ABBREVIATIONS 


ADP 
ADRP 
AO 

AR 
ATO 
ATP 
ATTP 
BCT 
CCIR 
DA 
DOD 
DODD 
FM 
G-2 
G-3 
HUMINT 
IPB 
ISR 

JP 
LTIOV 
MDMP 
NAI 


S-3 
SIGINT 
SIR 
SOP 
TAI 

TC 
UAS 
U.S. 
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Army doctrine publication 

Army doctrine reference publication 

area of operations 

Army regulation 

air tasking order 

Army techniques publication 

Army tactics techniques and procedures 
brigade combat team 
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battalion or brigade operations staff officer 
signals intelligence 

specific information requirement 

standard operating procedure 

targeted area of interest 
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unmanned aircraft system 

United States 


ATP 2-01 


Glossary-1 


Glossary 


SECTION Il — TERMS 


assessment 
(joint) Determination of the progress toward accomplishing a task, creating a condition, or achieving 
an objective. (JP 3-0) 

branch 
(joint) The contingency options built into the base plan used for changing the mission, orientation, or 
direction of movement of a force to aid success of the operation based on anticipated events, 
opportunities, or disruptions caused by enemy actions and reactions. (JP 5-0) 

commander’ critical information requirment 
(joint) An information requirement identified by the commander as being critical to facilitating timely 
decisionmaking. Also called CCIR. (JP 3-0) 

commander’s visualization 
The mental process of developing situational understanding, determining a desired end state, and 
envisioning an operational approach by which the force will achieve that end state. (ADP 5-0) 

indicator 
(joint) In intelligence usage, an item of information which reflects the intention or capability of an 
adversary to adopt or reject a course of action. (JP 2-0) 

information collection 


An activity that synchronizes and integrates the planning and employment of sensors and assets as well 
as the processing, exploitation, and dissemination systems in direct support of current and future 
operations. (FM 3-55) 


intelligence operations 


(Army) The tasks undertaken by military intelligence units and Soldiers to obtain information to satisfy 
validated requirements. (ADRP 2-0) (joint) The variety of intelligence and counterintelligence tasks 
that are carried out by various intelligence organizations and activities within the intelligence process. 
(JP 2-01) 


*Jatest time information is of value 
The time by which an intelligence organization or staff must deliver information to the requester in 
order to provide decisionmakers with timely intelligence. This must include the time anticipated for 
processing and disseminating that information as well as for making the decision. Also called LTIOV. 

named area of interest 
(Army) The geographical area where information that will satisfy a specific information requirement 
can be collected. Also called NAI. (ADRP 1-02) 

*plan requirements and assess collection 
The task of analyzing requirements, evaluating available assets (internal and external), recommending 
to the operations staff taskings for information collection assets, submitting requests for information 
for adjacent and higher collection support, and assessing the effectiveness of the information collection 
plan. 

priority intelligence requirement 
(joint) An intelligence requirement, stated as a priority for intelligence support, that the commander 
and staff need to understand the adversary or other aspects of the operational environment. Also called 
PIR. (JP 2-01) 

running estimate 


The continuous assessment of the current situation used to determine if the current operation is 
proceeding according to the commander’s intent and if planned future operations are supportable. 
(ADP 5-0) 
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You should see that the divided denominators will always be equal 
to 1, therefore this step may be eliminated, for example: 


The common denominator method can also be done another way. This 
is by multiplying the original fractions by the LCD, for example: 


Eee ee 
4 3 
3 4 
3 1 1 
a2 x 4) + (32 x 4) =9+4=22 
(a2 x 2) + ( 5) = 2 Peees 
1 1 


Notice how LCD 12 cancels out denominators 4 and 3 making them 1. 
Using either method (division or multiplication) on fractions 
will provide you the quotient. Now let's see what happens when 
we invert the divisor. 


b. Inverted divisor. This is the method that you probably 
learned in school. Simply stated, you remember it as invert the 
divisor and multiply. Let us see why this is done. This method 
is based on the idea of multiplying by the reciprocal of the 
divisor. Although this sounds complicated, remember from study 
unit 1 that the reciprocal of a number is 1 divided by the 
number, or, that the product of the number and its reciprocal is 
equal to 1. Let's do some examples to illustrate. 


This example is read 3/4 divided by 1/3. What is the divisor? 
The divisor is the number by which a dividend is divided, in our 
case, it's 1/3. If 1/3 is the divisor, what is the reciprocal of 
the divisor? If you said 3/1, that's correct! Our next step is 
to multiply by the reciprocal of the divisor (multiply both the 
divisor and the dividend by this number). 


Glossary 


sequel 
(joint) The subsequent major operation or phase based on the possible outcomes (success, stalemate, or 
defeat) of the current major operation or phase. (JP 5-0) 

situational understanding 
The product of applying analysis and judgment to relevant information to determine the relationship 
among the operational and mission variables to facilitate decisionmaking. (ADP 5-0) 

targeted area of interest 
(Army) The geographical area or point along a mobility corridor where successful interdiction will 
cause the enemy to abandon a particular course of action or require the enemy to use specialized 
engineer support to continue. It is where the enemy force can be acquired and engaged by friendly 
forces. Also called TAI. (ADRP 1-02) 

unified action 


(joint) The synchronization, coordination, and/or integration of the activities of governmental and 
nongovernmental entities with military operations to achieve unity of effort. (JP 1) 
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Service, A-9 
intelligence preparation of the 
battlefield. See IPB. 
intelligence process, joint, A-4 
intelligence reach, A-9 
and analyzing 
requirements, 3-11, 3-12 
and requests for 
information, 4-9 
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Notice that the left fraction becomes 9/4 and the right fraction 
becomes 1. This will always be the case with the right fraction 
divisor. Therefore, the right half of the problem can be 
eliminated. You should see that the left fraction then fits the 
rule: Invert the divisor and multiply. Let's take a look at 
another example, first with the extra step and then without: 


1 1 1 1 
En at Ded: tye 8, ~ ;& By a Dg -t 
ie ae te 8g So PG 
2 1 1 1 
1 1 
ee ee ee 
16° 8 a6 5 3 
2 1 


This explanation should give you some insight into why the rule 
is valid and meaningful. There is one more example to discuss: 
dividing a fraction by an integer. Let's take a look at it. 


When dividing a fraction by an integer the most important rule to 


remember is to invert the integer (divisor). For example: 
a 
3 2 
bf eee ee Sees ere 
ge FF Bo ae 


Remember that 2 is actually the fraction 2/1 so the reciprocal is 
1/2. Don't make the mistake of canceling the 2 with the 8. 


Lesson Summary. This lesson provided you the necessary skill to 
use the operations for addition of fractions to find the sum, use 
the operations for subtraction of fractions to find the 
difference, use the operations for multiplication of fractions to 
find the product, and how to use the operations for division of 
fractions to find the quotient. 


intelligence reach (continued) 
and requirements 
development, 3-3 
and validating 
requirements, 3-15 
intelligence running estimate. 
See running estimates. 
Intelligence, Surveillance, and 
Reconnaissance Gateway, 
A-20 
intelligence, surveillance, and 
reconnaissance. See joint 
ISR. 
IPB, 1-11, 1-17-1-18 
and modifying information 
collection, 6-3 
and requirements 
development, 3-7, 3-9 
resources for, A-25 
results of, 3-37 
irregular threats, and event 
templates, 3-40 
ISR. See joint ISR. 
J-K-L 
J-20, A-23 
joint air component 
coordination element, B-7 
joint assets, support from, 4-3 
Joint Collaborative 
Environment, A-20 
joint ISR, A-2-A-3, A-9, A-18 
annex to joint orders, B-31 
Army execution of, 1-2 


and dynamic retasking, B-13 


joint intelligence operations 
center (also called the 
JIOC), A-12, A-13 

joint intelligence support 
element (also called the 
JISE), A-12, A-17 

jungle environments, 8-30— 
8-40 

latest time information is of 
value. See LTIOV. 


layering, of collection assets, 
1-9, 4-7 
liaison 
to the air and space 
operations center, B-6 
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Air Force, A-3, B-7 
multinational, A-39, A-40, 
A-41, A-43, A-45 
and requests for 
information, 4-12 
and unified action partners, 
4-12 
limit of reconnaissance, 4-28, 7-5 
linguists, A-33 
LTIOV 
changing, 3-23 
and decisionmaking during 
execution, 1-15 
defined, 3-23 
establishing, 3-25—3-26 
and the information 
collection matrix, 7-12 
and SIRs, 4-18 
updating, 5-5, 5-12 
M 
MDMP, 1-11, 1-14—1-16. See 
also mission analysis, 
planning. 
and collection assets, 4-2— 
4-6 
collaboration during, 2-39 
and indicators, 3-30 
and the information 
collection matrix, 4-23 
and initial information 
requirements, 1-14, 2-8 
and the rapid 
decisionmaking and 
synchronization process, 
7-2 
METT-TC, 2-10, 3-37 
military deception 
countering, 4-17, 4-19 
in desert environments, 
8-58 
military decisionmaking 
process. See MDMP. 
mission analysis, and 
requirements, 1-14, 2-8, 
3-13 
mission command, 1-10, 2-8 
mission manager, A-18, B-2 
mission variables, 2-10, 3-37 
mix (of collection assets), 3-4, 
4-17, 4-19 
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monitoring. See also 
assessment. 
and LTIOV changes, 3-23 
and prioritizing 
requirements, 3-18 
mountain environments 
information collection 
considerations for, 8-10, 
8-12-8-20 
and jungles, 8-40 
Multi Asset Synchronizer, A-20 


N 


named area(s) of interest (also 

called NAI[s]), 4-31, 4-32, 

4-33 

for a counterinsurgency, 
7-12 

developing, 1-20 

and decision points, 3-26 

and event templates, 3-39 

and the information 
collection matrix, 4-22, 
7-12 

and the information 
collection synchronization 
matrix, 4-27 

in jungle environments, 
8-32 

matrix, 4-31 

overlay, 4-33 

and validating 
requirements, 3-14 

work sheet, 4-32 


National Geospatial- 
Intelligence Agency 
Production Management 
Alternative Architecture, 
A-26 

national intelligence support 
teams, A-23-A-24 

National SIGINT Requirements 
Process, A-27—A-29 


nongovernmental 
organizations, providing 
information to, A-37 
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offensive tasks, information 
collection considerations for, 
7-9-7-12 
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operation orders (also called 
OPORDs). See orders. 
operations and intelligence 
working group, 2-16—2-23 
and mix of collection tasks, 
3-4 
and orders, 2-22 
and updating the 
information collection 
plan, 5-2—5-3 
orders 
annex L to, 3-32, 4-28 
and assessment, 1-12 
and information collection, 
1-5, 1-7 
and the information 
collection overlay, 4-28 
and information collection 
tasks, 2-14 
and the operations and 
intelligence working 
group, 2-22 
for retasking, 6-8 
and tasks to collection 
assets, 3-32 
and validated requirements, 
1-7, 3-14 


P 


PED (enablers) 
and information collection 
capability, 1-2, 4-3, 4-4 
and information collection 
plans, 1-12 
and intelligence handover 
lines, 7-6 
personnel recovery, and 
preplanned air requests, B-22 
phase lines, and intelligence 
handover lines, 7-8 
PIRs, 2-9, 2-11, 3-21. See also 
CCIRs. 
counterinsurgency 
examples of, 3-33—3-36 
defined, 2-12 
and groups, 3-27-3-28 
and the information 
collection matrix, 4-22, 
4-23, 7-12 
and the operations and 
intelligence working 
group, 2-21 
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and SIRs, 4-18—4-20 
and the planning 
requirements briefing 
tool, 4-29 
refining, 3-33 
and requirements 
development, 3-32 
and time phasing, 3-24 
planning. See also MDMP, 
mission analysis. 
and the ATO, B-14—B-20 
and CCIRs, 2-11 
information collection tasks 
executed during, 3-32 
resources for, A-25 
and requirements, 3-13 
requirements development 
during, 3-2—3-8 
and validating 
requirements, 3-14—3-15 
planning guidance, 1-10, 2-5, 
2-7 
planning requirements briefing 
tool, 4-29-4-30 
planning requirements tools, 
4-1 
developing, 2-31—2-33 
and the operations and 
intelligence working 
group, 2-21 
and refining requirements, 
3-27 
and synchronization, 2-37, 
2-39 
and the targeting process, 
1-19 
updating, 2-37—2-39, 6-3— 
Planning Tool for Resource 
Integration, Synchronization, 
and Management (also 
called PRISM), A-20 
plans cell, and the operations 
and intelligence working 
group, 2-19 
plans. See orders. 
preplanned requests (air 
collection), B-22—B-25 
priority intelligence 
requirements. See PIRs. 
PRISM, A-20 
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surveillance assets. 
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requests for support. 
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and analyzing 
requirements, 3-11, 3-12 
and collaboration, 4-11 
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and commander’s 
visualization, 2-5, 2-8-— 
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collection, 6-3 
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scheme of maneuver, and 
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operations. 
sequels. See branches and 
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SIGINT), national level, 
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collection. 
signals collection 
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8-57 
and joint ISR, A-3 
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special instructions (also called 
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specific information 
requirements. See SIRs. 
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assessing, 7-3 
information collection 
considerations for, 7-16— 
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surveillance, in desert 
environments, 8-47. See 
also electronic surveillance. 
sustainment, of collection 
assets, 4-5 
synchronization 
and mix of collection tasks, 
3-4 
of information collection and 
the overall operation, 
2-37 
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4-27, 4-29 
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tools, 2-37, 2-39 
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collection plan, 1-19—1-20 
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and preplanned requests, 
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operations, 4-24 
and the information 
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and information collection 
tasks, 4-24 
threat characteristics, planning 
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threat models, and event 
templates, 3-33, 3-38 
threat situation overlay, 3-37 
time phasing, of requirements, 
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transitions 
and the information 
collection plan, 6-13 
and requirements 
development, 3-9 
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and the airspace control 
order, B-11 
and the air tasking cycle, 
B-15 
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and dynamic retasking, B-13 
and special instructions, 
B-13 
unattended ground sensors 
in desert environments, 
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8-32, 8-34 
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8-13 
unified action partners, and 
civil information, 4-12 
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urban environments, 
information collection 
considerations for, 8-2—8-9 
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Lesson 3. DECIMAL FORM 


1. Given decimal fractions, apply the operations to convert 
to common fractions. 


2. Given common fractions, apply the operations to convert 
to decimal fractions. 


3. Given a series of decimals, apply the operations for 
addition of decimals to find the sum. 


4. Given decimals, apply the operations for subtraction of 
decimals to find the difference. 


5. Given decimals, apply the operations for multiplication 
of decimals to find the product. 


6. Given decimals, apply the operations for division of 
decimals to find the quotient. 


It may seem odd to some students that decimals are discussed with 
fractions. On examination, however, you will see that decimals 
are just another way of writing fractions. Decimal fractions can 
be converted to common fractions, and vice versa, with very 
little difficulty. Let's look at the decimal system. 


2301. Decimal Numeration 


Our decimal system (fig 2-4) as the name implies, is based on the 
powers of ten. Every number to the left of the decimal point is 
10 times the size of its neighbor to the right. Every number to 
the right of the decimal point is 1/10 the size of its neighbor 
to the left. For example, the thousands column is 10 times the 
size of the hundreds column. The tens column is 10 times the 
size of the units column. The first column to the right of 
decimal point is 1/10 of the units column or tenths. The next 
one to the right is 1/10 of the tenths or one-hundredths. The 
next one is thousandths, and so on. Note that figure 2-4 is only 
partial since the scale extends indefinitely in both directions. 
Also note that the system is symmetrical about the units column. 
That is, one to the left is tens, one to the right is tenths; two 
to the left is hundreds, two to the right is hundredths; six to 
the left is millions, six to the right is millionths. It is 
important to note that the system is not symmetrical about the 
decimal point. The primary purpose of the decimal point is to 
separate the whole and fractional parts of a number and to 
designate the location of the units digit. 
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Preface 


Army techniques publication (ATP) 3-60, Targeting provides the techniques used for targeting by the United 
States Army. This manual has applicability in any theater of operations. The manual offers considerations for 
commanders and staffs in preparing for challenges with targeting, yet is flexible enough to adapt to a dynamic 
situation. ATP 3-60 will replace field manual (FM) 3-60, Tactics, Techniques, and Procedures for the Targeting 
Process. ATP 3-60 supports Army doctrine reference publications (ADRP) 3-0, and 3-09. 


The principal audience for ATP 3-60 is all members of the profession arms. Commanders and staffs of Army 
headquarters serving as joint task force or multinational headquarters should also refer to applicable joint or 
multinational doctrine concerning the range of military operations and joint or multinational forces. Trainers 
and educators throughout the Army will also use this publication. 


Commanders, staffs, and subordinates ensure that their decisions and actions comply with applicable United 
States, international, and in some cases host-nation laws and regulations. Commanders at all levels ensure that 
their Soldiers operate in accordance with the law of war and the rules of engagement. (See FM 27-10.) 


Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively to men. 


ATP 3-60 uses joint terms where applicable. Selected joint and Army terms and definitions appear in both the 
glossary and the text. Terms for which ATP 3-60 is the proponent publication are italicized in the text and 
marked with an asterisk (*) in the glossary. Terms and definitions for which ATP 3-60 is the proponent 
publication are boldfaced in the text. For other definitions shown in the text, the term is italicized and the 
number of the proponent publication follows the definition. 


This publication applies to the Active Army, the Army National Guard, Army National Guard of The United 
States and United States Army Reserve unless otherwise stated. 


The proponent for ATP 3-60 is the United States Army Fires Center of Excellence. The preparing agency is the 
Directorate of Training and Doctrine, Doctrine Division. Users are invited to send written comments and 
recommendations on a Department of the Army (DA) Form 2028 (Recommended Changes to Publications and 
Blank Forms) directly to Directorate of Training and Doctrine, 700 McNair Avenue, Suite 128 ATTN: ATSF- 
DD, Fort Sill, OK 73503-4436; by e-mail to usarmy.sill.fcoe.mbx.dotd-doctrine-inbox@mail.mil; or submit an 
electronic DA Form 2028. 
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Introduction 


SCOPE 


ATP 3-60, Targeting describes Army targeting. Each chapter and appendix addresses how decide, detect, 
deliver, and assess (D3A) methodology enhances targeting. D3A is a methodology which optimizes the 
integration and synchronization of maneuver, fire support, intelligence, mission command, and information 
related capabilities from task force to corps level operations. 


ATP 3-60 addresses how D3A methodology interfaces with the joint targeting cycle, military decision-making 
process (MDMP), and operations process. 


Successful targeting requires that the leadership team and their staff possess an understanding of the functions 
and ethical decision making associated with targeting. ATP 3-60 builds on the collective knowledge, experience 
gained through recent operations, and numerous exercises. 


SUMMARY OF NEW MATERIAL AND CHANGES FROM FM 3-60 


This manual has been updated to reflect current changes in terminology and techniques used for targeting. It 
has been reformatted to comply with the 2015 Doctrine Strategy. 


Chapter 1 discusses the targeting guidelines and philosophy associated with targeting techniques. 


Chapter 2 discusses targeting methodology relating to lethal and nonlethal effects. It discusses the D3A 
methodology and the integration and synchronization with maneuver forces. 


Chapter 3 discusses the corps and division targeting requirements and details the commanders and staff 
officers D3A methodology in support of tactical operations. 


Chapter 4 discusses brigade level targeting. 
Appendix A discusses find, fix, track, target, engage, and assesses functions relating to targeting techniques. 


Appendix B discusses find, fix, finish, exploit, analyze, and disseminate functions relating to targeting 
techniques. 


Appendix C discusses target value analysis using criticality, accessibility, recuperability, vulnerability, effect, 
and recognizability (CARVER) tool. 


Appendix D provides example formats and targeting reports. 

Appendix E provides an updated targeting checklist using the D3A methodology. 
Appendix F provides targeting working group standard operating procedures samples. 
Appendix G provides common datum. 


Appendix H provides example of target numbering. 
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Chapter 1 
Targeting Guidelines and Philosophy 


A target is 1. An entity or object that performs a function for the adversary considered for 
possible engagement or other action. 2. In intelligence usage, a country, area, installation, 
agency, or person against which intelligence operations are directed. 3. An area designated 
and numbered for future firing. 4. In gunfire support usage, an impact burst that hits the target 
(joint publication [JP] 3-60). Targets include mobile and stationary forces, equipment, and 
facilities that an enemy commander can use to conduct operations. Targeting is the process of 
selecting and prioritizing targets and matching the appropriate response to them considering 
operational requirements and capabilities (JP 3-0). The emphasis of targeting is on identifying 
enemy resources (targets) that if destroyed or degraded will contribute to the success of the 
friendly commander’s mission. The expected results of a successful attack eliminating a 
resource begin to place limits on the enemy commander’s available tactical options. 
Targeting personnel identify critical target subsets that when successfully acquired and 
attacked significantly diminish enemy capabilities. Denying critical resources to the enemy 
makes him vulnerable and expands friendly opportunities for success in battle. Successful 
targeting requires that the commander synchronize information related capabilities, 
intelligence, maneuver, fire support systems, nonlethal effects, and special operations forces 
to attack and eliminate critical target(s) using the most effective system in the right time and 
place. Targeting is a complex and multidiscipline effort that requires coordinated interaction 
among many command and staff elements. The functional elements necessary for effective 
collaboration are represented in the targeting working group. A working group is a grouping 
of predetermined staff representatives who meet to provide analysis, coordinate and provide 
recommendations for a particular purpose or function (FM 6-0). These representatives 
include, but are not limited to, the fires, intelligence, current operations, future operations, and 
plans cells. Representatives from these cells are essential to the execution of targeting. Other 
members of the staff may help them in the planning and execution phases of targeting. Close 
coordination among all cells is crucial for a successful targeting effort. Sensors and collection 
capabilities under the control of external agencies must be closely coordinated and carefully 
integrated into the execution of attacks especially those involving rapidly moving, fleeting, or 
dangerous targets. In addition, the appropriate means and munitions must attack the 
vulnerabilities of different types of targets. 


SECTION I - GUIDELINES OF TARGETING 


DOCTRINAL BASIS 


1-1. Targeting is a critical component of the fires warfighting function. The fires warfighting function is 
the related tasks and systems that provide collective and coordinated use of Army indirect fires, air and 
missile defense, and joint fires through the targeting process (ADRP 3-0). It includes tasks associated with 
integrating and synchronizing the effects of the types of fires with the effects of other warfighting 
functions. Commanders integrate these tasks into the concept of operations during planning and adjust them 
based on the targeting guidance. Fires normally contribute to the overall effect of maneuver, but 
commanders may use them separately for decisive and shaping operations. The fires warfighting function 
includes the following tasks: 

e@ Deliver fires. 

e Integrate all forms Army, joint, and multinational fires. 


e Conduct targeting. 
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1-2. These tasks are integrated into military operations during planning and adjusted based on the 
targeting guidance. 


TARGETING 


1-3. The enemy presents a large number of targets that must be engaged with available intelligence, 
acquisition, and attack assets. The targeting process weighs the benefits and the cost of engaging various 
targets in order to determine which targets, if engaged, are most likely to contribute to achieving the desired 
end state. Adhering to the five targeting guidelines should increase the probability of creating desired 
effects while diminishing undesired or adverse collateral effects. These guidelines are: 


e Targeting focuses on achieving the commander’s objectives. It is the function of targeting to 
achieve efficiently those objectives within the parameters set at the operational level, directed 
limitations, the rules of engagement, or rules for the use of force, the law of war, and other 
guidance given by the commander. Every target nominated must contribute to attaining the 
commander’s objectives. 


e Targeting seeks to create specific desired effects through lethal and nonlethal actions. Target 
analysis encompasses all possible means to create desired effects, drawing from all available 
capabilities. The art of targeting seeks to create desired effects with the least risk and 
expenditure of time and resources. 


e Targeting directs lethal and nonlethal actions to create desired effects. 


Targeting is a fundamental task of the fires warfighting function that encompasses many 
disciplines and requires participation from many staff elements and components. 


e Targeting creates effects systematically. A targeting methodology is a rational and iterative 
process that methodically analyzes, prioritizes, and assigns assets against targets systematically 
to create those effects that will contribute to achieving the commander’s objectives. If the 
desired effects are not created, targets may be considered again in the process or operations may 
have to be modified. 


TARGETING GUIDANCE 


1-2 


1-4. The commander’s targeting guidance must be articulated clearly and simply to enhance 
understanding. The guidance must be easily understood by all warfighting functions. Targeting guidance 
must focus on essential threat capabilities and functions that could interfere with the achievement of 
friendly objectives. 


1-5. The commander’s targeting guidance describes the desired effects to be generated by fires, physical 
attack, cyber electromagnetic activities, and other information related capabilities against threat operations. 
An effect is 1. The physical or behavioral state of a system that results from an action, a set of actions, or 
another effect. 2. The result, outcome, or consequence of an action. 3. A change to a condition, behavior, or 
degree of freedom (JP 3-0). Targeting enables the commander through various lethal and nonlethal 
capabilities the ability to produce the desired effects. Capabilities associated with one desired effect may 
also contribute to other desired effects. For example, delay can result from disrupting, diverting, or 
destroying enemy capabilities or targets. 


1-6. Terms that are used to describe the desired effects include: 


e@ Deceive. Military leaders attempt to mislead threat decision makers by manipulating their 
understanding of reality. 


e@ Defeat. Defeat is a tactical mission task that occurs when an enemy force has temporarily or 
permanently lost the physical means or the will to fight. The defeated force’s commander is 
unwilling or unable to pursue that individual’s adopted course of action, thereby yielding to the 
friendly commander’s will and can no longer interfere to a significant degree with the actions of 
friendly forces. Defeat can result from the use of force or the threat of its use (FM 3-90-1). 
Defeat manifests itself in some sort of physical action, such as mass surrenders, abandonment of 
positions, equipment and supplies, or retrograde operations. A commander can create different 
effects against an enemy to defeat that force. For example a commander’s employment of field 
artillery fires to attack an enemy force may result in the enemy no longer having sufficient 
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personnel, weapons systems, equipment, or supplies to carry out its mission. Likewise the 
delivery of massed, synchronized and intense fires can cause enemy personnel to lose the will to 
continue to fight. 


Degrade. To degrade is to reduce the effectiveness or efficiency of a threat. 


Delay. To delay is to slow the time of arrival of enemy forces or capabilities or alter 
the ability of the enemy or adversary to project forces or capabilities. (FM 3-09) 
When enemy forces are delayed, friendly forces gain time. For delay to have a major impact the 
enemy must face urgent movement requirements or the delay must enhance the effect(s) of 
friendly operations. When delayed enemy forces mass behind a damaged route segment a more 
concentrated set of targets and a longer period of exposure to friendly fires results. 


Deny. An example of deny is to destroy the threats communications equipment as a means of 
denying his use of the electromagnetic spectrum; however, the duration of denial will depend on 
the enemy’s ability to reconstitute. Denial operations are actions to hinder or deny the enemy 
the use of space, personnel, supplies, or facilities (FM 3-90-1). 

Destroy. Destroy is a tactical mission task that physically renders an enemy force combat- 
ineffective until it is reconstituted. Alternatively, to destroy a combat system is to damage it so 
badly that it cannot perform any function or be restored to a usable condition without being 
entirely rebuilt. (FM 3-90-1). 

Destruction. Destruction is 1. In the context of the computed effects of field artillery fires, 
destruction renders a target out of action permanently, or ineffective for a long period of time, 
producing 30-percent casualties or materiel damage. 2. A type of adjustment for destroying a 
given target (FM 3-09). 

Disrupt. Disrupt is 1. A tactical mission task in which a commander integrates direct and 
indirect fires, terrain, and obstacles to upset an enemy’s formation or tempo, interrupt the 
enemy’s timetable, or cause enemy forces to commit prematurely or attack in a piecemeal 
fashion (FM 3-90-1). 2. An obstacle effect that focuses fire planning and obstacle effort to cause 
the enemy force to break up its formation and tempo, interrupt its timetable, commit breaching 
assets prematurely, and attack in a piecemeal effort (FM 3-90-1). 

Divert. To divert is to turn aside or from a path or course of action. A diversion is the act of 
drawing the attention and forces of an enemy from the point of the principal operation; an attack, 
alarm, or feint that diverts attention (JP 3-03). Diversion causes enemy forces to consume 
resources or capabilities critical to enemy operations in a way that is advantageous to friendly 
operations. Diversions draw the attention of enemy forces away from critical friendly operations 
and prevent enemy forces and their support resources from being employed for their intended 
purpose. Diversions can also cause more circuitous routing along lines of communication, 
resulting in delays for enemy forces. An option for field artillery employment in support of a 
commander’s diversion is to use high explosive fires to encourage an enemy to adopt a different 
route. 

Exploitation. Exploitation is an offensive task that usually follows a successful attack and is 
designed to disorganize the enemy in depth (ADRP 3-90). 

Interdict. Interdict is a tactical mission task where the commander prevents, disrupts, or delays 
the enemy’s use of an area or route (FM 3-90-1). 

Neutralize. Neutralize is a tactical mission task that results in rendering enemy personnel or 
materiel incapable of interfering with a particular operation (FM 3-90-1). 

Neutralization. Neutralization in the context of the computed effects of field artillery fires, 
neutralization renders a target ineffective for a short period of time, producing 10-percent casualties or 
materiel damage (FM 3-09). 

Suppress. Suppress is a tactical mission task that results in temporary degradation of the 
performance of a force or weapons system below the level needed to accomplish the mission 
(FM 3-90-1). Also see suppressive fire and suppression. (FM 3-09) 


1-7. The commander can also direct a variety of nonlethal actions or effects separately or in conjunction 
with lethal actions or effects. 


7 May 2015 


ATP 3-60 1-3 


Chapter 1 


1-8. The commander can also provide restrictions as part of his targeting guidance. Targeting restrictions 
fall into two categories—the no-strike list and the restricted target list. 


1-9. The no-strike list consists of objects or entities protected by: 
e = Law of war. 
e International laws. 
e Rules of engagement. 
e Other considerations. 


1-10. A restricted target list is a valid target with specific restrictions such as: 
e Limit collateral damage. 

Preserve select ammo for final protective fires. 

Do not strike during daytime. 

Strike only with a certain weapon. 

Proximity to protected facilities and locations. 


Note. See FM 1-04, FM 3-57, JP 1-04, JP 3-57, JP 2-0 and JP 3-60 for additional information on 
legal considerations and targeting restrictions. 


TARGETING CATEGORIES 


1-11. There are two targeting categories—deliberate targeting and dynamic targeting. 


DELIBERATE TARGETING 


1-12. Deliberate targeting prosecutes planned targets. These targets are known to exist in the area of 
operations and have actions scheduled against them. Examples range from targets on target lists in the 
applicable plan or order, targets detected in sufficient time to be placed in the joint air tasking cycle, 
mission type orders, or fire support plans. 


1-13. There are two types of planned targets: scheduled and on-call: 
e Scheduled targets exist in the area of operations and are located in sufficient time so that fires or 
other actions upon them are identified for engagement at a specific, planned time. 
e@ On-call targets have actions planned, but not for a specific delivery time. The commander 
expects to locate these targets in sufficient time to execute planned actions. 


DYNAMIC TARGETING 


1-14. Dynamic targeting prosecutes targets of opportunity and changes to planned targets or objectives. 
Targets of opportunity are targets identified too late, or not selected for action in time, to be included in 
deliberate targeting. Targets engaged as part of dynamic targeting are previously unanticipated, unplanned, 
or newly detected. 


1-15. There are two types of targets of opportunity: unplanned and unanticipated: 

e Unplanned targets are known to exist in the area of operations, but no action has been planned 
against them. The target may not have been detected or located in sufficient time to meet 
planning deadlines. Alternatively, the target may have been located, but not previously 
considered of sufficient importance to engage. 

e Unanticipated targets are unknown or not expected to exist in the area of operations. 


TIME-SENSITIVE TARGETS 


1-16. A time-sensitive target is a joint force commander validated target or set of targets requiring 
immediate response because it is a highly lucrative, fleeting target of opportunity or it poses (or will soon 
pose) a danger to friendly forces (JP 3-60). A time-sensitive target (TST) is a joint force commander 
(JFC) designated target or target type of such high importance to the accomplishment of the JFC mission 
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and objectives or one that presents such a significant strategic or operational threat to friendly forces or 
allies, that the JFC dedicates intelligence collection and attack assets to ensure success. 


1-17. TSTs comprise a very small or limited number of planned targets due to the required investment of 
assets and potential disruption of planned execution, and are only those targets designated by the JFC and 
identified as such in the JFC guidance and intent. TSTs are normally executed dynamically; however, to be 
targeted successfully, they require considerable deliberate planning and preparation within the joint 
targeting cycle. 


1-18. Service component commanders may designate high-priority targets that present significant risks to 
or opportunities for component forces and missions. These are generally targets that the Service component 
commander(s) have nominated to the JFC TST list, but were not approved as TSTs. This class of targets 
known as component critical targets may still require dynamic execution with cross-component 
coordination and assistance in a time-compressed fashion. The JFC and Service component commanders 
should clearly designate these targets prior to execution of military operations. Such targets will generally 
be prosecuted using dynamic targeting. These targets should receive the highest priority possible, just 
below targets on the JFC TST list. 


SENSITIVE TARGETS 


1-19. Certain targets require special care or caution in treatment because failure to engage them or to 
engage them improperly can lead to major adverse consequences. Examples include leadership targets 
(high-value individuals [HVI]) that must be handled sensitively due to potential political repercussions; 
targets located in areas with a high risk of collateral damage; and weapons of mass destruction facilities, 
where an attack can lead to major long term environmental damage. Such targets are often characterized as 
“sensitive” in one respect or another, without having the intrinsic characteristics, by definition, of a 
sensitive target. Nonetheless, the manner in which they are attacked is sensitive and may require 
coordination with and approval from the JFC or higher authorities. In most cases, it is best to establish 
criteria for engaging such targets in as much detail as possible during planning, before combat commences. 
(See figure 1-1.) 


TARGETING CATEGORIES 


Target Types 


Planned Targets of Opportunity 


Scheduled On-call Unplanned Unanticipated 
Targets Targets Targets Targets 


Time-sensitive Targets 


Sensitive Targets 
<a | 


Figure 1-1. Targeting categories 
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Fig 2-4. Decimal numeration. 


A decimal fraction, by definition, is a fraction whose 
denominator is a power of ten. There will always be a particular 
number of tenths, hundredths, thousandths, etc, and never any 
thirds, eighths, twelfths, etc. Other than having these fixed 
denominators, the only difference between common fractions and 
decimal fractions is the form in which they are written (fig 2- 
5). Also the last digit to the right in a decimal fraction 
determines the size of the fraction which is the same as the 
denominator. 


seven tenths 


thirty-nine hundredths = 


four-hundred twenty-one thousandths 


fifty-seven ten-thousandths = .0057 


Fig 2-5. Comparison of form for common fractions 
and decimal fractions. 


Notice that zeros are needed for their use as place holders with 
.0057. Remember, the only difference between common fractions 
and decimals is the form in which they are written. With this in 
mind, let's learn how to convert decimals to common fractions. 
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SECTION Il- METHODOLOGY OF TARGETING 


TARGETING METHODOLOGY 


1-20. Targeting and the D3A methodology is designed to be performed by the commander’s staff in 
planning the engagement of targets. The methodology has four functions. Details of each function are 
presented in Chapter 2. The D3A methodology organizes the efforts of the commander and staff to 
accomplish key targeting requirements. Targeting is an outgrowth of the commander’s decisions and 
establishes the requirements for the development of an effective information and intelligence collection 
effort. It helps the staff and targeting working group decide which targets must be acquired and engaged. 
Targeting working groups can vary in make-up and size as determined by the commander and standard 
operating procedures of the unit. Targeting working groups, their-duties and make-up are discussed 
throughout this publication. Targeting develops options used to engage targets. Options can be lethal or 
nonlethal, organic or supporting at all levels throughout the range of military operations as listed— 
maneuver, electronic attack, psychological, attack aircraft, surface-to-surface fires, air to surface, other 
information related capabilities, or a combination of these operations. In addition, D3A assists in the 
decision of who will engage the target at the prescribed time. It also assists targeting working groups 
determine requirements for combat assessment to assess targeting and attack effectiveness. (See Figure 1-2) 


COMMAND & STAFF PROCESS D3A METHODOLOGY 


Receipt of Mission Sy 2 DECIDE 
rare adr > (Scheme Of Maneuver?! Fires, High- 
Planning Guidance & Intent . > 
COA Devel rt payoff Target List, Intel Collection 
phe. ep Plan, Attack Guidance Matrix, 


COA Analysis WarGame) , 
COA Comparison Target Selection Standards) 


COA Approval 
Orders Production 


DETECT 
Rehearsal Execute Int pare = Plan 
Execute 
Assess } Feedback Execute Attack Guidance Matrix 
ASSESS 


Combat Assessment 


Legend: 
COA- course of action 03 A - decide, detect, deliver Sassess 


Figure 1-2. Targeting methodology 


TARGETING AND THE MILITARY DECISIONMAKING PROCESS 


1-21. The D3A methodology is an integral part of the MDMP. Targeting begins with the receipt of the 
mission and continues through operation order (OPORD) execution and assessment phases. Like MDMP, 
targeting is a leadership driven process. As the MDMP is conducted, targeting becomes more focused 
based on the commander’s guidance and intent. Figure 1-3 illustrates the relationship between the D3A 
methodology and the MDMP along with products generated during targeting. 
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Integration of the targeting process into the 
MDMP 


Receipt COA 
of Mission Analysis 


(War Game) 


Gather tools: eve Finish TSM with Hardcopy of 
*Blank TSM ana s input from all ig ae TSM 
*Blank asset chart warfighting functons Refine TSM with 


*Blank AGM, Develop NAls input from all HPTL. AGM, & 


warfighting functions TSS part of 


HPTL, & TSS chart Refine AGM orde 
order 


TSS AGM & 18S Refine AGM 
Develop target list &TSS 
Determine Update detect, & FSCMs 
available assets | delivery, assess Develop target list 
availability chart &FSCMs 


ATO request 


Legend: 

AGM — attack guidance matrix ATO -—ar tasking order 

COA - course of action D3A — decide, delect, deliver, and assess 
FSCM — fire support coordination measure HPTL — high-payoff target list 

HVTE- high-value target list MDMP — military decisionmaking process 
TSM = target synchronization matrix TSS - target selection standard 


Figure 1-3. D3A methodology and the MDMP 


D3A IN MILITARY DECISIONMAKING PROCESS 


1-22. The decide function coincides with the MDMP from the receipt of mission through the issuing of the 
approved plan or order. The detect function is a continuing function that starts with the commanders 
approval of the plan or order and is accomplished during execution of the plan or order. Once detected, 
targets are attacked and assessed as required. Targeting working groups are used as a vehicle to focus the 
targeting process within specified time. 


1-23. D3A methodology functions occur simultaneously and sequentially during the operations process. 
Decisions are made during the planning of future operations. Current operations simultaneously detect, 
deliver, and assess targets based on current targeting decisions. 


Decide 

1-24. The decide function is the most important and requires close interaction between the commander and 
the intelligence, plans, operations, fires cell, and servicing judge advocate. The staff officers must clearly 
understand the following: 

e Unit mission. 

e Threat vulnerabilities. 

e@ Commander’s intent. 

e@ Commander’s planning guidance. 

e Rules of engagement. 


1-25. With this information, the staff officers can prepare their respective running estimates. From the 
standpoint of targeting—the fire support, intelligence, information related capabilities, and operations 
estimates are interrelated and closely coordinated among each cell. Key staff products include target value 
analysis and the intelligence estimate from the targeting and intelligence officers. War gaming allows the 
deputy fire support coordinator (DFSCOORD) or fire support officer (FSO) to develop the decide function 
products. 
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Detect 


1-26. The detect function is conducted during the execution of the OPORD. Target acquisition assets 
gather information and report their findings back to their controlling headquarters, which in turn pass 
pertinent information to the tasking agency. Some collection assets provide actual targets, while other 
assets must have their information processed to produce valid targets. Not all of the information reported 
would benefit the targeting effort, but it may be valuable to the development of the overall situation. The 
target priorities developed in the decide function are used to expedite the processing of targets. Situations 
arise when the engagement, upon location and identification, of a target is either impossible (for example 
out of range) or undesirable (outside of but moving toward an advantageous location for the attack). 
Critical targets that we cannot or choose not to attack in accordance with the attack guidance should be 
tracked to ensure they are not lost. Tracking suspected targets expedites execution of the attack guidance. 
Tracking suspected targets keeps them in view while they are validated. Planners and executers must keep 
in mind that assets used for target tracking may be unavailable for target acquisition. 


Deliver 


1-27. The deliver function’s main objective is to attack targets in accordance with the attack guidance 
provided. The tactical solution (the selection of a weapon system or a combination of weapons systems) 
leads to a technical solution for the selected weapon. The technical solution includes the following: 


e Specific attack unit. 

e Type of ordnance. 

e Time of attack. 

e Coordinating instructions. 


Assess 


1-28. Commanders continuously assess the operational environment and the progress of operations, and 
compare them to their initial vision and intent. Commanders adjust operations based on their assessment to 
ensure objectives are met and the military end state is achieved. The commander and his staff assess the 
results of mission execution. If combat assessment reveals that the commander’s guidance or conditions of 
operational success have not been met, detect and deliver functions of the targeting process must continue 
to focus on the targets involved. 


1-29. The assessment process is continuous and directly tied to the commander’s decisions throughout 
planning, preparation, and execution of operations. Staffs assist the commander by monitoring the 
numerous aspects that can influence the outcome of operations and provide the commander timely 
information needed for decisions. The commander’s critical information requirements are linked to the 
assessment process by the commander’s need for timely information and recommendations to make 
decisions. Planning for the assessment identifies key aspects of the operation that the commander is 
interested in closely monitoring, and where the commander wants to make decisions. 


Targeting Interralationship 


1-8 


1-30. While the targeting tasks may be labeled differently at the joint level the same targeting tasks are 
being accomplished in D3A, as demonstrated in table 1-1. For more information on the Joint Targeting 
Process see JP 3-60. 
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Table 1-1. Crosswalk of operations, joint targeting cycle, D3A, and MDMP 


Operations Joint Targeting Targeting Task 
Process Cycle 


Mission * Perform target value analysis to develop 
Analysis fire support (including cyber electromagnetic 
1. The End State and information related capablitiies) high- 
and Commanders value targets. 
Objectives * Provide fire support, information related 
capabilities, and cyber electromagnetic 
activities input to the commander's targeting 
guidance and desired effects. 
* Designate potential high-payoff targets. 
* Deconflict and coordinate potential high- 
payoff targets. 
* Develop high-payoff target list. 
* Establish target selection standards. 
* Develop attack guidance matrix. 
* Develop fire support and cyber 
electromagnetic activities tasks. 
* Develop associated measures of 
performance and measures of effectiveness. 
Decide | Course of * Refine the high-payoff target list. 
Action * Refine target selection standards. 
Analysis * Refine the attack guidance matrix. 
3. Capabilities * Refine fire support tasks. 
Analysis * Refine associated measures of 
performance and measures of effectiveness. 
* Develop the target synchronization matrix. 
* Draft airspace control means requests. 
* Finalize the high-payoff target list. 
4. Commander’s * Finalize target selection standards. 
Decision and Force - Finalize the attack guidance matrix. 
Assignment + Finalize the targeting synchronization 
matrix. 
Production : Finalize fire support tasks. 
* Finalize associated measures of 
performance and measures of effectiveness. 
* Submit information requirements to 
battalion or brigade intelligence staff officer - 
S-2. 
* Execute Information Collection Plan. 
* Update information requirements as they 
are answered. 
* Update the high-payoff target list, attack 
guidance matrix, and targeting 
synchronization matrix. 
* Update fire support and cyber 
electromagnetic activities tasks. 
+ Update associated measures of 


5. Mission Planning 
and Force 
Execution 
performance and measures of effectiveness. 


* Execute fire support and electronic attacks 
Deliver in accordance with the attack guidance 

6. Assessment matrix and the targeting synchronization 
matrix. 

D3A - decide, 

detect, deliver and * Assess task accomplishment (as 

assess 

MDMP - military 

decisionmaking 

process 


determined by measures of performance). 
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* Assess effects (as determined by 
measures of effectiveness). 
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1-31. This common approach to targeting mirrors the D3A methodology functions presented in this 
manual. Each Service component conducts targeting applying their methodology within a joint framework 
established by the JFC. The organizational challenge for the JFC is to meld existing Service component 
architecture into an effective joint targeting working group for operational level targets without degrading 
their primary mission of targeting support to their respective components. 


1-32. From the JFC perspective, a target is designated because its presence in the battle area has strategic 
or operational consequences. Subsequently, a decision made whether to engage the target involves asset or 
capability employment. The targets selected in this process must support the JFC campaign plan and 
contribute to the success of present and future major operations. The JFC relies on the tactical level 
commanders to orchestrate the execution by attacking those targets and target sets that meet the 
commander’s success criteria. Control measures, such as a fire support coordination line, must be 
repositioned when needed to take full advantage of all assets available to the joint force. The JFC best 
influences the outcome of future tactical battles by setting the conditions for those battles, assigning 
missions and allocating resources to each of the Service components. 


TARGETING PERSONNEL RESPONSIBILITY 


1-10 


1-33. The commander is responsible for the targeting effort. Intelligence, operations, and fire support staff 
officers form the core of the targeting working group at each level. The targeting working group has three 
primary functions in assisting the commander: 
e Helps in synchronizing operations. 
e Recommends targets to acquire and engage. The team also recommends the most efficient and 
available assets to detect and engage these targets. 
e Identifies the level of combat assessment required. Combat assessment can provide crucial and 
timely information to allow analysis of the success of the plan or to initiate revision of the plan. 
See Chapter 2 for more details on combat assessment. 


1-34. The targeting effort is continuous at all levels of command. Continuity is achieved through parallel 
planning by targeting working groups from corps through battalion task force. Targeting is not just a 
wartime function. This process must be exercised before battle if it is to operate effectively. The members 
of the targeting working group must be familiar with their roles and the roles of the other team members. 
That familiarity can only be gained through staff training 
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Targeting Methodology 


The purpose of targeting methodology is to integrate and synchronize all available 


capabilities with maneuver operations. This chapter explains the D3A methodology 
which is designed to enhance mission planning and targeting. 


SECTION I- GENERAL TARGETING METHODOLOGY 


GENERAL TARGETING METHODOLOGY 


2-1. Effective targeting identifies the targeting options, both lethal and nonlethal, that support the 
commander’s objectives. The D3A methodology facilitates the engagement of the right target with the right 
asset at the right time. Figure 2-1 is an example of how D3A is conducted continuously. 


D3A Methodology 


ASSESS DETECT 


DELIVER 


Figure 2-1, D3A methodology cycle 


2-2. Targeting provides an effective method for matching the friendly force capabilities against enemy 
targets. Targets are addressed with either lethal, nonlethal, or a combination of lethal and nonlethal effects. 


2-3. A very important part of targeting is the identification of potential fratricide situations and the 
necessary coordination measures to positively manage and control the attack of targets. These measures are 
incorporated in the coordinating instructions and appropriate annexes of the operation plan (OPLAN) or 
OPORD. 


2-4, Targeting must keep up with the constant changing situation within the area of operations. The tools 
and products described in this chapter must be updated based on combat assessment. Remember also, that 
targeting is cyclic. It is very seldom that decisions are made without any information from a previous 
targeting cycle. 


SECTION IIl- DECIDE, DETECT, DELIVER, ASSESS (D3A) 


2-5. D3A consists of four functions: 
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e Decide which targets to engage. 
e Detect the targets. 
e Deliver the appropriate effects (conduct the operation). 
e Assess the effects of the engagement(s). 
DECIDE 


2-6. The decide function begins the targeting cycle. This step provides the overall focus and sets priorities 
and criteria for intelligence collection and engagement planning. The decide function draws heavily on the 
staff’s knowledge of the enemy, (to include their tactics, culture, and ideology), a detailed intelligence 
preparation of the battlefield (IPB), and continuous assessment of the situation. Targeting priorities must be 
addressed for each phase or critical event of an operation. The decisions made are reflected in visual 
products. The products are as follows: 
e The high-payoff target list is a prioritized list of high-payoff targets by phase of the operation 
(FM 3-09). A high-payoff target is a target whose loss to the enemy will significantly contribute 
to the success of the friendly course of action (JP 3-60). A high-payoff target (HPT) is a high- 
value target (HVT) that must be acquired and successfully engaged for the success of the 
friendly commander’s mission. A high-value target is a target the enemy commander requires 
for the successful completion of the mission (JP 3-60). 


e The Decide function helps build the information collection plan. HPTs are nearly always a 
priority intelligence requirement (PIR). 

e Target selection standards address accuracy or other specific criteria that must be met before 
targets can be attacked. 

e@ The attack guidance matrix is a targeting product approved by the commander, which 
addresses the how and when targets are engaged and the desired effects. 


2-7. The products of the decide function are briefed to the commander. Upon his approval, his decisions 
are translated into the OPORD. 


INTELLIGENCE PREPARATION OF THE BATTLEFIELD 


2-2 


2-8. IPB is a continuous process which analyzes the mission variables of mission, enemy, terrain and 
weather, troops and support available, time available, and civil considerations to analyze enemy doctrine 
and capabilities. IPB begins with analysis of enemy doctrine and capabilities in the area of operations. The 
IPB focuses on the terrain and the effects of weather on that terrain, to include tactics, techniques, and 
procedures that enemy forces prefer to employ. The products of IPB are, civil considerations, modified 
combined obstacle overlay, threat modes, threat capabilities, weather effects matrix, and event template 
matrix. These products are used to visualize the enemy characteristics, predict enemy intentions, and 
develop an enemy course of action (COA) with statements. These products assist in target value analysis 
and initial identification of potential HVT. Threat templates convert the threat characteristics into graphics. 
Situation graphics help in refining HVT for specific area of operations and enemy COA. 


2-9. Concurrent with development of the situation graphics are an examination of enemy decision points 
and critical nodes as a part of each COA. The examination shows what might happen if the enemy 
commander’s plan fails and what actions make up his failure options. Evaluation of the enemy COA with 
statement leads to identification of critical enemy functions in each COA and the HVT associated with each 
function. 


2-10. Applying IPB helps the commander to selectively apply and maximize combat power at critical 
points in time and space. It does this by describing the operating environment, how the natural environment 
affects friendly units and likely enemy COAs. Situational graphics support the development of event 
templates. Event templates help identify critical enemy activities. It also identifies any named area of 
interest (NAI) where specific enemy activities or events will help confirm or deny the adoption of a 
particular COA. See ATP 2-01.3 for additional details. 
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TARGET VALUE ANALYSIS AND WARGAMING 


2-11. The intelligence staff and targeting officer evaluates and integrates the relevant mission variables and 
operational factors of the operational environment that affects both friendly and enemy operations. This 
coordination helps to develop the intelligence summary which contains HVT lists, and may include HVI 
lists. Target value analysis yields HVT for a specific enemy COA. Target value analysis involves a detailed 
analysis of enemy doctrine, tactics, equipment, organizations, and expected behavior for a selected COA. 
The target value analysis process identifies potential HVT sets associated with critical enemy functions that 
could interfere with the friendly COA or that are vital to enemy success. 


2-12. Target spreadsheets (or target folders, as appropriate) identify the HVT in relation to a type of 
operation. The target spreadsheets give detailed targeting information for each HVT. The information on 
target spreadsheets and target sheets are used during the IPB and the war gaming processes. The targeting 
section within the analysis and control element (ACE) under the operational control of the assistant chief of 
staff, intelligence (G-2) incorporates all-source intelligence to develop both tools. 


2-13. The commander and his staff analyze the criticality of friendly battlefield functions with regard to a 
specific COA. The best places to attack HPT become more refined during war gaming. These places are 
known as a target area of interest (TAI). A TAI is a point or area where the commander can acquire and 
engage HPTs. Decision points or decision time phase lines are used to ensure that the decision to engage or 
not to engage occurs at the proper time. Decision points and TAI are recorded on the, decision support 
template. The purpose of war gaming is to finalize individual running estimates and to develop all of the 
following: 


e Scheme of maneuver. 
e Scheme of fires. 
e Friendly decision support template. 


2-14. HVTs are identified and prioritized during the war gaming phase of planning. In addition, it 
identifies the subset of HVTs that must be acquired and attacked for the friendly mission to succeed. HVTs 
may be nominated as HPTs when these targets can be successfully acquired are vulnerable to attacks, and 
such an attack supports the commander’s scheme of maneuver. Once identified and nominated, HPTs are 
grouped into a list identifying them for a specific point in the battle. The completed HPTL is submitted to 
the commander for approval. The approved HPTL becomes a formal part of targeting. 


2-15. The DFSCOORD or FSO advises the operations officer on using available fire support weapons 
system and records the needs for fire support. The operations officer uses the war game to determine 
adequacy of fire support. Operations staff works directly with the intelligence section to ensure full use of 
fire support target acquisition assets in the information collection plan. Other key staff officers who are 
vital and should be consulted, consist of: 


e The operations officer, air, or brigade aviation officer for airspace integration. 

e Civil affairs and information officer for civil affairs and information related capabilities. 

e Military information support officer. 

e Logistics officer for supportability considerations. 

e Engineer officer for mobility, counter mobility, survivability, and environmental considerations. 
e Air defense artillery officer for air defense coverage. 


2-16. Input from the rest of the staff achieves a complete analysis of the impact of all warfighting 
functions. This ensures the attack guidance matrix (AGM) is synchronized with the decision support 
template, and selection of HPT is supported by PIR and the information collection tasks. 
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TARGET SELECTION 


2-17. The war game phase identifies HPTs and helps the commander synchronize collection assets on 
those HPTs. The ACE collection manager helps identify and the operations officer tasks the sensors needed 
for collection of the HPT. The collection manager will determine the best sensor and its availability by 
referencing the collection synchronization matrix. A detailed discussion of the collection synchronization 
matrix is contained in ATP 2-01. 


HIGH-PAYOFF TARGET LIST 


2-18. The HPTL identifies the HPTs by phases in the battle and order of priority. Other considerations 
include the following: 


e The sequence or order of appearance. 


e The ability to detect, identify, classify, locate, and track the target. (This decision must include 
sensor availability and processing timeline considerations.) 


e The degree of accuracy available from the acquisition system(s). 
e The ability to engage the target. 
e The ability to achieve the desired effects on the basis of attack guidance. 


2-19. Targets are prioritized according to the considerations above within specific time windows. The 
targeting working group recommends priorities for the targets according to its judgment and the advice of 
the fires cell targeting officer and the field artillery intelligence officer (FAIO). Target spreadsheets give a 
recommended priority and engagement sequence. If the target spreadsheet or war gaming departs from the 
commander's guidance, it is noted on the proposed HPTL to inform the commander of the conflict. The 
target category of the HPT is shown, either by name or by number, on the list. The category name and 
number are shown on the target spreadsheet. The number of target priorities should not be excessive. Too 
many priorities will dilute the intelligence collection acquisition and engagement efforts. The approved list 
is given to the operations, intelligence, and fires cell. It is used as a planning tool to determine attack 
guidance and to refine the collection plan. This list may also indicate the commander's operational need for 
battle damage assessment (BDA) of the specific target and the time window for collecting and reporting it. 


Note. Any format serves the purpose of a HPTL for linking targets with phases of battle. 


2-20. One way to organize the HPTL is to group all HPTs into target sets that reflect the capabilities and 
functions the commander has decided to engage. Target sets are identified and prioritized for each phase of 
the operation. Within the sets, individual targets are rank ordered by target value, sequence of appearance, 
importance, or other criteria that satisfy the commander’s desired effects. In this way, the targeting working 
group reduces, modifies, and reprioritizes HVTs while ensuring that HPTs support the concept of 
operations. 


2-21. The commander’s guidance may require changes, which should be annotated on the HPTL. The 
target name or number and description are placed on the list for specific HPTs in each category. Once the 
commander approves or amends the HPTL, it goes back to the targeting working group to help them 
develop the AGM and collection plan. See appendix D for a sample HPTL. 


TARGET SELECTION STANDARDS 


2-4 


2-22. Target selection standards are criteria applied to enemy activity (acquisitions and_ battlefield 
information) and used in deciding whether the activity is a target. Target selection standards put 
nominations into two categories: targets and suspected targets. Targets meet accuracy and timeliness 
requirements for engagement. Suspected targets must be confirmed before any engagement. See Appendix 
D for a sample target selection standards worksheet. Units may develop their own worksheet format. 
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2-23. Target selection standards are based on the enemy activity under consideration and available weapon 
systems by using the following: 


e@ Weapon system target location accuracy requirements (target location error [TLE]). 
e Size of the enemy activity (point or area). 

e Status of the activity (moving or stationary). 

e Timeliness of the information. 


2-24. Considering these factors, different target selection standards may exist for a given enemy activity 
based on different weapons system. For example, an enemy artillery battery may have a 150-meter TLE 
requirement for attack by cannon artillery and a 1 kilometer requirement for attack aircraft. Target selection 
standards are developed by the fires cell in conjunction with military intelligence personnel. Intelligence 
analysts use target selection standards to quickly determine targets from battlefield information and pass 
the targets to the fires cell. Weapon system managers such as fires cells, fire control elements, or fire 
direction centers use the target selection standards to identify targets for expeditious attack. Commands can 
develop standard target selection standards based on threat characteristics and doctrine matched with the 
standard available weapon systems. 


2-25. Target selection standards worksheets are given to the intelligence officer by the fires cell. The FAIO 
uses Target selection standards to identify targets that are forwarded to a fires cell. Intelligence analysts 
evaluate the source of the information as to its reliability and accuracy, confirm that the size and status of 
the activity meet the target selection standards, and then compare the time of acquisition with the dwell 
time. Accurate information from a reliable source must be verified before declaring it a target if the elapsed 
time exceeds dwell time. 


Note. Dwell time is the length of time a target is doctrinally expected to remain in one location. 


2-26. Some situations require intelligence assets to identify friendly or foe before approval to fire is given. 
HPT that meet all the criteria should be tracked until they are attacked in accordance with the AGM. 
Location of targets that do not meet target selection standards should be confirmed before they are attacked. 
The target selection standards can be depicted in a target selection standards matrix. See appendix D for a 
sample target selection standards matrix. 


2-27. The matrix lists each weapon system that forwards targets directly to the fires cell, fire control 
element, or fire direction center. The effects of weather and terrain on the collection assets and on enemy 
equipment are considered. Target selection standards are keyed to the situation. However, the greatest 
emphasis is on the enemy situation, considering deception and the reliability of the source or agency that is 
reporting. 


ATTACK GUIDANCE 


2-28. Knowing target vulnerabilities and analyzing the probable effect an engagement will have on enemy 
operations allows a staff to propose the most efficient available engagement option. Key guidance is 
whether the commander wishes to disrupt delay, damage, or destroy the enemy. During war gaming, 
decision points linked to events, areas of interest, or points on the battlefield are developed. These decision 
points cue the command decisions and staff actions where tactical decisions are needed. 


2-29. Based on commander's guidance, the targeting working group recommends how each target should 
be engaged in terms of the desired effects and engagement options. Desired effects are translated into 
automation system default values to more effectively engage targets. 


2-30. The decision of what engagement means or system to use is made at the same time as the decision on 
when to acquire and engage the target. Coordination is required when deciding to engage with two or more 
means such as electronic attack, information related capabilities, and attack aviation. 


2-31. The commander, with recommendations from the targeting working group, must approve the attack 
guidance. This guidance should detail the following: 

e A prioritized HPTL. 

e@ When, how, and desired effects of engagement. 
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2302. Converting Decimals and Common Fractions 


Since decimal fractions and common fractions are simply different 
forms of the same thing, it should come to mind that one can be 
changed to the other. 


a. Decimal fraction to common fraction. We have already 
discussed the fact that a decimal fraction has a denominator of 
some power of ten. For example .8 is the same as 8/10 which can 
be reduced to 4/5. Some fractions can be reduced while others, 
like .33 = 33/100, cannot. It is relatively easy to determine by 
inspection whether a fraction can be reduced further. Since the 
denominators are all powers of ten, you need only try to divide 
by 2, 5, or 10 (factors of 10). If the fraction is not divisible 
by one of these, it is in its lowest terms. Let's take a look at 
some examples and see how this is applied: 


15 3 88 22 
. = oO = 88 =O FEF 
a 100 20 2 100 25 
8 1 17 
" = = — -0017 = 
na 1000 125 of 10000 


These examples show how easy it is to convert a decimal fraction 
to a common fraction. Now let's learn how to convert a common 
fraction to a decimal fraction. 


b. Common fraction to decimal fraction. This operation is a 
little more complicated than the one just mentioned. It involves 
converting the denominator to a power of ten. For example, 9/25 
can easily be converted. What is the most likely power of ten to 
which 25 could be converted? Did you say 100? Right. Now, what 
must be done to 25 to convert it to 100? You're right. Multiply 
it by 4. Don't forget the Golden Rule. If the denominator is 
multiplied by 4, then the numerator must also be multiplied by 4. 
Let's look at some examples: 


9 4x 9 = 36 _ 36 
25 4 x 25 100 . 

A 2 BA os 8, ee 
20 5 x 20 100 

17), 3B, oe ASG any 
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e Any special instructions. 
e BDA requirements. 
2-32. This information is developed during the war game. Attack guidance applies to both planned targets 


and targets of opportunity. Accordingly, attack guidance may address specific or general target 
descriptions. Attack guidance is provided to weapons systems managers via the AGM. 


ATTACK GUIDANCE MATRIX 


2-33. The AGM include as a minimum: 
e Specific HPT. 
Timing of engagement. 
How targets are engaged. 
Desired Effects. 
Remarks to include restrictions. 


Note. A sample AGM is shown in appendix D. 


High-Payoff Target Column 


2-34. This column lists the HPTs identified during war gaming. These targets have priority for 
engagement. 


When Column 


2-35. Timing the engagement of targets is critical to maximizing the effects. During war gaming, the 
optimum time is identified and reflected in the WHEN column. The letter P indicates that the target should 
not be engaged now but should be planned for future firing or simply should be put on file. Immediate 
engagements the letter I take precedence over all others and are conducted even if weapon systems must be 
diverted from engagements already underway. The letter A means the target should be engaged when 
acquired. 


2-36. The operations officer, fire support coordinator (FSCOORD), and brigade FSO must establish 
procedures within the main command post (CP) that allow for immediate engagement of targets. 


How Column 


2-37. The HOW column links the engagement means to the HPT. It is best to identify a primary and 
alternate engagement means of HPTs. 


Effects Column 


2-38. Effects column refers to the target engagement criteria. The targeting working group should specify 
engagement criteria according to the commander's general guidance. Target engagement criteria should be 
given in quantifiable terms. 


Remarks Column 


2-39. This column should note which targets should not be engaged in certain tactical situations (for 
example, targets not to be engaged if the enemy is withdrawing). Some examples of how this column 
should be used are: 


e Collateral Damage Estimate Limitations 

Note accuracy or time constraints. 

Note required coordination. 

Limitations on the amount or type of ammunition. 
Any need for BDA. 
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2-40. As the operation progresses the AGM may change. The AGM is a tool that must be updated based on 
the changing enemy situation. The AGM should be discussed and updated during routine staff planning 
meetings. Consider a separate AGM for each phase of the concept of operations. 


FORMATS 


2-41. The formats for the HPTL, target selection standards, and AGM presented in the preceding 
paragraphs are examples only. Targeting personnel must understand all the considerations that are involved 
in building these targeting tools. However, experienced staffs may prefer to develop their own formats 
tailored for their situation. 


DETECT 


2-42. Detect is the next critical function in targeting. The operations officer at all levels is responsible for 
directing the effort to detect HPTs identified in the decide function. In order to have the ability to identify 
the specific who, what, when, and how for target acquisition, the operations officer must work closely with 
the: 


The intelligence officer. 

ACE. 

Information operations officer. 
FAIO. 

Targeting officer. 

e FSO. 


2-43. Targets are detected and tracked by the maximum use of all available assets. The G-2 or S-2 must 
focus the intelligence acquisition efforts on the designated HPTs and PIRs. The collection manager 
considers the availability and capability of all collection assets. The intelligence officer translates the PIR 
and intelligence requirement into specific information requirements and specific orders and requests. If 
possible, he arranges direct dissemination of targeting information from the collector to the targeting cell or 
targeting intelligence to the fires cell. 


2-44, Intelligence factors of the operational environment that affect the populace require particular 
attention. Such intelligence is important for developing political, social, and economic programs. 
Intelligence personnel continuously analyze large quantities of all-source intelligence reporting to 
determine: 


Threat validity. 

e Actual importance of potential targets. 

e Best means to engage the target. 

e Expected effects of engaging the targets (which will guide actions to mitigate negative effects). 


DETECTION PROCEDURES 


2-45. HPTs must be detected in a timely, accurate manner. Clear and concise tasks must be given to the 
reconnaissance units or surveillance systems that can detect a given target. Mobile HPTs must be detected 
and tracked to maintain a current target location. Target tracking is inherent to detection. Tracking priorities 
are based on the commander's concept of the operation and targeting priorities. The fires cell tells the G-2 
or S-2 the degree of accuracy required and dwell time for a target to be eligible for engagement. The G-2 or 
S-2 must match accuracy requirements to the TLE of the collection systems. If the target type and its 
associated signatures (electronic, visual, thermal, and so forth) are known, the most capable collection asset 
can be directed against the target. The asset can be placed in the best position according to estimates of 
when and where the enemy target will be located. 


2-46. As the assets collect information for target development, it is forwarded to the intelligence analysts 
of the ACE. They use the information in performing situation and target development. When the analysts 
identify a target specified for engagement, it is passed to the fires cell. The fires cell executes the attack 
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guidance against the target. Close coordination among the intelligence staff and the fires cell is essential 
and is facilitated by the FAIO. 


THE INFORMATION COLLECTION MATRIX 


2-47. The information collection matrix is a product used by the intelligence officer to ensure that 
collection tasks are tied to scheme of maneuver in time and space, effectively linking reconnaissance and 
surveillance to maneuver and effects. 


ESSENTIAL TARGET INFORMATION 


2-48. Targets and suspected targets may be passed to the targeting working group by a number of means. It 
is important that the essential information be passed for proper analysis and engagement to take place. As a 
minimum, the target report must include the following: 


e Reporting agency. 

Date time group of acquisition by the sensor. 
Description of the activity. 

Size of the target. 

Target location and altitude. 

TLE. 

Dwell time. 

e Status (stationary or moving). 


2-49. The date time group is important as the dwell time of the target is analyzed. The dwell time of the 
target determines whether to engage based on the likelihood of the target moving. 


2-50. The target description and size are compared with the AGM. This information is used to determine 
the following: 


e Engagement means. 

e Intensity of attack. 

e Number of assets to be committed. 
e 


Other considerations such as collateral damage estimation, target mensuration only, and 
weaponeering. 


2-51. See appendix D for a sample target report. 


TARGET DEVELOPMENT 


2-52. Target development is the systematic examination of potential target systems and their components, 
individual targets, and even elements of targets to determine the necessary type and duration of the action 
that must be exerted on each target to create an effect that is consistent with the commander’s specific 
objectives (joint publication [JP] 3-60). Target development includes functions such as target research, 
nomination, deconfliction, aimpoint recommendation, target materials production, and collateral damage 
estimation. Target development generally results in four products: target development nominations, target 
folders, collection and exploitation requirements, and target briefs. Detailed analysis should characterize 
the function, criticality, and vulnerabilities of each potential target, linking targets back to targeting 
objectives and measures of effectiveness. Target development includes target vetting and target validation. 


TARGET VETTING 


2-8 


2-53. Vetting is a part of target development that assesses the accuracy of the supporting intelligence to 
targeting (JP 3-60). Vetting is a key component of the target development process to establish a reasonable 
level of confidence in a candidate target’s functional characterization. In target vetting, the intelligence 
officer coordinates an intelligence community review of the target data for accuracy of the supporting 
intelligence. An assessment of the supporting intelligence will include a minimum of target identification, 
significance, collateral data estimation, geospatial or location issues, impact on the enemy or friendly 


ATP 3-60 7 May 2015 


Targeting Methodology 


forces, impact of not conducting operations against the target, environmental sensitivity, and intelligence 
gain or loss concerns. Vetting does not include an assessment of compliance with the law of war or rules of 
engagement. 


TARGET VALIDATION 


2-54, 


Validation is a part of target development that ensures all vetted targets meet the objectives and 


criteria outlined in the commander’s guidance and ensures compliance with the law of war and rules of 
engagement (JP 3-60). Targets are validated against multinational concerns in a bilateral environment. 
Target vetting and validation should be revisited as new intelligence becomes available or the situation 
changes. Target validation is done by targeting personnel, in consultation with the planners, servicing 
advocate general, and other experts and agencies, as required. 


2-55. 
e 


Target validation asks such questions as: 


Does the desired target effect contribute to achieving one or more of the commander’s, 
objectives, desired operational effects, or supporting sub tasks? 


Does the desired target effect support the end state? 

Does the desired target effect comply with the commander’s guidance and intent? 

Is engaging the target lawful? What is the law of war and rules of engagement considerations? 
Does the target contribute to the enemy capability and will to wage war? 


Is the target (still) operational? Is it (still) a viable element of a target system? Where is the 
target located? 


Will striking the target arouse political or cultural “sensitivities?” 

How will striking the target affect public opinion (enemy, friendly, and neutral)? 

Are there any facilities or targets on the no-strike list or restricted target list collocated with the 
target being validated? 

What is the relative potential for collateral damage or collateral effects, to include casualties? 
Consider collateral damage concerns in relation to law of war, rules of engagement, and 
commander’s guidance. 

What psychological impact will operations against the target have on the adversary, indigenous 
populations, friendly forces, and multinational partners? 

Is it feasible to engage this target at this time? If not, could it be targeted at another time? What 
is the risk? 

Would engaging the target generate significant environmental impacts or arouse environmental 
sensitivities? 

Will engaging the target negatively affect friendly operations due to current or planned friendly 
exploitation of the target? 

How will actions taken against the target impact other operations? 


2-56. Figure 2-2 on page 2-10 provides several examples of both desirable and undesirable effects to be 
considered during target validation. 
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TARGET VALIDATION CONSIDERATIONS 


Attack Don’t Attack 
(Desirable Effects) (Undesirable Effects) 


© Military ¢ Military 
— Degrade adversary’s capability — Preserve for follow-on forces’ 
and/or will material exploitation 
— Take advantage of adversary’s — Chemical, biological, radiological 
weakness or nuclear hazard 
— Enable our COA 
— Hinder adversary COA + Political / Diplomatic 
= Law of ware, rules of 
+ Political / Diplomatic engagement, treaty, or 
— Improve world standing or agreement violation 
balance of power — Adversely affect domestic or 
— Weaken adversary’s status or international elections 
power in the world or region — Collateral damage 


« Informational « Informational 
— Generate favorable press — Intelligence loss outweighs 
— Enable information superiority target value 
— Generate unfavorable press 
— Risk of blowback 
« Economic 
— Undercut adversary’s ability to « Economic 
sustain operations — Cost of rebuilding 
— Adverse impact on U.S. or allies 


COA = course of action U.S.- United States 


Figure 2-2. Target validation considerations 


DELIVER 


2-57. The deliver function of the targeting process executes the target engagement guidance and supports 
the commander's battle plan once the HPT has been located and identified. 


ENGAGEMENT OF TARGETS 


2-58. The engagement of targets must satisfy the engagement guidance developed in the decide function. 
Target engagement requires several decisions and actions. These decisions fall into two categories: tactical 
and technical. 


2-59. Tactical decisions determine the: 
e Time of the engagement. 
e Desired effect, degree of damage, or both. 
e Asset to be used. 
e Potential for collateral damage. 


2-60. These decisions result in the physical engagement of the target. 
TACTICAL DECISIONS 


Time of Engagement 


2-61. The time of engagement is determined according to the type of target: planned target or target of 
opportunity. Time of engagement is a consideration in the effect that will be achieved on the target. The 
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decision maker needs to weigh the operational risk of tactical patience balanced with the immediacy of the 
directed action in the attack guidance matrix. 


Targets 


2-62. Current operations anticipate the enemy and friendly conditions for target engagement. Some targets 
will not appear as anticipated. The detection and tracking of enemy activities and associated friendly 
maneuver with the target trigger the target engagement. Once the designated activity is detected the 
targeting working group does the following: 
e The intelligence officer or operations officer verifies the enemy activity as the planned target to 
be engaged. Monitoring decision points to include NAIs and TAIs associated with HPTs. 
e The G-2 validates the target by conducting a final check of the reliability of the source and the 
accuracy (time and location) of the target. Then he passes the target to the fires cell. 
e The current operations officer checks the rules of engagement and if necessary with the 
operational law personnel to determine the legality of the target. 
e The current operations officer determines if the delivery means planned is available and still the 
best weapon for the engagement. 


e The G-2 alerts the appropriate assessment asset responsible for BDA (when applicable). 


Targets of Opportunity 


2-63. Targets of opportunity are processed the same as planned targets. Targets of opportunity are first 
evaluated to determine when, or if, they should be engaged. The decision to engage targets of opportunity 
follows the engagement guidance and is based on a number of factors such as the: 

e Activity of the target. 

e@ Dwell time. 

e Criticality of target compared to other targets being processed for engagement. 


2-64. If the decision is made to engage immediately, the target is processed further. The availability and 
capabilities of assets to engage the target are assessed. If the target exceeds the capabilities or availability 
of the unit delivery asset, the target should be sent to a higher headquarters for immediate engagement. If 
the decision is to defer the engagement, then continue tracking, determine decision point(s) for 
engagement, and modify collection tasking as appropriate. 


Desired Effects 


2-65. Desired effects may result in a change in attitude, the will to fight, or the damage or casualties to 
personnel or material that a commander desires to achieve. 


2-66. Effects can only be properly assessed by a trained observer or an analyst. It is important that each 
target has a primary and alternate observer. Each observer must understand the desired effects to include 
the when and for how long they are required. 


Delivery Systems 


2-67. The last tactical decision to be made is the selection of the appropriate delivery system. For planned 
targets, this decision is made during the decide function of the targeting process. A check must be made to 
ensure that the selected delivery system is still available and can conduct the engagement. If not, the 
targeting working group must determine the best delivery system available to engage the target. 


2-68. A key part of determining the appropriate method of engagement is weaponeering. Weaponeering is 
defined as the process of determining the quantity of a specific type of lethal or nonlethal means required to 
create a desired effect on a given target (JP 3-60). Weaponeering also considers such things as enemy 
actions (the effects of actions and countermeasures), munition delivery errors and accuracy, damage 
mechanism and criteria, probability of kill, weapon reliability, and trajectory. The commander’s intent and 
end state, desired effects, tasks, and guidance provide the basis for weaponeering assessment activities. 
Targeting personnel quantify the expected results of fires against prioritized targets to produce desired 
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effects. Since time constraints may preclude calculations of potential effects against all targets, calculations 
should proceed in a prioritized fashion that mirrors the HPTL. 


2-69. The weaponeering process is divided into several general steps and is not tied to a specific 
methodology or organization. The steps are not rigid and may be accomplished in different order or 
combined. The steps of the weaponeering process are: 


e Identify collection requirements. 

Obtain information on friendly forces. 
Determine target elements to be analyzed. 
Determine damage criteria. 

Determine weapons effectiveness index. 
Determine aim points and impact points. 
Evaluate weapon effectiveness. 


Prepare preliminary documentation. 
e Review collection requirements. 


2-70. Collateral damage estimation is a methodology that assists the commander in staying within the law 
of war and rules of engagement. The law of war requires: 


e Reasonable precautions to ensure only legitimate military objects are targeted. 


e Combatants to refrain from intentionally targeting civilian or noncombatant populations or 
facilities. 

e Anticipated civilian or noncombatant injury or loss of life and damage to civilian or 
noncombatant property incidental to engagements must not be excessive in relation to the 
expected military advantage to be gained. 


2-71. Failure to observe these obligations could result in disproportionate negative effects on civilians and 
noncombatants and be considered a law of war violation. Furthermore, United States leadership and the 
military could be subject to global criticism, which could adversely affect achievement of current and 
future military objectives and national goals. 


2-72. During targeting the staff has the responsibility to mitigate the unintended or incidental risk of 
damage or injury to the civilian populace and noncombatants, military personnel, structures in the 
immediate area, targets that are on the no-strike, restricted target list, livestock, the environment, civil air, 
and anything that could have a negative effect on military operations. This will assist the commander in 
weighing risk against military necessity and in assessing proportionality within the framework of the 
MDMP. 


2-73. Taking into account the weaponeering for a given target, the collateral damage estimation level 2 
(see CJCSI 3505.01B) provides the assessment of whether a target meets the minimum requirement 
(criteria and approving authority) for employment of surface-to-surface scalable fires. A qualified 
individual with a current certification helps the commander and staff to evaluate collateral risk against 
targets during planning and the execution phases. 


2-74. One method of mitigating collateral damage is reducing TLE by conducting target coordinate 
mensuration. Mensuration is the application of mathematical principles to a two dimensional surface in 
order to accurately determine the most accurate location of a target on all three planes of a Cartesian 
surface. Correlating the expected target location to a highly refined coordinate reduces the TLE and 
provides a accurate aimpoint that can be engaged with only the force necessary to achieve the desired 
effect. 


2-75. The targeting working group determines the delivery means subject to the maneuver commander's 
approval. All available engagement assets should be considered. Engaging targets should optimize the 
capabilities of: 

e Light and heavy ground forces. 

e@ Army aviation. 

e Field artillery. 
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Mortars. 

Naval gunfire. 

Close air support (CAS) and air interdiction. 
EW. 

Military information support operations. 
Information related capabilities. 

e Civil affairs teams. 


2-76. The availability and capabilities of each resource is considered using the following: 
e Desired effects on the target. 
e Degree of risk in the use of the asset against the target. 
e Impact on friendly operations. 


TECHNICAL DECISION 


2-77. Once the tactical decisions have been made, the S-3 directs the appropriate to engage the target. The 
fires cell provides the asset manager with the following: 


e Selected time of engagement. 
e Desired effects. 
e Any special restraints or requests for particular munitions types. 


2-78. The asset or systems managers, for example field artillery battalion S-3, psychological officer, air 
liaison officer (ALO), aviation, and brigade naval gunfire liaison officer, determine if their system can 
meet the requirements. The fires cell is notified when a delivery system or asset is unable to meet the 
requirements. There are various reasons a delivery system or asset may not be able to meet the 
requirements which may include the following: 


e Systems or asset not available at the specified time. 
e Required munitions or asset not available. 
e Targets out of range. 


2-79. The fires cell must decide if the selected delivery system or asset should engage under different 
criteria or if a different delivery system or asset should be used. 


ASSESS 


2-80. Commanders continuously assess the operational environment and the progress of operations, and 
compare them to their initial vision and intent. Commanders adjust operations based on their assessment to 
ensure objectives are met and the military end state is achieved. 


2-81. The assessment process is continuous and directly tied to the commander’s decisions throughout 
planning, preparation, and execution of operations. Staffs help the commander by monitoring the numerous 
aspects that can influence the outcome of operations and provide the commander timely information 
needed for decisions. The commander’s critical information requirement is linked to the assessment process 
by the commander’s need for timely information and recommendations to make decisions. Planning for the 
assessment process identifies key aspects of the operation that the commander is interested in closely 
monitoring, and where the commander wants to make decisions. 


2-82. Figure 2-3 on page 2-14 shows how assessment occurs at all levels and across the range of military 
operations. Even in operations that do not include combat, assessment of progress is just as important. Asa 
rule, the level at which a specific operation, task, or action is directed should be the level at which such 
activity is assessed. To do this, commanders and their staffs consider assessment ways, means, and 
measures during planning, preparation, and execution. This properly focuses assessment and collection at 
each level, reduces redundancy, and enhances the efficiency of the overall assessment process. 
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Assessments Levels and Measures 


Levels Guidance Assessed using measures of 


effectiveness 


National ©End state and objectives Are we doing the right things 
Strategic 


Theater © End State and mission 
Strategic OOdjectives 
PEffects 
O Tasks €---= 
AS dusing measures of 
performance 
Operational Mission Are we doing things right 
Strategic O Odjectives 
@ Effects - 
Olatks <—<<-<= %T--- 


Tactical © Mission Combat tasks (particularly fires) 
O Objectives Use combat asses 
OTasks <--=— 


Battle Damage Munitions Effect eness 
Assessment Assessment 


Figure 2-3. Assessment levels and measures 


COMBAT ASSESSMENT 


2-83. Combat assessment is the determination of the effectiveness of force employment during military 
operations. 


2-84. Combat assessment is composed of three elements: 
e BDA. 
e Munitions effectiveness assessment. 
e Reengagement recommendation. 


2-85. In combination, BDA and munitions effectiveness assessment inform the commander of effects 
against targets and target sets. Based on this information, the enemies’ ability to make and sustain war and 
centers of gravity are continuously estimated. During the review of the effectiveness of operations, redirect 
recommendations are proposed or executed. 


Battle Damage Assessment 


2-86. BDA includes known or estimated enemy unit strengths, degraded, neutralized, or destroyed enemy 
weapon systems, and all known captured, wounded, or killed enemy personnel during the reporting period. 
BDA in targeting pertains to the results of lethal and nonlethal engagements on targets designated by the 
commander. Producing BDA is primarily an intelligence responsibility, but requires coordination with 
operational elements to be effective. BDA requirements may be translated into PIR. BDA accomplishes the 
following purposes: 
e@ Commanders use BDA to get a series of timely and accurate snapshots of effects on the enemy. 
Assessment provides commanders an estimate of the enemy's combat effectiveness, capabilities, 
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and intentions. This helps the staff determine when, or if, their targeting effort is accomplishing 
their objectives. 


e As part of targeting, BDA helps to determine if a reengagement is necessary. The information is 
used to allocate or redirect weapon systems to make the best use of available combat power. 


2-87. The need for BDA for specific HPTs is determined during the decide function of targeting. BDA 
requirements should be recorded on the AGM and the information collection plan. The commander's 
decision must be made with the understanding that an asset used for BDA may not be available for target 
development and acquisition. BDA information is received and processed by the ACE, and the results of 
engagement are analyzed in terms of desired effects. The results are disseminated to the targeting working 
group. The targeting working group must keep the following BDA principles in mind: 

e BDA must measure things that are important to commanders. 

e BDA must be objective. The intelligence officer should verify BDA received from another 
echelon if time permits. Intelligence officers strive to identify and resolve discrepancies between 
the BDA analysts at different headquarters at all echelons. 

e The degree of reliability and credibility of the assessment relies largely upon collection 
resources. The quantity and quality of collection assets influence whether the assessment is 
highly reliable (concrete, quantifiable, and precise) or has low reliability (best guess). The 
information collection manager plans and coordinates organic and nonorganic collection assets 
to obtain the most reliable information when conducting BDA for each HPT. 


2-88. Each BDA has three components. They are: 
e Physical damage assessment. 
e Functional damage assessment. 
e Target system assessment. 


Physical Damage Assessment 


2-89. Physical damage assessment estimates the quantitative extent of physical damage through munitions 
blast, fragmentation, and fire damage effects to a target. This assessment is based on observed or 
interpreted damage. 


Functional Damage Assessment 


2-90. Functional damage assessment estimates the effect of engagement on the target to perform its 
intended mission compared to the mission objective established against the target. This assessment is 
inferred based on all-source intelligence and includes an estimate of the time needed to replace the target 
function. A functional damage assessment is a temporary assessment (compared to target system 
assessment) used for specific missions. 


Target System Assessment 


2-91. Target system assessment is a broad assessment of the overall impact and effectiveness of all types of 
engagement against an entire target system capability; for example, enemy air defense artillery systems. It 
may also be applied against enemy unit combat effectiveness. A target system assessment may also look at 
subdivisions of the system compared to the commander's stated mission objectives. It is a relatively 
permanent assessment (compared to a functional damage assessment) that will be used for more than one 
mission. 


2-92. BDA may take different forms besides the determination of the number of casualties or the amount 
of equipment destroyed. Other information of use to the targeting working group includes the following: 


e@ Whether the targets are moving or hardening in response to the engagement. 
e Changes in deception efforts and techniques. 

e Increased communication efforts as the result of jamming. 

e 


Whether the damage resulting from an engagement is affecting the enemy's combat effectiveness 
as expected. 
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It is hoped that you have noticed that it will not always be 
possible to multiply the fraction by a whole number to get a 
power of ten. For example, denominators of 8, 13, 22, and 15 are 
not factors of integral powers of ten. In cases such as these it 
is easier to use a different method. This involves dividing the 
numerator by the denominator. This is called division of 
decimals which will be covered under operations with decimals. 


2303. Operations with Decimals 


a. Addition of decimals. As with integers, the addition process 
with decimals is based on the principles presented in study 

unit 1. In particular, again only like things may be added: 
tenths to tenths, hundredths to hundredths, etc. When addends 
are lined up in this manner, the decimal points fall ina 
straight line. 


2.18 
34.35 
0.14 
+ 4.90 
41.57 


The columns are added in the usual order and the decimal point of 
the sum falls directly below the decimal points of the addends. 


b. Subtraction of decimals. This operation also involves no new 
principles. Place values are again aligned which causes the 
decimal points to align too. This alignment is also maintained 
in the answer, for example: 


45.76 8.64000 
- 31.87 - _.00437 
13.89 8.63563 


The columns are subtracted in the usual order and the decimal 
point of the difference falls below the decimal points of the 
subtrahend. 


c. Multiplication of decimals. Two cases of multiplying 
decimals will be considered: general multiplication and 
multiplication by powers of ten. 


(1) General. Multiplication of decimals can be explained in 
two ways. The first is more of a common sense type of 
explanation rather than a statement of principles. For 
example, if you are multiplying 3.2 x 7.6 you must 
realize that although there are two digits in each of 
these numbers, part of each is a fraction. The answer 
will be close to 21 which is the product of the whole 
numbers 3 and 7. 
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2-93. Damage assessments may also be passive by compiling information in regards to a particular target 
or area. An example is the cessation of fires from an area. If BDA is to be made, the targeting working 
group must give information collection systems adequate warning for sensor(s) to be directed at the target 
at the proper time. 


2-94. BDA results may change plans and earlier decisions. The targeting working group must periodically 
update the decisions made during the decide function concerning the following: 


IPB products. 

HPTL. 

Target selection standards. 
AGM. 

Information collection plan. 
OPLAN. 


Munitions Effectiveness Assessment 


2-95. The operations officer, in coordination with the fires cell and targeting working group, conducts 
munitions effectiveness assessment concurrently and interactively with BDA, as a function of combat 
assessment. Munitions effectiveness assessment is an assessment of the military force in terms of the 
weapon system and munitions effectiveness. Munitions effectiveness assessment is conducted using 
approved weaponeering software and provides the basis for recommendations to increase the effectiveness 
of: 

Methodology. 

Tactics. 

Weapon systems. 

Munitions. 

e@ Weapon delivery parameters. 


2-96. The targeting working group may recommend modifying commander's guidance concerning: 
e@ Unit basic load. 
e Required supply rate. 
e Controlled supply rate. 


Reengagement Recommendation 


2-97. Failure to achieve BDA, or failure to achieve necessary effects as a result of BDA, requires a 
decision from the commander as to whether to continue as planned. The targeting team and current 
operations must assess operational risks associated with the HPT. They provide options to mitigate the 
risks. One option is to reengagement. Based on the BDA and munitions effectiveness assessment analysis, 
the intelligence officer in conjunction with the FSCOORD or DFSCOORD and operations officer consider 
the level to which objectives have been achieved and make recommendations to the commander. 
Reengagement and other recommendations should address objectives relative to: 

e Targets. 
Target critical elements. 
Target systems. 
Enemy combat force strengths. 
Friendly maneuver. 


ASSESSMENT METRICS AND MEASUREMENTS 


Assessment Metrics 


2-98. Metrics can be objective (using sensors or personnel to directly observe damage inflicted) or 
subjective (using indirect means to ascertain results), depending on the metric applied to either the 
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objective or task. Both qualitative and quantitative metrics should be used to avoid unsound or distorted 
results. Metrics can either be inductive (directly observing the operational environment and building 
situational awareness cumulatively) or deductive (extrapolated from what was previously known of the 
threat and operational environment). Success is measured by indications that the effects achieved are 
influencing activity in desired ways among various target systems. 


Measurement Types 


2-99. The assessment process uses selected measures of performance (MOP) and measures of effectiveness 
(MOE) to evaluate progress toward task accomplishment, effects creation, and objective achievement. Well 
devised measures can help the commanders and staffs understand the causal relationship between specific 
tasks and desired effects (JP 3-60). Figure 2-4 provides an example of assets that may be available when 
conducting D3A methodology. 


Commander's guidance, 
visualization, andintent, 
Intelligence Preparation of the 
Battlefield, Mission Analysis 
7a ATTACK Wargaming 
DETECT ASSETS 
ASSESSASSETS 


FARadars 


DECIDE roel taser 
Military Police Cril Affairs 
FARadars 


ATK AYN 


Engineers TARGETING Engineers 
LLY 
UAS 


Shell Report: 
@. DELIVER yey 


DELWERY ASSETS DELWERY EFFECTS 
Artillery Cas Harass Disorganze 
Infantry GSR Degrade Deceive 
ATK AYN = Naval Assets Suppress Co-opt 
Armor Disrupt Delay 

ADA Neutralize Isolate 
Engineers Deny Destroy 

AT Assets i Wam Interdict 
Mortars Divert Neutralization 
UAS Exploitation Information 
Al Destruction 


ADA -air defense artillery FA -field artillery MISO - military information support operations 
Al -air interdiction FAC(A -forvandaircontolleraitbome MP - military police 

AT -antitank FIST -fire supportteam SOF — special operations forces 

ATK AVN - attach aviation GSR - ground suneillance radar SIGINT -signalintlligence 

CAS -close airsupport HUMINT — human intelligence UAS - unmannedaircraft system 

CEMA - cyber electromagnetic actiuities IMINT — imagery intelligence 

COMINT — conmunications intelligence JFO -jointforvard observer 

Co-opt - neutralize or win over through assimibtion JT AC - joint tactical aircontroler 

EA - electronic attach LLVI- lov level voice intercept 

ELINT - electronic intelligence MASINT - measurement and signature intelligence 


Figure 2-4. D3A methodology and assets 


Measures of Performance 


2-100. MOP answers the question such as are we doing things right and are the criteria for measuring task 
performance or accomplishment defined. MOP is quantitative, but can apply qualitative attributes to 
accomplish the task. Measurements are used in most aspects of combat assessment, since it typically seeks 
specific, quantitative data or a direct observation of an event to determine accomplishment of tactical tasks. 
MOP has relevance for noncombat operations such as tons of relief supplies delivered or noncombatants 
evacuated. Tactical level assessment typically uses MOP to measure task accomplishment (JP 3-60). 


2-101. MOP helps answer questions like, “was the action taken, were the tasks completed to standard, or 
how much effort was involved?” Regardless of whether there was or was not a tactical, immediate effect, 
“did the assigned force execute the ‘fires,’ ‘maneuver,’ or ‘information related capabilities’ actions as 
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required by the specified or implied task?” MOP is used by the commander to assess whether his directives 
were executed by subordinate units as intended or if the units were capable of completing the specified 
action. Typical measures might include the following: 


e Did the designated unit deliver the correct ordinance? 


e Wasa sufficient quantity of leaflets dropped to cover the target: was the message understood as 
intended: and did they reach the intended target? 


e Howmany potholes were filled and include the time taken to complete the task? 
e How much potable water was delivered to the village? 


Measures of Effectiveness 


2-102. Assessment at the operational and strategic levels typically is broader than at the tactical level and 
uses MOEs that support strategic and operational mission accomplishment. Strategic- and operational-level 
assessment efforts concentrate on broader tasks, effects, objectives, and progress toward the end state. 
MOE answers the question, “are we doing the right things?” and are used to assess changes in system 
behavior, capability, or the operational environment. They are tied to measuring the attainment of an end 
state, achievement of an objective, or creation of an effect. They do not measure task accomplishment or 
performance. While MOE may be harder to derive than MOP for a discrete task, they are nonetheless 
essential to effective assessment (JP 3-60). 


2-103. MOE indicates progress toward attainment of each desired effect or indicate the avoidance of an 
undesired effect. MOE is a direct form of measurement, like an eyewitness account of a bridge span being 
down; some may be more circumstantial indicators, such as measurements of traffic backed up behind a 
downed bridge. MOE is typically more subjective than MOP but can be crafted as either qualitative or 
quantitative indicators to reflect a trend as well as show progress relative to a measurable threshold. 


Characteristics of Metrics 


2-104. Assessment metrics should be relevant, measurable, responsive, and resourced so there is no false 
impression of task or objective accomplishment. Both MOP and MOE can be quantitative or qualitative in 
nature, but meaningful quantitative measures are preferred because they may be less susceptible to 
subjective interpretation (JP 3-60). 


Relevant 


2-105. MOP and MOE should be relevant to the task, effect, operation, the operational environment, the 
desired end state, and the commander’s decisions and objectives. This criterion helps avoid collecting and 
analyzing information that is of no value to a specific operation. It also helps ensure efficiency by 
eliminating redundant efforts. 


Measurable 


2-106. Assessment measures should have qualitative or quantitative standards they can be measured 
against to avoid unsound or distorted results. To measure change effectively, a baseline measurement 
should be established prior to execution to facilitate accurate assessment throughout the operation. 


Responsive 


2-107. Assessment processes should detect situation changes quickly enough to enable effective response 
by the staff and timely decisions by the commander to meet his objectives. Assessors should consider the 
time required for an action or actions to take effect within the operational environment and for indicators to 
develop. Many actions require time to implement and may take even longer to produce a measurable result. 


Resourced 


2-108. To be effective, the assessment process must be adequately resourced. Staffs should ensure 
resource requirements for collection efforts and analysis are built into plans and monitored. An effective 
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assessment process can help avoid duplication of tasks and avoid taking unnecessary actions, which in turn 
can help preserve military power. 
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Targeting at corps and division level may be at the operational or tactical levels of 
war. It involves commanders and staff officers conducting D3A methodology in 
support of tactical operations. 


SECTION I- FIRES CELL 


3-1. The primary action agency for targeting at the corps and division level is the fires cell. The fires cell 
coordinates available weapon systems that provide Army indirect fires, joint fires, electronic attacks and 
associated targeting. The fires cell implements the commander’s intent through lethal and nonlethal 
engagements on enemy systems and capabilities. 


3-2. The fires cell uses the D3A methodology and manages the targeting cycle. At a minimum, the fires 
cell will be responsible for indentifying targets for inclusion in the joint targeting process and must 
understand the targeting deadlines and how to influence the process to achieve the corps or division 
commander’s objectives. 


3-3. The fires cell synchronizes all fires and directs the engagement of targets by fire support assets. 
The fires cell coordinates the use of airspace through the airspace element. It coordinates current operations 
air support requirements through the air support operations center and future operations air support 
requirements through the division tactical air control party (TACP). When designated the senior tactical 
echelon the corps or division fires cell may coordinate directly with the battlefield coordination 
detachment. 


3-4. There are 2 fires cells in the corps and division, one cell at the main CP and another at the tactical 
CP. The fires cell at the main CP includes: 


e Headquarters and Fires Section. 

e Fires current operations integration cell. 
e Electronic Warfare (EW) section. 

e Field artillery intelligence officer. 


3-5. For more information on the role of the fires cell see FM 3-09. 


FIRES SECTION 


3-6. The fires section provides the FSCOORD (the division artillery or field artillery brigade commander) 
the ability to synchronize joint, interagency, multi-national assets, fire support, and sensor management of 
counterfire radar assets. It provides input to the information collection plan, information collection 
synchronization matrix, and the targeting process. 


3-7. Specific targeting functions include: 

Synchronize joint, interagency, and multi-national assets. 
TST nomination, management, and execution. 

Conduct target development. 

Conduct target coordinate mensuration. 

Conduct munitions effects analysis (weaponeering). 
Conduct collateral damage estimation. 

Conduct target management. 

Review and comply with rules of engagement. 
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Develop and maintain the HPTL. 
Monitor and nominate targets to the restricted target list and no-strike list. 


e Consolidate, prioritize, and nominate targets for inclusion in the joint integrated prioritized target 
list. 


e Develop target selection standards. 


Provide input to collection plan; synchronizing reconnaissance and surveillance assets with 
designated targets. 


e Integrate and synchronize fire support and cyber-electromagnetic activities into D3A. 

e Chair candidate target list review board. 
3-8. If the corps or division headquarters becomes the Army forces, joint task force, or joint force land 
component commander (JFLCC) headquarters, the fires element may also be required to: 

e Interface with battlefield coordination detachment and higher joint fires element. 

e Recommend JFLCC assets for the joint force commander’s (JFC) allocation. 


e Develop JFLCC priorities, timing, and effects for air interdiction within the joint operational 
area. 


Develop JFLCC targeting guidance and priorities. 
e Develop the JFLCC command target lists and fire support coordination measures (FSCM). 
e Execute both the joint targeting coordination board and working group. 


FIRES CURRENT OPERATIONS INTEGRATION CELL 


3-9. This cell executes and integrates current operations, and prepares and sets conditions necessary for 
future operations simultaneously. 


FIELD ARTILLERY INTELLIGENCE OFFICER 


3-10. As a participant in the division, corps, and joint targeting process, the FAIO coordinates with corps 
and division internal and external intelligence elements to provide input to the development, nomination, 
and prioritization of targets. The FAIO nominates targets to the fires cell that are provided by the all source 
collection element. 


ELECTRONIC WARFARE SECTION 


3-11. The EW section serves as the principal planning section on the corps or division staff with respect to 
electronic warfare planning involving the use of electromagnetic and directed energy to control the 
electromagnetic spectrum or to engage the enemy. The section plans, coordinates, integrates, deconflicts, 
and assesses the use of physical attack, electronic attack, EW support, computer network attack, and 
computer network exploitation for current and future operations. These capabilities are intended to degrade, 
destroy, and exploit an enemy’s ability to use the electromagnetic spectrum, computers, and 
telecommunication networks. For more information see ATP 3-36. 


TACTICAL COMMAND PoOsT FIRES ELEMENT 


3-2 


3-12. Coordinated fires at the corps tactical CP. Specific targeting functions include: 
e Conduct lethal and nonlethal engagements, assess, and provide reengagement recommendations. 
e Coordinate with movement and maneuver cell. 
e Synchronize joint, interagency, multinational assets. 
° 


Interface with the battlefield coordination detachment and higher headquarters joint fires 
element. 


Coordinate with other components. 
e Coordinate EW activities. 
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JOINT AIR GROUND INTEGRATION CENTER 


3-13. The Joint Air Ground Integration Center is designed to fully support and enable division-level 
current operations through the rapid execution and clearance of fires and airspace. It is a modular and 
scalable center designed to integrate and synchronize fires and airspace control in the division area of 
operations in accordance with guidance received from the division commander, joint force component 
commander, and airspace control authority (ACA). It is physically located in the division current operations 
integration cell. For more information on the Joint Air Ground Integration Center see ATP 3-91.1. 


SECTION Il- REQUIREMENTS FOR SUCCESSFUL TARGETING 


3-14. The operating environment and targeting capabilities influence the D3A methodology. With evolving 
security threats, each corps and division staff is concerned with several contingency plans. High-value 
targets (HVT) and high-payoff targets (HPT) are developed for plans that are regional and for which 
adequate intelligence is available. In addition, for planning purposes, each contingency has an associated 
list of forces that contains listings of available nonorganic collection and delivery assets. 


3-15. Targeting selects targets and matches the appropriate response to them. Targeting is an integral part 
of the way the Army solves problems. Both the joint targeting cycle and the D3A methodology 
complement the MDMP. The D3A methodology is merely a mechanism for grouping the targeting tasks 
which must occur. 


3-16. The corps targeting working group is a planner and an executor of targeting. It has the assets needed 
to see, plan, and execute targeting. To engage the enemy, it involves the coordinated use of all of the 
following: 


e Intelligence. 

Information related capabilities. 
Cyber electromagnetic activities. 
Surface-to-surface fires. 

Army aviation. 

Air component support. 

Special operations forces. 
Unmanned aircraft system. 

e@ Navy and Marine Corps assets. 


3-17. The corps uses the collection assets in the surveillance brigade to collect data throughout the area of 
operations. The corps targeting working group also has various systems that link it to echelons above corps 
and national collection and delivery systems. The corps main CP has communications, computers, and 
intelligence elements to synchronize the overall operations and long range targeting. 


SECTION Ill- D3A METHODOLOGY 


3-18. The actions and functions of the corps and division targeting working groups are essentially the same 
with the chief difference being the capabilities of the assets available for targeting. The division relies 
heavily upon corps and echelons above corps assets for targeting support for its shaping operations. 


3-19. One individual must supervise targeting. In the main CP, the deputy fire support coordinator is 
responsible for supervising targeting and the targeting working group. The targeting working group 
incorporates the mission statement, the commander's intent, and the concept of the operation into target 
value analysis. 


3-20. Once the staff has this information, the targeting working group analyzes the enemy COA and 
identifies basic HVTs at the same time. As the staff war games friendly COAs, the targeting working group 
develops initial proposals on HPT and attack guidance. After the commander selects the final COA and 
issues further guidance, the targeting working group: 
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e  Refines and prioritizes the HPTL. 
e Develops the AGM. 
e Submits these products to the commander for approval. 


3-21. The targeting working group also determines the targets that require BDA. Only the most critical 
targets should be selected, as valuable assets must be diverted from target or situation development to 
perform BDA. 


3-22. The G-2 ensures that appropriate HPTs are approved as PIR and a collection plan that focuses on 
answering the commander's PIR is developed. The collection management section provides targeting 
information to the intelligence analyst for analysis. The FAIO helps the analyst in this process. The FAIO 
provides knowledge of requirements for identifying the most important and perishable targets. The FAIO 
and analyst inform the targeting working group when major changes in the tactical situation warrant 
reevaluation of the HPTL. The targeting working group continually assesses the current situation and future 
needs. At the same time, the team reevaluates the HPTL, AGM, BDA requirements, and target selection 
standards and updates them as necessary. The FAIO works closely with the collection management section 
as well. The FAIO helps that section translate targeting working group requirements into guidance for the 
collection plan and provides expertise on field artillery target acquisition systems. 


3-23. The ACE and the FAIO evaluate the information from the collection management section against the 
target selection standards and HPTL to determine targets or suspected targets. Targets are immediately 
passed to the fires cell for engagement. Enemy activities that do not achieve target selection standards are 
suspected targets. Enemy activities that appear on the HPTL but classified as suspected targets are passed 
to the fires cell for correlation with information available at the fires cell. This correlation may produce a 
valid target. Also, the FAIO should request the collection manager focus additional collection assets to 
further develop selected suspected targets. The FAIO coordinates with the collection manager to retrieve 
BDA data as acquired. 


3-24. Staff members responsible for designated information-related capabilities that support information 
operations typically include, but are not limited to, military information support operations (MISO), combat 
camera, Soldier and leader engagement, civil affairs operations, operations security (OPSEC), and military 
deception. It is crucial that these staff members attend the targeting working group sessions. Other 
Governmental and nongovernmental organizations attend the targeting working group sessions as 
necessary. All available capabilities must be completely integrated to ensure every effort is directed toward 
achieving the commander’s desired effect. 


3-25. The EW officer integrates the electromagnetic activities as part of the overall military operation. The 
electromagnetic activities are an integral part of targeting. The electromagnetic activities effort is divided 
into three actions— electronic attack, electronic protection, and electronic support. The actions of EW are 
to seize, retain, and exploit an advantage over enemies across the corps and division electromagnetic 
spectrum. These actions include denying and degrading enemy information capabilities and protecting 
friendly tactical mission command systems. The EW officer and staff coordinate their efforts with the 
targeting working group to accomplish the commander’s objectives. The EW officer provides 
recommendations before the technical control element receives the collection plan and the division EW 
composite target list. The limited allocation of intelligence and EW assets causes conflict between the 
collection plan and the division EW composite target list. The operations officer finalizes any conflicting 
recommendations between the intelligence officer, EW officer, and the technical control element. 


3-26. The fires cell and FAIO maintain continuous collaboration on locating and attacking HPTs. The fires 
cell receives most of its target nominations from the FAIO. Once a target is received, the fires cell analyzes 
it in terms of target selection standards and the AGM, prioritizes it, and determines an appropriate attack 
method. The fires cell may consult with other agencies to facilitate target engagement. This is especially 
necessary when weapons systems availability, rules of engagement, or other considerations limit the 
method of attack. Coordinated attacks or any combination of fires may necessitate temporary augmentation 
of the fires cell. The fires cell directs the selected attack unit to engage the target and provide BDA data 
through the operations officer or representative of the unit at the main CP. The all-source analysis section 
and FAIO analyze BDA data for selected targets to evaluate the effectiveness of the attack. However, the 
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targeting working group determines whether the commander's attack guidance has been achieved or further 
fires are necessary. 


3-27. Targets and missions beyond the capability of the corps or division to effectively attack with their 
assets are passed to higher headquarters for action. The staff must be aware of the supporting echelon’s 
target planning cycle to know when the requests must be submitted. The synchronization of these missions 
with ongoing operations is critical to the successful completion of the unit mission. Close coordination 
between supported and supporting components is required to ensure vertical integration and 
synchronization of plans. The effective use of liaison teams, at all headquarters, ensures support is 
coordinated during both planning and execution phases of the operation. 


3-28. Targeting involves the entire staff with the commander, chief of staff, intelligence officer, operations 
officer, Army aviation commander, FSCOORD, and DFSCOORD. Leaders must keep the targeting effort 
focused as the battle evolves so that the targeting cells are able to adjust plans and exploit advantages as 
they appear. 


3-29. Targeting is a continuous and cyclical effort. Recurring events and their associated products are best 
managed through workable standard operating procedures (SOP). SOPs must be tailored to the unit's 
structure and operating environment to ensure a cohesive, coordinated targeting effort. A sample SOP for a 
targeting working group at corps or division level is located in Appendix F. 


SECTION IV- TARGETING RESPONSIBILITIES 


3-30. The Army targeting responsibility begins with the commander and the planning process includes the 
operations officer, fire support, airspace, intelligence, and other supporting staff and liaison personnel. The 
formal structure of the staff and liaison elements at corps and division depends on the resources allocated 
and the operating environment. Tailoring the formal staff structure to an effective and efficient working 
environment is routinely accomplished to ensure a cohesive, coordinated targeting effort. Key personnel 
and their targeting responsibilities are listed below. 


COMMANDER 


3-31. The commander issues targeting guidance on the concept of operation. The commander’s concept of 
operation and mission statement define the commander’s intent and are structured to facilitate a shared 
understanding and focus for the targeting working groups. 


FIRE SUPPORT COORDINATOR 
3-32. The FSCOORD is responsible for supervising targeting and chairs targeting boards. 


OPERATIONS OFFICER 


3-33. The operations officer duties include: 


e Develop the HPTL, AGM, and BDA requirements and ensure they are integrated into the 
decision support template and with the other members of the targeting working group. 


e Periodically reassess the HPTL, AGM, and BDA requirements with the intelligence plans and 
operations officers. 


e Determine if an attack resulted in the desired effects or if additional attacks are required with the 
DFSCOORD, intelligence plans and operations officers. 


e Coordinates the implementation of tailored rules of engagement to support national policies. 


INTELLIGENCE OFFICER 


3-34. The intelligence officer synchronizes the information collection plan and provides information on the 
current enemy situation as well as provides estimates as to what the enemy is capable of doing in the future. 
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Let's look at a couple more examples: 


4.5627 126.3 

x _ 10.37 x 12.791 

319389 1263 
136881 11367 
456270 8841 

47.315199 2526 
1263 
1615.5033 


The non-fractional parts of the numbers in the first 
example are 10 and 4. Therefore, you know that the 
product must be close to 40. As you can see, this 
method is all right as long as the numbers don't get 
too large. One thing can be observed from the 
examples. This is that the answer in each case has 
as many digits following the decimal point as the sum 
of the digits following the decimal points in the 
multiplier and multiplicand. In the example 126.3 x 
12.791, the multiplicand 126.3 has one digit 
following the decimal point and the multiplier 12.791 
has three for a total of four. Note that the answer 
also has four. 


The other explanation of multiplying decimals is by 


converting the decimal fractions to common fractions. 


Let's look at some examples: 


decimal _ .4 x .37 = common _ 4 37 


fraction fraction 10 - 100 


decimal _ 4.316 x 3.4 = common — 4316 34 


fraction fraction 1000 10 


14.6744 
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The intelligence officer provides assessments of probable enemy actions, analyzes, and identifies targets 
based on the commander's guidance. The intelligence officer duties include: 


Develop and provide IPB products to the other targeting working group members. 
Develop and refine HVTs. 

Pass HPTs and suspected HPTs to the fires cell. 

Develop and refine HPT data. 


Develop, monitor, and refine the HPTL, AGM, and BDA requirements with other members of 
the targeting working group. 


Distribute the information collection plan to collection managers. 
Provide input to the fires cell on target selection standards. 


Periodically reassess the HPTL, AGM, and BDA requirements with the operations plans and 
operations officer. 


Receive BDA and, with the deputy fire support coordinator, determines if an attack achieved the 
desired effects or if additional attacks are required. 


Provide input for the decision support template. 


FIRE SUPPORT COORDINATOR 


3-35. The senior field artillery commander at corps and division is the FSCOORD and is assisted in his 
duties by the DFSCOORD. The FSCOORD is responsible for advising the commander on the best use of 
available fire support resources, providing input to necessary orders, and developing and monitoring the 
execution of the fire support plan. 


3-36. The FSCOORD is responsible for the training and functioning of the fires cell. The FSCOORD 
works closely with the unit’s staff elements to facilitate the integration of lethal and nonlethal effects in 
support of current operations. He works closely with the operations and intelligence officers and leads the 
fires cell in anticipating and planning for future operations. The corps fires cell coordinates available 
weapon systems that provide Army indirect fires, joint fires, and EW activities through targeting. Specific 
duties of the FSCOORD include: 


Plan, coordinate, and synchronize all aspects of fire support: 

= Physical attack. 

= Strike. 

= Electronic attack. 

Advise the corps commander and staff of available fire support, including capabilities and 
limitations. 

Support the staff development and analysis of potential courses of action. 

Chair the targeting working group. 

Participate in the MDMP. 

Work with the commander, deputy commander, and chief of staff to integrate army indirect fires 
and joint fires into the concept of operations. 

Develop, recommend, and brief the scheme of fires to the corps or division commander, and 
prepare the fires paragraph of all OPLANs or OPORDs. 

Coordinate training of force subordinate organization fires cells with their respective maneuver 
units and with the field artillery battalions. 

Accompany the force commander, when required, in the command group during execution of 
tactical operations. 


DEPUTY FIRE SUPPORT COORDINATOR 


3-37. The DFSCOORD provides the latest status of fire support resources and finalizes the attack guidance 
formulated by the commander and the FSCOORD. The deputy fire support coordinator duties include: 


3-6 


Coordinate the functions of the targeting working group. 
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Recommend target priorities for acquisition and engagement based on target value analysis and 
war gaming. 

Recommend to the chief of staff methods of engagement for targets. 

Support the other members of the targeting working group, develop the HPTL, AGM, and BDA 
requirements. 

Develop timeliness and accuracy guidelines for the target selection standards for use by the 
FAIO and the fires cell with the plans and operations officer. 


Assist the EW officer to develop targets for electronic attack. 


Monitor changes in the situation and reassess the HPTL, AGM, timeliness and accuracy 
guidelines of the target selection standards, and BDA requirements. 


Synchronize timing of engagement with the operations officer and subordinate units. 

Coordinate support for subordinate unit’s engagement requirements. 

Coordinate suppression of enemy air defenses, and joint air attack team. 

Receive BDA and, with the intelligence officer and operations officer, determine if an attack 
resulted in the desired effects or if additional attacks are required. 

Ensure target nominations meet validation review for integration on the joint integrated 
prioritized target list. 


FIELD ARTILLERY INTELLIGENCE OFFICER 


3-38. The FAIOs duties include: 


Collocate with the intelligence staff particularly the collection manager and all-source analysis 
section. 

Provide the intelligence section with information on the targeting requirement that must be met 
for successful target attack. 


Expedite targeting information from the ACE to the fires cell. 


Monitor the enemy situation and keep the deputy fire support coordinator informed. Recommend 
changes to priorities and attack means. 

Provide input concerning the threat, target selection standards, attack guidance, and list of HPT 
types. 

Supervise or conduct weaponeering when applicable. 

Supervise or conduct collateral damage estimation when applicable. 

Provide information to the intelligence cell regarding accuracy requirements and timeliness of 
information for the fire support system. 

Ensure essential target information is compared to target selection standards prior to passing a 
target to the fires cell. 

Advise the FSCOORD or DFSCOORD when changes in the situation warrant reassessment of 
the HPTL and AGM. 


CORPS AND DIVISION TARGETING OFFICER 


3-39. The corps and division targeting officer's duties include: 


7 May 2015 


Advise and keep the deputy fire support coordinator informed on issues concerning targeting and 
fire support. 

Participate as a member of the targeting working group at corps or division. 

Help determine the HPTL. 

Supervise or conduct target coordinate mensuration when applicable. 

Conduct munitions effects analysis (weaponeering) when applicable. 

Supervise or conduct collateral damage estimation when applicable. 

Interface with the fires cell in subordinate units. 

Keep the FAIO informed on changes to the HPTL. 
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Pass targets received from the FAIO to engagement systems in the most expedient manner. 


INTELLIGENCE OPERATIONS OFFICER 


3-40. The intelligence operations officer's actions follow: 


Maintain the target database. 


Evaluate and analyze combat information with the FAIO to identify HVTs and recommend 
HPTs. 


Apply the criteria for timeliness and accuracy from the target selection standards. 
Report HPTs to the FAIO. 
Recommend NAI and TAI to the intelligence officer to support targeting. 


Coordinate with the collection manager to ensure adequate intelligence collection to support 
targeting. 


ELECTRONIC WARFARE OFFICER 


3-41. The EW officer integrates the electronic attack in targeting and integrates electronic attack 
information requirements into the OPLAN, OPORD, and other planning products. The EW officer plans 
and coordinates electromagnetic activities. The EW officer interfaces between division and higher 
headquarters, the joint force air component command, multinational forces, and other components. The EW 


officer: 

e Assists in coordinating electronic attack, electronic protection, and electronic support. 

e Recommends to the commander’s staff whether to engage a target with an electronic attack. 

e@ Determines the electromagnetic requirements against specific HPT. 

e Ensures electronic attacks meet the desired effect for targeting objective. 

e Coordinates EW support and electronic attacks with the signals intelligence collection manager. 

e Provides electronic attack requirements for airborne electronic attacks through the TACP. 

e Serves as the jamming control authority for ground or airborne electronic attack. 

e Coordinates with the DFSCOORD to integrate electromagnetic activities into targeting. 

e Coordinates with the DFSCOORD or fire support officer to prepare the fires annex for the 
OPLAN and OPORD. 

e Coordinates, prepares, and maintains the EW target list, electronic attack tasking, and requests. 

e Identifies opportunities for effective targeting using electronic attacks. 

e Assists the operations officer in coordinating EW requirements and tasking with the intelligence 
officer, military intelligence unit commander, and other agencies as required. 

e Coordinates with the signal staff officer to deconflict frequencies and the joint restricted 
frequency list with EW targets. 
Determines and requests theater army electronic attack support. 
Expedites electromagnetic activities reports to the targeting working group. 

ENGINEER OFFICER 
3-42. The engineer officer's actions are as follow: 

e Advise on the obstacle and barrier plan. 

e Advise on engagement of targets with scatterable mines. 

e Template potential HPT (mechanical breaching and minelayers). 

e Assist in developing time-phase lines on the decision support templates and describe the effects 
of terrain on maneuver. 

e Develop HPTL, AGM, and BDA requirements with other members of targeting working group. 

e Recommend HPTs, NAIs and TAIs to support the employment of artillery scatterable mines in 


support of obstacles. 
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Advises on environmental issues and coordinates with other members to determine the impact of 
operations on the environment. 


PSYCHOLOGICAL OPERATIONS OFFICER 


3-43. The psychological operations officer’s responsibilities include: 


Advise the commander and unit staff on military information support operations. 
Identify potential targets such as HPTs to be influenced. 
Provide input to the command targeting guidance. 


Coordinate MISO-focused targeting with relevant sections such as fires, information operations, 
civil affairs, and the deception officer. 


Conduct planning. 
Evaluate MISO effectiveness with the intelligence directorate of a joint staff. 


CIVIL AFFAIRS REPRESENTATIVE 


3-44. The civil affairs operations staff officer: 


e Advise on the effects of friendly operations on the civilian populace. 

e Produce input to the restricted target list. 

e Coordinate and provide situational awareness of the civil components to IPB and targeting. 
PROVOST MARSHAL 


3-45. The provost marshal provides a critical understanding of the criminal environment, develops linkages 
between criminal actors, establishing critical correlations in time and space, or identifying trends and 
patterns in criminal activity that contributes to the targeting process, enabling selection and prioritization of 
crime and criminal targets. The provost marshals duties include: 


e Develop police intelligence products that enable targeting. 
e Fuse police intelligence products within mission, regulatory, and policy constraints with the G-2. 
e Identify high-payoff criminal targets and timelines for recommended engagement. 
e Identify military police and U.S. Army criminal investigators (as required) for participation as 
part of the physical attack. 
OTHER PERSONNEL 
3-46. During certain operations, personnel and agencies that will support targeting could include the 
following: 
e Staff judge advocate. 
e  Air-naval gunfire liaison company representative. 
e State Department and other United States government and non-governmental agencies. 
e ALO. 
e Chaplain. 
e Civil affairs officer. 
e Surgeon. 
e Public affairs officer. 
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Chapter 4 
Brigade Targeting 


Targeting at the brigade level and below is generally not as formal as at higher 
headquarters. The targeting decisions at a higher headquarters affect targeting decisions at 
subordinate headquarters. The brigade staff uses the targeting products of the division to 
coordinate and integrate targeting actions of the brigade. Brigade targeting addresses 
targets assigned to the brigade by division and the employment of assets under brigade 
control. The high-payoff target list (HPTL) at brigade and below is necessarily more 
detailed and focused. They provide the information the sensor or observer and a weapon 
system require to identify and attack high-payoff targets (HPT). 


SECTION I- FUNCTIONS 


4-1. Targeting functions at brigade and below include: 
e Develop the HPTL to include collection and attack triggers. 
Establish target selection standards. 
Nominate targets to higher headquarters. 
Synchronize the information collection plan. 
Synchronize maneuver and fire support. 
Integrate counter-mobility, mobility, and survivability operations. 
Receive and evaluate BDA. 


Develop and synchronize the information collection plan with targeting (Focus on positioning 
observers early). 


SECTION IIl- PLANNING 


4-2. The brigade and battalion FSOs establishes a reasonable cutoff time for submitting routine changes to the 
target list before the start of combat operations. Targeting is a continuous and cyclic process, and emergency and 
critically important changes are accommodated when necessary. However, the time for routine changes must be 
limited to allow time to finalize, disseminate, and rehearse the fire support plan. 


4-3. Targeting functions at task force level rely heavily on the targeting products from the brigade combat team 
(BCT). The targeting working group must understand both the BCT and Task Force commander's targeting 
guidance, to include: 


e Criteria for attack and engagement. 
e HPTs and the conditions under which HPT attacks are launched. 
e Constraints applied during each phase of the battle. 


4-4. The targeting working group must know: 
e@ What targets are planned in the task force area of operations? 
@ What responsibilities the team has for brigade targets? 
e@ What targeting detection and delivery assets are allocated to the task force? 


SECTION Ill- TARGETING WORKING GROUP 


4-5. Figure 4-1 on page 4-2 shows targeting working group sessions must be effectively integrated into the 
brigade battle rhythm and nested within the higher headquarters targeting cycle to ensure that targeting focuses, 
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rather than disrupt operations. Thus, task organization changes, modifications to the information collection plan, 
target nominations that exceed organic capabilities, air support requests, and changes to the HPTL and specified 
fire support, information operations, and electronic warfare (EW) tasks all must be made with full awareness of 
time available to prepare and execute. This cycle is a continuous process for the working group throughout the 
battle. 


CP HUDOLE 
TARGETING 
WORKING GROUP 


COR's UPDATE TARGETING 
SYNCHRONIZATION BOARD 


MEETING 


BRIGADE 


ioe 
CONFERENCE CALL RHYTHM CONFERENCE CALL 


COR's UPDATE 
SYNCHRONIZATION 
MEETING 


Legend: 6CT — Brigade Combat Team, CP — Command Post, CDR - Commander 


Figure 4-1. Brigade battle rhythm (example) 


4-6. The timing of targeting working group sessions is critical. While the time-focus for brigade level sessions 
of the targeting working group is normally 24 to 36 hours out, the brigade employment of reachback assets and 
certain targeting decisions, such as target nominations and air support requests, must be planned in advance and in 
conjunction with the division, corps, theater Army, and the joint air tasking cycle. For these reasons, the BCT 
targeting focus is 24, 48, and 72 hours. However, commanders must choose a targeting cycle based on the pace of 
operations. The brigade FSO also schedules internal fires cell targeting meetings so fire support, information 
operations, and EW activities related target nominations arrive within the BCT and higher echelon target 
nomination windows. 


4-7. The number and frequency of targeting working group meetings varies based on the battle rhythm and the 
commander’s guidance. A preliminary session facilitated by the fires cell ensures the effects of fires and meet the 
brigade commander’s guidance and intent. The brigade FSO, fires cell planners, and targeting working group 
assess ongoing targeting efforts, and ensure air support requests with target nominations are processed through 
higher headquarters to meet division, corps, theater Army, and joint task force targeting timelines. The second 
session is generally more formal than the first and is focused on updating the commander, gaining new guidance, 
and obtaining approval of planned and proposed targeting actions. Targeting working group sessions should be the 
minimum length required to present targeting information, situation updates, provide recommendations, and 
obtain decisions. 


BRIGADE TARGETING WORKING GROUP MEMBERSHIP 


4-8. The targeting working group is a grouping of predetermined staff representatives involved with targeting 
who meet to provide analysis, coordination, updating, and synchronization of the targeting process, and provide 
recommendations to the targeting board. 


4-9. Assembling the targeting working group brings various members of the brigade staff together to 
synchronize the targeting process and obtain approval for any changes to the targeting products. The targeting 
working group focuses and synchronizes the brigade’s combat power and resources toward targeting and engaging 
high-payoff targets. The targeting working group usually includes: 
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Brigade fire support officer (leads the working group). 

Brigade operations officer. 

Brigade intelligence officer. 

Brigade information operations officer. 

Air defense airspace management and brigade aviation element representative. 
Fires cell targeting officers. 

Field artillery battalion operations and intelligence representatives. 


Fires cell representatives from the maneuver battalions, the reconnaissance squadron, and the brigade 
engineer battalion (if available). 


ALO or TACP representative. 
Electronic Warfare Officer or EW representative. 
Cyber electromagnetic activities representative. 


4-10. Additional staff personnel may provide relevant information and recommendations to the commander, 
operations officer, or FSO as necessary. 


BRIGADE TARGETING BOARD MEMBERSHIP 


4-11. A board is a grouping of predetermined staff representatives with delegated decision authority for a 
particular purpose or function (FM 6-0). The targeting board is a temporary grouping of selected staff 
representatives with delegated decision authority to provide targeting decision recommendations for command 
approval. When the process or activity being synchronized requires command approval, a board is the appropriate 
forum. The targeting board usually includes: 


Brigade executive officer (chairs the board). 

Brigade operations officer. 

Brigade intelligence officer. 

FSCOORD. 

Brigade FSO. 

Air defense airspace management and brigade aviation element officer. 
Fires cell targeting officers. 

Brigade Judge Advocate. 


4-12. Additional staff personnel may be present and provide relevant information and recommendations to the 
commander, S-3, FSCOORD, or FSO as necessary. 


BRIGADE KEY PERSONNEL TARGETING RESPONSIBILITIES 


4-13. The following provides a brief overview of targeting-specific responsibilities for selected brigade targeting 
working group and targeting board members. 


Brigade Commander 


4-14. The brigade commander provides command guidance. He defines the mission and objectives, concept of 
the operation and his intent; assigns missions; and task organizes. The commander’s intent focuses and drives the 
targeting process. 


Brigade Executive Officer 


4-15. The brigade executive officer is the commander’s principal staff leader. He directs, coordinates, supervises, 
trains, and synchronizes the work of the staff, ensuring efficient and prompt staff actions and acts as chair of the 
targeting board. The commander normally delegates executive management authority to the executive officer for 
the coordinating and special staff. These decisions often include modifications to targeting products. His decisions 
normally include approving or modifying: 


HPTL refinements. 
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e Targeting synchronization matrix. 
e = Air interdiction and CAS nomination(s) or the refinement of those previously submitted. 
e@ Measures of performance (MOP) and measures of effectiveness (MOE). 


Brigade Intelligence Officer (S-2) 


4-16. The S-2 is responsible for preparing the information collection plan and maintaining information on the 
current enemy situation. He provides assessment of possible enemy actions, provides analyses, and identifies 
targets based on the BCT commander’s guidance. Specific targeting responsibilities include: 


e Developing target arrays. 

Providing enemy capabilities and projected courses of action. 

Providing IPB products to the targeting working group and targeting board. 

Developing high-value targets (HVT). 

Determining with the brigade targeting officer which HPTs can be acquired with organic assets. 


Developing support requests for acquiring high-payoff targets beyond the capabilities of organic 
assets. 


e Coordinating the collection and dissemination of targeting information with the targeting officers in 
the fires cell. 


Developing and supervising implementation of the information collection plan. 
Advising the operations officer about assessment collection capabilities. 
e Coordinating with the brigade FSO for indirect fires to support the information collection plan. 


Brigade Operations Officer 


4-17. The operations officer’s targeting responsibilities include acting as alternate chair of the targeting board. 
His specific targeting responsibilities include: 
e Working with the intelligence officer and brigade FSO to prioritize the HPTL before approval by the 
commander. 
Determining the targets to be engaged immediately and desired effects. 
Coordinating and integrating target engagement with maneuver operations. 
Providing a detailed interpretation of the commander’s concept of the operation. 
Providing guidance about which targets are most important to the commander. 
Deciding when and where targets should be engaged. 
Periodically reassessing the HPTL, targeting synchronization matrix, MOP and MOE with the 
brigade FSO and intelligence officer. 
e Determining with the brigade FSO and intelligence officer if desired effects have been achieved and 
if additional engagements are required. 


Fire Support Coordinator 


4-18. The Brigade’s field artillery battalion commander is the FSCOORD. He is the brigade commander’s 
primary advisor on integrating all lethal and nonlethal effects in support of brigade operations. 


Brigade Fire Support Officer 


4-19. The brigade FSO finalizes the engagement guidance formulated by the brigade commander and 
FSCOORD and leads the targeting working group. His targeting specific actions are: 


e Coordinating and integrating targeting actions and execution. 
e Ensuring all aspects of targeting are addressed and understood during targeting. 


e Developing, maintaining, and updating targeting products including HPTL, targeting synchronization 
matrix, sensor-shooter matrix, MOP, and MOE for lethal and nonlethal effects. Conducting 
engagement assessment in conjunction with the intelligence officer and operations officer. 
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e Establishing target refinement standards to facilitate completion of the fire support plan prior to 
execution. 

e Consolidating target refinements and planned targets from subordinate and supporting unit FSOs and 
fires cells and resolving duplications. 

e Providing target refinement to higher headquarters for established division, corps and theater army 
targets. 

e Coordinating requests for additional fire support from subordinate and supporting unit fire support 
officers and fires cells. 
Coordinating support for subordinate unit attack requirements. 

e Receiving assessment reports and, with the intelligence officer and operations officer, determining to 
what extent the desired effects were achieved. 

e Formulating the re-attack recommendation. 
Ensuring target nominations are validated and processed and updated to support the air tasking order 
(ATO). 

e Coordinating with the ALO on use of tactical air assets. 

Targeting Officers 


4-20. The targeting officer in the fires cell facilitates the exchange of information among the military intelligence 
company’s analysis and control team, brigade intelligence officer, subordinate and supporting unit fires cells, and 
other staff members as required. His responsibilities are similar to the field artillery intelligence officer at the 
division and corps. His targeting duties include: 


Helping the brigade intelligence officer to develop the information collection and target acquisition 
plans. 


Helping to provide staff supervision of target acquisition assets organic to, attached to, or under 
operational control of the BCT. 


Coordinating with the brigade intelligence officer for target acquisition coverage and processing of 
HPTs. 


Producing the targeting synchronization matrix for target acquisition assets supporting the BCT. 


Developing, recommending, and disseminating the MOP, and MOE to subordinate and supporting 
elements. 


Developing, recommending and disseminating approved fire support tasks to subordinate and 
supporting elements. 


Coordinating and distributing the restricted target list in coordination with the brigade FSO. 


Engineer Officer 


4-21. The BCT engineer’s targeting responsibilities include: 


Providing technical information on enemy engineer units or equipment that are potential HPT 
nominations, to include their relative location within the area of operations. 


Providing technical information on the employment of scatterable mines. 
Providing ATO nominations for tactical air-emplaced scatterable mines. 


Updating the engineer portion of the intelligence update based on new information on enemy 
engineer units, activities, or obstacles (known or templated) based on results of reconnaissance and 
surveillance. 

Coordinating with the geospatial engineer team for tailored terrain visualization products to support 
targeting decisions. 

Providing input to the restricted target list based on environmental considerations. 


Electronic Warfare Officer 


4-22. The electronic warfare officer’s targeting, responsibilities include: 
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decimal _ .453 x 78.2 = common = 453 5 782 
fraction fraction 1000 10 
354246 
10000 


35.4246 


Note: The key is that the number of digits following the 
decimal point in the answer is the sum of the digits 
following the decimal points in the multiplier and 
the multiplicand. This leads us to the general rule 
for multiplication of decimals: Ignore the decimal 
points and multiply as though the multiplier and 
multiplicand were integers. Then locate the decimal 
point in the product to the left as many places as 
there are to the right of the decimal points in the 
multiplier and multiplicand. 


(2) Power of ten. This operation is used enough to warrant 
special comment. By doing enough examples, you can 
discover for yourself what happens to the decimal point 
when you multiply by 10, 100, 1000, etc., or by .1, .0O1, 


-001, etc. 
10 x 7 = 70 1000 x .5891 = 589.1 
100 x 94 = 9400 10,000 x 9.8556 = 98556 


Note: When multiplying by a power of ten, the decimal point 
is moved to the right as many places as there are 
zeros in the multiplier. Another aspect of 
multiplying by powers of ten is multiplying by .1, 
-01, .001, etc., which are negative powers of ten. 
This operation is opposite in effect to the one just 


described. 
-01 x 153 = 1.53 -0001 x 13.28 = .001328 
-001 xX 348.2 = .3482 -O1 x .0177 = .000177 
Note: The effect here is to move the decimal point to the 


left as many places as there are decimal places (not 
zeros) in the multiplier. 


As mentioned, this operation occurs frequently and you 
can save time by recognizing the problem and moving the 
decimal point without multiplying. Practice this and be 
confident in it and you will save time in computations. 
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Assisting the intelligence officer with the electronic attack and the electronic warfare support portion 
of IPB; identifying threat electronic attack capabilities and targets. 


Recommending electronic attack methods of target engagement; assisting the targeting working 
group in determining electronic attack requirements against specific HPTs. 


Ensuring electronic attack can meet the BCT commander’s desired effects. 


Planning and coordinating taskings and requests to satisfy electronic attack and electronic warfare 
support requirements. 


Coordinating with the signals intelligence staff element through the collection manager to satisfy 
electronic attack and electronic warfare support information collection requirements. 


Recommending to the operations officer and brigade FSO whether to engage a target with electronic 
attack. 


Expediting electromagnetic interference reports to the targeting working group and targeting board. 


Psychological Operations Noncommissioned Officer 


4-23. The psychological operations noncommissioned officer targeting responsibilities include: 


Specifying targets during the target nomination process and recommending them to the targeting 
working group and the targeting board. 


Providing assessments of the effectiveness of MISO activities. 

Identifying targets to avoid. 

Coordinating MISO targeting with deception. 

Coordinating with other MISO units in the area of operations. 

Providing MISO-related information and intelligence requests and PIRs for inclusion in targeting. 


Civil Affairs Operations Staff Officer 


4-24. The battalion or brigade civil affairs operations officer (S-9) targeting responsibilities include: 


Providing advice on the affects of friendly actions on the civilian populace. 
Producing input to the restricted target list. 
Providing assessments of the effectiveness of civil affairs operations and civil-military operations. 


Brigade Judge Advocate 


4-25. The brigade judge advocate’s targeting responsibilities include: 


Providing advice on the impact of the rules of engagement on targeting. 
Providing advice on law of war impacts on targeting. 


Brigade Provost Marshal 


4-26. The provost marshal provides a critical understanding of the criminal environment, develops linkages 
between criminal actors, establishing critical correlations in time and space, or identifying trends and patterns in 
criminal activity that contributes to the targeting process, enabling selection and prioritization of crime and criminal 


targets. 


Liaison Officers 


4-27. Liaison officer targeting responsibilities include: 


Addressing concerns of their respective commanders. Submitting and explaining the significance of 
target nominations to support their respective unit’s operations. 


Providing feedback to their respective commanders on which targets are added to the HPTL and how 
they are synchronized with the information collection plan. 


Providing feedback to their commanders on target nominations made to higher headquarters. 


Informing their respective units or organizations of higher level targets that fall into unit’s or 
organization’s area of operations along with the tasking and coordination measures involved. 
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e Providing the brigade with required targeting information from their respective subordinate or 
supporting units and vice versa. 


SECTION IV- BRIGADE FIRES CELL 


4-28. The fires cell is the centerpiece of the brigade targeting architecture, and is focused on both lethal and 
nonlethal effects. The targeting working group brings together representatives of all staff sections. It coordinates 
and synchronizes the contributions of the entire staff to the work of the fires cell. The fires cell coordinates with 
the brigade legal section for legal reviews of plans, targeting and orders. Primary targeting functions of the fires 
cell includes the following: 


e Working with the information officer, S-9, public affairs officer, and brigade judge advocate to 
integrate appropriate aspects of information related capabilities into brigade targeting. 


e Providing information to the operations officer for coordinating the tasking of sensors during 
development of the information collection plan with the brigade intelligence officer, the military 
intelligence company commander (as needed), and the reconnaissance squadron to acquire targets. 


e@ Managing brigade targeting and facilitating the targeting working group. 
Coordinating clearance for attacks against targets (clearance of fires). 
Coordinating assessment. 


LETHAL AND NONLETHAL EFFECTS ELEMENTS 


4-29. An element is a component of a cell. An element is normally collocated with its parent cell but may operate 
within another CP cell. The lethal and nonlethal effects elements plan lethal and nonlethal effects for future 
brigade operations and targeting. The brigade main CP facilitates collaboration of lethal and nonlethal effects with 
the other warfighting functions through the targeting working group. The lethal and nonlethal effects elements 
prepare inputs and products used in targeting. The lethal and nonlethal effects elements prepare recommendations 
for the brigade targeting working group sessions and implement the resulting decisions. Leveraging the 
reconnaissance and surveillance assets available to the main CP, the elements plan and synchronize the fires and 
nonlethal effects of brigade operations. Targeting functions of the lethal and nonlethal effects elements include: 


e Providing lethal fires input to the information collection plan. 

e Providing nonlethal effects input to the information collection plan. 

e Developing inputs to the no-strike list and identifying FSCMs. 

e Developing and refining targeting guidance for each COA. 

e Developing target criteria for input into computer systems for each COA. 
e 


Producing the HPTL, targeting synchronization matrix and lethal effects tasks for the brigade 
OPLAN or OPORD. 


Preparing products for the targeting working group. 
Developing MOP and MOE for brigade assessment. 
Implementing targeting guidance. 

Updating and purging targeting files. 


LETHAL AND NONLETHAL EFFECTS ELEMENTS PERSONNEL AND THEIR RESPONSIBILITIES 


Assistant Brigade Fire Support Officer 


4-30. The assistant brigade FSO assists the brigade FSO and performs the brigade FSO’s duties in his absence. 
The assistant brigade FSO assists in developing all targeting products used by the targeting working group to 
include the HPTL. 


4-31. Once the HPTL is approved, the assistant brigade FSO ensures that fire planning and fire support requests 
are processed according to the brigade commander's guidance. The assistant brigade FSO ensures that the field 
artillery battalion and task force FSOs receive all approved targeting products. 
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Targeting Officers 


4-32. The brigade targeting officers serve as advisors to the brigade commander, FSCOORD, brigade FSO, and 
the brigade staff on all targeting matters. 


4-33. Targeting officers work with the plans section, brigade FSO, and the targeting working group throughout 
the operations process to determine which targets need to be engaged and the desired effects for each engagement 
in order to achieve the commander’s intent. These individuals produce the targeting and assessment guidance to 
be distributed with the brigade OPLAN or OPORD. The targeting officers develop the: 

e HPTL. 

e Targeting synchronization matrix. 

e Targeting related MOP and MOE for brigade assessment. 


4-34. The targeting officers collect, analyze, process, produce, and disseminate targeting information and 
products. The targeting officers provide counterfire guidance, and radar deployment instructions to the organic 
field artillery battalion S-2. 


4-35. The brigade acquisition systems and assets available through reach-back are critical to locating HPTs for 
attack. The targeting officers assist in collateral damage estimation recommendations for the brigade commander 
and staff. 


4-36. The role of the targeting officer is similar to the functioning of the FAIO. In this capacity, these individuals 
help the S-2 and the brigade’s FSO determine specific target vulnerabilities. The targeting officer, in coordination 
with the brigade FSO, consolidates and distributes the target list, restricted target list, and no-strike list. During 
operations, these individuals monitor compliances with the restrictions and report incidents where the restrictions 
may have been violated. 


4-37. The targeting officers provide recommendations to the targeting working group on updating targeting 
priorities. These individuals prepare products for the targeting working group as directed by the brigade FSO. 
They direct updating and purging of targeting files as required. The targeting officers ensure that interoperability 
is maintained with collection assets of the brigade. 


4-38. The targeting officers provide the targeting experience to conduct 24 hour brigade operations and targeting 
expertise in both the lethal and nonlethal effects elements and deploy to a tactical CP if necessary. 


Fires Cell Operations Sergeant 


4-39. The fires cell operations sergeant is the senior enlisted assistant to the brigade FSO. This individual must 
understand and actively participate in the MDMP and production of the OPLAN or OPORD. The operations 
sergeant serves as shift leader in the fires cell; either at the main CP or tactical CP. Major responsibilities include 
the following: 


e Ensuring that the fires cell is fully manned for 24 hour operations and all of its equipment is fully 
functional. 


Ensuring the training of subordinate unit fires cell personnel. 
Ensuring the subordinate unit fires cells adhere to brigade standard operating procedures. 
Coordinating support to subordinate units. 


Performing fires cell digital network management and troubleshooting to ensure internal and external 
connectivity. 


Supervising the enlisted personnel in the fires cell and processing administrative matters pertaining 
to the fires cell. 


Managing fires cell situational understanding input to brigade common operational picture. 
Preparing required reports in accordance with brigade standard operating procedures. 
Maintaining files and documents. 

Developing and enforcing the fires cell standard operating procedures. 
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Fire Support Sergeants 


4-40. The fire support sergeants function as enlisted assistants to the brigade FSO and the assistant brigade FSO. 
The fire support noncommissioned officers assist the shift leaders as needed in either the lethal or nonlethal 
effects elements to enable 24 hour operations. 


Targeting Noncommissioned Officers 
4-41. The targeting noncommissioned officers together with the targeting officers provide a 24-hour capability 
to plan and coordinate targeting operations. Their primary targeting responsibilities include: 
e@ Operating and maintaining the targeting computer systems. 
Maintaining the targeting common operational picture display. 
Maintaining the target production display. 
Updating and purging targeting files as directed by the targeting officers. 
Ensuring voice and digital connectivity within and outside of the fires cell. 


Fire Support Specialists 
4-42. Fire support specialists work under the supervision of the fire support operations noncommissioned officer. 
They support the lethal and nonlethal effects elements as directed. Their primary targeting responsibilities include: 
e Supporting the development of targeting products as directed by the targeting officers. 


OTHER MEMBERS OF THE TARGETING TEAM 


4-43. Other nonlethal effects targeting team members include the information officer, electronic attack officer, 
military information support operations officer, civil affairs officer, public affairs officer, and brigade judge 
advocate. 


Information Operations Officer 

4-44. The information operations officer is responsible for the planning, the coordination, the integration, and 

the synchronization of information related capabilities for the brigade. Primary targeting responsibilities include: 

Advising the BCT commander and staff on all aspects of information operations. 

Ensuring that information operations are integrated into targeting. 

Coordinating aspects of information operations with the fires cell nonlethal effects element. 

Maintaining friendly information situational awareness and providing relevant information to the 

BCT common operational picture. 

e Identifying gaps in information necessary for planning, execution, and assessment of effects on 
selected audiences to support operations. 


Electronic Warfare Officer 
4-45. The electronic warfare officer provides the necessary electronic warfare (EW) subject matter expertise to 
support targeting, execution, and assessment for all BCT EW operations. Targeting responsibilities include: 
e Requesting and obtaining intelligence reports and identifying enemy intelligence targets. 


e Prioritizing electronic warfare effects and targets with the fire support officer by recommending 
electronic attack objectives in developing high priority targets. 


e Nominating targets for electronic attacks. 
e Developing electronic attacks related to MOP and MOE for BCT assessment. 


Coordinating with the reconnaissance squadron for disruption of the enemy using electronic attack 
operations. 


e Recommending electronic attack employments for inclusion into the targeting synchronization 
matrix. 


e Recommending electronic attack objectives and synchronize reconnaissance squadron operations. 
Identifying and deconflicting potential conflicts of electromagnetic spectrum use by EW assets. 
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Deciding what EW tasks are essential to the success of future operations. 
Focusing where assets are deployed to detect HPT. 
Deciding whether the intended effect achieved by electronic attack was successful or not. 


Providing electronic warfare support derived tactical targeting information to the fire support officer. 
For more information see ATP 3-36. 


Psychological Operations Sergeant 


4-46. The psychological operations sergeant provides the necessary subject matter expertise to support targeting, 
execution, and assessment for all brigade-level information related capabilities. Targeting responsibilities include: 


e Developing and recommending supporting MISO objectives and potential targets to the brigade 
commander. 


e Developing, related MOP and MOE, and monitoring the effectiveness of MISO for brigade 
assessment. 


Coordinating with public affairs regarding mitigating the effects of adversary information. 
Coordinating messages and actions to achieve psychological effects. 

Establishing voice and digital linkage with attached MISO units. 

Coordinating resources for attached MISO units. 


Civil Affairs Officer 


4-47. The civil affairs officer (S-9) assists the S-2 and S-3 with visualization and description of the area of 
operations by refining and describing the operational variables with a population focused approach. The S-9 helps 
in the integration of civil affairs operations, an information-related capability. Civil affairs operations complement 
information operations and facilitate mission accomplishment by enhancing the relationship between the civilian 
populace and the overall force. The brigade S-9 provides civil affairs expertise for the planning, coordinating, and 
the monitoring of civil affairs operations in the brigade area of operations. This by definition includes populace 
and resource control (including noncombatant evacuation operations and dislocated civilian operations), foreign 
humanitarian assistance, civil information management, nation assistance, and support to civil administration. The 
S-9 identifies civilian considerations during targeting. These actions help minimize civilian interference on 
brigade tactical operations and identify effects of military operations on the civilian population. The S-9 
complements targeting by: 

e Directing civil affairs forces to perform tasks to minimize the negative impact of military operations 
on civilian populations and to mitigate the level of interference by civilians during combat 
operations. 

e Assisting in the development of the plans, the policies, and the programs that are needed to deconflict 
civilian activities with military operations within the brigade area of operations. This can include 
displaced civilian operations and populace and resources control measures. 

e Advising the brigade commander on obligations incurred from the long and short term effects 
(economic, environmental, and health) of brigade operations on civilian populations. 

e Conducting, coordinating, and integrating civil affairs operations in support of the targeting working 
group. 

Integrating civil affairs objectives with brigade HPTs. 
e Developing civil affairs related MOP and MOE for brigade assessment. 


e Advising the BCT commander and staff on protection of culturally significant property and facilities 
(religious building, shrines and consecrated places, museums, monuments, art, archives and 
libraries). 

e Conducting engagements with key civilian authorities and leaders in the brigade area of operations. 


Public Affairs Officer 


4-48. The BCT public affairs officer roles include—serving as the principle adviser to the commander and staff 
for media engagement and conducting media operations. Public affairs officer has a legal responsibility to 
factually and accurately inform various publics—domestic and foreign without intent to propagandize or change 
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behavior. The public affairs officer plans and executes Soldier and community outreach both foreign and 
domestic. The public affairs officer and staff provide training and support to stability operations in coordination 
with the S-9 and civil affairs staff in the fires cell nonlethal effects element. 


Brigade Legal Section 


4-49. The brigade legal section includes at least two judge advocates—the brigade judge advocate and the trial 
counsel—and the brigade senior paralegal noncommissioned officer. The brigade legal section has a presence in 
the main CP to_support the lethal and nonlethal effects elements. The section is deployable forward in whole or in 
part as directed by the brigade judge advocate. The legal team provides legal advice during the MDMP and all 
other planning and targeting working group sessions conducted by the brigade staff. The members of the brigade 
legal section serve as subject matter experts on rules of engagement, targeting, international law, and law of war 
(including treatment of detainees, civilians on the battlefield, and other noncombatants) and all other legal aspects 
of brigade operations. 


OTHER JOINT AND ARMY AUGMENTATION TO THE FIRES CELL 


4-50. Joint and Army augmentation is essential to brigade operations. In addition to the Air Force TACP, other 
joint augmentation includes liaison officers to plan and coordinate naval surface fire support and Marine Corps 
support. 


Tactical Air Control Party 


4-51. An Air Force TACP is collocated with the fires cell at the brigade main CP. The mission of the brigade 
TACP is to plan, coordinate, and direct air support for land forces. The air component ALO advises the brigade 
commander and staff on air support for brigade operations. The ALO leverages the expertise of the TACP with 
linkages to the division and corps TACP to plan, to coordinate, to synchronize, and to execute air support 
operations. The TACP maintains situational understanding of the total air support picture. For more information 
on the TACP see FM 3-52. 


Naval Surface Fire Support Liaison Officer 


4-52. The naval surface fire support liaison officer supervises a naval surface fire support team that may be 
attached to the brigade fires cell and coordinates and controls naval surface fires. The brigade naval surface fire 
support team communicates on the division, corps, or theater Army naval surface fire support high frequency net 
to gain naval surface fires. This net is also used for daily planning between the brigade, division, corps, and 
theater Army. For more information see FM 3-09. 


United States Marine Corps Liaison Officer 


4-53. A Marine Corps liaison officer (may also be a liaison team) may augment the fires cell based on the 
mission variables of mission, enemy, terrain and weather, troops and support available, time available, civil 
considerations to coordinate naval and Marine Corps air support to the brigade. The fires cell processes requests 
for Navy and Marine Corps air support through this liaison officer or team. A firepower control team may be 
attached to the maneuver battalions or reconnaissance squadron to perform terminal control of Navy and Marine 
Corps air support. In the absence of an observer from the firepower control team, the company fire support team 
or the Air Force joint terminal attack controller may control naval and Marine Corps air. For more information see 
FM 3-09. 


BATTALION FIRES CELL AND TARGETING PERSONNEL 


4-54. Fire support organizations in the maneuver battalions and the reconnaissance squadron support their 
respective commanders but work closely with the brigade fires cell. The maneuver battalions and the 
reconnaissance squadron are each supported by a fires cell and each have an Air Force TACP. The fire support 
teams participate in targeting by nominating and refining targeting. For more information of fire support teams see 
ATP 3-09.30 and FM 3-09. 
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BATTALION FIRES CELL PERSONNEL 


Battalion Fires Cell 


4-55. The battalion fires cell provides targeting and fire support coordination capability to the maneuver 
battalion, reconnaissance squadron, and the brigade engineer battalion. 


Battalion Fire Support Officer 


4-56. The battalion FSO is responsible for advising the battalion commander on targeting fire support matters. 
FSO targeting responsibilities include: 


Making recommendations for integrating battalion mortars into the scheme of fires. 
Supervising all functions of the battalion fires cell. 

Preparing and disseminating the fire support execution matrix and the fire support plan. 
Conducting bottom up refinement of targets for the brigade and battalion fire support plans. 
Coordinating with the TACP on CAS missions and for terminal control personnel. 


Providing coordination channels to the brigade fires cell nonlethal effects element for information 
operations or other fires related support. 


Translating the commander’s intent into engagement guidance. 
Disseminating the approved target list and execution matrix to subordinate elements. 
Recommending appropriate changes in the target list and attack guidance when required. 


Battalion Assistant Fire Support Officer 


4-57. The battalion assistant FSO acts as the battalion FSO in the fire support officer’s absence. The assistant 
FSO interfaces with the battalion intelligence officer and provides the intelligence officer and the battalion FSO 
with information on the vulnerabilities of targets. The vulnerabilities of targets consist of specific requirements for 
accuracy of target location assurance, level of target description, and duration the target may be considered viable 
for attack by fire support systems. The targeting responsibilities of the assistant FSO include: 


Developing, recommending to the commander, and disseminating the AGM to subordinate elements; 
recommending changes in attack guidance. 

Determining, recommending, and processing HPTs and targets of opportunity to the brigade fires 
cell. 

Coordinating with the battalion or squadron intelligence officer for target acquisition coverage and 
processing of battalion HPTs. 

Producing a target selection standards matrix for target acquisition assets with the battalion 
intelligence officer. 


Battalion Targeting Officer 


4-58. The battalion targeting officer is located at the FA battalion and supervises the counterfire operations 
section and the target processing element within the battalion CP. The targeting officer serves as the battalion 
counterfire officer. The targeting officer may be moved to the brigade CP to man the counterfire cell if brigade is 
designated the counterfire headquarters. The responsibilities of the targeting officer include: 


4-12 


Advising the commander on acquisition system employment, capabilities, and limitations. 
Performing predictive analysis of enemy fire support locations. 
Assisting in the integration of intelligence and other war-fighting functions. 


Assisting the intelligence war-fighting function with the integration of reconnaissance and 
surveillance collection assets. 


Assisting in target production by developing the HPTL, AGM, and target selection standards. 
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Fire Support and Targeting Noncommissioned Officers 


4-59. The fire support and targeting noncommissioned officers together with the assistant FSO and fire support 
sergeant provide a 24 hour capability to plan and coordinate targeting operations. Their primary responsibilities 
include the following: 


Operating and maintaining the targeting computer systems. 
Maintaining the targeting common operational picture display. 
Maintaining the target production display. 

Updating and purging targeting files as directed by the targeting officer. 


Ensuring targets that are acquired are processed to the appropriate fire support assets in accordance 
with the targeting synchronization matrix. 


Fire Support Sergeant 


4-60. The battalion fire support sergeant is the enlisted assistant to both the battalion FSO and assistant FSO. His 
targeting responsibilities include maintaining and updating targeting products and any other duties directed by the 


FSO. 


Air Force Tactical Air Control Party 


4-61. The Air Force liaison element to the battalion is identified as the TACP. The TACP primary mission is to 
advise the battalion commander on the capabilities and limitations of air power and assist the ground effort in 
planning, requesting, and coordinating CAS. The TACP has a joint terminal attack controller who is capable and 
authorized to perform terminal attack control of CAS for the battalion. 


SECTION V- PREPARING AND CONDUCTING TARGETING WORKING GROUP 


SYNCHRONIZATON 


PREPARING FOR TARGETING WORKING GROUP SESSIONS 


4-62. Preparation and focus are keys to success of the brigade targeting working group and targeting board. Each 
representative must come to each session prepared to discuss available assets, capabilities, limitations and BDA 
requirements related to their staff area or warfighting function. This means participants must conduct detailed 
analysis of the situation and be prepared to provide input and information. This preparation must be focused on 
the brigade commander’s intent and a solid understanding of the current situation. 


4-63. The brigade S-3 must be prepared to provide: 


Current friendly situation. 

Maneuver assets available. 

Current combat power. 

Requirements from higher headquarters (including recent fragmentary orders or taskings). 
Changes to the commander’s intent. 

Changes to existing fire support tasks. 

Changes to the task organization. 

Planned operations. 


4-64. The brigade intelligence officer must be prepared to provide: 


Current enemy situation. 
Current information collection plan. 
Planned enemy courses of action (situation template) tailored to the time period discussed. 


Reconnaissance, surveillance and target acquisition collection assets available and those the 
intelligence officer must request from higher headquarters. 


4-65. The brigade FSO must be prepared to provide: 


Fire support assets and resources available. 
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e Proposed HPTL and targeting synchronization matrix for the time period discussed. 


4-66. The specific situation dictates the extent of the remaining targeting working group or targeting board 
member’s participation. Members discuss in detail (within their own warfighting functional or staff section area) 
available assets and capabilities, the integration of their assets into targeting decisions, and the capabilities and 
limitations of enemy assets. The following tools should be available to facilitate the conduct of the targeting 
working group and targeting board: HPTL, consolidated matrices (for example, targeting synchronization matrix), 
or other product(s) per standard operating procedures, a list of delivery assets and resources, and a list of 
collection assets and resources. For example: 

e The targeting synchronization matrix visually illustrates the HPTs and is designed to list specific 
targets with locations, in each category. The matrix has entries to identify if a target is covered by a 
NAI; the specific detect, deliver, and assess assets for each target; and engagement guidance. Once 
completed, the targeting synchronization matrix serves as a basis for updating the information 
collection plan and issuing a fragmentary order once the targeting working group and targeting board 
concludes their sessions. In addition, the targeting synchronization matrix facilitates the distribution 
of results produced by the targeting working group and targeting board. 

e A list of all potential detection and delivery resources available to the brigade helps all attendees 
visualize what assets may be available for detection and delivery purposes. It is essential that 
targeting working group and targeting board members be prepared to discuss the potential 
contribution for the particular assets within their respective staff area or warfighting function. 


CONDUCTING THE TARGETING WORKING GROUP SESSION 


Brigade Fire Support Officer Responsibilities 


4-67. The brigade FSO leads the targeting working group. The FSO is responsible for keeping the brigade 
targeting working group focused. He is the arbitrator for disagreements that arise (unless the brigade executive 
officer is present) and ensures that all participants are actively involved, are staying on track with the stated 
purpose and agenda. 


Staff Participation 


4-68. Maximum participation by the staff is essential. Staff members and warfighting function representatives 
must share their expertise and respective running estimate information on the capabilities and limitations of both 
friendly and enemy systems. They should also consider providing redundant means, if feasible, to detect, deliver, 
and assess targets. 


Targeting Working Group Typical Agenda 


4-69. The brigade FSO should open the session by conducting a roll call, detailing its purpose, the agenda, and 
specifying the time period or event being discussed at the session. The session may be scheduled and tailored to 
support the ATO cycle or a specific operation. 


4-70. The following agenda (table 4-1) provides information covered by core targeting working group members. 
The agenda helps to validate the targeting working group visualization. The visualization allows the commanders 
to develop their intent and planning guidance for the operation. 


4-14 ATP 3-60 7 May 2015 


Brigade Targeting 


Table 4-1. Targeting working group agenda (example) 


AGENDA 


Intelligence Representative ‘Weather >! ; 
*Enemy situation and decision points (event template) 


*BDA for targets engaged since the last session 
*Analysis of enemy most likely and dangerous courses of action for the next 24-72 hrs. 
*Recommended changes to PIRs. 
*Briefs information collection plan. 
Operations Representative *New requirements from higher headquarters. 
«Summarizes current situation. 
*Provides status of combat power. 
«Commander's guidance and intent. 
¢Planned operations during the focus period. 
Brigade Targeting Officer or Fires | *Briefs current targeting products including the high-payoff target list, attack guidance matrix, 
Cell Representative target selection standards, targeting synchronization matrix and fire support tasks. 
Status of fire support assets. 
eApproved preplanned air requests and targets planned for the next two ATO cycles. 
*Proposed high-payoff target list with target locations for concurrence and approval. 


*Recommends, in conjunction with the ALO, changes to working preplanned air requests. 
«Briefs high-payoff targets that have been attacked and associated BDA. 
*Provides radar status and active radar zones. 


*Briefs counterfire situation. 


ALO eAdvises on the employment of air assets. 
*Recommends, in conjunction with the brigade fire support officer, changes to working 
planned air requests. 


IO representative *Provides assessment of information related capabilities 
*eRecommends new-related targets. 


* Advises on employment of MISO. 

* Provides assessment of effects. 

*Recommends targets, and messages and actions for psychological effect. 
*Briefs brigade electronic attack plan. 


Others as required *Brigade judge advocate, psychological operations sergeant, civil affairs officer, liaison 
officers and others provide amplification as required. 


ALO-air liaison officer ATO-air tasking order BDA-battle damage assessment 1lO-information operations 
MISO-military information support operations PIR-priority intelligence requirement 


4-71. The intelligence officer provides an intelligence update. He briefs the current enemy situational and event 
templates, current HVTs with locations, the commander’s critical information requirements, NAI, and an 
overview of the current information collection plan. He provides BDA on targets previously engaged since the last 
session of the targeting working group and the impact on the enemy COA. Most importantly, he prepares a 
predictive analysis of the future enemy COA for the next 24-72 hours using the event template and a list of HVTs. 
Finally, he briefs changes to the commander’s critical information requirements for review by the staff. The 
intelligence officer’s products must be tailored to the designated time period to be discussed at the session but 
generally include: 


e The enemy situation. 
e Review of the current information collection plans. 


e BDA of targets engaged since the last session of the targeting working group or targeting board and 
the impact on the enemy COA. 


e Ananalysis of the enemy’s most probable COA and locations for the next 24 to 36 hours (possibly 
projecting out 72 hours for targets subject to attack through ATO nominations). 


e Recommended changes to the PIRs for the commander’s approval (if the commander is present), or 
review by the staff. 


4-72. The operations officer or his representative discusses any particular guidance from the commander, 
changes to the commander's intent, and any changes since the last session of the targeting working group or 
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dad. Division of decimals. Four things will be discussed: 

general division of decimals, division by powers of ten, reducing 
a common fraction to a decimal fraction, and rounding off. Let's 
take a look at them. 


(1) General division of decimals. Here, as in the other 
discussions, the purpose is not to teach you an 
operation, but to give you some insight into why the 
decimal point is moved, or not moved, in dividing 
decimals. You learned earlier in this lesson that 
multiplication of a decimal by a power of ten has the 
effect of moving the decimal to the right. This in 
effect is what is done in division of decimals. If the 
divisor can be transformed into a whole number, the 
division can be accomplished in the same manner as 
division of integers. Two things are done without 
actually naming them as such. First, the divisor is 
actually being multiplied by some power of ten when the 
decimal is moved to the right to make it a whole number. 
Second, Since the divisor and dividend can be considered 
as the numerator and denominator of a fraction, if the 
denominator (divisor) is multiplied by some number, then 
the numerator (dividend) must be multiplied by the same 
number in order not to change the value of the fraction. 
For example: 


3.6 [45.75 


To make 3.6 a whole number, the decimal point is moved 
one place to the right which is the effect of multiplying 
by 10. The same thing must be done to the dividend as 
was done to the divisor: 


36. [457.5 


Various methods are used to show that the decimal point 
has been moved. The most common one is illustrated. 


-153 |7.62 


-153. [7.620. 


17> ft 17> Tt 
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targeting board to include task organization, requirements from higher headquarters to include recent fragmentary 
orders and taskings, current combat power, the current situation of subordinate units, planned operations, and 
maneuver assets and resources available. Finally, he informs the staff of the status of assets and resources 
available for the targeting process. The operations officer’s products must be tailored to the designated time 
period to be discussed at the session but generally include a friendly situation update that: 

e Briefs any new requirements from higher headquarters since the last targeting working group or 
targeting board session. 
Summarizes the current tactical situation. 
Informs on the status of available assets and resources (combat power). 
Briefs any particular guidance from the commander and changes to his intent. 


Briefs planned operations during the period covered by the targeting working group or targeting 
board session. 


4-73. The targeting officer or fires cell representative briefs fire support assets available including status of fire 
support tasks, radars, CAS sorties available, status of naval surface fire support, ammunition availability, HPTL, 
target selection standards, AGM, and targeting synchronization matrix. 


4-74. The brigade fire support officer reviews approved planned air requests (alternatively, this may be briefed 
by the Air Force ALO) for the period covered by the session and those planned for the next two ATO cycles— 
normally done in 24-hour increments. In coordination with the Air Force ALO, he also recommends changes to 
the working planned air requests and nominations for the planning cycle. He provides proposed targeting guidance 
for the designated periods, and a new targeting synchronization matrix with the proposed list of high-payoff 
targets and locations, for the staffs' concurrence and refinement. 


SUBSEQUENT ACTIONS 


4-75. Upon completion of the targeting working group session, targeting products are updated, written, and 
prepared for the targeting board. Targeting working group products include: 
e The updated HPTL, AGM, and target selection standards. These, with data from the information 
collection plan, may be combined into a unit-specific targeting synchronization matrix. 
e Updated information collection plan. The S-2 reorients his acquisition assets and updates and 
disseminates the information collection plan. 


CONDUCT OF THE TARGETING BOARD 


4-76. The targeting board is a formal meeting to gain the commander’s decision on the recommendations of the 
targeting working group. The targeting board follows the same agenda as the targeting working group and is 
chaired by the BCT commander, or his designated representative. The targeting board should be nested with the 
higher headquarters targeting cycle. 


4-77. At the completion of the targeting board the approved targeting products are disseminated to the 
subordinate units. The targeting products include: 
e The approved HPTL, AGM, and target selection standards. These, with data from the information 
collection plan, may be combined into a unit-specific targeting synchronization matrix. 
e Approved information collection plan. The S-2 reorients his acquisition assets and updates and 
disseminates the information collection plan. 
e Tasks to subordinate units and assets. The S-3 should prepare and issue a fragmentary order to 
subordinate elements to execute the planned attack and assessment of targets developed by the 
targeting working group and targeting board. 


4-78. Targeting is continuous and cyclical. The staff obtains the commander’s approval and then prepares 
fragmentary orders with new tasks to subordinate units as needed. 
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SYNCHRONIZATION 


4-79. Synchronization is the arrangement of military actions in time, space, and purpose to produce maximum 
effect relative to combat power at a decisive time and place (JP 2-0). 


4-80. The key to effective synchronization of targeting is the thorough use of targeting in the planning, 
preparation, and execution of the maneuver plan. As the commander and staff form the operations plan during 
war gaming: the decision support template is developed. It is the key to synchronizing the fire support plan with 
the scheme of maneuver. The war gaming facilitates the BCT commander’s staff decision support template 
development. It also identifies critical fire support triggers on the battlefield and is an aid in synchronizing the 
warfighting functions. The war gaming process identifies the decision points for the commander. The decision 
support template graphically portrays the decision points and the options available to the commander if an action 
occurs. The decision support template provides the information required to provide effective fires in support of the 
maneuver force. 


4-81. Units must define how, when, with what restrictions, and in what priority to engage different targets. At 
task force level, the battalion FSO prepares the fire support execution matrix. The battalion FSO coordinates with 
the company FSO and mortar platoon leader. In conjunction with the task force S-3, the battalion FSO positions 
and controls the organic mortars of the task force. With the S-2, the FSO positions and controls observation assets. 
This coordination is needed to ensure the fire support plan meets the commander’s guidance and avoids unplanned 
duplication. The fire support plan each FSO and forward observer is responsible for during execution may include 
amplifying information such as: 

e Field Artillery organization for combat. 
Ammunition available. 
Delivery asset locations. 
FSCMs and restrictions. 
Coordinating instructions. 
HPTs and attack guidance. 
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Appendix A 
Find, Fix, Track, Target, Engage and Assess 


Dynamic targeting is targeting that prosecutes targets identified too late, or not selected for 
action in time to be included in deliberate targeting (JP 3-60). Dynamic targeting occurs 
during detect, deliver and assess functions of the D3A methodology and the joint targeting 
cycle phase 5: mission planning and execution. A target of opportunity may emerge, or a 
change in the situation may necessitate a change to a planned target. These targets still require 
confirmation, verification, validation, and authorization, but in a shorter timeframe than 
deliberate targeting allows. 


Dynamic targeting is primarily designed to attack TSTs and high-payoff targets (HPT). Time 
sensitive targets should not be confused with sensitive targets. A target may be both time- 
sensitive due to posing an immediate threat and sensitive depending on engagement option. 
Lower priority targets are normally not worth redirecting assets from previous planned or 
assigned missions. 


The process developed to facilitate dynamic targeting at the joint level is— find, fix, track, 
target, engage, and assess (F2T2EA). While the steps are listed in the order presented to ease 
explanation, several steps are accomplished simultaneously and overlapped. For example, the 
track step frequently continues through the completion of the assess step. 


FIND 


A-1. The find step of F2T2EA involves intelligence collection based on joint intelligence preparation of 
the operational environment, the Army uses IPB. Traditional intelligence, surveillance, and reconnaissance 
(ISR) assets, as well as nontraditional assets, may provide initial detection of an entity. 


A-2. Each entity is immediately evaluated as a potential target. Based on the situation and the 
commander’s guidance, some entities are clearly identified not a target. Other entities may be clearly 
identified as a target already included in targeting. The remaining entities display some characteristics of a 
target, but need more analysis to categorize them properly. These entities requiring further analysis are 
called emerging targets. 


EMERGING TARGET 


A-3. The term “emerging target” is used to describe a detection that meets sufficient criteria to be 
developed as a potential target using dynamic targeting. The criticality and time sensitivity of an emerging 
target, and its probability of being a potential target, is initially undetermined. Emerging targets normally 
require further reconnaissance and analysis to develop, confirm, and continue dynamic targeting. Figure A- 
1 on page A-2 shows the find step determination and follow on actions. 


A-4. During the find step, an emerging target will be: 


e Designated a probable target or identified as a TST and the dynamic targeting process is 
continued. 


Designated a probable target not requiring dynamic targeting and passed to deliberate targeting. 
Discarded completely or entered on the no-strike list. 
e Analyzed until a determination can be made (that is, continuing the find step). 
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Determination Follow-on actions 


Probable target or time- 
sensitive target requiring 
dynamic targeting 


Enter probable target in collaborative tools 
fix, track, and target 


Probable target not requiring Pass to deliberate targeting process 
dynamic targeting 


Emerging 
target 


Not a target Discard or enter on no-strike list 


Unknown Continue find phase 


Figure A-1. Find step determination and follow-on actions 


A-5. Sometimes the entire dynamic targeting process can occur within the span of a few minutes. For 
example an attack helicopter returning from a mission detects and identifies an emerging target, and 
determines it to be a potential target. The aircraft commander relays the information to higher and receives 
approval to engage the target. 


A-6. In this example, find and fix steps are completed nearly simultaneously without the need for 
traditional reconnaissance. The aircraft commander continues to track the target during an abbreviated 
coordination and approval process. The entity is targeted, engaged, and an initial assessment is conducted 
by the same system that initially detected the target. 


INPUTS 


A-7. Inputs to the find step: 
e Clearly delineated joint force commander (JFC) dynamic targeting guidance and priorities. 


e Focused joint intelligence preparation of the operational environment to include identified 
named areas of interest, TAI, and cross cueing of intelligence disciplines to identify potential 
target deployment sites or operational environments. (The Army still uses IPB). 


e Collection plans based on the joint intelligence preparation of the operational environment. 


OUTPUTS 


A-8. Outputs of the find step: 
e Potential targets detected and nominated for further development within dynamic targeting. 


FIX 


A-9. The fix step of F2T2EA includes actions to determine the location of the probable target. This step 
also results in a positive identification of a probable target as worthy of engagement as well as determining 
its position and other data with sufficient fidelity to permit engagement. 


A-10. The fix step begins after a probable target requiring dynamic targeting is detected. When a probable 
target is identified, sensors are focused to confirm target identification and accurate location. This may 
require diverting assets from other uses. The collection manager may have to make a recommendation on 
whether the diversion of reconnaissance assets from the established collection plan is merited. The S-3 
decides if the collection, correlation, and fusing of data confirms that the target meets the criteria to be 
classified as a TST or other target requiring dynamic targeting. 


A-11. Completing the fix step in a timely manner requires reconnaissance and surveillance with the 
capability to identify stationary and mobile targets, day or night, in any weather conditions, through all 
forms of terrain, camouflage, or concealment, to the degree of accuracy required by the engaging asset. 
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A-12. An unanticipated or unplanned target may be identified during the fix step, requiring JFC 
confirmation and classification as a TST. The determination or estimation of the target’s window of 
vulnerability defines the timeliness required for successful prosecution, and influences the required 
prioritization of assets and the risk assessment. TSTs receive the highest priority in dynamic targeting. 


INPUTS 


A-13. Inputs to the fix step: 
e Probable targets requiring dynamic targeting. 
e Sensor information on the target. 


OUTPUTS 


A-14. Outputs of the fix step: 
e Target identification, classification, and confirmation. 
e Target location accuracy refined to the level required for target engagement. 
e Determination or estimation of target time characteristics. 


TRACK 


A-15. During the track step, the target is observed and its activity and movement are monitored. Once the 
target is located and identified, maintain observation until an engagement decision is made and executed. 


A-16. The track step of F2T2EA begins once a definite fix is obtained on the target and ends when the 
engagement results in the desired effect upon the target. Some targets may require continuous tracking 
upon initial detection as an emerging target. Sensors may be coordinated to maintain situational awareness 
or track continuity. Target windows of vulnerability should be updated when warranted. Relative priorities 
for information requirements are based on JFC guidance and objectives. If track continuity is lost, the fix 
step will likely have to be recompleted (and potentially the find step as well). 


INPUTS 


A-17. Inputs to the track step: 
e Confirmed target. 
e Target location and plot of movement (if applicable). 


OUTPUTS 


A-18. Outputs of the track step: 
e Track continuity maintained on a target by appropriate sensor or combination of sensors. 
e Sensor prioritization. 
e Updates to target window of vulnerability. 


TARGET 


A-19. The target step takes an identified, classified, located, and prioritized target; finalizes the desired 
effect and applicable weaponeering solution against it to include obtaining required approval to engage. 
The target step can be time consuming due to the large number of requirements that must be satisfied. 
Timely decisions are more likely if target step actions can be initiated or completed in parallel with other 
steps. 


A-20. The target step of F2T2EA begins with target validation. Operations personnel ensure that an 
engagement on the target complies with guidance, the law of war, and the rules of engagement. The target 
step matches available engagement and sensor assets against the desired effect. The target is weaponeered, 
engagement options are formulated, a recommendation is nominated, an option is selected to affect the 
target, and assessment requirements are submitted. Restrictions are resolved and the actions against the 
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target are coordinated and deconflicted. Risk assessment is performed before asset selection. An asset is 
selected for engaging the target and assessment requirements are submitted. 


INPUTS 


A-21. Inputs to the target step: 
e Identified, classified, located, and prioritized target. 


e Restrictions for consideration are— collateral damage estimation guidance, weapons of mass 
destruction, consequences of execution, law of war, rules of engagement, no-strike list, and 
restricted target list, component boundaries, and FSCMs. 


e Situational awareness on available assets from all components. 


OUTPUTS 


A-22. Outputs of the target step: 

e The desired effect is validated. 

e Target data finalized in a format useable by the system that will engage it. 
e Asset deconfliction and target area clearance considerations are resolved. 
© 


Engagement authority (decision) in accordance with JFC and Service components commander’s 
guidance. 


e Assessment collection requirements are submitted. 


e Consequence of execution prediction and assessment for weapons of mass destruction targets is 
performed. 


ENGAGE 


A-23. During the engage step of F2T2EA, the targets are confirmed as hostile and action is taken against 
the target. 


A-24. The engagement is ordered and transmitted to the system selected to engage it. Engagement orders 
must be transmitted to, received by, and understood by those engaging the target. The engagement is 
managed and monitored by the engaging component and the desired result is successful action against the 
target. 


INPUTS 


A-25. Inputs to the engage step: 
e Engagement authority decision. 
e Selected engagement option. 
e Combat identification prior to and throughout target engagement. 


OUTPUTS 


A-26. Outputs of the engage step: 
e Issuing and passing of the engagement order. 
e Lethal or Nonlethal means against target. 
e Engagement direction and control. 


ASSESS 


A-27. The assess step of F2T2EA is the same as the assessment phase of D3A and the joint targeting cycle 
phase 6. Both examine the results of the target engagement and the results of both must be integrated to 
provide the overall combat assessment. 
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A-28. During the assess step, information is collected about the results of the engagement to determine 
whether the desired effects were achieved. TST or other HPT may require an immediate assessment to 
provide quick results and to allow for expeditious re-attack recommendations. 


INPUTS 
A-29. Inputs to the assess step: 
e Assessment requests matched against desired effects or engagement system. 
OUTPUTS 


A-30. Outputs of the assess step: 
e Confirmed engagement. 


e Estimated or confirmed engagement results to decision makers in a timely manner. 
e Re-attack recommendations. 
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Appendix B 
Find, Fix, Finish, Exploit, Analyze, and Disseminate 


Find, fix, finish, exploit, analyze, and disseminate (F3EAD) provides maneuver 
leaders at all levels with a methodology that enables them to organize resources and 
array forces across the range of military operations. While the targeting aspect of 
F3EAD is consistent with decide, detect, deliver, and assess D3A methodology, 
F3EAD provides the maneuver commander an additional tool to address certain 
targeting challenges, particularly those found in a counterinsurgency environment. 
F3EAD is not a replacement for D3A nor is it exclusive to targeting; rather it is a 
technique that works at all levels for leaders to understand their operational 
environment and visualize the effects they want to achieve. 


In counterinsurgency operations, engaging targets with nonlethal effects are 
frequently more important than engaging targets with lethal effects, and F3EAD is 
equally applicable for both. Effective targeting identifies options to support the 
commander’s intent and objectives. For nonlethal effects, those options may include 
civil-military operations, cyber electromagnetic activities, information operations, 
MISO, and political, economic, and social programs. Engaging targets with lethal 
effects are most typically designed to kill. 


F3EAD is especially well suited and is the primary means for engaging high-value 
individuals (HVI). A high-value individual is a person of interest who is identified, 
surveilled, tracked, influenced, or engaged. A HVI may become a high-payoff 
target that must be acquired and successfully attacked (exploited, captured, or killed) 
for the success of the friendly commander’s mission. In this role, F3EAD features 
massed, persistent reconnaissance, or surveillance cued to a powerful and 
decentralized all source intelligence apparatus to find a HVI in the midst of civilian 
clutter and find his exact location. This accurate location enables surgical finishing 
effects (lethal or nonlethal) that emphasize speed to catch a mobile target. The 
emphasis on speed is not only to remove a combatant from the area of operations, but 
also to take the opportunity to gain more information on the threat enemy advisory. 
The exploit and analyze steps are often the main effort of F3EAD because these steps 
provide insight into the enemy’s network and may open new targeting efforts. The 
information accumulated during the exploit and analyze steps frequently starts the 
cycle over again by providing leads, or start points into the network that can be 
observed and tracked. 


THE PROCESS WITHIN THE PROCESS 


B-1. To gain an understanding of the F3EAD process, it is instructive to see how F3EAD is used within 
D3A and can begin during any phase of D3A methodology. The process still begins with a decide function 
in which decisions are made on priorities and the allocation of resources. The decide step is performed 
continuously, and requires extensive, persistent analytical work by operations and intelligence personnel. 
They analyze large quantities of all-source intelligence reporting to determine the: 


e Threat validity. 

e Actual importance of potential targets. 

e Best means to engage the target. 

e Expected effects of engaging the targets (which will guide actions to mitigate negative effects). 
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(2) 


(3) 


Note that a zero was added to the dividend which means 
the same as multiplying by 1000. Remember also that the 
decimal point in the quotient (answer) will be directly 
above the new location of the decimal point in the 
dividend. The reason for this can be shown several ways. 
One is to recall the rules for multiplication of 
decimals. For example in this problem: 


-186 


2.9.].5.394 
tot Lot 


To check the answer you must multiply the quotient times 
the divisor. This should equal the dividend. [In this 
case .186 x 29 = 5.394. By working several examples, you 
can prove to yourself that the decimal point truly ends 
up in the correct place when it is placed directly over 
the one in the dividend. 


Powers of ten. Division by a power of ten is the inverse 
of multiplying by powers of 10. Where multiplying had an 
increasing or upgrading effect, division has a decreasing 
or downgrading effect. Consequently, division will cause 
the decimal point to "move" in the opposite direction or 
to the left. 


Note several examples: 


5.8637 


217,000 + 1000 = 217 586.37 + 100 


32,000 + 10 = 3200 19.79 + 1000 = .01979 


The generalization for division by a power of ten is that 
it has the effect of moving the decimal point in the 
dividend a number of places to the left equal to the 
number of zeros in the divisor. 


Reducing a common fraction to a decimal fraction. Recall 


that earlier in the study unit it was mentioned that 
there was another way of reducing a common fraction to a 
decimal fraction. As mentioned, this method involved 
division of decimals. Now that this has been discussed, 
this much-used method may be covered. Since a common 
fraction is actually a division of the numerator by the 
denominator, this is what is done: 
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e Changes required to the exploitation plan. 


B-2. As figure B-1 indicates, the detect function is broken into two parts — find and fix. During the find 
step, the HVI is identified and the target’s network is mapped and analyzed. During the fix step a specific 
location and time to engage the HVI is identified and the validity of the target is confirmed. 


HVI targeting process F3EAD within D3A 


Commander’s Targeting Guidance 


« Reattack recommendation ; 
* Provides insight into the enemy network * Identify HVI 
* Offers new lines of operations * Identify desired effect 


+ Provides leads or start po! * Establish priority 
¢ Assign collection assets 


¢ Assign finish assets 


¢ Target exploitation 

¢ Document exploitation 
¢ Site exploitation 

¢ Detainees 


LB Confirm probable HVI 
C Fx) ¢ Focus sensors 
al ¢ Locate 
¢ Determine time available 
Maintain track 
« Launch mission * Maintain HV! identification 
* Capture * Refine location 


* Kill ¢ Update time available 


Legend: 
D3A — decide, detect, deliver, and assess F3EAD — find, fix, finish, exploit, analyze, and disseminate 
HVI - high-value individual 


Figure B-1. High-value individual targeting process 


B-3. In counterinsurgency operations, the target sets often will include HVI that require special care or 
caution in treatment because failure to engage them or to engage them improperly can lead to adverse 
consequences. As a result, the find step may take a considerable amount of time from days to even weeks 
as targets are identified and the target’s network is mapped and analyzed. 


B-4. The finish step of F3EAD mirrors the deliver function of D3A when the action planned against the 
target is initiated and completed. Where the finish step differs from the deliver function in D3A is the 
nature of the means the commander will apply against identified target sets. In addition to systems typically 
associated with delivering effects in the D3A methodology, means used by a maneuver commander in 
counterinsurgency operations can include actions such as sniper, counter sniper, tactical callout, vehicle 
interdiction, and small ambush teams. 


B-5. The exploit, analyze, and disseminate steps amplify the assess function. The engaging unit takes the 
opportunity to gather additional information during the exploit step, determines the implications and 
relevance of the information during the analyze step, and publishes the results during the disseminate step. 


B-6. It is important to remember that targeting is conducted continuously. For any given target, the 
process tends to follow the flow depicted in figure B-1. At any given time however, a unit may be at the 
find step for some targets, the exploit step for several other targets, and at the fix, finish, analyze, or 
disseminate step for still other targets. Similarly, the unit may disseminate information pertaining to the 
location of a target prior to the finish step or exploit step. Generally, the process will follow the depicted 
flow, do not let the process restrict what needs to happen next. 
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FIND 


B-7. Collection plans that support the F3EAD process are, driven by the requirement for time 
compression. IPB and area situational awareness collection are an ongoing effort. Once an insurgent cell or 
HV1 is identified, the targeting folder must be quickly developed. After the targeting folder is approved for 
collection, very specific information on possible engagement locations must be collected quickly without 
alerting the HVI. This requires layering of collection efforts and assets. 


B-8. HVI targeting will most often be conducted in counterinsurgency operations where the enemy 
frequently hides among the civilian population. Persistent and high fidelity intelligence is often the key to 
defeating a threat whose primary strength is denying friendly forces access to a target. 


B-9. Reconnaissance and surveillance assets are most effective against such enemies when massed. The 
insurgent’s ability to hide in plain sight demands persistent collection in order to detect his presence. 
Persistent collection requires long dwell times and must be focused using multiple sensors on discrete parts 
of the network in order to achieve the fidelity of information required for targeting. 


B-10. The effectiveness of reconnaissance and surveillance grows exponentially when it is cued to and 
driven by other sources of intelligence rather than operating alone. The enemy is so well hidden that it takes 
multiple sources of intelligence to corroborate information. Signals intelligence for example, can locate a 
target but may not be able to discern who it is. An airborne sensor with full motion video can track but not 
necessarily identify the target. Human intelligence can provide intent but may not be able to fix a target to a 
accurate location. However, these disciplines working together are able to focus the spotlight on a HVI who 
is hidden in the general population. Without a robust, collaborative intelligence network to guide it, sensors 
are often used in reactive modes that negate their true power and tend to minimize their full potential. 
These intelligence sources provide a start point into the enemy network that can be exploited through 
persistent and patient observation. With this type of start point, one can mass reconnaissance forces with 
confidence that assets are not being wasted. 


B-11. Massing intelligence resources implies focus and priority. Selected parts of the enemy’s network 
receive focus, which should be unwavering for a specified time. The problem with a low-contrast and 
fleeting target is that threat actions are not easily predictable. Without prediction, the next best things are 
redundancy and saturation. The inability to mass employment of collection assets over a large geographic 
area often results in a loss of effectiveness. 


B-12. One technique that is critical to improve effectiveness against an insurgent is nodal analysis (or link 
analysis). Insurgent networks do not exist in a vacuum. They interact with supporters in the population and, 
less directly with their supporters buried in the power structure. An HVI may interact with key leaders in 
politics, security, the economy, and real estate, as well as the general population. 


B-13. Life pattern analysis is connecting the relationships between places and people by tracking their 
patterns of life. While the enemy moves from point to point, reconnaissance or surveillance tracks and 
notes every location and person visited. Connections between those sites and persons to the target are built, 
and nodes in the enemy’s network emerge. Link analysis and life pattern analysis identify these 
relationships in order to complete the targeting folder. To be effective, there must be sufficient intelligence 
on the network the HVI belongs to in order to know the effect of his removal. Just because he is the cell 
leader may not be a good enough reason to target him. How will the cell be degraded by his removal? How 
long will it take to replace him? 


B-14. This analysis has the effect of revealing the HVI’s physical infrastructure for things such as funding, 
meetings, headquarters, media outlets, and weapons supply points. As a result, the network becomes more 
visible and vulnerable. Nodal analysis uses the initial start point to generate additional start points that 
develop even more targeting opportunities within the enemy’s network. The payoff of this analysis is huge 
but requires patience to allow the network’s picture to develop over a long period of time. 


B-15. Networks are notably resistant to the loss of any one or even several nodes. The focus of targeting is 
not just to identify an individual who is a leader in the network. Instead, it is to identify the critical leader 
whose removal will cause the most damage to the network. The ultimate success is to remove sufficient 
critical nodes simultaneously—or nearly so—such that the network cannot automatically reroute 
linkages, but suffers catastrophic failure. 
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INPUTS 


B-16. Inputs to the find step: 
@ Commander’s guidance and priorities. 


e IPB, to include identified NAI, TAI, and cross cueing of intelligence disciplines to identify 
potential target sites or operational environments. 


Life pattern analysis. 
e Collection plans based on the IPB. 


OUTPUTS 


B-17. Outputs of the find step: 
e Potential HVI detected and nominated for further development. 
e Targeting folders. 
e HVI network identified and analyzed. 


FIX 


B-18. The continued collection effort paints a picture of the HVI. The intelligence staff officer can draw 
broad behavior patterns that will focus the specific collection requirements from analysis of the 
intelligence. The information harvested from the focused and persistent collection reveals the life patterns 
of the HVI including overnight locations, daily routes, visitations, and trustworthy associates. National and 
unit intelligence assets then corroborate the life patterns. As the details are filled in, it becomes possible to 
anticipate where the HVI is most likely to spend time or visit. 


B-19. Maintaining persistent, continuous intelligence support is particularly hard at lower echelons of 
command and small units where intelligence assets are less available than at the brigade and higher 
echelons. At lower-echelon units, it is important for the command to establish intelligence support teams 
with personnel who know the targets and are trained in the unit SOPs for sensor preparation and briefings, 
patrol debriefings, data collection, and able to fuse this information with the unit’s operational plan to 
finish the target. 


B-20. As the probable location of the HVI target is narrowed to a few sites, the unit is able to identify 
feasible courses of action and begin refining the planned actions of the finish force. At some point the 
information leads the unit to determine a HVI target is likely to be a specific location (Fix) at a specific 
time or within a specific time frame. Depending on the accuracy and reliability of the information, the unit 
may chose to verify the information through other means. Once the unit is satisfied that the Fix is valid, 
they may chose to launch the finish force. 


INPUTS 


B-21. Inputs to the fix step: 
e Probable HVI. 
e Information on the target and the target’s network. 


OUTPUTS 


B-22. Outputs of the fix step: 
e Target identification and confirmation. 
e Target location accuracy refined to the level required for target engagement. 
e Determination or estimation of target time characteristics. 


FINISH 


B-23. The window of opportunity to engage the target requires a well-trained and rehearsed finish force and 
a well-developed SOP. The force will normally not have the time to create elaborate plans. Instead, the 
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force will be required to adapt a known drill to the existing conditions and rapidly execute the required 
actions, such as a raid, ambush or cordon and search. The force must also be prepared to conduct follow on 
operations based on information found during exploitation on the objective. 


INPUTS 


B-24. Inputs to the finish step: 
e HVI location within a given time frame. 


OUTPUTS 


B-25. Outputs of the finish step: 
e Target isolated and engaged. 
e Target location secured. 
e Exploitation force on site. 


EXPLOIT 


B-26. F3EAD differs from other targeting models because of its emphasis on the exploit and analyze steps 
as the main effort. This recognizes the importance of information in fighting the low contrast threat and 
aggressively supplying multisource start points for new information collection. More than the other steps, 
this feeds the intelligence operations cycle in which intelligence leads to operations that yield more 
intelligence leading to more operations. The emphasis on raids is essential to gather intelligence on the 
enemy network; simply killing the enemy will not lead to greater effectiveness against their networks. In 
fact, capturing the enemy for purposes of interrogating is normally the preferred option. 


B-27. Once secured, the target site must be exploited. Site Exploitation is as a series of activities to 
recognize, collect, process, preserve, and analyze information, personnel, and materiel found during the 
conduct of operations (JP 3-31). Effective site exploitation requires prior planning to include SOP, search 
plans, prepared site exploitation kits, and tactical questioning plans. Units must make these preparations in 
advance of the finish step in order to enable effective actions on the objective. See Army, Tactics, 
Techniques, and Procedures manual 3-90.15 for a more detailed discussion of site exploitation activities 
and enablers. 


B-28. The site exploitation team may have a variety of enablers in direct support, or it may come solely 
from the unit. In any case, they must have clear instructions on what to look for in the specific site and 
training in how to conduct the search and collection. Some units use smart cards with target specific 
information and predetermined questions. Such aids have been useful in preparing and guiding the 
exploitation teams. Some organizations prefer designated assault or exploitation units. Continual 
preparation for these type missions allows the development and refinement of SOP. 


B-29. Target exploitation and document exploitation are important operations and intelligence activities 
critical to FZEAD. Documents and pocket litter, as well as information found on computers and cell 
phones, can provide clues that analysts need to evaluate enemy organizations, capabilities, and intentions. 
The threat’s network becomes known a little more clearly by reading his email, financial records, media, 
and servers. Target and document exploitation help build the picture of the threat as a system of systems. 


B-30. The tactical questioning of detainees is crucial to revealing the threat’s network. The ability to talk to 
insurgent leaders, facilitators, and financiers about how the organization functions offers significant insight 
on how to take that organization apart. Intelligence from detainees drives operations, yielding more 
detainees for additional exploitation and intelligence. 


INPUTS 


B-31. Inputs to the exploit step: 
e Secured target location. 
e Targeted questions. 
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e Site exploitation preparation and SOP. 


OUTPUTS 


B-32. Outputs of the exploit step: 
e Documented information. 
e Detailed reports. 
e Follow on targets for immediate execution. 


ANALYZE 


B-33. The bottom line of the analyze step is to examine and evaluate information and rapidly turn it into 
actionable intelligence that can be applied to defeat the threat’s network. Some information may be 
immediately actionable, such as information providing the location of another HVI. Other information may 
need further analysis and corroboration. 


B-34. The information requires the staff to streamline operations to allow for this data to be stored, 
analyzed, recalled, and disseminated as necessary. New or additional players must be included in the 
collection and assessment process. National and theater level technical assets will also be critical and 
mechanisms to facilitate their integration must be developed. All of this will require modifications of 
existing planning mechanisms and procedures, and learning how to incorporate new sources. 


B-35. The objective is to make intelligence, not information. To do this you have to invest resources, and 
focus on preparation. The level of dedicated resources (mainly personnel) will have a direct correlation to 
the quality and quantity of developed intelligence. Too few resources result in an extrication of raw 
information effort, instead of an analytical and understanding effort. The right balance of personnel and 
resources creates a greater return; under or over resourced teams risk diminished returns. 


INPUTS 


B-36. Inputs to the analyze step: 
e Document information. 
e@ Detailed reports. 


OUTPUTS 


B-37. Outputs of the analyze step: 
e Actionable intelligence. 
e Correlated information. 
e Intelligence assessments. 


DISSEMINATE 


B-38. The Disseminate step is simple but time consuming. The goal is to make sure everyone else knows 
what you know. Even information that appears to be irrelevant may hold the key to unlocking a network for 
someone else. Fortunately, the various computer programs and networks greatly aid the dissemination 
process. 


B-39. Prioritizing the dissemination effort is essential. Some information will answer a PIR and should be 
forwarded to the requesting agency immediately. Other information may be important based on the 
operational environment. Still other information will be routine and can be handled routinely. 


INPUTS 


B-40. Inputs to the disseminate step: 
e Relevant and correlated information. 
e Actionable intelligence. 
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e Intelligence assessments. 


OUTPUTS 


B-41. Outputs of the disseminate step: 
e Databases, matrices, and assessments are updated. 
e Intelligence and information is pushed to higher, lower, and adjacent units. 
e Information is made available to everyone with a need to know. 


MEASURING SUCCESS 


B-42. Measuring success when conducting F3EAD requires analysis conducted in two stages. The first 
stage occurs immediately after the finish step and should answer questions associated directly to the target 
and its network. Examples of first stage metrics include: 


e Killed or captured insurgents. 
e Changes in insurgent patterns. 
e Captured equipment and documents. 


B-43. The second stage of analysis takes the longer view. These metrics provide the yardstick for the JFC 
to examine progress made toward meeting objectives established in the joint campaign plan to include: 


e Changes in local attitudes towards United States and Host Nation Forces to include public 
perceptions. 


e Changes in the quality or quantity of information provided by individuals or groups. 
e Changes in the economic or political situation of an area. 
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Appendix C 
Target Value Analysis Tool 


CARVER is an acronym that stands for criticality, accessibility, recuperability, 
vulnerability, effect and recognizability and is a tool used to identify and rank 
(prioritize) specific targets so that attack resources can be efficiently used. CARVER 
is a target selection and risk or vulnerability assessment used by calculating the value 
of a given potential target and the ease with which such a target could be affected. 
CARVER helps to identify targets that are vulnerable to attack and for defensive 
purposes. The CARVER matrix can indicate high risk targets that require additional 
security assets allotted to them to prevent the degradation of these assets via enemy 
assault or terrorist action. 


CARVER TOOL 


CRITICALITY 


C-1. Criticality means target value. This is the primary consideration in targeting. A target is critical when 
its destruction or damage has a significant impact on military, political, or economic operations. Targets 
within a system must be considered in relation to other elements of the target system. The value of a target 
will change as the situation develops, requiring the use of the time-sensitive methods which respond to 
changing situations. For example, when one has few locomotives, railroad bridges may be less critical as 
targets; however, safeguarding bridges may be critical to maneuvering conventional forces which require 
use of such bridges. 


ACCESSIBILITY 


C-2. A target is accessible when an operational element can reach the target with sufficient personnel and 
equipment to accomplish its mission. A target can be accessible even if it requires the assistance of 
knowledgeable insiders. This assessment entails identifying and studying critical paths that the operational 
element must take to achieve its objectives, and measuring those things that aid or impede access. 


RECOUPERABILITY 


C-3. A target's recouperability is measured in time; that is, how long will it take to replace, repair, or 
bypass the destruction of or damage to the target? Recouperability varies with the sources and type of 
targeted components and the availability of spare parts availability. 


VULNERABILITY 


C-4. A target is vulnerable if the operational element has the means and expertise to successfully attack 
the target. When determining the vulnerability of a target, the scale of the critical component needs to be 
compared with the capability of the attacking element to destroy or damage it. 


EFFECT 


C-5. The effect of a target attack is a measure of possible military, political, economic, psychological, and 
sociological impacts at the target and beyond. This is closely related to the measure of target criticality. The 
type and magnitude of given effects desired will help planners select targets and target components for 
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attack. Effect in this context addresses all significant effects, whether desired or not, that may result once 
the selected target component is attacked. Traditionally, this element has addressed the effect on the local 


population, but now there are broader considerations. 


RECOGNIZABILITY 


C-6. A target's recognizability is the degree to which it can be recognized by an operational element and 
intelligence collection and reconnaissance assets under varying conditions. Weather has an obvious and 
significant impact on visibility. Rain, snow, and ground fog may obscure observation. Road segments with 
sparse vegetation and adjacent high ground provide excellent conditions for good observation. Distance, 
light, and season must also be considered. Table C-1 is an example of a CARVER matrix tool. 


Table C-1. CARVER matrix tool 


VALUE CRITICALITY | ACCESSABILITY | RECOUPERABILITY | VULNERABILITY EFFECT RECOGNIZABILITY 
5 Loss Would Easily Extremely Definitely Have Favorable Easily 
Be Mission Accessible Difficult To The Means And | Impact On Recognized By 
Stopper Away From Replace, Long Expertise To Civilians All With No 
Security Down Time Attack Confusion 
4 Loss Would Easily Difficult To Probably Have Favorable Easily 
Reduce Accessible Replace With The Means And_ | Impact No Recognized By 
Mission Outside Long Down Time Expertise To Adverse Most With Little 
Performance (<1 Year) Attack Impact On Confusion 
Civilians 
33 Loss Would Accessible Can Be Replaced May Have The Favorable Recognized With 
Reduce In Relatively Short | Means And Impact, Some Training 
Mission Time (Months) Expertise To Some 
Performance Attack Adverse 
Impact On 
Civilians 
2 Loss May Difficult To Easily Replaced Little Capability | No Impact Hard To 
Reduce Gain Access In A Short Time To Attack On Forces Recognize 
Mission (Weeks) Adverse Confusion 
Performance Impact On Probable 
Civilians 
1 Loss Would Very Difficult Easily Replaced Very Little Unfavorable | Extremely 
Reduce To Gain In A Short Time Capability To Impact Difficult To 
Mission Access (Days) Attack Assured Recognize 
Performance Adverse Without 
Impact On Extensive 
Civilians Orientation 


C-7. For more information on how to use CARVER as a target value analysis tool see ATP 2-33.4 and 
ATP 3-05.20. 
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Example Formats and Target Reports 


The targeting products developed during the targeting process are actually tools. The 
commander, the targeting working group, supporting, and supported units use them. 
The products allow them to control and synchronize targeting in an effective and 
efficient way. There are no prescribed formats. Each unit will develop tools that work 
best for them. Factors to consider in developing formats are as follows: 


e Type and level of the command. 
Operating environment. 

Assets available. 

Missions. 

SOPs. 


Regardless of the formats used, D3A methodology must be followed. Targeting 
products can be presented in many forms. These forms may be oral presentations, 
hard copy publications, or electronic format. 


The purpose of this appendix is to provide a menu of formats and a focus on the 
targeting information and knowledge the commander and staff requires. The formats 
may be copied or modified by the targeting working group to support requirements of 
the command. 


HIGH-PAYOFF TARGET LIST 


D-1. The high-payoff target list (HPTL) in Table D-1 on page D-2 is an example of the basic format 
described in Chapter 2. 
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Q 02) [150 3 _ 4 |3.00 
2 10 4 2.8 
20 
20 
375 £85 
ce: [3.000 17 _ 20 [17.00 
8 24 20 16 0 
60 1 00 
56 100 
40 
40 


Each of these came out even (no remainder), but this is 
not always the case. In some instances, you may want to 
round off your answer to some particular decimal place. 


(4) Rounding off. If your answer does not come out even 
(there is a remainder), you will then express your 
remainder as a fraction. In division of decimals, this 
expression of the remainder may be eliminated by rounding 
off the answer to some desired decimal place. Common 
practice is to carry the division to one degree of 
accuracy more than is desired and then round off. For 
example, if the answer to a problem is 17.237 and 
accuracy to hundredths is all that is desired, the 7 may 
be eliminated. 


If the extra digit is 0, 1, 2, 3, or 4, it is usually 
dropped. If it is 5, 6, 7, 8, or 9, one is added to the 
digit to the left. Therefore, 17.237 rounded to 
hundredths would be 17.24. Some other examples are: 


original nearest nearest 
answer hundredth tenth 
36.42793 36.43 36.4 
427.6439 427.64 427.6 
-34625 ~35 4 
1.4963 1.50 1.5 


Remember the rule, 0,1,2,3, or 4 round down, and 5,6,7,8, 
or 9 round up. 
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Table D-1 High-payoff target list (example) 


Phase of the Operation — 1— Isolate the Enemy Unit 


Priority Category High-Payoff Targets 


1 Fire Suuport Artillery 


Enemy Patrol 


Enemy Operations Cell 


Insurgent Team Leader 


IED or VBIED Cell 


TARGET SELECTION STANDARDS 


D-2. Target selection standards (see the sample format in Table D-2) are usually comprised of the 
essential elements listed in the target selection standards matrix. Units may develop their own target 
selection format: 
e High-payoff target (HPT). This refers to the designated HPT that the collection manager is 
tasked to acquire. 
e TIMELINESS. Valid targets are reported to weapon systems within the designated timeliness 
criteria. 
e ACCURACY. Valid targets must be reported to the weapon system meeting the required TLE 
criteria. The criteria are the least restrictive TLE considering the capabilities of available 
weapons system. 
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Table D-2 Target selection standards matrix (example) 


Combat Outpost 200 meters 


30 minutes 150 meters 


mata io ee 


area ae ee 


Ammunition Holding Point 6 hours 200 meters 


Enemy Troops 150 meters 


ATTACK GUIDANCE MATRIX 


D-3. The AGM sample in table D-3 on page D-4 provides guidance on what HPT should be attacked and 
when and how they should be attacked. Units may develop their own AGM format. The AGM includes the 
following elements— 


e High-payoff target. The high-payoff target column is a prioritized list of HPTs by phase of the 
operation. 


@ WHEN. The WHEN column indicates the time the target should be engaged. (See the legend 
below the example.) 


HOW. This column indicates the weapon system that will engage the target. 
EFFECT. The desired effects on the target or target system are stated in this column. 


@ REMARKS. Remarks concerning whether or not BDA is required, whether coordination must 
take place, and any restrictions are indicated in this column. 
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Table D-3. Attack guidance matrix (example) 


High-payoff target | When 


Coordinate and ensure CFFZ 
Artillery Field Artillery Neutralize and CFZ are emplaced and 
active 

Maneuver engages target and 
Enemy Patrol Maneuver or UAS Destroy callsin UAS strikes as 
necessary. 


Enemy Operations Electronic Attack Neutralize Jam Communications at H-1 
Cell 


Expedite to rear for 
Insurgent Team Capture interrogation and 

Leader dissemination of information 
Ensure FSCMs and ACMs are 
IED or VBIED Cell Destroy coordinated and in place for 
immediate engagement of 
target. 
A-—as acquired ACMs~— airspace coordinating measures CFFZ-— call for fire zone CFZ-— critical friendly zone 
H—-hour |— immediate and special case IED — improvised explosive device FSCMs-—fire support coordination measures 
P—planned SOF —special operationsforces UAS— unmanned aircraft system VBIED — vehicle borne improvised 
explosive device 


TARGET SYNCHRONIZATION MATRIX 


D-4. The sample target synchronization matrix table D-4 has been successfully used to synchronize 
targeting by assigning responsibilities to detect, deliver, and assess attacks on specific HPTs. The HPTs are 
listed in priority by category under the Decide column. Units and agencies are listed under the Detect, 
Deliver, and Assess columns across from the specific HPTs for which they are responsible. As 
responsibilities are fixed, the asset envisioned to be used is also indicated. This provides the targeting 
working group the checks to ensure all assets are used and that assets or agencies are not overtaxed. This 
matrix could also be prepared for a specific event or for each phase of the battle. Units may develop their 
own target synchronization matrix format. 
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Table D-4. Target synchronization matrix (example) 


DECIDE DETECT DELIVER ASSESS 


M46 ° 36, Q. - 1-Artillery, INFLTREP 
Astros! 


Organic Arfillery, 5 Organic 
National MLRS 


SA-6, SA-8, D National imagery SEAD ° National 
SA-11 And Electronic @ Arty, MLRS imagery And 
intelligence... Electronic 


ZSU-23 _ intel 
G-3/EWSO ngetigence 


S16 


Air Forog pS eles illery, Air Force INFLTREP 
Natlonalimagery 
‘And Electronic 


Patrols, ae ‘Organic Organic Organic 
Ops Artillery Intelligence 
Assets 


ADA — air defense artillery, Arty — artillery, Atk Hel - attack helicopter, Avn — aviation, BCT — brigade combat team, 

EAD — echelons above division, EWSO ~ electronic warfare support officer, FAB ~ field artillery brigade, 

G-2Z — intelligence staff officer, G-3 operations staff officer, HPTs — high payoff targets, INFLTREP ~ in flight report, 

Mi - military intelligence, MLRS — multiple launch rocket system, Ops — operations, P — priority, Recon — reconnaissance, 
SEAD — suppression of enemy air defenses 


D-5. The following steps are a recommended way of completing the target synchronization matrix while 
conducting the targeting working group. 


D-6. Step One. Select, or update the HPTL. These targets are derived from the S-2’s list of HVTs. 


D-7. Step Two. Determine and prioritize collection assets responsible for detecting, confirming, or 
denying the location of each suspected target or HPT. This information should then be entered into the 
“detect” portion of the targeting synchronization matrix. See figure D-6. Be specific, state what unit or 
asset must detect or confirm or deny the location of each specific target. Clear and concise tasking must be 
given to acquisition assets and resources. Mobile HPT targets must be detected and tracked to maintain 
current target location. Assets and resources should be placed in the best position according to estimates of 
when and where the enemy targets will be. Consider assigning a NAI to the target and enter the number on 
the targeting synchronization matrix. 


D-8. Step Three. Determine which attack asset or resource will be used to attack each target once 
detected or confirmed by using the list of delivery assets and resources available. Enter this information 
into the “deliver” portion of the target synchronization matrix. The lethal and nonlethal effects and 
applicable aspects of electronic warfare and information related capabilities are considered depending on 
the commander’s targeting guidance and desired effects. Consider redundant means to attack each target. 
When determining an attack asset or resource for each target, the attack guidance is also determined and 
entered. Determine for each delivery means when to attack the target (immediately, as acquired, or 
planned) and the effects to be achieved by attacking the target. For example the effects of Army indirect 
fires, joint fires, and electronic warfare, including nonlethal effects can be to deceive, degrade, delay, deny, 
destroy, disrupt, divert, exploit, interdict, neutralize, or suppress the target. 
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D-9. Step Four. Determine and prioritize which assets will assess how well the attack was executed and 
whether desired effects were achieved on targets. Enter this information into the “assess” portion of the 
target synchronization matrix 


D-10. Both nonlethal and lethal assets may be included in the same matrix. Tables D-5 and D-6 provide an 
example of a combined lethal and nonlethal target synchronization matrix. 


Table D-5. Lethal and nonlethal target synchronization matrix (example) 


JFC Objective: US) allied nationals, facilities and interests in region protected. 


JFC Desired Effect: Country X unable to attect our ability to generate combat power (4th order eftect) 


Division Desired Effect Enemy X unable to regain control of airfield (3rd order effect), 


BCT Task: Prior to H-4:00 1 st BCT disrupts $1" Battalion indirect fire system @1-mm mortar) in Area of Operations HOG that can place indirect fires against GERONIMO forward landing site 
and RTE GOLD low water crossings from H-03: 00 to H+36. 


BCT Desired Ettect (End State): No eftective enemy fires into the GERONIMO forward landing strip and Route GOLD low water crossings from H-03;00 to H+36, when the enemy is expected to 
infltrate additional systems from adjacent areas of operation. 


&cT 
Commander's 
Desired 


efiective fires 


thus: 91 Bn 
fires into 
GERONIMO 
forward 
landing site 
and Route 
GOLD low 
water 
crossing 
Gsrupted 

intelligence t trom H-03;00 
toH+36, when 
the enemy is 
expected to 
infitrate 

g ts B additional 

Support ary systems trom 

command omp adjacent 

and control : ° areas of 

rendered operation 

inettective. « 
thus: 
20 BCT able 
tosetze 
lodgment, 
build combat 
power un 
impeded, and 
transition to 
oftensive 

Mortars BCT Organic %% of 91" operations 

systems mortars FA Battalion, Bn mortars 

unable to 0 Naval gunfire destroyed 

function 4 

(destroyed) 


ALT = aRemate, BCT - brigade combat team , Bn- battalion, Btry~ battery ,C2- command and control, CAS ~ close air support, CAT~ category, comms ~ communications, CFF ~ call 
for fire .DS - direct support , FA - feld artibery, FS - fire support . H — hour, HHB - headquarters & headquarters battery, HUMINT - human intelligence JFC -joint force commander MOE 
+ measure of effectiveness MOP- measure of performance pit= platoon PID ~plan identification number recon - reconnaissance , RTE ~ route, TAl-target area of interest, w-with 
WLR ~ weapons locating radar 
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Table D-6. Alternative target synchronization matrix format (example) 


Example Formats And Target Reports 


Location 


Effects 
Remarks 


MOP 


QU573773 


Mortar(s) 
Systems 
Destroyed 


Insurgency 
disrupted 


Radar 
assets 
scanning 


receives 


no 
120-mm 
mortar fire 
within a 
five 
day period 


Tactical 
High 
Terminal 
Leader 
Engagement 
Joint Patrols 


ee 


Main 
supply 
route 
alternate 
supply 
route 
lateral 
routes 


CAS Rotor 
wing Raven 
Tactical High 
Terminal 
combat 
patrols 


VBIED 
destroyed 


A-as acquired, Arty — artillery, B- bravo, Btry — battery, comm- communication, FA- field artillery, FOB - forward operating base, FS — fire support, HUMINT — human intelligence, 
IED - improvised explosive device Intel— intelligence, JFO - joint firesobserver, JTAC — jointtactical air controller, mm-— millimeter, PLT-platoon, No.-— number 
P-planned, VBIED - vehicle borne improvised explosive device 


DELIVERY STANDARDS MATRIX 


D-11. The sample delivery standards matrix provides criteria for the attack of HPTs in each phase of the 
battle. Units may develop their own delivery standards matrix format. It also facilitates objective decision- 
making for attacking targets at the lowest level possible. Key personnel, such as the FAIO, fires cell 
targeting officer, and the battalion fire direction officer, all refer to the matrix. When HPTs are identified 
they are automatically engaged if they meet the criteria established by the matrix. See table D-7 on page D- 
8. The matrix provides the following descriptions for each HPT by category for each phase of the 
operations: 
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TLE. 

Size of the target. 
Target activity. 
Time of acquisition. 
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Table D-7. Delivery standards matrix (example) 


Section 


Section 


Section 


Section 


Section 


Section 


ADA — air defense artillery, Al — air interdiction, ARK-1 Enemy Radar, Atk — attack, BM-21 Enemy Multiple Rocket Launcher, Bn — battalion, 

Btry — battery, CAS — close air support, FA — field artillery, FAB — field artillery brigade, Hel — helicopter, hr — hour, hrs — hours, m— meters, M46-towed gun 
OPS — operations, Recon — reconnaissance, SA—6 Enemy ADA system, SA-8 Enemy ADA system, SA-13 Enemy ADA system, 
SCUD — enemy rocket, Stat — stationary, S60 — Enemy ADA system, ZSU-23 — Enemy Air Defense system, 255 — enemy self —propelled gun 


TARGET REPORT 


Section 


Section 


Section 


Section 
Moving 


Section 
7 Moving 


Time (Last Verification) 


D-12. When targeting information is passed from one agency to another, all essential information must be 
included to allow for proper analysis and attack. The sample format below will give the targeting working 
group enough information to properly formulate the best attack response. See table D-8. 


D-8 
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Example Formats And Target Reports 


Table D-8. Target report (example) 


Line number 

1. Report agency: forward observer 

2. Typeofsensor: human 

3. Report DTG: 190044ZAug14 

4, Acquisition DTG: 1900427Aug14 

5. Distribution: © Unknown 

6. Posture?: In the open 

7. Activity®; Stationary uploading ammunition and IED materials 
8, Size*: 5 small white pick-up trucks 

8. Location®: 1000070000 


10. Target Location Error®: 10 meters 


‘DTG - Date time group is Zulu time or Greeiwich Meai 


“Bug-in, in the open, in built up areas. 


IMoving (direction) or stationary. 


‘Unit Size, diameter. 
5Grid coordinates. 


54). meters. 


AIR TASKING ORDERS 


D-13. The ATO is a method used to task and disseminate to components, subordinate units, and other 
agencies the projected sorties, capabilities, and forces to targets and specific missions. Normally provides 
specific instructions to include call signs, targets, controlling agencies, weapons loads, as well as special 
instructions. JP 3-30). The joint air tasking cycle is used to develop the ATO that specifies the taskings for 
all joint air operations for a specific execution timeframe, normally 24 hours. 


D-14. The air operations center normally establishes a 72-96 hour air tasking planning cycle. The battle 
rhythm or daily operations cycle (schedule of events) lists the suspense for targeting, air support requests, 
airspace control means requests, and the air battle plan. See JP 3-30 for more information and its format. 


TARGET INFORMATION FOLDER 


D-15. Target information folders have proven to be an efficient and effective way of tracking information 
related to high-value individuals (HVI). The target information folders normally include a baseball card, 
which is a summary of the key information on the HVI. The baseball card normally includes: 


Map of HVI area. 
Picture of HVI. 
Personal history of HVI. 
Patterns of life for HVI includes the where, when, who, what, and the how. 
Cell phone number for HVI. 
Vehicle identification. 


D-16. The target information folder will also contain additional information as it becomes available: 
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Human intelligence reports on the HVI. 
Signal intelligence reports that reference the HVI. 
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e Imagery and floor plans of likely areas. 


e Link diagrams (social and communications networking), both from human intelligence and 
signal intelligence sources. 


e Previous concept of operations targeting the HVI. 
e Patrol debriefs. 

e Significant activities regarding the HVI. 

e Biometrics. 


D-17. Figures D-1 through D-6 on pages D-10 through D-14 are samples of the information that may be 
contained in a target information folder. 


TARGET: JOHN DOE 


Last given bed down grid (38SMB 123456) a Photo Not 


for John Doe is from 41 July 14 from 


DIR-1CD-12-345-67-8910 Available 


Figure D-1. Baseball card (front side)(sample) 
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Example Formats And Target Reports 


TARGET: JOHN DOE UNCLASSIFIED (EXAMPLE) _| 4-1 1D | 
NUMBER: UN4522 AREA: FRAFLEVILLE MAIN: 810 STREET: HOUSE: 


Targeted By: 4 -11D Area of Operations: TF2-2 Trigger: HUMINT 
Tactical Questioning Assessment 


Who are his subordinate? Where No assessment of activity. 
are they? 


Do you have any caches? Where 
are they? 


Other Information Operations 


Known Associations 


SS ees 


Figure D-2. Baseball card (backside) (sample) 
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Lesson Summary. This lesson provided you with the necessary 
skill to apply the operations for converting decimal fractions to 
common fractions, and common fractions to decimal fractions. 
Furthermore, you learned how to apply the operations of addition 
and subtraction of decimals. Lastly, you were able to apply the 
operations for multiplication and division of decimals. 


Lesson 4. PERCENTAGE 
LEARNING OBJECTIVES 


1. Given a common fraction or a decimal, apply the 
operations to convert to percent. 


2. Given a percent, apply the operations to convert to a 
common fraction or decimal. 


3. Given a number, use the operations to find what percent 
this number is to another number. 


4. Given a percent of a known percent, use the proper 
operations to find the number this percent represents. 


5. Given a percent and the number it represents, use the 
operations for finding the unknown number. 


2401. Converting Percents, Fractions, and Decimals 


The word "percent" is derived from Latin. It was originally "per 
centum," which means "by the hundred." Thus, the statement is 
often made that percent means hundredths. Percentage deals with 
the groups of decimal fractions whose denominators are 100--that 
is, fractions of two decimal places. Since hundredths were used 
so often, the decimal point was dropped and the symbol % was 
placed after the number and read "percent" (per 100). Thus, 0.15 
is read "15 hundredths," and 15% is read "15 percent." Both 
represent the same value, 15/100 or 15 parts out of 100. 


a. Changing decimals to percents. To change a decimal to a 
percent, the first step is to move the decimal point two places 


to the right. After moving the decimal point two places to the 
right, add the percent sign (%), for example: 


-35 = 35% 


Remember, a decimal point is not shown with whole percents; 63% 
does not have a decimal point shown. Mentally, however, a 
decimal point is placed to the right of the number three (63.%). 
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TARGET: JOHN DOE UNCLASSIFIED (EXAMPLE) 4-11D 


NUMBER: UN4522 AREA: FRAFLEVILLE MAIN: 810 STREET: HOUSE: 


Targeted By: 4 -1ID Area of Operations: TF 2-2 Trigger: HUMINT 
Picture of Residence (DIIR -1CD-12-345-67-8910) 


Last given bed down grid (38SMB123456) ™ 06) PA 
for John Doe is from 11 July 14 from yi : oo 


DIIR-1CD-12-345-67-8910 _ » 


Figure D-3. Picture of HVI residence (sample) 
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Example Formats And Target Reports 


TARGET: JOHN DOE UNCLASSIFIED (EXAMPLE 4-11D 


NUMBER: UN4522 AREA: FRAFLEVILLE MAIN: 810 STREET: HOUSE: 


Targeted By: 4-11D Area of Operations: TF 2-2 Trigger: HUMINT 
Link Diagram 
Frafleville Cell 
AJ7006 


' | Possibly moved 
' * with 

: ' Cornvillians from 
‘ | Chickenville 


Crocker Sky JOHN DOE 


Village of Frafleville LEADERSHIP 


Financier Weapon Supplier Specialist 


$e 8 


FACILITATORS 


Village Mayor 
Village Elder 
Ooeen Water Red Brick OPERATORS 


Figure D-4. HVI link diagram (sample) 


7 May 2015 ATP 3-60 D-13 


Appendix D 


TARGET: JOHN DOE 


it} 
UNCLASSIFIED (EXAMPLE) 4-11D 


NUMBER: UN4522 AREA: FRAFLEVILLE MAIN: 810 STREET: HOUSE: 
Targeted By: 4 -11D Area of Operations: TF 2-2 Trigger: HUMINT 
Reporting 
Report Summary Report Number Source DOI 
(U/REL EXAMPLE) on 1 Aug 2014 SPOT-41D-12-123-12-1234 UNKNOWN 1 Aug 14 
John Doe met with an associate 
in Kansas City. 
(U/REL EXAMPLE) John Doe met DIR 4ID-12-123-1234 OTS -123-1234-56 4 Aug 14 


with Don Roday 4 Aug 2014 to 
discuss IED operations in Lansing 


D-14 


Figure D-5. HVI reports (sample) 


{1} 


NUMBER: UN4522 AREA: FRAFLEVILLE MAIN:810 STREET: HOUSE: 
Targeted By:411D Area of Operations: TF 2-2 Trigger: | HUMINT 


Summary Assessment 


John Doe was responsible for the attacks against people on 10 Aug 2014. 
+ — Responsible for 12 August 2014 holdup of Natiorfal bank. 


Intelligence Groups 


+ — Where is he getting his weapons from? 


Who is under his leadership? 
Where is he bedding now? 
Where are his caches 


Work Pending 


a, 


TARGET: JOHN DOE UNCLASSIFIED (EXAMPLE) | 4-11D 


Figure D-6. HVI summary assessment (sample) 
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Appendix E 
Targeting Checklist 


DECIDE 


The commander's planning guidance and intent contain enough detail to enable the targeting working 
group to determine— 


e HVTs to nominate as HPTs. 
Desired effects on each HPT. 
When to attack each HPT. 
How to attack each HPT. 

Any restrictions or constraints. 
Which HPT requires BDA. 


____ What targeting assets (organic, attached, and supporting) are available to detect and attack HPTs? 
_____ What detect, deliver, and assess support is needed from higher headquarters? 

_____When must requests to higher headquarters be submitted to obtain the support required? 

____ Have target tracking responsibilities been established? 

_____Are systems in place to pass the detected targets to assets that are capable of tracking them? 

_____ What detect, deliver, and assess support is required from subordinate units, and when is it required? 


What detect, deliver, and assess support requests have been received from subordinate units, and what has 
been done with them? 


Has the target synchronization matrix been synchronized with the decision support template and the 
maneuver and fire support plans? 


Are all commands using a common datum for locations? If not, are procedures in place to correct 
differences in datum? 


Are all commands on a common time zone standard? 


DETECT 


Does the collection plan focus on PIRs and finding the necessary HPTs? 


What accuracy, timeliness, and validity standards target selection standards are in effect for detection and 
delivery systems? 


Are all target acquisition assets fully employed? 
Have alternate target acquisition systems been identified for HPTs? 


Have responsibilities been assigned to the appropriate unit agency for detection of each HPT? 
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Are HPTs being tracked? 
Have verification procedures using alternate systems been established where necessary? 


Are target acquisition and BDA requirements distributed properly among systems that can accomplish 
both? 


DELIVER 


Have responsibilities been assigned to the appropriate unit or agency for engagement of each HPT? 


Has an alternate engagement asset been identified for each HPT? (The primary system may not be 
available at the time the HPT is verified.) 


Have applicable FSCMs, airspace coordinating measures and clearance procedures, and the AGM been 
established to facilitate target engagement? 


Have on-order FSCMs and airspace coordinating measures and AGM been established to facilitate future 
and transition operations? 


Have potential fratricide situations been identified, and have procedures been established to positively 
control each situation? 


Have responsibilities been assigned to the appropriate unit or agency for tracking specified HPT and 
providing BDA on specified HPTs? 


What are the procedures to update the HPTL and synchronize the AGM and decision support template if 
it becomes necessary to change the scheme of maneuver and fire support as the situation changes? 


ASSESS 


_____ Are the collection assets, linked to specific HPTs, still available? 

_____ Has the collection manager been notified of the engagement of a target requiring assessment? 
_____Have the assessment asset managers been updated as to the actual target location? 

_____Has all coordination been accomplished for the assessment mission, particularly airborne assets? 
____ What is the status of BDA collection? 

_____ Has the information from the mission been delivered to the appropriate agency for evaluation? 

_____ Has the targeting working group reviewed the BDA to determine if requests for restrike are required? 


Has the target intelligence gathered from the assessment been incorporated into the overall threat 
situational development? 
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Sample Targeting Working Group Standard Operating 
Procedures 


This appendix provides guidelines for developing a standard operating procedure 
(SOP) for targeting working groups. Each unit must develop an SOP that is based on 
the unique mission, organization, equipment, personnel, and philosophy of the 
commander. 


TARGETING WORKING GROUP SOP 


F-1. The following example of a targeting working group SOP covers most of the functional areas 
needing standardization in corps and division targeting working groups. The SOP may be adjusted to serve 
as a model for brigade and lower echelons. 


PURPOSE 
F-2. The SOP provides guidelines, routine functions, and delineates responsibilities for operations in the 
targeting working group. 

ORGANIZATION 


F-3. The FSCOORD or DFSCOORD leads the targeting working group. In their absence, the operations 
officer will be the alternate. Membership of the targeting working group routinely consists of 
representatives from the following staff sections and major subordinate commands. The composition of the 
targeting working group is a command decision and may vary based on the operation. See Table F-1 on 
page F-2 for an example of the representatives that may form the division targeting working group. 
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Table F-1 Division targeting working group (example) 


Assistant Chief Fire Support Deputy Fire Information 
of Staff Coordinator Support Operations 
Coordinator Officer 
Intelligence Intelligence Aviation Liaison Staff Weather 
Officer Plans Officer Officer Officer 
Operations Intelligence Public Affairs Air Naval 
Officer Officer Gunfire Liaison 
Company 
Signal Officer Targeting Officer Military Cyber 
Information Electromagnetic 
Support Officer 
Operations 
Civil Affairs Plans Chemical, Deception Staff 
Officer Biological, Officer 
Radiological, 
and Nuclear 
Officer 
Targeting Officer Operations Special Field Artillery 
Operations Intelligence 
Forces Liaison Officer 
Staff Judge Collection Psychological Engineer 
Advocate Manager Operations 
Officer 
Air and Missile Electronic Fires Cell Chaplain 
Defense Warfare Officer 


CONDUCT 


F-4. The targeting working group agenda is divided and briefed during current and future operations. (See 
Table F-2.) The FS;COORD or DFSCOORD directs the process and keeps the members focused on the unit 
mission, commander’s intent, targeting guidance, and targeting priorities. The targeting agenda is included 
in routine staff meetings or drills. Meeting times should be established to allow timely coordination of the 
parallel targeting effort of senior and subordinate headquarters. 
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Sample Targeting Working Group Standard Operating Procedures 


Table F-2 Targeting working group agenda (Example) 


What 


Current situation report and 
commander’s critical 
information requirements 


Who 


Operations officer or 
representative 


Why 


Situation Update 


Current enemy situation 


Special staff considerations 


All source production 
section 


As directed 


Provide planning baseline 


As requested 


Air Status 


Army Aviation Status 


Air liaison officer 


Army aviation 
representative 


Update Allocations 


Review Status And Mission 


Collection plan 


Air and missile defense 


Projected 72-Hour Focus 


Electronic warfare status 


Electronic warfare 
representative 


Review Baseline Priorities 


24, 48, 72, and 96 Hour 
Forecast 


24, 48, 72, and 96- hours 
correspond to the Air 
Tasking Order cycle. 

Approve 

Nominations: Long-Range 

Target Focus 


Review Attack Guidance 
and high-payoff target list 


Plans 


All source production 
section 


Targeting officer 


Chief of Staff 


Deputy Fire Support 
Coordinator 


Projected Division 
Operations 


Decision 


Validate; recommended 
change 


Final Guidance 


Chief of Staff 


Execution 


F-5. The staff weather officer begins the session by providing current and predicted weather and its 
effects on combat operations for the next 72 to 96 hours. Next, the team examines the current situation 
(present out to 96 hours). The intelligence officer and operations officer brief the enemy and friendly 
situation with emphasis on anticipated actions during the period of the targeting cycle. The intelligence 
collection manager briefs battle damage collection currently in effect and possible HPT nominations for 
immediate reengagement. 


F-6. The current operations agenda involves enemy and friendly situation updates from the intelligence 
and operations officers that impact on the HPTL and the AGM. They confirm the joint air missions for the 
following day, nominated targets, or changes to targets. A significant change in the situation would warrant 
redirecting allocated joint air capabilities. If there are no significant changes, planning continues for the use 
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of aircraft to support ground operations. The operations plans officer briefs a review of operations planning 
for the next targeting cycle. The operations officer briefs the concept of operations against the targets 
assigned. The intelligence collection manager briefs the collection plan to validate targets and pursue BDA 
based on the target guidance and target priorities. The executors of planed operations brief their respective 
execution matrixes and conduct any remaining staff coordination needed. 


F-7. The future operations agenda involves the intelligence officer and operations officer briefing the 
anticipated enemy and friendly situations. A review of the war gaming session for this time period is 
discussed. Recommended target guidance, target priorities, and objectives are provided to the commander 
for approval at the targeting board. Targets nominated to support corps and division objectives and 
priorities are approved and forwarded through channels to the battlefield coordination detachment. The 
operations officer briefs shaping operations and attacks for corps or division assets. 


F-8. Scheduled meetings between corps and division provide an interactive process for planning and 
coordinating the allocation of available joint air capabilities during the execution of the joint air tasking 
cycle (see figure F-1). These meetings synchronize corps and division current and future operations with 
usually at least five joint ATOs at any given time for future actions, today’s plan, tomorrow’s plan, and the 
day after tomorrow’s plan to include the plan in strategy development. The continuous assessment 
conducted during these meetings allows for the targeting working group to focus on lessons learned, 
deliberate targeting, and TST in the detect and deliver functions during the decide, detect, deliver , and 
assess D3A methodology. 


Division : : 
1. Division 1. Division Division Targeting board 


commander’s ; ; 
commander’s LINO departs commander’s Imeets on future 


morming update; ; , 
moming for corps evening IHPTs (Al 


review Nominations 


conference call targeting update 
HPT, Aland BDA, 2. AI nominations board. developed) 


passed to corps 2.FRAGORD 


| released 


ae i 


0600 ©0800 2000 =2100 


0200 ©0400 


t 


ATO Targeting board Corps targeting ATO 


cycle meets on board meets published 


begins close/current 


ATO —air tasking order Al—air interdiction BDA —battle damage assessment 
FRAGO RD- fragmentaryorder HPT -high-payoff target LNO -liaison officer 


Figure F-1. Meeting times interface between corps and division (example) 


PERSONNEL RESPONSIBILITIES AND CURRENT OPERATIONS AGENDA 


F-9. The following paragraphs discuss the responsibilities of individual staff officers and sections for the 
current operations agenda. 
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Sample Targeting Working Group Standard Operating Procedures 


Staff weather officer 


F-10. The staff weather officer briefs the weather forecast to include light and weather data for the next 96 
hours. The light and weather data impacts friendly air operations for fixed-wing and rotary-wing aircraft. 


Operations 
F-11. Briefs recently completed or ongoing attacks and their effects on the current battle. Current 
operations briefs the: 
e Changes to task organization. 
Current FSCMs. 
Relative combat power of all friendly maneuver brigade size units. 
Friendly maneuver unit locations. 
Friendly operations (last 24 hours). 
e Friendly scheme of maneuver (next 48 — 96 hours). 


F-12. Representatives of the executing agencies of each shaping operations (corps or division aviation, 
special operations forces, and others as needed) brief their execution matrix. They may request input or 
additional guidance from the chief of staff. 


Targeting officer 


F-13. The targeting officer presents BDA obtained from division, corps, and echelons above corps 
intelligence gathering assets on critical HPT attacked by division, corps, supporting, and subordinate units. 
Specificity and timeliness are essential. The targeting officer must be proactive in receiving BDA because 
the degradation of specific targets may be a trigger mechanism for future operations. The corps intelligence 
officer and aviation combat element help the targeting officer review and formulate BDA. Target 
nominations for immediate reattack of HPTs are made at this time. 


Plans 


F-14. The intelligence plans officer briefs the disposition of important enemy units and associated systems 
impact on the unit mission. The intelligence officer also briefs the most likely enemy COA in the next 48 to 
96 hours. 


F-15. The operations plans officer reviews the plans for the next 48 to 96 hours that have been handed off 
to subordinate units for execution. The operations officer briefs the current concept of operations. 


Fires Cell 


F-16. The FSCOORD or DFSCOORD discusses the approved targeting guidance, HPTL, AGM, and target 
selection standards with the team in light of the intelligence and operations situation briefings. The team 
determines if changes are required. 


Collection Manager 


F-17. The collection manager reviews the intelligence collection plan for all division, corps, and echelons 
above corps systems that will assist in targeting. The collection management officer highlights those HPT 
that cannot be covered with available assets. The guidance is received from the operations officer on 
specific or additional requirements. 


Air Liaison Officer 


F-18. The air liaison officer (ALO) works closely with the land operations planners to estimate the most 
likely outcome resulting from employing joint air assets to achieve a specific effect. The following is 
presented for each target: 


e Description. 
e Location. 
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Let's look at another example: 
-83 = 83%, not 83.% 


However, as seen in the next example, fractional percents do have 
decimal points. 


Now that you know how to change decimals to percents, let's learn 
how to change fractions to percents. 


b. Changing fractions to percents. To change a fraction to a 
percent, first change the fraction to a decimal and then the 


decimal to a percent, for example: 


37.5% 


© |v 
| 
e 
w 
J 
oy) 
II 


3 = = 
a 75 75% 


Remember, change the fraction to a decimal and then change the 
decimal to a percent. Up to this point we have learned how to 
change decimals and fractions to percents; now, let's learn how 
to change percents back to decimals and fractions. 


c. Changing percents to decimals. Since you do not compute with 
numbers in the percent form, it is often necessary to change a 
percent back to its decimal form. The steps are just the 
opposite of that used in changing decimals to percent. You 
change a percent to a decimal by dropping the percent sign and 
moving the decimal point two places to the left. For example, 
12.5% becomes 12.5 after dropping the percent sign. Then you 
move the decimal point two places to the left and 12.5 becomes 
-125. Let's look at a few more examples: 
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Type and amount of aircraft to attack (package). 
Ordnance. 
Time on target. 


Any significant changes based on the friendly or enemy situation can direct a force package to 
operate in a different part of the area of operations. It must be approved by the chief of staff 
because of their knowledge of the complete operational picture. 


Information Operations Officer 


F-19. The information operations officer briefs the: 


Command operational picture for information related capabilities. 

Requirements for combat camera and operations security. 

Running estimate for information related capabilities. 

Deconfliction methods for internal and external actions. 

Coordination with outside agencies, higher headquarters, and augmenting forces. 


Civil Affairs Officer 


F-20. The civil affairs officer briefs the current civilian situation which covers the effect of civilian 
population on an operation, plans for civilian interference in the area of operations, and the civil affairs 
mission. Advises the commander on the employment of military units and assets that can support civil 


affairs operations. 


RESPONSIBILITIES FUTURE OPERATIONS AGENDA 


F-21. The following paragraphs discuss the responsibilities of individual staff officers and sections for the 
future operations agenda. There are three primary briefers for the future operations agenda; they are the 
intelligence, operations plans officers, and the fires cell representative (usually the DFSCOORD or fire 
support officer [FSO]). Others who might brief during the future operations agenda (depending on the 


affect targeting has on their mission areas) include the: 


Aviation liaison officers. 

Fires cell targeting officer. 

Engineer. 

Information operations officer. 

Deception officer. 

Electronic warfare (EW) officer. 

Special operations forces liaison (if provided). 

Staff judge advocate representative. 

Air and missile defense element representative. 

Army aviation section representative. 

Liaison officers. 

Civil affairs representative. 

Chemical, biological, radiological, and nuclear officer. 
Military information support operations representative. 
Signal support officer. 


Plans Officer 


F-22. The intelligence plans officer briefs the disposition of important enemy units and associated systems 
impacting on the unit mission. He also briefs the most likely enemy COA. This briefing includes enemy 
follow on forces anticipated to be committed in the unit sector and other forces that will affect future 
operations. The briefing includes potential HPT that if nominated for attack, meet the commander’s intent 


and if not attacked will significantly impact the future OPLAN. 


ATP 3-60 7 May 2015 


Sample Targeting Working Group Standard Operating Procedures 


Plans Officer 


F-23. The operations plans officer will brief any operations planned during this time period, and briefs any 
branches or sequels to the current OPLAN. 


Fires Cell 


F-24, The DFSCOORD presents a proposed decision briefing to the working group for the targeting board 
on proposed targeting guidance and priorities. This includes: 


e Recommended target guidance, objectives, and priorities. 
e Recommended HPTL, AGM, and target selection standards. 


e Proposed prioritized target list to be forwarded to higher headquarters for execution and 
targeting tasking for subordinate units. 


Aviation Liaison Officer 


F-25. The Aviation liaison officer answers any questions that the team may have on the capabilities of 
Army aviation assets. The liaison officer takes the lead in planning attacks on all viable targets with 
aviation assets. 


Information Operations Officer 


F-26. The information operations officer answers questions during the operations process to include: 


e Synchronizing appropriate information related capabilities with the fires, maneuver, and other 
warfighting functions. 


e Assessing enemy vulnerabilities, friendly capabilities, and friendly missions. 
Nominating targets for engagement. 
e Providing operation security measures. 


Targeting Officer 


F-27. The targeting officer prepares information briefings for the deputy fire support coordinator to 
include— 


e Targeting guidance and priorities. 
e The targeting working group meeting agenda. 
e HPTL, AGM, and target selection standards. 


F-28. The HPTL include HPT nominations submitted by the subordinate units to the unit fires cell. The 
targets are prioritized based on approved targeting guidance and priorities. The targeting officer also 
updates the situation map and provides the team with all current and proposed FSCMs. The targeting 
officer is also responsible for consolidating, coordinating, providing to the team for approval and 
disseminating the restricted target list, and no-strike list. The list includes historical, religious, educational, 
civic, and humanitarian sites within the unit boundaries. 


Engineer Officer 


F-29. The unit engineer officer provides expertise on enemy capabilities for bridging, breaching, and 
infrastructure construction. The engineer officer helps the targeting working group determine target 
feasibility of enemy engineer equipment. Specifically, the engineer officer or his representative must be 
prepared to discuss: 


e The width of a gap that the enemy can bridge. 

e The depth of any minefields the enemy can breach and location of breach sites. 
e The ability of the enemy to repair bridges, roads, airfields, and ports. 

e The obstacles plan is included in target planning. 
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Deception Officer 


F-30. The deception officer advises the team on conflicts between targeting and deception plans. 


Electronic Warfare Officer 


F-31. The EW officer advises the working group members on the capability and availability of all EW 
assets. 


Special Operations Forces Liaison 


F-32. The special operations forces liaison or liaison element (when provided) advises the working group 
on special operations forces missions in the area of operations and their capabilities as they relate to 
targeting. The special operations element also helps formulate FSCMs established to protect special 
operations forces. 


Staff Judge Advocate Representative 


F-33. The staff judge advocate’s representative on the targeting working group will provide analysis and 
advice throughout the planning process to ensure compliance with the rules of engagement and all 
applicable laws. 


Air and Missile Defense Officer 


F-34, The air and missile defense officer is responsible for deconflicting airspace management and 
coordination. 


Liaison Officer 


F-35. The division or brigade liaison officer addresses the concerns of their commanders pertaining to 
targeting and future operations. They are prepared to discuss their commander’s targeting priorities, future 
plans, and air interdiction target nominations. The discussion prepares the unit staff to support and 
anticipate the targeting needs of subordinate units. The liaison officer is prepared to discuss updates to 
FSCMs. 


Civil Affairs Representative 


F-36. The civil affairs representative verifies the no-strike and restricted target lists and helps the working 
group answer questions on collateral damage issues. Civil affairs conduct detailed assessments of the local 
population and the area of operations. The assessments are used to provide information on which targets 
might have positive or negative effects on morale or infrastructure and logistics systems of the enemy. The 
civil affairs representative also advises on the expected number and direction of flow of dislocated civilians 
and how they may interfere with military operations. 


Chemical Biological Radiological and Nuclear Officer 


F-37. The unit chemical, biological, radiological, and nuclear officer provides technical expertise on 
threats and hazards and possible effects these can have on friendly forces if employed by the enemy. The 
officer helps the targeting working group determine target feasibility of these threats and hazards. The 
officer also provides guidance on the employment of obscurants and their impact on weapon systems and 
sensors. 


Psychological Operations Officer 


F-38. The psychological operations officer analyzes potential targets based on their significance and ability 
to achieve a specific objective. The officer selects targets that are susceptible to military information 
support operations and participates in the target nomination process to include coordinating available assets 
to engage the targets. 
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Signal Support Officer 


F-39. The signal officer provides expertise on the employment of friendly information systems to include 
advice on the integration of the five signal support functions. The functions are: 


Communications. 
Automation. 

Visual Information. 
Printing and Publications. 
Records Management. 


F-40. The five functions provide a fully functional, synchronized information system. The signal officer 
coordinates with the operations officer, and other targeting working group members as required. 
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Appendix G 
Common Datum 


For joint agencies to coordinate targeting functions properly, they must be able to 
exchange information by using a common frame of reference regarding the 
operational area. A small detail that has tremendous implications supporting this 
common reference, especially if overlooked, is ensuring planners and operators use 
the correct datum. 


During the first days of Operation Desert Storm, the Air Force reported that the B-52 
raids consistently fell short of the target. The weapon systems locating targets were 
on a different datum from the Boeing B-52 navigation system. The B-52 bomber 
missions were successful after the datum issues were identified and corrected. In 
some cases, forward observers, fire direction centers, and weapon systems were using 
issued maps with different datums. Location variances exceeded 700 meters. In other 
Operation Desert Storm examples, a global positioning system receiver position was 
compared to a paper map position and in many cases the positions varied by 
hundreds of meters. In another example, troops deploying to Somalia found the maps 
available were a mix of Russian maps found in Gauss Kruger and World Geodetic 
System 72. 


All joint operations utilize the World Geodetic Systems 84 datum for references 
coordinates according to the CJCSI 3900.01C. 


DATUM AND PROJECTION AWARENESS 


G-1. Personnel working in any organization that exchanges information regarding position locations must 
be aware of the need for using a common datum. In the past, this was not viewed as critical because 
weapons technology and employment doctrine did not require highly accurate positions. The possibility of 
deployment to many new foreign locations, where the only maps are on local datum and foreign 
projections, make precise coordinates vital to mission success. The problem is even more critical with the 
advent of growing technology (for example, global positioning system, tactical land attack missile system, 
and so forth). Ignoring the map datum could result in fratricide or gross target location errors. 


G-2. A datum is the mathematical model of the earth used to calculate position coordinates on any map, 
chart, or survey system. Many countries use their own datum(s) when they make their maps and survey. 
The local datums may produce coordinates that vary greatly from datums used by United States forces. 
Different datums are used even within the United States Department of Defense. 


G-3. Presently there are more than 1,000 datums in use. The National Geospatial Agency (NGA) is 
concerned with only 200 of these, which are found on paper maps, digital mapping products, and other 
products provided to the user. As NGA datums are shifted to a common grid, the change in the location of a 
unit may be more than 1,000 meters. There are different datums for both horizontal and vertical reference. 
Most vertical datums use mean sea level for elevation, but they may use any of over a hundred different 
horizontal position datums. The agency is reducing the number of datums used for their products. As map 
products are updated, they will be updated with standard datums and ellipsoids. Do not mix old and new 
products. The NGA decided to use world geodetic system 84 in most of the world. During transition, some 
paper products will not match digital products. 


G-4. There can be several error possibilities in air ground operations if multiple datums are used. A few 
are listed: 
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Friendly position location errors. 

Enemy target location errors. 

Combat search and rescue location errors. 
Navigation aid use. 

Aircraft vectoring errors. 

Airspace control measure errors. 

Air defense errors. 


DATUM USE 


G-5. The JFC must identify which datum information is to be used within the joint force for exchange of 
position information. Subordinate personnel must know which datum to use and ensure that operational 
datum target coordinates, position coordinates, fire control systems, and current operational maps are all on 
the same datum. 


CHECKING DATUM AND CONVERTING COORDINATES 


G-2 


G-6. Datums can be checked. All maps and products that the NGA distributes have the datum printed 
somewhere in the margin. Figure G-1 is an example of typical datum information provided in the margin of 
a map. Any element who converts coordinates from latitude and longitude to Universal Transverse 
Mercator or military grid reference system, and the reverse requires NGA-Mapping Datum Transformation 
software to perform conversions. It can also transform coordinates between world geodetic system 84 and 
over a hundred other datums. The mapping datum transformation software comes with instructions. 


ELLIPSOID. .......ssssesssssesseseessesnerssnsesssstesssssssseeeeseeeeWVORLD GEODETIC SYSTEM 1984 
CORI cccicscssacessvesesncsososeenusssscsénscusnsssscccsie ssanssssnsssiacissmesicscol O00 METERS UI LONE OI 
PROJECTION........ ..--- 1 RANSVERSE MERCATOR 
VERTICLE DATUM........ sessseeeeesseeeessenee MEAN SEA LEVEL 
HORIZONTAL DATUM...... .....4.. WORLD GEOTIC SYSTEM 1984 
HYDROGRAPHIC DATUM ........2....0...csss:ssesesssseesseen/AMPPROXIMATE LEVEL OF LOWEST 
LOW. WATER 
PRINTED BY.........-....--..ceneoesoongit™Binag-tMppenvesenscercesenvsesrnsesnsesencereresesensereseennee DMAHTC 4-94 


COODINATE CONVERSIOT WGS 84 TO TOKYO 
GRID: Add 156m_E; Subtract 712m.N. 
Geographic: Add 7.0”Long.; Subtract 8.5”Lat. 


Figure G-1. Map margin datum (example) 
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Target Numbering 


H-1. Target numbering is a system for expressing lethal and nonlethal actions against an entity or object 
considered for possible engagement or other actions. This numbering system identifies a wide array of 
mobile and stationary forces, equipment, capabilities, and functions that an enemy commander can use to 
conduct operations. The Army identifies targets using alphanumeric characters when selecting and 
prioritizing targets. The Army assigns target numbers that adheres to the provisions of standardized 
agreement 2934. 


H-2. The targeting alphanumeric system represents the following— 
Organizations. 

Elements. 

Cell, sections, or teams within a brigade size element. 
Cell, sections, or teams within a battalion size element. 
Block of numbers. 


H-3. The target number is comprised of six characters consisting of two letters and four numbers in the 
following positions, for example AB1234. The two letters indicate the originator of the target number and 
the echelon holding the target data. The senior headquarters establishes and publishes the assigned first 
letter in the operations order. The letter “Z” is the only permanently assigned first letter. The target number 
prefix “Z” is reserved for technical use by automatic data processing systems among nations when 
transferring target information from one nation to another. The second letter “E” is allocated for Service 
components forces in automatic data processing systems in those instances where a “Z” prefix target is 
generated for example “ZE.” Table H-1 is an example of the assignment of first letters for targeting in an 
operational environment. 


Table H-1. Assignment of first letter (example) 


Organization Letter 
CENTCOM Cc 
United States 
United Kingdom 
EUROCORPS 
France 


Germany 
MNC 

NRDC Italy 
Legend: 
CENTCOM - Central Command 
EUROCORPS -— European Corps 
MNC — Multi National Corps 
NRDC — NATO Rapid Deployable Corps 


Zl=z/Ol/nIm|wo]/> 


H-4. Target numbers serve as an index to all other information regarding a particular target, such as 
location, description, and size. Normally, a common target numbering system is used at corps and within a 
major force. Target block numbers are traceable to its originating source to specific users. Corps down to 
brigade combat team (BCT) level may assign the second letter (A through Z). See table H-2 on page H-2. 


H-5. Once a target is assigned a target number that association remains as long as the target exists. The 
target and target number maintain their association even when passed to an adjacent, higher or lower 
headquarters. 
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Table H-2. Assignment of letters (example) 


Elements Letters 
Corps AA 
Fires Cell AB 
TACP AC 
X Division AD 
1 BCT AE 
2 BCT AF 
3 BCT AG 
4 BCT AH 
Y Division AJ 
1 BCT AK 
2 BCT AM 
3 BCT AN 
4 BCT AQ 
Legend: TACP - tactical air control party 
BCT — brigade combat team 


H-6. Table H-3 is an example of standard blocks of numbers assigned within a brigade. 


Table H-3. Assignment of blocks of numbers (example) 


Numbers _ | Brigade elements 

0000-2999 BCT Fires Cell 

3000-3999 Fires cell, lowest numbered maneuver battalion or squadron’ 
4000-4999 Fires cell, second lowest numbered maneuver battalion or squadron 
5000-5999 Fires cell, third lowest numbered maneuver battalion or squadron 
6000-6999 Additional Fires cells or fire support assets 

7000-7999 FDC, BCT field artillery battalion 

8000-8999 Counterfire targets 

9000-9999 Spare 

Legend: * Lowest regimental number BCT - brigade combat team 

FDC -— fire direction center 


H-7. Table H-4 is an example of how a battalion size element with a block of numbers may allocate their 
numbers. Consult the unit SOP for specific unit target numbers. Additional number blocks are requested 
from the supervising fires cell. 


Table H-4. Additional assignment of blocks of numbers (example) 


Numbers Battalion elements 

X000-X199 Battalion Fires Cell 

X200-X299 Fire support team, Company A 

X300-X399 Fire support team, Company B 

X400-X499 Fire support team, Company C 

X500-X599 Fire support team, Company D 

Xx600-X699 Additional fire support team or fire support 
assets 

X700-X799 FDC, battalion or company mortars 

X800-X999 Spare 

FDC — fire direction center X — numeral assigned by higher 

headquarters 
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SECTION I - ACRONYMS AND ABBREVIATIONS 


ACE 


ADRP 
AGM 
ALO 
ATO 
ATP 
BCT 
BDA 


CARVER 


CAS 
COA 
CP 

D3A 

DA 
DFSCOORD 
EW 
F2T2EA 
F3EAD 
FAIO 
FM 
FSCM 


FSCOORD 
FSO 


HPT 
HPTL 
HVI 
HVT 
IPB 
JFC 
JFLCC 
JP 
MDMP 
MISO 
MOE 
MOP 
NAI 
NGA 
OPLAN 


OPORD 
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analysis and control element 


Army doctrine reference publication 
attack guidance matrix 

air liaison officer 

air tasking order 

Army techniques publication 
brigade combat team 

battle damage assessment 


criticality, accessibility, recuperability, vulnerability, effect and 
recognizability 


close air support 

course of action 

command post 

decide, detect, deliver, and assess 
Department of the Army 


deputy fire support coordinator 
electronic warfare 


find, fix, track, target, engage, and assess 
find, fix, finish, exploit, analyze and disseminate 
field artillery intelligence officer 

field manual 

fire support coordination measure 

fire support coordinator 

fire support officer 

high-payoff target 

high-payoff target list 

high-value individual 

high-value target 

intelligence preparation of the battlefield 
joint force commander 

joint force land component commander 
joint publication 

military decisionmaking process 
military information support operations 
measure of effectiveness 

measure of performance 

named area of interest 

national geospatial agency 


operation plan 


operation order 
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When a fractional percent (3/4%, 2/34%, 9/16%, etc.) is to be 
changed to a decimal, you must first change the fractional 
percent to its decimal equivalent percent (.75%, .059%, .56%) 
before you drop the percent sign and then move the decimal point 
two places to the left (.0075, .00059, .0056), for example: 


5.75% = .0575 


* = 15% = .005 


Now that you have learned how to change percents to decimals, 
let's learn how to change percents to fractions. 


dad. Changing percents to fractions. To change a percent to a 
common fraction, first change the percent to a decimal. The 


second step is to change the decimal to a fraction and reduce to 
its lowest terms. For example: 


80% = .80 = 80 =4 
100 365 
65% = .65 = 65 = 13 
100 20 
22.5% = .225 = 225 = 9 
1000 40 


As you can see, changing decimals and fractions to percents is 
quite easy, but what happens if you need to know the percent of 
one number to another? Let's take a look and see. 


e. Percent of one number to another number. You are now going 
to learn how to solve percentage problems. All percentage 
problems can be solved by substituting given information into the 
formula: 


small number = % 
large number 100% 


Percentage numbers are all placed on one side of the equal sign 
in the formula and all other information on the other side. 
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PIR priority intelligence requirement 

SOP standard operating procedure 
TACP tactical air control party 

TAI target area of interest 

TLE target location error 

TST time-sensitive target 
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*attack guidance matrix 


A targeting product approved by the commander, which addresses the how and when targets are 
engaged and the desired effects. 


board 


A grouping of predetermined staff representatives with delegated decision authority for a particular 
purpose or function. (FM 6-0) 


defeat 
A tactical mission task that occurs when an enemy force has temporarily or permanently lost the 
physical means or the will to fight. The defeated force’s commander is unwilling or unable to pursue 
that individual’s adopted course of action, thereby yielding to the friendly commander’s will and can 
no longer interfere to a significant degree with the actions of friendly forces. Defeat can result from the 
use of force or the threat of its use. (FM 3-90-1) 
denial operations 
Actions to hinder or deny the enemy the use of spacew, personnel, supplies, or facilities. (FM 3-90-1) 
destroy 
A tactical mission task that physically renders an enemy force combat-ineffective until it is 
reconstituted. Alternatively, to destroy a combat system is to damage it so badly that it cannot perform 
any function or be restored to a usable condition without being entirely rebuilt. (FM 3-90-1) 
destruction 


1. In the context of the computed effects of field artillery fires, destruction renders a target out of 
action permanently or ineffective for a long period of time, producing at least 30-percent casualties or 
materiel damage. 2. A type of adjustment for destroying a given target. (FM 3-09) 


disrupt 
1. A tactical mission task in which a commander integrates direct and indirect fires, terrain, and 
obstacles to upset an enemy’s formation or tempo, interrupt the enemy’s timetable, or cause enemy 
forces to commit prematurely or attack in a piecemeal fashion. 2. An obstacle effect that focuses fire 
planning and obstacle effort to cause the enemy force to break up its formation and tempo, interrupt its 
timetable, commit breaching assets prematurely, and attack in a piecemeal effort. (FM 3-90-1) 
diversion 


The act of drawing the attention and forces of an enemy from the point of the prinicipal operation; an 
attack, alarm, or feint that diverts attention. (JP 3-03) 


dynamic targeting 
Targeting that prosecutes targets identified too late, or not selectedd for action in time to be included in 
dleiberate targeting. (JP 3-60) 


effect 
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1. The physical or behavioral state of a system that results from an action, a set of actions, or another 
effect. 2. The result, outcome, or consequence of an action. 3. A change to a condition, behavior, or 
degree of freedom. (JP 3-0) 

fires warfighting function 
The related tasks and systems that provide collective and coordinated use of Army indirect fires, air 
and missile defense and joint fires through the targeting process. (ADRP 3-0) 

high-payoff target 
A target whose loss to the enemy will significantly contribute to the success of the friendly course of 
action. (JP 3-60) 

high-payoff target list 
A prioritized list of high-payoff targets by phase of the operation. (FM 3-09) 

*high-value individual 
A person of interest who is identified, surveilled, tracked, influenced, or engaged. 

high-value target 
A target the enemy commander requires for the successful completion of the mission. (JP 3-60) 

site exploitation 
A series of activities to recognize, collect, process, preserve, and analyze information, peronnel, and/or 
materiel found during the conduct of operations. (JP 3-31) 

synchronization 
The arrangement of military actions in time space and purpose to produce maximum relative combat 
power at a decisive place and time. (JP 2-0) 

target 
1. An entity or object that performs a function for the adversary considered for 
possible engagement or other action. 2. In intelligence usage, a country, area, 
installation, agency, or person against which intelligence operations are directed. 3. An 
area designated and numbered for future firing. 4. In gunfire support usage, an impact 
burst that hits the target. (JP 3-60) 

target development 


The systematic examination of potential target systems—and their components, individual targets, and 
even elements of targets—to determine the necessary type and duration of the action that must be 
exerted on each target to create an effect that is consistent with the commander’s specific objectives. 
(JP 3-60) 

targeting 
The process of selecting and priortizing targets and matching the appropriate response to them, 
considering operational requirements and capabilities. (JP 3-0) 

time-sensitive target 
A joint force commander validated target or set of targets requiring immediate response because it is a 
highly lucrative, fleeting target of opportunity or it poses (or will soon pose) a danger to friendly 
forces. (JP 3-60). 

validation 
A part of target development that ensures all vetted targets meet the objectives and criteria outlined in 
the commander’s guidance and ensures compliance with the law of war and rules of engagement. (JP 
3-60) 

vetting 


A part of target development that assesses the accuracy of the supporting intelligence to targeting. (JP 
3-60) 
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weaponeering 


The process of determining the quanity of a specific type of lethal or nonlethal means required to 
create a desired effect on a given target. (JP 3-60) 


working group 


(Army) A grouping of predetermined staff representatives who meet to provide analysis, coordinate, 
and provide recommendations for a particular purpose or function. (FM 6-0) 
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(1) Finding what percent one number is to another. For 


example, in the problem: There are 25 Marines in the 
formation. Of the 25, 5 are NCO’s. What percent of the 
Marines are NCO’s? Substitute all known information into 
the formula. 


Step #1 small 4% = % 
large 100% 

Step #2 5 = x(unknown)% 
25 100% 


Hl 


Step #3 5 x (Change percents to 
25 1.00 decimals and cross 
multiply) 


Step #4 25x = 5 


Although this is actually an equation, and you will not 
be discussing algebra until the next study unit, you will 
cover enough algebra to complete the formula. 


Note: The Golden Rule for the multiplicative property 
states that if two equal numbers are multiplied by 
the same number, the products are equal. The 
division property states that if two equal numbers 
are divided by the same number, the quotients will be 
equal. Just as addition and subtraction are inverse 
operations, so are multiplication and division. One 
operation can undo the other. This rule also applies 
to solving equations involving the multiplication and 
division properties of equality. 


25x = 5 


You are looking for some number that when multiplied by 
25 will give a product of 5. 

The objective in solving an equation is to isolate the 
variable, X in this case. Here you have multiplication, 
so the inverse division operation will be applied. 


Step #5 25x _ 5. (Note that 25x = 1x. It is 


25 25 25 
pete ee customary to drop the 1 
25 since x and 1x are the 
same) 
Step #6 x = .20 
x = 20% 
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Preface 


Purpose and Scope 


This publication will assist personnel involved with signal planning and operations 
in a combat environment. It contains general information and technical characteristics of 
telephone, telecommunications, multiplex, single-channel, multichannel, and mobile 
subscriber equipment (MSE) normally deployed throughout a theater of operations. 


User Information 


The proponent of this publication is HQ TRADOC. Send comments and 
recommendations on DA Form 2028 directly to Commander, United States Army Signal 
Center and Fort Gordon, ATTN: ATZH-DTL, Fort Gordon, Georgia 30905-5075. Key 
comments and recommendations to pages and lines of text to which they apply. If DA Form 
2028 is not available, a letter is acceptable. Provide reasons for your comments to ensure 
understanding and proper evaluation. 


Unless this publication states otherwise, masculine nouns and 
pronouns do not refer exclusively to men. 


Vili 


Let's look at another example: Of the 60 meals picked up 
by the "platoon guide," 12 of them were turkey loaf. 
What percent were turkey loaf? 


Step #1 small _ _x% 
large 100 
Step #2 12 _ _x% (Put known information 
60 100% into the formula) 
Step #3 12 _ _x (Change percents to 
60 1.00 decimals and cross 
multiply) 


Step #4 60x = 12 


Step #5 60x = 12 


6 60 
= 12 
60 
Step #6 x = .20 (Change decimal to percent) 
X = 20% 


If you apply the steps involved, you will have no problem 
finding what percent one number is to another. You may 
be asking yourself, why is this important? This is very 
important to Marines. Percentages are used every day to 
help account for our men, material, equipment etc. 
However there is still more to learn. You must also be 
able to find the number that a percent represents and 
that is what we are going to learn next. 


(2) Finding a percent of a number. This is probably the most 
used of all percentage problems. A typical problem would 


be: Twenty Marines work in the S-1 office. Ten percent 
can go on leave. What is the number of Marines that can 
go on leave? Here, as in the preceding examples, the 
known information can be put into the formula: 


Step #1 small _ 


—_x_< 
large 100 


Step #2 x(unknown) _ _10% 
20 100% 
Step #3 _x _ .10 (Change percents to 


20 1.00 decimals and 
cross multiply) 
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Section I. Telephones 


A-1/PT 
Telephone Set 


NSN: 5805-00-521-1320 
Reference: TM 11-5805-243-12 
General Information 


The TA-1/PT is a lightweight, weatherproof, sound-powered telephone intended for use 
on field wire lines in forward areas. It can be used for communications with any local battery 
field telephone or local battery switchboard. It includes a generator for producing a 20-Hz 
ringing current. 


Technical Characteristics 


Ran OC usta epiar-ied tac aa ade eeneue otk Approximately 6 ken ad ee field ne 
LVDEOF Operation aida cwackerk oat eeinicehetenbiedn wet egged akc ta eentaens Local battery 
oun NOUARE v-cun(de anc burns olen resus chy tae cist Fee es 65 to 80 V AC, 20 Hz 
Type of Signaling 

VASUAN chat Ae waht Cas ee watts Rah hoe h aun meadnds Nonadjustable Maltse cross 

PUIG DIG, e530 sch at gee Raseh, are eileen ay death BNeags Buzzer, adjustable from LOUD to OFF 
Power Requirements ¢2cesihevet ens wrae eek euyeea dere eubeae bas Sound-powered 
Weight: 

ROLE DIONE: 2.4.2.4 bb cata dots agttte Wi ip RAE ade eal a eoe ee So 1.25 kg (2.75 Ib) 

Caryn? Case 44 4y2eku ga whe eee i hee ee Ga eee Re aS 3.97 kg (14 oz) 


TA-1/PT 
Telephone Set 


CARRYING 
STRAP 


MOISTURE-PREVENTING 
DIAPHRAGMS 
RECEIVER 


GENERATOR LEVER 


TRANSMITTER 
Ly, | HANDSET 
= 
—— An Se 
POSTS. ae y. Lily switch > AK S 
iy NY 
y \y 
CONNECTOR — VISUAL INDICATOR SON) Seoieey 
CORD 
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TA-236/FT 
Telephone Set 


NSN: 5805-00-503-2774 
Reference: TM 11-468 


General Information 


The TA-236/FT is a general purpose, common-battery telephone (manual or dial), and 
is compatible with all common-battery dial pulse equipment. 


Technical Characteristics 


RANGE vutininine saudinai ad auadeie ome Pau giitees Approximately 8 km (5 mi)from 

central office (36 dB working limit) 
Type OF Operations ssoseae4 ioe bisa nd aied oee See eee Common battery 
Signaling (QUIROING) i s.cc6eeus te udaes Mba yes wad sae ele eee on Dial pulse 
slenaling (INCOming 4.9 eas bos cin SRAM RE HERG as ke atee sé 90 V AC, 20 Hz 
Type of Sienalvaccsiscesge tate ee ees Bell with adjustable volume 
POWER REGUITCMENE tyvidet eats eis ett R Te eee oy Supplied by central office 
Weiclits cic soot Gowe Shute ae eh ata yan Shen Pes eae e 3 2.27 kg (5 |b) 
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TA-236/FT 
Telephone Set 


DESK STAND 
coRD 
TRANSMITTER 


RECEIVER 


HANDSET 
~ HOUSING 
“A ASSEMBLY 


OO 


on 


DIAL 
WHEEL 


FINGER 
STOP 
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TA-312/PT and TA-43/PT 
Telephone Sets 


NSN: 5805-00-543-0012 (TA-312/PT) 
6805-00-503-2775 (TA-43/PT) 


Reference: TM 11-5805-201-12 (TA-312/PT) 
TM 11-5805-256-13 (TA-43/PT) 


General Information 


The TA-312/PT and the TA-43/PT are two-wire, battery-operated field telephones. 
They may be used in a point-to-point wire system or in any two-wire ring-down subscriber 
position of a telephone communications system. The Handset H-60 contains a push-to-talk 
switch which connects power for talking. The TA-312/PT has a built-in Receptacle Connector 
U-79/U for use with a headset and an associated EXT-INT switch; the TA-43/PT does not. 
The TA-43/PT is being replaced by the TA-312/PT. The TA-955 dual tone multifrequency 
(DTMF) adapter allows push button operational interface with automatic analog switches. 


Technical Characteristics 


Range 

WD seach eee vacecric nec a colncratmnee a oacrise gated Approximately 22.5 km (14 mi) on WD-1/TT 
(36 dB working limit) 
Disc ts ete Baa e tan tateniek kintinde att a Ba Neate at Approximately 36.4 km (22 mi) on WD-1/TT 
; (36 dB working limit) 

Type of Operation: 
Common-Battery id iuwie vive ies 88 eae Voice transmission and signaling 
power supplied by switchboard 
UGOCAl DAHER eh odie eed a indie Aula Maha ahsond bahtiahy aseads Monk Voice transmission power supplied 


by two BA-30s, signaling power 
supplied by a hand-crank generator 


Common-Battery Signaling............ 00.0... eee Signaling power supplied by 
switchboard, voice transmission 
pe by two BA-30s 
Signaling (Outgoing)............... Hand generated, 90 to 100 V AC, 20 Hz 
Signaling (Incoming) ................000- Audible tone, adjustable volume 
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TA-312/PT and TA-43/PT 
Telephone Sets 


EXTERNAL 
BATTERY 


BATTER RY 
TERMINAL COMPARTMENT 
HOOK SWITCH LATCH COMPARTMENT SELECTOR 


CARRYING 
STRAP 


RETAINING 
CRADLE 
LF e424 


HANDSET 
RETAINING 
SPRINGS 


NDSET 
MOUNTING TELEPHONE SET 
CRADLE CASE CY-1277A/PT 
<= eee 
VOLUME 
sane ies CONTROL 
BINDING 
POSTS ga AS SWITCH 
RECEPTACLE 
7 ie PUSH- TO- HANDSET 
Oa” H-60/PT 
SWITCH RECEPTACLE 
DEICING 
SCREEN 
TA-312/PT 


TA-43/PT 
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TA-341/TT 
Telephone Set 
NSN: 5805-00-910-8844 
Reference: TM 11-5805-384-12 
General Information 

The TA-341/TT is a four-wire, transistor, local-battery telephone intended for use in 
sheltered areas. It is designed for use with tactical automatic switches but also can be used 
in a point-to-point mode. Up to four sets can be bridged across a single four-wire line for 


extension service. DIMF tones activated by a push-button key sender are used for signaling. 


Technical Characteristics 


RANRG vaca sce aw enh ee aerate 3 km (2 mi) from AN/TTC-38 under worst conditions 
hy pe:Ol OPerauOn .:ai5. cea oaxt.e oats eewe eee aawes Local or common battery 
plpnaling (OUlCOIIG) is. cys nage eed hid Biece a aca ae 900 to 3400 Hz DIMF 
rape (inCOnMIS sctat ed Sat thins cena da pane y Boars 90 V AC, 20 Hz 
Type OF Siena jes sneer Seda Gerais es Audible tone, adjustable volume 
Power Requirement ............. csc eee eee eee 6 V DC (four BA-42s or equivalent) 
VY RIOT a ot dat crs Rar ens ete ene oe waa il Sa eects ode Be eases 3.2 kg (7 lb) 
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TA-341/TT 
Telephone Set 


(CASE SLING) A1MP2 


(TELEPHONE SET) A1A1 
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TA-838/TT 
Telephone Set 


NSN: 5805-00-124-8678 
Reference: TM 11-5805-650-12 


General Information 


The TA-838/TT is a rugged, solid-state, field telephone designed for use with 
switchboards SB-3614/TT and SB-3614/AT or with the Tactical Automatic Switches 
AN/TTC-25, AN/TTC-38, AN/TTC-39, and AN/TTC-39A and is capable of compatible inter- 
operation with TA-341/TT and C-6709 net radio interface (NRI) equipment. It is a two or 
four-wire local or common-battery set using DTMF tones for signaling and will work with any 
DTMEF semiautomatic or automatic circuit. Using the TA-838/TT, up to three extensions may 
be added in the four-wire mode and only one extension maybe used in the two-wire mode. 


Technical Characteristics 


RANGe eviews Sees aneeween Tee es 3.2 km (2 mi) from SB-3614/TT under worst conditions 
iy pe OF Operation a sive? cea teseonuss oie ease Local or common batter 

Sienaling (QuICOINS) <<<. 2.350: 0s sei ga oe Be HS 900 to 3400 HzDTM 

Die Nalin CHIC OMI Gi s:g% cctes a ca by oe wy Ge are Sara nee G'S Os eae te 90 V AC,20 Hz 
TEV PeOF SION Al n.d)6 35 13. cee Muah e Shaan ine eis Audible tone, adjustable volume 
POWer REqUIreMent x 5.is5.5-4;ac0 ta oe tty Ghee ea 8 6 V DC (four BA-42s or BA-2042s) 
WEISTIE Sy hcris au cae eas eee ee URE et, Ube Mi ued eae 8 3.6 kg (8 Ib) 
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Step #4 1x = 20 x .10 = 2.0 
Step #5 x = 2 Marines can go on leave 
Let's try one more example: During the year (365 days), 


elements of the 1st platoon were on patrol 48 percent of 
the time. How many days were they on patrol? 


Step #1 small number ___% 
large number 100% 


Step #2 x(unknown) _ _48% 


365 100% 
Step #3 x . .48 (change percents to 
365 1.00 decimals and cross 
multiply) 


Step #4 1x = 365 x .48 


Step #5 x = 175.2 days on patrol 


You have been taught how to find what percent one number 
is to another and how to find the number that a percent 
represents. You have one more area to learn. You must 
be able to find the unknown number if you are given a 
percent. Let's take a look and see how this is done. 


(3) Finding the unknown number. A typical problem would be: 
Pvt Pile bought a shirt for $10.50. This was 35 percent 


of the money he had saved for clothing. How much had he 
saved? As in the two preceding examples, the problem can 
be solved by putting the known information into the 


formula: 
Step #1 small number _ % 
large number 100% 
Step #2 10.50 —- _35% (Change percents 
x (unknown) 100% to decimals and 
cross multiply) 
Step #3 10.50 _ _.35 
x 1.00 
Step #4 -35x = 10.50 
Note: Here you must use the inverse division operation 
(Step 5). You are looking for some number that when 


multiplied by .35 will give you a product of 10.50. 
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TA-838/TT 
Telephone Set 
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TA-938/G 
Telephone Set 


NSN: 5805-00-134-2599 
Reference: Not available 


General Information 


The TA-938/G is a two-wire common-battery telephone set intended for use in 
sheltered areas. The telephone uses DIMF signaling. Two sets can be bridged across a 
single two-wire line for extension service. 


Technical Characteristics 


RAINS 6 Sot as tot ana bat. Oa Oe Bas Et och oe Approximately 8 km (5.0 mi) 

from central office 
LY De Ol Opera ll OUr< wine’ atenu ain Tie sia ata ena a aa ele ete Common battery 
DISMAL: WOMB Cy sa G oe Dapeng Waanet a Ooareek tian gestalt da tee ahs 90 V AC, 20 Hz 
Py PE OM DIPN Als «Gig ule bot at iis deh pnt, & a9) ded erage vie mie ws erie at Sr eres Bell 
Power Requirement i.sih4-2s tess endaw owed asaya ees Supplied by one office 
WHOIS AE cs 2.64 2 ee tine EERE Ue Se Cee Henge ema L8 keg (4 lb) 
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TA-938/G 
Telephone Set 
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TA-954/TT 
Digital Nonsecure Voice Terminal 


NSN: 5805-01-159-9691 
Reference: TM 11-5805-735-12 
General Information 


The digital nonsecure voice terminal (DNVT) TA-954/TT is a four-wire terminal 
contained in a ruggedized case, which transmits and receives conditioned diphase-modulated 
digitized voice and loop signaling information at 16 or 32 kb/s. The DNVT has a 16-key push 
button keyboard, receiver and ring volume controls, an incoming call/off-hook indicator light, 
and writing pad. It contains built-in protection from nuclear energy electromagnetic pulses 
and lightning. Handset H-350/U is issued with the DNVT. The microphone element is 
activated when the handset is removed from the cradle (hot mike). The push-to-net radio 
interface switch is only pressed to key the C-6709. The DNVT provides a digital 
communications interface with Tri-Service Tactical Communications (TRI-TAC) and Mobile 
Subscriber Equipment (MSE) circuit switches. 


Technical Characteristics 


Channel Interface-Pield: Witte. . cca znvs oeneek an eanwakea or aan 2% 4-wire field cable 
Transmission Kane gcse Skah ine Coe eee ese nee ss 4 km (2.4 mi) max 
Input Power-Power Drain: 
On TOO ks 5 esis ae tie eS air Serco Ptah epee rd ena ied eee satin ee 300 mW, max 
OPE IOGK e523: Seok id 2 Oke OA BAER A CESS BEERS 1.5 W, max 
POWOr Requiremeniiin, icuc ews iccesan Bees Site Ws ORS Hows Red aes +24 to +56 V DC 
Current Drain: 
One HOOK Sy dene 68 av dina eee Rhee kage R iA ia eee oR ed ones 12.5 Ma, +24 VDC 
5.0 Ma, +56 V DC 
OP HMookcer syle at oti ka vue ue ee en eee oes 62 Ma, +24 V DC 
25 Ma, +56 V DC 
WGTEIVE Sek cd ire ow mics hake ohh malts algae Sik etic chet ak he atl 2.7 kg (5.8 Ib) 
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TA-954/TT 
Digital Nonsecure Voice Terminal 
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TSEC/KY-68 
Digital Subscriber Voice Terminal 


NSN: 5810-01-082-8404 
Reference: TM 11-5810-329-10 
General Information 


The digital subscriber voice terminal (DSVT) KY-68 is used for encrypting / Sec Png 
voice traffic and provides secure digitized data traffic. It operates as a full-duplex or 
half-duplex voice/data subscriber terminal at 16 to 32 kb/s. The KY-68 provides secure and 
nonsecure access to the switched networks and secure access to non-switched networks. 
Handset H-350/U is normally issued with the DSVT and includes a push-to-talk switch which 
is used when the DSVT is operating in the half-duplex mode to allow for voice transmission. 
The terminal consists of a five-position function switch, audio and ring volume controls, 
ring/busy, extension, and nonsecure warning indicators. The DSVT provides a digital 
communications interface with TRI-TAC and MBE circuit switches. 


Technical Characteristics 


Channel Interface-Field Wire ........ 0.0.0. cece cee eens 4-wire field cable 
Power KRequivement ci cna kta eee eee Shae ses -21 to -56 V DC (DC voltage 
is provided by the ae 
power supply HYF-71/TSEC) 
WV CIO hc tie aes etn Waele each Wiart a out a has wieabe Marat tata neni 6.3 kg (13.8 lb) 
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TSEC/KY-68 
Digital Subscriber Voice Terminal 
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TA-1035/U 
Digital Nonsecure Voice Telephone 


NSN: 5805-01-246-6826 
Reference: TM 11-5805-761-12&P 


General Information 


As a prime subscriber terminal, the TA-1035/U provides full-duplex, conditioned, 
diphase digital voice and loop signaling information with wire and mobile access equipment. 
It also provides supervisory, clock, plain text, and voltage reference signals with data devices. 
The TA-1035/U provides a data port for interfacing the communications terminal (CT) and 
AN/UXC-7 data devices to the echelons corps and below (ECB) network. The TA-1035/U 
operates in a common-battery power mode, deriving its power from the switch line 
termination circuit. 


Technical Characteristics 


Cables: 
Channel interface................. 4 conductor field wire, 1,000 ft max (305) 
Data levice Miteriace rks oe So eet ae Se eS oe ows Oates Signal cable 


Power Requirements: 
Input power (power drain) 


EPL OO ag sahs phen penta ees ah GNARL AC NEN NG RRL AENEAN ELK panne a 300 mW, max 

NOOK ae scotia sens ovate 420-eGG-e ek wee trad feat ee EARNS Bee Blin eh ae OH 1.5 W, max 

Inpubpower (Ole) 23 ses. v veterans Soe eet cum cane ero Niu +24 to +56 V DC 

Input power (current drain) 

G: SNOOK ig cise eG eee No ECE usp Ieee eur N EGR 12.5 mA @ +24 V DC 
5.0 mA @ +56 V DC 

ORR OOK 6 nic tab det Rae Sn tad beh ede othe eo eet 62 mA @ +24 V DC 


25 mA @ +56 V DC 
Weights and Dimensions: 


LCNOE:. cry ature ake ty wean atau facnerea hae any aa auian aisaln ante hack 10 in (257.0 mm) 
WAGE, seh.oaa7d arspaktah tdtedes doystp eackoskunaneii de Mak ate Rien teen ea oteot: 7-3/8 in (185.9 mm) 
TICISHE Surcrs ose peitrnmned tatremnat gra sekat rate ernie. 4-5/8 in (118.9 mm) 
WCC a rence ies a cae ey Ws Gea Ste as She cares, fe center ta 5-3/4 Ib (2.6 kg) 
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TA-1035/U 
Digital Nonsecure Voice Telephone 
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TA-1042A/U 
Digital Nonsecure Voice Terminal 


NSN: Not available 
Reference: TM 11-5805-780-12&P 


General Information 


The digital nonsecure voice terminal (DNVT) is a ruggedized field telephone. It is 
operable as a tabletop device in tents, shelters, and office environments. It also may be 
operated outdoors while strapped to a tree or pole. The DNVT is designed for durability to 
exposure of the elements during operation and transportation. Voice communication is 
accomplished through the handset. Digital data from an external device interfaces through 
the TA-1042A/U’s digital data port (DDP). The DNVT transmits and receives full duplex, 
conditioned diphase digital voice and loop signaling information at 16 or 32 kb/s rates. The 
DNVT is a nonsecure telephone with no encryption capability. It digitizes voice information 
using continuously variable slope delta (CVSD) modulation. Digital communication 
transmissions, both to and from the DNVT, are accomplished using a conditioned diphase 
(CDP) data transmission method. This is accomplished by using the DDP. The DNVT 
operates in both common battery mode and local battery point-to-point mode, but not 
simultaneously. 


Technical Characteristics 


Overall Dimensions: 


NACE ocr odin oat 5 Gt 's eer Rie en etn ait hds cae aan Raha ce Aen Poet ion 7 in 

PSSUCAG Sespa'e. Sisonh & inh Deal ah Sak, on Ge eA Wee th a bce e nats Dar sts aaaeag 4.25 in 
MeN Cis sak Seow Seen ee RO WS a hat wk Od here ee Se 9.75 in 
WGlEN Es wal a OSS. ae Ee oO ae bearer gece eran gegna tama 4.5 Ib(approx) 
Temperature Range: 

Normal Operating 4.2320 254,02¢0eo 8.024044 -30 C(-22 F) to +52 C (+125 F) 

DORA CS ee 2G cee dh Doe a AUS Oras of Al as -57 C (-70 F) to +71C (+160F) 
FAMILIE RATIO CS gs oye gh a Sod aig eee Se eas Mas Se RR EONS Up to 98% 


Step #6 x = $30 


Let's look at one more example: Cpl Slick spent $52 on 
liberty in Tokyo last Saturday. This was 65 percent of 
his bank roll. How much money did he have originally? 


oe 


Step #1 small number _ 
large number 100% 


Step #2 52 = _65% (Change percents to 

x (unknown) 100% decimals and cross 
multiply) 

Step #3 52 _ _.65 
x 1.00 

Step #4 .65x = 52 

Step #5 .65x _ 52 (Use the inverse division 
-65 -65 operation: x = 52 + .65) 


Step #6 x = $80 


Remember, the main factor in finding the unknown is the 
inverse division operation. 


Lesson Summary. This lesson provided you with the necessary 
skill to apply the operations of percentage to convert a common 
fraction or decimal to a percent, to convert a percent toa 
common fraction or decimal, to find what percent one number is to 
another, to find the percent of a number, and to find the unknown 
number. 


Unit Exercise: Complete items 1 through 74 by performing the 
action required. Check your responses against 
those listed at the end of this study unit. 


Note: Complete items 1 through 6 by reducing each fraction 
to its lowest tern. 


1. 36 = ? 
48 

a. 3 b. 4 Ce: 42 qd. 6 

4 5 8 8 
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TA-1042/U 
Digital Nonsecure Voice Terminal 
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Section II. Switchboards 


SB-22/PT and SB-22A/PT 
Manual Telephone Switchboards 


NSN: 5805-00-257-3602 (SB-22/PT) 
5805-00-715-6171 (SB-22A/PT) 


Reference: TM 11-5805-262-12 


General Information 


The SB-22/PT and the SB-22A/PT are tactical, manual switchboards that can be 
rapidly installed to provide field facilities for interconnecting 12 local-battery telephone 
circuits, remote controlled radio circuits, or voice frequency (VF) teletypewriter circuits. Two 
SB-22/PTs may be stacked to provide a 29-circuit capability by removing one TA-221/PT 
(operator’s pack) and inserting five TA-222/PTs (line packs). Replacing a line pack with a 
trunk ae permits one-way ring-down, and one-way automatic trunk circuits between the 
SB-22A/PT and any other switchboard with common-battery signaling. The Tone-Signaling 
Adapter TA-977/PT provides the operator with a two-wire push-button tone-signaling 
capability for interfacing automatic switches without operator intervention. 


Technical Characteristics 


Ty peor Operation in ss se eaene eiG ose co Seis ae es Manual with local battery 
Line Capacity’s.aw 2,254 4555u Lek eeMch see ase ans ed sors dae eet dean Bae 12 
Siena line (OURS OINE) sind sued sia gaara oa eae ae 90 to 100 V AC, 20 Hz 
signaling (Outgoing) with adapter...« <0... <cccueieese cae wen ee eee ees DTMF 
ene (INCONUNE) s44.4:5 Secu ee ee hee Pey aes ewe See 90 V AC, 20 Hz 
Ly De Of Oe Nal A atea ghiledh pag a noche ee id ek eae Audible or visual alarm 
Power Requirement: 

Operator's Talkin? Circuits ists seas pe resourses gear eenaes 3 V DC (two BA-30s) 

NishtAlarm-and Panel bight... 22s. ¢40.cecseck setae nc 3 V DC (two BA-30s) 
WCAC INE > cg ly 8 Crave: ens Sy let Be lar my we steaa te Greanih b yee ra doe 15.4 kg (34 lb) 
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SB-22/PT and SB-22A/PT 
Manual Telephone Switchboards 


TELEPHONE CIRCUITS 
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TA-221/PT 


ap. 
WLS 
= A) 
ais Wig 
BOVE Os 
5 SA 
~ . = 
~ 4, : itd 
2, ~$ Ra ALC. Ik 
Se g : ; Sy bes = 
t 
oS i J 
6 
Ry 
eas 
FP 
r NS \ 
<S “4 
‘ 
, 
INING 


RETA 
STRAPS 


HANDSET 
H-81A/U 


1-23 


FM 24-24 


SB-3614(V)/TT and SB-3614A(V)/TT 
Telephone Switchboards 


NSN: 5805-01-032-1694 (SB-3614(V)/TT) 
5805-01-216-0887 (SB-3614A(V)/TT) 


Reference: TM 11-5805-695-12 (SB-3614(V)/TT) 
TM 11-5805-749-12 (SB-3614A(V)/TT) 


General Information 


The SB-3614 is a tactical, ruggedized, 30-terminal automatic switchboard. It provides 
rapid, cordless service to various interfaces. It me operate as a 30-terminal, single-switching 
facility or maybe connected with additional switchboards to form a 60- or 90-line system. The 
switchboard operator can monitor, answer, initiate, extend, preempt, and release calls using 
the four-by-four key sender and other functional push buttons. Any connection can be broken 
down manually, through operator intervention and action, or automatically, through a 
subscriber going to an on-hook condition. A maximum of 18 terminals may be connected as 
either four-wire DTMF signaling trunks, or DC closure dial pulse or DIMF trunks, ear and 
mouth (E&M) dial pulse or DTMF lines or trunks. The switchboards provide fully automatic 
operation with touch tone subsets and two- and four-wire trunks and limited service with 
rotary dial pulse subsets. The SB-3614(V)/TT requires manual tandem dialing when dialing 
outside of your local switchboard. The SB-3614A(V)/TT automatically routes tRe call through 
the network using primary or alternate routes. For common-battery signaling or ring-down 
lines and trunks without DTMF capability, the switchboard provides call extension service. 
DIMF subscribers have direct distant dialing (7-, 10-, and 13-digit) and Defense Switching 
Network (DSN), Dial Central Office (DCO), and commercial access capabilities. Other 
features of the SF3-3614A(V)/TT include facsimile service, call forwarding, preemption by 
precedence, conference calling, and subscriber (loop) hunting. 


Technical Characteristics 


TYDGr0l Ope QHON esis ate oo Sas tarts gins ba gare es nate ae a Manual or automatic 
Powet Requirement 0 5 ci du o3 oe eee eee ee eas Se Re 24 V DC, 5 amp (max) 
DORI VAIS espa eh gee halve de a ee Be este eB aoe 30 in each switchboard 
60 or 90 in expanded mode 

Simultaneous Conversations ........ 0.0000 cece eee eee eee 15 for one switchboard 
30 for expanded operation 

Precedence-Levels ists we ieatatadadeleewekets SB-3614(V)/TT: routine and priority 


SB-3614A(V)/TT: routine, priority, 
immediate, flash, and flash override 
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Technical Characteristics 
(Cont.) 


Types-ot ‘Lerminal PCB sen s4 tote SO ORs Was eee SAA Type I 


i V 
Type VI (SB-3614A(V)/TT only) 
Type XI (SB-3614A(V)/TT only) 
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SB-3614(V)/TT 
Telephone Switchboard 


SB-3614A(V)/TT 
Telephone Switchboard 
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Section III. Auxiliary Telephone Equipment 


CV-1918A(V)/G 
Telephone Signal Converter 


NSN: 5805-00-504-9103 (CV-1918A(V)1/G) 
5805-00-137-7674 (CV-1918A(V)3/G) 


Reference: TM 11-5805-553-13 
General Information 


The CV-1918A(V)/G is a transistorized, eight-channel telephone signal converter 
designed to interface between automatic and manual telephone central offices. The 
CV-1918A(V)/G and the automatic telephone central office communicate with each other 
using electronic signal tones. The operator’s actions are translated into signal tone commands 
by the CV-1918A(V)/G. When installed on either the SB-249TT/C or SB-1398/GTA-14(V) 
switchboard, the converter provides two-wire to four-wire and four-wire to two-wire telephone 
oe compatibility. In addition to establishing a voice path between the two different 
telephones, the CV-1918A(V)/G generates the tones required to activate the automatic 
telephone central office switching functions. The manual switchboard operator can dial into 
the automatic switch using the DTMF dialing capability on the CV-1918A(V)/G. The three 
CV-1918A(V)/G models differ only in the quantities of components used in their configuration. 


Technical Characteristics 


Transmssion: Kan pe: ose sles oo eae sae ee PS ae ee ees 3.2 km (2mi) 
Cifedit Capacity: iaaeo eu wean gat ee how ed fee wae Aaa 8 channels 
Voice Frequency Range@cccs tawny oe ad eka eis oa SS ees 300 to 3500 Hz 
Operating Power: 
CLA cic steko bewan aaae ees a see RE MOAG BY Eee hee eee ees 6 and-3 V DC 
Bere teste chek eee ae ples Oe ie aes ein eater a wie es 48 V DC 
ee Of Signal. 22222 e eee tdedddtoss Audible night alarm with adjustable volume 
(Fa nS Pe a rae Pe Pa oe ee a er 5.4 kg (122 Ib) (CV-1918A(V)1/G) 
36 kg (80 Ib) (CV-1918A(V)2/G) 
33.1 kg (73 Ib) (CV-1918A(V)3/G) 
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CV-1918A(V)/G 
Telephone Signal Converter 


INDICATOR 
LAMPS 


° 

RELEASE CHANNEL 

BUTTON Gk 
TRUNK UNIT 


KEY SENDER SEIZE 8 re 
BUTTON e% 

Ce, > Bia CONVERTER CUA 
So TRONICS UNIT uA” 


Gan ASSEMBLY ELEC 
ms UNIT NO. 1 


CONTROL 

LIGHTING 

ARRESTERS CABLE 
RECEPTACLE 


KEY CALL PEDESTAL UNIT 


CV-1918 COMPONENT QUANTITIES 


SYSTEM COMPONENTS | CV-1918A(V)1/G | CV-1918A(V)2/G | CV-1918A(V)3/G 


Electronics Units 
Universal Mounting Plate 
Trunk Unit 

Key Call Pedestal 
Distribution Box 
CX-2584/U Signal Cable 
Power Cable 


1 
2 
9 
9 
1 
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J-1077A/U and J-2317A/U 
Signal Distribution Panels 


NSN: 6110-00-985-7574 (J-1077A/U) 
6110-00-937-4964 (J-2317A/U) 


Reference: TM 11-6110-201-12P (J-1077A/U) 
TM 11-6110-243-14P (J-2317A/U) 


General Information 


The J-1077A/U is a hard-wired (normal through) distribution box. It is used for 
interconnecting field wire or any other wire lines which are accessible for binding post 
connection traffic capability using 26, two-wire lines. Two J-1077A/U’s are required for use 
during field expedient patching. The J-2317A/U has four 26-pair connectors. Each connector 
terminates on respective binding post strips A, B, C, or D. The primary use of the J-2317A/U 
is field expedient patching or main frame distribution. All circuits used must be internally 
patched with jumper wires. 
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J-1077A/U and J-2317A/U 
Signal Distribution Panels 
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16 16 16 16 


63 63 65 65 


a. 17 b. 19 c. 17 d. 19 


53 53 63 63 


Complete items 7 through 12 by reducing each fraction to its 
higher term by supplying the missing numerator. 


7. Bt 
9 27 
a 12 b 13 c. 16 da 17 
8. es 
4 10 
a. 15 b 30 c. 60 d 75 
9. Pe fen Le 
8 24 
a. 110 b. 120 c. 210 a. 220 
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TA-248/TT 
Static Ringing Generator 


NSN: 5805-00-503-1482 
Reference: TM 11-5805-298-15 
General Information 
The TA-248/TT produces a 90 V AC, 20-Hz ringing voltage for telephone switchboards. 


Technical Characteristics 


Power: Requirement (s\c26.52 en ota boos re eae aioe eas 110 V AC, 50 to 60 Hz 
ODE ed tare PS ore oh wa ee ea oils Cee EN oy eae ees 90 V AC, 20 Hz 
WCTO I arta ts A ocean he Sok pcr da ch, cian rit Brie aaa Sri ty abe ae Rca ee 3.4 kg (7.5 Ib) 
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TA-248/TT 
Static Ringing Generator 
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TM-184 Terminal Strip 
and TA-125/GT Terminal Box 


NSN: 6110-00-538-0777 (TA-125/GT) 


Reference: FM 24-20 (TM-184) 
TM 11-2138 (TA-125/GT) 


General Information 


The TM-184 is a block of insulating material on which 28 insulation-piercing binding 
posts and four mounting holes are mounted. This terminal strip can terminate seven pairs 
of wires. The TA-125/GT is a small, lightweight terminal. It is used at signal centers and test 
ae where weatherproof terminations are essential for uninterrupted service. The terminal 

ox is used wherever fies installation of field wire or cable circuits is required. It also may 


be used as a main distributing frame for small manual telephone switchboards. 
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TM-184 Terminal Strip 
and TA-125/GT Terminal Box 


TA-125/GT 
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Chapter 2 Telecommunications Equipment 
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Section I. Teletypewriter Equipment 


AN/UGC-74A(V)3 
Communications Terminal 


NSN: 5815-01-062-8194 
Reference: TM 11-5815-602-10 


General Information 


The AN/UGC-74A(V)3 is a message communications terminal used to compose, edit, 
store, transmit, receive, and print Army record traffic communications. The AN/UGC-74A(V)3 
will interface/operate with existing and post-1980 communications security (COMSEC) 
equipment. It can communicate bit serial Ata represented in ITA-2 (Baudot) or American 
standard code for information interchange (ASCII) codes. The mode of transmission shall be 
asynchronous or synchronous depending on the data rate. The AN/UGC-74A(V)3 is designed 
to replace current tactical electromechanical teletypewriter equipment. 


Technical Characteristics 


Method of Transmitting 20/00 saquuleda ens teen ane es Standard four-row keyboard 
plus four special keys 

Method:ok Receiving: 245.4468 05-4 55.655 259 5G 554 S44 Ros Page copy only, single or 
multi-ply (three-ply max) roll paper 

Typeror Sipnial spo x aun concen hee ea oR theses Xs 20 or 60 mA neutral operation and Lo Data 
Operation MOdei actin tebe Medea Ner erg Mist Ct cll Kd tecuthg Full or half duplex 
Speed OPUOn wii cana ou eu MG gt hia aed ae OS Ae Oe ates cae 60 to 1,600 wpm 
Power Requirement cc¢ccicsisaguw sees 22 to 30 V DC (DC power to maintain memory 


only in the event of AC power loss), 

115 V AC + 15%, 50, 60, or 400 Hz + 5% 

230 V AC + 15%, 50, 60, or 400 Hz + 5% 

Power Constinpion wicuecsyecuey Peewee nite eee Pe Sena baie e alec 100 W max 
WIN bac oh alate th bok Gay oie eae GSS eax 45.4 kg (100 lb) two-man carry 
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AN/UGC-74A(V)3 
Communications Terminal 
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AN/UGC-144 
Communications Terminal 


NSN: 5815-01-262-4611 
Reference: TM-11-7025-267-12 


General Information 


The AN/UGC-144 provides single subscriber operation. When in a network, the unit 
has a full-duplex asynchronous communications capability. It operates at signaling speeds 
of 45.5 to 32,000 b/s at ASCII data transfer rates. The single subscriber terminal st) can 
compose, edit, display, refile, store, transmit, and receive messages. It can monitor narrative 
message traffic in the R, U, and Y communities and can provide terminal-to-terminal voice 
communications if needed. ASCII or BAUDOT modes are available with normal input keying 
capability. The companion printer is a portable 85 column (or optional 136 column) serial, dot 
matrix line printr/ pote. It is a medium speed device that includes interface data, power 
supply, paper supply, and control mechanisms. It produces an alphanumeric printout at 50 
to 240 characters per second depending on character font and number of characters per line 
selected. 


Technical Characteristics 


TERMINAL: 
Data. Franster Rates ax scx 4 noe 4 Ae 8 gad sansa Rs DACB rates: 2,400 to 32,000 b/s 
Non DACB rates: 75X2n to 9,600, 
16,000, and 32,000 b/s 
BAUDOT rates: 45.5, 50, and 75 
ACROSS IIMCh s Pres vereqaits Moms nganmoaute tanttaesarcons dons okerenseags an Alereceehensdars annette 10 msec 
UMMA OMAR TDI rahe cencerea edie saditec et aoiancit debate dean avers ass cae cht cl 100/130 V AC, 48/63 HZ or 
200/260 V AC, 48/63 HZ 
CONSUIMP NON nit nace et iad Soa Ou iced Maka dead ne So eluit head cuenta ad ares 93W 
DISSIPATION sey acted eacelins ve Ake EM ea niles y ealack ie a ene nls RRR aes WE ENICY ve 15 W + 10% 
DAtehY 4 vino nicmede ied Oise etait tieha lassen Ml aeneaada vik Four 1.5-V NI-CAD, C-size 
Flere hit( Closed) esis fod aah ph ay earn eared ek Pea Ay eae aaa 25 cm (10.0 in) 
Height (OPEN) i262. eke beanies lakes AEs eam eases . 43 cm(17.0 in 
WAC Hct cee pls eI Led a oem saad Re ae. a acti INA, 51 cm (20.0 in 
Depth avant tek hag ao eA EAE Re ete aie Sieg aly endeared 56 cm (22.0 in) 
WSIS erry an cuenta te akon banvieed age wsrad saan ait dda neta Yale 25 kg (55 Ib) 
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Technical Characteristics 


(Cont.) 

PRINTER: 
DCCL oe dren Oe hatte Ene Ri te SLANE Sits oe GEA ide ad Mea, Oa a alte 150/240 cps 
Primary. Voltace Input cts amuse Sicutesres bees thoes 100/130 V AC, 48/63 Hz or 

200/260 V AC, 48/63 Hz 
CONSUMPHON rosea on 304.6 56 ou puke Sys eaten ee teens 13 W average 
echt (Closed ic acser cali ts went aceasta ea dive ta mnana oes 15 cm (6.0 in) 
Hewht (Open) c2e an atee saddest asta saa erate eoe tet tea seas 19 cm (7.5 in) 
WCU ace tae he eatin oleate Gs as awe ee Sue eo ee eee 38 cm (15.0 in) 
TS CE tered hel itta tra tidal G AN greeted PS ick me aces agi acs A I A ahha 36 cm (14.0 in) 
Welehticutceeosd veecwitetcan ehewtarsaedeees 6 kg (13.2 Ib) without paper 
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AN/UGC-144 
tions Terminal 
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NOTE: Printer is separate. 
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MOD-40/8B 
Data Terminal 


NSN: Not available 


Reference: Not available 
General Information 


The MOD-40/8B airport surveillance radar (ASR) terminal provides interactive data 
communications with a central message processor or other anilarly equipped terminals. It 
includes a keyboard/display (KD) a also may be equipped with up to three cassette-drive 
units for storage and retrieval. The message being prepared locally or being received may be 
displayed on the computer terminal cathode ray tube (CRT) for editing prior to transmission 
or to ye on cassette. It also is equipped with an 80-column tractor-feed printer. The 
MOD-40/8B can be interfaced with automated message media equipment (AMME), automatic 
digital network (AUTODIN), and the AN/TYC-39. 


Technical Characteristics 


Wethodsof Transmitting a sighs ion fies wale awe te made Standard four-row keyboard 
plus special keys 

Method OP Receivinig-tn ous urgureinedegs in axen tad Screen display, magnetic tape, 
and page printer 

Opera hon MOde tac biet masee ete ated meen and ant meee tee aortas Full duplex 
Input-Output Speed. acu suscuscuie we ean sees 2,400 b/s using the oe 
Baudot or (ITA-5) ASCII codes 

Power Requirement :..0:0sa6 soe yieesewiavns eet 115 V AC + 10% at 48/52 or 58/62 Hz 
Power COnsUMPHON j cu:i4 uiatate neue Mowe Wa Eo yee ais YS eee FES 2,885 W 
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MOD-40/8B 
Data Terminal 


VIDEO DISPLAY UNIT 80-COLUMN 


SPROCKET 
——_——SS= 
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Section II. Facsimile Equipment and 
Tactical Computer Systems 


AN/GXC-7A 
Tactical Facsimile Set 


NSN: 5815-01-067-4655 
Reference: TM 11-5895-1079-14-1 


General Information 


The AN/GXC-7A is a lightweight, mBeed, portable, low power system capable of 
operating from standard and vehicular power. It enables electronic transmission/reception 
of typed or handwritten record traffic, maps, overlays, drawings, photographs, and other 
types of documents containing black and white, color, or gray shades. The tactical facsimile 
will operate over existing and proposed standard voice radios and wire circuits. 


Technical Characteristics 


PEMA TN Se geahet Sos natee a wa tend Rays eee eae Any paper, using carbon paper transfer, 
including single copy sets, geen e copy sets, 

transparencies, map overlays, and view graphs 

Power Requirement<.:22s-s4cex wees 115/230 V AC, 47/400 Hz or 22/32 V DC, 50 W 
Wels cnc Cheng cetnig tage a eet wae bts a a8 24 kg (53 Ib) including carrying case 
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AN/GXC-7A 


Tactical Facsimile Set 


INTERFACE SaINUTES: GRAY 


}wot TaD 2 


ee ee oe ee 
VHF Radio AN/VRC-12 
AN/PRC-77 
X-Mode(wideband) KY-8/28/38 KY-87/3 
AN/VRC-12 ANPReT? 


— a and White 


| voice =f ANGRC-106 “106 


KG-30 Modem 
co -e os “106 


Vwiewoles) | k@2r aNTRC-as ee ee 
2400 8/S Black and White 
4800 B/S 
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AN/UXC-7 
Tactical Digital Facsimile Set 


NSN: 5815-01-187-7844 
Reference: TM 11-5815-615-10 


General Information 


The AN/UXC-7 is a lightweight digital facsimile (LDF) set, rugged, bead i low 
power system capable of operating from standard alternating current (AC) and vehicle direct 
current (DC) power. It enables electronic transmission/reception of typed or handwritten 
record traffic, view graphs, map overlays, transparencies, and hand-drawn copies in black and 
white and eight shades of gray. The LDF will operate over existing and proposed voice radios 
and wire circuits; full digital or analog data/voice capability. Its brief transmission (burst) 
reduces the chance of detection by the enemy. The LDF set can store data in memory, and 
then can send ina short, high-speed transmission requiring 7 to 15 seconds to transmit a full 


page. 


Technical Characteristics 


PHANG 65k centaur ess eee toes Prints on any paper, Ee carbon pare transfer. 
Receives on single or multiple copy sets. 

Power Requirements .............0000 eee ee 115/230 V AC, 47/420 Hz; 22/32 V DC 
Power Consumptony aves 4 vie hd cee e estes 55 W AC standby; 98 WAC operating 
50 W DC standby; 90 W DC operating 

WCITIES sce pee te Seeman eae niet ee ae we co ae 24.9 kg (55 Ib) including carrying case 
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AN/UXC-7 
Tactical Digital Facsimile Set 
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Section III. Computer Equipment 


AN/TYQ-33(V) 
Tactical Army Combat Service Support 
Computer System 


NSN: Not available 
Reference: TM 11-7010-213-12 


General Information 


The ANTYQ-33(V) system is a small portable computer designed to process data in 
the field. The Tactical Army Combat Service Support (CSS) Computer System (TACCS) is 
used to support the CSS missions in supply, maintenance, medical, and personnel areas. 
TACCS is available in two basic versions and can be expanded to a full cluster with five 
workstations. Version V1 consists of the master workstation and version V2 consists of V1 
plus one remote workstation, The expanded cluster consists of one master workstation and 
up to five remote workstations. 


Major Components 


Master Workstation: 
1 Logic Module 
1 Monitor 
1 Keyboard 
1 Printer 
3 Transit Cases 


Remote Workstation: 
1 Remote Logic 
1 Monitor 
1 Keyboard 
1 Transit Case 


FM 24-24 


MONLOR’ 4 a: ey % 
Display Format . . 


Character Format. . 


Character Set... 


Keyboard ...... 


Printer .......... 


Logic Module: 
Hard Drive ....... 


Flexible Disk Drive ... 


Tape Cartridge Drive 


Electronics ........ 


Power Requirement: 
Single Phase ... 


Technical Characteristics 


iS. BGS Sede Be Spa eae tae 8 Cathode Ray Tube 
Be eee ph at es ts fn ig DA Ok dey contd 29 lines of 80 characters 


Ree ie ae ene AE ROE ee eee 9 x 12 dot matrix 


SnSeil esha Raa Crt ok Soft font (stored in a software file) 


consisting of 256 characters (including 

standard ASCII set, graphic symbols, and 

other selected characters 
A Be Bade dy eg Oe Be SIE 98 keys in 6 groups with QWERTY 
standard layout 

esis Ghent edie 62 tee Pati an te Tabletop, bidirectional, dot matrix, 
impact printer, tractor feed 


Sa aed Rees eee 2 85 Mbytes, Disk Type Rigid, non-removable 
Fee SRS a eh Se Ee 1 Mbytes double-sided, double density, 


5 1/4 inch floppy; 630,784 bytes formatted 
S ctinie Bs eae See a Cartridge type: 30M-DC600A eer 
standard, 24 Mbytes (formatted) 


wa Ae Selene Be Central processor, main memory, data 


communications, video generator for monitoring FM 
radio interface or telephone line connections with 
automatic/manual dial, two modems, (150, 300, 600 or 
Baud), and connection to DSVT. 

1 Mbyte RAM, 1 Mbyte RAM each remote. 


ie ana. nats Sah Ab cen ee ee 120 V AC + 12V AC, 60Hz+ 3 Hz 
or 120V AC + 22 VAC, 50 Hz + 25 Hz 
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AN/TYQ-33(V) 
Tactical Army Combat Service Support 
Computer System 


MASTER WORKSTATION (M) 
MONITOR PRINTER 


LOGIC MODULE 


LOGIC MODULE MONITOR, KEYBOARD PRINTER 
TRANSIT CASE TRANSIT CASE TRANSIT CASE 


REMOTE WORKSTATION (M) 
REMOTE LOGIC MODULE ai MONITOR 


KEYBOARD 


1 MASTER 
V1 
SYSTEM 
1 MASTER 1 REMOTE 
V2 
SYSTEM 
UP TO 
4 REMOTES 


1 MASTER 


EXPANDED 
CLUSTER 
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AN/UYQ-43(V)1 and AN/UYQ-43(V)2 
Tactical Computer Processor 


NSN: (V1) 5895-01-211-9821 
(V2) 5895-01-246-8276 


Reference: TM 11-5895 -1348-12-1 
General Information 


The AN/UYQ-43(V)I and AN/UYQ-43(V)2 tactical computer processor (TCP) is a 
portable, general-purpose data processing display, and communications control equipment 
used to provide automated assistance to the Army maneuver commanders. The TCP can 
generate new tactical data, or update stored data in memory. The data can be in either 
alphanumeric, graphic, or combined alphanumeric/graphic form, An equipment interface for 
two-way communications over wire or radio links with other Army tactical units is provided. 


Major Components 


1 Display Unit 1P-1512/UYQ 

1 Processing Unit Central CP-1712/UYQ 
1 Power Conversion Unit PU-787/UYQ 

1 Printer TT-815/UYQ 

1 Recorder-Disk Tape RO-575/UYQ 

1 Interface Unit J-4324/UYQ 


Technical Characteristics 


POWEF DOULCE hoo Oa sada vara inter iar eu ve eS eels 28 V DC or 115/230 V AC 
Character Data Rate..............00.00000. 75, 150, 300, 600, 1,200, 2,400, 4,800, 

8,000, 9,600, 16,000, and 32)000 b/s 
Memory Media iug.6% toamgih Darn yngcte Pare at are Set OTs Fixed Disk---152 Mbytes 


Tape Cassette---67.1 Mbytes 
Flexible Disk---360 Kbytes 
Display Units. c sec Yana taleete teases Color. 48 Lines. 130 Columns max 
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a. 1 b. 1 c. 
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Technical Characteristics 


(Cont.) 

Weight: 

Weight Each 
L Display iit Lesa Uso eaeaiten Seed Ma letieed, a Paaute Aicnaighs 65.9 ke (1451b) 
1 Central. Processing Unit CP-1712/UYO... oc. cence cence ee ceeds 53.6 kg (118 lb) 
1 Power Conversion Unit PU-787/UYQ .. 0... cee 70.0 kg (154 lb) 
Te Priniver inlay WY Og Oa ke eh ak Gilt tog ols eat old eR Gls hcg 44.5 kg (98 lb) 
1 Recorder-Disk/ Lape RO-575/ UNO >. sos. ba ome iawlony Sine eewh oS 73.2 kg (161 lb) 
LInterface UnitJ4324/YO > vca. uh tia tecse deenere eee ered 55.4 kg (122 Ib) 
TOtALW CiGit 5.55.05 eGiea seh tee ie oie Dee ele aoe 362.6kg (798 lb) 
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AN/UYQ-43(V)1 and AN/UYQ-43(V)2 


Tactical Computer Processor 


TT-815/UYQ 
IP-1512/UYQ PRINTER 
DISPLAY UNIT 4 : 

RO-575/UYQ 
CP-1712/UYQ RECORDER- 
PROCESSING DISK TAPE 
UNIT, CENTRAL _ 

J-4324/UYQ 


POEE CO INTERFACE UNIT 


VERSION UNIT 


Chapter 3 Multiplex Equipment 


Section I. Time Division Multiplexing Equipment 


AN/FCC-98(V) Multiplexer Set 

MD-1023( )/G Low Speed Cable Driver Modem 
MD-1024( )/G High Speed Cable Driver Modem 
MD-1025( )/G Remote Loop Group Multiplexer/Cable Driver Modem 
MD-1026( )(P)/G Digital Data Group Modem 
MD-1065( )(P)/G (103 Modem) Digital Data Modem 
TD-202/U Multiplexer 

TD-204/U and TD-754/G Multiplexer 

TD-660/G, TD-660A/G and TD-660B/G Multiplexer 
TD-976/G Asynchronous Digital Combiner 
TD-1065/G High Speed Serial Data Buffer 
TD-1069/G Multiplexer 

TD-1233( )/TTC Remote Loop Group Multiplexer 
TD-1234( )/TTC Remote Multiplexer Combiner 
TD-1235( )/TTC Loop Group Multiplexer 

TD-1236( )/G Trunk Group Multiplexer 

TD-1237( )/G Master Group Multiplexer 
TD-1337(V)/G Multiplexer/Demultiplexer 


Section II. Auxiliary Multiplex Equipment 


AN/PTM-7 Telephone Test Set with CX-11230/G or CX-4245/G Special Purpose 
Electrical Cable and TD-206B/G Pulse Form Restorer 

CV-1548/G and CV-1548A/G Telephone Signal Converters 

TS-3647( )/G Telephone Test Set Cable Orderwire Unit with 
TD-1218( )/G Pulse Form Restorer (Low Speed) and 
TD-1219( )/G Pulse Form Restorer (High Speed) 


NNN NMR RR RR 
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Section I. Time Division Multiplexing Equipment 


AN/FCC-98(V) 
Multiplexer Set 


NSN: 5820-01-072-0560 
5820-01-086-6217 
5820-01-074-5186 
5820-01-086-6218 
5820-01-071-6403 
5820-01-087-1808 


AN/FCC-98(V) 
OY) ) 


— 


AN/FCC-98 

AN/FCC-98(V) 
AN/FCC-98(V) 
AN/FCC-98(V) 


Reference: TM 11-5805-711-13 (AN/FCC-98(V)1 and (V)1X) 
MWO 11-5805 -711-30-1 (AN/FCC-98(V)2, (V)2X, (V)3, and (V)3X) 


General Information 


The AN/FCC-98(V) uses analog-to-digital (AD) conversion and pulse code modulation 
(PCM) techniques to multiplex and demultiplex nominal 4 kHz analog VF channels for 
transmission over digital communications systems. It provides data interweaving by replacing 
VF channel modules with selected data interleaving modules. It features full-frame 
acquisition and monitoring and performs AD conversions and time division multiplexing 
(TDM). This set provides AD conversion on 3-, 4-, 8-, 12-, and 24-channel increments of 24- 
analog VF channels. Digital data is interweaved into an output bit stream in time slots 
assigned to replace VF channels. Demultiplexer circuit modules demultiplex received digital 
data and perform a aeiintey conversion required to reconstruct the original analog 
signal. Digital data is extracted from the input data stream and distributed to digital 
channels which replace VF channels. Built-in test equipment (BITE) is an integral test 
module that measures, tests, and monitors signals in and out of channel modules and of 
operation of various internal circuits, It also is used to isolate faulty channel modules and 
for alignment of replaced modules. Monitor and alarm circuitry give audible and visible alarm 
indications when there is a loss of frame or timing or failure to receive or transmit data for 
a nominal 100 milliseconds or more. 
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Major Components 


(V) (V)I1X (V)2 (V)2X (V)3 (V)3X 
Electrical Equipment Cabinet: 


CY-7703 1 1 1 1 
CY-7786 1 1 
Test Module TS-3693 1 1 1 1 1 1 
Transmit-Receive Data Timing Group: 
OB-88 1 i 
OB-89 1 1 
OB-91 1 1 
Power Supply Group: 
OP-124 Kc Power Choe) 1 1 1 
OP-125 (DC Power Group) 1 | 1 
Voice eee Channel | 1 i 1 1 1 


Module PL-1411 

Module PL-1412* 
Module PL-1413* 
Module PL-1414* 


* Issued only if required for operations. 


Technical Characteristics 


Power Requirement .......... 117 or 230 V AC + 10%, 47 to 420 Hz,single phase, 

or -44 to -56 V DC, +4 V DC, -8 V DC 
Power Constim puns c louse iia cae agate ak sheets Pia eon iateald 130 W 
VV is 3 a od rt tao tc stop eae ct alice tl ete iat lnc tle A te tnt 45.4 kg (100 Ib) 
CGNNEIS 4 cag toca i eheg eas Bede ate ee atone eee inlae DE Nr Cale PE A 24, full duplex 
Voice Prequency Response ss. 20 i. < nee ate eine oe cee ee 2 eee 180 to 3450 Hz 
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AN/FCC-98(V) 
Multiplexer Set 


TEST MODULE 
MULTIPLEXER SET 


TRANSMIT-RECEIVE TS-3693/FCC-98 
DATA TIMING GROUP pose ECCS) 
OB-91/FCC-98(V) OR OP-125/FCC-98 


(4 UNITS, 2 INTERNAL) 
CABINET, ELECTRICAL 
QUIPM 


NT 
CY-7703/FCC-98(V) 
OR CY-7786/FCC-98(V) 


DATA INTERLEAVING 
CHANNEL MODULE 
PL-1413/FCOC-98(V) 


VOICE 
FREQUENCY 


TURRET TYPE 
TEST aa 


CHANNEL MODULE 
PL-141 2/FCC-98(V) 


BANTAM TYP 
TEST CABLES (3) 
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MD-1023()/G 
Low Speed Cable Driver Modem 


NSN: 5820-01-0145-4940 
Reference: TM 11-505-699-12 
General Information 


The MD-1023( )/G is a member of the digital group multiplexer (DGM) family. The low 
speed cable driver modem (LSCDM) is used as an extension facility to provide repeater cable 
transmissions. It replaces TD-754. The LSCDM accepts nonreturn to zero (NRZ) group input 
from 72 to 2,048 kb/s and transmits on cable as conditioned diphase group outputs at 2,304 
kb/s and vice versa. It also provides power for the unattended low speed pulse restorer 
eee up to 64 km (40 mi). The LSCDM ponies: full duplex digital and analog orderwire 

acilities. It is used in conjunction with the loop group multiplexer (LGM), trunk group 

multiplexer (TGM), LSPR, cable orderwire unit (COU), trunk encryption device (TED), master 
group multiplexer (MGM), communications nodal control element (CNCE), LSCDM, group 
modem (GM), remote loop group multiplexer/cable driver (RLGM/CD), and shortwave 
wideband radio (SRWBR). 


Technical Characteristics 


Number Gh Groups axes esas hee pas Se eS Se REST EG rea eas 1 
Ca) eg 4 yet oy ee ete thats ae ae el ene arte eM ans CX-11230 or CX-4245/G coax 
Maxim: Distance s..20.0.4 ace tieee det ode «eee 1.6 km (1.0 mi) without restorers 
64.4 km (40 mi) with restorers 

Orderwire Transmission. ....... 0.0.0. c cece cece een ee eee eee eeae 1.6 km (1.0 mi) 
Input Power Voltage................. 115 V AC +10%, 47 to 63 Hz or 22 to 32 V DC 
Power COnsumpHon wicca bemeu nu Lo Guk eee Cee bee ae & eeu ea Kies hes oo 92 W 
DIZG reese te wars fo aear ne eae Sees 21.6 cm high by 30.5 cm deep by 43.8 cm wide 
(8.5 in by 12 in by 17.25 in) 

WNCIO I es Aaa eyed eRe eed RoR CAA ete Aceh nei Ai LaMar ts 16.8 kg (37 Ib) 
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MD-1023( )/G 
Low Speed Cable Driver Modem 
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MD-1024()/G 
High Speed Cable Driver Modem 


NSN: 5820-01-145-4902 
Reference: TM 11-5805-700-24P 


General Information 


The MD-1024( )/G is a member of the DGM family. It is used in nodal radio facilities 
to provide repeat cable transmissions. The high speed cable driver modem (HSCDM) accepts 
input master group rates of 4,096 and 4,608 kb/s; 9.36 and 18.72 rob/s and converts them to 
conditioned diphase signals at fixed output rates of 19.2 rob/s. It also provides power for the 
high speed pulse restorer (HSPR) in a repeater cable system up to 8 km (5 mi). The HSCDM 
is used in conjunction with HSPR, MGM, TGM, COU, TED, SRWBR, and CNCE. 


Technical Characteristics 


Number of Groups (ot: Master sroup) f+ asieeiwy scam tea tiasag Pi agssene Gees 1 
Cable Side Interface: 
MOGIIATOU 4 ci00 totais Git te eee eae awe Conditioned diphase 
GAD eos foot linc ey i nts tar ari eed ee ene a act CX-11230 or CX-4245/G coax 
Maximum Distance ......... 0.00 e eee eee eee 8 km (.5 mi) without restorers, 
8 km (5.0 mi) with restorers 
Orderwire Transtaissi On noe 6. ola a 8 eo ela Se 1.6 km (1.0 mi) 
Input Power: Voltace:..cncc/vis oka s un peeve oats 115 V AC + 10%, 47 to 63 Hz 
Power Consumpnion oso: 25 osetia dake de Bee Pee ee 110 W 
BUC awe 2. Gravee ea a waaay Cen 21.6 cm high by 30.5 cm deep by 43.8 cm wide 


(8.5 in by 12 in by 17.25 in) 
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MD-1024( )/G 
High Speed Cable Driver Modem 
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MD-1025()/G 
Remote Loop Group Multiplexer/ 
Cable Driver Modem 


NSN: 5820-01-145-4905 
Reference: TM 11-5805-704-12 
General Information 


The MD-1025( )/G is a member of the DGM family. It provides interface between the 
RLGM, TGM, MGM, and AN/TTC-39A, Automatic Telephone Central Office. The RLGM/CD 
converts 72 or 144 kb/s NRZ data to conditioned diphase for transmission over CX-11230 or 
4245/G cable at lengths up to 3.2 km (2 mi) without repeaters. It contains two full duplex 
moderns and provides power via cable to operate two RLGMs and their associated DSVT. It 
is used in conjunction with the RLGM, MGM, TGM, and COU. 


Technical Characteristics 


NUDE RO GS rOUS is ttre ata le tt ed eee theta nena eM alad teat aid Max 2 
Cable Side Interface: 
CIAO oy Lown ts 2 tats, Sogse oa tt ee Oe, ok NDA eee a CX-11230 or CX-4245/G coax 
Max TInt IS tanCe 4.4. goad sir a ts eccgeebrpiteniien tee ego ed Ge Glueels GAR ate ne 3.2km(2mi) 
Voltage’supplied to the TD-1233 7 TTC <2 sucess a5 hades de wus « 180 V DC 
Input.Power Voltage ..<o2.248 ss vee ine hone ne ee Ss xa 115 V AC + 10%, 47 to 440 Hz 
Power Consumptons: 2220 aee tare ce ete yl yA ee ge hae a es 173 W 
DIZ rs ose ace y aan ee ces wo ane a Se 21.6 cm high by 30.5 cm deep by 43.8 cm 
wide (8.5 in by 12 in by 17.25 in) 
Were tiincie ch Satine aioe Mii A aoe Oe Nace tee a Shae ad 15 kg (33 Ib) 
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MD-1025( )/G 
Remote Loop Group Multiplexer/ 
Cable Driver Modem 


VOLTAGE INDICATOR 


POWER OUT MULTIPLEXER ASSEMBLY 


SUMMARY POWER INDICATOR 


FAULT INDICATOR POWER ON/OFF 


SWITCH 


ON/OFF 


POWER SUPPLY VOLTAGE 
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MD-1026()(P)/G 
Digital Data Group Modem 


NSN: 5820-01-145-4945 
Reference: TM 11-5805-705-12 


General Information 


The MD-1026( )/(P)/G is a part of the DGM family. It has three module types that 
perform three different functions. These functions convert balanced NRZ group signals and 
timing to conditioned diphase, dipulse, or bipolar for transmission on unbalanced coaxial. The 
GM will contain up to four GM modules. The GM converts balanced NRZ group signals from 
sheltered DGM functions into conditioned diphase, conditioned dipulse, and bipolar signals. 
Conditioned diphase signals are for operation with TRI-TAC transmission equipments. 
Conditioned dipulse signals are for interoperation with Multiplexer TD-754 and the Arm 
Tactical Communications Systems (ATACS), Bipolar signals are for interoperation ath 
Digital Combiner Asynchronous TD-976 and the ATACS. The GM provides secure and 
nonsecure orderwire operation for telemetry, data, and voice. 


Technical Characteristics 


NUMmber Of CLOUDS 422 meaeue le eo teasos Rees ee tneee meee ae te ee Max 6 
Bit Rates: 
Conditioned Diphase................ 128, 256, 512, 1,024, 15.36, 2,048, 4,096 kb/s 
72, 144, 288, 576 1)152, 2,304, 4,608 kb/s 
Dipulbectiteus cutis iil ork betel OEeeuy Laer a eue' 288,576, 1,152, 2,304 kb/s 
ADOLAIO 3 0-6 tie Baie pels see Teeter ese wee AR See tee ae Woaeg niet ue aan 1,536.2 kb/s 
Equipment Side Interface: 
ISAS ca apenas ao eatarma eran sh eee skye NRZ data pe Aue wave timin 
CADE stat tant eeites io teed oeed as neared ceceaeiats G-108, 30.48 m (100 ft 
Cable Side Interface 
aD IG Soe ce boat ee adva Sintk ane 24.2 Sane Glan Oo oare cm lly CX-11230 or CX-4245/G coax 
Maximum Distance 5/403 oda Soyo GOS Bute Conditioned diphase, 3.2 km (2 mi) 


Dipulse, 1.6 km (1 mi) 
Bipolar, 0.8 km (.5 mi) 

Orderwires (Per Group): 
Conditioned Diphase <3 ix <.0cste.es ces bad eke S 2 kb/s and 16, 3.2 km (2.0 mi) or 
1 analog 1.6 km (1.0 mi) 
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Technical Characteristics 


(Cont.) 

MPU SC ek sacs atc ceca ic anche Sy Sey a 1 analog, 0.8 km (.5 mi) 
BipOlats ssc caso ¢ tetas se bese Rese bess heed Bae des 1 analog, 0.8 km (.5 mi) 
Input Power Voltage ss: taos tee Bee Yes 115 V AC + 10%, 47.5 to 440 Hz 
Power ConsumpHony ek ad: u 253 nde ate © a oe ee Ga 90 W 
DIZE? “nila obo! ok Paieee ae ae oak oe e we 21.6 cm high by 30.5 cm deep by 43.8 cm wide 
(8.5 in by 12 in by 17.25 in) 

NCEE 25g Ls atte se ale ed AD ee ear AN A aire ale eat tara Gand he tag 16 kg (35.2 lb) 


MD-1026( )(P)/G 
Digital Data Group Modem 


SUMMARY FAULT 


NDICATOR MODEM ASSEMBLY 
POWER OUT POWER INDICATOR 


INDICATOR 


POWER ON/OFF SWITCH 
SUPPLY 
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MD-1065( )(P)/G (103 Modem) 
Digital Data Modem 


NSN: 5820-01-145-8507 
Reference: TM 11-5805-725-12 
General Information 


The MD-1065()(P)/G modem is required to interface the DGM equipment with the 
AN/GRC-103 (Bands I through IV) radio and to accommodate the TRI-TAC digital voice 
orderwire (DVOW) and telemetry systems. Functionally, the MD-1065( )(P)/G combines the 
encrypted group traffic and ree orderwires for transmission over the AN/GRC-103 radio 
system. The MD-10650(P)/G will contain up to three modem modules. 


Technical Characteristics 


POWeCINDUL: cicoarenevco dine ac atee eer ee Mead eed et 115 V AC, 60 Hz 
Power ConsumpHOnee 2754. %% 2 darn a tw, Ba ei et Be ade Od 8 60 W 
Welelitvoleos overs wo wama yrs Ligue spas apa on eta wear miakae et 15 kg (33 Ib) 


NOTE 1: Distance between MD-1065( )(P)/G and another device must not exceed 
30.5 m (100 ft). 
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MD-1065( )(P)/G (103 Modem) 
Digital Data Modem 


SUMMARY FAULT 
INDICATOR MODEM ASSEMBLY 
POWER INDICATOR 


SUPPLY 


POWER OUT 
INDICATOR 


ON/OFF SWITCH 
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TD-202/U 
Multiplexer 


NSN: 5805-00-884-2176 
Reference: TM 11-5805-367-12 
General Information 


The TD-202/U is a 12- or 24-channel PCM radio transmission interface unit. The 
transmit section accepts TDM/PCM outputs from one or two TD-352/Us or a TD-204/U, or 
from another TD-202/U. It processes the input/output (I/O) into compatible output for radio 
transmission. The receiving section accepts a PCM He from the radio receiver and 
processes it for interface with another TD-202, TD-204, or one or more TD-352/Us. 


Technical Characteristics 


Nimberor Channel sy acss 4s easel Bed ee Re ee eo eee eS 12 or 24 
Ly pe-OF Operanon: seo 522 vad ei oe st eaw see Seach aera Soe Full duplex 
Ly pe-ob Multiplexine e226 ot banca ccna et ok banntat ORamn eed Aree Sos 2 Time division 
Ty Pe Or MOdULAHION «oie alae ote ads wate aad tae, denen had aie eaten Pulse code 
Required bandwidth ..2.0.c 23 ada outa ea eS URS Rea Ree ee SS 240 kHz 
Pulse Rate: 

TO =CHdINe isn ues ah eS OPA RASS OE BEG BEARS 576 kHz 

DARCIVATAG hi tent wan teteg dren ete a et ek dita) Raina ee ea WS Si aE a es 1152kHz 
Loop Impedance sc: cco ta Rawetey eeu ewan wees 91 ohms, send and receive 
Line Impedance .......... 0.0 cee eee eee 51 ohms, send and receive 
Power Requirement: 44544.%es sare oe aes eae vas 109 to 121 V AC, 47 to 63 Hz 
POWER CONSUMIP HONG A teddies i edsntiley Bei ea ei oot a al at ag te Mele tee Bute 30 W 
WIP RE 222 cee cena silts ailste wulte Clee SSe OSS da OS ea aegis 22.6 kg (50 Ib) 
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TD-202/U 
Multiplexer 


AIR INLET 


ETE 
ecm my oo 
Pom lg 


AIR FILTER 
HOLDING 
SCREWS 
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6 sé 


AIR OUTLET 
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TD-204/U and TD-754/G 
Multiplexers 


NSN: 5805-00-900-8200 (TD-204/U) 
5820-00-930-8078 (TD-754/G) 


Reference: TM 11-5805-367-12 (TD-204/U) 
TM 11-5805-383-12 (TD-754/G) 


General Information 


These cable interface units permit processing of *6-, 12-, 24-, or 48-channel 
multiplexing for transmission via cable. This unit processes signals from a video cable for 
transmission over a radio system via the TD-202/U (radio interface unit). Two of these (like 
items) may be nrocelatched and used as a cable repeater. The TD-204/U and the TD-754/G 
may be used to provide power for as many as 39 pulse form restorers in the cable link. 


Technical Characteristics 


Number of Channels =: 3 {cats bad ae 4 oe 9 REA RET Ee Re RESE RA ead *6, 12, 24, or 48 
Tey POOL ORCL ANON gota Bile eect ute tot lee canta NGS id Dota hades Full duplex 
Type of Nee Se See ee eee Ce ee ere ae eer T S| Time division 
vpe Ob MOdUIaRION: . s.5ts) 2 ohne ees hahaa SAM ee ae aad ca Pulse code 
Pulse Rate Input: 

Pe ANTI t, 4 hr ao ds oct a hoe, Ga wl IE ae St Get Thy ae ee 288 kHz 

ICING Naiscta oto a eAtee Bak te Pale a be RE he Cee Baad 576 kHz 

VAIN Lec hta-sp bec va eecssot ode Saat SAG Ake Boh cue oa Slee a cee ee ER 1152 kHz 

MORCIANNG es oS heap te Pag ti cee ede eh Bade OG Oe Oo he OL eRe ea eS 2304 kHz 
Loop Impedance 3, och 4 yeas de exs eae ease ore eee es 91 ohms, send and receive 
TING TDSC ANC at teeth Sat Seek aed e cattot ed ental Uae MaMa te aeltad te 62 ohms 
Power Kequirement i. c0. 25 cuted pons gnwn eee 109 to 121 V AC, 47 to 63 Hz 
Power Consumption: 

208 ies Serta Gaba ane age Ee Ghd wilh enent asia amen iae Maree 62 W 

Te A Rao a te ie ite EU Sa 8, eat col detec res te Tall te sarin O06 ts Rtood 1 Bat intl, flee 35 W 
Weight 

2A ee ea a ee HB eee hE aeoh esa eee en tone ek dees ee es 25.37 kg (56 lb) 

ET SAG ea eh ale to ate Hee war a na a ee RAY Mae 20.38 kg (45 Ib) 
CaDle-u es pasta ban Seed oes eeL Ak awa cheetah eae CX-11230 or CX-4245/G coax 


* Using TD-660 in 6-channel mode of operation. 
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TD-204/U and TD-754/G 
Multiplexers 
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TD-660/G, TD-660A/G and TD-660B/G 
Multiplexers 


NSN: 5805-00-930-8079 (TD-660/G) 
5805-00-928-3382 (TD-660A/G) 
5805-00-928-3382 (TD-660B/G) 


Reference: TM 11-5805-382-12 
General Information 


The TD-660/G converts six or twelve 4-wire VF channels to a TDM/PCM signal and 
vice versa. The TD-660/G is used in nonsecure communications systems and is being replaced 
by attrition with the TD-660A/G or TD-660B/G. All three models are slectacally and 
ysically sia ee except when used with COMSEC equipment. The TD-660/AG and 

D-660B/G have additional shielding and filtering provisions and are equipped with coaxial 
cable connectors on the rear panel for connection to the security equipment. 


Technical Characteristics 


Nimber of Channiels*” s.4-43:5 tant chebi6O tk ee han POSER ESE Re 6 or 12 
Type oh Operation: oh its cae ed bole oe ee eee 4-wire, full duplex 
iy pe Of Multiplexing -5 21.5.5 ets s cates spe cee eke eweds ages Time division 
Typerot Modulation’ s.2220 tes. ia dante Gaetiudet burke ryan Gee Pulse code 
Channel ‘Barid Widthici: & 2. essewdig ate 04 Soe eens gue G4 wig Mina binielias 300 to 3500 Hz 
Pulse Rate: 

GACIVAINING : <ej4 toca So RACRSE eh GRE SE GAEL CHASES ABS CE ae EER 288 kHz 

T2-CMAANED secrtpy og neck nt VR Ra Pnsed ae sek Ha ee OER COR Sh PPE ORE ee . 576 kHz 
EGO p IMAP eC AINGe: Fabia veay Ate ad citi falta locos ca emcee tal 600 ohms, send and receive 
Line lMpedance:isccuduternnhen oxi neu ene ukomers youseeyeus nes 900 ohms, send and receive 
ROW OE REGUICIIENC hx.xtat See a key ya, raed caf me Ge ageAges 109 to 121 V AC, 50 or 60 Hz 
Power COMSUMIPEOM: es sciestiha’s atsaa Mousa Gesnl a Ciara dah ane Vaccine Wie een nee ca a oad hol 45 W 
Weight cunt isty ood baud eee wale? alee ideo edema areas tees 22.2 kg (49 Ib) 
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TD-660/G 
Multiplexer 


TOP COVER 


FRONT COVER MOUNTING 
BRACKET 
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TD-976/G 
Asynchronous Digital Combiner 


NSN: 7025-01-048-9678 
Reference: TM 11-7025-202-12 


General Information 


The TD-976/G provides the capability to combine the 12-channel outputs of various 
multiplexer into a single 48/96-channel super group for transmission over a cable system to 
another TD-976/G or to radio set AN/GRC-144. It also provides the power for cable systems 
up to 8 km (5 mi) long and a fault location system to determine the defective restorer in the 
cable system. 


Technical Characteristics 


Number Oi Channels.s wisaas. Sacco e ed iced exes Sau Sates Eight 12-channel groups 
Type or Operation, fu. Sid ond oh dw ne deen ee ee oe ee Rae eS 4-wire 
Dyperor VEU LENS ea aha ert a nate tes ae a At eg rae, Stal he a Time division 
TYPE OL. MOGULS EON racts..0. 50 we wi xa: ah Ese Ane ah tied, in We gest OD RL cee Pulse code 
PUTS C RACGP Sod 2 een ess ee igs Gags le: ha enter dene ke eas 4,9152 megabits 
Loop: Impedance. 4. feet eee eet eta ee eb ebeted 91 ohms 
deine. Vn Pe CA NCe: 55h h8 tee Sly ee Gat Se a te Sh aah Se SES 56 ohms 
Power ReGUITeMeNtE 23's 6s uly s.cceee ees eS OR eae 15 V AC, 50 or 60 Hz 
Wee a: 5 ent g angen tde nen: Reet sea: Ye abso the, Yi a Gene, wy Le ae 34 kg (75 Ib) 
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TD-976/G 
Asynchronous Digital Combiner 
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TD-1065/G 
High Speed Serial Data Buffer 


NSN: 5805-01-028-8364 
Reference: TM 11-5805-637-12 
General Information 


The TD-1065/G can insert and remove digital data from the 576-kilobit stream of 
Multiplexer TD-660/G or TD-352/U. The TD-1065/G senses if the input to a channel is 
analog or digital and switches analog signals to the TD-660/G or TD-352/U. If the input to 
the channel is digital (for example, TD-1069), the TD-1065/G processes it and inserts the 
signal in the PCM bit stream in the position normally occupied by the same numbered audio 
channel of the multiplexer. 


Technical Characteristics 


Number of Channels.¢ 4c 1ce ot be gaas ena ds eaten ea has We styan wes 12 
Type: Of Operation 44.04 a.045 eee eens way i Se AT eae eile oe eee eee 4-wire 
Type of Nucpe ae bane eho aa ik Dank ca eee ade ely Git ie Ole Laut a Time division 
Iypeor Modulation: 2a. gae Shest sae a ccGew the aeeteiaad neeae ends Pulse code 
Diettal Input Rates: a. 4.0% ce UGik otc cores tienes eat Se al Bae ees 16 or 32 kb/s 
TUS Rate as: oka trans ity Bs Ae at eS ace Ted aae ver ne hh Be wag ad 576 kHz 
OOP MMPS Ce is siege ts ith Sa ik eaaca eth Hise Stal gto latte ag ahd 600 ohms 
[sie IM PedanGe gains o maa ea PRE ae I ee on Oa Bale ay ee et 91 ohms 
Power Requirement: .c.2 42 2 4 seed ede edad eens ees 115 V AC, 50 or 60 Hz 
Power Consumption 43.4 24¢o3e4s2ee 02544 4 695824 2s OSE Gas 30 W 
WICK 25: 9.5 cure hie & y Aw ce ate gm ee eae Oise Ae ee wee es 18 kg (39 Ib) 
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TD-1065/G 
High Speed Serial Data Buffer 
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TD-1069/G 
Multiplexer 


NSN: 5805-01-028-8425 
Reference: TM 11-5805-638-12 


General Information 


The TD-1069/G will multiplex and demultiplex up to 12 separate digital data and/or 
teletypewriter traffic streams into a serial bit stream whose rate is 32 kb/s. The sum of all 
data/teletypewriter streams applied to the input channels of the time division digital 
multiplexer (TDDM) cannot exceed 30 kb/s. The TDDM provides subscribers with the means 
to multiplex digital data and/or teletypewriter traffic for transmission over cable or through 
the ATACS trunking facilities. 


Technical Characteristics 


Number of Channel sis... icc yarne varuiin out ha ah ain a age baa eA Re PR greed Max 12 
Channel Rates: 

Watt: soto leis ste tsahi eee teeeenet glade nat ds 600, 1,200, 2,400, 4,8009,600 b/s 

Telely PeWillelss sonaa 4 mle satel dn, Meanie te ele we ae 45.5, 50, 75, 150 b/s 
Type i OPeraON gat ae thee ea ee eae ee el ames Glee 4-wire 
Dy pe OF VIUUNDIGXING so 2 hm, aoa BS Od ie ave eres iS Time division 
Type of Modulation: 2.2 2s eeew ae ce ee ce ee Cees Cae ee ress Conditioned diphase 
POWEE REQUIRCIENE ¥..60 9 2%. 6 iki a cy Ok La wae BE OR EE TY 115 V AC, 50 to 400 Hz 
Power ConsumpnOnis-s,t0u 4 a5. Sed a aus See ah SS ee NS, Beale as 125 W 
WEIGHE a0 ac0 ct yams dng She heat ae ark ae bp ne aie win ee 27.3 kg (60 |b) 
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TD-1069/G 
Multiplexer 
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TD-1233()/TTC 
Remote Loop Group Multiplexer 


NSN: 5820-01-145-2462 
Reference: TM 11-5805-706-12 


General Information 


The TD-1233( )/TTC is a member of the DGM family. It provides digital and analog 
subscribers of military facilities access to the tactical automatic digital network. The RLGM 
multiplexes up to four 16 or 32 kb/s (four-wire) digital channels into a single group output 
of 72 or 144 kb/s. Digital loop modems are provided on each channel to transmit and receive 
conditioned diphase signals via field wire to interconnect DSVTs or DNVTs. An analog 
applique unit (AAU) card also maybe used as a substitute for digital modem cards to provide 
AD conversion of four-wire analog telephones. A modem on the group side allows 
transmission of conditional diphase signals via coaxial cable to RMC, GM, or RLEGM/CD 
units. Power for the RLGM is provided locally or from the interconnecting RMC or RLGM/CD. 
The RLGM provides power to each interconnecting DSVT and DNVT. The RLGM is used in 
conjunction with the RLGM/CD, remote multiplexer combiner (RMC), GM, COU, DSVT, and 
DNVT. 


Technical Characteristics 


Number of Disital LOODS s+ +595 ts dicangaan yobs eatin e eae Max 4 
PIC WLC 2 2g ok age Leta etek BRE Ye A he eed bares WF-16, 3.2 km (2 mi) 
Cable lnitertaces 4-60.34 ag oe tstee ae eae CX-11.230/G or CX-4245/G coax 
Input Power Voltage............. 115 V AC + 10%, 47 to 440 Hz or 22 to 32 V DC, 
or 180 V DC (through coax cable) 

Power CONSUIMpPulOlh +. «a siaciwis cy dele ag aya d oy dia dee Gh ae Grainy ac a trai aed 40 W 
Power Peed: to: Subscriber Seb 2s sdk Phew steed wee ee ete eae aed 55 V DC 
DIZ inci ma osls Ch Chuan eRe es oe we BS 25.1 cm high by 45 cm deep by 48 cm wide 
(9.9 in by 17.75 in by 18.9 in wide) 

Weight stchec dda kemataseerten sca Sesenae nae tevakseetic: 17.2 kg (37.8 Ib) 
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TD-1233( )/TTC 
Remote Loop Group Multiplexer 


———, 
C Va eS MULTIPLEXER 


—— ASSEMBLY 


SUMMARY 


D | 
® 
FAULT @ 
INDICATOR @ Ss AC POWER INDICATOR 
POWER we POWER ON/OFF SWITCH 
1 


OUT INDICATOR 
80 V ON. OFF SWITCH 


180 V AC/DC ON “OFF SWITCH 
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a7 63. 28 


360 45 
a. i121 be «9. c. 147 d. 149 
32 32 1350 1350 
38. 2° & S 
: 3 4 
a. 14 b. 15 Cs 14 da. 15 
1 2— 2= 
33 33 33 33 
39. he, Sa 7 
14—~— +6: 
- 12 8 
a. 1 b. 2 Cc. 1 d. 2 
4 = 44 16 = £ 
1 3 1 5 6 16 3 
40. (3 = 1) + 35 
7 14 49 
a. 2 b. 1 c. 21 dad. i 
3 2 4 8 


Complete items 41 through 45 by reducing the decimal fractions to 
common fractions in their lowest terms. 


41. .06 
a. 3 b. 6 Cc. 3 qd. 3 
10 10 50 25 
A 6278 
a. 278 b. 139 c. 278 d. 139 
500 500 750 750 
43. -432 
a. 216 b. 108 c. 64 d. 54 
500 275 175 125 
4A, .00375 
See Be bi. 3 c. 5. da. 5 
80 8300 80 800 
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TD-1234()/TTC 
Remote Multiplexer Combiner 


NSN: 5820-01-145-2458 
Reference: TM 11-5805-707-12 
General Information 


The TD-1234( )/TTC is a member of the DGM family. It provides digital and analog 
subscribers of military facilities access to the tactical automatic digital network. The RMC 
combines up to eight 16/32 kb/s page with a group from an RLGM or another RMC into an 
output group rate from 128 kb/s to 576 b/s. An AAU card also may be used as a substitute 
for digital modem cards to provide AD conversion of four-wire analog telephones. It also 
provides transmission of a maintenance orderwire. The RMC is powered locally and in turn 
provides power to interconnecting DNVT/DSVT units and RLGM. The RMC is used in 
conjunction with the GM, RLGM, COU, and DSVT. 


Technical Characteristics 


Input Interface: 


OOPS ico BEd O28 doe Se thE Se oe Sa ke he eke wk ele eee IIe ete 8 
PICA VWV hese dies ats se eee ta ee te ae ine tae Maia enor WF-16, 3.2 km (2 mi) 
Group Modulation) osteo yew ln sy ews de tia Gen Balk Conditioned diphase 
Group (Cable)ios: ants. ona G kas Were naie cas Gene eee ca CX-11230 or CX-4245/G coax, 
3.2 km (2.0 mi) max 
Output Group Rate scsi esee kaa eeuuee see 25 128, 144, 256, 288, 512, or 576 kb/s 
Power Requirement................. 115 V AC, 47 to 440 Hz + 10% or 22 to 32 V DC 
Power COnsumMpHON 44 ntoe shed tei iddiveedeotausidude poeta ees 140 W 
Power Provided to Loop Instruments 
SVL DN Se aaa sodas vs nee vi ada US testa ores weeks 56 V DC 
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TD-1234( )/TTC 
Remote Multiplexer Combiner 


MULTIPLEXER-COMBINER 
=> ASSEMBLY 


SUMMARY FAULT 
INDICATOR 
POWER OUT [o_== 
INDICATOR __— 


JEON POWER OUPINOIGET OF 180 V POWER ON/OFF SWITCH 


INDICATOR 


POWER ON/OFF SWITCH 
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TD-1235()/TTC 
Loop Group Multiplexer 


NSN: 5820-01-145-2460 
Reference: TM 11-5805-696-12 
General Information 


The TD-1235( )/TTC is a member of the DGM family. It provides subscribers of 
military extension facilities access to modern military automatic switches and digital systems 
and vice versa. This unit time division multiplexes/demultiplexes 7-, 8-, 15-, or 16-digital 
subscriber channels (16 or 32 kb/s) into an output group of 256, 288, 512, or 576 kb/s 
depending on the type and mix of input rates. One channel is designated overhead. 
Modulation is conditioned diphase, NRZ balanced. The LGM also can handle four-wire analo 
channels when its internal digital loop modem is replaced with an AAU. The LGM is use 
in conjunction with the TGM, MGM, GM, LSCDM, DSVT, and TED. It provides power via 
field wire to the DSVT/DNVT. 


Technical Characteristics 


Numberor Channels::3.234-49 Vee cb etaxwis yuoa ehG be Se ia Vekek we 4 7, 8,15, or 16 
Channel Interface: 
NWIGCUIAHON =.3%.5 weds £4 eee Be ee ee eh ee ieee ne bea ee ek Conditioned diphase 
Biel Wate. ira. ak epee aaa aan Beare eta ceca ak WF-16, 3.2 km (2.0 mi) max 
Input Power Voltages «a 22465 2. wet dasa Sent ann 115 V AC + 10%, 47 to 440 Hz 
Power COnsumplons. 0.4.0 otswi sae Maw aa tall a eae wee pena ra ew eed hoe 162 W 
Power Supplied to Subscriber Instrument .............. 0.000000 0 eee 55 V DC 
DIZS a SS x UL kaa ig Mila te Aid ecahh adie 21.6 cm high by 30.5 cm deep by 43.8 cm 
wide (8.5 in by 12 in by 17.25 in) 
Werent costed Gan eee Soe rae RoE or one ead Raat 17 kg (37.4 Ib) 
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TD-1235( )/TTC 
Loop Group Multiplexer 


MULTIPLEXER ASSEMBLY 
SUMMARY POWER INDICATOR 
FAULT INDICATOR 


POWER ON/OFF SWITCH 


POWER OUT INDICATOR 
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TD-1236()/G 
Trunk Group Multiplexer 


NSN: 5820-01-145-2461 
Reference: TM 11-5805-697-12 


General Information 


The TD-1236( )/G is a member of the DGM family. It combines 2, 3, or 4 full duplex 
group inputs of various rates into a super group. The TGM combines into and from balanced 
NRZ groups (up to 4 groups). It uses three separate rate structures so that I/O rates must 
be in the same rate family. The TGM also can provide single group operation when the group 
input is 576 kb/s or lower. The TGM is used in conjunction with the LGM, RLGM/CD, MGM 
GM, CDM, and TED. 


Technical Characteristics 


Number OF Groups 21s obese cote BOP eee Rew eG oe oe ae MSE ee Max 4 
Input Power Voltage: o. 23 oy.65c8 pie e yet Gehan bess 115 V AC + 10%, 47 to 63 Hz 
Power Consumpnon.< vss sosaceut weedeat eat pee ee are 4 90 W 
DIZOL Sho onmios oe Soret Belay teak, SUS gee 21.6 cm high by 30.5 cm deep by 43.8 cm wide 

(8.5 in by 12 in by 17.25 in) 
WOOT Piss cchth ate ats RA ores Se DOR aes as a Aleck EP Da hakae 16 kg (35.2 Ib) 
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TD-1236( )/G 
Trunk Group Multiplexer 


SUMMARY POWER INDICATOR MULTIPLEXER ASSEMBLY 
FAULT INDICATOR 


POWER OUT POWER ON/OFF SWITCH 
INDICATOR 
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TD-12370()/G 
Master Group Multiplexer 


NSN: 5820-01-145-2459 
Reference: TM 11-508-5805-698-12 
General Information 


The TD-1237( )/G is a member of the DGM family. It provides low power digital 
transmission capability for the up-the-hill link by a synchronous combining of 12 group or 
super group rbgee into a master group output. The TD-1237( )/G time division multiplexes 
up to 12 digital input group signals ranging from 72 to 4915.2 kb/s into a master group of 
either 9.36 or 18.72 rob/s. It can accept, on its input side, any TRI-TAC group or super grou 
signal and group outputs from TD-660 and TD-976. On the master side it interfaces wit 
HSCDM and the SRWBR. It also synchronously multiplexes two 16 or 32 kb/s channels 
carrying either DVOW or telemetry. It is used in conjunction with the LGM, RLGM/CD, 
TGM, GM, HSCDM, LSCDM, TED, SRWBR, and CNCE. 


Technical Characteristics 


Number ObGioups 2<.i7iets taco ee tee c reas per aee Per ese sess Up to 12 
Input Power VOlAGC so oi0 22 ober dom eee Soths 115 V AC + 10%, 47 to 440 Hz 
Power -ConsumpHonts 205-4 ei telds Goes aide Rade aaidata de ewes oe a a ans 187 W 
DIZ Cates gh eae keels BSG Pog Ae Neha side ell tela opt 35.6 cm high by 30.5 cm deep by 43.8 cm 

wide (14 in by 12 in by 17.25 in) 
AS cy Cod 6 desea gm ae ian ae sar ae mnmree mcrae meer ee ee ey rr 28.3 kg (62.3 lb) 
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TD-1237( )/G 
Master Group Multiplexer 


GROUP RATE SELECTOR 
ASSEMBLY 
POWER OUT INDICATOR POWER ON/OFF SWITCH 


SUMMARY FAULT INDICATOR POWER ON INDICATOR 


| i 


Nea 


MULTIPLEXER 
ASSEMBLY 
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TD-1337(V)/G 
Multiplexer/Demultiplexer 


NSN: 7025-01-112-6311 (TD-1337(V)1/G) 
7025-01-112-6310 (TD-1337(V)2/G) 

( (V)3/G) 

( (V)4/G) 


4/G 


7025-01-112-6312 (TD-1337 
7025-01-127-7020 (TD-1337 


Reference: TM 11-7025-221-10 
General Information 


The TD-1337(V)/G is a synchronous TDM set compatible with ATACS and TRI-TAC 
operations. Synchronous data input from eight to 1,152 kb/s of mixed rates are combined and 
transmitted at a composite rate output ranging from 16 to 4,664 kb/s. Timing is internal or 
may be provided externally. TD-1337(V)/G provides three orderwires consisting of 16 kb/s 
secure, nonsecure, and 2.4 kb/s orderwire interfacing with an advance narrow band digital 
voice terminal (ANDVT). The four configurations of the TD-1337(V)/G used for nodal or non- 
nodal application are determined through printed circuit board replacement. The 
TD-1337(V)/G can perform the TD-754 mauluplexes (MUX) and demultiplexer (DEMUX) 
functions when interfacing the TD-660s. 


Technical Characteristics 


Synchronous Data Input ............... Select up to 8 of a possible 13 group inputs 
Select 16/32 kb/s dedicated ‘user 


Select 16 kb/s DVOW 


User Interface: Ports. Of Putty o15.1acs1t2st.9 Os te iat tet et ons vem tees 
Unbalanced NRZPorts of Entty. ox .02-2 rode hee ere ae Sia aeta de een 4 
Conditioned Diphase: 
Group Modem Portot Enity:).¢ so veces ss Re aitew a eaite pe meek ase ee Saas 
hoop; Mod eni Tot Of EAM oan aa oe te tie ded aa cus heal nealh aa da ded ae dace 1 


ES Sindt aig mee dake tikB eahee Orai keke he SGM Ghat ie Soe etait aS he oh is Ol oh Se i i! 
DEMUR fate0-5¢ e546 his te Paes ats OE OFY OLAS CA ORS LE ES 4 
POWEL KREQUIFEMEN Tai. tas Sante Sea oes ois oe beets 115 V AC, 47 to 63 Hz 
140 W 


POWerC OnsuMmpHOn shone et ua edt ad unica 2a ale PG Ree ee ae ed ea tues 
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TD-1337(V)/G 
Multiplexer/Demultiplexer 


cae 


"Da 


[9581 & 259, 


SvETEM 


} PPPOE Ring 


Ss 


<<< 
eaoo 
@aa 4 


CAPABILITY 
Group Interfaces 
Maximum number of active ports (group inputs/outputs) 
Number of unbalanced NRZ interfaces 


Number of balanced NRZ interfaces 
Number of conditioned diphase (group modem) interfaces 


Super Group Interfaces 


Number of super groups transmitted 
Number of super groups received 


Orderwires 
16 kb/s nonsecure digital voice (H-250 handset) 


16 kb/s secure digital voice (VINSON) 
24 kb/s digital voice (AND 


Miscellaneous 


? 


16/32 kb/s dedicated user conditioned diphase interface 


pee modem) 

CESE telemetry reporting function 
TD-754 DEMUX function 

TD-754 MUX function 

TD-976 mode capability 


233% 
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45. -8625 


00 | 


Complete items 46 through 49 by reducing each common fraction to 
a decimal fraction (power of ten). 


46. 13 


47. 8 


48. 74 
a. -925 b. -592 c. -259 d. -425 


49, 7 


a. -21 b. -27 c. 35 d. 37 
Complete items 50 through 61 by performing the action required. 
50. 3.68 
4.975 
1.3 
+ 16.42 


a. 26.375 b. 25.375 Cc. 26.875 dad. 25.875 


51. 64.2 


a. 97.61 b. 98.61 c. 99.61 d. 100.61 
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Section II. Auxiliary Multiplex Equipment 


AN/PTM-7 Telephone Test Set with CX-11230/G 
or CX-4245/G Special Purpose Electrical 
Cable and TD-206B/G Pulse Form Restorer 


NSN: 6625-00-902-75'74 (AN/PTM-7) 
5995-00-133-9126A (CX-11230/G or CX-4245/G) 
5805-01-020-2251 (TD-206B/G) 


Reference: TM 11-6625-648-12 (AN/PTM-7) 
TM 11-5995-208-10 (CX-11230/G or CX-4245/G) 
TM 11-5805-367-12 (TD-206B/G) 


General Information 


The AN/PTM-7 locates faults in a PCM cable link that consists of Pulse Form Restorer 
TD-206B/G and Special Purpose Electrical Cable CX-11230/G or CX-4245/G. The AN/PTM-7 
determines the location of an open or short circuit in a cable link up to 1.6 km (1 mi) away 
in one of the two circuit paths. Communication is possible with attended points by connecting 
AN/PTM-7 to the restorer or at a cable rupture. The cable is used to transmit video signals 
via two internal coaxial cables between attended points in full-duplex mode. Each cable is .4 
km (.25 mi) long and interfaces another cable, or TD-206B/G or attended point. The 
TD-206B/G is an unattended restorer which receives distorted input signals and restores 
them to the originally generated form. 


Technical Characteristics 


AN/PTM-7: 
TCI Wile Sanches ete deeuecevueeeuetes vege orerseueeanies 300 to 1700 Hz 
Slen ale PECQUCH Oy: s 214k a4) ncaa 2 Rss ees een aarsaan age are ee 2 Ba hues ee 1600 Hz 
MOWED REQUIFCHICNE 4, £015 Saaatiaetes fetus etna hokanee ate tick es 7.5 and 14.5 V DC 
WeISht 24 2c) sere Se Wernu bd Oe eee ye See Se ee Se Seb wee 10.4 kg (23 Ib) 
CX-11230/G or CX-4245/G: 
Channel: Capacity ao vaca nts shud BSS RRR SOR RE Ae RRS Cates ees 6, 12, 24, or 48 
Weightwith Reel a s.se cance ea nie Senet ea ate ae eres newes alee 52.2 kg (115 Ib) 
Maximuny Span without Support 4 22 yo. ot atte oo sey eave Sos 30.5 m (100 ft) 


WARNING: DO NOT PUT UNSUPPORTED CONNECTORS IN SPAN. 
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Technical Characteristics 


(Cont.) 
TD-206 B/G: 
Power Requirement. 0c32titiusue eres ae 11.3 V DC supplied by TD-204/U or 
TD-754/G via CX-11230 or CX-4245/G cable 
WV CIC, pcesis tasted a oda ae & ote Oe cia de gh htin evel aan eh ah eer 93 g (2.04 lb) 


AN/PTM-7 Telephone Test Set with CX-11230/G 
or CX-4245/G Special Purpose Electrical Cable 
and TD-206B/G Pulse Form Restorer 


CX-11230/G 
a OR 


TO-206B/G CX-4245/G 


AN/PTM-7 
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CV-1548/G and CV-1548A/G 
Telephone Signal Converters 


NSN: 5805-00-069-8795 
Reference: TM 11-5805-367-12 
General Information 


The CV-1548/G and the CV-1548A/G convert two-wire telephone circuits to four-wire 
circuits for transmission over multiplex systems. A straight-through patch is provided in the 
four-wire mode. These converters provide three signaling options. They convert a 20-Hz 
ringing signal to 1600 Hz, and 1600 Hz to 20 Hz for two-way ringing. The CV-1548/G and the 
CV-1548A/G convert a DC closure to 1600 Hz and 1600 Hz to a DC closure for originate and 
terminate plug supervision on one-way ringdown trunks. They provide the option of 
no-ringing signal conversion. These telephone signal converters are used with Multiplexer 
TD-352/U, TD-353/U, and TD-660/U. The CV-1548A/G does not contain the test align meter, 
the meter selector switch, or 1600-Hz reference level adjust on power supply. 


Technical Characteristics 


Number.or. Channels .agecp cess ener ue es eeaeses toe tec oreo rae 12 

(each channel operates independently) 
LOOP IMIpPedaniCe sc cchs ket ace Mee thease once see es ane paecte tea bas 600 ohms 
Iotie Impedance. mek as sate whi ate Sote Baa als diet a ahd De Ao eter da arbre 600 ohms 
Power Kequirement: oi%.00s ovaeha eee Vane eteaees 109 to 121 V AC, 47 to 63 Hz 
Power Consum pron. 9 gcd ise sly Vb he BARE Oe OE ERE A een 60 W 
WIG soc sant st chankas He dnaagen bens sole hose kao ieeeted 24.5 kg (54 Ib) 
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CV-1548/G and CV-1548A/G 
Telephone Signal Converters 


METER 
MOUNTING INDICATOR © PANEL SCREWDRIVER SCREW 
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FLANGE LAMP 


CF 


9900 080000 
seme | se 
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coed ffs cance seco saamED 
A 1s YY 


Q 
fg 09 ee 000 0 oe 
eer eoescseses 


coee ease? 


NUT BLOCK 


PERFORATED SPARE 
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FRONT COVER 
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TS-3647( )/G Telephone Test Set Cable 
Orderwire Unit with TD-1218( )/G Pulse Form 
Restorer (Low Speed) and TD-1219( )/G Pulse 

Form Restorer (High Speed) 


NSN: 6625-01-145-2463 (TS-3647( 
5820-(01-145-4938 (TD-1218( 
5820-01-145-4939 (TD-1219( 


/G) 
/G) 
/G) 

)/G) 
)/G) 
)/G) 


General Information 


_—~~ >” 


Reference: TM 11-5805-703-14 (TS-3647 
TM 11-5805-701-12 (TD-1218 
TM 11-5805-702-12 (TD-1219 


———_™ 


The TS-3647( )/G is a member of the DGM family. It provides field maintenance of the 
ue speed and low speed cable systems and is field portable. The COU allows access to the 
cable system maintenance orderwires, monitors low and high speed conditioned diphase 
signals, and performs measurement of the power feed current. It is used in conjunction with 
the CDM, RLGM, RMC, RLGM/CD, GM, LSPR, and HSPR. 

The TD-1218( )/G is a member of the DGM family. It is used with the LSCDM to 
regenerate the cable signal at 1.6 km (1 mi) intervals. The LSPR is a two-way unit which 
detects and regenerates conditioned diphase signals at 2,304 kb/s. It carries orderwire circuits 
and will provide loading and access to the orderwire signals. It is used in conjunction with 
the LSCDM and COU. 

The TD-1219( )/G is a member of the DGM family. It is used in repeater cable systems 
in conjunction with the HSCDM to regenerate the cable signal each .4 km (.25 mi) in the 
system. The HSPR is a two-way unit which detects and regenerates conditioned diphase 


signals at 19,200 kb/s. It carries orderwire circuits and operates in conjunction with the 
HSCDM and COU. 
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Technical Characteristics 


Capability (¥5-0047/G) cxc.nii as cat baeed a camera nes Field measurement of cable link 
parameters and internal battery 

condition. Cable links consist of 

up to 64.3 km (40 mi) of Special 

Purpose Electrical Cable CX-11230/G 

or CX-4245/G and TD-1218/Gs, TD-1219/Gs, 

MD-1023/Gs, and MD-1024/Gs in various 

quantities. Access to cable link analog 

orderwire; half duplex voice and signaling. 

Signal (TD-1218/G and TD-1219/G) .. ............ Group traffic riding on analog 
orderwire and pulse form restorer 


ower feed 
Interfacing Cable: : 
(TD-1218/G and TD-1219/G) Special Purpose Electrical Cable 


CX-11230/G or CX-4245/G 
Cable Voltage:(TS-3647 /G)- e002 a0. Mas oy hed aiaears 0 to 1,000 V DC range 
Cable Current: 
MIDS POA ESPR) -datrang warn oat bana aG.4 Oia atone nna Maran oe Se tags fag! 40 mA 
TIDAZNG HG AUISPR ) sx; 5 gates herd 8 teased eas esi heed ch Soha gee esa oh aE 8 90 mA 
Input Signal: 
DIDEIONG / Gece och ack dt the ah sth hd gd na pel ay a eee ahaa 30 mV, peak-to-peak 
sUDS Pale) s Core ree re err er er rae 30 mV, peak-to-peak 
Output Signal: 
TDVQ16/ Gr icebs2 22 ee Sn hk Sa ch ated Ae Phd Shs ASR LAS ee 2 V, peak-to-peak 
DSU T OF Cos ns. %, 0 4 ics icicaias 4%, since Aeew a doh cat alk eee aoe AD te ae 1.5 V, peak-to-peak 
Analog Orderwire: 
TD-1218/G and TD-1219/G................,.... Passive transmission of voice for 
maintenance, independent of group traffic 
Prime Power (TS-3647/G): 
Ly Petinucs Yea ds neh eee et iae recs yok ew eae Uisi ce eet ay Two batteries (BA-5599/U), 9 V 
MONG a siraia este hes sc coh tans tensed baa te et tea tackle et athe dante aa React Madu mate e Nee aa 18 V DC 
Power Requirements: 
TDA DUG f Geg re Ce gcgh ts ee eee eels eee haa ata 40 mA constant curent supplies 
over the cable link from MD-1023/Gs 
D219) Go eek ee ee eta slp dtate ee Ar eX gine elee 90 mA constant current supplied 
over the cable link from MD-1024/Gs 
Weight: 
O07 So ce eh SRS EES Nhe AOE oes Oat 11.3 kg (24.2 Ib) 
TD=1218/G and TDA2IO/ G seins teste oe. oud Py ae asreg eee weet 3.04 kg (6.7 lb) 
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TS-3647( )/G Telephone Test Set Cable 
Orderwire Unit with TD-1218( )/G Pulse Form 
Restorer (Low Speed) and TD-1219( )/G Pulse 

Form Restorer (High Speed) 


TD-1219( /G 
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Chapter 4 Single-Channel Radios 


Section I. Frequency Modulated Radio Sets 


AN/PRC-25 Radio Set 

AN/PRC-77 Radio Set 

AN/VRC-12 Series Radio Sets 

AN/VRC-53, AN/VRC-64, AN/GRC-125, and AN/GRC-160 Radio Sets 

AN/PRC-119(V)1, AN/VRC-87(V)2, AN/VRC-88(V)3, AN/VRC-89(V)4, 
AN/VRC-90(V)5, AN/VRC-91(V)6, AN/VRC-92(V)7 SINCGARS Radio Sets 


Section II. Amplitude Modulated Radio Sets 


AN/GRC-106 and AN/GRC-106A Radio Sets 
AN/GRC-109 Radio Set 

AN/GRC-193 High Frequency Radio Set 
AN/GRC-213 High Frequency Radio Set 
AN/PRC-41 and AN/PRC-41A Radio Sets 
AN/PRC-47 Radio Set 

AN/PRC-74 Radio Set 

AN/PRC-104A High Frequency Radio Set 
AN/PRC-112 Multi-Transmission Transceiver 
AN/PRC-112A(C) Multi-Transmission Radio with Embedded Communications 
Securit 

AN/TRC-133A Radio Terminal Set 

AN/TRQ-35(V) Tactical Frequency Sounding System 
AN/VRC-24A and AN/TRC-68A Radio Sets 


Section III. Auxiliary Radio Equipment 


AB-903/G Mast 

AN/GRA-6 Receiver-Transmitter Control Group 
AN/GRA-39, AN/GRA-39A, and AN/GRA-39B Radio Set Control Groups 
AN/GRA-50 Antenna Group 

AN/GRA-71 Coder-Burst Transmission Group 
AN/GSA-7 Radio Set Control 

AT-784/PRC Loop Antenna 

AT-984A/G Long-Wire Antenna 

C-6709/G Control, Radio Set 

KY-90 Secure Digital Net Radio Interface Unit 
OE-254( )/GRC Antenna Group 

OE-303 Half-Rhombic Very High Frequency Antenna 
RC-292 Antenna Equipment 


t 1 if i] t t 
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Section I. Frequency Modulated Radio Sets 


AN/PRC-25 
Radio Set 


NSN: 5820-00-857-0759 
Reference: TM 11-5820-398-12 


General Information 


The AN/PRC-25 is a short-range, manpack, portable frequency modulated (FM) 
transceiver that provides two-way voice communication. The RT-505 and RT-505A transceiver 
radios are similar components. Both case modules are identical; however, the internal module 
circuits of the RT-505A are micro-modularized. The modules of the two radios are physicall 
and electrically interchangeable. The RT-505 and the RT-505A are part of the AN/ RC25, 
They can be used as part of vehicular Radio Sets AN/VRC-53 and AN/GRC-125. 


Technical Characteristics 


BREQUENICY AR AINE Cereus 5a. Rear ed cee nee Mane es Low band, 30.00 to 52.95 MHz; 

High band, 53.00 to 75.95 MHz 
Power OURS UE oi tuis outa e ate ew aa dahubay is Waar cue Se) oh 1.1 to 2.0 W 
POWEL SOUTCE < eos ie ie 5h he ne se oe Batteries, dry BA-4386/U and BA-398/U 
DIStANCORAN GCS inode deecaathes heed HUeNaewed aeeadr es 5 to 8 km (3 to 5 mi) 
PAWMCNIE 5s Borie d cee vale S ce STAG EAE E ER EER SOS AT-892 semirigid tape, 


AT-271A multisection whip, 
RC-292 ground plane, 


OE-254 
TV PC-OL SCRVICE™ ~255. 2 ot goad suis: ee Pere oes Be ee 30 KOF3E 
Std Sere eee er eae tere eee ee 10.7 kg (23.5 1b ) with battery 
WAMIEAUON :s-Sc crs a at Vow tia Bah was Wate mate Se aia ee Nonsecure operation 
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AN/PRC-25 
Radio Set 


RETRANS 
SQUELCH 


ANTENNA DRAIN MC CHANNEL KC FUNCTION 
MOUNT HOLE TUNING DIAL TUNING SWITCH 


4-3 


52. 


53. 


54. 


55. 


56. 


57. 


58. 


59. 


a. 400.740 
46.37 
- 18.48 
a. 25.98 b. 
21.300 
- 2.004 
a. 19.692 b. 
307.00 
= 60.42 — 
a. 264.68 b. 
46.37 
x 18.48 
a. 856.9176 


21.3 
x 2.004 


a. 42.6852 
307. 


x 60.42 


a. 16548.94 


b. 


450.740 


25.89 c. 


19.296 Cc. 


256.58 c. 


b. 


b. 


86.3 [97.4200 


a. 1.12 b. 


1.13 


856.9671 


b. 42.2586 Cc. 


17548.94 


c. 499.740 
27.89 d. 
18.692 d. 
246.58 d. 
c. 865.9176 
43.6852 da. 
c. 18548.94 


d. 5 


27.98 


18.296 


244.68 


d. 


43.2 


d. 


00.740 


865.9671 


586 


18458.94 


Round to nearest hundredths (.00). 


ec. 1.21 


d. 


1. 
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AN/PRC-77 
Radio Set 
NSN: 5820-00-930-3724 
Reference: TM 11-5820-667-12 


General Information 


The AN/PRC-77 is a manpack, portable FM transceiver used to provide short-range, 
two-way radiotelephone voice communication. It can provide secure voice (X-mode) 
transmission with the TSEC/KY-57. The radio consists of RT-841/PRC-77 transceiver and 
minor comonents. The RT-841 also is used as part of Radio Sets AN/VRC-64 and 
AN/GRC-160. 


Technical Characteristics 


F TANG tet eeera nau ie actos ees cane aa hea snemnean Low band, 30,00 to 52.95 MHz; 
pi aa as High band, 53.00 to 75.95 MHz 
Pl ANiNe KANO e's actress ans ee ee aot Gahan Godea di Patna ey Oe aaah ac 8 km (5 mi) 
POWEOOUIDUE ae ig atie dois Pie Gt Loe ale PRESS oN lee aaa 0 to 4.0 W 
POW CE DOULCE oa seen ee et Bane eS BA-4386/U, BA-398/U or BA55984 
PICT aiid eke tS ecbae ae we ee ee aan na an ee AT-892/PRL-24, at 271A/PRC 
multisection whip or doublet 

TAO OL OO EVICE Jaco ois iat oh iste ra teat Oe ee leg iO aud a eins ts acai 8 aaa 30KOF3E 
MISIEDE saisinis stares ns eisai ule Oat a Oph inchs Tenia ard hater tayarhiaseae 10.7 kg (23.5 Ib) 
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AN/PRC-77 
Radio Set 


4-5 


FM 24-24 


AN/VRC-12 Series 
Radio Sets 


NSN: 5820-00-223-7412 


Reference: TM 11-5820-401-10-1 
TA. 11-5820-401-10-2 


General Information 


The radio sets in the AN/VRC-12 series are short-range, vehicular, aircraft, and fixed- 
station mounted units. They provide FM radiotelephone communication and can be used with 
speech security or digital data equipment TSEC/KY-8, or TSEC/KY-57 by connection through 
the X-mode facility of the radio sets. Transceivers RT-246 and RT-524 and Receiver R-442 
make up the major components of the AN/VRC-12 series radio configuration. The RT-246 has 
10 automatic presets and remote select/power capability. The RT-524 is equipped with a 
built-in loudspeaker. 


Technical Characteristics 


PREQUENICY: KRANCG: 1 sentence ae ea aaa ee Oe eee eae a 30.00 to 52.95 (A-Band); 

53.00 to 75.95 (B-Band) 
Planing RAG Cis occa ineees se iceais Wate oulees a Sad 8 to 41 km (5 to 25.5 mi) 
Power Input. oo. “eed cidawar ast Low power: 0.5 to 8 W, 25 V DC operating power; 


0.5 to 10 W, 30 V DC operating power; 
High power: 35 W minimum, 25 V DC operating power 


Power Output. sot cancewe suey hdo we cawers and eee wars sex Low, 8W; high, 35 W 
POWEL SOULCE io gadicd 6 toy ttiaan dt henge aha naseciuns Vehicular power or Power Supply PP-2953 

and Power Supply PP-665 
NRL OperatiOnguiacuardss at elavargess4 Using AN/GSA-7, AN/GRA-39, or C-6709/G 


Antenna -- AT-912 or AS-1729, 3.05 m (10 ft) vehicular 
whip; OE-254/GRC or fixed RC-292 for installation; and 
AB-15 or AB-558, 3.35 m (11 ft) whip is used with R-442/VRC 


UTI a. Snide se dS aise A Rid ee Gah tse eae eye Gatien Cera ye wide So ees Detent 
DG CIC oon: Gs wieght ad San Ages ee onan ee eae end 150 Hz tone and noise 
TV e OL DCE VICE vat aah ah tk ie Cae alae REN A Sahn oad AW Aa 30KOF3E 
WN CTO Pires. itarin oS ea cle sain iv ate a ar Nin Nt 4 Sin ges ae 25.5 kg (56 Ib), RT-246; 


23 Ke (51 Ib), RT-524; 
8.2 kg (18 Ib), R-442 
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AN/VRC-12 Series 
Radio Sets 


AN/VRC-44 
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AN/VRC-12 Series 
Radio Sets (Cont.) 


AN/VRC-47 
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AN/VRC-12 Series 
Radio Sets (Cont.) 


AT-912 | AB-15 OR AB-558 
OR WITH ANTENNA 
ELEMENTS 


“When Radio Sets AN/VRC-45 and AN/VRC-49 are equipped with VINSON installation kits, the C-2299 
is replaced by the C-10374/VRC. 
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AN/VRC-53, AN/VRC-64, AN/GRC-125, 
and AN/GRC-160 
Radio Sets 


NSN: 5820-00-223-7467 
5820-00-223-7475 
5820-00-223-7411 
5820-00-223-7473 


AN/VRC-53) 
AN/VRC-64) 
AN/GRC-125) 
AN/GRC-160) 


Reference TM 11-5820-498-12 
General Information 


The AN/VRC-53 and the AN/VRC-64 are vehicular mounted. The AN/GRC-125 and the 
AN/GRC-160 can be used for vehicular and manpack operations. Both variations of the radio 
sets provide short range, two way, FM radiotele hone communication between vehicles and 
crew served weapons (tanks, armored personnel carriers). The radio sets are compatible with 
other FM radio sets in 30.00 to 75.95 MHz range. 


Technical Characteristics 


PrequicnevKanecent cus ene kasha ah ek aster ya eee Low band, 30,00 to 52.95 MHz; 
High band, 53.00 to 75.95 MHz 

Power Ouput: ois ucedeWwesis tetas tees Seee toe aE 1to3 W 
ROWSE DOULCE S25. a cis es ee ahs We Oe Batteries, dry BA-4386/U and BA-5598/U 
ID IS FATIC CAS ARV Sct). Silastic ta bin ted At ala toh nae a dacitdetinaiees Se eh Gah 5 to 8 km (3 to 5 mi) 
Aritentia:.- ob 2d B wel ee eK x Vehicular-mounted AS-1729/VRC, manpacked 
AT-892 semirigid tape, AT-271A multisection whip 

Vehicular Operanon cee tes teres Pate et te ce ot ie eed oe cts Sine 24 V DC 
LV PO cOl DCIV ICE. 6A enh a dente gh bee ep eee ae ae ened ee, 30 KOF3E 
Wee ys ca ccn boseaiwe issu ba teu eee eee oe eka 15.5 kg (33.5 Ib) 
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AN/VRC-53 and AN/VRC-64 
Radio Sets 


FM 24-24 


AN/PRC-119(V)1, AN/VRC-87(V)2, AN/VRC-88(V)3, 
AN/VRC-89(V)4, AN/VRC-90(V)5, AN/VRC-91(V)6, 
and AN/VRC-92(V)7 
SINCGARS Radio Sets 
NSN: 5820-01-151-9915 


(A 
5820-01-151-9916 (AN/VRC-87 
5820-01-151-9917 (AN/VRC-88 


5820-01-151-9920 (AN/VRC-91 
5820-01-151-9921 (AN/VRC-92 


Reference: TM 11-5820-890-10-1 
TM. 11-5820-890-20-2 


General Information 


Single-Channel Ground and Airborne Radio Systems (SINCGARS) is a family of VHF- 

PM radio sets designed to meet the Army’s tactical communications requirements under the 
new Army operations doctrine. SINCGARS is replacing the AN/PRC-77 and the AN/VRC-12 
series radio sets. It is designed for simple, sa operation using a 16-element keypad for 
per en tuning. SINCGARS is capable of short-range or long-range operation for voice, 
requency shift-keying (FSK), or digital data communications. It can be used for single- 
channel operation or in a jam-resistant, frequency hopping mode which can be changed as 
needed. SINCGARS has a built-in self test with visual and audio read back. Major 
components and equipment configurations are shown in the chart on the following page. 


Technical Characteristics 


Prequency KRanee oc4iocuo ee nice eee eked Cady BE Ree OR AEE ys 30 to 88 MHz 
Number of Channels............ 2,320 (spaced every 25 kHz) includes eight channels 
that can be preset for single-channel operation or 

eight that can be preset for frequency hopping operation 


POWEr INPUL..ceane Lenae acaide ste 12 V DC, manpack; 28 V DC, vehicular /aircraft 
Power Outputs cosas bs oentoduads te oes 5 W, and up to 50 W with power amplifier 
Alenia ian teoedesesalerk deese wows Sala dh dees ah See the following chart 
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SINCGARS Radio Sets 


SINCGARS 
COMPONENTS 


AN/PRC-25, AN/PRC-77 
(v2) Vehicle, Short Range AN/VRC-53, AN/VRC-64 


{V3} AN/VRC-88 Vehicle, Short Range/ 1 AN/GRC-125, 
Dismount AN/GRC-160 
Vehicle, Longe Range 


(V6) AN/VRC-91 Vehicle, Long Range/ 2 1 AN/VRC-46 and 
Vehicle, Short Range/ AN/GRC-160 
Dismount 

AN/VRC-92 __ [Dual/Vehicle,LongRange| 2 | 1 | rf 2 | 


Ancillary Items: 


Receiver-Transmitter RT-1439(P)/VRC 
Data Adapter MX-10506( }/VRC 

Electronic Counter-Countermeasure Module C-11290{ }/VRC 
tntervehicular Remote Controt Una C-11291( )/VRC 
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60. -031 | .497820 Round to nearest hundredths (.00). 


a. 16.05 b. 16.06 c. 15.05 d. 15.06 


61. 2.2 [2.6390 Round to nearest hundredths (.00). 


a. 1.20 b. 1.19 c. 1.91 d. 1.02 


Complete items 62 through 65 by changing each item to a percent. 


62. “43 
a. .12% b. 1.2% c. 12% d. 120% 
63. 1.25 
a. 125% b. 12.5% c. 1.25% dad. .125% 
64. 1 
4 
a. 14% b. 20% c. ~25% a 25% 
65. 5: 
40 
a. .225% b. 2.25% c. 22.5% d. 225% 


Complete items 66 through 68 by changing from percents to 
fractions (reduced to lowest terms). 


66. 40% 
a. 2 b. 2 c. 2 ad. 2 
6 5 4 3 

67. 12.5% 
a. i b. 1 Ci. 1 dad. 1 
5 6 7 8 
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Section II. Amplitude Modulated Radio Sets 


AN/GRC-106 and AN/GRC-106A 
Radio Sets 


NSN: 5820-00-402-2263 (AN/GRC-106) 
5820-00-223-7548 (AN /GRC-106A) 


Reference: TM 11-5820-520-10 


General Information 


The AN/GRC-106 is an HF-single sideband (SSB) radio set used primarily as a mobile 
link in a communications network. It also may be used in fixed and semifixed applications, 
and it has an AM mode to make it compatible with standard AM radio sets. The AN/GRC-106 
is now being used as the basic radio set with all of the newer SSB radio teletypewriter 
oe configurations The AN/GRC-106 and AN/GRC-106A are identical oe that the 

N/GRC-106 uses an RT-662/GRC, and the AN/GRC-106A uses an RT-834/GRC. The KY-99 
is compatible with the AN/GRC-106 for secure operation. 


Technical Characteristics 


Frequency: Ran GG icc ivd aid aoe eae need ated See 2.0 to 29.999 MHz (AN/GRC-106); 
2.0 to 29.9999 (AN/GRC-106A) 
Planning Range................ Ground wave, 80 km (50 mi) (frequency depends on 


antenna and terrain); sky wave, 160 to 2,400 km 
(100 to 1,491 mi) 


INU Der Or C annie Scents ens a tein te uteri RT-662: 28,000, spaced every 1 kHz; 
RT-834: 280,000, spaced every 100 Hz 

POWePINDUL x tsc0 thy al Oe ea wee REA See a ee BGS 27 V DC 
POWer SOULCE: . oad cin ae gees Vehicle power system; to operate from 115 V AC, 
Power Supply PP-4763A must be used to provide 

the required 27 V DC 

Power OuIpUts: J asoss osu g peewee 3KOOR3E, 3KO0J3E: 400 W PEP 1K10A1A, 
100HA1A: 200 W 

Antenna .........cccccceeceeue 4.57 m (15 ft) whip or doublet AN/GRA-50 Tuning, 
Digital receiver also has a + 600 Hz vernier 

SOUCICIN I ai8ie ats oes 6 Da oa a oso Nee, AU ine area abe Noise 
DeCULIty DOVICE 2 vso8 ne Meet toe VEeewatvaGs Gerla thee ee ve ews TSEC/KY-65 
TY Pe. OP SCIViCeas. i Saw eae Aaa sa ate ss 3KO0J3E, 3KOOR3E, 1K0013A1A, 1K10A1A 
Wele lite caGr cane aca eae weteet Chedetes chew eee ee eure ett 58.1 kg (128 Ib) 
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AN/GRC-106 and AN/GRC-106A 
Radio Sets 


SIGNAL 
LEVEL 
METER 


RT-662/GRC 
VOX SWITCH MC CONTROLS Kc cae 
MANUAL RF GAIN AUDIO GAIN ? 
SERVICE SELECTOR RF DRIVE 
6) SSONSK © = 
STANO BY U1 FSH y (}) 
OVEN OM, ree a 
or ROS 
Af sgueicn ae 
ne tC S) Ors 
rack c cS) : 
RT-834/GRC 


ANTENNA TUNING AND 
LOADING CHART 


AM-3349/GRC-t06 


TUNE OPERATE 
— HY RESET —> 


4-15 


FM 24-24 


AN/GRC-109 
Radio Set 


NSN: 5820-00-892-0881 
Reference: TM 11-5820-474-14 


General Information 


The AN/GRC-109 is a compact, portable high frequency (HF) radio set used for 
continuous wave (CW) communications under a wide range of climatic conditions. 
Transmissions can be made using the built-in hand key, an external hand key, or an external, 
high-speed automatic keyer such as Coder-Burst Transmission Group AN/GRA-71. Two power 
supplies and a voltage regulator permit operation from a variety of power sources. Current 
tactical speech security equipment is not compatible with the AN/GRC-109; therefore, secure 
voice is not a mode of operation. 


Technical Characteristics 


Frequency KRange2c? iacd 2548 ea ee nee Transmit, 3 to 22 MHz; receive, 3 to 24 MHz 
Plantine RAGS 2c creGeet nse ictwe ahitlae waa hanes wegad eis 121 km (75mi) 
Number of: Channiels. .. 26¢<0200 Medien iot ln eck adele dene 24, crystal controlled 
Power Input stic.4 cs.edeed¥os gan ee taier § 75 to 260 V AC, 40 to 400 Hz or 6 V DC 
Power SOUrce jucaide yi ei aauecan as es Any appropriate AC power source, generator 
DC G-43/G, 6 V DC wet or dry ee 

TOMO LUNA E OLE Fala als Sich ct hh, aha is Oa le eM ERNE MSN a Os eB la ah Sl 10 to 15 
PCT Al ase ss. Geiss cee aw anh ee wig eek Inverted-L, length depending on the frequency 
TUNG ho o.oo oo bean hae eas wae ae Transmitter, crystal controlled; receiver, 
crystal controlled or continuous 
GUIS Ci cia Seas ter ged a ee cnt eae OR A dy es Sk ane Ri Ala erate ed None 
LVS OF DEL V ICS ea Bia eds ett hk Akeni ee ue eats ealce tse oa oes otk litle Transmit, 100HA1A 
WIC. cart 22s tie ttn it oe ate Ae Le See ae whe distiea sd 25.2 kg (55.5 Ib) 


POWER OPTIONS 


6V DC 
BATTERY 
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AN/GRC-109 
Radio Set 


PP-2685/ 


GRC-109 
POWER SUPPLY 


T-784/GRC-109 
RADIO TRANSMITTER 


R-1004/GRC-109 
RADIO RECEIVER 
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AN/GRC-193 
High Frequency Radio Set 


NSN: 5820-01-133-4195 
Reference: 11-5820-924-12 


General Information 


The AN/GRC-193 is a medium/high-power vehicular configuration of the Improved 
High Frequency Radio ([HFR) system. It will satisfy those mission requirements which need 
an HF radio capability greater than the low power/IHFR system. The high-power 
vehicular /airborne adaptive configuration consists of a basic receiver-transmitter with 
required coupling device, amplifier, and other ancillary devices for CW voice or teletype 
operation; near vertical incidence sky wave (NVIS) antenna, whip antenna, data I/O device, 
and external power sources. The radio will have the capability of selectable power (100 W, 
400 W). Normal operation will be below 400 W. The AN] GRC-193 uses the KY-99 for securing 
voice traffic and the TSEC/KG-84 for securing data traffic. The antenna may be remoted up 
to 61 m (200 ft) from the radio set, using the antenna siting bit which is part of the basic 
configuration. 


Technical Characteristics 


Frequency Ran ge@ ssss025csoek eu ewes 2 to 29.999 MHz, 100 Hz channel separation 
Planning. RAN GC 2. gic. dentro ly Pee ab peels soled eda 3s 2,500 miles (4,023 .3 km) 
NumberorC hantels. oss < citens. 48 kha ioe oie se 08 6 oR Ree Ee neh eran 280,000 
Powerlnputescouevnetcdgdote ve aiieie sya ats 115 V AC, 50 to 60 Hz, 24 V DC 
and 26.5 V DC, vehicular 

Power Output 24/2 wisend eebene es yor eens cone Selectable power, 100 W, 400 W 
ATUCNIN Ao oS a Se ee EEE See hee AT-1011, 4.88 m (16 ft) whip, doublet, 

long-wire, AN/GRA-50, AS-2259 NVIS 

ULE ora Berea state Veta «hate tala tahoe sens Automatic digitally controlled remote 
Remote Operation. ...22i. e.isecksgevea vines Up to 2 km (1.2 mi) using AN/GRA-39 


4-18 


FM 24-24 


AN/GRC-193 
High Frequency Radio Set 


MT- 
GRC 
MOUNT, 


ELECTRICAL 
EQUIPMENT 


AM-6879 
AMPLIFIER-CONVERTER 
AN-GRC-193A 


AM-6545 AMPLIFIER, RT-1209 RECEIVER: cy, 
RADIO FREQUENCY TRANSMITTER CU"2064_ COUPLER, 


£076 189 MT- GRC-193 MOUNT, 
tAStRIER RICHER LS sel ELECTRICAL EQUIPMENT 


AN-GRC-193B 
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AN/GRC-213 
High Frequency Radio Set 


NSN: 5820-01-128-3935 
Reference: TM-11-5820-923-12 


General Information 


The AN/GRC-213 is a low-power manpack/vehicular configuration of the IHFR system. 
It provides a much needed, reliable, full HF coverage capability of 2 to 29,9999 MHz to 
tactical commanders. It has a requirement to pass secure, command and control information 
over medium to long distances and over varying degrees of terrain features which would 
normally preclude the use of very high frequency (VHF)/FM combat net radios (CNR). Use 
of broadband or NVIS antennas enhances the communication capability of IHFR. The 
AN/GRC-213 consists of AN/PRC-104A (complete), audio amplifier and power conditioner, 
antenna switch (for use with long-wire antennas), and vehicular mounting tray to allow its 
installation in Army combat vehicles (tracked and wheeled). It gives the commander a 
complete low-power communications system. 


Technical Characteristics 


PTeOGUCNCy. Rane Ox. 3 tS oder ad wale aiteds Site alts hia Wg te anal oot dy 2 to 29.9999 MHz 
Number or Channels 2 44 ot a itate detach het anlicg a lech ahd 280,000 spaced at 100 Hz 
Power NpUted i iwine bes pies cua keds 68% Battery or 20 to 32 V DC power supply 
POWer QUnp Ut ia a1 ga Gee ue eer ere aed SiG: GS hd ay Belek de ign aa 20W 
PETITIVE seas aa he ba aa eS Saige Be hah OA tai ets a ce Whip AN/GRA-50, AS-2259 
MAUI fk Soc tase NG, ON WO EA ES BR eS Automatic antenna tuning 
Modés of Operation. ¢¢.cnis sinus gcd ceeded eines Voice, data, CW, LSB, USB 
West oets gta seed ga tad Gee uhe we eo haa Pewee sateeee 13.6 kg (30lb) 
DECUTS DEVICE 5 2x31 Fak ans ee ac ae wk ba mah EEw eed eed KY-99, future COMSEC 
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AN/GRC-213 
High Frequency Radio Set 


AN/PRC-104A 
RADIO SET 


AM-7152/GRC-213 


RT-1209/URC 
74/PRC-104 
POWER SUPPLY  RECEIVER-TRANSMITTER prep atl RADIG 


FREQUENCY 


fh 


MT-623/GRC-213 MT-2154/GRC-213 
MOUNT, ELECTRICAL NAPIER Kit H-250/GR HANDSET 
EQUIPMENT 
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AN/PRC-41 and AN/PRC-41A 
Radio Sets 


NSN: 5820-00-889-3997 (AN /PRC-41) 
5820-00-104-0351 (AN/PRC-41A) 


Reference: TM 11-5820-510-12 (AN/PRC-41) 
TM 11-5820-510-12-1 (AN/PRC-41A) 


General Information 


The AN/PRC-41 is a lightweight, portable VHF/ultra high frequency (UHF)-AM 
receiver-transmitter which permits manpack, fixed-station, or vehicular operation. The 
AN/PRC-41 and AN/PRC-41A are identical except that the AN/PRC-41A can provide secure 
voice (X-mode) operation when used in conjunction with Speech Security Equipment 
TSEC/KY-38. The X-mode operation is possible due to circuitry modifications made on the 
AN/PRC-41A model. The Special Cable CX-10831 is required to connect the TSEC/KY-38 to 
the AN/PRC-41A. The AN/PRC-41 uses RT-695, and the AN/PRC-41A uses RT-695A. 


Technical Characteristics 


Prequency KRanGe sg ¢i.sh0s.o hee 608s pee SAS SEALE EE DSRS 225.0 to 399.9 MHz 
PlagnMneRANGe ech tadag ate Viares eae eee Sy ee See Re GRE Geta Ree tee LOS 
Number or Channelss:..1+q ai orers vanes ae de yee 1,750, spaced every 100 kHz 
POWOr INDUt ec :aibek Pots s mt tice eG Auer abate Men dgte Tada Volos 24 V DC 
POW EP SOURCE: ager tnt Ou 4 \dyriceeradd sade eee Portable BA-451/U, vehicle power system, 


aircraft power system, any AC power source 
(PP-3700/PRC-41 is required to convert the 
AC voltage to 24 V DC) power 

3W 


OWE AEE secs sed sel natal ek NS check ‘cg so Ae a a el ok oC tore Rosine 
OIVEG IML) dics Gab Oise ut eats Giada Eine etait teas aig ua ahha yeh aatngee AS-1404 or AS-1405 
IAAT Lasts to fe SU its GOD eal heal tA RAG Aa tie Lhe Sled Detent, crystal controlled 
DOUG Ca sawtin ats G6 a Serer sia se chin Sg cia aie Mr Spas Sins heh bandh is A ee ea Carrier 
TY Pe OF SONViCO esi 6:5 Wack ay ease! 94 AN/PRC-41, 6KOOA3E AN/PRC-41A, 80KOA3E 
(secure or nonsecure) 
VST ocean te tM at a St falta ote Na Willa ate hatico ot oot al a ah ete a Mahl 20 kg (44.6 lb) 
DECUIIby EVICEs Hoss os eva aiawesaeb ee ued yuet widened Ounewes TSEC/KY-38 
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Radio Sets 


AN/PRC-41 and AN/PRC-41A 
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68. 32% 


a. 16 b. 14 c. 12 d. 8 
25 25 25 25 


Complete items 69 through 74 by performing the action required. 
69. During an equipment inventory, Cpl Pyle found 14 E-Tools 
missing from the list of 60. What is his percent of 

missing E-Tools? 
a. 2.33% b. 23.3% c. 2.43% dad. 24.3% 

70. Four Marines out of thirty-two from 3rd platoon are on 
the rifle range. What percent are on the rifle range? 
a. 12.5% b. 1.25% c. 25% da. 2.5% 

71. Of 40 Marines in the platoon, 80% are qualified swimmers. 
How many Marines are qualified swimmers? 
a. 23 b. 27 Cc. 29 de. 32 

72. During the month of April (30 days), our company spent 23 
percent of its time aboard ship. How many days did the 
company spend aboard ship? Round to the nearest day. 
a. 5 b. 6 c. 7 a. 8 

73. Ten percent of the platoon are attached to Company A. If 
there are 4 Marines attached to the Company A, how many 
Marines are in the platoon? 
a. 40 b. 38 c. 30 d. 14 

74. If 3/4 percent of the battalion are at sickbay (a total 


of 12 Marines), how many Marines are in the battalion? 


a. 1200 b. 1400 c. 1600 d. 1800 


UNIT SUMMARY 


This study unit provided you with the basic principles of 
fractions, the operations with fractions, decimal form and 
percentage. Study unit 3 will introduce you to algebra. You 
will then see how these basic principles are applied. 
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AN/PRC-47 
Radio Set 


NSN: 5820-00-861-3539 
Reference: TM 11-5820-509-12 


General Information 


The AN/PRC-47 is an HF-SSB radio set which provides CW and upper sideband (USB) 
voice communications. It also provides FSK communication when operated with an FSK 
converter. The AN/PRC-47 may be used in portable, vehicular, or fixed-station applications, 
Current tactical speech security equipment is not compatible with the AN/PRC-47; therefore, 
secure voice is not a mode of operation. 


Technical Characteristics 


PECQUENEY RAN SC. 2 ici waa am ae ere ee Mee eRe RR 2.0 to 11.999 MHz 
Planning Range............... Refer to short and intermediate distance ground 
wave and sky wave propagation charts (FM 11-486-6) 

Number of Channels: 9:0: scuseceGus digs cta doce idets 10,000, spaced every 1 kHz 
POW OR INDO it o4 nated a ere 24 V DC, 26.5 V DC or 115 V AC, 400 Hz 
POWEEDOULCE: “agua lunaie nth ain aie piu e natn sibel de BB-451/U, vehicle power system, 
any appropriate AC power source 

POWerQuUtputs:4 G's. eas cannen de 6 Lakai High, 100 W PEP; low, 20 W PEP 
PRACT 5, Sipe hae eh oS Macho ate hd 2 arm. creaGultind spoeuts eOSI Se Ate 5 AS-1320/PRC-47, whip; 
AS-1321/PRC-47, long-wire vehicular whip 

NAAT cs Soe Bia Se 6s ate eke eae icy eA hae ie dS Rds anus ste Eee eS Digital 
LVDO-Of SERVING lex ca vitce sho etoe Van eeaite ee eaeun se See Rs 3K00J3E, 1KOOAITA 
WRICDE occ Cage sisi bacte elec Mia eae Sham eee eae oye ean 86.3 kg (190 Ib) 
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AN/PRC-47 
Radio Set 
AS-1329/PRC-47 
ANTENNA 
RT-671/PRC-47 
RECEIVER-TRANSMITTER 
a ered 
CX-8395/PRC-47 ; 
A. CABLE ASSEMBLY, BATTERY 


TERMINAL 


sth POWER ELECTRICAL 
ad 


S——— 


H-33G/PT 
HANDSET STORAGE 
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AN/PRC-74 
Radio Set 


NSN: 5820-00-912-3991 
5820-00-926-7282 
5820-00-935-0030 
5820-00-177-1641 


AN/PRC-74) 

AN/PRC-74A) 
AN/PRC-74B) 
AN/PRC-74C) 


Sa ~~ 


Reference: TM 11-5820-590-12 
TA. 11-5820-590-12-1 


General Information 


The AN/PRC-74 is a low-power, transistorized, SSB radio set used for voice and CW 
communications. It is designed primarily as a manpack set in areas where direct line of sight 
LOS) communications are not possible. Except for the difference in the frequency range of 
the AN/PRC-74B and AN/PRC-74C, all models are essentially the same. Curent tactical 
speech security equipment is not compatible with the AN/PRC-74; therefore, secure voice is 
not a mode of operation. Coder-Burst Transmission Group AN/GRA-71 can be used with all 
lettered models. 


Technical Characteristics 


Frequeticy Ranees «sx ivane sade st 2.0 to 11.999 MHz (AN/PRC-74 and AN/PRC-74A); 
2.0 to 17.999 MHz (AN/PRC-74B and AN/PRC-74C) 

Plannin Ranges) 34 doc caatitie tative 40 km (25 mi) ground wave; refer to sky wave 
propagation chart to determine medium range, 

FM 11-486-6 

Number of Channels................05. 10,000 spaced every 1 kHz (AN/PRC-74 and 


AN/PRC-74A); 16,000 spaced every 1 kHz 

(AN/PRC-74B and AN/PRC-74C) 

Power Input s.42.00¢.¢4048eir ieee 10.5 to 17 V DC, 12 to 31 V DC or 110/220 V AC 
Power S0urce 4.44436 gsu eee eae eeu Battery (BA-30, 70 each or BB-418/U, 10 each); 
vehicle power system (requires PP-4514/PRC-74); 

any appropriate AC power source 

(requires use of PP-4514/PRC-74) 


PO WOE COREE cso Sire SB By ain Br Ge Wi bere aay  Snessr aa Sa ra ir aieala ti 15 W PEP 
POMC N IN Aa BS OS Be tea hes tha tote eel dase Bie AS-1887/PRC-74, slanted wire and dipole 
PUTAS hip ie ceed sh oar an Daag OG ad Wiad aah aie a Aaa eS Oe otig ag he eerie Detent 
I VPOOR SEL VICC ache tenis St eles ease Rae Le Eat a ahs -3 KOOJ3E, 1OOHAIA 
WEla Nata geist ap Suaiay che wee ie 18.8 kg (41.5 Ib) with dry Battery BA-4386/U, 


two each; 13.4 kg (29.5 lb) with wet Batter 
BB-418/U, 10 each; 22.7 kg (50 Ib) wit 
PP-4514/PRC-74 
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AN/PRC-74 
Radio Set 
ac NTS 2, paD0H) 
RADIO 


J8 
PP-4514/PRC-74 (HIDDEN) 
POWER SUPPLY 


21-31 V OC POWER 
CABLE Wi 


BATTERY CHARGER 
CABLE W5& 


24 VOLT POWER 
CABLE W4 
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AN/PRC-104A 
High Frequency Radio Set 


NSN: 5820-01-141-7953 
Reference: TM 11-5820-919-12 


General Information 


The AN/PRC-104A is a low-power vehicular configuration of the IHFR system. It 
provides a much needed, reliable, full HF coverage capability of 2 to 29.9999 MHz to tactical 
commanders. It has a requirement to pass secure, command and control information over 
medium to long distances and over varying degrees of terrain features which would normally 
preclude the use of VHF/FM CNR. Use of broadband or NVIS antennas enhance the 
communication capability of IHFR. The AN/PRC-104A consists of a receiver-transmitter with 
up to 20 watts of power, the associated accessories (microphone, antenna, battery, backpack), 
and the appropriate secure device. The AN/PRC-104A has a frequency range of 2 to 29.9999 
MHz in 100 Hz steps yielding 280,000 channels and operates in the USB, lower sideband 
(LSB), and CW modes. It provides the tactical commander with a complete low-power 
communications system. 


Technical Characteristics 


Prequency: Range: oi-a5-3 2255 23. 22 Ree bate BRA GOSS 2 to 29.999 MHz 
Number of Channels 4.0.0 20¢<4e54 ties tee oaud ooh 280,000 spaced at 100 Hz 
OW OE LE Gras tliit a atarncalnk pai M ad coe cs ante t A Na lal Battery or 20 to 32 V DC power supply 
POWer OUUpulb sj icc chcwetid $i Saki ae ad whl Wa Hl RE AA NA AAA EN ARE PEG 20 W 
PRETORIA: | «4-3-4 Segie ors ogee ase Oe eat BOR OEE eae Se AN/GRA-50, AS-2259 NVIS 
PUIG 53h hte ee eureka ace tard tn ae hah ase ieee Gee Automatic anteena tunin 

MOde0F Opera HONy eiictaees ne mat siete Mea oe conte eae Voice, Data, CW, LSB, US 

Ween Sis owes obits Sa Ete bee ee eee ed bare ee es 6.36 kg (14 Ib) 
DOCUTE DEVICE: a4iass aatohets ere ees Ging tae kh Beanie Saco ated eee KY-99 
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AN/PRC-104A_ 
High Frequency Radio Set 
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AN/PRC-112 
Multi-Transmission Transceiver 
* This radio is an over-the-counter commercial purchase obtained by the US Army. 
NSN: 5820-01-279-5450 
Reference: TM 11-5820-1037-13NP 


General Information 


The AN/PRC-112 is a technologically advanced, multi-transmission transceiver 
weighing only 28 ounces and can fit in the palm of your hand. The radio acts as a 
transponder, supplying ranging and personnel identification information. It also performs 
beacon and air-to-ground voice functions. Combined with an interrogator equipped avionics 
system, a user location can be accurately determined in range and bearing, out to 100 nm. 


Technical Characteristics 


IT CQUCTICY ASQ ORC y 15 i-th dilate ena eat oie utdNat ell glelan oat eens aa 121.5 MHz 
225 MHz to 299.975 MHz 

Avatlable Chane Stc.v cee cee ae aah ew God Ye eda aes 3000 in 25 kHz steps 
Frequency ota pllilyia vce p as ota eRe ea waa eamalied Panne dale aetat +/-5 ppm 
Modulation: MOGES: 1.31 ok tea teeta eee dg AM voice AM swept-tone beacon 
Transpond mode: BPSK/OOK 

Operating” Modes: ciceug see at iih ete eel eess Yeu ies Voice: any channel 


Swept-tone beacon: 121.5 MHz and 243 MHz 
DME transpond: any UHF channel 
WNCISING 25 Gor enttand he ngcoaee earns Se es wetness Ne g 28 ounces or 0.79 kg with battery 
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AN/PRC-112 
Multi-Transmission Transceiver 
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AN/PRC-112A(C) 
Multi-Transmission Radio with Embedded 
Communications Security 


* This radio is an over-the-counter commercial purchase obtained by the US Army. 
NSN: 5820-01-280-2117 


Reference: Not available 
General Information 


The AN/PRC-112A(C) provides full voice encryption using Motorola’s field proven 
INDICTOR module. Designed for covert and hostile environment operations, the AN/PRC- 
112A(C) provides interoperability with key COMSEC devices including the Sunburst II 
Processor (AN/CSZ-1A) and VINSON (KY-57). Slightly larger than the standard AN/PRC-112, 
the AN/PRC-112A(C) will slip easily into uniform pockets, rucksacks and other transport 
compartments. The AN/PRC-112A(C) is an NSA endorsed, Type I secure voice, ground-to-air 
communications radio. A mode control switch selects between two key variables for secure 
voice, a zeroize-key function and a clear “plain text” voice mode. This radio will automatically 
receive and process clear “plain text” voice transmissions even when configured in a secure 
voice mode. The built-in transponder beacon supplies ranging and personnel identification 
information via the airborne AN/ARS-6 interrogator system. 


Technical Characteristics 


Prequency: Range: 24.1 sjatusesaushs aolemhphnns Gada Rahetwlaed tits 121.5 MHz 
225 to 299,975 MHZ 

mvallavle PICGUCHCIES 3a tiwxne Poe te tate Sus awess esas eY 3000 in 25 kHz steps 
Frequency Stability) i505 te des eee U Gat ev eee eae be ae +/-5 ppm 
Modulation Modes. ......... 0... c cece eee ee Secure--AM, 16 kb/s CVSD AM voice 
AM swept-tone beacon 

Transponder-BPSK/OOK 

Operation. Modes sg.03.tas ena Cit eek Secure voice--2 selectable key variables 


Key variable zeroize switch Voice: clear 

Sweep-tone beacon: 121.5 MHz and 243 MHz 

DME transpond: any UHF channel 

WVCIO NP e 3005 oe ee ee een ee ea ae 36.5 ounces or 1.0 kg (with battery) 
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AN/PRC-112A(C) 
Multi-Transmission Radio with Embedded 
Communications Security 


o) 
2A 
pauyeeGeio™ 
7502 
geo £ 
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2101 
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2101 


N |e 


3. b. 13 2101 


102..—«»17 


4. c. jit 2101 


144 16 


5. b. 31 2101 


378 63 


6. c. 17 2101 


7. a. 12 2101 


8. d. 75 2101 
9. cc. 210 2101 
10. b. 40 2101 
11. a. 55 2101 
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AN/TRC-133A 
Radio Terminal Set 


NSN: 5820-00-464-1616 
Reference: TM 11-5820-610-14 


General Information 


The AN/TRC-133A is a transportable, tactical HF, nonsecure SSB radio terminal set 
mounted in an S-280A type shelter. The shelter contains five radio positions which can be 
connected to separate doublet antennas provided as part of the radio terminal. Positions 1 
and 2 can be operated with separated 15-foot whip antennas, which are used when the radio 
terminal set is needed for mobile operation ane powered from the 28-volt DC vehicular 
electrical system. In addition, Radio Frequency Amplifier AM-3979/FRC-93 is provided to 
allow any one of the five positions to transmit on increased output power to extend the 
operating range of the position so selected. Current tactical speech security equipment is not 
compatible with the AN/TRC-133A; therefore, secure voice is not a mode of operation. 


Technical Characteristics 


TV EOF SCLVIGE® Sha. Masti dan wae satiate aon awa gecg Stead oe take 3KO0J3E 
(selectable USB or LSB), 100HA1A, 1K10A1A 

Prequency Range’. ¢ 2s de. abode ceerite se dee es ates 3.4 to 5.0 MHz and 6.5 to 30 
MHz Planning Rane cotoveie ace eine ee aa Rages Ground wave, 80 km(50mi); 
sky wave, see intermediate sky wave propagation chart 

FM 11-486-6 

INGMperOnrChannels::400e uy ea ease we ee eee ad 130, crystal controlled 
POWer Input xiao ah et tid oe ate ale ds Rance a ates 110 V AC, 60 MHz, single puke and 28 V 
DC (max) for mobile mode 

POWer SOULCE: cu cdeaey oi diately wala weened 10 kW, Power Supply PU-619 
POWer QOUlPUE ft wees eS bees ta eh RT-718, 100 W PEP; RT-718 with AM-3979, 
1,000 W PEP 

PRIUS a cing ficsiipc dc 8 te 08 Bitsy let ote Ash aE Quarter-wave whip or doublet antenna 
SUING shat, Cea angina tata gedas Continuous in 200 kHz bands using CK-31 
MSs 0 a eee eee Cree rae ORES eRe ae ce ee are 2,272.2 kg (5.000 Ib) 
RiimitatiOnes dc asa* scheme patent ali one ates sehiaeece Waleed Nonsecure operation 


4-34 


FM 24-24 


AN/TRC-133A 
Radio Terminal Set 


C-6118/FRC-93 
(312B-4) 


TN-339/GR 


110 VAC-28 voc} [)] 5 


SELECTOR 
1 


Se ; a 
= eae 5 ee 
2 
Zz 
4 
4 
4 ~ 


= = 
Saas — SS 
0 a... ae 
oc POWER | Bt" 
(S16E-2) ts ‘S) 
= 


L Sasa] | ee ¥ 
; ie —aH 


DC POWER 
DISTRIBUTION 
PANEL 
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AN/TRQ-35(V) 
Tactical Frequency Sounding System 


NSN: Not available 


Reference: Not available 
General Information 


The AN/TRQ-35(V) is an ionospheric sounding system that produces easy to 
understand ionospheric propagation statistics on a real-time basis. The system is used to 
minimize outages related to unpredictable changes of ionospheric characteristics and 
conditions. It is intended to improve frequency management and assignments of frequencies 
for HF communications systems, result in more effective and efficient use of the HF 
spectrum, and produce more reliable HF communications with improved grade of service. The 

N/ TRO-35(V) system consists of the following stand-alone components. 


Major Components 
1 Receiver R-2081/TRQ-35(V) 
1 Transmitter T-1373/TRQ-35(V) 
1 Spectrum Monitor R-2093/TRQ-35(V) 


Technical Characteristics 


PLEQGUCN CY INAN OC iki ahst dea ed BREE OLS Cah eR seta edn ae 2 to 30 MHz 

or 2 to 16 MHz coverage after selection 
Number of Chantiels tx. ise i nee EE ek ee ea he ade Ae ge Bee 9/333 
Chantel SpaCn gyn gana oo asd dee sane iy ey a ds 0 ow Laks Be Pg eve 3.0 kHz 
Power Input ooc45.Ssuadu sine aes ei ek oa 115/230 V AC + 10%, 47 to 440 Hz 
Transmitted. POWet sco): casa: va oo we ea Sees 0.2 W and 2 W from diplexer, 


+3 dB selectable by front panel switch; 

10 W and 100 W nondiplexed output power, + 3 dB 

WiC L ee ae eee ioe cla ae pacar eee Ri Transmitter 113.4 kg (250 lb) in case, 
Receiver 79.4 kg (175 Ib) in case, 

Spectrum Monitor 79.4 kg (175 Ib) in case 


4-36 


FM 24-24 


AN/TRQ-35(V) 
Tactical Frequency Sounding System 


R-2081/TRQ-35(V) R-2093/TRQ-35{V) 


T-1373/TRO-35(V) 
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AN/VRC-24A and AN/TRC-68A 
Radio Sets 


NSN: 5820-00-223-7413 (AN/VRC-24A) 
5820-00-892-3723 (AN /TRC-68A) 


Reference: TM 11-5820-222-10 


General Information 


The AN/VRC-24A and the AN/TRC-68A are VHF/UHF-AM radio sets used for 
communications with aircraft in close support of ground operations. The AN/VRC-24<A is 
designed for vehicular installation, and the AN/ TRC-68A is designed for fixed installation. 
These radio sets will provide secure voice (X-mode) service when used in conjunction with 
Speech Security Equipment TSEC/KY-99. 


Technical Characteristics 


Prequency KRanee's i425 tunis yh cee a ee cet eye ea tees 225.0 to 399.9 MHz 
Planning Rance cy G6 ee bo get 3 yey ae eg Approximately 50 km (31 mi) 
with aircraft at 305 m (1,000 ft) 

Namiber of Channels’. sei snag peed xe ve ons doe 1,750 with a channel every 100 kHz 
Power nputes 2¢S< von eee is5G Geese ek 24 V DC or 115/230 V AC, 50 to 60 Hz 
POWEr S0ULCC 65s citaas reemeemotet seat euy renee Vehicle power system, any 
appropriate AC power source 

POWeR OUD UE os ata atel ae ditt iinet Sly & ovale pack Seatety foes iearw eee aalen tee 16 W 
POON al aig: ca aes eit ew een Sees AN/VRC-24A, AT-803/VR (center-fed, broadband 


vertical dipole) AN/TRC-68A, AT-197/GR 
(discone with two radiator assemblages) 


DI oss chestia ai ideas cat algal aca ndiea Sige Ses a tia cd Sb Rd nde tae aaa ese Sania ees Detent 
SOUCICN besa atcha wali heralds See igh acer | oy an ee tina ted foeae chs ga Noise or carrier 
Type. of Services: ¢ 22425 6a)h4 8 oti eh ean 6KO0A3E or 30K0A3E, X-mode operation 
WV CIS irae pee wd oa ee eure fe, oat eateaiaeeta nae a AN/VRC-24A, 28.1 kg (62 lb), 


AN/TRC-68A, 70.4 ie (155 Ib) 
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AN/VRC-24A and AN/TRC-68A 
Radio Sets 


AT-803/VR C-1439/U 


u OA-2648/VRC-24 


< MT-1436/U 


CY-2713/TRC-68 AN/VRC-24A4 =< — 
(CONTAINS RUNNING 
SPARES} 


en ii 


MT-2297-TRC-68 


AN/TRC-68A 
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Section III. Auxiliary Radio Equipment 


AB-903/G 
Mast 


NSN 5985-00-933-2197 
Reference: TM 11-5985-263-15 
General Information 


The AB-903/G is a cable-driven, lightweight, telescopic mast assembly. A crank handle 
attached to the winch assembly is used to raise or lower the mast. The mast raises antennas, 
such as Antenna AS-1729/VRC used for the AN/VRC-122 radio series, 30 feet above ground 
level. The mast may be setup on the ground or mounted on vehicles. 


Technical Characteristics 


eieht Extend ed: sscssen 525 xodne oxas iy ose be shee ees 8.9 m (29 ft, 3 in) 
Number-of Tubular Segments... 2.0: ge0.o45u incdaur2e¥.G4e0 Sen weisens os 28 6 
WETS oi o-d ache a encauain es ah atone aterw tediee asetene ee cere SUe et haeee ts 18.16 kg (40lb) 
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AB-903/G 
Mast 


COUNTERPOISE 


ADAPTER ASSEMBLY UPPER 
GUY 
RING 
LOWER 
GUY 
RING 
WINCH 
ASSEMBLY 
BASE CAP 
{UNDER MAST} 
BASE PLATE ee a 
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AN/GRA-6 
Receiver-Transmitter Control Group 


NSN: 5820-00-644-4554 
Reference: TM 11-5820-489-34 


General Information 


The AN/GRA-6 provides local and remote control facilities for various push-to-talk 
radio sets. The control group has the means for controlling and operating a radio set using 
one or two transceiver amplifiers of the push-to-talk type from a position approximately 3.2 
km (2 mi) away. The control group provides local control of the radio set through a 
continuous DC circuit. It provides two-way telephone communication and ringing between 
the remote and local control operators. 


Technical Characteristics 


Prequency. Ranee svi he 2% fain tae Oe Pa Seam YS Be eS 300 to 3500 HZ 
PlAnnin® KANG .ca2detloets ius nuke nommunee rae teas bh 3.2 km (2 mi), using WD-1/TT 
PoWer Input oreeisun ease eect ee Baus Lee ee aad Bee SNS 6 V DC and 45V DC 
POWeP SOULCE & oii eran Ra oA hoe oh Be Bek yA olen des Battery BA-414/U (one each) 

and BA-30 (four each) 
LV POOL SOL VICE. echt beat card bap mal ea dae Ried tied a yp dank Ba eee a Gs 30KOF3E 
Wella a tal ie never wool. oe cote sovlews Co Get ovata) ybe- 7.9 kg (17.5 |b) 
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AN/GRA-6 
Receiver-Transmitter Control Group 


REMOTE OPERATION 


LINE BINDING LINE BINDING 


WD-1 


CX-7474/U 
AN/GRA-6 AUDIO MIKE 
CONNECTOR CONNECTOR 


RANDOSET 


12. 


13. 


14. 


Cc. 


d. 


15 
40 
14 
40 
29 
40 


Reference 
2101 


2201 


2201 


2201 


2201 
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AN/GRA-39, AN/GRA-39A, and AN/GRA-39B 
Radio Set Control Groups 


NSN: 5820-00-889-3860 (AN /GRA-39) 
5820-00-082-3998 (A.N/GRA-39A) 
5820-00-949-9909 (AN /GRA-39B) 


Reference: TM 11-5820-477-12 
General Information 


The AN/GRA-39 is a transistorized, battery-operated remote control system. It enables 
an operator to transmit and receive voice communication through a radio set from a distance 
up to 3.2 km (2 mi). A push-to-talk circuit permits the radio in the system to be operated b 
a local battery switchboard and the telephones connected to a local battery switchboard whic 
permits NRI. The difference in models is the displayed call lamp, located on the front panel; 
the AN/GRA-39 model does not have this feature. 


Technical Characteristics 


TPE CUICIIGY ts LIC at oS te A gl Gaal ath ot Gia acer dt ylee ioeg aia gy's Gaede fatevateed 300 to 3500 Hz 
Plannin RangeiAs 04 vce tunel eomeee wea e eknae Ls 3.2 km (2 mi) using WD-1/TT 
POW STINDUt ssh uscuiaieS aeisnceitt x nacdaes eee wee eae ale Sica aes hare nse 6.6 to 9.0 V DC 
OM OT SOUS se ceh accent ae tic Arete tae ite gh alla he a Battery BA-30, six each for 

C-2328 and C-2329 
TYPO iP SCEVICE 5 <a. ont sal oie Sah eS ae ol Se Ss sea say i etheae Sed 30KOF3E 
VWEIOIE Pater cia ae oss se eurd te Se ards ence eythane Pata a 9.6 kg (21.25 Ib) 
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AN/GRA-39, AN/GRA-39A, and AN/GRA-39B 
Radio Set Control Groups 


RADIO CABLE 


CONNECTOR 
hh ere ee BE A 
i nN 

PA 


“> — Remote RACIO 


=) . TH A 


BuZZEA VOLUME : 


BINDING CALL LAMP (NOT PROVIDED IN PLAIN MODEL) 
POSTS 


C-2329 


INTERNAL SPEAKER 


BUZZER VOLUME 


BINDING CALL LAMP (NOT PROVIDED IN PLAIN MODEL) 


POST: 
: C-2328 


LINE REMOTE OPERATION 
BINDING AN/GRA-39B 
POSTS C-2328 


BINDING CONNECTOR 


CONNECTOR 
POSTS 
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AN/GRA-50 
Antenna Group 


NSN: 5985-00-892-0758 
Reference: TM 11-5820-467-15 


General Information 


The AN/GRA-50 is a doublet antenna assembly designed to increase the 
communications distance of HF radio sets when in fixed or semifixed installation. The 
AN/GRA-50 can be used with any HF radio set that has the proper frequency range and a 
Scene output power of less than 500 W and an output impedance of approximately 50 
ohms. 


Technical Characteristics 


PLeQuency Ran ee sii saetd teats baw 2 os ee BURRESS ee eas 1.5 to 30 MHz 
ANON, LY PCs ccg ey a bee Oo esa a eden Uisd Yihrd ees iat ahaa afi Half-wave doublet 
WY CTS eee shy ati a8 ote Be eee fe a Sate he Ae ai 5.3 kg (11.75 Ib) 
AN/GRA-50 
Antenna Group 


al 


= 
o 


&& 
te SZ 


TAPE, MEASURE 


HALYARD 
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AN/GRA-71 
Coder-Burst Transmission Group 


NSN: 5820-00-056-6856 
Reference: TM 11-5835-224-12 


General Information 


The AN/GRA-71 is composed of an electromechanical Morse-code generator that 
enables an operator to record messages (in Morse-code characters) on magnetic recording 
tape. It has a keyer device to convert the tape-recorded Morse-code characters into equivalent 
electrical impulses for keying an associated transmitter and a keyer adapter device that 
contains the electronic circuitry for supplying power to the keyer unit and adapting its output 
to the transmitter. 


Technical Characteristics 


POWerINDUlies Guim ox ba hewn § ek el Oke Bas Spring motor drive Keyer KY-468 

and 6.3 V AC from transmitter to MX-4498 

Power Output................ Electrical signals for keying transmitter for 300 wpm 

WPA voatreie dation ie Gentes alee eee ws Conese. ae aves 4.3 kg (9.5 Ib) 
AN/GRA-71 


Coder-Burst Transmission Group 
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AN/GSA-7 
Radio Set Control 


NSN: 5820-00-543-1397 
Reference: TM 11-5135-15 


General Information 


The AN/GSA-7 is a small, lightweight, electronic switching device used to integrate 
FM radio equipment with local, push-to-talk, telephone circuits NRI. It permits the 
AN/GSA-7 spe to key the transmitter, and it automatically converts a 20-Hz telephone 
ringing signal to a 1600-Hz radio ringing signal and vice versa. 


Technical Characteristics 


HE@qUPICY “hanes asa bh Sula ean teen kane Ad PA S88 x 300 to 3500Hz 
PIAGMING | RAMP 2 02 ski gmane yh cad wean sa ite ir 16 km (10 mi), using WD-1/TT 
Power Np escwoit 4 papetinadad sea nea was 22 to 30 V DC or 115/230 V AC, 50 to 400 Hz 
POWOrSOUICEs os wiv acte Mann edve dan ee eetaty etek Vehicle power or AC power source 
EV PEs OF SOTVICS estates wiles 6S Sow tea OS Al Boe an bel lala Ptah ote wl Say 30KOF3E 
WIEN Scaruy fie Mewen ge dite ld sve ee setesed ge ee Seewes Pees 12.5 kg (27.5 Ib) 


LINE BINDING POSTS 


REAR OF SB-22/PT LINE BINDING - 
POSTS 


AN/GSA-7 


10 MI MAX 


CX-7474/U 


SB-22 PT RADIO RETRANSMIT RADIO/WIRE 


CONNECTOR CONNECTOR 
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AN/GSA-7 
Radio Set Control 
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AT-784/PRC 
Loop Antenna 
NSN: 5820-00-086-7651 
Reference: TM 11-5985-284-15 
General Information 

The AT-784/PRC is a direction finder device which is used in conjunction with FM 
Radio Sets AN/PRC-77, AN/VRC-12 series, or their equivalents. It enables the operator to 
determine the direction of a transmitted radio signal. The AT-784/PRC is used for reception 


only. 


Technical Characteristics 


Prequenicy Ramee ssa stumaieeal Ova atcad sr tae Maareats 30 to 76 MHz covered in five bands 
PLANTS ATCO! 26.0509 BH adel ai Pu tuiaed ahaha ger tues Aces Depends on radio set used 
VST I ee atthe Seed oh haan ae! ages Rt ahah Ses oie Ove Atk Sn iays DA rai oa 1.1 kg (2.5 Ib) 


4-50 


FM 24-24 


AT-784/PRC 
Loop Antenna 


CW-922/GRC 
CAP, ELECTRICAL 


RG-558/U 


CG-3344/PRC 
CABLE ASSEMBLY RADIO 
FREQUENCY (5FT) 


CG-3344/PRC UG-88E/U 
CABLE ASSEMBLY RADIO 
FREQUENCY (5FT) 


CW-445/PRC 
BAG, COTTON DUCK 
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AT-984A/G 
Long-Wire Antenna 


NSN: 5820-00-926-0201 
Reference: TM 11-5820-398-12 
General Information 


The AT-984A/G is a multiple-wavelength long-wire antenna. It is used to extend the 
normal transmission and reception range of radio sets equipped with Receiver-Transmitters 
RT-505/PRC-25 and RT-841/PRC-77. 


Technical Characteristics 


Frequency Mallee, tc ies teanat pide baeewah ea Retl cinta tenon ais 30 to 76 MHz 

Planning Ranees<s )> cose bes risk oanb ses 19 km (12 mi), long-wire to whip antenna; 

28 km (17 mi), long-wire to long-wire antenna 

We1C Us a= pea gta tt aol BRAD Ree ren ee i atk aed 4.5 kg (10 Ib) 
AT-984A/G 


Long-Wire Antenna 


BELT CLAMPS 


REEL 


ANTENNA WIRE 


ne SE TERMINAL LUG 
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C-6709/G 

Control, Radio Set 
NSN: 5820-00-930-3597 
Reference: TM 11-5820-615-12 

General Information 

The C-6709/G is a single channel, solid-state NRI. The operator at the C-6709/G 

receives requests either from the radio link or the switchboard and establishes the 
interconnection. The C-6709/G can be used with automatic switchboards such as the 


AN/TTC-41(V), enabling a DIMF telephone subscriber to key and unkey the radio using the 
key sender on the telephone. 


Technical Characteristics 


PE CCCICTICY, RAN VR seattle clara ics it ai teat il alk ae aca detailed Maen ie te 300 to 7000 Hz 

Planhine Ranges 622 ekg anche out sek oe eee Uae Aa ane ee woth 4 km (2.5 mi) 

POWeE INDUC 4 4:04 wos ont ate 8M aad ae eet Sod Sa RAS 22 to 30V DC 

ROWER DOUICC 223 she b tne ogy yea wt ale aek Ne edad Mel SE oe Vehicle power 

EVID OP DEEVICE. each oboe t eace deer eetiretete Meta Act ee ae ced | 30KO0F3E 
C-6709/G 


Control, Radio Set 


Orr OUD 


axon « Elieiiaie 


A > HEE 
2 © RIB AS 
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Reference 


2201 


2201 
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KY-90 
Secure Digital Net Radio Interface Unit 
NSN: 5895-01-166-3931 
Reference: TB 11-5820 -890-10-7 
General Information 
The secure digital net radio interface unit (SDNRIU) will permit calls between single- 
channel radios and telephone subscribers using either existing or programmed equipment. 


The SDNRIU is a replacement for the AN/GSA-7 presently used as an NRI unit. 


Technical Characteristics 


Components sinh atta ast camer are eee eS Half-duplex to full-duplex converters 

signaling equipment with COMSEC 

Wee so. ieee oe ee ma eee hoe aon es 40 lb (18 kg) 

IVIOUININIG i Scctaiad em ale cf ade hele okt heRE Ae Le laalin Oe Hee eg Shelter and Vehicle 
KY-90 


Secure Digital Net Radio Interface Unit 
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OE-254()/GRC 
Antenna Group 


NSN: 5985-01-063-1574 
Reference: TM 11-5985-357-13 
General Information 
The OE-254 is a general lead stationary, broadband, omnidirectional antenna used 
to extend the range of tactical FM radio sets. Under normal field conditions, the antenna will 
be mast mounted. Once installed, the OE-254 does not have to be taken down for adjustment 


when a new frequency band is assigned to the radio net. 


Technical Characteristics 


Prequency Rane saison daw Ss ealuinohigoes yearns Paes 30 to 88MHz 
PLANNING RANCC 2.2.1: BOs toi tated Nog atte @ Wadatie dental tars 57.9 km (36 mi), average terrain; 

48.3 km (30 mi), difficult terrain 
RE Power Capability, soaco4 oie. vegens abridtes yd Seay eevee Pee 35 W nominal 
Antenna Erection Time (One: person s..<. 065 Posen sane Meee 15 15 minutes 
Height Erected sa eset tao erat uae tar eon tyeerass teameey 4 12.8 m (42 ft) 
Input lipedance fo RadiO cs 6 fbx ie hen wen omen ace ue cid en eet ds 50 ohms 
WV CTO ES 2.8, Bic et cits tts Be goa a eae sis ee ae ie a gh Ree a 20.4 kg (45 Ib) 
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OE-254( )/GRC 
Antenna Group 


MAST SECTION A8-24 


\ MAST SECTION MS117A 
> 


ANTENNA ASSY \ / eee 
AS-3166/GRC —_— MAST SECTION 
ad 


41FT9IN 
(12.7 M) 


MAST ASSEMBLY 
AB-1244( )/GRC 


33 FT IN 
(10,3 M) 
CABLE ASSY, RF 

CG-1889A4/U 80 FT 

(24M) 


CONNECTOR 
ADAPTER 


go 
25 FT MAX ) 


. (75M) 
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OE-303 
Half-Rhombic Very High Frequency Antenna 


NSN: 5985-01-152-5845 
Reference: TM 11-5985-370-12 


General Information 


The OE-303 is a high gain, lightweight, directional antenna that can operate over the 
frequency range of 30 to 88 MHz without having to be physically tuned by the operator. The 
antenna and all the ancillary equipment (guys, stakes, tools, mast sections, compass) are 
contained in two carrying bags for manpack or vehicular transportation. The antenna is 
oriented in the direction of desired transmission by using a compass and the appropriate map 
sheet as required. The Mast Assembly AB-1244 is the primary antenna support structure 
used with the Half-Rhombic VHF Antenna OE-303. Connections to the antenna and radio 
sets are made with connectors and cables provided with the antenna. 


Technical Characteristics 


PFOOMCIN GY INAS CO anodt a Sateactre ona R 4 bike amr 6 adatateed oo age ate tees 30 to 88 MHz 
Antenna Erection Time. (two people)... .icc0.5.eisesk bac ee wees ee ees 20 minutes 
POI St ETOCUCE put Bacaats Bee way ies sear 8a outer areae win aac wee eraee seats wad gas 9.1 m (30ft) 
WISN a cues ett a eiadaaiggee seep hades 6nee ed see wawle ce 20.4 kg (45 lb) 
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OE-303 
Half-Rhombic Very High Frequency Antenna 


DIRECTION OF DESIRED TRANSCEIVER STATION 
————_— 


INSULATOR 


WO-1 ANTENNA WIRE 


MATCHING 
TRANSFORMER 


MATCHING 
TRANSFORMER 


HIGH IMP CONN™=> 


GND LUG: 
COAX CABLE CONN 


Ch. HIGH IMP CONN 


CONN SHIELD TO 
GND LUG 


FET 


CONN TO 50. Jt FEED LINE 


CABLE SHIELD 1S GND RETURN 


CONNECTING 
ANTENNA ERECTED ROPES 


NOTE: MATCHING TRANSFORMER CASE ACTS AS INSULATOR. 
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RC-292 
Antenna Equipment 


NSN: 5985-00-497-8554 
Reference: TM 11-5820-348-15 
General Information 


The RC-292 is a general purpose, stationary, ground-plane antenna used to increase 
the transmission/reception range of tactical FM radio sets. The radiating and ground plane 
elements must be adjusted to the proper length for a particular operating frequency. 


Technical Characteristics 


Brequeney* Kanes 5 yatta iN eee OR Te Ry ee eh ot eae RTS 20 to 76 MHz 
Planniiie Rane: sis sess oe oh ea Ke Approximately twice the planning 
range of a radio set using a 

uarter-wave whip antenna 

Pee C he BECCled (tanh ant owner aa tne ey aerde ae as 11.28 to 12.56 m (37 to 41.2 ft) 
Weiehl: 225. startet Peck a ews aad eee wes Approximately 19.5 kg (43 Ib) 
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RC-292 
Antenna Equipment 


Mnf 


=/ 


-* d ANTENNA BASE MP-68 
TAPE 
GUY PLATE MAST ASSEMBLY 
(12 MAST SECTIONS 
AB-35/TRC-7} 
N GUY ROPES 
swiver #l \ 
GROUND, | \ 
STAKE \ 
s \ GUY STRAP - 
A ce 
ee \ ADAPTER 
UG-255/G 
GUY STAKE } 


CORD CG-107/U 


EQUIPMENT CONFIGURATIONS 
ANTENNA RC-292 


Type of Antenna 
Sections Used 
AB-[AB-] AB-| AB- 
21/4227 
R GR] GR 


Ground Plane 
Sections 
Required 


Operating | Antenna 


AB-| AB- 
21/| 22/ 
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Type of Ground Plane 
Sections 


Chapter 5 Multichannel Radio Equipment 


AN/GRC-103(V) Radio set 
AN/GRC-143 Radio Set 
AN/GRC-144 Radio Set 
AN/GRC-163 Radio Terminal Set 
AN/GRC-222 Radio Set 
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AN/GRC-103(V) 
Radio Set 


NSN: 5820-00-935-4931 (AN/GRC-103(V)I) 
5820-00-116-6029 (AN/GRC-103(V)2) 
5820-00-116-6030 (AN /GRC-103(V)3) 
5820-01-081-8866 (AN /GRC-103(V)4) 


Reference: TM 11-5820-540-12 
General Information 


The AN/GRC-103(V) is a compact, transportable UHF-FM radio set which provides 
facilities for multichannel transmission and reception of PCM signals. It will accommodate 
up to 24 telephone channels when used with appropriate PCM multiplex equipment. The 
multichannel radio system can be secured by using electronic key generator TSEC/KG-27. In 
various configurations, the AN/GRC-103(V) can be employed as radio terminals or repeater 
stations. The difference between the models is the frequency range of bands I, II, III, and IV. 


Technical Characteristics 


PECQUENCY Rane a ating he Mia Oh are tiay OS eo dae Ne Band I, 220 to 404.5 MHz 
Band II, 394.5 to 705 MHz 
Band III, 695 to 1000 MHz 
Band IV, 1350 to 1850 MHz 

Frequency Separation: 
AINSI AO ROCCIVC yo 6 eS couie eons Pb 3: aca Bebo as ha, Agog ts ela a le EEA Ces 16.5 MHz 
Planning Ran@eis 2. ecco vem eG eG grits oi 5.15 chee: sone ace 80 km (50mi) 
Numberof Channels: 254502464 6ox ian vd ended Sate ae lets Band I, 369 
Band II, 621 


Band III, 610 
Band IV, 1,000 


ROWSHINDUR As <32Suand Sale Gea Dee TAA See el eadd Mae bee 115 V AC, 47 to 420 Hz 
POWEr OULU i922 neiie ou ner oy bn CMRI Dn a AG Wend Raine N eek eee 15 to 25 W 
AUC A ys ova we De eeies Siaee sae Combination of Mast AB-952/GRC-103 and 


either the AS-1852/GRC-103, Band I; 
AS-1853/GRC-103, Band II; AS-1854/ 
GRC-103, Band III; or AS-3047( )/ 
GRC-103, Band IV 


TNDING 9 Sa dulrnsadghas dean ache er eeueraucianhe «stron dir eh mete a aates Continuous 
TYPE Of SERVICE cts se ah ea ee aos u ues Sacer Keat ona S00KF9W (designed for use with 

multichannel PCM equipment only) 
Welb este ooo ciate haudaduete CeCe hs Lice cede ahaa tia tla net sy 212.5 kg (468 Ib) 
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AN/GRC-103(V) 
Radio Set 
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AN/GRC-143 
Radio Set 


NSN: 5820-00-926-7355 
Reference: TM 11-5820-595-12 


General Information 


The AN/GRC-143 is a general purpose, FM tactical radio set which provides duplex 
operations. The radio set can be used for diffraction and tropospheric scatter modes of 
propagation at ranges to 161 km (100 mi), when used with a suitable antenna. The 
AN/GKC-143 is compatible with PCM multiplex equipment for 12 or 24 channel full-duplex 
operation. 


Technical Characteristics 


Prequency RanG@ a saisaa cade Fat avd na Padandeas cows D9 s 9 ad 4400 to 5000 MHz 
POWet OUDUb ow 25.8 tire l bin aet ate atts ani at Meade up lanunes eek greta ls | kw 
Power Requirement ..tiy so oy ys toe sata ad 115/230 V AC, 47 to 63 Hz, 5.37 kW 
Panning KanGe 3.84 a2 came v ur ata due eke eae Gat wee See ees 161 km (100mi) 
PRNVOUI oie dod Si SG Bie igeare Acad Gils Ba aah de otha heed Od AN/TRA-37 (not included) 
Type of SERVICE thc sda teases saa do sh 3200KF9W (PCM equipment only) 
VCI INE at oS sen tot ae atte RiuuaY ee Oe eine teae an eee tah ean ns Ete etnln 326.4 kg (719 Ib) 
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AN/GRC-143 
Radio Set 


TRANSMITTER, RADIO 
T-961/GRC-143 


AMPLIFIER, RADIO FREQUENCY 
AM-6090/GRC-143 RECEIVER, RADIO 
R-1287/GRC-143 
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AN/GRC-144 
Radio Set 


NSN 5820-00-926-7356 
Reference: TM 11-5820-695-12 
General Information 


The AN/GRC-144 is a general purpose FM tactical radio set which provides duplex 
operations. The radio set is primarily intended for use in a multichannel LOS 
communications system where difficult terrain or other considerations prevent the use of 
cable. The radio set is compatible with standard PCM multiplex equipment. The AN/GRC-144 
can be used as a radio terminal or as a radio repeater. 


Technical Characteristics 


PREGUCHCY RANE Cs fa eiastta sags dea wed ea PRS weed Swe Seay ae 4400 to 5000 MHz 
POWerOulpit iousA tak in sl nah eh ne Males aan ds Sichuan Od tuces 2 oly 25 W 
POWEE REQUITENION Ed £os da.495 ha aouie tad ede Qo e ee ee eee cs 120 V AC, 50 to 60Hz 
PIANMING IRAN OE suo) pot oe Poet ios Eee Se ut Si eedeo eee eae 80km (50mi) 
ayes OUSERVICC selina ta Auth eke ne oie a Atel 3000KF9W (PCM eae only) 
CIM fins each ease eet Ura nae See ae ewe Gre eee ea ea 36kg ( 299 Ib) 
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AN/GRC-144 
Radio Set 
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AN/GRC-163 
Radio Terminal Set 


NSN: 5820-00-832-5617 
Reference: TM 11-5820-713-15 
General Information 


The AN/GRC-163 is a compact, transportable, multichannel VHF-FM radio terminal 
set used in point-to-point radio circuits. It can provide four voice and two teletypewriter 
channels plus an orderwire circuit. Four telephone ringers are built into the AN hit CC-70. 
Although the RT-524 can provide a secure single voice channel, current tactical bulk 
encryption devices are not compatible with the AN/TCC-70; therefore, this system cannot be 
operated in a secure mode. 


Technical Characteristics 


Frequency Range ss% oi3ecs¢ eeeende died eee ee eRe Se P48 SESE Se 30,00 to 75.95 MHz 
Prequency Separations s,s. xine sey ae oad Mele yd oe Transmit to receive vehicular whips, 
10 MHz; fixed, with antennas 30.50 m 

(100 ft) apart, 3 MHz 


Planning Range (oc cent ents ria ee ead Be Re ede eee 8 to 41 km (5 to 25.5mi) 
Wiumber Gf Channel s:asiitty a's dices distr waa Aarignited dul aa Dave aise Sanseu nee a enade ine 920 
POWCEAMDUE Sux8-< tae ete wita be YRS Ok yw G Gres eae S Gs 115 V AC, 50, 60, or 400 Hz 
or 230 V AC, 50 to 60Hz 

POWER OO UCC aa achldi eGo Acca ay care ehibiahe Gu cent Bede 15kW Generator Set, SF-15-MD 
ROWE? OU DUN os ie 25 ee Le edhe date Cea OU ale ae say Low, 3 W; High, 35W. 
PUMA es tks te sieht Daehn BAUR ees Log periodic AS-2169/G (two each) or 
3.05 m (10 ft) Whip AS-1729 (two each) 

TIS and d tk Sec in Gee Bod siete A a ana Beastly aes a aera Fee eh Bi Detent 
OOUCIC i acas bes Goce ah o noe aking wane Ne wae a oe aS aie a 150 Hz tone and noise 
VPC Ol Der VIC eae) eed orn g aioe Rie the ort es 40 KOF9W (multichannel system) 
WelRNE cA nia eee aiea gis ovle tine Mies Rebs iG ohne wa cami in WG eekly 105.1 kg (231 lb) 
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AN/GRC-163 
Radio Terminal Set 
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AN/GRC-222 
Radio Set 


NSN: 5820-01-260-9945 
Reference: TM 11-5820-1028-12 


General Information 


The AN/GRC-222 is designed as a short range wideband digital radio. The transmitter 
and receiver are tunable in 100 kHz steps over the 4.4 to 5.0 GHz frequency range. The 
modular design of the radio set reduces the amount of time necessary to troubleshoot and 
return the radio set to full service. If a problem occurs in a module, the procedure is to 
replace that module with an identical spare module. The faulty module is then returned to 
the factory for repair. The power supply module provides the DC power required to operate 
the radio set. 


Technical Characteristics 


PLequency Ranee cuneate taddaes keds Se HK EO Ree See 4.4 to 5.0 GHz 
Power InpUlcsi4.05 tase Gen anes hae ohh casa g eke en eS 115/230 V AC GO HZ 
Power Oui os Motul Ge ieee a8 Bad chad ae end 8 +15V,+5 V,-5.2 V, and -20 V DC 
PLAN MINS RANG Ce scales ka ecg ua ee gabe Ok eee ant acute 40 km (25mi) LOS mode 

8 km (5 mi) SRWBR mode 
PACMAG £2. 4-o%, ha wept tns whee aoe week tee AS-1425/GRC and AB-1309 (V)/TRC) 
WEIN: eae nh ye eeios sey ake saben ds . tir adele uaeuaah <aeaabtemeeiees 44.9 kg (99 Ibs) 
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AN/GRC-222 
Radio Set 


OS HOS, 
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Chapter 6 Shelter Configurations 


Section I. Switch 


AN/TC-39A(V)1 Automatic Telephone Central Office 
AN/T’TC-39D Automatic Telephone Central Office 
AN/TTC-41() Automatic Telephone Central Office 
AN/TYC-39(V) Automatic Message Switch 


Section II. Teletypewriter 


AN/MSC-29 and AN/MSC-29A Telegraph Terminal 
AN/TSC-58 and AN/TSC-58A Telegraph Terminal 


Section III. Multichannel 


TCC-60 and AN/TCC-69 Telephone Terminals 
/TCC-65 Telephone Terminal 

/TCC-72 Telephone Terminal 

/TCC-73(V)1, AN/TCC-73(V)2, AN/TCC-73A(V)1 and AN/TCC-73A(V)2 
elephone Terminals 

N/TRC-113(V)1 Radio Repeater Set 

N/TRC-121 Radio Terminal Set 

N/TRC-138 Radio Repeater Set 

N/TRC-138A Radio Repeater Set 

N/TRC-145(V) Radio Terminal Set 
N/TRC-151(V) Radio Terminal Set 
N/TRC-170(V) Radio Terminal Set 

N/TRC-173 Radio Terminal Set 

N/TRC-174 Radio Repeater 

N/TRC-175 Radio Terminal Set 


A a al 
i ee 


rrerrrr. 
Aare 


> 


Section IV. Auxiliary Equipment 
AB-1309(V)/TRC Mast 


Section V. Multichannel Satellite Communications 
Terminals 


General Information 
Defense Satellite Communications System Program 
AN/FSC-9 Satellite Communications Terminal 
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AN/FSC-78 and AN/GSC-39 Satellite Communications Terminals 
AN/GSC-40(V) and AN/MSC-64(V) Special Communications Systems 
N/GSC-49 Jam-Resistant Satellite Communications Terminal 
N/GSC-52 Medium Satellite Communications Terminal 

N/MSC-46 Satellite Communications Terminal 

N/MSQ-114 Satellite Communications Control 

N/TSC-54 Satellite Communications Terminal 

N/TSC-85A, AN/TSC-85B(V)1 and AN/TSC-85B(V)2 Satellite Communications 
Terminals 

AN/TSC-86 Satellite Communications Terminal 

AN/TSC-93A and AN/TSC-93B Satellite Communications Terminals 
MILSTAR Ground Command Post 

MILSTAR SMART-T 

STAR-T 


A 
A 
A 
A 
A 
A 


Section VI. Single-Channel Tactical Satellite 
Communications Radios 


AN/CSZ-1A Sunburst II Processor 

AN/PSC-3 and AN/VSC-7 Tactical Satellite Communications Radio Sets 

HST-4A Satellite Communications or Line-of-Sight Radio 

LST-5B and LST-5C Lightweight Satellite /Line-of-Sight Terminal 

AN/PSC-7 Lightweight Satellite Transceiver 

AN/PSC-5 Enhanced Manpack Ultra High Frequency Terminal 

TSQ-190(V) Special Purpose Integrated Remote Intelligence Terminal (SPIRIT II) 
MILSTAR SCAMP 

AN/PSN-11 Precision Lightweight Global Positioning System Receiver 


Section VII High Frequency Radio 


AN/GRC-122, AN/GRC-142, AN/VSC-Z, and AN/VSC-3 Radio Teletypewriter 
Sets 


Section VIII. Communications Centers and 
Operations Centers 


AN/GSQ-80, AN/GSQ-80A, and AN/GSQ-80B Message Centers 
AN/MSC-25 Communications Operations Center 

AN/MSC-31 and AN/MSC-31A Communications Operations Center 
AN/MSC-32 and AN/MSC-32A Operations Centers 

AN/TYQ-30(V) and AN/TYQ-31 Communications System Control Elements 
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Section IX. Patch 


AN/TSC-76 Communications Patching Center 
AN/TSQ-84 Communications Technical Control Center 
SB-675/MSC and SB-675A/MSC Communications Patching Panels 
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Section I. Switch 


AN/TTC-39A(V)1 
Automatic Telephone Central Office 


NSN: 5805-01-241-9710 
Reference: TM 11-5805-747-12-1 
General Information 


The AN/TTC-39A(V) is modular/transportable switching communications and nodal 
control equipment that provides secure automatic switching and technical control for both 
digital and analog communications. It is a hybrid circuit switch, with a 744-line capacity (96 
analog and 648 digital). The facility provides technical control functions including channel 
reassignment and multiplexing, line testing, engineering orderwire, atomic timing standard, 
and analysis or trouble reports, alarms, and system data. It signals and supervises analog 
and digital trunks and lines. This includes 20 Hz/1600 Hz ringdown, DC closure, dial pulse, 
DTME, and 6-wire E&M using tone burst, confirmation, non-confirmation, common channel, 
and digital in-band-trunk signaling (DIBITS). 


Major Components 


1 Switching Module Assembly S-280B/G (Modified) 

1 Master Power Distribution Unit ON-224/T 

2 PU/406 Electric Power Units (30 kW) AN/MJQ-10A 
1 Storage Shelter S-640 

1 Maintenance Shelter S-639 


Technical Characteristics 


Total External Mines 3 a.5. cee Stee wh ok A ee OR AE lk ee 744. 
NC Feane ERY Fei sae, Come ne ene ne ane ern Arne em Pee ane a Penn Pee een ae 648 
PAV? NEAL OX so acpi osice athe ni GS cor ba ciate Stach 8p Re hs oe ea ee huh aig ah 96 

Maximum local Loops/Trunks (within this total) ....................... 0040. 240 
siete gal WOO PSs «nie & gn eee et og SG Seb ee at os 144 
analog local *hoons/ TLunks «inet austeAw hus ae tae Sees ee eee hes 96 

Maximum Analog Loops via Digital Transmission Group (DTGs) .............. 60 

SWIC. RAC eka baie eee: Sine ah oe. cae eae iat teh allel Gora Sick 16/32 kb/s 

eEGitell) JESS ove as de atest Coase anes da Cees Se cas a lea hoe peg at ge dane 30 
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Technical Characteristics 


(cont.) 
Maxim C hanmelssren UG: «tacts fe tts cr ton tend od tn § oi cca aie alten taearnt eras acaeana 144 
In-Band Digital Trunks (LOOps)\ + xtudie cated dawson hes heveeee ctaee hese 200 
alae act way auc suerte, bo MAG eth wee tia Peer e aes 7,900 (calls per busy i 
WTlalOe, DANO WIGH ies. cos ceca Ne hday torte aakaionden Make ele Bie keane eater Sew aaatpnicn warn 08 kHz 
Nimmbertng Vaiss ata oar eee ede es TRI-TAC NATO, \adigits 


military tactical, 7 digits 

Automatic Voice Network (AUTOVON), 10 digits 

POWER $320 oot. 5 ieee ance ae oe 120/208 V AC 50, 60, 400 Hz, three-phase 
Vehicle Requirements + 2-5-2. .s20 0a nage iaeae ohms One 5-ton truck(TTC-39A) 
two 2 1/2-ton trucks (S-640) (S-639) 
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AN/TTC-39A(V)1 
Automatic Telephone Central Office 


pg DSVT 
. ALCP aica PATCH PANEL 
CHARGEA "2 SCDM 


ROADSIDE 


/ Sh a 
oSttnoizn Qioa TARR : 
CaO = @ICPG PS / 


(3)HGF-04 
ASSEMBLY RL 


curssiog 3s PS 


FM 24-24 


AN/TTC-39D 
Automatic Telephone Central Office 


NSN: 5805-01-315-3751 
Reference: TM 11-5805-778-12-1 


General Information 


The AN/TTC-39D is a modular and transportable nodal control mobile subscriber 
access circuit switch designed to provide secure and nonsecure automatic switching and 
technical control for analog, digital, and mobile subscriber traffic for the US Army. The 
AN/TTC-39D is a product improvement of the AN/TTC-39A. The AN/TTC-39D is an all digital 
circuit switch with the capacity to terminate 712 lines (both analog and digital). The AN/TTC- 
39D also has flood earch capability and is totally compatible/interchangeable with fielded 
MSE. The facility retains minimum essential technical control functions including channel 
reassignment, multiplexing, line testing, and engineering orderwire. The facility also retains 
minimum essential technical control functions for atomic timing standards, analysis of 
trouble reports, alarms, and system data. 


Major Components 


1 Switching Module Assembly 5-280B/G (Modified) 

2 PU/406 Electric Power Plants AN/MJQ-10 (30 kW) 
1 Storage Shelter 5-640 

1 Master Power Distribution Unit ON-224/T 

1 Maintenance Shelter S-639 

1 Master Power Distribution 


Technical Characteristics 


Total External Terminatons 4 ..0tine <uiteek yas kemaeke ee twiackee ae baw ees 712 
PUA SWAG EY WL oi og th tg ll BAS Nein ne liete ants Mg Gee Gut ke gull Reg 2. 
DIG-Total (645: chatiniels). ou occas he 8 AS eae ee eed ea oe 30 
Group Modem (GPMDM) (41/2-144 channels) ............... 0000000 28 
Digital NATO Group Modem (DNGPM) (16 channels) ................ 2 (DTG 15, 30) 
pingle-Channel Diettal. (NU)) 2 aca. a:actice ok Oe & oe & Baal As ow 240 (max) 
PRIN ALO | IN Vi cats, Gia ea aces Sc abate oe AO aah 5 eaves oh es ered hd inary wt aah 240 (max) 
TOU ANY ceereiaatita ab ext bain a deo c ee aes eno al ws meee a ea das ane we erate Nets N1 + N2 = 240 
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Technical Characteristics 


(Cont.) 

Analoo on. POMX 122304 goths gene eed eo eua see ewan ee eae es ee Ses es 240 
NTE sce ends ad Gale ees ok Se Rm Sern ie uel ctor te aed Da MeN, intel? Stok tan Snechecte 15 
Loop Key-Generator (EKG) si¢05. Oi eased Fontes a atwayine deed voncas 32 

VAR ROTO. 4 axes Rice Gicieh canteen thle, wee tnt ele Mantas rata Gade aan Sate A) ae ed a 16 kb/s 

Total, SUG She ts Gane ytd eon eee Sy oe whoa dh eraran te eS etn a eee Baders 30 

Maximum Channels: Per DIG... -v3c54) thee tend etka eo ded te dedet ees 144 

In-Band (Disital- Trunks (one LOOPS). 34.2.0 s2% 2 Sat eeas sted ne taledae ed steals 200 

Numbers Plant o-0sisue o oes one eae ee eee 8 TRI-TAC NATO, 13 digits; 

military tactical, 7 digits; 

AUTOVON, 10 digits; 

Standardization Agreement (STANAG) NATO 

Deducible Numbering Plan 

POW EFS toe eine vd Bartek la alii Aaa BE cence ak 115/208 V AC 50, 60, 400 Hz, three phase 
Vehicle Requirements <2.4 4. i0%e tawsiee ecu desea has One 5-ton (AN/ AN eeeee 
Two 2 1/2-ton trucks (S-640) (S-63 j 
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AN/TTC-39D 
Automatic Telephone Central Office 


CAP PANEL 
(2) INTERCOM { CEG 


CSP 
POWER BAY 
TDOSGM 1 
ROADSIDE ELEVATION 
POWER 
PROCESSORS 


CHARGER a Va 
POWER 
CIRCUIT BREAKER SUPPLIES 
PANEL 
ALTG 
PATCH PANEL 
ALCG 
ANALOG LINE PATCH EOW PATCH PANEL 
CONDITIONER 


FREQUENCY REFERENCE OSCILLATOR (FRO) 


KY-57 VINSON 
CURBSIDE ELEVATION 


TDSGM 2 
2 Hox-s4 
NTROLLER 
Ka-o4 
(3) HGF-94 S13 ox ie 
@ (2) KG-83 
@ (32) KG-82 
@ (2) HGX-83A 
@ (6) KG-94 
@ (2) HGF-91 
CENTRAL PROCESSOR GROUP @ (4) HGX-82 


@ CONTROLLER NEST 


PROCESSORS 
@cputra&2 


RSS-D ROUTING UNIT (AN/TTC-38D ONLY) 
2) CPG POWER 


UPPLIES RSS-D MODULAR POWER SUPPLY (AN/TTC-39D ONLY) 


*= HGF-87 COSMEC rack is in 39D circuit switch 
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AN/TTC-41() 
Automatic Telephone Central Office 


NSN: 5805-01-028-8393 
5805-01-028-8394 
5805-01-028-8392 


(AN/TTC-41 

( 
5805-01-044-8869 | 

( 

( 


( 
N/TTC-41( 
AN/TTC-41( 
AN/TTC-41( 
AN/TTC-41( 
A ( 
A ( 


A 
A 


5805-01-044-8870 
5805-01-045-3157 
5805-01-044-8871 


N/TTC-41 
N/TTC-41 


Reference: TM 11-5805-693-12 (V1-V4) and 12-1 (V5-V7) 
General Information 


The AN/TTC-41( ) is an air- or vehicular-transportable assemblage used to provide 
rapid automatic switching to tactical units in an area type communications system. The 
AN/TTC-41() provides cordless service to two-wire common-battery signaling lines, 20-Hz 
ringdown lines or trunks, common-battery dial pulse or DTMF lines, and four-wire tone 
signaling trunks. The AN/TTC-41(V)I provides 30 lines of service in a shelter configuration. 
The AN/TTC-41(V)2 and AN/TTC-41(V)5 provide 60 lines of service. The AN/TTC-41(V)3 and 
AN/TTC-41(V)6 provide 90 lines of service. The AN/TTC-41(V)4 and AN/TTC-41(V)7 provide 
120 lines of service in a shelter configuration. The (V)1 through (V)4 models are shelter 
configurations and (V)5 through (V)7 are trailer configurations. 


Major Components 


— 


Shelter S-561 TTC-41( ) (Modified Shelter S-250/G) (V)1-(V)4 models) 

Push Button Telephone Set TA-938/G (all models) 

through 5 Switchboards SB-3614(V)/TT or SB-3614A(V)/TT and 

Headset H-182/PT (depending on the model) 

Headset Switch Box (all models) 

Trailer Assembly V-498/TTC-41(V), (Modified Trailer M-569) (V)5-(V)7 models) 
Intercommunications Station LS-147F/FI (all models) 

or 2 Power Supplies PP-6224/U (depending on the model) 


rR pa 
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Technical Characteristics 


Power Requirements ientetele ci thace sa eacaeen ast 115 V AC, 60 Hz, single phase 
Power Consumption: 
CON) ass tal aes he aint edt iS gre soe ate tS oan tg ete tate eke ORE Guise 5.1 kw 
OV esta i at each: hate ns De fare oo pte dak 8 Aa cs we cal ae ee ey 5.2 kW 
CV) Biss a elo Goep: rs a th lela aie trace Bk Od ele Ge 1d bata tye es ak Se Hoehne Bl 5.3 kW 
Ce rat es einen tnd pe ee es ee dates Rea ee eee Bee 6.5 kW 
OMY ge id ee ele Tae OS Lk wag A a ne DOs ad, yeaa Ne at! sella ae cS 2.1 kW 
COG ssn ia tetera les oe a Ge Newt ae eli aren ot tah ws be ere nts oka anaes 2.2 kW 
ONY cas ares Rang A, Sit Sti ety Sa eG, en aaa aay tm ens Seton Rea an a, Sas a 3.5 kW 
Vehicular Requirement 4.:'.3.4 oes lace eo nessa w oan wits One 1/4 truck, 
1/4-ton truck, and 3/4-ton truck 
Weight 
CEL: » Zoce ie deed are Ooh g Wan seats Dwight nl i at Wht ate | ay 1,031 kg (2,270 lb) 
(V2. hs clawss tise tart eee ate autee nee a ha ne eels 1,058 kg (2,330 Ib) 
CV de Sieh. eB hawt Bere ee OR ee es, Be eee vale, ae 1,090kg (2,400 Ib) 
Oe ak eA art ee Rt ae ee Leah tales ee ee ann 1,167 kg (2,570 Ib) 
ONE ca ae nce es acca orate Gh terre cate dala thik actrees ha 945 kg (2080 Ib) 
Wie Sc aco ae A any ate a kaa ee EA nek on he led aoe eA Gat 963 kg Fa10 ib} 
VT tied acer kte te hing coer nt AN ee lide hn eich ast See tat 1,050 kg (2,310 Ib 


6-11 


FM 24-24 


AN/TTC-41( ) 
Automatic Telephone Central Office 


PATCH BOARD 


SB-3614 8-DAY CLOCK 
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29. 


30. 


31. 


32. 


33. 


34. 
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foe) 
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* 
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W | 
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~ 
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= 10 
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9 
22 x 15 = 222 = 100 
SSeS a8e S 
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AN/TYC-39(V) 
Automatic Message Switch 


NSN: 5805-01-123-1851 
Reference: TM 11-5805-683-12-1 
General Information 


The AN/TYC-39(V) switch provides secure, automatic message switching of narrative 
record and data traffic at major corps and theater Army nodes in conjunction with 
multichannel LOS and aa assign multiple access (DAMA). The switch also includes 
tactical satellite communications (TACSATCOM), and tropospheric scatter communications 
media. This sheltered, tactically mobile equipment will be collocated with the AN/TTC-39 to 
provide circuit switching on data traffic as required. The difference between the models is in 
their cryptographic equipment. The (V)3 uses only integral TRI-TAC COMSEC equipment. 
The other models can operate with TRI-TAC or inventory COMSEC equipment. The (V)3 is 
not in general field use because of the tactical need to interoperate with available terminal 
equipment. The 400 Hz design of the (V)4 fits it for use in aircraft or at US Air Force 
installations. The 50-line switch consists of two shelters: the communications interface shelter 
(CIS) and the message processing shelter (MPS). The 25-line switch has both elements in a 
single shelter. 


Technical Characteristics 


The AN/TYC-39(V) automatically accepts, processes, stores, delivers, and accounts for 
narrative and data traffic through 50 lines, in ACB 127 and ACP 127 modified or JANAP 128 
and JANAP 128 modified format only. Capabilities include processing multiple and collective 
addressed messages; mode, code, speed, and format conversions; handling six levels of 
precedence; message retrieval for retransmission; and message accountability and service 
functions. The AN/TYC-39(V) provides COMSEC for trunking and subscribers. Its interfaces 
include currently fielded ‘Seord traffic terminals, modular record traffic terminals (MRTTs), 
modular Scie Commnunic tion: centers (MTCCs), unit level message switches (ULMSs), 
Automatic Telephone Central Offfices AN/TTC-39, and DCS AUTODIN I. The AN/TTC-39(V) 
can interface with data adapters and the communications nodal control element (CNCE). 
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Technical Characteristics 


(cont.) 

Power Requirement............. 115/208 V AC, 3-phase, 50/60 Hz (400 Hz (V)4 only) 
Weight: 

LD geass beeen lee pera nb ae Tee ey ede oa pia et eS 3,086 kg (6,799 Ib) 

IVP ia aa tecwn bashing Gaccccctten inate der aalareasy oes ee antr gear ter area carne ee 3,172 kg (6,986 lb) 
Vehicle Requirements: 

CIS IPS OX eat a S45 beth ee SEM sit AAG tle eh ade ae AAS a Three 5-ton trucks 

Storage and Maintenance Shelter ................005. Two 2 1/2-tontrucks 
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AN/TYC-39(V) 
Automatic Message Switch 


(Message Processing Shelter) 


TAPE 
STORAGE 


VDU/KEYBOARD 


LINE 
PRINTER 
POWER UNITS 
CONTROL 
PANEL 
Roadside 24-VOLT 
POWER 
SUPPLY VDU/CAP 
(PS1) NEST 
DC/DC CONVERTERS 

CIRCUIT PS6 THROUGH PS11 
BREAKER 

PANEL 4: 

BATTERY 
BAWK 
DC/AC INVERTERS 
REGULATOR/ PS2 AND PS3 
CHARGER (A23) CENTRAL PROCESSOR 
DC/AC CONVERTERS 
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: CENTRAL 
Curbside PROCESSOR 


Lizz, ay, ZL GROUP 


f a 2 Sew 


LINE 
PRINTER 
UNIT 
ADP AND 
ICU 


RASU 6-15 


FM 24-24 


AN/TYC-39(V) 
Automatic Message Switch 
(Communications Interface Shelter) 


CIRCUIT TELETYPEWRITER 
BREAKER 
POWER PANEL 
CONTROL 
PANEL 


Roadside 


\ Za BATTERY 


i. BOX 

24-VOLT REGULATOR 

POWER CHARGER 

SUPPLY 

(PS1} 

BLACK 
PATCH 
PANELS Bee) An RED 


PATCH 
Sa PANEL 
Curbside ~ 


MODEM TDIG 


CONVERTERS 
DLTM CICM PS12 THROUGH PS25 COMMON 
EQUIPMENT 


FACILITY 
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AN/TYC-39(V) 
Automatic Message Switch 
(25-Line Single Shelter) 


aaa RED COMSEC 
PANEL elie 8 ROW ee 
PANEL NEST (MODIFIED) 
POWER 
CONTROL 


2 ROW NEST 
Roadside 
CIP 
POWER 
| PROCESSORS 
! ioe 
iW a enn LINE 
a PRINTER 
\ vou 
CIRCUIT 
BREAKER SeYAC 
PANEL TA-341 DC/AC CONVERTERS 
OSVT INVERTER CENTRAL 
PROCESSOR 
Curbside 


CONTROL 


ADP 


LINE 
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Section II. Teletypewriter 


AN/MSC-29 and AN/MSC-29A 
Telegraph Terminal 


NSN: 5805-00-943-6762 (AN/MSC-29) 
5805-01-095-6233 (AN/MSC-29A) 


Reference: TM 11-5805-312-14 


General Information 


The AN/MSC-29 and the AN/MSC-29A function as a terminal for two full-duplex or 
four half-duplex secure teletypewriter circuits. The terminal set also provides 16 lines for 
switching teletypewriter transmissions from other components in an area type 
communications system or from local subscribers. Four of the 16 lines are equipped with 
telegraph-telephone signal converters and filter assemblies for speech-plus, half-duplex 
ates Teletypewriter traffic is secured using the TSEC/KW-7. The AN/MSC-29 and 
AN/MSC-29A are used at division and corps. This item is being replaced by the AN/TSC-58. 


Major Components 
AN/MSC-29 AN/MSC-29A 


Telegraph-Telephone Signal Converter: 
TA-182/U 8 
CV-425/U . 
Filter Assembly: 
F-98/U : 
F-316/U 
Reperforator-Transmitter TT-76B/GGC 8 
Telephone Switchboard SB-22/PT l 
Telephone Set TA-312/PT | 
Teletypewriter TT-4/TG 4 4 
Communications Terminal AN/UGC-74A(V)3 
Telegraph Terminal: 
TH-5/TG i ‘3 
TH-22/TG 


mr CO He 
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Major Components 


(Cont.) 
AN/MSC-29 AN/MSC-29A 
COMSEC Equipment TSEC/KW-7 (not basic issue item) 6 6 
Shelter S-176/MSC-29 I 1 


Technical Characteristics 


Power Requifemetitiass.iynidiews oevuvduae keane 5 V AC, 50 to 60 Hz single phase 
Power ConsumpHOtiv cf ian (oes Gadi ware Se hoes Sew ean te Pek 4,634 W 
WGIGIE ctr ee litera tka Ma tA ca Uacue oat Alas oe CaN quieras 2,451.6 kg (5,400 Ib) 
Vehicular Kequirements....2i5 40 Meise a dae ke cade ee eoakds One 2 1/2-ton truck 
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Telegraph Terminal 


AN/MSC-29 and AN/MSC-29A 


i 
As 


| 
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AN/TSC-58 and AN/TSC-58A 
Telegraph Terminal 


NSN: 5805-00-010-5287 
Reference: TM 11-5805-574-15 
General Information 


The AN/TSC-58 is an air- or vehicular-transportable assemblage that serves as a VF 
teletypewriter terminal. It contains facilities for three VF full-duplex or six VF half-duplex 
circuits in either the secure or nonsecure modes. Circuits are secured with the TSEC/KW-7. 
The AN/TSC-58 has an SB-22/PT which provides 12 lines for switching teletypewriter 
transmissions from other components in an area communications system or yf! rom local 
subscribers. It is used at corps and division. The difference between the two models is the 
AN/TSC-58 uses the Teletypewriter 3 Fa )/FG, and the AN/TSC-58A uses the 
Communications Terminal ANFucC. 7AA(V 


Major Components 


COMSEC Equipment TSEC/KW-7 (not a basic issue item) 
Low Level Keying Devices TT-523 

Telegraph Terminals TH-22/TG 

Distribution Box J-1077A/U 

Manual Switchboard SB-22/PT 

Telephone Set TA-312/PT 

Air Conditioners, 9,000 BTU 

Reperforator-Transmitters TT-76B/GGC 

Shelter S-348/TSC-58 (modified S-280/G) 

Teletypewriters TT-98B/FG or Communications Terminal AN/UGC-74A(V)3 
Intercommunications Station LS-147F/FI 


me OR DD NR RR CO NN ON 


Technical Characteristics 


Power Requirements: \< 4 542s-eeacews ges tee ates ooes 115 V AC, 50 to 60 Hz 
POwer Const pron: ies tne yh eeutantaltak Gnadh eon Ows tekk Wide eden ey 7,176W 
WGIBIE feria oad Sine Oh Miccre na tinee Oe een eae Se va dicu ee eminent ax ae 2,429 kg (5, 350 Ib) 
Vehicular Requirement 2422. Sexavcanuvav en cave dee eedaweees One 2 1/2-ton truck 
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AN/TSC-58 and AN/TSC-58A 
Telegraph Terminal 


Sirf 


WS 
x 
3 » S 
_ he 


35. 


36. 


37. 


38. 


39. 


40. 


Reference 


2204 
So Br gS, 40 
5° 17" 3° 51 
2204 
1 
12 _ & y 35 _ 35 
35 27 * 42° 54 
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2204 
9 1 
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45 360 ~*~ ag 32 
8 4 
2204 
ey eee ee ee (ee 
2473 *41 7 33 7 7 33 
2204 
25 2 
GS ye 3 27) SB BO 
12° °3 a2 ~55 °° 3 16 3 
3 1 
2204 
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Section III. Multichannel 


AN/TCC-60 and AN/TCC-69 
Telephone Terminals 


NSN: 5805-00-877-8740 (AN /TCC-60) 
5805-00-089-6253 (AN /TCC-69) 


Reference: TM 11-5805-358-14-2 
General Information 


The AN/TCC-60 and the AN/TCC-69 operate primarily as cable terminals or repeaters 
although they may be used with equipment such as Radio Repeater Set AN/TRC-110(V) for 
radio terminal applications. They are air- or vehicular-transportable assemblages. They 
provide nonsecure or secure multiplex cable terminal or repeater facilities for corps or above 
PCM communications systems. 


Major Components 


Shelter S-300/TCC-60 (modified AN/TCC-69, S-318/G) 
Voltage Regulator CN-514/GRC 

COMSEC Equipment TSEC/KG-27 (not a basic issue item) 
Converters CV-1548/G 

Multiplexer TD-204/U or TD-754/G 

Intercommunications Station LS-147F/FI 

Multiplexer TD-352/U 


Nr NINNMR 


Configurations 


Terminal Arrangements: 

Two — 12-channel; secure or nonsecure terminals. 

One — 24-channel; secure or nonsecure cable terminal facility with the two equipment sets 
combined. 


Repeater Arrangements: 


12-, 24-, 48-channel cable repeater transmission. 
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Technical Characteristics 


Power Requirement ...............-. 115 V AC, 50 to 60 Hz 
Power Consumption: 
PUI OCB hehe es Ae oh Rt ue Bo Ne) dint ht Deateycn anise Sng 2,700 W 
BIN CAG oss 8 th os tole he SIN a to AE a od alin anche ta, ie Lt NS od Bs oh bate ds 2,770 W 
Weight: 
PIN CCB se cig Sate a ea Sa Soe ln oS od tte ee So ee vara cacts 613 kg (1,350lb) 
7s ad ESS: GE G\ SME aan Or eon Ree ee eee kk 857 kg (1,887 lb) 
Vehicular Requirement: 
WIN TCCSOW as -ox5 076 6's'b 228s 's ee RE RREE REE EEG One 1 1/4-ton truck 
ANG TLOGC3O9" 2 oes cetera eee aiees ed aes One 1 1/2-ton truck 
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Roadside 


Curbside 
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AN/TCC-60 and AN/TCC-69 
Telephone Terminals 
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AN/TCC-65 
Telephone Terminal 


NSN: 5805-00-156-4368 
Reference: TM 11-5805-371-14-2 


General Information 


The AN/TCC-65 is an air- or vehicular-transportable PCM telephone terminal. It 
provides four 12-channel or two 24-channel two-wire/four-wire voice secure/nonsecure 
telephone systems. The AN/TCC-65 will be modified to integrate the TD-1065 high speed 
serial data buffer and the TD-1069 TDDM as part of the system. This adds the ability to 
transceiver high speed data in addition to radio. Due to space restrictions, two of the four 
TD-754 cable Combiners will be deleted. The TD-1065 will occupy the same space as the 
existing CV-1548s. Therefore, the new ability will be two 12-channel two-wire/four-wire voice; 
or two 12-channel four-wire voice /data; or two 24-channel two-wire/four-wire voice; or two 24- 
channel four-wire voice/data. The AN/TCC-65 is used in the division and corps area 
communications systems. 


Major Components 


Shelter S-333 /TCC-65 (modified S-250/G) 

Intercommunications Station LS-147F/FI 

Converters CV-1548/G 

High Speed Serial Data Buffers TD-1065/G (not a basic issue item) 
Multiplexer TD-204/U 

Multiplexer TD-660A/G 

Telephone Set TA-312/PT 

TDDMs TD-1069/G (not a basic issue item) 

COMSEC Equipment TSEC/KG-27 (not a basic issue item) 


BN eR RR Re 


Technical Characteristics 


Power Requirement :.22.44.2 2.0.2 sede veda dee ate dace ds 115 V AC, 50 to 60 Hz 
ROWer CONSUINPHION ize Aig nad) a2ahe ate en hehehe eh SR A be th doe Sede 4,090 W 
WIC athe Htag wound ani gaint cent Cada Gy eaehe ed Rea mate me atlas 591 kg (1,302 Ib) 
Vehiciitar REQUIrennieIng ype. d 5 tact otek as soho erat a ec od aon g hee 1 1/4-ton truck 


6-26 


FM 24-24 


AN/TCC-65 
Telephone Terminal 
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AN/TCC-72 
Telephone Terminal 


MN: 5805-00-155-5599 
Reference: TM 11-5805-479-14-2 


General Information 


The AN/TCC-72 is an air- or vehicular-transportable PCM telephone terminal. It 
provides one 24-channel telephone terminal; or two 6- or 12-channel telephone terminals; or 
one 6-, 12-, 24-, or 48-channel telephone cable repeater; or one 24-channel telephone cable 
repeater with a nonsecure 6- or 12-channel drop-and-insert capability. Each 6- or 12-channel 
group can be secured with a TSEC/KG-27. The AN/TCC-72 is used in division and corps area 
communications systems. The AN/TCC-72 will be modified to integrate the TD-1065 and the 
TD-1069 as part of the system and will provide for the addition of high speed data access and 
wideband secure voice facilities. 


Major Components 


Shelter S-412/TCC-72 (modified S-250/G) 

High Speed Serial Data Buffers TD-1065/G (not a basic issue item) 
Converters CV-1548/G 

Multipiexers TD-204/U 

TDDM TD-1069/G (not a basic issue item) 

Multiplexer TD-660A/G 

Telephone Set TA-312/PT 

Intercommunications Station LS-147F/FI 


ere NRNrR NINN 


Technical Characteristics 


Power Requirement.c<ces se. gS 29% gare eee wee yess sees 115 V AC, 50 to 60 Hz 
Power Consumption. (dons one we See Se ERR Le ee hee wees 4,168 W 
WCIGUE: be tleha eh aga rey erate tte wale o/s aia cacred oer k Gate aivalnts 72 kg (1,700 lb) approx 
Veliicular Requirement. cad. ecns ot oor eadeu wee egu eas cata oes 1 1/4-tontruck 
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AN/TCC-72 
Telephone Terminal 
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AN/TCC-73(V)1, AN/TCC-73(V)2, AN/TCC-73A(V’'H 
and AN/TCC-73A(V)2 
Telephone Terminals 


NSN: 5805-00-134-5405 (AN/TCC-73(V)1 
5805-00-134-5404 (AN/TCC-73(V)2 
5805-01-102-0185 (AN/TCC-73A(V 

( V 


) 
)1) 
5805-01-135-7070 (AN/TCC-73A(V) 


2) 
Reference: TM 11-5805-585-14-1 


General Information 


The AN/TCC-73 is an air- or vehicular-transportable assemblage that provides secure 
or nonsecure multiplex terminal or repeater facilities for Army area communications systems 
using PCM/TDM. Though mainly a cable terminal, it is used with other equipment for radio 
terminal applications. The AN/TCC-73 terminates up to four 12-channel or four 24-channel 
cable systems. The AN/TCC-73 may change to a (V)1 or a (V)2 configuration by installing or 
removing the TD-976/G. The AN/TCC-73A(V)1 contains all equipment specified for an 
AN/TCC-73A(V)2 plus two TD-976/Gs. An additional TD-976/G increases channel capacity 
from four 12-channel or four 24-channel cable systems ((V)2 model) to one 96-channel or two 
48-channel cable systems ((V)1 model). The AN/TCC-73A(V)1 and the AN/TCC-73A(V)2 can 
install up to eight TD-1065/Gs and two TD-1069/Gs. 


Major Components 


Nomenclature 73(V)1 73(V)2 73A(V)1 73A(V)2 
TD-1065/G 8* 8* 
TSEC/KG-27* 8 8 8* 8* 
CV-1548/G 8 8 8 8 
TD-660/AG 8 8 8 8 
TD-754/G or TD-204/U 4 4 8 8 
TD-976/G 2 7a ; 
TD-1069/G* 2 2 
TA-3121PT 1 1 1 1 
LS-147C/Fl 1 1 1 1 


*Additional authorized components. Upon the installation of these components, 
removal of existing components may be necessary. 
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Technical Characteristics 


Power Requirements: — sc¢oisse/sis Sndt id seas BOM ones 115 V AC, 50 to 60 Hz single phase 
Power Consumption (max): 
FUN YM cates aoe gta sag: tates cs hg Th cad ca Pe te sect Dace sain Pca chee cat Arce cea ase Aan 6,072 W 
73(V)2 5,772: W 
TOAIN Ve cad O Se he hi Olt Dee oie Bh de aed ha en od wees Ge 6,124 W 
FASTEN GG P Sane ae aE Ee tema RN EE ENTRY ER AYU Re were ee te ree eee ae 5,824 W 
Weight: 
TOV ICs cha tree, a et eee ee enthe ge ote es ml hat 2,068 kg (4,555 Ib) 
TO NV cre ete hid bi oc eh ae eats Sd ng dag et a eR ta tee Sra a hae ae 2,406 kg (5,300 Ib) 
TORN IL, | angle Vig atest ee ite sen See a Oe ae a tahoe aed at ane Ve ea 2,406 kg (5,300 lb) 
TOP V2 ns recta Beast Bons Se Sed Oh cade Nie lk Nend. bMea date ite a tance an 2,156 kg (4,749 Ib) 
PRT IMIG VOR? ~ re. be Se Src ose tors cayg at Bogs eal Sa ed eidag) taal ee ls ate hile os One 2 1/2-ton truck 


FM 24-24 
AN/TCC-73(V)1, AN/TCC-73(V)2, AN/TCC-73A(V)1 
and AN/TCC-73A(V)2 
Telephone Terminals 


SIGNAL 
ENTRANCE TD-660A/G PATCH TD-204/ VACUUM GROUND 
BOX (8) PANEL 754(4) CLEANER RODS (2) 


mare OS ONT 
fess = AS 


~~ a 
~ 
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4 
@. 


CV-1548/G EXHAUST 
(8) BLOWER 
COVERS 
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AN/TRC-113(V)1 
Radio Repeater Set 


NSN: 5820-00-868-8211 
Reference: TM 11-5820-562-14 


General Information 


The AN/TRC-113 is an air- or vehicular-transportable radio repeater set which 
eo radio repeater or radio terminal facilities for LOS systems in forward areas. It can 
e used as a 6- or 12-channel PCM radio repeater; or as three 12-channel PCM radio 
terminals; or as one 12- or 24-channel PCM cable repeater. A telephone terminal such as the 
AN/TCC-65 is required when the AN/TRC-113 is used in split terminal configuration. The 
radio antennas are carried on the generator trailer. 


Major Components 


Nomenclature —_113(V)1_ 113(V)2 113(V)3 113A(V)1 113A(V)2 113A(V)3 


Radio Set 

AN/GRC-103(V)1 3 3 

Radio Set 

AN/GRC-103(V)2 3 

Radio Set 

AN/GRC-103(V)3 3 3 
Multiplexer 

TD-204/U 3 3 3 

Multiplexer 

TD-754/G 3 3 3 
Telephone Set 

TA-312/PT 1 1 1 1 1 1 
Intercom Station 

LS-147F/FI 1 1 1 1 1 1 
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FM 24-24 
Technical Characteristics 


Frequency and Power Output: 
PDQ A te sae Baal Sard hence at OU sete as the SL eats aes 8 220 to 404.5 MHz; 25 W 


Ba 2 Rea foe eee tana! ake ei ace Sees o ences 94.5 to 705.0 MHz; 15 W 
Banos etacauda oleae NG eR ae Chae ee es ee bee 695.0 to 1000 MHz; 15 W 
Power Requirement) 2%. 200.093 eyes 22i4 keh KE Kee es 115 V AC, 50 to 60 Hz 


Power ConsumpHonl i? 00 soda ae ueah a Mia theyre ag alla sun Ana ah ey 5,000 W 
WV CIO eee Sar cassie Wire Skea eee hari tod ge Niclas ade tO Ma gems Piet haa teats 579 kg (1,275 Ib) 


Veluctilar Requirement ts0t5 upon Sue ey Seay ad eeu ety One 1 1/4-ton truck 


AN/TRC-113(V)1 
Radio Repeater Set 


RT.773 GRC-103(V) RT-773/GAC-103(V) 
DA-437. GRC-103(V) PATCH PANEL DA-437/GRC-103(¥) 


BLOWER 1 — -2°; — 
Ty i 

| : | a 
t+—— HH An — RT-773/GRC-103(V} 
ee | t aii | —— 
a >———EEE 0 of as 

VIDEO & ANTENNA 

R-1329(P}GRC-103vyf | R-1329P}/GRC-103(V) | JR. 1329P)/GRC-103(V} ENTRANCE 
LJ age, a 
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B a 
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AN/TRC-121 
Radio Terminal Set 


NSN: 5820-00-168-1562 
Reference: TM 11-5820-602-15 
General Information 


The AN/TRC-121 is an air-or vehicular-transportable radio terminal which provides 
a tropospheric scatter capability in corps and above command systems. It terminates two 12- 
or 24-channel PCM voice systems when used in conjunction with telephone terminals such 
as AN/TCC-60 or AN/TCC-61. An AN/GRC-106 radio provides for alignment of the 
AN/GRC-143 system and for communications while mobile. 


Major Components 


Shelter S-338/TRC-121 (modified S-280/G) 
Radio Set AN/GRC-106 

Telephone Set TA-312/PT 

Radio Sets AN/GRC-143 

Antenna Groups AN/TRA-37 

Power Supply PP-4763A/GRC 
Intercommunications Station LS-147F/FI 
Converters CV-425/U 


NRRPNINR Ee 


Technical Characteristics 


Power Requirement 32 2:.5 3:0 .Cus Cainer onan oe Se ES 115 or 230 V AC, 50 to 60 Hz 
Power Consumpunots «+004 atin nde RSS uso Ae O8s aS hw Tee 23,400 W 
WEIN toc 1 dima nhs Oo s0Ue Out bee SAte Ree Pelee eee 2,338 kg (5,150 lb) 
Vehicular Requirement ..................... One 2 1/2-ton truck (AN/TRC-121), 


One 2 1/2-ton truck (AN/TRA-37) 
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AN/TRC-121 
Radio Terminal Set 


EXHAUST ANT-DUMMY 


BLOWER LOAD DIRECTIONAL “WAVEGUIDE 
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LOW =x 
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GRC-143 


WORK DESK 
AIR FILTER 
AMPLIFIER 


CIRCULAR 
HEATING 
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STORAGE 
DRAWERS 


STORAGE 
DRAWERS 
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AN/TRC-138 
Radio Repeater Set 


NSN: 5820-00-133-8841 
Reference: TM 11-5820-773-15 
General Information 


The AN/TRC-138 is an air- or vehicular-transportable radio repeater which provides 
LOS capability in the corps area communications system. It terminates three 48-channel 
PCM voice systems when used in conjunction with telephone terminals such as the AN/TCC- 
61 or AN/TCC-73(V)1. The AN/TRC-138 is often used in 12/24-channel mode. The operating 
procedures are the same for Mast Assembly AB-621/G and Antenna AS-1425/GRC. The 
components for the antenna systems are stored in the shelter and Power Unit PU-631/G. The 
AN/TRC-138 is modified to install Radio Set AN/VRC-465 and Power Supply PP-2953/U 
which are table(s) of organization and equipment (TOE) components not supplied with the 
assemblage. 


Major Components 


1 Shelter S-393/TRC-138 (modified S-280/G) 
3 Radio Sets AN/GRC-144 

1 Telephone Set TA-312/PT 

3 Converters CV-425/U 

1 Intercommunications Station LS-147F/FI 


Technical Characteristics 


POWEr REQUIREGIICOE A Gatn egies, BOSE aio eae thie ines es ht 115 V AC, 50 to 60 HZ 
FPOWer COnSUmMPHON 4.0 siare nei dtae he Oban belied oe palah aera ahs at 5 kw 
WIC, San ocr atukis eh eanutnd bbe wiles Rantiateg bok yee Seabee 2,009 kg (4,425 Ib) 
Vehicular Requitemen tir: 4250 sone eh g wirecieanhattetadt ta ae One 2 1/2ton truck 
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AN/TRC-138 
Radio Repeater Set 
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AN/TRC-138A 
Radio Repeater Set 


NSN: 5820-01-161-9419 
Reference: TM 11-5820-926-12-1 


General Information 


The AN/TRC-138A is a tactical communications assemblage with multiple system 
deployment. The primary purpose is to provide a 576-channel system SRWBR link between 
the radio park (top of the hill) and the Radio Terminal Set AN/TRC-175 (bottom of the hill). 
It also is used as a radio repeater to provide LOS a (40 km (25 mi) maximum) microwave link 
(24/144 channel) between two external AN/TRC-138As, and is used as a radio/cable terminal 
to terminate up to 72/144 pte eee channel systems (30 mi maximum). The AN/TRC-138A 
can ee three PCM or DGM systems, or eleven PCM/DGM systems. It is compatible 
with TRI-TAC. 


Major Components 


3 Radio Sets AN/GRC-222 

1 DSVT TSEC/KY-68 

1 Cable Modem Driver MD-1024/G 

1 Multiplexer TD-1237(P)/G 

1 Loop Encryption Device TSEC/KG-84 

3 Digital Data Modems MD-1026 (P)/G 

1 Intercommunications Station LS-147F/Fl 
1 Voice Encryption Device TSEC/KY-57 

1 Shelter S-667/TRC-138A 
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Technical Characteristics 


Prequency RANte.. 6 2304.60 26) aad eRe ed OIA ERIN GA 4.4 to 5.0 GHz 
Transmission Range: 
LOS aca atta AgealeesinaeGe saaeen se beta wes Up to 40 km (25 mi) 
DIV BIN 8s sae alek o aoe RRs Sey Sia el he Sh A Oe ae ea la 8 km (5 mi) 
Cable Driver Modem ............ 000000008 eee 8 km (5 mi) with repeaters 
RE OUIDUl: ois ee aan She tener Mids Bed Steet eda eee el ae was 250 mW 
Channclization.- xno va tose eh hese weed eT OS ed adas wade ee: Ss TDM 
Number of Channels ................ SRWBR 576 channel link (from AN/TRC-175) 


24/144 channel link (node-to-node) from 
another AN/TRC-138A or AN/TRC-175 


Orderwires: 
Bie ital Voice: 24 kok bee a See RS fe Beatie d Goeleaie gach ed. caee a de cohoa tele Ma tse 16 kbls 
ja NeVelle( ano) (ame am me a a 300 to 1800 Hz at 3 dB bandwidth points 
WCISHE sang hepa ates ie ue ht, aces tore tdndhace 2,424 kg (5,340 Ib) including shelter 
Power Requirement «issc0n.4ss40iesacasses 115 V AC + 6 volts, 50/60/400 Hz, 3-phase 
POWOE Wb «Scare and coadet oko atece Gale AO tee ghee ent at Shee ee oS PU-631 
MOURNS: “saiedatcassm eh sss niles wares Dacrna eu ear ae ea alee VS os 5-667 Shelter 
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AN/TRC-138A 
Radio Repeater Set 
Roadside 
T-1054(P)/GRC-144(V) 
T-1054(P)/GRC-144(V) Indicator Control Box 
Antenna Entrance Box R-1467A(P)/GRC-144(V)| AZ - EL Control Box/ R-1467A(P)/GRC-144(V) 


Hd 
can =F 
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FM 24-24 


AN/TRC-138A 
Radio Repeater Set 
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1 
GROUND 
Roos 


MX-148/G 


Reference 


49. Cc. 235 2302 


50. a. 26.375 2303 


51. c. 99.61 2303 


52. d. 500.740 2303 


8.637 
492. 
-003 
+ 21 
500.740 


53. Cc. 27.89 2302 
46.37 
= 18.48 
27.89 
54. b. 19.296 2303 
21.300 
= 2.004 
19.296 
55. Cc. 246.58 2303 
307.00 


-_ 60.42 
246.58 
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AN/TRC-145(V) 
Radio Terminal Set 


NSN: 5820-00-451-5523 (AN/TRC-145(V)1 and AN/TRC-145A(V)1) 
5820-00-451-5590 (AN/TRC-145(V)2 and AN/TRC-145A(V)2) 
5820-00-451-5618 (AN/TRC-145(V)3 and AN/TRe-145A(V)3) 

( 
( 
( 


—_~—s~ 


5820-01-104-4748 (AN/TRC-14513(V)1) 
5820-01-099-3578 (AN /TRC-145B(V)2) 
5820-01-099-3577 (AN/TRC-145B(V)3) 


Reference: TM 11-5895-453-14-2 
General Information 


The AN/TRC-145 is an air- or vehicular-transportable assemblage. It is normally used 
in division and forward area PCM communications systems for cable, radio terminal, or 
repeater applications. The two equipment sets of the AN/TRC-145 may be arranged for 
normal use as a terminal, a repeater, or a radio cable conversion facility as indicated below. 


Terminal Arrangement: 


2 6- or 12-channel secure or nonsecure radio terminal facilities 

2 6- or 12-channel secure or nonsecure cable terminal facilities 

1 24-channel secure or nonsecure cable terminal facility 

2 Separate 12-channel groups of data or teletype over one secure or nonsecure channel 
of the Multiplexer TD-660 System 1 or 2 (channel 7 dedicated) (on AN/TRC-145B 
model only) 


Repeater Arrangements: 


1 12- or 24-channel cable repeater facility 

1 24-channel secure or nonsecure cable repeater with 6- or 12-channel drop-and-insert 
facility 

1 Radio repeater facility 

2 12-channel radio-to-cable conversion 
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Technical Characteristics 


Power Kequirement 35535403. soe se as 115 V AC +6 V,50 to 60 Hz 
Power Consumpuon.cs 245 daa vended Seeker sek iced leet Saws on 3,000 W (approx) 
WISE: aro cuemi tov etnah ough aomautaeeyea Me Uae Reema cere 670 kg (1,475 lb) 
Wehicullar Requirement iv ccssa va:ks Rassias bab anal activate Sel ile + ton truck (antenna asem ly 
transported on power unit traile 


normally a PU-625/G, 3 kW) 


AN/TRC-145(V) 
Radio Terminal Set 


CARD 
BLOWER 1 RT-773/GRC-103(V) STORAGE BLOWER 2 


DA-437/GRC-103(V} DA-437/GRC-103(V) 
AL 


RT-773/GRC-103(V) 
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a A: MINN. WUT 
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AN/TRC-145(V) 
Radio Terminal Set (Cont.) 
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AN/TRC-151(V) 
Radio Terminal Set 


NSN: 5820-00-006-1843 
Reference: TM 11-5820-894-14 
General Information 


The AN/TRC-151(V) is an air- and ground-transportable assembly. It provides 
multichannel radio and cable tactical communications systems using PCM and TDM for Army 
and corps headquarters. The AN/TRC-151 (V) may be used as a 12- or 24-channel radio or 
cable terminal, as a remote drop-and-insert facility, or as a radio or cable repeater. The 
AN/TRC-151(V) is equipped with Radio Set AN/GRC-103(V)4 using Band IV heads and 
antennas. The basic equipment provides VF service for both voice telephone and teletype 
circuits. The option to install the High Speed Serial Data Buffer TD-1065/G will enable the 
equipment to handle 16- or 32-kilobit serial digital data. Another option, TDDM TD-1069/G, 
provides an additional 12 channels for digital data inputs. The AN/TRC-151(V) is equipped 
with rack space and cabling for optional equipment including TSEC/KG-27 for secure 
operation. The typical planning range using radio links is 48 km (30 mi) LOS; however, when 
using Band IV, the radio range may be affected by tall trees and dense foliage. 


Major Components 


Shelter S-583(*)/TRC-151 

High Speed Serial Data Buffers TD-1065/G* 
Radio Sets AN/GRC-103(V)4 

High Speed Digital Multiplexer* 
Multiplexer TD-660/G 

Multiplexer TD-754/G 

Key Generators TSEC/KG-27* 

Telephone Signal Converters CV-1548(*)/G 


NPINNNRN Nr 


*Optional equipment, not supplied with AN/TRC-151(V). 
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Technical Characteristics 


Power Requirement: 9,23 airs a degek ages Padres 115 V AC, 50-60 Hz, single phase 
Power Consumption operating, one heater, blower, with flourescent lights: .:-544 3,900 W 
hele ency Range: (Band IV) svstex Seren cere eraeus Perego 1350 to 1850 MHz 
WAU ON See 8 eet os Be. ey oh ate Beene BA Aves 3 ech areas oats FM 
Transmitter Power Output soin 064+ ats earateeS join Sin Peale’ 15 W minimum 
USS | pee Soe ie tues cna a int Aa ats nid addin eae A teee writen aN ene binary pulse 
PU SOI ib ay, es rastalst ca ah ala ah Sit Me Sig eA ae ey es AM hale eco Nt 12-channel: 576 Hz 
24-channel: 1152 kHz 

Prime MOVer acco ey sce Cork. even cat baw OY CGR vdaed oars 2 1/2-ton vehicle 
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AN/TRC-151(V) 
Radio Terminal Set 
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AN/TRC-151(V) 
Radio Terminal Set (Cont.) 


AUDIO CABLE 
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AN/TRC-170(V) 
Radio Terminal Set 


NSN: 5820-01-148-3977 
Reference: TM 11-5820-934-13-1-1 
General Information 


The AN/TRC-170(V) provides tactical multichannel digital troposcatter or LOS systems 
for transmission of analog and digital traffic. It can terminate one system. It is deployed at 
hybrid nodes for internodal and extended range (skip node) communications. The 
AN/TRC-170(V)2 replaces the AN/TRC-132 troposcatter radio set. The AN/TRC-170(V)3 
replaces the AN/TRC-11 2/121 troposcatter radio sets. 


Major Components 


Radio Set AN/GRC-197 

DSVT KY-68 

Digital Data Group Modem MD-10260(P)/G 
VINSON TSEC/KY-58 

Electronic Transfer Device (ETD) KYK-13 

Loop Group Multiplexer TD-1235( )/TTC 

(or QRA) Antenna System 3 meters 

Trunk Group Multiplexer TD-1236( )/G 

Voice Orderwire Control Unit C-10602/TRC-170 
Low Speed Cable Driver Modem MD-1023()/G 
High Power Amplifiers (2 kW) ((V)2) 

High Power Amplifier (2 kW) ((V)3) 
Environmental Control Unit 

Tropospheric Scatter Modem OM-61/TRC-170 
Trunk Encryption Devices TSEC/KG-81 
Synthesizers SN-531/TRC-170 ((V)2) 
Synthesizer SN-531/TRC-170 ((V)3 

Dedicated Loop Encryption Devices TSEC/KG-84 
High Wind Kit 951-211-1 


rR POF DO DO Fe Fre FON FF re ON Fe a er ee 
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Technical Characteristics 


Number of Channels. iv Ga oe bac) ae ee se Se Say 8 to 144 
Data Rates. 22239 2c tie eh oie Baie coe Bead Se a ee ee es te . 128 to 4,096 kb/s 
Prequenicy -KRange:<...s. 4 2.8 4% oa BESSY REAR ES ALS 4 to 5.0 GHz 
Power “OUtOUb 4.4. ag k-wag tee Ee ae. ca ee Ee . 2 kw 
DIVELSILV ss. aah. oo ke. a Be BS ee ee a we ee BS els (V)2: Quad or Dual 


(V)3: Dual Bandwidth 
(V)2: 3.5 or 6 MHz 
(V)3: 3.5 or 7 MHz 


RANGE: 3 te x ai aa Ae Esk oe (V)2: 241 km (150 mi) 
(V)3: 161 km (100 mi) 

Power Requirement:« es:.44.25 33242 G84 ee eS 120/208 V AC, 50/60/400 Hz 
WV LCE Sabon ce gia age ghee ai Se BAG ge Sc (V)2: 3,859 kg (8,500 lb) (with shelter) 
(V)3: 2,656 kg (5,850 Ib)(with shelter) 

DMCHET 2. ada tan ws Gy eats Ge erase eae: Seen es ag Sey (V)2: Modified S-280 


(V)3:Modified $-250 
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AN/TRC-170(V) 
Radio Terminal Set 


(a a 
a: CS ee a 
ase! 3 Re arg | 
| | a 


56. a. 856.9176 


46.37 
x_18.48 
37096 
18548 
37096 
4637 
856.9176 


57. a. 42.6852 


21.3 
x 2.004 
852 
000 
000 
426 
42.6852 


58. c. 18548.94 


1842 
18548.94 


59. be. 1.13 


1.128 


86.3.|97.4.200 


17 Lt 
86 3 
11 12 
8 6 3 
2 4 90 
L726 
7 640 
6 904 


Reference 


2303 


2303 


2303 
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AN/TRC-173 
Radio Terminal Set 


NSN: 5820-01-161-9422 


Reference: TM 11-5820-865-12-1 


General Information 


The AN/TRC-173 operates as a radio or cable terminal and can terminate up to two 


18/36 digital multichannel LOS systems. The AN/TRC-173 replaces the AN/TRC-117 and 
AN/TRC-151 and is used in extension applications. 


re er er ee DD OP NI DN ER Er EON NY NON NE NEE 


Major Components 


Shelter S-589 

VINSON TSEC/KY-58 

Radio Sets AN/GRC-103(V)4 

Power Supply 28 V DC 

Trunk Encryption Devices TSEC/KG-81 

Antennas AS-3047/GRC-103 

Masts AB-57 

Trunk Group Multiplexer TD-1236()/G 

Mast Extension Kits MK-806 

Intercommunications Station LS-147F/FI 

Remote Multiplexer Combiners TD-1234()/TTC 

Frequency Electronic Converter CV-2500 

Remote Loop Group Multiplexer Cable Driver Modems MD-1025()/G 
Dummy Loads DA-437/GRC-103 

Low Speed Cable Driver Modems MD-1023()/G 

TA-312/PT 

Headset H-182/PT 

Digital Data Group Modems MD-1026()(P)/G (up to four modems per case) 
DSVT KY-68 

Electronic Transfer Device (ETD) KYK-13 

Net Control Device KYK-15/TSEC 

Digital Data Modem MD-1065()(P)/G (103 modem) (two radio modems per case) 
Fill cable ancillary components and spares 

Tape Reader KOI-18 

Dedicated Loop Encryption Device TSEC/KG-84 

SINCGARS Radio 

Power Unit AN/MJQ-19 

Orderwire Control Unit C-10716 
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Technical Characteristics 


Frequency haANee 44.604.tuGhue han ook Go Siegs scat Range 1.35 to 1.85 GHz ( Band IV) 
TO WO OCOUUDUL 4 ia ckcie Sie Sheheie eb iach oral ee ag Na he eck ee aa i lal a a cl ie 15W(Band IV) 
RANGES ot Ved cee Lee ane ee Sey Yan oh eee Ree eye ey oles 64 km(40mi) 
Power Requirement (co. sa. iak chek teae kee ae ar at 115 V AC, single phase 
WOK seo uee ada te er etn tes Gaia eee ee eee cages ad Baeedy 2,179 kg (4,800 Ib) 
OG LOE oct ts ati acs hae ot dear taleseas Eaeat Gian at as na ata ia ag Gara ys Aa a ay S-589 


6-54 


FM 24-24 


AN/TRC-173 
Radio Terminal Set 
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AN/TRC-174 
Radio Repeater 


NSN: 5820-01-161-9420 
Reference: TM 11-5820-864-12-1 


General Information 


The AN/TRC-174 operates as a radio repeater or split radio terminal and can 
terminate up to three 18/36 digital multichannel LOS systems. It will be deployed in hybrid 
(analog /digital) integrated tactical communications system (INTACS) nodes and extension 
systems during the transitional period. In split terminal operation it connects to the CNCE 
by CX-11230 or SRWBR. The AN/TRC-174 replaces the AN/ TRC-110 and AN/TRC-152. 


Major Components 


Radio Sets AN/GRC-103(V)4 

Masts AB-577 

Low Speed Cable Driver Modems MD-1023()/G 

Mast Extension Kits CY-4507 

Intercommunications Station LS-147F/FI 

Digital Data Group Modem MD-1026()(P)/G (up to four modems per case) 
Frequency Electronic Converter CV-2500 

Digital Data Modem MD-1065()(P)/G (103 Modem) (three radio modems per case) 
Dummy Loads DA-437/GRC-103 

Telephone TA-312/PT 

Headset H-182/PT 

Dedicated Loop Encryption Devices TSEC/KG-84 

Power Unit AN/MJQ-19 ancillary components and spares 
Olderwire Control Unit C-10716 (OCU Type 1) 

DSVT KY-68 

ETD KYK-13 

VINSON TSEC/KY-58 

Fill Cable 

Power Supply 28 V DC 

Tape Reader KOI-18 

Antennas AS-3047 /GRC-103 

SINCGARS Radio 


Rm OO Fe Fe Pe Pe DO Fe OD FP ee Ds & 
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Technical Characteristics 


Frequeticy Ratiee vo. fst eee eae nye ees 1.35 to 1.85 GHz (Band IV) 
Power OuUtoul wad tc cue iow ae path ca seem ok ene ene a oan 15 W (Band IV) 
TRAV ens soc ao rts, Gas Speen Sak an Os A Gere gO ah chattel 48 km(30mi) 
Power Requirements 229 cde veuni tc Wek Mot tee egas 4 115 V AC, single phase 
Wey ocarteiutige tua gsds PeUke PLY ae Sea eke ea tears 2,134 kg (4,700 Ib) 
DPIC HODs cota Rat ate ease Deas Sa a es oa as ae ane Gre aes ep oe aie ke 5-590 


FM 24-24 


AN/TRC-174 
Radio Repeater 
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AN/TRC-175 
Radio Terminal Set 


NSN: 5820-01-161-9421 
Reference: TM 11-5820-931-12-1 


General Information 


The AN/TRC-175 is a transportable, secure radio/cable tactical communications 
assemblage, capable of multiple system deployment. It provides SRWBR transmission 
facilities Be bottom-of-hill nodes. It operates as a SRWBR terminal or cable terminal for 
high speed cable systems and can terminate up to two 576 digital channel systems. The 
AN/TRC-175 is employed at the bottom-of-the-hill node to provide a SRWBR link up to 8 km 
(5 mi) with the AN/TRC-138A located at the top-of-the-hill radio park. The AN/TRC-175 is 
compatible with TRI-TAC. 


Major Components 


1 Shelter S-591 

1 Alarm Status Indicator ID-2324(V)4TRC 
2 Radio Sets AN/GRC-144(V)3 

2 Multiplexer TD-1237(P)/G 

1 Loop Encryption Device TSEC/KG-84 

2 Cable Modem Drivers MD-1024/G 

4 Digital Data Modems MD-1026(P)/G 

1 Voice Encryption Device TSEC/KY-57 

1 Orderwire Control Unit C-10717/TRC 

1 Intercommunications Station LS-147F/FI 


Technical Characteristics 


Frequency Range AN/GRC-144(V)3... 0... cece eee eee 4.4 to 5.0 GHz 
Transmission Range AN/GRC-144(V)3..............00000. 8 km (5 mi) at 18.72 mb/s; 
24 km (15 mi) at 9.36 mb/s 
Cable: Driver Modein: «iscsi oe. oad dae Sas ade aden eos 8 km (5 mi) (with repeaters) 
TOE UE ss 3s hone Sek eats Do ec tiie adh ee ie AS Bier aS Nan a ea 250 mW 
Cane ZAON GAs as ais cae oc wae Sek eee eee es eae ee eh eee rams D8 ae TDM 
Number of Channels ............... SRWBR 576-channel link (with AN/TRC-138A) 
Orderwires: 
WIT OCS oo eg ecitaen rhea tig Sng hee nine Manet ease Geshe ie ad 16 kb/s 
PUAIOS NV OIC 2x ek oon cen eae Aces 300 to 1800 Hz at 3 dB bandwidth points 
Power Requirement: :2.':3 4 sauces oe kes 115 V AC, + 6 volts, 50, 60, 400 Hz, 3-phase 
WV CTO tt a cai ae waits yaad haraine 2 ee ei ius Gnas 2,338 kg (5,150 Ib) 
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AN/TRC-175 
Radio Terminal Set 


Roadside 
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AN/TRC-175 
Radio Terminal Set 


Curbside 
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Section IV. Auxiliary Equipment 


AB-1309(V)/TRC 
MAST 


NSN: 5985-01-156-0572 
Reference: Not Available 


General Information 


The AB-1309(V)/TRC consists of a towable trailer and a 34-m (114-ft) nested 
(telescoping) tower. One to three antenna reflectors maybe mounted on top of the tower. The 
AB-130 (V)7TRC antenna mast trailer also has two 10-kW generators providing power for the 
tower and supported assemblage. The AB-1309(V)/TRC can be used to support the AN/TRC- 
173/174/175 i 138A DGM assemblages. 


Major Components 


Telescoping Tower (114 ft) 
Antenna Reflector (stored position) 
Hydraulic Controls 

Towable Trailer 

Batteries 

Power Distribution Box 

Generator Set MEP-003A 

Control Box 


Guy Cable Reels 

Technical Characteristics 
Peie ht Extended, 2:6 %.wx gre eewe ate are eae pia ae ang ae eng ee ee 34 m(114ft) 
IN IM DOEOF DECHONS oa act ¢ ote Face She ek Rute io also aetee iw eis etwas 4 
Oi Board POWER vo oi. .c0eS elke oes Ree EAs oe PES 10 kW generator 
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62. 


63. 


64. 


65. 


16.058 
-497.820 


= 16.06 


Reference 


2303 


2303 
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AB-1309(V)/TRC 
Mast 
~\ Ho ROD 


‘ JA [Sx 
R oy ey 
el 


ae) ANTENNA REFLECTOR 


| CABLE REELS 


CABLE REELS ais Re 
10-kw GENERATOR 


ROAD SIDE GUY 
CABLE REELS 


REAR SUPPORT 
JACK 


MAST CONTROL 


PANEL BOX ANTENNA REFLECTOR 


CARRIAGE ASSEMBLY 
10-kw GENERATOR 


POWER DISTRIBUTION 
BOX 


oe FRONT SUPPORT 
JACK 


CURB SIDE GUY FRONT GUY 
CABLE REELS CABLE REELS 


6-63 


FM 24-24 


Section V. Multichannel Satellite Communication Terminals 


General Information 


Satellite communications (SATCOM) systems have been used since 1967 to provide 
vital communications service to United States forces throughout the world. SATCOM has 
advantages which are not found in other systems: 


+ SATCOM can provide reliable service without gaps in range or need for more than 
one ground relay station. 


* The SATCOM site does not have to be situated on high terrain or within LOS of the 
distant terminal. 


* SATCOM can provide thousands of voice and data channels originating at many 
ground terminals simultaneously. 


* SATCOM is multimodal. The ground station can transmit and receive numerous RF 
carriers simultaneously. Each carrier may be independent in source and in distribution from 
other carriers. 


- Set-up time for a new terminal, tactical or contingency, is very fast. Often, within 
one-half of an hour of arrival at a site, the terminal will be fully operational and 
communicating. 


SATCOM consists of ground terminals and of one or more satellites. The satellite acts 
essentially as a repeater in the sky. It employs a transponder which receives, amplifies, and 
retransmits communications signals. Although a single ground terminal can only 
communicate with one satellite at a time, it normally has the capability to change from one 
satellite to another as required. The Army is currently involved in two major SATCOM 
programs: 


The Defense Satellite Communications System (DSCS) program will provide global, 
strategic, multichannel communications to support the DCS. 


« The Ground Mobile Forces (GMF) program which is designed to provide single- 
channel and multichannel communications for combat forces within a theater Army. 


The chapter also discusses satellites and ground terminals currently in use or being 
developed to support the two programs discussed above. 
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Defense Satellite Communications System Program 


The DSCS's mission is to provide global communications capability to support the 
National Command Authority (NCA)/Joint Chief of Staff (JCS) under the operational control 
of Defense Information Systems Agency (DISA). The US Army has the responsibility for the 
acquisitions and fielding of both ground terminals and SATCOM control equipment. 


Modulation techniques include time division multiple access (TDMA), frequency 
division multiple access (FDMA), and spread spectrum multiple access (SSMA). Future 
modulation techniques will include demand assigned multiple access (DAMA). 


The DSCS radio frequency portions are merous many upgrades to support its 
mission well into the 21st century. Some of the upgrades include: 


+ Heavy/Medium Terminal Modification: This upgrade affects the AN/FSC-78 and 
AN/GSC-39 terminals. These terminal’s RF components will be replaced with solid state 
devices for the transmitters and receive amplifiers. Included will be computer monitor, test 
and measurement, and control of the terminal functions. 


* Super High Frequency (SHF) Tri-band sae Extension Terminal (STAR-T): This 
developmental terminal will replace AN/TSC-85B/93B terminals at echelons above corps 
(EAC). The terminal will be mounted on a HMMWV. Its primary mission is to provide 
multiband communications and interface with commercial and military assets (dial central 
and satellite); DGM; TRI-TAC terminals at EAC; and with MSE terminals and ECB. 


The DSCS Operational Control System (DOCS) controls all DSCS user terminals 
operating on DSCS spacecraft. This system also is undergoing upgrades that will allow 
higher control capability using less equipment and manpower resources. 


The ground mobile forces (GMF) will use the DSCS II and DSCS III spacecraft to 
fulfill multichannel SHF initial system worldwide operational requirements. The DSCS II 
and III satellites are positioned in geostationary orbits and are continuously available for use 
by earth terminals located within 5,000 nautical miles of their subsatellite points. The 
SKYNET IV satellite will be available for GMF use in Europe. 


DSCS II: These satellites have two transponders, each having a bandwidth 
constrained by the nominal 2009 MHz bandwidth of the total usable bandwidth of 410 MHz. 
Each transponder is subdivided by filters in the RF diplexers to provide two operational 
channels, for example, four operational channels for each satellite. Four antennas are 
mounted on the despun platform. Two of them are earth coverage horn (ECH) antennas, one 
for uplink and one for downlink. The remaining two are parabolic dish type antennas. A 
single biconical horn is used to support the dedicated S-band telemetry and control link. It 
is mounted on the lower end of the spinning section of the satellite. 
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DSCS III: The DSCS III program is a vital part of the comprehensive plan meeting 
national military communications needs. A six-channel communications transponder with 
each channel operating through its own RF amplifier serves the users. This allows 
compatible grouping of users for efficient use of the SHF frequency spectrum of 7.9 to 8.4 
GHz. The DSCS III satellite carries two communications payload packages. The primary 
payload is at SHF, satisfying the space link requirements of standard military 
communications networks. The secondary payload is an US Air Force SATCOM UHF single 
transponder used to transmit emergency action messages between military command posts 
(CPs) and force elements. The communications system is supported by one receive multibeam 
antenna (MBA), two receive ECH antennas, two transmit MBA’s, two transmit ECH 
antennas, and a gimballed dish antenna (GDA). Each of the six independent repeaters 
operates in the SHF region to relay telephone, data, wideband imagery, and secure digital 
Voice signals using FM, BPSK, quadrature phase shift keying (QPSK), staggered quadrature 
phase shift keying (SQPSK) and frequency hopping pseudo noise (PN) spread spectrum 
modulation. Each terminal has access to any channel and each channel can relay, with 
minimum performance degradation, signal transmissions consisting of FOMA, TDMA, and 
spread spectrum multiple access (SSMA) via the PN carrier modulation technique. Linear, 
quasi linear, and saturated modes of operation are provided by means of selectable gain steps. 
The MBA with the beam forming the network can shape antenna patterns to arbitrary 
selected coverage areas. 
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DSCS Phase II Satellite 
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DSCS Phase III Satellite 
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AN/FSC-9 
Satellite Communications Terminal 


NSN: To be determined 
Reference: Tobe determined 
General Information 


The AN/FSC-9 terminals have been used since the earliest days of military SATCOM. 
Two of these terminals were built and much of the research leading to the development of 
all present SATCOM systems (commercial and military) was conducted using these two 
terminals. The AN/FSC-9 terminal at Camp Roberts, California, is the only AN/FSC-9 
terminal in operation and provides communications via satellite from the Pacific area to the 
continental United States (CONUS). 


Technical Characteristics 


Type Ol SRViCe nd a a a eae 500000KF9W (multilink, multivoice, and data) 
Frequency Range: 

JtaniSOUt +249 28 bade shines oad KR S4486 hn PEE es ESS Ee eee was 7.9 to 8.4 GHz 

PROCOL VG ices Sra etd ig 508 gl esl dl Nid ante ants ena Liandats T2901027.1 GHZ 
lant RANE GMS te Seat AM otha dng ate ues oti 16.093 km (10,000 mi) 
Power ln putes cts tee gue Gute eign iahe es ety Sete 35 115/230 V AC, 50 to 60 Hz 
POWER SOUICE Fa f St Sek ese ey fee aN aee RES s Any appropriate AC power source 
POWer OUlput carry ipa eed baa RO GGA OEE Lk eee Ee as Up to 20 kw 
PATTEM Ma: OV SUSI is a yesh 6 ter oll salads tte kets God Paraboloid surface, 18.29 m (60 ft) 


in diameter, weight 172.3 MT (190 t) 
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AN/FSC-9 
Satellite Communications Terminal 
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AN/FSC-78 and AN/GSC-39 
Satellite Communications Terminals 


NSN: 5895-01-007-9401 (AN/FSC-78) 
5895-01-070-5685 (AN /GSC-39(V)1) 
5895-01-077-6249 (AN /GSC-39(V)2) 


Reference: TM 11-5895-1050-12 
TM 11-5895-1043-12 


General Information 


The AN/FSC-78 has an 18.29-m (60-ft) parabolic antenna and can transmit up to nine 
carriers and receive 18 carriers. The components of the AN/FSC-78 are installed in an 
associated electronic equipment building. This terminal was designed for fixed station 
Zea only. The AN/GSC-39 differs from the AN/FSC-78 only in using an 11.6-m (38-ft) 

ameter, DE-222/G, parabolic dish. 


Technical Characteristics 


Type of Service .................. ........ 500000KF9W (multilink, multivoice, and data) 
Frequency Range: 
a PAUISTANEL, vo vie 6, Ses Se a eo Be aii BB Agee eas, Bd Area B ae 2 eS 7.9 to 8.4 GHz 
IRCCOIV EG) ie Har SEAR ES oS SIT ORE Nee PEF Pa ale aut Be se Od 
Planning Range hte ica mala ee Gtk econ and Gap eee a 16,093 km (10,000 mi) 
POWOR INDUL «10:4 24 2¥ oth Bes See a Naar TAL es 115/230 V AC, 50 to 60 Hz 
Power Source... 2.1... eee eee eee ee eee ess. Commercial power and two 500 kW 
“back-up generators using UPS technology 
Rowen Outputs oeacsieyslagiet gees seen sedieaies & edit eens 6 aes 10 kW max 
ANtenar System <1ks ua ckined dhe aad ee yenag ace Parabolic, 18.29-rn (60-ft) diameter 
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AN/FSC-78 


Satellite Communications Terminal 


AN/GSC-39 
Satellite Communications Terminal 
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AN/GSC-40(V) and AN/MSC-64(V) 
Special Communications Systems 
NSN: 5895-01-088-9270 (AN/GSC-40) 
5895-01-146-3875 (AN/GSC-40A(V)1) 
5895-01-146-3874 (AN/GSC-40A(V)2) 
5895-01-112-5836 (AN/MSC-64(V 
5895-01-088-2769 (AN/MSC-64(V 
5895-01-112-5838 (AN/MSC-64(V 


WNrR 


Reference: TM 11-5895 -1104-10-1 (AN/MSC-64(V)) 
TM 11-5895 -1104-10-2 (AN/MSC-64(V)) 


General Information 


The Special Communications System (SCS) is a UHF SATCOM system operated and 
maintained by the Army, Navy, and Air Force and consists of SATCOM Terminals 
AN/GSC-40, AN/GSC-40A(V) and AN/MSC-64(V). The terminals are normally deployed in a 
network configuration. The AN/GSC-40, AN/GSC-40A(V)1, and AN/GSC-40A(V)2 are CP 
terminals configured to provide the specific SCS network command and control functions and 
the means for disseminating highly specialized critical user information. The AN/MSC-64(V) 
is referred to as the mobile terminal since it predominately supports users requiring rapid 
redeployment. 


Technical Characteristics 


AN/GSC-40/40A(V): 

Frequency Kanee) isc s eae nea eed ee on paaees 225 to 400 MHz 

De CUT y LICV ICR da pil Selita tebe te eciied Gace tha Soe Setar ie eae one TSEC/KG-31 
two TSEC/KG-34s 
three TSEC/KN-2s 

POWER INDihsa<S45 yao Lea ea h we eae Gas 115/230 V AC, 50/60Hz 

POWerOUPUL ecb t ecw ahe Pe he tea tee ead ee ese a ss 100 W 

PMN a oe nto es ors eet et os eR Se hae AN/GSC-40: two high-gain AS-3060/G 


AN/GSC-40A(V)1/2: four high-gain AS-3060/G 
AN/MSC-64(V): 


TYPEDL SEIVICe jw seit as 5 eee ote oie eis UHFE half-duplex AFSAT mode 
(includes TDM 3, TDM 1/2, and 

random modes of operation) 

Frequency Kane: subs: ou ieee hilar rset as tas 225 to 399.975 MHz 
Nunmiberor C narinels 2 21a vo ooh ce aac et nae ae ate ade ning kom Weekes 7,000 
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Technical Characteristics 


(Cont.) 

DOCUMILY DOVICS ieaiigine s ehind tg by eaten bulk hit a ek oil aut Melee lea TSEC/KN-2 
Power Input +75 4 otis, os Se ee et Mats Cala ink oS Mobile, 28 V DC at 100 amp; 
stationary, 115/230 V AC, 
50/60 Hz at 10 kw 
POwer-OUutipUl 3.5. 35.4 24.23 HOD Se Bae Dee Sea ees 10 to 100 W 
Antenna Bie Gd a8 Se os Gal Gk sa a gt at as Ae Gee ene ge Ot gah ge od A oe Low-gain AS-3439/G, omnidirectional 
high-gain AS-3438/G, directional 
Weight aiaied wos fae RiGee Facilen vanaial sds cot. Ver ce Mar Baten Genicay aaah gas Bene aie Mas dan fornia ater ve 1,69 kg (3,738 lb) (approximately) 

AN/GSC-40(V) 


Special Communications System 


TYPICAL SCS NET CONFIGURATION 
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SCS Functional Block Diagram 
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AN/MSC-64(V) 
Satellite Communications Terminal 
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AN/MSC-64(V) 
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AN/GSC-49 
Jam-Resistant Satellite 
Communications Terminal 


NSN: 5895-01-126-9198 (AN /GSC-49(V)1) 
5895-01-121-9558 (AN /GSC-49(V)2) 
5895-01-355-8167 (AN /GSC-49(V)3) 


Reference: TM 11-5895-1162-10 
General Information 


The AN/GSC-49 SATCOM terminal provides jam-resistant secure communications. 
The terminals are provided in either a fixed or transportable configuration. All transportable 
terminals can be transported by truck, railroad, ship, and fixed- and rotary-wing aircraft. The 
terminals are designed specifically to support the Worldwide Military Command and Control 
System, jam-resistant secure communications point to point, secure voice and graphics 
conferencing, and Air Force tactical warning and attack assessment data transmission 
requirement. 


Technical Characteristics 


Type Of SeIvice sou neerseeaetadeness 50000KF9W (single-channel voice and FSK) 
Frequency Range: 

RAISE s.A.0.5. bs Sure oe eae a eee ee cee oe Uare ata aes 7.29 to 8.4 GHz 

REGO1y ots ec, 5 een ath waa Sn id Raa A Sek eed eas YER ee Gee aes 7.25 to 7.775 GHG z 
Planting Ratige cg cick is ow an A ete eG eRe Lon ake 6,093 km (10,000 mi) 
POWER INpUL eon tedasr ered Sone seem ee Boe dS 120/208 V AC, 50/60 Hz 
POWRE SOURCE x '. Bao odd eo 4S ER OP REE FS Two generators (30 kW) 
Power Output sunny oue aha ie waters eas aaa oY nes Mar ame ae eed 3.2 kW max 
Anitennd Systemccern eee tela eae ue ates One quick-reaction, 8-ft parabolic 


One 20-ft parabolic that can transmit multiple carriers 
Set-up Time...................... Approximately 1 hour to satellite acquisition 
with small antenna: within 12 hours for large dish 
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AN/GSC-49 
Jam-Resistant Satellite 
Communications Terminal 
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AN/GSC-52 
Medium Satellite Communications Terminal 


NSN: 5895-01-168-9607 (AN/GSC-52(V)1) 
5895-01-174-0272 (AN /GSC-52(V)2) 


Reference: TM 11-5894-1196-13-1 
TM 11-5894-1197-13-1 


General Information 
The AN/GSC-52 is a high-capacity, SHF SATCOM system capable of simultaneous 
transmission/reception of up to 18 transmit and receive carriers. Each carrier can 
accommodate CW, pulse modulated (PM), FM, FDMA or SSMA signals. The terminals are 
provided in either a fixed or mobile configuration. 
Technical Characteristics 


Frequency Range: 


TPATIS NIE Yet cate 0 ater BS cee te Ne tah he NS as ele te eo te Sch ae NE as 7.9to 8.4 GHz 
IRCCEIVG 5 'eSog, orcbine, guar eon shah, ecartis wivgtat eh Sn phe Rules Bate Bem, eco erate ee 8 7.25 to 7.75 GHz 
POWER INDUL ace licee a  oies hai aoe, eee Ra eae ea ed 120/208 V AC 50/60 HZ 
POW CE DOUICE 2244 nets age Sty ats oy we eee Commercial or two 50kW 
backup generators using UPS technology 

POWerOUDUR aiaccaad eta ee iaae tee swe ies Cem banaue eens 1 kw 
RIAL CTU YS LOTUS Sis sats Sit eactalttt taht acats Ba aca Ak era ac a Parabolic 11.6 m (38 ft) 


in diameter OE-371/G Antenna 
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AN/GSC-52 
Medium Satellite Communications Terminal 


ANTENNA GROUP 
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OE-371/G EQUIPMENT GROUP 


MAINTENANCE GROUP OA-9234/G 


VANIZED, OA-9231/G > o N 
p AN 
oNAY 
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AFL) UNIT 100 


OPERATOR GROUP 
VANIZED, OA-9233/G 
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AN/MSC-46 
Satellite Communications Terminal 


NSN: 5895-00-999-7317 
Reference: TM 11-5895-826-14 


General Information 


The AN/MSC-46 is the first satellite terminal specifically designed for a military 
SATCOM system. It is completely air transportable in three C-130 cargo aircraft. The total 
terminal weight is 56.7 MT (62.5 t) and requires site preparation prior to installation and 
use. The terminal operates via the DSCS satellite with a compatible ground terminal to 
provide multilink, multivoice, and data channel service. 


Technical Characteristics 


Type Of SeIvicesins sake ecm em ects eeaw © 500000KF9IW (multilink, multivoice, 
and data) on low power amplifier 
125000KF9W on high power amplifier 


Frequency Range: 


SPANISINIL obo Marat tos os Wiis ON tare ecto ghee ede iim id au Leak 2 Ue ode 7.9 to 8.4 GHz 
ROCCE G0 Se BOE ig hte a he Goold Suit Bla ak MBS Arend Get Ud Malad 7.25 to 7.75 GHz 
Planning Rane@ ico steed en hou ye ets ae as 8 eet 16,093 km (10,000 mi) 
POWer Mn pUty c/ eke A ceva cosa eee ete 120/208 V AC, 50/60 Hz, three phase 
Power Sources oc ot eke cane eee ee actor Ft Uses three generator sets (100 kW) 


to supply the required 175 kW (50% backup) 

or two generator sets (500 kw) 

POWEr OUIDUE acre Seed wite ape ee here cute eee Wea ae Sed ee okey aes 5 kW 
Antenna System coos wu ae qerrane ows i eetes Parabolic, 12.19m (40 ft) in diameter, 
in either an inflatable or rigid radome 


70. 


71. 


72. 


a. 


Cc. 


Reference 


5% 2401 


: 


-125 


12.5% (are on the rifle range) 


2401 


2401 


6.9 = 7 (days aboard ship) 
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AN/MSC.-46 
Satellite Communications Terminal 
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AN/MSQ-114 
Satellite Communications Control 


NSN: 5895-01-102-6307 
Reference: TM 11-5895-1136-10 
General Information 


The AN/MSQ-114 is part of the GMF Satellite Communications Control System which 
is used to manage the satellite communication capability assigned to the satellite terminals 
operating within the tactical network. The primary function of the AN/MSQ-114 is to 
continuously monitor the transmission of the communications satellite to assure that all GMF 
network terminals are operating within the proper limits of frequency, power output, and 
bandwidth. 


Technical Characteristics 
Ty pe-Of Service <5 ee Reece dee ees Orderwire communications with all network 


terminals for control and monitoring of terminals 
Frequency Range: 


TE SMNSINI: tes chg Si aacg Gee Ged nudes ewan e ia ave iks aves ache Gk eee Se 7.9to 8.4 GHz 

RECEIVE On Fe OSGi Sk GEA ee goiter Al Gk nati aes uaa 7.25 to 7.75 GHz 
POW EU = rg sete cate at ga Maou ahaa we ate ats 120/208 V AC, 50/60 HZ 
POW DOUTCE: ats ee db wien d wrace a walt bt a ela cahwe xd «ences two generators (60 kw) 
POWer Output. s6cid his iuine Sod hb atnied sd.i 2% Re anier cade ays et 400 W max 
ANTENNA SYStEM «aks sos keke ok Aa eee RE ee oe had eas 120-ft parabolic 
DERUp PIMC: ives shoe ia Gea eeGe wane is aadans said Suan tat 24 hours 
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AN/MSQ-114 
Satellite Communications Control 
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AN/TSC-54 
Satellite Communications Terminal 


NSN: 5895-00-937-4993 
Reference: TM 11-5895-389-12 


General Information 


The AN/TSC-54 is a satellite terminal originally designed for quick-reaction use with 

a military SATCOM system. It is completely transportable in two C-130 cargo aircraft. The 

AN/TSC-54 requires only a few hours for assembly, installation, and the initiation of 

operations. Terminal elements break down into packages, none noe more than 2.7 MT 

. t), for helicopter airlift; total weight is 10.2 MT (11.2 t). The terminal also is usable in a 

ixed mode and uses additional multiplexing equipment in this mode. The AN/TSC-54 is 
considered obsolete as a mobile terminal. 


Technical Characteristics 


DyPe-OlServicerse. 420 euoe yh as teas tt eta 50000KF9W (single-channel voice 
and FSK for tactical mode 

strategic mode has capabilities 

similar to the AN/TSC-86 


Frequency Range: 


TRANSL etsy he eee hee ee ty eye Seed yale ee 7.9 to 8.4 GHz 
NRCC NG aM AK SSNS tit ah GI Ne dita taste ol ob Mad abet ural hah oe Stl 2 7.25 to7.75 GHz 
Planning Ranges ok. ests tase Skee es eke oe ak es 16,093 km (10,000 mi) 
Power INDUL. occisai itera sie Cave t team etede ty bee Piece aaas 120 V AC, 400 Hz 
POWer OULD Ub rissa bs fal Ohno oie ned Racine a Ee Cue ab ep Farm iiare ae aS a 5 kw 
ANLEMM a SV SteM ae ee BS0s.y pytnae oes Cloverleaf made up of four individual 


parabolic surfaces 3.05 m (10 ft) in diameter 
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AN/TSC-54 
Satellite Communications Terminal 
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AN/TSC-85A, AN/TSC-85B(V)1 and AN/TSC-85B(V)2 


Satellite Communications Terminals 


NSN: 5895-01-113-5343 (AN/TSC-85A 
5895-01-284-8308 (AN /TSC-85B) 


Reference: TM 11-5895-845-14 (AN/TSC-85(V)2) 
General Information 


The AN/TSC-85 contains equipment to receive, transmit, and process low, medium and 
high capacity multiplexed voice, data, and teletypewriter signals. Using encryption devices, 

they will process secure and nonsecure traffic. The terminals are intended for either point-to- 
point or me aay operation in tactical communications systems. They can transmit one and 
receive Up to four high data rate carriers. The AN/TSC-85(V)2 requires an external multiplex 
shelter to terminate the circuits. The AN/TSC-85A has its own multiplex equipment in the 

shelter, however, it may use an external multiplex shelter (for 96-channel capability) if the 

mission requires it. The terminals include modulation and demodulation equipment and a 

specialized PCM signal processor. The terminals have external connections for an 

intercommunications set, field telephones, wideband 70 MHz, and chemical, biological, 

radiological (CBR) alarm. 


Major Components 
85A 85(V)2 
Receiver-Transmitter Orderwire RT-1287/TSC 


1 il 
Radio Frequency Amplifier AM-6701/TSC Z 2 
Power Supply PP-7086/TSC 2 


Power Supply PP-7712(V)2/TSC 2 
Frequency Converter CV-3198A/TSC 2 2 
Multiplexer /Demultiplexer Tactical Satellite 
aoe Processor (TSSP) TD-1147/TSC 2 
Multiplexer /Demultiplexer TSSP 2 
TD-1337/(V)1/G 
Frequency Converter CV-3201/TSC 6 5 
Digital Data Modem MD-945/TSC 5 5 
Telephone Set TA-312/PT 1 1 
Intercommunications Station LS-147F/FI 1 1 
Antenna AS-3036A/TSC 1 1 
Antenna Control C-10237/TSC 1 
Antenna Control C-10348/TSC 1 
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Major Components 
(Cont.) 


85A 85(V)2 
Multiplexer TD-1069/G (not basic issue) 4 
Security Device TSEC/KG-27 (not basic issue) 4 
Echo Suppressor MX-9635A/TSC 4 
Fault Alarm BZ-236A/TSC 1 | 
Multiplexer TD-660B/G 4 
High Speed Data Buffer TD-1065 4 
Group Modem MD-1026 1 
Telephone Signal Converter CV-1548A/G 4 
Shelter 5-250 
Shelter S-280 1 


Technical Characteristics 


Frequency Range: 


IRCCOIVE 10325. eine oy cane ee Roane ye hE homage ay cade nets 7250 to 7750 MHz 

TPRQTUSINUEe- 9 sed aaah Sag abate ets ied aa, daa Sea Sah SP tsaeeg Sosa ga 7900 to 8400 MHz 
POW OA ig Ech ct ed ei aly ahh at th eaten alah aa ho 500 W (nominal) at antenna 
Operation: 

pincle:Channel (digital VOICE) ys dsc tee ved nae esens 4 sau nose sematee 16/32 kb/s 

Miiltichannel \ oi. cas0 dered exmevan sia es 6, 12, 24, 18-96 channels (48 kb/s per 


channel at true multiplex data rates) 

Power Requirements: 
PONG USGL BO( V2 a. stsneghces eb ia halon dah alain ls toate 115 V AC 10%, 50/60 Hz, single phase 
INT SC 285A on ont aoe gre gine He anes V AC 10%, 50/60 Hz, 3-phase, 5-wire 


NOTE: Major Technical Characteristics exist between Satellite Communications 
Terminals AN/TSC-85B(V)1 and AN/TSC-85B(V)2. Consult TM 11-5895-1433-12-1 for 
additional information. 
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AN/TSC-85A 
Satellite Communications Terminal 
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AN/TSC-85(V)2 
Satellite Communications Terminal 
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AN/TSC-85(V)2 
Satellite Communications Terminal (Cont.) 


CURBSIDE WALL 
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73. 


74. 


a. 


Cc. 


Reference 


40 2401 


100% 


1600 2401 


x5 
I 


12 _ .0075 
x 1.00 


-0075x = 12 


-0075xX _ 12 


-0075 -0075 


x = 1600 (Marines in the battalion) 
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AN/TSC-86 
Satellite Communications Terminal 


NSN: 5895-01-083-6891 
5895-01-051-9427 


Reference: 11-5895-846-14 
General Information 


The AN/TSC-86 can provide simultaneous communications with up to four other 
terminals. Included in the terminal is modulation, demodulation, multiplexing, and signal 
conditioning equipment necessary for processing multiple, medium-, wideband-digital voice, 
data, and teletype signals. The electronics are housed in an S-280 shelter with mobilizer. 
A power pallet containing two 30 kW generators is employed as part of the terminal. The 
terminal also consists of two antenna groups: the 8-ft group, AS-3036 and the 20-ft group, 
AS-3199. 

The communications subsystem accepts VF, teletypewriter, and baseband digital 
signals from external cable transmission networks and combines them with on board teletype 
and voice orderwire signals to form a composite, multiplexed, digital signal called the mission 
bit stream. This bit stream is applied to a bulk encryption device before routing to the digital 
data modem by the modulated 70-MHz panel for conversion to SHF and transmission. 
Received signals are processed in a similar manner, except in the reverse order. 


Technical Characteristics 


Type Of Servite jo sh.ceniniioed ite bnasoted eh quanta s sae wens Multichannel 
Frequency Range: 

MPA SINE. He. 5, a2 ot oe te ae aces BO Bc Dee tic, eek eae Oe ee eee gL 7.25 to 8.4 GHz 

IROCEIVE no wasi ua Wn foe neers eee hae Bate er gins ineete Sh whereas od 7.25 to 7.75 GHz 
Planing Ranvey sane none cre namie be veee kee ud enamehos ex 16,093 km (10,000 mi) 
Power Input secs 2 ones Se heen Bata eae waa eS 120/208 V AC, 50/60 Hz 
POWeOP -SOULCES ik ts Be SAS Ee 8 a Pee wR RE 30-kW generator (two each) 
POWerOUIDUL aia (on ee ett Geant awash e hacks wins Se 1 kW max 
AICHM a OV SIO in.iy otha J has wold eae at's One quick-reaction, 8 ft parabolic 


one 20-foot parabolic that can 

transmit and receive multiple carriers 

DeEU Pp TIME. sessed et aura Sees be eras Approximately one hour to satellite 
acquisition with small antenna; within 12 hours for large dish 
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AN/TSC-86 


Satellite Communications Terminal 
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AN/TSC-93A and AN/TSC-93B 
Satellite Communications Terminals 


NSN: 5895-01-113-5344 (AN /TSC-93A) 
5895-01-284-8307 (AN /TSC-93B) 


Reference: 11-5895-1127-10 (AN/TSC-93A) 
11-5895-1434-12-1 (AN /TSC-93B) 


General Information 


The AN/TSC-93A and AN/TSC-93B terminals contain equipment to receive, transmit, 
and process medium and high capacity multiplexed voice, data, and teletypewriter circuits. 
Using encryption equipment, they will process secure and nonsecure traffic. The terminals 
are intended for point-to-point operation in tactical communications systems. They can 
simultaneously transmit and receive a single high data-rate carrier. The terminals include 
modulation and demodulation equipment and a specialized PCM signal processor. Digital 
interfaces are set up using external connections for an intercommunications set, field 
telephones, wideband 70 MHz, and CBR alarm. These terminals are used as a 
communications link via satellite with the AN/TSC-85A, or another AN/TSC-93A. 


Major Components 


-93A 93B 
Receiver-Transmitter Orderwire RT-1287/TSC 1 
Frequency Converter CV-3201/TSC 2 1 
Digital Data Modern MD-945/TSC I 
Radio Frequency Amplifier AM-6701/TSC l 
Power Supply PP-7087 


Power Supply PP-7712(V)2/TSC 1 1 

Frequency Converter CV-3189/TSC 1 

Multiplexer /Demultiplexer (TSSP) 1 
TD-1147/TSC 

Multiplexer /Demultiplexer (TSSP) I 1 


TD-1337(V)2/TSC 
Multiplexer TD-754/G 
Multiplexer TD-660/G 
High-Speed Data Buffer TD-1065/G 
Echo Suppressor MX-9635A/TSC 
Converter CV-1548/G 
Security Device TSEC/KY-57 (not basic issue) 


NO NY NY Pp Pp 
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Major Components 


(Cont.) 
-93A 93B 
Multiplexer TD-1069/G (not basic issue) 1 1 
Telephone Set TA-312/PT 1 
Intercommunications Station LS-147F/FI 1 
Antenna AS-3036/TSC 


Antenna Control C-10237/TSC 
Antenna Control C-10348/TSC 
Shelter S-250 


Re Re ps ps pe pe 


Technical Characteristics 


Frequency Range: 


IRCCCIVG oid hn Bee awe oa oe «Bee ge ae Oe ee eo 7250 to 7750 MHz 

TE AMSTNIE 2 tee Uk St ON as ont as edn Oe eek eke oe 7900 to 8400 MHz 
POWeR OUt PU sen aeg rss g kates Seite Goose Shae Rese OSES SOC RES 500 W (nominal) at antenna 
Single Channel Operation: 

(Dig hal VOCS) os tlhe 8 whe SA Soe di fealaghs’ gl ark ang tale th mec atten andl 16/32 kb/s 
Multichannel Operation: 

PIN PT SC AOS oe hearin dk halen deh See au ar he ow ale alle oe 6, 12, 24 channels 

ANTS CA98R. seb eee! ce a Bee ee Kae ee Seed 6, 12, 24, 18-96 channels (48 kb/s per 


channel at true multiplex data rate) 
Power Requirements: 


FNL W ial es) G20 6 Spear ae aaa ae ar 115 V AC 10%, 50/60 Hz 5% single phase 
1380 W (nominal) 
FIN ISCAS « paps putas Pe eee eae ead 115 V AC 10%, 50/60 Hz 5% 3-phase 


5-wire, 5500 W (nominal) 

Organic Power: 
PN EC 98 aire Bota are Sa a Oe GON ie eens ace EAS ok OE Ch PU-619 (modified) 
NG TSG OOAG ca Rute thea cect ase at betel aablactlahe Wet iol Pact ea Ae eae rt 2 1/2 ton truck (two each) 
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AN/TSC-938A 
Satellite Communications Terminal 
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AN/TSC-93A 
Satellite Communications Terminal 


Curbside 
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AN/TSC-93B(V)1 


Satellite Communications Terminal 
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AN/TSC-93B(V)1 
Satellite Communications Terminal 
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AN/TSC-93B(V)2 
Satellite Communications Terminal 
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AN/TSC-93B(V)2 
Satellite Communications Terminal 


Curbside 
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STUDY UNIT 3 
ALGEBRA 


Introduction. The beginnings of algebra as we know it date 
from around AD 830 when the Arabs and Hindus became an 
important part of our number history. The Arabs used algebra 
in their study of astronomy and it is believed that much of 
it was borrowed from the Hindus. The word algebra is derived 
from part of the title of a book written by an Arabian 
mathematician named Al-Khorwarazmi. The book, “ilm al-jabr 
wa'l magabalah," became known throughout Europe as "al-jabr" 
which you can see is similar to algebra. This study unit 
will enable you to identify and evaluate algebraic 
expressions, solve simple equations and inequalities, and 
solve problems involving proportions and percentages. Let's 
first look at algebraic expressions. 


Lesson 1. ALGEBRAIC EXPRESSIONS 


LEARNING OBJECTIVES 


1. Given an algebraic expression, identify the monomial 
term. 


2. Given an algebraic expression, identify the like term. 


3. Given an algebraic expression, identify the polynomial 
term. 


4. Given algebraic expressions, apply the proper operations 
to evaluate them. 


3101. General Information 


During this study of algebra you will be confronted with two 
kinds of numbers: The numerical symbols that you have been 
accustomed to such as 1, 2, 3, 4, 5, etc., and literal numbers, 
that is, numbers represented by letters of the alphabet. These 
literal numbers are usually the unknown quantity that you are to 
find. Since literal numbers can have any value and are not 
fixed, they are called variables; that is, the value of x, y, 2, 
m, n, etc. can vary from problem to problem. On the other hand, 
7 is 7, 6 is 6, 34 is 34, etc., no matter where they are used. 
The value of these number symbols (numerals) stays constant, and 
for this reason they are called constants. When a product 
involves a variable, it is customary to omit the multiplication 
symbol x so as not to confuse it with the literal number x. 
Thus, 3 times m is written as 3m and a times b is written ab. 
Recall that the product of two constants is not written in this 
manner, but is expressed by using the symbols of grouping that 
were discussed earlier such as: 6 x 4 is not written as 64 but 
as 6(4), or (6) (4). 


FM 24-24 
MILSTAR Ground Command Post 
NSN: To be determined 
Reference: To be determined 


General Information 


The MILSTAR ground command post (GNDCP) terminals are designed for high 
capacity CP operations. This includes a mission control segment interface, force direction, 
CINCNET operation, and full-beam management capability. Depending on the configuration 
ae branch of service) the terminal can be fixed or transportable by aircraft, ship, or truck. 

e terminals use an extremely high frequency (EHF) uplink and a SHF downlink. Fielded 
terminals will use the Fleet Satellite (FLTSAT) EHF packages on FLTSAT 7 and 8 until the 
MILSTAR satellites are launched and operational. 


Technical Characteristics 


Communications Capability: 

« Throughput: Can transmit on four EHF channels at 75-2400 bp/s, four EHF 
channels at 75-300 oe s; and receiving sixteen SHF channels at 75-2400 bp/s and sixteen 
UHF DAMA channels crossbanded to SHF. 

Security: 
* KG-84A and KGV-11A COMSEC encryption. 


Antenna: 


* Fixed: 90 inch parabolic with ground fixed radome. 
¢ ‘Transportable: 96 inch with no radome (carried on a five-ton truck). 


Shelter: 


+ Fixed: Housed in operational center 
+ Transportable: S280 transported by a five-ton truck. 


Power: 


+ Fixed: Commercial power 
* Transportable: Two 30 kW generators 
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MILSTAR Ground Command Post 


AN/FRC-181 (EHF/UHF FIXED GNDCP) 


AN/TRC- 194 (EHFIUHE TRANSPORTABLE GNDCP) 
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MILSTAR SMART-T 
NSN: To be determined 


Reference: Tobe determined 
General Information 


The Secure Mobile Anti-Jam Reliable Tactical Terminal (GMART-T) is a HMMWV 
mounted, EHF terminal that provides multichannel range extension for MSE at division and 
corps. The terminal operates at T-1 (1.544 Mb/s) over the MILSTAR satellite (it also can 
operate over EHF packages on FLTSAT and UFO. It provides LPI/D, built-in transmission 
security (TRANSEC) with over-the-air rekeying (OTAR), and a capability to interface and 
control certain aspects of the satellite such as resource control and antenna pointing. 
SMART-T will replace the multichannel GMF terminal for hard core and core users. 


Technical Characteristics 
Communications Capabilities: 

* Throughput: Can support multiple, simultaneous, low data rate (LDR) and medium 
data rate (MDk) data streams up to an aggregate data rate of 2.240 Megabits (million) per 
second Mb/s. 

« Data Rates: Four data streams at 128, 256, 512, or 1024, 

One data stream at T-1. 
Frequency: 

* Uplink: 43.5 -45,5 GHz (Q Band) with 2 GHz Bandwidth 

* Downlink: 20.2 -21.2 GHz (K Band) with 1 GHz Bandwidth 

¢ Security: TRANSEC only integrated GPS 


Block of Instruction Presentation (BOIP): ECB 
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MILSTAR SMART-T 
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STAR-T 
NSN: To be determined 


Reference: Tobe determined 
General Information 


The SHF Tri-Band Advanced Range Extension Tactical Terminal (STAR-T) is a 
HMMWV mounted multichannel satellite terminal. It has a tri-band capability in the SHF 
range. The STAR-T terminal will operate over commercial and military SHF systems and 
will interface with both commercial and military switching systems. It will provide the 
required range extension for TRI-TAC systems at EAC and non-terrrestrial communications 
connectivity between EAC and ECB. 


Technical Characteristics 
Frequency Range: 
3.9 GHz-6.2 GHz (C Band) 
6.2 GHz-10.9 GHz (X Band) 
15.25 GHz-17.25 GHz (Ku BAND) 


Characteristics: 


Four T-1 (1.54 Mb/s) circuits or four E-1 (2.048 Mb/s) 
Circuits for a total aggregate of 8.192 M/bs 


BOIP: 
EAC 


Milestones: 


To be determined 
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STAR-T 


6-108 


| eR ee 


\/ 


kK 
H YASS 
| ah 


i 


FM 24-24 


Section VI. Single-Channel Tactical Satellite 
Communications Radios 


AN/CSZ-1A 
Sunburst II Processor 


* This radio is an over-the-counter commercial purchase obtained by the US Army. 
NSN: To be determined 


Reference: To be determined 
General Information 


The AN/CSZ-1A Sunburst II processor provides high grade half-duplex secure voice 
and data communications over wideband and narrowband communications links. The 
Sunburst II supports both secure voice and secure data at 12 and 16 kb/s over wideband radio 
links. The unit also provides narrowband secure voice (LPC-10E) and secure data at 2.4 kb/s 
for radio or wire line transmission. The Sunburst II incorporates the indictor COMSEC 
module, and has been endorsed by the National Security Agency to encrypt voice and data 
up to the TOP SECRET level. Key features include ANDVT compatibility and the capability 
to receive OTAR in both narrowband and wideband modes. The Sunburst II provides the 
user with the capability to communicate to a host of existing COMSEC equipment such as 
KY-57/58 VINSON, ANDVT/KYV-5, KG-84 A/C, SINCGARS, Fascinator, STICS, and 
Sunburst I. 


Technical Characteristics 


Operating Modes: i iiie5 a Sel el eo ie Ang ee gah eas eta ae wats Wire line/Telephone 
2.4 kb/s voice/data 

9.6 kb/s data radio 

2.4 kb/s voice/data 

12 kb/s voice/data 

16 kb/s voice/data 

POWEE OOUTCES S6. oh hte 2M cos aie ee SR hee Oi i 20 a hale el ooh s eid BA-5590/U 
BB-590/U 

LSAD-100 AC/DC Power Supply 

WIPNE Sto ios. ex autetawete dieu eee eines Dana duet deat black Soo oie cee 6.3 Ibs 
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Technical Characteristics 


(Cont.) 
Interfaces: 
TRACIO!esthcnue sh ouh are bo ara ee AU AE ME hehe MIL-STD-188C 
NTH TNE Goh ae bce ea ot 2h as a ee hk tee steals cate Oh yeh tnee ap che Me at At Ge CCITT V.27 
Aad % fae. seis Se Se ace Ochs Seal eee See Ng tae ad cs a eels ate OE tral ods RS-232 
WIS oaks cra einecat cathe, tte mech Aoi aa Al lamina Adenine dee cn! cla H-189/H250 handset 
AN/CSZ-1A 


Sunburst II Processor 
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AN/PSC-3 and AN/VSC-7 
Tactical Satellite Communications Radio Sets 


NSN: 5820-01-145-4943 
5820-01-090-5449 


Reference: TM 11-5895-1180-10 
TM 11-5895-1181-10 


General Information 


The AN/PSC-3 and AN/VSC-7 equipment is compact, lightweight, and deployable in 
quick-reaction situations where extended communication range is essential to mission 
effectiveness. The equipment can operate on-the-move/LOS at 2 W, or in the at-halt/satellite 
mode at 35 W and can transmit or receive in voice or data formats in both modes. The 
equipment can be used with Speech Security Equipment TSEC/KY-57 or TSEC/KY-99. The 
AN/VSC-7 is used as a net control station (NCS) and is mounted in a 1/4 ton vehicle or an 
5-280 communications shelter. It can serve up to 15 AN/PSC-3 terminals in a 
communications net with the selection of conference or individual call-codes available at the 
control converter C-1119()/VSC-7, front panel. 


Technical Characteristics 


Bana Widthi.cs eect Gx ae ea hat Mies Bae ea eS Transmit/receive on 5 to 25 kHz 
Frequency (Raneecs ven se ee Se Ubon gu bee eee ue Se iaia Ses Ge 225 to 399.995 MHz, 
also 16-kb/s emergency voice communications 

over a5 and 25-kHz satellite channel 


POWEE IN PUt s sicewada vireo he ac dieatasa nd ears tere herene doe es 22 -32 V DC 
Power OuipUl sesso Aoek BUSS ee oe Re ee ia mio he SAT, 35 W; LOS, 2 W 
OWE SOULCE Vi. ao. eh kane Se weirs AN/PSC-3: Two BB-590/U NI-CAD batteries, 


two BA-5590/U lithium batteries, 

PP-6148()/U power supply 

or G-76 (V)1/G DC generator AN/VSC-7: 

Vehicular power system or 110/220 V AC 50 to 400 Hz 

PAULINA Hs. bootie esa aoe le ras ee ek Omnidirectional whip antenna for LOS; 
medium-gain, collapsible antenna for at-halt 

communications satellite 
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Technical Characteristics 
(Cont.) 


WEIGHE da eceeetene ne RT-1402( )/G with Battery Box CY-8006() /PSC-3, 7.27 kg 
Control Converter C-1119()/VSC-7, 17.73 kg 


AN/PSC-3 
Tactical Satellite Communications Radio Set 


BATTERY BOX 
WITH BATTERIES 
INSTALLED 


ANTENNA 
BASE 
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Another customary practice in algebra is to use the raised dot to 
signify multiplication (6 - 4, a * b). Like the raised dot, 
there are additional terms you must become familiar with; let's 
look at then. 


3102. Nomenclature 


a. Algebraic expression. An algebraic expression is any 
combination of numerals, literal numbers, and symbols that 
represent some number. In its simplest form it is called a tern. 
No part of a term is separated by addition or subtraction signs. 


Examples: x and 173562ab%c?m2p4xYy? are both terms. 


Note: Expressions, as just illustrated, can take a variety 
of forms. 


b. Monomial. An expression of only one term is called a 
monomial. It can appear in several forms and can have several 
parts of its own or it may be as simple as a literal number, n. 
By adding one numeral to this literal number, for example, 5n, 
you have added new terminology. Five and n are factors of some 
product which, until you replace n with a constant, can only be 
known as 5n. Five is known as the coefficient of n. The literal 
number n is actually a coefficient of 5 also, but it has become 
conventional to refer to the numerical part of the term as the 
coefficient. 


_ Example; In the term 176y*, 176 is the coefficient of y?.: 


This example brings up the need to understand another item, 
exponent. 


c. Exponent. This is the small raised number that shows the 
power of a number or how many times this number, called the base, 
is to be used as a factor. 
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AN/PSC-3 


Tactical Satellite Communications Radio Set (Cont.) 
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AN/VSC-7 
Tactical Satellite Communications Radio Set 


aeeogeE ts . | > LOW-GAIN 
ANTENNA 


AN/VSC-7 
(AN/PSC-3( ) WITH CONTROL CONVERTER) 
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HST-4A 
Satellite Communications or Line-of-Sight Radio 


NSN: 5895-01-293-3579 
Reference: To be determined 
General Information 
The HST-4A provides satellite or LOS communication in data or voice modes. The 
small, lightweight transceiver operates in the UHF band from 225 to 400 MHz. A two-card 
modern is built in providing 1200 or 2400 bp/s data capability as well as up to 16 kb/s FSK 


for both transmit and receive. 


Technical Characteristics 


Baie WiC eres 2G oto ot le ts ort een Ee ee on Transmit / Receive on 5 and 25 kHz 
Frequency RANG O22 a coe ate nate wuaetercnets incites ha Cnerecaniha was 8 225 to 399.995 MHz 
TEMG ANCECMIONIS). 2Gchisds S53 bo 28 wee ey 5 kHz: FM, X, D1.2 or D2.4 data mode 
PRESET CATING Si atts op reat Pees. ni kyon ee een oR a Reh g preset, 1 manual 
Recenwe Otfset. Frequency 25. or.qSauebaeen ded s5 0 to +/- 174.995 MHz offset from 
2) the transmit frequenc 
Frequency Stability’ coasted ht siete ewes ex +/- 1 PPM over temperature an 
supply Was for one year 
Card: Channels, 21sec nace bate eee luce od dah a eae 243.000 MHz AM 
Signal Strength Tylegss th Bele sas arte tee aise doatalente ca) enditd ae ae Five-light display indicates receive signal 


strength and relative indication of transmit power 
in all modes 


Data Rates: 
With Built-In Modem............ 0.000000 eae 1200 bp/s 2400 bp/s; BPSK, DBPSK 
Wideband Secure Voice.............05. 16 kb/s; FM-FSK and AM-ASK with KY-57 
Remote Control cs e5.642 4 cie od bebe be Smcies All models, presets, and frequencies can be 
remotely controlled through the 
X mode-connector serial input 
WIS ein ch tessa dented eet hoternuasedh Beaune oa 3.1 ke (7 Ib) 
INPULVONACEs 255. nccvemsentiasedtanin arn condos +24 V DC nominal (20 to 30 V DC 


without degradation) 
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Technical Characteristics 


(cont.) 

Current CONnSUMPUON: isis 25s otohciocet smears we rnavnaris 22A receive, 3.5 A transmit 
POWOL SOURCES ss:c..2 Seetets sate bdande taa8 BB-590/U Rechargeable Nickel-Cadmium Battery, 
BA-5590/U Lithium Battery 
PRTC OTA 5c Rowe od ees Saks Sgt eS cy 5 t5p Sh vtec hee Sent Omnidirectional whip antenna, 
for LOS; medium-gain, collapsible 
antenna for at-halt communications 

HST-4A 


Satellite Communications or Line-of-Sight Radio 
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LST-5B and LST-5C 
Lightweight Satellite/Line-of-Sight Terminal 


*This radio is an over-the-counter commercial purchase obtained by the US Army. 
NSN: To be determined 
Reference: To be determined 


General Information 


The LST-5B and LST-5C can be pe deer as manpack, vehicular, shipboard, or 
airborne and can be operated by remote control via dedicated hardware or personal computer 
based software through X-mode connector. It modulates in AM and FM voice, cipher, data, 
and beacon. 


Technical Characteristics 


Band width + <4.<Seae sere ee ee ee Oe ee Re Transmit/receive on 5 kHz and 25 kHz 
PROGUCTICY INGE C: sell ase cakes aye elu big ghey bo Salts Wh. SUNG ou 225-399 .995 MHz 
Wharinel Spacin® « 4%) estan Vo ee aed tas eos ais es 5 kHz and 25kHz 
Prequency ACCuraCy so 4.ccs wove aed y eee od xe 1 ppm over operating temperature 

and for one year 
Modulation -seeceu a sod eee eres otek sae ak AM and FM, voice, cipher, data and beacon 


1200 BPSK, 2400 SBPSK data, 

non-differential or differential encoded data 

Operating Modes: yo2ncedaty voided ue eine ened deuce bee ouR Ses BPSK, SBPSK, 
(1) Plain text: AM, FM 

(2) Cipher text AM, FM 

(3) T-R: Transmit/receive on any of nine preset channels 

(4) Beacon; transmit swept tone on selected frequencies 

(5) SELCALL: 75 selective call codes, one conference call code 


Power Quiput sncuvskusckyes soa ve tense vee Fear es FM, PM: adjustable in 2 W ee 
from 2 to 18 W AM: 

low 2 W, high 5 W 

WV CIOs oot Sth Se chit Saat are Pat ay eee aS eae a kl he he a eae es 8.4 lbs 
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Equipment Compatibility 


LST-5B LST-5C 

AN/CSZ-1 AN/CSZ-1, 1a, 11, Packet 

ANDVT ANDVT/KYV-5 

KY-57/58 KY-57/58/65, KG-84 

AM-717/URC AM-7175/URC, 200 W PA 
PTPE-100, 101 PTPE 100/101 Pre-amp 

DMDG Grid, DMDG, Most RS-232 Devices 
AN/URC-101/104/110 AN/URC-101/104/110 

AN/PSC-3 AN/PSC-3, ARC-171 

HST-4 HST-4/AN/PSC-3/AN/VDC-7, VGIU 
Grid Computer FAX, still & slow scan video 


LST-5B and LST-5C 
Lightweight Satellite/Line-of-Sight Terminal 
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AN/PSC-7 
Lightweight Satellite Transceiver 


NSN: 5820-01-366-8919 


Reference: To be determined 
General Information 


The AN/PSC-7 is exclusively for use in the Commanders WarFighter Network. This 
radio is an improved version of the HST-4A and includes improvements of increased power 
output, 30 percent more efficient, better off-frequency noise regection and compatibility to the 
KY-99. It provides satellite or LOS communication in data or voice modes. The small, 
lightweight transceiver operates in the UHF band from 225 to 400 MHz. A two-card modem 
is built in providing 1200 or 2400 bp/s data capability as well as up to 16 kb/s FSK to 
transmit and receive. 


Technical Characteristics 


PReGUCNCY NAN BC estas Spier irae ae ay ede ee ea pan gaa eae 225 to 399.995 MHz 
‘Dune Inerements .cess Mics natn below how waales 5 kHz; FM, X, D1.2, or D2.4 data 

mode 25 kHz: AM modes 
Power Output-(variavle) sic. 505 o5« ad a Sate y oaweas <1 to 22 W (SAT) continuously 


from 1 W to max output 
<1 to 2 W (LOS) continuously 
from 1 W to max output 


PECSOECMANNEIS:- 3.05 Sati Went fn coded otal a eareh a a anes id bg Wiles 4 preset, one manual 
Receive Offset Frequency s.asuasiivenie sas eouse ea 0 to +/- 174.995 MHz offset from 
the transmit frequency 
Frequency Stability) ceeds house Meda ee ees +/-1 ppm over temperature and 
supply voltage for one year 
Ciara Channel fa olsen be pad owen en aemis ewes Lan pears as 243,000 MHz AM 
Signal Streneth e266 iiedait asa we Cham e Bake pleats display and indicates receive 
signal strength and relative indication 
of transmit power in all modes 

Data Rates: 
With Built-In Modem..................-0005- 1200 bp/s,2400 bp/s; BPSK, DBPSK 
Wideband Sectite Voice oy.s cia. .q. hve ovaw na thea vate eS ont 16 kb/s; FM-FSK and 
AM-ASK with KY-57 
Remote Controls gece dose hke ns at eles Halen d All models, presets, and frequencies 
can be remotely controlled through 
the X-mode connector serial input 
WGIBIN sb ord ary ie vat ihe 8 caleht cas ve ais eas wlreiahs certian Se eee Sardine 3.1 kg (7 Ib) 
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Technical Characteristics 


(Cont.) 
Input VONAGE: secede e pet eue dots et doue Doe aie wee eee +24 V DC nominal 
(20 to 30 V DC without degradation) 
Current Consumpion.< ss .2Ads ¢auhd Pou ey eee eee 22 A receive, 3.5 A transmit 
POWEr SOUNCE os ett ede ects ea ne kon we Paes BB-590/U Rechargeable Nickel- 


Cadmium Battery 

BA-5590/U Lithium Battery 

PUG NN A! (25, SS PER PEWS tt eee Omnidirectional whip antenna. 
For LOS; medium-gain, collapsible 

antenna for at-halt communications 


AN/PSC-7 
Lightweight Satellite Transceiver 
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AN/PSC-5 
Enhanced Manpack Ultra High Frequency Terminal 


NSN: To be determined 


Reference: To be determined 


General Information 


The terminals contain multiservice, nondevelopmental item (NDI), small lightweight, 
man-portable, single channel, UHF SATCOM radio. The terminals include embedded 
COMSEC, narrowband voice, 5/25 kHz AMA as well as LOS communications (voice and data). 


Technical Characteristics 


* 5 and 25 kHz channelization 

* KG-84, KY-57/-58 Embedded COMSEC 

¢ KYV-5 narrow and compatible 

* Less than 15 lbs and 450 cubic in (radio only) 
+ DAMA capability for 5 and 25 kHz 
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AN/PSC-5 
Enhanced Manpack Ultra High Frequency Terminal 
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y? is y to the seventh power and indicates that © 


y is to be a factor 7 times or y'y'y’ ¥° ¥* y: yr 


Let's look at another example of a different forn. 


The term 3x* indicates that the 3 is the | | 
coefficient which is a factor of the term. The — 
exponent 4 signifies that x, not 3x, is to, be . 
raised to the fourth power or used as a factor 4. 
times. Broken down, the term would appear as 
3°x*'X"x'xX. Care must be taken so as not to. 
associate the exponent with the wrong base. 


If this example were written: (3x)4, which at first. 
glance may seem the same, the base would be 3x. The 
parentheses indicate that the entire quantity 3x is: 
to be used as a factor 4 times as opposed to the . 
single quantity x mentioned previously. This 
example broken down would appear as 3°x:3°x"3°x'3°x% 
or, rearranging with the cummutative principle for 
multiplication, 3°3°3°3°x"x'x'x. The main: thing to 
remember here is to carefully observe the way the 
equation is written prior to solving it. 


Now that you have a basic knowledge of certain key terms, let's 
look at how likeness affects these terms. 


3103. Property of Likeness 


Earlier in the course, the property of likeness was used to 
perform operations with numbers. This same property applies to 
terms. 

As you saw previously, terms can take many different forms and in 
order for them to be combined they must be the same. 


15ab and 12765ab are similar. The same is true 
with 17abcdx? and abedx?, 2y* and 7y4, c? and. 


25c2. Two terms such as 8x and 3ab or x and x2. 
are unlike and cannot be combined or Simplified. . 
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TSQ-190(V) Special Purpose Integrated 
Remote Intelligence Terminal (SPIRIT II) 


General Information 


SPIRIT II is a mobile SHF communications system for the dissemination of secondary 
imagery and operation with the TROJAN network. The system will be deployed in three 
versions: V1 is the basic C/Ku-band configurable; V2 adds the capability for configuration for 
DSCS operations; and V3 which will add a UHF single channel radio to the basic V1 system 
option. 


Technical Characteristics 


Configurable for C/Ku-band satellite communications, and X-band in some cases 

Max data rate 512 kb/s; nominal 64 to 512 kb/s 

Primary shelter, spare equipment module, and mobile antenna platform 

2.4 meter mobile antenna for V1/3 systems, and 5.5 meter antennas for X-band operations 
BOIP: Field to division through theater MI brigades 


a o e e e 
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TSQ-190(V) Special Purpose Integrated 
Remote Intelligence Terminal (SPIRIT II) 


Primary 


Hardware 


Shelter 


and Maintenance 


Shelter 


Antenna 
Piatform 
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MILSTAR SCAMP 
NSN: To be determined 
Reference: To be determined 
General Information 

SCAMP is a manpackable, single channel terminal that is designed to interface with 
the MILSTAR low data rate (LDR) payload (it also can operate over EHF packages on 
FLTSAT and UFO). The terminal will operate in Laan and broadcast modes 
peel voice and data service at a maximum data rate of 2.4 kb/s. SCAMP Block I will 
e used for critical command and control communications between headquarters elements 
and their major subordinate commands. SCAMP Block II will provide point-to-point and 


CNR range extension for conventional and special operations forces. 


Technical Characteristics 


Communications Capabilities: 


. eps 2.4 kb/s (voice or data) 
« Modes of operation: point-to-point or broadcast 


Frequency: 

¢ Uplink: 43.5 -45.5 GHz (Q Band) with two GHz Bandwidth 
Security 

« Embedded COMSEC 
Weight: 


* Block I: 30 Ibs 
* Block 11:12-15 lbs 


Power: 


« Primary Power: BA-5590 or BA-6590 
- Alternate Power: 22-33 V DC from a tactical vehicle power integrated GPS 


BOIP (Block I/ID: 


* CINC, theater, joint task force (JTF), corps, division, and brigade 


6-125 


FM 24-24 


MILSTAR SCAMP 
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TRE ELECTRONICS 


INTEGRATED 
TRANSIT CASE 
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AN/PSN-11 
Precision Lightweight Global Positioning 
System Receiver 


NSN: To be determined 
Reference: Tobe determined 
General Information 


The precision lightweight global positioning system (PLGR) is a self-contained, hand 
held (man-portable or vehicle mourited) assive GPS receiver. It provides eight-digit grid 
coordinates with accuracy of 16 meters or less, elevation, velocity and direction of movement. 
It is used for targeting, reconnaissance, enroute and terminal navigation, surveying and 
tactical approach landing. 


Technical Characteristics 


Frequency: 
* Li: 1575.42 MHz 
¢ L2: 1227.6 MHz 


Spread Spectrum Techniques: 
* Coarse/acquisition (C/A: 1.023 MHz (L1 only) 
* Precision (P) Code: 10.23 MHz (L1 & L2) 


Weight: 
* 275 lbs 


Size: 
¢ 70 cubic inches (9.5 x 4.1 x 2.6) 


Power: 

* BA-5800 (disposable lithium battery) 
+ Rechargeable NICAD battery 

« 110/220 AC 

* 9-32 V DC 


BOIP: 
+ Down to squad level 
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AN/PSN-11 
Precision Lightweight Global Positioning 
System Receiver 
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Section VII. High Frequency Radio 


AN/GRC-122, AN/GRC-142, AN/VSC-2 
and AN/VSC-3 
Radio Teletypewriter Sets 


NSN: 5815-00-401-9270 ( 
5815-00-168-1556 ( 
5815-00-443-5511 (AN/GRC-142B) 
5815-01-100-6815 (AN/GRC-142C) 


AN/GRC-142) 
A 
A 
5815-01-104-7264 (AN /GRC-142D) 
A 
A 
A 


N/GRC-142A) 


5815-00-401-9719 
5815-00-401-9719 


( 

| 

(AN/GRC-122) 
5815-00-937-5295 

( 

( 

( 

( 

( 


N/GRC-122A) 
N/GRC-122B) 


A 
5815-01-095-6258 (AN/GRC-142E) 
A 


5815-01-095-1211 (AN/GRC-122C) 
5815-01-096-0428 (AN /GRC-122D) 
5815-01-095-1212 (AN/GRC-122E) 
5815-00-069-8914 (AN/VSC-2) 
5815-00-224-8130 (AN/VSC-3) 


Reference: TM 11-5815-334-10 (AN/GRC-122/142 Series) 
TM 11-5815-331-14 (AN/VSC-2) 
TM 11-5815-332-15 (AN/VSC-3) 


General Information 


The AN/GRC-122 family consists of medium-power, vehicular-mounted HF-SSB radio 
sets used primarily for RATT operations; however, they are capable of AM and SSB voice and 
CW operation. With the addition of a Navy standard one kW Radio Frequency Amplifier AM- 
3924/URT and Antenna Coupler AN/URA-38A, the AN/GRC-122 becomes an AN/GRC- 
122(V)2. This modified version provides the capability for long-range communications of 
3,862 km (2,400 mi). The AN/GRC-122 and the AN/GRC-142 are both shelter mounted. The 
AN/VSC-2 is mounted in a jeep and the AN/VSC-3 in an armored personnel carrier, The 
TSEC/KY-65 (Parkhill) and the ANDVT (minimum term KY-99) will be used for secure-voice 
operation with the AN/GRC-106. 


NOTE: The only difference between the AN/GRC-122 and the AN/GRC-142 is that the 


AN/GRC-122 has an additional receiver-transmitter and teletypewriter set allowing 
duplex operation. 


6-129 


FM 24-24 


Frequency Range.... 
Planning Range...... 


Number of Channels 


Power Input........ 


Power Source....... 


Power Output ..... 


Antenna........... 
ue eRe eee 


Squelc 


Type of Service ..... 
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Technical Characteristics 


se Sis Deets ety Ged nds Sicha Sate eee ote eens 2 to 29.999 MHz 
Cie Batt a iene ei Paes Dh Use short and intermediate distance 


groundwave and a a ena 
arts ( - 


LBS cseag aie es RT-662, 28,000 with a channel every 1 kHz 


RT-834, 280,000 with a channel every 100 Hz 


Letnksce rane Bee 28.5 V DC (115 V AC for TT-4, TT-76, TT-98, 


and UGC-74 is supplied through the control 
box and inverter) 


Sega eas tesge este neoh AN/GRC-122/142, vehicle power system or 


Generator PU-620 

AN/VSC-2, vehicle power system or 
Generator PU-675( ) 

AN/VSC-3, vehicle power system or 
alias power unit 


eee eee 3A3A, 3A3J, 400 W peak-envelope power 


0.1A1, 1.1A1, 200 W 


Ee era 4.57 m (15 ft) whip, or doublet AN / GRA-50 


ee ee ee 3KO0J3E (USB), 3KOOR3E (USB), 100HA1A, 


1K10A1A, and double-sideband AM (receive only) 
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AN/GRC-122 
Radio Teletypewriter Set 


REPERFORATOR-TRANSMITTER, 
TELETYPEWRITER TT-76(*)/GGC 


CONVERTER, 
CABINET, ELECTRICAL EQUIPMENT FREQUENCY SHIFT CONTROL, RADIO SET 
CY-1807/G CV-116(*)/URR C-1123/GRC 


RECEIVER, RADIO 


TELETYPEWRITER 
BacOr Agee a bed ° 5 TT-98(*)/FG 

i eae 

*@ © e © 
‘i- a —2 Pe" hy qi 
RECEIVER, RADIO —l ip aa Ce er | = FAN 
R-390(*)/URR , 29 5s ™ fi” f 
HEATER 


CABINET, STORAGE 
CY-1721(")/GRC 


LOUDSPEAKER 


TELETYPEWRITER TELETYPEWRITER 
ASSEMBLY LS-206(")/U 


TABLE FN-59/FG = TABLE FN-64/MGC 


BLOWER ASSEMBLY, ELECTRICAL 
H-223/G 


6-131 


FM 24-24 


AN/GRC-122 
Radio Teletypewriter Set (Cont.) 


FRONT CURBSIDE VIEW 
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Let's now take a look at how the property of likeness is affected 
by addition, subtraction, multiplication, and division. 


a. Addition and subtraction. Remember, every part of the 
literal portion of the number must be identical for the terms to 
be similar. 


Exam le: .10ab%c - 4ab“c = 6ab“c. If the expression 
hxample: p 


- ' » Gontains like and unlike terms, only the like 
"omnes are combined: S8ab + 4x - 2ab = Gab + 4x. 


b. Multiplication and division. Whereas adding and subtracting 
can be done only with like terms, any two terms can be multiplied 
or divided. We will confine ourselves, however, to like terms. 
The important difference with multiplication and division is that 
the letters (variables) are affected as well as the numbers 
(constants). 


Note: Two important things to remember: When multiplying like 


terms, you add the exponents. When dividing like terms, you will 
have no letters (variables) in the quotient. 


Example: Multiply Jac times 4ac, Each part of the two 


terms is multiplied 4°7, ata, and c*c. The 
“product is 28a2c2. 


Let's look at a different example using division. 


. «Example: Divide 10b? by 5b? 


| 2 
10b 
5b2 Here we divide 10 by 5 and bh2 by b2. 


With like terms, division of the letters 
(variables) will always be 1, therefore the 
answer is simply the quotient of the | 
coefficients (2). 
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AN/VSC-2 
Radio Teletypewriter Set 


POWER DISTRIBUTION 
BOX MOUNTING 
MT-3140/GRC-106 
AMPLIFIER, (WITH SHORT CROSS BARS) 
RADIO FREQUENCY 
AM-3349/GRC-106 


RED-BLACK 
RADIO TELETYPEWRITER 
P/O AN/GRC-106 


BINDING POST 
MODEM MD-522/GRC_~ ASSEMBLY 
CX-10171/U 
(CUT TO FIT) 
(P/O AN/ fF SS TELETYPEWRITER 
GRC-106) TT-4C/TG 
DRIVER'S 
RADIO SEAT 
RT-662/ POUCH 
anyone a j BAG EW. 
: 0 ~  & 2061/GR 
NWO eal ete 106 rep TT-4C/TG 
MOUNTING AH ING SIA GONG) oa CHANNEL 
MT-3140/ Wee ey. MSS Kui GLIDES (2) 
GRC-106 he 
(P/O AN/ MOTOR 
GRC-106) GENERATOR 
CONTROL MODEL 
BOX SS-688 
BLOWER 
SWITCH 
ed! ta! 
FLOOR PLATE MOUNTING 
FOR SECURITY EQUIPMENT 


OPERATOR'S SEAT CONTROL GROUP 


AND STORAGE BOX AN/GRA-6 
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AN/VSC-3 
Radio Teletypewriter Set 


STAND-OFF 


\ pgs Sel S 
INVERTER ~—Z&y LY) 4 b . | 


LS-166/U 
ASA 
OO a gt 
= Se || 
_— ~%, a YT) n 
—~, Re g | ad Ce | | x | = 
AM-3349/ © ( / a 
GRC-106 © } nee MX-7778/ 
= > whi GRC 
: q 
CLOCK el 
MD-522(*)/ 
GRC 
MT-3140/ 
RT-662/GRC GRC-106 
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Section VIII. Communications Centers and 
Operations Centers 


AN/GSQ-80, AN/GSQ-80A, and AN/GSQ-80B 
Message Centers 


NSN: 9999-00-018-6793 (AN /GSQ-80) 
9999-00-245-1840 (AN/GSQ-80A, AN/GSQ-80B) 


Reference: TM 11-5895-365-15 
General Information 
The AN/GSQ-80 is an air- or vehicular-transportable message center. It contains 
facilities for the receiving, sorting, distributing, and temporary storage of messages, 


dispatches and packages. 


Major Components 


1 Shelter S-280/G (modified) 
1 Intercommunications Station LS-147F/FI 
1 Telephone Set TQA-312/PT 


Technical Characteristics 


Power Requirement 0.4 cds thai Ae ees tous ie eit 115 V AC, 50 to 60 Hz 
Power ConsumptOn j4 gis 9 on ete seh ee We ee ee ewes 2,000 W 
WeIPKE contadscaraie ooieee iat ettageaseteteteanee stuns 1,180 kg (2,600 Ib) 
V ehicttlat REQ uInement: tare lc adi a hela dhe Sa EEN ae Carey One 2 1/2-ton truck 
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AN/GSQ-80, AN/GSQ-80A, and AN/GSQ-80B 
Message Centers 


MESSAGE 
DISTRIBUTION 


O 


cis of a 


ba 


ee — 


MESSAGE 
BAG FRAME TIME STAMP | 
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AN/MSC-25 


Communications Operations Center 
NSN: 5895-00-021-2088 
Reference: TM 11-5895-227-15 
General Information 


The AN/MSC-25 is an air- or ground-transportable operations center. It provides 
facilities for local telephone circuits, telephone switching, teletypewriter circuits, and 
intercommunications within the local area. Provisions are available for the optional 
installation of radio equipment. The AN/MSC-25 includes display boards and overlay screens 
required by the signal officer to plan, engineer, and control area type communications 
systems. 


Major Components 


Van V-189/MSC-25 (modified M-348A2) 
Telegraph Terminals TH-5/TG 
Telephone Sets TA-312/PT 

Switchboard SB-22/PT 
Intercommunications Station LS-147F/FI 
Teletypewriter TT-76/GGC 
Teletypewriter TT-4A/TG 


ee NO ne 


Technical Characteristics 


Rower Requirement 15.0% 3 ersrartclatnll fads Eas net ae faiere ed 115 V AC, 50 to 60 Hz 
Power Consumpuon:; cacauaee coates tee epi ce ee teeta he oat Cha 10,652 W 
Welehtc 2403 sesi32 4 tec otaw iw ueacodins Baew eee 5,902 kg (13, lb) approx 
Vehicular Requirement ..u<<sature vent exe eeeawencdenketyenlea One 5-ton tractor 
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AN/MSC-25 
Communications Operations Center 


SPEAKING = AIR CONDITIONER 
DISTRIBUTION DUCT 


TIE-DOWN BAR TUBE TOOL PANEL 


\ 
Ny 
\ 
=| |e] TTT 
alle 
aa Cf 


=r ) 


6 iH 
{ 
Yi 
i 
i 
PENCIL BOX 


MAP 1 JACK BOX 
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AN/MSC-31 and AN/MSC-31A 
Communications Operations Centers 


NSN: 5895-00-167-7931 (AN/MSC-31) 
5895-00-168-1569 (AN/MSC-31A) 


Reference: TM 11-5895-223-15 (AN/MSC-31) 
TM 11-5895-463-15 (AN/MSC-31A) 


General Information 


The AN/MSC-31 and AN/MSC-31A are air or vehicular-transportable field 
communications offices. Each includes a telephone switchboard, intercommunications 
equipment, and local telephone circuits. Drafting and display board facilities, required by 
the operations officer to vae engineer, and control area type communications systems are 
provided. The AN/MSC-31 or AN/MSC-31A also provides for the optional installation of radio 
equipment. The AN/MSC-31 or AN/MSC-31A normally is used with operations Center AN/ 
MSC-32A at corps and above signal centers. 


Major Components 


Shelter S-183/MSC-31 (modified S-141/G) or Shelter S-371/MSC-31A (modified S-280/G) 
Radio Set AN/VRC-47 (AN/MSC-31A as required) 

Radio Set AN/GRR-5 (AN/MSC-31A as required) 

Switchboard SB-22/PT 

Intercommunications Station LS-147F/FI 

Telephone Sets TA-312/PT 

Air Conditioner (AN/MSC-31A) 


eee Se el ee ee 


Technical Characteristics 


POWEEREQGUITCINGI tiling olen 28 6 ines bgt Oude Nd Oe wlel ga fag 115 V AC, 50 to 60 Hz 
Power Consumption: 
PMP AW ihe, Gea 5 Up no we 3,542 W 
PRIN ISG = Ls Oe ees Daas ete at and Crees ee aves ls Bene ore Cane a a ou dyad 4,639W 
Weight: 
BIN WISC-S EL sexe ocd sestd: Dini hase he ack SAR a tere, Wack. e 1,198 kg (2,639 lb) 
IN JISC 31S 2 ankigtig tests cris toa neler advert grnadaih halen tc 1,398 kg (3,080 Ib) 
Vehicular Requirement (:2.+ 224245 Ly xwih ees Moke eke ee Sees oo One 2 1/2 ton truck 
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AN/MSC-31 and AN/MSC-31A 
Communications Operations Center 


DISPLAY BOARDS 


RADIO SET 
Li AN/GRR-5 
Hl ig 
| [ LOUDSPEAKER 
F LS-454/U 
I RECEIVER 
BASKET, | | 
ag TELEPHONE | TRANSMITTER 
OES ER ey AND set : RT-524/VAC 
ii INTERCOM] = r4.312/PT 
CONVENIENCE | | | —<— SIC ES) = gACRS RECEIVER, 
Beene ee = eS a ars pape 
TABLE TOP os ES i =! SIGNAL OUCT SWITCHBOARD, 
ASSEMBLY | _fool POWER DUCT [oof TELEPHONE, 
4 — or ao MANUAL 


S$B-22A/PT 


es Ae = 


a iy oma 
4 Bs; Mh Smee 
I Laer 


POWER SUPPLY 


PP.2953/U 
RECEPTACLE 
- CABINET 
HEATER 1 DRAWER BASKET CHAIR. PORTABLE BASKET, SAFE POWER SUPPLY 
ELECTRIC ASSEMBLY WASTE PAPER FOLDING TYPEWRITER WASTE PAPER PP.2953/U 
ROADSIDE 
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AN/MSC-32 and AN/MSC-32A 
Operations Centers 


NSN: 5895-00-167-7932 (AN/MSC-32) 
5895-00-168-1571 (AN/MSC-32A) 


Reference: TM 11-5895-224-15 (AN/MSC-32) 
TM 11-5895-464-15 (AN /MSC-32A) 


General Information 


The AN/MSC-32 and AN/MSC-32A are air- or vehicular-transportable field 
communications operations offices. Each contains a telephone switchboard, a teletypewriter, 
and local telephone circuits. Display board facilities, required by the operations offier to plan, 
engineer, and control an area Ope communications system, are provided. The AN/MSC-32A 
provides optional installation of radio equipment. The AN/MSC-32 or AN/MSC-32A is used 
with Operations Center AN/MSC-31 at corps and above signal centers. The AN/TYQ-31 
replaces the AN/MSC-32 or AN/MSC-32A in units identified to receive the AN/TYQ-30 or 
AN/TYQ-31, CSCE. 


Major Components 


-32 -32A 

Shelter S-184/MSC-32 1 

Shelter S-372/MSC-32A 1 
Switchboard SB-22/PT 1 1 
Teletypewriter TT-4/TG 2 

Teletypewriter TT-98/FG 2 
Teletypewriter TT-76/GGC 1 i 
Telephone Set TA-312/PT 4 4 
Telegraph Terminal TH-5/TG 3 

Intercommunications Station LS-147F/FI 1 1 
Telegraph Terminal TH-22/TG 3 
Air Conditioner, 9,000 BTU 1 
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Technical Characteristics 


Power Requirement: 


AN /NISCs32 ee vc SS ey Se HER. Gn Ban he BM OR Bah 115 V AC, 50 to 60 Hz 

FINMSC=32 6. & 8.3 et Ee a GS eee oO eS & ed 115 V AC, 50 to 60 Hz 
Power Consumption: 

PRINS OC 29 Da oats ccs aati aca te leri eee taste Sale ea ne Daag tae ele Melee Dita, ny 4,292 W 

BAIN PIN 3 BS oe 5 ae let city Sem. a i liniseush gas la en Meee Sian Magee Nite gui bia edule Gh ue ten 5,149 W 
Weight: 

BIN ISCAS cick to 3s wriste ce a tec arg ore a ee oll abate oat Deak ded oagedee 1,253 kg (2,761 Ib) 

PIN IASG = BA oho Get ae sutee sie ath hy aero Pula g Seceewe Giloak weasel Gt OR Pag poeta eh Gans 1,398 kg (3,080 Ib) 
Vebicular Requirement 5 note gigas ae etal ee ae Se ea One 2 1/2 ton truck 


AN/MSC-32 and AN/MSC-32A 
Operations Centers 


T BLOWER 1 
RADIO SE LOUDSPEAKER AIR CONDITIONER PATCHPANEL Accel y 


AN/GRR-S LS-454/U 


TERMINAL, 
TELEGRAPH 
TH-22/TG2 
TERMINAL. 
TELEGRAPH 
TH-22/TG3 
SWITCHBOARD, 


RECEIVER 
TRANSMITTER 
RT-524/VRC 


RECEIVER 
R-442/VRC TELEPHONE, 
TERMINAL, MANUAL 

SB-22A/PT 
TECECR ATH SIGNAL DUCT 
TH-22/TG1 PHONE AND 
TT-98C/FG1 INTERCOM 
JACKS JACKS 
TT-98C/FG1 TT-76C/GGC 
TELETYPEWRITER } JACKS 
EQUIPMENT TT-76C/GGC 
TT-98C/FG2 RECEPTACLES REPERFORATOR 
; ——- TRANSMITTER 
JACKS 
POWER DUCT ‘ TELETYPEWRITER 
ve [I+ HEATER 2 
BI] | ELECTRIC 
POWER SUPPLY “ MAT, RUBBER TT-98C/FG2 
PP-2953/U0 | (STORED IN ROLL) TELETYPEWRITER 
SSE L 


FRONT WALL 
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3104. Polynomials 


There are two types of polynomials that are very common, but 
before we discuss these, let's review. Do you remember what the 
algebraic expression of only one term is called? If you said 
monomial, you are correct. An expression with only one term is 
called a monomial. Mono means one, therefore it's one term. 


Examples: 9m, a, 


Poly means more than one, so algebraic expressions with more than 
one term are called polymonials. The two most common 
polynomial's are binomial and trinomial. Let's take a look at 
them. 


a. Binomial. A polynomial with exactly two terms is called a 
binomial. 


“Examples: -9x4 + 9x3, gm2 + 6m, 3m> - 9m. 


b. Trinomial. A polynomial with exactly three terms is called a 
trinomial. 


_ Examples: om? - Am? + 6, 19y2 + 8y + 5,  -3m? - 9m? + 2. 


Note: The determining factor of how many terms there are in an 
expression is the number of addition (+) and subtraction (-) 
symbols. Notice that the binomial example has two terms and only 
one addition/subtraction sign while the trinomial exemple has 
three terms and two addition/subtraction signs. 


Now that you have a better understanding of the terms in 
algebraic expressions, let's apply the proper operations to 
evaluate them. 
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AN/TYQ-30(V) and AN/TYQ-31 
Communications System Control Elements 


NSN: 5895-01-280-3568 AN/TYQ-30(V)I 
5895-01-280-3567 AN/TYQ-30(V)2 
5895-01-281-6861 AN/TYQ-31 


Reference: TM 11-5895-1392-12 


General Information 


The AN/TYQ-30(V) and AN/TYQ-31 Communications System Control Elements (CSCE) 
provide automated management/systems control of TRI-TAC networks. The CSCE gives the 
EAC network manager automated management facilities for planning the allocation, user, 
and operation of the deployed tactical communications network. An extensive network 
database monitors the network’s status through reports received from subelements. The 
CSCE provides an automated facility for preparing and disseminating operation orders, 
telecommunications service orders, contingency plans, and other documents. The AN/TYQ- 
31(V)1 oe a signal brigade with an ADP shelter, an operations shelter, and a remote 
terminal cluster. The AN/TYQ-30(V)2 (single shelter) with a remote terminal cluster 
supports a signal battalion. The AN/TYQ-31 (single shelter) will be deployed with the 
AN/TTIC-39A to be used by nodal management and technical control personnel. The CSCE 
will replace the AN/MSC-31 and AN/MSC-32. 


Major Components 


TYQ-30(V)1 TYQ-30(V)1 TYQ-30(V)2 TYQ-31 
(ADP) (Operations) 


Micro VAX II Computer 3 2 { 
175-MB Disk Drives 6 c) 2 
Workstation VS-2000 2 4 2 2 
VHF Radio VRC-46 or 

VRC-90 with KY-57 1 1 1 
KY-68 DSVT 10 4 10 8 
AN/UXC-7 1 1 1 ( 
Fiber Optic Extender 2 1 2 
Multiport Repeater l I 
DSDI 8 8 
TD-1235 i 
LS-147/F1 1 1 
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Major Components 


(Cont.) 
TYQ-30(V)1 TYQ-30(V)1 TYQ-30(V)2 TYQ-31 
(ADP) (Operations) 
Shelter S-280(C)/G 1 1 1 1 
Remote Terminal 1 1 
Cluster 
Orderwire Control Unit 1 


Technical Characteristics 


Power Requirement: 


CLC E Sesto, oa guna Aeneas ia ete he 120/208 V AC, +6% to -12%, 50/60 Hz 3% 3-phase 
POCUAD Gs coicets ove seg eryet ee eye Aeon 2 ay Beaneciiae Medea acct lege ean d 2h A on eal in 115 V AC, 50/60 Hz 
Organic Power: 
PAIN Te HOGG as the oe chenreieaad) OMe oe. ete aneaeane el abso one AN/MJQ-10 (20 each 30 kw) 
AN TY OBU 2. st Seton ules oa tates Wok saath eelew aos Ce A aes PU-406 (30 kW) 
PIN) TOSS Ue 2 wise bah tiara benatceant pa-ccmodan ules eaaliepaunesiae- cay mates aie ae aantaan’ PU-406 (30 kW) 
PIN LYE B 2S ue Ga Case tece eee cline re preteen a at ardecrade lg AMAA t AO Provided by the user 
Prime Mover: 
AN PTY O=300V i occa Oy cata onda tou vasane td anaea erence oe 2 each 5-ton M-923 
PIN TY OSU 2 exes ava ttite to Sas tea’ Stem eaaee hoes bate awe e Tagg 1 each 5-ton M-923 
PINE VES! a had ure ned gi Sieg eee was ae, ek ena he OS Me Meee A wha ae 1 each 5-ton M-923 
PING OO? 6 Bi beget lee wae ak oeuk hee ee DCR ER OER BEBE EE Man-carried 
Weight: 
ANGTVO- SOV) 3 ou etree cade gaan Gee ees 2,863 kg (6,300 Ib) (ADP shelter) 
2,727 kg (6,000 Ib) (operations shelter) 
PIN PE OBO CY 2 oa tees erect ear ta tye ae ole Mecca ode aces tbs Leese ae ee Maan 2,818 kg (6,200 lb) 
PUNY ool iss peices Dan tay BE ak orale eer ga it Saeed as ee tl 2,636 kg (5,800 lb) 
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AN/TYQ-30(V)1 
Shelter Layout (Automatic Data Processing Shelter) 


SHELTER 


A SAFE AND STORAGE RACK 
WORKSTATION CONSOLE 


UPS RACKS 
POWER ENTRY PANEL 


ECU CONTROL BOX oa RACKS 


Zo ECU SUPPLY AIR DUCTS 


ECU RETURN 
AIR DUCT 


| 
FIBER OPTIC ENTRY PANEL 
SIGNAL/VIDEO ENTRY PANEL 
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AN/TYQ-30(V)1 
Shelter Layout (Operations Shelter) 


TELEPHONE (4) 
OE 
a“ 


WORKSTATION (4) 
SAFE AND STORAGE RACK 


POWER DISTRIBUTION RACK 
ENTRY PANEL ECU RETURN AIR DUCTS 
SHELTER MAP BOARD 
BULLETIN BOARD (4) 


ECU SUPPLY AIR DUCTS 
ANCILLARIES 


UPS RACK 


PRINTER {2} 
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AN/TYQ-30(V)2 and AN/TYQ-31 
Shelter Layout 


SHELTER 


SAFE AND STORAGE RACK 
WORKSTATION CONSOLE 
UPS RACKS 
POWER ENTRY PANEL 


ECU CONTROL BOX EQUIPMENT RACKS 


ECU RETURN 
AIR DUCT 


FIBER OPTIC ENTRY PANEL 
SIGNAL/VIDEO ENTRY PANEL 
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Section IX. Patch 


AN/TSC-76 


Communications Patching Center 
NSN: 5895-00-168-1574 
Reference: TM 11-5805-583-15 


General Information 


The AN/TSC-76 is an air- or vehicular-transportable communications patching center 
used to provide an audio technical control facility for use in a division communications 
system. The AN/TSC-76 provides facilities for patching, testing, and monitoring telephone 
circuits and VF teletypewriter circuits. It can handle 572 two-wire circuits. It is used at 
division level in an area communications system. 


Major Components 


Electrical Equipment Shelter S-403/TSC-76 (modified S-250/G) 
Teletypewriter TT-98/FG 

Telegraph Terminal TH-22/TG 

Intercommunications Station LS-147F/F1 

Manual Telephone Switchboard SB-22A/PT 

Distribution Boxes J-1077A/U 

Telephone Set TA-312/PT 


NO el el el 


Technical Characteristics 


Power Requirement. cto tus touie pointe Soke ait ea ities gah ot 115 V AC, 50 to 60 Hz 
Power COnSUMmPHOM oo 5x0. 25 8s ose Siew wee aia eae teed waist 3,500 W 


Weigh? pond tebiuliaghi ds pony even det eee wee eee teen eyeeeeas 999 keg (2,200 lb) 
Vehicular Requirement 0 cscs cate aren eee th Ra dees One 1 1/4 ton-truck 


6-148 


FM 24-24 


AN/TSC-76 
Communications Patching Center 


LEFT BAY CENTER BAY 


RIGHT BAY 


PATCHING PANEL CLOSEO FOR OPERATION A 
RINGING 
GENERATOR EXHAUST PATCHING 
TA-248/TT BLOWER FASTENER HYBRIDS PANEL 


PATCHING PANEL CENTER BAY OPEN FOR MAINTENANCE 8B 
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AN/TSQ-84 
Communications Technical Control Center 


NSN: 5895-01-007-4788 
Reference: TM 11-5895-799-14 
General Information 


The AN/TSQ-84 is an air- or vehicular-transportable technical control center used to 
interconnect, test, and interface various types of communications systems. It can terminate, 
interface, patch, and test both voice and digital circuits. The AN/TSQ-84 has line 
conditioning equipment to permit interconnections with the DCS and the commercial 
systems. It also has the capability of 432 four-wire circuits. It will perform all functions of 
the SB-675/MSC, plus the additional functions inherent in its design. 


Major Components 


1 Electrical Equipment Shelter S-538/TSQ-84 (modified S-280/G) 
2 Manual Switchboards SB-22/PT 

1 Telegraph Test Set AN/GGM-15 

1 Telephone Set TA-312/PT 

2 Air conditioners 

1 Telephone Set TA-341/TT 

20 Line Amplifiers AM-6120/TSC-62 

1 Telegraph Terminal TH-22/TG 

1 Telephone Test Set AN/USM-181A 

9 Line Equalizers TA-957/G 

1 Teletypewriter TT-119/FG 

1 Oscilloscope AN/USM-296A 

2 Intercommunications Stations LS-147F/FI 
1 Reperforator-Transmitter TT-178/FG 


Technical Characteristics 


Power Requirement: \.o/4. 5 eke cooaae ae ee bs 115 and 230 V AC, 50 to 60 Hz 
POWER COMSUENDUIOM ce ical NG Ble Sa Settle lcs Seid Se coal MOH Otis pate halted 8,100 W 
WEICM i a Soiets Hees boa wea kate ea ciad Mia tae ate Mad gad aati 2,633 kg (5,800 Ib) 
Vehicular Requinenient o.2004 eiamierw retard eeowruR es One2 1/2ton truck 
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AN/TSQ-84 
Communications Technical Control Center 


Ve 


Ya: / mt 


LF ia Po aN 
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ROADSIDE 
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AN/TSQ-84 
Communications Technical Control Center 
(Cont.) 


CURBSIDE 
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3105. Evaluation 


Any algebraic expression can be evaluated to find out what number 
it represents if the values of the variables are known. It is a 
matter of arithmetic and following the rules of order of 
operations that were presented earlier. Your ability to evaluate 
expressions will be an aid to you in solving formulas and 
checking equations. The best way to evaluate expressions is to 
use these three steps: first, write the expression, second, 
substitute the given values, then do the arithmetic. 


If p = 3, evaluate 4p 


4p? = 4(3)2 = 4(9) = 36 (Note that the 3 is 
placed in parentheses to indicate multiplication 
by 4, and that the 3 was squared before being 
multiplied by 4.) © 


Let's look at two more examples of a different form. 


. Exattple 1; If m+ 2, evaluate (8m)? 
, | (8m)2 = (8 + 2)2 = (16)% = 256 


(Note that the entire quantity 8m is to be 
squared. ) 


é Example 2: If x = 3, evaluate 2x7 + 4x +5 


2x2 + 4x +5 = 2(3)% + 4(3) +5 = 
2(9) +12 +5 = 35 


Although some of the steps can be combined and 
others done mentally, it is recommended that you 
; write each step out and not take any short cuts. 


The most important thing to remember in evaluation 
is to follow the three steps: write the expression, 
substitute the given values, and then do the 
arithmetic. 


Lesson Summary. During this lesson on algebraic expressions, you 
learned about general information, nomenclature, property of 
likeness, polynomials, and how to evaluate algebraic expressions. 
In your next lesson, you are going to combine these algebraic 
expressions to form algebraic sentences which will help you later 
in solving equations. 
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AN/TSQ-84 
Communications Technical Control Center 
(Cont.) 


OUTSIDE REAR 
VIEW 
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SB-675/MSC and SB-675A/MSC 
Communications Patching Panels 


NSN: 5805-00-167-7882 (SB-675/MSC) 
5805-00-168-1548 (SB-675A/MSC) 


Reference: TM 11-5895-225-15 (SB-675/MSC) 
TM 11-5895-225-15-1 (SB-675A/MSC) 


General Information 


The SB-675/MSC and SB-675A/MSC are air- or vehicular-transportable 
communications patching facilities used to provide a circuit control facility for use in the 
corps area communications system. Each provides facilities for patching, ae and 
monitoring telephone circuits and VF or DC teletypewriter circuits. Each can handle 468 
two-wire circuits. 


Major Components 


SB-675 SB-675A 

Electrical Equipment Shelter S-189/MSC 

(modified S-141/G) 1 
Electrical Equipment Shelter S-404/MSC 

(modified S-280/G) 1 
Manual Telephone Switchboard SB-22()/PT 1 1 
Telegraph Terminal TH-5/TG or TH-22/TG 1 
Telegraph Terminal TH-22/TG 1 
Telephone Set TA-312/PT 1 2 
Teletypewriter TT-4A/TG 1 
Teletypewriter-98 /FG 1 
Test Set TS-140/PCM consisting of: 

Signal Generator SG-15/PCM and 

Decibel Meter ME-22/PCM 1 
Air Conditioner, 9,000 BTU 1 
Intercommunications Station LS-147F/FI 1 
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Technical Characteristics 


Power Requirement /s:29.2-24205 vas i SES SR EASES RES 115 V AC, 50 to 60 Hz 
Power Consumption: 
SB=6757 MSC> « vscei Ors pews e tis eee soe ed need ee bee e Bien 3,832 W 
OOO A Gn ehrr oh orca Cet Rcd OR test Sein ae BAD. be 8 PPE AO RA RAR A, UE DE 6325W 
Weight: 
BB 6707 MSC- otc bscnk oud be ha Reckwaleg bese pe 1,200 kg (2,644 lb) 
CBO Oe AS. wears ge fee easel ah ase Hees ata lao hace Pot cbeicd de 1,725 kg (3,800 Ib) 
Vehicular REGUirement: 2165.22: 2025 secant wor vig Ga ueardets 28 One 2 1/2 ton truck 
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SB-675/MSC and SB-675A/MSC 
Communications Patching Panels 


PATCH PANEL 


3 
ro) 
Po 
oO 
2 
Py 
TUBE ——7% 
PULLER 
9 
PARE 
TUBE PIN oie HEATER 
JACK 
STRAIGHTENER 


STRIP 
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Chapter 7 Mobile Subscriber Equipment 


General Information 


Section I. System Control Center-2 


OL-490/TYQ-46(V) Management/Planning Shelter 
OL-489/TYQ-46(V) Technical Shelter 


Section II. Node Center 
AN/GRC-224(P) Radio Set 
AN/TRC-191 Radio Access Unit 
AN/TSQ-154 and AN/TSQ-154A(V)1 Node Management Facility 
AN/TTC-47 Node Center Switch 


Section III. Large Extension Node 


AN/TIC-46, AN/TTC-46A(V)1, AN/TTC-46B(V)1 and AN/TTC-46C(V)1 
Large Extension Node Switches 


Section IV. Small Extension Node 
AN/TTC-48(V) Small Extension Node Switch 
Section V. Subscriber Terminal Equipment 
AN/VRC-97 Mobile Subscriber Radiotelephone Terminal 


Section VI. Line-Of-Sight Multichannel Radio 
Terminals 


AN/TRC-190(V) Line-of-Sight Multichannel Radio Terminal 


Section VII. Mobile Subscriber Equipment 
Contingency Communications 


AN/TTC-50 Communications Central 
AN/TTC-51 Communications Switching Set 
AN/TRC-198(V)1 and AN/TRC-198(V)2 Line-of-Sight Multichannel Radio Terminal 
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General Information 


MSE provides rapid, secure communications and has replaced the existing mix of 
INTACS and ATACS communications equipment in the corps and division. It is designed to 
meet the requirements of a five division corps for a mobile, flexible, reliable, and survivable 
common-user area communications system. MSE system features meet the needs of the 
commander who conducts operations in war and operations other than war. MSE’s six 
functional areas provide a self-organizing network that includes automatic affiliation, 
deducible telephone numbering, and flood search routing techniques. These six functional 
areas are: 


« Subscriber terminal—consisting of telephones, facsimile terminals, and interface 
for data subscribers. 


* Mobile subscriber access—consisting of a mobile subscriber radio telephone terminal 
(MSRT) that is sie ed with a telephone terminal, a VHF radio, a data interface capability, 
and possibly with a facsimile terminal. 


- Wire subscriber access—consisting of large extension node (LEN) switches and 
small extension node (SEN) switches to be deployed at a call service position (CPS) to service 
static (wire) subscribers. 


- Area coverage—consisting of a node center (NC) switch, a radio access unit (RAU), 
and associated LOS assemblages which provide a tandem switched network and the interface 
between the mobile subscriber access and wire subscriber access functional areas. 


* System control—consisting of an automatic planning and management capability 
for MSE (including current system status). 


- Packet network—consistingof packet switches in a system control center-2 (SCC-2), 
NCS, LEN, and SEN for data distribution. 


MSE communications assemblages are in an S-250( )/G shelter mounted on an M-1037 
high mobility multipurpose wheeled vehicle (HMMVW). The HMMWV can be transported by 
rail, ship, or air. All ancillary equipment (such as antennas, masts, cables, or reels) is 
mounted in or on the shelters or associated trailers. 


A communications assemblage’s 30-minute set-up tear-down time enhances the 
mobility of MSE. Using back-up batteries provided in every shelter to power the systems for 
10 to 15 minutes can reduce this time. The batteries are charged/recharged by the generator 
or the 200-amp kit contained in the HMMWV. 
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Section I. System Control Center-2 


OL-490/TYQ-46(V) 
Management/Planning Shelter 


NSN: 5805-01-326-7331 
Reference: TM 11-5895-1498-12-1 


General Information 


The OL-490/TYQ-46(V) consists of an S-250E shelter transported on an M-1037 
HMMWYV. The management/planning shelter contains two workstations that provide 
computer assisted tools to aid in network management and is identical at corps and division. 


The corps SCC-2, however, includes two management/ planning shelters, while the division 
SCC-2 has only one. 


Major Components 


1 Shelter S-250( )/G 

2 SCS Workstations AN/UYK-86 

1 Environmental Control Unit 

2 DNVTs TA-1035/U 

1 Intercommunications Station LS-147 
1 Printer 

1 Cargo Trailer 

2 Transceivers* 

1 Generator PU-751/M, 5 kw 


*III Corps TYQ-46’s are equipped with three transceivers 


Technical Characteristics 


Power Requirements. tau cawh ehoee aki? eteongeceeiaea vedas 117V_ AC, 60 Hz, single phase 
28 V DC (batteries or vehicle al ernator) 
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OL-490/TYQ-46(V) 
Management/Planning Shelter 


DNVT (2) INTERCOM 


WORKSTATION 
MONITOR (2) 


WORKSTATION 
TRACKBALL (2) 


WORKSTATION 
KEYBOARD (2} 


WORKSTATION 
PROCESSOR (2) 


WORKSTATION 
PRINTER 


ROADSIDE 
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OL-489/TYQ-46(V) 
Technical Shelter 


NSN: 5805-01-326-6539 
Reference: TM 11-5895-1498-12-1 


General Information 


The OL-489/TYQ-46(V) consists of an S-250E shelter transported on an M-1037 
HMMWV. It includes the processing suite (processor, memory, disk memory, magnetic tape, 
drives, and control unit) and the network communications interface equipment. The technical 
shelter provides all of the processor functions required of the SCC-2. This shelter will be 
deployed at both corps and division SCC-2s. 


Major Components 


Shelter S-250( )/G 

Intercommunications Station LS-147 
Environmental Control Unit 
Communications Switching Set AN/TYC-20 
DNVT TA-1035/U 

SCS Workstation AN/UYK-86 

Transceivers 

Communications Modem MD-1270 

Node Management Center (NMC) Workstations AN/UYK-86 
Load Disk 

Printer 

Generator PU-753/M, 10 kW 


Re re Pe RO PB Fee ee ee 


Technical Characteristics 


Power Kequirements:44 omyaet Pkkae caag yeaa es 117 V AC, 60 Hz, single phase 
28 V DC (batteries or vehicle alternator) 
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OL-489/TYQ-46(V) 
Technical Shelter 


INTERCOM DNVT COMMUNICATION 
MODEM 


| 


WORKSTATION 
MONITOR 


lil 


| 


WORKSTATION 
TRACKBALL 


i 


\ | i 
\" Sey 
——a 
to a 


WORKSTA 
WORKSTATION rail A rol 
KEYBOARD 


CURBSIDE 


ROADSIDE 


Lesson 2. ALGEBRAIC SENTENCES 
LEARNING OBJECTIVES 


1. Given a number of equations, evaluate if they are true or 
false. 


2. Given a number of equations, use the proper operations to 
find the correct root. 


3. Given a number of inequalities, evaluate if they are true 
or false. 


3201. General Information 


a. Definition. An algebraic sentence is a mathematical 
statement composed of algebraic expressions and one of these 


symbols: = (equals), # (is not equal to), > (is greater than), < 
(is less than), = (is greater than or equal to), and < (is less 
than or equal to). Any sentence that uses the equal sign is an 


equation. Sentences that use the other signs are called 
inequalities. 


b. Simple equations. As implied by the statement above, an 
equation is a statement that two things are equal. It may or may 
not be true. 


xample: 4+ 5 = 9 and 6 + 7 = 10 + 2 are equations: ” “The. 
» “\". first is true because 4 + 5 and 9 are symbols for 
the same number, but the second is false since 
“6 + 7 and 10 + 2 do not describe the same HUME: 


3°. Remember, statements such as 4 +5 = 9 and 6 + 7 = 
10 + 2, whether true or false, are called equations. 


Everything to the left of the equal sign is called: 
“the left member of the equation; everything to the 
right of the equal sign is the right member of the ; 

- equation. The solution or answer to an equation ’ is. 

galled the "root" of the equation. 


Before you examine equations containing variables, let's use some 
arithmetic ability to determine whether some equations are true 
or false. 
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Section II. Node Center 


AN/GRC-224(P) 
Radio Set 


NSN: 5820-01-250-6254 
Reference: TM 11-5820-1024-13 


General Information 


The AN/GRC-224(P) consists of an RF unit and a control unit. The RF unit includes 
a receiver and transmitter mounted on the two feet diameter parabolic reflector antenna. The 
control unit is a throw-on-the-ground component or can be mounted in the AN/TRC-190(V), 
(V)1, (V)3, (V)4, and MSE switching assemblages. The radio set provides intra-nodal 
connectivity between the switch and LOS assemblages and reduces the RF signature at the 
command post (CP) location by using down-the-hill (DTH) application. The radio set offers 
convenient flexibility for simple and efficient network planning and frequency management. 
The operating frequency range is 14,50 to 15.35 GHz divided into ten subbands. Transmit 
and receive frequencies in each subband can be selected independently from between 29 (C/F 
Band) to 49 (L/M Band) possible radio channels, depending on the chosen frequency plan. 


Major Components 


1 Control Module Subassembly C-11826/GRC-224 

1 Antenna Mast AB-1342/GRC-224, 9 meters 

1 RF Module/Antenna Subassembly RT-1540/GRC-224 
1 Signal Cable Assembly 

1 DC Power Cable Assembl 

1 High Voltage Amplifier (HVA) 

1 AC Power Cable Assembly 


Technical Characteristics 


POWer REQUITEIMEDIS 34 oSpxitew tanta eA aes BEE be aa wae Sete se te 28 V DC 
Prequency RANG Cs care Sais hy eo Soci Reg hace eee ree ass 14.50 to 15.35 GHz 
Transmission Range gious curs a tole ss va as Ned ae ow aa 2 to 5 km or 1.2 to 3.1 miles 
MDE Data Rates arc tue aa ee Ley askaecuat aura acs 256, 512, 1024 and 4096 kb/s 


NOTE: This radio set is at the LEN, SEN, and NC. 
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AN/GRC-224(P) 
Radio Set 


RF MODULE/ANTENNA MAST SUBASSEMBLY 


SUBASSEMBLY 


NOTE: 

FOR INSTALLATION IN A SHELTER, 
SIGNAL CABLE IS ROUTED TO 
SHELTER SIGNAL ENTRY PANEL. 


SIGNAL CABLE 


POWER SUPPLY 


SUBSYSTEM 
~ 


~ 


115/230 V AC 
47-400 HZ POWER 


GROUND BASEBAND 
POST (4) SUBSYSTEM 


GROUND WIRE DATA CABLE 
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AN/TRC-191 
Radio Access Unit 


NSN: 5820-01-247-5731 
Reference: TM 11-5820-1022-13-1 


General Information 


The AN/TRC-191 consists of an S-250/G shelter transported on an M-1037 HMMWV. 
It has a capacity of eight simultaneous calls via the eight radios which are elements of the 
assemblage. The RAU is an automatic interface between the mobile subscribers and the 
network. It does not include any switching element but ensures full management of the radio 
channels including traffic load controls from radio to network. The RAU also interfaces to 
an NC switch of the MSE system using either LOS radio links or direct cable connection. 


Major Components 


Shelter S-250( )/G 

Group Modem MD-1026 

Electronic Transfer Device KYK-13 
Generator PU-751/M, 5 kW 

Trunk Encryption Device KG-194A 
VINSON COMSEC Equipment KY-57 
RF Fill Device 

Group Logic Unit C-11865 
Antenna Cable 

RF Antenna Multicoupler CU-2391 
Junction Box J-4534 (III Corps) 
Radio Transceivers RT-1539 
Antenna Mast Mounted AS-4225 (used with 15 meter mast) 
AC Power Cable, 15 feet 

AC Power Cable, 35 feet 

Vehicular Antenna AS-3885 (whip) 
DC Power Cable 

MSRT Power Cable 

DSVT KY-68 

MSRT Mode Cable 

Whip Antenna (W6) Cable 


Re Pe pe pe Pe Pe Pe Pe Pe om pp ee ep ps es es 
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Major Components 
(Cont.) 


1 Digital Data Modem MD-1231, (III Corps Only) 

1 Orderwire Control Unit C-11878, (III Corps Only) 
1 Loop Group Multiplexer TD-1426 (III Corps Only) 
1 Antenna Mast AB-1339/G, 15 meters 


Technical Characteristics 


ower Requirements) /asq0cckeconeeereeune See es Reet neeees 115 V AC, 50 or 60 Hz, 
single phase, or 28 V DC 
Prequency KaNee” onto nal een hs aes eas 30 to 35 MHz (low band, training) 


40 to 50 MHz ( igh band, training) 
30 to 51 MHz (low band, operational) 


50 to 88 MHz (high band, operational) 
‘Hransmission-Rarige (Planning) oie + os vee coke a herwed anew e ee ex 15 km or 9.3 mi 


* The RAU transmits in high band and receives in low band. 
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AN/TRC-191 
Radio Access Unit 


HEATER BLOWER 


VHF RADIO (3) \ 


POWER PANEL 
BAY 


ROADSIDE 


AUXILIARY 
SEP 


TRUNK 
ENCRYPTION 
DEVICE 


WHIP ANTENNA 


VHF RADIO (2) 


GROUP 
LOGIC UNIT 


MULTICOUPLER 


STORAGE 


NOTE 


DURING TRANSIT, THE DSVT IS 
LOCATED IN THE RAU TRANSIT 
DRIVERS COMPARTMENT» CURBSIDE 


GROUP MODEM 


(SEE NOTE) 
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AN/TSQ-154 and AN/TSQ-154A(V)1 
Node Management Facility 


NSN: 5895-01-247-0963 
Reference: TM 11-5895-1375-13 


General Information 


The AN/TSQ-154 node management facility (NMF) provides the equipment and space 
required by the node commander to manage the communications resources of the node, both 
NC and LEN. The management facility assemblage is housed in an S5-250E Shelter and 
transport on an M-1037 HMMWV. For nodal intercommunication, the intercoms and secure 
device for voice and FM communications (VINSON) handsets are provided. Network access 
is provided by the DNVT TA-1035(U). Provisions are available for the node commander to 
remote the DSVT KY-68 of his AN/VRC-97 into the management shelter. 


Major Components 


Shelter S-250E 

Handset H-350( )/V 

rales Electroluminescent AN/TSQ-154A(V)I 
Keyboard AN/TSQ-154A(V)I 

Environmental Control Unit 
Intercommunications Station LS-147 

Desk 

Map Boards 

DNVT TA-1035/U 

Generator PU-753/M, 10 kw 

AC Power Cable, 15 feet 

Signal Cable, 10-pair 

AC Cable, 35 feet 

Teletypewriter AN/UGC-74B(V)3 (AN/TSQ-154) 


a eo 


Technical Characteristics 
Power Kequitements .aiv vs Fier geeagae ey eh Mate etet 115 V AC, 50 or 60 Hz, single phase 
NOTE: The management facility is used at the LEN and the NC. 
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AN/TSQ-154 and AN/TSQ-154A(V)1 
Node Management Facility 


ENVIRONMENTAL 
CONTROL UNIT 


DIGITAL NONSECURE VOICE TELEPHONE 


MAP BOARD 


MANAGEMENT-154 
TELETYPEWRITER 


(OR) 
MANAGEMENT-154A 
DISPLAY AND KEYBOARD 


Y 


CURBSIDE 


OCU HANDSET 
SIGNAL ENTRY PANEL AI 


eae i, 
EBS 


WRITING BOARD 


INTERCOM 


DIGITAL SUBSCRIBER 
VOICE TERMINAL MOUNT 


ROADSIDE 
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AN/TTC-47 
Node Center Switch 


NSN: 5805-01-246-7159 (AN/TTC-47) 
5805-01-310-2540 (AN/TTC-47A(V)l) 
5805-01-324-6854 (AN/TTC-47B(V)1) 
5805-01-329-4805 (AN /TTC-47C(V)1) 


Reference: TM 11-5805-766-12 


General Information 


The AN/TTC-47 is configured in two S-250( )/G shelters, a Switching Group ON- 
306/TTC-47 and an Operations Group OL-413/TTC-47, each transported on an M-1037 
HMMWYV. The NC switch is the hub of the MSE node providing network interface for the 
subscriber access elements. The switching group provides the external interface, circuit 
switching, and associated functions. The operations group provides the central processing and 
operator interface functions. The NC switch provides automatic subscriber finding features 
which allow permanent subscriber address assignment and negates the need for knowledge 
of subscriber geographical location and switch affiliation at the subscriber level. Power to 
both assemblages is provided by a PU-753/M, 10 kW, trailer-mounted, diesel generator set. 


NOTE: The following six configurations show the shelter layouts for all four 
versions. 
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AN/TTC-47 
Node Center Operations Shelter 


CONTROL/ALARM PANEL 


ORDERWIRE CONTROL UNIT 


INTERCOM 


ENVIRONMENTAL 
CONTROL UNIT 


FULL-SIZE ROUTING ~~ 


SUBSYSTEM Dvow 
PATCH PANEL 
FRONT ~s REAR 
CALL SEAVICE POSITION 


TELETYPEWRITER 
VISUAL DISPLAY UNIT 


CURBSIDE 


CONTROLLER NEST 

SIGNAL ENTRY PANEL (Ad) 
4 

‘ 


SHELTER 


BLOWER 
DIGITAL NONSECURE VOICE TELEPHONE 
\ 


SWITCHING 


POWER CONTROL PANEL PROCESSOR 


+5V POWER 
SUPPLY 
POWER ENTRY PANEL 


FRONT 


CIRCUIT BREAKER 
PANEL 


SHF RADIO SET 
CONTROL MODULE MOUNT {2) 
REGULATOR) 
BATTERY CHARGER 


NSPORT (2 
ASARSIBE MAGNETIC TAPE TRANSPORT (2) 


BATTERY BANK 
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AN/TTC-47A(V)1 
Node Center Operations Shelter 


CONTROL/ALARM PANEL 


COMMUNICATIONS MODEM 


INTERCOM 


ENVIRONMENTAL 
CONTROL UNIT 
pvOw 


DOWNSIZE ROUTING 
SUBSYSTEM 


CALL SERVICE POSITION 


TELETYPEWRITER 


VISUAL DISPLAY UNIT 
CURBSIDE 


CONTROLLER NEST 


SIGNAL ENTRY PANEL (A4} 
SHELTER 


BLOWER 
DIGITAL NONSECURE VOICE TELEPHONE 


SWITCHING 


POWER CONTROL PANEL PROCESSOR 


+5V POWER 
SUPPLY 
POWER ENTRY PANEL 
REAR FRONT 
CIRCUIT BREAKER 
PANEL 
SHF RADIO SET 
CONTROL MODULE MOUNT (2) 
REGULATOR? ~ 


BATTERY CHARGER 


MAGNETIC TAPE TRANSPORT (2) 


BATTERY BANK ROADSIDE 
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_. Examples: 


Are the equations below true or false? 


Equation #1 

9 - (1+ 8) = (9 - 1) +8 

9-9 =8 +8 

0 = 16 Obviously 0 does not equal 16. (False) 


Equation #2 


4(9 - 5) -3’8 +12 =4+7+3-+- 2 


Now that you have determined if an equation is true or false, 
let's learn how to find the correct root. 


3202. Root 


Do you remember what root means? That's right, a root is the 
solution or answer to an equation. You know how to solve an 
equation such as x + 7 = 13. It can be done by inspection, that 
is, simply by examining or instinctively knowing that the number 
to be added to 7 to obtain 13 is 6. This method can be used to 
solve many simple equations. Of course you realize that all 
equations cannot be solved by inspection; there must be a 
mathematical method. Let's look at these methods starting with 
addition and subtraction. 


a. Addition and subtraction properties of equality. Can you 
remember that in study unit 1, some of the properties of numbers 


were discussed? By taking the properties of equality that were 
discussed and adding the addition and subtraction properties of 
equality, you obtain a process for solving equations. Let's look 
at an illustration. 
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AN/TTC-47B(V)1 
Node Center Operations Shelter 


ENVIRONMENTAL 
CONTROL UNIT 


DOWNSIZE ROUTING 
SUBSYSTEM 


TELETYPEWRITER 


SIGNAL ENTRY ?ANEL (A4) 


SHELTER 
DIGITAL NONSECURE VOICE TELEPHONE 
‘ BLOWER 
SWITCHING 
POWER CONTROL PROCESSOR 
PANEL 
° 
a +5V POWER 
SUPPLY 
POWER ENTRY ; 
PANEL z 
eee SHF RADIO SET 
a CONTROL 
4 q MODULE 
: MOUNT (2) 
CIRCUIT BREAKER : 
ANEL | 
AE GULAROH: MAGNETIC TAPE TRANSPORT (2) 
BATTERY CHARGER 
ROADSIDE 
\ 
BATTERY BANK | 
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AN/TTC-47C(V)1 
Node Center Operations Shelter 


CONTROL/ALARM PANEL 
COMMUNICATIONS MODEM 
ee . <— > 
EG —S 2 
3 al aN 
bs Zo tl SS 


ENVIRONMENTAL 
CONTROL UNIT 


INTERCOM 


KY-57 


cz oN 


ovOW 


DOWNSIZE ROUTING PATCH PANEL 
SUBSYSTEM 
DIGITAL PRINTER 
COMPUTER 


o. 


SSS 


FLOPPY 
DRIVE EL DISPLAY AND 
KEYBOARD 


CURBSIDE eae 


SHELTER 


«BLOWER 


POWER CONTROL 


PANEL SWITCHING 


PROCESSOR 


+5V POWER 
POWER ENTRY SUPPLY 
PANEL 


CIRCUIT BREAKER 
PANEL 


SHF RADIO SET 


REGULATOR’ CONTROL MODULE MOUNT (2) 


BATTERY CHAAGER 
ROADSIDE 
BATTERY BANK 
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AN/TTC-47 and AN/TTC-47A(V)1 
Node Center Switching Shelter 


SIGNAL ENTRY PANEL (A8) 


PATCH PANEL 
TRUNK ENCRYPTION 


SHELTER DEVICE (6) 


BLOWEAS 


TRUNK ENCRYPTION 
DEVICE (3} 


TIME 
DIVISION 
SWITCHING 
GROUP 
AUTOMATIC KEY 
DISTRIBUTION 
CENTER (2 IN NC 
-56V POWER CONFIGURATION: 
SUPPLY TINNC-A 
CONFIGURATION) 
POWER 
PROCESSOR 
16 LOOP KEY 
GENERATORS iN NC 
CONFIGURATION; 
8 DUAL LKGs NC-A 
CURBSIDE CONFIGURATION 
HEATER 
TIMING STANDARD 
INTERCOM 
SIGNAL ENTRY 
PANEL (A5) 
POWER 
CONTROL 
PANEL +48V POWER 
SUPPLY 
(NC ONLY) 
POWER 
ENTRY 


PANEL 


CIRUIT 

BREAKER TRUNK 

PANEL ENCRIPTION 
DEVICE (6) 

REGULATOR) 

BATTERY 

CHARGER 


BATTERY BANK ROADSIDE 
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AN/TTC-47B(V)1 and AN/TTC-47C(V)1 
Node Center Switching Shelter 


SIGNAL ENTRY 


PANEL (A8) PATCH PANEL 


SHELTER 


BLOWERS TRUNK ENCRYPTION 


DEVICE (7) 
TRUNK ENCRYPTION 
DEVICE (2) 


DUAL LOOP KEY 


TIME GENERATORS (8) 
DIVISION 
SWITCHING 
GROUP 
AKDC 
-56V POWER ou 
SUPPLY SS GATEWAY 
POWER 
PROCESSOR ‘ PACKET 
! SWITCH 
HEATER 
POWER SIGNAL ENTRY 
CONTROL PANEL (A5) 
PANEL 
POWER 
ENTRY TIMING 
PANEL STANDARD 
CIRUIT 
BREAKER 
PANEL INTERCOM 
REGULATORY 
BATTERY ; 
CHARGER TRUNK 
ENCRYPTION 
BATTERY BAN DEVICE (6} 


ROADSIDE 
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Section III. Large Extension Node 


AN/TTC-46, AN/TTC-46A(V)1, AN/TTC-46B(V)1 
and AN/TTC-46C (V)1 
Large Extension Node Switches 


NSN: 5805-01-253-6850 (AN/TTC-46) 
5805-01-310-2541 (AN/TTC-46A(V)l) 
5805-01-323-6458 (AN/TTC-46B(V)I) 
5805-01-329-4803 (AN/TTC-46C(V)I) 


Reference: TM 11-5805-765-12 
General Information 


The AN/TTC-46 LEN is configured in two S-250s, the Switching Group ON-305/TTC- 
46 and the Operations Group OL-412/TTC-46. Each shelter is transported on an M-1037 
HMMWV. The LEN is configured basically the same as the NC switch with basic differences 
in termination configuration for trunks and the LEN is not a tandem switch. The switching 
shelter provides the external interface, circuit switching and associated functions. The 
operations shelter provides the central processing and operator interface functions. The LEN 
performs all access switching and control functions for an MSE network. Power to both 
assemblages is provided by a PU-753/M, 10 kW, trailer-mounted, diesel generator set towed 
by the operation shelter’s prime mover. 


NOTE: The following six configurations show the shelter layouts for all four 
versions. 
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AN/TTC-46 
Large Extension Node Switch Operations Shelter 


ENVIRONMENTAL KY-57 
CONTROL UNIT 


FULL-SIZE ROUTING 
SUBSYSTEM BLACK 
JUNCTION BOX 


REAR 


CALL SERVICE POSITION 


TELETY PEWRITER 
VISUAL DISPLAY UNIT 


CURBSIDE 


CONTROLLER NEST 
SECURE DIGITAL RADIO INTERFACE UNIT MOUNT, 
SIGNAL ENTRY PANEL (A4) SHELTER 


DIGITAL NONSECURE VOICE TELEPHONE BLOWER 


SWITCHING 


POWER CONTROL PANEL PROCESSOR 
+5V POWER 
SUPPLY 
POWER ENTRY PANEL BB 4 \\\oz 
ey, 
FRONT 


CIRCUIT BREAKER 
PANEL 


COMBAT NET RADIO MOUNT 
GULATOR/ 


RE 
Been Verne? MAGNETIC TAPE TRANSPORT (2) 
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AN/TTC-46A(V)1 
Large Extension Node Switch Operations Shelter 


ENVIRONMENTAL 
CONTROL UNIT 


BLACK 
DOWNSIZE ROUTING JUNCTION BOX 
SUBSYSTEM 


FRONT =e REAR 


CALL SERVICE POSITION 


TELETYPEWRITER 
VISUAL DISPLAY UNIT 


CURBSIDE 


CONTROLLER NEST 
SECURE DIGITAL RADIO INTERFACE UNIT MOUNT 


SIGNAL ENTRY PANEL SHELTER 


BLOWER 


DIGI 
POWER CONTROL PANEL 2 PROCESSOR 
SS "o ‘ 
5 i} | e4 
-, ‘ +5V POWER 
SSAZ SUPPLY 
POWER ENTRY PANEL By \\3 N= 
| bonne = 
Oee . 
ON 
: ZA Ke \ ae 
CIRCUIT BREAKER > S 
PANEL 
SHF RADIO SET 
CONTROL MODULE MOUNT (2) 
ae 


NN COMBAT NET RADIO MOUNT 
REGULATORY 
YY 
BATTER CHARGED MAGNETIC TAPE TRANSPORT (2) 
ROADSIDE 
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AN/TTC-46B(V)1 


Large Extension Node Switch Operations Shelter 


wa x oa 
6 38 f we 
2 & z e mie) 

a 5 = a 5 @ 
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CONTROL/ALARM PAN 


CURBSIDE 


RADIO INTERFACE UNIT MOUNT 


SIGNAL ENTRY PANEL (A4) 


ISUAL DISPLAY UNIT 


DOWNSIZE ROUTING 

SUBSYSTEM 

CALL SERVICE POSITION 
SECURE DIGITAL 


SWITCHING 


PROCESSOR 


POWER CONTROL 


PANEL 
BATTERY CHARGEA 


REGULATORY 


PANEL 


SPORT (2) 


ROADSIDE 


BATTERY BANK 
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AN/TTC-46C(V)1 
Large Extension Node Switch Operations Shelter 


CONTROUALARM PANEL 


ENVIRONMENTAL KY-57 
ONTROL UNIT 

a if > BLACK 
SENSE —— a \ JUNCTION BOX 
SUBSYSTEM 3 4 La YE = 


PRINTER 

DIGITAL 

COMPUTER 
FLOPPY 
DRIVE 


EL DISPLAY AND 
KEYBOARD 


CURBSIDE 


CONTI 
SECURE DIGITAL RADIO INTERFACE UNIT MOUNT 


SHELTER 
BLOWER 


POWER CONTROL J 
PANEL: SWITCHING 
Bion PROCESSOR 
s o o ; 
ra 
> 6" 
XQ : BA +5V POWER 
POWER ENTRY | Fg ee SUPPLY 
PANEL FA 
\ ou Ze 
Z eal 
Py, 2X 
I 
CIRCUIT BREAKER 3 
PANEL LA 
SHF RADIO SET 
REGULATORY CONTROL MODULE MOUNT (2) 
BATTERY CHARGER 


ROADSIDE 


BATTERY BANK COMBAT NET RADIO MOUNT 
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AN/TTC-46 and AN/TTC-46A(V)1 


Large Extension Node Switch Operations Shelter 


SIGNAL ENTRY 
SHELTER PANEL (A8) 


BLOWERS PATCH PANEL 


TRUNK ENCRYPTION 
DEVICE (3) 


TIME 
DIVISION 
SWITCHING AUTOMATIC KEY 
GROUP DISTRIBUTION 
CENTER (2 IN LEN 
CONFIGURATION; 
1 iN LEN-A 
CONFIGURATION) 
16 LOOP KEY 
GENERATORS 
iN LEN 
CONFIGURATION; 
CURBSIDE 8 DUAL LKGs IN LEN-A 
POWER CONFIGURATION 
PROCESSOR 
HEATER 
“Mio Stee 
INTERCOM 
OWER 
CONTROL 
PANEL +48V POWER 
_— SUPPLY 
(LEN ONLY) 
WE 
ENTRY 
PANEL 
CIRCUIT. 
BREAKER 
PANEL 
BATTERY BANK 
neguaron 
BA 
ROADSIDE CHARGER 


Two Marines receive equal basic pay: 


Pfc. Hard = $845.10 and Pfc. Charger = $845.10. 


Each one gets promoted to Lcpl.; a pay raise. ot 
$33.00: 


Lepl. Hard = $845.10 + $33.00 
Lepl. Charger = $845.10 + $33.00. 
The new basic pay for both Marines = $878.10 


The basic pay has changed, but, Lecpl. Hard's pay is 
still equal to Lepl. Charger's pay. ie: 


Note: This example of the addition property of equality 
shows that if the same number is added to equal 
numbers, the sums are equal. Symbolically, if a = b, 
then a+c= b+ c. You should see that the 
subtraction property of equality could be proved in 
the same way. Symbolically, if a = b, thena -c=b 
- c. Let's see how these properties can be used to 
solve equations. 


Look at these expressions: 100 - 7, n - 6, 48 + 12, and x + 4. 
Suppose you wanted to perform some operation that will preserve 
the quantity on the left. 100 - 7 = 100, n- 6 =n, 
48 + 12 = 48, and x + 4 = xX. What can be inserted in 
the blanks to produce the results on the right? In the first 
one, if 7 is subtracted from 100, what must be done to return to 
100? The answer is to perform the opposite or inverse operation 
with the same number. 


Example: 
100 - 7 + 7 = 100 


What must be done to the example n - 6 to preserve the n? You 
must do the opposite or add 6. 
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AN/TTC-46B(V)1 and AN/TTC-46C(V)1 
Large Extension Node Switch Operations Shelter 


FIVE ROW SIGNAL ENTRY PANEL Aa PATCH PANEL 


SHELTER TWO ROW SIGNAL ENTRY PANEL A15 
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SIGNAL DATA 
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SIGNAL 
POWER "LEN ENTRY 
CONTROL - PANEL AS 
PANEL 
TIMING 
POWER 
T 
ENTRY STANDARD 
PANEL 
INTERCOM 
CIRCUIT 
BREAKER 
PANEL 
REGULATORY 
BATTERY 
CHARGER 
BATTERY BANK ROADSIDE 
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Section IV. Small Extension Node 


AN/TTC-48(V) 
Small Extension Node Switch 


NSN: 5805-01-245-9058 (AN/TTC-48(V)1) 
5805-01-244-4257 (AN/TTC-48(V)2) 
5805-01-309-4650 (AN/TTC-48A(V)I) 
5805-01-310-2539 (AN/TTC-48A(V)2) 
5805-01-324-0861 (AN/TTC-48B(V)1) 
5805-01-324-0862 (AN/TTC-48B(V)2) 
5805-01-329-4802 (AN/TTC-48C(V)l) 
5805-01-329-4808 (AN/TTC-48C(V)2) 
5805-01-329-4809 (AN/TIC-48C(V)3) 
5805-01-329-4810 (AN/TTC-48C(V)4) 


Reference: TM 11-5805-764-13 
General Information 


The SEN switch consists of an S-250()/E shelter transported on an M-1037 HMMWV. 
The SEN switch contains switching, multiplexing, and COMSEC equipment which supports 
the secure digital communications of a CP. The SEN switch is provided in ten versions. The 
(V)1 provides 26-digital lines and 10-digital trunks and the (V)2 provides 41-digital lines and 
13-digital trunks. Both versions provide 2 DC closure commercial office interfaces and a 
Secute Digital Net Radio Interface KY-90. The SEN switch can interface with a LEN switch 
or an NC switch directly via CX-11230/G cable, via LOS or via TACSAT Terminal AN/TSC- 
85A or AN/TSC-93A. Power is provided by a PU-753/M, 10 kW, trailer-mounted, diesel 


generator set. 


NOTE The following five configurations show the shelter layouts for all ten 
versions. 
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AN/TTC-48(V)1 and AN/TTC-48(V)2 
Small Extension Node Switch 


BLOWER 
POWER CONTROL 


PANEL 


DNVT 


POWER ENTRY 
PANEL 


CIRCUIT BREAKER 


PANEL 
REGULATORYBATTERY 
CHARGER 
BATTERY BANK 
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AN/TTC-48A(V)1 and AN/TTC-48A(V)2 
Small Extension Node Switch 


POWER BAY 


POWER CONTR 
PANEL 


POWER ENTRY 
PANEL 


PANEL 
REGULATOR/BATTERY 
abit BATTERY BANK 
ROADSIDE 
KY-S7  GoMMUNICAT 
IONS 
TRUNK ENCRYPTION eee 


ENVIRONMENTAL DEVICE H-350/U 
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SIGNAL ENTRY PANEL/ 
PATCH PANEL 
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CONTROL 
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AN/TTC-48B(V)1 and AN/TTC-48B(V)2 
Small Extension Node Switch 


PACKET KY-S7 
SWITCH 


H-350/U 
SIGNAL ENTRY 
ENVIRONMENTAL PANEL/PATCH PANEL 


CONTAOL UNIT 


CNA 


KY-90 


SWITCHBOARD 
SB-4303(P/G (2) TRUNK ENCRYPTION 
DEVICE 


CURBSIDE 


SHF RADIO 
CONTROL UNIT 


POWER BAY 


DNVT 


POWER CONTROL 
PANEL 


POWER ENTRY 
PANEL 


CIRCUIT BREAKER 
PANEL 


REGULATORYBATTERY 
CHARGER 


ROADSIDE 


BATTERY BANK 
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AN/TTC-48C(V)1 and AN/TTC-48C(V)2 
Small Extension Node Switch 


PACKET SWITCH RY Ot 


COMMUNICATIONS MODEM 
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ENVIRONMENTAL PANEL/PATCH PANEL 
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AN/TTC-48C(V)3 and AN/TTC-48C(V)4 
Small Extension Node Switch 


Hl 
ek \ i 


ROADSIDE 
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Section V. Subscriber Terminal Equipment 


AN/VRC-97 
Mobile Subscriber Radiotelephone Terminal 


NSN: 5820-01-246-6818 
Reference: TM 11-5820-1021-10 


General Information 


The AN/VRC-97 MSRT consists of a VHF radio and DSVT. Depending on the mission, 
the AN/VRC-97 can be installed in one of nine US Army vehicles or used in stand-alone 
tripod configuration. Both the radio and the DSVT are designed to operate on the ground 
without protection from the environment. The radio transmits in the low band and receives 
in the high band and interfaces at 16 kb/s to the DSVT which provides secure discrete 
addressability. The radio front panel is accessible to the user for inserting COMSEC crypto 
variable and frequency fill. Inserting the personal code and the directory number is completed 
by using the keypad on the DSVT. Since the radio operates automatically, all subsequent 
calls, both initiating and answering, need only use the DSVT. 


Major Components 


1 VHF Radio RT-1539(P) 

1 VHF Antenna (30 to 88 MHz) 

1 DSVT KY-68 

1 Electronic Transfer Device KYK-13 
1 High Voltage Amplifier (HVA)-9 

1 Universal Power Supply (UPS) 


Technical Characteristics 


Power Requirement).: 000.4540 .0 dee au eee ve es -110 V AC, 220 V AC, or 28 V DC 
Power COMSUMPTON ci. oa. ewenaue tty sacle. -50 W (standby) 240 W (max call in process) 
Prequency Rance 2 tua. exch Bias ood to eM heres 30 to 35 MHz (low band, CONUS) 
40 to 50 MHz (high band, CONUS) 

30 to 51 MHz (low band, OCONUS) 

59 to 88 MHz (high band, OCONUS) 

Transmission, Range (Planning ic sas. cits wie old Getas cats aoe ea hae Bes 15 km 


* MSRT transmits in low band and receives in high band. 


7-34 


FM 24-24 


AN/VRC-97 
Mobile Subscriber Radiotelephone Terminal 


WHIP 
ANTENNA 


HVA-9 
FT we REAR VIEW 
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AN/VRC-97 
Mobile Subscriber Radiotelephone Terminal 


FREQUENCY 
FILL CABLE 


G 
WHIP 


NTENNA 


RT-1539(P)A(C)/ 


7-36 


The other equations would look like this: 


Examples: 


You need one more item to enable you to solve equations using the 
addition and subtraction properties of equality. Do you remember 
the Golden Rule of Fractions? There is a similar one for 
equations. It states that whatever operation is performed on one 
member of an equation must also be performed on the other member. 
Let's use this principle to solve an equation. 


Example: 


By first using the addition property, you can eliminate the 6 
from the left member and leave the x by itself. This is the 
objective in solving any equation: to isolate the variable in 
one member of the equation. The left member of the equation 
looks like this: 


Example: 


Since 6 was added to the left member, it must also be added to 
the right member. 


' Example: 
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Section VI. Line-of-Sight Multichannel Radio Terminals 


AN/TRC-190(V) 
Line-of-Sight Multichannel Radio Terminal 


NSN: 5820-01-247-0981 (AN/TRC-190(V)l) 
5820-01-247-0979 (AN/TRC-190(V)2) 
5820-01-247-0982 (AN/TRC-190(V)3) 
5820-01-247-0980 (AN/TRC-190(V)4) 


Reference: TM 11-5820 -1023-13-1 
General Information 


There are four versions of the AN/TRC-190(V) LOS multichannel radio assemblage. 
The differences between the versions are the MSE assemblage they support and the number 
of LOS radios and antenna masts they contain, as shown below. All versions of the LOS radio 
assemblage consist of an S-250()/G shelter transported on an M-1037 HMMWV. 


Versions 
)l Supports RAU/SEN switch—consists of 2 radios, 1 antenna mast. 
)2 Supports NATO analog interface (NAI)—consists of 2 radios, 1 antenna mast. 
V)3 Supports NC switch—consists of 4 radios, 3 antenna masts. 
) 


4 Supports LEN switch—consists of 2 radios, 2 antenna masts. 


Technical Characteristics 


POWER REQUIPEMENTS 5 inj th bratty BG BG ohh ain eg Slag Md aaa 115 V AC, 50 or 60 Hz, 
single phase or 28 V DC 

Frequency Kane isch cates a reser ac eess 225 to 400 MHz or 1350 to 1850 MHz LOS; 
14.50 to 15.35 DTH 

Transmission Range (Planning) ................... 30 km or 183 mi LOS; 2to5 km 
1.2 to 3.1 mi DTH 

Type ot Modulation Group Data vc. 43455 Fee o4ieeap igs Seda ad i 4e4 FSK 
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Major Components 


AN/TRC-190(V)1 


1 Utility Truck M-1037 

1 Generator PU-751M, 5 kW 

1 AC Power Cable, 15 feet 

1 AC Power Cable, 35 feet 

1 Shelter S-250()/G 

1 DC Power Cable 

1 Antenna Mast AB-1339, 15 meters 
1 Antenna, Band I 

1 Antenna, Band II 

1 Antenna Feed Horn, Band III 

2 Antenna Cables, 45 feet 

1 Antenna Cable, 65 feet 

1 CX-11230 Cable, 1/4 mile 

1 COMSEC TSEC/KY-57 

1 Communication Modem MD-1270 


or 
Digital Data Modem MD-1231 (III Corps Only) 
and 


1 Orderwire Control Unit C-11878/T (III Corps Only) 
1 Electronic Transfer Device KYK- 13 

2 RF Amplifiers AM-7345 /GRC-226 

1 SHF Radio Set GRC-224 (if equipped) 

1 RF Unit, Band I RT-1537/GRC-225 

1 RF Unit, Band III RT-1538/GRC-226 

2 Intermediate Frequency (IF) Cable Assemblies 

2 Data Cable Assemblies 


AN/TRC-190(V)2 


1 Utility Truck M-1037 

1 Generator PU-751, 5 kW 

1 AC Power Cable, 15 feet 

1 AC Power Cable, 35 feet 

1 Electrical Shelter S-250 

1 DC Power Cable 

1 Antenna Mast AB-1339, 15 meters 
1 Antenna, Band I 

1 Antenna, Band III 

1 Feed Horn Antenna, Band III 
2 Antenna Cables, 45 feet 


7-38 


FM 24-24 


Major Components 


(Cont.) 
1 Antenna Cable, 65 feet 
1 26-Pair NAI Cable, 250 feet 
1 NATO Analog Interface CV-4002 
1 Communications Modem MD-1270 


or 
1 Multiplexer TD-1426 (HI Corps Only) 
and 
1 Orderwire Control Unit C-11878/T (III Corps only) 
1 COMSEC TSEC/KY-57 
1 Trunk Encryption Device TSEC/KG-194A 
1 Electronic Transfer Device KYK-13 
2 RF Amplifier AM-7345 /GRC-226 
1 RF Unit, Band I RT-1537/GRC-226 
2 IF Cable Assembly 
2 Data Cable Assembly 
1 RF Unit, Band IIIT RT-1538/GRC-226 


AN/TRC-190(V)3 


1 Utility Truck M-1037 

1 Generator PU-751/M, 5 kW 

1 AC Power Cable, 15 feet 

1 AC Power Cable, 35 feet 

1 Electrical Shelter S-250 

1 DC Power Cable 

3 Antenna Mast AB-1339, 15 meters 

2 Feed Horn Antennas, Band III 

2 Antenna, Band I AS-3875/GRC-226 
2 Antenna, Band III AS-3876/GRC-226 
6 Antenna Cable, 45 feet 

3 Antenna Cable, 65 feet 

1 CX-11230 Cable, 1/4 mile 

1 Transmission ue Multiplexer /Demultiplexer (TC-MD) 
1 Power Supply, +5 

1 COMSEC, TSEC/KY-57 
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Major Components 
(Cont.) 


1 Communications Modem MD-1270 
or 


1 Orderwire Control Unit C-11878/T (III Corps Only) 
3 RF Amplifier AM-7345/GRC-226 

1 SHF Radio Set GRC-224 (if equipped) 

1 Electronic Transfer Device KYK-13 

2 RF Unit, Band I RT-1537/GRC-226 

2 RF Unit, Band IIT RT-1538/GRC-226 

3 IF Cable Assembly 

3 Data Cable Assembly 


AN/TRC-190(V)4 


1 Utility Truck M-1037 

1 Generator PU-751/M, 5 kW 

1 AC Power Cable, 15 feet 

1 AC Power Cable, 35 feet 

1 Electrical Shelter S-250 

1 DC Power Cable 

2 Antenna Mast, 15 meters 

4 Antenna Cable, 45 feet 

1 Antenna, Band I AS-3875/GRC-226 
1 Antenna, Band III AS-3876/GRC-226 
2 Antenna Cables, 65 feet 

2 CX-11230 Cables, 1/4 mile 

1 Communication Modem MD-1270 


or 
1 Digital Data Modem MD-1231 (III Corps Only) 
and 
1 Orderwire Control Unit C-11878/T (III Corps Only) 
1 Electronic Transfer Device KYK-13 
2 RF Amplifiers AM-7345 /GRC-226 
2 SHF Radios AN/GRC-224 
1 COMSEC TSEC/KY-57 
1 RF Unit, Band I RT-1537/GRC-226 
1 RF Unit, Band III RT-1538/GRC-226 
2 IF Cable Assembl 
2 Data Cable Assernbly 
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AN/TRC-190(V)1 
Multichannel Radio Terminal 


COMMUNICATIONS SECURITY 
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BATTERY BANK 


ROADSIDE 
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AN/TRC-190(V)2 
Multichannel Radio Terminal 


COMMUNICATIONS SECURITY 
EQUIPMENT KY-57 


SIGNAL ENTRY PANEL 
(SEP) / PATCH PANEL 


£SD GROUND POINT 
ACCESS PANEL 


RADIO SET 
‘AN/GRC-226(V) 
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TRUNK ENCRYPTION 
DEVICE KG-94A 
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POWER ENTRY 
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REGULATOR/ 
BATTERY CHARGER 


BATTERY BANK 


ROADSIDE 
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AN/TRC-190(V)3 
Multichannel Radio Terminal 


COMMUNICATIONS SECURITY 


EQUIPMENT KY-57 HANDSET 
H 350/U 


SIGNAL ENTRY PANEL 
(SEP) / PATCH PANEL 


ESD GROUND POINT 
ACCESS PANEL 


5 +. RADIO SET 
a —— AN/GRC-226(V) 


Lo 


ORDERWIRE 
CONTROL UNIT 


+5 V TGMD 
POWER SUPPLY 


CURBSIDE RADIO SET 
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POWER CONTROL PANEL 
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BATFERY BANK 


ROADSIDE 
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AN/TRC-190(V)4 


Multichannel Radio Terminal 


COMMUNICATIONS SECURITY 
EQUIPMENT KY-57 


HANDSET 
H 350/U 


ESD GROUND POINT 


ORDERWIRE 
CONTROL UNIT 


LOOP GROUP 
MULTIPLEXER 
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DEVICE KG-94A 
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BATTERY BANK 


ROADSIDE 
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SIGNAL ENTRY PANEL 
(SEP) / PATCH PANEL 


ACCESS PANEL 


RADIO SET 
AN/GRC-226(V) 
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Section VII. Mobile Subscriber Equipment Contingency 
Communications 


AN/TTC-50 
Communications Central 


NSN: 5895-01-349-8064 
Reference: TM 11-5805 -786-12-2 


General Information 


The AN/TTC-50 Communications Central (CC) is a part of the communications parent 
switch (CCPS) and the contingency communications extension switch (CCES). It can perform 
as an originating affiliation, disaffiliation, eae and automatic subscriber finder. It 
also provides nodal control. While in transit, the CC can operate as an MSRT via one of four 
RT-1539A radio sets and associated equipment installed in the shelter. The radio set also 
provides full-duplex, peat ae radio transmissions between mobile subscribers within 
proximity of each other or a fixed or mobile subscriber in the network through a CC. The CC 
is comprised of an extended S-250E electrical equipment shelter mounted on a heav 
HMMWV. It tows two PU-753/M, 10 kW, trailer-mounted, diesel generator set, whic 
provides power when the CC is emplaced and operating as a switch. 


Major Components 


Shelter S-250E/G 

Junction Box J-1077A/U 

Generator PU-753/M, 10 kW 

Electronic Transfer Device KYX-15/TSEC 

RF Multicoupler CV-2391/TRC-191 

Electronic Transfer Device KYK-13/TSEC 
Radio Sets RT-1539 

Group Logic Unit C-11865/TRC-191 
Mast-Mounted RAU Antenna AS-3886/TRC-191 
VINSON COMSEC Unit TSEC/KY-57 

Antenna Mast AB-1339/G, 15 meters 
Automatic Key Distribution Center, TSEC/KGX-93A 
Data Processing Terminal AN/TSQ-154A 
Switching Processor OL-386/TTC-39A 
Frequency Oscillator O-1838/TTC-39A 

Printer 

Intercommunications Station LS-147 


NS oy 
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Major Components 
(Cont.) 


Trunk Encryption Device TSEC/KG-194 
Digital Computer AN/UYK-86(V)3 

EL Display 

RSS-D CP-1997 

Keyboard 

Packet Switch AN/TYC-20 

TUNA, TSEC/HGF-96 

Dual Loop Key Generators (LKG) KG-112 
Environmental Control Unit 

DNVT TA-1035/U 

ThinLan Transceivers 

VHF Whip Antenna AS-3885/TRC-191 
CPS Headset Control 


CO lO ot el es 


Parent Switch—4-Line Termination Units (LTUs) 
Extension Switch—2-Line LTUs 


Technical Characteristics 


Power RequUiteMentss:<dcacs-inpts.aed veda is eats wists Primary — 115 V AC, 60 Hz, single Phase 
Alternate — 28 V DC 

Emergency — 24 V DC 

Data Rates 4 Pecans Waar shane awa nase iar amr nied bee Scat caenieelg 16 kb/s to 256 kb/s 
(CCins Reamer rene Reet on ee eCner art rene 105 digital terminations (3 LTUs) 
12 digital terminations (J-1077) 

8 AUTOVON trunks 

8 Commercial trunks (1 LTU) 

COCES vena een tay 02 Hara ae sen easncna 35 digital terminations (1 LTU) 
12 digital terminations (J-1077) 

8 AUTOVON trunks 

8 Commercial trunks (1 LTU) 
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This was a simple equation, one that could actually be solved by 
inspection; consequently, you probably knew that the answer was 
25. Let's now check the answer to be sure that it is correct. 
The check is part of solving an equation. All you do is 
substitute your answer (25) for the variable (x) in the original 
equation. 


Example: 


The left member equals the right member making 25 the correct 
"root" for the equation. Let's look at some other equations. 


Examples: 
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AN/TTC-50 
Communications Central 
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AN/TTC-51 
Communications Switching Set 


NSN: 5895-01-349-8065 
Reference: TM 11-5895-1527-13P 


General Information 


The AN/TTC-51 Communications Switching Set (CSS) is a portable, automatic 
communications switching system. It provides automatic switching for local subscribers, 
commercial office access, and ten digital encrypted trunks. The CSS also provides an operator 
position, combat net radio interface (CNRI), and [/O computer interfaces. CSS connects to the 
CC AN/TTC-50, or other MSE parent nodes via LOS radio links or cable. The CSS is 
comprised of a communication modem, a trunk encryption device, a VINSON COMSEC 
device, and an electronic transfer device mounted in the CSS transit case. The CSS also is 
comprised of a UPS, switchboard, an optional signal data converter, and all associated cabling 
and-grounding equipment. 


Major Components 


Communication Modem 

Trunk Encryption Device KG-194A 
Electronic Transfer Device KYK-13 
VINSON COMSEC KY-57 

Handset H-350/U 

DNVT TA-1035/U 


1 Transit Case, including 


en 


11/O Assembly Panel, 
including 1 HVA 
1 Commercial ESA 
1 Commercial Filter 
Internal Cable Set: 1 UPS (28 V, 10 amp) 


1 Storage Bag, including 1 Remote Commercial Office Interface Assembly 
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Major Components 
(Cont.) 


External Cable 


Assemblies: 1 Signal Cable, Switchboard to Communications Modem 


1 Signal Cable, Switchboard to I/O Panel 

1 DC Power Cable, UPS to I/O Panel 

1 AC Power Cable, 25 feet, AC source to UPS 
1 Signal Cable, Commercial Office to I/O Panel 
1 AC Power Cable, AC source to Switchboard 


Technical Characteristics 


POWer Beg UIMeMCI Sat 1.8 taneiisls sala vad cae wate heir kntanitiaauly ations 115 V AC, 60 Hz, single phase 
Performance Data-Switching Group ..........0... 000... c eee eee 10-digital trunks 
16-digital loops (wire subscribers) 

2 analog loops for commercial interphase 

I/O interface 

CNRI 
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AN/TTC-51 
Communications Switching Set 


SWITCHBOARD 


COMMUNICATION 
MODEM 


TRANSIT CASE 
(FRONT VIEW 
COVER REMOVED) 
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AN/TRC-198(V)1 and AN/TRC-198(V)2 
Line-of-Sight Multichannel Radio Terminal 


NSN: 5820-01-349-9241 (AN/TRC-198(V)1) 
5820-01-349-9240 (AN/TRC-198(V)2) 


Reference: TM 11-5820-1114-13-1 
General Information 


The AN/TRC-198(V)I and the AN/TRC- 198(V)2 LOS Multichannel Radio Terminal 
is part of the contingency communications package (CCP) and is used with the contingency 
communications parent switch (CCPS). The AN/TRC-198(V)1 is a transportable radio 
communications link between other CCPSs, contingency communications extension switches 
(CCESs) and other MSE nodes. The AN/TRC-198(V)I uses a maximum of three UHF radio 
sets which can be dismounted and used separately. The dismounted radio set is the AN/TRC- 
198(V)2. The shelterized version uses a standard S-250/G electrical equipment shelter 
transported on an M-1097, heavy shelter carrier HMMWV. A 200-amp alternator in the 
HMMWV provides DC power to the shelter, as an alternative to the primary power source, 
a PU-753/ MM trailer-mounted, 10 kW, diesel generator. 


Technical Characteristics 


Fower-Whequirements: «ens isee rate den at yiawasay Primary i power— 115 V AC, 
50 to 60 Hz, single phase 

Alternate DC power — 28 V DC 

Radio Transmission Data cis; sauce ate sei eae ae UHF — 225 to 400 MHz (Band I) 
1350 to 1850 MHz (Band III) 

‘Transmssion Capacity sa ccs-ot-sdu eae tne peace Up to three simultaneous UHF transmissions 


Major Components 


S-250/G shelter 

Generator PU-753/M, 10 kW 
VINSON COMSEC Unit KY-57 
Electronic Transfer Device KYK-13 
Telephone Handset 


AN/GRC-226(V) Radio Set: 2 
Baseband Unit 3 
RF Unit, Band I 5) 
RF Unit, Band II 3 


(V) 

HMMWV, 10,000 Ibs 
1 

1 

1 

1 
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Major Components 


Antenna, Band I 

Antenna, Band III 

Antenna Mast, 15 meters 
Telephone Handset 

AC Power Cable, 35 feet 

AC Power Stub, 15 feet 
CX-11230A Coaxial Cable 
Internal Cables Set 

Antenna Cables Set 
Communication Modem MD-1270 


Dismount (V)2 Kit: 
Communication Modem Case 
Radio Case 1 

Radio Case 2 

DC Power Supply 

Power Cable Set 

Signal Cable Set 

HVA-9 
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AN/TRC-198(V)1 and AN/TRC-198(V)2 


Mounted 
COMMUNICATIONS sical ENTRY PANEL 
MODEM (SEP) / PATCH PANEL 
MD-1270(P)/T URE 
RADIO SET 
AN/GRG-226 


RADIO 
HANDSET 


UHF 
RADIO SET 
AN/GRC-226 


COMMUNICATIONS SECURITY 
CURBSIDE EQUIPMENT KY-57 AND 
HANDSET H-350/U 


COMMUNICATIONS SECURITY 
EQUIPMENT KY-57 AND 


HANDSET H-350/U 
POWER CONTROL PANEL 


CIRCUIT BREAKER 
PANEL 


POWER ENTRY 
PANEL 


REGULATORY 
BATTERY CHARGER 


MODEM 
ais MD-1270(P)/T 


ROADSIDE CE2NV003 
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AN/TRC-198(V)1 and AN/TRC-198(V)2 


Dismounted 


UHF 
RADIO SET 
AN/GRC-226 


COMMUNICATIONS 


fa \ a [} 
\YES 


UNIVERSAL 


POWER SUPPLY 


COMMUNICATIONS 


C7 


MODEM 
MD-+270(P)/T 


HANDSET 
H-350/U 
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Glossary 


Acronyms and Abbreviations 


AAU analog applique unit 

AC alternating current 

ACP Allied Communication Publication 

ACT automatic continuous tuning 

AD analog-to-digital 

ADC analog digital combiner 

ADF automatic direction finder 

ADM atomic demolition munitions 

ADP automatic data processor 

AFSAT Air Force satellite 

AHIP advance helicopter improvement program 
Al airborne intercept 

ALCG analog line sanditisneh group 

AM amplitude modulated 

AME amplitude modulation equivalent 
AMME automated message media equipment 
amp ampere 

amp-hr ampere-hour 

ANDVT advance narrow-band digital voice terminal 
ant antenna 

AR Army regulation 

ASCII American Standard Code for Information Interchange 
ASI alarm status indicator 

ASR airport surveillance radar 

assy assembly 

ATACS Army Tactical Communications Systems 
ATC air traffic control 

ATCSS Air Traffic Control Signaling System 
attn attention 

auto automatic 

AUTODIN Automatic Digital Network 
AUTOSEVOCOM automatic secure voice communications 
AUTOVON automatic voice network 

AVOW analog voice orderwire 

AWG American wire gauge 

Ge azimuth 

BFO beat frequency oscillator 

BITE built in test equipment 
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binding post 
bits per second 
British thermal unit 


chemical, biological, radiological (also see NBC) 


circuit card assembly 

cable driver 

cable driver modem 
communications-electronics 
common equipment group 
circular error probable 


communications equipment support element 


channel 


communications interface controller module 


communications interface processor 
communications interface shelter 
civilian 

centimeter 

command network 

communications nodal control element 
combat net radio 

combat net radio interface 

coaxial 

communications zone 

communications security 

continental United States 

cable orderwire unit 

command post 

central processor group 

contractor plant services 

central processing unit 
communications system control element 
communications security logistics activity 
call service position 

combat service support 

continuous wave 

Department of the Army 

data adapter control block 

demand assign multiple access 

decibel 

decibels above (or below) one milliwatt 
dial central office 

direct current 

Defense Communications Agency 
Defense Communications System 

data channel status indicators 

data devices 


In the next equation, the variable is on the right, but it is 
solved in the same manner. 


165 


= a+ 165 - 165. 


149 + 165 


314 


After solving several equations of this type you may feel that it 
is not necessary to write in the step involving the addition and 
subtraction property. Fine, this can be done mentally. However, 
it is suggested that if you are new to solving equations that you 
include this step until you have consistently solved each 
equation correctly and have confidence in your ability to add and 
subtract "in your head." Let's now look at multiplication and 


division. 


b. Multiplication and division properties of equality. The 


properties are quite simple and to the point. The multiplicative 
property states that if two equal numbers are multiplied by the 
same number, the products are equal. Symbolically, if a = hb, 
then ac = bc. The division property states that if two equal 
numbers are divided by the same number, the quotients will be 
equal. Symbolically, if a = b, then a/c = b/c. Just as addition 
and subtraction are inverse operations, so are multiplication and 
division. One operation can undo the other. The Golden Rule 
also applies to solving equations involving the multiplication 
and division properties of equality. 
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direct distance dial 
demultiplexer 

directional gyro 

digital group multiplexer 

digital in-band trunk signaling 
division 

digital line encryption device 
digital line terminating module 
distance measuring equipment 
digital nonsecure voice telephone 
Defense Operational Control System 
data orderwire 

defense satellite communications system 
digital simple data interface 
Defense Switching Network 
digital secure voice terminal 
digital transmission group 
down-the-hill 

dual tone multifrequency 

digital voice orderwire 

each 

echelons above corps 

emergency action message 
echelons corps and below 
environmental control unit 
extremely high frequency 
elevation 

engineering orderwire 

electronic transfer device 
exterior 

field circular 

Flight Coordination Center 
frequency division multiplex 
frequency division multiple access 
frequency modulated; field manual when used with a number 
force network 

flight operations center 
frequency shift keying 

Federal stock number 

feet 

gram 

gallon 

ground controlled approach 
gigahertz 

group modern 

ground mobile forces 
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ground mobile forces satellite communications 
glide slope 
high frequency 
high mobility multipurpose wheeled vehicle 
headquarters 
high speed cable driver modem 
high speed pulse restorer 
hertz 
input/output 
interface control unit 
improved high frequency radio 
instrurnent landing system 
impedance 
inc 
interior 
Integrated Tactical Communications System 
Integrated Wideband Communications Systems 
Joint Army-Navy-Air Force Publication 
kilobit per second 
kilocycles (superseded by kilohertz) 
kilogram 
kilohertz 
kilometer 
kilowatt 
liter 

ound(s) 

ocal call service position 
lightweight digital facsimile 
large extension node 
large extension node switch 
low frequency 
loop group multiplexer 
localizer 
line-of-sight 
lower sideband 
low speed cable driver modem 
large-scale integration 
low speed pulse restorer 
meter 
milliampere 
major Army command 
maximum 
marker beacon 
megabits per second 
megacycles 
modulated continuous wave 


MIL-STD 
mist 
mod 


FM 24-24 


mission essential contingency items 
medium frequency 

master group multiplexer 

megahertz 

mile 

military standard 

miscellaneous 

modified 

message processing shelter 

saps processing unit 

modular record traffic terminal 

mobile subscriber access 

mobile subscriber equipment 
millisecond 

mobile subscriber radiotelephone terminal 
metric ton 

modular tactical communications center 
mounting 

magnetic tape transport 

magnetic tape unit 

multiplexer 

millivolt 

milliwatt 

not ferns 

North Atlantic Treaty Organization 
nuclear, biological, heme (also see CBR) 
node center 

net control station 

nickel cadmium 

NATO Integrated Communications System 
number 

nomenclature 

normal 

net radio interface 

nonreturn to zero 

narrow-frequency shift keying 

national stock number 

National Telecommunications and Information Administration 
near vertical incidence skywave 

outside continental United States 
orderwire control unit 

orderwire 

ounce 

pulse code modulation 

peak-envelope power 

pulse modulated 
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Si 
SINCGARS 


s 
CRWBR 
SSB 

SST 
STANAG 
std 

SVT 

sync 

sys 
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position 

plan position indicator 

pulse position modulation 
pulses per second 

pair 

power supply 

power 

quick reaction antenna 

quantity 

radio detection and ranging 
random access storage unit 
radio teletypewriter 

radio access unit 

receiver 

receive 

radio frequency 

reliability improvement warranty 
remote loop group multiplexer 
remote multiplexer-combiner 
rapid patch 

receiver-transmitter 

radio wire integration 
surface-to-air missile 

satellite 

satellite communication(s) 
system control center-2 

Special Communications System 
single channel transponder 
secure digital net radio interface unit 
space division switching group 
small extension node 

small extension node switch 
signal entry panel 

cee high frequency 

selective identification feature {used with IFF) 
signal 

Single-Channel Ground and Airborne Radio Systems 
spare 

shortwave wideband radio 
single sideband 

single subscriber terminal 
Standardization Agreement 
standard 

subscriber voice terminals 
synchronize 

system 


t 

TACAN 
TACSAT 
TACSATCOM 
TAS 
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ton 

tactical air navigation 

tactical satellite 

tactical satellite communications 
tactical automatic switch 
technical bulletin 

tactical computer processor 
transmitter distributor 

time division digital multiplexer 
tactical digital facsimile 

time division multiplexing 

time division switching group 
trunk encryption device 
telephone (also see tp) 

telegraph 

trunk group multiplexer 
technical manual 

table(s) of organization and equipment 
telephone (also see tel) 

transmit receive 

Training and Doctrine Command 
Tri-Service Tactical Communications 
tactical satellite signal processor 
teletypewriter 

ultra high frequency 

unit level message switch 
uninterrupted power system 
United States (of America) 
United States Army 

upper sideband 

universal transverse Mercator (grid ) 
volt 

volt-ampere 

visual display unit 

voice frequency 

very high frequency 

secure device for voice and FM communications 
VHF omnidirectional range 

watt 

words per minute 

yard 
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References 


READINGS RECOMMENDED 


These readings contain relevant supplemental information. 


Technical Manuals (TM) 


11-2138 


11-5135-15 


11-5805-201-12 


11-5805-243-13 


11-5805-256-13 


11-5805-262-12 


11-5805-298-15 


11-5805-312-14 


11-5805-358-14-2 


11-5805-367-12 


Terminal Box, TA-125/GT; Telephone Repeating 
coil Assembly, TA-145/GT; Maintenance Kit, MX- 
842/GT and Switchboard Signal, TA-123/GT. December 1983. 


Radio Set Control AN/GSA-7. December 1983. 


re and Organizational Maintenance Manual for 
Telephone Set, TA-312/PT. August 1990. 


Operator’s Unit and Intermediate Direct He a 
Maintenance Manual for Telephone Set TA-1/PT. September 1987. 


Operator’s, Organizational and Direct Support 
Maintenance Manual for Telephone Set, TA-43/PT. February 1984. 


Operator’s and Organizational Maintenance Manual for Switchboards, 
Telephone Manual SB-22/PT and SB-22A/PT. June 1990. 


Operator’s, Organizational, Direct Support, General Support and Depot 
Maintenance Manual: Generators, Ringing Static, TA-248/TT and TA- 
248A/TT. August 1983. 


Operator’s Organizational, Direct Support and General Support 
Maintenance Manual for Terminal, Telegraph AN/MSC-29A. May 1992. 


Operator’s, Organizational, Direct Support and General Support 
Maintenance Manual for Terminal Sets, Telephone, AN/TCC-60 and 
AN/TCC-69. May 1992. 


Operator’s and Organizational Maintenance Manual: Multiplexers, TD- 
202/U TD-203/U, TD-204/U, TD-352/U and TD-353/U; Restorers, Pulse 
Form, TD-206/G and TD-206GG and Converters, Telephone Signal, CV- 
1548/G and CV-1548A/G. June 1986. 
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Example: 


In the example above, you are looking for some number that, when 
multiplied by 6, will give a product of 84. Remember that the 
objective in solving an equation is to isolate the variable, in 
this case "x". From practice with addition and subtraction, you 
know that in each case the inverse operation was applied. Here 
you have multiplication, so the inverse operation of division is 
applied. Let's look at a few other equations. 


Examples: 


13(13) 


169 
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In an equation involving division, the multiplication property 
will be used to find the root. For example, in n/4 = 6, you are 
looking for some number "n" that, when divided by 4, equals 6. 


Example: 


Note: Since n is divided by 4, multiply it by 4 to get 1 as 
the coefficient of n. Let's look at a couple more 
examples. 


Examples: 


Note: As with addition and subtraction, the intermediate 
step can be mental. You are encouraged to include it 
until you have confidence in yourself and 
consistently get correct answers. 
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CHAPTER 1 
INTRODUCTION 


1. Purpose 

This manual is a guide for personnel who in- 
stall and maintain field wire communication sys- 
tems. 


2. Scope 

a. This manual contains general information 
on field wire, field cable, splicing field wire, tying 
field wire, installing and recovering field wire 
lines, troubleshooting on field wire lines, construc- 
tion records, and the general characteristics of 
communication equipment used with field wire 
communication systems. 

b. This manual contains three appendixes: Ap- 
pendix I, list of publications and training films 
covering the subjects within the scope of this 
manual; appendix II, information for switchboard 
operators; and appendix III, symbols used in wire 
diagrams and maps. 

c. The information presented is applicable with- 
out modification to both nuclear and nonnuclear 
warfare. 


3. Field Wire Communication Systems 


Field wire communication systems are designed 
specifically to provide tactical units with tele- 
phone, teletypewriter, and facsimile services. 
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These equipments are rugged, can be installed and 
removed rapidly, and are comparatively easy to 
maintain. A typical field wire communication sys- 
tem consists of field telephones, teletypewriters, 
switchboards, and radio-wire integration stations 
interconnected by field wire lines. Field wire is 
also used in the local communication systems of 
rear-area elements when time or other considera- 
tions prohibit the installation of more permanent 
facilities. 


4. Communication Responsibility 

The commander is responsible for the instal- 
lation, operation, and maintenance of the signal 
communication system within his unit. He is also 
responsible for installing and maintaining com- 
munication lines from his headquarters to his sub- 
ordinate units, and, unless otherwise instructed, 
to the unit on his right. A supporting unit has 
the responsibility to install and maintain commu- 
nication with the supported unit. 
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CHAPTER 2 


FIELD WIRE AND FIELD CABLE 


5. General 


This chapter presents some of the technical 
characteristics of Field Wire WD-1/TT and field 
cables, including five-pair cable and spiral-four 
cable. Field cables are not discussed in detail in 
this manual. Detailed information on the instal- 
lation and maintenance of field cables is contained 
in TM 11-381. 


6. Field Wire WD-1/TT 

Field Wire WD-1/TT (fig. 1) consists of two 
twisted, individually insulated, conductors having 
the following characteristics: 

a. American Wire Gage (AWG) No. 23 (each 
conductor). 

b. Four tinned-copper strands and three gal- 
vanized-steel strands. 

c. An inner insulation of polyethylene and an 
outer insulation jacket of nylon. 

d. Tensile strength of approximately 200 
pounds (both conductors). 

e. Weighs 48 pounds per mile. 

f. Direct current (dc) loop resistance of from 
200 to 234 ohms per mile at 70° Fahrenheit (F). 

g. Loss at one kilocycle (kc) at 68° F. is 2.5 
decibels (db) per mile, under wet conditions, and 
1.5 db per mile under dry conditions. 
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POLYETHYLENE 4 COPPER 
INSULATION 3 STEEL STRANDS 


FM24-20-9 


Figure 1. Wire WD-1/TT. 


7. Five-Pair Cable 


a. Cable Assembly CX~162/G consists of five 
pairs of rubber-insulated, color-coded, No. 19 
AWG tinned solid-copper conductors. Cotton cord 
is used in the center and as a filler between pairs. 
A cotton yarn separator is applied over the as- 
sembled conductors, and black, vulcanized or syn- 
thetic rubber is molded around the outside to form 
the cable jacket. The cable is equipped with a 
connector on each end. 

b. Five-pair cable is furnished in 500-, 300-, 
200-, 100-, and 12-foot lengths. The 12-foot length 
of 5-pair cable, Cable Stub CX-163/G (fig. 2), 
has a connector at one end which connects to 
Cable Assembly CX—162/G; at the other end, the 
individual cable conductors are separated to per- 
mit connection to binding posts. 

ce. To facilitate installation and to eliminate 
large numbers of field wire circuits, five-pair cable 
is used in congested areas where concentration of 
communication circuits is required. It is particu- 
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larly useful for installing circuits from a wire- 
head, or patching panel, to the switchboard in a 
command post or as a distribution cable for local 
circuits. 


FM24-20-15C 


Figure 2. Cable Stub CX-163/G. 


8. Spiral-Four Cable 


a. General. Spiral-four cable is normally used 
to provide a four-wire transmission line for a 
carrier communication system. It also can be used 
for long-distance voice-frequency circuits. De- 
tailed information on cable assemblies using 
spiral-four cable (Telephone Cable WF-8/G) is 
contained in TM 11-381. 
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c. Equations involving the four operative properties of 


equality. Often equations may involve a combination of 
properties such as addition and multiplication, addition and 
division, subtraction and multiplication, etc. The principles of 
solving the equations will remain the same; only the number of 
steps will change. The sequence in which to proceed is based on 
the principle of isolating the variable. 


Example: 


Here you have a multiplication (8y) and an addition (8y + 4). To 
isolate the variable (y), the first step is to eliminate 
the 4. 


+ 4 = 52 

a 2 - 4 + 52 - 4 
48 
48 
8 


6 


b. Telephone Cable WF-8/G. Telephone Cable 
WF-8/G (fig. 3) consists of four stranded-copper 
conductors separately insulated with polyethylene 
and spiraled around a polyethylene core. One pair 
of the spiral-four cable is colored to permit easy 
identification. The spiraled conductors are covered 
by an inner jacket of polyethylene, a carbon-cloth 
stabilizing tape, a steel braid, and a thermoplastic 
outer jacket. The steel braid adds tensile strength 
to the cable, permitting the cable to be used in 
self-supported aerial cable lines. Telephone Cable 
WF-8/G is part of Cable Assembly CX-1065/G 
and Telephone Cable Assemblies CX-—1606/G and 
CX~-1512/U. 

c. Universal Connectors. The universal con- 
nector (fig. 4) provides a high-quality, waterproof, 
electrical circuit connection between two spiral- 
four cable assemblies. The connectors are joined 
as shown in figure 5. 

d. Electrical Connector Plug U-176/G. The 
electrical connector plug (fig. 6) is similar to the 
universal connector shown in figure 4, except that 
the end cap is made of nylon. An aluminum seal 
nut and jacket cover the cable grip, and the 
coupler assembly is made of rubber. The electrical 
connector plugs are joined as shown in figure 5. 

e. Cable Assembly CX-1065/G. The cable as- 
sembly consists of approximately 14-mile (1,280 
to 1,360 feet) of spiral-four cable (Telephone 
Cable WF-8/G) fitted at each end with a uni- 
versal connector. A pair of conductors connect 
the male contacts of the connector at one end to 
the female contacts of the connector on the other 
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end. The steel braid is connected to the connector 
case at each end. Two or more of these assemblies 
are joined to form a transmission line of any 
required length. The cable assembly is supplied 
on Reel DR-15-B (fig. 7). The storage compart- 
ment on the reel holds both connectors plus about 
12 feet of the inner end of the cable. 

f. Telephone Cable Assembly CX-1606/G. This 
assembly consists of 100 feet of spiral-four cable 
(Telephone Cable WF-8/G) fitted at each end 
with a universal connector. It is used with 14-mile 
lengths of spiral-four cable to obtain a transmis- 
sion line of the required length. 

g. Telephone Cable Assembly CX-1512/U (fig. 
8). This assembly is a cable stub and consists of 
12 feet of spiral-four cable (Telephone Cable WF- 
8/G) fitted at one end with a universal connector. 
The four conductors and steel braid are separated 
at the other end, allowing the spiral-four cable to 
be connected to terminal equipment not equipped 
with universal connectors. The assembly weighs 
2 pounds, and contains a pair of 6-millihenry load- 
ing coils which decrease the cable attenuation on 
the 0 to 20 kilocycle frequency range. The end 
caps should be kept screwed onto the loading coil 
when it is not in use to protect the faces from 
moisture, dirt, and damage. 

(1) A nylon yarn braid covers the open ends 
of the steel braid. The steel braid termi- 
nation is made at the top of the nylon 
braid for ease of identification. 

(2) The conductors are bared about 34, inch 
and tinned. The tinned ends prevent 
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fraying of the conductor strands and 
provide a good electric connection. 

h. Telephone Loading Coil Assembly CU-260/G 
(fig. 9). This metal cylinder (about 5 inches long 
and 2 inches in diameter) is inserted between two 
spiral-four cable assemblies to decrease transmis- 
sion loss of the cable. This coil is used only when 
a voice frequency or four-channel carrier equip- 
ment signal is to be transmitted. It is not used 
when the cable is to transmit a signal of a 12- 
channel system. 
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Figure $. Telephone Cable WF-8/G, construction details. 
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Figure 4. Universal connector. 
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Figure 5. Joined universal connectors. 
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Figure 6. Electrical Connector Plug U-176/G. 
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STORAGE 
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Figure 7. Cable Assembly CX-1065/G, wound on Reel 
DR-15-B. 
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Figure 8. Telephone Cable Assembly CX-1512/U. 
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Figure 9. Telephone Loading Coil Assembly CO-260/G, 
joining two universal connectors. 
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CHAPTER 3 
SPLICING FIELD WIRE 


9. General 


Splicing field wire is the method used to join 
the conductors of wire lines to maintain electrical 
continuity. A splice should have the same tensile 
strength, electrical conductivity, abrasion and 
weather protection, and insulation resistance as 
the unspliced portion of the wire. A poorly made 
splice introduces transmission loss, increases 
noise, and generally impairs the quality of the 
circuit. 


10. Wire Splicing Equipment 

Field wire splices can be made with either Wire 
Splicing Kit MK-356( _)/G or Tool Equipment 
TE-33. (Nomenclature followed by ( ) refers 
to all models of the items of equipments. ) 

a. Wire Splicing Kit MK-356( )/G. Wire 
Splicing Kit MK-356( )/G (fig. 10) is designed 
to provide a means for rapidly splicing Wire WD- 
1/TT (standard splice). The kit consists of Wire 
Splicing Tool TL-582( )/U, 4 magazines, a bag, 
and 200 splicing connectors (sleeves). It is 12 
inches long and weighs approximately 314 pounds. 

(1) Wire Splicing Tool TL—582( )/U has 
three basic parts: the head assembly, the 
cutter assembly, and the handle assembly 
(figs. 11 and 12). 
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(a) The head assembly is composed of the 


magazine housing, the wire guide, the 
wire holder, and the crimping chamber 
(indenter and anvil). 


(b) The cutter assembly, mounted on the 


left handle of the tool, has a wire 
guide, a wire stop, and upper and lower 
hinged cutting blades. The cutting 
blades are kept closed by a coiled 
spring when not in use. Each blade 
has a groove for stripping insulation 
from Wire WD-1/TT. 


(c) The handle assembly includes the 


(2) 


(3) 
(4) 


handles and a ratchet. The ratchet 
prevents the tool from opening until 
the splice is complete. This feature 
insures that the operator will not make 
a low-tensile strength splice. 
The magazine holds 10 connectors or 
sleeves. It has a spring, follower, and a 
retaining slide for locking the connectors 
in place. 
The bag provides a means of carrying 
the splicing tool and four magazines. 
The splice connector assembly is made 
up of three concentric sleeves: copper 
outer sleeve, plastic intermediate insula- 
tor, and a copper insert. The copper in- 
sert insures tensile strength and conduc- 
tor connection; the plastic insulator 
provides a waterproof seal, with the aid 
of pressure maintained by the outer 
sleeve. The plastic insulator is belled at 
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each end to form a funnel-like opening 

for the insertion of the bared wire. The 

spliced connector assembly provides a 
waterproof splice without the use of tape. 

b. Tool Equipment TE-33. Tool Equipment 
TE-33 (fig. 13) is used for making field wire 
splices. It consists of Pouch CS—34, Pliers TL— 
13—A, and Electricians Knife TL-29. Two types 
of insulating tapes can be used in making field 
wire splices : Electrical Insulation Tape TL-636/U 
(black polyethylene), used in tropical and tem- 
perate zones; and Electrical Insulation Tape TL- 
600-U (white polyethylene), used in the Arctic 
and during cold weather in temperate zones. Tape 
TL-83 (friction) may be used for added protec- 
tion of the splice. To improve the field splice 


SPLICING 
TOOL 
TL582/G 


MAGAZINES 
FM24-20-122 


Figure 10. Wire Splicing Kit MK-356( )/G. 
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2p - 5 = 8.5. 
2(6.75) - 5 
13.50 - 5 = 8.5 
8.5 = 8.5 


In - 3n = 40 + 16 Check: 


= 56 7(14) - 3(14) = 40 + 60 


98 - 42 


56 = 56 


d. Inequalities. At the beginning of this lesson on algebraic 
sentences, you were given a group of symbols that denote 
inequalities. Years ago, inequalities were discussed only in 
college level math courses and sometimes in high school classes. 
But now, inequalities are introduced at the elementary school 
level. Why? To show the students comparisons between numbers. 
An elementary school child can readily interpret the statement 5 
> 3 as 5 is greater than 3 and knows that this means the number 5 
is larger or more than the number 3. He also associates these 


numbers on the number line and knows that 5 is to the right of 3. 


Example: 


At a more advanced level, inequalities may be applied to problems 
in economics, military tactics, industrial quality control, and 
research in general. 


mechanically and electrically, a small gauge, soft- 
drawn copper wire (known as seizing wire) may 
be used. (Seizing wire may be obtained from the 
copper conductors in a piece of field wire.) 
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Figure 11. Wire Splicing Tool TL-582( )/U. 


11. Standard Field Wire Splice 
a. Steps in Making Splice. 
(1) Cut the conductors. 
(2) Strip the insulation from each conductor. 
(3) Load the magazine. 
(4) Place the sleeve in the crimping chamber. 
(5) Insert the bared wires in the correspond- 
ing ends of the sleeve. 
(6) Crimp the sleeve. 
b. Cutting Conductors. Open the upper cutting 
blade of the cutter assembly and place the pair of 
wires toward the rear against the hinged portion 
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Figure 12. Wire splicing tool: Cutter assembly and head 
assembly. 
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Figure 18. Tool Equipment TE-88. 
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of the assembly, release, and press down (fig. 
14). Both conductors should be of equal length. 
c. Stripping Insulation. The ends of the wires 
must be bared approximately 54, inch to insure 
proper conductivity and tensile strength when 
crimped in the insert sleeve. To strip the insula- 
tion from the ends of the wires: 
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(1) 


(2) 


(3) 


Open the upper cutting blade of the 
cutter assembly, and place the end of the 
conductor in the wire guide and stripping 
groove (lower cutting blade), and for- 
ward against the wire stop (fig. 15). 
(The wire must be pressed against the 
wire stop to insure the removal of the 
correct amount of insulation.) 

Release the upper cutting blade, and give 
a sharp pull on the wire. If small par- 
ticles of insulation remain, repeat the 
operation. 

Do not twist the bared ends of the wire. 
The wire strands should mesh inside the 
sleeves under the crimping pressure to 
provide a strong splice. 


d. Loading Magazine. Load the magazine by 
either of the following methods: 


(1) 


(2) 


Open the retaining slide and insert the 
sleeves into the magazine. Hold each 
sleeve in place until the last sleeve is 
inserted, and then close the retaining 
slide to lock the sleeves in place. 

Open the retaining slide. With a sleeve 
placed in the follower slot (fig. 16), com- 
press the spring by pressing down on the 


AGO 5756C 


follower until the sleeve is lined up with 
the follower stop hole. Lock the spring 
in place by pushing the sleeve in the 
follower hole. Fill the magazine with 
sleeves, close the retaining slide, and 
remove the holding sleeve from the fol- 
lower hole. 


e. Placing Sleeve Assembly in Crimping 
Chamber. Before inserting the magazine in the 
magazine housing, close the handles of the tool. 
This will raise the return pin so that it will open 
the retaining slide on the magazine as the maga- 
zine is inserted into the housing. 


(1) 


(2) 


(3) 


Insert the magazine face down into the 
magazine housing and push forward into 
position (fig. 17). 

Extend the handles of the tool to their 
widest position. (The magazine will be 
pulled out slightly by the retaining pin.) 
Push the magazine into its final position ; 
this will allow a sleeve to enter the crimp- 
ing chamber (fig. 18). 

Close the handles of the tool until the 
sleeve assembly is held firmly in the 
crimping jaws. Do not exert excess pres- 
sure that will crimp the sleeve assembly. 


f. Inserting Conductors in Sleeve Assemblies. 
Splice the conductor of one wire pair to the con- 
ductor of the other wire pair as follows: 


(1) Insert both of the conductors to be spliced 
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into the wire guide on each side of the 
head assembly of the tool; push the wires 
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into the sleeve assembly as far as pos- 
sible (fig. 19). 

(2) After the conductors are properly seated, 
hold them in place by wedging them into 
the wire holder. 


g. Crimping Sleeve. Crimp the sleeve and com- 
plete the splice as follows: 

(1) Close the handles of the splicing tool as 
far as possible (fig. 20). The tool will 
crimp the sleeve at its center and at both 
ends. 


/ 


WIRE 
WO-I/TT 


FM24-20-125 
Figure 14. Cutting conductors for a aspire. 
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Warning: Be very careful to protect 
the fingers while closing the handles, 
because the ratchet assembly prevents 
the tool from opening until the crimping 
operation is completed. 

(2) Open the handles of the splicing tool to 
their full width and remove the splice. 

(3) Test the quality of each splice by giving 
a sharp pull on the splice. 

(4) Repeat the splicing operation on the 
other conductor of the field wire pair. 
A completed splice is shown in figure 21. 


FM24-20-126 


Figure 15. Stripping insulation. 


12. Field Wire Splice 
a. Steps in Making Splice. The field wire splice 
(fig. 22) consists of four essential steps: 
(1) Cut the wires to stagger the lengths and 
remove the insulation of each conductor.. 
(2) Tie a square knot to retain the tensile 
strength of the conductors. 
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Figure 16. Loading magazine. 
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Figure 17. Inserting magazine in magazine housing. 


AGO 5756C 25 
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Figure 18. Loading the crimping chamber. 


FN.24-20-130 
Figure 19. Inserting wire conductor in sleeve assembly. 
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Figure 20. Crimping sleeve. 
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Figure 21. Completed splice. 


(8) Seize the square knot to provide good 
electrical conductivity. 

(4) Tape the splice to electrically insulate the 
conductors and to protect against abra- 
sion and weather. 
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Problems concerning the most profitable division of time on TV 
programs, the allocation of production facilities in a factory to 
achieve maximum profit, or the determination of feed mixtures to 
minimize costs while satisfying standard food requirements are 
situations that represent a few of the areas to which the 
mathematics of inequalities can be applied. Most of this is 
beyond the realm of Math For Marines, but some of the aspects of 
inequalities are practical and may help you appreciate number 
relationships. Recall that an inequality is a statement that two 
quantities or expressions are not equal. Each expression is 
called a member, and one member may be < (less than), > (greater 
than), or # (not equal to) the other member. Like an equation, 
an inequality may or may not be true. 


Example: 
12 = 8 + (5-3) Is this true or false? 


12 = 8 + (5-3) 
12=8 +2 
12 -=. 20 


This is false, 12 is not equal to 10. 


Let's look at another example. 


10 


is false, 11 is not less 


10. 


The next step is to extend these concepts to expressions that 
include variables. What does x > 3 mean? If you are talking 
about the "positive" whole numbers, this means all of the numbers 
to the right of 3 on the number line. Note that there is an 
asterisk above the 3 to show that it is not part of the solution. 
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b. Cutting Conductors to Stagger Splice. To 
stagger the conductors of a field wire pair— 

(1) Snip off the ends of the pair of wires to 
insure that both conductors are of equal 
length. 

(2) Cut one conductor of each pair 6 inches 
(or one plier’s length) from the end 
(fig. 23). 

c. Removing Insulation. Remove insulation to 
bare the conductors for splicing (fig. 24). Remove 
the insulation as follows: 

(1) Use the cutting edge of Pliers TL-13—A 
to remove 6 inches (2 inches at a time) of 
both nylon jacket and inner insulation. 
Pull the third 2-inch section of the in- 
sulation only to the end of the conductor. 
This will keep the wire strands together 
during the next step of the splice. 

(2) Carefully clean the strands of the re- 
maining insulation with Knife TL—29. 

d. Tying Square Knot. Join the end of the long 
conductor of one pair and the end of the short 
conductor of the other pair after restoring the 
normal twist of the conductors. Twist conductor 
1 over and under conductor 2 to form the first 
loop (A, fig. 25). Twist conductor 1 over and 
under conductor 2 to form the second loop of the 
square knot (B, fig. 25). Pull the knot tight, but 
leave a 14-inch space between the knot and the 
insulation (B, fig. 25). 

e. Setzing Splice. 

(1) With seizing wire. When seizing wire is 
available, insert a 6- to 8-inch length of 
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seizing wire through the center of the 
square knot and tighten the knot (A, fig. 
26). Bend the seizing wire at its center. 
Use half of the wire for wrapping to the 
right. Take several close turns with the 
seizing wire, both to the left and to the 
right, to bind the square knot (B, fig. 
26). Cut the excess ends of the conductor 
flush with the insulation. Continue the 
seizing-wire wrap, to the left and to the 
right of the square knot, until 2 turns 
are taken on the insulation. Cut the ends 
of the seizing wire, and press them down 
into the insulation (C, fig. 26). 

Without seizing wire. When seizing wire 
is not available, use the copper strands 
of the conductor to seize the square knot. 
After the knot has been tied and pulled 
tight, remove the third 2-inch section of 
the insulation and separate the steel 
strands from the copper strands (A, fig. 
27). (Copper strands will remain bent 
when flexed.) Cut the steel strands flush 
with the ends of the insulation (B, fig. 
27). Cross the left-hand end of the cop- 
per strands over the crest of the square 
knot (C, fig. 27). Wrap several tight 
turns over the bared portion of the right- 
hand conductor. Continue wrapping 
until 2 turns have been made on the in- 
sulation. Cut the excess ends of the 
copper strands. Repeat the seizing oper- 
ation with the right-hand end of the cop- 
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per strands; again cross over the crest 
of the square knot and wrap 2 turns on 
the insulation of the left-hand conductor. 


f. Taping Splice. The types of insulating tapes 
are discussed in paragraph 100. 


(1) 


(2) 


Taping splice with electrical insulation 
tape. Remove the backing and stretch 
the electrical insulation tape to activate 
its self-bonding properties. Start taping 
at the center of the splice (A, fig. 28). 
Use a steady pull and tape about 114 
inches beyond the insulation at one end. 
Work the tape back over the knot to 
about 114 inches beyond the insulation 
on the opposite side. Finally, work the 
tape back again to the center of the 
splice. 


Taping splice with friction tape. Start 
at either end about 14 inch beyond the 
electrical insulation tape. Continue the 
taping to a point about 14 inch beyond 
the electrical insulation tape on the op- 
posite end (B, fig. 28). 


13. Combination Splice 


The combination splice (fig. 29) is used to splice 
an insulated stranded-conductor to an insulated 
solid conductor. It is made as follows: 


a. Remove 6 inches of insulation from the end 
of each wire and scrape the wire clean. 
b. Tie an overhand knot (first half of square 
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CONDUCTOR |! CONDUCTOR 2 A 
l 2 


CONDUCTOR | lt te le CONDUCTOR 2 B 


FM24-20-H) 
Figure 25. Tying square knot in field wire. 


knot) in the stranded wire within 14 inch of the 
insulation. 

c. Slip the knotted wire over the solid conductor 
to within 14 inch of the solid conductor wire in- 
sulation (A, fig. 29). 

d. Wrap the stranded wire around the solid 
conductor up to the insulation (B, fig. 29). Cut 
the excess stranded wire. 

e. Bend the end of the solid wire back at the 
knot, and wrap it around the stranded wire until 
2 turns are made on the insulation (C, fig. 29). 

f. Wrap the solid wire in the direction opposite 
to that of the wrapping of the stranded wire. Cut 
off the excess solid wire, and press the cut end 
down into the insulation. 

g. Tape the splice as described in paragraph 
12f. 


14. T-Splice 


The T-splice is used to splice one field wire line 
to another without interrupting service. This is 
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CUT TAIL FLUSH WITH!INNER INSULATION 


2 TURNS ON INNER INSULATION 


_— 


Figure 26. Square knot with seizing wire. 
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B STEEL STRANDS GUT FLUSH WITH THE INNER INSULATION. 


C KNOT SEIZED WITH LEFT HAND COPPER STRANDS. 


D KNOT COMPLETELY SEIZED. 


FM24-20-14 
Figure 27. Square knot without seizing wire. 
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4" ——— | 
| START 


~~ 


STOP 


A ELECTRICAL INSULATION TAPE APPLIED, SHOWING 
DIRECTION OF WRAPPING. 


START i STOP 


B FRICTION TAPE APPLIED ,SHOWING DIRECTION OF 
WRAPPING. 


FM24-20-16 
Figure 28. Applying electrical insulation tape and 
friction tape. 


STRANDED WIRE 
SOLID CONDUCTOR WIRE 


Levers! 


AT LEAST 6° OF BARE WIRE 
ON EACH END BEFORE TYING 


LESS THAN 1/8* 


NO SPACE LEFT BETWEEN 
AOJACENT TURNS 


END OF STRANDED WIRE 


B 
TURNS EXTEND ONTO INSULATION 
END OF SOLID CONDUCTOR WIRE CG 
FM24-20-17 
Figure 29. Combination splice, solid to stranded 
conductor. 
AGO 5756C 
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Example: 


However, if you are talking about the natural numbers, it would 
be the "counting" numbers to the right of 3. 


Example: 


Do you remember the difference between whole and natural numbers? 
If you said zero (0) and negative numbers, your correct. Natural 
numbers do not include zero and negative numbers. That's the 
major difference between the two number lines. However, some 
inequalities are little more complicated and involve the same 
procedures used to solve equations. 


Example: 


The graph would look like this for the "positive" whole numbers. 


Example: 
| | | a | | | | 
rarer ek 
l 
0 14123 4 5 6 7 
Note: The double asterisk above the 3 this time is there to 


show that 3 is part of the solution. This means that 
any number less than or equal to three is an answer 
to the inequality. In checking it, 3 or any of the 
numbers less than 3 can be substituted for the 
variable. 


used in the rerouting of existing wire lines or in 
the construction of a multiple party line. In figure 
30, X, and X2 are the conductors to be connected. 
Make the splice as follows: 

a. Remove 11% inches of insulation from con- 
ductors X, and X,. The two bared spots should 
be at least 12 inches apart. 

b. Place conductors Y, and Y, beside X; and Xo. 
Cut Y, off at the bared spot in X,, and prepare the 
ends of Y, and Y>2 for splicing. 

c. Tie Y, and X, with a square knot as follows: 
With the left hand, make a loop in the bared part 
of X;. With the right hand, pass the end of Y, up 
through the loop, over the right side, under and 
around the neck of the loop, over the left side and 
down through the loop. Tighten the knot. 

d. Twist Y. around X, and X». Tie Yo2 to 
X. in the same manner as described above. As- 
suming that the circuit going to the left of the 
splice will be disconnected after the splice is com- 
pleted, cut off the portion of the end to be dis- 
carded and complete the splice (paragraph 12e 
and f). 

e. When the end is not to be discarded, complete 
the splice with seizing wire. 


15. Splicing Field Wire to Bare Copper Wire 
Either a bridging connector or a combination 
seizing-wire splice is used to splice a stranded 
field wire conductor to a solid open-wire conductor. 
a. Bridging Connectors. These are threaded- 
bolt devices used to connect two conductors. Be- 
fore using the bridging connector, clean the solid 
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open-wire conductor at the point of connection. 
Place the bridging connector in position (top wire 
in fig. 831), and tighten the upper nut securely. 
Remove the insulation from the field wire, clean 
the strands, and wrap the bared end counter- 
clockwise around the threaded part of the con- 
nector between the two washers. Tighten the 
lower nut securely. 

b. Combination Seizing-Wire Splice (fig. 82). 
To make this splice, remove 1 inch of insulation 
from the end of the stranded wire. Clean both the 
stranded and solid conductors. Lay the bared end 
of the stranded wire along the solid wire. With a 
12-inch piece of seizing wire, wrap 4 turns around 
the solid wire in back of the stranded wire. Con- 
tinue to wrap the seizing wire. Take several turns 
over the insulation of the stranded wire, continue 
over the bare end of the stranded wire, and finally 
finish with 4 turns over the solid wire. Wrap the 
seizing wire tightly, and draw the turns against 
each other. 

c. Taping Combination Seizing-Wire Splice. A 
combination seizing-wire splice is wrapped with 
two layers of electrical insulation tape covered 
by two layers of friction tape. This taping helps 
to hold the wires firmly in place and reduces 
weather corrosion. The taping on the solid con- 
ductor should be extended well beyond the contact 
area of the two conductors (fig. 33). 
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Figure 31. Field wire connected to open wire by bridging 
connector. 


4 TURNS OF 
NDUGTOR 
SOLID GONDUGTO SEIZING WIRE 


| STRANDED WIRE } 


SEIZING WIRE t2 INCHES LONG 


4 TURNS EXTENDED ONTO 
SOLID CONDUCTOR 
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Figure 32. Combination seizing-wire splice. 
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Figure 88. 


FM24-20-26 
Taping combination seizing-wire splice. 
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CHAPTER 4 
TYING FIELD WIRE LINES 


16. General 


a. Field wire ties are used to hold wire lines in 
place and to relieve the strain on wire lines at 
their terminating points. All field wire ties are 
made without cutting the wire lines, thus allowing 
rapid installation and recovery without damage 
to the wire. 

b. The three wire terms used in this chapter 
when describing these field wire ties are defined 
below: 

(1) The standing part is that part of the line 
that has been installed. 

(2) The running end is that part of the line 
that leads to the wire-laying equipment. 

(83) A wire bight is a loop formed by the wire 
(A, fig. 36). 


17. Drip Loop 


A drip loop (fig. 34) is placed in a lead-in wire 
where the wire line is tied above the terminal 
equipment. The drip loop drains the water down 
the lead-in wire to the bottom of the loop, and 
thus prevents water from entering the equipment. 


18. Clove Hitch Tie 


A clove hitch tie is used to fasten a field wire 
line to any object having an unobstructed top, 


AGO 5756C 43 


FM24-20-86 


Figure 34. Drip loop. 


such as a stake or a fence post. To make this tie, 
proceed as follows: 

a. Form two loops in the wire (A, fig. 35). 

b. Place the right-hand loop on top of the left- 
hand loop without turning either loop (B, fig. 35). 

c. Place both loops over the object to which the 
tie is to be made and tighten the loop (C, fig. 35). 
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Figure 35. Clove hitch tie. 
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19. Loop-Knot Ties 


a. Overhead Loop-Knot Tie (fig. 36). This tie 
is used for short, temporary overhead spans. It 
must not be used for long or permanent overhead 
spans, because the weight of the wire causes the 
knot to bind, thereby causing damage to the insu- 
lation. It should not be used in places where it 
could become untied accidentally by passing per- 
sonnel, vehicles, or animals. The tie is made as 
follows: 

(1) Place the wire between you and the 
object to which the tie is being made. 

(2) Pull enough slack to form a bight around 
the object plus an additional 3 feet. (If 
the wire is to be later recovered, a longer 
bight should be formed to eliminate 
climbing to untie the loop.) 

(3) Place the bight around the object in the 
direction of the running end. (If a 
greater strain is on the running end, 
place the bight around the object in the 
opposite direction (A, fig. 36).) 

(4) Hold the running end, the standing part 
and the bight in one hand. With the 
other hand, reach over the running end 
with the palm down, grasp the bight and 
twist to form a loop. (With the palm 
down, the twist can only be made in one 
direction (B, fig. 36).) 

(5) Reach down through the loop, grasp the 
bight, inclosing the standing end and the 
running end, and pull up to form a double 
bight (C, fig. 36). 
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(6) Tighten the knot securely against the 
object (D, fig. 36). To unfasten the tie, 
pull on the lower single loop. 

b. Ground Loop-Knot Tie. This tie is made in 
the same manner as the overhead loop-knot tie, 
except the hand is placed under the loop. (With 
the palm up, the loop can be twisted in only one 
direction.) The double bight is pulled down 
through the loop and the knot is tightened. The 
double bight will be down, and the single loop 
will be up, making it easier to untie. 


; uf CLoseo 
‘ | LOOP 


RUNNING END 


TO UNFASTEN 
PULL LOOP FM24-20-12 


Figure 36. Overhead loop-knot tie. 
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Let's look at a few more examples and determine if the 
inequalities are true or false. 


Example; 


x +2 <5 (Substitute 2 9/10 for x) 


29/10+2<5 
49/10 < 5 


(This is true; 4 9/10 < 5) 


Examples: 


x > 


(This is true, x > 2) 


4 > 13 


4-4> 13 - 
3X 


73 


(This is true, x > 3) 


If you are not sure how to determine whether inequalities are 
true or false review this section before moving forward. 


Lesson Summary. During this lesson on algebraic sentences, you 
have learned how to determine if an equation is true or false, 
the proper operations to find the correct root, and how to 
determine if an inequality is true or false. Now that you know 
the basics, let's learn how to solve problems involving 
proportions and percentages. 


20. Square Knot and Loop Tie 


a. The square knot and loop tie (fig. 37) is 
more secure than the simple loop-knot tie, and it 
is used for the same purposes. To make the tie, 
proceed as follows: 


(1) Pull in slack and pass a bight around 
the object, pull in an additional 3 feet 
(A, fig. 37). 

(2) Bring the bight over the standing part 
and running end, and then between the 
object and the wire (B, fig. 37). 

(3) Draw the knot tightly against the object. 

(4) Bring the bight over the running end to 
form a closed loop opening (C, fig. 37). 

(5) Reach through this opening and pull 
about 6 inches of wire through the open- 
ing to form a doubled bight (D, fig. 37). 

(6) Tighten the tie by holding the doubled 
bight in one hand and pulling the run- 
ning end with the other. To unfasten, 
pull the lower loop and untie the knot 
from the object. 


b. The above tie can be made more secure by 
completing the square knot and eliminating the 
loop. Make a square knot tie as follows: 

(1) Proceed as with the square knot and 
loop tie, but pull the end of the bight 
through the opening. 

(2) Tighten the tie by holding the end of the 
bight in one hand and pulling the run- 
ning end with the other. 
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Figure 37. Square knot and loop tie. 


21. Knob Tie 


The knob tie (fig. 38) is used to tie field wire to 
small supports such as insulators and similar 
objects. This tie is not suitable for long spans. 
Make the knob tie as follows: 

a. Form a loop in the wire (A, fig. 38). 

b. Separate the two conductors in the loop (B, 
fig.88), and bend back the loop in each conductor 
until the loops touch each other (C, fig. 38). 

c. Place the loop over the insulator, and pull 
on both the standing part and the running end to 
secure the tie (D, fig. 38). 
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Figure 38. Knob tie. 
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22. Marline Tie 


The marline tie is used to suspend a field wire 
line from a support. This tie is used when there is 
a possibility that the support might damage the 
wire insulation. Make this tie as follows: 

a. Double a piece of marline that is long enough 
for the tie. 

b. Pass the marline under the wire, and pass 
the ends of the marline through the loop of the 
doubled marline. 

c. Draw the marline tightly around the wire 
(A, fig. 39). 

d. Pass the doubled marline twice around the 
support and back to the wire (B, fig. 39). 

e. Fasten the ends of the marline to the wire 
with a clove hitch knot (C, fig. 39). 

f. To tie a clove hitch knot, place the marline 
around the wire and pass the running end over 
the standing part to form a loop. Pass the running 
end down through this loop (C, fig. 39) and 
tighten the knot. 


23. Basket Hitch Tie 


a. The basket hitch tie is used as a tie for field 
wire under conditions of extreme heat, long spans, 
heavy winds, or icing. It is used for aerial support 
of multiple pairs of field wire and field cables. 

b. The basket hitch tie is made as follows: 

(1) Cut a 10- to 12-foot length of field wire. 
(2) Make a clove hitch around the wires that 
are to be supported (A, fig. 40). (The 
clove hitch in this case is formed by 
wrapping the tie wire around the wire or 
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Figure 39. Marline tie. 
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cable to be supported. If the clove hitch 
slips, wrap several turns of friction tape 
at this point.) 

Weave the tie wire around the wires or 
cable, placing the tie wire alternately on 
the inside of one cross and on the outside 
of the next cross. When the wires are 
tied in this manner, the gripping action 
will be evenly distributed for the entire 
length of the tie. Usually, seven cross- 
overs will be sufficient to hold the sup- 
ported wire. 

(4) Hold the two ends of the tie wire to- 
gether, and make 114 turns around the 
support. 

(5) Separate the two ends. Bring one end 
over and one end under the standing 
part of the tie wire (B, fig. 40). 

(6) Tie the two ends together with a square 
knot, and cut off the excess wire (C, fig. 
40). 

c. Two basket hitch ties are used at non- 
terminating support points of an overhead con- 
struction. Loop the line around the support in 
such a manner that the wire line or cable will not 
rub against the support (fig. 41). Make the ties 
as explained in b above. 

d. It is possible to make the basket hitch on the 
ground before climbing the support for the line. 
After the line has been secured to one support, 
stand at the base of the next support and pull the 
line tight to the center of the next support at 
ground level. Measure back toward the first sup- 
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CLOVE HITCH 
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MULTIPLE PAIRS UNDER 


FM24-20-24 


Figure 40. Basket hitch tie at termination of overhead 
span. 

port a distance of 2 feet. Start the basket weave 
tie at this point. This method will allow the neces- 
sary amount of sag in the line when the span is 
completed. (Sag is the vertical distance between 
the lowest point on the line and a straight line 
between the two points of suspension.) 
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Figure 41. Basket hitch tie, supporting overhead span. 


24. Variation of Basket Hitch Tie 


a. A variation of the basket hitch tie (fig. 42) is 
well-suited for jungle areas. This tie will allow 
considerable swaying of the tree or other support 
without placing an increased strain on the wire, 
and it will permit suspension from a horizontal 
or vertical support. 

b. Make this tie (fig. 42) as follows: 

(1) Loop a piece of field wire twice around 
the tree, or other similar support, and 
tie a square knot. Leave about 2 or 3 
feet of the wire at the free ends. 

(2) Twist these tie-wire ends together to 
form a double twisted pair for a distance 
of 6 inches below the square knot. 

(3) Make an overhand tie (first step in mak- 
ing a square knot). 
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(4) Insert the line to be suspended between 
the two tie-wire ends and tie a square 
knot. 

(5) Untwist the opposite ends of the tie 
wire. 

(6) Weave the untwisted tie-wire in opposite 
directions along the wire to be suspended. 

(7) Weave both portions of each tie-wire end 
around the wires to be supported. Make 
sure that one portion of the tie wire lies 
on the inside of one cross and on the out- 
side of the next cross. 

(8) After four or five crossovers, tie both 
portions of each tie-wire end in a square 
knot, and cut off the excess wire. 

(9) Use friction tape, where needed, to pre- 
vent the tie wire from slipping. 


SQUARE 


OVERHAND TIE 2 OR 3 TURNS 
TAKEN BEFORE 


TYING OVERHAND TIE 


FIELD WIRE 
LINES 


FIELD-WIRE 
LINES 


SQUARE 


Sonor KNOT 
TIE WIRE WOVEN 

AROUND FIELD- rh 

WIRE LINES Buse 


Figure 42. Variation of basket hitch tie. 
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25. Weave Tie 


a. General. The weave tie (fig. 43), another 
variation of the basket hitch tie, is used to support 
multiple-pair cable and aerial field wire lines for 
semipermanent installations. It also can be used 
to attach field wire to ground supports, such as 
stakes or trees. 

b. Making Tie. Select a 4- to 8-foot piece of 
field wire to make the weave tie. 


(1) 


(2 


— 


(3) 
(4) 


(5) 
(6) 
(7) 


Fasten the tie wire to the support with 
a clove hitch. If the support is large, 
make only one loop, and tie with a 
square knot. 

Separate the twisted conductors of each 
end of the tie wires. (About 18 inches 
are needed to complete the tie.) 

Pull the wire line up against the clove 
hitch or square knot. 

Weave the tie wire along the wire line 
at least 8 inches in both directions, (In- 
crease the length of the weave for long 
spans.) 

Terminate the tie-wire ends in square 
knots. 

Trim the excess wire from the square 
knot. 

Tape the wire when necessary, to prevent 
the tie wire from slipping. 


26. Connecting Field Wire Lines to Open-Wire 


Lines 


When a field wire line must be connected to an 
open-wire line, proceed as follows: 
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Lesson 3. PROPORTION AND PERCENTAGE 
LEARNING OBJECTIVES 


1. Given problems involving proportions, solve using the 
operations for equations. 


2. Given problems involving percentages, solve using the 
operations for equations. 


3301. General Information 


Problems involving both proportion and percentage are readily 
solved with the use of equations. Although percentage has been 
discussed previously, it is a topic that has enough use to 
warrant its being covered again from a different aspect; that of 
solution by equation. Proportion is another type of equation 
that can be used to solve many practical problems. Let's take a 
look at both of these. 


3302. Proportion 


During the training exercise, a platoon of Marines were clearing 
obstacles blocking their field of fire, and they had one lone 
tree left to be removed. The tree had to be dropped toward the 
east, but there was one small problem; a pipeline was located in 
the same direction. Cpl Chainsaw (the NCO in charge) didn't know 
the height of the tree, so he could not determine if the tree 
would hit the pipeline when it dropped. He knew that the 
pipeline was 70 feet from the tree. Cpl Chainsaw stared at the 
shadows cast by members of the platoon. He then whipped out his 
tape measure and began taking measurements of the Marines and 
their shadows. Lcpl Handsaw had a shadow length of 48" and his 
actual height was 72", Pfc Wedge had a shadow length of 42" and 
his actual height was 63", and Pvt Axe was holding a splitting 
maul which had a shadow length of 20" and its actual height was 
30". Cpl Chainsaw double checked the height of the three objects 
and the length of the shadows he had measured and then scratched 
the following information in the dirt: 


Object Shadow length Height 
Lepl Handsaw 48 in. 72 in. 
Pfc Wedge 42 in. 63 in. 
Splitting maul 20 in. 30 in. 
Tree 40 ft. ? 


Cpl Chainsaw thought for several minutes and then announced that 
the tree was 60 ft tall. Was he correct? Let's see how Cpl 
Chainsaw thought out his answer. First, he noticed that when he 
compared the shadow lengths to the actual heights, they were all 
proportional. 
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Figure 48. Weave tie used with field wire. 


a. Splice the field wire conductors to the open- 
wire conductors as described in paragraph 15. 

b. Tie the field wire lines to the cross arm or 
pole (never to the metal brace) near the splicing 
point (fig. 44). 

c. Leave a little slack between the tie and the 
splice. The tie should take the strain, because the 
splice will not withstand a heavy pull. 

d. Position the tie on the cross arm or pole so 
that each field wire conductor will touch only the 
open-wire conductor to which it is spliced. 
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Figure 44. Tying in field wire to open wire. 
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CHAPTER 5 


WIRE-LAYING AND WIRE-RECOVERING 
EQUIPMENT 


27. General 


Metal spool-type reels are used to store, trans- 
port, lay, and to recover Wire WD-1/TT. All 
reels require some type of mounting to simplify 
the laying and retrieving of wire. These are called 
wire-laying equipments and are made in various 
types and sizes for operation under varying condi- 
tions. Special canvas containers, known as dis- 
pensers, may also be used to lay field wire lines. 


28. Field Wire Reels 

The three types of reels (fig. 45) available for 
use with field wire are as follows: 

a. Reel DR-5 is a metal spool-type container 
used to store, transport, lay, or recover field wire. 
It will hold 214 miles of field wire and can be 
mounted on Reel Unit RL-26-(_), RL-31-( ), 
or Reeling Machine RL-118/G. 

b. Wire Reel RL-159/U is a metal spool-type 
container used to store, transport, lay, or recover 
field wire. It will hold 1 mile of field wire and can 
be mounted on Reel Unit RL-26-( ), RL-31- 
( ), Reeling Machines RL-118/G and RL-172/G, 
or Axle RL—27-(_). 

c. Spool DR-8-(_ ) is a metal container used 
to lay or recover field wire. It will hold 14 mile of 
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field wire and can be mounted on Reel Unit RL— 
39-( ) (component of Reel Equipment CE-11), 


WIRE REEL 


REEL OR-5 RL-159¢ F/U 


SPOOL 
R-8-A 
pice FM24-20-85 


Figure 45. Reels for field wire. 


29. Wire Dispenser MX-306( )/G 


a. Wire Dispenser MX-306( )/G (fig. 46) isa 
cylindrical canvas and tape container that holds 
approximately 14 mile of Wire WD-1/TT. The 
wire of two or more dispensers may be pre-spliced 
in tandem when it is necessary to lay a wire line 
of more than 14 mile without stopping to make a 
splice. Figure 47 illustrates the method of splicing 
wires in dispensers for tandem operation. 
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b. The dispenser has many useful features: 

(1) It is portable (figs. 48 and 49). 

(2) It will pay out wire at high speeds from 
land and amphibious vehicles, or from 
fixed-wing and rotary-wing aircraft. 

(3) It will function at speeds up to 100 miles 
per hour. 

(4) The wire will lie flat on the surface upon 
which it is laid without spirals or kinks. 


c. No special mounting devices are necessary, if 
a single dispenser is used to lay wire. If several 
dispensers are connected in tandem, however, a 
means must be provided to support and aline the 
dispensers one behind the other. The wire within 
the dispensers, after connection in tandem, should 
be tested for continuity before laying the line. For 
more detailed information, refer to TM 11-2240. 
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Figure 47. Wire Dispensers MX-806A/G, spliced for 
tandem operation. 
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Figure 48. Paying out field wire, using Wire Dispenser 
MX-306/G. 
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Figure 49. Paying out field wire, using Wire Dispenser 
MX-306A/G, on a packboard. 
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30. Axle RL-27-( ) 


Axle RL-27-( ) (fig. 50) is used to lay and 
recover field wire. The axle is a machine-steel bar 
(214 feet long) used for mounting wire reels. The 
axle has two knurled handles, one of which is re- 
movable for mounting Wire Reel RL-159/U on 
the axle. The axle has roller bearings and is 
equipped with a removable crank for rewinding 
wire. The axle can be carried by two men (fig. 
51) or placed on some improvised mounting (fig. 
52), 


TM24-20-115 


Figure 50. Azle RL-27-( ). 


31. Reel Unit RL-~31-( ) 


a. Reel Unit RL-31-( ) (fig. 58) is a light- 
weight, portable, folding A-frame of steel tubing 
used for paying-out and recovering field wire and 
field cable. The reel unit has the following fea- 
tures: 

(1) A brake unit for controlling the speed of 
the reels during pay-out of the wire. 

(2) A crank for reeling in wire on reels. 

(3) A carrying strap for carrying the reel 
unit litter style. 

(4) A divided azle for use when two reels are 
mounted on the reel unit. This axle al- 
lows either reel to operate independently 
of the other. 
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Figure 51. Method of laying field wire, using Axle 
RL-27-(_ ). 


(When the divided axle is used, two 

cranks and two brakes are necessary for 

operation. They are issued with the 
equipment.) 

b. The reel unit is capable of carrying a single 
Reel DR-5, DR-7, or DR-15; or two Wire Reels 
RL-159/U. (Reels DR-7 and DR-15 are used 
with field cables.) 

c. Reel Unit RL-31-(_) can be set up on the 
ground or mounted on a vehicle (fig. 54). A special 
vehicular installation kit is available for mounting 
the reel unit in trucks. 

d. For additional information, see TM 11-362. 
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Pfc Wedge = 42 _ 2 Splitting = 20 _ 2 
3 


3 3 maul 30 


Lcepl Handsaw = 48 _ 2 


“I 
Nh 
lo 
fo) 


This 2/3 is called a ratio. It is the comparison of two things 
by division, and is read 2 to 3, the fraction line being "to." 
An older, but still used form is 2:3 with the colon being read 
"to." Ratios are reduced to lowest terms as indicated by all of 
the above being reduced to 2/3. Cpl. Chainsaw assumed correctly 
that the principle would hold true for all objects measured at 
the same time and place. 


He then had the problem: 


40 _ 


40 _ 2. 
z 3 


He needed to find a fraction with a numerator of 40 that is 
equivalent to 2/3. Do you remember how we solved this back in 
study unit 2? If you said "inverse division," you're correct. 
Let's take a look and find out: 


2 
3 


40 X¥ 3 = 2? = 120 (Cross multiply) 


= 120 (Divide) 
2 


Yes, Cpl Chainsaw was correct. The correct answer is 60 ft. 
Lcepl Handsaw is now free to cut down the tree without hitting the 
pipeline because there is a distance of 10 feet to spare. 


Referring back to our example and the definition of ratio, you 
see that a ratio compares two numbers. In the example, we had 
two sets of numbers, one set from the lengths of shadows and one 
set from the heights. All of the ratios were equal to one 
another. They are said to be proportional. A proportion is a 
statement of equality of two ratios. 


Thus: 22 . oi 42 _ 2, 48 _ = and =a = s are all proportions. 


3-21 
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Figure 52. Method of recovering field wire, using Axle 
RL-27-(_). 
32. Reel Equipment CE-11 
a. Reel Equipment CE-11 (fig. 55) is a light- 
weight portable unit designed to be carried by one 
man. It consists of Reel Unit RL—39 and a sound- 
powered telephone handset. Reel Unit RL-39 
mounts Spool DR-8( ) having a capacity of 14 
mile of Wire WD-1/TT (Spool DR-8 not in- 
cluded as a component). Figure 55 shows a Hand- 
set TS-10-( ); however, Telephone Set TA-1 
( )/PT can be used, if jumper wires are pro- 
vided. If Telephone Set TA-1( )/PT is used, it 
is carried on the belt. 


68 AGO 5756C 


SPLIT 
STOPS AXLE 


TM24-20-93 


Figure 58. Reel Unit RL-$1-( ). 


b. The method of laying field wire is shown in 
figure 56. In forward areas, when it is necessary 
to crawl toward the objective, the spool can be 
pulled along the ground to unwind the wire. 

c. The operator of the reel unit may, at any 
time, establish communication with the rear by 
connecting the sound-powered telephone to the 
terminals on the spool. 

d. The handle attached to Reel Equipment CE- 
11 provides a means of recovering wire that has 
been payed out from the reel (fig. 57). Two ad- 
justable, cotton-webbed straps support the reel 
unit during recovery of the wire. 

e. For additional information, refer to TB SIG 
314. 
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Figure 54. Paying out field wire from Reel Unit 
RL-81-( ) mounted in truck. 
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Figure 55. Reel Equipment CE~11 with Spool DR-8. 


33. Reeling Machine RL-172( )/G 


Reeling Machine RL-172( )/G (fig. 58) which 
weighs approximately 100 pounds, is used to pay 
out and pick up field wire from Wire Reels RL- 
159( )/U. The reeling machine is normally 
mounted vertically on the tailgate of a truck (fig. 
59). It also may be operated horizontally from 
the bed of a truck. 

a. The reel is driven by a 24-volt de motor. 
Power for the motor is provided by the vehicle 
battery. 

b. A handcrank is provided for manual opera- 
tion. 

c. The reeling machine is designed for one-man 
operation and is provided withcontrols for starting, 
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Figure 56. Laying wire with Reel Equipment CE-11. 


AGO 5756C 


is 


ie 
Ves 


P| 
A =S NEYO 
eh :-)* 
. i 


me 


FM24-20-89 


Figure 57. Recovering wire with Reel Equipment CE-~11. 
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stopping, and reversing the direction of rotation 
of the reels. 

d. Wire can be payed out or reeled in from 
either the back or the front of the reel. The speed 
of the reel can be controlled and varied from 0 to 
300 revolutions per minute (rpm) by using the 
braking mechanism and varying the pressure on 
the control handle. 

REEL RL-159 IDLER 


TENSION 
PULLEY 


CONTROL 
HANDLE 


CONTROLLER 24 VOLT MOTOR 


SWITCH 


BRAKE 
TENSION 
CONTROL 


LOWER 
TOP HANGER HANGER 
BRACKETS. BRACKETS 
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Figure 58. Reeling Machine RL-172( )/G, motor 
driven. 


34. Reeling Machine RL-118/G 

a. Reeling Machine RL-118/G (fig. 60) is a 
transportable wire-laying and wire-recovery gaso- 
line-engine-driven unit. The unit is designed to be 
operated from a vehicle or on the ground. 

b. When reeling in wire, the reeling mechanism 
may be operated under power or by means of a 
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Figure 59. Reeling Machine aie 72-( )/G, mounted on 
truck. 


crank, When paying-out wire, the engine is not 
used. The speed of rotation of the wire reels is 
controlled by the brake mechanism. 
c. Reeling Machine RL-118/G will accommo- 

date the following reels: 

2 Wire Reels RL-159/U. 

1 Reel DR-5. 

1 Reel DR-—-15~B (fig. 7). 
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d. For additional information, refer to SB 11~ 
100-133. 
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Figure 60. Reeling Machine RL-118/G. 


35. Reel Unit RL-26-( ) 


a. Reel Unit RL-26-( ) (fig. 61) is a trans- 
portable, gasoline-engine-driven, wire-laying and 
wire-recovery machine. It is usually vehicular- 
mounted, but it can be operated on the ground. 

(1) The reel unit has a capacity for two Reels 
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Figure 61. Reel Unit RL-26-( ). 


DR-5, two Reels DR-15-( ), or four 
Wire Reels RL-159/U. 

The wire can be payed-out or recovered 
from any reel singly or from all reels 
simultaneously. 

Brakes are provided to prevent backlash. 
A gasoline engine provides power to 
operate the reel unit when recovering 
wire. 

The reel unit can be operated by a hand 
crank when necessary. 
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The equal sign is read "as." The first one then is read 20 is to 
30 as 2 is to 3. Another way of writing a proportion is with a 
double colon for the "as." 20:30::2:3. Let's now examine an 
important characteristic of proportions and how we can use the 
equation-solving techniques learned earlier to solve proportions. 


In each of the above proportions, as in all proportions, there is 
an important relationship that exists between the two ratios. 


“Example: 


15, 90 90, 


8 ° 375, 3000 = 3000. 


If a proportion is true, the products of the numerator of one 
fraction and the denominator of the other fraction will be equal. 
This then can be useful in solving more difficult proportions 
where the outcome is not so obvious. For example, suppose Cpl. 
Chainsaw measured the shadow of another tree and found it to be 
21 ft. How tall is the tree? You have then the length of the 
shadow (21) is to the height of the tree (x) as 2 is to 3. 


Example: 


From the characteristic just explained, you know the products of 
the numerator of one fraction and the denominator of the other 
will be equal. 


b. For complete details on the operation and 
maintenance of the unit, refer to TM 11-360. 


36. Wire Pike MC-—123 


Wire Pike MC-123 (fig. 62) consists of a two- 
section pole, joined by metal fittings. The top sec- 
tion terminates in a hook, fitted with a roller. This 
hand tool is used by a wireman to lay or recover 
wire from a truck. During wire laying, it is used 
to place the payed-out field wire along the side of 
the road. For wire recovery, it is used to provide 
an even feed and guide the wire to the reeling 
machine. 


a 9a 
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Figure 62. Wire Pike MC-128. 
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CHAPTER 6 
POLE AND TREE CLIMBING 


Section I. CLIMBING EQUIPMENT 


37. General 


Climbing equipment (fig. 63) aids wiremen to 
climb poles or trees without pole steps or ladders, 
and permits the hands to be free for performing 
work while aloft. 


38. Climbers LC-240/U 


a. General. Climbers LC-240/U (fig. 64) are 
adjustable, lightweight, metal climbers. The 


CLIMBERS 


FM24-20-3 
Figure 68. Climbing equipment. 
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length can be adjusted from 1434 inches to 1914 
inches to conform to different leg sizes. Climbers 
LC-—240/U consist of two leg irons, 2-inch and 3- 
inch interchangeable gaffs, leather fastening 
straps, and climber pads. The 2-inch gaffs are 
used for climbing poles or trees with thin bark, 
and the 3-inch gaffs are used for climbing trees 
with thick bark. 
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Figure 64. Climbers LC-240/U. 
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b. Adjustment. To adjust the leg irons, un- 
screw the two leg-iron screws and move the slide 
assembly on the leg iron to the desired length. 
Replace and tighten the two leg screws in the 
nearest screw holes. 

c. Gaff Removal. Unscrew the two gaff retain- 
ing screws. Slide the gaff downward toward the 
stirrup and lift the gaff out of the retaining slot. 
Reverse these two steps to replace the gaffs. 

d. Gaff Sharpening. At present, no gage is 
available to check the gaffs of Climbers LC- 
240/U. A new unused gaff, therefore, may be used 
as a guide when sharpening dull gaffs. (Gaffs 
should be sharpened only when replacement gaffs 
are not available.) 


39. Climbers LC-241/U 


Climbers LC-241/U are adjustable metal 
climbers designed primarily for use in arctic 
climates. The stirrup is made slightly wider to 
permit the use of arctic boots. The length of the 
leg irons are adjustable from 1514 to 1834 inches. 


40. Modified Climbers 


a. General. Pole Climbers LC-—243/G and Tree 
Climbers LC-—244/G are adjustable from 1434, 
inches to 1914 inches by changing the position of 
the metal sleeve. 

b. Care of Climbers. The climbers should be 
examined for broken or loose gaffs, and for de- 
fective straps or pads. The gaffs should be sharp 
and have the proper dimensions. A gaff gage (fig. 
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65) must be used to measure gaff dimensions of 
modified climbers. 

c. Use of Gaff Gage TL-144. The gaff climbers 
are checked as follows: 
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(1) 


(2) 


Thickness. Insert the gaff, as far as 
possible, through the small opening 
marked TH with the inner surface of the 
gaff resting against the lined face of the 
gage (A, fig. 66). If the point of the gaff 
does not extend beyond the reference 
line, the thickness of this section of the 
gaff is satisfactory. Insert the gaff, as 
far as possible, through the large open- 
ing marked TH with the inner surface 
of the gaff resting against the lined face 
of the gage (B, fig. 66). If the point of 
the gaff does not extend beyond the far 
edge of the gage, the thickness of this 
section of the gaff is satisfactory. Gage 
TL-144 may be used to check either pole 
or tree climber gaffs. However, the 
length of tree climber gaffs must extend 
full length of gage, or beyond, to be 
satisfactory. 

Width. Insert the gaff, as far as pos- 
sible, through the small slot marked W 
with the inner surface of the gaff resting 
against the lined face of the gage (C, 
fig. 66). If the point of the gaff does not 
extend beyond the long reference line, 
the width of this section of the gaff is 
satisfactory. Insert the gaff, as far as 
possible, through the large slot marked 
W with the inner surface of the gaff 
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(3) 


(4) 
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toward the lined face of the gage (D, fig. 
66). If the point of the gaff does not ex- 
tend beyond the far edge of the gage, the 
width of this section of the gaff is 
satisfactory. 

Length. Place the lined face of the gaff 
gage against the inner surface of the 
gaff, with the nearest edge of the gage 
tight against the leg iron (EB, fig. 66). 
If the point of the gaff extends to or be- 
yond the short reference line, the length 
of the gaff is satisfactory. 

Sharpening. When sharpening a gaff, 
be sure to maintain the original shape as 
nearly as possible. Only the flat under- 
surface of the gaff should be filed when 
sharpening. 


LONG REFERENCE LINE 


Figure 65. Gaff gage. 
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Figure 66. Checking gaff with gaff gage. 


41. Lineman’s Belt LC-23-(_ ) 


a. General. Lineman’s Belt LC-23—-( ) con- 
sists of a leather belt and an adjustable leather 
safety strap (fig. 63). The body belt is supplied in 
various sizes, according to the distance in inches 
between the D-rings. Safety straps are furnished 
in 61-, 68-, and 70-inch lengths. 
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b. Care of Leather. Keep the leather clean, 
soft, and pliable by using either saddle soap or 
lather from a neutral soap (such as castile). This 
removes embedded dirt and perspiration that rots 
the leather. Wipe the leather dry. Do not use 
mineral oil or grease, and do not stand near an 
open flame while wearing leather equipment. 
Clean and dress the leather parts frequently if 
they become wet or if they come in contact with 
paint. Always remove paint as soon as possible. 
Examine the leather for cracks and pliability as 
follows: 


(1) Safety straps. With the smooth side 
(grain side) out, bend the straps over a 
round object not less than three-fourths 
of an inch in diameter. Make the 
test in at least three places (near both 
ends and in the middle of the strap). 
Slight cracks will normally appear on the 
surface. 


(2) Body belts. Bend the belts at any points 
that can be bent without great effort 
(such as under the leather tool loop and 
tongue strap). Do not bend belts over 
too small an object, because this can 
cause damaging cracks. Always keep the 
grain side of the belt on top when bend- 
ing the leather. 

Caution: If large cracks appear in 
the leather, the straps should be dis- 
carded as unsafe. 
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42. Wearing Climbing Equipment 


a. Climbers. The climbers should be adjusted 
to a length that is generally 14 inch less than the 
distance from the underside of the shoe at the 
arch of the foot to the small bone projecting from 
the lower inner side of the kneecap. Straps should 
be fastened snugly around the calf and ankle. 

b. Body Belt and Safety Strap. On a correctly 
fitted body belt, the D-rings are just behind the 
projecting portions of the wearer’s hipbones. The 
body belt is worn over the hips; it should be loose, 
but it should be tight enough to prevent slipping 
(figs. 67 and 68). If the wearer is right-handed, 
both ends of the safety strap are snapped to the 
left-hand D-rings; if left-handed, the ends are 
snapped to the right-hand rings. The double end 
of the strap is snapped to the D-ring with the 
keeper toward the rear, and is kept hooked at all 
times. The other end of the strap is snapped 
on the D-ring, with the keeper toward the 
front and above the snap hook of the double end. 
Before climbing a pole, always adjust the length 
of the safety strap. To do this, engage the gaffs 
of the climbers near the base of the pole. Pass the 
safety strap around the pole, and fasten the strap 
to the D-ring. Carefully lean back until the body 
is supported by the safety strap. When the safety 
strap is adjusted properly, the palms of the hands 
should rest on the far side of the pole without any 
overlapping of the fingers. 

c. Precautions. 

(1) On ground. Be careful at all times when 
wearing climbers; gaffs can cause serious 
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Figure 67. Wearing climbing equipment, front view. 
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Now you have an equation of the form solved earlier in the study 
unit. 


63 


2x. 63 
2 2 


x = 31 1/2 


The height of the tree is 31 1/2 ft. 


Let's look at another example of solving proportions. 


- The truck convoy took 4 hours to travel 
the first 75 miles of the trip. Assuming) 
the average speed is the same for the 

remaining 60 miles, how much longer wait 
it take to reach the objective? 


Actually the proportion can be set up in. 
several ways. If we say that the first » 
‘ratio is 4 hours to 75 miles, 4/75, then 
_ the other would be unknown time, x, to 60° 
miles, x/60. Agr Ns 
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(2) 


(3) 


wounds. When wearing climbers, be 
careful not to step on your feet or the feet 
of others. Wear climbers only while 
climbing and working on poles or trees. 
The habit of wearing climbers while 
working on the ground or riding in a 
vehicle frequently results in serious in- 
jury. 

Aloft. While aloft on a pole or tree, al- 
ways use the safety strap to minimize 
the danger of falling and to allow you to 
work with minimum fatigue. Be careful 
not to drop tools or other equipment. 
Before climbing. Beginners should prac- 
tice fastening and unfastening the safety 
strap close to the ground until they per- 
form this step speedily, safely, and with 
precision. 
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Figure 68. Wearing climbing equipment, rear view. 
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Section If. POLE CLIMBING 
43. Safeguards 


a. Poles that have been in service for long 
periods of time might be defective, and could 
break under the weight of a lineman climbing or 
working aloft. Always inspect or test the pole 
before climbing. Rig temporary supports if you 
suspect that a pole is defective. Generally, a well- 
guyed pole may be climbed without testing. How- 
ever, take no chances—test it before climbing. 

b. The soundness of a pole can be tested by 
gently rocking the pole back and forth in a direc- 
tion at right angles to the lines. Do not rock the 
pole if there is a chance that the pole will cause 
damage if it should fall. Rocking can be done with 
pike poles. A defective pole will crack or break. 

c. The pole can also be tested for soundness by 
jabbing the butt at a point several inches below 
the ground line with a screw driver or pick. This 
test will reveal rotten wood, if the pole has begun 
to decay at that point. 

d. When working in the vicinity of powerlines, 
follow all rules relating to powerline clearances 
(par. 64c). Always assume that any metallic 
portion of the powerline is alive with dangerous 
voltage. Do not rock a telephone pole to make a 
soundness test if there is a possibility that the 
swaying telephone wires will contact the power- 
line. 


44. Preliminary Instructions 


In the following instructions, it is assumed that 
the wireman is right-handed. A left-handed per- 
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son would perform the operations with the oppo- 
site hand and leg. 

a. When climbing a pole, keep the arms slightly 
bent, with the hips away from the pole. 

b. To engage the gaffs, whether ascending or 
descending, thrust the legs sharply inward and 
downward. To disengage the gaffs, move the legs 
sharply upward and outward. 

c. Place the hands on the far side of the pole, 
but do not have the hands overlap. Placing the 
hands on the sides of the pole will cause unneces- 
sary strain on the arms. Remember that the 
weight of the body is carried entirely on the gaffs 
—the arms merely help to balance the climber. 

d. Keep the body away from the pole. If the 
hips are too close to the pole, the legs will not 
angle inward. This could cause gaffs to cut out 
(loss of footing). If the hips are too far out, the 
arms are placed under the strain of supporting 
a large portion of the climber’s weight. If the 
knees touch the pole, the gaffs will probably cut 
out. Keep the toes pointing upward. 


45. Ascending 


a. Before climbing, circle the pole and inspect 
it for soundness; also note the location of wide 
weather cracks and soft or hard spots in the wood. 
Look for any cables, crossarms, or other obstruc- 
tion that may interfere with climbing. If the pole 
leans, face the direction in which the pole is lean- 
ing and climb on the high side. 

b. Grasp the pole and raise the left foot about 
10 inches from the pole. With a downward thrust, 
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Figure 69. Beginning the climb. 
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jab the gaff of the climber into the face of the pole 
at a point about 8 inches from the ground (fig. 69). 

c. Lift the weight of the body on the gaff by 
straightening the leg. While the weight of the 
body is on one leg, keep the knee straight and 
away from the pole. Raise the other leg and 
corresponding arm and drive the gaff downward 
and inward to seat it firmly (fig. 70). 

d. The gaff is disengaged by. a sharp upward 
and outward motion of the leg. When taking the 
next step, raise the left leg and left arm (or right 
leg and right arm) together. The body should not 
sway excessively. 

e. Reengage the free gaff firmly and continue 
climbing to the desired height. While ascending, 
always look up and avoid any possible obstruc- 
tions. 

f. Whether ascending or descending, the gaffs 
should travel in a path on the face of the pole 
(approximately 414 inches apart). This may vary 
slightly, depending on the size of the climber. 


46. Fastening Safety Strap 


To fasten the safety strap when the desired 
height on the pole has been reached, proceed as 
follows: 

a, Shift the weight to the left foot and engage 
the right gaff at a slightly higher level than the 
left gaff. 

b. Place the right hand around the pole (fig. 
71). With the thumb of the left hand, open the 
keeper on the snap hook and shift the end of the 
safety strap around the pole to the right hand. 
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Figure 71. Unhooking safety strap. 
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Figure 72. 
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Transferring safety strap. 
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Figure 73. Snapping hook on D-ring. 
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Example~~cont'd: 


75 
x = 3.2 hours or 3 hours and 12 minutes. 


Remember that .2 = 1/5, so 1/5 (60) = 12. 

You could do it another way by setting up ratios of 

the same units. The ratio of unknown time to known 

time is x/4. The ratio of distance for unknown time 
to distance for known time is 60/75. 


60 * 
75 &* 


x 
4 


x 


* Denotes distance at unknown time. 
** Denotes distance at known time. 


If you had a problem solving these examples, go back and review 
this section before moving on to percentages. 


3303. Percentage 


Earlier in the course you were introduced to percentages and you 
were given the methods to use for solving various percentage 
problems. Now that the principles of equation solving have been 
discussed, you will see how they can be applied to percentages. 
There are three types of percentage problems, sometimes referred 
to as cases involving: finding a percent of a number, finding 
what percent one number is of another, and finding a number when 
the percent of the number is known. It is a relatively simple 
matter to transform a sentence describing one of the percentage 
cases into an equation. The two key words in these sentences are 
"of" and "is." "of" can be thought of as indicating 
multiplication and "is" can be replaced by an equal sign. 
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Figure 74. Setting into working position. 
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c. Transfer the snaphook and strap to the right 
hand (fig. 72), while balancing the body with the 
left hand. 

d. Loosely support the strap on the pole, and 
with the right hand pull the strap around the 
right-hand D-ring. Snap the hook on the D-ring 
with the heel of the right hand (fig. 73). 

Warning: It is essential to see that the snap- 
hook is properly engaged. Do not assume, merely 
from the snapping noise of the keeper, that the 
D-ring has been engaged by the snaphook. 

e. Lean back, carefully placing the full weight 
of the body on the safety strap, adjust body posi- 
tion and feet to take up a comfortable working 
position (fig. 74). 


47. Working Aloft 


a. When working aloft on a pole, the safety 
strap is never placed within 12 inches of the top 
of the pole or above the top crossarm. To reach 
the outer right insulator (fig. 75), hook the safety 
strap below the crossarm. Place the right foot 
slightly lower and to the side of the pole. 
Straighten the right knee. Lean out and slip your 
head and shoulders between the conductors. To 
reach the outer left insulator, reverse the proce- 
dure. (Frequently, the length of the safety strap 
must be adjusted to allow the climber to reach 
the end of a long crossarm. If this is the case, 
adjust the safety strap before ascending.) 

b. When circling a pole to the right, thrust the 
right gaff slightly lower and to the right side of 
the pole. (Take small steps.) Stiffen the knee, 
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and shift the body to the right, disengage the left 
gaff, and thrust close to and slightly higher than 
the right foot. A slight twist of the hips will 
equalize the length of the safety strap. Continue 
in this manner until the desired position is 
reached. To circle left, reverse the above proce- 
dure. (Practice circling the pole close to the 
ground until confidence and efficiency are gained.) 
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Figure 75. Lineman working on outer insulator of cross 
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48. Unfastening Safety Strap 


To unfasten the strap, reverse the procedure 
described in paragraph 47. 

a, Move the right gaff up, and reengage it at a 
slightly higher level than the left gaff. Grasp the 
pole with the left hand. With the right elbow up, 
the hand twisted, and the thumb held downward, 
press the keeper and disengage the snaphook 
from the right-hand D-ring. 

b. Pass the strap around the pole to the left 
hand, balancing the body with the right hand. 
Snap the hook to the left-hand D-ring with a single 
downward movement. 


49. Descending 


Descend the pole as follows: Take a small step 
up with the right foot, unsnap the safety strap, 
and reconnect it to the left D-ring. Disengage the 
right gaff. Stiffen the right leg, keep the toes 
pointing upward, take a long downward and in- 
ward step, and drive the gaff into the pole. The 
right knee should now be approximately opposite 
the left heel. Disengage the left gaff and, in the 
same manner, take a downward step with the left 
leg. The right arm is moved with the right leg, 
and the left arm is moved with the left leg whether 
ascending or descending. Continue to descend, 
looking down to avoid any obstructions or defects 
on the pole. 


AGO 5756C 101 


Section Ill. TREE CLIMBING 


50. Safeguards 


Before climbing trees, remove all dead wood, 
branches, or any other material at the base of 
the tree that may hinder or cause injury to the 
climber. Inspect the firmness and thickness of 
the bark. Remove all twigs and small branches 
in the way of the climber. Guard the eyes and 
face when working in trees. Do not stand on 
limbs that are not strong. Avoid touching any 
poisonous plants. 


- 51. Methods 


a. To climb trees, use climbers fitted with tree 
gaffs, and proceed as described in paragraphs 43 
through 49. 

b. Trees that have large diameters generally 
are more difficult to climb than smaller trees, and 
usually require some variation in the method of 
climbing. The safety strap is normally long 
enough for trees with diameters up to 24 inches. 
When climbing larger trees, it may be necessary 
to substitute a rope for the safety strap. Two 
safety straps may be linked together, if the com- 
bined length is sufficient to pass around the tree 
trunk. 


Section IV. FIRST AID 


52. General 


First aid is the immediate and temporary care 
given to the victim of an accident or illness, before 
treatment can be administered by trained medical 
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personnel. Since the field wireman is subject to 
many hazards, and his work is performed in areas 
where medical personnel are not available, it is 
important for him to be well trained in first aid 
procedures. 


53. General First Aid Procedures 


When a field wireman has been injured, the 
person applying first aid must properly diagnose 
the injury and apply proper first aid procedures. 
The application of improper first aid procedures 
may do more damage to the victim than the in- 
jury. Some of the general first aid procedures are 
listed below: 

a. Place the victim in a prone position, head 
level with the body, until treatment requires 
movement. 

b. Check for hemorrhage, stoppage of breath- 
ing, wounds, burns, fractures, dislocations, and 
other injuries. If clothing must be removed, cut 
it away; do not remove the injured person. 

c. Provide immediate treatment for serious 
bleeding, stoppage of breathing, and poisoning, in 
that order. 

d. Determine which victims have injuries that 
require immediate attention and treat them first. 

e. Keep the victim warm, and treat for shock. 

f. Call a medical officer or an ambulance. Give 
the medical officer the following information: the 
location of the victim; the nature, cause, and 
probable extent of injury; available supplies, and 
the type of first aid being given. 
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g. Keep calm. Unless it is absolutely necessary, 
do not hurry while moving the injured person. 

h. Provide only necessary first aid, and be sure 
that nothing is done to cause further injury. 

1. Never give liquids to an unconscious person. 

3j. Keep onlookers away from the injured 
person. 

k. Make the victim comfortable, and keep him 
cheerful. 

l. Do not let the victim see his injury. 


54. First Aid for Electrical Shock 


In an electrical shock accident, quick rescue and 
application of artificial respiration are extremely 
important. If an unconscious person is in contact 
with a wire, and it is not definitely known that 
the wire has been deenergized, assume that the 
wire is live. This is a dangerous situation, since 
a live wire can send electric current through the 
body of the victim to the rescuer. Exercise 
extreme caution to insure that the live wire does 
not come in contact with the rescuer. Consider 
quickly but carefully the steps to be carried out 
in the rescue. 

a. Wear rubber gloves, and, if possible, rubber 
footwear in all rescue work involving electric 
shock. 

b. Pull the wire clear of the victim with a dry 
rope, or push it clear with a dry tree pruner 
handle, board, or ladder. 

c. Use a tree pruner handle equipped with a 
wire cutter head or a pair of pliers to cut the 
wire on both sides of the victim. 
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d. Treat for shock, and, if the victim is not 
breathing, apply artificial respiration. 


55. First Aid for Shock 


Every injured person is potentially in shock, 
since shock usually occurs whenever there is 
severe injury of any part of the body. Start treat- 
ment for shock immediately; do not wait for 
symptoms to develop. Shock is easier to prevent 
than to cure. 


a. Shock is caused primarily by the reduction 
of blood circulation and a resultant decrease in 
blood pressure. The symptoms of shock are— 


(1) A fast but weak pulse. 

(2) A cold and clammy body surface. 

(3) Rapid and shallow breathing. 

(4) Weakness, faintness, dizziness, or 
nausea. 

(5) Wide and dilated eye pupils. 

b. In treating a victim in a state of shock, pro- 
ceed as follows: 

(1) Conserve the victim’s body heat. Place 
blankets or clothing underneath as well 
as on top of the victim. 

(2) Remove cold or wet clothing. However, 
do not expose the victim unnecessarily. 

(3) Keep the victim comfortably warm, but 
do not apply excessive heat. 

(4) Keep the victim’s head lower than his 
feet, unless he has a chest injury. 

(5) Give small amounts of hot coffee, tea, 
or broth to conscious victims who are 
not nauseated or vomiting. 
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(6) Do not disturb the victim by handling 
him unnecessarily. 


56. First Aid for Wounds 


A wound is a break in the skin or in the mucous 
membrane; it is subject to two primary dangers: 
serious bleeding and infection. Treatment of a 
wound depends primarily upon whether or not 
the bleeding is serious. When bleeding is severe, 
stop it as rapidly as possible. Proceed as follows: 

a. Place a thick layer of gauze or a clean folded 
handkerchief against the bleeding point, and apply 
firm pressure with your hand. 

b. After 15 minutes, release the pressure. If 
the bleeding stops, apply a bandage over the 
gauze. If the bleeding continues, apply hand pres- 
sure for 15 minutes and then test again for 
bleeding. 

c. Elevate the injured part, if possible. 

da. If the bleeding is not controlled in this man- 
ner, apply hand pressure at a pressure point or 
use a tourniquet. 

e. After the bleeding is controlled, treat the 
victim for shock. 


57. Use of Artificial Respiration 

Apply artificial respiration to victims of electric 
shock, carbon monoxide poisoning, drowning, and 
other accidents where breathing has stopped. 
Begin artificial respiration immediately, and con- 
tinue until the victim starts breathing, or the 
medical officer pronounces him dead. In many 
cases, persons presumed dead have started breath- 
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ing after 3 hours of continuous artificial respira- 
tion. The most effective method of artificial res- 
piration, at the present time, is the back-pressure 
arm-lift method of artificial respiration. 

a. Place the victim in a prone position, face 
down (fig. 76). Bend his elbows and place his 
hands one upon the other. Turn his face to one 
side, placing his cheek upon his hands. 

b. For the compression phase, kneel on either 
the right or left knee at the side of the victim’s 
head, close to his forearm. Place the opposite foot 
near his elbow. If it is more comfortable, kneel 
on both knees, one on either side of the victim’s 
head. Place your hands upon the flat of the vic- 
tim’s back, so that the heels of the palms lie just 
below a line running between the victim’s arm- 
pits. With the tips of the thumbs just touching, 
spread your fingers downward and outward (A 
and B, fig. 76). 

c. Rock forward until your arms are approxi- 
mately vertical, and allow the weight of the upper 
part of your body to exert a slow, steady, even 
pressure downward upon the victim’s back (C, 
fig. 76). This forces the air out of the victim’s 
lungs. Keep your elbows straight and the pres- 
sure exerted almost directly downward on the 
victim’s back. 

d. Release the pressure, avoiding a final down- 
ward thrust, and start to rock slowly backward. 
Place your hands on the victim’s arm just above 
his elbows (D, fig. 76). 

e. Begin the expansion phase by drawing the 
victim’s arms upward and toward you. Apply 
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a. Finding a percent of a number. This is probably the most 
used of the three cases. A typical sentence would be: What is 


35 percent of 14? Now, let's take this and make an equation out 
of it. "What" is the unknown (x), "is" will be replaced by the 

equal sign, the 35 percent is changed to a decimal, and "of" is 

replaced by a multiplication symbol. 


Examples: 
What is 35 percent of 14? 


x = .35(14) 


x = 4.9 


Thus, 35 percent of 14 is 4.9. 


What is 86 percent of 741? 
x = .86(741) 

x 637.26 

Thus, 86 percent of 741 is 


637.26. 


Now that you know how to find a percent of a number, let's find 
out what percent one number is of another. 


b. Finding what percent one number is of another. A typical 


sentence would be: 20 is what percent of 80? Substitution of 
the symbols of the equation will be made in the same manner. 


Twenty is what percent of 80? 
20 = x%(80) 


Now the equation says that 20 is 


equal to some unknown percent 
times 80. One slight adjustment 
to the equation will put it ina 
more familiar form. Using the 
commutative law for 
multiplication, change the 
positions of x percent and 80. 
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Figure 76. 


Artificial respiration 
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just enough lift to feel resistance and tension in 
his shoulders (do not bend your elbows as you 
rock backward). Then, lower his arms to the 
ground. 

f. The procedures in a through e above repre- 
sent 1 full cycle. Repeat this cycle 12 times per 
minute at a steady, uniform rate. The compres- 
sion and expansion phases should occupy about 
equal time, with the release periods of minimum 
duration. 

g. If the victim regains consciousness before 
a doctor arrives, give him a stimulant, such as 
hot coffee or tea. Do not give the victim liquids 
if he is nauseous or unconscious. 


h. Treat the victim for shock. 


58. First Aid for Simple and Compound 
Fractures 


a. Simple Fractures. In a simple fracture, the 
bone is broken but does not protrude through the 
skin. Improper handling of simple fractures may 
cause them to become compound fractures. Give 
first aid for the simple fracture in the following 
manner: 

(1) Consult a medical officer immediately. 

(2) Do not move the injured person until 
some sort of splint is applied to immobi- 
lize the fractured bone ends and the 
adjacent joints. 

(3) Control shock by keeping. the victim in 
a comfortable prone position. Keep the 
patient warm. 
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b. Compound Fractures. Compound fractures 
are accompanied by the same symptoms as simple 
fractures. In addition, the bone may protrude 
through the skin. They are usually much more 
serious than simple fractures, because of the 
danger of infection and the damage done to tissue 
around the bone. Care for a compound fracture in 
the following manner: 


(1) Consult a medical officer immediately. 

(2) Check arterial bleeding by applying 
hand pressure at a pressure point, and 
apply tourniquet. 


(3) Apply a sterile dressing to the wound, 
and bind it in place. 


(4) Treat as for simple fracture. Do not try 
to restore the bones to normal position. 
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CHAPTER 7 
FIELD WIRE LINE CONSTRUCTION 


Section |. INTRODUCTION 


59. General 


The construction of field wire lines requires 
planning prior to the actual installation. When 
planning, consideration should be given the 
following: 

a. The availability of material. 

b. The number and type of circuits required. 

c. The length of the line. 

d. Time permitted for the installation. 


60. Types of Construction 


When the circuit requirements have been deter- 
mined, consideration must be given to the type of 
construction required. This can be aerial, surface, 
or underground construction, or a combination of 
all of these. 

a. Aerial Construction. An overhead line gen- 
erally provides the most satisfactory type of 
service. Aerial construction is easiest to main- 
tain, and provides better quality circuits than 
surface construction. However, aerial construc- 
tion has some disadvantages; it requires more 
time for installation, is vulnerable to enemy 
action, and is subject to the effects of storms and 
weather. 


AGO 5756C it 


b. Surface Construction. Wire lines laid on the 
ground require a minimum of time and material 
for installation. However, they are extremely 
vulnerable to foot troops and vehicles. Surface 
lines laid rapidly, and not properly installed, 
usually require immediate and continuous main- 
tenance. Carefully installed surface wire lines 
provide reliable circuits that are suitable for 
most combat operations. 

c. Underground Construction. Underground 
construction is rarely used in forward areas. 
However, it may be necessary at times to bury 
wire lines to protect the lines from troops and 
vehicles. In addition, buried wire lines are more 
stable electrically than aerial or surface lines, 
and are rarely affected by weather and tempera- 
ture. They are less affected by nuclear detona- 
tions and on the preferred type of construction 
when the situation permits. Buried wire lines 
have the following disadvantages: 

(1) More time is required for installation. 

(2) They are more difficult to maintain and 
recover. 

(3) The wire is generally damaged during 
recovery and is not reusable. 


61. Selection of Routes for Wire Lines 


The route for wire lines is selected on the basis 
of a map study supplemented by ground recon- 
naissance. 

a. Topographical maps and aerial photographs 
can be used to select several possible routes. In 
addition, they will show routes to be avoided be- 
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cause of difficult terrain, such as forests, rivers, 
swamps, towns, sudden changes in elevation, and 
very rocky areas. 

b. Several routes should be planned from a map 
survey, and the final selection should be made 
after ground reconnaissance. During this ground 
reconnaissance: 

(1) Determine the type of construction 
needed. 

(2) Select cross-country routes or secondary 
roads, when possible. 

(3) Select a line route that provides con- 
cealment and cover from observation and 
hostile fire. 


Section Il. TECHNIQUES OF INSTALLING 
FIELD WIRE LINES 


62. General 


a. During reconnaissance (par. 61) of the 
available routes, the following should be noted: 
(1) Number of overhead crossings. 
(2) Number of underground crossings. 
(3) Number of railroad crossings. 
(4) Number of streams or river crossings. 
(5) Type of terrain. 
(6) Type of construction best adapted to 
available wire-laying equipment. 
(7) Distances in miles. 
(8) Concealment for wire parties during 
construction and maintenance. 
(9) Obstacles to maintenance, such as small 
arms fire. 
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b. The next procedure is to select and clearly 
mark on a map the exact route along which the 
wire is to be laid. Select a route that meets the 
requirements of the tactical situation and is the 
least difficult for construction and maintenance 
of a wire line. 


c. The next step is to test and service field wire 
before placing it in use. Electrically check for 
opens and shorts; visually check for faulty insula- 
tion and poor splices. 


63. Construction Ground Surface Lines 


a. While units are on the move in combat, field 
wire lines are usually laid on the ground. Surface 
lines must be protected against damage from both 
foot and vehicular traffic. This is particularly true 
where the wire lines cross traffic lanes at com- 
mand posts, road and railroad crossings, etc. 


(1) Lay surface lines loosely, leaving slack, 
where necessary, along the line. Suffi- 
cient slack allows the line to lie on the 
ground, and facilitates maintenance and 
construction changes. 

(2) At suitable intervals, tie the surface 
lines to trees, posts, or stakes at ground 
level (fig. 77). This procedure reduces 
the possibility of damage from passing 
troops and vehicles. 

(3) When surface lines are laid along a road, 

- keep the wires well off the traffic lanes. 

(4) Often, due to urgency, wire lines are 

hastily laid. However, installation is not 
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complete until a thorough policing of 

each circuit has been accomplished. 
(5) When laying wire, always take precau- 

tions against mines and booby traps. 

b. Tie the wire lines to some fixed object at the 
beginning and at terminating points of the line. 
Leave sufficient slack at these points to provide 
lead-in wire to reach the switchboard at the com- 
mand post or terminal strips in the construction 
center. 

c. Test wire lines before and after a new reel 
is spliced onto the line. Perform an operational 
test after the line is connected to the terminal 
equipment. 

d. Tag all wire lines as described in paragraph 
71. 


CORRECT INCORRECT 
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Figure 77. Tying surface lines on trees or posts. 


64. Overhead Construction 


a. General. Field wire lines should be placed 
overhead at command posts, at congested troop 
areas, along roadways at points where traffic is 
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likely to be diverted from the road, and at main 
and secondary road crossings. Overhead crossings 
constructed across rivers, streams, and valleys 
that are in the flight pattern or air routes for 
rotary-wing aircraft will be marked by white 
streamers spaced across the span. Overhead 
spans near heliports will be similarly marked. 

b. Ties. In overhead construction, wire lines 
must be tied securely at both ends of the overhead 
span. The type of tie used depends on the span 
. length and local climatic conditions. Ties are 
made at the top and bottom of the support, as 
shown in figure 78. Wire lines should be tagged 
above the tie at the bottom of the support. 

c. Sag in Line. Sag in the line is an important 
factor in the construction of overhead lines. The 
wireman can meet the minimum sag requirements 
for overhead spans by pulling the wire as tight 
as he can, using his arm strength alone. A good 
rule of thumb is 6 inches of sag for every 25 feet 
of span length. When placing sag in the lines, it 
is necessary to maintain a minimum road clear- 
ance of 18 feet across all roads. 

d. Power and Light Distribution Poles. When 
power distribution poles are used for supports in 
overhead construction, the field wire lines must 
be tied 4 to 6 feet below the power lines, depend- 
ing on the voltage of the lines. These clearances 
are required to prevent inductive hum on the line 
and as a safety precaution for the construction 
crew. 

Caution: All electric light and power wires 
must be considered to be carrying dangerous 
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voltage. Do not tie field wire lines to transformer 
cases, electric light brackets, or power cross 
arms. Be extremely careful when working near 
power lines. Observe all safety precautions, and 
follow safe construction practices. 

e. Open-Wire Pole Line. When field wire lines 
are tied to the poles of open-wire lines, they should 
be tied at least 2 feet below the open-wire con- 
ductors. This clearance minimizes the possibility 
of inductive interference or contact between the 
field wire and open-wire circuits. 


65. Lance Pole Construction for Overhead 
Spans 


a. General. When poles, trees, or other supports 
are not available, Lance Poles PO-2 provide a con- 
venient method of supporting overhead lines. 
These wooden poles, which are 14 feet long and 
2 inches in diameter, are tapered at the bottom. 
An insulator pin, threaded for Insulator IN-12 
or IN-15, is attached to the top of the pole. 

b. Lance Pole Construction at Roads. A wire 
line crossing a road must have an 18-foot clear- 
ance (fig. 79). Since the lance pole is only 14 feet, 
the additional length is obtained by lashing two 
poles together. When additional] strength is re- 
quired, two lance poles are lashed together at the 
base (fig. 80). Lash the poles with field wire, 
overlapping the poles at least 5 feet. This type of 
construction can support up to 10 field wire lines 
for short spans such as road crossings. 

c. Erecting and Guying Overhead Span. An 
overhead span supported by lance poles must be 
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" “Bxample-~cont'd: 
Ae . 20 80x (drop percent sign) 


20 = 80 


—— 


80 80 


ue 
x 


x * 
x 


* These steps are shown but are not 
necessary. 


Check: 
25% (80) 
-25(80) 


20 


Let's try another example. Forty-five Marines in the company are 
on the rifle range. There are one-hundred twenty Marines in the 
company. What percent of the company is on the range? 


Example: 


Forty-five is what percent of 
120? 


= ¥%(120) 


120x 


‘ me anls 


LOOP KNOT TIE epatan ae 


Figure 78. Method of tying wire lines at bottom and top 
support. 


securely guyed. To correct and guy an overhead 
span, proceed as follows: 
(1) Lash the lance poles together (b above) 
and lay the poles on the ground parallel 
to the road. 
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(2) Tie the line wire to the insulator on the 
lance pole (use clove hitch tie). 

(3) Tie one end of each guy wire near the 
top of the lance pole. (Field wire is 
suitable for guy wires.) 

(4) Raise the lance poles, and line into 
position. 

(5) Tie the guy wires at a 45-degree angle 
from the line to a secure object such as 
a post, tree, or stake. 

(6) Tie the wire line to a stake at the bottom 
of the lance pole. 

(7) Tag the line just above the tie at the 
bottom of the lance poles. 

(8) Figure 79 illustrates a properly con- 
structed overhead span. 

d. Guying Lance Poles Supporting Aerial Lines. 
Lance poles used to support aerial field wire lines 
must be guyed at each pole. Each pole has two 
guys at right angles to the direction of the line. 
Each 10th pole is four-wire guyed, with two guys 
on each side of the line at a 45-degree angle from 
the line. The length of each span will vary accord- 
ing to the storm loading in that particular area. 
The normal span length is 100 feet. 


66. Wire Construction Across Roads 


a. General. During the construction of field 
wire lines, it will be necessary to have the wire 
lines cross roads. This can be done by placing 
the lines through a culvert, placing the lines 
overhead, or burying the lines underground. 
For hard surfaced roads that are subject to 


AGO 5756C t19 


Ov-02-bews 


*8aj0d aoun) Bursn ‘spoos 880490 U01{9N148U0D ALY 


6L aanbBry 


AGO 5756C 


120 


SINGLE BASE OOUBLE BASE 


= 


AGO 5756C 12) 


= 
| 


FMm24~-20-41 


Figure 80. Lashing lance poles. 


wheel-vehicle traffic and do not permit burial, 
the wire may be laddered. This is done by 
cutting the field wire and by splicing one or more 
lengths of twisted pair to each conductor. These 
lines are then laid across the road in parallel 
paths at distances greater than the longest vehicle 
expected to use the road. The ends of the laddered 
arrangement are spliced to the original conductor 
on the other side of the road in the identical man- 
ner. When properly staked, these laddered lines 
(each rung serving as a single conductor) will 
provide initial communication but should be re- 
placed by an overhead crossing when the line is 
policed. 

b. Culverts. Placing wire lines through culverts 
is the fastest method of getting wire lines from 
one side of the road to the other. The wires are 
passed through the culvert, and are tied and 
tagged at each end of the culvert (fig. 81). Where 
the wire lines contact the culvert, the wires should 
be wrapped with friction tape to prevent damage 
to the insulation. 


c. Overhead Lines. Overhead lines across roads 
may be suspended from trees, poles, or other sup- 
ports. They must be tied at ground level, as well 
as overhead. These lines are tagged at the base 
of the support on both sides of the crossing. A 
lance pole crossing is shown in figure 79 and dis- 
cussed in paragraph 65. 

d. Underground Lines. Field wire lines can be 
laid across a road by burying them underground 
(fig. 82). Proceed as follows: 

(1) Dig a trench 6 to 12 inches deep across 
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the road. The trench should extend at 
least 2 feet beyond each side of the road. 
In loose, sandy soil, a trench at least 3 
feet deep is necessary to afford protec- 
tion from tracked vehicles. 

(2) Lay the wire loosely in the trench. 

(3) Tag and tie the wires to a stake at each 
end of the trench. 

(4) Backfill the trench. Do not place stones 
or sharp objects on the wire when back- 
filling the trench. These objects could 
crush the wire insulation when passing 
vehicles cross over the trench. 

(5) Leave enough slack on one side of the 
road to permit replacement of the wire 
in the trench, if it becomes damaged. 
Another useful technique for wire re- 
placement is to place a spare wire in the 
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Figure 81. Wire crossing through culvert. 
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trench with the working wire. This 
spare line should also be tagged and tied 
to stakes with sufficient slack for 
splicing. 


«. WIRE BURY 
AT LEAST 12 INCHES 


FM24-20-43, 
Figure 82. Wire buried in trench to cross roads. 


67. Construction Across Railroads 


When a field wire line must cross railroad 
tracks, great care must be exercised in selecting 
the crossing site. If possible, the lines should 
cross underneath, through culverts, or overhead 
on bridges or viaducts. If none of these are 
available, lay the wire under the rails as shown 
in figure 88. To accomplish this— 

a. Pull sufficient slack from the wire reel to 
reach across the railroad track. 

b. Cut the wire at the reel and pull the end of 
the line under the rails of the track. 

t: Tie the line at the far end to a stake. Pull 
the line taut and tie it to another stake. 

d. Bury the wire lines from the rails to a point 
outside the shoulders of the track. 

e. Splice the free end to the end of the wire on 
the reel, and continue to lay the line. 
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68. Construction Across Rivers 


When a field wire line is to be laid across a 
river, lay it on a bridge, construct an overhead 
span, or submerge it under water. 

a. Use of Bridge. Where a bridge is used, at- 
tach the field wire lines to the bridge, so that the 
lines will not be damaged by traffic. When possi- 
ble, make a multipair field wire cable by combin- 
ing all field wire lines crossing the river. Attach 
the cable to the bridge supports below the road 
surface. 

b. Use of Overhead Construction To Cross 
Streams. A narrow stream crossing can be made 
in the same manner as the overhead construction 
to cross roads (par. 66c). The wire lines 
will vary in height, but must be high enough to 
clear waterborne traffic. For long-span construc- 
tion across streams, field wire lines must be sup- 
ported by a steel suspension strand. This will 
require the special construction technique de- 
scribed in TM 11-2262. 

c. Submerging Wire Lines To Cross Streams 
Field wire lines can be submerged to cross streams 
(fig. 84). The longer the wire remains in the 
water, the more rapid the circuit quality deterio- 
rates and talking range of the submerged field 
wire decreases. Selecting the proper crossing site 
is the most important factor when crossing a 
stream. The crossing should be made at a point 
where there is little vehicular traffic and where 
the stream flow is relatively slow. After the site 
has been selected, proceed as follows: 

(1) Lay the wire line to the stream bank and 
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tie it securely to some object such as a 
tree or stake. 

(2) Tag the wire line at the tie. 

(3) Bury the wire line to the water’s edge. 
(Be sure that there is enough unspliced 
wire left on the reel to cross the stream. 
If there is not enough, cut the line and 
splice on a new reel.) 

(4) Lay the wire across the stream and 
anchor it in several places. It should be 
anchored at both sides of the stream and 
several times in the middle, depending 
on the width of the stream. There are 
many ways to lay wire across streams 
(rafts, trucks, rotary-wing aircraft, rifle 
grenades, or boats). 

(5) On the far shore, bury the line from the 
water’s edge to a tree or stake on the 
bank of the stream. 

(6) Tie the wire to the tree or stake. 

(7) Tag the wire line at the tie, and continue 
to lay the line. 


69. Long-Span Construction 

a. When constructing long spans of Wire WD- 
1/TT, the length of the span, number of pairs, 
sag, and weather conditions of the area must be 
considered. Normally the field wire for long spans 
must be supported by a steel suspension strand. 
(See TM 11-2262.) 

b. When a single wire, not supported by a sus- 
pension strand, is used for a long span, the method 
used for dead-ending the wire becomes much more 
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Check: 


37.5%(120) 


-375(120) 


45 


Now that you know how to find what percent one number is of 
another, let's learn how to find a number when a percent of the 
number is known. 


c. Finding a number when a percent of the number is known. A 
typical sentence would be: Forty is 2 percent of what number? 


Example: 


2% (2000) 


.02 (2000) 


40 


Let's take a look at another example. If 120 Marines (80%) in 


the company are deployed, what is the total number of Marines in 
the company? 


Submerged construction. 


Figure 84. 
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important. A correct dead end will prevent the 
weight of the wire from cutting the insulation at 
the point of the tie. Figure 85 illustrates the cor- 
rect method of dead-ending a long span of Wire 
WD-1/TT. Note that the running end of the wire 
is given 3 turns around the pole, and is then taped 
to the standing part of the wire. 


FM24-20-53 


Figure 85. Dead-ending Wire WD-1/TT in long-span 
construction. 


70. Construction and Use of Field Wire Cables 


During the construction of field wire systems, 
wire lines will converge at such points as com- 
mand posts and switching centers. In this case, 
it is desirable to construct a field wire cable to be 
used in lieu of multiple field wire lines. Use of 
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field wire cables will facilitate construction and 
maintenance. 


a. Construction of Field Wire Cables Without 
Suspension Strand. This type field wire cable is 
used when the weight of the cable can be sup- 
ported by its own tensile strength. Normally, this 
cable is used to connect the terminal strips in the 
construction center to the switchboard in the com- 
mand post or switching central. It may also be 
used for short span construction to cross obstruc- 
tions such as gullies, streams, roads, and railroads. 
Construct it in the following manner: 


(1) Use one Wire Dispenser MX-306A/G 
for each circuit of the cable. 

(2) Place the wire dispensers, one behind the 
other, with the pay-out end of each dis- 
penser facing the same direction. 

(3) Pass the wire of each dispenser through 
the center of all subsequent dispensers 
(fig. 86). 

(4) Pull the wires through the dispensers so 
that the wire lines will spiral-wrap 
around each other. 

(5) Tie the resultant cable, formed by the 
wrapped wire lines, with marline or 
unserviceable field wire. As an alternate 
method, use friction tape at frequent in- 
tervals to tape the cable wire pairs 
together. Z 


b. Construction of Field Wire Cable With Sus- 
pension Strand. Field wire cables for long-span 
construction must be supported by suspension 
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strand. Construct this cable in the following 
manner: 


(1) Pull the suspension strand through Wire 
Dispensers MX-306A/G with the field 
wire pairs (fig. 87). The wire of the 
Wire Dispensers MX-306A/G_ will 
spiral-wrap the wire pairs and the sus- 
pension strand, and thus form the cable. 

(2) As the cable is formed, tie it with mar- 
line or unserviceable field wire, or tape 
it at frequent intervals to hold the field 
wire pairs and suspension strand to- 
gether. 


71. Tagging Field Wire Lines 


a. General. The method to be used in marking 
and identifying wire lines and circuits is given 
in the signal operation instructions (SOI) and 
the standing signal instructions (SSI) of an 
organization. 

b. Identification of Lines. Circuits are desig- 
nated by individual circuit numbers, by name, or 
by a combination of the two. For example: 101- 
36 is a combination of numbers identifying a cir- 
cuit (fig. 88). The circuit number is 101, and the 
code designation of the installing organization is 
36. (The circuit designation remains the same 
from the point of origin to the termination of the 
circuit.) Field wire lines are numbered consecu- 
tively, and no two lines are given the same 
number. 

c. Importance of Tagging. Tagging of field 
wire lines is necessary, because tags often provide 
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the only method of distinguishing one line from 
another. Tagging simplifies the turning over of 
wire systems to relieving units; makes line trac- 
ing easier, especially in darkness; and simplifies 
maintenance. If tags normally issued as a field: 
item are not available, a unit is expected to im- 
provise substitute tags. Every unit is responsible 
for insuring that its lines are adequately labeled. 

ad. Points To Be Tagged. During wire laying, 
lines are tagged at the following points: 

(1) Crossings at roads, trails, trolley and 
railroad tracks, railroad junctions, and 
bridges. 

(2) Communications centers (inside and out- 
side). 

(3) Telephones, repeaters, switchboards, and 
test terminal points. : 

(4) Both sides of buried or overhead cross- 
ings. 

(5) Where the wire-laying or construction 
techniques change from— 

(a) Surface to underground. 
(b) Surface to overhead. 

(6) A point at which a wire line branches 
off the main route. 

(7) Frequent intervals where several lines 
are laid along.the same route. 

(8) Possible future trouble spots along a 
route. 

e. Shape, Material, and Marking of Tags. The 
oblong-shaped tag must be made of moistureproof 
and waterproof material. Tags are cut, notched, 
colored, or marked in accordance with the SOI or 
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SSI issued by the organization or ‘unit head- 
quarters. The markings must not disclose the 
identity of the unit or organization. Examples 
of some of the cuts, and notches, and markings 
that can be employed are given in figure 88. 

f. Attachment of Tags. Tags must be securely 
attached to the line. At points where many lines 
are tagged (such as test terminal points), tags 
should be arranged in oblique or staggered rows. 
This prevents one tag from covering another. 


72. Establishing Construction Centers 


A construction center is an installation, consist- 
ing of field wire lines, terminal strips, and test 
switchboards, erected at the point where trunk 
and long-local wire lines converge to enter a com- 
mand post or switching central. (In some units, 
these centers are called wire heads or zero boards. 
However, wire heads and zero boards are only 
part of a complete construction center. A wire 
head is the part of a construction center where 
the wire lines enter or leave the construction 
center. The zero board is a switchboard used to 
test wire lines.) Construction centers are located 
near command post areas, and are used to facili- 
tate wire installation and maintenance. 

a. The construction center is located at a point 
where the wire lines can be easily terminated. 


b. The wire lines are tied to a terminal strip or 
test switchboard as the construction teams install 
them. 

c. From the terminal strip or test switchboard, 
the wire lines are connected to the switchboard in 
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EXAMPLES OF CUTS, NOTCHES, AND 
MARKINGS ON TAGS 
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Figure 88. Examples of cuts, notches, and markings on 
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the command post or switching central by field 
cable or field wire cable. The cable can be buried 
underground or constructed overhead to protect 
it from vehicular traffic that enters and leaves 
the command post. 


73. Establishing Test Stations 


a. Test stations are normally installed at impor- 
tant wire line junctions to simplify locating and 
clearing trouble on field wire lines. In field wire 
installations, these test stations usually consist 
of one or more terminal strips. 

'b. Test stations may or may not be manned. A 
manned test station can coordinate with the re- 
pairman on the line for rapid troubleshooting. 
Signals or instructions to the test personnel to 
monitor a particular circuit should be previously 
arranged by the wireman. If needed, a simplex 
or phantom circuit can be set up temporarily to 
assist in this operation (par. 154c). 


Section Ill. CONSTRUCTING FIELD WIRE LINES 
UNDER UNUSUAL CONDITIONS 


74. General 


Terrain and climatic conditions will affect the 
speed and type of construction used in installing 
field wire lines. Speed of installation, however, 
should not restrict good construction practices. 
Wire lines installed under unusual conditions of 
terrain and climate should be installed with 
greater care than those installed under normal 
conditions. Some of the construction practices 
that should be emphasized are as follows: 
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120 is 80 percent of what 


number? 
120 = .80x 


120 
-80 


150 


80% (150) 
.80(150) 
120 


What is the best way to simplify proportion and percentage word 
problems? If you said, "Write the statement in words and then 
substitute the words for mathematical symbols," you're correct. 
As you have seen from this study unit, writing and solving 
equations can greatly simplify the solution of percentage 
problems. 


Lesson Summary. During this lesson you learned how to solve 
problems involving proportions and percentages using the 
operations for equations. It's now time to advance forward and 
attack the unit exercise. 


Unit Exercise: Complete items 1 through 28 by performing the 
action required. Check your responses against 
those listed at the end of this study unit. 


1. Which algebraic expression is a monomial term? 


a. 3x t+tyt+txty 
b. (xz)? - 1x? 

c. 100a - 35a 

da. 45x°y 


a. Wire lines should be tagged more often for 
identification during maintenance. 

b. Test stations should be installed to facilitate 
maintenance. 

c. Wire ties should be suitable to the climatic 
conditions and to the type of construction. Wire 
ties should be made carefully to hold the wire 
lines in place. 

d. The construction techniques discussed in sec- 
tion II also apply to construction under unusual 
conditions of terrain and climate. Certain factors 
that are peculiar to each condition of terrain or 
climate will be discussed in the succeeding para- 
graphs. 


75. Field Wire Construction in Mountains 


The construction and maintenance of field wire 
lines in mountainous terrain is usually more diffi- 
cult than in other areas. The lack of roads may 
make it necessary to lay wire lines by aircraft or 
by man-pack wire-laying equipment. In addition, 
the laid wire lines will require constant mainte- 
nance because of ice, rock falls, and snow slides. 
When air-laying field wire in mountains, it is ad- 
vantageous to lay the wire on top of trees and 
shrubs where possible and away from roads and 
trails to protect the lines from damage caused by 
traffic or by rock slides. 

a. In selecting the routes for wire lines, it may 
be necessary to make an aerial reconnaissance of 
the area. Roads and trails are more clearly iden- 
tified from the air. 

b. If the lines are to be laid by aircraft, an 


138 AGO 5756C 


aerial reconnaissance of the area should be made 
to determine areas to be avoided. 

c. When it is determined that the lines are to 
be laid on the ground, it will be necessary to 
establish supply points along the route. Supplies 
may be delivered by air-drop, by rotary-wing air- 
craft, or by man- or animal-pack trains. 

ad. If the lines are to be constructed above the 
snow line or during the winter, they should be 
constructed overhead on trees or lance poles to 
facilitate locating of the wires for maintenance. 


76. Field Wire Construction in Arctic Areas 


The construction techniques for field wire lines 
described in section II must be modified for use 
in arctic areas. Wire lines in arctic areas should 
be constructed overhead to protect them from the 
deep snow and from vehicle and foot traffic. Be- 
cause of the lack of trees and telephone poles, 
lance poles must be used for overhead construc- 
tion. Other construction techniques peculiar to 
arctic areas are noted below. 

a. A heated shelter should be provided for the 
wire-laying crews. The arctic personnel shelter 
mounted on a 214-ton truck or tracked vehicle 
provides a good facility for wire laying. The field 
wire can be kept warm and pliable as it is spliced 
and payed out at the rear door of the shelter. 

b. In deep snow, the shelter should be mounted 
on a tracked vehicle of high flotation to facilitate 

movement over the snow. 

c. To place the wire lines overhead, proceed as 
follows: 
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(1) Tie three lance poles together at the top 
to form a tripod. 

(2) Use a basket hitch or weave tie to tie 
wire lines to the top of this tripod. Never 
tie wire lines in the norma] manner in 
arctic areas. Bending the lines will crack 
and break the insulation, causing a short 
circuit. 

d. When wire lines must be taped for any rea- 
son, use Electrical Insulation Tape TL~-600/U 
(polyethylene). This tape retains its adhesive- 
ness in cold climates. 


77. Field Wire Construction in Desert Areas 


Desert areas provide the most suitable climatic 
conditions for the installation and maintenance 
of field wire lines. Thus, field wire lines properly 
installed and maintained will give good service 
for a long time. There are, however, certain fac- 
tors peculiar to desert areas that must be con- 
sidered in the construction of the field wire lines. 

a. Since there are no trees or poles in the desert, 
lance poles or other erected supports must be used 
for overhead construction. However, overhead 
wires are easily identified from the air and diffi- 
cult to camouflage. 

b. Buried field wire lines will give good service 
in the desert. To facilitate identification and 
maintenance, buried lines should be tied and 
tagged whenever a new reel of wire is spliced to 
the line. The location and direction of buried wire 
must be carefully plotted on a map in order to 
facilitate maintenance. 
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c. Field wire lines laid on the ground must be 
tied and tagged at frequent intervals, because 
shifting sand will cover the lines and make loca- 
tion of the lines difficult. 


78. Field Wire Construction in Tropical Areas 


The continual dampness and fungus growth in 
jungle areas will reduce materially the effective 
range of field wire lines. Therefore, the construc- 
tion techniques listed below must be used to main- 
tain the effective range and extend the life of field 
wire lines. 


a. Selection of the best route for a wire line is 
extremely important to construction and mainte- 
nance. Ground reconnaissance is more effective 
than aerial reconnaissance, because dense jungle 
growth hides trails and roads from aerial obser- 
vation. 


b. Repeaters and amplifying telephones can be 
used to increase the range of field wire circuits. 
The laying of two field wire lines, using two wires 
for each side of the circuit, will also increase the 
range of field wire circuits. When using two field 
wire lines for one circuit, one wire of each pair 
is connected together for one side of the circuit, 
and the cther wire of each pair form the other 
side of the circuit to prevent crosstalk and extra- 
neous noise (unless the lines are spaced and trans- 
posed on insulators as open wire). 


c. If possible, field wire lines should be con- 
structed overhead on forestry-type insulators 
(Insulator IL-8/G). This type of construction 
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will give better service and require less mainte- 
nance than field wire lines laid on the ground. 

d. When maintenance becomes difficult, wire 
maintenance teams can be placed at close intervals 
along the lines. Maintenance can be facilitated if 
test stations are installed at frequent intervals. 
The lines should be tagged often so that they can 
be readily identified. 


Section IV. RECOVERING FIELD WIRE 
79. General 


a. Field wire is recovered for reuse whenever 
possible. This is important as an economy meas- 
ure, because recovered field wire constitutes a 
source of wire supply. Field wire lines should be 
recovered as soon as they are no longer required. 
The wire should be repaired, tested, and placed 
in condition for future use. 

b. In the recovery of wire, the recovering equip- 
ment (chapter 5) should be preceded by a wire- 
man who removes all tags, unties the wire lines, 
and places the wire along the side of the road in 
the path of the recovering equipment. To recover 
the wire, wiremen proceed along the wire line and 
wind up the wire enroute. Under some conditions, 
it may be necessary to have the recovery equip- 
ment stationary, dragging in the wire by hand. 
This method should be avoided if possible, because 
it abrades the insulation and may cause the wire 
to break. 

e. Ordinarily, wiremen should wear leather 
gloves or pads to protect their hands during field 
wire recovery. 


142 AGO 5756C 


80. Servicing Field Wire 


After field wire has been recovered, it should 
be reconditioned (serviced) for reuse as follows: 

a. Mount an empty reel on one reel unit, and 
mount the reel containing the wire to be recondi- 
tioned on another reel unit. Position the reel 
units so that the wire may be wound on the empty 
reel from the full reel (fig. 89). 

b. Pass the end of the wire through the holes 
provided on the drum of the empty reel. Secure 
the wires, and allow the ends to protrude from 
the side of the reel. These ends are left free for 
future testing. 

c. Station one man at each reel and another 
man between the reels to examine the wire as it 
ig wound slowly on the empty reel. 

(1) Tape each abrasion or break in the in- 
sulation as described in paragraph 12f. 

(2) Carefully splice every break in the con- 
ductors. 

(3) Examine each old splice, cut out each 
poorly made splice, and resplice the wire 
properly. 

(4) If the insulation has been damaged over 
a long section of the wire, or if there are 
several splices located very close to- 
gether, cut out the entire section and 
resplice the two ends of the wire. 

d. After each splice and at the finish of the 
reel, test the wire on the wound reel for open 
circuits, short circuits, or high loop resistance. 
A high resistance measurement usually indicates 
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poorly made splices. These are made in accord- 
ance with test procedures described in chapter 10. 

e. Wire Dispensers MX-306A/G are not re- 
filled in lower-echelon units. However, the wire 
from the dispensers can be recovered and recon- 
ditioned and wound on metal reels. 


FM24-20-70 


Figure 89. Servicing field wire. 
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Section V. FIELD WIRE RECORDS 


81. Construction Orders 


The construction orders given to constructio? 
teams, organized and equipped on the basis of 
information obtained from reconnaissance, should 
prescribe the number of circuits to be installed, 
the priority of each installation, the time when 
each of the various circuits must be completed, 
and the action to be taken upon the completion 
of the installation. Much of this information is 
included in line route maps and tactical circuit 
diagrams. 


82. Line Route Map 


a. A line route map (fig. 90) is a map, a map 
substitute, or an overlay on which are shown the 
actual or proposed routes of wire lines. It is used 
to show the actual physical location of wire cir- 
cuits to wire personnel and to higher head- 
quarters. , 

b. The line route map contains a few lines, 
symbols, and notations as are necessary for 
clarity. It shows the routes of wire lines, switch- 
boards, switching centrals, and test stations, the 
number of circuits along a route, and the type of 
wire construction. Line route maps do not show 
the actual connection or type of equipment at 
switching centrals or test points. 

ce. An organizational line route map is normally 
prepared from information obtained from the 
various construction teams performing the actual 
construction. This compilation of wire construc- 
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tion information is maintained and kept up-to- 
date for reference data in future organizational 
movements and in maintenance. 

d. For an explanation of symbols used in line 
route maps, refer to appendix III. 


83. Circuit Diagram 


The circuit diagram (fig. 91) is an illustration 
(in symbol form) of the technical arrangement 
and connections of a wire system. It indicates 
the following: 
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(1) 


(2) 


(3) 
(4) 


(5) 


Switching centrals at command posts 
and at establishments served by the wire 
system; commercial switching centrals; 
test stations; and long local telephone 
circuits. These are shown by lines, spe- 
cial symbols, and notations as are neces- 
sary for clarity. Locations may be indi- 
cated by map coordinates or terrain 
features. (The tactical commander may 
prohibit the use of map locations, unit 
designations, or symbols when security 
is jeopardized.) 

Number of circuits between the com- 
mand posts or installations are shown. 
Number assigned to each circuit. 
Manner of connecting each circuit into 
or through switching centrals and test 
stations, including the connections for 
separate or simultaneous telephone and 
teletypewriter service. 

Type of line construction used for each 


AGO 5756C 


LINE ROUTE MAP 
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Figure 90. Example of line route map. 


Which algebraic expression contains like terms? 
a. 135ab¢", 45abe 

b. (xyz) F xy (2) 

c. Sa’, (5a) 

qd. 16xy, 1xy 

Which algebraic expression is a polynomial term? 


a. 2x -x + 423 


b. 37xy 

ix - y 

c. 6X + Z 
XZ 

d. 46abc 


Complete items 4 through 10 by performing the proper operations 
of evaluation. 


4. 


gr*, (r = 5) 


a 80 

b. 100 
c. 200 
ad. 1600 


a. 1600 

b. 200 

c. 100 

d. 80 

a’ - 2a° +a + 4, (a = 5) 

a. 584 

b. 534 

c 84 

da 29 

x? + 2° (x = 5, y = 2, 2 = 3) 

——_7_’ / f 
Y 

a. 4 

b. 7 

c. 3 1/2 

d. 81/2 
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Figure 91. Example of a@ circuit diagram. 


line, such as field wire, open wire, cable, 
and commercial circuits. 

b. A circuit diagram is normally made up at 
the communication (or signal) office from data 
on the line route map and information obtained 
from the wire construction crews. It is used as 
an organization wire system engineering and 
maintenance reference. 

c. For an explanation of symbols used in circuit 
diagrams, refer to appendix III. 


84, Security 


Complete line route maps and circuit diagrams 
must not be carried into forward areas. Indi- 
vidual construction and maintenance teams are 
issued only such extracts of maps or diagrams 
that permit the proper performance of their 
specific mission. Such extracts will not show unit 
designations. 
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CHAPTER 8 


AIR-LAYING OF FIELD WIRE AND 
FIELD CABLE 


85. General 


Air-laying of wire and cable becomes necessary 
when time, terrain obstacles, tactical conditions, 
and area contamination make extremely difficult, 
and sometimes impossible, the laying of wire and 
cable by normal ground surface methods. 

a. Air-laying of wire and cable is of particular 
importance in forward areas, where tactical units 
are highly mobile and widely dispersed. In these 
areas, aircraft can be used to lay wire and/or 
cable lines between— 

(1) Observation posts. 

(2) Forward observers. 

(3) Division artillery units. 

(4) Division headquarters and battle groups. 
(5) Battle groups and their companies. 

(6) Battle groups. 

b. Aerial wire laying is also important in sup- 
port of airborne operations. In the initial assault, 
for example, wire lines must be installed rapidly 
to connect the independent units in the airhead. 
These wire lines can be laid much more rapidly 
by aircraft than by surface vehicles. 

ce. Air-laying of field wire and cables is not 
required as much in rear areas as in forward 
areas. However, this type of wire-laying can be 
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of great value in providing wire lines in support 
of rear area damage control and security opera- 
tions. 


86. Aircraft for Air-Laying Operations 

Field wire lines can be laid from either fixed- 
wing or rotary-wing aircraft. However, experi- 
ence has shown that rotary-wing aircraft are 
more suitable, since they have the following ad- 
vantages over fixed-wing aircraft: 

a. Rotary-wing aircraft have greater maneu- 
verability and versatility. 

b. The wash down action of the rotor on rotary- 
wing aircraft keeps the wire at a safe distance 
below the aircraft. 

c. Rotary-wing aircraft can land on, and take 
off from, small areas. This facilitates policing of 
the lines. 

d. The slow-speed, low-flying, and hovering 
capability of the rotary-wing aircraft makes it 
adaptable to low level dispensing. 


87. Dispensing Techniques 

The following are flying precautions and tech- 
niques that must be observed by the aviator dur- 
ing the process of laying field wire from rotary- 
wing aircraft. They should— 

a. Lift the rotary-wing aircraft gradually and 
at a slow speed. 

b. Maintain air speeds of from 45 to 60 knots 
(51 to 69 miles per hour) during dispensing of the 
field wire. 

c. Maintain an elevation of from 50 to 100 feet. 
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d. Slow down the speed of the aircraft to pay 
out slack. Slack is necessary to make crossings 
over rivers, roads, railroads, etc. 

e. Dispense field wire with extreme care in 
rough and mountainous terrain. For example, 
wire lines suspended between two high points will 
sway and rub against rocks and trees, thereby 
causing abrasion to the insulation. To avoid this, 
high peaks must be by-passed and enough slack 
must be payed out to insure that the wire lines 
will lay flat on the surface of the ground, even 
in defilade areas. 


88. Requests for Air-Laying Operations 


a. Requests for air-laying operations in the 
division area are sent to the division signal officer. 
He, in turn, requests the division aviation officer 
to provide aircraft from the division aviation com- 
pany to fly the mission. This is the normal pro- 
cedure, but there are times when air-laying re- 
quests will be of such volume that aircraft will be 
assigned to the division signal officer for accom- 
plishment of the air-laying missions. 

b. Requests for air-laying missions at corps and 
field army level are forwarded to the corps and 
field army signal officers, respectively. Aircraft 
for such missions are provided by the army avia- 
tion units of each command. 


89. Preflight Considerations 

After a decision has been made to fly an air- 
laying mission, the aviator and the wire chief 
must coordinate in considering the various aspects 
of the operation. 


150 AGO 5756C 


a. A check must be made to insure that dispens- 
ing equipment is securely attached to the aircraft. 

b. Equipment must be flight tested prior to 
flying the mission. 

c. The actual route of the wire line must be 
determined to insure— 


(1) 


(2) 
(3) 
(4) 
(5) 


Flying safety during dispensing opera- 
tions. 

Circuit effectiveness. 

Circuit protection. 

Wire economy. 

Accessibility of the lines for mainte- 
nance. 


d. Information must be given to the aviator 
on the following: 


(1) 
(2) 
(3) 
(4) 


(5) 
(6) 


Number and length of lines. 

Starting and ending point of each line. 
Type and weight of each load. 
Obstacles along the route, such as 
bridges, power lines, railroads, mine 
fields, CBR areas, and artillery danger 
areas. 

Wire policing methods to be used. 
Routes used by friendly tracked vehicles. 


90. Route Reconnaissance 


Unless it is firmly established that the projected 
route for the wire lines is free of obstacles, there 
is a definite need for an aerial reconnaissance of 
the route. In some cases, the aerial reconnaissance 
can be made in one flight over the area, and the 
wire lines can be laid on the return flight. If the 
wire lines must be laid at night, the aerial recon- 
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naissance of the projected route should be con- 
ducted during daylight hours. 


91. Air-Laying Operations 


Since the dispensing of wire and cable lines 
from aircraft is a dangerous operation, trained 
signal personnel must be made available to load 
the dispensers, splice and test the lines, and dis- 
pense the lines. One or more lines may be laid 
with each flight of the aircraft. 

a. Initial Step. Initial pay-out begins after the 
lines are tied to some object at the take-off point, 
or after the lines are weighted and dropped over 
the initial point while the aircraft is in flight. 

b. Electrical Continuity of the Line. The air- 
laying wire team must insure that electrical con- 
tinuity of the line is maintained. This can be 
accomplished by connecting telephones to each 
end of the line: one at the initial point, and one 
at the standing end of the last dispenser. This 
circuit will provide continuous telephone com- 
munication between the wire team on the ground 
at the initial point and the wire team in the air- 
craft. Telephone TA-312/PT, with Headset HS— 
91, is preferred for use by the air-laying wire 
team, since it permits the man with the headset 
to listen in on the circuit and still use his hands 
to help in the wire dispensing operation. It is 
also desirable to use alligator clips to connect the 
telephone to the standing end of the line; this will 
permit the telephone to remain connected to the 
line until the entire line is laid. 

c. Policing the Line. The lines must be policed 
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during the wire-laying operation. This can be 
done by the air-laying wire team, or by supporting 
wire teams on the ground. If done by the air- 
laying wire team, directions must be given to the 
aviator to insure that he will land the aircraft at 
points where the policing operation can be accom- 
plished. Equipment required for the policing oper- 
ation must be loaded aboard the aircraft prior to 
take-off. Normally, it will be necessary to load 
splicing tools to splice breaks and cuts in the line, 
lance poles to construct overhead crossings, stakes 
to secure lines in place, and digging tools to bury 
the lines. 


(1) If the line should break during the air- 
laying operation, the aviator must try to 
land his aircraft near the break. This 
will facilitate the work of the wire team 
in splicing the break. If it is impossible 
to land the rotary-wing aircraft in this 
particular area, the aviator should hover 
over the location of the break until the 
wire team can recover the wire. 


When it is necessary to install wire lines 
over or under such obstacles as roads, 
railroads, or power lines, the aviator 
lands the rotary-wing aircraft just short 
of the obstacle. The wire team dis- 
mounts, pulls out enough slack to make 
the crossing, and cuts the wires. The 
aviator then moves the aircraft to the 
far side of the obstacle and lands. The 
wire team installs the crossing (over or 
under the obstacle), and ties the lines 


(2 


— 
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securely at both sides of the crossing. 
After the break in the line is spliced, air- 
laying operations continue. On some 
occasions, power lines will be sufficiently 
high above the ground to permit rotary- 
wing aircraft to fly under them. How- 
ever, the aviator must land the aircraft 
to permit the wire team to tie the lines 
to a stake or tree. This will hold the 
lines close to the ground, thereby pre- 
venting them from coming in contact 
with the power lines as the aircraft gains 
altitude. 

d. Terminal Step. At the terminus of the wire 
lines, ground wire teams extend the ends of the 
lines to the proper patch panel or switchboard. 
For additional information on air-laying opera- 
tions, refer to TM 11-2240. 


92. Air-Laying Field Cable 


Field cables, such as Cable Assembly CX- 
1065/G (spiral-four), may be laid by rotary-wing 
aircraft to connect line-of-sight radio terminals 
with accessory equipments in a command post; to 
provide cable lines across contaminated areas or 
minefields; and to span rivers. Rotary-wing air- 
craft may also be used to reestablish cable lines 
destroyed by nuclear weapons. There is no device 
for dispensing field cable from aircraft; however, 
some device could be improvised in an emergency. 
Field tests have indicated there are five impor- 
tant factors to be considered in improvising a dis- 
penser for the air-laying of field cable. 
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a. The dispenser must be sling-loaded, rather 
than being carried within the aircraft. 

b. The cable cannot be payed out from cable 
reels; it must be arranged in gentle folds on the 
dispensing frame. 

c. The dispenser must be as light as possible to 
increase the amount of cable that can be carried 
by the aircraft. This fact indicates that the dis- 
penser should be made of aluminum. 

d. Some means must be provided to quickly jet- 
tison the dispenser in case the cable snarls during 
the dispensing operation. 

e. Any improvised cable dispenser should be 
ground-tested before it is attached to the aircraft. 
To do this, mount the cable dispenser on the back 
of a truck, and then run the truck at high speeds 
to insure that the dispenser will pay out the cable 
at these speeds. 
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8. How many pounds of explosives will you need to cut four 
40" diameter trees? 
Use the algebraic expression: Pp = D? 
250 
P = Pounds of explosives 
= Diameter of tree in inches 
250 = constant 


a. 6.4 pounds 
b. 4.6 pounds 
c. 26.5 pounds 
d. 25.6 pounds 


9. The objective is located 16 1/4 miles (distance) away, 
and you are moving at a rate of 5 mph. How long will it 
take you to arrive at the objective? 

Use the algebraic expression: 7 =D 
R 
Time 
Distance 


ys | 
|| 


a 3 
b. 3. 
c. 2.35 hours 
dad. 2 


10. You are in a defensive position with a front of 180 
meters. Your platoon is responsible for the tactical 
wire emplacement of three belts. What is the total 
length of tactical wire (TAC(W)) required? 

Use the algebraic expression: 


TAC(W) = 1.25 x length of front(LOF) x number of belts 


(# Belts). 

a. 675 meters 
b. 657 meters 
c. 252 meters 
da. 225 meters 


Complete items 11 through 13 by determining if the equations are 
true or false. 


11. 3+7=5 X¥ 2 


a. 10 = 10 (true) 
b. 10= 7 (false) 
Cc 21 = 10 (true) 
a 21 = 7 (false) 


CHAPTER 9 


RAPID CONSTRUCTION OF SPIRAL-FOUR 
CABLE ON AERIAL SUPPORTS 


Section |. LAYING THE CABLE 


93. General 


This chapter discusses the procedure for in- 
stalling spiral-four cable on aerial supports. It 
covers the laying of the cable, construction and 
installation of the aerial supports, and mounting 
of the cable on the aerial supports. 


94. Dispensing the Cable 


Spiral-four cable can be laid from the rear of a 
truck, using Reel Unit RL-26-( ) (fig. 92). If 
three or four cables are to be laid simultaneously, 
two Reel Units RL—-26-( _) must be used. Lay the 
cable as follows: 

a. Tie the cable ends to a post or tree, leaving 
enough cable slack to reach the terminal or re- 
peater equipment. 

b. Lay the cables straight back from the cable 
reels, across the tail gate of the truck; start the 
truck, moving forward slowly. 

c. As the truck moves forward, rotate the cable 
reels by hand to reduce the pull on the cables. 

d. When the truck gains full dispensing speed, 
use the reel brake on Reel Unit RL-26-( ) to 
prevent the cable from unreeling to fast. If the 
reels begin to unwind at excessive speed, the slack 
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caused by the excessive speed may kink the cable 
as it unwinds. 

e. When the last layer of cable begins to unwind 
from the reel, signal the truck driver to reduce 
the speed of the truck. 

f. When there are but a few turns of cable left 
on the reel, signal the truck driver to stop the 
truck. Unreel the last few turns of cable, and 
leave them as slack. 

g. Lay all other cable sections in the same 


manner. 

h. The construction crew laying the cable should 
install the repeaters and construct overhead 
spans over roads, railroads, etc. 


@m24-20-153 


Figure 92. Laying cable using Reel Unit RL-26-( ). 


95. Installing Unattended Repeaters 

When required, an unattended repeater is in- 
stalled at the end of every twenty-third cable sec- 
tion (534 miles). The repeaters should be placed 
on supports, or on high dry ground, so that water 
will drain away from them in wet weather. 
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96. Construction of Overhead Spans 


When it is necessary for the cable lines to cross 
over roads, the cable must be placed overhead on 
suspension strand. Telephone poles are used to 
support the cables above the minimum road clear- 
ance (18 feet). There are two types of spans used 
to cross roads: one type will support up to five 
cables, and the other type will support more than 
five cables. 


97. Constructing a Span to Support up to Five 
Cables 
To construct this type span as follows: 
a. Dig two post holes, 414 feet deep, on each 
side of the road, approximately 6 feet beyond the 
drainage ditch. 


b. Set the poles in the holes, and rake each pole 
1 foot (fig. 93). Backfill the hole and tamp. 


c. Cut a piece of Wire W-145 about 6 to 8 feet 
longer than the span between the poles. This piece 
of wire is used as the suspension strand to support 
the cables. 

d. Wrap one end of this wire around the first 
pole, about 1814 feet above the road surface (2, 
fig. 93). Allow about 2 feet of wire on the run- 
ning end to make a wrap around the standing end. 

e. Wrap the running end of the wire around the 
standing end, using four open wraps and five 
closed wraps (3, fig. 93). 

f. On the second pole, attach a wire puller to the 
pole and to the other end of the suspension strand. 
Pull the suspension strand tight. 
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g. Tie the wire to the second pole in the same 
manner as in d and eé above. 


98. Constructing Span to Support More than 
Five Cables 


The overhead span to support more than five 
cables is made in the same way as the span 
described in paragraph 97. However, the span to 
support more than five cables will require guy 
wires (fig. 94). To make the guys: 

a. Cut four pieces of wire. Each piece should 
be three times the length of the pole to be guyed. 

b. Secure four logs, from 3 to 4 feet long, to be 
used as deadmen. Discarded telephone poles can 
be cut up to be used as deadmen. 


c. Dig a hole for each deadman. These holes 
should be about 8 feet from the pole to be guyed, 
and at a 45-degree angle from a straight line 
between the two poles (fig. 94). 

d. Wrap a wire (a above) twice around the 
middle of a deadman. Leave enough slack on the 
tied end, so that 3 feet will remain above ground 
after the deadman is buried. 

e. Bury the deadman and backfill the hole. 


f. Take the guy wire to the top of the pole, pull 
it tight, and wrap it around the pole three times. 
As each wrap is made, drive a nail under the 
wrapped wire, and clinch the nail over the wire to 
keep it from slipping. 

g. Bring the remaining wire down to the anchor 
wire (d above), and splice the ends; use a sleeve 
splice or Western Union Splice (5, fig. 94). 


160 AGO 5756C 


h. Construct the other three guys in the same 
manner. 


99. Placing the Cables on the Overhead Span 


After the overhead span has been completed, 
install the cables on the span. Place the cable on 
overhead spans as follows: 

a. Drive a J-hook in each pole, just under the 
support wire (1, A, fig. 95). 

b. Lay the cable up to the bottom of the first 
pole, and secure it to the pole with a cable clamp 
or basket hitch tie (2, A, fig. 95). 

c. Unreel enough cable to hang on the span, and 
add 10 feet as slack. For example, a span of 60 
feet on poles 20 feet high, would require 110 feet 
of cable: 60 feet for the span, 40 feet to reach 
up and down the poles, and 10 feet for slack. 

d. Move the cable reel across the road (4, A, fig. 
95). 

e. Use a basket hitch tie to secure a handline 
to the cable. 

f. Throw the handline over the support wire, 
pull the cable up the support pole, and place the 
cable in the J-hook (5, A, fig. 95). 

g. Attach the cable to the support wire, using 
a cable hanger or patent ring (6, A, fig. 95). 

h. Place the hand line in the J-hook on the sec- 
ond pole (7, A, fig. 95). 

1. Pull the cable approximately 10 feet; there, 
use a cable hanger to attach the cable to the sup- 
port wire (8, B, fig. 95). 

j. Continue the procedure in 7 above until the 
span is completed. 
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k. Pull in all slack, and use a cable clamp or 
basket hitch tie to secure the cables to the bottom 
of the second support pole. 


100. Railroad Crossings 


At a railroad crossing, the cable should be laid 
between two ties under the rails. Proceed as 
follows: 

a, Lay the cable line up to the roadbed of the 
railroad. 

b. Unreel enough cable to reach across the 
railroad. 

c. Remove the ballast stones from between two 
railroad ties. 

d. Pull the cable between the two ties, under the 
rails. 

e. Cover the cable with the ballast stones re- 
moved in c above. 

f. Bury the cable on both sides of the tracks to 
the edge of the roadbed. This will protect the 
cable from the hot coals dropped by passing 
engines. 

g. If the cable cannot be laid under the rails, 
construct a span to support the cables overhead. 
Overhead spans were explained in paragraphs 98 
and 99. However, the clearance over railroads is 
27 feet, instead of 18 feet. 


101. Testing and Connecting Cable Sections 


As soon as the cable dispensing teams begin to 
lay the cable, the mobile test team moves along 
the cable line to test and connect the cable sec- 
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tions. The cable sections are tested and connected 
as follows: 

a. The mobile test team moves to the end of the 
first section of cable, and tests it for opens, shorts, 
and grounds. If the test is negative, the team 
connects the first section of cable to the second 
section. 

b. The mobile test team then moves to the end 
of the second section to test the connected cable 
sections for opens, shorts, and grounds. If the 
test is negative, the team connects the first two 
sections to the third section and moves to the end 
of the third section. 

c. The above method is continued until all sec- 
tions are tested and connected to form the cable 
line. 

d. If one section tests positive for opens, shorts, 
or grounds, this cable section is repaired or a new 
section is substituted. 

e. After all cable sections have been tested and 
connected, the cable is connected to the terminal 
equipment. The wire chief then makes a system 
test. When the cable system is in operation, the 
cable is placed on aerial supports. 


Section Il. A-FRAME CONSTRUCTION 


102. General 


a. There are two types of aerial supports that 
can be constructed to support spiral-four cable 
lines: A-frame construction and “hasty pole” con- 
struction. The type used will depend on the 
materials available to make the supports, the tools 
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= 26 (false) 
= 27 (false) 

c. 26.5 = 26.5 (true) 
5 = 24.5 (true) 


13. 7-8°5 +11 = 4 - 8? + 5? 


a. 41= 6 (false) 
b. 6 = 41 (false) 
c. 25 20 (true) 


dad. 20 = 25 (false) 
Complete items 14 through 16 by selecting the correct root. 


14. 6x - 3 = 27 


a. X= 7 
b. x = 6 
c. x= 5 
d. x = 4 


15. 7h + 7.79 = 29 


a. h = 4.30 
b. h = 4.03 
c. h = 3.30 
dad. h = 3.03 
16. 8b + 2b + 7b + 187 = 221 

a. b = 3.5 
b. b= 2.5 
Cc. b= 3 

qd. b= 2 


Complete items 17 through 19 by determining whether these 
inequalities are true or false. 


17. 3 +6<8 - 4 


a. 9< 4 (true) 
b. 9 > 4 (true) 
c. 9< 4 (false) 
d. 9> 4 (false) 


and equipment available, and the type of terrain 
on which the supports are to be installed. 

b. The A-frame construction is more flexible 
than the “hasty pole” construction, because A- 
frames can be used on all types of terrain. The 
method for construction and installation of the A- 
frames will vary according to the number of per- 
sonnel and amount of equipment available. In 
an ideal situation, construction work is conducted 
in one continuous operation; one team makes the 
supports, another team installs the supports, and 
the third team hangs the cable line on the sup- 
ports. When personnel or equipments are limited, 
the construction can be done in stages. The frames 
are constructed during the first stage and installed 
during the second stage; the cable line is hung on 
the supports in the third stage. 


103. Materials Required 


The amount of supplies required to install the 
A-frames will depend on the length of the cable 
line. Each mile of A-frame construction will 
require the following supplies: 

a. 55 A-frames. 

b. 2 miles of copper wire W-145. 


c. 3,000 feet of marline twine, copper wire, or 
field wire. 


d. 100 stakes, 3-feet long. 
e. 50 cable clamps. 


f. In addition, construction of a cable line of 
any length will require one 214-ton truck, one 
34-ton truck, and one Reel Unit RL-26—(__ ). 
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104. Building the A-FRAMES 


An A-frame will require two supports (2 x 4’s 
or poles) 20 feet long, a bolt (14 to 5 inches) 5 
to 6 inches long, and one J-hook. Construct the 
frame as follows: 

a. Cut the supports in 20-foot lengths. 

b. Drill a hole two feet from one end of each 
support (1, fig. 96). 

c. Lay one support on top of the other so that 
the holes match. 

d. Insert the bolt through the holes and tighten 
the nut on the bolt (2, fig. 96). 

e. Drive the J-hook 6 inches from the top of one 
of the supports (3, fig. 96). If more than five 
cables are to be supported, drive another J-hook 
in the other support, so that one-half of the cables 
can be hung on each side of the frame. 


105. Laying the Support Wires 

Lay the support wires from Reel Unit RL-26- 
( ), as follows: 

a. Mount the ree] unit on the rear of the 34-ton 
or 214-ton truck. 

b. Load the reel unit with Wire W-145. 

c. Pay out some wire from the reel unit at the 
starting point, and tie the wire to a stake, post, 
or tree. 


d. Pay out the wire as the truck moves along 
the cable route. 


e. If more than 5 cables are to be supported, 
two support wires must be laid. 
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106. Tying the Cables to the Support Wires 


a. As the wire-laying team lays the support 
wires, another team ties the cables to the support 
wires. Figure 97 shows the proper method for 
tying cables to-the support wire. Copper wire, 
field wire, or marlin twine can be used to make 
the ties. 


b. The teams tying the cables to the support 
wire should also install tension bridges at points 
of interconnection of the cable sections. Tension 
bridges will relieve the strain on the connectors; 
provide slack for replacing a damaged cable sec- 
tion; permit the insertion and removal of loading 
coils; and permit access to the cable sections for 
testing purposes. Construct a tension bridge as 
follows: (fig. 98) 


(1) Cut a 6-foot piece of marlin twine or 
field wire. 

(2) Loop the cable at the connectors, as 
shown in figure 98. 

(3) Begin a basket hitch tie with the twine 
or field wire, one foot from the center of 
the loop (3, fig. 98). 

(4) Complete the basket hitch tie in the cen- 
ter of the loop, as shown in 4, figure 98. 


(5) Install a basket hitch tie on the other 
cable in the same manner, and tie the 
two ends in a square knot (5, fig. 98). 

(6) Use the remainder of the twine or wire 


to support the loop, as shown in 6, figure 
98. 
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107. Surveying the Line 


The A-frames are built; the support wires are 
laid; the cables are tied to the support wires; and 
then, the line is surveyed. The construction team 
that performs the survey must be provided with 
marker stakes, hammers to drive the stakes, three 
range rods, and a 150-foot measuring tape. Sur- 
vey the line as follows: 

a. Drive the first marker stake at the exact 
location of the first A-frame. 


b. Measure the distance for the first span (125 
feet or less than 10 cables; 100 feet for more 
than 10 cables). At this point, drive the second 
marker stake. 


c. Measure the distance for the third span, and 
line the stakes as shown in figure 99. (Lining the 
stakes must be done with care, since an A-frame 
out of line will collapse under the weight of the 
cable. ) 

d. Continue the lining procedure, as explained 
above, until the line is completely surveyed and 
all marker stakes are placed and driven. 


108. Installing Terminal A-Frames 


As soon as the survey team has driven several 
marker stakes, a construction team can begin 
installation of the A-frames. The A-frames in- 
stalled at the terminals of the cable line are 
constructed as double frames (fig. 100). Double 
A-frames are required to support the weight and 
strain of the dead-end cables. Double A-frames 
are installed as follows: 
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a. Place the first A-frame directly above the 
first marker stake and perpendicular to the line 
of marker stakes (1, fig. 100). 

b. Place the second A-frame under the first 
A-frame and in line with the marker stakes (2). 

c. Drive an anchor stake behind each leg of the 
double A-frame to prevent the legs from slipping 
(3). 

d. Drive a nail in each leg of both A-frames 
approximately 3 feet above the ground. 

e. Wrap a piece of wire around each leg, under 
the nail; pull the wire tight, and splice (4). 


109. Installing the Intervening A-Frames 


All of the intervening A-frames are installed as 
single A-frames (fig. 101). Single A-frames are 
installed as follows: 

a. Extend the legs of the A-frame as far as pos- 
sible, and place the frame against the marker 
stake and perpendicular to the line of marker 
stakes (1). 

b. Cut a piece of wire (W-45) about 50 feet 
long. 

c. Loop the wire around the A-frame, so that 
approximately 25 feet of the wire extends on each 
side of the A-frame. 

d. Drive an anchor stake 17 feet from, and on 
each side of, the marker stake (3). 

e. Tie the ends of the anchor wire to each 
anchor stake (3). 

f. Push the legs of the A-frame together until 
the anchor wires (4) become tight. The legs of 


174 AGO 5756C 


191-02-v2W35 “6 


‘saumDsf-y pourmsa, 947 Bu170;8UT 


"001 a4nbig 


175 


AGO 5756C 


18. 


19. 


4(9 - 5) -8+244+3.2 
5 


12 (true) 
10 (true) 
10 (true) 
14 (true) 


8>2° 2 


forme mom") 
ASS 
OF MRR HR 


4 (true) 
4 (true) 
8 (true) 
8 (true) 
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Complete items 20 through 28 by performing the action required. 


20. 


21. 


22. 


The combat engineers reported that the mountain road has 
a slope of 6 percent (6 feet of rise for every 100 feet 
of length). How much will the road rise in 1 mile? 


a. 528 feet per mile 
b. 52.8 feet per mile 
c. 31.68 feet per mile 
d. 316.8 feet per mile 


You are in a defensive position and have been given 20 
40mm rounds (M203 grenade launcher) for every 300 feet of 
front. How many rounds will you receive for every 450 
feet of front? 


a. 30 
b. 29 
Cc. 28 
d. 27 


A total of 135 Marines crossed the stream in 40 minutes. 
How many Marines will cross the stream in 60 minutes? 
Note: Round to nearest whole number. 


a. 204 
b. 203 
c. 202 
dad. 201 


the A-frame should be about 20 feet apart at 
ground level. 

g. Drive an anchor stake (5) behind each leg 
of the A-frame to keep it from sliding. 

h. Remove the marker stake. (This stake can 
be used as an anchor stake in later installations. ) 

i. Erect all intervening A-frames in the same 
manner. 


110. Hanging the Cable 


After a few A-frames are installed, another 
construction team can begin to hang the cables 
on the A-frames. The cable-hanging crew will 
require two wire pikes and two handlines (ap- 
proximately 50 feet long). The cable-hanging 
oreration can be expedited by using a Line Con- 
struction Truck V-17/MTQ, since the cables can 
be hung by hand from the top of the platform 
mounted on the truck box. The procedure below 
is a method of hanging cables when the construc- 
tion truck is not used. 

a. Tie the cables and support wire to the base 
of the first (terminal) A-frame. 

. b. At the first and second A-frames, loop the 
hand-lines under the support wire to form a 
double line. 

c. Loop the double line over the J-hooks on both 
the first and second A-frames. 

d. Pull the cables to the top of the first A-frame, 
but o:ly half-way up on the second A-frame (2 
and 3 “%g. 102). 

e. Using the wire pikes (4), place the support 
wire in the J-hook on the first A-frame. 
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f. Release one end of the double handline, and 
pull the other end until the handline falls free 
from the cable support wire. 

g. Adjust the cables on the second A-frame to 
leave 2 feet of sag between the first and second 
A-frames. When the spans between A-frames are 
125 feet long, leave 3 feet of sag. Tie the cable 
support wire in place by using a cable clamp or 
basket hitch tie. 

h. Hang the cables on all other A-frames, and 
tie the cable support wires in place in the same 
manner as outlined above. 

1. While the cable-hanging crew is hanging the 
cables on the A-frame, other personnel can dig a 
trench and bury the cables from the first A-frame 
to the terminal equipment. 


111. Mounting the Unattended Repeaters 


When required on cable lines, unattended re- 
peaters are mounted on supports by the cable- 
hanging crew. To provide these supports, use a 
specially constructed frame made with two regu- 
lar size A-frames. Construct the mountings as 
explained below, and as illustrated in figure 103. 

a. Extend the legs of the two A-frames, and 
place them flat on the ground (A, fig. 103). 

b. Cut two pieces of 2 x 4 lumber two feet 
longer than the repeater. 

c. Nail the first 2 x 4 to one leg of each frame, 
2% feet below the bolted joint of the frame (1, A, 
fig. 103). 

d. Nail the second 2 x 4 parallel to the first 
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2 x 4, separating them by the distance equal to 
the width of the repeater (2, A, fig. 103). 


e. Cut two pieces of guy wire (W-145) 22 feet 
long, and tie one piece to each frame at the joint. 

f. Lift up the frames (B, fig. 103) so that the 
legs on which the cross pieces are nailed are 
vertical. 


g. Drive two anchor stakes as shown in B, fig- 
ure 103, and nail the free legs of each frame to the 
anchor stakes (4, B, fig. 103). 

h. Drive two other anchor stakes into the 
ground, 12 feet from the base of the upright legs 
of the frames; tie the guy wires as shown in 5, B, 
figure 103. 

4. Mount the repeaters on the crosspieces, using 
a web strap to secure the repeaters to the cross- 
pieces (B, fig. 103). 

j. Ground the repeaters (par. 123). 


Section Ill. ‘HASTY POLE’? CONSTRUCTION 
112. General 


The “hasty pole’ type of construction is prac- 
tical for erecting supports for spiral-four cable 
lines; however, it is not suitable for use in rocky 
or swampy terrain. Since the poles used in the 
“hasty pole” method are much smaller than those 
used for normal pole line construction, ‘“‘hasty 
pole” construction progresses at a faster rate. 
The procedures used in this type of construction 
will vary according to the situation, but the infor- 
mation given in paragraphs 113 through 124 will 
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aid in setting up procedures for “hasty pole” 
construction. 


113. Materials Required 


The following supplies and equipment are 
needed to erect supports in the “hasty pole” type 
of construction. 


a. Supplies required to construct one mile of 
“hasty pole” line are— 
(1) 55 poles, class 9 or smaller, 20 feet long. 
(2) Two miles of wire W-145. 
(3) 1,325 cable rings or cable hangers. 
(4) 50 cable clamps. 
(5) 8,000 feet of copper tie wire, marline 
twine, or field wire. 
(6) 110 (30d) nails. 
(7) 10 drive hooks. 
b. The following equipments are required for a 
line of any length: 
(1) One line construction truck V-17/MTQ. 
(2) One earth auger truck V-18/MTQ. 
(3) One 214-ton truck. 
(4) One 34-ton truck. 


114. Organizing the Construction Teams 


There are six main jobs in the construction 
of a “hasty pole” spiral-four cable line, and there 
are enough personnel in a construction platoon 
to organize six teams to perform each job concur- 
rently. Each team is organized to accomplish one 
of the following functions: 

a. Provide the poles. 

b. Survey the line. 
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ec. Deliver the poles along the cable route. 

d. Dig the holes, set the poles, and lay the sup- 
port wires. 

e. Tie the cables to the support wires. 

f. Hang the cable. 


115. Providing the Support Poles 


The best source of poles is any wooded area that 
may be near the cable route. The trees selected 
should be tall enough to provide a pole 20 feet 
long and at least 4 inches in diameter at the top. 
There should be at least six to eight men on this 
team, and they should be briefed thoroughly on 
safety precautions before they cut down any trees. 
The following points should be stressed in this 
briefing: 

a. Always work in pairs. 

b. Work in a straight line, and stay far enough 
from the pairs on each side to insure that trees 
will not fall on you. 

c. When notching a tree, swing the axe away 
from your body and not in the direction of any 
other member of the team. 

d. Notch the tree on the side toward the direc- 
tion of fall. 

e. Use axes to cut the notch about half way 
through the tree; then use the cross-cut saw to 
complete the cut from the opposite side of the 
tree. 

f. As the tree begins to fall, drop the saw, move 
about 20 feet in the opposite direction from the 
tree fall, and shout, “Timber.” This will warn 
other personnel to get out of the way of the fall- 


AGO 5756C 183 


ing tree. (DO NOT TRY TO REMOVE THE 
SAW FROM THE CUT WHILE THE TREE IS 
FALLING. The saw can be recovered after the 
tree falls.) 

g. Trim all branches from the first 20 feet of 
the tree; cut the tree at this point to provide a 
20-foot pole. 


116. Surveying the Line 

While one team is cutting the poles, another 
team should begin a survey of the line. The line 
is surveyed, and the marker stakes are set in the 
same manner as was done for A-frame construc- 
tion (par. 107). 


117. Distributing the Poles 


If the 214-ton truck can be driven through the 
forest, the pole distributing team can pick up the 
poles where they were felled; otherwise, the poles 
must be dragged or carried to an assembly area 
at the edge of the forest. 

a. Load the poles on the truck, and deliver one 
pole to each marker stake. Lay the pole 10 feet 
from the marker stake to provide room for the 
earth auger truck to dig the hole. 

b. After each pole is unloaded, it must be pre- 
pared for use as a support. 

(1) Drive a J-hook, 6 inches from the top, 
into each of the dead-end poles. 

(2) Drive two 30d nails into each of the 
other poles; one nail should be 814 feet 
from the bottom of the pole, and the 
other 6 inches from the top of the pole. 
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(Both nails should be on the same side 
of the pole, driven in at a 45-degree 
angle from the top of the pole.) 


118. Erecting the Support Poles and Laying 
the Support Wire 


As soon as a few poles have been placed at 
marker stakes, the team erecting the poles and 
stringing the support wire can begin work. To 
erect the poles and lay the support wire, proceed 
as follows: 

a. Mount a reel of wire (W-145) on the side 
of the Earth Auger Truck V-18/MTQ, as shown 
in figure 104. 

b. Dig a pole hole, 414 feet deep, 8 feet to the 
rear of the first marker stake. Place a short pole 
in the hole, backfill the hole, and tamp (1, fig. 
104). 

c. Dig a hole, 414 feet deep, at the first marker 
stake, and set the first support pole in the hole 
(2 and 8, fig. 104). 

d. Rake the pole one foot toward the anchor 
stake or terminal equipment, backfill the hole, and 
tamp (fig. 104). 

e. Tie the support wire (W-145) to the first 
support pole at a point about 4 feet above the 
ground. Leave from 6 to 8 feet of extra wire on 
the running end (1, fig. 105). 

f. Move the truck to the next marker stake. 
Note that the truck pays out the support wire as 
it moves from pole to pole (fig. 105). 

g. Dig the second pole hole (2, fig. 105), set the 
pole (do not rake), backfill the hole, and tamp. 
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23. 


24. 


25. 


26. 


27. 


28. 


There are 950 Marines in the battalion; 2 1/2 percent are 
at sickbay. How many Marines are at sickbay? 
Note: Round to nearest whole number. 


a 22 
b 23 
c. 24 
d 25 


The Expeditionary Force has a total of 3248 Marines. It 
has just been increased by 50 percent. How many Marines 
make up the new Expeditionary Force? 


4287 
4672 
4782 
4872 


aad om 


Seven Marines out of 12 were wounded while on patrol. 
What percent was wounded? 


17.14% 
- 17.33% 
- 58.14% 
- 58.33% 


ado 


If 4.5 tons is 25 percent the breaking strength of the 
wire rope used for retrieving the HMMWV (High Mobility 
Multi-Purpose Wheeled Vehicle) from the mud, what is the 
total (100%) breaking strength of the wire rope? 


a. 18 tons 
b. 19 tons 
c. 20 tons 
dad. 21 tons 


Sixteen of the 48 rifles inspected had unserviceable 
stocks. What percent of the rifles had unserviceable 
stocks? 


a. 30.33% 


b. 33.33% 
Cc. 36.33% 
d. 39.33% 


Eighty Marines (40%) of the range detail qualified expert 
on the rifle range. What was the total number of Marines 
on the detail? 


a. 500 
b. 400 
c. 300 
a. 200 


$91-02-v2W4 


*gaj0d pouruta} Buryjas pup sajoy ay; Burbhig ‘yor eunbry 


AGO 5756C 


186 


991-02-bzw4 & 


‘sajod Buruansazur Buyjzos pup sajoy burBbigq ‘sor aunbig 


187 


AGO 5756C 


All intervening poles (between the dead-end © 
poles) are set in this same manner. 

h,. At the far end of the cable line, rake the last 
(terminal) pole one foot toward the terminal 
equipment, and place an anchor stake 8 feet from 
the base of the pole (b above). 


119. Guying the Terminal Poles 


The guys for the terminal poles are installed by 
the team that ties the cables to the support wire. 
The guy for the first pole can be installed as soon 
as the anchor stake and pole have been set and 
tamped. Install the guy as follows: 

a. Cut a piece of wire (W-145) 40 feet long. 

b. Loop one end of this wire twice around the 
anchor pole, and tie; leave about 3 feet of this 
wire on the running end. 

c. Take the anchor wire to the top of the first 
support pole, and pull it tight; loop it twice 
around the support pole, 4 inches above the J-hook 
(1, fig. 106). 

d. Bring the remaining wire down to the anchor 
stake, pull it tight and splice it to the 3 feet of 
wire on the running end (b above). 

e. Place a stake or turnbuckle between the 
anchor wires at a point midway between the 
anchor and the top of the pole; turn the stake or 
turnbuckle until the anchor wire is tight (2, fig. 
106). 


120. Tying the Cables to the Support Wire 


After the first pole has been guyed, tie the 
cables to the support wire. Proceed as follows: 
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a. On the first six poles, lay the support wire 
on the 30d nails that are four feet above the 
ground (3, fig. 106). 

b. At the sixth pole, use a wire-pulling block to 
tighten the support wire. 


c. If there are more than three cables, tie the 
cables into a bundle. 

d. Provide 30 feet of cable slack between the 
terminal equipment and the first support pole. 

e. Tie the cables to the support wire (par. 106). 

f. After the six-pole section is completed, use a 
second wire-pulling block, attached to the 12th 
pole, to pull the support wire tight. Disconnect 
the first wire-pulling block from the sixth pole. 
Tie the cables to the support wire between the 
sixth and 12th poles. 

g. Continue to pull the support wire and tie the 
cables, as explained above, until the first 14 mile 
of cahle section has been completed. At the end of 
each cable section (14 mile), install a tension 
bridge in the cable lines (par. 106). 

h. Construct a temporary head guy between the 
two poles at the end of each 14-mile cable section 
(4, fig. 106). 

1. Continue to pull the support wire and tie the 
cables until the cable line is completed. 


121. Hanging the Cables 

After the cable-tying team has completed its 
work on the first cable section (14 mile), the 
cable-hanging team can begin to hang the cables. 
Proceed as follows: 
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a. Untie the support wire from the bottom of 
the first pole, and take the support wire and the 
cables to the top of the first pole. 


b. Attach a wire-pulling block to the top of the 
first support pole, and pull the support wire tight. 

c. Wrap the support wire three times around the 
pole, just above the J-hook. 

d. Tie the running end of the support wire to 
the standing end, using four open wraps and five 
closed wraps (1, fig. 107). 

e. Tie the cables to the pole, just under the 
J-hook. Use a basket hitch tie or cable clamp (2, 
fig. 107). 

f. Lash the cables to the pole, at four-foot inter- 
vals, with field wire or marlin twine. 

g. Hang the cables on the 30d nails of the sup- 
port poles, using the method outlined in para- 
graph 112. 

h. At the end of each cable section (14 mile), 
attach a wire-pulling block to the pole with the 
temporary head guy. 

i. Pull the cable support wire, and adjust the 
cable until there is a cable sag of one and one-half 
to two feet between each support pole. 


j. Leave the wire-pulling block attached to the 
support wire, and hang the next cable section 
(44, mile) ; attach a second wire-pulling block to 
the support wire, and pull and adjust the cable sag 
on the second section of cable line. Remove the 
first wire-pulling block. Continue the adjustment 
for sag for each section of cable until the line is 
completed. 
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122. Mounting the Unattended Repeaters 


To mount unattended repeaters, on support 
poles, proceed as follows: 

a. Drive two J-hooks into the support pole on 
which the repeater is to be mounted. One J-hook 
should be placed about three feet below the cable 
support wire, and the other about five feet below 
the cable support wire (1 and 2, fig. 108). Both 
J-hooks should be on the same side of the pole. 

b. Pass a web strap through each of the two 
brackets on the one side of the repeater case (3, 
fig. 108). 

c. Using a block and tackle, pull the repeater 
up the pole on the opposite side from the J-hooks. 
(Be sure that the “J1” end of the repeater faces 
up.) 

d. Pull the web straps, attached to the repeater 
in 6 above, around the pole and through the 
J-hooks; then, pull the straps tight (5, fig. 108). 


123. Grounding the Repeater 


The repeater must be grounded to protect it, 
and the personnel who maintain it, from surges 
of electrical current caused by lightning or other 
sources (6, fig. 108). Ground the repeater as 
follows: 

a. Dig a hole, six inches deep, near the base of 
the pole. 

b. Drive a ground rod into the ground at the 
bottom of the hole. Only three inches of the rod 
should extend above the ground at the bottom of 
the hole. 
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c. Cut a piece of wire (14-gauge or larger) long 
enough to reach from the “J1” end of the repeater 
to the ground rod. 


d. Connect one end of the ground wire to the 
binding post on the repeater, and connect the 
other end to the ground rod. 

e. Saturate the ground around the ground rod 
with water. 


124. Cable Line Maintenance 


a. Maintenance begins immediately after the 
cable lines are installed. Maintenance teams in- 
spect the cable lines daily and repair defects. 
These teams check— 

(1) Posts, anchor stakes, and A-frames for 
signs of rotting. 

(2) Guys and support wires for weakness 
and sag. 

(83) Cable under cable clamps and basket 
hitch ties for cuts. 

(4) Tension bridges to insure that the cable 
has not slipped, thereby causing sharp 
bends in the cable. 

b. When maintenance patrols find that cable 
lines are damaged, they must make repairs imme- 
diately. These patrols carry the necessary equip- 
ment to— 

(1) Remove damaged poles. A new pole is 
installed beside the damaged one, and 
the damaged pole is removed. 

(2) Support weak A-frames. A new A-frame 
is installed under the weak one (par. 108 
and fig. 100). 
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UNIT SUMMARY 


In this study unit you were introduced to algebra. You 
identified a monomial term, like term and polynomial term in an 
algebraic expression. You applied the proper operations to 
evaluate an algebraic expression and determined if an equation or 
an inequality was true or false. When given equations, you used 
the proper operations to find the correct root and you solved 
equations involving proportion and percentage. 


Exercise Solutions 


Reference 
1. da. 45x°y 3102 
2. da. 16xy, 1xy 3103 
3. a. 2x - x + 423 3104 


4. c. 8r? (r = 5) 3105 
8(5) 
8(25) 
200 


5. a. (8y)? (y = 5) 3105 
(8 *,5) 
(40) 
1600 


2 


*+ata4 ( 
53 - 2(5)7 +5 +4 
125 - 2(25) +5 + 
125 -50+5+4 


a = 5) 3105 


4 


7. a. x? Za (x = 5, y= 2, 2 = 3) 3105 
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(3) Reinforce or replace weak guys. 
(4) Tape all cuts in the cable. If the cuts 


(5 


—_ 


are under ties or cable clamps, the tie 
or clamp is removed, the cable is taped, 
and the tie is retied or the cable clamp is 
re-installed. 

Retie all slipped tension bridges. A wire- 
pulling block is attached to the cable to 
provide slack, and the tension bridge is 
unfastened and remade (par. 106b). 
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CHAPTER 10 
MAINTAINING FIELD WIRE LINES 


125. General 


Maintenance of field wire lines includes both the 
prevention and the correction of circuit failures. 
Prevention of troubles on wire lines and equip- 
ment begins with the careful planning and selec- 
tion of wire routes, and continues with the instal- 
lation of a system that uses approved methods 
of construction. Troubles will occur, however, 
regardless of the care with which the circuits 
are installed. To efficiently diagnose and correct 
circuit failures, maintenance personnel should 
know the various troubles common to field wire 
lines and their effect on circuit quality and speech 
transmission. 


126. Common Troubles of Field Wire Lines 


Trouble can occur either in the wire line or in 
the terminal equipment connected to the line. 
Wire circuit failures include open circuits, short 
circuits, grounded circuits, crossed circuits, or 
combinations of these defects at one or more 
points in the circuit. These common troubles are 
shown in figure 109 and are defined as follows: 

a. A short circuit, or short, occurs when the two 
conductors of a pair come in electrical contact 
with each other. Shorts are usually the result of 
bruised or stripped insulation. 


AGO 5756C 197 


b. An open circuit, or open, is a break or cut in 
one or both conductors of a pair. It occurs most 
frequently on long-span overhead construction or 
at other points subject to strain. 


c. A grounded circuit, or ground, occurs when 
one or both conductors of a circuit come in elec- 
trical contact with the ground or a grounded ob- 
ject. Grounds are the result of bruised insulation 
or poorly made splices. They occur most fre- 
quently during rainy weather or when the line is 
installed in wet or damp areas. 


d. A crossed circuit, or cross, exists when two 
conductors, each of a different circuit, are in elec- 
trical contact with each other. It occurs most fre- 
quently in field wire cables supported on overhead 
spans or at points where multipair wire lines con- 
verge or are installed along the same route. 


127. Symptoms of Troubles on Field Wire 
Lines 


Field wire troubles can exist in various degrees 
of severity. For example, opens and shorts can 
cause intermittent troubles that are often very 
difficult to locate. In this case, the wireman must 
utilize knowledge in the employment of test in- 
struments and logical troubleshooting procedures 
to determine the nature and location of the 
trouble. 

a. An open disrupts communication completely. 
An intermittent open, caused by a poorly made 
splice or loose contact introduces a high resistance 
in the circuit. It may be possible to communicate 
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SSS ——— = 


A SHORT CIRCUIT-TWO WIRES OF A PAIR IN CONTACT WITH EACH OTHER. 


SSE Ss 


‘B OPEN CIRCUIT- A BREAK IN ONE OR BOTH WIRES OF A PAIR. 


G GROUNDED CIRCUIT- ONE OR BOTH WIRES OF A PAIR IN GONTACT 
WITH A GROUNOED OBJECT. 


PAIR 2 


D CROSSED CIRCUIT-TWO WIRES, EACH OF A DIFFERENT PAIR, IN 
CONTACT WITH EACH OTHER. 
FM24-20-95 , 


Figure 109. Common troubles in field wire lines. 
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over a highly resistive circuit, but the transmis- 
sion is usually weak and noisy. 

b. A complete (low resistance) short will dis- 
rupt communication completely. A partial (high 
resistance) short, however, usually causes weak 
transmission and signaling. 


c. A ground on both sides of a circuit will pro- 
duce the same effect as a short. Usually, a ground 
occurring on one side of a circuit will not inter- 
rupt communication; however, it will introduce 
hum or noise in the circuit. 

d. A cross usually causes cross talk or inter- 
ference between the two crossed circuits. This 
cross talk or interference could make the separate 
conversations unintelligible. 


128. Methods of Testing Field Wire Lines 


a. Test During Construction. Field wire should 
be tested before installation to determine its con- 
dition and serviceability. While constructing a 
line, tests are made after every underground in- 
stallation, after every overhead span, at the end 
of each reel length, and before connecting the line 
to the terminal equipment. Testing during con- 
struction will disclose troubles that might have 
developed during the wire-laying operation. 

b. Routine Testing. Proper maintenance re- 
quires routine tests to be conducted at regular in- 
tervals on all working circuits and equipment. The 
frequency of these routine tests will vary accord- 
ing to the nature and importance of the circuits, 
the equipment, the type of installation, the amount 
of traffic handled, and the amount of trouble ex- 
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perienced. Communication is never interrupted to 
make a routine test. Routine tests should be made 
by maintenance personnel during the slack traffic 
periods. These tests must include all operating 
functions normally required of the circuit and 
equipment. 

c. Troubleshooting. Tests are conducted when 
trouble is reported or detected on a circuit. The 
wireman must quickly analyze the fault, deter- 
mine its location, and clear the trouble with the 
least possible interruption of service. High- 
priority circuits are rerouted, or spare lines, along 
the same route, are put into service at patch 
panels or test points. 

d. Testing Wire Lines. Tests are usually made 
from the construction center, test station, or 
switching central. The test equipment used with 
field wire installations is described in chapter 11. 
If no test equipment is available, a field telephone 
can be used to determine several types of trouble 
in field wire circuits and equipment. 

(1) Test for open. Connect the ends of the 
circuit to be tested to the line terminals 
of the test telephone. Turn the generator 
crank of the telephone rapidly. If the 
crank turns freely without drag, the cir- 
cuit is open. 

(2) Test for short. Connect the ends of the 
circuit to the line terminals of the test 
telephone. Turn the generator crank of 
the telephone rapidly. If the crank turns 
hard with a heavy drag, a short or 
ground exists on both sides of the circuit. 
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(3) Test for ground. Connect one conductor 
of the circuit to one line terminal of the 
test telephone. Connect the other line 
terminal on the telephone to a ground 
stake. If there is a ground on that side 
of the circuit, the generator will turn 
hard as in the case of the short. Test 
the other side of the circuit in the same 
manner. 

(4) Test for cross. Connect both conductors 
of the first circuit to one line terminal 
of the telephone and both conductors of 
the second circuit to the other line ter- 
minal of the telephone. Turn the gener- 
ator crank. The generator should turn 
as freely as on an open circuit. If it 
does not, the circuits are crossed. 


129. Locating and Clearing Trouble 


a. Localizing Trouble. After it is verified that 
there is trouble on the line, it is necessary to test 
and localize the defect to an equipment or par- 
ticular section of a circuit. Further tests are made 
within the section until the trouble source is 
located. Before testing a line, always check the 
circuit to determine whether or not it is in use. 
Never open a circuit that is in operation. 

b. Wire-Line Troubles. 


(1) General. If tests indicate that the 
trouble is in the wire line, the wireman 
should determine aecurately the nature 
and approximate location of the fault. 
Often, information such as the type of 
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terrain over which the wire is laid, un- 
usual troop activities, or shellfire in 
an area, will aid the repairman in locat- 
ing the trouble. 

(2) Preliminary checks. 

(a) Normally, a wire team physically in- 
spects a line route with the required 
maintenance equipment. The wire line 
should be carefully examined with par- 
ticular attention to— 

. Condition of the insulation and splices. 
Underground and overhead crossings. 
Ties on swaying trees. 

Places where the wire has been run 
over or pulled out of place by vehicular 
traffic. 


(b) Bruised insulation, poorly made 
splices, and other possible trouble 
spots are repaired and tested along 
the route. If no obvious troubles are 
found, tests are made at frequent in- 
tervals along the line to the terminal 
testing point. 


(3) Tests. When possible, always open a 
circuit at a splice or at a test point near- 
est a terminal end. Tape all points where 
the insulation of the line was pierced or 
removed during a test. If each test 
proves that the line is serviceable toward 
the terminal testing point, the trouble 
exists farther out along the line. If the 
repairman can not communicate with the 
terminal test point, he has passed the 


Rebbe 
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trouble and, therefore, should work back 
along the line, dividing in half the dis- 
tance between successive tests. Since a 
defective circuit could have trouble at 
more than one point, it is essential that 
the repairman make a complete circuit 
test after removing each trouble. 

(a) When checking for an open circuit, 
the test equipment can be connected 
across the circuit without cutting the 
wire line. 

(6) When checking for a ground or short, 
it will be necessary to cut the line. 

(4) Visual inspection. Testing at too fre- 
quent intervals at the start of the 
troubleshooting procedure can delay de- 
tection of the line trouble. Considerable 
time is spent in splicing the circuit after 
tests are made for shorts and grounds. 
A visual inspection of the wire lines 
often will disclose the trouble sooner. 
However, if any long section of the line 
cannot be inspected visually, tests should 
be made at each end of that particular 
section. 

c. Equipment Trouble. If it is determined that 
the trouble is in the terminal equipment, pre- 
scribed tests are given in accordance with pro- 
cedures listed in the technical manuals on the 
specific equipment. Equipment repairs will be 
performed only by qualified personnel at the 
proper repair echelon. 

d. Patrolling Wire Lines. In certain critical 
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areas, the routine maintenance testing of a wire 
line is commonly supplemented by the use of 
patrols that inspect these sections of the line that 
are most subject to damage. When possible, the 
wiremen who constructed a given section of a line 
should also be assigned the mission of patrolling 
that section. Wire patrols repair trouble where 
needed, replace poor splices or sections of the line, 
tape any insulation abrasions, and generally im- 
prove the line construction. 


130. Use of Test Stations in Testing Field Wire 
Lines 


a. General. Test stations are installed on a 
wire line to simplify the testing and rearranging 
of circuits. A test station is usually given a 
geographic designation. The equipment used at 
these points is Terminal Strip TM-184 (fig. 124). 
Test stations are usually located: 

(1) At points where circuits diverge. 

(2) At the end of a wire line that does not 
terminate in a switchboard. 

(8) Near points where circuits are most ex- 
posed to damage. 

(4) At probable future locations of command 
posts. 

(5) At other convenient points along the line. 

b. Construction of Test Stations. The site 
selected for a test station should afford conceal- 
ment and cover from hostile observation and fire. 
In addition, it should be readily accessible for 
testing purposes. A test station consists of one or 
more terminal strips fastened to a tree, fence post, 
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or other support. The wire circuits at a test sta- 
tion are tagged and tied before being connected 
to the binding posts of the terminal strip. The 
circuits are connected in numerical order, begin- 
ning at the top with the lowest numbered circuit. 
A test station can be installed after initial instal- 
lation of the wire lines, but this should be done 
without any interruption to communication 
service. 

c. Removal of Test Stations. When a test sta- 
tion is to be abandoned, the usual practice is to 
leave the terminal strip connected. If the test 
station is removed, the circuits must be spliced. 
The removal of test stations saould be accom- 
plished without interrupting communications. 

d. Conversion of Test Stations to Telephone 
Centrals. Command posts are often established 
at a former test station location. When converting 
a test station into a telephone central, it is impor- 
tant that the wire lines be placed overhead or 
buried, and that the switchboard be set up as near 
the test station as possible to simplify the cutover. 
The terminal strips which were used at the test 
station can be utilized as a main distributing 
frame for the switchboard or serve as part of a 
construction center for a switching central. When 
the transfer is completed, the operator should 
check the circuits and notify the units concerned 
that the conversion has been completed. 

e. Cross-Patching Circuits. The cross-patch- 
ing of circuits at test stations or switching cen- 
trals frequently allows communications to be 
maintained during the troubleshooting period. 
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For example, assume that two telephone centrals 
are connected by two circuits passed through a 
common test station; one circuit has trouble on 
the near side of the test station, and the other 
circuit has trouble on the far side. To re-establish 
one serviceable circuit, take the good section at 
each side of the test station and connect (cross 
patch) the sections together. Restore the original 
connections after the repairs have been made. 


131. Records Used for Troubleshooting 


It is essential that various installation and 
maintenance records be maintained. These rec- 
ords, which include line route maps, circuit dia- 
grams, and traffic diagrams, must show all 
changes in a wire line throughout its operation. 
In addition, trouble reports, test records, and 
work schedule rosters are maintained when neces- 
sary. 
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CHAPTER 11 


COMMUNICATION EQUIPMENT USED 
IN FIELD WIRE SYSTEMS 


Section |. INTRODUCTION 
132. General 


This chapter is a review of the communication 
equipment used in field wire systems. The infor- 
mation is limited to a brief description of indi- 
vidual items of equipment. For more detailed 
information on any specific equipment, refer to 
the technical manual or other publication on that 
item. 


133. Power Supplies 


a. General. Most of the portable communica- 
tion equipments described in this chapter require 
a power source. In some instances, this power 
source might be a battery pack—in others, a gaso- 
line engine-generator, or a centralized power 
source. 

b. Battery. When the communication equip- 
ment requires battery power, be sure to check the 
equipment manual] for the proper battery nomen- 
clature. When the specific battery or batteries 
are not available, consider the following factors 
before selecting a substitute: 


(1) Voltages required. 
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(2) Minimum power requirements. (Battery 
life is affected by the equipment current 
drain.) 

(3) Physical size of battery in relation to the 
space available in the equipment battery 
compartment. 

(4) Type of battery connections on the 
equipment. 

c. Other Power Sources. Equipments requir- 
ing a steady power supply over a long period of 
time usually use a centralized power source or a 
gasoline-engine generator. The equipment load 
must not exceed the capabilities of the power 
source. Before attempting to connect any equip- 
ment, check the power output of the power source 
against the required power input of the equip- 
ment. 


Section ll. FIELD TELEPHONES 


134. General 


a. Field telephone sets are portable, self- 
contained equipments designed for field use. These 
sets combine durable construction with porta- 
bility. The selection of a specific field telephone 
depends on length and type of circuit and the type 
of switchboard used. 

b. There are two principal types of field tele- 
phones; sound-powered and battery-powered. 

(1) In a sound-powered telephone, the trans- 
mitter unit is the generator of the elec- 
trical energy. The sound waves created 
by the voice of the speaker strike the 
transmitter unit and are converted di- 
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(2) 


rectly into electrical energy. The receiver 
unit of the distant telephone reconverts 
this electrical energy back again to the 
original sound waves. Sound-powered 
telephones, which have a shorter voice 
range than battery-powered telephones, 
can be used with or in place of local- 
battery telephones. However, sound- 
powered telephones cannot be used in 
common-battery systems. 

In a battery-powered telephone, small 
dry-cell batteries contained inside the 
telephone are used as a source of trans- 
mission power. When a battery-powered 
telephone is used in a common-battery 
system, dry-cell batteries inside the tele- 
phone may not (depending on the equip- 
ment) be necessary. Field telephones 
contain hand-operated magnetos or ring- 
ing generators for signaling. The in- 
coming ringing signals are indicated 
audibly by a bell or buzzer, or visually 
by a light or noiseless signal device. 


e. The talking ranges of the principal field tele- 
phones are summarized in the table below: 
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Talking distances, asin Wire WD-1/TT 


(nonloaded)* 
Field telephones 
Wet conditions Dry conditions 
(miles) (miles) 

TA-1( )/PT_.-__..-_-- 4 10 
TA-312/PT_________.__- 14 22 
TA-264/PT: 

With amplifiers_--___ 33 60 

Without amplifiers _ __ 12 18 


* The above distances are approximate, since talking range is also affected 
by the following factors: number and quality of splices, weather conditions 
number of switching centrals and test stations, noise cross talk, and other 
interference in a circuit. 


135. Telephone Set TA-1( )/PT 


a. Telephone Set TA-1( )/PT (fig. 110) is a 
sound-powered equipment, providing facilities for 
talking and signaling without batteries. The ap- 
proximate talking and signaling range of the TA~ 
1( )/PT is from 4 to 10 miles over Wire WD-~ 
1/TT. This telephone set can be used to advantage 
in forward areas, in switched networks having 
magneto signaling switchboards, in closed nets, 
and in point-to-point circuits. 

b. The telephone handset contains sound- 
powered transmitter and receiver units, a hand 
generator that is operated by a lever-type switch, 
and a push-to-talk switch. The user can receive 
either visual or audible-visual signaling indica- 
tions during operation. 

ec. To install the telephone, connect the field wire 
conductors to the binding posts on the terminal 
block at the end of the cord. 
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d. To signal the distant telephone, depress and 
release the generator lever. To silence the audible 
signal, turn the switch at the back of the set to 
OFF. The volume of the audible signal can be 
controlled by turning the switch to various set- 
tings between OFF and LOUD. 

e. To talk to the distant station, press the push- 
to-talk switch. It is possible to hear the distant 
party faintly if he tries to interrupt while the 
push-to-talk switch is depressed, but it is neces- 
sary to release the switch to hear him clearly. 

f. For further information, refer to TM 11- 
5805-243-12. 


LINE BINDING 


way S 
Wes =PUSH-TO-TALK YZ 
SWITCH 


SIGNAL VOLUME CONTROL 
FM24-20-109 


Figure 110. Telephone Set TA-1( )/PT. 
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136. Telephone Set TA—312/PT 


a. Telephone Set TA-312/PT (fig. 111) is used 
as a local battery (LB) or common battery (CB) 
manual telephone. It may also be arranged for 
operation as a local battery telephone using com- 
mon battery signaling (CBS). 

b. It can be used under all outdoor conditions 
or as a desk or wall-mounted telephone. A recep- 
tacle is provided for connecting a handset-headset, 
which may be used in place of the handset pro- 
vided. In addition, the telephone set can be used 
to control remotely operated radio equipment. 

c. For more detailed information, refer to 
TM 11-2155. 


LINE SWITCH EXTERNAL CIRCUIT BU 

ZZERV 
ACTUATOR BATTERY SELECTOR CONTROL KNOY 
BAR TERMINALS SWITCH 


RECEPTACLE 
EXT-INT 
SWITCH 


HANDSET 
FM24- 20-66 


Figure 111. Telephone Set TA-$12/PT. 
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FM24-20-68 
Figure 112. Telephone Set TA~264/PT. 


137. Telephone Set TA-264/PT 

a. Telephone Set TA-264/PT (fig. 112) is a 
portable battery-powered field equipment designed 
for use on long field wire lines. Vacuum-tube am- 
plifiers in both the transmitting and receiving 
circuits of the telephone make communication 
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possible over a greater distance than that obtain- 
able with other field telephone sets. Forward 
observers in combat areas, for example, would 
find excellent use for this set. When the ampli- 
fiers are in use, communication is on a one-way 
reversible basis. The incoming ringing signal can 
be indicated audibly or visually. 

b. Telephone Set TA-264/PT cannot be used in 
common-battery systems, connected to switch- 
boards or used over telephone carrier derived 
circuits. 

c. For further information, refer to TM 11- 
2059, 


Section II. MANUAL TELEPHONE 
SWITCHBOARDS 


138. General 


Manual telephone switchboards are designed 
for use in several types of operation, such as com- 
mon battery, local battery, and common battery 
signaling—local battery operation. Some field 
switchboards are designed specifically for one 
type of operation. Others are designed for all 
three types of operation. 

a. Field telephone switchboards are manually 
operated equipments, constructed to withstand 
rough handling and designed for quick, simple 
installation. 

b. In a common battery system, the course of 
electrical energy for speech and ringing signals is 
located at the switchboard telephone central. In 
a local battery system, this source of electrical 
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energy is a component part of the telephone set. 
In the other system (CB signaling—LB opera- 
tion), the source of power for speech is part of 
the telephone set; the power for signaling the 
switchboard is located at the switchboard. 


139. Emergency Switchboard SB-993( )/GT 


a. Emergency Switchboard SB-993( )/GT 
(fig. 118) is a light, portable local battery switch- 
ing center normally used in company-size units. 
It consists of a plug holder and seven two-pronged 
Adapter Plugs U-184( )/GT in a case. A field 
telephone is required for the operator’s use. The 
SB-993( )/GT may be used as an emergency 
field replacement for any local battery switch- 
board. 

b. Each Adapter Plug U-184( )/GT (fig. 
114) consists of a neon glow lamp, two binding 
posts, two plugs, and two jacks, all molded to- 
gether in a translucent plastic housing. The plugs 
serve as the thumbscrew ends of binding posts to 
which incoming lines are connected. The plugs 
may be inserted into the jacks of another Adapter 
Plug U-184( )/GT to establish a connection 
between two lines. 

c. Several Adapter Plugs U-184( )/GT can 
be connected in tandem for conference connections 
(several separate parties conversing at the same 
time). 

d. An incoming ringing signal lights the neon 
lamp in the switchboard plug connected to the 
line, for the duration of the signal. An audible 
signal is not heard when the neon lamp lights, 
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unless the switchboard operator’s telephone is 
connected to that line. Thus, the operator must be 
constantly watching for an incoming signal. 


FM24°20°78 


Figure 113. Emergency Switchboard SB-993( )/GT. 


JACK END 


BOSSED HOLES FOR 
LINE CONNECTIONS © 


PLUG AND THUMBSCREW END 
FM24-20711 
Figure 114. Adapter Plug U-184( )/GT. 
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140. Manual Telephone Switchboard 
SB—22/PT 


a. Manual Telephone Switchboard SB-22/PT 
(fig. 115) is a single-position field equipment, used 
primarily in field wire systems. It is small, light- 
weight, portable, and immersionproof, and it re- 
quires no special mounting equipment for opera- 
tion. 

b. The switchboard is equipped for intercon- 
necting local-battery telephone lines, voice-fre- 
quency teletypewriter circuits, and remote-control 
circuits for radio communication. Each switch- 
board has a maximum capacity for switching 
either 12 field telephones, 12 voice-frequency tele- 
typewriter circuits, 12 remote-control circuits, or 
a combination of these facilities. A capacity of 29 
circuits can be obtained by stacking 2 switch- 
boards and replacing the operator’s pack of 1 
switchboard with 5 additional line packs. The 
SB-22/PT obtains operating power from four 
Batteries BA-30. 

ce. For detailed information, refer to TM 11- 
2202. 


141. Manual Telephone Switchboard SB—-86/P 


a. Manual Telephone Switchboard SB-86/P 
(fig. 116) is a portable, single-position field equip- 
ment used primarily in field wire systems. The 
switchboard is composed of component parts that 
can be rapidly assembled or dismantled during 
tactical employment. It can be used to intercon- 
nect voice-frequency teletypewriter circuits. 
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Figure 115. Manual Telephone Switchboard SB-22/PT. 


b. Manual Telephone Switchboard SB-86/P 
consists of a portable jack field section, Switch- 
board Signal Assembly TA~207/P, Manual Tele- 
phone Switchboard Section SB-248/P, and Power 
Supply PP-990/G. 

(1) The jack field section has a capacity of 
30 complete line circuits. In addition, it 
contains the line signals, designation 
strips, panel lamps, and switches neces- 
sary for operation of the switchboard. 
A second jack field can be stacked on top 
of the first to increase the capacity of the 
switchboard to 60 line circuits. 
The switchboard section consists of 8 
replaceable groups: 16 answering cords 
and 16 calling cords. 

c. Local battery or common battery signaling 
can be selected by using a switch associated with 
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Figure 116. Manual Telephone Switchboard SB-86/P. 
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each line circuit. There are also two common bat- 
tery line circuits for use with common battery 
switchboards. 


d. The cord circuits of the switchboard do not 
supply battery power to the distant telephone for 
speech transmission; therefore, only local battery 
telephones or telephones designed for common 
battery signaling can be used with this switch- 
board. 

e. For further information, refer to TM 11- 
2134. 


Section IV. FIELD TELETYPEWRITER 
EQUIPMENT 


142. General 


a. A teletypewriter is an electromechanical ma- 
chine for the transmission and reception of coded 
electrical impulses that are converted into a re- 
corded message. Messages are recorded by either 
of two methods—typed page copy (page-printing 
teletypewriters) or code perforations on tape 
(reperforators). Some teletypewriters that record 
messages by code perforations on tape also record 
the typewritten characters on the same tape (typ- 
ing reperforators). Teletypewriter messages are 
transmitted manually by typing the message on 
a keyboard or by transmitting automatically from 
perforated tape in a transmitter-distributor. 

b. A teletypewriter uses both alternating-cur- 
rent (ac) and direct-current (dc) power for its 
operation. De power must be used for the line 
current. 
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c. When a centralized power source is not avail- 
able, a small engine-generator unit is used for fur- 
nishing power for the teletypewriter. 

d. Tactical teletypewriter sets are provided 
with carrying cases, power supplies, and neces- 
sary accessories such as paper, perforating tape, 
printing ribbons, and a supply of spare parts. 


143. Teletypewriter Set AN/PGC-1 


a. Teletypewriter Set AN/PGC-1 (fig. 117) is 
a lightweight, portable, page-printing, sending 
and receiving set that is designed for field use. It 
consists of a standard communication teletype- 
writer (Teletypewriter TT-4( )/TG) and Case 
CY-694A/PGC-1. 

b. Teletypewriter TT-4( )/TG is capable of 
sending and receiving standard teletypewriter 
start-stop, five-unit code impulses at the speeds of 
60, 66, 75, or 100 words per minute, depending on 
the motor-drive gear set used. It is designed for 
de neutral or voice frequency operation over wire 
lines or as de or voice frequency over telephone 
carrier systems. The carrier systems may operate 
over spiral-four cable or radio relay carrier sys- 
tems. Operation with either 60- or 20-milliampere 
de line current is made possible by using a change- 
over switch. 

c. Teletypewriter TT-4( )/TG is not equipped 
to supply de power for the line current. This must 
be supplied by some external source. To operate 
the teletypewriter universal motor, a power source 
of 105- to 125-volts ac or de is required. 

d. For more detailed information, refer to TM 
11-5815-206-12. 
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Figure 117. Teletypewriter Set AN/PGC-1. 


144. Teletypewriter Set AN/GGC-3 


a. Teletypewriter Set AN/GGC-3 (fig. 118) is 
a lightweight, portable sending and receiving 
equipment used in either tactical or fixed-station 
military communication systems. The transmitted 
message is sent from either a keyboard or a tape 
transmitter. The received signals are recorded 
both in code perforations and in typewriter char- 
acters on the same tape. Teletypewriter Reper- 
forator-Transmitter TT-—76/GGC, the major com- 
ponent of the set, is equipped with a standard 
communication keyboard and type wheel. 
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Figure 118. Teletypewriter Set AN/GGC-8. 


b. Teletypewriter Reperforator-Transmitter 
TT-76/GGC can be arranged to operate with 
either neutral and, if modified; polar signals on a 
half- or full-duplex basis. The selector magnet of 
this unit can be adapted for 20- or 60-milliampere 
de line current. The unit can send and receive 
standard teletypewriter five-unit, stop-start code 
impulses at 60 or 100 words per minute, depending 
on the motor-drive gear that is used. 

c. Teletypewriter Set AN/GGC-3 is not 
equipped to supply the de power for the line cur- 
rent. This must be supplied by a telegraph switch- 
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board, a line unit, or another external source. A 
115- or 230-volt ac power supply that can provide 
150 watts of power is required for the operation 
of the teletypewriter motor and rectifier. If a line 
unit or other line-terminating device is used, the 
power requirements are increased. 


d. Although Teletypewriter Set AN/GGC-3 is 
designed for fixed-station and field purposes, do 
not expose it to rain, snow, excessive heat, or 
dampness. When possible, install the set in a 
shelter. 


e. For detailed information, refer to TM 11- 
2225. 


Section V. TELEGRAPH-TELEPHONE TERMINAL 
AN/TCC-14 


145. General 


a. Telegraph-Telephone Terminal AN/TCC-— 
14 (fig. 119) is a transportable, voice-frequency 
terminal equipment that provides simultaneous 
telephone and teletypewriter service over a normal 
telephone circuit. It consists of three separate 
components—Telegraph Terminal TH—5/TG, 
Electrical Filter Assembly F~98/U, and Tele- 
graph-Telephone Signal Converter TA-182/U. 
Telegraph-Telephone Terminal AN/TCC-14 can 
be used in point-to-point networks, switched tele- 
phone systems, and in remote-control radio sys- 
tems. 


b. For detailed information, refer to TM 11- 
2239. 
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146. Telegraph Terminal TH-5/TG 


a. Telegraph Terminal TH-5/TG is a light- 
weight, portable frequency-shift telegraph ter- 
minal. It is used to convert de teletypewriter 
pulses to 1,225-cps and 1,325-cps signals, and to 
convert these signals back again to dc teletype- 
writer pulses. The ac signal is a voice-frequency 
(VF) signal, because it lies within the voice- 
frequency range. 

b. The VF telegraph sytsem can be used over 
existing facilities of a telephone system. This is 
an advantage over the dc telegraph system, since 
the VF telegraph circuits can be switched through 
telephone switchboards. Dc telegraph circuits re- 
quire a separate dc teletypewriter switchboard. 

c. Telegraph Terminal TH-5/TG is designed 
for half, or full duplex operation, and may be 
used with Telegraph-Telephone Signal Converter 
TA-182/U and Electrical Filter Assembly F- 
98/U. It supplies 20-milliampere line current 
for the local teletypewriter set. This terminal 
can be used in two-wire, four-wire, and radio- 
teletype applications. The telegraph terminal re- 
quires a 115-volt, 50- to 60-cycle as power supply 
for operation. 


147. Telegraph-Telephone Signal Converter 
TA-182/U 


a. Telegraph-Telephone Signal Converter TA-— 
182/U is a portable frequency-shift signal con- 
verter commonly called a voice-frequency finger. 
This converter makes it possible to pass ringing 
signals over circuits that do not pass 20 cycles. In 
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telegraph circuits, Telegraph-Telephone Signal 
Converter TA-182/U converts 20-cps ringing 
signals to 1,225-cps ringing signals, and converts 
1,225-cps ringing signals to 20-cps ringing signals. 
In telephone circuits, Telegraph-Telephone Signal 
Converter TA-182/U converts 20-cps ringing sig- 
nals to 1,600-cps ringing signals, and converts 
1,600-cps ringing signals to 20-cps ringing sig- 
nals. 

b. The TA-182/U requires a 115-volt, 50- to 
60-cycle ac power source for operation. 

c. The signal converter is used in certain circuit 
applications with Telegraph Terminal TH-5/TG 
and Electrical Filter Assembly F-98/U. For addi- 
tional information, refer to TM 11-2137. 


148. Electrical Filter Assembly F-98/U 


a. Electrical Filter Assembly F~98/U is a port- 
able, two-section filter. The filter permits simul- 
taneous teletypewriter and telephone service over 
existing telephone facilities. The band-pass sec- 
tion is used for teletypewriter transmission; the 
band-stop section is used for telephone trans- 
mission. 

b. The electrical filter assembly is used with 
Telegraph Terminal TH-5/TG and Telegraph- 
Telephone Signal Converter TA-182/U. For addi- 
tional information, refer to TM 11-2239. 


149. System Application 

Telegraph-Telephone Terminal AN/TCC-14 
has many applications. Some of the applications 
given below do not require the use of all the 
components of the equipment. 
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a. Telegraph-Only Service. This application is 
designed solely for teletypewriter communication. 
Speech transmission is not involved. 

b. Alternate Telegraph-Telephone Service (figs. 
120 and 121). This application is designed for 
either telegraph or telephone use. Telegraph and 
telephone service, however, cannot be used at 
the same time. 

c. Simultaneous Telegraph-Telephone Service. 
This application is designed to provide a two-wire, 
voice-frequency channel that can pass teletype- 
writer and telephone signals simultaneously (fig. 
122). However, teletypewriter and telephone cir- 
cuits cannot be switched (or signaled) separately. 
Electrical Filter Assembly F-98/U is used to 
separate teletypewriter and telephone trans- 
mission at the terminal. 

d. Speech Plus Half-Duplex Service. This ap- 
plication is designed to provide a two-wire, voice- 
frequency channel that can pass teletypewriter 
and telephone signals simultaneously. Both tele- 
typewriter and telephone circuits on the same 
wire line are completely independent of each 
other and are switched (or signaled) separately. 
Electrical Filter Assembly F-98/U is used to 
separate teletypewriter and telephone transmis- 
sion. Refer to TM 11-2239 for detailed installa- 
tion instructions and illustrations. 


Section VI. TELEPHONE REPEATERS 


150. General 


a. A telephone repeater is a device used to in- 
crease the strength of a signal that has been de- 
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creased by line losses. Repeaters consist essen- 
tially of vacuum-tube amplifiers and such asso- 
ciated components as repeating coils equalizer 
networks, and hybrid coils. Amplifiers increase 
the signal in one direction only, and, since a tele- 
phone system must provide for two-way communi- 
cation, most repeaters use separate amplifier cir- 
cuits for transmitting and receiving. 

b. Repeaters used at the ends of a transmission 
line are called terminal repeaters; those used be- 
tween the ends of a transmission line are called 
intermediate repeaters. 

c. The proper spacing of repeaters depends on 
the characteristics of the transmission line and 
the amplification capabilities of the repeater. 


151. Telephone Repeater TP—-14 

a. Telephone Repeater TP-14 (fig. 123) is a 
portable unit used to extend the telephone com- 
munication range over a wide variety of two-wire 
line facilities. It may be used at terminal and 
intermediate points, at junctions of different types 
of line facilities, and at points where entrance 
cables are used. 

b. If desired, Telephone Repeater TP—14 can be 
used for interconnecting two-wire and four-wire 
facilities or as a special form of four-wire re- 
peater. The repeater has simplex terminal connec- 
tions for de telegraph operation (par. 154c). 
Twenty-cps ringing signals can pass through the 
repeater. 

c. The repeater uses an ac power supply, stor- 
age batteries, or dry-cell batteries as a power 
source. 
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d. For. detailed information, refer to TM 11- 
2007. 
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Figure 123. Telephone Repeater TP-14. 


Section VII. TERMINAL STRIPS AND 
REPEATING COILS 


152. Terminal Strip TM-184 


a. Terminal Strip TM-184 (fig. 124) is.a block 
of insulating material, on which are mounted 28 
insulation-piercing binding posts and 4 mounting 
holes. This terminal strip can terminate seven 
pairs of wires. 

b. To connect a wire to the terminal strip, re- 
move about 14 inch of insulation from the end of 
the wire to be connected. Unscrew the knob on 
the binding post to its fullest extent. Insert the 
end of the wire into the slot, so that the wire 
projects through the binding post. 
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c. As an alternate method, remove about 1 inch 
of insulation from the wire (leaving about 1 inch 
of insulation on the end), double the bared por- 
tion, and insert it into the slot of the binding 
post. Tighten the knob firmly with the fingers, 
clamping the wires securely in the slot. Do not 
use pliers to tighten or unscrew the knob; this 
may strip the threads on the binding post. 

d. Terminal strips mounted in the open and 
subject to the effects of weather must be pro- 
tected. Since no prescribed cover is provided, 
suitable wooden boxes or salvaged canvas must be 
improvised by personnel installing the terminal 
strips. 


3) 


me SLOT 
“3 ~FOR WIRE 
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Figure 124. Terminal Strip TM-184. 


153. Terminal Box TA-125/GT 


a. Terminal Box TA-125/GT (fig. 125) is a 
small lightweight equipment. It is used at wire 
heads and test points where weatherproof ter- 
minations are essential for uninterrupted service. 
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The terminal box is used wherever rapid installa- 
tion of field wire or cable circuits is required. It 
also may be used as a main distributing frame 
for Manual Telephone Switchboards SB-22/PT 
and SB-86/P. 

b. Terminal Box TA-125/GT contains 48 bind- 
ing post assemblies and 48 pin jacks. To insert the 
bare end of field wire, the binding post must be 
pushed in. A row of 12 slots located on each side 
of the box provides an entrance for the wire pairs. 
A row of 24 screwdriver slotted switches are 
located at the center of the box. These lugs are 
turned to open or close the electrical contact be- 
tween the corresponding binding posts. The pin 
jacks are used for insertion of the test prods of 
Maintenance Kit MX-842/GT. 

c. For futher information, refer to TM 11- 
2138. 


154. Repeating Coils 


a. A repeating coil is an audio-frequency trans- 
former (usually with a 1 to 1 winding ratio) used 
to transfer energy from one electrical circuit to 
another, and to permit the formation of simplexed 
and phantomed circuits for additional teletype- 
writer or telephone channels. The coils consist of 
two balanced windings. One winding—the line 
side—is connected to line terminals. The other 
winding—the switchboard side—is connected to 
switchboard terminals. When a telephone is used 
in place of a switchboard, these windings are 
connected to the telephone. The line side of the 
coil is tapped at the midpoint. This tap, called 
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Figure 125. 


FM24-20-170 


Terminal Box TA~125/GT. 
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the leg, provides a means of forming simplex and 
phantom circuits (fig. 126). 


b. Coil C—161 (fig. 126) is a ring-through trans- 
former with a 1 to 1 winding ratio. The line-side 
winding of this transformer is tapped at the cen- 
ter for simplex- or phantom-circuit operation. The 
LINE binding posts are connected directly to the 
line; the SWITCHBOARD binding posts are 
connected to the line terminals on a switchboard 
or telephone; and the TELEG. binding post is 
connected to one line terminal of a teletypewriter 
(except in a phantom circuit, where it is connected 
to the switchboard binding posts of the phantom 
line). Figures 127 through 129 illustrate different 
circuit arrangements using Coil C-161. 


c. Additional circuits can be obtained from 
existing metallic circuits by the use of repeating 
coils (fig. 126). These circuits are as follows: 

(1) A simplex circuit (fig. 127) is one in 
which a ground-return telephone or tele- 
graph circuit is superimposed on (added 
to) a single, full-metallic circuit to ob- 
tain an additional circuit. 

(2) A phantom circuit (fig. 128) is obtained 
from two full-metallic circuits to provide 
an additional telephone or telegraph cir- 
cuit. 

(3) A simplexed-phantom circuit (fig. 129) 
combines the principles of both simplex 
and phantom circuits to obtain a fourth 
circuit. 

d. Mutual interference will result on all circuits 
of a simplexed or phantomed group if the side 
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circuits are unbalanced (do not have the same 
impedance). The amount of interference will de- 
pend on the degree of unbalance between the two 
metallic circuits. The primary causes of unbalance 
are poor splices that introduce a high resistance 
into either side of the circuit, and improperly 
taped splices or damaged portions of insulation 
which, when wet, cause excessive leakage from 
one side of the circuit to ground. Although it is 
extremely difficult to obtain perfect balance in 
field wire circuits, mutual interference can be re- 
duced considerably by using overhead construc- 
tion, by making each wire pair of a simplexed or 
phantomed group the same length, and by making 
splices properly. 

e. Usually, more mutual interference results 
from a phantomed group than from a simplexed 
circuit, because more circuits are involved in the 
phantomed group. A phantomed circuit should be 
used in field wire systems only when an additional 
speech channel is required. (Simplexed circuits 
are most commonly used to provide teletypewriter 
channels. ) 

f. Repeating coils are field-tested by connecting 
the coils with a short length of field wire in the 
same circuit arrangement as that in which the 
coils will be used. This circuit arrangement should 
also include the terminal equipment. After the 
equipment is installed and connected, make an 
operational test. 

g. De signals employing metallic, simplex or 
phantom circuits are used for shorter distances 
and unless properly repeated, are restricted in 
their use. 
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h. For further information in repeating coils, 
see TM 11-678. 
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Figure 126. Coil C-161 (repeating). 
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Figure 128. Phantom circuit, using Coil C-161. 
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Figure 129. Simplex-phantom circuit, using Coil C-161. 
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Section Vill. TEST EQUIPMENT 
155. General 


a. Various types of specialized test equipment 
are used to test different types of lines in a com- 
munication system. This equipment enables the 
tester to conduct, with speed and accuracy, those 
tests necessary during installation and mainte- 
nance of field wire lines. 


b. Test instruments are delicate, precision de- 
vices that require careful handling while being 
transported or operated. The tester should be 
familiar with each test set, and should observe 
all required safety measures during the perform- 
ance of any test. 


c. Precautionary safety measures must be 
taken when making tests on field wire lines, be- 
cause the lines under test might be crossed with 
high-tension power lines. Carelessness could 
prove fatal to the tester. Always wear rubber 
gloves and be extremely careful when handling 
lines suspected of carrying high voltages. If rub- 
ber gloves are not available, cover hands, before 
handling the wires, with material that has high 
insulating quality. Wire lines can be tested for 
high voltage before connecting the wires to a test 
set by briefly touching the bare ends of one con- 
ductor against the end of the other, and also by 
touching the ends of each wire to a ground. There 
should be an arc or spark if high voltages are 
present. 
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156. Multimeter TS-297/U 


Multimeter TS-297/U (fig. 130) is a pocket- 
size multirange test instrument for measuring ac 
and dc voltages, low values of de current and dc 
resistance. It is used for general purpose testing 
of electrical and electronic equipment. Complete 
operating instructions are contained in TM 11- 
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Figure 130. Multimeter TS-297/U. 
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Figure 181. Resistance Bridge ZM-4( )/U. 
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STUDY UNIT 4 
UNITS OF MEASUREMENT 


Introduction. Measurement came about primarily because of 
the need for surveying real estate and for measuring 
quantities in the market place. One of the early problems in 
measurement is one that still plagues us today. This is the 
choice of units of measurement. The ancient cultures used 
body measurements to express various lengths and widths, and 
a cup, bucket, rock, or piece of iron to express weights or 
volume. The one major drawback with these choices was 
standardization. Measures such as the width of the palm (the 
hand), the distance between the tip of the thumb and the tip 
of the little finger of a spread hand (the span), the 
distance from the tip of the elbow to the tip of the longest 
finger (the cubit), and the distance between the finger tips 
of each hand when the arms are outstretched (the fathom) were 
used. As you can see, the quantities would vary with the 
size of the merchant. We have advanced greatly since ancient 
cultures; we now have the means to measure much more 
accurately. In the United States we use both the metric and 
English (U.S.) systems of measurement. You will be studying 
both of these in this study unit, and, as a result, you will 
gain the knowledge and skills needed to convert and compute 
various units of measurement. 


Lesson 1. METRIC SYSTEM 
LEARNING OBJECTIVES 


1. Given a series of situations involving metric linear 
units, use the decimal system or powers of ten to convert 
metric units to metric units. 


2. Given arithmetical problems involving various linear 
units, using the decimal system, convert by computing 
metric units to metric units. 


3. Given a series of situations involving metric capacity 
units, use the decimal system or powers of ten to convert 
metric units to metric units. 


4. Given arithmetical problems involving various metric 
capacity units, using the decimal system, convert by 
computing metric units to metric units. 


5. Given a series of situations involving metric weight 
units, use the decimal system or powers of ten to convert 
metric units to metric units. 


6. Given arithmetical problems involving various metric 
weight units, using the decimal system, convert by 
computing metric units to metric units. 
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157. Resistance Bridge ZM—4( )/U 

Resistance Bridge ZM-4( )/U (fig. 131) is a 
portable direct-reading Wheatstone bridge used to 
troubleshoot and locate defects in a circuit. It can 
be used to determine the value of unknown resist- 
ances and to serve as an auxiliary resistance box. 
Complete operating instructions are contained in 
TM 11-2019. 


158. Test Set TS—26{ )/TSM 


Test Set TS-26( )/TSM (fig. 132) is a porta- 
ble voltohmmeter used for identifying crosses, 
shorts, and opens in tactical wire communication 
systems. It can be used to measure insulation and 
conductor resistances and de voltages. The unit 
can also be used for determining the approximate 
location of grounds, shorts, and crosses by resist- 
ance measurements, and for locating opens by the 
capacity-kick method. The test set consists of a 
meter panel assembly and a switch panel assem- 
bly, both of which are mounted in a carrying case. 
A storage compartment is provided for the two 
test leads. Complete operating instructions are 
contained in TM 11-2017. 


159. Test Set TS—27( )/TSM 


Test Set TS-27( )/TSM (fig. 183) is a form 
of Wheatstone bridge, powered by dry-cell bat- 
teries. It is used to measure capacitance, conduc- 
tor and insulation resistances, and to accurately 
locate grounds, opens, crosses, and shorts. When 
the test set is used to measure capacitance and to 
locate opens, a 20-cps signal is supplied by a 
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vacuum-tube oscillator circuit. This unit is con- 
tained in a portable, watertight carrying case 
complete with accessories. Complete operating 
instructions are contained in TM 11-2057A. 


FM24-20-52 
Figure 182. Test Set TS—-26( )/TSM. 
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Figure 133. Test Set TS-27( )/TSM. 
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APPENDIX | 
REFERENCES 


1. General 


This appendix is a selected list of publications, 
training films, and film strips pertinent to field 
wire installations. For availability of items and 
publications on additional subjects, refer to DA 
Pamphlets 108-1, 310-1, 310-3, and 310-4. 


2. Army Regulations 


AR 105-15____- Army Field Commands. 

AR 320-5_____- Dictionary of United States 
Army Terms. 

AR 320-50____- Authorized Abbreviations and 
Brevity Codes. 


AR 380-5_____- Safeguarding Defense Informa- 
tion. 
AR 750-5_____- Maintenance Responsibilities and 


Shop Operations. 


3. Department of the Army Pamphlets 


DA Pamphlet Index of Administrative Publi- 
310-1 cations. 
DA Pamphlet Index of Training Publications. 
310-3 
DA Pamphlet Index of Technical Manuals, 
310-4 Technical Bulletins, Supply 
Bulletins, Lubrication Orders, 
and Modification Work Orders. 
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DA Pamphlet Index of Army Motion Pictures, 
108-1 Film Strips, Slides, and 
Phono-Recordings. 


4. Field Manuals 


FM 21-5______- Military Training. 

FM 21-6______- Techniques of Military Instruc- 
tion. 

FM. 21-80______ Military Symbols. 

5. Film Strip 

FS 11-64____ Use of Repeating Coil C-161. 


6. Technical Bulletins 


TB SIG 69____- Lubrication of Ground Signal 
Equipment. 

TB SIG 252____Use of Electrical Insulation 
Tapes TL-600/U and TL-— 
636/U. 

TB SIG 314____Reel Equipment CE-11. 


7. Technical Manuals 


TM 11-360____- Reel Units RL-26—A, RL-26-B, 
and RL-26-C. 

TM 11-381____- Cable Assembly CX-1065/G, 
Telephone Cable Assemblies 
CX~-1606/G and CX-1512/U, 
Telephone Loading Coil As- 
sembly CU-260/G, and Elec- 
trical Connector Plug U-176/ 
G. 

TM 11-655_____ Fundamentals of Telegraphy 
(Teletypewriter) . 
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11-661_____ Electrical Fundamentals (Direct 
Current). 
11-678_____ Fundamentals of Telephony. 
11-680_____ Teletypewriter Circuits and 
Equipment (Fundamentals). 
11-681_____ Electrical Fundamentals (Alter- 
nating Current). 
11-2007___.Telephone Repeater TP-14. 
11-~2017____ Test Sets TS—26/TSM and TS- 
26A/TSM and TS-26B/TSM. 
11-2019____Test Sets I-49, I-49A and I- 
49B and Resistance Bridges 
ZM-4A/U and ZM-4B/U. 
11-2057____Test Set TS-27/TSM. 
11-2057A __Test Set TS-27B/TSM. 
11-2059___.Telephone TP-9 and Telephone 
Set TA-264/PT. 
11-2134____Manual Telephone Switchboard 
SB-86/P, Installation and 
Operation. 
11-2187____Telegraph-Telephone Signal Con- 
verter TA-182/U. 
11-2155____Telephone Set TA-312/PT. 
11-2202___-_Manual Telephone Switchboard 
SB-22/PT. 
11~2225____Teletypewriter Sets AN/GGC-3 
and AN/GGC-3A and Tele- 
typewriter Reperforator- 
Transmitters TT-76/GGC, 
TT-76A/GGC and TT-76B/ 
GGC. 


AGO 5756C 251 


TM 11-2239___Telegraph-Telephone Terminal 
AN/TCC~14. 

TM 11-2240____Wire Dispenser MX-306A/G. 

TM 11-2262___ Outside Plant Wire Construction 
and Maintenance. 

TM 11-5500___-Multimeter TS-—297/U. 

TM 11-5815- Operation and Organizational 

206-12 Maintenance: Teletypewriter 

Set AN/PGC-1, and Teletype- 
writers TT-4A/TG and TT- 
4B/TG. 


8. Training Films 


TF 11~2062____Theory of Simplex and Phantom 
Circuits. Part I: Balanced 
Conditions. 

TF 11-2063____Theory of Simplex and Phantom 
Circuits. Part II: Unbalanced 
Conditions. 

TF 11-2755____Installation and Operation of 
Switchboard-22/PT. 

TF 11-2827____. Climbing and Working on Poles. 


9. Other Publications 


ACP-126 _____- Communication Instructions 
Teletypewriter (Teleprinter) 
Procedures. 


ACP 134(A)___-Telephone Switchboard Operat- 
ing Procedure. 

SB 11-100-1383_-Serviceability Standards for 
Reeling Machine, Cable, RL— 
118/G. 
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APPENDIX II 


INFORMATION FOR SWITCHBOARD 
OPERATORS 


Section |. INTRODUCTION 
1. General 


Telephone switchboard operators must, at all 
times, furnish service with the least possible de- 
lay, confusion, or annoyance to the telephone 
users. This requires that operators be skilled and 
thoroughly trained to follow the approved operat- 
ing procedures. 


2. Operating Procedures 

a. Voice procedures (expressions and phrases) 
used in the operation of switchboards are dis- 
cussed in detail in Telephone Switchboard Opera- 
tion Procedure ACP 184 (A). 

b. The switchboard operational instructions are 
contained in the associated technical manual for 
each specific equipment. 

c. A field telephone switchboard can be used to 
switch voice-frequency (vf) teletypewriter cir- 
cuits. In this case, the operator must know the 
correct teletypewriter procedures, (Refer to ACP— 
126.) 


3. Operating Records 


a. The records, publications, printed forms, and 
other information maintained at any particular 
switchboard installation will depend on the type of 
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telephone or teletypewriter switching central, and 
on the local communication and security require- 
ments. 


b. The following is a typical list of publications 
that are normally made available to operators at 
switching centrals: 

(1) Directory 

(2) Equipment manuals 

(3) Procedure directives (ACP’s) 
(4) Phonetic alphabet 

(5) Station log 

(6) Test and trouble reports 

(7) Traffic diagrams 


Section Il. TELEPHONE DIRECTORY 


4. General 


a. The purpose of a telephone directory is to 
simplify and expedite telephone switching service. 
To fulfill this purpose, a telephone directory must 
be compiled accurately and must contain both 
the users’ names and their assigned numbers. A 
telephone directory should be used consistently 
and correctly by all telephone operators and tele- 
phone users. 

b. There are two main parts to a military tele- 
phone directory: directory names and directory 
numbers. In field operations, both the names and 
numbers are issued as items of the SOI or SSI. 


5. Directory Names 


Telephone directory names are assigned to all 
units equipped with a switchboard. Directory 
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names are not meant to provide security, but are 
used to speed up telephone service. These names 
are permanent; they are changed only when there 
is a chance of confusion with directory names of 
other units. Telephone directory names must not 
be used in messages or in conversations to refer 
to units. Typical directory names are as follows: 


Telephone central Directory name 
1st Infantry Division__________________-_-_-- Dexter 
1st Battle Group, 61st Infantry_________________ Deadeye 
3d Battle Group, 8th Infantry__________________ Dolly 
4th Battle Group, 12th Infantry_____.__________ Dandy 
12th Battalion, 44th Artillery_.__._..____________ Donkey 


6. Directory Numbers 


Directory numbers are assigned to the local 
telephones installed within a headquarters or 
installation. Directory numbers, once assigned, 
remain fixed. These numbers, which may be 
issued separate from the directory name, are 
distributed to all telephone users. The following 
are typical examples of directory numbers: 


Number Title 

p eae G1 or $1 

7 a aE RE Sea G2 or S82 

O esses ee G3 or 83 

As re al G4 or S4 

Be castes Bo Chief of Staff or Executive Officer 
(ie NE ee ROD Assistant Commander 

ee ae, Commanding Officer 

Te ewie or n  e Adjutant (Division or higher units) 
ane eae ee Ordnance Officer 

OY ne Se So ee Inspector 

aK | pee Se ee srs Signal or Communication Officer 

a ip [eigen ree a ce ee Message Center (incoming) 

12 en bile: Message Center (outgoing) 
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4101. General 


Because of the confusion with measuring systems that prevailed 
throughout the world, a conference of world scientists was called 
in France during the latter part of the eighteenth century. 

Based strictly on logic and science, this group developed the 
metric system. The basic unit of length is the meter which was 
originally one ten-millionth of the distance from the equator to 
the north pole. Liquid measure is based on the liter which was 
defined as the volume of a cube with an edge dimension of one- 
tenth of a meter (a decimeter). The basic unit of weight is the 
gram which was defined as the weight of a cube of pure water at 
the temperature of melting ice, the cube being one-hundredth of a 
meter on an edge (a centimeter). Since 1799, the meter has been 
standardized as the length of a platinum bar sealed in a case in 
the Archives of State in France. The standard of weight has been 
changed to the kilogram (1000 grams) and is represented by a 
platinum weight which is also in the Archives. With these basics 
defined, the rest of the metric system is simply based on ratios 
of powers of ten. Let's first look at metric linear units. 


4102. Metric Linear Units 


a. Metric length measurement. The basic metric unit for length 
is the meter. As previously mentioned, the length of the meter 
was at first defined as one ten-millionth of the distance from 
the equator to the north pole. It was later found that there had 
been a slight error in determining this distance. At present, 
the length of the meter is a bar, called the international meter, 
which is made of 90 percent platinum and 10 percent iridium. It 
is preserved at a temperature of o°c at the International Bureau 
of Weights and Measures near Paris, France. Two copies of this 
meter are in the United States, kept at the National institute of 
Standards and Technology, formerly the Bureau of Standards at 
Washington, D.C. One of these is used as the working standard 
and the other one for comparison. To insure still greater 
accuracy, these are compared at regular intervals with the 
international meter. 


b. Tables and terms used. In the English system of measurement 
there are many different terms and numbers which bear no logical 
relation to one another. In the metric system only a few terms 
and but one single number. That number is 10. Let's look at 
some of the most often used terms (table 4-1). 


Number Title 


13. \22o Sei eee en =e Aide-de-camp 

14, oo ela ee Air Officer 

16 epost Sekt eee: Engineer Officer 

16>. 22 oe ee. Surgeon or Medical Officer 

V7, eas fe es Judge Advocate 

2, ee alr een Finance Officer 

19... tue RN Chaplain 

20" Se oe Postal Officer 

eee eee ee Quartermaster (not Supply Officer) 
1) Aine ET OARS ee Chief of Artillery or Artillery Officer 
O83. heh SoS Chemical or Gas Officer 

24 eee a Liaison Officer 

26) 228 See ese Division Ammunition Officer 

26 i See oe ees Pigeon Loft (if applicable) 

OT eo ee ok Provost Marshal 

QB oie es a eS Radio Station 

29 faze oe Sk Reconnaissance Officer 

80. csccseenSeer8. Telegraph or Teletypewriter Office 
Bln See Telephone Wire Chief or Trouble Chief 
2: se Save As Veterinarian 

83) cuscseeeeeout: Public Telephone 

O04, 22s SA oe Headquarters Commandant 

85. aera oes Motor Officer 

BGS Sak TFS ek Antitank Officer 

Ole 222 Ses oe est Special Service Officer 

88) 2 Skee oak! G5 or S5 


Section Ill. TRAFFIC DIAGRAMS 


7. General 


a. A traffic diagram is a chart showing the 
number of telephone or teletypewriter channels 
existing between switching centrals in a military 
wire system. A single line indicates direct com- 
munication. A numeral placed on the line indi- 
cates the number of channels available, including 
simplex, phantom, and carrier circuits. 
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, TELEPHONE TRAFFIC DIAGRAM 
4TH BATTLE GROUP 6IST INFANTRY 
EFFECTIVE 21866 MARCH 1960 
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Figure 1384. Example of telephone traffic diagram. 


b. A traffic diagram is prepared at each switch- 
ing central by the wire chief or chief operator, 
assisted by the operator on duty. In the case of 
extensive or elaborate systems, traffic diagrams 
may be prepared for all centrals by the officer in 
charge of the entire system. 

c. The purpose of the traffic diagram is to indi- 
cate to the operator the most direct routing for 
a call to any other switching central in the sys- 
tem, and to show alternate routing in case the 
direct routing is busy or out of service. For this 
reason, the diagram often includes connecting 
systems of higher, lower, and adjacent units. It 
must be corrected continuously as changes occur, 
and expanded as new information is obtained. 


d. Local security measures will determine the 
extent of information that will be placed on traffic 
diagrams. 


8. Telephone Traffic Diagram 


A telephone traffic diagram (fig. 134) indicates 
the number of telephone circuits in the communi- 
cation system. It is used by the switchboard 
operator to route telephone calls between switch- 
ing centrals. 


9. Teletypewriter Traffic Diagram 


A teletypewriter traffic diagram shows the 
number of teletypewriter trunk circuits in a com- 
munication system. It is used by the teletype- 
writer switchboard operator when routing tele- 
typewriter calls between switching centrals. 
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Section IV PHONETIC ALPHABET AND 
NUMERALS 


10. General 


Certain letters and certain numerals have simi- 
lar sounds. Thus, they can cause confusion in 
telephone conversations. 


11. Phonetic Alphabet 

Words of a phonetic alphabet are spoken in 
place of the letters they represent. If a word might 
be misunderstood, spell it out phonetically. For 
example: “‘DANDY—I SPELL: DELTA, ALFA, 
NOVEMBER, DELTA, YANKEE—DANDY.” 
The encrypted group SPWXT is spoken as 
“SIERRA, PAPA, WHISKEY, X-RAY, 
TANGO.” The complete phonetic alphabet is 
listed below: 
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OOT 00Z 
AGM ONVA 
AVY SMOD 
AUM SSTM 
UVL WIA 
WuOd FAN 204 
OD ONV A 
Hvua wy das 
HO AW MO 
AOdF HAN 
HVd HVd 
avo sso 
Udd WAA ON 


NTNZ 
AUMNVA 
AVAX 
AGMSIHM 
UOLOIA 
WUOdINA 
OONVL 
VuUdIs 
OaWOou 
oudand 
VdVd 
UvoOso 
UAaNAAON 


uorsiounuolg 


PIOM 


ZONPMMEDEEKHN 


AMIW 

HVW dd7T 
HOT Ady 
DLL AAT Mal 
HV ddd NI 
TT4L HOH 
ATOO 
LOUL S¥O4 
HO Mod 
HVL T7T4d 
qadT YVHO 
HOA HVUg 
HVd TV 


1222] 


yeqeydye onauoyd 


uornsrounuolg 


aMIW 
VWIT 
OTM 
LLaT aL 
VICNI 
THLOH 
ATO 
LOULXOL 
OHO" 
VLITdAd 


AMOANHOMeH+NAS 


Joye] 
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12. Phonetic Numerals 


Each digit of a large number is pronounced 
separately, except in the case of even hundreds 
and even thousands when the word hundred or 
thousand is used. For example: DOBO 19 is 
spoken as DO-BO WUN NINER: DEXTER 6100 
is spoken as DEX-TER SIX WUN HUN-DRED: 
and DOLLY 36000 is spoken as DOL-LY THU- 
REE SIX THOW-ZAND. The phonetic numbers 
are listed below: 


Phonetic numbers 


Number Pronunciation Number Pronunciation 
1 Wun 8 | Ate 
2 Too 9 Niner 
3 Thu-ree Q | Zero 
4 Fo-wer 10 Wun Hun-dred 
5 Fi-yiv 1000 | Wun Thow-zand 
6 Six 
7 Seven 
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APPENDIX Ill 


SYMBOLS USED IN WIRE DIAGRAMS 
AND MAPS 


Special symbols are used in signal communica- 
tion on tactical circuit diagrams, line route maps, 
and traffic diagrams. To clarify certain symbols, 
it might often be necessary to include the equip- 
ment type number with the symbols. The applica- 
tion of these symbols is shown in figures 90, 91, 
and 184. For additional information on symbols, 
refer to FM 21-30, Military Symbols. 
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1. Basic Symbols Used in Traffic Diagrams 


TELEPHONE 


ese OF THE USING UNITS OR INSTALLATIONS ARE PLACED ABOVE 


THE SYal 


TELEPHONE SWITCHING CENTRAL 
(SWITCHBOARD CODE NAMES ARE PLACED WITHIN THE CIRCLE. WLITARY 
SYMBOLS OF UNIT OR INSTALLATIONS MAY ALSO BE SHOWN WHEN SECURITY 
MEASURES PERMIT.) 


CHANNELS LINKING TELEPHONE TERMINALS 
me Lech as ABOVE THE LINE INDICATES THE NUMBER OF AVAILABLE 


TELETYPEWRITER SET 
(PAGE PRINTING, MANUAL, OPERATING HALF-OUPLEX) 


TELETYPEWRITER SWITCHING CENTRAL 


TELETYPEWRITER SWITCHING CENTRAL INCLUDING TAPE RELAY FACILITIES 
(IDENTIFYING NAMES OR CALL SIGNS ARE PLACED WITHIN THE CIRCLE.) 


AREA SIGNAL CENTER 
(THE NUMERAL ON THE RIGHT SIDE OF THE STAFF INDICATES THE UNIT) 
(UNITS CODE NAME AND NUMBER ARE PLACED WITHIN THE CIRCLE) 
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0080 


ooBO 
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2. Basic Symbols Used in Tactical Circuit 


Diagrams 


TELEPHONE (SMALL CIRCLE) 


TELETYPEWRITER, PAGE PRINTING, (RECEIVING ONLY) 


TELETYPEWRITER, TAPE PRINTING, (RECEIVING ONLY) 


FACSIMILE 


TEST STATION OR PATCHING PANEL 


TELEPHONE SWITCHING CENTRAL 
(ALSO USED WHEN SWITCHBOARD PROVIDES ALTERNATE OR SMULTANEOUS 
TELEPHONE AND TELETYPEWRITER SERVICE.) 


TELEPHONE SWITCHING CENTRAL AT A COMMAND POST OR HEADQUARTERS 
{ALSO USED WHEN SWITCHBOARD PROVIDES ALTERNATE OR SIMULTANEOUS 
TELEPHONE AND TELETYPEWRITER SERVICE.) 


TELEPHONE SWITCHING CENTRAL AT COMMAND POST OR MEADQUARTERS WITH 
SEPARATE SWITCHBOARD FOR TEL ETYPEWRITER 
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TELETYPEWRITER SWITCHING CENTRAL 


AREA SIGNAL CENTER 


REPEATING COIL IM A SIMPLEX CIRCUIT 
FIELD-WIRE PAIR OR CABLE 
(TYPE CIRCUIT IS INDICATED ABOVE LINE WITHIN PARENTHESIS) 


RADIO CHANNEL, 


CORCUIT HOT TERMINATED 


RADIO LINK IN A WIRE LIME 


WIRE LINES COMMECTED ELECTRICALLY 


WIRE LINES NOT CONNECTED ELECTRICALLY 


EQUPRENT FOR DERIVING ADDITIONAL CHANNELS FROM CIRCUITS 
(EQUIPHENT TYPE HUMBER IS IMOICATED NEAR SYMBOL ) 


UNATTENDED REPEATER 
(THE NUMBER OF LINES TO EACH SIDE OF THE SYMBOL WILL VARY DEPENDING 
ON THE REPEATER TYPE AND ITS USE.) 
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al 
cf 


mae 


(Fw) OR (S-4) 


b+ tat b il i 
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Table 4-1. Metric Linear Units 


meters 
meters 
meters = 
meter (basic 
meter 

meter 

meter 


kilometer 
hectometer 
dekameter 
meter 
decimeter 
centimeter 
millimeter 


unit) 


1 


You should try to memorize the terms in the table. The prefixes 
kilo, hecto, and deka are attached to the word meter when the 
measurement is larger than a meter. If the measurement is 
smaller than a meter, the prefixes deci, centi, and milli are 
attached to the word meter. The expressions decimeter, 
dekameter, and hectometer are rarely used in actual work; the 
value of decimeters is usually expressed in centimeters, the 
values of dekameters and hectometers in meters or kilometers. 


c. Operating within the metric system. The powers of ten ratios 


simplify working within the metric system. For example, a 
distance of 7 meters 8 decimeters 4 centimeters can be written 
decimally as 7.84 meters. This can be added to another distance 
such as 1 meter 2 decimeters 3 centimeters (1.23) without any 
conversion. 


Example: 
7.84 


+ 1.23 
9.07 meters or 9 meters 0 decimeters 
7 centimeters 


Any of the four arithmetic operations can be done with the metric 
system by using the rules for decimals. Converting one unit of 
measure to another (which is actually either multiplication or 
division) is done by moving the decimal points in the same manner 
as was explained in study unit 2 on powers of ten. This is a 
process that is needed regularly for changing map distances to 
ground distances and vice versa. Your main concern will be with 
centimeters, meters, and kilometers and the changing of one to 
another. Let's see how this is done. 


(1) To change centimeters to meters, move the decimal point 
two places to the left. (Note in the linear measure 
table that meters and centimeters are two places apart.) 


Example: 
125,000 centimeters = 1,250 meters. 


3. Basic Symbols Used in Line Route Maps 


TELEPHONE (SMALL CIRCLE) 


TELETYPEWRITER, PAGE PRINTING, MANUAL, HALF-DUPLEX. 


TEST STATION 


FACUMILE 


RADIO TERMINAL 


RADIO RELAY STATION 


beet LINE OR FIELD CABLE ON GROUND. 


CABLES. 
(CABLE TYPES ARE ADDED IN PARENTHESIS.) 


IOIyIOUAL. FIELD-WIRE PAIRS OR CABLES TIED TOGETHER TO FORM A SINGLE 


(THE NUMERAL INDICATES THE NUMBER OF FIELD-WIRE PAIRS OR CABLES. 
CABLE TYPES ARE ADDED IN PARENTHESS.) 


FIELD-WIRE LINE, UNDERGROUND 
FIELD CABLE, UNDERGROUND 
PIELO-WIRE LINE OR CABLE, MOT TERMINATED 


FIELD-WIRE LINE SPLICED INTO ANOTHER FIELD-WIRE LINE 


TWO FIELD-WIRE LINES JOINING TOGETHER AND FOLLOWING SAME ROUTE (NOT 
SPLICED) 


FIELD-WIRE LINES CROSSING 
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REPEATING COM, SMPLEXED IN A LINE 


FIELO-WIRE LINE OR CABLE ON OVERHEAD SUPPORTS 


UNATTENDED REPEATER 


ATTENDED REPEATER 


AREA SIGNAL CENTER 
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GLOSSARY 


Alternating current (ac)—An electric current 
that reverses its direction of flow at regular 
intervals. 

Amplifier—A device used to increase the signal 
voltage, current, or power; used to increase 
the talking range of wire lines in repeater 
and carrier equipment. 

Audio frequency (af)—-A frequency that can be 
detected as sound by the human ear. The 
AF range is approximately 30 to 20,000 
cycles per second. 

Bridged circuit—A circuit connected in parallel 
with an existing circuit. 

Channel—Electrical path over which transmis- 
sions can be made from one station to 
another. A circuit may be composed of one 
or more channels. 

Circuit—Comunication link between two or more 
points capable of providing one or more com- 
munication channels. 

Circuit marking tag—A tag which identifies a 
field wire line or a field cable. 

Command post—The tactical headquarters of a 
unit at which the commander and his staff 
are stationed. In combat, the headquarters 
of a unit is often divided into a forward eche- 
lon and a rear echelon. The forward echelon 
is called a command post. 

Common battery system—A telephone system in 
which the switchboard battery provides the 
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power for operating the line and supervisory 
signals. The supervisory signals are con- 
trolled by the subscriber’s telephone. The 
power for speech transmission is provided 
by a central source. 

Common battery telephone (set)—-A telephone 
which is supplied with both signaling and 
speech transmission power from a central 
source. 

Communication means—A medium through which 
a message is conveyed from one person or 
place to another. 

Conductor—Any wire, cable, or other material 
that provides an electrical path for the flow 
of current. 

Construction center—An installation located in or 
near a command post area where trunk lines 
and long-local circuits converge for entrance 
to the telephone central. Test equipment and 
construction personnel are usually located at 
this point. 

Cross—An electrical contact between conductors 
of two independent circuits. 

Direct current (dc)—An electric current that 
flows in one direction. 

Duplex circuit—A circuit which permits commu- 
nication between stations in both directions 
simultaneously. 

Echelon—Subdivisions of a headquarters, such as 
forward echelon, rear echelon; or separate 
levels of command. For example, to a battle 
group division is a higher echelon and com- 
pany is a lower echelon. 
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Fault—A defect in a wire circuit caused by a 
ground, a break, a cross, or a short. 

Field telephone—A portable telephone designed 
for field use. 

Field telephone switchboard—A portable tele- 
phone switchboard designed for field use. 

Field-type—Term used to describe equipment, 
troops, or units used primarily to carry out 
a combat mission. 

Full duplex—An operation of a telegraph system 
having simultaneous communication in op- 
posite directions. 

Ground—The contact of a conductor with the 
earth; also refers to the physical earth when 
it is used as a conductor. 

Half duplex—An operation of a telegraph system 
arranged to permit communication in either 
direction but not in both directions simulta- 
neously. 

Lateral communication—Communication between 
units that are located side-by-side along a 
front; or communication between units at 
the same level of command. 

Line route map—Map or overlay for signal com- 
munication operations that shows the actual 
route and type of constructions for tactical 
wire circuits. 

Loaded line—A wire line in which loading coils 
have been inserted at regular intervals to 
reduce losses caused by the line capacitance. 

Local-batitery system—A ielephone system in 
which the speech transmission power is sup- 
plied at each telephone. 
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Local circuit—A wire circuit connecting a tele- 
phone to a switchboard or to another tele- 
phone; sometimes called a loop. 

Main distributing frame (MDF)—A framework 
containing terminals which are used for in- 
terconnecting incoming wire lines to the ter- 
minal equipment. 

Manual telephone system—Telephone system in 
which interconnections are manually estab- 
lished by operators. 

Map substitute—A reproduction of wide-coverage 
aerial photographs, photo-maps, or mosaics, 
or of provisional maps, or any document used 
in place of a map. A map substitute does not 
necessarily meet the precise requirements of 
a map. 

Marline—A small, loosely twisted twine used for 
tying field wire to a support. 

Messenger strand—A steel] cable used to support 
aerial communication cable. 

Monocord switchboard—Field telephone switch- 
board in which each line terminates in a 
single jack and plug. 

Open—A break in the continuity of a wire circuit. 

Open-wire line—Parallel bare conductors strung 
on insulators mounted on cross arms of tele- 
phone poles. 

Overlay—Transparent sheet giving special mili- 
tary information not ordinarily shown on 
maps. When the overlay is placed over the 
map from which it was drawn, its details 
will supplement the map; a tracing of a 
photograph, mosaic, or map which is used to 
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present the interpreted features and the per- 
tinent details, or to facilitate plotting of a 
certain area. 

Phantom circuit—Telephone or telegraph circuit 
obtained by superimposing an additional cir- 
cuit on two existing physical circuits by 
means of a repeating coil. - 

Rear area—General term designating the area in 
the rear of the combat and forward areas. 

Rear echelon—The part of a headquarters en- 
gaged in administrative and supply duties. 
It is usually located a considerable distance 
behind the front lines. 

Repeater—A combination of apparatus for the 
reception and transmission of either 1-way 
or 2-way communication signals and deliver- 
ing corresponding signals which are either 
amplified or reshaped or both. 

Repeating coil—An audio-frequency transformer, 
with a one-to-one winding ratio, used for 
transferring energy from one electrical cir- 
cuit to another, and for forming simplex and 
phantom circuits. 

Routes and signal centers of area communication 
system—This indicates the major routes of 
signal communication and locates the prin- 
cipal signal centers of an area communication 
system. 

Sag—Slack placed in aerial wire or cable con- 
struction to compensate for contraction 
caused by weather conditions; the vertical 
distance between the lowest point on a line 
and the point of suspension. 
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Section of wire line—That portion of a wire line 
which begins and ends at successive centrals, 
testing points or, in the case of long-local 
circuit, at telephones. 

Seizing wire—Soft-drawn copper wire which is 
wound over a field wire splice to improve the 
splice mechanically and electrically. 

Short—An electrical contact between two con- 
ductors of the same circuit. 

Simplex circuit—An additional ground-return 
telephone or telegraph circuit obtained from 
a single full-metallic circuit by means of a 
repeating coil. 

Skinning—The process of removing insulation 
from wire. 

Sound-powered telephone—A self-contained com- 
munication set which provides two-way sig- 
naling and voice communication over limited 
distances without the use of batteries. The 
sound-powered telephone may be switched 
through a telephone central. 

Spliced joint—A junction in which conductors of 
a circuit are joined for electrical continuity. 

Staggering—The spacing of splices in the two 
conductors of a field wire so that the indi- 
vidual splices will not be opposite each other. 

Switching central—A wire-system installation in 
which switching equipment is used to inter- 
connect teletypewriters or telephones. 

Tactical—Pertains to the employment of units in 
combat. 

Tactical circuit diagram—A line drawing of cir- 
cuits of a communication wire net, showing 
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the number and kind of circuits, and all head- 
quarters and subordinate units by code names 
and map coordinates. The extent of this in- 
formation is determined by local security 
requirements. 

Telegraphy—A means of communication whereby 
a message is transmitted by using a code of 
electrical impulses of various lengths and 
combinations to designate the individual 
characters. Teletypewriter transmissions are 
a form of telegraphy. 

Terminal—One end of an electrical circuit. A 
terminal might also include the equipment 
at the end of the circuit. 

Terminal strip—A block of insulating material 
with a series of binding posts. 

Test set—An electrical device used to determine 
and locate troubles in a circuit or equipment. 

Test station—An installation where circuits can 
be tested and rearranged. 

Traffic diagram—aAn illustration showing the 
number of long-local circuits and channels 
actually existing between switchboards of a 
signal communication network. 

Transmission—The flowing of electrical energy 
through a circuit. 

Trunk—A circuit between two switchboards. 

Twisted-wire pair—Two conductors of a wire line 
which are individually insulated and spirally 
wound around each other. 

Voice frequency (vf)—-The band of frequencies 
generated by the human voice. 
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Way station—A teletypewriter connected to a line 
between, and in series with, other teletype- 
writer stations. 

Wire communication—Communication by tele- 
phone, telegraph, teletypewriter, or any other 
means of communication employing a metallic 
circuit between the transmitting and receiv- 
ing equipments. 

Wire gage—System of numerical designations 
of wire sizes. (Low numbers designate the 
larger size.) Usually expressed AWG (Ameri- 
can Wire Gage). 

Wire head—tThis is similar to a construction cen- 
ter. Construction personnel and test equip- 
ment, however, are not located at this point. 

Wire net—Telephone communication system. 

Wire pike—A 9-foot pole with hook and roller 
attached to one end, used to simplify the lay- 
ing and recovering of field wire. 

Zero board—A switchboard installed at a con- 
struction center and used as a test board. 
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(2) To change meters to kilometers, move the decimal point 
three places to the left. (Note that meters and 
kilometers are three places apart in the table.) 


Example: 
1,250 meters = 1.25 kilometers. 


(3) To change centimeters to kilometers, move the decimal 
point five places to the left. 


Example: 
125,000 centimeters = 1.25 kilometers. 


(4) To change kilometers to meters, move the decimal point 
three places to the right. (Note that when changing from 
large units to smaller units, it may be necessary to add 
zeros.) 


Example: 
1.25 kilometers = 1,250 meters. 


(5) To change meters to centimeters, move the decimal point 
two places to the right. 


Example: 
1,250 meters = 125,000 centimeters. 


(6) To change kilometers to centimeters, move the decimal 
point five places to the right. 


Example: 
1.25 kilometers = 125,000 centimeters. 


Let's take another look at an example of a distance and 
follow it through from kilometers to centimeters. 


Example: 
110 hectometers* 


1,100 dekameters* 
11,000 meters 

110,000 decimeters* 
1,100,000 centimeters 


11 kilometers 


* Not usually used. Inserted to show the progression. 
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Let's look at another example, but work in the opposite 
direction. 


Example: 
5000 decimeters 


500 meters 

50 dekameters 
5 hectometers 
-5 kilometers 


50,000 centimeters 


Let's look at a couple of word problems. 


If the first leg of the forced march was 7 kilometers 
long, how many centimeters long was the first leg? If 
your answer was 700,000 centimeters, you're correct. 
Remember, to change kilometers to centimeters move the 
decimal point five places to the left. 


Let's try a harder problem. 


On a 1:25,000 map, 14.3 centimeters equals how many 
kilometers? Was your answer 3.575 kilometers? If not, 
let's see what you did wrong. One centimeter on the map 
equals 25,000 centimeters on the ground, so 14.3 
centimeters on the map equals 25,000 x 14.3, which equals 
357,500 centimeters on the ground or 3.575 kilometers. 

If you had trouble with these problems, review this 
section before moving to metric capacity units. 


4103. Metric Capacity Units 


a. Capacity table and terms. The basic metric unit for capacity 
(fluid) is the liter. The liter is determined by the measurement 
of a cubic decimeter. The prefixes kilo, hecto, and deka are 
attached to the word liter when the measurement is larger than a 
liter. The prefixes deci, centi, and milli are attached to the 
word liter if the measurement is smaller than the liter 

(table 4-2). 


Table 4-2. Metric Capacity Units 


liters 

liters 

liters 

liter (basic unit) 
liter 10°! 
liter 10° 
liter 1077 


kiloliter (kl) 
hectoliter (hl) 
dekaliter (dal) 
liter (1) 


deciliter (dl) 
centiliter (cl) 
milliliter (ml) 
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Listing Of Equipment (Including Communications Equipment) 


List of equipment of the Russian Ground Forces 


https://en.wikipedia.org/wiki/List_of equipment_of the Russian Ground Forces 


List of equipment of the People's Liberation Army Ground Force 


https://en.wikipedia.org/wiki/List_of equipment_of the People%27s Liberation Army Ground Force 


List of communications and reconnaissance equipment of the British Army 


https://en.wikipedia.org/wiki/List_of_ communications _and_ reconnaissance equipment of the British_Arm 


Signal Intelligence operational platforms by nation 


https://en.wikipedia.org/wiki/Signals intelligence operational platforms by nation 
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1. SCOPE 


1.1 Guidelines applicable to electronic equipment. This handbook provides guidance and lessons learned in the 
selection of documentation for the design of electronic equipment. This handbook is for guidance only and cannot be 
cited as a requirement. If it is, the contractor does not have to comply. 


1.2 Revision of quidelines. Revisions of individual guidelines are indicated by a date below the guideline 
number located at the bottom of the page. When the basic document is revised, those guidelines not affected by 
change retain their existing date. 


1.2.1 Redating. Although individual guidelines are reviewed and updated or validated at least once every 
eighteen months, guidelines are not redated unless technical changes are made. 


1.3. Method of reference. Guidelines contained herein should be referenced by specifying this handbook and 
the guideline number for guidance only. 


1.4 Interrelationship of guidelines. Each guideline is intended to cover some discipline in the design of 
equipment, such as a procedure, a process, or the selection and application of parts and materials. Many of these 
disciplines, however, cannot retain a clear-cut separation or isolation from others so that when guidelines of 
MIL-HDBK-454 are referenced in a specification some guidelines will undoubtedly have a direct interrelationship with 
other guidelines. This interrelationship should be taken into consideration when referencing these guidelines. 


2. APPLICABLE DOCUMENTS. 


2.1 Individual guidelines. See section 2 of each individual guideline for a listing of applicable documents. 
Documents referenced in the individual guidelines apply to the extent specified herein. 


(Copies of these documents are available online at http://assist.daps.dla.mil/quicksearch/ or 
http://assist.daps.dla.mil or from the Standardization Document Order Desk, 700 Robins Avenue, Building 4D, 
Philadelphia, PA 1911-5094.) 


2.2 Industry addresses. Addresses for obtaining documents referenced in the guidelines but not obtainable 
from the Government are as follows: 


Symbol 
AGMA 


AIA 


AMS 


ARP 


ANSI 


ASME 


ASM 


ASTM 


AWS 


EIA 


GEIA 


IEEE 


IPC 


MIL-HDBK-454B 


Address 


American Gear Manufacturers’ Association 
1500 King Street, Suite 12 
Arlington VA 22314 


Aerospace Industries Association 
1000 Wilson Boulevard, Suite 1700 
Arlington, VA 22209-3928 


Society of Automotive Engineers, Inc. 
400 Commonwealth Drive 
Warrendale PA 15096 


American National Standards Institute 
11 West 42" Street 
New York NY 10036 


American Society of Mechanical Engineers 
22 Law Drive P.O. Box 2900 
Fairfield NJ 07007-2900 


American Society for Metals 
Metals Park OH 44073 


American Society for Testing and Materials 
100 Barr Harbor Drive 
West Conshohockan PA 19428-2959 


American Welding Society 
550 NW LeJeune Road 
Miami FL 33126 


Electronic Industries Alliance 
2500 Wilson Blvd. 
Arlington VA 22201-3834 


Government Electronics and Information Association 
777 East Eisenhower Parkway 
Ann Arbor, MI, USA 48108 


Institute of Electrical and Electronics Engineers 
IEEE Service Center 

445 Hoes Lane 

PO Box 1331 

Piscataway NJ 08855-1331 


Institute for Interconnecting and Packaging Electronic Circuits 
2215 Sanders Rd. Suite 200 South 
Northbrook IL 60062 


The expressions or terms kiloliter, dekaliter, deciliter, and 
centiliter are rarely used in actual day-to-day work. The value 
of kiloliter is usually expressed in hectoliters, the value of 
dekaliters in liters, the values of deciliters and centiliters in 
liters or milliliters. Our main concern will be with 
hectoliters, liters, and milliliters and the changing of one to 
another. 


b. Operating within the metric capacity units. The same 
operations used for metric linear units also apply when working 


with metric capacity units. Any of the four arithmetic 
operations can be done using the rules for decimals or the 
powers-of-ten ratios. Converting one unit to another unit is 
done by moving the decimal points. Let's see how this is done. 


(1) To change liters to milliliters, move the decimal point 
three places to the right. (Note in the capacity table 
that liters and milliliters are three places apart.) 


Example: 
6 liters = 6,000 milliliters. 


(2) To change liters to hectoliters, move the decimal point 
two places to the left. (Note that liters and 
hectoliters are two places apart in the table.) 


Example: 
450 liters = 4.5 hectoliters. 


(3) To change hectoliters to milliliters, move the decimal 
point five places to the right. 


Example: 
1.25 hectoliters = 125,000 milliliters. 


(4) To change hectoliters to liters, move the decimal point 
two places to the right. 


Example: 
3.6 hectoliters = 360 liters. 


(5) To change milliliters to liters, move the decimal point 
three places to the left. 


Example: 
750 milliliters = .75 liters. 
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NAS National Standards Association 
1200 Quince Orchard Boulevard 
Gaithersburg MD 20878 


NFPA National Fire Protection Association 
Batterymarch Park 
Quincy MA 02269-9101 


UL Underwriters Laboratories, Incorporated 


333 Pfingsten Road 
Northbrook IL 60062 


3. DEFINITIONS 

3.1 Airborne, space, aerospace. "Airborne" denotes those applications peculiar to aircraft and missile or other 
systems designed for operation primarily within the earth's atmosphere; "space" denotes application peculiar to 
spacecraft and systems designed for operation near or beyond the upper reaches of the earth's atmosphere; and 
"aerospace" includes both airborne and space applications. 

3.2 Other definitions and terms. Other definitions and terms are defined in the individual guidelines 


4. GENERAL GUIDELINES 


4.1 Application. The guidelines contained herein are intended to provide uniform guidelines applicable to 
electronic equipment, unless otherwise specified in the guideline. 


4.2 Use of selection and application standards. When a selection and application standard is invoked in a 
guideline, the devices or parts selected should conform to the applicable military specifications referenced in the 
standard. 


5. DETAIL GUIDELINES 


5.1 Individual guidelines for electronic equipment. The individual guidelines for electronic equipment are 
located after section 6. 


6. NOTES 

6.1 Subject term (key word) listing. 

Cable selection Nomenclature 
Corona protection Parts selection 
Encapsulation Printed wiring 
Fasteners Safety 
Flammability Soldering 
Fungus protection Substitutability of parts 
Interchangeability of parts Thermal design 
Marking Waveguides 
Materials selection Wire selection 
Microelectronics Workmanship 


6.2 Changes from previous issue. Marginal notations are not used in this revision to identify changes with 
respect to the previous issue due to the extent of the changes. 
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GUIDELINE 1 
SAFETY DESIGN CRITERIA - PERSONNEL HAZARDS 
1. Purpose. This guideline establishes safety design criteria and provides guidelines for personnel protection. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced herein, 
but are those needed to understand the information provided by this handbook. 


MIL-STD-464 Electromagnetic Environmental Effects Requirements for Systems. 

MIL-STD-1310 Shipboard Bonding, Grounding, and Other Techniques for 
Electromagnetic Compatibility and Safety. 

MIL-STD-1425 Safety Design Requirements for Military Lasers and Associated Support Equipment. 

MIL-STD-1472 Human Engineering. 

DOD Manual 6050.5 DoD Hazardous Materials Information System Procedure. 

10 CFR 20 Code of Federal Regulations, Title 10, Chapter I, Part 20. 

21 CFR 1000-1050 Code of Federal Regulations, Title 21, Chapter |, Parts 1000-1050. 

29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 

ANSI N2.1 Radiation Symbol. 

ANSI Z136.1 Safe Use of Lasers. 

ASTM F 1166 Standard Practice for Human Engineering Design for Marine Systems, 
Equipment and Facilities. 

IEEE C95.1 Standard for Safety Levels with Respect to Human Exposure to Radio 
Frequency Electromagnetic Fields, 3 KHz to 300 GHz. 

IEEE C95.2 Radio-Frequency energy and current flow Symbols. 

NEMA Z535.1 Safety Colors. 

NEMA Z535.2 Environmental and Facility Safety Signs. 

NEMA Z535.3 Criteria for Safety Symbols. 

NEMA Z535.4 Product Safety Signs and Labels. 

NEMA Z535.5 Safety Tags and Barricade Tapes (for Temporary Hazards). 

NFPA 70 National Electrical Code. 


3. Definitions. 


3.1 Battleshort. A switch used to bypass normal interlocks in mission critical equipment; (e€.g., equipment which 
must not be shut down or the mission function will fail) during battle conditions. 


3.2 Chassis, electrical equipment. The chassis is a structural item fabricated in such manner as to facilitate 
assemblage and interconnection of electrical or electronic items for the specific purpose of providing a basis for 
electrical or electronic circuits. It normally has drilled or stamped holes to accommodate the items but may include 
only the items necessary for its own mounting and support. 


3.3 Commercial off-the-shelf (COTS) equipment. COTS equipment that can be purchased through commercial 
retail or wholesale distributors as is (e.g., equipment that is available as a cataloged item) or with only minor 
modifications that does not alter its form, fit, or functional characteristics. 


3.4 Frame. The frame is any construction system fitted and united together, designed for mounting or supporting 
electrical or electronic parts or units. 


3.5 Fail-safe. The design feature of a part, unit, or equipment which allows the item to fail only into a non- 
hazardous mode. 


3.6 Interlock. An interlock is an automatic switch which eliminates all power from the equipment when an access 
door, cover, or plate is removed. 


3.6.1 Bypassable interlock. A bypassable interlock is an automatic switch with a manually operated electrical 
bypass device to allow equipment maintenance operations on energized equipment. 
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3.7 Leakage current. Leakage current is that current which flows through the equipment conductive paths to a 
solidly grounded source. 


3.8 Procuring activity. A unit of the Department of Defense (DoD) which originates a procurement document for 
equipment or hardware. 


4. General guidelines. 


4.1 COTS equipment. COTS equipment that has been listed or certified to an appropriate commercial standard 
by a Nationally Recognized Test Laboratory (NRTL) (e.g., Underwriter’s Laboratories (UL), Canadian Standards 
Association (CSA), or TUV Rheinland (TUV)) should be considered as having met the provisions of this guideline and 
from a product safety perspective, should be accepted for use without further modification. COTS equipment which 
has any modifications, and is required to meet commercial standards, should be recertified a NRTL. 


4.2 Fail-safe. The design and development of all military electronic equipment should provide fail-safe features 
for safety of personnel during the installation, operation, maintenance, and repair or interchanging of a complete 
equipment assembly or component parts thereof. 


4.3 Bonding in hazardous areas. Electronic equipment to be installed in areas where explosive or fire hazards 
exist should be bonded in accordance with MIL-STD-464 for aerospace systems, MIL-STD-1310 for shipboard 
systems, and NFPA 70, for facilities, or as otherwise specified in the equipment specification. 


4.4 Temperature. At an ambient temperature of 25°C, the operating temperature of control panels and operating 
controls should be not greater than 49°C and not less than 12°C. The temperature of other exposed parts subject to 
contact by operating personnel should not exceed 60°C. The temperature of all other exposed surfaces should be 
not greater than 70°C. 


4.5 Electrical. The design should incorporate methods to protect personnel from inadvertent contact with voltages 
capable of producing shock hazards. 


4.5.1 Power. Means should be provided so that power may be cut off while installing, replacing, or interchanging 
a complete equipment, assembly, or part thereof. Interface with electrical power sources should be in accordance 
with the applicable regulations or requirements. If a main power switch is provided, it should be clearly labeled as 
such and should cut off all power to the complete equipment. Equipment that utilizes Uninterruptable Power Supplies 
(UPS) should have provisions to isolate the supply from the equipment. 


4.5.2 Ground. The design and construction of equipment, excluding self-powered equipment, should ensure that 
all external parts, surfaces, and shields, exclusive of antenna and transmission line terminals, are at ground potential 
at all times during normal operation. The design should include consideration of ground currents and voltage limits 
(possible arcing) established on a basis of hazardous location. Antenna and transmission line terminals should be at 
ground potential, except for Radio Frequency (RF) energy on their external surfaces. 


4.5.2.1 Self-powered equipment. Self-powered equipment should have all external surfaces at the same 
potential. 


4.5.2.2 Grounding methods. Plugs for use with metal cased portable tools and equipment should have provisions 
for automatically grounding the metal frame or case of tools and equipment when the plug is mated with receptacle, 
and the grounding pin should make first, break last. Ground connections to shields, hinges, and other mechanical 
parts should not be used to complete electrical circuits. Any external or interconnecting cable, where a ground is part 
of the circuit, should carry a ground wire in the cable terminated at both ends in the same manner as the other 
conductors. In no case, except with coaxial cables, should the shield be depended upon for a current-carrying ground 
connection. Static and safety grounds should not be used to complete electrical circuits. A point on the electrically 
conductive chassis or equipment frame should serve as the common tie point for static and safety grounding. The 
path from the tie point to ground should: 


a. Be continuous and permanent. 
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b. Have ample carrying capacity to conduct safely any fault currents that may be expected to be imposed on it by 
internally generated faults. 


c. Have impedance sufficiently low to limit the potential above ground and to facilitate the operation of the over 
current devices in the circuits, and; 


d. Have sufficient mechanical strength of the material to minimize possibility of ground disconnection. 


4.5.2.3 Hinged or slide-mounted panels and doors. Hinges or slides should not be used for grounding paths. 
Panels and doors containing meters, switches, test points, etc., should be attached or hinged in such a manner as to 
ensure that they are at the same ground potential as the equipment in which they are mounted, whether in a closed or 
open position. A ground should be considered satisfactory if the electrical connection between the door, or panel, and 
the system tie point exhibits a resistance of 0.1 ohm or less, and has sufficient capacity to ensure the reliable and 
immediate tripping of equipment overcurrent protection devices. 


4.5.2.4 Shielding. Except where a conflict with single-point shield grounding guidelines would be created, 
shielding on wire or cable should be grounded to the chassis or frame. The shielding should be secured to prevent it 
from contacting exposed current-carrying parts or grounding to the chassis or frame at any point other than the 
ground termination. The shielding should end at a sufficient distance from exposed conductors to prevent shorting or 
arcing between the conductor and the shielding. 


4.5.2.5 Leakage current. The equipment leakage current should not exceed 3.5 milliamperes dc or rms. When 
excessive leakage currents are required by design or operational requirements, redundant grounding or double 
insulation methods should be incorporated. 


4.5.3 Accidental contact. The design should incorporate methods to protect personnel from accidental contact 
with voltages in excess of 30 volts rms or de during normal operation of a complete equipment. 


4.5.3.1 Guards and barriers. All contacts, terminals, and like devices having voltages greater than 30 volts rms or 
dc with respect to ground should be guarded from accidental contact by personnel if such points are exposed to 
contact during direct support or operator maintenance. Guards or barriers may be provided with test probe holes 
where maintenance testing is required. 


4.5.3.2 High voltage guarding. Assemblies operating at potentials in excess of 500 volts should be completely 
enclosed from the remainder of the assembly and equipped with non-bypassable interlocks. 


4.5.3.3 Voltage measurement. When the operation or maintenance of equipment employing potentials in excess 
of 300 volts peak could require that these voltages be measured, the equipment should be provided with test points 
so that these voltages can be measured at a relatively low potential level. In no case should the potential exceed 300 
volts peak relative to ground. Test points with voltages above 30 volts should have the conducting material recessed 
a distance no less than the diameter of the probe hole and a minimum of 1.5 mm. If a voltage divider is used, the 
voltage divider resistance between the test point and ground should consist of at least two resistors of equal value in 
parallel. 


4.5.3.4 Guarding of RF voltages. Transmitter output terminals, antennas, and other devices that carry sufficient 
RF voltage to burn or injure personnel should be protected from accidental contact in the same manner as for ac 
voltages greater than 30 volts rms. (see 4.5.3.1. of this guideline) 


4.5.3.5 Main power switch. The power input side of the main power switch and the incoming power line 
connections should be given physical protection against accidental contact. 


4.5.4 Protective devices. 


4.5.4.1 Interlocks. When a unit is provided with access doors, covers, or plates, these access points should be 
interlocked as follows: 
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a. No interlocks are required when all potentials between 30 and 500 volts are completely protected with guards 
or barriers to prevent accidental contact under all conditions of operation or any level of maintenance. 


b. Bypassable interlocks are required when voltages in excess of 30 volts are exposed as the result of an access 
door, cover, or plate being opened. Note that these internal voltages are allowed to be unguarded only if they 
are not exposed during direct support or operator maintenance. The bypass device should be of such design 
that closing the associated door, cover or plate will automatically open the bypass device and leave the 
interlock in position to function normally. Visual means should be provided to indicate when the interlock is 
bypassed. 


c. Non-bypassable interlocks are required when any voltage in excess of 500 volts is exposed as a result of an 
access door, cover, or plate being opened. 


4.5.4.2 Battle short indicator. In equipment with battleshort circuitry, an audio and visual warning system should 
be installed in the equipment. The visual warning should be clearly visible to operating personal. The audio warning 
should provide a means for manual silencing and automatic reset. Catastrophic fault interlocks should not be 
bypassed. 


4.5.4.3 Safety switches. Safety switches, which will deactivate associated mechanical drive units, should be 
provided for the purpose of disconnecting these units without disconnecting other parts of the equipment. Such 
remotely located units and assemblies should have provision for non-overrideable safety switches to allow 
independent disconnection in the associated equipment. 


4.5.5 Discharging devices. 


4.5.5.1 Automatic discharge devices. High voltage circuits and capacitors should be provided with discharging 
devices unless they discharge to 30 volts or less within two seconds after power removal. The particular discharging 
device that is chosen should ensure that the capacitor or high voltage circuit is discharged to 30 volts or less within 
two seconds. These protective devices should be positive acting, highly reliable, and should actuate automatically, 
either by mechanical release or by electrical solenoid when the door or cover is opened. When resistive bleeder 
networks are used to discharge capacitors, the bleeder network should consist of at least two equal valued resistors 
in parallel. 


4.5.5.2 Shorting rods. Shorting rods should be provided with all transmitting equipment where voltages are in 
excess of 70 volts rms or dc. Where size permits, shorting rods should be stored within the transmitting equipment, 
permanently attached, and readily accessible to maintenance personnel. The permanently attached rod should be 
connected through a flexible stranded copper wire (covered with a transparent sleeving) to the stud provided at the 
transmitter main frame. Where size does not permit internal storage of the shorting rod, a grounding stud should be 
provided to permit attachment of a portable shorting rod. The connection to the stud should be such that accidental 
loosening, or high resistance to the ground is prevented. 


4.5.6 Connectors. Connectors used in multiple electric circuits should be selected to preclude mismating. Where 
design considerations require plug and receptacles of similar configuration in close proximity, the mating plugs and 
receptacles should be suitably coded or marked to clearly indicate the mating connectors. Plugs and receptacles 
should not be of similar configuration if the major unit contains explosive items. The design of the connector should 
be such that the operator is not exposed to electrical shock or burns when normal disconnect methods are used. 
Exposed pin contacts should not be energized (hot) after being disconnected from the socket contacts. 


4.6 Radiation. The design of all equipment for which a federal standard exists under 21 CFR 1000 - 1050, “ The 
Radiation Control for Health and Safety Act of 1968”, should conform to the appropriate federal standard. 


4.6.1 Microwave and RF radiation. All electronic equipment or electrical devices capable of emitting microwave or 
RF radiation between 3 kHz and 300 GHz should be so designed, fabricated, shielded, and operated as to avoid 
overexposure of personnel. Exposure to RF radiation should meet the Controlled and Uncontrolled environment 
Maximum Permissible Exposure Levels called out in IEEE C95.1. In areas where unintended radiation levels exist, 
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equipment design and installation in any unrestricted area accessible to personnel should meet the Uncontrolled 
environment requirements of IEEE C95.1. Shields, covers, doors, etc, which when opened or removed will allow 
microwave and RF radiation to exceed the above, should be provided with non-bypassable interlocks. 


4.6.2 X radiation. All electronic or electrical devices capable of producing X radiation should be so designed, 
fabricated, shielded, and operated as to keep personnel exposure as low as reasonably achievable. For equipment 
and installation design, shielding guidelines should be maintained at all times which limit radiation levels to not greater 
than 2 milliroentgens (mr) in any 1 hour and 100 mr in any 7 consecutive days at the operator position or within 5 cm 
from the equipment (whichever is closer) in any unrestricted area accessible to personnel. In addition, these levels 
should be reduced whenever necessary to ensure that exposed personnel never receive an absorbed dose to the 
whole body or any critical organ in excess of 125 millirem for each calendar quarter or 500 millirem for each year. 
Other exposure should be based on application criteria and limits as required by “Nuclear Regulatory Commission 
Rules and Regulations”, 10 CFR 20; OSHA Regulations 29 CFR 1910 PT.96; and FDA Regulation, 21 CFR, chapter 
1, subchapter J, “Radiological Health”. Equipment which, when shields, covers, doors, etc, are removed, will allow X 
radiation to exceed 2.0 mr per hour should be provided with non-bypassable interlocks. 


4.6.3 Laser radiation. Laser equipment and system design, installation, and operational and maintenance 
procedures should conform to 21 CFR 1040 and ANSI Z136.1. If these cannot be met because of operational 
requirements, an exemption should be requested from the FDA through the procuring activity, and applicable military 
laser safety requirements in MIL-STD-1425 will be considered. 


4.7 Mechanical. The design of the equipment should provide personnel maximum access and safety while 
installing, operating, and maintaining the equipment. Equipment design should include provisions to prevent 
accidental pulling out of drawers or rack mounted equipment components. Suitable protection should be provided to 
prevent contact with moving mechanical parts such as gears, fans, and belts when the equipment is complete and 
operating. Sharp projections on cabinets, doors, and similar parts should be avoided. Doors or hinged covers should 
be rounded at the corners and provided with stops to hold them open. 


4.7.1 Mechanical interconnection. The design should provide positive means to prevent the inadvertent reversing 
or mismating of fittings, couplings, fuel, oil, hydraulic, and pneumatic lines, and mechanical linkage. When prevention 
of mismating by design consideration is not feasible, coding or marking should be employed when approved by the 
procuring activity. Coding and marking will not be approved as a substitute for proper design or items involving 
explosive, emergency, or safety critical systems. 


4.7.2 Power switch location. Equipment power switches should be selected and located so that accidental 
contact by personnel will not operate the switch. 


4.7.3 Cathode ray tubes. Provision should be incorporated to protect personnel from injury due to implosion of 
cathode ray tubes. 


4.7.4 Battery enclosures. Battery enclosures should be vented. The enclosure design should prevent shattering 
or fragmenting of enclosure parts, or covers ,in the event of a violent gas venting or rupture of battery cells causing 
explosive high pressure within the compartment. 


4.8 Equipment safety markings. Danger, warning, caution, signs, labels, tags, and markings should be used to 
warn of specific hazards such as voltage, current, thermal, or physical. The signs, labels, tags, and markings should 
be as permanent as the normal life expectancy of the equipment on which they are affixed. Guards, barriers, access 
doors, covers, or plates should be marked to indicate the hazard which may be present upon removal of such 
devices. When possible, marking should be located such that it is not removed when the barrier or access door is 
removed. Additionally, hazards internal to a unit should be marked adjacent to hazards if they are significantly 
different from those of surrounding items. Such a case would be a high voltage terminal in a group of low voltage 
devices. 


a. Physical hazards should be marked with color codes in accordance with NEMA Z535.1 where applicable to 
electronic equipment. 
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b. For potentials between 70 and 500 volts, warning signs, labels, or tags should be in accordance with NEMA 
2535.3, NEMA Z535.4, or NEMA Z535.5 and contain the single word "WARNING”, and the maximum voltage 
applicable (e.g., 110 VAC). 

c. For potentials in excess of 500 volts, warning signs, labels, or tags should be in accordance with NEMA 
Z535.3, NEMA Z535.4, or NEMA Z535.5 and contain the single word "DANGER”, the descriptive words “High 
Voltage” and the maximum voltage applicable (e.g., High Voltage 550 VAC). 

d. Microwave or RF radiation warning signs, labels, or tags should be in accordance with NEMA Z535.3, NEMA 
2535.4, or NEMA Z535.5, and IEEE C95.2. Labels should be provided on all radiation shields to warn 
personnel of the radiation hazards involved upon removal thereof. Any item, which can emit radiation levels in 
excess of those specified in 4.6.1, should be labeled. Minimum safe clearance distances should be clearly 
marked. Warning signs should be posted in all areas having electronic equipment designed to operate 
between 3 kHz and 300 GHz with intended electromagnetic radiation levels exceeding those in 4.6.1. 

e. Laser labels. 

(1) Laser labels should be in accordance with 21 CFR 1040. 

(2) Military exempt laser labels: A permanent label should be affixed on all military laser systems that have been 
certified exempt from 21 CFR 1040 “Performance Standards for Light-Emitting Products”. The label tags should be in 
accordance with NEMA Z535.3, NEMA Z535.4, or NEMA Z535.5, and should use the single word CAUTION, and 
should read: 

CAUTION 
This electronic product has been exempted from FDA radiation safety performance standards, prescribed in the Code 
of Federal Regulations, title 21, chapter |, subchapter J, pursuant to exemption no. 76 EL-01 DOD issued on 26 July 
1976. This product should not be used without adequate protective devices or procedures. 

f. Shields which protect personnel from X radiation should be labeled in accordance with 10 CFR 20. 

g. Coding for accident prevention tags should be in accordance with NEMA Z535.5. 

h. Coding for safety labels on equipment should be in accordance with NEMA Z535.4. 


i. Coding for safety signs regarding facilities or the environment should be in accordance with NEMA Z535.3. 


j. The marking or labeling of commodities containing radioactive materials should be in accordance with 10 CFR 
20. 


k. lonizing radiation hazard symbols should be in accordance with ANSI N2.1. 
|. Symbols used on hazard warning signs, labels,or tags should be IAW NEMA Z535.2. 


4.9 Hazardous and restricted materials. 


4.9.1 Gases or fumes. The materials, as installed in the equipment and under service conditions specified in the 
equipment specification, should not liberate gases which combine with the atmosphere to form an acid or corrosive 
alkali, nor should they liberate toxic or corrosive fumes which would be detrimental to the performance of the 
equipment or health of personnel. The materials also should not liberate gases which will produce an explosive 
atmosphere. 


4.9.2 Mercury. Materials and parts containing mercury should not be used unless use of mercury is specifically 
required or approved by the procuring activity. 
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4.9.3 Radioactive materials. Use of radioactive materials should conform to Nuclear Regulatory Commission 
regulations and should require approval of the procuring activity. Radium should not be used to achieve 
self-luminosity. 


4.9.4 Glass fibers. Glass fiber materials should not be used as the outer surface or covering on cables, wire, or 
other items where they may cause skin irritation to operating personnel. When maintenance procedures require 
access to glass fibers, such as insulation, a proper caution note should be provided. 


4.9.5 Cadmium. Cadmium plating, and devices using cadmium, should not be used unless specifically approved 
by the procuring activity. 


5. Detail guidelines. 


5.1 Human engineering. Human engineering factors affecting safety should be considered when establishing 
general or detailed design criteria. Rigorous detailed operational or maintenance procedures are not acceptable 
substitutes for an inherently safe design. Hazard and safety requirements of MIL-STD-1472 or ASTM F 1166 (for 
marine systems, equipment, and facilities) should be used as a guide. 


5.2 Electrical. Proper instructions in accident prevention and first-aid procedures should be given to all persons 
engaged in electrical work to fully inform them of the hazards involved. 


5.2.1 Shock hazards. Current, rather than voltage, is the most important variable in establishing the criterion for 
shock intensity. Three factors that determine the severity of electrical shock are: (1) quantity of current flowing 
through the body; (2) path of current through the body; and (3) duration of time that the current flows through the 
body. The voltage necessary to produce the fatal current is dependent upon the resistance of the body, contact 
conditions, and the path through the body. (See table 1-1). Sufficient current passing through any part of the body will 
cause severe burns and hemorrhages. However, relatively small currents can be lethal if the path includes a vital part 
of the body, such as the heart or lungs. Electrical burns are usually of two types, those produced by heat of the arc 
which occurs when the body touches a high-voltage circuit, and those caused by passage of electrical current through 
the skin and tissue. While current is the primary factor which determines shock severity, protection guidelines are 
based upon the voltage involved to simplify their application. In cases where the maximum current which can flow 
from a point is less than the values shown in table 1-1 for reflex action, protection guidelines may be relaxed. 


1-7 


MIL-HDBK-454B 


GUIDELINE 1 


TABLE 1-I. Probable effects of shock. 


Current values (milliamperes) 


AC Effects 


25 Hz to 400 Hz 
Otol 0-4 Perception 
1to4 4-15 Surprise 
4to 21 15-80 Reflex action 
21 to 40 80-160 Muscular inhibition 
40 to 100 160-300 | Respiratory block 
Over 100 Over 300 | Usually fatal 


5.2.2 Insulation of controls. All control shafts and bushings thereof should be grounded whenever practicable. 
Alternatively, the control knobs, or levers, and all attachment screws that can be contacted during use should be 
electrically insulated from the shaft. 


5.2.3 Grounding to chassis. Ground connection to an electrically conductive chassis, or frame, should be 
mechanically secured by soldering to a spot welded terminal lug or to a portion of the chassis, or frame, that has been 
formed into a soldering lug, or by use of a terminal on the ground wire and then securing the terminal by a screw, nut, 
and lock-washer. The screw should fit in a tapped hole in the chassis, or frame, or it should be held in a through-hole 
by anut. When the chassis, or frame, is made of steel, the metal around the screw hole should be plated or tinned to 
provide a corrosion resistant connection. When aluminum alloys are used, the metal around the grounding screw, or 
bolthole, may be covered with a corrosion resistant surface film only if the resistance through the film is not more than 
0.002 ohm. Hardware used for mounting of meters, switches, test points, etc., should be grounded, whenever 
possible. 


5.2.4 Accidental contact. Suitable protective measures are defined in table 1-II. 


5.2.4.1 High current protection. Power sources capable of supplying high current can be hazardous regardless of 
the voltage at which they operate because of the arcing and heat generated if an accidental short circuit occurs. All 
power buses supplying 25 amperes or over should be protected against accidental short-circuiting by tools, jewelry or 
removable conductive assemblies. This may be accomplished by one or more of the following: 


a. Use of guards and barriers; 
b. Sufficient space separation to prevent short circuits; 
c. Hazard warning - signs and labels. 


5.2.4.2 Interlocks. Various equipment designs require different approaches to the use of interlocks. Interlock use 
does not modify any other guidelines of this handbook and will be consistent with equipment or system specifications. 
Equipment sub-assemblies operating in excess of 500 volts should be considered guarded from accidental contact 
only if they are completely enclosed from the remainder of the equipment and are separately protected by non- 
bypassable interlocks. (An example of equipment where such compartmentalization is desirable is a display unit 
which utilizes a high voltage power supply for a cathode ray tube.) Modularized, or sealed, high voltage assemblies 
which are opened only at depot level are exempt from interlocking guidelines when approved by the procuring activity. 


5.2.4.3 Permanent terminations. Terminations such as soldered connections to transformers, connectors, 
splices, etc., which are normally permanent and not used during routine maintenance testing, may be protected by 
permanent insulation such as shrink sleeving, tubing, insulating shields, etc., provided the material is rated for the 
potential exposed voltage. 
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5.3 Mechanical. Design of rack-mounted equipment should maintain the center of gravity as low as possible to 
minimize tipping over. 


5.4 Marking. DOD Manual 6050.5 references known electronic items which require marking and may be used as 
a guide. 


5.5 Materials. Certain chemicals have been identified by OSHA as cancer-producing substances (carcinogens). 


Before using any materials which might contain these chemicals, they should be evaluated in accordance with 29 
CFR 1910. 
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(6) To change milliliters to hectoliters, move the decimal 
point five places to the left. 


Example: 
3,550 milliliters = .0355 hectoliters. 


Let's take another example of capacity and follow it 
through from hectoliters to milliliters. 


Example: 
250 dekaliters* 


2,500 liters 

25,000 deciliters* 
250,000 centiliters* 
2,500,000 milliliters 


25 hectoliters 


* Not usually used. Inserted to show the progression. 
Let's try a word problem. 


If the fuel tank holds 755 liters of fuel, how many 
hectoliters of fuel does it hold? If your answer was 
7.55 hectoliters, you're correct. Remember, to change 
liters to hectoliters move the decimal point two places 
to the left. 


Let's try one more. 


An M1 tank, D7G bulldozer, and a 5 ton truck needed to 
have their fuel tanks topped off. The fuel bladder has 
1892 liters of fuel remaining. The M1 tank needed 7 
hectoliters of fuel, the D7G bulldozer needed 500,000 
milliliters of fuel, and the 5 ton truck needed 300 
liters of fuel. How many liters of fuel remain in the 
fuel bladder? If your answer was 392 liters, you're 
correct! If it wasn't, let's see what you did wrong. 


The M1 tank used 7 hectoliters or 700 liters, the D7G 
bulldozer used 500,000 milliliters or 500 liters, and the 
5 ton truck used 300 liters. Thus, 700 + 500 + 300 
equals 1,500 liters. There was 1,892 liters of fuel in 
the bladder. Subtract 1,500 from 1,892 and your 
remaining fuel is 392 liters. 


Note: Keep in mind the operations with powers of ten and 
try to associate them with the metric prefixes: 
kilo, hecto, centi, and etc. Remember: to change 
larger units to smaller units, move the decimal point 
to the right. To change smaller units to larger 
units, move the decimal point to the left. 
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TABLE 1-ll. Suitable protective measures. 1/ 


Type of protection 2/ 
Voltage range 
Marking Interlocks Discharge devices 
None 


Guards | Enclosures | Caution | Danger | Bypassable | Non-bypassable | Automatic | Shorting 
and (4.5.3.2, (4.8b) (4.8c) (4.5.4.1b) (4.5.4.1c) 5.5. 
barriers 4.5.4.1) 
0 - 30 Volts 
> 30 - 70 Volts 
> 70 - 500 Volts 
> 500 Volts 


1/ Table is for reference only. See applicable paragraph for guidance. 


2/ Confine the application of headings to voltage ranges indicated. More than one option may be available on design 
guidance. 


3/ Although no specific guidance exist for servicing 0-30 volts, designs should be reviewed for possible hazards in 
accordance with table 1-I. 


4/ Designs may use non-bypassable interlock applications below 500 volts, but the intent here is to imply complete 
enclosure. 
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1. Purpose. This guideline establishes criteria for the selection and application of capacitors. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced herein, 
but are those needed to understand the information provided by this handbook. 


MIL-PRF-39006/22 Capacitors, Fixed, Electrolytic (Nonsolid Electrolyte), Tantalum, (Polarized, 
Sintered Slug), 85° C (Voltage Derated to 125° C), Established Reliability, Style 
CLR79. 

MIL-PRF-39006/25 Capacitors, Fixed, Electrolytic (Nonsolid Electrolyte), Tantalum, (Polarized, 


Sintered Slug Extended Range), 85° C (Voltage Derated to 125° C), 
Established Reliability, Style CLR81. 
MIL-HDBK-198 Capacitors, Selection and Use of. 

3. Definitions. This section not applicable to this guideline. 

4. General guidelines. 

4.1 Selection. Capacitors should be selected and applied in accordance with MIL-HDBK-198. 

4.2 Fixed, Tantalum Electrolytic. For Naval Air Systems Command, the use of wet slug tantalum capacitors 

(except tantalum cased units in accordance with MIL-PRF-39006/22 and MIL-PRF-39006/25) requires the approval of 


the procuring activity. Silver cased tantalum capacitors should not be used. 


5. Detail guidelines. This section not applicable to this guideline. 
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FLAMMABILITY 


1. Purpose. This guideline establishes criteria for the selection and application of materials with respect to 
flammability. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-202 Electronic and Electrical Component Parts. 

ASTM D 635 Standard Test Method for Rate of Burning and/or Extent and Time of Burning of Plastics in a 
Horizontal Position., 

ASTM D 1000 Standard Test Method for Pressure-Sensitive Adhesive-Coated Tapes Used for Electrical 
and Electronic Applications,. 

UL 94 UL Standard for Safety Test for Flammability of Plastic Materials for Parts in Devices and 
Appliances. 


3. Definitions. 


3.1 Flammability. Flammability is a complex characteristic which combines ease of ignition, surface flammability, 
heat contribution, smoke production, fire gasses, and fire endurance. Flammability is a function of chemical 
composition, physical configuration, temperature, availability of oxygen, and retardants or additives. 


4. General guidelines. 


4.1 Materials. Materials used in military equipment should, in the end item configuration, be noncombustible or 
fire retardant in the most hazardous conditions of atmosphere, pressure, and temperature to be expected in the 
application. Fire retardant additives may be used provided they do not adversely affect the specified performance 
guidelines of the basic materials. Fire retardance should not be achieved by use of non-permanent additives to the 
basic material. 


5. Detail quidelines. 


5.1 Flammability test. The test used to determine the flammability of material should be the test specified in the 
material specification. Since some materials may change state or characteristics relative to flammability during 
application, tests may be performed on the end item materials mixed/blended/saturated/impregnated/layered and 
processed to simulate the final configuration in the end equipment usage. 


5.2 Other flammability test. If the specification does not have such a test, testing should be in accordance with 
ASTM D635, ASTM D 1000, or MIL-STD-202, Method 111, as applicable. 


5.3 Other materials. Materials not covered by the above tests should be tested in accordance with a procedure 
approved by the procuring activity. UL 94 is a useful guide to develop test methods and offers a comparative scale to 
define degree of flammability. 
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FUNGUS-INERT MATERIALS 


1. Purpose. This guideline identifies those materials which are acceptable non-nutrients of fungus and 
establishes conditions under which fungus nutrient materials are acceptable. 


2. Applicable documents The documents listed below are not necessarily all of the documents referenced herein, 
but are those needed to understand the information provided by this handbook. 


MIL-T-152 Treatment, Moisture and Fungus Resistant, of Communications, Electronic, and 
Associated Electrical Equipment. 

MIL-STD-810 Environmental Engineering Considerations and Laboratory Tests. 

29 CFR PT1910 Code of Federal Regulations Title 29, Chapter XVII, Part 1910. 


3. Definitions. 


3.1 Fungus-inert material. A material which, in all modified states and grades, is not a nutrient to fungi. 


3.2 Fungicide. A substance that destroys or inhibits the growth of fungi. 


4. General guidelines. 


4.1 Preferred materials. Fungus-inert materials listed in group | of table 4-| are preferred for use. These 
materials need not be tested for fungus resistance prior to use. The appearance of a particular material in table 4-| 
does not constitute approval for its use except from the viewpoint of the resistance of the material to fungi. 


4.2 Acceptable materials. Those materials listed in group II of table 4-| may be used, provided it has been 
demonstrated that they meet the guidelines of 4.4. When materials are compounded with a permanently effective 
fungicide in order to meet the fungus test guideline, there should be no loss of the original electronic or physical 
properties required by the basic material specification. Fungicides containing mercury should not be used. 


4.3 Hermetically sealed applications. Fungus nutrient materials may be used untreated within hermetically sealed 
enclosures. 


4.4 Fungus testing. Table 1-I Group II materials should be subjected to the fungus test specified in method 508 
of MIL-STD-810 for a period of 28 days. Certification by a qualified laboratory or by the material producer, based on 
test data on record that the material meets grade O or grade 1 guidelines of table 508-1, method 508 of MIL-STD-810, 
is sufficient evidence of acceptability. 


4-1 


MIL-HDBK-454B 


GUIDELINE 4 


TABLE 4-l. Fungi susceptibility of materials. 


Group | - Fungus-inert materials 


(Fungus-inert in all modified states and grades) 


Acrylics Polyamide 1/ 

Acrylonitrile-styrene Polycarbonate 

Acrylonitrile-vinyl-chloride copolymer Polyester-glass fiber laminates 

Asbestos Polyethylene, high density (above 0.940) 

Ceramics Polyethylene terephthalate 

Chlorinated polyester Polyimide 

Fluorinated ethylenepropylene copolymer (FEP) Polymonochlorotrifluoroethylene 

Glass Polypropylene 

Metals Polystyrene 

Mica Polysulfone 

Plastic laminates: Polytetrafluoroethylene 
Silicone-glass fiber Polyvinylidene chloride 
Phenolic-nylon fiber Silicone resin 

Diallyl phthalate Siloxane-polyolefin polymer 

Polyacrylonitrile Siloxane polystyrene 


Group II - Fungus nutrient materials 
(May require treatment to attain fungus resistance) 


ABS (acrylonitrile-butadiene-styrene) Polyethylene, low and medium 
Acetal resins density (0.940 and below) 
Cellulose acetate Polymethyl methacrylate 
Cellulose acetate butyrate Polyurethane (the ester types 
Epoxy-glass fiber laminates are particularly susceptible) 
Epoxy-resin Polyricinoleates 

Lubricants Polyvinyl chloride 
Melamine-formaldehyde Polyvinyl chloride-acetate 
Organic polysulphides Polyvinyl fluoride 
Phenol-formaldehyde Rubbers, natural and synthetic 
Polydichlorostyrene Urea-formaldehyde 


1/ Literature shows that under certain conditions polyamides may be attacked by selective micro-organisms. 
However, for military applications, they are considered group I. 
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5. Detail Guidelines 


5.1 Process-related materials. Processing materials to be tested for fungus resistance in accordance with 4.4, 
such as paint, ink, coatings, adhesives, lubricants, viscous damping fluids, silicone grease, etc., should be prepared 
in the form of 50 mm squares or circles no more than 1.6 mm thick for testing. Liquid or paste materials should be 
prepared by impregnating to saturation a sterile sample of glass fabric. 


5.2 Parts treatment. When treatment of parts is required to form fungus-resistant materials, a Moisture and 
Fungus Proofing (MFP) varnish may be applied in accordance with MIL-T-152 after the part is cleaned. The MFP 
varnish should not be applied to any part where the treatment will interfere with performance. 


5.3 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer-producing substances (carcinogens). Before using any materials which might contain these chemicals, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. 
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SOLDERING 


1. Purpose. This guideline establishes the basis for soldering of electrical and electronic assemblies and non- 
electrical soldered connections. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


IPC/EIA J-STD-001 Requirements for Soldered Electrical and Electronic Assemblies. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines 


4.1 Soldering of electrical and electronic equipment. Electrical and electronic equipment should be assembled, 
soldered, and cleaned in accordance with the guidelines of IPC/EIA J-STD-001. 


4.2 Workmanship. Workmanship may be checked in accordance with IPC/EIA J-STD-001. 


5. Detail quidelines. This section not applicable to this guideline. 


If you had trouble with these problems, review this section 
before moving to metric weight units. 


4104. Metric Weight Units 


a. Definition. The basic metric unit for weight is the gram. 
The gram is defined as the weight of a cube of pure water at the 
temperature of melting ice. The cube is one-hundredth of a meter 
on each side. 


b. Weight table and terms. The prefixes discussed in paragraphs 
4102 and 4103 also apply to the metric weight unit, the gram. 
When the measurement is larger than the gram, the prefixes kilo, 
hecto, and deka are attached. If the measurement is smaller than 
the gram, the prefixes deci, centi, and milli are attached to the 
unit gram. 


Let's look at some of the most widely used terms. 


Table 4-3. Metric Weight Units 


Tonne (metric ton) (T) 
kilogram (kg) 
hectogram (hg) 
dekagram (dag) 


1,000,000 grams 
grams 
grams 
grams 
gram (basic 
grams 
grams 
grams 


gram (9) 
decigram (dg) 
centigram (cg) 
milligram (mg) 


tit tt tote a 


tou il 
i 
oo 
N 


= 
o 
Ww 


The term tonne (metric ton) or megagram is the expression used 
when weighing large or bulky amounts. For measures of weight, 
the terms gram, kilogram, and tonne are the only three usually 
employed in practice. The values of hectograms and dekagrams are 
normally expressed as kilograms. Decigrams, centigrams, and 
milligrams will usually be expressed in values of the gram. Our 
main concern will be with grams, kilograms, and tonnes 
(megagrams). Let's see how they operate. 


c. Operating within the metric weight units. The powers of ten 
or rules for decimals also apply when working within metric 


weight units. Changing from one unit to another unit is as easy 
as moving the decimal point. If the unit is larger than the 
gram, move the decimal to the left. When the unit is smaller 
than the gram, move the decimal point to the right. 
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BEARINGS 
1. Purpose. This guideline establishes criteria for the selection and application of bearings. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-B-8942 Bearings, Plain, TFE Lined, Self-Aligning. 

MIL-B-8943 Bearing, Journal - Plain and Flanged, TFE Lined. 

MIL-B-8948 Bearing, Plain, Rod End, TFE Lined, Self-Aligning. 

MIL-B-81793 Bearings, Ball, Annular, For Instruments and Precision Rotating Components. 
A-A-52401 Bearing, Sleeve (Steel-Backed). 

A-A-52414 Bearing, Roller, Thrust. 

SAE AS13341 Process for Barrier Coating of Anti-Friction Bearings. 

SAE AS81934 _ Bearings, Sleeve, Plain and Flanged, Self-Lubricating. 

SAE AS81936 Bearings, Plain, Self-Aligning (CuBe Ball, CRES Race), General Specification for. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Selection and application. Bearings best suited to meet the physical, functional, environmental, and service 
life guidelines of the application should be selected from those conforming to one or more of the specifications listed 
below. Replacement of the bearing should be possible without use of special tools, unless such provisions would 
adversely affect the proper functioning or service life of the bearing. 


MIL-B-81793 A-A-52414 SAE AS 13341 
MIL-B-8942 A-A-52401 SAE AS 81934 
MIL-B-8943 SAE AS 81936 
MIL-B-8948 


4.2 Lubricant. Adequate lubricant should be provided either within the bearing or externally in the form of oil 
reservoirs or grease relubrication facilities, except as noted in 4.3. Where lubricant replenishment is required, 
precaution should be taken to prevent purged or lost lubricant from entering, and adversely affecting, the operation of 
the electronic equipment. Where bearings coated with preservative are installed in closed housings, the preservatives 
should be compatible with the lubricant used in the assembly. 


4.3 Unlubricated bearings. Unlubricated bearings or bushings may be used only in applications where the 
presence of a lubricant would be undesirable or detrimental and the functional, environmental, and service life 
guidelines can be met in this condition. 


4.4 Barrier coating. Bearings requiring a barrier coating should be coated in accordance with SAE AS13341. 


4.5 Seals and shields. All rolling element bearings should be adequately protected by seals or shields on the 
bearing or installed in housings which provide adequate shielding to prevent foreign matter from entering the bearing. 


4.6 Electrical grounding. Ball and roller bearings used for rotating electrically energized equipment should be 
electrically shunted to avoid current flow through the bearings. 


4.7 Alignment. Bearings should be located to ensure proper shaft alignment and support. 


5. Detail guidelines. 


5.1 Self-lubricating bearings. Permanently lubricated bearings or bushings of plastic, metallic-plastic 
combinations, or all metallic materials, with or without dry film lubricants, may be used provided wear products 
produced during operation will not cause or contribute to failure of the electronic equipment or bearings. 
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5.2 Unlubricated bearings. For selection of low friction, long life, unlubricated bearings refer to MIL-B-8942, MIL- 
B-8943, and MIL-B-8948. 
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INTERCHANGEABILITY 


1. Purpose. This guideline establishes design criteria to ensure the interchangeability of parts, subassemblies, 
and assemblies. 


2. Applicable documents The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-505 Definitions of Item Levels, Item Exchangeability, Models, and Related Terms. 
MIL-HDBK-1547 Electronic Parts, Materials, and Processes for Space and Launch Vehicles. 


3. Definitions. 


3.1 Assembly, interchangeable item, part, subassembly, and substitute item. The terms assembly, 
interchangeable item, part, subassembly, and substitute item are defined in MIL-HDBK-505. 


3.2 Standard parts. For Air Force space and launch vehicles, standard parts are as described in MIL-HDBK-1547. 
For all other equipments, standard parts are defined in the applicable general specification or contract. 


4. General quidelines. 


4.1 Design tolerances. Design tolerances should permit parts, subassemblies, and assemblies to be used in their 
parent assemblies without regard to the source of supply or manufacturer. Parts, subassemblies, and assemblies 
having the full range of dimensions and characteristics permitted by the specification governing the part, 
subassembly, or assembly should be usable as replacement items without selection and without departure from the 
specified performance guidelines of the parent items. 


4.2 Parts and materials. When permission is granted to use a nonstandard part or material because the existing 
standard part or material is not available, the equipment should be so designed that the nonstandard part or material 
and the standard part or material are interchangeable. When the specification for the part or material contains 
substitutability or suppression information, the design should permit the substitute, or superseding parts, or materials 
to be used interchangeably. 


5. Detail quidelines. This section not applicable to this guideline. 


7-1 


This page intentionally left blank. 


MIL-HDBK-454B 


GUIDELINE 8 
ELECTRICAL OVERLOAD PROTECTION 
1. Purpose. This guideline establishes the criteria and philosophy for electrical overload protection. 


2. Applicable documents The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-505 Definitions of Item Levels, Item Exchangeability, Models, and Related Terms. 
NFPA 70 National Electrical Code. 


3. Definitions. 
3.1 Class 1 equipment. Ground and shipboard, including test and check-out ground equipment. 


3.2 Class 2 equipment. Manned aerospace equipment. 


3.3 Class 3 equipment. Unmanned aerospace equipment. 


4. General guidelines. The guidelines specified herein should apply only to equipment and systems as defined 
in MIL-HDBK-505 for Class 1 and Class 2 equipment. 


4.1 Protection for Class 1 equipment. 


4.1.1 Current overload protection. Current overload protection should be provided for primary circuits. Devices 
such as fuses, circuit breakers, time delays, cutouts, or solid-state current-interruption devices should be used to 
open a circuit whenever an overload condition occurs. No overcurrent protective device should be connected in 
series with any conductor which is grounded at the power source unless the device simultaneously opens all load 
conductors in the circuit and no pole operates independently, or as otherwise allowed by the “National Electrical 
Code”, NFPA 70. Protective devices for wired-in equipment should be connected to the load side of the equipment 
power switch (main circuit power disconnect). For portable equipment, a separable connector or the attachment plug 
and receptacle should serve as the main circuit power disconnect and the protective device may be on either the line 
side or the load side of the equipment on-off switch. 


4.1.2 Fuses. Where fuses are used, at least one extra fuse of each type and rating used should be supplied and 
attached to the applicable units of the equipment. Panel-mounted fuse posts should be such as to permit renewal of 
fuses without use of tools. 


4.1.3 Circuit breakers. Circuit breakers should give a visual indication when tripped. Holding the switching device 
closed on an overload should not prevent tripping of the breaker. Multi-pole circuit breakers should be used for 
three-phase equipment and should disconnect all phases if an overload occurs in any one phase. Circuit breakers 
should not be used as switches unless such breakers have been specifically designed and tested for that type 
service. 


4.2 Protection for Class 2 equipment. 


4.2.1 Current overload protection. Current overload protection for the equipment should be provided by fuses or 
circuit breakers. Circuit breakers should not be used as switches unless such breakers have been specifically 
designed and tested for that type service. 


4.2.2 Spare fuses. When fuses are used, a minimum of one spare fuse for each size and rating, but a quantity of 
not less than 10 percent of the total, should be incorporated in the equipment and should be contained in the same 
compartment. 


4.3 Protection for Class 3 equipment. Electrical overload protection should not be provided in individual boxes or 
systems receiving power. 
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5. Detail quidelines. 


5.1 Location. Overload protection for the equipment should be provided therein. For Class 1 and Class 2 
equipment, all protective devices employed in the equipment should be in a readily accessible, safe location. 


5.2 Resettable circuit protectors. Circuit breakers, or other resettable devices, should be used to protect critical 
circuits, or where predictable overloads or surges occur because of peculiar equipment functions or operator effects 
which are unavoidable. 
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WORKMANSHIP 


1. Purpose. This guideline establishes the acceptable workmanship criteria for electronic equipment. This 
guideline will define workmanship guidelines not normally covered in subsidiary specifications or drawings. 


2. Applicable documents This section not applicable to this guideline. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1Cleaning. After fabrication, parts and assembled equipment should be cleaned of smudges; loose, spattered, 
or excess solder; weld metal; metal chips and mold release agents; or any other foreign material which might detract 
from the intended operation, function, or appearance of the equipment. 


4.2 Threaded parts or devices. Screws, nuts, and bolts should show no evidence of cross threading, mutilation, or 
detrimental or hazardous burrs, and should be firmly secured. 


4.3 Bearing assemblies. Bearing assemblies should be free of rust, discoloration, and imperfections of ground, 
honed, or lapped surfaces. Contacting surfaces should be free of tool marks, gouge marks, nicks, or other surface- 
type defects. There should be no detrimental interference, binding, or galling. 


4.4 Wiring. Wires and cables should be positioned or protected to avoid contact with rough or irregular surfaces 
and sharp edges and to avoid damage to conductors or adjacent parts. 


4.5 Shielding. Shielding on wires and cables should be secured in a manner that will prevent it from contacting or 
shorting exposed current-carrying parts. The ends of the shielding or braid should be secured to prevent fraying. 


5. Detail quidelines. 


5.1Containment. The harness and cable form containment means should be neat in appearance, uniformly 
applied, and positioned to retain critical form factors and breakout locations. The containment means, (lacing, ties, 
tiedown straps, etc.) should not cause the wire or cable insulation to deform so that performance characteristics are 
adversely affected. 


5.2 Insulation. There should be no evidence of burns, abrading, or pinch marks in the insulation that could cause 
short circuits or leakage. 


5.3Clearance. The clearance between wires or cables and heat generating parts should be sufficient to minimize 
deterioration of the wires or cables. 
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ELECTRICAL CONNECTORS 


1. Purpose. This guideline establishes criteria for the selection and application of electrical connectors. 


2. Applicable documents The documents listed below are not necessarily all of the documents referenced herein, 


MIL-J-641 
MIL-P-642 
MIL-DTL-5015 
MIL-DTL-21097 
MIL-DTL-21617 
MIL-DTL-22992 
MIL-DTL-24308 
MIL-DTL-26518 
MIL-DTL-28748 


MIL-C-28754 
MIL-DTL-28804 


MIL-C-29600 


MIL-DTL-32139 
MIL-PRF-31031 
MIL-DTL-38999 
MIL-PRF-39012 
MIL-DTL-39024 
MIL-PRF-49142 
MIL-DTL-55116 
MIL-DTL-55181 


MIL-DTL-55302 
MIL-PRF-55339 


MIL-C-81659 
MIL-DTL-83503 


MIL-DTL-83513 


MIL-DTL-83517 


MIL-DTL-83723 


MIL-DTL-83733 


EIA RS 297 


but are those needed to understand the information provided by this handbook. 


Jacks, Telephone, General Specification for. 

Plugs, Telephone, and Accessory Screws, General Specification for. 

Connectors, Electrical, Circular Threaded, AN Type, General Specification for. 
Connectors, Electrical, Printed Wiring Board, General Purpose, General Specification for. 
Connectors, Plug and Receptacle, Electrical, Rectangular, Polarized Shell, Miniature 
Type, General Specification for. 

Connectors, Plugs and Receptacles, Electrical, Waterproof, Quick Disconnect, Heavy Duty 
Type, General Specification for. 

Connectors, Electrical, Rectangular, Nonenvironmental, Miniature, Polarized Shell, Rack 
and Panel, General Specification for. 

Connectors, Electrical, Miniature, Rack and Panel, Environment Resistant, 200 Degrees C 
Ambient Temperature, General Specification for. 

Connector, Plug and Receptacle, Rectangular, Rack and Panel Solder Type and Crimp 
Type Contacts, General Specification for. 

Connectors, Electrical, Modular, and Component Parts, General Specification for. 
Connectors, Plug and Receptacle, Electric, Rectangular, High Density, Polarization Center 
Jackscrew, General Specification for. 

Connector, Electrical, Circular, Miniature, Composite, High Density, Quick Coupling, 
Environment Resistant, Removable Crimp Contacts Associated Hardware, General 
Specifications for. 

Connectors, Electrical, Rectangular, Nanominiature, Polarized Shell, General Specification 
for. 

Connectors, Electrical, Plugs and Receptacles, Coaxial, Radio Frequency, High Reliability, 
For Flexible and Semirigid Cables, General Specification for. 

Connector, Electrical, Circular, Miniature, High Density, Quick Disconnect (Bayonet, 
Threaded, and Breech Coupling), Environment Resistant, Removable Crimp and Hermetic 
Solder Contacts, General Specification for. 

Connectors, Coaxial, Radio Frequency, General Specification for. 

Jack, Tip (Test Point, Panel or Printed Wiring Type), General Specification for. 

Connector, Triaxial, Radio Frequency, General Specification for. 

Connector, Miniature Audio, Five-Pin and Six-Pin, General Specification for. 

Connectors, Plug and Receptacle, Intermediate Power (Electrical, Waterproof), Type MW, 
General Specification for. 

Connectors, Printed Circuit Subassembly and Accessories 

Adapters, Connectors, Coaxial, Radio Frequency (Between Series and Within Series) 
General Specification for. 

Connectors, Electrical Rectangular, Crimp Contacts, General Specification for. 
Connectors, Electrical, Flat Cable, and/or Printed Wiring Board, Nonenvironmental, 
General Specification for. 

Connectors, Electrical, Rectangular, Microminiature, Polarized Shell, General Specification 
for. 

Connector, Coaxial, Radio Frequency for Coaxial, Strip or Microstrip Transmission Line, 
General Specification for. 

Connector, Electrical (Circular, Environment Resisting), Receptacles and Plugs, General 
Specification for. 

Connectors, Electrical Miniature, Rectangular Type, Rack to Panel, Environment 
Resisting, 200°C Total Continuous Operating Temperature, General Specification for. 
Cable Connectors for Audio Facilities for Radio Broadcasting 
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(1) To change grams to kilograms, move the decimal point 
three places to the left. 


Example: 
9,754 grams = 9.754 kilograms. 


(2) To change kilograms to tonnes (megagrams), move the 
decimal point three places to the left. 


Example: 
11,300 kilograms = 11.3 tonnes. 


(3) To change tonnes to kilograms, move the decimal point 
three places to the right. 


Example: 
5.75 tonnes = 5,750 kilograms. 


Let's take a look at another example of a weight and follow 
it through from tonnes (megagrams) to grams. 


Example: 
500 kilograms 


5,000 hectograms 
50,000 dekagrams 
500,000 grams 


-5 tonne 


Ieu we dl 


Here is another example working in the opposite direction. 


Example: 

1,550,000 grams 155,000 dekagrams 
15,500 hectograms 
1,550 kilograms 


1.55 tonnes 


Now let's try a couple of word problems. 


The payload of the M923 (5 ton truck) is 9,080 kilograms. 
How many grams will the M923 carry? If you said 
9,080,000, you're correct. Remember, to change kilograms 
to grams, move the decimal point three places to the 
right. 
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3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Selection. Intended use information contained in the individual connector specifications should be considered 
prior to making connector selections. Contact crimp, installing and removal tools should be in accordance with the 
individual connector specifications. However, contractors may use tooling as recommended by the contact or tooling 
manufacturer provided that the finished crimp meets all of the performance guidelines of the contact and connector 
specification. The variety of these tools required within a system should be kept to a minimum. Maintenance 
instructions and other data supplied by the contractor should list the military standard tools and contacts. 


4.2 Audio frequency and communication connectors, special purpose. Connectors conforming to MIL-DTL-55116 
should be used in audio frequency applications, such as head sets and chest sets, excluding pilots' helmets. For low 
level, three wire and audio input circuits in fixed plant non-tactical sound equipment, connectors conforming to EIA RS 
297 should be used. 


4.3 Connectors with thermocouple contacts. All connectors used in conjunction with thermocouples should have 
their contact materials identified by one of the following methods: 


a. Nameplate securely attached to each connector half or mounted on the panel-mounted receptacles. 
b. Insulation sleeving, or other markers, designed for attachment around wire bundles. Markers should be 


attached adjacent to the plug. Contact materials should be identified with abbreviations in accordance with 
table 10-I. 


TABLE 10-I. Abbreviations for thermocouple materials. 


Chromel Gold 

Alumel Cobalt 

Iron Tungsten Rhenium 
Constantan Tungsten 


Copper Iridium 
Platinum Rhodium 
Platinum Rhodium Iridium Rhodium 
Rhenium Molybdenum 


4.4 Heavy duty connectors. 


4.4.1 Power connectors (40 to 200 amperes). All power connectors for any ground application should conform to 
MIL-DTL-22992 and should be used with heavy duty jacketed cable as specified on the insert standards. 
Intermediate power connectors should conform to MIL-DTL-55181. 


4.4.2 General purpose and shipboard. Connectors for general purpose heavy duty applications and shipboard 
power applications should conform to MIL-DTL-22992. Connectors used for external applications should be 
pressurized and waterproof in the mated and unmated condition in accordance with the guidelines of classes C or L. 
Connectors used internally (within a protective enclosure such as a shelter) may be in accordance with class R 
provided waterproofing or pressurization is not a guideline for the application. 


4.5 General utility connectors. Polarized connectors are the preferred styles and should be used where automatic 
grounding will be provided to ensure safety to equipment and personnel. 


10-2 


MIL-HDBK-454B 


GUIDELINE 10 


4.6 Plugs and jacks (telephone type). Telephone type jacks and plugs should conform to MIL-J-641 and 
MIL-P-642. 


4.7 Test jacks. Test jacks should conform toMIL-DTL-39024. Jacks or receptacles for use as RF test points 
should be selected in accordance with 4.8. 


4.8 REconnectors. RF connectors should conform to MIL-PRF-39012. Adapters used with RF connectors 
should conform to MIL-PRF-55339. Connectors meeting High-Reliability requirements should conform to MIL-PRF- 
31031. Triaxial RF connectors should conform to MIL-PRF-49142. 


4.9 Connectors for printed wiring. Printed circuit connectors should conform to MIL-DTL-21097 and MIL-DTL- 
55302. 


4.10 Connector wiring. Multiple conductors may terminate in a contact provided the sum of the cross sectional 
areas of the conductors does not exceed the maximum cross sectional area for which the contact is rated. Not more 
than one wire should be routed through any hole in the grommet of an environmentally sealed connector. 


4.11 Extra contacts. The following information is applicable to all articles of equipment, except those in which it is 
unlikely that additional circuits will be required. 


4.11.1 Quantity and location. Unused connector contacts, or contact positions for external circuits, should be 
provided for future use and should be located on the periphery (outer contacts) of the connector. The minimum 
quantity should be as specified below: 


Total number of used Unused contacts or contact 
contacts in connector positions required (min) 

1 through 3 1 (optional) 

4 through 25 2 

26 through 100 4 

101 and over 6 


4.11.2 Extra connectors. An extra connector should not be used to meet this guideline without the approval of 
the procuring activity. 


4.11.3 Size and rating of extra contacts. The size and rating of extra contacts should be compatible with other 
contacts within the connectors. 


4.11.4 Crimp contact connectors. When crimp contact environmentally sealed connectors are used, all contact 
positions should be filled with contacts. Crimp connectors should conform to MIL-C-81659. 


4.11.5 Sealing plugs. Sealing plugs should be inserted in the grommet holes of unused contacts in 
environmentally sealed connectors. 


4.11.6 Potted connectors. For potted connectors, each unused contact should have a maximum gauge wire of 
150 mm minimum length attached and identified with the contact designation for future use. For connectors external 
to the unit, the wire end should be suitably capped to prevent moisture from entering the connector. 


4.12 Protective measures. All unmated connectors should be protected with metal or plastic caps or otherwise 
suitably protected during maintenance, storage, and shipment. Protective caps specified by military specifications or 
military standards and designed for mating with specific connectors should be used. Unmated connectors which may 
contain electrically "hot" circuits while in environmentally hazardous areas should be covered with moisture proof and 
vapor proof caps. Connectors on enclosed cabinet mounted equipment need not be provided with protective caps 
unless an environmental hazard exists. 
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4.13 Connectors for round conductor flat cable. Connectors for use with flexible round conductor flat cable should 
conform to MIL-DTL-83503. 


4.14 Fireproof connectors. Fireproof and firewall connectors should be class K and should conform to MIL-DTL- 
83723, MIL-DTL-38999, or MIL-DTL-5015. Where it is necessary to maintain electrical continuity for a limited time 
under continuous flame, both the receptacle and mating plug should be class K. If flame integrity only is necessary 
without the need for electrical continuity, a class K receptacle should be used, but the mating plug may be of any type 
and class. In all cases, the plug and receptacle should be environment resisting. 


4.15 Filter pin connectors. Electrical connectors incorporating filter pins should be considered for use only when 
conventional electrical filters are not acceptable. 


4.16 Composite connectors. Miniature composite environment resisting connectors should conform to 
MIL-C-29600 or MIL-DTL-38999. 


4.17 Rack and panel connectors. Rack and panel connectors should conform to MIL-DTL-24308, MIL-DTL- 
26518, MIL-DTL-28748, and MIL-DTL-83733. 


4.18 Miniature type connectors. Miniature type connectors should conform to MIL-DTL-21617, MIL-DTL-32139, 
and MIL-DTL-83513. 


4.19 Modular component parts. Modular and component parts should conform to MIL-C-28754. 
4.20 High density connectors. High density connectors should conform to MIL-DTL-28804 and MIL-DTL-38999. 


5. Detail guidelines. This section not applicable to this guideline. 
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INSULATING MATERIALS, ELECTRICAL 
1. Purpose. This guideline establishes criteria for the selection and application of electrical insulating materials. 
Insulating materials used for encapsulation and embedment (potting) and for conformal coating are excluded from this 


guideline. 


2. Applicable documents The documents listed below are not necessarily all of the documents referenced herein, 
but are those needed to understand the information provided by this handbook. 


L-P-516 Plastic Sheet and Plastic Rod, Thermosetting, Cast. 

MIL-I-631 Insulation, Electrical, Synthetic-Resin Composition, Nonrigid. 

MIL-I-3158 Insulation Tape, Electrical Glass-Fiber (Resin-Filled): and Cord, Fibrous-Glass. 
MIL-I-3190 Insulation Sleeving, Electrical, Flexible, Coated, General Specification for. 
MIL-I-17205 Insulation Cloth and Tape, Electrical, Glass Fiber, Varnished. 

MIL-I-19166 Insulation Tape, Electrical, High-Temperature, Glass Fiber, Pressure-Sensitive. 
MIL-I-22076 Insulation Tubing, Electrical, Nonrigid, Vinyl, Very Low Temperature Grade. 
MIL-I-22129 Insulation Tubing, Electrical, Polytetrafluoroethylene Resin, Nonrigid. 
MIL-I-23264 Insulators, Ceramic, Electrical and Electronic, General Specification for. 
MIL-I-24092 Insulating Varnishes and Solventless Resins for Application by the Dip Process. 
MIL-I-24391 Insulation Tape, Electrical, Plastic, Pressure-Sensitive. 

MIL-I-24768/2 Insulation, Plastics, Laminated, Thermosetting, Glass Cloth, Epoxy-Resin (GEE). 
MIL-I-24768/3 Insulation, Plastics, Laminated, Thermosetting, Glass Cloth, Epoxy-Resin (GEB). 
A-A-59770 Insulation Tape, Electrical, Pressure Sensitive Adhesive and Pressure Sensitive 


Thermosetting Adhesive. 
SAE AMS 3638 Tubing, Irradiated Polyolefin Plastic, Electrical Insulation Pigmented, Semi-Rigid, 
Heat-Shrinkable, 2 to 1 Shrink Ratio. 
SAE AMS 3653 Tubing, Electrical Insulation Standard Wall, Extruded Polytetrafluoroethylene (PTFE). 
SAE AMS 3654 Tubing, Electrical Insulation Light Wall, Extruded Polytetrafluoroethylene (PTFE). 
SAE AMS 3655 Tubing, Electrical Insulation Thin Wall, Extruded Polytetrafluoroethylene (PTFE). 


ASTM D 3295 Standard Specification for PTFE Tubing, Minature Beading and Sprial Cut Tubing. 

ASTM D 4388 Standard Specification for Nonmetallic Semi-Conducting and Electrically Insulating Rubber 
Tapes. 

29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 

NEMA FI 3 Calendered Aramid Papers Used for Electrical Insulation. 

NEMA RE 2 Electrical Insulating Varnish. 

SAE AS 81765 Insulating Components, Molded, Electrical, Heat Shrinkable, General Specification For. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Ceramics. Ceramic insulators should conform to MIL-I-23264. 


4.2 Electrical tape. Tape should be selected from the types in MIL-I-3158, A-A-59770, MIL-I-17205, MIL-I-19166, 
MIL-I-24391, and ASTM D 4388. 


4.3 Sleeving and tubing. Sleeving and tubing should conform to MIL-I-631, MIL-I-3190, MIL-I-22076, MIL-I- 
22129, SAE AMS 3638, SAE AMS 3653, SAE AMS 3654, SAE AMS 3655, or ASTM D 3295. MIL-I-631 should also 
apply to film, film tape, and sheet and sheet tape forms of insulation. 


4.4 Plastic, thermosetting, cast. When used for electrical insulation, parts fabricated from cast thermosetting 
plastic materials should be in accordance with L-P-516. 


4.5 Plastic, thermosetting, laminated. Materials selected should conform to MIL-I-24768/2 and MIL-I-24768/3 or 
NEMA FI 3. The preferred base is glass cloth. Electrical insulators fabricated from laminated thermosetting-plastic 
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sheets, plates, rods, and tubes (except transparent plastics) should be treated after all machining and punching 
operations with a suitable moisture barrier unless the plastic has a moisture absorption of 1.0 percent or less, or is 
used in a hermetically sealed container. 

4.6 Plastic, thermosetting, molded. Molded parts which undergo subsequent machining should be vacuum 
impregnated with a suitable moisture barrier material and dried after all surface-breaking operations have been 
completed. Cotton and linen should not be used as filler material in any electrical insulator. Materials having 
moisture absorption of 1.0 percent or less, and those used in hermetically sealed containers, need not be 
impregnated. 

4.7 Varnish, electrical insulating. Insulating varnish should conform to NEMA RE 2 or MIL-I-24092. 


4.8 Heat shrinkable insulators. For applications requiring heat shrinkable insulators other than sleeving, such as 
strain relief boots or enclosure feed throughs, the material should conform to SAE AS81765. 


4.9 Polyvinyl chloride. Polyvinyl chloride insulating materials should not be used in aerospace applications. Their 
use in other applications requires procuring activity approval. 


5. Detail guidelines. 


5.1 Selection criteria. Insulating materials should be selected based upon meeting or exceeding application 
guidelines, such as: 


a. Temperature endurance. 

b. Moisture absorption and penetration. 
c. Fungus resistance. 

d. Dielectric strength. 

e. Dielectric constant. 

f. Mechanical strength. 

g. Dissipation factor. 

h. Ozone resistance. 

i. Flammability. 

5.2 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer-producing substances (carcinogens). Before using any materials which might contain these chemicals, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. Consideration of hazards should address all stages of the equipment lifecycle from 


fabrication to assembly, to installation, use maintenance, and decomposition during failure analysis and 
troubleshooting. 
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FASTENER HARDWARE 


1. Purpose. This guideline establishes criteria for the selection and application of fastener hardware. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced herein, 


FF-N-836 
FF-R-556 


FF-S-85 
FF-S-86 
FF-S-92 
FF-S-200 
FF-S-210 
FF-W-84 
FF-W-92 
FF-W-100 
MIL-DTL-1222 


MIL-R-7885 


MIL-DTL-18240 
MIL-R-24243 
A-A-59313 
AIA/NAS 498 
AIA/NAS 547 
AIA/NAS 1686 
AIA/NAS 1687 
AIA/NASM5591 
AIA/NASM5674 
AIA/NASM6812 
AIA/NASM7838 
AIA/NASM8814 
AIA/NASM8831 


AIA/NASM22978 
AIA/NASM25027 
AIA/NASM27384 
AIA/NASM33522 


AIA/NASM33540 
AIA/NASM33557 
FED-STD-H28/2 


ASME B1.1 
ASME B1.13M 
ASME B18.2.1 
ASME B18.3 
ASME B18.6.3 
ASME B18.6.7M 
ASME B18.21.1 
ASME B18.22.1 
ASME B18.24 
ASME B18.29.1 
ASTM A 325 


but are those needed to understand the information provided by this handbook. 


Nut: Square, Hexagon, Cap, Slotted, Castle, Knurled, Welding and Single Ball Seat. 
Rivet, Solid, Small; Rivet, Split, Small; Rivet Tubular, Small; Flat Washer (Burr); and Cap, 
Rivet; General Purpose. 

Screw, Cap, Slotted and Hexagon Head. 

Screw, Cap, Socket-Head. 

Screw, Machine, Slotted, Cross-Recessed or Hexagon Head. 

Setscrews: Hexagon Socket and Spline Socket, Headless. 

Setscrews: Square Head (Inch) and Slotted Headless (Inch and Metric). 

Washers, Lock (Spring). 

Washer, Flat (Plain). 

Washer, Lock, (Tooth). 

Studs, Bolts, Screws and Nuts for Applications Where A High Degree of Reliability is 
Required; General Specification for. 

Rivets, Blind, Structural, Mechanically Locked Spindle and Friction Locked Spindle, 
General Specification for. 

Fastener Element, Self-Locking, Threaded Fastener, 250 Deg. F Maximum. 

Rivets, Blind, Nonstructural, Retained Mandrel, General Specification for. 

Thread, Compound; Antiseize, Zinc Dust-Petrolatum. 

Fasteners, Alloy Steel Externally Threaded, 95 KSI Fsu, 450 Degrees F. 

Fastener; Rotary, Quick-Operating, High Strength. 

Rivet, Blind, Aluminum Sleeve, Mechanically Locked Spindle, Bulbed. 

Rivet, Blind, Monel and Inconel Sleeve, Mechanically Locked Spindle, Bulbed. 
Fasteners, Panel; Nonstructural. 

Rivets, Structural, Aluminum Alloy, Titanium Columbium Alloy, General Specification for. 
Fasteners, Externally Threaded Alloy Steel Corrosion Resistant Steel. 

Bolt, Internal Wrenching, 160 KSI FTU. 

Rivets, Blind, Nonstructural Type. 

Fasteners, Alloy Steel, 450 Degrees F Externally Threaded, 180 KSI Ftu, 108 KSI Fsu, 
Fatigue Rated. 

Fastener, Rotary, Quick-Operating, High-Strength. 

Nut, Self-Locking 250 Degrees F, 450 Degrees F, and 800 Degrees F. 

Rivet, Blind, Drive Type. 

Rivets, Blind, Structural, Mechanically Locked and Friction Retainer Spindle, (Reliability 
and Maintainability), Design and Construction Requirements for. 

Safety Wiring, Safety Cabling, Cotter Pinning, General Practices for. 

Nonstructural Rivets for Blind Attachment; Limitations for Design and Usage. 
Screw-Thread Standards for Federal Services, Section 2 Unified Inch Screw Threads - UN 
and UNR Thread Forms. 

Unified Inch Screw Threads (UN and UNR Thread Form). 

Metric Screw Threads: M Profile. 

Square and Hex Bolts and Screws (Inch Series). 

Socket Cap, Shoulder, and Set Screws, Hex and Spline Keys (Inch Series). 

Machine Screws and Machine Screw Nuts. 

Metric Machine Screws. 

Lock Washers (Inch Series). 

Plain Washers. 

Part Identifying Number (PIN) Code System Standard for B18 Fastener Products. 
Helical Coil Screw Thread Inserts — Free Running and Screw Locking (Inch Series). 
Structural Bolts, Steel, Heat Treated, 120/105 ksi Minimum Tensile Strength . 
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ASTM A 354 Quenched and Tempered Alloy Steel Bolts, Studs, and Other Externally Threaded 
Fasteners. 

ASTM A 449 Standard Specification for Quenched and Tempered Steel Bolts and Studs. 

ASTM A 490 Standard Specification for Structural Bolts, Alloy Steel, Heat Treated, 150 ksi Minimum 
Tensile Strength. 

ASTM D5363 Anaerobic Single-Component Adhesives (AN). 

SAE AS 8879 Screw Threads - UNJ Profile, Inch Controlled Radius Root with Increased Minor Diameter. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 
4.1 Threaded fasteners and related parts. 


4.1.1 Threaded fasteners. ASME B18 Commercial/Industrial fastener standards covering inch and metric 
externally threaded, internally threaded, and non-threaded fastener products should be specified in conformance with 
ASME B18.24 “Part Identifying Number (PIN) Code System Standard” for B18 Fastener Products. 


4.1.2 Screw threads. Screw thread selection should be based on the using applications in accordance with the 
following. 


a. Screw threads should be in accordance with FED-STD-H28/2, ASME B1.1, or ASME B1.13M in 
applications where the threaded fasteners are required to mate with or mount threaded commercial 
equipment or devices. 

b. Screw threads should be in accordance with SAE AS 8879 for applications requiring high strength or high 
fatigue life. (Caution should be exercised where a SAE AS 8879 UNJ external thread fastener is used due 
to its incompatibility with the commonly used UNC, UNF or UNEF threaded nut or tapped hole.) 

c. Screw thread sizes and series for general usage should be selected in accordance with SAE AS 8879. 

4.1.3 Screws. Screws should conform to the specifications listed below. 
a. Machine screws should conform to FF-S-92, ASME B18.6.3, or ASME B18.6.7M. 
b. Cap screws should conform to FF-S-85, FF-S-86, or ASME B18.2.1. 
c. Set-screws should conform to FF-S-200, FF-S-210, or ASME B18.3. 


d. Self-locking screws should conform to MIL-DTL-18240. Fiber inserts should not be used as the locking 
device. 


4.1.4 Bolts. Bolts should conform to the specifications listed below. 
a. Hex bolts should conform to one of the following specifications: 
ASME B18.2.1 ASTMA 325 ASTM A 490. 
ASTM A 449 ASTM A 354 
b. Bolt studs should conform to MIL-DTL-1222. 
c. Aircraft bolts should conform to MIL-B-6812. 


d. Internal wrenching bolts should conform to MIL-B-7838. 


e. High tensile strength bolts should conform to NASM-8831. 
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f. Shear bolts should conform to NAS498. 

4.1.5 Nuts. Nuts should conform to the specifications listed below. 
a. General purpose nuts should conform to FF-N-836. 
b. High temperature nuts should conform to MIL-DTL-1222. 
c. Self-locking nuts should conform to NASM25027. 


4.1.5.1 Sheet spring nuts. Sheet spring nuts should not be used without specific approval of the procuring 
agency. 


4.1.6 Safety wiring and cotter pins. Application of safety wiring and cotter pins should conform to NASM33540. 


4.1.7 Quarter turn fasteners. Quarter turn fasteners should conform to NASM5591. 


4.1.8 Rotary quick operating high strength fasteners. Rotary quick operating high strength fasteners should 
conform to NASM22978 or NAS 547. 


4.1.9. Lock washers. Lock washers should conform to the specifications listed below. 
a. Spring lock washers should conform to FF-W-84 or ASME B18.21.1. 
b. Tooth lock washers should conform to FF-W-100 or ASME B18.21.1. 

4.1.10 Flat washers. Flat washers should conform to FF-W-92 or ASME B18.22.1. 


4.1.11 Thread-locking and retaining compounds. Thread-locking and retaining compounds should conform to 
ASTM D 5363. 


4.1.12 Antiseize compounds. Antiseize compounds should conform to A-A-59313. 
4.1.13 Helical coil. Helical coil screw thread Inserts should conform to ASME B18.29.1. 
4.2 Rivets. 
4.2.1 Nonstructural rivets. Nonstructural rivets should conform to the following. 
a. Small solid, split, tubular, and general purpose rivets should conform to FF-R-556. 
b. Nonstructural blind rivets should conform to NASM8814. 
c. Blind, nonstructural, retained mandrel type rivets should conform to MIL-R-24243. 
4.2.2 Structural rivets. Structural rivets should conform to the following: 
a. Aluminum and Aluminum Alloy solid rivets should conform to NASM 5674. 
b. Structural, blind, pull-stem rivets should conform to MIL-R-7885, NAS 1686, or NAS 1687. 


c. Blind, drive type rivets should conform to NASM27384. 
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5. Detail guidelines. 


5.1 Threaded fasteners. 


5.1.1 Fastening of soft materials to soft materials. The mounting or assembly of parts made of soft materials to 
soft materials should be accomplished by one of the following methods: 


a. A through-screw or bolt secured by a self-locking nut. or plain nut, with a lockwasher. 


b. A through-screw or bolt secured by a plain nut with a thread locking compound applied to the threads of 
the screw or bolt and nut. 


c. Ascrew or bolt in a threaded device such as a threaded bushing; a staked, clinched or pressed-in nut; or 
a threaded insert. The bushing, nut, or insert should be secured to, or should be installed in, the parent 
structure in accordance with the applicable procedures. The engaged length of threaded inserts in the 
parent material should be at least one and a half times the nominal diameter of the internal thread. 
Where the material thickness is insufficient to accommodate a one and a half times thread diameter 
insert, a shorter insert may be used in applications where maximum strength is not of primary 
importance; or a solid threaded bushing (which provides equal strength with less length because of the 
greater outside diameter of the bushing) should be used. When the screw or bolt is to be installed in an 
aluminum alloy part, the aluminum alloy part should be provided with threaded inserts of corrosion 
resistant steel or other suitable materials. When the screw or bolt is to be installed in a plastic material 
part, the plastic part should be provided with threaded inserts. If lock washers or self-locking threaded 
inserts are not used, a thread-locking compound in accordance with 4.1.11 should be applied to the 
threads of the screw or bolt. 


d. A screw or bolt in a tapped hole, with a thread-locking compound in accordance with 4.1.11 applied to the 
threads of the screw or bolt. 


e. A stud in a tapped hole. Self-locking nuts should be avoided on stud-mounted components, unless the 
stud material is compatible with the strength and material of the nut used. 


5.1.2 Fastening of hard materials to soft materials. In addition to the methods outlined in 5.1.1, a screw or bolt 
with a lockwasher may be used in a threaded bushing, staked, clinched or pressed-in nut, threaded insert or tapped 
hole. 


5.1.3 Fastening of soft materials to hard materials. In addition to the methods outlined in 5.1.1, a self-locking 
screw or bolt may be used in a hole tapped into the hard material. Self-locking screws or bolts with nonmetallic 
locking devices should not be used where the specified service conditions or processing, such as baking of paints or 
soldering, might deteriorate the locking device. 


5.1.4 Eastening of hard materials to hard materials. Any of the methods outlined in 5.1.1 through 5.1.3 may be 
used. 


5.1.5 Fastening of brittle materials. Brittle castings or parts made of ceramic or other brittle materials should be 
properly cushioned when necessary to prevent breakage. Washers or gaskets of suitable material and 
compressibility should be used between the facing surfaces of the brittle part and other brittle or metal parts, when 
practicable, to prevent breakage or damage to the protected parts during assembly or from severe shock, vibration, or 
temperature changes encountered under the specified service conditions. Lead washers should not be used. Parts 
that are secured with threaded devices and pliable washers should not use lockwashers as the locking device and 
other appropriate locking devices should be considered. 


5.1.6 Fastening with aluminum alloy or magnesium fasteners. The use of threaded fasteners made of aluminum 
alloy or magnesium to mate with threaded parts of aluminum alloy or magnesium should be avoided wherever 
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possible. Where such is required, an antiseize compound in accordance with 4.1.12 should be used to prevent 
seizing of the threads. 


5.1.7 Elat washers. Flat washers should be used for the following applications: 


a. Between screw heads and soft materials, unless a washer head screw, or similar type that provides a 
bearing surface equivalent to the bearing surface of the appropriate flat washer, is being used. 


b. Between a nut or lockwasher and a soft material. 


c. Where lockwashers are used for securing a soft material, a flat washer should be provided to prevent 
marring or chipping of the material or the applied protective coating, except in areas where an electrical 
ground is required. 


d. Except where it conflicts with electromagnetic interference considerations, a flat washer should be used 
between an organically finished material and lock-washers, bolt and screw heads, or nuts. 


5.1.8 Thread engagement. The length of the screws and bolts installed with nuts should be such that the 
exposed portion is a minimum length equivalent to one and a half thread pitches plus the chamber. Maximum length 
should be limited by the nearest larger standard screw length. For highly stressed applications, screws or bolts 
should have a minimum thread engagement of one and a half times their nominal diameter in tapped parts other than 
nuts. In normal applications, screws or bolts should have a minimum engagement length equal to their nominal 
diameter in tapped parts other than nuts. When the assembly is not frequently disassembled and where maximum 
strength is not required, less thread engagement may be used. 


5.2 Rivets. Rivets should be used in preference to other hardware for securing parts not requiring removal. 
Wherever the thickness of metal which accepts the heads of flush rivets is less than the height of the rivet heads, the 
material should be dimpled rather than countersunk. The distance from the center of rivet holes to the edges of the 
material, in which the rivets are placed, should not be less than one and a half times the rivet diameter. Design and 
limitations of rivets should be in accordance with NASM33522 and NASM33557. Rivets for joining magnesium parts 
should be composition 5056 anodized aluminum alloy or an aluminum alloy having equal galvanic compatibility with 
the magnesium being used. 


5.3 Other fastening methods. 


5.3.1 Set screws. One set screw may be used on a flatted shaft. Two set screws at 90° to 120° displacement 
should be used when the shaft is not flatted. Cone-point set screws should not be used, except when the opposing 
metal has been properly countersunk to receive the cone-point. 


5.3.2 Access devices. Fasteners for use with access devices should be readily removable for replacement 
purposes without damaging the attached panel or access door. 


5.3.2.1 Nonstructural applications. Quarter-turn fasteners should be used only to retain nonstructural access to 
devices where quick access is required. 


5.3.2.2 Structural applications. Rotary, quick-operating, high strength panel fasteners should be used to retain 
structural access devices where quick access is required. 


5.3.2.3 Threaded fasteners. Threaded fasteners used with access devices should be self-aligning, captive type 
hardware. 


5.3.3 Screw threaded device applications. 


5.3.3.1 Screws or bolts without nuts. Applications requiring the use of screws or bolts without nuts should use one 
of the following screw locking methods: 
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The M923 has a payload of 8,554 kilograms and is towing 
a trailer with a payload of 136,200 hectograms. What is 
the total payload in tonnes? If your answer was 22.174 
tonnes, you're correct. If not, let's see what you did 
wrong. The vehicle payload of 8,554 kilograms equals 
8.554 tonnes. (Move the decimal point three places to 
the left.) The trailer payload of 136,200 hectograms 
equals 13.62 tonnes. (Move the decimal point four places 
to the left.) Add 8.554 to 13.62 for a total payload of 
22.174 tonnes. 


If you had a difficult time with this area, review the section 
before moving on. 


Lesson Summary. In this lesson you gained the skills needed to 
convert and compute metric units (linear, capacity, and weight). 
You also saw how easy it is to convert metric units (linear, 
capacity, or weight) by simply using the powers of ten (movement 
of the decimal point). This (powers of ten) makes the metric 
system easy to use. In the next lesson you will study the U.S. 
system of measurement. It is actually a more difficult system to 
learn. 


Lesson 2. U.S. SYSTEM 
LEARNING OBJECTIVES 


1. Given a series of situations involving U.S. linear 
measurements, compute using like columns to line up the 
units of measure. 


2. Given situations with various capacity measurements, 
compute using like columns to line up the units of 
measure. 


3. Given situations with various weight measurements, 
compute using like columns to line up the units of 
measure. 


4201. General 


All of our present day units of measure have some historical 
background. The backgrounds of measures of capacity and weight 
vary and at times can be confusing. For example, there is a 
variance between the U.S. gallon and the British gallon, and 
there are even differences throughout the U.S. The International 
Bureau of Weights and Measures says that within the U.S. there 
are eight different weights for a ton, nine different volumes for 
a barrel, and a different bushel for charcoal, corn, and 
potatoes. Out of this chaotic situation, the International 
Bureau of Weights and Measures has tried to make some order by 
standardizing measures used throughout the U.S. Let's take a 
look then. 
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a. Lockwashers under the heads of the screws or bolts. 

b. Self-locking screws. 

c. Self-locking threaded inserts. 

d. A locking or retaining compound in accordance with 4.1.11 applied to the threads. 

e. Safety wire through drilled heads in accordance with 4.1.6. 

5.3.3.2 Countersunk head screws. Countersunk head screws, when not secured by other locking means, should 

be secured by the application of a thread-locking compound in accordance with 4.1.11. Staking by means of 
upsetting metal is acceptable for permanent assemblies when other means are impracticable or unsatisfactory for 


design reasons. 


5.3.3.3 Thread-forming, thread-cutting, and drive screws. Thread-forming, thread-cutting, and drive screws 
should not be used except for attaching identification plates. 


5.3.3.4 Safety wiring and cotter pins. Safety wiring and cotter pins should not be used on terminals such as 
screws and threaded studs that are required to function as electrical terminals. 


5.3.3.5 Thread-locking and retaining compounds. Thread-locking and retaining compounds should not be used 


where required electrical conductivity is impaired or failure of the compound would endanger personnel or damage 
the equipment. 
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STRUCTURAL WELDING 


1. Purpose. This guideline establishes criteria for structural welds. Welded electrical connections are excluded 
from this guideline. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-22 Welded Joint Design. 

MIL-HDBK-730 Materials Joining. 

MMPDS Metallic Materials Properties Development and Standardization. 

TACOM DWG 12479550 = Arc Welding Procedures for Constructional Steel. 

AWS-D 17. Specification for Fusion Welding for Aerospace Applications. 

AWS A2.4 Standard Symbols for Welding, Brazing, and Nondestructive Examination. 

AWS A3.0 Standard Welding Terms and Definitions Including Terms for Adhesive Bonding, 
Brazing, Soldering, Thermal Cutting, and Thermal Spraying. 

SAE AMS 2680 Electron Beam Welding, for Fatigue Critical Application. 

SAE AMS 2681 Welding, Electron-Beam. 

SAE AMS W 6858 Welding, Resistance: Spot and Seam. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Arc and gas welding. Welding by arc and gas methods should be performed by operators who have passed 
the applicable certification tests and have a certificate of proficiency in accordance with AWS-D17.1. Welding of 
aluminum, magnesium, and steel alloys should conform to AWS-D17.1. 


4.2 Resistance welding. Resistance welding of joints should conform to SAE AMS-W-6858. 


5. Detail guidelines 


5.1 Welding. The joint areas of all parts to be welded should be cleaned of contaminants and materials which 
may be detrimental to obtaining satisfactory welds. Degradation of material properties in the heat affected zone 
caused by welding should be considered. Weldments should be stress relieved when induced stress resulting from 
welding, design configuration, or materials welded may be harmful. See AWS A2.4 for welding symbols, AWS A3.0 
for welding terms and definitions, and MIL-STD-22 for welded joint designs. MIL-HDBK-730 provides guidance in this 
field of materials joining and its related processes. 


5.2 Resistance welding. MMPDS may be used as a guide for spot-to-sheet edge distances and allowable 
strengths. 


5.3 Noncritical applications. In ground equipment applications, welding procedures in accordance with Tacom 
Drawing 12479550 may be used where, if the weld should fail, it will not compromise personnel or equipment safety 
or prevent completion of the mission. 


5.4 Other methods. Other welding methods, such as the electron beam process of SAE AMS 2680 and SAE 
AMS 2681, may be used provided approval is obtained from the procuring activity. 
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TRANSFORMERS, INDUCTORS, AND COILS 


1. Purpose. This guideline establishes criteria for the selection and application of transformers, inductors, and 
coils. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-27 Transformers and Inductors (Audio, Power, and High-Pulse), General Specification for 
MIL-PRF-15305 Coils, Fixed and Variable, Radio Frequency, General Specification for 

MIL-PRF-21038 Transformers, Pulse, Low Power, General Specification for 

MIL-PRF-39010 Coils, Radio Frequency, Fixed, Molded, Established Reliability, General Specification for 
MIL-PRF-83446 Coils, Radio Frequency, Chip, Fixed or Variable, General Specification for 


MIL-T-55631 Transformer, Intermediate Frequency, Radio Frequency, and Discriminator, General 
Specification for 

MIL-T-83721 Transformers, Variable, Power, General Specification for 

MIL-STD-981 Design, Manufacturing and Quality Standards for Custom Electromagnetic Devices for 


Space Applications 
3. Definitions. This section not applicable to this guideline. 
4. General Guidelines. 
4.1 Selection. Selection of transformers, inductors, and coils should be in accordance with the following sections. 
4.1.1 Transformers and Inductor. Power transformers, power inductors, audio transformers, audio inductors, 


high power pulse transformers, charging inductors, saturable transformers and saturable inductors should conform to 
MIL-PRF-27. 


4.1.2 Coils, radio frequency, fixed and variable. Coils, radio frequency, fixed and variable should conform to MIL- 
PRF-15305. 


4.1.3 Transformers, pulse, low power. Low power pulse transformers should conform to MIL-PRF-21038. 


4.1.4 Coils, radio frequency, fixed, molded, established reliability (ER). ER and non-ER fixed, radio frequency, 
molded coils should conform to MIL-PRF-39010. 


4.1.5 Coils, radio frequency, chip, fixed or variable. Requirements for fixed or variable, chip coils should conform 
to MIL-PRF-83446. 


4.1.6 Intermediate, radio frequency, and discriminator transformers. Intermediate, radio frequency, and 
discriminator transformers should conform to grade 1, 2, or 4 of MIL-T-55631. The use of grade 3 transformers 
should be limited to hermetically sealed or encapsulated assemblies. 


4.1.7 Variable transformers. Variable transformers should conform to MIL-T-83721. 


4.1.8 Custom electromagnetic devices for space applications. Custom electromagnetic devices for space 
applications should conform to MIL-STD-981. 


5. Detail quidelines. This section not applicable to this guideline. 
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METALS, CORROSION RESISTANCE 


1. Purpose. This guideline establishes criteria for the selection and treatment of metals as related to their ability 
to resist corrosion. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-889 Dissimilar Metals 
3. Definitions. This section not applicable to this guideline. 


4. General quidelines. 


4.1 Corrosion resistant. Metals should be corrosion resistant or should be coated or metallurgically processed to 
resist corrosion. 


4.2 Metallic parts. Materials and processes for metallic parts should conform to applicable requirements in 
MIL-STD-889. 


5. Detail quidelines. 


5.1 Selection of metals. The environmental severity to which the equipment will be exposed should be 
considered in selection of metals. 


5.2 Noncorrosion resistant. The use of noncorrosion resistant steel alloys, except where specifically required for 
electronic purposes, should be kept to a minimum. 
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DISSIMILAR METALS 


1. Purpose. This guideline establishes criteria for the selection and protection of dissimilar metal combinations 
and other significant corrosion behavior factors. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-889 Dissimilar Metals 
3. Definitions. This section not applicable to this guideline. 


4. General Guidelines. 


4.1 Selection of metals. Selection of metals for use in electronic equipment should be made in accordance with 
the requirements of MIL-STD-889. 


5. Detail Guidelines. 


5.1 Incompatible Metal. Where electronic design requirements preclude the insulation of incompatible metal 
combinations as identified in MIL-STD-889 from one another, specific attention should be paid to isolating the 
combination from exterior environments. 
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PRINTED WIRING 
1. Purpose. This guideline established criteria for the design and treatment of printed wiring assemblies. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-1861 Selection and Use of Electrical and Electronic Assemblies, Boards, Cards, and 
Associated Hardware. 
ANSI/IPC-D-322 Guidelines for Selecting Printed Wiring Board Sizes Using Standard Panel Sizes. 


3. Definitions. This section not applicable to this guideline. 

4. General Guidelines. 

4.1 Rigid printed wiring and printed wiring boards. Rigid printed wiring and printed wiring boards for single-sided, 
double-sided, and multilayer printed wiring should conform to MIL-HDBK-1861. The materials used for single-sided, 


double-sided, and multilayer printed wiring boards should conform to MIL-HDBK-1861. 


4.2 Rigid printed wiring assemblies. Rigid printed wiring assemblies consisting of rigid printed wiring boards, on 
which separately manufactured parts have been added, should conform to MIL-HDBK-1861. 


4.3 Conformal coating. When conformal coating is required, rigid printing wiring assemblies should be 
conformally coated with a coating material which conforms to MIL-HDBK-1861. 


4.4 Flexible and rigid-flex printed wiring. Flexible and rigid-flex printed wiring should conform to MIL-HDBK-1861 
and should be designed in accordance with MIL-HDBK-1861. 


4.5 Discrete wiring boards. Discrete wiring boards with plated-through holes should be in accordance with 
MIL-HDBK-1861. 


4.6 Backplane assemblies, printed wiring. Electrical backplane printed wiring assemblies should conform to 
MIL-STD-1861 and should be designed in accordance with MIL-STD-1861. 


5. Detail quidelines. 


5.1 Printed wiring board size. Guidelines for the selection of printed wiring board sizes are delineated in 
ANSI/IPC-D-322. 
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4202. U.S. Linear Measure 


a. Units of linear measure. Unlike the metric system where 
there are only a few terms and but one number to remember, the 
U.S. system of measuring length contains many terms and numbers. 
The numbers in the U.S. system bear no relation to one another 
and can cause a bit of confusion when trying to remember which 
number goes with which term. Some of the terms (table 4-4) are 
included just for information (the areas using the rod for 
measurement) while others are used often enough that they should 
be common knowledge or committed to memory. 


Table 4-4. Linear Measure Table 


12 inches (in.) 
36 inches 

3 feet 

16 1/2 feet 

5 1/2 yards 


63,360 inches 
5,280 feet 
1,760 yards 
320 rods 


tru td tt te ven 
PREP PP PPB 


b. Expressing and computing. You can see from the table that 
there are, in some cases, several ways of expressing a 
measurement. The yard is 3 feet or 36 inches; the mile is 5,280 
feet, 1,760 yards, or 63,360 inches. Usually though, 
measurements do not come out evenly and must be expressed in 
fractional parts or in terms of a smaller unit. For example, 132 
inches is 11 feet or 3 2/3 yards. Conversely, 3 2/3 yards can be 
expressed as 11 feet or 132 inches. The form of expressing any 
measurement is usually determined by the preference of the user 
except in cases where something must be ordered in standard 
packages or sizes or when a standard format is used. For 
example, when ordering a 2 x 4 (board) that is 8 feet long, you 
would not ask for one 2 2/3 yards long, nor would you give them 
the measurement in inches. 


Computations with these units can be simplified if you relate 
them to our decimal system. You know that when you add a column 
of numbers you add like columns: units, tens, hundreds, etc. 
This in fact is what you do when you add feet and inches. 


Example: 
The number (26) is also expressed as 2 


tens and 6 units. Thirty-one inches is 
the same as 2 feet and 7 inches. 

Additionally 6000 feet can be expressed 
aS 1 mile 240 yards or 1 mile 720 feet. 


4-11 


This page intentionally left blank. 


MIL-HDBK-454B 


GUIDELINE 18 
DERATING OF ELECTRONIC PARTS AND MATERIALS 
1. Purpose. This guideline establishes criteria for derating of electronic parts and materials. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-1547 Electronic Parts, Materials, and Processes for Space and Launch Vehicles 
3. Definitions. This section not applicable to this guideline. 


4. General quidelines. 


4.1 Derating. In the application of electronic parts and materials, the parts and materials selected should be used 
within their electrical ratings and environmental capabilities; (e.g., any ambient or hot spot temperatures, voltage, 
current, or power dissipation). Derating should be accomplished as necessary to ensure the required equipment 
reliability within the specified operating conditions. 


4.2 Derating for launch vehicles and space systems. Electronic parts and materials used in launch vehicles or 
space systems should be derated in accordance with the guidelines of MIL-HDBK-1547. 


5. Detail quidelines. This section not applicable to this guideline. 
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TERMINATIONS 
1. Purpose. This guideline establishes criteria for the selection and application of terminations. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-15659 Terminal, Lug; Solder, Copper and Phosphor Bronze. 


MIL-T-55156 Terminals, Lug, Splices, Conductor; Screw Type, General Specification for. 
MIL-HDBK-1277 Splices, Chips, Terminals, Terminal Boards, Binding Posts, Electrical. 

A-A-59125 Terminal Boards, Molded, Barrier Screw and Stud Types and Associated Accessories. 
SAE AS 7928 Terminals, Lug: Splices, Conductor: Crimp Style, Copper, General Specification for. 


SAE AS 27212 Terminal Board Assembly, Molded-In- Stud, Electric. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Terminals. Lug terminals, stud terminals, feed-through terminals, and binding posts should be selected from 
MIL-HDBK-1277. 


4.1.1 Lug terminals. Lug terminals should conform to one of the following specifications: 


MIL-DTL-15659 = Solder 
MIL-T-55156 Screw 


4.1.2 Number of wires per terminal or lug. The number of wires terminated in an individual terminal or lug should 
not be greater than three. Multisection turret, bifurcated, or multi-hole lug terminals should have not more than three 
wires per section, tong, or hole. In no case should the total cross sectional area of the terminated wires exceed the 
cross sectional area capacity of the terminal or lug. If a greater number of wires are required than those specified 
herein, approval of the procuring activity should be obtained. 


4.2 Terminal boards. Terminal boards should be selected from MIL-HDBK-1277. 

4.2.1 Number of lugs per terminal. The maximum number of lugs to be connected to any one terminal on a 
terminal board should be two for screw-type terminal boards covered by A-A-59125 and as specified in the 
specification sheets for stud-type terminal boards. Not more than four lugs should be connected to any one terminal 
of a board covered by SAE AS27212. Accessories such as stud connectors, straddle plates, jumpers, and terminal 
board lugs should be counted as lugs for this purpose. 

4.3 Terminal junction systems. Terminal junction systems should be selected from MIL-HDBK-1277. 

5. Detail guidelines. 


5.1 Crimping. Crimping of terminal lugs should be so accomplished that the connections will meet the resistance 
(voltage drop), and tensile strength requirements, and tests of SAE AS 7928. 
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WIRE, HOOKUP, INTERNAL 
1. Purpose. This guideline establishes criteria for the selection and application of electrical internal hookup wire. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-16878 Wire, Electrical, Insulated, General Specification for. 

MIL-W-81044 Wire, Electric, Crosslinked Polyalkene, Crosslinked Alkane-Imide Polymer, or Polyarylene 
Insulated, Copper or Copper Alloy. 

MIL-DTL-81381 Wire, Electric, Polyimide-Insulated, Copper or Copper Alloy. 

MIL-W-81822 Wire, Electrical, Solderless Wrap, Insulated and Uninsulated, General Specification for. 

A-A-59551 Wire, Electrical, Copper (Uninsulated). 

MIL-STD-681 Identification Coding and Application of Hook-Up and Lead Wire. 

ASTM B 298 Standard Specification for Silver-Coated Soft or Annealed Copper Wire. 

SAE AS 22759 Wire, Electrical, Fluoropolymer-Insulated, Copper or Copper Alloy. 

SAE AS 50861 Wire, Electric, Polyvinyl Chloride Insulated, Copper or Copper Alloy. 


3. Definitions. This section not applicable to this guideline. 


4. General quidelines. 


4.1 Selection. Internal hookup wire should be selected from the types and classes specified by the documents 
listed in table 20-1. For solderless wrap applications, wires should be selected which are in accordance with 
MIL-W-81822. 


4.1.1 MIL-DTL-16878 usage. MIL-DTL-16878 should not be used for Air Force or Navy aerospace applications. 


4.1.2 SAE AS 22759 usage. SAE AS 22759 wire with only single polytetrafluoroethylene insulation used in Air 
Force space and missile applications should require the approval of the procuring activity. 


4.1.3 Insulation restriction. Wires with polyvinyl chloride insulation should not be used in aerospace applications. 
Use of these wires in any other application requires prior approval of the procuring activity. 


4.1.4 Silver plated copper wire. Silver plated copper wire should not be used in applications involving Army 
missile systems without certification by the wire manufacturer that it passes the sodium polysulfide test in accordance 
with ASTM B 298. Silver plated copper wire should not be used in conjunction with water-soluble solder fluxes. Wire 
should be stored and handled in such a way so as to minimize exposure to moisture. 


4.2 |dentification. Hookup wires in the equipment should be, insofar as practicable, distinctly coded in color or 
numbered. Short hookup wire, 150 mm or less between termination points, need not be marked if the path of the 
short wire can be easily and visually traced. The unmarked wire must be specified on the drawing. Codes, when 
used, should be in accordance with MIL-STD-681 or as otherwise agreed upon with the procuring activity. Numbers 
should not be used where they would be difficult to read or trace, such as in compact assemblies. 


4.3 Bare wire. Bare hookup wire should be type H, class S, soft or drawn and annealed, and coated, and should 
conform to A-A-59551. Bare hookup wire should not be used unless insulated wire is impractical because of circuit 
characteristics or shortness of wire run. 


5. Detail quidelines. 


5.1 Solid or stranded. Stranded wire should be used for conductors and cables which are normally flexed in use 
and servicing of the equipment, such as cables attached to the movable half of detachable connectors and hanging 
cables attached to removable or movable doors and shields. Leads 150 mm or less in length may be run as solid 
wires unless they form interconnections between shock isolation mounted parts and non-shock isolation mounted 
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parts. There are some other instances, such as wire wrapping, where a solid conductor may be required regardless 
of length. 


5.2 Cold flow. Certain insulating materials exhibit a cold flow characteristic. Caution should be used in the 
selection of these materials in applications requiring restrictive clamping or tying, etc., where this feature may result in 
exposed or shorted conductors. 


5.3 Stranded copper conductor test. The following test procedure should be used for stranded conductors since 
the ASTM B 298 procedure covers only a single, round conductor. 


5.3.1 Sodium polysulfide test. Stranded samples of annealed copper or copper alloy conductors should be 
tested in accordance with ASTM B 298. When this test is performed, one factor which should be taken in to 
consideration is that the ASTM test applies to single end wires taken before stranding. Thus, the applicability of the 
polysulfide test is restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding process. 
As a result, the following exceptions and criteria apply when testing stranded product: 

a. Examination of the samples to occur immediately after the solution cycle. 
b. Samples to be immersed into the solution in the as-stranded condition. 
(1) Unilay constructions to be tested as the whole conductor. 


(2) Concentric constructions to be tested as whole conductor. 


(3) Two members from each layer of rope constructions to be tested after they have been carefully 
removed from the finished rope. 
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TABLE 20-|. Wire, electrical 


Construction Max 
Spec type Conductor Insulation Cond | Max 
Spec or Material | Coating Primary Jacket temp | rms 
no Title class 1/ Type | Primary | Cover 2/ topcoat °C volts 


MIL-W-5086 


5 


1 
1 


Wire, Electric, SAE AS 50861 -=-— 0 
Polyvinyl Chloride [SAE AS 50861 | Cu/A | Sn 
Insulated, Copper | SAE AS 50861 Str | 1 a -_2 - 3000 
or Copper Alloy SAE AS 50861 | HSA Ag 9A 
SAE AS 50861 600 
SAE AS 50861 Sn 8 105 
11 
/ 


b 
jo) 


ea See ee es | = — 23 te = 2 
MIL-DTL-16878 | Wire, Electrical, | jigs. | 600 | 
Insulated CulA, Ag, Sn 1 8,10,11 1,8,10 105 

mee Noles cade 
vey 3 | 600_| 
jaf 3A, 3B, 
Ag ge 
Cu/A fe 4A,8,10, | 600__| 
11 4A,8,10, 
Ea a 
Cus, AG baal 
ol all : 
250 
S,Str | 600_| 
=c 
| 600_| 
oc 
250 
Ag 38 200 [600 
ay 
aw SY 
ia 
Ni 8 260 | 600 
M16878/26 3B aee 
| 1000 


NO 
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Construction Max 
Conductor Insulation Cond | Max 
a a] nee 2/ ae ane oo 
aera ee 
| M16878/29 | 
CulA =p 
ee 
| M16878/32 | 
M16878/33 Cu/A Sn i 2A 
ee eae 


M16878/34 Cu Str | 3B 
M16878/35 


SAE-AS22759 ‘| Wire, Electrical, 
Fluoropolymer 
See Note 4 Insulated, Copper 
or Copper Alloy 


200 
260 


|CuwA | Sn 
M22759/33_ | HSA | Ag 
M22759/34_ | CwA | Sn 
M22759/35 | HSA__| Ag 
M22759/41 on 
M22759/42 


MIL-W-81044 Wire, Electric, HouA 1 Sn__1 
Crosslinked Poly- 
See Note 5 alkene, etc. 


20-4 


MIL-HDBK-454B 


GUIDELINE 20 


Construction Max 

Spec type Conductor Insulation Cond | Max 

Spec or Material | Coating Primary Jacket temp | rms 
no Title class L Type | Primary | Cover 2/ topcoat °C volts 
Pe ee i 
|| 


M81381/7 CulA 


MIL-DTL-81381 | Wire, Electric, 


Polymide- M81381/8 
See Note 6 Insulated, Copper | M81381/9 
| | or Copper Alloy M81381/10 | | | | 
M81381/11 Cu/A Ag 


M81381/14 
M81381/17 CulA 
M81381/18 


HSA 
CulA 
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To compute with the various measures, then, it is necessary only 
to line up the proper units. 


Example: 
What is the total length of two boards 


if one is 3 feet 7 inches and the other 
is 4 feet 8 inches? 


3 £t 7 in. 
4 ft 8 in. 
7 £t 15 in. 


Since 15 inches is greater than 1 foot (12 inches), the foot 
is added (or carried) to the foot column and the remainder of 
the 15 inches is expressed in inches. 


Example: 
7 feet 15 inches = 8 feet 3 inches 


As you can see, by using like columns to line up the units, the 
computation becomes much easier. Let's try another problem. 


Example: 


How many miles were run if the first squad ran 2,520 
yards, the second squad ran 2,760 yards, and the 
third squad ran 2,640 yards? Let's look at two 
different methods to solve this. 


Method 1: 
2,520 yd 
2,760 ya 
2,640 yd 
7,920 yd 


7,920 yards = 4 miles 880 yards or 4 1/2 miles. 


Method 2: 
2,520 yd = 1 mi 760 yd 
2,760 yd = 1 mi 1,000 yd 
2,640 yd = 1 mi 880 yd 
3 mi 2,640 yd 


3 miles 2,640 yards = 4 miles 880 yards = 4 1/2 miles 


Although it is not shown, in both methods division has been used. 
For example, to change the 7,920 yards to miles, you divided 
7,920 yards by 1,760. In method 2, you divided each distance by 
1,760 and then added like columns. 
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TABLE 20-I. Wire, electrical - Continued. 


1/ Conductor Code Description 
Material Cu/A Copper, annealed 
Cu/H Copper, hard drawn 
CCW Copper, covered steel 
HAS High strength copper alloy 
Al Aluminum 
Coating Sn Tin 
Ag Silver 
Ni Nickel 
Type Ss Solid 
Str Stranded 
2/ Insulation Code Description 
1 Polyvinyl chloride/extruded 
2A Polyethylene/extruded 
2B Polyalkene/cross-linked/extruded 
2C Polyethylene/cross-linked/modified/extruded 
3A Polytetrafluoroethylene/extruded (TFE teflon) 
3B Polytetrafluoroethylene/tape 
3C Polytetrafluoroethylene/mineral filled/extruded 
4A Fluorinated ethylene propylene/extruded (FEP teflon) 
4B Fluorinated ethylene propylene/dispersion 
6 Silicone rubber/extruded 
7 Polyimide lacquer (Pure ML) 
8 Polyamide/extruded (Nylon) 
9A Polyvinylidene fluoride/extruded (Kynar) 
9B Polyvinylidene fluoride/extruded/cross-linked 
10 Braid/synthetic yarn/lacquer impregnated 
11 Braid/nylon/impregnated 
13A Braid/glass fiber/impregnated 
13B Braid/TFE coated glass fiber/TFE finish 
17 ETFE fluoropolymer 
19 Fluorocarbon/polyimide tape 
20 Modified aromatic polyimide resin 
21 Ethylene-tetrafluoroethylene/cross-linked/modified/extruded 


3/ When specified on purchase order. 


4/ Various combinations of primary, primary cover, and jacket insulations, and unshielded, shielded, etc., 
constructions are available to meet application requirements. See wire specifications. 


5/ See application temp limitation on spec sheet. 


6/ /11, /12, and /22 have a bright aromatic poly-amide braid with clear finisher coatings on 8 AWG and larger. 
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CASTINGS 
1. Purpose. This guideline establishes criteria for the design, classification, inspection, and repair of castings. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-276 Impregnation of Porous Metal Castings And Powdered Metal Components. 
SAE AMS-STD-2175 Castings, Classification and Inspection of. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Die castings. Die castings should not be used where the casting might be subject to impact. Zinc alloy die 
castings should not be used where dimensional changes of the casting could affect use of equipment. 


4.2 Porous castings. When required, castings should be impregnated in accordance with MIL-STD-276. 


4.3 Classification and inspection. Castings should be classified and inspected in accordance with SAE 
AMS-STD-2175. 


4.4 Inserts. Inserts, which are intended to be cast in place, should be knurled, grooved, or otherwise prepared to 
secure Satisfactory keying of the insert to the casting. Inserts should be fabricated from a material which is not 
adversely affected by exposure to the molten casting alloy. When inserts are located near a casting edge, sufficient 
edge distance should be allowed in order to develop the required resistance to insert pull-out, and to avoid cracking of 
the casting. Casting defects resulting from use of inserts, such as partial alloying, poor bonds, porosity, and cracks 
should not be present. 


5. Detail guidelines. 
5.1 Selection and application. In any design utilizing metallic castings, consideration should be given to intended 


application, the availability of molding and casting alloys, the choice of a suitable casting process (see table 21-l), and 
the use of ribs and fins. 
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TABLE 21-l. General comparison of metallic casting processes. 


Type of Dimen- Ability to Suitability Surface Suitability 
castings sional reproduce for volume smooth- for large 
accuracy fine detail production ness sized 
castings 


Sand 

Die 
Investment 
Shell 

mold 
Permanent 
mold 
Plaster 
mold 


NOTE: 1= Very good; 2 = good; 3 = fair 


5.2 Repair of unmachined castings. Repair of minor discontinuities or defects in unmachined or raw castings 
should be permitted only when specific approval has been granted by the contractor Material Review Board (MRB), or 
is specified on the engineering documentation. Weld repair should be limited to class 3 and class 4 castings (class 
1 and class 2 repair should require procuring activity approval) and to areas where no severe stress will be 
encountered. Heat treatable alloys should be fully reheat treated after welding to meet drawing guidelines. 


5.3 Repair of machined castings. Repair of defects in machined castings should be permitted for class 3 and 
class 4 castings based on the contractor's MRB decision. Class 1 and class 2 casting repair should require procuring 
activity approval. Reheat treatment should be required unless engineering analysis during MRB action can 
demonstrate it is unnecessary. 
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PARTS MANAGEMENT 
1. Purpose. This guideline offers guidance as to parts management and selection which may be considered 
when preparing contractual documents. Parts management and selection should be directly specified in the contract 


or the system/equipment specification, as appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-512 Parts Management. 
SD-19 Life Cycle Cost Savings Through Parts Management. 
AIAA R-100 Recommended Practice for Parts Management. 


3. Definitions. This section not applicable to this guideline. 
4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 Parts management program. SD-19 provides Government and industry managers a pragmatic approach 
toward parts management to keep weapon system acquisition cost, total ownership cost, and supportability cost at a 
manageable level. When used in conjunction with MIL-HDBK-512, “Parts Management”, the guidance herein will help 
achieve successful parts management support to acquisition strategy. This document offers guidance to individuals 
who are defining parts management needs in contracts; establishing a parts management process for prime 
contractors, suppliers, and subcontractors; and looking for an efficient and a manageable part selection process. 
MIL-HDBK-512 establishes procedures covering the submission, review, and approval of Program Parts Selection 
Lists, and changes thereto. The objective is to achieve life cycle cost savings and cost avoidances by: 


a. Assisting equipment or system managers and their contractors in the selection of parts commensurate 
with contractual requirements. 

Minimizing the variety of parts used in new design. 

Enhancing interchangeability, reliability, and maintainability of military equipment and supplies. 
Conserving resources. 

Assuring long term availability of parts. MIL-HDBK-512 should be tailored when applied; application 
guidance is offered in the document. 


22905 


5.2 Parts management program for spacecraft and launch vehicles. (Not applicable to NASA programs.) AIAA- 
R-100 establishes the criteria and guidelines for the preparation and implementation of a Parts, Materials, and 


Processes Standardization Control and Management Program for use during the design, development, fabrication, 
and test of spacecraft and launch vehicles. The implementation of this handbook is intended to: 


a. Ensure total, integrated, and coordinated management of the selection, application, procurement, and 
standardization of parts, materials and processes. 

b. Reduce program costs. 

c. Improve the standardization and reliability of program parts, materials, and processes. 

d. Assure long term availability of parts. 
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ADHESIVES 
1. Purpose. This guideline establishes guidance for the selection and application of adhesives. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MMM-A-121 Adhesive, Bonding, Vulcanized Synthetic Rubber to Steel. 

MMM-A-132 Adhesives, Heat Resistant, Airframe Structural, Metal to Metal. 

MMM-A-134 Adhesive, Epoxy Resin, Metal to Metal Structural Bonding. 

MMM-A-138 Adhesive, Metal to Wood, Structural. 

MMM-A-181 Adhesives, Phenol, Resorcinol, or Melamine Base. 

MMM-A-189 Adhesive, Synthetic-Rubber, Thermoplastic, General Purpose. 

MIL-A-3920 Adhesive, Optical, Thermosetting. 

MIL-A-22397 Adhesive, Phenol and Resorcinol Resin Base (for Marine Service Use). 

MIL-A-24179 Adhesive, Flexible Unicellular-Plastic Thermal Insulation. 

MIL-A-46146 Adhesive-Sealants, Silicone, RTV, Non Corrosive (For Use With Sensitive Metals and 
Equipment). 

MIL-HDBK-691 Adhesive Bonding. 

29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 

A-A-1936 Adhesives, Contact, Neoprene Rubber. 

A-A-3097 Adhesives, Cyanoacrylate, Rapid Room Temperature-Curing, Solventless. 


SAE AMS-A-8576 Adhesive, Acrylic Base, for Acrylic Plastic. 
SAE AMS-A-25463 Adhesive, Film Form, Metallic Structural Sandwich Construction. 


3. Definitions. This section not applicable to this guideline. 


3.1 Adhesives. Adhesives are substances capable of holding materials together by surface attachment. 
Adhesive is a general term and includes, among others, cement, glue, mucilage, and paste. All of these terms are 
loosely used interchangeably. 


4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 Design of joint. The joint should be designed to minimize concentrations of stress. The basic stress should 
be in shear. The weakest design is where the basic stress is in cleavage or peel and nonaxial loading in tension 
produces cleavage. 


5.2 Deleterious effects. The user should ascertain that the formulation of the adhesive selected will have no 
deleterious effects on the bonded assembly or nearby items when the bonded assembly is in storage, transit, or use 
under the environmental conditions for which it was designed. Deleterious effects may be caused by the slow release 
of trapped solvents which can damage many types of rubber and plastic, or cause other harmful results degrading 
Operation of the equipment. 


5.3 Application. Care should be taken to avoid starved joints which are the result of either absorption of 
adhesive by a porous material, poor application, inadequate coverage, or excessive pressure. Where one or both of 
the adherents are porous, successive thin coats of adhesive should be applied to completely seal the surface, and 
each coat should be dry before the next coat is applied. This procedure should be used instead of the application of 
one thick adhesive coat to the porous surface, except in the case of silicone adhesives. In general, the thicker the 
adhesive layer, the lower the shear resistance, but the higher the strength to impact and peeling. 


5.4 Structural compatibility. Adhesives which are not compatible structurally should be avoided. For example, a 


brittle adhesive should not be used for glass bonding because excessive shrinkage during setting or curing will load 
the glass in tension. For assemblies which may be flexed or subject to impact, a brittle adhesive should not be used. 
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5.5 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer producing substances (carcinogens). Before using any materials which might contain carcinogens, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. 


5.6 Thermoplastic. All thermoplastic adhesives have a tendency to creep under load, especially at elevated 
temperature, and should not be used in critical structural applications. Many thermoplastic adhesives have limited or 
poor resistance to certain solvents. 


5.7 Materials to be bonded. The materials to be bonded assume critical importance as there are some 
materials, such as fluorocarbon, polyethylene, and nylon that cannot be bonded satisfactorily without prior treatment, 
special adhesives, or both. 


5.8 Guide for selection and application. The following, although not a complete list, may be used as a guide in 
selecting adhesives and bonding procedures to meet design guidelines in electronic equipment. 


MMM-A-121 MIL-A-3920 A-A-1936 
MMM-A-132 MIL-A-22397 A-A-3097 
MMM-A-134 MIL-A-24179 SAE AMS-A-8576 
MMM-A-138 MIL-A-46146 SAE AMS-A-25463 
MMM-A-181 MIL-HDBK-691 

MMM-A-189 


Many of these specifications have no requirements pertaining to electrical properties. Where electrical properties are 
important, the suitability of the material for the application should be established. 


23-2 


MIL-HDBK-454B 


GUIDELINE 24 
WELDS, RESISTANCE, ELECTRICAL INTERCONNECTIONS 


1. Purpose. This guideline establishes criteria for resistance welds of electrical and electronic interconnections 
and part leads. This guideline does not include structural welds. 


2. Applicable documents. This section not applicable to this guideline. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 Contaminants. All surfaces of leads, or parts, to be welded should be free of contaminants which would 
adversely affect forming of the welded joint. 


5.2 Electrical connections. Except where needed to meet electromagnetic interference or system compatibility 
guidelines, welded electrical connections should not be used where it may be necessary to disconnect, replace, or 
reconnect a part or module during servicing. 


5.3 Excess conductor wire. Excess conductor wire should be trimmed sufficiently close to provide adequate 
clearance to prevent possible electrical shorting but not so close as to cause damage to the welded joint. 


5.4 Strain relief. Each part lead terminating at a connection point should have allowance for strain relief to 
minimize tensile or shear stress. 
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ELECTRICAL POWER 
1. Purpose. This guideline establishes criteria for electrical power. 
2. Applicable documents. 
MIL-STD-704 Aircraft Electric Power Characteristics. 
MIL-STD-1275 Characteristics of 28 Volt DC Electrical Systems in Military Vehicles. 
MIL-STD-1399 Interface Standard for Shipboard Systems. 
MIL-HDBK-411 Power and The Environment for Sensitive DoD Electronic Equipment. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Airborne. The electrical power guidelines for airborne and associated equipment should be in accordance 
with MIL-STD-704. 


4.2 Shipboard. The electrical power guidelines for shipboard and associated equipment should be in 
accordance with type | or type II of section 300 of MIL-STD-1399. 


4.3 Ground vehicles. The electrical power guidelines for military ground vehicles should be in accordance with 
MIL-STD-1275. 


5. Detail guidelines. 


5.1 Critical fixed communications and related automatic data processing facilities. MIL-HDBK-411 provides the 
electrical power guidelines for critical communications and related automatic data processing equipment and should 
be for a nominal -48 V dc uninterruptible power supply. 
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In most cases it is best to change everything to the same unit. 
When multiplication is necessary to solve a problem, the various 
units can be changed (carried) as you go along, or they can be 
changed (carried) at the end. 


Example: 
You are preparing supplies for the upcoming patrol. 


Your squad leader has told you that there are 8 
streams you must cross. All of them are 2 yards 2 
feet 2 inches wide. You will cross the streams with 
the aid of a 3/4" fiber rope. The rope can be used 
only once. In other words, you will need 8 lengths 
of rope. What is the total length of the 8 pieces 
of rope? Note: Change (carry) as you multiply. 


in. = 16 in. = 1 ft 4 in. (carry 1 ft) 
ft = 16 ft + 1 ft = 17 ft = 5 yd 2 ft 

(carry 5 yd) 
8 xX 2 yd = 16 yd + 5 yd = 21 yada 


The total rope length is 21 yards 2 feet 4 inches. 


If you had trouble with either of these problems, review this 
section before moving on to capacity measurements. 


4203. U.S. Capacity Measure 


a. Units of capacity measure. The capacity measure contains 


many terms and numbers. The term capacity measurement refers to 
many types of measurement such as liquid measure and dry measure. 
In this section you will be concerned with liquid measure. The 
terms in table 4-5 are common knowledge liquid measure. 


Table 4-5. Capacity Measure Table 


8 fluid ounces (oz) 
16 fluid ounces 

2 cups 

32 fluid ounces 


cup 
pint (pt) 
pint 

quart (qt) 
quart 
gallon (gal) 
gallon 
barrel 


2 pints 

4 quarts 

128 fluid ounces 
31 1/2 gallons 


| | | 
PRPRP PB E 
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ARC-RESISTANT MATERIALS 


1. Purpose. This guideline establishes criteria for the selection and application of arc-resistant materials used 
for insulation of electrical power circuits. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


L-P-516 Plastic Sheet and Plastic Rod, Thermosetting, Cast. 

MIL-I-24768 Insulation, Plastics, Laminated, Thermosetting, General Specification for. 

A-A-59588 Rubber, Silicone. 

ASTM D 495 Standard Test Method for High-Voltage, Low-Current, Dry Arc Resistance of Solid Electrical 
Insulation. 

ASTMD 5213 — Standard Specification for Polymeric Resin Film for Electrical Insulation and Dielectric 
Applications. 


ASTM D 5948 _ Standard Specification for Molding Compounds, Thermosetting. 
29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1_Materials. Materials should conform to table 26-I. The materials listed have passed the minimum guidelines 
of 115 seconds when subjected to the arc-resistance test of ASTM D 495 and are listed in approximate order of arc 
resistance. 


5. Detail guidelines. 


5.1 Applications. Materials may be masked, if necessary, during any treatment of the equipment in which they 
are used which might result in degradation of the arc-resistant properties of the material. For parts which may be 
exposed to other than high-voltage, low-current arcing, the materials should be evaluated for overall thermal and 
electrical characteristics. Suitability for the specific application and the potential for satisfactory performance in 
elevated humidity, as defined in the detail equipment specification, should also be considered. 


5.2 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer-producing substances (carcinogens). Before using any materials which might contain these chemicals, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. 
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TABLE 26-I. Arc-resistant materials. 


Plastic(s), thermosetting, CMI-5, GDI-30, GDI-30F, 

molding MAG, MAI-30, MAI-60, 
MAI-100, MAT-30, MDG, 
MME, MMI-5, MMI-30, MSG 
MSI-30, SDG, SDG-F, SDI-30 


Laminated rods and tubes, MIL-I-24768 
Laminated sheets 


Glass cloth, silicone MIL-I-24768 
resin 


Sheet and strip, a —— ASTM D 5213 
Silicone rubber A-A-59588 
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BATTERIES 


1. Purpose. This guideline establishes the criteria for the selection and application of batteries, including 
installation and marking criteria. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


herein, but are those needed to understand the information provided by this handbook. 


W-B-133 
MIL-PRF-8565 
MIL-B-18013 
DOD-B-24541 


MIL-B-29595 
MIL-PRF-49450 
MIL-PRF-49471 
MIL-PRF-81757 
DOD-STD-1578 
ANSI C18.1M 
SAE J537 


Battery, Storage, Lead-Acid (Industrial Motive Power Service). 

Batteries, Storage, Aircraft, General Specification for. 

Battery, Storage, Support Equipment, General Specification for. 

Battery Cells and Elements, Lead-Acid, Main Storage, Submarine; General Specification 
for. 

Batteries and Cells, Lithium, Aircraft, General Specification for. 

Battery, Rechargeable, Nickel-Cadmium, Vented, Aircraft. 

Batteries, Non-Rechargeable, High Performance. 

Batteries and Cells, Storage, Nickel-Cadmium, Aircraft, General Specification for. 
Nickel-Cadmium Battery Usage Practices for Space Vehicles. 

Dry Cells and Batteries-Specifications. 

Storage Batteries. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Use. Batteries should not be used unless approved by the procuring activity. 


4.1.1 Army applications. Battery power for Army equipment (development and nondevelopment type) and other 
service developed equipment adopted by the Army should be selected in accordance with guidance available from 
the Army Communications-Electronics Command, Ft. Monmouth, NJ. The point of contact is: 


Headquarters, Communications-Electronics Command 
Attn: AMSEL-LC-P-AMC 

Ft. Monmouth, NJ 07703 

DSN 992-2411 or commercial (732) 532-2411 


4.1.2 Space applications. Batteries for space applications should be selected and applied in accordance with 


DOD-STD-1578. 


4.1.3 Lithium batteries. When lithium batteries are to be used in an equipment, direction on their use, 
transportation, storage, and disposal should be requested through the procuring activity from the following sources: 


For Army: 


For Navy: 


For Air Force: 


US Army Communications-Electronics Command 
AMSEL-LC-P-AMC 
Ft Monmouth NJ 07703 


Naval Surface Warfare Center 
Crane Division 

300 Highway 361 

Crane, IN 47522-3235 


AFMC/LGYE 


4375 Chidlaw Road Post 119C 
Wright Patterson OH 45433-5006 
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4.2 Rechargeable batteries. Rechargeable batteries should conform to MIL-PRF-8565, DOD-B-24541, MIL- 
PRF-49450, DOD-STD-1578, W-B-133, or SAE J537. 


4.3 Nonrechargeable batteries. Nonrechargeable batteries should conform to MIL-B-29595, MIL-PRF-49471, or 
ANSI C18.1M. 


4.4 Installation marking. Connections, polarity, minimum acceptable voltage for equipment operation, nominal 
voltage, and type(s) of batteries required should be marked as applicable in a prominent place on, or adjacent to, the 
battery compartment. 


4.5 Warning label. Battery-powered equipment, with the exception of equipment requiring permanent battery 
installation, should be labeled externally as follows: 


WARNING 
REMOVE BATTERIES BEFORE 
SHIPMENT OR INACTIVE STORAGE 
OF 30 DAYS OR MORE 


Examples of equipment requiring permanent battery installation are sonobuoys, missiles, and fuses. 


5. Detail guidelines. 


5.1 Battery compartment. The battery compartment should be provided with devices to firmly secure the 
batteries. Adequate room should be provided for battery installation, maintenance, testing, and removal without 
disassembly of the equipment. The battery compartment should prevent pressure build-up from heat, gases, liquids, 
or chemicals released during battery operation, charging, deterioration, or rupture, and should also prevent such 
materials from entering the electronic compartment. 


5.2 Magnesium dry batteries. When magnesium dry batteries are used, extra precautions should be observed 
since these batteries give off heat at high rates of discharge (less than 10 hours) and evolve hydrogen. 
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CONTROLS 
1. Purpose. This guideline establishes criteria for the selection and application of controls. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


NASM28728 Dial, Control, Multi-Turn Counters, General Specification for 
3. Definitions. 


3.1 Operating control. Operating controls are controls that may be required for use during the normal operation 
of the equipment. 


3.2 Adjustment controls. Adjustment controls are controls that are used for alignment and calibration of the 
equipment and are not used during normal operation of the equipment. 


4. General Guidelines. 


4.1 General. All controls should be marked, indexed, sized, and located so that the control position can be 
readily identified. Controls should have fixed guide marks if pre-setting of the controls is required. Controls located 
adjacent to their associated displays should be so positioned that operation of the control will not obscure the display. 
Controls should be so connected in the circuit that the controlled characteristics; (e.g., sensitivity, volume, or voltage) 
increase with clockwise rotation of the control as seen from the operating position. In general, movement of a control 
forward, clockwise, to the right, or up, should turn the equipment on, cause the quantity to increase, or cause the 
equipment to move forward, clockwise, to the right, or up. 


4.2 Accessibility. 


4.2.1 Operating controls. Controls necessary for the operation of the equipment should be readily accessible, 
and unless otherwise specified, should be located on the front panel of the unit. 


4.2.2 Adjustment controls. Adjustment controls that are required for periodic alignment or calibration should be 
mounted behind covered openings, such as access doors, on the surfaces of the equipment accessible when 
installed. When not adjustable by hand, controls should be designed to accept a common screwdriver blade tip. 
Controls which infrequently require adjustment need not be accessible from the operating panel, but should be readily 
accessible for servicing when the equipment is opened for maintenance purposes. 


4.3 Mechanical characteristics. 


4.3.1 Stops. Mechanical stops should be provided for all adjustable controls, except controls designed for 
unlimited rotation. Where flexible control shafts are employed, or where stops integral to the adjustable control or the 
mechanism could be damaged by excessive torque, stops should be provided on the driving end of the shaft. 


4.3.2 Locking devices. Control locking devices should be capable of retaining the controls in any given setting 
within the range of control. The locking and unlocking action should be easily and quickly accomplished, and should 
not affect the setting of the control. When in the unlocked position, the locking devices should not interfere with the 
normal operation of the control. Where vernier controls are used, the locking devices should operate on both main 
and vernier controls, if necessary, to prevent damage. 


4.3.3 Nonturn devices. All nonturning controls and bodies, or cases of turning controls, should be equipped with 
a positive device to prevent their turning in the panel or assembly on which they are mounted. 


4.3.4 Shafts and couplings. Coupling between, or to, shafts should be accomplished by means of metallic or 
insulated couplings rigidly secured. 
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4.3.5 Control knobs and handles. Control knobs and handles should have high impact strength and should be 
firmly secured to the control shafts by use of setscrews wherever that type of fastener is applicable. Plastic knobs 
and handles should have metal inserts for setscrews and should not warp or crack. 


4.3.6 Multiturn counters control dials. Manually operated multiturn counters control dials should conform to 
NASM28728. 


4.3.7 Stability. All controls should be so designed that the setting, position, or adjustment of any control should 
not be altered when the equipment is subjected to the service conditions specified in the detail equipment 
specification. 


4.3.8 Factory adjustment controls. The design of equipment should not include factory or sealed adjustment 
controls, unless specifically approved by the detail equipment specification. 


5. Detail guidelines. 


5.1 Arrangement and location. Controls should be arranged to facilitate smooth and rapid operation. All controls 
which have sequential relations, which are related to a particular function or operation or which are operated together, 
should be grouped together along with their associated displays. Controls should be conveniently located with 
respect to associated visual displays. Controls should be of such size and so spaced that the manipulation of a given 
control does not interfere with the setting of an adjacent control. Adjustment controls, with required test points, should 
be grouped and so marked as to provide for simplicity and ease of maintenance. 


5.2 Mechanical operation. Infrequently required controls should be screwdriver adjusted. Play and backlash in 
controls should be held to a minimum commensurate with intended operational functions and should not cause poor 
contact or inaccurate setting. Controls should operate freely and smoothly without binding, scraping, or cutting. 
Controls may be lubricated when lubrication does not interfere with operation and is specified in the detail equipment 
specification. 


5.3 Shafts and couplings. Shafts subject to removal may have their couplings secured by two setscrews 90° to 
120° apart. Flexible couplings may be used for controls where the use of rigid couplings would interfere with the 
satisfactory operation or mounting of such controls. 
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ELECTRON TUBES 


1. Purpose. This guideline establishes criteria to support the design and testing of electron tube devices and 
their application equipment. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-1 Electron Tubes, General Specification for. 
MIL-STD-1311 Test Methods for Electron Tubes. 
QPL-1 Qualified Products List of Products Qualified Under Performance Specification MIL-PRF-1 


Electron Tubes, General Specification for. 


3. Definitions. | Terms, definitions, methods, abbreviations, and symbols used in conjunction with electron 
tubes are found in appendices of MIL-PRF-1. 


4. General guidelines. 


4.1 General requirements and classification. General requirements and ratings for electron tubes used by the 
military are found in MIL-PRF-1. The main category into which each tube is classified is indicated in the title of the 
tube specification sheet (TSS). 


4.2 Production, test and reliability. Manufacture of electron tubes will use production and test facilities and a 
quality and reliability assurance program adequate to ensure compliance with MIL-PRF-1 and its corresponding TSS. 


4.3 Qualification. Adequacy of electron tube manufacturer to meet the acceptance requirements of MIL-PRF-1 
and the TSS is determined by the qualifying activity. Uniform methods for testing environmental, physical, and 
electrical characteristics of electron tubes as required by MIL-PRF-1 and the TSS are provided by MIL-STD-1311. 


4.3.1 Delivery. Only electron tubes inspected for and meeting all requirements of MIL-PRF-1 and the TSS are to 
be marked as compliant and delivered. Tubes furnished under MIL-PRF-1 are either tubes authorized by the 
qualifying activity for listing on the qualified products list (QPL) or tubes passing first article inspection (determined by 
TSS and Contracting Officer). The QPL cross references tube designation numbers with TSS numbers and qualified 
manufacturers and is updated annually. The Contracting Officer can waive first article acceptance for manufacturers 
who pass first article testing on previous, recent contracts. 


4.4 Critical interfaces. Critical interfaces of an electron tube are specified in appendices of MIL-PRF-1 and in the 
TSS. 


5. Detailed guidelines. Equipment using tubes manufactured in accordance with MIL-PRF-1 should be designed 
so that the tubes perform satisfactorily in the normal service for which the equipment is designed. The use of 
characteristics not controlled by MIL-PRF-1 is not permitted without specific military command or service approval. 
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SEMICONDUCTOR DEVICES 


1. Purpose. This guideline establishes criteria for the selection and application of semiconductor devices. 
These criteria are based on the objectives of achieving technological superiority, quality, reliability, and maintainability 
in military systems. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-19500 Semiconductor Devices, General Specification for 

QML-19500 Qualified Manufacturers List of Products Qualified Under Performance Specification 
MIL-PRF-19500 Semiconductor Devices, General Specification for. 

TEOOO-AB-GTP-010 Parts Requirements and Application Manual for Navy 


3. Definitions. 


3.1 Qualified device (Semiconductors): Any device or semiconductor which has met the requirements of MIL- 
PRF-19500 and is listed on the associated Qualified Manufacturers Listing (QML). 


3.2 Reliability. The probability of a part performing its specified purpose for the period intended under the 
operating conditions encountered. 


3.3 Derating. The method of reducing stress or making quantitative allowances for a part’s functional 
degradation. Consequently, derating is a means to reduce failures and extending part life. In addition, derating helps 
protect parts from unforeseen application anomalies and overstresses. See guideline 18. 


4. General Guidelines. 


4.1 Application. The use of semiconductor devices should be qualified and monitored to the application and 
environment they are used in. The “Parts Requirements and Application Manual for the Navy”, TEOOO-AB-GTP- 
010, is recommended to be used as guidance. 


4.2 Parts standardization. Parts standardization is encouraged. Standardization positively affects logistic 
supportability, the overall life cycle costs, obsolete part issues, as well as the quality and reliability of the devices. 
Standard semiconductor devices are manufactured in accordance with MIL-PRF-19500 and are listed in QML-19500, 
and in electronic format on the DSCC web site. 


5. Detail guidelines. This section not applicable to this guideline. 
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b. Expressing and computing. Capacity measurements can be 
expressed in many different ways. For example, the gallon is 4 
quarts or 128 fluid ounces, and the quart is 32 fluid ounces or 2 
pints. As previously mentioned, measurements do not always come 
out evenly and must be expressed in fractional parts or in terms 
of a smaller unit. Computations with liquid capacity 
measurements are made in the same manner as with linear 
measurements. Like units are placed in their proper columns. 


Example: 
There are two containers filled with diesel fuel. 
One has a capacity of 2 gallons 3 quarts and the 
other has 3 gallons 2 quarts. What is the total 
capacity of both containers? 
2 gal 3 qt 
3 gal 2 qt 
5 gal 5 qt = 6 gal 1 qt 
Note: Since 5 quarts is greater than 1 gallon, the gallon 


is added (or carried) to the gallon column and the 
remainder of the 5 quarts is expressed in quarts. 
Consequently, the total capacity is 6 gallons 1 
quart. 


Let's take a look at another example problem and two different 
methods of solving it. 


Example: 
How many gallons of water were consumed if the first 
squad drank 20 pints, the second squad drank 18 
pints, and the third squad drank 27 pints? 
Method 1: 
20 pt 
18 pt 
27 pt 
65 pt 
65 pt = 32 qt 1 pt 
32 qt = 8 gal 
65 pt = 8 gal lpt or 8 1/8 gal 
Method 2: 
20 pt = 2 gal 2 qt 
18 pt = 2 gal 1 qt 
27 pt = 3 gal 1 gt i pt 


7 gal 4 qt 1 pt = 8 gal 1 pt 
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MOISTURE POCKETS 
1. Purpose. This guideline establishes criteria for the treatment and drainage of moisture pockets. 
2. Applicable documents. This section not applicable to this guideline. 
3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Moisture pockets. Where moisture pockets are unavoidable in unsealed equipment, provision should be 
made for drainage of such pockets. Desiccants or moisture-absorbent materials should not be used within moisture 
pockets. 


5. Detail guidelines. 


5.1 Pockets, wells, and traps. Pockets, wells, traps, and the like, in which water or condensate could collect 
when the equipment is in normal position, should be avoided. 


5.2 Sealed equipment. In sealed equipment or assemblies such as waveguides, the use of desiccants or other 
methods, such as gas purging, is not restricted. 
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TEST PROVISIONS 
1. Purpose. This guideline establishes criteria for test provisions. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-2165 Testability Program for Systems and Equipments 
3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Built-in test devices. Built-in test devices should maintain their accuracy under all operating conditions 
required by the equipment under test. These devices should be provided with connections or access for their 
operational check-out or calibration. 


4.2 External test points. Protection should be provided in the test point circuitry to prevent equipment damage 
caused by the external grounding of test points. 


4.3 Failure effect. Unless otherwise specified, provisions for testing should be so designed that any failure of 
built-in test devices will not degrade equipment operation or cause equipment shut down. 


5. Detail guidelines. 


5.1 Testability program. When specified by the procuring activity, a testability program should be implemented in 
accordance with MIL-HDBK-2165. 
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RESISTORS 
1. Purpose. This guideline establishes criteria for the selection and application of resistors. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-199 Resistors, Selection and Use of 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Selection. Resistors should be selected and applied in accordance with MIL-HDBK-199. 


5. Detail quidelines. This section not applicable to this guideline. 
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NOMENCLATURE 
1. Purpose. This guideline establishes criteria for nomenclature (item name and type designation). 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-196 Joint Electronics Type Designation System. 
3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Nomenclature. Item names and type designations for electronic equipment should be established in 
accordance with MIL-STD-196. 


5. Detail guidelines. 


5.1 Type designations. The assignment of type designations does not constitute approval of equipment or the 
use of a particular item in a specific set, and does not waive any requirements of the contract involved, nor does the 
approval of the equipment constitute approval of the type designation assignment. 
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RELIABILITY 
1. Purpose. This reliability guideline should be considered when preparing contractual documents. Reliability 
program tasks, quantitative requirements, and verification or demonstration requirements may be directly specified in 


the contract or the system/equipment specification, as appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-781 Reliability Test Methods, Plans, and Environments for Engineering Development, 
Qualification, and Production. 
MIL-HDBK-217 Reliability Prediction of Electronic Equipment. 


3. Definitions. This section not applicable to this guideline. 
4. General guidelines. This section not applicable to this guideline. 
5. Detail guidelines. 


5.1 Reliability program. Reliability engineering and accounting tasks aimed at preventing, detecting, and 
correcting reliability design deficiencies, weak parts, and workmanship defects and providing reliability related 
information essential to acquisition, operation, and support management should be included in contract requirements 
with the objective of establishing and maintaining an efficient reliability program according to life cycle phase. 
MIL-HDBK-781 and MIL-HDBK-217 provide additional guidance. 


5.2 Quantitative requirements. Quantitative reliability requirements and verification or demonstration 
requirements should be established appropriate to program phase. 
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Note: The total consumed was 8 1/8 gallons (method 1) or 8 
gallons 1 pint (method 2). Although it was not 
indicated, division was used in both methods. There 
are many problems that you can solve by using just 
the division step; however, other problems will 
require both multiplication and division. Let's take 
a look at one. 


Example: 
Each Marine in the patrol drank 3 gallons 2 quarts 1 
pint of water during training. There are 8 Marines 
in the patrol; how much water did the patrol drink? 
Note: Change (carry) as you multiply. 
8 Marines x 3 gal 2 qt 1 pt 
8 x 1 pt = 8 pt = 4 qt 
8 x 2 qt = 16 qt + 4 qt = 20 qt = 5 gal 
8 x 3 gal = 24 gal + 5 gal = 29 gal 
The patrol drank 29 gallons of water. 
Note: In this example you first multiplied and then divided 


to obtain the correct portion of pints, quarts, and 
then gallons. 


If you had a difficult time solving either problem, review this 
section before moving on to weight measurement. 


4204. U.S. Weight Measure 
a. Units of weight measure. The weight of any object is simply 


the force or pull with which it is attracted toward the center of 
earth by gravitation. There are three common systems of weights 


in the U.S.: troy weight, used in weighing jewelry, 
apothecaries' weight, used in weighing small amounts of drugs, 
and avoirdupois weight, used for all ordinary purposes. Our 


primary concern will be with avoirdupois weight. The terms 
listed in table 4-6 are quite common and should be committed to 
memory. 


Table 4-6. Weight Measure Table 


* 437 1/2 grains(gr) 
* 7,000 grains 
16 ounces 
2,000 pounds 
2,240 pounds 


ounce (02) 
pound (1b) 
pound 

ton 

long ton 


* A grain was originally a grain of wheat, but it 
is now described in relation to a cubic inch of 
distilled water. 
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ACCESSIBILITY 
1. Purpose. This guideline establishes criteria for accessibility. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-1472 Human Engineering. 
MIL-HDBK-505 Definition of Item Levels, Item Exchangeability, Models, and Related Terms. 


3. Definitions. 


3.1 Part, subassembly, and assembly. Part, subassembly, and assembly are as defined in MIL-HDBK-505. 


4. General guidelines. 


4.1 Access. Each article of equipment, and each major subassembly forming a part thereof, should provide for 
the necessary access to its interior parts, terminals, and wiring for adjustments, required circuit checking, and the 
removal and replacement of maintenance parts. Accessibility for testing and replacement does not apply to parts 
located in nonrepairable subassemblies or assemblies. For routine servicing and maintenance, unsoldering of wires, 
wire harnesses, parts, or subassemblies should not be required in order to gain access to terminals, soldered 
connections, mounting screws, and the like. Inspection windows should be provided where necessary. Sizes of 
openings, maximum reach guidelines, and allowable sizes and weights of replaceable assemblies should conform to 
limits established in MIL-STD-1472. 


4.2 Connections. Connections to parts inside a removable container should be arranged to permit removal of 
the container without threading connection leads through the container. 


4.3 Parts. Parts which are identified as replaceable parts should not be mounted by means of rivets, spot 
welding, or hard curing compounds. No unsoldering or soldering of connections should be necessary when the front 
panel, or any subchassis, is removed for maintenance purposes. Design should be such that where plug-in modules 
or assemblies are used, they can be easily inserted in the proper location when correctly oriented without damage to 
equipment or parts being engaged. 


4.4 Enclosures. Accessibility to chassis, assemblies, or parts contained within cabinets, consoles, or other 
enclosures should be provided from outside the basic equipment through the use of access doors, by mounting such 
items on withdrawal slides, swinging doors, through cable extenders and cable retractors, provisions for circuit card 
extenders which will allow part or module operation in the open position, or other arrangements to permit adequate 
access for properly servicing the equipment. Automatic or manually operated locks should be provided to lock the 
chassis in the servicing position. When withdrawal slides are used they should be of guided sectional construction 
with tracks and rollers. Complete removal and access for servicing of electronic equipment contained within cabinets, 
consoles, or other enclosures should be provided from either the front or rear of the equipment. Guide pins, or 
locating pins, or the equivalent, should be provided for mechanical alignment during mounting. Shipboard equipment 
should have complete access for maintenance and servicing from the front of the equipment. 


4.5 Bolt-together racks and enclosures. For Navy ship and shore applications, when bolt-together racks are 
required, fastening should be provided to bolt adjacent racks together at the top with external brackets and through 
the bottom of the rack to a base or foundation. Bottom mounting should be accessible from the front with minimum 
disassembly of internal parts or subassemblies. 


5. Detail guidelines. 


5.1 Compatibility. Equipment should be designed for optimum accessibility compatible with operating, 
maintenance, electromagnetic compatibility, and enclosure requirements. 
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5.2 Parts. If, in order to check or remove a part, it is necessary to displace some other part, the latter part 


should be so wired and mounted that it can be moved without being disconnected and without causing circuit 
detuning or instability. 
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CIRCUIT BREAKERS 
1. Purpose. This guideline establishes criteria for the selection and application of circuit breakers. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-39019 Circuit Breakers, Magnetic, Low-Power Sealed, Trip-Free, General Specification for. 
MIL-PRF-55629 Circuit Breakers, Magnetic, Unsealed or Panel Seal, Trip-Free, General Specification for. 
MIL-PRF-83383 Circuit Breakers, Remote Control, Thermal, Trip Free, General Specification for. 
MIL-HDBK-217 Reliability Prediction of Electronic Equipment. 


3. Definitions. 


3.1 Overcurrent protection. There are two main purposes for overcurrent protective devices: (1) The protection 
of components and equipment from overcurrent damage; and (2) To isolate sub-systems from a main system when a 
fault occurs. 


3.2 Circuit breaker. A circuit breaker is a device that opens a circuit automatically, without damaging itself, when 
the current exceeds a predetermined value. 


4. General guidelines. 


4.1 Selection and application. Trip-free circuit breakers should be used. Nontrip-free circuit breakers should be 
used only when the application requires overriding of the tripping mechanism for emergency use. 


4.2 Manual operation. Circuit breakers should be capable of being manually operated to the ON and OFF 
positions. Circuit breakers should not be used as ON-OFF switches unless such breakers have been specifically 
designed and tested for that type of service. 


4.3 Position identification. Circuit breakers should have easily identified ON, OFF, and TRIPPED positions 
except that the TRIPPED position may be the same as the OFF position with no differentiation between OFF and 
TRIPPED being required. 


4.4 Orientation. Circuit breakers should operate when permanently inclined in any direction up to 30 from the 
normal vertical or normal horizontal position. The trip point of an inclined unit should not vary more than +5 percent of 
the current specified for normal position mounting. Circuit breakers used on flight equipment and portable test 
equipment should operate within the limits of the detail specification when the equipment is in any position or rotation 
about its three principal axes. 


4.5 Reliability. MIL-HDBK-217 provides reliability prediction models for circuit breakers. 


5. Detail guidelines. 


5.1 Type and configuration. Circuit breakers are available in various sizes and configurations including thermal, 
magnetic, thermal-magnetic, and solid state types. The size and configuration of the package are dependent on the 
electrical characteristics, power dissipation, and the environmental requirements. There are many types available. 
To obtain further information on configuration, interface requirements, and testing, consult an individual military 
specification listed in section 2 of this guideline. 
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QUARTZ CRYSTALS AND OSCILLATOR UNITS 
1. Purpose. This guideline establishes criteria for the selection of quartz crystal units and crystal oscillators. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-3098 Crystal Units, Quartz, General Specification for. 
MIL-PRF-55310 Oscillators, Crystal Controlled, General Specification for. 
MIL-HDBK-217 Reliability Prediction of Electronic Equipment. 


3. Definitions. 


3.1 Crystal. A solid in which the constituent atoms or molecules are arranged with a degree of geometric 
regularity. 


3.2. Crystal oscillator. An oscillator in which a piezoelectric crystal controls the frequency of oscillation. 


3.3. Piezoelectric. A property of some crystals that produce a voltage when subjected to a mechanical stress; 
or, that when voltage is applied, undergo a mechanical stress. 


4. General guidelines. 


4.1 Crystal units and crystal oscillators units. Crystal units and crystal oscillators units should conform to MIL- 
PRF-3098 and MIL-PRF-55310 respectively. 


4.2 Reliability. MIL-HDBK-217 provides reliability prediction models for quartz crystal units. 


5. Detail quidelines: 


5.1 Type and configuration. Crystal-controlled oscillators have many applications in electronic equipment. 
Oscillator types are designated as crystal oscillators (XO), voltage-controlled crystal oscillators (VCXO), temperature- 
compensated crystal oscillators (TCXO), oven-controlled crystal oscillators (OCXO), temperature- 
compensated/voltage-controlled crystal oscillators (TCVCXO), oven-controlled/voltage-controlled crystal oscillators 
(OCVCXO), microcomputer-compensated crystal oscillators (MCXO), and rubidium-crystal oscillators (RbXO). 
Definitions of the various oscillator types along with information on configuration, interface requirements and testing, 
can be found in MIL-PRF-55310. Details on quartz crystal units can be found in MIL-PRF-3098. 
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FUSES AND FUSE HOLDERS 


1. Purpose. This guideline establishes criteria for the selection and application of fuses, fuseholders, and 
associated hardware. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-15160 Fuses, Instrument, Power, and Telephone, General Specification for. 

MIL-PRF-19207 Fuseholders, Extractor Post Type, Blown Fuse, Indicating and Nonindicating, 
General Specification for. 

MIL-PRF-23419 Fuse, Cartridge, Instrument Type, General Specification for. 

MIL-HDBK-217 Reliability Prediction of Electronic Equipment. 

SAE-ARP 1199 Selection, Application, and Inspection of Electric Overcurrent Protective Devices. 


3. Definitions. 


3.1 Overcurrent protection. There are two main purposes for overcurrent protective devices: (1) The protection 
of components and equipment from overcurrent damage; and (2) To isolate sub-systems from a main system when a 
fault occurs. 


3.2 Fuse. A fuse is a protective device with a fusable link, or link, that will break the current when the current 


exceeds the capacity of the fuse. When potentially harmful overcurrents occur the link will melt rapidly to protect 
circuit components. 


4. General quidelines. 


4.1 Selection and application. Fuses, fuseholders, and associated hardware should be selected from SAE-ARP 
1199. 


4.2 Extractor post type fuseholders. The load should be connected to the fuseholder terminal that terminates in 
the removable cap assembly. 


4.3 Reliability. MIL-HDBK-217 provides reliability prediction models for fuses. 


5. Detail guidelines. 


5.1 Branch circuits. Fusing should be so applied that fuses in branch circuits will open before the fuses in the 
main circuit. 


5.2 Thermal considerations. Fuses are thermally activated devices. In general, time delay fuses are most 
susceptible to ambient temperature extremes; current limiters the least. 


5.3 Load current considerations. Fuse ratings are in terms of RMS, not average, line currents measured using 
true RMS reading instruments. Direct current lines having a pulsating component should be measured using a true 
RMS reading instrument. 


5.4 Type and configuration. Fuses are available in a variety of configurations and sizes (e.g., surface mount, 
wire leads, blade type, fuse clips, and large cartridges). The size and configuration of the package are dependent on 
the electrical characteristics, power dissipation and the environmental requirements. There are many military types 
available. To obtain further information on configuration, interface requirements, and testing, consult an individual 
military specification listed i section 2 of this guideline. 
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SHUNTS 
1. Purpose. This guideline establishes criteria for the selection of external meter shunts. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-I-1361 Instrument Auxiliaries, Electrical Measuring: Shunts, Resistors, and Transformers. 
A-A-55524 Shunt, Instrument (External, 50 millivolt, Lightweight Type). 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 External meter shunts. External meter shunts should conform to A-A-55524 or MIL-I-1361, as applicable. 


5. Detail guidelines. This section not applicable to this guideline. 
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b. Expressing and computing. Weight measurements can be 
expressed in several different ways. The ton is 2,000 pounds, 
the pound is 16 ounces or 7,000 grains. Here, as with linear and 
capacity measurements, the measurements do not always come out 
evenly and must be expressed in fractional parts or in terms of a 
smaller unit. For example, 2,500 pounds is 1 1/4 tons or 1 ton 
500 pounds. 


Computations with the weight measurements are made in the same 
Manner as with linear or capacity measurements. To add or 
subtract, the numbers must be lined up in like columns. 


Example: 

Cpl Barbell has two boxes that need to be mailed to 
Sgt Steel. One of the boxes weighs 10 pounds 14 
ounces and the other weighs 19 pounds 6 ounces. The 
Postmaster said, "You'll save money if the combined 
weight is less than 35 pounds and you mail just one 
box." Can Cpl Barbell save any money? 

10 lb 14 02 

19 lb 6 02 

29 lb 20 oz = 30 1b 4 o2 (Yes, Cpl Barbell can save 
money because 30 pounds 4 ounces is less than 35 
pounds. 

Note: Since 20 ounces is greater than 1 pound, the pound is 
added to the pound column and the remainder of the 20 
ounces is expressed in ounces. Let's take a look at 
two more examples. 

Example: 


You have 6 pounds 14 ounces of explosives. You need 
charges each weighing 1 pound 6 ounces for steel 
cutting. How many 1 pound 6 ounce charges can you 
make? 


5 
1 lb 6 02 | 6 lb 14 0z = 22 02 | 110 oz 
110 02 


You can make five 1 pound 6 ounce charges. 
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SPRINGS 


1. Purpose. This guideline establishes criteria for the design, selection, and application of springs. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


MIL-S-46049 
ASTM A29/A29M 
ASTM A228/A228M 
ASTM A313/A313M 
ASTM A682/A682M 
ASTM A684/A684M 
ASTM B122/B122M 


ASTM B139/B139M 
ASTM B151/B151M 


ASTM B194 

ASTM B196/B196M 
ASTM B197/B197M 
ASTM B206/B206M 


ASTM B522 

SAE/AMS 5121 
SAE/AMS 5122 
SAE AS 13572 
SAE AS 81021 


herein, but are those needed to understand the information provided by this handbook. 


Strip, Metal, Carbon Steel, Cold Rolled, Hardened and Tempered, Spring Quality. 
General Specification for, Steel Bars, Carbon and Alloy, Hot Wrought. 

General Specification for, Steel Wire, Music Spring Quality. 

General Specification for, Stainless Steel Spring Wire. 

General Specification for, Steel, Strip, High-Carbon, Cold Rolled. 

General Specification for, Steel, Strip, High-Carbon, Cold Rolled. 

General Specification for, Copper-Nickel-Tin Alloy, Copper-Nickel-Zinc Alloy (Nickel 
Silver),and Copper-Nickel Alloy Plate, Sheet, Strip, and Rolled Bar. 

General Specification for, Phosphor Bronze Rod, Bar, and Shapes. 

General Specification for, Copper-Nickel-Zinc Alloy (Nickel Silver) and Copper-Nickel 
Rod and Bar. 

General Specification for, Copper-Beryllium Alloy Plate, Sheet, Strip, and Rolled Bar. 
General Specification for, Copper-Beryllium Alloy Rod and Bar. 

General Specification fo,r Copper-Beryllium Alloy Wire. 

General Specification for, Copper-Nickel-Zinc Nickel Silver Wire and Copper-Nickel 
Alloy Wire. 

General Specification for, Gold-Silver-Platinum Electrical Contact Alloy. 

Sheet and Strip, Steel (0.90-1.04) (SAE1095). 

Steel Strip (0.90-1.04) (SAE1095) Hard Temper. 

Springs, Helical, Compression and Extension. 

Copper-Beryllium Alloy (Copper Alloy Numbers C17500 and C17510), Strip. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Helical springs. Helical springs should conform to SAE AS 13572. 


4.2 Electrical contact springs. Electrical contact springs should use materials selected from table 41-1. 


4.3 Carbon steel springs. Carbon steel springs should be suitably plated or finished to resist corrosion. 


5. Detail guidelines. 


5.1 Corrosion resisting steel. Corrosion resisting steel springs are preferred where electrical conductivity is not a 
consideration and where they are adequate for the purpose intended. 


5.2 Fatique limits. Fatigue limits of the springs should not be adversely affected by corrosion, operating 
temperature, and other environmental conditions in service. Fatigue limits should be consistent with the maximum 
specified operating cycles for the respective part or equipment or, if such is not specified, with the maximum duty 
cycle to be expected during the equipment service life. 


5.3 Electrical conductivity. Electrical conductivity of contact springs should not be adversely affected by 
corrosion, operating temperature, and other environmental conditions in service. 


5.4 Enclosure. Where practicable, springs should be enclosed in housings, or otherwise captivated, in order to 
prevent broken pieces from entering and adversely affecting the equipment. 
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5.5 Heat treatment. Springs made of materials that achieve their desired properties by heat treatment, such as 
copper-beryllium alloys, annealed carbon steels, CRES steels, or heat resisting alloys, should be heat treated to the 
specified temper after forming. 


5.6 Grain orientation. Flexure and forming of springs should be designed to occur perpendicular to the grain of 
the material. Deviation from the perpendicular should not exceed 45°. 


5.7 Documents for specifying materials. When the materials listed in tables 41-1, 41-Il, and 41-lll are used, they 
should conform to the specifications listed for each material. 
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TABLE 41-l. Materials for electrical spring application. 


Material 
Material Form specification 


Copper-nickel-zinc alloy Plate, sheet, strip, and ASTM B122/B122M 


rolled bar 

Rod, shapes, and flat products 

with finished edges (flat ASTM B122/B122M 

wire, strip, and bar) ASTM B151/B151M 
ASTM B206/B206M 


Copper-beryllium alloy Bars and rod ASTM B196/B196M 
Wire ASTM B197/B197M 


Strip ASTM B194 
Copper-cobalt-beryllium alloy Strip SAE AS 81021 
Phosphor bronze Bar, rod, plate, sheet, strip, ASTM B1i39/B139M 
and flat wire 
Platinum-iridium alloy Strip ASTM B522 


Palladium-copper alloy Metals 
Handbook, Vol | 


TABLE 41-ll. Corrosion resisting steel for springs. 


Material 
Material Form Specification 


Steel, CRES Wire ASTM A313/A313M 
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TABLE 41-lIl. Carbon steel for springs. 


Material 
Material Form specification 


Steel, high carbon Wire, spring, music ASTM 228/A228M 

Steel, carbon and alloy Strip, cold rolled ASTM 682/A682M 

(for springs) untempered spring ASTM 684/A684M 

Steel, carbon and alloy Bars, round, square ASTM A29/A29M 

(for springs) and flat 

Steel, carbon, strip Cold rolled, hardened MIL-S-46049 

and tempered spring 

Steel, carbon (1095) Sheet and strip A-annealed SAE AMS 5121 
(condition 1) H-hard temper SAE AMS 5122 


(condition 3) cold finished 
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TUNING DIAL MECHANISMS 
1. Purpose. This guideline establishes criteria for the design of tuning dial mechanisms. 


2. Applicable documents. This section not applicable to this guideline. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Dial. The division marking and lettering on tuning dials should be suitably etched. Dial markings should be 
legible at a distance of 0.6 meter from any point within a solid angle of 60° defined by a surface of revolution about a 
line through the center of the dial and perpendicular to the panel. Minimum space between characters should be one 
stroke width. The width of the lubber line or pointer tip should not exceed the width of the graduation marks. Except 
for digital tuning indicators, for which only one calibration number will be seen, dials should be marked so that at least 
two calibration numbers on each band can be seen at any dial setting. 


4.2 Balance and friction. Weighted tuning knobs should be counterbalanced. Friction in tuning dial mechanism 
should allow smooth and easy adjustment of the operating knob over the entire operating range of the mechanism, 
but should have sufficient resistance, or should incorporate a positive locking device to maintain the setting under all 
specified service conditions. Friction should be achieved through dry or elastic resistance rather than by fluid 
resistance. 


4.3 Flexible control shafts. Flexible shaft assemblies should be used when a flexible mechanical connection is 
required between the tuning knob and the tuned device. 


5. Detail guidelines. 


5.1 Tuning ratio. The tuning ratio used should be the optimum which will permit both rapid and precise setting. 
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LUBRICANTS 


1. Purposes. This guideline establishes criteria for the selection and application of lubricants. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


MIL-L-3918 
MIL-PRF-3150 
MIL-PRF-6085 
MIL-PRF-6086 
MIL-L-15719 
MIL-PRF-17331 
MIL-PRF-17672 
MIL-L-23398 
MIL-PRF-23827 
MIL-PRF-24139 
DOD-G-24508 
MIL-PRF-46010 
MIL-PRF-81322 


MIL-PRF-81329 
29 CFR 1910 
SAE J2360 


herein, but are those needed to understand the information provided by this handbook. 


Lubricating Oil, Instrument, Jewel Bearings. 

Lubricating Oil, Preservative, Medium. 

Lubricating Oil, Instrument, Aircraft, Low Volatility. 

Lubricating Oil, Gear, Petroleum Base. 

Lubricating Grease, (High-Temperature, Electric Motor, Ball and Roller Bearings). 
Lubricating Oil, Steam Turbine, and Gear, Moderate Service. 

Hydraulic Fluid, Petroleum, Inhibited. 

Lubricant, Solid Film, Air-Cured, Corrosion Inhibiting, NATO Code Number S-749. 
Grease, Aircraft and Instrument, Gear and Actuator Screw. 

Grease, Multi Purpose, Water Resistant. 

Grease, High Performance, Multi-Purpose (Metric). 

Lubricant, Solid Film, Heat Cured, Corrosion Inhibiting. 

Grease, Aircraft, General Purpose, Wide Temperature Range, NATO Code Number G- 
395. 

Lubricant, Solid Film, Extreme Environment, NATO Code Number S-1737. 

Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 

Lubricating Oil, Gear Multipurpose (Metric) Military Use. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 General. Lubricants should conform to one of the following: 


MIL-PRF-3150 MIL-PRF-17331 DOD-G-24508 
MIL-L-3918 MIL-PRF-17672 MIL-PRF-46010 
MIL-PRF-6085 MIL-L-23398 MIL-PRF-81322 
MIL-PRF-6086 MIL-PRF-23827 MIL-PRF-81329 
MIL-L-15719 MIL-PRF-24139 SAE J2360 


4.2 Silicones. Silicone compounds should not be used as lubricants. 

4.3 Graphite base lubricants. Graphite base lubricants should not be used. 

5. Detail guidelines 

5.1 Variety. The number of different lubricants should be held to a minimum. 

5.2 Volatility. Low volatility lubricants should be used where practical. 

5.3 Compatibility. The lubricant should be chemically inert with regard to the materials it contacts. 

5.4 Carcinogens. Certain chemicals have been identified in the occupational Safety and Health Act (OSHA) as 
cancer-producing substances (carcinogens). Before using any materials which might contain these chemicals, they 


should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. 
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FIBROUS MATERIALS, ORGANIC 
1. Purpose. This guideline establishes criteria for the selection and application of organic fibrous materials. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-32072 Thread, Polyester. 

V-T-295 Thread, Nylon. 

MIL-W-530 Webbing, Textile, Cotton, General Purpose, Natural or in Colors. 
MIL-C-572 Cords, Yarns, and Monofilaments, Organic Synthetic Fiber. 
MIL-T-3530 Thread and Twine, Mildew Resistant or Water Repellent Treated. 
MIL-W-4088 Webbing, Textile, Woven Nylon. 

MIL-C-9074 Cloth, Laminated, Sateen, Rubberized. 

MIL-W-27265 Webbing, Textile, Woven Nylon Impregnated. 

A-A-50197 Thread, Linen . 

A-A-52094 Thread, Cotton. 

29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Webbing. 


4.1.1 Cotton. Cotton webbing should conform to MIL-W-530, class 4 or 7. Class 7 should be used when 
webbing will come in contact with natural or synthetic rubber or class 4 when prolonged contact with the skin may 
occur. 


4.1.2 Nylon. Nylon webbing should conform to MIL-W-4088 or class R of MIL-W-27265. 


4.2 Cotton duck. Medium texture number 4 should be used for heavy-duty service and hard texture number 12 
should be used for services requiring light weight. 


4.3 Thread. Thread should conform to A-A-52094, MIL-DTL-32072, A-A-50197, or V-T-295. 


4.3.1 Treatment. Cotton and linen thread should be treated in accordance with MIL-T-3530. Type I, class 2 
mildew inhibiting agent should be used when thread will come in contact with natural or synthetic rubber or type |, 
class 1 when prolong contact with the skin may occur. 


4.4 Sateen. Laminated, two-ply rubberized cotton sateen should conform to MIL-C-9074. This sateen should 
not be used when prolonged contact with the skin may occur. 


4.5 Cords, yarn, and monofilaments. Cords, yarns, and monofilaments should conform to MIL-C-572. Types 
PVCA, AR, VCR, and CTA should not be used where they may be exposed to fungus attack. 


5. Detail guidelines 


5.1 Shrinkage. Fabric and thread should be preshrunk or allowance should be made for shrinkage in order to 
provide for satisfactory fit of finished items, both before and after they are immersed in water and then dried. 


5.2 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer producing substances (carcinogens). Before using any materials which might contain these chemicals, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. 
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Example: 
There are 5 truck loads of supplies. Each truck 


load weighs 1 ton 500 1b 10 oz. What is the total 
weight of supplies. 


5 x 10 02 = 50 02 = 3 lb 2 oz (carry 3 1b) 


5 x 500 lb = 2,500 1b + 3 1b = 2,503 1b 
= 1 ton 503 1b (carry 1 ton) 


5 tons + 1 ton = 6 tons 


5 x 1 ton 


The total weight for all supplies is 6 tons 503 
pounds 2 ounces. 


Note: As you can see by each example, division and 
multiplication are both used in finding the answers. 
It doesn't matter if you change the various units as 
you go or at the end. 


Lesson Summary. This lesson taught you how to compute U.S. 
linear, capacity, and weight measurements. You learned that the 
units of linear measure are inches, feet, yards, rods, and miles, 
and units of capacity measure are ounces, cups, pints, quarts, 
gallons, and barrels. In addition, you learned that the units of 
weight measure are grains, ounces, pounds, and tons. In your 
next lesson you are going to learn how to convert U.S. and metric 
units. 


Lesson 3. CONVERSION BETWEEN U.S. AND METRIC UNITS 
LEARNING OBJECTIVES 


1. Given linear measurements in metric units, convert to 
U.S. units. 


2. Given linear measurements in U.S. units, convert to 
metric units. 


3. Given capacity measurements in metric units, convert to 
U.S. units. 


4. Given capacity measurements in U.S. units, convert to 
metric units. 


5. Given weight measurements in metric units, convert to 
U.S. units. 


6. Given weight measurements in U.S. units, convert to 
metric units. 
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CORONA AND ELECTRICAL BREAKDOWN PREVENTION 
1. Purpose. This guideline establishes criteria for the prevention of corona and electrical breakdown. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


ASTM D 149 Standard Test Method for Dielectric Breakdown Voltage and Dielectric Strength of 
Solid Electrical Insulating Materials at Commercial Power Frequencies 
ASTM D 1868 Standard Test Method for Detection and Measurement of Partial Discharge (Corona) 


Pulses in Evaluation of Insulation Systems 
3. Definitions. 


3.1 Corona (air). A luminous discharge due to ionization of the air surrounding a conductor caused by a voltage 
gradient exceeding a certain critical value, called the partial discharge (Corona) Inception Voltage (CIV). 


3.2 Partial discharge (corona) inception voltage (CIV). The lowest rms voltage at which continuous partial 
discharges above some stated magnitude (which may define the limit of permissible background noise) occur as the 
applied voltage is gradually increased. 


3.3 Partial discharge (corona) extinction voltage (CEV). The highest rms voltage at which partial discharges 


above some stated magnitude no longer occur as the applied voltage is gradually decreased from above the inception 
voltage. 


3.4 Breakdown. A disruptive discharge through insulation, involving a sudden and large increase in current 
through the insulation because of complete failure under electrostatic stress, also called puncture. 


4. General guidelines. 


4.1 Corona prevention. The CEV should be at least 150 percent of the peak circuit voltage, corresponding to the 
maximum specified steady-state rms supply voltage. This guideline applies: 


a. When the equipment is terminated with the cabling, or other accessory equipment, with which it is intended 
to be used and; 


b. When the equipment is operated under the specified environmental service conditions and; 


c. When the equipment is supplied with the specified power source frequencies and voltages including 
commonly recurring transients. 


4.2 Electrical breakdown prevention. The equipment should be designed and manufactured with electrical 
clearance spacing, leakage (creepage) distances, and insulation characteristics adequate to prevent electrical 
breakdown. This guideline applies under all specified environmental service conditions including service life and 
using the specified operating voltages (including transients). Liquid dielectrics, gases other than air, or pressurization 
to prevent electrical breakdown should not be used unless approved by the procuring activity. 


5. Detail guidelines. 


5.1 Effects of corona. Corona occurring at the interface of an insulator and a metal can damage or reduce the 
life of an insulating system. In general, inorganic insulating materials are more resistant to the damaging effects of 
corona than organic insulating materials. Corona also generates electromagnetic interference and liberates ozone, a 
toxic, oxidant gas. 
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5.2 Insulation systems. Corona can occur within cavities between an insulating material and a metal surface 
which are in contact. Therefore, care should be exercised to avoid cavities at such interfaces where high voltages are 
encountered. 


5.3 Metal parts. Sharp edges and points should be avoided on metal parts which are included in high intensity 
electric fields. 


5.4 Corona testing. There are many factors which determine whether or not corona will occur, including 
temperature, humidity, ambient pressure, test specimen shape, rate of voltage change, and the previous history of the 
applied voltage. Test methods such as ASTM D 1868 may be used but the test results lack accuracy and 
repeatability and require great care due to the personnel hazards involved. 


5.5 Electrical breakdown testing. The breakdown voltage of a given insulating material is dependent upon 
electrode size and shape, insulator thickness, temperature, humidity, rate of voltage application, voltage waveform, 
and voltage frequency. When testing, care must be exercised to ensure that the insulating material is evaluated 
under the actual environmental conditions which apply to the equipment and that the occurrence of corona, or 
localized heating, does not mask the true breakdown voltage. Provides a test usable at power frequencies, 25 to 800 
Hz in accordance with ASTM D 149. 
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MOTORS AND ROTARY POWER CONVERTERS 


1. Purpose. This guideline establishes criteria for the selection and application of motors and rotary power 
converters. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-M-17059 Motor, 60 Cycle, Alternating Current, Fractional H.P. (Shipboard Use). 
MIL-M-17060 Motors, 60 Hertz, Alternating Current, Integral-Horsepower, Shipboard Use. 
MIL-B-23071 Blowers, Miniature, for Cooling Electronic Equipment, General Specification for. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Motors - alternating current. Alternating current motors should conform to MIL-M-17059 or MIL-M-17060, 
except that any motor used with a miniature blower for cooling electronic equipment should be in accordance with 
MIL-B-23071. 


5. Detail guidelines. This section not applicable to this guideline. 
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ENCAPSULATION AND EMBEDMENT (POTTING) 


1. Purpose. This guideline establishes criteria for encapsulating and embedding (potting) a part or an assembly 
of discrete parts. Conformal coating of printed circuit assemblies is excluded from this guideline. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-8516 Sealing Compound, Synthetic Rubber, Electric Connectors and Electric Systems, Chemically 


Cured. 
MIL-I-16923 Insulating Compound, Electrical, Embedding, Epoxy. 
MIL-PRF-23586 Sealing Compound, (with Accelerator), Silicone Rubber, Electrical. 
MIL-M-24041 Molding and Potting Compound, Chemically Cured Polyurethane. 
MIL-I-81550 Insulating Compound, Electrical, Embedding, Reversion Resistant Silicone. 
29 CFR 1910 Code of Federal Regulations, Title 29, Chapter XVII, Part 1910. 


3. Definitions. 


3.1 Encapsulation. A process for encasing a part or an assembly of discrete parts within a protective material 
which is generally not over 2.5 mm thick and does not require a mold or container. 


3.2 Embedment (potting). A process for encasing a part or an assembly of discrete parts within a protective 
material which is generally over 2.5 mm thick, varies in thickness, fills the connecting areas within an assembly, and 


requires a mold or container to confine the material while it is hardening. Potting is an embedding process where the 
protective material bonds to the mold or container so that it becomes integral with the item. 


4. General guidelines. 


4.1 Encapsulation and embedment materials. Encapsulation and embedment materials should be of a 
nonreversion type and should be selected from the following specifications: MIL-S-8516, MIL-I-16923, 
MIL-PRF-23586, MIL-M-24041, and MIL-I-81550. The materials selected should be capable of filling all voids and air 
spaces in and around the items being encased. For Air Force applications, approval for use of any material other 
than transparent silicone, in accordance with MIL-I-81550, should be requested through the procuring activity. 


5. Detail quidelines. 


5.1 Selection. The following points should be considered when selecting an encapsulation or embedment 
material: 


a. Need for precautions due to hazardous characteristics of the material. 


b. Electrical, mechanical, and thermal properties, including tear resistance, resistance to flame, chemicals, 
moisture, water, humidity, fungus, and temperature extremes. 


c. Color or transparency. 

d. Dissipation factor. 

e. Specific gravity. 

f. Shrinkage. 

g. Heat distortion parameters. 


h. Stresses on parts. 
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i. Durometer hardness. 

j. Adhesion to substrates (and priming). 

k. Temperatures of application and curing. 

|. Repairability. 

m. Dielectric constant. 

n. Volume resistivity. 

o. Reversion resistance, including hydrolytic stability. 
p. Viscosity. 


q. Solvent affects. 


= 


. Compatibility with parts or assemblies to which applied. 


5.2 Application. The encapsulation or embedment of microelectronic modules and equipment modules should 
be avoided, except where specifically indicated by the requirements of a particular application. In such instances, the 
module design should be completely verified for the particular encapsulation or embedment materials and processes 
to be employed. Any changes in module design, materials, and processes may require re-evaluation of the modules. 
In particular, extreme temperature aging and temperature cycling tests, combined with random vibration screening, 
should be performed to verify adequacy of the design. Design considerations should address thermal coefficent of 
expansion mismatches between potting material and components and stress relief techniques. Wherever 
economically feasible, the module to be encapsulated or embedded should be designed as a throw-away unit. 


5.3 Carcinogens. Certain chemicals have been identified in the Occupational Safety and Health Act (OSHA) as 
cancer-producing substances (carcinogens). Before using any materials which might contain these chemicals, they 
should be evaluated in accordance with 29 CFR 1910. Consideration of the toxicity of a substance should be given 
prior to material selection. Consideration of hazards should address all stages of the equipment lifecycle from 
fabrication to assembly, to installation, use maintenance, and decomposition during failure analysis and 
troubleshooting. 
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GEARS 
1. Purpose. This guideline establishes criteria for the selection and application of gears. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


American Gear Manufacturers Association (AGMA), Standards & Information Sheets 
3. Definitions. Not applicable. 


4. General guidelines. 


4.1 Gears. Gears not operating in a lubricant bath should be made of corrosion resistant materials. Gears 
operating in a lubricant bath containing a corrosion inhibiting additive may be made of noncorrosion resistant 
materials. 


5. Detail guidelines. 


5.1 Designation. Gears should be designated, dimensioned, toleranced, and inspected in accordance with the 
applicable AGMA specifications. 


5.2 Planetary or epicyclic gearing. Planetary or epicyclic gearing is preferred to worm gearing. 


5.3 Nonmetallic gears. Nonmetallic gears may be used when they meet load, life, and environmental 
requirements of the applicable specification. 
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HYDRAULICS 


1. Purpose. This guideline establishes criteria for the design and installation of a hydraulic system when it 


functions as an integral part of an electronic system. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


NFPA B93.3 
NFPA B93.8 
NFPA B93.9M 
NFPA B93.10 
SAE J514 
SAE J518 
ISO 3019-2 


ISO 5598 
ISO 6099 


ISO 10763 


NFPA T2.13.1 


NFPA T3.5.1 
SAE AS 5440 


herein, but are those needed to understand the information provided by this handbook. 


Fluid Power Systems and Products - Cylinder Bores and Piston Rod Diameters - Inch 
Series. 

Bore and Rod Size Combinations and Rod End Configurations for. 

Cataloged Square Head Industrial Fluid Power Cylinders. 

Symbols for Marking Electrical Leads and Ports on Fluid Power Valves. 

Static Pressure Rating Methods of Square Head Fluid Power Cylinders. 

Hydraulic Tube Fittings. 

Hydraulic Flanged Tube, Pipe, and Hose Connections, Four-Bolt, Split Flanged Type. 
Hydraulic fluid power Dimensions and identification code for mounting flanges and shaft 
ends of displacement pumps and motors. 

Fluid Power Systems and Components — Vocabulaty. 

Fluid Power Systems and Components - Cylinders - Indentification Code for Mounting 
Dimensions and Mounting Types. 

Hydraulic Fluid Power - Plain-End, Seamless and Welded Precision Steel Tubes - 
Dimensions and Nominal Working Pressures. 

Recommended Practice - Hydraulic Fluid Power - Use of Fire-Resistant Fluids in Industrial 
Systems. 

Hydraulic Fluid Power - Valves - Mounting Surfaces. 

Hydraulic Systems, Aircraft, Design and Installation, Requirements for. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Aircraft or manned flight vehicles. The design and installation of hydraulic systems for aircraft or manned 
flight vehicles should conform to the applicable type and class or system described in SAE AS 5440. 


5. Detail guidelines. The following documents contain additional information on hydraulic design: 


NFPA B93.3 ISO 3019-2 
NFPA B93.8 ISO 5598 
NFPA B93.9 ISO 6099 
NFPA B93.10 ISO 10763 
SAE J514 NFPA T2.13.1 
SAE J518 NFPA T3.5.1 
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4301. Conversion of Linear Measure 


a. General. Hopefully, the time will come when you will no 
longer need to change from the metric system to the U.S. system 
or vice versa. However, until that time arrives, you need to 
know how to convert meters to yards, miles to kilometers, inches 
to centimeters, etc. The most important conversions for Marines 
involve linear measurements such as centimeters, meters, and 
kilometers and inches, feet, yards, and miles. Just what is the 
relationship between a mile and a kilometer, a yard and a meter, 
or a centimeter and an inch? The relationships are not quite as 
clear cut as working within the metric system, but with the 
memorization of a few conversion factors, changing meters to 
miles or kilometers to yards becomes a simple multiplication or 
division problem. 


b. Converting metric linear units to U.S. linear units. As 
previously mentioned, the memorization of a few conversion 


factors help when changing metric units to U.S. units. Table 4-7 
gives various conversions that will be very useful to you. If 
you memorize them, you will be able to calculate and convert any 
metric distance to the equivalent U.S. distance. Look at table 
4-7 and memorize the factors. Following the table, several 
examples will be presented illustrating the conversion of the 
more important units. 


Table 4-7. Conversions from Metric Units 


When you know Divide by To Find 


centimeters inches 
centimeters feet 
meters yards 
kilometers miles 


Note: All conversion factors are approximations; however, 
they are accurate enough for use in this course. 


Example: 

The enemy target is 1500 meters from you. How many 
yards away is the target? 

Note: Since a meter is longer than a yard, you know that 
the answer will be larger than 1500. It is only 
necessary to remember one factor. If you know that 1 
yard = 0.9 meters, the problem can be solved by 
division. 
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INDICATOR LIGHTS 


1. Purpose. This guideline establishes criteria for selection and application of indicator lights and associated 
items. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL -3661 Lampholders, Indicator Lights, Indicator Light Housings, and Indicator Light Lenses, 
General Specification for. 

MIL-DTL-6363 Lamps, Incandescent, Aircraft Service, General Specification for. 

MIL-DTL -7961 Lights, Indicators, Press to Test. 

MIL-L-15098 Lamp, Glow, General Specification for. 

MIL-PRF-19500 Semiconductor Devices, General Specification for. 

MIL-STD-1472 Human Engineering. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Lights and accessories. Indicator lights, indicator light housings, lampholders, lenses, and lamps should be 
selected in accordance with table 50-I. 


4.2 Visual display and legend lights. Visual display and legend lights should comply with the requirements in 
MIL-STD-1472. 


4.3 Light emitting diodes (LEDs). LEDs when used as indicator lights should conform to the applicable 
specification sheets of MIL-PRF-19500. 


4.4 Night vision goggles. Night vision goggle compatibility considerations for cockpit indicator lights should be 
considered where use of night vision goggles by cockpit crews is possible. 


5. Detail guidelines. This section not applicable to this guideline. 
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TABLE 50-I. Indicator lights and associated items. 


MIL-DTL- MIL-DTL- MIL-DTL- MIL-L- MIL-PRF- 
Indicator 
igheneusings |x| 


Incandescent 

lamps, general 

purpose 

Incandescent 

lamps, severe 

environment 
pee 
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METERS, ELECTRICAL INDICATING 
1. Purpose. This guideline establishes criteria for the selection and application of electrical meters. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-M-7793 Meter, Time Totalizing. 
MIL-PRF-10304 Meters, Electrical Indicating, Panel Type, Ruggedized, General Specification for. 
MIL-M-16034 Meters, Electrical-Indicating (Switchboard and Portable Types). 
MIL-M-16125 Meters, Electrical, Frequency. 
3. Definitions. This section not applicable to this guideline. 


4. General Guidelines. 


4.1 Meters. Meters should conform to one of the following specifications: MIL-M-7793, MIL-M-16034, 
MIL-M-16125, or MIL-PRF-10304. 


5. Detail guidelines. 


5.1 Analog meters. For analog meters, the normal operating value of the quantity to be indicated should be 
between 0.3 and 0.8 of full-scale deflection, wherever practicable. 
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THERMAL DESIGN 
1. Purpose. This guideline establishes criteria for thermal design. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-16552 Filter, Air Environmental Control System, Cleanable, Impingement (High Velocity Type). 
MIL-B-23071 Blowers, Miniature, for Cooling Electronic Equipment, General Specification for. 
MIL-HDBK-251 Reliability/Design, Thermal Applications. 

ASTM F 1040 Filter Units, Air Conditioning: Viscous-Impingement Types, and Dry Types, Replaceable. 


3. Definitions. 


3.1 Auxiliary heating or cooling. External heating or cooling devices not normally part of the equipment 
configuration. 


3.2 Cold plate. A heat transfer surface cooled by forced air or other heat transfer fluid to which heat dissipating 
parts are mounted. 


3.3 Contaminant. Any foreign substance contained in air or other heat transfer fluid which adversely affects 
cooling performance, such as dust particles, lint, oil, sludge, etc. 


3.4 Direct impingement. Passing cooling air over parts without the use of cold plates or heat exchangers. 
3.5 Entrained water. Water condensed from the cooling air and carried along with the cooling air. 


3.6 External source supplied cooling air. Forced air supplied from a conditioning source such as an air 
conditioner or aircraft environmental control system which is not normally a part of the electronic equipment. 


3.7 Eorced air cooling. The dissipation of heat to cooling air, including ram air, supplied by a source with 
sufficient pressure to flow through the unit. 


3.8 Heat exchanger. An air-to-air or liquid-to-air finned duct arrangement which is used to transfer dissipated 
heat from a hot recirculating fluid to the cooling fluid by conduction through the finned surfaces. 


3.9 Natural cooling. The dissipation of heat to surroundings by conduction, convection, radiation, or any 
combination thereof without the benefit of external cooling devices. 


3.10 Part. An element or component used in the production of electronic equipment or subsystem, such as a 
microcircuit, diode, transistor, capacitor, resistor, relay switch, or transformer. 


3.11 Pressure drop (differential pressure). Resistance to flow usually measured as the static pressure difference 
across the electronic equipment from inlet to coolant outlet. 


4. General guidelines. 


4.1 Forced air cooling. Forced air cooling should be used only when natural cooling is not adequate. Exhaust 
and recirculating fans and blowers should be driven by ac brushless motors or by properly shielded dc motors. 
Miniature blowers should conform to MIL-B-23071. Air filters should be provided for air intakes for fan and blower 
cooled units when required to protect internal parts. Filters, when used, should conform to ASTM F 1040 or 
MIL-PRF-16552, and should be removable for cleaning without disassembly of the equipment. All ventilation 
openings should be designed and located to comply with electromagnetic interference, undesired radiation and 
enclosure guidelines. Air exhaust should be directed away from operating personnel. 


52-1 


MIL-HDBK-454B 


GUIDELINE 52 


4.1.1 External source. For equipment designed for use with external source supplied cooling air, which may 
contain entrained water or other contaminants detrimental to the equipment, precautionary measures should be taken 
to avoid direct impingement on internal parts and circuitry by channeling or use of heat exchangers. 


4.1.2 Aircraft application. Equipment that is intended for use in aircraft, and requires forced air cooling, should 
be designed using cold plates or heat exchangers so that none of the cooling air will come into contact with internal 
parts, circuitry, or connectors. 


4.2 Other cooling methods. Prior approval of the procuring activity should be obtained when heat densities, or 
other design requirements, make the use of air for cooling impractical and alternate methods, such as liquid, 
evaporative, change of phase material, or heat pipes are required. 


5. Detail guidelines. 


5.1 Fan and blower characteristics. The design factors which should be considered in determining the required 
fan or blower characteristics include such factors as amount of heat to be dissipated, the quantity of air to be 
delivered at the pressure drop of the enclosed equipment, the allowable noise level, the permissible level of heat that 
may be exhausted into the surrounding environment, and other pertinent factors affecting the cooling requirements of 
the equipment. Induced drafts and ventilation by means of baffles and internal vents should be used to the greatest 
practicable extent. When practicable, ventilation and air exhaust openings should not be located in the top of 
enclosures or in front panels. When it is impractical to avoid direct impingement on internal parts and circuitry by 
channeling or use of heat exchangers, the water and contaminants should be removed from the cooling air by suitable 
water and contaminant removal devices. 


5.2 External source. For equipment designed for use with external source supplied cooling air, minimum 
differential pressure (pressure drop) of the cooling air through the equipment heat exchanger or cold plate should be 
maintained, consistent with adequate cooling. 


5.3 Design quidance. MIL-HDBK-251 may be used as a guide for detail information on thermal design of 
electronic equipment. 
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WAVEGUIDES AND RELATED DEVICES 


1. Purpose. This guideline establishes criteria for the selection and application of waveguides and related 


devices. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


MIL-DTL-85 
MIL-DTL-287 
MIL-DTL-3922 
MIL-DTL-3928 


MIL-DTL-3933 
MIL-D-3954 
MIL-DTL-3970 
MIL-DTL-15370 
MIL-DTL-22641 
MIL-DTL-23971 
MIL-DTL-24044 
MIL-DTL-24211 
MIL-DTL-25879 
MIL-DTL-28791 
MIL-DTL-28837 
MIL-DTL-28875 
MIL-DTL-39030 
MIL-DTL-55041 
MIL-HDBK-660 


herein, but are those needed to understand the information provided by this handbook. 


Waveguides, Rigid, Rectangular, General Specification for. 

Waveguide, Assemblies, Flexible, Twistable and Non-Twistable, General Specification for. 
Flanges, Waveguide, General Purpose, General Specification for. 

Switches, Radio-Frequency Transmission Line (Coaxial and miicrostrip), General 
Specification for. 

Attenuators, Fixed, General Specification for. 

Dummy Loads, Electrical, Waveguide, General Specification for. 

Waveguide Assemblies, Rigid, General Specification for. 

Couplers, Directional, General Specification for. 

Adapters, Coaxial to Waveguide, General Specification for. 

Power Dividers, Power Combiners, and Power Divider/Combiners, General Specification for. 
Flange, Coaxial Line, Rigid, Air Dielectric, General Specification for. 

Gasket, Waveguide Flange, General Specification for. 

Switch, Radio Frequency Transmission Line, Coaxial Type SA-521 A/A. 

Isolators and Circulators, Radio Frequency, General Specification for. 

Mixer Stages, Radio-Frequency, General Specification for. 

Amplifiers, Radio Frequency and Microwave, Solid-State, General Specification for. 
Dummy Loads, Electrical, Coaxial and Stripeline, General Specification for. 

Switches, Waveguide, General Specification for. 

Fabrication of Rigid Waveguide Assemblies (Sweep Bends and Twists). 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Wavequides and related devices. Waveguides and related devices should be selected in accordance with 


the standards appearing in table 53-I and should conform to a specification listed in the table or to a specification 
imposed by the listed standard. 


5. Detail guidelines. 


5.1 Rigid waveguide assemblies. MIL-HDBK-660 should be used as a guide to the fabrication of rigid waveguide 
assemblies where bends and twists are required to satisfy a particular application. 
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TABLE 53-l. Waveguides and related devices. 


Applicable 
Item description document 


Coupling assemblies 


Amplifier, RF and microwave DIP, coaxial, TO, and 

flatpack MIL-DTL-28875 
Attenuators Fixed and variable 

coaxial and waveguide MIL-DTL-3933 


Circulators RF-SMA and MIL-DTL-28791 
waveguide 


Directional coaxial 
waveguide and t MIL-C-15370 
printed circuit 


Couplers 


Quick-disconnect for 


subminiature MIL-D-3954 
waveguide 
flanges 
Dummy loads Waveguide, coaxial 
and stripline 
MIL-DTL-39030 
Flanges Waveguide and coaxial 
MIL-DTL-3922 
MIL-DTL-24044 
Gaskets Pressure sealing for MIL-DTL-24211 


use with cover flanges 
and flat face 


Isolators RF-SMA and stripline MIL-DTL-28791 


Mixer stages RF-DIP, flatpack, 

TO and connector MIL-DTL-28837 
Power dividers, combiners Solder terminals, 
and divider/combiners plug-in, flatpack, MIL-DTL-23971 


TO and connector 


Switches Waveguide to MIL-DTL-55041 
waveguide 
manual and electro 
mechanically operated 

MIL-DTL-25879 


RF coaxial MIL-DTL-3928 
Waveguide assemblies Flexible and rigid 
MIL-DTL-287 
MIL-DTL-3970 
MIL-HDBK-660 
Waveguides Rigid rectangular, 
rigid circular, single, MIL-DTL-85 


and double ridge 


MIL-DTL-22641 
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MAINTAINABILITY 
1. Purpose. This guideline offers guidance as to maintainability which may be considered when preparing 
contractual documents. Maintainability program tasks, quantitative requirements, and verification or demonstration 


requirements may be directly specified in the contract or the system/equipment specification, as appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK -470 Designing and Developing Maintainable Products and Systems. 
MIL-HDBK-472 Maintainability Prediction. 


3. Definitions. This section not applicable to this guideline. 


4. General Guidelines. This section not applicable to this guideline. 


5. Detail Guidelines. 


5.1 Maintainability program. Maintainability engineering and accounting tasks aimed at preventing, detecting, and 
correcting maintainability design deficiencies and providing maintainability related information essential to acquisition, 
operation, and support management should be included in contract requirements with the objective of establishing 
and maintaining an efficient maintainability program according to life cycle phase. MIL-HDBK-470 is the overall 
program document for the area. MIL-HDBK-472 provides additional guidance. 


5.2 Quantitative requirements. Quantitative maintainability requirements and verification or demonstration 
requirements should be established as appropriate to program phase. 
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1666.66 


0.9 | 1500 = 9 | 15000.00 


The enemy target is 1666.66 yards away. 


Example: 
The convoy is moving 300 kilometers north. The 
first leg of the journey is 100 kilometers. How 
many miles will the convoy travel on the first leg? 
From the table you can see that 1 mile = 1.6 
kilometers. This problem is easily solved by 
division. 
62.5 
1.6 | 100.00 = 16 | 1000.0 
The convoy will travel 62.5 miles on the first leg. 
Example: 


The wire obstacle is 185 centimeters high. What is 
the height of the obstacle in feet and inches? From 
the table, you know that 1 foot = 30 centimeters and 
1 inch = 2.5 centimeters. The problem can be solved 
by division. 


6 2 

30 | 185. 2.5 | 5.0 = 25 | 50. 
180 
5 


The obstacles's height is 6 feet 2 inches. 


Note: The remaining 5 centimeters was divided by 2.5 to 
obtain inches. 


You just learned how to convert metric units to U.S. units. Now 
let's learn how to convert from U.S. units to metric units. 


c. Converting U.S. linear units to metric linear units. The 


conversion of U.S. units to metric units is a simple 
multiplication problem using the same factors that were used to 
change metric units to U.S. units. Try to remember the 
conversion factors that apply to the different units. Several 
examples will be presented to illustrate the conversion of the 
more important units. 
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ENCLOSURES 
1. Purpose. This guideline establishes criteria for the design and construction of enclosures. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-F-85731 Fastener, Positive Locking, Electronic Equipment, General Specification for. 
MIL-STD-108 Definitions of and Basic Requirements for Enclosures for Electric and Electronic Equipment. 
EIA/ECA-310 Cabinets, Racks, Panels, and Associated Equipment. 


3. Definitions. 


3.1. Enclosures. Enclosures are housings such as consoles, cabinets, and cases, which are designed to 
provide protection and support to mechanisms, parts, and assemblies. 


4. General Guidelines. 


4.1. Cases and mounting bases for airborne equipment. Materials, bonding, shielding, and performance 
requirements of MIL-F-85731 should apply to all cases. Mounting bases should conform to MIL-F-85731, as 


applicable. 

4.2. Degree of enclosure. Enclosures should be designed in accordance with MIL-STD-108, table | for the 
degree of enclosure best suited to the application. Moisture absorbent materials such as open-celled foam should not 
be used to fill moisture pockets. 


4.3. Materials. Materials used should be corrosion and deterioration resistant, or coated to resist corrosion and 
deterioration. 


4.4. Racks and panels. The internal clearance and the equipment mounting holes of racks and panels should 
be in accordance with EIA/ECA-310. 


4.5. Test quidelines. Enclosures should be tested as specified in MIL-STD-108. 

5. Detail Guidelines. 

5.1. Cases for aerospace ground support equipment. The equipment specification or contract for the particular 
equipment will specify the type of case to be supplied by the contractor. Transit cases and combination type cases 
may not be required for ship, depot, or field shops wherever the area of use is protected or controlled for human 


occupancy. 


5.2. Desiccants. Where moisture build up in sealed equipment cannot be tolerated, the use of desiccants or 
dehydrating agents should be considered. 


5.3. Materials. Materials for the enclosure should be the lightest practical consistent with the strength required 
for sturdiness, serviceability, and safety. 
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ROTARY SERVO DEVICES 


1. Purpose. This guideline establishes criteria for the selection and application of rotary servo devices such as 
servomotors, synchros, electrical resolvers, tachometer generators, encoders, and transolvers. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-S-22432 Servomotor, General Specification. 

MIL-S-22820 Servomotor-Tachometer Generator, AC; General Specification for. 

MIL-T-22821 Tachometer Generator AC; General Specification for. 

MIL-S-81746 Servtorq, General Specification for. 

MIL-S-81963 Servocomponents, Precision Instrument, Rotating, Common Requirements and 
Tests, General Specification for. 

MIL-E-85082 Encoders, Shaft Angle to Digital, General Specification for. 

MIL-STD-710 Synchros, 60 and 400 Hz, Selection and Application of. 

MIL-HDBK-225 Synchros Description and Operation. 

MIL-HDBK-231 Encoders Shaft Angle to Digital. 


3. Definitions. This section not applicable to this guideline. 

4. General guidelines. 

4.1 Rotary servo devices. Rotary servo devices should conform to MIL-S-81963 as applicable. 
4.2 Servomotors. Servomotors should conform to MIL-S-22432. 

4.3 Synchros. Synchros should be selected and applied in accordance with MIL-STD-710. 


4.4 Tachometer generators. Tachometer generators should conform to MIL-T-22821. 


4.5 Encoders. Encoders should conform to MIL-E-85082 for general application. 


4.6 Servomotor-tachometer generators. Servomotor-tachometer generators should conform to MIL-S-22820. 


4.7 Servtorgs. Servtorgs should conform to MIL-S-81746. 


4.8 Application Information. The following documents contain additional information for application: 
MIL-HDBK-225 and MIL-HDBK-231. 


5. Detail guidelines. This section not applicable to this guideline. 


56-1 


This page intentionally left blank. 


MIL-HDBK-454B 


GUIDELINE 57 
RELAYS 


1. Purpose. This document is intended to be a general guide to aid the designer in the appropriate selection of 
a relay for the intended application. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-R-5757 Relays, Electromagnetic, General Specification for 

MIL-PRF-6106 Relays, Electromagnetic, General Specification for. 

MIL-PRF-28750 Relays, Solid State, General Specification for. 

MIL-PRF-28776 Relays, Hybrid, Established Reliability, General Specification for. 

MIL-PRF-32085 Relays, Electromagnetic, 270 V DC, Established Reliability, General Specification for 

MIL-PRF-32140 Relays, Electromagnetic, Radio Frequency, Established Reliability, General Specification for 

MIL-PRF-39016 Relays, Electromagnetic, Established Reliability, General Specification for. 

MIL-PRF-83536 Relays, Electromagnetic, Established Reliability 25 amperes and below, General Specification 
for. 

MIL-PRF-83726 Relays, Hybrid and Solid State, Time Delay, General Specification for. 


3. Definitions. 


3.1 Relay. A relay is defined as an electrically controlled device that opens and closes electrical contacts or 
activates and deactivates operation of other devices in the same or another electrical circuit. Two types of relay 
technology are available, mechanical and solid state. A mechanical relay is essentially a combination of an inductor 
and a switch, where the electromagnetic force of the inductor causes a switch to change position. A solid state relay 
accomplishes the same function with semiconductor devices changing impedance to effectively activate or deactivate 
a circuit open or closure 


3.2 Type. Relays are classified into four general application categories, dependent on the load levels they are 
designed to switch. A definition of each follows: 


3.2.1 Low level. Relays intended for switching low currents, typically in the milliampere range. In these circuits, 
only the mechanical force between the contacts affects the physical condition of the contact interface. There are no 
thermal or electrical effects, such as arcing. 


3.2.2 Intermediate level. Relays used in load applications where there is insufficient contact arcing to effectively 
remove surface residue from the organic vapor deposits on the contact surface. However, there may be sufficient 
energy to cause melting of the contact material. 


3.2.3 Power. Relays intended for switching high current loads, typically in excess of 25 A. Significant arcing 
occurs and the relay is designed with sufficient design margin to withstand the continuous arcing for a given number 
of cycles. 


3.2.4 Special purpose. Sensor, hybrid, and time delay relays are classified as special purpose relays intended 
for specific applications. A sensor relay is designed to detect specific functions, such as frequency drift, out of phase 
conditions, voltage level, etc., and produce the appropriate switching response. A hybrid relay has an isolated input 
and output. This is accomplished through a solid state device, which controls the electromagnetic output. A 
mechanical time delay relay incorporates a conductive slug, or sleeve, on the core, which produces a counter- 
magnetomotive force and results in a switching delay. For solid state time delay relays, a separate circuit is 
incorporated within the device to produce the time delay. 


4. General guidelines. Standardized military relays are segregated by the specifications listed on Table 57-1. 
Relays can further be segregated by sensitivity, or how much current is necessary to switch the relay. Increased 
sensitivity in non-solid state relays is accomplished by increasing the number of inductive windings inside the relay, 
which increases resistance. 
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Table 57-1 Military relay specifications 


Military specification Description 

MIL-R-5757 Relays, Electromagnetic, General Specification for 

MIL-PRF-6106 Relays, Electromagnetic, General Specification for 

MIL-PRF-28776 Relays, Hybrid, Established Reliability, General Specification for 

MIL-PRF-32085 Relays, Electromagnetic, 270 V DC, Established Reliability, 
General Specification for 

MIL-PRF-32140 Relays, Electromagnetic, Radio Frequency, Established Reliability, 
General Specification for 

MIL-PRF-39016 Relays, Electromagnetic, Established Reliability, General 
Specification for 

MIL-PRF-28750 Relays, Solid State, General Specification for 

MIL-PRF-83726 Relays, Hybrid and Solid State, Time Delay, General Specification 
for 

MIL-PRF-83536 Relays, Electromagnetic, Established Reliability 5 amperes and 
below 


4.1 Selection. Quality and reliability levels of relays may be expressed as the number of switch cycles before 
wear-out rather than the more traditional failure rate. Vendors consider rated number of switch cycles to be the 
guaranteed minimum number of cycles the relay can withstand under normal operating conditions before failure 
(intermittent or constant). Quality is further dependent on the ruggedness of the package and how well the internal 
switching elements are sealed against influences of the outside environment. Commercial grade relays and relays 
found in COTS equipment are not routinely acceptable for use in Military environments. Some relay vendors will 
advertise ISO 9000 quality systems or state they are ISO 9000 certified. Many manufacturers will then give a higher 
vendor rating (or increased preference) to the ISO 9000 certified vendor. While acceptable, care should be taken to 
also account for the fundamental design aspects of the relay. For example, a commercial-grade relay designed to 
withstand a sufficient number of switch cycles to operate 3 to 5 years in a particular application, should not be used in 
a system with an anticipated life of 15 years, even if the vendor for the commercial relay is ISO 9000 certified. 


5. Detail guidelines. 


5.1 Interface and physical dimensions. Relays are available in a variety of unique package styles. The size 
and mass of the package are dependent on the electrical characteristics, power dissipation, and the environmental 
requirements. Relays are generally the larger size components of a system, where increased attention should be 
paid to clearances and mounting, especially in high vibration level environments. Many package styles initially 
developed for unique applications have since gained wide acceptance. 


5.2 Failure mechanisms and anomalies. 


5.2.1 Failure modes. Table 57-II shows the relative probability of the three principal failure modes for relays. 
Relays most commonly fail in the "stuck open" position where the mechanical switching element fails to close and the 
relay fails to carry a current. Relays are less likely to unintentionally close or remain closed after the switching current 
is released. For this reason, the reliability of relay circuits can be improved by using parallel redundancy. Unlike most 
of the other electrical parts, relays (with the exception of solid state relays) contain a switching element that physically 
moves to make electrical contact. This makes them less likely to follow a constant failure rate or traditional "bathtub" 
curve profile. Instead, they are more prone to follow the failure rate curve for a mechanical part, with an increasing 
failure rate with age. Except for special high voltage and high temperature applications, solid-state relays are 
inherently more reliable and predictable for long life applications. 
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Table 57-I| Normalized failure mode 
distribution for relays 


Failure Mode Relative Probability 
Failure to Trip 55% 
Spurious Trip 26% 
Short 19% 


5.2.2 Failure mechanisms. The two most common failure mechanisms of relays are contamination and 
mechanical wear of the internal switching elements discussed as follows: 


a. Contamination. Contamination is a major cause of early life failures. Sources of contamination are 
numerous, but they are often from the various chemicals used in the manufacturing operation (e.g., soldering 
fluxes and cleaning agents). Types of contamination can be divided into two categories: Metallic and non- 
metallic. Metallic contamination causes shorted conditions or blocks the physical movement of mechanical 
elements. Non-metallic, or gaseous, contamination creates open circuits when it periodically deposits itself on 
contacts. 


b. Mechanical wear. A second major cause of early life failures in relays is mechanical wear of internal switching 
elements. In fact, the life of a relay is essentially determined by the life of its contacts. Degradation of 
contacts is caused from high inrush currents, high-sustained currents, and from high voltage spikes. The 
source of high currents and voltages, in turn, are determined by the type of load. Inductive loads create the 
highest voltage and current spikes because they have lowest starting resistance compared to operating 
resistance. This is especially true for lamp filaments and motors, which is why derating is more severe for 
these types of loads. The life of a contact can be further degraded if contamination or pitting is present on the 
contact. Physical wear can also occur to other elements within the relay. Some relays contain springs to 
provide a mechanical resistance against electrical contact when a switching current is not applied. Springs 
will lose resiliency with time. Relays can also fail due to poor contact alignment and open coils. 


5.3 Design and reliability. Selection of the proper relay type for a given application is the most significant factor 
affecting relay reliability. Many poor design practices are used when designing them into circuits. This is because 
relays are a relatively uncommon circuit element and often receive little attention during the design process. Whereas 
most designs will use hundreds each of microcircuits, resistors, etc.; relays typically number in the single digits. 
Therefore, designers are often less familiar with the intricacies of selecting the proper relay type and rating for a 
particular application. Some of the more common poor design practices are listed as follows: 


a. Paralleling contacts. Paralleling contacting is when two relays are placed in parallel to handle the current that 
one of them cannot handle alone. The problem with this type of design is that mechanical switching occurs at 
relatively slow switching speeds. Therefore, for a brief instant, only one relay carries the full current load. 
Further, switching speeds tend to slow with age, amplifying the affect over time. The preferred method is to 
use a Single relay of sufficient current handling capability. If dual relays are used in parallel in increase 
reliability, each relay should be capable of handling the full current load. 


b. Circuit transient surges. Surge currents are often difficult to measure and predict, especially when switching 
inductive loads. It is not uncommon for surge current to reach ten times steady state current. Protective 
devices should be used to limit surge current. The simplest solution is to use a relay with a substantially 
higher rated surge current than anticipated. 


c. High lamp currents. A cold filament lamp draws between 3 and 10 times the steady-state current until 
warmed up. Relay contacts used for switching lamps should be able to withstand such current surges without 
the possibility of welded contacts. 
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. Load Transferring. Relays are sometimes used in applications where they switch a redundant circuit element, 
or an additional power supply current, into a circuit. High surges occur in ac applications when the redundant 
current is not in synchronization with the original current. 


Polyphase Circuits. A typical misapplication is the use of small multipole relays in 112/200 volt 3-phase ac 
applications. Phase-to-phase shorting at rated loads is a strong possibility, with potentially catastrophic 
results. 


Using relays without motor ratings to switch motor loads. Caution must be applied when using relays to 
reverse motors, particularly where the motor can be reversed while running (commonly called "plugging"). 
This results in a condition where both voltage and current can greatly exceed nominal. Only power relays 
rated for "plugging" and reversing service should be utilized in these applications. 


. Relay race. A relay race condition occurs when one relay must operate prior to another from a separate drive 
circuit, but fails to do so. The problem usually occurs after the equipment ages or temperatures rise. 
Potential race circuits should be avoided. Where they must be used, extra consideration must be given to 
wear considerations, coil suppression circuitry, ambient temperature, drive power, and operate and release 
times. 


. Slow rate of rise currents. A slowly rising triggering current has an increased likelihood of causing chattering 
conditions. A problem occurs because back electromotive forces (EMFs) are produced when the armature 
closes to the pole face. This voltage is opposite in polarity to the driving voltage and can cause the relay to 
release immediately after initial contact. This process repeats and causes a chatter condition until a sufficient 
amount of drive current is available to overcome the back EMF. 


Derating. 


5.4.1 Continuous current. Derating of continuous current is dependent upon the load type and is shown on 
Table 57-IIl. Derating is more severe for inductive and filament loads, due to high current demands upon initial 
startup and increased propensity of voltage spikes. If a relay is used to switch a combination of loads, the most 
dominant load should be used for derating purposes. Some relay specifications will contain individual current 
limitations for capacitive, inductive, motor, and filament loads. For such specifications, limit current to either the 
current derived through Table 57-1 or the maximum current rating for the particular load type given in the specification, 
whichever is less. 


5.4.2 Coil energizing voltage. The voltage to energize or trigger the relay should be at least 110% of the 
minimum rated energizing voltage. Coil energizing voltage is not derated in the traditional sense of the term because 
operation of a relay at less than nominal ratings can result in switching failures or increased switching times. The 
latter condition introduces contact damage and can reduce relay reliability. 


5.4.3 Coil dropout voltage. The voltage to dropout or un-trigger a relay should be less than 90% of the maximum 
rated coil dropout voltage. 


5.4.4 Temperature. Limit ambient temperature to maximum rated ambient temperature as shown in Table 57-III. 


Note: Relay ratings may be given under the assumption that the relay case will be grounded. If such relays are used 
in applications where the case is not grounded, additional derating should be considered because the relay may lack 
arc barriers and contain smaller internal spacings. 
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Table 57-II| Derating factors for relays 


70 -- Capacitive Load 
50 -- Inductive Load 
30 -- Motor 

20 -- Filament (Lamp) 


60 -- Capacitive Load 
AO -- Inductive Load 
20 -- Motor 

10 -- Filament (Lamp) 


Part Derating % of Resistive Load Rated Value in Environment 
Type Parameter Category 1 Protected Category 2 Normal Category 3 Severe 
Relay Continuous Current 70 -- Resistive Load 60 -- Resistive Load 50 -- Resistive Load 


50 -- Capacitive Load 
30 -- Inductive Load 
20 -- Motor 

10 -- Filament (Lamp) 


Coil Energize Voltage 


110, Maximum 


110, Maximum 


110, Maximum 


Coil Dropout Voltage 


90, Minimum 


90, Minimum 


90, Minimum 


Ambient Temperature 


10°C of Max Rated 


20°C of Max Rated 


30°C of Max Rated 


5.5 Technology and design. The construction methods and materials of each type of relay differ. Considerable 
differences exist between the materials and processes used to manufacture relays. A relay, in its most basic form, is 
a combination of a switch and an inductive element. In solid state relays, the inductor is replaced by a semiconductor 
element. The following lists the major categories available: 


a. Reed (or dry reed). A reed relay is operated by an electromagnetic coil or solenoid which, when energized, 
causes two flat magnetic strips to move laterally to each other. The magnetic reeds serve both as magnetic 
circuit paths and as contacts. Because of the critical spacing and the frailty of the arrangement, the reeds are 
usually sealed in a glass tube. 


b. Electromagnetic. A electromagnetic relay’s operation depends upon the electromagnetic effects of current 
flowing in an energizing winding. 


c. Electromechanical. An electromagnetic relay is an electrical relay in which the designed response is 
developed by the relative movement of mechanical elements under the action of a current in the input circuits. 


d. Solid state. A solid state relay incorporates semiconductor or passive circuit devices. As the name implies, it 
contains no moving parts, and therefore has low switching noise and essentially no bounce or chatter. Solid 
state relays also have long life and fast response times. Their main disadvantage is a limited number of 
applications for which they can be used. Solid state relays are typically not used in high temperature 
environments. 


e. Latching (or magnetic latching). A bistable polarized relay having contacts that latch in either position. A 
signal of the correct polarity and magnitude will reset or transfer the contacts from one position to the other. 


5.6 Shock-vibration. Special mounting considerations are necessary for mechanical relays in high temperature 
or vibration environments because relays are typically high mass parts and can switch unintentionally when subjected 
to shock. Particular care is needed in airborne applications. Relays should not unintentionally switch even during 
absolute worse case operating conditions. In addition, the designer should take into account the wear of springs in 
long life applications. 


5.7 Arc suppression. Arc suppression techniques should be used to protect relay contacts of intermediate and 
power level devices to increase long term reliability. Arc suppression usually consists of external circuitry (e.g., 
diodes) to limit current surge. 


5.8 Parallel redundancy. To increase reliability, relays can be designed into circuits with parallel redundancy. 
The relative probably of a relay failing in the open position is substantially higher than failure in a closed position (see 
Table 57-II), thereby improving reliability in parallel redundant configurations. However, parallel redundancy should 
only be used to increase reliability, not to increase the current handling capabilities of a relay circuit. 
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Table 4-8. Conversions from U.S. Units 


When you know Multiply by To find 


inches centimeters 
feet centimeters 
yards meters 


Example: 


Example: 


Example: 


miles kilometers 


The bridge to be destroyed is located 5 miles west 
of the city. How many kilometers west of the city 
is the bridge? From the chart you should remember 
that 1 mile = 1.6 kilometers; therefore, 5 miles is 
1.6 times 5. 


8.0 km = 5 mi 


The bridge is located 8 kilometers west of the city. 


Hill 7500 on the map is indicated as being 250 feet 
above sea level. How many centimeters above sea 
level is the hill? From the chart you know that 1 
foot = 30 centimeters; therefore, 250 feet would be 
30 times 250. 


250 
x_30 
7500 cm 


The hill is 7500 centimeters above sea level. 


Your mission requires you to cross a river that is 
45 yards wide. How many meters wide is the river? 
To obtain meters, multiply 45 yards x .9. 


The river is 40.5 meters wide. 
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5.9 Wide operating temperatures. For relays used over a wide temperature range, account for increased 
switching current demand at higher temperatures. As a general rule of thumb, coil resistance increases with 
temperature at a rate of 0.004 Q/°C. 


5.10 Grounded case. If a relay is rated under grounded case conditions, the relay should only be used in 
applications where the case will be grounded. Use in an ungrounded application may cause a personnel hazard. 


5.11 Plugging. When using relays to reverse motor loads while running, use only relays specifically rated to 
reverse switch motor loads. 
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SWITCHES 


1. Purpose. This guideline establishes criteria for the selection and application of switches and associated 


hardware. This guideline is not applicable to RF coaxial switches. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


MIL-DTL-15291 
MIL-DTL-15743 
MIL-S-16032 
MIL-S-18396 
MIL-DTL-21604 
MIL-PRF-22710 


MIL-PRF-22885 
MIL-PRF-24236 
MIL-DTL-3786 
MIL-DTL-3950 
MIL-DTL-6807 
MIL-PRF-83504 
MIL-DTL-83731 
MIL-PRF-8805 


MIL-DTL-9395 
MIL-DTL-9419 
W-S-896 


herein, but are those needed to understand the information provided by this handbook. 


Switches, Rotary, Snap Action and Detent/Spring Return Action, General Specification for. 
Switches, Rotary, Enclosed. 

Switches and Detectors, Shipboard Alarm Systems. 

Switches, Meter and Control, Naval Shipboard. 

Switches, Rotary, Mulitpole and Selectors; General Specification for. 

Switches, Code Indicating Wheel (Printed Circuit), Thumbwheel and Pushbutton General 
Specification for. 

Switches, Push Button, Illuminated, General Specification for. 

Switches, Thermostatic, (Metallic and Bimetallic), General Specification for. 

Switches, Rotary (Circuit Selector, Low-Current Capacity), General Specification for. 
Switches, Toggle, Environmentally Sealed, General Specification for. 

Switches, Rotary, Selector Power, General Specification for. 

Switches, Dual In-line Package (DIP), General Specification for. 

Switches, Toggle, Unsealed and Sealed, General Specification for. 

Switches and Switch Assemblies, Sensitive, Snap Action (Basic, Limit, Push Button and 
Toggle Switches), General Specification for. 

Switches, Pressure, (Absolute, Gage, and Differential), General Specification for. 
Switch, Toggle, Momentary, Four-Position On, Center Off, General Specification for. 
Switches, Toggle (Toggle and Lock), Flush Mounted (General Specification) for. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Selection and application. Switches should conform to one of the following specifications. 


MIL-DTL-15291 
MIL-PRF-22710 
MIL-DTL-6807 
MIL-DTL-9419 


MIL-DTL-15743 MIL-S-16032 MIL-S-18396 
MIL-PRF-22885 MIL-PRF-24236 MIL-DTL-3786 
MIL-PRF-83504 MIL-DTL-83731 MIL-PRF-8805 
W-S-896. 


MIL-DTL-21604 
MIL-DTL-3950 
MIL-DTL-9395 


5. Detail guidelines. This section not applicable to this guideline. 
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BRAZING 
1. Purpose. This guideline establishes criteria for brazing. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


AWS C3.4 Specification for Torch Brazing. 
AWS C3.5 Specification for Induction Brazing. 
AWS C3.6 Specification for Furnace Brazing. 
AWS C3.7M/3.7 Specification for Aluminum Brazing. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Torch brazing. Torch brazing of steel, copper, copper alloys, and nickel alloys, should be in accordance 
with AWS C3.4. 


4.2 Induction brazing. Induction brazing of steel, copper, copper alloys, and nickel alloys, should be in 
accordance with AWS C3.5. 


4.3 Eurnace brazing. Furnace brazing of steel, copper, copper alloys, and nickel alloys, should be in accordance 
with AWS C3.6. 


4.4 Aluminum and aluminum alloy brazing. Brazing of aluminum and aluminum alloys should be in accordance 
with AWS C3.7M/C3.7. 


5. Detail guidelines. 


5.1 Stranded or insulated wire connections. Electrical connections of stranded or insulated wire, or those 
having construction which may entrap fluxes, should not be brazed. 


5.2 Resistance brazing. The current and electrode size for resistance brazing should be selected so that the 
heat will be distributed over a large enough area to allow the brazing alloy to flow freely, but not large enough to 
cause overheating. 
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SOCKETS AND ACCESSORIES 


1. Purpose. This guideline establishes criteria for the selection and application of sockets and accessories for 


plug-in parts. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-12883 
MIL-DTL-24251 


MIL-DTL-83502 
MIL-DTL-83505 
MIL-DTL-83734 


A-A-55485 


Sockets and Accessories for Plug-In Electronic Components, General Specification for. 
Shields, Retainers (Bases), and Adapters, Electron Tube, Heat Dissipating, General 
Specification for. 

Sockets, Plug-In Electronic Components, Round Style, General Specification for. 

Sockets, (Lead, Electronic Components) General Specification for. 

Sockets, Plug-in Electronic Components, Dual-in-Line (DIPs) and Single-in-Line Packages 
(SIPs), General Specification for. 

Mounting Pads, Electrical-Electronic Component, General Requirements for. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Sockets. Sockets for plug-in electronic parts should be of the single unit type and should conform to 
MIL-DTL-12883, MIL-DTL-83502, MIL-DTL-83505 or MIL-DTL-83734. The use of sockets for microcircuits requires 
approval of the procuring activity. 


4.2 Shields. Heat dissipating tube shields should conform to MIL-DTL-24251. 


4.3 Mounting pads. Where mounting pads are required for use with small electrical or electronic devices, they 
should conform to A-A-55485. 


5. Detail guidelines. 


5.1 Use of sockets. The use of sockets in mission related and ground support equipment should be kept to a 
minimum, due to the possibility of intermittent connections during shock, vibration, and temperature cycling. 


5.2 Shield bases. Shield bases, for use with heat dissipating shields, should be mounted on clean, smooth, 
metallic mating surfaces, to minimize the contact resistance (thermal and electrical) between the base and the 


supporting chassis. 
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ELECTROMAGNETIC INTERFERENCE CONTROL 
1. Purpose. This guideline establishes criteria for electromagnetic interference control. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-464 Electromagnetic Environmental Effects Requirements for Systems. 
MIL-STD-469 Radar Engineering Interface Requirements, Electromagnetic Compatibility. 
NTIA Manual National Telecommunications and Information Administration Manual of Regulations and 


Procedures for Radio Frequency Management. 
3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 General. Electromagnetic interference requirements should be as specified in MIL-STD-464. 

4.2 Radar equipment. Radar systems and equipment should also conform to the provisions of section 5.3 of the 
NTIA Manual as specified in the contract and to MIL-STD-469. MIL-STD-469 should not be used for Air Force 
applications. In the event of conflict, the following descending order of precedence should prevail: NTIA Manual, 
MIL-STD-469 then MIL-STD-464. 


4.3 Tests. Tests and test methods should be as specified in MIL-STD-464. For other than Air Force 
applications, MIL-STD-469 should also apply for radar equipment and systems. 


5. Detail guidelines. This section not applicable to this guideline. 
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HUMAN ENGINEERING 


1. Purpose. This guideline establishes human engineering criteria which may be considered when preparing 
contractual documents. Human engineering, and related test and evaluation guidelines, may be directly specified in 


the contract or the system/equipment specification, as appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-1472 Human Engineering. 
3. Definitions. This section not applicable to this guideline. 


4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 Human engineering. Human engineering applied during development and acquisition of military systems, 
equipment, and facilities serves to achieve the effective integration of personnel into the design of the system. The 
objective of a human engineering effort is to develop or improve the crew/equipment/software interface and to achieve 
required effectiveness of human performance during system operation, maintenance and control, and to make 
economical demands upon personnel resources, skills, training, and costs. MIL-STD-1472 provides design criteria 


which may be selectively applied as guidance. 
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Example: 
The vehicles were protected (hardened) with a layer 


of sandbags 17 inches high. What is the height of 
the sandbags in centimeters? 


The sandbags are 42.5 centimeters high. 


Up to this point you learned how to convert linear units. 
Remember, to convert metric linear units to U.S. linear units, 
divide by the conversion factor, and to change U.S. linear units 
to metric linear units, multiply by the conversion factor. If 
you had a difficult time with these conversions, review this 
section before moving to conversion of capacity measure. 


4302. Conversion of Capacity Measure 


a. Converting metric capacity units to U.S. capacity units. 
Conversion between metric capacity and U.S. capacity is done the 


same way as with linear measure. The only difference is the 
conversion factors. Changing from metric units to U.S. units is 
just a simple division problem. Look at table 4-9 and memorize 
the conversion factors that apply to the different units. 
Following the table are several examples. 


Table 4-9. Conversions from Metric Units 


When You Know Divide by To Find 


milliliters 30 fluid ounces 
liters 0.47 pints 

liters 0.95 quarts 
liters 3.8 gallons 


Example: 
The motor transport operator added 150 milliliters 


of brake fluid to the master cylinder. How many 
fluid ounces of brake fluid did he add? To convert 
milliliters into fluid ounces, divide by 30. 
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SPECIAL TOOLS 
1. Purpose. This guideline establishes criteria for the selection and application of special tools. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


3. Definitions. 

3.1 Special tools. Tools, including jigs, fixtures, stands, and templates, not listed in the Federal Supply Catalog. 

4. General Guidelines. 

4.1 Approval. The use of any special tool should be subject to the approval of the procuring activity. 

4.2 Furnishing and stowing. Special tools needed for operation and organization level maintenance should be 
furnished by the contractor and should be mounted securely in each equipment in a convenient and accessible place, 
or in a central accessible location for an equipment array requiring such tools. 

5. Detail Guidelines. 

5.1 Equipment design. The design of equipment should be such that the need for special tools for tuning, 


adjustment, maintenance, replacement, and installation is kept to a minimum. Only when the required function 
cannot be provided by an existing standard tool should special tools be considered and identified as early as possible. 
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MICROELECTRONIC DEVICES 
1. Purpose. This guideline establishes criteria for the selection and application of microelectronic devices. 
These criteria are based on the objectives of achieving technological superiority, quality, reliability, and maintainability 


in military systems. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-38534 Hybrid Microcircuits, General Specification for. 

MIL-PRF-38535 Integrated Circuits (Microcircuits) Manufacturing, General Specification for. 
MIL-HDBK-103 List of Standard Microcircuit Drawings. 

QML-38534 Qualified Manufacturers List of Hybrid Microcircuits. 

QML-38535 Qualified Manufacturers List of Integrated Circuits (Microcircuits) Manufacturing. 
SD-18 Program Guide for Parts Requirement and Application. 


3. Definitions. 


3.1 Microelectronic devices: Monolithic, hybrid, radio frequency, and microwave (hybrid/microwave) circuits, 
multichip microcircuits, and microcircuit modules. 


3.2 Qualified device (microcircuit): Any device or microcircuit which has met the requirements of MIL-PRF- 
38535 (monolithic) and MIL-PRF-38534 (hybrid) and is listed on the associated Qualified Manufacturers Listing 
(QML). 


3.3 Reliability. The probability of a part performing its specified purpose for the period intended under the 
operating conditions encountered. 


3.4 Derating. The method of reducing stress and making quantitative allowances for a part’s functional 
degradation. Consequently, derating is a means to reduce failures and extending part life. In addition, derating helps 
protect parts from unforeseen application anomalies and overstresses. (See guideline 18). 


4. General Guidelines. 


4.1 General. At each stage in new and re-engineered system designs, (e€.g., concept studies, demonstration 
and validation, and full scale development) the advanced microcircuit technologies which meet reliability, 
performance, and cost requirements of the application should be evaluated for use in the production phase. 
Standard parts should be used to the maximum extent possible. 


4.2 General quidelines. The use of microelectronic devices should be qualified and monitored to the application 
and environment they are used in. The “Parts Requirement and Application Guide”, SD-18, is recommended to be 
used as guidance. 


4.3. Parts standardization. Parts standardization is encouraged. Standardization positively affects logistic 
supportability, the overall life cycle costs, obsolete part issues, as well as the quality and reliability of the devices. 
Standard microcircuit devices are listed in QML-38535 (qualified monolithic parts), QML-38534 (qualified hybrid 
parts), MIL-HDBK-103 (all standard parts covered on Standard Microcircuit Drawings), and in electronic format on the 
DSCC web site, www.dscc.dla.mil. 


5. Detail guidelines. This section not applicable to this guideline. 
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CABLE, COAXIAL (RF) 


1. Purpose. This guideline establishes criteria for the selection and application of coaxial Radio Frequency (rf) 
cable. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-17 Cables, Radio Frequency, Flexible and Semirigid, General Specification for. 

MIL-DTL-3890 Lines, Radio Frequency Transmission (Coaxial, Air Dielectric), General Specification for. 

MIL-DTL-22931 Cables, Radio Frequency, Semirigid, Coaxial, Semi-Air-Dielectric, General Specification for. 

MIL-C-23806 Cable, Radio Frequency, Coaxial, Semirigid, Foam Dielectric, General Specification. 

MIL-DTL-28830 Cable, Radio Frequency, Coaxial, Semirigid, Corrugated Outer Conductor, General 
Specification for. 

MIL-HDBK-216 — RF Transmission Lines and Fittings. 


3. Definitions. This section not applicable to this guideline. 

4. General guidelines. 

4.1 Cable selection. Selection of coaxial cable should be in accordance with MIL-DTL-17, MIL-DTL-3890, MIL- 
DTL-22931, MIL-C-23806 or MIL-DTL-28830. Other types of cable may be used provided they are selected from 


specifications acceptable for the specific application and approved by the procuring activity. 


4.2 Application restriction. Cables with polyvinyl chloride insulation should not be used in shipboard or 
aerospace applications. Use of these cables in any other application requires prior approval by the procuring activity. 


5. Detail Guidelines. 


5.1 Application guidance. MIL-HDBK-216 may be used as a technical information guide to applications of 
transmission lines and fittings. 


5.2 Critical circuits. For use above 400 MHz and in critical RF circuits, elements such as environmental 
requirements, short leads, and grounding should be considered in design application, along with critical electrical 
characteristics such as attenuation, capacitance, and structural return loss. 
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CABLE, MULTICONDUCTOR 


1. Purpose. This guideline establishes criteria for selection and application of electrical multiconductor cable for 
use within electronic equipment. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


QQ-W-343 Wire, Electrical, Copper (Uninsulated). 

MIL-DTL-17 Cables, Radio Frequency, Flexible and Semirigid, General Specification for. 

MIL-DTL 3432 Cables (Power and Special Purpose) and Wire, Electrical (300 and 600 Volts). 

MIL-DTL-16878 Wire, Electrical, Insulated, General Specification for. 

SAE-AS22759 Wire, Electric, Fluoropolymer-Insulated, Copper or Copper Alloy. 

MIL-DTL-24640 Cables, Light-weight, Electric, for Shipboard Use, General Specification for. 

MIL-DTL-27072 Cable, Power, Electrical and Cable, Special Purpose Electrical, Multiconductor and Single 
Shielded, General Specification for. 

MIL-DTL-55021 Cable, Electrical, Shielded Singles, Shielded and Jacketed Singles, Twisted Pairs and 
Triples, Internal Hookup, General Specification for. 


MIL-W-5846 Wire, Electrical, Chromel and Alumel, Thermocouple 

MIL-W-81044 Wire, Electric, Crosslinked Polyalkene, Crosslinked Alkane-Imide Polymer, or Polyarylene 
Insulated, Copper or Copper Alloy. 

ASTM B 298 Standard Specification for, Silver-Coated Soft or Annealed Copper Wire. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Selection and application. Selection and application of multiconductor cable should be in accordance with 
table 66-1. 


4.2 Solid or stranded. Either solid or stranded conductors may be used (within the restrictions of the particular 
wire or cable specification) except that: (1) with the exception of thermocouple and flat cable wire, only stranded wire 
should be used in aerospace applications; and (2) for other applications, stranded wire should be used when so 
indicated by the equipment application. Specifically, with the exception of flat multi-conductor flexible cable, stranded 
wire should be used for wires and cables which are normally flexed in use and servicing of the equipment, such as 
cables attached to the movable half of detachable connectors. 


4.3 Application restrictions. 


4.3.1 MIL-DTL-16878 usage. Cable containing MIL-DTL-16878 wire should not be used for Air Force or Navy 
aerospace applications. 


4.3.2 Polyvinyl chloride insulation. Cables with polyvinyl chloride insulation should not be used in aerospace 
applications. Use of these cables in any other application requires prior approval of the procuring activity 


4.3.3 Single polytetrafluoroethylene insulation. Wire with only single polytetrafluoroethylene insulation | 
accordance with SAE-AS22759 used in Air Force space and missile applications requires the approval of the 
procuring activity. 


4.3.4 Silver plated copper wire. Silver plated copper wire should not be used in applications involving Army 
missile systems without certification by the wire manufacturer that it passes the sodium polysulfide test in accordance 
with ASTM B 298. Silver plated copper wire should not be used in conjunction with water-soluble solder fluxes. Wire 
should be stored and handled in such a way so as to minimize exposure to moisture. 
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5. Detail Guidelines. 


5.1 Solid or stranded. Stranded wire should be used for conductors and cables which are normally flexed in use 
and servicing of the equipment, such as cables attached to the movable half of detachable connectors and hanging 
cables attached to removable or movable doors and shields. Leads 150 mm or less in length may be run as solid 
wires unless they form interconnections between shock isolation mounted parts and non-shock isolation mounted 
parts. There are some other instances, such as wire wrapping, where a solid conductor may be required regardless 
of length. 


5.2 Stranded copper conductor test. The following test procedure should be used for stranded conductors since 
the ASTM B 298 test procedure covers only a single, round conductor. 


5.2.1 Sodium polysulfide test. The stranded samples of annealed copper, or copper alloy base material, should 
be tested in accordance with ASTM B 298 with the following exceptions: 


NOTE: The ASTM test applies to single-end wires "taken before stranding". The applicability of the polysulfide test 
is thus restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding process. 
The following exceptions and criteria should be applied when testing stranded product: 


a. Examination of the samples to occur immediately after the solution cycle. 


b. Samples to be immersed into the solutions in the as-stranded condition. 


(1) Unilay constructions to be tested as the whole conductor. 
(2) Concentric constructions to be tested as whole conductor. 
(3) Two members from each layer of rope construction to be tested after they have been 


carefully removed from the finished rope. 
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TABLE 66-I. Cable, multiconductor. 


Jacket 3/ 
ssa <q = wire Number of | Volts RMS Temp 2/ Strand Strand Material 1/ Type 
number specifications ure material coating Ce 

ge 
MIL-DTL-3432 Cable QQ-W-343& Sanied 300 -40°C to None or Styrene butadiene Extruded & 
(Power and Insulation and mixed | and +65°C or Copper rubber, chloroprene | vulcanized 
Special sizes 4/ 5/ | 600 -55°C to rubber, 
Purpose) +75°C ethylene-propylene 
and Wire, -dinne, rubber, 
Electrical polyurethan 
(300 & 600V) thermoplastic 


elastomer, or 
natural rubber 


MIL-DTL-24640 Cable, MIL-W-81044 2-77 pair 600 150°C Copper Tinned 85 Crosslinked, Extruded 
Electrical, tape polyalkene, 
Light-weight, crosslinked 
for shipboard alkaneimid, 
use polymer, or 
polyarylene 
MIL-DTL-27072 Cable MIL-DTL-17 2-36 Various Not Spec Copper Tin, 85 Sheath of PVC, 
Special Silver Polyethylene, 
See NOTE. Purpose, M16878/1 600 105°C Note: MIL-DTL-27072 applicable Polychloroprene, 
Electrical, M16878/2 1000 105°C detail specification sheets control polyamide, TFE- 
Multi- M16878/3 3000 105°C Materials for each specific cable Teflon, or 
conductor M16878/4 600 200°C configuration FEP-Teflon 
M16878/5 1000 200°C 
M16878/6 250 200°C 
M16878/10 600 75°C 
M16878/13 250 200°C 
MIL-DTL-55021 Cable, MIL-W-16878 2-3 600 -40°C to None or Tin, 90 None Extruded 
Twisted to +105°C Copper Silver PVC, 
Pairs & 1000° or -65°C or Nylon 
Triples, to Nickel TFE-Teflon Extruded 
Internal +200°C or tape 
Hookup, 
General 
Specification 
for 


NOTE: Flexible mulit-conductor cable for use in protected areas: tunnels, wire ways, instrument racks, and conduit. Polyethylene jacketed cable suitable for 
underwater or direct burial applications only. M16878/6 and /13 not for aerospace applications 
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Example: 


Example: 


Example: 


30 150 


The operator added 5 fluid ounces of brake fluid. 


The guard detail drank 35 liters of milk during 

chow. How many pints did the guard detail drink? 
From the chart you see that 1 pint = 0.47 liters. 
The problem can be solved by dividing 35 by 0.47 


75.46 


0.47 | 35 = 47 | 3500. 


The detail drank 75.46 pints of milk. 


After rebuilding the transmission on the M929 dump 
truck, the mechanic added 17 liters of transmission 
fluid. How many quarts of transmission fluid did he 
add? 


17.89 


0.95 | 17 = 95 | 1700. 


The mechanic added 17.89 quarts of transmission 
fluid. 


During the first day of training, the platoon drank 
83.6 liters of water. How many gallons of water did 
the platoon drink? 


22. 


3.8 83.6 = 38 836. 


The platoon drank 22 gallons of water. 


1/ Polyester - Polyethylene Terephthalate 
TFE-Teflon - Polytetrafluoroethylene 

PVC - Polyvinly chloride (Not to be used in 
airborne applications) 

KEL-F - Polymonochlorotrifluoroethylene 
FEP-Teflon - Fluorinated ethylene propylene 
PVF - Polyvinylidene fluoride 


2/ See applicable detail specification sheet for 
temperature limitation. 


3/ See applicable detail specification sheet for 
materials control of specific cable configurations 


4/ Although the specification does not limit the 
number of conductors in a cable, the size, 
weight, and flexibility are determining factors. 
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5/ Available in three classifications: 


Class L - Light Duty - to withstand severe flexing and 
frequent manipulation 


Class M - Medium Duty - to withstand severe flexing 
and mechanical abuse 


Class H - Heavy Duty - to withstand sever flexing 
and mechanical abuse and ability 

withstand severe service impacts such as 

to be run over by tanks or trucks . 


6/ See applicable detail specification sheet for mechanical 
test requirements for cold bend, cold bend torque, 
impact bend, and twist. 


7/ For use under abusive mechanical conditions and 
resistance to weather, oil and ozone are requirements. 


66-4 


MIL-HDBK-454B 


GUIDELINE 67 
MARKING 


1. Purpose. This guideline establishes criteria for external and internal markings on equipment, assemblies and 
component parts. Marking for safety, shipping and handling is not within the scope of this guideline. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-15024 Plates, Tags, and Bands for Identification of Equipment. 

MIL-DTL-18307 Nomenclature and Identification for, Aeronautical Systems Including Joint Electronics 
.Type Designated Systems and Associated Support Systems. 

MIL-S-81963 Servocomponents, Precision Instrument, Rotating, Common Requirements and Tests, 
General Specification for. 

MIL-STD-130 Identification Marking of U.S. Military Property. 

MIL-STD-196 Joint Electronics Type Designation System. 

MIL-STD-411 Aircrew Station Alerting Systems. 

JSSG-2010 Crew Systems. 

MIL-STD-1285 Marking of Electrical and Electronic Parts. 

MIL-STD-13231 Marking of Electronic Items. 

MIL-HDBK-505 Definitions of Item Levels, Item Exchangeability, Models, and Related Terms. 

AIM BC1 Uniform Symbology Specification - Code 39. 

ASME Y14.38 Abbreviations and Acronyms. 

ASTM D 4956 Standard Specification for Retro reflective Sheeting for Traffic Control. 

IEEE 200 Reference Designations for Electrical and Electronic Parts and Equipments. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Patent information. At the manufacturer's option, patent information may be included on equipment, subject 
to the following restrictions: 


a. The identification plate may contain patent information when approved by the procuring activity. 


b. The location of, and method used to mark, patent information should not conflict with any specified equipment 
guidelines, such as marking, enclosure integrity, control, and indicator locations, etc. 


c. Patent information should not be located on, or in, equipment having a security classification of confidential or 
higher, with the exception that patented items used in security classified equipment, when marked, should be 
marked in such a manner that patent information should be visible only when the item is removed or 
disassembled for repair or replacement. 


4.2 Symbology. 


4.2.1 Reference designations. Except for external connectors and cables, reference designations should be 
employed to identify the location of each item for its particular circuit application. The identification and marking of 
reference designators for parts and equipment should be in accordance with IEEE 200. On subminiaturized 
assemblies, such as printed or etched boards or other forms of assembly where space is at a premium, the reference 
designations need not be marked. In lieu thereof, reference designation marking should be shown by means of 
pictorial diagrams, line drawings, photographs, or other media to provide for circuit identification (by means of 
reference designations) in the appropriate handbooks for the equipment. It should not be mandatory to mark the 
reference designations of parts in nonrepairable subassemblies. Connectors may be further identified on that side of 
the panel to which the mating connector attaches, by a name denoting the function of the cable attached thereto. 
External cables should be assigned reference designations W1, W2, etc., in accordance with IEEE 200. The 
numerical portions of the reference designations should be consecutive, where practicable. 
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4.2.2 Abbreviations and legends. Abbreviations and legends should conform to MIL-STD-411, or JSSG-2010 as 
applicable. 


4.3. Marking methods. Equipment, parts and assemblies should be permanently marked or identified. 
Permanency and legibility should be as required in MIL-STD-130. 


4.3.1 Direct marking. Markings may be applied directly to a part, or an assembly, by die or rubber stamping, 
etching, engraving, molding, casting, forging, decalcomania transfer, stenciling, or silk screening. 


4.3.2 Plates. Information and identification plates should conform to, and should be marked, in accordance with 
MIL-DTL-15024. 


4.3.2.1 Identification (ID) plates. The ID plate should be fastened in such a manner as to remain firmly affixed 
throughout the normal life expectancy of the item to which it is attached. Type G, adhesive-backed metal, ID plates 
should be used on hermetically sealed items, magnesium cases, or other items where mounting of a plate by 
mechanical fasteners is impractical. 
4.3.2.2 ID plate location. Plates should be located so that they are not obscured by other parts. 
4.3.3 Marking cables, cords, and wires. The following methods should be used to mark cables, cords, and wires: 
a. Molded on the cable or cord. 
b. Stamped on the cable, cord, or wire. 
c. Bands in accordance with MIL-P-15024, securely attached or captivated. 


d. Adhesive tag or tape that should withstand the applicable environmental guidelines. 


NOTE: Hot stamp marking has been determined to damage the wire insulation. Therefore hot stamp marking should 
not be used for direct marking on wire and cable intended for aerospace vehicle equipment. 


4.4 Bar codes. Bar codes should conform to AIM-BC1. 


4.5 Type designated items. Each item which is type designated in accordance with MIL-STD-196 should contain 
an identification marking in accordance with MIL-DTL-18307 for Navy and Air Force or MIL-STD-13231 for Army. 
These items are systems (electrical-electronic), sets, groups, and some units and assemblies, as defined in 
MIL-HDBK-505. 


4.6 Euse holders. The current rating of fuses should be marked adjacent to the fuse holder. In addition, 
"SPARE" should be marked adjacent to each spare fuse holder. 


4.7 Connections. Marking adjacent to plugs, jacks, and other electrical connectors should identify the connected 
circuits to preclude cross connections. The connections to electrical parts such as motors, generators, and 
transformers should be marked. 


4.8 Servo-component connections and markings. Servo-component marking and connection identification 
should conform to MIL-S-81963. 


4.9 Controls and indicating devices. Markings should be provided on the front of each exterior and interior panel 
and panel door, also on control mounting surfaces of each chassis, subpanel, etc., to clearly (though necessarily 
briefly) designate the functions and operations of all controls, fuses, and indicating devices mounted thereon, 
protruding through, or available through, access holes therein. All markings should be located on the panel or 
chassis in correct relationship to the respective designated items. 
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4.10 Sockets. The chassis should be marked to identify both sockets and parts, modules, or assemblies to be 
plugged into the sockets. The side of the chassis upon which items are plugged into sockets should be marked, 
adjacent to each socket, with the reference designation for the item. The reverse side of the chassis should be 
marked, adjacent to each socket, with the reference designation used in the circuit diagram and table of parts to 
identify the socket itself. If space does not permit marking of reference designations for sockets and parts, modules, 
or assemblies mounted in sockets, a location diagram should be placed where it is visible when viewing the chassis, 
and should display the markings described herein. 


4.11 Cables, cords, and wires. All cables, cords, and wires which require disconnection to remove units for 
servicing and maintenance should be uniquely identified. 


4.12 Printed wiring boards. Markings on printed wiring boards should not interfere with electrical operation. 
When ink is used, it should be nonconductive. Markings should be considered when leakage (creepage) distances 
are determined. 


4.13 Replaceable parts and assemblies. Replaceable parts and assemblies should be marked for identification 
in accordance with MIL-STD-1285 or MIL-STD-130, as applicable. 


4.14 Programmable items. Equipments which are software programmable should indicate the identifying 
number and revision of the software program which has been loaded into memory. The preferred method is to 
provide either a local or a remote display which is under the control of the software program. However, when the use 
of a display is not practical, the equipment enclosure should be marked with the information as follows. 


4.14.1 Preproduction and production equipment. Preproduction and production equipment should be marked 
with the identifying number and revision of the software program. The identifying number should be preceded by the 
words "software program". 


4.14.2 Development equipment. Development equipment should be marked in a manner similar to 
preproduction and production equipment, except that means should be provided to easily change the revision letter by 
the use of a matte surface for hand marking or by using self-adhesive labels. The use of the revision letter, or 
number, and a patch letter, or number, is permissible. 


4.14.3 Certain hardware changes. The marking guideline does not apply when changes to the software program 
are accomplished by making a hardware change (for example, when the software program resides in fusible link 
devices such as PROMs). In such cases, the marking guidelines applicable to a hardware change should apply. 


5. Detail Guidelines. 


5.1 Reflective markers. Where reflective markers are required, reflective polyester tape in accordance with 
ASTM D 4956 may be used. 
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READOUTS AND DISPLAYS 
1. Purpose. This guideline establishes criteria for the selection of readouts and displays. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-DTL-28803 Display, Optoelectronic, Readouts, Back Lighted Segmented, General Specification 
for. 
MIL-PRF-19500/708 Displays, Diode, Light Emitting, Solid State, Red, Numeric and Hexadecimal, with 


On Board Decoder/Driver Types 4N51, 4N52, 4N53 and 4N54 JAN and JANTX. 


3. Definitions. 


3.1 Readouts and displays. Readouts and displays are devices which are designed primarily to convert electrical 
information into alphanumeric or symbolic presentations. These devices may contain integrated circuitry to function 


as decoders or drivers. 
4. General guidelines. 
4.1 Optoelectronic type readouts. Optoelectronic type readouts should conform to MIL-DTL-28803. 
4.2 Light emitting diode displays. Visible light emitting diode displays should conform to MIL-PRF-19500/708. 


4.3 Night vision goggles. Night Vision Goggle compatibility considerations for cockpit readouts and displays 
should be considered where use of night vision goggles by cockpit crews is possible. 


5. Detail guidelines. This section not applicable to this guideline. 
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INTERNAL WIRING PRACTICES 


1. Purpose. This guideline establishes criteria for internal wiring practices. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-T-152 Treatment, Moisture and Fungus Resistant, of Communications, Electronic and 
Associated Electrical Equipment. 

MIL-I-631 Insulation, Electrical, Synthetic-Resin Composition, Non rigid. 

MIL-T-713 Twine, Fibrous: Impregnated, Lacing and Tying. 

MIL-I-3158 Insulation Tape, Electrical Glass-Fiber (Resin Filled): and Cord, Fibrous-Glass. 

MIL-I-3190 Insulation Sleeving, Electrical, Flexible, Coated, General Specification for. 

MIL-I-22076 Insulation Tubing, Electrical, Non rigid, Vinyl, Very Low Temperature Grade. 

MIL-STD-108 Definitions of and Basic Requirements for Enclosure for Electric and Electronic Equipment. 

SAE AS 7928 Terminals, Lug: Splices, Conductor: Crimp Style, Copper, General Specification for. 

SAE AS 23190 Straps, Clamps, and Mounting Hardware, Plastic and Metal for Cable Harness Tying and 
Support. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Clearance and leakage (creepage) distances. Clearance between solder connections or bare conductors, 
such as on terminal strips, standoffs, or similar connections, should be such that no accidental contact can occur 
between adjacent connections when subjected to service conditions specified in the equipment specification. For 
electrical clearance and leakage distances, see Table 69-I. 


4.2 Through hole protection. Whenever wires are run through holes in metal partitions, shields, and the like, less 
than 3 mm in thickness, the holes should be equipped with suitable mechanical protection (grommet) of insulation. 
Panels 3 mm or more in thickness either should have grommets or should have the hole edges rounded to a 
minimum radius of 1.5 mm. 


a. 


Condition A. For use where the effect of a short circuit is limited to the unit and where normal operating 
power does not exceed 50 watts. 


Condition B. For use where short circuit protection in the form of fuses, circuit breakers, etc., is provided 
and where normal operating power does not exceed 2000 watts. 


. Condition C. For use where short circuit protection in the form of fuses, circuit breakers, etc., is provided 


and where normal operating power exceeds 2000 watts. 


Enclosure |. Enclosure | is an equipment enclosure which has no openings, or in which the openings 
are so constructed that drops of liquid or solid particles striking the enclosure at any angle from 0° to 
15° from the downward vertical cannot enter the enclosure, either directly or by striking and running 
along a horizontal or inwardly inclined surface. (Drip-proof enclosure for other than motors, generators, 
and similar machines of MIL-STD-108 meets the description). 


Enclosure Il. Enclosure II is any equipment enclosure which affords less protection than enclosure I. 
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TABLE 69-1. Electrical clearance and leakage (creepage) distances. 
Voltage ac Clearance Leakage distances (mm) 
(rms) or de Condition (mm) Enclosure II 
Up to 150 a 5 a 5 e 5 
S 5 e 
150 to 300 = 5 . 5 
2 5 i 


QWDPrlinNnwnyY 


OwD> 


300 to 600 
6 2 2 19 
600 to 1000 3 me 5 
6 
12.5 = 


OwD> 


4.3 Wiring arrangement. Wiring should be arranged to permit bundling by one or more of the following methods 
or permanently mounted in cable ducts. 


4.3.1 Lacing. Twine should be in accordance with Type P of MIL-T-713. Cordage should be in accordance with 
type SR-4.5 of MIL-I-3158. 


4.3.2 Sleeving insulation. Sleeving insulation should conform to MIL-I-631, MIL-I-3190, or MIL-I-22076. 
4.3.3. Wrapping and tying. Plastic devices for wrapping and tying of wires should conform to SAE AS 23190. 


4.4 Clamped connections. In no case should electrical connections depend upon wires, lugs, terminals, and the 
like, clamped between a metallic member and an insulating material of other than a ceramic or vitric nature. Such 
connections should be clamped between metal members, preferably, such as an assembly of two nuts, two washers 
and a machine screw. 


4.5 Connectors, insulation sleeving. Unpotted connectors furnished as integral wired in parts of articles of 
equipment should have a piece of insulating tubing placed over each wire in the connector. The tubing should be 
long enough to cover the contact and at least 12.5 mm of insulation of the wire attached to it; but in no case should 
the length of the tubing exceed 50 mm. The minimum length of 12.5 mm may be reduced to 4.5 mm where restricted 
volume does not permit longer tubing (Such as in miniaturized electronic subassemblies). The tubing should fit tightly 
over the contact or be tied securely enough so that it will not slide off. If bare wire is used, the tubing should be long 
enough to extend at least 6 mm beyond the contact, metal shell or clamp, whichever projects the farthest. This 
section does not apply to connectors with body insulated crimp-on contacts, to insulation displacement connectors, or 
mass soldered flat cable connectors. 


5. Detail guidelines. 


5.1 Wiring arrangement. All wiring should be arranged in a neat and workmanlike manner. The use of 
preformed cables and wiring harness is preferred to the point-to-point method of wiring. Wires should be bundled and 
routed to minimize electrical coupling. Unless suitably protected, wire or cable attached to sensitive circuits should 
not be placed adjacent to a disturbing circuit. 


5.2 Internal wiring. Stranded wire is preferred; however, solid wire may be used in the equipment, provided such 
wire is so insulated, or held in place, that it does not fail or show excessive motion likely to result in failure when the 
equipment is subjected to vibration and shock encountered under the specified service conditions. An uninterrupted 
wire is preferable to a junction. The following descending order of preference exists when junctions are used, and the 


69-2 


MIL-HDBK-454B 


GUIDELINE 69 


choice of the listed junctions should be determined by consideration of reliability factors, maintenance factors, and 
manufacturing procedures. 


a. Permanent splices. 
b. Bolted connections. 
Cc. Connectors. 


5.3 Wiring protection. The wiring should be secured and protected against chafing due to vibration or movement 
(such as slide out racks or drawers). For securing of wiring, polyamide clamps, or wrapping and tying devices with 
integral mounting facilities, or adhesive bonding are preferred. Metal clamps, if used, should be cushioned. 

Individual conductors thus secured should lie essentially parallel. 


5.4 Cable ducts. Where cable ducts are employed, provisions should be made for the removal of any wire that 
may become faulty. For example, covers may be employed at intervals to aid in the removal of a faulty wire. 


5.5 Bend radius. The bend radius of polyethylene cable should not be less than five times the cable diameter to 
avoid establishing a permanent set in the cable. 


5.6 Sleeving. Flexible plastic sleeving, either nonflammable, self-extinguishing, or flame retardant, should be 
used on cables subject to flexing, such as panel door cables. The sleeving should be secured under cable clamps at 
each end, and the cable should be formed and secured so that the cable will not be subject to abrasion in its normal 
flexing motion. In cases where abrasion cannot be avoided, additional protection should be provided. 


5.7 Panel door cables. Wiring to parts on a hinged door should be in a single cable if possible, arranged to flex 
without being damaged when the door is opened and closed. 


5.8 Slack. Wires and cable should be as short as practicable, except that sufficient slack should be provided to: 


a. Prevent undue stress on cable forms, wires, and connections, including connections to resiliently 
supported parts. 


b. Enable parts to be removed and replaced during servicing without disconnecting other parts. 
c. Facilitate field repair of broken or cut wires. 


d. Permit units in drawers and slide out racks to be pulled out to the limit of the slide or support travel 
without breaking connections. Units which are difficult to connect when mounted, should be capable of 
movement to a more convenient position for connecting and disconnecting cables. When drawers or 
racks are fully extended and rotated, if rotatable, the cable bend radius should not be less than three 
times the cable assembly diameter. When flat molded cable assemblies are used, the bend radius 
should not be less than ten times the cable assembly thickness. 


e. Permit replacement of the connected part at least twice. Exceptions to this provision are cases where 
RF leads must be as short as possible for electrical reasons, when fixed path rotating is specified, or the 
amount of slack is limited by space available; ensure freedom of motion of lugs or terminals normally 
intended to have some degree of movement. 


5.9 Support. Wire and cable should be properly supported and secured to prevent undue stress on the 
conductors and terminals and undue change in position of the wire or cable during and after subjection of the 
equipment to specified service conditions, or after service or repair of the equipment in a normal manner. When 
shielding on wire or cable is unprotected by an outer insulation, adequate support is necessary to prevent the 
shielding from coming in contact with exposed terminals or conductors. Twine or tape should not be used for 
securing wire and cable. 
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You can see by these examples that conversion from metric 
capacity units to U.S. capacity units is accomplished through 
division. If you had difficulty with these conversions, review 
this section before moving forward. 


b. Converting U.S. capacity units to metric capacity units. To 
change U.S. capacity units to metric units, simple multiplication 


is used, The approximate conversion factors are the same as the 
ones used to convert metric capacity to U.S. capacity. You 
should memorize the conversion factors to apply them to their 
respective units. Several examples follow the conversion table. 


Table 4-10. Conversions from U.S. Units 


When you know Multiply by To find 


fluid ounces milliliters 
pints liters 
quarts liters 
gallons liters 


Example: 
The squad used 50 fluid ounces of CLP (cleaner 
lubricant preservative) to clean their weapons. How 
many milliliters of CLP did the squad use? To 
convert 50 fluid ounces to milliliters, multiply 50 
by 30. 
50 
x_30 
1500 
The squad used 1500 milliliters of CLP. 
Example: 


The engineers' chainsaw requires 3 pints of two- 
cycle oil for every three gallons of gasoline. How 
many liters of two-cycle oil are required? From the 
table you see that 1 pint = 0.47 liters. 


0.47 
x 3 
1.41 


The chainsaw requires 1.41 liters of two-cycle oil 
for every three gallons of gasoline. 
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5.10 Cable and harness design. Cables and separable harnesses should be of the two-connector type. The two 
connectors should be of the same number of contacts and all contacts should be wired point-to-point; (e.g., pin 1 to 
pin 1, pin A to pin A, or pin 1 to pin A and up in sequence). A minimum number of connector types and contact 
configurations within a type should be used consistent with noncrossmating guidelines, and circuit and spare 
considerations. 


5.11 Solderless crimp connections. Solderless crimp connections should meet the following guidelines: 
a. Insulated, solderless lugs are preferred and should conform to SAE AS 7928. 


b. Where thermal or other considerations prevent the use of insulated lugs, noninsulated solderless lugs 
conforming to SAE AS 7928 should be used, provided they are covered with an insulating sleeve. 


5.12 Fungus protection. Prior to attachment of terminals to prepared lengths of cables which contain materials 


that will support fungus, the ends should be protected against entrance of moisture and fungus by treatment with a 
fungicidal varnish in accordance with MIL-T-152. 
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ELECTRICAL FILTERS 
1. Purpose. This guideline establishes criteria for the selection and application of electrical filters. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-PRF-15733 Filters and Capacitors, Radio Frequency Interference, General Specification for. 
MIL-PRF-28861 Filters and Capacitors, Radio Frequency/Electromagnetic Interference Suppression, 
General Specification for. 


3. Definitions. This section not applicable to this guideline. 


4. General Guidelines. Electrical filters should be selected and applied in accordance with MIL-PRF-15733 and 
MIL-PRF-28861. 


5. Detail guidelines. This section not applicable to this guideline. 
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CABLE AND WIRE, INTERCONNECTION 


1. Purpose. This guideline establishes criteria for the selection and application of electric cable and wire used 
for interconnection between units. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


herein, but are those needed to understand the information provided by this handbook. 


A-A-59551 
MIL-DTL-17 
MIL-DTL-3432 
MIL-DTL-8777 
MIL-C-13777 
MIL-DTL-16878 
SAE-AS22759 
MIL-DTL-24640 
MIL-DTL-24643 
MIL-DTL-25038 
MIL-DTL-27072 
NEMA WC 27500 


MIL-DTL-55021 
MIL-W-81044 


MIL-DTL-81381 
MS25471 

MS27110 

ASTM A 580/A 580M 
ASTM B33 


ASTM B298 
ASTM A 580 
SAE AS 50861 


3. Definitions. 


Wire, Electrical, Copper (Uninsulated) 

Cables, Radio Frequency, Flexible and Semi rigid, General Specification for 

Cables (Power and Special Purpose) and Wire, Electrical (300 and 600 Volts) 

Wire, Electrical, Silicone-Insulated, Copper, 600 Volt, 200 C 

Cable, Special Purpose, Electrical, General Specification for 

Wire, Electrical, Insulated, General Specification for 

Wire, Electric, Fluoropolymer-Insulated, Copper or Copper Alloy 

Cables, Light-weight, Electric, for Shipboard Use, General Specification for 

Cables and Cords, Electric, Low Smoke, for Shipboard Use, General Specification for 
Wire, Electrical, High Temp, Fire Resistant and Flight Critical 

Standard for Aerospace and Industrial Electrical Cable 

Cable, Power, Electrical, and Cable Special Purpose, Electrical Shielded and Unshielded, 
General Specification for 

Cable, Electrical, Shielded Singles, Shielded and Jacketed Singles, Twisted Pairs and 
Triples, Internal Hookup, General Specification for 

Wire, Electric, Crosslinked Polyalkene, Crosslinked Alkane-Imide Polymer, or Polyarylene 
Insulated, Copper or Copper Alloy 

Wire, Electric, Polyimide-Insulated, Copper or Copper Alloy 

Wire, Electrical, Silicone-Insulated, Copper, 600 Volt, 200 C, Polyester Jacket 

Wire, Electrical Silicone Insulated, Copper, 600 Volt, 200 C, FEP Jacket 

Standard Specification for Stainless Steel Wire 

Standard Specification for Wire, Tinned Soft or Annealed Copper Wire for Electrical 
Purposes 

Standard Specification for Silver-Coated Soft or Annealed Copper Wire 

Standard Specification for Stainless Steel Wire 

Wire, Electric, Polyvinyl Chloride Insulated, Copper or Copper Alloy 


3.1 Interconnecting wire. Insulated, single-conductor wire used to carry electric current between units. 


3.2 Interconnecting cable. Two or more insulated conductors contained in a common covering, or one or more 
insulated conductors with a gross metallic shield outer conductor used to carry electrical current between units. 


4. General guidelines. 


4.1 Wire selection. Selection of wire for interconnection between units should be in accordance with table 71-1. 


4.2 Multiconductor cable selection. Selection of multiconductor cable for interconnection between units should 


be in accordance with table 71-II. 


4.3 Application restrictions. 


4.3.1 MIL-DTL-16878 usage. MIL-DTL-16878 should not be used for Air Force or Navy aerospace applications. 


4.3.2 Insulation restriction. Cable or wire with polyvinyl chloride insulation should not be used in aerospace 


applications. Use of these wires or cables in any other application requires prior approval of the procuring activity. 
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4.3.3 SAE-AS 22759 usage. SAE-AS 22759 wire with only single polytetra-fluoroethylene insulation used in Air 
Force space and missile applications will require the approval of the procuring activity. 


4.3.4 Aluminum wire. Use of aluminum wire may need specific approval by the procuring activity. 


4.3.5 Silver plated copper wire. Silver plated copper wire should not be used in applications involving Army 
missile systems without certification by the wire manufacturer that it passes the sodium polysulfide test in accordance 
with ASTM B 298. Silver-plated copper wire should not be used in conjunction with water-soluble solder fluxes. Wire 
should be stored and handled in such a way so as to minimize exposure to moisture. 


5. Detail Guidelines. 


5.1 Pulsed or RF signals. All interconnecting cables carrying pulsed or RF signals should be coaxial cables or 
waveguides and should be terminated, when possible, in the characteristic impedance of the transmitting media. 


5.2 Stranded copper conductor test. The following test procedure should be used for stranded conductors since 
the ASTM B 298 procedure covers only a single, round conductor. 


5.2.1 Sodium polysulfide test. The stranded samples of annealed copper or copper alloy base material should 
be tested in accordance with the ASTM B 298, with the following exceptions: 


NOTE: The ASTM test applies to single-end wires "taken before stranding". The applicability of the polysulfide test is 
thus restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding process. The following 
exceptions and criteria should be applied when testing stranded product. 


a. Examination of the samples to occur immediately after the solution cycle. 
b. Samples to be immersed into the solutions in the as-stranded condition. 
(1) Unilay constructions to be tested as the whole conductor. 
(2) Concentric constructions to be tested as whole conductor. 


(3) Two members from each layer of rope constructions to be tested after they have been carefully removed 
from the finished rope. 


5.3 Solid or stranded. Stranded wire should be used for conductors and cables which are normally flexed in use 
and servicing of the equipment, such as cables attached to the movable half of detachable connectors and hanging 
cables attached to removable or movable doors and shields. Leads 150 mm or less in length may be run as solid 
wires unless they form interconnections between shock isolation mounted parts and non-shock isolation mounted 
parts. There are some other instances, such as wire wrapping, where a solid conductor may be required regardless 
of length. 


5.4 Cold flow. Certain insulating materials exhibit a cold flow characteristic. Caution should be used in the 
selection of these materials in applications requiring restrictive clamping or tying, etc., where this feature may result in 
exposed or shorted conductors. 


5.5 Stranded copper conductor test. The following test procedure should be used for stranded conductors since 
the ASTM B 298 procedure covers only a single, round conductor. 


5.5.1 Sodium polysulfide test. Stranded samples of annealed copper or copper alloy conductors should be 
tested in accordance with ASTM B 298. When this test is performed, one factor which should be taken in to 
consideration is that the ASTM test applies to single end wires taken before stranding. Thus, the applicability of the 
polysulfide test is restricted by the ASTM in recognition of the abrasion to the wire inherent in the stranding process. 
As a result, the following exceptions and criteria apply when testing stranded product. 
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a. Examination of the samples to occur immediately after the solution cycle. 
b. Samples to be immersed into the solution in the as-stranded condition. 
(1) Unilay constructions to be tested as the whole conductor. 
(2) Concentric constructions to be tested as whole conductor. 


(3) Two members from each layer of rope constructions to be tested after they have been carefully 
removed from the finished rope. 
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Construction Max 
Cond 
Specification Title Spec Type | Material Coating Primary Temp Remarks 
Number. or class Cover topcoat | °C 
SAE AS 50861 Wire, M5086/1 8 
Electric, 105 
pyc 


Insulated, M5086/4 Medium weight 


Copper or J" 15086/5 
See Note 4 


capper M5086/6 
Y __[iws0er7 


MIL-DTL-8777 Wire, MS25471 Cu/A Ag Str 
Electrical, 
Silicone 
Insulated, M27110 
Copper, 
600 V 
200°C’ 


MIL-W-16878 Wire, M6878/1 
M16878/2 Ag, Sn 


electrical 


Insulated, M16878/3 Cu/A, 
High M16878/4 HSA, 
Temperatur My416878/5 CCW 


e 


M16878/6 


M16878/7 


M16878/8 


M16878/10 


Ag 
M16878/14 
M16878/22 


71-4 


MIL-HDBK-454B 
Table 71-I Wire, electrical, interconnection. 


Construction Max 


Conductor 1/ Insulation 2/ Cond 


Spec Type Material Coating | Type | Primary | Primary | Jacket/ Temp 
or class Cover topcoat "Cc 
Cu/A Sn Str 6 


M16878/33_| Cu/A,CCW 
M16878/34_ | Cu/A Str 3B 
M16878/35 


M22759/1 
|_M22759/2 _| 


Specification Remarks 


Number. 


200 
260 


Wire, 
Electric, 
Fluoropoly 
mer 


- insulated, | M22759/2 
Copper or 
Alloy 


M22759/7 

Ni 
g 
Ni 
Ag 
Ni 
Sn 
M22759/15 HSA g 
n 

g 

n 

Ag 

Ni 

Ag 

Ni 


| | 
| | 


Medium weight 
Medium weight 


Medium weight 

Light weight 

Light weight 

Medium weight 
| 
| 


[Ni 
[Ni 
[Ag | 
[Ni 
[Sn 


| m22759/17_| HSA [Ag | Str | 18 
[Ag | 
aa 
HSA [Ni 
[Ag | 
[Ni 3A 


> 


Medium weight 
Light weight 
Light weight 


M22759/32 
M22759/33 
M22759/34 Ss 


20 


M22759/41_ | Cu/A Ni | | 
| 


M22759/42 HSA 
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Construction Max 


Conductor 1/ Insulation 2/ Cond | Max 


Specification Title Spec Type Material Coating | Type | Primary | Primary | Jacket/ Temp | rms Remarks 
Number. or class Cover topcoat | °C volts 
M22759/43 


MIL-DTL- Wire, M25038/1 Cu/A Ni Str 15 3B 13B 288 Critical circuits where 
25038 Electrical clad electrical integrity must be 
High maintained during fire 
Temperatur (1093 C flame/5 min) 
e and Fire 
Resistant 


MIL-W-81044 Wire, M81044/6 CulA Sn Sheets /12 & /13 light weight 
Electric, - See Note 4 
Crosslinked 


Polyalkene_ [ M81044/7 Sheets /9 & /10 medium 
Cross-linked | M81044/9 Str 2B 9B 150 600 | weight. See application 
Alkaneimide | M81044/10 temp limitation 

Polymer, M81044/12 stipulated on detail 

etc 

Insulated, M81044/13 HSA Ag specification sheet 


Copper or 
Copper 
Alloy 
Wire, 
Electric 
Polyimide 


MIL-DTL-81381 M81381/7 Cu/A Sheets /7 through /10 light 


weight Sheets /11 through 


Insulated /14 medium weight Sheets 
Copper or M81381/9 /17 through /20 light 
Copper M81381/10 weight, single wrap 
Alloy 
15 or 17 primary Interconnect 
M81381/12 wiring where weight, 


space, and high 
temperature capability 
Cu/A are critical Sheets /7 
i through /10& 17/ 


M81381/19 HSA through /20 - See Note 4 


M81381/20 3B jackets in sheets 
M81381/21 | Cu/A Sn are in sized 8 and larger 
M81381/22 15 or 17 


71-6 


MIL-HDBK-454B 
Table 71-I Wire, electrical, interconnection. 


1/ Conductor code Description 
Material Cu/A Copper, annealed 
Cu/H ~— Copper, hard-drawn 
CCW Copper covered steel 
HSA High strength copper alloy 


Al Aluminum 
Coating Sn Tin 
Ag Silver 
Ni Nickel 
Type S Solid 
Str Stranded 
2/ Insulation code Description 
1 Polyvinyl chloride/extruded 
2A Polyethylene/extruded 
2B Polyalkene/cross-linked extruded 
2C Polyethylene/cross-linked/modified/extruded 
3A Polytetrafluoroethylene/extruded (TFE Teflon) 
3B Polytetrafluoroethylene/tape 
3C Polytetrafluoroethylene/mineral filled/extruded 
3D Polytetrafluoroethylene impregnated glass type 
4A Fluorinated-ethylene propylene/extruded (FEP Teflon) 
4B Fluorinated-ethylene propylene/dispersion 
5 Monochlorotrifluoroethylene/extruded (Kel-F) 
6 Silicone rubber/extruded 
7A FEP/polyimide film (Kapton) 
7B Polymide lacquer (Pure ML) 
8 Polymide/extruder (Nylon) 
9A Polyvinylidene fluoride/extruded (Kynar) 
9B Polyvinylidene fluoride/extruded/cross-linked 
10 Braid/synthetic yarn/lacquer impregnated 
11 Braid/nylon/impregnated 
12 Braid/polyester/impregnated 
13A Braid/glass fiber/impregnated 
13B Braid/TFE coated glass fiber/TFE finish 
14 Braid/asbestos/TFE impregnated 
15 Braid, weave or wrap/inorganic fiber 
16 Alkane-imide polymer/extruded/cross-linked 
17 Modified aromatic polyimide 
18 Ethylene-tetrafluoroethylene/extruded (Tefzel) 
19 Polyarylene/extruded 
20 Cross-linked, extruded, modified ethylene-tetrafluoroethylene 


3/ When specified on purchase order. 


4/ Wire intended for use in electronic equipment hook-up applications. It may also be used as an interconnecting wire when 
an additional jacket or other mechanical protection is provided 


5/ Various combinations of primary, primary cover, and jacket insulations and unshielded, shielded, etc, constructions are 
available to meet application requirements. See detail wire specification. 
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Example: 
Each Marine carried 6 quarts of water while in the 


desert. How many liters of water did each Marine 
carry? Multiply 6 by 0.95 to obtain liters. 1 
quart = 0.95 liters. 


0.95 
x 6 
5.70 


Each Marine carried 5.7 liters of water while in the 
desert. 


Example: 
The fireteam had one 5 gallon water jug. How many 
liters of water did they have? From the table, 1 
gallon = 3.8 liters. 


The fireteam had 19 liters of water. 


Remember, converting U.S. capacity units to metric capacity units 
is just the opposite of converting metric capacity units to U.S. 
capacity units. If you had a difficult time with any of these 
conversions, review this section before moving to conversion of 
weight measure. 


4303. Conversion of Weight Measure 


a. Converting metric weight to U.S. weight. Converting metric 
weight to U.S. weight is done the same way that was covered in 
the two preceding lessons. The conversion is done using division 
and some very important conversion factors. (The conversion 
factors in the table are approximations and should not be used 
for accurate weight conversions.) Examples follow the factor 
conversion table. 


Table 4-11. Conversions from Metric Units 


When you know Divide by To find 


grams ounces 


kilograms pounds 
tonne short ton 
(2000 lb.) 


Specification 


number. 


Basic 
Title 


Basic 
Wire 
Specifications 


MIL-HDBK-454B 
Table 71-IIl Wire, electrical, interconnection. 


Conduc 
tor 
Number 
of Strand 
conductors Temp 2/ material 


Strand 


Shield 
braid 3/ 


Jacket 3/ 


% 
Coverage Material 1/ 


Type 


Remarks 


MIL-DTL-3432 


NEMA WC 
27500 


Cable (Power 
and Special 
(Purpose)and 
Wire, Elec- 
trical (300& 
600V) 


Cable, 
Electric Aero 
Space 
Vehicle 


A-A-59551 & 
Insulation 


M5086/1 
M5086/2 
M5086/3 


M22759/12 
M22759-23 


M81044/9 
M81381/8 
/10 and /14 


M81381/11 


M81381/12 
M81381/13 


coating 
Unlimited -40°C to None or Tin 
and mixed +65°C or | Copper 
sizes -55°C to 

+75°C 


105°C 

150°C 

200°C 
600 


2-7 
1-7 Copper 


1- Copper 


Tin 
Nickel 


Copper 
Copper 


1-7 
1-7 
1-7 
2-7 
1-7 
2-7 
1-7 
1-7 
2-7 
6/ 


7 
8 


85 Styrene 
butadiene 
Rubber, 
chloroprene 
rubber, 
ethylene- 
propylene 
rubber, 
ethylene- 
propylene-dien 
ne rubber, 
polyurethane 
thermoplastic 
elestomer or 
natural rubber 
None 
Polyamide 
(Nylon) 


Polyvinylidene 
fluoride 


FEP/polyimide 


FEP/polyimide 


Extruded & 
Vulcanized 


Extruded or 
Impregbaird 


Extruded 
extruded or 
tape 
Extruded 


Film Tape 


Film Tape 


(a) 


Fluorinat 
ed 
ethylene 
propylene 
(b) 
Polytetra- 
fluoroethyl 
ene 


Cable MIL-C-17 -53°C to Copper Tin Sheath Poly- Extruded & See 
Special A-A-59551 +71°C Chloroprene vulcanized Note 7 
Purpose ASTM A580 Primary Extruded 
Electrical &lnsulation Insulation 
Polyethylene 
MIL-C-24640 Cable, MIL-W-81044 2-77 pair 150°C Copper 85 Crosslinked | Extruded 
Electrical, Tape Polyalkene, 
Light weight Tinned Crosslinked 
for ship board eee 
use Polyarylene 
MIL-DTL- Cable Special | MIL-DTL-17 2-36 | Various | Not spec | Copper | Tin, | 85 Sheath of Flexible 
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Conduc 
tor 


Shield Jacket 3/ 
braid 3/ 
Strand 
material 


Number 
of 
conductors 


Basic 
Wire 
Specifications 


Strand 
coating 
Silver 


27072 Purpose, M16878/1 600 105°C PVC, multicon 
Electrical, M16878/2 1000 105°C polyethylene, ductor 
Multi- M16878/3 3000 105°C polychloropre cable for 
conductor M16878/4 600 200°C ne, use in 

M16878/5 1000 200°C polyamide, TFE protected, 
M16878/6 250 200°C - Teflon, or wire ways, 
M16878/10 600 75°C FEP- Teflon instru- 
M16878/13 250 200°C ment 
racks, and 
conduit, 
Poly- 
ethylene 
jack- eted 
cable 
suitable 
for 
underwate 
r or direct 
burial 


% 
Coverage 


Specification 
number. 


Material 1/ Remarks 


applicatio 
ns only. 
Note: MIL-DTL-27072 applicable detail specification M16878 
sheets control materials for each specific cable /6 and /13 
configuration. not for 
aerospace 
applicatio 
ns 
NEMA WC Cable, MIL-DTL-8777 1-7 600 200°C Various Various | 85 Various Braided For 
general 
aerospace 
flight 
vehicle 
applicati 
ons 


27500 Electrical, SAE AS 22759 | 1-7 Various | Various Various Various 85 Various Extruded 
| Shielded and_| | | | | | | | | or Braided __| 
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Conduc Shield Jacket 3/ 
tor braid 3/ 


Basic Number 
Specification Basic Wire of Volts Strand Strand % 
number. Title Specifications conductors | RMS Temp 2/ material coating Coverage Material 1/ Type Remarks 
Unshielded, 
Aerospace MIL-DTL-25038 | 1-7 600 260°C Various Various | 85 TFE coated Braided 
glass fiber 
MIL-W-81044 1-7 600 150°C Various Various | 85 Various Extruded 
MIL-DTL-81381 | 1-7 600 Various Various Various | 85 Various Tape 
MIL-DTL- Cable, MIL-DTL-16878 | 2-3 600 -40°C to None or Tin, 90 None Extruded 
55021 Twisted Pairs to +105°C Copper Silver PVC, 
& Triples, 1000 or -65°C or Nylon 
Nickel 
Internal to TFE-Teflon Extruded 
+200°C 
Hookup, or Tape 
General 
Specification 
for 
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Table 71-IIl Wire, electrical, interconnection. 


1/ Polyester - Polyethylene Terephthalate 
TFE-Teflon - Polytetrafluoroethylene 
PVC - Polyvinyl chloride (Not to be used in 
airborne applications) 
KEL-F - Polymonochlorotribluoroethylene 
FEP-Teflon - Fluorinated ethylene propylene 
PVF - Polyvinylidene fluoride 


2/ See applicable detail specification sheet for temperature limitations. 


3/ See applicable detail specification sheet for materials control of specific cable configurations impact bend, 
and twist. 


4/ Although the specification does not limit the number of conductors in a cable, the size, weight, and 
flexibility are determining factors. 
5/ Available in three classifications: 


Class L - Light Duty - to withstand severe flexing and 
frequent manipulation 


Class M - Medium Duty - to withstand severe flexing 
and mechanical abuse 


Class H - Heavy Duty - to withstand severe flexing and 
mechanical abuse and ability to withstand 
severe service impacts such as to be run over 
by tanks or trucks 
6/ See applicable detail specification sheet for mechanical test requirements for cold bend torque, 


7/ For use under abusive mechanical conditions and where resistance to weather, oil and ozone are 
requirements. 
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SUBSTITUTABILITY 
1. Purpose. This guideline establishes criteria for the selection and application of substitute parts. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-61 Configuration Management Guidance 
EIA-649 Configuration Management 


3. Definitions. This section not applicable to this guideline. 
4. General Guidelines. 


4.1 Military parts. Substitution of parts covered by defense specifications and standards that include 
substitutability or supersession information is acceptable. This type substitution does not require submission of 
engineering change proposals, deviations, or waivers in accordance with MIL-HDBK-61. 


4.2 Commercial parts. When the equipment design specifies a commercial part, a defense specification part 
may be substituted when the form, fit, and functional characteristics of the standard part are equal to, or better than, 
those of the specified commercial part under equivalent environmental conditions. Substitutions are subject to 
applicable configuration control procedures of MIL-HDBK-61. 


4.3 Unavailable parts. When the equipment design specifies a part that is unavailable, a substitute part which 
meets the form, fit, and functional characteristics of the specified part may be substituted after approval is obtained 
from the applicable procuring activity. Substitutions are subject to the applicable configuration control procedures of 
MIL-HDBK-61. 

4.4 Initial qualification/reliability demonstration. Substitute parts with quality/reliability characteristics superior to 
those specified in the parts list should not be used in equipment to be subjected to initial qualification or 
demonstration tests. 

4.5 Other Guidance. Additional information can be found in EIA-649. 


5. Detail guidelines. This section not applicable to this guideline. 
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GUIDELINE 73 
STANDARD ELECTRONIC MODULES 


1. Purpose. This guideline establishes criteria for the selection and application of Standard Electronic Modules 
(SEM). 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-1389 Design Requirements for Standard Electronic Modules. 
MIL-HDBK-246 Program Managers Guide for the Standard Electronic Modules Program. 


3. Definitions. This section not applicable to this guideline. 


4. General guidelines. 


4.1 Application. Requirements for the design and application of SEMs should be in accordance with 
MIL-STD-1389. 


5. Detail guidelines. 


5.1 _ Program and acquisition managers. Guidance for program and acquisition managers, as to the applicability 
of SEMs for specific system/equipment acquisitions, is provided in MIL-HDBK-246. 
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GUIDELINE 74 
GROUNDING, BONDING, AND SHIELDING 


1. Purpose. This guideline establishes grounding, bonding, and shielding interface criteria for installation of 
electronic equipment. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-188-124 Grounding, Bonding, and Shielding for Common Long Haul/Tactical Communication 
Systems Including Ground Based Communications-Electronics Facilities and Equipments. 


MIL-STD-464 Interface Standard for Electromagnetic Environmental Effects Requirements for Systems. 

MIL-STD-1310 Shipboard Bonding, Grounding, and Other Techniques for Electromagnetic Compatibility 
and Safety. 

MIL-STD-1542 Electromagnetic Compatibility (EMC) and Grounding Requirements for Space System 
Facilities. 

MIL-HDBK-419 Ground, Bonding, and Shielding for Electronic Equipments and Facilities. 


MIL-HDBK-1857 Grounding, Bonding, and Shielding Design Practices. 

3. Definitions. This section not applicable to this guideline. 

4. General guidelines. 

4.1 Provisions. Grounding, bonding, and shielding provisions should be incorporated into equipment design, as 


necessary, to enable installation of equipment into the applicable platform or facility. The grounding, bonding, and 
shielding installation and interface requirements are specified in the following documents: 


Aerospace ground support facilities MIL-STD-464 
Aircraft and space vehicles MIL-STD-464 
Ground telecommunications C-E equipment MIL-STD-188-124 
Shipboard equipment MIL-STD-1310 
Ground space systems facilities MIL-STD-1542 
Other Army ground equipment MIL-HDBK-1857 


4.2 Other Guidance. Guidance for grounding, bonding, and shielding may be found in MIL-HDBK-419. 


5. Detail guidelines. This section not applicable to this guideline. 
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Example: 
The material for the bunker weighed 16 tonnes. How 


many tons does the material weigh? 1 short ton = 
-09 tonne. 


17.77 


0.9 | 16 = 9 | 160.00 


The material for the bunker weighs 17.77 short tons. 


Example: 
It requires 99 kilograms of explosives to breach the 
obstacle. How many pounds of explosives are 
required? 1 pound = 0.45 kilograms. 
220 
0.45 | 99 = 45 | 9900 
Two hundred twenty pounds of explosives are required 
to breach the obstacle. 
Example: 


The compass weighs 167 grams. How many ounces does 
the compass weigh? 1 ounce = 28 grams. 


5.96 


28 167 = 28 | 167.00 


The compass weighs 5.96 ounces. 


As shown by the examples, conversion from metric weight to U.S. 
weight is done by division. If you had a difficult time with 
these conversions, review this section before moving forward. 


b. Converting U.S. weight to metric weight. To convert U.S. 
weight to metric weight, you multiply the U.S. weight by the 
conversion factor (Table 4-12). Keep in mind that the 
conversions are only approximations. 
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GUIDELINE 75 
ELECTROSTATIC DISCHARGE CONTROL 


1. Purpose. This guideline offers guidance regarding the handling and control of electronic parts and 
assemblies that are susceptible to damage or degradation from electrostatic discharge. Guidelines for the 
establishment and implementation of an Electrostatic Discharge (ESD) control program in accordance with 
MIL-STD-1686 may be directly specified in the contract or equipment specification. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-STD-883 Test Method Standard, Microcircuits. 

MIL-STD-1686 Electrostatic Discharge Control Program for Protection of electrical and Electronic Parts, 
Assemblies, and Equipment (Excluding Electrically Initiated Explosive Devices), Standard 
Practice for. 

MIL-HDBK-263 Electrostatic Discharge Control Handbook for Protection of Electrical and Electronic Parts, 
Assemblies, and Equipment (Excluding Electrically Initiated Explosive Devices). 


3. Definitions. Definitions of applicable terminology may be found in MIL-STD-883, MIL-STD-1686, and 
MIL-HDBK-263. 


4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 ESD control program. MIL-STD-1686 provides the guidelines for the establishment, implementation, and 
monitoring of an ESD control program, including identification of Electrostatic Discharge Sensitive (ESDS) items, 
classification of ESD sensitivity levels, control program elements, extent of program element applicability to each 
acquisition, protective measures to be employed in equipment design, handling, storage, and packaging of ESDS 
items, protected work areas, personnel training, ESD audits and program reviews, and tailoring. Appendix A of 
MIL-STD-1686 provides the criteria and procedure for classifying ESDS parts by test. Appendix B of MIL-STD-1686 
identifies and classifies ESDS items. MIL-HDBK-263 provides guidance for the establishment and implementation of 
an ESD control program in accordance with MIL-STD-1686. 


5.2 General quidelines for an ESD control program. Any program designed for the prevention of ESD damage 
to ESDS parts and assemblies should be based on the following considerations. 


a. Identification of ESDS parts and assemblies and determination of sensitivity. 
b. Minimization of static charge generation. 

c. Reduction of stored charges (grounding). 

d. Isolation of ESDS parts (Faraday shielding and line transient protection). 

e. Proper handling, storage, and transportation of ESDS parts and assemblies. 
f. Personnel training and certification. 


g. Protected work areas. 
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GUIDELINE 76 


FIBER OPTICS 


1. Purpose. This guideline establishes the criteria for the selection, application, and testing of fiber optic 


material, devices and accessories. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 


MIL-C-22520/10 


MIL-PRF-24623 
MIL-I-24728 
MIL-M-24791 
MIL-PRF-24792 
MIL-PRF-24793 
MIL-PRF-24794 
MIL-PRF-28876 


MIL-PRF-29504 
MIL-PRF-49291 
MIL-DTL-49292 
MIL-C-83522 
MIL-C-83526 


MIL-PRF-85045 
MIL-STD-188-200 
MIL-STD-790 


DOD-STD-1678 
MIL-STD-2163 


MIL-HDBK-415 
TIA-440 
TIA-587 


3. Definitions. 


herein, but are those needed to understand the information provided by this handbook. 


Crimping Tool, Terminal, Hand, Wire Termination, Large for Coaxial, Shielded 
Contacts and Ferrules, Terminal Lugs, Splices and End-Caps. 

Splice, Fiber Optic Cable, General Specification for (Metric). 

Interconnection Box, Fiber Optic, Metric, General Specification for. 

Module, Fiber Optic, Transmitter or Receiver, Digital, General Specification for. 
Adhesive, Epoxy, Two Part, Fiber Optics. 

Adhesive, UV Curable, One Part, Fiber Optics. 

Material, Index Matching, Fiber Optics. 

Connectors, Fiber Optic, Circular, Plug and Receptacle Style, Multiple Removeable 
Termini, General Specification for. 

Termini, Fiber Optic Connector, Removable, General Specification for. 

Fiber, Optical, (Metric), General Specification for. 

Cable Assemblies, Nonpressure Proof, Fiber Optic, Metric, General Specification for. 
Connectors, Fiber Optic, Single Terminus, General Specification for. 

Connectors, Fiber Optic, Circular, Environmental Resistant, Hermaphroditic, General 
Specification for. 

Cables, Fiber Optics, (Metric), General Specification for. 

System Design and Engineering Standards for Tactical Communications. 
Established Reliability and High Reliability Qualified Products List (QPL) Systems for 
Electrical, Electronic, and Fiber Optic Parts Specifications. 

Fiber Optics Test Methods and Instrumentation. 

Insert Arrangements for MIL-C-28876 Connectors, Fiber Optic, Circular, Plug and 
Receptacle Style, Multiple Removable Termini. 

Design Handbook for Fiber Optic Communications Systems. 

Fiber Optic Terminology. 

Fiber Optic Graphic Symbols. 


3.1 Terminology. Definitions of terminology used in fiber optics technology should be as specified in TIA-440. 


4. General guidelines. 


4.1 Symbology. Graphic symbols for fiber optic parts for use on engineering drawings, specifications, etc, 


should be as specified in TIA -587. 


4.2 Fiber dimensions. Dimensions for optical fibers should be as specified in MIL-DTL-49291. 


4.3. System and subsystem design. Fiber optic system and subsystem designs should be in accordance with 


the criteria specified in MIL-STD-188-200 (see 5.1 of this guideline). 


4.4 Test procedures. Standardized test procedures for fiber optic components should be as specified in 


DOD-STD-1678. 


4.5  Splices. Fiber optic splices should conform to MIL-PRF-24623. 


4.6 Cable assemblies. Cable assemblies should conform to MIL-PRF-49292. 
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4.7 Connectors. Fiber optic connectors should conform to MIL-PRF-28876, MIL-C-83522,and MIL-DTL-83526. 
Insert arrangements for MIL-PRF-28876 connectors should conform to MIL-STD-2163. Removable terminals for fiber 
optic connectors should conform to MIL-PRF-29504. 


4.8 Interconnection boxes. Fiber optic interconnection boxes should conform to MIL-I-24728. 


4.9Tools and inspection equipment. Fiber optic tools, inspection equipment, and related kits should conform to, 
MIL-K-83525 and MIL-C-22520/10. 


4.10 Transmitters and receivers. Fiber optic transmitters and receivers should conform to MIL-M-24791. 


4.11 Adhesives. 

4.11.1 Two part epoxy adhesives should conform to MIL-PRF-24792. 

4.11.2 UV curable adhesives should conform to MIL-PRF-24793. 

4.12 Materials. Index matching materials should conform to MIL-PRF-24794. 

4.13 Cables. Fiber optic cables should conform to MIL-PRF-85045. 

5. Detail guidelines. 

5.1 Design quides. Fiber optic system design guide information is available in MIL-HDBK-415. 


5.2 Product assurance program. When a requirement exists for the implementation of a fiber optic product 
assurance program, refer to MIL-STD-790. 
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INTEGRATED DIAGNOSTICS 


1. Purpose. This guideline establishes a design process for integrating all elements which constitute a weapon 
system's diagnostic capability. Engineering analyses, qualitative and quantitative requirements, design analysis, 
demonstration, and maturation requirements may be specified in the contract or system/equipment specification, as 
appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


MIL-HDBK-470 Designing and Developing Maintainable Products and Systems 

MIL-HDBK-1814 Integrated Diagnostics 

MIL-HDBK-2165 Testability Program for Systems and Equipments 

AFGS-87256 Integrated Diagnostics 

ASTM F 1166 Standard Practices for Human Engineering Design for Marine Systems, Equipment, 
and Facilities 

EIA-632 Processes for Engineering a System 


3. Definitions. 


3.1 Integrated diagnostics process. Integrated diagnostics is defined as a structured process which maximizes 
the effectiveness of diagnostics by integrating pertinent elements, such as: testability, automatic and manual testing, 
training, maintenance aiding, and technical information. Integrated diagnostics provides a cost-effective capability to 
detect and unambiguously isolate all faults known or expected to occur in weapon systems and equipment, and to 
satisfy weapon system mission requirements. This emphasis on the design and acquisition of the diagnostic 
capability is required because this capability tends to become fractionated. MIL-HDBK-2165 is the overall document 
for testability. However, because it is a multidisciplined process, reference to other portions of military documents 
that may be invoked or may be cited directly are: MIL-HDBK-470, EIA-IS-632, MIL-HDBK-1814, AFGS-87256, and 
ASTM F 1166. 


4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 
5.1 Test provisions. 


5.1.1 Testability programs. When specified by the procuring activity a testability program should be implemented 
by guidance found in MIL-HDBK-2165. 


5.1.2 Built-in-test devices. Built-in test devices should maintain their accuracy under all operating conditions 
required by the equipment under test. These devices should be provided with connections or access for their 
operational check-outs or calibration. 


5.1.3 Test provisions. Equipment which is required to be tested by on-line Automatic Test Equipment (ATE) 
should provide test points. 


5.1.4 Test cables. Test cables and extender cards should be provided and fitted with connectors to allow 
removable subassemblies to be electrically reconnected for maintenance. 


5.1.5 External test points. Protection should be provided in the test point circuitry to prevent equipment damage 
caused by the external grounding of test points. 


5.1.6 Failure effect. Provisions for testing should be designed that any failure of built-in test devices will not 
degrade equipment operation or cause equipment shut down. 
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5.2 Safety criteria. Safety criteria should be applied during equipment hardware design, selection, end 


construction to eliminate or control hazards that could cause injury to personnel during transportation, storage, 
installation, operation, maintenance or disposal, or damage to equipment or property. 
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PRODUCIBILITY 
1. Purpose. This guideline establishes criteria for producibility which should be considered when preparing 
contractual documents. Producibility program tasks, quantitative requirements, verification, or demonstration 


requirements may be directly specified in the contract, the system, or equipment specification, as appropriate. 


2. Applicable documents. The documents listed below are not necessarily all of the documents referenced 
herein, but are those needed to understand the information provided by this handbook. 


DoDD 4245.7M Transition from Development to Production. 
NAVSO P-3679 Producibility Measurement Guidelines. 
NAVSO P-6071 Best Practices. 

MIL-HDBK-727 Design Guidance for Producibility. 


3. Definitions. This section not applicable to this guideline. 
4. General guidelines. This section not applicable to this guideline. 


5. Detail guidelines. 


5.1 Producibility program. Producibility engineering and planning tasks aimed at preventing, detecting, and 
correcting manufacturability design deficiencies and providing producibility related information essential to acquisition, 
Operation, and support management should be included in contract requirements with the objective of establishing 
and maintaining an efficient producibility program according to program phase. NAVSO P-3679 is the overall 
program document for the subject. The successful creation and management of a producibility program is detailed in 
section 2 of NAVSO P-3679. 


5.2 Producibility measurement. Producibility measurement and assessment tools are a critical part of insuring 
a product is ready for production. Sections 3 and 4 of NAVSO P-3679 give two industry examples of measurement 
and assessment tools. 


5.3 Quantitative producibility. Quantitative producibility requirements and verification, or demonstration 
requirements, should be established as appropriate to program phase. Producibility measurement is an essential part 
of the design process which can determine the probability of successful production. Minimal tailoring should be 
required when NAVSO P-3679 is applied to a program. Other producibility documents which may be cited directly as 
a basis for contract requirements include DoDD 4245.7M, NAVSO P-6071, and MIL-HDBK-727 for guidance only. 
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Abbreviations ..............00066 67 
ACCESS Ce@VICES ..........000008 12 
Accessibility...........:::0000 36 
Adapters 

RF connectot...............0 10 

Waveguide ............00008 53 
ACh@SIVES.........ccccceeeeeeeeeees 23 
Antiseize compound .......... 12 
Arc-resistant materials ...... 26 
Attenuators, RF...........0. 53 
Barriers, electrical ............. 1 
Battt@rie€S ...........cccccceseeeeeeees 27 
Bearing assemblies........... 9 
Boards 

Discrete Wiring............++ 17 

Printed wiring .............+ 17 
30) 12 
Bonding 

AGh@SIVE ..........cccccceeeeeeee 

Electrical ...........ccccccceeeee 
Brazing...........+ 
Cabinets.......... 


Cable, coaxial 

Cable, multiconductor 
Interconnection............... 71 
INGEN .........ceeeeeeeeeeeeee eee 

Capacitors....... 

Carcinogens 

23, 26, 43, 44, 47 


CaStingS ..........::c:ceeeeeeteeeee 21 
Circuit breakers ...........000 8, 37 
Cleaning..........:::::cceeeeceeee 
Clearance 


Commercial parts.............- 72 
Conformal coating ............- 17 
Connections 
Accessibility of................ 36 
Clamped...........::0:cceee 69 
CHIMP iss. edietevias tet chcaed 69 
Marking Of ............:::000ee 67 
Soldered 
Welded ..........::cccceeeees 
Wire Wrap .........:::00e 69 
Connectors 
Electrical .....00....:cee 
Filter pin... eee 
RF coaxial .... 
Bearings....... 
Containment... 
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Flexible shafts for........... 28, 42 
Converters, rotary power... 46 
COOIING.........2::eseeeeeeeeeeeeeees 52 
Corona prevention ............ 45 
Corrosion protection.......... 15, 16 
Couplers, directional ......... 53 
Creepage distance............ 69 
Crystal units ..........0:ee 38 
Deratting ..........:::::cceeeeeceee 18 
Desiccant .........cccceeeeee 31,55 


Devices, microelectronic... 64 
Devices, semiconductor.... 30 


Diagnostics, integrated ..... 77 
Dial mechanisms, tuning... 42 
Dials, control... 28 
Discharging devices.......... 1 
DISpIAYS -isaside tetera Baise 68 
Dissimilar metals............... 16 
Dynamotors .........::cceceeeee 46 
Electrical 
Breakdown...........:::seeeee 45 
Connections.............. 5,10,24,69 
Pilt@TS'..ecccck ores teerees ee 10, 70 
Insulating materials........ 11 
Metels...........ccccceceeeeeeeeees 51 
Overload protection........ 8 
POWOD si cesisene have censeccies 25 
Electromagnetic 
interference control........ 61 
Electronic part derating..... 18 
Electron tubes................. 29 
Electrostatic 
Discharge control..........- 75 
Sensitive parts ............ 30, 
64,75 
Embedment ...............::006 47 
Encapsulation ...............0- 47 
ENnclOSures ........cccccsseeeeeeeee 1, 36, 55 
Encoders 
FADIIC.........ccccscccseecssneseneees 
Fastener hardware............ 12 
Fasteners, threaded.......... 12 
Fiber Optics 1.0.00... 76 


Fibrous material, organic .. 44 


Filters, electrical 10, 70 
Finishes ............... 15 
Flammability............::000 3 
Flanges, waveguide. .......... 53 
Fungus inert materials ...... 4 
Fungus protection............. 4, 44, 69 
Fuse holders ...........0:ccccc0e 39 
FUSES wesc see elec es: 8, 39 
Fusible link devices........... 64 

Gear trains ............ccceceeee eee 48 


Gari :stst ihe eee oR Molt: 48 
GenerattOls............cccccceeeeees 46 
Grounding...........::::ccceeee 1,6, 74 
Guards, electrical..........000. 1 
Handles, control............0.. 28 
Hardware, fastener............ 12 
Heating ..........:.:eceeeeeeeeeeeeee 52 
HOOKUP WII E........00::eeeeeeee 20 
Human engineering ........... 62 
Hydraullics..........:0::cceeeeeee 49 
Identification marking......... 20, 67 
Indicator lights 
INGUCHOIS........ccceceeeeeeeeeeeeees 
Insulating materials, 
El@CtriCal ............:ccseeeeeeeee 11 
Integrated diagnostics........ 77 
Interchangeability............... 7 
Interference, 
Electromagnetic.............. 61 
INtElOCKS 00... eeeeeeeeeeeeeeees 1 
Internal wiring practices .....69 


Item names, nomenclature...34 
Jacks, telephone/test...10 
Knobs, control 


Light emitting diodes.......... 50, 68 
Lights, indicator ................. 50 
Lines, RF transmission...... 53, 65 
Loads, dummy, RF ............ 53 
Locking devices...............: 12, 28 
LUDFICANTS .......... cc eeeeeeeeee eee 
Lug terminals... 
Maintainability 
Marking..........::::ccceeeeeeeeeeees 
Battery installation .......... 27 
DIAIS? i.schiticoenstanenl deedavtaties 42 


Radioactive material ....... 1 

Warning .........:0:::ccceeeeeeee 1 
Materials 

Arc-resistant .........::006 26 

Carcinogen ...........:0:00 
1, 4, 11, 23, 26, 43, 44, 47 
Electrical insulating............ 11 
FaDNGecccctekaeis Siebel Bolctels 
Fibrous organic... 
Flammable..........:.::::0: 
Fungus inett............:::c0 

Glass fibers 


Mercury......... 
Metal finishes 
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Metals, dissimilar............... 16 Microcircuit.........cccee Terminal boards, strips...... 19 

Meters, electrical.............. 51 Resistance welds Terminal lugS...........:0:000 

Microelectronic devices.....64 ReSISUOIMS.........:::::ceeeeeeeeeeeee Terminations...........:000c 

Mildew treatment.............- 44 Resolvers.........- Test provisions ... 

Modules RF connectors Thermal design..............: 
Microcircuit...........:.0000 64 Rotary power converters... 46 Thermistors.........:::cccceeees 
Standard electronic ........ 73 Rotary servo devices ........ 56 Thermocouples... 

Moisture pockets..............- 31 Safety (personnel hazard.. 1 THO A ........ceeeceeeeeeeteeeeeees 

Motor-generators..............- 46 SCIOWS ooo. eee ceeeeeeeeeteeeeeeeeeees Threaded devices. .............. 12 

MOtors:ss.eesesteierdieveevest idee 46 Semiconductor devices Threads ........::cccceececeeeeeees 

Multiconductor cable Servo devices Tools, special...... 
Interconnection.............-- 71 SetSCIeWS ........:.::ceeeeeeeeeees Toxic materials ... 

INtEMAl cdo exe Neti 66 Shafts, control Transformers ...... 
Nomenclature............0000 34 Shielding TrAnSiStOIrs...........ceeeeeeees 
Nonstandard parts............. 22 Electrical 0.0.0. Transmission lines, RF...... 53 
NUS 222k bee a See 12 Electromagnetic ............. 61, 74 TraANSOIVelS........ceeecese eee eees 
Obsolescence, microcircuit64 Shields eines cccestcntet eet 60 Tube shields 
Organic fibrous material ....44 Shock, electrical, effects of 1 Tubes, electron... 29 
Oscillators, crystal............- 38 Shunts (meter... 40 Tuning dial mechanisms....42 
Overload protection, Signs, accident prevention 1 Type designations ............. 34, 67 

Flectrical io.cavsken: 8 SICOVING ........ ee eeeeeeeeeeee tees 11, 69 Varnish, insulating ............. 11 
Pads, mounting ................- 60 SOCKS icccseecceticiedeesect ake 60 Vehicles, ground................ 
Panels, enclosure.............. 55 Soldering........... 5 MWHSIGCccoe, older bebe ee teal 
Parts selection and Control Special tools 63 Warning labels.... 

Ged tesece teasers seen fe 17,22, 72 Splices ............. 69 Washefls ............ 

Plastic material, insulating. 11 SPIINGSvee202202. eects 41 Waveguides........ 

Plugs, telephone ............... 10 Standard electronic modules.73 Webbing ..........:::::eeeee 

POUWINQ ert teieginussteetseneetses. 10, 47 Standard items Welding, structural............. 13 

Power, electrical................ 1, 25 StOPS........ eee Welds, resistance .............. 13, 24 

Printed wiring ............:0:06 17 Stress relief... Wire 
Marking Of ..........::::000ee 67 Structural welding ............. 13 HOOKUD .........::00:eeeeeeeeeeee 20 

Producibility.............0:08 78 Substitutability Interconnection..............+ 71 

Protection Switches ........... Solid or stranded ............ 20, 66 
Electrical overload.......... 8 Battleshort............:c0: Thermocouple..............- 20 
High voltage/current....... 1 Circuit breakers used as 37 WiIreWrap .........:::cceeeeeteeeeee 20 

PVGieeccscsae 4,11, 20, 65, 66, 71 INterlOCK wesere sete Wire Identification .............. 20 

Quartz crystal units ........... 38 RFijittiiaiiied anni Wiring 

RackS wesc: cieunsieleertigleenths 36, 55 Saletan iets. Arrangement 

Radiation (laser, Waveguide Connector........ 
microwave, X-ray) .........: 1 Symbology ........ Internal ............ 

Radioactive material.......... 1 Synchros........... Printed ............. 

Readouts..........:cccceeeeeees 68 Tachometers Rigid-flex.......... 

Reference designations.....67 Tape Workmanship.............::0000 

RelayS .........::cccceeeeeeeseteeeees 57 Electrical ........0:::::ccceceee 11 

Reliability......00.....ceee 35 Reflective ........0.::ccee 67 


Prediction ...........::::0000 64 LACING ..........:0ceeeeeeeeeeeeeee 69 


Table 4-12. Conversion from U.S. Units 


When you know Multiply by To find 


ounces grams 


pounds : kilograms 
short tons (2000 1b.) tonnes 


Example: 
The mail clerk said the MCI course weighs 12 ounces. 


How many grams does the MCI course weigh? 
1 ounce = 28 grams. 


12 
x_28 
336 


The MCI course weighs 336 grams. 


Example: 
The Marine weighed in at 160 pounds. How many 
kilograms does the Marine weigh? 1 pound = 0.45 
kilograms. 
160 
x 0.45 
72 
The Marine weighs 72 kilograms. 
Example: 


The tank weighs 60 short tons. How many tonnes does 
the tank weigh? 1 short ton = 0.9 tonnes. 


The tank weighs 54 tonnes. 


Note: It would be a good idea to commit to memory the 
conversion factors and the units to which they apply. 


Lesson Summary. In this lesson you converted metric linear, 
capacity, and weight units to U.S. units and vice versa. 
Remember, to change from metric to U.S. units, divide by the 
conversion factor and to change U.S. units to metric units, 
multiply by the conversion factor. Now it's time to test your 
knowledge. Attack the unit exercise! 
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US Army Combined Arms Support Command 
Ordnance Missile and Munitions 
Fort Lee, Virginia 23801-1511 
Three Credit Hours 


GENERAL 


This subcourse is designed to train the safety requirements for the maintenance of electrical and electronic 
equipment for the electronic repairer or technician. This subcourse is presented in one lesson. 


TASK NO: 
TASK: Monitor electrical and electronic safety procedures in the maintenance section. 
CONDITIONS: Given an electronic maintenance shop in a contemporary operating environment. 


STANDARDS: identify and monitor shop safety and eliminate safety hazards while performing 
electrical/electronic maintenance in accordance with Army Regulations (AR), Standing 
Operating Procedures (SOP), Technical Bulletins (TB), and Technical Manuals (TM). 


General Identify safety precautions and procedures associated with the maintenance of 
electrical/electronic equipment. 


This task is performed any time the repairer or technician is performing maintenance, 
whether in the maintenance facility or in the field. 


Demonstrate competency by identifying and correctly eliminating all safety hazards. 


TABLE OF CONTENTS 
Lesson Electrical/Electronic Safety 


. Introduction 

. Effects of Electrical Current 

. First Aid for Electrical Shock Victims 

. General Electronic Equipment Safety Requirements 
. Electromagnetic Equipment Safety Requirements 

. Radioactive Material Safety Requirements 

. Other Safety Requirements 

. Grounding Systems and Fire Protection 

. Summary 
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LESSON 


ELECTRICAL/ELECTRONIC SAFETY 


OBJECTIVE 


Upon completion of this lesson, the electronic repairer or technician will be able to identify the safety 
requirements for electrical or electronic maintenance and correctly identify electrical/electronic hazards and take 
necessary actions to prevent damage to personnel and equipment. 


1. INTRODUCTION 


A. This subcourse introduces you to the safety requirements mandated by Federal law, which you, as an 
electronics repairer or technician, whether military, civilian, or contractor, should be familiar. 


B. This subcourse presents minimum safety requirements for all the use and repair of electrical and 
electronic equipment. This subcourse does not cover all safety precautions or responsibilities; it only covers 
those that are widely applicable. It is not the intention of this subcourse to supersede or delete cautions, 
warnings, and safety instructions in Technical Manuals (TMs), Technical Bulletins (TBs), or Standing 
Operating Procedures (SOP). 


2. EFFECTS OF ELECTRICAL CURRENT 
CONTACT WITH LIVE ELECTRICAL CIRCUITS 


Severe injury or death can result when any part of the human body comes in contact with live electrical 
circuits. Technicians must be especially alert to the dangers of exposed circuits, terminals, power entry panels, 
and the like. 


The electrical phenomenon that injures and kills is CURRENT; the force that causes current to flow is 
called VOLTAGE. Voltage ratings are normally assigned to live electrical circuits, power supplies, and 
transmission lines. CONSIDER ALL VOLTAGES TO BE HAZARDOUS. Under certain conditions, even a low 
voltage can cause sufficient current to flow through the body to cause injury or death. 


PHYSIOLOGICAL EFFECT OF CURRENT FLOW 
A. Factors Influencing Current Through the Human Body 
The physiological effect of current flowing through the human body is related to the following factors: 
The path of the current through the body. 
Magnitude of the current. 


Duration of the voltage shock or discharge that causes the current to flow. 
The frequency of the voltage if alternating current. 


e Susceptibility of the heart to the current and to repeated shocks. 
B. Physiological Effects of Current for Different Magnitudes and Frequencies 
The following table displays the physiological effects of current for different magnitudes and 
frequencies of the applied voltage. At any specific frequency, rated in Hertz (Hz), the current's effects become 
more severe as its magnitude increases. The same magnitude of current, measured in Milliamperes (ma), will 
cause more severe effects at the lower frequencies than at the higher frequencies. 
Thresholds of Physiological Effects 
NOTE 


The threshold values in this table are approximations of average human 
tolerances. Actual tolerances vary from person to person. 


OK 

| Slight sensationonhand | 5 

| Perception threshold, medium 8ST TT 8 

| Shock; no pain or slight loss of muscular control | 6.0 | | 
| 6,07 


Painful shock; slight loss of muscular control 
Let-go threshold, median; painful shock 


Severe shock; difficult breathing; near total loss of muscular 15.0 63.0 
control 


Fibrillation: (probably fatal) 


C. Ohms Law and the Human Body. 


NOTE 


Alternating Current (AC) tends to concentrate near the body's surface because of the phenomenon of 
"skin effect". The higher the frequency of the AC voltage source, the more the current will tend to flow in or 
near the skin and away from internal body organs. Whereas the Direct Current (DC) resistance is a constant for a 
given set of physical conditions, the body's effective resistance to AC increases with frequency. A technical 
description of skin effect is in MILHDBK-419A, Volume 1, page 5-3. 


Current Magnitude. 

The magnitude of the current is a function of both the applied voltage and the body's resistance and is 
determined by Ohm's Law: I = E/R, where I is the current flowing through the body, E is the voltage applied to 
the body, and R is the body's total resistance to the current flow, measured in ohms. Total body resistance, R, is 
the sum of contact (skin) resistance and internal body resistance. 

Contact Resistance 

Contact resistance varies between 100 and 500 ohms. Wet skin presents lower resistance to voltage than 

dry skin. A larger contact area of skin presents less resistance than a small area. Under high voltage, contact 


resistance may break down and become negligible. 


Internal Body Resistance 


Internal body resistance normally varies between 200 and 1,000 ohms. Its magnitude depends in a large 
measure upon the frequency of the applied voltage. The lower the frequency of the applied voltage, the lower 
the effective internal body resistance and the higher the current flow around and through the heart and other vital 
body organs. In particular, the effects of any specific magnitude of current will be more severe at 60 Hz than at 
radio frequencies. 


Prolonged Current Flow 


Current's effect becomes more severe with the length of time that it flows through the body. Prolonged 
current flow can cause severe internal burns, collapse, unconsciousness, or death. Therefore, contact with a 
voltage source that may create a current above the let-go threshold is particularly dangerous. 


D. LETHAL EFFECTS OF ELECTRICAL CURRENT 
The lethal effects of electrical current on the human body are summarized below. 
Currents Flowing Through the Heart 


Currents flowing through the heart can cause ventricular fibrillation: rapid contractions of the muscle 
fibers of the heart and a lack of synchronization between the heartbeat and the pulse. Unless arrested, fibrillation 
may cause death within a few minutes. It is impossible to precisely know either the magnitude or the path that 
electrical current will take in any human body or whether that current will pass through the heart. However, be 
aware that 600 ohms of body resistance in contact with 120 Volts (V) will produce a current of 0.2 Amperes (A) 
somewhere in the body. The threshold for fibrillation can be as little as 0.1 A. 


Currents Flowing Through Chest, Head or Nerve Centers 


Currents flowing through the chest, head, or nerve centers that control breathing can inhibit respiration 
and bring on suffocation. Paralysis of the respiratory organs may last for a considerable amount of time, even 
after the current is interrupted. In such event, artificial resuscitation must be promptly applied; see the section on 
First Aid for Electrical Shock Victims. High currents can cause the heart to stand still, produce fatal damage to 
the central nervous system, produce deep burns, and raise the body temperature to cause immediate death. 
Victims who have been revived sometimes die suddenly and without apparent cause. Reasons attributed to 
sudden death are aggravation of preexisting conditions, hemorrhages that affect vital nerve centers or produce 
other effects to the nervous system, burns, and other complications resulting from the shock. 


3. FIRST AID FOR ELECTRICAL SHOCK VICTIMS 
NOTE 


DA PAM 40-11 stipulates that personnel who may be required to 
perform first aid must receive approved first-aid training as 
determined by the local medical authority. See DA PAM 40-11. 


A. For victims of electrical shock, prompt and appropriate first aid may mean the difference between 
life and death or between temporary and permanent injury. Many victims of electrical shock can be saved with 
proper and continued first aid. The importance of continuing Cardiopulmonary Resuscitation (CPR) in 
apparently dead victims cannot be overemphasized. Complete recovery of such victims has been achieved even 
after minutes of stopped or fibrillating heart action and cessation of breathing. All personnel working with 
electrical equipment must know how to apply CPR as described in the American Heart Association Guidelines 
for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care and be prepared to react to an electrical 
shock victim as follows: 


(1) Remove the victim from the source of current. If the victim can't let go of a live conductor, 
IMMEDIATELY KILL THE POWER OR PULL THE VICTIM AWAY, WHICHEVER IS FASTER. If pulling 
victim away, DON'T TOUCH THE VICTIM DIRECTLY. Instead, pull or pry the victim loose with a dry rope, 
wooden stick, or an insulated pole. 


(2) After removing the victim safely from the live conductor, continue First Aid and seek medical 
help. If necessary, apply CPR and continue to do so until relieved by trained medical personnel. 


(3) Remember to kill the power if not done so previously. 
WARNING 


High voltage electrical burns may cause temporary unconsciousness, difficulties in breathing, or 
difficulties with the heart (heartbeat). Shock victims may have heart irregularities or a heart attack several 
hours after the shock occurred, so they should be monitored. 


NOTE 


After the casualty is removed from the source of the burn, he should be evaluated for conditions 
requiring basic first aid measures. 


B. Treatment for an electrical burn is as follows: 


(1) Expose the Burn. Cut and gently lift away any clothing covering the burned area, without 
pulling clothing over the burns. Leave in place any clothing that is stuck to the burn. If the casualty’s hands or 
wrists have been burned, remove jewelry if possible without causing further injury (rings, watches, and so forth) 
and place in his pockets. This prevents the necessity to cut off jewelry since swelling usually occurs as a result 
of a burn. 


CAUTION 


DO NOT lift or cut away clothing if in a chemical environment. Apply the dressing directly over the 
casualty’s protective clothing. DO NOT attempt to decontaminate skin where blisters have formed. 


(2) Apply a Field Dressing to the Burn. 


a. Grasp the tails of the casualty’s dressing in both hands. 

b. Hold the dressing directly over the wound with the white side down, pull the dressing open, 
and place it directly over the wound. DO NOT touch the white (sterile) side of the dressing or allow anything 
except the wound to come in contact with it. If the casualty is able, he may hold the dressing in place. 

c. Hold the dressing in place with one hand and use the other hand to wrap one of the tails 
around the limbs or the body. 

d. Wrap the other tail in the opposite direction until the dressing is completely covered. 

e. Tie the tails into a square knot over the outer edge of the dressing. The dressing should be 
applied lightly over the burn. Ensure that dressing is applied firmly enough to prevent it from slipping. 


NOTE 


Use the cleanest improvised dressing material available if a field dressing is not available or if it is 
not large enough for the entire wound. 


C. Take the Following Precautions: 


DO NOT place the dressing over the face or genital area. 

DO NOT break the blisters. 

DO NOT apply grease or ointments to the burns. 

For electrical burns, check for both an entry and exit burn from the passage of electricity 
through the body. Exit burns may appear on any area of the body despite location of entry burn. 
e If the casualty is conscious and not nauseated, give him small amounts of water. 


D. Seek Medical Assistance. Notify medical personnel. 
4. GENERAL ELECTRONIC EQUIPMENT SAFETY REQUIREMENTS 


A. INTRODUCTION 


This section summarizes essential electrical safety requirements for maintaining any type of electrical 
and electronic equipment. There are four subsections of electrical safety requirements: training, work practices 
for electrical safety, electrical safety equipment and facility requirements. Specific hazards inherent in U.S. 
Army Communications Electronics Command (CECOM) equipment are also discussed. 


B. ELECTRICAL HAZARD TRAINING 


All personnel exposed to electrical hazards shall receive training to identify electrical hazards. 
(Personnel exposed to electrical hazards do not include persons using electrical equipment in routine use.) 


Electrical Hazard Training Requirements 
This training shall include: 
e For qualified persons: 


0 Work Practices for Electrical Safety (as detailed in TB 385-4). 

0 The skills and techniques necessary to distinguish exposed live parts from other parts of 
electric equipment. 

0 The skills and techniques necessary to determine the nominal voltage of exposed live parts, 
and the clearance distances and the corresponding voltages to which the qualified person 
will be exposed.(see table in section on Approach Distances) 


e For unqualified persons: 


0 Personnel who are not qualified persons but have duties in areas where they can encounter 
electrical hazards shall also be trained in and familiar with any electrically related safety 
practices not specifically addressed by this technical bulletin but which are necessary for 
their safety. (At minimum, recognition of electrical safety warning signs, location of shut- 
off switches and emergency call procedures.) 


This training shall occur and be documented before personnel assumes duties exposing them to 
electrical hazards and annually thereafter. 


Job Briefing 


Whenever work involves accessing energized parts, the person in charge shall conduct a job briefing 
with the personnel performing the work. The job briefing shall address: 


Hazards associated with the work. 

Procedures involved in the work. 

Any special precautions required to maintain electrical safety. 
Control of energy sources 

Personal protective equipment required for the work. 
Location of emergency/first aid equipment. 

Emergency call number and procedures. 

Location and procedure for emergency power disconnect. 


One job briefing conducted before the start of the first job of the work day or shift shall meet the job 
briefing requirement for routine work and work that is repetitive and similar. For routine work, a brief 
discussion shall meet the requirement if the employee, due to training and experience, can reasonably be 
expected to recognize and avoid the hazards involved in the job. 


C. WORK PRACTICES FOR ELECTRICAL SAFETY 
Additional Job Briefings 
Additional job briefings shall occur if any one of the following conditions exist. 


The work is new and unfamiliar, 

The work is complicated or incurs new electrical hazards, or 

The worker cannot be expected to recognize and avoid the hazards involved in the job. (In 
particular, this may apply to newly assigned personnel.) 


Deenergization 


The first choice in performing electrical work is to completely remove the electrical hazard, or 
deenergizing equipment. Deenergization will be the preferred method of establishing electrical safety and 
working on electrical equipment. Deenergization procedures will include: 


Determining all possible sources of electrical energy. 
Opening disconnecting devices/disconnecting power sources and verifying they are 
(electrically) open. Equipment shall be DISCONNECTED from power sources where possible. 

e Preventing accidental/inadvertent reconnection of the equipment. For most equipment, 
removing the supply cable and keeping it in view/under control during maintenance is adequate. 
For larger equipment or permanently installed equipment, lockout/tagout may be necessary. 

e Testing to verify deenergization. (Ensure test equipment is functioning properly by using a 
known voltage source before relying upon it for deenergization testing.) 

e Grounding circuit parts before contact, where the possibility of stored or induced electrical 
energy exists. (For example, capacitors.) If induced energy is possible, the ground shall remain 
installed while the circuit parts are accessed. Equipment TMs will usually provide warnings if 
the possibility of stored or induced electrical energy exists. 


Approach Boundaries 


Only qualified personnel may access live electrical parts or approach electrical parts within the approach 
distances specified below: 


NOTE 


For the purposes of this table, no conductive object, tool, etc., may approach within the minimum 
approach distance. 


Restricted Approach Distances for Qualified Personnel. 


300V and less 
Over 300V, not over 750V 


Unqualified Personnel 


Unqualified personnel may not approach within 10 feet of energized exposed electrical parts nor bring 
any conductive object that approaches within 10 feet of exposed energized parts. If approach within these 
distances is required, the equipment shall be deenergized or appropriate Personal Protective Equipment (PPE) or 
temporary insulating barriers shall be utilized. 


Measurement of Energized Equipment 


Where electrical measurements of energized equipment is required, insulating components of test 
equipment shall be construed as meeting the ‘avoid contact’ minimum approach requirement for under 300V, 
provided the test equipment is rated for that voltage. Voltage-rated gloves are RECOMMENDED but not 
required for these measurements. Otherwise, the equipment shall be deenergized to connect leads for 
measurement. 


Warning Signs or Temporary Barriers 


Warning signs or temporary barriers shall be installed in areas where energized electrical parts are 
exposed. Unqualified personnel will be escorted by a qualified person within this area. In a maintenance shop, 
where exposed energized parts are commonly encountered, permanent signs affixed to all entrances to the shop 
area shall meet the signage requirement. Warning signs shall be yellow and black with a CAUTION warning for 
areas that have exposed voltages from 50 to 600V. Areas that have exposed voltages exceeding 600V will be 
posted with red, white, and black DANGER signs. New signs should meet the American National Standards 
Institute (ANSI) Z535.2-2002 standard. 


Examples 


Unit Exercise: Complete items 1 through 51 by performing the 


action required. Check your responses against 
those listed at the end of this study unit. 


The first leg on the land navigation course was 43,000 
centimeters long. How many meters long was the first 
leg? 


a. 4,300 c. 43.0 
b. 430 d. 4.30 


The enemy is located 15 kilometers west of our position. 
How many meters away is the enemy? 


ai ASS c. 1,500 
b. 150 d. 15,000 


The explosion was seen 600 meters north of the OP 
(observation post). How many kilometers away was the 
explosion seen? 


a. 60 Cs -6 
b. 6.0 d. -06 


The first leg of the forced march was 7 kilometers long. 
How many centimeters long was the first leg? 


a. 700,000 c. 7,000 
b. 70,000 dad. 700 


On a map with a scale of 1:50,000, the distance between 
point A and B is 18 centimeters. What is the actual 
ground distance in meters? 


a. 900 c. 90,000 
b. 9,000 d. 900,000 


On a 1:25,000 map, 14.3 centimeters equals how many 
kilometers on the ground? 


a. 3.757 Cc. 37.57 
b. 3.577 dad. 35.77 


The platoon drank 155 liters of water. How many 
milliliters of water did the platoon drink? 


a. 1,550 c. 155,000 
b. 15,500 d. 1,550,000 


= 


Prohibited Distance. 
NOTE 


The distances shown in the following table are construed as equivalent to contact and approach is 
prohibited for all personnel: 


Prohibited Distances. 


Arc Flash Boundaries 


Arc flash hazards are possible if work is conducted on energized electrical parts. An arc flash occurs 
when electrical parts are shorted and the resulting arc produces an intense flash of ultraviolet light, a shock wave 
from the arc and a spray of molten metal from the superheated metal parts. In general, arc flash hazards are 
prevalent on power circuits in excess of 600V. An arc flash boundary can exceed the approach distances for 
qualified, and in some cases unqualified workers. This is generally NOT the case for maintenance of electronic 
equipment, even those having higher voltages because the possible current is limited. 


Arc Flash Boundaries on Power Sources up to 600V 
For work on energized parts involving power sources up to 600V and equipped with circuit breaker 
devices the flash protection boundary shall be 4.0 feet. (Provided less than 50,000 A fault current is available for 
less than 0.1 second.) Adequate arc-flash protection is provided by wear of long-sleeved cotton-type shirts 


(uniform shirt or equivalent is adequate) and use of safety glasses. 


Arc Flash Boundaries on Power Sources Over 600V 


If work on energized parts is excess of 600V is required, the available fault current exceeds 50,000 
amperes for a duration of more than 0.1 second, the equipment cannot be deenergized and the 
procedures/techniques for measurements on equipment in excess of 300V cannot be applied, an arc flash hazard 
analysis must be conducted to determine the appropriate Personal Protective Equipment (PPE) needed, if the 
appropriate PPE is not listed in the system TM. Arc flash hazard analysis will be conducted in accordance with 
the requirements of National Fire Protection Association (NFPA) 70E, Electrical Safety in the Workplace. 
Contact the installation safety office for technical assistance if needed. 


D. GENERAL PRECAUTIONS/WORK TECHNIQUES FOR ELECTRICAL SAFETY 
Removal of Conductive Objects 


Remove all jewelry, watches and other conductive items before commencing work on energized 
equipment. Conductive eyeglasses do not need to be removed. If a possible hazard is expected from wearing 
conductive eyewear, either nonconductive eyewear shall be worn or nonconductive goggles shall be worn over 
the eyewear. 


Required Personnel 


At least two technicians must be in the immediate area at all times when work is being performed on 
exposed live circuits. Each technician must be able to see and hear the other technician. This ensures that one 
technician will be available to assist the other in case of an accident. Each technician shall know the location of, 
have unobstructed access to, and know how to function the power cutoff for the work area. 


Hands, Feet, and Body 


Be alert to the position of hands, feet, and body when working with energized circuit boards, power 
cables, transmitter output terminals, transmission lines, antennas, or any other kind of live circuit. Many 
electrical shock accidents during maintenance occur when one of the technician's hands contacts a live (hot) 
circuit while the other hand is touching a grounded conductor, such as a chassis, rack frame, or cable raceway. 
Make a habit of keeping one hand free. Experienced technicians use only one hand for probing while keeping 
the other hand in a pocket or behind the back. 


Tasks Requiring Two Hands 
When both hands are needed for such tasks as voltage measurements, firmly grasp the insulated leads 
and place them on the test points. When measuring, follow the procedures outlined below. Never work on 
energized parts when hands, feet, or body are wet or perspiring or when standing on a wet surface. 
Touching Electrical Equipment 
When a maintenance procedure requires touching electrical equipment in operation, such as checking 
for overheated motors, use the back of the hand. If an accidental shock were to occur, the hand will pull away 
rather than uncontrollably grasp the equipment. Never put hands on or near a capacitor or capacitor bank or any 
wire or conductor attached to a capacitor unless and until all the capacitors are grounded and a shorting bar or 
grounding stick is in place. 
Emergency/Rescue Equipment 


Know the location of emergency/rescue equipment and make sure that it is available. 


Technique for Measuring Energized Equipment over 300V 
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Two technicians are needed for the following procedure. 


a. Turn off all power to the equipment to be tested. 

b. Discharge capacitors. 

c. Attach a secure temporary ground to the equipment to be tested. 

d. Attach plug-in or clip-on probes to the test points; hand held probes are not allowed for high 
voltage measurements. 

e. Remove the ground installed in step c. 


CAUTION 
Do not touch the test instruments while the power is on. 
f. Turn on the power and let the second technician take the readings. 
g. Turn off the power. 
h. Again discharge capacitors. 
i. Remove the test leads. 
j. If another measurement is required, repeat steps a through 1. 


E. USE OF EQUIPMENT 


This section applies to the use of cord and plug connected equipment, including extension cords and test 
equipment. 


Use of Equipment When Flammable Materials are Present 


When flammable materials are present, electric equipment capable of igniting them shall not be used, 
unless measures are taken to prevent hazardous conditions from developing. 


Extension Cords and Portable Equipment 


Hands must not be wet when plugging and unplugging extension cords and connected equipment. 
Handle portable equipment and extension cords in a manner which will not cause damage. 


Defective or Damaged Equipment. 

When a defect or evidence of damage that can cause an electrical hazard is found, the defective or 
damaged item is non-mission capable. Use is prohibited until repairs and tests necessary to render the equipment 
safe are completed. 

Portable Electric Equipment and Extension Cords in Highly Conductive Work Locations 

Portable electric equipment and extension cords must be approved for use in highly conductive work 

locations such as those inundated with water or other conductive liquids, or in job locations where contact water 


or conductive liquids is likely. 


Extension Cords 
NOTE 


Inspection of extension cords which remain connected once they are put in place and are not 
exposed to damage is not required until they are relocated. 


Prohibited use 
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Do not use extension cords connected to equipment for raising or lowering the equipment. Do not fasten 
extension cords with staples or hung in such a fashion as could damage the outer jacket or insulation. Extension 
cords will not be used as permanent wiring. 

Visual Inspection 

Extension cord sets shall be visually inspected before use on any shift for external defects such as 
damage to outer jacket or insulation and for evidence of possible internal damage such as pinched or crushed 
outer jackets. 


Use with Grounding Type Equipment 


An extension cord used with grounding type equipment shall contain an equipment grounding 
conductor. 


Attachment Plugs and Receptacles 
Attachment plugs and receptacles must not be connected or altered in a manner which would prevent 
proper continuity of the equipment grounding conductor at the point where plugs are attached to receptacles. 
Attachment plugs and receptacles must not be altered to allow the grounding pole of a plug to be inserted into 
slots intended for connection to the current-carrying conductors. 
Adapters 
Adapters which interrupt the continuity of the equipment grounding connection are prohibited. 


Attachment Plug 


Before connecting an attachment plug on a cord set to a receptacle, ensure the relationship of the plug 
and receptacle contacts are of proper mating configurations. 


Energized Plug and Receptacle Connections 


Energized plug and receptacle connections shall be handled only with insulating protective equipment if 
the connection might expose personnel to an electrical hazard (for example, a cord connector is wet). 


Locking Type Connectors 
Locking type connectors shall be properly secured after connection. designed as disconnecting means 
shall be used for the opening, reversing, or closing of circuits under load conditions. Cable connectors not of the 
load break type, fuses, terminal lugs, and cable splice connections may not be used for such purposes. 
Testing Equipment 
Only qualified technicians may perform test and diagnostic work on electric circuits or equipment. 
Test, Measurement, and Diagnostic Equipment (TMDE) 
TMDE and all associated test leads, cables, power cords, probes, and connectors shall be visually 
inspected at least daily for external defects and damage before the equipment is used. When a defect or evidence 


of damage that can cause an electrical hazard is found, the defective or damaged item is non-mission capable. 
Use is prohibited until repairs and tests necessary to render the equipment safe are completed. TMDE and their 
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accessories shall be rated for the circuits and equipment to which they will be connected and shall be designed 
for the environment in which they will be used. Test equipment specified by system technical manual shall be 
considered as meeting this requirement. 


Flammable Materials 


Any time flammable materials are present, electric equipment capable of igniting them shall not be 
used, unless measures are taken to prevent hazardous conditions from developing. 


F. OVERCURRENT PROTECTION 
Circuit Deenergized by a Circuit Protective Device 


If a circuit is deenergized by a circuit protective device, the circuit may not be manually reenergized 
until it has been determined that the equipment and circuit can be safely energized. 


Repetitive Manual Reclosing 


The repetitive manual reclosing of circuit breakers or reenergizing circuits through replaced fuses is 
prohibited. 


Modifying or Bypassing Overcurrent Protection 


Overcurrent protection of circuits and conductors may not be modified or bypassed, even on a 
temporary basis, unless directed by maintenance instructions in the system TM or those developed and approved 
under engineering supervision. 


Failure Due to Overload 


When it can be determined from the design of the circuit and the overcurrent devices involved that the 
automatic operation of a device was caused by an overload rather than a fault condition, no examination of the 
circuit or connected equipment is needed before the circuit is reenergized. 


G. ELECTRICAL SERVICE FAILURE 


In the event that electrical service fails while power is being applied to either the equipment being 
maintained or TMDE... 


a. Open the circuit breakers of the power source, where practical. 

b. Turn all equipment and TMDE power switches to the OFF position. 

c. After service is restored, check that the equipment switches are in the OFF position before closing 
the circuit breakers. 


H. ELECTRICAL SAFETY EQUIPMENT 
Personal Protective Equipment (PPE) 
When working around potential electrical hazards, personnel shall be provided with, and shall use, 
electrical protective equipment that is appropriate for the specific parts of the body to be protected and for the 
work to be performed be periodically inspected or tested. If the insulating capability of protective equipment 


may be subject to damage during use, the insulating material shall be protected. (For example, an outer covering 
of leather is sometimes used for the protection of rubber insulating material.) 
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Nonconductive Head Protection 


Always wear nonconductive head protection if there is a danger of head injury from electric shock or 
burns due to contact with exposed energized parts. 


Eye and Face Protection 


Always wear protective equipment for the eyes or face if there is danger of injury to the eyes or face 
from electric arcs or flashes or from flying objects resulting from electrical explosion. 


Emergency/Rescue Equipment. 
NOTE 


DA PAM 40-11 stipulates that the local medical authority must approve the contents, intended use, 
and maintenance of all first-aid kits and that personnel who may be required to perform first aid 
must receive approved first-aid training; see DA PAM 40-11. 


Each maintenance facility in which personnel are exposed to 50 volts or higher shall maintain 
emergency equipment in readily accessible and conspicuous locations. This equipment shall include items for 
use in electrical emergencies and for first aid to electrical shock victims. These items must be reserved for 
emergencies; they may not be used for routine purposes. Emergency equipment shall be inspected monthly to 
ensure that all items are available and in good condition. Mobile maintenance facilities and transportable 
maintenance shelters that are not readily accessible to a medical facility should be provided with a General 
Purpose First Aid Kit, National Stock Number (NSN) 6545-00-922-1200. 


Required Emergency/Rescue Equipment 
The following items are required for emergency equipment: 
e General Purpose First Aid Kit, NSN 6545-00-922-1200, or equivalent. 


e Grounding stick, fabricated locally, as shown in the following figure 1. (Also shown is the 
grounding cable, a recommended item of emergency equipment.) 
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TB 3854 


HEAVY OG=°ER WIRE APRON 2/16" DI. 


PLATTEN APPROX F FOR DRILLING AND MOUNTING 
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| GROUNDING 
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CONNECT GRUUNE CAMP 
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BEFORE USING PROSE 


REMOVE GROUNDING S) OK 4EEP CABLE CONNECTIONS “IGHT 
BE"ORE TURNING ON POWER 


SARE GROUNDING CABLE y 


710 STRANOEO WITH 
ALLIGATOR CLIPS . 


GROUNDING 
CABLE 


Figure 1. Grounding Stick and Grounding cable, Fabrication Diagram 


Safety hook, fabricated locally, as shown in the following figure 2. 
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TB 385-4 


5/8" DIA.METAL 


FLAT PORTION UNDER NUTS 


1-1/4" DIA. HOT STICK STOCK 
OR HARDWOOD 


Figure 2. Hook, Fabrication Diagram. 


e = Flashlight. 
e Emergency procedures and telephone numbers: ambulance, hospital, doctor, etc. 


Recommended Emergency/Rescue Equipment 


The following items are recommended for emergency equipment. Check with the installation safety 
office for other recommendations. 


e Rope, halyard, 3/8 inch, 25 feet, NSN 4020--00-174-3031. 

e Resuscitators, Automated External Defibrillator (AED), etc., approved by the local medical 
authority. 

e Grounding cables, American Wire Gauge (AWG) #10 stranded, with clips, fabricated locally as 
shown in the figure 1 above. 

e Gloves, rubber, 3000 volts (NSN: 8415-01-158-9450) 
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The items in the kit should be checked monthly and replaced as needed. If used, voltage rated glove 
testing should be performed in accordance with manufacturer recommendations every six months. 


Safety Boards 


Safety boards are permitted for use to store/prominently display emergency equipment. If used, safety 
boards should be made to be easily recognized and familiar to personnel. Safety boards that are used for storing 
and displaying emergency kits should be painted white with a 2-inch green border. Likewise, it is recommended 
that the board title contain white letters on a green rectangular background and the positions of the items be 
designated in black letters on a white background. 


I. GENERAL PROTECTIVE EQUIPMENT AND TOOLS 
Working Near Exposed Energized Conductors or Circuit Parts 
When working near exposed energized conductors or circuit parts, each employee shall use insulated 
tools or handling equipment. If the insulating capability of insulated tools or handling equipment is subject to 
damage, the insulating material shall be protected. 


Fuse Handling Equipment 


Fuse handling equipment, insulated for the circuit voltage, shall be used to remove or install fuses when 
the fuse terminals are energized. 


Ropes And Handlines 


Ropes and handlines used near exposed energized parts shall be nonconductive. 
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Protective Shields, Barriers and Insulating Materials 


Protective shields, protective barriers or insulating materials shall be used for protection from shock, 
burns, or other electrically related injuries when working near exposed energized parts which might be 
accidentally contacted or where dangerous electric heating or arcing might occur. When normally enclosed live 
parts are exposed for maintenance or repair, they shall be guarded to protect unqualified persons from contact 
with the live parts. 


J. FACILITIES 
Emergency Equipment 

Emergency equipment shall be maintained in the facility as described above. 
Spaces/Clearances About Electrical/Electronic Equipment. 

Working Space Access. Sufficient access, working space and illumination shall be provided and 
maintained about all electric equipment to permit ready and safe operation and maintenance of such equipment. 
At least one entrance of sufficient area shall be provided to give access to the working space. 

Minimum Clearances. Working space in the direction of access to live parts operating at 600V or less 
may not be less than indicated in the following table. Distances shall be measured from the live parts if exposed, 
or from the enclosure front or opening if live parts are enclosed. (Concrete, brick, or tile walls are considered to 


be grounded.) 


Front Working Space and Live Parts. Where live parts are normally exposed on the front of 
equipment, working space in front of such equipment may not be less than 3 feet. 


Workspace Width. Workspace width may not be less than 30 inches wide in front of the equipment or 
the width of the equipment, whichever is greater. 


Rear Working Space. Working space is not required in back of assemblies where there are no 
renewable or adjustable parts such as fuses or switches on the back and where all connections are accessible 
from locations other than the back. 


Working space may not be used for storage. 


When normally enclosed live parts are exposed for inspection or servicing, the working space, if in a 
passageway or general open space, shall be suitably guarded. 


Illumination shall be provided for all working/maintenance spaces. 
Where provision of these working spaces is not practicable (for example on the interior of shelters or 
similar equipment), address the hazard in the job briefing and consider additional hazard controls, such as an 


assistant/safety watcher. 


Working Clearances 


Minimum clear distance for condition (ft) 


sround 


151-600 
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10. 


11. 


12. 


13. 


14. 


15. 


16. 


The fuel bladder has 755 liters of diesel fuel remaining. 
How many hectoliters of diesel fuel remain? 


a. 75.5 c. .755 
b. 7.55 d. .0755 


It takes 4,834 milliliters of fuel to prime the diesel 
engine. How many liters of fuel are needed to prime the 
engine? 


a. 48,340 c. 48.34 
b. 483.4 d. 4.834 


Of 6.5 hectoliters of fuel, the private spilled 350 
milliliters. How many liters of fuel did the Private 


spill? 


a. ~35 Cx -65 
b. 3.5 a. 6.5 


If 750 milliliters of oil were poured from the 4.75 liter 
container, how many liters of oil remain? 


a. 746.25 c. 4 
b. .74625 d. .4 


You have 36 liters of fuel and just added 4,000 
milliliters more. How many hectoliters of fuel do you 
have? 


a. 400 Cr 4 
b. 40 d. 4 


A 3,450 kilogram pallet of ammo equals how many tonnes? 


a. 34.5 Cc. -345 
b. 3.45 da. -0345 


The grenade weighs 500 grams. How many kilograms does 
the grenade weigh? 


a. .5 c. 50 
b. 5 d. 55 


If the ship weighs 430 tonnes, how many kilograms does 
the ship weigh? 


a. 4,300 c. 430,000 
b. 43,000 d. 4,300,000 


The pallet of tents weighs 750,000 grams. How many 
tonnes do the tents weigh? 


a. 750 Cc. 7.5 
b. 75 da. 75 


4-28 


Conditions (A), (B), and (C), are as follows: 


(A) Exposed live parts on one side and no live or grounded parts on the other side of the working 
space, or exposed live parts on both sides effexctively guarded by suitable wood or other 
insulating material. Insulated wire or insulated busbars operating at no over 300V are not 
considered live parts. 

(B) Exposed live parts on one side and grounded parts on the other side. 

(C) Exposed live parts on both sides of the workspace [not guarded as provided in Condidtion (A)] 
with the operator between. 


Flooring And Work Surfaces. 
NOTE 


Wearing non-conductive safety shoes is recommended for personnel who work with dangerous 
voltages. Flooring must meet the one megohm per kilovolt resistance requirement whether or not 
safety shoes are worn. 


Flooring and work surfaces should be constructed from non-conductive materials. In work areas with 
exposed voltages of 30V or more, resistance of flooring and work surfaces must be at least one megohm per kV. 
Additional floor insulation such as rubber mats may be provided to achieve this level of resistance. 


Flooring and Work Surface Test Schedule 


New facilities will be tested before their initial use and annually thereafter to verify they meet the 
resistance requirement. A proper method for resistance testing follows. Test data and any corrective actions will 
be recorded and kept on file for two years. 


Surface Resistance Test Procedure 


Resistance of floors and work surfaces shall be measured as described here or by an equivalent method 
approved by the installation engineer and safety office. 


a. Select a high-resistance measuring instrument, such as the Biddle-Grey megohm meter, model no. 
210359, NSN 6695-01-158-0747. 

b. Connect one electrode of the measuring instrument to the facility's certified ground. 

c. Connect the other electrode to a five-pound weight that has a contact surface of five square inches 
of good conducting material. 

d. Attach a non-conductive strap or handle to the block. 

e. Apply voltage 

f. Pull the block along all points of the floor or work surface under test to verify that the complete 
surface meets the minimum resistance requirement of one megohm per kilovolt. 


K. CIRCUIT PANELS 


Circuit panels, must be conspicuous and readily accessible with adequate working space and 
illumination. Each circuit on the panel must be clearly identified and prominently labeled. 
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L. GROUND-FAULT CIRCUIT INTERRUPTERS (GFCIS) 
Where GFCIs Will be Used 


GFCIs will be used where power outlets are required in damp or wet locations. GFCIs are strongly 
recommended for power outlets where live maintenance work is performed on cord-and-plug connected 
equipment. 


GFCI Installation Verification 


Verification of correct installation of GFCIs is required. Officials in charge of maintenance facilities 
should verify that the following initial test has been or is performed on each GFCI-protected circuit. 


a. First, plug electrical equipment, such as a lamp or a radio, into the GFCI outlet, turn it on, and 
verify that it operates (receives power). 

b. Then, press the Push-to-Test button on the receptacle. Verify that the equipment turns off and 
remains off, indicating that power has been removed. 

c. Finally, press the Reset button on the GFCI. Verify that the equipment operates. 

d. If pressing the "Push-to-Test" button does not interrupt power to the equipment, then ask the 
installation or facility electrician to check to see if the GFCI is correctly wired. 


GFCI Test Schedule 
In addition to this initial test, the "Push-to Test" button shall be tested monthly. Periodic testing with a 
GFCI tester is recommended to ensure the GFCI is functioning at the correct current levels. Defective GFCI 
receptacles shall be replaced. 
M. FACILITIES FOR BATTERY CHARGING. 
NOTE 
Emergency eyewashes and showers must be certified to meet the requirements of ANSI Z358.1. 
All facilities used for charging of batteries shall be well ventilated and equipped with readily accessible 


emergency eyewash and shower. The wash facility must be a type that can be easily operated by a blinded 
person and must function during the coldest time of year. It should be tested weekly. 
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N. WARNING AND ALERTING TECHNIQUES. 


The following alerting techniques shall be used to warn and protect employees from hazards which 
could cause injury due to electric shock, burns, or failure of electric equipment parts: 


Safety Signs, Symbols, and Taggings 


Safety signs, safety symbols, or accident prevention tags shall be used where necessary to warn 
employees about electrical hazards which may endanger them. Appropriate warning signs will be posted in areas 
where other hazards are known to exist. Warning signs may be required in the vicinity of toxic fumes, high- 
intensity visible light; X-Ray producing equipment; laser devices; Radiofrequency (RF) equipment; and 
radioactive materials. 


Barricades 
Barricades shall be used in conjunction with safety signs where it is necessary to prevent or limit 


employee access to work areas exposing employees to uninsulated energized conductors or circuit parts. 
Conductive barricades may not be used where they might cause an electrical contact hazard. 


Attendants 


If signs and barricades do not provide sufficient warning and protection from electrical hazards, an 
attendant shall be stationed to warn and protect employees. 


O. WORK TECHNIQUES AND GENERAL PRECAUTIONS FOR CECOM EQUIPMENT 


This section discusses some hazards, techniques and precautions for use in the maintenance and 
servicing of CECOM equipment. 


Use Of Grounding Sticks/Temporary Grounds 


Grounding sticks and temporary grounds are intended to provide a safe means of short-circuiting an 
energized circuit. They are used especially to discharge residual energy stored in capacitors to ground and to 
provide an intentional short circuit to open circuit breakers in the event of accidental circuit energization. 


Grounding Stick Construction 


A typical grounding stick is illustrated previously in the section on safety equipment. The grounding 
stick conductor should be a solid copper hook of at least 3/16 inch diameter. The grounding stick handle may be 
made from rigid plastic or dry hardwood painted with clear shellac. The grounding stick may produce an 
electrical arc during the discharge process. 


Grounding with a Grounding Stick 
To use the grounding stick, the following procedures should be observed: 


a. Ensure the correct is PPE available. Safety glasses or goggles and voltage-rated gloves may be 
required. Evaluate PPE required during the job briefing and follow any Technical Manual requirements or 
recommendations concerning PPE. 

b. Visually inspect the stick before use. Look for cracks, damaged insulation and frayed wires. If 
damage is evident repair or replace the stick. 

c. Connect the grounding stick to a known ground. 
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d. Touch the grounding stick to the component. 

e. If possible, leave the grounding stick in place, or connect a temporary grounding jumper to help 
protect in the event of inadvertent energization. Ensure the jumper has sufficient capacity for the expected fault 
current. 

f. Verify deenergization. 


X-radiation (X-ray) Hazards 


Electrical equipment, including TMDE, that contain 10,000V or more may emit harmful x-rays. See 
next section for precautions on the use or maintenance of equipment that emits x-rays. 


Insulation Leakage 


Promptly report and turn in for repair any electrically-powered equipment that causes a physical 
sensation when touched. The sensation is current leaking through the insulation. Insulation leakages become 
progressively worse and can become hazardous. Do not rely on grounding for protection against a defective 
circuit or wiring. 


High-Voltage Capacitors 


Fully discharge all high-voltage capacitors before starting work on or near the equipment in which they 
are contained. Some equipment has shorting bars installed that automatically discharge the capacitors when the 
chassis is opened. For equipment that does not automatically discharge, use grounding sticks for this purpose 
and leave them in place while maintenance work is being performed. This will prevent recharging of the 
capacitor from dielectric effect. 


Cathode-Ray Tubes (CRTs) 


CRTs contain voltage hazards and can cause cuts and eye damage from implosion. Before handling an 
exposed CRT, short the high-voltage terminal to ground. Avoid scratching or damaging the CRT as this can 
cause implosion. Wear protective eyewear (such as safety glasses with side shields, industrial safety goggles, or 
a full-face shield), leather gloves, and leather aprons when handling a CRT. 


High-Voltage Vacuum Tubes 


Be sure that the filaments are grounded before starting maintenance on any equipment that contains high 
voltage vacuum tubes used as rectifiers (e.g. 1B3GT, 1V2). While the power to the equipment is OFF, use an 
ohmmeter to check the filament ground circuits. 


Components Containing Radioactive Material. 
WARNING 


If a radioactive component becomes broken, secure the area to prevent access. IMMEDIATELY notify the 
RSO or the installation safety office and follow their instructions. 


Radioactive material is contained in some devices or commodities. For example, frequency standards, 
electron tubes (including spark gap), transmit/receive, glow lamps, voltage regulators, and cold cathode tubes 
may contain small amounts of radioactive material. Devices containing radioactive materials are normally 
identified and marked with a radiation warning symbol. Only conduct maintenance actions that are authorized in 
the system technical manual. In the event that an unmarked component is suspected of containing radioactive 
material, consult TB 43-0116 or contact the RSO for assistance. 
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The traditional trefoil radiation warning symbol 


The new International Standards Organization (ISO)/International Atomic Energy Agency (IAEA) radiation- 
warning symbol 


Health Hazards of Selenium and Cadmium 


During soldering, selenium and polyfluoride dielectric material such as Teflon used in rectifiers and 
other semiconductors can release toxic fumes. These fumes have an odor similar to horseradish. If this odor is 
detected, turn off all power and evacuate the area until the fumes are ventilated. Repeated or prolonged 
inhalation of selenium fumes can cause severe breathing difficulties. Officials responsible for maintenance 
operations that might produce selenium fumes should have their operations surveyed by the installation 
industrial hygienist. 


Skin contact with heated materials that contain selentum compounds can cause skin bums, rashes, or eye 
irritation. Use appropriate PPE when handling items that may have selenium compounds (i.e. heated selenium 
semiconductors.) 


Cadmium is contained in some low-temperature silver solders and in certain metals. When heated, these 
materials can produce toxic fumes that irritate the nose and throat. Coughing, chest pains, sweating, chills, 
shortness of breath, or weakness may occur, even hours after exposure. Repeated or prolonged exposure can 
cause loss of sense of smell, emphysema, kidney damage, or anemia. Inhalation of a sufficient amount of 
cadmium, even over a short term, can cause death. Do not allow anyone to solder with materials that contain 
cadmium unless adequate ventilation systems are installed and properly functioning. Before working with 
cadmium compounds, check with local medical/industrial hygiene authorities. Medical surveillance may be 
required. 


Removal of Vacuum Tubes 
Vacuum tubes are removed with tube pullers. Do not use knives, screwdrivers, or other thin-edged tools. 
Replacing Fuses 


Before replacing fuses, disconnect the power and deenergize the circuits. Except for replacing fuses in 
holders that are designed to be removed by hand, use fuse pullers to remove and replace fuses. Do not replace a 
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blown fuse with a fuse of a higher current rating or with a metal substitute. Fuses must be rated for the voltage 
to be applied to the circuit. Do not use a higher-rated fuse to correct a fault. Do not use a slow-blow fuse to 
replace a fast-blow fuse, and vice versa. Since a blown fuse is often the result of a circuit fault, check the circuit 
before replacing the fuse. 


Alignment Tools and Hand Tools 


Use only non-conductive alignment tools and hand tools with insulated handles in and around electrical 
or electronic circuits. 


Soldering 
Turn off soldering irons or place them in covered holders when they are unattended. Wear safety glasses 
or industrial safety goggles when soldering or unsoldering wires or components that are under tension. Molten 
solder may scatter when the wires or components break loose. 
Solder Containing Cadmium 
Use of silver solder containing cadmium is prohibited. If this work is required, coordinate with the 
installation safety office for approval. Special ventilation and industrial hygiene controls are needed to prevent 
inhalation of toxic cadmium fumes in this case. Personnel working with silver solder containing cadmium must 
receive periodic medical surveillance. 
Bench Tops 
Limit the number of electrically powered items, including TMDE, placed on the bench top and turned 
on during any maintenance operation to those necessary to perform the operation. Do not work with electrical 
equipment, tools, or TMDE on any bench that has a conductive (metal) surface. 
Cables and Connectors 
Turn off power before connecting or disconnecting cables to any power or signal source of 30V or 
more. Before using any cable or connector, inspect it for worn spots, breaks, cracks, and bent or broken pins. If a 
cable or connecter is defective, replace or repair it before proceeding. Always connect and disconnect cables by 
grasping end connectors. Never disconnect by pulling cable leads. 
Storage Batteries. 
WARNING 
Know the location of the nearest eyewash and shower. If battery electrolyte is spilled on the skin or eye, 
immediately flush the area with a large quantity of water and continue flushing for fifteen minutes. Even a 
slight delay can mean loss of sight if the electrolyte contacts the eye. Immediately afterwards, go to the 
nearest medical treatment facility to get care that will be needed to prevent further damage. 


CAUTION 


To avoid back injury, use appropriate mechanical aids to lift large storage batteries. 


Before Charging Batteries 
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The area should be well ventilated, clean, uncluttered, and free from unnecessary tools or conductive 
materials that could accidentally contact and short-circuit the battery terminals. 


PPE for Filling Storage Batteries 


Wear acid-resistant gloves, chemical-splash goggles, rubber aprons, and rubber boots with non-slip 
soles when filling storage batteries. If available, use a fume hood. 


PPE While Charging 


While working around batteries that are being charged, wear chemical splash goggles or a full-face 
shield to protect against sprayed electrolyte. 


Guards and Barriers 


Do not remove any built-in guards or barriers in equipment that protect against accidental contact with a 
dangerous voltage within equipment unless its removal is necessary to test a circuit. If removal of a guard or 
barrier is necessary, replace it immediately after completing the maintenance task. 


Interlocks 


Never bypass interlocks designed to cut off power to a unit when access doors are opened except for 
interlocks containing a bypass switch or if power is needed for open door testing. If the TM instructions require 
interlock bypass, always follow TM precautions and warnings. Do not rely on interlocks for disabling power. 
Always turn off the main power switch and disconnect the main power cord before opening equipment. 


Vehicle Antennas 


Make sure that mounted whip antennas can clear power lines before moving a vehicle. If practical, 
remove or tie down antennas. 


Working Near Live Antennas And Other Sources Of Propagating RF Energy 


Avoid contact with surrounding metal objects, such as railings, inactive antennas, equipment shelter 
walls, vehicles, aircraft, etc. If possible, ground all such objects that have not been grounded. 


5. ELECROMAGNETIC EQUIPMENT SAFETY REQUIREMENTS 


This section summarizes the essential safety responsibilities and precautions for maintaining equipment 
that generates energy in the electromagnetic spectrum. Electromagnetic equipment that generates or emits 
nonionizing radiation (includes ultraviolet, infrared and high-intensity visible light, laser radiation; 
Radiofrequency Fadiation (RFR); and ionizing radiation in the form of X radiation (X-rays). This section 
contains sections on commanders' responsibilities for electromagnetic equipment safety, safety precautions to 
observe while maintaining various types of electromagnetic equipments, and medical guidance for injuries from 
non-ionizing radiation. Further responsibilities of Radiation Protection Officers (RPO) and Laser Safety Officers 
(LSO) are explained in DA Pam 385-24. 


A. RESPONSIBILITIES OF COMMANDERS AND OTHER OFFICIALS 


Activities Servicing Any Type of Electromagnetic Equipment 
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Commanders or other officials of maintenance activities servicing any type of electromagnetic 
equipment shall coordinate with the installation RPO and occupational health officer to determine the need to 
enroll specific personnel in medical surveillance programs in accordance with DA Pam 385-24. 


Activities Servicing or Using High Intensity Light Sources 


Commanders or other officials of maintenance activities servicing or using high intensity light sources 
of the types identified in section C, High Intensity Light Sources, shall post appropriate warning signs in work 
areas and publish a safety SOP. If the maintenance activity services or uses carbon arcs, the activity commander 
or responsible official, in consultation with the installation safety office, shall ensure that work areas are 
properly ventilated; ventilation requirements are explained in section D, Carbon Arcs. 


Activities Servicing Laser Equipment 
Commanders or other officials of maintenance activities that service laser equipment shall: 


e Publish an SOP that disseminates laser safety and first aid information in accordance with TB 
MED 524, and identifies the maintenance activity's program for laser safety indoctrination and 
training. 

e Ensure that all rooms that are used for firing of a Class 4 laser device have door interlocks that 
disable the laser firing mechanism until the doors are closed. 

e Ensure that appropriate caution or danger signs are posted at the entrances to laser firing areas. 

e Ensure that laser maintenance facilities in which hazardous chemicals are used or stored contain 
an emergency eye wash and shower. The wash facility must be a type that can be easily 
operated by a blinded person, must function during the coldest time of year and it should be 
tested weekly. 

e Ensure that maintenance facilities are adequately ventilated to exhaust o the gases from gas 
lasers or the by-products of laser reactions, such as bromine, chlorine, or hydrogen cyanide. 


0 ozone created by laser-produced plasma. 
O gases or vapors from cryogenic coolants. 


Activities Servicing Radiofrequency (RF) Equipment 


Commanders or other officials of maintenance activities servicing radiofrequency equipment, such as 
radio transmitters and radars, shall... 


e Publish an SOP that identifies, to the extent practical... 


0 restricted areas around transmitting antennas, feed horns, open wave guides, and other 
radiating devices. 

O necessary precautions for safe entry of personnel into restricted areas 

o and describes the maintenance activity's program for RFR safety indoctrination and 
training. 


e Ensure that all persons allowed access to areas where work is being performed on RF 
equipment are informed of RFR physiological effects and appropriate safety precautions 
explained in section I, Radiofrequency Radiation. 

e Ensure that all conductive objects in RFR restricted areas, such as antenna masts and equipment 
shelters are properly grounded. See tahe section on Facility Grounding Systems. 

e Report to the installation RPO or occupational health officer all incidents of actual or suspected 
RFR overexposures. 
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Activities with X-ray Equipment or Electronic Devices Producing 10,000 Volts or More 


Commanders or other officials of maintenance activities that servicing or using X-ray equipment or 
electronic devices producing 10,000V or more shall . . . 


Publish an X-ray safety SOP. 

Either verify that all such equipments and devices have been surveyed or arrange to have them 
surveyed to determine the extent of X-ray hazards, need for personnel dosimeters as required by 
DA Pam 385-24; and need for attaching warning labels. 

Implement, in coordination with the installation safety office, RPO, or industrial hygienist, 
appropriate X-ray safety measures, which might include posting of warning signs in the vicinity 
of X-ray hazards, installation of X-ray shielding, and the wearing of personnel dosimeters and 
instruction in their use. 


B. CALIBRATION OF INFRARED EQUIPMENT 


When calibrating infrared equipment, observe the precautions explained in this chapter and in TB MED 
524. Take care working near moving mechanical parts such as vane-type choppers. 


C. HIGH-INTENSITY LIGHT SOURCES 


WARNING 


The following high-intensity light sources can cause eye damage when directly or indirectly viewed. The 
damage that they produce is even more severe when they are used with collimating optics. The hazard 
becomes less obvious, but no less dangerous, when the light is filtered to reduce the visible spectrum. 


Arc lamps (carbon, mercury, xenon, etc.) 

Common light bulbs (incandescent) rated 400 watts or more. 
Quartz lamps. 

Searchlight lamps. 

Lamps used as infrared sources. 

Solar simulators. 

Arc welding equipment. 

Electric arc furnaces. 

Germicidal lamps and other ultraviolet sources. 

High intensity light emitting diodes (LEDs) and LED arrays. 


D. CARBON ARCS 


Carbon arcs used in welding and other applications generate hazardous ozone and oxides of nitrogen. 
These substances can cause headaches, vomiting, or in severe cases, permanent lung damage, pneumonia, or 
death. Work areas in which carbon arcs are operated must be ventilated by at least 10 room air changes per hour. 
Local exhaust ventilation of at least 100 feet per minute must be provided at the source of the hazardous gases. 
Because of the intensity of emitted radiation, safe operation of carbon arc equipment requires skin and eye 


protection. 


E. HIGH-INTENSITY LIGHT SAFETY PRECAUTIONS 


Technicians and other personnel will observe the following precautions when maintaining an equipment 
or electronic component producing high intensity light. 
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Protective Eyewear. 
WARNING 
Immediately stop viewing any light source that causes eye discomfort, even if using protective eyewear. 


Protective eyewear must be worn when working with a high intensity light source of any of the types 
identified previously as High-Intensity Light Sources. Eyewear must provide protection at the specific 
wavelength of the light source and has an optical density no less than that specified in the equipment technical 
manual or recommended by the installation safety office. Be especially alert when working with searchlights, 
welding machines, and other infrared light sources. Infrared light is not visible and is hazardous. 


Ventilation and Exhaust Fans 


Both the room ventilation system and local exhaust fans must be turned on and properly functioning 
before operating carbon arc equipment. 


Personal Protection Equipment 


Personal protection equipment for skin and eyes must be wom as specified in the SOP or by the 
installation safety office when working with carbon arc equipment. Personal protection equipment for welding 
includes leather welder's gloves, leather apron, safety shoes, and a welder's helmet. 


Warning Signs 


Warning signs must be posted in the work area before operating equipment containing a high intensity 
light source of any of the types identified previously as High-Intensity Light Sources. 


F. LASERS 


Details on laser hazard classification are provided in Appendix D of TB MED 524. General laser safety 
policy and requirements are specified by AR 11-9. Laser safety precautions are listed and explained in 
paragraph below. These precautions are summarized from TB MED 524 and the American National Standards 
Institute (ANSI) Z136.1, Safe Use of Lasers. For the purpose of hazard classification, laser devices are 
designated as either Class 1, 2, 3a, 3b, or 4, which have the following characteristics. 


Class | laser devices do not emit hazardous radiation. 

e Class 1M laser devices do not emit hazardous radiation, unless viewed with an optical aid such 
as a magnifying optical instrument. 

e Class 2 laser devices, which emit visible light, are not hazardous when viewed for less than 0.25 
second, but can cause eye injury to a viewer who continuously stares at the direct beam. 
Protection of the eye is normally provided by aversion or blink response. 

e Class 2M laser devices, which emit visible light, are not hazardous when viewed for less than 
0.25 second, but can cause eye injury to a viewer who continuously stares at the direct beam. 
Also potentially hazardous if viewed with an optical aid such as a magnifying optical 
instrument. Protection of the eye is normally provided by aversion or blink response. 

e Class 3R lasers may be hazardous under direct or reflection viewing conditions, particularly 
where the eye is focused upon the beam. Lasers given the older classification of IIa may fall 
into this category. 

Class 3B lasers may be hazardous under direct or reflection viewing conditions. 
Class 4 lasers pose a hazard to the eye or skin from the direct beam, can pose a diffuse 
reflection hazard and can pose a fire hazard. They may also produce air contaminants. 
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17. 


18. 


19. 


20. 


21. 


22. 


23. 


You just removed 60,000 grams of 5.56 ammo from the 
stockpile of 167 kilograms. How many kilograms of ammo 
remain? 


a. 161 c. 60 
b. 107 ae “1007 


You have 37 tonnes plus 650,000 grams of C-4 explosives. 
How many kilograms of explosives do you have? 


a. 37.650 c. 3,765.0 
b. 376.50 d. 37,650 


There are 4 boards measuring 3 feet 4 inches, 27 inches, 
11/2 yards, and 2 3/4 feet. What is the total length of 
all 4 boards? 


a. 10 ft 10 in. c. 11 ft 10 in. 
b. 10 ft 22 in. d. 12 ft 10 in. 


Each Marine in the patrol has a piece of fiber rope 5 
yards 2 feet 27 inches long. There are 19 Marines in the 
patrol. What is the total length of all 19 segments of 
rope? 


a. 119 yd 3 ft 6 in. 
b. 120 yd 2 ft 9 in. 
c. 121 yd 2 ft 9 in. 
d. 122 yd 3 ft 6 in. 


The minefield is 23 yards 1 foot wide. The engineer 
platoon had 11 centerline markers. The markers were 
placed at an equal distance apart throughout the 

minefield. What is the distance between each marker? 


a. 6 £t 2 in. c. 1 yd 2 ft 
b. 7 ft 2 in. d. 2 yd 1 ft 


The first container had 3 gallons 3 quarts 1 pint of 
diesel fuel, the second container had 5 gallons 2 quarts 
of diesel fuel, and the third container had 6 gallons 1 
quart 1 pint of diesel fuel. What is the total quantity 
of diesel fuel? 


a. 14 gal 2 qt ec. 15 gal 2 qt 
b. 14 gal 3 qt qa. 15 gal 3 qt 


Each heater stove at the Mountain Warfare Training Camp 
burns 2 gallons 3 quarts of diesel fuel per day. There 
are 417 stoves in the camp. How much diesel fuel is 
burned daily? 


a. 1,146 gal 3 qt c. 1,246 gal 3 gt 
b. 1,416 gal 3 qt dad. 1,426 gal 3 qt 
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G. LASER SAFETY PRECAUTIONS 


Technicians and other personnel will observe the precautions listed in TB MED 524 when working with 
laser devices. A Nominal Hazard Zone (NHZ) analysis in accordance with ANSI Z.136.1 is required when Class 
3B and Class 4 lasers are used outdoors, or anywhere (including laboratory/workshop use) where the beam path 
is accessible. 


Laser Safety Precautions Specific to Maintenance and Laboratory Environments 
Check the operator's technical manual for specific safety precautions before operating any laser device. 


e Do not view or visually align laser beams or aim laser beams toward people. 

e Operate laser devices only in well-lighted rooms. Good room lighting minimizes the opening of 
the pupil of the eye and reduces the potential for damage in the event of accidental exposure to 
the laser beam. 

e Operate laser devices only for minimum time necessary to perform tests. Use laser illumination 
only for the purpose for which it is intended. Never use laser light for general illumination. 

e Before operating a laser device, make sure that the room is properly vented and that all 
ventilation and exhaust systems are properly functioning. Keep as free of dust or airborne 
particles as possible. 


Reflective Surfaces 


Do not fire a laser upon any reflective surface. Reflected light from mirrors, glass, chrome, or other 
shiny surface is as dangerous to the unprotected eye as a direct exposure. Make sure that screens used for laser 
testing have a diffuse matte surface, preferably painted black and lusterless. Remove or cover reflecting surfaces 
such as brass door knobs, polished table tops, and glossy walls. 


Capacitors 
Ensure that capacitors contained in laser devices are fully discharged before removing protective covers 
or panels. Be aware of the discharging method used in the device being maintained. This information is in the 
equipment technical manual. Capacitors are normally designed to self discharge either by an interlocking relay 
attached to the access cover or panel or by the equipment's OFF switch. Never attempt to defeat the interlock or 
otherwise open the laser device while capacitors remain charged. 


H. CLASS 3 AND 4 LASERS 


DANGER signs must posted near the door or entrance to a Class 3b or 4 laser firing area. The following 
figure 3 is an example of a LASER DANGER sign. 
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WHITE RED BLACK 


POSITION1 
BOLD BLACK LETTERING 


POSITION2 
BOLD BLACK LETTERING 


REO SYMBOL POSITIONS 
BLACK LETTERING 


Figure 3. LASER DANGER Sign. 
Protective Masks and Goggles 
Wear proper protective masks or goggles when in the vicinity of an operating Class 3b or 4 laser device. 
For instructions in selecting protective eyewear, see TB MED 524, ANSI Z136.1, or consult a supervisor or the 
laser safety officer. 
Attending Personnel 
Keep the number of people in a room where a Class 3 or 4 laser device is being tested to the minimum. 
Do not operate a Class 3b or 4 laser device until certain that all personnel and visitors present are wearing 
appropriate protective masks or goggles. 
Laser Operating Conditions 
Operate Class 3a, 3b and 4 lasers only in a closed room or in a lighttight box. Remote operation is 
preferred. Ensure the minimum distances and dimensions of the test range conform to the requirements of TB 
MED 524 before operating Class 3 a, 3b and 4 lasers. 
Class 2 and Higher Laser Equipment 
WARNING 
Do not make direct eye contact with the beam of a Class 2 laser device. 


Caution and Warning Labels 


Verify that caution or warning labels are permanently affixed to all Class 2 or higher laser equipment. If 
any such laser equipment that does not contain a label, notify a supervisor or the laser safety officer. 


Combustible Solvents and Materials 
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Do not operate Class 4 laser devices or power supplies around combustible solvents and materials. 
Combustible solvents and materials must be properly stored and handled. 


Cryogenic Gas Containers 
Do not handle cryogenic gas containers in any room where lasers are being tested. See chapter 6, 
Pressurized Gas Cylinders Safety Precautions, on handling and storing pressurized gas cylinders and cryogenic 
gas containers. 


Laser Activation Switches 


Establish key control over keyed laser activation switches. Keyed activation is required on Class 4 laser 
devices. 


Warning System 
An activation warning system (visual and/or audible) is required for Class 3B and Class 4 lasers. 
I. RADIOFREQUENCY RADIATION (RFR) 


RFR safety precautions are listed below. These precautions are summarized from Department of 
Defense (DOD) Instruction (DODI) 6055.11 and the RFR hazard control measures in TB MED 523. DODI 
6055.11 specifies a Permissible Exposure Limit (PEL) to RFR within which it remains safe to operate and 
maintain RF equipment. 


WARNING 
Exposure to RFR that exceeds the PEL can be hazardous. Excessive levels of RFR can cause localized 


heating of the skin, eyes, and other body tissue. The effects of prolonged exposure include eye cataracts 
and serious burns. 


NOTE 


The DOD-prescribed PEL to RFR is 0.4 watts (W) per kilogram of whole-body absorbed power 
averaged over any six-minute period. 


Hazard Distance 


Hazard Distance is the minimum safe distances of separation from RFR emitters. Remain within the 
PEL by keeping proper hazard distance from RFR emitters. Areas that are less than the hazard distance should 
be designated as restricted and placed off limits to personnel while RFR is present. Minimum safe distances of 
separation from RFR emitters in Army electronic systems and other important guidance are specified in the 
operator's technical manuals. For many systems, this information can also be found in TB 43-0133. 


Hazards to Fuel and Ordnance 
Hazards of Electromagnetic Radiation to Ordnance (HERO) and Hazards of Electromagnetic Radiation 
to Fuel (HERF): Ordnance can be sensitive to RFR and voltages induced on metal parts in a RFR field can cause 


sparks that can ignite fuel vapor. 


Equipment HERO Data 
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Determine HERO data for the equipment. This information can be found in system technical manuals. 
When in doubt, power down RFR emitters near ammunition and explosives. Blasting caps and similar devices 
are particularly sensitive to HERO effects. Percussion-initiated small arms ammunition is immune from HERO 
effects. 
Equipment HERF Data 
Determine HERF data for the equipment. This information can be found in system technical manuals. If 
the system output power exceeds 250 W, power down when within 50 m of fuelling operations. When in doubt, 
power down RFR emitters during fuelling operations. Diesel fuelling operations are immune to HERF effects. 
Fuelling operations using gasoline products, avgas, JP-4, propane, natural gas, etc., need consideration for 
potential HERF hazards. 
RFR Safety Precautions 


Technicians and other personnel will observe the following precautions when working with an 
equipment or electronic component that produces RFR. 


Unnecessary Exposure 


Avoid unnecessary exposure to RFR. Operate transmitters and other sources of RFR only when 
necessary and at minimum power and for the minimum period of time needed to maintain the equipment. 


Hazard Distance 
Keep at least the specified minimum safe distance (hazard distance) away from antennas and other RFR 
sources. Consult the operator's technical manual to learn this distance. This information is in TB 43-0133 for 
many systems. 
Unsecured Restricted Areas 
Unsecured restricted areas shall be continuously monitored to prevent accidental entry. 
Shock and Burn Danger 
Be alert to the danger of shock and burns. Keep hands and body away from unprotected transmitter 
output terminals, uninsulated RF transmission lines, antennas, and other devices that may be carrying RF 
energy. Shock or burns can be caused by RF energy at any frequency; however, they are most likely to occur at 
frequencies between 3 kHz and 100 MHz. 
Prohibited Actions 
Do not transmit RFR within buildings, equipment shelters, or other enclosed environments unless the 
system is designed for this purpose. Do not aim antennas or propagate RFR toward populated areas. Except 
when necessary to test antennas, terminate RFR generators into a dummy load or another closed system. 


Before Using Equipment Transmitting RFR 


Inspect equipment interlocks and limiting and warning devices to make sure that they are properly 
functioning. If practical, make a record of the inspections. 


Warning Signs 
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Post warning signs to point out the location of restricted areas. Appropriate types and locations for 
warning signs are explained TB MED 523. The following is example of an RFR warning sign. 


Grounding. 


NOTE 


Grounding reduces but does not eliminate the risk of electric shock. 


Make sure that all metal objects in the restricted area around the antenna are properly grounded, such as 
railings, antenna masts, and equipment shelters. 


Entry Into Restricted or Hazardous RFR areas 
Avoid contact with surrounding metal objects, such as railings, inactive antennas, equipment shelter 
walls, vehicles, aircraft, etc. when in restricted or hazardous RFR areas. Leave restricted areas as soon as 
possible and inform a supervisor and the RPO of the details in order to determine if an overexposure occurred. 
Before Inspection of RFR Equipment 
Disconnect power to the transmitter before inspecting antennas, feed horns, open waveguides, and the 
like. Take steps to prevent an inadvertent connection of RF power, such as tagging or preventing access to the 
transmitter and power supply. 
Before Using Installed Waveguides 
Installed waveguides of any kind must be inspected for cracks and proper connections before use. If 
available, use an RFR leakage detector to check for leaks. (RFR leakage is more likely to occur in flexible 


waveguides than in rigid waveguides.) 


During Maintenance of Aircraft Electronics 
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Antennas must be directed away from occupied areas when maintaining aircraft electronics. 
Antenna Mast Clearance 


Before erecting antenna masts, make sure that the clearance to nearby power lines is at least twice the 
length of the mast. 


6. RADIOACTIVE MATERIAL SAFETY REQUIREMENTS 
WARNING 


Do not touch a broken or unsealed radioactive item. Isolate the Area. Do not permit access. Immediately 
contact the RPO or Installation Safety Office to obtain necessary procedures for safe decontamination and 
disposal of the radioactive material. 


Radioactive safety precautions and handling and disposal procedures are contained in TM 3-261, and 
TB 43-0116. Responsibilities for RPO are found in DA PAM 385-24. Always follow system TM instructions 
and precautions concerning radioactive material 


7. OTHER SAFETY REQUIREMENTS 


This section summarizes essential safety precautions not covered in the previous sections and 
requirements for storing hazardous and flammable materials and controlling acoustical noise while maintaining 
electrical and electronic equipments. 


A. SAFETY PRECAUTIONS 


Technicians and other personnel will observe the following precautions when maintaining electrical and 
electronic equipment. 


Acoustical Noise 


Keep acoustical noise levels and the time of exposure to high noises to a minimum. Wear a proper 
Hearing Protection Device (HPD), earplugs and/or noise muffs, when in an area of high acoustical noise (85 A- 
weighted decibels (dBA) or greater). If an appropriate HPD has not been provided, ask a supervisor. 


Mercury 


Avoid breaking any component that contains mercury, such as switches, batteries, or thermometers. If a 
spill occurs, do not touch or allow mercury to contact any part of the body. Mercury can cause headaches, 
nausea, diarrhea, and, in repeated or long-term exposure, loss of teeth and mental deterioration. Thoroughly 
wash hands or any part of the body that may have inadvertently come in contact with the spilled mercury. If skin 
becomes irritated and the irritation persists after washing, get medical attention. Immediately change any 
clothing that becomes contaminated. Contaminated clothing should normally be discarded; if it is to be 
laundered, special precautions are necessary to ensure that all the mercury is removed and to avoid 
contaminating other clothing or the laundry equipment. Consult installation safety office for further information. 
To minimize breathing of mercury fumes, stay out of the area of the spill until it is decontaminated. Contact the 
installation safety office to obtain instructions for decontamination. 


Pressurized Gas Cylinders 
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Handle pressurized gas cylinders in accordance with Title 29 CFR 1910, Subpart M, and AR 700-68. 
All personnel who work with or handle pressurized gas cylinders will review AR 700-68 annually. Maintenance 
activities will maintain a record of these reviews. 


Secure cylinders to avoid accidental tipping. 

Keep no more than two cylinders of the same gas at a work station at any one time. Remove the 
cylinders from the work station when they are empty. Be careful when handling the empty 
cylinders as they may still contain a small amount of gas. 

Do not handle cryogenic gas containers in any room where lasers are being tested. 

Store cryogenic gas containers in open and well ventilated areas. 

Check container valves and seals regularly. 


WARNING 


Suffocation can result from displacement of oxygen by leaking cryogenic gases. When handling cryogenic 
gases, wear face shields, protective gloves, and three-quarter length smocks. 


Cleaning Solvents 


When cleaning equipment, consult the TM for recommended type(s) of cleaning solvent. Do not use 
highly toxic or flammable cleaning solvents that require special ventilation, such as carbon tetrachloride, 
trichloroethylene, and benzene. Do not use gasoline, benzene, ether, or any other type of flammable fluid to 
clean any type of electrical equipment. Do not use alcohol unless specified by the equipment technical manual. 
Flammable materials that do not require special ventilation may be used to clean nonelectrical equipment. Do 
not use flammable materials in the presence of electrical generators or other equipment that can cause sparks. 


Compressed Air Blowers 


Use either rubber or another insulating material for hose lines for blowing out equipment. Keep air 
supplies free of water. Keep air pressure to a minimum. Do not allow air pressure to exceed 30 pounds per 
square inch. Do not use compressed air for cleaning floors. Do not blow compressed air onto any person, 
including oneself. 


Foot Protection 


When handling material that can injure feet, wear safety shoes that meet ANSI Z41. Approved shoes 
will have "ANSI Z41" labeled or embossed thereon. The installation safety office can recommend the 
appropriate type of safety shoes for specific tasks. 


B. HAZARDOUS AND FLAMMABLE MATERIALS 


Hazardous materials must be stored and handled in accordance with their Material Safety Data Sheets 
(MSDS), Title 29 CFR 19 1 0, DOD Manual 4145.19-R- 1, and the applicable NFPA codes. Officials in charge 
of maintenance facilities must obtain the approval of the installation fire prevention officer before using or 
storing flammable materials, whether the materials are liquids, gases, or solids. Only the minimum quantity of 
flammable materials needed for immediate use should be stored at the maintenance facility. Store flammable 
material only in a cabinet of the type approved by the NFPA or in a flammable liquid store room that meets the 
requirements of Title 29 CFR 1910.106 and the NFPA Flammable and Combustible Liquids Code. Contact the 
installation safety office for specific information and guidance on these requirements. 


C. CONTROL OF ACOUSTICAL NOISE 
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Officials in charge of maintenance facilities must establish controls and procedures to minimize 
acoustical noise. They are responsible to ensure that persons who work in areas where the sound level is 85 dBA 
or greater are provided with hearing protection devices and receive pre-placement and periodic audiometric 
evaluations under the supervision of the installation medical authority. They must post warning signs in noise 
hazard areas to indicate that hearing protection is required. 


8. GROUNDING SYSTEMS AND FIRE PROTECTION 
This section summarizes grounding and fire protection requirements for maintenance facilities. 
A. FACILITY GROUNDING SYSTEMS 


Facility grounding systems must be installed and maintained in accordance with recognized standards. 
The most authoritative and complete standard for grounding is the National Electrical Code (NEC), published by 
the NFPA as NFPA Publication 70. (Copies of the NEC may be ordered from NFPA, P.O. Box 9101, Quincy, 
MA 02669-9101, telephone (617) 770-3000, www.nfpa.org ; payment is required.) Other sources for approved 
grounding techniques are MIL-HDBK-419A (Volume 2) and FM 11-487-4, both available through military 
publications channels. 


Facility Grounding Points 


All grounding points within a facility will be electrically continuous to a grounding (earth) electrode. 
The resistance measured from the facility's most remote grounding point to each electrode should not exceed 
two ohms. The resistance of the grounding electrode to earth should not exceed twenty-five ohms. 


Grounding of Mobile Facilities 


Mobile facilities will be grounded in accordance with its operating instructions. If used, the power 
generator will be grounded to a ground system. If the generator and vehicle are sited less than twenty-five feet 
apart, either a common ground will be used or the two ground systems will be connected with bare copper cable, 
AWG #6 or larger. If commercial power is used, the vehicle will be grounded to the commercial ground 
conductor at the first service disconnect. 


Grounding Metal Frames 


Metal frames of electric equipment and tools, such as handheld power tools, must be connected to a 
grounding conductor, 1.e., they must contain a three wire power cord and plug. Portable tools that are protected 
by an approved insulation system (listed by Underwriter's Laboratory, or equivalent) need not be grounded. 


Other Grounding Requirements 


Maintenance activities will maintain a file of up-to-date descriptions of all facility grounding 
installations, such as construction specifications and drawings, blueprints, work orders, etc. Installation 
engineers or other qualified personnel (as determined by local policy) should annually inspect grounding 
systems for compliance with appropriate standards, including conductor continuity as described in the section on 
facility grounding points. Continuity inspections should be made with a low-resistance ohmmeter. 


B. FIRE PROTECTION 
Facilities will maintain fire extinguishers that are rated for Class C fires. To ensure that fire 


extinguishers are maintained in proper working order, each facility will establish a program of regular 
inspection in coordination with the installation fire department. 
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WARNING 


Use only a fire extinguisher that is rated for Class C fires on electrical fires. Do not use soda acid, water, 
or foam extinguishers on electrical fires. Water and foam are conductive and can cause electrical shock. 


In the event of fire: 


a. Turn off all power in the affected area. 
b. Call the installation fire department. 
c. To the extent that it is safe, control the fire until the firefighters arrive. 


9. SUMMARY 


A. As an electronic repairer or technician, you must be able to identify unsafe electrical/electronic 
situations and use correct safety procedures to eliminate these unsafe situations. Most electrical/electronic 
accidents are caused by human error, not because of equipment failure. Therefore, the electronic repairer or 
technician maintainer must use common sense and proper safety procedures. For example, he must not use, or 
allow to be used, WD-I1 as ground traps, improper fuse ratings (amp ratings and slow-or fat-blow fuses), and so 
forth, One of the most effective tools to prevent electrical/electronic hazards is proper and current training. This 
responsibility lies as much with the individual as with the commander. 


B. If you, as the electronic repairer or technician apply the electrical/electronic safety procedures and 
rules in this course, the army regulations, publications, and technical manuals, you will have a safe work area. 
Most important, you will be able to keep electrical/electronic safety hazards to a minimum. This will afford you 
maximum use of personnel and equipment to accomplish the mission. 
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24. You have been given 5 gallons 1 quart 2 pints of water 
for 11 Marines. How much water will each Marine receive? 


a. 4 qt c. 2 qti1 pt 
b. 3 qt 1 pt qd. 2 qt 


25. You have 3 pallets loaded with supplies. One pallet 
weighs 1 ton, 600 pounds 15 ounces, another pallet weighs 
6 ton 35 pounds 4 ounces, and the last pallet weighs 
1,900 pounds 12 ounces. What is the total weight of the 
3 pallets? 


a. 8 ton 536 1b 15 og 
b. 8 ton 356 lb 15 o2 
c. 7 ton 535 lb 31 oz 
dad. 7 ton 356 1b 31 oz 


26. Each Marine has a light marching pack weighing 25 pounds 
6 ounces. There were 437 Marines on the march. What is 
the total weight of all the packs? 


a. 6 ton 925 lb 14 o2 
b. 6 ton 1,088 lb 14 oz 
c. 5 ton 925 lb 14 o2 
d. 5 ton 1,088 lb 14 oz 


27. The utilities platoon crated five reciprocating water 
pumps with a total weight of 490 pounds 10 ounces. What 
is the weight of one pump? 


a. 97 1b 2 02 c. 98 lb 2 o2 
b. 97 1b 4 02 ad. 98 lb 4 oz 


28. The distance that male Marines run for the PFT (Physical 
Fitness Test) is 3 miles. How many kilometers is this? 
a. 1.6 c. 4.8 
b. 3.2 d. 6.4 


29. One of the combat conditioning courses is 3000 meters 
long. How long is the combat conditioning course in 


yards? 
a. 31,333.33 Cc. 3,133.33 
b. 33,333.33 d. 3,333.33 


30. The tank ditch is 430 centimeters deep. How many inche: 
deep is the ditch? 


a. 162 c. 182 
b. 172 ad. 192 
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INTRODUCTION 


The military requirements for electronic equipment have been steadily 
increasing. This trend in demand for equipment having improved perforn- 
ance, decreased size, greater reliability and complexity of function is 
continuing. For example, a typical destroyer in 1937 incorporated a 
total of approximately 60 active vacuum tubes maintained by a single 
technician. By 194 a destroyer utilized 850 tubes. In 1952 this total 
had increased to 3200 tubes, serviced by 1 technicians. The trend to 
increased complexity will not change in the foreseeable future. AS a re- 
sult, electronic design problems are multiplying in severity. Production 
mechanization and electronic cooling programs are among the current en- 
deavors to obtain satisfactory economy and reliability. It is necessary 
that these and associated problems be resolved in order to achieve ac- 
ceptable electronic devices. 


Reliability is of paramount importance. Reliability has been defined as 
the ratio of the time the equipment is in usable operating condition to 
the total time the equipment is required for use. In general, the re- 
liability of current electronic equipment is poor. In fact, it has been 
concluded that it would be economical to pay more than twice the present 
cost for military electronic equipment if reliability could be improved 
by 50 per cent. 


Miniaturization has led to ever increasing heat concentrations with the 
necessity for adequate heat transfer within equiprent. Effective heat 
removal is of prime importance in obtaining satisfactory life, reliabil- 
ity and electronic performance. If the temperatures of electronic parts 
excucu cortain values, malfunctioning and failures follow. Thus, the 
science of heat transfer must be employed in electronic design. 


in order to establish a firm foundation of knowledge, the initial phase 
of this program was a national survey of the state of the art of heat 
transfer in electronic equipment. The findings of this effort are pre- 
sented in Cornell Aeronautical Laboratory Report No. HF-710-D-10. It 
was found that the electronic circuit design of most military electronic 
equipment has been excellent. Unfortunately, the mechanical and thermal 
designs have not been as satisfactory. Acceptable reliability can only 
be achieved if the electronic, thermal and mechanical designs are all 
well executed. Thus, the thermal design is equally as important as the 
circuit design. An investment of effort on the thermal design will re- 
turn good interest in terms of improved reliability. 


This Manual has been prepared to assist the electronic engineer in the 
thermal design of miniaturized equipment. In effect, this Manual sorts 
and places the known electronic cooling design information together be- 
tween two covers in a brief, predigested form for use by electronic en- 
gineers. It has been deliberately written at an appropriate technical 
level so that engineers without heat transfer backgrounds can design ac- 
ceptable equipment. Therefore, this Manual outlines thermal parameters 
which, it is believed, will temper the designer's judgment and lead to 


the best practical solution. Design formlae contained herein are 
usually simplified approximations. Frequently, qualitative, rather 
than quantitative, information is presented. When specific recommenda- 
tions are given, care must be taken in adopting such recommendations so 
that they do not conflict with the requirements of the contracting ac- 
tivity. 


Two groups of recommendations are incorporated herein. The first ser- 
ies are based upon the concept that improved reliability can be achieved 
with existing equipment provided it can be modified for better cooling. 
For this reason, several sections of the discussion are devoted to im- 
provement of present equipments, The second group of recommendations 
are for the new equipment designers. These data are not only for those 
designing equipment of the future, but for those now designing equipment 
compromised by the temperature limited present day parts. 


This Manual emphasizes ground-based and shipboard electronic equipment. 

No consideration has been given to non-steady state heat transfer or op- 
eration at environmental air pressures significantly less than one atmos- 
phere. The Ohio State University Research Foundation has prepared a ser- 
ies of reports related to transients and more detailed analysis of these 
phases of the problem. Further, for the purposes of the Manual, it has 
been assumed that unitized construction will be generally used, the equip- 
ment being composed of subassemblies and assemblies. 


The thermal design of electronic gear is a relatively new science. In 
general, due to the current limited knowledge, only reasonable design 
approximtions can be made. Much remains to be accomplished in this re- 
latively new field, There is a need for the standardization of cooling 
means and systems. Also, widely accepted standard heat transfer liquids 
should be developed. If the operating temperatures of electronic parts 
can be increased, some of the current thermal problems will be allevia- 
ted. Further, present methods of temperature rating should be improved. 
The use of thermal environment or surface temperature rating, in lieu of 
ambient temperature rating, will aid in this matter. In addition, tech- 
niques should be developed to obtain an analytical method of determining 
the rating and limits of each equipment type under given environmental 
conditions. 


We wish to acknowledge the excellent cooperation we have received during 
this program from government agencies, universities and industries. 
References of souroe material are listed in the bibliography, together 
with reference numbers at pertinent locations in the discussion. The 
terminology used herein is presented in Cornell Aeronautical Laboratory 
Report No. HF-8)5-D-2. Symbols are incorporated in Appendix A. 


382839 O -56 -2 


39. 


40. 


41. 


42. 


43. 


44. 


45. 


46. 


Each Marine living in the barracks uses approximately 48 
liters of water a day. How many gallons of water does 
each Marine use? 


a. 11.36 c. 12.36 
b. 11.63 d. 12.63 


The engine burns 64 ounces of oil every day. How many 
milliliters of oil does the engine burn? 


a. 1,290 c. 2,019 
b. 1,920 d. 2,120 


It took 4.5 pints of chlorine to purify the water in the 
holding tank. How many liters of chlorine was needed? 


a. 1.215 Cc. 2.215 
b. 1.115 d. 2.115 


It took 8.25 quarts of paint to touch up the 5 ton truck. 
How many liters of paint did it take to touch up the 
truck? 


a. 6.3785 Cs 7.3785 
b. 6.8375 a. 7.8375 


The maintenance shop uses one 55 gallon drum of 30 weight 
oil daily. How many liters does the shop use. 


a. 207 c. 209 
b. 208 d. 210 


The field jacket liner weighs 1,064 grams. How many 
ounces does the liner weigh? 


a. 32 c. 36 
b. 34 d. 38 


The M203 grenade launcher has a total weight (with rifle) 
of 4.275 kilograms. How many pounds does the launcher 
weigh? 


a. 10 lb. c. 9 lb. 
b. 9.5 lb. dad. 8.5 lb. 


The LVS (Logistic Vehicle System) was hauling a load of 
supplies weighing 18 tonnes. What was the weight of the 
load in short tons? 


a. 23 c. 21 
b. 22 dad. 20 
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Work on heat transfer in electronic equipment is continuing at this 
Laboratory. Future publications will supplement this Manual. Appendix 
B consists of a summary of reports already written and also planned under 
this program. Detailed information in these matters can be obtained from 
Mr. James W. Brush, Code 618C, Bureau of Ships, Washington 25, D.C. 
Comments are solicited. 


This Manual is not to be construed as an endorsement of any commercial 
products mentioned. 
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A. 


BASIC DESIGN CONCEPTS 


FUNDAMENTAL PRINCIPLES AND THEIR APPLICATION TO ELECTRONIC HEAT REMOVAL 


Electronic equipment must incorporate means for adequate heat rejection 
in order to provide reliable performance at thermal equilibrium. This 
will be necessary until the efficiency of electronic equipment becomes 

of high order. As long as power is dissipated it will be rejected in the 
form of heat. The purpose of any electronic cooling system is to provide 
a low resistance thermal path to a heat sink to absorb this waste heat. 
When used in conjunction with a heat sink at a reasonably low temperature, 
such a system will reduce the temperature rise of electronic parts and 
equipment. 


There are several important factors which must be thoroughly understood 
prior to the initiation of the design of any electronic equipment. 


1. Temperature difference controls the rate of heat transfer in any given 
configuration. 


2. At thermal equilibrium a heat balance is always maintained. The natu- 
ral law of the conservation of energy applies and all of the heat 
generated will be rejected, if necessary, by means of high temperature 
gradients, 


3. In order to define the thermal parameters, the electronic engineer 
must first determine tenperature and rate of heat production. The 
dissipated power can usually be measured. Even though temperature 
measurement is not as easy, the determination of temperature is neces- 
Sary, since it is the only other measurable quantity in the thermal 
circuit. Further, temperature is a measure of the quality of the 
thermal design. 


4. The electronic designer, in determining his heat transfer system, must 
first select the most simple and economical cooling system applicable 
to the proposed design, environment and specifications. Many factors 
mist be considered: space, economy, power to operate the cooling system, 
the temperature limitations of the electronic parts, the circuit con- 
figuration, the thermal environment, the heat concentration and the ul- 
timate sink. A satisfactory thermal design should start on the draft- 
ing board simultaneously with the electrical and mechanical design ac- 
tivities. 


5. The thermal design must be such that the electronic performarce is 
not significantly affected. In certain instances the optimum cooling 
technique may not be consistent with electronic performance, When 
this situation arises, it is recommended that alternate cooling means 
or circuit designs be utilized. Compromise designs are more often 
the rule than the exception. 


6. 


Heat transfer design inherently includes reasonably wide toler- 
ances. Due to the nature of heat transfer, a high degree of de- 
sign accuracy can seldom be achieved. However, this does not 
impede the design of a practical cooling system. Once the type 

of cooling system has been tentatively selected, the therml 
analysis mst be mde. The thermal circuit should be approximated 
as closely as possible to permit mathematical analysis. 


B. APPROACHES TO THE THERMAL DESIGN OF ELECTRONIC EQUIPMENT 


There are two basic approaches to the design of electronic equipment with 
satisfactory thermal performance: 


1. The "brute force" method, wherein high temperature electronic parts 
are used to permit operation without special cooling means, can be 
used to provide heat rejection through the operation of parts at high 
temperatures. When used at low ambient temperatures to alleviate the 
effects of excessive hot spots, this approach is inherently ineffi- 
cient and expensive. High temperature electronic parts should only 
be used for operation in environments with high ambient temperatures 
and in conjunction with an adequate heat removal means. The utiliza- 
tion of high temperature parts is not recommended as a remedy for the 
deficiencies of an inferior heat removal system. 


2. The controlied heat removal method should be used in all Military 
electronic equipment. This approach embodies the most effective 
methods of heat transfer and includes special techniques. It re- 
quires the application of careful design of the entire thermal system 
and the establishment of low temperature gradients to protect temper- 
ature sensitive parts and circuits. Of prime importance is the ne- 
cessity of directing the heat from the sources along specified paths 
to a low temperature sink so that the heat is not indiscriminately 
scattered and transferred into adjacent electronic parts. The mgni- 
tude and location of heat flow must be controlled. For these reasons, 
certain heat removal methods which will cool heat sources and transfer 
their heat into other parts are considered undesirable. 


C. MBTHODS OF THERMALLY RATING ELECTRONIC EQUIPMENT AND PARTS 


In general, electronic parts are individually rated for certain perform- 
ance at specified ambient temperatures. Ambient temperature rating is 
rapidly becoming obsolete because it is indeterminate. Almost every 
organization has a slightly different definition and interpretation of 
ambient rating. Such rating is, in some respects, almost worthless, 

and thermal performance "loopholes" are provided through its use. Not 
only should individual part rating be considered, but also the group 
characteristics mst be assayed in order to avoid shifts in values or 
outright failure. The thermal interaction due to mitual heating and 
cooling can cause greatly increased temperatures over those obtained with 
solitary parts. 


Ambient temperature is only the temperature of the medium surrounding an 
object. This does not define the true thermal situation as it may exist 
around an electronic part. With densely packaged equipment, the local 
air temperature is not directly related to the heat radiation or conduc- 
tion effects from nearby heat sources. These effects are frequently 
significant and can lead to the overheating of parts even though the 
ambient rating is not exceeded. Ambient temperature rating suffised 
for the conventional World War II type of equipment, since widely sep- 
arated heat sources were operated at relatively low temperatures. 


The primary function of any method of part rating is to determine the 
thermal state of the internal functioning elements. The limiting tem- 
peratures are those which the constituents can withstand before they 
oxidize, melt, decompose or change value. Unfortunately, internal 
temperatures are usually difficult to measure. Therefore, the best 
practical indication of the thermal index of the inside of an electronic 
part is its surface temperature or the change in value of a readily 
measurable electrical parameter. Neither of these characteristics are 
necessarily related to the temperature of the surrounding air. 


Like electronic parts, most electronic equipment is usually rated in 
terms of ambient temperature. Military specifications also incorporate 
ambient ratings. It is believed that military specifications and equip- 
ment ratings should be modified to incorporate thermal environment rat- 
ings which can provide the equipment designer and user with definite 
thermal parameters. The thermal environment can be defined as the con- 
dition of (1) fluid type, temperature, pressure and velocity; (2) sur- 
face temperatures, configurations and emissivities and (3) all conductive 
thermal paths surrounding an electronic device, The ambient temperature 
is only the fluid temperature surrounding an electronic device. It is 
one of the factors contributing to the thermal environment. 


Military specifications for electronic equipment should provide and de- 
fine facilities for the removal of the dissipated heat at the installa- 
tion location. The thermal situation should be described both before 
and after the installation of the equipment. 


The electronic equipment manufacturers should furnish the user with 

the heat dissipation rate of each unit of equipment, the cooling re- 
quirements, the maximum temperature of the equipment at specified lo- 
cations which are indicative of the thermal situation and, if a coolant 
is used, other pertinent information such as pressure drop and tempera- 
ture gradients. 


iV. 


A. 


INTRODUCTION TO HEAT TRaNSFER 
GENERAL 


This section is a brief review of the modes and basic laws of heat 
transfer. Its purpose is to serve only as an introduction to re- 
acquaint the electronic engineer with the basic principles involved. 


Heat or thermal energy is transferred from one region to another by 
virtue of temperature difference. The two fundamental axioms are 
that heat flows only from a high temperature region to one of lower 
temperature, and that the heat emitted by the high temperature region 
must be exactly equal to that absorbed by the low temperature region. 


When heat is transferred at a steady rate and the temperature at 

any given point is constant, the steady state is said to exist. On 
the other hand, if the heat flow is a function of time, the flow is 
said to be in the unsteady state. An example of the latter is the 
warm-up period of an electronic assembly. This Manual does not con- 
sider such transient conditions but only those occurring after thermal 
equilibrium has been reached. 


In general, there are three modes or methods of heat transfer: con- 
duction, convection and radiation. They may occur singly or siml- 
taneously. While evaporation and condensation may be classified 


under convection, they are usually considered separately since 
mass transfer, as well as heat transfer, occurs. 


CONDUCTION 
Heat conduction is considered to be caused through molecular oscil- 
lations in solids and elastic impact in liquids and gases. The 


basic law of heat conduction in the steady state and in its most 
simple form (heat transfer through a wall) is: 


=. ak 
q = kF At (1) 


where: 
q is the rate of heat transfer 


k is the thermal conductivity of the material 


A is the cross-sectional area perpendicular to the direction 
of heat flow 


L is the length of heat flow path 


At is the temperature difference causing the heat flow 


1a 


Heat flow is analogous to Ohm's Law. Rewriting equation (1) as: 


_ At 
ae? (2) 


kA 


it can be seen that q is analogous to I , Atto E , and L/kA toR. 


The thermal conductivity k is the quantity of heat which will flow 
across unit area in unit time when the length of heat path is unity 
and the temperature gradient across this path is unity. Its numeri- 
cal value depends on the material, being high for metals and low for 
insulators. For example, the thermal conductivity of copper is 

over 300 times that of glass. 


CONVECTION 


The process of heat transfer from the surface of a solid to moving 
masses of fluids, either gaseous or liquid, is known as convection. 
This mode of heat transfer is brought about mainly through circula- 
tion of the fluid. For example, the surface of a warm object situ- 
ated in still air at a lower temperature heats the air adjacent to 
the surface, The heated air becomes less dense as its temperature 
increases and induces convection currents. When the circulation is 
caused only by differences in density, the process is called natural 
or free convection. Circulation may be forced mechanically by 
blowers, pumps, etc., in which case the heat transfer is called 
forced convection. 


The mechanism of convection may be explained by considering a cool 
stream of air flowing past a heated surface. Immediately adjacent 
to the surface there exists a film of air varying in velocity from 
zero at the surface to the velocity of the main stream at its outer 
side. This film offers a resistance to heat flow and is influenced 
by the nature of the flow. In free convection the film is usually 
in laminar or streamline motion and relatively thick, causing high 
resistance to heat flow. However, in forced convection, the higher 
velocity tends to decrease the thickness of this film improving the 
heat transfer. In laminar flow the film moves in streamline motion, 
while in turbulent flow, two not sharply defined layers are believed 
to exist, the inner in streamline and the outer in turbulent motion. 
Heat is believed to pass through the streamline layer mainly by con- 
duction and through the turbulent layer by mixing and diffusion with 
the fluid in the main stream. 


The basic equation for convection is : 


a= BoADt (3) 
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q is the heat transfer rate, 
h is a convection coefficient of heat transfer 
A is the surface area 


At is the temperature difference between the surface and the 
main fluid stream 


The value of hg, is influenced by many factors including not only 
the properties of the fluid such as viscosity, density, etc., but 
the flow conditions and surface characteristics as well. The re- 
sistance concept may also be applied to convection in which case 
the term 1/Ah, is the thermal resistance. 


EVAPORATION AND CONDENSATION 


Evaporation and condensation are characterized by a change of state 
involving a liquid evaporating to the vapor state and a vapor con- 
densing to the liquid state, respectively. The basic equation for 
these processes is the same as that for convection. 


Evaporation is a general term used whenever molecules leave the 
surface of a liquid changing to the vapor state. The amount of 
heat necessary to evaporate a unit mass of a liquid to a vapor is 
called the heat of vaporization. The process may occur with or 
without boiling. For example, water will evaporate into air by 
diffusion if the vapor pressure of the water is greater than the 
partial pressure of the water vapor in the air. Evaporation can 

be speeded up by heating the water. If the temperature is in- 
creased until the vapor pressure of the water equals the ambient 
atmospheric pressure, boiling will take place. Evaporation usually 
involves high rates of heat transfer and the coefficients may be as 
much as 200 times that for air in forced convection. 


Condensation occurs when a vapor condenses to a liquid on a cooler 
surface. Here the heat of vaporization is now released. Like 
vaporization, high rates of heat transfer are usually associated 
with condensation. 


RADIATION 


Bodies under thermal agitation induced by temperature emit thermal 
radiation in the form of electromagnetic waves ranging in wave 
length from the long infrared to the short ultraviolet. Radiation 
emitted from a body can travel undiminished through a vacuum or 
through gases with relatively little absorption. When radiation 
is intercepted by a second body, part may be absorbed as thermal 
energy, part may be reflected from the surface, and part may be 
transmitted still in electromagnetic wave form through the body 

as in the case of glass. 
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Consider a body in space receiving radiant energy from some source. 
If all the incident radiation is absorbed with zero energy being 
reflected or transmitted, it is a perfect absorber and called a 
"blackbody". There are no perfect absorbers in nature although some 
bodies come very close to exhibiting blackbody characteristics. The 
ratio of the amount of energy absorbed by an actual body to that by a 
thermal "blackbody" is called the "absorptivity", In the absence of 
conduction and convection, a body at thermal equilibrium which re~ 
ceives radiation must necessarily emit radiant energy equal to that 
absorbed. Hence a body which is a good receiver or absorber is a 
good radiator or emitter. The ratio of the amount of radiant energy 
emitted by an actual body to that emitted by the ideal blackbody is 
called the "emissivity" and is numerically equal to the absorptivity. 
Its numerical value is always less than unity. The emissivity of 
polished copper, for example, is 0.023, whereas that of oxidized 
cast iron may be as high as 0.95. 


The basic equation for the radiation from a blackbody is: 


hy 
qQ, = SAT 
: (i) 


where: 
q is the rate of energy emitted by a blackbody 
o is the Stephan-Boltzmann constant 
A is the surface area 
T is the absolute Temperature 


For actual bodies, equation (l) must be modified for departure from 
ideal blackness and, since the net exchange of radiant energy be- 

tween two bodies is usually required, it must be modified depending 
on the geometry of the system. The general equation for the net 
rate of exchange of radiant heat between two non~black bodies is: 

“ 4 y 

Rae BB A(T, = TS ) 


(5) 


where: 


F_ is an emissivity factor to allow for departure from black 
body conditions 


F is a configuration factor based on the geometry of the 
system (not all of the radiation emitted by a body my 
be intercepted by the second body) 


Ty andT, are the temperatures of the hot and cold bodies 
respectively. 
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The net radiation between two bodies is thus proportional to the 
difference in the fourth powers of the absolute temperatures, 
whereas conduction and convection in general are proportional 
to the difference in the first powers of the temperatures. 


F. COMBINED MODES OF HEAT TRANSFER 
Convection and radiation may occur simultaneously to provide 
parallel heat flow paths. The resistance concept may be ap- 
plied to radiation by considering a fictitious radiation coef- 
ficient, hyp, such that the convection and radiation coefficients 
are additive when a surface loses heat by both modes. 
The radiation coefficient is defined as: 
Gr 
he = ane (6) 
where At is the difference in surface and air temperatures. 
Thus, the total heat transferred from a surface is: 
qa pans + q e(h +h.) AAt 
total convection radiation ( c r) 
(7) 
An electronic box situated in a lower temperature environment 
might lose heat by both convection and radiation from its 
outer surfaces. 
G RESISTANCE CONCEPT FOR HEAT FLOW THROUGH A WALL 


Consider a wall as in Fig. 1 on one side of which is air ata 
higher temperature than the air on the opposite side. 


WARM AIR TEMP. 
TEMP DROP ACROSS 
WARM AIR F/LNT 


TEMP. DROP 
decnicney oe WALL 


TEMP DROP ACROSS 
COOL Al FILNI 
COOLAIR TEMP 


OIlRECT/ION OF 
“VET FLOW 


Fig. 1. Temperature Gradient Through A Wall 
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The messhall cook used 54 ounces of butter to make 
pastries. How many grams of butter did the cook use? 


a. 1,078 c. 1,512 
b. 1,088 d. 1,688 


The combat engineers used 1,750 pounds of C-4 to breach 
the minefield. How many kilograms of explosives did they 
use? 


a. 767.5 c. 787.5 
b. 777.5 dad. 797.5 


The Marines flew in 21 short tons of supplies for the 
refugees. How many tonnes of supplies did they fly in? 


a. 19.8 c. 18.8 
b. 19.9 d. 18.9 


The MK19 40mm machinegun weighs 75.6 pounds. How many 
kilograms does the machinegun weigh? 


a. 32.04 c. 34.02 
b. 33.02 dad. 35.04 


The weight of the M9 9mm service pistol with a 15 round 
magazine is 1,145 grams. How many ounces does the pistol 
weigh? 


a. 49.80 02 c. 44.89 02 
b. 48.89 oz ad. 40.89 oz 


Unit Summary 


This study unit provided a brief historical account of units of 
measurement, and the knowledge needed to perform computations 
using the metric and U.S. systems. Additionally, you were taught 
how to perform conversions between the U.S. and metric units. 


Exercise Solutions 


Reference 

b. 43,000 cm = 430 m 4102 
d. 15 km = 15,000 m 4102 
c. 600 m = .6 km 4102 
a. 7 km = 700,000 cm 4102 
b. 1 cm (map) = 50,000 cm (ground) 4102 

18 cm (map) = 50,000 x 18 

= 900,000 cm 

= 9,000 m 


Neglecting radiation in this simple example, Fig. 1 shows the temp- 
erature gradient from the warm air to the cool air. Heat is trans- 
ferred by convection across the air film, then by conduction across 
the wall, and finally by convection to the cooler air. Since this 

is a thermal series circuit involving three resistances, the equation 
for the heat flow would be: 


4 Ot total — At total 
st L 1 ~ SR 8 
‘ih. * Ak * Bh (8) 
c c 
where 
At is the difference between the warm and cool air 


total temperatures, and 


hy and h.! are the convection coefficients of the warm and 
cool air films respectively. 


Each term in the denominator of equation (8) represents a thermal 
resistance analogous to the resistances in a simple series elec- 
trical circuit. This analogy is shown in Fig. 2. 


RESIS, DUE TO RESIS. QUE RESIS. OUE TO 
WARM AR FILM TO WALL COOL 4/R F/LM 
——— é 


CONSTANT CURRENT GENERATOR 


Fig. 2. Electrical Circuit Analogy for 
Heat Flow Through a Wall. 


The temperature drop or gradient across each resistance is pro- 


portional to the resistance. Thus, the temperature drop across 
the wall, for example, is: 


L 
Ak 
Atel * sk (At tad (9) 
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THE ULTIMATE SINK 


Unlike the closed electrical circuit, the thermal circuit is an 
open one. The heat generated in a vacuum tube, for example, is 
transferred by various modes through various channels and ulti- 
mately reaches a heat sink. The cooling process is simply one 

of transporting thermal energy from a heat source to a heat sink 
at a lower temperature. The design problem is to provide a thermal 
path of low resistance and a low temperature sink so that the tem 
perature of the heat sources (vacuum tubes, etc.) will not be ex- 
cessive. Further, non-heat producing sources critical to tempera- 
ture must be protected from overheating. 


In the final analysis the ultimate sink is the earth's atmosphere, 
large bodies of water, or the earth itself. However, from the 
practical view, the electronic designer may have available inter- 
mediate sinks such as cooled air which mst transport the heat 
from the electronic assembly to the ultimate sink. In steady-state 
heat transfer, it is erroneous to consider the chassis of a con- 
ventional electronic assembly as a heat sink because the chassis 
has finite heat capacity and heat must be removed from it at the 
same rate as that entering. 


RELATIVE MAGNITUDES OF HEAT TRANSFER PROCESSES 


In order to develop some concept of the relative magnitude of 
various heat transfer processes, Table I is presented. The values 
listed are representative only and may vary with conditions. Com- 
parison is made on the basis of conductance which is the heat 
transfer rate per unit area per degree temperature difference. 

In free convection from the vertical plate, for example, the con- 
ductance is reported per degree difference in plate and air tem- 
peratures. 


= 
SL 


TABLE I 


Representative Magnitude of Heat Transfer Processes 


Btu Watts 
(hr.)(sq.ft.)(°F)  (sq.in.) (°C) 

Conduction through copper 0.1 in. 26160. 95.20 
thick. 

Conduction through pyrex glass 87.36 0.322 
O.1 in. thick 

Conduction through cork board 0.1 3.0 0.011 
in. thick 

Free convection from 6 in. high ver- 0.96 0.00348 


tical plate at 120°C, air at 80°C. 


Forced convection, air over 6 in. 2.8) 0.0104 
plate at 8 ft./sec., mean temp. 
air and plate of 100°C. 


Forced convection 0°C water flowing 1420. 5.19 
at 5 ft./sec. in a 2 in. dia. pipe 


Water boiling on a flat plate at 2000. 7.30 
atmospheric pressure 


Steam condensing on a flat plate at 1000. 3.65 
atmospheric pressure 


Radiation between two black bodies 1.72 0.0063 
at 100°C and 50°C 


Radiation between two black bodies 7.81 0.0287 
at 500°C and 50°C 
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NATURAL METHODS OF HEAT REMOVAL 
GENERAL 


Free convection, conduction and radiation are the most common means of 
heat rejection within and from electronic equipment. Natural methods 
can be defined as those wherein heat transfer occurs without addition- 
al erergy being supplied to accelerate the process. The majority of 
electronic equipment and parts have been designed for natural cooling 
in a free air environment at atmospheric pressure. 


Natural methods are frequently the only practical means of removing 
heat from within miniaturized subassemblies. Hermetic sealing and the 
dense packaging of parts may prevent the utilization of, for example, 
forced air for internal cooling. Liquid cooling by natural means is 
not included in the discussion in this section. Although conduction 
and free convection are involved in liquid-potted equipmnts, it is 
deemed advisable to treat liquid cooling separately. Considerable em- 
phasis is placed in this section on the cooling of vacuum tubes, be- 
cause tubes produce from 70 to 85 per cent of the total waste heat of 
a typical equipment. Some space is devoted to other heat sources, such 
as resistors and reactors. 


THEORY 


1. Heat Transfer by Metallic Conduction 


a. General 


Since metals possess a low resistance to the passage of thermal 
energy, heat conduction in metals is one of the most effective 
modes of heat transfer. In general, it may be stated that those 
metals which possess low electrical resistance also possess low 
thermal resistance. 


The basic law of heat conduction in the steady state, known as 
Fourier's law is 


q = —-kA oe (10) 
where: 
k is the thermal conductivity 
A is the cross-sectional area perpendicular to the di- 
rection of heat flow 
ot is the rate of change of temperature with respect to 
dx the distance in the direction of heat flow 


The winus sign is present since a is negative 
If q is measured in watts, area in square inches, length in in- 


ches, and temperature in degrees C, k will have the units of 
watts/(sq.in.)(°C)/in. In the British system of units, using 
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the Btu, foot, pound, °F and hour, k has the units of Btu/(hr.) 
(sq.ft.)(°F)/ft. While k varies with temperature, the vari- 
ation for metals over the range of temperature of interest in 
electronic cooling problems is not great. Table15 in Appendix 
C presents the thermal conductivity values for various materials 
and also gives the comparison with yellow brass on a weight 
basis. 


b. Conduction through a Single Plane Wall or Bar Insulated on the 
sides 


WARM FLUID TEMEF, 


OLREC TION OF 
MEAT FLOW 


COLD FLUID TEMP 


Fig. 3 Gonduction through a Single Plane Wall 


Figure 3 shows a plane wall, one side of which is at tempera- 
ture ty which is higher than that of the other side, t,. The 
wall is of a homogenous mterial with a constant thermal con- 
ductivity, k. The wall is considered to be very large so that 
there are no end effects, i.e., the heat flows only perpendicu- 
lar to the face of the wall (unidirectional heat flow). The 
equation for the heat flow in this case is: 


Ak (t1 - t9) (11) 
nn a 


It is usual to consider k as independent of temperature. How- 
ever, if k varies, a mean value of k between the temperatures 
should be used, It is important to note that ty and ty are the 
temperatures of the wall surfaces and not the temperatures of 
the liquids or gases which may be on either side of the wall. 
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Example 1. Conduction through a Bar Insulated on the Sides: 


/S0C. 


Fig. 4 Conduction through a Bar 


Figure 4 shows a soft steel bar 3/8" diam., )" long, one end 
of which is maintained at 150°C and the other at 100°C. the 
sides of the bar are perfectly insulated so that heat flows 
only in the direction parallel to its axis. Problem: Deter- 
mine the rate of heat flow through the bar. 


Solution: 
1.18 watts/(sq.in.)(°C)/in. 
U/h Tf (3/8)% = 0.110 sq. in. 


k 


A 


Substituting in equation (11): 


q = 0.110 x 1.18 (150 - 100) = 1.62 watts 


Note that the foregoing example is ideal in that the sides 
are assumed to be perfectly insulated. This situation is ap- 
proximated in the case of a wall which is relatively large 
compared with its thickness. The more general case is that 
of a bar whose sides are not insulated. In this instance, 
both radiation and convection may cause heat to flow from the 
sides of the bar so that the solution becomes more complex. 


c. Conduction through Cylinders and Spheres 


The only other shapes which lend themselves to simple conduc- 
tion calculation are the cylinder and sphere. Almost all other 
shapes require complicated mathematical solutions or mst be 
solved by graphical or numerical approximtions. 


Fig. 5 Conduction through a Cylinder 


382839 O - 56 - 3 19 


d. 


Figure 5 shows a cross-section of a hollow cylinder or pipe 
of inner radius r, and outer radius of rj. The inner and 
outer surface temperatures are maintained at t, and ty, res- 
pectively. If t, is greater than t,, heat will flow in the 
outward direction. It is assumed that the ratio of length 
to diameter is large so that end effects are negligible. 
The equation for the heat flow rate from the inner to outer 
surface per inch length of cylinder is: 


q = 277k (t, - t,) 2.72k (t_ - t,) 
—____ i 2s. 1 2° watts/in.length (12) 
Ty Py of cylinder 
lo —_— Lo _ 
| =| s10( r 


where q is in watts, t in °c, dimensions in inches, and k in 
watts/ tsa, in. ye C)/in. 


If the Btu-foot-pound-hour~ °F system of units is used, then q 
is the heat transfer rate in Btu/hr. per foot length of cylinder. 


In the case of ‘a hollow sphere of inner and outer radii of r, and 


r, respectively with corresponding surface temperatures of t) and 
tos the total heat conducted to the outer surface is given by 


hark ry rg (t1 - ty) (13) 


Conduction through Composite Walls 


MET 
FLOW 


Fig. 6-a 
Conduction through Composite Walis 


Fig. 6-a shows a composite wall or bar insulated on the ends 

and made up of three different materials. It is assumed that 
the materials make perfect contact at the joints, a condition 
which is difficult to attain unless the materials are metals 

and bonded to each other by solder or other such means, Perfect 
contact at the joints eliminates the high resistance to heat 
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transfer caused by any surface roughness with accompanying air 
films between the joints. The equation for the heat flow is: 


A (ty - ty,) 
i ahr (14) 


Each term in the denominator is a resistance to heat transfer 
and, since this is a series thermal circuit, the resistances 

are additive. The temperature gradient across each mterial 

is proportional to its thermal resistance. For example, the 

temperature drop for the second material is: 


1 
2 
- 
t, - + (t7 - ty) 
2 83 L if (15) 
mea ee 
Rp Ry OR 


In cases where the mterials are not actually bonded together, 
the thermal resistance at each joint should be considered. 

Fig. 6-b shows a composite wall or bar of three mterials with 
imperfect thermal joints, having resistance at each joint. 
Since there is an abrupt temperature drop at each joint, there 
are five thermal resistances: one for each material and one for 
each contact or joint. The equation for the heat flow is: 


A(t, - t) 
CS SS SSS (16) 
Ly L, L 
—_— + Ry» + + ito 3 res 
A % 3 


where: 


R _»5 and R,_. are the thermal contact resistances offered 
by the best and second joint respectively. This contact resis- 
tance is complex because of the nature of the variables affect- 
ing it, such as the surface finish or roughness, the flatness of 
the contacting surfaces, the pressure holding adjacent materials 
together, and the materials used. It appears reasonable to ne- 
lect contact resistance where two surfaces are weldea, soldered, 
or brazed together so that the contact is practically perfect. 

On the other hand, if two surfaces are not so bonded, the thermal 
contact resistance should be estimated by reference to the avail- 
able published information. This information (see references 1 


el 


and 2 in Bibliography Appendix D) presents the contact resis-~ 
tance in terms of an equivalent coefficient of heat transfer, 
Doontact With units of watts/(sq.in.)(°C) or Btu./(hr.)(sq.ft.) 
Ca us the contact resistance R is expressed by: 


1 
R= aS (17) 
contact 


Notes on Contact Resistance 


The contact resistance investigation results of reference (1) 
are reproduced in Fig. 7, in which contact resistance is cor- 
related as a function of contact pressure using various steel 
surfaces. The surface roughness is indicated by the RMS in- 
dex value which is the root-mean-square value of the heights 
and depths of the minute hills and valleys which form a mach- 
ined surface, Thus, a lapped surface with an RMS of  ( mil- 
lionths of an inch) would constitute an extremely smooth 
surface, 


Figure 7 shows a wide variation in contact resistance, especially 
at the lower contact pressures. It is of interest to convert the 
contact resistance into an equivalent length of material whose re- 
sistance due to pure conduction would be the same. For example, 
a contact resistance of 1.0°C/watts/sq.in. is equivalent to 
1.0/1.18 = 0.85 additional inches of steel in pure conduction. 
The 1.18 figure is the k value for mild steel in watts/(sq.in.) 
(°C) /in. Hence, a relatively rough surface contact may easily 
result in a higher thermal resistance than the metal itself. Re- 
ference (1) indicated that aluminum foil placed in the joint de- 
creases the thermal resistance. 


Reference (2) lists considerable experimental data for joints of 
various materials. Two levels of roughness were used; 10 RMS 
was considered as smooth, and 50 to 100 as rough. The surfaces 
were clean and flat to + 0.0001 in. Figures 8 and 9 correlate 
contact resistance for these different joints with pressure. 
Note that the contact resistance of the aluminum joint decreases 
more rapidly with pressure than for the steel joint. Table (2) 
summarizes the contact resistance of the various joints, all 
tested at 10 psi. The last column gives the resistance of the 
joints when filled with oil. These general conclusions follow: 


(1) The thermal resistance of dry joints decreases linearly 
with pressure for steel. The thermal resistance of dry 
joints decreases exponentially with pressure for bronze 
and aluminum. 


(2) The thermal resistance of both dry and oil-filled joints 
decreases with a decrease in roughness. 
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CONTACT RESISTANCE AS A FUNCTION OF CONTACT PRESSURE 


Fig. 7 
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12. 


19. 


20. 


21. 


22. 


ae 


1 cm (map) = 25,000 cm (ground) 

14.3 cm (map) = 25,000 x 14.3 (ground) 
= 3,575,000 cm 

3.575 km 


= 155,000 ml 
755 1 = 7.55 hl 
4,834 ml = 4.834 1 
350 ml = .35 1 
4.75 1 - 750 ml 

= 4.75 1- .75 1 


36 1 = .36 hl 
4,000 ml = .04 hl 
36 1 + .04 1 =.4 hl 


3,450 kg = 3.45 T 


500 g = .5 kg 
430 T = 430,000 kg 
750,000 g = .75 T 


167 kg ~ 60 kg = 107 kg 

37 T = 37,000 kg 

650,000 g = 650 kg 

37,000 kg + 650 kg = 37,650 kg 


3 ft 4 in. = 3 ft 4 in. 
27 in. = 2 ft 3 in. 

11/2 yd = 4 ft 6 in. 

+ 2.3/4 ft = _2 ft 9 in. 
11 ft 22 in. = 12 ft 10 in. 

19 x 5 yd 2 ft 27 in. = 
19 x 27 in. = 42 ft 9 in. (carry 42 ft) 
19 x 2 ft = 38 ft + 42 ft = 80 ft 


= 26 yd 2 ft (carry 26 yd) 
19 x 5 yd = 95 yd + 26 yd = 121 yd 
total = 121 yd 2 ft 9 in. 


Divide 23 yd 1 ft by 10 

Note: There are 10 spaces between 11 
markers. 

23 yd = 69 ft + 1 ft = 70 ft 

70 ft + 10 = 7 £t or 2 yd 1 ft 


3 gal 3 qt 1 pt 
5 gal 2 qt 


+ 6 gal 1 gt 1 pt 
14 gal 6 qt 2 pt = 15 gal 3 qt 


Reference 


4102 


4103 
4103 
4103 
4103 
4103 


4103 


4104 
4104 
4104 
4104 
4104 
4104 


4202 


4202 


4202 


4203 


PSI 


PS! 


Fig. 9 


Fig. 8 
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THERMAL CONDUCTIVITY AS A FUNCTION OF CONTACT PRESSURE 


TABLE 2 


Comparison of Thermal Conductance Measurements at 10 psi 


Thermal Conductance 


Joints Surface Roughness RMS, Microinches BTU/(hr) (sq.ft) ( F) 
Surface Surface Mean  300°F 500°F 300°F 
#1 #2 Dry Dry Oil 
Steel Smooth vs. Smooth 3 3 3 2200 3600 - 
Rough vs. Rough 70 85 78 400 = 800-—S—s«d23350 
+ 
No.1 Alum. Smooth vs.Smooth 16 17 16 1800 3500 - 
Rough vs. Rough 60 60 60 1300 ©1500 2000 
ae 
No.2 Alum. Smooth vs.Smooth 15 10 13 1900 2500 - 
Rough vs. Rough 20 50 50 500 650 1600 
Bronze Rough vs. Rough 70 80 75 800 1200 1200 
# 
No.1 Alum. Smooth vs.Smooth 15 90 66 800 - 1600 


Steel Surface 


Thermal Conductivity of oil, k, = 271 to 398 x 10° cal./(om)*(sec.) (deg .C)/om 


* Alcoa No. A-51-S 


1 Alcoa No. 18~3 


Also? 


Steel is SAE 4140 
Bronze is AMS 86 


(3) At a given temperature, pressure and roughness, the thermal 
resistance of both dry and oil-filled joints decreases in 
the order: steel, bronze and aluminun, 


(4) The thermal resistance of dry joints decreases as the temp- 
erature increases. There is no such relationship for oil- 
filled joints. 


(5) At 10 psi the thermal resistance of an oil-filled joint is 
about one-half that of a dry joint. The effect of the oil 
decreases at higher pressures. 


(6) The thermal resistance decreases if one surface of a steel 
joint is copper plated. 


Example 2: Conduction with and without contact resistance. 


Fig. 10 Composite Bar with Contact Resistance 


Figure 10 shows a composite bar, 3/8" diam., cross sectional 
area 0.110 sq. in., mde up of 1" steel (k = 1.18) and 1/2" al- 
uminum (k = 5,5) insulated on the sides. One end of the bar is 
maintained at 150°C and the other at 100°C. Assume a contact 
pressure at the dry joint of 10 psi and a contact resistance of 
1.83 for contact surfaces of 70 RMS roughness. Problem: Dever- 
mine the rate of heat transfer, 


0.220 (150 - 100) _ 5.5 25s (26) 
@ a s e a 
is + 1.83 + e ©.047 + 1.030 + 0.091 2, 


= 1.98 watts 
It is seen that in this particular case, the resistance to heat 
transfer caused by the joint constitutes 1.83 x 100 or 66% of 
the entire resistance. 2.768 
The heat flow rate, neglecting the contact resistance is; 


qs gee (250 — 20 130 100. 5.86 watts 
e + * 


Ts a5 


or almost three times as great as that wherein contact resis- 
tance is considered. 
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Conduction Across Thin Air Gaps 


It has been found that heat transfer, other than that radiated, 
occurs between short vertical surfaces by gaseous conduction 
for distances up to about 1/4" (see reference 5). Beyond this 
distance a convective effect becomes apparent. At distances 
greater than 1/2" the convective heat transfer increases and 
approaches, for distances greater than 1", a value equivalent 
to that for a heated surface in free air having the temperature 
of the cooled surface. 


In dealing with thin air gaps, say 1/\" or less, it can be as- 
sumed that the primary mode of heat transfer (other than radia~ 
tion) is by conduction and the resistance can be estimated by: 


where L is the thickness of the air gap and k is the thermal 
conductivity of air (see Table 18) at the average air tempera- 
ture. 


Conduction Through Other Shapes 


The foregoing shows that pure conduction through a wall or bar, 
cylinder and sphere is relatively simple. All other shapes are 
complex and usually must be solved by graphical or numerical 
means. Where conduction through complicated shapes is accom- 
panied by convection or radiation or both, it is difficult to 
define the problem mthematically. This results from the com- 
plexity of the thermal paths associated with densely packed 
electronic equipment. In certain instances these paths include 
"end effects" which are disregarded in conventional heat trans- 
fer design. Heat flows from regions of high to low temperature 
by conduction, radiation, convection and combinations of all 
these modes. Further, one mode affects the other so that 
densely packed electronic equipment represents a thermal cir~ 
cuit wherein it is difficult to apply an exact analytical treat- 
ment. However, there are instances which are readily applicable 
to an analytical treatment, an example of which is forced con- 
vection over electronic tubes wherein the heat transfer occurs 
primarily by only the one mode. Further, these complexities 
should not give the electronic engineer the impression that 
thermal design is impossible or even very difficult. The heat 
transfer characteristics of typical assemblies or subassemblies 
can be determined, if necessary, empirically, and thermal 
"bench marks" established. 
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h. Conduction Cooling Notes 


Reference 10 presents the results of experimental investiga- 
tion of cooling electronic parts by metallic conduction. One 

of the conclusions was that "due to the complex nature of 

heat transfer when pure conduction is taking place concurrently 
with other modes of heat transfer, an adequate general correla- 
tion of the data is not practical." It was found, however, that 
"components largely made of metal and fastened in firm metal to 
metal contact with a cooled surface, are cooled satisfactorily 
by this method." In general, the largest metallic surface area 
of the part should be in contact with the cooled surface. 
Further, it is stated that under good thermal contact, as much 
as 50% of the total heat dissipation may be by conduction. 

Also, "the temperature rise of components cooled by free convec- 
tion in air at ground level pressure may be decreased 30 to 45% 
by fastening the component with metal-to-metal contact to a 
cooled surface at the same temperature as the ambient air, de- 
pending on the configuration and method of mounting the component." 


In summary, the following recommendations are important regard- 
ing conduction cooling: 


(1) Blectronic parts, made largely of metal, may be efficiently 
cooled by conduction provided there is good metal-to-metal 
contact, preferably by soldering. 


(2) The conduction path should be as short as possible, that 
is, the part should be so placed that its smallest dimension 
is perpendicular to the cooled surface. Also, if possible, 
the largest metallic surface of the part should be in con- 
tact with the cooled surface. 


(3) Parts, other than metal ones, may be cooled by conduction, 
although less effectively. It is imperative that the 
thermal resistance at the contact plane be low, which can 
only be obtained if the surfaces are flat and smooth and 
if the two surfaces are in contact under pressure. 


2. Free Convection in Gases 
a. General 


Heated bodies situated in a gas (or liquid) may lose an appreci- 
able percentage of heat energy by free convection. Usually the 
gas is air, but other gases which exhibit higher coefficients of 
heat transfer, such as helium, are sometimes used. Heat trans- 
fer coefficients of gases in free convection are usually very 
low when compared with liquids and the thermal resistance due to 
the free convection film may be the greatest and, hence, the 
governing factor in a thermal circuit. 
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b. Units 


A consistent set of units must be used in both free and forced 
convection calculations. It may be convenient to use the mech- 
anical engineering system of units since the properties of fluids 
are usually listed in this system. Table 3 lists the nomencla- 
ture and the engineering system of units which may be used in 
both free and forced convection equations. 


TABLE 3 


Engineering System of Units 
Free and Forced Convection Equations 


Symbol Nomenclature Units 
ho Convection coefficient of heat transfer Btu/(hr.)(sq.ft.) (°F) 
L Characteristic length ft. 
k Thermal conductivity Btu/(hr.) (ft °r)/ft. 
g Acceleration due to gravity 4.17 x 10° ft./nr.? 
GB Coefficient of thermal expansion Cu.ft./(cu.ft.) (OF) 

Density Los ./cu.ft. 

yy Viscosity Lbs ./(ft.)(hr.) 
c Specific heat at constant pressure Btu/(1b.) (°F) 
Vv Velocity Ft./(hr.) 


* For a gas, the coefficient of thermal expansion_is numerically equal 
to the reciprocal of the absolute temperature, oR 


c. Theoretical Considerations 


The basic equation for the free convection film coefficient for 
any fluid, either liquid or gaseous, is: 


bot, (gpor ve’ P (cut (18) 
k \ -4# | as ae 


The symbols and units are given in Table 3.A4*is the tempera- 
ture difference between the surface and the fluid. C is a con- 
stant which, in general, depends on the shape of the surface, 
while the exponents m and n depend on the magnitude of the 
groups of variables in the parentheses. 


The term in the left of equation (18), h.L/k, is a dimensionless 
group called the Nusselt number, Nu. The group of terms in the 
first set of parentheses on the right is also dimensionless and 
is known as the Grashoff number, Gr., while the terms in the 
second parentheses are a dimensionless group known as the Prandtl 
number, Pr. These three groups are important in free convective 
heat transfer, and equation (18) has been used to correlate ex- 
perimental data. Furthermore, this equation can be derived by 
theoretical considerations. It has been found experimentally 
that the magnitude of m and n are very nearly equal and equation 
(18) may be rewritten in the form 


k 3 m 
ho= CF (a L°At) (19) 
where "a't is defined as: 
a= £892 (20) 
Ak 


The significant dimension L is a function of the character and 
position of the convecting surface. The following table lists 
L values for the more common shapes. 


TABLE b 
SIGNIFICANT DIMENSION "L" 

Surface Position Length 
Plane horizontal Ahengtn) x aeth) 

ength + 
Plane (reotangular) vertd coal vertical height but 
limited to 2 ft. 
Plane (non-reotangular) vertical SORE WLR 
Plane (oiroular) vertical 0.785 x diameter 

Cylinder horizontal diameter 
Cylinder vertioul height of oylin.er out 
limited to 2 ft, 
Sphere 0.50 x diameter 
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For irregularly shaped electronic parts, the L value would be 
that of the most similar shape or surface in the foregoing 
table. 


The exponent "m" is dependent_.on the value of al? At. In the 
range from aL“~4,t = 10° to 107 its value is about 0.25. If the 
magnitude of aLYAt exceeds 0”, the value of m increases to 
0.33. However, the range 10° to 107 includes almost all elec- 
tronic free convection calculations. 


Thus, the free convection equation can be written: 


h. = o£ (ata +)0*2? 


; (21) 


Reference (11) lists values of the constant C for various shapes 
and surfaces. In general, these values are for relatively large 
dimensions when compared with subminiature electronic parts. 
Examples of applicable shapes are boxes used to house electronic 
parts. The values are listed in Table 5. 


TABLE 5 


Values of C to be Used in Equation (21) 


Shape and Position Cc 

Vertical plates 0.55 
Horizontal cylinders (pipes and wires) 0.45 
Long vertical cylinders 0.45-0.55 
Horizontal plates facing upward 0.71 
Horizontal plates facing downward 0.35 
Spheres (L = radius) 0.63 


In using equation (21) it is convenient to use the Btu-°F~foot system. 
For a gas, the coefficient of thermal expansion is equal to the 
reciprocal of the absolute temperature or 1/°R where CR = OF + 

460. The properties of air at sea level pressure, including 

the "a" term, are given in Table 13 (Appendix C). 


For free convection in air, reference (6) includes a chart which 
permits solution of the foregoing equation with a very minimum 
of calculation. This chart has been reproduced in Figure 11. 

It is only for air and cannot be used for other gases. While 
the usual gas is air there are instances wherein other gases 
such as helium might be used within a sealed unit to advantage. 
In this case calculations must be made using equation (21). 
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d. 


Example No. 3 


The following example illustrates the use of equation (21) and 
also the use of the free convection chart.(in :nnendi.x envelone)., 


(1) Problem 


A metal container, 24" lon, x 12" wide x 12" high, situated 
in free air at 35°C, has a surface temperature (average) of 
85°C. How many watts can be dissipated (exclusive of radi- 
ation and conduction) by free convection from the top sur- 
face only to the air? It is assumed that the space surround- 
ing the container will remain at 35°C (well ventilated) 


(2) Solution by Calculation 


Step (1) - Determine film coefficient by use of 
equation (21). 


0.25 


ho = C : (aL? At) 


t= 85°C = 185°F 

t, = 35°C = 95°F 

Average temperature of air film = 186 «9 = 40°F 
Pertinent properties of air at 10°F (from Table 18) 
k = 0.0168 Btu/(hr.)(ft.) (°F) 

a = 0,896 x 10° 

C = 0.71 (for horizontal plate facing upward) 
At = 185-95 = 90°F 


12x2h_,. . 
L e 12: + 2 = 8 in. it 0.667 ft. 
0.0268 6 2 
ho = 0.71 Bpze= (0.896 x 10° x 0.6673 x 90) °2? 


= 1.25 Btu./(hr.)(sq.ft.) (°F) 


Step (2) - Determine total heat transfer rate 


q = hl adt (Basic equation) 
A = 12x 2h = 288 sq. in. = 2.0 sq. ft. 
q = 1.25 x 2.0 x 90 = 225 Btu/hr. 
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Step (3) - Convert to watts 


225 Btu./hr. x z75e = 66.0 watts total heat dis- 
Sipation by free convection 
from top surface only. 


Note: The calculations for the heat dissipation from the 
sides and bottom of the box may be made in a similar 
manner using appropriate constants from Table 5. 


(3) Solution by Chart, Fig. 11 


Enter top right’ quadrant at 85°C surface temperature and pro- 
ceed horizontally to 35°C air temperature line. Follow ver- 
tical line downward to 30 in. He. pressure (atmospheric) in 
lower right quadrant. Proceed horizontally to horizontal 
plane face-up line in lower left quadrant. Proceed verti- 
cally upwards to significant dimension line of 8.0 in. in 
upper left quadrant (use upper group of lines). Proceed 
horizontally to right and read 0.227 watts per sq. in. 


Total watts from upper surface is: 


0.227 x 12 x 2h ~= 65.4 watts 
(this is in close agreement with the calcu- 
lation method) 


Note: A similar example wherever the heat dissipation is 
given and the temperatures are to be found is pre- 
sented on page 96. 


e. Free Convection from Small Confined Parts 


Ref. 5 cites free convection tests of tubes, resistors, relays 
and transformers in confined spaces. Due to enclosure effects 
and the irregular configuration of the parts together with their 
smallness, it was found that the convection heat transfer coef- 
ficients were greater than those calculated by using the con- 
stants in Table 5. The test data are best fitted by the follow- 
ing equation: 


Nu = 1.45 (Gr x pr) 0+23 


(22) 
(where Nu, Gr, and Pr are the Nusselt, Grashof and Prandtl numbers 
respectively). 


For the miniature and subminiature tubes tested, the height was 
used as the significant dimension L. For the horizontal resistors, 
L was defined as the reciprocal of the sum of the reciprocals of 
the diameter and length. For the relays and transformers, L was 
taken as the vertical height. 


Si) 


23. a. 


24. d. 


25. a. 


2 gal 3 qt x 417 = 

417 x 3 qt = 1,251 qt = 312 gal 3 qt 
417 x 2 gal = 834 gal + 312 gal 

= 1146 gal 3 qt 


Divide 5 gal 1 qt 2 pt by 11 
5 gal 1 qt 2 pt = 44 pt 
44 pt + 11 = 4 pt or 2 qt 


1 ton 600 1b 15 oz 
6 ton 35 lb 4 o2 


+ 200 lb 12 02 


26. da. 


27. C. 


wW 
o>) 
AOBawrAnsrAanrAaaADvANAN 


7 ton 2,535 lb 31 oz = 
8 ton 536 lb 15 oz 


437 xX 6 OZ = 2,622 oz = 163 lb 14 oz 
437 x 25 = 10,925 lb + 163 lb = 
11,088 1b = 5 tons 1,088 1b 14 oz 


490 lb 10 oz 
7,850 02 + 5 


7,850 oz 
1,570 oz = 98 lb 2 o2 


i 


3 mi x 1.6 = 4.8 km 

3,000 m+ 0.9 = 3,333.33 yd 
430 cm + 2.5 = 172 in. 

430 cm + 30 = 14.33 ft 

65 mi x 1.6 = 104 km 

7.5 in. x 2.5 = 18.75 cm 

8 ft x 30 = 240 cm 

500 yd x 0.9 = 450 m 

475 ml + 30 15.83 fl oz 


64 f1 oz x 30 = 1,920 ml 
4.5 pt x 0.47 = 2,115 1 
8.25 qt. x 0.95 = 7.8375 1 
55 gal x 3.8 = 209 1 

1,064 g + 28 = 38 oz 

4.275 kg + 0.45 =10 lb 

18 t + 0.9 = 20 short ton 
54 02 x 28 = 1,512 g 

1,750 lb x 0.45 = 787.5 kg 
21 ton x 0.9 = 18.9 t 

75.6 lb x 0.45 = 34.02 kg 
1,145 g + 28 = 40.89 oz 


Reference 


4203 


4203 


4204 


4204 


Since the totdl heat transfer rate q by free convection from 
the surface area A is given by: 


q = hadt (23) 


equations (20) and (21) my be combined and solved for the dif- 
ference between the surface and fluid temperature, Ref. 10 
changes the exponent of the Grashof and Prandtl numbers from 
0.23 to 0.25 (for convenience) which results in: 
yo? q 0.8 
At = 0.75 Sak (2h) 


with all units in the Btu.~foot—-degree F systen. 
The application of equation (22) is given in an example in the 


Liquid Cooling Section. These free convection equations are 
applicable to any fluid, liquid or gaseous. 


3- Radiation 


ae 


Gene ral 


The basic equation for the net exchange of radiant energy 
from a surface at an absolute temperature of Th to a surface 
at a lower temperature, Ty; is 


qs oh F, F((4)" - (12)"] (25) 


where: 
oO is the Stefhan-Boltzmann constant 
A is the area of the higher temperature surface 
(in most cases) 
F, is an emissivity factor 


F, is a configuration factor 


The units to be used in the general radiation equation in the 
two systems are: 


Btu-foot-hour-°F Watt-Inch-Sec .°C 
Systen Sys tem 
qp Btu./hr. Watts 
o 0.173 x 107% Btu./(hr.)(sqeft.) (°R)4 
0.0037 x 107° watts/(sq.in) (°x)4 
A sq. ft. sq. in. 
F. Same in both systems - dimensionless 
ES Same in both systems - dimensionless 
T (T)°R = 60 + (t)°F (T)°K = 273 + (t)% 
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The emissivity factor F, allows for the departure of two radiat~ 
ing surfaces from ideal blackness or unity emissivity. In 
general, F_ is a function not only of the emissivities of the 

two radiating surfaces but of their geometric arrangement as well. 
For parallel planes which are large compared to their distance 
apart and also for a completely enclosed body which is large com- 
pared to the enclosing body, F, is given by: 


Fe = > (26) 


Where 6,, and €, are the emissivities of the two surfaces. 

For a completely enclosed body which is small compared to the 
enclosing body, such as an electronic box in a large compartment 
or room, the emissivity of the enclosing surface has little ef- 
fect on F, and 


(27) 


whe re €, is the emissivity of the enclosed body. These are the 
more general configurations, but for others, reference should be 
made to "Introduction to Heat Transfer" by Brown and Marco (ref. 
11). 


Tables 20 and 21 list emissivity values of various surfaces. 
Dull, dark surfaces are good absorbers (or emitters) and have 
high emissivity values. Polished surfaces have low values and 
can be used as radiation shields to protect parts from radiant 
heat sources. 


In the case of enclosed bodies, the area A in the radiation equa- 
tion is that of the enclosed body. The configuration factor E, 
takes into account the geometry of the radiating surfaces and 

the fact that not all of the radiation from one surface may reach 
the receiving surface. In most cases, such as the large parallel 
planes and enclosed bodies, F, is unity. For certain other con- 
figurations F_ may vary widely and much information is given in 
reference 11. 


Equation (25) my be written in a slightly different form for 
ease of solution, Using the Btu-hr.-sq.ft.-R system, it is: 


\ 4 
T T 
dr = 0.173 AF PF,|/-L) -(-& 28 
7 eva (3) (2 (28) 
and in the watt-sec.-sq.in.-°K system: 
t,\4  /t,\4 
q, = 0.0037 A F, F, (2. - 2 (29a) 


382839 O- 56-4 35 


b. 


Example (4) of Use of Radiation Equation: 


Problem: An electronic assembly is housed in a steel box painted 
with a dull paint. Its dimensions are 6" x 12" x 6" high. It 
is mounted in a rack such that the total surface area is exposed. 
The average surface temperature is 150°C and the objects sur- 
rounding the box are at 80°C. Also, the surfaces surrounding 
the box are in relatively close proximity. Estimate the radiant 
energy dissipated from the box. 


Solution: 
A, = 360 sq. in. 


F = It is assumed that the emissivity of the sur- 
rounding objects is 0.90. From Table 20 the 
emissivity of the surface of the box is 0.9). 
Since the surrounding objects are in close 
proximity to the box, F, is calculated by 


Foe = 07" 82 
1, 2 1} 
0.9L 0.90 

F, = 1.0 

T, = 150 + 273 = 423°K 

Tr = 680 + 273 = 353°K 


From equation (29) 


h mn 
= 23 353 
Gy = 0.0037(360) (0.852) (1.0) (43) - Pa 


Gy = 186.8 watts total radiant heat dissipation. 


An alternative solution is by use of the two radiation charts 
Fig. 12, from ref. (6), one for the lower range and the other 
for the higher range of temperature. Using the lower range 
chart, 150°C is located at the left and one proceeds horizon- 
tally to the right to the receiving temperature of 80°C and 
then vertically dowward to the horizontal scale reading 0.615 
watts/sq.in. This is for the ideal black body only and mst 
be multiplied by F, and F, as well as the total area. Thus, 


Qr = 0.615 x FZ x F, x A 


= 0.615 (0.852)(1.0)(360) = 188.8 watts 
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Conversely, if the heat dissipation of the above box is known, 
the surface temperatyre can be computed: 


185 watts 


185 = 0.0037 (3.60)(.852)(1.0) (2+ - (353 
T 185, 
Gey * eo 


T 4 
Too 7 \/3h2.5 = 4.262 


¢ = )26°K 


A 


T. = 426-273 = 153°C 


Comparison of Radiation with Free Convection 


To show that radiation is an important mode of heat transfer, 
it is of interest to compare it with free convection. In the 
foregoing problem, free canvection acts simultaneously with 
radiation. Assume that the surrounding air is at 80°C. The 
following tabulated calculations for the free convective heat 
transfer are from the free convection chart, Fig. ll. 


Example (5) 
FREE CONVECTION FROM BOX OF EXAMPLE (1) 
Significant Area Watts/ Total 
Surface Dimensions,in. Sq. in. sq. in. Watts 
Top xO. ys 72 x 0,393 = 28.3 
Botton 222 = yn 72 x 0.193 = 1349 
Sides height = 6! 216 x 0.276 = 59.7 
Total = 101.9 


Hence, in this case, the total dissipation from the box is 
188.8 (radiation) plus 101.9 (convection), or 290.7 watts, 
of which 65 percent is by radiation. 

Radiation and convection usually occur simultaneously. Since 


free or forced convection is usually described by a convective 
coefficient of heat transfer h,, it is convenient to use an 
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equivalent coefficient of radiation, h,, so that the two co- 
efficients ,are aaditive. Thus, for a surface at temperature 
ty ana of area & transferring heat by convection to the sur- 
rounding air at temperature t,, and simultaneously transferring 
heat by radiation to raaiant receiver surfaces at temperature 
t,, the total heat transfer rate from the surface by these two 
moaes is: 


I = Ge + ar = (hg + hy) A (t, - tg) (29b) 
The radiation coefficient is: 


oF, F, (tg - Ty!) 


(29c) 


r 

t, - t, 
If the surrounding receiver surface temperature is equal to 
the air temperature, qT. is substituted for Th. 


Design Notes on Radiation 


Even though the thermal circuits in densely packaged electronic 
equipment are complex, approximate radiation calculations may 
be mde. There are several design principles which may be used 
to advantage and which shoula be kept in mind: 


(1) The heat transferred by radiation may exceed that trans- 
ferred by convection. Thus, radiation is an important 
mode of heat transfer. 


(2) For maximum heat transfer by radiation, "black" surfaces 
must be used. This should not be interpreted to mean 
that all surfaces should be painted black. Some judge- 
ment must be exercized. For example, vacuum tubes should 
not be painted black because the emissivity of glass at 
temperatures as low as 100°C is equal to that of the best 
blaek paint and with increasing temperatures becomes slightly 
greater than that of the paint. 


(3) For a given difference between radiating and receiving 
surface temperatures, the higher the level of temperature, 
the greater will be the radiant heat dissipation. This 
is due to the heat transfer being proportional to the 
difference in the fourth powers of the absolute tempera- 
tures, Thus, theoretically, parts should be operated at 
their mximum temperature ratings to realize maximum heat 
transfer by radiation. 


(4) Uncontrolled radiation can cause impaired reliability. 


It is desirable to protect temperature sensitive, or low 
rated temperature parts, from overheating, due to their 
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proximity to higher temperature heat sources. Hence, 
low temperature parts must be located so that they do 
not "see" these sources or radiation shields mst be 
used. Thin, highly polished sheet metal shields placed 
between such parts can be very effective as radiant heat 
barriers. The shield should be polished on both sides. 
Also, it is desirable that the shield be soldered to the 
case or chassis to provide a good conductive heat path. 


(5) Placement of parts in an electronic assembly to provide 
maximum radiant heat dissipation requires careful con- 
sideration. For example, a tube surrounded by other 
tubes could dissipate little radiant heat with a conse- 
quent higher temperature rise than its neighbor. There 
may be occasions due to assembly limitations wherein a 
certain part must be given special treatment to provide 
adequate cooling, one example being a tightly fitting 
tube shield soldered to the case or chassis to provide 
a highly conductive thermal path away from the tube. 


lh. Radiation and Gaseous Conduction 


Heat transfer can occur in gases primarily by conduction, across 
small gaps between surfaces at different temperatures, if convec- 
tive effects are suppressed. Radiation and gaseous conduction were 
studied in Ref. (10) with respect to the cooling of vacuum tubes 
and relays. Each part to be studied was enclosed by a cylindrical 
brass baffle blackened on the inside and immersed in a constant 
temperature bath. The spacing between the tubes and baffles was 
0.20 inch. 


It was concluded that exact mathematical correlation of the data 
was difficult, since the heat was dissipated simultaneously by 
both radiation (a function of the difference of the fourth power 
of absolute surface temperatures) and gaseous conduction (propor- 
tional to the first power of the absolute temperatures). Further, 
nonisothermal surfaces and effective surface areas of irregularly 
shaped parts complicated the analysis. However, the tests did 
produce important general conclusions which are in accordance 
with heat transfer theory. These are listed as follows: 


a. The heat transfer between confined, short, vertical surfaces 
occurs only by gaseous conduction and radiation for distances 
up to about 0.25 inch. Convection was only apparent with a 
greater separation. Thus, in densely packaged equipment, 
free convection effects are probably almost absent. 


b. Heat transfer by gaseous conduction is inversely proportional 


to the distance or spacing. Hence, for optimum heat transfer 
the spacing must be very small, in which case the heat 
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transfer by gaseous conduction may exceed that by normal 
convection of unconfined parts. 


For cylindrical parts surrounded by closely spaced black- 
ened shields, the heat transfer rate may be estimated by 
the following two equations: 


Conduction: 
. 2.729 koi (t,, - ty) 
ors a (30) 
P 
where: 


k is the thermal conductivity of the air or 
gas within the space 


ty is the estimated mean temperature of the part 
ty is the temperature of the shield 
D, and D, are the diameters of the shield and part 
respectively 
Radiation: 
Gd, = 0.173 FF, ‘(i -(3)° (31) 
100 100 


where: 

F, is the emissivity factor having a value be- 
tween 0.85 and 0.95 for most electronic 
parts including electronic tubes, as long as 
any metal parts are not bright or polished 


F is the configuration factor, being unity for 
the configuration of a cylinder enclosing a part 


Ap is the area of the part 


Tp and T, are the absolute temperatures of the part 
and shield surface respectively 


The total heat transfer rate is the sum of d_ and 
Gr 


ho 


&. 


1. 


2. 


Problems involving combined modes of heat transfer are 
solved by trial and error methods. 


d. The tests of reference (10) showed, as could be predicted 
from heat transfer theory, that increasing the tube and shield 
temperatures the same amount results in greater heat transfer 
by radiation while the heat transfer by gaseous conduction re- 
mains the same. Thus, for the same heat dissipation, the temp- 
erature difference between part and shield temperature is less 
at an elevated temperature level than at a low temperature 
level. This is due to the increased effectiveness of radiant 
heat transfer in accordance with the fourth powers of the 
temperatures. 


NATURAL METHODS OF COOLING ELECTRONIC PARTS 


General 


Most electronic parts have been designed for cooling in free air 
at one atmosphere by natural means, primarily by radiation and 
free convection, Conduction cooling is usually the less signifi- 
cant mode. The ideal free air environment for electronic parts 

is seldom obtained in conventional electronic equipment, and prob- 
ably is never achieved in miniaturized equipment. This means 

that the parts must either be derated or provided with supplemen- 
tary cooling. Such cooling techniques by natural means are dis- 
cussed in this section. The recommended method may not always be 
compatible with a particular design and, where possible, alternate 
means are presented. 


Vacuum Tubes 


a. Hot Spot Locations 


The modes of heat transfer within vacuum tubes and the loca~ 
tion of the hot spots produced during operation in free air 
are discussed in Section X. -Note that the primary hot spot 
is on the envelope opposite the plate, that the secondary 
hot spot is at the base near the leads, that tubes should be 
cooled in a manner that will reduce the thermal gradients in 
the glass and that tubes mst be cooled primarily by removing 
heat from the glass envelope (See Section X). In general, the 
hot-spot temperature rise on the envelope opposite the plate 
of a tube in free air will be of the order of twenty per cent 
greater than the average envelope temperature rise. 


b. Shields for Removing Heat from Tube Envelopes 


(1) General 


This section is concerned with the ability of tube 
shields to remove heat from the tubes which they enclose. 


yl 


A tube shiela should also act as an electrical shield 
arounu the tbe to reduce interaction cic to stray 

delcs. I*% snoula support the tube securely in its 
Socket against vibration and impact in any plane, and 
it should protect the tute and its leads from mechan ic-— 
al injury. 


There are three heat transfer paths from a bare tube; 
radiation from the envelope to surfaces which the en- 
velope "sees", either natural convection or gaseous con- 
duction from the envelope to the environmental air or 
gas surrounding the tube, and conduction along the tube 
lead wires. Since the greatest concem is the glass en- 
velope, this discussion will stress the former mode. 
In brief, heavy gage, short lenguii wire leads wich are 
thermally grounded, tend to increase heat transfer by 
conduction, The terminals of the leads (away from the 
tube) mist be kept cool if conduction is to be at all 
appreciable. In general, conduction along and convec- 
tion from long lead wires on subminiature tubes, is not 
appreciable. 


The major mode of heat transfer froma bare vacuum tube 
is radiation. This is because the heat transfer by radi- 
ation is a function of the difference of the fourth 

power of the absolute temperatures, whe reas, convection 
and gaseous conduction are functions of only the first 
power of temperature difference. If a tube is surround- 
ed by lower temperature surfaces which are at distances 
greater than one inch from the tube, natural convection 
will occur. The heat transferred to these surfaces by 
convection will be less than that transferred by radia- 
tion. If the surrounding surfaces are very close, say, 
less than one-half inch away, and if the tube is enclosed 
in an airtight container, then free convection becomes in-~ 
effective and heat will be transferred by gaseous conduc- 
tion to a smaller degree than that by radiation. 


In order to be effective in removing heat from the envel- 
ope, the first and most important consideration is to pro- 
vide a minimum of contact resistance between the tabe 
Shield, its base and the chassis or mounting surface. 

The mounting surface should be of metal, Nothing is 
gained by mounting tube shields on, for example, a pheno- 
lic chassis,or on materials of low thermal conductivity. 
Such materials act as thermal insulators and it is easily 
possible to overheat a well shielded vacuum tube, even 
when it is operated well within its dissipation ratings. 
Ideally, for mximm heat transfer, the tube shield 
shoula be soldered, brazed or bonded to the metal surface 
to obtain a near perfect contact. Riveting or bolting 


he 


(2) 
(a) 


a shield to a metal surface leaves a thin air gap which 
constitutes an extremely high thermal resistance, prob- 
ably mich more than the resistance of the shield itself. 
For effective heat removal, this gap mist be minimized 
and preferably eliminated. A poor surface contact my 
cause a shielded tube to operate hotter than a bare tube, 
even though other thermal considerations are incorporated 
in the design. It is not advisable to use a tube shield 
which is not thermally bonded to a cooler metal surface. 


In addition, the shield should fit the tube envelope as 
tightly as possible to reduce the air gap to a minimum. 
Perfect contact with the bulb glass is difficult. One 
method which has found some use is to apply silicone 
grease between the tube and the shield. Unfortunately, 
this method is not usually suited to the maintenance 
techniques ‘of the Armed Services. In general, the most 
practical method is to provide some flexibility in the 
shield to accommodate expansion and variation in bulb di- 
mensions. For example, this can be accomplished by slot- 
ting or splitting the shield. 


Further, it is advisable to increase the absorptivity of 
the inner surface of the shield to increase the heat trans- 
fer by radiation from the envelope. A brightly nolished 
surface is a poor absorber and should not be used. A dull, 
oxidized and blackened surface is preferred. If heat trans- 
fer by radiation to the surroundings is desired, then the 
same dull surface should be used on the outer surface of 
the shield. On the other hand, if temperature sensitive 
parts and other tubes constitute the surrounding objects 
(in which case radiant heat transfer to these parts is not 
desired) then the shield's outer surface should be highly 
polished. Thus, the surrounding objects influence the de- 
sign of the shield. In general, it is not recommended 
that radiant energy be deliberately expended inside an 
electronic case. The heat is radiated from the source and 
dispersed to other parts in an uncontrolled fashion. 


Miniature Tube Shields 


Conventional Shields 


The standard type miniature tube shield, Fig. 13, is not 
too satisfactory from the heat transfer standpoint, es- 
pecially at high heat concentrations. Such a shield is 
usually a heat barrier. The blanket of air enclosed be- 
tween the shield and tube envelope is too thin for free 
convection currents to form and heat transfer from the 
tube to the shield is only possible by gaseous conduction 
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ig. 13 


YAM TUBE SIVELD 
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(b) 


* 


and radiation. Due to the low emissivity of the brightly 
finished shield, a large portion of the radiation is re- 
flected rather than absorbed. Further, the average shield 
has a poor thermal contact with the chassis which prohibits 
heat conduction into the chassis. 


Miniature tubes enclosed in standard nickel plated JAN 
type shields at room ambient temperature and pressure, show 
approximately a h5 per cent increase in hot-spot tempera- 
ture rise over an unshielded tube. One organization has 
found that the provision of circumferential slots near the 
base of the shield to improve convection was ineffective 
(ref. 5). However, convection cooling was increased by 
cutting large vertical slots in the shield. With both 
vertical slots and a blackened standard JAN shield, the 
envelope hot-spot temperature seemed 8°C cooler than the 
unshielded tube. However, this apparent temperature re- 
duction was due to a shift in the hot-spot location caused 
by the convective cooling of the tube envelope. In general, 
an unshielded miniature tube will be cooler than a shielded 
tube. Therefore, in applications where electrostatic shield- 
ing is not required, a spring type "hold down" clamp will 
usually provide better cooling than a standard miniature 
shield, provided the radiation from the tube can be tolera- 
ted. 


To summarize, the bulb temperature rise is least without 
any shield. Blackening a conventional miniature tube 
shield appears to be the only practical method of lower- 
ing the temperature rise, if such a shield must be used. 
Even so, the improvement is rather insignificant. The 
relatively poor ability of the conventional shield to faci- 
litate heat removal from the tube is due, mostly, to the 
poor thermal attachment of the shield to the chassis. Con- 
duction from the shield to the chassis is greatly impaired 
due to the method of attachment. * 


Radiation-Conduction and Radiation-Conduction-Convection 
shields 


With the radiation-conduction shield (see Fig. 14), heat 
transfer takes place by combined radiation and gaseous 
conduction from the tube to the shield and then, primarily, 
by metallic conduction from the shield to the cooled chassis. 
In such instances the thicker shields produce relatively 
lower temperatures, due to the larger heat conduction path. 
However, it has been found that increasing thickness results 
in diminishing returns. An increase of from 1/32 inch to 
1/16 inch decreases the tube-to-sink temperature difference 
by 10 per cent, whereas, an increase from 1/32 inch to 3/16 


This work is continuing and will be reported in a future 
publication. 
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CONDUCTION TUBE SHIELD 


inch decreased the difference by only 20 per cent, 
(ref. 10). 


The heat transfer rate from the radiation-conduction-con- 

vection shield is influenced by the size of the air gap 

as well as the number of slots. With small air gaps there 

is little free convection, and slotting the shield pro- 

duces high temperatures. Slotting the plain shield in- 

creases the heat transfer only if the air gap is relatively 

large, say, 1/4 inch. The number of slots also affected 

the heat transfer although no correlation was apparent {See Fig.15). 


Since a standard noval tube shield will just chamber the 
standard shield base made for a seven-pin miniature tube, 
it is possible to obtain a more effective convection 
cooled shield for use with nine-pin noval tubes by insert- 
ing the base of a seven-pin tube shield within a noval 
shield (see Fig. 16). The junction between the insert and 
the main tube shield is mide by soldering, care being 
taken not to fill up the air space. This modification 
will permit convection between the tube envelope and the 
shield to reduce the envelope temperature. It is parti- 
cularly applicable to tubes which are operated at full 
ratings in equipment of conventional construction. 


(3) Subminiature Tube Shields 


(a) General 


The majority of subminiature tubes are used in radio fre- 
quency and voltage amplifier applications wherein about 
two watts per tube are dissipated. At this power level 

a single unshielded tube operating in free air at 25% 
can attain an envelope temperature of 110°C at thermal 
equilibrium. Approximately 10% of the heat is removed 
by radiation while the greatest part of the remaining 
60% of the heat is removed by free convection. When 

this same tube is placed in a subassembly with other 
similar tubes, heating by mtual radiation and convec- 
tion is increased, and the tube envelope temperature can 
rise to 225°C at equilibrium. It is possible to allevi- 
ate this condition by using tube shields designed to re- 
move heat from the tube envelope and transfer it into the 
chassis by metallic conduction. 


An assortment of subminiature tube shields designed for 


conduction cooling have recently become available. A 
rough evaluation of several types of subminiature tube 
shields now in common use, along with some specially 

designed shields developed in this Laboratory, was con- 


ducted.* There are four general types of subminiature 


* This work is continuing and will be reported in a future 
publication. 
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NOVAL SHIELO 


BASE ONLY OF 7~ PIN 
MINIATURE SHIELO INSIDE 


wt———. NOVAL SHIELO 


SOLDER 
SOLDER 
BASE ONLY OF 7-PIN-— 
MINATURE SHIELD 


00 NOT FILL THESE 
SPACES THEY ARE 
NEEDED FOR AIR CIR- 
CULATION, 


Fig. /6 
IVES’ SHIELD 
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tube shields: the wrap-around shield, the fuse clip type 
shield, the machined aluminum shield and the solid metal 
block type shield. The selection of a given shield de- 
pends upon the particular requirements of the electronic 
sub-assembly involved, 


(b) The wrap-around shield (Fig. 17) is the most commonly used 
in current electronic equipment. The shield consists of 
a cylinder of springy metal which is formed to fit and wrap 
around a subminiature tube envelope. Heat is transferred 
from the glass envelope of the tube by radiation, direct 
conduction, and gaseous conduction to the shield. The 
shield in turn forms a conduction path of low thermal re- 
sistance to the chassis. 


(c) Another type of subminiature tube mounting utilizes a fuse 
clip type configuration (Fig. 18) in which a spring metal 
clip is used to hold the tube in position. The fuse clip 
is usually riveted to the chassis or support. Some fuse 
clip mountings are long and cover a good part of the tube 
surface, thus providing a good conductive heat path away 
from the tube envelope. Small fuse clips have also been 
used to hold the tube in a favorable position for free 
convection and radiation cooling. 


(a) The cylindrical shield consists of an aluminum tube shield 
machined out of a slotted aluminum tube with threads on 
its base so that it may be screwed into a threaded chassis 
(see Fig. 19f). 


(e) An alternate method of mounting subminiature tubes has been 
to insert the tubes in a drilled metal block, the holes (Fig. 20) 
being slightly larger in diameter than the outside diameter 
of the tubes. Metal tube blocks of this type have been 
built as an integral part of the outside of equipment cases. 
Various methods have been used to hold the tubes in the 
block. In one instance, silastic type rubber was used in 
the form of a ring around the top and the bottom of the 
tube envelope to form a shock mounting for the tube. With 
such a mounting, the primary heat transfer modes from the 
tube envelope are by radiation and gaseous conduction to 
the metal block which, in turn, provides an excellent me- 
tallic conduction path to the surface of the equipment of 
subassembly case. Another technique involves wrapping the 
tube with corrugated aluminum, silver or copper foil prior 
to insertion into the metal tube block. The air gaps are 
reduced and conduction is increased. 


(f) Evaluation of Subminiature Tube Shields 
Initial Considerations: 


The analysis of the thermal characteristics of tightly fit~ 
ting tube shields is complicated by temperature gradients 
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Fig. 17 


WRAP-AROUND SUBMINIATURE TUBE SHIELD 
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Fig. 18 


FUSE CLIP TYPE SUBMINIATURE TUBE SHIELD 
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STUDY UNIT 5 
GEOMETRIC FORMS 


Introduction. Geometry is the study of the measurement and 
relationships of lines, angles, plane (flat) figures, and solid 
figures. In this study unit you will perform calculations to 
determine degrees, area, perimeter, volume, and circumference. 
Throughout your career, you will use the measurements and 
relationships studied here to perform a variety of tasks such as 
map reading and land navigation, determining fields of fire, 
calculating the amount of water and fuel for training operations, 
and determining the storage area for supplies. In fact the list 
really could go on. The first topic in our study is angles. 
Let's take a look at them. 


Lesson 1. ANGLES 
LEARNING OBJECTIVES 


1. Given a series of angles, apply the operations for 
measuring angles with a protractor to obtain degrees. 


2. Given a series of angles and a protractor, measure the 
angles to classify them. 


3. Given two or more angle readings, compute into degrees, 
minutes, and seconds, using the operations for 
computation of angles. 


5101. Measuring Angles 


a. Definition. An angle is a set of points consisting of two 
rays (sides) and a common end-point (fig 5-1). Angle BAC is 
abbreviated BAC. It can also be written as angle CAB; they are 
the same angle. Point A which is the middle letter in the angle 
is called the vertex of the angle. 


Fig 5-1. Ray AB + ray AC = angle BAC. 


TUBE EMBEDDED 
IN "SILASTIC" 


Fig. 20 


DRILLED METAL BLOCK FOR MOUNTING 
SUBMINIATURE TUBES 
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ii. 


on the surface of the tube envelope, and the envelope 
surface temperature measurement errors due to the in- 
timate contact between the envelope and the shield. 

It has been found that shield temperatures are mislead- 
ing. In order to minimize those errors, small holes 

were drilled in the shields to be tested, and thermo- 
couples were inserted and attached to the tube envelopes 
with Sauereisen cement. Some inherent error exists with 
this method since the thermocouples were on a part of 

the envelope which is cooled only by convection and radi- 
ation. In other instances, as an alternate, temperature 
indicating paints and lacquers were placed on the surface 
of the tube envelope. However, since the lacquer or 
paint was in contact with both the shield and the envelope, 
the indicated temperature was somewhere between that of 
the envelope and the shield. These techniques were con- 
Sidered satisfactory only for the determination of the 
relative merits of the shields tested. More accurate re- 
sults could be obtained by inserting thermocouples into 
the envelope glass or by attaching thermocouples to 
several internal tube elements. 


Each shield was mounted by soldering or by other low re- 
Sistance means to a brass sink plate which was partially 
immersed in water. This provided an adequate heat sink 
whose temperature remained constant during these tests. 
Type CK5703 tubes were used throughout and operated at 

3 watts input to thermal equilibrium. Extreme care was 
used to make sure that the entire electrical input to 
the tubes was dissipated (no electrical output). All 
tests were conducted at 24°C ambient and sink tempera- 
ture at sea level pressure. Where possible, the tube 
shields were made of a material of equivalent thickness. 


Fig. 21 presents a beryllium copper tube shield of the 
wrap-around type and shows an example of the variation 

in temperature around the circumference of such a shield. 
The temperature gradient of 72°C over the shields is 
typical and demonstrates the wide variation in the tube 
envelope temperature. It also serves to show that shield 
temperatures do not give an accurate indication of enve- 
lope temperature. In another test the plain copper wrap- 
around shield exhibited a tube base temperature of 128°C 
(See Fig. 22). 


A special wrap-around shield developed at C.A.L. (See Fig. 


. ; : oor 
19C)} was fabricated with two clips on the bottom to clamp 


the base of the tube for seal cooling and slotted cir- 

cumferentially to permit more intimate contact with the 
tube envelope. This shield lowered the tube bulb temp- 
erature rise 15°C below that obtained with a simple 
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iii. 


iv. 


vi. 


wrap-around shield (see Fig. 22). 


Tests performed with a fuse clip type mounting 7/16 inch 
long made of beryllium copper (see Figs. 18 and 22), 
showed a seal temperature of 86°C while the top of the 
tube envelope between the two fuse clips was 10°C. The 
temperature half way down the clip at the point of contact 
with the envelope was 56°C. 


The high thermal gradient of 54°C between the tube envelope 
hot spot (above the fuse clips) and point of contact with 
the fuse clips indicates that the fuse clip type shield 
does not evenly cool the tube and that severe glass en-~ 
velope gradients are produced. However, the tube base 
temperature with the fuse clip mounting was 86°C and good 
overall cooling was provided by conduction to the sink, 
plus free convection and radiation from the tube envelope. 


Tests performed with a combination aluminum wrap-around 
tube shield (see Fig. 22) mounted in a beryllium copper 
fuse clip indicated a 5.5°C rise in tube base tempera- 
ture over that obtained with a simple clip. This is 
believed to be caused by the interference of the aluminum 
shield with free convection and radiation. The tempera- 
ture of the shield over the hot spot was 86°C, while half 
way down the fuse clip the temperature was essentially 
the same. This indicated that the aluminum wrap-around 
shield reduced the individual hot spots by distributing 
the heat more evenly over the surface of the tube envelope 
put did not increase the conduction heat flow through the 
fuse clip. While the seal temperature was increased, the 
use of the wrap-around shield overcame the primary disad- 
vantage of the fuse clip type in that the severe thermal 
gradients on the envelope were eliminated. 


The aluminum cylinder type shield with the screw base 
and vertical slots developed at C.A.L. (see Figs. lof 
and 22) was evaluated with the shield operating in the 
vertical position. The temperature of the tube envelope 
ranged from il to l1°C, while the temperature at the 
bottom of the shield in the direction of heat flow was 
39°C and the tube base temperature was 88°C. With the 
tube and shield in the horizontal plane, the top of the 
shield away from the base plate was °C, and the tube 
base temperature was 87°C. Since the shield tempera- 
ture was not significantly affected by mounting position, 
it was concluded that the predominate cooling modes were 
radiation and metallic conduction. 


The block type of shield was first tested with the tubes 
suspended in the holes and not contacting the metal. It was 
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vii. 


found that the tube base temperature was 82°C, the 
temperature on the outside of the block opposite 
the center (hottest point on the tube) was 32°C, 
and a little farther away it was 30°C. The en- 
velope temperature was not measured because it 
was believed that this test was not conclusive, 
since the "chimney" effect provided convective 
cooling. With the tube molded in "Silastic", the 
temperature opposite the plate on the outside of 
the tube block was 33°C, and the tube base was 
41°C, This is not considered to be conclusive 
evidence that the tube block is superior to other 
shields and work is continuing. 


When mounted vertically in free air, the tubes used 
in the above tests exhibited a base temperature of 
103°C and an envelope temperature of 163°C. This is 
40 to 50°C hotter than the equivalent miniature tube 
at the same power input. 


(g) Conclusions 


The findings of this evaluation are summarized in Fig. 22. 


i. 


ii. 


iii. 


The fuse-clip type shield in conjunction with a flex- 
ible wrap-around shield is superior to the wrap-around 
shields for a given metal thickness, since two short 
parallel cooling paths are provided by the clip. Further, 
tube replacement is easier with the clip type shields. 


The cylindrical shield seems to be superior to all 
other shields. 


Under equivalent conditions, the envelope temperature 
of a subminiature tube with a good thermal shield 
will actually be lower than that of its miniature 
tube counterpart with a conventional shield. 


It is realized that these tests omitted several 
recently developed shields and that these findings 
are not entirely conclusive, but only representative 
of the several tube shields evaluated. 


(nh) Design Notes on Subminiature Tube Shields 


i. 


Base cooling of flat press—-type subminiature tubes is not 
provided by most subminiature tube shields. It can be 
accomplished by incorporating springlike clips to contact 
the press base (see Figs. 19b, c, d, & e). With such a 
configuration some additional cooling can be achieved by 
conduction from the base of the tube. The degree of cool- 


ing obtained depends upon the heat conducted by the tube 


ey) 


leads insice of the tube and the contact resistance 
between the clip and the base. base cooling is re- 
commended in instances wherein the tubes are operated 
near their maximam ratings or when the optimum cooling 
is required. 


ii. Several tests to determine the effectiveness of black- 
ening the inside of tight fitting tube shields were 
conducted. It was found that no significant temperature 
reductions were obtained. This was believed to be due 
to the increased thermal resistance of the blackening 
materials. Thin black oxide films were later used and 
no improvement resulted. Apparently the resistance of 
the blackening materials offsets the gain obtained by 
increasing the emissivity. 


iii. Shields should be made of a highly conductive material, 
preferably copper or aluminum. The shield metal should 
be thick to provide a low resistance path. Also, the 
shield should be designed so as not to "crowd" the heat 
flow. 


iv. Spring mterials are usually necessary for tight fitting 
tube shields. Unfortunately, such metals are relatively 
poor conductors. For example, beryllium copper is only 
20% as effective as pure copper. The use of spring metals 
can result in temperature gradients in the shield unless 
darge thicknesses are used. aA compromise can usually be 
achieved by utilizing pure soft metals in contact with 
the tube envelope and compressing the shield with an ex- 


ternal spring. Fig 28- Shield 


Con figurations SCREW 
THREAD 
IN CHASSIS 
Fig. 23a Fig. 236 
WRAP-AROUND FUSE CL/P Fg. 23C 
TYPE SHIELD TYPE SHIELD CROSS-SECTION ///ROUGH 


CYLINDRICAL SHIELD 
v. A brief analysis of three typical tube shield types 


follows: 


Fig. 23a shows an end view of a conventional shield. 
Since heat enters the shield radially over the entire 
surface, it can be seen that the shield carries ever 
increasing heat, starting from the open side or edge, 
and proceeding counterclockwise around the circumference. 
A better shield might be similar to that shown in Fig. 
23b. Here the heat is transferred by two parallel paths 
which offer less resistance. Fig. 23c shows a shield 
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which can provide ve1y .‘fuctive coolings. Note again that 
Af the conductive pai vo de coolcu surface is to be ef- 
fective, there mot ve a geod metallic bond between the 
shiela ana the surface. Further, the tube can be maintained 
at a permissible surface temperature only if the shield can 
transfer the heat gained from the tube to a sink at lower 
temperature. 


ec. Unshielded Tubes 


Vacuum tubes larger than the subminiature types can be operated 
satisfactorily without shields if adequate convection cooling 
is provided ana if the tube can "see" cooler surfaces (radia- 
tion). Convection cooling can be increased by providing 
"chimney" effect devices to guide the air flow. Sub-mounting 
in conjunction with a "sink strainer" will also aid convection 
cooling (See Fig. 2h). 


3. Resistors 


Most resistors for electronic circuitry have been designed for 
natural cooling in free air. Resistors differ from vacuum tubes 
in that almost any power can be dissipated in a given resistor 
provided adequate cooling is present. Thus, with increased cool- 
ing, resistors can be operated successfully at increased ratings. 
The dissipation rating of a given resistor will therefore vary, 
dependent upon its environment. Resistor deratings are based on 
the maximum operating temperature and are published by resistor 
manufacturers. This section does not include such information. 


The average 1/2 watt resistor in conventional equipment will re- 
ject approximately LO per cent of its heat by free convection, 
10 per cent by radiation, and 50 per cent by conauction through 
the leads, There is not much a desi,zner can do to increase the 
cooling by radiation ana natural convection other than to reduce 
ambient temperature. The conduction coolin, of resistors can, 
however, be greatly increased. With small resistors, as noted 
above, considerable conduction cooling can take place through 
the leads. Further, with a 1/2 watt resistor it has been found 
that a 36°C rise above ambient temperature was obtained with zero 
length leads connected to a sink (ref. 13). With leads one inch 
long, the rise was 51°C. Correspondingly, the lead length had a 
greater effect when larger resistors were tested, Therefore, it 
is suggested that larger diameter leads be used with resistors. 
and that the lead length be minimized. If possible, the leads 
should be thermally grounded to the chassis. 


The body of the resistors should also be in contact with a 
metallic chassis or sink. Clamping to the chassis has been 
found to be very effective. The width of the clamp is not as 
important as the fact that, by clamping, the resistor body is in 
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Fig. 24 


SUBCHASSIS MOUNT USING A SINK STRAINER 
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D. 


intimate contact with the chassis. Further, it is desirable that 
the thermal conductivity of the resistor insulation be increased. 
This will aid all types of cooling. 


h. Iron Core Inductors 


Like resistors, iron core transformers and chokes can be cooled 
effectively by comuction cooling. The thermal resistance in the 
core is usually low and the hot spots in the core can be reduced 
by cooling the external surface of the core. The core should be 
thermally bonded over a wide area to a heat conducting support 

or chassis connected to a sink. Care mst be exercised to prevent 
eddy current losses due to possible lamination short circuits at 
the bond. 


Increased cooling, together with size and weight reduction, can 

be obtained by inserting metal heat conductors into the laminations 
and windings. In one instance, the temperature rise was reduced 
by 20°C and the weight was reduced from 18 to 8 pounds by the uti- 
lization of this technique (See Fig. 25). 


NATURAL METHODS OF COOLING ASSEMBLIES 


The thermal design of individual assemblies should be based on two 
fundamental concepts. The cooling technique should be such that a 
given subassembly rejects a minimum of heat to its neighbors and, a 
heat removal termimtion which is thermally mtched to a "sink connec- 
tion" must be incorporated. For example, several subassemblies devel~ 
oped at this Laboratory were provided with heat "sink connectors" as 
well as electrical connectors and the temperature ratings of these 
devices were based on the temperature of the heat removal studs at 

the thermal connector (See Fig. 26)(Ref. qh) A typical subassembly 
had a heat eonesnuraiton of 2.1 cal ire » a unit heat dissipation of 
1/2 watt/in.* and was rated for 150°C (500 hrs.life) or 125°C (5000 hrs. 
life) maximim "sink comector" temperature. 


The primary cooling mode must be selected so as to provide a path of 
low thermal resistance from the heat producing parts to the sink. Radi- 
ation cooling is seldom used as a primary mode, since excessive tempera- 
tures usually result and the heat is rejected into nearby subassemblies. 
Convection cooling cannot be very effective unless large cooling areas 
and wide part spacings are available. This is seldom the case with 
miniaturized equipments. Conduction, therefore, appears to be the most 
desirable natural heat removal means. Further, the heat can readily be 
directed along a desired path. 


Conduction cooling can be effective in two basic types of assembly 
constriction, viz., those units using plastic embedment anc metal 
chassis. 


1. Metallic Conduction Cooling 


Metallic conduction is one of the most satisfactory modes of heat 
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An angle is referred to in one of several ways (fig 5-2). It may 
be called angle B, angle ABC or CBA, or it may be labeled with a 
small letter b or numeral 2. 


ny, Ta, %, 


Fig 5-2. Labeling an angle. 


Now that you know how to label angles, let's find out how they 
are measured. 


b. Measurement. Although the angle is the set of points on the 
two rays, the measure of the angle is the amount of "opening" 
between the rays in the interior of the angle. To measure an 
angle, we must have a unit of measure and a tool inscribed with 
those units. The unit is the degree (°) and the tool is the 
protractor. The protractor which comes with this course has two 
scales. Let's take a look at it. The inner scale measurement is 
in degrees and the outer scale measurement is in mils. We will 
only be using the inner scale. To avoid confusing the two 
scales, it is recommended that you cut off the mils (outer) 
scale. 


Looking at your protractor, you will see that the degrees range 
from 0-360 (360 is also positioned at 0), making a complete 
circle. The degrees on your protractor are determined by a set 
of 360 rays drawn from the same center point. These rays which 
are numbered from 0 to 360 make 360 angles all the same size. 
One of these angles is the standard unit or degree for measuring 
angles. Figure 5-3 illustrates a scale from 0° to 180° and the 
actual size of 1°. 


80 ® 400 
70 110 
60 120 
50 130 
40 140 
30 150 
20 160 
10 170 
1 180 


Fig 5-3. Measuring scale for angles. 
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Fig. 26 
VIDEO AMPLIFIER SUBASSEMBLY 
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transfer from heat producing parts to the "sink connector" in a 
miniaturized subassembly. as previously stated, metals have high 
thermal conductivities and it is therefore advisable to use metal 
tube shields and other metal parts in the thermal circuits. Sev- 
eral typical configurations follow: 


a. Metal Block Chassis 


This type of construction (see Fig. 27) involves a die cast 
or a machined metal block chassis with the tubes inserted in 
cylindrical holes near the cooled surface. The metal block 
forms the outside of the case of the subassembly. Case wall 
thicknesses of .0.125 inches are commonly used and thicknesses 
of 0.25 inch have been used in equipments of high heat con- 
centration. In this instance, the non-heat producing parts 
are mounted in the center of the block. They may, be placed 
at an edge of the block if desired. For maximum,temperature 
operation it is advisable to thermally isolate the tempera- 
ture sensitive parts from the heat producing parts. However, 
it is also necessary that the temperature sensitive parts be 
thermally grounded by a separate path so that they will oper- 
ate at the lower temperature level of the sink connector. 
Note the difference between the good and poor designs. 


b. Metal Chassis 


Metal cases and chassis are commonly used. A typical design 

is presented on Fig. 28a (ref. lj). These subassemblies util- 
ized 0.030 inch thick copper cases and 0.020 inch thick beryllium 
copper subchassis which were spring loaded against the inside 

of the cases to accomodate expansion. The tube shields were 
bolted to the subchassis near points of contact with the case 

so that the thermal path was as short as possible. With a 

heat concentration of 2.1 watts per cu. inch, the temperature 
gradients between the base of the tube shields and the heat 
conducting studs ranged from 2 to 17° C. 


Many variations of this type of construction are possible. 

The thermal design can be approximated by utilizing the data 
presented under Item B. Unfortunately, the temperature 
gradients across joints, rivets, etc., cannot be accurately 
predicted. It is recommended that each configuration be 
simulated and the temperature gradients across the discon- 
tinuities be measured (see notes on contact resistance, Sec.V). 


Hermetic sealing is frequently used to alleviate undesirable 
environmental effects. In such instances it is advisable to 
inert the subassembly with a gas having a high thermal con- 
ductivity such as hydrogen or helium. An additional reduction 
in the thermal gradient can thus be obtained. 
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c. Nonmetallic Unassis 


Chassis of plastics and similar nonmetailio materials are not 
recommended. This type of construction cun only be used for 
devices which dissinate extremely low power such as hearing 


aids. Fig. 28b shows an example of this type of construction. 


The tube will operate much cooler without the shield. Even so, 
when operated without the shield, in several instances the 
radiation from the tube charred and blackened the phenolic 
chassis. 


Plastic Embedment 


Heat transfer in embedded subassemblies is primarily by conduction 
through the plastic in conjunction with some metallic conduction 
in the wiring. A number of such subassemblies incorporate built- 
in metal heat conductors and are actually cooled by metallic con- 
duction cooling. The thermal design of this type of subassembly 
should be based on metallic concuction alone, with the plastic 
serving only as a structural medium. This construction method 
should be used above 0.25 watts/cu.in. The following is limited 
to those types which rely on heat conduction through the plastic 
as the primary cooling mode. 


In general, due to the poor thermal conductivity of plastics, ex- 
treme care ist be'utilized in aesigning a potted subassembly. 
Embedment materials which can withstand peak temperatures in ex- 
cess of 185°C are not currently available. With heat concentra- 
tion of the order of 0.5 watts/cu.in., excessive temperature gradi- 
ents can easily occur, leadin, to mechanical fractures in the 
plastic and failure of electronic parts. For subassemblies having 
heat concentrations less than 0.25 watts/cu.in. plastic embedment 
will provide excellent heat removal. Further, the power Handling 
capacity of conventional composition carbon resistors can be in- 
creased by plastic embedment. Excessive hot spot surface tempera- 
tures of resistors can thus be avoided, There is a need for high 
temperature embedment material having the highest possible thermal 
conductivity, together with low electrical conductivity. Until 
such a material is available, the applications of plastic embed- 
ment should be limited to electronic equipment having low heat 
concentrations » 


In a typical instance, four type T~2 diodes were embedded with 
castin, resin to form a4 cylincer 5/8" aiam. x 1 3/4" long (ref. 
15). Difficulty was experienced with cracked and overheated 
resin at 3 watts total heat dissipation. It was necessary to in- 
corporate aluminum particles in the vesin in order to achieve 
satisfactory thermal performance. The addition of fine metal 
particles will increase the thermal conductivity of embedment 
materials, depending upon the metal, the quantity involved, and 
the particle size. 


E. THE PIACEMENT OF PARTS WITHIN ASSENBLIES 
Major tnermel benefits can be achieved through the judicious placement of 
electronic parts within assemblies. In general, it is desirable to locate 
the heat sources as near as possible to the coolest surface, This will 
provide the shortest thermal path from the source to the sink, together 
with the minimm thermal gradient. In order to obtain maximim heat trans- 
fer, heat producing parts cooled py radiation and conduction should al- 
ways be mounted with their major axes parallel to cooled surfaces. When 
convection. cooling is utilized, heat producing parts should be mounted 
with their longer dimensions vertical, For example, vacuum tubes should 
be vertical because, in general, they will operate cooler than when 
mounted horizontally. 


When heat producing electronic parts, cooled by convection and radiation, 
are mounted in closely spaced g-oups, much mutual heat transfer can oc- 
cur by radiation, gaseous conauction and decreased individual convection 
cooling, Under these conditions, excessive operating temperatures can 
easily be obtained. Such arrangements can be very undesirable. 


When it is necessary to group such heat producing parts together, metal- 
lic conduction cooling is recommended. Conduction cooling will greatly 
reduce the thermal interaction and will permit any practical spacing 
desired. If metallic conduction cannot be provided, then the parts 
should be arranged horizontally to form a "bank" of minimm height. If 
vertical stacking is necessary, then the parts must be staggered. 


Resistors mist be derated when mounted in groups. Fig. .29 illustrates 
the per cent of single unit rating vs. the number of resistors in the 
group. Separate curves are given for five different spacings and, in 
any group of three or more, the spacing between resistors is identical. 
Two percentage scales are shown; one for free air and the other fora 
mesh enclosure. 


Several recommended techniques are presented in Fig. 30. Note thata 
polished radiation shield which is thermally bonded is provided be- 
tween the rectifier tube, resistor and temperature sensitive parts. A 
cylindrical tube shield which is thermally grounded is placed around 
another vacuum tube to obtain guided convection and part protection. 
The selenium rectifiers are above a shield and mounted with their fins 
in the vertical position. 


F. NATURAL METHODS OF COOLING ELECTRONIC EQUIPMENT CASES 


Electronic equipment cases are occasionally designed to dissipate their 
heat to their environment by convection and radiation. Such a cooling 
technigue is practical provided the unit heat dissipation is low, or 
the ambient air temperature and the temperature of surrounding walls is 
Low. 


Figs. 3]a & 31b present the predicted temperatures for given case con- 


figurations. Section IV presents data for computing the thermal capa- 
city of this type of equipment case. 


70 


, (Pua ysaut ul) ONIIVY TINT IIONIS 40 1NIDYId 


8 [~] oe ao f=] o o Oo [—) 
@ w wo zs ~” CS] _ 
TL ERE | I 
” ™ - - 
ee 
25 
7 |" 9 
‘ee 
: a Zz 
3 
So 
5 
=a oo = 
g2 15 
4 lin O 
aw 
Ea: 
wv 
2 1.3 
ie 
N 
te 


0 


SeFSsRSVReeRgage 


(uo 9945 Ut) ONLLVY LINN TIONIS JO LNIDWGd 


FIG. 294 
GROUP MOUNTING OF RESISTORS 


4-44 0S-8H/N28 ‘(Y) 3ONVLON 


oONod 


FIG. 298 
AIR SPACE CONDUCTANCE CURVES 


pe 


LNIWANOF TWNOLLNIANOD M SIDWLIV¢7dA NOILINGLSNOD CIGNIWWODTH 


og 6/4 


SISSVHD OL O4FGNOG ATIVWAFIHL 
ONY GFHSIIOd -OTFHS NOLLVIGWE 


SSVHD OL OFONOS ATIVWAIHL ~NOILOTANOD 
: IS FEAL WOMONITAD 


72 


JOVYHANID SIFH9IA NM ISIY FUNLWAIANIL 


6 


SQUARE INCHES OF CASE PER WATT OF DISSIPATION 


TEMPERA 


TURE RISE OF TYPICAL ETCHED ALUMINUM CASE IN 


Fig. 3la— 


STILL AlR AT ROOM TEMPERATURE 


YOLIVS YOTOD NOMLVAISSIO FAILVEVANOD 


SURFACE 
COMPARISON OF DISSIPATIONS INTO 


STILL AIR OF ALUMINUM SURFACES 


Fig. 316— 


Le FBS 


Note: This protractor is normally used with the "0" pointed 
in the direction of north when used for land 
navigation. You won't be using it that way in this 
course. When determining the degrees of an angle, 
the 0/180 line becomes the base line. The base line 
is positioned on the angle so that you can read the 
scale in a clockwise direction. 


To measure an angle with the protractor, place it on the angle so 
that the center point (crosshairs of the protractor) is on the 
vertex (A) of the angle and position the 0/180 line so that you 
read the angle measurement in a clockwise direction from zero up 
the scale towards 180 (fig 5-4). Observe the degree reading 
where the protractor scale lines up with the other ray. The 
number that corresponds to this ray is the measurement, in 
degrees, of the angle. Angle "A" in this illustration measures 
35°. 


Fig 5-4. Measuring an angle. 


Now use the protractor provided to measure the angles below. If 
the rays are not long enough, lay the edge of your protractor 
along the side of the angle or carefully extend the rays with a 
pencil. 


Example: 


This is a 90° angle. When you measured this angle with your 
protractor, you should have placed it on the angle so that 
the center point (crosshairs of the protractor) was on the 
vertex of the angle. You should have positioned the 0/180 
line so that you could read the angle measurement from zero 


in a clockwise direction up the scale towards 180. The 
degree reading on the protractor which lies on the other ray 
is 90°. 


5-3 


VI. FORCED AIR COOLING 


A. GENERAL THEORY 
Forced air cooling of a heated surface is a more effective method of 
heat removal than free convection. Increasing the air velocity past 
a heated surface results in a decreased resistance to heat transfer 
across the air film and increased cooling which may be several tims 
that for free convection. 


Like free convection, forced convection is a function of several vari- 
ables and the general equation includes the three dimensionless groups: the 
Nusselt, Reynolds and Prandtl numbers. The equation takes the form: 


Nu = 0(Re)™ (pr)? (32) 


The free convection equation included the Grashof number. For forced 
convection, however, the Grashof number is replaced by the Reynolds 
mumber which can be defined by: 


Wwe ,, le 


where: 


is a characteristic dimension 

is the air velocity 

is the air density 

is the air viscosity 

is the mass velocity (pounds air flowing across a unit 
area per unit time) 


ab-p <r 


As in free convection, it is sometimes more convenient to use the Btu.- 
pound-foot-hour-degree F system of units in calculations. These are 
listed in Apperidix A. 


In general, the type of flow, either streamline or turbulent, is indi- 
cated by the magnitude of Reynolds number. For example, for a fluid 
flowing within a pipe, if the Reynolds number is above 3100, the flow 
is turbulent and, if below 2100, the flow is streamline. The tran- 
sition from streamline to turbulent flow occurs in the region from 
2100 to 3100. The mechanism of heat transfer in streamline flow dif- 
fers from that in turbulent flow, the latter producing the higher rate 
of heat transfer. Since forced air cooling of electronic equipment 
usually involves turbulent flow, this discussion does not include 
streamline flow heat transfer. 


1. Flow Within Tubes or Pipes 


The equation for the film coefficient for turbulent flow of any 
fluid within a pipe, except those having viscosities more than 
twice that of water, is given by equation (34), (ref. 3). For 
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flow within tubes, turbulent flow predominates when the Reynolds 
number is greater than 3100. 


8 an 
he = 0.023 . (a) (4) (3h) 


Here the characteristic dimension is the inside tube diameter D. 
For the Prandtl number varies little with temperature, and 
equation (3) may be simplified by substituting 0.69 for the 
Prandtl number which results in: 


8 
he = 0.0198 D a) (35) 


Thus, for air being either heated or cooled within a pipe (exchang- 
ing heat with the walls), the coefficient of heat transfer may be 
approximated by equation (35). For other gases, equation (3) 
should be used. 


For ducts of non-circular cross-section, the equivalent diameter 
D, for use in these equations is defined by: 


4 x cross-sectional area (36) 
e cross-sectional perimeter 


Flow of Gases Parallel to Plane Surfaces 


The film coefficient for air flowing parallel to smooth plane 
surfaces is given by: 


75 
he = 0.055 (E) (BEY (37) 


Here L is the length of the surface and is limited to two feet, 
even if the length of the surface is greater (ref. 11). 


Flow of Air Across Wires and Cylinders 


The equation for the film coefficient across a Single wire or 
cylinder takes the form: 


2. ae (38) 
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TABLE 6 
(From References 16 and 17) 


Constants for Use in Equation (38) for Round Cylinders 


ue b m 
Oh - 4 0.891 0.330 
4 - ko 0.821 0.385 
ho = 4,000 0.615 0.466 
4,000 - 40,000 0.17 0.618 
40,000  - 400,000 0.0239 0.805 


a TEES 


The constants b and m,are dependent on the magnitude of the 
Reynolds number and are given in Table 6. The air properties 


should be evaluated at the mean of the arriving air and surface temp- 


eratures, and h is defined for the difference in these tempera- 
tures. The arriving air velocity is the reference velocity. 


Flow of Air Across Cylinders of Square Cross-Section 


The equation for the film coefficient for air flowing normal to 
the axis of cylinders of square cross-section is similar in form 
to that of cylinders of circular cross-section. The constants b 
and m depend on the orientation of the cylinder with respect to 
the direction of airflow and are given in Table 7 below: 


TABLE 7 
(From Reference 17) 


Constants for Use in Equation (38) for Square Cylinders 


Cross Section Reynolds No. b m 
—- —s§s (] 5,000 - 10,000 0.0921 0.675 
—- +~—« © 5,000 - 100,000 0.222 0.585 


Note that the constant b for the flow parallel to a diagonal is 
more than twice that for flow parallel to a side. The character- 
istic dimension L is the diameter of a circular tube of equal 
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cross-sectional perimeter and b and mM are defined as for flow across 
wires and cylinders. 


S. Flow of Air Across Banks of Tubes or Circular Cylinders 


The correlation of the data for the flow of air across banks of 
circular cylinder tubes takes the same form as equation (38). 
The Reynolds number, DVP/y, my be written as DG/u where G is the 
mass flow rate in pounds per hour per sq. ft. of cross~section 
normal to the air flow. The value of G in the correlation of the 
data is that at the narrowest cross-section between the vacuum 
tubes whether or not the minimum area occurs in the transverse or 
diagonal openings between tubes. Thus, Equation (38) becomes: 


hD be \™ 

= * u(P2) (39) 
The constants b and m depend on the distance between the tubes, 
the tube diameter and the arrangement, i.e., staggered or in line. 
Table 8 gives the values of b and m obtained by Grimnison (See 
Ref. 17) to be used in Equation (38) for banks of tubes 10 rows 
deep. The term and Sp are the longitudinal and transverse tube 
pitches respectively, as defined in Fig. 32. 


Fig. 32 
Tube Bundles with Tubes in Line and Staggered 


in Line Staggered 
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TABIE 8 
Reynolds' Number Functions for Staggered Tubes 


Values of b and n to be used in nquation (3%) for Airflow 
Normal to Tube Bundles (Ref. 17) (10 row deep banks). 


S 
T/y 


1.50 2. 


“Ts Tstel*[>l[=l=1=) 


Tubes in in Line 


crac ao 


Staggered Tubes 


pos | | TT owes | oes 
eo oe 
I a a 


In general, increasing the number of tube rows in the direction 
of airflow produces increased turbulence towards the rear of the 
tube bundle. Hence, the heat transfer coefficients are greater 
for the tubes in the rear. Table 9 shows the ratio of the mean 
coefficient for N rows to that for 10 rows deep (see Ref. 3). 


NaN 
Leo) 
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TABLE 9 


Ratio of Mean Film Coefficient for N Rows Deep to that for 10 Rows Deep. 


ee z 


ot oo fo se [oss [ose fo i. 


6. Flow of Air Over Spheres 


For airflow over spheres, the film coefficient is given by: 


0.6 
hD _ DG 
= 0.33 (2) (4,0) 


7. General Heat Transfer Equation 


The general heat transfer equation for a fluid flowing past a heated 
surface is: 


QF Ko AAtm (41) 
where: 
A is the area of the heated surface 
At, is the mean temperature difference between the surface 
and the air. 
Since the air increases in temperature when flowing past a heated 
surface, the final air temperature must be evaluated by a thermal 
energy balance and the mean temperature difference then approximated 
as the average air temperature minus the average surface temperature. 
The amount of thermal energy absorbed by air is given by: 
= wet (42) 
where: 
w is the airflow rate in pounds/hr. 
is the specific heat in Btu./(1b.)(°F) 


c 
Qt is the air temperature rise in 
q is the heat rate in Btu./hr. 
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For air, ¥ is given by: 
w = 60 x cfmxP (43) 
where: 


cfm is the airflow in cu.ft./min. 
@ is the air density in lbs./cu.ft. 


The flow rate in cfm is equal to the average air velocity times 
the net cross-sectional area normal to the directional flow, or 


cfmeVa (uu) 
V is in feet/min. and A in sq. ft. 
The density of air is given by the following: 


P27 —2 (45) 


where: 


p is the absolute pressure in lbs ./sq. in. (or barometer 
in in. of mercury/2.036) 
tissin Fs 


It is important to note that equations (41) and (42) are the two 
basic equations which enter into heat transfer problems involving 
forced convection. 


8. Heat Transfer vs. Cooling Power Requirements 


The power required to force air over objects and through ducts and 
heat exchangers varies directly with friction or pressure drop. 
High rates of heat transfer are brought about by high air velocities 
but high air velocities result in high friction. Hence, the price 
to be paid for high heat transfer rates is the relatively large 
cooling power requirements. 


Ref. (8) presents design charts for the forced air cooling of banks 

of electronic tubes based on the minimum cooling power requirements. 
This work is useful in designing for optimum conditions and ref- 
erence to it is recommended. Further, pressure drop charts, to- 
gether with typical examples, are presented. 
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FORCED AIR COOLING DESIGN 


Use of Forced Convection Equations in Electronic Design 


A relatively simple problem is presented in the following section 
to illustrate heat transfer calculations for air flowing over a 
small electronic box. The problem involves one in which the con- 
figuration is already given and not one of determining the best 
configuration. For more detailed information on optimum design 
methods, see Ref. (C). 


a, Example 5 


Use of Forced Convection Equations 


An electronic box, 2 1/2 in. square by 4 in. high, is located 
within a 4 1/2 in. square passageway in an electronic as- 
sembly. The bottom of the box rests on the bottom of the 
passageway. A top view is shown, 


AlR FLOW 


Problem: 

If 100 cfm of air at 49°C (120°F) is available and if the 
surfaces of the box are at 93.3°C (200°F), how much heat 

can be dissipated from the sides and top of the box by forced 
convection? 


Area of passageway: Heo ee = Q.1)1 sq. ft. 


100 cfm 
0.11 


or: 709 x 60 


Arriving air velocity: 709 ft./min. 


25u0 ft./hr, 


Approx. average film temp.: so act = 160°F 


Properties of air at 160°F (from Table 18 appendix C) 


= 0.0172 Btu./(hr.)(ft.)(°F) 
0.06) lbs./cu.ft. 
0.050 lb./(ft.)(hr.) 


Equivalent diameter of box diameter of circle of equal 
perimeter 


= 10 in. 
0.265 ft. 


" 
ie) 
WL 
ba 
& 


Perimeter of box 
D 


ul 
i} 
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65 x 2,600 x 0.06 


Reynolds number: oe » O.bbe eee 14,400 


Film coefficient: Saos titubing in Equation (38) using con- 
stants from Table 7 


h x 0.26 ; 
Bx ogee = 0.0921 (14,300)0+679 


h = 3.62 Btu./(hr.)(sq.ft.) (°F) 
area of box: Sides 4 x 2.5xl4 = 0 sq. in. 
Top 2.5x 2.5 = 6.25 
Total 46.25 sq.in. = 0.321 sq.ft. 
Temperature difference: Since h is defined for the difference 
between the surface and arriving air 
temperatures, the At is: 
At = 200-120° = 60°F 
Heat dissipation by forced convection: 


q = 3.82 x 0.321 x 80 = 98 Btu.fnr. 


or Pare = 28,8 watts 
Air temperature rise: 


Air flow = 100 cfm x 0.068 x 60 = 08 lbs./hr. 
Specific heat of air = 0.21 Btu./(1b.) (°F) 
Adr temperature rise = 98 1.0°F 


O.2ui x BOO . 


Comparison with Free Convection 


It is of interest to compare the dissipation by forced con- 
vection in Example 5 with that by free convection. The en- 
vironmental temperature surrounding the box is assumed to be 
120°F. The following calculations are based on the free con- 
vection chart (Fig.11). 

Film Coefficient 


Area Significant Watts/ Watts 
Surface win. Dimension (sq.in.)(°C) Dissipation 
Top 6.25 eke 2 1.25 0.325 2.03 
Sides ho 4.0 0.182 7,28 
9.31 Total 


Thus, in this particular case, about three times as much heat 
is dissipated by forced convection. 
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c. Surface Temperature Variation 


The equations for the film coefficient of air under forced 
convection all presume an isothermal surface. However, 
electronic parts, such as tubes, resistors and enclosing 
boxes, do not have isothermal surfaces, and considerable 
surface temperature variation may exist. This temperature 
variation is not only a function of the intemal structure 
of a part such as a vacuum tube, for example, but may vary 
with the manner in which it is cooled. A small box contain- 
ing electronic parts usually is hotter at the top than at 
the bottom. Since the unit dissipation is a function of the 
difference between surface and air temperature, an average 
temperature mist be used. If the maximim or hot-spot temp~ 
erature is used, an erroneous and too high a calculated heat 
dissipation will result. 


There are no exact rules by which the average temperature 

of a heated part or container can be calculated. However, 

a reasonable estimate is usually satisfactory. Informtion 
on this matter is included in Section X. Also, Ref. (10) 
presents some data related to the temperature distribution 
over the surface of four vacuum tube types cooled by several 
methods. 


It is possible to obtain an average temperature by direct 
experiment. Thermocouples can be placed on the surfaces of 
an object and an average temperature can be calculated on 
an area-weighted basis. Such a test should be conducted 
with whatever cooling method is to be used. With forced 
air convection, the cooling is most effective where the air 
is directed against the hottest surface. 


Finned Surfaces 


The effectiveness of forced air cooling usually can be increased 
by providing extended surfaces or fins over which the air is di- 
rected. The general theory is that the fins provide additional 
heat transfer surfaces which more than compensate for the small 
increased resistance to heat transfer offered by the metal of 
the fins. 


The mathematics of fins is involved and will not be presented 
here. Excellent treatment of extended surfaces is given in Ref. 


(16). 


wo aver] mtant fer) ta 25 
There are several impor vant ge wo Co 


tended surface should be of a ea heat eonaue tine metals The 
fins should be either integral with the part or bonded to the part 
in perfect metal to metal contact so that there is a minimum of 
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Let's try another angle. Measure angle C in the example below. 


Example: 


Angle "C" is a 114° angle. Remember, you must place the 
center point of the protractor on the vertex of the angle and 
position the 0/180 line to read up the scale. 


Example: 
dD 


Was your answer for angle "D" 79°? If not you need to go 
back and review the section. 


5102. Angle Classification 

Classifications. Angles are classified according to the number 
of degrees they contain (fig 5-5). An angle of 90° is called a 
right angle and the rays are said to be perpendicular. An angle 
less than 90° is called an acute angle. An angle whose measure 


is more than 90° and less than 180° is called an obtuse angle. 
An angle of exactly 180° is called a straight angle. 


ae 
, MORE THAN 90 : 
90 2 180 
| LESS THAN 90 ae 


Fig 5-5. Angle classifications. 
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contact resistance. Short, rather thick, fins are more effective 
than long, thin ones. The temperature drop from the base to the 
tip of a long fin may be appreciable, and tends to make the fin 
less effective. Where applicable, weight and space requirements 
should also be considered. 


Sealed Cases With Internal Forced Convection 


Electronic assemblies in sealed cases with internal air circula- 
tion are frequently used with airborne electronic equipment. The 
cases usually employ an internal blower to provide forced air 
circulation over the electronic parts in order to transfer the 
heat to the case effectively. There are a number of variations 
of such sealed cases, including integral heat exchangers and ex- 
ternal blowers (Ref. 20 and 21). 


The application of sealed units permits pressurization so that 
effective forced convection can be maintained at high altitudes. 
The film coefficient for forced convection varies with the air 
density to a power close to unity. Hence, at high altitudes, 
convection can be effective only if the case is pressurized. 
Also, gases having higher film coefficients than air might be 
used. Helium, for example, would have a film coefficient of the 
order of five times that for air based on the same mass flow rate, 
lbs./(hr.)(sq.ft.). Thus, the use of gases other than air offers 
increased cooling potentialities. 


The use of sealed cases has largely been confined to relatively 
large containers. However, the advent of extremely small blowers 
should make possible the application of forced convection to re- 
latively small sealed cases. 


C. PRESSURE DROP AND COOLING POWER REQUIREMENTS 


1. 


General 


An important consideration in forced air cooling is the pressure 
drop required to force the air through the ducts and passageways 
and over the parts or cases to be cooled. A fan or blower * mst 
furnish this energy which, in turn, is usually supplied by an 
electric motor. The power requirements may become excessive and 
the electronicdesigner must realize that forced air cooling re- 
quires the expenditure of power. Further, this power is ulti- 
mately dissipated as heat which may add to the overall cooling 
problem. Detailed treatment of this rather complex subject is 
not included herein, and only important general considerations 
are reviewed. 


#% Note: The terms "fan" and "blower" are used interchangeably. 


8h 
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Cooling Power Requirements 


As previously mentioned, high air velocity results in high film 
coefficients. To obtain air movement a fan or blower is re- 
quired to increase the pressure of the air until it is equal 

to the pressure drop or resistance of the system. The power re- 
quired for a given system is a function of the flow rate and 
system pressure drop and is given by: 


Air horsepower (AHP) = 0.000157 cfm x static pressure drop 
(46) 


where: 


cfm is the air handled in cu.ft. of air per minute 
The static pressure drop is in inches of water. 


Since the efficiency of a fan is less than unity, the required 
fan horsepower is given by: 


Fan horsepower (FHP) = 0.000157 x cfm x static pressure drop 


fan static efficiency 
where: 


the fan static efficiency is expressed as a decimal, or 


0.117 x cfm x static pressure drop 
fan static efficiency 


Fluid Friction & Pressure Drop 


The fan must be selected to deliver the required air flow ata 
pressure equal to the sum of all the pressure losses of the 
system. In addition to the resistance to flow offered by the 
electronic parts, whether heated or not, the pressure loss or 
drop must be estimated for each item in the flow path, including 
all ducts, elbows, enlargements and contractions. Further, if 
a heat exchanger is used to cool the air, this resistance mst 
also be considered. Resistance to flow within tubes or pipes 
and ducts, elbows and over pipe bundles can be calculated. For 
this, there are several available references, such as Ref.(3)} 
It is difficult to calculate the pressure drop through densely 
packaged electronic equipments. This resistance probably is a 
Major percentage of the total and it appears that it can be 
accurately determined only by test. Such test procedures and 
methods are described in Ref. 6). 


The resistance to flow is proportional to the square of the air 
velocity. Thus, for a fixed duct and electronic package design, 
the resistance is proportional to the square of the air flow. 

For example, in a fixed design, if the air flow is doubled, the 
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resistance quadruples. Also, since the power required is propor- 
tional to airflow times resistance, the power becomes eight times 
as great. 


Conversion of Cooling Power Into Heat 


The power required by the fan, that is, the power defined by equa- 
tions (7) and (48), goes into the air to increase its pressure, 
velocity and temperature. It is conservative to consider that all 
of the input power is expended in increasing the air temperature. 
The approximate temperature rise of the air due to fan power input: 


At = 177_x fan horsepower (49) 


efm x density of air 


wheres 


At is in OF 
air density is in lbs.-cu.ft. 


For low pressure systems this temperature rise is usually small. 


The losses of the motor, expressed in terms of power, are dissi- 
pated in the form of heat. If the motor *.s located outsice of the 
air stream, such as one driving a centrifugal fan, then the losses 
of the motor are dissipated as heat to its environment. Since 
motors must also be mintained at safe operating temperatures, 
ventilated motor spaces may be required to prevent, for example, 
excessive temperature rise. On the other hand, if the motor is lo- 
cated in the air stream as, for example, in the case of an axial 
flow fan, then the entire input to the motor is dissipated to the 
cooling air in the form of heat. 


D. FANS AND BLOWERS 


1. 


General 


The terms "fans" and "blowers" are usually used interchangeably 
and, in this manual, these terms will be used to cover all air 
moving apparatus. Reference (6) contains a comprehensive section 
on fan performance and selection and only a general discussion is 
presented here. 


There are two types of fans: the centrifugal fan and the axial- 
flow fan. The type to be selected for a specific cooling problem 
is dependent on several factors, such as airflow and pressure 
requirements, efficiency, speed, space, the air ducting system, 
noise and fan characteristics. 


Centrifugal Fans 


A typical centrifugal type fan is shown in Fig. 33. The three 
important parts are the housing containing the air inlet and out- 


86 


let, the rotor containing the fan blades, and the external driving 
motor. The air enters the housing normal to the side and is dis- 
charged in a direction perpendicular to the axis of rotation. 


Fig. 33 Typical Centrifugal Fan 


The centrifugal fan usually is more adapted to high pressure re- 
quirements. 


3. Axial-Flow Fans 
Axial~flow fans are of two types: the so-called propeller type, 


shown in Fig. 34, and a more efficient design shown in Fig. 35, 
commonly considered to be more truly an axial-flow fan. 
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Fig. 34 Fig. 35 
Propeller Type Fan Axial Flow Fan 


There are several types of construction but all are typified 
by straight-through flow of the air. The axial-flow fan is of 
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4. Fan Characteristics 


STATIC PRESSURE 


HORSE POWER 


GIR FLOW CFM 
Fig. 36a Characteristic Curve of a Centrifugal Fan at Constant Speed 


Fig.2a shows typical performance curves of a centrifugal fan 
running at constant speed. While there are various types of 
both centrifugal and axial-flow fans which have different 
characteristic curves, in a general way, Fig.2¢a is typical. 
With the outlet blocked there is no airflow and usually mximm 
static pressure. At maximum airflow or free delivery, the 
static pressure developed is zero. There is som point between 
these two extremes where efficiency is a maximum and, where 
power is important, the fan should operate at near maximum ef- 
ficiency. This requires that optimum fan type, size and speed 
be selected to deliver the specified airflow and static pressure. 
In other words, the fan mst be well matched to the system re- 
quirements, 


5. Interrelation Between System Resistance and Fan Performance 


In order to show the relation between the duct system resistance 
characteristics and the fan performance, Fig.36b,is presented: 
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Fig. 36b Fan ana Duct System Performence 
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First consider the "system" resistance curve. This is the static 
pressure ~ airflow characteristic of the forced air cooling system. 
For example, point "A" shows that at m cfm airflow through the 
system, the required static pressure is n inches of water ata 

given air density. The pressure drop varies as the square of the 
airflow rate so that the system resistance is a squared curve. The 
systen rating point is that where the system resistance curve crosses 
the fan static pressure curve or, in this case, point "B". Thus, the 
airflow will be m' cfm at n' static pressure. It can be seen that it 
is important to select the fan so that its static pressure curve 
passes through or near the system resistance curve at the desired 
airflow and pressure near peak efficiency (if efficiency is important). 
Further, the speed and noise level mst also be considered. Refer- 
ring to the example in Fig. 36b, if point "A" were desired but a fan 
was used having characteristics as show, the airflow actually de- 
livered would correspond to that at "B" and the horsepower would be 
necessarily high. Hence, judicious selection of fans is important. 
The fan or blower manufacturer can be of great help in proper fan 
selection and it is suggested that his advice on difficult fan prob- 
lems be solicited. 


COLD PLATE HEAT EXCHANGERS 


A cold plate heat exchanger is usually a cooled plate, chassis or panel 
on which are mounted the electronic assemblies and subassemblies. The 
plate may be cooled by forced air flowing through tubes which are in 
intimate contact with one side of the plate, or the plate itself may 
consist of a "sandwich! type heat exchanger through which the air is 
forced, The heat from the individual parts is usually transferred to 
the surfaces of the subassemblies by natural methods, 


The inherent design requirements of a cold plate are such that elec- 
tronic boxes and parts must be placed in intimate contact with the cold 
plate heat exchanger to provide a low resistance heat path from the 
metal boxes through the plate into the cooling fluid. This requires 
careful and, perhaps, expensive construction. The plates are particu~ 
larly well adapted to applications wherein free air convection is poor 
due to low air density and radiation is reduced due to high environment- 
al temperature. Thus, if hermetically sealed electronic components are 
mounted in good metal to metal contact with a cold plate, effective 
cooling can be obtained. 


When air is used as the coolant in the cold plate, the air flow within 
the tubes or heat exchanger passages must be highly turbulent to de- 
crease the resistance to heat transfer offered by the air film. This 
causes a relatively high air pressure drop with consequent high power 


~ Act anon 


requirements. Air plates described in Refs. 18 and 19 were designed 
for pressure drops as low as 0.1 psi and as high as 10 psi. It was 
concluded that 0.5 psi is the most practical, since duct sizes become 
excessive below and power requirements above the 0.5 psi drop. Design 
data including mathematical prediction methods are also presented. The 
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actual performance of chassis of various sizes has been measured. 
Configurations and heat dissipations were within 15 percent of that 
predicted. 


A low resistance path must be provided by conduction between subas— 
semblies and the surface of cold plates. Thus, it is necessary that 

the cold plates and subassemblies have smooth and flat contact sur- 
faces. If care is not exercised in this regard, the contact resistance 
to heat transfer can be excessive and the thermal advantages of the uti- 
lization of cold plates may not be realized. It has been found that it 
is necessary that cold plates be stiff and rigid so that no mechanical 
distortion will occur when the subassemblies are firmly mounted. The 
method of attachment of the subassemblies should provide maintenance 
accessibility and be such that component replacement may be accomplished 
with a minimum of effort. 


The subassemblies may be attached to the plate by bars and through- 
bolts to provide good metal contact, Cold plates have been built with 
heat dissipation capacities ranging from 300 to 800 watts per sq. ft. 

of effective plate area. In one instance, the problem of temperature 
rise across the contacting surfaces between cooled chassis and component 
subassemblies was overcome through application of silicone grease. This 
method replaced any existing layers of air with a material having a 
thermal conductivity from 50 to 100 times greater than air. 


Because of the difficulty of predicting analytically the performance of 
cold plates, it is usually necessary to construct several experimental 
plates in order to determine the exact design parameters. In one in- 
stance (Ref. 18), a cold plate which was fabricated by milling slots 

in a thick aluminum plate and screwing a cover over the top to form the 
cooling passages was found to be unsatisfactory. Subsequent cooling 
plates were mde with plate-and-fin-type heat transfer surfaces of dip- 
brazed aluminum with inlet and outlet headers, A variety of intemal 
arrangement types were constructed with different fin configurations. 

A heat dissipation of 1.0 watt/sq.in. of cold plate surface area was 
obtained, using air at sea level pressure. Both sides of the cold plate 
were used. Hence, a 12" x 12" cold plate could dissipate 12x12 x2 = 
288 watts total. In order to minimize the temperature drop between the 
electronic packages and the cold plate, clamps were required to provide 
adequate contact pressure. The major difficulty encountered during this 
development was in maintaining the surface flatness of the cold plates. 
See Fig. 37. 


While most of the current literature deals with cold plates for high 
altitude airborne electronic equipment, the basic theory and design 
techniques to be used for sea level operated forced air cooled cold 
plates and for liquid cooled cold plates are similar. 


In general, there are three major thermal resistances to be considered 
in cold plate design. First, there is the resistance from the heat pro- 
ducing part to the metal wall of the case. This may be the greatest 
and, perhaps, the controlling resistance. It can be minimized by 
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CROSS SECTION THROUGH A TYPICAL FORCED 
AlR COOLED COLD PLATE 


Fig 37 


gI 


filling the container with a better heat transfer medium, such as 
silicone fluid, or by providing conduction paths of metal from the 
surface of the part to the container walls or by a combination of 
the two. The second major resistance is that formed at the junction 
of the container and the cold plate. This can be minimized by inti- 
mate metal-to-metal contact under pressure. The third resistance is 
that offered by the coolant flowing in the cold plate heat exchanger. 
This may be relatively high. If air is the fluid, its flow must be 
turbulent to be at all effective in reducing this high resistance. 

On the other hand, if fresh water is the coolant, the resistance 
would be made relatively very low, in which case the first resistance 
(part-to-case) would probably control the rate of heat transfer. 


Care must be used in determining the pressure drop in air cooled cold 
plates. Several of the current techniques for measuring pressure 
gradients appear to be questionable. The pressures should be measured 
in the main ducts at points of laminar flow not in headers and nozzles 
where pressure probes will indicate a range of values dependent upon 
their location. 
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VII. LIQUID COOLING 
A. GENERAL 


Liquid cooling systems are applicable for use with electronic equip- 
ments which are to be designed for operation in thermal environments of 
high ambient temperature or with high heat dissipations. In general, 
liquid cooling can be four or five times as effective as forced air 
cooling. Liquid cooling systems may be basically classified as either 
direct or indirect. In a direct system the coolant is in direct con- 
tact with the electronic parts. Heat is conveyed directly from the 
heat producing parts to the coolant, which serves as the vehicle for 
transferring the heat. In this case, the liquid is the primary mode 
of heat removal from the parts. In an indirect system, the liquid 
coolant does not come in direct contact with the electronic parts. 
Heat is removed from the parts by natural convection, conduction, 
radiation or forced convection to a liquid cooled panel or heat ex- 
changer. 


Liquid coolant systems may be divided into five types which, listed 
in their approximate order of complexity, are: 


1. Direct liquid immersion 

2. Direct liquid immersion with forced circulation 
3. Indirect liquid cooling 

4. Direct spray cooling 

5. Composite indirect liquid cooling systems 


1. Shipboard Applications of Liguid Cooling 


In recent years the miniaturization of equipment and increased 
power dissipations have increased the heat concentrations of elec- 
tronic equipment within enclosures to the point that the limit of 
shipboard air conditioning and ventilation systems has sometimes 
been exceeded. In addition to exceeding the thermal limits of the 
electronic components, the high heat concentrations have made 

small rooms or cabins almost uninhabitable for personnel. With 
continuous liquid cooling systems, electronic equipments in en 
closed spaces may be cooled without adding heat to the compartments. 
This may simplify the ventilation problem. Perhaps the most prac- 
tical form of liquid cooling for miniaturized shipboard equipment 

is the cold plate heat exchanger to which subassemblies may be 
attached. The subassemblies should be designed for cooling by 
natural means with a path of low thermal resistance to their base 
for transferring the rejected heat into the cold plate. Alternately, 
the subassemblies may be forced air cooled to transfer their heat 
into an air to liquid cold panel heat exchanger. 
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Can you look at an angle and classify it? If you can, you're 
ready to start computing angle readings. If not, take a few 
minutes to study these angles (fig 5-5). Note how they look and 
approximately how many degrees they measure. 


5103. Computation of Angle Readings 


Computations. So far, all of the angles discussed have been 
measured in even degrees. As a Marine, you land navigate using 
readings on a compass in degrees and occasionally use parts of a 
degree to compute yearly declination on older maps. All Marines 
must know how to add and subtract various angles to change 
compass headings, figure back azimuths, compute yearly 
declination, and to accurately plot on a map. Here you will 
learn a little more than just degrees. You will learn about 
minutes (') and seconds (") too! Each degree contains 60 minutes 
and each minute contains 60 seconds. Let's work a few problems 
involving minutes and seconds. Addition and subtraction of 
angles is done the same way as other units of measure using the 
decimal system. Keep the proper units in the same column and 
carry or borrow as needed. 


Example: 
12°14'36" 
+ 22°56'42" 
34°70'78" = 35°11'18" 
Note: You should see that 78" is 1' with 18" remaining. 


70' + 1' is 71' which is 1° with 11' remaining. 34° 
plus 1° is 35°. Your answer is 35°11'18" 


Example: 
120°45'22" 
+ _16°17'38" 
136°62'60" = 137°3'! 
Example: 
42°12'30" = 41°71'90" 
-— 12°30'50" = —- 12°30'50" 
29°41'40" 
Note: Be careful with this problem. You cannot subtract 


50" from 30" nor 30' from 12' so you must borrow 1' 
or 60" from 12' and add it to 30" and borrow 1° or 

60' from 42° and add it to 12' before you subtract. 
Let's look at another example. 


3. 


Coolants 


There are a number of volatile liquids that cun be generally 
classed as licuic coolants. dowever. this section pertains only 
those liquids which are highly stabie and non-volatile at the se- 


lected operating temperature and do not uncergo a change in state. 


Heat Exchangers 


The design of heat exchangers has not been emphasized in this 
Manual. The heat exchangers which are discussed in this section 
are based on the desizn assumption that, on shipboard, fresh cool- 
ing water is available at 35°C and in sufficient quantities that 
the secondary coolant in the heat exchanger will have about a 3°C 
temperature rise, The temperature of the coolant leaving the 

heat exchanger should not be lower than about 38°C. If the cool- 
ant is at a lower temperature, the piping may be below the dew 
point temperature of the ambient air, and condensation of atmos- 
pheric moisture may take place, being apparent in extreme cases 

as "sweating" of the pipes and associated electronic equipment. 
Condensation must be avoided, especially when electronic equipment 
is located in compartments having air of high humidity. 23c- 
cause of this condition the higher coolant temperatures (38°C) 
have been selected for use in design examples. For operation in 
the tropics, it is recommended that 50°C coolant temperature be 
used in order to prevent condensation damage aboard ship, in ve- 
hicles and in all ground based equipment. 


B. THEORY 


1. 


General 


As previously mentioned, electronic parts normally dissipate heat 
by radiation, free convection, metallic concuction and, where the 
Spaces between parts are smali, by gaseous conduction. When the 
surrounding fluid is a liquid, the effects of radiation 
dissappear and the heat is dissipated by combined free con- 
vection and conduction. The gaseous conduction effect is present, 
particularly in densely packaged units. In free air considerable 
heat transfer between short vertical surfuces occurs by gaseous 
conduction for distances up to about 1/i inch. It is probable 
that a similar situation exists when a liquid, rather than air, 
is the surrounding fluid. Thus, both high thermal conductivities 
and convection coefficients are cesirable. 


The equations for free convection from unconfined surfaces given 
in Section V are applicable to any Tluia, gaseous or liguid. Un- 
like air, however, simplified charts are not available for free 
convection in liquids and equations must be used in estimating 
the film coefficients. The general form of the equation for free 
convection from an unconfined surface is also wiven in Section V. 


A general discussion of the heat transfer from an electronic part 
immersed in a liquid is in order. Consider a heat producing part, say 

a vacuum tube within a small liquid filled metal box which (for 
simplicity) is suspended in air, The heat must be transferred first 

by free convection from the surface of the tube to the liquid, then 

by free convection from the liquid to the walls of the box and then by 
conduction through the metal walls. From the walls, the heat is trans- 
ferred to the surrounding air by combined convection and radiation. 

The thermal circuit is best visualized by an electrical analogy wherein 
each thermal resistance is represented by an electrical resistance. The 
heat transfer is represented by the current and the overall At (surface 
temperature of part minus surrounding air temperature) and by the voltage 
required for the flow of the current through these resistances. Fig. 38 
shows the equivalent electrical circuit. 
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It may be difficult to solve such t.erm1 circuits since the 
cooistances are ot well defined, once, only o,proximations are 


normally utilized. 


The analogy is useful in determining the relative value of the 
At's across each resistance. In the example discussed here, 
the resistance due to conduction across the metal walls of the 
box is probably sml1l, in fact, almost negligible compared with 
the parallel resistance combination of R, and R. due to free 
convection in air and radiation. Since the resistance due to 
free convection in liquids is considerably less than that for 
air, and R, each will be considerably smaller than the R 

and Re“ combination. Thus, the main resistances in this instance 
will be caused by the free air convection and radiation combina- 
tion with a relatively smaller contribution to the overall R due 
to Ry and Ro» the R3 (metal walls) being negligible. The At's 
across each resistance will correspond to the relative values of 
the resistances. This "relative resistance concept" should al- 
ways be kept foremost in mind. In the liquid filled box example, 
a given q or wattage dissipation may cause the surface temperature 
of the part to become excessive, due to the poor heat transfer 
properties of the free air outside the box, in spite of the much 
better heat transfer propertisof the liquid. It is important to 
consider the overall heat transfer problem and the effect of a 
high series resistance far removed from the part in question, on 
the surface temperature of that part. 


2. Example 6 


To illustrate the use of heat transfer calculations, the follow- 
ing example approximating the average surface temperature of an 
electronic part immersed in a liquid is presented: 


Given: 


A thin metal case 1 1/2" x 3/4" x 3 1/2" high is painted 
black on the outside and suspended in free air at 100°C. 
All surfaces which the case "sees!" are assumed to be at 
100°C. 


Three subminiature vacuum tubes, each approximtely 1 3/)!" 
high by 3/8" dia. (bulb surface area of 2.18 sq. in.) are 
within the case which is filled with silicone fluid (550~ 
DC, 112 centistoke grade). Each tube is to dissipate 3.5 
watts and it is assumed that conduction through all lead 
wires is negligible. 


Problems 


Approximate the average bulb surface and hot-spot tempera- 
tures. 
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Solution: 
First step: Determine the average outer case temperature. 


q = 3x 3.5 watts x 3.413 Btu./hr./watt = 35.8 Btu./hr. 
Area of case, A = 18 sq. in. = 0.125 sq. ft. 

The 35.8 Btu./nr. must be dissipated from the outer surface 
of the case by combined radiation and free convection. The 
determination of this temperature is made by a trial and 
error solution: 


ao ee om \h 
T - 
by radiation: = 0.173A F, F a) ef es 26 
ay ap = 0-173 F, F, 34 zs, (28) 
q by free convection: gq, =h,A (ts - ty) (3) 
The value of T, mst be detennined such that q. + q, = 35.6 
Btu./hr. 
Radiation: 
K = 18 sqein. = .125 sq. ft. 
? = 1.0 (assuming case situated in relatively lur.je spuce) 
a pane 
Fa = emissivity outer case = 0.85 
te = 100°C = 212°F 
T, = 60 + 212 = 672°R 
ie = ts + 60 I 9 L ile 
: | ES) <x 10008 
Thus q, = 0.173 x ae x 0.65 x 1.0 a [ze 
dy = 0.0184 ra - 205 
(50) 


Convection: The film coefficient for a vertical surface 
differs from that for a horizontal surface facing upwards; 
likewise, for a surface facing downward. To simplify this 
part of the problem, it is assumed that the film coefficient 
for a vertical surface is the average over the entire surface. 
The equation for the film coefficient for a vertical surface 
is: 


V/u 
hg = 0.55 K (a Vat) 
k = thermal Songer ats ¥ (19) 
L = height of case = mas = 0.292 ft. 


At # tg = ty ete. 2120P, 


a = free convection modulus 
Substituting (19) in (3), using the above values: 
sas Nth 
GW = 0.55 KO (a x 0.2927) / (0.125) At (51) 
0.292 
or 
} ‘\, 
a, = 0.0937 « al/4 a +/h (52) 
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Thus, ie i. a 
9 = 4n + Qo = 0.018) (ts. - 2051 + 0.0937 ka) ye? 
= 35.3 ptu/hr. 
Assume: 
At = 70°F 


k @ 2u7°F = 0.0192 Btu./(hr.)(ft.) (°F) 

a @ 27°F = 0.425 x 10 

ar = 0.0184 [(7.4a4 ~ 2015] Wh. jy = 18-3 Btu-/rr. 

Go = 0937 x 0.0192 x (0.425 x 10°)" x 707+ = 9,3 Btu./nr. 
Total = 27.6 Btu./hr. 


It is seen that a surface temperature of 282°F allows only 27.6 
Btu./nr. to be dissipated from the case. Therefore, a higher 
surface temperature must be assumed. 


Assume: 
At = 90°F av. filmt = 257°F 
t, = 302°F k @ 257°9F = .019h 6 
T, = 762°R a @ 257°F = 0.40 x 10 


By similar calculation: 


Gr = 24.6 Btu/hr Go = 12.7 Btu/hr. 
Qtotal = 37.3 Btu/hr. 


Interpolating at 35.8 Btu/hr.: 
At = 86.9°F 
and ts = 212 + 86.9 = 299°F 


Second Step: Conduction through metal walls. Assume metal walls 
are of steel 0.0375" thicks 


k for steel = 33 Btu/(hr.)(ft.) (°F) 


Then, since q = os (54) 
k 
t = 35.8 x 2.0378 1 = 0.027°F 


i2x35* 9,188 


Thus, the steel walls offer a negligible resistance to heat 
transfer and can be completely disregarded. 
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Third Step: Determine the silicone fluid temperature. The 
heat transfer between the silicone fluid and the metal walls 
is assumed to be by free convection, although the problem is 
complicated due to the confinement of the liquid. again 
equation (52) is used to estimate theat. Since the silicone 
fluid is better than air in free convection, the At between 
the silicone and walls will be considerably lower. 


Assume: 
At = 20°F 
silicone 299 + 20 = 319°F 


av. film temp. = 299 + 10 = 311°F 


k @ 311°F = 0.0703 Bty/(hr.)(ft.) (CF) 
a @ 311°F « 2.33 x 10 
A = 0.125 sq. ft. 
L = 0.292 ft. 
Thus: q = 0.0937 x «0703 x (2.33 x 108)/4(a9)5/4 


q = 34.5 Btu/hr. 
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This is close to g required 35.8 Btu/hr. so 
At (approx.) = aE3 x 20 = 20.8, say 21°F 


Thus, silicone temp. = 21 + 299 = 320°F 


Fourth step: Determine average envelope temperature. 
Again, the heat transfer process is assumed to be by free 
convection in spite of confinement and dense packaging. 
Since, for small electronic parts, the values of C and m 
are equal to 1.45 and 0.23 respectively, the equation be- 
comes: (See Section V). 


aq = haat-1u5¢ (ai?o e) ere 


k 2 : 
or gq = 1elS $ (ab?) (at), 


A At (21)(22) 


where: 
L for tube = height = ie = 0.16 ft. 


A = 3x 2.18/1h) = 0.0454 sq. ft. 
hush. G6: OA) ae 
Try: At = 30°F 
‘envelope = 320 + 30 = 350°F 
av.filmt = 320 +15 = 335°F 
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k @ 335°F = 0.0695 
a @ 335°F = 2.65 x 108 5283 os 
q = 0.12 x 0.0695 x (2.65 x 10°)" x (30)"° 
q = 47.6 Btu/hr (this is too high) 
Try: 
At = 24° 5 
venvelope = Ged eles ae 
av.filmt = 320 + 12 = 332°F 
a @ 332°F = 2,61 x 10 
qd = 0.12 x 0.0696(2.61 x 109)9*43(9),) 4-2 
q = 36.1 Btu/hr. 


This is close to the required 35,8 Btu/hr., soAt is approxi- 
mately 2)°F, Thus, the average surface temperature of tube 
envelope is 320 + 2) = 34°F or 173%. 


It mst be noted that the 173°C is an average temperature and 
does not represent the hot spot temperature. The ratio of 
maximum temperature rise (hot spot minus fluid temperature) to 
average temperature rise varies with the shape and type of tube 
and method of cooling. For free convection, with subminiature 
tubes, the maximum temperature rise occurs slightly above the 
midpoint and is about 15 per cent greater than the average 
temperature rise. For miniature tubes, it is about 22 per cent. 
Thus, in the foregoing example, the maximum temperature rise is: 


1.15 x 2)°F = approx. 28°F 
Maximum tube temp. = 28 + 320 = 348°F or 176°C 


The 176°C maximum bulb temperature must be considered only as a 
fair approximation, due to the many assumptions and complexi- 
tiles involved. 


3. Comparison of Fluids in Free Convection 


An interesting comparison of several fluids in free convection, 
based on experimental work, is given in reference (10). This 
comparison is given in Table 10. To understand the table, the 
experimental set-up and conditions must be explained. 


The test apparatus consisted of a closed cylindrical container 
in which seven #5763 miniature tubes were located, all equi- 
distant from each other; i.e., six tubes surrounding a middle or 
center tube, all tubes in the vertical position. The container 
was immersed in a controlled temperature oil bath. Four fluids 
were tested; air at sea level pressure, silicone fluid, trans- 
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former oi1, and Freon-113. In all tests, the fluid temperature 
was maintained constant as was the heat dissipation from the 
center tube and .otal heat dissipation from the test container. 
The container wall temporiture vas varied to muintain this totel 
dissipation for the constunt fluid temperature, 


TABLE 10 


Comparative Heat Transfer Data for Air, Silicone 
Fluid, Transformer Oil, and Freon in Multi-Tube 


Apparatus 
Fluid temperature 130° 
Unit heat dissipation 3 watts/sq.in.of tube envelove 
Total heat dissipation from enclosure 115 watts 


Tube Surface Enclosure Wall 


Surface 
Heat 
Transfer 
Coefficient 
Watts, (sq.in) 
(9 


C) 


Table 10 shows the great advantage obtained in using a liquid 
rather than air as a medium of free convection. In the experi- 
ments the enclosure walls had to be maintained at -18°C using 
air as the fluid whereas, for transformer oil, the wall tempera- 
ture could be raised to 111°C for the same fluid temperature ana 
heat dissipation. Also, the tube surface temperature for air was 
235°C and it was only 143. 5° C for the transformer oil. 


G. DIRECT LIQUID IMMERSION 
1. General 
A simple direct liquid cooling system is shown in Figure 39. The 


e.ectronic parts of the subassembly are completely immersed in a 
fluid, such as DC-200 Silicone fluid. The heat is transferred 
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CASE CASE CASE = TOTAL EXTERNAL 
CONVECTION + RADIATION * CONDUCTION HEAT DISSIPATION 


SPACE ' FOR 
EX PANS/ON 


COMPONENT 
CONVECTION 


+ 


COMPONENT 
CONDUCTION 


CONTAINER 
(HERMETICALLY 


Sa 


NO RADIATION 
(ABSORBED 
IN FLUID) 
= TOTAL INTERNAL 
HEAT DISS/PATION 


Fig. 39 


HEAT TRANSFER DIAGRAM OF A SIMPLE 
DIRECT LIQUID COOLED SUBASSEMBLY 
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from the parts to the surfaces of the container by free convec- 
tion and molecular conduction in the fluid. taciation from the 
heat producing: parts is nil. This tyoe of subasociuly may be 
designed to dissipate a maximum cf the cruer of one half watt 
per square inch of effective surfale ares in free air and as much 
as two or three watts per cubic inch when more effective external 
cooling is applied. 


Free convection currents are produced an the fiuia in the fol- 
lowing manner: Upon contact with the hotter surface cf the elec- 
tronic parts, the coolant fiuia expands, reducin, its censity. 

The coolant rises until it comes in contact with the colder sur- 
face of the container where the heat is removed, The fluid con- 
tracts, increasing its density, and falls. In free convective 
cooling, the temperature distribution is not uniform, the tempera- 
tures are low at the bottom of the container and gradually increase 
to the highest values near the top. 


Design Considerations 


The design problems encountered in a liquid immersed subassembly 
include hermetic sealing, provision for expansion of the liquid 
coolant, vapor pressure, strength of the container, ease of re- 
pair, removal of the coolant from the parts, orientation of parts 
and the effects of the coolant on the function of high frequency 


circuits. The orientation and mounting of parts mst be given 
special consideration since they must be located so as to achieve 
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maximum convection. Metallic conduction paths of low thermal re- 
sistance from the heat producing parts to the surface of the case 


are not normally necessary. 


a, Hermetic Sealing 


Oxidation of coolants my be minimized by hermetic sealing 

of containers of electronic equipment. One technique in 

use involves filling and sealing the container with heated 
coolant while the entire assembly is heated to a tempera- 

ture that is higher than the peak anticipated operating temp- 
erature. When the fluid cools, the vacuum-like space of 
volatile constituents above the fluid allows for expansion 

of the fluid. The container mist be strong so that it cannot 
collapse inwardly. The fluid can compietely fill the con~ 
tainer provided that the cperating temperature is never permit- 
ted to exceed the filling temperature. therwise, the increaseu 
intemal pressure may cause structural failure of the case. it 
is recommended that units that are subjected to changes in 
altitude, such as those used fcr mobile or airborne equipment, 
be hermetically sealed. Induction soidering with high temper- 
ature solder my be used ts seal off the component package. 
Fluid expansion may also be compensated fer by a rubber dia- 
phragm, a metal bellows arrangement, or a rubber ball mounted 
inside of the case. If electronic equipment is to be oper- 
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Example: 


112°4'25" = 111°64'25" 
- 106°5'24" = —- 106° 5'24" 
5°59! 1" 
Note: You should see from the preceding examples that, as 


long as you keep the proper units in the same column 
and borrow or carry as needed, the problem is easily 


solved. 
Lesson Summary. During this lesson you were provided with the 


procedures used to measure angles, classify angles, and compute 
angle readings in degrees, minutes and seconds. In the next 
lesson you will determine dimensions of plane geometric figures. 


Lesson 2. PLANE FIGURES 
LEARNING OBJECTIVES 


1. Given the dimensions of plane geometric figures, use the 
proper formula to compute the perimeter. 


2. Given the dimensions of plane geometric figures, use the 
proper formula to compute the area. 


3. Given the radius of various circles, use the proper 
formula to compute the circumference. 


4. Given the radius of various circles, use the proper 
formula to compute the area. 


5201. Perimeter and Area of Squares 


a. General. There is an unlimited number of figures or shapes 
in a plane. A plane has no boundaries although we usually 
visualize it as looking like a piece of paper. For our purposes, 
we will think of a plane simply as being a flat surface with two 
dimensions. This piece of paper, if we forget that it actually 
has a thickness, represents a plane. If you took a pair of 
scissors and cut out various shapes from this page, each would be 
a plane figure. Some of these would have practical uses, others 
would not due to having too many sides that are too irregular in 
shape. The majority of the objects around you have some regular 
geometric shape. Let's look at some of them. 


b. Square. This familiar figure has four sides of equal length 
and a right angle at each corner. Opposite sides are parallel. 
Two lines are parallel if they do not intersect, no matter how 
far extended. There are two important measures of a square: the 
perimeter and the area. 


ated in a fixed location and always remain in an upright po- 
sition, it may be possiole to operate the electronic assembly 
in a container of fluic which is vented to the atmosphere. 
Further, if desired, non-spillable vents such as are used on 
aircraft batteries may be provided. Some of the difficulties 
encountered with fluids that have large coefficients of ex- 
pansions can thus be avoided. 


Mechanical Considerations in the Mounting of Electronic Parts 


It is necessary to expose a maximum of the surface of the heat pro- 


ducing parts to the coolant and to direct the tree convection 
currents of the fluid around these parts. Thus, in liquids, 
parts should be mounted, as in air, to promote convective 
cooling (See Section VI). Metallic conduction paths of low 
thermal resistance from the Heat producing parts to the sur- 
face of the case are not as important in direct liquid cooled 
subassemblies as in most other types of subassemblies, since 
adequate cooling is usually obtained by convection. The parts 
may be supported by insulators or insulating materials so 
long as the fluid is permitted to freely circulate around the 
parts. 


The construction of this type of equipment mst be given spec- 
ial consideration. With viscous coolants, a slight mechanical 
advantage is gained by the immersion of the electronic parts 
in the fluid, since the fluid tends to lend support to tubes 
and other parts. Also, it can previde a damping action which 
assists in resisting vibration and shock, dependent upon the 
viscosity of the fluid. Subminiature tubes can be mounted by 
their lead wires and can be supported at their other end by 

a loop of wire around the tip of the tubes. Thus, almost the 
entire tube envelope is exposed to the coolant fluid. The 
tubes should be mounted vertically with their bases downward. 
This provides maximum cooling at the hot spots and tends to 
minimize electrolysis. Holes can be provided in the sub- 
chassis to direct the flow of the free convection currents 
around the other heat producing parts. 


Coolant Selection 


When selecting a coolant, it is necessary to consider the 
change in the thermal and physical characteristics of the 
liquid over the entire operating temperature range as well 

as its chemical and electrical compatibility with the metals 
and materials with which it comes in contact. With direct 
liquid cooling systems, these properties include chemical in- 
ertness, dielectric constant, power factor, viscosity, vapor- 
ization temperature, freezing temperature, flash point, vapor 
pressure, toxicity, coolant life, thermal coefficient of ex- 
pansion, thermal coefiicient of viscosity, surface tension, 
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thermal conductivity anc dielectric strenzth. 
cae J 


There are a nunver of coolants which have been usca in sub- 
assewlblies, »ower and commanicutions tianeformers, chokes, 
capacitors, ana other high voltage or high temperature parts. 
These fluids are for the most part hydrocarbons of one form 
or another and suffer from deficiencies, such as high di- 
electric constant, molecular instability, high power factor 
(particularly at radio frequencies), and inability to with- 
stand very low or very high temperatures. 


Silicone fluids are superior to the’ hydrocarbons, especially 
in regard to their ability to operate at temperature extremes. 
High temperature operation is limited only by the cracking 
temperature of the fluid. The silicones are available ina 
wide range of viscosities and the electrical characteristics 
of several are listed in this section. The dielectric con- 
stant and power factor are good up to at least 100 MC. The 
dielectric constant decreases sli,htly while the power factor 
increases with increasing temperature. In most instances 
these changes will be insignificant. For example, 500 centi- 
stoke silicone fluid changes power factor from .000025 to 
.0003 in going from 25°C to 150°C at a civen frequency. 


The thermal conductivity of silicone fluids is actually quite 
low, being intermediate between glass and air. For this 
reason, a rather low viscosity fluid is generally chosen so 
that circulation due to convection will be aided. Fifty cen- 
tistoke silicone fluid has been used with considerable success. 


The thermal expansion coefficient of all liquid dielectric 
materials is high. For example, DC-200 silicone fluid increases 
in volume by 13 percent over a temperature range of from 25°C 

to 150°C. It is therefore necessary to provide adequate space 
for expansion. 


It has been reported that polystyrene and som of the related 
resins are attacked by chlorinated hydrocarbons. Certain or- 
ganic paints and vamishes are attacked by transformer oils. 

It has also been found that silicone fluids have an undesirable 
effect on some silicone protected parts. In general, however, 
Silicone fluids are inert with respect to most commonly used 
electronic materials. Data can be obtained from the manufac- 
turer. 


Freons have not been utilized for direct liquid cooling because 


of the resultant high operating pressures at temperatures of 
the order of 100°C. 
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Petroleum base oils can be used in liquid cooled equipments 
whose "hot spot" temperatures do not exceed 175°C. The oils 
oxicize or rapidly decompose at hi her temperatures ana mst 
be changed occasionally. Mineral oil exhibits lower electri- 
cal losses at high frequencies than the silicone fluids. 


Impurities cannot be tolerated in coolants used in liquid 
filled subassemblies. Even a small percentage of moisture 
can lead to electrolysis and rapid corrosion of wires and 
leads, especially those with DC circuits in excess of 25 
volts. Extreme oare mist be used to prevent contamination 
of the coolant. The physical characteristics of coolants 
are presented later in this section and in Appendix C. 


Temperature Distribution Around Liguic Cooled Subminiature 


Tubes 


A type OK tube, supported by its leads, was immersed in 


"chemically pure" ethyl alcohol, in a transparent lic... vox. After 


plate voltage was applied, there was considerable electrolysis 
around the tube leads due to the moisture and impurity content 
of the alcohol. When the tube was mounted in the horizontal 
position and illuminated by a point source of light, interfaces 
between parts of the alcohol at different temperatures could 
readily be distinguished. The areas within the liquid where 
heating occurred showed up clearly. See Fig. 0. 


The area at A is a convection current of strongly heated liquid 
rising upward to the surface of the alcohol. The area at B is 
also a convection current of heated liquid which is rising 

more slowly to the surface. The area at C is an area of ap- 
parently stationary liquid which is heated by radiation di- 
rectly from the surface of the glass envelope. A distinct 
feature of this radiation area is that, regardless of tube po~ 
sitioning, it is always the same. The shape of the other areas 
depend directly on positioning. The radiation area around the 
tube is directly opposite the plate of the tube and the con- 
striction occurs between the plate and the seal of the tube. 
The thickness of this halo-like light zone indicates relative 
amounts of heat radiated into the surrounding liquid and is 
apparently due to a change in the index of refraction of the 
coolant. The zone appeared and disappeared very slowly as 
plate voltage was switched on or off and was thus shown to be 
entirely dependent on tube plate temperature, 


Observations 


During the test several electrolysis effects were noted. These 
produced considerable heat around the terminals of the plastic 
box and around the tube leads themselves. It was found that, 
due to this cause, heating effects on the tube leads could not 
be determined. The positive tube lead soon turned black and 
other tube leads were heavily coated with cupric salts. 
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D. DIRECT LIQUID IMMERSION WITH aGITATION 


It was previously stated that free convection in liquid coolants did 
not provide an even temperature distribution within the container. 

By the addition of a small motor driven agitator, relatively con- 
stant liquid temperature can be mintained (see Fig. 41). For example, 
it was found that the temperature difference within the fluid was re- 
duced to 0.6°C, using a five vane agitator when the wall temperature 
gradients were less than 5.5°C. A three vane agitator in a six inch 
diameter container of silicone fluid maintained an average temperature 
difference of 2°C within the container at 660 rpm, 1°C at 1440 rpm. 
With free convection liquid cooling and a unit heat dissipation of 
0.129) watts per square inch surface area, the temperature rise be- 
tween the bottom and top of the container was 10°C. With a unit 

heat dissipation of 1.06 watts per square inch and 50 centistoke 
DC~200 Silicone fluid, the temperature rise was in the neighborhood 
of 46°C, (ref.10). 


These figures are for package sizes that are normally larger than 
those used for miniaturized equipment. The same degree of cooling 
cannot be expected in miniature packages. However, these tests in- 
dicate that certain configurations can be more effectively cooled by 
expending a small amount of power for agitation of the coolant. 


Ie 


DIRECT FORCED LIQUID COOLING 
1. General 


Just as increased cooling is obtained with forced air instead 
of natural air convection, forced circulation of the coolant 
greatly increases the cooling rate when liquid cooling is used. 
The coolant may be pumped into an external exchanger for trans- 
fer of the heat into the sink. The pump, of course, requires 
power for its operation and, unfortunately, most of this energy 
is expended in the coolant in the form of heat. Thus, the total 
heat rejected is increased by the power consumed by the pump. 
However, the advantages of the small temperature gradients and 
increased cooling rates achieved with forced liquid cooling can 
easily outweigh the disadvantages of the increased system com- 
plexity. 


2. Direct Forced Liguid Cooling 


A liquid cooling system of this type is presented by Fig. le. 
The electronic components are completely immersed in a compat~ 
ible liquid coolant such as silicone fluid, transformer oil, 
or freon. A low-pressure pump circulates the coolant liquid 
through the system. The accumulator (air cushion tank) allows 
for expansion of the fluid and serves to minimize vapor lock 
in the system. The heat exchanger removes the heat from the 
liquid before it is recirculated through the electronic equip- 
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- 109 - 


NVd 


NWAILSAS INITOOD GINOIT GIIPHOF LIFHIG Zr O17 


YFIONVHIXFT LVFIH 


Yy OL Ginoly 


DWNd 


=> Pn ea a BE 
N/ oo 7 


al i jl 
( LIVI 


es eer | SITIIVE 


LNV1009 HLIM G3TMA ATEWISSVENS 


ANVL ainory 


NOISNVdIXF erry, 


© 
pa) 


-.L 


ment. Care must be exercised in orienting parts in order to 
obtain maximum cooling effectiveness. Further, if relatively 
hizh pumping pressures are used, the high pressure stream should 
not be directed upon fragile electronic parts. The mthematical 
treatment of forced liquid cooling design is identical with that 
used for forced air cooling other than that different coefficient 
values are used. 


Direct Spray Cooling 


Fig. 43 shows a direct spray-cooling system for miniaturized 
electronic equipment. The coolant liquid, under a slight pres- 
sure, is pumped into a manifold for distribution to spray nozzles 
that are located so as to cover the electronic part to be cooled 
with a continuous film of liquid. Thus, the sprayed liquid ab- 
sorbs heat from the electronic parts by direct contact. The 
heated coolant is then collected in a sump in the bottom of the 
equipment and pumped through a heat exchanger to be cooled be- 
fore it is returned to the manifold for re-distribution. With 
spray cooling, it is possible to adjust the number of jets and 
the volume of flow to obtain optimum cooling of each individual 
heat producing part, whereas, in some oi the direct liquid 

cooled systems there is a tendency either to undercool or over- 
cool individual electronic parts. Further, the amount of cool- 
ant used in a spray system may be much less than that of a liquid 
filled system. 


Spray-cooling is most applicable to parts such as vacuum tubes 
when they are mounted in the vertical position. However, satis- 
factory results have been obtained with tubes in the horizontal 
position by covering part of their envelopes with tight-fitting 
copper screen sleeves. These sleeves will provide more even 
distribution of the fluid around the envelope hot spots. 


One of the difficulties encountered in spray-cooling systems is 
to obtain uniform distribution of the fluid over the part to be 
cooled. This depends upon the wetting qualities of the coolant, 
the number, size and placement of the spray jets, and the rate 
of flow of the coolant through the jet nozzle. Changes in the 
rate of flow >.f the jets modifies the flow pattern of the cool- 
ant and thus the rate of cooling of the electronic parts. In 

a reasonably 2:fficient spray cooling system, the additional power 
required for pump operation will be of the order of five percent 
of the total dissipated power after e ccrtuin critical dis sipa- 
tion has been reached. Below aoe Veto Uls ation (imposed 
by available pump sizes) the percenta,e of aissipated power re- 
quired by the punp may be greater than 5%. An efficient spray 
cooling system shoulda require only about one third of the amount 
of liquid required by an equivalent liquid filled unit. 
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Nozzles 


Extremely small nozzle bores are usually necessary in order 
to obtain a fine spray. In conventional electronic equipment 
the jet spray has proven most satisfactory because of its 
wide spray angle which permits a compact equipment design. 
Further, a jet spray nozzle emits a solid stream of liquid a 
short distance, it does not require a high pressure pump and 
it is not as susceptuble to plugging, since the bore is rela- 
tively large. 


A starting point for jet size in experimental development at 
low spray rates is a number 80 hole drilled in a #2 screw. 
The screw may be inserted into a hole tapped into the mani- 
fold and adjusted to the proper height and angle above the 
parts to be cooled. This provides an easy method of experi- 
menting with the number and the size of the jets necessary to 
cool a given equipment. 


Nozzle Manifold 


The spray distribution manifold can be designed to be an inte- 
gral part of the unit's housing or as an independent part. In 
either system the initial model should be made in such a man- 
ner that the manifold is accessible for changing the size, 
number and placement of jets until satisfactory cooling of the 
subassemblies is obtained. 


4. Detailed Design Considerations 


Ae 


Pump Selection 


Either gear reciprocating or centrifugal type pumps may be used 
for silicone and similar liquids. However, it is usually pre- 
ferable to use gear type pumps, since they do not become air- 
bound as readily as centrifugal units. Further, gear pumps 
have the additional advantages of smaller weight and size and 

a higher operating efficiency. 


The centrifugal pump has an advantage for this application in 
that is does not have a constant displacement and the volume 

of flow may be controlled by a valve or variable orifice in 

the discharge line without overloading the motor. Less power 
will be required when pumping smaller quantities of fluid. 
Also, a rheostat in series with the centrifugal pump motor may 
be used to simltaneously adjust the rate of flow and the pres-— 
sure, Unfortunately, centrifugal pumps become airbound and 
must be primed prior to operation. This can be overcome by 
mounting the pump below the liquid level so that the pump in- 


let is always flooded. 
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(1) 


(2) 


Perimeter. To find the perimeter or distance around a 
square, add the four sides or even more simply: 
Perimeter (P) = 4s (4 x length of 1 side). 


Example: 
What is the perimeter of a square with a side that 


measures 16 in.? 


P= 4s 
P = 4(16) 
P = 64 


The perimeter is 64 inches. 


Using the equation-solving techniques, if the perimeter 
is known, you can determine the length of a side. For 
example, if the perimeter of a square is 62 inches, what 
is the length of one side? 


Example: 
P= 4s 
62 = 4s 
62 _ 4s 
4 4 
62 _ 
4 
15.5 =s 


Therefore, each side is 15 1/2 inches long. 


Area. Area, not only for a square, but for plane 
figures, is described or measured in terms of square 
units. A square with sides of 3 inches contains 9 
squares, each 1 inch on a side (fig 5-6). 


Fig 5-6. Area of a square with s = 3. 


Positive pressure rotury vane anc recliprocatinz;, pumps are 
usually self-priming and suitable for handling non-lubri- 
cating liquids. However, because of the constant displace- 
ment, the throttling of such pumps increases motor load 

and pressure but does not cecrease the coolant flow. 


For the selection of a pump for a ,iven cooling system, it 
is necessary to consider the following: 


(1) 


(2) 


(3) 


(u) 


(5) 


The physical and chemical characteristics of the cool- 
ant liquid being used, such as specific gravity, vis- 
cosity, temperature, solids in suspension, abrasive 
material, thermal stability, and the corrosive and 
solubility effects on materials used in pump construc- 
tion. 


The state of the fluid at the pump inlet, whether it 
floods the inlet, is full of air bubbles, whether the 
pump must prime itself and, if so, the priming lift. 


The pump characteristics desired in terms of delivery 
required, differential pressure, inlet pressure, dis- 
charge pressure, the sum of the differential pressures 
across the electronic subassemblies, the heat exchanger 
and the line loss, and the duty cycle. 


The voltaze, phase and frequency desired for the pump 
motor and environmental conditions, such as dust, 
moisture, fumes and fire hazards under which it must 
operate. 


The electrical ana mechanical noise characteristics 
of the pump motor. 


Air Cushion Tank 


The air cushion tank is provided to allow for expansion 
of the fluic as its temperature increases, to remove air 
from the coolant, and to cushion the shock in the entire 
system if the pum. shourla become vapor bound. The tank 
should be large enou.h to allow for the expansion of all 
of the liquid in the system and still provide an air 
cushion. 


Heat Exchanger 


The heat exchanger should be of a size adequate to remove 
the rejected heat from the coolant fluid before the fluid 
is re-circulated through the electronic equipment. A 
liquid to forced air heat exchanger, si:nilar to an automo- 
tive radiator could be used for ground based equipment. 
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For most shipboard applications a liquid to liquid heat ex~ 
changer would probably prove most practical, since an ade- 
quate supply of cooling water is usually available. 


In selecting a heat exchanger for a given system, it is 
necessary to determine the following: 


(1) What secondary cooling means or "sink connection" is 
available. 


(2) The rate of flow of coolant fluid through the heat ex- 
changer. 


(3) The pressure drop in the coolant fluid across the heat 
exchanger. 


(4) The femperature of the coolant fluid when it enters and 
when it leaves the heat exchanger. 


(5) The expected limits of the thermal environment in which 
the heat exchans,er must function. 


Design Notes 
(1) General 


Properly applied, direct liquid immersion can be an ef- 
fective cooling method. Subassemblies should be con-~ 
structed so that the heat producing parts are separated 
from the non-heat producing parts, especially those that 
are temperature sensitive. The coolant arriving from 
the heat exchanger should be directed onto the tempera- 
ture sensitive parts first and later be directed to the 
heat producing parts. 


Heat transfer inside a liquid cooled electronic as- 
sembly may be difficult to predict due to the complica- 
ted shape of electronic parts and the variation of film 
coefficients. Satisfactory preliminary designs can 
usually be achieved by "lumping" the problem and treat- 
ing it as a whole. By constructing a simulated bread 
board model and conducting electrical and thermal tests, 
the system may be modified as required in order to obtain 
final design data. The tests on the bread board model 
should provide the temperature limits through which the 
liquid must be maintained for variations in the thermal 
environment of the heat exchanger. In order to operate 


within these temperatire limits it my be necessary to add 


control equipment. 


115 


(2) Control of Cooling Systens 


Direct forced liguica cooling systems should 
for operation at the maximum cooling condit 

less severe thermal conditions it will be necessary to 
operate at slightly reduced capacity. The capacity of 

the system should be reduced as a function of the cool- 

ing cemanc. This may be accomplished by utilizing a temp- 
erature sensing element tc actuate a control unc vary the 
coolant temperature or flow rate in accord with the cooling 
ne."s, The degree of control depends upon the require- 
ments of the most temperature sensitive part or parts in 
the electronic assembly. 


(a) The simplest form of cooling rate control is the in- 
tvermittent type. fhis function can be provided by a 
thermostat or temperature sensing devic ce, docatec 
insice the electronic equipment, which turns the cir- 
culating pump on or off as required. iImprovec temp- 
erature regulation can be obtained by allowing the 
pump to run continuously and incorporating: a thermo- 
stat to control a by~pass valve connected across the 
heat exchanger, Thus, the pump continues to circulate 
the liquid thrcu.h the electronic equipment and the 
thermostat controls the flow of coolant through the 
heat exchanger to control the temperature of the cool- 
ant. 


(b) Por electronic equipments which require more precise 
temperature control than the intermittent control can 
provice, a step function type of control can be em- 
ployed. The pressure anc rate of flow of coclant may 
be varied in precetermined steps as desired. Several 
thermostats arranged to operate at various ‘empera- 
tures can be connected to snort circuit portions 
of a tapped resistor in series with the pump motor, 
As the temperature of the electronic assembly decreases 
below the cesired operating point the thermostats can 
introuuce more resistance in series with the pump 
motor vo reduce the coolant flow. 


F. INDIRECT PONCED LIQUID COOLING SYSTSLS 


1. 


General 


In incirect liquid cooling systems the coolant liquic does not come 
in direct contact with the electronic parts. The primary cooling 
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mede from the electronic parts to tne ccclant fluid is accomplished 
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by other suitable reanse ard the heat she coolant. 
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Thus, the coolant receives the heat from the heat producing parts in- 
directly and carries the heat away to the sink. The electronic equip- 
ment may be internally designed to emphasize any one, or combinations, 
of the various methods of heat removal. Further, an indirect system 
may be applied to existing electronic equipment in order to improve 
operation. 


Liquid Cooled Plates 


Cold plate heat exchangers using fresh water as the coolant are re- 
commended for shipboard application. Section VI discusses these 
exchangers in conjunction with forced air cooling. The use of fresh 
water can be much more effective than air because the film coeffic~ 
ient is greater (as mich as 100 times). Another advantage in using 
water is that its specific heat is more than four times that of air 
so that for the same temperature rise the same weight of water will 
absorb four times as much heat. Further, water is rather easy to 
transport, high flow velocities may be obtained without excessive 
noise and, since it is over 800 times as heavy as air, the piping 
will be much smaller than equivalent air ducting. Thus, it appears 
that the water cooling of electronic equipment has considerable merit, 
provided that water supply and return piping is mde available in 
each compartment. 


Improvement of Existing Equipment by Liquid Cooling 


Some shipboard equipments which were originally designed for forced 
air cooling are operating at temperatures well beyond safe values 
for reliability. In general, this situation has been caused by in- 
stallation in confined spaces along with other equipments of high 
heat dissipation. Often the space is uninhabitable because the air 
ventilation system is inadequate for the heat load and no space is 
available for additional air cooling ducts. During the interim 
period, until more effectively cooled equipments are provided, it 
js recommended that the cooling of such equipments be supplemented 
through the utilization of fresh water cooled panel heat exchangers 
intimately attached to the inside of the equipment enclosures. When 
water is circulated through the cold panel, the original metal en- 
closure will act as an additional heat exchanger surface, The in- 
ternal air should be cooled ty the exchanger and recirculated over 
the equipment. Louvers and openings in the enclosure should be 
covered so that none of the internal air leaves the system. This 
will alter the free and forced convection air currents inside the 
equipment so that it may become necessary to divert the air flow 
along new paths to move the heat from the parts to the surface of 
the enclosure. Increasing the rate of circulation of the air by 
the addition of new fans or redirecting the output of existing fans 
should create more uniform internal temperatures. 


New Bquipment 


It is recommended for new equipments that the individual components 
or subassemblies be designed for base cooling with a path of low 
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thermal resistance from the heat producing parts to the base 

of the subassembly. The base of the subassembly should be made 
so that it can be attached to a liquid cooled cold chassis (See 
Fig. 44). The optimum thermal shape would be a thin rectangular 
subassembly, like a shallow cigar box, which would slide in be- 
tween two cold plates in sandwich fashion. The subassembly would 
thus obtain the greatest amount of cooling on the sides with the 
largest area. 


The limitation of this method is the contact resistance between 
the cold plate and subassembly. Excellent cooling could be 
achieved through the use of liquid filled subassemblies completely 
immersed in the secondary liquid coolants. 


Fresh water is recommended as the coolant for these systems. It 
is readily available on most shipboard and land installations. 
Another coolant liquid or refrigerant could be used. However, 

to avoid condensation of moisture on the electronic equipment, 

it is necessary that the coolant temperature be maintained ten or 
more degrees C higher than the dew point of the air surrounding 
the equipment. A sea water ~- fresh water heat exchanger tends to 
maintain the coolant above the sea water temperature. 


With a shipboard fresh water cooling system the operating tempera- 
tures of the various heat producing parts in the electronic equip- 
ment can be maintained at almost any desired value above 50°C. 
Thus, air temperatures within an average equipment may be less 
than 125°C, while the coolant from a sea water —- fresh water heat 
exchanger would seldom be lower than 35°C, 


During the winter when the sea water is near O0°C it may be neces- 
sary to control the flow of fresh water through the sea water to 
fresh water heat exchanger with a bypass valve in order to prevent 
over cooling or possible freezing. Such a control will also aid 
in reducing equipment warmup time. 


On Jand installations water from a well would probably be at 

about 15°C. This could cause condensation in the electronic equip- 
ment unless a proper balance between air and coolant temperature 

is maintained. If the land based system utilizes a closed liquid 
systen and rejects heat to the atmosphere through a liquid-to-air 
heat exchanger, the same type of control of dew point could be 
maintained as in the sea water to fresh water heat exchanger. 


Note: All water cooled equipment should be provided with drains 
to alleviate freezing during non-operating periods. Fur- 
ther, liquid level devices should be included in order to 
insure that the equipment is adequately filled with water 
and the piping should be arranged so that "air locks" are 
minimized. 


119 


1c 


Io 


COMPOSITE LIQUID COOLING SYSTHUS 


Composite systans, by caefinition, are those which incorporate both di- 
rect ana indirect Liguid cooling, Each part of such a system must oe 
treated according to its type. In a typical composite licuic cooling 
system, the heat producing electronic parts are directly immersed in 

a suitable liquid (primary coclant) n low pressure pump circulates 
the liquid through the syste... ne ~ at is transferred at a heat ex- 
changer to unother liquid (secorcsr, coolant). This liquid is then 
circulated to another heat exchen,er to deliver the heat to the sink. 


CHARACTERISTICS OF COOLANTS 


ep 


1. Silicone Fluid 


a. Straight dimethyl fluids are imown as the 200 series sili- 
cone fluids. It is not recommended that these fluids be 
operated at temperatures exceeding 150°C for optimum heat 
stability in direct liquid cooled equipments. The 200 
series fluids differ from each other only in viscosity. 
Viscosities ranging from .65 10 10° centistokes” ure avail- 
able by olending 


b. The 500 and 700 series silicone fluids are blends of the 
dimethyl and phenolmethyl fluics. They are stable to 200°C 
for direct liquid cooling applications. These fluics are 
not available in as wide a ran.« of viscosities as the 200 
series fluids. 


2. Other Coolants 
The characteristics of other coolaris are given in Appamcix ©. 
i 


Only those fliids which are recormmeidea for electronic neat re- 
moval appl icaions are notec ti 


# The "ceniustoke' is the unit 21 kinematic viscosity in the 
1 


CoGeS» Svotem of units, and the Kinematic viscosity is 


equal to *he absolute viscosity Jivided by the mass aensity. 
However, u.n engineering heat tr.nsfer as covered in this 

Manual, ..© units of absolute cosity are los./(ft.}(hr.). 
To convert to los./(ft.)(hr. :ltiply centistoxes by 2.)2 


times und mass censity in ux 
system, uass censity ana spe. 
are munerically equal. 


c. Note that in the c.g.s. 
c gravity relative to water 
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VAPORIZaTION COOLING 
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In vaporization coolin; heat is removed from the electronic parts by 
a change in state of the coolant from a ch ea to a vapor. Fora 
given weight of coolant, vaporization cooling provides the most ef- 
fective coolin,; of any method. 


When a unit mass of liquid is heated at constant pressure it absorbs 
heat equal to its specific heat (at constant pressure) for each de~ 
gree rise in temperature. water, for example, has a specific heat 
of 1.0 Btu/(1o.) () ond when heated, from say 100° to 150°F, absorbs 
1.CxX(150-100) or SG Btu per pound. This heat absorbed by the liquid 
to walse its temperature is termed eles heat". If the liquid 
continues to absorb heat, it will ultimately reach a temperature at 
which boiling or vaporizing will oe The term "saturated vapor" 
is applied to a liauid which has reached the boiling temperature 
corresponding to its vapor sressure. The saturation temperature is 
dependent on the oressure and increases with pressure. For example, 
water at atmospheric pressure (1;.7 psia) boils at 212°F. If the 
pressure is increased to 0.0 psia it boils at 267.2°F and if de- 
creased to 5 psia it boils at 162.2°F. 


When the heating of the saturated liquid is continued at constant 
pressure, the ing boilin, will take place at constant tempera-~ 
ture and will inue until no liquic remains. The vapor (steam 

in the case of water) is in equilibrium with the liquid at a con- 
stant pressure and temperature during this vaporizing or boiling pro- 
cess, When the } ae vaporized it is called "satura- 
t se having gone to comoletion. 


ved varor', tne 
The amount of heat requirec to vaporize completely a unit weight of 
aed 45 Y & 
saturated liquid is know as Nthe heat of vaporization" or "the 
latent heat of vaporization" Its value depends on the saturation 


pressure pemperuture and decreases as tne pressure increases. 
vompared sible heat, the heat of vaporization is much 
larger. > 970.3 Bou (284 watt hours) are requi ired to 
completed Of 9CuhG. JO2 Wancw oty.G saturated. presicure :of 
li.7 psi Water has the highest heat of vaporization 

of most bis, together with its very high heat trans- 
fer coef oriaation, makes it a superior heat transfer 
medium. 

Similar to liguid cooling, vavorization cocling may be classified 
inte direct and indirect Benen: In a direct system the electron- 


ic varts may he coampietely immersed in a volatile refrigerant. If 
the surface temperature of a heat producing part exceeds the boiling 
point for a elven pressure, * small bubbles will be formed at the sur- 
face, thus removing heat equal to the latent heat of vaporization of 
the etch of liquid vaporized, 
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A direct vaporization cooling systex can be very effective since 

the heat is removed directly from the surface of the part. In the di- 
rect systems, since the electronic parts are exposed to the coolant, 
they are subject to any long term corrosive or solubility effects which 
may exist. The coolant must be chemically inert with respect to, and 
compatible with, the electronic parts. 


In a direct cooling system the vaporized refrigerant liquid is con- 
sidered to be the primary coolant. In an indirect system the initial 
heat is removed from the electronic parts to a separate heat exchanger 
by any suitable means. The coolant is only used to accomplish cool- 
ing in the heat exchanger (secondary coolant). 


NOTES ON VAPORI@ATION COOLING AND BOTLING 


If saturated vapor is further heated at constant pressure, its temp- 
erature rises and the vapor becomes "superheated", The specific heat 
of the vapor is smaller than that of the liquid. Superheated steam 
has a constant pressure specific heat of about 0.49 Btu/(1b.) (°F) at 
atmospheric pressure. In vaporization cooling of electronic equipment, 
it is doubtful that superheated vapor will be encountered, since the 
saturated vapor must again come in contact with a hot surface away 
from the liquid and the small specific heat and low coefficient of 
heat transfer do not justify using superheated vapor as a heat trans- 
fer mediun. 


The many variables involved in the mode of heat transfer known as 
boiling has complicated the formulation of general equations from 
which boiling coefficients can be predicted. The following is from 
reference(22): 


"When a liquid is boiled, as the temperature difference between 
the boiling liquid and surface is increased, the rate of boiling 
(and the amount of heat flowing) increases, but reaches a maximum 
with a critical temperature difference above which the rate of 
boiling decreases. As the tenperature difference becomes greater 
than this critical difference, the vapor formed by boiling acts 
as an insulator, impeding the transfer of heat. The critical 
difference for water is about 45°F. 


"In general, the rate of boiling is increased as the surface be- 
comes rougher, and as the liquid bein, boiled is agitated. It 
is increased with an increase in temperature difference up to 
the critical point, and is reduced by scale ana dirt deposits. 
For boiling, it is usually necessary to measure the overall 
transfer coefficients for the particular liquid and physical 
conditions in question, as there are few data available." 


C. DIRECT VAPORIZATION COOLING SYSTEMS 


1. 


Liquid Potting 


An example of liquid potting, which is one of the simple vaporiz- 
ation cooling systems, is shown in Figure 45. The electronic 
parts are completely immersed in a volatile refrigerant, such as 
Freon "113", Since the container is hermetically sealed, a small 
space has been left in th. top of the container to allow for ex- 
pansion of the Freon vapor. When the surface above this space is 
cooled, the vapor will condense and return to the liquid state. 
The heat producing components are mounted with their longest axis 
in the vertical position to aid the formation of convective cur- 
rents in the liquid. Heat is rejected not only at the top sur- 
face of the container by condensation, but also at the sides and 
bottom by convection. as the surface of the heat producing parts 
exceeds the boiling temperature of the Freon (which depends upon 
the internal pressure in the hermetically sealed container), 
bubbles are formed at the hot surfaces, submerged boiling 

takes place and induces free convective currents in the Freon. 
Due to the high film coefficient of the boiling liquid, the temp- 
erature difference between the parts and the liquid is usually 
very small, 


a. Design Considerations 


One of the primary design considerations in liquid potting 

is the necessity to design the container so that it can with- 
stand high internal pressures with an adequate factor of 
safety. For example, Freon "113", at a saturation tempera- 
ture of 122°C, has an absolute pressure of 70 pounds per 
square inch. Care should be taken in subjecting electronic 
parts to high pressures, Reference to a Mollier diagram 
will provide the operating pressure for a given saturation 
temperature. 


The temperature of the liquid will vary with the internal 
vapor pressure until equilibrium with the thermal environ- 
ment external tothe container is reached. Experiments show 
that temperature differences between components and containers 
may be as low as from 5 to 10°C. The most temperature sen- 
sitive component part will limit the maximum fluid tempera- 
ture to a value that will still maintain circuit stability. 
For this reason, the thermal advantages of the small fluid- 
to-part temperature differences produced by direct vapor- 
ization cooling are desirable. 


The practical considerations of the internal pressure on 
electronic parts and the heat dissipation capabilities of 
the container to its thermal environment define the condi- 
tions under which this type of cooling may be utilized. 
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You could prove to yourself, by drawing squares of 
various sizes and marking them off into grids, that the 
area of a square is equal to the product of two of the 
sides or the square of one side. A=s x sS oOrA=s‘. 


Example: 
Grenade range 303 has a square parking lot with one side 


that is 32 feet long. What is the area of the parking 


lot? 
A= s* 
A = 32° 
A = 1024 


The area is 1024 square feet. 


Do you remember how to find the perimeter of a square? 
If you said P = 4s, you're right! How about the area of 
a square? If your answer was A = s’, you're right again! 
If you had a difficult time understanding perimeter or 
area, review this section before moving on. 


5202. Perimeter and Area of Rectangles 


a. Rectangle. This is another familiar figure. Each pair of 
opposite sides are equal in length and parallel, and there is a 
right angle at each corner. The two important measures are 
perimeter and area. Let's look at then. 


(1) As with the square, you can find the perimeter by adding 
up the measures of the four sides. The longer dimension 
is called the length (1) and the shorter is called the 


width (w). There are two lengths and two widths to a 
rectangle. The formula is: P = 21 (2 x length) + 2w (2 x 
width) . 

Example: 


The engineers cut a sheet of plywood 7 feet long and 4 
feet wide. What is the perimeter of the sheet of 


plywood? 
P= 21 + 2w 
P = 2(7) + 2(4) 
P= 14+ 8 
P = 22 


The perimeter is 22 feet. 


Note: You can also find a missing dimension if you know the 
perimeter and one of the two dimensions. Let's see 
how to do this. 
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2. Expendable Direct Vaporization Cooling 


In expendable vaporization coolins systems the heat bearing 

vapor is expended to the atmosphere as a waste product. Figure 
46 presents an example of such a system in which the electronic 
parts are completely immersed in a suitable refrigerant liquid. 
In order to expend the heat laden vapor to the atmosphere, it 


is necessary to operate the subassembly at a temperature that 


will produce a refrigerant vapor pressure greater than atmos- 
pheric pressure. 


a. Control of Temperature and Pressure 


There are two ways to control the temperature in expendable 
sys tems: 


(1) A constant pressure my be maint i above the liquid 
by the use of a spring loaded essure relief valve. A 
special valve has been dev eveped for sipenasole sys tems 
to maintain an evaporatin: liquid at a constant absolute 
pressure above an evaporating liquid (See Ref.23). 


(2) The second method is to use a temperature sensing de~ 
vice to control a variable area discharge nozzle which 
varies the internal pressure and maintains the tempera- 
ture sensing device at a constant temperature. 


The cooling capacity and operating time of an expendable 
system is limited by the supniy of coniant available. It 
is necessary that the heat laden and, perhaps, toxic vapor 
be directed to the outside atmosphere and not he released 
in any space occupied by personnel. 


b. Example 7 - Computation for an Expendable Vaporization 
Cooling System 


An approximation of the amount of refrigerant required to 
dissipate a given power may be computed as shown in the fol- 


= 


lowing example: 


ronic subassembly at 32°C an mbient, dissipat- 
x 2 1/2" x Lh" csonteiner, half of 
tranio nartes the ramaninine wnlams 
tronic parts; the remaininr volume 


Assume: All of the heat aissipated vaporizes the Freon "113", 
which is expended throuzh the relief valve to the atmosphere. 
(There is no heat transfer from tne case). 
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The system operates as a direct expendable vaporization 
cooling system in which the pressure relief valve operat- 
ing pressure is 18 psia, corresponding to a 54.2°C satur- 
ation temperature. 

Required: The quantity of Freon "113" required and the time 
the subassembly will operate without requiring replenish- 
ment of the Freon. 


The "sensible heat" absorbed by the laquid Freon "113" at 32°C 
(90°F) heated to saturated liquid at 54.2°C (128°F) is: 


Freon Tables (Appendix C). The specific heat of Freon 
"113" at an average temperature of 109°F = 0.223 


Sensible heat = 0.223 x (128-90) = 8.5 Btu/lb. 


The heat absorbed by the Freon 113" due to the change from 
the liquid to vapor state at 54.2°C (128°F) is: 


Latent heat of vaporization = Enthalpy of saturated vapor 
minus Enthalpy of saturated liquid at 18 psia. 


Latent heat = 95.0 - 35.8 = 59.2 Btu/lb. 


Total heat absorbed = sensible heat + latent heat of 
vaporization = 8.5 + 59.2 = 67.7 Btu/lb. 


Power dissipation in Btu/hr. 

1 watt = 3.413 Btu/hr. 

1o watts x 3.413 = 34.13 Btu/hr. 

Pounds of Freon "113" required per hour of operation 
lbs./hr. required = Ele = .50) Ibs. required to cool 
subassembly. 

Number of hours the subassembly, full of Freon will last: 
Total cu. content = 2.5 hog x = 0.0145 cu.ft. 
Liquid volume S018 = 0.00725 cu. ft. 


Density of liquid Freon "113" approx. 97 lbs./cu. ft. 
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Direct Spray Syst 


3. 


Spray cooling car te usec to provide improved film coeffic- 
Lents over those obtained with cirect immersion. Further, 
the total weight cf coolant can be greatly reduced. Fig. 
L7 shows 4 direct evarorative spray cooling system. The 
refri 2 3 Prom the reservoir into the spray 
mani? wi Lo is sprayed over the heat producing 
parts im the subassembly. The surplus refrigerant is col- 
nected in the bottom of tne subassembly anc returned to the 
reservoir for recirculation. This direct spray system is 
more economical of the weight anda quantity of fluid used 
for a given amount of coclim than other cirect systems, 
and may be operated at atmospheric pressure. A reasonably 
high pumr cressure is required to overcome the pressure drop 
in the system. 


nt 
vu 


b. Design considera 
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D. INDIRECT VaPORTa.TION COOLING 


1. General 


in indirect vaporization cooling systems, the electronic sub- 
assemblies may be constructed and assembied to employ any ade= 
quate primary cooling means. The waste heat is removed from 
the surface of the subassemblies and transferred to a heat ex- 
cha £ i tc an evaporative coclant. Such an ar- 
ran a use of a coolant which is not compat- 
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atmosphere. The steam expended could be replaced by the ad- 
dition of more water to the system, thereby eliminating the 
equipment required to condense the vapor, 


If liquid cooling is used as a primary cooling means, the rate 
of primary coolant flow through the exchanger may be varied by 
throttling or by using a by-pass valve across the heat exchang- 
er. If an air-to-liquid heat exchanger is used, the blower 
may be throttled to control the velocity through the exchanger 
and the supply temperature may be controlled by a by-pass 
around the exchanger. 


Examples of Indirect Vaporization Cooling Systems 


a. Liquid-to-Liquid Systems 


Figure 8 shows a typical expendable indirect system in which 
the liquid potted electronic subassemblies are directly im- 
mersed in the secondary refrigerant liquid. The subassembly 
cases act as the heat exchanger between the primary potting 
liquid and the secondary evaporative refrigerant. The evap- 
orating temperature of the coolant is controlled by the 
pressure relief valve through which the refrigerant vapor 

is vented to the atmosphere. When the liquid level falls 
below a certain level the pump control switch actuates the 
electric pump to replace the vaporized refrigerant. The 
check valve allows the pump to replace the vaporized re- 
frigerant as required but does not permit the refrigerant 

to leak back when the pump is not in operation. If the 
liquid is stored at a higher pressure than in the heat ex- 
changer, a pump will not be required and the switch could 
actuate a demand valve on the reservoir to supply additional 
refrigerant as needed, 


Figure 9 presents two equipments that are cooled by direct 
forced liquid cooling. The primary coolant is pumped through 


the subassemblies by means of the primary coolant pump, and the 


flow control valves in the discharge lines of the subassem= 
blies control the rate of cooling. The heat bearing primary 
coolant fluid is in turn cooled by the evaporating liquid 
in the heat exchanger. The saturation temperature in the 
heat exchanger is regulated by the constant pressure relief 
valve. In this system, the primary coolant is a liquid 
which is capable of maintaining its liquid state at a much 
higher temperature than the secondary evaporative coolant. 
This system, as shown, is of limited operating time, as 
vaporization of the secondary coolant continues only until 
all of the liquid is spent. It may be made continuous 
(closed cycle) by application of a condenser and reservoir. 
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b. Air-To-Liguid Systems 


Indirect expendable vaporization cooling systems may be em- 
ployed in conjunction with forced air cooled equipment. The 
cooling air, in such a system, is passed through a heat ex- 
changer cooled by the evaporation of a suitable refriger- 
ant. The air temperature at the entrance to the electronic 
equipment will, of course, depend upon the temperature of 
the refrigerant used in the heat exchanger. 


Design Notes 


Design data applicable to cooling of electronic equipment by vapor- 
izing liquids are meager. This makes initial analysis of a given 
design only practical in broad and general terms. Thermodynamic 
properties of refrigerants may be obtained from Mollier diagrams. 
See Appendix C. 


Only after thermal and electrical evaluation tests of a prototype 
model can the most effective conditions of operation be determined. 
Generally speaking, heat transfer by vaporizing a liquid is in- 
fluenced by the following factors: 


1. <A high film coefficient and good wetting properties are de- 
sired in the coolant, since the wettability of the components' 
surface influences the size and shape of the vapor bubbles 
which are formed and liberated directly from the surface of 
the heat producing parts. 


2. Small bubbles which form on surfaces that are easily wetted 
are more promptly disengaged from the surface than larger 
bubbles. 


3. Ease of bubble formation and ease of detachment of the bubbles 
from the hottest surface promotes high film conductance. 


. The liquid in direct contact with the heat producing part is 
usually superheated several degrees above the saturation temp- 
erature that corresponds to that liquid. 


S. Rough surfaces of electronic parts show less superheating of 
the liquid and better heat transmission than smooth surfaces. 


Until extensive empirical design information is made available, 

it will be necessary to use the experimental approach in the design 
of each new vaporization cooling system. The selection of the pump 
presents a problem. In some applications the pump should be cap- 
able of pumping either liquid or vapor without the need of a lubri- 
cant in the refrigerant. The amount of refrigerant in the system 
and its distribution over the electronic parts must be determined 
experimentally during initial electrical and thermal testing of the 
equipment. 
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(2) 


Example: 
The perimeter of the momat (fiberglass matting) staging 


lot is 82 feet and the length is 31 feet. What is the 
width? 


P = 21 + 2w 
82 = 2(31) + 2w 
82 = 62 + 2w 
82 - 62 = 62 - 62 + 2w 
20 = 2w 
20 = 2w 
2 2 
10 = w 


The width is 10 feet. 


Example: 
In front of the barracks there is a rectangular shaped 


concrete slab with a perimeter of 476 feet and a width of 
70 feet. What is the length of the concrete slab? 


P = 21 + 2w 
476 = 21 + 2(70) 
476 = 21 + 140 
476 - 140 = 21 + 140 - 140 
336 = 2] 
336 = 21 
2 2 
168 = 1 


The length is 168 feet. 
Area. Area is described and measured in terms of square 


units. As with the square, you can segment a rectangle 
using a grid and count the number of units (fig 5-7). 
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The technique of sealing refrigerants is new to the electronics 
field but not to the refrigeration field. One difficulty en- 
countered has been in attempting to make a pressure tight seal with 
a flat rubber gasket between two flat surfaces, The recommended 
method for a pressure seal is to form a groove in the two flat sur- 
faces to receive a recessed gasket or O-ring. With this type of 
seal, the plates do not have to be brought together with as much 
uniformity, and the equipment can be opened numerous times for in- 
spection without damage to the gasket or the effectiveness of the 
seal, 


NOTES ON PROPERTIES OF VAPORIZATION COOLANTS 


The physical and electrical characteristics of various vaporiza~ 
tion coolants are presented in Appendix C. Supplemental data may 
be obtained from the manufacturers. 


1. Freons 


Freon "113" has been found to be the most practical coolant for 
direct vaporization coolin; systems because of its compatibility 
with most materials used in electronic equipment. However, 

it has relatively high vapor pressure and relatively low latent 
heat. The heat transfer coefficient for Freon-12 boiling with- 
in tubes is from 150 to 300 Btu/(hr.)(sq.ft.)(°F) difference be- 
tween fluid and tube wall temperatures. It appears that these 
figures are representative of the family of Freon refrigerants 
although little data is available. These values are low when 
compared to boiling water coefficients which may exceed 2000. 


2. Perfluorocarbon Liquids 


Where the "Freon" refrigerants are unsuitable as vaporization 
coolant liquids because of too low a boiling point at atmos- 
pheric pressure, the lower chemical series perfluorocarbons 
may find successful application. 


"Completely fluorinated hydrocarbons, that is, compounds con- 
sisting of carbon and fluorine, have been given the generic 
name, "perfluorocarbons". The perfluorocarbons constitute a 
class of stable and chemically inert compounds. The lower 
members are thermally stable up to temperatures of oo°c. They 
will not burn and are resistant to the action of concentrated 
acids, at temperatures well above 100°C. They do, however, de- 
compose at a dull red heat. They are attacked only by such re- 
agents as metallic sodium and potassium at temperatures of 200°C 
and at lower temperatures by elemental fluorine. The higher 
chemical series members exhibit similar chemical inertness but 
are somewhat more heat sensitive." 
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"The perfluorocarbons are characterized by low indices of re- 
fraction, high specific gravities and lower boiling points 
than other compounds of similar molecular weight. They are 
insoluble in polar solvents. They are slightly soluble in 
non-polar solvents, but much less so than are hydrocarbons, 
esters, chlorinated compounds, etc. 


"The higher members of the perfluorocarbon liquid series tend 
to be substantially insoluble, less than 0.1%, in all organic 
solvents. An exception to this is Freon "1]3" (CF C1.) in 
which these perfluorocarbons are miscible. It is etid nt 
from the table of solubilities that insolubility increases 
with molecular weight (ref. 2))." 


Electrical Properties 


"The perfluorocarbons are characterized by low dielectric con- 
stants, which, in general, change only slightly over the fre- 
quency range of 100 cps. to 100 ke. Thus, the dielectric 
constant of C.F.,, the member with the lowest value, ranges 
from 1.69 to 14 over the above frequency range, while a per- 
fluorocarbon with a boiling range of 210 to 20°C has the 
highest value and the greatest range, 2.02 at 100 cps. to 
1.90 at 100 ke. 


"The power factor is, in general, low and compares favorably 
with standard transformer oils. Apparéntly no relationship 
exists between power factor and structure of the molecule. 
Thus, C7Fy,(perfluoromethylcyclohexane), the simplest member 
of the series has a power factor varying from 0.0045 at 100 
cps to 0.0005 at 100 kc. while the value for perfluorocarbons 
distilling from 130 to 150°C (a complex mixture) varies from 
0.0015 to 0.0003 over the same frequency range... 


"The volume resistivity and the dielectric strength of the 
perfluorocarbons are generally much better than standard 
transformer oils. Thus, CgFy¢ has a volume resistivity of 
1.2 x 10142 ohms and a dieisceris strength of 15,000 volts 
as compared to the values for a standard transformer oil 
of 1.1 x 1042 and 15,000. The opposite extreme is that of 
perfluorocarbons distilling from 210 to 20°C, which have a 
resistivity of 1.7 x 10-4 ohms and a dielectric strength of 
20,000 volts. Here again, little relationship exists between 
structure and volume resistivity and dielectric strength." 
(Ref .2h). 


135 


Fluorochemicals 


Fluorochemical liquids which possess chemical and thermal stab- 
ility are now being offered commercially. They are nonflammable, 
nonexplosive, nontoxic, noncorrosive to metals, plastics, etc., 
and have excellent insulation properties, These materials pos- 
sess a combination of properties which make them of particular 
interest to the heat transfer designer. They offer the best 
present hope for coolants applicable to operation from subzero 
to 00°C or higher. When properly applied, it would appear that 
they can very markedly increase the efficiency of certain heat 
transfer operations, (ref. 25). 


Fluorochemical liquids are remarkably stable in that they are 

not attacked by concentrated acids, solid alkalies, strong oxi- 
dizing agents or reducing agents. Two fluorochemicals, perfluoro- 
tributylamine, (C)F9)3N, Fluorochemical N-l3, and a perfluoro 
cyclic ether, with an empirical formula CgF\60, Fluorochemical 
0-75, are representative of the classes which are available. 

The thermal stability of Fluorochemical 0-75 was tested by heat- 
ing at 400°C (725°F) for 65 hours in a stainless steel autoclave 
in the presence of copper. There was no detectable decomposition. 
Fluorochemical N-l3 under the same conditions decomposed less 

than 0.4% as determined by free fluoride ion. The liquid became 
faintly straw-colored and there was a thin dark deposit on the 
copper. This is similar to other tests which showed the perfluoro 
tertiary amines to be slightly less stable than the perfluoro 
ethers. In another series of tests to determine effects on common 
materials of construction, test strips of iron, copper, aluminun, 
silicone rubber, varnished cambric, Teflon, and Kraft paper were 
partially submerged in Fluorochemical N-l3 and Fluorochemical 

0-75 at 90°C (19),°F) for eleven weeks. No change was noted on 
the test strips or the liquids. In similar tests, where excess 
water but no air was present, there was only slight corrosion of 
the metals. The corrosion was barely discernible in the liquid- 
phase portion of the strip, which can probably be accounted for 
by the low solubility of water in fluorinated liquids (less than 
25 ppm). In the case of varnished cambric, the water extracted 
the varnish, Because of the insolubility of fluorinated liquids 
in organic solvents, they do not swell rubber nor extract the 
plasticizers from insulating materials or sealants. Teflon is 

not affected by either of the above liquids at temperatures up 

to 250°C." (Ref. 25) 


The electrical properties of the two fluorochemical liquids are 
of particular interest. Both liquids have low dielectric con- 
stants and low loss factors over wide frequency and temperature 
ranges. See Figs. 57, 58, 59 and 60 in Appendix C. 


Both the perfluoro liquids have high dielectric strength and high 
resistivities as shown in Table 1L 
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TABLE 11 


Resistivity and Dielectric Strength of 


Designation N-3 0-7 
Resistivity (2 kv/em) ohm-cm tolh - 1916 = 14015 - 1017 
Dielectric strength, ASTM D-877 U5 43 


The dielectric strength of the vapors is also high. At one 
atmosphere pressure, the value approaches that of the liquid. 


Two methods of heat transfer in which the use of fluorochemical 
liquids is advantageous are by free convection and evaporative 
spray cooling. In the former, the high density, high coeffic- 
ient of expansion and low viscosity of these liquids result in 
high free convection modulus, while the low specific heat, is 
compensated by low thermal conductivity. 


The modulus for fluorochemical N-l3 ranges from 5 to 2000 x 
108 per cu. ft. - OF over the temperature range 77° to 350°F, 
The modulus for flucrochemical 0-75 ranges from lO to 200 x 
10° per cu. ft. - OF from 77° to 2Uj°F, while a transformer 
oil ranges from 1 to 20 x 10° per cu. ft. - °F between the 
latter temperatures. See Tables 29 and 30. 


OTHER COOLANTS 


Table 31 from Reference 26 lists properties of eleven coolants ac- 
cording to their latent heat. The first six refrigerants merit 
consideration for direct vaporization cooling because of their 
high dielectric constants. With the exception of Freon "113" most 
of them have some deleterious effect on certain materials used in 
electronic equipment. 


The last five refrigerants in Table 3lare listed for possible 

use in indirect vaporization cooling systems. The last two refrig- 
erants listed are binary solutions of water and methanol and water 
and ammonia. Ref, 26 shows curves of the variation of absolute 
pressure for evaporation at constant temperature and the variation 
of temperature for evaporation at sea level pressure as functions 
of the latent heat added, for the two binary solutions. Curves are 
also shown that indicate the water content by weight of the remain- 
ing liquid coolant at any point of the evaporative process. 


Temperature control of a boiling binary solution cannot be main- 
tained by a constant absolute pressure above the liquid, as with 

a single substance, because the vapor pressure of the binary solu- 
tion gradually decreases as the most volatile part of the solution 
boils away. The change in vapor pressure is also accompanied by a 
change in temperature, 
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IX. THE SELECTION OF OPTIMUM COOLING METHODS 


A. 


Tes) 


GENERAL 


This section is related to the relative merits of the various cooling 
means and methods of determining the most practical cooling mode for 

a particular application. The figure of merit which has been assigned 
is the heat concentration in watts/cu.in. In those instances wherein 
the external surface area of the device limits the thermal resistance, 
the unit heat dissipation in watts/sq. in. is also mentioned as a 
secondary figure of merit. These numbers can also be used as a 
measure of the magnitude of the design problem. 


In general, there are a number of practical cooling techniques which 
are satisfactory within stated limits. Certain of these techniques 
with slight modification and some experimentation can be applied to 
specific designs. It is true that the thermal design of electronic 
equipment has not been reduced to an exact mathematical science. 
However, the order of magnitude of any specific cooling design can be 
determined. Since this places the design in a finite known range, 

the limits of the design and experimentation can readily be established. 


The selection of the optimum cooling method should be preceded by the 
breadboard development of the electronic circuit. If the electronic 
performance is influenced by the cooling method, the circuit of the 
prototype model should be modified after the initial breadboard tests. 


The selection of cooling methods discussed herein are primarily predi- 
cated upon the heat concentrations and signal frequencies involved 

in shipboard and ground based equipments. Other factors such as the 
complexity of the equipment, space, power, thermal environment, 
available sinks and cost must also be considered by the designer. 
Since the optimum method of heat removal within a subassembly and a 
unit may differ from that used to transfer the heat to the ultimate 
sink, each will be separately discussed. 


HEAT TRANSFER WITHIN A UNIT 
1. General 


The method of heat removal from within a subassembly must be such 
as to provide a low temperature gradient between the heat pro- 
ducing parts and the cooled surface or the local sink. The cool- 
ing method must be simple, light weight, reliable, easily main- 
tained and economical. Further, it should occupy a minimum of 
volume, preferably utilizing the voids between densely packaged 
parts. 


2. Natural Methods 


Natural cooling means are recommended for use within most mini- 
aturized electronic subassemblies. They are frequently the only 


possible means of heat removal. Hermetic sealing and the dense 
packaging of parts can prevent the use of other techniques. Metal- 
lic conduction should be considered initially as the primary cooling 
means. Radiation cooling is not recommended as a primary means, 
since high temperature differences are required for appreciable 
heat transfer. Further, the control of the cooling path is lost 
since the heat will be radiated into nearby subassemblies. Con- 
vection cooling requires large areas which are seldom available 
within subassemblies. Aliso, convection currents will transfer the 
heat into other locations which will only require additional cool- 
ing. 


Plastic embedment may be used at heat concentrations of the order 
of 0.25 watts per cubic inch at ambient temperatures of the order 
of 85°C. Metallic conduction can be used for heat concentrations 
as great as 2 watts per cubic in. (See Fig. 50) The maximum 

unit heat dissipation for free air cooled surfaces is usually 0.25 
watts/sq. in. In a few high temperature devices, unit heat dissi- 
pations as high as 0.5 watts/sq. in. have been achieved. It should 
be noted that hermetic sealing is essential for many equipments 
which must operate under rigorous climatic and environmental con- 
ditions. Overall package sealing simplifies the problem to the 
extent that only one large seal must be made and all parts are pro- 
tected by it. Admittedly, overall sealing prevents easy access for 
servicing by requiring the entire subassembly to be opened with 
consequent loss of any inert gas or liquid and the possible entrance 
of moisture. Sealed subassemblies can be easily replaced, espe- 
cially if they are of the plug-in type. Oertain electronic circuits 
such as RF, IF, and video amplifiers cannot readily tolerate the 
increased capacitance and losses associated with plastic embedment. 
In such instances an inert gas is advisable. Uases with high 
thermal conductivities such as helium or hydrogen can be used to 
increase heat transfer by gaseous conduction. Additional informa- 
tion on these matters is incorporated in Natural Cooling Methods 
Section V. 


Forced Air 


Forced air cooling is an excellent cooling method, which can be 
used if the spacing between parts within the subassembly is 
adequate for air flow. Considerable heat can be removed by this 
method. (See Fig. 50) Individual parts with heat dissipations 

as great as 2 watts per sq. in. can be cooled at high Reynolds 
numbers. However, the power required to force air over objects 
and through ducts and heat exchangers may be considerable. Further, 
the interchangability of forced air cooled subassemblies will be 
rather limited to a few special equipments which are provided with 
adequate fans and ducting for each subassembly. Further details 
are incorporated in Forced Air Cooling Section VI. 


139 


9NITOOI FO SGOHLIW JO NOSI4VIWOD - OG bIF 


(Suen pejoas 40 bujjooo sousejut JOF) NIND YFd SLLVM 


LLL INITOOD NOILV ZISODVA 


Rape EE PE ORCC S pact) 


(9S14 Do Ob 4O pasog) NIOS HYFd SLLYM 


oe LL ETT on 003 NOILVZIAOAVA 
E ie : USSSS QNITOOD GINOIT L938I0 


oy aeicaes 


ae ea ONITOOD SI G72404 
[ ee mt pee 
ee eed 


6 


o ON NOILVIOVA # NOLLIFANOD F744 
A) INITOOD TVYNLYN 


140 


Direct Liquid Cooling 


This cooling means is particularly applicable to subassemblies 
having high heat concentrations or those which must operate in 
high temperature environments with small temperature gradients 
between parts and cooled surfaces. Unfortunately, direct liquid 
cooling can be used only in circuits which can tolerate the in- 


creased stray capacitance and electrical losses due to the high 
dielectric constant and power factor of liquids. 


New equipments can be designed for several types of liquid cool- 
ing systems any one of which may have cooling capacities greater 
than that of forced air systems. (See Fig. 50) The cases of 
sealed sub-assemblies can be designed for direct immersion in the 
coolant (indirect liquid cooling) or the electronic sub-assembly 
can be filled with a liquid such as a silicone fluid (direct 
liquid cooling). Cooling of directly immersed equipment may be 
increased by the addition of forced circulation of the coolant. 
However, this additional cooling is at the expense of more power 
to operate the pump and the additional equipment. The weight of 
directly immersed equipment may be reduced somewhat by spraying 
the coolant over the heat producing parts and collecting the heat 
bearing coolant in the bottom of the container and then pumping 
it through a heat exchanger and back to the spray nozzles. Such 
a cooling system represents a saving in the amount of coolant 
liquid required, but requires a higher pressure pump and con- 
sequently more power to run the pump than in the case of the 
completely immersed equipment. 


Liquid cooling is most applicable to power supplies, modulators, 
servo amplifiers and wide band low frequency amplifiers. It can 
also be used with certain radio frequency circuits, if considera- 
tion is given to the dielectric constant and dissipation factor 
of the fluid. The coolant must be chemically and electrically 
compatible with the electronic parts and the case. If liquid 
cooling is applied to equipments which operate over a wide range 
of environmental temperatures, care must be exercised in making 
sure that the coolant can not freeze at the lower temperatures. 


Liquid cooling frequently permits a greater degree of miniaturi- 
gation because of the larger permissable heat concentrations. 
Further, if a coolant with a high dielectric strength is used, 
voltage ratings can be increased. On the negative side, liquid 
cooling requires that the containers accomodate expansion at 
elevated temperatures. Unless the coolant is chemically inert, 

it may decompose the electronic parts. Also, maintenance diffi- 
culties are increased, and a leak may disable the unit. Repairing 
of direct liquid cooled equipment is complicated by the necessity 
for draining the fluid from the unit before working on it. Further, 
the fluid may be contaminated when the unit is unsealed unless 
extreme care is used. 
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Direct Vaporization Cooling 


Vaporization cooling is the most effective heat removal method 
known. It has the advantages and disadvantages of direct liquid 
cooling together with greatly increased cooling. (See Fig. 50) 
Expendable systems are simple, but involve disposal of the vapor 
and replacement of the coolant. Non-expendable or continuous 
systems are complex, expensive, and necessitate the use of a heat 
exchanger to condense the vapor back into a fluid. Vaporization 
cooling systems are particularly suited to installations with 
extremely high heat concentrations and those installations wherein 
no sink is available or the sink is remotely located. This is 
discussed further in Veporization Cooling Section VIII. 


C. HEAT TRANSFER TO THE ULTIMATE SINK 


l. 


General 


The method of transfer of heat from the subassembly or unit chassis 
to the sink is dependent upon the method of heat removal from with- 
in the subassembly due to the common connection between the two 
phases of heat rejection. Further, the selection of the optimum 
method of heat transfer for use in this phase is dependent upon 

the type of sink available, its location, and its temperature. 

The sink temperatures, both before and after installation of the 
equipment, must be considered, since the temperature of local or 
intermediate sinks may increase when the additional heat is added. 


Natural Methods 


Natural heat transfer from miniaturized subassemblies to the in- 
termediate sink is probably best accomplished by metallic con- 
duction cooling. In gereral, the reasoning discussed in part 

B.2 of this section is also applicable. However, the intermediate 
sink cannot be located at any significant distance from the sub- 
assemblies. Small temperature gradients are only obtained over 
appreciable distances with metallic conduction cooling when large 
heat conductors are used. The cost and weight of such conductors 
will probably be excessive. In certain instances structural parts 
may be used, i.e..the equipment may de thermally fastened to the 
hull of a ship. 


Natural convection and radiation my be used at the sink if the 
sink is air of a relatively low temperature. The maximum heat 
dissipated by the surfaces should seldom exceed 0.25 watts per sq. 
in. and should be limited to approximately 0.50 watts per sq. in. 
Even so, relatively high temperatures can easily be achieved. It 
is therefore recommended that this mode of cooling be used only 
with equipments of low heat concentration, provided that the 
rejected heat is not introduced into other nearby equipment. 
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3. Forced Air 


Forced air is more applicable to this phase of cooling than 
natural methods, particularly if the sink is nearby air. The 
air should be properly directed and distributed over the sub- 
assemblies. Unit heat dissipations of the order of 2 watts per 
sq. in. can be obtained readily. Supplemental data are pre- 
sented in Forced Air Section VI. 


4. Indirect Liquid Cooling 


When electronic equipment is to be operated in high temperature 
environments at high heat concentrations or when the sink is lo- 
cated at a distance from the equipment, optimum cooling can be 
achieved by a forced liquid cooling system. Greatly increased 
cooling over that obtained by forced air is possible. This cool- 
ing mode, using fresh water, is especially recommended for ship-— 
board usage. ‘Almost any reasonable degree of cooling can be at- 
tained through the use of cold plate or cold panel heat exchangers. 
See Sec. VII F. 


Indirect liquid cooling systems utilizing continuously circulated 
fresh water appear to be especially applicable to shipboard elec- 
tronic equipment. The heat can be removed from the fresh water 

in a fresh water to sea water heat exchanger. Work on such systems 
is continuing at this Laboratory. 


5. Indirect Vaporization Cooling 


This mode of heat transfer will provide the maximum obtainable 
cooling. It is recommended for use only with devices’ having ex- 
tremely hich heat concentrations. Its general application to 
miniaturized equipment remains to be determined. 


D. DESIGN EXAMPLE OF THE SELECTION OF OPTIMUM COOLING METHODS ~ Example (8) 


1. The Problen: 
Construction of a piece of electronic equipment which dissipates 
300 watts is contemplated. It is planned to package it ina 
cabinet 9.75 in. x 15 in. x 17 in., which is to be located in air 
at a normal room temperature. 


a. Will any special cooling considerations be required for this 
package? 


b. Can this package be made smaller? 
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You can see in figure 5-7 that the number of square units 
is equal to the product of the two dimensions of the 
rectangle. This gives the formula A = lw. 


Example: 
What is the area of a rectangle that is 13.5 inches long 


and 6.2 inches wide? 


lw 
(13.5) (6.2) 
83.7 


> PY Pp 
to ul 


The area is 83.7 square inches. 


Again, as you did before, you can find an unknown 
dimension if you know the area and one of the dimensions. 


Example: 
The top of the grenade box has an area of 176 square 


inches with a length of 16 inches. What is the width? 


A= lw 
176 = 16w 
176 = l6w 
16 16 

11 =w 


The width is 11 inches. 


Example: 
The area of the foundation for the bunker is 417 square 


feet with a width of 12 feet. How long is the 
foundation? 


A = lw 
417 = 1(12) 
417 ~ 1(12) 
12 12 
34.75 =1 


The length is 34.75 feet. 


Before you move on to parallelograms, do you recall the 
formulas used to compute the perimeter and area of a 
rectangle? If you said P = 21 + 2w and A = lw you're 
right! If you didn't, you should review this section 
before moving on. 


Heat concentration = Dissipated power 


Volume 


300 300 


“ 9.75 x ib x17 ~ Byee” 


= .12 watts/cu.in. 


This is a low heat concentration. No particular cooling 
considerations are required provided that the unit heat 
dissipation is adequate. See Fig. 50. 


, Eats ; _ Dissipated power 
Uni: heat cia si pa Gion Area of cooling surface 
300 300 


= OxF 75X17 +OX9 « POXLO+eXLOXT 8==-—sdd 


.26 watts/sq.in. 


w 


Referring to Fig. 50, note that the imaximum unit heat dissipation 

for free air cooled surtaces is in the neighborhood of 0.25 watts/sq.in. 
Thus, the package with .26 watts/sq.in. surface area will be satis- 
factory and no special cooling means will be required. 


From Fig. 50 note that a unit heat dissipation of one watt/sq. in. 
of surface area may be feasible if, for example, forced air 

cooling is used on the external surfaces, Thus, with forced air 
cooling it may be possible to miniaturize.the package from a surface 
area of 1135 sq. in. to a surface area of 300 sq. in. or less, 
dependent upon the Reynolds number and provided that the heat con- 
centration is not excessive. 


External dimensions of 7 in. x 5 in. x 10 in. appear in order for 
the miniaturized unit. 


300 
7x5x2+5x1l0x2+7x1lOx2 


Unit heat dissipation 
= a = approx. 1 watt/sq.in. 


Heat concentration =a os Te = 335 


= ,.85 watts/cu.in. 


This is a fairly high heat concentration. Metallic conduction 
cooling could be used within the unit satisfactorily if paths of low 
thermal resistance to the external surfaces are incorporated. 

Liquid potting could be used as an alternate technique. (See Fig. 50) 


144 


Ps 


|P 


w 


THE TEMPERATURE LIMITS OF ELECTRONIC PARTS 
GENERAL 


One of the primary problems facing the electronic designer in the 
thermal design of electronic equipment is the determination of the 
maximum temperatures which electronic parts can withstand. The 
maximum temperature is usually limited by the thermal coefficients 
of the electrical characteristics of the part and their effect on 
electronic performance, the degree of reliability and life desired, 
and the temperature which the part can survive without outright 
failure. The thermal effects on electronic performance are con- 
sidered to be peculiar to the circuits involved and indirectly re- 
lated to the heat removal problem. Therefore, a discussion on the 
thermal coefficients of electrical parameters is not included in 
this manual. It is realized that the degree of cooling can alter 
the electronic performance vy lowering the temperature spread and, 
in some instances, special cooling means will be required for this 
purpose. However, in most electronic equipment, the life, reli- 
ability and survival temperature are the primary thermal factors. 


Much remains to be accomplished in the determination of temperature 
vs. life or reliability for electronic parts. In general, such in- 
formation is difficult to obtain. 4 reasonable collection of material 
on the maximum survival temperatures of parts is available. However, 
most of this data is in terms of ambient temperature which is in- 
adequate in the design of densely packaged electronic equipment. It 
is anticipated that the parts manufacturers will ultimtely rerate 
their products and also assist in determining their compatibility 

with liquid coolants. 


THE THERMAL LIMETATIONS OF VACUUM TUBES 


1. General 


Vacuum tubes are considered by some electronic engineers to be less 
temperature sensitive than most electronic parts. This is par- 
tially correct. The electronic parameters of tubes are stable 
within wide temperature limits for certain life periods. How- 
ever, if tubes are operated beyond safe temperature limits their 
life and electrical characteristics will be significantly cur- 
tailed in a relatively short period. Further, the removal of 
heat from vacuum tubes is extremely important, since they are 
usually the primary heat sources in equipment. Overheating of 
vacuum tubes can lead to shortened tube life through: the accel- 
erated formation of gas, resulting in positive shifts in bias 


and progressive loss of emission; the thermal expansion of in- 
ternal parts, causing shorts and changes in tube characteristics; 
the formation of leakage paths, especially heater to cathode 
leakage; changed contact potential; the formation of mechanical 


stresses in glass resulting in envelope failures; and the ac- 
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celerated development of cathode interface resistance. It is 
also desirable to operate tubes as cool as possible to avoid 
mechanical failures die to creep and fatigue of metals, parti- 
cularly when the tubes are subjected to impact and vibration. 


In general, vacuum tubes are properly rated in that "hot spot!! 
bulb temperature ratings have been assigned by the manufacturers. 
Certain tube groups have similar temperature ratings, for example, 
the premium subminiature tubes. Most of the special tubes, 
ruggedized tubes and JAN tubes have specific thermal ratings. 

The conventional receiving type tubes do not appear to be com- 
pletely provided with such ratings. In fact, some conventional 
tubes have envelope glass which is different from that of others 
of the same type. It is recommended that the tube manufacturers! 
ratings be closely followed. Most manufacturers welcome re- 
quests for such information. 


Heat Transfer Within Vacuum Tubes 


The modes of heat removal within a vacuum tube are complex. A 
high temperature emitting surface is necessary to maintain proper 
electronic emission. Heater temperatures range from 1000° to 
1300°C and cathodes operate in the neighborhood of 750°C. Tube 
structures are designed so that the thermal resistance from the 
heater and cathode to the envelope and leads is as great as pos- 
Sible in order to reduce the heater power to a minimum. However, 
for circuit purposes, most tubes are provided with low inductance 
leads to their internal elements. These leads can conduct heat 
from the cathode and a compromise between these two requirements 
must be made by vacuum tube manufacturers. 


Much of the heat dissipated in vacuum tubes appears at the plate. 
Almost all the heat produced at the filament, cathode, control 
grid and screen grid is transmitted by radiation through the 
vacuum into the plate. The remainder of the heat produced by 
tube elements, other than the plate, is radiated to the inside 
surface of the tube envelope and/or conducted into the tube pins 
by metallic conduction along the tube element leads. The plate 
is heated not only by the heat received from the other elements 
but also by its normal dissipated energy. Plate temperatures 

in vacuum tubes, other than transmitting types, normally range 
from 350° to 400°C. Almost all the energy dissipated by the 
plate is transmitted by radiation through the vacuum and is ab- 
sorbed by the glass envelope. Due to its transmission character- 
istics, glass begins to be a poor transmitter of infrared radi- 
ation at 2.5 microns. Thus, glass is essentially opaque to 
radiation from sources near 100°C, and only 6% of the energy 
radiated from the plate is transmitted directly through the glass 
envelope. The remaining 94% of the heat radiated from the plate 
is absorbed by the glass. The glass is heated and reradiates 
part of this energy at a lower temperature level and convects 


146 


or conducts the remainder to the environment. Some heat from the 
plate is conducted along the plate lead through the tube pins. 
When plates operate at temperatures of the order of 750 to 850°C 
(cherry red), as in tantalum element transmitting tubes, the 
majority of radiation from the plate passes directly through the 
glass. 


These modes of heat rejection from within a vacuum tube result 
in a concentration of heat in the glass envelope adjacent to the 
plate and to some extent at the base of the tube. If a tube is 
mounted vertically and operated in free air, a small hot spot, 
due to conduction through the leads, will appear at the base and 
the envelope will have a definite hot spot at approximately two 
thirds its height, opposite the plate, due to radiation through 
the vacuum (see Fig. 51). Glass is a relatively poor heat con- 
ductor and marked temperature gradients will appear in the en- 
velope adjacent to the upper and lower edges of the plate struc- 
ture. It is desirable to cool vacuum tubes in a manner that will 
reduce such gradients in the envelope. Large temperature dif- 
ferences can cause severe mechanical strains which lead to en- 
velope breakage. 


It can be concluded that vacuum tubes mst be cooled primarily 
by removing the heat from the envelopes. A portion of the heat 
can be removed through the pins or leads at the base. A study 


of the magnitude of heat removal which can be obtained by tube 
pin cooling is in work at this Laboratory. 


3. Limiting Factors 


a. The release of gas is greatly accelerated when the temper- 
atures of tube elements exceed certain limits. Most vacuum 
tube elements are degassed at temperatures in the neighbor- 
hood of 500°C. The envelopes are usually near 300°C during 
this process. If the glass or element temperatures are per- 
mitted to exceed these values after the tube has been placed 
in service, gas will be rapidly released, the getter will be 
unable to absorb the gases, and a gassy tube will result. 


b. Minute amounts of emitting material usually migrate from the 
cathode to the control grid. Should the grid temperature 
become excessive, grid emission from these materials can oc- 
cur, 


ce. The glass envelopes of most tubes should not be permitted to 
operate at temperatures greater than 200°C maximum. Premium 


bah ma a E . . i 
Cubes. are Usually provided: with especial elasis: which. can be 


operated at 260°C maximum. The voltages applied to the tube 
elements can produce electrostatic stresses in the glass at 
the base. The leakage resistance of glass at high tempera~ 
tures is much less than at normal temperature and appreci- 
able current flow in the glass is possible, 
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4. Vacuum Tube Ratings 


In general, the envelope temperature of small receiving type tubes 
should be held below 175°C "hot spot temperature" for reliable 
service. A reduction of bulb temperature of from 200°C to 160°C 
will result in a substantial increase of life expectancy of the 
tubes. The cooling of the envelope is the most important consider- 
ation when mounting the tube (see Section V). The development of 
miniature and subminiature tubes has led to a large reduction in 
envelope surface area and a large increase in the rated unit heat 
dissipation. This means that the maximum envelope temperatures 
were increased greatly over those of the conventional tube types. 
Table 12 is representative for several bulb types: 


TABLE 12 


Unit Heat Dissipations of Typical Tube Types 


Minia- Submini- 
Octal ture ature 
Bulb Type ** T-9 7-5 1/2 T-3 
Bulb area, sq. in. 10.5 el 1.7 
Maximum dissipation of 18.7 16.8 7.6 
tube in watts 
Unit heat dissipation, ply (3) hel 4.6 
watts/sq.in. 
Unit heat dissipation ratio Ly -85 i 
(with respect to T-3) es *% 
Bulb temperature in free air at 160°C 225°C" 260°C" 
23°C 


Typical envelope temperatures for sea level and at 23°C ambient 
temperature conditions are presented in Table 13 as an indica- 
tion of the temperatures obtained with a single tube in free air, 


% Note ~ excessive - not recommended by the author. 
## Note - these heat concentrations apply to all of the tube sizes 
mentioned. 
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TABLE 13 


Typical Bulb Temperatures 
at 23°C Ambient 


a i ar 


Percent Maximum Plate Dissipation 


Tube Type Bulb Size 20 ho 60 80 100 
12AU7 T-6 1/2 7796 100°C 118°C 133°C 146°C 

60h T-5 1/2 64°C 82°C = 98°, -1139C 125% 
6aH6 T-5 1/2 88°C 103°C 116°C 126% 132% 
5ULG ST~16 105°C 116°C 127°C 138°C 149°C 
5687 T-6 1/2 123°C 140°C 155°C 155°C 183°C 


With increased ambient tenperature the following envelope hot 
spot temperatyres are reached for the above envelope types: 


TABLE 14 
A oximate Bulb: Temperatures at Various Ambient Temperatures 
enseal values - not including correction for shapes) 
Ambient Temp. Unit Heat Dissipation in Watts per sq. in. 
(Sea level 
pressure) 1.0 2.0 3.0 4.0 5.0 
23°C 100°C 170°C =. 230°G-)~—Ss *2802¢ ~=—- *310° 
160°C 220°C 260°C} *300°c )=—*3,0°c = *370°C 
250°C *310°c =» 3509 ~=—**390°c «= *y209 = * 50°C 


* Note - Excessive - not recommended by author 
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1. 


Fig. 52 presents the relative temperatures of various tube 
types. Fig. 53 shows the bulb temperature vs. ambient tempera- 
ture for types 6AK5 and 5702. 


It is apparent that, at maximum ratings, excessive vacuum tube 
temperatures can be obtained even in free air. When tubes are 
used in equipment, these free air ambient conditions seldom ex- 
ist. It is strongly recommended that the bulb temperature of 
each tube used in an equipment under design or development be 
measured to make certain that safe operating temperatures are 
achieved. Cornell Aeronautical laboratory Report HF-8)5-D-2 - 
"Manual of Standard Temperature Measuring Techniques, Units and 
Terminology" presents methods for such temperature measurements. 


CAUTION: Extremely effective cooling can reduce the envelope 
temperature to a level which is far below the maxi- 
mim rated temperature. This is an excellent practice 
but it should not be used to increase the internal 
element dissipation of tubes beyond their nominal 
rated values. Such a practice is hazardous and over- 
cooling should not be used in order to exceed the maxi- 
mum rated power level of any tube. 


THE THERMAL LIMITATIONS OF SEMICONDUCTOR DEVICES 


GENERAL 


Semiconductor devices are more temperature sensitive than vacuum 
tubes. In a vacuum tube, the emitter (cathode or filament) oper- 
ates at a relatively constant temperature which is essentially 
independent of the environmental temperature. Such is not the 
case in a semiconductor, since the temperatures of the active 
elements are directly related to that of the environment. As a 
result, a change in operating temperature usually modifies the 
electrical characteristics of the device. Further, most semi- 
conductors malfunction completely and become conductors at ele- 
vated temperatures. 


Certain circuits tend to stabilize the performance of transist- 
ors. Such circuits are not within the scope of this report. 

In general, it is desirable to operate semiconductors at the 
lowest practical temperatures. This will permit a minimum of 
derating and maximum performance. Unfortunately, only ambient 
temperature ratings are available for most of the semiconductor 
devices. Several manufacturers are in the process of determin- 
ing surface and junction temperature ratings for transistors. 
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5203. Perimeter and Area of Parallelograms 


a. Parallelogram. A parallelogram is a quadrilateral (four 
sided figure) with each pair of sides equal and parallel. It 
looks like a rectangle that has been shoved sideways (fig 5-8). 
Opposite angles are also equal; angle A equals angle C and angle 
B equals angle D. The long dimension of a parallelogram is 
usually referred to as the base (b). The perpendicular distance 
between the bases is called the height (h). 


B 


/#———_ b(base) 


> 
w 
Hl 


CD and AB//CD 
AD and BC//AD 


Note: // means parallel 


Fig 5-8. Parallelogram. 


b. Perimeter. As with the other quadrilaterals, the perimeter 
is the sum of the lengths of the 4 sides. Two of the sides are 
called bases (b) and the other two sides that are slanted are 
called widths (w), so the formula would then be P = 2b + 2w. 


Example: 

What is the perimeter of a parallelogram that has a 
base of 22 inches and a width of 12 inches? 
P = 2b + 2w 
P = 2(22) + 2(12) 
P= 44 + 24 
P = 68 
The perimeter is 68 inches. 

c. Area. If you placed a grid over a parallelogram as was done 


with the square and rectangle, you would get fractional squares 
due to the sloping sides (fig 5-9). By cutting off the three 
fractional squares on one side and joining them with the parts of 
Squares on the other side, you get three complete squares and a 
complete rectangle. 


2. 


Selenium Rectifiers 


Selenium rectifiers should be derated above 50°C ambient tempera- 
ture when more than 1000 hours of life are desired. At no time 
should the peak surface temperature exceed 135°C. The following 
table displays typical deratings: 


Ambient Temp. Per Cent of Per Cent of 
Rated Voltage Rated Current 
5°c 100 100 
60°C 100 80 
80 100 
65°C 100 65 
80 80 
70°C 100 50 
80 65 
75°C 80 45 
60 60 
80°C 80 30 
60 Ls 
80°C max. 50 Lo 


Fig. 54 also presents derating curves. 


Germanium Diodes and Transistors 


In general, these devices are extremely temperature sensitive. 
Germanium temperatures of from 85 to 100°C at the junction or 
point of contact usually result in the loss of the semiconduct- 
ing characteristics. As soon as the temperatures are reduced, 
the germanium can recover with only minor ill effects. However, 
indium and other low melting temperature materials are frequently 
used in germanium devices and it is possible to permanently damage 
them by overheating. Usually, it is not recommended that ger- 
menium devices be operated at peak internal temperatures exceeding 
75°C, Certain germanium and silicon devices for operation at 
higher temperature levels are now under development. Manufactur- 
ers' ratings on these devices must be accurately followed. 
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Magnesium Copper Sulphide Rectifiers 


Hermetically sealed rectifier cells of these materials can be used 
at temperatures as high as 200°C ambient. Typical ratings follow: 
Operating tenperature range - from 70°to 200°C ambient. At ambient 
temperatures lever than 100°C, operation at full rating should re- 
sult in a life expectancy of at least 1000 hours. When full life 
(nominally 10,000 hours) is desired at ambient temperatures between 
40° and 100°C, the following derating formula is recommended: 


. ° 
Per cent of 40°C D.C. current rating = 100 x (20> saa an 
Silicon Diodes 


In general, silicon diodes can be used at maximum temperatures 
ranging from 100 to 110°C. Silicon diodes and transistors for 
operation at 200°C are under development. Other thermal character- 
istics are similar to germanium diodes. 


Copper Oxide Rectifiers 


In the region of the limiting value, that is, small current or 
voltage, the dependence of such rectifiers on temperature is very 
great. The internal resistance decreases exponentially with in- 
creasing temperature. If the load resistance is significantly 
larger than the internal resistance, the effects of temperature 
sensitivity can be made to be negligible. Copper oxide recti- 
fiers are rated for full load operation at 40 to 50°C ambient 
temperature. 


Dry Disk Titanium Rectifiers 


These devices show promise for use at 125°C ambient temperature. 


THERMAL LIMITATIONS OF MAGNETIC CORE DEVICES 


Gene ral 


Iron core reactors are considered to be less temperature sensi- 
tive, performancewise, than any other electronic part, with the 
exception of vacuum tubes, When an inductance is used in a fre- 
quency controlling element, temperature sensitivity is, of course, 
present. Iron core reactors are third in order of importance as 
heat sources. Like vacuum tubes, reactors which are operated 
beyond safe temperature limits will have short life. Excessive 
temperatures can cause the failure of insulating materials and 
conductors leading to high reactor mortality. Insulation does 
not fail by immediate breakdown upon arrival at some critical 
temperature, but by gradual mechanical deterioration with time. 
Ultimately, a short circuit occurs and subsequent'"tcremation" re- 
sults. With class A insulation, for example, experience indi- 
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a> 
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indicates that the insulation life is halved for each 10 to 12° 
increase in temperature throughout the practical operating temp- 
erature range. With liquid cooling (oil immersion) the life is 
halved for each 7 to 10°C increase in temperature. 


The heat generated in reactors is produced in the magnetic core 
and in the conductors. The primary mode of heat transfer within 
conventional iron core reactors is conduction. Due to the neces- 
sity for turn to turn and layer to layer electricai insulation, 
the thermal resistance between internal hot spots and the surface 
is large, and high winding temperatures can be obtained. If sur- 
face temperature ratings are not avaiiable, the internal tempera- 
tures of reactors should be determined with imbedded the rmo- 
couples, 


Limiting Insulation Temperature 


The life at the limiting temperature for any one class of insula- 
tion may vary widely according to the quality of the material 
used, the construction techniques, the mechanical strains imposed 
on the insulation, and the kind of service to which it is applied. 
From the results of experience with equipment in service and from 
laboratory tests on various insulating materials, limiting insula- 
tion temperatures (called hottest spot temperatures) have been as- 
signed by the AIBE. They are of primary importance and useful as 
a point of reference or "bench mark" in selecting the practical 
values of observable temperature rise. "Hottest spot" temperature 
values are not directly applicable for use in rating since the 
"observable" tanperature, that is, the temperature which is di- 
rectly measurable in practical tests, is less than these peak temp- 
eratures by an amount which may be widely different for various 
types and sizes of reactors. This is due to the inaccessibility 
of the hottest spot, non-uniformity of cooling, the thermal con- 
ductivity and thickness of the insulation, the form of winding, 
the rate of heat flow and the relative locations of the "hottest 
spot" and the cooled surfaces. Therefore, temperature difference 
allowances are included in the "hottest spot" (peak) ratings. 


Class 0 Reactors 


Class 0 insulation consists of cotton, silk, paper and similar 
organic materials when neither impregnated nor immersed in a liquid 
dielectric. 


The maximum peak temperature for class 0 insulation is 90°C. The 
temperature difference allowance between the "hottest spot" and 
the temperature measuring devices is approximately 5°C and the 
maximum indicated temperature is therefore limited to 85°C. 
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4. 


Class A Reactors 


Class A insulation, as defined by A.I.E.E., consists of (1) cot- 
ton, silk, paper and similar organic materials when impre gnated 
or immersed in a liquid dielectric; (2) molded and laminated 
materials with cellulose filler, phenolic resins and similar 
resins; (3) films and sheets of cellulose acetate and other cel- 
lulose derivatives of similar properties; and (l,) varnishes 
(enamels) as applied to conductors. 


The usual maximum peak temperature for class A insulation is 
105°C. The temperature difference allowance between the "hottest 
spot" and the temperature sensing element is approximately 5°¢ 
and maximum indicated temperature is therefore limited to 100°C. 


Class B Reactors 


Class B insulation consists of mica, asbestos, Mylar, Fiberglas 
and similar inorganic materials in built-up form with organic 
binding substances. Composite magnet wire insulation consisting 
of Fiberglas layers covering polyvinyl acetal or polyamide films 
are included in this class, 


The maximum peak temperature for Class B insulation is 130°C, 
The temperature difference allowance between the "hottest spot" 
and the temperature sensing element is approximately 10°C and 
the maximum indicated temperature is therefore limited to 120°C. 


Class H Reactors 


Class H insulation consists of (1) mica, asbestos, Fiberglas and 
similar inorganic materials in built-up form with binding sub-~ 
stances composed of silicone compounds or materials with equiva- 
lent properties; (2) Teflon, silicone compounds or materials 
with similar properties. 


The usual maximum peak temperature for class H insulation is 

250 to 275°C. The temperature difference allowance between the 
"hottest spot" and the temperature sensing element is of the 
order of 20°C and the maximum indicated temperature is therefore 
limited to approximately 230°C. For long life it is recommended 
that the maximum indicated temperature be reduced to 200°C. 


Class C Reactors 


Class C insulation consists entirely of mica, porcelain, glass, 
quartz and similar inorganic compounds. No upper temperature 
limits have been selected for this class of insulation.* It is 
anticipated that the limit will be in the neighborhood of 260°C 
because of the electrolysis which can occur in glasslike materials 
at temperatures exceeding this level. 
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1. 


2. 


THE THERMAL LIMITATIONS OF RESISTORS 


General 


Resistors rank second to vacuum tubes in the order of magnitude 
as heat sources. Almost all resistors have been designed for 
cooling by natural means. Information related to their ratings 
when liquid cooled is practically non-existent. In general, 
resistors are provided with lugs or leads for free space mounting 
and are thus cooled by conduction through the mountings, to- 
gether with whatever radiation and convection is present. The 
lead length and temperature of the points of attachment there- 
fore can greatly influence the operating tenperature of a resis- 
tor in a given location. One of the factors which limit the 
maximum temperature of many types of resistors is oxidation. 

If the protective surface material, which is usually an enamel 

or varnish, is damaged and exposed to the atmosphere, oxidation 
of the resistance material occurs rapidly and the resistor is 
destroyed. Hermetic sealing and inerting will tend to overcome 
this difficulty. The ratings in the following sections are based 
primrily on ambient rating in free air. Since the military re- 
quirements my be more stringent than the commercial ratings, 
where different ratings occur, the Bureau of Ships' ratings are 
included in parenthesis. 


Fixed Resistors 
a. Carbon film resistors 


Pyrolytic carbon, borocarbon, cracked carbon and other similar 
resistors have essentially identical ratings for a given size. 
They are rated for full wattage dissipation at 40°C ambient 

end linearily derated to zero wattage at 150°C (120°C) ambient. 
The maximum "hot spot" surface temperature for reliable ser- 
vice is 120°C to 150°C, dependent upon the allowable change 

in value. 


b. Composition carbon resistors 


These resistors are rated for full wattage dissipation at 
40°C ambient and linearily derated to zero wattage at 100°C 
(70°C) ambient. The mximm "hot spot" surface temperatures 
range from 110 to 130°C. 


c. Printed resistors 


The ratings of printed resistors vary widely, being dependent 
upon the formilations utilized and the materials upon which 

they are printed. In general, printed resistors are rated for 
full wattage dissipation at 40°C ambient, and linearily derated 


to zero dissipation at 75°C ambient. The maximm "hot spot! 
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surface temperature is usually g5°c, 
d. Palladium film resistors 


These metallized film resistors are rated for full wattage dis-~ 
Sipation at 100°C ambiert and linearily derated to zero wattage 
at 150°C ambient. The maximum “hot spot" surface temperature 
for long life is 200°C. Under short life conditions "hot spot" 
surface temperatures as high as -30°C can be tolerated. 


e. Glass resistors 


Resistors consisting of a conducting metallic oxide film on 
glass are rated for full wattage dissipation at 40°C ambient 
and linearily derated to zero wattage at 200°C ambient. The 
maximum "hot spot" surface temperature for reliable service 
is 225°C. 


f£. Molded wire wound resistors 


Wire wound resistors which are molded in phenolic mterials 
are rated for full wattage dissipation at 70°C ambient and 
linearily derated to zero wattage at 150°C ambient. Maximum 
surface temperatures should not exceed 150°C. 


g. Wire wound vitreous enamel resistors 


The average wire wound resistor of this class is rated for 
full wattage dissipation at 0°C (25°C) ambient and derated 
almost linearly to zero wattage at 225°C (160°C) ambient, de- 
pendent upon the type. The maximum surface temperature is 
usually approximately 2¢0°C (275°). Embedded and similar 
high temperature wire wound vitreous resistors are rated for 
full dissipation at 10°C ambient and are essentially derated 
linearly to zero wattage at 400°C. Their maximum surface 
temperature is 415°C. Several miniature vitreous wire wound 
resistors produced in England have the same ratings as the 
embedded types. Liquid cooled ratings are available from 
only a few manufacturers. 


3. Variable Resistors 
a. ‘Wire wound variable resistors 


Conventional low power, low operating temperature, wire wound 
potentiometers with a linear taper are rated from two to four 
watts maximum dissipation, dependent upon their size, at o°c 
ambient and are linearly derated to zero wattage at 105°C 
(100°C) ambient. Non-linear tapered controls are rated for 
oOl watt dissipstion per degree of rotation at Lo°c. The 
ratings of power rheostats vary, dependent upon their con- 
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stituent mterials. 


b. Composition carbon variable resistors 


Ordinary variable carbon resistors are rated for one half watt 
maximum dissipation at 0°C, linearly derated to zero at 75°C 
(85°C). Special high temperature units are rated from two to 
one half watt maximum diestpatiom dependent upon their size, 


non Rese {eo} 
at 7Orc, and are linearly derated to zero at L50°C C (120°C). 


THE THERMAL LIMITATIONS OF CAPACITORS 


General 


Capacitors are not normally considered to be heat sources, with 
the exception of electrolytic capacitors having high leakage cur- 
rents and capacitors with relatively high loss factors in radio 
frequency circuits in transmitters. The surface temperatures of 
capacitors are usually those of the thermal environment. In 
general, the leakage resistance of capacitors decreases with tem- 
perature, so that their usable maximum temperature is determined 
by the permissible circuit losses and their survival temperatures. 


Fixed Capacitors 
a. Paper dielectric capacitors 


Most paper capacitors have’an upper temperature limit of 75 
to 850°C. High tem rature paper capacitors have an upper tem- 
perature limit of 125°C. 


b. Synthetic film dielectric capacitors 


Capacitors using "Teflon", "Mylar", "Thermofilm" and similar 
plastic dielectrics show promise as substitutes for paper 
dielectric capacitors at temperatures ranging from 130 to 200°C 
ambient. Such capacitors are still under development and until 
more definite information relative to the life and thermal 
capabilities of these capacitors are known, it is suggested 
that the application recommendations of each manufacturer be 
closely followed. 


ec. Glass dielectric capacitors 


Glass capacitors are rated for service at 200°C maximum. 


d. Mica dielectric capacitors 


Mica dielectric capacitors are limited to peak temperatures of 

the order of 120°C when they have plastic cases. Mica is an 
excellent high temperature dielectric. Mica capacitors with metal 
cases, or without cases, can be used at elevated temperatures. 
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e. Vitreous enamel capacitors 


These capacitors are rated for 200°C service. 


f£. Barium titanate dielectric capacitors 


Capacitors with high K ceramic dielectrics have upper tempera- 
ture limits of the order of 85°C. 


g. Electrolytic capacitors 


High quality conventional electrolytic capacitors are rated 
to 85°C maximum ambient temperature. Tantalum electrolytic 
capacitors, dependent upon the type, are rated at 125, 150, 
175 and 200°C maximum ambient temperatures, respectively. 


Variable Capacitors 


Almost all variable capacitors, with the exception of the barium 
titanate dielectric type, use dielectric materials capable of 
service at 200°. 
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XI. RECOMMENDATIONS FOR DETERMINING AND IMPROVING THE THERMAL PERFORMANCE 
OF BLECTRONIC EQUIPMENT 


[> 


THE THERMAL ANALYSIS OF ELECTRONIC EQUIPMENT 


The adequacy of a given thermal design can be determined by test 
under either actual or simulated conditions and environments. Such 
a test may involve many considerations, measurements, and evaluation 
procedures. Such items as temperature, pressure, and air flow 
measurements, proper simulation of the design environment, blower 
power measurements and electronic performance are involved. Caution 
should be exercised in avoiding radiation and convection effects 
associated with nearby walls. Also, stray air currents should be 
eliminated. 


Coverage of all these items is beyond the scope of this manual. 
However, excellent treatment of air-cooled equipment is contained 

in AF Technical Report No. 6579 (see Ref. 6). This report is a com- 
prehensive manual on the testing and thermal evaluation of air-cooled 
electronic equipment. The factors outlined in Section III pertaining 
to environmental ratings should be considered. In general, the tem- 
perature rise within an equipment will be relatively constant over a 
fair portion of the operating temperature range, all other factors 
being unchanged. If modifications to the cooling system are necessary, 
all thermal tests should be repeated after modification. 


B. IMPROVING THE THERMAL PERFORMANCE OF EXISTING ELECTRONIC EQUIPMENT 


Within certain limits the thermal performance of existing equipment 
can be improved by modification. Improved natural cooling methods 
and other similar simple techniques can be incorporated into much of 
the current equipment. 


The variety of cooling methods for existing electronic equipment which 
is either malfunctioning due to heat or which mst be operated in 
thermal environments more severe than originally specified is limited. 
An optimum cooling method for such equipment would probably depend on 
the complexity of the installation, space, power, location, cooling 
media available, cost, and other such considerations. 


In general, the addition of forced convection may be the most practical 
method. Another possible method is to cool the equipment cabinet with 
a water cooled heat exchanger in intimate contact with the surface of 
the case. Shipboard electronic equipment that has been designed for 
cooling by forced air and is mounted in relay racks and cabinets can 
be modified by installing water cooled heat exchangers (cold panels) 

on the inside surface of the cabinet. The air inside the cabinet 
should be recirculated through the equipment and across the cold 
panels. 
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Figure 5-9. Making a parallelogram into a rectangle. 


Now you can borrow the formula for the area of a rectangle and 
substitute the letters used for parallelograms (fig 5-10). 


Area 


= base x height 
A = bh 


Fig 5-10. Formula for the area of a parallelogram. 


Example: 
The bottom of the enemy trenchline is shaped like a 


parallelogram with a base of 50.2 feet and a height 
of 15.3 feet. How much area does the bottom of the 
trenchline cover? 


A = bh 
A = 50.2(15.3) 
A = 768.06 


The area is 768.06 square feet. 


Remember, to find the perimeter of a parallelogram, use the 
formula: P = 2b + 2w, and to find the area, use the formula: 


A = bh. 
5204. Perimeter and Area of Trapezoids 


a. Trapezoid. This is a quadrilateral with only one pair of 
opposite sides parallel (they are not equal). As with the 
parallelogram, the "top" and "bottom" of a trapezoid are referred 
to as bases. Since they are of different lengths, the subscripts 
1 (b,) and 2 (b,) are used to identify them (fig 5-11). 
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Consider an electronic equipment which operates satisfactorily in 
a specified thermal environment but must now function in a compart- 
ment with a higher temperature enviromnent. Malfunction will 
probably result if supplemental cooling means are not provided. 
Several pertinent considerations follow: 


1. Can the equipment operate satisfactorily using compartment air 
in forced circulation within or around the equipment? If it 
appears that compartment air can be used, other factors, includ- 
ing compartment air inlet and outlet facilities, air ducting re- 
quirements and fan power requirements, should be considered. 

It must be remembered that the rejected heat in the form of hot 
air cannot, in general, be dissipated into a compartment without 
increasing the temperature within the compartment. 


Existing ventilation and air conditioning systems cannot always 
be utilized for equipment cooling. The system may be overloaded 
by the added heat load, rendering the space uninhabitable for 
personnel. 


Hot spots within the equipment can be a source of trouble. Air 
may be forced through ducts and directed upon such hot spots. 
This is one of the most simple and effective means of hot spot 
cooling of existing equipment. Care must be exercised to prevent 
the resulting hot air from overheating other electronic parts 
which may already be operating at or near their maximum tempera- 
tures. Thus, it is important to consider not only inlet air 
ducting, but the collection and removal of the hot air as well. 


If forced air cooling exists in the equipment, improved air flow 
distribution within the equipment may be obtained by judicious 
placement of ducts and baffles. In some instances blowers are 
located haphazardly. The air should be directed to the tempera- 
ture limited parts and het spots. Temperature indicating paints 
can be applied to locate critical items. Fins may be added where 
necessary to provide larger cooling surfaces. Where required, 
critical parts may be relocated in the most advantageous position 
with respect to the cooling air. Metallic conduction cooling of 
temperature limited parts can be improved by better mounting 
methods. See Section V. 


2. Will the electronic equipment be placed near other heat sources 
such as a hot pipe or other equipment? There may be alternative 
locations available. Also, »erhaps radiation shields might be 
used to minimize heat transfer from other heat sources to the 
electronic equipment in question. 


3. Is water available in the compartment for water cooling of the 
electronic equipment? For example, water cooled tubing might be 
soldered to the cabinet. in this instance, make sure that the 
surfaces involved have sufficient area to remove the heat from 
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the cabinet. Another possibility is to force the internal air over 
water cooled extended surface coils. See Section VII. The air 
could be recirculated in a closed duct system. Altemately, the 
assemblies and subassemblies can be made into more effective heat 
exchangers. The electronic equipment may be packaged in an elec- 
tronic equipment console constructed so as to contain trays with 
liquid or air to carry the heat away. As previously mentioned, a 
liquid would be preferable. 


lk. If sufficient air or water is unavailable for cooling purposes, 
other means must be considered. One possibility is to force air 
over cooling coils, the air being recirculated in a closed system. 
The cooling could be accomplished by a vapor-compression system 
using a refrigerant such as one of the Freons. The refrigerant 
condenser can be located remotely for air or sea water cooling. 
It should be noted however, that considerable equipment is required, 
including piping,a compressor, a drive motor, a condenser, and the 
various controls. Further, the work of compression together with 
the heat removed from the electronic equipment mst be removed in 
the refrigerant condenser. Expendable evaporative cooling could 
also be used when cooling air or water are not available. 


While the above generally recommends ducting air directly to the inside 
of equipment, it should be pointed out that great care must be taken 
in the design of the cooling air attachment fittings so that a minimum 
of space, weight and maintenance time is expended through their usage. 
The equipment should be easily connected to the duct when the equipment 
is slid into place on its rack. For simplicity, it is desirable that 
only air inlet ducting be provided. 


The current practice of circulating cooling air at random through a 
cabinet containing several items of equipment can be very inefficient. 
With this arrangement, some pieces of equipment may be over cooled 
while other items may be inadequately cooled. A more efficient cooling 
system is possible if the cooling air is ducted directly to each equip- 
ment item in the quantity required. 


THE DESIGN OF EFFICIENT ELECTRONIC CIRCUITS 


It is well known that the electrical efficiency of most electronic 
circuits is very low, ranging from almost zero to a few percent. Care~- 
ful design will, in certain instances, increase the efficiency and help 
to alleviate the heat removal problem by reducing the dissipated power. 
It is recommended that each circuit be reanalyzed during its development 


and if necessary, be redesigned to obtain the highest practical efficiency 


prior to initiating the heat removal design. 


To design efficient electronic circuitry it is necessary to examine each 
electronic stage individually for useless power being dissipated as heat 
during stand-by and full-output conditions. Secondly, an analysis of 

the normal operational duty-cycle should be made. This will provide an 
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indication of where the greatest quantity of power is being wasted 
and which of the efficiency measures described in this section 
should be utilized. Fig. 55 presents relative circuit powers. 


i. 


Reduction of Operating Voltages 


In most circuits, excepting those wherein large output signals 
are required, vacuum tubes will function satisfactorily with 
adequate gain at plate supply voltages ranging from 80 to 125 
volts. It is suggested that plate voltages of this order be 
applied to reduce the plate dissipation, instead of the usual 

200 to 300 volts. In general, the gain will not be significantly 
reduced and the life will be increased. Further, lower voltage 
parts which are smaller, lighter, and more economical, can be 
used, 


Reduction of Power Dissipated During Stand-By Conditions 


With equipments that have long stand-by periods, as compared to 
their operational periods in a normal duty-cycle, it is often 
possible to redesign the equipment to make use of plate circuit 
switching so that the plate supply will be de-energized during 

the standby period. Further, it is possible to reduce the filament 
voltage of vacuum tubes from, for example, 6.3 volts to 6.0 or even 
5.9 volts during stand-by without serious effect on the operation 
of the circuit or the life of the tube. 


Use of Semiconductor Devices 


Semiconductor devices are more efficient electrically than vacuum 
tubes. There are instances wherein the application of such a 

device will serve to increase the overall efficiency of the system. 
These devices are extremely temperature sensitive and must be 
treated accordingly. However, with proper care and stable circuit 
design it is possible to obtain satisfactory performance, especially 
in relatively low temperature environments. 


Use of Magnetic Amplifiers 


Electronic engineers are, to some extent, prone to overlook the 
advantages of magnetic amplifiers. In certain low frequency circuits, 
Saturable reactors have outstanding advantages. The inherent 
efficiency of a magnetic amplifier is high. Vacuum tubes are 
essentially variable resistors, dissipating much of their power 
input. Magnetic amplifiers are variable reactors exhibiting an 
impedance rather than a resistance. The power loss is correspond- 


ingly low. 


Use of Special Circuits 


An examination of most equipments will reveal that only the power 
output stages require large input power. Often the preceeding 
stages are operated at excessive power levels with respect to 
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their function. More efficient designs will decrease the power 
dissipation and perhaps eliminate some of the intermediate stages. 
As an example, a radio receiver could operate with the RF and IF 
amplifiers at low voltages. Only the audio output stage would 
have high voltage and it could operate in class B. Power output 
stages should be built to a design limit instead of using, for 
example, a ten watt stage where only a five watt stage is required. 
In certain applications semiconductor rectifiers can be used in 
voltage multiplying circuits for high voltage power supplies, thus 
eliminating a vacuum tube and power transformer. 


In some amplifier applications it is possible to use a pentode tube 
in a "starved circuit" and achieve an increase in over-all gain 
together with a reduction in dissipated power. The additional gain 
may be utilized to eliminate a stage of amplification or be applied 
as increased feedback to stabilize the system. 


In operating a direct-coupled pentode amplifier in a "starved 
circuit", it is necessary to operate the pentode with a screen 
voltage below 10 per cent of its plate supply voltage and to in- 
crease the plate load resistor to ten or more times its normal 
value. The starved condition decreases the transconductance and 
increases the plate resistance. This results in an overall increase 
of the amplification factor. Additional advantages are that it 
requires few parts and has a gain of 1000 compared to a gain of 350 
in the conventional R-C-coupled circuit. On the negative side, it 
is limited in high frequency response by the large load resistance 
in the plate circuit. This deficiency may be overcome to a small 
degree by the addition of negative feedback in the circuit. 
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Symbol 
A 


AHP 


Gr 


APPENDIX A 


Symbols and Nomenclature 


Quantity 
Area, surface or cross-sectional 
Air horse power 
Convection modulus equal to cops 
Constant in convection equations 
Cons tant in convection equations 
Specific heat 


Flow rate by volume 


Diameter, D, equivalent diameter 


Rate of change of temperature with 
respect to distance 


Electromotive force 


Configuration factor in radiation 
equation 


Emissivity factor in radiation equation 


Fan horse power 
Mass velocity 


Acceleration due to gravity 


Grashof number equal to gMAt Lp? 
& 
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Units 
Engineering 


System 
sq. ft. 
h.p. 


1 
(£t.)>(°F) 


Btu 
(£t.) (oF) 


cu.ft. 


ft. 


h.p. 
lbs. 


sq .ft.)(hr. 


ft./hr.* 


Units 

Commonly 

Used in 
Electronics 


sq. in. 


Symbol Quantity 
h Coefficient of heat transfer 
h, Convection coefficient 
h, Radiation coefficient 
Dsontact Contact coefficient 
I Cur rent 
k Thermal conductivity 
L Length, characteristic length in 
convection equations 
m Exponent in convection equation 
N Number of rows deep in tube banks 
n Exponent in convection equation 
Ny Nusselt number equal to wt 
p Absolute pressure 
Pr Prandtl number equal to + 
q Hate of heat transfer 
Qa, sy convection 
Q, By radiation 
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- 
=I 
a 


Units 
Units Commonly 
Engineering Used in 
System Electronics 


Btu watts 


Chr.) (Sqeft.) (OF) (sq.in.)(C) 


amperes 


Btu) (ft.) (watts )(in.) 
(hr.)(sq.ft.)(°F)  (sq.in.)(°C) 
ft. in. 
lbs. 
8qein. 
a watts 
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Units 
Commonly 
Engineering Used in 
Symbol Quantity System Electronics 
R Resistance 
Electrical resistance ohms 
Thermal resistance (hr.)(sq.ft.) (OF (sq.ft. )0C) 
Btu watt 
r Radius ft. in. 
Re Reynolds' number equal to ae 
S, Longitudinal pitch of tube banks ft. 
Sp Transverse pitch of tube banks ft. 
T Absolute temperature oR °K 
t Temperature, temperature dif- OF % 
ference, +t, mean temperature dif- 
ference 
V_ Velocity ft. , ft. 
hr. min. 
W Flow rate by mass lbs. 
hr. 
3 Coefficient of thermal expansion ft 
(for gases numerically equal to a a 
reciprocal of absolute temperature) cu.ft. 
“A Difference 
E Emissivity 
Vis ae lbs. 
A Viscosity (ft. )(hr.) 
Se : ibs. 
© Density cu.ft. 
= Sum of 


watts 


O~ Stephan - Boltzmann constant Btu " 
(hr.)(sqeft.)(OR)4 (8q-in.)(K) 
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List of Associated Cornell Aeronautical Laboratory Reports 


Description 


Survey Report of the State of the Art 
of Heat Transfer in Miniaturized 
Electronic Equipment 


Supplemental Bibliography to Survey 
Report of the State of the Art of 
Heat Transfer in Miniaturized 
Electronic Equipment 


Manual of Standard Temperature 
Measuring Techniques, Units, and 
Terminology for Miniaturized 
Electronic Equipment 


Final Development Report on Standard 
Packaged Electronic Video Amplifier 
and Hydrophone Audio Frequency 
Amplifier Subassemblies 


Design Manual of Natural Methods 
of Cooling Electronic Equipment 


Design Manual of Methods of Liquid 
Cooling Electronic Equipment 
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3 Mar. 
1952 


1 June 


1953 


1 Sept. 
1953 


Scheduled 
for Sept. 
1954 


Scheduled 
for Mar. 


1955 


Classification 


Unclassified 


Confidential 


Unclassified 


Unclassified 


Unclassified 


Unclassified 


Bu Ships 
Contract 
No. 
NObs r-,9228 


NObsr-.9228 


NObsr-630h3 


NObsr-3431 


NObsr-630)3 


NObsr-630h)3 


APPENDIX C  TABIES AND CHARTS 
TABLE 15 


Heat Conduction Data for Various Materials at Approximately 65°C 


Density Heat Con- BTU/(hr.) Comparison 
lb/cu.in. ductivity -k (sq.ft.)°F/ft with yellow 
watts/(sq.in.) brass on 
(°C)/in. wt. basis™ 
Silver 0.380 10.6 21 3.6 
Copper 0.322 9.7 220 3.9 
Gold 0.696 7.5 171 1.4 
Aluminum, pure 0.098 5.5 125 avd 
Aluminum, 63S 0.100 5.1 116 6.6 
Magnesium 0.063 4.0 91 8.2 
High-beryllia 0.109 to 0.136 Lyf 40°39 20.07 40-8837 1.85 to 5.2 
ceramics 
Red brass 0.316 2.8 63.7 1.15 
Yellow brass 0.310 20) 5h 6 1.0 
Beryllium copper 0.297 2.1 L7 .8 0.9 
Pure iron 0.28) 1.9 )3.2 0.86 
Phosphor bronze 0.318 Migs 29:26 O253 
Soft steel 0.28) 1.18 26.8 0.54 
Monel 0.318 0.9 20.5 0.36 
Lead 0.409 0.83 18.9 0.26 
Hard steel 0.28) 0.65 1.8 0.30 
Steatite 0.09) 0.06 13.6 0.08 
Pyrex 0.09), 0.032 0.728 0.0h 
Grade a Lava 0.085 0.03 0.683 0.045 
Soft glass 0.09 0.025 0.569 0.03) 
Water 0.0361 0.0167 0.380 0.06 
Maca 0.101 0.015 0.341 0.019 
Paper-base phenolic 0.0497 0.007 0.159 0.018 
Plexiglas 0.043 0.007 0.107 0.016 
P-l)3 casting resin 0.045 0.006 0.105 0.103 
Maple 0.025 0.0042 0.096 0,022 
Pine 0.018 0.003 0.067 O.021 
Polystyrene 0.038 0.0027 0.061 9.009 
Glass wool 0.001 0.001 0.023 aide: 
Air 0.00003 0.0007 0.016 O.2al 


+e eos Pare 
“Comouted as foilows: 


heat conductivity (material) x densit (yellow brass) 
heat conductivity (yellow brass) density (material) 


(From Ref. 1) 
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The perpendicular distance between the parallel bases is called 
the height (h). 


B by Cc 


bo 
Fig 5-11. Trapezoid. 


b. Perimeter. To find the perimeter, all you have to do is add 
the lengths of the four sides. P=a+t+b+t+ct+d. 


Example: 
A trapezoid with side "a" 24 inches, side "b" 12 


inches, side "c" 18 inches, and side "da" 12 inches 
has a perimeter of how many inches? 


P=at+tbtctHtd 

P= 24 + 12 + 18 + 12 

P = 66 

The perimeter is 66 inches. 


c. Area. The formula for the area of a trapezoid is derived 
from the formula for the area of a triangle. A trapezoid can be 
divided into two triangles of unequal area (fig 5-12). 


by F b% 6G 


A D : H 
Be . bo 


Fig 5-12. Dividing a trapezoid into two unequal triangles. 


Follow along closely. To find the area of trapezoid ABCD 

(fig 5-12), you could add the area of triangle ABC to the area of 
triangle ACD. To find the area of EFGH, add triangle EFH to 
triangle FGH. But instead of finding two separate areas and then 
adding them together, a little algebraic manipulation with the 
formula for the area of a triangle gives us a formula for the 
area of a trapezoid. The triangle formula A = 1/2bh will be 
explained later in the study unit but will be used here without 
explanation. 
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TABLE 16 
PHYSICAL PROPERTIES OF THE USEFUL METALS 


TO 212 F 
HEAT 
CONDUCTIV- 

SULVER= 

ELECTRICAL 
CONDUCTIVITY 

; SILVER = 
STRENGTH, 


EXPANSION 
FROM 32 F 


SPECIFIC 
GRAVITY 
SPECIFIC 
MELTING 
BOILING 
CUBICAL 
TENSILE 


ITY, 
100 


SUBSTANCE 


Aluminum 

Antimony 

Bismuth 

Brass 

Bronze 

Cadmium 

Cobalt 

Copper . -0051 


German silver ©0055 
Gold 19.258 .  OOUE 
Iridium 22.38 er +0020 
Iron 7.9 , - 0036 
tron, cast 7522 Z - 0033 
(ron, wrought 7.70 -0035 
Lead 11.38 7 0088 
Magnesium 1.75 +0083 


~ 
wo nN w-w 


—PNDO MD KOwW © 


pate 


Manganese 8.0 weecan de 
Mercury 13.58 . +0182 
Nickel 8.8 oe 0038 
Osmium 22.5 . oer -0020 
Palladium 12.0 . «0036 
Platinum : . +0027 


Rhodium ‘ ' +0026 


i : i . +0058 
Silver Ou] 


Steel . - 0030 


Tantalum ‘ - 0024 
0069 


i Oey, 


co 
—KN-—- — 


-OoO BN 
wo Smo wow 0OM @ OF 


Tin 


Titanium 


Tungsten 


Zinc 


From: Useful Data for Blectrical Men - General Electric Co. 
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TABLE 17 
TEMPERATURE CONVERSIONS 


The middle column cf figures (in bold type) contains the reading (For ¢) 
to be converted. If cenverting from degrees Fahrenheit to degrees Centigrade 
read the Centigrade equivalent in the colunn headed "CC".  {f converting fron 
degrees Centigrade to degrecs Fahrenneit, read the Fahrenheit eauivalent in 


the column headed "EF", 


F oy; F o | F an o 
-1264  —88 66.67 128.6 52 1.11 “3776 102 88.89 fine toe 4 
122.8 — 86 --65.56 129.3 54 12.22 381.2 104 90.00 Bit AGS 24 
~119.3 B84 — 64.44 152.8 56 13.33 384.8 196 91.11 478.0 110 YAW 
~115.6 —82 —63.33 136.4 58 14.44 388.4 108 92.22 KUL G Viz cree 
112.0 80 62,23 140.0 60 15.56 392.0 200 93.33 885.2 471 2b. 
—108.4 —1 ~811l 143.6 62 16.67 395.6 202 94.44 584.8 476 246.67 
104.8 1 — —60.00 147.2 64 17.78 399.2 204 95.56 bod 178 27 
—101.2 14 58.89 150.8 66 18.89 402.8 206 96.61 606.0 180 248.80 

—97.8 —72 -~67.78 164.4 68 20.00 406.4 208 97.18 Byu.6 12 200.00 
—94.0 1 66.67 168.0 70 all 410.0 210 88.89 09.2 aut 251.11 
—904 68 55.56 161.6 72 22.22 413. 212 100.00 006.8 480 257,92 
~ 88.8 —66 54.44 166.2 4 23.33 417.2 214 10134 010.4 143 253.33 
—83.3 —6t 53.33 168.8 76 24.44 420.8 216 102.23 g14.0 400 254.44 
—19.6 ~G2 52.28 172.4 78 25.56 424.4 218 103.43 ol 402 205.66 
—16.0 60  —51,11 176.0 50 26.67 428.0 220 104.44 921.3 494 256,67 
12.4 58 60.00 179.6 82 27.78 431.6 222 105.66 024.8 406 257.718 
~ gale 55 4B a9 183.2 84 28.89 436.3 224 10667 264 198 258.80 
~ 65.2 fl — 47.98 186.8 86 30.00 438.8 226 107,78 052.0 ooo 260,00 
—61.6 bt ~ 46.67 190.4 88 31.11 442.4 228 108.89 055.0 bor 261.11 
~58.0 --60 = —45.56 194.0 50 32.22 446.0 230 110.00 030.2 Od 264.28 
54.4 —48 — 44,44 197.6 92 33.33 449.6 232 Wi 042.8 Koo 265,33 
~ 50.8 ~ 46 43.33 201.2 o4 34.44 453.2 234 112.92 D464 508 264.44 
ana 44 42/29 204.8 96 35.56 456.8 286 113.33 940.0 510 265.54 
+ 43.6 4200 42.11 208.4 98 36.67 460.4 238 114.44 053.6 12 260.87 
40.0 ~40  —40.00 212.0 100 37.78 464.0 240 «115.66 067.3 Ld 267.78 
—36.4 38 — --38.R9 215.6 102 38.89 467.6 242 116.97 060.8 B16 268.00 
Ran ov ae gpa AMY oO a age. ques odt4 BIR 21000 
= 29.2 —8t 9 36.67 222.8 106 41.11 474.8 246 118.89 968.0 620 a71.y 
25.6 —32 — 36.56 226.4 ans 42.22 478.4 248 120.00 v7 Y neg 272.24 
-22.0 —30 0 34.44 230.0 110 43.33 482.0 2h0 31.11 976.3 bak 273.33 
18.4 —28 = 33.33 233.6 12 44.44 485.6 252 122.22 070.8 526 Q1444 
- 14.8 26 ~32.22 237.2 114 45.58 4ay.2 258 123.33 ane.4 OBR 275.66 
11.2 —2h 31a 240.8 116 16.67 492.8 256 124.44 186.6 B30 216,07 
-16 0 82.3000 244.4 a8 47.78 498.4 258 125.58 089.8 Bue 217,78 
-4.0 2000 Yu.BD 248.0 120 48.89 500.0 260 126.67 003.0 Bak 2iv.3e | 
Sane ne Ee: ies ee BOS oka Saar pba ag 095.8 Bae =——80.00 
43.2 16 . aia 13 51.14 507.3 pair 128.69 1000.4 3B 281.11 
16.8 14 ona rie Paes 510.8 2u8 130.00 1004.0 40 249.93 
1104 abs 24ad 166.0 136 53.33 514.4 268 131.11 1007.6 BAe 205.33 
4140 0 25.33 cat S4dd 518.0 270 132.23 1011.2 ATE} 284.14 
+176 8 =~ 32.22 269.6 138 n8-50 521.6 27% 14933 108 Bin 285.53 
421.2 ~6 = 5000 ar ie 58.87 625.2 271 134.44 1018.4 BAK 286.61 
+24.8 4-20. 210: 16 57 78 528.8 276 135.56 1022.0 aa 287.78 | 
+ 28.4 ~2 Sante aRen 18 ae 532.4 278 146.67 1040.0 aud 293.84 | 
+32.0 +0 0-17, : a 536.0 280 13718 1058.0 570 298.89 
435.8 re ee aon tia nay 539.6 ano 130,89 1076.0 5a” 30444 
+39.2 +4 = 15. Shean . 543.3 2BE 140.00 tudo 500 310,00 
+428 +6 ~14.44 204.8 146 63.35 546K 845 ia 2 100 t10.56 | 
+ 46.4 +8 13.33 298.4 116 04.44 ad 4 oan) Hoe haan 610 Or it | 
+ 60.0 #100 12.22 303.0 150 65.56 554.0 200 ba 1144.0 B20 326.67 | 
463.6 +1200 1411 305.6 152 66.67 SLT A 292 hlba 2.99! 
+ 57.2 +14 10.00 300.2 154 67.78 eet 3 304 Heal 1206.0 ano 22 Abe 
+ 60.8 4-16 ~- 8.89 312.8 156 63.89 :a4B 26 Vinee ui ae 
+ 64.4 +18 —1.78 316.4 158 70.00 saa 4 2aR tae Hi) ag 
468.0 +200 6.67 320.0 160 Tad 5720 400 148.8 Va6 sea | 
+71.6 +22 6.56 393.6 162 72.22 215.6 802 160 00 ; we 
475.2 424 444 327.3 164 73.33 574.2 304 151.11 aah ee 
478.8 +26 —3,33 330.8 166 74.44 82 8 206 182.22 700 mrd.. 
+ 82.4 +28 2.22 Ja4.4 168 15,56 596 4 S08 155.34 710 Sina | 
+88.0 $9000 -111 338.0 170 76.67 £90.0 B10 164.44 720 Reese) | 
+80.8 +82 +600 341.6 172 171.718 D9s.0 $12 155.54 40 an | 
493.2 494 Peas! 345.2 114 16.89 S07 4 wit 156.67 a ae Hi 
+ 96.8 4-86 -4 2.22 348.8 178 80.00 fou y 31g 157.78 wy 70 30H RO 
++ 100.4 +38 + 3.33 352.4 174 81.11 Gud bin Tau ag 1400.0 mo 404d 
+ 104.0 +40 +444 366.0 180 83,23 694.0 S20 166.00 1418.0 770 450.00 
107.6 42 5.56 369.6 182 83.33 611.3 eed WL 14560 TH 
141.2 44 6.67 363.2 184 84.44 f15.2 ark 162,22 14540 0 
114.8 46 1.18 366.6 186 85.56 61a 8 ah 183.35 14120 ROO 
118.4 48 8.89 370.4 148 86.87 622.4 ey 161.44 run o a0 
122.0 50 10.00 574.0 10 87.78 62.0 wi 165.58 1504.0 B20 
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TaASLo 


- 2 tt 
Properties of Air 


; og k, le. : ae 
‘opecific P -, Thermal k | Coeff .of axi1? | 
Temperature Heat, Density, | Viscosity, Conductivity, | Prandt2? | Thermal Free con~ | 
tu lo. aloe Btu Number | Expansion | vection 
Pe KORY. | -euckt, ‘Ltt. (ar) the iM ftJOOP) 1 Modulus , 
p | morn i : 
Ge Oe | * 7 
PF, (cou.ft)(OF) 
0.239 | 6.0968 0.0116 0.74 | 0.002uL 5.15 | 
0.239 0.0863 0.0132 0.72 0.90217 3.00 | 
O.2h0 0.0779 0.0143 C.01L5 0.71 0.00196 1.81 
9.240 | 0.0708 9.06 0.0158 0.70 0.00379 1.20 
0.2k1 9.0651 0.049 0.0170 0.70 0.00164 0.82 
nO 93A3 O.241 0.0601 0.052 0.0182 0.69 0.00152 0.58 
2501 122.1 0.242 0.0559 0.055 0.0192 0.68 0.00242 Ohl 
| 300} 248.9 | 0.242 | 0.0522 0.058 0.02h0 0.68 | 0.00132 0.31 
360| 176.7 | 0.243 | 0.0490 0.060 0.0216 0.68 | 0.002123 0.23 | 
400 | 204.4 0.2h5 9.0461 0.062 0.0227 9.67 0.00126 Gis 
450} 232.2 | 0.26 | C.0L36 0.065 0.0239 0.467 | 0.00110 O.14 
500. 260.0 | 0.2h7 | 0.0h13 0.067 0.0250 c.66 | 0.00104 C.l | 
S50. 288.9 C.2h9 0.0393 G.070 9.024), 0.66 0.90099 0.985 | 
| 60C ; 335.0 0.250 0.0374 0.072 6.0271 0.66 0009 0.069 
650 343.0 0.252 0.0358 0.074 0.0282 9.66 Q.00090 0.055 
700; 372.1 6.253 0.03h2 0.07% | 0.6291 0.96 9.90086 Cou: 
L ee eet Meena ares 
* p.sle derived mainly from Ref. 1] 
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TABLE 19 


Properties of Air, Heliun, Hydrogen, and Nitrogen 


at 100°C. (212°F.) 


(b.)OF) cu.ft. 


Air 0.0591 0.0184 539,000 
Helium 0.00816 0.097 9,810 
Hydrogen 0.00411 0.129 11,000 


Nitrogen 0.0571 0.0180 566,000 


From: Several sources 
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TABLE 20 


Emissivity Values of Common Materials 


+. 


Materials Emissivity at Low Temperature 
Lampblack 0.95 
Dull-oxide-type paints 0.9l 
Asbestos and most nonmetallic 0.93 

insulating materials 
Most glass-type paint & enamels 0.88 
Oxidized steel 0.75 
Oxidized copper 0.70 
Oxidized brass 0.60 


Aluminum paint 
Oxidized nickel or monel 
Anodized aluminum ) 


Oxidized aluminun ) 


*For higher temperature values, see table 21. 


From: Ref. 4 
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0.27 to 0.67 
0.2 


0.22 to 0.40 normally, but 
may vary from 0.05 to 0.75, 
depending on thickness of 
film. 
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TABLE 21 


Total Emissivity Values for Various Metals & Glasses* 


Material 


Alleghany metal 
Alleghany alloy No. 66 
Aluminum 

" 

t 


Brass 

Carbon 

Carbon, graphitized 
Chromium 

Copper 

Copper - nickel 
Iron 

Iron 

Lampblack 
Molybdenum 

Nickel 

Nickel- silver 
Radiator Paint, white 


tt » cream 
" "  , black 
" "  , bronze 

Silver 

Stainless steel 

Steel 

Tin 

Tin 

Tungsten 

Zinc 


Fuzed quartz 
Covex D (glass) 
Nonex (glass) 
Aluminum paint 


* (From Ref. 12) 


382839 O -56 -13 


At 

Condition 100°C 320°C 500°C 
No. 4 Polish 13 
Polished ell 
Commercial Sheet -09 
Polished 095 
Rough Polish 18 
Polished -059 
Rough Plate 77 77 72 

nt " 76 275 71 
Polished -075 
Polished -052 to .Oh 
Polished -059 
Dark Gray Surface 31 
Roughly Polished 227 
Rough Deposit 8h -78 
Polished O71 
Polished 072 
Polished «135 
Clean 79 

" ot? 

" 8h 

' 51 
Polished 052 to .03 
Polished 07 
Polished .066 
Polished .069 
Commercial Coat 08 
Polished Coat -066 
Commercial Coat al 
1.96 mm. thick 2775 «76 67 
3.40 mm.thick .83 -90 91 
1.57 mm. thick 835 87 82 

29 
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Temp. 0, 
32 0.0 
ho =k 
50 10.0 
60 15.6 
70 8=621.1 
80 26.7 
90 32.2 

100 37.8 
110s 43.3 
120 (48.9 
20 5h. 
0 60.0 
150 65.6 
160 71.1 
170 76.7 
180 82.2 
190 87.8 
200 «93.3 
From: 


Ref. 11 


c 
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TABLE 22 


Properties of Water 


Btu 
(ap.) (FF) 

1.009 4.33 
1.005 3.75 
1.002 3.17 
1.000 2.71 
0.998 2.37 
0.998 2.08 
0.997 1.85 
0.997 1.65 
0.997 1.49 
0.997 1.36 
0.998 1.2h 
0.998 1.14 
0.999 1.04 
1.000 0.97 
1.001 0.90 
1.002 0.84 
1.003 0.79 
1.004 0.74 


k 
Btu 


1b. 
(ft.)(hr.) (hr.)(ft.)(OF) ok 


0.327 
0.332 
0.338 
0.3k4 
0.349 
0.355 
0.360 
0.364 
0.368 
0.372 
0.375 
0.378 
0.381 
0.38 
0.386 
0.389 
0.390 
0.392 


cu 


13.4 
11.3 
9 oly 
7.9 
6.8 
5.8 
5.1 
4.5 
4.0 
3.6 
3.3 
3.0 
2.7 
2.5 
2.3 
2.2 
2.1 
1.9 


ax 108 


1 
(cu.ft. ) (OF) 


10.2 


13.9 
15.5 
17 ol 
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TABLE 23 


Properties of Silicone Fluid -(DC550-112 Centistoke Grade) 


c ‘ k 
Temp. Btu lb. Btu lb. 
OF be: (1b.)(°F) (f£t.)(hr.) (hr.)(£t.)(°F) cu.ft. 
60 15.6 0.378 0.0783 67.0 
80 = 26.7 0.386 0.0778 66.4, 
100 = 32.2 0.395 0.0773 65.9 
120 37.8 0.405 132 0.0767 64.3 
140 = 60.0 O.41y 98.0 0.0761 64.8 
160 =71.1 0.425 74.0 0.0755 64.2 
180 82.2 0.437 57.0 0.0749 63.7 
200 (93.3 0.452 Tee) 0.0742 63.2 
220 104.4 0.470 36.0 0.0736 62.7 
240 115.6 0.487 30.0 0.0729 62.2 
260 126.7 0.501 25.5 0.0721 61.7 
280 137.8 0.514 22.1 0.0714 61.2 
300 148.9 0.523 19.6 0.0707 60.8 
320 160.0 0.531 1733 0.0700 60.3 
340 9171.1 0.538 15.9 0.0692 59.8 
360 182.2 0.544 14.3 0.0685 59.4 
Flash point min. 300° 
Freezing point ~50°C 
Coefficient of expansion, K x 1000/°C (25 to 100°C) 75 


Dielectric strength 


Power factor at 25°C 


10° cps 


10° cps 


Dielectric constant at 25°C at 10% and 10° ep 


Color 


Courtesy, Dow Coming Corp. 
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s 


ax 1078 


1 


(cu.ft.) (OF) 


0.32 
0.43 
0.59 
0.78 
0.99 
1.22 
1.45 
1.69 
1.94 
2.19 
2.45 
2.72 
2.99 


800 volts/mil 


-00158 
-00003 


2.9 


Slightly yellow 
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TABLE 2h 


Properties of DC-701 Silicone Fluid 


Color 
Viscosity at 25°C 
Freezing point 
Boiling point at atmospheric pressure 
Flash point, min. 
Specific gravity at 25°C 
Coefficient of expansion per 1000/°¢, 0°-100°C 
Dielectric strength, volts per mil 
Dielectric constant at 25°C and 10% and 10° ops 
Power factor at 25°C 
at 10° cps 


at 10° cps 


Courtesy - Dow Corning Corp. 
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Clear water white 
10 centistokes 
-60°C 

30°C 

113°C 

1.04 

93 

500 

2.63 


-0002 


0001 
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In figure 5-12, the area (A) of ABCD is equal to 1/2b,h + 1/2h(b, 
+ b,) or could be written as A = 1/2h(b, + b). This is beyond 
the algebra that was covered in study unit i but if you 

remember how to factor, you should see how it was derived. Let's 
look at an example using this formula. 


Example: 
The enemy bunker was constructed in the shape of the 


trapezoid illustrated. What is the area of the 


trapezoid? 
1! 
16 
A = 1/2h(b, + b,) 
A = 1/2(6)(11 + 16) 
A = 3(27) 
A = 81 


The area is 81 square feet. 


So, to find the perimeter of a trapezoid use the formula P = a + 
b +c+a. Now, how do you compute the area? If your said, use 
the formula A = 1/2h(b, + b,) you're absolutely correct! 


5205. Triangles. Triangle ABC is the set of points A, B, and C 
and all points of AB on a line between A and B, all points of AC 
on a line between A and C, and all points of BC on a line between 
Band Cc. The points A, B, and C are called the vertices (plural 
of vertex) of the triangle. A triangle may also be thought of as 
points A, B, and C, and the line segments that connect then. 

Note that in both of these descriptions, no mention is made of 
the inside or outside areas. The triangle is only that part 
represented by the line. Everything inside is the interior of 
the triangle; everything outside is the exterior (fig 5-13). 


B 


EXTERIOR: 


Fig 5-13. A triangle, its interior, and its exterior. 
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TABLE 26 


Properties of Mineral Oil (10-C Transformer 0i1) 


c Mh k ax 10° 
Temp. Btu lb. Btu 1 
°° ab.) (CF) (et.)(ar.) Car.) (£t.) (OF) (cu. tt.) CF) 
60 15.6 41.7 0.0785 1.00 
80 26.7 2.7 19.9 1.30 
100 32.2 43.7 16.8 1.82 
120 37.8 L4.7 14.0 2.70 
140 = 60.0 45.7 11.6 3.60 
160 = 71.1 6.7 9.7 4.55 
180 82.2 7.7 8.2 5.50 
200 93.3 48.7 Tol 6.40 
220 10h. 49.7 6.2 7.35 
240 115.6 50.6 5.3 8.30 
260 126.7 51.6 4.6 9.25 
280 137.8 52.5 4.0 10.20 
300 148.9 53.5 3.5 11.10 
320 160.0 54.5 3.0 12.05 
340 171.1 55.5 2.7 13.00 
360 1682.2 56.5 2.3 
Flash point 132°C 
Fire point 149°C 


Dielectric strength (new oil) 300 volts/mil 
Dielectric constant at 1 M.C. 2.22 


From: Pender, H. & Del Mar, W. - Electrical Engineers' Handbook, 4th 
Edition, 1951 
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TABLE 27 


Typical Properties of Perfluorocarbon Liquids 


Identification 

Number FCX-326 FCX~327 FCX~328 
Empirical OoFy), CaF a6 CgF 561 
Forma 
Molecular 350 oo 416.5 
Weight 
Boiling 16 102 129 
Point 
(°c.) 
M.P. Glass Glass Glass 
Index of 1.2762 1.2858 11.3170 
Refraction (30°) (30°) (25°) 
Density 1.7999 1.853 1.869 

(20°) (20°) (20°) 

Dielectric 1.69-1.70 1.75 2.03 
Constant* 
Power 0.0045~ 0.0098- 0.0110- 
Factor* 0.0005 0.0010 0.0008 
Dielectric 
Strength (2) 16,600 15,000 12,900 
(Volts) 
Direct Current 
Resistancg 5.2x1014 1.2x1022 1.6x10+4 
(ohms/cm.?) 


The following are the characteristics of Standard Transformer Oil: 


Dielectric constant = 2.00 Power factor = 0.0053 ~ 0.0004 
Resistivity = 1.1 x 1012 Dielectric strength = 14,00 


*From 100 cycles to 100 ke. 
Notes: (from ref. 2) Method ASTM D 117-43, modified using 0.05)" gap. 


Courtesy, duPont 
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TABLE 28 


Typical Solubility Properties of Perfluorocarbon Liquids 


FCX-326 FCX~327 FCX-328 

(CFy),) (CoP 36) (CgFy¢C2) 
Solubility (2) 
(wt. % at 27°C) 
CHC13 7 10 Misc. 
oCly, Misc. 433) Misc. 
CH. OH Insol. 255 3.8 
Ethyl acetate 15 3 Misc. 
Acetone 10 9 he 
Petroleum ether Misc. Misc. Misc. 
Ethyl ether Misc. Misc. Misc. 
Benzene 3 4.6 21 
O-dichloro- Insol. Insol. Insol. 
benzene 


Notes: (from ref. 24) Solubilities of less than 1.0% are reported 
as "insoluble". 
(At which point solution separated into two 
substantially equal phases.) 


Courtesy, duPont 
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TABLE 29 
Properties of Fluorochemical N-3 

Forma (C),Fo) 3N 
Physical state at room temperature Colorless liquid 
Odor Odorless 
Formula weight 671 
Boiling point 177°C (351°F) 
Freezing point (Glass Point) 66°C (-87°F) 
Pour point -50°C (-~58°F) 
ghee at 28°C, 71°F) ccc 
Viscosity . 6 2.7h 

(Centistokes at 25°C, 77 F) 
Refractive index (25°C, 77°F) 1.2910 
Surface tension 

(dynes/cm at 25°C, 77°F) 16.1 


Coefficient of volume expansion 


(per °C) (25-h0°C, 77-10)°F) 1.2 x 1073 
(140-160°C, 28)~320°F) 2.1 x 1073 

Specific heat . " S 

(cal/g/°C at 25-40°C, 77°-10F) 0.27 
Heat of vaporization 

(cal/mole at b.p.) 11,100 

(cal/g, Btu/1b) 16.5 
Vapor pressure é 0.3 

(mm Hg at 25°C, 77 F) 
Trouton ratio 2.6 
Dielectric strength (ASTM-D 877) ho KV 
Dielectric constant 

(100 eps at 25°C, 77°F) 1.86 
Power fuctor 

(100 eps at 25°C, 77°F) £0.0005 
Volume-resistivity 

(chm-cm at 25°C, 77°F) 1014 _ 3916 


Courtesy, Minnesota Mining & Mfg. Co. 
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TABLE 30 


Properties of Fluorochemical 0-75 


Forma 

Physical state at room temperature 
Odor 

Formila weight 

Boiling point 

Freezing point (Glass point) 


Pour point 


Densit 
(g/ee at 25°C, 77°F) 


Viscosity 
(centistokes at 25°C, 77°F) 


Refractive iadex (25°C, 77°F) 


Surface tension 
(dynes,’cm at 25°C, 77°F) 


Coefficient of volume exoansion 
(per °C) (25-O°C, 77-104°F) 
(40-80°C, 104-176°F) 


Specific n2at 
(cal/g/°C at 25-0°C, 77-104°F) 


Heat. of vaporization 
(cal/wole at b.ep.) 
(cal/g) 
Thermal conductivity. Liquid 
(BTU /hr./sq.ft ./OF .£t.)(25°C, 77°F) 
(60°C? 10°F) 
Dielectric strength (ASTM-D877) 


Dielectric constant 
(100 cps at 25° C, 77 oF) 


Power factor 
(100 cps at 25°C, 77°F) 


Volume :'esistivity 
(ohm-cm at 3506, 77°F) 


Courtes,, SMlinesota Mining « Mi,. O09. 
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CaF, 60 

Colorless liquid 
Odorless 

416 

101°C (214°F) 
-113°C (-171°F) 
-100°C (-1)8°F) 
1.760 


0.82 
1.276 


15.2 


40.0005 
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a. Types: A triangle can be classified according to the lengths 
of its sides or the measures of its angles. The sum of the 
measures of the angles of any triangle is always 180°. Let's 
look at the most common types of triangles. 


(1) 


(2) 


(3) 


Equilateral. As the name implies, all three sides are 
the same length. The equilateral triangle is also called 
equiangular (equal angles). If all of the sides (A,B,C) 
are the same length, then all of the angles are the same 
measure (60°). 


Example: 


Isosceles. A triangle with two equal sides (y), and 
consequently, two equal angles (x). The equal angles are 
opposite the equal sides. 
Example: 

y y 
Scalene. A triangle in which all three sides (x,y & 2) 


are of different length. All three angles (1,2 & 3) are 
also of different measure. 


Example: 
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(4) Right triangle. A triangle in which one of the angles 
measures 90°. 


Example: 


(5) Acute. A triangle in which all three angles have 
measures less than a right angle. 


Example: 


(6) Obtuse. A triangle in which one of the three angles has 
a measure greater than a right angle. In this case, 
angle A is greater than 90°. 


Example: 


A Cc 


b. Perimeter. The perimeter of a triangle is found by adding 
the lengths of the three sides: P=a+t+btec. 


Example: 
What is the perimeter of a triangular shaped field 


that measures 15 feet by 15 feet by 20 feet? 


P=atbtc 

P= 15 + 15 + 20 

P = 50 

The perimeter is 50 feet. 
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EXECUTIVE SUMMARY 


In recent years, radio frequency (RF) jammers have become increasingly more accessible to the 
public. While most RF jamming is benign and simply intended to provide extra privacy, first resoonder 
operations have also been specifically targeted by jamming and interference attacks. RF detection, 
spectrum analysis, and direction finding equipment can be used to detect, identify, and locate RF 
interference sources that may be disrupting first resoonder communications systems. 


Many RF technologies are available for operational field usage, as opposed to laboratory usage. This 
allows for quick deployment, letting responders locate and mitigate radio interference. Some of 
these products can be installed as a permanent fixed sensor or can be portable and deployed 
temporarily as a fixed sensor. Other products are handheld and mobile, allowing responders to 
thoroughly search an area, which may be affected by RF interference. 


Some of these products have features such as built-in map and spectrum plot displays to provide 
data visualization or internal storage drives that allow data to be recorded for future analysis. These 
technologies can detect RF interference sources at frequencies as low as 9 kHz and as high as 

18 GHz. 


The purpose of this market survey report is to provide emergency responders with information on RF 
detection, spectrum analysis, and direction finding equipment that are commercially available in 
order to guide purchasing and acquisition decision-making. 


In June 2018, NUSTL through its System Assessment and Validation for Emergency Responders 
(SAVER) Program, conducted a market survey of RF detection, spectrum analysis, and direction 
finding equipment. The survey produced 14 products ranging in price from $15,000 to $270,000. 
The results of the market survey are highlighted in this report. Performance of these products has 
not been independently verified by NUSTL. 


Emergency response agencies that consider purchasing RF detection, spectrum analysis, and 
direction finding equipment should carefully research the overall capabilities and limitations and 
technical specifications of each system in relation to their agency’s operational needs. 
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1.0 INTRODUCTION 


Radio frequency (RF) detection and spectrum analysis equipment includes devices that can detect, 
identify, and analyze RF signals transmitted by various sources. RF direction finding equipment 
includes devices that measure and triangulate the direction from which an RF signal was 
transmitted. These devices can be used to identify and locate transmissions from suspicious or 
threatening sources, including RF interference that may be blocking first resoonder communications 
or damaging electronic devices. NUSTL, through its System Assessment and Validation for 
Emergency Responders (SAVER) Program, conducted a market survey to provide emergency 
responders with information on RF detection, spectrum analysis, and direction finding equipment. 


This market survey report is based on information gathered during June 2018 from vendor websites, 
internet research, industry publications and a government-issued Request for Information (RFI) that 
was posted on the Federal Business Opportunities website. For inclusion in this report, products had 
to meet the following criteria: 


e Product must be commercially available 
e Product must be designed for usage in the field rather than in a laboratory environment 


e Product must be designed to detect RF signals intended to interfere with first responder 
communications systems. 


Due diligence was performed to develop a report that is representative of products in the 
marketplace. 


2.0 RF DETECTION, SPECTRUM ANALYSIS, AND DIRECTION FINDING 
EQUIPMENT OVERVIEW 


In recent years RF jammers have become increasingly more accessible to the public. While most RF 
jamming is simply intended to provide extra privacy, first responder operations have also been 
specifically targeted by jamming and interference attacks. 


Radio interference works by targeting receivers. An RF jammer will transmit a signal on the same 
frequency as the desired signal. The jamming signal may be received at the same power level ora 
greater power level, thus preventing receivers from being able to distinguish the desired signal from 
the jamming signal. 


While radio communications may be the most obvious target of RF jammers, these interference 
sources can also disrupt the operation of other devices that communicate wirelessly. An example of 
this is the usage of a Global Positioning System (GPS) jammer by a truck driver to avoid paying 
highway tolls and avoid being tracked by his or her employer. Alternatively, an example of an RF 
jammer specifically targeting first responder operations is an interference source preventing a 
control center from receiving video uploaded by traffic cameras. 
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2.1 CURRENT TECHNOLOGIES 


The technologies listed in this report range from fixed site sensors with omnidirectional antennas 
for spectrum monitoring to mobile handheld sensors with directional antennas for direction 
finding. Most of the products in this report can operate as a standalone sensor. However, some 
products, especially fixed site sensors, can be networked for greater monitoring coverage. While 
some of the technologies include a built-in display, many use an external laptop or tablet, which 
provides a spectrum analyzer or a map display locating any detected RF jamming and interference 
sources. 


2.2 APPLICATIONS 


As mentioned above, RF jamming and interference can disrupt first responder communications 
during emergency response operations. RF detection devices can be used to identify any RF 
interference that might impact communications. Spectrum analysis devices can be used to 
determine the frequency and received strength of RF interference. Spectrum analysis devices can 
also be used to identify frequencies that are free of interference should a responder use channel 
switching as a RF jamming mitigation tactic. RF direction finders can assist in locating RF jamming 
devices. If the interference source is located, responders can apply direct mitigation tactics to 
overcome the impacts of RF jamming. 


3.0 PRODUCT INFORMATION 


This section provides information on 14 RF detection, spectrum analysis, and direction finding 
devices that range in price from $15,000 to $270,000. Table 3-1 provides general product 
characteristics and/or specifications. Product information presented in this section was obtained 
directly from manufacturers, vendors, and their websites. The information has not been 
independently verified by the SAVER Program. 


Product information in Table 3-1 includes price and product features such as: 
Manufacturer: The company that develops the product. 
Product: The name of the product. 


Price: The cost of the base configuration of the product. This cost does not include maintenance, 
training, custom configurations, or upgrades, 


Basic Capabilities and Features: RF detection, spectrum analysis, and direction finding capabilities, 
and the presence of a built-in display. A checkmark indicates that the base configurations of the 
product has the capability or feature. 


Detection Bandwidth: The frequencies that the base configuration of the product is capable of 
operating, not including extensions. 


Scanning Bandwidth: The instantaneous bandwidth, not including extensions, of the receiver 
included in the base configuration of the product. 


Receiver Sensitivity: The minimum signal-to-noise ratio that the base configuration of the product is 
able to detect. 
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Table 3-1 Product Comparison Matrix 


Detection Scanning 


Manufacturer Product Price Bandwidth * Bandwidth * 


Receiver Sensitivity 


Detection 

Spectrum 
Analysis 

Direction 


Versatile RF 
automated $76,270.53 20 MHz to 6 GHz 410 Hz to 650 kHz Ze 0 
Monitoring centered at 2 GHz 


System 


Rae eta enero M/S 125 000 v v v 2 MHz to600MHz = |4. MHz -134 dB to-123 dB 
Intelligence Fixed Site 
ees ee “ONO v v 7 2 MHz to600MHz =| 4. MHz -134 dB to -123 dB 
Intelligence Backpack 


Chemring Resolve 3 1 MHz to 3 GHz <20 dBto <6 dB, 
Technology eae $150,000 een, dependent on 
Salikion Direction 2 MHz to 3 GHz - _ 

ee Finding System (direction finding) eae 


ows RF RFE Node | Node See Table 3-2 oa | see Table 3-2 See Table 3-2 See Table 3-2 
Dependent on RF Eye |Dependent on RF Eye |Dependent on RF Eye 
CRFS RF Eye Guard $130,000 Node integrated into |Node integrated into Node integrated into 
the system the system the system 
jos RF Ree Aray | Array see Table 93 | Table 3-3 | seers Table 3-3 see tebe | Table 3-3 See Table 3-3 
os on 
SigBASE 6000 |$50,629 50 MHz to 6 GHz 20MHzto 80MHz | “ansmission 
frequencies and 
antenna configuration 
$15,999; -114 dBm with 1 kHz 
SigBASE 4000 |$7,999 for v v v 70 MHz to 6 GHz 20 to 40 MHz bandwidth, centered at 
software 2.4 GHz 
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Manufacturer Product 


LS Telcom LS Observer 


SeeWave 
Interference 
Locating System 


Rohde and PR100 Portable 
Schwarz Receiver 


DDFOO7 
Portable 
Direction Finder 


Rohde and 
Schwarz 


NESTOR Mobile 
Rohde and Network Survey 
Schwarz Software and RF 

Scanner* * 


Price 


$27,600 (FMU); 
$34,500 (PPU); 
$33,400 (PMU) 


$25,445 


$24,000 


$150,000 


Contact Rohde 
and Schwarz for 


Detection 


Spectrum 


Analysis 


Direction 


Detection Scanning 
Bandwidth* Bandwidth* 


9 kHz to 6 GHz 
9 kHz to 18 GHz (FMU |(WB1 scanning mode); 
and PPU); 100 kHz to 18 GHz 
9 kHz to 12.4 GHz (WB2 scanning mode); 
(PMU) 100 kHz to 12.4 GHz 
(NB scanning mode) 


690 MHz to 6 GHz 5 kHz to 20 MHz 


Contact Rohde and 
9 kHz to 7.5 GHz Schwarz for 
specifications* * 


9 kHz to 7.5 GHz 
(detection); 

20 MHz-6 GHz 
(direction finding) 


Contact sales rep 


350 MHz to 4.4GHz |140 Hz to 1.438 MHz 


*This information was not given because it is considered proprietary or competition specific by the vendor. 
**Specifications given for the R&S NESTOR reflect the typical configuration with the R&S TSMA Scanner. 


Acronyms: 

FMU: Fixed Monitoring Unit 
PPU: Protected Portable Unit 
PMU: Portable Monitoring Unit 
WB1: Wideband 1 

WB2: Wideband 2 

NB: Narrowband 
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Hz: Hertz 

kHz: Kilohertz 

MHz: Megahertz 

GHz: Gigahertz 

dB: Decibel 

dBm: Decibel relative to 1 milliwatt 


Receiver Sensitivity 


Dependent on 
frequency; 
see Table 3-4 


-120 dBm to -30 dBm, 
centered at 30 kHz 


Contact Rohde and 
Schwarz for 
specifications* * 


Contact sales rep 


-126 dBm witha 22.46 
kHz bandwidth, 
centered at 900 MHz 
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3.1 ALION VERSATILE RF AUTOMATED MONITORING SYSTEM 


The Alion Versatile RF Monitoring System (V-RAMS) is capable of RF 
detection, spectrum analysis, and direction finding. Key spectrum 
analysis features of the V-RAMS include stored trace, parametric and 
in-phase and quadrature (I/Q) data; terrain mapping of potential 
interference sources; editable spectrum masks; and a licensed 
database of emitters for identification of detected signals. 


The V-RAMS can function in spectrum survey mode, manual or semi- 
automated mode, or real-time interference forensics and enforcement 
mode. The V-RAMS is a portable deployable system that operates as a 
fixed sensor system. The product can act as a standalone sensor or be 
networked with other V-RAMS units. The fixed yet portable setup 
enables real-time electromagnetic emissions monitoring, allowing users 
to track spectrum usage, recognize anomalous signals, and identify Figure 3-1 Alion V-RAMS 
potential interference sources. V-RAMS alerts users to threshold 
violations as they occur, through audio, visual, or e-mail alerts. 


Courtesy of Alion Science 

Signal 
V-RAMS also incorporates a graphical user interface (GUI) software that can be run on Windows 
operating systems. The GUI can play back spectrum files and display parametric data of detected 
signals with a terrain map showing nearby transmitters. Azimuth charts can also be displayed if a 
directional antenna system is used. 


The V-RAMS is capable of detecting RF signals within the bandwidth of 20 MHz to 6 GHz. An 
optional range extension to 75 GHz is also available. The scanning bandwidth of the V-RAMS 
ranges from 10 Hz to 650 kHz. The noise floor of the V-RAMS is 22 dB at 2 GHz. An external low 
noise amplifier (LNA) can increase the sensitivity of the receiver. The vendor specifies the entire 
system weighs less than 30 pounds. The price of the V-RAMS, as quoted by Alion, is $76,270.53. 


3.2 APPLIED SIGNALS INTELLIGENCE ASI 2020 DF FIXED SITE 


The Applied Signals Intelligence AS] 2O2ODF Fixed Site is capable of RF 
detection, spectrum analysis, and direction finding. The technology is a fixed 
site sensor that can intercept and locate analog and digital RF emitters in 
the high frequency (HF), very high frequency (VHF), and ultra-high frequency 
(UHF) frequency bands. The product can act as a standalone sensor or be 
networked for interoperability and data sharing with multiple systems. 


The ASI 2020DF Fixed Site includes a user-interface software application 
that can be used with Windows-based operating systems. The interface 
provides spectrum plots and map displays as well as receiver control, search 
and scan, record, and other basic receiver functions. The software 
application can record audio files, geolocation data, and digital mobile radio 
metadata, which can be stored on internal or external hard drives. 


Figure 3-2 ASI 2020 
The ASI 2020DF has a detection bandwidth of 2 MHz to 600 MHz. The DF Fixed Site 


scanning bandwidth of the product is 1 MHz with an available extension up Courtesy of Applied Signals 
to 50 MHz for permanent fixed site installations. Intelligence 
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The receiver sensitivity, while dependent on frequency, ranges from -134 dB to -123 dB. The 
maximum detection range, as given by the vendor, is 10 to 15 miles; however, this is dependent 
on factors including the transmission frequency and power of the RF interference source and 
attenuation due to environmental conditions. Software-defined radio hardware used with the 
system is 12 x 5 x 2.75 inches and weighs 4.75 pounds. The antenna is 45 x 8.5 x 8.5 inches and 
weighs 12 pounds. The ASI 2020DF Fixed Site costs approximately $125,000. 


3.3 APPLIED SIGNALS INTELLIGENCE ASI 2O2O0DF 
BACKPACK 


The Applied Signals Intelligence ASI 2O20DF Backpack 
isa mobile version of the fixed site sensor. The ASI 
2020DF Backpack is designed for on-the-move 
operation and can be concealed for covert operations. 
The backpack version of the product also includes a 
ruggedized tablet on which the user interface software 
application is loaded. 


The ASI 2020DF Backpack has a detection bandwidth 
of 2 MHz to 600 MHz. The scanning bandwidth of the Figure 3-3 ASI 2020 DF Backpack 
product is 1 MHz. The receiver sensitivity, while 
dependent on frequency, ranges from -134 dB to -123 
dB. The maximum detection range is 10 to 15 miles; 
however, this is dependent on factors including the transmission frequency and power and 
environmental conditions. Software-defined radio hardware used with the system is 12 x5 x2.75 
inches and weighs 4.75 pounds. The antenna is 16.2 x 9.1 x 4.3 inches and weighs 2.4 pounds. 
The ASI 2020 DF Backpack costs approximately $100,000. 


3.4 CHEMRING TECHNOLOGY SOLUTIONS RESOLVE 3 HF/VHF/UHF DIRECTION FINDING SYSTEM 


Courtesy of Applied Signals Intelligence 


The Resolve 3 Direction Finding System was developed by Chemring Technology Solutions and is 
distributed in North America by Rapid Response Defense Systems. The system is designed as a 
man-portable direction finding system. The Resolve 3 provides operators wideband direction 
finding capabilities and real time position fixing in the HF, VHF, and UHF bands. 


The Resolve 3 is modular and scalable, which enables mission specific tasking. System 
configurations allow for operation in a static position, on the march (on foot), and on the move 
(vehicle). While designed as a mobile solution, the Resolve 3 can also be used as a fixed site 
sensor. The product can be deployed as a standalone device and can be networked with other 
sensors through a wide variety of communications networks. 


The Resolve 3 can be operated with either the TacFix software loaded onto a tablet running an 
Android operating system or the PreFix software loaded onto a laptop running a Windows 
operating system. The TacFix software allows for easy spectral surveying and monitoring and 
provides Esri maps for plotting direction-finding results. The TacFix also provides an audio alert 
when a potential RF interference source is detected. The PreFix software provides spectral 
displays, spectrograms, and Esri mapping. Any data accessed on the PreFix software can be saved 
to the laptop’s internal hard drive for future analysis. 
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The Resolve 3 has a detection bandwidth of 1 MHz to 3 GHz for intercepting and receiving signals 
and 2 MHz to 3 GHz for direction finding with a scanning bandwidth of 40 MHz anda scan rate of 
1.5 GHz/sec. The receiver sensitivity of the system is less than 20 dB from 1 MHz to 30 MHz, less 
than 20 dB from 30 MHz to 1690 MHz, and less than 6 dB at 1690 MHz, increasing linearly to 
less than 16 dB at 3000 MHz. Thesystem weight, as given by the vendor, depends on the 
configuration, ranging from less than 18 pounds for a man portable system to a maximum of 

60 pounds for a fully configured fixed system. The Resolve 3 costs $150,000 per unit and is 


subject to additional costs for accessories and training. 
3.5 CRFS RF Eve NoDE 20-6, 50-8, 100-8, 100-18 


The CRFS RF Eye Node is an intelligent wideband receiver capable 
of RF detection and spectrum analysis. The receiver can be 
deployed as a fixed sensor or a mobile sensor. It can also be 
integrated into the RF Eye Guard system. Multiple models of the 


RF Eye Nodeare available with total bandwidthsup to 18 GHz and = *_ ay. ii" 
instantaneous bandwidths up to 100 MHz. Specifications of each " oa. (2 
model are listed in Table 3-2. The RF Eye Node is equipped with an Cy 


internal solid state drive (SSD) to save data for future analysis. 
Various outdoor kits are available for the RF Eye Node. The RF Eye 


Node can be integrated into the RF Eye Guard and the RF Eye Figure 3-4 CRFS RF Eye 
Array, both of which are described below. The size of the RF Eye 100-18 Node 
Node 20-6 is 6.7 x 2.4 x 4.9 inches with a weight of 3.1 pounds. Courtesy of CRFS 


The size of the 50-8, 100-8 and 100-18 models are all 7.9 x 2.0 x 
7.6 inches with a weight of 5.3 pounds. 


Table 3-2 Comparison of RF Eye Node Models 


RF Eye Node Model 20-6 | 0-8 100-8 | 100-18 


Detection Bandwidth |10MHZto GOOOMHz = |0.009 MHzto 8000 MHz |0.009 MHz to 8000 MHz}0.009 MHz to 18000 MHz 
nstantaneous 20 MHz 50 MHz 100 MHz 100 MHz 

Bandwidth 

Minimum Frequency 18Hz 1Hz 1Hz 1Hz 

Resolution 


*Noise floor specifications in this table represent a 10 kHz bandwidth centered at 1 GHz. 
**System cost includes 3 RF Eye Nodes and accompanying software. 
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c. Area. The formula for the area of a triangle can be derived 
from the area of a parallelogram. Any two equal triangles can be 
placed together to form a parallelogram. As illustrated below, 
the parallelogram has been divided into two equal triangles ABC 
and ADC. 


Example: 


A D 


The formula used to determine the area of a parallelogram is 

A = bh. Since a parallelogram contains two equal triangles, the 
area of one of them would be half that of the parallelogram or 
1/2bh. 


Example: 
In the illustration below, if b is used as the base, 
2 is the height; if c is the base, 3 is the height; 
and if a is the base, then 1 is the height. It 
doesn't matter which dimension you call the base or 
which the height. With real dimensions, any of the 
combinations would give the area of the triangle. 
B 
c 
a 
A 
b C 
Example: 


Find the area of the triangle illustrated. Use 11 
as the base and 6 as the height. 


B 


11 


1/2bh 
1/2(11 x 6) 
33 


PP Pp 
ou il 


The area of the triangle is 33 square units. 
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3.6 CRFS RF EYE GUARD 


The CRFS RF Eye Guard continuous TSCM (Technical Surveillance Countermeasures) monitoring 
system is used for detection and spectrum analysis of RF listening devices (or bugs). The RF Eye 
Guard is designed for use in buildings and is typically installed in ceiling tiles. 


QO. 


Figure 3-5 CRFS RF Eye Guard 
Courtesy of CRFS 


The system is integrated with the RF Eye Node and can be a permanent security fixture or a 
temporary installation. A software based user interface displays spectrum plots and detailed floor 
plans locating any detected transmitters. The RF Eye Guard can locate interference sources within 
buildings by using time delay of arrival (TDOA) or Power on Arrival techniques. An internal SyncLinc 
timing system allows all nodes ina building to synchronize time within 10 to 20 nanoseconds 
without the need for GPS or other timing sources. The system is capable of generating permanent 
records of RF emission detections and be configured to generate alarms and notification in case 
an RF interference source is detected. Technical specifications including detection bandwidth, 
instantaneous bandwidth, minimum frequency resolution, noise floor, and receiver sensitivity are 
all dependent on the RF Eye Node model used with the system. The cost of the RF Eye Guard, as 
quoted by the vendor, is $130,000. This cost includes three RF Eye Nodes and accompanying 
software. 


3.7 CRFS RF Eve ARRAY 50, 100, 125, 150, 300 


The CRFS RF Eye Array is an integrated RF detection, spectrum 
monitoring, and direction finding system designed for vehicle 
mounted, transportable, or ground-fixed installations. The RF Eye 
Array can serve as a standalone sensor or be integrated with 
other RF Eye Arrays or RF Eye Nodes. A software based user 
interface provides spectrum plot and map displays. Like the RF 
Eye Node, multiple models of the RF Eye Array are available with 
different maximum bandwidths and instantaneous bandwidths. 
Detection bandwidth, instantaneous bandwidth, minimum Figure 3-6 CRFS RF Eye Array 
frequency resolution, noise floor, and receiver sensitivity are all 
dependent on the RF Eye Node model used with the system. 


Courtesy of CRFS 
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Specifications for each model are listed in Table 3-3. The size of the RF Eye Array 50 is 17.9 x 7.9 
inches with a weight of 11 pounds. The 100, 125, and 150 models are all 25.6 x 16.5 inches with 
a weight of 61.7 pounds. The RF Eye Array 300 is 43 x 31 inches with a weight of 176 pounds. 


Table 3-3 Comparison of RF Eye Array Models 


RF Eye Array 
Model 


150 
Integrated RF Two 100-8 or 
Eye Node Model Oneanoe One 100-18 | two 100-18 


0.009 MHz to 8000 
MHz (100-8 config); 
0.009 MHz to 8000 
MHz (100-18 config.) 


125 


0.009 MHZ 
to 
18000 MHz 


Detection 10 MHzto 0.009 MHzto 0.009 MHzto 
Bandwidth 6000 MHz 8000 MHz 8000 MHz 


20 MHz to 8000 MHz 
Direction Finding | 500 MHzto 500 MHzto 500 MHzto 500 MHzto_ | (100-8 config.); 
Bandwidth 6000 MHz 8000 MHz 8000 MHz 18000 MHz | 20 MHZ to 18000 MHz 

(100-18 config.) 


Instantaneous 
Bandwidth 20 MHz 50 MHz 100 MHz 100 MHz 100 MHz 
Minimum 
Frequency 18 Hz 1 Hz 1 Hz 1 Hz 1 Hz 
Resolution 
: 8.5 dB to13 6 dB to 8.5 dBor 
* 
Receiver -126 dBm 127 dBm -127 dBm -125dBm | -125 dBm 
Sensitivity 
$62,000 $79,000 $89,000 $124,000 $232,000 
$103,000 $120,000 $130,000 $165,000 $263,500 


*Noise floor specifications in this table represent a 10 kHz bandwidth centered at 1 GHz. 
**System cost includes RF Eye Array, mounting accessories and accompanying software. The RF Eye Array 300 system cost does not 
include mounting accessories. 


Approved for Public Release 16 


3.8 DGS SIGBASE 6000 


The DGS SigBASE series can automate the capturing, classifying, direction finding, and alerting of 
anomalous RF signals including jammers, unmanned aerial vehicles (UAVs) and unauthorized land 
mobile radio (LMR) devices. The SigBASE is a fixed sensor that can operate as a standalone 
sensor or a node in a multi-unit network. A single SigBASE 6000 can support multiple mission- 
specific antenna configurations and up to four software defined radios. 


The SigBASE uses machine learning to compare environmental RF data against a baseline of 
learned and/or programmed data (such as channel masks or whitelisted radios) at the point of 
intercept, without requiring backhaul of I/Q data for post processing. This capability provides 
quicker access to knowledge and real-time RF situational awareness. The “trigger manager” 
feature allows users to set triggers and alerts for specific signals of interest. The product can also 
be operated in “stealth mode” without requiring network backhaul. Raw |/Q data and fast Fourier 
transform (FFT) data can be recorded for future analysis. Data is typically stored on an internal 
SSD or can be saved to centralized storage devices. 


The detection bandwidth of the SigBASE 6000 ranges from 50 MHz to 6 GHz. The scanning 
bandwidth of the receiver ranges from 20 MHz to 80 MHz. Detection range and receiver sensitivity 
is dependent on the transmission frequency and antenna configuration of the receiver. Ranges of 
up to 50 kilometers are claimed by the vendor. The size of the product, as given by the vendor, is 
17 x 15 x 6.85 inches with a weight of 19.4 pounds. The SigBASE costs approximately $51,000 
with annual maintenance fees of $6,300. 


3.9 DGS SIGBASE 4000 


The DGS SigBASE is a mobile version of the SigBASE series. The system is comprised of a 
ruggedized laptop that provides wideband RF detection and spectrum analysis from 70 MHz to 

6 GHz, primarily for the purposes of interference hunting. Because of its form factor and single 
radio, it does not provide direction finding. Like its fixed counterpart, the SigBASE 4000 offers the 
same machine learning feature for identification of interference sources, and is also capable of 
recording data for future analysis. Unlike the SigBASE 6000, the mobile version includes a built-in 
display. 


The detection bandwidth of the SigBASE 4000 ranges from 70 MHz to 6 GHz. The scanning 
bandwidth ranges from 20 MHz to 40 MHz. The receiver sensitivity is -114 dB with a 1 kHz 
bandwidth and a 2.4 GHz center frequency. The size of the product, as given by the vendor is 13.7 
xX 8.78 x 1.34 inches with a weight of 6.61 pounds. The SigBASE 4000 hardware costs 
approximately $16,000. The accompanying software costs approximately $8,000. Annual 
maintenance fees for the SigBASE 4000 are $1,600. 


3.10 LS TELCOM LS OBSERVER 


The LS Observer is a fully integrated spectrum monitoring system capable of RF detection, 
spectrum analysis, and direction finding. The system can be used for applications such as radio 
surveillance of critical infrastructures, network coverage measurements, and identification and 
location of illegal RF interference sources. 
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The system consists of various remote monitoring units (RMUs), a central 

control unit, and software for detailed measurement data analysis. Depending 

on the configuration of the system, deployment of the LS Observer can range 

from a handheld unit to a fixed unit to airborne deployments. All configurations 

are capable of acting as a standalone product yet can also network with other =) 
sensors. 


The fixed monitoring unit (FMU) is relatively small and allows for “single pole” 
mounting. The FMU is designed for hard weather conditions. The portable ih 
monitoring unit (PMU) is a small lightweight option that is equipped witha il Hil 
touchscreen tablet for control and measurement displays. The protected ! 
portable unit (PPU) is designed for outdoor operations under extreme weather 1 MN 


ume 
conditions. e 
A software application allows users to access spectrum analysis displays and in 
map displays while operating the device. The software application can be Figure 3-7 LS 
loaded onto a separate laptop for fixed units or onto a table for portable units. Observer FMU 


Raw spectrum data can be recorded and stored in local storage devices in the 
monitoring units. Data is stored for 30 days when uncompressed and two 
years when compressed. 


The FMU and PPU have a 
detection bandwidth of 9 kHz 
to 18 GHz. The PMU has a 
detection bandwidth of 9 kHz 
to 12.4 GHz. Three scanning 
modes are available for the LS 
Observer: two wideband 
modes (WB1 and WB2) anda 
narrowband mode (NB). The 
scanning bandwidth for WB1 
mode is 9 kHz to 6 GHz witha 
scan rate of 24GHZ/second Figure 3-9 LS Observer PMU Figure 3-8 LS Observer PPU 
(s). The scanning bandwidth 
for WB2 mode is 100 kHz to 
18 GHz witha scan rate of 24 GHz/s. The scanning bandwidth for NB mode is 100 kHz to 12.4 
GHz with a scan rate of 240 kHz/s. Receiver sensitivity is dependent on frequency. Table 3-4 lists 
the receiver sensitivity for various bandwidths. The size of the FMU, as given by the vendor, is 370 
x 522 x 210 millimeters with a weight of 24.5 kilograms. The PPU is 560 x 420 x 250 millimeters 
and weighs 15 kilograms. The PMU is 350 x 250 x 60 millimeters and weighs 5.3 kilograms. The 
LS Observer FMU is priced at $27,600, the PPU at $34,500, and the PMU at $33,400. 


Courtesy of LS Telcom 


Courtesy of LS Telcom Courtesy of LS Telcom 
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Table 3-4 LS Observer Receiver Sensitivity 


WB1 Scanning Mode 
(9 khZ to 6 GHz) 
Bandwidth 


Bandwidth Sensitivity 
0.009 MHzto 0.1 MHzto 
0.5 MHz “M40 dBm/Hz Tne 
\/ [_] 
ies -154 dBm/Hz 


OO MHz to 
10 MHz 2700 MHz 


WB2 Scanning Mode 
(100 kHz to 18 GHz) 


Sensitivity 


-156 dBm/Hz 


-161 dBm/Hz 


NB Scanning Mode 
(100 kHz to 12.4 GHz) 


Bandwidth 
0.1 MHzto 
10 MHz 

O MHz to 
100 MHz 
100 MHzto 


Sensitivity 
-147 dBm/Hz 


-151 dBm/Hz 


10 MHz to -158 dBm/Hz+ | 2700 MHzto 


3000 MHz 


3000 MHz to 
5500 MHz 


4500 MHz to 


3.11 PCTEL SEEWAVE INTERFERENCE LOCATING SYSTEM 


The PCTEL SeeWave system is a tool for a single user designed 
for detecting and locating RF interference sources. The SeeWave 
system incorporates the PCTEL SeeGull scanning receiver. A host 
platform links the scanner to both a direction-finding antenna and 
a touchscreen tablet. The platform can be held in one hand while 
the user operates SeeWave's software application. The SeeWave 
system uses advanced spectrum analysis and proprietary 
algorithms to identify harmful interference and locate its source. 


The SeeWave software application loaded onto the tablet includes 
a digital compass and can display spectrum charts, waterfall 
spectrograms, and various map displays. Data can be recorded to 
an SD card from either the SeeGull receiver or the software 
application. 


Figure 3-10 SeeWave Interference 
Locating System 


Courtesy of PCTEL 


The SeeWave system has a detection bandwidth of 690 MHz to 6 GHz with an optional extension 
to 10 MHz to 6 GHz. The scanning bandwidth of the system ranges from 5 kHz to 20 MHz and can 
be adjusted in increments of 2.5 kHz. The receiver sensitivity is -120 to -30 dBm at 30 kHz. The 
size of the system, as given by the vendor, is 7.3 x 8.5 x 10.5 inches with an 8-inch mounted 
tablet. The system has a weight of 1.2 pounds. Thesystem costs $25,445 and the detection 
bandwidth extension costs $4,095. 
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3.12 ROHDE AND SCHWARZ PR1OO PORTABLE RECEIVER 


The Rohde and Schwarz PR100 Portable Receiver is designed for 
spectrum monitoring in the field. The receiver is deployed as a standalone 
product in a protective case such as a Pelican case and is powered by 
either an external source or internal batteries. A built-in 6.5-inch screen 
displays spectrum plots and waterfall spectrograms. These displays, along 
with measurements and audio data, can be saved to an SD card for future 
analysis. The PR1O0 can also be controlled remotely and configured with 


an external trigger to record measurements. The PR100 Portable Receiver Figure 3-11 PR100 
has a detection bandwidth of 9 kHz to 7.5 GHz with an optional extension Portable Receiver 
up to 18 GHz. The dimensions of the product are 7.56 x 12.60 x 2.44 Courtesy of Rohde and 
inches with a weight of 7.72 pounds. The base cost of the unit it $24,000. Schwarz 


Units with custom configurations are $39,000. 
3.13 ROHDE AND SCHWARZ DDFOO7 PORTABLE DIRECTION FINDER 


The Rohde and Schwarz DDFOO7 Portable Direction Finder is capable of 
high-precision RF direction finding and high-speed spectrum scans. The 
product is deployed as a standalone device and can be mounted on a tripod 
or a vehicle. A built-in 6.5-inch screen provides a map display to help locate 
potential RF interference sources. The DDFOO7 can also save 
measurements to an SD card, be controlled remotely, and be configured 
with an external trigger to record measurements. The DDFOO7 Portable epee cee i 
Direction Finder has a detection bandwidth of 20 MHz to 6 GHz for direction See 
finding and 9 kHz to 7.5 GHz for detection. The dimensions of the base unit Sat “ee 
are 7.56 x 12.60 x 2.44 inches. The base unit and the battery together Figure 3-12 DDFO07 
weigh 7.75 pounds. The unit costs approximately $150,000. Portable Direction 


Finder 
3.14 ROHDE AND SCHWARZ NESTOR MosiLe NETWORK SURVEY baiiag at ideand 
SOFTWARE AND RF SCANNER Schwarz 


The Rohde and Schwarz NESTOR software package is 
designed for use with Rohde and Schwarz TSMx RF 
Scanner products to analyze mobile networks. 
Applications for the software include cellular base 
station coverage mapping, position estimation, and 
forensic analysis. 


The typical configuration of the system uses the Rohde 
and Schwarz TSMA Scanner. This configuration has a Figure 3-13 NESTOR Mobile Network Survey 
detection bandwidth of 350 MHz to 4.4 GHz. The Software and RF Scanner 
scanning bandwidth is adjustable from 140 Hz to 1.438 
MHz. The system has a receiver sensitivity of -126 dBm 
at 900 MHz with a frequency resolution of 22.46 kHz. 


Courtesy of Rohde and Schwarz 
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4.0 VENDOR CONTACT INFORMATION 


Additional information on the insert product/technology included in this market survey report can be obtained from the vendors listed in 
Table 4-1. 


Table 4-1 Vendor Contact Information 


Vendor Address aclle E-mail Website 
Number 


; 8193 Dorsey Run Road east ; P ‘ ‘ 
. : : : : 
Alion Annapolis Junction, MD 20701 pgiorgio@alionscience.com https://alionscience.com 


45954 Center Oak Plaza 


Applied Signals Intelligence Suite 100 Martin.rofheart@asigint.com https://www.asigint.com/ 
Sterling, VA 20166 


CRFS | 4230-D Lafayette Center Drive 571-321- oe ; 
a Chantilly, VA 20151 5470 enquinesecns.com www.crfs.com 


10000 Virginia Manor Road 


Digital Global System Inc. Suite 340 sales@digitalglobalsystems.com |www.digitalglobalsystems.com 
Beltsville, MD 20705 


5021 Howerton Way 
LS Telcom Inc. Suite E cjoseph@lstelcom.com www.lIstelcom.us 
Bowie, MD 20715 


20410 Observation Drive 
PCTEL Inc. Suite 200 Juan.verenzuela@pctel.com www. pctel.com 
Germantown, MD 20876 


12 Goodyear 
Rapid Response Defense Systems Inc.* |Suite 100 Fred.bouman@rrds.com www.rrds.com 
Irvine, CA 92618 


6821 Benjamin Franklin Drive 888-83 7- : 
Rohde and Schwarz USA Inc. Columbia, MD 21046 8772 info@RSA.Rohde-schwarz.com  |www.Rohde-schwarz.com 


*Rapid Response Defense Systems is the North American distributor of the Chemring DF System 
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5.0 CONCLUSIONS 


With the accessibility of RF jammers increasing, first responder operations are becoming more 
vulnerable to this threat. RF interference sources may disrupt radio communications and the 
operation of sensors and other types of equipment that transmit data wirelessly. 


RF detection, spectrum analysis, and direction finding equipment allows responders to detect, 
identify, and locate RF jamming and interference sources. Once interference sources are located, 
responders can mitigate the threat. 


This market survey report provides information on 14 RF detection, spectrum analysis, and direction 
finding systems, which can detect signals on frequencies as low as 9 kHz and as high as 18 GHz. The 
products described in the market survey report include fixed site sensors, which can be networked 
for spectrum monitoring, and mobile handheld sensors with directional antennas for direction 
finding. Many of the systems include a display that provides spectrum analysis and location 
visualizations. In addition to the configuration of the products, the technologies also differ in price, 
detection bandwidth, scanning bandwidth and frequency resolution, detection range, and receiver 
sensitivity. The products in this market survey report range in price from $15,000 to $270,000. 


Emergency responder agencies that consider purchasing RF detection, spectrum analysis, and 
direction finding systems should carefully research each product’s overall capabilities and limitations 
in relation to their agency’s operational needs. 
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Do you remember how to find the perimeter and area of a triangle? 
To find the perimeter of a triangle use the formula P=a+t+tb t+ 
c. To find the area of a triangle use the formula A = 1/2bh. 
Make sure you know how to use these formulas before continuing. 


5206. Circles. A circle is a closed curve all of whose points 
are the same distance from a fixed point called the center. The 
center is usually labeled with a capital letter and the circle 
can be referred to by this letter. As with the other plane 
figures, a circle is only the points on the curve that represents 
the circle. Everything outside is the exterior; everything 
inside the closed curve is the interior. Let's take a look at 
the nomenclature of a circle (fig 5-14). 


onc ey, 
© 


4D Tug 
Se 


Fig 5-14. Nomenclature of a circle. 


a. Nomenclature. The set of points that make up the circle is 
called the circumference. This is to the circle as the perimeter 
is to quadrilaterals. The fixed distance from the center to any 
point on the circle is called the radius. A line segment having 
its endpoints on the circle is called a chord. As figure 5-14 
shows, a chord does not necessarily pass through the center. If 
it does, it is called the diameter of the circle. The diameter 
is equal to the length of two radii (d = 2r). An important 
concept about circles is that the ratio of the circumference of a 
circle to its diameter is a constant value 3.141592. It is 
symbolized by the Greek letter m7 (pi); this number has been known 
and used since ancient times. You could derive this value for 
yourself by measuring the circumference and the diameter of an 
object and then dividing the circumference by the diameter: c/d = 
m. Pi is usually rounded off to the decimal 3.14 or the 
fractions 3 1/7 or 22/7. 


b. Circumference. Since circumference has been defined and its 
relationship to m and the diameter has been shown, it should be 
easy to determine the formula for computing the circumference (C) 
of a circle. If c/d = 7, then you can manipulate this equation 
to find the value of c. @x c = md, C = ma 

a 
Since d = 2r, the formula could also be C = 27r. Let's see how 
these two formulas are used. 
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Example: 
Find the circumference of a water bladder (storage 


tank for water) that has a radius of 5 feet. 


2mr 
2(3.14)5 
31.4 


one ne) 
io i 


The circumference is 31.4 feet. 


Example: 
Find the circumference of the 155 howitzer barrel. 


It has a diameter of 155mm. 


Cc = 7a 
Cc = 3.14(155) 
C = 486.7 


The circumference is 486.7mm. 


The following example shows how to find the radius when the 
circumference is known. 


Example: 
One of the trees used for the log obstacle has a 


circumference of 56.52 inches. What is the radius 


of the tree. 

C = 27r 
56.52 = 2(3.14)r 
56.52 = 6.28r 


56.52 _ 6.28r 
6.28 6.28 
9=rfr 


The radius of the tree is 9 inches. 


Let's test your memory. If you know the radius of a circle and 
want to find out its circumference, what is the formula used? If 
your answer was C = 27mr, you're correct! How would you determine 
the circumference when you know its diameter? If your answer is 
C = md, you're right again! If your answers were different from 
those given, review this section before moving on to area of 
circles. 


5207. Area of circles. The area of a circle is always measured 
in square units. It would be extremely difficult to determine 
the number of whole units by placing a grid over the circle as 
with rectangles; therefore, a formula is used. The formula was 
derived from the rectangle area formula, and can be described 
using an illustration (fig 5~15). 
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Preface 


This technical manual (TM) is intended for use as a training guide and reference text for engineer personnel 
who are responsible for planning and executing theater of operations (TO) construction. The five parts of this 
manual provide practical information for military personnel in the design, layout, installation, and maintenance 
of exterior and interior electrical wiring and power-generation systems. Figures and tables dealing with 
electrical parts and equipment are contained in appendix A; figures and tables dealing with electrical data are 
contained in appendix B. 


TMs 5-301 (1-4 series), 5-302 (1-5 series), and 5-303 present the Engineer Functional Components System, 
which is based on the wiring techniques described in this manual. Future revision of the Engineer Functional 
Components System will change the wiring systems that are currently used to more modern methods of cable 
and conduit wiring. 


The proponent of this publication is HQ TRADOC. Send comments and recommendations on Department of 
the Army (DA) Form 2028 (Recommended Changes to Publications and Blank Forms) directly to 
Commandant, USAES, ATTN: ATSE-TD-D, Fort Leonard Wood, Missouri 65473-6650. 


Unless this publication states otherwise, masculine nouns and pronouns do not refer exclusively to men. 


Acknowledgement 


This publication contains copyrighted material that is used with permission from Basic Home Wiring, copyright 
© 1987, Sunset Publishing Corporation, Menlo Park, California 94025. 


3 May 2013 TM 3-34.46/MCRP 3-17.7K xi 


This page intentionally left blank. 


PART ONE 


Basic Electrical Techniques 


Chapter 1 
Fundamentals 


This manual emphasizes the constructional aspects of electric wiring. The term phase 
is used when referring to the angular displacement between two or more like 
quantities, either alternating electromotive force (EMF) or alternating current (AC). It 
is also used for distinguishing the different types of AC generators. For example, a 
machine designed to generate a single EMF wave is called a single-phase alternator, 
and one designed to generate two or more EMF waves is called a polyphase 
alternator. 


USAGE 


1-1. Power generators produce single- or three-phase voltages that can be used for electrical power 
systems at generated voltages or through transformer systems. Single-phase generators are normally used 
only for small lighting and single-phase motor loads. If the generated voltage is 120 volts, a two-wire 
system is used (see table B-1[A], page B-1). In this situation, one conductor is grounded and the other is 
ungrounded, or hot. The generated single-phase voltage can be 240 volts. This voltage is normally used for 
larger single-phase motors. To provide power to lighting loads, the 240-volt phase is center-tapped to 
provide a three-wire, single-phase system (see table B-1[B], page B-1). The center tap is the grounded 
neutral conductor. The voltage is 120 volts from this grounded conductor to either of the two ungrounded 
conductors. This is half of the total phase value. The voltage between the two ungrounded conductors is 
240 volts. This system provides power for both lighting and single-phase, 240-volt motors. 


1-2. The most common electrical system is the three-phase system. The generated EMFs are 120 degrees 
apart in phase. As shown in table B-1 (C, D, E), three-phase systems may be carried by three or four wires. 
If connected in a delta (D), the common phase voltage is 240 volts. Some systems generate 480 or 600 
volts. If the delta has a grounded center-tap neutral, then a voltage equal to half the phase voltage is 
available. If the phases are Y-connected, then the phase voltage is equal to 1.73 times the phase-to-neutral 
voltage. The most common electrical system found in the military is the three-phase, four-wire, 208/120- 
volt system. 


1-3. Single-phase, three-wire systems and three-phase, four-wire systems provide voltages for both 
lighting and power loads. If the load between each of the three phases or between the two ungrounded 
conductors and their grounded center-tap neutral are equal, a balanced circuit exists. When this occurs, no 
current is flowing in the neutral conductor. Because of this, two ungrounded conductors and one grounded 
neutral may be used to feed two circuits. Thus, three conductors may be used where four are normally 
required. 


1-4. Electric lamps for indoor lighting in the United States (US) generally operate at 100 to 120 volts 
from constant-potential circuits. Two- and three-wire distribution systems, either direct current (DC) or 
single-phase AC, are widely used for lighting installations. 
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1-5. These systems of distribution are capable of handling both lamp and motor loads connected in 
parallel between the constant-potential lines. The three-wire system provides twice the potential difference 
between the outside wires as it does between either of the outside wires and the central or neutral wire. This 
system makes it possible to operate large motors at 240 volts, while lamps and smaller motors operate at 
120 volts. When the load is unbalanced, a current in the neutral wire corresponds to the difference in 
current taken by the two sides. A balance of load is sought in laying out the wiring for lighting installations. 


DRAWING SYMBOLS AND READING BLUEPRINTS 


1-6. An electrician must be able to interpret simple blueprints, because construction orders are ordinarily 
in that form. He must be able to make simple engineering sketches that describe work for which he receives 
only verbal orders. TM 5-704 contains detailed information about engineering drawings. 


SYMBOLS 


1-7. The more common symbols and line conventions used in wiring plans are shown in figures A-1 
through A-6, pages A-1 through A-4. These symbols enable the electrician to determine the precise location 
of electrical equipment in a building by studying the drawing. 


SCHEMATIC WIRING DIAGRAMS 


1-8. Electrical plans show the items to be installed, their approximate location, and the circuits to which 
they are to be connected. A typical electrical plan for a post exchange is shown in figure 1-1. The plan 
shows that the incoming service consists of three number (No) 8 wires and that two circuit-breaker panels 
are to be installed. Starting at the upper left, the plan shows that nine ceiling light outlets and two duplex 
wall outlets are to be installed in the bulk-storage area. The arrow designated B2 indicates that these outlets 
are to be connected to circuit 2 of circuit-breaker panel B. Note that three wires are indicated from this 
point to the double home-run arrows designated B1, B2. These wires are the hot wire from the bulk-storage 
area to circuit 2 of panel B, the hot wire from the administration area to circuit 1 of panel B, and a common 
neutral. The two hot conductors must be connected to different phases at the panel, thus allowing a 
cancellation of current in the neutral when both circuits are fully loaded. From the double arrowhead, these 
wires are run to the circuit-breaker panel without additional connections. 


1-9. The wiring diagram shown in figure 1-1 is the type used most frequently for construction drawings. 
Single lines indicate the location of wires connecting fixtures and equipment. Two conductors are indicated 
in a schematic diagram by a single line. If more than two wires are together, short parallel lines through the 
line symbols indicate the number of wires represented by the line. A dot placed at the point of intersection 
indicates connecting wires. No dot is used where wires cross without connecting. 


1-10. You may encounter drawings in which the lines indicating the wiring have been omitted. This type of 
drawing shows only fixture and equipment symbols, and the electrician must determine the location of the 
actual wiring. Electrical drawings do not show any actual dimensions or dimension lines. Location 
dimensions and spacing requirements are given in the form of notes or follow the installation standards 
described in chapter 3. 


DRAWING NOTES 


1-2 


1-11. A list of drawing notes is ordinarily provided on a schematic wiring diagram to designate special 
wiring requirements and to indicate building conditions that alter standard installation methods. 
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Figure 1-1. Typical wiring diagram 
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COLOR CODING 


1-12. Standard color coding requires that a grounded or neutral conductor be identified by an outer color of 
white or neutral gray for No 6 wire or smaller. Larger conductors can be identified either by an outer 
identification of white or neutral gray or by white markings at the terminals. The ungrounded conductors of 
a circuit should be identified with insulation colored black, red, and blue and used in that order in two-, 
three-, or four-wire circuits, respectively. All circuit conductors of the same color must be connected to the 
same hot feeder conductor throughout the installation. A grounding conductor, used solely for grounding 
purposes, should be bare or have a green covering. 


SPLICES 


1-13. A spliced wire must be as good a conductor as a continuous conductor. Splices should be avoided 
whenever possible, but they are permitted anywhere if they are located inside an electrical box. The best 
wiring practice (including open wiring systems) is to run continuous wires from the service box to the 
outlets. 


SOLDERLESS 


1-4 


1-14. Connectors (figure 1-2) are sometimes used in place of splices because they are easier to install. 
Since heavy wires are difficult to splice and solder properly, split-bolt connectors are commonly used for 
wire joints. Solderless connectors, popularly called wire nuts, are used for connecting small-gauge and 
fixture wires. One design consists of a funnel-shaped, metal spring insert that is molded into a plastic shell; 
the other type has a removable insert that contains a setscrew to clamp the wires. In either design, the 
plastic shell is screwed onto the insert to cover the joint. 


1-15. Follow the steps below to connect a wire nut: 


Step 1. Strip off about | inch of insulation from the ends of the wires that you are going to join. 
Twist the stripped ends clockwise at least one and one-half turns. 


Step 2. Snip 3/8 to 1/2 inch off the twisted wires so that the ends are even. 


Step 3. Screw the wire nut on clockwise. 


DANGER 


Under no conditions should splices be pulled through conduit. 


Splices must be placed in appropriate electrical boxes so that the 
hot wire will not come into contact with the grounding system. 
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Figure 1-2. Solderless connectors 


SOLDERED 


1-16. When a solderless connector is not used, the splice must be soldered before it is considered to be as 
good as the original conductor. The primary requirements for obtaining a good solder joint are a clean 
soldering iron, a clean joint, and a nonacid flux. These requirements can be satisfied by using pure rosin on 
the joint or by using a rosin-core solder. To ensure a good solder joint, apply the electric-heated or copper 
soldering iron to the joint until the joint melts the solder by its own heat. 


TAPED 


1-17. Use plastic tape to insulate splices for temporary or expedient wiring. On a two-conductor cable, 
separate the two legs. Secure the tape on one leg, tape the first leg, close the legs together, and tape the wire 
splice past the end. Adequately cover all bare copper. Apply three layers for voltages up to 600 volts. Half 
lap the tape (overlap by half the width of the tape) for padded mechanical protection. 


INSULATION AND WIRE CONNECTIONS 


1-18. When attaching a wire to a switch or an electrical device or when splicing a wire to another wire, 
remove the wire insulation to bare the copper conductor. Make the cut at an angle to the conductor to avoid 
nicking and weakening the wire. After removing the protective insulation, scrape or thoroughly sand the 
conductor to remove all traces of insulation and oxide from the wire. 


1-19. To attach the trimmed wire to the terminal, always insert the wire loop under the terminal screw 
(figure 1-3, page 1-6), so that tightening the screw tends to close the loop. When correctly inserted, the loop 
brings the wire insulation ends close to the terminal. 


3 May 2013 TM 3-34.46/MCRP 3-17.7K 1-5 


Chapter 1 


Turning screw closes loop Turning screw opens loop 


Figure 1-3. Wire attachment to terminals 


JOB SEQUENCE 


SCOPE 


1-20. The installation of interior wiring is generally divided into two major divisions called roughing-in 
and finishing. Roughing-in is the installation of outlet boxes, cable wire, and conduit. Finishing includes the 
installation of switches, receptacles, covers, and fixtures and the completion of the service. Other trades use 
the interval between these two work periods for plastering, enclosing walls, finishing walls, and trimming. 


ROUGHING-IN 
Step 1. 


Step 2. 


Step 3. 


FINISHING 
Step 1. 


Step 2. 


Step 3. 


1-6 


Mounting outlet boxes. This step can be expedited if the locations of all boxes are first 
marked on the studs and joists of the building. Some boxes have special brackets for 
mounting on the building members. All boxes that are to be concealed must be installed so 
that the forward edge or plaster ring of the boxes will be flush with the finished walls. 


Circuiting and installing wire, cable, or conduit. This involves drilling and cutting the 
building members to allow for the passage of the conductor or its protective covering. For 
surface-type wiring, this includes installing conduit, cable, and surface-type boxes and 
covers on a finished wall. The production-line method of first drilling the holes for all runs 
(installations between boxes) at one time and then installing all of the wire, cable, or 
conduit will expedite the job. 


Pulling wires in conduit between boxes. This step, which can be included as the first step in 
the finishing phase, requires care in handling of the wires to prevent marring the finished 
wall or floor surfaces. 


Splicing the joints in the outlet and junction boxes and connecting the grounding wires. This 
step ensures the proper installation of leads to the terminals of switches, ceiling and wall 
outlets, and fixtures. 


Attaching the devices and their cover plates to the boxes. This step ensures that the service- 
entrance cable and fusing or circuit-breaker panels are connected and the circuits are fused. 
The fixtures are generally supported by the use of special mounting brackets called fixture 
studs or hickeys. 


Testing for proper circuiting. The final step in the wiring of any building requires the testing 
of all outlets by inserting a test prod or test lamp, operating all switches in the building, and 
loading all circuits to ensure that the proper circuiting has been installed. 
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The electrical apparatus and materials that an electrician is required to install and 
maintain are different from other building materials. Their installation and 
maintenance require the use of special hand-tools. 


SECTION | - INTERIOR WIRING 


2-1. This section describes the tools normally used by an Army electrician in interior wiring. Appendix A 
shows some of these tools. For additional information on proper tool usage, see TM 9-243. 


PLIERS 


2-2. Pliers have either insulated or uninsulated handles. Long-nosed pliers are used for close work in panels 
or boxes. Side-cutter pliers are used to cut wire and cable to size. Slip-joint pliers are used to tighten 
locknuts, small nuts on devices, and conduit bushings and fittings. Round-nosed pliers are used for making 
screw loops and working in limited-space areas. 


CAUTION 


Although insulated-handle pliers are always used when working 
on or near hot wires, they must not be considered sufficient 
protection alone. Other precautions must be taken. 


FUSE PULLER 


2-3. The fuse puller shown in figure A-7(1), page A-4, is designed to eliminate the danger of pulling and 
replacing cartridge fuses by hand. It is also used for bending fuse clips, adjusting loose cutout clips, and 
handling live electrical parts. 


2-4. The second type of fuse puller (figure A-7[2]) has the same general configuration but is made of 
molded plastic. Encased in the handle is an electrical circuit that is similar to a voltmeter, except that the 
indicating device is a neon-glow tube. Test probes are attached to the handle and may be used to determine 
if voltage is present in a circuit. 


SCREWDRIVERS 


2-5. Screwdrivers come in many sizes and tip shapes. Those used by electricians should have insulated 
handles. Electricians generally use screwdrivers to attach electrical devices to boxes and attach wires to 
terminals. One variation of the screwdriver is the screwdriver bit, which is held in a brace and used for 
heavy-duty work. For safe and efficient operation, select a screwdriver that matches the screw slot and keep 
the tips square and properly tapered. 


WRENCHES 


2-6. Adjustable open-end wrenches (commonly called crescent wrenches) and open-end, closed-end, and 
socket wrenches are used on hexagonal and square fittings such as machine bolts, hexagon nuts, or conduit 
unions. Pipe wrenches are used for pipe and conduit work and should not be used where crescent, open- 
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end, closed-end, or socket wrenches can be used. Pipe-wrench construction will not permit application of 
heavy pressure on square or hexagonal material, and continued misuse of a pipe wrench will deform the 
teeth on the jaw faces and mar the surface of the material. 


SOLDERING EQUIPMENT 


2-7. Electricians use a standard soldering kit consisting of— 


Soldering irons (electric/nonelectric). 

A blowtorch (for heating a nonelectric soldering wire and pipe or wire joints). 

An alcohol or propane torch can be used in place of a blowtorch. 

A spool or solid tin-lead wire solder or flux-core solder. Acid-core solder should never be used 
in electrical wiring. 

e Soldering paste. 


DRILLING EQUIPMENT 


2-8. Drilling equipment is required to drill holes in building structures for the passage of conduit or wire in 
new or modified construction. Highspeed drills are used to drill holes in sheet-metal cabinets and boxes. 
Carbide drills are used for tile or concrete work. Electric power drills aid in this phase of an electrician's 
work. 


2-9. Standard drilling equipment consists of— 


A brace. 

A joist-drilling fixture. 

An extension bit for drilling into and through deep cavities. 
An adjustable wood bit. 

A standard wood bit. 

A ship auger, which is used with an electric drill. 


WOODWORKING TOOLS 


2-10. Electricians use wood chisels and cross-cut or keyhole saws to remove wooden structural members 
that are obstructing a wire or conduit run and to notch studs and joists for conduit, cable, or box-mounting 
brackets. 


2-11. They are also used to construct wood-panel mounting brackets. The keyhole saw may be used to cut 
openings in walls of existing buildings where boxes need to be added. 


METALWORKING TOOLS 


2-12. Electricians use cold chisels and center punches, as well as several other types of metalworking tools, 
When working on steel panels. The knockout punch is used to make or enlarge a hole in a steel cabinet or 
outlet box. The hacksaw is usually used for cutting conduit, cable, or wire that is too large for wire cutters. 
A light, steady stroke of about 40 to 50 times a minute is best. Always insert a new blade with the teeth 
pointing away from the handle and tighten the tension wing nut until the blade is rigid. Hacksaw blades 
have 14, 18, 24, or 32 teeth per inch. The best blade for general use is one having 18 teeth per inch. A blade 
with 32 teeth per inch is best for cutting thin material. The mill file is used to file the sharp ends of cutoffs 
as a precaution against short circuits. 


MASONRY DRILLS 


2-13. An electrician should have several sizes of masonry drills in his tool kit. These drills, which are 
normally carbide-tipped, are used for drilling holes in brick or concrete walls to anchor apparatus with 
expansion screws or allow the passage of conduit or cable. 
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CONDUIT THREADERS, REAMERS, AND CUTTERS 


2-14. Rigid conduit is normally threaded for installation. The tapered pipe reamer is as a precaution against 
wire damage. The thin-wall conduit cutter has a tapered-blade attachment for reaming the conduit ends. 


INSULATION-STRIPPING TOOLS 


2-15. Knives and patented wire strippers are used to bare the wire of insulation before making connections. 
Scissors are used to cut the insulation and the tape. The multipurpose tool is designed to cut and skin wires, 
attach terminals, gauge wire, and cut small bolts. The cable cutter may be used instead of a hacksaw to 
remove the armor from electrical conductors at the box entry or when cutting cable to length. 


HAMMERS 


2-16. Hammers are used with other tools, such as chisels, or for nailing equipment to building supports. 
Electricians can use a carpenter's claw hammer and a machinist's ball-peen hammer advantageously. 


TAPE 


2-17. Various types of tape are used to replace insulation and wire coverings. 


FRICTION TAPE 
2-18. Friction tape is made of cotton and impregnated with an insulating adhesive compound. It provides 
weather resistance and limited mechanical protection to a splice that is already insulated. 

RUBBER OR VARNISHED CAMBRIC TAPE 


2-19. Rubber or varnished cambric tape may be used as an insulator when replacing wire covering. 


PLASTIC ELECTRICAL TAPE 


2-20. Plastic electrical tape has adhesive on one face. It has replaced friction and rubber tape in the field for 
120-to 600-volt circuits. Because it serves a dual purpose in taping joints, it is preferred over the former 
methods. 


FISH TAPE 


2-21. Fish tape is used primarily to pull wire through conduit. Many pulls are quite difficult and require a 
fish-tape grip or pull to obtain adequate force on the wire. Fish tape is made of tempered spring steel, is 
about 1/4-inch wide, and is available in different lengths to suit requirements. It is stiff enough to preclude 
bending under normal operation but can easily be pushed or pulled around bends or conduit elbows. 


DROP CHAIN 


2-22. When pulling wire and cable in existing buildings, an electrician will normally employ a fish wire or 
a drop chain between studs. A drop chain consists of small chain links attached to a lead or iron weight. It 
is used only to feed through wall openings in a vertical plane. 


RULER AND MEASURING TAPE 


2-23. Each electrician should keep a folding rule and a steel tape on hand so he can cut conduit to the 
proper size and determine the quantity of material required for each job. 
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WIRE GRIP AND SPLICING CLAMP 


2-24. A wire grip (figure A-8, page A-5) is an invaluable aid for pulling wire through conduit and for 
pulling open-wire installations tight. It has been designed so that the harder the pull on the wire, the tighter 
the wire will be gripped. A splicing clamp (figure A-8) is used to twist the wire pairs into a uniform, tight 
joint when making splices. 


EXTENSION LIGHT 


2-25. An extension light normally includes a long extension cord and is used by electricians when normal 
building lighting has not been installed or is not functioning. 


THIN-WALL CONDUIT IMPINGER 


2-26. When an electrician uses indenter-type couplings and connectors with thin-wall conduit, an impinger 
(figure A-9, page A-5) must be used to permanently attach the fitting to the conduit. An impinger forms 
indentations in the fitting, pressing it into the outside wall of the conduit. The use of slip-on fittings and an 
impinger reduces the installation time required and thus reduces the cost of thin-wall conduit installations. 


WIRE CODE MARKERS 


2-27. Tape with identifying numbers of nomenclature is available to permanently identify wires and 
equipment. The markers are particularly valuable to identify wires in complicated wiring circuits, fuse 
circuit-breaker panels, or junction boxes. 


METERS AND TEST LAMPS 


TEST LAMPS 


2-28. An indicating voltmeter or a test lamp is useful when determining the system voltage, locating the 
ground lead, and testing the circuit continuity through the power source. They both have a light that glows 
when voltage is present. 


VOLT PROBE INDICATOR 
2-29. A tester is used to test 120- to 600-volt AC circuits, as well as the polarity of DC circuits. 


MULTIMETER 


2-30. A modern method of measuring current flow in a circuit uses the clamp-on tester of a multimeter 
(figure A-10, page A-6), which does not need to be hooked into the circuit. When measuring AC amperage, 
electricians clamp only one wire at a time. The multimeter is capable of measuring voltage, current, resis- 
tance, and continuity. 


2-31. The basic unit of measurement for electric power is the watt. In the power ratings of electric devices 
used by domestic consumers of electricity, the term watt signifies that the apparatus will use electricity at 
the specified rate when energized at the normal line voltage. IN AC circuits, power is the product of three 
quantities: the potential (volt), the current (amperage), and the power factor (percent). 


2-32. Power is measured by a multimeter (figure 2-1). This instrument is connected so that the current in 
the measured circuit flows through the stationary field coils in the multimeter and the voltage across the 
measured circuit is impressed upon the multimeter-armature circuit, which includes movable coils and a 
fixed resistor. The power factor is automatically included in the measurement because the torque developed 
in the multimeter is always proportional to the product of the instantaneous value of current and voltage. 
Consequently, the instrument gives a true indication of the power, or rate, at which energy is being used. 
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Figure 2-1. Multimeter connection 


SECTION Il - WIRING MATERIALS 


2-33. Many different wiring systems currently in use vary in complexity from the simple-to-install open 
wiring to the more complex conduit systems. These systems contain common components. 


ELECTRICAL CONDUCTORS 


SINGLE CONDUCTORS 


2-34. A single conductor is an individual wire that is usually sheathed with insulating material, but a 
ground wire may be bare. American Wire Gauge (AWG) numbers assigned to electrical wires indicate the 
diameter of the metal conductor only; they do not include the insulation. Conductors are shielded from one 
another by material that does not carry current, color-coded thermoplastic. White or gray insulation 
indicates neutral wires, green indicates ground wires, and all other colors are used to identify hot wires. 


2-35. Although copper is the best and most commonly used metal for conductors, aluminum and copper- 
clad aluminum are also used. Because aluminum is not as efficient a conductor as copper, aluminum or 
copper-clad aluminum wire must be larger than copper wire to conduct the same amount of electricity. To 
assure a good connection when using No 6 or larger aluminum conductors, electricians smear an oxide 
inhibitor on the end of the conductor first, then tighten the terminal. They go back the next day and tighten 
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the terminal once again. Electrical codes take the guesswork out of conductor selection by prescribing wire 
use. 


2-36. Wires or conductors are initially classified by the type of insulation applied and the wire gauge. The 
various types of insulation, in turn, are subdivided according to their maximum operating temperatures and 
the nature of use. Table B-2, page B-2, lists the common trade classification of wires and compares them as 
to type, temperature rating, and recommended use. 


WIRE SIZES 


2-37. Wire sizes are denoted by the use of the AWG standards. The largest gauge size is No 4/0. Wires 
larger than this are classified in size by their circular mil cross-sectional area. One circular mil is the area of 
a circle with a diameter of 1/1,000 inch. Thus, if a wire has a diameter of 0.1 inch or 100 mil, the cross- 
sectional area is 100 by 100, or 10,000 circular mils. The most common wire sizes used in interior wiring 
are 14, 12, and 10; and they are usually of solid construction. Table B-23, page B-20, lists some char- 
acteristics of specific wire sizes. 


e The size of the wire decreases as the numbers become larger. 

The sizes normally used have even numbers, such as 14, 12, and 10. 

No 8 and 6 wires, which are furnished either solid or stranded, are normally used for heavy- 
power circuits or as service-entrance leads to buildings. Wire sizes larger than these are used for 
extremely heavy loads and for pole-line distribution. Tables B-3 through B-6, pages B-5 through 
B-9, show the allowable current-carrying capacity for copper and aluminum conductors. Table 
B-7, page B-9, shows the percent of reduction in current capacity if more than three conductors 
are in a cable or a raceway. 


MULTICONDUCTOR CABLES 


2-38. In many types of electrical wiring installation, the use of individual conductors spaced and supported 
side by side becomes an inefficient and hazardous practice. Multiconductor cables have been designed and 
manufactured for such installation. Multiconductor cables consist of the individual conductors as outlined 
above, arranged in groups of two or more. An additional insulating or protective shield is formed or wound 
around the group of conductors. The individual conductors are color-coded for proper identification. The 
description and use of each type are given below. 


Armored Cable 


2-39. Armored (Type BX) cable can be supplied either in two- or three-wire types and with or without a 
lead sheath. The wires in armored cable, matched with a bare bonding wire, are initially twisted together. 
This grouping, totaling two or three wires with the bonding wire, is then wrapped in coated paper and a 
formed self-locking steel armor. The cable without a lead sheath is widely used for interior wiring under 
dry conditions. The lead sheath is required for installation in wet locations and through masonry or concrete 
building partitions where added protection for the copper conductor wires is required. Metal-clad (Type 
MC) resembles armored cable and has a ground wire enclosed in the cable. It is used primarily in industrial 
wiring. 


Nonmetallic-Sheathed Cable 


2-6 


2-40. Nonmetallic-sheathed cable is manufactured in two types—NM and NMC. Type NM consists of two 
or three thermoplastic-insulated wires, each covered with a jute-type filler material that acts as a protective 
insulation against mishandling. The cable is lightweight, simple to install, and comparatively inexpensive. 
It is used quite extensively in interior wiring but is not approved for use in damp locations. 


2-41. Type NMC is a dual-purpose, plastic-sheathed cable with solid copper conductors and can be used 
outdoors or indoors. It needs no conduit, and its flat shape and gray or ivory color make it ideal for surface 
wiring. It resists moisture, acid, and corrosion and can be run through masonry, between studding, or in 
damp locations. 
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Plastic-Sheathed Cable 


2-42. Type UF (underground feeder) is similar to Type NMC except that it has added water protection and 
is designed for direct ground contact. 


Lead-Covered Cable 


2-43. Lead-covered cable consists of two or more rubber-covered conductors surrounded by a lead 
sheathing that has been extruded around it to permit its installation in wet and underground locations. Lead- 
covered cable can also be immersed in water or installed in areas where the presence of liquid or gaseous 
vapors would attack the insulation on other types of cable. 


Service-Entrance Cable 


2-44. Service-entrance (Type SEC) cable normally has three wires, with two insulated and braided 
conductors laid parallel and wound with a bare conductor. Protection against damage for this assembly is 
obtained by encasing the wires in heavy tape or armor, which serves as an inner cushion, and covering the 
whole assembly with braid. Though the cable normally serves as a power carrier from the exterior service 
drop to the service equipment of a building, it may also be used in interior wiring circuits to supply power 
to electric ranges and water heaters at voltages not exceeding 150 volts to ground if the outer covering is 
armor. It may also be used as a feeder to other buildings on the same premises and under the same 
conditions, if the bare conductor is used as an equipment grounding conductor from a main distribution 
center located near the main service switch. 


CORDS 


2-45. Many items using electrical power are pendant, portable, or vibration type. In such cases, the use of 
flexible cords is authorized for power delivery. These cords can be grouped and designated as lamp, heater, 
or heavy-duty power cords. Lamp cords are supplied in many forms. The most common types are the 
single-paired, rubber-insulated, and twisted-paired cords. Flexible cord is used to connect appliances, 
lamps, and portable tools to outlets. It can never be used as a permanent extension of fixed wiring. 


ELECTRICAL BOXES 


2-46. Outlet boxes are simply connection points for joining wires or connecting to outside devices such as 
receptacles, switches, and fixtures. They bind the elements of a conduit or a cable system into a continuous 
grounded system. Electrical boxes provide a means of holding the conduit in position, space for mounting 
such devices as switches and receptacles, protection for the device, and space for making splices and 
connections. Regardless of general trade terminology, most boxes are used interchangeably. For example, 
with appropriate contents and covers, the same box could be used as an outlet box, a junction box, or a 
switch box 


DESIGN 


2-47. The variety of sizes and shapes corresponds to variations in wiring methods, the type and number of 
devices attached to the box, and the number of wires entering it. One important factor is that boxes come in 
both metallic and nonmetallic versions. Outlet boxes are manufactured in sheet steel, porcelain, bakelite, or 
fiberglass and are round, square, octagonal, or rectangular. The fabricated steel box is available in a number 
of different designs. For example, some boxes are of the sectional or gang variety, while others have 
integral brackets for mounting on studs and joists. Moreover, some boxes have been designed to receive 
special cover plates so that switches, receptacles, or lighting fixtures can be installed easier. Other designs 
facilitate installation in plastered surfaces. 


2-48. Each box has a certain volume in cubic inches that determines how many wires of a certain size may 
be brought into it. Regardless of the design or material, they all should have sufficient interior volume to 
allow for splicing conductors or making connections. For this reason, the allowable minimum depth of 
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outlet boxes is limited to | 1/2 inches in all cases except where building-supporting members would have to 
be cut. In this case, the minimum depth can be reduced to 1/2 inch. 


SELECTION 


2-49. The selection of boxes in an electrical system should be made according to tables B-9 and B-10, page 
B-14, which list the maximum allowable conductor capacity for each type of box. In these tables, a 
conductor running through the box is counted along with each conductor terminating in the box. For exam- 
ple, one conductor running through a box and two terminating in the box would equal three conductors in 
the box. Consequently, any of the boxes listed would be satisfactory. The tables apply for boxes that do not 
contain receptacles, switches, or similar devices. Each of these items mounted in a box will reduce the 
maximum number of conductors allowable by one, as shown in the tables. 


OUTLET BOXES FOR RIGID AND THIN-WALL CONDUIT AND ARMORED CABLE 


2-50. Steel outlet boxes (figure A-11, page A-7) are generally used with rigid and thin-wall conduit or 
armored cable. The steel boxes are either zinc- or enamel-coated; the zinc coating is preferred for conduit 
installation in wet locations. All steel boxes have knockouts. These knockouts are indentations in the side, 
top, or back of an outlet box, sized to fit the standard diameters of conduit fittings or cable connectors. 
They can usually be removed with a small cold chisel or punch to facilitate entry into the box of the conduit 
or cable. Boxes designed specifically for armored cable use also have integral screw clamps located in the 
space immediately inside the knockouts and thus eliminate the need for cable connectors. This reduces the 
cost and labor of installation. Box covers are normally required when it is necessary to reduce the box 
openings, provide mounting lugs for electrical devices, or cover the box when it is to be used as a junction. 
The antishort bushing is inserted between the wires and the armor to protect the wire from the sharp edges 
of the cut armor when it is cut with a hacksaw or cable cutter. 


OUTLET BOXES FOR NONMETALLIC-SHEATHED CABLE AND SURFACE WIRING 


Steel 


2-51. Steel boxes are also used for nonmetallic cable and surface or open wiring. However, the methods of 
box entry are different from those for conduit and armored-cable wiring, because the electrical conductor 
wires are not protected by a hard surface. The connectors and interior box clamps used in nonmetallic and 
surface or open wiring are formed to provide a smooth surface for securing the cable rather than being the 
sharp-edged type of closure normally used. 


Nonmetallic 


2-52. Nonmetallic outlet boxes are made of plastic or fiberglass, and they are used with open and 
nonmetallic-sheathed wiring. Cable or wire entry is generally made by removing the knockouts of 
preformed, weakened blanks in the boxes. 

Special 
2-53. When adding an outlet or doing remodeling work, it is sometimes necessary to install an outlet box in 
a finished wall. Boxes with beveled corners and internal cable clamps simplify the procedure (figure A-12, 
page A-8). 

ATTACHMENT DEVICES FOR OUTLET BOXES 


2-54. Outlet boxes that do not have brackets are supported by wooden cleats or bar hangers as shown in 
figure A-13, page A-9. 
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Wooden Cleats 


2-55. Wooden cleats are first cut to size and nailed between two wooden members. The boxes are nailed or 
screwed to these cleats through holes provided in their backplates. 


Mounting Straps 


2-56. If the outlet box is to be mounted between studs, mounting straps are necessary. The ready-made 
straps are handy and accommodate not only a single box but also a 2-, 3-, 4-, or 5-gang box. 


Bar Hangers 


2-57. Bar hangers are prefabricated to span the normal 16- and 24-inch joist and stud spacings and are 
obtainable for surface or recessed box installation. They are nailed to the joist or stud-exposed faces. The 
supports for recessed boxes are normally called offset bar hangers. 


Patented Supports 


2-58. When boxes have to be installed in walls that are already plastered, several patented supports can be 
used for mounting. These obviate the need for installing the boxes on wooden members and thus eliminate 
extensive chipping and replastering. 


CABLE AND WIRE CONNECTORS 


2-59. Safety codes and regulations require that conductors be spliced or joined with approved splicing 
devices (figure A-14, page A-10) or be brazed, welded, or soldered with a fusible metal or alloy. Splices 
must be mechanically and electrically secure before they are soldered. Using soldering and splicing devices 
provides added protection. To assure a high-quality connection, electricians must select the proper size 
connector relative to the number and size of wires. 


STRAPS AND STAPLES 


POLICY 


2-60. All conduits and cables must be attached to the structural members of a building in a manner that will 
preclude sagging. The cables must be supported at least every 4 1/2 feet for either a vertical or horizontal 
run and must have a support in the form of a strap or staple (figure A-15, page A-10) within 12 inches of 
every outlet box. Conduit-support spacings vary with the size and rigidity of the conduit. See table B-11, 
page B-13, for support of rigid nonmetallic conduit and table B-17, page B-17, for support of rigid metal 
conduit. 


CABLE STAPLES 
2-61. Use cable staples for a very simple, effective method of supporting armored cables on wooden 
members. 


INSULATED STAPLES 


2-62. Bell or signal wires are normally installed in pairs in signal systems. The operating voltage and 
energy potential is so low in these installations (12 to 24 volts) that protective coverings such as conduit or 
loom are not required. To avoid any possibility of shorting in the circuit, they are normally supported on 
wood studs or joists by insulated staples. 


STRAPS 


2-63. Conduit and cable straps (figure A-15) are supplied as either one-hole or two-hole supports and are 
formed to fit the contour of the specific material for which they are designed. The conduit and cable straps 
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are attached to building materials by anchors designed to suit each type of supporting material. For 
example, a strap is attached to a wood stud or joist by nails or screws. Expanding anchors are used for box 
or strap attachment to cement or brick structures and also to plaster or plaster-substitute surfaces. Toggle 
and molly bolts are used where the surface wall is thin and has a concealed air space that will allow for the 
release of the toggle or expanding sleeve. 


RECEPTACLES 


APPLICABILITY 


2-64. Portable appliances and devices are readily connected to an electrical supply circuit by means of an 
outlet called a receptacle (figure A-16, page A-11). For interior wiring, these outlets are installed either as 
single or duplex receptacles. Safety standards require that all receptacles for 15- or 20-amp, 120-volt 
branch circuits (most of the circuits in homes) must be the grounding type. Receptacles previously 
installed, as well as their replacements in the same box, may be two-wire receptacles. All others must be 
the three-wire type. The third wire on the three-wire receptacle is used to provide a ground lead to the 
equipment that receives power from the receptacle. This guards against dangers from current leakage due to 
faulty insulation or exposed wiring and helps prevent accidental shock. To eliminate the possibility of 
plugging a 120-volt appliance into a 240-volt receptacle, higher-voltage circuits use special receptacles and 
matching attachment plugs. The receptacles are constructed to receive plug prongs either by a straight push 
action or by a twist-and-turn push action. Fixtures are similar to receptacles but are used to connect the 
electrical supply circuit directly to lamps inserted in their sockets. 


CONDUIT AND CABLE 


2-65. Like switches, all receptacles are rated for a specific amperage and voltage. Receptacles marked CO- 
ALR can be used with either copper or aluminum wire. Unmarked receptacles and those marked CU-AL 
may be used with copper wire only. The receptacles commonly used with conduit and cable installations 
are constructed with yokes to facilitate their installation in outlet boxes. In this case, they are attached to the 
boxes by metal screws through the yokes. Wire connections are made at the receptacle terminals by screws 
that are an integral part of the outlet. Receptacle covers made of brass, steel, or nonmetallic materials are 
then attached to box and receptacle installations to afford complete closure at the outlets. 


SURFACE METAL RACEWAYS 


2-66. Surface metal raceways (figure A-17, page A-12) provide a quick, inexpensive electrical wiring 
installation method, since they are installed on the wall surface instead of inside the wall. Surface metal 
raceways are basically either one- or two-piece construction. Electricians working with the one-piece con- 
struction type install the metal raceway like conduit, then pull the wires to make the necessary electrical 
connections. When working with the two-piece construction type, electricians install the base piece along 
the wiring run, lay wiring in the base piece, and hold the wiring in place with clamps. After the wires are 
laid, they snap on the capping and the job is complete. 


2-67. A multioutlet system, with ground inserts if desired, has outlets spaced every few inches so that 
several tools or pieces of equipment can be used simultaneously. An over-floor metal raceway system 
handles telephone and signal or power and light wiring where the circuits must be brought to locations in 
the middle of the floor area. These systems are all designed so that they can either be installed 
independently of other wiring systems or economically connected to existing systems. 


PLUGS AND CORD CONNECTORS 


PLUGS 


2-68. Portable appliances and devices that are to be connected to receptacles have electrical cords that are 
equipped with plugs (figure A-18, page A-13). These plugs, called male plugs, have prongs that mate with 
the slots in the outlet receptacles. A three-prong plug can fit into a two-prong receptacle by using an 
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adapter. If the electrical conductors connected to the outlet have a ground system, the plug on the lead wire 
of the adapter is connected to the center screw holding the receptacle cover to the box. Many of these plugs 
are permanently molded to the attached cords. Other types of cord grips hold the cord firmly to the plug. 
Twist-lock plugs have patented prongs that catch and are firmly held to a mating receptacle when the plugs 
are inserted into the receptacle slots and twisted. When the plugs do not have cord grips, the cords should 
be tied with an Underwriter’s knot (figure 2-2) at the plug entry. This knot eliminates tension on the 
terminal connections when the cord is connected and disconnected from the outlet receptacle. 


Figure 2-2. Underwriter’s knot 


CORD CONNECTORS 


2-69. In some operating conditions, a cord must be connected to a portable receptacle. This type of 
receptacle, called a cord-connector body or a female plug, is attached to the cord in a manner similar to the 
attachment of a male plug. 


SWITCHES AND COVERS 


DEFINITION 


2-70. A switch is used to connect and disconnect an electrical circuit from the source of power. Switches 
may be either one-pole or two-pole for ordinary lighting or receptacle circuits (figure A-19, page A-13). If 
they are of the one-pole type, they must be connected to break the hot or ungrounded conductor of the 
circuit. If they are of the two-pole type, the hot and ground connection can be connected to either pole on 
the line side of the switch. Switches are also available that can be operated in combinations of two, three, or 
more in one circuit. These switches are called three-way and four-way switches and are discussed fully in 
chapter 3. 


OPEN AND NONMETALLIC-SHEATHED WIRING 


2-71. Switches used for exposed wiring and non-metallic-sheathed cable wiring are usually of the tumbler 
type with the switch and cover in one piece. Other less-common ones are the rotary-snap and push-button 
types. These switches are generally nonmetallic in composition. 


CONDUIT AND CABLE INSTALLATIONS 


2-72. The tumbler switch and cover plates normally used for outlet-box installation are mounted in a 
manner similar to that for box-type receptacles and covers and are in two pieces. Foreign installations may 
still use push-button switches. 
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If you substitute the appropriate symbols for parts of the circle 
into the formula for the area of a rectangle, you will get the 
formula for the area of a circle. The length of the rectangle 
that has been formed is related to the circumference of the 
circle in that the top and bottom of the rectangle are the arcs 
that were originally the circumference (fig 5-15). Since the 
circumference of a circle can be expressed by the formula 27r, 
the length of a rectangle would be half of this or 1/2 x 2mr. 
The width of the rectangle is the radius of the circle. You can 
now substitute the variables into the formula for the area of a 
rectangle. 


A=lxw 
A=1%x 2@mrxr=1x27r xr 
2 2 
A= mr,x © 
A = mr 
Example: 
What is the size of the casualty area for the M16A1 
antipersonnel (AP) mine if the radius of the area is 
30m? 
A = nr? 
A = 3.14(30°) 
A = 3.14(900) 
A = 2,826 
The area is 2,826 square meters. 
Example: 
The diameter of the bull's-eye on the Able target at 
the rifle range is 12 inches. What is the area of 
the bull's-eye? 
A = nr’ 
A = 3.14(6°) 
A = 3.14(36) 
A = 113.04 
The area is 113.04 square inches. 
Note: The diameter was used in this example. Remember that 


the radius is 1/2 the diameter. 


Example: 
During physical training (PT), the squad formed a 


circle with a radius of 10 feet. 
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ENTRANCE SWITCHES 


2-73. At every power-line entry to a building, a switch-and-fuse combination or a circuit-breaker switch 
must be installed at the service entrance (figure A-20, page A-14). This switch must be rated to disconnect 
the building load while in use at the system voltage. Entrance, or service switches as they are commonly 
called, consist of one knife switch blade for every hot wire of the power supplied. The switch is generally 
enclosed and sealed in a sheet-steel cabinet. When connecting or disconnecting the building circuit, the 
blades are operated simultaneously through an exterior handle by the rotation of a common shaft holding 
the blades. The neutral or grounded conductor is not switched but is connected at a neutral terminal within 
the box. Many entrance switches are equipped with integral fuse blocks or circuit breakers that protect the 
building load. The circuit-breaker type of entrance switch is preferred, particularly in field installations, 
because it is easier to reset after the overload condition in the circuit has been cleared. 


FUSES AND FUSE BOXES 


FUSES 


2-74. The device for automatically opening a circuit when the current rises beyond the safety limit is 
technically called a cutout but is more commonly called a fuse. All circuits and electrical apparatus must be 
protected from short circuits or dangerous overcurrent conditions through correctly rated fuses. 


Standard 


2-75. The cartridge-type fuse is used for current rating above 30 amperes in interior wiring systems. The 
ordinary plug or screw-type fuse is satisfactory for incandescent lighting or heating-appliance circuits. 


Special 


2-76. Whenever motors are connected on branch circuits, time-lag fuses should be used instead of the 
standard plug or cartridge-type fuse. These fuses have self-compensating elements that maintain and hold 
the circuit in line during a momentary heavy ampere drain, yet cut out the circuit under normal short-circuit 
conditions. The heavy ampere demand normally occurs in motor circuits when the motor is started. 
Examples of such circuits are the ones used to power oil burners or air conditioners. 


FUSE BOXES 


2-77. As a general rule, the fusing of circuits is concentrated at centrally located fusing or distribution 
panels. These panels are normally located at the service-entrance switch in small buildings or installed in 
several power centers in large buildings. The number of service centers, or fuse boxes in the latter case, is 
determined by the connected power load. 


CIRCUIT BREAKERS 


2-78. Circuit breakers (figure A-21, page A-14) are devices resembling switches that trip or cut out the 
circuit in case of overamperage. They perform the same function as fuses and can be obtained with time-lag 
opening features similar to the special fuses discussed earlier. Based on their operation, they may be 
classified as thermal, magnetic, or thermal-magnetic reaction. 


2-79. A thermal circuit breaker has a bimetallic element integrally built within the breaker that responds 
only to fluctuations in temperature within the circuit. The element is made by bonding together two strips 
of dissimilar metal, each of which has a different coefficient of expansion. When a current is flowing in the 
circuit, the heat created by the resistance of the bimetallic element expands each metal at a different rate, 
causing the strip to bend. The element acts as a latch in the circuit as the breaker mechanism is adjusted so 
that the element bends just far enough under a specified current to trip the breaker and open the circuit. 


2-80. A magnetic circuit breaker responds to changes in the magnitude of current flow. In operation, an 
increased current flow will create enough magnetic force to pull up an armature, opening the circuit. The 
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magnetic circuit breaker is usually used in motor circuits for closer adjustment to motor rating, while the 
circuit conductors are protected, as usual, by another circuit breaker. 


2-81. The thermal-magnetic circuit breaker combines the features of the thermal and magnetic types. 
Practically all of the molded-case circuit breakers used in lighting panel boards are of this type. The 
thermal element protects against overcurrents in the lower range, and the magnetic element protects against 
the higher range usually occurring from short circuits. 


2-82. Circuit breakers are preferred over fuses because they can be manually reset after tripping, and fuses 
must be replaced. Also, fuses can easily be replaced with higher-capacity ones that do not protect the 
circuit, but this is difficult to do with circuit breakers. Circuit breakers combine the functions of a fuse and 
a switch. When tripped by overloads or short circuits, all of the ungrounded conductors of a circuit are 
opened simultaneously. Each branch circuit must have a fuse or circuit breaker protecting each ungrounded 
conductor. Some installations may or may not have a main breaker that disconnects everything. 


2-83. As a guide during installation, a main breaker or switch is not required ahead of the branch circuit 
breaker if less than six movements of the hand are required to open all the branch circuit breakers. 
However, if more than six movements of the hand are required, a separate disconnecting main circuit 
breaker is required ahead of the branch circuit breaker. Each 120-volt circuit requires a single-pole breaker 
that has its own handle. Each 240-volt circuit requires a double-pole breaker to protect both ungrounded 
conductors. However, you can place two single-pole breakers side by side and tie the two handles together 
mechanically to give double-pole protection. Both handles could then be moved by a single movement of 
the hand. A two-pole breaker may have one handle or two handles that are mechanically tied together, but 
either one requires only one movement of the hand to break the circuit. 


LAMP HOLDERS AND SOCKETS 


2-84. Lamp sockets (figure A-22, page A-15) are generally screw-base units placed in circuits as holders 
for incandescent lamps. A special type of lamp holder has contacts, rather than a screw base, which engage 
and hold the prongs of fluorescent lamps when they are rotated in the holder. The sockets can generally be 
attached to a hanging cord or mounted directly on a wall or ceiling in open wiring installations. This 
requires using screws or nails in the mounting holder that is provided in the nonconducting material, which 
is molded or formed around the lamp socket. The two mounting holes in a porcelain lamp socket are spaced 
in such a way that the sockets may also be attached to outlet box ears or a plaster ring with machine screws. 
The screw threads molded or rolled in the ends of the lamp-holder sockets also facilitate their ready 
integration in other types of lighting fixtures such as table lamps, floor lamps, or hanging fixtures that have 
reflectors or decorative shades. In an emergency, a socket may also serve as a receptacle. The socket is 
converted to a receptacle by screwing in a female plug. One type of ceiling lamp holder has a grounded 
outlet located on the side. 


SIGNAL EQUIPMENT 


2-85. The most common components in interior wiring signal systems (figure A-23, page A-16) normally 
operate at voltages of 6, 12, 18, or 24 volts, AC or DC. As a general rule, they are connected by open- 
wiring methods and are used as interoffice or building-to-building signal systems. 


REFLECTORS AND SHADES 


2-86. Many types of reflectors and shades (figure A-23) are used to focus the lighting effect of bulbs. Of 
these, some are used to flood an area with high-intensity light and are called floodlights. Others, called 
spotlights, concentrate the useful light on a small area. Both floodlights and spotlights come in two- or 
three-light clusters with swivel holders. They can be mounted on walls or posts or on spikes pushed into the 
ground. 
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INCANDESCENT LAMPS 


2-87. The most common light source for general use is the incandescent lamp (figure A-23, page A-16). 
Though it is the least efficient type of light, its use is preferred over the fluorescent type because of its low 
initial cost, ease of maintenance, convenience, and flexibility. Its flexibility and convenience is readily seen 
by the wide selection of wattage ratings that can be inserted in one type of socket. Further, since its emitted 
candle-power is directly proportional to the voltage, a lower-voltage application will dim the light. A 
higher-voltage application from a power source will increase its intensity. Although an incandescent light is 
economical, it is also inefficient because a large amount of the energy supplied to it is converted to heat 
rather than light. Moreover, it does not give a true light because the tungsten filament emits a great deal 
more red and yellow light than does the light of the sun. Incandescent lights are normally built to last 1,000 
hours when operating at their rated voltage. 


FLUORESCENT LAMPS 


2-88. Bulb for bulb and watt for watt, a fluorescent light provides more light for the money than an 
incandescent light does. For example, a 40-watt fluorescent tube produces almost six times as much light as 
a 40-watt incandescent bulb, and a fluorescent tube will last about five times longer than an incandescent 
bulb. 


2-89. Unlike the simple principle of an incandescent bulb, which glows when current flows through the 
filament, an intricate electrical process takes place before a fluorescent tube gives light. Because a 
fluorescent tube does not have a filament, a ballast (also called a transformer) is necessary to set up voltage 
within the tube. In addition to ballasts, older-type fluorescent fixtures have starters that assist the ballast in 
the initial starting process. 


2-90. The two most common types of fluorescent light fixtures for homes are rapid-start and preheat. It is 
easy to distinguish between them because the starter mechanism of the rapid-start type is built right into the 
ballast, whereas each tube on the preheat type has a visible starter unit. The starters, which look like small 
aluminum cylinders, tend to burn out as often as the bulbs do. A third type, less commonly used in the 
home, is the instant start. This type has no starter and is distinguished by a tube with a single pin on each 
end. 


GLOW LAMPS 


2-91. Glow lamps are electric-discharge light sources that are used as indicator or pilot lights for various 
instruments and on control panels. Because these lamps have relatively low light output, they are used to 
indicate that circuits are energized or that electrical equipment installed in remote locations is in operation. 


2-92. A glow lamp consists of two closely spaced metallic electrodes sealed in a glass bulb that contains an 
inert gas. The color of the light emitted by the lamp depends on the gas; for example, neon gas produces a 
blue light. The lamp must be operated in series with a current-limiting device to stabilize the discharge. 
This current-limiting device consists of a high resistance that is usually contained in the lamp base. 


2-93. A glow lamp produces light only when the voltage exceeds a certain striking voltage. As the voltage 
is decreased somewhat below this value, the glow suddenly vanishes. When the lamp is operated on AC, 
light is produced only during a portion of each half cycle, and both electrodes are alternately surrounded 
with a glow. When the lamp is operated on DC, light is produced continuously and only the negative 
electrode is surrounded with a glow. This characteristic makes it possible to use the glow lamp as an 
indicator of AC and DC. The lamp also has the advantages of small size, ruggedness, long life, and 
negligible current consumption; and it can be operated on standard lighting circuits. 


TRANSFORMERS 


2-94. The transformer is a device for changing AC voltages into either high voltages for efficient power- 
line transmission or low voltages for consumption in lamps, electrical devices, and machines. Transformers 
vary in size according to their power-handling rating. Their selection is determined by input and output 
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voltage and load-current requirements. For example, the transformer used to furnish power for a doorbell 
reduces 115-volt AC to about 6 to 10 volts. This is accomplished by two primary wire leads that are 
permanently connected to the 115-volt circuit and two secondary screw terminals from the low voltage side 
of the transformer. 


POLE-LINE HARDWARE 


2-95. Pole-line hardware includes bolts, nuts, washers, braces, eyebolts, anchor rods, lag screws, pole 
steps, guy clamps, guy clips, guy hooks, guy plates, thimble-eyes, and steel pins. To increase the life of the 
material, electricians should use hardware galvanized according to specifications of the American Society 
for Testing Materials (ASTM). Figures A-24 through A-27, pages A-17 through A-20, illustrate many 
items of pole-line hardware. 
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PART TWO 


Wiring Procedures 


Chapter 3 
Design and Layout 


The different wiring systems in common use for civilian and armed-forces con- 
struction are often called cable and conduit systems. Chapters 4 and 5 cover the 
installation details for each of these systems. Many installation methods and 
procedures used in the wiring processes are common to all systems. In most wiring 
installations, the blueprints specify the type of wiring to be installed. If the type of 
wiring is not specified, the electrician must determine the installation method. In 
general, the type of wiring used should be similar to that installed in adjacent or 
nearby buildings. Section I of this chapter describes common wiring methods and 
procedures, and section I describes methods for tactical or expedient wiring. 


SECTION | - INTERIOR WIRING 


TYPES OF DISTRIBUTION 


3-1. The electrical power load in a building cannot be properly circuited until the type and voltage of the 
central power-distribution system is known. The voltage and the number of wires from the power lines to 
the buildings are normally shown or specified on the blueprints. However, the electrician should check the 
voltage and type of distribution at the power-service entrance to every building in which wiring is to be 
done. This is especially necessary when he is altering or adding circuits. Voltage checks are usually made 
with an indicating voltmeter at the service-entrance switches or at the distribution load centers. The type of 
distribution is determined by a visual check of the number of wires entering the building (table B-1, page 
B-1). 


3-2. If only two wires enter the building, the service is either DC or single-phase AC. The voltage is 
determined by an indicating voltmeter. When three wires enter a building from an AC distribution system, 
the service can be single-phase, three-phase, or two ungrounded conductors and a neutral of a three-phase 
system (V-phase). 


3-3. If the service is single-phase, two of the conductors are hot, and the third is ground. A voltmeter 
reading between the two hot conductors will be twice as great as the reading between either hot conductor 
and the neutral or ground conductor. If the service is three-phase, the voltage between any two of the 
conductors is the same. Normally, one of the conductors is grounded to establish a ground reference 
voltage for the system. 


3-4. A V-phase system is the most common service for TO construction. The distribution system is 
described below. The voltage between the two hot conductors will be 1.732 times greater than the voltage 
between either hot conductor and the neutral or ground. 


3-5. Four-wire distribution denotes three-phase and neutral service. When tested, voltages between the 
neutral conductor and each of the three conductors should all be the same. The voltage readings between 
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any two of these three wires are similar and should equal the neutral-to-hot wire voltage multiplied by 
1.732. Common operating voltages for this type of service are 120 and 208 volts or 277 and 480 volts. 


LOAD PER OUTLET 


3-2 


3-6. The first step in planning the circuit for any wiring installation is to determine the connected load per 
outlet. It is best to use volt-amperes as the method of determining electrical needs. This eliminates power- 
factor considerations. The power needed for each outlet or the load per outlet is used to find the number of 
circuits. It is also used to find the power needed for the whole building. The load per outlet can be obtained 
in several different ways. 


3-7. The most accurate method of determining the load per outlet is to obtain the stated value from the 
blueprints or specifications. Commonly, the lighting outlets shown on the blueprints are listed in the 
specifications along with their wattage ratings. If the lights to be used are incandescent, this figure 
represents the total wattage of the lamp. 


3-8. When fluorescent lights are specified, the wattage drain (also called load per outlet) should be 
increased approximately 20 percent to provide for the ballast load. For example, when the fixture is rated as 
a two-lamp, 40-watt unit, the actual wattage drain is 80 watts, plus approximately 16 watts for both lamp 
ballasts, or a total load of 96 watts. 


3-9. If the specifications are not available, the blueprints in many cases designate the type of equipment to 
be connected to specific outlets. Though the equipment ultimately used in the outlet may come from a 
different manufacturer, equipment standards provide the electrician with assurance that the outlets will use 
approximately the same wattage. If the equipment is available, the nameplate will list the wattage used for 
ampere drain. If not, table 3-1 may be used to obtain the average wattage consumption of electrical 
appliances. 


Table 3-1. Wattage consumption of electrical appliances 


Appliance Average Wattage 
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3-10. To provide adequate wiring for systems where the blueprints or specifications do not list any special 
or appliance loads, the following general rules apply: 


e For heavy-duty outlets or mogul-size lamp holders, the load per outlet should be figured at 5 
amperes each. 

e For all other outlets, both ceiling and wall, the wattage drain (load per outlet) should be 
computed at 1.5 amperes per outlet. 


3-11. The total outlet load may also be determined on a watts-per-square-foot basis. In this load- 
determination method, the floor area of the building to be wired is computed from the outside dimensions 
of the building. This square-footage area is then multiplied by the standard watts-per-square-foot 
requirement, based on the type of building to be wired. Table B-14, page B-15, lists these constants along 
with a feeder-demand factor for various types of building occupancies. This table gives planning loads 
based on lighting and appliance needs. Large appliance loads (those in excess of 5 amperes each) should be 
added to this standard load figure. 


CIRCUITING THE LOAD 


3-12. If all the power load in a building was connected to a single pair of wires and protected by a single 
fuse, the entire establishment would be without power in case of a breakdown, a short circuit, or a fuse 
blowout. In addition, the wires would have to be large enough to handle the entire load and, in some cases, 
they would be too large to make connections to individual devices. Consequently, the outlets in a building 
are divided into small groups known as branch circuits. These circuits are normally rated in amperes as 
shown in table B-15, page B-15. This table contains a comparison of the various ampere requirements of 
the branch circuits with the standard circuit components. Normally, the total load per circuit should not 
exceed 80 percent of the circuit rating. 


3-13. The method of circuiting the building load varies with the size of the building and the power load. In 
a small building with little load, the circuit breakers or fuses are installed at the power-service entrance, and 
the individual circuits are run from this location. For medium-size buildings with numerous wiring circuits, 
the fuse box should be located at the center of the building load so that all the branch runs are short, 
minimizing the voltage drop in the lines. When buildings are large or have the loads concentrated at several 
remote locations, the ideal circuiting would locate fuse boxes at each load center. It is assumed that the 
branch circuits would be radially installed at each of these centers to minimize the voltage drops in the 
runs. 


3-14. The number of circuits required for adequate wiring can be determined by adding the connected load 
in watts and dividing the total by the wattage permitted on the size of branch circuit selected. This method 
should not include special heavy loads such as air conditioners that require separate circuits. 


3-15. The total wattage is obtained from the sum of the loads of each outlet determined by one of the three 
methods discussed previously. For example, if 20-ampere, 120-volt circuits are to be used, 80 percent of 
this rating (16 amperes per circuit) is allowed. 


3-16. The maximum wattage permitted on each circuit equals 16 times 120, or 1,920 watts. If the total 
connected load is assumed to be 18,000 watts, 18,000 divided by 1,920 shows that 9.375 circuits are 
required. Since only whole circuits are allowed, ten 20-ampere circuits should be used to carry the con- 
nected load. The number of circuits determined by this method should be the basic minimum. For long- 
range planning in permanent installations, the best practice requires the addition of several circuits to the 
minimum required or the installation of the next larger modular-size fusing panel to allow for future wiring 
additions. If additional circuits are used over the minimum required, the number of outlets per circuit can 
be reduced, therefore making the electrical installation more efficient. This is true because the voltage drop 
in the system is reduced, allowing the apparatus to operate more efficiently. 


3-17. The following industry standards are established to ensure that adequate electrical power, switches, 
and receptacles are available for modern demands. In TO construction, you may not always meet these 
standards due to the unavailability of equipment, the time required for installation, or the short period of 
time facilities will be occupied. 
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SWITCH OUTLETS 


e@ Wall switches are usually located on the latch side of doorways or the traffic side of arches or 
other wall openings. They are mounted approximately 48 inches from the floor. 

e Areas that have more than one entrance will be equipped with a multiple-control wall switch at 
each principle entrance, unless this requires placing switches within 10 feet of each other. 

e At least one switch-controlled lighting outlet must be provided for each dining area that is 
combined with another room, such as a breakfast nook. The lighting outlet is normally placed 
over the probable location of the dining table. 

e At least one ceiling light outlet in each major room should be wired for a ceiling fan. This is 
accomplished by running an extra conductor between the light and the controlling light switch. 

e Provide for switched lighting on both sides of mirrors and at least one switched light in the 
ceiling in bathrooms and dressing rooms. 

e Kitchen areas require more lighting than other areas of a house. Plan for switch-controlled lights 
over the sink, the range hood, the breakfast bar, and general counter-top work space. Mount 
switches at convenient locations. 

e Hallways require a switch at each doorway leading into the hall. Switches should be mounted on 
the latch side of the doorway. 

e Stairways should be provided with at least one switch-controlled lighting outlet. Switches should 
be located at each landing where a doorway is provided for access. 


RECEPTACLE OUTLETS 


3-4 


e Each kitchen, family room, dining room, living room, library, den, bedroom, or similar room 
will have receptacle outlets every 6 feet and near the ends of walls where possible. Unless 
otherwise specified, receptacle outlets should be placed approximately 12 inches from the floor. 

e Each kitchen, pantry, breakfast room, dining room, or similar room should have two or more 20- 
amp appliance circuits that serve all receptacle outlets. Outlets in other rooms are not to be con- 
nected to these circuits. In kitchens and dining areas, a receptacle outlet will be installed along 
counter-top space every 4 feet. Counter space separated by a range top, a refrigerator, or a sink is 
considered a separate counter. Outlets will not be installed in a face-up position in the counter 
top. Any receptacle outlet within 6 feet of a sink must be protected by a ground-fault circuit 
interrupter (GFCI). 

e Bathrooms will have at least one wall-mounted receptacle outlet at each basin. All receptacles 
must be protected by a GFCI. 

e Install at least one receptacle outlet on the front and one on the back of each building. All 
receptacle outlets within grade-level access will be protected by a GFCI. 

e Laundry areas will be provided with at least one receptacle outlet. If the laundry equipment is 
located in the basement or the garage, at least one additional receptacle outlet must be provided. 
The laundry receptacle will be wired for 20-amp service and no other outlets will be connected 
to this circuit. 

e Hallways that are 10 feet long or longer will have at least one receptacle outlet. 


Note. Hallway length is determined along the centerline without passing through a doorway. 


3-18. Motors that are used on portable appliances are normally disconnected from the power source either 
by removal of the appliance plug from its receptacle or by operation of an attached built-in switch. Some 
large-horsepower motors, however, require a permanent power installation with special controls. Motor 
switches (figure 3-1) are rated in horsepower capacity. In a single-motor installation, a separate circuit must 
be run from the fuse or circuit-breaker panel to the motor, and individual fuses or circuit breakers must be 
installed. 
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Figure 3-1. Motor switch 


3-19. For multiple motor installations, the National Electrical Safety Code requires that— 


Two or more motors may be connected to the same branch circuit, protected at not more 
than 20 amperes at 125 volts or less or 15 amperes at 600 volts or less, if each does not 
exceed I horse power in rating and each does not have a full load rating in excess of 6 
amperes. Two or more motors of any rating, each with individual overcurrent protection 
(provided integral with the motor start switches or an individual unit), may be connected 
on one branch circuit if each motor controller and motor-running over-current device is 
approved for group installation, and the branch circuit fusing rating is equal to the 
rating required for the largest motor plus an amount equal to the sum of the full load 
ratings of the other motors. 


BALANCING THE POWER LOAD ON A CIRCUIT 


3-20. The ideal wiring system is planned so that each wiring circuit will have the same ampere drain at all 
times. Since this can never be achieved, the circuiting is planned to divide the connected load as evenly as 
possible. Thus, each circuit uses approximately the average power consumption for the total system to 
make for minimum service interruption. Figure 3-2, page 3-6, demonstrates the advantage of a balanced 
circuit when using a three-wire, single-phase, 1 10/220-volt distribution system. 


3-21. The current used is known as alternating current because the current in each wire changes or 
alternates continually from positive to negative to positive and so on. 


3-22. The change from positive to negative and back again to positive is known as a cycle. This usually 
takes place 60 times every second, and such current is then known as 60-cycle current. Sixty times every 
second each wire is positive, 60 times every second each wire is negative, and 120 times every second there 
is no voltage at all on the wire. The voltage is never constant but is always gradually changing from zero to 
maximum, with the average being about 120 volts. The current in the neutral conductor of a balanced three- 
wire, single-phase system will remain at zero as a result of the applied AC. 
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What is the area of the PT circle? 


2 


A = 7r 
A = 3.14(10°) 
A = 3.14(100) 
A = 314 


The area is 314 square feet. 


Lesson Summary. In this lesson you studied and applied the 
formulas used to determine the dimensions of plane geometric 
figures. In the next lesson you will apply the formulas used to 
determine dimensions of solid figures. 


Lesson 3. SOLID FIGURES 
LEARNING OBJECTIVES 


1. Given the dimensions of solid geometric figures, use the 
proper formula to find the surface area. 


2. Given the dimensions of solid geometric figures, use the 
proper formula to compute the volume. 


3. Given a number, use the proper operations to find the 
square root. 


4. Given the dimensions of two sides of a triangle, use the 
proper formula to find the dimension of the unknown side. 


5. Given the dimensions of two sides of one triangle and the 
dimensions of one side of another triangle, use the 
proper operations to find the dimensions of the missing 
corresponding side. 


5301. Surface Area and Volume of Solid Geometric Figures 


a. General. A more appropriate title for this next group of 
geometric figures might be three dimensional figures but they are 
called solid geometric figures. Even though they may be hollow, 
there are points in this "hollow" area that help to form the 
solid figure. The unit of measure for a solid figure is a cube, 
1-unit of length on each edge (fig 5-16). When you find the 
volume of a solid figure, you are finding out how many 1l1-unit 
cubes or cubic units are contained in the figure. Notice that a 
third dimension has been added. 


Chapter 3 


Toaster, 
Radio, 100 watts 50 watts 400 watts 


110 volts 220 volts 


0 current in neutral 


5 amperes 
110 volts 


Talavisian, 200 watts 50 watts 
300 watts 


Figure 3-2. Circuit balancing 


LOAD PER BUILDING 


MAXIMUM DEMAND 

In some building installations, the total possible power load may be connected at the same time. In this case, the 
demand on the power supply (which must be kept available for these buildings) is equal to the connected load. 
In the majority of building installations where armed-forces personnel work, the maximum load which the 
system is required to service is much less than the connected load. This power load, which is set at some 
arbitrary figure below the possible total connected load, is called the maximum demand of the building. 


DEMAND FACTOR 


3-23. The ratio of maximum demand to total connected load in a building expressed as a percentage is 
termed demand factor. The determination of building loads can be obtained by using the standard demand 
factors shown in table B-14, page B-15. For example, if the connected load in a warehouse is 22,500 watts 
for warehouses, the actual building load can be obtained as follows: 100 percent of the first 12,500 watts 
equals 12,500; 50 percent of the remaining 10,000 watts equals 5,000; therefore, the total building load is 
12,500 plus 5,000 watts, or 17,500 watts. 


BALANCING THE POWER LOAD OF A BUILDING 


3-24. The standard voltage-distribution system from a generating station to individual building installation 
is the three- or four-wire, three-phase type. Distribution transformers on the power-line poles, which are 
designed to deliver three-wire, single-phase service, change the voltage to 120 or 240. These transformers 
are then connected across the distribution phase loads in a balanced arrangement. Consequently, for 
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maximum transformer efficiency, the building loads assumed for power distribution should also be 
balanced, as previously illustrated in figure 3-2. 


WIRE SIZE 


3-25. Wire sizes No 14 and larger are classified according to their maximum allowable current-carrying 
capacity based on their physical behavior when subjected to the stress and temperatures of operating 
conditions. No 14 wire is the smallest wire size permitted in interior wiring systems. 


3-26. The size of the conductor used in feeder and branch circuits depends on the maximum allowable 
current-carrying capacity and the voltage drop coincident with each wire size. The size of the conductor for 
branch circuits (that portion of the wiring system extending beyond the last overcurrent device protecting 
the circuit) should be such that the voltage drop will not exceed 3 percent to the farthest outlet for power, 
heating, or lighting loads. The maximum voltage drop for feeders is also 3 percent, provided that the total 
voltage drop for both feeder and branch circuit does not exceed 5 percent. Table B-16, page B-16, which is 
based on an allowable 3 percent voltage drop, lists the wire sizes required for various distances between 
supply and load at different amperages. This table may be used for branch circuits originating at the service 
entrance. This is the common house or small building circuit. Use table B-15, page B-15, to determine the 
proper wire size. 


3-27. The minimum gauge for service-wire installation is No 8. The service-wire sizes are increased 
because they must not only meet the voltage-drop requirement but also be inherently strong enough to 
support their own weight, plus any additional loading caused by climatic conditions such as ice or 
branches. 


GROUNDING AND BONDING 


REQUIREMENTS 


3-28. The neutral conductor must be grounded on all electrical systems if the voltage between the hot lead 
and the ground is less than 150 volts. In addition, all systems should have a grounded neutral where the 
voltage to ground does not exceed 300 volts. Interior circuits operating at less than 50 volts need not be 
grounded if the transformer supplying the circuit is connected to a grounded system. 


TYPES OF GROUNDING 


3-29. A system ground is the ground applied to a neutral conductor. It reduces the possibility of fire and 
shock by reducing the voltage of one of the wires of a system to 0 volts potential above ground. 


3-30. An equipment ground is an additional ground that should be attached to all appliances and 
machinery. An equipment ground is advantageous because the appliances and machinery can be maintained 
at zero voltage. Also, if a short circuit occurs in a hot lead, the fuse protection will open the circuit and 
prevent serious injury to operating personnel. 


METHODS OF GROUNDING 


3-31. A system ground is provided by placing a No 6 copper (or No 4 aluminum) wire between the neutral 
wire, service box, bonding wire, and a grounding electrode at the building's service entrance. The 
grounding electrode may be a buried water pipe, the metal frame of a building, a local underground system, 
or a fabricated device. If more than one electrode is used, they must be placed a minimum of 6 feet apart. 


Water Pipe 


3-32. An underground water piping system will always be used as the grounding electrode if such a piping 
system is available. If the piping system is less than 10 feet deep, supplemental electrodes will be used. 
Interior, metallic, cold-water piping systems will always be bonded to the grounding electrode or 
electrodes. 
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Plate Electrodes 


3-33. Each plate electrode will have at least 2 square feet of surface exposed to the soil. Iron or steel 
electrodes must be at least 1/4 inch thick, and nonferrous metal must be at least 0.06 inch thick. Plates 
should be buried below the permanent moisture level if possible. 


Pipe Electrodes 


3-34. Clean, metallic pipe or conduit at least 3/4-inch trade size may be used. Each pipe must be driven to 
a depth of at least 8 feet. If this cannot be done, the electrodes may be buried in a horizontal trench. In this 
case, the electrode must be at least 8 feet long. 


Rod Electrodes 


3-35. Rod electrodes of steel or iron must be at least 3/8 inch in diameter. Rods of nonferrous material 
must be at least 1/2 inch in diameter. The standard ground rod for the military is a 5/8-inch steel rod with 
three sections of 3 feet each. Installation of rod electrodes is the same as for pipe electrodes. Figure 3-3 
shows typical grounding procedures. 


GROUND RESISTANCE 


3-36. Electrodes should have a resistance to ground of 25 ohms or less. Underground piping systems and 
metal frames of buildings normally have resistance to ground of less than 25 ohms. Resistance to ground of 
fabricated electrodes will vary greatly depending on the soil and the method of installation. Burying an 
electrode below the permanent moisture level of the soil normally reduces the resistance to ground to 
acceptable values. Grounding systems should be tested by using a Megger ground tester. This device may 
be found in organizations such as the installation's Department of Public Works (DPW) or engineer 
division. 

3-37. The voltage between the neutral or grounded conductor of a grounded system and the ground (water 
pipes, metal frames of buildings, ground rods) should be zero at all times. The detection of any voltage 
indicates a faulty wiring system. 


BONDING 


3-8 


3-38. Bonding is a method of providing a continuous, separate electrical circuit between all metallic circuit 
elements (conduit, boxes, and so forth) and the service-entrance ground. The ground or neutral conductor is 
attached to the bonding circuit only at the service entrance. At this point, the neutral wire and a bonding 
wire from the service box are attached to the grounding electrode. All other metallic circuit elements are 
connected to this grounded point through physical connections of the metallic conduit, armored cable, or 
flexible metal conduit. Nonmetallic conduit or cable must have a conductor in it to provide this bonding 
circuit. This conductor should be attached to the metal boxes or fixtures where the non-metallic cable or 
conduit terminates. 


3-39. All metal-to-metal connections must be tight to ensure a continuous bonding circuit. When the 
electrical continuity of a metal-to-metal connection is doubtful, use a wire jumper between the two metal 
pieces. As an example, the equipment ground wire of a receptacle (the green wire) is connected to the 
bonding circuit through the two screws fastening the receptacle to the box. If the box is recessed to obtain a 
flush receptacle, the connecting screws are not tightened but are used as adjusting screws to properly locate 
the receptacle. In this case, a wire must be placed between the box and the equipment ground terminal of 
the receptacle. Proper bonding prevents shocks from metal surfaces of an electrical system. 
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\ No 6 copper wire 


No 6 copper wire 


Moisture level 


Pipe electrode 
Rod electrode 


Water pipe 
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No 6 copper wire 
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Moisture level :: 


Plate electrode Water pipe 


Figure 3-3. Methods of grounding 


WIRING FOR HAZARDOUS LOCATIONS 


3-40. Special materials and procedures must be used to install electrical systems in areas where a spark 
could cause a fire or an explosion. Typical areas of this type are hospital operating rooms and acetylene 
storage or production facilities. Hazardous locations are divided into three classes: 


CLASS I 


3-41. Class I includes areas where flammable gases or vapors are or may be present in the air in quantities 
sufficient to produce explosive or ignitable mixtures. 
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CLASS IT 


3-42. Class II includes areas where combustible dust is present. 


CLASS III 


3-43. Class II includes areas where easily ignitable fibers or filings are present but are not suspended in 
the air in sufficient quantities to produce ignitable mixtures. 


3-44. Each class is further subdivided into two divisions. In division one of each class, the hazardous 
material is present in free air so that the atmosphere is dangerous. In division two of each class, the 
hazardous material is in containers, and dangerous mixtures in the air occur only through accidents. 


INSTALLATION IN HAZARDOUS LOCATIONS 


3-45. Detailed information on installation material and procedures must be obtained from theater 
commands and standard plans. The information below gives general guidance about the type of installation 
required for each class and division of hazardous locations: 


CLASS I 


3-46. In division one areas, wiring must be in threaded, rigid-metal conduit, with explosion-proof fittings 
or mineral-insulated, metal-sheathed (Type MI) cable. Division two areas may have flexible metal fittings, 
flexible metal conduit, or flexible cord that is approved for hard usage. All equipment such as generators, 
controllers, motors, fuses, and circuit breakers must be enclosed in explosion-proof housings. 


CLASS IT 


3-47. In division one areas, wiring must be in threaded rigid conduit or Type MI cable with flexible metal 
conduit and threaded fittings where necessary. Equipment must be in dustproof cabinets with motors and 
generators in totally enclosed fan-cooled housings. In division two areas, electrical metallic tubing may 
also be used. 


CLASS III 


3-48. In division one areas, the same requirements exist as for class I, division one. In division two areas, 
open wiring is permitted. Motors and generators must be totally enclosed. 


INSTALLATION OF SIGNAL EQUIPMENT 


3-49. Signal equipment may occasionally be supplied for 120-volt operation, in which case it must be 
installed in the same manner as outlets and sockets operating on this voltage. Most bells and buzzers are 
rated to operate on 6, 12, 18, or 24 volts AC or DC. They can be installed with minimum consideration for 
circuit insulation, since there is no danger of shock to personnel or fire due to short circuits. The wire 
commonly used is insulated with several layers of paraffin-impregnated cotton or a thermoplastic covering. 
Upon installation, these wires are attached to building members with small insulating staples and are 
threaded through building construction members without insulators. 


BATTERY OPERATION 


3-50. Early installations of low-voltage signal systems were powered by 6-volt dry cells. For example, two 
of these batteries were installed in series to service a 12-volt system. If the systems involved a number of 
signals over a large area, one or more batteries were added in series to offset the voltage drop. Though this 
type of alarm or announcing system is still being used in some areas, it is a poor method because the 
batteries used as a power source require periodic replacement. 
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TRANSFORMER OPERATION 


3-51. Most present-day buzzer and bell signal systems operate from a transformer power source. The 
transformers are equipped to be mounted on outlet boxes and are constructed so that the 120-volt primary- 
winding leads normally extend from the side of the transformer adjacent to the box mounting. These leads 
are permanently attached to the 120-volt power circuits, and the low-voltage secondary-winding leads of 
the transformer are connected to the bell circuit (figure 3-4). If more than one buzzer and push button are to 
be installed, they are paralleled with the first signal installation. A typical wiring schematic diagram for this 
type of installation is shown in figure 3-5. 


Box-mounted 
transformer 


Figure 3-4. Bell and buzzer wiring 


Push button Audio 
device 


Transformer = 


Push button 


Figure 3-5. Two-push-button system 


SPECIAL SWITCHES 


THREE-WAY SWITCHING 


3-52. A single-throw switch controls a light or a receptacle from only one location. When lights have to be 
controlled from more than one location, a double-throw, commonly called a three-way switch, is used. 
Three-way switches can be identified by a common terminal that is normally color-coded darker than the 
other terminals and located alone at the end of the switch housing. A schematic wiring diagram of a three- 
way switch with a three-wire cable is shown in figure 3-6, page 3-12. In the diagram, terminals A and A! 


3 May 2013 TM 3-34.46/MCRP 3-17.7K 3-11 


Chapter 3 


are the common terminals, and the switch operation connects them either to B or C and B! or C', 
respectively. Either switch will open or close the circuit, turning the lights on or off. 


FOUR-WAY SWITCHING 


3-53. Occasionally, it is necessary to control an outlet or light from more than two locations. Two three- 
way switches plus a four-way switch will provide control at three locations as shown in figure 3-7. The 
switches must be installed with the four-way units connected between the two three-way units and the 
three-wire cable installed between the switches. 


VARIABLE-CONTROL DEVICES 


3-54. Electrical dimmers provide a full range of light from bright to dim for incandescent lighting. Special 
electronic dimmers exist for use with florescent lighting. A turn of the dial adjusts the brightness level, and 
a push-knob switch turns the light on or off without changing the brightness setting (figure 3-8). 


f SC z 
3-way switch 3-way switch 


Figure 3-6. Three-way switch wiring 


3-way switch 4-way switch 3-way switch 


Figure 3-7. Four-way switch wiring 
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Figure 3-8. Push pull rotary switch 


3-55. Another type of dimmer switch has a high-low control that provides two levels of illumination: full 
brilliance at the top position and approximately half brilliance at the bottom position. Variable-control 
devices are also used as speed-control devices that control the speed of tools and equipment using standard 
AC or DC motors. Some variable-control devices are electronic in nature since their construction uses 
solid-state circuitry and switches. 


ADDITIONS TO EXISTING WIRING 


CIRCUIT CAPACITY 


3-56. When installing additions to existing wiring in a building, the electrician first determines the 
available extra capacity of the present circuits. This can readily be obtained by ascertaining the fused 
capacity of the building and subtracting the present connected load. If all the outlets do not have connected 
loads, their average load should be used to obtain the connected load figure. When the existing circuits 
have available capacity for new outlets and are located near the additional outlet required, they should be 
extended and connected to the new outlets. Consideration must be given to the additional voltage drop 
created by extending the circuit. The proper wire size may then be determined. 


NEW CIRCUITS 


3-57. When the existing outlets cannot handle an additional load and a spare circuit has been provided in 
the local fuse or circuit-breaker panel, a new circuit is installed. This is also done if the new outlet or 
outlets are so located that a new circuit can be installed more economically than an existing circuit 
extension. Moreover, the installation of a new circuit will generally decrease the voltage drop on all 
circuits, resulting in an increase in appliance operating efficiency. 


NEW LOAD CENTER 


3-58. In many wiring installations, no provisions are made for spare circuits in the fuse or breaker panel. 
Moreover, the location of the new circuit required is often remote from the existing fuse box or circuit- 
breaker panel. In this case, the preferred method of providing service to the circuit is to install a new load 
center at a location that is close to the circuit outlets. This installation must not overload the incoming 
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service and service-entrance switch. Should such an overload be indicated, the service equipment should 
also be changed to suit the new requirements. Sometimes, this can be accomplished in two-wire systems by 
pulling in an additional wire from the power line. This changes the service from two-wire to three-wire at 
120 to 240 volts. In these cases, the fuse box or the circuit-breaker panel should also be changed and 
enlarged to accommodate the increased circuit capacity. 


CIRCUIT DIAGRAMS 


3-59. Figure 3-9 shows some typical arrangements for switches, fixtures, and receptacles. Although many 
other combinations are also possible, these drawings should help in planning circuit arrangements. Before 
you do any wiring, check with the supervisor to find out if there are any specific equipment requirements. 


SECTION Il - EXPEDIENT WIRING 


PURPOSE 


3-60. In many applications, electrical wiring installations are needed for temporary use. Examples are 
forward-area installations (tactical wiring), TO, field training exercises (FTXs), and civilian disaster-relief 
situations in foreign countries and the US. Complete installations of electrical systems would require too 
much time and be very costly, so they would not be practical. 


3-61. Wiring situations in the TO could be considered tactical wiring and would require different types of 
wiring, such as open wiring where wiring systems and devices are exposed on studs, ceilings, and joists. 
Military light sets are also used in expedient or tactical installations. 


WIRE 


3-62. Wire sizes should be selected according to normal installations. The wire should be laid over the 
ceiling joist and fastened by nails driven into the joist and bent over the wire. The nails should exert enough 
force to firmly grip the wire without damaging the insulation. If possible, expedient wiring installations 
should be fastened to joists or studs at least 7 feet above the floor. This prevents accidental damage to the 
system or injury to personnel. The wires should be supported in accordance with normal installation. 
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Figure 3-9. Typical wiring combinations 
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In plane figures, on the other hand, you dealt with base and 
height or length and width. You now have length(1), width(w), 
and height(h) contained in one figure. 


Fig 5-16. One unit cube. 


b. Cube. The familiar cube is a geometric figure with six 
square faces. The edges all have the same measure. The sum of 
the areas of the six faces is called the surface area. 


Example: 
The cube illustrated represents a company supply 


box. There are 6 faces, each measuring 4 feet by 4 
feet (4 x 4). What is the surface area (SA) for the 
box shown below? 


4 
4 
4 
4 

SA = 6 (face’) 
SA = 6(4°) 
SA = 6(16) 
SA = 96 


The surface area equals 96 square feet. 


To find the volume (V) of a cube you must find the number of unit 
cubes it contains. 
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SUPPORTS 


JOINTS, SPLICES, TAPS, AND CONNECTIONS 


3-63. Joints, splices, taps, and connections are made as outlined in chapter 1. In expedient wiring, use 
electrical tape as a protective covering on the connection and to provide additional protection where nails 
are bent over the wire. 


FIXTURE DROPS 
3-64. Fixture drops, preferably pigtail splices, are installed by taping their leads to wires and taping the 
taps. The sockets are supported by the tap wires. 


CORDS OR NONMETALLIC-SHEATHED CABLE 


3-65. Figure 3-10 shows how to tap a two-conductor cord or nonmetallic-sheathed cable in an expedient 
wiring installation. Remove the outer rubber or sheathing at the point of fixture attachment, and tap the 
fixture leads to the conductor with a Western Union splice, purposely maintaining the separation between 
taps as shown. Then, individually tape each tap. 


NOTE: Portable cord splices should only be done in an 
emergency. 


><a ol 


How to make a Western Union splice 


Figure 3-10. Tapping stranded copper wire 
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Cable Wiring 


Cable systems are used where cost is a factor. They can be installed easily, and the 
material required is less expensive than that used for other systems. The absence of 
protection against mechanical injury and the fact that it is only moisture-resistant 
tend to restrict the areas where the cable system can be used. Temporary and 
expedient-wiring cable systems are ideally suited for the TO. 


SECTION | - ARMORED CABLE WIRING 


ADVANTAGES AND USES 


4-1. Armored-cable wiring is permissible by regulation for all interior installations, except where it is 
exposed to saturation by liquid or where it is in contact with acid fumes. In wet areas, a lead-covered cable 
is required. Because the material requirements for armored-cable wiring are greater, the overall cost is 
generally higher than Type NM cable systems. This increased cost is often warranted because an armored 
conductor has greater mechanical-damage protection. The installation of armored cable is relatively simple 
and is similar to that of non-metallic-sheathed cable discussed in section I. Much of the equipment and 
materials are the same. 


MATERIALS 


CABLE 


4-2. Armored-cable construction consists of two or three rubber- or thermoplastic-covered wire 
combinations encased in flexible steel armor. Cable is obtained from the manufacturer as Type AC 
(without a lead sheath) and Type ACL (with a lead sheath under the armor). Type AC cable has a copper or 
aluminum bonding strip. 


4-3. One of the conductors of armored cable is always white. Because of this color coding, the white wire 
in a switch installation (for both armored cable and nonmetallic-sheathed cable) can be used as a hot wire 
and be connected to a black wire. 


SUPPORT 


4-4. Armored cable may be fastened to wooden building members with a one- or two-hole mounting strap 
formed to fit the contour and size of the cable or by staples made specifically for armored cable. The cable 
is normally supported at the box entry either by integral armored-cable clamps built into the boxes or by 
armored-cable connectors. 


BOXES AND DEVICES 


4-5. Chapter 2 details boxes and devices recommended for use with armored-cable wiring. Electrical 
boxes with integral cable clamps and attached mounting brackets are used for quick installation. 
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INSTALLATION 


CABLE SUPPORT 


4-6. Whenever possible, run armored cable through holes centrally drilled in the building structural 
members and ensure that the holes are at least 1/8 inch oversize to facilitate easy pull-through of the 
armored cable. Avoid the flush-type mounting of armored cable accomplished by notching the joists and 
studs if possible because this type of installation exposes the armored cable to possible short circuits (by 
locating the cable in a position where it could be accidentally pierced by nails) and materially weakens the 
structural member. 


4-7. When running armored cable between joists and studs, ensure that it is supported by staples or straps 
at least every 4 1/2 feet along the length of the cable run. These supports must also be installed within 12 
inches of each box entry, unless the support interferes with installations that require extreme flexibility. 
This requirement assures the continuance of a satisfactory box connection by relieving the strain on the 
splices and the connection within the outlet box. When installing cable runs across the bottom of ceiling 
joists and stud faces at least 7 feet above the floor, ensure that runs are supported on each joist or stud. You 
may also install cable runs on running boards similar to those used in open-wiring installations. 


Damage Protection 


4-8. When installing armored cable on the top of ceiling joists or studs in accessible locations (such as 
attics and temporary buildings) at a distance of less than 7 feet from the floor, you must install guard strips 
at least as high as the cable. 


Bending 


4-2 


4-9. When installing armored cable, avoid bending or shaping the cable in a manner that damages the 
protective armor. This type of installation damage may occur in drilled holes for armored cable, in corner 
runs, or when locating boxes on studs and joists. To prevent this, follow the rule that the radius of the inner 
edge of any bend must not be less than five times the cable diameter. Figure 4-1 illustrates an acceptable 
armored-cable bend at the box entry. 


Radius > 
5 x cable 


diameter 


Figure 4-1. Armored-cable bend 
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BOx CONNECTION 


Procedure 


4-10. Armored cable may be spliced or connected to devices only in standard junction or outlet boxes. 
Therefore, you must cut all cable long enough to run from box to box. To prevent cutting the cable too 
short, first thread the armored cable through the mounting holes drilled in the joists or studs and attach the 
cable to one box. Take the slack out of the cable by using just enough force to maintain the proper bends. 
Keeping this tension, cut the cable from the roll and connect it to the box. Figure 4-2 shows the procedure 
for preparing and attaching the cable to a box. 


‘_ Bond wire 


Bushing 


Left: Cutting the armor which is held taut by stepping on it 
and holding it over the knee. 


Right: Note that the armor is cut at an angle to the lay. 


Figure 4-2. Cutting and attaching cable 


Cutting Cable 


4-11. Though armored cable can be cut with an armored-cable cutter specifically designed for the job, most 
electricians use a hacksaw. When making an outlet connection, cut the cable about 8 inches longer on each 
end than is required for the run. When removing the armor from the wire, cut the armor approximately 8 
inches from the cable end so that ample wire will be inserted in the box for connecting to the outlet device. 
These lead lengths may be increased when the wire run terminates in a fuse box or a circuit-breaker panel 
and a longer cable is required. 


4-12. Cutting cable armor is a simple operation. With the hacksaw in one hand and the cable end held 
firmly in the other hand, make the cut with the blade of the hacksaw placed at a right angle to the lay of the 
armor strip. The hacksaw and the cable should form two legs of a 60-degree triangle. When the blade has 
cut almost through the armor strip, bend the cable end back and forth several times until it breaks. You can 
then strip the loose armor from the wire leads by twisting and pulling. If one end of the cable has already 
been attached to a box, pull the cable tight enough to assure a steady sawing surface. When cutting from a 
coil, hold the armor firmly by stepping on the coil cable end and pulling it tight. Smooth rough or sharp 
ends of the cut with a file. 
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WARNING 


Avoid damaging the wire insulation or the metal bonding strip 
when cutting cable armor. 


Unwrapping Paper 


4-13. The fiber paper that is twisted around the conductors before the metallic armor is attached must be 
removed to allow free wire movement. Normally, you can remove two or three turns of the paper from 
under the armor by using a jerking action to tear the loose paper away from the wire at the armor end. The 
free space between the armor and the wires facilitates mounting the antishort bushing. 


Attaching Antishort Bushing 


4-14. When the ends of the cut armor are filed, only the outer burred edges are removed. The inner edges 
are always sharp and jagged at the cut end, and if not covered, they tend to puncture the wire insulation and 
cause short circuits and grounds. To prevent this and to protect the wire against damage, you must insert a 
tough fiber bushing, commonly called an antishort bushing, between the armor and the wire. 


Attaching Cable to a Box 


4-4 


4-15. When using an armored-cable connector, first insert the cable in the connector and then tighten the 
holding screw, securely connecting the cable and connectors. Then, insert the armored-cable connector 
through the box knockout opening, and secure it to the box with the locknut threaded on the connectors 
from inside the box. 


4-16. When using the cable with a box having internal cable clamps, first remove the knockout at the point 
of entry. Next, loosen the clamp-holder screw, insert the cable through the knockout opening, and thread 
the leads through the clamp (figure 4-3). Then, force the armor snugly against the clamp end and retighten 
the clamp screw, forcing the clamp into the ridges of the cables. 


4-17. The bonding wire runs the entire length of the cable and must be bonded to the enclosure on the other 
receptacle into which the cable is entered. Bend the wire back over the cable before installing the connector 
or attaching it to a box with an internal clamp. 
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Knockouts 


Conductors 


Clamp holding 
screw 


Figure 4-3. Cable connection to box with internal clamps 


ADDITIONS TO EXISTING WIRING 


CIRCUITING 


4-18. Additions to existing armored-cable layouts require analysis to determine whether additional circuit 
capacity will be needed to handle the new load. These considerations are the same as those required for 
other types of installations. 


CABLE CONNECTIONS 


4-19. Armored-cable additions must always originate and terminate in electrical boxes. The junction box 
used for the addition should be located close enough to the desired outlets so that the voltage drop to the 
new device is within allowable limits. The box from which the additional outlet or outlets are to originate 
must have a neutral and a hot wire of the same circuit for the new load connection. This means that the 
conductors from an added outlet can be connected only to the conductors of an existing cable in an outlet 
box (white to white and black to black) if the existing conductors can be traced to the fuse or circuit breaker 
without interruption. 
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ARMORED-CABLE ADDITIONS 


Exposed 


4-20. The installation of exposed armored-cable additions to existing wiring must be patterned according 
to rules outlined for original installations. If an armored-cable installation is to be made into another type of 
wiring system, the changeover must be made in a junction box specifically installed for the purpose or in an 
existing outlet box if its conductor capacity will allow the entry of additional wires. 


Concealed 


4-21. Armored cable is preferred over all other types of wiring when additional outlets are required on 
completed buildings. The armor and the bonding strip provide adequate, continuous ground-to-metal outlet 
boxes. Armored cable is also flexible enough to be fed through small openings from attic or basement areas 
to boxes mounted on walls and ceilings. To do this, you will usually pull the cable into the concealed box 
with a fish tape or a drop chain. Use a fish tape when the cable will be fed from below the box location, and 
use a drop chain when the installation is to be made from above the box. In these cases, place the junction 
box in which the power tap is to be made in a clear, readily accessible area because the fishing and catching 
of a fish tape and a drop chain become a tedious and time-consuming operation if the junction box is 
concealed (see section III). If it is difficult to feed into the power-tap box because of building construction, 
the finished wall may have to be removed to allow entry. If so, replastering will be necessary after the 
additional cable has been installed. 


SECTION Il - NONMETALLIC-SHEATHED CABLE WIRING 


ADVANTAGES AND USES 


4-22. The conventional nonmetallic-sheathed cable, Type NM, is approved for use in concealed or 
exposed, dry, indoor locations and is recommended for use where a good system ground is not available. 
Since the cable is inexpensive and lightweight and requires no special installation tools, it is suited for use 
in military wiring systems. Because of its construction, nonmetallic-sheathed cable is not approved for 
imbedded installation in masonry, concrete, fill, or plaster. 


WARNING 


Do not install Type NM cable in potentially dangerous areas 


where wire damage may occur, such as commercial garages, 
theaters, storage-battery rooms, or hoistways. Additionally, do 
not use it in humid or wet areas, such as ice plants or cold- 
storage warehouses. 


4-23. A newer nonmetallic-sheathed cable, Type NMC, is a dual-purpose, plastic-sheathed cable with 
solid-copper conductors. This cable needs no conduit, and its flat shape and gray or ivory color make it 
ideal for surface wiring. It resists moisture, acid, and corrosion and can be run through masonry and 
between studding. 


MATERIALS 


CABLE 


4-24. Type NM cable consists of rubber- or thermoplastic-covered wires in two- or three-wire 
combinations, with a bare copper wire used for bonding. These wires are individually wrapped with a spiral 
paper tape for damage protection. The local codes in some areas also require the addition of a bare, 
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uninsulated conductor in Type NMC cable. This bare wire provides the same type of equipment ground or 
bonding at the outlet boxes as the armor in armored-cable installation. The bare wire is attached to the 
outlet box by using a grounding clip (figure 4-4). 


The conductor fits in the groove in the 


Figure 4-4. Installing a grounding clip 


SUPPORT 


4-25. Types NM and NMC cable are generally mounted on wooden building members with one- or two- 
hole mounting straps or staples. Armored-cable staples are not approved for this type of installation 
because of possible cable damage. 


BOXES AND DEVICES 


4-26. The boxes and devices used in Type NM and NMC cable wiring are similar to those used with 
conduit. They are made of metal or nonmetallic materials and come with built-in clamps or knockout holes 
for the connectors. Use metal boxes with internal clamps when possible to assure a safe, efficient 
installation. In exposed Type NM cable wiring, you may use insulated switches, outlets, and lamp-holder 
devices without boxes. The cable entry holes of these devices must clamp the cable securely, and the device 
must fully enclose the section of the cable from which the outer sheathing has been removed. Because no 
splicing is possible in these devices and all wires must be connected to terminals, limit the use of these 
devices to installation in rural areas or other areas in which only a small number of outlets and switches are 
required. 


INSTALLATION 


CABLE SUPPORT 


4-27. Nonmetallic-sheathed cable should be supported in a manner similar to that outlined for armored 
cable (Section I). You can install cable on running boards, in holes drilled in the center of the joists, or on 
the sides of joists and studs. When using running boards or the sides of joists and studs, ensure that straps 
support the cable at distances not greater than 4 1/2 feet, and attach a cable strap within 12 inches of a box. 
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When you are making the cable run at an angle in an overhead installation and supporting it on the edge of 
the joists, you must install the cable on running boards. Assemblies containing two No 6 or three No 8 
conductors may be secured directly on the bottom of the joist. 


DAMAGE PROTECTION 


4-28. If you install the cable across the top of a floor or floor joist, protect it with guard strips that are at 
least as high as the cable. When the wire installation is in a location not normally used, such as an attic or a 
crawl space, damage-protection devices such as guard strips are required only within 6 feet of the entrance. 
If possible, do not install concealed cable near baseboards, door and window casings, or other possible 
locations of trim or equipment because of damage from building nails. If you are installing thermal 
insulation where cable is in place, use only noncorrosive, noncombustible, non-conductive insulation. 
While installing the insulation, avoid adding additional strain on the cable, its supports, or its terminal con- 
nections. 


CABLE BENDING 


4-29. To prevent accidental damage to the sheathing on Type NMC cable, the minimum allowable radius 
of bends is five times the cable diameter. Though this bend limit is similar to that for armored cable 
(section I), nonmetallic-sheathed cable can be bent in a smaller arc because the cable diameters are smaller 
for the same wire-gauge combinations. 


BOx CONNECTION 


4-8 


4-30. Cable runs must be continuous from outlet to outlet because wire splices are only permitted inside a 
box. Type NM cable is prepared for box connection in the same manner as that outlined for armored cable. 
When removing the protective sheathing from the conductors for connection, use an electrician's knife 
instead of a hacksaw. When removing the covering, cut a slit in the sheathing parallel to the wires without 
touching the individual wire insulation. A cut approximately 8 inches long for cable entry to ordinary boxes 
is satisfactory but can be increased to suit entry to panels. Then, use the knife to remove the slitted 
sheathing. 


4-31. You should also remove the moisture-preventive paper from the wires. Figure 4-5 illustrates the 
slitting of a cable end and shows a special tool called a cable stripper that can be used instead of a knife to 
remove the sheathing from Type NM cable, lead-covered cable, and portable cords. The stripper is inserted 
over the cable, squeezed together, and then pulled off the conductor. This action rips the outer sheathing 
quickly and efficiently. The use of a stripper instead of a knife for outer sheathing removal is recommended 
since it cannot damage the wire insulation. 


8” approximately Sheathing 


Paper Knife slit 
wrapping 


@ Slitting of cable @ Cable stripper 


Figure 4-5. Removal of sheathing 
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ENTERING BOXES 


4-32. When wiring with nonmetallic-sheathed cable, you may use either metal or nonmetallic boxes. It 
would be difficult to recommend one type over the other because both have advantages. Several aspects of 
wiring, such as grounding and connecting cable to boxes, vary, depending on the kind of box used. 


Metal Boxes 


4-33. Cable must be secured to a metal box. You may do this by using either a box with built-in cable 
clamps or a separate cable connector. Either way, remember to leave 6 to 8 inches of cable extending into 
the box for connections. 


4-34. As with most other terminal connectors, a grounding screw or clip is equipped to receive only one 
wire. When you install a switch, a self-grounding receptacle, or a light fixture in the last box of a circuit 
run, attach the grounding wire of Type NM cable directly to the box. 


4-35. When you install a box that is not at the end of a circuit or a receptacle that is not self-grounding, you 
must make one or more grounding jumpers. For the grounding jumper, use wire that is the same size as the 
circuit wires. Twist all grounding wires and jumpers together, and crimp them with a compression ring or 
secure them with a wire nut. 


Nonmetallic Boxes 


4-36. Cable knockouts in nonmetallic boxes are held in place with thin webs of plastic. Break out a 
knockout wherever Type NM cable will enter a box. Ensure that the cable is supported within 8 inches of 
the box, the sheathing extends into the box at least 1/4 inch, and the cable is secured to the box. 


4-37. When you are fishing cable behind walls, above ceilings, or under floors, you are not required to 
support cable, but you must clamp the cable to the box. Nonmetallic boxes are available with built-in cable 
clamps. 


4-38. Since nonmetallic boxes do not conduct electricity, they need not be grounded. When using 
nonmetallic boxes, treatment of the grounding wire is based on whether the box holds a receptacle, a 
switch, or a light fixture. 


Receptacles 


4-39. Attaching a receptacle to a non-metallic box is a simple process. If the box is at the end of a circuit, 
attach the grounding wire to the grounding screw of the receptacle. If the box is in the middle of a circuit 
run, join the cable grounding wires with a grounding jumper from the receptacle 


Switches 


4-40. Many switches are now equipped with grounding terminals, which are treated as those on grounded 
receptacles. When using such a switch and it is in a nonmetallic box in the middle of a run, join the cable 
grounding wires. If the switch is at the end of a circuit, hold the grounding wire between the switch bracket 
and the box with the mounting screw. 


Light Fixtures 


4-41. To install a light fixture, use an octagon-shaped fixture box with a metal grounding bar. If the fixture 
is at the end of a circuit, attach the cable grounding wire to the bar (figure 4-6, page 4-10). If the fixture is 
in the middle of a circuit, make a grounding jumper to join the grounding bar to the cable grounding wires. 
The light fixture will automatically be grounded when attached to the grounded box. 


Note. Some chain-hung fixtures have a separate grounding wire. Join it to the circuit grounding 
wire and a jumper. 
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If you constructed a cube as shown above and then counted the 
unit cubes, it would not take long to generalize the formula for 
the volume of a cube: V = lwh. Remember, though, that a cube has 
the unique characteristic of having square faces that are all the 
same size. The 1,w, and h (the edges) are the same. 
Consequently, the formula can be changed to V = £f x f x f or 
Ve=f. 


Example: 
Suppose your mission requires you to transport 


several supply boxes (4' x 4' x 4') using a 5 ton 
truck. To do this you must know how many cubic feet 
the 5 ton truck can hold and how many cubic feet are 
in each supply box. 


Note: In this example, we'll figure the cubic feet for only 


one box. 
v=f 
v= 43 
V = 64 


The volume is 64 cubic feet. 
Let's try another example. 


Example: 
The figure illustrated represents a cube shaped 


storage box that you will use to store equipment 
during the training exercise. Find the volume of 
the storage box. 


12 
12 
12 
12 

v= f£ 

v = 123 

V = 1728 

The volume is 1728 cubic feet. 


5-24 
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Nonmetallic 
box ; 
Two-wire cable 


with ground 


Brouneng bar 


a Oe. i a Ceiling 
Light TE 


Metal fixture 
canopy 


Figure 4-6. Ceiling-mounted light 


ADDITIONS TO EXISTING WIRING CIRCUITING 


4-42. The factors pertinent for additions to existing wiring systems are the same as those for Type NM 
cable wiring. 


CABLE CONNECTIONS 


4-43. Connection additions for nonmetallic-sheathed cable are the same as connection additions for 
armored cable outlined in section I. 


TYPE NM CABLE ADDITIONS 


Exposed 


4-44. The installation of exposed Type NM cable additions to existing wiring must conform to the same 
requirements outlined for original installations. If a wiring system other than nonmetallic-sheathed cable is 
to be extended with nonmetallic-sheathed cable, you must use a junction box to couple the systems. You 
may use existing boxes that have available spare conductor capacity. 


Concealed 


4-45. Additions to concealed nonmetallic-sheathed cable are similar in method and procedure to those for 
armored cable except that insulated receptacles, switches, and light fixtures may be installed without boxes 
on the wall surfaces. In these installations, the cable is fished through the wall and fed to the device at the 
point of entry. 


SECTION Ill - CABLE FISHING WITH ACCESS 


4-46. Fishing cable where you have access requires some fishing gear. Fish tapes are the tools to use for 
long cable runs. For shorter distances, you can use straightened coat hangers or lengths of No 12 wire with 
one end bent into a tight, blunt hook. Ensure that whatever you use is long enough to span the entire 
distance plus 2 feet. You need an open space to fish through. If you are going to attempt fishing more than 
a foot or so, you need a partner to accomplish the following steps (figure 4-7): 
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Step 1. 
Step 2. 


Step 3. 


Cable Wiring 


Make a hole for the box in an open space between studs. 


Using a 3/4-inch spade bit, drill a hole up through the sole plate from the basement or down 
through the top plates from the attic. Drill until you hit open space; you may have to use an 
extension bit. 


To install a wire from the basement, run a fish tape through the box hole and down through 
the drilled hole. Attach the cable as shown in figure 4-7 and draw it into the box hole. To 
ensure that the passage is clear, have someone shine a flashlight in the box hole while you 
peer into the drilled hole to see if the light beam is visible. If it is not, a fire block (or 
something else) is in the way. For drilling through this obstruction, you need several 
extension shafts for the drill bit. Drill through the block, then look for the light again. If you 
still cannot see the light beam, move to another location or cut away some of the wall 
covering and notch the block. Once the passage is clear, continue with steps 4 and 5. 


Ceiling joist 


Drill hole in the 


top plates. Ceiling 


Box hole 


Fish tapes hook 
together 


Step 4. 


Step 5. 


Figure 4-7. Method of fishing long run with access 


To install a wire from the attic, your partner runs a second fish tape or a length of small 
chain down through the hole in the top plates. Hook the two fish tapes together outside the 
box hole. 


You push the fish tape up through the wall while your partner pulls it until he has a secure 
grip on the tape coming up from the box hole. Attach the cable to the fish tape from the box 
hole and pull it slowly to work it through the wall to the box opening. 


SECTION IV - CABLE ROUTING WITHOUT ACCESS 


ROUTING BEHIND A BASEBOARD 


Step 1. 


Step 2. 


3 May 2013 


Cut the box hole or holes. Remove the baseboard between the box locations. Drill a hole 
through the wall below each box and cut a channel in the wall to connect the holes. 


Fish the cable down through one box hole, along the channel, and up into the other box 
hole. 
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ADDING A LIGHT AND A SWITCH 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Mark the fixture-box location between the two ceiling joists. Cut a hole for the box. At the 
ceiling edge between the same two joists, make a hole in the ceiling and the wall where they 
meet. Cut a hole for the switch box. Unless you want to run the cable through notched wall 
studs or behind the molding to another switch location, plan to locate the switch directly 
below the ceiling hole. Run the cable from the power source to the switch box. 


Run the fish tape down from the top wall hole to the switch-box hole. Connect enough cable 
for the switch loop and pull it up and out of the top hole. 


Run the fish tape from the fixture hole to the ceiling hole. Connect it to the switch loop 
cable and pull the cable out of the fixture hole. 


Notch the top plates to inset the cable and staple the cable in place. Connect the cables to 
the boxes, mount the boxes, and hook them up to the fixture and the switch. 


ROUTING CABLE ALONG A WALL 


Step 1. 


Step 2. 


Cut box holes in the wall. Neatly cut away a straight, narrow strip of wall covering to 
expose all studs between the box holes. Both ends of this slot should be centered over studs. 


Use a 3/4-inch spade bit to drill through the center of each stud. Run the cable through the 
holes. 


ROUTING CABLE AROUND A DOORWAY 


Step 1. 


Step 2. 


Remove the molding around the door frame and as much baseboard as necessary on either 
side of the door. 


Run the cable between the jamb and the frame, notching spacers wherever necessary. When 
routing cable behind molding, keep these points in mind: 


Ensure that you can get replacements because the molding may split. 


Use a 4-inch-wide or wider putty knife or electrician's chisel to pry molding from the wall. 


e Use a 1/16-inch metal plate or run in thin-wall conduit to protect cable that is installed less than 
1 1/2 inches from a finished surface. 


e Do not nail through the cable when renailing the molding. 


ROUTING CABLE THROUGH BACK-TO-BACK DEVICES 


Step 1. 
Step 2. 


Step 3. 


Step 4. 


Make a hole in the wall for the new box. De-energize the circuit you will be working on. 


Pull the device that is to be the power source out of its box. Remove the knockout from the 
back of the source box. 


Insert the cable with the connector through the new box hole into the source box. Connect 
the cable to the new box and mount the box. 


Wire in the new device. Wire into the source. Turn the circuit back on. 


SECTION V - FINISHING UP 


MOUNTING BOXES 


4-47. To mount a box, screw a cable connector to the box (or use a box with internal clamps that make 
fitting the box in the hole easier) and thread the cable through. Leave 6 to 8 inches of cable sticking out of 
the box for connections. For information on stripping and preparing the wires in the box, see Sections I and 
II. How you mount the box will depend on its type. 


4-12 
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PLAIN BOX WITH BRACKETS 


4-48. Check the box for proper fit in the hole. If necessary, adjust the ears so that the front edge of the box 
will be flush with the finished wall. Put the two brackets in the wall, one on either side of the box, and pull 
the bracket tabs toward you so that they are snug against the back side of the wall. Bend the tabs over the 
sides of the box and secure them with needle-nose pliers. 


PLAIN BOX WITHOUT BRACKETS 


4-49. Check the box for proper fit in the hole. If necessary, adjust the ears so that the front edge of the box 
will be flush with the finished wall. Mark the screw placements on the lath at the top and bottom of the 
hole. Remove the box and drill pilot holes for screws. Screw the box to the stud. On wooden walls, screw 
the ears to the wall surface. The faceplate will hide the ears and screws. 

CuT-IN Box 


4-50. Mounting this box is a one-time proposition. Once inside the wall or ceiling, the side teeth flare away 
from the box, making it difficult to remove. Tightening the screw at the back of the box simply pushes the 
teeth into the backside of the wall surface. Because you cannot remove the box, ensure that the cables are in 
place and the box fits the hole before you mount it. To test the fit, remove the metal spring ears from the 
box. 

CEILING BOX ON HANGER BAR 
4-51. If you do not have access from the attic, you must cut out the ceiling material between the two joists. 
Screw the hanger bar to the sides of the two joists. 

CEILING BOX WITH OFFSET HANGER 
4-52. This box works well where you do not have access from above. Screw the offset hanger bar to the 
bottom edges of two joists. 

CEILING BOX WITH FLANGE 
4-53. If you do not have access from above, you will have to cut out a rectangle from the ceiling material. 
Nail or screw the flange to a joist (figure 4-8, page 4-14). 

PANCAKE BOx 


4-54. Simply screw this box to a joist or beam. Position the box so that it will hide the hole that was drilled 
for the cable. Do not make cable junctions in this kind of box. 
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Nail flange to side of 
joist. 


Use where you 
have access 
above ceiling 
and want a box 
next to a joist. 


Figure 4-8. Ceiling box with flange 


WIRING INTO THE POWER SOURCE 


4-55. If your rewiring involves adding a new circuit to the service-entrance panel or a subpanel, see chapter 
3. Figures 4-9 and 4-10 and figures 4-11 and 4-12, pages 4-16 and 4-17, show how to wire in a new cable at 
a receptacle, switch, light, and junction box, respectively. 


4-56. When adding a receptacle, use the checklist in table 4-1, page 4-17, to review your work. 


CAUTION 


Before hooking up the new cable to the power source, shut off the 
main breaker or disconnect the circuit you are wiring into. 
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Figure 4-10. Method of wiring into a switch 
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From 
source 


Hot wire. 
(white wire 
painted black) wiring 


Figure 4-11. Method of wiring into a light 
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From 
source 


Figure 4-12. Method of wiring into a junction box 


Table 4-1. Checklist for adding a receptacle 


De-energize the circuit you will be tapping into. 

Make a hole in the wall for the new box. 

Pull the device that is to be the power source out of its box. 

Remove the knockout in the source box that leads most directly to the new cable route 
Remove the baseboard between box locations 

Drill a hole through the wall below each box. 


Cut a channel in the wall between the two holes 


Cut a length of cable, adding 2 feet extra for the box and device connections. 


Put the cable connector on one end of the cable and fish the cable through the hole in the 
wall and the knockout up into the source box. 


Connect the cable to the new box and mount the box. 
Wire the new device and the wire into the source. 
Put the faceplates on the boxes and turn the circuit back on. 
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Chapter 5 
Conduit Wiring 


Conduit wiring provides mechanical protection and electrical safety to persons and 
property and provides convenient and accessible ducts for the conductor. A well- 
designed electrical raceway system has adequate capacity for future expansion and is 
readily adaptable to changing conditions. 


SECTION | - RIGID CONDUIT 


USES AND ADVANTAGES 


5-1. Black-enamel or galvanized rigid metal conduit is approved for use under most conditions and in 
most locations. Metal conduit and fittings that are protected from corrosion by enamel may only be used 
indoors and in areas that are not subject to severe corrosion. Although rigid conduit is generally the most 
expensive type of wiring installation, its inherent strength permits installation without running boards and 
provides additional damage protection. Its capacity facilitates carrying more conductors in one run than in 
any other system, and its rigidity permits installation with fewer supports than the other types of wiring 
systems. Moreover, the size of conduit used in the system's installation usually provides for the addition of 
several more conductors in the conduit when additional circuits and outlets are required in the run. 


MATERIALS 


5-2. Though the materials used in rigid conduit wiring have been outlined in detail in chapter 2, the 
following discussion will review the advantages of these standard materials as well as their limitations. 


5-3. Rigid conduit (figure 5-1, page 5-2) has the same size designations as water pipe. Conduit smaller 
than 1/2 inch can only be used in finished buildings where extensions are to be made under plaster. In these 
installations, 5/16-inch conduit or tubing is permitted. The size of conduit is determined by the inside 
diameter. For example, 1/2-inch conduit has an inside diameter of approximately 1/2 inch. Standard conduit 
sizes used in interior wiring are 1/2, 3/4, 1, 1 1/4, 1 1/2, 2, and 2 1/2 inches. Larger sizes (up to 6 inches) 
are available for special use in certain commercial and factory installations. 


5-4. Though conduit is made in dimensions similar to water pipe, it differs from water pipe in a number 
of ways. It is softer than water pipe and thus can be bent fairly easily. In addition, the inner surface is 
smooth to prevent damage to wires being pulled through it, and the finish is rust-resistant. Black-enamel 
conduit is used for dry and indoor installations, and galvanized conduit is used in outside installations to 
provide moisture protection for the conductors. For wiring installations in corrosive atmospheres, 
aluminum, copper-alloy, or plastic-jacketed conduit is available. 


CONDUCTORS 


5-5. Rubber-covered, insulated Types R and RH wire are used with conduit in most interior wiring 
installations; but thermoplastic, insulated Types T and TW are gaining favor because of their superior 
insulating characteristics. Underground or wet installations require the insertion of lead-covered cables in 
galvanized conduit for permanent protection. 
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Let's test your memory. Do you recall the formula for computing 
the surface area? If your answer was SA = 6(face"), you're 
correct! How about finding the volume? If you said, V=f 
you're correct again! If you had a problem using these formulas, 
review this section again before moving on. 


b. Rectangular solids. Rectangular solids are similar to cubes 
except that their faces are not necessarily squares. The sum of 
the area of the six sides equals the surface area, so the surface 
area is found by adding the area of the two ends, the two sides, 
the top and the bottom. The formula for finding the surface area 
is: SA = 2(h x w) + 2(h x 1) + 2(w x 1). Volume is found by 
using the original formula that was presented in discussing the 
cube: V = lwh. 


Example: 
Find the surface area and the volume of a milvan (a 
milvan is large steel box) 20 feet long 8 feet wide 
8 feet high. 
SA = 2(h x w) + 2(h x 1) + 2(w x 1) 
SA = 2(8 x 8) + 2(8 x 20) + 2(8 x 20) 
SA = 2(64) + 2(160) + 2(160) 
SA = 128 + 320 + 320 
SA = 768 
The surface area is 768 square feet. 
vV = lwh 
V= 20 x 8 x 8 
vV = 1,280 
The volume of the milvan is 1,280 cubic feet. 
Now, what is the volume in cubic inches? There are 
1,728 cubic inches in 1 cubic foot. To obtain cubic 
inches, simply multiply the total cubic feet by 
1,728. 
Example: 
cu in = 1,728 x cu ft 
cu in = 1,728 x 1,280 
cu in = 2,211,840 


The volume is 2,211,840 cubic inches. 


Let's look at another problem. 
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Figure 5-1. Rigid conduit and fittings 


SUPPORTS 


5-6. The conduit straps described in chapter 2 are preferred for use when mounting conduit in interior 
wiring systems. Rigid conduit should be supported on spacings as shown in table B-17, page B-17. 


FITTINGS 


5-7. The two types of fittings are the standard, ordinary-size outlet box and the small junction or pull 
boxes called condulets. The standard outlet-box fittings are classified as Type F and are normally used in 
exposed installations to house receptacles or switches where a high quality of installation is desired. 
Condulets (figure 5-1) provide intermediate points in long conduit runs for the pull-through of wire or 
provide junctions for several concealed installations where they will not be accessible. They are classified 
by the manufacturers as follows: 


Service entrance, Type SE. 

Elbow or turn fittings, Type L. 

Through fittings, Type C. 

Through fittings with 90-degree take-off, Type T. 
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BOXES AND CONNECTORS 


5-8. Steel or cast-iron outlet boxes are used in rigid-conduit installations. Boxes are normally supplied 
with knockouts that are removable for inserting conduit. Bushings and locknuts are provided for attaching 
the conduit to the boxes as shown in figure 5-1. Boxes that are used in wet or hazardous locations must 
have threaded hubs into which the conduit is screwed. 


DEVICES 


5-9. The devices used to install conduit are all box-mounted units and are covered in chapter 2. 
ACCESSORIES 


Threaded Couplings 
5-10. Threaded couplings are furnished with each length of rigid conduit. 


Threadless Couplings 
5-11. Rigid conduit may be installed using threadless couplings if they are installed tightly. 


Elbows 


5-12. Standard conduit elbows are manufactured for use where 90-degree bends are required. 


Conduit Unions 


5-13. Conduit unions are installed to permit the opening of a conduit at any point without sawing or 
breaking the conduit run. By using unions, conduit may be started from two outlets and joined together at 
any convenient place in the run. 


PROCEDURES 


MAKING BENDS 


5-14. Bends in rigid conduit must be made without collapsing the conduit wall or reducing the internal 
diameter of the conduit at the bend. Electricians make most bends as an integral part of the installation 
procedure. These are called field bends. The radius of the curve on the inner edge of any field bend must be 
at least six times the internal diameter of the conduit for rubber-, braid-, or thermoplastic-covered 
conductors and at least 10 times the internal diameter of the conduit for lead-covered conductors. Table 
B-18, page B-17, shows the minimum radii for field bends. A maximum of four quarter bends can be 
placed in a conduit run between two openings. Moreover, a 10-foot length of conduit should have no more 
than three quarter bends. 


5-15. Factory-made bends are available as an option rather than bending conduit on the job. However, 
these bends are not commonly used because of the increased costs inherent in the additional cutting and 
threading that is required and the additional couplings that must be used. 


5-16. Conduit up to and including 3/4 inch is usually bent with a hand conduit bender called a hickey as 
shown in figure 5-2, page 5-5. This hickey can be slipped over the conduit. Conduit-bending forms are also 
available as built-in units of pipe-vise stands. If these tools are not available, you can make bends using the 
lever advantage between two fixed posts or building members. 


5-17. The following procedure (illustrated in figure 5-2) is one method of making a right-angle bend in a 
length of 1/2-inch conduit. If you are making a 90-degree bend in a length of conduit at a distance of 20 
inches from one end, you must— 


e Mark off 20 inches from the end of the conduit. 
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e Place the hickey 2 inches in front of the 20-inch mark and bend the conduit about 25 degrees. 

@ Move the bender to the 20-inch mark and bring the bend up to 45 degrees. 

@ Move the bender | inch behind the 20-inch mark and bring the conduit up to 70 degrees. 

e@ Move the bender back 2 inches behind the 20-inch mark and bring the bend up to 90 degrees. 
5-18. You can make conduit bends more accurately if you use chalk to draw the contour of the bend on the 


floor, and then match the bend in the pipe with the chalk diagram as you form the bend. You will usually 
use a hydraulic bender to bend conduit in excess of | inch. 


CUTTING CONDUIT 


5-19. You can use a hacksaw or a standard pipe cutter to cut conduit. When using a hand hacksaw, hold the 
conduit in a vise and keep the cut at right angles to the length of the pipe. If a large amount of conduit is 
being cut, a power hacksaw is recommended. Even though you may use pipe cutters, which are standard 
equipment, a hacksaw is recommended for electrical conduit cutting because considerable time is required 
to remove the burr left in the inside of a pipe by a pipe cutter. Always use cutting oil when cutting pipe. 


REAMING CONDUIT 


5-20. Regardless of the cutting method used, a sharp edge always remains inside the conduit after cutting. 
Before installing the conduit, remove this edge with a pipe reamer or a file to avoid conductor damage. 
This process is called reaming. 


CUTTING THREADS 


5-21. Since the outside and inside diameters of rigid conduit are the same as those of gas, water, or steam 
pipes, the standard thread forms, threading tools, and dies are used. Normally, the smaller sizes of pipe are 
threaded with dies that cut a thread for every turn of the die. For larger sizes (1 1/2 inches and over), you 
will generally use a ratchet-type cutter. Motor-driven, pipe-threading machines are also available for large 
installations and when threading a considerable amount of conduit. As a good practice, you should examine 
each piece of threaded conduit before installation for— 


e Foreign matter inside the pipe. Remove this material to prevent conductor damage. 
e Thread condition. Mishandling, extraneous paint, or dirt may require the conduit to be 
rethreaded before installation. Always use cutting oil when threading conduit. 


INSTALLING CONDUIT 


5-4 


5-22. Conduit should be run as straight and direct as possible. When you are installing a number of 
conduits parallel and adjacent to each other in exposed multiple-conduit runs, you should erect them 
simultaneously instead of installing one line and then another. You can use straps or hangers to support 
conduit installed on building surfaces. 


Wood Surfaces. Use nails or wood screws to secure the straps. 

e Brick or Concrete Surfaces. Drill holes with a star or carbide drill, install expansion anchors, 

and secure the straps to the surface with machine screws. 
Tile or Other Hollow Material. Secure the straps with toggle bolts. 
Metal Surfaces. Drill holes, tap into the metal, and secure the straps with machine screws. 

e Provide an adequate number of supports according to table B-17, page B-17. Cut the conduit 
between boxes (called a conduit run) to the proper length, thread it, ream it, and then bend it to 
suit the building contours. Attach the conduit-run ends to the boxes. In a concealed installation, 
you may notch the building members sufficiently to allow placing the conduit behind the wall 
surface, but avoid undue weakening of the structure. 
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Figure 5-2. Bending rigid conduit 
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CONNECTING BOXES 


5-23. When the boxes are of threaded-hub construction, screw the conduit ends into the box hubs and 
connect the conduit runs at midpoint with a coupling. If the boxes are of knockout-type construction, use 
the following installation steps: 


Step 1. Place the boxes loosely in the required position on studs and joists. 


Step 2. Screw a bowed locknut, with the teeth of the locknut adjacent to the box, onto the threads at 
the run ends of the conduit. 


Step 3. Insert the conduit ends into the knockout openings. 


Step 4. Screw the bushings tightly onto the conduit ends in the boxes. (Bushings have smooth 
surfaces on their inside diameter to ensure damage-free conductor installation.) 


Step 5. Tighten the locknuts against the boxes so that the teeth will dig into the metal sides of the 
boxes. You can do this by driving a drive punch against one of the locknut lugs and forcing 
the locknut to move on the threaded conduit against the box. 


Step 6. Fasten the box securely to the building after you have made all the box connections. 


PULLING WIRE 


5-24. When installing boxes and conduit runs, pull the conductor wires into the conduit. For short runs 
with few wires, you can pair conductors and push them through the conduit run from box to box. When the 
conduit run has several bends and more than two conductors, you must use a fish tape to pull wire. After 
baring the conductor ends of insulation, connect them to the fish tape. Tape the conductor junction to the 
fish tape to preclude damaging the conduit interior and existing conductors in the conduit. Taping also 
compacts and strengthens the joint to ensure easier pulling. (See figure 5-3.) 


5-25. For efficient and safe operation, wire pulling is generally a two-man procedure. One electrician pulls 
the conductors through the conduit, while the other feeds the conductors into the conduit. In this operation, 
take care in feeding and pulling the wires so that they maintain their same relative position in the conduit 
throughout the run length, thus avoiding insulation injury. For ease of operation, you may rub a wire 
lubricant, such as powdered soapstone, on the conductors or blow the lubricant into the conduit. In intricate 
runs, you may perform wire pulling in sections between boxes. This procedure requires a large amount of 
additional splicing to be made in the boxes and requires that you take more time in wiring. The preferred 
practice in wire pulling is to pull the conductors from the source through to the last box in the conductor 
run. Make loops that extend about 8 inches from the box openings for each conductor that is to be tapped or 
connected to a device in the box. If conductors are not to be tapped, pull them directly through the box to 
their connection. 


USING SPLICES 


5-26. Wire splices in conduit installations are not under tension; therefore, you can use a simple pigtail 
splice that is carefully made to obtain a good electrical joint. Do not make any wire splices that will be 
concealed in the conduit runs. This requirement is necessary because splices reduce the pulling area in a 
conduit and could easily be a source of electrical failure. 
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Figure 5-3. Attachment of fish wire 


CIRCUITING 


LAYOUT 


5-27. Follow the directions and procedures in Chapter 3 for layout and circuiting of devices in a conduit 
installation. The availability of different sizes of conduit, along with their varying conductor capacities, 
makes the wiring installation for conduit somewhat different from that of the open or cable type. For 
example, where cable installation requires several runs in a particular location, a conduit installation would 
use a single conduit with multiple conductors. Consequently, conduit layouts and runs should be planned to 
use the minimum amount of conduit possible and also to keep the conductor runs to each outlet short 
enough to maintain a low voltage drop. 


CONDUCTOR CONNECTION 


5-28. No exceptions to the standard color coding of wires, as outlined in the other systems, are permitted in 
conduit wiring. All load utilization devices (fixtures and receptacles) operating at line-to-neutral voltage in 
a grounded neutral system must be connected to both a white and a black (or substitute color) wire. The 
white wire is always the grounded neutral wire. Black wires are the hot leads that are fused and connected 
to the switch when controlling power to a lamp holder or an outlet. Red, blue, and orange insulated wires 
can be used as substitutes for black wire when wire combinations are combined in a conduit or a circuit. 
Never connect the white wire to a black or substitute-color wire. You must not fuse or switch the white 
wire except in a multipole device that opens all conductors of the circuit simultaneously. A green insulated 
conductor denotes a wire used to provide an auxiliary equipment ground. As an expedient measure, the 
ends of the wire insulation may be painted to obtain proper color coding when the colored insulation is not 
available. They may also be identified by the use of wire code markers. 


CONDUIT CAPACITY 


5-29. Cable wiring, described in chapter 4, is normally limited to two or three standard combinations of 
wire sizes. Conduit, however, has the capacity to accommodate several conductors in one run. Table B-19, 
page B-18, lists the maximum number of conductors of a certain gauge that can be inserted in the various 
sizes of conduit used in interior wiring. For example, the table shows that six No 14 wires would require 
the installation of a 3/4-inch conduit run. In many installations, it is necessary to use more than one wire 
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size in a conduit run. In such cases, the conductors cannot have a combined or cross-sectional area equal to 
more than the allowable percent of cross-sectional area of conduit as shown in table B-20, page B-18. 


5-30. Table B-21, page B-19, lists the percent of conduit cross-sectional area in square inches available for 
conductor use. For example, if three No 10, Type R, and four No 8, Type R, conductors are to be inserted 
in a conduit, their combined cross-sectional area obtained from table B-22, page B-19, is 0.4420 square 
inch (3 x 0.0460 + 4 x 0.0760). The proper size of conduit for this installation is 1 1/4 inches per table 
B-21. You can find this by first looking for the total area in column 7. You will see that 0.4420 lies 
between 0.34 square inch (for 1-inch conduit) and 0.60 square inch (for | 1/4-inch conduit). The 1-inch 
conduit is too small, so you would use the | 1/4-inch size. 


CIRCUIT WIRING 


5-31. A fundamental law of electricity generation can be restated for wiring purposes as follows: When a 
conductor carrying current changes position or the current reverses direction in the conductor, it induces a 
current in an iron or steel conduit carrying the conductor. Consequently, if this conductor was isolated in an 
iron or steel conduit, the conduit would be heated by the induced current. This would result in considerable 
power loss. In an AC system, both wires of a circuit are encased in a single conduit, thereby causing the 
induced current of each to balance and cancel each other. To eliminate any possibility of induced heating of 
iron or steel conduit, both wires of a circuit must travel in the same conduit. 


ADDITIONS TO EXISTING WIRING 


INCREASE OF CIRCUIT AMPERAGE 


5-32. A standard conduit installation has enough flexibility to accommodate a normal increase in circuit 
load even if an increase in circuit amperage is required. For example, a 1/2-inch conduit in a standard 
conduit wiring installation generally carries two No 14 conductors, which have a 15-ampere capacity. From 
table B-19, page B-18, you can see that the 1/2-inch conduit can also accommodate two No 12 conductors, 
which have a 20-ampere capacity. Consequently, if you are increasing the load in an existing circuit, you 
can use two No 12 wires to replace the No 14 wire. When you have replaced all the wires in the circuit, you 
can safely increase the amperage for the fuse or circuit breaker in the central fuse panel for the circuit from 
15 to 20 amperes to accommodate the additional load. 


ADDITION OF NEW CIRCUIT 


5-33. When adding a new load to an existing building with conduit wiring and the circuit analysis indicates 
the need for a new circuit, you can often use the existing conduit to carry the new circuit most of its 
distance. Install the new circuit by pulling in an additional wire (red) from the circuit-breaker panel to the 
existing outlet and then adding the required outlet box beyond this location. The new load is connected to 
the additional circuit. Use table B-19 to determine whether the existing conduit can accommodate an 
additional wire. The installation of the additional outlet box and conduit should conform to the rules and 
practices outlined previously. In this type of installation, use a common grounded-neutral wire. 


SECTION Il - THIN-WALL CONDUIT 


USES AND ADVANTAGES 


5-8 


5-34. Electrical metallic tubing (EMT), commonly called thin-wall conduit, is a metallic tubing that can be 
used for exposed or concealed electrical installations. Its use should be confined to dry interior locations 
because it has a very thin plating that does not protect it from rusting when exposed to the elements or 
humid conditions. It is less expensive than rigid conduit and much easier to install. The process of bending 
requires less effort, and the ends do not have to be threaded. In comparison to the other wiring systems, it 
ranks behind rigid conduit but ahead of the other types of wiring when considering the quality and 
durability of the installation. For this reason and because of the decreased cost in materials and labor, it is 
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most generally specified for home-building construction. Install it in the same manner as rigid conduit 
except use pressure-type couplings and connectors instead of threaded units. 


CONDUIT AND FITTINGS 


5-35. Thin-wall conduit is more easily installed than rigid conduit. This conduit, as its name implies, has a 
thinner wall than rigid conduit but has the same interior diameter and cross-sectional area. It is available in 
sizes from 3/8 to 2 inches. Use the 3/8-inch size only for under-plaster extensions. The inside surface is 
enameled to protect the wire insulation and minimize friction when pulling wire. All couplings and 
connections to boxes are threadless and are of clamp or compression type. Figure 5-4 shows thin-wall 
conduit and the fittings commonly used. Some fittings are similar to sleeves and are secured to the conduit 
by an impinger tool, which pinches a circular indentation in the fittings to hold them firmly against the 
conduit. Others have threaded bushings that are tightened to force the tapered sleeve firmly against the 
tubing. 


Setscrew Compressio 
coupling coupling 


Thin-wall 


ut secures in- 
Lockn Thin-wall staple sears 


connector to box 


Outside 


Offset connector Type LB condulet with 
gasket and cover for 
sharp bends 

Cast aluminum weath- i 
erproof box used with ; 
gasket and cover 


Type LL or LR 
for side bends-———~._ 


Figure 5-4. Thin-wall conduit and fittings 


CONDUCTORS 


5-36. The same type, capacity, and maximum number of conductors per size of conduit previously given in 
tables B-17 through B-21, pages B-17 through B-19, for rigid conduit also apply to thin-wall installations. 
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BENDS 


5-37. Use extreme care when bending metallic tubing to avoid kinking the pipe or reducing its inside area. 
When using thermoplastic-covered conductors, the radius of the curve of the inner edge of any field bend 
must be at least six times the internal diameter of the tubing. When using lead-covered conductors, it must 
be at least 10 times the interior diameter of the tubing. Table B-18, page B-17, shows the minimum radii 
for field bends. 


CONSTRUCTION 


5-38. The thin-wall conduit bender (figure 5-5) has a cast-steel head that is attached to a steel pipe handle 
that is approximately 4 feet long. It is used in the field to form thin-wall conduit into standard and offset 
bends. Benders are made for each size of conduit; therefore, use them only on those sizes for which they 
are designed. Each size bends the conduit to the recommended safe radius. Use the projection on the head 
of the bender, sometimes called a foot step, to steady the bender in operation and reduce the pressure 
required on the handle. The numbers cast on the bender shaft are inch measurements that you can use to 
check the depths of offset bends. 


OPERATION 


5-39. When making a 90-degree bend, place the conduit on a level surface and hook the end of the proper- 
size tube bender under the conduit's stub end. Using a steady and continuous force, firmly hold the conduit 
and bender (with the bending groove over the conduit), push down on the handle, and step on the footstep 
to bend the conduit to the desired angle. To make a 45-degree bend in this manner, move the bending tool 
until the handle is vertical. For accurately bending conduit stubs, place the bender at a predetermined 
distance from the end of the conduit. This distance is equal to the required stub dimension minus an amount 
commonly called a take-up height. The take-up height is based on a constant allowance determined by the 
bending radii for various-size conduit. The take-up height is 5 inches for 1/2-inch conduit, 6 inches for 3/4- 
inch conduit, and 8 inches for 1-inch conduit. 
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Figure 5-5. Thin-wall conduit bender 
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INSTALLATION 


5-40. You may cut thin-wall conduit with a hacksaw or a special thin-wall cutter. As with rigid conduit, 
you should also ream sharp edge in thin-wall tubing after cutting to prevent premature wire damage. 
Exposed thin-wall conduit is supported in a similar manner and with the same type of supposed with rigid 
conduit. Since there is no positive link between the couplings, box connectors, and thin-wall conduit, 
ensure that each conduit joint is electrically and mechanically secure. Insert all conduit ends into the fittings 
until they touch the inner limiting edges. Then, firmly tighten the fittings so that they securely grip the 
conduit walls. 


DANGER 


Avoid loosening the conduit from the fittings because it could 
cause a loose connection, a short circuit, or an electrical fire at 
the point of wire and conduit contact. A mechanically loose 
conduit joint will not maintain the ground continuity required in 


all electrical wiring installation. This could also create an 
operating hazard for Army personnel 


SECTION Ill - FLEXIBLE CONDUIT 


MATERIALS 


5-41. Flexible metal conduit, generally called Greenfield, resembles armored cable in appearance but is 
more adaptable than cable because various sizes and numbers of wires can be pulled into it after it is 
installed. You may use plastic-covered Greenfield when the internal conductors are exposed to oil, gaso- 
line, or other materials that have a deteriorative effect on the wire insulation. This metal conduit has a 
thermoplastic outer-sheath covering similar to that used on Type T wire, the characteristics and uses of 
which are detailed in table B-2, page B-2. Figure 5-6, page 5-12, shows flexible conduit and the various 
fittings available. 


INSTALLATION 


5-42. Flexible conduit installation is similar to that for thin-wall conduit except that Greenfield must be 
supported more frequently. Its prohibitive cost limits its use to connections between rigid wiring systems 
and movable or vibrating equipment such as motors or fans. It may also be installed where the construction 
requires a conduit bend that is difficult or impossible to make. 


GROUNDING 
5-43. Because of restrictions, you must ground most flexible conduit systems by running a separate 
grounding wire along with the circuit conductors. 

BENDING AND SUPPORTING 


5-44. Despite its flexibility, runs of flexible conduit between boxes and fittings must not bend more than 
the equivalent of four quarter turns. This conduit must be supported with a conduit strap within 12 inches of 
every box or fitting and at intervals no longer than 4 1/2 feet. 
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Example: 
Pvt. Layaway has a box of uniforms stored in supply. 


The box is 30 inches high 27 inches wide and 48 
inches long. What is the volume of the box? 


V = lwh 
V = 48 x 27 x 30 
V = 38,880 


The volume is 38,880 cubic inches. 


Let's change the cubic inches to cubic feet. 
Remember, there are 1,728 cubic inches in 1 cubic 


foot. 

Example: 
cu ft = cu in + 1,728 
cu ft = 38,880 + 1,728 
cu ft = 22.5 


The volume is 22.5 cubic feet. 


Remember, to compute the surface area for a rectangular solid, 
the formula is SA = 2(h x w) + 2(h x 1) + 2(w x 1). Now, what 
formula is used to compute the volume of a rectangular solid? 
That's correct, it is V = lwh. Make sure you can use these 
formulas before moving on. 


c. Cylinder. This geometric figure is best typified by a tin 
can. There are two kinds of cylinders, right cylinders and 
oblique cylinders (fig 5-17). Since we rarely see oblique 
cylinders, this discussion will be limited to right cylinders. 


OH —-, 
|} /e 


RIGHT CYLINDERS OBLIQUE CYLINDERS 
Fig 5-17. Cylinder. 


A right cylinder has two equal circular bases and a side or 
lateral surface perpendicular to the bases. We are interested in 
three facts about cylinders: lateral surface area, total surface 
area, and volume. All three are based on principles that have 
been previously discussed. Lateral surface area does not include 
the top and bottom of the cylinder. 
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Figure 5-6. Flexible conduit and fittings 


SECTION IV - NONMETALLIC CONDUIT 


USES 


5-45. Many types of nonmetallic conduit are available, but schedule 40 polyvinyl chloride (PVC) is the one 
most electricians use. It is a rigid, heavy-walled, flame-retardant, heat-and sunlight-resistant conduit. It may 
be used in wet or dry locations, in walls, in ceilings, and above or below the ground. Do not try to substitute 
PVC irrigation pipe for schedule 40 PVC conduit; look for the insignia of an electrical materials testing 
laboratory. You can use nonmetallic conduit with metal or nonmetallic boxes, but the nonmetallic boxes are 
not the same as those used with Type NMC cable. 


WIRING 


5-46. Nonmetallic conduit does not constitute a grounded system, so you must run a separate grounding 
wire with the circuit conductors. 


TRIMMING 


5-47. After cutting PVC, trim the ends inside and out with a pocketknife to remove any rough edges that 
might damage conductor insulation. 
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BENDING 


5-48. Bends in PVC are made by heating the conduit in a special infrared heater until it is soft. Do not try 
to heat PVC with a torch because you will char the conduit. Design your runs so that no piece of conduit 
between fittings bends more than the equivalent of four quarter turns. 


JOINING 


5-49. PVC comes in 10-foot lengths, each one with a coupling. Glue the conduit together with gray conduit 
cement; do not use water-pipe cement. Male and female adapters are available for transitions to other types 
of conduit and for box connections. 
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Chapter 6 
Foreign Systems 


Most foreign wiring systems are not installed according to prescribed standards, so 
they do not conform to the rigid safety limitations and practices followed in the US. 
This fact may be attributed largely to material shortages in most foreign countries 
that have dictated the use and employment of materials at hand. In many instances, 
these materials would be considered below standard or expedient substitutes in the 
US. These limitations have been advantageous in some areas, such as_ the 
Scandinavian countries, because they have provided an incentive for electrical 
development that has resulted in more rapid advancement. This chapter acquaints 
electrical personnel with the major differences to be found and the precautions to be 
taken when making wiring installations or using equipment purchased or procured in 
a foreign country. To properly illustrate and discuss the major differences in foreign 
wiring, US standards are reviewed when necessary. 


SECTION | - WIRING INSTALLATIONS 


TYPE OF WIRING 


6-1. The wiring system generally in use in most foreign countries is similar to open wiring installations 
because of the low material requirements. Other types of installations, outlined in the preceding chapters, 
are being installed in urban areas. 


VOLTAGES 


DOMESTIC 


6-2. The US uses nominal voltages that range from 120 to 240 volts for single-phase AC low-voltage 
distribution. Though these voltages are considered to be standard voltage ratings because of their prevalent 
use, some locations and areas throughout this country still have DC systems or use AC systems with 
nonstandard voltages. 


FOREIGN 


6-3. Since many countries employ voltages other than those we accept as standard, the electrical 
equipment in use during occupancy or wartime must be converted, modified, or operated inefficiently when 
powered by foreign electrical installations. FM 5-422 includes frequency and voltage charts for different 
parts of the world. 


FREQUENCY 


6-4. The standard frequency of AC distribution but US Army personnel could also encounter in the US is 
60 cycles. In most foreign lands, such frequencies as 25, 40, 42, and 100 50-cycle frequency generation is 
common, cycles. 
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MATERIALS 


BACKGROUND 


6-5. The wiring materials commonly used in foreign countries are usually peculiar to the territory's 
manufacture. In recent years, however, the large export of electrical goods from Germany, England, and the 
US has been increasingly reflected in the established wiring patterns. 


WIRE 


6-6. The US employs the AWG system, which is peculiar to our installations. However, most foreign wire 
that Army personnel use differs in size and usage from those given in this manual. Table B-23, page B-20, 
gives the standard and metric diameter of standard AWG sizes. 


DEVICES 


6-7. The receptacles, switches, and plugs used in foreign wiring systems are also peculiar to the 
installations found in a particular area and normally cannot be mated or used with similar types of 
receptacles manufactured in the US. 


SECTION Il - ADDITIONS TO EXISTING INSTALLATIONS 


PROCEDURES 


6-8. During occupancy or wartime in a foreign territory, the Army may commandeer and use all or part of 
a foreign electrical installation. Though the decision of employment is determined largely by the immediate 
circumstances, the Army electrician or unit commander will make this decision based on the availability of 
supplies and time. 


SUPPLY 


6-9. Since the electrical components of a foreign and domestic electrical system cannot be interchanged, 
the problem of supply is a major factor. The problems of installation and use of foreign power equipment 
should be compared to the necessary modification of US electrical items to meet the standards required in 
the foreign territory. 


MODIFICATIONS 


6-10. If time is a factor, consider using standard electrical items made in the US and modify the plugs or 
connections so that they may be used with the foreign installation. Though this method usually results in 
decreased operating efficiency, the ease of adaptability and abundance of supply usually outweigh the 
reduction in performance. 


EFFECTS OF VOLTAGE DIFFERENCES 


6-11. All equipment should be operated at its rated voltage. To expedite the use of a foreign system, items 
built to operate at standard US voltages may have to operate at different voltages. Though they may not be 
operated efficiently, their availability for use may be an important military advantage. 


6-12. Some effects of voltage differences on common electrical devices are— 


e When fluorescent lamps are operated at voltages higher than standard, both the lamp and ballast 
life are shortened. Line voltages below the minimum of the operating ranges of 110 to 240, 199 
to 216, or 220 to 250 volts will cause uncertain starting, short lamp life, and reduced lighting 
efficiency. 
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e@ When incandescent lamps are used and operated at voltages higher than their normal ratings of 
115, 120, and 125 volts, they have a shortened lamp life and their light output is increased. 
Conversely, if the line voltage of operation is below standard, the life of the lamps is increased 
and the lighting efficiency is reduced approximately 3 percent for each | percent drop in rated 
voltage. 

e Rotating equipment, such as motors and fans, is usually manufactured to operate with a 
permissible voltage variation of 10 percent within their prescribed rating. The combined voltage 
and frequency variation is also limited to 10 percent. Higher voltages give increased torque, 
efficiency, and starting temperature. A lower operating voltage results in decreased torque, 
decreased efficiency, and increased running temperature. Operation at voltages differing from 
the rated voltage by more than 10 percent may be permitted only in an extreme emergency 
because the equipment could be damaged or destroyed by such operation. 


EFFECTS OF FREQUENCY DIFFERENCES 


6-13. Electrical operating items that are based on resistance characteristics such as heaters, hot plates, and 
electric stoves operate efficiently over all ranges of distribution frequencies used throughout the US and 
foreign territories. Rotating equipment and items such as lights and transmission or receiving equipment are 
adversely affected by variations in frequency. Some effects of frequency changes on this type of equipment 
are— 


e Fluorescent lights rated to operate at nominal 60-cycle current can be used at 50 cycles, but they 
will have a shorter ballast life. At lower than 60-cycle frequencies, a noticeable flicker in the 
light output can be seen. This is undesirable in areas where painstaking and meticulous work is 
being performed. Operation at lower frequency is not satisfactory and should be avoided. 

e Incandescent lights, because of their resistance design, will operate satisfactorily at all of the 
frequencies encountered overseas. 

e Motors should not be connected to power-distribution systems with frequencies that vary more 
than 5 percent from their rated limits of operation. Some motors are built to function at either 50 
or 60 cycles. Their shaft speed is directly proportional to the frequency of the power supply. 
Consequently, if a motor is nominally rated to run at 1,800 revolutions per minute at 60 cycles 
and is operated at 50 cycles, its output speed will be 1,500 revolutions per minute. Special 
motors with considerably larger frames must be obtained for the same power outputs at lower 
frequencies. 

e All receiving and transmitting equipment or other items that have transformers included in their 
wiring will not operate satisfactorily either below or above their rated line frequency and should 
be used only in an emergency. 


EFFECTS OF MATERIAL DIFFERENCES 


6-14. Dissimilar metals should never be used together except in an emergency expedient installation. 
Interchangeable use of dissimilar materials in a power-distribution system can create problems. The close 
association of dissimilar metals can cause galvanic corrosion at the joints, which would eventually destroy 
the usefulness of the equipment. This is a particular concern when aluminum and copper are joined; 
however, new materials that have no adverse effects are available specifically for connection to copper or 
aluminum. These new materials are marked for easy identification. If aluminum is used exclusively in a 
system, a special joint compound must be applied to all connections or joints. This compound protects the 
connection against excess surface oxidation because, unlike copper oxide, the oxide of an aluminum 
conductor adds a high contact resistance to the wire. 
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Chapter 7 
Switches and Fuses 


Manual and automatic switches are used to open and close circuits. They must be 
designed to carry their rated current continuously without overheating and must have 
clearances and insulation for the normal voltage of the circuit. Fuses and circuit 
breakers provide a simple, comparatively inexpensive method of automatic 
overcurrent protection, as well as a means of controlling the location of breakdowns. 


DISCONNECTS 


7-1. Disconnect switches are generally used in a primary circuit where opening the circuit is necessary 
under voltage with little or no load current. They must interrupt only the charging or exiting current of lines 
or apparatus connected. These switches are ordinarily used to disconnect branch lines, off circuit breakers, 
and transformers where the load current may otherwise be broken. 


TYPES 


7-2. Disconnect switches are available in various types, ratings, and classes. The switch shown in figure 
7-1, page 7-2, is used at switch structures and out on the line. If the mounting height is not too great, the 
switch can be operated from the ground with a long-handled switch stick. The switches shown in figure 
7-2, page 7-3, are used for line sectionalizing. They are generally installed on the crossarms carrying the 
primary circuit and are operated by a switch stick that can be fastened to the lineman's belt. 


BYPASS SWITCHES 


7-3. Bypass switches may be used at booster and regulator installations to provide a quick, reliable means 
of taking such apparatus in and out of service without deenergizing the feeder circuits and to prevent 
winding burnouts from open-circuit windings. 


GANG-OPERATED DISCONNECTS 


7-4. Gang-operated disconnects are used where more than one phase of a circuit must be opened 
simultaneously. The most common gang-operated disconnect switches are the air-brake type manufactured 
in 200-, 300-, and 400-ampere ratings in all voltage classes from 5,000 volts up. They are used at 
substations, switching structures, and on the lines for energizing and de-energizing transformer banks and 
other apparatus. They are also used for sectionalizing. Although they can be motor-operated, they are more 
commonly provided with a switch handle for hand operation. This type of switch is ideal because it lends 
itself to operation from the ground, often permitting service to be restored to sections of the network 
without pole climbing. 


MAINTENANCE 


7-5. Contacts of disconnects must stay smooth and covered with a thin film of nonoxide grease. The 
bearing must be well lubricated, and the blades should move freely yet be rigid enough for proper 
alignment with contacts. Locate broken or defective insulators during inspections and replace them imme- 
diately. Ensure that all bolts and nuts are tight. 
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CAUTION 


Always ground the switch handle by connecting it to the counterpoise 
or ground plate, below the topsoil, directly beneath the operating 


handle. 


Disconnect switch 


Single crossarm Double crossarm 
hanger hanger 


7,500-V 15,000-V 
insulator unit insulator unit 


Figure 7-1. Open-type disconnect switch and components 
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Figure 7-2. Enclosed-type disconnect switches 
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If the cylinder is cut vertically and opened up, it will forma 
rectangle with h for one dimension and 27r (the circumference of 
the top or bottom) for the other. Lateral surface, then, would 
be equal to 2m7rh. 


Example: 
Find the lateral surface area (LSA) of a cylinder 


with a radius of 7 inches and a height of 14 inches. 


LSA = 2mrh 
LSA = 2 xX 3.14 x 7 x 14 
LSA = 615.44 


The lateral surface area is 615.44 square inches. 


Total surface area is equal to the lateral surface plus the area 
of both bases (top and bottom). The formula is TSA = 2mrh + 
2(1r"). Through algebraic manipulation, this can be simplified 
to TSA = 2mr(r +h). 


Example: 
Find the total surface area of a cylinder; the 


radius is 7 inches and the height 14 inches. 


ioe a 


TSA = 2mr(r + h) 

TSA = 2 x 3.14 x 7(7 + 14) 
TSA = 43.96(21) 

TSA = 923.16 


The total surface area is 923.16 square inches. 


Now that you have found the total surface area, let's find the 
volume of a cylinder. The procedure is comparable to the one 
used to compute the volume of a rectangular solid. Remember 
that, when using lwh, you are finding the area (lw) of the base 
of a rectangle. Now, multiply the area by the number of units of 


the height(h). To apply this formula to cylinders, the area of 
the base is mr“. Therefore, to find the volume of a cylinder use 
V = nr'nh. 
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OIL CIRCUIT BREAKERS 


7-4 


7-6. Oil circuit breakers open a circuit automatically under load. They are generally designed and 
connected for one or more automatic reclosings to restore service quickly when a fault has cleared itself. 
Their use is generally confined to substations or switching stations where either high interrupting capacity 
or high-grade service is required. 


7-7. Pole-mounted oil circuit breakers are also called reclosers, sectionalizing oil circuit breakers, or 
interrupters. They are adaptable for use on the low side of step-down substations, on branch circuits that 
are connected to important feeders, and for protecting important loads and isolating line trouble. Reclosers 
are available with ratings up to 50 amperes and 15,000 volts; the 50-ampere breaker has an interrupting rate 
of about 1,200 amperes. 


7-8. The recloser is connected in the line and is normally closed. The trip coil is in series with the contacts 
and derives energy from fault current, which may lift the armature and the movable contact of the 
interrupting element by magnetic attraction. When a fault occurs, the circuit promptly opens and then 
automatically recloses in about three seconds. If the fault is not cleared on the first interruption, the recloser 
opens the circuit a second and possibly a third time. If the fault is cleared after the second or third 
interruption, the recloser mechanism automatically resets. If the fault persists after the third interruption, 
the recloser opens a fourth time and locks open. It must then be reset manually. 


7-9. The recloser contains one pair of contacts—the lower (stationary) contact is in the bottom of the unit, 
and the upper (movable) contact is connected to one end of the operating or trip coil. The contacts are 
normally held in the closed position by positive pressure, but when a short circuit occurs, the movable 
contact rises rapidly, drawing an arc in the oil. The heat of the arc forms a gas bubble, which sets up 
pressure in the oil-blast chamber. This pressure in the chamber forces a blast of cool air between the 
contacts, preventing the arc from reestablishing itself after an early current zero. The butt-type contacts 
automatically compensate for burning caused by repeated operation. They can be replaced if renewal 
eventually becomes necessary. Figure 7-3 shows a single-phase installation, including a bypass switch and 
a lightning arrester. The use of bypass switches is optional. Some types of breakers include internal 
lightning protective devices so external lightning arresters are not required. 


Hot-line clamps 
or solderless 
connectors 


6-pin double arm 


Source 2 


The bypass fuse 
is normally open. 


i 
i 


Oil circuit 
recloser 


x 
Tae 
1v 
aA 


Lightning 
arrester 


SS SS 


Figure 7-3. Pole-mounted oil circuit breaker, single-phase, Y-primary 
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OIL FUSE CUTOUTS 


7-10. Oil fuse cutouts are most commonly used on underground systems. They are also used on overhead 
systems that have voltage ratings up to 7,500 volts, where intermediate interrupting capacity is required and 
automatic restoration of service is not essential. 


CIRCUIT-RECLOSING FUSE CUTOUTS 


7-11. Circuit-reclosing fuse cutouts (multiple-shot) are either porcelain-housed or open. Porcelain-housed 
cutouts are manufactured in 50- and 10-ampere ratings and in 5,000-and 500-volt classes. Open cutouts are 
available in higher voltage classes and mounted on either standard pin-and-cap insulators or one-piece, 
post-type insulators. Open types are available in sizes up to 100 amperes in voltage classes up to 46 
kilovolts and in sizes up to 200 amperes, limited to 7,500-and 15,000-volt ratings. 


7-12. Cutouts frequently permit quick restoration of service where frequent temporary faults may be 
caused by lightning or high winds. Although the open type is more commonly used, both types are 
applicable for use on feeder or branch circuits. Their use should be confined to remotely located and 
unattended substations or at remote locations on the distribution circuits. 


OPERATION 


7-13. When the fuse link blows, the first holder drops out. The dropping of the holder or cartridge, either 
by pressure or spring action, closes the circuit through the next cartridge. If the cutout is a three-shot type, 
this performance is repeated. Three faults on a three-shot cutout cause all three fuses to blow, and all three 
barrels should be found in the dropout indicating position. Cartridges can be replaced in any sequence 
without momentary service interruptions. 


FUSES 


7-14. Fuses for distribution systems are manufactured in various styles for similar and varying 
applications. Some manufacturers place the fuse element in a tube that is filled with powder or granular 
material to absorb the vaporized fuse metal and to extinguish the arc. In other types, the element is placed 
in a tube; and the arc is extinguished by a dielectric, using either high or low interrupting capacity. Both 
initial and replacement costs of these fuses are high, and application is usually limited to circuits having 
13,200 volts or more. Figures 7-4 and 7-5, pages 7-6 and 7-7, show two types of circuit-reclosing fuse 
cutouts. 
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Figure 7-4. Fused disconnect switches 
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Figure 7-5. Typical open-type fuse 
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PART THREE 


Power Generation 


Chapter 8 
Generators 


The demands for electricity in military field operations are numerous and varied. 
Electricity powers equipment ranging from rock crushers to missile launchers. It 
services aircraft, ships, and land vehicles. Electricity is required for command and 
control operations, medical support, and other facilities. The Department of Defense 
(DOD) uses a family of generator sets to produce the electrical power needed by 
military field units. This family was developed in the 1960s to reduce the variety of 
generator sets and repair parts required by all services. This chapter describes the 
generators in this family and provides instructions for their use. 


SECTION | - MOBILE GENERATOR SETS AND ELECTRIC DISTRIBUTION 


SYSTEMS 


MOBILE GENERATOR SETS 


8-1. A mobile electric generator set converts mechanical energy to electrical energy by using an engine to 
drive the generator. An internal fuel supply makes the set independent and mobile. When equipped with 
accessories such as an electric distribution system, this set produces all the power needed by military forces 
in the field. The elements of an electrical power-generating site in the field are shown in figure 8-1, page 
8-2. 


8-2. Table 8-1, page 8-3, lists the characteristics of generator models found in the DOD inventory and 
shows kilowatts, frequency rating (in cycles per second), and voltage output. The rated current of DC 
generators is shown in the output column. The characteristics in the table must match the requirements for 
the equipment that is being connected to the generator set. 


8-3. Table 8-2, page 8-4, shows the generator models separated by the type of engine that drives the 
generator, the application (use) for each model, and the TM that provides additional information about it. 


8-4. Electric generator sets are driven by gasoline or diesel engines and produce AC or DC. AC changes 
in value and reverses its direction of flow at regular intervals; DC is constant in value and flows in only one 
direction. 


AC GENERATOR SETS 


8-5. The lighting and power loads of most field units require voltages and frequencies supplied by AC 
systems. While 60-cycle AC is used much of the time, loads with specific voltage, frequency, and power 
requirements may use up to 400-cycle AC. Radar, fire-control sets, communication controls, and guided- 
missile systems are examples of equipment that require 400-cycle AC. Some equipment can operate with 
either 60- or 400-cycle AC. 
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8-6. AC generator sets are designed to operate at various voltages, frequencies, and power levels. To meet 
a particular power demand, an operator must choose a set with the proper characteristics. If a large set is 
needed but is unavailable, several small sets, each located near the load to be supplied, may be used. 
Additional operators and maintenance personnel may be required if several small sets replace a large one. 


8-7. Mobility is a factor in selecting generator sets for field use. Sets that produce 60 kilowatts of 
electricity are often used in the field because they can be transported in 2 1/2-ton trucks. Sets that produce 
more than 60 kilowatts of power must be transported in 5-ton trucks. Therefore, a field unit may make 
parallel connections between several 60-kilowatt generator sets to produce an amount of power equivalent 
to one large set. 


Small 


8-2 


8-8. Small AC generator sets are driven by gasoline engines and produce 0.5 or 1.5 kilowatts of 
electricity. The output is delivered in 120 or 240 volts, with a single-phase distribution system, at a 
frequency of 60 cycles. Sets that produce 0.5 kilowatts are available at a frequency of 400 cycles; sets that 
produce 1.5 kilowatts are available at a frequency of 60 cycles. 


8-9. The 1.5-kilowatt, 60-cycle generators are the most versatile and widely used small sets in the DOD 
inventory. They satisfy the communications and lighting needs of small field units. 


Auxiliary fuel 
supply 
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distribution cable 
(50 ft minimum) 
Auxiliary fuel line 
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[] “Noise area” signs 
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Figure 8-1. Typical electrical power-generating site 
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Table 8-1. Generator set characteristics 


Frequency 
Kilowatts (Cycles per Voltage Output 
Second) 


MEP-014A 120/240 V, single-phase, three-wire 

MEP-0244 DC 

MEP-O19A [0.5 | 400 

MEP-015A 
28v,s3amps 


MEP-025A 28 V, 53 amps 


MEP-016A 120 V, three-phase 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-021A 120 V, three-phase 

120/240 V or 120/208 V, three-phase, four-wire 


MEP-002A 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-017A 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-022A 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-018A 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-023A 10 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 
MEP-003A 120 V, three-phase, three-wire 

120/240 V or 120/208 V, three-phase, four-wire 


MEP-112A 120 V, three-phase, three-wire 
120/240 V or 120/208 V, three-phase, four-wire 


MEP-004A 120/208 V or 240/416 V, three-phase, four-wire 


MEP-404B 
MEP-OO7A 
MeP-oo7B 100.5060 | 120/208 V or 240/416 V, three-phase, four-wire 
MEP-106A 
MEP-116A 
MEP-O09A 
MEP-108A 
MEP-029A___|500 


MEP-029AHK = {500 50/60 120/120 V or 120/208 V, three-phase, four-wire 
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Table 8-2. Mobile electric generator sets 


| Model Kilowatts Application Voltage Technical Manual 


Gasoline-Engine Driven 


MEP-019A 
Diesel-Engine Driven 

IMEP-006A 60 Utiity, [ACT 5-6115-545-12 

IMEP-1054__|60__— Precise AC TM 5-6115-545-12 | 

IMEP-115A 60s Precise [AC [T.5-6115-545-12 | 


Turbine-Engine Driven 


MEP-404B 60 ——=*dPrecise’ ~=—S—S [AC —_—=*([TM5-6115-603-12 


Medium 


8-10. Medium AC generator sets are driven by gasoline or diesel engines and produce between 3 and 10 
kilowatts of electricity. These generator sets can deliver 60- or 400-cycle AC. A reconnection switch 
enables the operator to connect any of the following distribution systems at the rated kilowatt output: 


Single-phase, two-wire, 120 volts. 
Single-phase, two-wire, 240 volts. 
Three-phase, three-wire, 120 volts. 
Three-phase, four-wire, 210/208 volts. 
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8-11. Generator sets that produce 60-cycle AC are used for general power requirements because they are 
versatile and their power output ranges considerably. Sets that produce 10 kilowatts at 60 cycles are the 
most versatile because their output is adequate for small maintenance shops and other relatively large loads. 
These generators are usually mounted on skids to increase mobility. 


Large 


8-12. Large AC generators are driven by diesel engines and produce between 15 and 500 kilowatts of 
electricity. These generators can deliver 50/60- or 400-cycle AC. They can deliver three-phase, four-wire 
power at 120/ 208 or 240/416 volts. An output delivered at 50 cycles is 82 percent of the rated power; an 
output delivered at 60 cycles is 100 percent of the rated power. 


8-13. Large generator sets produce electricity for lighting and power in buildings and other general loads. 
They can produce enough output to supply several kinds of loads simultaneously over a relatively wide 
area. Standard-frequency generator sets are rated at 50/60 cycles; high-frequency generator sets are rated at 
400 cycles. 


DC GENERATOR SETS 


8-14. DC generator sets provide power for specific pieces of equipment. For example, they are used to 
charge batteries, operate communications equipment, and provide power to some missile equipment. Thus, 
the need for DC generator sets in the field is less than the need for AC generator sets. The three DC 
generator sets listed in tables 8-1 and 8-2, pages 8-3 and 8-4, are basic AC generators that use rectifiers to 
convert the AC voltage to DC voltage. 


DATA PLATES 


8-15. Three data plates located on the generator provide pertinent information about output, capabilities, 
and performance characteristics. Refer to the description and data section in the appropriate TM for 
information about a specific generator that is not on the plates. 


e Alternator Data Plate. Specifies the alternator ratings for 50-, 60-, and 400-cycle outputs. It 
provides the serial number, kilowatt rating, DC excitation requirement, date of manufacture, 
voltage and ampere outputs, power factors, model number, and revolutions per minute (rpm). On 
most models, this plate is attached to the main generator housing. 

e Equipment Identification Plate. Specifies the model number, serial number, horsepower rating, 
date of manufacture, number and firing order of cylinders, national stock number, contract 
number, and occasionally, the applicable TM. A typical equipment identification plate is shown 
in figure 8-2, page 8-6. 

e Starting and Stopping Instruction Plate. Specifies starting and stopping and/or paralleling and 
synchronizing procedures and is frequently called the paralleling and synchronizing instruction 
plate. It may also show preliminary positioning of controls and procedures for using the dark- 
lamp method of synchronizing and paralleling generators. This plate is located inside the main 
control-panel cover. 
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Example: 
Find the volume of a cylinder. The radius is 7 


inches and the height is 14 inches. 


Ve= nr*h 

V = 3.14 x 77 x 14 
V = 3.14 x 49 x 14 
V = 2154.04 


The volume is 2154.04 cubic inches. 


What is the formula used to find the lateral surface area for a 
cylinder? You're right, it's LSA = 2mrh. How about total 
surface area? Yes, it's TSA = 2mr(r +h). Now what about the 
volume of a cylinder? Of course, it's V = mr‘h. 


5302. Square Root and Triangles 


a. General. Back in study unit 3, in the discussion of 
proportion, Cpl Chainsaw discovered a method for finding the 
height of a tree by measuring its shadow and relating it to the 
height and the length of the shadow of some known object. Cpl 
Chainsaw used a proportion to solve his problems, and unknowingly 
he was applying a principle that involves the relationship 
between sides and angles of similar triangles. There are several 
relationships between triangles, particularly right triangles, 
that do not involve difficult mathematics but which can be of use 
to you in many situations. One is the earlier mentioned 
relationship of similar triangles; the other is the Pythagorean 
property. The pythagorean law or property is a basic tool in 
geometric and trigonometric (relating to trigonometry) 
calculations. It has been known since approximately 500 BC when 
the Greek philosopher-mathematician Pythagoras proved the 
relationship of the sides of a right triangle. The scuttlebutt 
is that one day Pythagoras was staring at a mosaic floor. The 
patterns so intrigued him that he started breaking them up in his 
mind's eye into right triangles. He noticed that when a square 
was constructed on each side of a triangle that the areas of the 
squares had a particular relationship (fig 5-18). 
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Figure 8-2. Typical equipment identification plate 


ELECTRIC DISTRIBUTION SYSTEMS 


8-16. A distribution system transfers electricity from its source in the generator to loads such as heaters, 
motors, or lights. The system is identified by the number of phases, number of wires, and voltages between 
wires. Operators must check the data plates on the equipment before connecting a distribution system to the 
load. 


8-17. Distribution systems are classified according to the voltage used to carry the power from the power 
source to the distribution transformers or to the loads. 


WARNING 


Any attempt to operate equipment at other than its rated 
frequency will damage it. 


SINGLE-PHASE, TWO-WIRE 


8-18. A single-phase, two-wire distribution system (figure 8-3) has one of the two wires from the generator 
set connected to the neutral wire. The neutral wire is called the grounded wire or the grounded circuit 
conductor. The second wire, called the Jive wire or ungrounded conductor, is connected to load. Usually, 
there is a difference of 120 volts between these two wires. Any single-phase two-wire, 120-volt load can be 
connected to both the live wire and the grounded wire. This system supplies electricity for light bulbs, 
portable tools, and most equipment requiring low power. 
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120 V 


Figure 8-3. Single-phase, two-wire distribution system 


SINGLE-PHASE, THREE-WIRE 


8-19. A single-phase, three-wire distribution system (figure 8-4) has one grounded wire and two live wires. 
It is called a single-phase system because there is no phase difference between the two available voltages. 
The difference in voltage between either of the two live wires and the grounded wire is usually 120 volts. 
The difference in voltage between the two live wires is 240 volts. This system supplies power directly to 
small loads such as lighting in barracks. 


Figure 8-4. Single-phase, three-wire distribution system 


THREE-PHASE, THREE-WIRE 


8-20. All three wires in a three-phase, three-wire distribution system (figure 8-5, page 8-8) are live wires. 
Thus, a three-phase, three-wire, 120-volt load can be connected to all three wires. This system requires a 
generator set designed to produce three-phase voltage. Because only one magnitude of voltage is available 
from this kind of generator, the loads must require the same voltage. This system supplies power to loads in 
structures where the three-phase power load is larger than the single-phase lighting load. The single-phase 
lighting load in such a structure is supplied from a separate single-phase service or by a step-down 
transformer. 
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Figure 8-5. Three-phase, three-wire distribution system 


THREE-PHASE, FOUR- WIRE 


8-8 


8-21. A three-phase, four-wire distribution system (figure 8-6) may be designed to produce single-phase or 
three-phase voltages. For example, the generator could produce 120 and 208 volts or 240 and 416 volts. A 
240/416 voltage connection is common on generator sets that produce from 15 to 500 kilowatts of 
electricity. This system, which is more flexible than the single-phase systems, supplies power to structures 
that require substantial amounts of power and lighting, such as shops and hospitals. 


8-22. Generator sets are designed so that the ratio of the higher (line) voltage to the lower (phase) voltage 
is always the same and cannot be changed (1.73 times the phase voltage equals the line voltage). Thus, 
any— 
e Single-phase, two-wire, 120-volt load can be fed power by making a connection between any 
live wire and the grounded wire. 
Single-phase, two-wire, 208-volt load can be fed between any two live wires. 
e Single-phase, three-wire, 120/208-volt load can be fed by making a connection to two live wires 
and the grounded wire. 
e Three-phase, three-wire, 240-volt load can be fed by repositioning the tap change board and the 
connection to the three live wires. 
e Three-phase, four-wire, 120/208-volt load can be fed power by making a connection to all four 
wires. 


TM 3-34.46/MCRP 3-17.7K 3 May 2013 


Generators 


240/416 V 


Figure 8-6. Three-phase, four-wire distribution system 


SECTION Il - GENERATOR SELECTION AND OPERATION PRINCIPLES 


SELECTING THE GENERATOR 


8-23. Selecting generators that can produce the power required by a field unit is an important function. The 
operator or person responsible for this function must select the number and types of generators that can best 
meet the unit's needs. Preliminary tasks that must be completed before selecting power-generating 
equipment are computing the load, computing the cable size, and balancing the load required for the field 


unit. 


COMPUTING THE LOAD 


8-24. You need an accurate estimate of the load requirement before you can properly design a field unit's 
power distribution system. The estimated load is determined from the size and location of the load. 
Complete the following steps to determine the field unit's load requirement: 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


3 May 2013 


Map the field unit. Locate all structures that require electrical power and mark them on a 
map. Identify each structure as shown in figure 8-7, page 8-10. 


Determine the electrical load for each area. Electrical loads are usually measured in 
amperes, kilowatts, or kilovolt-amperes. The total electrical load fluctuates constantly as 
equipment starts and stops. 


Compute the connected load for each structure. The connected load, computed from the 
electrical load and usually measured in kilowatt-amperes, should total the wattage required 
for all lights and electrical devices plus the total horsepower of all motors. 


Compute the demand load. The demand load, computed from the connected load, is the 
maximum demand required to serve a connected load. The demand load is usually less than 
the connected load because all equipment in a building seldom operates at one time. The 
ratio between the estimated maximum demand load and the connected load is the demand 
factor. Note that the demand load is never greater than the connected load, but the demand 
and connected loads may be the same if the mission of a tactical shop requires that all 
electrical equipment be operated simultaneously. The demand factors established for the 
design of several types of military structures are listed in table 8-3, page 8-10. Use the 
following formula to determine the demand load when you know the demand factor: 
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8-10 


Demand load = connected load x demand factor 


Motor pool Warehouse Pumping station 
120 V-30A 208 V-13A 120V-15A 120V-15A 208 V-81A 
102W304W 102W 102W 304W 


Phase C | | Phase c } 


¢ 
Phase B iadv 2 Phase B 


Phase A 120,V | Phase A 
sry 


Neutral 120V Neutral 


Mess hall 
120V-48A Maintenance shop 
102W 120V-33A 208V-39A 
102W 304W 


Balance the load current 2 
: Single-phase 
icicle lacie voltages (10 2 W), 


Phase C = 196 amperes Phase-to-neutral 


Phase B = 196 amperes 
Phase A= 196 amperes Three-phase voltages 
(30 4 W), phase-to-phase 


Figure 8-7. Load requirements of a military field installation 


Table 8-3. Demand factors 


Structure Demand Factor 


Aircraft maintenance facilities 


Housing 


Operation facilities 
Administrative facilities 
Shops 


Step 5. Compute the diversity factor. Measured at the point of supply, the diversity factor is the 
ratio of the sum of the maximum power demands for the component parts of a system to the 
maximum demand of the entire system. The diversity factor is similar to the demand factor 
except that it deals with the actual demand load rather than the potential demand load. For 
example, a generator set may serve three demand sites, each with a maximum demand of 30 
kilowatts, as shown in figure 8-8, page 8-12. In this example, the potential demand load is 
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Step 6. 


Step 7. 
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90 kilowatts. Because maximum demands at the three sites do not occur simultaneously, the 
maximum demand load on the generator set is only 60 kilowatts, not 90 kilowatts. 


Demand and diversity factors are used to plan the design of electrical facilities and 
determine the type and size of generator sets required for a field unit. Demand factors are 
also used to rearrange existing facilities. For example, additional equipment may greatly 
increase the connected load of a structure, but it may or may not require a change to the 
serving generator set. 


Diversity factors of significant loads must be considered when they contribute to peak 
loads. Loads that occur during peak times may affect the capacity required for a generator 
set, while loads that occur during nonpeak times may not. For example, a dining facility 
may contribute about 25 percent of its actual electrical load to the peak load of the system. 


Compute the power factor. You must determine the power factor of an anticipated load 
before you can accurately estimate the amount of power required for an area. All AC power 
estimates are calculated using equipment power-factor ratings whenever possible. 
Noninductive loads such as lights, heaters, and soldering irons are computed at a power 
factor of 1.0. Inductive loads such as partially loaded transformers and induction motors 
produce a power factor less than 1.0 because they introduce inductive reactance. The sum of 
the inductive and noninductive loads is the connected load for the entire installation. The 
power factor of an AC circuit is the ratio of the true power (watts) to the apparent power 
(volt-amperes), as shown in the following formula: 
watts 
Power factor = —_____ 
volt amperes 

The power (in watts) delivered by a DC generator set is the product of the current multiplied 
by the voltage. There is no inductive reactance in a DC circuit regardless of the character of 
the load. 


Compute the voltage drop. The voltage drop, sometimes called the /ine loss, is the 
difference between the amount of voltage at the input and output ends of a transmission line 
and is caused by the resistance of the line. A voltage drop is expressed either as a 
percentage of the voltage required at the receiving end or as a percentage of the voltage 
applied by the generator to the line. 
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Figure 8-8. Diversity factor 


The example in figure 8-9 shows a generated voltage of 231, a receiving end voltage of 220, 
and a voltage drop of 11. The voltage drop expressed as a percentage of the voltage at the 
receiving end is 11/220 or 5 percent. The voltage drop expressed as a percentage of the 
voltage from the generator end is 11/231 or 4.8 percent of the sending end voltage. The 
voltage drop is usually shown as a percentage of the voltage required at the receiving end. 


The maximum allowable voltage drop for lighting and power loads is 5 percent. This allows 
no more than a 3 percent loss in the branch lines and no more than a 2 percent loss in the 
main and feeder lines. 


To increase the voltage at the receiving end of the distribution system, increase the voltage 
output from the generator set. However, the output should never exceed the voltage rating 
of the generator set. Operators must periodically monitor the voltage throughout the 
distribution system to identify and correct malfunctions in electrical equipment that is 
connected to the lines. 


A calculated voltage drop is used to plan a distribution system. A system that does not 
produce enough voltage may cause unexpected results. For example, the heat produced by 
resistive heating equipment varies as the voltage varies. Thus, a system operating at 10 
percent below the rated voltage will produce 19 percent less heat. The heat loss is absorbed 
by the conductors supplying the power and may cause conductor failure. 
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Step 8. 


l 
8%) 
Figure 8-9. Typical line voltage drop 


Allow for growth. Expect the power demands on an electrical circuit to increase in the 
future. Allow a growth of at least 50 percent of the initial load. When installing a wiring 
system for electrical power, ensure that the circuit can accommodate at least 50 percent 
more than the actual connected loads. 


COMPUTING THE CABLE SIZE 


8-25. A cable connects the generator set to the load. The size of this cable affects the efficiency of the 
generator. Power losses will occur along the transmission line if the cable is too small. The load current 
carried by the cable and the distance between the generator set and the load are used to determine the 
correct cable size. 


8-26. When a conductor is too small in diameter to carry the current demanded, the cable may overheat and 
cause the insulation to burn. If the cable wires melt, the circuit will break. The amount of resistance to 
current flow that occurs along the cable is determined by the distance between the generator set and the 


load. 


8-27. Complete the following steps in sequence to determine the cable size required: 


Step 1. 


Step 2. 


Use table 3-1, page 3-2, and tables 8-4 and 8-5, pages 8-14 through 8-16, to compute the 
total current demand for each phase. 


Use table 8-6, pages 8-17 and 8-18, to determine the wire size capable of carrying the total 
current. If the wire size determined is not available, use parallel runs of smaller wires or use 
the next larger size. Substitute sizes based on the current-carrying capacities of the wires as 
listed in table 8-7, page 8-18. The wire substitutions should not produce excessive voltage 
drops along the distribution line; however, operators must monitor the voltage at the 
receiving end to ensure that the substituted wire carries the current efficiently. 


Step 3. Use table 8-8, page 8-19, to determine the total resistance of the cable when it is connected 


between the generator set and the load. Ampacity affects the size of wire required for a 
distribution cable. Ampacity is the current-carrying capacity of a cable or wire expressed in 
amperes. If the ampacity load is great and the wire length from the generator set to the load 
is short, ampacity considerations will require a larger wire size than that normally required. 
When power requirements are low and the length of the line is long, the voltage-drop 
criteria will require a larger wire size than that normally required. The criteria resulting in 
the larger size wire governs the design of the distribution system. 


Note. When installing a cable overhead, use a minimum size of No 8 AWG. An overhead cable 
must meet the voltage-drop requirement and be strong enough to support its own weight plus 
any additional weight caused by fallen branches, ice, or snow. 
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Table 8-4. Load conversion factors 


Alternating Current 
To Find Direct Current 
Single-Phase Three-Phase 


Amperes when HP x 746 HP x 746 HP x 746 

E EXPE 1.73 x Ex PF 
amperes are known E 1.73xE 

x 


Kilowatts when HP x 746 HP x 746 HP x 746 
Kilovolt-amperes when a IxE 
amperes are known 1,000 1,000 
Kilovolt-amperes when HP x 746 HP x 746 
| mcongraoe | amare 


horsepower is known 
Horsepower output when IxExEff IxExEff x PF IxEx1.73x Eff x PF 
amperes are known 74 746 746 

Load power factor when HP x 746 HP x 746 

rated horsepower and 100 x kVAx Eff 100 x kVAx Eff 
kilovolt-amperes are 


| = amperes; E = volts; Eff = efficiency (as a decimal); PF = power factor (as a decimal); kW = 
kilowatts; kVA = kilovolt-amperes; HP = horsepower. 


Note. Three-phase, AC lines are assumed to be feeding balanced, three-phase loads. For three-phase loads, 
input current is per phase. 


Kilowatts when amperes IxE IxEx PF IxEx1.73x PF 
1,000 1,000 1,000 
6 
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Table 8-5. Full-load currents of motors 


W252 ee 
4 fi _{8_l49_ 
ibaa pa 13.8 
Mag 66 a ae ae 
a eis. |20. 
SB __{26_{iz2__ ep __24__fiz____ 
: 1/2 
71/2 go 4 
Cs ee ee 
Notes. 
——— | es 1. These values of full-load current are in 
25 St Cdtti(‘sé‘~*d QC accordance with the National Electrical Code and 
30ti(<té‘dU COSY are for motors running at speeds usual for belted 
motors and motors with normal torque 
4o8Fté‘(‘iLCSSt*é<‘(‘COéSOC‘*dOCCO characteristics. Motors built for especially low 
5s0—ti(<ié‘(z](RCOt*é‘(;S”:C*(ZBZO speeds or high torques may require more running 


current, in which case the nameplate current 
rating should be used. 


75 CdTtsti<‘itsi‘iWC SSC 2. For full-load currents of 208- and 200-volt 
41 


motors, increase the corresponding 230-volt motor 
4oo—Frté‘;l#é‘(((‘((;C;C;*‘*dBQQO full-load current by 10 and 15 percent, 
25 | ds 
M50 | 506 
200 


respectively. 
Note. These values of full-load current are average 
for all speeds and are in accordance with the 
National Electrical Code. 
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Fig 5-18. Visions of Pythagoras. 


What Pythagoras noticed was that if he added the squares of the 
two shorter sides of a right triangle, the sum was equal to the 
square of the long side (hypotenuse) of_the triangle. This is 
symbolized in an equation as a’ + b* = c* where a and b are the 
lengths of the sides of a right triangle and c is the hypotenuse. 
This relationship was mentioned at the beginning of this study 
unit. In ancient times, there was a group of Egyptian surveyors 
called "rope stretchers." These Egyptian surveyors used the 
Pythagorean theorem applied to a piece of rope to establish right 
angles or corners or property. Their rope had knots tied at even 
intervals. 


Using the relationship 3:4:5, they could form a right triangle 
and a perfect 90° angle (fig 5-19). 


Fig 5-19. Knots in rope used to form a 90° angle. 


Before you can solve problems using the Pythagorean property, you 
must know how to find the square root of a number. Let's see how 
this is done. 
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Table 8-5. Full-load currents of motors 


Induction-Type Squirrel-Cage and Wound 
Motor Amperes 


hope fo es | | | | | 
ae ae a ene ae 
a a eee a (ee 
fe A ow 
a a a | 
SS CC A 
[sors foo | | [|| | 
[Jano feo _o | | | | | 
SS CC 
SS CC 
[xo oso fo | | | | | 


Sychronous-Type Unity Power-Factor Amperes* 


[fino 50 foo 
[fso fossa 
es Ce OO 
ee CC 
[Jono frtnofieno foro | __frsoo [ro ooo _| 
[Jeen0 Joo _fre20 roo | foro ono ooo 


*For 90 and 80 percent power factor, the above figures should be multiplied by 1.1 and 1.25, respectively. 


Notes. 


1. These values of full-load current are in accordance with the National Electrical Code and are for motors running at speeds 
usual for belted motors and motors with normal torque characteristics. Motors built for especially low speeds or high torques 
may require more running current, in which case the nameplate current rating should be used. 


2. For full-load currents of 208- and 200-volt motors, increase the corresponding 230-volt motor full-load current by 10 and 
15 percent, respectively. 
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Table 8-6. Allowable current capacities of conductors, in amperes, for not more than three 
conductors in a raceway or cable 


Rubber Rubber Asbestos 
Types R, RW, Types RH, Thermoplastic varnished- asbestos 
RU, RUW (14-2) RH-RW’, asbestos cambric Types Al 
Type TA Types AVA, (14-8), AIA 
AVL 


Thermoplastic Asbestos 
Types T, TW Var-Cam Type 


"Insulation type and description. 
2 If type RH-RW rubber-insulated wire is used in wet locations, the allowable current-carrying capacities will be that of column 
C; and if used in dry locations, the current-carrying capacities will be that of column D. 
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Table 8-6. Allowable current capacities of conductors, in amperes, for not more than three 
conductors in a raceway or cable 


Code-grade rubber compound 

Moisture-resistant rubber compound 

Latex-rubber compound 

Latex-rubber, moisture-resistant compound 

Heat- and moisture-resistant rubber compound 

Heat-resistant rubber compound 

Heat- and moisture-resistant compound 

Thermoplastic-covered for dry locations 

Thermoplastic- and asbestos-covered for switchboard wiring 
Thermoplastic-covered for moist locations 

Mineral-insulated, copper-sheathed for general use and special high-temperature locations 
Nonimpregnated, all-asbestos, without asbestos outer braid 

Nonimpregnated, all-asbestos, with asbestos outer braid 

Impregnated, all-asbestos, without asbestos outer braid 

Impregnated, all-asbestos, with asbestos outer braid 

Impregnated-asbestos and varnished-cambric with asbestos braid 
Impregnated-asbestos and varnished-cambric, flame-resistant cotton braid 
Impregnated-asbestos and varnished-cambric, outer asbestos braid, lead-sheathed 
Varnished-cambric 


Table 8-7. Substitute wire sizes 


Carrying the Size Shown in the First Column 

or Capacity 

we | anes, | Se 
1,000,000 
900,000 
go0.o00 [410 [250,000 vot 
750,000 002500007 a 
700,000 |385_ 4/0 2/0 Ce ee 
600,000 
500,000 320 to st 
400,000 [280 ‘(2/0 a a | 
300,000 jo fo 
250000 zis tf 
4/0 a am a |<: 
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Table 8-7. Substitute wire sizes 


Current Number and Size of Wires That can be Substituted for a Single Wire of 
Carrying the Size Shown in the First Column 


Capacity 


BALANCING THE LOAD 


8-28. The final task before selecting generator sets for a field unit is to balance the load among the phases. 
When balancing a load, ensure that each phase carries an equal share of the load. 


8-29. Loads may be connected between a power-carrying conductor (live wire) and a ground wire or 
between several live wires. When you connect a load between a live wire and a ground wire, any 
unbalanced current (power) in the line conductors is supplied through the ground wire. A load connected 
between two or more live wires is distributed equally among the live wires. 


8-30. An installation fed by a three-phase, four-wire generator set can have a single-phase load attached to 
each of the three phases. Regardless of the number of loads supplied or how the loads are arranged, the 
generator supplies the total load on each phase. The generator attempts to supply the power required to 
satisfy the load in each phase. To ensure that the power is balanced, connect the loads so that each phase 
receives an equal load of current from the generator set. An unbalanced load has two adverse effects: 


e Unbalancing causes high voltage on the lightly loaded phase and low voltage on the other 
phase(s). This causes poor voltage regulation throughout the system. 


e A load that is unbalanced for a long time damages the generating equipment. 


Table 8-8. Physical and electrical properties of conductors 


Standard Rubber Conductor | !PCEA Class B At 77°F (25°C) 
Stranding 
=! Circular Mils Bare Copper | Tinned Copper 
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Table 8-8. Physical and electrical properties of conductors 


Standard Rubber Conductor | /PCEA Class B At 77°F (25°C) 
Stranding 


2 66,370 7 Cift2 ft 
f__1 83,690 9 ft29 ft 


105,500 19 ~———sosto2— $s Ss fo tos—s—si”FT|f 
133,100 49 =|. nab 


167,800 49 —————|0.06 42 0.0668 


211,600 19 —_—[o.0509 0.0525 


SINGLE-PHASE SYSTEMS 


8-31. A single-phase, two-wire, 120-volt system (figure 8-10) cannot be unbalanced because the two wires 
are connected to one load. 


8-32. When you connect this basic load-carrying circuit, half of the total load is supplied by one live wire 
while the other live wire supplies the other half of the load. 


Hot wire 3.127 kVA 


20 100-W bulbs 


Grounded neutral 


Figure 8-10. Balanced single-phase, two-wire system 


8-33. A single-phase, three-wire, 120/240-volt system (figure 8-11) has two live wires and one ground 
wire. It can supply power for two single-phase, 120-volt loads and one single-phase, 208/220-volt load 


group. 
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Load groups 10 120V 10 240 V 
t 


Hot wire 


Figure 8-11. Balanced single-phase, three-wire system 


THREE-PHASE SYSTEMS 


8-34. A three-phase, three-wire, 208-volt system (figure 8-12) has three live wires. It can supply three 
single-phase, 208-volt loads or one three-phase, 208-volt load. For a single-phase connection, divide the 
total load equally between the three live wires. 


8-35. A three-phase, four-wire, 120/208-volt system (figure 8-13, page 8-22) has three live wires and one 
ground wire. This system can supply power for a single-phase, 120-volt load; a three-phase, 208-volt load; 
and a single-phase, 208-volt load. 


8-36. When the total load is balanced, mark on a site diagram the voltage and the number of phases 
needed. The voltage and phase requirements are marked plainly on most AC and DC motors. 


Figure 8-12. Balanced three-phase, three-wire system 
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Figure 8-13. Balanced three-phase, four-wire system 


SELECTING THE GENERATOR 


8-37. After you have designed the distribution system and balanced the load, you can select the generating 
equipment to produce the power needed for the field unit. The electrical systems at most military field units 
supply power day and night for various lighting, heating, and power equipment. The annual load factor of a 
well-operated, active field unit is 50 percent or more of the capacity of the generator sets. The annual load 
has a power factor of 80 percent or more of the average power factor. The following criteria govern the 
generator selection process: 


Electrical loads to be supplied. 
Kilowatt rating requirements. 
Operating voltages required. 
Number of phases required. 


Frequency requirements. 
8-38. Other considerations when selecting generating equipment for a field unit include— 


e Availability of fuels. 

e Expected life of the field unit. 

e Availability of skilled maintenance personnel. 
e Probable load deviation. 


8-39. The layout of the field unit is also an important consideration when selecting generating equipment. 
For example, if the load is more than a few hundred feet from the generator set, you may need a high- 
voltage distribution system. If the power plant serves a primary distribution system, the generator set must 
be rated at the distribution system's voltage. This eliminates the need for a transformer at the sending end. 
Also, the number of phases required by the load may differ from that of the generators on hand. Because 
most loads can be divided and balanced between phases, most medium- and large-sized generator sets are 
designed for three-phase operation. 


8-40. Most electrical loads in the US require a frequency of 60 cycles. Although equipment operators try to 
maintain a constant frequency throughout the electrical system, deviations sometimes occur. Most electrical 
equipment operates satisfactorily when the frequency drifts approximately 5 cycles above or below 60 
cycles. Some types of equipment, such as teletypewriters and clocks, are sensitive to frequency changes. 
Consider frequency drift when selecting generator sets that supply power to sensitive equipment. 
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8-41. You must select generator sets that are the proper size and type for the field unit's needs. If a central 
generating station is needed but there is not enough time to build one, install a generator set at each work 
site that requires power. The size of the generator set selected for each work site depends on the needs of 
the site. For example, the electrical load at a headquarters building that consists of lights and single-phase 
motors can be supplied by a small, single-phase generator set. A maintenance shop that uses large amounts 
of single-phase and three-phase power requires a three-phase generator set. 


8-42. Coordinate your choice of generator set with the maintenance and supply facilities at the field unit. 
Maintenance skills and the necessary tools and spare parts required for the selected generator must be 
available at the field unit. 


POWER AND VOLTAGE REQUIREMENTS 


8-43. The power and voltage requirements of the load determine the size of the generator set used. For 
example, a two-wire, 120-volt generator set with an output rating of 1.5 kilowatts produces enough 
electricity for equipment rated at 120 volts, single-phase, with a combined power load of less than 1.5 
kilowatts. A 5-kilowatt, AC generator set produces enough electricity for equipment requiring between 1.5 
and 4.5 kilowatts. 


8-44. If motors are part of the load, increase the capacity of the generator set above the capacity normally 
required. The increased capacity is required to compensate for reduced terminal voltage when large motors 
are started and when frequency surges occur during motor acceleration. These power drains may adversely 
affect the performance of electronic systems and other equipment fed from the same generator set. Also, 
motors already running may stall when large motors are started. You can avoid these and similar problems 
by removing the existing load when starting a large motor and then placing the small loads back on the 
generator set after the large motor has reached its required speed. 


8-45. Some single-phase loads contain equipment rated at both 115 and 230 volts. These loads require a 
generator set with a single-phase, three-wire, 120/240-volt output. 


8-46. The size of the load is a primary consideration when selecting a generator set. Determine the capacity 
needed to support the load before selecting a generator set. Sets with capacities ranging from 0.5 to 500 
kilowatts are available. 


SELECTION GUIDES 
8-47. Use the following guides to select a generator set: 


e Single-phase equipment provides power for small lighting, AC and DC motors, special 
equipment such as radial (arc) electrical welders, and some furnace loads. You may use a two- or 
three-wire system, depending on the size of the load and the area serviced. 

e Three-phase equipment provides power for almost everything except small loads. The generation 
and transmission lines are usually three-wire systems, but the distribution circuits may be three- 
or four-wire. When single-phase power is obtained from three-phase circuits, operators must 
balance each phase at the generator set. 

e To determine the voltage required for a generator set, consider the distribution circuits; the size, 
character, and distribution of the load; the length, capacity, and type of transmission lines; and 
the size, location, and connection of the generator sets. 

e Lighting is universally rated at 120 volts in the US. The voltage required for lighting can be 
obtained from a single-phase, two-wire, 120/240-volt circuit or a three-phase, four-wire, 
120/208-volt circuit. Using both lighting and small-motor circuits increases the load 
requirements for general power applications. 

e Small motors (less than 5 horsepower [HP]) are supplied by DC or single-phase AC systems at 
120 volts. Large three-phase motors (5 HP or more) usually operate satisfactorily between 200 
and 240 volts. 
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DC generator sets are used for specific tasks, and selection is based on the task to be performed. 
Battery charging is the main use of DC generators. A practical wiring diagram of a two-wire, DC 
generator set is shown in figure 8-14. 

A single generator set is the least desirable method for obtaining continuous electricity. This set 
is used when it is isolated from the distribution system and when equipment failure will not 
seriously affect the field unit's mission. A single generator set is sometimes used to power 
extremely large loads that cannot be tied into a limited distribution system. 


8-48. Generator sets have gasoline or diesel engines. Consider fuel availability when selecting a generator 
set because it may limit the choice of engines in advanced or isolated areas. Use the following guides to 
select the type of engine for a generator set: 


Most gasoline-engine generator sets are similar to small automotive engines. Therefore, 
maintenance problems on these sets may be easier to correct than maintenance problems on 
other, less-common engines. 

Diesel-engine generator sets usually operate for longer periods and under greater strains than the 
gasoline-engine generator sets. Also, diesel engines usually require less maintenance than gaso- 
line engines because of their construction and lack of an ignition system. 


LOAD CLASSIFICATION REQUIREMENTS 


8-24 


8-49. You must properly match the load to the generator set at the field unit. Loads are classified as 
inductive or resistive. The load classification partly determines the amount of load a generator can support. 
The rating information is in amperes, kilovolt-amperes, kilowatts, and/or power factors. If the only 
information you know about a generator set is the kilovolt-amperes, power factor, and voltage-output 
rating, you must determine the load classification. 
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Figure 8-14. Typical wiring diagram of a two-wire, DC generator set. 


8-50. A generator can support its kilovolt-amperes rating if the major portion of a load is inductive. For 
example, a model MEP-017A generator set rated at 6.25 kilovolt-amperes can support a 6.25-kilovolt- 
ampere inductive load. A generator with a load that is entirely resistive may be overloaded easily because it 
can support only 80 percent of its kilovolt-ampere rating. For example, a model MEP-017A generator set 
rated at 6.25 kilovolt-amperes can support only a 5-kilowatt load (6.25 x 0.80 = 5). A generator set with a 
rating of 0.8 power factor cannot support that rating in kilovolt-amperes if the load is purely resistive (a 
power factor of 1.0). If the ampere rating is known, calculate the total amperes required to support the load 
but do not exceed the rating of the generator set. 


8-51. Many generator sets are designed so that you can select one of several voltages. The ampere rating 
changes as the voltage output changes. Thus, a model MEP-018A, 5-kilowatt generator set can supply any 
of the voltages and amperes in table 8-9, page 8-26. 


8-52. Rating information is on the alternator data plate and in the tabulated data section of the TM for each 
generator set. 
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b. Square root. The square root of any number (x), is that 
number which, when multiplied by itself, gives (x). It can be 
found in several ways. Some square roots are used so often that 
they become a matter of common knowledge just as the addition and 
multiplication tables. For example 144 is the square of 12, 
which makes 12 the square root of 144 (12 x 12 = 144). 


The squares of integers from 1 to 20 are used enough to be 
memorized. If you know the squares, then consequently you know 
the square root of these squares (fig 5-20). 


n n 
1 -------------------- 1 
Q---~------~--------- 4 
3-------------------- 9 
4---~------~--------- 16 
5---~------~--------- 25 
6---~------~------~-- 36 
]-------------------- 49 
§----------~------~-- 64 
Q---~------~---------- 81 
10--~------~--------- 100 
11------------------- 134 
12--~------~--------- 144 
13------------------- 169 
14--~------~---------- 196 
15--~------~---------- 225 
16---------~------~-- 256 
17------------------- 289 
18--~----------------- 324 
19--~------~------~-- 361 
20---------~---------- 400 


Fig 5-20. Squares of the numbers (n) from 1 - 20. 


There are tables in many textbooks that give the square root of 
every number up to 1,000, some go even higher. When tables are 
not available, the computational method is used. There is no 
"new" method for computing square root, just a fairly rigorous 
method that has been used for years but needs practice to be 
maintained. 


Example: 
What is the square root of 1156? 


(1) The square root symbol (V) over the number is 
called a radical sign. 


(2) Starting at the decimal point, group the digits 
in pairs. 
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Table 8-9. Voltage and ampere output 


[Pome vote me 


34.7 (per phase 
17.3 (per phase 


PARALLELING THE GENERATOR SETS 


8-26 


8-53. Sometimes a field unit with only small- and medium-sized generator sets needs a large quantity of 
power. This can be done by connecting and operating two or more generator sets in parallel. When 
generator sets are connected in this manner, their combined kilowatt rating is equal to the sum of the kilo- 
watt rating for each set. Parallel-connected generator sets are shown in figure 8-15. 


8-54. Generator sets are connected in parallel to provide continuous power and to allow shutdown time for 
servicing the equipment. Installations that require continuous power, such as surgical hospitals, use 
parallel-connected generator sets to avoid power outages. Generator sets are shut down and serviced 
periodically. When they are connected in parallel, one set can be shut down and serviced while the others 
continue to operate. Thus, an installation can receive continuous power with no time lost for maintenance 
and repair. 


8-55. You must synchronize the parallel generator sets before connecting them to the load. 
8-56. Complete the following steps in sequence to synchronize a base set and an incoming set: 
Step 1. Close the main circuit breaker on the base set. 
Step 2. Ensure that the voltmeter indicates the frequency required for the load. 
Note. During the synchronizing process, the base (operating) generator set may be connected to 


the load and operating or it may be disconnected from the load and operating. After steps 1 and 2 
are completed, the incoming generator set may be synchronized with the base unit. 


Step 3. Open the circuit breaker on the incoming generator set. 


Step 4. Ensure that the voltage and frequency outputs of the incoming generator set are the same as 
those of the base set. 


Step 5. Place the paralleling switch on the control panels of the base and incoming generator sets in 
the ON position. When the paralleling switches are on, the two paralleling lamps on the 
control panel of the incoming set will begin to blink on and off. Both lights will blink on 
and off at the same time if the generator sets are connected properly. 


Note. The following measures should be taken only if the lights do not blink in unison. Turn all 
power off before reconnecting the generator sets. 
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Figure 8-15. Parallel-connected generator sets 


Ensure that the lights blink in unison. If the base set is under a power load, observe the 
kilowatt meter (percent-of-power meter) on the base set. Then go back to the incoming set 
and observe the paralleling lamps. Adjust the throttle (on utility sets) or the frequency adjust 
rheostat (on precise sets) until the lamps go on and off at 3- to 5-second intervals. When the 
lights are completely dark, close the main circuit breaker on the incoming set. Adjust the 
frequency rheostat of the incoming set until the kilowatt meter indicates one-half of the 
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power of the base set. Adjust the voltage rheostats on both sets, if necessary, to eliminate 
crosscurrents. 


When the synchronizing lamps blink in unison, the two sets are operating in parallel as one 
base unit. 


Step 6. Complete steps 3 through 5 for each additional incoming set. The percent-of-power meter 
on the third set should indicate one-third of the load on the base set. 


CAUTION 


If the current meter on either set indicates excessive current and the 


voltage rheostat will not balance the current, do not operate the 
generators in parallel. Refer to the next higher level of maintenance. 


Step 7. After all generator sets are operating in parallel, divide the load equally among them. To do 
this, adjust the voltage and frequency outputs of each set. This step completes the 
paralleling process. 


DETERMINING THE GROUNDING SYSTEM 


8-57. Electrical power-generating equipment must be grounded. In the field, portable power-generating 
equipment may be grounded with a grounding rod, pipe, or plate. Figure 3-3, page 3-9, shows the methods 
of grounding. 


DANGER 


If electrical power-generating equipment is not grounded, stray 


electrical current within the generator set or in the distribution 
system can injure or kill the operator and damage the equipment. 


GROUNDING ROD 


8-58. The standard grounding rod used by military units is a 5/8-inch copper rod with three 3-foot sections. 
To install a grounding rod, drive it at least 8 feet into the soil. The rod must be buried below the moisture 
level. If you cannot do this, replace the grounding rod with an 8-foot electrode. Bury the electrode in a 
horizontal trench that is at least 2 1/2 feet deep, and place the electrode below the moisture level. 


8-59. If one grounding rod does not produce a good grounding system, you can form a network with three 
or more rods. Install the rods about 6 feet apart. If three rods form the network, place them in a straight line 
or in a triangular pattern. If more than three rods are used, install them in a straight line and connect the 
grounding cable from the generator set to each grounding rod so they are in series. 


GROUNDING PIPE 


8-60. Use a clean, metallic pipe of 3/4-inch trade size or larger to make a grounding pipe. Pipes made of 
iron or steel must be galvanized or coated for corrosion protection. Drive the pipe at least 8 feet into the 
soil. If you cannot do this, replace the pipe with an 8-foot-long electrode. Bury the electrode in a horizontal 
trench that is at least 2 feet deep and place it below the moisture level. 


GROUNDING PLATE 


8-61. You may use a buried grounding plate (plate electrode) as a ground. The plate must be at least 36 
inches wide and 36 inches long (9 square feet). An iron or steel plate may be substituted for a plate 
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electrode if it is at least 1/4-inch thick and coated for corrosion protection. Grounding plates must be buried 
below the moisture level. 

8-62. Attach the grounding system with a No 6 AWG or larger cable. Connect one end of the cable to the 
grounding terminal of the generator set. Tighten the nut securely, as described in the appropriate TM. 
Connect the other end of the cable to the grounding electrode with a special grounding clamp. 


SOIL CONDITIONS 


8-63. Contact with the earth does not guarantee a good grounding system. The soil type, moisture content, 
and temperature affect the efficiency of the grounding system. Table 8-10 describes the characteristics of 
four types of soils. 


Table 8-10. Soil characteristics 


Type of Soil Quality of Ground 


Fine soil granules with high moisture content Very good 


Mixed (clay, loam, shale mixed with gravel or sand) 
Gravel, sand, stone 


8-64. Soil is divided into two distinct layers. Top-soil, the first layer, usually ranges from 1 to 6 inches 
deep. Because it is often dry and loosely packed, topsoil is not a good electrical conductor. Subsoil, the 
second layer, is usually tightly packed, retains moisture, and provides the best electrical ground. Wet soil 
passes electrical current better than dry soil and allows the grounding system to work efficiently. 


8-65. A chemical solution is used on soils to improve a poor grounding system. To make this solution, mix 
5 pounds of sodium chloride (common table salt) with 5 gallons of water (1 pound of salt to 1 gallon of 
water). Dig a hole that is about 1 foot deep and 3 feet wide. Pour the solution into the hole and allow it to 
seep into the soil. Install the grounding rod in the hole, connect the grounding strap, and fill the hole with 
soil. Keep the soil around the rod moist at all times. 


8-66. Frozen soil is a poor conductor of electrical current. When the soil temperature drops below 32°F and 
the soil moisture freezes, the effectiveness of the grounding system decreases. To compensate for low soil 
temperatures, place the grounding system near a source of heat such as a generator set or vehicle exhaust. 
When it is difficult to install an effective grounding system because the soil is frozen, connect the 
grounding strap to something that is already grounded, such as a metal building or an underground pipe. If 
possible, attach the strap with a grounding clamp; if not, attach it with a bolt. 


8-67. Another alternative is to drive several grounding stakes into the soil at different locations to form a 
grounding network. Drive the stakes to the greatest depth possible. If necessary, drill, dig, or blast a hole in 
the soil and use the salt solution described previously. You may also be able to make a temporary ground 
by driving a spike deep into a large tree. 


8-68. Geographical locations are important considerations when establishing grounding systems. 


e Deserts. The extremely dry and loosely packed desert soils provide a very poor electrical 
grounding system. Increase the efficiency of the grounding system with the salt solution. Keep 
the soil around the grounding system moist at all times. Place the equipment near an oasis or 
subterranean water if possible. 

e@ Mountainous areas. In the rocky terrain typical of mountainous areas, site selection is the key to 
providing a good grounding system. Try to place the equipment near a streambed. 

e Packed, rocky, or frozen soil. Use a slip hammer to drive a grounding rod into this soil. You can 
make a slip hammer (figure 8-16, page 8-30), or you can order one through normal supply 
channels. 
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Put another 5/8” nut 


Figure 8-16. Procedures for making a slip hammer 
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e Tropical areas. Soils in jungles and rain forests provide good electrical ground for the 
grounding-rod assembly issued with the generator set. You can install grounding rods easily in 
these moist soils. The fast buildup of corrosion is a problem in the tropics. To ensure a good 
electrical path, apply waterproof tape at the connection of the grounding strap and keep the 
grounding rod clean and dry. 


8-69. Perform the following checks and services to establish a good grounding system: 


Remove paint, oil, and grease from the grounding rods, straps, and connections. 
Keep grounding rods and straps clean. 

Ensure that grounding rods are as straight as possible. 

Keep the points of grounding rods sharp enough to penetrate the soil. 

Ensure that the straps and cable are the proper lengths. 

Use the proper clamps and connections for the grounding system selected. 


Properly tighten the terminal screw and the grounding-clamp screws. 


SELECTING THE GENERATOR SITE 


8-70. The location of the generator set affects the efficiency of the power system. The individual demands 
for electrical power and the area to be serviced govern the site selected. Generator sets are usually located 
near the large demands. 


8-71. You must determine where the large demands are located. To do this, study the map where the 
individual demands are plotted. If you need additional sets for parallel operations, plot them on the map. 
All the power demands must be plotted on the map before you select the site and prepare it for the 
generator set. 


8-72. Place the generator sets near the largest loads. This practice reduces the size of wire cable required, 
minimizes the line voltage loss, and provides voltage control at the demand end of the line. 


8-73. Provide shelter for the generator set. Although the equipment is weather-resistant, it needs protection 
from inclement weather and enemy fire. A revetment-type shelter provides protection from weather and 
enemy fire and controls noise levels. Revetment shelters are used for air-cooled generator sets that produce 
from 0.5 to 10 kilowatts of electricity. The shelter should provide ventilation to maintain a reasonable 
temperature around the generator and allow heated air and exhaust fumes to escape. If the generator set 
operates in a closed structure, the exhaust gases must be piped outside. 


8-74. The pipe used to remove exhaust gases must be installed properly. It should be as short as possible 
and have no more than one 90-degree bend. Keep combustible materials at lease 6 inches away from the 
exhaust pipe. Wrap the pipe with insulation if personnel can accidentally touch it. 


8-75. Use the following guides to select a site for power-generating equipment: 


Provide enough clearance around the generator set to perform maintenance procedures. 


Place the generator set away from areas where noise may be a problem. Most mobile generator 
sets produce high noise levels. 

e Mount the generator set in an area that is clean, level, dry, well-ventilated, and well-drained. Use 
planks, timbers, logs, ammunition boxes, or other materials to prevent the skids or frame from 
sinking into soft earth. Keep the set level, preferably within 5 degrees, for proper lubrication. 
Never tilt the set more than 15 degrees in any direction. You may use cargo trucks for mounting 
generator sets, but two-wheeled trailers are more common because they offer greater 
maneuverability and ease of maintenance. When the set is mounted on a trailer, it is called a 
power unit (figure 8-17, page 8-32). 

e Mount the generator set on a surface that can support the weight of the equipment. 

Provide a supply of clean fuel that is sufficient for all requirements planned for the life of the 
installation. For a long-term installation, consider placing the fuel tanks underground. 
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Place the auxiliary fuel tanks for generator sets that produce less than 10 kilowatts as near the 
shelter as possible. The bottoms of the tanks must be less than 4 feet below the fuel pump on the 
installed generator set. The fuel tanks for sets producing 15 kilowatts or more must be placed 
less than 12 feet below the fuel transfer pumps. Connect the fuel line between the auxiliary fuel 
tank and the fuel selector valve. Ensure that no dirt or moisture gets into the fuel lines. 

Enclose auxiliary fuel supply tanks that are above ground with engineer tape to rope off the area. 
Place No Smoking signs at each entrance to the fuel supply area, at least 50 feet from the fuel 
supply and the generator set. If possible, construct a shelter to protect the auxiliary fuel supply 
from rain and direct sun rays. Install a fire point that includes a Class A fire extinguisher, a 
shovel, and a pickax. 


Figure 8-17. Trailer-mounted generator set 


Provide adequate shelter for generators that will be in service at one location for a long period of 
time. Use noncombustible material for the shelter if possible. Allow a clearance of 4 to 6 feet if 
you use combustible materials. A lean-to, a shack, or a shed can adequately shelter generating 
equipment. 

Provide a suitable foundation so the generator set can be bolted to the floor. This will eliminate 
unnecessary vibrations. Do not use the portable, totally enclosed, and winterized type of 
generator set in a permanent, indoor installation. 


CONSTRUCTING A REVETMENT 


8-76. Air-cooled, engine-driven generator sets are designed to operate in the open with unrestricted 
ventilation. However, you may need a revetment (figure 8-18) to protect the equipment from extreme 
weather and enemy attack. The revetment described in this section is designed to shelter one generator set. 
Install only one generator set within each revetment. Also, do not place other heat-generating equipment in 
a revetment with a generator set. Anything that creates heat inside a revetment will adversely affect the 
cooling of the set. 


8-32 


Note. Use revetments only for air-cooled, engine-driven generator sets. 
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(optional) 
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Figure 8-18. Revetment construction 


DIMENSIONS 


8-77. The minimum allowable inside dimensions for a revetment for generator sets rated from 1.5 through 
10 kilowatts are 7 1/2 feet long, 5 1/2 feet wide, and 4 feet high. The height includes 1-foot openings 
around the top of walls that are 3 feet high. The entrance into the revetment should be 2 feet wide. The 
height of the sill at the bottom of the entrance should be | foot or less. A revetment with these dimensions 
is also suitable for generator sets that produce 0.5 kilowatts of electricity. To economize, however, the 
width and length can be reduced to 4 feet and 5 feet, respectively. 


8-78. The above minimum dimensions are based only on engine cooling and ventilation considerations. 
They allow the minimum space required for servicing and maintaining equipment. 


FOUNDATION AND DRAINAGE 


8-79. Generator sets require an adequate foundation. If the generator set is attached to a shipping pallet, the 
pallet provides an adequate foundation. If the set is not attached to a pallet, use planks, timbers, logs, 
ammunition boxes, or other materials to prevent the skids of the frame from sinking into soft earth. The 
foundation must be less than 6 inches high. 


8-80. A drainage system is required to ensure that the runoff flows away from the generator set and out of 
the revetment. Place all drain holes at the inside ground level. Install a sump and drainage trench for each 
drain hole if the water does not drain away from the revetment naturally. Place a sump and drainage trench 
outside the revetment. 
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WALL CONSTRUCTION 


8-81. The walls of a revetment may be constructed with sandbags, ammunition boxes filled with sand or 
dirt, or any other materials. 


ROOF CONSTRUCTION 


8-82. The roof can be supported by any means possible, but it must be at least 1 foot above the wall of the 
revetment. Allow as much open space between the top of the walls and the roof as possible for ventilation. 
Roof construction usually consists of two pieces of lumber (4 inches by 4 inches) or logs (4 inches in 
diameter), about 10 feet long, and enough cross pieces of lumber, logs, or steel planking to cover the entire 
roof. The cross pieces should be about 8 feet long. If the above materials are not readily available, use any 
available material. The amount and type of protection desired determines the thickness of the roof. When 
adding roof protection, be sure the roof can support the additional weight. 


Note. The roof shown in figure 8-18, page 8-33, is covered with sandbags for additional 
protection. 


WARNING 


Never operate an air-cooled, gasoline-engine generator set inside 


a closed building unless forced ventilation can remove the engine 
heat and exhaust gases outside. Exhaust gases contain carbon 
monoxide, which is a poisonous, odorless, and colorless gas. 


MISCELLANEOUS CONSTRUCTION 


8-83. Construct a compartment outside the revetment for fuel storage. The size of this storage area depends 
on the size of the fuel containers. The fuel supply is stored outside the revetment to minimize the hazards 
associated with fuels at high temperatures. Air temperatures within the revetment increase considerably 
above the ambient temperature outside when the generator set operates. Some generators are equipped with 
integral fuel tanks. Do not use the integral fuel tanks in a revetment because of the hazards associated with 
fuels at high temperatures. 


8-84. The exhaust from the engine may or may not be ducted out of the revetment. This decision is left to 
the commander. Install a flexible pipe (chimney) similar to the one shown in figure 8-18 if the exhaust is 
ducted outside. If a flexible pipe is not available, use a piece of exhaust pipe or similar material. The point 
where the exhaust discharges through the revetment wall depends on the type of generator set and the 
exhaust pipe. The exhaust may or may not be discharged into an external exhaust chimney. However, a 
chimney is preferable because it helps duct the exhaust gases away from the revetment and reduces the 
noise level. 


8-85. Construct a revetment doorway shield that is similar to a revetment wall. The shield is a wall that 
prevents projectiles and fragments from entering directly into the revetment. The doorway shield must be 3 
feet high and 7 1/2 feet long. 


ALIGNMENT INSTRUCTIONS 


8-86. When constructing a revetment, align the structure so that the door faces into the direction of the 
prevailing wind. Install the generator set so that its long axis is parallel with the long axis of the revetment. 
Center the set within the revetment walls. Use the information in table 8-11 to orient the generator set. 
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Table 8-11. Engine-driven generator-set orientation 


Generator end toward the door 


Engine end toward the door 
: Generator end toward the door 
Generator end toward the door 
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(3) There will be one digit in the answer for every 
group under the radical. Over the first group, put 
the largest number whose square does not exceed 11. 
For example, three (3) squared is 9, 4° is 16. The 
largest that can be used is 3. Square 3 and write 
the product under the first group. 


3 
V11 56 
2 
(4) Subtract the 9 from 11 and bring down the next 
group. 
3 
vil 56 
9 
2 56 


(5) Double the part of the root already found (3 
doubled is 6) and add a zero to form a trial 
divisor. Place this next to 256. 


a ee 
V¥11 56 

9 
60 256 


(6) Divide 256 by the trial divisor (60) and write 
the quotient (4) above the second group as the 
probable second figure of the root. 


3. 4 
v1l1l 56 
9 
60 256 


(7) Correct the trial divisor (60) by adding to it 
the second number of the root (4). Then multiply 
the corrected divisor (64) by the second number of 
the root (4). Next, subtract the product from the 
remainder and write any remainder that's left over 
below it. In this case, it comes out even. The 
square root of 1156 is 34. This can be checked by 
squaring 34. 


3.4 
v11 56 
9 
66 256 
64 256 


Check: 
34 x 34 = 1,156 


The square root of 1,156 is 34. 
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Chapter 9 
Controls and Instruments 


A complex set of controls and instruments monitors the operation of an electric 
generator set. Equipment operators must understand what these controls and 
instruments monitor and how they work. Information about many controls and 
instruments is included in this chapter. Additional information about the controls and 
instruments for a specific generator set is in the manual issued with the set. 


ENGINE CONTROLS 


9-1. The controls and instruments used to operate a generator set are installed in a control panel similar to 
the one in figure 9-1, page 9-2. 


Note. In this chapter, the number in parentheses after the control name corresponds to the callout 
in figure 9-1. 


9-2. The DC circuit breaker (20) protects DC circuits against shorts and emergency stops. When pressed 
in the start position, the start-run-stop switch (32) completes the battery circuit to start the motor. The 
switch is released and returns to the run position after the generator starts. The switch remains in the run 
position until it is placed in the stop position. The manual speed control (21) regulates the speed of the 
engine. The heater controls (figure 9-2, page 9-3) operate the engine's heater. The control set includes a 
circuit breaker, a heater-on indicator light (press-to-test light), and an on-off switch. The press-to-test light 
is on when the heater is operating. The three-way fuel valve (figure 9-3, page 9-3) directs the flow of fuel 
from the source of supply to the fuel pump. The valve has three positions - auxiliary fuel tank, set fuel tank, 
and off. The first two positions indicate the fuel source. For example, when the valve handle is in the set 
fuel tank position, fuel is drawn from the tank on the generator set. 


SAFETY CONTROLS 


9-3. Most generator sets have a safety-control system similar to the one in figure 9-4, page 9-4. The 
system consists of relays, overspeed safety devices, and pressure-temperature controls. The generator shuts 
down when a safety device actuates. Safety devices stop the engine or trip the circuit breaker in cases of 
overspeeding, low fuel level, low oil pressure, or high coolant temperature. The low oil-pressure indicator 
(8) illuminates when the oil pressure drops enough to actuate the low oil-pressure safety device. 


9-4. The coolant high-temperature indicator (9) illuminates when the coolant temperature rises enough to 
actuate the coolant high-temperature safety device. The overspeed indicator (10) illuminates when the 
engine speed exceeds the rated rpm and the over-speed safety device (figure 9-5, page 9-5) actuates. The 
no-fuel indicator (11) illuminates when the fuel in the tank is low enough to actuate the no-fuel protective 
device. 


9-5. The battle-short switch (22) permits emergency operation of the generator. This four-pole, on-off 
switch prevents the generator from starting after a safety device actuates by locking out the starter circuit. It 
bypasses all protective device circuits except the over-speed and short circuits. During normal operations, 
the battle-short switch is in the off position. 
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9-2 


1 
2 
3 
4 
5 
6 
7 
8 
9 


. Panel-illumination light 

. Air-cleaner condition indicator 
. Frequency meter 

. Kilowatt meter 

. Volts-amps selector switch 

. AC ammeter 

. AC voltmeter 

. Low oil-pressure indicator 


. Coolant high-temperature 


indicator 


. Overspeed indicator 
. No-fuel indicator 
. Short-circuit indicator 


. Overload indicator 

. Under-voltage indicator 

. Under-frequency indicator 
. Reverse-power indicator 

. Over-voltage indicator 

. Fault-location indicator fuse 
. Test or reset switch 

. DC circuit breaker 

. Manual speed control 

. Battle-short switch 

. Battle-short indicator 

. Voltage-adjust rheostat 


. Synchronizing lights 


. Parallel-lights switch 

. Voltage-sensing switch 

. Panel-light switch 

. Frequency-adjust rheostat 
. Circuit-breaker switch 

. Circuit-breaker indicator 
. Start-run-stop switch 

. Engine-primer switch 

. Hour meter 

. Battery-charge ammeter 
. Fuel-level gauge 

. Oil-pressure gauge 


. Coolant-temperature gauge 


Figure 9-1. Typical generator control panel 
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Power-on 


indicator Heater-on 


light @ @ indicator 
r 


Power Heate light 
on on we 
Circuit | O @) On-off 
preaker—\ Breaker switch 


On 
Off 


Control box 
electric heater 


Figure 9-2. Typical heater controls 
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Three-way fuel valve 


Figure 9-3. Three-way fuel valve 
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9-4 


Contactor 


Run 
switch K1 


solenoid 
Crank 
switch 


Emergency 
switch 


. K1 Run relay 7. OP Oil pressure 

. OV Over voltage 8. WT Water temperature 
. RP Reverse power 9. FL Fuel level 

. UF Under frequency 10.OS Overspeed 

. OL Overload 11. UV Under voltage 

. SC Short circuit 12. DC Direct current 


Figure 9-4. Practical wiring diagram of a safety control system 
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Figure 9-5. Overspeed safety device 


ENGINE INSTRUMENTS 


9-6. Several instruments monitor the engine's operation. The oil-pressure gauge (37) indicates the amount 
of oil pressure maintained in the engine. The coolant-temperature gauge (38) indicates the temperature of 
the engine coolant. The fuel-level gauge (36) indicates the amount of fuel in the main tank. The battery- 
charge ammeter (35) indicates the condition of the batteries and the charging system. The hour (time- 
totalizing) meter (34) indicates the amount of time the generator set has operated. 


AC GENERATOR CONTROLS 


9-7. Several controls monitor the operation of an AC generator. The volts-amps selector switch (5) 
provides current and voltage readings for each generator phase. A meter is connected to each phase of the 
main generator. Most switches have six positions that are plainly marked on the face of the selector plate. 
The phase-selector switch (figure 9-6, page 9-6) changes the output of a generator to match the voltage and 
phase requirements of the load. This rotary-type switch is used on generators that produce as much as 10 
kilowatts of electricity; changeover boards are used for generators that produce 15 or more kilowatts. The 
parallel-lights switch (26) closes the synchronizing-lights circuit in preparation for paralleling two or more 
power units. It is usually a two-position, rotary or toggle switch. The voltage-adjust rheostat (24) adjusts 
the value of the output voltage. The rheostat is a small, variable resistor. The circuit-breaker switch (30) 
disconnects and connects the load lines from the generator set. This switch acts as a main switch and an 
overload protective device. The circuit breaker automatically disconnects the load from the generator in 
case of overload, short circuit, or ground on the load lines or within the equipment being powered. 


AC GENERATOR METERS 


9-8. Various meters monitor the output from an AC generator. The AC ammeter (6) indicates the current 
output of the generator. The output is usually a percentage of the rated load. The AC voltmeter (7) indicates 
the voltage of the output terminals and, therefore, the voltage output of the generator. The frequency (hertz) 
meter (3) indicates the line frequency of the generator output in cycles per second. This dial-type meter is 
used for 50-, 60-, and 400-cycle generators. The kilowatt meter (4) indicates output from the generator. The 
output reading, in percent of kilowatts, must not exceed the rated capacity of the power plant. The operator 
must reduce the load if the output reading exceeds the rated capacity of the power plant. 
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Output-Selector Switch 


Instructions: 

Rotate the switch to the desired 
output. Connect the load to the 
indicated terminals. 


240-volt, 
1-phase, 2-wire 
Lo L3 


120-volt, 120/208-volt, 
1-phase, 2-wire 3-phase, 4-wire 
Lo L3 Lo Ly Lo L3 
-Vvolt, 
3-phase, 3-wire 
Ly Lo Ls 


PUSH TO TURN 


Figure 9-6. Phase-selector switch 


CONVENIENCE OUTLET 


9-9. The generator contains a 120-volt AC convenience outlet that provides outlets for lights around the 
generator set. Fuses or a circuit breaker protect the outlet from overloads. 


9-6 TM 3-34.46/MCRP 3-17.7K 3 May 2013 


Chapter 10 
Setup, Installation, and Operation Procedures 


Equipment operators must be able to set up and install an electric generator set in the 
field and to determine locations for the fuel supply and maintenance facilities. If 
performed properly, this function helps ensure safe and efficient equipment 
performance throughout the field of operations. This chapter describes the tasks 
required to set up and install an electric generator set and support facilities in the 
field. 


SECTION | - SETUP AND INSTALLATION 


PRELIMINARY INSTRUCTIONS 


10-1. An electric generator set may arrive in the field completely operational and ready for use. However, 
if the equipment was shipped from a supply or maintenance point, the fluids have been drained out of the 
set and it is not in an operational-ready status. Several preliminary tasks are required to set up the 
equipment and support facilities for a field unit. 


INSPECT THE EQUIPMENT 
10-2. The operator must carefully inspect all incoming equipment. 


Inspect the identification plate. Ensure that the information on the plate matches the equipment. 


Inspect the generator set for damage. Document all damage on DA Form 2404, Equipment 
Inspection and Maintenance Worksheet, and submit the form to the next echelon of 
maintenance. 


e Compare the equipment with the packing list to ensure that all items shipped are present and 
serviceable. 


e Inspect the entire unit carefully for loose and missing hardware. Tighten loose hardware and 
replace missing items. 


e Turn the engine over by hand to ensure that all moving parts in the engine and the generator 
move freely. 


e Ensure that all tags, tape, cloth, and barrier materials are removed. 


SERVICE THE EQUIPMENT 
10-3. Perform daily preventive maintenance checks and services (PMCS) after the equipment is inspected. 


e Lubricate the generator set's engine according to the instructions in the current lubrication order. 
e Correct as many deficiencies as you can and report uncorrectable deficiencies to organizational 


maintenance. 
INSTALL THE FUEL SUPPLY 


10-4. One of the equipment operator's most important tasks is to properly install the fuel supply and 
storage tanks required for the generator set. Gasoline, diesel fuel, or jet fuel (JP-4) may be used to power 
the generator set. Consider the following when planning installation of the fuel storage area: 


e Planned duration of the field installation. 
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e Security requirements. 
e Potential fire and safety hazards. 
e Potential sources of contamination. 


Planned Duration 


10-5. The length of time the field unit will be in operation partly determines how the fuel storage facilities 
are installed. For a long-term field unit, use the proper fittings to install the fuel tanks underground. Ensure 
that the tanks comply with the manufacturer's instructions. Select a location that is convenient to the using 
equipment. Proper installation and a convenient location minimize the hazards of fuel contamination, vapor 
lock, and fire. 


10-6. For a short-term field unit, place the auxiliary tanks or drums above the ground, as far from the using 
equipment as the auxiliary line allows. If you are using a metal pipeline, place the tanks about 25 feet from 
the generator set. Keep the auxiliary fuel line as straight as possible. 


Security Requirements 


10-7. Follow the unit's standing operating procedures to perform the proper security measures. 


Potential Fire and Safety Hazards 


10-8. Fire and safety hazards are critical elements in the design of a fuel storage area. The following safety 
practices will help eliminate many fire and safety hazards: 


e Clearly mark the entire fuel storage area with NO SMOKING and OPEN FLAME signs to 
indicate that it is a hazardous area. 


e Dig an open trench 4 feet wide and 6 inches deep around the area to contain any fuel leaks or 
spills. Pile the earth in a mound around the trench. Place crushed rock or sand inside the trench 
to absorb spilled fuel. Immediately cover any small spills with dry sand or earth. 


Prohibit burning of trash within 200 feet of any fuel storage area. 
Do not place any electrical wires above or near the fuel tanks. 
Direct hot exhaust from operating engines away from the fuel supply. 


Bury or cover fuel lines leading away from fuel tanks to protect them from the sun and physical 

damage. 

e Avoid using a rubber hose for fuel delivery except as a temporary measure. To make the hose 
safe, attach or clamp a light, flexible copper wire to the end fittings of the hose. Twist a ground 
wire around the hose to prevent breakage and to provide a path for static electricity to flow to the 
ground. Attach one electrical grounding wire to the auxiliary tank and another to the generator 
set. 

e Avoid using a long, nonconductive hose for fuel delivery except as a temporary measure. Static 
electricity builds up when fuel flows through a long pipe or hose. 

e Maintain adequate fire-extinguishing equipment near the auxiliary fuel-tank area and the 

generator set. The fire point must include a shovel, a pickax, and a fire extinguisher. Include 

buckets of sand in the fire point if they are available. 


Potential Sources of Contamination 


10-9. The fuel supply for an electric generator set must be free of contamination. The equipment operator 
can help ensure a pure fuel supply by identifying potential sources of contamination and planning around 
them. 


10-10. Place the fuel storage area at least 50 feet from all work areas and equipment that does not require 
fuel. The storage area must be at least 50 feet from heavily traveled roads but be easily accessible by the 
fuel supply trucks. Place the storage area in such a manner that any fuel leaks flow away from the 
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equipment, personnel work areas, and housing. You may need to emplace a shelter or cover to protect the 
fuel from contamination. 


MAINTAIN THE FUEL SUPPLY 


10-11. 


The operator must maintain a fuel supply that is adequate for all needs. To help ensure that the 


proper fuel is on hand— 


Ensure that the type and grade of fuel used in the generator match the specifications. 

Never mix different fuels. Label each storage tank clearly with the type and grade it contains. 
Ensure that only that type of fuel is put in the tank. 

Clean the tank thoroughly before changing the grade and type of fuel stored in it. Drain all the 
old fuel and remove the sediment and condensation. This procedure prevents improper operation 
or damage to the generator set. 

Ensure that fuel does not spill on any engine parts when draining an engine-mounted fuel tank. 
Connect a flexible hose between the petcock and the container if the fuel cannot drain directly 
into the container. 


PERFORM BEFORE-OPERATION PMCS 


10-12. Equipment operators must perform PMCS before starting an electric generator set. Refer to the 
manual issued with the set to ensure that all required PMCS for a specific set are performed properly. 


Note. Use the equipment manual to obtain the correct operating data. 


3 May 2013 


Check the fuel lines for leaks. Check the fuel level in the tank and refill it as needed. If 
winterization equipment is used, check the heater for fuel leaks. The heaters in some generator 
sets use diesel fuel from the main tank. Check the fuel level in the auxiliary tanks. Drain con- 
densation from the tanks and clean the fuel filters before operating the equipment. 

Inspect the plenum drain fitting before starting a gas turbine, engine-driven generator set. Ensure 
that it is clear and that no fuel has accumulated in the plenum chamber. Use only clean fuel. 
Drain the sediment from the filter into a small container and dispose of the sediment. Check the 
fuel control valves for proper positioning. 

Check the radiator coolant level and add coolant if necessary. Allow room for expansion when 
filling a cold radiator. If cold weather is anticipated, add antifreeze according to the instructions 
in table 10-1, page 10-4. 

Ensure that all required tools, TMs, and basic issue items on the inventory list are on hand and 
serviceable. Included in the basic-issue items are an auxiliary fuel hose, grounding rods and 
cables, a fire extinguisher, paralleling cable, a load-terminal wrench, and grounding-wire 
clamps. Most generator sets have a storage compartment for the tools, TMs, and basic-issue 
items. 

Check the electrolyte level in the batteries, and add distilled water as necessary. Ensure that the 
level is about 3/8 inch above the battery plates. Never add water to the batteries from a metal 
container. Refer to TM 9-6140-200-14 for additional battery services. 

Check the engine’s oil level and add oil if necessary. Lubricate all other parts according to the 
lubrication order issued with the equipment. 

Carefully check the fuel tank, the radiator, oil covers, and the oil pan for leaks. Check all lines 
and connections for leaks. 

Ensure that all generator and engine instruments are securely mounted, properly connected, and 
undamaged. Check all gauges when the generator is operating to ensure that they work properly. 
Inspect the entire generator set for cracks, breaks, and loose or missing hardware. Inspect all 
wires and terminals for damage and loose connections. On gas-turbine units, inspect the air-inlet 
screen assembly and remove obstructions. Inspect the changeover board (figure 10-1, page 10-5) 
and the phase selector switch (see figure 9-6, page 9-6) for the correct link connections or 
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What happens when the square root does not come out even? Let's 


find out. 


Note: 


Example: 


Some people like to keep the "square" whole and bring 
down each group of numbers as needed. Your next 
example demonstrates this technique. 


What is the square root of 2. 


(1) We know that 2 is not a perfect square and 
decide to carry the calculation to three decimal 
places. This means that you must add three groups 
of zeros. The decimal point is placed directly over 
its original place. 


¥2.000000 


(2) The highest number whose square does not exceed 
2 is 1. The square of 1 is 1. Square 1 and write 
the product under the first group. Subtract 1 from 
2 and bring down the next group. 


1. 
¥2.000000 
1 

1 00 


(3) Double the part of the root found (1 doubled is 
2) and add zero to form a trial divisor of 20. 
Place this next to 100. 


1. 
V¥2.000000 
1 
20 100 


(4) Divide 100 by the trial divisor 20. It goes 
evenly 5 times, but 5 will not work. Why? 
Remember, you must take the trial divisor (20) and 
add it to the second number of the root (5). You 
then multiply the corrected divisor (25) by the 
second number of the root (5). So, 25 x 5 = 125. 
This exceeds 100; therefore, 5 cannot be used as 
the quotient. The correct number is 4. Place this 
as the second figure in the root and add it to the 
trial divisor. 


1. 4 
V¥2.000000 
1 
26 $100 
24 
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positioning for the desired voltage. Set the frequency selector switch for the desired frequency 
output on the 50/60 cycle, precise Class | sets. Place the circuit breaker (main switch) in the 
open (off) position. Connect the output service cable to the load-panel terminal connections. 


Table 10-1. Freezing points, composition, and specific gravities of military 
antifreeze materials 


Ethylene Glycol 
Compound Antifreeze Coolant Solution 
Arctic” Specific Gravity at 
68°F 


Lowest Expected Pints of Inhibited 
Ambient Temperature | Glycol per Gallon of 
Coolant’ 


and ready mixed for 
0°F to 65°F for both 
initial installation and 
replenishment of 
losses. DO NOT 
DILUTE WITH 
WATER OR ANY 
OTHER SUB- 


Arctic antifreeze  |S?ANCE. 
preferred 


"Maximum protection is obtained at 68 percent by volume, that is 5.4 pints of ethylene glycol per gallon of 
solution. 

2 Military Specification MIL-C 11755 Arctic type, nonvolatile antifreeze compound is intended for use in the 
cooling system of liquid-cooled internal combustion engines for protection against freezing primarily in Arctic 
regions where the ambient temperature remains for extended periods of time close to -40°F or drops below, to 
as low as -90°F. 

3 Use an accurate hydrometer. To test the hydrometer, use 1 part ethylene glycol-type antifreeze to 2 parts 
water. This should produce a hydrometer reading of 0°F. 


Note. Fasten a tag near the radiator filler cap indicating the type of antifreeze. 


WARNING 


Never attempt to start a generator set with the circuit breaker 
closed (on). A closed circuit breaker will cause a power surge and 
damage the equipment. 


e Ensure that the grounding connections on the equipment and the grounding rod are tight. Use No 
6 AWG or larger wire for the ground. 
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Figure 10-1. Typical changeover board 


CONNECTION INSTRUCTIONS 


10-13. After the preliminary tasks are completed, the operator must install and connect the distribution 
cables. 


INSTALL THE DISTRIBUTION CABLE 


10-14. A distribution cable connects the generator set to the load. The cable may be installed overhead, 
buried underground, or laid on the ground. Two types of distribution cables are used in military distribution 
systems: 


e Cable that is supplied in predetermined lengths and sizes and equipped with quick-disconnect 
connector plugs. 


e Building wire that is supplied in rolls. 


10-15. The operator must decide how the distribution cable is installed. The decision to install the cable 
overhead, underground, or on the ground depends on the type of material available and the conditions at the 
field unit. 


Overhead 


10-16. When conditions dictate the use of an overhead line, you must construct the line properly. Utility 
poles, the most convenient method of supporting the lines, are seldom available in the field. Pieces of wood 
6 inches by 6 inches may be substituted for poles if they are long enough to set rigidly in the ground and 
provide safe clearance for the wires. As a last resort, you may use trees for support if the proper 
weatherproof cable is available. Use the following guides when installing an overhead distribution system: 


Allow a minimum height of 20 feet for vehicle clearance when crossing over roads. 

e Space the poles so that the quick-disconnect joints are supported by the pole as shown in figure 
10-2, page 10-6. 

Tie the cable together with the quick-disconnects. 

e Use the proper plug connections when installing multiphase cables equipped with quick- 
disconnects. This type of cable has male and female receptacles that must be properly aligned to 
prevent a reverse-power condition in the system. Match the cable marking or apply markings 
before installing the cable to ensure the proper alignment. Most cables are marked by the 
manufacturer. The marks are countersunk circular or triangular depressions or raised buttons in 
the insulation on each receptacle. Receptacles usually have one pin and one jack larger than the 
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other pins and jacks. The large pin and large jack represent a grounding (neutral) conductor. 
Match the large pin and large jack to ensure that the receptacles are connected properly if there 
are no other markings. If you mark the cable at the field unit, paint a color code on the 


receptacle. 
20 ft 
minimum 
Figure 10-2. Overhead distribution system 
Underground 


10-17. Sometimes the cable must be buried underground. Use the following guides to ensure proper cable 
installation: 


e Dig a trench that is at least 18 inches deep to prevent the cable from being disturbed by surface 
digging. 

e Use only moistureproof cable. Lay the cable in the trench on a cushion of sand. If sand is not 
available, loosen the trench base and remove all rocks and stones. 
Ensure that the joints are moistureproof if the cable is equipped with quick-disconnects. 

e Separate the cables uniformly to protect the circuits. Allow at least 6 inches between the cable 
centers for mechanical and electrical protection. 

e@ Cover the cable with earth that has no rocks or stones. This procedure should protect the cable if 
the surrounding earth is disturbed by flooding or frost heaving. 


On the Ground 


10-18. Most cables are laid on the ground to save time. Because many mobile generator sets can be 
moved almost to the point of use, it may be necessary only to lay the cable over the ground to the load. 
Protect the cable from mechanical damage by laying planks or logs on both sides of it. This prevents 
vehicles from driving directly on the cable. Lay the cable where it will have the least interference from 
personnel operations and install warning signs indicating the cable location. Use only moistureproof cable 
that can withstand inclement weather. 


CONNECT THE DISTRIBUTION CABLE 


10-19. Electrical power is either distributed to the load in a direct line from the generator set or processed 
through a load-terminal board. A direct line is used when relatively few items make up the load and when 
the phase requirement is fairly constant. A load-terminal board is used when many items make up the load, 
the loads are scattered, and the phase and voltage requirements differ. In either case, the load must be 
balanced between the phases as explained in chapter 8. 


10-20. All AC generator sets are equipped with a load-terminal board (figure 10-3). The board has four 
terminals that are marked Lo, L;, L2, and L3. The terminals simplify the process of connecting the 
distribution cable at the generator. 
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Figure 10-3. Load-terminal board 


10-21. When a generator set that is large enough to supply the total electrical load is unavailable, a field 
unit may use a distribution center. In this situation, it is necessary to make parallel connections between 
two or more sets and distribute their total load through a bus-bar distribution center (figure 10-4, page 
10-8). A bus-bar distribution center is also used when the equipment requiring power is so widely scattered 
that two or more branch feeder lines are required. Power to the branch feeder lines is controlled from the 
bus-bar distribution center. 


10-22. Perform the following PMCS before connecting a distribution system: 


Ensure that all equipment is securely mounted, securely supported, and properly insulated. 
Select the proper size of wire to connect the load. The size of wire used depends on the load 
current. Refer to tables 8-7 and 8-8, pages 8-18 through 8-20, to select the proper wire size. 

e Ensure that the current rating of the fuses or trip elements provides adequate protection against 
overloads and short circuits on the branch feeder lines. Two types of switches control the output 
to each branch feeder line—the circuit breaker and the fused-knife switch. The operator must 
ensure that the components of the circuit breaker (contact points) or fused-knife switch (switch- 
blades) can carry the rated current and voltage of the branch feeder lines. 

e Protect the switch gear and bus bar from inclement weather. A weatherproof canopy provides 
adequate protection. 


10-23. The layout of a typical distribution system is shown in figure 10-5, page 10-8. Shielded cables of 
various lengths connect the loads in four central areas to the power equipment. The shielding on each cable 
must be grounded at one end as a safety precaution. Power distribution in the central areas usually requires 
three-conductor, stranded copper cable. Use tables 8-7 and 8-8 to compute the proper wire size. Operators 
must use three-phase voltage that ranges from 120 to 208 volts. 
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WARNING 


Equipment damaged by rain or snow can injure personnel if they 
contact the electrical distribution devices. 


Bus-bar 
protective 
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Generator 1 
Generator 2 
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Ground-rod connection for neutral 
and control boxes 


Figure 10-4. Typical bus-bar distribution center 
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Figure 10-5. Layout for a distribution system 
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SECTION Il - OPERATION 


WEATHER CONDITIONS 


EXTREME COLD 


10-24. Generator sets can start and operate at temperatures as low as -25°F without a winter-ization kit. 
When the ambient temperature is lower than -25°F, most engines require preheating before they are started. 
The engine type determines the method used. The two basic types of cooling systems used on power- 
generating equipment are air-cooled and liquid-cooled. A blowtorch is used to preheat most air-cooled 
engines. Most liquid-cooled engines are equipped with a winterization kit that contains a preheater. Refer to 
the manual issued with the generator set for preheating and cold-weather starting instructions. 


Checks 


10-25. Some general PMCS for starting equipment in cold weather follow: 


e All equipment— 


Check the equipment manual for installation instructions before installing a generator set in 
extreme cold. 

Check the antifreeze solution. Ensure that it will protect the equipment at the lowest 
temperature expected. Use the information in table 10-1, page 10-4, to mix antifreeze. 
Ensure that the coolant in the radiator is kept at the proper level. 

Inspect the cooling system frequently for leaks. Check all gaskets and hose connections. 
Check the thermometer (water-temperature gauge) during operation for abnormally high 
readings. 

Ensure that all shutters, shutter controls, and thermostats function properly. 

Ensure that the shutters and the baffle rods on air-cooled systems are positioned for cold- 
weather operation. 

Report all uncorrectable faults to organizational maintenance. 


e Electrical system— 


Ensure that the batteries are fully charged to prevent freezing. 

Inspect the electrolyte level daily. The electrolyte level must be 3/8 inch above the battery 
plates. 

Keep the batteries clean and free of ice, moisture, and corrosion. 


CAUTION 


Water added to a battery may freeze unless it is immediately mixed 


with electrolyte by charging. Do not add water unless the engine is 
immediately operated for 1 hour or longer. 
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Ensure that the battery connections are clean, lightly greased, and tightly secured. 
Ensure that the battery-cap vent holes are open. 

Inspect all electrical wiring insulation for cracks, frays, and breaks. 

Tighten loose connections. Report all defective wiring to organizational maintenance. 
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CAUTION 


Disturb the wiring as little as possible because insulation becomes 
brittle and breaks easily in extreme cold. 


Lubrication 


Fuel system— 

= Keep the fuel tank as full as possible to reduce condensation. 

=» Ensure that the proper grade of fuel is used for existing temperatures. 

= Service the fuel filters more frequently than usual to remove water from the fuel system. 

= Keep the fuel-tank cap and filler neck free of ice, snow, and moisture during operation and 
when refueling. 

=» Drain the fuel tank if the fuel becomes contaminated and refill it with clean fuel. Drain 
sediment from the fuel tank daily. 


10-26. Lubricate the generator set for cold-weather conditions according to the current lubrication order. 


Cleaning 


10-27. Remove ice, snow, moisture, and other foreign material from the generator set before each period 
of operation. 


Generator Warm-Up Period 


10-28. Warm the generator set to the operating temperature before applying the load. Some generator sets 
are damaged when the engines operate at low rpm. 


EXTREME HEAT 


10-29. Operating electric generators when ambient temperatures are high requires efficient equipment 
cooling and adequate lubrication. The following PMCS are required when operating equipment in extreme 


heat: 
e 
e 
e 
10-10 


Provide maximum ventilation for the cooling system at all times. Keep the equipment clean, 
especially the engine shrouds and cooling fins and the generator blower cover. Ensure that all air 
passages are free of obstructions. Move all shutters and baffle rods to the proper position. 

Inspect the coolant level frequently, and add clean coolant as needed. To keep the cooling 
system free of rust and scale, add an approved rust inhibitor and flush the cooling system 
regularly. Do not use alkaline or salt water as a coolant. Ensure that the radiator core fins and 
screens are free of obstructions. Ensure that the fan-drive V-belt tension is adjusted properly. 
Ensure that the radiator shutter operates properly. If the automatic shutter control (thermostat) 
fails, open and close the shutter manually and report the failure to organizational maintenance. 
Refer to the appropriate TM to determine whether the panel doors should be opened or closed. 
Inspect the electrolyte level of the batteries daily, and add distilled water as needed. The 
electrolyte level must be 3/8 inch above the battery plates. Keep the batteries clean and free of 
corrosion. Frequently inspect the terminals for corrosion and loose connections. Corroded and 
loose connections generate heat during operation, and extreme heat causes the wiring insulation 
to swell and soften. Chafing and fraying of the wires due to vibration are more frequent during 
extreme heat than in other conditions. Frequently inspect the wiring for damaged insulation and 
report damaged insulation to organizational maintenance. 

Lubricate the generator set according to the current lubrication order. 


Provide ample air circulation around the generator set if it operates in an enclosed shelter. Allow 
air from the outside to circulate within the shelter. Keep the main generator's ventilation screen 
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and louvers free of obstructions. Frequently inspect the instruments on the control panel for 
overloads. Overloads cause the main generator to overheat and may cause the main circuit 
breaker to open. Do not fill the fuel tank completely; instead, allow room for fuel expansion. 
Before an operating set is shut down, run it without the load to cool the engine. 


GEOGRAPHICAL AREAS 


DUSTY/SANDY 


10-30. 
areas: 


Perform the following PMCS when operating electric power-generating equipment in dusty/sandy 


Erect a protective shield to provide wind protection for the generator set. Dust and sand cause 
mechanical failures and shorten the life of the equipment. Natural barriers can form a wind 
shield. For example, locate the generator set in the prevailing windward side of dusty areas, 
roadways, and construction sites. 

Frequently clean the generator set with an approved cleaning solvent. Keep the unit clean, 
especially the screens and grilles. When water is plentiful, wet the terrain surrounding the 
immediate operating area. 

Keep all equipment clean. Keep the main generator free of grease and oil. Clean obstructions 
from the ventilation screens. Blow dust from electrical components with low-pressure, dry, com- 
pressed air. 

Frequently inspect the cooling system for leaks. Ensure that the radiator and shutter operate 
properly and are free from obstructions. Keep the radiator cap tightly closed. Drain and flush the 
cooling system more frequently than required for normal conditions. When adding coolant, take 
any precautions needed to keep dust and sand from entering the cooling system. 

Maintain lubrication. Lubricate the generator set according to the current lubrication order. Keep 
all lubricant containers tightly sealed, and store them in an area free from dust and sand. Service 
the engine oil, the oil filter, and the air cleaner more frequently than required for normal 
conditions. Clean all lubrication points before applying lubricants. Clean around the crankcase 
oil-fill cap and the crank-case oil-level gauge before checking the oil level or adding oil. 

Prevent dust and sand from entering the fuel system. Inspect the fuel filter after each operating 
period. Clean the filters and strainers more frequently than required for normal conditions. 


Check the air cleaner frequently for restrictions. 


RAINY/HUMID 


10-31. 


Perform the following PMCS for power-generating equipment used in rainy or humid areas: 
Provide protection from rain. Keep all doors and panels on the generator closed when the set is 
not in use. Open the doors and panels during dry weather so the equipment can dry. 


Keep electrical equipment dry to prevent corrosion, deterioration, and short circuits. Inspect all 
electrical wiring for cracks, breaks, or frays. Report defective wiring to organizational 
maintenance. 


WARNING 


Keep the area surrounding a generator set dry at all times. If 
conditions are damp, use insulating materials around the set to 
avoid serious shocks. 
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Keep the fuel tanks as full as possible so moisture cannot accumulate in them. When adding fuel, 
ensure that no water enters the fuel system. Keep the reserve fuel containers tightly closed. Drain 
contaminated fuel tanks and refill them with clean fuel. 
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SALTWATER 


10-32. Salt water is corrosive to metal, but it is an excellent conductor of electricity. Perform the 
following PMCS on equipment operating in saltwater areas: 


e Ensure that the electrical equipment is never in contact with salt water. If contact occurs, wash 
the equipment with freshwater and allow it to dry thoroughly before operating it. 
e Cover nonoperating generator sets that are outside with canvas or other weatherproof material. 


e Ensure that the coolant used in the cooling system is free of salt. Use an approved rust inhibitor 
to prevent rust and scale from forming in the cooling system. 


e Paint exposed, unpolished surfaces. Coat exposed parts of polished steel and other ferrous metals 
with standard-issue rust-proofing material or a light coat of grease. 


CAUTION 


Do not use salt water in the cooling system of a generator set except in 
an emergency because it will damage the equipment. 


HIGH-ALTITUDE 


10-33. Generator sets are rated based on sea-level altitude. The rating of the set may decrease as the 
altitude increases. Information about operating equipment at high altitudes is usually printed on the data 
plate. The kilowatt rating may be reduced at high altitudes depending on the type of engine used to drive 
the generator. Refer to the appropriate TM for information about each model of generator set. 


COMBAT AREAS 


10-34. Operating generator sets in combat areas requires special precautions. Operators in combat areas 
must use any means available to avoid detection by the enemy. It is difficult to operate electrical generators 
without making the location known to the enemy. The equipment is noisy and produces large amounts of 
heat, which may endanger personnel and equipment nearby. The discomfort caused by the noise and heat 
may result in decreased performance of mission goals by personnel. The ability to hear enemy activity may 
be reduced. New signature-suppressed generator sets that reduce noise levels are being studied. These sets 
will be available to field units in the future. 


NOISE 


10-35. Major sources of noise associated with generator sets are the engine’s exhaust system, air-intake 
cooling fan, and vibrating metal. Operators in combat areas can use several methods to reduce the noise 
from operating generators. The methods used depend on the size of the generator set. 


0.5 to 10 Kilowatts 


10-36. The most effective method of suppressing the noise from small-sized generator sets is to install 
them in a revetment. Connect an auxiliary exhaust line from the engine to the revetment chimney to remove 
the exhaust (figure 10-6). An empty 55-gallon oil or fuel drum can be substituted for a sandbag chimney. 
To do this, punch a number of small holes in the bottom of the drum. The area with holes must be the same 
size or larger than the area of the engine exhaust. Lay the drum on its side and insert the auxiliary exhaust 
line inside the large hole in the drum (figure 10-7, page 10-14). Use any flexible or rigid metal pipe that has 
a diameter larger than the exhaust outlet on the engine muffler. To reduce mechanical noises and the noise 
from the engine fan, place the generator behind a barrier such as a hill, dense woods, a large vehicle, or a 
plywood wall. 
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WARNING 


1. Do not overload a generator set. Heavily loaded generators 
produce excessive noise, dangerous sparks, and hot exhaust 
gases that can injure personnel. 


2. Do not restrict air flow around the engine. An air-cooled engine 
operating in a confined area, such as a foxhole, will severely 
overheat and possibly destroy itself in hot weather. 


From : 
engine Flexible 
exhaust 


Sandbags 


Figure 10-6. Sandbag exhaust chimney 


15 to 500 Kilowatts 


10-37. The noise from medium- and large-sized diesel generator sets with liquid-cooled engines is very 
loud at the radiator end of the set. The main sources of noise are the radiator’s cooling fan and the exhaust 
(figure 10-8, page 10-14). Operators in long-term field units can build underground muffler systems for 
these sets. Even with an underground exhaust system, the noise level will be high because of the 
unsuppressed fan noise. To reduce the fan noise, place a barrier such as a van, plywood sheets, or convex 
containers in the noise path. Another option is to place the equipment so that a natural barrier lies between 
the radiator and the direction where the noise reduction is desired. Do not restrict air flow out of the 
radiator. 
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(5) Multiply the corrected divisor (24) by the 
second number of the root (4) and subtract the 
product from 100. Write any remainder left below 


and bring down the next group. 


1. 4 
¥2.000000 
1 
26 100 
24 96 
400 


(6) Again, double the part of the root already 
found (14 doubled is 28) and add a zero to forma 
trial divisor (280). Place this next to 400. 
Divide 400 by the trial divisor (280). Write the 
quotient (1) above the next group as the probable 
third figure of the root (1 x 280 = 280); this does 
not exceed 400. Next, correct the trial divisor 
(280) by adding to it the third figure of the root 
(1). Multiply the corrected divisor (281) by the 
third number of the root (1). Subtract the product 
(281 x 1 = 281) from the remainder and write any 


remainder left below. 


Bring down the next group. 


2. 4 1 
v2.000000 
1 
20 #100 
24 96 
280 400 
281 281 
11900 


(7) Double the part of the root already found 
(141 doubled = 282) and add a zero to form a trial 
divisor (2820). Place this next to 11900. Divide 
11900 by the trial divisor (2820). Write the 
quotient (4) above the next group as the probable 
fourth figure of the root (4 x 2820 = 11280) which 
does not exceed 11900. Place the 4 as the fourth 
figure of the root. Correct the trial divisor 
(2820) by adding to it the fourth figure in the root 


(4). 
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Punch holes into the bottom 
of the drum. The area with 
holes must be greater than 
the engine exhaust outlet. 


eae Flexible exhaust pipe 


drum 


Figure 10-7. Suppression of exhaust noise 


Ns ede 
” Area of 
loudest 


Generator Engine noise 


Exhaust 


Figure 10-8. Area of loudest noise 


VISIBILITY 
10-38. It may be necessary to camouflage the equipment and revetments to avoid detection by the enemy. 
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INFRARED DETECTION 
10-39. Generators have a thermal signature that can be detected by infrared sensors. At this time, there is 
no way to eliminate this problem. 

ICE FoG 


10-40. Ice fog caused by engine exhaust is visible in very cold climates (-25°F and below). To eliminate 
ice fog, place a tube on the exhaust pipes and cover the tube with a tarpaulin to diffuse the exhaust in the 
snow. 
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PART FOUR 


Other Electrical Procedures 


Chapter 11 
Building Attachments and Services 


All electrical energy supplied to power-consuming devices and appliances within a 
building must pass through the electrical service-entrance equipment where it is 
metered, protected, and distributed through branch circuits. The size is determined by 
the amount of power-consuming devices connected. Power from military generators 
or the local power company is delivered into the building (overhead or underground) 
through lead-in conductors. 


SERVICE WIRES 


11-1. The service wire from the pole to the building usually consists of two, three, or four conductors on 
separate insulators at the pole and the building or two- or three-conductor, concentric-type service cables. 
When installing attachments and services, use insulated conductors. If installing an overhead service drop 
is impractical, run services underground from a transformer installation. 


LENGTH 


11-2. Keep service drops less than 100 feet long for No 8, 6, 4, or 2 wire. For No 0 or larger wire, do not 
exceed 75-foot spans unless proper anchoring and support is provided. Long or large services should be 
guyed at the line pole. 


SIZE 


11-3. Although No 6 wire is recommended for overhead service cable, you should determine the size by 
the maximum demand load of electrical equipment used in each building. Use table 11-1, page 11-2, to 
determine the size of service conductors needed. Since these calculations do not take motor-starting 
currents into consideration, make a separate check for objectionable flicker. The number of wires in the 
service depends on the limits given in the figures and other factors, such as equipment rating. For two-wire 
service, the limit is two circuits in general-service buildings and four circuits or a 3-kilowatt connected load 
in barracks. Three-wire services are required for greater loads. Use three- or four-wire service to supply 
more than one service switch. 


SERVICE ATTACHMENT AT BUILDINGS 


11-4. Attach the service drop to the building where outlet wires can be tapped in easily without trailing 
along the building. Install the attachment at least 10 feet above the ground or 18 feet above a roadway. 
When the building is not high enough, install a riser or a pole to obtain proper clearance. Figure 11-1, page 
11-2, shows a correct open-wire service installation. Figures 11-2 through 11-13, pages 11-3 through 
11-9, show various methods of attaching service insulators for several types of building construction. 
Figures 11-14 through 11-16, pages 11-10 through 11-12, show methods of attaching services to structures. 
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Table 11-1. Conductor types and sizes 


Copper Aluminum or 
itd rian Ampere Rating 
CM) 


Service house attachment Service pole attachment 


Figure 11-1. Open-wire service installation 
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Drill a 5/16” hole through siding 
only. 


— 


Wood sheathing 


es 
SSSLSAPLAPDADAL 
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=: Wood siding <— 2’ service insulator 


With composition sheathing, use a 4” service insulator 
and drill a 1/4” leader hole into the stud or the plate. 
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Figure 11-2. Wood siding 
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Brick veneer 


Figure 11-3. Brick-veneer wood sheathing 
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Plate or support Composition sheathing 


Stud 


es 

—s bo 

G~S-NNNNANAARAN INNANANAAZ A 
(LLL AO a a 


leader hole. 
Brick veneer 


7 1/2” service insulator plate 7 1/2” service insulator in stud 
or special support between where no plate or support is 
stuas if furnished provided 


Figure 11-4. Brick-veneer composition sheathing 


Drill a 1/2” hole, 2 1/4” 


9/16” x 2” wood- deep in the brick. 


screw anchor 


Brick or cement 2” service insulator 


Drill a 7/8” 
hole. 


(9) — _ Toggle-bolt service 
Hollow tile or insulator 
cement block 


Figure 11-6 Hollow tile or cement block 
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Service insulator 


Drill a 5/16” leader 
hole through the 


shingles only, 1 1/4” 
above the bottom 
edge of the shingle. 


Figure 11-7. Composition or asbestos shingles 
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Drill a 11/16” 
hole. 


Plate 
washers—— i» 


5/8” machine bolt 


Figure 11-8. Wood, service-conductor tension over 900 pounds 


Drill a hole 3” deep with a 
7/8” drill. 


1/2” x 4” machine bolt 
set in 1/2” machine- 
bolt anchor 


Figure 11-9. Solid masonry 
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Plate 
washer 


Figure 11-11. Service mast 
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Multiply the divisor by 4. 


1. 414 
¥2.000000 
1 
26 #+$100 
24 96 
28e 400 
281 281 
28206 11900 
2824 11296 
604 


Note: You would then subtract the product (2824 x 4 
= 11296) from the remainder (11900) and be left with 
a remainder of 604. Since you only need to find the 
root to three places, no further computations are 
necessary. 


So, the square root of 2 is 1.414. It could be 
carried further. Keep in mind that if you square 
1.414, you will not get 2. It will be close though. 
The more decimal places that the root is carried, 
the closer to 2 you will get when you square the 
root. For our purposes, three places is close 
enough. 


Let's try one more example. 


Example: 
Find the square root of 912.04. 


(1) Starting at the decimal point, group the digits 
in pairs. Notice that the left~-most group (9) has 
only one digit. 


Note: To group each problem with or without a space 
between each group is a matter of personal 
preference. As you become more experienced with 
square roots, you may decide not to place a space 
between each group as noted with the example below. 


V9 12. 04 


(2) Start with the first group under the radical, 
in this case (9). Over the first group, put the 
largest number whose square does not exceed 9. The 
highest number whose square does not exceed 9 is 3. 
Square the 3 and subtract it from 9. 
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Service head 


Install straps in the 
opposite direction. 


Sill plate Weatherproofing 


material 


Ground wire 
Secure to the 


building with a 
staple or a strap. 


Ground clamp 
Ground rod 


Note: The service cable must be 
properly supported. 


Figure 11-12. Exposed service-entrance cable 
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Feed-through dead end 


Figure 11-13. Method of attaching multiple-conductor services 
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Point of 
attachment 


Service-entrance 
head 


Minimum height 
determined by 
local codes 


Figure 11-14. Entrance head below the roof line 
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Meter 


Underground pull 
section 


. Continuous 
y the utility grounding electrode 


Pull box (often 
installed 
company) conductor 


To utility transformer 
Cold-water pipe 
Ground clamp 
Ground rod 
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Service- 
entrance panel 


Main disconnect 


Branch circuit over- 
current protection 
devices 


Sealable screw 


“— Underground con- 
duit riser 


Figure 11-15. Typical underground service 
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Service drop +— Service-entrance 


Service-entrance 
panel 


Continuous grounding Main disconnect 
electrode conductor 


cny 


. . Ground clamp 
Ground clamp—>aee (a Ground rod 
Cold-water pipe Tt | 


Branch circuit breakers 


Figure 11-16. Typical overhead service 
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SECTION | - CLIMBING 


Pole climbing is necessary in constructing and maintaining overhead exterior 
electrical systems. The work is not difficult or hazardous if you are careful in 
selecting, fitting, and maintaining the climbing equipment. You must use sound 
judgment, use self-discipline, and follow the printed and verbal safety practices that 
are required in this career field. 


The art of pole climbing is like any other art—it takes hard work. When you have 
mastered the art of climbing, you are about 10 percent efficient in your job. To 
become 100 percent efficient, you must learn to position yourself on the pole so that 
you can work at ease and with efficiency. 


INSPECTION 


POLE 


12-1. Inspect the pole for unsafe conditions both before and during the climb. Unsafe conditions include 
such things as rake (leaning of the pole), shell rot, cracks, breaks, knots, woodpecker holes, and foreign 
attachments to the pole. Inspect the pole for rot in the center, called heart rot, by sounding the pole with a 
hammer (if it sounds solid when hit with a hammer, it is safe). When the pole has been in the ground for a 
long time, inspect it for butt rot by digging down about 6 inches at the base of the pole and drilling a hole 
partway into the pole base. The shavings from the hole will indicate if the pole is rotted. Plug the hole after 
completing this test. Remove rocks and other objects that are within 10 feet of the pole to prevent injury if 
you fall. 


CLIMBING EQUIPMENT 


12-2. Pole-climbing equipment is needed to accomplish exterior overhead electrical distribution work. 
Basically, there are five main parts to a lineman's equipment—a set of climbers, a body belt, a safety strap, 
a hard hat, and leather gloves. Inspect your climbing equipment before climbing a pole. The proper 
procedures for inspecting climbing equipment are covered in chapter 13 and in TM 9-243. 


CLIMBING PROCEDURES 


BELTING IN 


12-3. Climbing is an essential part of your job. In order to have your hands free to perform work up the 
pole, you must be able to belt in at the work position. Practice will help you become skilled in positioning 
yourself on a pole. 


12-4. The safety strap is the first consideration. It must be carried on the body belt in the correct way. A 
right-handed person should carry the safety strap in the left D-ring. Snap the double (looped) end so the 
keeper will face outward nearest the body. The single end and the keeper will face inward farthest from the 
body. This will keep the strap from twisting. A left-handed person carries the safety strap the same way but 
on the right D-ring. 
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12-5. Make initial adjustments to the safety strap before climbing a pole. While belted in at the base of the 
pole, with your feet at equal heights, place your elbow against your stomach and raise your fist toward the 
pole. There should be 1 to 2 inches between your fist and the pole. With your elbow still against your 
stomach, extend your fingers. If your fingers do not touch the pole, your strap is too long and needs to be 
adjusted. 


12-6. Position yourself so that both gaffs are firmly set into the pole. If you are right-handed, your left leg 
will be low and locked. Your right leg will be about 6 inches above your left leg in a comfortable position. 
Keep your knees and hips away from the pole and unsnap the single end of the safety strap with your left 
hand while holding onto the pole with your right hand. Pass the single end around the pole to your right 
hand. Grasp the pole with your left hand and snap the keeper into the right D-ring with your right hand. 
Both keeper snaps will face outward when you are correctly strapped around the pole. The strap should lie 
flat against the pole. You can then place your body weight on the safety strap. Figure 12-1 shows the proper 
belt-in method. 


Note. A left-handed person should reverse the belting-in and unbelting procedures. 


CAUTION 


Always ensure that the snaps are secured and properly engaged. 


Figure 12-1. Belt-in method 
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UNBELTING 


12-7. Reverse these procedures for unbelting. If you are right-handed, your left leg should be low on the 
pole and locked. Your right leg should be approximately 6 inches above the left leg and in a comfortable 
position. Grasp the pole with your left hand and pull up on your left leg, being careful to keep the correct 
angle on the gaff. With your right hand, carefully unsnap the hook from the right D-ring. Pass the safety 
strap to your left hand. Grasp the pole with your right hand and use your left hand to snap the safety strap 
into the left D-ring. 


ASCENDING 


12-8. When ascending a pole, always climb the high side if possible. Keep your arms and body relaxed; 
and keep your hips, shoulders, and knees a comfortable distance from the pole. Climb with short steps (step 
length should be natural for each individual, approximately 8 to 10 inches), using your hands and arms for 
balance only. Extend your arms and place your hands on the pole at approximately shoulder level. If you 
place them at a higher level (above your head), you will have a tendency to pull yourself up with your 
arms. Your hands should not be overlapped on the back side of the pole because this will bring your body 
closer to the pole, which could be unsafe. Aim your gaffs at the heart (center) of the pole, with your toes 
pointed upward. The distance between your heels will change according to the diameter of the pole. See 
figure 12-2 for the proper climbing position. 


Figure 12-2. Proper climbing position 


12-9. In order for the gaff to penetrate into the pole's heart and to ensure a safe position, your feet must be 
turned out and kept apart so that the gaff, not the side of your foot, will hit the pole. Imagine perpendicular 
lines through the center of the pole (figure 12-3, page 12-4). The gaffs should be positioned where the 
perpendicular lines intersect the surface of the pole. Proper gaff positions are at points A and B, B and C, C 
and D, or D and A. They should not be positioned on opposite sides of the pole such as points D and B or A 
and C. The horizontal position of gaffs usually ranges from 4 to 6 inches apart. 


WARNING 


If the gaffs are positioned on opposite sides of the pole, they 
point away from the center and can cause you to cut out (fall). 
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Figure 12-3. Gaff positions 


12-10. You must develop a coordination between your hands and feet. As your left foot raises, your left 
arm must raise; and as your right foot raises, your right arm must raise. This is just the opposite of walking. 


12-11. Your steps should be short and comfortable. The weight of your body will be transferred to the 
lower foot with each step. Each time you step with a foot, you will transfer your body weight to that foot 
and lock the knee. Step length is flexible and can be adjusted to avoid hazards on the pole such as knots, 
nuts, and holes. Always look where you are going and inspect the pole as you are climbing. 


12-12. The gaffs must come above the point to be penetrated and then be brought back down into that 
point at about a 30-degree angle. Always set the gaff firmly into the pole. To maintain the 30-degree angle, 
keep approximately 8 inches between your knee and the pole. You can accomplish this process by using the 
inverted-J method (figure 12-4). 


NOTE: The “x” represents gaff positions. 


Figure 12-4. Inverted-J method 
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12-13. When using the inverted-J method, keep your gaffs aimed at the heart of the pole and your knees 
away from the pole. Never sneak (ease up a pole by lightly setting the gaffs into the pole) or slap (kick 
horizontally) your gaffs into the pole. Always set your gaffs in firmly. Let your legs do the work. Your 
weight should be shifted smoothly and easily from one foot to the other. Figure 12-5 shows the proper body 
position for ascending a pole. 


Note. Do not be tempted to pull yourself up with your hands. The shorter the step, the less the 
temptation; the longer the step, the greater the temptation. 


Figure 12-5. Proper position for ascending a pole 


DESCENDING 


12-14. Descending a pole is just the opposite of ascending. Keep the proper climbing position and ensure 
that your shoulders, hips, and knees remain a comfortable distance from the pole. 


12-15. When descending a pole, watch where you are going so that you do not step into a bad spot. Look 
down your body, between your feet, not from side to side. Your coordination will be the same; your right 
hand and right foot will move together, and your left hand and left foot will move together. The gaffs 
should naturally break out of the pole when you roll your knee to the outside during your descent, with an 
outward and lowering movement of your knee. Figure 12-6, page 12-6, shows the proper body position for 
descending a pole. 


12-16. Break out the upper gaff by rolling your knee to the outside. Keep the gaff aimed at the heart of the 
pole at all times. Relax, straighten your leg, and lock your knee. When your straightened and relaxed leg is 
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Bring down the next group. Double the part of the 
root already found (3 doubled is 6) and add a zero 
to form a real divisor (60). Notice however, that 
this trial divisor (6) is too large for 12. 


cos 
V912.04 
9 
60 12 


(3) In this case, there is no trial divisor so you 
must place a zero as the second figure of the root 

and bring down the next group. Double the part of 

the root found (30 doubled is 60) and add a zero to 
form a trial divisor of 600. This is an important 

step that is often overlooked. Divide 1204 by the 

trial divisor (600). Write the quotient (2) above 

the next group as the probable third figure of the 

root. Correct the trial divisor (600) by adding to 
it the third figure in the root (2). Multiply the 
corrected divisor (602) by the third number of the 

root (2). 


320522 
V912.04 
Q 
68 12 04 
6006 12 04 
602 


Subtract the product from the remainder and write 
any remainder left over. In this case the answer 
comes out evenly. The square root of 912.04 is 
30.2. This can be checked by squaring 30.2. 


Check: 
30.2 
x_30.2 
912.04 


The square root of 912.04 is 30.2. 


You have just reviewed three detailed examples on how to compute 
the square root of any number. If you had a difficult time with 
any of these examples, review this section before moving on to 
right triangles. 


c. Unknown side of triangles. Now that we have discussed the 
principles of the pythagorean property and the computation of 
square roots, let's put them together to solve problems involving 
the sides of right triangles. Just for review, the pythagorean 
property stated in words is: The sum of the squares of two sides 
of a right triangle equals the square of the hypotenuse. 
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lined up with the heart of the pole and your body weight has been shifted above the gaff, drop the gaff into 
the pole. Your leg is merely lowered into position with your body weight behind it. Your steps should be 
approximately twice as long when descending a pole as they are when ascending a pole, but they should not 
be excessively long. Do not try to coast or slide like a lumberjack when descending a pole. Try to make 
your last step to the ground about 6 inches or less to prevent gaffing yourself. 


Figure 12-6. Proper position for descending a pole 


HITCHHIKING 


12-17. After you are belted in at the work position, you must move so that work can be done. You can 
move up and down without unbelting by hitchhiking. But, like anything, you must practice to gain 
confidence. 


12-18. Climb to the proper height of work. If you are working around a crossarm, climb only until you are 
at eye level with the lag screw on the crossarm brace, belt in, and then hitchhike to a comfortable working 
position. 


e To hitchhike up, slide the safety strap up the pole by moving your hips slightly toward the pole 
and moving the strap with your hands. With the strap angled up, take one or two small steps up. 
These steps should be smaller than normal climbing steps. Remember to lock your leg back 
when stepping up. Repeat this procedure until you reach the proper height. 

e To hitchhike down, reverse the procedure. Slide the strap down slightly by moving your hips in. 
Use your hands to slide the strap. The belt will naturally fall down when you remove pressure. 
Take one or two small steps down. These steps should be smaller than normal steps. Use your 
weight to drive the gaff into the pole. Repeat this procedure until you reach the proper height. If 
you are close to the ground, unbelt before stepping from the pole. 
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CIRCLING 


12-19. You cannot perform all work on a pole from one position. You must move about on the pole to be 
in a safe, comfortable position. 


Procedures 


12-20. To circle to the left, position your left foot about 6 inches lower than your right foot and lock your 
left knee. Position your right gaff close to your left foot, about 6 inches higher than your left foot. Shorten 
the safety strap on the left side by rotating your hips slightly clockwise. This action will create a slight pull 
to the left to help you swing to the left. 


12-21. As you step up on your right foot and lock your right knee, the left gaff will come out of the pole 
and your body will swing to the left. Keep your left knee locked and your left gaff aimed at the heart of the 
pole at all times. At this time, both knees should be locked. Swing your left foot 3 to 4 inches to the left, 
unlock your right knee, and drop onto your left gaff. The steps around the pole should not be more than 3 to 
4 inches apart (horizontally) because it could cause your right gaff to come out of the pole. 


12-22. Continue the process of positioning your right foot, shortening your safety strap, stepping up onto 
your right foot, swinging to the left, and dropping onto your locked left leg until you have reached your 
desired position. If you do this procedure correctly, you will stay at the same height on the pole. 


12-23. Reverse this procedure to circle to the right. Keeping your right leg low and locked, bring your left 
foot close to the right and about 6 inches higher. Shorten your safety strap, step up on your left foot, and 
swing to the right, keeping the gaff aimed at the pole and dropping down onto your locked right leg. 

Work Positions 


12-24. Even though you are in the location of the work, you may have to lean out to change insulators on 
the end of the crossarm. Ensure that you are in the correct position when you do so. 


12-25. To get in a work position to the right, keep your right leg low and locked. Lengthen your safety 
strap slightly to the right, then twist slightly in your body belt to face your work. All your weight will be on 
your right foot. You are not using your left leg for this, so position it any way you feel comfortable. 


Note. Reverse this procedure to get to a work position on the left. 


CAUTION 


Working in the incorrect position could cause back injuries. 


HOISTING TOOLS AND MATERIALS 


12-26. Use a lineman's knot (figure 12-7, page 12-8) to tie items to a lineman's rope, and hoist the items to 
the work position. 
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Figure 12-7. Lineman’s knot 


SAFETY 


12-27. A great portion of your time in the field will be spent working on poles. Both groundmen and 
linemen should pay particular attention to safety precautions during pole work. It is impossible to list all the 
hazards you may be exposed to, so you must be constantly alert and on the lookout for potential hazards. 
Each job or task has its own unique circumstances. Evaluate each situation before the work begins to 
determine if any hazards exist. Chapter 13 covers some common safety practices for pole work. 


SECTION Il - RESCUE 


Electrical shock is one of the hazards of this field that may occur on the ground, on a 
pole, around several people, or all alone. When it happens, your speed, rescue 
method, and knowledge of first aid may save a life. In fact, an individual's life could 
depend on your ability to perform this procedure quickly and safely. Therefore, pole- 
top rescue is a skill you must develop and maintain proficiency in. This section 
discusses the one-man concept of pole-top rescue. 


PURPOSE 


12-28. The purpose of pole-top rescue is to quickly and safely remove a victim from a power pole. There 
are many reasons why you may need to rescue a person from a pole and lower him to the ground. Some of 
the reasons are electrical shock, heart attack, heat stroke, physical injury, and equipment failure. No matter 
what the reason, when a victim is unable to remove himself from a pole, you must perform a pole-top 
rescue. 


EQUIPMENT 


12-29. The equipment necessary for pole-top rescue is important and should be available on all line 
trucks. The equipment should include but not be limited to— 


Personal climbing equipment such as hooks, body belts, and safety straps. 
e A rescue rope that is 1/2 inch in diameter and twice the height of the highest crossarm on the 
base plus 10 feet. 
A knife. 
Rubber protective equipment (used if the victim or the pole is energized). 
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PROCEDURES 


12-30. There are four basic steps in accomplishing the one-man concept of pole-top rescue— evaluate the 
situation, provide personal protection, climb to the rescue position, and lower the victim to the ground. 


EVALUATE THE SITUATION 


12-31. Call to the man on the pole and ask if he is okay or if he needs help. If there is no response or if the 
victim seems stunned or dazed, go to his aid. Time is extremely important. Evaluate the surroundings. 
Determine if the pole or crossarm is split, cracked, or on fire; if the victim is in contact with a live 
conductor; and if you need rubber goods or hot sticks. Look at the whole scene, not just the victim. 


PROVIDE PERSONAL PROTECTION 


12-32. Your safety is very important to the rescue mission because there will be no rescue without you. 
Your personal climbing tools and rubber goods must be in good condition. Hot-line tools must be ready in 
case they are needed. The physical condition of the pole must be surveyed for damaged conductors and 
equipment, fire, and splits. Remember, do not take chances where your safety is concerned. 


CLIMB TO THE RESCUE POSITION 


12-33. Carefully climb to the rescue position. If necessary, clear the injured of any hazards and then 
reposition yourself in order to determine the victim's condition. Slightly above the victim and to one side is 
normally the best position for checking and working the victim (figure 12-8). The condition of the victim 
may vary, but this section will discuss the conditions most commonly encountered. 


Figure 12-8. Rescue position 
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Assess the Victim's Condition 


12-34. Conscious. If the victim is conscious, he will be able to tell you of his need. Administer first aid, 
tie the victim off, lower him to the ground, administer further first aid, and call for help. 


12-35. Unconscious, breathing. Try to revive the victim. If you cannot revive him, tie him off, lower him 
to the ground, administer first aid, and call for help. 


12-36. Unconscious, not breathing. Tie the victim off, lower him to the ground, administer first aid 
(mouth-to-mouth or cardiopulmonary resuscitation [CPR]), and call for help. 


Tie the Rescue Rope to the Victim 


12-37. Position the rescue line over the crossarm or other part of the structure as shown in figure 12-9. 
Placement is normally dictated by the position of the victim, your position in relation to the victim, and 
whether you are right- or left-handed. 


12-38. Place the rescue line 2 to 3 feet from the pole for the best operation. Wrap the short end of the line 
around the fall line twice, then pass it around the victim's chest, and tie it with three half hitches. The knot 
should be in front of the victim, near one armpit and high on the chest. 


Hand line 


Fall line 


Three half 
hitches 


Figure 12-9. Rescue-line position 


LOWER THE VICTIM TO THE GROUND 


12-39. Remove the slack in the hand line by pulling on it. Then take a firm grip on the fall line with one 
hand, and use the other hand to cut the victim's safety strap on the side opposite the desired swing. 


12-40. Lower the victim and control his descent by tightening and loosening the two twists in the rope 
with one hand, and use the other hand to guide the victim through any lower obstructions. 


WARNING 


Do not accidentally cut your own safety strap when cutting the 
victim's safety strap. 
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Safety and Maintenance Procedures 


Chapter 13 
Safety 


This chapter emphasizes safety rules and principles in electrical wiring and repair 
work that will minimize or eliminate the hazards and dangers in electrical wiring. The 
practices described in this manual conform to the rules of applicable safety codes and 
regulations that are covered in detail in TM 5-682 and follow guidelines of the 
National Electrical Code (NEC). The NEC governs all electrical construction. 
Deviations from these practices resulting from emergency expedients must be 
corrected at the earliest possible time after such an emergency ceases to exist. 
Military personnel must never take safety for granted but should keep it in mind and 
practice it at all times. Strict observance and enforcement of the following procedures 
will minimize both the number of accidents and the costs of installing, operating, and 
maintaining the systems. 


SECTION | - BASIC SAFETY RULES 


GENERAL WORKING PRACTICES 


KEEPING THE JOB AREA CLEAN 


13-1. Make every attempt to keep the work area in the field or the electrical repair shop free of materials 
and debris. Grease, oil, water, and similar material on the floor create slipping hazards that can cause 
serious injuries. In addition, loose fittings, wire and conduit ends, and other debris stored or thrown at 
random on the floor in or around the job site create tripping hazards that can cause personal injuries. 
Developing good housekeeping in and around the work area establishes good work habits that are carried 
over into wiring installation. 


WARNING FELLOW WORKERS 


13-2. Warn fellow workers who get into dangerous positions. These warnings protect not only the person 
warned but also the rest of the crew. Some members of a crew are less experienced than others and may not 
realize the danger of their working positions. 


ACTING RECKLESSLY 


13-3. Avoid horseplay, wrestling, scuffling, practical jokes, and unnecessary conversation during duty 
hours. Electrical work is not dangerous when you take proper care, but it may become dangerous if your 
attention is distracted. 
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WEARING CLOTHING AND JEWELRY 


13-4. Apparel is an important safety consideration for persons working on or near electrical equipment. 
Everyone must follow the practices below: 


e Never wear shirts, trousers, overalls, or any items of clothing that have zippers or other metal 
fasteners unless the fastener is covered. 


Always roll shirt sleeves down. 
Never wear loose, flapping clothing or flammable articles such as celluloid cap visors. 


e@ Never wear shoes with thin soles, heel plates, or hobnails. Wear high-cut shoes with sewed soles 
when possible. 

e Always wear suitable gloves and clothing and approved goggles or head shields when operating 
welding equipment. 
Wear leather gloves (linemen and groundmen). 
Remove all jewelry before starting work. Never wear rings, metal wrist bands, or watch chains. 

e Inspect all personal gear (climbing gear, hard hats, and rubber gloves) before use. 


REPORTING UNUSUAL CONDITIONS 


13-5. Promptly report to the installation engineer any unusual conditions in stations, substations, or 
underground and overhead systems that may affect the continuity of service or endanger life or property. 
Take necessary protective steps immediately, even if stopping other work is necessary. 


PREVENTING FIRES 
13-6. Observe the following safety rules: 


e Do not obstruct approaches to fire-fighting apparatus by blocking driveways, doors, or aisles. 


Deposit all flammable waste materials in waste cans with self-closing covers. Remove the 
materials at the end of the day. 


e Keep flammable liquids in approved safety cans with self-closing covers. Do not store more than 
1 gallon in each safety can inside a building. 


Never use flammable liquids to start a fire in a salamander or a rubbish pile. 
Do not use gasoline as a cleaning agent; use a low-hazard solvent, preferably nonflammable. 
Never use a gasoline furnace or a blowtorch where flammable vapors are present. 


Train all personnel in the proper selection and use of a fire extinguisher that is appropriate for 
different classes of fires. 


=» Class A. Class A fires include ordinary combustible material such as paper, wood, and 
textiles. Use a water-type extinguisher. 


CAUTION 


When using a carbon-tetrachloride or carbon-dioxide fire extinguisher 


(especially in unventilated spaces such as small rooms, closets, or 
confined spaces), try not to breathe the vapors or gases liberated or 
produced. 


=» Class B. Class B fires include flammable liquids such as oil or gasoline. Use a foam, 
carbon-tetrachloride or carbon-dioxide extinguisher; dry compound; or sand. 


=» Class C. Class C fires are in electrical equipment. Use a carbon-tetrachloride or carbon- 
dioxide extinguisher. 


e Notify the fire department immediately whenever a fire extinguisher has been used so that it can 
be recharged or replaced. 


13-2 TM 3-34.46/MCRP 3-17.7K 3 May 2013 


Safety 


USING FIRST AID AND RESUSCITATION 
13-7. Observe the following rules in the installation electrical shop (see FM 21-11 for additional 


information): 
Ensure that the electrical shop and each of its trucks have adequately stocked first-aid kits. 


Treat minor cuts and injuries on the job; ensure that serious cuts and injuries receive appropriate 
medical attention. 


Report all accidents to the foreman. 


e Train personnel thoroughly in prone-pressure and pole-top methods of applying artificial 
respiration. The electrical foreman in each shop should schedule practice in artificial respiration 
once a month for every member of the electrical section. 


OPERATIONAL SAFETY PRACTICES 


WIRE STRIPPING 


13-8. One of the most common electrical operations is wire stripping. This can be done with a tool 
designed for this purpose or an electrician's knife. When using a knife, ensure that the force of cutting is 
directed away from your body and other personnel. 


SOLDERING 
13-9. Observe the following precautions when soldering: 


e Keep furnaces away from manhole openings so that hot metal or compound cannot spill into the 
manhole if the furnace is overturned. 


e@ Never put a cold or wet ladle or other objects in molter solder or in hot compound because 
spattering results. 


e Attach the pot with a hook and a steady line to prevent excessive swinging when raising or 
lowering molter solder or hot compound on a hand line. Ensure that persons on the ground or in 
a manhole stand clear. 


e Always work from above or the side when soldering to prevent burns from splashing solder. 
Wear goggles when soldering large joints and tinning lugs or T connectors. 


CIRCUIT TESTING 


13-10. Never attempt to modify or repair an existing circuit until you have tested the circuit following the 
procedures in Chapter 14. Do not test a circuit with your fingers or with any tools other than a test lamp or 
a voltmeter. 


SWITCHING AND TAGGING 


Notifying Serving Utility 


13-11. The installation engineer must notify the system operator of the serving utility before any 
switching operations are performed that may affect the serving utility's system. This is necessary so the 
serving utility can provide for a substantial power increase or decrease or can carry out prearranged emer- 
gency measures in case circuit breakers are tripped out. 


Switching Operation 


13-12. The electrical foreman must perform the switching operation with great care. He must see that 
each worker knows exactly which equipment is energized before starting work. 
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Tagging Procedure 
13-13. When any line, feeder circuit, or apparatus is taken out of service for inspection, repair, or 


maintenance work, a tag or marker must be placed on all main or control switches. 


13-14. Ensure that the equipment remains de-energized until it is released by the individual who initially 
removed it from service. The tag or marker must contain the following information: 

e The words "DANGER. Do not remove this tag or energize the circuit." 

e The name of the individual removing the item from service. 

e The date and hour the tag was placed. 


13-15. A sample tag is shown in figure 13-1. Tags can be purchased from sign sources or fabricated from 
a manila folder or similar material. 


13-16. Once all the work is complete, the individual who initially installed the tag must remove the tag 
and restore service. 


O 


Do not remove 
this tag or 
energize the 
circuit. 


Name: 
Date and hour 


removed from 
service: 


Figure 13-1. Sample tag 


TOOL AND EQUIPMENT USAGE 


13-17. Maintain tools and equipment in good operating condition and replace them when broken. For both 
safety and good workmanship practices, never use improperly operating equipment in wiring practice. 
Inspect tool handles periodically for correct positioning with reference to their working surface. Ensure that 
handles are tight and insulate them against shock hazard when possible. Keep drills, chisels, saws, and 
similar cutting tools and equipment sharp. Cover workbench surfaces and surrounding floor areas with 
rubber insulation. 
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HAND TOOLS 


13-18. The general safety principles for electrical tools also apply to personal safety in electrical 
installation. Insulated handles are an added safety precaution only and should not be relied on for full shock 
immunity. The following safety precautions apply for tools and equipment used by electrical workers: 


GOGGLES 
13-19. 


Select the right tool for the job. Avoid using make-shift tools. 

Keep all keen-edge tools sharp because they are safer sharp than dull. Store them properly when 
not in use. 

Ensure that skinning knives do not have sharp points and that the metal shank of the knife does 
not extend through the handle. 

Ensure that work is substantially anchored when using a draw knife. 

Ensure that pipe-wrench jaws are sharp so they cannot slip. 

Use the right-size wrench for the job. Face the jaws of an adjustable wrench in the direction of 
pull. 

Avoid using a hammer on highly tempered tools such as drills and files because chips may fly 
into your face and hands. 

Tape the handles of pliers, especially the ends, to lessen the likelihood of dropping them. 

Never use tools that have cracked or broken handles, no handles, or cracked or broken heads. 
Replace damaged tools with new ones. 

Never use a wrench on a running motor. 

Never use any tool in such a way that your hands or body can be injured if the tool slips. 


Use flashlights in basements, vaults, manholes, or other dark places when light is needed. Never 
carry open flames into these places because of the danger of explosion or fire. 


Wash goggles thoroughly with soap and water before somebody else wears them. You must wear 


goggles if you are— 


e Tinning or soldering lugs or large joints. 

Chipping, breaking, or drilling concrete, brick, stone, or other materials where chips are likely to 
fly. 

Doing any work, such as tree trimming, that is likely to cause flying chips or particles. 

Installing or removing fuses or jumpers from live distribution busses. Use goggles with 
approved colored lenses. 

e Welding. Only use goggles that meet the specifications of the American Standards Association 
and are approved for electric arc work. Goggles used for acetylene welding cannot be used for 
electric arc welding. 

SCAFFOLDS AND LADDERS 
SCAFFOLDS 


13-20. 


When the wiring location is inaccessible from normal work areas and the installation is large or 


complex, use scaffolds rather than ladders for overhead or elevated work platforms. All scaffolds should be 
sturdy, well-built, securely anchored, and cross-braced. The scaffold planking should be free of knots, 
checks, and cross-grained sections. Planks used for scaffolding should be load-tested periodically with up 
to three times their workload. Do not use them if failure or weakness shows up in the test. 


LADDERS 
13-21. 


All ladders used to reach the work area must be in good condition, constructed safely, and 


unpainted. When using a ladder, anchor it to the building with a rope or a chain or place it against a 
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Example: 


Two sides of a right triangle are 9 inches (a) and 


12 inches (b). Find the length of the hypotenuse 
(third side). 
a* + bt = ce 
9° + 12° = c* 
81 + 144 = c? 
225 = c* 
Note: To find c you must take the square root of 
Cs 
225 = c* 
15 =ce= 


The hypotenuse is 15 inches. 


Let's try another example. 


Example: 


The illustration below represents a softball field. 
What is the distance from home plate (HP) to second 
base (2)? The bases are 60 feet apart. 


a’ + b- 

60" +: 60" 
3600 + 3600 
7200 

¥7200 
84.85 


huuu uu 
wow NY 


aaaaaa 


The distance from home plate to second base is 84.85 
feet. 


The last example shows you that if the hypotenuse of a right 
triangle is known, the unknown side can be found. 


Let's see how 
this is done. 
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projection on the supporting surface. If you cannot secure it in either of these ways, have an assistant stand 
at the base of the ladder. The distance between the base of the ladder and the vertical surface against which 
it is supported should be approximately one-quarter the length of the ladder. 


Using Ladders 
e Inspect ladders at regular and frequent intervals. 
e Do not paint wooden ladders. Remove excessive dirt that might conceal defects. 
e Use a safety strap (figure 13-2) when doing a job that requires using both hands. 


Figure 13-2. Proper use of a safety strap while working from a ladder 


Do not use a ladder in a strong wind. 


e Do not use a ladder for a guy, brace, skid, horizontal scaffold member, or any other purpose 
other than that for which it is intended. 


Never use a metal ladder when working on electrical equipment. 
Do not use makeshift ladders made by fastening cleats across a single rail. 


Ensure that all straight ladders and extension ladders have approved antis-lip devices or are 
otherwise safely secured. 


e@ Work with another person when using an extension ladder near heavy traffic. Have the person 
stand at the bottom of the ladder and hold a red flag in daylight or a light in darkness. 
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e Do not reach out from the ladder in any direction; move the ladder as the work requires. 
Placing Ladders 

e@ Never place ladders on a slanting or slippery footing unless they are securely tied or held in 
place. 
Ensure that stepladders are fully opened before using them. 
Ensure that the distance from the foot of the ladder to the wall is one-fourth the length of the 
ladder. 

e Ensure that extended extension ladders are in a standing position and that hooks are securely 
caught on rungs so that the ladder cannot telescope when jarred. 

e Do not place ladder jacks above the third rung from the top of a 24- or 36-foot extension ladder 


or above the fourth rung from the top of a 46-foot extension ladder. This ensures that the ladders 
have the proper strength and stiffness. 


Ascending and Descending Ladders 


Always face the ladder when ascending or descending. 
Allow only one person to ascend or descend at a time. 
Do not ascend or descend without the free use of both hands. 


Do not ascend higher than the third rung from the top on straight or extension ladders; do not 
ascend higher than the second rung from the top on stepladders. 


Never slide down a ladder. 


SECTION Il - EXTERIOR SAFETY RULES 


TOOL AND EQUIPMENT USAGE 
13-22. The following safety rules apply when handling tools or equipment: 
13-23. When in the work area— 


Do not throw tools or materials up or down to workers on different levels. Use hand lines to 
raise or lower them individually, in canvas tool bags, or in buckets. 

Stand clear when tools or materials are raised or lowered; avoid coming directly under the load 
until it is properly placed and secured. 

Prevent tools and materials that are raised or lowered from coming in contact with wires or other 
equipment. 

Avoid working at the base of a structure or a pole while others are working on it except in an 
emergency. 


13-24. When handling materials— 
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Pick up insulators by the top to avoid cutting your rubber gloves or hands on the petticoat. Do 
not screw down insulators too tightly because the top may break off and cut your gloves or 
hands. 

Be very careful when lifting heavy material by hand. Bend your knees and keep your back 
straight. Use mechanical devices to lift heavy weights, when possible, or obtain enough help to 
do the job easily. 

Use ropes or tackle to control the motion when moving heavy loads on inclines. Ensure that 
workers do not stand on the downhill side. 

Lift heavy material or equipment with an approved hoisting apparatus that is capable of carrying 
the load safely. Rope off areas immediately below the load. Display warning signs and guard the 
area properly. 
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ROPE 


Lash or securely tie transformers and oil drums to prevent sliding or tipping while being 
transported. 


13-25. Take the following precautions when using rope: 


Ensure that any rope used near live conductors or equipment is free of metal strands. 
Turn in the rope for replacement when the strands become frayed. 


Keep the rope clean so that sharp particles of solder or other substances cannot cut your hands or 
rubber gloves. 


Keep your hands at a safe distance when taking hold of a rope passing through a block. 

Do not place tape, string, or marlin cord on a rope to repair defects. 

Never loop a rope over your hand or arm because it could be a tripping hazard while climbing. 
Never leave uncoiled wire, rope, or other material unguarded on streets, roadways, or alleys 
because of the potential tripping hazard. 

Never hang safety lines, ropes, or wires from a pole because they could interfere with passing 
traffic. 


BoDY BELTS AND SAFETY STRAPS 


13-26. The foreman should inspect all body belts and safety straps during regular tool inspections to 
determine the condition of all parts. If he finds or suspects the following faulty conditions, straps or belts 
must be repaired or replaced at once (see TM 9-243 for further guidance). 


The leather is worn or crushed. Ensure that the leather loops holding the D-rings are not worm or 
crushed enough at the edges to weaken the leather or cause it to tear. If the straps are otherwise 
sound, you can use them until they are not less than 1/8 inch thick in any portion other than the 
doubled part of the strap. In this portion, the leather may wear slightly less than 1/8 inch because 
a double portion is approximately twice as strong as a single portion. 


The leather is hard and dry. 


The leather is burnt. Burnt leather is dry on the outside. Bending at the burn spot cracks the 
leather, and small pieces between the cracks may be removed easily with your fingernail. 


The leather has cracks, cuts, nicks, or tears (particularly across or on the edges of the strap) that 
tend to affect its strength. 


Rivets (particularly those in the loops holding the D-rings) are loose or broken. 

The pouch for holding pliers is broken. 

The buckle is broken or defective. 

The snaps are broken or defective. 

The steel-reinforcing strap is broken or badly worn. 

The buckle hole is torn or excessively enlarged. The tongue should work freely without side play 
and close securely under the spring tension. 

The grain on the straps is worn. If the smooth side of the leather is worn so that fibers are plainly 
visible and a red stitching becomes visible, the strap should be cut up and thrown away. 


RUBBER PROTECTIVE EQUIPMENT 


13-27. Follow the safety rules below for inspection, use, and care of rubber protective equipment: 


Inspection 


Before starting work on or near live conductors or equipment carrying between 300 and 5,000 
volts, ensure that each worker personally tests his rubber gloves. Make a thorough visual 
inspection for holes and thin spots. When rubber gloves or other protective equipment is 
believed to be defective, tag it and turn it in for replacement immediately. 
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Use 


Care 


Safety 


In addition to the daily visual check, give rubber gloves a semiannual electrical test. Give other 
rubber protective equipment an electrical test annually. Make arrangements with the servicing 
utility to conduct these tests. 


Wear rubber gloves when working on or within reach of energized conductors or equipment 
operating at voltages between 300 and 5,000 volts. 


Wear leather protective gloves over rubber gloves to protect them from mechanical damage. Pin 
holes or thin spots caused by using gloves without protectors may be hazardous to workers. 


Use approved live-line tools without using rubber gloves for work on lines that are energized at 
more than 5,000 volts. 


Wear rubber gloves while cutting supposedly dead cables and while testing supposedly burned- 
out transformers on both primary and secondary sides. 


Do not remove rubber gloves until you are entirely out of reach of energized equipment. 

Do not work with the gauntlet of rubber gloves rolled down. 

Wear rubber gloves if you are tending reels when wire is being strung or removed near other 
wires energized between 300 and 5,000 volts, and if you are working near someone who is near 
conductors or equipment energized at voltages between 300 and 5,000 volts. 

Use a hand line to raise or lower all rubber protective equipment in a canvas tool bag or a bucket 
(figure 13-3). 


Rubber blanket 


Canvas tool bag Line hose 


Figure 13-3. Methods of lowering equipment with a hand line 


13-28. Rubber gloves should be issued to each lineman, and he will be the only user of this personal item. 
It is his responsibility to take the following safety precautions: 
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GAFFS 


Store rubber gloves in a canvas bag when they are not in use. 


Give rubber gloves an air test each day before starting work and each time you encounter an 
object that may have damaged the gloves. 


Wash gloves with warm water and mild detergent. 


Be careful when applying or removing rubber protective equipment. Do not work over energized 
conductors or equipment or get in a position that may cause you to come in contact with them. 


Dry rubber protective equipment before putting it away if possible. If you must put it away wet, 
dry it as soon as possible to prevent deterioration. 


Do not carry rubber protective equipment in compartments on trucks or in tool bags with tools or 
other equipment. 


Always roll, never fold, rubber blankets when putting them away. 
Put rubber hoods and hoses flat in truck compartments. 


13-29. Take the following precautions to ensure that gaffs are the proper length and sharpness: 


13-10 


Never sharpen gaffs on the underside, except to make the shoulder, because it changes the angle 
to which they are set and renders the climber unsafe. 


Make the underside straight when removing metal to make the shoulder, because a wounded 
surface may cause the gaff to break out of the pole when climbing. 


Do not sharpen the gaff with a grindstone or an emery wheel. 
Put the climber (figure 13-4) in a vise with the gaff uppermost. 


Figure 13-4. Climbers 


Sharpen the gaff on the two outer surfaces with a file. Take long strokes from the heel to the 
point of the gaff. Remove only enough material to make a good point. 

Never sharpen the gaff to a needlepoint. Leave a shoulder about 1/8 inch back from the point. 
The distance across the gaff at the shoulder should be about 5/32 inch. Sharpening the gaff in 
this manner prevents the point from sinking too far into the pole. 
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CLIMBERS 


Safety 


13-30. Take the following precautions when using climbers: 


Do not use climbers after gaffs are worn shorter than | 1/4 inches on the underside. 
Remove climbers when moving from job to job or when working on the ground. 


Remove climbers before working on a ladder, standing on a rubber blanket, or riding in a 
vehicle. 


HOT-LINE TOOLS 


13-31. 


VEHICLES 


The following safety rules govern work with hot-line tools: 


Do not perform hot-line work when rain or snow is threatening or when heavy dew, fog, or other 
excessive moisture is present. Exceptions to this rule are when conducting switching operations, 
fusing, or clearing damaged equipment that presents a hazard to the public or to troops. 

Stay alert. If rain or snow starts to fall or an electrical storm appears while a job is in progress, 
complete the work as quickly as possible to allow safe, temporary operation of the line until 
precipitation or lightning ceases. Judgment of safe weather conditions for hot-line work is the 
foreman's responsibility. 

Perform hot-line work during daylight if possible. In emergency situations, you may work under 
artificial light if all conductors and equipment being worked on are made clearly visible. 

Do not wear rubber gloves with hot-line tools because they make detection of brush discharges 
impossible. 

Avoid holding outer braces or other metal attachments. 

Avoid unnecessary conversation. This distracts the attention of linemen from work, causes 
confusion, and adds unnecessary hazards. 

Maintain close cooperation among everyone on the job. 

Treat wooden pole structures the same as steel towers. Do not depend on the insulating value of 
the wood. 

Be careful with distribution primaries. When they are located on the same pole with high- 
tension lines, cover them with rubber protective equipment before climbing through or working 
above them. 

Do not change your position on the pole without first looking around and informing others. 
Never use your hands to hold a live line clear of a lineman on a pole. Secure the line with live- 
line tools and lock it in a clamp. 

Stay below the live wire when moving it until it is thoroughly secured in a safe working 
position. 

Take special precautions on poles having guy lines. 

Do not use a rope on conductors carrying more than 5,000 volts unless the rope is insulated from 
the conductor with an insulated tension link stick. 


13-32. Follow the safety rules below when operating or working with vehicles: 
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Never hang coils of wire or rope outside a truck because they could easily catch on passing 
vehicles. 


Take care when using materials or tools that extend 4 feet or more behind a truck body. Attach a 
danger flag near the end of the projection during the day, and use a red lantern at night. 


Provide a red lantern or taillight with any equipment that is being pulled by a truck at night. 
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EXTERIOR WORKING PRACTICES 


EXCAVATION 


MANHOLES 


Place necessary barriers, red flags, and warning signs to protect traffic and guard workers when 
making excavations in or near highways. Place red lights or flares at night to give ample warning 
to approaching traffic. 

Place signs between 100 and 300 feet from the outside edge of the work area. Follow shoring 
and bracing procedures defined in Engineer Manual (EM) 385-1-1. 

Display a MEN AT WORK sign or another suitable warning when opening manholes briefly in 
daytime for inspections, tests, troubleshooting, and so forth. 

Notify the person in charge when you find obstructions in digging. This notification will help 
avoid accidental contact with live cables and damage to property. 


13-33. Follow the rules below when working at manholes: 


13-12 


Make a gas check before opening a manhole cover, if possible. 
Remove or replace manhole covers with cover hooks or other approved tools. 


Do not enter a manhole until after a gas check has been made. Use a mine safety lamp or a 
chemical detector to make checks several times throughout the day. Carefully check manholes 
near gasoline storage tanks. If gas exists, ventilate the manhole with a power blower. 


Use only gasproof lights in a manhole if you suspect explosive gases. 


Assign someone with a red flag or lantern to warn pedestrians and vehicular traffic when a 
manhole is opened during daylight. At night, mark open manholes as shown in figure 13-5. 


Ensure the safety of workers in manholes if they cannot be seen by fellow workers on the 
surface, even if interrupting other duties is necessary. 
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Safety 
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Figure 13-5. Method of protecting open manholes at night 


POTHEADS 
e@ Open the neutral pothead last and close it first when opening and closing circuits with potheads. 


e Do not stand on a concrete floor or on the ground while operating potheads in manholes or 
vaults. Instead, use an insulated stool, a crossarm, or other dry lumber. Cover all grounded 
framework safely. In locations containing water, take all possible precautions. 


e@ Keep your body clear of all grounded equipment when working on or near potheads. 
POLES 


Working On 
e War persons nearby when moving a pole by hand, with a pole cart, or with the truck derrick. 
Station someone with a red flag to warn or stop traffic as necessary. 


e Report poles to the foreman that appear unsafe for climbing so that they can be properly braced 
or guyed. Take special care with untreated pine poles because they deteriorate rapidly. 

e Do not remove wires or supporting guy lines from a pole until the condition of the butt has been 
checked. 

e Support unsound poles with pike poles or guy lines before starting excavation or removing 
wires. 
Remove all the equipment around the pole being removed before starting excavation. 

e Climb to your working position by the safest path and take the safest position possible, keeping 
all parts of your body clear of grounded or live portions of equipment. 
Do not use pins, braces, or guy lines as handholds. 
Never carry any tools or material in your hands when climbing. 
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e Watch for hazardous and dangerous conditions such as rusted hardware and defective guy lines, 
braces, and arms. Repair such conditions immediately. 

e@ When more than one person is ascending or descending, ensure that the first person reaches his 
working position or the ground before the second person starts to ascend or descend. 


Climbing 

e Take care when climbing past another worker so you do not damage his safety strap with your 
gaffs. 

e Ensure that your safety strap does not catch on the pole steps when climbing. When wearing a 
body belt and a safety strap, snap both ends of the strap into same D-ring when you are not in the 
working position. 

e@ Never put both snaps of your safety strap in one D-ring while in the working position on a pole. 
Ensure that one snap is fastened in each D-ring. 

e Avoid pressure on the tongue snap when leaning against arms, pins, braces, and wires to prevent 
the safety snap from becoming disengaged from the D-ring. 


SECTION Ill - ELECTRICAL SAFETY RULES 


VOLTAGE 


Low 


13-34. Electricians may work on energized conductors and equipment operating at 300 volts or less if all 
adjacent energized or grounded conductors and equipment are covered with insulating material or approved 
rubber protective equipment. Follow the safety precautions below when working on energized conductors 
and equipment operating at 300 volts or less: 


e Tape or cover all bare or exposed places on one conductor before exposing another one. 

e@ Open switches and remove fuses when working on building wiring, motors, belting, shafting, 
blowers, or other machinery (including shop machine tools). Attach hold cards to the switches. 
Do not touch steam or water pipes when handling portable electric tools or light cords. 

Never leave joints or loose ends of wire untaped unless otherwise protected. 

e Never turn on current in a building where a fire has occurred and electric wiring or apparatus has 
been affected until a careful safety inspection is made by the fire department or a safety 
inspector. Parts damaged by heat, water, or extinguisher fluid may short-circuit and rekindle the 
fire. 


INTERMEDIATE 


13-35. De-energize ground lines and equipment operating between 300 and 5,000 volts before starting 
any work. The only exception to this is when working on overhead lines. When working on them, wear 
rubber gloves. All work on energized lines, except in an emergency, is executed only when directed by a 
work order. 


Checking Energized Conductors 


13-36. Consider conductors and equipment normally operating between 300 and 5,000 volts to be 
energized until positively proved otherwise. When you cannot establish positive proof by a visual check, 
use an approved voltage detector. Before using the detector, you must check it on a conductor that is known 
to be energized and note a positive indication. You must repeat this check on a known live conductor after 
making the test on a dead conductor. If rechecking the voltage detector on a live conductor is impossible, 
use two voltage detectors, one as a check against the other. 
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Insulation 


Safety 


13-37. When working within reach of conductors or equipment operating between 300 and 5,000 volts, all 
energized and grounded conductors or equipment must be covered with rubber line hose, insulator hoods, 
line protectors (pigs), or blankets or must be isolated with suitable barriers. If you change your position, 
cover or barricade any energized or grounded conductors and equipment coming within reach before 
starting new work. 


13-38. Use the following safety precautions when working on equipment and conductors operating at 300 
to 5,000 volts: 
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De-energize by opening sectionalizing switches and effectively ground the section of line being 
worked on. 

Treat line wires being installed on poles as if they were energized when those poles are already 
carrying energized conductors. Use rope to pull line wires into position. 


Remove wire from the underside of reels. 

Ground the truck when using a pay-out reel to string wires near energized wires of this 
classification. 

Take care when stringing wire near other wires energized with 300 to 5,000 volts. Ensure that 
the worker tending the pay-out reel wears rubber gloves and does not allow any part of his body 
to come in contact with the wire being strung. Whenever possible, see that he stands on dry 
lumber or other insulating materials. 

Apply the brake to the rim of the pay-out reel on the side opposite the direction the wire is being 
pulled. A crossarm or sidearm may be used as a brake. 

Hold the loose ends of jumpers in the clear, or have someone at each end hold them if necessary. 
Keep the tie wire coiled during installation or removal to prevent accidental contact with an 
energized conductor. 

Have a worker test for voltage before removing a primary or secondary wire. The wire should be 
rechecked by the foreman to ensure that it is dead. 

Treat the spans of wire to be removed as energized. Attach a rope to each end and lower the 
spans one at a time. 

Make all possible connections to dead wires and equipment with only the final connection made 
to the energized conductor. 

Never open the ground connection at a ground pipe or a bus bar unless it has first been 
disconnected at the point of contact with the equipment it is intended to ground. This prevents an 
accident if the circuit is energized. 

Make the ground pipe connection first whenever a ground wire on a pole is to be connected. 
Treat coil wires in the take-up reel that was used to coil the wires as energized when removing 
the reel from the line arms. Attach a rope to the wires at the end farthest from the take-up reel, 
and wear rubber gloves when tending the reel. 

Ensure proper direction of phase rotation when restoring three-phase power service. This is the 
responsibility of the person in charge. 

Identify cable while in the manhole before anyone cuts a cable or makes an opening in the lead 
sheath or sleeve. Check its duct location with that shown on the working print. This working 
print must have been checked against the installation engineer's map records. In addition, check 
the cable identity by listening with an exploring coil for the pulsating beat of the interrupter 
signal. This is the responsibility of the foreman or the person in charge. 

Remove a 3-inch strip of lead around the cable and test it with two voltage detectors after the 
cable has been identified and grounded. Do this one at a time, at two or more points around the 
cable and at the center of the exposed insulation. 

Place a hacksaw on the exposed cable insulation adjacent to and touching the grounded lead 
sheet when cutting cable. 

Open the switch before working on an oil circuit breaker that has an operating bus feed switch. 
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Example: 
The hypotenuse of a right triangle is 13 feet and 


one side is 5 feet. Find the third side. 


at + be = c? 

at + 5% = 13? 

a* + 25 = 169 
at = v144 
a= 12 


The third side is 12 feet long. 


You have just used the proper formulas to compute unknown 
distances of right triangles. Next, you will solve unknown 
dimensions of similar triangles. 


d. Similar triangles. If the corresponding angles of two 
triangles are equal, the triangles are said to be similar. The 
triangles do not have to be the same size or have sides the same 
length; only the angles need to be the same (fig 5-21). 


E 


A Cc D F 


Fig 5-21. Similar triangles. 


In similar triangles, corresponding sides are proportional. If 
two sides of one triangle and one side of another triangle are 
known, the length of the missing corresponding side can be found. 
This can be illustrated by referring to the problem concerning 
the height of the tree in study unit 3. 


Example: 
In the illustration provided (fig 5-22), the tree 


and the individual measured are assumed to be at 
right angles to the ground. The sun hits both the 
tree and individual at the same angle. Since the 
angles are the same measure, the sides are 
proportional. The lengths of the shadows correspond 
to the sides of a triangle. The length of the other 
side is the height of the object (tree or 
individual). Therefore, a proportion is set up and 
you can find the missing dimension. To restate, if 
corresponding angles of two triangles are equal, the 
triangles are similar and the corresponding sides 
are proportional. 
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HIGH 


Treat series circuits, series lamps, and devices in series circuits as energized unless they are 
opened by disconnects. 

Never open a series circuit at the point where work is in progress, such as at lamps or other 
series-circuit devices. Always bridge the point of the circuit being working on with a jumper. 


13-39. Lines and equipment operating at 5,000 volts or more must be de-energized and grounded before 
any work is started. An exception is overhead lines, which you may work on with live-line tools. Execute 
all work on energized lines (except in case of emergency) only on an authorized work order. Follow the 
tules below when working on high-voltage equipment operating at 5,000 volts or more: 


Do not work on more than one conductor at a time with live-line tools. 


Keep live-line tools dry and free from dirt. Thoroughly dry and test tools subjected to damp 
weather before using them again. 


Protect live-line tools carried on line trucks to prevent scars and abrasions. Waterproof canvas 
bags, compartments with padded hooks, or bins built into the truck may be used for this purpose. 


Maintain the minimum body clearance from energized lines and equipment (see table 13-1). 


Table 13-1. Minimum body clearance 


13-16 


Perform all work on de-energized circuits between two sets of grounds. Place one set on the first 
pole or structure toward the source of energy and the other on the pole nearest the load. 

Do not ground a supposedly dead circuit without first feeling out the circuit for a static discharge 
with a switch pole. 

Net off energized equipment properly at the substation before working near it, and install 
suitable barriers and warning signs. 

Remove substation apparatus from service when wiping, cleaning, repairing, or performing other 
maintenance. Place hold cards on the main and control switches before starting work. If you 
cannot see hold cards distinctly, use a red light to illuminate them. 

Do not perform work on any apparatus until the electrical foreman has proved it to be dead and 
safe. 

Do not approach or touch reactors and connected equipment unless they have been disconnected 
from all live lines and have been grounded. 

Do not raise, move, or lower cables that are energized at voltages up to 12 kilo-volts more than 
18 inches. Do not move cables that are energized at voltages over 12 kilovolts. 

Discharge electrolytic and oxide-film lightning arresters by grounding and shorting the horn 
gaps before touching the arresters. 
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Safety 


CIRCUITS 


DE-ENERGIZED 


13-40. Do all electrical installation work on a de-energized (dead) circuit if possible. Most electricians rip 
the main service-entrance switch, remove the fuses, and then tag the switch. The tag should give the 
electrician's name, the date, and the time that he turned the switch off. If existing conditions do not permit 
this procedure, de-energize the circuit being repaired or modified by removing the branch circuit fuses or 
tripping the circuit breaker connected to the branch circuits to OFF. 


HOT 


13-41. Working on hot circuits is not recommended except in emergency situations. In such situations, 
only experienced personnel who have been cautioned on the dangers involved should work on these 
circuits. AC voltages as low as 67 volts and DC voltages as low as 110 volts have caused death by 
electrocution. When working on a hot line, closely follow the procedures listed below: 


Insulate yourself to prevent your body from becoming a conductor path for the current flow. 
Work on only one side of the circuit at a time. 
Use insulating gloves at all times and stand on nonconducting materials. 


Ensure that all equipment, tools, and wearing apparel is dry, because dry materials offer more 
resistance to the flow of electricity than do moistened or wet items. 


PROTECTION 


13-42. Fuses or circuit breakers are installed as overload and short-circuit protection for circuit 
components and connected loads. Limit their selection with regard to ampere rating to the maximum value 
allowable for the smallest conductor or equipment used in the circuit. For example, if an electrical device 
has a 15-ampere fusible rating and it is connected to a circuit wired with No 12 conductors rated at 20 
amperes, the fusing of the circuit should be 15 amperes. Tables B-12 and B-13, pages B-13 and B-14, list 
the current requirements for single-phase and three-phase AC motors at different voltage levels. 


OVERLOAD 


13-43. Frequently blown fuses or tripped circuit breakers indicate short circuits, grounding, or circuit 
overloads. Do not solve this problem merely by installing larger fuses than those recommended for use in 
the circuit because this exposes both the building and the personnel to an electrical fire. Instead, determine 
the cause of trouble and rewire overloaded circuits by increasing the wire size of the run or dividing the 
connected load into several circuits. 


BYPASSED 


13-44. Do not use jumpers to bypass the fuse or remove the circuit-breaker protection from the circuit 
except when testing for short circuits. These primary safety devices are of vital importance in a circuit 
installation. If these protective devices are bypassed, the electrical installation loses its circuit-current 
limitation and short-circuit protection. If the devices are removed, the troubles that caused the power 
interruption or circuit failure will not be isolated to the local circuit but will cause the rest of the fuses to 
blow or the circuit breakers to operate, cutting off the entire system from power. 


TRANSFORMERS AND CIRCUIT BREAKERS 


13-45. Take the following safety precautions when working on transformers and circuit breakers: 


e Prevent moisture from entering when removing covers from oil-filled transformers. Do not allow 
tools, bolts, nuts, or similar objects to drop into the transformers. Tie tools or parts with suitable 
twine. Have workers empty their pockets of lose articles such as knives, keys, and watches. 
Wipe all oil from transformer covers, the floor, and the scaffold to eliminate slipping hazards. 
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Exhaust gaseous vapor with an air blower before allowing work in large transformer cases 
because they usually contain some gaseous fumes and are not well ventilated. If you feel any 
effects from gas while working in a transformer case, give an alarm immediately and get out into 
the fresh air. 


Stay away from the base of the pole or structure while transformers are being raised or lowered. 


Ensure that anyone working on a pole or structure takes a position above or well clear of 
transformers while the transformers are being raised or supported with blocks. 


Ground the secondary side of a transformer before energizing it except when the transformer is 
part of an ungrounded delta bank. 


Make an individual secondary-voltage test on all transformers before connecting them to 
secondary mains. On banks of three transformers connected Y-delta, bring in the primary neutral 
and leave it connected until the secondary connections have been completed to get a true 
indication on the lamp tests. 

Disconnect secondary-phase leads before opening primary cutouts when taking a paralleled 
transformer out of service. Do not disconnect secondary neutral or ground connections until you 
have opened the primary cutouts. 


Do not stand on top of energized transformers unless absolutely necessary and then only with the 
permission of the foreman and after all possible precautions have been taken. These precautions 
include placing a rubber blanket protected with a rubbish bag over the transformer cover. Do not 
wear climbers. 


Treat the grounded case of a connected transformer the same as any grounded conductor. Treat 
the ungrounded case of a connected transformer the same as any energized conductor because 
the case may become energized if transformer windings break down. 


Ensure that the breaker cannot be opened or closed automatically before working on an oil 
circuit breaker and that it is in the open position or the operating mechanism is blocked. 


Ensure that metal-clad switching equipment is de-energized before working on it. 


Ensure that regulators are off the automatic position and set in the neutral position before doing 
any switching on a regulated feeder. 


Do not break the charging current of a regulator or large substation transformer by opening 
disconnect switches because a dangerous arc may result. Use oil or air brake switches unless 
special instructions to do otherwise have been issued by the proper authority. 


Do not operate outdoor disconnecting switches without using the disconnect pole provided for 
this purpose. 

Ensure that all contacts are actually open and that safe clearance is obtained on all three phases 
each time an air brake switch is opened. Do not depend on the position of the operating handle 
as evidence that the switch is open. 

Do not operate switches or disconnect switches without proper authority and then only if 
thoroughly familiar with the equipment. 

Remove potential transformer fuses with wooden tongs. Wear rubber gloves and leather 
overgloves. 

Do not open or remove disconnect switches when carrying load. The oil circuit breaker in series 
with the switches must always be opened first. Open disconnect switches slowly and reclose 
immediately if an arc is drawn. 


WIRE MARKERS 


13-46. On equipment or in wiring systems where wires are numerous and circuit identification is difficult, 
wire markers are a distinct aid to installation. However, use them merely as a guide, and carefully check the 
condition of each conductor with a test lamp or voltmeter before working on the circuit. This rule also 
applies to wires that are color coded to conform with the prescribed circuit or ground requirements. 
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SECTION IV - ELECTRICAL SHOCK 


CAUSES OF ELECTRICAL SHOCK 


13-47. Electrical shock can be caused by equipment or human failure, equipment and human failure, or a 
combination of events so unlikely and unusual that it would be almost impossible to prepare for them in 
advance. Luckily, accidents of this kind are rare. If they were not, working with electrical equipment would 
be extremely hazardous. 


13-48. Human failure is prevalent, perhaps because people often have a casual attitude toward the deadly 
possibilities of electrical circuits and equipment. Scientists have not yet found a way to make electrical 
equipment that will not shock its users when it is improperly used. Human failure that can lead to electrical 
shock includes— 


e Failing to observe the necessary safety precautions when using or working on equipment that 
would be perfectly safe if handled properly. For example, a careless electrician might fail to test 
equipment to ensure that it is de-energized before working on it, or he might not use proper care 
to avoid contact with equipment or conductors that were known to be energized. 

e@ Making unauthorized modification to equipment or using unauthorized equipment. 

Failing to make adequate repairs on equipment that has already caused non-fatal shocks. 
Failing to test the insulation resistance and the completion of the ground connection after the 
equipment has been repaired. 


GROUNDING 


13-49. Safety codes require that every 120-volt circuit have a system of grounding. This is a preventive 
measure, much like oxygen masks on a commercial airliner. During normal operation, the grounding 
system does nothing; in the event of a malfunction, however, the grounding is there for your protection. 


13-50. Grounding assumes that all metal parts of a circuit that you might come into contact with are 
maintained at zero voltage because they are connected directly to the earth. 


Example: A circuit contains a metal pull-chain switch. The hot wire accidentally becomes dislodged from 
the fixture terminal and comes into contact with the metal canopy of the light fixture. The fixture and the 
pull chain are electrically charged or hot. You touch the chain or the fixture, a short circuit occurs, and 
you provide the path to the ground for the electric current. In other words, you receive a shock. 


13-51. This same situation could occur in any number of places where electricity and conductive 
materials are together, such as power tools and appliances with metal housings; metal switch, junction, and 
outlet boxes; and metal faceplates. 


13-52. The shock in this example could have been prevented if the circuit had a grounding system. A 
grounding wire connecting the neutral bus bar to the metal housing of the light fixture would provide an 
auxiliary electrical path to ground in the event of a short circuit. This grounding wire would carry the fault 
current back to the distribution center and assure that the fuse or circuit breaker protecting the circuit would 
open, shutting off all current flow. 
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Chapter 14 
Maintenance 


The rules and routines outlined for a maintenance program for any electrical wiring 
system are determined primarily by the selection, location, and installation of the 
original equipment installed. Maintenance is merely a system of routines designed to 
keep the equipment in satisfactory operating condition through periodic inspection, 
cleaning, testing, tightening, adjusting, and lubricating. These basic maintenance 
operations should be set down in the above-listed order, and the various duties should 
be delegated to specific electrical personnel to prevent operating breakdowns. This 
chapter reviews and outlines the various procedures and recommended practices 
necessary to perform maintenance and troubleshooting. 


SECTION | - PREVENTIVE MAINTENANCE 


INSULATION 


14-1. The insulation materials designed to shield or protect the conductors from accidental contact with 
other conducting substances are built into the conductor during manufacture or may be installed in the field 
as part of the system's installation. Since it is important to maintain these protective coatings or shields on 
the wire conductors, ensure that preventive maintenance includes periodic tests and checks to expose 
potential trouble locations where the wire insulation has become frayed or where protective devices have 
been damaged. Tape, repair, or replace such wire areas and locations as required 


14-2. Conductor shielding installed in the field (such as antishort bushings and damage protection) should 
always be maintained and should be replaced when dislodged or damaged. To ensure a trouble-free system, 
routinely inspect and maintain conductors and conductor-enclosure supports. Replace damaged electrical 
parts, components, and conductors immediately. 


LOOSE FITTINGS 


14-3. To avoid the possibility of short circuits, the maintenance organization responsible for power 
distribution in an electrical system should periodically spot-check the electrical fittings. These fittings 
include such items as conduit couplings, connectors, and box-entry devices. Check fittings for looseness 
or separation and tighten or reclamp them as necessary. 


CAPACITORS 


14-4. Since the static capacitor or condenser remains charged after being disconnected from the energy 
source, you must not inspect it and work on it until it is completely discharged. 


CONDUCTOR CONNECTION 


14-5. The conductor connections made to electrical devices or other conductors should also be included in 
the periodic maintenance checks to determine the condition of solder splices, wire taps, and terminal 
connections. Loose, partly contacting, or partly broken connections at the screw terminals or splices of an 
electrical device can cause short circuits, arcing and burning, and radio interference. This may result in the 
rapid oxidation of the connecting materials or a dangerous short circuit if the free wire contacts other 
metallic components that are grounded. Moreover, the increased resistance resulting from a loose or poor 
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connection increases the voltage drop in the circuit, causing inefficient operation of the devices on the 
system. If this increased resistance in the wire or terminal connections is high enough, the heat resulting 
from the resistance in an electrical connection may cause a fire by igniting surrounding materials. 


WARNING 


Wait 5 minutes after the circuit is opened before short-circuiting 


the capacitor terminals. This waiting period allows time for the 
discharge device to drain off the major portion of the residual 
charge. You may then short-circuit the capacitor between 
terminals, but stay clear of the discharge arc. 


DEVICES 


14-6. Periodically inspect all operating devices in the wiring system for defects. As outlined in Chapter 3, 
the inspection checks include normal operation and operation under the rated load. Any devices that fail 
these tests, are broken, or are loosely supported in their mountings should be replaced or repaired to prevent 
operation breakdown or potential hazard to personnel. If breakage repeatedly occurs in specific locations, 
replace electrical devices with items that are able to withstand the use or relocate outlets and switches. 


SECTION Il - CIRCUIT TESTING 


WHAT TO TEST FOR 


14-7. Although you may have de-energized a circuit by pulling the main switch, removing a circuit fuse, or 
tripping a local switch, you must recheck the circuit with an indicating instrument such as a test lamp or a 
voltmeter before starting work. The voltage rating of the test lamp should be twice the estimated voltage of 
the circuit because the electrician cannot be positive of the voltage when spot-checking. A series 
combination of test lamps, each rated at the estimated voltage, will also serve this purpose. Check the 
voltage rating by placing the test prods of the instrument on the hot and neutral circuit wires at the fuse, the 
circuit-breaker panel, the device (receptacle, lamp, switch), or the outlet box where the work is to be done. 


SHORT CIRCUITS OR GROUNDS 


14-8. The most important thing to check for is a short circuit, which results when two bare conductors of 
different potential come in contact with each other. For example, if a hot wire touches something that is 
grounded, such as a neutral wire, a grounding wire, or a metal box, it causes a short circuit. This could 
happen because insulation is damaged, a staple has penetrated the cable, or the wiring is incorrect. If a 
conductor inadvertently contacts a metallic part of a wiring system, such as a motor frame or conduit, the 
system is sometimes said to be grounded instead of having a short circuit. Grounds or short circuits can be 
solid, partial, or floating. 


Solid 
14-9. A full voltage can be measured across the terminals of a blown fuse when the load is disconnected 
from the circuit. Because the circuit resistance is very low and the current is very high, the fuse blows or 
the circuit breaker trips immediately. 


Partial 


14-10. The resistance in the short-circuit path is partially lowered but still remains high enough to prevent 
enough current flow to blow the fuse or trip the circuit breaker. Grounds of this type are generally more dif- 
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ficult to locate than solid grounds. You can detect a partial ground or short in a light circuit operated from a 
two- or three-phase source by the dim operation of some lights while others are operating normally. 


Floating 


14-11. The resistance of the defect in the system varies from time to time. Grounds of this type may be 
present in an electrical system for some time before their existence becomes known. A floating ground is 
indicated when fuses are blown on the phase side of a circuit a number of times, and a circuit test shows no 
defects in the system. In grounds of this type, fuse trouble may not occur for several days; then the ground 
reappears and the fuses are blown again. 


OPEN CIRCUITS 


14-12. You can test for an open circuit if you have time. However, an open circuit is usually the result of 
an incorrect, loose, or missing connection at a box; and it can be spotted and corrected quickly after the 
device is installed and the service is turned on. 


WHEN TO TEST 


14-13. Test the circuit at the rough stage, while the wiring is still exposed and problems are easy to spot 
and correct. Switches, receptacles, and light fixtures are not installed at this stage; but hot, neutral, and 
grounding wire splices should be made so that each circuit is continuous to the last box. Retest the circuit 
after installing walls, ceilings, and floors (before adding final touches) because a nail will occasionally 
penetrate the wiring and cause a short. 


WHAT TO TEST WITH 


14-14. You can purchase a continuity tester (figure 14-1, page 14-4), or you can easily make your own. 
The idea of these testers is quite simple. A battery provides the power source, and a light (if a continuity 
tester) or a doorbell (if a homemade tester) provides a signal when the circuit is complete. 


PURCHASED CONTINUITY TESTER 


14-15. Continuity testers are available in several forms. One form contains a battery and a light; another 
uses a battery and a buzzer or a bell. Use either form to tell whether a circuit is open or broken or whether a 
short circuit exists. 


HOMEMADE CONTINUITY TESTER 


14-16. Use a doorbell and a 6-volt, dry-cell battery to make your own continuity tester. Connect one 
battery terminal to one doorbell terminal with a short piece of wire. Next, connect a 2-foot wire to the other 
terminal on the doorbell. Momentarily touch the free wire end to the free battery terminal to test for correct 
connections; the doorbell should ring. 


WARNING 


Turn off the breaker or pull the fuse before using a continuity 
tester. 
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Figure 14-1. Continuity tester 


EXAMPLE OF TESTER USE 


14-17. You have just completed a circuit from the distribution center to a new light fixture, and you need 
to test the circuit before turning on the breaker. Do not put a light bulb in the fixture. Put a continuity tester 
between the breaker end of the hot wire and the ground. Attach the alligator clip of the tester to the neutral 
bus bar and touch the end of the hot wire with the tester probe. Have someone turn the light switch on and 
off. If the tester does not light (or ring), you have not shorted the hot wire. Now, put the light bulb in the 
fixture and have your helper repeat the switching. If the continuity tester lights (or rings) with the switch on 
and does not with the switch off, the circuit is working correctly. After testing, put the new hot wire into the 
circuit-breaker terminal and energize the circuit. A continuity tester can also be used to determine whether 
or not a cartridge fuse is good. 


HOW TO TEST 


14-18. First, check your wiring visually. Start at the distribution center and walk through each circuit 
looking for problems. Think about what each wire is supposed to do and verify that the circuit is correctly 
wired. 


TESTING FOR SHORT CIRCUITS 


14-19. To ensure that your test will run the entire length of a circuit, temporarily join the hot wires at each 
switch location. This simulates the ON position and thereby extends the circuit test to include the wiring 
from the switch to whatever it will control. 
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14-20. At the service-entrance panel, hook one lead of the tester (the alligator clip of a continuity tester or 
the free wire of a homemade tester) to the neutral bus bar. Touch the hot wire of each circuit to the tester 
(the tester probe or the free battery terminal) one at a time. The circuit should be open (no bell or light); if 
the light comes on or the bell rings, there is a short in that circuit. 


14-21. When testing circuits at a subpanel, run the above test twice. First, hook the clip to the neutral bus 
bar to check the hot-wire/neutral-wire circuits. Then, hook the clip to the grounding-wire terminal to check 
the fault-current circuits. 


TESTING FOR OPEN CIRCUITS 


14-22. Although testing for open circuits can wait until the power is turned on, you may want to check the 
continuity of the ground-fault circuit (the bonding of the conduit sections) if the wiring involves conduit 
that will be covered. One method of doing this at each box is to touch the neutral wire and the box to the 
two ends of the tester. The light should come on or the bell should ring; if it does not, check for a loose 
connection along the neutral or conduit path. 


FINDING A SHORT 


14-23. First, ensure that the free-device wires at each box are not inadvertently touching each other or the 
metal box. If the wiring is exposed, you should be able to see the problem by carefully checking the circuit. 
If you cannot find the problem or if the wiring has already been covered, undo the wire splices at the next- 
to-the-last box on the circuit and retest the circuit at the distribution center. Continue this procedure by 
moving closer to the source each time until the circuit tests open. You have now isolated the short between 
the box where the circuit checked open and the previous box or at one of those boxes. 


DETERMINING THE CAUSE OF A SHORT 


14-24. Most short circuits occur in flexible cords, plugs, or appliances. Look for black smudge marks on 
faceplates or frayed or charred cords connected to a dead circuit. Simply replace the damaged cord or plug 
before installing a new fuse or resetting the breaker. 


TROUBLESHOOTING 


14-25. Follow the troubleshooting procedures outlined in table 14-1, page 14-6, when a malfunction 
occurs or a fuse repeatedly blows. Figure 14-2, page 14-11, shows the procedures for determining the cause 
and location of a malfunction in a circuit. 
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Let's work another problem that's a little more difficult. 
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Symptom 


The engine is hard to start or 
fails to start. 


The engine stops suddenly. 


Table 14-1. Troubleshooting 


Probable Cause 


Possible Solution 


14-6 


The fuel tank is empty. 
The fuel filters are clogged. 


The fuel-pump screen is 
clogged. 


The fuel contains foreign 
material. 


The air cleaner is clogged. 
The overspeed switch is 
tripped. 


The battery's circuit fuze is 
blown. 


The batteries are discharged. 


The fuel tank is empty. 


The fuel filters are clogged. 


The fuel-pump screen is 
clogged. 


The auxiliary fuel hose is 
clogged. 


The safety device is tripped. 


The engine’s oil level is low. 


The coolant level is low. 


The engine is overheating. 


The cooling system is clogged. 


The fan-drive V-belt is 
inoperative. 


The shutter control is 
inoperative. 
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Fill the tank. 
Replace the filters. 
Clean the screen. 


Drain the tank and refill it with 
with clean fuel. 


Clean or replace the filter 
element. 


Reset the switch. 


Replace the fuze. 


Charge or replace the batteries. 


Fill the tank. 


Replace the filters. 


Clean the screen. 


Clean the hose. 


Inspect the engine’s oil and 
coolant levels, reset the 
overspeed switch, and operate 
the unit at the proper speed. 


Add oil to the proper level. 


Add coolant to the proper level. 


Provide proper ventilation. 


Flush the system. 


Tighten to the proper tension. 


Operate the shutter manually, 
and report the condition to 
organizational maintenance. 
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Symptom 


The engine oil pressure is low. 


The engine exhaust smokes 
excessively. 


The engine lacks power. 


The engine knocks or makes 
excessive noise. 


Table 14-1. Troubleshooting 


Probable Cause 


Maintenance 


Possible Solution 


The oil pressure is low. 


The engine’s oil level is low. 


The oil filter is clogged. 


The engine’s oil is diluted. 


The engine’s temperature is low 
due to insufficient warm-up 
time. 


The engine’s temperature is low 
due to a defective shutter. 


The engine’s oil level is too 
high. 


The air cleaner is clogged. 


The fuel grade is incorrect. 


The air cleaner is clogged. 


The fuel filters are clogged. 


The fuel system contains water. 


The fuel-pump screen is 
clogged. 


The fuel grade is incorrect. 


The engine’s oil level is low. 


CAUTION 


Adjust the oil pressure. 


Add oil to the proper level. 


Replace the filter. 


Change the oil. 


Allow sufficient time for the 
engine to warm up before 
applying load to the unit. 


Operate the shutter manually 
and report the condition to 
organizational maintenance. 


Drain the oil to the proper level. 


Clean or replace the filter 
element. 


Drain the tank and fill it with the 
correct grade of fuel. 


Clean or replace the filter 
element. 


Replace the filters. 
Drain the tank and refill it with 
clean fuel. 


Clean the screen. 


Drain the tank and refill it with 
the proper grade of fuel. 


Add oil to the proper level. 


Stop the engine immediately if the engine knocks or is noisy when the 
engine’s oil is at the proper level. Continued operation may cause serious 


damage. Report the condition to organizational maintenance. 
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Table 14-1. Troubleshooting 


Symptom Probable Cause Possible Solution 


The starter fails to crank the 
engine. 


The main generator fails to 
build up rated voltage. 


The main generator’s voltage is 
too high. 


The main generator overheats. 


The main circuit breaker contin- 
ues to trip. 


The frequency drops after 
increasing the generator load. 


14-8 


The battery's circuit fuze is 
blown. 


The battery's circuit breaker has 
tripped. 


The battery's cable connections 
are loose or corroded. 


The batteries are discharged. 


The frequency or voltage is too 
low. 


The wiring is defective. 


The voltage has been adjusted 
improperly. 


The frequency has been 
adjusted improperly. 


The generator’s ventilation 
doors are closed. 


The generator’s ventilation 
screens are obstructed. 


The generator is overloaded. 


The generator’s output voltage 
is too low. 


The generator’s wiring is 
defective. 


The generator is overloaded. 
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Replace the fuze. 


Reset the circuit breaker. 


Tighten and clean the 
connections. 


Charge or replace the batteries. 
Adjust the frequency and 


voltage. 


Inspect the wiring and report 
defective wiring to 
organizational maintenance. 


Adjust the voltage properly. 


Adjust the frequency properly. 


Open the doors. 


Remove the obstructions. 


Reduce the load. 


Increase the output voltage. 


Inspect the wiring and report 
defective wiring to 
organizational maintenance. 


Reduce the load or report the 
condition to organizational 
maintenance. 


e The speed droop is adjusted e Adjust the droop. 
improperly. 
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Table 14-1. Troubleshooting 


Symptom Probable Cause Possible Solution 


The frequency fluctuates. 


The air cleaner is clogged. 


The fuel filters are clogged. 


The fuel system has air in it. 


The governor is adjusted 
improperly. 


Clean or replace the filter 
element. 


Replace the filters. 


Prime the fuel system. 


Report to organizational 
maintenance. 


The main generator is noisy. e = An object is in the main e Remove the object. 
generator screen. 


CAUTION 


Stop operating the equipment immediately if you hear unusual noises. 
Unusual noises from the main generator usually indicate a part failure. 
Continued operation may cause additional damage. Report unusual noises to 
organizational maintenance. 


Instruments fail to function 
properly. 


The winterization heater fails to 
ignite or to keep burning. 


The 120-volt AC receptacle will 
not supply current. 


The 24-volt DC receptacle will 
not supply current. 
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The generator controls are 
adjusted improperly. 


The needle is stuck on the dial 
gauge. 


The battery's circuit fuze is 
blown. 


The heater’s fuel-pump screen 
is clogged. 


The heater’s fuel filters are 
clogged. 


The main fuel tank is empty. 


The 120-volt AC receptacle fuze 
is blown or the circuit breaker is 
off. 


The 24-volt DC receptacle fuze 
has blown. 
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Refer to the operator’s manual. 


Tap the gauge lightly with your 
finger. 


Replace the fuze. 


Replace the dirty filters. 


Clean the screen. 


Fill the tank. 


Replace the fuze or reset the 
circuit breaker. 


Replace the fuze. 
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Symptom 


The lamp will not light. 


The lamp flickers.* 


The ends of the tube are 
discolored.** 


e —= If itis a preheat type 
with new tubes— 


e = If it is discolored on one 
end only— 


The ends of the tube glow, but 
the center does not. 


The lamp fixture hums. 


Table 14-1. Troubleshooting 


Probable Cause 


Possible Solution 


The tube is burned out 
(blackened ends). 


The tube has been installed 
improperly. 


The fuze is blown or the circuit 
breaker is tripped. 


The starter is burned out. 


The tube is dirty (rapid-start 
only). 


The tube holder is broken. 


The fixture is too cold. 


The tube pins have oxide film 
buildup. 


The lamp has poor contact with 
the tube holders. 

The tube has been installed 
improperly. 


The tube is nearly worn out 
(blackened ends). 


The tube pins have oxide 
buildup. 

The fixture is too cold. 

The tube is almost worn out. 
The starter is defective. 

The tube is temperamental. 
The starter is defective. 

The ballast is defective. 

The ballast has been installed 
incorrectly. 


The ballast is the wrong type. 


The ballast is defective. 


*New tubes may flicker for a short time after installation. 
**Darkened bands about 2 inches from the ends are normal. 


14-10 


TM 3-34.46/MCRP 3-17.7K 


Replace the tube. 


Take the tube out and reinstall 
it. 


Replace or reset the tube. 


Replace the starter. 


Remove the tube and wash, 
rinse, dry, and replace it. 


Replace the tube holder. 


Raise the temperature to at 
least 50°F. 


Rotate the tube in the tube 
holders once or twice. 


Realign, straighten, and if 
necessary, resand the tube 
holders. 

Take the tube out and reinstall 
it. 

Replace the tube. 


Rotate the tube in the tube 
holders once or twice. 


Raise the temperature to at 
least 50°F. 


Replace the tube. 


Replace the starter. 


Remove the tube and turn it end 
for end. 


Replace the starter. 


Replace the ballast. 


Check the wiring on the ballast 
diagram and correct it. 


Check the wattage and the type. 
Replace the ballast. 


Replace the ballast. 
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How to Find the Cause of a Short Circuit 


Most short circuits occur in flexible cords, plugs, or 
appliances. Look for black smudge marks on face- 
plates or frayed or charred cords connected to a 
dead circuit. Replace the damaged cord or plug. 
Install a new fuse or reset the tripped breaker. 


If a fuse blows right away, pull out the fuse or 
ensure that the circuit breaker is OFF. Remove 
each faceplate and inspect the device and the wir- 
ing. Look for charred wire insulation, wire shorted 
against the back of the metal box, or the device lit- 
erally falling apart. Replace the defective switch, 
receptacle, or wiring. Install a new fuse or reset 
the tripped breaker. 


If turning on a wall switch causes a fuse to blow or 
a breaker to trip, the short is in the fixture outlet 
controlled by the switch or in the ON position of the 
switch. With the circuit dead, inspect the outlet 
and the switch for charred wire insulation and 
faulty connections. Replace the faulty fixture or 
switch. Install a new fuse or reset the tripped 
breaker. 


If the circuit goes dead as soon as you turn on the 
appliance, the appliance or its switch is probably 
defective and should be replaced or repaired. 


If you find no visible signs of trouble, trace your 
way through the circuit. Turn off all wall switches 
and unplug all appliances on the dead circuit. 
Install a new fuse or reset the tripped breaker. 


If a new fuse does not blow or a breaker does not 
trip right away, turn on each wall switch, one by 
one, until a fuse blows or a circuit breaker trips. 


If turning on a wall switch does not blow the fuse or 
trip the breaker, the problem is in the appliance. 
Plug in and turn on each appliance, one by one, 
until a fuse blows or a circuit breaker trips. Install a 
new fuse or reset the tripped breaker. 


If the circuit goes dead as soon as you plug in the 
appliance, the plug or the cord is probably at fault 
and should be replaced. 


Figure 14-2. Cause of a short circuit 


SECTION Ill - GENERATOR MAINTENANCE 


14-26. Regular and systematic maintenance helps ensure that a generator operates as required at all times. 
Preventive maintenance is important because it allows the operator to discover and correct defects before 
they cause serious damage or equipment failure. This section describes the maintenance procedures 
required for all electrical generator sets. Refer to the operator's manual for the PMCS that are required for a 
specific generator. 
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PREVENTIVE MAINTENANCE CHECKS AND SERVICES 


14-27. Perform regular PMCS as shown in table 14-2. Equipment operators must identify and write down 
all faults and shortcomings of the equipment. Stop operating the equipment immediately if the deficiency 
could endanger personnel or damage the equipment. Operators can repair most of the faults they identify. If 
they cannot repair them or if replacement parts are required, they must record the problem or the defective 
part number(s) on DA Form 2404 and submit the form to organizational maintenance (see DA Pamphlet 
738-750). 


TESTING 


14-28. Test an electrical generator set before operation, periodically during operation, and after parts are 
repaired or replaced. These tests ensure that the generator is working properly, will not malfunction under 
different load conditions, and can maintain the load. Maintaining the load when the set is in operation 
reduces carbon buildup in the internal-combustion engine. 


14-29. Operators can test a generator set with the equipment it was designed to power or with a load bank. 
The load-bank method is preferred because it lets the operator set up and control the power specifications. 
The load bank should be used to test generators that frequently operate with little or no load. 


14-30. The load bank is a self-contained test unit that is mounted in a cabinet and generates no power. It 
operates on an external power source through the system being tested. Cables are required to connect the 
load bank to the generator. Some load banks are designed to operate automatically. Others are operated 
manually to maintain a minimum load on the generator. 


WARNING 


Store and use the load bank only in an upright position, never 
upside down or on end. Ground the frame to avoid possible 
shocks. If excessive vibration or unusual noises occur during 


operation, turn the load bank off. Shut down the power source 
before touching, connecting, or disconnecting any electrical 
leads or parts. Disconnect the load bank at once if the motor or 
other components heat up excessively. NEVER use water to put 
out an electrical fire; ALWAYS use carbon dioxide. 


14-31. The load test is made by adding increments of resistive or reactive electrical loads to the generator. 
Operators can change increment combinations to simulate any electrical load within the bank's rating. For 
example, the load bank can test the output of generator sets rated for single-phase, two-wire, 120/240 volts; 
three-phase, three-wire, 240 volts; and three-phase, four-wire, 120/208 or 240/416 volts. The tests can be 
applied at frequencies ranging from 50 to 1,000 cycles per second. 
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Maintenance 


Table 14-2. Preventive maintenance checks and services 


e _ Ensure that the oil in the crankcase is at the proper level. 
Tighten the hardware and replace worn parts. 
Inspect the oil filter for loose or missing mounting hardware. 


Inspect the oil lines for leaks, breaks, or wear. 
Service the filter as directed in the lubrication order. 


Inspect the radiator, grille, and shutter for leaks, loose 
mounting, or obstructions in air passages. 


Inspect all lines and connections for leaks. 


Check the hoses for signs of deterioration and loose 
connections. 


e Record the freezing point on the maintenance records if 
antifreeze is used. 


Drain, flush, and refill the cooling system if the coolant is 
contaminated. 


Replace defective hoses, lines, and gaskets. 
Ensure that the manual shutter control operates properly. 


Water Pump, Fan, and Fan Inspect the water pump for cracks, leaks, loose or missing 
Guard mounting hardware, or other damage. 


Inspect the fan and fan guard for loose mounting. 


Fan-Drive V-belt and e Inspect the fan-drive V-belt for wear. 
Pulleys e Replace frayed or worn belts. 


e Check for proper alignment and tension between the pulleys, 
as prescribed in the technical manual. 


Thermostat Housing e Inspect the thermostat housing for cracks. 


Fuel Pump e Inspect the fuel pump for leaks, damage, and loose or missing 
mounting hardware. 


Fuel Filters e Inspect the primary and secondary fuel filters for loose or 
missing mounting hardware, cracks, leaks, or other damage. 


e Service the filters as required in the technical manual. 


available for the planned period of operation. 
Fuel Tank, Cap, and e Inspect the fuel tank for leaks. 
Gasket e Drain sediment from the fuel tank. 
Inspect the cap and strainer for dirt, wear, and defects. 


Inspect the chain and gasket for wear. 
Open or close the cap vent as required. 


Fuel Lines and Fittings e Inspect the fuel lines and fittings for cracks, leaks, and loose 
or damaged connections. 
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Chapter 14 


Table 14-2. Preventive maintenance checks and services 


ELECTRICAL SYSTEM 


Batteries Inspect the batteries for cracks, leaks, dirt, and corroded or 
damaged cables and terminals. 
Check the electrolyte level. 


Electric Generator and Inspect the commutator and brushes for wear, tension, dirt, 
Starter corrosion, and oil deposits. 


Ensure that the brushes move freely in their holders. 
Ensure that all electrical connections are tight and free of 


Lights, Wiring, and e Inspect the panel lights for loose connections, loose 
Switches mountings, and corrosion. 


e Inspect all electrical leads in the engine and the main 
generator for looseness, breaks, and damaged or worn 
insulation. 


Engine Generator e Inspect the engine generator regulator for external damage. 
tor 
Ss 


e Inspect the fuel gauge, thermometer (water-temperature 
gauge), and oil-pressure gauge for loose or missing mounting 
hardware, cracked or broken glass, or other damage. 


rc | e Inspect the battery-charge ammeter and hour meter for loose 


Regula 

Gauge 

Meters 
or missing mounting hardware, cracked or broken glass, loose 
connections, or other damage. 


e Test the lights for proper operation. 
Rheostats e Inspect the regulator-control rheostat and the crosscurrent 
compensation for loose connections or other damage. 


e Turn the knobs to the left and right to ensure that they operate 
freely. 


Speed-Control Governor e Inspect the speed-control governor for excessive wear, loose 
mounting, or other damage. 


Main Generator Inspect the main generator for damage. 


Blow dust and dirt from the generator housing with a low- 
pressure, dry air compressor. 


Control-Panel Meters Inspect the frequency meter, AC meter, AC voltmeter, and 
kilowatt meter for loose mountings, loose connections, 
cracked or broken glass, or other damage. 


COMMON EQUIPMENT MALFUNCTIONS 


14-32. While PMCS usually keeps an electrical generator set operating as required, malfunctions do 
occur. Operators can correct most equipment failures or unsatisfactory performance. Table 14-1, page 
14-6, identifies common malfunction symptoms, probable causes, and possible solutions. If the suggested 
solution does not correct the malfunction, report to the next higher level of maintenance 


Note. Any malfunctions that are beyond the scope of the operator or the crew must be reported 
to organizational maintenance. 
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Maintenance 


SECTION IV - MISCELLANEOUS EQUIPMENT MAINTENANCE 


HOUSEKEEPING 


ROTATING EQUIPMENT 


14-33. Electrical rotating equipment is manufactured to operate at a particular temperature, rated in 
degrees above ambient temperature. This term limits the maximum operating temperature of the equipment, 
which is derived by adding the rating to the atmospheric temperature of the operating location. For 
example, if a motor is rated at 30°F above ambient and the temperature of the surrounding area is 80°F, the 
maximum operating temperature of the motor would be 110°F. To help maintain the operating temperature 
below the danger point, you must keep the equipment clean and dry. Excessive amounts of dust or moisture 
on equipment surfaces act as an insulator and prevent the heat from dissipating into the atmosphere through 
the equipment housing. Poor housekeeping conditions in a wiring area or wiring installation increase the 
possibility of short circuits. 


LIGHTING 


14-34. The efficiency of a lighting installation is reduced when poor housekeeping conditions prevail. 
When dirt collects on reflectors, lamps, walls, or ceilings, the initial or designed foot-candlepower of the 
installation drops. Though original installations are usually planned with an expected drop of 10 to 15 
percent in candlepower, lack of proper cleaning may drop the lighting output as much as 50 percent. For 
proper maintenance under normal conditions, fixtures and lamps should be cleaned at least every 3 months. 
Clean them more frequently when working in conditions that are dirtier than normal. 


STORAGE 


14-35. Store electrical materials and tools in or on shelves, racks, or cabinets. Proper storage helps 
minimize the number of grounds or short circuits in an electrical circuit because the possibility of 
accidental damage to conductor insulation is reduced. Good storage facilities can reduce the time required 
for wiring installation because damaged conduit, fittings, cable, and supports can create time-consuming 
problems on the job. 


TOOLS AND EQUIPMENT 


14-36. Maintain tools and equipment in good operating condition and replace them when broken. Never 
use improperly operating equipment. Inspect tool handles periodically for tightness and correct positioning 
with reference to their working surface. Insulate handles against shock hazard when possible. Keep drills, 
chisels, saws, and similar cutting tools and equipment sharp. Cover workbench surfaces and surrounding 
floor areas with rubber insulation. 


FLUORESCENT LAMP REPAIRS 


14-37. Tubes, starters, ballasts, and tube holders (also called sockets) are the components usually involved 
in the repair of fluorescent lamps. All components are easy to replace, and most repairs are a matter of 
substitution. Table 14-2, page 14-13, shows common symptoms, causes, and solutions of problems in 
fluorescent lamps. 


TUBES 


14-38. To remove a double-pin fluorescent tube, twist it a quarter turn in either direction and gently pull it 
out. Install a new tube by pushing it into the tube holders and twisting it a quarter turn to lock it in place. 
Remove a single-pin tube by pushing it against the spring-loaded tube holder until the other end can be 
removed. To replace a tube, put the tube pin in the spring-loaded tube holder and push until the other end 
can be inserted. 
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Example: 
Find side x if triangle ABC is similar to triangle 


DEF. 
B 
7 
A Cc 
»¢ 
E 
15 
D F 
28 
Triangle ABC Triangle DEF 
Z. 15 Bs eh 
x 28 15 28 
15x = 196 or 15x = 196 
15x _ 196 15x _ 196 
15 15 15 15 
xX = 13 1/15 x = 13 1/15 


Side x equals 13 1/15. 


Let's try another problem that's a little more difficult. 


Example: 
Find the missing sides in triangle ACF and triangle 
ADG. 


A 


Since angle A is part of each triangle and each has 
a right angle, the third angle also must be equal. 
Therefore the triangles are similar. 


Chapter 14 


STARTERS 


14-39. Remove the fluorescent tube to gain access to the starter. Remove the starter by twisting it a 
quarter turn counterclockwise and then pulling it out of its socket. Place a new starter in the socket and 
twist it a quarter turn clockwise. 


TUBE HOLDERS 


14-40. Tube holders vary considerably, so it is wise to take the one you are replacing with you when 
buying a new one. To remove a damaged tube holder, first disconnect the wires. If the wires are connected 
by terminal screws, loosen them to free the wires. If the tube holder has push-in wire connectors, release 
each wire by inserting a small screwdriver or a nail into the slot next to the connection. Take out the 
mounting screw and remove the tube holder. (On some models, you may have to take the end bracket off 
the fixture so you can slide off the tube holder.) Install the new tube holder by reversing the procedure. 


BALLASTS 


14-41. Shut off all current in the lamp, and disassemble the fixture until you get to the ballast. In table 
models, the ballast is located in the base of the lamp; in ceiling or wall-mounted models, the ballast is in the 
metal enclosure that is attached to the ceiling or wall. 


14-42. The replacement ballast is already wired, and about 5 inches of each wire will be sticking out of 
the ballast. Remove the old ballast by cutting all the wires coming out from it about 5 inches from the 
ballast and removing the mounting screws. Mount the new ballast, and then connect the wires. Strip about 
1/2 inch of insulation from the end of each wire, and use a medium-size wire nut for every two wires. 
When working with a ballast, match the color-coded wires correctly by connecting red to red, blue to blue, 
and so forth. Check your work against the wiring diagram printed on the ballast. 


POLE-LINE HARDWARE 


14-43. Salvage pole-line hardware that becomes surplus due to line removals, alterations, and 
maintenance work. Discard hardware that has been materially reduced in strength by corrosion or rust. The 
condition of bolts passing through crossarms or brackets is difficult to determine because the point of 
greatest corrosion is usually hidden from view. As a rule, replace a bolt when the head is rusted over. 


LUBRICATION 


14-44. All rotating equipment rotates in housings on a ball, a roller, or sleeve bearings. To ensure 
maximum operating performance, routine PMCS should include lubrication according to the lubrication 
orders for the equipment. The type of lubricant, the lubricating period, and the points of lubrication are 
often attached to the equipment as a data plate. It is equally important not to overlubricate by using too 
much oil or grease or by shortening the lubrication intervals, because overlubrication can also cause 
equipment to malfunction. When oil or grease comes in contact with insulated conductors, it hastens their 
deterioration. Overlubrication causes overheating and leakage, and oily or greasy equipment surfaces 
collect dust and abrasive materials in the air. If the surfaces are not cleaned promptly, this dirt can cause 
wear on the bearing ends as well as eventual breakdown of the equipment. 
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Appendix A 
Common Electrical Parts and Equipment 


Battery Voltmeter 


Coil or winding Ammeter 


Electromagnet Wattmeter 


—@— 
—e— 
—@— 

Resitor —@— Generate 
—_@— 
<n 
—+— 
—-}-— 


Motor 
Rheostat 


Commutator or armature 
Lamp 


Switch, single-pole, 


, Conductors, joined 
single-throw 


Fuse Conductors, not joined 


Switch, 2-pole, single-throw 3 = Transformer, general 


Switch, single-pole, Transformer, iron-core 
double-throw | EE "A 


Switch, 2-pole, double-throw ————>+#———._ Capacitor 


Circuit breaker —X-— Actuating device, thermal 


Contact, normally open —n Ground connection 


Contact, normally closed E Voltage 


Current 


Resistance 
Ohm 

Cycle 
Positive 


Negative 


Figure A-1. Basic circuiting symbols 
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O 
©) 
©) 
©) 
©) 


6 
ae 
&. 

Q 


Outlet 


Clock outlet specify voltage 


Exit light outlet 


Junction box 


Pull switch 


Blanked outlet 


Duplex convenience outlet 


bala convenience 
outlet 


Switch and convenience 
outlet 


Special-purpose outlet, 
describe in specifications 


Drop cord 


Fan outlet 


Lamp holder 


Lamp holder with pull switch 


Vapor discharge lamp outlet 


Convenience outlet, other than 


duplex 


1=single, 3=triple, and so forth 


Range outlet 


Radio and convenience outlet 


Floor outlet 


Figure A-3. Convenience outlet symbols 
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Common Electrical Parts and Equipment 


Single-pole switch Four-way switch 


Ss 
Ss: 


Three-way switch Electrolier switch 
Automatic-door switch S, Pilot lamp and switch 

2 i Weatherproof circuit breaker 
Key-operated switch “wee 
Circuit breaker Sec Remote-control switch 
Momentary contact switch S. Fused switch 


Weatherproof switch Swe Weatherproof fused switch 


Double-pole switch 


Figure A-4. Switch outlet symbols 


Lighting panel Power panel 


Branch circuit concealed in ceiling 


Feeders (Use heavy lines or Wall 


and show by number same 


as in feeder schedule. ) Branch circuit exposed 


Branch circuit concealed in floor 


Home run to panel board (Number of 
circuits indicated by number of arrows.) 


Any circuit without further designation indicates a two-wire circuit. A greater 


number of wires is indicated thus: 


Hit Ht 


3 wires 4 wires 


Figure A-5. Panels and circuits 
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Push button Buzzer 


. Fire-alarm station , 
Electric door opener Fire-alarm bell 


Controller . 
Nurse's signal plug 


Annunciator 


[ | Isolating switch Radio outlet Bell-ringing transformer 


Figure A-6. Miscellaneous symbols 


Figure A-7. Fuse pullers 
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Common Electrical Parts and Equipment 


Wire grip Splicing clamp 


Figure A-8. Wire grip and splicing clamp 


Figure A-9. Thin-wall conduit impinge 
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Figure A-10. Multimeter 
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Extender ring 


Switch boxes 


Metal switch box —___» 
and covers 


Outlet boxes 


Square outlet-—> 
box and covers 


For one 
For exposed device 


Switch mounted 
directly on cover 


Raised ee ed f 


covers for 
exposed areas 


Common Electrical Parts and Equipment 


Extender 


Nonmetallic switch and 
receptacle covers 


——\-_ Mounting bracket 


emove one side from each box. Screw boxes together. 


Plaster rings 


Ps Plain cover 


For two For fixture 
devices 


Cover with 
re receptacle 


Octagonal outlet 
box and covers 


Figure A-11. Steel electrical boxes and covers 
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Weatherproof 
Outlet Ox Gasket Gasket 


Receptacle 


b 
i 
} 
i 
i a, Pancake Device box for dry 
Utility or “handy” box and covers box wall construction 


Figure A-12. Special-situation boxes 
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Common Electrical Parts and Equipment 


Wooden cleats 


Support “on edge” 
against the rear face 
of the sheetrock. 


Mountin 
bar 


Bar hangers 
Sheet- 


metal | 
— stamping 


fri 


Sheetrock 
(drywall) or 
plaster on 
plasterboard 


Patented supports 


Figure A-13. Typical box mountings 
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The three sides of triangle ABE are given as are one 
Side of triangle ACF and triangle ADG, so 
proportions can be set up to find the missing sides. 


43 ~ AC C 


wn on 
Dl > oy 
Qa aaa 
] ou 
NN [eR 
ouloo® 
ee 
co 
> 
\ 
Les 


Cc 
12 _ AF 
5 8 
5AF = 96 20.8 
SAF _ 96 
5 5 F 
AF = 19.2 A 19.5 
43 . AD D 
5 14 
5AD = 182 9 
SAD 182 14 
5 5 
AD = 36.4 a - G 
D 
12 . AG 
5 14 36.4 
SAG = 168 
5AG _ 168 
5 5 : 33.6 
AG = 33.6 


As you can see, finding the missing sides is easy using 
proportions. 


Lesson Summary. In this lesson you calculated the surface area 
and volume of a cube, rectangular solid, and cylinder. You also 


used the proper operations to find the square root of a number, 
the unknown side of right triangles as well as the length of 
triangles. You should now be ready to complete the unit 
exercise. 


ee ee ee es em ee ee ee ne ee ee ee we ee ee ee a ee ee ee ee ee ee ee we ee eee eee 
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oa hy a 


Soldered lug Hexagon socket Small-wire 


terminal 


Slotted bolt Insulated test clip 


Figure A-14, Cable and wire connectors 


Cable staple Insulated staple 


Conduit full strap 


Conduit half strap 


Figure A-15. Straps and staples 
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30 A 125/250 V 30 A 250 V grounding 
3-pole, 3-wire 2-pole, 3-wire 


50 A 125/250 V 
3-pole, 3-wire 30 A 125/250 V 


grounding 
3-pole, 4-wire 


Duplex receptacle Ah Single receptacle 
= 


Surface outlet, Flush outlet, Cord, 30 amp Pigtail cord 
50 amp 50 amp 125/250 V connector 


Figure A-16. Receptacles 
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© 


QO 


90-degree flat elbow 


=—__ 
—=—_==——— 
F . Single-pole switch Duplex receptacle 
Section of wiremold Sith bok ney trees adaeal 


Figure A-17. Surface metal raceways 
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Common Electrical Parts and Equipment 


Adapter 


rubber-molded plug 3-pole 
with finger grip twist lock 


Grounded plug 


Female Male wv 


Figure A-18. Attachment plugs 


Tumbler - for box Tumbler cover Push button - for Push-button 
mounting box mounting cover 


Figure A-19. Switches and covers 
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Figure A-20. Service switch box 


Single-pole circuit breaker Panel board containing 
several circuit breakers 


Figure A-21. Circuit breakers 
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General lamp-socket sizes 


45/8” i Medium 
15/16” 


e—" 1/2” al 


- Candelabra 
id 19/32” 
Intermediate vy 


Types of sockets 


Elevation” a . 
Base-pull socket Section 
Cleat socket 


Hanging sockets 


Lamp-socket adapter Vaporproof receptacle 


Figure A-22. Lamp holders and sockets 
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Types of signal equipment 


Types of reflectors 


Buzzer 


Floodlight 


Incandescent lamps 


Figure A-23. Lamps, signal equipment, and reflectors 
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9/16” hole 


Flat cross-arm 
brace, open- 


hearth steel Double-span 
+ t cross-arm braces 
7/16” hole 9/16” hole a 


1 1/4” x 1/4” 11/16” hole 


58” PA Angle iron re 


: 10” 


Hook-head pole step Calriede bot 


cara a i 


O Double-arming bolt, threaded full length 


setae! — mm 


Lag screw 
a { 
g ———$————— HANAN 
Square washer M 


achine bolt 


Round washer 


Figure A-24. Braces, bolts, and washers 
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oS I 
= Eyebolt 


11/2” x 2” 
opening 


Shoulder eyebolt 


1 1/2” x 2” opening 


aS pennants Sy) 
CS ° 


Straight thimble-eyebolt 


Angle thimble-eyebolt 


11/16" hole 
, 7/8" 
ESS le ee ©) ae 


Straight thimble-eye (also 


available in twin-eye design) Thimble pe 
Eyenut 
Thimble clevis 


installed on insulator 
Thimble-eyenut 


Figure A-25. Eyebolts, nuts, and clevises 
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Common Electrical Parts and Equipment 


Pole-top pins 


1” lead 
head 


9-gauge steel 
galvanized 


U-type clamps, 
galvanized steel 


11/16” holes—— 


9-gauge—»> 
steel 


11/16" x 1 1/4" slot 


5/8” pin 


Strain clamp 3/4” opening 11/16” hole 
Y) Angle } 
thimble-eye ( 


<¢——4 13/16" —> 


Forged steel 
11/16” x 7/8” slot 


Dead-end clevises 


Figure A-26. Clamps, pins, thimble-eyes, and clevises 
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Unit Exercise: Complete items 1 through 64 by performing the 
action required. Check your responses against 
those listed at the end of this study unit. 


1. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 25° c. 35° 
b. 27° dad. 37° 


2. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 30° c. 40° 
b. 35° a. 45° 


3. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 130° c. 140° 
b. 135° dad. 145° 
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Strain plate 


———— 


= | 
Bottom 
connection 


A-20 


Guy shim 


Top 
connection 


7 
all 


J-hook Guy-strain insulator 


1 5/8” x 2 1/4” 
wood section 


Vabnny 


Wood guy-wire guards, 
white-painted Douglas fir 


Guy thimble Three-bolt clamp 


Flexible guy-wire guards 


Figure A-27. Guy wire equipment 
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Table B-1. Characteristics of electrical systems 


Type Wiring Diagram Voltage Use 
A Lighting and small, single- 
Single-phase, 6 phase motors, small loads 
two-wire — 2 
102W £ 
B re pak Local power to small 
Single-phase, 240 480 | Buildings 
three-wire 10 3 ¥ 12 240 
WwW 
Cc Most common system for 
Three-phase, a “ 120 i military secondary 
four-wire 120 508 y 208 distribution 
30 4 W rN | 
v 
or 
— 
4 240 
+ 240 he y 416 
AT 4 
D V = 240 Large motor loads, small 
Three-phase, Sen i yor 480 lighting loads 
three-wire 303 | 3 vw 9600 
W , 4 
E “ + Motor and lighting loads 
Three-phase, 40 oho 
four-wire 120 40 
304 W 120 
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Trade Name 


Rubber-covered fixture 
wire (solid or 7-strand) 


Rubber-covered fixture 
wire (flexible stranding) 


Heat-resistant, rubber-cov- 


ered fixture wire (solid or 
7-strand) 


Heat-resistant, rubber-cov- 


ered fixture wire (flexible 
stranding) 


Thermoplastic-covered 
fixture wire (solid or 
stranded) 


Thermoplastic-covered 
fixture wire (flexible 


Cotton-covered, heat- 
resistant fixture wire 


Asbestos-covered, heat- 
resistant fixture wire 


Silicone, rubber-insulated 
fixture wire (solid or 7- 
strand) 


Silicone, rubber-insulated 
fixture wire (flexible 
stranding) 


Code rubber 


Heat-resistant rubber 


Table B-2. Conductor insulation 
Letter Rating 
140°F 
140°F 
140°F 
140°F 
167°F 
167°F 


*FFH-1 75°C- Fixture wiring, limited to 300 V 
167°F 

*FFH-2 75°C- Fixture wiring 
167°F 


Fixture wiring 
140°F 
140°F 
194°F 
302°F indoor locations 
392°F 
302°F 
302°F 
i a 
140°F 
167°F 
194°F 
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Electric Data 


Table B-2. Conductor insulation 
Moisture-resistant rubber |RW 60°C 140°F Dry and wet locations; for over 2,000 V, 
insulation shall be ozone-resistant. 
Moisture- and heat- RH-RW 60°C 140°F Dry and wet locations; for over 2,000 V, 
resistant rubber insulation shall be ozone-resistant. 
75°C 167°F Dry locations 
Thermoplastic and fibrous |TBS 90°C 194°F Switchboard wiring only 
outer braid 
Synthetic heat-resistant SIS 90°C 194°F Switchboard wiring only 
Mineral insulation (metal 85°C 185°F Dry and wet locations with Type O 
sheathed) termination fittings, maximum operating 
temperature for special applications 250°C 
Silicone-asbestos SA 90°C 194°F Dry locations, maximum operating 
temperature for special applications 125°C 
Fluorinated ethylene FEP 90°C 194°F Dry locations 
propylene 
FEPB 200°C 392°F |Dry locations—special applications 


75°C 167°F For over 2,000 V, insulation shall be ozone- 
resistant. 
Moisture- and heat- RHW 75°C 167°F Dry and wet locations; for over 2,000 V, 
resistant rubber insulation shall be ozone-resistant 
Latex rubber 60°C 140°F Dry locations 
Heat-resistant latex rubber 75°C 167°F Dry locations 
Moisture-resistant latex RUW 60°C 140°F Dry and wet locations 
rubber 
| 


Thermoplastic 60°C 140°F Dry locations 
Moisture-resistant TW 60°C 140°F Dry and wet locations 
thermoplastic 
Heat-resistant THHN 90°C 194°F Dry locations 
thermoplastic 
Moisture- and heat- THW 75°C 167°F Dry and wet locations 
resistant thermoplastic 

THWN 75°C 167°F Dry and wet locations 
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Table B-2. Conductor insulation 


Type Temperature eobus za 
Trade Name Application Provisions 


Thermoplastic and TA 90°C 194°F Switchboard wiring only 
asbestos varnished 
cambric 
V 85°C 185°F Dry locations only, smaller than No 6 by 
special permission 
Asbestos and varnished |AVA 110°C 230°F |Dry locations 
cambric 


ed 110°C 230°F |Dry and wet locations 
90°C 194°F Dry locations 


Asbestos 200°C 392°F |Dry locations only; in raceways, only for 
loads to or within apparatus; limited to 300 
200°C 392°F |Dry locations only; open wiring; in 
raceways, only for loads to or within 
apparatus; limited to 300 V 
125°C 257°F |Dry locations only; in raceways, only for 
loads to or within apparatus; limited to 300 
125°C 257°F _|Dry locations only; open wiring; in 
raceways, only for loads to or within 
Paper 85°C 185°F For underground service conductors or by 
special permission 
*Fixture wires are not intended for installation as branch circuit conductors nor for the connection of portable or stationary 
appliances. 
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Electric Data 


Table B-3. Allowable current-carrying capacity of copper conductors—not more than three 
conductors in raceway or cable 


Temperature Rating of Conductor’ 


AWG or MCM 60°C 75°C 85-90°C 110°C 125°C 200°C 
(140° F) (167° F) (185° F) (230° F) (257° F) (392° F) 


fc | F | Correction Factors, Room Temperatures Over 30°C (86°F) __—_—| 
fo fos Joa Joss oso ose oss 
45113, fos fos foes ogo fog 
so 122 [oss fo.75 —foso oss | 
531 [oat fos? fa os fos | 
oo |iao [ fos fore7 ooo fot 
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Table B-3. Allowable current-carrying capacity of copper conductors—not more than three 
conductors in raceway or cable 


'Current capacities relate to conductors in table B-2. See table B-2 for the temperature rating of the conductor. 
Current capacities for types FEP, FEPB, PHH, and THHN conductors for sizes AWG 14, 12, and 10 shall be the same as 
designated for 75°C conductors in this table. 


Table B-4. Allowable current-carrying capacity of copper conductors in free air 


Size Temperature Rating of Conductor’ 
Bare and 
60°C 75°C 85-90°C 110°C 125°C 200°C 
AWG or MCM (140° F) (167° F) (185° F) (230° F) (257° F) (392° F) Covered 


Conductor 


14 
12 
10 
8 ss fos Sofas fg. 
6 go foto ftzo ft 35 t00 
4 
3 
2 
1 
1/0 
210 226_Jaes_[ae6_}sg0._fas6_fo70_fa76_ 
10 _}sg0_{se6_|10_f4s0_{s20_| 
sofas fas fers sro 

425 [495530 ee 


260 
300 
340__—*[408 
375 
420 a 
455 [545 |s75 foes 7t0 | 555 
620 eso s|7os_— fats | 630 
600 75 eso 740 fas oto | 
630 — _—|70 
jess [ves |as_ foo ft.oas [ft 
Ca 8s 
730 — __|905 
720 [— __—|96s 
90, Eat 
980, Fe | 
oro Ed 
Sa 


935 
foes fitz fF 
1175 [1,260 1.450 | 
1,750 1,070 CE a 
2,000 1155 [4.385 |1a7o_|7i5 | 

°C 
40 foe Jose Joss oso owe oss [|] 
45 3 jo.7t foe2 foes fo.go foe 
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Electric Data 


Table B-4. Allowable current-carrying capacity of copper conductors in free air 


postz2_—sose fos ~—sfogo sos? ~—s fosg S$ SC 
os s(tz1~—fo.4t foe? fo.za foes fosp,S [—- [ 
eo 40s [——S sf fos? _—fo.7o ~— fossa ~— fog S| 
ost [Ss forse fo.7t ~—s fore ~—s osm fT 
75 sito? (Cit 43s foes =~ fora fos SS [SC 
go —sftvegs [|—— s sf.30—~sifocot ~—fosa~—foe F 
ote foc Sf foo 
oo fzvz f= fot for? 
zo fags fw 

i400 zee foto S| 


"Current capacities relate to conductors in table B-2, pages B-2 through B-4. See table B-2 for the temperature rating of the 
conductor. 

Current capacities for types FEP, FEPB, PHH, and THHN conductors for sizes AWG 14, 12, and 10 shall be the same as 
designated for 75°C conductors in this table. 


Table B-5. Allowable current-carrying capacity of aluminum conductors—not more than 
three conductors in raceway or cable 


Temperature Rating of Conductor’ 


60°C 75°C 85-90°C 110°C 125°C 200°C 
AO REM OM (140° F) (167° F) (185° F) (230° F) (257° F) (392° F) 
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Table B-5. Allowable current-carrying capacity of aluminum conductors—not more than 
three conductors in raceway or cable 


1,000 s75_ faa [azo [560_ foo. | 
1,250 a rs a ee er 
1,500 435520580 fos0— | 
1,750 a a a Sa Se See 
2,000 470 |seo_s oso. tos | 

°C 
40 oa oa fogs fogo joa fps | 
45 13 fo71 fsa foss fog fopa 
50 22 jose fo.7s —foso osm foso | 
55 31 joat foe? fo7a foes fogs | 
60 ao | fos foe7 og foes oon 
70 asp | fs fos ot fore foe? 
75 yey ifs fos fra fee 
80 ave OF Tift. fost foro fee 
90 fa ffs foto 
100 a a a ee ee a 
120 a a a a ee a ae 
140 Es eee = eee ee eee eee cee 


"Current capacities relate to conductors in table B-2, pages B-2 through B-4. See table B-2 for the temperature rating of the 
conductor. 

Current capacities for types FEP, FEPB, PHH, and THHN conductors for sizes AWG 14, 12, and 10 shall be the same as 
designated for 75°C conductors in this table. 

7For three-wire, single-phase service and subservice circuits, the allowable current capacity of RH, RH-RW, RHH, RHW, and 
THW aluminum conductors shall be for sizes No 2-100 amp, No 1-110 amp, No 1/0-125 amp, No 2/0-50 amp, No 3/0-170 
amp, and No 4/0-200 amp. 


a B-6. Allowable current-carrying capacity of aluminum conductors in free air 
| Size | Temperature Rating of Conductor’ 


60°C 75°C 85-90°C 110°C 125°C 200°C Bare and 


(140°F) (167° F) (230° F) (257° F) (392° F) Covered 
Conductor 


AWG or MCM 


125 


pas fits rao fra fis rss fr 
20 ttt tao test tes 35 
2/0 255 275 


4/0 230 3 3 3 290 
50d sts 33085 dats 20 
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Electric Data 


Table B-6. Allowable current-carrying capacity of aluminum conductors in free air 
Temperature Rating of Conductor’ 
s50_fo7s_{49_l460_| 360 
305 [ats dav |510 400 
jase fos 435 
ass [515595635 490 
a ca 560 
p95 eas |745 795 
le20 evo 775825 640 
CE 670 
oo 750 |~ 725 
750 (goo 930. 770 
a a es 
os0__{t oss 
a 


Ta 
000 oso fr. 150 fr. 200 fre 
= Coie acs Ropin ranrersaies ere cary | 
a oC 0.95 
45 (413, fo7t_—fos2 foes fo. __—f.92 
0.89 
ss__i1_Joas__foer_fo4_fo.6_fo. 0.86 


= — | 
990 
= 
ozo 4175 [| 
a 
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'Current capacities relate to conductors in table B-2, pages B-2 through B-4. See table B-2 for the temperature rating of the 
conductor. 

Current capacities for types FEP, FEPB, PHH, and THHN conductors for sizes AWG 14, 12, and 10 shall be the same as 
designated for 75°C conductors in this table. 


Table B-7. Reduction of current-carrying capacity for more than three conductors 
in raceway or cable 


43 and above 50 
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4. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 90° c. 110° 
b. 100° da. 1150° 


5. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 90° c. 270° 
b. 180° a. 360° 


6. Using your protractor, measure the angle to obtain its 
measurement in degrees. 


a. 85° c. 95° 
b. 90° da. 100° 


5-42 
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Table B-8. Flexible cords 


Braid on 
Trade Type No of é Outer 
Name Letter Conductors lnsdiadon Fach Covering Use 
Conductor 
2 
2 
2 
2 


tinsel cord 


Parallel TP 2 Rubber Rubber Attached to an |Damp places | Not hard 
appliance usage 

: 

Jacketed TS 

tinsel cord 


on 
7 Thermoplastic Thermoplastic |Attached toan |Damp places |Not hard 
appliance usage 
7 Rubber Rubber Attached toan |Damp places | Not hard 
appliance usage 
7 2or3 Thermoplastic Thermoplastic |Attached toan |Damp places 
appliance 


18-10 |2or3 Impregnated |Cotton or None Pendant Dry places 
asbestos rayon 
18-10 |2 Impregnated |Cotton or Cotton, rayon, }|Pendant Dry places 
asbestos rayon or saturated 
asbestos 
18-10 Impregnated Cotton, rayon, |Pendant Dry places 
asbestos or saturated 
asbestos 


Not hard 
usage 


Not hard 
usage 


Asbestos- 


resistant 


Not hard 
usage 


Not hard 
usage 


Not hard 
usage 


CFC 18-10 Impregnated |Cotton or None Pendant Dry places 
cotton rayon 


Not hard 
usage 


Not hard 
usage 
Not hard 
usage 
Not hard 
usage 


Not hard 
usage 


18-10 |2 Impregnated |Cotton or Cotton or Pendan Dry places 
cotton rayon rayon 

18-10 |2or3 Impregnated Cotton or Pendan Dry places 
cotton rayon 

1 


PO-1 8 2 Rubber Cotton Cotton or Pendant or Dry places 
rayon portable 
Rubber Cotton Cotton or Pendant or Dry places 
rayon portable 
Rubber Cotton Cotton or Pendant or Dry places 
rayon portable 
Rubber Rubber Pendant or aces |Not hard 
portable usage 
SP-2 18-16 |2 Rubber Rubber Pendant or aces |Not hard 
portable usage 
SP-3 18-10 |2 Rubber Rubber Refrigerators or | Damp places | Not hard 
room air 
conditioners 


usage 

SPT-1 18 2 Thermoplastic Thermoplastic | Pendant or aces |Not hard 
usage 

SPT-2 18-16 |2 Thermoplastic Thermoplastic | Pendant or aces |Not hard 
portable usage 


SPT-3 18-10 |2 Thermoplastic Thermoplastic | Refrigerators or | Damp places | Not hard 
room air usage 
conditioners 

Lamp cord |C 18-10 |2 or more Rubber Cotton None Pendant or Dry places Not hard 
portable usage 

i 18-10 |2 or more Rubber Cotton Cotton or Dry places Not hard 
rayon usage 

Reinforced |P-1 18 2 or more Rubber Cotton Cotton over Pendant or Dry places Not hard 

cord rubber filler portable usage 

P-2 18-16 |2 or more Rubber Cotton Cotton over Pendant or Dry places Not hard 
rubber filler portable usage 


is) is) 
© o 
3 3 
aS, 5, 
ae) ae) 


is) is) 
© © 
3 3 
3 ne} 
ne} ne} 
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No of 
Conductors 


Trade 
Name 


Type 
Letter 


Peas 
ees 


Pe BD 
44 = 
(2) fe) 


Braided, 
heavy-duty 


K 
S) 2 
; 2 


Junior hard- 
service 
cord 


S) 
S) 


2 or more 


i 


18- 

18-2 

is 
i 
18-2 
18- 


8 
8 
S) 8 
S) 8 
S) 8 


resistant 
cord 


Feel evil 


7 


18-16- |2or3 
4 


{ 
7 
- 


7 


a 
n 
Cc 


oO 
oO 
Ss 


Al 


J 

J 

0 
T 
T! 
F 
iC 


H 


a9 
iw) 


Rubber- 
jacketed 
heater cord 


x 
n 
Cc 


Jacketed 
heater cord 


i 
= 


no 


— —L 

n 

(aa 
78 


18-16 |2 Thermo- 
setting 


HP 


Parallel 
heater cord 
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Table B-8 


Rubber 


Thermoplastic 


Thermoplastic 
or rubber 
Thermoplastic 
or rubber 


Thermoplastic 
or rubber 


Impregnated 
asbestos 


Impregnated 
asbestos 


Rubber and 
asbestos 


Rubber with 
asbestos or all 
neoprene 


Rubber with 
asbestos or all 
neoprene 


Rubber with 
asbestos or all 
neoprene 


Rubber with 
asbestos or all 
neoprene 
Rubber with 


asbestos or all 
neoprene 


Electric Data 


. Flexible cords 


Braid on 
Each 
Conductor 


Cotton Two-cotton, Pendant or Damp places 


moisture- portable 

resistant finish 

Thermoplastic }|Pendant or Damp places 
portable 

Oil-resistant Pendant or Damp places 

compound portable 

Thermoplastic | Pendant or Damp places 
portable 

Pendant or Damp places 


Outer 
Covering 


portable 
Oil-resistant Pendant or Damp places 
compound portable 
Thermoplastic | Pendant or Damp pla 
portable 
Oil-resistant Pendant or Damp places 
Thermoplastic | portable 


Portable Damp places 


ces 


Cotton or 
rayon 


Cotton and 
rubber 


Damp places 


Portable 


resistant 


Portable 
compound 
Thermo-setting Damp places 


Cotton and oil- 
resistant 
compound 


Damp places 


Cotton and 
rubber or 
neoprene 


Damp places 


Cotton and oil- Damp places 
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Portable Damp places 


i -_ 
Portable Dry places 


Hard usage 


Not hard 
usage 


Not hard 
usage 


Hard usage 


Hard usage 


Hard usage 


Extra hard 


Extra hard 
usage 


Extra hard 
usage 
Extra hard 
usage 


Portable 
heaters 


Portable 
heaters 
Portable 
heaters 


Portable 
heaters 


Portable 


Portable 
heaters 


Portable 
heaters 


Portable 
heaters 


Portable 
heaters 


Appendix B 


Damp places | Not hard 
usage 


Heat- and 
moisture- 


Range, 
dryer cable 


No of 
Conductors 


Table B-8. Flexible cords 


Insulation 
Asbestos and 


varnished 


Asbestos and 
varnished 


Box Dimensions, inches 


1 1/2 x 3 1/4 octagonal 


Braid on 
Each 
Conductor 


Outer 
Covering 
Asbestos, Pendant or 
flame- 
retardant, 
moisture- 
resistant 


Asbestos, Pendant or 
flame- 

retardant, 

moisture- 


resistant 


Rubber or 
neoprene 


Three cotton, 
outer one 
flame- 
retardant and 
moisture- 
resistant 


and control 


One cotton 
anda 
neoprene 
jacket 


and control 


Three cotton, 
outer one 
flame- 
retardant and 
moisture- 
resistant 


and control 


Elevator lighting | Non- 


hazardous 
locations 


locations 


hazardous 
locations 


Maximum Number of Conductors 


| Nota | Notz2 | Not | Nos | 
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Electric Data 


Table B-10. Shallow boxes (less than 1 1/2 inches deep) 


Maximum Number of Conductors 


Box Dimensions, inches 


Ce (| 
ita4square fp 
CT :  ( 


Table B-11. Support for nonmetallic conduit runs 


inches 
Ee 
4 


3 1/2 
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Table B-13. Full-load current, three-phase AC motors 


Induction-Type Squirrel-Cage and Wound Rotor | Synchronous-Type Unity Power Factor 
HP Amperes Amperes 
110 V 220V | 440V | 550V 2,300 V 220 V 440 V 550 V 2,300 V 

1/2 4 2 1 0.8 — — — — — 

3/4 5.6 2.8 1.4 1.1 — — — — — 

1 7 3.5 1.8 1.4 — — — — — 

1% 10 5 2.5 2.0 — — — — — 

2 13 6.5 3.3 2.6 —_— — — —_— — 

3 = 9 4.5 4 — — — — — 

5 — 15 7.5 6 — — — — — 

Tih — 22 11 9 —_— —_— —_— — —_— 

10 —_— 27 14 11 — —_ — —_ — 

15 — 40 20 16 — — — — — 

20 — 52 26 21 —_— — — — —_— 

25 —_— 64 32 26 7 54 27 22 5.4 

30 — 78 39 31 8.5 65 33 26 6.5 

40 — 104 52 41 10.5 86 43 35 8 

50 — 125 63 50 13 108 54 44 10 

60 —_ 150 75 60 16 128 64 51 12 

75 — 185 93 74 19 161 81 65 15 

100 — 246 123 98 25 211 106 85 20 

125 — 310 155 124 31 264 132 106 25 

150 —_— 360 180 144 37 — 158 127 30 

200 — 480 240 192 48 — 210 168 40 
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Table B-14. Standard loads for branch circuits and feeders and demand factors for 
feeders 


Standard 
Occupancy Loads, Watts Feeder-Demand Factor 
per square foot 

Armories and auditoriums }1 100% 

Barber shops 100% 

Dwellings 100% for first 3,000 watts, 35% for next 
117,000, 25% for excess above 120,000 

Hospitals 2 40% for first 50,000 watts, 20% for 
excess over 50,000 

Office buildings 100% for first 20,000 watts, 70% for 
excess over 20,000 

Schools 100% for first 15,000 watts, 50% for 
excess over 15,000 

100% 

Warehouses 0.25 100% for first 12,500 watts, 50% for 
excess over 12,500 

Assembly halls 100% 


Table B-15. Requirements for branch circuits 


Type FEP, FEPB, R, RW, RU, RUW, RH-RW, SA, T, TW, RH, RUH, RHW, RHH, THHN, THW, and THWN 
Conductors in Raceway or Cable 


Conductors (min size): |14 14 12 14 10 14 8 12 6 12 
Circuit wires* Taps 


Outlet devices: Lamp |Anytype15 ~ |Any type 15 or |Heavy duty |Heavy duty 40 |Heavy duty 
holders permitted max amp and 50 amp 
Receptacle rating 


*These current capacities are for copper conductors with no correction factor for temperature (see tables B-3 through B-7, 
pages B-5 through B-10). 
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Table B-16. Voltage drop table (based on 3% drop) 
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B-16 


Electric Data 


Table B-17. Support for rigid metal conduit runs 


Size of 
Conduit, 
inches 


Maximum Distance Between Rigid Metal Conduit 
Supports, feet 
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Table B-19. Minimum size (inches) of conduit of electrical metallic tubing to contain a given 
number of 800-volt conductors 


a fae fae fae fe 
[a (0 


ef a 
re fm fe fe fe eR ie 
pe fae fom fe Rie eve 


Table B-20. Size conduit of electrical metallic tubing for combinations of conductors 
(percentage of cross-sectional area of conduit or tubing) 


Number of Conductors 
(a a (a ee es ee 


Conductors 


Forewing emingconans OOO 
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Electric Data 


Table B-21. Dimensions and percent of area of conduit and tubing for combinations 


Area, square inches 


Size of Internal Not Lead Covered Lead Covered 


Conduit, Diameter, | Total 
inches inches 100% 


Table B-22. Dimensions of rubber-covered and thermoplastic-covered 
conductors 


Types R, RH, RW Types T, TW, TF, RU 


Approximate Approximate Approximate Approximate 
Diameter, Area, square Diameter, Area, square 
inches inches inches inches 


1238 323 


0.1605 0.372 


.1817 401 
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7. Classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle d. Straight Angle 


8. Classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle dad. Straight Angle 


9. Classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle d. Straight Angle 
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Table B-23. Characteristics of wire 


Resistance, 
eB _‘|soia forza ‘faa —ifowsao ios 
ofr forse ‘aor —ifoato——io.s7a = 
Bo? 260 fof. 205 336 
oo —ifer——‘fosos ia? ‘forgo —‘fo.oz0s 
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Appendix C 
Metric Conversion Chart 


Table C-1. Metric conversion chart 
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Glossary 


ampere(s) 

alternating current 

Air Force manual 

ampere(s) 

Army National Guard 
American Society for Testing Materials 
attention 

American Wire Gauge 

Celsius 

circuit breaker 
communications 

conduit 

contract 

cardiopulmonary resuscitation 
Department of the Army 
direct current 

Department of Defense 
Department of Public Works 
engineer manual 

alternating electromotive force 
electrical metallic tubing 
estimate 

Fahrenheit 

field manual 

federal stock number 

foot, feet 

field training exercise 
generator 

ground-fault circuit interrupter 
height 

horsepower 

headquarters 

inch(es) 

inspection 

Insulated Power Cable Engineer Association 


incorporated 
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Glossary 


NAV 
NAVFAC 
NC 


USAES 
USAR 
Vv 


var-cam 


Glossary-2 


kilovolt-amperes 

kilowatt(s) 

pound(s) 

length 

maximum 

1,000 circular mils 
manufactured 

minimum 

mounted 

not applicable 

Navy School 

Navy Facilities Engineering Command 
national coarse 

National Electrical Code 
number 

preventive maintenance checks and services 
polyvinyl chloride 

quantity 

receptacle 

registration 

revolutions per minute 
requirement 

serial 

The Army Maintenance Management System 
technical manual 

Marine Corps technical manual 
theater of operations 

Air Force technical order 
technical order 

United States 

United States Army Engineer 
United States Army Reserves 
volts 

varnished-cambric 

watt(s) 

width 

weight 

degrees 

delta 

wye 

number 
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: foot, feet 
inches 


% percent 
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A 
AC. See alternating current 


alternating current 1-1, 3-5, 8- 
13 


aluminum 2-6. 


American Society for Testing 
Materials 2-15 


American Wire Gauge 2-5 
ampacity 8-12 
amperage 2-4 
anchors 
expanding 2-10 
expansion 2-12, 5-6 
annual load factor 8-20 
antishort bushing 2-8, 4-3, 14-1 
appliance circuits, 20-amp 2- 
12, 3-4 
armature 2-12, 7-4 
artificial respiration 13-3 
ascending a pole 12-3, 12-5 
average wattage consumption 


AWG. See American Wire 
Gauge 


B 
balanced circuit 1-1, 3-5 
balanced load 8-18, 
balancing a load 8-18 
ballasts 2-14, 3-2,14-15 
bar hangers 2-8 
belt-in method, proper 12-2 
benders 5-10 


hydraulic 5-4 
thin-wall conduit 5-9 
bends 5-10 


armored cable 4-2 
factory-made 5-3 
field 5-3 


minimum radii for 5-3 
four quarter 5-3 


metallic tubing 5-9 

offset 5-10 

three quarter 5-3 
blueprints 3-1, 3-2 
bolts 

molly 2-10 
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Index 


toggle 2-10 
bonding 3-7, 3-8 
bonding strip 4-1 , 4-3 
bonding wire 3-7 , 4-4 
box knockout opening 4-4 
boxes 
gang 2-7, 2-9 
junction 2-7, 4-3 
nonmetallic 4-7, 4-9, 5-13 
outlet 2-2, 2-7, 5-2, 5-7 
cast-iron 5-2 
mounting 1-6 
nonmetallic 2-8 
steel 2-7, 5-2 
pancake 4-13 
sectional 2-6 
steel 2-8 
switch 2-7 
branch circuits 3-3, 3-7 
building loads 3-6 
bushings 5-2, 5-6 
butt rot 12-1 


Cc 
cable 2-6 
armored 2-6, 2-8, 2-9, 3-8, 
4-1, 4-2, 5-12 
clamps 4-1, 4-4 
concealed 4-6 
cutter 2-8, 4-3 
knockouts 4-9 
lead-covered 2-7, 4-1, 4-8 
metal-clad 2-6 
metal-sheathed. Type MI 
3-10 
nonmetallic-sheathed 2-6, 
2-8, 2-11, 3-16, 4-5, 
4-6, 4-10 
Type NM 2-6, 4-6, 4-7, 
4-8, 4-9, 4-10 
Type NMC 2-7, 4-6, 5 
13 
resistance 8-12 


routing 4-11 
service-entrance 2-6 
size 8-8 

stripper 4-8 
underground feeder 2-7 
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wiring system 3-1 
cables, multiphase 10-5 
calculated voltage drop 8-11 
camouflage 10-13 
candlepower 14-15 
capacitor terminals 14-2 
carbon monoxide 8-31 
cardiopulmonary resuscitation 

12-810 
chemical solution 8-27 
circling left 12-8 
circling right 12-8 
circuit breakers 2-12, 2-13, 8- 
24 

DC 9-1 

double-pole 2-13 

interrupters 7-4 

magnetic 2-12 

main 2-13 

oil 7-4 

reclosers 7-4 

sectionalizing oil 7-4 

single-pole 2-13 

thermal 2-12 

thermal-magnetic 2-12 
circuit identification 13-18 
circuit overloads 13-16 

circuiting 5-7 
circuit-reclosing fuse cutouts 7- 
5 
circuits, testing 14-5 
circular mil 2-6 
classification 2-6 
climbers 13-10 
climbing, proper position 12-6 
cold chisels 2-2 
color coding 1-4, 5-7 
combustible dust 3-10 
common line conventions 1-2 
compression rings 4-9 
computing electrical load 8-9 
condenser 14-1 


conductor capacity, maximum 
allowable 2-8 


conductor shielding 14-1 
conductors 5-1, 5-8 
aluminum 6-3 


Index-1 


10. Classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle d. Straight Angle 
11. 18° 4! 
+ 180° 
a. 188° 4! c. 198° 4! 
b. 189° 4! dad. 199° 4! 
12. 210° 7! 
- 180° 
a. 30° 7! c. 32° 7! 
b. 31° 7! d. 33° 7! 
13. 38° 48! 
+ 180° 26! 
a. 218° 14! c. 219° 14! 
b. 218° 48! dad. 219° 48! 
14. 274° 34! 
- 180° 44! 
a. 94° 34! c. 93° 34! 
b. 94° 50! d. 93° 50! 
15. 118° 29' 29" 
+ 140° 42' 24" 
a. 249° 1' 53" c. 259° 1' 53" 
b. 249° 11' 53" d. 259° 11' 53" 
16. 124° 17' 35" 
- 82° 18' 34" 
a. 41° 59' 4" c. 42° 59' 4" 
b. 41° 55' 11" dad. 42° 55' 11" 
17. 60° 14' 2" 
+ 18° 27' 17" 
a. 77° 14' 19" c. 78° 41' 19" 
b. 77° 41' 19" dad. 78° 47' 19" 


Index 


grounding 1-4 
maximum number 5-8 
single 2-5 
size 3-7 
conduit 3-8, 3-10, 5-1 
black-enamel 5-1 
cross-sectional area 5-8 
flexible metal 5-12 
galvanized 5-1 
Greenfield 5-12 
installing 1-6 
nonmetallic 5-13 
plastic-jacketed 5-1 
rigid 2-3, 2-8, 5-1, 5-9 
straps 5-12 
thin-wall 2-8, 4-12, 5-9 
thin-wall, cutting 5-11 
wire colors 5-7 
conduit cement 5-14 
conduit elbows 5-2 
conduit run 5-6 
conduit unions 5-2 
conduit wiring system 5-1 
conduit-support spacings 2-9 
condulets 5-2 
connected load 3-2, 3-5 
connectors 2-8 
contacts, butt-type 7-4 
continuity tester 14-3 
controllers 3-10 
convenience outlets 9-4 
converting AC to DC 8-5 
copper 2-6 
copper oxide 6-3 
cords 
flexible 2-7 
portable 4-8 
counterpoise 7-2 
couplings 5-2 
cover plates 2-7, 2-11 
crossarms 7-1 
CU-AL 2-10 
current, 60-cycle See 
frequency 
current-carrying capacity 3-7 
current-limiting device 2-14 
cutout 2-12 
cutting armored cable 4-3 
cutting pipe 5-5 
cycle 3-5 


D 
damaged insulation 10-10 


Index-2 


data plates 8-5 
alternator 8-5, 8-23 
engine identification 8-5 
paralleling and 
synchronizing 8-6 
starting and stopping 
instruction 8-6 
DC. See direct current 
delta 1-1 
demand factors 3-6, 8-9 
demand-load 8-9, 11-1 
descending 13-12 
descending a pole 12-6 
determination of building loads 
3-6 
dimensions, inside, minimum 
allowable 8-30 
dimmers, electrical 3-11 
direct current 1-1, 3-1, 8-1 
disaster-relief situations 3-14 
disconnects 7-1 
gang-operated 7-1 
dissimilar metals 6-3 
distribution center 10-6 
distribution frequencies 6-3 
distribution load centers 3-1 
distribution panels 2-12 
distribution systems 
single-phase, three-wire 
8-3 
single-phase, two-wire 8-4 
three-phase 3-1 
three-phase, four-wire 8-3 
three-phase, three-wire 8- 
3 
V-phase 3-1 
distribution transformers 3-6 
diversity factor 8-10 
double home-run arrows 1-2 
double-pole protection 2-13 
drainage system 8-31 
drainage trench 8-31 
drawing notes 1-2 
drilling equipment 2-2 
D-ring 12-1, 13-8, 13-13 
drop chain 2-3, 4-6 


E 
effects of frequency changes 6- 
3 


electric stove 6-3 


electrical loads, resistive or 
reactive 14-12 


electrical metallic tubing 5-9 
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electrical plans 1-2 
electrical shock 13-18 
electrical tape 3-16 

plastic 2-3 
electrocution 13-16 
electrodes 2-14 
electrolyte level 10-3, 10-9 
electromotive force 1 -1 
EMF. See electromotive force 
EMT. See electrical metallic 

tubing 

engine instruments 9-3 
equipment ground 3-7 
equipment inspection 10-1 
exhaust 8-29 
exhaust gases 8-29 
expedient substitutes 6-1 
expedient wiring 3-14 
explosion-proof fittings 3-9 


F 
faceplates 4-17 
fault 7-3 
fault current 13-18 
faults, temporary 7-5 
feeder circuits 3-7 
field training exercises 3-14 
finishing 1-6 
fire classification 13-2 
fire extinguisher 13-2 
fire hazards 10-2 
fire-extinguishing equipment 
10-2 
first aid 12-9, 13-3 
fish tape 2-3, 4-6, 4-10, 4-11 
fishing cable 4-9 
fittings 5-2 
fixture studs 1-6 
fixtures 2-10 
fixtures, chain-hung 4-9 
floodlights 2-13 
floor joists 4-8 
fluorescent lamps. See lamps 
fluorescent tube 14-15 
folding rule 2-4 
forward-area installations 3-14 
foundation 8-30 
free air 3-10 
frequency 
50-cycle 6-1 
60-cycle 3-5, 6-3 
standard 6-1 
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frequency and voltage charts 
6-1 

frequency rating 8-1 

frequency selector switch 10-3 

fuel storage 8-32 

fuel supply 10-1, 10-2 , 10-3 

fuse blocks 2-12 

fuse link 7-5 

fuse puller 2-1 

fuses 2-12 
cartridge type 2-12 
screw-type 2-12 
time-lag 2-12 


G 
gaffs 12-2, 13-10 
galvanic corrosion 6-3 
gas 
flammable 3-9 
inert 2-14 
neon 2-14 


gaseous vapor and fumes 13- 
17 


gasproof lights 13-112 
generator controls 9-3 
generator meters 9-4 


generator models, 
characteristics 8-1 


generator sets 8-1 
DC 8-5 
diesel 10-13 
location of 8-9 
medium AC 8-4 
selecting 8-20 
setup 10-1 


signature-suppressed 10- 
12 


small AC 8-2 

voltage ratio 8-7 

voltage required 8-20 
generators, selection of 8-8 
geographical locations 8-27 
goggles 13-5 
grounded circuit conductor 8-6 
grounded wire 8-6 
grounded-neutral wire 5-7 
ground-fault circuit interrupter 

(GFCl) 3-4 

grounding 13-16 

bars, metal 4-8 

clip 4-7, 4-8 

electrode 3-7 

jumpers 4-8 
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methods 8-22 
pipe 8-26 
rod 8-26, 10-3 
screw 4-8 
strap 8-27 
system 13-1 
grounds 14-2 
guard strips 4-2, 4-8 


H 
hacksaw 2-2, 2-7, 2-8, 4-3, 4-8, 
5-4, 5-11 
hallway length, determining 3-4 
heart rot 12-1 
heaters 6-3 
heat-generating equipment 8- 


hickey 1-6, 5-3 
hitchhiking 12-7 
horsepower 3-4 
hot plates 6-3 
hot-line tools13-11 


I 
ice fog 10-13 
imbedded installation 4-6 
impinger 2-4, 5-9 
incandescent lamps. See 
lamps induced 


heating 5-8 
installation, in hazardous 
locations 3-9 


insulators 3-10 
one-piece, post-type 7-5 
pin-and-cap 7-5 

interior box clamps 2-8 


J 


joint compound 6-3 
joists 4-2 

jumpers 13-14 

junction box. See boxes 


K 
knife switch blade 2-12 


knockouts 5-2, 5-6 


L 
ladders 13-5 
lamp holders, mogul-size 3-3 
lamp sockets 2-13 
lamps 


fluorescent 2-14, 3-2, 14- 
15 
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Index 


instant start 2-14 
preheat 2-14 
rapid-start 2-15 
glow 2-14 
incandescent 2-14, 6-3 
layout of the field unit 8-20 
lead-in conductors 11-1 
lighting 14-15 
kitchen areas 3-4 
mirrors 3-4 
stairways 3-4 
lighting efficiency 6-3 
lighting outlet 
ceiling 3-3 
switch-controlled 3-4 
lightning arrester 7-4 
oxide-film 13-15 
line loss 8-10 
lineman's belt 7-1 
lineman's equipment 12-1 
lineman's knot 12-8 
liquid-cooled engines 10-8 
live wire 8-6, 8-18 
load bank 14-12 
load classification 8-22 
load connection 4-5 
load determination 3-3 
load per outlet 3-2, 3-3 


load requirement, estimating 8- 
bs) 


loads 
inductive 8-22 
non inductive 8-10 
resistive 8-22 
load-terminal board 10-6 
locknuts 5-2, 5-6 
low-voltage distribution 6-1 
lubrication order 10-10,14-13 


M 
machine screws 5-6 
malfunctions 14-15 
manholes 13-11, 13-12 
masonry drills 2-3 
maximum demand 3-6 
metal pipe 10-12 
metric diameter 6-2 
mobility 8-1 
motors, nominally rated 6-3 
mounting straps 2-9 
multimeter 2-4 
multioutlet system 2-10 
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Index 


N 
National Electrical Code 13-1 
National Electrical Safety Code 

3-5 

needle-nose pliers 4-13 
neutral conductor 1-4, 3-5 
neutral wire 4-5 
No Smoking signs 8-30 
nonacid flux 1-5 
noncombustible material 8-30 


nonmetallic-sheathed cable. 
See cable 


O 


offset bar hangers 2-9 

oil fuse cutouts 7-5 
oil-blast chamber 7-4 
open circuits 14-3, 14-5 
open wiring 6-1 

outlet boxes. See boxes 
overcurrent device 3-7 
overcurrent protection 7-1 
oxidation 14-1 

oxide inhibitor 2-6 


P 
parallel lines 1 -2 
paralleling switch 8-24 
patented supports 2-9 
peak times 8-10 
phase selector switch 10-3 
phases 1-1 
center-tapped 1-1 
Y-connected 1-1 
pigtail splices. See splices 
pilot lights 2-14 
pipe cutter 5-4 
pipe, flexible 8-32 
planning circuit arrangements 
3-14 
planning loads 3-3 
plastic tape 1-5 
pliers 2-1 
plugs 2-10 
female 2-11, 2-13 
male 2-10 
three-prong 2-10 
twist-lock 2-11 
pole climbing 12-1 
pole-line hardware 2-15, 14-16 
poles 13-11 
pole-top rescue 12-9 
polyvinyl chloride 5-13 


Index-4 


potential difference 1-2 
pothead 13-12 


power and voltage 
requirements 8-21 


power consumption 3-5 
power drains 8-21 

power factor 2-4, 8-10 

power unit 8-29 
power-handling rating 2-14 
preventive maintenance 14-11 


preventive maintenance 
checks and services 10-1 


protective insulation 1-5 
protective shield 10-10 


PVC. See polyvinyl chloride 


Q 


quick-disconnects 10-5 


R 
raceways 
over-floor metal 2-10 
surface metal 2-10 
radius of bends 4-8 
rated voltage 6-2 
rating 13-16 
reaming 5-4 
receiving and transmitting 
equipment 6-3 
receptacle outlets 3-4 
bathrooms 3-4 
hallways 3-4 
laundry areas 3-4 
placement 3-4 
receptacles 2-10 
240-volt 2-10 
CO-ALR 2-10 
duplex 2-10 
self-grounding 4-8 
single 2-10 
unmarked 2-10 
wall-mounted 3-4 
rectifiers 8-5 
reflectors 2-13 
rescue line 12-8 
rescue position 12-10 
rescue, pole-top 12-9 
revetment 8-29 
doorway shield 8-32 
roof construction 8-31 
shelters 8-29 
wall construction 8-31 
rheostat 8-25 
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riser 11-1 

rod electrodes 3-8 
rope, safety with 13-7 
rosin-core solder 1-5 
roughing-in 1-6 
rubber gloves 13-7 
running boards 4-7 
runs 1-6 


i) 


safe radius 5-10 
safety 6-1, 9-1, 12-7 
codes 2-9 
controls 9-1 
hazards 10-2 
practices 12-1 
rules 13-7, 13-11 
straps 12-9, 13-8 
saltwater 10-11 
scaffolds 13-5 
screwdrivers 2-1 
secondary-phase leads 13-17 
sectionalizing 7-4 
security measures 10-2 
selecting a generator set 8-22 
service cables 11-1 
service conductors 11 -1 
service drop 11-1 
service insulators 11 -2 
shades 2-13 
short circuit 3-3, 14-2 
signal equipment, installation 
3-10 
signal systems, low-voltage 3- 
11 
single-phase AC 1-1 
single-phase system 1-1 
slip hammer 8-27 
soapstone 5-6 
sodium chloride 8-27 
soil types 8-27 
solder joint 1-5 
soldering kit 2-2 
spare circuits 3-13 
specifications 3-2 
splices 1-4, 3-16, 5-7 
pigtail 3-16, 5-7 
Western Union 3-16 
splicing clamp 2-4 
split-bolt connectors 1-4 
spotlights 2-13 
staples 2-9 
staples, insulating 3-10 
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starter, replacement 14-16 

static capacitor 14-1 

storage 14-15 

straps 2-9 
conduit 2-10, 5-12 
safety 12-2 

studs 4-2 

subsoil 8-27 

substations 7-4, 7-5 

sump 8-31 

surface oxidation 6-3 

switch stick 7-1 

switches 2-10, 7-1 
bypass 7-1 
disconnect 7-1 

air-brake 7-1 

entrance 2-7, 2-12 
four-way 2-11, 3-11 
motors 3-4 
nonmetallic 2-11 
one-pole 2-11 
push-button 2-11 
rotary-snap 2-11 
service 2-12 
service-entrance 2-12 
single-throw 3-11 
three-way 2-11, 3-11 
tumbler 2-11 
two-pole 2-11, 2-13 

wall, location 3-4 

wall, multiple-control 3-4 

switching 
operations 13-3 
stations 7-4 
structures 7-1 

synchronizing lamps 8-26 

system ground 3-7 


T 
tactical wiring 3-14 
tagging procedures 13-3 
tags 13-4 

take-up height 5-11 
tape, steel 2-4 
temperature 14-14 
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terminal connectors 4-8 
terminals, grounding 4-9 
thermal signature 10-13 
thermoplastic 2-5 
thin-wall cutter 5-11 
toggle bolts 5-6 

tools 2-1 

tools, maintenance 13-4 
topsoil 8-27 

torque 6-3 

total outlet load 3-3 
transformer banks 7-1 
transformers 2-14, 2-16, 3-11 
trip coil 7-4 
troubleshooting 14-5 
tungsten filament 2-14 


U 
unbalanced load 1-1, 8-18 


unbelting procedures 12-2 


ungrounded conductors 1-4, 8- 
6 


unsafe conditions 12-1 


Vv 
volt 2-4 
voltage drop 8-10, 8-11, 14-2 
voltage rating 14-2 
voltage, safety with 13-13 
voltages 
common operating 3-1 
differences 6-2 
distribution system 3-6 
rated 6-2 
US 6-2 
voltmeter 2-4, 14-2 


Ww 
wattage drain 3-2 
wattage ratings 3-2 
wattmeter 2-5 
Western Union splice. See 
splices 
winding leads. 
primary 3-11 
secondary 3-11 
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winterization kit 10-3 

wire 
grounding 5-12 
installing 1-6 
insulated 5-1 
pulling 5-6 
stripping 13-4 

wire grip 2-4 

wire joints 1-4 

wire jumper 3-8 

wire lubricant 5-6 

wire markers 13-18 

wire nuts 1-4, 4-9, 14-16 

wire sizes 2-6, 8-12, 10-7 
classification 3-7 
required 3-7 

service wire 3-7 

wire splices. See splices 

wire strippers 2-3 

wire substitutions 8-12 


wiring 
armored-cable 2-8 
cable 4-1, 5-8 


color coding 5-7 
conduit 5-1, 5-6 
expedient 3-1 
number of circuits 
required 3-3 
number of outlets per 
circuit 3-3 
open 2-8 
tactical 3-1, 3-14 
wiring diagram 1-2, 1-4, 3-11, 
14-16 
wiring plans, common symbols 
1-2 
wiring systems, foreign 6-1 
wood chisels 2-2 
wooden cleats 2-8 
work positions 12-8 
wrenches, adjustable 2-2 


Y 
yokes 2-10 
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25° 16' 7" 
4 14° gu 


59" 
59" 


a. 12° 15! 
b. 11° 15! 


Find the perimeter 
inches. 


a. 2,304 sq in 
b. 2,403 sq in 


Find the area of a 


a. 2,403 sq in 
b. 2,304 sq in 


Find the perimeter 
inches. 


a. 272.25 sq in 
b. 227.25 sq in 


Find the area of a 


a. 227.25 sq in 
b. 272.25 sq in 


Find the perimeter 
inches and a width 


a. 214 sq in 
b. 216 sq in 


Find the area of a 
inches and a width 


a. 214 sq in 
b. 216 sq in 


Find the perimeter 
inches and a width 


a. 2,694 sq in 
b. 2,496 sq in 


Find the area of a rectangle that has length of 52 inches 


c. 10° 15! 


d. 9° 15' 59" 


of a square that has a 


c. 129 in 
da. 192 in 


square that has a side 


c. 192 in 
d. 129 in 


of a square that has a 


c. 66 in 
dad. 63 in 


square that has a side 


c. 63 in 
dad. 66 in 


59" 


side of 48 


of 48 inches. 


side of 16.5 


of 16.5 inches. 


of a rectangle with a length of 18 


of 12 inches. 


c. 50 in 
dad. 60 in 


rectangle that has a length of 18 


of 12 inches. 


c. 50 in 
d. 60in 


of a rectangle that has a length of 52 


of 39 inches. 


c. 128 in 
dad. 182 in 


and a width of 39 inches. 


a. 2,028 sq in 
b. 1,694 sq in 


c. 182 in 
d. 128 in 
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Preface 


FM 1-02.2 constitutes approved Army military symbols for general use to depict land operations. The 
principal audience for FM 1-02.2 is all members of the profession of arms. Commanders and staffs of Army 
headquarters serving as joint task force or multinational headquarters should also refer to applicable joint or 
multinational doctrine concerning the range of military operations and joint or multinational forces. Trainers 
and educators throughout the Army will also use this publication. 


Commanders, staffs, and subordinates ensure their decisions and actions comply with applicable U.S., 
international, and, in some cases, host-nation laws and regulations. Commanders at all echelons ensure their 
Soldiers operate in accordance with the law of war and the rules of engagement. (See FM 6-27.) 


This publication implements the following international agreements: 

STANAG 1059 (ED. 8). Letter Codes for Geographical Entities. 1 April 2004. 

STANAG 1241 (ED. 5). NATO Standard Identity Description Structure for Tactical Use. 7 April 2005. 
STANAG 2019 (ED. 7)/APP-6 (D). NATO Joint Military Symbology. 16 October 2017. 


FM 1-02.2 applies to the Active Army, Army National Guard/Army National Guard of the United States, 
and United States Army Reserve unless otherwise stated. 


The proponent of FM 1-02.2 is the United States Army Combined Arms Center. The preparing agency is the 
Combined Arms Doctrine Directorate, United States Army Combined Arms Center. Send written comments 
and recommendations on Department of the Army (DA) Form 2028 (Recommended Changes to Publications 
and Blank Forms) to Commander, U.S. Army Combined Arms Center and Fort Leavenworth, ATTN: 
ATZL MCD (FM_ 1-02.2), 300 McPherson Avenue, Fort Leavenworth, KS 66027 2337; by 
email to usarmy.leavenworth.mccoe.mbx.cadd-org-mailbox@mail.mil; or submit an electronic DA Form 
2028. 
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Introduction 


This publication compiles Department of Defense (DOD) Military Standard (MIL-STD) 2525D approved 
military symbols applicable to land operations for use in U.S. Army doctrinal publications and command and 
control systems. FM 1-02.2 is the proponent for all U.S. Army military symbols in use or that apply to 
doctrine that are not currently included in MIL-STD 2525D. MIL-STD 2525D establishes the single standard 
for developing and depicting hand-drawn and computer-generated military symbols for situation maps, 
overlays, and annotated aerial photographs for all types of military operations. When communicating 
instructions to subordinate units, commanders and staffs from company through corps echelons use this 
publication as the standard for properly constructing land operations associated military symbols. 


This publication is augmented by FM 1-02.1, Operational Terms, and Army Dictionary online. Changes to 
military symbols occur more frequently than traditional publication media can be updated. The terminology 
and military symbol database, known as the Army Dictionary, is updated monthly to reflect the latest editions 
of Army publications. (To access the database, go to https://jdeis.js.mil/jdeis/index.jsp?pindex=207, and log 
in with acommon access card.) This database is an official DOD website, maintained by the Combined Arms 
Doctrine Directorate in collaboration with the Joint Staff Directorate for Joint Force Development. The site 
is part of the Joint Doctrine, Education, and Training Electronic Information System. It includes all Army 
doctrinal terms and all military symbols in MIL-STD 2525D, including air, land, maritime, space, activities, 
and control measures. 


FM 1-02.2 is organized as follows: 
Chapter | introduces military symbol fundamentals. 


Chapters 2 through 4 provide icons for units, individuals, organizations, equipment, installations, and 
activities. 


Chapter 5 introduces control measure symbols. 
Chapter 6 discusses tactical mission tasks. 
Chapter 7 discusses the course of action sketch. 


These chapters provide detailed requirements for composing and constructing military symbols. The rules 
for building a set of military symbols allow enough flexibility for users to create any symbol to meet their 
operational needs. All military symbols construct standards are governed by MIL-STD 2525D, and this 
publication serves as the compendium of land related military symbols used in U.S. Army doctine and 
training manuals. 


FM 1-02.2 is now the proponent of military symbols which were included in ADP 1-02 as the preceding 
proponent. 


The introductory table on page x provides a listing of new and modified military symbol changes published 
in this manual. 
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27. 


28. 


29. 


30. 


31. 


32. 


33. 


34. 


35. 


Find the perimeter of a parallelogram 
inches and a base of 24 inches. 


84 in 
72 in 


Cy 
d. 


298 sq in 
288 sq in 


a. 
b. 


Find the area of a parallelogram with 
and a height of 12 inches. 


36 in 
84 in 


c. 
d. 


a. 288 sq in 
b. 268 sq in 


Find the perimeter of a parallelogram 


15.3 inches and a base of 50.2 inches. 


130 in 
131 in 


768.06 sq in 
786.06 sq in 


Cc. 
d. 


a. 
b. 


Find the area of a parallelogram with 
inches and a base of 50.2 inches. 


131 in 
130 in 


a. 786.06 sq in c. 
b. 768.06 sq in d. 


with a width of 12 


a base of 24 inches 


with a width of 


a width of 15.3 


Find the perimeter of a trapezoid that measures 10 feet 


by 6 feet by 15 feet by 6 feet. 


53te 
37 £t 


a. 250 sq ft 
b. 200 sq ft 


Cc. 
d. 


Find the area of a trapezoid that has 


a base 1 (b1) of 10 


feet, base 2 (b2) of 15 feet and height (h) of 7 feet. 


25 ft 
20 ft 


c. 
d. 


a. 87.5 sq ft 
b. 85.7 sq ft 


Find the perimeter of a trapezoid that measures 600 feet 


by 900 feet by 600 feet by 1200 feet. 


3200 £t 
3300 ft 


a. 630,000 sq ft 
b. 620,000 sq ft 


c. 
d. 


Find the area of a trapezoid has a base 1 (bl) of 900 


feet, a base 2 (b2) of 1200 feet, and 
feet. 

a. 552,000 sq ft c. 2600 ft 
b. 525,000 sq ft ad. 2500 ft 


Find the perimeter of a triangle that 
20 feet by 28 feet. 


86 in 
68 in 


a. 208 sq in c. 
b. 280 sq in d. 


a height (h) of 500 


measures 20 feet by 
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Introductory Table 1. New and modified military symbol changes 


Symbol Status Symbol category 
Alaskan Command New Main icon 

Battalion (echelon of support) New Sector 1 modifier for units 
Battalion (echelon of support) New Sector 1 modifier for equipment 
Blood support New Sector 2 modifier for units 
Combat and operational stress control New Sector 2 modifier for units 
Company (echelon of support) New Sector 1 modifier for units 
Corps support area New Control measure 

Dental services Modified Sector 2 modifier for units 
Detainee holding area Modified Control measure 
Grenade New Main icon for installations 
Grenade New Sector 1 modifier for activities 
Jamming New Sector 2 modifier for units 
Key terrain Modified Control measure 

Medical bed New Sector 2 modifier for units 
Mobile gun system New Main icon for units 
Mortuary affairs collection point New Main icon for point control measure 
Mountain Modified Sector 2 modifier for units 
Multifunctional New Sector 2 modifier for units 
Optometry New Sector 2 modifier for units 
Preventive medicine New Sector 2 modifier for units 
Route (generic) New Control measure 

Route one-way traffic New Control measure 

Route alternating traffic New Control measure 

United States Forces Korea New Main icon 

United States Army, Cyber Command New Main icon 

United States Army, Military Surface Deployment | New Main icon 

and Distribution Command 

United States Cyber Command New Main icon 

United States Indo-Pacific Command Modified Main icon 

United States Space Command New Main icon 

United States Special Operations Command New Main icon 

United States Strategic Command New Main icon 

United States Transportation Command New Main icon 
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Chapter 1 
Military Symbol Fundamentals 


Military symbols are logograms that represent words or phrases that are used to depict 
abstract graphic representations of a unit, equipment, installation, activity, control 
measure, or tactical mission task relevant to military operations. They are used for 
course of action sketches, visualizing operations orders, planning, or to represent a 
current common operational picture on a map, display, or overlay. This chapter 
discusses the MIL-STD 2525D military symbol construct standards for framed and 
unframed symbol standard identity, physical domain, color usage, and the placement 
of main icons, modifiers, and amplifiers. 


FRAMED SYMBOLS 


1-1. Framed symbols are used to depict units, equipment, installations, and activities by using a 
combination of main icon, modifiers amplifiers, and color (optional) to complete the military symbol 
construct. The frame is the border of the symbol, and it serves as the base to which other symbol components 
are added, and indicates the standard identity, physical domain, and status of the object being represented. 
Framed symbol may use standard identity colors to enhance depiction, or can be black and white depending 
on display. (See table 1-4 on page 1-5.) 


STANDARD IDENTITY 


1-2. The framed symbol standard identity is identified by the design of the frame, and the categories are 
unknown, pending, assumed friend, friend, neutral, suspect, and hostile. Table 1-1, on page 1-2, depicts the 
standard identity frame shapes categorized by physical domains. 


PHYSICAL DOMAIN 


1-3. The physical domain defines the primary mission area above the earth’s surface (in the air domain or 
space domain), on the earth’s surface (land domain or maritime domain), or below the earth’s surface 
(subsurface domain). Frame shapes differ by surface (land and sea), sea subsurface, air, and space physical 
domains. Table 1-1, on page 1-2, lists and depicts the frame shapes usage for each of these physical domains 
by land unit, installation, activity, land and sea surface equipment, air equipment (inflight), space equipment 
(in space), and sea subsurface equipment. 


1-4. Frame shape symbol use is dependent on the object’s current physical domain. An aircraft, regardless 
of Service ownership, can be depicted in either the air domain (in flight) or land domain (on the ground), 
while aviation units are depicted as land units and facilities as a land installations. The exception is surface 
equipment (land and sea) frames that do not change between land and maritime physical domains. An 
example is an amphibious vehicle that uses the same frame shape regardless of current physical domain 
because it can operate in both land and maritime domains. 
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Table 1-1. Standard identities and physical domain frame shapes 
Standard Identities / | Friendly | Hostile =| Neutral 
Physical Domain Assumed Friend | Suspect si | Pending si 


-_ Kes 


Land and sea surface 
equipment 


Air equipment 
(inflight) 


Space equipment (in 
space) 


Activity 


Installation 


Sea subsurface 
equipment 
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STATUS 


1-5. Status depicts whether an object exists at the location identified (status is “present” or “confirmed’’), 
will in the future reside at that location (status is “planned” or “anticipated”’), or is thought to reside at that 
location (“suspected”). (See table 1-2 for a depiction of friendly frames.) 


Table 1-2. Friendly frame status examples in present, planned, or suspected 


Land 
Space Equipment | Land 
Equipment and Sea Installation 
Surface 


Sea 
Subsurface 
Equipment 


Activity 
or Event 


Present or 
confirmed 
position 


Anticipated, 
planned, or 
suspected 
position 


OCTAGON PLACEMENT DIAGRAM 


1-6. The octagon serves as a reference for placement of main and modifier icons for units, equipment, 
installations, or activities symbol constructs, and it is not part of the visible symbol. The octagon divides into 
3 areas the innermost part of the symbol construct to standardize the usage of Field A/AA. These 3 areas are 
composed of the center area that is reserved for the main function area (main icon), the upper area (left area 
if vertical) reserved for sector 1 capability modifier, and lower area (right area if vertical) reserved for sector 
2 capability modifier. The octagon may be used horizontally or vertically to allow for effective use of the 
space when placing main and modifier icons. Table 1-3, on page 1-4, provides examples showing the 
horizontal and vertical bounding octagons examples. 
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Table 1-3. Horizontal and vertical octagon placement diagram examples 


Horizontal Octagon 


MODIFIER 1 


MODIFIER 2 


Vertical Octagon 


[S) 
S 
2 
OO 


shapes. 


1-4 


MAIN ICON FOR UNITS, EQUIPMENT, INSTALLATIONS, OR ACTIVITIES 


1-7. The main icon for units, equipment, installations, or activities provides the main function of the military 
symbol construct. It is placed in the innermost part of the symbol construct, and is represented as the center 
area of Field A/AA. In general, main icons should not be so large as to exceed the dimensions of the main 
sector of the placement octagon or touch the interior border when framed. There are exceptions to the framed 
size rule because some main icons occupy the entire frame, and they must exceed the dimensions of the 
placement octagon and touch the interior border of the frame. These symbols are called full-frame main icons 
and occur only in land domain symbols. Figure 1-1 shows an example of a full-frame main icon for all frame 
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Figure 1-1. Example of full-frame main icons 


MODIFIER ICON FOR UNITS, EQUIPMENT, INSTALLATIONS, OR ACTIVITIES 


1-8. A modifier provides additional capability information when portraying a symbol. Modifiers conform 
to the octagon and are placed either above (sector 1) or below (sector 2) the main function icon, and a modifier 
is represented as part of Field A/AA. Some modifiers are interchangeable (multiple usage) and may be used 
as a sector | and sector 2 modifier with the same meaning. This publication defines various types of modifiers 
and indicates their placement in relation to the main function icon. 


Standard Identity Colors 


1-9. Standard identity colors are used as the fill areas for framed military symbols, and line colors for 
unframed and framed military symbols. Unframed symbols require color as the standard identity indicator if 
text amplifiers are not used to categorize the symbol. Fill and line color are optional for framed symbols 
because the frame design provides the standard identity, and color is only a redundant identity indicator used 
to enhance the framed symbol. The framed symbol fill is normally white or transparent when color is not 
used in the depiction. Table 1-4 provides the approved standard identity color variants for military symbol 
construct fill and line colors. 


Table 1-4. Standard identity colors 


Computer Generated Colors 
ee i ie ty act pcnecececceseseconeneke 
Description Hand-Drawn ICON FILL 
(RGB Value) (RGB Value) 
Friend, assumed friend Blue es se 
Unknown, pending 


Hostile, suspect, joker, faker 
Boundaries, lines, areas, text, 
icons, and frames 


Boundaries, lines, areas, text, 
icons, and frames (255, 255, 255) (239, 239, 239) 


Off-White (6% 


White Gray) 
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AMPLIFIERS 


1-10. Amplifiers are optional fields that provide the capability to include additional information about the 
symbol being portrayed. Not all military symbols use amplifiers, and each symbol construct has its own 
unique amplifier applicability or placement location that is displayed in accordance with the appropriate 
military symbol construct standard. Each respective chapter provides the applicable amplifier placement 
template and amplifier field listing for all military symbol construct that have the option to use amplifiers. 


SYMBOL LETTERING 


1-11. The lettering for all military symbols will always be upper case, sans serif font, right aligned on the 
left of side, left aligned on the right, and centered on top. In some cases the lettering may be tilted slightly to 
follow the contour of a line, but must be oriented for left-to-right legibility and avoid tilting so much that 
readers must tilt their heads to read it. 


UNFRAMED SYMBOLS 


1-12. Equipment symbols may be depicted with frame or unframed. Control measure symbols and mission 
task symbols are unframed symbols that conform to special rules for their own elements. 


UNFRAMED EQUIPMENT SYMBOLS 


1-13. The military symbol construct standard permits the depiction of equipment symbols with or without a 
frame. Unframed equipment symbol constructs follow that same icon and amplifier placement rules as framed 
equipment symbols. The only difference is that the main icon of the symbol construct serves as the base for 
adding modifiers and amplifiers, and it must use standard identity colors (blue, red, green, or yellow) to 
effectively depict and distinguish friendly or assumed friend, hostile or suspect, neutral, and unknown or 
pending units. Chapter 3 provides the equipment symbol icon and amplifier guidelines. 


TACTICAL MISSION TASK SYMBOLS 


1-14. Tactical mission task symbols are used in course of action sketches, synchronization matrices, and 
maneuver sketches. Tactical mission task symbols are sized to accommodate the scale of the display or map, 
and they may be used with other framed and unframed symbols, but they do not use modifiers or amplifiers. 
Chapter 6 provides tactical mission task symbol listings and construct examples. 


CONTROL MEASURE SYMBOLS 


1-15. A control measure is a means of regulating forces or warfighting functions, and are boundaries, special 
area designations, or other unique markings related to an operational environment’s geometry and necessary 
for planning and managing operations. Control measure symbols have different unique construct templates 
patterns for each type of control measure, but they use similar standard identity colors and amplifiers as other 
military symbols. They can be black or white, depending on their display background. Display backgrounds 
can be blue (for friendly), red (for hostile), green (for obstacles), or yellow (for a chemical, biological, 
radiological, and nuclear contaminated area fill). Description, placement, and further details of control 
measure symbols are addressed in chapter 5. 


MAIN ICONS FOR CONTROL MEASURES 


1-16. Similar to frame symbols, the main icons for control measures are represented as Field A. The main 
icon provides the ability to depict the main or supporting function within the construct composition of a 
control measure to effectively translate the intent of the symbol. Some control measures symbol constructs 
permit the use of Field A to embed a completed framed symbol construct. Not all control measures have this 
placement field, and the control measure templates in chapter 5 indicate if the construct composition provides 
the capability to add a main icon to the symbol. 
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MODIFIERS FOR CONTROL MEASURES 


1-17. Minefields and limited access areas have modifiers that can only be used within their unique military 
symbol construct. (See chapter 5 for appropriate modifier listing and usage construct.) 


Military Symbol Construct Process 


1-18. Military symbol construct is a logographic writing system that when the elements are correctly merged 
they translate into a common language. Similar to words in written language, each symbol has a specific 
meaning that when combined with other symbols provides legible information that can be used to quickly 
identify units, organizations, and capabilities and to understand current or future actions. The military symbol 
construct process can construct sentences and paragraphs or translate written words into military symbols 
using the MIL-STD 2525D symbol construct standard used by command and control systems. The symbols 
in this publication are adequate for depicting a variety of military symbol constructs, but if a user determines 
that there is a gap in the symbol construct language, that user must inform the U.S. Army symbologist so 
collaboration can begin on creating a new military symbol. 


CONSTRUCT PROCESS FOR FRAMED SYMBOLS 


1-19. Chapters 2 through 4 provide icons and modifiers for building a wide variety of framed symbols. Table 
1-5 on page 1-8 provides a step-by-step framed symbol building process example for an infantry unit with 
armored high mobility vehicle capability, echelon of command level, and its unit designation. 
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Table 1-5. Construct process for framed symbols 
Construct example and 
symbol translation 
Choose appropriate frame shape from table 3-1 on page 3-3. 
Note. This example uses the friendly unit frame. 


Friendly unit 


Choose appropriate main icon from chapters 2 through 5 and p4 
combine it with frame. 

Note. This example selects the infantry main icon which is a full frame icon Infantry 

found in chapter 2. SI 


Friendly infantry unit 


Choose appropriate sector 1 modifier from chapters 2 through 5. C_) 
Note. This example uses the armored protected sector 1 modifier found in 
chapter 2. 


Armored 
(protection) 


pad 


Friendly infantry unit with 
armored (protection) capability 


Choose appropriate sector 2 modifier from chapters 2 through 5. 
Note. This example selects the wheeled high mobility sector 2 modifier found | Wheeled high 
in Chapter 2. mobility 


x 
60s. 
Friendly infantry unit with 


armored high mobility vehicle 
capability 


Choose essential amplifier field from those listed in table 3-3 on page ll 


3-7. 
Note. This example uses Fields B, H, M to add echelon and unit designator Pa 4-23/2 
° 


information to complete the desired military symbol. These specific amplifier Sito 21D 
symbols and construct usage can be found in chapter 2. " : 
Infantry battalion with armored 


high mobility vehicle capability, 
4th battalion, 23rd Infantry 
Regiment, 2nd Brigade, 2nd 
Infantry Division 


CONSTRUCT PROCESS FOR CONTROL MEASURES 


1-20. As part of the military symbol construct process, many control measure symbols can be combined with 
amplifiers and main icons to display operational information in one symbol. Table 1-6 depicts the steps in 
the building process example for one of these types of control measures. 


1-8 FM 1-02.2 10 November 2020 


Military Symbol Fundamentals 


Table 1-6. Construct process for control measure symbol 


Construct example and symbol translation 


Choose an appropriate control measure template 
with amplifier fields from chapter 5. 

Note. This example uses the main axis of advance 
template. 


Choose the appropriate amplifier information by 
field. 

Note. This example uses unique designation field T to 
name the axis of advance. 


Main axis of advance “White” 


1406002 
Choose the next appropriate amplifier information by wants 
field. 
Note. This example uses Field W to add a date-time group 
to axis of advance. 


Main axis of advance “White” movement 
begins at 0600 Zulu hour,14 MAR 2019 


Add a main icon construct to complete the intent of 
the symbol. 4-23/2 
Note. This example uses Field A to add a completed unit 2ID 


bol truct. , “i: 
Se a Infantry battalion with armored high mobility 


vehicle capability, 4th Battalion, 23d Infantry 
Regiment, 2d Brigade, 2nd Infantry Division 


1406002 


Completed construct of control measure. 


4th Infantry Battalion (Stryker), 23d Infantry 

Regiment, 2d Brigade, 2nd Infantry Division, 

moves at 0600 Zulu hour,14 MAR 2019 on 
main axis of advance White 
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36. 


37. 


38. 


39. 


40. 


41. 


42. 


43. 


44. 


Find the area of a triangle that has a base of 20 feet 
and a height of 15 feet. 


a. 150 sq ft c. 35 £t 
b. 160 sq ft d. 300 ft 


Find the perimeter of a triangle shaped concrete platform 
that measures 40 feet by 80 feet by 40 feet. 


a. 3200 sq ft c. 160 ft 
b. 3300 sq ft d. 150 ft 


Find the area of a triangle shaped concrete platform that 
has a base of 80 feet and a height of 38 feet. 


a. 1,250 sq ft c. 118 ft 
b. 1,520 sq ft a. 181 ft 


Find the circumference of a anti-tank landmine that has a 
radius of 7.5 inches. 


a. 53.1 in c. 49.1 in 
b. 51.1 in d. 47.1 in 


Find the circumference of a fuel can that has a diameter 
of 19 inches. 


a. 56.66 in c. 58.66 in 
b. 57.66 in d. 59.66 in 


The illumination radius for the M49A1 trip flare is 300m. 
When activated, how much area is illuminated? 


a. 228,600 sq m c. 22,860 sq m 
b. 282,600 sq m d. 28,260 sqm 


The illumination diameter for the MK1 illumination hand 
grenade is 200m. When activated, how much area is 
illuminated? 


a. 125,600 sq m c. 31,400 sqm 
b. 152,600 sq m d. 34,100 sq m 


The radius of a chemically contaminated area is 550m. 
How much area is chemically contaminated? 


a. 994,850 sq m c. 949,580 sqm 
b. 949,850 sq m d. 949,085 sq m 


The radius that the LVS (Logistics Vehicle System) makes 
when turning in a circle is 38.5 feet. How much area 
does the LVS need when making a complete circle? 


a. 46,542.65 sq ft c. 4,654.265 sq ft 
b. 46,452.65 sq ft d. 4,564.265 sq ft 


5-47 
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Chapter 2 
Military Unit and Organizational Symbols 


This chapter discusses symbols for units and organizations. 


UNIT AND ORGANIZATION SYMBOLS 


2-1. A unit is any military element whose structure is prescribed by a competent authority (JP 3-33). This 
section includes the lists of amplifiers, main icons, and modifiers for constructing unit and organization 
symbols. 


UNIT AND ORGANIZATION FRAME SHAPES 


2-2. Unit and organization frame shapes are used to identify friendly, enemy, neutral, or unknown affiliation 
units in an area of interest or operation that may affect unified land operations. Table 2-1 provides the 
standard identity frame shapes for units and organizations. The frame shape construct guidelines for main 
and modifier icons, and amplifier placement locations are provided in paragraph 2-3. 


Table 2-1. Unit and organization standard identity frame shapes 


Assumed Friend | __Suspect__| 


MAIN AND MODIFIER ICONS AND AMPLIFIER FIELDS FOR UNITS 


2-3. The main and modifier icons and amplifier fields standardize the display of alphanumerical 
information that graphically describes a unit, its capabilities, status, and location. The field placement is the 
same for all unit standard identity frames (including friend and assumed friend, hostile and suspect, neutral, 
pending, and unknown). Figure 2-1, on page 2-2, shows the placement fields for land unit symbols using a 
friend symbol frame as an example. Table 2-2 on page 2-3 provides descriptions and formats for each 
amplifier. 
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Figure 2-1. Main and modifier icon and amplifier placement locations 
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Table 2-2. Descriptions of main icon and amplifier fields for unit frames 


Field Title 
: The innermost part of a symbol that represents the main function 

NialpranenOeile icons (main icon) and its capabilities (modifiers1 and 2). 

1B [Echelon sid A graphic amplifier in a unit symbol that identifies command level. 

Quantity A text amplifier that identifies a specific number and type of items. 


as RD sede A graphic amplifier that identifies a unit or an activities symbol as a 
A text amplifier in a unit symbol that displays (+) for reinforced, (-) 
Attached and detached for reduced, (+) reinforced and reduced. 


reinforced or reduced 
( ) Note. A maximum of 3 characters are allowed in this field. 

A text amplifier for units, equipment, and installations. Content is 
G Staff comments implementation specific. 

Note. A maximum of 20 characters are allowed in this field. 

A unique alphanumeric designation that identifies the unit being 
H Additional information displayed. 

Note. A maximum of 20 characters are allowed in this field. 


A text amplifier for units, equipment and installations that consists of 
a single-letter reliability rating and a single digit credibility rating. 
Reliability Ratings: 
A-completely reliable. 
B-usually reliable. 
C-fairly reliable. 
D-not usually reliable. 
E-unreliable. 
J Evaluation rating F-reliability cannot be judged. 
Credibility Ratings: 
1-confirmed by other sources. 
2-probably true. 
3-possibly true. 
4-doubtfully true. 
5-improbable. 
6-truth cannot be judged. 


Note. A maximum of 2 characters are allowed in this field. 


A text amplifier for units and installations that indicates 
effectiveness. The entries are— 
Fully operational (FO). 
Substantially operational (SO). 
6 Gombalcieclvieness Marginally operational (MO). 
Not operational (NO). 
Unknown (UNK). 


Note. A maximum of 5 characters are allowed in this field. 


A text amplifier for units that indicates number or title of higher 
M Higher echelon formation echelon command (corps are designated by Roman numerals). 


Note. A maximum of 21 characters are allowed in this field. 
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Table 2-2. Descriptions of main icon and amplifier fields for unit frames (continued) 


Field Title 


A text amplifier displaying one or more identification, friend or foe, or 
Identification, friend or foe selective identification feature identification modes and codes. 
Selective identification feature | Display priority is mode 5, mode, mode 4, mode 3, and mode 2. 
Note. A maximum of 15 characters are allowed in this field. 


ene . | of movement A graphic amplifier for units and equipment that identifies the 
ene . | direction of movement or intended movement of an object. 


SS? | Offset location indicator —_| location indicator | Offset location indicator | A graphic amplifier used to indicate the offset or precise location. 


1. An amplifier field reserved for command and control systems that 
uniquely identifies a particular symbol with a track number. 


Unique identifier Prefix = TN: #####. 
Example: TN: 13579. 


2. May also be used for unit designation. 
Note. A maximum of 30 characters are allowed in this field. 


An alphanumeric designator for displaying a date-time group 
(DDHHMMSSZMONYYYY) or “O/O” for on order. The date-time 
group is composed of a group of six numeric digits with a time zone 
suffix and the standardized three-letter abbreviation for the month 

Date-time group followed by four digits representing the year. The first pair of digits 
represents the day; the second pair, the hour; the third pair, the 
minutes. For automated systems, two digits may be added before 
the time zone suffix and after the minutes to designate seconds. 
Note. A maximum of 16 characters are allowed in this field. 


A text amplifier that displays either altitude, flight level, depth for 
submerged objects, or height of equipment or structures on the 
ground. Measurement units shall be displayed in the string. 


Altitude or depth Examples: 
1500MSL 


FL150 
Note. A maximum of 14 characters are allowed in this field. 


minutes, and decimal minutes (or in military grid reference system, 
global area reference system, or other applicable display formats). 
Note. A maximum of 22 characters are allowed in this field. 


Speed A text amplifier for units and equipment that displays velocity. 
Note. A maximum of 8 characters are allowed in this field. 


A text modifier for units. The indicator is contained inside the frame. 
A named command such as Supreme Headauarters Allied Powers, 
Europe, United States Southern Command, United States Central 
Command, and joint, multinational, or coalition commands such as 
combined joint task forces or joint task forces. 

Note. A maximum of 9 characters are allowed in this field. 


Location 


Special headquarters 


A graphic amplifier placed immediately atop the symbol. May denote 
1) local/remote status, 2) engagement status, and 3) weapon type. 


Format: 
Engagement bar A:BBC-CC, where 
A = remote/local 


BBB = engagement status 

CC = weapon asset 

A three-letter code that indicates the country of origin of the 
organization. In stability activities, this field can be used for factions 
or groups. 

Note. A maximum of 3 characters are allowed in this field. 


Country 


: A text amplifier that displays a symbol’s location in degrees, 


2-4 FM 1-02.2 10 November 2020 


Military Unit and Organizational Symbols 


2-4. Echelon and Non-Echelon Amplifiers (Field B). An echelon is a separate level of command. In 
addition, there is also a separate echelon known as a non-echelon command. A non-echelon command is a 
unit or units, an organization, or an area under the command of one individual. It does not correspond to any 
of the other echelons. Figure 2-2 shows the template for an echelon amplifier. The height of the echelon 
amplifier is one-fourth of the size of the height of the frame. Table 2-3, on page 2-6, shows the Field B 
amplifiers for Army echelons and non-echelon commands. 


Figure 2-2.Template for an echelon amplifier 
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Table 2-3. Echelon and non-echelon amplifiers 


Echelon Amplitier Amplifier Usage Construct 
Example 


Crew—A small military unit that 
consists of all personnel operating 
a particular system. (ADP 3-90) 
Note. This is the smallest echelon and 
should not be confused with company 
team and brigade combat team. 


Squad—A small military unit 
typically containing two or more 
fire teams. (ADP 3-90) 


Section—A tactical unit of the 
Army and Marine Corps smaller 
than a platoon and larger than a 
squad. (ADP 3-90) 


Platoon—A subdivision of a 
company or troop consisting of 
two or more squads or sections. 
(ADP 3-90) 

Detachment—A tactical element 
organized on either a temporary or 
permanent basis for special 
duties. (ADP 3-90) 


Company—A unit consisting of 
two or more platoons, usually of 
the same type, with a 
headquarters and a limited 
capacity for self-support. 


(ADP 3-90) 


Battery—A company-size unit ina 
field artillery or air defense artillery 
battalion. (ADP 3-90) 


Troop—A company-size unit in a 
cavalry organization. (ADP 3-90) 


Battalion—A unit consisting of 
two or more company-, battery-, or 
troop-size units anda 
headquarters. (ADP 3-90) 


Squadron—A unit consisting of 
two or more troop-size units anda 
headquarters in a cavalry 
organization. (See ATP 3-20.96 
for more information on the 
squadron.) 
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Table 2-3. Echelon and non-echelon amplifiers (continued) 


Echelon Amplitier Amplifier Usage Construct 
Example 


Regiment or group—A unit 

consisting of 2 or more battalions. 

Brigade—A unit consisting of two 

or more battalions and a X 
headquarters company or 

detachment. (ADP 3-90) 

Division—An echelon of 

command and tactical formation 

that employs brigade combat 

teams, multi-functional brigades, XX 
and functional brigades to achieve 

objectives on land. (ADP 3-90) 


Corps—An echelon of command 
and tactical formation that 
employs divisions, multi-functional 
brigades, and functional brigades XXX 
to achieve objectives on land. 
(ADP 3-90) 
Theater army—An echelon of 
command designated as the Army 
Service component command 
responsible for recommendations XXXX 
of allocations and employment of 
Army forces to the geographic 
combatant commander. (JP 3-31) 
Army group 
Note. Used in North Atlantic Treaty 
Organization or multinational military XXXXX 
operations. 
: XXXXXX 
Theater—The geographical area 
for which a commander of a 
geographic combatant command KXXXXKX 
has been assigned responsibility. 
(JP 1) 
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Table 2-3. Echelon and non-echelon amplifiers (continued) 


Non-Echelon Amplifier pba Usage Construct 
‘xample 


Command (independent support 
command)—A unit specifically 
supporting a theater or corps 
command. 


++ 


+ 
+ 


XXX 


SUST |eEsc 


Sustainment command supporting 
a corps (expeditionary 
sustainment command) 


+b 


Medical command supporting a 
theater army (theater medical 
commana) 


2-5. Quantity Amplifiers (Field C). A text amplifier used to identify the number of type items or 
individuals. Figure 2-3 shows the template for a quantity amplifier and figure 2-4 provides a usage example 
of a medical augmentation detachment with a 32 hospital bed capability. 


Figure 2-3.Template for quantity amplifier 
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Figure 2-4. Quantity amplifier usage example 


2-6. Task organization indicator amplifier (Field D). This amplifier is used with a battalion task force, 
or company team. A battalion task force is a maneuver battalion-size unit consisting of a battalion 
headquarters, at least one assigned company size-element, and at least one attached company-size element 
from another maneuver or support unit (functional or multifunctional). A company team is a combined arms 
organization formed by attaching one or more nonorganic armor, mechanized infantry, Stryker infantry, or 
infantry platoons to a tank, mechanized infantry, Stryker, or infantry company, either in exchange for, or in 
addition to, its organic platoons. (See ADP 3-90 for more information on company teams.) Figure 2-5 
provides the template for a task organization amplifier, and table 2-4, on page 2-10, shows the task 
organization amplifier and construct examples. 


Figure 2-5. Template for task force or team amplifier 
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45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


53. 


Find the surface area of a company supply box that is 8 
feet wide, 8 feet high, and 8 feet long. 


a. 384 sq ft c. 512 cu ft 
b. 348 sq ft qd. 521 cu ft 


Find the volume of a company supply box that measures 8 
feet wide, 8 feet high, and 8 feet long. 


a. 348 sq ft c. 521 cu £t 
b. 384 sq ft qd. 512 cu ft 


Find the surface area of a gas chamber that measures 11 
feet wide, 11 feet high, and 11 feet long. 


a. 762 sq ft c. 1,331 cu ft 
b. 726 sq ft d. 1,313 cu ft 


Find the volume of a gas chamber that measures 11 feet 
wide, 11 feet high, and 11 feet long. 


a. 726 sq ft ec. 1,313 cu ft 
b. 762 sq ft a. 1,331 cu ft 


Find the surface area of a milvan that measures 8 feet 
wide, 8 feet high, and 10 feet long. 


a. 448 sq ft c. 604 cu ft 
b. 484 sq ft d. 640 cu ft 


Find the volume of a milvan that measures 8 feet wide, 8 
feet high, and 10 feet long. 


a. 484 sq ft c. 640 cu ft 
b. 448 sq ft d. 604 cu ft 


Find the surface area of a concrete bunker that measures 
6 feet high, 6 feet wide, and 10 feet long. 


a. 312 sq ft c. 306 cu ft 
b. 321 sq ft d. 360 cu ft 


Find the volume of a concrete bunker that measures 6 feet 
high, 6 feet wide, and 10 feet long. 


a. 321 sq ft c. 360 cu ft 
b. 312 sq ft a. 306 cu ft 


Find the volume of a cylindrical water tank that has a 
radius of 9.5 feet and a height of 40 feet. 


a. 2,386.4 cu ft ec. 11,335.4 cu ft 
b. 2,836.4 cu ft da. 11,533.4 cu ft 
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Table 2-4. Task organization indicator amplifier 


Task organization—A temporary 
grouping of forces designed to 
accomplish a particular mission. | | 
(ADP 5-0) 
Note. This amplifier is sized to 
correspond with the echelon 
amplifiers being used. The height 
of the amplifier is one-third of the Battalion task force 
size of the height of the frame. 
Marine expeditionary force 


2-7. Attached and Detached Amplifiers (Field F). This amplifier is used at brigade echelons and below. 
Use a plus (+) symbol when reinforcing (attaching) one or more sub-elements of a similar function to a 
headquarters. (See JP 3-0 for more information on attached sub-elements.) Use a minus symbol (—) when 
reducing (detaching) one or more sub-elements of a similar function to a headquarters. Use a plus and minus 
symbol (+) when reinforcing (attaching) and reducing (detaching) one or more sub-elements of a similar 
function to a headquarters. Figure 2-6 shows a template for attached and detached amplifiers. Table 2-5 lists 
the amplifiers and usage examples. (See FM 6-0 for additional information on attachment and detachment) 


Cf 


Figure 2-6. Template for attached and detached amplifier 
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Table 2-5. Attached and detached amplifiers 


Function Amplitier Amplifier usage construct 
example 


(+) 
(-) 
+) 


— 
— 

Reinforced and reduced (attached o 

and detached) oe 


2-8. Country code amplifier (Field AS). The country code is a three-letter code that indicates the country 
of origin. FM 1-02.1, in chapter 2, section II, includes a complete listing of geographical entity codes (country 
codes) that can be used in Field AS. Field AS is located at right corner of the frame and shares this space 
with Field F (attached and detached amplifiers). When Field F is being used, the Field AS country code will 
be placed to the right of Field F as shown in figure 2-7. If Field F is not being used, the AS field can occupy 
the entire space as shown in figure 2-8, on page 2-12. 


Figure 2-7. Template for country code amplifier Field AS with Field F in use. 
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Figure 2-8. Template for country code amplifier Field AS without Field F usage. 
2-9. Command post using staff comments amplifier (Field G). A command post is a unit headquarters 
where the commander and staff perform their activities. The headquarters staff indicator (Field S) is always 


used in conjunction with the command post and command group amplifiers. Figure 2-9 shows the template 
for the command post using amplifier Field G, and table 2-6 provides amplifier usage examples. 


Figure 2-9. Template for command post using amplifier Field G 
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Table 2-6. Command post amplifier Field G usage examples 


Amplifier Amplifier Usage Example 


Combat trains command CTCP 
post—controls and 

coordinates administrative and CTCP 

logistic support. (See 

ATP 6-0.5 for more information 

on combat trains.) 

Early-entry command post— 

A lead element of a EECP 
headquarters designed to 

control operations until the EECP 

remaining portions of the 

headquarters are deployed and 

operational. (FM 6-0) 


Field trains command post— 

A facility containing a 

personnel administration 

center, elements of the S-4 

(battalion or brigade logistics FTCP 
staff officer) sustainment staff FTCP 

section, elements of company 

supply sections, and elements 

of the forward support 

company. (See ATP 6-0.5 for 

more information on field 

trains.) 

Main command post—A 

facility containing the majority MAIN 
of the staff designed to control 

current operations, conduct 

detailed analysis, and plan 

future operations. (FM 6-0) 

Tactical command post—A 

facility containing a tailored TAC 
portion of a unit headquarters TAC 

designed to control portions of 

an operation for a limited time. 

(FM 6-0) 


2-10. Alphanumeric unit designations using additional information amplifier (Field H). The 
alphanumeric unit designation identifies the unit being displayed, and it may consist of a number consistent 
with the unit designation, function, and a higher echelon chain of command. The unit designation construct 
begins with the unit’s own designation (number, or letter, or acronym), followed by a higher echelon 
command designation. Figure 2-10, on page 2-14, shows the template. 
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Figure 2-10. Template for additional information amplifier 


2-11. A unit designation construct uses the solidus (/) between echelons to identify a continuous hierarchy 
of command. Figure 2-11 provides an example of the solidus being used in a military symbol construct for 
1st Platoon, 51st Transportation Company, 181 Transportation Battalion. 


1/51/181 


Figure 2-11. Solidus usage example 


2-12. Hyphens (-) are only used to depict combat units that maintain regimental affiliations but have no 
regimental headquarters and are organized as part of a brigade. The use of the hyphen in the unit designation 
construct retains the units’ traditional regimental affiliation and avoids confusing units that do not have a 
regimental commander from regiments which have remained organized with a regimental headquarters. 
Figure 2-12 provides an example of a hyphen being used in a military symbol construct for A Battery, 6th 
Battalion, 37th Field Artillery Regiment. 
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Al6-37 


Figure 2-12. Hyphen usage example. 


2-13. Higher echelon command using higher information amplifier (Field M). This is an additional text 
amplifier that provides unit symbols a space for the title or number of the higher echelon command (corps 
are designated by Roman numerals). Figure 2-13 shows the template and figure 2-14 provides a construct 
example for A Battery, 6th Battalion, 37th Field Artillery Regiment, 2ID, III Corps. 


Figure 2-13. Template for higher echelon amplifier 


A/6-37/2ID 
lil 


Figure 2-14. Higher echelon amplifier usage example 
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2-14. Direction of movement amplifier (Field Q). The direction of movement amplifier is an arrow or staff 
identifying the direction of movement or intended movement of an object. For unit and equipment symbols, 
the amplifier is an angled arrow extending downward from the bottom center of the frame or icon and pointing 
in the direction of movement. Figure 2-15 shows the template, and figure 2-16 is an enemy guerrilla infantry 
company direction of movement usage construct example. 


Figure 2-15. Template for direction of movement amplifier 


Figure 2-16. Direction of movement amplifier usage example 


2-15. Combat Effectiveness Amplifiers (Field K). Combat effectiveness is the ability of a unit to perform 
its mission, and Field K is used to display the level of combat effectiveness of the unit. Figure 2-17 shows 
the template for the combat effectiveness amplifier. Factors such as ammunition, personnel, fuel status, and 
weapons systems are evaluated and rated. The ratings are— 


e Fully operational (FO) — (85 percent or greater). 
e Substantially operational (SO) — (70 to 84 percent). 
e@ Marginally operational (MO) — (50 to 69 percent). 
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e Not operational (NO) — (less than 50 percent). 
@ Unknown (UNK). 


Figure 2-17. Template for combat effectiveness amplifier 


2-16. Headquarters Staff Location Indicator Amplifier (Field S). To indicate a precise location or reduce 
the clutter of headquarters unit symbols, a staff extends from the bottom left hand corner to the headquarters 
location displayed as Field S. If several headquarters are at one location, more than one headquarters can be 
on a single staff. The highest echelon headquarters is placed on top, followed by the next echelons in 
descending order. Figure 2-18 shows examples of how the headquarters locator indicator is used. 


Friendly Hostile 


Figure 2-18. Headquarters staff location indicators 


2-17. Offset Location Indicator Amplifier (Field S*). Field S? is a bent line (without an arrow) that extends 
from the end of the headquarters staff location indicator amplifier (Field S) to the desired location. The offset 
location indicator amplifier field is used to indicate precise location or reduce clutter in an area with multiple 
units. Figure 2-19, on page 2-18, shows examples of how to use the offset locator indicator. 
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Friendly 


Figure 2-19. Offset location indicators 


MAIN ICONS FOR UNITS 


2-18. Most U.S. Army main icons for units were determined by table of organization and equipment and 
modified table of organization and equipment descriptions in the Force Management System of the U.S. 
Army Force Management Support Agency. This section also includes a limited number of North Atlantic 
Treaty Organization (NATO) and civil authority main icons. 


2-19. Main icon (Field A). The main icon is located in the center sector of the octagon and reflects the main 
function of the symbol. (See table 1-5 on page 1-8.) Table 2-7, on pages 2-19 through 2-32, shows the main 
icons for units. 
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Table 2-7. Main icons for units 


Function Icon Main Icon Usage Construct Example 
and Symbol Translation 
Command and Conirol 


Information operations—The 
integrated employment, during 
military operations, of 
information-related capabilities in 
concert with other lines of 
operation to influence, disrupt, 
corrupt, or usurp the 
decision-making of adversaries 
and potential adversaries while 
protecting our own. (JP 3-13) 


Information operations team 


Interpreter or translator—The 

capability to translate orally for 

parties conversing in different 

languages, and turn documents 

into one’s own or other 

language. Interpreter or translator team 


Isolated personnel—United 
States military, Department of 
Defense civilians and contractor 
personnel (and others 
designated by the President or 
Secretary of Defense) who are 
separated from their unit (as an 
individual or a group) while 


participating in a United States 
sponsored military activity or 
mission and are, or may be, ina 
situation where they must 
survive, evade, resist, or escape. 
(JP 3-50) 


Isolated squad 


Liaison—That contact or 

intercommunication maintained 

between elements of military 

forces or other agencies to 

ensure mutual understanding 

and unity of purpose and action. 

(See JP 3-08 for more 

information on liaison.) Liaison team 


Multinational—Between two or 
more forces or agencies of two 
or more nations or coalition 
partners. (JP 5-0) 


Multinational corps 


ee 
Public affairs—Communication Pp A 
activities with external and 
internal audiences. (JP 3-61) 


Public affairs section 
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54. 


55. 


56. 


57. 


58. 


59. 


60. 


61. 


62. 


Find the 


volume of an anti-tank landmine that has a 


radius of 6.5 inches and a height of 4 inches. 


a. 163.28 cu in 
b. 136.28 cu in 


Find the 
a. 23.12 
b. 23.21 
Find the 
a. 715 
b. 716 
Find the 
a. 4.64 
b. 4.74 
Find the 
a. 9.64 
b. 9.74 
Find the 
side (a) 
a. 6.88 
b. 7.81 
Find the 
side (a) 
a. 9.48 
b. 9.58 
Find the 
Side (a) 
a. 9in 
b. 10in 
Find the 
side (b) 
a. 33 in 
b. 34 in 


c. 530.66 cu in 
dad. 503.66 cu in 
square root of 1,038. 
c. 32.12 
dad. 32.21 
square root of 511,225. 
c. 717 
dad. 718 
square root of 33. 
c. 5.64 
dad. 5.74 
square root of 94.8676. 
c. 9.84 
dad. 9.94 


missing side (c) of a right triangle that has 
of 5 inches and a side (b) of 6 inches. 


7.91 in 
7.98 in 


Cs 
d. 


in 
in 
missing side (c) of a right triangle that has 
of 3 inches and a side (b) of 9 inches. 


Cc. 
d. 


in 
in 


9.68 in 
9.85 in 


missing side (b) of a right triangle that has 
of 24 inches and a side (c) of 26 inches. 


11 in 
12 in 


c. 
d. 


missing side (a) of a right triangle that has 
of 15 inches and a side (c) of 39 inches. 


c. 35 in 
a. 36 in 
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Table 2-7. Main icons for units (continued) 


Function Icon Main Icon Usage Construct Example 
and Symbol Translation 
Command and Conirol 


Signal—Provides and secures 


| 
the network for commanders to 
conduct command and control 
and integrate the other 
warfighting functions across the 


range of military operations. (See 
FM 6-02 for more information on 
signal.) 


II 
Space forces—The space and | + | 
terrestrial systems, equipment, 


facilities, organizations, and : 
personnel necessary to access, Space battalion 
use and, if directed, control 

space for national security. 

(JP 3-14) 


Signal company 


Alternate hand-drawn 
version 


Special troops — An organic unit 
of a modular brigade, division (or 
equivalent), corps or higher 
echelon responsible for planning, 
preparing, executing, and 
assessing internal support 
requirements. Typically has a 
headquarters and headquarters 
and a signal company, but may 
include other functional 
supporting units. (See FM 4-0 
and FM 3-96 for more 
information on special troops.) 


Special troops battalion 


Air defense— Defensive 


measures designed to destroy Ml 
attacking enemy aircraft or 
aerodynamic missiles, or to 
nullify or reduce the 
effectiveness of such attack. 
(JP 3-01) 
Air defense battalion 
Air and missile defense— I 
Direct [active and passive] 
defensive actions taken to 
destroy, nullify, or reduce the 
effectiveness of hostile air and ia 
ballistic missile threats against 
friendly forces and assets. 
(JP 3-01) Air and missile defense battalion 
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Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 


ae team 


= 


Field artillery battery 


ci 


Air-naval gunfire liaison 
(ANGLICO) 


Field artillery—Equipment, 
supplies, ammunition, and 
personnel involved in the use of 
cannon, rocket, or surface-to- 
surface missile launchers. 

(JP 3-09) 


Missile battery 


Missile defense battalion 


Missile defense—Defense 
measures designed to destroy 
attacking enemy missiles, or to 
nullify or reduce the 
effectiveness of such attack. 
(JP 3-01) 


Intelligence 


| 
Military intelligence—Conducts 
intelligence operations as part of 
information collection across the 
Army’s strategic roles. (See 
FM 2-0 for more information on 


military intelligence.) 
J Military intelligence company 


Movement and Maneuver 


Anti-armor (anti-tank)— 
Provides long range direct fires 
with TOW missiles and 105mm 
(millimeter) main gun rounds 
respectively. (See ATP 3-21.91 
for information on anti-armor.) 


Anti-armor platoon 
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Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 
Armor (tracked)—Provides I 
main battle tank weapon system 
with 120mm smoothbore cannon 
and increased armor protection. 
(See ATP 3-90.1 and 
ATP 3-20.15 for more 


information on armor.) Armor battalion 


Armored (tracked) cavalry— 
Conducts reconnaissance and 
security with armored tracked 
fighting vehicles to support the 
brigade’s awareness and 
knowledge in the area of 
operations. (See ATP 3-20.96 for 
more information on cavalry.) 


Cs 


Armored cavalry troop 


io 


Aviation (rotary-wing) squadron 


Army aviation or rotary-wing 
aviation—Conducts attack and 
air movement functions in 
support of ground maneuver in 
the area of operations or area of 
interest. (See FM 3-04 for more 
information on aviation.) 


information on aviation 
reconnaissance.) 


Attack reconnaissance squadron 


ss 


Aviation (fixed-wing) battalion 


Aviation fixed-wing—Conducts 
air movement of personnel, 
leaders, critical supplies, 
equipment and systems during 
the conduct of offensive, 
defensive, stability, and defense 
support of civilian authorities 
operations throughout the depth 
and breadth of the area of 
operations or are of interest. 
(See FM 3-04 for more 
information on aviation fixed 
wing.) 


Cavalry (reconnaissance)— 
Conducts reconnaissance and 
security to support friendly forces 
awareness and knowledge in the 
area of operations. (See FM 3-98 
and ATP 3-20.96 for more 
information on cavalry 
reconnaissance.) 


Cavalry platoon 


Aviation (rotary —wing) 

reconnaissance—Conducts ll 
aerial reconnaissance and 

security tasks in close 

coordination with the brigades 

cavalry squadrons. (See 

FM 3-04 and FM 3-98 for 
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Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 


Combined arms—Combines the TT 


efforts of armor units and 
mechanized infantry units to 
execute tactical missions as part 
of a combined arms operation. 
(See ATP 3-90.5 and ATP 3-90.1 
for more information on 


combined arms.) Combined arms battalion 


Infantry—Provides Soldiers TT 
trained, armed, and equipped to 

fight dismounted by means of fire 

and movement in order to 

destroy, defeat, capture, or repel 

an enemy assault. (See 

ATP 3-21.20 for more 
information on infantry.) 


Mechanized armored (tracked) 
infantry—Provides armored 
tracked fighting vehicles to 
transport and support Soldiers 
trained, armed, and equipped to 


Infantry battalion 
ry] 


fight dismounted by means of fire 

and movement. (See ATP 3-90.5 

and ATP 3-90.1 for more Mechanized armored Infantry 
information on mechanized company 

infantry.) 


Mobile gun system—A Siryker 
brigade combat team asset that 
provides precise long range 
direct fire in support of infantry 
and cavalry units. (See 

ATP 3-21.21 and ATP 3-21.91 
for more information on mobile 
gun system.) 

Note. This main icon is placed about 
1/8 from the left edge of the inside of 
the frame. 


eco 
Co 


O00 


Mobile gun system platoon with 
armored high mobility vehicle 
capability. 


Mortar—Organic fire support to 
battalions, squadrons, 
companies, and troops, and are 
available to a commander when 
other indirect fire support is not 
available. (See ATP 3-21.90 for 
more information on mortars.) 


@®@ 
Mortar section 


Surveillance—The systematic 
observation of aerospace, 
cyberspace, surface or 
subsurface areas, places, 
person, or things by visual, aural, 
electronic, photographic, or other 
means. (JP 3-0) 


a] 
Surveillance team 
Protection 
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Table 2-7. Main icons for units (continued) 


. Main Icon Usage Construct Example 


@ 

Bureau of Alcohol, Tobacco, 
Firearms, and Explosives AT F ATF 
(ATF)—civil authority 

ATF team 
Chemical, biological, 
radiological, and nuclear | 
(CBRN)—Recognizes 
vulnerabilities, identifies and 
understands CBRN hazards, and exe 
their consequences when they 
appear, and responds 
appropriately to protect the force. 
(See ADP 3-37 for more CBRN company 
information on CBRN.) 


Chemical, biological, re) 
radiological, nuclear, and 
explosives—Recognizes 
components that are threats or 
potential hazards with adverse 
effects in the operational 
environment. (See ATP 3-37.11 


for more information on CBRN 
team.) CBRN explosives team 


Chemical, biological, 

radiological, nuclear, 

reconnaissance—E xecutes eee 
operations to obtain by visual 

observation or other detection ~ 
methods, information on the 

potential or actual CBRN 

hazards and threats in an area of 

operations. (See ATP 3-11.37 for CBRN reconnaissance platoon 
more information on nuclear 

reconnaissance.) 


as 


DEA 


Drug Enforcement Agency 
(DEA)—civil authority 


DEA team 
Engineer—Provides Soldiers 
with technical skills and 
equipment to provide freedom of 
action or land power by 
mitigating the effects of terrain. 
(See FM 3-34 for more 
information on engineers.) Engineer battalion 
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Table 2-7. Main icons for units (continued) 
F Main Icon Usage Construct Example 
© 


Federal Bureau of 
Investigation (FBl)—civil F B | 
authority 


FBI team 


Fire department—civil authority Fire department battalion 


Alternate hand-drawn 
version 


Internal security force—civil 
authority 


Law enforcement—civil 
authority 


Maneuver enhancement— 
Provides command and control 
of forces from multiple branches, 
but especially those that conduct 
support area and maneuver 
support operations for the force. 
(See FM 3-81 for more 
information on maneuver 
enhancement.) 


Military police—Provides law 
enforcement activities to control 
and protect populations and 
resources to facilitate the 
existence of a lawful and orderly 
environment. (See FM 3-39 for 
more information on military 
police.) 
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Table 2-7. Main icons for units (continued) 


Function 


Police department—civil 
authority 


Security—Measures taken by a 
military unit, activity, or 
installation to protect itself 
against all acts designed to, or 
which may, impair its 
effectiveness. (JP 3-10) 


United States Marshall 
Service—civil authority 


United States Secret Service— 
civil authority 


Unmanned aircraft system— 
That system whose components 
include the necessary 
equipment, network, and 
personnel to control an 
unmanned aircraft. (JP 3-30) 


Army field support—Integrates 
and synchronizes delivery of 
U.S. Army Materiel Command 
strategic capabilities and 
enablers to the operational and 
tactical points of need in support 
of Army Service component 
commands and corps during 
large-scale combat operations. 
(See FM 4-0 and ATP 4-91 for 
more information on Army field 
support.) 


2-26 


Main Icon Usage Construct Example 
and Symbol Translation 


Bea 


Police unit with pack animal capability 
© 
DOG 


Ea 
SEC 


Security team with working dog 
capability 


| @ | 


Marshall service unit 


lnc 


Unmanned aircraft system platoon 


(a) 
USSS 
Secret Service team 


x 


Army field support brigade 
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Table 2-7. Main icons for units (continued) 


F Main Icon Usage Construct Example 


Ammunition—Provides effective 
and efficient handling, storing, 
securing, distributing, and 
accounting for munitions while 
ensuring adequate explosives 
safety guidelines are met. (See 
FM 4-30 for more information on 


ammunition.) ts 
Ammunition platoon 


© 
a 


Contracting support team 


Contracting support—Provides 
support contracting services, 
along with contracting advice 
and assistance, primarily to Army 
forces and to joint forces when 
directed, and is organized along 
functional lines. (See ATP 4-92 
for more information on 
contracting support.) 


Finance—Provides timely 
commercial vendor services and 
contractual payments, various 
pay and disbursing services, and 
oversight and management of 
the Army’s banking program. 
(See FM 1-06 and FM 4-0 for 
more information on finance.) 


Finance platoon 


eee 
XXXX 


HR 


Human resources—Provides 
operational effectiveness of the 
Army by anticipating, manning, 
and sustaining military 
operations. (See FM 1-0 for 
more information on human 


esolircees Human resources platoon supporting 


the Army theater (Human Resources 
Sustainment Center) 


4) 
Explosive ordnance disposal— 
The detection, identification, on- 
site evaluation, rendering safe, 
recovery, and final disposal of 
unexploded explosive ordnance. 
JP 3-34 
( ) Explosive ordnance disposal (EOD) 
team. 


Judge advocate general— se 
Provides subject matter experts 

in all of the core legal disciplines JAG 
and are counselors, advocates, 

and trusted advisors to 


commanders and Soldiers. (See 
FM 1-04 for more information on 


; Judge advocate general section 
the judge advocate general.) 
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Table 2-7. Main icons for units (continued) 


. Main Icon Usage Construct Example 


Maintenance—Ensures unit 

readiness by maintaining 

weapons systems and eee 
equipment in a fully mission- 

capable status for immediate and 

continuous employment in +L 
complex and highly lethal 

environments. (See FM 4-0, FM 

4-30, and ATP 4-33 for more 

information on maintenance.) Maintenance platoon 


| 
Medical—Promotes, improves, 


conserves, or restores the Medical company 
behavioral and physical well- 
being of personnel in the Army, 
and as directed in other 
Services, agencies, and 
organizations. (See FM 4-02 for 
more information on medical.) 
Note. To avoid overlapping main icon 
with modifiers: 

1. Some modifiers offset to the right. 
2. When modifiers cannot offset to the 
right, shorten the vertical center line to 
allow space for the modifier. 


Medical platoon with maintenance 
capability 


Medical treatment facility Any 
facility established for the 
purpose of providing medical 
treatment. This includes battalion 
aid stations, Role 2 facilities, 
dispensaries, clinics, and 
hospitals. (FM 4-02) 

Note. To avoid overlapping main icon 
with modifiers: 

1.Some modifiers offset to the right. 
2. When modifiers cannot offset to the 
right, shorten the vertical center line to 
allow space for the modifier. 


Medical treatment facility platoon with 
role 3 surgical capability 
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Table 2-7. Main icons for units (continued) 


Main Icon Usage Construct Example 
and Symbol Translation 


Function 


Mortuary affairs—Provides for 
the search, recovery, 


identification, preparation, and 

disposition of human remains of +—— 
persons for whom the Services 

are responsible by status and 

executive order. (JP 4-0) 


Band performance headquarters 
detachment 


Band—Serves as a combat 
multiplier and plays an integral 
part in the sustainment of forces 
engaged in unified land 
operations. (See ATP 1-19 for 
more information on the band.) 


Alternate hand-drawn 
version 


Ordnance—Provides munitions, 
maintenance, and explosive | 


ordnance disposal support to 
generate and maintain combat 
power and to provide protection 
to Army, joint, intergovernmental, 
interagency and multinational 


forces. (See FM 4-30 for more 
information on ordnance.) Ordnance company 


Personnel services— 


ll 
Sustainment functions that man 
and fund the force, maintain 
Soldier and family readiness, PS 
promote the moral and ethical 
values of the nation, and enable 


the fighting qualities of the Army. 
(ADP 4-0) Personnel services battalion 


Quartermaster—Provides | 
supply and field services to 

enable freedom of action, extend O 
operational reach, and prolong 

endurance. (See FM 4-40 for 


more information on 
quartermasters.) 


Quartermaster company 
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63. Find the missing side (x) of the triangle illustrated. 


17 


wi/ 


a. 30 c. 34 
b. 32 dad. 36 


64. Find the missing side (x) of the triangle illustrated. 


14 
16 27 
a. 30.58 Cc. 31.58 
b. 30.85 dad. 31.85 
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Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 


REL 


Religious support—Provides 
for the free exercise of religion 
and religious, moral, and ethical 
advisement and leadership. (See 
FM 1-05 for more information on 
religious support.) 

Religious support section 


Aerial delivery or rigger— 

Support that includes parachute 

packing, aerial delivery 

equipment repair, external sling eee 
load, rigging equipment and 

supplies for airdrop, as well as 

the provision of aerial delivery 

equipment and systems. (See 

FM 4-0 and ATP 4-48 for 


information on aerial delivery and 
riggers.) Rigger platoon 


Support—1. The action of a 

force that aids, protects, | 
complements, or sustains 

another force in accordance with FWD 

the directive requiring such S SPT 
action. 3. An element of a 

command that assists, protects, 

or supplies other forces in 

combat. (JP 1) Forward support company 
Sustainment—The provision of x 

logistics, financial management, 

personnel services, and health 

service support necessary to S U ST S U ST 
maintain operations until 

successful mission completion. 

PEED) Sustainment brigade 
Transportation—A logistics 

function that includes movement 

control and associated activities | 

to incorporate military, 

commercial, and multinational 

motor, rail, air, and water mode &® 

assets in the movement of units, 

personnel, equipment, and 

supplies in support the concept 

of operations. (FM 1-02.1) Transportation company 


Special Operations 


REL 
PT 


Civil affairs—Designated Active 


© 
and Reserve Component forces 
and units organized, trained, and 
equipped specifically to conduct CA CA 
civil affairs operations and to 


support civil-military operations. 


(JP 3-57) Civil affairs team 


2-30 FM 1-02.2 10 November 2020 


Military Unit and Organizational Symbols 


Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 


Civil-military cooperation— 
=) 


(North Atlantic Treaty 
Organization [NATO)}) A joint 
function comprising a set of 
capabilities integral to supporting 
the achievement of mission 
objectives and enabling NATO 
commands to participate 
effectively in a broad spectrum of 
civil-military interaction with 
diverse non-military actors. 
(STANAG 2019 (ED. 7)/APP 
6(D).) 


Civil-military cooperation team 


= 


Military information support battalion 


Rangers— Rapidly deployable 

airborne light infantry organized | 

and trained to conduct highly 

complex joint direct action 

operations in coordination with or RG R 

in support of other special 

operations units of all Services. 

(JP 3-05) Ranger battalion 


Military information support— 
Provides robust capabilities to 
effectively conduct military 
information support operations. 
(See FM 3-53 for more 
information on military 
information support operations.) 


Search and rescue—The use of 
aircraft, surface craft, 
submarines, and specialized 
rescue teams and equipment to 
search for and rescue distressed 
persons on land or at seaina 
permissive environment. 

(JP 3-50) 


SEAL team—United States 
Navy forces organized, trained, 
and equipped to conduct special 
operations with an emphasis on 
maritime, coastal, and riverine 
environments. (JP 3-05) 

Note. SEAL stands for sea, air, and 
land. 


san | 
Search and rescue team 
@ 


SEAL 


SEAL team 


Special forces—United States 
Army forces organized, trained, 
and equipped to conduct special 
operations with an emphasis on 
unconventional warfare 
capabilities. (JP 3-05) 


| 
ca 


Special forces company 


10 November 2020 FM 1-02.2 2-31 


Chapter 2 


Table 2-7. Main icons for units (continued) 


: Main Icon Usage Construct Example 


Special operations forces— 
Those Active and Reserve 
Component forces of the Military 


Service designated by the 

Secretary of Defense and 

specifically organized, trained, SO F 

and equipped to conduct and 

support special operations. 

(JP 3-05) Special operations forces group 


2-20. Main icon for named units (Field AA). This a text amplifier field for all special command and control 
type headquarter-named units, and it allows the placement of a maximum of 9 characters inside the frame. 
Table 2-8 (on pages 2-33 through 2-35) lists some examples of special command and control type 
headquarter-named unit main icons. 
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Table 2-8. Main icons for named units 


Named Unit Icon Icon Usage Construct 
Example 


Combatant Command 


A unified or specified command with a broad continuing mission under a single commander established 
and so designated by the President, through the Secretary of Defense and with the advice and assistance 
of the Chairman of the Joint Chiefs of Staff. (JP 1) 


United States Africa Command AFRICOM AFRICOM 


United States Central Command CENTCOM CENTCOM 
United States Cyber Command CYBERCOM CYBERCOM 


7 ~ 

alse aia Indo-Pacific INPACOM 
United States Northern Command NORTHCOM 
rable i Southern nin 
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Table 2-8. Main icons for named units (continued) 


Named Unit Icon Usage Construct Example 


Combatant Command 


United States Space Command SPACECOM SPACECOM 


Functional Combatant Command 


Responsible for a large functional area requiring single responsibility for effective coordination of the 
operations therein. (See JP 1 for more information on a functional combatant command.) 


United States Special Operations 
Command 


United States Strategic STRATCOM STRATCOM 


Command 


United States Transportation 
Command TRANSCOM TRANSCOM 


Sub-unified Command 


Sub-unified commands (subordinate unified commands) may be established by geographical area or 
functional basis by a combatant commander when authorized to do so by the Secretary of Defense 
through the the Chiarman Joint Chief of Staff. (See JP 1 for more information on sub-unified commands.) 


Alaskan Command 


United States Forces Korea 


United States Army, Africa USARAF 
Command 
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Table 2-8. Main icons for named units (continued) 


Named Unit Icon Usage Construct Example 


United States Army, Central 

Command USARCENT USARCENT 

United States Army, Cyber 

enaneed ARCYBER ARCYBER 

United States Army, Military 

Surface Deployment and SDDC SDDC 

Distribution Command 

— _— 


United States Army, Pacific 

Command USARPAC USARPAC 
United States Army, Southern 

™ ie — 
United States Army, Special 

Operations Command USASOC USASOC 


North Atlantic Treaty Organization 


Allied Command Operations ACO 


10 November 2020 FM 1-02.2 2-35 


Chapter 2 


SECTOR 1 MODIFIERS FOR UNITS (FIELD A) 


2-21. This indicator is represented as the upper part of Field A as shown in table 1-4, on page 1-5. Table 2-9, 
on pages 2-37 through 2-57, shows sector 1 modifiers for unit capabilities. These modifiers assist in providing 
additional information specific to the capabilities that the unit is organized and equipped to perform. 
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Table 2-9. Sector 1 modifiers for units 


Function Modifier Main Icon Usage Construct 
Example and Symbol Translation 


Air terminals and aerial 


ports support—the capability 
to provide airfield functions 
that may include port 
clearance, movement control, 
onward movement, liaison, 
coordination, operation of 
holding areas, postal 
operations, personnel 
replacement processing, and 
life and logistic support. (See 
JP 4-01.5 for more information 
on aerial ports and terminals.) 


Transportation unit with airfield 
terminal operations capability 


Es 


Transportation unit with amphibious 
warfare ship (generic vessel) 
capability 


Amphibious warfare ship—A 
combatant ship having organic 
capability to embark, land, and 
support landing forces in 
amphibious operations and 
which has characteristics 
enabling long-duration 
operations on the high seas. 
(JP 3-02) 


between adjacent units, 
formations, or other specific 
geographical surfaces. 


Area support unit 
e 


AREA 
Medical treatment faciltiy squad 
with area support capability 
Note. To avoid overlapping of symbols, 


shorten the vertical center line of main 
icon to allow space for the modifiers. 


| 
AREA 
SPT 
chemical, biological, radiological, 
and nuclear (CBRN) company with 
area support capability 

Area—A specified geographic 
surface included within a AREA 
delineated set of lines 
(boundaries) used for the SPT 
purpose of facilitating 
coordination and deconfliction 
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Table 2-9. Sector 1 modifiers for units (continued) 


: oe Main Icon Usage Construct 


Armored (protection)—A 

vehicle hull equipped or 

protected with armor. 

Note. 

1. As a sector 1 modifier, this 

symbol represents armored 

protected and requires a sector 2 

wheeled vehicle modifier 

(provided in table 2-9) to complete 

in venicie type Infantry armor wheeled vehicle 
2. If this sector 1 is used without a capability (Stryker) unit 
sector 2 wheeled vehicle modifier 

present, it means the unit has 

armored tracked capability. 


Assault—A rapid military ASLT 
attack capability that usually b> «<q 
involves direct combat to AS LT 
destroy enemy forces, or to 
seize or hold terrain. 
Aviation unit with assault aviation 
capability 


A 


>< 


Attack—A type of offensive 
operation that destroys or 
defeats enemy forces, seizes 
and secures terrain, or both. 
(ADP 3-90) 
Aviation unit with attack helicopter 
capability 


7) 


Battalion (echelon of 
support)—Provides support 
to a battalion. (See 

ATP 3-96.1 for more 
information on battalion 


hel f . F F 
eanelpm el SUpPON) Infantry security force assistance 


team supporting a battalion 


Army aviation or rotary- 

wing aviation—Conducts >< 

attack and air movement Dan 

functions in support of ground 

maneuver in the area of 

operations or area of interest. 

ee SS ORS Maintenance platoon with aviation 
information on Army aviation.) maintenance capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


‘ oe Main Icon Usage Construct 


Biological—Capability to 

detect biological warfare 

agent employment as a 

measure to provide medical 

treatment (See FM 3-11 for B 
more information on exe 
biological.) A biological agent 

is a microorganism (or a toxin 

derived from it) that causes 

Oise SesIll PorSonne!,. Panis, CBRN unit with biological capability 
or animals or causes the 

deterioration of materiel. 

(JP 3-11) 


Bridging—Assets used to —~ 
cross a gap; the two types of \ / 
bridging are standard and | | | 
nonstandard bridging. (See 
ATP 3-90.4 for more 7 N 
information on bridging.) 
Engineer unit with bridging capability 


Chemical—Capability to 
non-intrusively assess 
chemical munitions. A 
chemical agent is a chemical 
substance that is intended for 
use in military operations to 
kill, seriously injure, or 
incapacitate, mainly through 
physiological effects. 

(JP 3-11) 


Combat—Can conduct CBT 
mobility, countermobility, and | | | 
survivability. (See C 
ATP 3-34.23 for more 
information on combat.) 
Engineer unit with combat capability 
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faa 


CBRN unit with chemical capability 


Il 
X 
Brigade (echelon of Brigade support battalion 
support)—Provides support 
to a brigade. ll 
| | | 
Brigade engineer battalion 


X 
C 
BT 


UNIT SUMMARY 


This study unit provided practical applications of geometric 
principles on angles, plane figures, solid figures, and 
triangles. Additionally, you were taught, through the use of 


several examples, how these principles are 


Exercise Solutions 


Ws. sas 
2 b. 
Se. Bs 
4. b. 
5. b. 
6. b. 
J. Gh 
8. b. 
9. a 
10. d. 
11. c. 18° 4! 
+ 180° 
198° 4! 
12. a. 210° 7! 
- 180° 
30° 7! 
13..c. 38° 48) 
+ 180° 26! 
218° 74' = 219° 14! 
14. d. 274° 34' _ 273° 94! 
- 180° 44! - 180° 44! 
93° 50! 
15. ad. 118° 29' 29" 
+ 140° 42' 24" 
258° 71' 53" = 259° 11' 53" 
16. a. 124° 17' 35" _ 123° 77' 35" 
- 82° 18' 34% - 82° 18' 34" 
41° 59" 1" 
17. c. 60° 14' 2" 
+ 18° 27' 17" 
78° 41' 19" 
18. b. 25° 16' 7" _ 25° 15' 67" 
- 14° g"  - 14° 3g" 
11° 15' 59" 


used by Marines. 


Reference 


5101 
5101 
5101 
5101 
5101 
5101 
5102 
5102 
5102 
5102 
5103 


5103 


5103 


5103 


5103 


5103 


5103 


5103 
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Table 2-9. Sector 1 modifiers for units (continued) 


; os Main Icon Usage Construct 


Command posit node— 

Provides SECRET Internet 

Protocol Router Network (also 

known as SIPRNET), Non- 

classified Internet Protocol 

Router Network (also known 

as NIPRNET), secure and 

non-secure voice over internet 

protocol (also known as 

VoIP), and battlefield video Signal unit with command post node 
teleconferencing services. cababilit 
(See ATP 6-02.60 for more Bead 
information on command post 

node.) 


Command and control—The 
exercise of authority and 
direction by a properly 
designated commander over 
assigned and attached forces 
in the accomplishment of the 
mission. (JP 1) 


C2 


>< 


Avaition unit with command and 
control capability 


@ 
Company (echelon of 
support)—Provides support 
to a company. (See 
ATP 3-96.1 for more 
information on company 
Sere II Or Stp Bor Infantry security force assistance 
team supporting a company 
Composite—A combination 
of different capabilities and 
equipment assigned or 
attached to a unit witha 
common function or purpose. & 
(See FM 4-0 for more CO Mi P 
information on composite.) 
Note. This modifier symbol is 
interchangeable. Symbol may be Transportation unit with multiple 
used as a sector 1 or sector 2 variations of vehicles 
modifier with the same meaning. 
Construction support—A 
general engineering capability CON 
focused on improving or 
repairing austere conditions, | | | 
infrastructure, and building C 
base camps and new lines of 
communications. (See 
FM 3-34 for more information Engineer unit with construction 
on construction support.) construction 
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Table 2-9. Sector 1 modifiers for units (continued) 


‘ oe Main Icon Usage Construct 


++ 
XXX 
SUST | esc 
Expeditionary sustainment 
Corps (echelon of support) XxX command supporting a corps 
—Provides support to a corps. 
Special troops battalion supporting a 
corps 


Counterintelligence— 
Capability to gather 
information and conduct 
activities to identify, deceive, 
exploit, disrupt, or protect 
against espionage, other 
intelligence activities, 
sabotage, or assassinations 
conducted for or on behalf of 
foreign powers, organizations 
or persons or their agents, or 
international terrorist 
organizations or activities. 
(See JP 2-01.2 for more 
information on 
counterintelligence.) 


Criminal investigation 

division—Capabilities are 

particularly relevant in site 

exploitation and other 

evidence collection 

requirements on the 

battlefield, training and 

assistance to host-nation law 

enforcement organizations, 

and collection of police 

information and analysis and im F ee rae 
production of police and Military police CHIE wal ermal 
specific criminal intelligence investigation division capability 
critical in identifying, 

understanding, and attacking 

criminal networks operating 

against U.S. interests. (See 

ATP 3-39.12 for more 

information on criminal 

investigation division.) 
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Military intelligence unit with 
counterintelligence capability 


X 
Cl 
CID 
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Table 2-9. Sector 1 modifiers for units (continued) 


: me Main Icon Usage Construct 


Cross cultural 
CCC 
CA 


communication—The 
capability to communicate 
with individuals who have 
differences in culture 
(including nationality, 
ethnicity, race, gender). (See 
FM 8-18 for more information 
on cross cultural 
communication.) 


Crowd and riot control— 
Capability to use chemical 
compounds that are 
developed, in part, for military 
use (riot control agents and 
obscurants), but not as 
weapons. (See FM 3-11 for 
more information on crowd 
and riot control.) 


Civil affairs unit with cross cultural 
communications capability 


CRC 
MP 


Military police unit with crowd and 
riot control capability 
achieve objectives in or 


PNOUGINC Res Paces a) a) Military intelligence unit with 


Cyberspace operations capability 


7 | 


CBRN unit with decontamination 
capability 


Decontamination—The 
process of making any 
person, object, or area safe by 
destroying, neutralizing, 
making harmless, or 
absorbing and removing 
chemical or biological agents, 
or by removing radioactive 
material clinging to or around 
it. (JP 3-11) 

Note. This modifier symbol is 
interchangeable, and can be used 
as a sector 1 or sector 2 modifier 
with the same meaning. 


Detention—Capability to 

shelter, sustain, guard, 

protect, and account for DET 

populations or groups 

(detainees or U.S. military M a 

prisoners) as a result of 

military or civil conflict or to 

facilitate criminal prosecution. “ F aes . 
(See FM 3-63 for more Military ee et detention 
information on detention.) p y 
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Cyberspace operations— CYB 
The employment of M | 
cyberspace capabilities where 

the primary purpose is to YB 
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Table 2-9. Sector 1 modifiers for units (continued) 


; pe Main Icon Usage Construct 


Signal unit with digital capability 


Diving—Capability to conduct 

scuba and surface diving re) 

operations to a depth of 190 

feet in a maritime environment | | | 

in support of combat, general, 

and geospatial engineering. 

(See FM 3-34 for more 

information on diving.) Engineer unit with diving capability 


X 
XX 


SUST 


Division (echelon of 


support)—Provides support XxX 


to a division. 


Sustainment brigade supporting a 
division 


TT | 


Engineer unit with drilling capability 


Drilling—Capability to detect 
and assess water sources and 
drilling water wells. (See 

FM 8-34 for more information 
on drilling.) 


DOG 
Dog (working dog)—A 
canine capability that 
enhances security, police m ; ae : 
operations, and force Military police unit with working dog 
protection missions (including capability 
counter improvised explosive | 
device operations and 
assured mobility). (See DOG 
ATP 3-39.34 for more S 
information on working dogs.) 
Special forces company with 
working dog capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


ee Main Icon Usage Construct 
Example and Symbol Translation 


Function 


Electronic warfare— 
Military action involving the 
use of electromagnetic and 
directed energy to control 
the electromagnetic 
spectrum or to attack the 
enemy. (See ADP 3-0 for 
more information on 
electronic warfare [EW].) 


Electro-optical 


Electric power 
production—Capability to 
produce electrical power by 
converting fuels or other 
energy sources to 
electricity. (See 

ATP 3-34.45 for more 
information on electric 
power production.) 


Enhanced—provides 
network installation, 
troubleshooting, quality 
assurance testing, and 
handoff coordination to 
enable the transition from 
tactical to semi-permanent 
automation support. (See 
FM 6-02 for more 
information on enhanced.) 


Explosive ordnance 
disposal—The detection, 
identification, on-site 
evaluation, rendering safe, 
recovery, and final disposal 
of unexploded explosive 
ordnance. (JP 3-42) 


2-44 


Military intelligence unit with 
electronic warfare capability 


Maintenance unit with electro-optical 
capability 


Engineer platoon with electric 


generation capability 


Alternate hand-drawn version 


Signal unit with enhanced capability 


Ordnance unit with explosive 
ordnance disposal (EOD) capability 


FM 1-02.2 10 November 2020 


Military Unit and Organizational Symbols 


Table 2-9. Sector 1 modifiers for units (continued) 


‘ me Main Icon Usage Construct 


eee 
EOD 
Ammunition platoon with explosive 
ordnance disposal capability 


| 
FWD 


SPT 


Forward—An inherent 
designed capability to 
function effectively in 
positions located in 
geographic proximity of an 
objective. 

Forward support company 


Fire direction center— 

That element of a command 

post, consisting of gunnery FDC 

and communications r 

personnel and equipment, F D C 

by means of which the 

commander exercises fire 

aera BiDIne contol Artillery fire direction center unit 


General engineering— 
Those engineering 
capabilities and activities, 
other than combat 
engineering, that provide 
infrastructure and modify, 
maintain, or protect the 
physical environment. 
(JP 3-34) 


Engineer unit with general 
engineering capability 


from, among other things, 
remote sensing, mapping, 
and surveying technologies; 
and mapping, charting, 
geodetic data and related 
products. (JP 2-03) 


Engineer unit with geospatial 
capbility 


Geospatial information— 

Information that identifies 

the geographic location and 

characteristics of natural or 

constructed features and A 
boundaries on the Earth, | | | 
including: statistical data 

and information derived 


10 November 2020 FM 1-02.2 2-45 


Chapter 2 


Table 2-9. Sector 1 modifiers for units (continued) 


; Pe Main Icon Usage Construct 


XXX 
Corps headquarters 
Xx 
Headquarters or 
headquarters element—A 
place from which a 
commander performs the : . 
functions of command. Artillery brigade headquarters 
ll 
Medical battalion headquarters, 
Multifunctional 
Note. To avoid overlapping of symbols, 
shorten the vertical center line of main 
icon to allow space for the modifiers. 


Xx 
Independent support aie 
command (echelon of S U ST 
support)—Provides -- + 
support to an independent 
support command. 
Sustainment brigade supporting an 
independent support command 


Intermodal—Type of 

international freight system 

that permits transshipping 

among sea, highway, rail, 

and air modes of iI 
transportation through use 

of American National 

Standards Institute and & 
International Organization 

for Standardization => 
containers, linehaul assets, 

and handling equipment. Transportation battalion with 
(JP 4-09) intermodal capability 
Note. This modifier symbol is 

interchangeable. Symbol may 

be used as a sector 1 or sector 

2 modifier with the same 

meaning. 
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Table 2-9. Sector 1 modifiers for units (continued) 


; me Main Icon Usage Construct 


Jamming—Capability to 
broadcast a signal tuned to 
frequencies with enough 
power to override signals at 
the receivers (spot jamming 
or barrage jamming). (See 
ATP 6-02.70 for more 
information on jamming.) 
Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 


_ 
WISSISIIIGS 

Joint node network— 

Provides connection to the 

regional hub node uses a 

dedicated frequency 

division multiple access 


Signal unit with jamming capability 
Note. To avoid overlapping of symbols, 
shorten the line of main icon to allow 
space for the modifiers. 


satellite communications 
link, and shares bandwidth 
among command post 
nodes using network centric 
waveform satellite 
communications. (See 

ATP 6-02.60 for more 
information on the joint 
node network.) 


Maintenance—Ensures 

unit readiness by 

maintaining weapons 

systems and equipment ina 

fully mission-capable status 

for immediate and 

continuous employment in 

complex and highly lethal 

environments. (See FM 4-0 

and ATP 4-33 for more 

information on ee oo . 
maintenance.) Aviation unit with organic 
Note. This modifier symbol is maintenance capability 
interchangeable. Symbol may 

be used as a sector 1 or sector 

2 modifier with the same 

meaning. 
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Signal unit with joint node network 
capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


Function Modifier Main Icon Usage Construct 
Example and Symbol Translation 


| 


Medical evacuation—The 
timely and effective 
movement of the wounded, 
injured, or ill to and between 
medical treatment facilities 
on dedicated and properly 
marked medical platforms 
with en route care provided 
by medical personnel. 

(ATP 4-02.2) 


Aviation unit with medical 
evacuation capability 


Medical unit with wheeled high 
mobility vehicle medical evacuation 
capability 


Medical Role 1—Unit-level 
medical care capability 
provided by the combat 
medic or medical treatment 
provided by the battalion aid 
station. (See FM 4-02 for 
more information on 

medical Role 1.) 

Note. This modifier offsets to Medical unit with Role 1 capability 
the right to avoid overlapping 
with the main icon. 


Medical Role 2—Capability 
to provide care by area 
support squads or medical 
treatment platoons of 
medical companies with 
greater medical capabilities 
available than Role 1. (See 
FM 4-02 for more 
information on medical role 
2.) 

Note. This modifier offsets to 
the right to avoid overlapping 
with the main icon. 


Medical unit with Role 2 capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


. me Main Icon Usage Construct 


Medical Role 3—Capability 
to provide care to all 
categories of patients, to 
include resuscitation, initial 
wound surgery, damage 
control surgery, and 
postoperative treatment. 
(See FM 4-02 for more 
information on medical Role 
3) 
Note. This modifier offsets to 
the right to avoid overlapping 
with the main icon. 


Medical Role 4—Medical 

care capability found in 

continental United States 

(CONUS)-based medical 

treatment facilities, robust 

OCONUS medical 

treatment facilities, and 

other safe havens. (See 

fees snd ee Role Medical treatment facility with Role 4 
4.) capability 
Note. This modifier offsets to 

the right to avoid overlapping 

with the main icon. 


Medical treatment facility battalion 
with Role 3 capability 


Meteorological—Capability 
to provide weather and 
weather forecasting data. 
(See ATP 2-22.7and 

ATP 3-34.80 for more 
information on 
meteorological.) 


MET 


Artillery unit with meteorological 
capability 


Watercraft (generic 
vessel)—Capability to 
conduct heavy lifting 
associated with water 
transport operational 
maneuver and intra-theater 
lift of units, equipment and 
supplies. (See ATP 4-15 for 
more information on 
watercraft.) 

Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 


®& 


Transportation unit with watercraft 
capability 
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19. 


20. 


21. 


22. 


23. 


24. 


25. 


26. 


27. 


28. 


mtd 


duvy PrP vovo PPYr voodoo PrP MUDD PPP NUD PPP 


PP > 


4s 
4(48) 
192 in 


2 


(48)° 
2,304 sq in 


4s 

4(16.5) 

66 in 

ae 

(16.5)? 
272.25 sq in 


21+ 2w 

2(18) + 2(12) 
36 + 24 

60 in 


lw 
18 x 12 
216 sq in 


21+ 2w 

2(52) + 2(39) 
104 + 78 

182 in 


lw 
52 x 39 
2,496 sq in 


2b + 2w 

2(24) + 2(12) 
48 + 24 

72 in 

bh 

(24) (12) 

288 sq in 


2b + 2w 


2(50.2) + 2(15.3) 


100.4 + 30.6 
131 in 


bh 
(50.2) (15.3) 
768.06 


Reference 


5201 


5201 


5201 


5201 


5202 


5202 


5202 


5202 


5203 


5203 


5203 


5203 
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Table 2-9. Sector 1 modifiers for units (continued) 


: a Main Icon Usage Construct 


Mobile advisor and 

support—Capability to 

assess, plan, and 

coordinate with host-nation O-O 

and local population. (See 

FM 4-0 for more information 

on mobile advisor and 

support.) Transportation rail unit with mobile 
advisor and support capability 


Mobility support— 
| | 


Capability to support, 
breaching operations, 

Transportation unit with mobility 
support capability 


clearing operations, gap- 
crossing operations, traffic 
control plan development, 
main and alternate supply 
route regulation and 
enforcement, passage of 
lines, straggler movement 
control. (See ATP 3-39.30 
for more information on 
mobility support.) 


Multinational—Between 
two or more forces or 
agencies of two or more 
nations or coalition 
partners. (JP 5-0) 


MN 
ca 
COMP 


Multinational transportation unit with 
multiple variations of vehicles 


Mortar—Organic fire 4 
support to battalions, 
squadrons, companies, and a: 7 
troops that is available toa Infantry unit with mortar capability 
commander when other 
indirect fire support is not 
available. (See ATP 3-21.90 
for more information on 
mortars.) 

Mechanized armored infantry unit 

with mortar capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


‘ me Main Icon Usage Construct 


Multiple rocket launcher— 
Multiple Launch Rocket 
System or High Mobility 
Artillery Rocket System 
capability (See ATP 3-09.60 
for more information on the 
Multiple Launch Rocket 
System or High Mobility 
Artillery Rocket System.) 


Maritime terminal 
support—capability to 
provide support functions to 
fixed, unimproved, bare 
beach, and/or degraded 
port facilities, and at off- 
shore anchorages. (See 

JP 4-01.5 for more 
information on maritime 
terminal support.) 


Network operations— 
Activities conducted to 
operate and defend the 
Global Information Grid. 
(See JP 6-0 for more 
information on network 
operations.) 


Nuclear—Capability of 
assessing, exploiting, 
characterizing, and 
disabling facilities 
associated with the nuclear 
fuel cycle in semi- 
permissive or permissive 
environments. Advises 
commanders on the risks 
associated with these 
facilities, provide detailed 
information related to 
potential material 
proliferation, and make 
recommendations on how 
to dispose of nuclear 
material. (See FM 3-11 for 
more information on 
nuclear. 


10 November 2020 


TN 
@ 


Artillery unit with multiple rocket 
launcher capability 


Engineer battalion with maritime 
terminal support construction 
capability 


Alternate hand-drawn version Transportation unit with maritime 


terminal support capability 


Signal unit with network operations 
capability 


CBRN unit with nuclear capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


: an Main Icon Usage Construct 


srr | 

Operations—Capability to Support operations unit 
execute the principal 
planning and operating 
functions of a unit. OPS 

SPT 

Transportation support operations 
unit 


Palletized load system—A PLS 

fitted integral self-loading & 

and unloading cargo system 

capability. (See FM 4-01 for P LS 

more information on the 

Paleniced tba Syston) Transportation unit with palletized 
load system capability 


Pipeline—A capability that 
consists of pipeline sets, 
pipeline pump stations, and 
pipeline support equipment. 
Its primary function is to 
transport fuel from one area 
to another. (See ATP 4-43 
for more information on 
pipeline.) 


“LF 
H-O 


Quatermaster unit with pipeline 
capability 


¥ 
Petroleum, oil, and 
lubricants—Capability to Quartermaster unit with POL storage 
receive, stock, or distribute capability 
petroleum, oil, and 
lubricants (POL) products. 
(See ATP 4-43 for more Y 
information on POL.) & 

Transportation unit with POL 
transport capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


me Main Icon Usage Construct 
Example and Symbol Translation 


con 


Function 


Postal service—Capability 
to operate as an extension 
of the United States Postal 
Service consistent with 
public law and federal 
regulations beyond the 
boundaries of U.S. 
sovereignty and provides 
postal services for all DOD 
personnel where there is no 
United States Postal 
Service available during 
normal and contingency 
operations. (See FM 1-0 
and FM 4-0 for more 
information on postal 
service.) 


Radar—A device or system 
consisting usually of a 
synchronized radio 
transmitter and receiver that 
emits radio waves and 
processes their reflections 
for display and is used 
especially for detecting and 
locating objects or surface 
features. (See ATP 3-09.12 
and ATP 3-27.5 for more 
information on radar.) 


Radiological—Capability to 
coordinate radiological 
survey missions. (See 

FM 3-11 for more 
information on radiological.) 


Railway—Provides rail 
network capability and 
infrastructure assessments, 
and coordinates contracts. 
(See FM 4-0, FM 4-01, and 
ATP 4-14 for more 
information on railway.) 
Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 


10 November 2020 


A 
PS 


Personnel services unit with postal 
service capability 


e 
@ 


Artillery unit with radar capability 


7 | 


Chemical unit with radiological 
capability 


ke 


Transportation unit with railway 
capability 
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Table 2-9. Sector 1 modifiers for units (continued) 


; a Main Icon Usage Construct 


Retransmission— 

Capability to extend the 

range of single-channel 

radio networks to support 

command and control in RT N S 

retrograde operations. (See 

FM 6-02 for more 

information on Signal unit with retransmission 
retransmission.) capability 


= 
pk Il 
SPT 


Engineer unit with riverine support 
capability 


Search and rescue—The 

use of aircraft, surface craft, SAR 

submarines, and 

specialized rescue teams > <q 

and equipment to search for 

and rescue distressed 

persons on land or at sea in he ae 

a permissive environment. Aviation (rotary) unit with search and 
(JP 3-50) rescue Capability 


Riverine—Provides water 
transport to move troops 
and equipment. (See 
ATP 4-15 for more 
information on riverine.) 


Sensor—Capability to 
observe or receive a signal 
or observable from a person 
or object. (See FM 2-0 for 
more information on 
sensors.) 


+> 
za 


Military intelligence unit with sensor 
capability 


ae 
MI 


Signals intelligence— 
Intelligence derived from 
communications, electronic, 
and foreign instrumentation 
signals. (JP 2-0) - ‘ . Pte, Ae 
Military intelligence unit with signals 
intelligence capability 


Single rocket launcher 

(shoulder-launched 

munitions)—unguided 

free-flight rocket and a a 
launcher that contains all @ 
features and controls 

necessary to aim, fire, and 

engage targets. (See ; eee 

TM 3-23.25 for more Artillery unit with single rocket 
information on single rocket launcher capability 
launchers.) 
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Table 2-9. Sector 1 modifiers for units (continued) 


: re Main Icon Usage Construct 


Sniper—A specialized 


trained marksman with 
tactical skills and 
Infantry unit with sniper capability 


techniques who is highly 
capable at conducting 
detailed surveillance and 
shooting at exposed 
enemy's forces from a 
concealed vantage point. 
(See TC 3-22.10 for more 
information on snipers.) 


Survey—Provides position > 
and azimuth determining 
global positioning system & 
capability. (See 
ATP 3-09.12 for more 
information on surveys.) 
Artillery unit with survey capability 


ee 


Signal unit with tactical satellite 
communications capability 


Tactical satellite 
communications—(See 
ATP 3-05.60 and 

ATP 6-02.54 for more 
information on tactical 
satellite communications.) 


=a 


Alternate hand-drawn version 


Target acquisition—The 

detection, identification, and 

location of a target in @ 

sufficient detail to permit the 

effective employment of 

capabilities that create the 

required effects. (UP 3-60) Artillery unit with target acquisition 
capability 


++ 


XXXX 
Theater army (echelon of SUST | Esc 
support)—Provides 
support to a theater army. 


Expeditionary sustainment 
command supporting a theater army 
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Table 2-9. Sector 1 modifiers for units (continued) 


Function Modifier Main Icon Usage Construct 
Example and Symbol Translation 


++ 
XXXXXX 
Theater of operations TSC 
(echelon of support)— XXXXXX S U ST 
Provides support to a 
theater. 
Theater sustainment command 
supporting a theater of operations 


oo 
Aviation (fixed-wing) unit with 
unmanned aircraft system (UAS) 
F capability 
Unmanned aircraft 
system—That system 
whose components include ww 
the necessary equipment, M | 
network, and personnel to 
control an unmanned 
aircraft. (UP 3-30) 
Military Intelligence unit with UAS 
capability 
Il 
Infantry battalion with UAS capability 


U 


>< 


Utility—Equipment 
designed or adapted for 
general purpose use. 


Aviation (rotary-wing) unit with utility 
helicopter capability 


Combat camera— 
Specially-trained 
expeditionary forces from 
Service-designated units 
capable of providing high- 
quality directed visual 
information during military 


operations. (See JP 3-61 for 
more information on combat 
camera.) 


Signal unit with combat camera 
capability 


2-56 FM 1-02.2 10 November 2020 


Military Unit and Organizational Symbols 


Table 2-9. Sector 1 modifiers for units (continued) 


: me Main Icon Usage Construct 


Water—Capability to 
receive, stock, produce, or 
distribute water. (See 
FM 4-0 and ATP 4-44 for 
more information on water.) 
Quartermaster unit with water 
production capability 


Weapons—Heavy 
weapons systems capability 
(machine guns and anti- 
armor weapons) to provide 
additional combat power. 
(See ATP 3-21.10 and 

ATP 3-21.20 for more 


: ; Infantry unit with machine gun and 
information on weapons.) 


anti-armor capability 


SECTOR 2 MODIFIERS FOR UNITS (FIELD A) 


2-22. This indicator is represented as the lower part of Field A as shown in table 1-4, on page 1-5. Table 
2-10, on pages 2-58 through 2-71, shows sector 2 icons. Sector 2 modifiers provide additional information 
specific to the capabilities of a unit. 


10 November 2020 FM 1-02.2 2-57 


Chapter 2 


Table 2-10. Sector 2 modifiers for units 


Function Modifier Modifier Usage Construct 
Example and Symbol 
Translation 


Air assault—The 

movement of friendly 

assault forces by rotary- <a] 

wing or tiltrotor aircraft to se 

engage and destroy be 

enemy forces or to seize 

and hold key terrain. - Soaecees 

(JP 3-18) Aviation unit with air assault 
capability 


Airborne—Capability to Infantry unit with airborne 
parachute into an objective capability 
area. (See JP 3-18 and Lf Y™ 
FM 3-99 for more 
information on airborne.) 
Medical treatment facility 
platoon with Role 1 and 
airborne capability 


Amphibious—capability to 

conduct amphibious 

operations within the AVAVAVAVA) Ay, 

littorals. (See JP 3-02 for DTI \S SK 

more information on 

ampaibieus) Infantry unit with amphibious 
capability 

Analysis—Capability to EW 

conduct a detailed M ; 

examination of anything 

complex in order to Lb 

understand its nature or to 

seg its essential Military intelligence unit with 

; electronic warfare analysis 

capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


Modifier Usage Construct 
Function Modifier Example and Symbol 
Translation 


Armored tracked—A 

vehicle equipped or 

protected with armor, and 

with a continuous band of 

treads or track plates for 

self-propelled mobility. 

Note. As a sector 2 modifier, 

this symbol represents an Artillery unit with armored 
armored self-propelled tracked self-propelled (tracked) 
vehicle capability. capability 

Barge, not self-propelled 

—Class C vessel that are 

usually subject to wind, 

tide, and, sea state. When 

afloat, they have a ee 

constant requirement for YB YB 

tending, even when not 

being actively employed 

for their designed purpose. Transportation unit with barge 
(See ATP 4-15 for more (not self-propelled) capability 
information on barges.) 


a 


Blood Support—A 
capability to receive, account, 
store, and distribute blood and 
blood products. (See 

ATP 4-02.1 for information 


on blood support.) Medical unit with blood support 


capability 


Combat and operational 

stress control—A 

capability that provides 

behavioral health services 

such as consultation and 

combat and operational 

Sitose Conn s(Se¢ Medical unit with combat and 


fede Ba iene Ane operational stress control 
capability 


operational stress control.) 


Composite—A 

combination of different 

capabilities and equipment 

assigned or attached to a 

unit with a common 

function or purpose. (See 

FM 4-0 for more COMP COMP 
information on composite.) 

Note. This modifier symbol is he a 
interchangeable. Symbol may Transportaition unit with 
be used as a sector 1 or multiple variations of vehicles 
sector 2 modifier with the 

same meaning. 
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ma 
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mx 
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Reference 
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5204 


5205 


5205 


5205 


5205 


5206 


5206 


5206 


5206 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function Moditier Modifier Usage Construct 
Example and Symbol 
Translation 


8) 
+}> 


Control—An action taken 
to eliminate a hazard or 
reduce its risk. (ATP 5-19) 
Note. This symbol 
demonstrates the capability 
and authority to exercise 
restraining or directing 
influence (regulating) over a 
specific function. 


Transportation battalion with 
capability control (movement 
control) 


Decontamination—The 

process of making any 

person, object, or area 

safe by absorbing, 

destroying, neutralizing, 

making harmless, or 

removing chemical or exe 

biological agents, or by D 

removing radioactive 

material clinging to or , : F 

around it. (JP 3-11) chemical, biological, 
radiological, and nuclear 

Note. This modifier symbol is (CBRN) unit with chemical 

interchangeable, and can be decontamination capability 

used as a sector 1 or sector 2 

modifier with the same 

meaning. 


Dental services—to 
provide consultation, early 
treatment of severe oral 
and maxillofacial injuries; 
and augment medical 
personnel (as necessary) 
during mass casualty 
operations. (See FM 4-02 
and ATP 4-02.19 for more 
information on dental 
services.) 

Note. This modifier offsets to 
the right to avoid overlapping 
with the main icon. 


he 


Medical unit with dental service 
capability 


Direction finding—A 
procedure for obtaining 
bearings of radio 
frequency emitters by 
using a highly directional 
antenna and a display unit 
on an intercept receiver or 
ancillary equipment. 

(JP 3-85) 


EW 
MI 
“T* 


Military intelligence unit with 
electronic warfare direction 
finding capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function Modifier Modifier Usage Construct 
Example and Symbol 
Translation 


Guerrilla—An irregular, 


predominantly indigenous 
Enemy guerrilla infantry unit 


member of a guerrilla force 


organized similar to 
military concepts and 
Frendly guerrilla infantry unit 


structure in order to 
conduct military and 
paramilitary operations in 
enemy-held, hostile, or 
denied territory. Although a 
guerrilla and guerrilla 
forces can exist 
independent of an 
insurgency, guerrillas 
normally operate in covert 
and overt resistance 
operations of an 
insurgency. (ATP 3-05.1) 


High altitude 


Air and missile defense unit 
with high altitude capability 


Intercept—To receive (a 
communication or signal 
directed elsewhere) 
usually secretly. (See 
FM 2-0 and FM 6-02 for 
more information on 
intercept.) 


EW 
MI 
~+ 


Military intelligence unit with 
electronic warfare intercept 
capability 


 e 
Transportation unit with heavy 
vehicle capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function Modifier Modifier Usage Construct 
Example and Symbol 
Translation 


Intermodal—Type of 

international freight system 

that permits transshipping 

among sea, highway, rail, 

and air modes of 

transportation through use 

of American National 

Standards Institute and &® 
International Organization 

for Standardization — 
containers, line haul 

assets, and handling Transportation unit with 
equipment. (JP 4-09) intermodal capability 
Note. This modifier symbol is 

interchangeable. Symbol may 

be used as a sector 1 or 

sector 2 modifier with the 

same meaning. 


Jamming—Capability to 
broadcast a signal tuned to 
frequencies with enough 
power to override signals 
at the receivers (spot 
jamming or barrage 
jamming). (See ARARARAR 
ATP 6-02.70 for more 
information on jamming.) 
Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or 
sector 2 modifier with the 
same meaning. 


LAB 
Laboratory—A place CBRN unit with laboratory 
equipped for experimental capability 
study in a science or for 
testing and analysis. (See | AB 
FM 4-02 for more 
information on 
laboratories.) 
Medical unit with laboratory 
capability 
Note. To avoid overlapping of 
symbols, shorten the vertical center 
line of main icon to allow space for 
the modifier. 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function Modifier Modifier Usage Construct 
Example and Symbol 
Translation 


Landing craft—Provides 
vessels (Landing Craft 
Utility 2000 or Landing 
Craft Mechanized-8) to 
increase access to austere 
points on the littorals that 
are unavailable to land 
forces, and to link ship and 
shore operations centers. 
(See ATP 4-15 for more 
information on landing 
craft.) 


LC 


Transportation unit with landing 
craft capability 


Transportation unit with light 
vehicle capability 


L/M 


Transportation unit with light 
and medium vehicle capability 


L 
L 
L LR 


Light and medium 
Military intelligence unit with 
long range unmanned aircraft 


Long range 
system capability 
Low altitude 
Air defense unit with low 
altitude capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function 


Low to medium altitude 


Maintenance—Ensures 
unit readiness by 
maintaining weapons 
systems and equipment in 
a fully mission-capable 
status for immediate and 
continuous employment in 
complex and highly lethal 
environments. (See 

FM 4-0, FM 4-30, and 
ATP 4-33 for more 
information on 
maintenance.) 

Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or 
sector 2 modifier with the 
same meaning. 

Medical bed—A capability 
to identify and locate 
available adequate bed 
assets for current and 
anticipated needs. (See 
FM 4-02, ATP 4-02.5, and 
ATP 4-02.55 for more 
information on medical 
beds.) 


Medium altitude 


Modifier Usage Construct 
Example and Symbol 
Translation 


Air defense unit with low to 
medium altitude capability 


FM 1-02.2 


CG) 


J—C 


Armor (tracked) platoon with 
organic maintenance capability 


Medical unit with Role 3 and 60 
medical bed capability 


Transportation unit with 
medium vehicle capability 


Air defense unit with medium 
altitude capability 
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Mountain—Capability to 

conduct mountain warfare. 
(See ATP 3-90.97 for more 
information on mountains.) 


Table 2-10. Sector 2 modifiers for units (continued) 
Function Moditier Modifier Usage Construct 
Example and Symbol Translation 
ww 
Medium range MR 
Military intelligence unit with medium 
range unmanned aircraft system 
capability 
Medium to high altitude 
Air defense unit with medium to high 
altitude capability 
oe Infantry unit with mountain capability 


Il 
Medical battalion, multifunctional 


Ocean-going tug boat— 

Class A 128-foot large tug 

capable of coastal and & 

ocean towing and docking AT 

and undocking operations AT 

with large ocean vessels. 

(See ATP 4-15 for more Transportation unit with tug 

information on tug boats.) (ocean-going) capability 

Optomeitry—A capability to 

provide optometry care, 

optical fabrication, and 

repair support. (See 

FM 4-02 for more 

information on optometry.) Medical unit with optometry 
capability. 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function Modifier Modifier Usage Construct 
Example and Symbol Translation 


Over-snow (prime mover) >< 

Infantry unit with over-snow 
capability 

Pack animal—An animal 

transport system capability 

that enhances mobility 

when the area of operations 

restricts normal methods of 

transport or resupply. (See 

ATP 3-18.13 for more 

information on pack Infantry unit with pack animal 

animals.) capability 

Preventive medicine— 

Capability that provides 

consultation and conducts 

medical surveillance which 

includes health risk 

communication, education, y WN 

field sanitation, pest and : ae : 

vector control, disease risk Medical unit with preventive 

assessment, environmental medicine capability 


and occupational monitoring 
and health surveillance, 
preventive medicine 
measures, health threat 
controls for waste (human, 
hazardous, and medical) 
disposal, food safety 
inspection, and potable 
eae (See Alternate hand-drawn version 
information on preventive 
medicine.) 


Railway—Provides rail 
network capability and 
infrastructure assessments, 
and coordinates contracts. 
(See FM 4-0, FM 4-01, and 
ATP 4-14 for more 
information on railways.) 
Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 


Transportation unit with railway 
capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function 


Recovery—Actions taken 
to extricate damaged or 
disabled equipment for 
return to friendly control or 
repair at another location. 
(JP 3-34) 


Riverine—Provides water 
transport to move troops 
and equipment. (See 

ATP 4-15 for more 
information on riverine.) 


Search—A systematic 


reconnaissance of a defined 
area, so that all parts of the 


area have passed within 
visibility. (JP 3-50) 


Security force 
assistance—The 
Department of Defense 
activities that support the 


development of the capacity 


and capability of foreign 
security forces and their 
supporting institutions. 
(JP 3-20) 
Surgical—Capability to 
provide life or limb saving 
operative treatment using 
specialized instruments to 
repair or stabilize a patient. 
(See FM 4-02 for more 
information on surgical.) 


Note. This modifier offsets to 
the right to avoid overlapping 
with the main icon. 


Service craft yard 


10 November 2020 


ie Modifier Usage Construct 


2 | 


Transportation unit with recovery 
capability 


[1 


oS” 


Sea” 


Engineer unit with riverine capability 


EW 
MI 
SZ 


Military intelligence unit with 
electronic warfare search capability 


X 


Infantry security force assistance 
brigade 


Transportation unit with seaport 
service craft yard capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


: oe Modifier Usage Construct 


Short range 


Air defense unit with short range 
capability 


Ski—Provides specialized 

equipment used by trained 

individuals with skills to 

negotiate arduous snow- 

covered terrain. (See 

ATP 3-90.97 for more 

information on ski.) Infantry unit with ski capability 


Infantry unit with sled capability 


Surface deployment and 

distribution command— 

global ocean and inland 

waterway port manager and 

surface transportation 

service provider as part of 

U.S. transportation S D D C SDDC 
command’s Joint 

Deployment and 

Distribution Enterprise. (See Transportation seaport unit with 
FM 4-0 for more information deployment support capability 
on the surface deployment 

and distribution command.) 
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Table 2-10. Sector 2 modifiers for units (continued) 


? eae Modifier Usage Construct 


Quartermaster unit with supply 
capability 


| 
Medical company with supply 
capability 
Note. To avoid overlapping of symbols, 


shorten the vertical center line of main 
icon to allow space for the modifier. 


| 
X 
Support—1. The action of 
a force that aids, protects, 
complements, or sustains SPT 


Supply—the process of 
providing all items 
necessary to equip, 
maintain, and operate a 
military command. 

(FM 1-02.1) 


another force in accordance 
with the directive requiring 
such action. 2. A unit that 
helps another unit in battle. 
3. An element of a 
command that assists, 
protects, or supplies other 
forces in combat. (JP 1) 


Medical company with brigade 
support capability 

Note. To avoid overlapping of symbols, 
shorten the vertical center line of main 
icon to allow space for the modifiers. 


Note. This modifier symbol is 
interchangeable. Symbol may 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 


[I | 


SPT 


Engineer platoon with support 
capability 


Towed—Prime mover 
capability to pull a piece of O—O 
equipment unable to move 
on its own. 
Artillery unit with towed capability 
(towed howitzer) 
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43. 


44, 


45. 


46. 


47. 


48. 


49. 


50. 


51. 


52. 


PPP Yr PP YP 


mr 


3.14 (550°) 
3.14(302.500) 
949,850 sq m 
mr 

3.14(38.57) 
3.14(1,482.25) 
4,654.265 sq ft 


6 (face’) 
6 (11°) 

6 (121) 
384 sq ft 


6 (face’) 

6 (11°) 
6(121) 
726 sq ft 


1,331 cu ft 


2(h x w) + 2(h x 1) + 2(w x 1) 
2(8 x 8) + 2(8 x 10) + 2(8 x 10) 
2(64) + 2(80) + 2(80) 

128 + 160 + 160 

448 sq ft 


= 1 
= 10x 8 x 8 
= 6 


uu 


40 cu ft 


2(h x w) + 2(h x 1) + 2(w x 1) 
2(6 x 6) + 2(6 x 10) + 2(6 x 10) 
2(36) + 2(60) + 2(60) 

72 + 120 + 120 

312 sq ft 


lwh 
10 x 6 X 6 
360 cu ft 


nr*h 
3.14(9.57) 40 
3.14(90.25) 40 
11,335.4 cu ft 


Reference 


5206 


5206 


5301 


5301 


5301 


5301 


5301 


5301 


5301 


5301 


5301 
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Table 2-10. Sector 2 modifiers for units (continued) 


Function 


Tug, harbor—Tug 900 
Class B vessel that 
supports movement of 
barges and lighterage of 
various types in harbors, 
port areas and during 
logistics over-the-shore 
anchorage. (See ATP 4-15 
for more information on 
harbor tugs.) 


Vertical take-off and 
landing—Capability to take 
off and land vertically. 


Very heavy 


Note. Applies to field artillery 
only. 


Veterinary service—A 
capability that provides 
consultation, animal care, 
food protection, and 
veterinary public health 
services. (See FM 4-02 for 
more information on 
veterinary service.) 

Note. This modifier offsets to 
the right to avoid overlapping 
with the main icon. 
Watercraft (generic 
vessel)—Capability to 
conduct heavy lifting 
associated with water 
transport operational 
maneuver and intra-theater 
lift of units, equipment and 
supplies. (See ATP 4-15 for 
more information on 
watercraft.) 


Note. This modifier symbol 
is interchangeable. Symbol 
may be used as a sector 1 
or sector 2 modifier with the 
same meaning. 


2-70 
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oe Modifier Usage Construct 


| 


Transportation unit with tug (harbor) 
capability 


os 


VTOL 


Fixed-wing unit with vertical take-off 
and landing capability 


ee 
VH 


Artillery unit with very heavy artillery 
capability 


Medical unit with veterinary service 
capability 


Transportation headquarters unit 
with watercraft capability 
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Table 2-10. Sector 2 modifiers for units (continued) 


P os Modifier Usage Construct 
TAN 


OOO 
Wheeled (high mobility) 


—A wheeled capability that Artillery unit with wheeled (high 
can traverse various types mobility) and multiple launch rocket 
of off-road terrain, system capability 
unimproved routes, and 

paved road networks 


CBRN reconnaissance unit with 
armored wheeled (high mobility) 
vehicle capability 


2-23. Table 2-11, on pages 2-72 through 2-73, provides unit symbol construct examples and _ their 
translations. 
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Table 2-11. Unit symbol construct examples and translations 


Unique Unit Designation Symbol Construct 


lI 

A 
15 Aviation Battalion (attack), 25" Regiment, 25" PP <q 1-25/25CAB 
Combat Aviation Brigade, 25" Infantry Division 25ID 


Il 
2"¢ Infantry Battalion (mountain capability), 1‘ 
Regiment, 2"? Brigade Combat Team, 10" 2-1/2BCT/10 
Mountain Division, 3"? Corps Il 


2”¢ Military Intelligence Battalion (unmanned 
aircraft system [UAS] capability), 66" Military 
Intelligence Brigade 


2d Ranger Battalion, 75" Ranger Regiment 


14" Brigade Engineer Battalion, 2" Stryker 14/2SBCT 
Brigade Combat Team, 2" Infantry Division 21D 


299'" Brigade Support Battalion, 2" Brigade 
Combat Team, 1* Infantry Division 299/2BCT 


1ID 


lI 
4" Infantry Battalion (armored high mobility 
vehicle capability), 23'¢ Infantry Regiment, 2"¢ 
Stryker Brigade Combat Team, 2nd Infantry 4-23/2BCT 
Division 2ID 


I 
B Troop, 6" Squadron, 4" Cavalry Regiment, 3'¢ 
Infantry Brigade Combat Team, 1° Infantry B/6-4/3IBCT 
Division 4ID 
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Table 2-11. Unit symbol construct examples and translations (continued) 


Unique Unit Designation Symbol Construct 


6" Field Artillery Battalion (self-propelled multiple rocket 
launcher capability), 37'" Field Artillery Regiment, 2" 
Infantry Division 


181 Transportation Battalion, 3 Expeditionary 
Sustainment Command, 3 Corps 181/3ESC 
Ill 


67" Forward Support Company, 201° Brigade Support 
Battalion, 3"¢ Infantry Brigade Combat Team, 1st Infantry 67/201/3IBCT 
Division 11D 


67th Forward Support Company, 201st Brigade Support 
Battalion, 3rd Infantry Brigade Combat Team, 1st Infantry 67/201/3IBCT 
Division 11D 


C Field Artillery Battery (air assault capability), 3rd 
Battalion, 319 Field Artillery Regiment C/3-319 


F Company, 1st Battalion, 61st Infantry Regiment, 65th 
Infantry Brigade 


Operational Detachment Alpha 595 (pack animal 
capability), C Company, 3rd Battalion, 5th Special Forces ODA 595/C/3 
Group 5 SFG 


Ill Marine Expeditionary Force 
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Chapter 3 
Activity and Installation Symbols 


This chapter discusses main icons and sector 1 and 2 modifiers used with activities and 
installation frames. 


ACTIVITY FRAME SHAPES 


3-1. This frame is used to identify friendly, enemy, or criminal actions that can reveal civic, ethnic, 
religious, social, or other grouping activities in an area of interest or operation that may affect unified land 
operations. The frame shape follows the construct guidelines in chapter 1, main and modifier icons, the 
activities frame shapes for standard identities in figure 3-1 and amplifier placement locations in figure 3-2. 


Figure 3-1. Activity standard identity frame shapes 


Activity 


Assumed Friend | Suspect 


3-2. Activity main and modifier icons and amplifiers. Figure 3-2, on page 3-2, shows the placement of 
main and modifier icons within the frame and amplifiers around the friendly symbol frame. Table 3-1, on 
page 3-3, provides descriptions and formats of each amplifier. 
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Figure 3-2. Placement of activity main and modifier icons and amplifiers 
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Table 3-1. Descriptions of main and modifier icons and amplifier fields for activity frames 
Field Title 


Main and The innermost part of a symbol that represents the main function and its 
A modifier capabilities (modifiers1 and 2). 


G Staff A text amplifier content is implementation specific. 
comments Note. A maximum of 20 characters are allowed in this field. 

H Additional A text amplifier content is implementation specific. 
information Note. A maximum of 20 characters are allowed in this field. 


A text amplifier that consists of a single-letter reliability rating and a single digit 
credibility rating. 
Reliability Ratings: 
A-completely reliable. 
B-usually reliable. 
C-fairly reliable. 
D-not usually reliable. 
; E-unreliable. 
J Se F-reliability cannot be judged. 
Credibility Ratings: 
1-confirmed by other sources. 
2-probably true. 
3-possibly true. 
4-doubtfully true. 
5-improbable. 
6-truth cannot be judged. 
Note. A maximum of 2 characters are allowed in this field. 


Direction of A graphic amplifier for that identifies the direction of movement or intended 
movement movement of an object. 


Offset A graphic amplifier used to indicate the offset or precise location of a single 
location symbol. 
indicator 


An alphanumeric designator for displaying a date-time group 

(DDHHMMSSZMONYYYY) or “O/O” for on order. The date-time group is 

composed of a group of six numeric digits with a time zone suffix and the 

standardized three-letter abbreviation for the month followed by four digits 

representing the year. The first pair of digits represents the day; the second 

group pair, the hour; the third pair, the minutes. For automated systems, two digits 
may be added before the time zone suffix and after the minutes to designate 
seconds. 


Note. A maximum of 16 characters are allowed in this field. 


A text amplifier that displays a symbol’s location in degrees, minutes, and 
2 decimal minutes (or in military grid reference system, global area reference 
Y Location system, or other applicable display formats). 
Note. A maximum of 22 characters are allowed in this field. 


A three-letter code that indicates the country of origin of the organization. In 
AS Country stability activities, this field can be used for factions or groups. 


Note. A maximum of 3 characters are allowed in this field. 


Date-time 


3-3. Evaluation rating amplifier (Field J). The evaluation rating amplifier is a 2 digit alphanumeric code 
that allows for adding reliability and credibility rating. The reliability levels are A through F, and the 
credibility levels are 1 through 6. Table 3-1 provides the meaning of each letter and number code for this 
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amplifier field. Figure 3-3 provides an example of an evaluation rating amplifier usage construct of an enemy 
leader activity that is completely reliable and confirmed by other sources. 


A1 


Figure 3-3. Evaluation rating amplifier usage construct 


3-4. Activity direction of movement amplifier (Field Q). The activity direction of movement amplifier is an 
arrow extending from the center of the frame or main icon. The arrow extends in the direction of movement or 
intended movement of activity symbol. Figure 3-4 is an example of the usage construct. 


Figure 3-4. Activity direction of movement amplifier usage construct 


3-5. Activity Offset Location Indicator Amplifier (Field S?). The offset location amplifier for activities 
is placed differently from units and installations. Field S? is located at the center of the bottom of the activity 
frame and the offset location indicator line protrudes from this point (without an arrow) to the desired 
location. The line may be extended or bent as needed. Figure 3-5 is an example of the usage construct of a 
friendly organized group meeting activity. 
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Figure 3-5. Activities offset location indicator amplifier usage construct 


INSTALLATION FRAME SHAPES 


3-6. This frame shape is used to identify friendly military, civilian, or enemy installations, facilities, 
campuses, terminals, depots, caches, and specific buildings in an area of interest or operation that supports 
or may support a common interest during unified land operations. The frame shape follows the construct 
guidelines in chapter | and the activities frame shapes for standard identities in table 3-2. 


Table 3-2. Installation standard identity frame shapes 


Standard Friendly Hostile Neutral Unknown 
Identity 


3-7. Installation amplifiers. Figure 3-6, on page 3-6, shows the placement of the main and modifier icons 
in the frame and amplifiers around the land installation or facility frame. Table 3-3, on pages 3-7 through 
3-8, provides descriptions and formats of each amplifier. 
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Reference 


mrh 5301 
3.14(6.5°)4 

3.14(42.25)4 

530.66 cu in 


54. c. 


aaada 
loi we il 


a eee 
55. d. v1038.00 00 5302 
9 
68 138 
62 124 
648 14 00 
642 12 84 
6446 1 16 00 
6441 64 41 
51 59 


ye se 
56. a. v511225. 5302 
49 
449 212 
141 141 
4420 7125 
1425 7125 
0 


ee 
57. ad. V33.00 00 5302 


9. 7 4 
58. b. v94.8676 5302 
81 
+80 13 86 
187 13 09 
4940 7776 
1944 7776 
0 
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Figure 3-6. Placement of Installation main and modifier icon and amplifiers 
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Table 3-3. Descriptions of main and modifier icon and amplifier fields for installation frames 
The innermost part of a symbol that represents the main function and its 

modifier icons | capabilities (modifiers1 and 2). 
A text amplifier content is implementation specific. 

comments Note. A maximum of 20 characters are allowed in this field. 


Additional A text amplifier content is implementation specific. 
information Note. A maximum of 20 characters are allowed in this field. 


A text amplifier that consists of a single-letter reliability rating and a single digit 
credibility rating. 
Reliability Ratings: 
A-completely reliable. 
B-usually reliable. 
C-fairly reliable. 
D-not usually reliable. 
; E-unreliable. 
J = ae F-reliability cannot be judged. 
Credibility Ratings: 
1-confirmed by other sources. 
2-probably true. 
3-possibly true. 
4-doubtfully true. 
5-improbable. 
6-truth cannot be judged. 
Note. A maximum of 2 characters are allowed in this field. 


A text amplifier that indicates effectiveness. The entries are— 
Fully operational (FO). 

Substantially operational (SO). 

Marginally operational (MO). 

Not operational (NO). 

Unknown (UNK). 

Note. A maximum of 5 characters are allowed in this field. 


Combat 
effectiveness 


Identification, A text amplifier displaying one or more identification, friend or foe, or selective 
friend or foe identification feature identification modes and codes. 


Selective Display priority is mode 5, mode, mode 4, mode 3, and mode 2. 


identification Note. A maximum of 15 characters are allowed in this field. 
feature 


Headquarters | A graphic amplifier that identifies a headquarters. 
staff indicator 
Offset location | A graphic amplifier used to indicate the offset or precise location of a single 


indicator point symbol. 


An amplifier field reserved for command and control systems that uniquely 
é identifies a particular symbol with a track number. 
Eenaue Prefix = TN: #####. 


A 
G 
H 
K 
cS) 
S2 
T 


identifier 
Example: TN: 13579. 
Note. A maximum of 30 characters are allowed in this field. 


10 November 2020 FM 1-02.2 3-7 


Chapter 3 


Table 3-3. Descriptions of main and modifier icon and amplifier fields for installation frames 
(continued) 


Field Title 


WwW An alphanumeric designator for displaying a date-time group 
(DDHHMMSSZMONYYYY) or “O/O” for on order. The date-time group is 
composed of a group of six numeric digits with a time zone suffix and the 


Date-time standardized three-letter abbreviation for the month followed by four digits 

group representing the year. The first pair of digits represents the day; the second pair, 
the hour; the third pair, the minutes. For automated systems, two digits may be 
added before the time zone suffix and after the minutes to designate seconds. 
Note. A maximum of 16 characters are allowed in this field. 
A text amplifier that displays either altitude, flight level, depth for submerged 
objects, or height of equipment or structures on the ground. Measurement units 
shall be displayed in the string. 

Altitude or Examples: 


Gerth 1500MSL 


FL150 
Note. A maximum of 14 characters are allowed in this field. 
A text amplifier that displays a symbol’s location in degrees, minutes, and decimal 
minutes (or in military grid reference system, global area reference system, or 
other applicable display formats). 
Note. A maximum of 22 characters are allowed in this field. 


Location 


A graphic amplifier that indicates operational condition or capacity. Operational 
Operational condition amplifier, if used, shall be comprised of only one color. 


condition Example: Aircraft: Red—damaged, Green—fully capable 
Example: Missile: Red—imminent threat, Green—no threat 


A graphic amplifier placed immediately atop the symbol. May denote 1) 
local/remote status, 2) engagement status, and 3) weapon type. 
Format: 

Engagement A:BBC-CC, where 

bar 
A = remote/local 
BBB = engagement status 


CC = weapon asset 


X 
Y 
AL 
AO 


3-8. Operational condition amplifier (AL). An AL is used to display the level of operational condition of 
an installation symbol. Figure 3-7 shows the template for the combat effectiveness amplifier. Table 3-4, on 
page 3-10, shows operational condition amplifiers and construct examples. 
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AL 


Figure 3-7. Template for operational condition amplifier 
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Table 3-4. Operational condition amplifiers and construct examples 


Function Amplitier Example of amplifier construct 
usage 


— —|o 
Damaged but substantially 
operational 


_ -—/ oO 
_ -—(o 


MAIN ICONS FOR ACTIVITIES AND INSTALLATIONS 


3-9. Main icons (Field A) reflect the primary function of the symbol. The main icons for activities and 
installation include some military symbols used in chapter 2 and unique civilian symbols used in defense 
support of civil authorities and stability operations. Activity symbols provide the means to construct military 
and civilian symbols to identify individual and group activities (including isolated personnel, civic, religious, 
social, and other groups), and installation symbols identify military and civilian infrastructure. The use of 
unique civilian symbols is a recognition of the larger role of military forces beyond war fighting and reflect 
stability and support to civil authority activities around the world. (See FM 3-57 for more information on 
civil authorities.) Table 3-5, on pages 3-11 through 3-21, shows the main icons for civilian individuals, 
organizations, events, installations, and facilities. 
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Table 3-5. Main icons for activities and installations 


Function Icon Main Icon Usage Construct 
Example and Symbol Translation 


oa 
Airport fe 
Airport cargo terminal 
“ee vo | 
Ammunition facility 
“ cs 
Arrest activity 


Black market ey 
Black market activity 


= 


Border patrol Border patrol installation 


Alternate hand-drawn version 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


Bomb 
Enemy bombing activity 
Booby trap 


Broadcast transmitter antenna 


Broadcast transmitter antenna 
installation 


Bureau of Alcohol, Tobacco, 
Firearms, and Explosives (ATF) 


ATF targeted activity 


Chemical, biological, radiological, or 
nuclear (CBRN) 


Coast Guard 
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Table 3-5. Main icons for activities and installations (continued) 


Function 


laf 


STOR 


Customs service . 7 
Custom service storage facility 


Alternate hand-drawn version 


Department of Justice hoe aa 
P Department of justice facility 


Alternate hand-drawn version 


Illegal drug activity 


Drug Enforcement Agency (DEA) 


DEA search activity 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


Economic center ECON 


Economic center facility 


fe | 


Electric generation Electric generation facility 


STOR 


Food storage facility 


xs 


Emergency management search 
activity 


OPS 
a 


Emergency management 
operations facility 


Emergency management 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


* 
EMS training activity 
Emergency medical services (EMS) 
EMS facility 


MTG 
Environmental protection ras 
LDR 
Environmental protection 
leadership meeting activity 


GO 
Exfiltration EXF L EXFL 
LDR 
Exfiltration of government 
organization leader activity 
Explosion E 9 ey 
Enemy explosion activity 
$ € 
Dollars Euros 
Extortion 


10 November 2020 FM 1-02.2 3-15 


59. 


60. 


b. at 


a. a* + b* 


¥90.00 


81 
+86 9 00 
184 7 36 


+880 1 64 


1888 1 51 04 


12 


9.48 in = 


61. b. a* + be 


62. 


in 


Reference 


5302 


5302 


5302 


5302 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


Federal Bureau of Investigation (FBI) 


FBI raid activity 


Firefighter or firefighting 


Governmental organization 


Graffiti 


Enemy graffiti activity 


Grenade 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


MTG 
Group (organized) 2 - a 


Group (organized) meeting activity 


Group of victims - attempted criminal 
activity 


Attempted criminal activity ona 
group of individuals 


Group of victims - criminal activity [pee | 


Friendly group of victims criminal 
activity 


Improvised explosive device (IED) «ey 


Enemy IED activity 


Individual Cy 


Individual suspicious activity 


Individual victim - attempted criminal 2. 
activity 


Attempted criminal activity on 
individual 
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Table 3-5. Main icons for activities and installations (continued) 


Function Main Icon Usage Construct 
nce? Example and Symbol Translation 


Individual victim - criminal activity a> 


Enemy individual victim criminal 
activity 


Industrial building os 


Industrial building facility 
Infiltration 
Infiltration activity 


Internal security force 


Internal security force activity 


Isolated personnel 


Law enforcement 
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Table 3-5. Main icons for activities and installations (continued) 


Function Main Icon Usage Construct 
enero. Example and Symbol Translation 


Maritime terminal S 


Maritime terminal facility 


Alternate hand-drawn version 


Mass demonstration (protest) MASS 


Mass demonstration activity 


Mass grave facility 


Medical treatment 


Medical treatment facility (hospital) 


Meeting activity 
Military information support 
operations (MISO) 
MISO activity 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


Mining facility 
Illegal mining activity 


Nongovernmental 


Nongovernmental facility 


Nongovernmental activity 


Patrolling activity 
Poisoning ey 
Poisoning activity 
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Table 3-5. Main icons for activities and installations (continued) 


: Main Icon Usage Construct 


Police special weapons and tactics 
Police (SWAT) activity 
Police facility 


Print media center facility 


SECTOR 1 MODIFIERS FOR ACTIVITIES AND INSTALLATIONS 


3-10. Table 3-6, on pages 3-22 through 3-30, shows sector 1 modifiers (Field A). Sector 1 modifiers further 
identify affiliation, capability, special characteristic, or specialty. 
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Table 3-6. Sector 1 modifiers for activities and installations 


B ty Modifier lcon Usage Construct Example 


& 


Individual assassination victim activity 


B 
Biological 
Biological facility 


Bomb BOMB a 
Explosion bomb activity 
C 

Chemical C | | 

Chemical, biological, radiological, and 
nuclear (CBRN) chemical facility 
CO 
Coal C C) 


Electric generation coal powered facility 


O 
3 
College or university Oo ‘ a 
L 
College campus 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: vs Modifier lcon Usage Construct Example 


DPRE 
Displaced persons, 
refugees, or evacuees 
Displaced persons, refugees, or evacuees 
tented camp facility 
Execution EX “> 
Individual execution victim activity 


C 
/\/\> 


Food searching (foraging) activity 


Foreign fighters <> 
Foreign fighter unit 
eo o 


Organized gang activity 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: oe: Modifier lcon Usage Construct Example 


GT 
Geothermal G © 
Electric generation geothermal powered 
facility 
S} 
- |e. © 


Explosion grenade activity 


HY 
Hydroelectric H Y ® 
Electric generation hydroelectric powered 
facility 


Explosion improvised explosive device 
activity 


Improvised explosive 
device 


Kidnapping 


> 


Kidnapping activity 


Incendiary device eS 
Explosion incendiary device activity 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: oa Modifier Icon Usage Construct Example 


_ 
‘3 

Leader 
Note. This modifier symbol is : Pee a 
interchangeable. Symbol may L D R Friendly individual leader activity 
be used as a sector 1 or sector 
2 modifier with the same 
meaning. 

Enemy individual leader activity 


LAB 
DRUG 


Illegal drug laboratory 


MTG 


Group meeting activity 


& 


Explosion mine activity 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: He Modifier Icon Usage Construct Example 


© 
Natural gas 
Electric generation natural gas powered 
facility 


© 


Explosion mortar activity 


© 


Group murder victims activity 


* | 


Electric generation nuclear powered facility 


bal 


Nuclear facility 


Nuclear 


y 
e | 


Electric generation petroleum powered 
plant facility 


Petroleum 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


; ae Modifier Icon Usage Construct Example 


Water purification facility 


RAID 


Bureau of Alcohol, Tobacco, Firearms, and 
Explosives raid activity 


we 
Telecommunications radio facility 


ad 


Radiological facility 


Radiological 
. 
REL 
Religious REL + 
LDR 
Individual religious leader activity 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: He Modifier lcon Usage Construct Example 


Telecomunications religious facility 


© 


Explosion rocket activity 


Ss 
Speaker a - 
Individual speaker activity 
Suspicious Cy 
Individual suspicious activity 
Targeted T G T ey 
Individual targeted activity 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


; a Modifier Icon Usage Construct Example 


T 
Telephone Ke 


Terrorist 
Individual terrorist activity 
NG 
ae Tented camp training facility 
Training T 
so 
Shooting training facility 
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Telecommunications telephone facility 


TV 


a 


Telecommunications television facility 


aE: 


Organized group terrorist activity 


© 


T 
TV 
TER 

NG 
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Table 3-6. Sector 1 modifiers for activities and installations (continued) 


: He Modifier Icon Usage Construct Example 


NG 


Police training facility 


Coerced recruitment 
Note. This modifier symbol is 
interchangeable. Symbol 
may be used as a sector 1 or 
sector 2 modifier with the 
same meaning. 


TF 


Group coerced recruitment activity 


Willing recruitment WR 
Note. This modifier symbol is 
interchangeable. Symbol 2 2 g 
may be used as a sector 1 or 
sector 2 modifier with the 
same meaning. 
Organized willing recruitment activity 


SECTOR 2 MODIFIERS FOR ACTIVITIES AND INSTALLATIONS 


Trafficking eS 
Drug trafficking activity 


3-11. Table 3-7, on pages 3-31 through 3-32, shows sector 2 modifiers (Field A). Sector 2 modifiers further 
identify affiliation, capability, special characteristic, or specialty. 
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Table 3-7. Sector 2 modifiers for individuals and organizations 


Function Modifier Modifier Icon Usage Construct Example 
and Symbol Translation 


TER 
CR 
Coerced recruitment O maa ay a it t 
Note. This modifier symbol is rganized coerced terrorist recruitmen 
interchangeable. Symbol may be used c R activity 
as a sector 1 or sector 2 modifier with 
the same meaning. 
| 
CR 
Border patrol coerced recruitment activity 


fad 
Leader 
Note. This modifier symbol is Friendly individual leader activity 
interchangeable. Symbol may be used L 
as a sector 1 or sector 2 modifier with 
the same meaning. 
Enemy individual leader activity 


Production PROD omy 
PROD Ammunition production facility 
YRD 
nA 
Shipyard repair facility 
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Table 3-7. Sector 2 modifiers for individuals and organizations (continued) 


Function Modifier Modifier Icon Usage Construct Example 
and Symbol Translation 


T 
Serie SVC cle 
Telecommunications telephone service 
facility 

Storage STO R C"] 

STOR 

Storage (warehouse) facility 
Supply—tThe process of providing 
all items necessary to equip, 
maintain, and operate a military 
command. (FM 1-02.1) 
Grenade cache 


Tes TEST 
Water purification test facility 


Willing recruitment O ized willi F Ae 
Note. This modifier symbol is rganized willing recruitment activity 
interchangeable. Symbol may be used 
as a sector 1 or sector 2 modifier with 
the same meaning. 999 
WR 
Organized group willing terrorist 
recruitment activity 
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Equipment Symbols 


This chapter discusses main icons, sector 1 modifiers, and mobility indicator amplifiers 
for equipment. Equipment is nonexpendable items needed to outfit or equip an 
individual or organization. This section includes the lists of main and modifier icons, 
and amplifiers for building land equipment symbols. 


FRAMED AND UNFRAMED EQUIPMENT SYMBOLS 


4-1. The equipment symbol construct standard permits the option to depict the symbol with frame or 
unframed. As discussed in chapter 1, the frame shape is what indicates the standard identity (friendly, enemy, 
neutral, and unknown) of a symbol. The unframed equipment symbol constructs must use colors (including 
blue, red, green, and yellow) in order to indicate the standard identity depiction of friendly, enemy, neutral, 
or unknown items (See paragraph 1-9 for more information on standard identity colors.) 


EQUIPMENT SYMBOL FRAME SHAPES 


4-2. This symbol frame shape is used to identify friendly, enemy, neutral, and unknown equipment 
affiliation in or supporting an area of interest or operations. Table 4-1, on page 4-2, provides the standard 
identity frame shapes for units and organizations. The frame shape construct guidelines for main and modifier 
icons and amplifier placement locations are provided in paragraph 4-4. 
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Table 4-1. Equipment standard ae frame shapes 


Land and sea | “Assumed Friend | Suspect | 


surface 


Air (inflight) 


Space (in | “Assumed Friend _| 
space) Assumed Friend 


MAIN AND MODIFIER ICONS AND AMPLIFIERS FOR EQUIPMENT 


4-3. The purpose of main and modifier icons and amplifier fields is to standardize the display of optional 
alphanumeric information that graphically describes the equipment and provides additional information on 
capabilities, status, and location. Figure 4-1 shows the placement of land equipment symbol amplifiers around 
the equipment symbol using a friendly frame example for the purpose of reference location. Table 4-2, on 
pages 4-4 through 4-6, provides the descriptions and formats of each amplifier. 
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Figure 4-1. Placement of land equipment symbol main and modifier icons and amplifiers 
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Table 4-2. Descriptions of main and modifier icon and amplifier fields 


Field Field Title 
A Symbol icon and The innermost part of a symbol that represents the main function 
modifiers and its capabilities (modifiers 1 and 2). 
Guaiitit A text amplifier identifies the number of items present. 
¥ Note. A maximum of 9 characters are allowed in this field. 
A text amplifier content is implementation specific. 
Staff comments feta ; P is ae 
Note. A maximum of 20 characters are allowed in this field. 
wa: : . A text amplifier content is implementation specific. 
peOOnarIMOnN aon Note. A maximum of 20 characters are allowed in this field. 


A text amplifier that consists of a one-letter reliability rating anda 
one-number credibility rating: 

Reliability ratings: 

A-completely reliable. 

B-usually reliable. 

C-fairly reliable. 

D-not usually reliable. 

E-unreliable. 

F-reliability cannot be judged. 

Credibility ratings: 

1-confirmed by other sources. 

2-probably true. 

3-possibly true. 

4-doubtfully true. 

5-improbable. 

6-truth cannot be judged. 

Note. A maximum of 2 characters are allowed in this field. 


A text amplifier for hostile equipment; “!” indicates detectable 
Signature equipment electronic signatures. 
Note. A maximum of 1 characters are allowed in this field. 


Cc 
G 
H 


Evaluation rating 


wp 


A text amplifier for unframed equipment; letters “ENY” denote 
Hostile (enemy) hostile symbols. 

Note. A maximum of 3 characters are allowed in this field. 

A text amplifier displaying one or more identification, friend or foe 
Identification. friend or | (!FF) or selective identification feature (SIF) identification modes 
foe and codes. 
Selective identification | Display priority: Mode 5, Mode S, 
feature Mode 4, Mode 3, Mode 2. 

Note. A maximum of 15 characters are allowed in this field. 


Direction of movement | A graphic amplifier that identifies the direction of movement or 
indicator intended movement of an object. 
Mobility mode A graphic amplifier that depicts the mobility mode of transportation 
indicator of an object. 
$2 Offset location A graphic amplifier used to indicate the offset or precise location 
indicator of a single point symbol. 


An amplifier field reserved for command and control systems that 
Unique identifier uniquely identifies a particular symbol with a track number. 
Note. A maximum of 30 Prefix = TN: ##HHHt. 
h Il i 
praractors are allowed In. | &ample: TN: 13579. 
Note. A maximum of 30 characters are allowed in this field. 
A text amplifier for equipment that indicates types of equipment. 


Note. A maximum of 24 characters are allowed in this field. 


az 
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Table 4-2. Descriptions of amplifier fields (continued) 


Field Title 


An alphanumeric designator for displaying a date-time group 
(DDHHMMSSZMONYYYY) or “O/O” for on order. The date-time 
group is composed of a group of six numeric digits with a time 
zone suffix and the standardized three-letter abbreviation for the 
month followed by four digits representing the year. The first pair 
of digits represents the day; the second pair, the hour; the third 
pair, the minutes. For automated systems, two digits may be 
added before the time zone suffix and after the minutes to 
designate seconds. 


Note. A maximum of 16 characters are allowed in this field. 


A text amplifier that displays either altitude, flight level, depth for 
submerged objects; or height of equipment or structures on the 
ground. Measurement units shall be displayed in the string. 


Altitude or depth Examples: 
1500MSL. 
FL150. 
Note. A maximum of 14 characters are allowed in this field. 


A text amplifier that displays a symbol’s location in degrees, 
minutes and decimal minutes (or in military grid reference system, 
global area reference system, or other applicable display formats). 
Y Location Examples— 
military grid reference system: 38SMB26490831 45 
global area reference system: 3317.0921N 04412.6332E 
Note. A maximum of 22 characters are allowed in this field. 
A text amplifier that displays velocity. 
Z Speed : ; aks hs ta ee 
Note. A maximum of 8 characters are allowed in this field. 
Electronic intelligence notation or communications intelligence 
AD Platform type notation. 
Note. A maximum of 6 characters are allowed in this field. 
AE Equipment teardown Equipment teardown time in minutes. 
time Note. A maximum of 3 characters are allowed in this field. 


Example: “Hawk” for Hawk surface-to-air missile system. 
Note. A maximum of 12 characters are allowed in this field. 


Auxiliary equipment Towed sonar array indicator: A graphic modifier for equipment that 
indicator indicates the presence of a towed sonar array. 
A graphic amplifier that indicates operational condition or capacity. 
If used, it shall be comprised of only one color. 


Example. Aircraft: Red—destroyed, Green—fully capable. 
Example: Missile: Red—imminent threat, Green—no threat. 


Date-time group 


Common identifier 


Operational condition 


A graphic amplifier placed immediately atop the symbol. May 
denote 1) local/remote status, 2) engagement status, and 3) 
weapon type. 


Format: 
Engagement bar A:BBC-CC, where 
A = remote/local 
BBB = engagement status 
CC = weapon asset 
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Table 4-2. Descriptions of amplifier fields (continued) 


Field Title 


During ballistic missile defense, some tracks are designated as 
AQ Guarded Unit guarded by a particular unit. 
Note. A maximum of 2 characters are allowed in this field. 


Special track designators such as non-real time and tactically 
Special designator significant tracks are denoted here. 


Note. A maximum of 3 characters are allowed in this field. 


4-4. Equipment direction of movement amplifier (Field Q). The equipment direction of movement 
amplifier is an arrow or staff identifying the direction of movement or intended movement of an object. For 
equipment symbols, the amplifier is an angled arrow extending downward from the bottom center of the 
frame or icon and pointing in the direction of movement. Figure 4-2 provides a direction of movement 
example for an armored high mobility vehicle with medium gun system. 


C ) 


OOO 


Figure 4-2. Equipment direction of movement usage construct example of an armored high 


4-6 


mobility vehicle with medium gun system 


4-5. Engagement bar amplifier (Field AO). The engagement amplifier bar may be used to designate 
engagements and to indicate targets. Both may be done in conjunction where depicted targets contain 
engagement information. The engagement bar may contain information on 1) remote or local engagement; 
2) stage of the engagement (for example, assign, cover, engage, hold fire, cease fire, cease engage, break 
engagement, or missile in flight); and 3) type of weapon assignment (for example, missile, gun, or torpedo). 
Engagement bars use four colors; red, white, and orange for a hostile targets, and blue for friendly 
participating. (See table 4-3.) Figure 4-3 depicts an example of a friendly self-propelled (tracked) long range 
surface to air missile launcher engaging an enemy attack rotary aircraft. (See MIL-STD-2525 for more 
detailed technical information concerning expanded usage of the engagement bar.) 
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Table 4-3. Engagement bar designation colors 


Hostile target 


Hostile non-target 


Hostile expired target 


Friendly participating 
(engaging target) 


Engagement Bar - 
Friendly Participating 


Figure 4-3. Example of armored self-propelled (tracked) long range surface to air missile 
launcher engaging an enemy attack rotary aircraft 
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4-8 


4-6. Mobility (transportation) mode indicator (Field R). The mobility (transportation) mode indicator is 
only used to depict the mode of transport of equipment. For example, a symbol for an armored self-propelled 
howitzer transported by train would include a railway mobility mode indicator in Field R (See figure 4-4.) 
Table 4-4 provides a list of mobility (transportation) mode indicators with construct examples of the 
transporting of a howitzer. 


Figure 4-4. Example of armored self-propelled howitzer moving by train 
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Table 4-4. Equipment mobility (transportation) mode indicators (Field R) 


Construct examines with howitzer 


Wheeled 
(limited to 
improved 
roads) 


He [nei 
(cross- pe Ee 
country) 
Wheeled and 
tracked 
combination (e) 

$ 

a 


4-7. Speed (Field Z). This field is used to display equipment velocity. (See figure 4-5 on page 4-10.) The 
first part of this eight-character (its maximum length) amplifier shall be a numeric value (quantity), and the 
second part shall be the speed or velocity unit of measure. Legal entries for this portion of the amplifier shall 
be “kph” (kilometers per hour), “mps” (meters per second), “kts” (knots per hour), or “mph” (miles per hour). 
Examples include— 

e@ 220kph = 220 kilometers per hour. 
974.5mps = 974.5 meters per second. 
18.75kts = 18.75 knots per hour. 


Smph = 5 miles per hour. 


Over-snow 
ee 
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Figure 4-5. Speed usage construct example with direction of movement of an armored high 
mobility vehicle with medium gun system 


4-8. Operational condition amplifiers (Field AL) are used to display the level of operational condition of 
equipment symbols. Table 4-5 shows operational condition amplifiers and construct examples. 
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Table 4-5. Operational condition amplifiers and construct examples 


Function Amplifier Example of Amplifier 
Construct Usage 


CO 
Ht 
OOO 


Fully operational 


Fully operational armored 
high-mobility wheeled vehicle 
with medium direct fire gun 
system 


Ht 
Damaged but substantially OOO 
operational — 
Damaged armored high-mobility 
vehicle wheeled with medium 
direct fire gun system 


CO 


Ht 
OOO 
= 


Destroyed armored high-mobility 
wheeled vehicle with medium 
direct fire gun system 


Destroyed 


Full to capacity 


ie 
(ome) 
Ee 
Full to capacity medium tractor 
trailer 


MAIN ICONS FOR EQUIPMENT 


4-9. Main icons (Field A) reflect the main function of the symbol. Equipment can use either the horizontal 
or vertical bounding octagon depending on the icon. Table 4-6, on pages 4-12 through 4-32, shows the main 
icons for equipment. 
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Table 4-6. Main icons for equipment 


Function Icon Main Icon Usage Construct Example 
Weapons Systems 


Notes. 


1. Weapons systems, missile launchers, and nonlethal weapons use a unique method for indicating size, altitude, or 
range. 


2. Weapon size and capability is indicated by a horizontal line or lines perpendicular to the weapon icon. 
a. No line - basic equipment symbol (generic). 

b. One line - designates light, low altitude, or short-range. 

c. Two lines designates medium, medium altitude, or medium-range. 

d. Three lines designates heavy, high altitude, or long-range. 


3. Use amplifier Field H (see figure 4-1 on page 4-3 and table 4-2 on page 4-4.) for weapon systems designated as 
greater than heavy, high altitude, or long-range.) 


4. Land equipment symbols can be displayed without a frame, and color may be used to differentiate friend (blue), enemy 
(red), and neutral (green). 


Unspecified 
weapon 


— of 


Grenade 
launcher 
Short-range 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly Enemy 


Weapons Systems 


Grenade 
launcher 


Long-range 


Generic 


Air defense gun 

Note. The use of 

the air defense 

dome similar to the Short-range 

unit icon at the 

base of the shaft 

indicates that it is 

primarily an air Self-propelled (tracked) short-range air defense gun 


defense weapon. 
Rok 


> 
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STUDY UNIT 6 
PROBLEM SOLVING 


Introduction. When it comes to mathematical problems, the most 
difficult type seems to be word problems. Part of this 
difficulty is because of the "fear" associated with them. As you 
have probably noticed, this course has used word problems 
throughout each study unit, and, up until now, the problems have 
been fairly simple. This study unit is designed to reduce the 
fear by giving you helpful hints and a plan designed to prepare 
you for solving more difficult problems. You will solve word 
problems by employing a logical plan and translating English 
expressions into mathematical symbols. 


Lesson 1. THE LOGICAL PLAN AND LANGUAGES 
LEARNING OBJECTIVES 


1. Select the five steps of the logical plan used in solving 
word problems. 


2. Given English expressions, translate the expressions into 
mathematical symbols. 


6101. General 


Just about any successful endeavor has a sound plan to go with 
it. If you want to build an airfield, wire a camp, clear a 
village, lay a minefield, teach a lesson, take a hill, or in your 
case, solve a word problem, a plan will aid in the completion of 
the project. Let's take a look at a simple five step plan that 
will help you do just that! 


6102. The Five Step Plan 


The plan for solving problems may involve any amount of steps 
depending on how the operations are combined. Keep in mind that 
many problems can be solved by trial and error with arithmetic, 
much the same as the ancient Egyptians did. In most (but not 
all) problems, this trial and error aspect can be eliminated by 
applying a simple equation or formula to the information that is 
known. This will be an integral part of our plan. Our plan will 
consist of five steps; let's take a look at them. 


a. Step 1 - Read the problem. This is self-explanatory. It 
would seem obvious, but many mistakes are made because Marines 


skip over important aspects in the problem. Don't read into the 
problem and create things that are not there; simply read the 
problem and stick to the facts. In real-life situations, where 
the problems may not be written, write all of the facts down so 
that the complete problem can be analyzed. 
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Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly 


Generic 


Anti-tank gun 
Note. The use of 
the inverted V 
similar to the unit 
icon at the base of 
the shaft indicates 
that it is primarily 
an antitank 
weapon. 


Direct fire gun 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Armored high-mobility wheeled vehicle with light direct 
fire gun 


Howitzer 

Note. The use of 

the circle similar to 

the unit icon for 

field artillery at the 

base of the shaft 

indicates that it is 

primarily a high Generic Howitzer towed 


trajectory. 


120 millimeters or less 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 


Greater than 120 
millimeters but less than 
160 millimeters 


j 


Greater than 160 
millimeters but less than 
210 millimeters 


Generic 


Mortar es 
60 millimeters or less 


Greater than 60 millimeters 
but less than 107 
millimeters 
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Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly Enemy 


Armored high-mobility wheeled vehicle with medium mortar 


Greater than 107 
millimeters 


Light 


Recoilless gun 


Medium 


High-mobility wheeled vehicle with medium recoilless gun 


10 November 2020 FM 1-02.2 4-17 


Chapter 4 


Table 4-6. Main icons for equipment (continued) 


Function as Main Icon Usage Construct Example 


ior 


TL Old 
Rifle 


Semi-automatic 


Automatic O] Dd. 


Li Old. 
Machine gun 


Light Old 
Medium O1d. 


4-18 FM 1-02.2 10 November 2020 


Equipment Symbols 


Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly 


Generic 
Missile launcher 
Note. The use of Armored high-mobility wheeled vehicle with missile 
the dome covering launcher 
most or the entire 


shaft similar to the 
unit icon indicates 
that it is a missile 
launcher. 
Short-range 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly Enemy 


Long-range @. 
Generic O 
Short-range re 
Air defense 
missile launcher 
or surface to air 
missile launcher 
Medium-range 


Long-range 


Self-propelled (tracked) long-range surface-to-air missile 
launcher 


Antitank missile 
launcher 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly 
a 


Short-range 


Medium-range 
Armored high-mobility wheeled vehicle with 
medium-range antitank missile launcher 


Long-range 


Surface-to- 
surface missile 
launcher 


Generic 


High-mobility wheeled vehicle with generic 
surface-to-surface missile launcher 
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Table 4-6. Main icons for equipment (continued) 


Icon Main Icon Usage Construct Example 
Friendly 


Function 


Short-range 


Medium-range 


i f 
oO 
Ka 
Ko 
CY 


Long-range 


£1 @® 
Antitank rocket 
launcher Short-range 


Rockets 


Medium-range 
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Function 


Single rocket 
launcher 

Note. The use of 
the double 
inverted V’s 
similar to the 
multiple rocket 
launcher unit icon 
indicates that it is 


a rocket launcher. 


Multiple rocket 
launcher 
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Table 4-6. Main icons for equipment (continued) 


Long-range 


Generic 


Short-range 


Medium-range 


Long-range 


Generic 


Main Icon Usage Construct Example 


Friendly 


Armored tracked vehicle with medium antitank rocket 


FM 1-02.2 


launcher 


4-23 


b. Step 2 - Determine the unknowns and represent them. You will 


have certain information given to you about a problem. There is 
usually a primary question asked. You must determine the method 
of going from this information to the solution. If the problem 
involves a formula or equation, there are unknown items that must 
be represented. Use any device that you can think of to aid you 
in this. Common aids that are employed are diagrams and charts. 
If you recall, aids have been widely used in examples throughout 
this course. 


c. Step 3 - Write the equation. If the problem involves an 
equation, use the information from the preceding step. If it 


involves a formula, substitute the known values for the 
appropriate letters of the formula. If it can be solved with 
arithmetic, decide which operations are needed. Remember, an 
equation separates mathematical symbols into left and right sides 
with an equal sign while a formula is a mathematical rule, 
principle, or statement. 


d. Step 4 - Solve the equation. Solve and check the formula or 
equation or perform the arithmetic necessary. One of the most 
important parts is checking or verifying that your answer is 
correct. Do not neglect to check! 


e. Step 5 - Answer the question. The answer to an equation, a 
formula, or an arithmetic operation may not be the answer you are 


looking for. Be sure to express your answer in the terms of the 
original problem. You may want to know square feet, but your 
equation has given you an answer in square inches, so don't 
forget to convert. 


You should see that these five steps provide a_ logical plan. 
Before you can use this plan, you must make sure that you 
understand the language for solving word problems. Some of the 
language you will cover will be a review; nevertheless, all of it 
will help you solve problems. But, before we study the language, 
can you name the five steps in the logical plan? If your answers 
were: read the problem, determine the unknowns and represent 
them, write an equation, solve the equation, and answer the 
question, you're correct! If not, review this section before 
moving on. 


6103. The Language 


In solving a problem, your initial job will be to translate 
English phrases into the language of mathematics. This is a 
matter of associating words with mathematical symbols. Let's see 
how this is done. 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly Enemy 


Short-range 


Long-range 
Armored tracked vehicle with heavy multiple rocket 
launcher 


Nonlethal Weapons 


Nonlethal 
weapon 


Water cannon 
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Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly 


Armored low-mobility wheeled vehicle with water cannon 


Vehicles 


Armored 
Armored fighting 
vehicle 


Armored 
personnel 
carrier 


Armored 
protected 

Note. 

1. This symbol 
represents 
armored protected 
and requires a 
sector 2 wheeled 
vehicle modifier 
(provided in table 
4-8) to complete a 
non-tracked 
vehicle type 
capability. 

2. If used without 
a sector 2 
wheeled vehicle 
modifier present, it 
represents an 
armored tracked 
vehicle. 

Tank 

Note. 1. This 
vehicle symbol 
construct indicates 
size by using the 
same method as Gansric 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly 


weapons systems 
symbols. 

2. Size is indicated 
by a vertical line or 
lines within the 
icon. 

a. No line - basic 
equipment symbol 
(generic). 


b. One line’ D> 
designates light. 

c. Two lines 

designates 

medium. 

d. Three lines 

designates heavy. 

3. Land equipment 

symbols can be F 

== i ® 


a frame, and color 
may be used to 
differentiate friend 
(blue), enemy 
(red), and neutral 
(green). 


Vehicle Platforms 


Notes.1. Land equipment symbols can be displayed without a frame, and color may be used to differentiate friend (blue), 
enemy (red) and neutral (green). 


2. The addition of a mobility modifier to the icon is the key to construct the identified symbol. 


Flatbed 
Flatbed tractor trailer 


4-26 FM 1-02.2 10 November 2020 


Equipment Symbols 


Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly 


railway boxcar 


Vehicle 


Engineer equipment 


Rail bridge 
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Table 4-6. Main icons for equipment (continued) 


Function ten el Icon Usage Construct Example 


orf 


— «x1 e/|s. 


Folding girder 
bridge 


Hollow deck 
bridge 


Earthmover 


Heavy earthmover 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Friendly 


Mine clearing A 


Mine laying 


Fixed-wing 


Rotary-wing 
(helicopter) 
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Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly 


Rotary-wing aircraft on ground 


Unmanned 
aircraft system 


Maritime 


Military 
noncombatant 
ship (generic) 


Civilian 
merchant ship 
(generic) 


Civilian merchant ship (generic) 


4-30 FM 1-02.2 10 November 2020 


Equipment Symbols 


Table 4-6. Main icons for equipment (continued) 


Function Main Icon Usage Construct Example 


Friendly 


Antenna 


Chemical, 
biological, 
radiological, or 
nuclear (CBRN) 


Communications 
satellite 
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Table 4-6. Main icons for equipment (continued) 


Function Icon Main Icon Usage Construct Example 
Laser mounted on high-mobility wheeled vehicle 


Psychological 
operations or 
military 
information 
support 
operations 


Psychological operations armored high-mobility wheeled 
vehicle 


fe High-mobility wheeled radar vehicle 


SECTOR 1 MODIFIERS FOR EQUIPMENT 
4-10. Table 4-7, on pages 4-33 through 4-37, shows sector | modifiers (Field A) for equipment. 


Sensor 
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Table 4-7. Sector 1 modifiers for equipment 


Modifier lcon Usage Construct Example and Symbol 
Function Modifier Translation 
Friendly 


Attack 


Battalion 
(echelon of 
support)— 
Provides 
support to a 
battalion. (See 
ATP 3-96.1 for 
more 
information on 
battalion 
echelon of 
support.) 


High-mobility wheeled cargo vehicle 
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a. Addition. The operation of addition, symbolized by the plus 
sign (+), can take the place of: more than, exceeds, increased 
by, and the sum of. 


The sum of six and nineteen is written 6 + 19. 


- Example: 


b. Subtraction. The operation of subtraction, symbolized by the 
minus sign (-), can take the place of: the difference between, 
less than, decreased by, and diminished by. 


“Example: 
The difference between seventeen and two is 


written 17 - 2. 


c. Multiplication. The operation of multiplication, symbolized 
by the times sign (x), can take the place of: times and the 


product of. 


‘Example: 
7 The product of two and nine is written 2 x 9. 


dad. Division. The operation of division symbolized, by the 
divided by sign (+), can take the place of the quotient of. 


The quotient of m divided oy seven is written 


Note: Often a combination of operation signs and signs of 
groupings is used. Let's look at some examples. 
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Table 4-7. Sector 1 modifiers for equipment (continued) 


Modifier lcon Usage Construct Example and Symbol 
Function Modifier Translation 
Friendly 


Heavy 

Note. This 
modifier symbol is 
interchangeable 
or symbol may be 
used as a sector 
1 or sector 2 
modifier with the 
same meaning. 


Light 


Note. This 
modifier symbol is 
interchangeable 
or symbol may be 
used as a sector 
1 or sector 2 
modifier with the 
same meaning. 


Medium 
Note. This 
modifier symbol is 
interchangeable 
or symbol may be 
used as a sector 
1 or sector 2 
modifier with the 
same meaning. 
Medium low-mobility wheeled vehicle 
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Table 4-7. Sector 1 modifiers for equipment (continued) 


Modifier lcon Usage Construct Example and Symbol 
Function Modifier a 


| Friendly =i 


Medical 
evacuation 


Medical evacuation armored tracked vehicle 
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Table 4-7. Sector 1 modifiers for equipment (continued) 


Modifier lcon Usage Construct Example and Symbol 
Function Modifier Translation 
Friendly 


Multifunctional 


Petroleum, oils, 
and lubricants 
(POL) 


Recovery and 
maintenance 


Robotic (guided 
and automatic) 
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Table 4-7. Sector 1 modifiers for equipment (continued) 


Modifier Icon Usage Construct Example and Symbol 
Function Modifier Translation 
Friendly 
Robotic armored tracked vehicle with heavy antitank gun 


/ . 


SECTOR 2 MODIFIERS FOR EQUIPMENT 
4-11. Table 4-8, on pages 4-38 through 4-39, shows sector 2 modifiers (Field A) for equipment. 
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Table 4-8. Sector 2 modifiers for equipment 
Function Modifier Modifier Icon Usage Construct Example and Symbol 
Translation 
Friendly 


Armored tracked 


_ 


Launcher 


Light 

Note. This modifier 

symbol is 

interchangeable or L 

symbol may be used 

as a sector 1 or sector 

2 modifier with the 

same meaning. Light bridge 


Heavy 

Note. This modifier 
symbol is 
interchangeable or 
symbol may be used 
as a sector 1 or sector 
2 modifier with the 
same meaning. 
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Table 4-8. Sector 2 modifiers for equipment (continued) 


Modifier Icon Usage Construct Example and Symbol 
Function Modifier Translation 
Friendly 


Medium 

Note. This modifier 
symbol is 
interchangeable or 
symbol may be used 
as a sector 1 or sector 
2 modifier with the 
same meaning. 


(ole mm eco) 
Rail boxcar 


Tractor trailer 


Wheeled limited- 
mobility 


Wheeled 
high-mobility 
(cross-country) 
Armored high-mobility wheeled vehicle with missile 
lanucher 


Medium limited-mobility vehicle 
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Chapter 5 
Control Measure Symbols 


This chapter discusses fundamentals; points, lines, and areas. It also discusses 
abbreviations and acronyms for use with control measure symbols. 


FUNDAMENTALS OF CONTROL MEASURE SYMBOLS 


5-1. Amplifiers. An amplifier provides optional additional information about a tactical symbol. The field 
identification, field title, description, and maximum allowable display lengths of tactical symbol amplifiers 
are presented in table 5-2, on pages 5-4 through 5-5. An example of each amplifier (including both text and 
graphic indicators) is included in figure 5-2, on page 5-4. Amplifiers can be defined as either static or 
dynamic: 

e Static amplifiers are amplifiers whose size and placement are fixed and remain constant. 

e Dynamic amplifiers are amplifiers whose size and placement are based on the attributes of an 

object, and change as these attributes change. 


COMPOSITION OF CONTROL MEASURE SYMBOLS 


5-2. Control measure symbols can be combined with other symbols, icons and amplifiers to display 
operational information. They do not follow the same building rules as the icon-based symbols, but they shall 
be built in accordance with the draw rules specified in the symbol tables. (See figure 5-1.) 


Control Measure Components Completed Control Measure Symbol 


i 
NG 250300ZJUN18- 
P< 4-23 i 
460} 2/710 en arene = 4.23 250300ZJUN18- 


Aoor| 2171p  250630ZJUN18 


Additional 
information 
amplifier 


Icon-based symbol 


Control measure with amplifiers 


Figure 5-1. Composition of control measure symbol 


STANDARD IDENTITY COLORING CONTROL MEASURES 


5-3. Friendly graphic control measures are shown in black or blue when drawn manually or on a color 
computer-generated display. Hostile graphic control measures are shown in red. If red is not available, they 
are drawn in black with the abbreviation “ENY” placed on the graphic in at least two places. Obstacles as 
shown in this chapter (friendly, hostile, neutral, unknown or factional) are drawn using the color green. If the 
color green is not available, obstacles should be drawn using black. The color yellow will be used for the 
hatching for CBRN contaminated areas. 


CONTROL MEASURE ACRONYMS AND ABBREVIATIONS USAGE 


5-4. The acronyms and abbreviations in this chapter are considered symbols that are part of the military 
symbol construct for use with Army control measure symbols. No acronyms or abbreviations other than those 
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provided in this publication may be used. When acronyms or abbreviations are approved for use with military 
symbols they become part of the military symbol lexicon. 


LABELING CONTROL MEASURES 


5-5. Symbol makers make all text labeling in upper case letters. The reader should be able to read the labels 
for all text labels of modifier or amplifier fields for control measure symbols when the bottom of the overlay 
is closest to the reader. Labeling written on an angle should be readable to viewers so they do not have to 
turn their heads. 


STATUS 


5-6. Status refers to whether a control measure exists at the location identified (status is “present’’) or will 
in the future reside at that location (status is “planned”, “anticipated”, “suspected”, or “on order”). If a control 
measure is on order, the status code shall be specified “A - anticipated or planned” and field amplifier “W” 
shall be present and specified ““O/O”. In general, linear control measures (including boundary lines) and area 
control measures shall be a solid line when indicating present status and a dashed line when indicating 
anticipated or planned status, as depicted in table 5-1. There are certain control measures such as 
counterattack which are drawn in the “present” status with dashed lines. 


Table 5-1. Present and planned status for control measure symbols 


as Point Graphics | Boundary Line Graphics Area Graphics 


Present 
position 22040000ZJAN99 
24040000ZJAN99 


Il 
Isolated personnel 
pickup point Assembly area green 


Planned, on 22040000ZJAN99 
order, or 24040000ZJAN99 


suspected 


MAIN AND MODIFIER ICONS AND AMPLIFIERS 


5-7. Main Icons. The main icon for control measures indicators is represented as Field A, and it provides 
the ability to depict the main or supporting function within the construct composition. Main icons for control 
measures are framed or unframed symbol constructs, or they are unique approved symbols that can be 
embedded within the symbol to effectively translate the intent or function. Not all control measures have this 
placement field, and the control measure template will indicate if the construct composition provides the 
capability to add a main icon to the symbol. 


5-8. Sector 1 Modifier icons. Only limited access areas and minefields use modifiers in their symbol 
construct. Each of these constructs have unique sector 1 modifier placement templates that are displayed in 
their military symbol construct sections. (See table 5-5, on page 5-12, for limited access area modifiers usage 
constructs, and tables 5-23, on page 5-89, and 5-24, on page 5-93, for minefield modifier usage constructs.) 


5-9. Amplifiers. An amplifier provides optional additional information about a tactical symbol. The field 
identification, field title, description, and maximum allowable display lengths of tactical symbol amplifiers 
are presented in table 5-2, on pages 5-4 through 5-5. An example of each amplifier (including both text and 
graphic indicators) is included in figure 5-2, on page 5-5. Amplifiers can be defined as either static or 
dynamic: 
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e Static amplifiers are amplifiers whose size and placement are fixed and remain constant. 


e Dynamic amplifiers are amplifiers whose size and placement are based on the attributes of an 
object, and they can change as these attributes and the scale of the background change. 
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' Example: 
‘ The statement six more than the difference of 
five and two could be written (5 - 2) + 6. 
Although the use of parentheses makes it clearer, 
it actually is not needed because of the order of 
operations. 


The sum of a and b, divided by 4 is written 
a+b. 
4 


Exdmple: 


Example: 


One-third of the product of x and y is written 


xy. 
3 


_ Example: 
es One divided by twice the sum of a and b is 
i a written 1 ; 

2(a + B) 


The product of 17 and 3 divided by 2 times 
their difference is written 17 x 3. 
2(17 - 3) 


Note: We are not asking for solutions to the statements, 
just translations. As with most mathematics, 
practice is required if you are to understand the 
translations. 


Now that you have associated words with mathematical symbols, 
let's look at some problem situations that involve the use of 
language. Diagrams will be used to help depict some of the 
situations. 
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Table 5-2. Main and modifier icon and amplifier descriptions for control measure symbols 


Field Field Title Description 

Identification 
A or sector 1 Main icon The part of a symbol that represents main function, capability, type, or 
modifier or modifier | classification. 


A unit symbol that identifies command level. 
Additional Content is implementation specific. 
information | Note. A maximum of 20 characters are allowed in this field. 
Hostile The letters “ENY” denote hostile control measure symbols. 
(enemy) Note. A maximum of 3 characters are allowed in this field. 
Direction of | Identifies the direction of movement or intended movement of an object. 


movement 
indicator 


Offset Used for points and chemical, biological and radiological (CBRN) events 
location to display a symbol away from its position while retaining its actual 
indicator location. 


Unique A text amplifier used to differentiate a symbol by numbering, lettering or a 
identifier combination of both, and or may be used to include the unit designation. 
Notes. 
1. In some cases, this tactical symbol may require multiple instances of a “T” amplifier 
to fully create or represent an object. 
2. “T1” may be used if field used displayed more than once in a tactical symbol. 
3. A maximum of 30 characters are allowed in this field. 


followed by four digits. The first pair of digits represents the day; the 
second pair, the hour; and the third pair, the minutes. The last four digits 
after the month are the year. For automated systems, two digits may be 
added before the time zone suffix and after the minutes to designate 
seconds. 

Note. A maximum of 16 characters are allowed in this field. 


Altitude or Displays the minimum, maximum or specific altitude (in feet or meters in 
depth relation to a reference datum), flight level, or depth (for submerged objects 
in feet below sea level). 
Note. A maximum of 15 characters are allowed in this field. 


Location Displays a symbol’s location in degrees, minutes, and decimal minutes. 
Note. A maximum of 22 characters are allowed in this field. 

Distance A numeric amplifier that displays a minimum, maximum, or specific 
distance (range, radius, width, or length) in meters. 
Note. A maximum of 7 characters are allowed in this field. 


Azimuth A numeric amplifier that displays an angle measured from true north to 
any other line in degrees. 
Note. A maximum of 3 characters are allowed in this field. 


Target A six character text modifier used in fire support operations to uniquely 
number designate targets where characters 1 and 2 are alphabetic, and 
characters 3-6 are numeric (for example, AANNNN). 


Note. A maximum of 6 characters are allowed in this field. 


Date and ‘W’” identifies the start DTG, and can be displayed alone or in conjunction 
time group | with “W1” to identify the projected DTG end date. The “W’ represents an 
(DTG) alphanumeric designator for displaying a date-time group 
(DDHHMMSSZMONYYYY) or “O/O” for on order. When “W” and “W1” are 
used in conjunction they identify the time control measure in effect. The 
date-time group is composed of a group of six numeric digits with a time 
Ww, W1 zone suffix and the standardized three-letter abbreviation for the month 
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Table 5-2. Main and modifier icon and amplifier descriptions for control measure 
symbols (continued) 


Field Field Title Description 
Identification 


A target number extension is a sequentially assigned number identifying 
the individual elements in a target, where character 1 is a dash and 
Target characters 2 and 3 are numeric, from 1 through 15. It is applicable only to 


number the “point or single target” symbol, is conditional upon the presence of the 
extension | target designator amplifier, and is visually displayed appended to the 
target number amplifier. 
Note. A maximum of 3 characters are allowed in this field. 


A 3-letter code representing geographical entity. 
Note. A maximum of 3 characters are allowed in this field. 
ECHELON INDICATOR (B) 


5-10. The echelon indicator provides a graphic representation of command level and is used to show the 
element echelon on lines and areas. The indicator is positioned as shown in figure 5-2 and Field B is defined 
in table 5-1, on page 5-2. 


2ID (USA) 
Xx 


52ID (UK) 7 


Division boundary Battalion battle position 


Figure 5-2. Echelon indicator usage construct examples 


DIRECTION OF MOVEMENT INDICATOR (Q) 


5-11. The direction of movement indicator is an arrow identifying the direction of movement of events. The 
arrow extends downward from the center of the icon and points in the direction of movement. The indicator 
is positioned as shown in figure 5-3 on page 5-6 and Field Q is defined in table 5-1, on page 5-2. 
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Figure 5-3. Direction of movement usage construct example 


OFFSET LOCATION INDICATOR (S’) 


5-12. The offset location indicator is used when placing an object away from its actual location. The indicator 
is a line extending downward from an appropriate anchor point on an icon. This amplifier permits including 
the actual location in latitude and longitude between the anchor point of the symbol and the line extending 
downward. The indicator is positioned as shown in figure 5-4 and Field S? is defined in table 5-1, on page 
5-2. 


+ 


Field S2 


oh Field $2 


™* FA 99317 34887 


\ J MSR 1 


Offset location indicator with latitude and longitude 


MSR 1 


Offset location indicator without latitude and 
longitude 


Figure 5-4. Offset location indicator usage construct examples 


ADDITIONAL INFORMATION AMPLIFIER (H) 


5-13. The additional information amplifier field is used to add content that is implementation specific, 
provided it does not exceed the allowed 20 maximum number of characters. This amplifier is positioned 
differently based on the symbol used. Figure 5-5 provides 2 different position variation constructs for this 
field. 
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Field H Field H 
14 individuals” f 


) ANTHRAX 


V/, 


14 individuals at Isolated personnel pickup point Anthrax biological event 


Figure 5-5. Additional information usage construct exam 


BOUNDARIES 


5-14. A boundary is a line that delineates surface areas for the purpose of facilitating coordination and 
deconfliction of operations between adjacent units, formations, or areas (JP 3-0). Figure 5-6 provides a 
boundary composition template that includes orientation of optional amplifier field labels for horizontal 
(east—west) and vertical (north—south) boundaries. (See table 5-3 on pages 5-8 through 5-9 for depictions 
of boundary control measures.) The following are the optional amplifiers that may be used with this control 
measure construct: 


Country code Field “AS” to identify the units’ three-letter geographical entity country code. 
Echelon indication Field “B” to identify the boundary echelon. 

Hostile (enemy) Field “N” to identify enemy boundaries. 

Unique identifier Field “T” to identify designations of adjacent units. 


Tras [= [vas 


Horizontal (east-west) 


Horizontal (east-west) 


Boundary symbol amplifiers 

AS: Country code field identifies the units’ three-letter geographical entity country code. 
B: Echelon indication field identifies the boundary echelon. 

N: Hostile (enemy) field identifies enemy boundaries. 

T: Unique identifier field identifies designations of adjacent units. 


Figure 5-6. Boundary composition template 
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Table 5-3. Boundaries 


Template Construct Example 


Engineer work line—A 
alin boundary i 326EN BN (USA) EWL 
used to compartmentalize ——$<— ge 
an area of operations to T2TEN'EN (USA) 
indicate where specific 
engineer units have 
primary responsibility for EWL EWL 
the engineer effort. 

TIAS TIAS 326EN BN (USA) | 127EN BN (USA) 
Note. Letters “EWL” are an 
integral part of the symbol but 


(FM 3-34) 
they can rotate based on EWL EWL 
direction of the line. 


2ID (USA) 
Xx 
52ID (UK) 


Friendly present boundary 


12IN Il 7IN 


IID (CAN) 


Friendly planned, on order 
boundary 
2AD (FRA) 


Monochrome 


S 
[e | . 


Enemy known boundary 
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Table 5-3. Boundaries (continued) 


Template Construct Example 


ENY 


3MRD Il 5MRD 


211AR 
ENY-—---— Il ---—ENY 
12ARCOY 


Enemy suspected or 
templated boundary 


5-15. Table 5-4, on page 5-10, provides construct examples for lateral and horizontal boundary control-line 
control measures between adjacent units in a division area of operations. 
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Table 5-4. Boundary control-line construct examples 


Example 


Boundary Type Note. Symbols colored gray are used to help explain how the control 


measure is used and are not a part of the control measure. 


MND(N) 


LL XK 


MND(S) 


5MB (CAN) 


Lateral boundary x 


H 


6IN (NLD) 


MND(S) 


ee 6 


1AD (DEU) 


MND(S) X 5MB 


orizontal boundary ARRC XX MND(S) MND(S) XX ARRC 


MND(S) X GIN 


AREAS 


5-10 


5-16. An area is a specified geographic surface included within a delineated set of lines (boundaries) used 
for the purpose of facilitating coordination and deconfliction between adjacent units, formations, or other 
specific geographical surfaces. Figure 5-7 provides the dynamic figure template for areas that provides the 
option to use 7 amplifier fields with the operations area main icon symbols listed in table 5-5, on pages 5-12 
through 5-16. Table 5-6, on pages 5-17 through 5-19, lists battle positions and operations area templates with 
unique drawing constructs. 
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Area template 


A — Icon that Identifies the main function. 

H — Additional information (content is implementation specific) 

N — Enemy: Letters “ENY” denote hostile. 

T — Identifies the unique text or numerical designation. 

W/W1 — Identifies the date-time group associated with area. 

Note. 

1. Not all fields are required for each area as some areas may use only one field, while others will use several. 
2. The information fields are moveable and scalable as a block in the area. 

3. The figure is dynamic. 


Figure 5-7. Template for area control measure symbols 


5-17. Table 5-5, on pages 5-12 through 5-16, lists area control measure main icon symbols that follow the 
specific format as shown in figure 5-7. 
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Table 5-5. Area control measures main icons 


Main Icon (Field A) Construct Example 


Area of operations—An 
operational area defined by 
a commander for land and 
maritime forces that should AO BUFFALO 
be large enough to 
accomplish their missions 
and protect their forces. 
(JP 3-0) 
Area of operations BUFFALO 


AA BLUE 


Assembly area BLUE 


AA BLUE 


pect a 
LS 


Assembly area—An area : 
a unit occupies to prepare Occupied 
for an operation. 


(FM 3-90-1) 
AA BLUE 


Occupied using offset for units 
—— oreo = 


AA LION 


bx 


= — a 


Planned, on order 


Base camp—An evolving 


military facility that 

supports the military 

operations of a deployed BC SOTO 
unit and provides the 

necessary support and 

services for sustained 


operations. 
(ATP 3-37.10) Base camp SOTO 
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Table 5-5. Area control measures main icons (continued) 


Main Icon (Field A) Construct Example 


Engagement area—An 
area where the 
commander intends to 
contain and destroy an 
enemy force with the 
massed effects of all 
available weapons and 
supporting systems. 
(ADP 3-90) 


Engagement area ROCK with three 
company battle positions Three 
company battle positions covering 
fields of fire 


Guerrilla base—A 
temporary site where 
guerrilla installations, 
headquarters, and some 
guerrilla units are located. A 
guerrilla base is considered 
to be transitory and must be 
capable of rapid 
displacement by personnel 
within the base. 

(ATP 3-05.1) 


GB 
BOOGEYMAN 


Guerilla base BOOGEYMAN 


Objective area—A 
geographical area, 
defined by competent 
authority, within which is 
located an objective to 
be captured or reached 
by the military forces. 
(JP 3-06) 


OBJ FIVE 


Objective area FIVE 


Target area of 
interest—The 
geographical area where 
high-value targets can be 
acquired and engaged by 
friendly forces. 

(JP 2-01.3) 


Target area of interest ALY 


Named area of interest 

—tThe geospatial area or 

systems node or link against 

which information that will 

satisfy a specific information 

requirement can be 

collected, usually to capture 

indications of adversary 

courses of action. 

(JP 2-01.3) Named area of interest 1 
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'” Example: 


An airfield has two runways. One is twice as 
long as the other. Draw lines to represent the 
runways and label each in terms of the same 
variable. 


This could be done two ways. First, draw the 
lines. 


Now, to label them you must select some convenient 
representation for either line. Let's say that 
you call the smaller runway x distance in length. 
x 
If the shorter one is x and the longer one is 
twice as long, then it would be 2x. 
x 


2x 


Suppose that you had labeled the longer one as x. 


x 


If it is twice as long as the shorter one, then 
the shorter one is 1/2x or x/2. 


As you can see from this last example, some of the problems can 
be expressed in different ways. Let's look at four more 
examples. 


Chapter 5 


Table 5-5. Area control measures main icons (continued) 


Main Icon (Field A) Construct Example 


Assault position—A 
covered and concealed 
position short of the 
objective from which final 
preparations are made to 
assault the objective. 
(ADP 3-90) 


Attack position—The 
last position an attacking 
force occupies or passes 
through before crossing the 
line of departure. 

(ADP 3-90) 


ASLT 


ASLT DANUBE 


Assault position DANUBE 


ATK NILE 


Attack position NILE 


ATK AMAZON 


Combined arms unit in attack position 
AMAZON 


Note. The “A” modifier is only used if a unit must stop in the attack position. Offset indicator 
may also be used. 


Holding Area 


Detainee holding 
area—A facility or other 
location where detainees 
are administratively 
processed and provided 
custodial care pending 
disposition and 
subsequent release, 
transfer, or movement to 
a theater detention 
facility. (JP 3-63) 


Refugee holding area 
Note: the use of “refugee 
holding area” acronym 
“RHA” is permitted to 
conserve space. 


5-14 


1St Division holding area 


REFUGEE 
HOLDING AREA 


REFUGEE sca 


HOLDING AREA 


15" Military Police REFUGEE 
HOLDING AREA 
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Table 5-5. Area control measures main icons (continued) 


Main Icon (Field A) Construct Example 


Support Area 


The portion of the commander’s area of operations that is designated to facilitate the positioning, employment, and 
protection of base sustainment assets required to sustain, enable, and control operations. (ADP 3-0) 


Forward arming and 
refueling point—A 
temporary facility, 
organized, equipped, and 
deployed to provide fuel and 
ammunition necessary for 
the employment of aviation 
maneuver units in combat. 
(JP 3-09.3) 


Brigade support area— 
A designated area in which 
sustainment elements locate 
to provide support to a 
brigade. (See ATP 4-90 for 
more information on the 
brigade support area.) 


Division support area— 
A designated area within the 
division commander's area 
of operations that provides a 
location to base the 
division’s sustainment 
assets and provide 
sustainment to the division. 
(See ATP 3-91 for more 
information on the division 
support area.) 


Corps support area— 
Established by the corps 
headquarters. (See 

FM 3-0 for more 
information on the corps 
support area.) 


10 November 2020 


FM 1-02.2 


FARP 


2nd Aviation forward arming and refueling 


point 


BSA CAPA 


Brigade support area CAPA 


Division support area CRUZ 


CSA MARIA 


Corps support area MARIA 
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Table 5-5. Area control measures main icons (continued) 


Main Icon (Field A) Construct Example 


_ | 


Drop zone—A specific 
area upon which airborne 
troops, equipment, or 
supplies are airdropped. 
(JP 3-17) 


Drop zone HAWK 
Landing zone—Any 
specified zone used for 
the landing of aircraft. LZ 
Also called LZ. (JP 3-17) 
Landing zone SILVER 
Pickup zone—A 
geographic area used to 
pick up troops or PZ WOLF 
equipment by helicopter. 
(See ATP 3-04.1 for 
more information on 
pickup zone.) 
Pickup zone WOLF 


5-18. Table 5-6, on pages 5-17 through 5-20, lists functions, templates, and examples for battle positions and 
operations area control measures that have unique usage constructs. A battle position is a defensive location 
oriented on a likely enemy avenue of approach. (See ADP 3-90 for more information on battle positions.) 
These control measures must follow the design and construct guidelines of this table. 
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Table 5-6. Battle position and unique operation area templates with examples 


Function 


Battle 
position 


Battle 
position 
planned but 
not prepared 


Battle 
position 
prepared but 
not occupied 


10 November 2020 


Battle Position 
A defensive location oriented on a likely enemy avenue of approach. (ADP 3-90) 


Example 


. 


XRAY 
II 


Battalion battle position XRAY 


\ 
MARS | 
\C Uf 


se 


Company battle position MARS planned but not 
prepared 


/ \ 
1 (P)MARS ; 
N 7 


~ 


a 


-~-|]—-- 


Company battle position MARS prepared but not 
occupied 
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Table 5-6. Battle position and unique operation area templates with examples 
(continued) 


Template Example 


Strong point 
—A heavily 
fortified battle 
position tied to 


a natural or 

reinforcing 

obstacle to 

create an TWO 
anchor for the 

defense or to 

deny the enemy | 


decisive or key 
terrain. 
(ADP 3-90) Company strong point Two 


Unique Area Templates with Examples 


Fortified area TANGO 


Fortified area 


Enemy encirclement operations 
Note. Numerous unit symbols can be included in the area for presentation. 


Encirclement 

operations— 

Operations 

where one force 

loses its 

freedom of ; : ; 
maneuver Friendly encirclement operations 
because an 

opposing force 

is able to Isolate 

it by controlling 

all ground lines 

of ENY ENY 
communications 

and 

reinforcement. 

(ADP 3-90) 
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Table 5-6. Battle position and unique operation area templates with examples 
(continued) 


Template Example 


Airhead line— 
A line denoting 
the limits of the 
objective area 
for an airborne 
assault. 

(JP 3-18) 


explosive 


Unexploded / \ 
UXO 

ordnance UXO 

(UXO) area 


UXO area covering part of road and bridge 
entrance 


Wy 


Limited 232330ZJUL18 
access area 
Note. The 
limited access 
area point 
symbol will be 
oriented upright, 


as shown in the a aoe 
template and Mobility Sector 1 Modifiers 


example. The 
listed mobility Wheeled (limited mobility) @) e) 
sector 1 
modifiers that 
can be used Wheeled (high mobility) 
with this control 
measure. 
Wheeled and tracked combination 
SS ee 
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Tracked limited access area from 1230 Zulu hour 
3 JUL 2018 to 2330 Zulu hour 23 JUL 2018 
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Table 5-6. Battle position and unique operation area templates with examples 
(continued) 


Template 


Railway (oo mme'e) 


ae oe decal 


as Cr 


POINTS 


5-19. Figure 5-8 provides the templates used for point control measure main icon symbols listed in table 5-7, 
on page 5-22, that include contact, coordination, decision, targets, sustainment, special supply distribution, 
and CBRN decontamination points. 


5-20. Supply points follow a slightly different format by using the unit sector 2 supply symbol in table 2-4, 
on page 2-10, to modify the frame toward the bottom of the vertical rectangle and make it supply unique. 
Figure 5-8 demonstrates this supply unique modification that is only used for supply point control measures. 


5-21. Distinctive action points have unique formats (including square, circular, star, and cross) that do not 
follow a specific template and are unique symbols that represent specific actions (including contact, 
coordination, decision, targets, communication, and air). Distinctive action points are listed in Table 5-9, on 
pages 5-38 through 5-43. 


5-22. The point templates in figure 5-8 also includes amplifier fields (see table 5-3 on page 5-8) that can be 
used for additional information. As a minimum a point shall include the function (Field A) information, and 
all other fields are optional information. Point symbols cannot be rotated and therefore text will not be written 
on an angle. Point symbol fields include— 


e Field A (required) can use acronyms or graphics in to identify the point name or function. 
e Field H (optional) used for additional information (content is implementation specific). 

e Field N (optional) used to identify an enemy point using “ENY”. 
e 


Field T, T1 (optional) for text amplifiers used to differentiate a symbol by numbering, lettering or 
a combination of both, and or unit designations. 


Field S2 (optional) used to indicate the offset or precise location of a single point symbol. 
e Field W, W1 (optional) used to identify the date-time group associated with point. 
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S2 


General purpose points Supply distribution points 


Point symbol fields 

A (required) can use acronyms or graphics in to identify the point name or function. 
H (optional) used for additional information (content is implementation specific). 

N (optional) used to identify an enemy point using "ENY". 


T, T1 (optional) for text amplifiers used to differentiate a symbol by numbering, lettering or a combination of 
both, and or unit designations. 


S2 (optional) used to indicate the offset or precise location of a single point symbol. 


W, WI1 (optional) used to identify the date-time group associated with point. 


Figure 5-8. Template for points (left) and supply distribution points (right) control measure 
symbols 


5-23. The point control measure symbols are used in the exercise of authority and direction by a properly 
designated commander over assigned and attached forces in the accomplishment of the mission. Table 5-7, 
on pages 5-22 through 5-34, lists point control measure main icons that follow figure 5-8 template construct 
formats. 
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Table 5-7. Point control measure main icon symbols 


Movement and Maneuver 


Checkpoint—A 
predetermined point on the 
ground used to control 
movement, tactical 
maneuver, and orientation. 
(See FM 3-90-1 for more 
information on checkpoints.) 


CKP 


Alternate MIL-STD 2525D and 
North Atlantic Treaty 
Organization (NATO) APP-6 
symbol usage 


Control—An action taken 
to eliminate a hazard or 
reduce its risk. (ATP 5-19) 
Note. This symbol 
demonstrates the capability 
and authority to exercise 
restraining or directing 
influence (regulating) over a 
specific function. 


Engineer regulating 
point—Checkpoint to 
ensure that vehicles do 
not exceed the capacity of 
the crossing means and to 
give drivers final 
instructions on 
site-specific procedures 
and information, such as 
speed and vehicle 
interval. 
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MSR 5 


140700ZMAR13 - 100MP DET 


142200ZMAR13 | CP 


12 
Check point 12 on main supply route 5, 
controlled by 100" Military Police 
Detachment, operational from 0700 Zulu 


hour 14 MAR 2013 to 2200 Zulu hour 14 
MAY 2013 


MSR 5 
400MP DET 
CKP 
12 


VV 


MSR 2 
120700ZMAY13- 


120900ZMAY13 f 


RED 


\/ 


Control point RED on main supply route 
2, controlled by 615th Military Police 
Company, operational from 0700 Zulu 
hour 12 MAY 2013 to 0900 Zulu hour 


12 MAY 2013 
ew 2EN BN 


140700ZMAR13 - 
142200ZMAR13 


615MP COY 


nA 
Engineer regulating point on main suply 
route 1, controlled by 2"? Engineer 
Battalion 
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Table 5-7. Point control measure main icon symbols (continued) 


NIGHT 
060900ZFEB08 — 
Linkup point—The point 100300ZFEB08 LU oo 
where two infiltrating 
elements in the same or 4 
different infiltration lanes are L 
scheduled to meet to 
consolidate before 
proceeding on with their 
missions. (FM 3-90-1) Night linkup point 1, controlled by 34 
Battalion, operational from 0900 Zulu hour 6 
FEB 2008 to 0300 Zulu hour 10 FEB 2008 


120700ZMAY13- 
120900ZMAY13 


Passage point—A 
specifically designated 
place where the passing 
units will pass through the 
stationary unit. 

(FM 3-90-2) 


PP 
RED 


WW, 


Passage point RED, controlled by 34 
Brigade, operational from 0700 Zulu hour 6 
FEB 2008 to 0900 Zulu hour 10 FEB 2008 


120700ZMAY13- 1BN 
130900ZMAY13 
Rally point—An easily RLY 


identifiable point on the 5 


\/ 


Rally point 5, controlled by 1st Battalion, 
operational from 0700 Zulu hour 12 MAY 
2013 to 0900 Zulu hour 13 MAY 2013 


221230ZDEC12- 
221530ZDEC12 
RP 
Release point—A LIMA 
location on a route where 
marching elements are 7 
released from centralized 
SONS EMS ee) Release point LIMA, controlled by 181° 
Battalion, operational from 1230 Zulu 


ground at which units can RLY 
reassemble and 

reorganize if they become 
dispersed. (ATP 3-21.20) 


hour 22 DEC 2012 to 1530 Zulu hour 22 
DEC 2012 


060630ZJUN13 
SP 


Start point—A location on 
2-3CAV 


a route where the march 
elements fall under the 
control of a designated 
march commander. 

(FM 3-90-2) 


VY 


Start point, controlled by 2"4 Troop, 3rd 
Cavalry Squadron, operational at 0630 
Zulu hour 6 JUN 2013 


10 November 2020 FM 1-02.2 5-23 


i Example: 


Example: 


_ Example: 


The floor of a room is made of 90 boards 

laid side by side. If w equals the number of 
inches in the width of one board, express the 
width of the room. 


If one board is w, then 90 boards must be 90 
times w or 90w. 


A company produced h pairs of jungles boots 
during its first month. Production increased 

by 5000 pairs each succeeding month, Express 
the number of pairs produced during the third 
month. This can be shown quite handily in chart 
form. 


ist month 2d month 3da_month 


h h + 5000 (h + 5000) + 5000 


A hut is 6 feet longer than twice its width. 
Represent the number of feet in the width and the 
length. The figure is a rectangle. You can 
start by letting w equal the width. The length, 
then, is 6 added to twice this width, or 2w + 6. 


2w +6 


The base of a triangle with two equal sides is 4 
feet less than the sum of the two equal sides. 
Translate this English expression into a 
mathematical symbol and represent the length of 
each side, the base, and the perimeter. 


Draw the figure. 
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Table 5-7. Point control measure main icon symbols (continued) 


Main Icon (Field A) Pp lel HCl alee 
WV 


Function 


Point of departure—The 
point where the unit 
crosses the line of 
departure and begins 
moving along a direction 
of attack. (ADP 3-90) 


Amnesty point 


Civilian collection point 
—A specific location 
where civilians are 
assembled to be 
transported to another 
location. 


Detainee collection 
point—A specific location 
where detainees are 
assembled until 
transportation becomes 
availble for relocation to 
detainee holding area or 


theater detention facility. (See 


JP 3-63 and FM 3-63 for 
more information on detainee 
collection point.) 


5-24 


Point of departure 1. 
Note. The offset indicator is used in the 
example to allow the viewer to better see the 
line of departure. It is not required. 


Consolidating 


WEAPONS 


140700ZMAR13- NZ 
120700ZMAY13_ | AMN 


UN 


AMN Wi 


United Nations weapons amnesty point, 
controlled by New Zealand, operational from 
0700 Zulu hour 14 MAR 2013 to 0700 Zulu 
hour 12 MAY 2013 


HN 
ONLY 
210700ZAUG13- 
221800ZAUG13 
CIV 


UN 


Ly 4 


Host nation only United Nations civilian 
collection point, controlled by North Atlantic 
Treaty Organization, operational from 0700 
Zulu hour 21 AUG 2013 to 0800 Zulu hour 
22 AUG 2013 


160530ZJUL13 — 18MP BDE 
180700ZJUL13 


Detainee collection point, controlled by 709" 
Military Police of the 18 Military Police 
Brigade, operational from 0530 Zulu hour 16 
JUL 2013 to 0700 Zulu hour 18 JUL 2013 


Personnel Recovery 
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Table 5-7. Point control measure main icon symbols (continued) 


Function 


Isolated personnel 
recovery (See JP 3-50 
and FM 3-50 for more 
information on isolated 
personnel recovery.) 


Search and rescue point 
—A predesignated 
specific location, relative 
to which isolated 
personnel provide their 
position to recovery 
forces. (JP 3-50) 


Main Icon (Field A) 


Decontamination 


Construct Example and Symbol 


Translation 


14 


140500zmaAR18-| <@ 


140800ZMAR18 


Isolated personnel (14 individuals) 
revovery point between 0500 Zulu hour 
Zulu 14 MAR 2018 and 0800 Zulu hour 

Zulu 14 MAR 2018 


ma 


Search and rescue point, operational at 
at 0630 Zulu hour 6 JUN 2020 


The process of making any person, object, or area safe by absorbing, destroying, neutralizing, making harmless, or 
removing chemical or biological agents, or by removing radioactive material clinging to or around it. (JP 3-11) 


Decontamination point 


Alternate decontamination 
point 


Equipment 
decontamination point 
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5 


030200Z0CT08- 
050700z0cT0s_ | DCN |® 
2BDE 


5 


030200ZSEP08- 
050700zsEP08. | DCN | 8A 
ALT 
2BDE 


WHEELED 
030200ZMAY08- 
o50700zmavos | DCN | 

E 
4ICB 
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Table 5-7. Point control measure main icon symbols (continued) 


Function 


Troop decontamination 
point 


Equipment or troop 
decontamination point 


Operational 
decontamination point 


Thorough 
decontamination point 


Main equipment 
decontamination point 


Forward troop 
decontamination point 


5-26 


Main Icon (Field A) 


DCN 
T 
DCN 
DCN 
O 


DCN 
TH 
DCN 
(M) 
E 
DCN 
(F) 
T 


FM 1-02.2 


Construct Example and Symbol 
Translation 


030200ZSEP08- 


3 
050700zsEP0s_ | DCN |RC(W) 
t 


212CB 


CONTRACTOR 
OPERATED 


210700ZAPRO08- 


o71s00zmavos | DCN | MNCS) 


E/T 
DEU 


VY 


6 


030200ZMAY08- 
050700zMayos_ | DCN |¥ 
0 
ACO 


MEDICAL 
DCN |E 
TH 
1CB 


Fi 


8 


030200ZMAY08- | pen |2 
050700ZMAY08 (M) 
E 
2coY 


030200ZMAY08- 
050700ZMAY08 


030200ZMAY08- 
050700ZMAY08 
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Table 5-7. Point control measure main icon symbols (continued) 


Function Main Icon (Field A) mili Prac ere Stee 


030200ZMAY08- 
050700ZMAY08 


Wounded personnel DCN 
decontamination point W 


Firing point 


Field Artillery 


060900ZFEBO08 - 
100300ZFEB08 


070700ZMARO8 - 
110500ZMAR08 


we 
100200ZAUG08 - 
110800ZAUG08 LP 
Launch point L Pp 
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061000ZNOVO08 - 
120800ZNOV08 


V/ 
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Table 5-7. Point control measure main icon symbols (continued) 


030300ZDEC08 - 42 
050400ZDEC08 | SCP 


\7 


Survey control point 


3 


160300ZDEC44 C/426/1BCT 
162359ZDEC44 | AXP | 101AAD 


Ambulance exchange 
point—A location where a 
patient is transferred from 
one ambulance to another 
en route to a medical 
treatment facility. 

(ATP 4-02.2) 


4077 


4 


3 


171800ZSEP44- 690C0/261BN 
172359ZSEP44 | ALP | 44mMEDBDE(SPT) 
2 


2 


251400ZAPR20- 568C0/168BN 
252300ZAPR20 65MEDBDE(SPT) 


Ambulance loading 
point—This is the point in 
the shuttle system where 
one or more ambulances 
are stationed ready to 
receive patients for 
evacuation. (ATP 4-02.2) 


Ambulance relay point— 
A point in the shuttle 
system where one or 
more empty ambulances 
are stationed to advance 
to a loading point or to the 
next relay post to replace 
departed ambulances. 
(ATP 4-02.2) 


\/ 


Ambulance control point 

—A manned traffic 

regulating, often stationed 6 

at a crossroad or road 151000ZJAN19- 514CO/56BN 
junction, where 152359ZJAN19 | ACP | 62MEDBDE(SPT) 
ambulances are directed ACP 

to one of two or more 5 

directions to reach loading 

points and medical Ki 

treatment facilities. 

(ATP 4-02.2) 
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Table 5-7. Point control measure main icon symbols (continued) 


Function 


Ammunition supply 
point—An ammunition 
support activity operated 
by one or more modular 
ammunition platoons. 
(ATP 4-35) 


Ammunition transfer 
holding point—A 
designated site operated 
by a brigade support 
battalion distribution 
company where 
ammunition is received, 


transferred, or temporarily 


stored to supported units 
within a brigade combat 
team. (ATP 4-35) 


Cannibalization point 


Casualty collection 
point—A location that 
may or may not be 
staffed, where casualties 
are assembled for 
evacuation to a medical 
treatment facility. 
(ATP-4-02.2) 


Logistics release point 


10 November 2020 


Construct Example and Symbol 


Main Icon (Field A) Translation 


ATHP 


AVIATION 


030200ZMAY08 - RC(W) 
050700ZMAY08 


SMALL 


030200ZMAY08 - 


o50700zMAY03 | ATHP | 4 


+7 


030200ZMAY 15- 541 CSSB 


1 
050700zMAY15 | CAN 
1 SMC 


ws 


1BCT 
101AAD 


060104ZJUN44- 


062359ZJUN44 | CCP 


2/327 


7 


3 
030200ZMAY15- 325BSBI3BCT 
050700ZMAY15 | LRP 
BCO 


5-29 


CAN 
CCP 
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Table 5-7. Point control measure main icon symbols (continued) 


Maintenance collection il alee 
point—A temporary 030200ZMAY15- 541 CSSB 
location established within 050700zmaY15 | MCP 
the battalion echelon for 
the collection of MCP 4 SMC 
equipment needing or 
undergoing field 
maintenance. (ATP 4-33) 
3 


040104ZNOV19- 4MEDBDE(SPT) 
042359ZNOV19 

Medical evacuation pickup 

point 


VW 


Mortuary affairs 

collection point—The 

location for receiving, 

establishing chain of 

custody, and evacuating 

human remains and 311 CO 
personal effects. (See 


ATP 4-46 for more 
information on mortuary 
affairs collection points.) 


Rearm, refuel and 
resupply point—A 
designated location 
through which a unit 
passes where it receives 
fuel, ammunition, and 
other necessary supplies 
to continue operations. 


2 
051200Z0CT12- 299 BSB/ 
071800Z0CT12 2 ABCT 

R3P 
FOXTROT 
Refuel on the move 
point—A location 


3 
030200ZMAY15- 142CSSB 
050700ZMAY15 | ROM 

504CSC 


established to ensure that 
fuel tanks on combat and 
fuel servicing vehicles are 
full before they arrive in 
the unit’s tactical 
assembly area. 
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Table 5-7. Point control measure main icon symbols (continued) 


Function 


Traffic control post—A 
manned post that is used 
to preclude the 
interruption of traffic flow 
or movement along a 
designated route. 

(FM 3-39) 


Trailer transfer point—A 
location established along 
the line haul system to 
divide the line haul into 
legs, where semitrailers or 
flatracks are transferred 
from one carrier to 
another while en-route. 
(See ATP 4-11 for more 
information on trailer 
transfer points.) 


North Atlantic Treaty 
Organization (NATO) 


Class | 


Those items which are 
consumed by personnel or 
animals at the 
approximately uniform 
rate, irrespective of local 
changes in combat or 
terrain conditions. 


U.S. 
Class | 
(subsistence items) 
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Main Icon (Field A) tear Roane’ SGI SVT) 


MSR1 


060900ZAPR18 - 
100300ZAPR18 | TCp non 
3MP 


4 
1410000ZMAR13- 541 CSSB/ 
1914000ZMAR13 TTP | 15 SUS BDE 

611S0C 


030200ZMAY08 - 
050700ZMAY08 


Sustainment Distribution 


030200ZAPRO8 - 
050700ZAPRO8 
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Table 5-7. Point control measure main icon symbols (continued) 
i ; : Construct Example and Symbol 


1 
020001ZAPR18 - 3 
050001ZAPR18 


NATO and U.S. 
Class II 


Supplies for which 
allowances are 
established by tables of 
organization and 
equipment. 


1 

NATO 

020001ZAPR18 - 3 
Class III i | | 
Fuels and lubricants for all 050001ZAPR18 
purposes, except for RC(E) 
operating aircraft or for 
use in weapons such as 
flame throwers. 


6 


030200ZAPRO8 - 
050700ZAPRO8 
U.S. 


Class Ill 


(petroleum, oils, and 
lubricants) 


4 
030200ZMAY08 - 7 
NATO 050700ZMAY08 | V 
Class IV 
Supplies for which initial | V 412EN 
issue allowances are not 
prescribed by approved 
issue tables. 
6 
030200ZAPRO8 - 14 
050700ZAPRO8 
U.S. 
Class IV 
(construction and barrier 
materials) 
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Table 5-7. Point control measure main icon symbols (continued) 


>20MM 


030200ZMAY08 - 6A 
050700ZMAY08 (\ 
550RD 
6 
030200ZAPRO08 - 14 
050700ZAPRO8 
U.S. 
Class VI 
(personal demand items) 


NATO and U.S. 
Class V 


Ammunition, explosives, 
and chemical agents of all 
types. 


030200ZAPRO8 - 
050700ZAPRO8 
U.S. 
Class VII Coe.6hC8 
(major end items) 
050001ZJUN19- 
052359ZJUN19 3BCT/82ABD 
U.S. and NATO 
Class VIII 
(medical) 
050001ZJUN19- 30MEDBDE(SPT)/ 
052359ZJUN19 MND 
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Example-~continued: 


By the way, what kind of triangle is it? You 
should have said that it is an isosceles 
triangle. Represent the length of each side 
by labeling these two equal sides with the 
same letter. The base is 4 feet less than the 
sum of these two sides. 


The perimeter or the sum of the three sides 
is represented as: 


st+s+2s- 4 
or 
4s - 4 


Lesson Summary. During this lesson you identified the five steps 
of the logical plan used in solving word problems. You also 
translated English expressions into mathematical symbols. During 
the next lesson you will use the logical plan to solve word 
problems. If you had a difficult time with the language, review 
this section before moving on. 


Lesson 2. SOLVING WORD PROBLEMS 
LEARNING OBJECTIVE 


Given word problems, apply the logical plan to solve each 
word problem. 


6201. Word Problems 


If we were to attack word problems with a plan just as we attack 
objectives by first organizing everything into a logical sequence 
as with operation orders, patrol orders, mission statements, 
commander's intent, and so on, much of the difficulty and fear 
these problems inspire would be replaced with confidence. Let's 
apply what you learned in previous lessons to solve word 
problems. 
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Table 5-7. Point control measure main icon symbols (continued) 


030200ZAPRO8 - 
050700ZAPRO8 


U.S. 
Class IX 
(repair parts) 


030200ZAPRO8 - 


050700ZAPRO8 
us CA 


Class X 


(material to support 
nonmilitary programs) 


6 
: 030200ZAPRO8 - 14 
NATO multiple supply 050700ZAPRO8 II | IV 
class point 


Use supply class numbers /I | /V 

(I, Il, Ul, IV and V) for A ISAF 
Field or ALL for all classes 

of supply. 


5-24. Table 5-8, on pages 5-35 through 5-36, lists distinctive action point functions, templates, and usage 
examples that must follow the guidelines of this table. 
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Table 5-8. Distinctive action point control measure functions, templates, and examples 


Function Template Construct Example and 
Symbol Translation 


Airfield—An area prepared for 
the accommodation (including 
any buildings, installations, and 
equipment), landing, and takeoff 
of aircraft. (JP 3-17) 


Contact point—tIn land 
warfare, a point on the terrain, 
easily identifiable, where two or 
more units are required to make 
contact. (JP 3-50) 


Decision point—A point in 
space and time when the 
commander or staff anticipates 
making a key decision 
concerning a specific course of 
action. (JP 5-0) 


Isolated personnel initial 
location (See JP 3-50 and, 
FM 3-50 for more 
information on isolated 
personnel initial locations.) 


Key terrain—An identifiable 
characteristic whose seizure or 
retention affords a marked 
advantage to either combatant. 
(ADP 3-90) 


10 November 2020 


oe JOINT 


Joint airfied 


4 | 


Contact point 1 


We 


Decision point 3 


14 


121100zmaR18- ~@ 
121130ZMAR18 


Isolated personnel (14 
individuals) initial location 
between 1100 Zulu hour 12 MAR 
2018 and 1130 Zulu hour 12 
MAR 2018 


K 
Key terrain 7 
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Table 5-8. Distinctive action point control measure functions, templates, and examples 
(continued) 


Function Template Construct eee ERAS eit) and 
eee ERAS eit) Translation 


v 


Point of interest 9 


v 


Point of interest 


Point of interest launch event 


Waypoint—A designated 
point or series of points 
loaded and stored ina 8 
global positioning system or 
other electronic navigational 
aid system to facilitate 
movement. 
Waypoint 8 


Target handover—Depicts 
a direct fire target handover 
mission is in progress and 
facilitates orientation of 
direct fires to maximize 
combat effectiveness and 
minimize fratricide. 


Target handover 12467 


LINES 


5-25. In table 5-9, on pages 5-38 through 5-43, there are line control measure symbols that follow a specific 
template format as shown in figure 5-9. 


e Most lines are also named as a phase line for ease of reference in orders and during transmissions. 


e Lines that have a specific purpose and are also named as phase lines (such as a restrictive fire line) 
should have the primary purpose in the Field T1 labeled on top of the line at both ends of the line 
inside the lateral boundaries or as often as necessary for clarity. 


e The designation of the controlling headquarters for fire support coordination measures is depicted 
in Field T2. 


The use of phase lines to mark line control measure symbols is not mandatory. 
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N—Field identifies hostile (enemy). 

T—Text amplifier used to differentiate a symbol by numbering, lettering, or a combination of both. 
T1—Text amplifier used to identify primary purpose (function). 

T2— Text amplifier used to identify the controlling headquarters. 

W-W1—Text amplifier for date and time group. 


Figure 5-9. Template for line control measure symbols 
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Table 5-9. Line control measure symbols 


Function Template Construct Example 
Note. Symbols colored gray are used to 
help explain how the control measure is 
used and are not a part of the control 
measure. 


Forward line of Friendly present 
own troops—A 
line which 
indicates the most 
forward positions 
of friendly forces in 
any kind of military 
operation ata 
specific time. 

(JP 3-03) 

Note. The open 
side of the arc Friendly planned, or on order 
reflects the 

reported unit. 


es ses wt 
SS ae ae ee 


‘ 
‘ 
é 
‘ 
é 
\ 
é 
‘ 


Enemy suspected or templated 


Line of 
contact—A 
general trace 
delineating the 
locations where 
friendly and enemy 
forces are 
engaged. 

(ADP 3-90) 

The line of contact 
symbol is created 
when both the 
friendly and enemy 
forward line of 
troops symbols are 
displayed. 

Note. The open 
side of the arc 
reflects the 
reported unit. 
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Table 5-9. Lines control measure symbols (continued) 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Phase line—an 

easily identified 

feature in the PL DAVID PL DAVID 
operational area 

utilized for control 

and coordination of 

military operations. 

(JP 3-09) 


Forward edge 
of the battle 
area—The 
foremost limits of a 
series of areas in 
which ground 


combat units are FEBA 

deployed to BESS PL MOCA 
coordinate fire 

support, the 

positioning of 


forces, or the 
maneuver of units, 
excluding areas in 
which covering or 
screening forces 


are operating. 
(JP 3-09.3) 


Release line— PL WIND PL WIND 
Phase line used in 

river crossing 

operations that —— f_ —_ 
delineates a aes 2 
change in the RL RL 

headquarters X XX 
controlling 

movement. (See RL RL 
ATP 3-90.4 for PL RAIN PL RAIN 
more information 

on release line.) 

Bridgehead line B L 

—The limit of the 

objective area in 

the development of 

the bridgehead. 

(See ATP 3-90.4 

for more 

information on 

bridgehead line.) B L 


Offensive Lines 
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Table 5-9. Lines control measure symbols (continued) 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Battlefield PL MONA >L MONA 
coordination BCL DeISSOMAYES OLIADOMAYIE 

line 

Battle handover 

line—A 

designated phase BHL 2310 BHL 2310 

line where ‘1o00uzmavie. owmzMavore- 
responsibility BHL O41200MAY18 041 200MAY18 
transitions from the 
stationary force to 
the moving force 
and vice versa. 
(ADP 3-90) 


BCL 
BHL 
Delay line—A 
phase line where 
the date and time 
ee ene 120800ZJAN19 120800ZJAN19 
enemy is not 121000ZJAN19 4 
allowed to cross DLY DLY alsa 
the phase line is 
depicted as part of 
the graphic control 
measure. 
(FM 3-90-1) 
Final 
coordination 
line—A phase line 
close to the enemy 
position used to PL OPAL FCL FCL PL OPAL 
coordinate the 
lifting or shifting of FC L FC L 
supporting fires 
with the final 
deployment of 
maneuver 
elements. 
(ADP 3-90) 
LOA LOA 


ae LOA LOA 
Limit of PL RUBY PL RUBY 
advance—A 
phase line used to 2X 3 
control forward 
progress of the 
attack. (ADP 3-90) 
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Table 5-9. Lines control measure symbols (continued) 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Line of Lp 

departure—In PL JADE PL JADE 
land warfare, a line 

designated to L D L D 

coordinate the 

departure of attack 

elements. 

(JP 3-31) 


Line of 
departure or 
line of 
contact— 


A line of LD/LC_ LD/LC 


contact is a LD/LC 


general trace 
delineating the 
locations where 
friendly and enemy 
forces are 
engaged. 

(ADP 3-90) 


Probable line of 
deployment—A 
phase line that 
designates the 
location where the 


commander PLD PL 
intends to deploy PL PEARL = = ™ =| PL PEARL 
the unit into 

assault formation 
before beginning 
the assault. (ADP 
3-90) 

Note. The dashed 
lines in this symbol 
shall be displayed 
in present and 
anticipated status. 


Common 
sensor 
boundary—A 


2X3 3X1 


\ : ) 


line depicted by ésp / CSB 

a series of grid a 
coordinates, grid || CF ZONE 2 ),} 

line, phase line CSB] T2 | CSB — i‘ a a 
or major terrain Sy | 


¥ 
feature that ] 
acquisition : ‘ 
search areas : 
into radar 
acquisition 
management 
areas. (FM 3-09) 
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Table 5-9. Lines control measure symbols (continued) 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Fire support 

coordination 

line—A fire 

support 

coordination 

measure 

established by the 

land or amphibious 

force commander 

to support common 

objectives within FSCL1AD FSCL1AD 
an area of FSCL FCSL 110800ZMAY 19- 110800ZMAY 19- 
operation; beyond ee 041200MAY19 041200MAY19 
which all fires must 

with affected 

commanders prior 

to engagement, 

and short of the 

line, all fires must 

be coordinated 

with the 

establishing 

commander prior 

to engagement. 

(JP 3-09) 


Coordinated 

fire line—A line 

beyond which 

conventional 

surface-to-surface 

direct fire and 

indirect fire support CFL 2BCT 
means may fire at 210800ZNOV19- 
any time within the 241200ZNOV19 
boundaries of the 

establishing 

headquarters 

without additional 

coordination but 

does not eliminate 

the responsibility to 

coordinate the 

airspace required 

to conduct the 

mission. (JP 3-09) 
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Table 5-9. Lines control measure symbols (continued) 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Restrictive fire 

line—A specific 

boundary 

fencer RFL RFL sus —_ tt 
converging, 041200MAY18 —-041200MAY18 
friendly surface 

forces that 

prohibits fires or 


their effects from 
crossing. (JP 3-09) 


Intelligence Line 


Intelligence ICLMOCANO _ ICL MOCANO 
140800ZMAY18-  140800ZMAY18- 


coordination I 441200MAY18 ——441200MAY13 
line 


MOVEMENT AND MANEUVER CONTROL MEASURE SYMBOLS 


5-26. Movement is the positioning of combat power to establish the conditions for maneuver (ADP 3-90), 
and maneuver is the employment of forces in the operational area, through movement in combination with 
fires and information, to achieve a position of advantage in respect to the enemy (JP 3-0). (See FM 3-90-1 
and FM 3-90-2 for additional information on movement and maneuver.) 


5-27. Table 5-10, on pages 5-44 through 5-47, includes forms of maneuver control measures. Forms of 
maneuver are distinct tactical combinations of fire and movement with a unique set of doctrinal 
characteristics that differ primarily in the relationship between the maneuvering force and the enemy 
(ADP 3-90). 
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6202. Problems Involving Formulas 


Problems involving formulas are by far the easiest type of word 
problems since the formula is the equation and it is necessary 
only to plug the pertinent items into it. The type of formula 
most often encountered will probably involve some aspect of 
geometric figures. Conversely, keep in mind that whenever the 
problem discusses a geometric figure, there is a formula which 
can aid you. Always sketch the figure, label the parts with the 
information that you have, and then apply the proper formula to 
the information. 


“Example: 


(1) Read the problem. 


The company storage space is 4 feet 
wide and has an area of 68 square feet. 
What is the length? 


(2) Determine unknowns and represent them. 
Here a diagram does this. 


1 


68 sq ft 


Write an equation. 


A lw 
68 1(4) 


Solve the equation. 


A Check: 68 
68 68 
68 
4 
17 


Answer the problem. 


The length of the company storage space 
is 17 feet. 
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Table 5-10. Forms of maneuver control measure symbols 


Control Measure Template Construct Example and Symbol 
Translation 


Axis of Advance 
The general area through which the bulk of a unit’s combat power must move. (ADP 3-90) 


Airborne infantry unit moving on airborne 
axis of advance SWORD from 0400 Zulu 
hour 8 October 2008 to 0300 Zulu hour 12 


Airborne or October 2008. 
aviation axis of 


advance 


Aviation infantry unit moving on aviation axis 
of advance SNOW from 0400 Zulu hour 8 
October 2008 to 0300 Zulu hour 12 October 


Attack helicopter 
axis of advance 


Aviation infantry unit moving on attack 
helicopter axis of advance MARK from 0400 
Zulu hour 8 October 2008 to 0300 Zulu hour 

12 October 2008. 
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Table 5-10. Forms of maneuver control measure symbols (continued) 


Control Measure Template Construct Example and Symbol 
Translation 


080400ZOCT08 - 
120300ZOCT08 


Main axis of Mechanized infantry unit moving on main 
advance—The axis of advance WHITE from 0400 Zulu hour 
principal attack or 8 October 2008 to 0300 Zulu hour 12 
effort into which the October 2008. 
commander throws 
the full weight of the 
offensive power at 

. . 080400ZOCT08 - 
his disposal. 120300ZOCT08 


Cavalry unit moving on feint main axis of 
advance HURO from 0400 Zulu hour 8 
October 2008 to 0300 Zulu hour 12 October 
2008. 


Attack 


A type of offensive operation that destroys or defeats enemy forces, seizes and secures terrain, or both. 
(ADP 3-90) 


Attack by fire—A 

tactical mission task 

in whicha 

commander uses 

direct fires, 

supported by 

indirect fires, to 

engage an enemy 

force without closing 

with the enemy to os ; 
destroy, suppress, Mechanized infantry unit attacks an enemy 
fix, or deceive that unit by fire 
enemy. (FM 3-90-1) 


Support by fire—A 
tactical mission task 
in which a maneuver 
force moves to a 
position where it can 
engage the enemy 
by direct fire in 


support of another : F ; 
maneuvering force. Mechanized infantry battalion conducts 


(FM 3-90-1) support by fire 
Direction of Attack 
A specific direction or assigned route a force uses and does not deviate from when attacking. (ADP 3-90) 
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Table 5-10. Forms of maneuver control measure symbols (continued) 


Control Measure Template Construct Example and Symbol 
Translation 
[A] [>< | —><PAVON > 


080400ZOCT08 - 


Aviation direction 120300ZOCT08 


hatiaek Aviation unit aviation direction of attack from 


0400 Zulu hour 8 October 2008 to 0300 
Zulu hour 12 October 2008. 


——main-) 


080400ZOCT08- 
120300ZOCT08 


Combined arms unit direction of main attack 
from 0400 Zulu hour 8 October 2008 to 
Direction of main 0300 Zulu hour 12 October 2008. 


attack 7 
N 
><] ———nmaIN >> > 
li 


080400ZOCT08- ” 
120300ZOCT08 


Infantry unit feint direction of main attack 
from 0400 Zulu hour 8 October 2008 to 
0300 Zulu hour 12 October 2008. 


080400ZOCT08- 
120300ZOCT08 


Mechanized armored unit planned direction 

of supporting attack ORNE from 0400 Zulu 

hour 8 October 2008 to 0300 Zulu hour 12 
October 2008. 


Direction of 


supporting attack 
PP g 080400ZOCT08- 


120300ZOCT08 


Infantry unit feint direction of supporting 
attack YALU from 0400 Zulu hour 8 October 
2008 to 0300 Zulu hour 12 October 2008. 


—ENY -—-- 


Enemy or suspected direction of supporting 
attack 
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Table 5-10. Forms of maneuver control measure symbols (continued) 


Control Measure Template Construct Example and Symbol 
Translation 


Infiltration 


A form of maneuver in which an attacking force conducts undetected movement through or into an area occupied by 
enemy forces to occupy a position of advantage in the enemy rear while exposing only small elements to enemy 
defensive fires. (FM 3-90-1) 


Infiltration lane—A 
control measure that 
coordinates forward 


and lateral movement 
of infiltrating units and 
fixes fire planning 
responsibilities. 

(FM 3-90-1) 


Infiltration lane GREEN through fortified line 


5-28. Table 5-11 includes movement to contact control measures. Movement to contact is a type of offensive 
operation designed to develop the situation and to establish or regain contact (ADP 3-90). 


Table 5-11. Movement to contact control measure symbols 


Control Measure Template Construct example and symbol 
translation 


AVD 
Cordon and knock ra C/K 
RAY 


Cordon and knock an educational institution 


Cordon and search—A 


technique of conducting a 

movement to contact that 

involves isolating a target 

area and searching suspect 

locations within that target 

area to capture or destroy 

possible enemy forces and 

contraband. (FM 3-90-1) Cordon and search chemical, biological, 
radiological, and nuclear (CBRN) research 

facility 


5-29. Table 5-12, on page 5-48, includes attack control measures. An attack is a type of offensive operation 
that destroys or defeats enemy forces, seizes and secures terrain, or both (ADP 3-90). Demonstrations and 
feints, while forms of attack, are also associated with the conduct of military deception operations. (See JP 
3-13 for more information on attacks.) 
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Table 5-12. Attack control measure symbols 


Control Measure Template Construct Example and Symbol 
Translation 


Ambush—An attack by fire 
or other destructive means 
from concealed positions on a 
moving or temporarily halted 
enemy. (FM 3-90-1) 


Counterattack—Attack by 
part or all of a defending force 
against an enemy attacking 
force, for such specific 
purposes as regaining ground 
lost, or cutting off or destroying 
enemy advance units, and with 
the general objective of 
denying to the enemy the 
attainment of the enemy’s 
purpose in attacking. In 
sustained defensive 
operations, it is undertaken to 
restore the battle position and 
is directed at limited 
objectives. (FM 1-02.1) 

Note. The dashed lines in this 
graphic shall be displayed in 
present and anticipated status. 


Demonstration—In military 
deception, a show of force 
similar to a feint without actual 
contact with the adversary, in 
an area where a decision is 
not sought that is made to 
deceive an adversary. 

(JP 3-13.4) 


Feint—lIn military deception, 
an offensive action involving 
contact with the adversary 
conducted for the purpose of 
deceiving the adversary as to 
the location and/or time of the 
actual main offensive action. 
(JP 3-13.4) 


5-30. Table 5-13, on pages 5-49 through 5-50 includes enabling control measures. Enabling operations apply 
to all elements of decisive action, and related military symbols usage is described in ADP 3-90. Enabling 
operations include security, reconnaissance, relief in place, and passage of lines. 
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Table 5-13. Enabling operations control measure symbols 


Security Operations 


Those operations performed by commanders to provide early and accurate warning of enemy operations, to provide 
the forces being protected with time and maneuver space within which to react to the enemy, and to develop the 
situation to allow commanders to effectively use their protected forces. (ADP 3-90) 


Draw rules— 
1. Front of symbol faces enemy in a direction outward from friendly forces. 


2. Letters (C,S,G) have the option to rotate independently and can adjust based on the direction of 
symbol. 


3. Unit icon remains oriented for left-to-right legibility. 


4. Arrows can originate from any point on the unit icon and orient outward in any direction necessary to 
depict the task. 


5. Arrows may be elongated to cover desired area. 


pC Horizontal | Vertical 


Construct Example and Symbol 
Translation 

Note. The friendly or hostile frame (gray) is not 
part of the symbol; it is for orientation only. 


Control Measure 


Screen—A type of 
security operation that 
primarily provides early 
warning to the 
protected force. 

(ADP 3-90) 

Cover—A type of 
security operation 
done independent of 
the main body to 
protect them by 
fighting to gain time 
while preventing 
enemy ground 
observation of and 
direct fire against the 
main body. 

(ADP 3-90) 


Guard—A type of 
security operation 
done to protect the 
main body by 
fighting to gain time 
while preventing 
enemy ground 
observation of and 
direct fire against the 
main body. 

(ADP 3-90) 
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Table 5-13. Enabling operations control measure symbols (continued) 


Passage of Lines 


An operation in which a force moves forward or rearward through another force’s combat positions with the intention of 
moving into or out of contact with the enemy. (JP 3-18) 


Forward passage 
of lines—Occurs 
when a unit passes 
through another unit's 
positions while moving 
toward the enemy. 
(ADP 3-90) 


Rearward passage 
of lines—Occurs 
when a unit passes 
through another 


unit’s positions while 
moving away from 
the enemy. 

(ADP 3-90) 


Relief in Place 


An operation in which, by direction of higher authority, all or part of a unit is replaced in an area by the incoming unit 
and the responsibilities of the replaced elements for the mission and the assigned zone of operations are transferred to 
the incoming unit. (JP 3-07.3) 


Relief in place 


5-31. Table 5-14, on page 5-51, includes retrograde control measures. Retrograde applies to the elements of 
decisive action under defensive operations. Retrograde-related military symbols usage is described in 
ADP 3-90. Retrograde includes delay, withdraw, and retirement. 
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Table 5-14. Retrograde control measure symbols 


Control Template Construct Example and Symbol 
Measure Translation 


Delay—When a 

force under 

pressure trades 

space for time by 

slowing down the 

enemy's a“ = 
momentum and a 

inflicting maximum a 1211302MARIB ) 
damage on <—D <_——_* 

enemy forces 

without becoming 

decisively 

engaged. 

(ADP 3-90) 


Note. “W” and “W1 are optional amplifiers that identify the start date-time group, and can be 
displayed alone or in conjunction with “W1” to identify the projected date-time group end date. 


Retirement— 
When a force out 
of contact moves 
away from the 
enemy. 

(ADP 3-90) 


Withdraw—To 
disengage from 
an enemy force 
and move ina 
direction away 
from the enemy. 
(ADP 3-90) 


Withdraw 
under pressure 


OBSERVATION POST CONTROL MEASURES 


5-32. An observation post is a position from which military observations are made, or fire directed and 
adjusted, and which possesses appropriate communications. Table 5-15, on page 5-52, lists the observation 
post control measures. 
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Table 5-15. Observation post control measure symbols 


Function Construct 


Note. Symbols without amplifier fields cannot be modified and 
must be used as depicted. 


Observation post—A position from which 
military observations are made, or fire 
directed and adjusted, and which possesses 
appropriate communications. While aerial 
observers and sensors systems are 
extremely useful, those systems do not 
constitute aerial observation posts. 

(FM 3-90-2) 


Reconnaissance observation post 


Forward observer—An observer operating 
with front line troops and trained to adjust 
ground or naval gunfire and pass back 
battlefield information. (JP 3-09) 


Chemical, biological, radiological, or nuclear 
(CBRN) observation post 


Sensor observation post or listening post 


Combat outposi—A reinforced observation 
post capable of conducting limited combat 
operations. (FM 3-90-2) 


MILITARY DECEPTION CONTROL MEASURES 


5-33. Military deception is actions executed to deliberately mislead adversary military, paramilitary, or 
violent extremist organization decision makers, thereby causing the adversary to take specific actions (or 
inactions) that will contribute to the accomplishment of the friendly mission (JP 3-13.4). Military deception 
control measures are designed to identify actions executed to mislead the enemy by manipulation, distortion, 
or falsification of evidence to induce the enemy to react in a manner prejudicial to the enemy’s interests. 
Table 5-16, on pages 5-53 through 5-54, demonstrates the military deception icon symbol usage construct. 
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Table 5-16. Military deception control measure symbols 


Feint, Decoy, or Dummy Indicator Line 


¢ . 
At 45° 45° C 


Note. The decoy, dummy, feint, or phony icon is added to another symbol, such as equipment, installations, or control 
measures to form the decoy, dummy, feint, or phony symbol. 


Examples 


a 
7s 
7 Ss 
° 6 . 


030200ZAPRO08- 14 
050700ZAPRO8 
Single point control measure 


Dummy Class 3 supply point 


7s 
¢ 7 Re . 
Cc) 
Equipment tH 
OOO 
Dummy armored high mobility wheeled vehicle 
os 
¢ \ 
¢ ss 
¢ SN 
Installation 8 
Dummy electrical installation 
7 N 
7 \ 
Dummy antitank minefield 
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{1) Read the problen. 


A picture of our National Ensign is 4 feet less 
in length than twice its width. To frame the 
picture, 76 feet of framing is needed, Find the 
dimensions of the picture. 


(2) Determine the unknowns and represent them. 


Draw the figure. 


width = w 
length = 2w-4 
perimeter = 76. 


Write an equation. 


P 21+ 2w 
76 2(2w - 4) + 2(w) 


Solve the equation. 


P 21 + 2w 
76 2(2w - 4) + 2(w) 


Note: Do you recall the distributive property 
for multiplication? If not, you should review 


study unit 1. 


Wor Wt 


i 
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Table 5-16. Military deception control measure symbols (continued) 


Examples 


Minefield, dynamic or mined area 


Dummy dynamic unspecified minefield 


7 N 

7 \ 

Mined area, fenced x M — 
Cee i 


Seem 


Antipersonnel fenced mined area 


Feint (axis of advance) 


Feint (direction of attack) 


AIRSPACE CONTROL MEASURES 


5-34. Airspace control measures are the capabilities and procedures used to increase operational 
effectiveness by promoting the safe, efficient, and flexible use of airspace. (See JP 3-52 for more information 
on airspace control measures.) Airspace control measures are used to segregate, control, and reserve airspace 
for operations. Airspace control measures are also used to— 


e Enhance the effectiveness of accomplishing the commander’s objectives. 

e Prevent mutual interference. 

e Facilitate air defense identification. 

e Prevent fratricide. 

e Help in safely accommodating the flow of all air traffic in the area of operations. 


Table 5-17, on pages 5-55 through 5-62, lists airspace control measure symbols. (See ATP 3-52.1 for 
additional information on airspace control and associated military symbol doctrine.) 
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Table 5-17. Airspace control measure symbols 


Template 


DTG START: |W] 
DTGEND: [Wwt1] 


[Al [TT 


A—Main icon Identifies function. 

AM—A numeric amplifier that displays a minimum, maximum, or specific distance (including range, radius, width, or 
length) in meters. 

T—A text amplifier that uniquely identifies the corridor. 

X, X1—Identifies the minimum, maximum or specific altitude (in feet or meters in relation to a reference datum), flight 
level, or depth. 

W, W1—ldentifies the date-time group associated with corridor. 


Function Main Icon (Field A) Construct Example and Symbol Translation 


NAME: GOLD 
WIDTH: 1200FT 
MIN ALT: 1500FT AGL 
MAX ALT: 20000FT AGL 
DTG START: 270600ZMAY08 
DTG END: 271845ZMAY08 


Air corridor—A restricted @ Ae SOP @ 


air route of travel specified . : . : : ; 
for use by friendly aircraft Air corridor GOLD including air control points 
and established for the uaa eon 

purpose of preventing WIDTH: 1200FT 

friendly aircraft from being ee eee. cae eee 


fired on by friendly forces. DTG START: 240700ZSEP08 
(JP 3-52) DTG END: 280700ZSEP08 


Air corridor GOLD with multiple segments, 
including air control points and a 
communication control point 


NAME: COBRA 

WIDTH: 300FT 

MIN ALT: 150FT AGL 

MAX ALT: 3000FT AGL 
Low-level transit route— DTG START: 240500ZOCT08 
A temporary corridor of DTG END: 241845ZOCT08 


defined dimensions 


established in the forward 
area to minimize the risk to LLTR COBRA 
friendly aircraft from 


friendly air defenses or : : : : 
surface forces. (JP 3-52) Low-level transit route air corridor Red, width 


300 feet, minimum altitude 150 feet, maximum 
altitude 3000 feet, operational from 0500 Zulu 
24 OCT 2008 to 1845 Zulu 24 OCT 2008 
(between air control points 1 and 2) 
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Table 5-17. Airspace control measure symbols (continued) 


Construct Example and Symbol Translation 


NAME: RED 
WIDTH: 1500FT 
MIN ALT: 3000FT AGL 
MAX ALT: 21000FT AGL 
Minimum-risk route—A DTG START: 110200ZSEP08 
temporary corridor of defined DTG END: 140300ZSEP08 
dimensions recommended for 
use by high-speed, fixed-wing 
aircraft that presents the Cp MRR RED @& 
minimum known hazards to low- 
flying aircraft transiting the 
combat zone. (JP 3-52) Minimum-risk route air corridor RED, width 
1500 feet, minimum altitude 3000 feet, 
maximum altitude 21000 feet, operational from 
0200 Zulu 11 SEP 2008 to 0300 Zulu 14 SEP 
2008 (between air control points 1 and 2) 


NAME: LION 
WIDTH: 600FT 
MIN ALT: 600FT AGL 
MAX ALT: 3000FT AGL 
DTG START: 240730ZFEB08 
DTG END: 280900ZFEB08 


Safe lane—A bi-directional lane 
connecting an airbase, landing 
site or base defense zone to 
adjacent routes or corridors. 
Safe lanes may also be used to 
connect adjacent activated 
routes or corridors. (See 

ATP 3-52.1 for more information 
on safe lanes.) 


Safe lane air corridor LION that includes air 
control points 


NAME: OWL 
WIDTH: 500M 
: : : MIN ALT: 100M 
Special corridor—A corridor MAX ALT: 1200M 
used to accomidate a ee DTG START: 220700ZJUN20 
routing requirements of specific yoy 
missions and are used for S DTGEND: 3007002JUN20 
special operations aircraft. (See 
ATP 3-52.1 for more information 
on special corridors.) sc OWL 
Special corridor OWL including air control 
points 

Standard use Army aircraft NAME: BLUE 
flight route—Route established WIDTH: 600FT 
below the coordination level to MIN ALT: 150FT AGL 
facilitate the movement of Army MAX ALT: 3000FT AGL 
aviation assets; it is normally Be Billa io aioli 
located in the corps through : 
brigade rear areas of operation 
and does not require approval (ocr) snare ius (*¢*) 
by the airspace control 
authority. (JP 3-52) 
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Table 5-17. Airspace control measure symbols (continued) 


[Function | Main icon __| Construct Example and Symbol Translation 


NAME: KING 
WIDTH: 900FT 
Transit corridor—Bi-directional MIN ALT: 2100FT AGL 
in the rear area and established MAX ALT: 6000FT AGL 
to route aircraft through air DTG START: 260700ZMAR08 


defenses. (See ATP 3-52.1 for BTS END: Zen One ente 


more information on transit 
corridor.) Co) Tene (*") 


NAME: DRAGON 


Unmanned aircraft (UA) a wine “asooee Taee 


corridor—Airspace established MAX ALT: 12000FT AGL 
by the airspace control DTG START: 200700ZMAY08 
authority, based on the UA DTG END: 210700ZMAY08 
mission. (See ATP 3-52.1 for 


more information on an UA 
corridor.) UA DRAGON 


Lines Without Amplifier Fields 
Note: Symbols without amplifier fields cannot be modified and must be used as depicted. 


Identification, friend-or-foe 

switch off-line—Line marks 

where friendly aircraft stop 

emitting an identification, friend- IFF OFF 
or-foe signal. (See ATP 3-52.1 

for more information on 

identification, friend-or-foe 

switch off lines.) 


Identification, friend-or-foe 
switch on-line—Line marks 
where friendly aircraft start 
emitting an identification, friend- 
or-foe signal. (See ATP 3-52.1 
for more information on 
identification, friend-or-foe 
switch on lines.) 
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Table 5-17. Airspace control measure symbols (continued) 


Function 


Base defense zone—An 
air defense zone 
established around an air 
base and limited to the 
engagement envelope of 
short-range air defense 
weapons systems 
defending that base. 


(JP 3-52) Note: This zone symbol has no amplifier fields and cannot be modified. 


Zone Symbols with Amplifier Fields 
Template 


[A] 

MIN ALT: 
MAX ALT: 
TIME FROM: [W] 
TIMETO: ([W1I 


A—Main icon that Identifies the function. 
T—ldentifies the unique unit designation servicing the zone. 


X, X1—Identifies the minimum, maximum and/or specific altitude (in feet or meters in relation to a 
reference datum), flight level, or depth. 


W, Wi—ldentifies the date-time group associated with zone. 


Function Main Icon (Field A) Construct Example and Symbol 
Translation 


HIDACZ 
101 ACA 
MIN ALT: 450000FT AGL 
MAX ALT: 1110000FTAGL 
High-density airspace control TIME FROM:120700ZMAY13 
zone—Airspace designated in TIME TO: 140630ZMAY13 
an airspace control plan or 
airspace control order in which H | DACZ 
here i ncentr: 
ne Paine oe and High-density airspace control zone, 
varied weapons and airspace established by 1015 airspace control 
users. (JP 3-52) authority for a minimum altitude of 450000 
feet above ground level and a maximum 
altitude of 1110000 feet above ground 
level, operational from 0700 Zulu hour 12 
MAY 2013 to 0630 Zulu hour 14 MAY 
2013. 
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Table 5-17. Airspace control measure symbols (continued) 


Main Icon (Field A) Construct Example and Symbol 
Translation 


Restricted Operations Zones 


Function 


Restricted operations zone— 
Airspace reserved for specific 
activities in which the 
operations of one or more 
airspace users is restricted. 
(JP 3-52) 


Air-to-air refueling restricted 


operations zone—Airspace of 
defined dimensions set aside 
for aerial refueling operations. 
(See ATP 3-52.1 for more 
information on air-to-air 
refueling restricted operations 
zones.) 


Unmanned aircraft restricted 
operations zone—Airspace of 
defined dimensions created for 
unmanned aircraft system 


operations. (See ATP 3-52.1 for 
more information on unmanned 


aircraft restricted operations 
zones.) 


10 November 2020 


AAR ROZ 


FM 1-02.2 


ROZ 

11 ADA BDE 

MIN ALT: 2700FT AGL 
MAX ALT: 21000FT AGL 
TIME FROM: 030001ZJUL08 
TIME TO: 032400ZJUL08 


Restricted operations zone, designated by 
11th Air Defense Artillery Brigade for a 
minimum altitude of 2700 feet above 
ground level and a maximum altitude of 
21000 feet above ground level, operational 
from 0700 Zulu hour 12 MAY 2013 to 0630 


Zulu hour 14 MAY 2013. 


AARROZ 
21D 


MIN ALT: 750FT AGL 

MAX ALT: 21000FT AGL 
TIME FROM: 201200ZAPRO8 
TIME TO: 232100ZAPRO8 


Air-to-air refueling restricted operations 
zone, designated by 2 Infantry Division for 
a minimum altitude of 750 feet above 
ground level and a maximum altitude of 
21000 feet above ground level, operational 
from 1200 Zulu hour 20 APR 2013 to 2100 


Zulu hour 23 APR 2013. 


UAROZ 
MND (N) 

MIN ALT: 75FTAGL 

MAX ALT: 6000FTAGL 
TIME FROM1120500ZMAY13 
TIMETO: 142400ZMAY13 


Unmanned aircraft restricted operations 
zone, designated by Multinational Division 
(North) for a minimum altitude of 75 feet 
above ground level and a maximum altitude 
of 6000 feet above ground level, 
operational from 0500 Zulu hour 12 MAY 
2013 to 2400 Zulu hour 14 MAY 2013. 
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Table 5-17. Airspace control measure symbols (continued) 


Function 


Weapon engagement zone— 
In air and missile defense, 
airspace of defined dimensions 
within which the responsibility 
for engagement of air threats 
normally rests with a particular 
weapon system. (JP 3-01) 


Joint engagement zone—In 
air and missile defense, that 
airspace of defined dimensions 
within which multiple air 
defense systems (surface-to-air 
missiles and aircraft) are 
simultaneously employed to 
engage air threats. (JP 3-01) 


Missile engagement zone—In 
air and missile defense, that 
airspace of defined dimensions 
within which the responsibility 
for engagement of air and 
missile threats normally rests 
with with surface-to-air missile 
systems. (JP 3-01) 


5-60 


JEZ 
JTF 
MIN ALT: 300FT AGL 
MAX ALT:120000FT AGL 
TIME FROM: 310100ZOCT08 
TIME TO: 010100ZNOVO8 
Joint engagement zone, designated by joint 
task force for a minimum altitude of 300 
feet above ground level and a maximum 
altitude of 120000 feet above ground level, 
operational from 0100 Zulu hour 31 OCT 
2008 to 0100 Zulu hour 1 NOV 2008. 


Main Icon (Field A) Construct Example and Symbol 
— 


| ssi ngaagement Zones i t—“‘COCOCSC*‘*d Zones 


WEZ 

21 ADA BN 

MIN ALT: 300FT AGL 

MAX ALT: 102000FT AGL 
TIME FROM: 040030ZJAN08 
TIME TO: 040630ZJAN08 


Weapon engagement zone, designated by 
21% Air Defense Artillery for a minimum 
altitude of 300 feet above ground level and 
a maximum altitude of 102000 feet above 
ground level, operational from 0030 Zulu 
hour 4 JAN 2008 to 0630 Zulu hour 14 JAN 
2008. 


MEZ 
2-4 ADA BN 


MIN ALT: 6000FT AGL 
MAX ALT:45000FT AGL 
TIME FROM: 160100ZFEB08 


TIME TO: 150100ZMARO8 


Missile engagement zone, designated by 
2"4 Company, 4" Air Defense Artillery 
Battalion for a minimum altitude of 6000 
feet above ground level and a maximum 
altitude of 45000 feet above ground level, 
operational from 0100 Zulu hour 16 FEB 
2008 to 0100 Zulu hour 15 MAR 2008. 
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Table 5-17. Airspace control measure symbols (continued) 


Function 


Low-altitude missile 
engagement zone—In air and 
missile defense, that airspace of 
defined dimensions within which 
the responsibility for 
engagement of air and missile 
threats normally rests with low- 
to medium altitude 
surface-to-air missiles. 

(JP 3-01) 


High-altitude missile 
engagement zone—In air and 
missile defense, that airspace of 
defined dimensions within which 
the responsibility for 
engagement of air and missile 
threats normally rests with high- 
altitude surface-to-air missiles. 
(JP 3-01) 


Short-range air defense 
engagement zone—In air and 
missile defense, that airspace of 
defined dimensions within which 
the responsibility for 
engagement of air and missile 
threats normally rests with 
short-range air defense 
weapons, and may be 
established within a low- or 
high-altitude missile 
engagement zone. (JP 3-01) 


10 November 2020 


Main Icon (Field A) Construct Example and Symbol 
Translation 


LOMEZ 
AACC 
MIN ALT: 300FT AGL 
MAX ALT:6000FT AGL 
TIME FROM: 070600ZAUG08 
LOM EZ TIME TO: 071600ZAUG08 
Low (altitude) missile engagement zone, 
designated by anti-air coordination center, 
for a minimum altitude of 300 feet above 
ground level and a maximum altitude of 
6000 feet above ground level, operational 
from 0600 Zulu hour 7 AUG 2008 to 1600 
Zulu hour 7 AUG 2008. 
HIMEZ 
AACC 
MIN ALT: 60000FT AGL 
MAX ALT: 150000FT AGL 
TIME FROM: 070600ZAUG08 
TIME TO: 071600ZAUG08 
High (altitude) missile engagement zone, 
designated by anti-air coordination center, 
for a minimum altitude of 6000 feet above 
ground level and a maximum altitude of 
150000 feet above ground level, 
operational from 0600 Zulu hour 7 AUG 
2008 to 1600 Zulu hour 7 AUG 2008. 
SHORADEZ 
JTF 
MIN ALT: 300FT AGL 
MAX ALT: 24000FT AGL 
TIME FROM: 240600ZAUG08 
SHORADEZ TIME TO: 242300ZAUG08 
Short-range air defense engagement zone, 
designated by joint task force, fora 
minimum altitude of 300 feet above ground 
level and a maximum altitude of 24000 feet 
above ground level, operational from 0600 
Zulu hour 24 AUG 2008 to 2300 Zulu hour 
24 AUG 2008. 
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Table 5-17. Airspace control measure symbols (continued) 


Function Main Icon (Field A) Construct Example and Symbol 
Translation 


Weapons free zone—An air 
defense zone established for 
the protection of key assets or 
facilities, other than air bases, 
where weapon systems may be 
fired at any target not positively 


recognized as friendly.(JP 3-01) __ free zone, designated by joint 


task force, operational from 0805 Zulu 07 
AUG 2013 to 0805 Zulu hour 21 AUG 2013. 
Note. Upward diagonal lines are part of the fill. 


A Construct Example and Symbol 
Function Template Translation 


NAME: GOLD 


Air control point—A point WIDTH: 700M 


easily defined and used for : MIN ALT: 500M 


navigation, command and ; MAX ALT: : 400M 
control, and communication. DTG START: 240700ZMAY12 


The point may be a terrain DTGEND: 290700ZMAY12 
feature or an electronic 


navigational aid. (See 
ATP 3-52.1 and ATP 3-04.1 for 
more information on air control Ce Ac GOLD ) 


points.) . . ree : 
Air corridor GOLD with air control points 1 
and 2. 


FIRE SUPPORT COORDINATION CONTROL MEASURES 


5-35. Fire support coordination measures are employed by land or amphibious commanders to facilitate the 
rapid engagement of targets and simultaneously provide safeguards for friendly forces. Fire support 
coordination control measures should be labeled with the abbreviation of the control measures, the controlling 
headquarters (Field T), and the effective times (Fields W and W1). Lines should have this labeling on both 
ends of the line and repeated as often as necessary for clarity along any line that passes through boundaries. 
Table 5-18, on pages 5-63 through 5-67, lists fire support coordination control measure symbols. (See JP 3-0, 
FM 3-09, and ATP 3-52.1 for additional information on fire support coordination measures and associated 
military symbol doctrine.) 
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Table 5-18. Fire support coordination control measure symbols 


Template Construct Example 


Airspace Coordination Area 


A three-dimensional block of airspace in a target area, established by the appropriate commander, in 
which friendly aircraft are reasonably safe from friendly surface fires. (JP 3-09.3) 


Airspace 
coordination 
area— 
irregular 


Airspace 
coordination 
area— 
rectangle 


Airspace 
coordination 
area— 
circular 


ACA ROVER 1 
MND(N) 

MIN ALT 500 FT AGL 
MAX ALT 3000 FT 
AGL 

GRID NK2312 to 
NK3013 


281400ZAPROS - 
281530ZAPRO8 


A restricted area or route of travel specified for use by friendly aircraft and established for the 
purpose of preventing friendly aircraft from being fired on by friendly forces. 


ACA 


MIN ALT: 


pr1 MAX ALT: [x1] 
Grids [H] 


EFF: Tw 


MIN ALT: 
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(Ww) PIM. [wv ] 


FM 1-02.2 


ACA ROVER 14 
MND(N) 

MIN ALT: 500 FT AGL 
MAX ALT: 3000 FT AGL 
Grids NK2313 to NK3013 


EFF: 281400ZAPRO8 — 
281530ZAPRO08 


ACA ROVER 1 

MND(N) 

MIN ALT: 500 FT AGL 
MAX ALT: 3000 FT AGL 
Grids NK2313 to NK3013 


EFF: 281400ZAPRO08 — 
281530ZAPRO8 


5-63 


. Example--cont'd.: 


Note: Check your answer by inserting 14 for 
the variable w in the equation. 


2(2w - 4) + 2(w) 

2(2 x 14 - 4) + 2(14) 
2(28 - 4) + 28 

2(24) + 28 

48 + 28 

76 


~ 
— 
= 
— 
4 


the problem. 


The dimensions are: width equals 14 
feet and the length equals 2w-4 or 24 
feet. This can also be checked by 
substituting these values in the 
formula P = 21 + 2w. 


2l+ 2w 

2(24) + 2(14) 
48 + 28 

76 


fot tt a 


As you should notice, these five steps provide an easy systematic 
approach to problem solving (a logical plan). Let's take a look 
at another example. 


Example: 


(1) Read the problem. 


The area of the field that is used to do 
pullups and situps during the PFT is shaped 


like a triangle. The first side of the 


triangle is 18 feet more than the second 


side. The third side is 13 feet less than 


3 times the second. It takes 130 feet of 
fencing to fence in the field. Find the 
length of each side of the field. 


(2) Determine the unknowns and represent them. | 
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Table 5-18. Fire support coordination control measure symbols (continued) 


Template Construct Example 


Free-fire Area 


A specific area into which any weapon system may fire without additional coordination with the 
establishing headquarters. (JP 3-09) 


FFA 
X CORPS 
Free-fire 031230ZMAY07- 


ee 072330ZMAY07 
irregular 


FFA 
X CORPS 


051030ZAPRO8 — 
051600ZAPRO8 


Free fire 
area— 
rectangle 


(W) HLGIM [wv | 


FFA 


Free fire 4 CORPS 
area— 


circular 051030ZAPRO8 — 
051600ZAPRO8 


No-fire Area 


An area designated by the appropriate commander into which fires or their effects are prohibited. 
(JP 3-09.3) 


No-fire 
area— 
irregular 
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Table 5-18. Fire support coordination control measure symbols (continued) 


Template Construct Example 


YY NFA 


X CORPS 
051030ZAPRO8 — 
051600ZAPR08 


No-fire 
area— 
rectangular 


(Ww) PIM [wv | 


__ 


NFA 
No-fire X CORPS 


area— 051030ZAPRO8 — 
circular y 051600ZAPRO8 


Restrictive Fire Area 


A location in which specific restrictions are imposed and into which fires that exceed those restrictions will 
not be delivered without coordination with the establishing headquarters. (JP 3-09) 


Restrictive RFA 
fire area— X CORPS 
irregular 051030-051600Z 


RFA 
X CORPS 


051030ZAPRO08 — 
051600ZAPRO8 


Restrictive 
fire area— 
rectangular 


(W) HLGIM [ww | 
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Table 5-18. Fire support coordination control measure symbols (continued) 


Template Construct Example 


RFA 
Restrictive X CORPS 


fire area— 051030ZAPRO8 — 
circular : 051600ZAPRO8 


Position Area for Artillery 


An area assigned to an artillery unit where individual artillery systems can maneuver to increase their 
survivability. A position area for artillery is not an area of operations for the artillery unit occupying it. 


(FM 3-90-1) 
[ 3BCT | 

051030ZAPRO8 — 

051600ZAPRO8 | 


Position 
area for 
artillery— 
rectangular 


(Ww) HLGIM [ow | 


Position rot 


area for 


artillery— 051030ZAPRO8 — 
circular , =e) 
PAA 


Position 3BCT 


area for 
te. 051030ZAPRO8 — 
irregular 051600ZAPR08 


Direction of Fire 


The direction on which a fire unit is laid to the most significant threat in the target area, to the chart 
direction to the center of the zone of fire, or to the target. (ATP 3-09.50) 
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Table 5-18. Fire support coordination control measure symbols (continued) 


Template Construct Example 


Direction of 
fire 


Munition Flight Path 


Munition A munition flight path of an enemy 
flight path artillery battery neutralizing a battalion 
(MFP) battle position 


Note 1. “MFP” shall be displayed once at the approximate center of the overall length of the munition 
flight path. 

Note 2. The munition flight path begins at a weapons system or surface-to-surface fires unit and 
terminates at a target. 

Note 3. Date-time groups are not required to be displayed. The effective date-time group of the 
munition flight path is the shot or launch time of the projectile, and the expiration date-time group is 
the splash or time of impact of the projectile. 


TARGET CONTROL MEASURES 


5-36. A target is the object of a particular action, for example a geographic area, a complex, an installation, 
a force, equipment, an individual, a group or a system, planned for capture, exploitation, neutralization, or 
destruction by military forces. Table 5-19, on pages 5-68 through 5-71, lists target control measures symbols. 
(See FM 3-09 for additional information on target control measures and associated military symbol doctrine.) 


10 November 2020 FM 1-02.2 5-67 


Chapter 5 


Table 5-19. Target control measure symbols 


Template Construct Example 


Target Points 


Target reference 


point—A * 
predetermined point 


of reference, normally 
a permanent structure 
or terrain feature that 
can be used when 
describing a target 
location. (JP 3-09.3) 
Target reference point 201 


AA0001 
Point target—A 
target that is less than 25 | MISSILE LAUNCHER 
or equal to 200 
meters in width and 
length. (See 
ATP 3-09.30 for more 
information on point AA0001-5 
targets.) 


AA0777 
@ 


Nuclear target 


Note. The point at the center of the target represents the desired ground zero. 
Linear Targets 


Targets that are greater than 200 meters in length and less than or equal to 200 meters in width. (See 
ATP 3-09.30 for more information on linear targets.) 


me | HB ~ 
Linear target ct i 
al 
Linear smoke target ————___ |__| 
SMOKE SMOKE 
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Table 5-19. Target control measure symbols (continued) 


Template Construct example 


Final protective fire 

—An immediately QC1968 
available prearranged +—_—— 
barrier of fire FPF 

designed to impede 12 IN BN 

enemy movement MORTAR 


across defensive lines 
or areas. (JP 3-09.3) 


Area Targets 


Area target (See 
ATP 3-09.30 for more PC9008 
information on area 


targets.) 


Rectangular target— 

A target that is 

greater than 200 Length (M4) 
meters in length and 

width described by 

four grids or by a la 
center grid, a length, —_»> 
width, and an attitude. 

(See ATP 3-09.30 for 

more information on 

rectangular targets.) 


DMO0065 


(w) api [wv] 


Circular target—A 

target that is ina 

circular pattern or is 

vague as to exact 

composition and has DA0786 
a radius greater than 4y 

100 meters. (See 

ATP 3-09.30 for more 

information on circular 

targets.) 


Rectangular target, 
single target 


Width (m) 
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Table 5-19. Target control measure symbols (continued) 


Template Construct example 
OWL 


| AF2019 
Group of targets— 


AF2525 AF2287 
Consists of two or 


more targets on which RED 

fire desired 

simultaneously, and is 1F1001 
designed by a letter + 

and number 

combination or a 1F1005 
nickname. (See + 
ATP 3-09.30 for more 

information on groups 

of targets.) Point targets 


Series of targets—A 
number of targets or 


group(s) of targets UA0127 vais 
planned to be fired in | + 


a predetermined 


sequence to support }—_| 

a maneuver 

operation. (See 

ATP 3-09.30 for more Linear targets 
information on series 


of targets.) V2P 


FC6705 FC6706 


FC6704 


Area targets 


DT4877 


SMOKE 
010700ZJANO8 - 


F SMOKE 
010700ZJANO8 - 
\_ 010745ZJANO8 _ 7 


Planned, or on order 
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Table 5-19. Target control measure symbols (continued) 


Template Construct Example 


Bomb area BOMB 


Naval Gunfire 


Fire support 
station—An exact 


location at sea within 
a fire support area FSS > 
from which a fire 


support ship delivers 
fire. (JP 3-02) 


Fire Support Area 


An appropriate maneuver area assigned to fire support ships by the naval force commander from which 
they can deliver gunfire support to an amphibious operation. (JP 3-09) 


FSA ZULU 
Fire support area, 


irregular 010700ZJANO8 - 
010745ZJAN08 


. 010700ZJAN08 

010745ZJANO8 

Fire support area, 

rectangular ; 
010700ZJANO8 - 
010745ZJAN08 

Fire support area, 

circular A 


TARGET ACQUISITION CONTROL MEASURES 


5-37. Target acquisition is the detection, identification, and location of a target in sufficient detail to permit 
the effective employment of capabilities that create the required effects (JP 3-60). (See ATP 3-09.12 for 
additional information on field artillery target acquisition systems and associated military symbol doctrine.) 
Table 5-20, on pages 5-72 through 5-78, lists target acquisition control measure symbols. 
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Table 5-20. Target acquisition control measure symbols 


Templates 


og ae 


Irregular Irregular 


[w [we ] 


Rectangular Circular 
A—Main icon that Identifies the function. 


AM—A numeric amplifier that permits displaying minimum, maximum or a specific distance (range, radius, 
width, or length) 


T—Text amplifier that uniquely identifies the zone. 
W, W1—Ildentifies the date-time group associated with zone. 


| Function __| Main Icon (Field A) Construct Example 


Artillery Target Intelligence Zone 
A weapons locating radar search area in enemy territory that the commander monitor closely to detect and 


report any weapon ahead of all acquisitions other than those from critical friendly zones or call for fire zones. 
(FM 3-09) 


F 020300ZMAY19 
Artillery target 
intelligence zone, 090500ZMAY19 


ATI ZONE MND(N) 
irregular 


ATI ZONE 


020300ZDEC08 - 


0390500ZDEC08 


Artillery target ATI ZONE 
intelligence zone, 


3BDE 41D 
rectangular 
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Table 5-20. Target acquisition control measure symbols (continued) 


Templates 


Call for Fire Zone 


A weapons locating radar search area from which the commander wants to attack hostile firing systems. 
(FM 3-09) 


020300ZDECO08 - 
Call for fire zone, OS0S00ZDEC SE CFF ZONE 
irregular 3BDE 4ID 
020300ZDEC08 - 
090500ZDEC08 CFF ZONE 
Call for fire zone, 
rectangular Cc FF ZON E 3BDE 4ID 
020300ZDEC08 - 
090500ZDEC08 
' CFF ZONE 
Call for fire zone, 
circular 3BDE 41D 


Censor Zone 
An area from which the weapons locating radar is prohibited from reporting acquisitions. (FM 3-09) 


120600ZJAN19- 
Censor zone, 181400ZJAN19 | CENSOR ZONE 
irregular ALY 
120030ZJAN19- 
180030ZJAN19 CENSOR ZONE 
Censor zone, ALY 
rectangular CENSOR ZONE 
C 1200302JAN19- {| CENSOR ZONE 
/ensor zone, 180030ZJAN19 
circular ALY 
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Note: In reading the problem you should have 
noticed that the facts about the first and 
third sides are expressed as they relate 
to the second side. The second side, then, 
should be the first unknown that you 
represent. 


Draw the figure. 


b+18 


Let b = second side 


Now with this single letter variable as 
a start, you should be able to translate 
the language of the problem into symbols. 


Let b+ 18 = first side 
Let 3b - 13 = 3d side 


(3) Write an equation. 
The formula is: P=a+t+bte 
130 = (b + 18) + b + (3b - 13) 


Parentheses are not needed but are 
inserted to show the three different sides 


the equation, 


(b + 18) + b+ (3b - 
b+ 18+ b+ 3b - 13 
5b + 5 

5b +5 - 5 

5b 

_ 5b 

5 

b 


done dt tl tt 


(b + 18) + b + (3b - 13) 
(25 4+ 18) + 25 + (3 x 25 = 13) 
43 + 25 +75 - 13 

130 


Hou wot 
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Table 5-20. Target acquisition control measure symbols (continued) 


| Function | Mainicon | Construct Example 


Critical Friendly Zone 


A friendly area of coverage employed by weapons locating radar which the maneuver commander designates 
as Critical to the protection of an asset whose loss would seriously jeopardize the mission. (FM 3-09) 


120600ZJAN19- 


Critical friendly 181400ZJAN19 
zone, irregular 


120030ZJAN19- 
iti i 1800302JAN19 CF ZONE 
Critical friendly nn 
zone, rectangular C F ZO N E 


Critical friendly 120030ZJAN19- 
zone, circular 180030ZJAN19 


Dead Space Area 
An area where hostile weapons cannot be detected. 


060300ZNOVO7 - 


Dead space area, 090500ZNOVO07 


irregular 


060300ZNOVOT7 - 
090500ZNOV07 
Dead space area, 
rectangular 


060300ZNOVO7 - 
090500ZNOVO07 


Dead space area, 
circular 


Target Build-Up Area 


020300ZJULO08 - 
Target build-up 090500ZJUL08 
area, irregular 
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Table 5-20. Target acquisition control measure symbols (continued) 


| Function | Mainicon | Construct Example 


Target build-up 
area, rectangular 


Target build-up 
area, circular 


Target value area, 
irregular 


Target value area, 
rectangular 


Target value area, 
circular 


Zone of 
responsibility, 
irregular 


10 November 2020 


020300ZJULO8 - 
090500ZJUL08 


020300ZFEB19- 
090500ZMAR19 


Target Value Area 


020300ZAPRO8 - 
0S90500ZAPRO8 


020300ZAPRO8 
O090500ZAPRO8 


020300ZAPRO8 - 
090500ZAPRO08 


Zone of Responsibility 


020300ZMAY08 - 
090500ZMAY08 ZOR 


3BDE 41D 
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Table 5-20. Target acquisition control measure symbols (continued) 


Construct Example 


020300ZMAY08 

090500ZMAY08 ZOR 
responsibility, 
rectangular 3BDE 41D 


020300ZMAY08 
0390500ZMAY08 


ZOR 
responsibility, 3BDE 41D 


circular 


Terminally guided 
munition footprint 


Blue Kill Box 


A fire support and airspace coordination measure that facilitates attacking surface targets with air-to-surface 
munitions without further coordination with the area of operations commanders’ headquarters. (ATP 3-09.34) 


020300ZMAY08 - 
Blue kill box, 090500ZMAY08 BKB 
irregular X CORPS 
020300ZMAY08 - 
0390500ZMAY08 
Blue kill box, BKB 
rectangular X CORPS 


020300ZMAYO8 - 
0S90500ZMAY08 


Blue kill box, BKB 
circular X CORPS 
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Table 5-20. Target acquisition control measure symbols (continued) 


| Function | Mainicon | Construct Example 


Purple Kill Box 


A fire support and airspace coordination measure that facilitates attacking surface targets with subsurface-to- 
surface, surface-to-surface, and air-to-surface munitions without further coordination with the area of operation 
commander's headquarters. (ATP 3-09.34) 


020300ZMAY08 - 
Purple kill box, 090500ZMAY08 PKB 
irregular X CORPS 
020300ZMAY08 - 
090500ZMA Y08 
Purple kill box, PKB 
rectangular X CORPS 


020300ZMAY08 - 
090500ZMAY08 


: PKB 
Purple kill box, 
circular X CORPS 


Weapon or 

sensor range fan, 

circular 

Note. Symbols 

colored blue are 

used to help explain MIN RG[AM] 

how the control ALT [X] 
)[Am1] 


measure is used MAX RG(1)[AM1 
and are not a part of ALT HE 


the control measure. MAX RG\2) [ANE] 
ALT [x2] 


MIN FG 1200 
ALT GL 


MAX RG(1) 23,600 
ALT GL 


MAX RG|2) 14,400 
ALT GL 


Note. The coordinate which pinpoints the current physical location of a specific unit, weapon, or acquisition system may 
change with the movement of the object. The symbol for that object is located at the anchor point. 
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Table 5-20. Target acquisition control measure symbols (continued) 


| Function | Mainicon | Construct Example 


Center 
of sector —-»> 
Weapon or 
sensor range fan, 
sector 
Note. Symbols 
colored blue are 
used to help explain 
how the control 
measure is used 
and are not a part of 
the control measure. 


MOBILITY AND COUNTERMOBILITY CONTROL MEASURES 


5-38. Mobility and countermobility are subordinate tasks within the movement and maneuver warfighting 
function. Mobility and countermobility are complementary opposites. Mobility is focused on friendly force 
movement and maneuver, and countermobility is focused on affecting or thwarting enemy mobility. (See 
FM 3-90-1 for additional information on mobility and countermobility control measures.) 


MOBILITY 


5-39. Mobility is a quality or capability of military forces which permits them to move from place to place 
while retaining the ability to fulfill their primary mission (JP 3-17). Table 5-21, on pages 5-79 through 5-81, 
lists mobility related control measure symbols. (See ATP 3-90.4 for additional information on mobility and 
associated military symbol doctrine.) 
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Table 5-21. Mobility control measure symbols 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Obstacle 
bypass easy 


Obstacle 
bypass 
difficult 


Obstacle 
bypass 
impossible 


Gap—An 

area free of 

armed mines 

or obstacles 

whose width 

and direction 
allow a 

friendly force 

to pass 

through while 

dispersed ina 

tactical 

formation. |w | wa | 
(FM 1-02.1) 
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Table 5-21. Mobility control measure symbols 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Passage 

lane—A lane 

through an 

friendly 

obstacle that 

provides a 

safe passage 120600ZFEB07 

for a passing 

force. 

(FM 3-90-2) Passage lane through friendly antitank 
| w | ws | minefield at 0600 Zulu, 12 FEB 2007 


Water Crossing Site 


The location of a single bridge or rafting site, or in an initial assault a site for the crossing of assault boats 
or for the swimming or fording of vehicles on a broad front. 


Assault 
crossing 
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Table 5-21. Mobility control measure symbols 


Function Template Construct Example 


Ford, difficult 
as a 


Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


Ferry 
crossing 


COUNTERMOBILITY 


5-40. Countermobility operations are those combined arms activities that use or enhance the effects of natural 
and man-made obstacles to deny enemy freedom of movement and maneuver, and they include proper 
obstacle integration with the maneuver plan, adherence to obstacle emplacement authority, and positive 
obstacle control. An obstacle is any natural or man-made obstruction designed or employed to disrupt, fix, 
turn, or block the movement of an opposing force, and to impose additional losses in personnel, time, and 
equipment on the opposing force. (JP 3-15). Table 5-22, on pages 5-82 through 5-88, lists countermobility 
symbols and control measures. (See ATP 3-90.8 for additional information on countermobility and associated 
military symbol doctrine.) 
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Table 5-22. Countermobility symbols and control measure symbols 


Function Template Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and 
are not a part of the control measure. 


Obstacle Effect Symbols 


Obstacle effect describes the effect that the commander wants obstacles and fires to have on the enemy. (See 
ATP 3-90.8 for more information on obstacle effects.) 


Block—A tactical 
mission task that 
denies the enemy 
access to an area or 
prevents the enemy’s 
advance in a direction 
or along an avenue of 
approach. Block is 
also an obstacle 
effect that integrates 
fire planning and 
obstacle efforts to 
stop an attacker 
along a specific 
avenue of approach 
or prevent the 
attacking force from 
passing through an 
engagement area. 
(FM 3-90-1) 


Disrupt—An obstacle 


effect that focuses 
fire planning and 
obstacle effort to 
cause the enemy to 
break up its formation 
and tempo, interrupt 
its timetable, commit 
breaching assets 
prematurely, and 
attack in a piecemeal 
effort. (FM 3-90-1) 


Fix—A tactical 
mission task where a 
commander prevents 
the enemy force from 
moving any part of 
that force from a 
specific location for a 
specific period. Fix is 
also an obstacle 
effect that focuses 
fire planning and 
obstacle effort to slow 
an attacker’s 
movement within a 
specified area, 
normally an 
engagement area. 
(FM 3-90-1) 
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Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template 


Turn—1. A tactical 
mission task that 
involves forcing an 
enemy element from 
one avenue of 
approach or mobility 
corridor to another. 2. 
A tactical obstacle 
effect that integrates 
fire planning and 
obstacle effort to divert 
an enemy formation 
from one avenue of 
approach to an 
adjacent avenue of 
approach or into an 
engagement area. 
(FM 3-90-1) 


Obstacle Control Measures Symbols 


Obstacle control measures are specific measures that simplify the granting of obstacle-emplacing authority while 
providing obstacle control. (FM 3-90-1) 


Obstacle belt—A 
brigade-level command 


and control measure, 
normally depicted 


graphically, to show 3/4ID ABCT 


where within an 
obstacle zone the 
ground tactical 
commander plans to 
limit friendly obstacle 
employment and focus 
the defense. (JP 3-15) 


Obstacle zone—A 
division-level 
command and 
control measure to 
designate specific 
land areas where 
lower echelons are 
allowed to employ 
tactical obstacles. 
(JP 3-15) 
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 Example--cont'd.: 


This time, 


(5) Answer the question. 


To do this, we must go back to the unknown 
representation. 


b 25 (second side) 
b + 18 43 (first side) 
3b - 13 62 (third side) 


Check: 
Pp atbte 


130 43 + 25 + 62 
130 130 


let's take a problem that's a little more complicated. 


While applying the five steps, see if you can anticipate the 
steps of the solution before they are presented. 


' Example: 


(1) Read the problem. 


The combat engineer platoon received a 

mission to build a circular sidewalk around the 
division headquarters building. The walk will 
be 4 feet wide and 4 inches thick. In addition 


to the circular walk, there will be a 6 foot wide 
walk from the circular walk to the entrance. 

Sgt Readymix, the combat engineer chief, and his 
men are ready to go to work when the concrete 
arrives. He has ordered 19 1/2 cubic yards of 
concrete, Doublecheck Sgt Readymix to see if 

he has ordered the correct amount of concrete. 
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Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template 


FREE 
Obstacle free area 2EN BN 


011730ZOCTO7 -— 
030900ZNOV07 


Obstacle restricted 

area—A command 

and control measure 

used to limit the type or Cs < > : - 
number of obstacles # / 210700ZMAY07 — Js 
within an area. / f _» 250900ZMAY07 ee. 
(JP 3-15) i i , 


Obstacle line—A 
conceptual control 
measure used at 
battalion or brigade 
level to show 
placement intent 
without specifying a 
particular type of 
linear obstacle. 


Demolition Obstacle Symbols 
Note. Obstacles created using explosives. 


IZ A ame 
4 4 
—__ 6 — 
Planned explosive — =e 
state of readiness / 
44 
44 


Explosives, state of 
readiness 1 (safe) 
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Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template 


Explosives, state of 
readiness 2 (armed 
but passable) 
Roadblock complete 
(executed) 


Abatis—An Kema" 


obstacle constructed 
by the felling and 
interlacing of trees 
across a route. 
4 crisscross abatis on road 


Constructed Obstacle Symbols 


Note. Obstacles created with manual labor and or equipment (See TM 3-34.85 for more information on 
constructed obstacle symbols.) 


Unspecified 


Single fence 


K——_*&—* 
KX - 


Double fence 


10 November 2020 FM 1-02.2 5-85 


Chapter 5 


Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template 


— seeeewee PS 


Low wire fence 


_ Pal 


Single concertina 


Double strand 
concertina 


Triple strand 
concertina 


Anti-vehicle Ditches and Walls 
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Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template 


Sep 


Antitank ditch— 
under construction 


Antitank ditch— 
completed 


Antitank ditch 
reinforced, with 
antitank mines. 
(The teeth typically 
point toward enemy 
forces) 


Fixed and 
prefabricated 
antitank obstacle 


Bridge blocked with fixed prefabricated 
antitank obstacle 


Movable antitank 
obstacle 


Bridge blocked with movable antitank 
obstacle 


Movable and 
prefabricated / \ 
antitank obstacle 

Bridge blocked with movable 
prefabricated antitank obstacle 
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Table 5-22. Countermobility symbols and control measure symbols (continued) 


Template Evan 


Toward 
Enemy 
Antitank wall \ / \ / \ / \ / \ / \/ 
it 


LAND MINE AND MINEFIELD CONTROL MEASURES 


5-88 


5-41. A land mine is a munition on or near the ground or other surface area that is designed to be exploded 
by the presence, proximity, or contact of a person or vehicle, and a minefield is an area which is dangerous 
because of the presence or suspected presence of land mines. (See JP 3-15 for more information on land 
mines.) Table 5-23, on pages 5-89 through 5-91, lists land mine symbols and minefield control measure 
symbols. The listed minefield control measures in table 5-23 include a modifier field to permit the use of 
mine modifiers found in table 5-22, on page 5-82, and also have the option to use amplifier fields “H”, “N”, 
and ““W” listed in table 5-2, on page 5-4. 
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Table 5-23. Land mine and minefield control measure symbols 


Function Template Construct Example 
Note. Symbols colored gray are used to help 
explain how the control measure is used and are 
not a part of the control measure. 


mine 


1 Antipersonnel mine placed next to 
shelter 


Designed to be exploded by the presence, proximity or contact of a person and that will incapacitate, 
wound or kill one or more persons. 


Antipersonnel 

mine with 

directional vw 
effects 


1 Antipersonnel mine with directional 
effects placed next to shelter 


Antitank mine 


1 antitank mine at bridge entrance 
A mine designed to immobilize or destroy a tank. 


Ad MSR 1 
Antitank mine 
with anti- 
handling 
Uevice 3 antitank mines with anti-handling device 
on main supply route (MSR) 1 


A device intended to protect a mine and which is part of, linked to, attached to or placed under the 
mine and which activates when an attempt is made to tamper with or otherwise intentionally disturb 
the mine. 


Wide area 
antitank mine 


Wide area antitank mine at entrance of 
ford 


An antitank mine that detects and acquires targets then launches subammunition that attacks the top 
of the targets. 
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Table 5-23. Land mine and minefield control measure symbols (continued) 


Template Construct Example 


Unspecified 


mine O7———. 


Bridge with 3 unspecified mines 


Booby 
trap—A 
device 
designed, 
constructed 
or adapted to 
kill or injure, 
which 
functions 
when a 
person 
disturbs or 
approaches 
an apparently Bridge with 2 booby traps 


harmless 


object or 
performs an 
Trip wire attached to antipersonnel mine 


apparently 
safe act. 


Minefield 


In land warfare, an area of ground containing mines emplaced with or without a pattern. (UP 3-15) 
Note. Minefield control measures use minefield sector 1 modifiers to identify type of minefield. (See table 5-23 on page 
5-95 for depictions of minefield sector 1 modifiers.) 
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Table 5-23. Land mine and minefield control measure symbols (continued) 


Template Construct Example 


Static 
depiction Sector 1 Modifier 


minefield 


Dynamic 


depiction Sector 1 Modifier 


minefield 


[i] 


- age M 
Mined area M Sector 1 Modifier 


ae 


ees 
; / 
Mined area, \ Sector 1 Modifier 


fenced 


> a a 
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Monochrome 
(enemy) 


0324002JULO7 


Color 
(friendly) 


+S 


0324002) UL07 


Unspecified dynamic depicted minefield 


Fenced antipersonnel mined area 
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MINEFIELD SECTOR 1 MODIFIERS 


5-42. Minefield sector 1 modifiers are used with minefield control measure symbols to identify type of 
minefield. Table 5-24, on pages 5-93 through 5-96, provides minefield sector 1 modifiers that can be used in 
minefield control measure symbols in table 5-23, on page 5-89. 
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Table 5-24. Minefield sector 1 modifiers 


Unspecified 


Antipersonnel mine 


Antipersonnel mine with directional effects 


ii | eco 


Antitank mine with antihandling device 


Wide area antitank mine 


Mine cluster 


Antipersonnel mine and antipersonnel mine 
with directional effects 


Antipersonnel mine and antitank mine | ewe 


Antipersonnel mine and antitank mine with 
antihandling device 


Antipersonnel mine and wide area antitank 
mine 


Antipersonnel mine and mine cluster 
Antipersonnel mine with directional effects and 
antitank mine 
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Example==cont'd.: 


“Note: Use the illustration provided for all dimensions. 


(2) Determine the unknowns and represent them. 


Here, all of the needed information is given in 
the illustration. The only real unknown is the 
answer. The biggest problem for you now is to 
select the formula or formulas that are to be 

/ used. What geometric forms are involved? If 

-you said a cylinder and rectangular solid, you're 

correct! The illustration below shows them 

. separated. 


'. The sidewalk is to be 4 inches thick, so keep 
in mind that each figure is three dimensional. 
Several methods can be used to solve this 
problem. One method will be presented, but it 
is not necessarily the only method. Regardless 
of the method, the key to this problem is 
finding the area of the sidewalk. What formulas 

'. will you use to solve the problem? Let's take a 
look. 
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Table 5-24. Minefield sector 1 modifiers (continued) 


Antipersonnel mine with directional effects 
and antitank mine with antihandling 
device 


Antipersonnel mine with directional effects 


en | vow 


Antipersonnel mine with directional effects 
and mine cluster 


Antitank mine and antitank mine with 
antihandling device 


r 
Antitank mine and wide area antitank 
mine 
— 
Antitank mine with antihandling device 
and wide area antitank mine 

@: 


ae 
2 @ 
a 
Antitank mine with antihandling device ons 
and mine cluster == 
Wide area antitank mine and mine cluster 


Antipersonnel mine, antipersonnel mine 
with directional effects, and antitank mine 
sae | wee 


with directional effects, and antitank mine 
with antihandling device 
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Table 5-24. Minefield sector 1 modifiers (continued) 


Antipersonnel mine, antipersonnel mine 
with directional effects, and wide area 
antitank mine 


Antipersonnel mine, antitank mine, and 
antitank mine with antihandling device 


Antipersonnel mine, antitank mine, and 
wide area antitank mine 


with directional effects, and mine cluster | WC 


Antipersonnel mine, antipersonnel mine rf Se 
 o—_ J 

@ = 

i o—_ fl 


Antipersonnel mine, antitank mine, and rf 
mine cluster 

Antipersonnel mine, antitank mine with 

antihandling device, and wide area 

antitank mine 


Antipersonnel mine, antitank mine with 
antihandling device, and mine cluster 


Antipersonnel mine, wide area antitank 
mine, and mine cluster 


Antipersonnel mine with directional 
effects, antitank mine, and antitank mine 
with antihandling device 


Antipersonnel mine with directional 
effects, antitank mine, and wide area 
antitank mine 


Antipersonnel mine with directional 
effects, antitank mine, and mine cluster 


Antipersonnel mine with directional 
effects, antitank mine with antihandling 
device, and wide area antitank mine 
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Table 5-24. Minefield sector 1 modifiers (continued) 


Antipersonnel mine with directional 
effects, antitank mine with antihandling 
device, and mine cluster 


Antipersonnel mine with directional 
effects, wide area antitank mine, and mine 
cluster 


5-43. A field fortification is an emplacement or shelter of a temporary nature which can be constructed with 
reasonable facility by units requiring no more than minor engineer supervisory and equipment participation. 
Table 5-25 lists field fortification obstacle control measure symbols. 
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Table 5-25. Field fortification control measures 


Function Template Construct Example and Symbol 
Translation 


= 


Ss 
Above ground facility 


—— 


Secured shelter 


D> 


a: 


Cordon and search of an above 
ground facility 


Underground facility—A 

sophisticated complex structure | aS 
designed and built to be 

unobserved and to provide i | O 
maximum protection. (See RE_/ 

ATP 3-21-51 for more 

information on underground 

facilities.) Occupied underground facility 


Enemy guerrilla infantry unit in a fort 


Fortified line 
Note. The ramparts typically point SULIT 


toward enemy forces. 


Fighting position | | | | 
2 infantry companies in fighting 
positions 
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CBRN EVENTS CONTROL MEASURES 


5-98 


5-44. CBRN events control measure symbols depict those conditions found in an area resulting from 
immediate or persisting effects of CBRN attacks or events. CBRN event plumes are formatted and processed 
by the warning system and are broadcast to operational unit common operational pictures to provide a 
standardized picture of CBRN hazard effects throughout the operational environment.) Table 5-26, on pages 
5-99 through 5-100, depicts CBRN events control measure symbols. Table 5-27, on pages 5-101 and 5-102, 
depicts CBRN contaminated area control measures. (See ATP 3-11.36 and ATP 3-11.37 for additional 
information on CBRN planning, reconnaissance and associated military symbol doctrine.) 
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Table 5-26. CBRN events control measures 


Template 


[w] Ka LH] 
Lv] 
[2] 


A—lIcon that Identifies the main function. 

C—Quantity, Identifies the number of items present. 

H—Additional information. (Content is implementation specific.) 

N—Enemy: Letters “ENY” denote hostile. 

T—Ildentifies a unique designation. 

W—ldentifies the date-time group associated with point. 

Qu —ldentifies the direction of movement or intended movement. 

Y—Displays a symbol’s location in degrees, minutes, and decimal minutes, or other applicable display formats. 


Function Construct Example and Symbol 
Translation 


300700ZJUN08 NERVE AGENT 
CANNISTER ENY 
C HS10211948 
3 enemy chemical nerve agent event 
delivered by canister at 0700 Zulu hour, 
on 30 JUN 2008, location HS10211948. 


Biological 
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ANTHRAX 


DT03071952 


Ls, 


1 enemy biological anthrax agent event 
delivered by letter at 1400 Zulu hour, on 
21 NOV 2007, location DT03071952 
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Table 5-26. CBRN events control measures (continued) 


- ’ Construct Example and Symbol 


092100ZFEB07 


XRAY SOURCE 
IED 


Nuclear or nuclear $L12071962 


fallout-producing | 


1 enemy nuclear 3.5 kiloton event 
delivered by improvised explosive device 
at 2100 Zulu hour, on 09 FEB 2007, 
location SL12071962 


092100ZMARO8 
IED 
ME11201970 
Radiological | 
1 enemy radiological event delivered by 
improvised explosive device at 2100 Zulu 
hour, on 09 MAR 2008, location 
ME11201970 
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Symbols 


Control Measure 


Table 5-27. CBRN contaminated area co 


w 
®o 
@ 
© 

re) 
a) 

2 
o 

= 
E 
6 

£ 
Cc 
rey 
{S) 
© 

2 
io?) 

ie) 

0 

oO 


\\ 


Chemical contaminated area 


Radiological contaminated 
area 


5-101 


FM 1-02.2 
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Table 5-27. CBRN contaminated area control measures (continued) 


Example 


Multiple strike 


Template Construct Example 


Radiation dose 

rate contour 

line—Depicts 

contour lines for 

radiation dose 30cGy 
rate caused by 100cGy 
radiological 300cGy 
contamination ( ) 
fallout ata 

given time. (See 

ATP 3-11.37 for 

more 

information on 

radiation dose 

contour lines.) 


ROUTE CONTROL MEASURES 


5-45. A route is the prescribed course to be traveled from a specific point of origin to a specific destination 
(FM 3-90-1). Routes may have different designated functions to effectively support freedom of movement. 
The commander may designate specific functions, restrictions, names, numbers, or alphanumeric 
designations to area of operations routes. Table 5-28, on pages 5-103 through 5-104, lists generic routes and 
sustainment route control measures. 
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Table 5-28. Route control measures 
Control Template Construct Example 
Te 


Route—the 

prescribed 

course to be 

traveled from a ROUTE [ T | ROUTE FELA 
specific point of 

origin toa —_—_— re 
specific 

destination. 

(FM 3-90-1) 


One-way traffic 


Note. The ROUTE [ T | ROUTE CROW 


directional arrow 


——> 
may be turned to ——— 


depict actual traffic ————— 
direction. 


ete ROUTE [ T | ROUTE CABAN 
ternating traffic — AT Bal «< ALT => 


Le 


Sustainment Routes 


Main supply 

route—The route 

or routes 

designated within 

an operational area MSR MENDEZ 
upon which the 
bulk of traffic flows 
in support of 
military operations. 
(JP 4-01.5) 


Main supply 
route, one-way 
traffic MSR MSR CLETO 
Note. The 
directional arrow ——_ —_———_} 
may be turned to ——_— 
depict actual traffic 
direction. 
MSR SOTO 
Main supply MSR 
route, two-way ———- ————_—> 
traffic —_——_- —_—_—_—_—_——— 
Oe al 


MSR PEDRO 
Main supply MSR 


route, alternating 


traffic «¢ AT — «— ALT —» 


a 


LT 
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_ Example--cont'd.: 
- (3)”~=«WWrite an equation. 


To find the area of the hase of the circular _ 
sidewalk, use the formula A = nr*. First, we must 
use it with the information from the large circle 
(entire area including the sidewalk) and then 
with the information from the shaded portion 

of the circle as illustrated. 


If the large area is found and then the area 
of the shaded portion inside is subtracted 
from it, the remainder will be the area of the 
sidewalk. Let's write the equation. 


Large area Inside area 


2 2 


A mr A mr i 
3.14 (54°) minus A = 3.14(50*) 


A 

Note: Keep in mind that 4 inches of thickness 
must be considered and converted to feet. The 
difference of the two areas multiplied by 1/3 
foot (4 inches) will give you the volume in cubic 
feet of the circular walk. The short straight 
sidewalk is a rectangular solid. Do you recall 
the formula used to determine the volume of a 
rectangular solid? You're correct if you said 
‘V = lwh. Refer to the first illustration in 
this example for the dimensions. 


Then write the equation for the rectangular 
solid and enter the information. 


lwh 
42 x 6 x 1/3 


the equations. 
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Table 5-28. Route control measures (continued) 


Control Template Construct Example 
Measure 


Alternate 

supply route—A 

route or routes 

designated within 

an area of 

operations to ASR Ea ASR COWAN 
provide for the 

movement of —— 
traffic when main 

supply routes 

become disabled 

or congested. 

(FM 4-01) 


T 
Alternate supply 
route, one-way 
tratfi¢ ASR ASR LIZ 
Note: The 
directional arrow —_———_ ———} 
may be turned to i SS 
depict actual traffic 
direction. 
PEREZ 
Alternate supply ASR 
route, alternating . ALT > 
traffic ¢— ALT -—> ST 
ASR HIDALGO 
Alternate supply ASR 
route, two-way ——- __—_—— 
traffic ———_ ¢-———_—_—_—_—_ 
el 


CONVOY CONTROL MEASURES 


5-46. A convoy is a group of vehicles organized for the purpose of control and orderly movement with or 
without escort protection that moves over the same route at the same time and under one commander 
(JP 3-02). Table 5-29 lists convoy control measure symbols. 
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Table 5-29. Convoy control measures 


Control Template Construct Example 

Measure Note. Symbols colored gray are used to help 
explain how the control measure is used and 
are not a part of the control measure. 


Moving convoy 
Note. The arrow 
points in the 
direction the 
convoy is moving. 


Halted convoy 


[_w_ [ws | 


MARITIME CONTROL MEASURES 


5-47. The U.S. Army has maritime sustainment vessels that use maritime control measures to direct actions 
by establishing responsibilities, preventing ships, units, or aircraft from impeding one another, and imposing 
necessary coordination. Table 5-30, on page 5-106, includes the harbor entrance point maritime control 
measure symbols currently used in Army doctrine. (See MIL-STD 2525D for more joint maritime control 
measures.) 
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Table 5-30. Maritime control measure symbols 


Harbor Symbols with Amplifier Fields 


Tama 


Harbor entrance Possible entries for H field are listed below: wa 


point 
A Q 
Code: 212901 | Code: 212902 Q 
X Y 
: ; Must be used in conjunction with the 
Code: 212903 | Code: 212904 harbor control measure symbol. 
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Chapter 6 
Tactical Mission Tasks 


This chapter provides symbols for tactical mission tasks. 


TACTICAL MISSION TASKS DEFINED 


6-1. A task is a clearly defined and measurable activity accomplished by individuals or organizations. A 
tactical mission task is a specific activity performed by a unit while executing a form of tactical operation or 
form of maneuver. A tactical mission task may be expressed as either an action by a friendly force or an 
effect on an enemy force (FM 3-90-1). The tactical mission tasks describe the results or effects commanders 
want to achieve. 


SYMBOLS FOR TACTICAL MISSION TASKS 


6-2. Table 6-1, on pages 6-2 through 6-6, shows the tactical mission tasks that have symbols. Not all tactical 
mission tasks have symbols. Tactical mission task symbols can be used with unit symbols, but they do not 
have modifiers. Tactical mission task symbols are used in course of action sketches, synchronization 
matrices, and maneuver sketches. They do not replace any part of the operation order. Tactical mission task 
symbols are sized to accommodate the scale of the display or map being used. 
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Table 6-1. Tactical mission task symbols 


Construct Usage Example 

Note. The friendly or hostile frame (gray) 
is not part of the symbol; it is for 
orientation only. 


Actions by Friendly Forces 


Ambush—An attack by 
fire or other destructive 
means from concealed 
positions on a moving or 
temporarily halted enemy. 
(FM 3-90-1) 


Attack by fire—A tactical 

mission task in which a 

commander uses direct 

fires, supported by indirect 

fires, to engage an enemy 

force without closing with 

the enemy to destroy, 

suppress, fix, or deceive Mechanized infantry unit attacks by 
that enemy. (FM 3-90-1) fire an enemy unit 


Breach—A tactical 

mission task in which the 

unit employs all available ‘ 

means to break through or B 

establish a passage =, 

through an enemy 

defense, obstacle, 

minefield, or fortification. Mechanized infantry unit breaches 
(FM 3-90-1) enemy units 


Bypass—A tactical 
mission task in which the 
commander directs the 
unit to maneuver around 
an obstacle, position, or 
enemy force to maintain 
the momentum of the 
operation while 
deliberately avoiding 
combat with an enemy 
force. (FM 3-90-1) 


Clear—A tactical mission 

task that requires the 

commander to remove all 

enemy forces and 

eliminate organized 

resistance within an 

assigned area. 

(FM 3-90-1) Clear enemy unit 


Disengage—A tactical 

mission task where a 

commander has the unit 

break contact with the 

enemy to allow the <—pDIs 

conduct of another mission ; ; ; 
or to avoid decisive Disengage with enemy unit 
engagement. (FM 3-90-1) 


Bypassing enemy unit 
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Table 6-1. Tactical mission task symbols (continued) 


Construct Usage Example 

Note. The friendly or hostile frame (gray) 
is not part of the symbol; it is for 
orientation only. 


Exfiltrate—A tactical 

mission task where a 

commander removes ex— 

Soldiers or units from f 

areas under enemy control 

by stealth, deception, 

surprise, or clandestine 

means. (FM 3-90-1) Mechanized infantry unit exfiltrates 


Follow and assume—A 

tactical mission task in 

which a second committed PS 

force follows a force Ee --) 
conducting an offensive 

task and is prepared to 

continue the mission if the 

lead force is fixed, attrited, Mechanized infantry unit follows 


or unable to continue. and assumes a mechanized 
(FM 3-90-1) infantry unit 


Follow and support—A 

tactical mission task in S=>— 

which a committed force 

follows and supports a 

lead force conducting an 

offensive task. (FM 3-90-1) Mechanized infantry unit follows 
and supports a mechanized infantry 

unit 


Occupy—A tactical 
mission task that involves 
a force moving a friendly 
force into an area so that it AA BLUE re) 
can control that area. Both 
the force’s movement to 
and occupation of the area 
occur without enemy 


opposition. (FM 3-90-1) Occupy assembly area blue 


Retain—A tactical mission 
task in which the 
commander ensures that a 
terrain feature controlled 
by a friendly force remains 
free of enemy occupation 
or use. (FM 3-90-1) Mechanized infantry unit retains 


hill 319 


—. 
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Table 6-1. Tactical mission task symbols (continued) 


Construct Usage Example 

Symbol Note. The friendly or hostile frame (gray) 
is not part of the symbol; it is for 
orientation only. 


Secure—A tactical 

mission task that involves fa 
preventing a unit, facility, eo s 

or geographical location Ss 

from being damaged or Nea, 
destroyed as a result of N77 

Sey atone) Secure airport facility 


Seize—A tactical mission Ss 

task that involves taking ()- IN 
possession of a Ss 

designated area using 

overwhelming force. 

(FM 3-90-1) 


Mechanized infantry battalion 
seizes objective FIVE 


Support by fire—A 

tactical mission task in 

which a maneuver force 

moves to a position where 

it can engage the enemy 

by direct fire in support of 

another maneuvering : . . 

force. (FM 3-90-1) Mechanized infantry battalion 
support by fire 


Effects on Enemy Forces 


Block—A tactical mission 
task that denies the enemy 
access to an area or 
prevents the enemy’s 
advance in a direction or 
along an avenue of 
approach. Block is also an 
obstacle effect that 
integrates fire planning 
and obstacle efforts to 
stop an attacker along a 
specific avenue of 
approach or prevent the 
attacking force from 
passing through an 
engagement area 

(FM 3-90-1) 


Canalize—A tactical 
mission task in which the 
commander restricts 
enemy movement to a 
narrow zone by exploiting 
terrain coupled with the 
use of obstacles, fires, or 


friendly maneuver. : : 
(FM 3-90-1) Canalize enemy unit 


Block enemy unit 
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Table 6-1. Tactical mission task symbols (continued) 


Contain—A tactical 
mission task that requires 
the commander to stop, 
hold, or surround enemy 
forces or to cause them to 
center their activity ona 
given front and prevent 
them from withdrawing any 
part of their forces for use 
elsewhere. (FM 3-90-1) 


Destroy—A tactical 
mission task that 
physically renders an 
enemy force combat- 
ineffective until it is 
reconstituted. 
Alternatively, to destroy a 
combat system is to 
damage it so badly that it 
cannot perform any 
function or be restored to a 
usable condition without 
being entirely rebuilt. 

(FM 3-90-1) 


Disrupt—A tactical 
mission task in which a 
commander integrates 
direct and indirect fires, 
terrain, and obstacles to 
upset an enemy’s 
formation or tempo, 
interrupt the enemy’s 
timetable, or cause enemy 
forces to commit 
prematurely or attack in 
piecemeal fashion. 

(FM 3-90-1) 


Fix—A tactical mission 
task where a commander 
prevents the enemy force 
from moving any part of 
that force from a specific 
location for a specific 
period. Fix is also an 
obstacle effect that 
focuses fire planning and 
obstacle effort to slow an 
attacker’s movement 
within a specified area, 
normally an engagement 
area. (FM 3-90-1) 
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Construct Usage Example 

Note. The friendly or hostile frame (gray) 
is not part of the symbol; it is for 
orientation only. 


Contain enemy unit 


eX 


Destroy enemy unit 


Disrupt enemy unit 


-r\/\> 


Fix enemy unit 
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Table 6-1. Tactical mission task symbols (continued) 


Interdict—A tactical 
mission task where the 
commander prevents, 
disrupts, or delays the 
enemy’s use of an area or 
route. (FM 3-90-1) 


Isolate—To separate a 
force from its sources of 
support in order to reduce 
its effectiveness and 
increase its vulnerability to 
defeat. (ADP 3-0) 


Neutralize—To render 
enemy personnel or 
materiel incapable of 
interfering with a particular 
operation. (JP 3-0) 


Suppress—A tactical 
mission task that results in 
temporary degradation of 
the performance of a force 
or weapons system below 
the level needed to 
accomplish the mission. 
(FM 3-90-1) 


Turn—A tactical mission 
task that involves forcing 
an enemy force from one 
avenue of approach or 
mobility corridor to 
another. (FM 3-90-1) 


Construct Usage Example 

Note. The friendly or hostile frame (gray) 
is not part of the symbol; it is for 
orientation only. 


ova 


Interdict enemy unit 


AYES 
I 
hy 


Isolate enemy unit 


Turn enemy unit 
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Course of Action Sketch 


This chapter discusses the purpose and makeup of a course of action sketch. 


PURPOSE OF COURSE OF ACTION SKETCH 


7-1. A course of action is a scheme developed to accomplish a mission (JP 5-0). Developing, analyzing, 
and deciding on a course of action for execution is central to planning. Part of course of action development 
is to produce a course of action statement and sketch. The staff prepares a course of action statement and 
supporting sketch for each course of action under consideration. A course of action statement clearly 
describes the array of forces and the sequence of tasks the unit will conduct to accomplish the mission. The 
statement should be a brief expression of how the combined arms concept will be conducted. The course of 
action sketch is the graphic portrayal of the course of action statement. The sketch provides a picture of the 
movement and maneuver aspects of the concept, including positioning of forces. (See FM 6-0 for a detailed 
discussion of the military decision-making process, including course of action development.) 


MAKEUP OF COURSE OF ACTION SKETCH 


7-2. The course of action sketch provides a picture of the movement and maneuver aspects of the concept, 
including the positioning of forces. The course of action sketch becomes the basis for the operation overlay. 
At a minimum, the course of action sketch includes the array of generic forces and control measures, 
including— 
e@ Unit and subordinate unit boundaries. 
Unit movement formations (but not subordinate unit formations). 
Line of departure, or line of contact and phase lines, if used. 
Reconnaissance and security graphics. 
Ground and air axes of advance. 
Assembly areas, battle positions, strong points, engagement areas, and objectives. 
Obstacle control measures and tactical mission graphics. 
Fire support coordination and airspace control measures. 
Main effort. 
Location of command posts and critical communication nodes. 
Enemy locations, known or templated. 


Population concentrations. 


7-3. Most symbols for use on the course of action sketch are shown in chapters 2 through 7. However, the 
unit symbols do not provide decision makers with a quick and easy method of portraying detailed information 
relating to task organization, composition, or combat effectiveness. Task organization composition symbols 
portray detailed information for course of action sketches. 


TASK ORGANIZATION COMPOSITION SYMBOLS 


7-4. Part of course of action development includes determining relative combat power and arraying forces 
to accomplish the primary tasks envisioned during action. After arraying forces, planners then group these 
forces underneath a generic headquarters representing the initial task organization. The initial task 
organization for each generic unit is portrayed in a task organization composition symbol. 
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»Example--cont'd.: 
the “Large circle Inside circle Rectangular Solid 
nr? Vv lwh 
3.14(50°7) V=42 x 6 x 1/3 
Vv 


3.14(2500) 84 cu ft 
7850 


mr A 
3.14(547) A 
3,14(2916) A 
9156.24 A 


f Wt a 


— 
= 
—_— 
> 


(5) Answer the problem. 


» In this case, the solutions to the formulas are 
.. ‘not the answers to the problems. As indicated, 
we must find the difference between the two 
_ circle areas. The circular sidewalk is a 
_-eylinder. Its volume is the difference in areas 
‘times the thickness or height, in this case 1/3 
foot. 


Difference: 


9156.24 sq ft 


- 7850.00 sq ft 
1306.24 sq ft 


Multiply this answer by 1/3 foot 


1306.24 x 1 = 435.41 cu ft 


Add the two volumes 


435.41 cu ft (circular sidewalk) 


+ 84.00 cu ft (straight sidewalk) 


519.41 cu ft (concrete needed) 


-Is this the answer? You should have said no. 
' The problem asked for cubic yards, not cubic 
'.. feet. Since there are 27 cubic feet in 1 
cubic yard (3 x 3 x 3), you must divide 519.41 by 
27, and this answer will be the solution to 
the problem. 


519.41 + 27 = 19.23 cu yd 
Check: 


Looking back at the original problem, 
you'll see that Sgt Readymix ordered 
19 1/2 cubic yards. This is correct 
for the job (the .23 cubic yards was 
rounded up to the nearest 1/2 cubic 
yard). 
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7-5. Task organization composition symbols are constructed using a rectangular frame, main and modifier 
icons, and amplifiers. Figure 7-1 depicts main icon and amplifier fields. The main icons and amplifiers have 
specific field placement guidelines that follow current military symbol standards: 


Field A is used to depict subordinate unit icons using the task organization icons in table 7-1. While there 
are four icons shown in table 7-1, there is no limitation as to the number of icons in a row or number of 
rows. If needed, the first line of Field A can be reserved to identify only those units that have been 
reinforced (attached) “(+)”, or reduced (detached) “(-)’, or reinforced and reduced (attached and 
detached) “(+) and for units that are one or more echelons lower than the other designated units. 


Field B is used to identify the echelon level of the headquarters. See chapter 2, table 2-3 for echelon 
amplifiers. 


Field D denotes task force. See chapter 2, table 2-4. 
Field H is available for including a generic alphanumeric designation of the organization. 
Field K is available for including the combat effectiveness using the icons in table 7-2. 


Figure 7-1. Task organization main icon and amplifier fields 


TASK ORGANIZATION MAIN AND MODIFIER ICONS 


7-6. In all cases, task organization icons are the same as unit main and modifier icons and amplifiers. Table 
7-1, on pages 7-3 through 7-4, shows the most commonly used main and modifiers icons in their appropriate 
configurations. 
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Table 7-1. Task organization icons 


Function 


ASLT 
Air assault infantry po »< 


Current usage Alternate usage 
construct construct 


Airborne infantry 


Air defense 


Air reconnaissance (cavalry) 


Antitank 
Armor tracked 


Armored reconnaissance (cavalry) 
Note. Reconnaissance (cavalry) unit that has armored tracked 
vehicles. 


ASLT 


>< 


Assault or lift helicopter bod 
Current usage Alternate usage 
construct construct 


Attack helicopter 


Field artillery 
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Table 7-1. Task organization icons (continued) 


Symbol 


Mechanized infantry 
Note. Infantry unit that has armored tracked vehicles. 


CO 
Mobile infantry (Stryker) p< 
ooo 


ian a i iis 


COMBAT EFFECTIVENESS ICONS 


7-7. During course of action analysis and war gaming, the staff can track the combat effectiveness of units 
using combat effectiveness icons in task organization composition symbols. Combat effectiveness refers to 
the ability of a unit to perform its mission. Factors such as ammunition, personnel, status of fuel, and weapons 
systems availability are assessed and rated. Commanders use this information to provide a net assessment of 
a unit's ability to perform its mission. This assessment can then be expressed graphically using combat 
effectiveness icons. Table 7-2 shows two sets of combat effectiveness icons, which may be also used with 
task organization composition symbols. 


7-8. Table 7-2 depicts combat effectiveness icons for the overall combat rating of a unit in the center 
column. Table 7-2 specifies combat effectiveness icons for the status of selected items of interest in the right 
column. The four selected items shown in the right column are ammunition; weapons; petroleum, oils, and 
lubricants (POL); and personnel. Standard operating procedures will specify the items of interest to be 
reported. Commanders may add to this list for internal reporting and tracking. 
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Table 7-2. Combat effectiveness icons 
Commander’s Assessment Effectiveness Pie Charts Selected Status Pie Chart 
of Unit’s Ability to Perform 
Mission 
Personnel Ammunition 


Weapons 


No problems in any area 


Some problems in personnel 


Major problems in weapons 
systems 


Cannot perform mission: 
personnel, ammunition, and 
weapons problems 


| POL—petroleum, oils, andlubricants oils, and lubricants 


EXAMPLE OF A TASK ORGANIZATION COMPOSITION SYMBOL 


7-9. Figure 7-2, on page 7-6, depicts a generic example of a task force task organization composition 
symbol for a battalion task force. 
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Figure 7-2. Battalion task force example 
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Glossary 


The glossary lists acronyms and terms with Army and joint definitions. The proponent 
publication for each term is listed in parentheses after the definition. 


SECTION I - ACRONYMS AND ABBREVIATIONS 


ADP Army doctrine publication 
AFTTP Air Force tactics, techniques, and procedures 
APP Allied procedural publication 
ATP Army techniques publication 
CBRN chemical, biological, radiological, and nuclear 
DA Department of the Army 
DD Department of Defense (forms) 
DOD Department of Defense 
ED edition 
ENY enemy 
FM field manual 
JP joint publication 
kph kilometers per hour 
kts knots per hour 
MCRP Marine Corps reference publication 
MCTP Marine Corps training publication 
MCWP Marine Corps warfighting publication 
MIL-STD military 
mph miles per hour 
mps meters per second 
NATO North Atlantic Treaty Organization 
NTTP Navy tactics, techniques, and procedures 
POL petroleum, oils, and lubricants 
STANAG standardization agreement 
SBCT Stryker brigade combat team 
TC training circular 
™ technical manual 
US. United States 


SECTION Il - TERMS 


air and missile defense 


Direct [active and passive] defensive actions taken to destroy, nullify, or reduce the effectiveness of 
hostile air and ballistic missile threats against friendly forces and assets. (JP 3-01) 
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air assault 


The movement of friendly assault forces by rotary-wing or tiltrotor aircraft to engage and destroy 
enemy forces or to seize and hold key terrain. (JP 3-18) 


air corridor 


A restricted air route of travel specified for use by friendly aircraft and established for the purpose of 
preventing friendly aircraft from being fired on by friendly forces. (JP 3-52) 


air defense 


Defensive measures designed to destroy attacking enemy aircraft or aerodynamic missiles, or to nullify 
or reduce the effectiveness of such attack. (JP 3-01) 


airfield 


An area prepared for the accommodation (including any buildings, installations, and equipment), 
landing, and takeoff of aircraft. (JP 3-17) 


airhead line 
A line denoting the limits of the objective area for an airborne assault. (JP 3-18) 
airspace coordination area 


A three-dimensional block of airspace in a target area, established by the appropriate commander, in 
which friendly aircraft are reasonably safe from friendly surface fires. (JP 3-09.3) 


alternate supply route 


A route or routes designated within an area of operations to provide for the movement of traffic when 
main supply routes become disabled or congested. (FM 4-01) 


ambulance exchange point 


A location where a patient is transferred from one ambulance to another en route to a medical 
treatment facility. (ATP 4-02.2) 


ambulance loading point 


This is the point in the shuttle system where one or more ambulances are stationed ready to receive 
patients for evacuation. (ATP 4-02.2) 


ambulance relay point 


A point in the shuttle system where one or more empty ambulances are stationed to advance to a 
loading point or to the next relay post to replace departed ambulances. (ATP 4-02.2) 


ambush 


An attack by fire or other destructive means from concealed positions on a moving or temporarily 
halted enemy. (FM 3-90-1) 


ammunition supply point 
An ammunition support activity operated by one or more modular ammunition platoons. (ATP 4-35) 
ammunition transfer holding point 


A designated site operated by a brigade support battalion distribution company where ammunition is 
received, transferred, or temporarily stored to supported units within a brigade combat team. 
(ATP 4-35) 


amphibious warfare ship 


A combatant ship having organic capability to embark, land, and support landing forces in amphibious 
operations and which has characteristics enabling long-duration operations on the high seas. (JP 3-02) 


area of operations 


An operational area defined by a commander for land and maritime forces that should be large enough 
to accomplish their missions and protect their forces. (JP 3-0) 
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artillery target intelligence zone 


A weapons locating radar search area in enemy territory that the commander monitor closely to detect 
and report any weapon ahead of all acquisitions other than those from critical friendly zones or call for 
fire zones. (FM 3-09) 


assault position 


A covered and concealed position short of the objective from which final preparations are made to 
assault the objective. (ADP 3-90) 


assembly area 


An area a unit occupies to prepare for an operation. (FM 3-90-1) 


attack 
A type of offensive operation that destroys or defeats enemy forces, seizes and secures terrain, or both. 
(ADP 3-90) 

attack by fire 


A tactical mission task in which a commander uses direct fires, supported by indirect fires, to engage 
an enemy force without closing with the enemy to destroy, suppress, fix, or deceive that enemy. 
(FM 3-90-1) 

attack position 


(Army) The last position an attacking force occupies or passes through before crossing the line of 
departure. (ADP 3-90) 


axis of advance 
The general area through which the bulk of a unit’s combat power must move. (ADP 3-90) 
base camp 


An evolving military facility that supports the military operations of a deployed unit and provides the 
necessary support and services for sustained operations. (ATP 3-37.10) 


base defense zone 


An air defense zone established around an air base and limited to the engagement envelope of short- 
range air defense weapons systems defending that base. (JP 3-52) 


battalion 


A unit consisting of two or more company-, battery-, or troop-size units and a headquarters. 
(ADP 3-90) 


battery 
A company-size unit in a field artillery or air defense artillery battalion. (ADP 3-90) 
battle handover line 


A designated phase line where responsibility transitions from the stationary force to the moving force 
and vice versa. (ADP 3-90) 


battle position 
A defensive location oriented on a likely enemy avenue of approach. (ADP 3-90) 
biological agent 


A microorganism (or a toxin derived from it) that causes disease in personnel, plants, or animals or 
causes the deterioration of materiel. (JP 3-11) 


block 


A tactical mission task that denies the enemy access to an area or prevents the enemy’s advance in a 
direction or along an avenue of approach. Block is also an obstacle effect that integrates fire planning 
and obstacle efforts to stop an attacker along a specific avenue of approach or prevent the attacking 
force from passing through an engagement area. (FM 3-90-1) 
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blue kill box 


A fire support and airspace coordination measure that facilitates attacking surface targets with air-to- 
surface munitions without further coordination with the area of operations commanders’ headquarters. 
(ATP 3-09.34) 


boundary 


A line that delineates surface areas for the purpose of facilitating coordination and deconfliction of 
operations between adjacent units, formations, or areas. (JP 3-0) 


breach 


A tactical mission task in which the unit employs all available means to break through or establish a 
passage through an enemy defense, obstacle, minefield, or fortification. (FM 3-90-1) 


brigade 
A unit consisting of two or more battalions and a headquarters company or detachment. (ADP 3-90) 
bypass 


A tactical mission task in which the commander directs the unit to maneuver around an obstacle, 
position, or enemy force to maintain the momentum of the operation while deliberately avoiding 
combat with an enemy force. (FM 3-90-1) 


call for fire zone 


A weapons locating radar search area from which the commander wants to attack hostile firing 
systems. (FM 3-09) 


canalize 


(Army) A tactical mission task in which the commander restricts enemy movement to a narrow zone 
by exploiting terrain coupled with the use of obstacles, fires, or friendly maneuver. (FM 3-90-1) 


casualty collection point 


A location that may or may not be staffed, where casualties are assembled for evacuation to a medical 
treatment facility. (ATP 4-02.2) 


censor zone 
An area from which the weapons locating radar is prohibited from reporting acquisitions. (FM 3-09) 
chemical agent 


A chemical substance that is intended for use in military operations to kill, seriously injure, or 
incapacitate, mainly through physiological effects. (JP 3-11) 


civil affairs 


Designated Active and Reserve Component forces and units organized, trained, and equipped 
specifically to conduct civil affairs operations and to support civil-military operations. (JP 3-57) 


civil-military cooperation 
(NATO) A joint function comprising a set of capabilities integral to supporting the achievement of 


mission objectives and enabling NATO commands to participate effectively in a broad spectrum of 
civil-military interaction with diverse non-military actors. (APP 6) 


clear 


A tactical mission task that requires the commander to remove all enemy forces and eliminate 
organized resistance within an assigned area. (FM 3-90-1) 


combatant command 


A unified or specified command with a broad continuing mission under a single commander 
established and so designated by the President, through the Secretary of Defense and with the advice 
and assistance of the Chairman of the Joint Chiefs of Staff. (JP 1) 


combat outpost 


A reinforced observation post capable of conducting limited combat operations. (FM 3-90-2) 
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command and control 
The exercise of authority and direction by a properly designated commander over assigned and 
attached forces in the accomplishment of the mission. (JP 1) 

common sensor boundary 
A line depicted by a series of grid coordinates, grid line, phase line or major terrain feature that divides 
target acquisition search areas into radar acquisition management areas. (FM 3-09) 

company 
A unit consisting of two or more platoons, usually of the same type, with a headquarters and a limited 
capacity for self-support. (ADP 3-90) 

contact point 
In land warfare, a point on the terrain, easily identifiable, where two or more units are required to make 
contact. (JP 3-50) 

contain 
(Army) A tactical mission task that requires the commander to stop, hold, or surround enemy forces or 
to cause them to center their activity on a given front and prevent them from withdrawing any part of 
their forces for use elsewhere. (FM 3-90-1) 

control 
(Army) An action taken to eliminate a hazard or reduce its risk. (ATP 5-19) 


convoy 
A group of vehicles organized for the purpose of control and orderly movement with or without escort 
protection that moves over the same route at the same time and under one commander. (JP 3-02) 
coordinated fire line 


A line beyond which conventional surface-to-surface direct fire and indirect fire support means may 
fire at any time within the boundaries of the establishing headquarters without additional coordination 
but does not eliminate the responsibility to coordinate the airspace required to conduct the mission. 
(JP 3-09) 


cordon and search 


A technique of conducting a movement to contact that involves isolating a target area and searching 
suspect locations within that target area to capture or destroy possible enemy forces and contraband. 


(FM 3-90-1) 

corps 
An echelon of command and tactical formation that employs divisions, multi-functional brigades, and 
functional brigades to achieve objectives on land. (ADP 3-90) 

counterattack 


Attack by part or all of a defending force against an enemy attacking force, for such specific purposes 
as regaining ground lost, or cutting off or destroying enemy advance units, and with the general 
objective of denying to the enemy the attainment of the enemy’s purpose in attacking. In sustained 
defensive operations, it is undertaken to restore the battle position and is directed at limited objectives. 
(FM 1-02.1) 


course of action 
A scheme developed to accomplish a mission. (JP 5-0) 


cover 
(Army) A type of security operation done independent of the main body to protect them by fighting to 
gain time while preventing enemy ground observation of and direct fire against the main body. 
(ADP 3-90) 

crew 


A small military unit that consists of all personnel operating a particular system. (ADP 3-90) 
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You have one more problem to solve. But, before you attack it, 
go ahead and take a break; you deserve it! 


Welcome back! Your last problem involves a cylinder. Do you 
recall the formula to determine the volume of a cylinder? If you 
said V = mh, you're correct! Move on and solve your problem. 


Example: 
ara ' (1) Read the problen. 


The water storage tank illustrated has a height 

of 11 meters and a diameter of 9 meters. What 

is the capacity, in gallons, of the tank if there 

are approximately 7 1/2 gallons in 1 cubic foot 
‘ef water? Additionally, if the tank is hooked 

to a shower unit and each Marine is allowed 5 

gallons of water, how many Marines can take a 

shower before the tank is empty ? 


You should see that this problem involves several 
steps. As with your previous problem, this one 


can be solved in several ways, but only one will 
be shown. Have fun! 


(2) Determine the unknowns and represent them. 


In this problem the unknowns have been given. 
The radius is 9 meters and height is 11 meters. 


Note: Before using the formula, what should 

you do about the dimensions in meters? You 
should have converted them to feet. It is a good 
practice to do your conversions (if any are 
necessary) at the beginning of your problem. In 
this case, you will change the meters to feet 
because you will eventually need to know cubic 
feet to determine gallons. One meter 

equals approximately 3.281 feet. 
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critical friendly zone 
A friendly area of coverage employed by weapons locating radar which the maneuver commander 
designates as critical to the protection of an asset whose loss would seriously jeopardize the mission. 
(FM 3-09) 

cyberspace operations 


The employment of cyberspace capabilities where the primary purpose is to achieve objectives in or 
through cyberspace. (JP 3-0) 


decision point 
A point in space and time when the commander or staff anticipates making a key decision concerning a 
specific course of action. (JP 5-0) 

decontamination 


The process of making any person, object, or area safe by destroying, neutralizing, making harmless, 
or absorbing and removing chemical or biological agents, or by removing radioactive material clinging 
to or around it. (JP 3-11) 


delay 


When a force under pressure trades space for time by slowing down the enemy’s momentum and 
inflicting maximum damage on enemy forces without becoming decisively engaged. (ADP 3-90) 


delay line 


A phase line where the date and time before which the enemy is not allowed to cross the phase line is 
depicted as part of the graphic control measure. (FM 3-90-1) 


demonstration 


In military deception, a show of force similar to a feint without actual contact with the adversary, in an 
area where a decision is not sought that is made to deceive an adversary. (JP 3 13.4) 


destroy 


A tactical mission task that physically renders an enemy force combat-ineffective until it is 
reconstituted. Alternatively, to destroy a combat system is to damage it so badly that it cannot perform 
any function or be restored to a usable condition without being entirely rebuilt. (FM 3-90-1) 


detachment 
A tactical element organized on either a temporary or permanent basis for special duties. (ADP 3-90) 
detainee holding area 
A facility or other location where detainees are administratively processed and provided custodial care 
pending disposition and subsequent release, transfer, or movement to a theater detention facility. 
(JP 3-63) 
direction finding 


A procedure for obtaining bearings of radio frequency emitters by using a highly directional antenna 
and a display unit on an intercept receiver or ancillary equipment. (JP 3-85) 


direction of attack 


A specific direction or assigned route a force uses and does not deviate from when attacking. 
(ADP 3-90) 


direction of fire 


The direction on which a fire unit is laid to the most significant threat in the target area, to the chart 
direction to the center of the zone of fire, or to the target. (ATP 3-09.50) 


disengage 


A tactical mission task where a commander has the unit break contact with the enemy to allow the 
conduct of another mission or to avoid decisive engagement. (FM 3-90-1) 
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disrupt 
1. A tactical mission task in which a commander integrates direct and indirect fires, terrain, and 
obstacles to upset an enemy’s formation or tempo, interrupt the enemy’s timetable, or cause enemy 
forces to commit prematurely or attack in a piecemeal fashion. 2. An obstacle effect that focuses fire 
planning and obstacle effort to cause the enemy force to break up its formation and tempo, interrupt its 
timetable, commit breaching assets prematurely, and attack in a piecemeal effort. (FM 3-90-1) 

division 
An echelon of command and tactical formation that employs brigade combat teams, multi-functional 
brigades, and functional brigades to achieve objectives on land. (ADP 3-90) 

drop zone 
A specific area upon which airborne troops, equipment, or supplies are airdropped. (JP 3-17) 

encirclement operations 
Operations where one force loses its freedom of maneuver because an opposing force is able to Isolate 
it by controlling all ground lines of communications and reinforcement. (ADP 3-90) 

engagement area 
An area where the commander intends to contain and destroy an enemy force with the massed effects 
of all available weapons and supporting systems. (ADP 3-90) 

exfiltrate 
A tactical mission task where a commander removes Soldiers or units from areas under enemy control 
by stealth, deception, surprise, or clandestine means. (FM 3-90-1) 

explosive ordnance disposal 
The detection, identification, on-site evaluation, rendering safe, recovery, and final disposal of 
unexploded explosive ordnance. (JP 3-42) 

feint 
In military deception, an offensive action involving contact with the adversary conducted for the 
purpose of deceiving the adversary as to the location and/or time of the actual main offensive action. 
(JP 3-13.4) 

field artillery 
Equipment, supplies, ammunition, and personnel involved in the use of cannon, rocket, or surface-to- 
surface missile launchers. (JP 3-09) 

final coordination line 
A phase line close to the enemy position used to coordinate the lifting or shifting of supporting fires 
with the final deployment of maneuver elements. (ADP 3-90) 

final protective fire 
An immediately available prearranged barrier of fire designed to impede enemy movement across 
defensive lines or areas. (JP 3-09.3) 

fire direction center 
That element of a command post, consisting of gunnery and communications personnel and 
equipment, by means of which the commander exercises fire direction and/or fire control. (JP 3-09.3) 

fire support area 
An appropriate maneuver area assigned to fire support ships by the naval force commander from which 
they can deliver gunfire support to an amphibious operation. (JP 3-09) 

fire support coordination line 


A fire support coordination measure established by the land or amphibious force commander to 
support common objectives within an area of operation; beyond which all fires must be coordinated 
with affected commanders prior to engagement, and short of the line, all fires must be coordinated with 
the establishing commander prior to engagement. (JP 3-09) 
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fire support station 
An exact location at sea within which a fire support ship delivers fire. (JP 3-02) 
fix 


A tactical mission task where a commander prevents the enemy force from moving any part of that 
force from a specific location for a specific period. Fix is also an obstacle effect that focuses fire 
planning and obstacle effort to slow an attacker’s movement within a specified area, normally an 
engagement area. (FM 3-90-1) 


follow and assume 
A tactical mission task in which a second committed force follows a force conducting an offensive task 
and is prepared to continue the mission if the lead force is fixed, attrited, or unable to continue. 
(FM 3-90-1) 

follow and support 


A tactical mission task in which a committed force follows and supports a lead force conducting an 
offensive task. (FM 3-90-1) 


forms of maneuver 


Distinct tactical combinations of fire and movement with a unique set of doctrinal characteristics that 
differ primarily in the relationship between the maneuvering force and the enemy. (ADP 3-90) 


forward arming and refueling point 


A temporary facility, organized, equipped, and deployed to provide fuel and ammunition necessary for 
the employment of aviation maneuver units in combat. (JP 3-09.3) 


forward edge of the battle area 


The foremost limits of a series of areas in which ground combat units are deployed to coordinate fire 
support, the positioning of forces, or the maneuver of units, excluding areas in which covering or 
screening forces are operating. (JP 3-09.3) 


forward line of own troops 
A line which indicates the most forward positions of friendly forces in any kind of military operation at 
a specific time. (JP 3-03) 

forward observer 


An observer operating with front line troops and trained to adjust ground or naval gunfire and pass 
back battlefield information. (JP 3-09) 


forward passage of lines 
Occurs when a unit passes through another unit’s positions while moving toward the enemy. 
(ADP 3-90) 

free-fire area 
A specific area into which any weapon system may fire without additional coordination with the 
establishing headquarters. (JP 3-09) 

gap 
An area free of armed mines or obstacles whose width and direction allow a friendly force to pass 
through while dispersed in a tactical formation. (FM 1-02.1) 


general engineering 
Those engineering capabilities and activities, other than combat engineering, that provide 
infrastructure and modify, maintain, or protect the physical environment. (JP 3-34) 

geospatial information 
Information that identifies the geographic location and characteristics of natural or constructed features 
and boundaries on the Earth, including: statistical data and information derived from, among other 


things, remote sensing, mapping, and surveying technologies; and mapping, charting, geodetic data 
and related products. (JP 2-03) 
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guard 


A type of security operation done to protect the main body by fighting to gain time while preventing 
enemy ground observation of and direct fire against the main body. (ADP 3-90) 


guerrilla 


An irregular, predominantly indigenous member of a guerrilla force organized similar to military 
concepts and structure in order to conduct military and paramilitary operations in enemy-held, hostile, 
or denied territory. Although a guerrilla and guerrilla forces can exist independent of an insurgency, 
guerrillas normally operate in covert and overt resistance operations of an insurgency. (ATP 3-05.1) 


guerrilla base 


A temporary site where guerrilla installations, headquarters, and some guerrilla units are located. A 
guerrilla base is considered to be transitory and must be capable of rapid displacement by personnel 
within the base. (ATP 3-05.1) 


high-altitude missile engagement zone 
In air and missile defense, that airspace of defined dimensions within which the responsibility for 
engagement of air and missile threats normally rests with high-altitude surface-to-air missiles. 
(JP 3-01) 

high-density airspace control zone 


Airspace designated in an airspace control plan or airspace control order in which there is a 
concentrated employment of numerous and varied weapons and airspace users. (JP 3-52) 


infiltration 


(Army) A form of maneuver in which an attacking force conducts undetected movement through or 
into an area occupied by enemy forces to occupy a position of advantage in the enemy rear while 
exposing only small elements to enemy defensive fires. (FM 3-90-1) 


infiltration lane 
A control measure that coordinates forward and lateral movement of infiltrating units and fixes fire 
planning responsibilities. (FM 3-90-1) 

information operations 


The integrated employment, during military operations, of information related capabilities in concert 
with other lines of operation to influence, disrupt, corrupt, or usurp the decision making of adversaries 
and potential adversaries while protecting our own. (JP 3-13) 


interdict 


A tactical mission task where the commander prevents, disrupts, or delays the enemy’s use of an area 
or route. (FM 3-90-1) 


intermodal 
Type of international freight system that permits transshipping among sea, highway, rail, and air 
modes of transportation through use of American National Standards Institute and International 
Organization for Standardization containers, linehaul assets, and handling equipment. (JP 4-09) 

isolate 
To separate a force from its sources of support in order to reduce its effectiveness and increase its 
vulnerability to defeat. (ADP 3-0) 

isolated personnel 
United States military, Department of Defense civilians and contractor personnel (and others 
designated by the President or Secretary of Defense) who are separated from their unit (as an 
individual or a group) while participating in a United States sponsored military activity or mission and 
are, or may be, in a situation where they must survive, evade, resist, or escape. (JP 3-50) 
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joint engagement zone 
In air and missile defense, that airspace of defined dimensions within which multiple air defense 
systems (surface-to-air missiles and aircraft) are simultaneously employed to engage air threats. 
(JP 3-01) 

key terrain 
(Army) An identifiable characteristic whose seizure or retention affords a marked advantage to either 
combatant. (ADP 3-90) 

landing zone 
Any specified zone used for the landing of aircraft. (JP 3-17) 

limit of advance 
A phase line used to control forward progress of the attack. (ADP 3-90) 

line of contact 
A general trace delineating the locations where friendly and enemy forces are engaged. (ADP 3-90) 

line of departure 
In land warfare, a line designated to coordinate the departure of attack elements. (JP 3-31) 

linkup point 
The point where two infiltrating elements in the same or different infiltration lanes are scheduled to 
meet to consolidate before proceeding on with their missions. (FM 3-90-1) 

low-altitude missile engagement zone 
In air and missile defense, that airspace of defined dimensions within which the responsibility for 
engagement of air and missile threats normally rests with low- to medium altitude surface to air 
missiles. (JP 3-01) 

low-level transit route 
A temporary corridor of defined dimensions established in the forward area to minimize the risk to 
friendly aircraft from friendly air defenses or surface forces. (JP 3-52) 

main command post 
A facility containing the majority of the staff designed to control current operations, conduct detailed 
analysis, and plan future operations. (FM 6-0) 

main supply route 
The route or routes designated within an operational area upon which the bulk of traffic flows in 
support of military operations. (JP 4-01.5) 

maintenance collection point 


A temporary location established within the battalion echelon for the collection of equipment needing 
or undergoing field maintenance. (ATP 4-33) 


maneuver 
The employment of forces in the operational area, through movement in combination with fires and 
information, to achieve a position of advantage in respect to the enemy. (JP 3-0) 

medical evacuation 
The timely and effective movement of the wounded, injured, or ill to and between medical treatment 
facilities on dedicated and properly marked medical platforms with en route care provided by medical 
personnel. (ATP 4-02.2) 

medical treatment facility 


(Army) Any facility established for the purpose of providing medical treatment. This includes battalion 
aid stations, Role 2 facilities, dispensaries, clinics, and hospitals. (FM 4-02) 
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military deception 
Actions executed to deliberately mislead adversary military, paramilitary, or violent extremist 
organization decision makers, thereby causing the adversary to take specific actions (or inactions) that 
will contribute to the accomplishment of the friendly mission. (JP 3-13.4) 


minefield 
In land warfare, an area of ground containing mines emplaced with or without a pattern. (JP 3-15) 
minimum-risk route 


A temporary corridor of defined dimensions recommended for use by high-speed, fixed-wing aircraft 
that presents the minimum known hazards to low-flying aircraft transiting the combat zone. (JP 3-52) 


missile defense 


Defense measures designed to destroy attacking enemy missiles, or to nullify or reduce the 
effectiveness of such attack. (JP 3-01) 


missile engagement zone 


In air and missile defense, that airspace of defined dimensions within which the responsibility for 
engagement of air and missile threats normally rests with with surface-to-air missile systems. (JP 3-01) 


mobility 
A quality or capability of military forces which permits them to move from place to place while 
retaining the ability to fulfill their primary mission (JP 3-17) 

mortuary affairs 


Provides for the search, recovery, identification, preparation, and disposition of human remains of 
persons for whom the Services are responsible by status and executive order. (JP 4-0) 


movement 
The positioning of combat power to establish the conditions for maneuver. (ADP 3-90) 
movement to contact 


(Army) A type of offensive operation designed to develop the situation and to establish or regain 
contact. (ADP 3-90) 


multinational 
Between two or more forces or agencies of two or more nations or coalition partners. (JP 5-0) 
named area of interest 


The geospatial area or systems node or link against which information that will satisfy a specific 
information requirement can be collected, usually to capture indications of adversary courses of action. 
(JP 2-01.3) 


neutralize 
To render enemy personnel or materiel incapable of interfering with a particular operation. (JP 3-0) 
no-fire area 


An area designated by the appropriate commander into which fires or their effects are prohibited. 
(JP 3-09.3) 


objective area 


A geographical area, defined by competent authority, within which is located an objective to be 
captured or reached by the military forces. (JP 3-06) 


observation post 


A position from which military observations are made, or fire directed and adjusted, and which 
possesses appropriate communications. While aerial observers and sensor systems are extremely 
useful, those systems do not constitute aerial observation posts. (FM 3-90-2) 
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obstacle belt 


A brigade-level command and control measure, normally depicted graphically, to show where within 
an obstacle zone the ground tactical commander plans to limit friendly obstacle employment and focus 
the defense. (JP 3-15) 


obstacle restricted area 
A command and control measure used to limit the type or number of obstacles within an area. 
(JP 3-15) 

obstacle zone 


A division-level command and control measure to designate specific land areas where lower echelons 
are allowed to employ tactical obstacles. (JP 3-15) 


occupy 
A tactical mission task that involves a force moving a friendly force into an area so that it can control 
that area. Both the force’s movement to and occupation of the area occur without enemy opposition. 
(FM 3-90-1) 

passage lane 
A lane through an enemy or friendly obstacle that provides a safe passage for a passing force. 
(FM 3-90-2) 

passage of lines 


An operation in which a force moves forward or rearward through another force’s combat positions 
with the intention of moving into or out of contact with the enemy. (JP 3-18) 


passage point 
A specifically designated place where the passing units will pass through the stationary unit. 
(FM 3-90-2) 

personnel services 


Sustainment functions that man and fund the force, maintain Soldier and family readiness, promote the 
moral and ethical values of the nation, and enable the fighting qualities of the Army. (ADP 4-0) 


phase line 


An easily identified feature in the operational area utilized for control and coordination of military 
operations. (JP 3-09) 


platoon 
A subdivision of a company or troop consisting of two or more squads or sections. (ADP 3-90) 

point of departure 
The point where the unit crosses the line of departure and begins moving along a direction of attack. 
(ADP 3-90) 

position area for artillery 
An area assigned to an artillery unit where individual artillery systems can maneuver to increase their 
survivability. A position area for artillery is not an area of operations for the artillery unit occupying it. 
(FM 3-90-1) 

probable line of deployment 


A phase line that designates the location where the commander intends to deploy the unit into assault 
formation before beginning the assault. (ADP 3-90) 


public affairs 
Communication activities with external and internal audiences. (JP 3-61) 
purple kill box 


A fire support and airspace coordination measure that facilitates attacking surface targets with 
subsurface-to-surface, surface-to-surface, and air-to-surface munitions without further coordination 
withthe area of operation commander’s headquarters. (ATP 3-09.34) 
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rally point 


(Army) An easily identifiable point on the ground at which units can reassemble and reorganize if they 
become dispersed. (ATP 3-21.20) 


Rangers 
Rapidly deployable airborne light infantry organized and trained to conduct highly complex joint direct 
action operations in coordination with or in support of other special operations units of all Services. 
(JP 3-05) 

rearward passage of lines 
Occurs when a unit passes through another unit’s positions while moving away from the enemy. 
(ADP 3-90) 

recovery 


Actions taken to extricate damaged or disabled equipment for return to friendly control or repair at 
another location. (JP 3-34) 


release point 
A location on a route where marching elements are released from centralized control. (FM 3-90-2) 
relief in place 


An operation in which, by direction of higher authority, all or part of a unit is replaced in an area by 
the incoming unit and the responsibilities of the replaced elements for the mission and the assigned 
zone of operations are transferred to the incoming unit. (JP 3-07.3) 


restrictive fire area 


A location in which specific restrictions are imposed and into which fires that exceed those restrictions 
will not be delivered without coordination with the establishing headquarters. (JP 3-09) 


restrictive fire line 


A specific boundary established between converging, friendly surface forces that prohibits fires or their 
effects from crossing. (JP 3-09) 


restricted operations zone 


Airspace reserved for specific activities in which the operations of one or more airspace users is 
restricted. (JP 3-52) 


retain 
A tactical mission task in which the commander ensures that a terrain feature controlled by a friendly 
force remains free of enemy occupation or use. (FM 3-90-1) 
retirement 
When a force out of contact moves away from the enemy. (ADP 3-90) 
route 
The prescribed course to be traveled from a specific point of origin to a specific destination. 
(FM 3-90-1) 
screen 


A type of security operation that primarily provides early warning to the protected force. (ADP 3-90) 
SEAL team 


United States Navy forces organized, trained, and equipped to conduct special operations with an 
emphasis on maritime, coastal, and riverine environments. (JP 3-05) 


search 


A systematic reconnaissance of a defined area, so that all parts of the area have passed within 
visibility. (JP 3-50) 
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search and rescue 


The use of aircraft, surface craft, submarines, and specialized rescue teams and equipment to search for 
and rescue distressed persons on land or at sea in a permissive environment. (JP 3-50) 


search and rescue point 


A predesignated specific location, relative to which isolated personnel provide their position to 
recovery forces. (JP 3-50) 


section 
A tactical unit of the Army and Marine Corps smaller than a platoon and larger than a squad. 
(ADP 3-90) 

secure 


A tactical mission task that involves preventing a unit, facility, or geographical location from being 
damaged or destroyed as a result of enemy action. (FM 3-90-1) 


security 


Measures taken by a military unit, activity, or installation to protect itself against all acts designed to, 
or which may, impair its effectiveness. (JP 3-10) 


security force assistance 


The Department of Defense activities that support the development of the capacity and capability of 
foreign security forces and their supporting institutions. (JP 3-20) 


security operations 


Those operations performed by commanders to provide early and accurate warning of enemy 
operations, to provide the forces being protected with time and maneuver space within which to react 
to the enemy, and to develop the situation to allow commanders to effectively use their protected 
forces. (ADP 3-90) 


seize 
A tactical mission task that involves taking possession of a designated area using overwhelming force. 
(FM 3-90-1) 

short-range air defense engagement zone 


In air and missile defense, that airspace of defined dimensions within which the responsibility for 
engagement of air and missile threats normally rests with short-range air defense weapons, and may be 
established within a low- or high-altitude missile engagement zone. (JP 3-01) 


signals intelligence 
Intelligence derived from communications, electronic, and foreign instrumentation signals. (JP 2-0) 
space forces 


The space and terrestrial systems, equipment, facilities, organizations, and personnel necessary to 
access, use and, if directed, control space for national security. (JP 3-14) 


special forces 


United States Army forces organized, trained, and equipped to conduct special operations with an 
emphasis on unconventional warfare capabilities. (JP 3-05) 


special operations forces 


Those Active and Reserve Component forces of the Military Service designated by the Secretary of 
Defense and specifically organized, trained, and equipped to conduct and support special operations. 
(JP 3-05) 


squad 
A small military unit typically containing two or more fire teams. (ADP 3-90) 
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standard use Army aircraft flight route 


Route established below the coordination level to facilitate the movement of Army aviation assets; it is 
normally located in the corps through brigade rear areas of operation and does not require approval by 
the airspace control authority. (JP 3-52) 


start point 


A location on a route where the march elements fall under the control of a designated march 
commander. (FM 3-90-2) 


strong point 
A heavily fortified battle position tied to a natural or reinforcing obstacle to create an anchor for the 
defense or to deny the enemy decisive or key terrain. (ADP 3-90) 

supply 
(Army) The process of providing all items necessary to equip, maintain, and operate a military 
command. (FM 1-02.1) 


support 


1. The action of a force that aids, protects, complements, or sustains another force in accordance with 
the directive requiring such action. 2. A unit that helps another unit in battle. 3. An element of a 
command that assists, protects, or supplies other forces in combat. (JP 1) 


support area 


The portion of the commander’s area of operations that is designated to facilitate the positioning, 
employment, and protection of base sustainment assets required to sustain, enable, and control 
operations. (ADP 3-0) 


support by fire 


A tactical mission task in which a maneuver force moves to a position where it can engage the enemy 
by direct fire in support of another maneuvering force. (FM 3-90-1) 


suppress 


A tactical mission task that results in temporary degradation of the performance of a force or weapons 
system below the level needed to accomplish the mission. (FM 3-90-1) 


surveillance 


The systematic observation of aerospace, cyberspace, surface or subsurface areas, places, persons, or 
things by visual, aural, electronic, photographic, or other means. (JP 3-0) 


sustainment 


The provision of logistics, financial management, personnel services, and health service support 
necessary to maintain operations until successful mission completion. (ADP 4-0) 


tactical command post 


A facility containing a tailored portion of a unit headquarters designed to control portions of an 
operation for a limited time. (FM 6-0) 


tactical mission task 


A specific activity performed by a unit while executing a form of tactical operation or form of 
maneuver. A tactical mission task may be expressed as either an action by a friendly force or an effect 
on an enemy force. (FM 3-90-1) 


target acquisition 


The detection, identification, and location of a target in sufficient detail to permit the effective 
employment of capabilities that create the required effects. (JP 3-60) 


target area of interest 


The geographical area where high-value targets can be acquired and engaged by friendly forces. 
(JP 2 01.3) 
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‘Example--cont'd.: 


9 xX 3.281 = 29.529 ft 
11 x 3,281 = 36.091 ft 


9™ 
11m 


tl 


Round off to two places. 


29.53 £t 
36.09 


29.529 ft 
36.091 ft 


'(3) Write an equation. 


eos Using the formula for the volume of a 
he cylinder, V = mh, plug in the variables. 


mr*h : 
3.14(14.77°) 36.09 


Vv 
Vv 


il 


Remember that the diameter is 29.53 feet and 

‘that the radius is 1/2 of the diameter. In this 
case the radius is 14.77 feet (rounded two 

- places). 


(4) Solve the equation. 


mr*h 

3.14(14.77°) 36.09 
3.14(218.153) 36.09 
24,721.65 cu ft 


tou a il 


Vv 
Vv 
Vv 
Vv 


This is the capacity of the tank. You now 
must determine how many Marines it will take to 
empty the tank. 


-If every cubic foot contains 7 1/2 gallons, 
then the product of 24,721.65 and 7 1/2 will 
be the gallon capacity of the tank. 


24,721.65 x 7 1/2 = 185,412.38 


If each man is allowed 5 gallons of water, then 
dividing the capacity of the tank by 5 will 
"tell you how many men can take a shower before 
the tank is empty. 


185,412.38 + 5 = 37,082.47 = 37,082 


o (5) Answer the problen. 
The capacity of the tank is 185,412.38 gallons 
Of water. It will take 37,083 Marines to empty 
ioe - ap oan ys the tank. 


Glossary 


target number extension 
A sequentially assigned number identifying the individual elements in a target. (MIL-STD 6017) 
target reference point 


A predetermined point of reference, normally a permanent structure or terrain feature that can be used 
when describing a target location. (JP 3-09.3) 


task organization 
A temporary grouping of forces designed to accomplish a particular mission. (ADP 5-0) 

theater 
The geographical area for which a commander of a geographic combatant command has been assigned 
responsibility. (JP 1) 

theater army 
An echelon of command designated as the Army Service component command responsible for 
recommendations of allocations and employment of Army forces to the geographic combatant 
commander. (JP 3-31) 

traffic control post 
A manned post that is used to preclude the interruption of traffic flow or movement along a designated 
route. (FM 3-39) 

transportation 
A logistics function that includes movement control and associated activities to incorporate military, 


commercial, and multinational motor, rail, air, and water mode assets in the movement of units, 
personnel, equipment, and supplies in support the concept of operations. (FM 1-02.1) 


troop 
A company-size unit in a cavalry organization. (ADP 3-90) 

turn 
1. A tactical mission task that involves forcing an enemy element from one avenue of approach or 
mobility corridor to another. 2. A tactical obstacle effect that integrates fire planning and obstacle 
effort to divert an enemy formation from one avenue of approach to an adjacent avenue of approach or 
into an engagement area. (FM 3-90-1) 

unit 


Any military element whose structure is prescribed by a competent authority. (JP 3-33) 
unmanned aircraft system 


That system whose components include the necessary equipment, network, and personnel to control an 
unmanned aircraft. (JP 3-30) 


weapon engagement zone 


In air and missile defense, airspace of defined dimensions within which the responsibility for 
engagement of air threats normally rests with a particular weapon system. (JP 3-01) 


weapons free zone 


An air defense zone established for the protection of key assets or facilities, other than air bases, where 
weapon systems may be fired at any target not positively recognized as friendly.(JP 3-01) 
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activity and installation 
symbols, 3-1—3-11 
activity direction of movement 
amplifier, 3-4 
activity frame shapes, 3-1—3-5 
activity main and modifier icons 
and amplifiers, 3-5 
activity offset location indicator 
amplifier, 3-5 
additional information amplifier, 
5-13 
additional information amplifier, 
alphanumeric unit 
designations using, 2-10— 
2-12 
airspace control measures, 
5-34 
alphanumeric unit designations 
using additional information 
amplifier, 2-10-2-12 
amplifier, activity direction of 
movement, 3-4 
activity offset location 
indicator, 3-5 
command post using staff 
comments, 2-9 
country code, 2-8 
direction of movement, 2-14 
evaluation rating, 3-3 
fields for units, 2-3 
headquarters staff location 
indicator, 2-16 
offset location indicator, 2- 
17 
operational condition, 3-8 
amplifiers, 1-10, 5-1, 5-9 
attached and detached, 2-7 
combat effectiveness, 2-15 
echelon and non-echelons, 
2-4 
installation, 3-7 
operational condition, 4-8 
quantity, 2-5 
areas, 5-16-5-18 
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Index 


Entries are by paragraph number. 


attached amplifiers, 2-7 
attack, defined, 5-29 


B 
boundaries, 5-14—5-15 
boundary, defined, 5-14 


Cc 


CBRN events control 
measures, 5-44 


colors, standard identity, 1-9 


combat effectiveness, 
amplifiers, 2-15 
icons, 7-7—7-8 
command post using staff 
comments amplifier, 2-9 


composition of control measure 
symbols, 5-1 


construct process, for control 
measures, 1-20 
military symbol, 1-18—1-20 
control measure acronyms and 
abbreviations usage, 5-4 


control measure symbols, 1-15, 
5-1-5-45, 
composition of, 5-2 
fundamentals of, 5-1 

control measures, construct 
process for, 1-20 
labeling, 5-5 
main icons for, 1-16 
modifiers for, 1-17 
standard identity coloring, 

5-3 

convoy, defined, 5-46 

control measures, 5-46 


countermobility, 5-40 
country code amplifier, 2-8 
course of action, defined, 7-1 


course of action sketch, 7-1-— 
7-9 
makeup of, 7-2—7-3 
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D 
detached amplifiers, 2-7 
direction of movement, 
amplifier, 2-14 
indicator, 5-11 
E 
echelon amplifiers (field B), 2-4 
echelon indicator, 5-10 
engagement bar amplifier, 4-5 


equipment direction of 
movement amplifier, 4-4 


equipment symbol frame 
shapes, 4-2 

equipment symbols, 4-1—4-11 

equipment symbols, unframed, 
1-13 

evaluation rating amplifier, 3-3 


F 
Field A, 2-19, 2-21, 2-22 
Field AA, 2-20 
Field AL, 4-8 
Field AO, 4-5 
Field AS, 2-8 
Field B, 2-4 
Field C, 2-5 
Field D, 2-6 
Field F, 2-7 
field fortification, 5-43 
Field G, 2-9 
Field H, 2-10-2-12 
Field J, 3-3 
Field K, 2-15 
Field M, 2-13 
Field Q, 2-14, 3-4, 4-4 
Field R, 4-6 
Field S, 2-16 
Field S2, 2-17, 3-5 
Field Z, 4-7 
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Index 


fire support coordination 
control measures, 5-35 

forms of maneuver, defined, 
5-27 

framed and unframed 
equipment symbols, 4-1 

framed symbols, 1-1 

fundamentals of control 
measure symbols, 5-1 


G-H 
headquarters staff location 
indicator amplifier, 2-16 
higher echelon command using 
higher information amplifier, 
2-13 
higher information amplifier, 
higher echelon command 
using, 2-13 


indicator, direction of 
movement, 5-11 
echelon, 5-10 
offset location, 5-12 
indicator amplifier, task 
organization, 2-6 
installation amplifiers, 3-7 
installation frame shapes, 3-6— 
3-8 


J-K-L 
labeling control measures, 5-5 


land mine control measures, 5- 
41 


lettering, symbol, 1-11 
lines, 5-25 


main and modifier icons and 
amplifiers, 5-7—5-9 
for equipment, 4-3 
main and modifier icons for 
units, 2-3 
main icon, 2-19, for named 
units, 2-20 
for units, equipment, 
installations, or activities, 
1-7 
main icons, 5-7, for activities 
and installations, 3-9-3-11 
for control measures, 1-16 
for equipment, 4-9 
for units, 2-18-2—22 


maneuver, defined, 5-26 
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Entries are by paragraph number. 


maritime control measures, 
5-47 

military deception, defined, 
5-33 

military deception control 
measures, 5-33 


military symbol construct 
process, 1-18-1-20 

military symbol fundamentals, 
1-1-1-20 

military unit and organizational 
symbols, 2-1—2-23 

minefield control measures, 
5-41 

minefield sector 1 modifiers, 
5-42 

mobility, defined, 5-39 
(transportation) mode 

indicator, 4-6 


mobility and countermobility 
control measures, 5-38-5-43 


mode indicator, mobility, 4-6 


modifier icon for units, 
equipment, installations, or 
activities, 1-8 

modifiers for control measures, 
1-17 

movement, defined, 5-26 

movement and maneuver 
control measure symbols, 
5-26-5-31 

movement to contact, defined, 
5-28 

N 
non-echelon amplifiers, 2-4 


O 


observation post control 
measures, 5-32 


obstacle, defined, 5-40 
octagon placement diagram, 
1-6 
offset location indicator, 5-12 
offset location indicator 
amplifier, 2-17 
operational condition 
amplifiers, 3-8, 4-8 
P 
physical domain, 1-3 
points, 5-19-5-24 
Q 
quantity amplifiers, 2-5 
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R 
route, defined, 5-45 
route control measures, 5-45 


Ss 
sector 1 modifier icons, 5-8 
sector 1 modifiers, for activities 
and installations, 3-10 
for equipment, 4-10 
for units, 2-21 
sector 2 modifiers, for activities 
and installations, 3-11 
for equipment, 4-11 
for units, 2-22 
speed, 4-7 
standard identity, 1-2 
coloring control measures, 
5-3 
colors, 1-9 
status, 1-5, 5-6 
symbol lettering, 1-11 
symbols for tactical mission 
tasks, 6-2 


T 

tactical mission task, defined, 
6-1 

tactical mission tasks, 6-1—6-2 
symbols, 1-14 


target acquisition, defined, 5-37 
control measures, 5-37 


target control measures, 5-36 

task organization composition 
symbols, 7-4—7-5 
example of, 7-9 

task organization indicator 
amplifier , 2-6 

task organization main and 
modifier icons, 7-6 

U-V-W-X-Y-Z 

unframed symbols, 1-12 
equipment, 1-13 

unit, defined, 2-1 

unit and organization, frame 
shapes, 2-2 
symbols, 2-1 

unit symbol construct examples 
and their translations, 2-23 
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By now you should have a pretty good understanding of the five 
steps of the logical plan used in solving word problems. If not, 
review this section before moving on. 


6203. Miscellaneous Word Problems 


Depending on your occupation, you may or may not have the 
opportunity or occasion to solve word problems other than those 
involving a formula or a simple arithmetic operation. However, 
being able to reason with numbers builds confidence in your own 
abilities and helps you to develop the logical and analytical 
thinking needed in many Marine Corps endeavors. To look ata 
problem, analyze it, and come up with an answer or decision is a 
desirable ability for Marines. The random problems in this 
paragraph may or may not apply to you and your job. The key 
thing is that they stimulate you to think and allow you to carry 
away principles that can be transferred to similar problems in 
other situations. In some examples, complete problems will not 
be presented; you will be asked to translate English expressions 
to mathematical symbols. Keep in mind that even if an equation 
is not required to solve a problem, you should still follow a 
plan. By the way, can you recall all five steps? You're right, 
they are: (1) read the problem, (2) determine the unknowns and 
represent them, (3) write an equation, (4) solve the equation, 
and (5) answer the question. Now let's have some fun by solving 
the next four problems. You may or may not decide to use the 
five step plan. If not, apply some common sense to decide 
whether your answers seem logical. Once you have completed the 
problems, compare your answers with the ones provided. 


Example: 
; Shore party has 60 men working in 6 dumps on 


the beach. If none of the dumps have less 

than 7 Marines and no more than 18, what is the 
minimum number of Marines that can work in any 
two of these dumps? 


This problem does not have a practical value; 

it is a number exercise. At first glance, the 
problem may seem complicated, but it is really 
quite basic, No equation is needed, just read 


it carefully. It asks for the minimum number 
of Marines for two of the dumps. If 7 is the 
minimum number of Marines for one dump, then 

7 Marines x 2 dumps equals a total of 14 
‘Marines. Just to be certain, we must check to 
be sure that this will not make any of the 
other dumps exceed 18. From the total of 60, 
subtract 14 which leaves 46 for the four other 
dumps, or 11 Marines for two of the dumps and 12 
for the other two. This is within the limits 
set, so our answer is OK. 
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What is a Topographic Map? 


A map is a representation of the Earth, 
or part of it. The distinctive character- 
istic of a topographic map is that the 
shape of the Earth’s surface is shown 
by contour lines. Contours are imag- 
inary lines that join points of equal 
elevation on the surface of the land 
above or below a reference surface, 
such as mean sea level. Contours 
make it possible to measure the 
height of mountains, depths of 

the ocean bottom, and steep- 

ness of slopes. 


A topographic map shows 
more than contours. The 
map includes symbols 

that represent such fea- 
tures as streets, buildings, 
streams, and vegetation. 
These symbols are con- 
stantly refined to better 
relate to the features they 
represent, improve the 
appearance or readability of 
the map, or reduce production 
cost. 


Consequently, within the same 

series, maps may have slightly dif- 
ferent symbols for the same feature. 
Examples of symbols that have 
changed include built-up areas, roads, 
intermittent drainage, and some letter- 
ing styles. On one type of large-scale 
topographic map, called provisional, 
some symbols and lettering are hand- 
drawn. 


. Department of the Interior 
. Geological Survey 


U. 
U. 


Reading Topographic Maps 


Interpreting the colored lines, areas; and other symbols is the first 
step in using topographic maps. Features are shown as points, lines, 
or areas; depending on their size and extent. For example, individual 
houses may be shown as small black squares. For larger buildings, 
the actual shapes are mapped. In densely built-up areas, most indi- 
vidual buildings are omitted and an area tint is shown. On some 
maps, post offices, churches, city halls, and other landmark buildings 
are shown within the tinted area. 


The first features usually noticed on a topographic map‘are the 
area features, such as vegetation (green), water (blue), and densely 
built-up areas (gray or red). 


Many features are shown by lines that may be straight, curved, 
solid, dashed, dotted, or in any.combination. The colors of the lines 
usually indicate similar classes of information: topographic contours 
(brown); lakes, streams, irrigation ditches, and other hydrographic 
features (blue); land grids and important roads (red); and other roads 
and trails, railroads, boundaries; and other cultural features (black). 
At one time, purple was used as a revision color to show all feature 
changes. Currently, purple isnot used in our revision program, but 
purple features-are stillypresent on many existing maps. 


Various point symbols are used to depict featuressuch as buildings, 
campgrounds, springs, water tanks, mines, survey, control points, 
and wells. Names of places and features aré shown 1n a color cor- 
responding to the type of feature. Many features are identified by 
labels, such as “Substation”.or-“Golf Course.” 


Topographic contours are shown,in brown by lines of different 
widths. Each contour is a line of equal elevation; therefore, contours 
never cross. They show the general shape of the terrain. To help 
the‘user determine elevations, index contours are wider. Elevation 
values are printed in several places along these lines. The narrower 
intermediate and supplementary contours found between the index 
contours help to show more details of the land surface shape. Con- 
tours that are very close together represent steep slopes. Widely 
spaced contours or an absence of contours means that the ground 
slope is relatively level. The elevation difference between adjacent 
contour lines, called the contour interval, is selected to best show 
the general shape of the terrain, A map of a relatively flat area may 
have a contour interval of 10 feet or less. Maps in mountainous 
areas may have contour intervals of 100 feet or more»;The contour 
interval is printed in the margin of each U.S. Geological Survey 
(USGS) map. 


Bathymetric contours are shown in blue or black, depending on 

their location. They show the shape and slope of the ocean bottom 
surface. The bathymetric contour interval may vary on each map and 
is explained in the map margin. 


BATHYMETRIC FEATURES 


Area exposed at mean low tide; sounding 


datum line*** 


Channel*** 


Sunken rock*** 


BOUNDARIES 


National 

State or territorial 

County or equivalent 

Civil township or equivalent 


Incorporated city or equivalent 


Federally administered park, 
reservation, or monument (external) 


Federally administered park, 
reservation, or monument (internal) 


State forest, park, reservation, or 
monument and large county park 


Forest Service administrative area* 
Forest Service ranger district* 
National Forest System land status, 
Forest Service lands* 


National Forest System land status, 
non-Forest Service lands* 


Small park (county or city) 


BUILDINGS AND RELATED FEATURES 


Building 

School; house of worship 
Athletic field 

Built-up area 

Forest headquarters* 


Ranger district office* 
Guard station or work center* 


Racetrack or raceway 


Airport, paved landing strip, 
runway, taxiway, or apron 


Unpaved landing strip 


Well (other than water), windmill or wind generator oo F 


Tanks TY 7] 
Covered reservoir TF) 

Gaging station 6 
Located or landmark object (feature as labeled) ° 


Boat ramp or boat access* 
Roadside park or rest area 
Picnic area 

Campground 

Winter recreation area* 


Cemetery 


A) > 
(A) 1 


Ges{ | Cem! it] 


COASTAL FEATURES 


Foreshore flat 


Coral or rock reef 


Rock, bare or awash; dangerous 
to navigation 


Group of rocks, bare or awash 
Exposed wreck 

Depth curve; sounding 
Breakwater, pier, jetty, or wharf 


Seawall 


Oil or gas well; platform 


CONTOURS 
Topographic 
Index 
Approximate or indefinite 
Intermediate 


Approximate or indefinite 


Supplementary 


Depression 


Cut 


Fill 
Continental divide 
Bathymetric 


Index*** 
Intermediate*** 


Index primary*** 
Primary*** 


Supplementary*** 


CONTROL DATA AND MONUMENTS 
Principal point** 
U.S. mineral or location monument 


River mileage marker 


Boundary monument 
Third-order or better elevation, 
with tablet 
Third-order or better elevation, 
recoverable mark, no tablet 
With number and elevation 
Horizontal control 
Third-order or better, permanent mark 


With third-order or better elevation 
With checked spot elevation 


Coincident with found section corner 


Unmonumented** 


aN —s 
Cactus; = Cactus, 


* 


BLO 


4 USMM 438 


BM ol orga BM + 2TT 


" 5628 


87 5 4567 


A Neace 4 Neace 


MA go + BNSQ3 


A 1012 
| i} 


=| 


CONTROL DATA AND MONUMENTS - continued 


Vertical control 
Third-order or better elevation, with tablet 


Third-order or better elevation, 
recoverable mark, no tablet 


Bench mark coincident with found 
section corner 


Spot elevation 

GLACIERS AND PERMANENT SNOWFIELDS 
Contours and limits 
Formlines 


Glacial advance 


Glacial retreat 


LAND SURVEYS 
Public land survey system 
Range or Township line 


Location approximate ——s H@ 


Location doubtful = 


Protracted = i ss HR RSS ESE RS 


Protracted (AK 1:63,360-scale) 


Range or Township labels R1E T2N 


Section line 


Location approximate = 


Location doubtful = 


Protracted: - °° = —i“‘<“‘i‘;C;C;C;C;C;C;C;C;C Ce 


Protracted (AK 1:63,360-scale) 


Section numbers 1-36 


Found section corner 
Found closing corner 


Witness corner 
Meander corner 


Weak corner* 


Other land surveys 


=——a4 IMG 


Range or Township line vrrttttttttseeteeeees 


Section line 
Land grant, mining claim, donation land 
claim, or tract 
Land grant, homestead, mineral, or 
other special survey monument 


Fence or field lines ——E 


MARINE SHORELINES 


Shoreline —__ 


Apparent (edge of vegetation)*** 
Indefinite or unsurveyed 

MINES AND CAVES 
Quarry or open pit mine 
Gravel, sand, clay, or borrow pit 
Mine tunnel or cave entrance 
Mine shaft 
Prospect 


Tailings 
Mine dump 


Former disposal site or mine 


PROJECTION AND GRIDS 
=! 39°15" 


Neatline : 
90°37'30” 
Graticule tick — 55’ 
Graticule intersection + 
| 
Datum shift tick aca 
State plane coordinate systems 
Primary zone tick 640 000 FEET 
Secondary zone tick 1247 500 METERS ~ 
Tertiary zone tick 7260000 FEET 
Quaternary zone tick 98 500 METERS 
Quintary zone tick i320 000 FEET 
Universal transverse metcator grid 
| 
UTM grid (full grid —__ 
grid (full grid) 7 
UTM grid ticks* | 269 
RAILROADS AND RELATED FEATURES 
Standard guage railroad, single track ae 
Standard guage railroad, multiple track ——+ 
Narrow guage railroad, single track ——_- 
Narrow guage railroad, multiple track +— 
Railroad siding Se 
Railroad in highway — et: 
Railroad in road St 
Railroad in light duty road* —+ 
Railroad underpass; overpass = ae 
Railroad bridge; drawbridge 
Railroad tunnel +t 


Railroad yard = 
Railroad turntable; roundhouse —y 


RIVERS, LAKES, AND CANALS 


Perennial stream 2S See 


Perennial river 


Intermittent stream ee Se, 
——= 
Intermittent river ee Scie, 
pics 
east oF SS. 
Disappearing stream ee ee 
Falls, small —_—+—. 
= 4 
Falls, large = 
| 
Rapids, small tt} 
Rapids, large 


Masonry dam 


Dam with lock 


Dam carrying road 


RIVERS, LAKES, AND CANALS - continued 


Perennial lake/pond 


@ @ 
OO 
5G 
Narrow wash Se ee 
Wide wash ics ~Wash 


Canal, flume, or aqueduct with lock 


Intermittent lake/pond 


Dry lake/pond 


Elevated aqueduct, flume, or conduit 


Aqueduct tunnel SS pres 
Water well, geyser, fumarole, or mud pot Oo 
Spring or seep - 8 


ROADS AND RELATED FEATURES 

Please note: Roads on Provisional-edition maps are not classified 
as primary, secondary, or light duty. These roads are all classified as 
improved roads and are symbolized the same as light duty roads. 


Primary highway 

Secondary highway 

Light duty road 

Light duty road, paved* 
Light duty road, gravel* 
Light duty road, dirt* 

Light duty road, unspecified* 
Unimproved road 
Unimproved road* 


AWDroad nnn 
4WD road* ======= 

Tray 2 = 

Highway or road with median strip ——— 
Highway or road under construction a 

Const 

Highway or road underpass; overpass | 
Highway or road bridge; drawbridge = _ 
Highway or road tunnel Sree 
Road block, berm, or barrier* —-— 
Gate on road* —— 
Trailhead* MY 


* USGS-USDA Forest Service Single-Edition 
Quadrangle maps only. 

In August 1993, the U.S. Geological Survey and the 

U.S. Department of Agriculture’s Forest Service signed 

an Interagency Agreement to begin a single-edition 

joint mapping program. This agreement established the 
coordination for producing and maintaining single-edition 
primary series topographic maps for quadrangles containing 
National Forest System lands. The joint mapping program 
eliminates duplication of effort by the agencies and results 
in a more frequent revision cycle for quadrangles containing 
National Forests. Maps are revised on the basis of jointly 
developed standards and contain normal features mapped 
by the USGS, as well as additional features required for effi- 
cient management of National Forest System lands. Single- 
edition maps look slightly different but meet the content, 
accuracy, and quality criteria of other USGS products. 


3) Printed on recycled paper 


SUBMERGED AREAS AND BOGS 


Marsh or swamp rae el ae. 
Submerged marsh or swamp Get Boe 
z aus 
Wooded marsh or swamp pei erctees: 
eel 
Submerged wooded marsh or swamp ye 


Land subject to inundation 


SURFACE FEATURES 
Sand or mud ee ( Send} 
Disturbed surface 
Gravel beach or glacial moraine | Gravel | 


=) [ Tailings ’ 
SS ond 


Tailings pond = 


TRANSMISSION LINES AND PIPELINES 


Power transmission line; 


pole; tower ee 

Telephone line ———  /elephone 

Aboveground pipeline _—— 

Underground pipeline ———— Pipeline 
VEGETATION 

Woodland 

Shrubland 

Orchard 

Vineyard 

Mangrove EAA RAI Mangrove ) 


** Provisional-Edition maps only. 

Provisional-edition maps were established to expedite 
completion of the remaining large-scale topographic 
quadrangles of the conterminous United States. They 
contain essentially the same level of information as the 
standard series maps. This series can be easily recognized 
by the title “Provisional Edition” in the lower right-hand 
corner. 


*** Topographic Bathymetric maps only. 


Topographic Map Information 

For more information about topographic maps 
produced by the USGS, please call: 
1-888-ASK-USGS or visit us at http://ask.usgs.gov/ 


ISBN O-bO0?-Sb94e-4 


WON 


80607"969429 
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This next problem is a little more difficult to solve, so 
use the five step plan to solve it. 


». Example: 


(1) Read the problem. 


There are 40 questions on a promotion test. 
Each correct answer is worth one point and two 
points are deducted for each wrong answer. 
points are added or deducted for questions 
answered. If LCpl Claymore got a score of 

and he had 5 questions wrong, what fractional . 
part of the test did he answer? 


(2) Determine the unknowns and represent them. 


There are several ways to get the answer. The 
problem will fit very nicely into an equation. 
From the information given, we know that the 
score is equal to the number correct minus two 
times the number incorrect. 


(3) Write an equation. 
Cc correct 
rt incorrect 
Cc 2I = 15 


We know that there were 5 incorrect problems. 
Plug this into the equation. 


c - 2(5) = 15 
(4) Solve the equation. 
Cc - 2iI 


Cc - 2(5) 
Cc - 10 


nou ow i 


Check: 
25 - 
15 


(5) Answer the problem. 
Lepl Claymore got 25 correct and 5 incorrect. 


This means he answered 30 of the 40 problems, 
or the fractional part 30/40 or 3/4. 


Ww 
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Standards for 1:24,000- and 1:25,000-Scale Quadrangle Maps 
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SUMMARY OF CHANGES 


Change Notice 7/01 

An electronic complete revision of the Part 6 symbol book supersedes the hand-annotated printed 
version and is posted to the USGS NMP Standards web site. In addition to incorporating the previous 
pen-and-ink changes, the complete revision eliminates outdated symbols for airport outlines, rice 
fields, swamp clearing outlines, and black fence lines in land office States and Texas. It also includes 
changes that reflect the designations of patterns and fills currently in use. 


Change Notice 3/94 
A change is made to indicate the addition of enhancement tint to Federally administered reservation 
boundaries. 


Change Notice 1/94 

Changes are made to be consistent with the decision made during the October 19-21, 1992, 
Technical Exchange Meeting for the Hydrography and Transportation themes of the Standards for 
1:24,000-Scale Digital Line Graph and Quadrangle Maps to include operational status only for the 
features AIRCRAFT FACILITY, RUNWAY, and ROAD (class 1 and 2 only). 


Change Notice 10/93 
Changes are made to be consistent with STI 93-4-C, which provided new size criteria and 
symbolization for buildings shown on 1:24,000- and 1:25,000-scale quadrangles. 


Change Notice 8/93 
The practice of pointing cave and mine shafts in the direction of the tunnel is changed to orient the 
shaft perpendicular to the contours. 


Change Notice 4/93 
A change is made to indicate how to show former tidal gaging station sites in Florida. 


Change Notice 8/91 
Changes are made to be consistent with STI 90-2-C, which redefined the revision categories and 
processes for the National Mapping Program products. 


Change Notice 7/91 
The requirement to classify buildings is discontinued and the symbols for large buildings and tanks are 
changed from being patterned to solid black. 


Change Notice 11/84 

These specifications were originally issued in 1958 as “Symbols for Standard Topographic Maps 
Published at the Scale 1:63,360 and Larger to be Scribed at 1:24,000-1:48,000”. The information 
subsequently was incorporated into the Topographic Instructions as Chapter 4A1. It was reissued in 
December 1981 with minor modifications to bring the symbols into conformance with current 
practices and with instructions to use the symbol specifications for all 1:24,000-scale standard 
edition maps prepared in conventional units. The 11/84 Change Notice specifies that the Part 6 
symbol specifications are to be used only for photorevision or limited update maps when it is 
necessary to match the symbols on existing 1:24,000- and 1:25,000-scale quadrangle maps. 
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LIST OF PAGES 


A complete and current copy of Part 6 of the Standards for 1:24,000- and 1:25,000-Scale 
Quadrangle Maps consists of the pages (and most recent creation and revision dates) listed below. 
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6-5 7-01 
6-6 7-01 
6-7 7-01 
6-8 7-01 
6-9 7-01 
6-10 7-01 
6-11 7-01 
6-12 7-01 
6-13 7-01 
6-14 7-01 
6-15 7-01 
6-16 7-01 
6-17 7-01 
6-18 7-01 
6-19 7-01 
6-20 7-01 
6-21 7-01 
6-22 7-01 
6-23 7-01 
6-24 7-01 
6-25 7-01 
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6. PUBLICATION SYMBOLS 


Use these symbol specifications during revision mapping when it is necessary to match the 
Part 6 symbolization on existing quadrangle maps. See the Standards for Revised Primary 
Series Quadrangle Maps for more information on when to use Part 6 symbology. 
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This sheet represents pages 6-2 thru 6-4, which are blank. 
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6-2 


BLACK PLATE 


ROADS-HIGHWAYS 


100 


101 


102 


103 


105 


106 


107 


108 


109 


110 


104 


112 
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Class 1—Primary highway, hard 
surface, four or more lanes....... 


Overall width to scale with minimum .02”. Line weight 
.003”. See symbol'§12;for red fill. 


6 LANE 


Class 1—Primary highway, hard 
surface, two or three lanes....... 


Overall width to scale with minimum .02”. Line weight 
.003”. See symbol'513;,for red fill. Label if 3 lanes. 


Class 2—Secondary highway, 
hard surface, four or more lanes. 


Overall width to scale with minimum .02”. Line weight 
mca 
-003”. See symbol,514,for red fill. 


6 LANE 


Class 2—Secondary highway, 
hard surface, two or three lanes. 


Overall width to scale with minimum .02”. Line weight 
003”. See symbol 5 15, for red fill. Label if 3 lanes. 


Class 3—Lt. duty, hard or impr... 


Overall width .02”. Line weight .003”. 


Class 4—Unimproved dirt.......... 
Overall width .02”. Line weight .003”. Dash .05”. 
Space .02”. 


Class 5—Trails: important foot, 


bridle, pack, marked, and named _|  4WO 
Line weight .005”. Dash .05”. Space .02”. Label when 
necessary to clarify. When used primarily for four- 


wheel-drive vehicles, label, “4WD”. Use symbol 51” to 
mark changes in type of trail. 


Streets in urban areas.............4. 
Overall width to scale with minimum .02”. Line weight 
.003”. 


Dual highway, overall width 100’ 
OMICS Sy cersciead oP eves atk eavieaeiees 


Overall width to scale with minimum .037”. Line 
weight .003”. 


Dual highway, overall width over 


Treat each side as individual road. Width of dividing 
strip (space) to scale. 


Toll road—Tollgate................04. TOLL ROAD 
Tick line weight .007”. Tick to project .02” beyond Toll 

road casing. Label. ollgate 
Private rOAd........cceeeeeee seen eee ee es PRIVATE 


Show if 500’ or more in length. Classify according to 
construction. Label only when necessary to clarify as to 
availability for public use. 


Under construction-Classification 
known (Class 1 and 2 only) 


Overall width to scale with minimum .02”. Line weight 
003”. Dash .10”. Space .02”. Red fill consistent with 
road classification. Label UNDER CONSTRUCTION. 


114 


115 


116 


117 


120 


123 


124 


125 


126 


127 


129 


Traffic Circle.......ccccceeeeeeeeeeeeeees > 


Road width of circle that of widest road entering circle. 
Show to scale if size exceeds symbol. Minimum space 
in circle .04”. 


Cloverleaf.............cccccccceeeeeeeees Al 


Minimum overall width .10”. Show to scale if size 
exceeds symbol. 


Dead end road.............cccceeeeeees 


Use only when there may be a question as to whether 02” 
road ends. 


RAILROADS 


U. S. Standard Gauge 


Single track.............ccceeeeeeeeeeees 


Line weight .005”. Tie weight .003”, length .04”, 
spaced .20” center to center. 


Multiple main line track............. eTencse 


Overall width .017”. Line weight .003”. Tie length 
.052”, spaced .20” center to center. If more than two 
tracks label, with double crosstie at point of change. 
Double crosstie .017” overall width. 


JUXtAPOSITION............cc cece ee eens 


Alternate ties, spaced .20” center to center. Minimum 
space between tracks .011”. Line weight for single 
tracks .005”, multiple tracks .003”. 


Railroad in street.................00008 


Ties spaced .20” center to center. Label if narrow 
gauge. Tie weight .003”. 


Line weight .003”. Space between tracks .011”. Ties = 
spaced .20” center to center, maximum length to 
touch 6 tracks. 


Line weight .003”. Scribe to scale with minimum 
space between tracks .011”. Ties spaced .20” center 
to center, length .04” for single track. 


Narrow Gauge 


Single track.............ccceceeeeeeee eae 
Line weight .005”. Tie weight .003”, length .02”, 
spaced .20” center to center. 


Multiple track............ccccceeeeneeees 


Line weight .005”. Tie weight .003”, length .02”, 
spaced .20” center to center of double tie. Double tie 
.02” overall width. 


6-5 


BLACK PLATE 


Miscellaneous 


TS - ‘Carlin’: csv cnecs caus aceus Sathoe ecko: er es 
Line weight .005”. Tie weight .003”, length .04”, 
spaced .10” center to center. Not shown in urban 
areas or in streets or roads. 


133 Dismantled railroad or carline.... -------------- 
Line weight .005”. Dash .05”. Space .02”. Show if 
landmark feature or used as trail. Label OLD RAILROAD 
GRADE. 


134 Turntable..........c cece eee eee ee 5 


Line weight .003”. Show to scale. Minimum circle .06" 
overall. Cross line at 45° angle. 


135 Roundhouse and turntable......... —__¥ 


Line weight .003”. Show to scale. Minimum circle .06” 
overall. See symbol 165, for building. 


1 3 6 Station lahat caren: ate sen ahaa asi aie, wha Catvata mr atten aia +—+———— H+ ——+- 
.02” x .04”, Use symbol when no siding, building, or 
other identifying feature. 


BRIDGES-VIADUCTS- 
TUNNELS-CROSSINGS 


SHOW BRIDGES AND VIADUCTS 240 FEET OR 
MORE IN LENGTH ALSO LANDMARK BRIDGES 
AND FOOT BRIDGES REGARDLESS OF LENGTH 


137 Bridge: road............::ceceeeeeeee ees 


Tick weight .003”. Wing-tick length .023”. Angle 45”. 


138 Drawbridge: road................:005 


Line weight .003”. Circle .045” overall. 


139 Tunnel: road...........ccccceeee eee ees ee 
Line weight .003”. Dash .04”. Space .02”. 
Wing-tick length .023”. Angle 45°. 


140 Footbridgeé................:cceceeeeee ees 


Line weight .005”. Wing-tick weight .003”, length 
023”. Angle 45°. 


141 Bridge: single track railroad....... 
Tick weight .003”. Cross-tick length .035”. Wing-tick 
length .023”. Angle 45°. No crossties on bridges less 
than .40” in length and none closer than .20” to bridge 
ticks. 


142 Bridge: multiple track railroad.... 


Same as single track except cross-tick length .05”. 


143 Drawbridge: railroad................ 
Line weight .003”. Circle .045” overall. 
144 Tunnel: railroad................cce Som 
Line weight .003”. Overall width .017”. Dash .04”. 
Space .02”. Cross-tick length .017”. Wing-tick length + == 


023”. Angle 45°. 


145 Underpass, OverpasS..............008 | ti] 
| 


146 Bridge over stream, road, 
lel) en 
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V47 PORE TOAD sche saniedneaes trent ene 
Line weight .003”. Dash .04”. Space .02”. Overall 
width same as road width. Label. 


148 Ford: trail.............cc ccc ccce cece eee 


Line weight .005”. Dash .04”. Space .02”. Label. 


149 Ford: road or trail...............0.... 


Label placement for narrow stream. 


150° F@Irryiicicoesiieasacia tied Seater dais 


V51 POM issscrisoeuwadensecs ta cchagecsengaiaeds 


Label placement for narrow water area. 


DAMS-PIERS-BREAKWATERS 


ETC. 


152 Small masonry dam................0: 
Line weight .012”. Line weight .007” for dam less than 
.20” in length. See symbol 313, for large earth dam. 


153 Large masonry dam...............55 
Line weight .012”. If width of dam exceeds .02” show 
dam outline to scale and fill with radiating lines. Dam 
line weight .007”, other lines .003”. Drop contours at 
black dam line. 


154 Dam with lock............c cece 


Weight of dam line .012”, lock .003”. Lock .075” x 
033”. Angles 45°. Point upstream. Show to scale if 
larger than symbol. 


155 Dam carrying road............:..:000 


Increase weight of road casing by .004”. Break tint. 


156 Breakwater, jetty, pier, wharf..... 
Not exceeding .02” in width. Line weight .0O7”. Tint 
and shoreline not broken. 


157 Breakwater, pier, wharf, 
CAUSQWAY.......... ccc ccc cee eceeeeeeeeaees 


Exceeding .02” in width. Show to scale. Line weight 
.003”. If it carries road use proper road symbol. Break 
tint and shoreline. 


158 Covered pier or wharf............... 


Break tint and shoreline. 


159 Seawall... ccc cee ee eee eee 


Line weight .007”. Break shoreline. Label. 


160 Canal lock or sluice gate............ 
Line weight .007”. Tick length .023”. Angles 45°. 
Point upstream. Label. 


161 Canal lock gate, double line 


SIPC AMM chiscncadeupaceuen tesa secant asatons 
Line weight .007”. Tick to project .02” beyond canal. 
Angles 45°. Label. 


SEAWALL 


Lock 


—ee 


Lock 
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BLACK PLATE 


162 


DrydOCk. on sceensiin ec eee eter eeiees 


Line weight .003”. Tick weight .007”, length .023”. 
Angles 45°. Break shoreline, fill with blue tint. Label. 


BUILDINGS 


163 


164 


165 


166 


167 


168 


169 


170 


171 


173 


174 


Small buildingS................::00c0e 
Show solid 02” x .02”. Use for buildings less than .05” 
in longest axis. 


Small buildings in congested areas... 
Minimum .017” x .017”. 


Large buildingS...............::0::000 
Show solid to scale. Use for buildings greater than .05’ 
in longest axis. 


025” x .025”. Flagpole length .04”, weight .003”. 
Flag .02” x .03”. 


School in congested areas.......... 
.02” x .02”. Flagpole length .033”, weight .003”. Flag 
.017” x .025”. 


025” x .025”. Cross length .04”. Cross bar .025”, 
.017” from top. Line weight .003”. 


Church in congested areas......... 
02” x .02”. Cross length .033”. Cross bar .02”, .017” 
from top. Line weight .003”. 


Large school or church............... 


To scale if larger than .05” in longest axis. 


School, college, etc................68 
When more than one building, show flag on 
administration building if known, if not known show on 
most prominent building. 


School or church placement....... 


Flag or cross to clear other culture. 


Building placement...................5 
Center of symbol represents center of feature. /f 
adjacent to exaggerated road symbol hold displacement 
to minimum. 


Miscellaneous Structures 


177 


178 


179 


180 
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SNOWSHEG..........cccceeeeeeeeeeeeeeeees 


Width same as crosstie. 


Sewage disposal or filtration plant.... 


Line weight .003”. See symbol '700, for blue hatching. 
Label. 


Masonry swimming pool, 
reservoir, or fish hatchery........... 


Line weight .003”. Blue tint fill for water, omit tint for 
other liquids. See symbol 1251 1 for oil reservoir. Label. 


Covered reServoir............sceeee eee 
Hatch SW-NE with .002” lines spaced .02” center to 
center. Blue tint fill for water, omit tint for other liquids. 
Outline weight .003”. Label. 


Drydock 


tad 


Filtra 


ion Plan 


Reservoir 


Reservoir 


181 


182 


o Ruins 
Line weight .003”. Dash .04”. Space .02”. Decrease 

length of dash and space if less than .10” x .10”. Use 

solid outline if less than .05” x .05”. Label. 


Cliff dwelling...............c:eceeee enna 


Line weight .003”. Rectangle .017” x .03”. Base .05”. 
Label. 


a= Cliff Dwelling 


MINE SYMBOLS 


SEE SYMBOLS'1323, 324, 325, 326, 327, 333'FOR 


io ee ee 


OTHER MINING FEATURES 


183 


255 


184 


185 


186 


187 


188 


189 


190 


191 


192 


193 


194 


Open pit mine or quarry............. se Quarry 


Gravel, sand, clay, or borrow pit...... 
Line weight .003”. Length overall .08”. Arcs .04”. 
Triangles .025” x .025” x .03”. Label. If opening is 
larger than symbol and not adequately shown by_ _ 
contours add hachure outline on brown, symbol 333) 


2% Gravel Pit 


Mine tunnel entrance or cave..... 
Line weight .003”. Arm length .033”, shaft .067”. 
Angle 90°. Place intersection of arms at portal with 
shaft pointing up slope. Orient shaft perpendicular to 
the contours. Label. 


—~< Mine 


PrOSPCCtave rissa mdssesaiesardicrscnekaeen x 
Line weight .003”. Length .067”. Angles 60° and 
120°. 


Mine shaft...............ccccccceeeee ee ees ni 


Line weight .003”. Square .04” x .04”. 


OTHER CULTURE SYMBOLS 


Power transmission line............. ae Tene ag 
Line weight .003”. Dash .033”. Space .017”. Dot 
.017”. Place dots at angle points. 


Landmark lines: ski lift, incline 


railway, tramway, etC..............5 
Line weight .005”. Dash .10”. Space .02”. Label. 


TRAMWAY. 


Telephone line..............c.ccceeeeees 
Line weight .005”. Dash .10”. Space .02”. Label. 


Gas or oil pipeline underground... 
Line weight .005”. Dash .10”. Space .02”. Label. 


Gas or oil pipeline aboveground... 
Line weight .005”. Label ARBOVEGROUND PIPELINE. 


WALL 
Line weight .007”. Wall not exceeding .017”. Label. 


Prominent wall.............sceceeeeeeees uate 


Show to scale. Show outline if width exceeds .017”. 
Line weight .003”. Label. 


Wells (excluding water).............. o Well 


Line weight .003”. Circle .033” overall. Label. 
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BLACK PLATE 


196 Tanks: oil, gas, water, etc......... 


Circle .03” minimum. Label water tanks only. Show 
solid to scale. 


198 Located or landmark object......... 


Line weight .003”. Circle .04” overall. Dot .0O6”. 
Label. 


199 Windmill........... eee eres 


Line weight .003”. Triangle .05” in height, angles 30°, 
75°, 75°. Arms .045", angles 70° and 110°. Center 
cross on feature. Label generator only. 


200 Gaging station...............ccceeeeeees 


Line weight .003”. Circle .05” overall. Divide in 4 equal 


sections. Label. Add (site) and station number for 
former tidal gaging stations in Florida. 


201 Pumping station................::0:005 


Show to scale. Minimum size .02” x .02”. Use symbol 
163 where applicable. Label. 


BOUNDARIES-iIn order of precedence. 


202 National...........c...cc cece ec ee eee eee 


Line weight .016”. Dash .25” and .07”. space .033”. 


203 State or territOry............cccceee eee 


Line weight .012”. Dash .25” and .07”. Space .033”. 


204 County, parish, municipio, 


judicial diviSion................cceeeeee 
Line weight .01”. Dash .25” and .07”. Space .033”. 


205 Civil township, town, district, 


precinct, Darrid............ccccceeee eee 
Line weight .007”. Dash .17”. Space .033”. 


206 Incorporated city, village, town, 


borough, or hamlet.................008 
Line weight .007”. Dash .08” and .04”. Space .02”. 


207 National or state reservation, 


park, or monument; very large 


city, county, or private park....... 
Line weight .007”. Dash .25”. Space .10”. Dot .01”. 
See symbol 52” for Federal lands boundary 
enhancement. 


209 Small park, cemetery, etc.............0. 


Line weight .003”. Dash .04”. Space .02”. 


208 Land Grant...........c.ccccccceeceseeeeeeaeaes 


See symbol 500! 


210 


Miscellaneous Boundary Data 


211 Boundary in road............cceeeeeeees 


Boundary line weight .002”. 
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© Gaging Station 
(Site) Station Number 


» Pumping Station 


212 


213 


214 


215 


216 


217 


218 


219 


220 


221 


222 


223 


224 


Approximate boundary... Use normal symbolization. Label. 


Indefinite boundary........ Use normal symbolization at % 


specified line weight. 


Small cemetery............ccccceeeeneeees <3 Cem 
Omit cross if cemetery is .10” square or less. Add label if 
unnamed. Show cross and omit outline if one or two + Grave 
graves. Line weight .003”. Upright length .06”. Cross bar 
.04”, .02” from top. 
rya 

COMO TBI Y csicucrdeasioitenctcnnuceatunsaceubor a0 
/f larger than .10” square add cross and omit label. If 
named show name and cross. Cross bar length 2/3 of 
upright, placed 1/3 upright length from top. 

== 

| Cem | 
CEMETETY.........cccceeceeeeeeeeeeeenees ea 


Space permitting omit cross and place name or label 
inside boundary. 


CONTROL DATA-MONUMENTS 


Horizontal control station, third 


order or better, permanent mark... A 
Line weight .003”. Sides of triangle .07”. Dot .006”. 


Horizontal control station, 
elevation third order or better....... A 


Horizontal control station, vertical 


angle elevation...........cccccceeeeeeeees A i954 
Horizontal control station, 
checked spot elevation................ B scah 


Vertical control station marked 
with tablet, elev. third order or 


Line weight .003”. Length .08”. Angle 90°. 


Vertical station, recoverable mark-no 

tablet, elev. third order or better........ x 
1246 

Boundary monument with tablet, 

with or without geodetic position, 

elev. third order or better. Grant 


monument on red (symbol'501).... BM 
Line weight .003”. Sides .04”. Dot .006”. 


” 1208 
Boundary monument without 
tablet, with or without geodetic 
position, elev. third order or 
better. Grant monument on red 
(SyMbON5O1)......ceeeeeeeeteeeneeee 


Spot elevation.................ccccee eee 
Line weight .002”. Length .06”. Angles 90°. 
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Example: 


A local discount store has vitamins on sale for 
21 cents a dozen. The PX has the same item 100 
for $1.50. How much is saved per dozen by 
buying the larger amount? 


After reading the problem, it can be determined 
that algebra is not needed, just two simple 
arithmetic operations. First, the problem asks 
for a comparison of dozens. One price is 
already in dozens. The other can be converted 
several ways. Since 100 vitamins cost $1.50, 
and you remember from earlier in the course 
about dividing by powers of ten, you know that 
each vitamin costs 1.5 cents. 


Tf one costs 1.5 cents, then 12 will cost 
1.5 x 12 = 18 cents. The difference between 
the two prices is 21 cents minus 18 cents or 
3 cents. So you save 3 cents per dozen by 
buying the larger amount. 


This was a very basic type of problem, but also a 
practical one that occurs often. Keep it in mind 
that solving this type of problem could save 

you money. 


The indicator of a fuel tank shows 1/5 full. 
After the tanker delivers 165 gallons of fuel, 
the indicator shows 4/5 full. What is the 
capacity of the fuel tank? 


The first thing to observe is that if the fuel 
tank was 1/5 full at the start and 4/5 full 
after the fuel was delivered, then the amount 
delivered was 4/5 minus 1/5 or 3/5 of the 

total capacity. We also know that this 3/5 is 
the same as 165 gallons. If the capacity of 
the fuel tank is x, then 165 gallons equals 3/5 
of x. 


BLACK PLATE 


7/01 


225 Boundary monument with 
number and elevation................ 

226 Reference monument..........-..:::0::08 
Line weight .003”. Sides .04”. Dot .006”. 

227 U.S. mineral or location monument... 
Base .06”. Height at center .04”. 

229 Horizontal control station 
coincident with section corner.... 
Show triangle. Omit corner. Space .033”. 

230 Bench mark coincident with 
found section corner................4. 
Show section corner on red plate. 

231 Other control points. Object may 
or may not have geodetic 
POSITION...........cc eee eee cence eee eee eens 
Use symbol 198 and label. 

FORESHORE-OFFSHORE 

FEATURES 

232 Foreshore flat 

233 

234 Small rock or coral reef.............. 
WSGS 17.1 Label. 

235 Pile, dolphin, stump, or snag....... 
Line weight .003”. Circle .033” overall. Label. Use 
outline and label when too congested. Dots .008”. 
Space .017”. 

236 Rock bare or awash dangerous to 
NAVIGATION............0ce cece eect ee eee ee 
Length .05”. Angles 60°. Dots .008”. Space .017”. 

237 Rock bare or awash.................45 
Line weight .003”. Length .05”. Angles 60°. 

238 Group of rocks bare or awash.......... 
Same as 237 with outline dots .0O8”, spaced .017”. 

239 Exposed wreck...........:cccceeeeeeees 
Line weight .003”. Base .12” overall. Circle .025”. 
Angle lines .10” and .037”. Cross .05” x .03”. 

USGS 24) 
240 Exposed wreckage or foul ground..... 


Outline dots .008”. Space .017”. Label. 


67 a 988 


Wreckage ‘ 


241 Masts exposed on sunken wreck. 
Line weight .003”. Length .08”. Cross ticks .033” and 
105”. Space .017”. Dots .008”. Space .017”. Label. 
USGS 24) 

242 Sunken wreck...........:.::::eeeeeeeee 
Line weight .003”. Length .08”. Cross ticks .033” and 
-05”. Space .017”. USGS 24.1 

243: SHO jecsdet cee exceed sawecanaiente nds Moves 
Where depth curves do not show extent of shoal area 
use outline. Dots .008”. Space .017”. Label. 

244 Danger Curve...........:cccceeeeeeeeeees 
Line weight .002”. Dash .015”. Space .01”. Label. 

245 Area limits..........0...0.:ccceeeeeeeeeeeee ees 
Line weight .003”. Dash .10”. Space .02”. Label. 

246 Sunken rock.......... cece eee ee ee es 
Line weight .003”. Length .05”. Angle 90°. USGS 24.1 
(Soundings and depth curves shown on 
blue plate) 

250 Oil sump or sludge pit................ 
Line weight .003” for outline if constructed of materials 
other than earth. If earth use dots .008”. Space .017”. 
Fill USGS 17. Label. 

251 Open oil reservoir..............0.0e0ees 
Outline weight 003”. Fill dots .006”, spaced .014” 
center to center. USGS 5. Label. 

252 Drive-in theater................:.ceeeee 
Outline area with symbol 209. Show structures. Label 
Drive-in Theater. Screen line weight .007”. 

253 Coke OVENS.........ccccecceeeeeee ener ees 
Overall width .02”. Casing line weight .003”. Fill dash 
.03”, space .02”. Label. 

254 Boardwalk............cceceeeee ee ee eee es 
Overall width to scale with minimum .02”. Line weight 
-033”. Label. 

SYMBOL 255 FOLLOWS 183; 

256 PICNIC area............6ceceeeeee eee ee eee 
Line weight .005”. Top length .05”. Leg length .025”. 
Leg angle 60° from top. Label. 

257 Campground...........:::cceeeeeeeeee eee 
Line weight .005”. Base .04”. Overall height .08”. 
Label. 

2598) (COltal secivscdsinestinerareendedaeicanats ts 


Line weight .003”. Dash .04”. Space .02”. Label. 


Oil Sumps 


Oil Reservoir 


Sf Coke Ovens 


BOARDWALK 


x Picnic Area 


Ica mpground 
rt 
u-4 Corral 
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BROWN PLATE 


CONTOURS 315 Levee with road--levee with 
PANO AG ice ss ccicnanianen teed rivbwaweneceds 
Hachures .012” in length, spaced .017” center to 
300 Index CONTOUT..........cccc cee cece eens ca eee center. Line weight .002”. Hachures may touch road 
Line weight .007”. and ties. USGS 32.1 
301 Intermediate contour................. ee 316 Sand area, MUd............000cccceeeee 
Line weight .003". USGS 171 Use in areas covering % square mile at pee 
24 000. Label if mud. 
302 Supplementary contour.............. _——— 
Line weight .005”. 30% biangle screen. 31 7 Wash 
. : Exceeding 50’ at 24 O00. WSGS 17. 
303 Approximate index contour......... tii gees 
Line weight .007”. Dash .07”. Space .02”. ‘ I 
320 Glacial moraine...................:0 
i ‘ , USGS 221 
304 Approximate intermediate time === == 
CONTOUM, occ cs.d.. ibe net tesieecnweecier SE 
Line weight 002". Dash 07". Space 02" 321 Dry lake or pond............::cceeeeee ) 
'USGS 1 2 for fill. See symbol 4 14 for blue outline Se it eo 
305 Feathering-out treatment............ . 
Drop only intermediate contours. Feather ends. Space 322 Sand, etc. In open water area..... Sand 


remaining contours evenly. Space between contours 
not less than .005”. 


fee ee 
306 Carrying contour................0008 =e 323 
Line weight .007”, .002”. At cliffs, embankments, and 
like features where contours merge into one, line ae aa e é 
weight to agree with contours superimposed. eee ee Dash .07”. Space .02”. Line weight 
i . Label. 


307 Depression Contoul................065 324 
Tick weight .002”. Length .02”. Space .12”. Spacing 
to be decreased for small depression. 


Tali S: ccseeeicaeen etevecee seiner neces 


Maintain pattern as compiled. Label. 


‘cuca TRE 
308 Adjacent depression contours..... 325 Areal Strip TMM Gs oissieseitie cies axis waieireiais Se np ine? ay 
Tick weight .002”. Length .02”. Space .04” on lowest ‘USGS 27B,, Label. ay ws Lfiaaa toa a 


contour. Increase space to .08”, .12” on succeeding 
contours. .12” space on all others. 


326 
309 Supplementary depression contours.. ¢° 3 os")? 
See symbols 307 and 308 for tick specifications and — aS A 
302 for line specifications. 327 Mine dum Disatkeadabenasaeid cedenk cad awana 
Line weight .002”. 
310 Cut Me _\ NW 
a dos GvavnTouu pra tatovahateiajarearaiat cieimra iets eveininveratalnieta ata aay air a\\ r . 
Plot contours in correct position. Space from road, PHIM VY) 328 Intricate surface area...............55 
railroad (line), etc. .005”. USGS 21B,on separate plate. Label. 
7 ‘ \\\V 
311 Fill: road or railroad................... M 329 
Plot contours in correct position. Space from road, \ 
railroad (line), etc. .005”. Tick weight .002”. Length 
.02”. Space between ticks .05”. . 
330 Contouring at leveesS...............66. 0, ati 
A ‘ Drop contours at levee. See symbol 314. ee hee 
312 Contouring at ditches and canals. 
Contours at low gradient ditches are shown to each 
side of ditch, turned upstream .08” and dropped. All 331 Shifting sand or dune area.......... 
other canals and ditches are fully contoured within USGS 171 Label. 
limits of map scale, 
332 Spoil bank...........cccccceceesee scene ees 


313 Large earth dam or levee............ 
Show with contours when exaggeration is not 
necessary. Show masonry portion, if any, in black. 


ee Onan 333 Large open pit mine or quarry— 
gravel, sand, clay, or borrow pit.. 


M ISCE L LAN EO U Ss Hachure line weight .002”. Label. 


FCS B/S = 0 - | | sedate 
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BLUE PLATE 


400 


401 


STREAMS 


402 


403 


404 


405 


406 


407 


408 


409 


Shoreline...........cccseceeeeeeeeeeeenees ae 
Line weight .005”. 

Indefinite shoreline...................5 SSE SSS: 
Line weight .005”. Dash .07”. Space .02”. 

Perennial stream................0.0e0e es 
Line weight .005”. Taper at source. Width not 

exceeding 50’ at 24 000. 

Perennial stream.............::::0:000 ae 
Line weight .005”. Width exceeding 50’ at 24 000. 

Add arrow when direction of flow is not apparent. 

Braided stream.................ccc00005 ———— 
Line weight .005”. Maintain pattern as compiled. 

Intermittent stream................008 cree” 

Line weight .005”. Dash .17”. Space between dashes ee aie 
.12”. Dots .008”. Taper at source. Width not Ss 
exceeding 50’ at 24 000. 

Intermittent stream................0005 SS ee 
Line weight .005”. Dash .17”. Space between dashes 

.12”. Dots .008”. Width exceeding 50’ at 24 000. 

Stream disappearing at a definite 

DOINE 2. vied de ew aceaveds redates cad Jose beatin a 
Line weight .005”. Length of Y .04”. Angle 90°. 

Unsurveyed perennial stream....... ----~~-~~~-- 
Line weight .005”. Dash .07”. Space .02”, 0 eee 
WAS ccictcscsciteetncw ness le caebinces ee 3 


Line weight .005”. Dash .17”. Space between dashes 
.12”. Dots .008”. Taper at source. Width not 
exceeding 50’ at 24 O00. See symbol'31/ for wash 
exceeding these limits. 


LAKES-PONDS 


410 


411 


412 


413 


414 


415 
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Perennial lake or pond...............5 
Line weight .005”. Blue tint fill 13%, 120-line at 105°. 


Perennial salt lake or pond.......... 
Line weight .005”. Blue tint fill. Label. 


‘ ( ~ 
Intermittent lake or pond............ SESS? 
Line weight .005”. Dash .07”. Space .02”. See symbol 7 
'702, for blue fill. 

Reservoir natural shoreline.......... <a 
Line weight .005”. Blue tint fill. Label Reservoir. 

(SE 
Dry lake or pond Cs 2) 


Line weight .005”. Dash .07”. Space .02”. See symbol eas 
'321 for brown fill. 


Indefinite or unsurveyed shoreline.... t ) 
Line weight .005”. Dash .07”. Space .02”. Blue tint fill. 


CANALS-AQUEDUCTS 


416 


417 


419 


420 


422 


423 


424 


425 


Canal, flume, aqueduct, or 


perennial ditch................ceceeeeees 
Line weight .005”. Width not exceeding 50’ at 
24 000. Label flumes and aqueducts. 


Intermittent ditch..................0. 
Line weight .005”. Dash .17”. Space .12”. Dots .008”. 


Canal, flume, aqueduct dravmiacaiaveseinig areca =e 
Line weight .005”. Width exceeding 50’ at 24 OOO. 
Blue tint fill. Label flumes and aqueducts. 


Intermittent canal..................08 
Line weight .005”. Dash .17”. Space .12”. Dots .008”. 


Navigable canal...............::::606 
Symbol 416 or 419. Label NAVIGABLE CANAL when 
necessary to clarify. 


Underground flume, penstock, 


aqueduct, or similar feature........ 
Line weight .005”. Dash .05”. Space .02”. Label. 


AQUEDUCT 


Aqueduct tunnel...................0065 


Line weight .003”. Overall width .017”. Dash .04”. 
Space .02”. Cross-tick length .017”. Wing-tick length 
.023”. Angle 45°. 


Elevated aqueduct, conduit, flume... 
Tick weight .003”. Length .023”. Angle 45°. Label 
ELEVATED when Iong. 


MISCELLANEOUS 


426 


427 


428 


429 


430 


431 


432 


Water well.............cc cece essen ees 
Line weight .003”. Circle .033”. Label. 


° Well 


o Spring 
Line weight .003”. Circle .033”. Tail length .08”. 
Label. 


Glacier or permanent snow field.. 
Outline weight .005”. Dash .07”. Space .02”. Contour 
line weights .007” and .002”. 


Glacier approximate contours...... 
Outline weight .005”. Dash .07”. Space .02”. Contour 
line weights .007” and .002”. Length .12” to .20”. 
Space .02”. 


Glacier or permanent snow field.. 
Use form lines when data for contouring is weak or 
unavailable. Line weight .002”. Length .04” to .20”. 
See 428 for outline. 


Marsh Or SWaMP..........ceceeee eee ees = 
USGS 24 = 


Wooded marsh or swamp........... [an 


USGS A with green tint overprint. See symbol 604. 
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BLUE PLATE 


433 


435 


437 


438 


439 


440 


441 


442 


443 


444 


445 


447 


448 


449 


450 


451 
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Submerged marsh or swamp. 
WSGS A with blue tint overprint. See symbol 704. 


Shoreline weight .005”. 


SYMBOL 434 FOLLOWS 454 


Show stream in marsh or swamp 
when channel exists..............056 


Cranberry bog...........0::eceeeeeeeeees 


Line weight .005”. Label. 


EVaporator..........ccccecceceeeeeeeeenees 


Line weight .005”. Show major separations. Label. 


Large falls..............c:ccseeeeeeeeeeeee 
Line weight .003”. Length .033”. Space .017”. 


SMall fallSiaiicsciwetesermsreseacesenazes 
Tick weight .007”. Length .05”. Label. 


Large rapids..............:0ceeeeeeee ee ees 


Line weight .003”. Length .02” to .04”. Space .017” 
to .033”. 


Small rapidS.............cccceeeeeseee eens 
Line weight .005”. Length .05”. Space .03”. Label. 


Channel in water area................ 
Line weight .005”. Dash .07”. Space .02”. 


Permanent channel in wash........ 
Show perennial or intermittent as appropriate. See 
symbol'3 1A for wash. 


Depth CUrVe..........cccceceeeeeeeeenees 
Line weight .003”. 


Land subject to inundation......... 
Show outline if it is mapped or can be determined. Line 
weight .005”. Dash .07”. Space .02”. See symbol "707 
for fill. 


Water surface elevations................. 


Show in black if soundings on same map. 


Salt Ta tisscdeanswiacachorvawawadinaiaces 


Line weight .005”. Dash .07”. Space .02”. Label. 


Water area..........ceeeccce cece sence eees 
Use in open-water areas when no blue tint plate. Dots 
.006”, spaced .014” center to center. Blue tint fill 
13%, 120-line at 105°. 


Falls 
ee 


654 
a 
( Salt Flat | 
Weewge / 


452 


SIPNOM ia. ter wdeatordavinnte erin cdan 
Line weight .005”. Dash .05”. Space .02”. Label 
Siphon. Omit dashes unless two or more can be 
shown. Use wing ticks if necessary to clarify. 


Glacial crevasses.............:.ceeeeee 
Line weight .002” to .007”. Line to show extent and 
alignment of crevasse. Label. 


SOUNAINGS........ 2.20. eceee eee eeeee eee 


Approximate mean low water 


Line weight .002”. Dash .015”. Space .01”. In flat 
coastal areas where mean high water line cannot be 
located, use symbol 401 i for approximate limit of 
flooding, symbol 434 for approximate mean low water 
line, with symbol '70A fill. Break tint at low water line. 


[ff 


Crevasses 


32 


RED PLATE 


UNITED STATES LAND SURVEYS 


500 


501 


502 


503 


504 


505 


506 


507 


523 


Land grant or mining claim......... 
Line weight .005”. Dash .25”. Dot .008”. Space 
between dashes .10”. Show complete when coincident 
with single line stream. Show in road only if needed to 
clarify. If road carries red fill, label and omit boundary. 


Land grant monument with or 


without geodetic position........... a 
Line weight .003”. Sides .04”. Dot .006”. When on 
boundary line orient with line. 


Township or range line.............. 
Line weight .01”. 


Township or range line: location 
Goubttul: ii: c.devexesddevieys oneness 


Line weight .01”. Dash .10”. space .02”. 


Section line.........cceceeeeeeeeeeeeeeees 
Line weight .005”. 


Section line: location doubtful... 
Line weight .005”. Dash .10. Space .02”. 


Section corner: found-indicated.. 


—+-— —_+— 
Line weight .01”-.005”. Length .06”. Space .033”. | | 
USGS 1, 
Closing corner: found-indicated.. —.~— — ~~ 
Line weight .01”-.005”. Length .06”. Space .033”. | | 
USGS 1, 

. | 
Witness corner-meander corner... __|we —4mc 


Line weight .01”. Length .06”. Space .033”. USGS 1; | | 
Label. 


OTHER LAND SURVEYS 


509 


510 


511 


SECTION COFNETS............ccc ec eee ee ee eee 


See symbol! 506, indicated corner. 


Closing Corne’............:00seeeeeeeee 


See symbol! 507, indicated corner. 


ROAD DATA 


512 


513 


514 
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Class 1 road........ eee ee eee eee a 
Line weight to fit road casing. 
Class 1 road.........eceeceeeeee eee ees —————— 
Line weight to fit road casing. 
Class 2 road eee Ln 


Line weight to fit road casing. Dash .12”. Space .12”. 


515 Class 2 road...... cece cece eee eee es 


Line weight to fit road casing. Dash .12”. Space .12”. 


517 Change in number of lanes......... 


Line weight .005”. Length .07”. Tick at right angle to 
road. Label if more than 2 lanes. 


518 


519 Route markerS.............cccccce ee eeee 


USGS 9,94, 70, 


MISCELLANEOUS 


520 Urban area...........ccececeeeeeeee ees 
Make separate plate. Fill 13%, 120-line at 105°. 

522 Fence line...........c.ceceeeeeeeeeenenees 
Line weight .002”. Dash .10”. Space .02”. 

527 Boundary enhanced................5 


Make separate plate. Enhancement width for exterior 
boundaries of Federal lands .10”. Enhancement width 
for interior Federal lands boundaries .05”. Center tint 
on interior boundaries. 


6-13 


GREEN PLATE 


600 


601 


602 


700 


701 


702 


703 
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Woods, brushwood................055 
Green tint 40%, 120-line at 75°. 


Patterns and tints to be broken for clearings along 
cross-country transmission and telephone lines, 
pipelines, highways, and railroads whenever clearings 
are approximately 100’ or more in width. Fire breaks, 
width .02” or to scale. 


Sewage disposal or filtration plant.... 


outline. 


Masonry swimming pool, 
reservoir, or fish hatchery.......... 


Blue tint. See symbol 179 for outline. 


Intermittent lake or pond, or area 


Canal or stream..............cceeeee eee 


See symbol 419, for outline. 


604 


605 


Wooded marsh or swamp..........: 


Green tint. See symbol 432, for marsh. 


Manglrove...........c:ceeeeeeeeeeeee seen 


Green tint. See symbol 437 for mangrove. 


BLUE TINT PLATE 


704 


705 


706 


707 


Water area.........ccc cece eceeeee ee eeaes 


Blue tint. See symbol 45n when no blue tint plate. 


Submerged marsh or swamp...... 


Blue tint. See symbol 43n for marsh. 


Covered reservoir (water)........... 
Blue tint. See symbol'180, for outline and hatching. 


Use for areas normally dry but subject to occasional or 
periodic flooding. 


STANDARD PATTERNS AND FILLS 


U SGS 1 Culture symbols 


CErrsd tidbit rrece ttttt ooooe oo 
R-~«K Xana nXAxX+F+ 5 0008 00 


—, 8 x Q rn 
INI lI 5S Se ae 


USGS 2 Marsh 


Se le de oe oom a 
ae ae wa le 
a alle = wa a 
ie ms ‘z ie ae _- ale 
ae a le al ate | 


USGS 3 Contour numbers 


3A 100-5990 
3B 6000 - 12690 
3D 5-595 
U SGS 4 Spot elevations 
4A 11-2000 4D 6000 - e000 
4B 2000 - 4000 4E 001 - 10000 
4C 4001 - 6000 4F 10001 - 12000 


U S G S 7 B Vineyard 


na anes 


U SGS 8 B Fill for intermittent pond when no blue 


tint plate 


U S G Ss 9 US and interstate highway markers 
Nos. 4 to 95 
(@) 


(not consecutive) 
U SGS 9A State highway markers 


Nos. 1 to 830 
(not consecutive) 


259) Nos. 7 to 1000 


USGS 1 0 Misc. highway markers and Nos. 71 


to 1000 


95008QU 
OVOVOBOMO™M 


USGS 11 Highway direction arrows 


USGS 13A-1 B to 1P Road legends 
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USGS 1 4A Declination diagram for Mapping 


Applications and Mid-Continent 
Mapping Centers 


USGS 1 4B Declination diagram for Rocky 


Mountain and Western Mapping Centers 


USGS 1 7 Sand, dry lake 


USGS 17A Shifting sand 


USGS 1 9 B Land subject to inundation, 


tailings pond 


USGS 20B Scrub 


USGS 21 B Intricate surface area 


cof * © Viral fe $ 
EBS BORO ES 


U Ss G Ss 2 2 Gravel beach, glacial moraine 


USGS 24 Hazards to navigation 


Jo He He te te eH EE 


“a 


U Ss GS 25 Mangrove 


USGS 26 B Orchard 


QHPHGHKHGSCSCKHHSASRSS RASS AHR See oHae gaa a 
HOKE KAHGCGRSSSRSSKSKRSSS PKA HSH PSI SSO HH OR 
HKHCKHSOSGCHRSRSSSSKSSOTSSSSRATHK SHS AS RO Raa HOD 
GHKCHLSHMGCSSSSSPSKVPS CSS PASS HSE RAG OO Ooo 
HKPCRSEKMGGCK SSS CPR SSC SSCS PS RHR SOGOHH SS GDH 


USGS 31 


Dotted land lines 


USGS 32 Levees 


U SGS 34 State location diagrams for all States 


USGS 34-1 


State location diagrams for 
Mapping Applications Center 


USGS 34-2 


State location diagrams for 
Mid-Continent Mapping Center 


USGS 34-3 


State location diagrams for 
Rocky Mountain Mapping Center 


USGS 34-4 


State location diagrams for 
Western Mapping Center 


USGS 35 Spoil bank 


Specifications for lettering are on 
the style sheets contained in 
appendixes 2-B (1:24 000- and 
7:25 000-scale) and 2-D (Alaska) 
of the “Standards for Revised 
Primary Series Quadrangle Maps.” 


Sample type styles are in 
“Specimens of Type Faces for 
Maps.” 
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INDEX 
Page Plate Symbol 

-A- 
Approximate boundary .........cscccccecceceeeeeeecseceeeeceeentreeeess 8 black 10 
Approximate Contour, iNde@X..........00c.cccceseeeeueceeeeeeeueseeues 101 brown 303 
(IPRS ANA ES hws toadenen clones ranpaceed aneandsdasioed austen 10: brown 304 
At@ a IMIS cisahsidecivds crn vancdeiened th cork catiwenatce es dew lieaanaeatieds s oy black 245 
Area to be submerged............::ceccececeeeeeeee eee eeeeeeeeeaeeenees na blue tint 702 
Approximate mean low water line...............cceeceeeeeeeeeeaes es blue 434 
AGU AUCT. tesco cs Sev otenedk Anbelbosdisons ofiahiiebadtaeie beaded 1! blue 416 
11! blue 419 
EIB tS erdesannisteaeu taste teva nce yauiseaetuctwebipee eesti it! blue 425 
Winer ccc iisv usc ninplccxancdadvetanienbadindeansicnveaueuss 11! blue 423 

-B- _ 
Beach, Q6aVGlisisicc tied cackwedettiweds veda uensanuerns (ave0) finda ican 10) brown 329 
Bench mark coincident with found section cornet.............. 19; black 230 
Boer Walk..2ia eds crushspesrosesnathserQucs ne tastier tuuctsaduanesabeniesed 191 black 253 
BOPOW Ditticcseesscxcaunsaveacnciienwceswavuss davewvaducheneenvvevenstebobartts mi black 255 
LANG Cr asccira esate nrtareuiatarsaenacaiaesset abadeemdeeecastiaewak 10 brown 333 
Boundary, APProximMate.........ccccccceceseeeeeeeeeeeeeeeeeaeeseeneeneens 18} black 212 
BalMO sees caeatitscfataedh tant coer scmodiunesiiaedaSendiieaian ocak 18) black 205 
COMETESY... 0. ccc eee cece ccc ee nee n cece cence ance een een eee eaeeneees 18; black 209 
City park, very large..........ccccesceceeeeeeeeeeeaeeeeeeeeans 18; black 207 
Civil TOWNSHIP 822 .c.2ecseer tens ds ececgdadesand tteeceiadeteenness 18; black 205 
COUN 2. wociezeicdxdined idas ds aed eqndenidesdvessst aheweuatixencs acu ds 18; black 204 
COUNTY Park.........cccccceccecceecu eee ceeecueeueeeeeaeeueeeeeeeees 18; black 207 
DiS CIC Eich sito watigconeatntecatiec scnoaaaMfeen ater winches tauate 18: black 205 
EAMG OO os, nrr acisainsts toccedeeigenaplo mente taedueseteicas 13 red 527 
Incorporated DOrOUGN.............ccccecceececeeceeeeeceneeeaes Bs black 206 
Incorporated City.........cc.ccccceceecceseeeececeeeeeaeeeeeueeaes Bi black 206 
Incorporated hamlet..........cc.cccccecseeeseeseeeeeeeeueeseeees 81 black 206 
Incorporated TOW isacicccsccctecvessancvetendveettedveveccbere 81 black 206 
Incorporated village..............:ccceceeeee eee eee teens eee eaeae es tt black 206 
Inde finite..........cccccccessesessestesseeseessesseetesetestessesees iB: black a1 
Wi A ae alts thst ectean dacs ehasiedacee ied ieniimaancdeobacens 8! black 211 
JUCICIAal GIVISION............ ccc ccc eceece eee eae eeeeeeeeeeenneeneeuas 18! black 204 
MUNICIpiO.........ccecccceeececessceeteeeetseeeesteeettsecerseeeenets 8! black 204 
National sisce.s ccenieiea is cius So ynedela lenses Saws teeedakouereasnieeas ‘8! black 202 
National MONUMENT............::ccceceeee eee e eae eeeeeeeeeeeneees es black 207 
National Ppark...........cccccccc cece eee ece eee eeeeeeeeneeneeeneneenes ‘8! black 207 
National reservation...............ccce eee ee eee eee eee eee ‘Bi black 207 
PAniSiwscones cs cect deca sen edhactadsaanacranessiad Meeeeeentaetenaa ces 18) black 204 
Park, DRIVALG Jo. 3.5 shed nihgenccne ca dectuesa vedeaaenenmeaianeenn d ‘81 black 207 
Small cveiiectssieni ae seen e ev ia olenbese 18} black 209 
State kos teseendadame nds Hace teas hae dale Lawecnaeed '8; black 207 
PFOCINCt........cccc cence cece ee eeeeceeeeeueceeeeceesseeeeeeeeneeeenes 181 black 205 
State sess sed. ecmasneceaeecal ethachennass ais ieasiened Stiadadsemaask 1B; black 203 
Slsle FOS6 (VERON iwicsinstinaxcnictansiesilucneuniisetioawaxt 181 black 207 
EI UI NOY oases.) ese dapsone camdainntereancs gate al veouieeysroae ee iB: black 203 
TUE in tessa tact ea clas edee douches ies 181 black 205 
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INDEX 
Page Plate Symbol 
Boundary monument with number and elevation................. 9 black 225 
Boundary monument with tablet, with or without : 
geodetic position, elevation third order or better....... 8 black 222 
Boundary monument without tablet, with or without _ 
geodetic position elevation, third order or better....... 8 black 223 
Bralded ‘Stree aM sais cn accssca ot into thors sxtneredehoncacanarestemeaereedennseneess Ut blue 404 
Breakwater: osiseccs S teslatalacsoutgeaiceed et hdin Heinle oie ieee eda ‘6; black 156 
‘6, black 157 
Bridge, multiple track railroad...............ccccecese cess eeeeeseeeeeeaens ‘6; black 142 
Over stream, road, railroad............c.cseeceeeeeeeeeee scenes ‘6, black 146 
PO race neres e erectaee so eae enero ‘61 black 137 
Single track railroad...............ccccceeeee ences eee ee eeeeeeeaees : ‘61 black 141 
BrusWWOOd oy dacdedeteens Mea eeee ehe ee eeedeweees h eela Mhceg eee 14: green 600 
Buitlling PIAGGIO ME spit cceshasvsecknidenrabsunctannemesy ty daberiainoses 7 black 174 
Buildings; JAlQ@yiicnic. si csnsostacdes canmoanetanctvs ebsawenneddumanad teed bale tT black 165 
PTA eeeciniticn anise an gece abecnjanntiassian eben Saisientaadtabenaie ax geadaah 7} black 163 
In Congested areaS..........ceceeeceeeeeeneeeeeeeenees Ta black 164 
es ' 
CAPO OUNG 2s SaA li aasicbat Satta xateaRaehicedbetabtantietyessady side dh Gpuaen 9 black 257 
CVE) sat echtpsetee ace eo ets oh Pe testes ete teed See tees Pens vo Hi blue 416 
ra blue 419 
1a blue tint 703 
CONTOUFING at. ooew.e. eee eeee caeeeeee eee ee ee reeeeie ee et eee ewe 10) brown 312 
INTSPMITLON Ts sc cescciaaws coeieadsenida cs ces savdebeeads edad ecu. 11! blue 420 
DAY Ia Ge ceess a ritietanadnrstdteertabeneoiesdvsiernieadearnescote 11! blue 422 
NONE eeepc serch cspcctiearesectartee cetncedeereuaeeainioten eect eae 6: black 131 
DISEia ME OO si cickidticuthtetncasdiamtaicheianiniucatnenteeuiaes 16 black 133 
Carrying CONMTOUL..........cccccece eee eee nee e cence eee ee nese eeseen een eeeeenees 10; brown 306 
GAUSC WAY: ivieviees ack fie can eccevedendcee A venues uae ve ee danive seeeee eaeed 6 black 157 
CAV Gh: is bahiis ecevnd ohvoiergebatdeadines beat babie eves Mawar anteaaines wekien es 7 black 184 
COMEtErY no. e ec eecc cece cccceeceeseecececeucesaeeeceueeeuaeseeeeeeeeeeaeeeunss 8; black 214 
8; black 215 
Stall os cenicenetadsatinc anna eacenncda dre saateceunenderestececmnaniee 8: black 213 
Channel in wash, permanent..................cceccc cee ceeecseneaeeneeees 421 blue 445 
Channel in water area............:.cceec eee e eee ee eee eee eee teeta ee een eeeee 421 blue 444 
(aN, eee me ee ee ee eT on Sree ee eve er ee te ere a black 168 
IN Congested AreaS...........ccccceessssccesesenesseeeeeeevseceees i black 169 
UNAS ecco acca caste deascoizcactnhaewseped a atesos Aran a black 170 
PIBCG UGE sca cinsdictreeiantennuenieriantarademeaieeticasee: 71 black 173 
CCU Nese cece te cdtsioin ecnep tp neeaoewicene eee i7t black 255 
CURE Cie lliNGn et dsenesiee eee ted te ge 71 black 182 
CCNA SRE da tee ect aterter ers seas aiereaa tena vin tte bee sends 5 black 115 
LAM Oh xe ttiete sastignci ctw tdlaicrqancciitciaedve tale Lee da jtnle wdhajoe tuba tain a haps 10: brown 333 
CIOSING COFNEL.........0cc cece necccccceeeceeceeeeeeeeeeeseeeeeeneeneeesneees 131 red 511 
POU Oiccdesetestactintedsstdentassiidgagauclen Micaunaieeathice? 13: red 507 
(ee aie ia ceetaetnassueretinas aes ocean ode eran 13! red 507 
NS VOI Starter asteseaneesarens tevaslirdon a nundivesteaenenpeains 9! black 253 
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INDEX 


Conduit, elevated...........ccccccccccccccce ace eeeeeeeeeugeeeeeeeeeaueeeeues 
Contour, approximate INdEX...........ccceceeceeeeeneeeeeeeeeeeeeeneeees 


INTErMeMiAte ese ciccncwed os co eda Aoaaieed an Sadaeawncawad endieeactaes 
Carty ING ice cevine tees ncnenaperbekeureesetageinedsnteneteasbecbaes sated 
DepieSSiON iiicececsadeel iwesorcxsactanianawatuactedeadsanscnaeess 
INtSrMediate: sc. sc25.6 50005 ooeees Sea ccadeaestenede a addess M aaeaeees 


Sup pleMentarysezcencs ov sees eneses betas tees ceded aoeeecaaeadebet oa 


Contouring at ditches and Camnals..............ccceseeeeeeseeeeeeeeeeees 


PT EV CCS certs caine ox ane Rahondia stntenhna mata osama ae 


Control points, objects that may or may not have 


GeOdeTtIC POSITION...........ccccceeeee cece eee eee tees eaeeeseeeeeaees 


COral fC hissscicancnacwersasaica hangar eves anak na Gansniea te taaaoneananca weckbabes 
Crambe@rry DOG. ssenses testes dheenenacenedis shcbaemadeaehes Maned laowosden alone 
Crevasses, QlaCial............cccecccceeeeeeeeeee eee eeeeeeeeeeenseeeeeaeeneees 


Dam, Carrying FOAd.........cccce cece cece eee e neces eeseeeeeaeeeeeeaeeaeeneees 


Small MASONSY..........cccceeceeeeeseeaeeeeeee esas eaeeneeeaeene ees 
Parge Cart cesiieccieeecpenwies Lis eeaeceapeebdaebeietcnsiiecca dade 
Large MASONS). ...........ccece eee eecee eee ee eee ee cee eae eee eeeaenas 
WITH OCKs ccseneccuitiie baits dremel dneweess doniieadadveataeiintes 


DanQe@r CUIVG..0.5 25 ceccee teas cee eed ad eee ened seed cid aweeeeeeeeeustebeeeeeet 
Dead) CN FO adi. oes cs sccstinecanuseivacaueel eostes cavekabadanonss avcdesawdens 
DE Pt CUIVG sccincvsiies Gassaaaswnr ies udewunametde cand Ganenaiaeredibetsawaddeen 
DeEPreSSiON CONTOUSS..........ccecc ese eeeeee cece eee eeneeneeeeeeaeeaneeenaes 


AGJACON bicgagianchbceenst setnaini dan wexainedtes ean eenet caank aera 
SUPPIEMENtALY......... 0. cece cece cece nce eee ence eenaeenaeeenanes 


De@StiIN ATION AIO W vee. so emicd oa ca sewanedewer ene kaeaeedoned ence Webiwacsanates 
DinEGtiON: QllOW siwecsed cvcdesdhacawncs nesee shukeanedaviedes geSecesateneber aber 
Disappearing stream at a definite POINt...............cceccene eee ee es 
Ditch, interMittent............ ccc cece cece eee eee sees eeeeeeeeevgaeeeeeues 


Perennial sscscaitcatcavaencnadavdwatanaeanwadaviassncanasamtevereass 


Ditches, CONTOUFING At.........cccccec eee ee cece e eee ea tenses eens eneeeenaes 
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Plate 


black 
blue 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 
brown 


black 
black 
blue 
blue 
brown 


black 
black 
brown 
black 
black 
black 
black 
blue 
brown 
brown 
brown 
red 
red 
blue 
blue 
blue 
brown 
black 
black 
black 
black 
brown 
blue 
brown 
black 
black 
black 
brown 


- Example--cont'd.: 


Check: 
165 


165 


The capacity of the tank is 275 gallons. 


Note Of the four problems provided, only one was solved 
using the five steps. This was done intentionally to 
show you that it isn't always necessary to use the 
five steps as long as you follow some kind of a plan. 

Lesson Summary. In this lesson you were provided with the tools 


necessary to solve word problems by employing a logical plan and 
the language used to translate English expressions into 
mathematical symbols. If you had a difficult time with this 
area, review this section before moving on to the unit exercise. 


Unit Exercise: Complete items 1 through 21 by performing the 


action required. Check your response against 
those listed at the end of this study unit. 


1. Select the five steps to the logical plan. 


a. 


Read the problem, determine the unknowns and list 
them, write an equation, solve the equation, and 
answer the question. 


Read the problem, determine the unknowns and 
represent them, calculate, solve the equation, and 
answer the question. 


Read the problem, determine the unknowns and 
represent them, write a solution, solve the equation, 
and answer the question. 


Read the problem, determine the unknowns and 
represent them, write an equation, solve the 
equation, and answer the question. 
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INDEX 


-E- 
Elevations, water SUIfaC@.........cc ccc ccc c eee e eee e ee eeeeeaeeeeaeeeues a2 
EVAPOPAatOl, sisi c de sesenceeaees bea eeadiee Hodes choos chnaeede bond eee ee donee 12) 
EXPOS@d WICK iii cincncicneaontamaes Sock ch cadeceningbandanadamehensnenst ones '9: 
Exposed wreckage or foul ground.............2:ceceseeeeeeeeeeeeeeees 19: 


-F- 


Feathering-out treatMent.............ccccc ese ceeeeeeeeeeeeeeeeeaeeaeenees 110! 
FENG NMG vce vacsiace hexwadine wet ae wan wad ajcantuceewentedimanne vende ake secseanes 13! 


Fill, road Or railrOad........... ccc ccc cee eee eee ceeeeeeeeueeeeeeuuuueeeeuguaes 10: 
FiltFatION: PlAMtivccanceocveswsmagandeet iveadmacabsgae wed ae ddvaedaneaies ts cece i]! 


Ble Vat) ses siccsaicesives vibes bu dveswas view dsnasnuedehiaceds sakes 11; 
WMdergrouNnd ec. cas lech een canaene es tacts ew aetencdaeieenmndenes 11 
FOOD GC isc. saspietadetaes 42 beteea thats adevensdave'sia it Adaeeieaans 6: 
FOO) TO AG se siasessneuntancs san wurtieraasaathoonaanashaaitaahoud onaeannewanneaumnicce 6: 


Foreshore: tlattsacisicccdtcicdads tex sadiets cassca ned auasavends dunia atawaeaaecaes 901 
FOUl QrOUN Gis icecancties ticeiidssexcass beeicevemndediveeciaeareers Moacksastatcs 01 


-G- 
GAGING ‘StATIONs, sicsas5ades cece sp decenan he cheevetenened Seabee tadeuemadancbea ns 8! 
Gas pipeline, ADOVEGrOUNG............cceceec eee e ee ee sees eeneeneeeenaees iJ! 

WiNGOnQrouUndis mxgeccec bios eens ace nanhiees eecee Socnteaeesecees aes i]! 
Glacial CreVASSES..........cccecc ese ee eee ne ee ee eee eaeeeeee eens eaeteaeeanennens 12! 
Glacial MOFraine............ccc cece eeceee eee eee eee sees eeeeeaeeaeeaeeeaenne eae 10! 
GIB CIB iss doeiiunabansida gud Meteuichenduamen de daatededdueeusupdetddealvarnansdeees 41! 


-H- 
Horizontal control station, checked spot elevation............... 8! 
With SECTION COFNEL...........ccccee eee eeee neces eeeeeaeeaeeeneees 9! 
Third order Or Detter............ccc ccc ceeeneeeeeeeeseeeaeeneeaes 8! 
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Plate 


blue 
blue 
black 
black 


blue 
blue 
brown 
red 
black 
black 
brown 
black 
blue tint 
black 
blue tint 
black 
blue 
blue 
blue 
blue 
black 
black 
black 
black 
black 
black 
black 


black 
black 
black 
blue 
brown 
blue 
blue 
black 
brown 
black 
brown 


black 
black 
black 
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Page Plate Symbol 
Third order or better, permanent mark..................065 8} black 216 
Vertical angle elevation...............ccccccceeceeeeceeeeeeenees 8 black 218 
-|- : 
Indefinite DOUNAALY............ccccceceeece eee eee eeeeeeeeeeeeaeeeeenaeeneees : 8 black 212 
Indefinite or unsurveyed Shoreline.............ccccceseeeeeeeeeeeeeeees an blue 415 
IND SX CONTOUR esicteis Hocatieer seco ban nadie vee eeeeenin nen eee ews 10: brown 300 
APPlOXIMAtTC.iiei os aden. ceaiee coe cawh ie diaaes val ove e neuen e codsains 10) brown 303 
Intermediate CONTOUS............cccece ese eee eee eeeeeeeeeeeneeeeaeeeensenaes 10: brown 301 
APPIOXiMaAte.........cccccc ccc e eee ee cesses eeeeeeeeeaeeesenseeeeaees 10: brown 304 
Intermittent ditch........cccccceesesseesessessessestseeetsseeeesseeteeseeees Th blue 417 
lnteninittent Street anccrcenccessbttewaseoncsnsd cinerea @enecanntedacauties it 1! blue 405 
1! blue 406 
Intricate SUrFACE ALEA.......cccecce cee ece eee eee cesses eeeeeeeeeaeeeneenenaes 10: brown 328 
Inundation, land SUbDjECt tO............ ccc ccc ee cece eeeeeeeeee eens eeeeaees 12 blue 448 
14 blue tint 707 
-J- - 
0 Ee eee ee eee ee ee eee oe 6 black 156 
ae _ 
IAI a let taeciec lane degeneracies coestcadestaneeas otis 10) brown 321 
1M blue 414 
lake, perennial xsiccsc. cess tee eset SA edd whe pease dae siesta des 11: blue 410 
PRS PIT oes Cece etree lee eee 1) blue 412 
14 blue tint 702 
MAREN PAI acettecenca vara icteet veces saalseeeicentomcnnascatiaaanenenautans 131 red 500 
Land grant monument with or without geodetic position...... 13) red 501 
Land subject to inUndation..............cccccc eee eee cence eee eeen een eeees 12 blue 448 
Landmark object..............:.::cceceeceeeee eee eect eee eee e eee eneee eens : 3 black 198 
Lanes, change in number of, r0ad.............:cecceeeeeeeeeeeeeeeeees 13) red 517 
POV ES Rescue den au cmosaiMadtained cmeded exdaosten cmemasdee Mecsas caatete shastasberelated 10: brown 314 
Pal: Cart iccsnieic resp cnad whbcataneaaaiamosined ox ataneioa tensa H| O: brown 313 
With (OA. vis 242 tera ted acacetannc che rSacsadaaseaeteee rete oesae abs 10: brown 315 
With railroad........ccccccccceccecseeeeeececeeaceeeesaeesaeeaesenes 10! brown 315 
LEVEES, CONTOUTING Alt........ccececeec cece eee eee tees eae eeaeeeeenaeeneeneees 10) brown 330 
Located ObjeC tenes iccsdsdeies.cd tagctseceddasgedaeeeeden Mekal bidesameaeden cle 3 black 198 
Wo Gk Galina js. aicc's bsiencates Sones io eaeeaenae ta havea die nage baesaehed eaainects 6! black 160 
Deeible line Ste AM xia ciis ats cadccraveicdindunae dubaniesiotdeaneelnn 6 black 161 
-M- = 
Man GhOVG ccc ses cocina eh s Be le Sneek coma oe 1.2! blue 437 
14) green 605 
Marsa. eiiiienececietierrees cxelncnealansnncdea ealaiegasjeudy aaveldameatoesatanucidectas 2 11) blue 431 
SUDMEI GOO sso icesdicncecde dating edsueds deveeas esd dea tua nenoxenes 12) blue 433 
1+ blue tint 705 
Wooded) aicc.iessads ts ice oooeteelecanihea ege ke nedieedbad sees At blue 432 
14 green 604 
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Masts exposed on Sunken WIeCK...........00ceceeeeeeeeeeeeeeeaeeenees am) black 241 
Me Ander COMED 02s ccc. .ci0se5 ce cecetedsetees aa sesben ddd dae etd eb aeiGaetone ss 13! red 508 
Mire, ARGON SETI i datwnckeaiactondusseannehanduasinmstanehanatirebenaabeninates 10! brown 325 
Lin@ail Sill Piciaveeenansiviretecdeiowossansieswidinwnaed evweteainseanines i1 0} brown 326 
Soler e | eee eee ene ee a ee Se it black 183 
MiG QUIN P iivecis ciactesnactdcsadsen sensor te dveahanceeadeiuie coanee sacar ianees 10) brown 327 
Mine Shatti... 2 si.soccneetes rs goehieadiddes reteeebs ellos elassedaer Goendeaees 71 black 186 
Mine tuntel @ntranGe sc. cs:cd.c:c.2ctdecaseactoen Weceaseweeseneeataeabs m1 black 184 
EMA PAI tied ircdenaia stained Sc stbe Shee SRO casabuasoeee sian 13) red 500 
Moraine, glacial...............cccccccecceecceececeeeeeeeeeeueaeeneeeeneeneas 10, brown 320 
Ice pcteces enratens ae crrertreion nian Beramacetinerentunthenetmen thins oa Pernnnadeeloneoseana 10) brown 316 
-N- a 
Navigable camel cinani dees vereramnaiassaacundaatianmaniean: 11! blue 422 
-O- 
Oil pipeline, abOVEgrOUNG...........0...cccccececeeeeeseesueceueceeeaees Hi black 191 
WMO RQroUn ia: civiees oscgse since hee postads thd seieceeeceeentdide ties ‘7! black 190 
Oil reservoir, OP@N...........cccecc cece eceeec eee ceuece eee eeueeeeeeeeueeeeeues 191 black 251 
il STI ast s ete oties sadatatantasetenstelomenetenal sduloaatescinnabteb duane a1 black 250 
Open pit MINE, large...........ccecce eee ee cence ee eee seas eeeeeeeeaeeneenaees 10) brown 333 
OPCMArd vice csnccunsecebevecseteessutansd ses tiadubanawevenss Coat saneweaneee coos 1a green 601 
OVGIPASS sesiiied icewenissnwees sh biwaearebiats teansemidexenseliccenibboremsactes 6 black 145 
-P- 
Penstock, UNGErGrOUNd............ccccceece cee ceeeeeeeueeeeeeeueeeeueeas 11 blue 423 
Perennial Stream...........cccccecceeceec ence eeeeeeeeaeeaeeeneeseeaeeneennees 7 1 blue 402 
fl i blue 403 
UNSUPVEY Cd bs tic nerscec cs antisny caine tebe tease nadie eed eisai cela ou blue 408 
PICNIC: AlC eee. vic cscs cea ster dewadey daabeevadeedea enews ered vui esa een Q black 256 
PIG KF cccs cpevorzainiaane. Shteebaacduaeds sok avnamivalads Soeweddemidshawantned en csteh 6: black 156 
‘6: black 157 
GOV CRO ba asc ceicietatcuauuls date kieheenaiendadualtanswa uals doa WdNaeee ‘6 black 158 
Pil@ es scewewertces s2 och ba. woktadiasaw edt MextaewesOexnews soa caWeauaes tees cceeuenes im) black 235 
POM): ONY onde eh con cncbonenia coenes an acrenl sates apeddemssaheeedeted aeeeenene 1 blue 414 
10) brown 321 
Pond; INtErMIttE Nt ascinstics sccseaoadamsber dias cdanaweadeaawanarecd ates sade ab blue 412 
14 blue tint 702 
PRLENMIAls .citcescevetd cc snsdinesenavetercncean saeaueven aa dane senisinedinne 11! blue 410 
Power transmission lin@.........0.c0cccccsccceeseeseeesesesseseeeeeensenes 7 black 187 
PRIVATE. TOA. secs osc siten Hiden ee cn wtecaeedewadtaeanesswsaiencueanaentseatwactneaes 5) black 111 
PROSPOGES icici Sau taeentieivieae n Qovvndu dgleavausdananenadeweaalganentoes eeneuntas Ze black 185 
PUMPING StAtiON..........ccccecc cee eeee cece en eee eee eee eee eeseen eee eeeeeneeees 3 black 201 
-Q- ; 
OME sees cesta eames aac cee eee cae i black 183 
LAG: cds gee taa cis we dared sides ua cinta seddeenadebee deeane Pelee 10: brown 333 
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-R- 

Railroad, dismantled..............cccccccceee nec eee eee e eee eeeeceeen een eeneens 6 black 133 
I: STROST: wis sia Sicie de saced cnnies sudiede Mvewileen dh oeea Rawat Geeneedeaes ish black 124 
U.S. standard gauge, juxtaposition.................cc000cee aay black 123 
U.S. standard gauge, multiple main line track........... 5 black 120 
U.S. standard gauge, single track.............ccccsseeeeeeees Bi black 117 
U.S. standard gauge, SIINGS................:cceeeee ence eens Bi black 126 
Narrow gauge, multiple track...............:.:ceeeeeee eee e eee Bi black 129 
Narrow gauge, Single track.............::cceeceeeeeeeeee eee eaes 15 black 127 
RailrOad StatiO Mis sxiccscees tiveninadas deawsaeeaatds 04 dats dadaaaetaedobirwelieaen 6 black 136 
Railroad yardS..........ccceccccceeceee eee eeeeeeeseeeeeaeeneeeeeneeeaeenenaes 5) black 125 
Railway, inclin...........cccccccce cece eee eeneee eee ee eee eee een senses eeneee ones 7 black 188 
POG WG ccaetacdeae te setaargeea tenet iaasesdecadeaiecnateaseeaasuaenmanes 13, red 502 
4 3 red 508 
hOGation GOW bt ie cinsiccdsnaincueuantiurnseaccdeoraductsdwdstenss 13; red 503 
Paps; (Arges. iacxucosuatcworsacoucbidematathisnatebateuatenAduaecdaaiteetsvanane 12! blue 442 
SST) A saat sce etree at aieeistoaytateteisticas vhomemeeaiseeeiaecen ds ote 12} blue 443 
Reef, rock Or COral........c.cceccccceccececeeeceaeeeeeeevaeeeeeeeeeaeneneees F black 233 
Siriall, FOCk OF COlAL ss inviancdnaicediacsatuaihisimoninaisdas 19 black 234 
Reference MONUMENL...........cceccecceec eee eee tense eee eeseeeeeeneneennees 91 black 226 
ROSGIVOIl a iicscarenchas ci diadoavlnanrn dddned Maevabusdideodoauledamedalds ct bateaas ms black 179 
14 blue tint 701 
CS tease ea tates danced uate 2 black 180 
Watendisscdcdeaatiduccdescudntetaceainadatesensaaencwcniees 14) blue tint 706 
Natural SHOreline.............cccecceeeeceeeseeeeeeeeeaeeeeeeeeaees at blue 413 
Road, change in number of laneS................cceeeesee teen eeneeeee 13) red 517 
GA SSW sec cate ta etacsaten cae agen ania cscees Auk oinaienea ads Sa aianead 'D black 100 
oi black 101 
CLASS 2s eect ates eee se has eatin etna uate aaa 5 black 102 
Ds black 103 
Nata epee duh need eto geee deena 5 black 105 
NS SA os teeccetnatucetariecd aloansiabs emiapuiticaibamnaamnindas 5 black 106 
es ee Se Ee eee Tn ET TN nT Te Or 15 black 107 
Dual highwayS........ccccccccccseeeesececeesenterteceeeeeveneeess 5 black 109 
Pe ST erence cease aati 5 black 116 
Road fill, ClhaSS 1.......... ccc ec ec ccc ec ec ee eee eee c ee eeeeeeeeeeeeeeeaeaeeeees 13 red 512 
13) red 513 
(ClASS? Zant wcus btcioenbuadan addled aches ardent date stenn ad suuacames 13) red 514 
13, red 515 
Dial iQM WAYS fesaiedsriieeeicaiusdvcetsintavensnielaventecaans ‘5 black 110 
PHIVALC sicercaniied da vtcd jexeniesadenes died seninesewes dean seainnerenaa ate 0! black 111 
Streets in urban areaS........ 0. eee eee eee eee 0! black 108 
MOllstgecaecaaaasenacecarnnalsesactesecatenaesacuece-atacaratas saves 10! black 104 
Under construction, classification known...............+ ‘D! black 112 
PI ae ese erase oa esa eneste vc Gee patented easton duh sean cud cnen tenho 91 black 233 
Bare OF AWASH..........ccc cece eecceeeseecceeceueeueeseeeeueeeaeenes 9: black 237 
Dangerous to navigation................00ccceseeeees 9: black 236 
10 [a Pee eee eee eee tea Renee Rene tee eee 91 black 246 
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Rocks, group of, bare or AWASh.......eeeeeeceeeseeeeeeeeeeeeeeeeeens iS) black 238 
Roundhouse and turntable, railroad..............cceceeeeeseeeeeeeeeees : 6 black 135 
ROUte: Markers 2538 c00cd catawadevndeadacandaence siansd tetewshadadetcetecemanes 13! red 519 
BARI Ss erent ee scepter eacgalaattoeat 7! black 181 

-S- _ 

Sale Tai tava te nas vattgiareatsantaerienihamatetnsenuteinadamens 12! blue 450 
SANG AKO ae vscoecwse se 2es dda necainnen's Cocudieeusendens ti Geaeueagelweanaeens ebanniee 10: brown 316 
IN OPEN Water Ara... 21... cece eee eee eee ee eee ee ee eee eee eaeeeeaee 40: brown 322 
Sani iG VAG ec cusccek fui ccc arsteacidestebcatchun Gachicasinsebindcaiexanvee 10: brown 333 
Sand, Shifting, AFCA... 6... cece cece cece ec ec cece eens ea eeeeneeseneaeaenees 10: brown 331 
SCHOO vs sseceuscasaasennseeatastaserid acaredanexcartass bbuxencdeuedexedorsianees 7! black 166 
IN CONgeSted ALCAS......... cece eee eee eee eee eee ee eee eeeeeeae eae 7 black 167 
PAGO usted 28 cxdshainadanes Ledeen aed unevd aes RkaM ines Ores ee devebiede 7 black 170 
Led Cel 1 0010) The black 173 
Several DuIIGINGS...............cceee cece cece e eee ee eee eee eeeeae eae wh black 171 
Gd cecal caeg cca tatu ctamenaalethaceanbatceana. ina moutosaduban 14! green 603 
SOCOM CORMAN xiihine diane andeenmsatenduadsuniansintaunksdianaesianweatin 13) red 510 
FUT te casnsosatagncseashn qhaantinicnatoiak tau eenpamamsiecsann tes Re red 506 
PGIGHTE ch ecnenatsincett AnatiadhAngaieinehiaa ShudebtaumanalsechAs 13: red 506 
SOCIO NAB sarin reer acta acepsndeciatarndceatantansatnenannciaabite 13: red 504 
113: red 509 
Gee tion Cotb thillixats ctx tieccsccurestsdcasrquantvadiremnataens 13: red 505 
Sewage disposal........cccccccceccsceeeeesecececereeeeetrteeeentreeeesnrace 14: blue tint 700 
Baia tore acnte tacos geese exe vacnenn eee anes 7 black 178 
Seawall cities cncecinaues nun spares aceianrtedencdes eva savaniwed ch aeet eieeates 6 black 159 
SNOAl ficdaacwaucevnde ccantahsstas vem astancs wibawetes aeweesunsnionedamarnewmewee 9! black 243 
SHOMCIING easdiss cox nncwensacsease cadewsaescscaracaheeiaeendeaes abgabeceatermene 11) blue 400 
INGO TIAIG is sax ocened adh scusdee xe vetes dese daw edeeendaseaseicecleres 41, blue 401 
Or UNSUrVEYEU............ cece cee nec ec ececeeeeeeenenees it blue 415 
Si PIO Misa ies 2s cai daredsnaeca uxt Soh es adnan dbdvasawek Sede dageebalmenen exten eaeeee 42 blue 452 
Pe Mit sles cepus artistas patrssennatecta dairsSeasedensladauetieadiinet Antoni tudont 7 black 188 
SIMOAGS: Bits cst cas ae hohe te aaceteen lee Dos cemcenc ations ee che aeaene 9 black 250 
SIUICO Gate. 2.5 cas. cogecks ches os 4s dedesesed (4 esas geese¥ensses (avsesesedemeneds 6} black 160 
Double-line Stream.........cc.cccceccce cee eeseeseueseeeeeeseueeaes 6. black 161 
ii dGhesarchecscatsonascatneto i Geen Gee eee i) black 235 
Snowfield, permanent.........000....cccccseeeeeceeeeeeeeeueeeseaeeeeeeanees 41; blue 428 
11, blue 430 
SNOW SHO ede cass devisen teva she vida dihanaiaeiedubdemannedaaeidenet danas anes : ih black 177 
SOUNMGING Sixecnncinisesiacedsmanerors cane aes ate cemscteasegreenaeiaeonsenets 12 blue 454 
SPOIL DANKE sa sseadaniese di awediecs beciosave de nneeadedwiauaywanwaceubdea maa ees idea 10: brown 332 
$5) oF 0) 1 (002-1410) 8 8 black 224 
BO DG ac aecdasdi pctoececto oecca cto ace hc phen eatn tc eaeetncweinciinctendicies at blue 427 
Stream, braided..........ccecececececeaceeaeececeeeeeaeeeeeeeaeeeeenenaeeens 11! blue 404 
Disappearing at a definite POINt...............ccccceee eee e eee 14} blue 407 
Double lin@sivisicas2esewcineeieses cs zaxsaeckeyeszeesiecewe seen ee 14! blue tint 703 
Pr MAPSH gis earvii acs sinucecsars abba stians Maenaeebebunasiaoeaisaabes 12 blue 435 
[FP SWAMPirvscvreaiectteads Sovrcandieadenes donadananaincs de wanbdendnadaben 2! blue 435 
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NIEMINEN aicccteteactasstads aoctees hia cmieataccgatedooeens 11! blue 405 
Ale blue 406 
PELennial............ccccce ccc cc cee neee nee ee eee eee e ee eeee een eeneeneees bs blue 402 
Vt blue 403 
Unsurveyed...........:cccece eee ceeeee eee ee eee eeeeaeeaeees 41; blue 408 
Sthabts in Ut Wan MrSSSisisnsnsisasshanctanaisatenticinnennsewbessnsiaubs 5 black 108 
Strip mine, areal..........0..c.ccccc ccc c eee ece cece eceseeaeeaeeeeesaeeaeaeeas 10! brown 325 
iMG AR sate es hoe tee ers ease teee eee a ee eee 10! brown 326 
SF scetreeapetroreeatadtc gt tc esaeomhent ace elect tone eemecaeet am) black 235 
Submerged, ara tO De..........ccceccc eee ece ences cess eneeeeuaeeeeeeneens 14: blue tint 702 
SUNKEN, FOCK......ccccceccececeeceecececcecueaecueeesuesecaeceeeteeserserersees 19; black 246 
WTS Ol ss vi teritenncaassdicttasiosaindt atieavincaueseshttateuse aes 19; black 242 
Mast exposed........cccccccccsssecesssecessessseeeneenes ‘9 black 241 
Suipplementary COMtOUI scsi cn csversacvccsdenaureiaedecatovancnesundenes 10: brown 302 
Supplementary depression CONTOUSS...........ccccceeeeeneeee eee eeae ees 10: brown 309 
Swimming Pool, MASONSY............cccceecece eee eeeeeeeeeeeeaeeneeeeenees : 7 black 179 
We blue tint 701 
SWAM Pais sccewewatsvdabeseaess naestedehdnes se macuvedias doaaan shaieeaeduneess cones 11) blue 431 
SUDMOGed). -s.c5 5 cece ea cena ease ee eeten eweiees ot ov ee Sheed ewe ence LP blue 433 
ue blue tint 705 
WOOdG Ghd os siciccdies erence dnnmraarieincaiines tem ctiea tans sleesstete sield BE aaatern ee ue blue 432 
114: green 604 
272 
Talli GSs s.cscidcsvoncitnesvavsdugathvoncionnsaiicboa tiadocidasdedemdenstodetts 10: brown 324 
PONG: weicints anceccatavanenawevcacaca cease choses tenemalea@abamien nt abies Se 10! brown 323 
Tein Me GS tas chrandarse cee eet salad node 8; black 196 
9 || eee re ene ener tree rere nt oat eer 8 black 196 
Wole tv eee 8: black 196 
Tee nen NN ied wears caine evince cere oe acataneieesa vies 7 black 189 
TOM TOG os 3 catnicass cries ts wartny caksnwe de namena eds dich ousetanesdaareeeneadirce ‘5 black 104 
T MGS scot idcu ironpilessened dnsdemnnadeb intel SuecentaidaasensdiiiotensSewudoindiens 5! black 104 
Ts Pi US ao aki snasio cd cdennnakeenebaacedtiaracn ee eacadacaanatiolaneidie 13} red 502 
13; red 508 
Location GOUbtEUI............ccccccecc eee ecee eee eeeeeaeeeeeeeeaees 13; red 503 
TPT IG de ere atiiat ae peeiwextaaetlotan tealonsesongnieuentnodganioniiuaes ib! black 114 
Tidileisina shaexsaentiadaactneathaatihtdetata tin akotinitod ced dba rleeaeedanne 5! black 107 
Tramway, landmark lin@S...............ccccce cece eeeeeeeeeeeeeeneeneeeaes ri black 188 
TranSMiSsSION JING, POWET............ cece eee c eee e ence eeeeeeeeeeaeeneaees a. black 187 
TURE), BOW SAUCE ps5 scaracoscesthasccnberdeintacwesciendeantoniexseseses ste 11! blue 424 
PRA sc acetecieta cvbnaecassedeteet Rguueeeasuaienaaseenaenatees ease ‘6; black 139 
Pall nev odeztes 253 2ceseSsates dastanseocutwsdactsbiadsetesedetvanoee 6: black 144 
Turntable; raitltO aes csccisiaies en ckeames wa Oisadecadanageaeeaaes cack eatanbaus ave ‘6: black 134 
Roundhouse and, railroad.............cccecceneeeneeneeeeeeaees 61 black 135 
-U- ; 
Eis (elds (2 (1 eee ae ee eee tee ate Ree eT tee eR ener 6 black 145 
U.S. mineral or location MONUMENL..............cceceee eee eeaeeneeaes 9 black 227 
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Urban AF €a...... ccc cec cece e eee nee ence cence eee cence eee ee nee n eee a eeen ee eenes 13! 


-\- 
Vertical control station marked with tablet, elevation _ 
third order or better................cccccccecee eee eeeaes 8! 
Recoverable mark, no tablet, elevation third 
Order Or better.............cc cece cece eee e cece eeeeeeneeeees sy 
VAMCY APG acaciiee sv eidana ve qeeeoisdbansdeacenen domed dha avinalateodaceGeiueedua’ 14 


Wells (excluding Water)..............:ccccceeeeeeeeee eee tesa eeaeeeeeeeeeees wh 
MV ell AWOLON, actresses tse nt aoudeona eet aanueuntera dena eamersemiemaneant aden 11! 


GOV ERE tives cand Ratat ae vad tendacaiaaionweueianuctadubonatenanab ed ‘6! 
Wind mill ccsice 2 ieee deecatuatcad anaes cama bacaneaaeacaaaebenandeanceeaceaiunubs 8 
WITHESS: COMMON siadiieuen Haeaieicadiaeis Ob qebuaneidiamerauce nies nubs aweueea es 13! 


Wreck, CxPOS€d..........c.ccccccececeeceeeeceseeeeseeeeeaeeeeneaeeeaeeaeees 19} 


SUNKEN... 2. cccccccecceceececeecececcececeececeeseeaeeeraeeesenenens 19; 
Wreckage, EXPOSE.........:cccceceeceene ents eee eae eae eeeeeenenaeeaeenaeaes 191 
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Introduction 


Importance 


In This Lesson 


Learning Objectives 


The intent of this lesson is to familiarize you with the military 
topographic map in order to prepare you for follow on 
classroom and field instruction in land navigation. Maps 
provide information on the existence and location of man 
made features such as buildings, bridges, and routes of 
travel. They also indicate variations in terrain, the elevation 
of terrain features, and the extent of vegetation. 


Marine officers must consistently strive for overall 
situational awareness, including, but not limited to, their and 
the enemy’s current position. This lesson will lay the 
foundation for ensuring you are skilled in the art of land 
navigation. 


This lesson discusses how to evaluate and interpret map 


information, how maps are created and accounted for, and 
how to neatly and accurately plot grid coordinates ona 
map. 


This lesson covers the following topics: 


Topic Page 
Material Requirements 4 
Marginal Information 5 
Topographic Symbols es 
Military Grid Reference System (MGRS) 7 
Graphic Scale and Distance on a Map S) 
Requirement 1 Review Questions 12 
Requirement 2 Review Questions 14 
Requirement 3 Review Questions 15 
Requirement 1 Review Answers 16 
Requirement 2 Review Answers 17 
Requirement 3 Review Answers 18 
Summary 19 
References 19 
Glossary of Terms and Acronyms 19 
Notes 19 


Terminal Learning Objective 


0300-PAT-1002 Given a military topographic map, 
protractor and objective, navigate with a map and compass, 
to arrive within 100 meters of the objective. 


2 Basic Officer Course 


Complete items 2 through 11 by translating the English expression 
into mathematical symbols. 


2. The difference between 2x and five. 
a. 2x - 5 oe 5 - 2x 
b. 2x + 5 da. 5 xX 2x 


3 c added to d. 


a. c-d c. ctd 
b. d-c qd. dxc 
4. Fifteen decreased by n. 
a. 15 +n c. n- 15 
b. 15 -n ad. nx 15 
5. The product of 6 and a. 
a. 6+a c. 6a 
b. 6-a dad. 67a 
6. Four more than 2 times eight. 
a. (2 +8) x 4 c. (4x 2) +8 
b. 2x (8 + 4) d. 4+ (2 x 8) 


7. The difference between twice x and half of y. 


a. 2x - y/2 c. y/2- 2x 
b. 2x + y/2 ad. y/2 + 2x 


8. Six times the sum of n and 3. 


a. 6(n + 3) c. 6+ n(3) 
b. 6(n - 3) qd. 6(n) + 3 


9. Twenty-seven reduced by 5 times d. 


a. 27-5+4a c. (27 - 5)d 
b. 27 + a(5) d. 27 - 5d 


10. Five divided by the sum of 4 times x and 3 times n. 


a 57+4x+34+n c. 5 + 4 + x(3n) 

b. 5 + 4(x3) xn qd. 5 + (4x + 3n) 
11. One-half of the sum of r and s. 

a. rs +2 c. rts 2 

b. r+t+s+2 qd. r-s2 
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Learning Objectives 
(Continued) 


Enabling Learning Objectives 


0300-PAT-1002a Given a military topographic map, identify 
marginal information without error. 


0300-PAT-1002b Given a military topographic map, identify 
contour lines without error. 


0300-PAT-1002d Given a military topographic map, 
interpret map colors without error. 


0300-PAT-1002e Given a military topographic map, 
protractor, and a specific point on a map, determine the six- 
digit grid coordinate to within 100 meters. 


0300-PAT-1002f Given a military topographic map, 
protractor, and two points on a map, determine distance to 
within 25 meters. 


MCCS-NAV-2101g Given a military topographic map, 
protractor, and a specific point on a map, plot the eight-digit 
grid coordinate to within 50 meters. 
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Material Requirements 


For The Basic School land navigation package, you will require the following maps and 


materials. 


Maps 


Mapping Gear 


Lamination 


Quantico—1:50,000 Special. 
New River—V742 5558 Ill. 


Margarita Peak—V795 2550 IV. 


Straight edge with map scale markings. 
Protractor. 

Lead pencils and black ball point pens. 
Fine tip mapping pens. 

Pencil sharpener. 

Eraser (pencil and alcohol pen). 
Whistle. 


Waterproof bag—dZiploc bag, etc. 


Laminate your 1:50,000 Quantico land navigation special 


map sheet. We highly recommend that you laminate the 
map either at the Lamination Station at the Marine Corps 
Exchange on board Camp Barrett or at The Scholarship in 
Aquia Towne Centre. Do not laminate the map at Staples, 
as their lamination is very thick and is not conducive to 
folding. 


When preparing your map for lamination, 
¢« Trim and SAVE the marginal information. 


¢ Tape/paste the marginal information to the back of 
your map BEFORE you laminate the map. 
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Marginal Information 


Use marginal information for: 


¢ Identification — indicates which area coverage the map represents. 

¢ Interpretation — provides correlation between actual terrain features and map 
topographic symbols. 

¢ Evaluation — helps determine the validity of the information represented on the 


map. 


The elements contained in marginal information are listed below with a brief description. 
Refer to the diagram on page 6 to see where the elements appear on a map as 
indicated by the number in parentheses after the name of each element. 


Sheet Name (1) 


Series and Sheet Number 
(2 and 5) 


Series Name (3) 


Scale (4) 


Edition Number (6) 


Index to Adjoining Sheets 


and Boundaries (7 and 8) 


Elevation Guide (9) 


Declination Diagram (10) 


Bar Scales (11) 


The sheet name describes the most significant terrain 
feature covered by a particular map (cities, mountains, etc.) 


Numbers are provided for organization and accounting 
purposes. The sheet number refers to a specific map; a 
series contains numerous sheets. 


A collection of maps representing a specific geographical 
area has a series name. 


The scale is a ratio of map to real-world coverage; depicted 
using a colon or a comma, as in 1:50,000. 


The edition number is the production version number; a 
high number indicates a more recent map. Sources are 
Defense Mapping Agency (DMA) or National Imagery 
Mapping Agency (NIMA). 


The index displays sheet and series numbers for maps that 
cover areas adjacent to those covered by a particular map 
and the political boundaries of an area. 


The elevation guide gives a general overview of the 
elevation of the terrain covered by the map. 


The declination diagram provides a reference showing 
declinations of grid North and magnetic North from true 
North. 


The bar scales show straight line distances in kilometers, 


statute miles, and nautical miles. 
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Marginal Information (Continued) 


Contour Interval Note The contour interval note describes the elevation change 
(12) between consecutive contour lines: 


¢ Horizontal datum indicates the collection of data 
from which the grid reference system is based. 
ALWAYS CHECK THE HORIZONTAL DATUM! 

¢ Vertical datum indicates the collection of data from 
which the elevation data is based. 


Legend (13) The legend provides the key for interpreting the map 
symbols. 


Grid Reference Box (14) | The grid reference box provides information indicating the 
100,000 meter grid square identifier and grid zone 
designator for a particular map, as well as information on 
plotting specific points to an accuracy of 100 meters. 


Stock Number (15) Use the stock number to reorder maps from NIMA. 


@ @ auanrico © © 


SERIES SHEET EDITION SERIES SHEET 
NAME SCALE NAME NUMBER NUMBER NUMBER 


Oma 
pt tt 


ADJ 
BAR ELEVATION 
SCALES GUIDE BOUNDARIES 


CONTOUR INTERVAL NOTE 


RID REFERENCE BOX 
(14) (10) DECLINATION DIAGRAM 
STOCK NUMBER 


Q» 
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Topographic Symbols 
Topographic symbols are symbols used on a map to represent actual terrain features. 


Colors Colors represent different terrain features. The colors that 
may be used on a map are: 


¢ Black: manmade features. 

¢ Brown: terrain features.* 

¢ Green: vegetation. 

¢ Blue: water. 

e« Red: road conditions and built-up areas.* 


“Note: Recent maps show only four colors. In 1982, brown 
and red colors were combined to make military maps 
red-light readable. Likewise, the features these 
colors represent are also combined, i.e., red/brown 
represents terrain features, roads, and built-up 
areas. 


Military Grid Reference System 


The Military Grid Reference System (MGRS) is the geographic standard used by the 
United States armed forces and NATO for locating any point on the earth with a 2 to 10 
character geocode. A two digit code implies a precision of 10 km; a ten digit code 
corresponds to a 1 m precision with intermediate steps of 1 km, 100 m, and 10 m. The 
geocode is always displayed in an even number of characters preceded by an alpha- 
numeric code describing the larger Earth area to which it belongs. 
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Military Grid Reference System (Continued) 


How to Plot/Read MGRS_ Be neat and accurate with all map work! All information 
Coordinates required to correctly read/plot a grid coordinate is in the 
marginal information! 


To plot MGRS coordinates, 


¢ Identify the correct grid square. 


¢ Correctly orient your protractor on the grid square. 
“RIGHT THEN UP.” 


Read MGRS coordinates, for example, 18S TT 8750 6380 
(Camp Barrett) as follows: 


¢ 18S: Grid zone designation: 6 degrees x 8 degrees 
¢ TT: 100,000 meter grid square 

¢ 875638: 6 digit grid = 100m accuracy 

¢ 8750 6380: 8 digit grid = 10m accuracy 

¢ 87500 63800: 10 digit grid = 1m accuracy 


Protractor Be sure to use the correct scale when plotting/reading grid 
coordinates and to correctly orient your protractor (see 
diagram below) with respect to the map. 
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Military Grid Reference System (Continued) 


Partial Grid Squares If a plotted point lies within a partial grid square, you have 
to reconstruct the grid square in order to accurately plot or 
read an eight-digit grid coordinate (see diagram below). 


NOKESVIL 


ah NS 


KA 


The table below lists the steps for reconstructing the grid 
square to accurately plot or read an eight-digit grid 
coordinate. 


Step | Action 

1 Using the coordinate scale on your protractor, 
draw in the incomplete sides of the grid square 
out to 1000 meters for each side. You will have to 
rotate the coordinate scale for each side to 
accomplish this step. 

2 Utilize the same technique for reading or plotting 
an eight-digit grid coordinate on a complete grid 
square to read or plot your eight-digit grid 
coordinate. 


Graphic Scale and Distance on a Map 
Maps are categorized by their scale: 
¢ Large scale: 1:75,000 and larger. 
¢ Medium scale: Smaller than 1:75,000 and larger than 1:600,000. 


¢ Small scale: 1:600,000 and smaller. 


Small unit leaders primarily utilize large-scale maps and some medium scale maps. 
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Graphic Scale and Distance on a Map (Continued) 


Large Scale Maps Large scale maps 


¢ Cover relatively small area. 
¢ Contain good detail. 
¢ Are used for tactical purposes. 


Medium Scale Maps Medium scale maps 


¢ Cover a larger area. 

¢ Contain less detail. 

¢ Are used for strategic purposes and aerial 
navigation. 


Small Scale Maps Small scale maps 


*« Cover an extremely large area. 
¢ Contain almost no detail. 


Graphic Scale A graphic scale is a pre-measured map distance 
corresponding to a certain ground distance (see diagram 
below). The map distance is marked off as a straight line in 
the margin of the map sheet, then subdivided and labeled in 
terms of the corresponding ground distance. This scale 
enables you to measure distances by visual examination, 
avoiding lengthy and repetitive calculations. Military maps 
contain several graphic scales to allow quick 
measurements of ground distance in different units (i.e., 
meters/kilometers, statute miles, and nautical miles) and to 
enable you to convert from one unit of measure to another 
quickly and easily. The parts of the graphic scale are 


¢ Primary scale 
¢ Extension scale 


49 " i ? } ‘ $ Ley 
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Graphic Scale and Distance on a Map (Continued) 


Measuring Ground The methodology for using the graphic scale depends 
Distance whether the distance is 


¢ Straight-line distance. 
¢ Curved-line distance. 


Distance measurement on a map does not take into 
account changes in elevation. 
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Requirement 1 Review Questions 


Requirement 1 map: Virginia, 1:50,000, Quantico MIM LND NAV SPECIAL, Edition 2- 
NIMA. 


1. 


What are the map sheet number and series number on which you would find grid 
square (GS) 9572? 

Answer: Map sheet number 

Answer: Series number 


What are the coordinates of the following objectives to the nearest 100 meters? 


a. Bench Mark in GS 9177 Answer: 
b. Little Union Ch in GS 9572 Answer: 
c. 617B GATE in GS 8470 Answer: 


d. Major road intersection in GS 9378 Answer: 


What are the map sheet number and series number on which you find grid square 


8959? 
Answer: Map sheet number 
Answer: Series number 


What is located at each of the following coordinates? 
a. 03437485 Answer: 

b. 99287380 Answer: 

c. 86277683 Answer: 


What are the coordinates of the following objectives to the nearest ten meters? 


a. Tankin GS 9574 ~~ Answer: 

b. Horizontal Control Station in GS 9570 Answer: 

c. Intersection of stream and unimproved surface road in SE corner road of GS 
9079 Answer: 

d. Bridge in GS 9863 Answer: 

e. School in GS 8361 Answer: 


What are the map sheet number and series number on which you would find GS 
7470? 

Answer: Map sheet number 

Answer: Series number 


What is located at each of the following coordinates: 


a. 92508040 Answer: 
b. 95347903 Answer: 
C. 00407965 Answer: 
d. 91107951 Answer: 


e. 95847196 Answer: 
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Complete items 12 through 21 by performing the action required. 


12. 


13. 


14. 


15. 


16. 


17. 


There are twelve rows of seats in the bleachers. Each 
row is n inches above the one in front. How high is the 
top row? 


a. 12 Cc. 12 +n 
b. 12n da. 12 -n 


One number is 4/5 of another number. If the larger 
number is represented by m, write an equation stating 
that the sum of the two numbers is 108. 


a. 4/5m +m 
b. 4/5m - ™m 


108 c. 4/5 + m(m) = 108 
108 ad. 4/5 - m(m) = 108 


Marines in the battalion were evaluated for two years on 
their rifle marksmanship scores. Out of the battalion, 
400 Marines scored expert during the second year of 
training. If this is an increase of x over the first 
year, express the number who were experts at the 
beginning of the first year. 


a. 400 + x Cc. 400 + x 
b. 400x d. 400 - x 


At the PX, a notebook costs 28 cents more than a pencil. 
Represent the total cost of 5 pencils and 2 notebooks. 
Let x represent the cost on one pencil. 


2(x + 28) c. 5X - 2(x* - 28) 
2(X - 28) ad. 5x + 2(x + 28) 


a. 


5 + 
Ds. 1504 


x 
x 
Several Marines pooled their resources and bought a used 
car. One of them owned 5/8 interest in it. He sold 1/5 


of his interest to another Marine for $100. What was the 
original price of the car? 


a. $900.00 c. $800.00 
b. $850.00 d. $750.00 


In 9 weeks, a moonlighting Marine working 5 nights a week 
made $454.50. How much did he make per day? 


a. $10.10 c. $9.40 
b. $9 .80 d. $9.10 
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Requirement 1 Review Questions (Continued) 


8. What are the 8-digit grid coordinates of the following objectives? 


a. Post chapel in GS 9865 Answer: 
b. Community College in GS 0077 Answer: 
c. LZ VIP pit in GS 9864 Answer: 
d. Cemetery in GS 8778 Answer: 
e. Tower in GS 8365 Answer: 
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Requirement 2 Review Questions 


Requirement 2 map: Virginia, 1:50,000, Quantico MIM LND NAV SPECIAL, Edition 2- 
NIMA 


1. What are the map sheet number and series number on which you would find grid 
square (GS) 8175? 
Answer: Map sheet number 
Answer: Series number 


2. What is located near each of the following coordinates? 
a. 954753 Answer: 
b. 033704 Answer: 
c. 880730 Answer: 


3 What are the coordinates of the following objectives to the nearest hundred 


meters? 

a. Church in GS 9579 Answer: 
b. Woodbridge MS in GS 0180 Answer: 
c. Church in GS 0378 Answer: 
d. Road intersection in GS 8967 Answer: 
e. Stream junction in GS 8671 Answer: 


4. What are the map sheet number and series number on which you would find grid 
square 0679? 
Answer: Map sheet number 
Answer: Series number 


5. What is located at each of the following coordinates? 
a. 86387530 Answer: 
b. 92356690 Answer: 
Cc. 95457225 Answer: 


6. What are the coordinates of the following objectives to the nearest ten meters? 


a. Hawkins Bar in GS 8764 Answer: 
b. Night Lab in GS 8763 Answer: 
c. VA DMV in GS 8861 Answer: 
eo In what state and county are grid coordinates 02536411 located? 


Answer: State: 
Answer: County: 


8. What is located at each of the following coordinates? 
a. 94486868 Answer: 
b. 87996464 Answer: 
c. 04158970 Answer: 
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Requirement 3 Review Questions 


Requirement 3 map: Virginia, 1:50,000, Quantico MIM LND NAV SPECIAL, Edition 2- 
NIMA. 


1. | What are the map sheet number and series number on which you would find 
coordinate 05007000? 
Answer: Map sheet number 
Answer: Series number 


2: What are the coordinates of the following objectives to the nearest hundred 
meters? 

Radio TWRS in GS 8778 Answer: 

Horz CNTRL Station in GS 9570 Answer: 

Junction of perennial and intermittent stream in GS 9268 Answer: 

Gravel pit in GS 9572 Answer: 


Qoo0®p 


3. What are the map sheet number and series number on which you would find grid 
square 8282? 
Answer: Map sheet number 
Answer: Series number 


4. What are the coordinates of the following objectives to the nearest ten meters? 
a. Hard surface road and unimproved road junction nearest BM 87.7 in GS 9376 


Answer: 

b. BM 73.0 in GS 9570 Answer: 
c. Fire station in GS 9681 Answer: 
d. Power line junction GS 7674 Answer: 


5. What is located at the following grid coordinates? 
a. 90657486 Answer: 
b. 95507285 Answer: 
c. 86606628 Answer: 


6. | What are the map sheet number and series number on which you would find the 
coordinate 04007500? 
Answer: Map sheet number 
Answer: Series number 
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Requirement 1 Review Answers 


1. 


Map sheet number 5561 IIII 
Series number V734 


6-digit grid coordinates; no tolerance. 
a. 910776 
b. 955729 
c. 848706 
d. 933785 


Map sheet number 5560 IV 
Series number V734 


a. Railroad bridge 
b. Road junction 
c. Stream junction 


Questions requiring accuracy to the nearest 10 meters require an 8-digit grid 
coordinate as an answer. Your 8-digit grid coordinate should be within 50 meters 
of the solution. 

95007479 

95407065 

90757925 

98506375 

83766163 


oAoop 


Map sheet number 5461 II 
Series number V734 


. Cemetery 
Church 
Potomac Mills 
Road junction 
. Building 


e200 


Answers should be within +50m of the solution. 
98346515 
00357725 
98896450 
87747895 
83646540 


o 2 


oan 
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Requirement 2 Review Answers 


1. 


Map sheet number 5461 II 
Series number V734 


a. Reid School 
b. Cockpit Point 
c. LZ Oriole 


953790 
015803 
035784 
895671 
869711 


2009 


Map sheet number 5561 II 
Series number V734 


a. LZ Finch 
b. Gray’s Pond 
c. Gravel pit 


a. 87126412 
b. 87456395 
c. 88606125 


State: Maryland 
County: Charles County 


a. Power-transmission line junction 
b. Gravel pit 
c. Possum Nose 
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Requirement 3 Review Answers 


1. 


Map sheet number 5561 II 
Series number V734 


Questions requiring accuracy to the nearest 100 meters require a 6-digit grid 


coordinate as an answer. 


a. 877783 
b. 954706 
c. 924680 
d. 954723 


Map sheet number 5461 III 
Series number V734 


This requires an 8-digit grid coordinate. Each answer must be within 50 meters of 


the solution. 

a. 93857635 
b. 95307065 
c. 89486702 
d. 76527473 


a. Unimproved road and trail intersection 
b. Little Union Church 
c. LZ Owl 


Map sheet number 5561 III 
Series number V734 
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Summary 


This is your first period of instruction on land navigation. Knowing how to read a map 
and understand the information presented on it is the first step to being able to use the 
map and other navigation tools to navigate over terrain. 


References 
Reference Number or Reference Title 
Author 
FM 3-25.26 Map Reading and Land Navigation 


Glossary of Terms and Acronyms 


Term or Acronym Definition or Identification 
DMA Defense Mapping Agency 
GS Grid square 
M Meter 
MGRS Military Grid Reference System 
NIMA National Imagery Mapping Agency 
Notes 
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Military Topographic Map Il 


Introduction 


Importance 


In This Lesson 


Learning Objectives 


In Military Topographic Map |, you were introduced to the 
map, protractor, and lensatic compass—the tools required 
to be successful in land navigation. In addition, you were 
taught that the ability to interpret the map and “read the 
terrain” were additional tools you would need to be 
absolutely certain of your position at al/ times. This lesson 
will aid your ability to interpret the map and “read the 
terrain’. These abilities, combined with the tools of land 
navigation, will set you on the path to being a successful 
land navigator. 


Land navigation is a skill-set which takes time and practice 
in order to become proficient and confident. Basic mastery 
of map interpretation and terrain analysis (“reading the 
terrain”) is essential. 


This lesson is devoted to two of the most basic tools: map 


interpretation and terrain analysis. The intent of this lesson 
is to ensure you are prepared for practical application. 


This lesson covers the following topics: 


Topic Page 
Water Features 4 
Vegetation Features ri 
Manmade Features 8 
Using Features as Aids to Navigation 10 
Requirement 1 Review Questions 12 
Requirement 2 Review Questions 13 
Requirement 1 Answers 13 
Requirement 2 Answers Error! 
Bookmark 
not 
defined. 
Terrain Analysis 13 
Requirement 3 Review Questions 19 
Requirement 4 Review Questions 21 
Requirement 3 Answers 23 
Requirement 4 Answers 24 
Summary 25 
References 25 
Glossary of Terms and Acronyms 25 
Notes 25 


Terminal Learning Objectives 
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18. Alpha Company plans to raise $500 for the Navy Relief 
drive by selling chances on a motorcycle. If expenses 
are $250, what is the minimum number of tickets at 75 
cents each that must be sold to reach the goal? 


a. 500 Cs 800 
b. 650 d. 1000 


19. After several days of working out, 20 percent of the 
candidates for a football team were told to turn in their 
jerseys. This left 32 players on the team. How many 
tried out originally? 


a. 30 c. 40 
b. 35 dad. 45 


20. A badminton court 44 feet long is 4 feet longer than 
twice its width. Find the width. 


a. 22 in. c. 22 ft 
b. 20 in. d. 20 ft 


21. The troop space in an LVT measures 5ft 6 in. high, 7 ft 3 
in. wide, and 11 ft 5 in. long. If boat space for one 
Marine is considered to be 13.5 cu ft, how many Marines 
can be jammed into an LVT? If there are 5 tractors 
available, could a company of 195 men be carried in one 
wave? 


a. 34 Marines, no, 170 men per 5 tractors 
b. 34 Marines, yes, 195 men per 5 tractors 
c. 35 Marines, no, 170 men per 5 tractors 
d. 35 Marines, yes, 195 men per 5 tractors 


UNIT SUMMARY 
In this study unit you employed logical plans and the language 
used to translate English expressions into mathematical symbols 


to solve word problems. 


Exercise Solutions 


Reference 

1. dad. Read the problem, determine the 6102 

unknowns and represent them, write an 

equation, solve the equation, and answer 

the question. 
2. a. 2x - 5 6103 
3. Cc. ct+dad 6103 
4. b. 15 - n 6103 
5. c. 6a 6103 
6. dad. 4 + (2 x B) 6103 
7. a. 2X - y/2 6103 
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0300-PAT-1002 Given a military topographic map, 
protractor and objective, navigate with a map and compass, 
to arrive within 100 meters of the objective. 
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Military Topographic Map II (Continued) 


Learning Objectives 
(Continued) 


Enabling Learning Objectives 


0300-PAT-1002a Given a military topographic map, identify 
marginal information without error. 


0300-PAT-1002b Given a military topographic map, identify 
contour lines without error. 


0300-PAT-1002c Given a military topographic map, identify 
terrain features without error. 


0300-PAT-1002d Given a military topographic map, interpret map 
colors without error. 


0300-PAT-1002e Given a military topographic map, protractor, 
and a specific point on a map, determine the six-digit grid 
coordinate to within 100 meters. 


0300-PAT-1002f Given a military topographic map, protractor, 
and two points on a map, determine distance to within 25 meters. 


0300-PAT-1002k Given a military topographic map, lensatic 
compass, and while on the actual terrain, orient a map to align 
the map with the terrain. 


MCCS-NAV-2101a Given a military topographic map and a 
terrain feature, determine shape to align the terrain with the map. 


MCCS-NAV-2101b Given a military topographic map and a 
terrain feature, determine orientation to within 45 degrees. 


MCCS-NAV-2101c Given a military topographic map anda 
terrain feature, determine size to align the terrain with the map. 


MCCS-NAV-2101d Given a military topographic map and a 
specific point on a terrain feature, determine elevation to within 
half a contour interval. 


MCCS-NAV-2101e Given a military topographic map and a 
terrain feature, determine slope without error. 


MCCS-NAV-2101k Given a military topographic map and while 
on the actual terrain, use terrain association to arrive within 50 
meters of the objective. 
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Water Features 


Types of Streams or 
Lakes 


Seasonal 
Characteristics of 
Streams or Lakes 


Regional 
Characteristics of 
Streams or Lakes 


Based on the length of time they contain water annually, 
streams or lakes may be categorized as: 


¢ Perennial: they contain water more than six months 
of the year. 

¢ Intermittent: they contain water /ess than six 
months of the year. 


The following table identifies seasonal characteristics of 
perennial and intermittent streams or lakes. 


Water Feature Wet Season Dry Season 
Perennial Contain water May contain little 
or no water 
Intermittent May look like Probably 
perennial feature | contains little or 
no water 


In a humid region, most streams or lakes are perennial. 
Due to simplification, some smaller streams or canal 
branches may not be shown on the map. 


In a semi-arid/arid region, most streams or lakes are 
intermittent. As many perennial and intermittent features as 
possible are shown on the map. 


The following table describes perennial and intermittent 
water features based on region and season. 
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Water Features (Continued) 


Regional 
Characteristics of 
Streams or Lakes 
(Continued) 


Water 


Region Wet Season Dry Season 
Feature 

Humid Streams are Stream level is 
full. Banks lower than wet 
overflow after | season but 
heavy rains. still filled with 

water year 
round. 

Semi-arid | Streams Streams still 
contain flow but are 
flowing water. | reduced to 

minimum 
Perennial levels. 

Arid Streams flow | Streams are 
at least six reduced to 
months a year | streambeds, 
but at a which may be 
minimum dry or have 
level. small trickles. 

The wettest 
areas may 

have some 
growth. 

Humid Streams fill Water still 
banks after flowing, 
heavy rains. although level 
Streams look | is reduced 
like perennial | from the wet 
streams in the | season. 
wet season. 

infermiti@nt Semi-arid Streams flow | Little water in 
with little puddles. Little 
water. flow. 
Occasional 
floods. 

Arid Little water No water. 
except for Bed may be 
floods after damp. 
hard rains. 
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Water Features (Continued) 


Using Season and 
Region as Aids to 
Terrain Analysis 


Map Design 
Characteristics and 
Criteria 


Generally, if a feature contains water during the dry season 
(when you would least expect to find water), you can 
assume that it is a perennial water feature, especially in arid 
and semi-arid regions. 


If a feature contains no water during the wet season (when 
you would expect to find water), you can assume that the 
feature will be portrayed on the map as an intermittent 
water feature, especially in arid and semi-arid regions. Ina 
humid region this feature may not be portrayed on the map 
at all. 


The following table describes representations of different 


terrain features on a map. 


Terrain Feature 
Perennial streams 
and canals' 


Map Representation 
Depicted according to their width 


¢ Less than 25 meters (m) 
wide, by a dark thick blue 
line 

¢ Greater than 25m wide, 
by a blue tint between 
dark thick blue lines with 
actual width portrayed as 
accurately as possible 

Intermittent streams, ¢ A thin light blue line 

regardless of width ¢ Onolder maps, may be 

portrayed by broken blue 
lines 

Islands ¢ Outlined with a blue line 

¢ Placed on the map if 
larger than 50m by 50m 
in area 

Waterfalls and rapids ¢ Shown only if they affect 

travel 

Sand ¢ Shown if it covers an area 

larger than 50m by 50m 


‘Canals are manmade and thus have straighter edges than 
streams. 
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Water Features (Continued) 


Map Design 
Characteristics and 
Criteria (Continued) 


Vegetation Features 


Annual Vegetation 


Permanent Vegetation 


Effects of Season on 
Vegetation 


Terrain Feature Map Representation 
In a humid region, ¢ Shown if they are larger 
water features such than 50m by 50m 
as lakes, dams, and 
marshes 
In an arid or semi-arid ¢ As many water features 
region as possible are shown 


Annual vegetation dies at the end of the growing season 
and is not shown on a map. 


The only vegetation shown on a map, permanent 
vegetation must cover an area at least 50 m by 50m and 20 
percent of the ground in density to be shown on a map. 
The five types of permanent vegetation are: 


Woodlands: a stand of trees at least three meters in 
height that covers 50 to 100 percent of the ground in 
density. 

Scattered trees: trees at least three meters in 

height that cover only 25-50 percent of the ground in 
density. 

Scrub: vegetation up to three meters in height. 
Orchards: trees planted in rows. 

Vineyards: vines supported by a trellis or post and 
planted in organized rows. 


The season affects vegetation; during the 


Fall and winter, 


o Some permanent vegetation loses its foliage. 
o Annual vegetation dies. 


Spring and summer, 


o Annual vegetation grows. 
o Vegetation as a whole appears thicker. 
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Vegetation Features (Continued) 


Effects of Region on 
Vegetation 


Vegetation Types by 
Density, Height, and 
Permanence 


Manmade Features 


Vegetation varies by region. In a: 


¢« humid region, vegetation is generally tall and denser 
when compared with similar vegetation in drier 
areas. 

¢ semi-arid/arid region, vegetation is shorter and less 
dense. 


The following table is a matrix showing how vegetation is 


classified. Only permanent vegetation is shown on maps. 
Woodlands and scattered trees are growth over 3m in 
height. 


Within these categories are broad variations in appearance. 
For example, woodlands may be rain forests or coniferous 
forests. If vegetation classified as scrub reaches a height of 
over three meters, it will be reclassified as woodland or 
scattered trees depending upon its density. Annual 
vegetation can be quite dense but, because it is not 
permanent, it is not shown on maps. 


Vegetation Density Height 

Type 
Woodland X 
Scattered | 25-50% 


Permanence 


trees 


Scrub x 
Orchards 
Vineyards 
Annual 
vegetation 


Not shown on map 


The symbols for most manmade features are found in the map legend. Their magnitude 
shows the relative size, use, or permanence of related features. The mapmaker uses 
these symbols for simplification. Types of manmade features are: 


¢ Roads. 
¢ Railroads. 
¢ Bridges. 
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Manmade Features (Continued) 


¢ Power transmission lines. 


¢ Airfields. 
¢ Buildings. 


Roads 


Railroads 
Bridges 


Power Transmission 
Lines 


Airfields 


Buildings 


Roads are shown on a map with a variety of reddish-brown 
or black lines. Their symbols vary with the type of surface. 
All paved roads in the real world are shown on the map. 
Dirt roads that are the only route to a mapped feature are 
shown on the map. 


All railroads are shown on a map. 


Bridges are shown on a map if they are longer than 50m. 


Power transmission lines are shown if they do not clutter 


the map 


All airfields are shown on a map. Airfields with a dirt or 
grass surface are shown with dashed black lines; paved 
surfaces are shown with solid black lines. 


If larger than 25m by 25m, buildings are shown to scale and 
in exact size and shape. All buildings that are widely 
spaced are shown individually if they do not clutter the map. 
If buildings are close together, only some of the buildings 
are shown in order to simplify the amount of detail ona 
map. 
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Using Water, Vegetation, and Manmade Features as Aids to 
Navigation 


Be aware of the date of the map. The information the map provides is only as good as 
the date it was compiled. 


Look for unique features such as power lines, lakes, prominent stands of vegetation, 
etc. 


Confirm suspected location by matching the terrain seen in the real world with that 
depicted on the map. Actual landforms rarely change; however, 


¢ Beavers can create ponds. 
e Man can: 


o Cut down and plant new woodlands. 

o Build and destroy buildings. 

o Build, renovate, or remove roads, highways, power lines, etc. 
¢ Trails and/or landing zones may: 

o Be altered. 

o Become grown over. 

o Be created new. 


Bottom line: Be certain of your position. Do not simply talk yourself into it! 
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Requirement 1 Review Questions 


Requirement 1 map: Margarita Peak, California, 1:50,000, Sheet 2550 IV, Series V795, 
Edition 9-NGA. 


1. 


You are somewhere in the four grid square area defined by grids 6196, 6296, 
6195, and 6295. You are on a piece of high ground at its highest point. An 
unimproved surface road is directly to the east. The ground to the west falls off to 
form a fairly large finger; smaller fingers are to the north and south. In addition, 
you can just make out, in the distance, a control tower in GS 6191 on a magnetic 
azimuth of 163°. What is the 8-digit grid coordinate of your position? 

Answer: 


You are somewhere in the four grid square area defined by grids 6989, 7089, 
6988, and 7088. It is springtime, and by the relative “greenness” of the 
vegetation, you note the area has received adequate rainfall. You are standing in 
a streambed that is 40m wide. To the north you see a road running at a slight 
angle (SE—NW) to your front. In the background, to the northeast, you see the 
top of a huge building that you estimate to be approximately 500m from your 
location. To the west you can see ground rising away from you some distance 
(approximately 300-500m) away. To the south you see a dirt road running from 
the southwest to the northeast (GSW—NE) with a body of water behind it. What is 
the 6-digit grid coordinate of your position? 

Answer: 


You are somewhere in the four grid square area defined by grids 6099, 6199, 
6098, and 6198. It is mid-summer. A recent fire has blackened the area around 
you. You are standing in a dry streambed that runs from the southwest to the 
northeast (SW—NE) on a rough magnetic azimuth of 15°. To the west is a 
somewhat concave slope of considerable size. Due to the lack of vegetation, you 
can look north along the stream for a considerable distance, and you notice a 
fairly steep concave slope on the east side of the stream about 300m north of 
your position. The stream continues south at roughly a 190° azimuth. 
Considerable high ground is to the west and east. From the description given, 
what is the 6-digit grid coordinate of your position? 

Answer: 
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17. 


18. 


a. 6(n + 3) 
27 - 5d 


a. 4/5m + m 108 
400 - x 
5x + 2(x + 28) 


$800.00 


(Let x equal 5/8 of car) 


x = $500.00 (Total investment for 5/8 of car) 


5/8 = 62.5% 

$500 _ 62.5% (Let y represent the original 
y 100% price of the car) 

500 _ .625 

y 1.00 

.625y = 500 

-625y _ _500 

-625 -625 


y = $800.00 (Original price of the car) 


a. $10.10 


5 nights a week for 9 week equals 45 nights 


$454.50 + 45 $10.10 per night 


d. 1,000 
$500.00 + $250.00 = $750.00 
750 + .75 = 1,000 tickets must be sold 


Reference 


6103 
6103 
6103 
6103 
6103 
6103 
6103 
6103 
6202 


6202 


6202 
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Requirement 1 Answers 


1. 61339570 
2. 692886 
3. 600984 


Terrain Analysis 


Map Design Guidelines § When mapmakers design a map, they consider: 


Selection: Choosing features to be shown on the 
map. Certain features will not be included in order 
to lessen the amount of detail included on the map. 
Classification: Grouping together of similar features. 
Simplification: Reducing amount of detail on map. 
For example, not every bend in a windy road or trail 
will be shown. 

Magnitude: Shows relative size, use, and 
permanence of related features. 


Terrain Association Each time you open a map to use it, you must consider the: 


Factors 


Terrain Association 
Factors (Continued) 


Contour lines: They provide information on the 
amount of detail shown on landforms. Contour lines 
are extremely important during the planning stage of 
any operation. 

Map date: The information the map provides is only 
as good as the date it was compiled. The older a 
map is, the more skeptical a planner needs to be 
about its accuracy. 

Map region: Knowing the region the map covers will 
provide a clearer idea of what you can expect to see 
in the real world and on the map. 

Season: The changing seasons will affect what you 
see in the real world and your ability to match what 
you see to the map. 
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Describing Landforms — When describing landforms, remember the acronym 
SOSES: 


¢« Shape: the general form or outline of feature. 

¢ Orientation: the direction of the feature (N,S,E, or 
W) with respect to your viewpoint. The orientation is 
either in line, across, or at an angle to your 
viewpoint (see following diagram). 

¢ Size: the length or width of feature across its base. 

¢ Elevation: the height of landform above sea level or 
a common datum. 

¢ Slope: steepness of landform’s sides. 


14 Basic Officer Course 


B182036 Military Topographic Map II 


Terrain Analysis (Continued) 


Describing Landforms, SOSES, Orientation (Continued) 


m 
ms 
40 \ 


IN LINE ACROSS AT AN ANGLE 


Determining Elevation — The following table lists one method for determining 
elevation. 


Step Action 

1 Look at the contour interval. 

2 From the designated point, find the nearest 
index contour line. 
3 Determine if the index contour line is up or 
down slope from the designated point. 
4 | Count the number of contour lines from the 
designated point to the index contour line. 
Multiply that number by the contour interval to 
calculate the change in elevation (up or down) 
from the designated point to the index contour 
line. 
5 __| Add (or subtract) the change in elevation, as 
appropriate, to (or from) the index contour line. 
6 If the designated point is between contour lines, 
add one-half of the contour interval to the lower 
contour line. 
Other methods for determining elevation are: 


¢ Bench marks. 
¢ Road intersections. 
¢ Other spot elevations. 
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Terrain Analysis (Continued) 


Types of Contour Lines The types of contour lines are: 


Index: heavy brown lines with elevations shown. 
Intermediate: lighter brown lines between index 
contours. 

Supplementary: broken light brown lines drawn in to 
provide more information. Elevation is one-half of 
the contour interval added to the next lower contour. 
Supplementary contour lines are generally used to 
depict locations which have little variation in 
elevation (i.e., desert areas). 

Depression: tick marks point down. 

Cliff. 


Types of Slope Slope is referenced from top to base. The types of slope 


are: 


Uniform steep (see diagram below). 


5) \ 


Uniform gentle (see diagram below). 


>) ™ 
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Terrain Analysis (Continued) 


Types of Slope ¢ Concave: Steep at the top, gentle toward the base 
(Continued) (see diagram below). 


>) 


¢ Convex: gently sloping at the top, steeper toward 
the base (see diagram below). 


>> 
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Terrain Analysis (Continued) 


Summary of Landform _ The following diagram summarizes information on landform 


Types 


types, both on the ground and on the map. 


DESCRIPTION ON THE GROUND ON THE MAP 


An area of high 
ground. 


Lower ground in 
all directions from 
the hilltop. 


Closed contour 
line. Hilltop is 


w;:,0;,<hoemelo’” 
closed contour. 


A sloping line of | [Lower ground in Contour lines from 
high ground. three directions and "V's" or "U's". The 
higher ground in closed ends of 
one direction. "V's" or "U's" point 
to lower ground. 


A low point Lower ground in ontour lines from 


of higher ground. |higher ground in lhape. The narrow 
between two areas |two directions and an "hourglass" 


the opposite two part shows the low 
directions. area. 


A long area of Lower ground in Contour lines from 
downward sloping Jone direction and "V's" or "U's". The 
low ground. higher ground in closed ends of 
three directions. "V's" or "U's" point 
to higher ground. 


An area of low Higher groundin Closed contour 
ground. all directions. lines with tick 
marks that point in 
toward lower 
ground. 


Contour lines tend 
to be U-shaped or 


A sloping line of 
high ground. 


Lower ground in 

three directions and 
high ground m one 
direct ion. 


aS ese end of the 


f a j 9 [contour points 
— <_.._ away from high 
ground. 


18 Basic Officer Course 


B182036 Military Topographic Map II 


Requirement 2 Review Questions 


Requirement 2 map: Margarita Peak, California, 1:50,000, Sheet 2550 IV, Series V795, 
Edition 9-NGA. 


1. Identify the following landforms: 
a. 63818564 Answer: 
b. 63170165 Answer: 
c. 67430290-66720277 Answer: 
d. 72269420-72169457 Answer: 
e. 73010372 Answer: 
f. 72958753 Answer: 

2. Determine the elevation of the following points: 
a. 69479485 Answer: 
b. 66379515 Answer: 
C: Road intersection in GS 6492 Answer: 
d. 67648890 Answer: 
e. 62469745 Answer: 


For 3 and 4. Draw a straight line from coordinate (1) to coordinate (2) and 
provide the following information: 


a. List all landforms starting with the landform at the first coordinate. 


b. Give the ground distance, along the line, from each landform to the next to 
the nearest 20m. 


3. From (1) 73119587 to (2) 72599514. 


Item Landform Distance to Next Landform 
a. 
b. 
C. 
d. 

4. From (1) 67148260 to (2) 67998322. 

Item Landform Distance to Next Landform 
a. 
b. 
c 
d. 
e. 
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Requirement 2 Review Questions (Continued) 


5. 


Identify the following landforms: 
a. 
b. 
G: 
d. 


73419675 
68109579 to 68099600 


74890395 to 74650433 


69658010 


Answer: 


Determine the elevation of the following points: 


oa 


a. 63408845 
b. 


59549830 
60400094 
65340195 
57578305 


Answer: 
Answer: 
Answer: 
Answer: 
Answer: 


Determine the kind of slope between the following points: 
Answer: 


Ta *2Q0op 


54448881 to 54298909 
56680423 to 56250435 
59500252 to 60160231 
60179304 to 60369355 
69029441 to 69349467 
62690160 to 63140185 
65849863 to 65999928 
72548282 to 73168322 


Answer: 
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Requirement 3 Review Questions 


Requirement 4 map: Virginia, 1:50,000, Quantico MIM LND NAV SPECIAL, Edition 2- 


NIMA. 
1. Identify the following landforms: 
a. 92407430 Answer: 
b. 02107212 Answer: 
c. 03167434 Answer: 
d. 86346980 Answer: 
e. 90207262 to 90357295 Answer: 
f. 90457235 to 90607255 Answer: 
g. 92306820 to 92306850 Answer: 
h. 94206118 Answer: 
i. 79036322 Answer: 
j. 90596850 to 90656835 Answer: 
2. Determine the elevation of the following points: 
a. 94257245 Answer: 
b. 87407682 Answer: 
c. 91847630 Answer: 
d. 94306223 Answer: 
e. 95407065 Answer: 
f. 99387030 Answer: 
For 3 and 4. Draw a straight line from coordinate (1) to coordinate (2) and 
identify the following along each line: 
a. Name all features. Give a directional axis of all linear landforms. 
b. Give the ground distance, along the line, from each landform to the next 
landform to the nearest 20m. (Use the paper strip method) 
3. From (1) 91507350 to (2) 91787320. 
Item | Landform Axis Distance to Next Landform 
a. 
b. 
ci 
d. 
Px Basic Officer Course 


B182036 


Military Topographic Map II 


Requirement 3 Review Questions (Continued) 


4. 


From (1) 90806313 to (2) 90486336. 


Item 


Landform 


Axis 


Distance to Next Landform 


a 


b. 
C. 
d. 


What slope is shown by the contour lines between the following sets of 
coordinates? 


a. 93857150 to 93857135 Answer: 
b. 96706440 to 96656425 Answer: 
C 91807560 to 91747531 Answer: 
d. 97347456 to 97527480 Answer: 
e. 97606420 to 97606390 Answer: 
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Reference 


c. Forty players tried out originally. 6202 
32 _ _80% (Let x = total players that tried out) 
x 100% 
32 = - 80 
x 1.00 
8x = 32 
-8x _ 32 
8 8 


x = 40 (Players that originally tried out) 
d. 20 £t 6202 


a. 34 Marines, no, 170 men per 5 tractors 6202 


5' 6" = 66" height 
7'° 3" = 87" width 
11' 5" = 137" length 


(Formula for volume of a rectangular solid is lwh) 


137" 11,919" 
x 37" x 66" 
11,919" 786,654 


(1728 cu in equals 1 cu ft) 

786,654 + 1728 = 455.23958 = 455.24 cu ft 
(13.5 cu ft per Marine) 

455.24 + 13.5 = 33.72 = 34 Marines in one LVT 


34 x 5 = 170 Marines that can be carried in five LVT's 
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Requirement 2 Answers 


1. 


a. Hill d. Finger 
b. Saddle e. Hill 
c. Draw f. Hill 
a. 250m d. 130m 
b. 310m e. 730m 
c. 110m 
Item Landform Distance to Next Landform 
a. | Finger 200m + 20m 
b. Draw 350m + 20m 
c. | Finger 300m + 20m 
Item Landform Distance to Next Landform 
a. | Hill 250m + 20m 
b. | Finger 350m + 20m 
C. Draw 450m + 20m 
a. Hill 
b. Draw 
c. Finger 
d. Hill 


Determine the elevation of the following points: 


oA2oop 


sa>oaooD 


190m 
470m 
690m 
760m 
30m 


Uniform gentle 
Uniform steep 
Convex 
Concave 
Convex 
Concave 


. Uniform steep 
. Uniform gentle 
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Requirement 3 Answers 


1. 


Tm TeroaooD 


“pQ9T0p 


Hill 

Hill 
Saddle 
Hill 
Draw 
Finger 
Finger 
Hill 
Saddle 
Draw 


60m 
115m 
105m 
50m 
73m 
30m 


Item Landform 


Axis 


Distance to Next Landform 


a. | Finger 


NE—SW 


100m + 20 


Draw 


NE—SW 


150m + 20 


NE—SW 


200m + 20 


b. 
c. | Finger 
D. 


Draw 


NE—SW 


N/A 


Item Landform 


Axis 


Distance to Next Landform 


a. | Finger 


NE—SW 


170m + 20 


Draw 


NE—SW 


150m + 20 


Saddle 


NE—SW 


50m + 20 


Q|o|o 


Draw 


NE—SW 


N/A 


oa200p 


Concave 
Uniform steep 
Convex 
Uniform gentle 
Convex 
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Summary 


In Military Topographic Map I, you were introduced to the map, protractor, and lensatic 
compass — the tools required for successful land navigation. This lesson has taught 
the ability to interpret many components of a map — water, terrain, and man-made 
features — and to “read the terrain.” The ability to correlate what one sees in the real 
world to what one sees on one’s map is crucial to becoming a successful navigator. 


References 
Reference Number or Reference Title 
Author 
FM 3-25.26 Map Reading and Land Navigation 


Glossary of Terms and Acronyms 


Term or Acronym Definition or Identification 
Contour lines Lines on a map, set at a specified interval, which depict 
terrain elevation 
m Meter(s) 
SOSES Shape, orientation, size, elevation, slope 
Notes 
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CHAPTER 1 


WHY LEARN TO READ A MAP? 


In civilian life it is possible for a stranger to find his 
way around a large city or town by merely asking direc- 
tions. Any policeman or friendly native of the town 
can supply enough information so that the stranger can. 
locate the street or building he wants. He may have to 
overcome a few wrong directions thrown in with the 
right ones, but he is sure of finding his way. 

In war an army often finds itself in strange country, 
but often it does not find friendly people everywhere, 
ready and able to help it find its way. As a soldier in 
the army, you will have to ask directions like any other 
stranger, but you will ask your map. Your map has all 
the answers if you are able to read it, and if you can read 
it, it is one of your best friends. 

There are lots of times in the army when you will 
need this friend. The two soldiers in figure 2 are using 
it to find their way to headquarters. They are mes- 
sengers and they carry important news, but without 
knowing how to read and use a map they would never 
getthere. 

When you are on a patrol you and your detail are on 
your own. At times you may be entirely alone and a 
map will be your most trusted friend and guide. Re- 
ports from men in combat show that every man must 
know how to read and use a map if he wants to stay 
alive and keep his outfit safe. 


APPENDIX A 


FORMULAS 
The formulas listed below are given to help you prepare for the 
examination. You may want to tear out this page and use it to 
study from. 


1. P= 4s 


2. = s 

3. = 21 + 2w 
4. = lw 

5. = 2b + 2w 
6. = bh 


atbtc#H#+d 


“I 
hs © nn © Or > i” a 
tl 


8. = 1/2h(b, + b,) 
9. =atbt+ece 
10. A = 1/2bh 

Tis AC. =. 279re 

12. = 7a 

13. A = nr° 


14. SA = 6 (face’) 

15. V=f 

16. SA = 2(h x w) + 2(h x 1) + 2(w x 1) 
17. V = lwh 

18. LSA = 2mrh 

19. TSA = 2mr(r + h) 

20. V = mr“h 


21. at + b* = c* 


Figure 3. 


If a vehicle takes a wrong turn the result isn’t always 
pretty. Look at the pictures in figures 4 and 5. That 
happened because someone did not know how to read a 
map and use his compass. The drivers had both a map 
and a compass, but that was not enough. They did not 
know how to use them. 

A native of a place can tell us lots of things to help us, 
but we have to be able to speak his language. In that 
way, 2 map is no different from a native. We must 
learn to read and understand the language of a map. It 
is a simple and clear language. You will use it very 
often in the army, many times when you are in a tight 
spot. If you learn to use it correctly, it won't let you 
down. 


mk 


Figure 4. 


CHAPTER 2 


WHAT IS A MAP? 


A map isa picture. It isn’t a puzzle and it isn’t hard 
toread. It is a picture of the land and the things people 
have built on the land. 

There are really only two things about a map which 
make it a little strange to read. In the first place, a map 
is fat and when we look at a map we are looking at a 
picture of the ground from a spot high in the air. That 
view is different from the one we have looked at all our 
lives, from one point on the ground to another point on 
the ground. So the first thing we must do is to under- 
stand where we sit when we look at this picture. 

To give us an idea of what happens when we look at 
something from above, let’s watch a football game and 
see what happens when we look at it from different 
seats. If we are on the player’s bench, we see a picture 
like the one in figure 6. 


Figure 6. 


Figure 7. 


From the grandstand, we see things a little differently. 
The game looks something like the one in figure 7. If 
we climb into a blimp and rise up above the edge of the 
stadium, we see the game as in figure 8. 

Now if our blimp takes us directly over the playing 


Figure 8. 


Figure 9. 


field, our football game looks as it does in figure 9. It 
is quite a different scene from what we saw from the 
sidelines. 

Even though it is a strange way to look at a football 
game, our overhead view is not too confusing, because 
we are close enough to the ground to understand what 
we are looking at. But in map reading we are looking 
at something with many more details than a football 
game, and at an area much larger and not so near to us; 
the land itself really looks strange from the air. 


6 


Figure 10. 


For example, from the ground we see the land as in 
figure 10. In figure 11 we sce the land as we rise a little 
into the air. In figure 12 we have risen higher into the 


Figure 11. 


Figure 12. 


air, and, finally, figure 13 shows us what the land looks 
like from directly above it. 

That, then, is the first thing to remember about maps. 
Maps are views of things from directly above. 


igure 13 
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CHAPTER 3 


WHAT’S ON A MAP? 


A map is a picture, but it is not a photograph. It is a 
drawing in ink on paper, and a big difference between 
a map and a photograph is that the map has signs and 
symbols instead of photographs of objects. We do the 
same thing with a football game. For example, below 
is a diagram, or map, of a football play. It may look 
like a puzzle, but it really isn’t, and it is very simple. 
The “X’s” stand for the players on one team, the “O’s” 
stand for the players on the team having the ball, and 
the lines are the paths the players take in the play. A 
little study of the diagram, and it is easy to figure out 
that it illustrates an off-tackle play and shows each 
man’s job. 

A map is not much different. On a map there are 
sign, like the “X’s,” and “O’s,” which stand for things 


Figure 14. 
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on the ground, just as the football symbols stand for the 
players on the ground. 

To read a map, then, we have to learn what these vari- 
ous signs mean. Map signs all look something like the 
actual thing they stand for. All the signs are simple to 
draw and are easily recognized. The following few 
pages show you some of the more common signs which 
are found on maps. There is reason for their shape, and 
the pictures with the signs show what they stand for. 


Objects on the Land 


For example, figure 15 shows a pick crossed with a 
sledge-hammer, the sign for a mine, such as a coal mine. 
These two tools are used in mining. Figure 16 shows 
the sign for a schoolhouse, a black block witha flag fly- 
ing from it. Most schools have a flag on a flagpole, and 
the sign gives you the idea of a school. 

Let us put these signs on a map and see what they 
look like. Figure 29 shows you the mapping signs for 
the things you saw in the photograph of the Jand in 
figure 13. Identify the signs shown. 

The map, however, is still incomplete. So far, we just 
have our objects on a flat, blank piece of land, but our 
land is not like that. It has much more on it than these 
signs alone can show us. 


Figure 15. Figure 16. 


Figure 17. 
Buildings. 


Figure 18. 
Church. 


Figure 19 
Hospital. 


Figure 20. 
Windmill. 
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Figure 21. 
Oil storage tanks. 
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Figure 22. 
Cemetery. 
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Figure 23. 
Cultivated fields 
(in green or brown). 


Figure 24. 
Grassland {in green). 
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‘Figure 26. 
Orchard (in green). 


Figure 27. 
Woods (in green). 


Figure 28. 
Lakes and ponds 
(in blue). 


The Playing Field—Or the Land Itself 


On the gridiron or playing field, we see the players 
not on a blank area, but against a background: marked 
off with lines. These lines mean something to us, and 
we can tell where the players are by watching how far 
they are from these lines, the goal lines, the yard lines, 
and the sidelines. The lines form a pattern which con- 
nects the different objects on the field. Now on the land 


Figure 29. 
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on which our signs are placed, there are already certain 
main lines which make a general pattern. These main 
lines are also shown by signs, and they stand for such 
important land marks as streams, roads, railroads, and 
fences. We try to make these lines look different from 
one another, so that we don’t get them confused. At 
the same time we try to make them look something like 
what they are. 

Following are examples of these main lines and the 
signs used to show them on a map. 

The heavy line in figure 30 is a primary or firstclass 
highway; the second line is a secondary highway; these 
are sometimes red on your map. The two parallel lines 
mean other surfaced roads, while the dotted lines mean 
a dirt road. The heavy single dotted line in figure 31 
means a trail, while the light dotted line means a foot- 
path or poor pack trail. 

Telegraph or. telephone wires are often on tall T- 
shaped poles across the country. The sign is also T- 
shaped. (See fig. 38.) 

In figure 39, the sign is given for a barbed-wire strand 
fence, not the kind that is a military entanglement. The 
sign for a smooth-wire fence has “O’s” in place of the 
“X’s” like -o—o~o—0-. 


Figure 30. Figure 31. 


Figure 32. 
Cut (in brown) 


Figure 33. 
Fill (in brown). 
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Figure 34. 


Figure 35; 
Bridge. 


Figure 36. 

Pass over railroad; 
pass under railroad; 
grade crossing. 


Figure 37. 
Tunnel. 


Figure 38. Figure 39. 


This covers the signs that are most used in mapping. 
It is important to remember the colors used with these 
signs. All water, such as swamps, rivers, lakes, and 
other bodies of water are in blue. Woods and other 
heavy vegetation are in green. Cuts, fills, and some cul- 
tivated fields are in brown. Some good roads may be in 
red. Other roads, railroads, buildings, bridges, and most 
man-made things are printed in black. 

If we put all these signs on a map and give them some 
names, we find ourselves with the land picture you see 
in figure 40. This is more like it! Now we have a pat- 
tern of ground against which our other signs begin to 
make some sense. This map is still a simple one, but it 
can tell us a good deal about the land. 
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MATH FOR MARINES 
REVIEW LESSON EXAMINATION 


INSTRUCTIONS: This review lesson is designed to aid you in 
preparing for your final exam. You should try to complete this 
lesson using only Appendix A and your protractor. If you do not 
know an answer, look it up in the text and remember what it is. 
The enclosed answer sheet must be filled out according to the 
instructions on its reverse side and mailed to MCI using the 
envelope provided. The items you miss will be listed with 
references on a feedback sheet (MCI R-69) which will be mailed to 
your commanding officer with your final examination. You should 
study the reference material for the items you missed before 
taking the final examination. 


Select the ONE answer which BEST completes the statement or 
answers the item. After the corresponding number on the answer 
sheet, blacken the appropriate circle. 


1. What single factor made the Hindu-Arabic number system 
superior? 


a. Ability to perform addition 
b. Compounding of powers of ten 
c. Ability to repeat numbers 

d. Invention of zero 


2. The two purposes of the digits in any number are to show the 


a. cardinal and place values. 
b. cardinal and face values. 
c. natural and place values. 
d. natural and face values. 


3. Which set consists entirely of natural numbers? 
as, -Bip. 24 1788 c. 0, 6, 9 
Bs; <3/2,-4.. 22 de <4) 225° 32 

4, Which example illustrates the principle of closure? 
a 5 -8 = c 5788 
b. 5 + 8 = da. 8+5=:= 

5. Which answer to the problems below is an integer? 
as SoS 33 c. 6- 10 
b. 11.6 - 3 d. 61/4 x5 


CHAPTER 4 


HOW HIGH IS IT? 


So far, everything on our map is flat. We must now 
find a way to learn something about the different 
ground levels. It means something to us to know that 
a hill is in a certain place, but we would further like to 
know how high it is. A picture of a hill taken from 
above will not show us this, but there is a way for our 
map to give this information. 

Since a hill is broader at its base than it is at its top, let 
us take an object which is like a hill, a cone, for example, 
and see what we can do to a picture of it from above to 
let us know how high it is. 


Height 


First, suppose there are two boulders on the side of 
the cone, as in figure 41(1). When we look at this 


“Figure 41. 


from above (fig. 41(3)), we can still tell that there are 
two boulders there, but if we had not already seen the 
cone from the side, we would not know which boulder 
was higher and we would not know how high up the 
cone either boulder is. 

Next, let us suppose that we walk up this cone until we 
are 10 feet higher than the base (fig. 42). Now let us 
walk around the cone, staying 10 feet high all the way 
around. Finally, we will come back to the place we 
started from. If we had a leaky bag of flour with us as 
we walked, we would have left a mark: on the hill 
which would look like figure 42(1). From above, this 
line would look like it does in figure 42(3). 

Now what do we know about this mark as we look 
at it from above? We know that anything on it is 10 
feet higher than the base of the cone. Notice that one 
of the boulders is right on this line; therefore its eleva- 
tion, or height, is 10 feet. We know that anything out- 
side it is lower than 10 feet. 

Let’s move up the cone until we are 10 feet higher 


Figure 42. 


Figure 43. 


and do the same thing, as in figure 43. The result is 
another flour line. What do we know about this line in 
figure 43(3)? We know that everything on it is 20 
feet high, and everything between it and the first line is 
somewhere between 10 and 20 feet high. Now the sec- 
ond boulder is about halfway between the two lines, so 
we can judge that the second boulder is about 15 feet 
high. 
In this way we can tell the height of objects. 


Shape 
These lines tell us still more. They tell us that the 
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cone is round, for example. If the object were not 
round, an object other than a cone, these lines can tell 
us that, also. For example, suppose we stretch one side 
of the cone so that it looks like figure 44(1). If we do 
our flour-bag stunt again, from above, the lines look like 
figure 44(3). We can tell which side it bulges on. 

We find, then, that these lines can tell us‘two things: 
height and shape. Maps have many such lines, and if 
you understand what they mean, they are easy to read 
and very helpful. On maps these lines are called con- 
tours or contour lines. 

Let us see what happens when we place contour lines 
on our map of Sackville. Figure 45(1) outlines the hill 


Figure 44, 
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which overlooks the town. In the picture in figure 
45(2) we have lifted the hill right out of the ground so 
we can talk about it and examine it more closely. 

First, let us make our flour marks on the hill, just the 
way we did on the cone. From the side, it looks like fig- 
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ure 46(1). As we rise into the air we can see more of 
these lines, as in figures 46(2) and (3). 


Figure 46. 
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47. 


Figure 


Finally, we have a view from directly above, and we 
can see that the shape of the hill is shown (fig. 47) just 
as the shape of the cone was shown in figure 44. If we 
take these lines out of the photograph and put them on 
a map, as in figure 47, we can tell which parts of the map 
are high and which are low. 

It would clutter up the map too much to have the 
number showing the height of each contour line, so 
only a few of them are numbered. To make it easy to . 
count these lines, every fifth line is made heavier than 
the others. The distance betwen contour lines on each 
map is shown by means of a note at the bottom of the 
map. This note may read, for example: 

Contour Interval: 10 feet 

This means the distance between any two neighboring 
contour lines on that map is 10 feet in an up-and-down 
(vertical) direction. Figure 48 shows how the contour 
interval is noted on a map of Sackville: on this map the 
contour lines are 100 feet apart. 


CONTOUR INTERVAL 


x 


Figure 48. 


Since the highest point on the hill in figure 47 does 
not fall exactly on a contour line, this point is labeled 
with the exact height. On maps, such height numbers 
are found often. Some things take their names from 
these numbers. For example, if there are a number of 
road junctions on a part of a map, and we wish to name 
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Figure 49. 


one of them in particular, we may call it RJ 124 (that 
is, the road junction at a height of 124 feet). 


Height Above What? 


It may be noticed that the height of the base of the 
hill in figure 46 is 300 feet rather than 0 feet. The reason 
for this is, height on all maps is figured from sea level. 
In other words, we compare the height of all land any- 
where to the average level of the sea. 

For example, in figure 49, although the hill is far from 
the sea, yet the base of the hill on the land is 300 feet 
above sea level. Sea level is the zero for our height 
measurements. 


Ground Forms 


It is clear that these contour lines are very helpful 
things to have, and they can help us in other ways. For 
example, suppose we have a high spot of ground that 
breaks off suddenly and becomes a cliff. From the 
ground, as in figure 50(1), it is easy to tell this. It is 
also easy to tell this by examining the contour lines on 
the map. When a hill or cliff is steep, the contour lines 
appear close together, as in figure 50(2). This arrange- 
ment of contour lines on a map, EN shows a sharp 
rise in the ground. 

If, however, the lines are spaced gradually and fairly 
far apart, it means that the hill rises gradually and 
evenly. 
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Figure 50 G) and (@). 


If there are two hills with a saddle between them, as in 
- figure 51(1), the contour lines, as in figure 51(2), tell 
us exactly what these hills and valley look like. 

A special kind of valley is formed by a stream, and 
contour lines in the area are usually regularly spaced 
(see fig. 92(2)). They form “V’s” where they cross the 
stream. It is important to remember that these Yi 4 
all point aphdll, or upstream. 

Contours, then, can tell us several things about 
streams. They can tell us the location of a stream or 
valley; they can tell us which way the stream is flowing, 
which shows the slope of the ground; and by the spaces 
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Rational numbers can be expressed as 


a. real numbers. c. 
b. decimals. d. 


Which example illustrates the 
equality? 


a. 28 = x Cc. 
b. X= y d. 


When you write a statement such as a 


equality allows you to change 


a. Commutative property 
b. Symmetric property 
c. Reflexive property 
d. Distributive property 


whole numbers. 
fractions. 


reflexive property of 


x 
Y 


x 
28 


what axiom of 


ll 
\o 
- 


it to 9 = a? 


What axiom of equality applies to this statement? If x 


and y = z, then x = zd. 


a. Transitive property 
b. Commutative property 
c. Reflexive property 
dad. Distributive property 


The addition of 54 + 81 can be written 81 + 54 because of 


the property. 


a. commutative c. 
b. associative d. 


Which example illustrates the 
addition? 


6 x 8 = 8 x 6 illustrates the 
multiplication. 


a. distributive 
b. commutative 
c. transitive 
d. symmetric 


reflexive 
transitive 


associative property for 


property for 


between the contour lines they can tell us how steep the 
valley is. - “i 

Remember, then, that V-shaped contours show valleys 
or streams. 

If we had a lake surrounded by mountains, as in fig- 
ure 53(1), a first glance at the contours (fig. 53(2)) 
would make it appear to be a hill; however, by .a closer 
look at the height numbers on the contour lines, we 
would see that as they get nearer the center they get 
smaller. We would know, therefore, that the, land is 
going downhill and forms a kind of basin. 


Figure 53 @ and @). 
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SACKVILLE AND VICINITY 
Figure 54, 


Figure 54 shows our familiar map of Sackville and 
vicinity with contour lines on it. Our map is becoming 
more complete. The contour lines show the shape of 
the ground. We can tell now that the land has a hill, 
with the ground sloping very gently from its base to- 
ward the town and toward the airfield. 
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CHAPTER 5 


HOW FAR IS IT? 


We have now put a map together and looked at many 
of its parts, so that at this point we can learn a good deal 
about a region by reading a map. There are still more 
things which a map can tell us. One of these things is: 
How far is it from one place to another? 

Distances on a map can be measured. The reason for 
this is that a map is a true picture of the land. For ex- 
ample, we have a picture of the M1 bayonet, and we 
want to find out how long the blade is. We know the 
picture is smaller than the real bayonet. If we knew 
how much smaller the picture is than the real bayonet 
blade, we could find out how large the blade is. 

By measuring the blade on the picture in figure 55, we 
find that it is 2!4-inches long in the picture. 

Now suppose someone fells us that the picture is one- 
quarter (4%) the size of the real bayonet. We could then 


Figure 55. 


figure out how long the blade is. If the picture is one- 
quarter the size of the real bayonet, the real bayonet is 
4 times as large as the picture. 

Let us put these figures to work. The picture of the 
blade is 2!4-inches long. The real blade is 4 times as. 
long (as someone has told us); so the real blade is 4 
times 244 inches, or 10 inches long. 

4x 2, ” — j0Q” 

In the same manner as this, a map always tells you - 
how much smaller it 1s than the real land. A map can 
tell you this in two ways. . 

One way is the same as we have just used on the pic- 
ture of the bayonet. 

A distance is measured on the map, and then the map 
tells you how much smaller this distance is than the ac- 
tual ground, by means of a number found in the bottom 
margin of the map, about in the center (figure 56). 
This number is called the SCALE. 

The scale number may be shown in two ways, both 
meaning the same thing. It may be written as a frac- 
tion: 1/25,000; or it may look like this 1:25,000. In 
either case, it is the same as saying that 1 inch on the 
map is equal to 25,000 inches on the read ground, just as 
in our picture of a bayonet, 1 inch on the picture was 
equal to 4 inches on the real blade. - The scale of that 
picture of the bayonet ‘would have been called '4 or 1:4. 
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Let us try this out on our map. We want to find out 
how long the right-hand runway of Liaison Field is. 
First, place an ordinary ruler along the runway, as in 
figure 57. 

It reads 1 inch. Now our scale reference says 1/25,000, 
or 1 inch on the map equals 25,000 inches on the field. 
So for each inch we have measured on the runway, we 
must substitute 25,000 inches. That means 1 times 
25,000 inches, or 25,000 inches. But such long distances 
are usually stated in yards or feet. Let us divide by 36 
and by 12 and find out the number of yards or feet in 
the runway: 

25,000 divided by 36 equals about 700 yards. 
25,000 divided by 12 equals about 2100 feet. 


Figure 57. 
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Graphic Scale 


Another method for finding distances is by the use of 
the Graphic scale. This method is even easier to use 
than the one we have just discussed. Just below the no- 
tation of scale, 1/25,000, is something which looks like a 
ruler (fig. 58). It zs a.ruler, a special. one made just for 
that particular map. It is a ruler which has already 
done your arithmetic for you. 

Let’s look at our bayonet picture again with such a 
ruler and see how it works. The ruler or graphic scale 
is a special one made just for this particular picture. All 
we have to do is place this ruler on the picture of the 
bayonet with the zero at the tip of the blade, as in figure . 
59. We can see at a glance that the real bayonet blade is 
10 inches long. The special ruler has shown the real 
distance of the bayonet. 

This special ruler is called a graphic scale. But it does 
not matter what you call it as long as you know what it 


500 te) 500 1000 YARDS 
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Figure 58. 


looks like on a map and how it is used. It is used with 
a map in the following manner: 

First, a straight strip of paper is placed on our map 
alongside the airfield (fig. 60(1)). We then place marks 
on the paper at both ends of the field. The paper is then 
placed alongside our graphic scale on the map which 
shows the field really is (fig. 60(2)). There is another 
thing to notice about this scale. 

It has two parts (fig. 61). From the zero mark to the 
right it reads in large numbers, 500 yards apart (The 4 
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Figure 59. 


part of fig. 61). From the zero mark to the left it breaks 
down this large distance into smaller distances (the B 
part of fig. 61), 100 yards apart, so that we can measure 
more accurately. 

For example, in figure 60(2) the marks on our strip 
of paper are farther apart than the distance between the 
zero and the 500-yard marks on the graphic scale. If 
we place the right-hand mark at the 500-yard point on 
the graphic scale, the left-hand mark overlaps into the 
“B” part of the graphic scale. We see that it is about at 
the second mark to the left of the zero, or at the 200- 
yard mark. By adding 200 yards to the first 500 yards 
we can judge that the runway is about 700-yards long. 

For purposes of allowing different units of measure 
to be used on a map, there are sometimes found more 
than one graphic scale on the same map. For example, 
one of the scales may be measured in miles, another in 
yards, or another in kilometers. In any case, there is a 
note on the scale which tells you what the unit of mea- 
sure is, and you can use any of the scales shown on that 
map. ; 

In order to measure a curved or irregular line, for ex- 
ample, a section of the Burma Road (fig. 62(1)), we 
divide the curved line of the road section, between C and 
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D, into small straight sections (fig. 62(2)). Then we 
lay the edge of a strip of paper on the tick marks, one 
after the other, adding each section to what we already 
have marked. We finish with a straight piece of paper 
with the total length of the curved road on it. We can 
measure this with the graphic scale, in the same way as 
we measured the runway. 


Scale of Maps 


It is important to be sure which is the larger scale, a 
1/25,000 map or a 1/50,000 map. The answer is: the 
1/25,000 map, because the number is a fraction and 
1/25,000 of something is bigger than 1/50,000, just as 
Y, is large than 4. That is clear enough to us, but these 
numbers are a little tricky, and it is easy to make mis- 
takes and forget that the /arger the number in the lower 
part of the fraction, the smaller the scale of the map. 
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13. Which example illustrates the associative property for 
multiplication? 


14. The law that states multiplication can be distributed over 


addition is the property. 
a. symmetric 

b. transitive 

c. commutative 

dad. distributive 


15. Which example best describes the distributive property? 


a. 6x (4 + 3) = (6 x 4) + (6 xX 3) 
b. 6x (4 + 3) 

c. 24 x 18 

d. 42 


Solve items 16 through 17 using the zero and unity elements by 
performing the actions required. 


16. 12x 1470F 


a. Impossible c. O 
b. 168 d. 1/64 


17. 9+1: 


b. 1/9 d. 0 


Simplify items 18 through 19 using symbols of grouping by 
performing the actions required. 


18. (10 + 2) +9 


a. 29 c. 14 
b. 17 d. 9 


19. 10 15 x 2 


a. 30 Cc. 300 
b. 152 d. 315 


CHAPTER 6 


WHERE IS IT? 


In.a town or city, it is easy for us to tell someone that 
the church is at the corner of Ist Avenue and Ist Street. 
Or if you make a date with someone at the circle at the 

corner of 6th Avenue and 3rd Street, you could be pretty 
sure that both you and your date would be able to find 
the place. For example, if you were a stranger in town 
and did not know that the highway near the church 
went straight to the'corner of 6th Avenue and 3rd Street, 
you would walk to the right, watching the numbers on 
the streets, until you reached 6th Avenue; from there 
you would walk up the avenue until you arrived at 3rd 
Street (fig. 64). 


Figure 63. 
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Figure 64: 


In the army, however, we are faced with a different 
problem. We must be able to give to someone else the 
location of a lone tree in the middle of a large field, or a 
machine gun or sniper in a woods, or a guard along a 
stream. ‘There are no streets in those places, but our 
maps have a system of letting us tell someone else where 
these points are. 


Grids 
This is done by placing on the face of the map a series 
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of lines in the form of squares. These squares are used 
somewhat like the street system in a city, and every 
point on the map is near some “street.” AI] we have to 
do is tell someone to go to one of these corners, just as 
we do in town with real streets. 

This is called a grid system, and the pattern is called 
a grid. Figure 65 shows our map with an army grid 
on it. 

The streets in a grid all have very simple names. They 
are all numbers. Before we can use these numbers, how- 
ever, we must learn a few rules about them. 

In the first place, each square gets its name from the 
numbered lines which meet at its lower left-hand cor- 
ner. This name is made up of two numbers separated 
by adash. The first number is the one you read to the 
right, which marks the line running from the bottom of 
your map to the top, and the second number is the: one 
you read up, which marks the line running from side 
to side. 

For example, if we told you that an enemy patrol was 
observed in square (47—33), you would know the square 
meant is the one whose lower-left-hand corner is made 
by the crossing of up-and-down line 47 and side-to-side 
line 33. Notice that we use only the two most im- 
portant numbers of the grid line. The whole numbers 
for the corner squares, 1046000 and 638000 are given 
once, in the: lower left hand corner of the map, but these 
large numbers are too clumsy to use. For example, 
here we omit the three zeros at the end of the number 
and'the 10 and 6 at the beginning. The two remaining 
numbers are enough to tell someone which grid line we 
mean. 

There is a rule in army map reading which helps to 
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Figure 66. 


remember which number is given first.. The rule is 
“READ RIGHT UP.” For example, if your platoon 
leader tells you to meet a patrol on the path at (47-33) 
on our map (fig. 65), first you read right along the num- 
bers at the bottom until you come to 47. Then you read 
up this line until you come to the line marked 33. Read 
right up. 

If the object we are trying to give the address of is not 
right at the place where a line crosses another line, we- 
may imagine the sides of the grid square divided into 10 
equal parts, so that 100 imaginary smaller squares are 
formed, as in figure 66. The lines on this grid are num- 
bered to the right from 1 to 9, and up from 1 to9. You 
read the numbers of the small squares just as you do the 
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large ones. For example; to find the number for road 
junction 322 in figure 66, you count right from the lower 
left corner of the square to the line 4 which forms a 
corner of the correct small square, and you count #p to 
the correct line, 7. The number you get is (4-7). 

This number, however, is not yet complete. It is 
necessary to show which large square the smaller 
squares were in. So we use a combination of both num- 
bers, those of the large square and those of the small one. 
We write the numbers’so that the numbers reading to 
right are together, separated by a period or decimal 
point, and the numbers reading up are together, sep- 
arated by a period. For example, to give the location of 
RJ322 in figure 66, the first number would be 47.4 and 
the second 33.7, The whole address would then be 
(47.4-33.7). 

There are only two more main things we must know 
about this army street system. The first is that these 
numbers are called coordinates. That is a fancy name 
for a simple idea, but once. you understand how to use 
coordinates, the word itself should not trouble you. The 
second point is that on many army maps these lines are 
1,000 yards apart, but this may not always be the case; 
other kinds of grids may be used. If they are, the unit 
of measure and the distance between lines of the grid are 
indicated in the margin. Look for these numbers be- 
fore you use the grid. 

For example, figure 65 has the 1,000-yard grid on it. 
We can tell from the map that the circle in the town is 
about 1,000 yards from the edge of the airfield, because 
it is about the same distance between two grid lines. . 
This is another way to tell distances on a map, and you | 
can use it instead of the graphic scale: 
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Thrust Lines 


There is one trouble with grid coordinates. If the 
enemy gets hold of one of our messages with these num- 
bers.on it,-he can read exactly what we have written and 
find the place on a map. So the army uses other kinds 
of addresses, too—ones with secret keys to them. One of 
these methods is called the zhrust line method, and it 
works as follows: 

In Treasure Island, the famous story of the hunt for 
buried treasure, the treasure-hunters have a map which 
says the gold is 10 feet from a certain tree. The only 
difficulty is that for a long time they don’t know where 
the tree is. It does them no good to know the distance 
between the tree and the gold unless they know what 
tree the map is talking about. ; 

A thrust line works on this same idea. Instead of a 
secret tree, we use a secret line, which is not known to 
the enemy. This line is a base line, set up by the com- 
mander. The line is designated by means of two points, 
lettered T and L, standing for “Thrust Line”: T means 
the first point (or base point), and L means the second 
point (or thrust point). From this line we measure for- 
ward or backward and at right angles to the right or to 
the left. 

The order which gives the location of the thrust line 
also gives the unit of measure to use with it, miles, yards, 
or feet.’ When the measurement is in miles, we always 
measure in tenths of this unit, but we leave out the deci- 
mal point. For example, if the number we are working 
with is 136, that means the distance is 13.6 miles, or if 
the number is 08, that means the distance is 0.8 miles. 
When yards or feet are used, the unit of measure is des- 
ignated by the commander; no decimal point is in- 
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volved in-this case. For example if the commander 
designates the unit of measure as “tens of yards,” and 
we measure the distance as 64 yards, we write it 6; or if 
the distance is 178 yards, we write it 18. 

The order telling you the base line will give you the 
grid coordinates of the points T and L; for example, an 
order may set up a thrust line from a base point at the 
juncture of two streams at (63.2-76.0) to forward point 
CR 13 at (64.0-77.3), measurements in hundreds of 
yards (fig. 67). 

The first thing you do is draw this line on your map 
lightly, so you can erase it later. Figure 67 shows you 
the line. 


Figure 67. 
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Figure 68. 


Before we can use this line as our secret base line, we 
must know: 

First, that forward means from T to L, which gener- 
ally means toward the enemy. 

Second, that the first part of our coordinate is meas- 
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ured along the thrust line. 

Third, that we measure the second part of our coor- 
dinate to the right or left as we face forward along the 
line. 

Fourth, that we use four simple abbreviations: 

F, standing for forward from the base point T along 
the thrust line toward L. 

B, standing for backward from the base point T along 
the thrust line. 

R, standing for right of the thrust line, at right angles, 
or 90°. 

L, standing for Jefz of the thrust line, at right angles, 
or 90°. 

Now we are ready to use our thrust line. Suppose 
your platoon leader tells you that you are to destroy a. 
bridge at B18R6. Where is the bridge? 

B means backward from the base point. Therefore, 
first you extend the line straight back so you can work 
from it (fig. 68). The number 18 means 1800 yards, be- 
cause you were told that the unit of measure is in hun- 
dreds of yards. With your graphic scale, you measure 
1800 yards back from the base point. The next item in 
the address of the bridge is R6, which means 600 yards 
to the right of the thrust line as you look forward to- 
ward L. You measure this at right angles from the spot 
1800 yards back of the base point, and get your location. 

Now suppose that the enemy intercepted that mes- 
sage. It would do him no good because he wouldn’t 
know where our starting point or base point is or in 
what direction our thrust line runs! Our commander 
will change this point often, so that the enemy cannot 
find the location of the thrust line. 
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Solve items 20 through 22 using the rules for order of operations 
by performing the action required. 


20. (6+4+2) +242 


a. 12 c. 8 
b. 9 d. 3 


21. 5(8 +8) +2+5 


a. 45 c. 35 
b. 43 d. 33 


22. (2x 3-12 + 3) +2 


a. 4 c. 2 
b. 3 dad. 1 


Complete items 23 through 24 by reducing each fraction to its 
lowest term. 


23. 39 _ 9 


1 
a. 15 c. 15 
17 19 
b. 13 dad. 13 
17 19 
24, 2340. 25 
1260 ; 
a. 17 c. 17 
53 63 
b. 19 d. 19 
53 63 


Complete items 25 through 26 by reducing each fraction to its 
higher term by supplying the missing numerator. 


25. 3._? 
4 24 
a. 110 c. 180 
b. 120 d. 220 
26. 9 __? 
57 7011 
a. 1105 c. 1109 
b. 1107 d. 1112 


CHAPTER 7 


WHICH WAY IS IT? 


Let’s leave our map for a moment and talk about the 
direction of things.. We shall come back to our map in 
chapter 8. 

On the ground and on the map, the army has an easy 
way to point out the direction of things. It is easy be- 
cause the same idea is used wherever we are. The idea 
is simply this: We suppose that wherever we happen to 
be at any given moment, we are in the center of a circle 
which has “avenues” running off in all directions, as in 
figure 69. This circle is marked off into 360 avenues 
(fig. 70). Each of the 360 spaces is called a degree and 
each avenue has a name called an azimuth. This azi- 
muth is just a name for direction line; each of these di- 
rection lines has a number, depending upon which of 
the 360 avenues it is. | 

We can,march off on one of these avenues, or azi- 
mouths, starting at the center of the circle. The avenues 


Figure 69. 


all start where you are, whether you are in a jungle, on a 
hill, or on a highway, just as with the soldier in figure 
71. This soldier has been told to go along the avenue 


Figure 71. 


marked “azimuth 60 degrees” (written as 60°), and he 
is pointing his finger at it. You can think of the soldier 
in the center of the circle with 360 avenues or azimuths 
running out from him like the spokes from the hub of a 
wheel. Every 10th avenue is numbered to make it easy 
to find those in-between. 

Now there are two important things to remember 
about this circle of avenues. 

FIRST: The zero —O—avenue must always point 
NORTH. Inamoment we will talk about how to find _ 
north, but right now don’t worry about it. 

SECOND: The avenues are numbered CLOCK- 
WISE. That means we number them in the direction 
that we number hours on a clock. Figure 72 shows what 
we mean by clockwise direction. 
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With this knowledge, let’s put this circle to work for 
us. You are told that there is a sniper in a tree in the 
orchard at Furlough Farm, and also told you that if you 
crawl along Up the Creek to where the railroad crosses 
it at the foot of the hill, you can see the sniper’s tree on 
an_azimuth_ of exactly 60. degrees.(60°)... Figure. 73 
shows the situatian. 

You find where the railroad crosses the creek and go 
there. You remember that the center of the circle of 
azimuths is right where you are. The first thing to do 
is to point the zero mark on the circle at north. (You 
will learn how to do this with your compass later in this 

_ manual). Now it is easy to see which tree is on the 
avenue or azimuth marked 60° on the circle. That is 


Figure 73. 
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the address of that tree, using the azimuth system. 

You take a bead on the sniper and knock him from 
the tree with your first shot. You move cautiously up to 
the tree, examine the fellow carefully, and find he is 
dead. You walk back to the railroad where it crosses 
the creek. Now what azimuth did you walk back on? 
Was it 60°? No, it wasn’t. Look at figure 74. It shows 
you that if you face in one direction you have one azi- 
muth (calied a forward azimuth) and if you face in the 
opposite direction, the azimuth (called a back azimuth) 
has a different name. The back azimuth is on a straight 
line back through the center of the circle from the for- 
ward azimuth. Figure 75 shows you that at the ra‘l- 
road, with the zero of the circle pointing north, the azi- 
muth on the circle reads 60° from there to the tree, and 
that at the tree, with the zero of the circle still pointing 
north, the azimuth on the circle reads 240° from the 
tree to where the railroad crosses the creek. 

The back azimuth is an important thing to know 
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about, because if you know how to use it, it will take 
you back to your starting point. If you are sent on a 
mission to a point in strange country and at night, for 
example, your back azimuth will show you the direction 
in which you return. The following section, on com- 
passes, show you how to find back azimuth. 


Figure 75. 


The Compass 


We come now to the compass, that useful item which 
finds north for us and finds our azimuth for us. The 
compass has on it the circle of numbered avenues or azi- 
muths which we have been talking about in the last few 
pages. In other words, the compass is our’ direction. 
finding tool, and it has everything on it to help us find 
our way. 

There are several types of compass, but the one which 
we shall use here is called the lensatic compass. ‘There 
are other kinds of compasses, but they all work on the 
same principle. If you understand how to use the army 
lensatic compass, you will find it easy to learn to use the 
others. Later in the manual we shall talk a bit about 
some of these other army compasses. 

Let us look now at figure 76 for a good look at the 
lensatic compass. The most important thing about that 
compass is that no matter how you turn it, as long as 
you hold it level, the white arrow always points in the 
direction of north. It won't let you down if you remem- 
ber one thing: never use it near any metal object if you 
can help it. Metal objects will make the compass needle 
(arrow on this compass dial) point in the wrong direc- 
tion. Whenever you use a compass then, make sure you 
are well away from such metal objects as your helmet, 
rifle, truck, a wire fence, or any metal objet which will 
bother your compass needle. 

Besides the compass needle which points north, there 
is another important part of the compass. That is the 
numbered circle of avenues or azimuths right on the 
face of the dial. Everything else on the compass is de- 
signed to help you line up your compass with things on 
the ground and on your map and to help you read the 
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avenue or azimuth numbers. 

Compass reading 1s easy, if it is done correctly. For 
example, it is important to hold the compass correctly. 
Remember to point the compass in the general direction 
you want to go before you try to use it, and hold it level. 
Figure 77 shows the compass ready to be used in day- 
time sighting. Figure 78 shows how to hold the com- 
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Figure 77. Figure 78. 


pass so that it is steady. Notice that it is held with the 
eyepiece close to the eye. Figure 79 shows how to line 
up a tree. You look at the tree through the slit in the 
eyepiece and through the slit in the cover with the hair 
line in it. The glass eyepiece is used only to read the 
azimuth numbers on the dial. It is there only so you 
will be able to glance down and read these numbers at 
the same time you line up an object with the compass. 

- The view you get when you use the compass correctly 
is shown in figure 80. The soldier here has lined up the 
tree in his compass sights and found that the tree is on 
an azimuth of 60°. 

With a compass, you can see how easy it is to find a 
back azimuth: You can do it in two ways. The first 
way is to read your back azimuth right off the dial, by 
taking the number opposite the forward azimuth on a 
straight line through the center of the dial. The second 
way is to sight from the point you have reached, back to 
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Figure 79. 


point you started from. The main difference between 
these two methods is that in the first way, you do not 
have to be able to see your starting point in order to get 
the back azimuth. 


Figure 80. 
se 
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Complete items 27 through 32 by performing the action required. 


27. 15 
40 
soe 
60 
AL 
20 
3 
+ 20 
a. 69 c. 97 
120 120 
b. 89 d. 102 
120 120 
28. 6 22 4 
2+ 4S. 4 = 
>a 8 a6 * 8 5 
a. 1 Cc. 1 
ee ade 
16 65 18 T5 
b. 1 di; 1 
16 g 
21 1 Si 
als 
29. 7 = 
4 
5 = 
ee 
a. 27 c. 27 
3 36 1 36 
b. 1 d. a 
3 = 1= 
4 4 
30- 40 2% 15 
3 
a. 160 c. 170 
b. 165 d. 175 
31. 392 . 168 
448 224 
a i c. i 
6 ang 
b. 1 d. L 
Lis us 
32. 7 7 
ia Hee t 
12 8 
a. 1 c. 1 
1 ie: 
be. 44 2 d- i¢ 2 
3 3 
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CHAPTER 8 


TWO WAYS TO LINE UP YOUR MAP 
WITH THE GROUND 


Before the compass and the map are ready to work 
together, the map must be placed in a position so that 
the directions on the map are lined up with the direc- 
tions on the ground. There are two ways to do this, one 
of them without the aid of a compass and the other with 
the help of a compass or of some other way of finding 
north. This act of lining up your map with the ground 
is called orienting the map. 


By Inspection 

The first way of lining up your map is called “by in- 
spection,” which simply means “by looking at the 
ground with the map in front of you.” This can de 
done when you have found objects on the ground which 
you recognize on your map and which you can see. For 
example, in figure 81 you hold your map so that the 


Figure 81. 
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Figure 82. 


crossroads on it line up with the crossroads on the 
ground in front of you. Your map is then oriented. 

If the objects on the ground are not as simple as cross- 
roads, such as in figure 82, you can still line up your 
map by inspection. You must know your approximate 
positions on the map, and then turn your map in front 
of you until the distant object (the tower) on the 
ground lines up with the same object on the map and 
with your position on the map. The dotted line in fig- 
ure 82 illustrates this lining up process. Your map is 
then oriented. 


By Compass 


A second way to line up your map, and a much easier 
method, is by using the compass. First you must know 
that the top of your map points in the general direction 
of north. In the margin of the map, or on the map it- 
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Figure 83. 
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self, you will always find a small diagram which looks 
like figure 83(1); this is calied a declination diagram. 
The only line on that diagram in which you are inter- 
ested now is the one with the half arrowhead. That is 
called the magnetic north line, and is the line on your 
map. with which you must line up the needle on your 
compass. You do it as in figure 83(2). Lay your map 
on a flat surface, extend the magnetic north line, and lay 
your compass down over it. Now turn your map, with - 
the compass on it, until the north arrow on the compass 
and the arrowhead line on the diagram are in a straight 
line. Your map is then lined up, or oriented, as in fig- 
ure 84. If the declination angle is 3 degrees or less, 
however, this method will not work and should not be 
used. 

On some maps you will find a device which you can 
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use to orient your map in place of the declination dia- 
gram. When you find this device on a map use it, be- 
cause it gives you a Jong north line on your map to 
work with. 

Here is the way you use this device: 

At the bottom margin of your map you will find a 


small circle marked P (See fig. 85). This is called the 


Figure 84. 


pivot point. At the top margin you will find a scale 
marked off in degrees. To find your magnetic north 
line with this scale, read the number of degrees, called 
the G—M angle, on the declination diagram between the 
magnetic north line and the plain line marked “y” (fig. 
85), and draw a line from the circular mark P to that 
number of degrees on the scale, as in figure 85. This 
line is the correct magnetic north line, and that is the 
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Figure 85. 


line you use to orient your map with the compass. Fig- 
ure 86 is the map of Sackville with the declination dia- 
gram and scale.. 

Before you use a map you should ask your platoon 
leader to check the magnetic north line on your map- 
and see that it is correct. 
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How to Find North Without a Compass 


Even without a compass, however, you can orient 
your map with a north line. There are ways to find 
north without a compass. 


By Day 

North Temperate Zone. In the north temperate zone, 
one way to find north is with an ordinary watch in good 
running order. Simply point the hour hand at the sun. 
Halfway between the hour hand and 12 o'clock is cue 
SOUTH (fig. 87 (1)). Directly opposite from south is 
NORTH, of course. The only tricky thing about this 
is that the watch should read on sun, or standard timne. 
If your watch is running one hour ahead (such as on 
wartime, or daylight-saving time), use the 1 o'clock 
number instead of the 12 o’clock number. 

South Temperate Zone. In the south temperate zone 
we use the watch, too, but a bit differently. In this case 
you point the 12 o’clock on the watch at the sun. Half- 
way between 12 o'clock and the hour hand is due 


Figure 87 G) and @. 
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NORTH (fig. 87 (2)). Again, be sure it is standard 
time. If your watch is on wartime or daylight-saving 
time use the 1 o’clock number on the watch instead of 
the 12 o'clock number. 


At Night 


_ Northern Hemisphere. At night we must use an- 
other way to find north without a compass. We do this 
by means of the stars. In the northern hemisphere one 
way to use the stars is to find the Big Dipper. The Big 
Dipper is made up of seven fairly bright stars in the 
shape of a dipper with a long curved handle, as in figure 
88. If you can see the Big Dipper, use as pointers the 
two stars which form the side of the cup farthest from 
the handle. These point in the direction toward which 
you would pour from the dipper. These pointers aim at 
a bright star which is about five times the distance be- 
tween the two stars of the Dipper cup. This bright star 


Figure 88, 


BIG DIPPER 
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Figure 89. 


is the North Star, and is directly over the North Pole. 

If you hold a finger away from your eyes so it just fits 
between the two pointers, and then, keeping your hand 
the same distance from your eyes, measure 5 finger 
widths away from the end pointer, your farthest finger 
will just touch the North Star (See fig. 89). . 

Sometimes, however, you cannot see the Big Dipper, 
although you may be able to see other stars. In that case 
we use a star pattern called the Big “W” or the Big “M.” 
Look at it in figure 88. Notice that it is on the other 
side of the North Star from the Big Dipper. The top of 
the “W” points about at the North Star. On a clear 
night you will always be able to see, in the northern 
hemisphere either the Big Dipper or the Big “W.” . 
Sometimes you will be able to see both. In either case, 
you will be able to find the North Star. 

Southern Hemisphere. In the southern hemisphere 
you find true South in the direction of the South Pole 
Star. This is not as bright as the North Star and often 
you won't be able to see it at all. Look first for the 
Southern Cross, which is made by four stars in the form 
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of a cross, as in figure 90. These four stars look like a 
kind of kite. Now if you figure the length of the kite 
from tip to tail and put a straight tail on the kite 4% 
times as long as the length of the kite, the end of the 
tail‘will be about at the South Pole Star, which is direct- 
ly over the South Pole. By using the width of your fin- 
ger as a measuring stick, as with the Big Dipper (fig. 
89), you can find where this star is. 


® SOUTHERN CROSS 
Dee “a * 


j 
SOUTH STAR 


Figure 90. 
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Complete items 33 through 34 by reducing the decimal fractions to 
common fractions in their lowest terms. 


33% -268 
a. 124 Cs 124 
500 750 
b. 134 d. 134 
500 750 
34. -00475 
a. 19 c. 19 
4000 8000 
b. 19 da. 19 
400 800 


Complete items 35 through 36 by reducing each common fraction to 
a decimal fraction (power of ten). 


35. 15 
50 
a. .13 c. -20 
b. -16 d. -30 
36. 47 
125 
a. -976 c. -492 
b. 592 d. -376 


Complete items 37 through 40 by performing the action required. 


37. 6.38 
4.975 

3.1 

+ 16.42 


a 29.875 c. 30.785 
b. 29.885 gd. 30.875 


38. 56.37 
= 18.48 


35.98 c. 37.89 
35.89 ad. 37.98 
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CHAPTER 9 


YOUR MAP AND COMPASS GO TO WORK 


We know enough now about the compass and the 
map to start to use them together in a practical way. 


Finding the Azimuths of Things on a Map 


We have learned how to find the azimuth of an ob- 
ject on the ground by sighting with the compass. Now 
we come to the problem of learning to find the azimuth 
of something on a map, 

_ Figure 91 is a section of a map with two points on it, 
a house and a bridge, where the highway crosses the 
creek. The question is, what is the azimuth from the 
house to the bridge? The first thing to do is to draw a 
line lightly on your map between the house and bridge 
as in figure 91. Then orient the map. Next, lay your 
compass flat on the pencil line so that the hair line of the 
compass cover points at the bridge. You read the azi- 
muth 122° on the compass, as in figure 92, and you have 
your answer. 


Figure 91. 


Figure 92. 


Suppose that you wanted to show on a map that a 
machine gun was on the path at an azimuth of 278° 
from the bridge. To find the correct point on a map, 
you would proceed as follows: First, orient your map; 
then lay your. compass so that the tip of the compass 
cover is directly over the bridge (fig. 93). Read the 
azimuth of 278° on the compass and pivot the compass, 
keeping the cover tip at the bridge, until the hair line in 
the cover lines up with that azimuth. Maké a mark at 
both ends of the lined-up compass, the cover tip, and the 


Figure 93. 


Figure 94. 


eyepiece. Remove the compass and draw the line be- 
tween the two marks until it crosses the path (Ag. 93). 
That is the point you are looking for. 


Finding Yourself on the Map 


One of the most important things to be learned from 
the map and compass is finding your location on the 
map. If your location is somewhere between the airfield 
and the creek on the Sackville map to find your exact 
location: 

First: Orient your map with a compass. 

Second: Find two things on the ground in front of 
you which you can also find on your map, anything you 
can draw a bead on. 

Third: With your compass, take an azimuth on a 


Figure 95. 
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Figure 96. 


point, for example the building at the mine. Sight 
through the compass, line up the building with the hair 
line in the compass (fig. 94), and read the azimuth 
through the glass eyepiece, which is 305°. 

Fourth: Lay your compass on your map, with the tip 
of the cover at the mine (fig. 95). Be sure that your map 
is oriented with the north arrow of the compass. Then 
pivot the compass slowly until the azimuth of 305° lines 
up with the hair line. Make two marks on the map, one 
at each end of the compass, remove the compass, and 
connect the two marks with a line. 

Fifth: This azimuth is a forward azimuth; however, 
we are back of the house, therefore, we want a back azi- 
muth. To get this a line is carried straight back, as in 
figure 95. If we put the compass on the line again, we 
can see that the back azimuth of 305° is 125°. © 


Figure 97. 
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You are somewhere along this line on your map, but 
you still need to know exactly where. 

Repeat the procedure with a second point, for exam- 
ple the tip of the left-hand runway of the airfield (fig. 
96). A forward azimuth reading shows it to be 67°. 
Lay the tip of the compass cover at the tip of the runway 
on your oriented map, line up the hair line with 67°, 
make your two marks, and draw your line straight back. 
This line will cross the first line you drew, at your exact 
location. (See fig. 97.) Notice that the back azimuth 
is 247° 


How to March on an Azimuth 


Suppose you are somewhere southeast of Sackville and 
your platoon leader tells you to go to a certain bridge. 
He points out the bridge on the map and draws a line on 


Figure 98. 


Figure 99. Figure 100. 


the map from your position to the bridge. By laying 
your compass on the oriented map you find that the 
bridge is on an azimuth of 51° from where you are (See 
fig. 98). Your job is to get to the bridge. That means 
that you must march along that azimuth. 

First you take your compass, sight into it along 51°, 
and discover that you cannot see the bridge at all from 
where you are. You know, however, that it is some- 
where up there ahead, along that line on which you are 
sighting. You can see a house right on your line of 


Figure 101. 


sight, so you walk to the house, go around it, and sight 
once more on your azimuth. You still can’t see the 
bridge, but you notice that the edge of the woods (fig. 
99) is on a line with your sight. So you head for the 
edge of the woods (fig. 100), and when you get there 
you find the bridge in front of you (fig..101). 
If it so happened that you could not see the bridge 
‘from the edge of the woods, you would do the same 
thing, picking. out a tree, fence, or other object along 
your line of march, until you finally reach a point where 
you could see the bridge. 


Taking a Back-check 


The ground may not be level and straight, so it is wise 
to expect to find obstacles in the way and for things to 
go wrong. For example, suppose, after you have taken 
your first sighting on an azimuth, you run into a pond 
and you lose your compass. That’s not good, but if you 
had taken a few safety steps, you would still be all right. 
One of these safety steps is to take a back-check. This 
would allow you to get back on your original line of 
march after you had detoured the pond. It works this 
way. 

When you started turning off your course to get 
around the pond (fig. 102), if you had looked back and 
noticed that your starting point at A was right in line 
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with that hill at B, you would be able to come back 
around the pond to where the starting point and the hill 
were in line again. You would then be back on your 
original azimuth. Keeping your starting point and the 
peak lined up as you went forward would take you to 
your first aiming point. When you got there you could 
figure out your original line by taking a back-check and 
carrying that line forward to choose another aiming 
point to walk to. You would finally arrive at your 
bridge even though you had lost your compass. This 
is a good point to remember. 
~ It may not always be possible to take a back-check, es- 
pecially if it is dark or if an obstacle interferes with your 
line of vision. If this is the case, it is possible to get back 
on the original azimuth by marching at right angles 
four times around the obstacle, as in figure 103, count- 
ing the number of paces we take and making sure that 
we march the same number of paces on lines A and B. 
The only problem here is how to march at right 
angles. We can find this direction with our compass. 
This is the easiest way. A right angle has 90°, which is 
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'% of the way around our compass dial, or the distance 
between any two of the four main directions: N. E. S. 
and W_ To go off at 90° from your course, just line up 
one of these points on your azimuth and follow the 
mark 90° from it: Figure 103 makes clear your course. 
If, however, you have lost your compass as we previously 
supposed, you must estimate the 90° turns. 


Using the Compass at Night 

There are a number of lines and dots on the compass 
which we have not talked about so far because they are 
used mainly at night. 

The lensatic compass has two glass faces, one under 
the other. The topmost glass face rotates, the under one 
does not. The top glass rotates with a clicking sound; 
- each click means it has turned 3°. On the top glass are 
two lines visible at night. One line is about four times 
as long as the other. These two lines are 45° apart. On 
the under, or stationary glass face, are three dots and a 
short line, each 90° from the luminous marks on either 
side of it, or one-quarter of the way around the face of 
the dial. On the azimuth dial itself the letters W. E. and 
S. and the arrow for north are visible at night. On the 
inside of the cover, lined up with the hair line sight, are 
two more luminous dots. 

We cannot see the numbers on the azimuth circle at 
night, but these dots and lines are enough to allow us to 
read the compass. 


Setting off Your Azimuth at Night 


Before we can start off on an azimuth, the first thing 
to do is to arrange the compass so that the azimuth can 
be seen at night. We want to get to the same bridge we 
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39. 56.37 


x 8.48 
a. 478.0176 Cx 
b. 478.176 d. 


578.0176 
578.176 


40. 76.3 [07.4200 Round to nearest hundredths (.00). 


a. 1.28 c. 
b. 1.27 d. 


Complete items 41 through 42 by changing each item to a percent. 


41. ~22 
a. 22% Cc. 
b. 2.2% da. 
AO: OF 
40 
a. -175% c. 
b. 1.75% da. 


22% 
220% 


17.5% 
175% 


Complete items 43 through 44 by changing from percents to 
fractions (reduced to lowest terms). 


43. 60% 
a. 3 c. 
6 
b 3 d. 
5 
44. 87.5% 
a. 4 c. 
5 
b. 5S d. 
6 
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Complete items 45 through 51 by performing the action required. 


45. During an equipment inventory, Cpl Pyle found 18 E-Tools 


missing from the list of 80. 


E-Tools? 
a 2.25% c. 
b 2.52% d. 


What is his percent of missing 


22.5% 
25.2% 


walked to in daylight, on an azimuth of 51°. If it is 
too dark to read the numbers on the compass dial and 
we are forbidden to use a light, we € prepare the compass 
in four steps: 

First: Face in the general direction in which you are 
going. 

Second: ERE up the north arrow and the long line on 
the revolving face with the short mark on the fixed glass 
face. The compass should look as it does in figure 
104(1). 

Third: Hold the movable glass dial still by gripping 
the knurled brass ring with one hand, and turn the com- 
pass under it to the right 17 clicks. Since each click 
means 3°, that would add up to 51°. The compass 
would then look as it does in figure 104(2). 

Fourth: Turn the whole compass until the north 
needle lines up with the long line, and there you are, fig- 
ure 104(3). Your azimuth is the line formed by the two 
dots on the inside of the cover and the short line on the 
fixed glass. You follow that line. 

If you can prepare your compass before it gets dark or 
if you are allowed to use a light to adjust it, you set your 
compass as follows: 

First: Rotate the whole compass until 51° on the cial 
is directly under the short luminous line on the lower 
fixed glass. 

Second: Holding the compass in that position, rotate 
the upper movable glass until the long luminous line is 
over the north arrow of the dial. Your compass is set 
ona51° azimuth. Now all you have to do to march on 
this azimuth in the darkness is to open the compass and 
rotate it so the north arrow is directly below the long, 
luminous line. Follow the line formed by the short line 
on the lower fixed glass and the two dots on the cover. 
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Following a Compass Line at Night 


To follow an azimuth at night, we must be able to 
pick up aiming points ahead of us, just as we do in the 
daytime. At night this is not easy to do. You cannot 
see very far ahead, and your aiming points, if you see 
them at all, will be very near to you. You must take 
readings on many more aiming points at night than in 
the day. If it is so dark that you cannot find an aiming 
point, send another man out a little ahead of you. Di- 
rect him to move either to the right or left, until he is on 
your line of sight. Be sure he does not move until you 
have reached’ him. Then do the same thing all over 
again until you can find:some aiming point in the area 
ahead. 

Because you must take so many compass readings at 
night, it is best to lay aside only easily handled items of 
metal equipment. But when, because of the need for 
speed or silence, you must take a reading with metallic 
equipment on you, sling your rifle over your left shoul- 
der and hold the compass in your right hand in front of 
you and away from such metal items as you can. 

Notice the way the compass is held at night (fig. 105 
(1)). You do not aim through the eye-piece as you do 
by day. You simply point the compass in the direction 
you are going, stand behind the compass, and line your- 
self up with an aiming point which is on a line with the 
three luminous pointers on the compass (fig. 105 (3)). 
Then walk to your aiming point. 


Other Compasses 


There are other types of compasses used by the Army. 
A newer lensatic compass, figure 106, very much like the 
one we have been using in this book, is made so that the 
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azimuths on the dial are visible at night. The other 
main differences are that the numbers are printed in 
black instead of white and there is an additional scale on 
the dial called a mil scale. The mil scale is not used for 
ordinary compass work. 

The wrist compass (fig. 107) is a simple compass 
which you may often have. It has a fixed arrow on the 
glass cover and a plastic outer scale which may be ro- 
tated. Printed on this outer scale are the four main 
directions and the divisions for each five degrees from 
0° to 360°. The north needle is a straight line. At night 
you can see the north end of the needle and a dot at the 
south send, the arrow on the glass, the letters N. E. S. 
and W, on the plastic ring, and four 45° dots, each half- 
way between two direction letters. 


Figure 106. 
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Figure 107. 


To use the wrist compass in the daytime set the arrow 
on the glass cover on the azimuth you want to follow, by . 
turning the plastic ring. Then turn your arm or body 
until the needle is lined up with the N. on the plastic 
ring (fig. 107), and simply follow the arrow to your 
aiming point. 

At night, if you cannot see enough to read the num- 
bers on the scale, you estimate the degrees between the 
directions, since there are no clicks on this compass, and 
use the compass just as you do in the daytime. 


Bringing Back the Information 


When you aré sent out on a reconnaissance or scout- 
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ing assignment you will find information which must 
be sent back to your commander. That is your mission. 
It is necessary, then, to know how to send back this 
information. ; 

First of all, we must know the names of things on the 
land. It is not necessary for anyone to know what 
names things are called by, until he has to tell someone 
else about them. Then it is very important that he know 
exactly what the names of land forms are. Figure 108 is 
a sketch showing the names of various land forms. 
Learn these names. It is important that you be able to 
describe things accurately and in the right words so that 
the men you work with can understand what you mean. 


Overlays 
An overlay is used to send back: information obtained 


Figure 108. - 
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by reconnaissance. An overlay is simply a tracing, on a 
plain piece of paper, of a section of amap. To make an 
overlay, lay a piece of paper over the section of the map 
you are interested in, and draw on it the corners of the 
grid squares, as in figure 109. These crosses are called 
register marks and they are put on the overlay to show 
whoever uses it just where to place. Since there is al- 
ways a chance that anyone using the overlay would not 
know where to place it on his map, the register marks 
should be numbered with the numbers of the grid lines. 
Once the register marks are on the overlay, you need 
only to indicate on it, the objects you are concerned with. 
Write your message right on the overlay, with the usual 
information that is commonly put on ordinary written 
messages. 

The person who gets the overlay then lays it on his 
map so that the register marks line up on the grid lines, 
and is able to use the information received. 
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CHAPTER 10 


ON THE ROAD 


It is very easy to get lost when you drive along a high- 
way, even in the United States where there are all kinds 
of signs and directions about for the’use of the motorist. 
It is even easier to lose your way in strange country and 
in wartime. Maps and compasses are important instru- 
ments to keep you on the right road.- You must keep 
your map oriented, preferably by inspection, if you can 
find the right roads on your map (fig. 111). Besides 
that, you must check yourself at all times. You must 
watch your mileage gauge at all important points, and. 
keep a record of it in a notebook or on your map, so that 
you always know where you are. 

The mileage gauge is especially important in a case 
like figure 112. Here the driver finds two left intersec- 
tions on the road, a mile apart. His map is out of date 
and shows just one road. Which one should the driver 
take? By measuring the distance from his starting point 
to the junction on his map the driver can find out. how 


Figure 111. 
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Figure 112. 


far he should have traveled before taking the turn. Now 
if he had been careful enough to watch his mileage 
gauge before he started on his trip he would be able to 
figure out how far he had come and he would know 
which of the two roads was the right one. If he had 
failed to note his mileage gauge, he would not know 
which road to take. 


Figure 113. 


91 


46. Of 60 Marines in the platoon, 80% are qualified swimmers. 
How many Marines are qualified swimmers? 


a. 42 Cc. 46 
b. 44 d. 48 


47. During the month of April (30 days), our company spent 28% 
of its time aboard ship. How many days did the company 
spend aboard ship? Round to the nearest day. 


a. 5 Cc. 7 
b. 6 da. 8 


48. Ten percent of the platoon are attached to Company A. If 
there are 6 Marines attached to the Company A, how many 
Marines are in the platoon? 


a. 60 Ce 50 
b. 58 d. 44 


49. Which algebraic expression is a monomial term? 


a 6x +yt+xt+y 
b. (xz) * - 1x° 
c 
d 


50. Which algebraic expression contains like terms? 


145abc’, 35abe 
xyz", xy(z) 
6a", (6a) 
12xy, 4xy 


anomn 


51. Which algebraic expression is a polynomial term? 


a. 4x - xX + 723 


b. 47xy 

2x - y 

Cc. 7X _+ 2 
XZ 

d. 64abc 


Complete items 52 through 56 by performing the proper operations 
of evaluation. 


52. a - 2a° + a+ 4, (a = 6) 
a. 584 c. 154 
b. 534 d. 145 


CHAPTER 11 


AERIAL PHOTOGRAPHS AND PHOTOMAPS 
Maps Made From the Air 


The maps you have learned to use are topographic 
maps, with the ground features drawn to scale. Another 
kind of map, and one you are likely to see often, is a 
photomap, made by photographing the ground from an 
airplane. Your photomap may be a single aerial photo, 
or several put together to represent a larger area. It will 
have on its margin various items of information, the 
most important of which are the arrow indicating mag- 
netic north, and the scale. The photomap may have a 
grid on it. If it has, you use it as you use the grid on a 
topographic map. 


Photomaps are Up-to-Date 


In some ways photomaps are not as easy to use as 
drawn maps. They do not indicate elevations clearly, 
because they do not have contour lines. Roads enter a 
wood, disappear beneath the trees, and reappear going 
in a different direction. On the other hand, the infor- 
mation on photomaps is more likely to be up-to-date. 
Probably your photomap was made from pictures taken 
only a few days ago. If it shows a wood or a road, you 
know it is there, while a wood shown on a topographic 
map have been cut down after the map was made, or a 
new road may have been built. 

Figure 114 is a map of Sackville, half as a topographic 
map and half asa photomap. The photomap is at about 
the smallest scale you are likely to use. Notice the dif- 
ferences between the two kinds of map. By comparing 
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the two-maps you can easily follow the roads, the rail- 
road, and the river and you can see how the hilly terrain 
is shown by the contour lines on the topographic map. 


Shadows Must Fall Toward You 


To read a photomap or an aerial photograph, hold the 
photograph so that the shadows of objects fall toward 
you. Figure 115 isa picture of a trefoil with heavy shad- 
ows. As it appears here, you can see that the object 
seems to go down into the page. Now look away 
from the picture, turn the whole book upside down, 
and look at the picture again. Notice that the tre- 
foil now appears to be coming up out of the page. 
There is only one correct way to look-at an aerial photo- 
graph. 

Figure 116 shows what happens when you hold an 
aerial photograph the right way and the-wrong way. In 
the upper part it is viewed correctly; the shadows fail 
toward you. You see a barren area near the Mareth 


Figure 115.,, 
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Line in Tunisia, cut by deep stream lines. The lower 
portion shows the same area, but now the stream lines 
have become ridges. The earth heaped up by exploding 
bombs (upper right-hand corner) has sunk below 
ground level and you see deep holes (lower left). 


Aids in Reading Photomaps 


One of the qualities which help you identify things on 
a photomap is tone. This means shades of gray formed 
by comparative roughness or smoothness of surfaces. 


Rough surfaces, such as woods and brush, look dark. 


Figure 117. 


Tall grass looks darker than close-clipped grass. Smooth 
surfaces, such as concrete roads, look light. 

Color has some effect too. Thus, a roof painted’ white 
or some light color looks light, while a black or dark- 
colored roof may look dark, though both roofs may be 
smooth. Things that look dark or light to your eye look 
pretty much the same to the camera. 

The shape of an object helps tell you what it is. A 
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Figure 118. , Figure 119. 


wood is irregular in shape; an orchard is regular, though 
both havé trees. Roads and railroads both are long and 
narrow, but roads curve more sharply than railroads and 
have other roads joining them at right angles, something 
you never would see on a railroad. 

The shadow of an object usually is a helpful telltale. 
Looking straight down from a plane the camera makes 
the top of a silo and the top of a water tower look alike; 
but the silo’s shadow is a solid patch running away from 
its base, while the tank’s shadow is a smaller dark patch 
some distance away, perhaps with the shadows of its 
supports also showing. 

Shadow may tell you how high an object is, if there is 
another shadow of a familiar object nearby. If you com- 
pare the length of a steeple’s shadow with that of a tele- 


Figure 120. Figure 121. 


phone pole you have some idea how high the steeple is. 

Shadows are especially useful for information pur- 
poses because an object may be camouflaged without 
hiding its shadow. Figure 117 illustrates how much can 
be learned from the shadows of objects. 

Often you can identify an object by its relative size, 
for instance, a chicken house from a barn, or an irriga- 
tion ditch from a canal. The width of a road may be 
judged by comparing it with the width of vehicles on it. 

Sometimes the relation of an object to nearby things 
gives you a clue to what they are. A large building with 
a baseball diamond near it is likely to be a school. A 
sunilar building with railroad tracks running close by it 
is more likely to be factory or warehouse. . 
_ Other objects may be recognized by their appearance 
on photomaps. Any light patch in a darker area may 
be fresh-turned earth, a plowed space, or a foxhole 
(that is why you conceal the fresh earth of your fox- 
hole). 

A small cluster of buildings may be a farm or a small 
village. If the buildings are of fairly uniform size and 
lie on both sides of a road probably it is a village. Tf they 
are mixed sizes, and most of them on one side of the 
road, it is likely to be a farm. 

A hedge may look like a brush-grown fence, but it 
will have a more uniform width from being trimmed. 

Military objects and activities in an area are noticeable 
in aerial photographs, both because of the shape and 
layout of the objects and because of their tracks. 

For example, in figure 118, the mess made by an army 
unit in bivouac is very noticeable. One look at this pho- 
tograph and you can tell what is here. Field Artillery 
guns are often in groups of four. When four track pat- 
terns are made in an area likely to hold artillery, the 
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Figure 122. 


marks are visible on an aerial photograph (fig. 119). 

Figure 120 shows what trenches look like in an aerial 
photograph, while figure 121 shows clearly a battery of 
railroad artillery. 

Growing crops appear in roughly rectangular patches 
of different shades of light and dark, with the edges 
sharply marked. Figure 122 is such an area, the kind 
you often find in European countryside. 

Figure 123. 
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Figure 124, 
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Different kinds of trees and woods can be detected in 
an aerial photograph. Figure 123, for example, is an 
aerial view of jungle terrain. 

Figure 124 shows a number of objects and forms in 


an aerial photograph. These are identified as follows: 

No. 1 is a plowed field. ; 

No. 2 is a bridge. There is another bridge just below it. 
Note the shadow of its spans on the water. 

No. 3 is a railroad. 

No. 4 is at the crossing of a large highway and a country 
road. Roads are usually light-toned and even in width. 

No. 5 is a building. It is hard to see without a magnifying 
glass, but you can see its shadow. 

No. 6 is a neck of woods, bordering on a meadow. The 
denser the woods, the darker it appears. : 

No. 7 is a footpath crossing the meadow. You can tell it from 
a road, because it is so much narrower than the light-colored 
lines which are roads. 

No. 8 is an orchard, with evenly spaced trees. 

No. 9 is a mud flat. Usually a mud flat is darker than 
the water, and has light spots caused by pools of standing water. 

No. 10 is a small stream, identified by its meandering course. 
When a small stream flows through a wood, you can tell it 
is there, even though you cannot see it, by the wavy line of 
heavier vegetation along it. 

‘ No. 11 is a brick factory. The spoked round buildings are 
ins. 

No. 12 is a fence line. Usually the texture of the ground 
on two sides of a fence is different, so one side is lighter than 
the other. Also, a fence line is darker than the space around 
it, because brush grows close to it. 

No. 13 plainly is a village. You can see several of its streets, 
which make squares. 


Grid coordinates 


Your photomap usually will have a grid like the one 
you have learned to use on a topographic map (fig. 
125); but sometimes you may be given an aerial photo 
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53. x" + 2 


—S— a 

Y 
a. 4 c. 3 1/2 
b. 7 ad. 8 1/2 


54. How many pounds of explosives will you need to cut fourteen 
36" diameter trees? Round to the nearest pound using the 
algebraic expression: P= ‘De 

250 
P = Pounds of explosives 


D = Diameter of tree in inches 


250 = constant 
a. 70 lbs c. 72 lbs 
b. 71 1bs dad. 73 lbs 


55. The objective is located 84 1/4 miles (distance) away, and 
you are moving at a rate of 5 mph. How long will it take 
you to arrive at the objective? 


Use the algebraic expression: 7-2 
R 

T = Time 

D = Distance 

R = Rate 


a. 16.85 hours 
b. 16.58 hours 
c. 15.85 hours 
qd. 15.58 hours 


56. You are in a defensive position with a front of 156 meters. 
Your platoon is responsible for the tactical wire 
emplacement of three belts. What is the total length of 
tactical wire (TAC(W)) required? Use the algebraic 


expression: 
TAC(W) = 1.25 x length of front(LOF) x number of belts (# 
Belts). 


585 meters 
558 meters 
195 meters 
159 meters 
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Complete item 57 by determining if the equation is true or false. 


57. 5x3 1/2 = 3 x 5 1/2 


a. 16.5 = 17.5 (false) 
b. 17.5 = 16.5 (false) 
ec. 17.5 = 17.5 (true) 
qd. 16.5 = 16.5 (true) 


with a grid like the one shown in figure 126. These grid 
lines are always 1.8 inches apart, no matter what the 
scale of the map. The grid lines in fig. 126, however, 
are not 1.8” apart, because we had to reduce the size of 
the map to get it in this manual. Here you see the grid 
lines identified by letters instead of by numerals. The 
first step in locating a point on this grid is to give the 
letter of the vertical and then the horizontal line cross- 
ing at the lower left corner of the square in which the 
object lies. Then, by eye, divide the sides of the square 
into tenths. Now, just as you learned before, count right 


Figure 125. 
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on the bottom line of the square the number of tenths 
the point is from the left grid line of the square, and then 
up the number of tenths it is above the bottom grid line 
of the square. Notice that the north arrow in photo- 
maps does not always point to the top of the map. 

For example, there is a large building in square AN. 
It is about four tenths righz from line A and about four 
tenths wp from line N. The coordinates of the building, 
therefore, are AN44, without either decimal or dash. 

This type grid is only for locating points. Since lines 


Figure 126. 


are not spaced at fixed ground distances apart, you can- 
not use them to scale distance as you can those on topo- 
graphic maps. 


To Orient an Aerial Photograph 


If you have a topographic map of the same area, turn 
your photograph until roads and other features on it lie 
exactly parallel to those on the map; then draw a north 
arrow exactly parallel to the one on the map. 

If you have no topographic map, orient your photo- 
graph by turning it until its roads parallel those shown 
on the ground. Then lay your compass on it and draw 
a line in the direction your compass needle points when 
the dial is at rest. That gives your magnetic north line. 

A rough-and-ready way to orient your aerial phote- 
graph is by its shadows. In the North Temperate Zone, 
shadows fall true north at noon, northwest in the morn- 
ing, and northeast in the afternoon. If the note in 
the photograph’s margin tells you the photograph was 
taken between 1000 and 1200 hours, orient the map by 
pointing the shadows a little west of north. If made 
between 1200 and 1400 hours, point them a little east of 
north. Ifthe photo time was earlier than 1000 or later 
than 1400 hours, point its shadows a little more west or 
east of north. : 

If you are south of the equator, simply reverse the 
above directions. 

You learn the time the area was photographed by 
reading the information in the top margin. You'll see, 
among other things, something like this: 12:28:1330. 
That means the ground was photographed at 1330 hours 
on December 28. The hour figure—1330—is the one you 
use 1n orienting your aerial photograph by its shadows. 
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CHAPTER 12 


THE ARMY ON THE MAP 


When the army moves onto the land, it also moves 
onto the map of that land. There are symbols on a map 
for the activities of the army, and these signs make sense, 
just as the ordinary signs on a map make sense. In this 
chapter are a number—but not all—of the more im- 
portant military symbols. In FM 21-30 you will find 
more information on this subject. 


Kind of Unit 


The symbols for different kinds of army units are not 
only very simple, but they are connected with the nature 
of the military activity itself. You will notice this by 
comparing the photographs with the symbol which il- 
lustrate the unit or activity. 

The basic symbol for an army unit is a rectangle (fig. 
127). We put a little staff on the rectangle (fig. 128) 
and make a flag out of it; that means a command post 
or headquarters. The flag represents the unit com- 
mander’s flag, which always used to be at his headquar- 
ters tent. 


fee’ “— | 128. 


Figure 129. 

Field Artillery. The dot 
represents the old fash- 
ioned cannon-ball. 


Figure 130. 

Cavalry. The slanted 
line represents the 
blanket roll formerly: 
worn by the cavalry. 


EA 


Figure 131. 

Infantry. The crossed 
lines represent the 
crossed chest straps of 
the old infantrymen. 


Figure 132. 

Armored Command. 
The oval represents 
the outline of a tank 
tread. 


Figure 133, 
Mechanized Cavalry. 
This symbol is a com- 
bination‘of two previ- 
ous ones. 


Figure 134. 

Medical Department. 
The cross represents 
the red cross. - 


Figure 135. 
Transportation Corps. 
A spoked wheel is the 
symbol for the Trans- 
portation Corps. 


Figure 136. 

; Ordnance Depart- 
ment, This symbol books 
| like an old fashioned 
bomb in flames. 


Figure 137. 

Army Air Forces. This 
represents the old two- 
bladed propeller. 


Figure 138. 
Ordnance attached to 
Air Forces. 


Figure 139. 

Airborne Artillery.— 
Artillery cannon ball 
and bird wings. 


Figure 140. 
Airborne Infantry. 


Some arms are shown simply by abbreviations, as in 


the following list: 
Military Police, 
Chemical Warfare Quartermaster Corps. 
Service (G stands Q 
for gas). 2 


Antiaircraft Astillery. 


Corps of Engineers. 


Signal C 
gnal Corps. = 
E 


Tank Destroyer Corps. 
TD 
Veterinary Corps M 
Size of Unit 


The size of a unit is also shown by little signs. A 
squad is shown by a single dot (fig. 141); a section by 
two dots, and a platoon by three. A company is shown 
by a single line (fig. 142). The following list shows 
you these signs, in order, as the unit gets bigger: 


Special Engineers 
ae Engi- 
neers). 


Figure 141. Figure 142. 


Squad sxisce hk es Pe Mee ee ee 


Section-.--. Shey nt a Aas ets tes eee eS ee 
Platonic cde ta bhi ieee ie lebad eee 
Company, troop, battery, or flight...... cts Dea be ie ! 
Battalion or squadron. ............. 0... c eee eee il 
Group, regiment, or combat team... 0000.02.00. Wi 
Brigade, combat command, or wing.............. x 

(the “X”’ is just like the one star on the 

brigadier general who commands such 

a unit) 
Division, or command of an Air Force............ xX 

(two “X's,” like the two stars on a 

major general, who commands a divi- 

sion) 
Corps or Air Force (three-star general)............ xxXX 
Army (for a four-star general). ...............---. XXXX 


Using the Unit Signs 


We combine these signs, a rectangle, and numbers 
and abbreviations to show exactly what unit we mean. 
For example: 


a. This is a troop unit. 

>< This makes it Infantry. 

iB This makes it a battalion of Infantry. 

BS] This makes it a battalion of airborne In- 
fantry. 


SJ pcht This makes it a parachute battalion of 


airborne Infantry. 


i Bc) 52 echt Lhis tells ‘what battalion of ‘parachute 
Infantry it is—the 3rd Bn. of the 
502nd Infantry. 
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Complete item 58 by performing the action required and selecting 
the correct root. 


58. 9h + 12.63 = 69.78 


a. xX = 7.53 
b. xX = 7.35 
c. x = 6.53 
a. xX = 6.35 


Complete items 59 through 60 by determining whether these 
inequalities are true or false. 


59. 5(9-5) -8+2#4+8° 2 
5 


18 (true) 
18 (true) 
18 (true) 
20 (true) 


8>6°" 2 


aagom 
N 
° 
OF SRR RR 


12 (true) 
48 (true) 
12 (true) 
18 (true) 


aaoo 
i) 
a 

AVAN 


Complete items 61 through 148 by performing the action required. 


61. The combat engineers reported that the mountain road has a 
Slope of 5% (5 feet of rise for every 100 feet of length). 
How much will the road rise in 1 mile? 


a. 264 feet per mile 
b. 246 feet per mile 
c. 26.4 feet per mile 
dad. 24.6 feet per mile 
62. You are in a defensive position and have been given 28 40mm 


rounds (M203 grenade launcher) for every 350 feet of front. 
How many rounds will you receive for every 450 feet of 


front? 
a. 36 Cc. 32 
b. 34 d. 30 


R-10 


Figure 143. 


Other Symbols 


Following are some of the more common symbols 
which stand for kinds of military activity. 

An observation post is simply a triangle, and we in- 
dicate whose observation post it is by the same marks as 
we use with the rectangle. For example, the sign for 
the observation post of A battery of the 2d Artillery Bat- 
talion is shown in figure 143. Supply points are indi- 
cated by circles (fig. 144). Inside the circles, other sym- 
bols show what kind of supplies are there. For example, 
in figure 144, the crescent-moon means food, because 
food is usually brought up during the night for the next 
day; the oil funnel stands for gasoline and oil; and the 
shell stands for ammunition. 


Figure 145. Figure 146. 


Figure 145 shows the symbol for gassed areas. To 
show a unit defense area, we draw a line around it with 
the sign for whatever unit it is. For example, a squad 
defense area is shown as a line with the squad symbol 
in it (fig. 146). 


Following is.a selected list of other military symbols: 


Automatic rifle 0.0.0 .05.0.....0.5..6..005.- eS 


Machine guns (arrow points in principal 
direction of fire) 


Caliber .30, water-cooled, heavy..... .. .... o> 
Caliber .30, air-cooled, light............ ee e—> 
Caliber :oUmeee area ee... Sa. ae ee a 
Ceri aikceaae eee »...< dP. >> eee — 


Sector of fire of single machine gun (ar- 
rows indicate sector of fire; heavy solid 
portion on solid arrow shows danger 


space when fire is placed on final protec- 77 

Th Owe ee a o> 
Rifle, firing antitank grenade................ > 
Rocket launcher, antitank (“Bazooka”) ..... tae 
Antitank gun, showing caliber................ ets 
Mortars, 60-mm and 8l-mm.......... O60 -@3! 
Self-propelled gun ........... Fed aaah oho TAY 


Self-propelled howitzer .............-.-- 
Tight fate phos hawacr res aacaane daatens 


Lg 
5 

oO 
Medinay tank x0 ods. gov nos ese eee <> 


Co a en BF RS 


Concrete pillbox ..............- Noe ae 


Steel-turret pillbox ...........-,.-+220.5- ® 
Fortified area, general................... g S 
Bogbivsrrap scse rset. PL oe ore A 
Mine belt (numerals in rectangle mean 2. 
number of mines in belt; mines in defi- = 


nite pattern; boundaries drawn to scale) 


Barbed-wire entanglement .............. OQQQOOOX 
Four-strand barbed-wire fence............— ee 
lank barrich eee eer nnre”, . Fe £-, 2 
Road block ..........--- =e ee SE 
Colors 


On military situation or operation maps, the enemy 
troops and installations are shown in red, our own, in 
blue. Figure 147 shows what our map of Sackville and 
vicinity looks like with military symbols on it. 
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ie i; ih 
SACKVI ez 
we 


SCALE 1:25000 y 
500 ° soo 1000 YARDS 


CONTOUR INTERVAL 100 FT. 


SACKVILLE AND VICINITY ,.% 


Figure 147. 
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CHAPTER 13 


TAKING CARE OF YOUR MAP 


In the field your map is as important as your weapons. 

- Take as good care of it. Fold it small enough to slip 

into your shirt to protect it from rain. Figure 148 shows 

you how to fold it with face outward. Folded this way, 

you can read parts of it without unfolding the whole 
map. The accordion fold makes it easy to use. 

When you mark your map mark it lightly. It may 
have to last you a long while. Many marks on it will 
confuse you. Erasures of heavy lines will smear it and 
make it difficult to read. 

Try to avoid soiling it with mud or other matter. 


Keep It From the Enemy 


Keep your map out of the enemy’s hands. Any marks 
on it may give him valuable information. If in danger 
of capture, burn it. If you can’t burn it, tear it into 
small bits and scatter them widely. If you can’t do 
either, fold it as small as possible and bury it. 


Figure 148. 


1 1 re) * U. S. GOVERNMENT PRINTING OFFICE—600326-—1944 


FM 21-25 
Cl 


WAR DEPARTMENT FIELD MANUAL 


ELEMENTARY MAP AND AERIAL PHOTOGRAPH 


READING 
CHANGES WAR DEPARTMENT 
No. 1 Wasuineton 25, D. C., 12 June 1945 


FM 21-25, 15 August 1944; is changed as 
follows: 


Principal changes are in methods of orienting a map with a com- 
pass, correcting figures and text with respect to the North Star and 
the Southern Cross, and explaining use of point designation grids 
on aerial photos. Minor changes to correct wording and typo- 
graphical errors are also made. References to changes in text 
are made by page number. Illustrations which have been 
changed are referred to both by page and figure number. 


Pages 28, 24: 

Let’s move up * * * in figure 48(3)? 
We know that everything on it is at an elevation 
of 20 feet, and that the elevation of everything 
between it and the first line is somewhere be- 
tween 10 and 20 feet. Now thesecond boulder is 
about halfway between the two lines, so we can 

judge that its elevation is about 15 feet. 
In this way we can tell the elevation of objects. 


Page 25: 


We find, then, that these lines can tell us two 
things: elevation and shape. Maps have many 
* * * or contour lines. 
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Pages 29, 30: 

It would clutter up the map too much to have 
the number showing the elevation of each con- 
tour line, so only a few of them are numbered. 
To make it * * * than the others. The 
distance between contour lines on each map is 
shown by means of a note at the bottom of the 
map. Thisnotemay * * * 100 feet apart. 

Since the highest point on the hill in figure 47 
does not fall exactly on a contour line, this point 
is labeled with the exact elevation. On maps, 
such elevation numbers are oftcn found. Some 
things take their names from these numbers. 
For example, if there are a number of road junc- 
tions on a part of a map, and we wish to name 
one of- them in particular, we may call it RJ124 
(that is, the road junction marked as being at an 
elevation of 124 feet). 


Elevation Above What? 


It may be noticed that the elevation of the 
base of the hill in figure 46 is 300 feet rather than 
0 feet. The reason for this is, elevation on all 
maps is figured from sea level. In other words, 
we compare the elevation of all land anywhere 
to the average level of the sea. For example, 
in * * * above sea level. Sea-level is the 
zero for our elevation measurements. 

Page 31: Figure 50@. Superseded. 
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Figure 50©. 

Page 32: Last paragraph superseded. 

Small closed contour lines ordinarily indicate 
a hill top. But if we had a pond in a small 
basin, as in figure 58@, the usual contours 
would not indicate the depression. .Therefore 
we have a contour line with tick marks, as in 
figure 58@, called a depression contour. It 
shows that the area within the line is lower than 
the contour. 

Figure 53@. Superseded. 
Figure 53@. 
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Page 37: 

First, a straight * * * of the field. The 
paper is then placed alongside our graphic scale 
on. the map. which shows. how long the_field 
really is (fig. 60@). There is another * * * 
about this scale. 

Page 40: 

It is important * * * a 1/50,000 map. The 
answer is: the 1/25,000 map, because the num- 
ber is a fraction and 1/25,000 of something is 
bigger than 1/50,000, just as % is larger than \. 
That is clear * * * of the map. 

Page 51: Add at bottom of page: 


Note. Consult current instructions prepared by the Chief 
Signal Officer before using thrust lines or any map code for 
secrecy purposes, 


Pages 63-67: After the heading ‘““By Compass,” 
all text matter on pages 63 through 67 and 
figures 88, 84, 85, and 86 are superseded by the 
following: 


By Compass 


Another way to line up your map is by using 
the compass. The compass needle points to 
magnetic north. ‘The difference between mag- 
netic north, grid north, and true north, is shown 
on your map or in its margin by a declination 
diagram which looks like figure 83@. 
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The prong with a half arrow represents 
magnetic north. The line marked “Y”’ is grid 
north, parallel to the vertical grid lines. (You 
have probably already noticed that maps such 
as we have been studying are printed with north 
toward the top of the sheet.) The third prong 
on the declination diagram represents true 
north and is marked with a star. The three 
lines are not always in the same positions shown 
in figure 883@. Which is in the middle and 
which are to the right and left differ on maps 
in various parts of the world. 

The angle between grid north and magnetic 
north is called the G—M (grid-magnetic) angle. 
The numerical value of this angle is printed 
beside the declination diagram, as in figure 
88@. There are two ways to use this angle 
and a compass to orient your map with the 
ground. 

To use the first method, you must draw the 
magnetic north line on your map. This is 
easily done with most new maps where you find 
at the top margin a scale marked off in degrees 
and at the bottom margin a circle marked ‘‘P,” 
called the pivot point (fig. 88@). Read the 
number of degrees of the G-M angle on the dec- 
lination diagram. Then draw a line from the 
pivot point to that number of degrees on the 
scale. 
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63. 


64. 


65. 


66. 


67. 


68. 


69. 


70. 


71. 


One hundred and twenty-five Marines crossed the stream in 30 
minutes. How many Marines will cross the stream in 60 
minutes? 


a. 205 Cc. 250 
b. 240 d. 255 


Three Marines out of 10 were wounded while on patrol. What 
percent was wounded? 


a. 30% c. 30.3% 
b. 33% ad. 33.3% 


Twelve of the 64 rifles inspected had unserviceable stocks. 
What percent of the rifles had unserviceable stocks? 


a. 18% c. 18.75% 
b. 19% dad. 19.75% 


The first leg on the land navigation course was 69,000 
centimeters long. How many meters long was the first leg? 


a. 6,900 c. 69.0 
b. 690 d. 6.90 


The enemy is located 28 kilometers west of our position. 
How many meters away is the enemy? 


ax 2.8 c. 2,800 
b. 280 d. 28,000 


On a map with a scale of 1:50,000, the distance between 
point A and B is 49 centimeters. What is the actual ground 
distance in meters? 


a. 2,450 Cc. 245,000 
b. 24,500 dad. 2,450,000 


On a 1:25,000 map, 22.7 centimeters equals how many 
kilometers on the ground? 


a. 5.675 Cc. 56.75 
b. 5.765 ad. 56.65 


The platoon drank 216 liters of water. How many milliliters 
of water did the platoon drink? 


a. 2,160 c. 216,000 
b. 21,600 d. 2,160,000 


The fuel bladder has 1237 liters of diesel fuel remaining. 
How many hectoliters of diesel fuel remain? 


a. 1.237 c. 123.7 
b. 12.37 ad. 1237.0 
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In figure 88@, the magnetic north line is 
drawn to the 11° mark, the amount of the G-M 
angle on the declination diagram shown in 
figure 88@. On our Sackville map in figure 84, 
the magnetic north line is drawn to the 8° mark 
because the G-M angle on that map is 8°. 


Figure 83@ and @. 


y 
* 
Fe 
MAGNETIC 
NORTH LINE 
Ww 
(G-M 
ANGLE) 


P 
94 95 96 


With the magnetic north line drawn in, lay 
your map on a flat surface with the top pointing 
-in the general direction of north. Open your 
compass and place it on the map so the hairline 
on the cover lies above the magnetic north line 
(fig. 85). Turn the map until the compass 
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Figure 84. 


"SCALE 1:25000 
oO 500 1000 YAROS 


CONTOUR INTERVAL 100 FT. 


SACKVILLE AND VICINITY ,.% 


ANGLE 
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needle points to the stationary index. When 

the compass needle points along the map’s 

magnetic north line, your map is oriented. 
~— o 


Note. Before you use @ map, ask your platoon leader to see 
that the magnetic north line you have drawn on the map is 
correct. Do not try to draw the magnetic north line by extend- 
ing the magnetic north prong on the declination diagram. The 
diagram may be exaggerated, especially if the angles are small. 
Some maps have a caution printed beside the declination 
diagram: Use only to obtain numerical values. 


8 AGO 434D 


ELEMENTARY MAP AND AERIAL PHOTOGRAPH READING 


If your map does not have a pivot point and 
scale, or if it is folded so as to cover the magnetic 
north line, you can use the compass another way 
to orient the map with the ground. Lay your 
map on a flat surface as in the first method. 
Place the open compass so the hairline on the 
cover coincides with a vertical grid line (fig. 86). 
_ Read the G—M angle on the declination diagram 
and note whether magnetic north is right or left of 
grid north. Turn the map until the compass 
needle points to the right or left of the stationary 
index by the amount of the G-M angle. If the 
declination diagram shows magnetic north right 
of grid north, then the map should be turned 
until the compass needle points right of the 
vertical grid line. In figure 86, the declination 
diagram shows an 11° G—M angle, with magnetic 
north left of grid north. The map in the illustra- 
tion is oriented because the compass needle 
points 11° to the left of the grid line. 
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VERTICAL 
GRID LINES 


11° 
G-M 
ANGLE 
46 47 48 9 
Figure 86. 
Page 69: 


Figure 88, superseded. 


10 AGO 434D 


ELEMENTARY MAP AND AERIAL PHOTOGRAPH READING 


Figure 88. 


Pages 70 and 71: 
Figure 89, superseded. 


Figure 89. 
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Sometime however, you * * * in figures. 
88. Notice that it is on the other side of, and 
about the same distance from the North Star as 
the Big Dipper is. The top of the ““W” is open 
in the direction of the North Star. On a clear 
* * * the North Star. 

Add: The Big Dipper and the Big ‘‘W”’ appear 
to rotate around the North Star during the 
night. Only occasionally are they in just the 
positions shown in figures 88 and 89. But their 
position in relation to the North Star and to each 
other does not change. 

Southern Hemisphere (Superseded). In the 
Southern Hemisphere you can find true South in 
relation to the Southern Cross. Two bright 
pointer stars in the vicinity of the Southern 
Cross serve as locators to help pick out the right 
group of stars (fig. 90). 

There are five stars in the Southern Cross. 
The outer four are fairly bright and form a cross. 
Imagine this cross as the frame of a kite. Puta 
straight tail on the kite four and one-half times as 
long as the length of the kite itself, using fingers’ 
widths for a measuring stick, as with the Big 
Dipper in figure 89. The end of this tail will be 
close to a position directly over the South Pole 
(fig. 90). Usually you won’t be able to see a 
star in that immediate vicinity because no bright 
star appears directly above the South Pole. 
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There is another way to find the approximate 
location of the South Pole without measuring 
the four and one-half distance along the kite 
tail of the Southern Cross. Imagine a straight 
line perpendicular to the center of a line between 
the pointers. This perpendicular line intersects 
the extension of the Southern Cross kite tail. 
The point of intersection is approximately above 
the South Pole. This method is also shown in 
figure 90. 

The Southern Cross and pointers appear to 
rotate about the South Pole during the night, 
just as the Big Dipper and Big ‘‘W”’ do in the 
northern sky. 

Figure 90, superseded. 


Figure 90. 
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Page 79: 

It may not * line of vision. If this 
is the case, it is possible to go around the obstacle 
and get back on the original azimuth by march- 
ing at right angles four times, as in figure 103, 
counting the number of paces you take and 
making sure that you march the same number 
of paces on lines A and B. The only problem 
* * * at right angles. You can find this 
direction with your compass. 


Page 85: 

The wrist compass a straight line. 
At night you can see the north end of the needle 
and a dot at the south end, the arrow on the 
glass, the letters N. E. 8. and W, on the plastic 
ring, and four 45° dots, each halfway between 
two direction letters. 

Pages 87, 89: 

‘An overlay is * * * in figure 109. These 
crosses are called register marks and they are 
put on the overlay to show whoever uses it just 
where to place the overlay on the map. Since 
there is * * * ordinary written messages. 


* 


* Ke * 
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Figure 125. 


ioe 


Oo 


1389000 


1767000 68 69 - 70 


AGO 434D 15 


72. 


73. 


74. 


75. 


76. 


77. 


78. 


79. 


Of 6.5 hectoliters of fuel, the private spilled 380 
milliliters. How many liters of fuel did the private spill? 


a. -38 c. 38 
b. 3.8 d. 380 


570 milliliters of oil were poured from the 8.75 liter 
container. How many liters of oil remain? 


a. 818 c. 8.18 
b. 81.8 d. -818 


A 6,540 kilogram pallet of ammo equals how many tonne? 


a. 65.4 c. -654 
b. 6.54 ad. .0654 


If the ship weighed 980 tonnes, how many kilograms does the 
ship weigh? 


a. 9,800 Cc. 980,000 
b. 98,000 d. 9,800,000 


You just removed 60,000 grams of 5.56 ammo from the stock- 
pile of 176 kilograms. How many kilograms of ammo remain? 


a. 1160 c. 11.6 
b. 116 d. 1.16 


You have 47 tonne plus 560,000 grams of C-4 explosives. How 
many kilograms of explosives do you have? 


a. 47.56 c. 4,756 
b. 475.6 a. 47,560 


There are 4 boards measuring 4 feet 3 inches, 25 inches, 3 
1/2 yards, and 4 3/4 feet. What is the total length of all 
4 boards? 


a. 20 ft 7 in c. 21 ft7in 
b. 20 £t 9 in dad. 22 £t 9 in 


Each Marine in the patrol has a piece of fiber rope 6 yards 
3 feet 17 inches long. There are 19 Marines in the patrol. 
What is the total length of all 19 segments of ropes? 


. 145 yd 5 ft 1 in 
144 yd 2 ft 11 in 
143 yd 5 ft 1 in 
141 yd 2 ft 11 in 


aa op 
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Figure 126. 


Y 


k t A B 


Page 92: 


In some ways * * * few days ago. If 
it shows a wood or a road, you know it is there, 
while a wood shown on a topographic map may 
have been cut down after the map was made, 
or a new road may have been built. 
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Page 94: 

To read a fall toward you. Figure 
115 is a picture of a design with heavy shadows. 
As it appears * * * the picture again. 
Notice that the design now appears to be coming 
up out of the page. There is only * * * an 
aerial photograph. 


Pages 101 to 104: 
Grid Coordinates (Superseded) 


It was explained at the beginning of this 
chapter that your photomap may have a grid and 
marginal information printed.on it like that which 
you have learned to use on a topographic map. 
If the photomap does have such a grid, as in 
figure 125, you use the same system (described 
in chapter 6) to express grid coordinates. 

Figure 125, superseded. 

Sometimes you may be given an aerial photo- 
graph with a grid like the one shown in figure 
126. These grid lines, marked with letters in- 
stead of numbers, are always 1.44 inches apart, 
no matter what the scale of the map. The grid 
lines in figure 126, however, are not 1.44 inches 
apart because we had to reduce the size of the 
map to get it in this manual. 

Figure 126, superseded. 


* * 
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To locate an object with this aerial photo- 
graph grid, you first identify the square it is in 
by giving the letters of the lines crossing at the 
lower left corner of the square. You give the 
letter of the vertical line first, then the letter of 
the horizontal line. 

The second step is to locate a point wit a 
square. By eye, divide the sides of the square 
into tenths. Now, just as you learned before, 
count right on the bottom line of the square une 
number of tenths the point is from the left grid 
line of the square. Then count wp the number of 
tenths it is above the bottom grid line of the 
square. 

For example, in figure 126 a white arrow points 
to a large building in square AN. The building 
is about four tenths right from line A and about 
four tenths up from line N. The coordinates of 
the building, therefore, are AN 44, expressed 
without either decimal or dash. 

There are two things to notice about this type 
grid on aerial photographs. First, north is not 
always toward the top of the photograph. In 
figure 126, the north arrow in square KN points 
to the lower right corner of the photograph. 
The second thing is that the grid is for locating 
points, not for measuring distances. The ground 
distance between grid lines probably won’t be 
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the same in different squares of the photograph 
because of the angle of the camera and distortions 
in aerial photographs. 

For more detailed information on use of photo- 
maps and aerial photographs, see FM 21-26 and 
TM 5-246. 


To Orient an Aerial Photograph 


If you have no topographic map, orient your 
photograph by turning it until its roads parallel 
those found on the ground. Then lay your 
* * * magnetic north line. 

[A. G. 300.7 (9 May 45)] 
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The first container had 4 gallons 4 quarts 2 pint of diesel 
fuel, the second container had 3 gallons 2 quarts of diesel 
fuel, and the third container had 5 gallons 2 quarts 1 pint 
of diesel fuel. What was the total quantity of diesel fuel? 


a. 14 gal 1 qt 1 pt c. 15 gal 2 qt 1 pt 
b. 14 gal 3 qt 1 pt dad. 15 gal 3 qt 1 pt 


Each heater stove at the Mountain Warfare Training Camp burns 
2 gallons 2 quarts of diesel fuel per day. There are 417 
stoves in the camp. How much diesel fuel is burned daily? 


a. 1,024 gal 2 qt c. 1,124 gal 2 qt 
b. 1,042 gal 2 qt a. 1,142 gal 2 qt 


You have 3 pallets loaded with supplies. One pallet weighs 1 
ton, 400 pounds 12 ounces another pallet weighs 7 ton, 24 
pounds 7 ounces and the last pallet weighs 1,950 lb. 14 oz. 
What is the total weight of the 3 pallets? 


a. 8 ton 376 lb 1 oz 
b. 8 ton 367 1b 1 oz 
c. 9 ton 376 1b 1 oz 
d. 9 ton 367 lb 1 o2 


The utilities platoon crated 5 reciprocating water pumps 
weighing 490 pounds 10 ounces. What is the weight of one 
pump? 


a. 97 lb 2 oz c. 98 lb 2 oz 
b. 97 lb 4 oz qd. 98 lb 4 oz 


The distance that female Marines run for the PFT (physical 
fitness test) is 11/2 miles. How many kilometers do the 
female Marines run? 


a. 1.2 c. 2.4 

b. 2.1 dad. 4.2 

One of the combat conditioning courses is 5000 meters long. 
How many yards long is the combat conditioning course? 


a. 51,555.56 c. 5,155.56 
b. 55,555.56 d. 5,555.56 


The enemy is located 56 miles east of our position. How many 
kilometers away is the enemy? 
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SECTION I 
INTRODUCTION 


1. PURPOSE, The purpose of this manual is to provide 
a text On advanced map and aerial photograph reading 
for military personnel who thoroughly understand the 
basic material in FM 21-25. 


2. SCOPE OF TRAINING. a. Need for training. 
All arms and services use maps and map substitutes. 
Personnel of all units must be able to read maps and 
aerial photographs accurately and easily. The ability to 
visualize the ground from a map is gained only by 
thorough practical training. 

b. Types of maps used in training. Equipment used 
in training should be identical with that used in combat. 
Large-scale, colored maps with contour lines may not 
be available to small units in actual operations; train- 
ing, therefore, must also cover small-scale maps, photo- 
maps, and air photographs. 

c. Training program. Training in the use of maps 
and aerial photographs must include both classroom 
and field work. The training program must include con- 
‘ventional signs and military symbols, distances and 
map scales, directions and azimuths, proper use of the 
compass, orientation without the compass, location of 
points by coordinates, visualization of terrain, use of 
marginal data, and interpretation of aerial photographs. 
Frequent practical tests should be given throughout the 
course of instruction to ascertain that students are 


making proper progress. 


SECTION If 


MAPS 


3. DEFINITION. A map isa line drawing, to scale, of an 
area of the earth’s surface. It shows objects and features 
by conventional signs. Although drawn to scale, it is not 
absolutely accurate because it is flat while the earth’s 
surface is curved. The map’s accuracy depends on the 
-method used in making it (see appendix). A discussion 
of the various map-making methods is given in TM 
5-230. 


4. CLASSIFICATION. AR 300-15 prescribes the classi- 
fication of maps and the specifications for their prepara- 
tion. Military maps are classified according to scale as 
tactical, strategic, and general. Scale is discussed in 
paragraph 8. 

a. Tactical. Maps of scale 1:125,000 and larger con- 
tain a great deal of detail and are intended to meet the 
tactical, technical, and administrative needs of field 
units. The scale of these maps normally is not larger 
than 1:20,000. 

b. Strategic. Maps ranging in scale from 1:125,000 
exclusive to 1:1,000,000 inclusive are required for 
planning operations, including movements and concen- 
trations of troops and supplies. 

¢. General. Maps of smaller scale than 1:1,000,000 
are needed for general planning and for strategical 
studies by commanders of large units. 


5. CARE IN THE FIELD. Since the supply of maps is 
limited, they must be treated with care. If possible they 
are mounted on map boards and covered with a sheet 
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of transparent material such as cellulose acetate. This 
affords some protection from moistare and permits 
marking with grease pencils. If carried by personnel 
in the field, maps should be folded in accordion fashion, 
as illustrated in FM 21-25, and placed in the pocket 
for protection from sun and moisture. Marks should be 
made lightly with pencil so they may be easily erased. 
For added protection the map may be covered with an 
issue transparent covering which is coated with an ad- 
hesive on one surface, This material adheres readily to 
the map, does not prevent folding, gives protection from 
moisture, and allows marking with graphite or grease 
pencil, Unmounted aerial photographs should be filed 
flat in some moisture-proof container; they should never 
be rolled. Photographs must not be placed near heating 
devices and should be mounted on stiff backing when 
exposed to changes in temperature. 


SECTION Ill 


CONVENTIONAL SIGNS 
AND MILITARY SYMBOLS 


6. CONVENTIONAL SIGNS. a. Signs. Conventional 
signs ate used on maps to indicate objects on the 
ground. Usually, they are simple drawings recognizable 
as the objects they represent. The meaning of some 
signs, however, is not obvious and must be learned. 
Complete lists of conventional signs authorized for use 
on United States military maps are found in FM 21-30; 
foreign conventional signs are shown in FM 30-22. 
When foreign maps are adapted and issued to troops 
conventional signs which differ from signs used on 
United States maps are explained in the map margin. 
b. Colors. Colors are used on some maps to help 

identify terrain features. These colors are black, blue, 
brown, green, and red: 

Black for works of man. 

Blue for water and swamps. 

Brown for contours, cuts and fills, and some cul- 

tivated fields on large-scale maps. 
Green for woods and other vegetation. 
Red for certain good roads. 


7. MILITARY SYMBOLS. Military symbols have been 
developed to represent various types of military or- 
ganizations, activities, and installations. These symbcls 
are used to indicate size and identity of various units 
and installations, type and location of supporting 
weapons, and necessary lines and boundaries for an 
operation. Friendly installations are usually shown in 
blue, enemy installations in red. FM 21-30 lists the 
standard military symbols. 
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SECTION [V 


MAP MEASUREMENTS 


8. SCALE. Ground distance can be determined from a 
map by the map scale. Scale is the relation between: 
distance on the map and actual distance on the ground. 
It is expressed in one or more of the following ways: 

a. Words and figures. Scale may be expressed by a 
simple statement like ‘3 inches equals 1 mile,” meaning 
3 inches on the map equals 1 mile on the ground. 
Similarly, “1 inch equals 200 feet” means that 1 inch 
on the map equals 200 feet on the ground. 

b. Representative fraction. Scale may be shown by 
a fraction, called the representative fraction, abbrevi- 
ated RF. The representative-fraction formula is: 

Map distance (MD) 
ue Ground distance (GD) 
in which the numerator and denominator are expressed 
in the same unit, as inches, feet, yards, meters, or miles. 
The RF appears in the margin as 1:20,000 Sere 
‘ ? 

which means 1 unit of distance on the map equals 20,000 
such units on the ground. The Jarger the denominator 
of the RF, the smaller the scale of the map. Thus, a 
1:1,000,000 map is a small-scale map and a 1:20,000 
map is a large scale map. (See FM 21-25.) 

c. Graphic scale. Distances may also be measured 
by the graphic scale—a special ruler for the particular 
map, printed in the margin. (See FM 21-25.) 


9. MEASURING DEVICES. a. Map measurer (fig. 1). 
The map measurer is an instrument designed for quick 
measurement of distances or lines on a map. It consists 
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25 
SN! 5 pee 
Class Bad eae CS 
Figure 1. Map measurer. 
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of dial case, handle, and wheel or small roller. A moving 
pointer indicates on the dial the distance traveled by 
the wheel as it rolls along the line measured. To measure 
distance with a map measurer proceed as follows: 

(1) Turn the roller until the indicator is set at zero. 

(2) Place the roller on one of the given points and, 
with the handle vertical, roll it along the line to the 
second point. 

(3) The indicator will register the number of inches 
or centimeters traversed. To convert this map distance 
to ground distance, place the measurer roller on the 
zero of the scale and roll it backward along the scale 
until the indicator moves back to zero. Read ground 
distance. 

b. Engineer scale. If the map’s RF is known, dis- 
tance between two points can be determined with a 
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Figure 2. Measuring distance on a map with engineer’s scale. 


scale divided into inches. An engineer scale divided into 
tenths of an inch is best. To obtain the number of inches 
on the ground, measure the distance in inches between 
the two points on the map and multiply it by the de- 
nominator of the RF’. Convert into feet by dividing by 
12, into yards by dividing by 36, or into miles by divid- 
ing by 63,360. For example, figure 2 shows a portion of 
a map whose scale is 1:62,500. To find the distance on 
the ground between Missouri Mill and the road junction 
at Triangle proceed as follows: the engineer scale shows 
that the map distance between the points is 3.07 inches. 
1 MD (map distance) 
~ 62,500 GD (ground distance) 
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RF 


GD = MD X 62,500 
GD = 3.07 X 62,500 = 191,875 inches 
To convert this distance into yards divide by 36: 


191,875. 550 vard 
3600 AAS 


10. CONVERSION FACTORS. Distances may be ex- 
pressed in either the English or the metric system and 
it may be necessary to convert measurements of one 
system into those of another. Common units of metric 
linear measure and their English equivalents are: 

1 mile = 1,760 yards = 1.609 kilometers = 

1,609 meters : 

1 kilometer = 1,000 meters = 1,094 yards = 

0.62 mile. 

1 meter = 1.094 yards = 39.37 inches. 

1 yard = 0.91 meter = 36 inches. 


11. DETERMINATION OF MAP SCALE. If the scale 
data are missing from the margin of a map, the RF of 
the map can be determined from a ground measurement 
or from a measurement on a map of known scale. 

a. By measurement of distance between two points 
on the ground. The scale of a map may be determined 
by comparing the distance between two points on the 
ground with the distance between the same two points 
on the map. For example, in figure 3, the bridge and 
the crossroads are 3 inches apart on the map. The 
ground distance between the two points may be 
measured by tape, by striding, or by any other reason- 
ably accurate method. Suppose the points are found 
to be 1,650 yards or 59,400 inches apart on the ground. 
Now substitute in the formula: 

3 1 
™ 59,400 19,800 
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95. 


Pvt. Demolition found a landmine that is 10 inches in 
diameter. How many centimeters in diameter is it? 


a. 25 Ci 23 
b. 24 d. 22 


It took 574 milliliters of boiling water to purify the 
canteen cup. How many fluid ounces were needed to purify the 
cup? 


a. 13.19 c. 19.13 
b. 13.91 d. 19.31 


The fuel can holds 4 liters of diesel. How many quarts does 
it hold? 


a. 4.12 Cc. 41.2 
b. 4.21 d. 42.1 


It took 5.4 pints of chlorine to purify the water in the 
holding tank. How many liters of chlorine were needed? 


a. 2.538 Cc. 25.38 
b. 2.583 dad. 25.83 


It took 7.45 quarts of paint to touch up the 5 ton truck. 
How many liters of paint did it take? 


a. 7.5770 c. 75.770 
b. 7.0775 ad. 70.775 


The field jacket liner weighed 2,128 grams. How many ounces 
did the liner weigh? 


a. 87 Cr 77 
b. 86 d. 76 


The M203 grenade launcher weighs 1.35 kilograms. How many 
pounds does it weigh? 


The combat engineers used 3,500 pounds of C-4 to breach the 
minefield. How many kilograms of explosives did they use? 


a. 1475 c. 1575 
b. 1457 qa. 1755 


The MK19 40mm machinegun tripod with gun cradle and 
traversing mechanism weighs 65 pounds. How many kilograms 
does it weigh? 


a. 26.25 c. 28.25 
b. 27.25 ad. 29.25 


R-14 


Figure 3. Scale of map may be determined when ground distance is known. 


Map is apparently 1:20,000. 

b. By measurement between two points on map of 
known scale. To determine the RF of a map with the 
aid of a map of known scale, select two points that 
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appear on both maps and measure the distance between 
the two points. Then the ground distance between the 
two points can be figured from the map of known scale, 


MAP A_ RF - 1:20,000 


Figare 4. Comparing scale of two maps representing identical area, 
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the process explained in a above. For example, in 
figure 4, map A has an RF of 1:20,000 and the RF of 
map B is unknown. The distance between the crossroads 
and the house on map A is 10.2 inches; on map B it is 
3.4 inches. The ground distance between the crossroads 
and house is determined from map A: 

GD = MD & denominator of RF 

GD = 10.2 X 20,000 inches 
Using this ground distance, the RF of map B is found 
by substituting in the formula: 

3.4 1 
RF = 70.2 x 20,000 * 60,000 

RF of map B is 1:60,000. 


12. TO CONSTRUCT A GRAPHIC SCALE. To con- 
struct a 5,000-yard graphic scale for use on a map whose 
RF is 1:20,000 proceed as follows: 

a. Determine the length of the scale by the RF 
formula. In the formula the length of the scale is the 
map distance, 5,000 yards is the ground distance, and 

1 
20.000 is the RF. Ground distance of 5,000 yards must 
be converted to inches by multiplying by 36. Now sub- 
stituting in the formula: 


1 MD 
20,000 5,000 x 36 
5,000 X 36 . 
= 30,000 = 9 inches 


The scale must be 9 inches long to represent 5,000 
yards. 

b. Using an engineer scale, lay off the line ab 9 
inches long (fig. 5). 

c. Lay off, at any acute angle, line ad’ representing 
5 convenient equal divisions of the engineer scale. 
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Draw the line 2’2, and through each division of the 
line ad’ draw lines parallel to 40’. This divides line ad 
into 5 equal parts, each part representing 1,000 yards. 

d. The 1,000-yard division at the left end of the 
scale is the extension and must be divided into 100- 
yard. divisions. This is.done by laying off the line ad’, 
dividing it into 10 equal parts, and projecting these 
divisions to the extension as explained in c above. 

e. Mark the divisions of the scale as shown in 
figure 5. 


1000 2000 
YARDS 


MD 9 Inches 


GD 5,000 Yards 


Figure 5. Constructing graphic scale. 


13. TIME AND DISTANCE. a. Conversion of distance 
to march time. To determine how long it will take to 
move troops from one point to another, first deter- 
mine the distance between the two points by one of 
the methods explained in paragraphs 8 and 9, This 
distance divided by the hourly rate of march gives the 
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time required to move the troops. The average day- 
time rate of march for foot troops, making allowance 
for customary halts, is 244 mph. 

b. Conversion of march time to distance. It is often 
necessary to determine the distance a column can 
march in a given time. The distance is the product of 
the time in hours and the hourly rate of march or 
D=T X R. For example, a motorized unit averaging 
25 mph can cover 4 xX 25 or 100 miles in 4 hours, 
This distance is measured along the road to locate the 
head of the column at the end of 4 hours. Thus the 
position of the head of the column at the end of aay 
given time can be determined. 

c. Rate of march. By substituting values of distance 
and time in the formula D = T X R and solving for 
R, the rate of march is determined. 


14, TIME-DISTANCE SCALES. Jt may be desirable to 
construct a scale graduated into time intervals instead 
of distance intervals. This type of scale is useful in 
determining the position of a moving column at the 
end of any given time. For example, if an infantry 
column is marching 2144 mph, a time-distance scale in 
hours and minutes on a map whose RF is 1:62,500 is 
made as follows: 

a. In 1 hour the column marches 214 miles or 
214 X 63,360 inches or 158,400 inches. 

b. To obtain the length of the scale to represent 
this distance on the map, substitute in the formula: 


1 MD 

62,500 158,400 
158,400 : 

= 62,500 = 2.53 inches 


c. As shown in figure 6, lay off line ab on a sheet of 
paper. Then mark off on tne scale as many 1-hour 
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= 1:62,500 
Rate ee March, 2¥amph- 


Figure 6. Constructing time-distance scale, 


intervals of 2.53 inches as may be desired. The left 
interval is the scale extension and may be divided into 
i-minute, 5-minute, or 10-minute graduations, depend- 
ing on the reading desired. The extension is divided by 
the method explained in paragraph 12c. Mark the 
graduations appropriately, indicate the RF of the map 
to which the scale applies, and indicate the marching 
rate of the column. 
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SECTION V 


DIRECTION AND AZIMUTH 


15. GENERAL. Distance and direction are used to 
locate points or objects on the ground or on a map in 
relation to known points. The distance is measured, 
paced, or estimated, depending on the degree of 
accuracy required (see sec. [V). For military purposes, 
direction is always expressed as an angle from some 
fixed or easily established base direction line. 


16. UNITS OF ANGULAR MEASUREMENT. a. General. 
The value of an angle is expressed in degrees (°), 
minutes (’), and seconds (”); or in mils (see fig. 7). 
Personnel in artillery or heavy weapons units use the 
mil since fire-control instruments are generally grad- 
uated in mils. Other personnel usually use degrees, 
minutes, and seconds. 

b. Degrees, minutes, and seconds. When the cir- 
cumference of a circle is divided into 360 equal parts 
by lines drawn from the center to the circumference, 
the angle between any 2 adjacent lines is 1°. Degrees 
are divided into minutes and seconds thus: 

Acircle =360° (degrees) 
1° (degree) = 60’ (minutes) 
1’ (minute) = 60” (seconds) 
Angles are written as 137° 45’ 23”. 

ce. Mils. If the circumference of a circle is divided 
into 6,400 equal parts by lines from the center to the 
circumference, the angle between any 2 adjacent lines 
is 1 mil. Thus an angle would be written in mils, as 
1,327 mils. The mil is useful to artillery and heavy 
weapons units because it is an angle the tangent of 
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360 
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270 
DEGREES 


1 degree = 18 mils (approx 
1 mil = 3.4 minutes 


180 
ORGREES. 


Figure 7. Angles are expressed in degrees or mils, 


which is approximately 1/1,000. Therefore a change of 
1 mil in the direction of a machine-gun barrel changes 
the center of impact of a bullet 1 yard at a range of 
1,000 yards or 2 yards aé 2,000 yards. 

d. Relation between degrees and mils. Degrees are 
changed to mils or mils to degrees by the following 
conversion factors: 

360° = 6,400 mils 
6,400 

360 
Hence 10° = 10 X 17.8 = 178 mils (or 180 approxi- 
mately) 


° 


= 17.8 mils (or 18 approximately) 
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: 360 
1imil = 6,400 ~ 056° (or 3.4’ approximately) 


Hence 100 mils = 100 X .056 = 5.6° or 5° 36’ 


17. BASE DIRECTION. _ Direction from one point to 
another is always expressed as an angle from a base 
line. There are three base directions, namely, true 
north, magnetic north; and grid north, usually shown 
on maps by a star, half arrowhead, and the letter 
ce »? 


y, fespectively (fig. 8). Grid north may also be 
designated by “GN.” 
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DECLINATION 


Approximate mean declination 1935 
Annual magnetic change 3’ increase 
USE DIAGRAM ONLY TO OBTAIN NUMERICAL VALUES. 


Figure 8. Declination diagram. 


a. True north. True north is the direction to the 
north pole. It is used in surveying where great accuracy 
is required but is not normally used by military 
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personnel in the field. Meridian or longitude lines on a 
map represent true north and south directions. 

b. Magnetic north. Magnetic north is the direction 
of the north magnetic pole. It is indicated by the N 
(northseeking) end of the compass needle. It is ordin- 
arily used for field work because it can be found 
directly with the common compass. 

c. Grid north. Grid north is the direction of the 
vertical grid lines usually found on military maps (see 
par. 27). Determination of direction by grid north is 
convenient because grid lines are located at frequent 
intervals on maps. 


° 18. DECLINATION. a. General. Declination is the 
difference in direction between true north and magnetic 
north or between true north and grid north. There are 
therefore two declinations, magnetic and grid. In 
figure 8, magnetic declination is 6° 40’ west and grid 
declination is 2° 25’ east. 

b. Magnetic. Magnetic declination is the angle 
between true north and magnetic north. In localities 
where a compass needle points east of true north, 
magnetic declination is east. Where a compass needle 
points west of true north, magnetic declination is 
west. Where true north and magnetic north are the 
same, magnetic declination is zero. Lines joining 
points on the surface of the earth where magnetic 
declination is zero are called agonic lines. Lines joining 
points having the same magnetic declination are 
called isogonic lines. The magnetic declination in the 
United States varies from 25° east in Washington 
State to 22° west in Maine. Isogonic lines run generally 
north and south in the United States but are irregular 
because of local conditions. The magnetic declination 
at any one locality is subject to a gradual change, the 
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96. Using your protractor, find the measurement of the angle in 


degrees. 
a. 16° c. 20° 
b. 18° d. 22° 
97. Using your protractor, find the measurement of the angle in 
degrees. 
ae, 72" Gi “79° 
be... 75° d. 82° 
98. Using your protractor, find the measurement of the angle in 
degrees. 
a. 94° Cc. 101° 
b. 99° d. 104° 


amount of which can be predicted from past records. 
This change in some localities in the United States is 
as much as 4’ annually. For example, in figure 8 the 
annual increase is 3’. Hence, in the 9-year period 
1935-1944, magnetic declination has increased 9 
times 3’ or 27’, and the 1944 magnetic declination is 
6° 40’ plus 27’, or 7° 07’ west of true north. When 
the magnetic prong is plotted in this position, the 
G-M angle (par. 19b) is increased 27’, from 9° 05’ to 
9° 32’. Annual change is frequently expressed as 
E or W to avoid ambiguity in the change of direction. 


c. Grid. Grid declination or gisement is the fixed 
difference in direction between true north and grid 
north. Grid declination varies in different localities. 
Actually, it varies at different points on any one map, 
but on a tactical map the variation is so slight that 
the average declination can be used without introduc- 
ing an appreciable error. Figure 9 shows the reason 
for grid declination. The rectangle abcd is a mapped 
area or zone with the lines ef and gh shown as military 
grid lines. The dashed lines are the true north and 
south lines. The grid line ¥K is parallel to the central 
meridian, a true north-south line. Other grid lines in 
the zone are drawn parallel to 7K. Hence a map 
made at position 1 has grid declination west, while 
a map made at position II has grid declination east. 
In the military grid system, grid declination ranges 
from 3° east to 3° west in the United States. Else- 
where in the world, when other grid systems are used, 
the maximum grid declination is much greater and 
depends upon the width of the zone. Military maps 
show in diagrammatic form the average grid declina- 
tion for the area represented. 
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N 


SOUTH. 
Figure 9. Diagram illustrating reason for grid declination. 


19. DECLINATION DIAGRAMS. a. General. A 
declination diagram is printed on the margin of 
military maps. It has three prongs showing the direc- 
tions of true, magnetic, and grid norths. The angles 
between prongs are usually drawn accurately and can 
be used for graphic work on the map. For reasons 
given below declination diagrams should be verified by 
measurement before being used for this purpose. On 
some maps when the declination is small the diagram 
is exaggerated. In these cases, and generally on maps 
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printed since 1943 the following note appears under 
the diagram: 


USE DIAGRAM ONLY TO OBTAIN 
NUMERICAL VALUES 


Diagrams so marked will not be used for graphical 
purposes. See figure 8. 

b. G-M angle. (1) The angle between grid north 
and magnetic north is commonly called the G-M angle. 
The angle is west when magnetic north is west of grid 
north; east when magnetic north is east of grid north. 
It is used frequently in field map reading and its 
exact value is given in degrees on the declination 
diagram of new maps. However, its value may not be 
listed on older maps. In such cases, the G-M angle is 
computed by adding magnetic and grid declinations 
when magnetic and grid prongs are on opposite sides 
of the true-north prong and by subtracting when 
they are on the same side. Once the G-M angle has 
been computed, it should be written on the map for 
easy reference. 

(2) An increase in annual magnetic change may 
increase or decrease the G-M angle. If the magnetic 
prong moves toward the grid prong, the G-M angle is 
decreased; if it moves away, the G-M angle is increased. 

c. Two-pronged diagrams. As explained in chapter 
6, the world is divided into zones for map-making 
purposes; each zone has a military grid drawn parallel 
to the central meridian of the zone. Hence, the grid 
declinations of adjoining zones are different and any 
map of a border line area has two grid systems and 
two grid declinations (see fig. 10). In such cases, a 
two-pronged diagram showing the relation between 
true and magnetic north at the center of the sheet is 
shown in black in the margin. Adjacent to the diagram 
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11° 15° 
OR 
200 MILS. 


Grid Dec. for the center 
of the N. W. Africa Zone 
Area= 3°24 W or 60 mils 


Grid Dec. for the center 
of the N. Sahara Zone 
Area= 1°47’ W or 32 mils 4' 


TRUE NORTH 


Figure 10. Declination diagram for map on which two zones appear. 


are notes giving the grid declination for the center of 
each gridded area. These notes are usually in the 
color of the grid to which they refer. 


20. AZIMUTH. In describing the position of one 
point on a map or in the field with reference to some 
other point, the army uses the azimuth system of 
measuring direction. Military azimuths are horizontal 
angles measured clockwise from magnetic-, true-, or 
grid-north base lines. 

a. Magnetic azimuth. The magnetic azimuth of 
any line is the horizontal angle measured clockwise 
from magnetic north to the line. For example, in 
figure 11 the magnetic azimuth of the line from the 
road junction to the church is 60°. 

b. Grid azimuth. The grid azimuth of any line is the 
horizontal angle measured clockwise from grid north 
to the line. In figure 11 the grid azimuth 1s 51°. 

¢. True azimuth. The true azimuth of any line is the 
horizontal angle measured clockwise from true north to 
the line. In figure 11 it is 54°. 

d. Relation between magnetic and grid azimuth. 
In the field, magnetic azimuths are read directly from 
the compass. If the map is one with the protractor and 
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pivot point (see FM 21-25), the magnetic north line 
may be drawn easily on the map, and that line used to 
plot compass reading. However, on older maps, a com- 
pass reading is usually converted to grid azimuth before 
it is plotted on the map. The difference between grid 
and magnetic azimuth is the G-M angle. 

(1) When magnetic north is east of grid north: grid 
azimuth = magnetic azimuth plus G-M angle. 


Three kinds of azimuth, 
23 


Figure 11. 


(2) When magnetic north is west of grid north: grid 
azimuth = magnetic azimuth minus G-M angle. For 
example, in figure 11 grid azimuth = 60° — 9° = 51°. 

e. Back azimuth. Back azimuth is simply the azi- 
muth of a line viewed backward. (See FM 21-25.) The 
back azimuth of a line is its forward azimuth plus 180°, 
of if this sum is greater than 360°, the back azimuth is 
the forward azimuth minus 180°. For example, if the 
forward azimuth of a line is 50°, the back azimuth is 
50° + 180° = 230°. Or if the forward azimuth of a line 
is 310°, the back azimuth is 310° —-180° = 130°. 


21. BEARING. Bearings are used to express directions 
by the service watch compass, many: of which are still 
in use. The bearing of a line is its horizontal angle and 
direction with respect to either north or south directon 


NewS Ne eee E 
AZIMUTH = 360° — BEARING S AZIMUTH = BEARING 
BEARING = 360° — AZIMUTH 0°: BEARING = AZIMUTH 

w-90° 90°-E 
—_— Wg, Ogre Ae E 


AZIMUTH =,180° -+ BEARING S AZIMUTH = 180° — BEARING 
BEARING = AZIMUTH — 180° ; BEARING = 180° —~ AZIMUTH 
Arrows indicate the direction of measurement of the bearings in each 
quadrant from 0° to 90° 


Azimuths ore measured in a clockwise direction from O°(north point). to 
360° 


Figure 12. @ Relationship between azimuths and bearings. 
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@ Direction expressed in azimuths and bearings. 
Figure 12. — Continued. 


line and never exceeds 90°. Figure 12 @ shows how bear- 
ings are measured and indicates the relationship be- 
tween bearings and azimuths. If bearings are magnetic 
the azimuths likewise are magnetic. Figure 12 illus- 
trates how to express a typical direction in each quad- 
rant both as an azimuth and as a bearing. 


22. PROTRACTOR. A protractor is an anstrument for 
measuring or laying off angles on a map. Figure 13@ 
and @ illustrate two types; the semicircular type is 
the more common. The protractor represents half an 
azimuth circle but is graduated in two scales to repre- 
sent a complete circle, one scale reading from 0° to 180° 
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ENGINEER SCALE . 
& 2 
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no “¢ 
290 300 


@ Semicircular protractor. 
@ Rectangular protractor. 
Figure 13. 


and the other from 180° to 360°. When the semicircular 
scale is placed as shown at the left in figure 14, only the 
scale 0° to 180° can be read. If the protractor is turned 
so the circular portion is to the left, the scale 180° to 
360° can be read. 


23. TO MEASURE AZIMUTH OF ANY LINE ON A MAP. 
Following are examples illustrating methods of finding 
azimuths on a map: 

a. Problem 1. To find the grid azimuth of the line 
from the crossroads at 4 to the house at B in figure 14. 
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Extend the line 4B until it intersects the 349 grid line. 
Lay a protractor on the map with its index at this 
intersection and the straight portion lying along the 
349 grid line. Read the grid azimuth of 4B. It is 138°. 

b. Problem 2. To find the magnetic azimuth of the 
line from the crossroads at C to house at D. Extend 
the line CD beyond the edge of the protractor. Lay the 
protractor on the map with its index at the intersection 


736 


735 150 


349 re 350 a “35 5 
Figure 14, Schematic illustration showing use of protractor to measure 
azimuth on map. 
of CD with the 351 grid line and the straight portion 
lying along the 351 grid line. Since the azimuth of the 
line is greater than 180°, the scale reading from 180° to 
360° is used. The grid azimuth of CD is 226°. The 
declination diagram shows the G-M angle to be 4° west, 
so it will have to be added'to the grid azimuth. The 
magnetic azimuth is 226° + 4° = 230°. If the magnetic 
north line is plotted on the map with the aid of the map 
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pivot point and partial protractor scale, the magnetic 
azimuth may be measured directly from this line. 


24. TO PLOT AN AZIMUTH ON A MAP. a. Grid 
azimuth, Problem: To plot from CR 685 on figure 15 
a line with a grid azimuth of 75°. Construct a line 


736 


735 


349 350 351 352 


Figure 15. Schematic illustration showing use of protractor to plot @ given 
azimuth on a map. 


through the crossroads parallel to the north-south grid. 
Place a protractor on the map with its base on the line 
and its index at the crossroads. Plot the point P at the 
75° reading on the protractor. Remove the protractor 
and draw a line from the crossroads through P. 

b. Magnetic azimuth. To plot the magnetic azimuth 
of a line, follow the same’ procedure as in a above but 
construct the line through the crossroads parallel to 
magnetic north, rather than to the north-south grid or 
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99. Using your protractor, find the measurement of the angle 


degrees. 
a. 135° c. 142° 
b. 139° d. 146° 


100. Measure and classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle d. Straight Angle 


101. Measure and classify the angle shown. 


a. Right Angle c. Acute Angle 
b. Obtuse Angle d. Straight Angle 


R-16 


in 


convert magnetic azimuth to grid azimuth and plot as 
directed in a above. 


25. COMPASSES. FM 21-25 explains how to use a 
compass. In addition to variation caused by magnetic 
declination, a magnetic compass. is.affected.by the 
presence of iron, magnets, and charged electric wires 
and electric apparatus. Certain geographic areas have 
deposits of mineralized rock (such as iron ore) which 
render a compass unreliable in those vicinities. Conse- 


Figure 16. Watch compass gives direction in bearings. 
29 


quently, all visible masses of iron or electrical fields 
must be avoided when using the compass. The following 
are the minimum safe distances: 


Yards 

High-tension power lines... ........00 2 eee 60 
Field gin, voce sie See aes Pods hes 20 
Automobile or tank... 2.0... .....0.000040. 20 
Telegraph wires...........++...- Besos 10 
Pazied “wire, See. ae ey. Ane. 10 
Mao Shing oi... ee Ae. . Oe 3 
atlclintt onetillc ie... an. ae ok. 1 


The four common types of compass are the watch, 
lensatic, prismatic, and wrist. 

a. Watch compass. The face of the watch compass 
(fig. 16) is divided into quarters, or quadrants, of 90° 
each. Readings are given as bearings as explained in 
paragraph 21. This compass has no sights. 

b. Lensatic compass. The standard compass for 
general use in our Army is the liquid-filled lensatic, so 
called because azimuths are read through a magnifying ~ 
lens in the eye piece. Figure 17 shows the lensatic com- 
pass and its nomenclature. FM 21-25 explains how to 
use it. The newest lensatic compass (fig. 18) differs from 
the model in figure 17 in that the floating dial is trans- 
parent and is graduated in mils as well as in degrees. 
Numbers on the dial are printed in black. There is a 
fixed luminous sector on the inside of the case which 
permits reading azimuths at night. 

c. Prismatic compass. The prismatic compass 
shown in figure 19 differs from the lensatic compass in 
that azimuths are read from the dial through a prism 
rather than through a lens. 

(1) The compass consists of a case housing a mag- 
netic dial, a hinged cover with a glass window, and an 
eyepiece containing a prism for reading graduations on 
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ee oe 7 wminous | ON 
s SS LINE MOVABLE 
me "45° LUMINOUS LINE | CRYSTAL 


EYEPIECE 


P—g———- HOLDING RING 
Figure 17. Nomenclature of old issue lensatic compass. 


the dial. The dial has two scales, the outer one to be 
read through the prism of the eye picce, the inner one 
to be read directly at the front sight. Both are graduated 
from 0° to 360°. The north point is indicated by a 
luminous arrow. 

(2) The glass cover has an etched line which ts used 
like the hair line on the lensatic. Closing the cover 
operates a lever which raises the dial off the pivot to 
protect it. To release the dial the lever at the side must 
be pushed forward. 
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Figure 18. New issue lensatic compass. 


(3) When the cover of the compass is raised, a glass 
disk protects the dial. The luminous index line used in 
setting azimuths at night is painted on this disk. The 
index line can be set at any desired angle simply by 
loosening the setscrew on the side and revolving the 
corrugated brass ring which houses the glass disk. 

(4) The outside of the compass case is graduated in 
degrees, counterclockwise. For night use the luminous 
index line is set opposite the desired azimuth indicated 
on the outside of the case. The compass is rotated until 
the luminous arrow on the dial points to the luminous 
index line. Now the two luminous markers on the hinged 
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night marching scale 
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INDEX LOCKING SCREW 
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EYEPIECE —_—___ 


CLAMPING KNOB FOR COMPASS CARD BGLDING 


Figure 19. Nomenclature of prismatic compass, 


cover point along the desired azimuth or direction of 
march. 

d. Wrist compass. The wrist compass is a liquid- 
filled compass designed to be worn strapped to the 
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wrist as shown in figure 20. FM 21-25 explains how it 
is used. 


Figure 20. Wrist compass. 


26. TRAVERSE. A traverse is a series of connected 
lines of known distance and direction. A traverse is 
useful in exploring unfamiliar terrain and in recording 
the course taken. To make one, start from a known 
point and follow observed compass courses from point 
to point, measuring distances. When plotted to scale 
on the map, these course lines and distances show 
graphically the course followed and the location of any 
desired point on the traverse. A typical traverse is 
shown in figure 21. 
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a 


Figur2 21. A traverse is a series of connecting lines of known distance and 
‘ direction. 


SECTION VI 


GRIDS AND COORDINATES 


27. MILITARY GRID. A military grid is a network of 
squares made up of north-south lines showing distance 
east of an arbitrary origin, and east-west lines showing 
distances north of the same reference point. The dis- 
tance between grid lines is 1,000, 5,000, or 10,000 yards 
(or meters), depending on the scale of the map. This 
distance is called the grid interval. See FM 21-25 for’ 
a discussion and explanation of grid coordinates. 


28. COORDINATE SCALE. a. General. The sides of 
grid squares may be divided with a reasonable accuracy 
by estimation, but it is easier and more accurate to use 
a coordinate scale. Two types are shown in figure 22 @ 
and @. Either may be made by laying off the length 
of one side of a grid square and dividing it into tenths. 

b. To read coordinates. To locate RJ 37 in figure 23, 
place the coordinate scale as shown. The marked hori- 
zontal edge is along the bottom of the grid square in 
which the road junction is located and the marked 
vertical edge passes through RJ 37. The horizontal 
edge of the scale gives the 100-yard and 20-yard points 
to the right of grid line 1369. The vertical edge of the 
scale gives the distance from grid line 1792 to the road 
junction. The coordinates of RJ 37 are (69.72-92.25). 

c. To plot a point. To locate the command post of 
the ist Infantry Regiment at (74.60-92.47) place the 
coordinate scale as shown in figure 24 and mark the 
CP with a pencil. 
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1368 1369 1370 
Figure 23. Coordinate scale used to read coordinates of a given position 
on map. 


29. USING ENGINEER SCALE. The engineer scale may 
be used with the military grid to locate points. For 


example, to locate the headquarters of the 1st Infantry 
Regiment at (25.35-76.62), find the grid square (25-76) 
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102. Measure and classify the angle shown. 

a. Right Angle c. Acute Angle 

b. Obtuse Angle d. Straight Angle 
103. 38° 33! 

+ 166° 26! 

a. 205° 59! c. 204° 59! 

b. 205° 49! dad. 204° 49! 
104. 274° 34! 

- 180° 54! 

a. 94° 50! c. 93° 50! 

b. 94° 40! d. 93° 40! 
105. 118° 37' 39" 

+ 140° 42' 34" 

a. 249° 20' 13" c. 259° 20' 13" 

b. 249° 11' 53" dad. 259° 11' 53" 
106. 124° 12' 32" 

- _g9° 18' 54" 

a. 34° 53' 38" c. 35° 53' 38" 

b. 34° 43' 28" d. 35° 43' 28" 


107. The platform the sentry stood on was in the shape of a 
square. What is the perimeter of the platform if one side 
measures 60 inches? 


240 in 
420 in 


a. 3,600 sq in c. 
b. 3,660 sq in d. 


108. The platform the sentry stood on was in the shape of a 
square. What is the area of the platform if one side 
measures 60 inches? 


420 in 
240 in 


a. 3,660 sq in c. 
b. 3,600 sq in d. 
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COORDINATE SCALE 
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Figure 24. Coordinate scale used to plot position of known coordinates. 


and place the scale in position @, figure 25, so that the 
“0”-and “10” indicators are on successive vertical grid 
lines. The “0” of the scale is a/ways placed on the lowest 
numbered grid line. Measure from the grid line 1325 
along the scale to the thirty-fifth subdivision and make 
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a mark on the map at 4. Repeat this operation at 
position @ and mark B on the map. The line drawn 
between points 4 and B is the coordinate line 25.35 or 
the RIGHT reading. To get the coordinate 76.62 place 
the scale in position ©, so that the “0” and “10” in- 
dicators are on successive horizontal grid lines with “0” 
always on the lowest numbered line. Measure along the 
scale to the sixty-second subdivision and make a mark 
on the map at C. Move the scale to position © and 
mark map at D. A line drawn between points C and D 
is the reading UP or coordinate 76.62. The command 
post is located where lines 4B and CD intersect. 


1578 


1577 


1576 


13575 


1374 


1326 1327 


Figure 25. Engineer scale used to locate coordinates on gridded map. 
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30. POLAR COORDINATES. Polar coordinates consist 
of an angle from a known base direction and a distance 
from a known starting point. The base direction is 
normally expressed as azimuth, the distance in any 
convenient unit. Polar coordinates are especially useful 
in the field because magnetic azimuth can be determined 
from the compass and distance can be estimated. For 
example, in figure 26, a patrol leader at observation 
post (OP) 4 observes enemy guns in position at point B. 
He sends back information that an enemy artillery posi- 


Figure 26. Polar coordinates used to designate position on map. 
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tion is located 900 yards on a magnetic azimuth of 43° 
from OP 4 in Thorofare Village. On receiving the 
message the company commander.converts magnetic 
azimuth 43° to grid azimuth 35°. He plots the direction 
line from OP 4 and scales off 900 yards to the enemy 
position at point B. 


31. RECTANGULAR COORDINATES. a. To plot map 
position by rectangular coordinates on ungridded 
maps. Rectangular coordinates consist of two dis- 
tances measured at right angles from a base position. 
For example, the problem in figure 27@ is to locate 
point P, 1,500 yards east (magnetic) and 1,100 yards 
north (magnetic) of bench mark (BM) 38 at Accotink. 
From BM 38 draw an east line 1,500 yards long and 
measure off 1,100 yards to the north. This locates 
point P. The coordinate is written as BM 38, Accotink 
(village), 1,500 yards east (magnetic), 1,100 yards 
north (magnetic). 

b. To find rectangular coordinates of a point with 
respect fo a given base position and direction. From 
the base point, draw a guide line parallel to the base 
direction and a guide line perpendicular to the base 
direction. From the point whose rectangular coordinates 
are desired, drop perpendiculars to each of these lines. 
Scale the distance along the perpendiculars to therespec- 
tive guide lines; these distances are the rectangular 
coordinates. For example, in figure 27@ the problem 
is to find the rectangular coordinates of point Z, given 
the base position CR 265 and base direction magnetic 
north: Draw the base direction line a and at right 
angles to it draw line cd. From Z draw the perpen- 
diculars ef and gh. Measure along the lines ef and gh to 
derive the rectangular coordinates of point Z: 1,200 
yards east (magnetic) and 800 yards north (magnetic). 
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© Plotting position on map using rectangular coordinates on ungridded map. 
@ Determining of rectangular coordinates of a point with respect to a 
given base position and direction. 
Figure 27. 


32. THRUST LINE. In the thrust-line system, the base 
of all coordinates is a so-called thrust line designated 
by the commander. It is located on the map by two 
reference points or by a reference point and a direction. 
Somewhere on the thrust line is a base point from which 
all coordinates are measured. The commander names 
this base point at the time the thrust line is given. 
Points are located by giving the distance along the 
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thrust line forward or back of the base point, F for 
forward and B for back; and, the distance at right 
angles from the thrust line, R for right and L for left. 
In determining whether a point is to the right or left 
of the thrust line, the map reader must assume that he 
is standing at the base point and facing forward along 
the line. The distance forward or back and right or left 
is given in miles, kilometers, yards, or meters; the scale 
of the map determines the accuracy of measurement. 
When. the unit of measure is miles, the measurement 
is in tenths with the decimal point omitted. When 
yards or meters are used, the unit of measure is desig- 
nated by the commander; no decimal point is involved 
in this case. See- FM 21-25 for a detailed description 
of the thrust line. 


33. MAP TEMPLATES M1 AND M2. a. General. 
A map template is a device for locating points by co- 
ordinates on gridded or ungridded maps and aerial 
photographs. The template is a transparent sheet about 
814 by 12 inches, having 24 large squares 1.8 inches on 
a side. Squares are lettered from “A” to ““Y” omitting 
“QO”, Each lettered square of the M1 template is divided 
into 100 small squares, 0.18 inches on a side; each square 
is marked either by a numeral or punched hole as shown 
in figure 28. On the M2 template the lettered squares 
are not subdivided into smaller squares, but the holes 
are provided. In addition, both templates have nine 
larger holes marked by Roman numerals I to IX. These 
holes are located at each corner, at the middle of each 
side, and at the center of the template. They are origin 
points for orienting the template on the map. 

b. Orientation of the template. To use the template 
system, the commander specifies an origin point on the 
template and a reference point on the map over which 
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Figure 28. 
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@ Map template M2. Figure 28. — Continued. 


The following message is a sample of a commander’s 
instructions on orienting a template: “Reference special 
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map A, 1:25,000. From 0900 to 1200, 24 Apr 1944, 
origin point I at BM 24. Line J-VII through school- 
house NE of BM 24.” As illustrated in figure 29, the 
map template is placed on the map with origin point I 
over BM 24 and pivoted until line I-VII coincides with 
a line drawn on the map from BM 24 through the 
schoolhouse symbol northeast of BM 24. The origin 
point and reference point may be ground features on 
the map. given by map coordinates. Any Roman- 
numeral point can be used as an origin, and any line 
connecting the designated point with any other 
Roman-numeral point can be used as a base line. 

c. Point designation. Once the template is oriented, 
a point is designated by the letter of the square in which 
it is located and by the number of the hole nearest it. 
For example, the building in the “U” square of figure 
29 is in the sixth column from the left and in the third 
row from the bottom. Reading up the sixth column we 
count 51, 52, 53. The building would be designated as 
‘ORS oaee 

d. Security considerations. This method of using the 
map template provides, in certain situations, a con- 
venient and rapid means of designating point locations. 
However, it should be emphasized that this method of 
use is not intended to provide security. Before the tem- 
plate can be used for purposes of secrecy instructions 
prepared by the Chief Signal Officer relative to the 
preparation and use of keys must be consulted. 


34. GEOGRAPHIC COORDINATES. a. General. 
Unlike grid coordinates which are given in linear 
measure such as yards, geographic coordinates are 
stated in degrees (°), minutes (’), and seconds (”). To 
understand these coordinates, one must be familiar with 
the line of latitude and longitude on the earth. 
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(1) The equator is an imaginary line round the earth 
halfway between the North and South Poles (fig. 30). 
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109. A broken window in the barracks is square shaped and 
measures 18 inches on one side. What is the perimeter of 
the broken window? 


a. 342 sq in c. 74 in 
b. 324 sq in d. 72 in 


110. Find the area of the glass covering the top of the display 
case. The case is square and measures 18 inches on one 


side. 
a. 324 sq in c. 72 in 
b. 342 sq in d. 74 in 


111. The cardboard used to display the Commandant's message was 
rectangular with a length of 26 inches and a width of 18 
inches. What is the perimeter of the cardboard? 


a. 486 sq in c. 88 in 
b. 468 sq in dad. 86 in 


112. The pressure board found on top of the foreign antitank 
landmine was rectangular with a length of 14 inches and a 
width of 9 inches. How much area does the pressure board 


cover? 
a. 162 sq in c. 64 in 
b. 126 sq in d. 46 in 


113. The opening in the bunker is rectangular with a length of 60 
inches and a width of 48 inches. What is the perimeter of 
the opening? 


a. 2,880 sq in c. 261 in 
b. 2,680 sq in dad. 216 in 


114. A piece of plywood used to cover a hole in the bulkhead is 
rectangular with a length of 72 inches and a width of 39 
inches. How much area does the piece of plywood cover? 


a. 2,806 sq in c. 222 in 
b. 2,808 sq in d. 224 in 


115. The staging area used for the explosives was in the shape of 
a parallelogram with a width of 14 feet and a base of 36 
feet. What was the perimeter of the staging area? 


a. 298 sq ft c. 100 ft 
b. 288 sq ft dad. 50 ft 


R-18 


Crossing the equator at regular intervals are north and 
south lines which pass through the poles. These are 
known as meridians of longitude or simply meridians. 
One is marked zero and is called the prime meridian. 
From this prime meridian, longitude is measured both 
east and west around the world. Lines east of the prime 
meridian are numbered from 0° to 180°, and are called 
east longitude. Lines west of the prime meridian are 
numbered from 0° to 180° and are called west longitude. 
The prime meridian on American and British maps is 
a line through Greenwich, England. 

(2) Crossing the meridians in an east-west direction 
between the equator and both poles are the parallels of 


Figure 30. Geographic coordinates. Point A is latitude 40°00'00" N, 
longitude 15°00'00" E; point B is latitude 15°00'00" S, longitude 
30°00'00" E; point C is latitude 15°00'00" N, longitude 15°00'00" W. 
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latitude, called simply parallels. Starting at the equator, 
these are numbered from 0° to 90°. Thus, the parallel 
halfway between the equator and the North Pole is 45° 
north latitude. 


122° 36° 


2798 : 
863 867 868 


Figure 31. Lines of geographic coordinate grid plotted by connecting 
ticks and crosses. 
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b. Placing geographic coordinate grid on a map. 
(1) On most maps in common use, lines of latitude and 
longitude curve so little they appear to be straight 
lines. American military maps usually locate lines of 
latitude and longitude by ticks at the margins and 
crosses within the map. For example, in grid square 
(67-99) on figure 31 there is a marginal tick marked 
47° 04’. Across the map horizontally to the left are 
three crosses. A line drawn through the tick and the 
crosses is parallel of latitude 47° 04’ N. Similar para- 
Ilels north of this one are indicated by ticks at 1’ 
intervals. These ticks and crosses connected form the 
east-west lines of a geographic grid system. 

(2) Lines of longitude areindicated on the top margin 
of figure 31. In the grid square (67-05) there is a tick 
numbered 122° 36’ W. Vertically below this tick are 
four crosses and another tick at the bottom margin. 
The vertical line through these is a meridian of longitude 
122° 36’ W. Similar meridians west of this one are in- 
dicated by ticks at 1’ intervals. If these ticks and 
crosses are connected, the lines formed will complete 
the north-south geographic grid lines. 

(3) On British maps the term “graticule” is used 
instead of “geographic grid.” 

c. Writing and reading geographic coordinates. 
Some American and British maps have parallels and 
meridians printed as full lines. These are readily dis- 
tinguished from grid lines by their numbering. Lines 
of latitude and longitude are always numbered in 
degrees and minutes, and, if necessary, in seconds. In 
locating a point by latitude and longitude, N or S 
represents latitude, and E or W represents longitude, 
for example 47° 04’ N, 122° 36’ W. The general world 
location of the area covered by a map is indicated by 
the numbers on latitude and longitude lines. If the 
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latitude numbers increase from bottom to top on a 
map, the area is north of the equator; if they decrease, 
it is south. If the longitude numbers increase from left 
to right, it is east of the prime meridian; if they de- 
crease, it is west. Applying these rules to figure 31, the 
area covered by the map is north of the equator and 
west of the prime meridian. In writing geographic co- 
ordinates, latitude is given first and parentheses are 
omitted. To illustrate, refer to RJ “‘A”’, grid coordinates 
(65.75—99.45), figure 31. The geographic coordinates 
of this point are: latitude 47° 04’ 05” N, longitude 122° 
37’ 00” W. 

d. To find geographic coordinates of a point. 
Problem: to find the geographic coordinates of point 4 
on figure 32. The geographic grid interval is 1’; and 
since there are 60” to a minute the sides of the grid 
quadrangle must be divided into 60 equal parts. To 
find the latitude of point 4, the engineer scale is placed 
across the latitude lines so that 60 convenient divisions 
span the distance, position @. Each of the 60 divisions 
represents 1” of latitude. Longitude is found with the 
engineer scale in position @®. The complete geographic 

-coordinates of point 4 are latitude 38° 42’ 20” N., 
longitude 77° 13’ 30” W. If the geographic grid interval 
is 5’, the sides of the quadrangle must be divided into 
300 equal parts. 


35. GEOGRAPHIC COORDINATES ON FOREIGN MAPS 

a. Prime meridian. Many foreign maps do not use 
the Greenwich meridian as a prime meridian. For 
example, French maps use the Paris meridian, and 
Italian maps the Rome meridian. Marginal data of 
foreign maps must be examined to determine the prime 
meridian used. Longitude measured from a foreign 
prime meridian may be converted to longitude with 
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Figure 32. Engineer scale used to read geographic coordinates of position 
on map. 

respect to Greenwich meridian by adding or subtracting 

the Greenwich longitude of the foreign prime meridian 

based on the Greenwich meridian. The following table 

gives the Greenwich longitude of some principal foreign 

prime meridians: 


Greenwich longitude of foreign prime meridians 
(Values used by Geodetic Section, 
Army Map Service) 
Accepted Longitude 
(Based on Greenwich 
Meridian Meridian) 
Paris, France.............2° 20’ 13.95” E 
Madrid, Spain............3° 41/ 14.55” W 
Monte Mario, Rome, Italy .12° 27’ 07.06” E 
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Batavia, Netherland East 


Tnidies sia sk vd eater ered 106° 48’ 27.79” E 
Padang, Sumatra, Nether- 
land East Indies......... 100° 22’ 01.42” E 


Midden Meridian of South 
Sumatra, Netherland East 
net SEF... EP. 103° 33’ 27.79” E 
Ferro, Canary Islands...... 17° 39’ 46” E 
(47° 40/ 00" E 
used by Germans) 
Amsterdam, Netherlands. . .4° 53’ 05.45” E 
Lisbon (Observatory of 


Castelo de S. Jorge), 

Rortugale seer cere 9° 07’ 54.806” W 
Naval Observatory at 

Genoa, Italy............ 8° 55’ 15.929” E 
Copenhagen, Denmark..... 12° 34’ 40.35” E 
Athens, Greece...........- 23° 42’ 58.5” E 
Helsinki, Finland.......... 24° 57’ 16.5” E 
Pulkovo (near Leningrad), 

ISSR... cc oe ee = «eS. 4a, 
San Fernando, Spain....... 6° 12’ 17.43” W 
Singkawang, Borneo....... 108° 59’ 41” E 
Istanbul, Turkey.......... 28° 58’ 45.5” E 


b. Grad. On most maps latitude and longitude are 
measured in degrees, minutes, and seconds, but the 
unit of measure on French maps is the grad. There are 
400 grads in a circle as compared to 360 degrees in a 


360 
circle so a grad is —~ or .9 of a degree. The grad is 


400 
based on a decimal system, that is: 
1grad = 100 minutes (’) 


_ 1 minute = 100 seconds (”) 
The angle 9.628 grads would be written 9°62’80” ; sym- 
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bols for minutes and seconds, in this system, incline 
from left to right. ; 

c. Converting French geographic coordinates to 
standard coordinates. Using a French map the map 
reader locates a point, for example, latitude 39° 71’ N, 
longitude 03° 36’ W. To convert to coordinates based 
on the Greenwich meridian, proceed as follows: 

First, grads are converted to degrees: 
39° 71’ = 39.71° = (39.71 X_.9) degrees 
= 35.739° 
03° 36’ = 03.36% = (03.36 X .9) degrees 
3.024° 
Second, decimals of degrees are converted to 
minutes and seconds: 
35.739° = 35° 44’ 20.4”, found as follows: 
.739° X 60 = 44.34’ 
34’ X 60 = 20.4” 
Similarly, 3.024° = 3° 01’ 26.4” 
Based on Paris meridian, the coordinates of the point 
are latitude 35° 44’ 20.4” N, longitude 3° 01’ 26.4” W. 
In this case the Paris meridian of 2° 20’ 14” E must be 
subtracted from 3° 01’ 26.4”, to obtain longitude based 
on Greenwich. Complete Greenwich coordinates are 
written latitude 35° 44’ 20.4” N, longitude 0° 41’ 
12.4” W. 


36. U. S$. DOMESTIC GRID SYSTEM. a. General. 
(1) The grid system covering the United States is 
called the “U. S. Domestic Grid.” The country is 
divided into seven lettered zones, 4 through G (fig. 33); 
zones Hf and f were added when the system was ex- 
panded to form the World Polyconic Grid. Each zone 
extends through 9° of longitude which includes a 1° 
overlap of adjacent zones (14° on each side); the net 
width of a zone is therefore 8°. 
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Figure 33. U.S. Domestic Grid System, extended by Zones -J and H. 


(2) Each zone has a different origin of coordinates. 
For example in figure 33, zone 4 has its origin at the 
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intersection of central meridian 73° W with parallel 
40° 30’ N while zone # has its origin at the intersection 
of central meridian 81° W and parallel 40° 30’ N. At the 
origin of each zone the north-south or vertical grid line 
(frequently called ‘‘Northing”) is given an arbitrary 
value (frequently called “false coordinate’’) of 1,000,000 
yards, and the east-west or horizontal grid line (fre. 
quently called “Easting’’) a value of 2,000,000 yards. 
This is done to avoid negative coordinates. A similar 
grid system covers Hawaii, Panama and the Philippines. 

(3) The complete numerical value of the horizontal 
and vertical grid lines whose ends are nearest the south- 
west corner of the map is written in the margin on any 
map using this system. The last three ciphers are com- 
monly omitted from other grid-line values shown in 
the margin, but occasionally where the 100- or 500-yard 
interval is used complete numbers are shown on all 
grid lines. 

b. Identification. The U. S. Domestic Grid is identi- 
fied by a grid note printed in the map margin. Its form 
as. WA AP we THOUSAND YARD GRID 
COMPUTED FROM “Grid System for Progressive 
Maps in the U.S.” ZONE........4. U.S.C. 8G. S. 
SPECIAL PUBLICATION NO. 69. 

Grid lines for this system are printed in black. Other 
American systems printed in black cover Hawaii, 
Panama, and the Philippines. 

c. Map of area in overlap of two zones. On maps 
of scale 1:125,000 and larger that lie in two zones, the 
grid of one zone is shown in solid black lines, and the 
grid of the other zone is indicated by ticks 0.3 inch long 
along the border of the map. To use the grid of the 
second zone on these maps, draw in the grid lines by 
connecting the ticks with dotted lines as shown in 
figure 34. 
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Figure 34. Grid lines on a map where two zones overlap (ticks connected 
by dotted lines). 
d. Use. United States grid systems are used in the 
same general way as explained in paragraph 34. Careful 
attention to marginal notes on each map is essential. 


37. WORLD POLYCONIC GRID. The World Polyconic 
Grid is an extension of the U. S. Domestic Grid System 
to cover parts of the world not gridded by the British 
and areas not previously gridded by the United States, 
The world is divided into five north-south divisions 
called “bands.’’ Each band is made up of nine zones. 
The seven zones 4 to G in the U. S. Domestic Grid 
System and the extension zones H and 7 comprise the 
total width of band I, from longitude 68° 30’ W to 
141° 30’ W. Band I, however, also takes in all the area 
between latitude 72° N and 72° S. Each band is divided 
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116. The sign used to identify the foreign armed forces was in 
the shape of a parallelogram with a base of 16 inches and a 
height of 10 inches. How much area did the sign cover? 


a. 180 sq in CG. -52°°in 
b. 160 sq in d. 54 in 


117. The sandtable used during the training exercise covered an 
area shaped like a parallelogram with a width of 17.7 feet 
and a base of 54.3 feet. What was the perimeter of the 


sandtable? 
a. 961.11 sq ft c. 144 ft 
b. 951.11 sq ft dad. 142 ft 


118. A triple standard concertina fence used for temporary 
holding of prisoners of war covered an area shaped like a 
parallelogram with a width of 25 meters and a base of 72.7 
meters. How much area did the fence cover? 


a. 1817.5 sqm c. 194.5 m 
b. 1871.5 sq m d. 195.4 m 


119. What is the perimeter of the concrete pad that has the shape 
of a trapezoid measuring 21 feet by 9 feet by 28 feet by 9 


feet. 
a. 147 sq ft c. 67 ft 
b. 149 sq ft d. 76 ft 


120. The overlay on the map showed that the enemy had control 
over terrain that covered an area shaped like a trapezoid. 
The measurements listed on the map were given as: base 1 
(b1) 10 miles, base 2 (b2) 18 miles and height (h) 8 miles. 
How much area does the enemy cover? 


a. 112 sq mi c. 44 mi 
b. 82 sq mi dad. 43 mi 


121. The PT field is shaped like a trapezoid measuring 700 feet 
by 1100 feet by 700 feet by 1200 feet. What is the 
perimeter of the PT field? 


a. 421,100 sq ft c. 3700 ft 
b. 412,100 sq ft dad. 3600 ft 


122. The tank park shaped like a trapezoid has a base 1 (b1) of 
1100 feet, a base 2 (b2) of 1200 feet, and a height (h) of 
700 feet. How much area does the tank park cover? 


a. 850,000 sq ft c. 3600 £t 
b. 805,000 sq ft d. 3700 ft 


at the equator and designated, for example, as band 
I-N for the north half and band I-S for the south half. 
Band II is west of band I and takes in the area from 
longitude 140° 30’ W to 146° 30’ E. Bands III, IV, and 
V are the next succeeding bands in a westerly direction. 
Each band is divided into nine standard size zones 
lettered from 4 to F in the same way as band I. Figure 
35 shows an outline of the bands throughout the world. 
The blank portions are sections of the world covered 
by some other type of grid and for most of which gridded 
maps are available. World polyconic grid lines appear 
in purple on maps of scales smaller than 1:125,000; 
numbers and other pertinent detail are purple at all 
scales. 


38. BRITISH GRID SYSTEM. a. General. Troops oper- 
ating in Europe, Africa, Australia, India, China, and 
many islands of the South Pacific will use maps bearing 
British military grids. British grid systems subdivide 
the world into zones or belts identified by name and 
color, as: Northern European Zone III (Blue), Egypt 
Purple Belt, Egypt Red Belt, etc. Each of these grids 
has a specific origin and the grid lines are usually 
printed in the same color as the color designation of the 
area on maps of scales 1:250,000 and 1:500,000; thus, 
grid lines on maps covering the Northern European 
Zone III (Blue) appear in blue. The significance of 
color, however, no longer applies always to grid designa- 
tion, but rather to grid differentiation on sheets carrying 
more than one system. 

b. Grid squares. (1) A grid zone is ordinarily di- 
vided into squares 500,000 meters on a side. This basic 
square is assigned a letter, the letters being alphabetical 
and reading from left to right and down within a zone 
(fig. 36). Each 500,000-meter square is further divided 
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Figure 35. World Polyconic Grid System. Blank areas are covered by 
other grid systems. 


into 100,000-meter squares each of which is also desig- 
nated by a letter. Thus a 100,000-meter square of a 
zone may be identified by two letters. (See fig. 36.) 
However, some zones are so long that more than one 
500,000-meter square is assigned the same letter, while 
in a few zones no letters are used. 

(2) On maps of scales of 1:250,000 to 1:500,000, the © 
letter indentifying the 500,000-meter square and the 
100,000-meter square letter are both shown on the face 
of the map. Ordinarily on maps of scales larger than 
1:250,000, only the 100,000-meter square letters are 
shown, although the letter identifying the 500,000-meter 
square may be indicated by a grid index diagram in 
the margin. 

(3) The frequency of the grid lines is controlled by 
the scale of the map as follows: 

Scales Interval 
Larger than 1:5,000. . .100 meters (or yards) 
1:5,000 to 1:100,000 


inclusive........... 1,000 meters (or yards) 
Smaller than 1:100,000 
to 1:500,000........ 10,000 meters (or yards) 


c. Reading grid coordinates. Point identification 
by grid reference indicates, in order, the 500,000-meter 
square, the 100,000-meter square, the abbreviated east- 
west (easting) coordinate, and the abbreviated north- 
south (northing) coordinate. The procedure is as 
follows: 

(1) Indicate the letter identifying the 500,000-meter 
square, as shown directly on the face of the map or as 
indicated by the grid index diagram. 

(2) Indicate the 100,000-meter square as shown on 
the face of the map, normally by a large open block 
letter printed in the same color as the grid lines. 
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Figure 36. British Military Grid System. 
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(3) Write the east-wesc coordinate in the same 
manner as with the United States military grid, omit- 
ting the small figure or figures which precede the en- 
larged grid number. The grid value is carried out by 
estimation or measurement to the minimum value 
desired. The hyphen or dash between “right” and “up” 
coordinates, always used in the United States domestic 
grid references, is omitted in British grid references. 

(4) Write the north-south value in the same mannet. 
The small numbers which precede the large figure at the 
end of the grid lines represent the total distance from 
the false origin of the grid coordinates and are always 
omitted in point designation. See figure 37 for illustra- 
tion of point designation. Coordinates of Point J are 
written RY4010, 

d. Marginal data. British maps and American re- 
productions of British maps employing the British grid 
systems always have full instructions for the expression 
of grid references somewhere in the margin. In a few 
British grid zones, the yard is used as a unit instead of 


13°00" 10°00" 


7700000.E, 8 9 ego { 2 3 4 8§0000y0 EF. 6°30 


$50000y4.N, $40000y4.N. 


$Q0000y0.N, 


T7OOMOE. B 9 800 1 2 3 4 B50000dE 
Figure 37. British Military Grid. Coordinates of point I are RY 4010. 
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the meter. The entire procedure in grid reference, how- 
ever, is identical in either case. 


39. AIR DEFENSE GRID. The Air Defense Grid is design- 
ed to satisfy the requirements of world-wide air defense 
and to permit easy transmission of accurate positional 
information. The Air Defense Grid is based entirely on 
lines of longitude and latitude, and divides and sub- 
divides all the earth’s surface from latitude 80° N and 
80° S in such a way as to keep the grid divisions and 
subdivisions approximately square. This is accom- 
plished by changing the size of the grids in degrees and 
minutes of longitude several times between the equator 
and the poles. The only large variations in shape occur 
between latitudes 72° and 80° N and S where the top 
of the grid lines converge considerably toward the 
poles. Figure 38 illustrates the converging meridians 
and successive changes in grid lengths. Complete in- 
formation on the Air Defense Grid can be found in 
TM 44-225. 


40. FIRE-CONTROL GRID. A fire-control grid is a rec- 
tangular grid superimposed on a military map; on 
large-scale maps, the military grid serves as the fire- 
control grid. Grid interval is normally 1,000 yards. 
Fire-control grids must be accurate as to scale and 
azimuth. Fire-control maps are 1:25,000, but maps of. 
1:50,000 or larger are considered usable substitutes. 
Photographs or photomaps used for fire control require 
the same scales as for maps. The battle maps of the 
United States conform to the standard military grid 
system of the United States. Other military maps may 
be provided with a standard grid for the particular 
theater of operations or with an arbitrary grid used for 
a single map or for a limited area. When an arbitrary 


64 


Figure 38. Air Defense Grid covers the world. Spherical presentation of 
Jirst and second divisions. 


grid is used, it is generally established on the spot by 
the firing unit on the basis of the best data available, 
whether that be by sound or visual survey. For example, 
the grid’may originate as a division grid and be ex- 
tended for corps control. When data become available, 
however, the standard military grid is substituted for 
the arbitrary division or corps grid. Use of the fire- 
control grid is covered in TM 44-225. 


41. POINT-DESIGNATION GRID. The point-designa- 
tion grid is an arbitrary grid printed on aeria! photo- 
graphs. It is explained in paragraph 69. 
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SECTION Vil 


ELEVATION AND RELIEF 


42. GENERAL. a. Most of the earth’s geographic 
features are the result of erosion, the wearing away by 
freezing, thawing, and draining of water from high to 
low ground. Relief is the variations in the elevations or 
heights of these features, such as ridges and valleys, 
hills and hollows, which divide terrain into two inter- 
locking systems. Small streams join to form larger 
streams, and these join to make rivers, the whole net- 
work of water courses being known as a drainage 
system. Between the streams is high ground, the noses 
and hills of which form a system of their own called 
ridge lines. Points of abrupt change in elevation or 
important change in direction of ridges or streams are 
called critical points. 

b. Ground forms, then, must be measured vertically 
as well as horizontally. The vertical distance is called 
elevation and is usually measured in feet or meters 
above mean sea level (p/us elevation) or below sea 
level (minus elevation). (See FM 21~25.) 

e. There are three main systems by which maps 
show the rise and fall of the earth’s surface. In order of 
their importance, these methods are contours, hachures, 
and the /ayer-tint system. Other methods include ap- 
proximate contours, form lines, or hill shading. 


43. CONTOURS. a. General. Contour lines are drawn 
on maps to represent ground elevations. Each contour 
line passes through points which are exactly the same 
height above sea level. See FM 21-25 for a discussion of 
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contours. Contours have certain characteristics. Con- 
tours— 

(1) Are smooth curves. 

(2) Are approximately V-shaped in narrow valleys 
with the “V” pointing upstream. 

(3) Are generally shaped as “U’s” pointing down 
ridges. 

(4) Are shaped as an “M”’ just above stream junc- 
tions. 

(5) Tend to parallel streams. 

- (6) Tend to parallel each other, each approximating 
the shape of the ones above and below it. This reflects 
the fact that changes in ground form are usually 
gradual. 

(7) Never cross or touch, except at overhanging or 
vertical cliffs and at waterfalls. 

(8) Never fork. 

(9) Always close, o” or off the map as indicated at 
“f,” hill 305, and “g,” hill 430 in figure 39@. The 
contour 400 leaves the map at @ and returns to map 
at ®. 

b. Depth curves. A contour showing points of equal 
elevation de/ow the level of any body of water is called 
a depth curve. These curves indicate depths below a 
certain point, usually mean-low-water level for the 
body of water concerned. The vertical interval is fre- 
quently expressed in fathoms. One fathom is 6 feet. 


44. HACHURES (fig. 40). The hachure method of re- 
presenting relief is used on the Strategic Map of the 
United States (scale 1:500,000) when relief data are 
inadequate to draw contours, and is frequently found 
on large- as well as small-scale foreign maps. Hachures 
are short parallel or slightly divergent lines drawn in 
the direction of slopes. They are closely spaced on 
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@ Perspective view with schematic position of contours. 
Figure 39. 


steep slopes, wide apart on gentle slopes, and converge 
toward the tops of ridges and hills. 


45. LAYER-TINT SYSTEM. In addition to contours and 
hachures, relief is shown on some maps by the layer- 
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123. 


124. 


125. 


126. 


127. 


128. 


129. 


The standard NATO marker used to mark a biologically 
contaminated area is shaped like a triangle. It has the red 
letters BIO on a blue background and measures 20 centimeters 
by 20 centimeters by 28 centimeters. What is the perimeter 
of the standard NATO marker? 


a. 208 sq cm c. 86 cm 
b. 280 sq cm dad. 68 cm 


The biologically contaminated area was shown on the map to 
be covering terrain in the shape of a triangle. The two 
measurements listed on the map gave the dimensions of a base 
of 24 miles and a height of 17 miles. How much area shown 
on the map was biologically contaminated? 


a. 204 sq mi c. 41 mi 
b. 240 sq mi dad. 44 mi 


The security force formed in the shape of a triangle 
measuring 30 feet by 70 feet by 30 feet. What is the 
perimeter of the security force? 


a. 3200 sq ft ec. 140 ft 
b. 3300 sq ft dad. 130 ft 


The enemy triangle wall was blocking the Marines field of 
fire. The base of the wall measured 70 feet and the height 
of the wall measured 28 feet. What area formed by the wall 
was blocking the Marines field of fire? 


a. 980 sq ft c. 98 ft 
b. 890 sq ft a. 89 £t 


The enemy landmine that had a radius of 8.5 inches. What 
was its circumference? 


a. 53.38 in c. 49.38 in 
b. 51.38 in d. 47.38 in 


A fuel can has a diameter of 15 inches. What is its 
circumference? 


a. 48.1 in c. 47.1 in 
b. 48.6 in d. 47.6 in 


How much area will two trip flares illuminate if the 
illumination radius is 400m? 


a. 540,400 sq m c. 520,656 sq m 
b. 524,400 sq m dad. 502,656 sq m 


R-20 


@ Contour map of area shown above. 
Figure 39. — Continued. 


tint system, used by the Army on aerial navigation 
charts. It is also used on the 1:1,000,000 International 
Map of the World (IMW). Different colors or different 
tones of the same color show different zones of elevation. 
Each zone is bounded by contours, usually shown on 
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the map; contours within the zones are sometimes 
shown. The map margin carries a key showing the 
elevation of zones according to color. 
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Figure 40. Hachure map. 


46. RIDGE AND STREAM LINES. a. Purpose. To em- 
phasize high and low ground, a system known as ridge 
lining and stream lining is often used. On ridge-lined or 
stream-lined maps or aerial photographs, the map 
reader neglects the great mass of detail to study key 
features. Three steps are followed in this process. 

b. Stream lines. Study the map or aerial photo- 
graph and select the main streams and their tributaries, 
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Draw over them in blue; this makes the drainage sys- 
tem stand out. In figure 41, the streams are marked 
with solid lines. 


5, 
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Figure 41. Contoured map with stream- and ridge-lining. 


c. Ridge lines. Between the streams there must be 
higher ground or ridges. To emphasize this, draw lines 
on the map along the main ridges. These should be in 
brown so as not to obscure underlying features. Then 
select the minor ridges and trace their ridge lines. The 
number of minor ridges to be included depends on the 
emphasis desired. Do not carry the ridge lines all the 
way to the streams. Stop at the beginning of the flood 
plain as shown by the increase in space between con-~ 
tours. Ridge lines join in a systematic branching 
structure. In figure 41, ridge lines are marked with 
dotted lines. 
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47. SLOPES. a. General. A slope is an inclined 
ground surface that forms an angle with the horizontal 
plane. The degree of inclination is also called slope. A 
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Figure 42. Types of slopes revealed by contour lines. 
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knowledge of slope is important in selecting routes for 
the movement of units, in siting CP’s and OP’s and in 
choosing good fields of fire and areas defiladed from 
enemy fire. The trained map reader can visualize the 
slope of the ground by referring to contour lines on 
the map. 

b. Types (fig. 42). There are three types of slopes: 
uniform, concave, and conver. 

(1) Uniform slope. A uniform slope is a smooth slope 
with equally spaced contours, On a steep, uniform slope 
the contours are equally and closely spaced; on a gentle, 
uniform slope the contours are equally spaced but far 
apart. 

(2) Concave slope. This slope is caved-in; contours 
are close together at the top and far apart at the bottom. 

(3) Convex slope. ‘This slope is humped up; contours 
are spaced far apart at the top of the slope and close 
together at the bottom. 

¢. Slope in percent. The most common way to ex- 
press slope is in percent. A 1% slope rises or descends 
1 unit in a horizontal distance of 100 units; a slope of 
10% rises or descends 10 feet in a 100 feet. Thus, in 
figure 43, line XY represents a slope. Jf the horizontal 
distance from X to Y is 100 feet and the i 2 dis- 


tance at Y is 10 feet, the slope of XY = - or .1. To 


change .1 to percent multiply by 100 = 10%. Thus the 
formula for slope in percent is: 
Vertical distance X 100 = slope in percent 
Horizontal distance 

The horizontal distance is scaled from the face of a map; 
the vertical distance is the difference in elevation of the 
two points and may be interpolated from a contour map. 
A rising slope is plus and a descending slope is minus; 
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TOOFT. HORIZONTAL DISTANCE ————| 


Figure 43, Expression of slope. 


that is, the slope from X to Y is + 10%, but from Y to 
X is — 10%. For example, in figure 44, the problem is 
to find the slope between 4 and B. First measure the 
horizontal distance, 220 feet. Determine the vertical 
distance by subtracting the elevation of 4 from B. The 
rise is 559 minus 530 or 29 feet. The slope is: 


line of 
average 


slope 


29 ft 


Difference 
Actual ground |; in elevation 


surface 


=e 
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—— 220 ft —— 


j Horizontal distance 
Figure 44. Slope interpreted from contour map 
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29 
599 X 100 = + 13.2% 


d. Slope in mils. The value of a slope in mils (par. 
16) is the angle in mils between the horizontal plane and 
the inclined ground surface. For slopes up to 350 mils 
the following approximate formula is used: 

Vertical distance >< 1,000 = slope in mils 
Horizontal distance 
For example, in figure 45 @, the vertical distance (dif- 
ference in elevation) is 268 units and the horizontal 
distance is 1,000 units. The slope is 268 < 1,000 = 268 


1,000 mils. 


In figure 45 @, the slope is 100 mils. 


_— gest "VERTICAL 
main setts tee ad DISTANCE 
Rane 268 MILS 268 UNITS 
AL 
a, RAGIUS OR HORIZONTAL DISTANCE ————__-—>| 
1000 UNITS 
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Figure 45. Slope wee; in mils, 


e. Slope in degrees. Many instruments for measur- 
ing slope are graduated in degrees. A degree is a unit of 
angular measurement. It is the angle subtended by an 
arc of 1 unit on a radius of 57.3 units. The value of a 
slope in degrees is the angle in degrees between the 
horizontal plane and the inclined ground surface. The 
vertical distance is not exactly equal to the distance 
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along the arc, but for slopes up to 20° the variations are 
negligible and may be disregarded. The formula for 
slope in degrees is: 
Vertical distance XX 57.3 = slope in degrees 
Horizontal distance 

For example, in figure 46 @, the vertical distance is 16 
units and the horizontal distance is 76.4 units. Slope 
in degrees is: 


ae S712? 
764° 
In figure 46 @, the slope in degrees is: 
15 X57.3 |, 
in, 


VERTICAL | & 
DISTANCE | 
YO UNITS |! 


1 RADIUS Or HORIZONTAL DISTANCE i: ae 
76.4 UNITS 


ing 


Ce kaa — en.’ 
Figure 46. Slope expressed in degrees. 

f, Grade. The elevation of the surface of roads and 
railroad lines is referred to as grade. The degree of in- 
clination as compared with the horizontal is also called 
grade; it is usually given as percent slope and is cal- 
culated as described in c above. 

g. Gradient. The rate of inclination from the hori- 
zontal is called gradient. It is expressed either as the 
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Figure 47. Slope expressed as gradient. 


ratio of vertical to horizontal or horizontal to vertical 
distance. Hydraulic gradient is usually expressed as: 
Vertical 
Horizontal 
For example, a stream in figure 47 @ has a vertical fall 
of 1 foot in a horizontal distance of 5,000 feet and has a 
1 
5,000 °* 
1:5,000, or 1 in 5,000. The side slopes of earth fills or 
excavations are usually expressed as: 
Horizontal 
Vertical 
For example, the face of an earth fill in figure 47 © rises 
5 feet in a horizontal distance of 15 feet. Its slope usually 
is expressed as 3 to 1, 3:1, or 3/1. To avoid misunder- 
standing when expressing slopes by rates, it is advisable 
always to state whether the slope is expressed as vertical 
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gradient of 1 to 5,000 sometimes written as 
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Figure 48. Conversion of slope expression units, 
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130. 


131. 


132. 


133. 


134. 


135. 


136. 


138. 


The enemy minefield was circular with a diameter of 600m. 
How much area did the enemy minefield cover? 


a. 1,310,400 sq m c. 282,600 sqm 
b. 1,130,400 sq m dad. 228,600 sq m 


The radius of a chemically contaminated area is 375m. How 
much area is chemically contaminated? 


a. 441,562.75 sq m c. 441,526.75 sq m 
b. 441,562.5 sq m qd. 441,526.5 sqm 


Find the surface area of a company supply box that is 6 feet 
wide, 6 feet high, and 6 feet long. 


a. 261 sq ft c. 261 cu ft 
b. 216 sq ft qd. 216 cu ft 


Find the volume of a company supply box that measures 6 feet 
wide, 6 feet high, and 6 feet long. 


a. 261 sq ft c. 261 cu ft 
b. 216 sq ft d. 216 cu ft 


What is the surface area of a gas chamber that measures 13 
feet wide, 13 feet high, and 13 feet long? 


a. 1,014 sq ft c. 2,179 cu ft 
b. 1,041 sq ft ad. 2,197 cu ft 


Find the volume of a tool room that measures 13 feet wide, 
13 feet high, and 13 feet long. 


a. 1,014 sq ft c. 2,179 cu ft 
b. 1,041 sq ft qa. 2,197 cu ft 


Find the surface area of a milvan that measures 7 feet wide, 
7 feet high, and 11 feet long. 


a. 304 sq ft ec. 539 cu ft 
b. 406 sq ft d. 593 cu ft 


What is the volume of a concrete obstacle that measures 7 
feet wide, 7 feet high, and 11 feet long? 


a. 304 sq ft c. 539 cu ft 
b. 406 sq ft qa. 593 cu ft 


What is the surface area of a concrete bunker that measures 
8 feet high, 8 feet wide, and 12 feet long? 


a. 512 sq ft c. 768 cu ft 
b. 521 sq ft dad. 786 cu ft 


over horizontal or horizontal over vertical. A convenient 
method of showing this graphically is illustrated by the 
small triangle on the sloped line in figure 47 @. 

h. Conversion of slope expression units. Relations 
between angle of slope in degrees, percent slope, and 
slope ratio are shown in figure 48. 


e 2 3 LEE 
Figure 49. Explanation of profile. 


48. PROFILE. a. General. The most satisfactory way 
to study slopes shown on maps is to make a profile. A 
profile is an exaggerated cross section of the earth’s 
surface. For example in figure 49 @, imagine a bayonet 
passed through the earth between points 4 and B and 
the front half of the hills and ridges removed. The out- 
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line of the surface of the remaining half is its profile as 
represented in figure 49 ®. ' 

b. To draw a profile. Figure 50 @ represents a 
portion of a contoured map. To construct a profile of - 
the ground between points 4 and B, proceed as follows: 

(1) Connect points 4 and B by a straight line and 
assume that a vertical plane is passed through this 
line. 

(2) Take a piece of paper which has parallel hori- 
zontal lines equally spaced; cut or fold paper along one 
of these lines. 

(3) Refer to map and determine highest and lowest 
elevation along the line 4B; number the lines on the 
paper to correspond with the elevations, beginning 
with the highest elevation at the top of the oa as 
shown in figure 50©. 

(4) Place top edge of the paper along the line AB, 
and where the edge cuts each contour, drop per- 
pendiculais to the horizontal:line on the paper cor- 
responding to the elevation of the contour. 

(5) On the paper, connect points of intersection of 
the perpendiculars and the elevation lines by means of 
a smooth curved line. The profile is now complete. 

(6) Elevations of intermediate areas such as valleys 
c and d in figure 50 @ are determined by estimation | 
between adjacent contours of the same elevation. 

(7) Where a line crosses a crest or a depression, an 
elevation is sometimes given on the map; this assists 
in completing the profile. Where such elevation 
numbers are missing, interpolate necessary elevations 
from the spacing of the contours. 

(8) To make a profile of a winding line such as a 
road or trench, divide it into a series of approximately 
straight sections and plot as above; turn the paper at 
each angle to make a continuous profile. 
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Constructing a profile. 


Figure 50. 
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c. Vertical scale. The horizontal scale of a profile is 
ordinarily the same as that of the map while the 
vertical scale is considerably exaggerated, as shown in 
figure 50 @. In the figure, the lines represent 10-foot 
vertical intervals; for easier interpretation they could 
represent 5-foot intervals, thus further exaggerating 
the profile. 


49. VISIBILITY. a. General. One of the important 
uses of maps for military purposes is to determine 
whether a point, a route of travel, or an area its visible 
from a given point or position. 

b. Defilade. When two points are visible one from 
the other, they are intervisible. lf there is a feature 
between them higher than both, such as a hump in 
slope, vegetation, or man-made works, they are in 
sight-defilade. A feature that interferes with visibility 
between points is called a mask. The term height of 
mask is the height of the feature above the line of 
sight between two points. In figure 51, points B and C 
ate intervisible; points B and A are sight defiladed, A 
cannot be seen from B; point C is the mask between 
points B and 4 and the ground between C and 4 is 
defiladed from B; the “height of mask” M is the 
height of point C above the line of sight from B to 4. 
Other terms like topographical crest (the top of a hill), 
military crest (the highest part of the hill from which 
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Figure 51. Defilade diagram. 
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all of the valley can be observed), and defilade D are 
shown in figure 51. 

c. Determination. (1) By inspection. To determine 
visibility from a map the following points are helpful: 

(a) Points on opposite sides of a valley and well 
above intervening ground are intervisible. 

(b) Two points separated by a feature higher than 
both are vot intervisible. 

(c) If two points are separated by a feature higher 
than one of the points, the points may or may not be 
intervisible. 

(d) If the slope of the ground between the two 
points is convex, they are wot intervisible. 

(e) If the slope of the ground between the two 
points is concave, they are probably intervisible. 

(f) When the ground between the two points is 
level, intervisibility depends on the vegetation and 
works of man. , 

(2) By profile. To determine by profile whether or 
not B is visible from 4, proceed as follows: 

(a) Construct profile as described in paragraph 48b 
and as shown in figure 52 @ and ©. 

(b) In figure 52 @, draw a line from a to the crest 
of ¢ and thence to 4. That portion of the ground 
between ¢ and 4, including J, is not visible from @. In 
the figure this area has been shaded. 

(c) In the above example, points a and 4 were both 
at ground level. To determine whether a man at a, 
eyes 5 feet above the ground, could see a truck 8 feet. 
- high at J, it would be necessary to plot a in the profile 
with an elevation of 1,135 feet and 4 with an elevation 
of 1,108 feet. The map reader, however, is seldom 
concerned with the eye level of a man in a standing 
position, since observers in combat operations observe 
from as near the ground as possible. 
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Figure 52. Determining visibility by profile method. 


(3) By hasty profile. Many times it is necessary to 
make a hasty profile to determine whether a point 
can be observed from a particular location. Figure 53 
shows a hasty profile. The problem is to determine if 
point P can be seen from point 4. For a hasty profile, 
only the points that may mask the line of sight are 
plotted. These points are B’, C’, D’, E’, and EL’. Plot 
4’ and draw the lines of sight 4’B’ and 4’ F’. It is 
clear that the RJ at P cannot be seen from 4; it is 
masked by the ridge at F. 
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Figure 53. Determining visibility by hasty profile method. 


d. Defiladed areas. Defiladed areas may be 
located by a map and a series of profiles. With an OP 
or gun position located on the map, draw a line in the 
principal direction of observation and call this the 
line XY; then lay off other lines radiating from the OP 
at 10° intervals. Thus in figure 54 @ from observation 
post X, the lines of sight are XY, XY, and X.Y°, 
Figure 54 © shows the profiles of these lines of sight. 
These profiles show defiladed areas at ad, a?b*, a°b', cd, 
ed’, Af, ef, and ef?. Project these points from the 
profiles on to the map along lines XY, XY?, and XY°, 
connect them, and shade them in as shown in figure 54 
@. These areas cannot be seen from X. 

e. Floating fine. Paragraph 79 explains a way to 
determine intervisibility by a “floating line” on aerial 
photographic stereopairs. 
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@ Defiladed areas shown in three profiles. 
Figure 34. 
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SECTION Vill 


ORIENTATION 


50. GENERAL. FM. 21~25 covers the most frequently 
used methods of orienting a map. In addition, this 
chapter gives further data on orientation and on 
location of points by resection and intersection. 


51. EXPEDIENT METHODS OF DETERMINING TRUE 
NORTH. a. Finding compass declination (fig. 55). To 
find the declination of a compass, take a magnetic 
azimuth of the sun, a planet, or a bright star at its 
rising and setting on one day or at its setting one day 
and its rising the next. Add these two azimuths and 
take one-half the difference between their sum and 
360°. If the sum is less than 360°, the declination of 
your compass is east; if the sum is greater than 360°, 
the declination is west. For example, in figure 55: 


x 


MAGNETIC NORTH—>' 


given by compass 


| 
i 
\— TRUE NORTH 
To to be determined 


a on on an ome om am an E 


21° ; 
___ SETTING SUN RISING SUN 


Figure 55, Determining north by rising and setting of sua 
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Magnetic azimuth of rising sun..... 110° 
Magnetic azimuth of setting sun... .270° 


The sum. ............ 00008 380° 
The difference between this sum 
(380°) and 360° is................. 20° 
Take half of this difference, which | 
iS. i+. oy. fee 2. ee. 10° 


Magnetic declination is 10° and it is a west declination 
because the sum of the azimuths is greater than 360°. 

Compass readings should be taken when the celestial 
body is just above the horizon or at a gradient of 
zero. If this cannot be done, obtain both the rising 
and setting reading at the same gradient. The gradient | 
may be determined by a clinometer. When a star is 
used, choose one which rises nearly east of the point 
of observation. Points from which observations are 
taken must be within 10 miles of each other. 

b. Sun and plumb line method. In the north tem- 
perate zone, true north can be found by the following 
method. On level ground, lean a pole in the general 
direction of north as shown in figure 56. Suspend a 
weight from the end of the pole so it nearly touches 
the ground. Drive a peg @ in the ground under the 
weight. About one hour before noon, attach a piece of 
string to the peg, and attach a sharpened stick to the 
other end of the string. The length of the string aé is 
the distance from the peg @ under the weight to the 
shadow of the tip of the pole 4. Drive a peg under the - 
shadow of the tip of the pole at 4; with the sharpened 
stick, draw an arc écd on the ground. About 1 hour 
after noon the shadow of the tip of the pole will again 
cross the arc at d. Drive a peg at this point and tie a 
string between the two pegs dd on the arc. Drive a peg 
at e halfway between 4 and d or divide the arc écd 


139. What is the volume of the company storage room that measures 
8 feet high, 8 feet wide, and 12 feet long? 


a. 512 sq ft c. 768 cu ft 
b. 521 sq ft dad. 786 cu ft 


140. Find the volume of a water tank that has a radius of 7.5 
feet and a height of 30 feet. 


a. 5,298.75 cu £t c. 52,987.5 cu ft 
b. 5,289.75 cu ft qd. 52,897.5 cu ft 


141. Find the volume of an anti-tank landmine that has a radius 
of 5.5 inches and a height of 8 inches. 


a. 87.5 cu in c. 795.88 cu in 
b. 78.5 cu in dad. 759.88 cu in 


142. What is the square root of 2,076? 


a. 54.56 c. 45.56 
b. 54.65 dad. 45.65 


143. What is the square root of 1,685,225? 


a. 1289.16 Cc. 12891.62 
b. 1298.16 ad. 12981.62 


144. Find the missing side (c) of a right triangle that has a 
side (a) of 7 inches and a side (b) of 8 inches. 


a. 10.63 in c. 9.63 in 
b. 10.36 in d. 9.36 in 


145. Find the missing side (c) of a right triangle that has a 
side (a) of 3 inches and a side (b) of 9 inches. 


a. 9.48 in c. 9.68 in 
b. 9.58 in d. 9.85 in 


R-22 


Figure 56. Determining north by sun and plumb line, 
into two equal parts at f. For practical purposes, true 
north is in the direction of the line aef. In the south 
temperate zone the same procedure is used but the 
line aef points south. 


52. LOCATION OF DISTANT POINT BY INTERSECTION. 

a. With compass and protracter. Distant or inac- 
cessible objects can be located on a map by inter- 
secting lines from two points of known position. For 
example, to find the enemy gun position shown in 
figure 57 @, compass readings are taken from CR 685 
and RJ 573. The readings of 46° and 333° are con- 
verted to grid azimuth and plotted on the map with 
a protractor. The intersection of the plotted lines 
marks the location of the enemy’s piece, as shown in 
figure 57 ©. 


b. Graphic method. The gun can also be located 
graphically, as shown in figure 58. AT RJ 573, the 


observer orients his map by compass or by inspection, 
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735; 


B. 


Figure 57. Distant point located on map by intersection, using compass 
and protractor. 


levels it, and places a pin in the map position of RJ 
573. He places a straightedge against the pin, sights 
along it to the enemy position, and then draws a line 
on the map through the position. He moves to CR 685, 
orients and levels the map, and draws a similar line 
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Figure 58. Distant point located on map by intersection (graphic method). 


from CR 685. The intersection of the two lines locates 
the enemy position on the map. 


53. RESECTION. Resection is a method to locate one’s 
own position on the map. 


a. Resection with compass. In figure 59 @, the 
problem is for the men in the forward OP to locate 
themselves on the map in figure 59 @. Compass 
readings are taken from the OP to RJ 171 (323°) and 
to CR 162 (34°), which can be identified and located on 
the map. To plot this on the map the compass readings 
must be converted to back azimuth and then to grid 
azimuth. The forward magnetic azimuth of line “OP- 
RJ 171” is 332°, and the back magnetic azimuth is 
332° minus 180°, or 152°. To find the grid azimuth the 
G-M angle 9° is subtracted; the answer is 143° grid 
azimuth. This procedure is repeated for line “OP- 
CR 162.” The intersection of these lines is the location 
of the observation post. Location of the position is 
determined by reading two angles and plotting two 
lines. 


b. Resection with map. Another method is to stick 
pins in the map positions of RJ 171 and CR 162 (fig. 
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Figure 59. Position located on map by resection from two distant points, 
‘using compass and protractor. 


60). Orient and level the map, lay a straightedge 
against a pin at CR 162, sight along it at the cross- 
roads, and draw a line on the map. Without moving 
the map, repeat the operation with the pin at RJ 171. 
Your position is where the lines intersect. 
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Figure 60. Position 


¢. Tracing-paper method. Tracing paper can also 
be used in resection. First, choose three distant objects 
represented on the map, for example, a church, the 
corner of a fence, a road junction (fig. 61). These 
points should be so located that lines to them from the 
occupied position make angles not less than 30° nor 
more than 150°. Stick a pin in the tracing paper at 


Figure 61. Position located on map by resection from three distant points 
(tracing-paper method), 


93 


any convenient assumed position of the observer, 
" place a straightedge against the pin, sight at each of 
the three objects in turn without moving the tracing 
paper, and draw a line toward each object from the 
pin. Lay the tracing paper on your map and move it 
around until each line passes through the conventional 
sight representing the object toward which it was 
sighted. Now, the pinhole in the paper is directly over 
your position on the map. The three-point resection 
should, if possible, be made on points which form a 
triangle containing the position sought. 
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SECTION IX 


AERIAL PHOTOGRAPHS 


54. GENERAL. Aerial photographs are used for many 
different purposes in military operations. In this 
manual they are considered principally in conjunction 
with or as substitutes for topographic rnaps. The ideal 
situation is to have an accurate topographic map and 
a recent aerial photograph or accurate photomap of the 
same area. A topographic map even a few years old 
can give a false picture of terrain because it shows 
conditions which existed when the surveys were made. 
Moreover on topographic maps, forest and woods are 
represented by their conventional signs regardless of 
their density; cultivated fields cannot be interpreted 
or recognized; and newly constructed roads, highways 
and bridges, and changes in features of the terrain due 
to storms, floods, and military operations are not 
indicated. A properly interpreted recent aerial photo~ 
graph, however, shows all the above information and 
more. In fact, aerial photographs usually supply the 
only up-to-date map information available during the 
first few weeks of an operation in enemy territory. 
Photographs are used to determine distances and 
directions and to select routes in much the same 
‘manner as ordinary topographic maps are used. See 
FM 21-25 and TM 5-246 for interpretation of aerial 
photographs. 


55. TYPES. The three general types of aerial photo- 
graphs are vertical, oblique, and composite. 

a. Vertical. Vertical photographs are taken with 
the axis of the camera perpendicular to the earth. 
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Each photograph covers a small ground area and 
shows ground features such as roads, railways, build- 
ings, and rivers in much the same way as they are 
shown on topographic maps of similar scale. When the 
scale of the photograph is known, the distances along 
roads and widths of rivers can be measured.accurately. 
Vertical photographs are used for local operation, 
making photomaps, and in pairs for studying terrain by 
stereovision (see par. 75). An example of a vertical 
aetial photograph is shown in figure 62, with camera 
in position as shown in figure 63 ©. 

b. Obliques. Oblique photographs are taken with 
the camera tilted at an angle. The angle varies accord- 
ing to the mission, but is usually about 30° below the 
horizontal, as shown in figures 63 and 64. An oblique 
below the horizon is a low oblique; one including the 
horizon is a high oblique. Figure 63 © shows the 


Vertical photograph. 
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Figure 62. 


VERTICAL 


‘~ Lens of camera 


LENS IMAGINARY HORIZONTAL LINE 
PASSING THROUGH AXIS OF CAMERA 


t 

SHAPE OF GROUND | 

AREA COVERED —! 
BY OBLIQUE 

PHOTOGRAPH 


@ 


@, @, and ® Diagram of vertical, low-oblique, and high-oblique 
photography. 
@® Oblique photograph of area compared with area’s actual shape. 
Figure 63. 


97 


°, 


qdessooqq anhtpqo 


-noT 


$9 24d2y 


98 


146. Find the missing side (x) of the triangle illustrated. 


17 


wi/ 


28 
x 
a. 30 c. 34 
b. 32 ad. 36 


147. Find the missing side (x) of the triangle illustrated. 


14 
16 27 
a. 30.58 c. 31.58 
b. 30.85 dad. 31.85 
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relationship between the trapezoid ground area 
covered by an oblique photograph and the rectangular 
shape of the photograph itself. Distances on oblique 
photographs cannot be accurately scaled, but since 
obliques are taken from a view point similar to that 
of an observer on a high hill, terrain features have a 
more normal appearance than they do in a vertical 
picture. This makes obliques useful for studying terrain, 
vegetation, buildings, and other features indentified 
by their elevations. Obliques may accompany opera- 
tions or field orders. As in figure 66, the line of de- 
parture, routes from bivouac to assault positions, 
assembly positions, objectives, boundaries between 
units, and information of the enemy, can be shown. 

c. Composites. Composite aerial photographs are 
made with cameras having one principal lens and two 
or more surrounding and oblique lenses. The photo- 
graphs resulting from these cameras are combinations 
of two, four, or eight obliques surrounding one vertical. 
These oblique photographs are corrected or trans- 
formed in plotting so as to permit assembly as verticals 
with the same scale. The air corps type T-3A five-lens 
camera may be used, but this system is being superseded 
by the new trimetrogon system which comprises three 
cameras operated simultaneously. For further informa- 
tion, see paragraph 25, TM 5-230. 


56, PIN POINTS. Pin-point photographs are single ver- 
tical photographs, usually of large scale. Such features 
as airdromes, supply depots, dumps, road crossings, 
bridges, or bottlenecks on lines of communication are 
suitable objects for pin-point photographs. Adjacent 
pin-point photographs having proper overlap com- 
prise a stereopair (see par. 75). 
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57. STRIPS. When a flight is made to obtain photo- 
graphic strips of an area, vertical pictures are made 
along a selected flight line or direction. The photographs 
of one run make a photographic strip or a reconnais- 


Figure 67, Line diagram showing relative positions of separate pictures 
in @ photographic strip. 
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sance run. Exposures are so timed that each vertical 
photograph in a strip overlaps 60 percent in the direc- 
tion of flight (fig. 67). When a single strip of photo- 
graphs will not cover the area desired, parallel strips 
are flown, each having an approximate 20 percent 
sidelap with the adjacent strip; in wide-angle mapping, 
sidelap of photographs should be 30 percent. The 
photographs of a strip may be used for stereoscopic 
study or matched and sécured in place to form a mosiac. 


58. MOSAICS. A mosiac is formed by joining several 
vertical photographs (fig. 68). When several photo- 
graphs of a single strip are joined together, the result 
is called a strip mosiac. Mosaics may be either controlled 
or uncontrolled. 
_ a. Uncontrolled mosaics are produced when the 
photographs are put together by matching detail along 
their borders. This type of mosaic gives a good pictorial 
representation of the ground but contains errors in 
scale and direction because of differences in scale and 
distortion around the edges of each photograph. Care in 
mounting will improve the accuracy, but the only way 
an accurate scale can be obtained is by ground control. 
b. Controlled mosaics are prepared by adjusting ver- 
tical aerial photographs to the plotted positions of 
ground control points. Unless an accurate map of the 
same scale as the photographs is available, an actual 
survey must be made in the field, and control points 
easily identified on photographs plotted on a mounting 
board to the average scale of the photographs. When 
these control points on the photographs are placed 
directly over the corresponding control points on the 
mounting board, the photographs are in true relation 
to each other. The controlled mosaic is accurate enough 
in scale and direction for most practical purposes. 
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Figure 68. Matching three overlapping vertical photographs of a strip 
to form a mosiac. 

However, the ground features where the photographs 

are joined will not match because of distortion and 

Variation in scale. For further reference see TM 5-230. 


59. MARGINAL DATA, a. General. The titling and 
identification of aerial photographs is the responsibility 
of the Army Air Forces but the data are actually placed 
on the negatives by the units making the photographic 
mission. Technically excellent photography may be 
rendered valueless because of improper or inadequate 
titling. 

b. Minimum title data for all aerial photographs. 
The minimum data on all aerial photographs are the 


cataloging information which appears at the top. Fol- 
lowing is an example: 137PS-3M109-11-V—121 (fig.69). 
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(1) 187PS. Photograph made by 137th Photo Recon- 
naissance Squadron USAAF. 

(2) 3M109. The year is 1943, indicated by the fourth 
digit of the calendar year, that is, 3 for 1943. The letter 
M stands for mission, 109 for the mission number. 

(3) 11-V/. Eleven (11) is the roll number; V means 
the camera was in a vertical position. Negatives from 
cameras used in the trimetrogon assembly indicate the 
positions of the cameras by having in their marginal 
data, the letters L for left camera, V for vertical camera, 
and R for the right camera. Negatives from the five- 
lens camera are numbered as follows with D closest to 
the front of the airplane: 

D 
ABC , 
E 
Letters A, C, D, and E are obliques, while B is a 
vertical. 

(4) 121. The negative number is 121. Negatives are 
numbered consecutively starting with 1. 

c. Additional title data to be placed on photographs 
used for intelligence and interpretation purposes. 
The following data are added to the cataloging infor- 
mation and are the minimum data required on photo- 
graphs used for intelligence and interpretation purposes. 
Thus immediately following 137PS-3M109-11V-121 
are the data, 12:28:1330-12:20000-V—842S14826E— 
Buna New Guinea-Confidential. The explanation is 
as follows: . 

(1) 12:28:1880. Date and hour, 28 December at 1330. 

(2) 12:20000. Focal length of the camera, 12 inches, 
and altimeter reading, 20,000 feet. If possible, altimeter 
reading should be adjusted to give height of plane above 
terrain photographed. 
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(3) V. V for vertical. If, however, the photograph 
were an oblique made with the camera tilted 45° from 
the vertical, it would read O-45°. 

(4) 842S14826E. Geographic coordinates of the 
center of the photograph to the nearest minute: 8° 42’ 
south latitude, 148° 26’ east longitude. 

(5) Buna, New Guinea. Descriptive title, including 
the locality and country or island group. 

(6) Confidential. Security classification; only con- 
fidential and secret classifications are shown. 

d. Further titling data for continuous strip mapping, 
charting and reconnaissance photography. In addi- 
tion to the minimum titling that appears on all photo- 
graphs, other data are added to the key negatives at 
the beginning and end of each strip of mapping, chart- 
ing, and reconnaissance. photography. Thus, im- 
mediately following 137PS-3M109-11-V-121 are the 


(2b, 
Tye 3 


Figure 69. Aerial photograph with titling data. 
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data 12:28:1330-6.03 :20000~-842S14826F /816A14745E. 
The explanation is as follows: 

(1) 12:28:1880. Date and hour, 28 December at 1330. 

(2) 6.03:20000. Focal length of camera in inches to 
nearest hundredth (6.03 inches) and altimeter reading 
20,000 feet. 

(3) 842814826E/816S14745E. Geographic coordi- 
nates of the beginning and end of each continuous strip 
of photography to the nearest minute; beginning of 
strip is at 8° 42’ south latitude, 148° 26’ east Jongitude; 
end of strip at 8° 16’ south latitude, 147° 45’ east 
longitude. 


60. FIDUCIAL MARKS, Fiducial marks appear on 
” nearly all aerial photographs. These are ticks, notches, 
lines, or half arrows, at the middle of each of the four 
sides of the negative. They are registered during ex- 
posure by a template in the camera. The use of fiducial 
marks to place a grid on the photograph is discussed in 
paragraph 69b. 


61. SOURCE OF ERROR. All acrial photographs con- 
tain some error resulting from the tilt of the airplane 
in flight and from variations in ground elevations. The 
amount of error in any photograph is less at the center 
and increases toward the edges. These unavoidable 
errors may be disregarded for ordinary field use. 
However, photographs taken when the airplane was 
obviously badly tilted should be discarded. 
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SECTION X 


AERIAL PHOTOGRAPHS 
AS MAP SUBSTITUTES 


62. COMPARISON OF AERIAL PHOTOGRAPHS WITH 
LINE MAPS. A topographic map is a line drawing of 
the land, showing objects and features by exaggerated 
conventional signs. An aerial photograph is an actual 
picture of the earth’s surface which shows terrain 
features as they appear from the air. 

a. An aerial photograph has the following advan- 
tages over a topographic map: 

(1) It has a wealth of detail which no map can equal. 

(2) It has accuracy of form. 

(3) It can be obtained and developed in a short time. 

(4) If may be made of areas otherwise inaccessible 
for physical or military reasons. 

(5) It is up to date. 

(6) Unobscured military features can be studied and 
interpreted. 

b. The vertical photograph is siete to a topo- 
graphic map in the following ways: 

(1) Important military features emphasized on a 
map are sometimes obscured or hidden by other detail. 

(2) Neither absolute position nor absolute elevation 
can be obtained. 

(3) Relative relief is not readily apparent. 

(4) Displacement of position caused by relief and 
camera tilt usually do not permit the accurate deter- 
mination of either distance or direction. 

(5) Because of a lack of contrast in tone, it is 
difficult to read in poor light. 
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148. Select the five steps to the logical plan. 


a. Read the problem, determine the knowns and list then, 
write an equation, solve the equation, and answer the 
question. 


b. Read the problem, determine the unknowns and represent 
them, calculate, solve the equation, and answer the 
question. 


c. Read the problem, determine the unknowns and represent 
them, write a solution, solve the equation, and answer 
the question. 


d. Read the problem, determine the unknowns and represent 
them, write an equation, solve the equation, and answer 
the question. 


Complete items 149 through 152 by translating the English 
expression into mathematical symbols. 


149. The product of 9 and a. 


a. 9+a Cc. 9a 
b. 9-a dad. a9(9) 


150. Eight more than seven times nine. 


a. 7+9 x 8 ce. 8 x7+9 
b. 7x9+ 8 a, 87 2 5 
151. Thirty-one reduced by three times d. 
a. 317+3+d c. 31+ 3d 
b. 31 x d(3) d. 31 - 3d 
152. Twenty-two divided by the sum of eight times x and two times 
n. 
a. 22 + 8x +2+n c. 22 + 8 + x(2n) 
b. 22 + 8(x2) xn ad. 22 + (8x + 2n) 


Complete items 153 through 160 by performing the action required. 


153. One number is seven-eights of another number. If the larger 
number is represented by m, write an equation stating that 
the sum of the two numbers is 96. 


96 
96 


96 c. 7/8 + m(m) 
96 d. 7/8 - m(m) 


a. 7/8m +m 
b. 7/8m - m 
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(6) Marginal data furnished on maps are generally 
lacking. 


63. IDENTIFICATION. Topographic identification is 
the art of identifying visible features of the terrain from 
their images on a photograph. See FM 21-25 and 
TM 5-246 for the principles of aerial photograph 
reading. 


64. SCALES. Scale affects the degree of interpretation 
possible. For example, note the differences in detail 
visible in figure 70@ and @. The scale of aerial photo- 
graphs can be determined in the following ways: 

a. Focal length and lens height. To find scale by 
focal length and lens height, look in the marginal data 
for the focal length of the lens in the camera and the 
altitude at which the picture was made. The focal 
length is given first, in inches; the altitude is given next, 
in feet. The information may appear as (12-20,000), 
which means the photograph was made with a 12-inch 
focal length at an altimeter reading of 20,000 feet (see 
par. 59c(1)). The diagram in figure 71 shows the rela- 
tion between the focal length of the camera, altitude 
of the plane, ground distance 4B, and photo distance 
ab, The RF of the photograph is the focal Jength in 
inches divided by the altitude in inches. Thus, if the 
focal Jength is 12 inches and the altitude is 20,000 feet, 
the RF of the photograph is found by the formula: 


RF Focal length of camera in inches ca F 
~ Altitude of camera above the ground HA 
in inches 


12 1 
20,000 X 12 ~ 20,000° 


of 6 inches, the RF would be 


Then RF is With a focal length 


6 
0,000 x 12° 1:40,000. 
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Figure 70. ® Lei ds view of Same terrain, 


When altitude given is altitude above sea level, subtract 
the height of the ground above sea level from the alti- 
tude before using the equation. Thus, using examples 
just given, if the ground is 2,000 feet hes sea level, 


RF with 12-inch focal length would be —=—~— 


is, — or scale 


1:18,000; and with 6-inch focal length 


or scale 1:36,000. 

b. By comparison with a map. The RF of a photo- 
graph can be determined by comparing it with a map. 
To do so, select two points on the photograph (such as 
crossroads or road junctions) that can be easily found 
on the map. A line between the points should pass as 
near the center of the photograph as possible, with the 
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Figure 71. Determining scale from focal length and lens height. 


points about the same distance from the center of the 
picture and at approximately the same elevation. For . 
example see line 4D or line CB in figure 72. The distance 
along the line on the photograph is the photograph 
distance, or PD, in inches; this constitutes the numera- 
tor of the RF. Ground distance, GD, is obtained by 
scaling the distance from the map; this is the denomina- 


Photo distance 
or. RF is written as RF = = or 
Ground distance 


= GD Thus; if the distance between two points 


along a line on the photograph is 6 inches, and the 
scaled ground distance from the map between the same 
6 


points is 5,000 feet, then the RF = 509X453 OF 


W2 


10.000 and the scale of the photograph is 1:10,000. 
> 


c. By comparison with the ground. The RF of a 
photograph can be determined by comparison with 
ground distance if the two points selected on the photo- 
graph are accessible on the ground. This is done by 
measuring the distance between two points on the 
photograph and the actual ground distance between the 
same points. By the RF formula, if the distance on the 
photograph is 6 inches and the actual ground distance is 


3,000 yards the RF of the photograph is r 


6 
3,000 X 36° 


: ae : 
Figure 72. Determining scale of photograph by comparison with map. 
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1 


18,000° 
d. Average RF. A more accurate scale is found by 
figuring the RF from several different scale lines, then 


taking the average of all the denominators. Thus, if 
1 
the RF’s of two different scale lines were 19,000 and 


on the average scale would be aot 

65. GRAPHIC SCALE. Preparing a photograph as a 
map substitute may include constructing a graphic 
scale in yards or other appropriate units. If the RF of 
the photograph is known, the graphic scale is construct- 
ed by the methods employed in constructing graphic 
scales for maps (see par. 12). On mounted photographs 
place the scale on the lower margin of the mount. On 
unmounted photographs place it on the back of the 
photograph where it will not obscure valuable detail. 


66. DISTANCE. After the RF of a photograph is deter- 
mined and a graphic scale is constructed, the map reader 
is ready to scale distances. The paper-strip method of 
measuring distances, discussed in FM 21-25, is the 
easiest method. The map measurer and the engineer 
scale may also be used. 


67. DIRECTION. a. General. (1) For normal military 
uses, direction angles and azimuths on a photograph 
have the same significance as on a map and may be 
measured and laid out with the protractor in exactly 
the same manner. However, angles measured from the 
principal center point of the photograph more closely 
approximate their values as measured on the ground, 
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since errors in position on a near vertical photo are 
radial from points falling near the center. 

(2) To lay out or to measure directions on a photo- 
graph, magnetic, true, or grid north may be indicated 
on the photograph. Magnetic north is the most suitable 
base direction for photographs of unmapped country. 

b. Finding north by shadows. (1) The shadow cast 
‘by objects in a photograph can be used to find true 
north on the photo. In the north temperate zone, 
shadows fall true north at noon, northwest in the 
morning, and northeast in the afternoon. If the note 
in the margin indicates the picture was made between 
1000 and 1200, the shadows will be west of north. If 
made between 1200 and 1400, the shadows will be east 
of north. In the south temperate zone the directions 
are reversed. 

(2) In any particular locality, an hourly angular 
shadow variation may be obtained by measuring the 
angle through which a shadow moves in 1 hour, as in 
figure 73 @. This value in degrees can then be applied 
as an adjustment to find true north on a photograph 
taken at any time. 

-(3) For example, assume that the position is north 
of the equator and that in 1 hour the sun moves the 
shadow through 13°. Then if the aerial photograph of 
that area shown in figure 73@ was made at 0900, the 
shadows would point 18° X 8 (hours) or 89° west of 
north. Therefore, the approximate true north-south line 
would be 89° to the right of the line of shadows. Draw a 
line on the photograph in the direction of the shadows 
and measure 39° to the right with a protractor, The 
dashed line in figure 73 @ is approximately true north. 
If this same photograph had been made at 1500, true 
north would point 39° to the left of the line of shadows. 
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Pipers 73. Finding north by shadows in photograph. 


South of the equator the directions are reversed. All 
time must be sun time. 

¢. Locating magnetic north on a photograph from 
@ map. A map can be used to locate magnetic north 
on a photograph. First, choose two points (such as 4 
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and P in figure 74) which appear plainly on both photo. 
graph and map and are so located that a line joining 
them passes through or near the center of the photo- 
graph. With a protractor, find the grid azimuth of the 
‘line on the map. In this case, it is 45° and the magnetic 
azimuth is 54°. From the corresponding line 4P on the 
photograph, measure 54° counterclockwise. A line drawn 
through the index of the protractor along this new 
direction is the same magnetic north as on the map. 


68. ORIENTATION. Like a map, an aerial photo- 
graph must be oriented. This is done by turning the 
photograph until some well-defined line on it, such as 
a road, lies parallel to the same line on the ground. To 


- MAGNETIC 
“NORTH.” 


Figure 74. Using map to locate magnetic north on photograph, 
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check the orientation, place the compass on the mag- 
netic line, found by methods used in paragraph 67, and 
rotate the photograph horizontally until the compass 
needle points along the line. Other methods of orienting 
photographs are covered in FM 21-25. 


69. POINT-DESIGNATION GRID. a. Printing accur- 
ate grids on photographs is impracticable because of 
scale distortion. A special grid, known as the point- 
designation grid, may be used. This grid has no relation 
to the actual scale or orientation of the photograph; it 
serves only for point or target designations and nor- 
mally is not suitable for measuring distance or azimuth. 
For convenience, the dimension of the grid square is 
1.44 inches. The 1:25,000 scale then can be used for 
determining and plotting the coordinates of points. 

b. A point-designation grid may be printed on a 
photo or it may be printed on a transparent sheet—the 
point-designation grid template—for use on photo- 
graphs not gridded. It is essential that all concerned 
place the grid or template on a photograph in exactly 
the same manner. For vertical photographs the pro- 
cedure is, first, to turn the photograph so the marginal 
information, whether at the top or bottom, is in the 
normal reading position. Then draw grid line 4 through 
the fiducial marks at the top and bottom of the photo- 
graph and grid line M through the fiducial marks on 
the sides of the photograph (fig. 75). Additional grid 
lines are drawn parallel to grid lines 4 and M at 1.44- 
inch spacing. Those parallel to and above M are lettered 
from M to the top of the photograph N, O, P, 9, and 
so on. Those below M are lettered from M toward 
bottom of photograph in the order Z, Y, X, W, and 
so on. Lines to the right of 4 are lettered B, C, D, et 
cetera, and those to the left LZ, K, 7, J, et cetera. When 
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154. 


155. 


156. 


157. 


158. 


159, 


Marines in the battalion were evaluated for two years ina 
row on their rifle scores at the rifle range. Three-hundred 
Marines scored expert during the second year of training. 

If this is an increase of x over the first year, which 
expressions represent the number who were expert at the 
begining of the first year? 


a. 300 + x Cc. 300 + x 
b. 300x d. 300 - x 


At the PX, a notebook costs 88 cents more than a pencil. 
Represent the total cost of 9 pencils and 3 notebooks. Let 
x represent the cost on one pencil. 


a. 9 + x 3(x + 88) c. 9x - 3(x - 88) 
b. 9 - x 3(x - 88) dad. 9x + 3(x + 88) 


Several Marines pooled their resources and bought a used 
car. One of them owned 5/8 interest in it. He sold 1/5 of 
his interest to another Marine for $300. What was the 
original price of the car? 


a. $2,400.00 c. $2,200.00 
b. $2,350.00 d. $2,100.00 


Alpha Company plans to raise $450 for the Navy Relief drive 
by selling chances on a motorcycle. If expenses are $150, 
what is the minimum number of tickets at 75 cents each that 
must be sold to reach the goal? 


a. 500 c. 800 
b. 650 d. 1000 


After several days of working out, 10% of the Marines on a 
football team were told to turn in their jerseys. This left 
36 Marines on the team. How many Marines tried out 
originally? 


a. 30 c. 40 
b. 35 d. 45 


The inspection area the Marines formed in is 66 feet long, 
which is 6 feet longer than twice its width. What is the 
width of the inspection area? 


a. 32 in c. 32 ft 
b. 30 in dad. 30 ft 
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Figure 75. Point-designation grid. 


an oblique photograph is used, it is placed in the normal 
photo reading position with the foreground at the bot- 
tom, and grid lines are placed as described above. North 
does not necessarily point to the top of the picture (see 
north arrow in grid KN, fig. 75). 

c. To name the coordinates of a point, first indicate 
by two letters the intersecting grid lines at the lower 
left corner of the grid square in which the point is 
located; then read right and up to get the two numerical 
coordinates. For example, the coordinates of building 
indicated by the white arrow in figure 75 are AN4535, 
reading in hundredths. If less accuracy is sufficient, the 
coordinates in tenths are AN5S4. 
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70. EMPHASIZING AND CLARIFYING DETAIL. a. 
General. It is difficult to write on the face of a photo- 
graph; moreover, marks clutter up and hide important 
detail. Nevertheless, it may be desirable to emphasize 
certain points and lines such as routes of march, water 
and supply points, and other important features, The 
general pattern of the terrain may be clarified by trac- 
ing stream lines in blue, ridge lines in brown, Particular 
objects or points may be noted by placing a small 
number beside the item on the photograph and explain- 
ing its meaning in a key on a separate sheet of paper. 
An alternate method is to use an overlay. 

b. Overlay. An overlay is a tracing of a photo- 
graph’s detail on transparent material such as a light, 
tough, tissue-thin paper, or on materials such as tracing 
cloth and cellulose acetate. Cut the tracing paper a little 
larger than the photograph (fig. 76). With the photo-. 
graph on a hard, flat surface, place the overlay on it 
and fasten it securely, leaving the bottom portion of 
the paper loose so it may be lifted in order to refer to 
points on the photograph. Register the overlay by 
tracing the outline of the photograph, by indicating the 
fiducial (collimation) marks, or by marking clearly 
defined terrain features such as road junctions, cross- 
roads, and streams. These marks allow the overlay to 
_ be exactly registered over the photograph. When the 
overlay paper is registered properly, the detail required 
is traced. Finally, a north arrow and title block are 
added. The latter includes title of overlay, and date, 
name, grade, and organization of the sketcher, and the 
sketcher’s location. The photograph’s serial number, 
RF, graphic scale, and classification should also be 
shown. For further information on this subject see 
FM 21-35. 
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Figure 76. Use of overlay on a photograph. 


71. TO INDEX AND PLOT AERIAL PHOTOGRAPHS, 
Examination and study of photographs is facilitated by 
first outlining on a map the area or areas covered by the 
photograph or photographs as indicated in figure 77. 
This is done by constructing templates or tracing paper 
which represent the area of the photograph at the scale 
of the map. For example, if the map has an RF of 
1:20,000, and the ground area represented by a photo- 
graph is 7,000 by 9,000 feet, the template would 
measure: 

Se ee oe or 4.2 by 5.4 inches 
The template is placed on the map and shifted about 
until its outline includes the details shown on the 
photograph. The area then is outlined on the map by 
marking around the template, and the serial number 
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of the photograph is entered in the outline. The process 
is repeated for any number of photographs. The result 
is an index sheet of the photographs (sometimes called 
“sortie plot”) showing the relation of the photographs 
one to another and to the area on the map. | 


Figure 77. Method of indexing and plotting aerial photographs. 
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SECTION XI 


PHOTOMAPS 


72. TYPES OF PHOTOMAPS, A photomap is a repro- 
duction of a photograph or mosaic on which grid lines, 
marginal data, and place names are added (fig. 78). 
While a photomap usually is a reproduction of a mosaic, 
either controlled or uncontrolled, it may be the repro- 
duction of a single photograph of any type. Vertical 
photographs are usually reproduced with a point-desig- 
nation grid (see par. 69). A photomap made from an 
uncontrolled mosaic gives a good picture of the terrain 
and can be prepared quickly, although it will have errors 
in scale and direction. A photomap made from a con- 
trolled mosaic takes much longer to prepare, but can 
be scaled accurately. 


73. MARGINAL DATA. Marginal data for the repro- 
duced individual photograph are given in paragraph 59, 
with the addition of the point-designation grid system. 
Photomaps which are made from mosaics and wide- 
coverage photographs may have, in addition, the 
following information: 

a. Marginal information similar to that shown on 
maps, such as graphic scale, declination diagram, date 
made, and locality. 

b. Name of towns, streams, mountains, highways, 
and other important features. 


74, MILITARY GRID. While the military grid is not 
used on single photographs or on uncontrolled mosaics, 
it is highly desirable on controlled mosaics and photo- 
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Figure 78. A photomap. 


maps. The military grid is used in the same manner as 
with a topographic map (see par. 27). The method of 
placing a military grid on a mosaic is shown in TM- 
5-230. 
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SECTION Xil 


STEREOVISION 


75. GENERAL. Stereovision is the three-dimensional 
effect seen by blending into one image two pictures of 
the same object taken from different points. It is used 
when making a thorough study. of terrain. Aerial 
photographs for stereovision are obtained by making 
two successive overlapping exposures with the axis of 
the camera lens vertical and the aircraft at the same 
altitude. The area that overlaps is suitable for stereo- 
scopic study. The two pictures are called a stereo-pair. 
Trees, buildings, hills, and other terrain features in the 
overlap area rise in exaggerated relief when viewed 
stereoscopically. This enables the map reader to see 
through thin foliage of wooded areas; to detect camou- 
flage; to study terrain to be fought over; to identify 
planes, ships, and important military installations 
behind the enemy’s lines; and to determine the results of 
military action, Normally, stereo-pairs are examined 
with the aid of issue stereoscopes, but the naked eyes 
may be used if the individual has trained himself to see 
stereoscopically. 


76. LEARNING TO USE A STEREOSCOPE. a. General. 
In teaching an individual to see stereoscopically it is 
often helpful to precede actual use of the stereoscope 
with preliminary eye exercises. The exercises and aids 
described in b and c below are included for this purpose. 

b. Preliminary exercises. (1) Finger exercise. Fin- 
ger exercises such as the “‘sausage”’ exercise shown in 
figure 79@, @, and © are an aid in learning stereo- 
vision. To practice this exercise, focus the eyes on a 
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Figure 79. Sausage exercise. 


window about 8 feet away. Hold both forefingers paral- 
lel to the ground and bring them into your line of vision 
from the sides without changing the focus of the eyes. 
As the tips of the fingers near each other, an image of a 
sausage appears suspended in mid-air between them. 


Figure 80. Fusion exercise. 


Figure 81. Depth perception exercise. 
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(2) Fusion exercise. The next exercise is to learn to 
fuse two drawings. Focus the eyes on a distant object 
and move the two dots in figure 80 into the line of sight, 
approximately 8 to 10 inches from the eyes. If four 
dots appear, move the manual away from or closer to 
the eyes until there are three dots. The center dot is in 
stereovision. If the field manual is turned slowly, the 
center dot appears to separate into two dots, one jump- 
ing out of the top of the other. 

(3) Exercise to see relief. In figure 81, use the same 
method described above. The fused image in figure 81 
is a pyramid protruding from the bottom of a square 
pit. In other words, instead of a flat line drawing, the 
reader sees the third dimension or re/ief. 

c. Aids. Anaglyphs and vectographs may be used to 
help an individual to get the effect of stereovision for 
the first time. An anaglyph is two nearly superimposed 
aerial photographs each printed in a different color, red 
and blue-green, and is viewed through glasses with red 
and blue-green lenses. TM 5-230 gives a detailed 
discussion of anaglyphs. A vectograph uses the prin- 
ciple of polarized light to present a three-dimensional 
view. 


77. STEREOSCOPES. The stereoscope consists of a 
pair of lenses set in a frame. The stereoscope gives a 
small amount of magnification. There are a number of 
different types but all are used similarly. The instru- 
ment is placed on overlapped photographs, as in figure 
82. 


78. STUDY OF STEREO-PAIRS. a, General. To see 
photographs stereoscopically, they must be placed in 
the same relative positions as when they were taken. 
Any pair of overlapping vertical photographs taken at 
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Figure 82, Lens stereoscope set up over a stereo-pair. 


approximately the same elevation, can be viewed 
stereoscopically if arranged properly. 

b. Arrangement of stereo-pairs. (1) Place one 
photograph on top of the other so the detail common to 
both roughly matches. 

(2) Turn the photographs as a unit until your eyes 
are patallel to an imaginary line which runs across the 
approximate centers of the photographs. 

(3) Place the stereoscope over the photographs so 
the left photograph i is under the left lens and the right 
photograph is under the right lens. 

(4) Now separate the photographs along the line 
joining the centers, moving the right one toward the 
right and left toward the left. The photographs can be 
kept in proper relation by keeping parallel the details 
which appear in the overlap area, such as roads or 
streams. The two objects in the overlap area which are 
to be studied should be separated so each is directly 
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160. A plane flew a triangular route for a total distance of 149 
miles. If the longest leg of the flight was twice the 
shortest leg, and the third leg was one mile less than the 
longest leg, what was the length of the longest leg of the 


flight? 
a. 30 miles c. 60 miles 
b. 59 miles a. 118 miles 


LAST PAGE OF THE REVIEW LESSON 
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under the left and right lens respectively. By slight 
movements the photographs can be adjusted so the 
center images fuse and the effect of relief or depth is 
obtained. For a detailed discussion see TM 5-230. 

(S) The stereo-pair in figure 83@ and @ shows the 
overlapping portions of two vertical photographs. They 
are placed in the proper position for stereovision to 
be obtained. 


79. THE FLOATING LINE. a. The special application 
of stereovision described below is useful in determining 
if a line of sight is free of obstructions. In figure 83 there 
are three black lines. If these lines are viewed stereo- 
scopically, the relative elevation of terrain on either 
side may be clearly seen. The short line that runs from 
the roof of the house up to the left and across the road 
to a tree seems to float in the air; moreover, the end of 
the line at the tree is lower than at the roof of the house. 
This line is lower than the tops of the trees around the 
house but is well above the ground. Therefore an ob- 
server at the house can see the tree across the road. 
Long lines run from the roof of the house in the center 
of the photograph to the roofs of houses above, and 
below it. These lines seem to float everywhere except 
where they move across wooded areas. The lines seem 
to cut furrows through the tops of the trees. This means 
that an observer sighting along these lines from the 
first house cannot see the roofs of the other houses. 

b. To use this method, draw a fine ink line between 
the same two points on both the right and left pictures 
of a stereo-pair. The ends of the line appear to assume 
the elevation at their starting and stopping points. 
When stereo-pairs are reversed, moving the left photo- 
graph to the right of the right photograph, houses and 
trees will be depressed rather than in relief and that 
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© Left half of stereo-pair. 
Figure 83. 


portion of a line which did not float in the original 
position will float freely. This checks the line of sight 
for obstructions. 


c. To avoid drawing numerous lines on the stereo- 
pair, narrow strips of acetate on which lines have been 
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@ Right half of stereo-pair. 

Figure 83. — Continued. 
scratched and inked in may be used. The strips are 
pivoted around pins stuck through the strips and 
fastened to the photographs at points from which lines 
of sight are being determined. By placing the other 
ends of the lines on the points in question on both 
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photographs and viewing the pair stereoscopically, the 
presence or absence of obstructions to vision can be 
determined. 

d. This method can not be used when the floating 
line is parallel, or nearly parallel to the line between 
centers of the photographs. 
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APPENDIX 


PROJECTIONS 


1, GENERAL. a. The geographic system of parallels and 
meridians can be easily drawn on a globe, but the sur- 
face of the globe cannot be stripped and flattened into 
a map without distortion. A perfect map representation, 
therefore, is impossible although there are many ways 
of getting approximate representations on a flat sheet. 
The simplest of these is to envelop the globe with a 
cylinder or cone or to lay a tangent plane against it, and 
to project upon the cylinder, cone, or plane a part of 
the geographic coordinate system of the globe. The 
cylinder or cone is then cut open and laid out flat. The 
system of parallels and meridians on the flattened 
paper is then the framework, or projection, upon which 
the map is constructed. A projection, then, is any 
orderly system of parallels and meridians on which a 
“map is drawn. 

b. Many kinds of projections have been devised. 
Some are particularly good for one purpose and some 
for another; no one projection is best suited for all 
shaped areas. Military maps of the United States are 
based on a series of seven polyconic projections; each 
one being 9° in width. This system has been extended 
to cover the earth between latitudes 72° N to 72° S 
and is known as the World Polyconic. It is used for all 
those areas not covered by the British grid system, 

ce. The British employ three systems of grid projec- 
tion: Lambert Conical Orthomorphic, Transverse Mer- 
cator, and the Cassini projections. The type used 
depends upon the shape of the area to be mapped. Al- 
though British grids are based on these three map 
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projections, practically all quadrangle projections for 
large-scale operational maps are plotted from polyconic 
tables. Ease of construction and existing tables dictate 
this practice. This is possible, since for small areas, 
differences between the polyconic projection and any 
of the other grid projections is unplottable. The grid 
of the area is then superimposed on the quadrangle. 

d. Following are brief explanations of these projec- 
tions. For more detailed information see TM 5-230 or 
any textbook on cartography. 


2. MERCATOR PROJECTION. a. This is a cylin- 
drical projection in which parallels and meridians are 
projected onto a cylinder tangent to the earth at the 
equator (fig. 84), When the cylinder is laid out flat the 
meridians appear as vertical straight lines, evenly 
spaced, and true to scale on the equator (fig. 85), but 
true scale may be established at any latitude. The 
parallels are horizontal straight lines spaced so that for 
and small area the relation of scale along the meridians 
and along the parallels is the same as on the globe. For 
example, at latitude 60° the parallels are twice as far 
apart as at the equator. Therefore, since the meridians 
on the map are the same distance from each other at 
every latitude, the scale of the map is doubly exagger- 
ated at 60°. At 80° the exaggeration is sixfold. It is 
obvious that. the poles cannot be shown in this projec- 
tion, because the expansion would be infinite. There- 
fore, maps on Mercator projections seldom are extended 
much beyond 80° of latitude. 

b. The advantages of the Mercator projection are 
ease of plotting or reading geographic coordinates 
because the parallels and meridians form a rectangular 
grid; and, ease of plotting and reading navigation 
courses of ships or aircraft. A compass course between 
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Figure 84. Cylindrical protection explains Mercator projection, 


any two points (such as Capetown and Bombay in 
fig. 85) can be shown by a straight line connecting them. 
Thus, the path of a ship or plane following a constant 
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Figure 85. Mercator projection. 


compass bearing appears as a straight line. Because the 
Mercator projection is used in instrumental navigation 
of ships and planes it is the standard projection for 
hydrographic charts (U. S. Navy), Navy air-navigation 
charts, and Army Jong-distance air-navigation charts 
of small scale. 


c. One disadvantage of the Mercator projection is 
the increasing exaggeration toward the poles. On a 
Mercator map Greenland shows larger than South 
America though, in reality, South America is nine times 
larger than Greenland (fig. 86). Small-scale Mercator 
maps have the additional disadvantage that because 
of polar distortion usual type scales cannot be used to 
measure distance. However, this limitation does not 
apply to large-scale maps of small areas. It is important 
to know these characteristics to make proper use of. 
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Mercator maps and to guard against their false appear- 
ance, 


3. TRANSVERSE MERCATOR PROJECTION. This 
projection is made on a cylinder tangent to a meridian. 
When laid out flat, the control meridian is a straight 
line; all other meridians and all parallels are curved 
lines similar in appearance to those of the polyconic 
projection described in paragraph 4. It is used for many 
British military maps of land areas, divided into belts 
that are long in the north-south direction and narrow 
in the east-west direction. Distortion in a grid on a map 
falling in a transverse Mercator Belt is a minimum 
because of the limited east-west area covered by the 
grid system. 


4. POLYCONIC PROJECTION. a. The polyconic pro- 
jection is used for U. S. military maps. The central 
meridian of the area to be mapped is represented by a 


Figure 86. Example of distortion in Mercator projection. 
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Figure 87. Development of polyconic projection. 


straight line, and the parallels are represented by arcs 
of circles that are not concentric but the centers of 
which all lie in the extension of the central meridian 
(fig. 87). The distances between the parallels along the 
central meridian are proportional to the true distances 
between the parallels of the earth. The radius of each 
parallel is determined by an element of the cone tangent 
- to the earth along the given parallel. Distances between 
meridiang are laid off on the parallels proportional to the 
true distances between meridians, Smooth curves drawn 
through the points thus determined give the respective 
meridians. Figure 87 shows the nature of the exaggera- 
tion introduced by this method of projection. The north- 
south distortion increases rapidly on polyconic maps 
of areas with large east-west dimension. Because of this, 
it is customary to limit the width of projection and to 
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use the central meridian of the area to be mapped as 
the central meridian of the projection. 

b. The characteristics of the polyconic projection 
are true distance along its parallels of latitude, true 
distance along its central meridian, and exaggerated 
distance along all other longitude lines, with the greatest 
exaggeration at the east and west edges. Within a pro- 
jection the width of the United States the distortion 
along the Pacific Coast would be around 7 percent in a 
north-south direction. The width of projection used for 
U. S. military maps is limited to 9° of longitude, and 
the maximum scale error in this width is only about 
one-fifth of 1 percent and therefore is negligible. 


5. LAMBERT CONICAL ORTHOMORPHIC PROJECTION. 

a. The Lambert conical orthomorphic projection 
(Lambert conformal conic) employs a simple cone 
tangent to the earth along a single parallel or inter- 
secting the earth at two parallels known as the standard 
parallels for the area to be mapped (fig. 88). All 

eridians are converging straight lines that meet in 
a common point beyond the limits of the map. All 
parallels are concentric circles whose center is at the 
point of intersection of the meridians. Parallels and 
meridians intersect at right angles, and the angles 
formed by any two lines on the earth’s surface are 
correctly represented on this projection. 

b. To distribute scale error when two standard paral- 
lels are used, the standard parallels are chosen at one- 
sixth and five-sixths of the length of the central meridian 
to be represented. Between these parallels the scale will 
be too small, and beyond them too large. On military 
maps maximum scale error ordinarily does not exceed 
one-half of 1 percent. 
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Figure 88. Lambert conformal conic projection; 
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¢. This projection is specially suited for maps having 
a predominating east-west dimension. It was widely 
used in World War J and is used currently for many 
British maps. Because of its correct azimuth, it is also 
used for the Sectional Airway Maps of the United 
States. 


6. CASSINI PROJECTION. On the Cassini projection 
the central meridian is a straight line. All other meri- 
dians and all parallels are curved lines similar in 
appearance to those on a polyconic projection. The 
Cassini projection is the basis of important maps of 
the United Kingdom and France. Its principal defect 
is that the north-south scale is exaggerated on each side 
of the central meridian. Beyond 220 miles from the 
central meridian this exaggeration is excessive for 
military purposes. 
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Sadly, there is no textbook for imagery analysis. I would love to 


contribute to one someday, but until that becomes an option, here’s a 
the March 1996 Unclassified Photo Interpretation Student Handbook X 
(https://web.archive.org/web/20150823064924/http://sites.miis.edu/g 
eospatialtools2012/files/2012/07/Photo-Interpretation-Student- 
Handbook.-Photo-Interpretation-Principles.pdf) . I picked it up from 
from a rather unusual meeting on a DC trip and several students lovingly/begrudgingly scanned it for our 
benefit. It’s an excellent resource for identifying everything from transportation to military installations. You’re 
welcome! 
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Figure 42: Types of Silos 
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PHOTO INTERPRETATION PRINCIPLES 


FOREWORD 


The history of cartography comprises many technological breakthroughs that 
stand as milestones of our profession. The use of aerial imagery as a source for 
mapping represented a tremendous breakthrough for cartography. The use and 
introduction of airborne sensors for photogrammetric exploitation and feature 
identification continues to affect the production of geo-spatial information. 


More recently, the introduction of Geographic Information Systems (GIS) has 
enabled cartographers to selectively portray various aspects of the earth and its 
surface by querying a data base populated with spatial and feature information, 
The fidelity of the resulting product is directly related to the quality of the infor- 
mation resident in the data base from which the query was drawn. 


The Image Interpretation Course was produced under the auspices of the 
Integrated Training Working Group (ITWG) and approved by the Activation 
Control Team (ACT). The Photo Interpretation Training Working Group (PITWG) 
performed extensive research in the planning and development stages of the 
course. The PITWG was composed of representatives from Defense Mapping 
Agency-Aerospace Center, Hydrographic/Topographic Center, and Reston Center, 
The PITWG determined both course format and content. 


The information contained in the Imagery Interpretation Course and the Student 
Handbooks will assist the trained image analyst in the accurate identification of 
physical and cultural features viewed on aerial imagery. The Imagery Interpretation 
Course Student Handbooks are pait of a training course that was developed by 
the Defense Mapping Agency in recugnition of the need to maintain a highly 
skilled and proficient cartographic work force. 


The course developer staff at the Defense Mapping Agency includes: 


George Szigeti, Cartographer. Mr. Szigeti produced Module 1, 2, and edited 
Module 3, 4, and 5. His expertise is based on a MS in Geological 
Engineering, 4 years experience as a topographic and terrain intelli- 
gence officer in the US Army Corps of Engineers, and at DMA on the 
AS-11 and FE systems for 11 years, His knowledge of physical and 
cultural geography and his knowledge of application software helped 
make the document a valued training resource. 


Gregory J. Bushur, Cartographer. Mr. Bushur produced the majority of 
Module 2 and the Supplemental Handbook. His expertise is based on 
a B.S. in Geophysics, 3 years cryptographic and electronic engineering 
experience with the U.S. Marine Corps, 8 years engineering experi- 
ence in private industry, and 6 years of experience on the Feature 
Extraction system. Without his knowledge of industrial processes, 
electronics, and surface transportation the cultural handbcok would not 
have been possible. 
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Stephen L. Wheat, Cartographer. Mr. Wheat produced the Airfield module. 
His expertise is based on a BS in Geography, 18 years experience as 
an Intelligence Officer, 2 years as an Imagery Intel. instructor for the 
USAF, and 12 years experience at DMA. His knowledge of airfields 
and experience as an Imagery Interpretation instructor has enabled 
him to produce the Airfield Module and assist in designing the overall 
structure of the course. 


Chris Riopelle, Cartographer. Mr. Riopelle produced the Coastal Hydro- 
graphy Module and the Climate Section of the Vegetation Module. His 
expertise is based on a BS in Meteorology and Earth Science, 2 years 
with the National Weather Service and 7 years experience at DMA. He 
has worked in Manual DTED compilation, Terrain Analysis, DE cartog- 
raphy and is now a DE Segment Production Engineer, 


Debra L. Hinrichs, Cartographer. Ms. Hinrichs produced the Physiography 
and Inland Waterway Modules. Her expertise is based on a BS in 
Geology , and 8 years experience at DMA in Terrain Analysis and the 
Automatic Graphic Digitization System. Her contribution to the course 
made a significant difference. 


Sandra Fleming, Computer Operator. Ms, Fleming assisted in the editing 
and formatting of the final documents. Her expertise is based on 15 
years experience in DMA and she is nearing completion of undergradu- 
ate work in Geography. Her contributions helped make the document 
usable and understandable. 
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CHAPTER 1 — INTRODUCTION 


Photo interpretation, or more properly image interpretation, is something 
which we practice every day. We see images in books, newspapers and maga- 
zines, or on TV. Unconsciously, we interpret the information conveyed by these 
images in order to identify and gain information about the objects portrayed. The 
degree of success depends on a number of factors, including the type, scale and 
resolution of the image, and our familiarity with the subject. 


As cartographers, we deal with that aspect of image interpretation known as 
remote sensing. Remote sensing is defined as the gathering of information 
about an object by means of a sensor at some distance from that object. For 
our purposes, this refers to an airborne or spaceborne sensor. This means that 
we are viewing objects from a vertical or a near-vertical perspective. Since we 
are used to looking at objects from a ground Jevel, or horizontal, perspective, 
many familiar objects may become difficult to recognize. 


The term photo interpretation has heen handed down from the days when all 
remotely sensed imagery was in the form of black and white photographs. Since 
then, other types of sensors, both photographic and digital, have been developed 
to utilize the visible and invisible portions of the electromagnetic spectrutn. The 
term image interpretation was adopted to cover all aspects of remote sensing. 
Since we will be dealing with black and white, panchromatic (representing only 
the visible part of the spectrum) imagery, we will label the process as photo 
interpretation, whether the source material is photographic or digital. We will 
reserve the term image interpretation for other sources, such as multi-spectral, 
infrared, and radar imagery. 


Aerial Photo Examples 


Aerial photo examples for many of these features are contained within the teaching 
imagery set. A data base (FileMaker Pro, for Macintosh) referencing the features 
to the imagery is included with the teaching materials. 


Changes and Additions 


The contents of this course are as complete and as current as the best sources 
available. Any corrections or information about new features, new configurations, 
or better image examples should be forwarded to: 


Defense Mapping Agency 

Process Improvement Office (ODGD 

Attn: Image Interpretation Training Team, Mail Stop L-54 
3200 South Second Street 

St. Louis MO 63118-3399 

(314) 263-4547 


Defense Mapping Agency \ 
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CHAPTER 2 — PHOTO INTERPRETATION PROCESS 


The type, quantity and quality of information that can oe obtained by analyzing 
aerial photography is dependent on the background, knowledge, skill and inter- 
est of the photo interpreter. Those individuals with a broader range of experience 
find photo interpretation to be less difficult. The purpose of this course is to build 
on the individual cartographers’ background by giving them instruction and prac- 
tuce in applying photo interpretation skills. As each individual becumes more 
skilled at photo interpretation, it is natural that their interest level will increase as 
their task becomes less frustrating. 


There are several activities, or processes, that the photo interpreter performs 
during examination of the aerial photograph. These processes, in the order in 
which they are performed, are: detection, identification, and evaluation. In other 
words, photo interpretation is: 

1, The art of knowing what you are looking for, 

2. Identifying it when you find it; and 

3. Knowing the significance of it in that location. 


Measurement is also 4 part of the interpretation process, but is done at two differ- 
ent times and for different purposes; first, as an estimation of relative size to aid 
in identification, and second, as detailed measurements during the evaluation 
process. 


Detection is the easiest part of photo-interpretation, in that it only requires the 
realization that there is something on the photo that is different from its sur- 
roundings. Local changes in the characteristics of the photo (tone, texture, 
pattern, etc.) distinguish objects from each other. The changes could be sharp 
and distinctive, allowing rapid visual discrimination. Other features are harder to 
detect because of their small size or because they are not distinct from their 
surroundings. In these cases, their presence must be inferred from more subtle 
visual clues, and a knowledge of what features should be found in a particular 
area. Other features may not be visible at all, but their presence is inferred 
through the identification of related features. The use of stereo models greatly 
enhances the photo interpreter's ability to detect features. 


Identification of the feature is the next step in the interpretation process. Part of 
identification is a judgment of the feature’s size, relative to the surrounding 
features. Knowing the relative size of an object determines what it may or may 
not be. Identification requires not only the use of clues provided by the imagery, 
but alse a working knowledge of the types of features likely to be found in the 
area, and how they would look from the vertical perspective. 


Some features are distinctive and readily identified. For other features, identifica- 
tion is an exercise in problem solving, using the different elements of photo 
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interpretation to identify features, or to identify object-complexes from their 
components. The problem solving process will be discussed in more detail in the 
section on Convergence of Evidence. 


The evaluation process is the most difficult, and requires an in depth knowledge 
of both the features being considered, and the geographic area in which the fea- 
tures are located. For many DMA products, information on the size, construction, 
composition and function of a feature are required. Detailed measurements are 
easily made using modern stereoplotters. However, the rest of the information 
must often be inferred from scant visual clues, supplementary source materials 
and the background knowledge of the cartographer. Again, the analyst must 
resort to problem solving skills to provide the needed information. For carto- 
graphic purposes, detailed evaluations on the economic or political significance 
of most features is not needed. However, the military significance of features is a 
key consideration on some products. 


This module will concentrate on using the clues provided by the imagery to 
locate, identify and evaluate features. Detailed information about the different 
classes of features depicted on cartographic products will be covered in the 
following modules. 
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CHAPTER 3 — ELEMENTS OF PHOTO INTERPRETATION 


The visual clues provided by the aerial photograph can be grouped into 

eight categories: Size, Shape, Shadow, Tone, Texture, Pattern, Location and 
Associations. When we look at a photograph we use these elements in our 
interpretation. Some features can be quickly identified using only one of these 
elements; others require the use of several elements. 


Size 


One of the first judgments we make about an object we have Iccated on a 
photograph is its size in relation to other nearby objects, Trees are larger than 
bushes, reservoirs are larger than swimming pools, and an apartment building is 
larger than a single family house. Most of the time there are readily recognizable 
objects on the photo for us to compare an unknown object to. In some cases, 
especially when dealing with aerial photos, we may need to make a judgment as 
to the scale of the image before we can identify anything. Whether we use a 
comparison, or a measurement, the relative size of an object is our first clue as to 
its identity. 


Shape 


The shape of an object is an important factor in its identification. The shape 
czlimits the class of features to which the unknown object belongs. Sometimes 
the shape alone will conclusively identify the feature. The shape also yields 
information as to the structure, function and significance of the object being 
studied. 


Regular shapes and patterns, straight edges, and square corners are almost 
always indicative of man-made (or man-modified) objects. The opposite normally 
indicate natural features. Many industries can be identified by the characteristic 
shapes of the buildings or equipment associated with that activity. 


Although the shape of an object is ar. important clue to its identification, the 
shape when viewed from the vertical perspective (plan view) can be quite 
different than when viewed from the horizontal (profile or oblique views). The 
ability to visualize and identify objects in the plan view is an important skill for 
the cartographer to develop. Wherever possible in this course, plan view illustra- 
tions are provided to help familiarize the students with the shapes of objects 
from the vertical perspective. 


Stereo viewing enhances our ability to recognize the features by revealing their 
three-dimensional shape. This is especially important when high sun angles 
minimize shadows. 
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Shadow 


Shadows reveal information about the shape, size, and construction of features, 
and in some cases can yield an immediate identification. 


The shape of some objects is difficult to determine, either because they are not 
distinct from their background, or because their size in plan view is very small 
(e.g., towers and pylons). In these cases, a good shadow will reveal the shape of 
the object, usually providing a silhouette similar to the familiar profile view. In 
some cases, the shadow is the best indicator of the feature’s presence and identity. 


Downhill Shadow 
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Figure 1: Effect of slope and other factors on shadow length. 


Photo Interpretation Training Course 


Chapter 3 


6 Photo Interpretation Principles 


Tone 


The shadow also provides an indication of the height of an object. This is espe- 
cially important when viewing imagery monoscopically, Relative heights of 
objects can be quickly determined by comparing the length of their shadows. 
You must be careful when using shadows, however, as the slope of the ground 
and other factors, will affect the length of the shadow (Figure 1). The careful use 
of mensuration techniques will yield accurate values of height. 


Shadows will also work against the analyst, hiding smaller features or the charac- 
ter of the ground's surface. Shadow areas should be studied carefully so that no 
significant feature is missed. 


Tone is a measure of the amount of light reflected by an object. On a black and 
white image, this appears as shades of gray. The edges created by differences in 
tone allow us to distinguish between adjacent features, and define the shape and 
boundaries of these objects. The tone of an object is influenced by its composi- 
tion, the angle at which the sun strikes the surface of the object, and the position 
of the sensor. 


Smooth surfaces, such as water and glass, are excellent reflectors, They can be 
either light or dark in tone, depending whether they are reflecting the light 
toward or away from the sensor. Because stereo photographs are taken from 
different angles, such surfaces may appear very light on one image and almost 
black on the other. 


On the other hand, rough surfaces reflect light in all directions, and will appear 
as intermediate gray tones, depending upon their compusition. Those surfaces 
oriented toward the sun will appear lighter on both images, than surfaces ori- 
ented away from the sun. 


Composition and color also affect the tone. Light colored materials, or objects 
Painted in light colors, will have a lighter tone on the imagery than those with 
dark colors. 


Tone is often used in analysis of vegetation. Coniferous trees are usually darker 
than deciduous trees. Differences in tone are used to distinguish between types 
of crops. Tone may also be an indication of soil types or soil moisture. 


Areas of bare ground, or paved surfaces, will frequently show up as lighter than 
the surrounding ground surface, The smooth surfaces of pavements in particular 
will show up as light-toned areas, Fresh asphalt will appear darker in tone, but 
becomes lighter with age. 


Areas of shallow water can often be detected by their lighter tones, particularly 
when the bottom material is a light colored sand or mud. When describing water 
bodies, they should be examined carefully for variations in tone. 
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Texture 


Texture is the frequency of tonal changes across the image of a feature. Smooth 
texture is where the feature has a constant even tone. Fine texture represents 
rapid tone changes over short distances. Coarse textured features have a lesser 
frequency of tonal changes. Mottled texture refers to a blotchy appearance, with 
irregular blobs of different tones. Other terms used to describe texture include 
stippled, rippled and lumpy. 


The texture of a given surface will vary with the scale and resolution of the 
imagery. As scale or resolution decrease, the apparent texture of a feature 
becomes finer. For example, large scale imagery of a forest has a mottled or 
coarse texture, with variations caused by individual leaves and branches. At a 
smaller scale, the forest would display a finer texture, where the variations are 
caused by the individual trees and their shadows. At a still smaller scale, where 
the resolution does not allow the distinguishing of individual trees, the forest 
may have a smooth texture. 


Pattern 


Pattern refers to the spatial arrangement of features in an area, Patterns may be 
regular, such as trees in orchards or urban street patterns, or irregular, such as the 
arrangement and alignment of streams. Patterns can be used to identify features 
(such as orchards) or to determine functions (military installations normally have a 
distinctive pattern in the arrangement of buildings). Drainage patterns often yield 
information about the nature of the underlying rocks and soil. 


One of the advantages of aerial photography is that many patterns and associa- 
tions not visible from the ground are readily visible in the plan view. The 
patterns are rel:ted to the function and/or origin of the feature. As with shape, 
regular, geometric patterns indicate the influence of man, while irregular pat- 
terns are frequently natural. 


Associations 


As mentioned before, vertical aerial photography reveals spatial relationships 
between objects in a manner that may not be obvious when viewed from the 
ground, This viewpoint also allows us to see a large area around the feature 

being examined, and use the information to help identify it. 


Features, both natural and manmade, arrive on the earth's surface via an orderly 
set of processes. Their arrangement reflects the processes that placed them there, 
and, for manmade objects, often reflects their function as well. An appreciation of 
these orderly arrangements is developed through a thorough knowledge of the 
features in question. 


When the identity of a feature is not obvious, we look at those features immedi- 
ately surrounding the object we wish to identify. For instance, a large, single 
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story building’s purpose may not be obvious when examined by itself. A large 
parking lot full of cars would indicate chat it is a shopping center, while the 
Presence of many trucks and a railroad siding could identify it as a warehouse, 
or the presence of raw materials would indicate a light fabrication facility. 
Aluminum processing requires large amounts of electric power, and a large 
transformer substation is always associated with these facilities. Military facilities 
and prisons will have security facilities such as fences, guard shacks and some- 
times guard towers. 


Location 


Location is the regional aspect of associations. The appearance and occurrence 
of many features will vary in different parts of the world. Before starting their 
analysis, cartographers should be aware of the region they are working in, and 
how climate, availability of materials, local customs and economics affect the 
appearance of the features they are to identify. For example, schools in Asian 
countries look significantly different from schools in western countries, The type 
of vegetation you would expect to find depends upon what part of the world 
you are looking at. 


In a local context, the area being studied can be broken down into subregions. 
The identity cf features can then be judged on the basis of the subregion in 
which they occur. Cylindrical objects in an agricultural area are likely to be grain 
silos, but if they were located at a refinery or power plant they would probably 
be oil or gas tanks. A large building in a military base could be an administration 
building, but if it were in a residential area it could be a school. 


Factors such as topography, soils and geology, vegetation, and cultural effects 
must be considered. Radar sites are normally located on high ground to minimize 
terrain interference, thermal power plants must be located near supplies of water 
for cooling, and vegetation types may vary depending on the direction the slope 
is facing. 


Seasonal Effects 


When performing photo interpretation, it is alsv important to consider the time 
of year the imagery was recorded. The date of the imagery should be determined 
before any interpretation is started. Seasonal changes can have a substantial 
effect on the appearance of objects, particularly natural features. Information 
about the climate and seasonal changes in the area being studied is needed. 


In areas of deciduous vegetation, the loss of leaves from the trees in the winter 
(or dry season) can lead to erroneous estimations of tree height or canopy 
closure, but estimates of tree spacing and trunk diameter are easier to obtain. In 
addition, features normally concealed by the canopy are readily visible. Contours 
or ground elevation data can be collected more accurately when the canopy 
does not hide the ground. 
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Characteristics of drainage features will vary with the seasons. Intermittent 
streams and ponds may be filled with water during the wet seasons, leading to 
their erroneous classification as perennial. Water levels in lakes, ponds and rivers 
may vaty considerably during the year. Ancillary sources must be consulted to 
insure that the predominant conditions are portrayed properly. 


Snow cover can conceal many important features. Small streams may be frozen 
and covered in snow. Roads may be plowed, but accurate road widths, and often 
road surface type, cannot be determined. Snow remains longer on shaded slopes, 
and thus may decrease the contrast. A reversed effect can result, with the shadow 
side of hills and ridges appearing lighter than the sunlit sides. 


Photo Interpretation Training Course 


eee cece ent PA eA ET TT TE DE a 


Chapter 4 
¥@ Photo Interpretation Principles 


CHAPTER 4 — PROBLEM SOLVING 


Responsibilities of the Photo Interpreter 


No one is an expert in all the ficlds of knowledge that a modern cartographer 
has to deal with, but that should not lead to complacency. The best photo 
interpreters are those that continually educate themselves, seeking to improve 
their ability to perform their job. There are certain key traits and skills that a 
photo interpreter should strive to develop: 


1. An awareness of the characteristics and limitations of the source 
imagery. 

2. A thorough knowledge of the characteristics of agriculture, industry, 
transportation, living customs, civic planning, military organizations and 
equipment, hydrography, vegetation and natural terrain features. 


3. A positive attitude. Photo interpretation requires a scientific approach. 
Common sense, disciplined study, research and experience are prereq- 
uisites for proficiency, Solutions to all questions are not easily 
obtained; but with a positive attitude and knowledge of the subject 
material, the qualified photo interpreter can produce a detailed and 
accurate analysis. 


4, Communication with fellow cartographers, The individual arizlyst 
must keep in contact with others working in the same area to insure 
consistency in their interpretation and representation of features. 

One individual may have access to a particular source of information, 
or may have experience in a particular field or geographic area, or 
may have a particularly good example of a feature on his imagery, 
which would give other anaiysts the insight they need to identify 
problematical features. 


The quality of the product generated by the cartographer is dependent on four 
factors: the quality and resolution of the imagery; the facilities and equipment 
available to the analyst; the amount of time available, and, most important of all, 
the ability of the interpreter. The first three factors are generally out of our 
control, but the fourth is entirely within our influence. 


Ancillary Materials 


Maps are graphic represe,:tations of the aerial view of the earth's surface. They 
provide a guide to what features are present, and their spatial relationship to 
each other. Studying maps will give you experience in the visualization of fea- 
tures from the vertical perspective. During photo analysis, a map, even one 
which is out-dated, is an excellent guide to the area being studied. It may help 
you identify feacures unfamiliar features, and helps you to remain properly 
oriented within your area, 
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As mentioned above, texts and other sources that document the local climate and 
seasonal changes should be consulted whenever working in a new area. Local 
cultural factors also must be considered. The skilled analyst knows when to seek 
additional information from ancillary sources. Magazine articles and travel 
brochures can be as helpful as texts and intelligence documents. 


No single cartographer can hope to know everything about all the different types 
of features he may encounter. This emphasizes the need for an adequate library 
of reference materials to which the castographer can turn. Each individual can 
contribute by collecting items that they find helpful. The pooled resources and 
experience of a team of analysts will usually be enough to solve even the most 
difficult interpretation problems. 


Convergence of Evidence 


Although many features can be readily identified using one or two of the previ- 
ously mentioned factors, some features require the use of several lines of 
evidence to make an identification. Further analysis of features, to include deter- 
mination of composition, structure and function, also usually require reference 
to different sources of information. The analyst uses these different sources and 
lines of reasoning to converge at the correct answer. 


A methodical approach is required to most efficiently analyze an area. The 
cartographer should .tart with generalities and go on to details. Always evaluate 
the known features before attempting to identify the unknown, 


The first step in the analysis of an aerial photograph is to orient the photo to 
the best available map source. Once the analyst has determined what area on 
the map is covered by the particular image, he has established a framework of 
features upon which to build his interpretation. A quick check is made at this 
point to insure that all prominent features are in their correct locations. 


The area being studied is then scanned and the general character of the area is 
noted. The area is divided into subregions if appropriate (e.g., mountains vs. 
plains, forests vs. prairies, urban areas vs. agricultural areas, etc.). The classifica- 
tion of the subregions helps to determine the kind of features liable to occur in 
those areas. 


Large area features and major lines of communication are defined to help orient 
the analyst, and to form a framework for the detailed evaluation. The analyst 
works across the image evaluating known features, Then unknown features are 
identified through their associations with those previously identified, The ele- 
ments of photo interpretation described earlier are used to generate probable 
answers to questions, and a critical evaluation of the evidence indicates the 
choice with the highest probability of being correct. 
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Estimations of Density and Composition 


Many cartographic applications require an estimation of feature density or per- 
cent composition. Some common problems are: canopy closure in forested 
areas; determining percentages to discern between deciduous, coniferous or 
mixed tree areas, percentage roof cover in built-up areas, and density of scrub or 
brush. There are several techniques for deriving this information, ranging from 
quick, visual approximations to more time consuming sampling techniques. 
Several of these methods are described here. The analyst can choose the best 
method for the product being compiled. 


Visual estimation is the quickest method for determining densities and composi- 
tion, However, it is also the most difficult for the inexperienced analyst. The 
best way to perform a visual estimation is with a comparison chart, Comparison 
charts can be constructed illustrating the critical percentage breakouts for the 
particular application. 


Figure 2 shows breakouts at 10%, 25%, 50% and 75%, values used for defining 
canopy closure in tree areas. Different products may use different values, and 
another chart may be needed. 


Sampling techniques involve measuring small portions of an area and extrapolat- 
ing the results to the entire area, Sampling methods assume an approximately 
uniform distribution of the item in question, so that the area being measured is 
representative of the entire area. If 
the density changes across an area, 
it should either be seperated into 
two areas, or the density estimates 
for the parts should be averaged 
together. The product specifications 
would decide which method to use. 


The most common method used 


for determining percentages is the 

point count method.To determine by e 
the percentage by the point count efees se 
method, an evenly spaced grid is eee of 
placed over the area to be sampled. of i. ee 
The grid intersections are used as Foe 
sampling points. For simplicity in le ‘ os 
calculation, a 10 by 10 grid is used, : 


yielding 100 sampling points (see 
Figure 3). To determine a percent- 
age, just count the number of 
points that fall on the item being 
measured (tree canopy in Figure 3), 


and this number equals the per- Figure 2: Density Comparison Chart 
centage of that item in the given (Percentage represents black area). 
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@ vectauous: 
16% of ..rea; 33% of trees 


Coniferous: 
32% of area; 67% of trees 


Total Area: 

Top Half; 

Left Half: 

Top Left Quarter: 


Total Canopy Closure: 48% 


Figure 4: Composition by Point Count 


Figure 3: Density by Point Count 


area, in this case, 35% tree canopy cover. As demonstrated in Figure 3, using 
half of the grid (50 points) and multiplying by 2, or one fourth of the grid (25 
points) and multiplying by 4 will also give an acceptable approximation of 
percentages. 


Figure 4 illustrates how the point count method can be used to determine per- 
centage composition. In this area there are two types of trees. Thirty two percent 


of the area is coniferous, and sixteen percent is 
y t eee deciduous for a total canopy closure of forty eight 
fem e Ge percent. Fifty two percent is open ground. Two 
Sid 10m i 
© © 
© © 


thirds (67%) of the trees are coniferous and one 
third (33%) are deciduous. 

+ 55 9 

Area (item) = 0.8 x 10x 10 = 80 


45m When the items being measured are more or less 
uniform in size (e.g., tanks, houses, orchard trees, 
etc.), measuring a small area and counting the 
number of items in that area can quickly yield a 
percentage. Just multiply the area of one item by 
the number of items in the sample area, and divide 
the pro-duct by the area of the sample (see Figure 5). 


Area (item) x Count = 80 x 12 = 960 For quicker computation, an accurate approximation 
Sample Area = 55 x 45 =2475 of the area of a circle is given by the formula: 
Density = (860 / 2475) x 100 = 39%. 


Are. 2 
Figure $: Sample Area Density Calculation a = 0.6 x Diameter 
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CHAPTER 5 — LIMITATIONS OF PANCHROMATIC 
IMAGERY 


The resolution of the imagery affects the ability of the analyst to identify and ana- 
lyze features. The resolving power of an imaging system depends on two factors, 
the minimum size of an object that can be detected, and the ability of the system 
to detect tonal differences. There are many variables that affect the resolution of 
imagery, depending on the type of sensor (digital versus photographic), optical 
configuration, film or sensor sensitivity, the wavelength of radiation used, etc. 


The minimum size of objects detected is described by the Ground Resolved 
Distance (GRD) for photographic systems, and Ground Sample Distance (GSD) 
for digital sensors. Both are an indication of the smallest object that can be 
separated from a neighboring object. When comparing photographic to digital 
sources, the values for GRD and GSD are interchangeable. 


Another method for describing the spatial resolution of imagery is the National 
Imagery Interpretability Rating Scale (NIIRS), developed by the CIA's National 
Photographic Interpretation Center (NPIC). This method rates imagery on a scale 
of 1 to 9, with larger numbers signifying a greater resolution. 


Although an object may be smaller than the resolution of the imagery, its pres- 
ence can sometimes be inferred. The power transmission lines or telephone lines 
stretched between pylons may not be visible, but their presence can be inferred 
because of the presence of the pylons. At a smaller scale, the pylons themselves 
may not be visible, but a cleared way through a forest with no associated road or 
railroad would imply the presence of the power line and pylons. 


The ability to detect tonal differences varies with the sensitivity of the sensor, and 
the wavelengths of radiation being used. Near infrared wavelengths, for instance, 
are much better for discerning between different types of vegetation, Wave- 
lengths near the blue end of the spectrum are better for detecting areas of 
shallow water and underwater hazards. 
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A 


‘A’ Pylons, 306 
‘A’ Tower, 628 
Abandoned railroad, 48 
ABM (anti-ballistic missle) 
ABM-1 (GALOSH), 804, $92 
ABM-2 (GORGON), 804, $93 
ABM-3 (GAZELLE), 805 
support, $93 
radar, S86 
Absorbers, 476 
Abutments, 62 
Accumulators, 519 
Acetylene gas 
production, 464, 466 
Acid neutralization plant, 411 
Acid storage tanks, 478 
Activated sludge tanks, 292 
ADATS, 829 
Adit, 260, 265 
Administration buildings, 592 719 
Adohe, 715 
Advertising billboards, 743 
Aerators, 335 
Aerial cableways, 240, 242, 244, 
630 
Aerodynamic process, 444 
Aerogenerator, 327 
Aggregate, 25, 104 
Agricultural areas, 228 
Agriculture, 697 
Aids to Navigation 
(NAVAIDS), 205 
Air base, 98 
Air conditioning units, 18 
Air cushion vehicle, 203 
Air freight facilities, 152 
Air liquefaction plant, 465 
Air operations buildings, 156 
Air park, 98 
Air route surveillance radars 
(ARSR), 668 
Air separation 
cold box building, 454 
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555 
Air shafts, 265 
Air sparger, 479 
Air stairs, 153 
Aircraft 
bunker, 141, 5/68, $170 
concealment, 144 
design limits, 111 
engine assembly plant, 620 
engine manufacturing, 620 
fabrication 
components, 614 
engine test cells, 615 
process, 613 
wind tunnels, 616 
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maintenance, 144 
manufacture, 613 
parking 
facilities, 100, 108, 131, 
S168 
plant, 613 
components, 614 
shelters, 143, 5769 
storage, 144 
tunnels, 143 
Aircraft carriers, 201 
Airdrome, 98 
Airfields, 23, 97 
categories, 111 
civilian, 98 
control tower, 156 
definition, 98 
freight facilities, 152 
installations, 98 
joint use, 98 
location, 101 
maintenance facilities, 149 
marking systems, 113 
military, 98 
passenger facilities, 153 
terminal, 153 
underground facilities, 143 
Airport, 98 
beacon, 157 
boundary lighting, 120 


Airport surface detection 
equipment (ASDE), 668 
Airport surveillance radars 
(ASR), 668 
Airstrip, 98 
Alcohol 
distillation, 457 
fermentation, 456 
plant, 456 
raw materials, 456 
Alert aprons, 132 
Alert hardstands, 136 
Alignment, 26, 88 
Alignment of elements systems, 
125 
Alkylation units, 531 
Alluvial fan, 222 
Alumina 
ore processing, 378 
precipitation tanks, 381 
red mud, 381 
silo, 385 
Alumina cement, 567 
Aluminum 
casting, 386 
electrolysis, 385 
mat, 109 
planking, 35 
potrooms, 383 
processing plan:, 383 
rectifier building, 385 
reduction, 383 
rolling mills, 386 
Amalgamation, 267 
Amatol, 51t 
American deck coolers, 256 
American Practical Navigator, 208 
American process, 432 
Amine treaters, 553 
Ammonia 
conversion columns, 460 
converter, 460, 494 
fixation process, 461 
from 
coal, 461 
gas, 459 
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primary and secondary 
reformers, 459 

primary reformer, 459 

processing, 458 

retort furnace, 461 

shift converter, 460 

stripping, 292 

synthesis, 464 
Ammunition, 512 

plants, 625 

storage areas, 791 
Amphibious aircraft, 100 
Amphitheater, 754 
Amusement parks, 756 
Anchorage, 167 
Animal shelter buildings, 703 
Anode furnace, 393 
Antennas, 728 

AM FM radio, 650 

buried, $14, $51 

cellular phones, 656 

classification, 633 

dipole elements, 634, $13 

dish, 646 

elements, 633 

fishbone, 643, $13 

HF, $13, S15 

length, 633 

LF, $30 

log periodic, 640 

long wire, 635 

microwave, 657, $25 

parabolic, 645 

radar, 664, $29, $31, $98 

phased array, 665 

radiotelephone, 655 

RDF, 651 

thomhic, 637, $13 

SATCOM, 645, $18 

shortwave, 648 

tropospheric scatter, 643 

TV, 662 

VLF, $13, $16 

valley, 694 

yagi, 635 
Anti-Aircraft Anillery (AAA), 

764, 807, S135 
Anti-aircraft guns, 204 
Anti-tank ditches, 768 
Apartment buildings, 7-8, 736 


Approach Light Systems, 120 
Apron parking areas, 131 
Aprons, 101 
Aquaculture, 705 
Aqueducts, 87, 220, 339, 701 
Arches, 3, 744 
Arch Bridges, 74 
Area strip mining, 263 
Argon column, 454 
Arid areas, 222, 258 
Arresting gear, 112 
Arsenals and gun parks, 792 
Artificial harbor, 169 
Artillery emplacement, 765 
Ash handling, 313 
Asphalt, 105, 107 
paving mix plant, 568 
runways, 107 
surfaces, 34 
Asphaltic cements, 567 
ASR (air surveillance radar), 
$27, S185 
Assembly 
areas, 591 
nuclear weapons, S7 
rockets & missiles, $9, S75 
Athletic fields, 746 
Auditoriums, 7, 738 
Autoclave building, 378 
Automobile rest stops, 101 
Automotive 
manufacturing, 623 
plants, 625 
test tracks, 625 
Avenues of approach, 770 
AVLIS (Atomic Vapor Laser 
Isotope Separation), 446 


Bagasse, 583 

Baggage transfer equipment, 153 
Baghouse, 390, 402, 427 

Ballast, 43 

Balloon construction, 9 
Baltimore truss, 72 


Banbury mixer, 626 
Bar mills, 376 
Bar screens, 287 
Barbed wire, 758 
Barges, 158 
Barns, 699 
Barracks, 98, 759 
Barrier net, 112 
Barrow pits, 262 
Bascule bridge, 83 
Base flight apron, 134 
Basic oxygen furnace, 367 
Basic visual runway, 113 
Basins, 160, 183 
Batteries, 763 
Battle management 
ABM radar, S96 
SA-10 radar, $137 
SA-12 radar, $155 
Bay, 326 
Beach obstacles, 204 
Beam bridge, 60, 68 
Beams, 2 
Bedrock runways, 105 
Beehive 
coking, 342 
kilns, 250, 569 
Beet sugar, 581 
Bell towers, 728, 732 
Belt conveyor, 242 
Benches, 261 
Berms, 89, 229, 504 
Berthing 
buoys, 174 
facilities, 174 
Bessemer converter, 365 
Betts process, 403 
Bicycle paths, 28 
Bins, 227, 265, 269, 700 
Biological oxygen demand, 292 
Biological warfare, $10 
Biscuits, 441 
Bitumen, 105 
plant, 523 
Bituminous 
mix-in-place, 30 
paving materials, 105 
surfaces, 35 
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Bivouac area, 760 
Blast deflectors, 139, 615 
Blast doors, 141 
Blast furnace, 351, 358, 402 
Blast houses, 358 
Blast walls, 300 
Blasting caps, 511 
Blimp tanks, 216, 232 
BLOODHOUND, 809 
Blooming mill, 374 
BLOWPIPE, 830 
Boat 
basins, 756 
yards, 190 
BOD (biological oxygen 
demand), 292 
BOF (basic oxygen furnace), 367 
Bogs, 264 
Boilerhouse, 309, 312, 327 
Bollard, 175, 177 
Bollman truss, 71 
Bore, 92 
Borrow pits, 262 
Botanical gardens, 756 
Bowditch, 208 
Bowstring arch truss, 72 
Box culverts, 91 
Box girder, 69 
Box-wall construction, 7 
Breakwaters, 169 
Breasting platform, 180 
Breeder reactors, 439, S4 
Brick, 250, 568, 715 
kilns, 569 
pavements, 35 
plant, 569 
recognition factors, 570 
refractory, 570 
smokestacks, 252 
Bridges, 23, 59 
abutments, 63 
aqueduct, 220 
arch, 76 
suspension, 78 
bascule, 83 
beam, 68 
bent, 63 
cantilevered, 79 
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deck, 65 
dimensions, 66 
double-deck, 88 
floating, 81 
floor system, 64 
functions, 86 
gantry crane, 239 
girder, 68 
half-through, 65 
lift, 83 
movable span, 82 
pier, 63 
rainbow arch, 77 
semi-through, 65 
structural elements, 62 
superstructure, 64 
components, 66 
deck, 64 
supporting structure, 64 
swing, 83 
through, 65 
towers, 77, 83 
transporter, 239 
trestle, 64 
truss. 70 
Bridge cranes, 187, 239 
Brine preparation, 467 
area, 482 
Broad gauge, 58 
Brooder houses, 705 
Buddhist pagodas and stupas, 731 
Buildings 
administrative, 719 
auditorium, 738 
brick, 6 
categories, 717 
capito!, 721 
climatic variations, 716 
commercial, 718 
components, 586 
concrete, 6 
box-wall, 7 
poured in place, 6 
tilt-up, 7 
construction, 2 
arc, 3 
balloon, 9 
cantilever, 3 


column and beam, 2 
composite, 11 


dome, 4 

framed, 8 
heavy clad, 9 
light clad, 10 


geographic variations, 20 
half-timbered, 9 
load bearing walls, 5 
pneumatic, 12 
post and beam, 8 
post and lintel, 2 
stressed skin, 12 
construction types, 587 
courthouse, 721 
customs, 72, 
embassies, 720 
fire station, 721 
garage 
parking, 719 
repair, 719 
government, 720 
guard shack, 743 
hangars, 144 
hospital, 723 
hotel/motel, 738 
house of worship, 729 
laboratory, 725 
masonry, 5 
materials, 224, 714 
motor pool, 719 
observatory, 726 
palace, 738 
police station, 723 
prison, 723 
residential 
HOF style, 737 
mobile home, 736 
multifamily, 736 
single family, 734 
school, 724 
shed, 738 
stone, 5 
telephone exchange, 727 
weather station, 727 
ways, 595, 602 
Bulkhead, 174 
Bullet tanks, 232, 265 
Bunkers, 226, 227, 762, 768 
ABM, S92 
aircraft, S168 


command post, §37, $173, 
$137 
explosives, S9, $174 
nuclear warhead, 547, 
$105, $114, $179 
personnel, S167 
radar, S98 
SAM, S105,S111, S164 
security, S40 
uranium, S3 
Bunkering piers, 181 
Buoys, 100 
Burr arch truss, 71 
Bus bars, 297 
Bus terminals, 41 
Butterly roof, 16 
By-products coking, 345 


Cc 


Cable cranes, 240, 607 
Cable. stayed box girder bridge, 
78 


CACTUS Air Defense System, 815 
Cairns, 746 
Caissons, 183, 194 
Calcium carbide 
plant recognition, 465 
process, 465 
processing, 464 
Calutrons, 445 
Camelback truss, 72 
Camouflage netting, 141 
Campgrounds, 756 
Canal Bridges, 87 
Canals, 158-159, 221, 325 
characteristics, 159 
Cane sugar, 583 
Cantilever, 3, 79 
cranes, 187, 235, 604 
Cantilevered 
bridges, 79 
span, 64, 79 
Cantonment housing, 785 
Canyon building, 448 
Capacitors, 298 
Capitol, 9 


Capitol building, 721 
Carbon 
electrode plant, 387 
paste plant, 387 
Carbon black storage towers, 626 
Carbonating towers, 484 
Cargo 
handling 
equipment, 166, 186 
facilities, 135, 152 
shipping and receiving 
building, 152 
Casbah type towns, 709 
Casements, 204, 768 
Casing, 273 
house, 386 
shed, 361, 404 
Castles, 763 
CAT HOUSE, S86, S89 
Catalytic 
crackers, 526 
reformer, 528 
Catchment basins, 329 
Catenary 
cables, 77 
system, 47 
Cathedrals, 730 
Catwalks, 272 
Causeway, 90 
Caustic Soda (Sodium 
Hydroxide), 382, 467 
plant, 411 
Cave dwellings, 735 
CDAA (circular disposed 
antenna arry), 523 
Cement 
alumina, 567 
asphaltic, 567 
clinker, 565 
concrete, 566 
plant 
recognition factors, 566 
Processing, 563, 
raw material processing, 564 
rotary kilns, 565 
types of, 563 
Cement & ceramic products, 561 
Cemeteries, 729, 731, 733 
Centrifugal separation, 444 
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Centrifuges, 350 
Ceramics, 250, 56], 568 
Channelized rives, 159 
CHAPARRAL, 814 
Charging 

bins, 342 


car, 347 
Chart No. 1, 208 
Check rail, 43 
Chemical 
industries, 452 
Pipelines, 248 
separation, $4 
warfare, $10 
Chimneys, 252 
Chlorinators, 411 
Chlorine processing, 467 
Chlorine-contact chambers, 288 
Chlorine/caustic soda 
electrolysis, 470 
plant, 467 
Christian churches and 
cathedrals, 729 
Christmas tree assembly, 273 
Churches, 729 
Circuit breakers, 297 
Cistern, 701 
Cities, 709 
City gate, 216 
City square, 754 
Civilian airfields, 98 
Clarification 
basins, 332 


tanks, 330, 411 
Classification yard, $2 


Classifier, 269 

Clay pits, 262 

Clay runway, 105 

Cleared ways, 57, 210, 214, 
259, 305 

Clearwater basins, 333 

Clere.stories, 17, 588, 5754 

Closed runway, 119 

Closed storage, 225 

Coagulation, 292 

Coal 
gasification processes, 542 
liquefaction plant 

recognition factors, 545 
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liquefaction processes, 544 

preparation, 342 

Preparation area, 345 

processing, 269 

stockpiles, 345 
Coaling 

hoist, 240 

tower, 240, 345 
Coastline, 206 
Cog railways, 57 
Coke, 250, 341, 561 

beehive coking, 342 

by-products area, 349 

by-products coking, 345 

charging bin, 342 

charging car, 345 

coal preparation, 342 

cooling wharf, 449 

oven batteries, 345 

plants, 254 

quenching tower, 349 
Coking chambers, 525 
Cold box, 555 

building, 454 
Collective farms, 706 
Column and beam structure, 2 
Commercial 

buildings, 718 

repair garage, 719 
Comminutors, 287 
Commissaries, 790 
Communications towers, 

628,728 

I’, $16, $24 

guyed, $15, $30 
Communications 

detection, 628 

radio, 632 
Commuter 

lines, 47 

parking lots, 57 
Compaction, 104 
Compass rose hardstand, 139 
Composite 

construction, 11, 588 

framed structure, 8 
Composting, 285 
Compressor 

building, 403, 454 

houses, 265, 523 
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stations, 215, 551 
Concealment, 143 
Concentration plant, 438 
Concentrator building, 266 
Concenina wire, 758 
Concrete, $66, 716 

hridges, 62 

tnixing plant, 566 

runways, 106 

smokestacks, 252 

surfaces, 34 
Condensers, 257, 519 
Confined feeding operations, 704 
CONSOL, 691 
Container crane, 240 
Continuous span, 64 
Contour mining, 263 
Control 

building, 161, 300 

towers 

airfield, 156 

railroad, 52 
Conversion columns, 460 
Convertor 

building, 393 

substations, 301 
Conveyors, 165, 227, 240, 242, 

249, 281, 512, 424, $2 
Coolers, 519 
Cooling 

facilities, 254, 515 

ponds, 310 

towers, 255, 310, 350, 456. 

504, 515 

units, 19 

wharf, 348 
Copper, 388 

by-products recovery, 396 

electrolytic refining, 393 

fluid bed roaster, 391 

leaching, 394 

multiple hearth furnace, 390 

ore processing 388 

processing, 390 

purification (converter), 393 

refining, 393 

roasting, 390 

smelting, 391 
Coral runways, 104 
Corbel block, 253 


Corduroy roads, 35 


Cottrell precipitator, 349, 390, 424 


Courthouse, 721 
Courtyard houses, 713 
Covered aqueducts, 221 
Covered platforms, 49 
Cranes, 165, 187, 235, 312 
cantilever, 235 
components, 235 
derricks, 239 
floating, 241 
gantry, 238 
fib, 236 
shearlegs, 239 
specialized, 240 
Cribs, 528 
Crossing points, 212, 246 
Crossover mains, 349 
CROTALE, 815 
Crude oil, 514 
Cruiser, 202 
CSS-2, S65 
CSS-3, $63 
CSS-4, S64 
CSS-5, $74 
Cultural areas, 697 
Culvens, 91 
Cupola furnaces, 363 
Curtain wail, 10 
Curved roofs, 16, 589 
Custom house, 723 
Customer substations, 301 
Cut, 89 
Cut stone pavements, 35 
Cuts and Fills, 88 
Cyaniding, 267 
Cyclone (dust catcher), 253 
Cylindrical tanks, 269 
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Dams, 159, 162, 321 


Day markers, 102, 105, 115, 208 


Day tank, 312 
Dead end terminal, 49 
Decantation tanks, 349 
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Decca Navigator System 
(DECCA), 692 
Deck bridge, 64 
Deck roof, 14 
Deep-water channel, 207 
Defenses, 761 
Defensive missile system radars, 
672 
Degasser, 272 
Depot apron, 135 
Derby, 441 
Derricks, 190, 235, 239, 272, 607 
Desalination plants, 338 
Desander, 272 
Desedimentation basins, 330 
Desilter, 272 
Destination terminals, 248 
Destroyers, 202 
Detonators, 512 
Dewatering tank, 408 
Dialysis, 292 
Digestors, 288 
Dingot, 441 
Diplomatic buildings, 72u 
Dipole, 573, 523, $87 
Dish 
microwave, 5101, 5109, 
5114, S141 
tracking, S21 
troposcatter, 573 
Dismantled railroad, 48 
Dispensaries, 790 
Dispersal 
hardstands, 136 
taxiway, 129 
threshold, 117 
markings, 118 
Disposal 
gases, 294 
industries, 260 
liquids, 285 
solids, 781 
wells, 280 
Distance Measuring Equipment 
(DME), 676 
Distillation columns, 431, 456 
Distribution lines, 209 
Ditches, 701 
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diversionary, 90 
Divided highways, 32 
Dock, 178 
DOG HOUSE, $86-589 
Dolphins, 175 
Dome, 4 
Dome roofs, 731 
Domed tanks, 230 
Domes, 4, 16 
Doppler VHF Omni-Directional 
Range (DVOR), 677 
Deppler VHF Omni-Direcdonal 
Range and Tactical Air 
Navigation (DVORTAC), 680 
Dormers, 17, 589 
Dormitories, 725 
Dorr thickeners, 251, 361, 467 
Dosing tanks, 292 
Double bay hangar, 147 
Dounle-deck road and railroad 
bridge, 88 
Dow electrolytic cells, 411 
Downcomer pipe, 359 
Downhole pump, 273 
Draglines, 241, 264 
Dragon's teeth, 768 
Drainage 
ditches, 91 
pattern, 214, 245 
Drawworks, 272 
Dredges, 241 
Dredging, 159 
Drill ship, 277 
Drilling, 270 
barge, 275 
completion, 273 
mud, 272 
offshore, 275 
onshore, 272 
operations, 269 
platform, 275 
Drive-in theaters, 753 
Drop gates, 38 
Drossing & refining building, 403 
Drossing ketle, 403 
Dry gas, 548 
Dry gasometer, 231 
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Drydocks, 193-194, 595, 601 
Dumb ferries, 95 

Dust catchers, 253, 361 
Dynamite, $10 


E 


Early warning radar Site, 671 
Earth stations, 644 
Earthen products 
tonal characteristics, 561 
Earthen runways, 104 
Edge stripes, 119 
Edible alcohol, 455 
Electric arc furnaces, 371, 414 
Electric smelter, 361 
Electrical transmission towert, 304 
Electrified rail, 47 
Electrified railroads, 46 
Electrolysis 
cell buildings, 424, 461 
refining buildings, 417 
soils, 212 
vat building, 420 
Electromagnetic separation, 445 
Electronics facility, 13 
Electrostatic precipitators, 253, 
313, 413, 427, 490 
Electrothermic metals, 420 
Elevated cantilever crane, 235 
Elevated jib, 236 
Elevated pipelines, 212, 245 
Elevated roads, 34 
Elevators, 166, 249 
Elutriation tanks, 291 
Embankment, 89 
Embassies, 720 
Engine 
run-up hardstands, 139 
test cells, 151, 614, 615, 5768 


types, 615 
Engineering, 16 


Enrichment, 53 

Ephemeral lake, 222 

Estuary, 326 

European style apartments, 736 
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EW (early warning), S26 
Excavations, 89 
Exchanges, 790 
Exhaust 
pipes, 215, 247 
vents, 141 
Expansion joints, 108, 245, 328 
Expansion loops, 214 
Expedient 
housing, 785 
runways, 109 
road surfaces, 35 
Exploration 
activities, 257 
drilling, 259 
mine, 259 
prospects, 259 
wells, 259 
Explosives 
block pressing, 597 
casting, S9 
cellulose processing, 506 
dehydration house, 506 
detonators, 512 
dynamite, 509 
plant, 510 
gunpowder, 508 
liquid oxygen, 511 
manufacturing, 625 
nitrated, 511 
nitrocellulose, 505 
nitroglycerin, 509 
nuclear, $7 
PETN, RDX, & HMX, 511 
plant, 502 
poacher house, 506 
powder production, 507 
processing, 506 
production, 58 
pyrocotton, 506 
recognition factors, 503 
storage, 597, $114, S179 
area, 503 
bunkers, 504 


, 501 
Explosives and propellants, 501 
Extraction 
industries, 241, 257 
mining, 260 
solution mining, 280 
wells, 269 
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Fabrication 
administrative buildings, 592 
assembly areas, 591 
automotive, 623 
recognition factors, 625 
buildings, 586 
facilities, 590 
forges, 591 
foundries, 590 
heavy 
recognition factors, 592 
machinery, 612 
vehicles, 611 
industries, 235 
machine shops, 591 
materials handling, 590 
meat packing, 627 
missle and rockets, S11 
nuclear, 57 
pattern shops, 590 
plants, 254 
receiving and storage, 590 
shipbuilding, 593 
shop, 192 
structural steel, 612 
support facilities, 591 
textile, 627 
tires, 626 
Fairgrounds, 756 
Fan marker, 688 
Farben electrolytic process, 408 
Farm roads, 703 
Farming, 697 
cattle, 704 
collective farms, 706 
components, 698 
fencing, 699 
livestock holding pens, 699 
plantations, 706 
poultry, 704 
brooder houses, 705 
storage 
facilities, 700 
structures, 699 
water supply, 701 
Farmstead, 698 
Fascine roads, 35 
Fast breeder reactors, 315, 448 


Fast partol boats, 204 
Federal Aviation Administration 
(FAA), 113 
Feed materials plant, 439 
Feeder lines, 209 
Feedlots, 704 
Fences, 226, 592, 699, 723, 739 
security, S23 
Fens, 264 
Fermentation building, 456 
Ferries, 95 
routes, 97 
slips, 95, 97 
Ferroalloys, 420 
Ferrous metals, 340 
Ferry bridge, 86 
Fertilizers 
ammonium nitrate, 494 
ammonium sulfate, 496 
identification, 494 
nitrate 
calcium nitrate, 497 
Urea, 497 
phosphate 
identification, 499 
phosphates, 498, 500 
potassium, 501 
prilling tower, 494 
processing, 493 
single superphosphate, 500 
triple superphosphate, 500 
types, 493 
Fertilizer plant, 503 
Field hospitals, 789 
Field processing, 277 
Field storage, 278 
Fill, 89 
Filtration systems, 333 
Fingerboard, 272 
Finished product storage area, 
535 
Fink truss, 72 
Fire control, 5120-5121, $137- 
5139, 5143-5146, $162 
Fire station, 721 
Firewalls, 18, 589 
Firing bays, 765 
Firing ranges, 770 
Firing-in hardstands, 139 


Fish farms, 705 
Fishbone, $73 
antenna, 643 
Fishing village, 198 
Fishplates, 43 
Fission pile, 315 
Fitting-out basin, 192 
Fitting-out pier, 599 
Fixed ballistic missile systems, 797 
Fixed distance markers, 119 
Fixed-hase jib, 236 
Flagpoles, 721, 743 
Flares, 254, 278, 289, 295, 478, 
515 
Flash furnace, 391 
Flat roofs, 13, 589 
Flexible pavements, 26 
Flight of locks, 163 
Floating 
bridges, 81 
crane, 188 
cranes, 241, 607 
drydocks, 193, 600, 602 
pipelines, 214 
top tank, 231 
Flocculation, 330 
basins, 332 
Flocculator, 407 
Floodlighting, 135 
Flourine recovery building, 385 
Flow tanks, 279 
Fluid bed roaster 391 
Fluids, 209 
Flumes, 87, 244, 325 
Fluoride volatility process, 439 
Footpaths, 28, 270, 756, 758 
Forced labor camps, 790 
Fording sites, 36 
Fords, 36 
Foreshore, 197 
Forges, 591 
Fortifications, 761 
Forts, 762 
Forwarding yard, 52 
Foundries, 364, 590 
Fourdrinier machine, 577 
Foxholes, 764 
Fractionating columns, 518, 519 


Fractionating towers, 350, 525, 
545 


Fractionators, special purpose, 520 
Framed construction, 8, 586 
Framed, heavy-clad buildings, 9 
Framed, heavy-clad industrial- 
type structure, 10 
Framed, light clad, high rise 
structure, 10 
Francis turbine, 325 
Freight 
docks, 226 
sheds, 50 
storage areas, 48 
terminals, 39, 48-49, 249 
transfer facilities, 170 
transfer stations, 48 
Freighters, 199 
Friday mosque, 712 
Frigate, 203 
FROG-3, S80 
FROG-4, S80 
FROG-5, S80 
FROG-7, 581 
Front lift shiplift, 164 
Fuel 
ASM, 5$173-S177 
blending, 5782 
gas, 549 
ICBM, S46-S66 
rods, $4 
SAM, S96-S98, $105-5106, 
$114 
storage area, 792 
Fuel cell power plants, 309 


G 


Gable roof, 13, 381 
Gallery, 94 
GALOSH, 804, $96, 592 
Gambrel roofs, 14, 589 
Gangue, 266, 282 
Gangways, 179 
Gantry, 46 

cranes, 187, 238, 590, 606 
Garage 

maintenance, $75 
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missle, S68-S75 
parking, $75 

Gardens, 703 

Gas 
compressor station, 246 
dispersal tower, 494 
pipelines, 248, 312, 551 
processing plant, $23 
scrubbers, 253, $52 
storage tanks, 523 
terminal pumping station, 

218, 249 

Gas-holder, 289 

Gas/oil separation plant, 550 

Gas/oil separator, 278 

Gaseous diffusion, 442 

Gases, 209 

Gasholders, 231 

Gasifiers, 368 

Gasoline pipelines, 248 

Gasometers, 215, 218, 231, 249, 
294, 454 

Gate, 194 

Gauge, 45 

Gay-Lussac tower, 489 

GAZELLE, 805, S86, S90, $93 

General Field Parking, 171 

Generator hall, 312, 316 

Generators, 295, $101-S102, $108 

Geographic Variations, 19, 714 

Geophones, 258 

Geophysical prospecting, 258 
grids patterns, 259 
lines, 258 

Geothermal power plants, 319 

GIANT, 805, $152 

Giant hammerhead crane, 187, 
236 

Girder bridge, 61, 68 

GLADIATOR, 805, 5752 

Glass 
forming, 571 
manufacturing plant, $71 
Production, 571 
recognition factors, 572 
types of, 570 

Glide Slope Indicator (GSI), 685 


Glover tower, 489 
Gold, 397 
Wohlwill process, 397 
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Golf course, 752 
Goniometer, 651 
GORGON, 804, S86, 593 
Government buildings, 16, 715, 
720 
administration, 721 
Grading, 24, 104 
Grains, 224, 578 
bins, 579, 699 
elevators, 229, 578, 703 
headhouse, 578 
recognition factors, 579 
mill, 579 
recognition factors, 579 
products, 228 
Grandstands, 744, 751 
Granulation/crystallization 
building, 494 
Grass runway, 103 
Gravel 
runways, 104 
surfaces, 34, 104 
Graving dock, 194, 596 
Gravity concentration, 267 
Gravity yard, 53 
Grease-removal tanks, 287 
Greenhouses, 700 
Gridiron, 198 
Gristmill, 580 
Grit chambers, 287 
Groin, 172 
Ground surface, 258 
Ground water, 222 
Ground wires, 304 
Groundway, 191, 603 
Groyne, 172 
GRUMBLE, 805 
GSI (Glide Slope Indicator), 
$27-$31, $183-S189 
Guard 
houses, 226, 592 
posts, 503 
shacks, 198, 743 
towers, 136, 723, 743 
Guided missiles, 621, $735 
GUILD, 597 
Guy cables, 629 
Guyed, $75, $30 
Guyed towers, 629 
Gymnasiums, 7, 725 
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‘H’ pytons, 306 
Hades, 802 
Haif-through bridge, 65 
Half-tide basin, 184 
Half-timbered construction, 9 
Hall-Heroult process, 383 
Hammer mill, 342 
Hangars, 144, 199 
apron, 133 
construction material, 144 
doors, 145 
identification, 145 
types, 145 
Harbors, 167 
beacons, 207 
defenses, 204 
entrance, 207 
works, 169 
Hard surface roads, 31 
Hardened aircraft shelter, 142 
Hardstand aircraft parking, 135 
Hasty runway surface, 109 
HAWK, 816 
Headframe, 265 
Headhouse, 579, 703 
Headlands, 206 
Headwalls, 91 
Heat and steam plants, 327 
Heat exchangers, 257, 519 
Heat sink, 254 
Heavy fabrication, 16 
building, 14, 591 
industries, 585, 592 
Hedgehogs, 770 
Helicopter carriers, 200 
Helipads, 98, 155, 723 
marking, 155 
Heliports, 98-99, 155 
HEN HOUSE, S86-S88 
HEU, highly enriched uranium, 
447 
HF (high frequency) radio, 637, 
$13-514, S23 
High dams, 321 
High tension lines, 301 


Highly enriched uranium, 442 
Highway 

airstrips, 101 

bridges, 86 

overpasses, 68 

signs, 743 
Hipped roof, 13 
HMX (Her Majesty's 

Experimental), 512 
Hoisting sheaves, 187 
Holding pens, 699 
Holding tracks, 50 
Holding yard, 52 
Hoppers, 227, 242, 265, 272, 700 
Horizontal cylindrical tank, 233 
Horizontal flare, 254 
Horizontal retort process 423 
Horizontal rotary kiln, 250 
Horizontal shaft mines, 265 
Horton sphere, 233 
Hospitals, 723, 790 
Hot forges, 375 
Hot stoves, 358 
Hotels, 7, 738 
House of worship, 729 
Housing, 198 
Howe truss, 71 
Hummocks, 258 
Hump classification yard, 53 
Hunting-gathering, 702 
Hush house, 151 
HVSD/ADAM, 829 
Hydraulic 

conveyors, 244 

jump, 325 
Hydro treaters 407 
Hydroelectric plants, 321 
Hydroxide thickeners, 382 


I’ pylons, 306 

‘T’ towers, 628 
I-HAWK, 816 

ICAO standards, 113 


ICBM (intercontinental ballistic 
missle) 
CSS-3, S62 
CSS-4, S64 
CSS-5, 574 
launch, S86 
silos, 534-538 
support facilities, $37 
88-11, $39 
§8-13, S41 
$S-17, $43 
§S-18, S47 
SS-19, $53 
SS-24, S58, 567 
SS-25 S68 
Ice or snow surfaced runways, 
105 
IFF (identification friend/foe), 
5103, $134 
IFR (Instrument Flight Rules) 114 
Iltuminated runways, 120 
IM (inner marker), 527-S31, 
$183-S189 
Imhoff tank, 289 
Imperial Smelting Process, 424 
Impound basin, 325 
Improved natural harbor, 168 
Impulse turbines, 325 
Incinerators, 284 
Individual fighting positions, 764 
Industrial alcohol, 455 
Industrial buildings, 7-8, 13, 17 
construction, 587 
roof structures, 588 
roofs, 588 
Industrial liquid waste, 294 
Industrial structures, 13 
industries 
closed storage, 225 
cooling facilities, 254 
disposal, 280 
extraction, 257 
processing, 328 
Processing equipment, 250 
storage, 223 
Infiltration galleries, 329 
Ingot 
cars, 373 
molds, 371 


Inland waterways, 23, 158 
terminals, 165 
Inner harbor, 184 
Institutional buildings, 14 
Instrument Landing System 
(ILS), 684, $31, 5189 
Insular vs, peninsular features, 
169 
Insulators, 303 
Intake pipes, 254, 328 
Intake towers, 325, 328 
Integrated air defense network, 
814 
Interchanges, 32 
Intercontinental Ballistic Missiles 
(ICBMs), 799 
Intermediate Range Ballistic 
Missiles (IRBMs), 800 
Internal combustion power 
plants, 307 
International Civil Aviation 
Organization (ICAO), 113 
Intersections, 221 
Inverted siphons, 220 
IRBM (intermediate range 
ballistic misste) 
CSS-2, S65 
other, S66 
$8-20, S75 
Iron 
cupola furnaces, 363 
electric smelter, 361 
low-shaft furnace, 361 
ores, 351 
processing, 350-351 
processing blast furnace, 
353, 358 
production, 351, 358 
raw materials, 351 
Irrigation, 222 
Islamic city, 712 
Islands, 95 
Jackup drilling platform, 277 
JAVELIN, 829 
Jetty, 171 
Jewish synagogues, 733 
Jibs, 187, 236 
cranes, 188, 236, 604 
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Joint bars, 43 
Joint use civil/military airfields, 98 


K 


Kaldo process, 368 

Karez, 222 

Kasbah, 713 

Keelway, 191 

Kettles, 250 

Kibbutz, 707 

Kilns, 250 

King-post truss, 71 

Kivcet process, 424 
Koppers-Totzek method, 461 
Kraals, 708 

Krug RDF antenna array, 653, $23 
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‘L'-head pier, 177 
Lakes, 262, 328-329 
Lance, 801 
Landfills, 284 
Landing ground, 98 
Landing ship, 204 
Landline communications 
systems, 630 
Landmarks, 258 
Laterite, 104 
Laterite runways, 104 
Lattice towers, 207 
Launch pad, 795, S105 
Launcher 
ABM, $90-S93 
drone, 5167 
SAM, $97-S165 
Lay-by basins, 160 
Layering yard, 354 
Leaching and purification 
section, 424, $2 
Lead, 397 
casting, 404 
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drossing kettle, 403 
ore concentration, 397 
processing 
flue system, 462 
refining 
electrolytic, 404 
pyrometallurgical, 403 
roasting, 398 
sintering, 402 
slag dump, 403 
smelting, 402 
Lease tanks, 279 
Left-hand running railways, 46 
Lenticular truss, 72 
Levees, 89, 159-160, 705 
Lift bridges, 83 
Light assembly, 16 
Light fabrication, 16 
building, 591 
industries, 585, 612 
recognition factors, 613 
Light standard, 743 
Light station, 207 
Light surface roads, 30 
Lighthouses, 206 
Lights, 206 
Lime 
crushing, 474 
kilns, 475 
processing, 474 
storage building, 475 
Limestone, 351 
Storage, 351 
Line of sight, 207, 259 
Lines of Communication 
(LOC's), 21 
Link taxiways, 128 
Liquefied Natural Gas (LNG), 555 
production, 555 
shipment, 557 
Storage, 557 
Liquefied Petroleum Gas (LPG), 
549 
cryogenic extraction, 555 
shipment, 551 
storage, 551 
Liquid oxygen (LOX), 511 
Liquids, 209 
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Livestock, 699 
holding pens, 627. 699 
shelter buildings, 699 

Load bearing walls, 4, 13, 586 

Loading platforms, 39, 49, 249 

Local variations, 20 

Localizer (LOC), 684, $27-531, 
S$183-S189 

Localizer Directional Aid (LDA), 
689 


Locks, 159, 161 
control building, 161 
flight of, 163 
Locomotive 
assembly, 608 
jib, 236 ‘ 
repair areas, 55 
types, 610 
Loess, 715 
Log periodic antenna, 639 
Logging railroads, 57 
Long wire antennas, 636, 639 
Long-Range Navigation 
(LORAN), 680 
Loop taxiways, 128 
Loose Surface, All Weather 
Roads, 29 
Loose Surface, Fair Weather 
Roads, 29 
Low dams, 321 
Low water bridges, 38 
Low-shaft furnace, 361 
LOX, liquid oxygen, 511 
Lube oil 
blending and packaging 
area, 535 
treating units, 534 
Lumber, 572 
mill, 573 
Lurgi gasifier, 543 
Lurgi method, 461 


Macadam, 106 
Machine shops, 16, 591 


Magnesia (magnesium oxide), 
406, 408 
calcining, 408 
flocculator, 407 
from brine, 406 
Magnesium, 405 
carbothermic (electrothermic) 
process, 414 
chlorinators, 411 
ores, 405 
pelletization, 408 
Processing, 405 
chemical, 408 
electrolytic, 411 
refining, 411 
Magnetic separation, 267 
Magnetohydrodynamic 
generator, 320 
Maintenance hardstand, 140 
Major light, 206 
Manganese, 414 
blast furnace 415 
electrolysis 415 
ore reduction 414 
ores 414 
Processing 414 
Manifold, 213, 216 
Mansard roof, 14 
Manufacturing and fabrication, 
10, 13, 585 
Marinas, 180 
Marine railways, 196, 599 
Maritime transportation, 23 
Marker beacons, 686, 531, $189 
Market towns, 711 
Marsshalling yard, 52 
Masonry arch bridge, 60 
Masonry construction, 5 
Mast rig, 272, S23 
Material handling equipment, 
226 
Median, 32 
Medical facilities, 789 
Mediterranean mooring, 175 
Medium Range Ballistic Missiles 
(MRBMs), 800 
other, S66 
SS-23, $79 


Merchant iron casting building, 


Merchant marine, 199 
Merchant ships, 199 
Mercury, 415 
processing, 415 
refining, 415 
Mercury cell building, 467 
Megs halls, 790 
Metal forming, 17 
Metal truss bridges, 61 
“Metaled” road, 25 
Metering stations, 312 
Microwave 
antennas, 631, 657 
circuits, 657 
communications systems, 
656 


dish, $101, S109, $114, $141 


horns, 658 
reflectors, 658 
relay network, 657, 525 
stations, 657 
systems, 570, S73, S78 
towers, 660 
Microwave Lariding System 
(MLS), 689 
Mideast style houses, 737 
Military airfields, 98, 129, 135 
Military appearance, 98 
Military areas, 757 
administration and head- 
quarters, 785 
air force, 776 
ammunition storage, 791 
army, 771 


arsenals and gun parks, 792 


confinement facilities, 790 

defenses and fortifications, 
761 

equipment, 760 

firing ranges, 786 

fuel storage, 792 

housekeeping, 758 

housing, 759, 785 

medical facilities, 789 

missiles, 793 

motor pools, 793 

navy, 771 

obstacle courses, 789 


Pattern, 757 
recognition factors, 757 
security, 758 

service branch, 771 
service facilities, 792 
supply facilities, ;91 
training, 786 


training and recreation, 770 


uniformity, 757 
Minarets, 731 
Mine cars, 265 
Mine head equipment, 264 
Minefie!ds, 204, 762, 769 
Mines 
headframe, 265 
horizontal shaft, 265 
open pit, 261 
ore concent. ution, 266 
placer, 263 
strip mines, 263 
underground, 264 
ventilation shafts, 265 
vertical shaft, 265 
Mining methods, 261 
Minor light, 206 
Minuteman II/III, 797 
Missiles, 793 
launch 
facilities, 797 
pad, 794, S105 
launchers, 590-593, S97- 
5165, $167 
mobile systems, 799 
nomenclature, 794 
propulsion unit 
manufacture, 622 
testing, 623 
silos, 796, 534-568, 593 
sites, 794 
support equipment, 797 
surface to air, 806 
tactical, 801 
types, 794 
ABM, 804 
ABM-1, 804, S92 
ABM-2, 804, S93 
ABM-3, 805 ° 
CSS-2, S65 
CSS-2, S63 
CSS-4, S64 
CSS-5, 574 
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FROG-3, 580 
FROG-4, S80 
FROG-5, S80 
FROG-7, S81 
HADES, 862 
ICBM, 799 
IRBM, 800 
LANCE, 802 
MISTRAL, 830 
MLRS, 802 
MRBM, 800 
PATRIOT, 805 
PERSHING, 800 
PLUTON, 802 
SA-1, S96 
SA-2, S100 
SA-3, S107 
SA-4, S119 
SA-5, $113 
SA-6, S125 
SA-7, 5164 
SA-8, 5130 
SA-9, $135 
SA-10, 805, 51737 
SA-11, 5146 
SA-12, 805, S150 
SA-13, 5157 
SA-14, S164 
SA-15, S159 
SA-16, $164 
SA-17, $160 
SA-18, S164 
SA-19, $157, 5163 
SCUD, 803 
SRBM, 801 
SS-1, 803 
SS-1C, S82 
SS-11, 539 
SS-12, S83 
SS-13, 541 
SS-17, 543 
SS-18, 547 
85-19, 553 
SS-20, 800, S75 
$S-21, 803, S84 
S$S-22, 803 
$8-23, 804, 579 


SS-24, 797, 799, S58, S67 


SS-25, 799, S68 

SSBM, 796 
Miter gate, 161, 184 
Mk 2 Bloodhound, 809 
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MLIS (Molecular Laser Isotope 
Separation), 446 
Moats, 762 
Mobile home park, 735 
Molasses, 533 
storage tanks, 584 
Mold loft, 192, 595 
Mole, 170 
Monasteries, 729 
Mond process 418 
Monitors, 16, 588 
Monkey board, 272 
Monorail, 57 
Monuments, 744 
Mooring 
buoys, 174 
platform, 179 
Moshav, 707 
Moslem mosques, 731 
Mosques, 731 
Motor pool areas, 41 
Motor pools, 760 
Movable spans, 82, 160 
bascule, 85 
lift, 83 
sliding, 85 
swing, 83 
Mud, 715 
Mud house, 272 
Mud pits, 272 
Mufflers, 215, 247 
Multi-bay hangars, 146 
Multi-purpose bridges, 88 
Multiple hearth furnace, 391 
Multiple Launch Rocket System 
(MLRS), 802 
Multiple purpose purification 
units, 335 
Munitions, 59, $169, $178 
manufacture, 512 
plant, 512 
storage, 98 


N 


Narrow gauge, 58 
Natural gas, 548 
amine treaters, 553 
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collection, 550 
extraction & separation, 554 
liquids, 549 
processing facilities, 551 
purification, 552 
Natural harbor, 168 
Natural waterways, 159 
NAVAIDs, aeronautical, 674 
approach, 682 
DME, 677 
DVOR, 678 
DVORTAC, 680 
enroute, 674 
fan marker, 688 
GSI, 685, §27-$31, $183- 
$189 
ILS, 684, $31, $189 
IM, 531, $189 
LOC, 684, $27-531, $183- 
$189 
LORAN, 680 
marker beacons, 686, 531, 
S189 


TACAN, 679 

TVOR, 678 

VOR, 675 

VORTAC, 679 
NAVAIDs, marine, 205, 691 

AZ, $98 

CONSOL, 691 

DECCA, 692 

lights, 206 

OMEGA, 693 

RACON/RAMARK, 696 

radio beacons, 696 
Naval 

installations, 198 

vessels, 772 
Navigability, 169 
Navigation, 208 
Navigational hazards, 206 
NGL (Natural Gas Liquids), 549 
Nickel 

electrolytic refining, 418 

hydrometallurgical 

processing, 418 
laterites, 418 


Processing, 415 
pyrometallurgical refining, 417 
smelter, 417 
NIKE-HERCULES, 809 
Nitrated explosives, $11 
Nitric acid 
absorbers, 476 
plant, 477 
production, 476 
Nitrocellulose, 505, S8 
Nitrogen 
column, 454 
fertilizers, 494 
identification, 494 
Nitroglycerin, 505, 58 
Nomadic cultures, 702 
Non-Directional Radiobeacon 
(NDB), 675 
Non-Precision Instrument 
Runway , 114 
Non-tidal basin, 184 
Nose hangar, 147 
Notice to Mariners, 207 
Nuclear 
accelerator, 725 
power plants, 315 
shield building, 316 
reactors, 315, 54 
fast breeders, 447 
warhead, 539, $105-S106 
weapons, 449, $4, $105, 
$114, §175, §179-S181 
fabrication, 450 
initiators, 450 
production, 318 


O 


Obelisks, 744 
Observation towers, 503 
Observatory, 726 
radio, 646 
Obstacle course, 789 
Obstacles, 768 
anti-tank ditches, 769 
dragon's teeth, etc., 770 
minefields, 769 


tactical wire, 768 
vehicle, 769 
Obstructions, 102, 158 
Off-route fords, 37 
Office buildings, 8 
Offshore loading facility, 181 
Oil 
from coal, 541 
shale, 539 
tar sands, 540 
pumping station, 247 
reservoirs, 218 
separation, 518 
shales, 539 
Processing, 539 
terminal pumping station, 249 
Oil and gas fields, 513 
Oil of vitriol, 485 
Oiled-earth, 106 
Oleum, 492 
On-route fords, 37 
Open anchorages, 167 
Open areas, 746 
Open end hangar, 149 
Open hearth furnace, 366 
Open pit mine, 261 
Open storage, 193, 223, 260, 
283, 312 
areas, 166, 249 
Operational apron, 133 
Operational hardstands, 137 
Orbit valve, 273 
Ore concentration, 266, 398, $2 
plant, 264 
Ores, 223 
tonal characteristics, 260 
OTH (over-the-horizon), S87 
Outlet pipe, 254 
Overburden, 260, 281 
Overflow dams, 329 
Overpasses, 32 
Overruns, 112 
Oxidation beds, 292 
Oxygen 
column, 454 
lances, 366 


P 


Pachucas, 437 
Pad apron, 135 
Pagodas, 731 
Palace, 738 
“Pandrol” clip, 43 
Pantograph, 47 
Paper, 574 
Fourdrinier machine, 577 
mill, 577 
plant, 577 
recognition factors, 577 
pulp manufacture, 574 
sheet preparation, 576 
stock preparation, 576 
PAPI (Precision Approach Path 
Indicator), 124 
Parabolic aniennas, 645-646 
Parachute training facility, 786 
Parade grounds, 98 
Parallel taxiway, 128 
Parapets, 17, 763 
Parker truss, 72 
Parking 
areas, 39, 41, 249, 719 
garages, 10, 41, 153, 719 
hardstands, 137 
lots, 153, 185 
Parks, 756 
Passenger 
handling facilities, 152 
ships, 199 
terminals, 41, 48 
Passing tracks, 45 
Patent slip, 600 
PATRIOT, 805 
Patriot SAM-D, 820 
Pattern, 757 
Pattern shops, 590 
Paved concrete track (PACT), 44 
Pavement types, 34 
asphalt, 34 
bituminous, 35 
concrete, 34 
cut stone and brick, 35 
identification, 34 
PDU (Primary Distillation Unit), 
519 
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Peacekeeper, 797 
Peaked roof tanks, 230 
Peat, 264, 312 
Peat Cuttings, 264 
Peat moss, 408 
Pedestrian 
overpasses, 49 
tunnels, 49 
walkways, 725 
Pediment, 9 
Pelton wheel, 325 
Pennsylvania truss, 72 
Penstocks, 87, 244, 325 
Perimeter taxiway, 129 
Permanent platforms, 275-276 
Permanent way, 43 
Pershing II, 800 
Persian wheel, 702 
PETN (pentaerythritol- 
tetranitrate), 511 
Petrochemicals, 558 
plants, 254, 513 
recognition factors, 559 
Petroleum & petrochemicals, 512 
Petroleum refineries, 254 
PHALANX system, 829 
Phased array radar antennas, 
665, S86-S87, $143, S155- 
S162 
Phosphate 
fertilizers, 498 
tock storage, 499 
Phosphoric acid 
electric furnace process, 480 
plani, 499 
processing, 478 
pryron filter building, 478 
wet process, 479 
Piers, 177, 211 
bridge, 63 
recreational, 180 
Pierced steel planking, 35, 109 
Pig iron, 361 
Pile bent, 63 
Pile pier, 63 
Piling, 177 
PILLBOX, S90 
Pillboxes, 768 
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Pipe 
furnaces, 350, 518 
manifolds, 215, 248 
racks, 272 
Pipelines, 24, 208, 244-245, 701 
bridges, 87 
components, 213 
contents, 248 
crossing point, 212 
elevated, 87, 212 
expansion loops, 245 
feeder, 279 
recognition factors, 214 
insulated, 444 
on ground surface, 211 
route, 210 
markers, 213 
steam, 504 
submarine, 181 
terminals, 217, 248 
underground, 212 
Placer mines, 263 
Plank roads, 35 
Plantations, 706 
Plasina separation process, 445 
Plate girder, 68 
Platinum processing, 419 
Plaza, 754 
Pluton, 802 
Plutonium, $4-S6 
canyon building, 448 
processing, 447 
reprocessing plant, 448 
Pneumatic structures, 12 
Poacher house, 506 
POL (Petroleum, Oil, and 
Lubricants), 181, 513 
bunkering pier, 181 
distribution centers, 535 
treatments, 532 
heavy middle and residue 
hydrocarbons, 533 
light and middie 
hydrocarbons, 532 
lube oil blending and 
packaging, 535 
production flow, 513 
refineries, 513 
refining, 514 
storage, 234 
synthetics, 536 
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Police station, 723 
Polymerization unit, 531 
Pontoons, 81 
cranes, 241 
top tank, 231 
wharf, 179 
Pony Truss, 70 
Port facilities, 166 
Portal, 92 
jib, 236 
Portland cement, 561 
plant, 563 
processes, 564 
wet, 566 
Ports, 166 
Post and beam structures, 8 
Post and lintel structure, Z 
Post truss, 72 
Potassium fertilizer, 501 
Potrooms 383 
Pottery plant 428 
Poured-in-place construction, 6 
POW camps, 790 
Powder block, 507 
Powder houses, 261 
Power 
distribution grid, 297 
generation, 284, 295, 307 
plants, 295, 591 
geothermal, 319 
hydroelectric, 321 
internal combustion, 307 
magnetohydrodynamic, 
320 
nuclear, 315 
solar, 320 
thermal, 309 
wind, 327 
grid, 301 
lines, 296 
pylons, 244 
shovels, 312 
transmission, 297 
Pratt truss, 72 
Precipitation tanks 381 
Precipitators, 253 
Precision Approach Path 
Indicators (PAPI), 124 


Precision Approach Radar 
(PAR), 668, $27-$31, §183- 
S189 

Precision Instrument Runway, 
114 

Prefabricated membrane, 110 

Prefabricated runways, 109 

Preheaters, 519 

Prepared defensive positions, 
762 

Prepared float bridge sites, 38, 82 

Prepared natural surface 
runways, 103 

Presedimentation, 331 

Prilling towers, 494 

Primary chemical plants, 453 

Primary containment structure, 
316 

Primary reformer building, 459 

Primary seacoast lights, 206 

Primary sedimentation basins, 287 

Primary transformers, 298 

Prisons, 723, 790 

Processing, 13 
equipment, 250 
industries, 328 
plants, 217 
types 

air separation, 453 
alcohol, 455 
alumina, 378 
aluminum, 378 
ammonia, 458 
brick, 568 
calcium carbide, 464 
cement, 563 

coke, 341 

copper, 388 
explosives, 501 
ferrous metals, 340 
fertilizer, 493 
glass, 570 

gold, 397 

grain, 578 

lead, 397 

lime, 474 

lumber, 572 
magnesium, 405 
manganese, 414 
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mercury, 415 
natural gas, 548 
nickel, 415 
nitric acid, 476 
nitrocellulose, 58 
non-ferrous metals, 378 
ore concentration, 266 
paper, 574 
petrochemicals, 558 
phosphoric acid, 478 
platinum, 419 
plutonium, 447, $5 
propellants, S9 
radioactive materials, 434 
silver, 419 
soda ash, 481 
sodium chloride, 484 
steel, 363 
sugar, 581 
sulfuric acid, 485 
tin, 420 
titanium, 420 
uranium, 435, S2 
water, 328 
zinc, 422 
waste, 54 
Promenade piers, 180 
Propellants, 505 
ASM, 5177 
ICBM, 539-565 
manufacture, S8-S9 
SAM, S124 
Propeller turbine, 325 
Prospects, 259 
Pryzon filter building, 478 
PSP, Pierced steel planking, 109 
Pulsating visual approach slope 
indicators, 125 
Pump jack, 273 
Pumped storage facilities, 325 
Pumphouses, 215, 246, 254, 
280, 701 
Pumping stations, 215, 329 
Pylons, 244, 296, 301, 304, 630 
composition, 305 
configuration, 305 
Pyramids, 744 
Pyrocotton, 505 


Q 


Qanats, 222, 701 
Quarries, 262 
Quay, 178, 183 

walls, 173, 184 
Queen-post truss, 71 
Quenching car, 347 
Quenching tower, 348 
Quicklime, 465 


R 


Race tracks, 754 
Radar, 662 
antennas, 664, $29, 531, S98 
elements, 664 
aviation, 668 
beacons (RACON/RAMARK), 
696 


defensive missile systems, 672 
early warning, 671 
phased array, S86-587, 
S143, §155-S162 
reflector panels, 207 
reflectors, 667 
surveillance, 667, S88 
systems, 667 
ABM, S86 
ARS, $27, S185 
battle management, 
S86, $137, $155 
EW (early warning), 
S26 
fire control, §120-S121, 
3137-5139, S143- 
$146, 5162 
OTH, S87 
SAM, S86-590, $96- 
5164 
target acquisition, 5/49, 
S159, S162 
tracking, 668, 526, S86, $91, 
S96-S164 
s 
CAT HOUSE, 804, S86, 


S89 
CWAR, 816 


CWILL, 816 
DOG HOUSE, 804, $&86- 
S89 
FAN SONG, 811 
FLAPLID, 826 
FLAT FACE, 812 
HEN HOUSE, 804, S&6- 
S88 
HOTSHOT, 829 
IFF, $103, $134 
LAND ROLL, 826 
LONG TRACK, 824 
LOW BLOW, 812 
PAR, 816, $27-831, 
S183-S189 
PILLBOX, 804, 590 
ROR, 816 
SNOW DRIFT, 827 
SPOON REST, 811 
SQUARE PAIR, 812 
SQUAT EYE, 812 
STRAIGHT FLUSH, 825 
TRY ADD, 804, S86- 
S88-591-S92 
weather, 673 
Radial transportation network, 713 
Radiator cooling system, 255 
Radio 
antennas, 632 
astronomy, 646 
beacons, 696, $27-532, 
5183-S189 
CDAA, $23 
commercial AM&FM, 649 
communications, 632 
direction finding (RDF) 
sites, 651 
frequencies, 636 
high frequency (HF), 637, 
$13-S14, $23 
Krug, $23 
RDF, 523-824 
SATCOM, S18, $70-S72 
stations, 649 
troposcatter, 636 
tropospheric scatter, S17, 
573, S78 
Wellenweber, 523-824 
Radioactive isotopes, 434 
Radiotelephones, 655 
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Radomes (radar domes), 645, 
666, S8, $26 
Raillines, 590 
Railcar, S67 
assembly 
buildings, 608 
process, 608 
manufacturing 
recognition factors, 609 
repaii facility, 609 
types, 611 
Railhead townships, 708 
Railroads, 22, 42 
aligment, 44 
ballast, 43 
bridges, 68, 87 
commuter lines, 56 
construction, 42 
control tower, 52 
electrified, 46 
freight terminal, 50 
gauges, 45, 58 
operational status, 48 
Passenger terminals, 49 
radius of curvature, 45 
retarders, 53 
roundhouse, 55 
signals, 47 
stations & depots, 49 
subgrade, 43 
terminals, 48 
ties, 43 
concrete, 43 
steel, 43 
wooden, 43 
tracks, 196 
transfer table, 610 
turntable, 56 
yards, 50 
Railway curves, 44 
super elevation, 45 
Rainbow arch, 77 
Ram car, 347 
Ramps, 185, 199 
Range lighcs, 207 
Range shelters, 705 
Range test, 59 
Rapid mixing, 331 
Rapid sar.d filter, 233 
RAPIER, 820 
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Raw materials, 223 
RDF (Radio Direction Finding), 
651, 523-824 
sites, 654 
RDX (Research Development 
Experimental or Cyclonite), 
512 
Reactor 
fuel material, 439 
nuclear, S4 
Receiving yard, 50 
Recreational Piers, 180 
Rectifier 
building, 385 
section, 467 
Rectifying column, 457 
Rectisol gas purification plant, 543 
Red mud, 381 
lake, 381 
REDEYE (FIM-43A), 830 
Refinery 
accumulators, 519 
alkylation units, 531 
bitumen plant, 523 
catalytic cracking, 526 
compressors, 522 
control houses, 523 
conversion area, 523 
cracking processes, 524 
crude oil storage, 515 
finished product storage 
area, 535 
fractionating column, 518 
fractionators, 519 
gas processing plant, 523 
gas processing unit, 530 
heat exchangers, 519 
hydrofiner, 532 
kerosene agitators, 533 
layout, 514 
lube oil 
blending & packaging 
area, 535 
treating units, 534 
pipe furnace, 518 
POL processing flow, 516 
polymerization units, 530 
primary distillation unit, 518 
Processing areas, 515 
feactors & regenerators, 525 


recogniton factors, 515 
reforming, 527 
rundown storage, 522 
secondary distillation unit, 
522 
separation area, 518 
shell still, 521 
sulfur dioxide extraction 
unit, 533 
sweetening units, 532 
thermal cracking, 525 
treating units, 533 
treatment processes, 532 
vacuum distillation unit, 523 
vapor recovery, 530 
Refractory brick, 570 
Refueling hardstand, 140 
Regulating tanks, 215 
Regulators, 214 
Regulatory tanks, 215, 248 
REIL, Runway End Identifier 
Lights, 125 
Relay stations, 209, 214 
Relays, 298 
Religious buildings, 16 
Repair facilities, 55, 193, 198 
Reservoirs, 217, 254, 328-329, 338 
Residential 
areas, 734 
buildings, 8, 13, 703 
Retaining wall, 183 
Retarder control tower, 53 
Retarders, 53 
Reverberatory furnace 391, 428 
Reverse osmosis, 292 
Revetments, 141, 504, 765-766, 
5137 
Revetted hardstands, 141 
Rhombic antenna, 639, $13 
Right-hand running railways, 46 
Right-of-way, 210 
Rigid concrete pavements, 107 
Rigid pavements, 25, 107 
Rivers, 217, 329 
RMS, 689 
Roadhed, 43 
Roads, 22, 24 
alignment, 26 
base course, 25 


eS 
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capacity, 24 stressed skin, 12 closed runway, taxiway, 
classification, 27 structures, 588 119 
construction, 25 Roofs cover density, 709 day markers, 115 
drainage, 24, 26 Roof-top structures, 16 displaced thicshold, 117 
freight terminals, 39 Rotary drill rigs, 270 edge stripes, 119 
grading, 24 Rotary dryers, 251 fixed distance markers, 
bard surface, 31 Rotary kilns, 251, 378, 382, 407 1 
improvements, 24 Rotor process, 368 runway designator, 115 
light surface, 30 Roughi stopway, 119 
loose surface ougning threshold, 116 
all weather, 29 fileers.:338 lights, 126 
fair weather, 29 mill, 373 touchdown zone, 118 
network, 258, 785 Roundhouse, 55, 609 natural surface, 102 
passenger terminals, 41 Rubber orientstion, 101 
pattern, 709 industry, 559 overruns, 107, 112 
pavement, 25 natural, 559 prefabricated surfaces, 109 
paving, 25 Processing prepared natural surfaces, 
service and maintenance recognition factors, 359 103 
facilities, 41 products plant, 559 rigid surfaces, 107 
subgrade, 25 Run-of-river dams, 321 safety :neasures, 112 
surface types Run-up hardstand, 614 sand, 105 
aluminum planking, 35 Rundown storage, 522 semi-rigid surfaces, 105 
pierced steel planking, 35. Running direction, 45 stopway, 119 
trafficability, 24 Runways, 102 surfaces, 102 
vehicle storage, 41 arresting gear, 113 types, 110 
weatheratility, 24 barrier net, 112 Preparation, 104 
Roadsteads, 167 bedrock, 105 Runway Centerline Lighting 
Roaster buildings, 390 bituminous surfaces, 106 Systems (RCLS), 127 
Rocket and guided missile cement block, 108 Runway End Identifier Lights 
manufacture, 621, 59-S11 centerlin2, 116 (REIL), 125 
type, S62, S80-S81 classification, 111 Rural areas, 697 
Rockshed, 94 clay, 105 se Rural settlements, 707 
ROLAND, 823 concrete, 
Rolling mills, 375 coral, 104 
Rolling stock, 611 banana 116 
Roman architecture, 716 imensions, 111 S 
edge lights, 108, 126 
Roman masonry arch, 76, 220 graded earth, 103 
Roofs grass, sod or turf, 102 SA-1 (GUILD), 811, S96 
butterfly, 16 gravel, 104 SA-2 (GUIDELINE), 811, 5700 
curved, 12, 16 heading marker, 116 SA-3b (GOA), 812, S1U7 
deck, 14 ice or snow, 105 SA-4 (GANE?), 824, $119 
domed, 12, 16 laterite, 104 SA-5 (GAMMON), 812, $713 
tae length, 111 SA-6 (GAINFUL), 825, 5125 
a ik markers, 114 SA-7 STRELA (GRAIL), 830, S164 
hipped, 1B marking requirements, 113 $4.8 (GECKO), 825, 5/30 
“Mi”, 13 markings, 113 SA-9 (GASKIN). 826, $135 


approach lighting 
systems, 120 

basic visual, 113 

centerline, 116 


Sa-10 (GRUMBLE), 805, $137 
SA-10A/B (GRUMBLE), 826 
SA-11 (GADPLY), 827, S146 


mansard, 14 
sawtooth, 12, 14 
shed, 13 
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$A-12 (GLADIATOR/GIANT), 
827, S150 
SA-12A (GLADIATOR), 805 
SA-12B (GIANT), 805 
SA-13 (GOPHER), 824, $157 
SA-14 (GREMLIN), 830, $164 
SA-15 Tor (GAUNTLET), 829, 
5159 
SA+16, $164 
$A-17, 5160 
SA-18, 5164 
SA-19 (GRISON), 829, 5157, 
5163 
Safety gates, 165 
Salt (see also sodium chloride), 
484 
purification, 484 
solution mining, 484 
storage area, 467 
SAM site, 806 
Sand surfaced runways, 105 
Sand towers, 334 
Sand-bitumen, 106 
Satellite communication 
(SATCOM), 631, 518, S70- 
572, 578 
antennas, 645 
stations, 644 
Sawmill, 573 
recognition factors, 573 
Sawtooth roof, 14, 589 
SCALEBOARD, 803 
SCARAB, 803 
Schools, 724 
Scoreboards, 744 
Scrap yards, 283 
Screened docks, 192 
Scrubbing grids, 197 
Scrubbing towers, 411, 552 
SCUD, 803 
SDU (Secondary Distillation 
Unit), 522 
Sea coast artillery, 204 
Sea wall, 173 
Seaplane stations, 98, 100, 199 
Seasonal fluctuations, 159 
Secondary chemical industries, 
492 
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Secondary distillation unit, $22 
Secondary lights, 206 
Secondary mills, 375 
Secondary reformer, 459 
Secondary sedimentation basins, 
292 
Security, 758 
fences, 136, 198, 317, $03 
Sedimentation 
basins, 336 
tanks, 251 
Seismic exploration, 258 
Semi-gantry crane, 238 
Semi-poral jib, 236 
Semi-rigid runway surfaces, 105 
Semi-roundhouse, 55 
Semi-submersible drilling 
platform, 277 
Semi-through bridge, 65 
Seminaries, 729 
Separation, 52 
Septic systems, 285 
Service and maintenaace 
facilities, 41 
Servive road, 129 
Service stations, 41 
Settlements, 709 
Settling basins, 332 
Sewage 
industrial liquid waste, 204 
pumping stations, 216, 248 
treatment, 286 
plants, 220 
primary, 287 
secondary, 291 
tertiary, 292 
Sewerage, 286 
Shadoof, 701 
Shaft, 9, 260 
Shaft gate, 162 
SHAHINE, 823 
Shale shaker, 272 
Shantytowns, 709, 737 
Shear walls, 261 
Shearlegs crane, 190, 240, 607 
Sheds, 150, 738 
Shed roof, 13, 589 
Shell still, $20 


Shelter belt, 703 
Shield building, 316 
Shifting agriculture, 702 
Shiplifts, 159, 164, 197 
Ships 
building, 192, $93 
production steps, $93 
nomenclature, 593 
fepair and maintenance 
facilities, 193, $99 
slorage areas, 193 
Shipyards, 190 
assembly area, 595 
cranes, 604 
dry docks, 595 
fabrication building, 595 
fitting out piers, 599 
floating drydecks, 600 
mold loft, 593 
shops, 192 
Shortwave (SW) communica- 
tions, 646 
Shoulders, 25 
Shunt reactors, 298 
Side lift shiplift, 163 
Signal gantries, 48 
Signs, 743 
Siiage, 228, 700 
pit, 700 
Silos, 227, 249, 269, 699 
missle 
general, 534-838 
ICBM, §39-68 
ABM, 593 
Silver 
electrolytic refining, 420 
leaching, 420 
processing, 419 
secondary recovery, 420 
Simple span, 64 
Simplified Direction Pacility 
(SDF), 689 
Single bay hangar, 146 
Single family house, 734 
Single point mooring, 182 
Single side band (SSB) commu- 
nications, 646 
Sintering, 353, 391 
building, 402 


Skew bridge, 65 
Ski jump, 752 
Ski lifts, 752 
Ski slopes, 792 
Skip hoist, 368 
Skyscrapers, 8, 10 
Slab bridge, 66, 91 
Slag, 262 
car, 361 
fuming plant, 403 
piles, 391, 403 
pits, 361 
Slaked lime, 407 
Sleepers, 43 
Sliding caisson gate, 162 
Slipways, 190, 195, 602 
Slow sar filter, 334 
Sludge 
drying beds, 289 
lagoon, 289 
ponds, 282 
Sluice: gate, 164 
Small arms range, 787 
Smelting, 17 
Smokestacks, 252, 313 
SNG, Synthetic Natural Gas, 541 
Snowshed, 94 
SNR, special nuclear material, 
442 
Soaking pits, 373 
Soda ash 
carbonating wowers, 484 
idestification, 482 
Leblanc process, 481 
processing, 481 
Solvay process, 483 
Soderberg process, 383 
Sodium chloride 
processing, 484 
Soil-bitumen, 106 
Solar concentrators, 320 
Solar power generation, 320 
Solution mining, 280 
Solvay process, 483 
Solvent extraction, 438 
Sour gas, 548 
Source terminals, 248 
Span, 62 


Spandrel, 76 

Special nuclear material, 442 

Spherical tank, 233 

SPIDER, 804 

Spray ponds, 254, 504, $15 

Springs, 329 

58-1, 803 

$8-1C, $82 

86-11, 797, $39 

88-12, 583 

58-13, S47 

$8-17, 797, $43 

58-18, 797, $47 

$819, 797, $53 

SS-20 (SABER), 800, $75 

5S-21 (SCARAB), 803, S84 

SS-22 (SCALEBOARD), 803 

5S-23 (SPIDER), 804, $79 

88-24, 797, 799, S58, S67 

88-25, 769, S68 

SSB, Single Side Band radio, 647 

Stadiums, 16, 746 

Standard derrick, 272 

Standard gauge, 45, 58 

Standpipes, 338 

STARSTREAK, 829 

Steam pipelines, 214, 226 

Steam pipes, 328 

Steam plant, 327, 591 

Steel, 364 
basic oxygen furnace, 367 
Bessemer converter, 365 
electric arc furnace, 371 
forming, 371 
hot forging, 375 
ingots and casting, 371 
open hearth furnace, 366 
oxygen lances, 367 
primary mills, 373 
processing, 363 
Products, 224 
roughing mill, 373 
secondary (rolling) mills, 375 
strand casting, 374 
stripping and soaking, 373 

Steeple, 728 

Stills, 456 

STINGER (FIM-92A), 830 
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Stockpiles, 223, 482 
Stone, 715 
Stopways, 119 
Storage, 13 
areas, 217 
buildings, 7, 18 
dam, 325 
depot, 224 
explosives, 226 
facilities, 166, 193, 217 
hazardous materials, 226 
structures, 16 
tanks, 215, 229 
capacity nomograph, 
538 


underground, 93 
yards, 438, 590 
Storm surges, 173 
Strand caster, 374 
Strategic SAM systems, 808 
Streams, 328 
Stressed skin 
construction, 588 
siructures, 12 
Stringer bridge, 68 
Strip mines, 263 
Strong points, 764 
Structural steel, 612 
Stub apron, 135 
Stucco, 6 
Stupas, 731 
Subgrade, 43 
Submarines, 205 
nets, 204 
pipelines, 183 
Submersible drilling platform, 276 
Subsea production pletforms, 277 
Subsistence farming, 702 
Subsoil, 103 
Substations, 47, 296-297 
Substructure, 62 
Sugar, 581 
cane, 583 
from 
beets, 581 
cane, 583 
processing plant 
recognition factors, $84 
raw materials, 581 
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Sulfuric acid 


absorber towers, 487 
by-product recovery, 488 
chamber process, 489 
contact process, 486 
converters, 487, 492 
Gay-Lussac tower, 469 
Glover tower, 489 
recognition factors, 487 
lead chamber process, 485 
oh of vitriol, 487 

oleum tower, 487 

plant, 391, 424 


SA-7, S164 
SA-8, 825, $130 
SA-Y, 826, $135 
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SA-10, 826, 57,37 
SA-11, 827, S146 
$A-12, 827, S150 
8A-13, 828, $757 
SA-14, S164 
SA-15, 829, $159 
$A-16, S164 
SA-17, $160 
SA-18, $164 
SA-19, 829, 5757, 8163 
SHAHINE, 823 
altes, 808 
STARSTREAK, 829 


Tactical Air Navigation 
(TACAN), 679 
Tactical wire, 768 


Tailings, 261, 281 
dewatering tanks, 267 
piles, 265, 267, 281 
Tailraces, 325 
Tainter gate, 162 
Tankers, 199 
Tankhouse, 393 
Tanks, 166, 229, 249 
at industries 
ore concentration, 52 
blimp, 232 
bullet, 232 
buried or partally under- 


recovery, 398 support equipment, 809 
ble 8 485 ear te aed wie ont (UG of PUG), 
storage, A tery, ‘ 
Superphosphate plant, 499 Surface-to-Air Anti-Ballistic- Pulser ai 
Superstructure, 62 Missile (ABM), 804 floating top, 231 
Surface pipelines, 245 Surface-to-Surface Ballistic fuel, $177 
Surface-to-Air Missiles (SAM), 806 Missiles (SSBMs), 796 gasometers, 231 
ABM-1, $92 Surface-to-surface missile horizonual cylinder, 233 
ABM-1B, 592 systems, 801 Horton sphere, 233 
ABM-2, S93 Surge tanks, 325 POL, $182 
ADATS, 829 Survey points, 258 sedimentation, 251 
Bloodhound, ae Surveillance, $27, $40-S42, $51, spherical or spheroidal, 233 
CHAPARRAL, 81 S61, S88, $185 types, 211 
CROTALE, 815 Suspended span, 79 Tar sands, 540 
fixed systems, 808 Suspension bridges, 61, 77 processing, 540 
Heyday 829 Sweet gas, 546 Tar separators, 350 
JAVELIN, 829. Sweetening a 532 bare ama S149, $159, 
launch pads/firing paints, Swimming pools, 751 . 
Sw i ‘ar-mac, 30 
”, ee Taxiways, 107, 127 
launchers, 590-593, $97- Switch engine, 52 
S165, S167 Switching dispersal, 129 
Man portable, 830 stations, 297 Tee 130 
mobile systems, 613 substation, 300 jas ae 
NIKE-HERCULES, 809 Switchyards, 298 8 
Patriot, 820 Synagogues, 733 ii na ig 
radar, 807 Synthetic natural gas, 541 ibe fe ne 
RAPIER, 820 paralie!, 
ROLAND, 823 perimeter, 129 
SA-1, 811, 596 Team tracks, 50 
SA-2, 811, 5100 TEL (Transporter-Erector- 
SA-3, 812, $107 T Launcher), 622 
SA-4, 824, $119 ICBM, $67-S74 
SA-5, 812, $113 ‘T-head pier, 177, 181 IRBM, $75-576 
SA-6, 825, $125 ‘T-shaped hangar, 148 SAM 


SA-4, 824, $119 
SA-6, 825, $125 
SA-9, 826, $135 


SESS 
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SA-10, 826, 5137 
SA-13, 828, S157 
SA-17, $160 
SA-19, 829, 5757, S163 
SSM, S80-S84 
Telephone 
exchange, 631, 727 
lines, 630 
networks, 630 
pylons, 630 
Television (TV), 661 
Temporary structures, 12 
Terminal buildings, 49, 95, 153 
Terminal buoy, 182 
Terminal facilities, 39, 48, 165, 
217, 248 
Terminal pumping station, 217 
Terminal VHF Omni-Directionat 
Range (TVOR), 677 
Tetrahedrons, 770 
Textile plants, 627 
‘Thacher truss, 72 
Thermal crackers, $25 
Thermal diffusion, 446 
Thermal! power plants, 309 
Thermal reformer, 527 
Thickening tanks 407 
Thisd-rail, 47 
electrification, 56 
systems, 47 
Threshold lights, 126 
Threshold Lights Touchdown 
Zone Lighting (TDZL), 127 
Threshold marking, 116 
Thrift basins, 163 
Through bridge, 65 
Through terminal, 48 
Thyristors, 449 
Tidal 
basin, 183 
locks, 162 


power plants, 326 
Ties, 43 


Tilt-up construction, 7 
Timber truss bridges, 60 
Tin, processing, 420 
Tipples, 249, 265-266, 312 
Tires, 626 

inanufacturing, 626 


Titan crane, 187 
Titanium 
electrothermic refining, 422 
processing, 420 
TNT (trinitrotoluene), 511 
Touchdown zone markers, 118 
Towers, 207 
‘A’, 628 
cantilever crane, 187, 235 
communication, 628, 728 
control, $183, 5185guard, 
743 
guyed, 628 
T’, 628 
radar, S142 
radio, $17, $20, $30 
Tower cranes 
hammerhead, 236 
jib, 236 
masts, 629 
transporter, 235 
TV, 662 
Town lattice truss, 71 
Toxic gas dispersal tower, 476 
Track gauges, 45 
Tracking 
ABM, S86-S91 
SAM, S96-S160 
telemetry, 520-822, S26 
Tracks, 28, 258, 761 
Tractor and tank manufacturing, 
611 
Trafficability, 24 
Trails, 27 
Training 
facilities, 198, 770 
walls, 172 
Transfer table, 56, 610 
Transformers, 297, 385 
substations, 298 
yards, 297, 310, 318 
Transient apron, 134 
Transition curves, 45 
Transmission 
lines, 301 
towers, 296 
Transportation, 21 
networks, 21, 93, 225, 709 
terminals, 21 


systems, 22 
transshipment, 22 
Transporter bridge, 86 
Transporter-erector-launcher 
(TEL), 622, 799 
Transshipment, 39, 135 
areas, 49 
facilities, 16, 217, 248 
points, 165, 225 
Travelled way, 25 
Trenches, 204, 762, 765 
Trestles, 64, 244 
bent, 63 
pier, 63 
Tri-color visual approach slope 
indicators, 124 
Trickling filters, 291 
Trinitrotoluene (TNT), $11 
Trolleys, 56 
Tropospheric scatter systems, 
636, 643, S17, $73, S78 
Trunk lines, 209 
Truss 
bridge, 70 
members, 70 
types, 71 
TRY ADD, S86-S88, $91-S92 
TUNGUSKA 2K22M, 829, $163 
Tunnels, 92, 143, 260 
aqueduct, 220 
bore, 92 
entrance/exit (portal), 92 
route, 93 
Turbogenerators, 321 
Turning basins, 163 
Turning loop, 57 
Turntable, 55, 609 
Tuyeres, 358 
TV stations, 661 


U 


Underbridge clearance, 82, 160, 
221 

Underground facilities, 143 
storage, 93 
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Waelz process, 432 
Walls, 723, 741 
Warehouses, 10, 14, 18, 39, 50, 


Underground houses, 715 
Underground mines, 264 
Underground pipelines, 212, 245 
Underground tanks, $782 
Underground VTS, $77 
Underpasses, 32 
Uniformity, 757 
Universities, 725 
Upright cylindrical (or can) 
tanks, 230 
Uranium 
biscuits, derby and dingots, 
441 
concentration plant, 438 
enrichment, 442 
centrifugal separation, 
444 
electromagnetic separa- 
tion, 445 
gaseous diffusion, 442 
laser based prox esses, 445 
plasma separation, 445 
thermal diffusion, 446 
feed materials plant, 439 
flotation, 437 
flouride volatility process, 
439 
ingots, 442 
ion exchange method, 437 
isotopes, 442 
leaching, 437 
metal forming, 447 
metallic 
electrolysis process, 441 
processing facilities, 442 
production, 441 
reduction process, 441 
mining, 435 
ore concenti.tion, 437 
ores, 435 
processing, 435 
solvent extraction, 438 
tailings disposal, 438 
wet solvent extraction, 429 
yellow cake, 438 
Uranium hexafluoride, 442 
Urban areas, 218, 709 
classification, 709, 713 
geographic variations, 714 
grid pattern, 712 
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Urban streets, 32 
patterns, 709 

Urea, or carbamide 
(H2N‘CO'NH)), 497 


V 


Vacuum distillation unit, 523 
Valley antenna, 694 
Valley roof, 17 
Valves, 213 
Vanadium 420 
Vapor dome tank, 230 
Vapor recovery, 530 
VASI, Visual Approach Slope 
Indicator, 122 
Vats, 250 
Vegetative products, 224, 572 
Vehicle 
firing range, 788 
maintenance, 13 
areas, 16 
obstacles, 769 
parking, 100 
storage, 41 
Ventilators, 19, 215, 247 


Venturi towers, 256 

Vertical flare, 254 

Vertical kilns, 251 

Vertical lift gate, 162 

Vertical shaft mines, 265 
Very Low Frequency OMEGA 


(VLF/OMEGA), 693, 575-516 


Vessels, 199 

VFR, Visual Flight Rules, 113 

VHF Omni-Directional Range 
(VOR), 675 

VHF Omni-Directional Range 
andTactical Air Navigation 
(VORTAC), 679 

Villages, 707 
kraals, 708 
markets, 707 
types, 707 

Visual Approach Slope 
Indicators (VASI), 122 


Visual Glideslope Indicators, 122 


150, 166, 225, 269, 590 


Warren truss, 73 

Warships, 199 

Wash tanks, 350 

Waste gas stacks, 252, 317, 347, 


390, 402, 417, 424, 459 


Waste gases, 313 
Waste material, tonal character, 


281 


Waste pond, 408 
» ste products, 280 
Water 


«ollection, 328 

distribution, 340 

intake pipes, 328 

intake towers, 325, 328 

mains, 340 

pumping stations, 216, 248 

purification plants, 218 

storage, 329 

table, 222 

tanks, 279, 333, 338 

towers, 216, 218, 338 

transportation, 339 

treatment, 330 
aeration, 336 
clarification, 332 
desalination, 338 
disinfection, 336 
facilities, 309 
filtration, 333 
flocculation, 332 
presedimentation, 331 
rapid mixing, 331 

wells, 270 
dug, 270 


Watermills, 580 

Waterways, 321 

Wave patterns, 170 

Ways, 190 

Weapon, 54, 57, S175, §179- 


$181 


Weather radar, 673 
Weather station, 727 


Weatherability, 24 
Weirs, 162, 164 
Welded rails, 43 
Wellhead, 272 
Wells, 269, 328, 701 
casing, 273 
disposal, 280 
drilling, 270 
helium & carbon dioxide, 280 
lease road, 278 
production, 277 
solution mining, 280 
water, 280 
Western farm, 703 
Wet dock, 184 
Wet gas, 548 
Wet gasometer, 231 
Wet solvent extraction, 439 
Wetherhill process, zinc, 432 
construction, 180 
Wharves, 178 
construction, 180 
Whipple truss, 72 
Wichert truss bridge, 79, 86 
Wildcat wells, 259 
Wincn house, 265 
Wind power generators, 327 
Wind tunnels, 614, 616 
Windmills, 273, 280, 702 
Wing walls, 95 
Winter only roads, 36 
Wohlwill process, 397 
Wood, 224, 716 
Processing plant, 503 
products, 572 
Wreckir. g yards, 283 
Wullenweber antenna array, 
652, $23-524 


Y 


‘Y' dust collection pipes, 368 
‘Y' pylons, 306 

Yagi antennas, 635 

Yellow cake, 438, 52 
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Zz 


Zinc 
by-products recovery, 433 
casting building, 424 
distillation columns, 431 
electrolytic cell building, 424 
electrolytic process, 427 
electrcthermic furnace, 428 
horizontal retort furnace, 428 
‘orizontal retort smelting, 423 
leaching and purification 
section, 424 
ores, 423 
lant identification, 424 
processing, 422 
refining, 428 
reverberatory furnace, 428 
smelting, 423, 427 
vertical retort furnace, 428 
Zinc oxide 
electrothermic oxide 
furnace, 432 
production, 431 
process 
American, 432 
French, 433 
Waetz, 432 
slag fuming furnace 433 
Zirconium, 420 
Zoos, 756 
ZSU-23-4 AAA, 825, $124, $135, 
S157, $163 
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MCI 13.34h MATH FOR MARINES 


This questionnaire is extremely important to the Marine Corps 
Institute. The course that you have just completed has undergone 
extensive development and revision. As an integral part of the 
continued success of this course, YOUR HELP IS NEEDED. By 
completing this form, your responses may result in a need to revise 
the course. 


Please take five minutes, complete the questionnaire and return it 
to MCI in the self-addressed envelope provided with your course 
materials. Additional comment sheets may be attached to this form. 
If you want to be contacted by the course instructor, please 
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DSN COMMERCIAL (AREA CODE) 
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CHAPTER 1 — INTRODUCTION 


Contents 


This module deals specifically with man-made features. Features including and 
relating to buildings and built-up areas, transportation facilities, industries, com- 
munications, etc. are included. A few man-made or man-modified features, such 
as orchards and reservoirs, have been left to other modules where the logical 
relationship is more appropriate. 


An in depth explanation of airfields, facilities and navigational aids is given in 
Module 6, Aeronautical Data Maintenance. 


The explanations of many features go beyond that which is photo-identifiable. 
This information is included to give ihe student a better understanding of the 
subject so that these features can be more readily identified when found in non- 
standard configurations or unusual locations. 


Organization 


This module has been organized so that it follows a logical progression. 
Information on basic features, such as buildings and transportation is presented 
first, followed by industries, communication, and cultural areas. The sequence 
within each section proceeds from general to specific information. 


Features have been presented, as far as possible, in functional groupings. This 
results in some repetition betwee. sections, but the relationships within these 
groups are important clues to the identification of many features. 


A list of terms and their definitions is included after some sections. In addition to 
words used within the handbook, terms which the analyst may encounter in 
source references are included. 


Sometimes, DMA specifications define a term differently than the general usage, 
or different definitions are used for different products. Notes to this effect are 
presented in italics. 


This student handbook is unclassified. A classified supplement to the handbook 
is available. The supplement contains additional information derived from classi- 
fied sources. Reference is made to the supplement in those sections of the 
handbook where additional, classified material is available. 


Defense Mapping Agency \ 
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CHAPTER 2 — BUILDINGS 


Generali 


Buildings, no matter what their function, have certain characteristics. These char- 
acteristics affect the appearance of the building, and often give clues as to its 
function. in this section, we will examine building structure types, roof types and 
construction materials. Identification of building functions will be covered in sub- 
sequent sections. 


Physical considerations dictate the limitations on building construction and struc- 
tural characteristics. The type of construction used is dependent on the size and 
purpose of the building, the cost and availability of construction materials, and 
the cost and availability of labor and technology. Buildings with the same func- 
tion will usually be of similar appearance, as the function will dictate certain 
characteristics. However, geographic differences occur due to the availability of, 
or lack of construction materials, labor and technology. Building ornamentation 
also varies due to cultural differences, causing superficial differences in appear- 
ance. The successful analyst takes all of these factors into consideration when 
studying a built up area. 


Building Structures 


Building structures are classified by the way in which the weight of the building 
is supported. The most common structural types are framed construction, load 
bearing wall construction and composite construction. Stressed skin construction 
is used mostly for light framed structures such as storage buildings. Pneumatic 
buildings are inflatable structures, normally used as temporary or portable facilities. 


Structural Supports 


Column and Lintel 


In column (or post) and lintel construction, support for the structure is provided 
by columns or load bearing walls. Various types of structures transmit the weight 
of the roof or upper floors to the supports. The simplest, and most common 
method is the column and beam structure. A series of horizontal beams, com- 
posed of steel, reinforced concrete or wood support the weight of the roof, and 
in turn are supported by columns. The columns may be composed of steel, 
masonry, reinforced concrete or wood. 


A truss is used where a simple beam is not strong enough to bear the necessary 
load, especially where increased floor space between columns is needed. Trusses 
are normally steel, but may be wood (especially in smaller buildings, e.g. the 
rafters in single family houses) or reinforced concrete. Truss structures also allow 
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Figure 1: Composite sketch showing basic building structural forms 


lighter materials, such as wood, to carry a heavier load. Wood trusses are often used 
when steel beams are not available, or when steel is considered too expensive. 


Arch 


An arch is used to support the roof when a truss cannot, either structurally or 
economically, provide sufficient clear floor space and/or the required vertical 
clearance. Aircraft hangers frequently use an arch structure. 


Masonry arches are occasionally used, but are limited to a span of about 60 feet 
(18 meters). A braced arch is composed of steel trusses, and can span from 100 
to 300 feet (30 to 90 meters), A rigid frame arch can be built with steel, rein- 
forced concrete or wood, and can span from 60 to 200 feet (18 to 60 meters). 


Cantilever 


Cantilever supports are used primarily in buildings of light cons’ruction, and 
usually for decorative purposes. In industrial applications, they are used for 
some warehouses and other light buildings. They are more common in commer- 
cial and some institutional buildings, where their unique architectural 
configuration is desired. 


A cantilever support consists of a post or column supporting an anchor arm and 
a cantilever arm. The anchor arm is shorter and more massive, and balances the 
weight of the longer cantilever arm. In some cases, the mass of the column pro- 
vides the counter balance to the cantilever. In other systems, a central column 
Supports two opposing cantilever arms. To increase the distance between sup- 
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ports, a suspended arm may be placed between two cantilevers. Cantilever sup- 
port systems ray be composed of steel beams or trusses, reinforced concrete, or 
occasionally wood. 


Dome 


Domes are used primarily as architectural ornaments for public buildings, 
churches, terminals, etc. They provide a large open space with a high ceiling. 
The weight of the dome is transmitted evenly around its circumference. 


A geodesic dome derives its strength from a geometric lattice of trusses. The 
pattern of triangles or polygons that comprise the lattice gives it a facetted 
appearance. This is distinct from the smooth surface of a regular dome. 


Structure Types 


Load Bearing Walls 


Buildings with load bearing walls are substantial structures, composed of stone 
masonry, concrete or other materials capable of withstanding a compressive load. 
As the name implies, the weight of the structure is supported entirely by a series 


Figure 2: The four baste types of building structures 
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of walls, The spans between the walls normally will not exceed 20 to 25 feet 
(< 10 meters). The size and shape of the interior rooms are limited by the 
aniangement of the bearing walls. 


Stone: 


Stone is not used frequently in mod- 
ern buildings because of the high 
cost. However, its high compressive 
strength make it an excellent material 
for construction of larger structures. 
Classical architecture made extensive 
use of stone for palaces, churches, 
government and institutional build- 
ings. The increasing cost of stone 
construction, and the development of 
les3 costly framed structures, is 
reflected by the low percentage of 
stone buildings in newer built-up 
areas. Modern use of stone is, in 
many places, restricted to governmeat and institutional buildings where the 
desire to maintain traditional appearances outweighs the cost. 


Figure 3: Multi-story, masonry building, 
bearing wall construction 


The principal recognition factors for a load bearing structure built of stone are: 
© The structure has a heavy, substantiil, massive appearance. 


The walls in stone buildings are, by necessity, thick, causing windows 
and doors to be recessed, The width of the walls may also be observed 
if parapets are present on the roof. 


© There are relative'y few windows and doors. They are normally small, 
and frequently have arches at the top to maintain structural integrity. 


© The color of tone will vary with the type of stone used. If larger blocks 
are used, the pattern of joints between the blocks may Le visible. The 
surface may be smooth if cut stone is used, or rough if the blocks are 
of shaped stone. 


Note: Framed structures are sometimes faced with stone. The thinner walls and 
abundance of windows and doors will help to distinguish these. Since stone is 
expensive, frequently only the front of the building would be faced. 


Brick: 


Brick, adobe, cement blocks and cinder blocks are man-made substitutes for 
stone and their collective use is referred to as masonry construction. (Stone con- 
struction is also included as a subcategory of masonry.) As such, they are much 
less expensive, and are frequently used in smaller buildings in areas where the 
raw materials are available and/or weod is not available. Construction methods 
are similar, but adobe is restricted geograrhically, while cement and cindc; 


Photo Interpretation Training Course 


: Chapter 2 | 
6 Cultural Features | 


blocks are used mainly for industrial or storage buildings, and some smal! com- 
mercial buildings. In addition, cement o1 cinder block walls are sometimes 
covered with a decorative facing, such as brick, artificial stone, plaster (stucco) or 
siding, particularly in small commercial buildings. 


The way in which masonry (particularly brick) buildings are constructed gives 
these buildings a distinctive appearance. Load bearing walls can be distinguished 
from framed structures faced in brick by the use of these characteristics. 


The principal recognition factors for a load bearing structure built of brick are: 


¢ Load bearing walls are characterized by relatively small windows and 
doors with lintels or brick arches above them to maintain structural 
integrity. 

© Because the walls provide the structural support, windows and doors 
cannot exceed more than one third of the wall, unless special measures 
are taken. 


© Windows and doors must be aligned vertically to maintain structural 
integrity. The sections of wall between openings provides the load-bear- 
ing strength. 


¢ Load bearing walis must be sufficiently thick to support the cumulative 
weight of the rvof and upper stories. Therefore, the walls on the Jower 
stories are thicker than the walls on the upper stories, Windows and 
doors are recessed in proportion to the thickness of the walls, with win- 
dows on the lower floors being recessed deeper. In some cases, 
additional glass is placed flush with the exterior of the wall, concealing 
the recessed interior window. 


¢ Floor joists must be anchored in the side walls, particularly in larger struc- 
tures, and anchor plates or wedges (often decorated) may be visible. 


¢ Load bearing wall structures rarely exceed 6 stories in height. 


Brick load bearing walls are used in all classes of buildings where a nearby 
source of bricks makes it economical. The increase in the use of concrete 
because of its strength, versatility and lower labor cost results in fewer new 
buildings made of brick. However, older brick structures are locally plentiful. 


Concrete: 


Concrete has high compressive strength, making it an excellent material for load 
bearing walls. In addition, it can be given substantial tensile strength through the 
addition of steel reinforcing rods. Thus it can be used for floors, ceilings, roofs, 
and as beams, as well as for walls, It is easily handled by machinery, reducing 
labor costs during construction. 


Load bearing buildings made of concrete fall into three categories: poured-in- 
place, tilt-up, and box-wall. The first two are very similar in design, and vary 
only in the way they are assembled. In the first, forms are assembled where the 
floors, walls etc. are to be located, and the concrete is poured into the forms. 
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The concrete structure is formed in place. In tilt-up construction, the walls are 
laid in slabs on the ground and lifted or tilted into place, The tilt-up method 
requires a high level of technology, and is used where labor costs are expensive. 
In either case, the interior walls may be either load bearing or framed, These 
methods are rarely used in buildings taller than one or two stories, usually for 
storage buildings, industrial buildings and public buildings such as auditoriums 
and gymnasiums. 


The principal recognition factors for a load bearing structure of poured-in-place 
or tilt-up construction are: 


¢ They are low structures, usually one or two stories, but they may be 20 
feet (6 meters) or more in height. 


© There are few window and door openings, which are small. Most struc- 


tures of this type require little natural ‘ight, but may use skylights (often 
“sawtooth") in the roof. 


* The walls must be thick enough to support the weight of the structure. 
This is reflected by the recessed doors and windows. 


They are usually of a simple box shape. Construction costs are kept down 
by the simple design, appropriate for industrial and storage structures. 


¢ Roofs will not be high pitched. Normally a low arch or horizontal truss 
support is used. Sawtooth skylights may be present. 


Box-wall construction uses a framework of load bearing walls braced with con- 
crete floor/ceilings, resulting in a structure composed of a series of boxes of 
uniform size and shape. This type of construction can be used for multi-story 
buildings, and is commonly used for apartment buildings and hotels. This is a 
relatively recent form and is found in newer developments. 


The principal recognition factors for a load bearing structure built of box-wall 
construction are: 


© The individual cells (boxes) that comprise the building structure can 
usually be identified from the exterior of the building. Only one wall of 
each cell, that which faces outward 
has windows. 


© The walls are thick, resulting in 
recessed windows and doors, but 
less than on other load bearing 
walls because of the added support 
of the concrete floor/ceilings. 


¢ The added support of the concrete 
floor/ceilings also allows the walls 
to maintain a constant thickness 
rather than being more massive on 
lower floors. 


Figure 4: High-rise concrete building, 
box-wall construction 
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¢ There are few windows and doors, especially on end walls. End walls 
will often have only a single vertical row of windows to provide light to 
stairwells, 


¢ The roof will normally be flat because of the box-wall construction. 
Framed Construction 


Framed construction consists of a rigid framework of supporting columns 2nd 
beams (posts and lintels) over which the walls and roof are constructed. The 
framing can be composed of wood (for smaller structures) steel, concrete, or a 
combination. When the columns are made of one material and the beams or 
trusses of another, it is called a “composite framed structure.” Large, multi-story 
apartment and office buildings, as well as single- and multi-story industrial build- 
ings use reinforced concrete framing. 


Framing allows for more flexibility in the layout of rooms. Larger rooms are pos- 
sible, but columns may be present. Architecturally, framing allows for greater 
variety in building styles and appearance. The frame structure may be entirely 
covered, giving the building a more massive appearance (heavy clad), or large 
windows can be used for a more open appearance (light clad). Framed structures 
range from single story residential buildings to high-rise apartments, office build- 
ings and skyscrapers. 


Frame construction has developed from simple post and beam construction, 
evolving through several distinctive styles to the modern light clad skyscrapers. 
Yet all frame structures are based on the same basic framework, horizontal 
beams or lintels that support the roof and floors, and transmit the load to a series 
of columns or posts which provide the vertical support for the structure. The 
terms “post and beam” are commonly used in reference to wood structural mem- 
bers, while “column and lentil” refer to concrete, steel, trusses, and other 
advanced structural members. 


Post and Beam Frames 


Basic frame construction is well illustrated by the wood post and beam structures 
popular in northwestern Europe from the 12th through the mid-19th century, 
These buildings utilized heavy, fire-resistant timbers of great strength joined into 
box-like frames. The frame was set on a stone or brick foundation, and diagonal 
braces were commonly used, Since the frame supported the structural load, the 
walls could be made of lighter materials, such as boards, panels, mud and straw, 
stucco, a single layer of brick, or similar materials. In the orient, frame buildings 
with walls of light screens and paper are common. In newer buildings, these 
light, non-load bearing wails are referred to as curtain walls. 


These older post and beam buildings were frequently partitioned on the inside to 
provide space for various functions, including retail, light fabrication (hand craft- 
ing), and residential areas within the same building. 
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In Germany and other parts of northwestern Europe, the heavy wooden timbers 
of the framing were often left exposed, with plaster, or other materials, filling 
in the spaces between the timbers. This highly decorative style is referred to as 
half-timbered construction. It is common for these buildings to have the upper 
floor overhang the lower by a foot or so. The overhang protects the lower area 
from weathering, and the cantilevered overhang counterbalances the load on 
the interior parts of the frame. 


A modern development is the light wood frame construction referred to as 
“balloon type.” This method, uses regularly spaced, light weight studs, rather 
than massive posts, nailed to light weight sills and joists. Sheathing of the interior 
and exterior walls adds rigidity to the structure. Thus a “load-bearing wall” is 
constructed out of a wooden frame, that is the frame is not structurally indepen- 
dent. Many small residential buildings in the United States utilize this type of 
construction, because the light weight members are much less expensive than 
heavy posts and beams. The exterior walls may be clad with wood, metal, vinyi 
or other siding materials, or may be faced with a thin layer of brick or stone. 


Framed, Heavy Clad 


When the use of structural frames was introduced in the 1890's, the frame 
structures were covered (clad) with a layer of brick or stone to give the build- 
ing 4 more massive and substantial appearance. The ground floor was often 
faced with stone, while the upper floors were clad with bricks. This makes these 
early frame structures difficult to distinguish from load bearing structures. 


The following characteristics can aid in the identification of framed, heavy-clad 
buildings: 


© Most buildings taller than six stories are framed. 


° Framed buildings have a higher proportion of windows, especially in 
office buildings. However hotels will have fewer windows, commonly 
one per room, 


© The exterior walls have the same thickness on all floors, so the win- 
dows wili not be recessed. 


¢ The columns will often be visible at the ground floor. They can be seen 
to extend upward by noting the position of the windows, which are 
always between the columns. 


© Older frame buildings were constructed along classical lines to give 
them a more massive appearance. The ground floor forms a heavy- 
looking base called the pediment. It has large windows, heavy columns 
and is usually faced with decorative stone. The main part of the build- 
ing is the shaft, and has a uniform appeazance. The top floor (the 
capitol) is a lessor version of .he first. It may also have large windows 
and decorative columns. 
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In the 1920's and 1930's, framed buildings took on a more modern appearance, 
as architects tried to get away from the more traditional styles. There are specific 
characteristics that help to identify these buildings. 
¢ Windows are more abundant, frequently filling all the wall space 
between columns. 


© Curved windows are sometimes present, often using opaque glass 
bricks. 


¢ Curved windows are placed at the corner of the structure, demonstrat- 
ing that the structure is framed. 


¢ The building is more uniform in design, the pediment, shaft and capitol 
divisions are eliminated. 


Framed, heavy-clad structures proved to be ideal for manufacturing and storage. 
The lack of interior load-bearing walls, and the ability to maximize natural light- 
ing through large windows are of particular importance, These structures are 
commonly used where large open rooms and lighting are important, such as 
manufacturing, warehousing and for parking garages. 


The principal recognition factors for a framed, heavy-clad industrizJ-type 
structure are: 


« A maximum proportion of the exterior walls are devoted to windows. 
Cladding covers only the columns and beams, 


¢ The interior columns are massive, either reinforced concrete or heavy 
steel I-beams. These would be visible in a building under construction. 


© There are large open bays in the interior of the building, allowing for 
the storage or manufacturing functions. 


® Loading docks and large doors are present on the ground floor. 
© These structures are low and broad in shape. 


¢ There are usually ventilation devices, such as monitors, present on 
the roof. 


Framed, Light Clad 


In the early 1950's, the modern high rise skyscrapers began to appear. Since 
then, they have become abundant in the downtown areas of cities around the 
world, They maximize the utilization of space in the crowded downtown areas, 
as they can be built to great heights at a relatively low cost. They provide large 
interior areas for office space or apartments. 


The structural framework is composed of steel, or a combination of steel and 
reinforced concrete. The exterior varies from large windows to a thin covering 
(custain wall) usually metal, with few or no windows. 

The principal recognit'on factors for a framed, light clad, high rise structure are: 


¢ The style is almost always quite simple and without ornament. 
Pediment, shaft and capitol are not present. 
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Figure §: Photograph of a framed, light-clad building under construction, Note the coliann supports and 
the rotating, tower-mounted construction cranes, 


® The exterior walls are thin, especially in contrast to heavy clad and load 
bearing construction. 


¢ Columns and beams are normally visible, especially on the ground floor 
and often through the windows. 


¢ These buildings normally have a very high proportion of windows. 


© This type of construction is used for tall buildings, four stories and 
taller. 


Composite 


A composite structure utilizes load bearing outer walls (masonry or concrete) 
with framed interior walls (wood, steel, concrete, or combination), These build- 
ings are difficult to distinguish from load bearing wall structures, ‘This type of 
construction is used for single-story and shorter multi-story buildings. When the 
building's function requires large, open interior areas (industrial or storage), it is 
probably a composite structure, Poured-in-place and tilt-up concrete buildings 
frequently utilize framed interior walls. 
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Stressed Skin 


This type of construction is used only to provide support for relatively light 
roofs. All of the loading is carried by cohesion in a thin shell which comprises 
the roof. Stressed skin structures may be simple (curved or domed roofs) or 
composite (sawtooth roofs) but always have a curved surface which carries the 
loading. The curved surface does not show a distinct ridgeline, and shadows on 
the roof are gradational. 


Stressed skin roofs are usually placed on frame structures. Occasionally, as with 
some domed structures, the stressed skin dome may rest directly on the founda- 
tion. The structural members may be steel or 
reinforced concrete, with a sheet metal skin. 


Pneumatic 


Pneumatic structures are inflatable buildings 

with distinctive rounded shape and “balloon- 

like” appearance. They are frequently used as 

temporary structures until permanent facilities 

are constructed, or where structures are 

needed for a short term only. They are made Figure 6 A pneumalic building. 
of cloth or plastic, and may have a light frame- ole the rounded corners and the 
work of aluminum. Special entrance structure. 


Adequate structural strength 
Available & affordable materials 
intended function of structure 


Load Bearing Composite Frame 
Walls Construction Construction 


Load bearing outer 
walls, framed interior 
Post 
tone] [Br] [Conse od 


Lintel 


Figure 7: Summary of building structural types 
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Roof Types 


Flat Roofs 


A flat roof is one that is pitched only enough to allow for drainage of rainwater. 
Buildings with flat roofs are often administrative or storage buildings within 
industrial areas, but the presence of monitors, vents, or chimneys indicates that 
some type of manufacturing or processing activity is taking place inside. 
Numerous air conditioning compressors indicate a high cooling demand, such as 
an electronics facility. 


Flat roofs are often covered with asphalt or asphalt and gravel, but in larger 
structures may be of reinforced concrete. The flat roof will have an even tone 
across the entire surface, except for the shadows of roof-top structures. 


Shed Roof 


Shed roofs have only one sloping plane. They are used on structures of light 
construction, often attached to a larger structure. Buildings with shed roofs are 
used primarily for storage or vehicle maintenance. They are relatively small in size. 


The shadow is a good indicator of 2 shed roof. Also, it will have an even tone 
over the whole surface. The roof can be covered with shingles, or by corrugated 
or sheet metal. 


Gable Roof 


A gable roof is composed of two planes sloping in opposite directions, and meet- 
ing at a pronounced ridgeline. The ridgeline is almost always paralle! to the long 
axis of the building. They are common on residential and industrial structures, 
Buildings with gable roofs may be of frame, load bearing or combination con- 
struction. 


On residential buildings the roof is covered with shingles or tiles, or more exotic 
materials in non-industrial countries. Shingle or metal roofs are found on indus- 
trial buildings, where this type of roof is an indication of load bearing walls. 


The shadow is a good indicator of a gable roof. In addition, the pronounced, 
longitudinal ridgeline separates the two halves of the roof, with the sunward side 
being lighter in tone. 


Sometimes on wider buildings, two parallel gables are placed on a building, 
giving the roof a characteristic “M” shape. The two ridge lines and alternating 
light and dark tones of the four roof surfaces make recognition easy. 


Hipped Roof 


A hipped roof slopes down on the sides and the ends, with the surfaces meeting 
at a ridgeline parallel to the long axis of the building. If the structure is square, 
the surfaces meet at a peak. Shingles or tiles are common roofing materials. 
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Hipped roofs are common on residential and institutional buildings, and are 
sometimes found on administrative or engineering buildings in industrial areas. 
Hipped roofs are primarily associated with buildings having load bearing walls. 


The pronounced ridgeline and triangular ends identify a hipped roof. The four 
sloping surfaces will have slightly different tones depending on their orientation 
with respect to the sun. 


Gambrel & Mansard Roofs 


The terms gambrel and mansard are often used interchangeably, however their is 
a distinct difference. Both have their sloping sides divided into two sections, a 
shallow upper portion and a steeper lower section, Gambrel roofs are commonly 
used on barns, with the roof sloping in two directions. A mansard roof slopes in 
four directions, similar to a hipped roof. Metal, shingles and tiles are common 
roofing materials. 


Gambrel roofs are used in buildings requiring high, clear spans, such as ware- 
houses, and heavy industrial buildings with load bearing walls. 


These types of roofs are distinguised by their shadow, and by the slightly differ- 
ent tone of the roof components. 


Deck Roof 


A deck roof consists of a flat upper surface, with sloping surfaces on two or four 
sides, Sometimes the sloping surfaces may be narvow and hard to detect. 


Deck roofs can be distinguished by their shadow and the darker tone of the 
sloping surfaces facing away from the sun. They will never have parapets, unlike 
flat roofs. 


Sawtooth Roof 


A sawtooth roof is very distinctive, being composed of parallel rows of oppo- 
sitely sloping surfaces. One set of surfaces has a more shallow slope and is 
covered with roofing material. This surface may be flat or curved (stressed skin 
construction). The opposite set of surfaces are steeper (sometimes vertical) and 
contain windows for light and ventilation. The orientation is such that maximum 
lighting is obtained through the windows. The buildings usually are of frame 


Figure & Sawtooth roofs, A) Sawtooth roof with skylight and ventilation windows, 
common on industrial buildings. B) Stressed-skin roof on sawtooth pattern, 
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FLAT ROOF FLAT ROOF WITH GABLE ROOF 


PARAPET 


HIPPED ROOF 


CURVED ROOF DOMED ROOF 


a ee ee ere ere 
Figure 9: Diagrams of different roof types, showing vertical and oblique views, and typical shadows 
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construction, with steel trusses supporting the roof sections. The roof, and often 
the rest of the building, is constructed of metal. 


Sawtooth roof buildings are most common at light manufacturing industries, such 
as textiles and aircraft. When located at a heavy manufacturing facility, they are 
on buildings housing machine shops, engineering or light assembly areas. 


The “sawtooth” profile of the roof yields a distinctive shadow. In addition, the alter- 
nating, parallel lighted and shadowed surfaces create an easily recognized pattern. 


Curved Roof 


Curved roofs include arched or barrel-shaped structures as well as domes, These 
are usually of stressed skin construction, and almost invariably composed of 
metal, plastic or waterproofed cloth, though occasionally concrete is used. 


Lightly curved roofs are commonly used on storage structures, as they allow for 
large, open interior spaces. Arched roofs are mure utilitarian and are used for 
many purposes Domes are used on stadiums and similar facilities, as well as 
superstructures cn Some government and religious buildings. 


The curved surface of the roof is readily seen on the buildings shadow. There is 
no ridgeline, with the tone of the roof grading from light to dark across the curve. 


Butterfly Roof 


A butterly roof is a cantilevered structure designed to provide overhead shelter. It 
consists of a single wail with two wing-like roofs projecting on opposite sides. 
These are commonly used as shelters in vehicle maintenance areas or storage 
and transhipment facilities. 


Roof-top Structures 


Monitors 


A monitor is a raised portion of a roof with louvres or vents along the side to 
admit light and air. The term clerestory is also used to describe such structures, 
but implies a larger structure. Monitors can be either longitudinal (running par- 
allel to the long axis of the building) or transverse (perpendicular to the long 


A 


Longitudinal monitor. Modified longitudina! monitors. 


Transverse monitors. 


Figure 10: Flat-roofed buildings with monitors 
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axis). They may be found on any type of 
roof where there is a need for light or venti- 


lation. 
Monitors are found mainly on industrial — 
buildings, and can have various configura- MONITOR ON GABLE ROOF 


tions, depending on the type of roof and the 
particular requirements of the building. Large 
monitors or clerestories indicate the presence 
of activities that produce a great deal of heat, 
such as smelting or metal forming. 


—_ 
TRANSVERSE MONITOR ON GABLE ROOF 


Figure 11: Gable-roofed butldings 
with monitors 


The shadow that the monitor casts upon the 
roof of the building makes the location and 
identification of monitors relatively easy. 


Valley Roof 


A valley roof is a V-shaped angle formed at the intersection of two inclined roof 
surfaces. This occurs on buildings that are composed of two or more sections, 
rather than a simple rectangle. It is found mainly on residential, institutional and 
projecting from a slanting roof, 


administration buildings. 
i Nae 
usually housing a window or NEES Rare 
Bb sHeo “Yt 


é 
louvre. It usually indicates the we 
presence of an extra floor 
under the roof. Some older a 
industrial facilities have dorm- Ls 
ers on buildings where this Figure 12: Dormers with various roof types 
space is used for administrative 


or living space. Dormers are normally restricted to residential and some older 
administrative buildings. 


Dormers 


A dormer is a small structure 


The shape and composition of the dormer will usually match that of the rest of 
the roof, and many styles are possible. 


The shadow of the dormer is a distinctive identifier. 


Parapets 


A parapet is an outside wall that extends above the coofline, forming a low wall 
around the outside of a building. The are found almost exclusively on flat-roofed 
buildings. 


The shadow of a parapet is its most distinguishing characteristic. 
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Firewalls 


Firewalls are used to contain the damage from structural fires to a portion of a 
building. They are interior walls built of brick, concrete or other fire-resistant 
material, To keep the fire from spreading across the roof, firewalls are built up 
several feet above the surface of the roof. They may or may not be part of the 
structural support system of the building, 


Figure 13: Building witha masonry firewall. ‘These are common on buildings Such as 
motels, multi-family dwellings and multl-untt commerctal buildings, such as those at strip 
shopptig areas. 


Firewalls can be associated with any type of roof. They are commonly found on 
storage buildings and warehouses, some light manufacturing facilities, and in rest- 
dential, commercial and office buildings, 


Where they are present, firewalls are usually equally spaced along the building. 
The shadow cast by the extension of the firewall above the roof is distinctive. 


Other Structures 


in tailer buildings, a small, rectan- 
gular structure housing the elevator 
machinery can be seen on the roof, 
especially on flat roofed buildings. 


Various types of air conditioning 
units can be found on rooftops. 
These can sange from small to : 
medium sized compressors of radi: Figupe 14: Flat-rovfed building with parapet 
ator coolers to large evaporative and lower supersinucture 


Photo imerpretation Training Course 


Buildings 
Cultural Features 719 


Figure 15: A flat-roofed building with a cupola Figure 16: gambrel-roofed building with a 
supersiructure, Cupolas may contain a belfry or steeple supersiructure 
serve as a covering for a bigh, circular room. 


systems. Cooling units are pastizlly os wholly composed of metal, and give a 
building a distinct radar signature. The size and number of coolers can be used 
to judge the cooling requirements of the facility located within the building, and 
can help identify its function. Electronic equipment generate a great deal of heat 
and need a cool clean environment to function, thus a large number of coolers is 
an indicator of an electronics facility. 


Ventilators are abundant on buildings housing chemical processing. Smokestacks 
provide a vent for products of combustion, from the buildings heating system, or 
from boilers associated with processing activities. 


Geographic Variations 


Building styles and construction materials vary depending on the availability of 
materials, the local climate and cultural differences. These differences are most 
evident in rural areas, small towns and suburban parts of larger cities. The central 
parts of major cities tend to be similar worldwide, especially where there has 
been substantial new construction of high rise buildings. 


Areas with high precipitation, especially snow, will have very few buildings with 
flat roofs. High pitched roofs are common in areas with greater snowfall, Flat 
roofs, conversely, are preferred in dry climates. The availability of materials is 
also dependant on climate. 
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Local variations are discussed in more detail in Section 6, Cultural Areas, but a 
brief summary of climatic areas and the locally available construction materials is 
given below: 


Temperate areas: 

Moderate to heavy precipitation. 

Considerable temperature variation between seasons. 

Local building materials: wood, brick, stone and concrete. 
Tropical areas: 

Heavy precipitation. 

Warm, slight variation between seasons. 

Local building materials: wood. 
Highland areas: 

Very heavy precipitation, except in rain shadows. 

Moderate to slight temperature variations. 

Local building materials: stone brick and some wood. 
Desert or steppe areas: 

Light precipitation, arid to semi-arid. 

Wide temperature variations, 

Loca! huilding materials: stone, brick and some concrete. 
Mediterranean areas: 

Moderate precipitation (seasonal). 

Moderate temperature variation. 

Local building materials: stone, brick, concrete and some wood, 
Polar areas: 

Light precipitation. 

Cold, great temperature variation. 

Local building materials: stone and some wood locally. 


Photo interpretation Training Course 


| Transportation 


Cultural Features 29 


CHAPTER 3 — TRANSPORTATION 


General 


Contents 


This section covers all aspects of transportation (ground, air and maritime), 
including routes, terminals, transshipment facilities and their associated structures. 
The section on Airfields includes the information needed for portrayal on carto- 
graphic products. An in depth explanation of airfields, facilities and navigational 
aids is given in Module 6, Aeronautical Data Maintenance, which is designed for 
the Aeronautical Information Specialist. Pipelines are included in this section as 
they are a means of transporting materials over long distances. 


Although power distribution networks and communications networks are also 
lines of communication and share basic characteristics with these transportation 
systems, they have enough unique characteristics to warrant inclusion elsewhere. 
Power lines are discussed along with power generation facilities in Chapter 4 of 
this module. Communications facilities, both wire and wireless, are described in 
Chapter 5. 


Lines of Communication 


As mentioned above, transportation facilities fall into the broader category of 
Lines of Communication (LOC’s). They are concerned with the movement of 
some commodity (people, materials, electrical power or information) from one 
point to another. As such they have several features in common. 


Each LOC is composed of a network with definite staring and ending points, or 
terminals, The nature of the terminals is characteristic to that particular form of 
transportation or communication. For instance, railroad terminals are distinctly 
different from ports, and the nature of a radio communications installation can 
often be deduced from the configuration of the antennas, The terminals may be 
localized, such as railroad stations, ports and radio transmitters, or they may be 
dispersed as in warehouses receiving goods by truck, electrical customers, or the 
garage you park your car in. 


The network connecting the terminals is also different for each system. Different 
“vehicles” are used in each system (ships, railroad cars, trucks, pipelines os radio 
waves) and each has different requirements for the route it must follow, Ships 
require navigable waterways, trains require tracks, trucks require roads, and radio 
tequires a suitable geometry between transmitter and receiver, Some, like ships 
and trains, have a limited number of legs in their network, others, like roads and 


telephone lines, have a greater degree of interconnection, while others, like radio 
have few restrictions. 
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Often, the commodity may have to utilize more than one system to reach its final 
destination, For instance, hardwoods harvested in Southeast Asia are shipped by 
railroad to the coast, where they are loaded on ships for transport to the U.S, 
Upon arrival at the destination port, they are loaded on trucks for delivery to the 
distributors, At each place where the materials change from one transportation 
system to another, a transshipment facility is present, with specialized equipment 
for on-loading, off-loading, metering and storage of materials. 


Transportation Systems 


Transportation systems differ from the other LOC's (communication and power 
transmission), in that they deal with physical commodities, and that they normally 
require some type of storage facility for the commodity, as well as facilities for 
the transporting vehicles, and that they frequently connect with each other 
through transshipment facilities. 


The various systems are fairly easy to distinguish on large scale imagery, but dis- 
tinctions become more difficult at smaller scales. There are, however, certain 
characteristics that will help to identify them. The nature of the routes, terminals 
or associated featuses are often distinctive. 


Roads 


All of us use roads daily, often with lite thought as to how the roads we travel 
on would jook from the air. The large number of roads, in comparison to other 
types of transportation routes, their high degree of inerconnectedness, and the 
mobility of wheeled vehicles make highway transportation extreniely versatile, 
The relatively low capacity of individual vehicles, however, make highway trans- 
portation more expensive than those systems which can carry larger quantities of 
materials, 


Roads are wider than the vehicles which use them, and frequently are two or 
more lanes wide. The small turning radius of wheeled vehicles make sharp 
turnouts, curves and branchings possible. Road networks are more extensive, 
with many intersections. Steeper grades (in excess of 7%) are possible. Or, major 
highways, the straight alignment, gentle curves and grades may resemble those of 
a railroad, but the greater width and presence of intersections are characteristic. 
Bridges usually maintain the width of the roadway. Terminal facilities are smalt 
and dispersed, and may have large paved or graveled parking areas, often rectan- 
gular in shape. 


Railroads 


Railroads are the second type of overland transportation systems. Trains, how- 
ever, are restricted to the relatively few sets of tracks present in any given area, 
Their ability to handle large quantities of materials and travel at high speeds 
make them much more economical for hauling materials for long distances, 
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Trains travel on sets of tracks that are spaced less than the width of the cars. The 
ballast supporting the tracks forms a strip of comparable width to a single lane 
road, but single-lane roads rarely maintain the alignment and gentle curves and 
grades of a railroad. Cuts and fills are abundant, maintaining grades below a 
maximum of 6%. Tracks intersect and diverge tangentially. Bridges are just wide 
enough to accommodate the tracks, and, in some cases, do not have a solid 
flooring, making them appear even narrower. Terminals are in the form of rail- 
road yards, which can be quite extensive, or isolated facilities at the ends of 
spurs or sidings that diverge from the main track. 


Bridges and associated features 


As overland transportation systems, both roads and railroads must deal with the 
many obstacles present on the land's surface. Since both must provide a smooth 
and relatively level surface for vehicles to travel on, the structures used to cross 
obstacles are very similar. Bridges, culverts, cuts, fills, tunnels, etc., differ very lit- 
tle between roads and railroads 


Airfieids 


Air transport differs from other systems as aircraft do sot require a prepared 
route to travel upon. The primary features associated with air transport are the 
airfields. The runways, taxiways and navigation aides, are the only physical facili- 
ties involved in the actual transportation function. The rest of the airfield 
components can be considered as transshipment facilities. Air transportation is 
fast, but delivers directly to a relatively few destinations. It is also the moat 
expensive means of transportation, and is used where speed of delivery offsets 
the higher cost. 


Major airfields are readily identified by the pattern of the runways and taxiways, 
and the presence of parking aprons, hangars and aircraft. They are also some- 
what isolated from the road network. Minor airfields, particularly those with dint 
Of grass runways, can be more difficult to detect, but are not easily confused 
with other systems. In some areas, specially widened and reinforced segments of 
roads are used as runways. 


Waterways 


Inland waterways and transoceanic routes have several differences, Inland water- 
ways, like railroads, have a few set routes (rivers and canals) and are limited in 
the size of the vehicles they can accommodate, Terminals on inland waterways, 
therefore, tend to be small. Maritime transportation is relatively slow, but because 
of its ability to handle large volumes of cargo, it is perhaps the most economical, 


Waterways may be natural or artificial. Natural waterways will curve in an irregu- 
lar fashion and will vary in width. Canals will be straight or gently curving and 
maintain a constant width, with occasional turning basins present. Both types are 
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Roads 


substantially wider than roads or railroads, and will have varying tones on the 
surface due to different sun angles and water depth. In addition, the water sur- 
face will always be below the surrounding ground. Small dams, with associated 
locks, are often used to maintain the water depth required fer navigation. 
Terminals on inland waterways are often small and may be dispersed along their 
length. Transoceanic shipping can utilize very large vessels carrying large 
amounts of cargo, so coastal port facilities are often large and complex. 


Pipelines 


Pipelines are unique in that the material is carried directly through the pipeline, 
rather than in a vehicle. This means that very little human supervision is needed, 
Transportation is not affected by the weather, as are other systems. Liquids and 
gases are the only materials that can be moved via pipelines, but some solids 
(such as coal) are pulverized and mixed with water to form a slurry. The volume 
of material that can be moved depends only on the diameter of the pipe and the 
strength of the pumps. Although limited in extent, pipelines are very economical 
for long distance transportation, and are used extensively in urban areas for dis- 
tribution of natural gas, and water, and for disposal of wastes. 


Pipelines on the ground surface are readily recognizable. They are straight and 
narrow, and make angular bends, Frequent 90° bends at expansion joints are 
visible. Junctions and branchings are rare, except in oil fields. Underground 
pipelines can be very difficult to locate. A scar may be visible on the surface of 
the ground, and when passing through forested areas, a cleared way often 
reveals the route of the pipeline. In other areas, particularly urban areas, there 
may be no surface expression of a pipeline. Terminal facilities are composed of 
pump stations, storage tanks and pracessing facilities which are readily identified. 


Introduction 


A road is a long, narrow stretch of ground, usually graded, often paved, used 
primarily for the movement of wheeled vehicles. Roaas are classified on the basis 
of their surface type, their ability to handle large volumes of traffic and heavier 
vehicles (trafficability), their ability to handle traffic in adverse weather (weather- 
ability), and the amount of traffic they can handle (width or number of lanes). 
Footpaths and trails are included here, even though they are not intended for 
wheeled vehicles. 


Road improvements (grading and paving) are done for three purposes, to smooth 
the surface allowing vehicles to travel faster, to improve trafficability and to 
improve weatherability 


Grading evens out the surface, and gives it a slightly convex shape (crown) 
which allows rain water to drain off the road surface. In addition, small ditches 
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are usually scraped out parallel to the road to carry the water away. Keeping the 
water away from the road surface helps to preserve the surface and prevent dam- 
age during periods of wet weather. 


Paving provides water-proofing and improves the load bearing capacity of the 
road, Pavement consists of rigid surfaces such as concrete, stone paving blocks 
(Sett) or brick, or flexible surfaces such as asphalt (bituminous surface). Rigid 
surfaces spread the load more effectively than flexible surfaces, and are used 
where a large volume of traffic, or heavy vehicles are expected. Expedient sur- 
faces, such as logs or pierced metal planks, are sometimes used to make rapid 
improvements to roads, often in support of military operations. 


Road Construction 


The weight of a vehicle is transferred to the ground in the relatively small area 
where the tires (wheels or tracks) touch the ground. This means that the road sur- 
face must be able to withstand heavy loads placed on a small area. In order to do 
so, the road must be constructed so as to distribute this load over a larger area. 


The central part of the roadway, the traveled way, is the portion designed to 
carry the traffic, and is of more substantial construction than the adjacent shoul- 
ders, which are meant only for emergency parking. Between the shoulders and 
the lateral drainage ditch, there may be an area of unsurfaced fill material. 


The graded surface can be compacted to improve its load bearing capacity. 
Compaction helps keep the soil from being pushed out from under the wheels. If 
further improvements are to be made, this compacted soil forms the subgrade or 
foundation for the road. When the natural surface is of poor quality material, or 
when the road must be built up to provide for drainage, additional material, usu- 
ally some mixture of earth and stone is brought in for use as the subgrade. 


To help spread the load from the vehicles’ tires, a layer of well-graded aggregate 
(gravel or other granular material) is placed on the subgrade and compacted. 
This layer is known as the base course if it serves as a foundation for a solid 
pavement. When this aggregate forms the surface of the road, it is sometimes 
called a “metaled” road. The aggregate may also be mixed with a binders, such as 
bitumen, clay, etc., to help shed water and keep down dust. 


A pavement is applied to the road surface to maximize weatherability and traffi- 
cability. It keeps the water away from the base course and subbase, so the road’s 
ability to handle traffic is not reduced during wet weather. It also helps to distrib- 
ute the load more effectively, giving the roadway greater strength. 


Rigid pavements are used on roads designed to carry heavy vehicles or large vol- 
umes of traffic. The rigid surface is very effective in spreading the load from 
heavy vehicles over a broad area. Major highways are almost always constructed 
with a concrete surface. Stone paving block or brick surfaces are still found on 
some old roads, but rising labor costs make these materials uneconomical in 
most areas. In some places, they have been covered over with a layer of asphalt. 
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Figure 1: Diagram showing the components of a road's surface. Depending on the 
surface type and construction methods, the boundary between the travelled way and 
the shoulder may be difficult to detect. 


Asphalt is less expensive and is preferred for lesser highways and feeder roads. 
Since it ‘s flexible, especially when warmed by sunshine in the summer months, 
a substantial base course is needed if heavy traffic is expected. For bituminous- 
surfaced roads, the base course provides most of the load bearing strength, while 
the pavement serves mainly as water-proofing. A bituminous surface placed over 
a graded subbase has low load-bearing capacity, and is referred to as a “light-sur- 
faced” road. 


Drainage 


In order to support traffic in all kinds of weather, the roadway must be kept clear 
of water. The first improvement made on a roadway, grading, promotes the 
drainage of water from the road surface by making the center of the roadway 
higher (crowning), and helps keep it away from the road via lateral drainage 
ditches. Further improvements to drainage consist of enhancing the lateral drainage 
ditches, building-up the road in low-lying areas, providing a path for water to flow 
under the road via culverts or bridges, and water-proofing the road surface. 


Alignment 


Alignment is the process of making a roadway straighter, with smooth, wide 
curves and gentle grades. This enables traffic to move at a higher rate of speed 
and eliminates traffic bottlenecks. Within a given area, higher classes of roads 
will have better alignment than roads of lower classification. Major highways will 
exhibit the same characteristics as railroads, but can be distinguished by their 
greater width, the presence of interchanges, and the lane markings will be visible 
at larger scales. 
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Road Classification 


Roads are classified on the basis of their ability to handle increasing volumes of 
traffic, increasing sizes of vehicles, and their ability to remain serviceable in 
adverse weather conditions. These capabilities are widely variable, and depend 
on the type of road surface and method of construction, road width, alignment, 
drainage, terrain and climate. 


Under set conditions of terrain and climate, the classification of a road is propor- 
tional to the improvements that have been made to the roadway. For instance, in 
an area of hilly terrain that receives substantial amounts of rainfall, only those 
roads with good drainage and pavement over a compacted base course can be 
considered as all-weather roads. In areas of level terrain and low precipitation, 
particularly where gravel soils predominate, a road can be classified as 
all-weather without improvements beyond basic grading and drainage accommo- 
dations. This has the unfortunate corollary that the photo identification factors for 
road classification are not constant throughout the world, particularly for loose- 
surface roads, 


Due to variations in road construction, road condition, terrain and climate, grada- 
tions exist between road classes. This can make the determination of the proper 
classification difficult at times, It is important for the cartographer to be aware of 
all the factors affecting road classification in a particular geographic location. 
Ancillary sources should be consulted for information about road construction 
techniques and materials and climatic conditions. 


Trails and Footpaths 


Any route which is not wide enough to accommodate a four-wheeled vehicle 
(less than 1.5 meters wide) is classified as a trail. The common usage of this term 
describes a narrow traveled way with a natural, unimproved surface. There may 
be a few local improvements to carry the trail through difficult areas, such as side 
cuts on steep hillsides, and wooden plank paths over marshy areas. 


The trail will appear as a single, narrow line, usually lighter in tone than the sur- 
rounding ground surface. Heavily traveled paths will be continuous with fairly 
shasp margins, but less traveled paths may appear discontinuous and have indis- 
tinct margins. Trails follow the line 
of least resistance, and will have an 
irregular trace even on level terrain. 
Short detours around obstacles such 
as rocks, wet areas and clumps of 
brush are common. On steep slopes, 
the trail will often zig-zag up the hill 
side with angular bends. 


Trails are found in undeveloped 
areas, where materials are moved by 


Figure 2: Trail 
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people or pack animals. Generally, there will be little agriculture and no industry 
present, however, in some undeveloped countries, large agricultural areas exist 
with few roads larger than trails. 


In more developed regions, particularly in urban parks and suburban areas, foot 
paths and bicycle paths have been constructed. These may range from gravel- 
surfaced paths to paved surfaces with culverts and bridges and may even have 
stairways constructed up steeper hills. In larger parks and natural areas, hiking 
trails with varying degrees of improvements are also common. Less improved 
paths will resemble rural trails, while others may be quite distinct with sharp 
edges and constant width. If paved with asphalt, they may appear darker than 
the adjacent ground. Their common denominator is their narrow width, and for 
cartographic purposes they are classified as trails, 


Tracks 


Tracks are similar in most aspects to trails. The main difference is that tracks are 
wide enough to accommodiate at least small four-wheeled vehicles (> 1.5 meters), 
A track is simply an unimproved traveled way on the natural ground surface. 
There are few improvements, except locally where needed to cross obstacles that 
cannot be bypassed. 


Tracks appear as a pair of parallel lines where the vehicles’ wheels have dis- 
turbed the ground and vegetation. They are usually lighter than the surrounding 
area, except in wet areas. In the winter, on snow-covered terrain, tracks will 
appear as parallel dark lines. On 
hard ground, bare of vegetation, 
tracks may not be visible. Tracks 
follow the line of least resistance, 
detouring around most obstacles, 
and will be straight only in areas 
of flat, firm ground. 


For cartographic purposes, 
description of a feature as a track 
implies repeated usage. Tracks Figure 3: Track 

serve as part of the road network, connecting with villages, farms, waterholes or 
other tracks and roads. While driving a vehicle across soft, undisturbed ground 
will leave marks, this does not make it a track. The intricate network of vehicle 
tracks around construction sites ard military maneuver areas do not constitute 
part of a road network, and should not be designated as tracks. 


Tracks are found in undeveloped areas where infrequent use does not justify the 
expense of road improvements. Tracks are also common between fields in agri- 
cultural areas, where they are used for movement of farm equipment. 


The width of the track is an indication of the size of the vehicles traveling there. 
Cars and small trucks will leave tracks 1.5 to 2 meters wide, while tanks leave 
tracks from 3 to 4 meters wide. 
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Figure 9: Diagrams of different roof types, showing vertical and oblique views, and typical shadows 
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Loose Surface, Fair Weather Roads 


Loose surface, fair weather roads are characterized by a limited amount of 
improvement to the roadway. Normally this is limited to grading the surface. 
Locally in areas of soft ground, some gravel or binder may be added to the road- 
way. On steep slopes, small side hill cuts may be present, and cuts and fills are 
limited to sharp breaks in slope. Where tracks follow the line of least resistance 
along the surface of the ground, these roads have some improvement in their 
alignment, making the route a 
little straighter with more regu- 
lar curves. Because of the lack 
of provisions for drainage, and 
the natural earth surface, these 
roads quickly become impass- 
able in wet weather. 


These roads appear as a contin- 
uous strip, lighter in tone than 
surrounding areas, with an 
irregular edge. Locally, wet areas 
will have a darker tone. The width is relatively consistent, but the roadway may 
be wider where vehicles try to avoid bad spots in the road. Continued use in wet 
weather may form paired ruts in the roadway. 


Figure 4: Single-lane, fair weather, loose surface road 


Fair weather roads are distinguished from tracks by their more even appearance, 
the lack of a dark strip down the center, and slightly better alignment. They are 
distinguished from all weather roads by the lack of drainage ditches and culverts, 
the irregular edges with no shoulders, blotchy appearance due to wet spots, 
and the lack of cuts and fills. If used during wet weather, they will be rutted 
and irregular. 


Loose Surface, All Weather Roads 


Loose surface, ail weather roads are characterized by extensive improvements. 
Alignment is good, with regular curves. Cuts and fills help to provide a more 
even grade. The surface is graded and crowned, and consists of some combina- 
tion of rock, gravel sand and/or clay that is locally available. It may be treated 
with chemicals or oil to serve as a binder and to control dust. Extensive provi- 
sions for drainage help keep these roads passable to at least moderate levels of 
traffic in wet weather. ; 


These roads appear as a distinct strip, much lighter than the surrounding ground, 
with sharp but sometimes irregular edges. Often, there will be a slightly darker 
band along each side of the roadway, between the traveled way and drainage 
ditches, Shoulders are present, but the margins of the traveled way are indistinct. 
The unpaved surface may display an uneven texture. The road will have promi- 
nent drainage ditches and culverts. The width of traveled way and shoulders will 
be uniform, but the road may appear wider where fills are present. 
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Figure 5: Loose surface road and light surface road 


All weather roads are distinguished from fair weather roads by the presence of 
drainage ditches and culverts, the improved alignment, and the use of cuts and 
fills to keep an even grade. They are distinguished from paved (hard surface) 
roads by their very light tone, uneven texture, lack of distinct edges on the trav- 
eled way, and lack of center lines. Oil, bitumen or chemicals may be mixed with 
or sprayed on the surface material. This can give the roadway a distinctly darker 
tone, but the irregular edges and lack of centerlines reveal that it is a loose sur- 
face road. 


Hard Surface Roads 


In addition to the improvements listed for all weather roads, hard surface roads 
have a waterproof pavement which improves the weatherability and load bearing 
capacity of the road. Hard surface roads include a broad spectrum of roads, from 
narrow, light surface roads through divided superhighways. 


Light Surface Roads 


Light surface roads are built in areas where only light traffic is expected. They 
may form the primary road network in poorly developed areas, or they may 
serve as feeder roads in rural areas. They are narrow, rarely exceeding two 
lanes, and often only one lane wide. Because of the anticipated light traffic, 
improvements are kept to a minimum. These roads will quickly break down 
under heavy traffic. 


The alignment tends to follow the terrain, with few cuts and fills, and steeper 
grades present in hilly areas. The pavement is also of an inexpensive type, hot 
oil or bitumen mixed with gravel, or a layer of asphalt over a light base 
course, often stabilized soil. Bituminous mix-in-place and “tar-mac” surfaces 
fall in this category. 


Light surface roads are distinguished from loose surface roads by the darker tone 
of the bituminous or asphalt surface material, which contrasts sharply with the 
lighter shoulders. Lane markings are generally not present, in contrast to heavier 
surfaced paved roads of narrow width, and the edge of the paving may be irreg- 
ular rather than straight. 


Photo Interpretation Training Course 


Transportation 
Cultural Features 39 


Hard Surface Roads 


Built to support heavy traffic during all types of weather, these roads have a pre- 
pared subbase and compacted base course supporting an asphalt, concrete or 
occasionally cut stone or brick pavement. The base course extends beyond the 
traveled way to form the shoulders. In the absence of divided highways, hard 
surface roads form the main road network, elsewhere they form a secondary net- 
work supporting a system of divided highways. They are most abundant in 
developed and industrial areas, and form at least the main streets in urban areas. 


The importance of a hard surface road can be judged by its degree of alignment. 
Minor roads will follow the ground surface and have few cuts and fills. Major 
highways will be straight with wide, : . : 

regular curves, and cuts and fills as 
needed to maintain an even grade. 
The width is proportional to the 
expected volume of traffic, usually 
two to four lanes, but occasionally 
wider, especially around urban areas. 
Drainage is well developed, and in 
hilly areas supplementary diversion 
ditches may be present. 


Figure 6: All weather, hard surface road on a 
Sill. Cuts and fills allow the road to maintain a 
Hard surface roads are distinguished straighter alignment and more even grade. 

by their even tone, constant width, 

sharp margins, well-developed shoulders and drainage, and by the lane markings 
that will almost always be present. The shoulders may be paved, in which case a 
solid painted line may mark the edge of the traveled way. Asphalt surfaces are 
most common, but concrete may be used in areas where heavier traffic is 
expected, especially around industrial facilities, ports, airfields and rail yards. 
Locally, particularly around older cities, cut stone (sett) or brick pavements may 
be used. These areas are rapidly being replaced or paved over with asphalt. 


Figure 7: A multiple-lane road (four lanes). Such 
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roads are almost without exception hard-surfaced. “ 
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Urban Streets 


Urban areas contain the greatest concentration of paved roads, In highly devel- 
oped areas, all urban streets will be paved, while cities in less developed or 
agricultural areas may have only the main routes paved, The width and develop- 
ment of key roads indicates the location of major through routes, and can point 
to significant governmental, industrial, military or institutional facilities, 


Urban streets differ from roads in rural areas. In built-up areas, shoulders are not 
common, instead the traveled way is bounded by curbing, In many cases, the 
road is widened to provide space for vehicle parking, Drainage is provided by 
underground piping with storm drains placed along the curbs. Sidewalks are 
commonly present on one or both sides of the road. This configuration is easily 
distinguished from less developed urban areas, where the unpaved streets lack 
the sharp, straight edges of paved streets. 


In the older, central portions of some cities, the close spacing of the buildings 
restricts the width of the roads, sometimes as narrow as one lane. Many urban 
areas, pasticularly in Europe and the Far East, provide separate bicycle lanes, usu- 
ally adjacent to the curb, but sometimes as separate paths away from the road. 


Divided Highways 


A divided highway is a hard surface road where the lanes of opposing traffic are 
separated by a physical divider or median, and where access to the road is lim- 
ited to specially built interchanges. The divider is normally a strip of 
grass-covered ground of varying width, but in areas where road width is 
restricted, there may only be a concrete or steel barrier separating the lanes, 
There will be at least two, often more, lanes on each side of the median. 
Bridges. overpasses and underpasses are common where the highway crosses 
other roads or railroads. 
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Alignment is very well developed, and all curves are broad and even, Steep 
grades are avoided through the extensive use of cuts and fills, Drainage is pro- 
vided by a well-developed system of ditches and culverts. Within a country, the 
lane width will be constant, somewhere between 3 and 3.5 meters. The shoulders 
are usually the width of a traffic lane, and are strengthened to support the weight 
of parked or disabled vehicles. The shoulders may be of a different tone than the 
traveled way, and/or marked off with a solid line. A heavy base course, up to 
two of three feet thick, underlies the pavement and shoulders. The surface is 
normally concrete, but in some areas asphaltic surfaces are used. 


interchanges are designed to provide access to and egress from the highway with 
minimal impact on traffic flow. Configurations vary greatly, depending on the sit- 


uation at the particular intersection. 
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Divided highways are readily identified, even on smaller scale imagery, because 
of their broad width, smooth alignment, characteristic interchanges and the pres- 
ence of a median strip, The clearec: ground on either side of the highway and on 
the median, along with the 
road itself cut a distinctive 
swath across the landscape. 


Elevated Roads 


In some areas, the road must 
be elevated above the surface 
of the ground. This is normally 
accomplished by placing the 
ruad on an earthen fill. In 
other cases, the road is sup- : 
ported on a long, bridge-like Figure 10: An elevated road 

structure with 4 series of evenly-spaced supports. These elevated roads are always 
hard-surfaced, usually concrete. The shadow of the roadway and supports is 
usually visible and identifies the elevated road. The height of the road above the 
ground, the lack of a fill, and the fact that other roads pass freely underneath, 
are also keys to identification. This type of structure is sometimes referred to as 
a viaduct. 


Identification of Pavement Types 


Asphalt surfaces have a very dark tone when new, but appear lighter as the sur- 
face becomes cider. Concrete is very light when new, but gradually becomes 
darker, Concrete surfaces are composed of rectangular slabs separated by expan- 
sion joints. The pattern of expansion joints is often visible on large scale imagery, 
and can be used to discern darkened concrete from light asphalt. Patched areas 
on concrete will show up as light, rectangular areas with straight edges. On 
asphalt, smaller patches are rounded, while larger areas are repaired by laying a 
new strip of asphalt, The new asphalt will be distinctly darker. 


Concrete pavements can be distinguished from gravel surfaces by their even 
tone, straight, sharp edges that contrast with the shoulders, lane markings, and 


Figure 11: A comparison of concrete and asphalt surfaced roads 
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the pattern of expansion joints. Hesvy asphalt pavements have straight, distinct 
edges, as opposed to the irregular margins of light bituminous, bituminous mix 
and oil sprayed surfaces, 


Cut stone pavements will vary in tone depending on the color of the rock used, 
but it will be somewhat darker than concrete. At very large scales, the texture of 
the blocks may be visible. Lane markings are indistinct or absent. The lack of 
expansion joints distinguish stone from concrete, but it may be difficult to discern 
between stone and asphalt. Brick roads, similarly, are of a dark tone, and at large 
scales, the pattern or texture of the bricks may be visible. Both pavement types 
are confined to older roads that have not been replaced or paved over. They are 
found in older urban areas, and rural areas in less developed countries. 


Miscellaneous Roads 


Several unusual solutions have been developed for reads through difficult areas 
such as swamps and areas of soft or intermittently wet ground. These are used 
when limitations of cost or time preclude the construction of a proper all weather 
road. These “expedient” road surfaces are often used to support military opera- 
tions in undeveloped areas. 


The use of logs placed across the roadway, forming a “corduroy” surface, dates 
back to before the advent of motorized vehicles. Log or wood plank surfaces are 
used to carry roads through swampy or wet areas, and are sometimes used to 
provide traction on steeper slopes of unimproved roads. They have been used in 
areas like northern Russia where the ground becomes very wet and soft during 
the spring and summer, but is frozen and firm in winter. A light surface “fascine” 
road is made by substituting bundles of sticks for logs. This provides only tempo- 
rary passage for light vehicles, Corduroy and plank roads will appear distinctly 
lighter than the surrounding ground, and will contrast with the unimproved roads 
they connect to. 


An expedient variation is to lay planks or logs in two parallel strips (or treads) to 
support the wheels of the vehicles. Another type of tread road uses stone, or 
sometimes concrete to provide support for the vehicles’ wheels. This is less 
expensive and quicker than paving a continuous surface, but provides one-way 
travel only and requires specially constructed turnoffs for passing. The parallel 
strips of the treadways will be apparent at medium scales, and may resemble a 
railroad track, however the poorer alignment and lack of cuts and fills will distin- 
guish them on closer exarrination. Wood tread roads are more common in 
northern areas such as Russia, while stone tread roads are more common ir: cen- 
tral Asia. 


Pierced steel or aluminum planking roadways have been used in tropical areas. 
They can be constructed quickly and provide a firm traveled way for heavy vehi- 
cles. Their sharp, straight edges and high reflectivity are distinctive. The metal 
surface may reflect light toward or away from the sensor, and these roads may 
have a differerit tone on each half of a stereopair, similar to water. 
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Winter only roads cross areas of marsh, swamp or open water that freeze suffi- 
ciently to support vehicular tra’fic. Their location is marked by vehicle tracks on 
winter imagery. Unless you are able to identify an area as marsh or open water, 
the seasonal nature of these roads is not apparent. On imagery taken during 
warmer seasons, the location of these roads is not visible, 


Associated Features 


Most features associated with roads, such as bridges, culverts and cuts and fills, 
are common to both roads and railroads, and will be discussed in subsequent 
sections. The following features are unique to roads. 


Fords 


Most water crossings are via bridges, ferries, causeways, or fills with culverts. The 
superior mobility of wheeled (or tracked) vehicles, however, allows them to cross 
rivers or streams where an appropriate approach is available, the water is shal- 
low, the current is slow and the bottom is firm. A ford is any location along a 
river or stream where the physical conditions allow vehicles or personnel to 
cross. It is normaily associated with a road, track or trail. A ford is used where 
the low volume of traffic and/or high cost of construction do not justify building 
an improved crossing. 


Fords are classified according to their crossing potential for foot traffic, wheeled 
or tracked vehicles. Fords along roads, tracks or trails are usually improved to 
allow passage of vehicles. Fords are also used as bypasses at bridges damaged or 
under construction. Potential fording sites are particularly important along rivers 
or streams characterized by high, steep banks and/or dense vegetation along one 
or both banks, as crossing sites for military operations. 


Classification of fords for cartographic purposes may vary for dif- 
ferent products. When describing a ford for a particular product, 
be sure to verify the usage of terms with the product specifications. 


Fords are found within shallow reaches of rivers and streams, The bottom of the 
river must be firm enough to support traffic and free from protruding rocks and 
boulders. In streams with soft bottom materials, rock is added to make it firmer. 
Rock can also be placed along the ford to raise the bottom, making the water shal- 
low enough to cross. Concrete surfacing, layers of sandbags, metal screening or 
matting, timber or wooden planking may also be used to improve trafficability. 


The current must be slow to moderate (less than 1.5 meters per second). Faster 
currents can wash away vehicles, erode the bottom or carry large debris which 
can damage vehicles. The maximum water depth will vary with the type of vehi- 
cles using the ford. Permissible depths range from 0.5 meter for smaller wheeled 
vehicles, to 4.3 meters for tanks with fording kits. Climatic conditions, such as 
seasonal floods, droughts, freezing and other extremes of weather materially 
affect the fordability of a stream. 
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Rupids, white water and exposed rocks of boulders indicate a rocky bottans 
Bars, braiding. and steep banks Often indicate course-grained inateniabs such as 
sand or gravel, Meanders and oxbows indicate relatively slow-moving water with 
fine-grained bottom materials, Angular drainage patterns with frequent sharp 
changes in direction indicate bedrock control of drainage and a rocky bottom, tn 
swift-flowing streams in mountainous area, fine materials do not settle; therefore, 
the bottoms are rocky or firm. 


The banks must be gently sloping and free of vegetation. Approaches to on-route 
ford are often graded and cleared, and rock may be added to areas with soft 
bank materials, Occasionally, approaches may be paved with concrete or bitumi- 
nous surface material. Offroute fords must have the vegetation cleared away 
from the banks to allow passage of vehicles. Natural banks greater than | meter 
in height and with sopes greater thaa 60% are impassable for most vehicles. 


A tord extends straight across the river or stream, connecting the approaches, 
Fords are often only one kine (2.5 to $.0 meters) wide, but they can be much 


Figure a2: A ford 
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wider (50 to more than 100 meters) depending on the traffic and local condi- 
tions. When determining the width of a ford, look for indications that the 
roadway continues across the channel, Sometimes there is a change in tone 
where the shallow depth and coarse bottom materials create a disturbance on the 
water stirface, oF where the bottom materials have been disturbed, Sometimes, 
faint lines may mark the edge of the traveled way, In some cases, the edges of 
the ford are marked hy boulders of posts that protrude above the surface of the 
water, and may be visible on imagery. Where material is added to the river bot- 
tom to raise the level of the ford, the sides may appear as lines of ripples or 
caddies of a lighter (one than the surrounding water. Even where the actual 
course of the ford is not visible through the surface of the water, the presence of 
conspicuous roads leading to opposite banks of a river and the lack of a bridge 
of ferry indicate that the location is probably a ford. 


During periods of high water, low water bridges can be easily confused with 
paved fords. as both are completely submerged. These bridges consist of con- 
crete decking set on supports at a level which keeps the deck above water 
during the dries parts of the year. They are contained wholly within ravines and 
suilies. It is important to distinguish between low water bridges and fords 
because of differences in their load limitations. 


Prepared Float Bridge Sites 


Hearing a dose resemblance to fords, a prepared float bridge site has roads lead- 
ing to a prepared ramp into the river, However, at these locations, the depth of 
the water precludes fording. These sites are built mostly for tactical military uses, 
as backups to provide vital river crossings in case bridges are destroyed by 
enemy activity, They are found in areas where military conflicts are, or were, 
anticipated, such as in Germany and Korea. 


Drop Gates 


In some countries, such as South Korea, the fear of military invasion by a neigh- 
boring country has prompted the construction of obstacles that can be quickly 
dropped inte place, blocking roads and highways leading into the country. They 
are placed at critical points along the road -vhere the adjacent terrain is too steep 
to allow vehicles 0 leave the road to bypass the obstacle. These obstacles are 
collectively known a6 drop gates. They can take many forms, but there are two 
hasic types, the overhead drop and the side drop. 


A common form of overhead drop is a large, rectangular block of concrete, set 
on piers over the road. It is similar in appearance to an overpass constructed 
across the road, except that it does not support a road of other transportation 
feature. Explosive charges are placed in the piers. In the event of an invasion, 
the explosives are detonated and the block drops onto the road. 


A side op obstacle can be a rectangular or triangular block of concrete set 
upright on the side of the road. Explosive charges at the base tip the block so 
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that it falls across the road. 
Another type of side drop is 
made by placing a large num- 
ber of logs or boulders on the 
uphill side of the road, behind 
a retaining structure. The 
explosives would break the 
retaining structure, allowing 
the logs or boulders to roll 
down and block the road. 


Drop gates will be found 
along the borders between 
countries where their is a 
threat of military invasion, 
They will be placed at points 
where vehicles cannot move 
off of the road to bypass the 
obstacles. Any massive stnic- 
tures similar to those 
described above, and with no 
other obvious function, 
located in such areas, are ——— : 
probably drop gates. Figure 13: An overhead dropgate 


Terminal Facilities 


Because of the extensive network of roads in most areas, terminal facilities are 
more dispersed than for other transportation systems, Some can be quite large, 
bit many are small and may be difficult to identify. Terminal facilities can be 
divided into four categories: freight, passenger, maintenance and vehicle storage, 


Freight Terminals 


Freight terminals deal with the shipping, transshipment of receiving of materials, 
For packaged materials, a single-story warehouse is used. Loading platforms are 
present along one or two sides of the building. If material is ta be stored at the 
location, the building can be quite large. A small building indicates that it is 
mainly concerned with transshipment. There must be enough room around the 
loading platforms for the trucks to maneuver, as well as an adjacent, normally 
paved, parking area for waiting trucks. Trucks and trailers will almost always be 
present. 


Bulk materials require special handling and storage. Solids are stored in silos or 
elevators or are piled in open storage areas. Specialized loading equipment, 
including conveyors and tipples will be present. Liquids and gases are stored in 
tanks, and special loading points, sometimes covered. are connected to the tanks 
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Figure Lar Overriew aud close ups of a POL transshipment area. Note the covered and open toadiig hays, 
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Phete interpretation Planing: Contec 


| Transportation 
| Cultural Features 49 


by above or below ground pipelines. The presence of a parking area and trucks, 
which may be specialized vehicles such as tank trucks, indicates that the facility 
is a road terminal. 


Passenger Terminals 


Passenger transportation is almost always via bus. Bus terminals are not very dis- 
tinctive, especially in smaller towns, where a small, nondescript building, cr a 
few rooms in a larger building may serve the purposes of ticketing, baggage han- 
dling and waiting area. In larger cities with more bus traffic, the terminal building 
will be a one or two story structure, with parking areas for the buses, The board- 
ing area may have a roof to protect passengers from the rain, or in large 
terminals, the buses may drive into the building. Wide roads with rounded cor- 
ners are present to allow the buses to maneuver. In some cases, the corners of 
the building may be rounded to provide maneuvering room for the buses. Of 
course, the presence of buses is helpful in identifying the terminal building. 


Vehicle Storage 


Most vehicle storage (parking) is in open, prepared areas. Most permanent park- 
ing areas are paved, and often are marked to designate parking spaces. Parking 
areas are easy to recognize. The even tone of the parking lot and regular rows of 
vehicles are distinctive. There will be easy access to adjacent roads, and the lot 
will be near a commercial, industrial, military or institutional facility. Military 
parking areas can be distinguished by the precise arrangement of vehicles and 
adjacent buildings and the uniform appearance and tone of the vehicles. 


Within urban areas, vehicle parking is available in specially designed parking 
garages. These concrete structures provide several levels of parking spaces con- 
nected by ramps. These buildings are often open on the sides, so the different 
levels are visible from an oblique view. There will be a substantial parapet 
around the top of the building. Other characteristics are the presence of parking 
spaces and vehicles on the top of the structure, access roads into the building at 
ground level and the ramps connecting the different levels. Newer structures use 
spiral ramps, usually near the comers of the building. 


Service 21d Maintenance Facilities 


Servicing of bus or truck fleets is usually accomplished at a central location. The 
maintenance shop will be a large, single-story building with many large doors. 
An open parking area is normally adjacent to the maintenance facility. Military 
motor pool areas provide maintenance services for a unit's vehicles, and are 
directly adjacent to the vehicle parking area. Open-sided maintenance sheds, but- 
terfly-roofed shelters and grease racks are spaced around an open central area. 


Service stations provide fuel and maintenance services for other vehicles. These 
are normally small and widely distributed along the road network. They may vary 
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: , che Covered parking area, T-type 
Figure 15: Vehicle maintenance area 


widely in appearance, and shelters may or may not be present over the fuel 
pumps. There are several clues that can aid in the identification of service sta- 
tions. They are frequently found at road intersections, on street corners, or at 
highway interchanges. Easy access to adjacent roads is provided. There is usually 
a paved area for maneuvering, parking and light serv.ce. Immediately adjacent to 
the paved area, and set back from the road is a small, usually one story building 
with large doors. 


Railroads 


Introduction 


This section discusses all forms of transportation where the vehicles move along 
a track that both supports and guides the vehicle. In addition to the familiar rail- 
roads, this includes tramways, funiculars, cog railways and monorails. Although 
there are several variations on this form of transportation, the vast majority of rail 
lines are traditional railroads. The major part of this section discusses railroads, 
and the more specialized forms are included at the end of the section. 


Railroads are an important part of the transportation network in any country. 
Even in the USA where truck and air transportation are highly developed, trains 
still carry a majority of the freight’ 


Railroad Construction 


Railroad trains travel on tracks consisting of parallel steel rails which both sup- 
port and guide the train. A flange on the inside of each wheel keeps ihe wheels 
on the track. In order for the train to travel safely, precise alignment and spacing 
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Product — Percent Carried by Rail 


Coal 

Canned and Frozen Food 
Meat and Dairy Products 
Household Appliances 
Automobiles and Parts 
Pulp and Paper 

Timber 

Chemicals 

Primary Metal Products 


Table 1: Percent of US freight carried by railroad (1988) 


of the rails is essential. This is accomplished by fastening the rails to cross-mem- 
bers called ties (or sleepers). The ties lay on, and are partially embedded in a layer 
of coarse gravel, rock or cinders called ballast. The ballast firmly anchors the ties 
and rails in place, and maintains the vertical and horizontal alignment of the track. 
The ballast also allows water to drain away, further protecting the track. 


The Permanent Way 


The term “permanent way,” referring to the combination of the track and the bal- 
last, originated in the early days of railway construction. It was used to 
distinguish between the temporary lines used by the contractors and the finished, 
or permanent track. The ballast and track are placed on a carefully prepared and 
graded subgrade (or roadbed). This is composed of rock, gravel and/or earth, 
and is always built up above the ground level to allow water to drain away from 
the track. To either side of the subgrade, lateral drainage ditches carry water to 
the local drainage network. 


Originally, ties were made from wooden timbers, but wood can deteriorate 
quickly, requiring regular replacement. However, wood treated with creosote 
Preservative is still commonly used. Rails were first fastened to the ties by spikes 
with hooked heads, and spikes are still in common use. Since its invention in 
1957, the spring steel “Pandrol” clip has been used on much of the newer tracks. 
A pair of joint bars (or fishplates) is used to keep the ends of the rails in align- 
ment. Modern, heavy, welded rails eliminate the problems associated with joining 
rails together. A check rail is sometimes installed just inside the regular rail to 
guide the flange of the wheel. They are used on curves of short radius and on 
viaducts and bridges to guard against derailment. 


Concrete ties are now often cheaper than wood, and are used wherever possible 
in Britain and are found in other industrialized countries. Steel ties, which can 
last for 40 to 80 years, are extensively used in continental Europe. In Switzerland, 
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70% of the Federal system and all of the narrow gauge systems use steel. Greece, 
the Congo Republics, and systems in west, east and South Africa use steel ties in 
90 - 100% of their track. India has 15,000 km of broad and narrow gauge track 
with steel ties, Steel ties will enhance the radar signature of the railroad track. It 
is difficult to determine the composition of the ties, even on the largest scale of 
panchromatic imagery. 


Paved concrete track (PACT) consists of a continuous concrete slab on which the 
rails are fixed. This eliminates the need for ties and ballast and gives a smoother, 
more stable base for modern high-speed trains. It is especially well suited for use 
in tunnels and rapid transit lines. PACT has been used on lines in England, 
Scotland, France, Japan and New Zealand, especially around tunnels. PACT can 
be recognized by its very light tone, smooth texture, and the absence of the 
cross-hatched pattern of the ties. 
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Alignment 


Trains are not able to negotiate sharp curves or steep grades. Therefor, railroad 
tracks will always exhibit gentle curves, and rarely will gradients exceed three 
per cent. The capacity required of a railroad line dictates the number of tracks or 
passing sidings, as well as the maximum speeds. The maximum speed, in turn, 
dictates the alignment, the minimum radius of curves and maximum grades. 
These, in combination with the terrain, control the number and size of cuts, fills, 
bridges and tunnels, all of which help minimize curves and grades. 


Railway curves are measured in various ways. In continental Europe, they mea- 
sure the radius of the curve in meters. In Great Britain, the radius is measured in 
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Locally, particularly around older cities, cut stone (sett) or brick pavements may 
be used. These areas are rapidly being replaced of paved over with asphalt. 
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[ og “chains” (1 chain = 66 ft © 20,12 m). Not to he outdone, 

U.S. railways measure curves in degrees of arc, where the 
are is defined by a chord 100 meters long, ‘The broader the 
curve, the smaller the angle. For example, a 10° curve has 
a radius of 175 meters, while a 1° curve has a radius of 
1,750 meters. Figure 2 illustrates these three methods of 
measurement. 


Curves may be super elevated (canted), where the outside 
rail is higher than the inside. This moves the center of grav- 
ity of the train toward the inside of the curve and allows 
the train to take the curve ata higher speed, In addition, 
Figure 2: Methods of curve measurement (ransition curves, with gently increasing cant and decreasing 
radius, are needed to ease a train into and out of curves. 


Track Gauges 4'8-1/2" STANDARO GAGE 


The gauge of a railroad is the dis- 
tance between the inside edges of 
the two rails. Many gauges have 
been used around the world, but 
modernization of railroads has led 
to increased standardization. The 
most commonly used gauges are 
listed in Table 2. The “standard 
gauge” of 4 ft 8 1/2 in (1.435 m) 
has been adopted throughout North 
America, most of Europe, North 
Africa, China, and other countries 
scattered around the world. 


Running Direction 


In order to allow trains to run in 
both directions on a single-track 
line, passing sidings (or passing 
tracks) are provided at intervals 
along the line. These are parallel 
lengths of track, connected at both 
ends to the main line. They can be 
recognized as passing sidings as 
they will be located away from 
other rail facilities, there will be no 
loading facilities, adjacent structures 
of connection to other transpora- 
tion networks. They will be long Bette d 
enough to accommodate the long- Figure 3: Measurements of standard (8A) and 
est train normally traveling that line. "arrow gene railroad beds 
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Figure & A four lane divided highway, without a median 
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On double-track lines, the trains will run on either the left of right track, depend- 
ing on the convention adopted by the country (or sometimes by individual rail 
lines). Right-hand running railways are found in Canada and the USA (except the 
Chicago & Northwestern Railroad), Russia and the former Soviet Republics, come 
sections of China and Austria, Bulgaria, the Czech and Slovak Republics, 
Denmark, Finland, Germany, Hungary, the Netherlands, Norway, Poland, Turkey 
and “Yugoslavia.” Parte of France (Alsace and Lorraine) were under German 
administration when the lines were built, and are still right-running. Other coun- 
trles use left-running, of have no double-line railways. Modern signaling methods 
have allowed several railways in Europe and the USA to run trains in either 
direction on both tracks, 


Electrification 


Using electricity to power loco- 
motives is more efficient, and less 
costly than using diesel engines. 
However, the high cost of 
installing the wiring along thy rail 
line makes electrification eco- 
nomical only where there are 
high volumes of traffic over rela- 
tively short distances. Electrified 
railroads are more common in 
Europe and Japan, where high 
volumes Of traffic run between 
closely spaced cities. In other 
parts of the world, electrification 
is limited to a few high-traffic es ‘ — 
lines, and to urban sapid- Figure & Overhead electrified railroad. hhadows 
transit/commuter lines and components 


Moat electrification is via cables suspended over the track On single-track lines. 
the cable is suspended from an arm mounted on simple poles of lowes evenly 
spaced along one side of the track. On multiple-track lines. of where the track 
passes through a yard, pairs of poles of towers support esther a gantry of 4 trans: 
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Figure $ Overhead view of an elecivified commuter train Note the pantegragdys present on estab car mids. 
cating that both cars ave powered 
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Figure 6: Catenary system 


verse cable (catenary system) from which the power cables are suspended. Since 
the poles are small and set close to the tracks, they may be difficult to see on 
imagery, especially on single-track lines. Sometimes a regularly spaced line of 
light-toned scars marks the base of the poles, On multiple-line tracks, the gantries 
are usually visible, though catenary systems may only have gantries at intervals. If 
poles of gantries are not visible along the track, examine the rail yards, where 
the gantries would be larger and more readily visible. If there is a train on the 
track, look for the pantograph on top of the locomotive. This is a structure of 
articulated rods that remains in contact with the power cable. Small electrical 
substations are located at intervals along the track, 


Some rail lines, particularly commuter lines in urban areas, are electrified through 
a third rail which carries the current. The electrified rail is usually set outside the 
primary rails, but may occasionally be placed between them. These third-rail sys- 
tems are difficult to discern on imagery, uniess the resolution allows you to see 
the actual number of tracks. 


Pigure & Aerial rsew of a third-rail electrified track 


Signals 
Railroad signals are small and difficult to locate on imagery. For cartographic pur- 


poses, they have litle significance. However, on multi-track lines and in rail 
yards, the signals may be mounted on gantries built across the tracks, The analyst 
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Figure 9 Acrial view of a dual track railroad with signals and other trackside features 


should be careful to avoid confusing these occasional signal gantries with the 
regularly spaced electrification gantries. 


Operational Status 


There are three categories of operational status for a railway line, operational (in 
regular use), abandoned (intact but not in use) and dismantled (track and bridges 
removed), Even casual examination of a dismantled line will reveal that the 
tracks and bridges have been removed. Yet the graded right-of-way is still pre- 
sent and offers an alternative route for military vehicles. 


The distinction between operational and abandoned lines is not as simple. The 
presence of rolling stock, of course, verifies operational status, Abandoned tracks 
will develop a layer of rust on the rails, eliminating the reflections seen on oper- 
ational lines. In addition, vegetation will grow through the ballast, giving the rail 
bed a mottled texture. Where trees grow near the tracks, limbs growing across 
the right-of-way may be visible. 


Terminals and Facilities 


Railroad terminals can be divided into three main categories: loading and unload- 
ing of passengers and freight, storage or sorting of trains, and repair/maintenance 
facilities. Two or more of these functions may occur within the bounds of a large 
railroad facility, but the differing requirements, and thus the appearance, of each 
allows them to be identified and separated. 


Terminals 


Terminal facilities can be divided into four categories, passenger terminals, freight 
terminals, freight transfer stations, and freight storage areas. At larger facilities, 
these functions each have their own area, and can be easily delimited. In small 
stations, however, two or more functions may be combined in one area. 


Terminals come in two basic configurations, through terminals and dead end 
terminals. In a through terminal, the tracks diverge entering the loading/unloading 
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area, and converge again on the other side to rejoin the main track. Through ter- 
minals can be used by trains passing in either direction. A dead end terminal is 
connected to the main line at one end only, and the tracks fan out into the load- 
ing/unloading area. In either case, loading platforms and connections to other 
transponation networks will be present. 


Passenger and freight terminals are usually located close together, particularly in 
urban areas. They are characterized by tracks which are separated by platforms, 
sheds, stacks of goods, etc. Outlying areas are served by small stations and 
depots, or by isolated freight yards. 


~ : = 


Figure 10: Through and dead end terminals. Note the freight depot adjacent to the passenger terminal on 
the through configuration. 


Passenger Terminals 


Stations and depots are smaller facilities along a railroad line where passengers can 
board or leave the train. These facilities normally consist of a small building adja- 
cent to the tracks, with a small vehicle parking area. There will be at least one 
siding on which the trains stop for loading, with adjacent loading platforms that 
may or may not be covered. If there is more than one platform, access to other 
platforms is via pedestrian tunnels. Stations and depots are almost always of the 
through type, allowing trains to pull in and out and continue in the same direction. 


Passenger terminals are large facilities, characterized by a large terminal building 
with a covered concourse immediately adjacent to the loading platforms. Abundant 
vehicle parking is available, as well as easy access to other transpoitation. The 
loading platform area consists of several closely spaced tracks with covered plat- 
forms between them. These distinctive covered platforms are easily visible between 
the tracks. Terminals may have either a through or dead end configuration. At 
through terminals, access to the platforms is through pedestrian overpasses, Most 
large passenger terminals have a large plaza across from the terminal entrance. 


Freight Terminals 
The presence of a siding or spur leading to a facility indicates that at least some 
materials enter or leave the facility by rail. These industries, warehouses, trans- 


shipment areas, etc., will have loading docks with specialized equipment to 
handle the freight, and either open or enclosed storage areas. 
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Freight terminals can also be of the 
through type, but most have a 
dead-end configuration, Freight 
handling requires larger spacing 
between the tracks, giving these 
areas more of a fan shape. Long, 
narrow freight sheds with adjacent 
tracks are present for storage of 
materials. These may have a dis- 
tinctive sawtooth shape where 
individual cars are backed in for 
loading. Some areas are set aside 


iL! PASSENGER TERMINAL 


for transshipment of freight to fp W ssacnevses 
trucks. These “team tracks” are | 


widely spaced, have open areas 

between them with easy access to 

roads. A set of closely spaced 

holding tracks is often present, FACIGHT STATION 


where waiting cars are stored. 


Transfer of freight to ships or Figure 11: Diagram of a terminal area. Note the 
barges occurs at ports and harbors, through type passenger terminal and dead end 
where the tracks will extend out —_ freight terminal. 

onto the piers and wharves where 

the ships are berthed. Extensive warehouses or other storage facilities will also 
be present. (See also the section on Ports and Harbors.) 


Facilities for storage of freight will occupy a considerable portion of the freight 
terminal. Bulk materials may be stored in open areas. Warehouses and freight 
sheds are large, single-story frame structures of light construction. Metal and 
wood structures, as well as masonry buildings, are common. Depending on the 
materials being shipped, specialized structures, such as POL tanks and grain 
elevators, may be present. These and other storage facilities are discussed in 
detail in Chapter 4. 


Railroad Yards 


As railroad cars proceed from their origin to their destination, they must be 
assembled into trains for shipment, and disassembled upon arrival. They may be 
detached from one train and reattached to another enroute. This assembly, disas- 
sembly and reassembly of trains requires an extensive area of tracks and occurs 
in various through and dead-end type railroad yards. Car handling yards are 
characterized by their through type configuration, closely spaced tracks and 
absence of buildings, platforms, etc. 


Arriving trains are kept in a receiving yard until they can be disassembled. These 
yards are always of the through type, and are smaller than the classification yard. 
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Figure 12: Oblique view of a freight terminal where POL products ave loaded to ratlroad tank cars (right 
side of photo) and to tank trucks (left ...l¢ of photo). The rail terminal has a dead end configuration, and 
4 holding yard for cars waiting to be filled can be seen above Gnd tu the right of the loading platforms, 
Note the darker tone of the ballast around the vail lines, as opposed to the surrounding concrete pavement. 


e ete 


Figsre 13: A ground view of the terminal shown in figure 12. Note the covered loading equipment 
between each patr of tracks, and the darker tone and coarser texture of the gravel ballast of the rail bed. 
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RECEIVING YARD - 3 FORPARDING YARD 


HOLDING YARD POAWAADING YARD CLASSIFICATION YARD RECEIVING YARD 


RECHIVING YARD CLASSIFICATION YARD FORWARDING YARD 


Figure 14: Simple and complex railroad yards. In the top and center examples, the traffic flow would proceed 
from left to right. The complex yard on the bottom could handle traffic in two directions, This yard ts located 
on @ dual-wrack, right running line, where traffic entering the complex always enters on the right side. 


Cars are uncoupled from the inbound trains and moved into the classification yard 
(sometimes called a marshalling yard) by a small switch engine. Classification 
yards are also of the through type. Lpon assembly, the trains may be moved into 
a small, through type forwarding yard, until the train is scheduled to depart. A 
small set of tracks may be provided for storage of empty or damaged cars. This 
holding yard will be a small area of through or dead end tracks. 


The cars are sorted and regrouped by switching them onto the appropriate track 
in the classification yard. The switches are operated from a contsol tower over- 
looking the yard, At small or out-of-date yards, the movement of cars is done 
solely with a switch engine. The switches may 
also be operated manually at these facilities. At 
others, the yard may be constructed on an 
incline, so that as cars are uncoupled they 
would roll out of the receiving yard and be 
switched onto the proper track. A switch engine 
would perform only minimal work in this type 
of operation. 


Most classification yards now use a variation of 
the gravity method. A hump is constructed Figure 15: Railroad control tower 
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CLASIIFICATION YARD 


SWITCH ENGINE ne ce 


RECEIVING YARD 


CLASSIFICATION YARD 


Figure 16: Flat (upper) and gravity (lower) classification yards, The gravity yard can be recognized by the 
presence of retarders on the tracks, by the slope of the ground (on stereo imagery) and sometimes by the 
absence of a switch engine. A receiving yard may be present at both types of facilities. 


between the receiving and classification yards. A switch engine pushes the cars 
up the ramp, where they are decoupled and allowed to roll down the opposite 
side, where they are routed to the proper track. The speed of cars rolling into the 
yard is contsolled by retarders, long bars which squeeze against the flanges of 
the wheels, The retarders may be operated through the switch control tower, or 
there may be a separate retarder control tower, The retarders are readily visible 
even at medium scales as dark rectangular areas where the tracks diverge into 
the classification yard, 


The receiving, classification and forwarding yards are arranged end to end. In 
smaller yards, the forwarding yard, and even the receiving yard may be absent. 


ELEVATION 


SHITCH ENGINE RETARDEARS 


{ RETARDER 
RECEIVING YARD SWITCH TOWER CLASSIFICATION YARD 


CONTROL TORER 
Figure 17: Side view and aerial view of a bump classification yard 
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Figure bar Ovcreiei and close-ups of a POL transshipment area, Note the covered and open loading bays. 
aid the barre’: stored tt the open at the bottous of the picture. 
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Figure 18 Diagram of a vailroad yard and terminal complex. The classification yards 


are on the left, the terminals are on the right, and repair and maintenance facilities are 
centrally located. 


In large facilities on double line tracks, two sets of yards may be present for 
traffic moving in both directions. The holding yard, if present, may have any 


configuration, and would be located wherever sufficient space is available (see 
figures 14 and 18). 
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Repair and Maintenance Facilities 


for reasons of convenience and centralization, facilities for maintenance and 
repair of rolling stock will be present adjacent to rail yards and terminals. Tracks 
for the storage of cars awaiting repairs or being repaired form yards mostly of the 
dead-end type. Individual con- 
figurations depend on the space 
available at the facility. Repair Lecomorive 
and maintenance facilities con- Sy SERVICING 
tain a number of large buildings SERVICING SHOP 
with tracks adjacent to or enter- \ LOCOMOTIVE 
ing the buildings. The buildings NW, snap 
are of substantial construction i 

and have the sawtooth or moni- 
tored roofs typical of industrial 
facilities. 


The presence of tracks leading 
into large, single-story buildings 
and rolling stock on the tracks, 
and the absence of platforms, 
loading facilities or good road 
access are the keys to identifica- 
tion of car repair facilities. 
Fueling facilities are also present in this area. In smaller facilities, both cars and 
locomotives may be serviced in the same building. Most facilities have separate 
locomotive repair areas, Locomotive repair areas are identified by the presence of a 
turntable and roundhouse. 


A turntable is a section of 
track set on a rotating plat- 
form in a circular hole. In 
its simplest configuration, 
it is used to turn a locomo- 
tive around on the track. 
In repair facilities, there 
are several tracks radiating 
from the turntable, leading 
to a circular or semi-circu- 
lar building that entirely or 
partially surrounds the 


turntable. This building is 
Figure 20: Roundhouse and semi-roundbouse. A semt-roundbouse can called the roundhouse, and 
occupy any fraction of the perimeter of the turntable, and all or part of the contains equi nt for 
remainder may contain open tracks for stor.ige of locomotives, quipme! : 


Figure 19: Typical arrangement of facilities at a 
railroad repair and servicing terminal 
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Figure 21: A turntable and associated service facilities 


repair of locomotives. The circular shape of the facilities make the roundhouse 
and turntable easy to locate and identify. 


Some repair facilities make use of a transfer table. This is located between two 
buildings, and consists of a section of track that can be moved laterally, to move 
a locomotive from one building to a particular stall in the other building. 


Commuter Lines/Trolieys 


Within major urban areas, commuter traffic is often carried by specialized rail 
lines. Although some are of standard gauge, most are of narrow gauge. 
Electrification of commuter lines is almost universal. Third rail electrification is 
used where the right of way can be isolated. In addition, the cars may be smaller 
in size than standard rail cars. 


The tracks may be placed on their own right of way, and can be underground, 
on the surface, or elevated, for all or parts of the route. In some cities, the rail 
lines are set in the middle of existing roads (trolleys). These can be difficult to 


Figure 22: Overhead electrified commuter lines 
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detect; look for the overhead electric lines, and wider than normal streets. At the 
end of the commuter lines, a turning loop may be visible. 


Stations for commuter lines are usually small, and may be only a shelter. Larger 
stations will be located at intersections with other transportation facilities, such as 
airports, bus depots and railroad terminals. Stations in the suburbs may have 
larger commuter parking lots. 


Logging Railroads 


Logging railroads are temporary tracks of light construction built to carry logs to 
the sawmill. They are normally of narrow gauge, and will have sharper curves 
and steeper grades than regular rail lines. They are found in forested areas where 
logging operations are active, The lines often branch several times.as they enter 
the logging area. Cleared ways without tracks mark where the tracks were previ- 
ously located and then abandoned as logging operations moved into a new area. 
Their location in a forested area, sharp curves, and branching into an area with 
no obvious destination are keys to the identification of logging railroads, 


Cog Railways 


Cog railways are used where 
a rail line must be built along 
a steep grade. Locomotives 
have geared wheels which 
engage a toothed center rail, 
These railways are almost 
always of narrow gauge with 
correspondingly smaller cars. 
The presence of the center 
rail and the steep grade of 
the track are indicative of 
cog railways. 


Figure 22: Diagram of a cog railway track. Note the 
distinctive toothed center rail. 


Monecrails 


The term monorail refers to a class of vehicles that travel on a single large rail, 
The cars may either ride on, or be suspended from the rail. Most monorails are 
commuter lines, or are used for moving people around large facilities such as air- 
ports or amusement parks. A few high-speed, inter-city lines have been 
constructed using a monorail, 


When the cars ride on the monorail, the line will appear similar to a normal 
commuter rail line, except that close examination reveals the presence of only a 
single, large rail. Suspended car monorails are more distinctive, as the imagery 
will show the rail and the structures supporting the rail. The track can vary from 
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Table 2: Common Railroad Gauges 


BROAD GAUGES 


Country 
India, Spain, Portugal, Pakistan, Bangladesh, $:i Lanka, Argentina, Chile. 


Ireland, South Australia, Victoria, Brazil 


1520 mm former USSR, Finland, Mongolia. ( narrowed from 5 ft in 1972, much 5 ft 
4 ft 11 7/8 in gauge track still remains). 
STANDARD GAUGES 
Gauge Country 
1435 mm Great Britain, Canada, USA, Mexico, Europe (except Spain, Ireland, Finland, 
4 ft 81/2 in & former USSR) North Africa, New South Wales, China, South Korea, 


Western Australia, Victoria, Cuba, Jamaica, Paraguay, Uruguay, Argentina, 
Peru, Venezuela, Lebanon, Iran, Iraq, Mauritius, Morocco, Saudi Arabia, 


Syria, U.AR. 
NARROW GAUGES 
Gauge Country 
1067 mm Queensland, South & West Australia, Tasmania, New Zealand, Angola, 
3 ft 6 in South Africa, Rhodesia, Zambia, Zimbabwe, Malawi, Mozambique, Ghana, 


Nicaragua, Nigeria, Sudan, Japan, Indonesia, Philippines, Norway, 
Newfoundland, Sweden, Ecuador, Chile, Haiti, Honduras. 


1065 mm South African Railways 
1050 mm Algeria, Syria, Lebanon & Jordan 
35 1/4 in 
1 meter Burma, Thailand, Vietnam, Malaysia, East Africa, Cambodia, Brazil, 
3 ft 3 3/8 in Argentina, Chile, Bolivia, Switzerland, Portugal, Greece, India, Pakistan, Iraq 
914 mm Central America, Colombia, Peru, Mexico, Newfoundiand 
3 ft 
800 mm Mountain and rack railways. 
762 mm Austria, Yugoslavia, Czechoslovakia, India, Sri Lanka, Wales 
2 ft 6 in 2 
750 mm Argentina, Brazil 
2f5 1/2 in 
610 mm (2 ft) Sierra Leone, Wales, South Africa, India, Pakistan, Chile, Argentina 
& 600 mm 
1 ft 11 5/8 in 
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Figure 24: A monorail line bralt aver a canal fo maxiitze the wee of acaiiable space 


wsingle steel rail suspended from barge poles. to Comples: structure with pias: 
sive supports shaped like an inverted “Woon (U7 On an denial photograph, the 
cars may be partially or entirely concealed by the raul 


Bridges 


Introduction 


Bridges are the most vulnerible part of way transportation system The loss ofa 
key bridge Cor bridges? can signiticandy reduce or paralyze the movement of 
troops. anmaments or supphes Therefore, knowledge about an area's bridges ts 
vital to military planners ‘The location, constracion and capacity of il bridges. .ts 
well as the identification of alternate routes and bypasses are key factors in the 
planning and conduct of military operations 


A bridge is any structure Cother than an casthen bill) providing passage for at 
transportation route over in obstacle The type of badge built ata parteular 
location depends on several factors: Most important are the purpose of the 
bridge. the topography of the ste. and the Liber materials and technology ta 
able. However aesthene consideritons. and the previous experience of the 
designer also eftect the design of the badge There as often no single best badge 
design fora particular situation 
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Changes in technology have resulted in an evolution of bridge construction 
methods. New materials and designs, especially within the last 200 years, have 
dramatically changed the appear- 
ance of bridges, Because the 
bridges found in a geographic area 
are usually of different ages, a vari- 
ety of bridge types and materials 
can be expected, 


The earliest type of bridge con- ii a a ala ad 
sisted of a log dropped across a 
gap. This simple beam bridge was improved by cutting and shaping the wood 
into timbers, and assembling them into 4 continuous deck. These bridges were 
limited in size by the relatively low strength of wood, which required massive 
timbers to bridge even short gaps. Wider gaps required numerous intermediate 
supports. These early wooden structures were limited to light loads and short 
spans, until the invention of the truss. The construction of timber truss bridges 
reached its peak in the 18th and early 19th 
centuries, But wood deteriorates quickly, 
and is susceptible to damage by fire. Timber 
bridges require constant repair, and few are 
left today. 


The invention of the masonry arch bridge, =" _ 

more than 3,000 years ago, allowed the con- Figure 2: Basic masonry arch bridge 
struction of longer spans able to carry heavy 

loads. The Romans made extensive use of this design to carry aqueducts as well 
as roads, The construction of extensive canals during the Industrial Revolution 
utilized masonry arch structures to carry the canals over obstacles. These massive 
masonry bridges proved stronger and more durable than wooden bridges, and 
many are still in use today. But the construction of large masonry arches was a 


SNM 


~ 
iy 


Figure 3: A steel truss bridge with several through-type, polygonal chord spans on solid 
concrete pters (background) and several deck-type, double-Warren spans on steel trestle 
piers (foreground). The through spans maximize the under-bridge clearance for ships trav- 
elling up the main channel. 
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4 


Figure 4: Primitive timber and rope suspension bridges. Matnly for pedestrian tse, 
bridges like these are still in-use in undeveloped areas 


major engineering task, and required 4 lot of labor. This made them expensive 
and limited their use, 


The development of iron and steel structural members gave rise to a new genera: 
ton of truss bridges in the late 19th century. The parts for metal truss bridges 
were easily transported and assembled, reducing construction time and thus cost. 
The durability and greater strength of metal made truss and girder bridges popu- 
lar on the expanding road and railroad networks, 


A primitive form of suspension bridge, still in use in some areas, consists of 
three ropes suspended across a gap. The lower rope serves as the floor while 
the other ropes are used for balancing as one walks across, or two lower ropes 
may support a flimsy wood deck. Further development of suspension bridges 
had to wait for the development of a material with high tensile strength. With 
the introduction of iron chains in the early 19th century, and later, steel cables, 


Figure §: Modern cable-stayed suspension bridge Gander construction), Note the masstve 
towers and the concrete bents supporting the approach spans. 
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the construction of large suspension 
bridges became possible. They are 
still the most economical type of 
bridge for crossings requiring wide 
clearances. 


Concrete was not widely used for 
bridges prior to the 19th century, 
because of its poor tensile strength. 
The introduction of reinforced 
concrete, and more recently, pre- 
stressed concrete, made the design 
of concrete bridges possible. The 
steel reinforcing bars add tensile strength and allow concrete to be used for 
structural members in tension. Pre-stressing the reinforcing bars increases the 
strength and stability of the structure. The use of concrete in bridge construction 
has been increasing steadily since the end of the 19th century. 


Figure 6 A concrete arch suspension bridge. 
This design ts also referred to as a bowstring arch, 


Bridge Structural Elements 


All bridges are composed of the same basic structural elements. The part of the 
bridge that spans the gap is called the superstructure. This includes the floor of 
the bridge and the structural elements that provide strength and rigidity. The 
substructure includes all of the elements upon which the superstructure rests, 
Abutments are the foundation-like structures that support the ends of the 
bridge. Intermediate supports on longer bridges are provided by piers, piles, 
bents or trestles. The section of a bridge's superstructure between abutments, 
between intermediate supports, or between an abutment and an intermediate 
support is called a span. 


Some DMA product specifications use the terms superstructure and 
substructure differently. For example: In DFAD, “superstructure” 
refers only to structural elements that extend above the road or 
railway crossing the bridge. When describing a bridge for a partic- 
ular product, be sure to verify the usage of terms with the product 
specifications. 
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Figure 7: Diagram showing the basic components of a bridge 
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Bridge Substructure 


Just as the foundation serves as a 
stable base for a house, the abut- 
ments form the stable base upon 
which the ends of the bridge 
rest. These concrete or masonry 
(occasionally wooden) structures 
protect against undermining of 
the bridge by erosion of the 
banks and approaches. The abut- 
ments also provide support to 
the earthen fills of the 
approaches, where the route is 
graded to the level of the bridge. 
The abutments are not normally 
visible on vertical imagery. 


The distance that can be spanned 
without intermediate supports 
depends on the bridge structure 
type and materials. Bridging 
across wider gaps requires the 
use of intermediate supports. A pier is a solid (masonry or concrete) structure 
that provides a continuous support across the width of the bridge. A bent is a 
simple structure consisting of a single row of piles (pile bent) or posts (trestle 
bent), cross-braced and surmounted by a cap. A structure consisting of two or 
more adjacent bents braced together is also called a pier (pile pier or trestle 
pier). These supports may be composed of wood, steel or concrete members. 


Figure & Bridge abutments 


Occasionally, a continuous framework is used to support the length of a bridge 
between the abutments. This kind of structure (wood or steel) is called a trestle. 


Figure 9: Several common varieties of bridge piers. Plers will only be vistble on imagery taken at an angle 
to the vertical. Shadow's of piers may also be visible. 
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Figure 11; Bridge bents 


A bridge supported by a tres- 
tle does not have individual 
spans, as the trestle provides 
continuous support along the 
length of the bridge. 


Figure 12: ‘Trestle piers 


Although piers, bents and trestles are hidden by the bridge on vertical imagery, 
when the sun angle is right, the shadows can reveal the types of supports present. 


Bridge Superstructure 


The bridge superstructure is composed of a floor system, which carries the 
transportation route, and the supporting structure, which supports the floor 
system and gives the bridge its strength. The surface of the floor system, where 
the traffic is carried, is called the deck. 


The superstructure is composed of simple spans if each span is a distinct struc- 
tural element. When the structural element runs uninterrupted across more than 
two supports, it is called a continuous span structure. A cantilevered span is 
one where the structural element is balanced on one of the supports. 


The relationship between the floor system and the supporting structure is an 
important factor in describing bridges. When the supporting structure is entirely 
underneath the floor system, it is called a deck bridge. When the supporting 
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structure is entirely above the floor system, it is a through bridge, When the 
floor system is located at an intermediate position, it is called a semi-theough or 
half-through bridge. 


Various design principles are used to impart strength to the supporting structure. 
‘These design types are described under Bridge Classification. The materials 
used in the construction of the bridge may change its appearance, but the bridge 
type will still be recognizable, 


Skew Bridges 


Bridges are normally built perpendicular to the obstacle they cross, and the route 
is then adjusted to the position of the bridge. This minimizes the length of the 
bridge, and thus minimizes construction costs, In some cases, especially on major 
highways and railroads, changing their alignment for small bridges is more 
expensive than the cost of bridging the gap at an angle. In these cases a skew 
bridge is constructed. The superstructure is built parallel to the route’s centerline, 
while the substructure is aligned with the obstacle being crossed. 


Bridge Classification 


There are several factors that can be used to classify bridges. Characteristics such 
as function, composition, design criteria, etc., can be used to divide bridges into 
categories. These factors are summarize: Ae 1. The most visible distinctions 
are those related to bridge design. There: 1, -¢ design types will be addressed 
individually, and the other factors wi! >¢ discussed within these sections, 


DMA specifications differ widel, °» the way they classify and 
describe bridges. These product a: traction Specs are often 
internally inconsistent as well. For: ple, the terms cantilever 
and deck are often used to describe bi idge design types. For some 
types of bridges (eg. the truss arch suspension bridge in figure 35), 
placement into a specific category ts difficult under any specification. 
When classifying bridges, the analyst should study the specifications 
and assign the bridge to the most appropriate category. 


INTERSPAN BRIDGE 


NAVIGATION 
FUNCTION MATERIAL TYPE pele renal CLEARANCE 
Railway Timber Beam (Stringer) Simple Deck Fixed 
Highway Masonry Girder Continuous Through Swing 
Viaduct Iron Truss Cantilever Semi-through Lift 
Footbridge Steel Arch Tilt (Bascule) 
Aqueduct/ Concrete: Suspension Other 
Canal reinforced or 


Combination Prestressed 


Table 1: Bridge Classification Criteria 
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Figure 14: Cross-section af a bridge superstructure showing components. 
and measurements 


Length 
1g to Beasing 
butment to Abutment = Overall Length of Buile Saructure 
Figure 15: Diagrams of through type, simple truss bridge showing critical dimensions 
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An 


d. Base Fiiled, Single Span 
Beam/Girder/Slab Bridge with 
Concrete Guandrail/Sides 


e=§ igth 
— Horizontal Clearance 
= Under Bridge Clearance 
= Ovevall Length of Built Siucture 
Figure 16: Diagrams of several bridge types, showing critical dimensions 
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CANTILEVER SPAN, SEMI-THROUGH BRIDGE 


Figure 17; Diagram of bridge span relationships 
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Beam (Stringer) Bridges 


A beam bridge is a simple struc- 
ture, consisting of two or more 
parallel beams (sometimes called 
stringers) laid across the gap. The 
bridge flooring is supported 
directly by the beams. This type of 
structure is suitable only for short 
spans. Wooden bridges will have 
spans of less than 20 feet 

(6 meters), steel and concrete 
structures will have spans of less 
than 40 feet (12 meters). This type 
of bridge is commonly used for 
highway overpasses. Since the sup- 
porting structure is below the floor 
of the bridge, these are always 
deck bridges. 


Figure 18 Basic beam bridges. Many bighway 
bridges are merely larger versions of this simple 
design, 


Beam bridges cannot be conclu- 
sively identified on vertical 
imagery. Deck-type highway 
bridges with short spans are usually beam bridges. The shadow will show the 
underside of the bridge to be parallel to the deck. 


A slab bridge is a variation where the 
floor system anu supporting structure are 
combined into one piece, a rectangular 
slab of reinforced or prestressed con- 
crete, This slab sits directly on the 
abutments, Slab bridges are used to 
bridge short gaps (< 20 feet or 6 meters) 
on minor roads. 


Figure 19: Slab bridge 


Girder Bridges 


A plate girder is a large beam fabricated from steel plates. Because of its large 
size and deep cross-section, it provides more support than smaller beams. Thus, 
girder bridges can carry heavier loads and span longer gaps than beam bridges. 
Their greater strength makes them particularly useful for railroad bridges. 


The most common form of girder has an I-shaped cross section. Two parallel 
girders form the supporting structure, and the floor system is set between the 
girders. The girders can be placed below the floor system (deck bridge), but the 
large size of the girders then restricts the clearance under the bridge. For this rea- 
son, it is more common for the floor system to be placed at the base of, or at the 
midpoint of the girders (through or semi-through bridges). 
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When the bridge is of the through or semi-through type, the plate girders are 
easily visible. For deck type bridges, the only clues to identification are the 
greater thickness of the supporting structure, and the relatively short span length 
(<100 feet, 30.5 meters), Continuous span girders, extending across the intermedi- 
ate supports, can bridge longer gaps. As noted above, they are more common on 
railroad bridges than on highway bridges. 


The box girder is another form which has increased in popularity because of its 
strength, versatility and economy of materials. A box girder has a square or rec- 
tangular cross section and is hollow. They are almost always placed as supports 
under the floor system on deck bridges. They can be simple spans, but continu- 
ous spans are also used. Their superior strength allows for spans of great length. 


Note: For some DMA specifications, box girder construction ts 
classified as a Beam/Stringer bridge. The term “Girder” usually 
implies a large plate girder with an I-shaped cross section. 


Box girder bridges are difficult to identify on vertical imagery. They are character- 
ized by their simplicity of design, greater span length and the lack of other 
supporting structures, such as trusses, arches, etc. 


Top chord 
Web plate 


PLATE GIRDER 
WITH INTERMEDIATE GIRDER 


THAOUGH TYPE CONTINUOUS SPAN PLATE GIADER 


Figure 20: Various configurations of plate girder bridges. Because of their great strength, plate girders are 
most commonly used on railroad bridges. Note the cantilever design of the last example. When identified by 
its shadow on vertical imagery, this may be mistaked for an arch bridge. 
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Plate girder bridges are almost always made of steel. Some newer construction 
utilizes girders made of prestressed concrete, which can be identified by their 
very light tone. Box girders are normally concrete. 


Truss Bridges 


A truss is composed of a series of relatively small girders (members) joined 
together in a triangular pattern. This triangular bracing gives it the strength and 
rigidity of a solid beam, yet the sare — : : 
structure is much less massive 
than a plate girder of equivalent 
strength, Truss members are sub- 
ject to either compression or 
tension. Compression members 
are often thicker than the tensile 
members, but can also withstand 
a tension load. The small size of 
the individual members makes 
them easy to transport and assem- 
ble. Because of their strength, 
versatility and ease of constnic- 
tion, truss bridges are widely used 
around the world. 

Each truss has a top and bottom of these cross-braced elements results in the struc- 


girder (the w and k tural equivalent of a heam or girder, 

chords). The upper chord carries the main compression load, and may be paral- 
lel to the lower chord, or it may be composed of sloped or curved sections. At 
each end, a vertical or inclined post forms the end member of the truss. Two 
parallel trusses form the supporting structure of a bridge. The trusses are nor- 
mally, but not always, cross-braced with each other. If the trusses are not 
cross-braced, it is known as a Pony Truss. 


Figure 22: Basic truss shapes. The arrangement of tension and compression members 
within the truss determines the actual truss type. 
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Figure 23: Baste truss types. Although these examples bave parallel top chords, for most truss types they 
could be curved or slanted. 


Truss bridges may be through, semi-through or deck type. They may have simple 
spans, with a separate truss on each, or the truss may be continuous over several 
spans. The cantilevered span achieved its greatest expression through the steel truss. 


Early truss bridges were constructed entirely of wood, Later structures used iron 
for the tensile members and wood for compression members. Iron eventually 
replaced all of the wood, and by the year 1900, trusses were made entirely of 
steel. Recently, pre-stressed concrete trusses have been used to replace the steel, 
There are few surviving wooden truss bridges. 


There are many forms of trusses, as illustrated in this section. The earliest fort: 
used on wooden bridges is the triangular King-post truss, with one vertical ten- 
sion member. A series of king-posts were sometimes strung together on longer 
bridges. The Queen-post truss is similar, but has a second tension member. The 
problem with wooden bridges was that they tended to sag in the middle. To 
counter this, Theodore Burr :dded an arch to a multiple King-post truss. The 
Burr arch truss was patented in 1817 and remained the most popular of the 
arch reinforced truss bridges. Another popular truss type was patented by Ithiel 
Town in 1820. The Town Iattice truss, as the name implies, was composed of a 
lattice of relatively small members, which form a long, stiff structure, Since this 
lattice truss was not susceptible to sagging, it was also widely used. Many other 
truss designs were developed in the early 19th century, but most found only lim- 
ited acceptance, 


By the mid-19th century, iron bridges were rapidly replacing wooden structures. 
The Howe truss utilized vertical iron tension members and diagonal wooden 
compression members. A few were built later entirely of metal. The latter part of 
the 19th century saw the development of several truss types composed com- 
pletely of iron or steel. Some of the more popular were the Bollman truss, the 
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WICHERT TRUSS BRIDGE 
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Figure 24: Basic truss bridge types. 1) A through bowstring truss, where all posts and diagonals are ten- 
sion men:bers; 2) A deck howstring truss, this is not a true bowstring, but a variation on a Prate truss: 3) A 
through Warren truss, recognizahle as being made of concrete by the thickness of the members and the 
lighter tone; 4) A continuous span, deck-type Howe truss; 5) A continuous span through truss, centered on 
a Baltimore truss, which gives the longer central span added strength; 6) The Wichert truss is actually a 
hybrid structure. The central span is suspended beneath a cantilevered truss arch. 


Fink truss, the Post truss and the Thacher truss. There were, however, three 
truss types that became very popular, and were adapted to many situations. 


The Pratt truss, patented in 1844, used vertical compression members and diag- 
onal tension members, just the opposite of the Howe truss, Its great strength, 
simplicity and versatility allowed it to be used in a variety of situations. Several 
variations were developed from the basic Pratt design. For additional stability, the 
diagonal tension members were extended across two or three compression mem- 
bers (double-intersection Pratt or Whipple truss and triple-intersection 
Pratt truss, respectively). Other variations include the Parker truss, camelback 
truss, Baltimore truss, Pennsylvania truss and the lenticular truss. The latter 
is unusual in that both the upper and lower chords are curved, giving the truss a 
lens-shape. 


In 1841, the first bowstring arch truss was patented. A bowstring arch truss is a 
hybrid between a truss and an arch. It consists of a curved upper chord which 
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Figure 25: Some of the many possible variations for truss bridges 


acts as the compression member, and a horizontal lower chord tension member. 
They are tied together by vertical and/or diagonal tension members. This proved 
to be a light weight, inexpensive, yet sturdy design, and was widely used in 
highway bridges, particularly in rural areas. 


Patented in 1848, the Warren truss was slow to gain popularity, particularly in 
the U.S., but eventually became the favored design for truss bridges. It is differ- 
ent from previous designs in that the diagonal members are designed to carry 
both tensile and compressive loads. Thus the Warren truss is characterized by 
girders of a uniform size. Variations include the addition of vertical members, 
or extension of the diagonals to form a double-intersection Warren truss. Most 
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Figure 26: Various truss types and their shadows. Note how the truss under the deck bridge is revealed 
by ts shadow. 
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modern steel truss bridges, as well as newer prestressed concrete truss bridges, 
use the Warren truss or a variation. 


The lattice framework of the truss is distinctive and easy to recognize on vertical 
imagery. On through and semi-through bridges, the truss is readily visible. The 
shadow of the truss is the best recognition factor. It is often clear enough to 
identify the truss type, even on a deck bridge. Trusses are almost always made of 
steel (or iron in older bridges). New prestressed concrete trusses can be identi- 
fied by their light tone and the greater thickness of the structural members. 


Arch Bridges 


The first major development in bridge construction was the masonry arch. An 
arch is the only structural form in which there is no tension. Therefore, larger 
bridges can be built without using materials of high tensile strength. Until the 
development of timber trusses in the early 19th century, and the mass-production 


DECK AND THROUGH ARCH 
Double deck 
Figure 27: Masonry arch bridge varlations 
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Figure §: | Modern cable-stayed suspension bridge (under construction). Note the massive 
towers and the concrete bents supporting the approach spans, 
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WICHERT TRUSS BRIDGE 


Figure 28 Steel arch bridge variations. Note tbat most involve the use of a truss as the main ach, and 
that the bridge deck ts suspended from the arch on the through and semt-through structures 
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of iron shortly thereafter, the masonry arch was the only structural form available 
for construction of larger bridges. 


The first reliable report of a masonry arch bridge refers to one built over the Nile 
River in 2650 BC. The oldest surviving bridge is a masonry arch built about 850 
BC over the River Meles at Izmir, Turkey. The Romans refined the arch, and 
many examples of Roman bridges and aqueducts remain. Masonry arch bridges 
are found today in many parts of the world. 


The basic masonry arch bridge consists of a row of shaped stones that form the 
arch. This is the structural backbone of the bridge. The spaces between the arch 
and the deck of the bridge (the spandrels) can be filled in with masonry, form- 
ing a solid structure. On larger bridges, however, it requires 4 massive amount of 
material to fill in the spandrels, so an open spandrel structure consisting of a 
series of smaller arches or piers is used. 


fron and steel proved to be well suited for the construction of arch bridges. In 
fact, the first iron bridge built was an arch span (Coalbrookdale, England, 1779). 
For longer spans, the metal structures proved to be more economical than the 
labor-intensive masonry arches. Span lengths were increased as well. A steel arch 
can span a gap nearly as wide as a cantilever, though both are surpassed by sus- 


Figure 29: Concrete arch bridge variations 
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Figure 9: Several common varieties of bridge piers. Piers will only be visible on imagery taken at an angle 
to the vertical. Shadows of piers may also be visthle. 
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Figure 30: Several variations of arch bridges and thetr distinctive shadows 


pension spans. Metal arches can be through or semi-through as weil as deck-type 
structures. Few metal arches consist of a simple curved beam, most are arch- 
shaped trusses. 


Reinforced concrete was used for construction of arch bridges starting in the late 
19th century. Concrete bridges rapidly gained in popularity because they used 
locally available materials and could be built with relatively unskilled labor. 
Reductions in the amount of concrete required were accomplished by the use of 
open spandrel designs. 


In addition to the traditional deck bridge, a through-type concrete arch structure 
is also used. The rainbow arch is actually a hybrid between an arch and suspen- 
sion bridge. Similar to a bowstring truss, the floor system is suspended from the 
supporting arches. 


The surest recognition factor for an arch bridge is the shadow. Some trusses with 
curved, top chords, such as the bowstring or camelback trusses, may be confused 
with an arch. Shallow-arched concrete bridges can appear identical to can- 
tilevered spans. The difference between the two is in the way the load is carried. 
A definitive distinction can only be made if ancillary information is available 


Suspension Bridges 


Outside of primitive rope bridges, the construction of suspension bridges had 
to wait until a material of substantial tensile strength was developed. ‘The first 
suspension bridges used iron chains. This method was used in China and Japan 
several centuries ago, but was first used in the West in Prussia in 1734. Modern 
suspension bridges utilize the high tensile strength of steel cables to span wider 
gaps than possible (or economical) with any other structural form. 


The traditional suspension bridge consists of two heavy cables, anchored to the 
abutments and draped over two large rectangular towers. Smaller cables connect 
the floor system to these catenary cables. These are usually all steel structures, 
though a few bridges have masonry or reinforced concrete towers, In addition, 
massive abutments are needed to anchor the ends of the cables. 
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ims : 
Figure 31: ‘the structural elements of a Figure 32: The distinctive shadow of a typical 
suspension bridge suspension bridge 


The tall, massive towers and long spans are distinctive, and are usually easy to 
see, especially on stereo imagery. A good shadow allows for quick identification, 
as it reveals the towers, catenary cables and often the suspension cables as well. 


A relatively recent improvement upon the suspension bridge design is the cable- 
stayed box girder bridge. As the name implies, it is a box girder bridge which 
has been augmented by suspension cables to increase the span length. Instead of 
using a pair of catenary cables, the suspension cables are directly tied to the 
tower. The tower itself is a slender structure of steel, and the cables for both 
sides of the structure may run through the center of the tower. Although most 
bridges have two towers, some short span bridges have only one. The shadow 
reveals the tall slender tower with the suspension cables radiating from the top. 


As noted above, through arch bridges can also be classified as suspension 
bridges, except that the supporting structure is an arch rather than a catenary 
cable. The arch extends above the deck of the bridge and cables suspended from 
the arch support the floor system. These bridges are difficult to distinguish from 
trusses with curved top chords. If a shadow is visible, the shadows of the vertical 
suspension cables will be parallel, as opposed to the angular shadows of the 
truss members. 


Figure 33: Four variations on the basic catenary suspension bridge design 
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Figure 34: Variations of the suspension bridye design 


Suspension bridges are almost 
always steel structures. A few 
bridges, particularly of the arch 
type, have used prestressed concrete 
for the supporting structure and 
sometimes even the suspension 
cables are replaced by prestressed 
concrete members. 


Figure 35: An arch suspension bridge 


Cantilevered Bridges 


Cantilevered bridges are often classified as a bridge design type. However, the 
term “cantilever” refers to the relationship of the bridge’s supporting structure to 
its piers and abutments. As mentioned previously, a simple span structure is sup- 
ported at each end by an abutment or pier, while a continuous span structure is 
supported at each end and by one or more intermediate piers. A cantilevered 
structure, however, is balanced on ito supporting pier. To increase the distance 
between piers, a suspended span may be inserted between two cantilevers 
(see Figure 36). 


Any of the previously mentioned bridge design types can be constructed as can- 
tilevered spans. The easiest to identify is the cantilevered truss, on which the key 
recognition factors are the most visible. The supporting structure is continuous 
across the pier, and it is the most massive (tallest) directly over the pier, tapering 
off to both sides. The suspended span, when present, is a parallel or curved top 
chord truss, which can be distinguished from the tapered cantilevers. Plate girder 
and beam bridges also utilize cantilever spans, but in most cases, these are diffi- 
cult to identify, especially on vertical imagery. Some cantilevered bridges closely 
resemble arch bridges and may be difficult to distinguish, even on ground photos. 
The use of cantilevers on arch or suspension bridges can lead to unusual designs, 
such as the Wichert truss. Placing these hybrid designs into conventional classifi- 
cations can be difficult. 
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Figure 36: Diagrams illustrating the applcation of cantilvered spans to various bridge types. 
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Floating Bridges 


Floating bridges are most commonly used as temporary structures to support mil- 
itary operations. They are the fastest and most economical form of expedient 
river crossing available for large rivers. Under special circumstances, they are also 
used as permanent structures to cross large water bodies. Most float bridges are 
constructed to suppost roads. However, float bridges supporting single and even 
double-track railroads have been constructed. 


A floating bridge has no substructural supports between the embankments, The 
floor system rests directly on a series of floats or pontoons. The flotation device 
used can be empty steel drums tied together, inflatable rafts, portable military 
pontoons, small boats upon which the floor system rests, or large, permanent, 
multichambered pontoons of reinforced concrete. 


Tactical military and temporary float bridges are single-lane structures. If another 
lane of traffic is needed, a second set of floats must be constructed. Permanent 
float bridges use larger pontoons capable of supporting two or more lanes. 


SHORE. 
HANDRAILS CONNECTING SPAN 


| 


Figure 37: 1) Components of a military style float bridge. ?' Common types of floats and 
bridge decks. 
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Float bridges can only be used where strong currents are absent. Even low to 
moderate currents can require additional anchoring and bracing of the pontoons. 
On water bodies where the water level fluctuates, the spans linking the shore to 
the first floating section must be hinged to maintain the connection as the bridge 
rises or falls. 


Float bridges are identified by the low elevation of the bridge deck, no more 
than one or two meters above the water's surface. There will be very little 
shadow visible, even at a low sun angle. The floats or pontoons are often visible, 
protruding out from beneath the floor system. 


Prepared Float Bridge Sites: In areas where military conflicts are, or were, 
anticipated, such as in Germany and Korea, special sites may be prepared to 
allow the rapid construction of a tactical float bridge. Bearing a close resem- 
blance to a ford, a prepared float bridge site has roads leading to a prepared 
ramp into the river. However, at these locations, the depth of the water precludes 
fording. These sites are built mostly for tactical military uses, as backups to pro- 
vide vital river crossings in case bridges are destroyed by enemy activity. 


Movable Spans 


Bridges across navigable waterways must allow for passage of vessels under the 
bridge. Whenever possible, bridges are constructed so at least one span sits high 
enough to allow ships and boats to pass underneath. However, construction of a 
span with sufficient underbridge clearance may not be physically or economically 
feasible. The alternative is to construct a span which can be moved out of the 
way to allow the marine traffic to pass. Movable spans are more common on 
older bridges. Currently, the increased cost of the ligher spans is justified by the 
need to keep traffic moving without interruptions. 


The most suitable structural form for a movable span is a truss. It provides 
strength and rigidity, but is still light enough to allow the span to be lifted or 
swung out of the way. For short spans, girder construction can be used. 


There are three common types of movable spans, lift, swing and bascule. These 
three types are easily distinguished from each other and from stationary spans. 
The recognition features of a moveable span are: 


¢ The presence of a bridge with low underbridge clearance on a water- 
way that carries shipping. 


¢ Traffic backed up on either side of the bridge. 
¢ The moveable span in an open position. 


Lift Bridges 
A lift bridge has two towers, one at each end of the movable span. When 


the bridge opens, lifting mechanisms in each tower lift the entire span straight 
upwards, with the span remaining in a horizontal position. The clearance 
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Figure 3& Two examples of lift bridges, note the massive towers on both bridges. The bridge on the right 
has an additional overhead truss which serves to strengthen the towers. 


provided in the open position is limited by the height to which the span can be 
raised, The two massive towers readily identify this as a lift span, and the large 
pulley wheels are often visible. Through type trusses are the usual structural 
type. Occasionally, the two towers may be braced together at the top by an 
additional truss. 


Swing Bridges 


A swing bridge, the most common type of movable span, pivots the span in a 
horizontal direction. When open, the span is perpendicular to its normal position, 
and the ends of the span rest on special piers set in the watercourse. The span 
is, by necessity, cantilevered. The truss shape may be a traditional cantilever or a 
bowstring. The span may pivot at its center (symmetrical), at an off-center point 
(asymmetrical) or at one end (end pivot). In order to provide a wider opening, 
two adjacent swing spans may be used (double-opening type). This is especially 
true of end pivot bridges. The advantage of a swing span is that it provides 
unlimited vertical clearance when open. 


Swing bridges can be identified by the presence of the supporting piers placed 
perpendicular to the bridge, as well as navigation channel markers and fenders 
around the piers. If the moveable span is adjacent to the shoreline, a portion of 
the shore may be cut out to allow the span to swing around. Through type 
trusses are the usual structural type. 


Bascule Bridges 


On a bascule bridge, one end of the span is lifted upwards, tilting the span 
towards the shore. Bascule bridges may be single opening, or double opening, 
with opposing tilting sections. The opposing bascules act as two cantilevers 
locked together when in the down position, since an intermediate support cannot 
be used. They may be through or deck truss structures, or lighter deck type 
beam spans. Bascule bridges also have unlimited vertical clearance when open. 


A large counterweight is needed to allow the span to be tilted. The counter- 
weight may be above or below the bridge deck, or may be concealed within the 
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Figure 39: Top: Recognition factors for swing bridges. Bottom: Several varieties of swing bridges. 
Note the cantilevered structure of the spans. 


pier. The span usually pivots open, but on a rolling lift bascule bridge, it actually 
rolls back onto its toothed end quadrant, which meshes with a rack on the bank. 


Bascule bridges can be identified by their presence on a navigable waterway, the 
counterweights on the shoreward ends, the small control building usually pre- 
sent, the signals or drop gates which stop traffic when the bridge is open, and 
the lack of lift towers or support piers. 
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Figure 40: Six of the many possthle variations on a bascule bridge 


Other Moving Spans 


Other configurations of movable spans are relatively rare. A sliding span is 
retracted horizontally under or beside the supporting structure. A sinking span 
(existence reported only in Iraq) drops below the water surface to allow boats 
to pass over it. Other configurations may be encountered. The analyst should 
be alert to the presence of a moveable span whenever a low bridge crosses a 
navigable waterway. 


Figure 41: A sliding span bridge, in place, and retracted 
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Unusual Bridges 


The last century was a time of extensive building of roads and railways. Bridges 
were needed to cross larger gaps and carry heavier loads. These new demands 
led to different engineering solutions. They are usually variations or combinations 
of the main bridge types discussed above. These bridges are often difficult to fit 
into classification schemes. 


One unusual bridge type is the 
transporter bridge, which func- 
tions much like a bridge crane. 
A platform suspended from an 
overhead truss ferries vehicles 
across the river. (The contin- 
ued existence of transporter 
bridges has not been verified.) 


A Wichert truss is a4 continuous Figure 42: Transporter bridge (Ferry bridge) 
span cantilever truss on which 
the main span forms a semi- 

through arch. The deck is SSSeRPp 


suspended below the arch. SPIT rss 


4 STENTAND «8 
Other configurations that may | 
be encountered are limited 


only by the imagination of the Figure 43: A Wichert truss bridge 

engineers and designers. Other 

features, such as conveyors, may strongly resemble a bridge. A thorough knowl- 
edge of bridge structures is required in order to properly identify and describe 
these features. 
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Bridge Functions 


Identification of a bridge's structural type and the identification of its function are 
two separate problems. Common engineering principles and practices are used to 
construct all bridges and bridge-like structures. The best way to identify the func- 
tion of a bridge is to identify the transportation feature leading up to the bridge. 
Nevertheless, there are some characteristics that may be visible. 


Highway Bridges 


There is almost always a distinct contrast between the materials used on the 
bridge and on the bridge approaches. This will appear as a sharp line perpendic- 
ular (except on skew bridges) to the centerline of the bridge. In addition, the 
roadway usually maintains its width across the bridge, especially on major routes. 
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Railroad Bridges 


Railroad bridges fall into two categories, those with solid decks and those with 
open decks. A solid deck bridge carries the ballasted track across the gap. These 
resemble highway bridges in that they maintain the width of the permanent way 
across the bridge. An open deck bridge has the rails fastened to the floor system 
of the bridge, and the space between the rails and supports is open. These bridges 
appear to be very narrow in comparison to the travelled way of the rail line. 


Aqueducts and Canal Bridges 


Aqueducts are man-made structures that carry water from a distant source to the 
place it is utilized. The term aqueduct is also used for a bridge that carries a 
waterway over an obstacle. Canals are man-made structures designed for the use 
of ships and barges. Irrigation ditches carry water to crop land. All tiree types of 
structures may have to cross obstacles to reach their destination. 


Some DMA product specifications define the terms aqueduct, 
canal and ditch differently. Refer ic the appropriate specifications 
to verify the usage of these terms. 


The majority of these structures are masonry arch bridges. The majority of canals 
were built before steel and reinforced concrete were widely used, Recent con- 
struction of structures to carry water emphasize the use of pipelines, so the more 
modern types of structures are less common. 


The most distinctive feature of these bridges is the water course which they 
carry. In hilly or mountainous terrain, aqueducts are often routed through tunnels 
and across bridges to maintain the downhill grade from source to destination. 


There are several other types of structures designed to carry water for short dis- 
tances for various purposes. These include flumes, penstocks, and elevated 
pipelines. These may be confused with aqueduct and canal bridges, but closer 
examination will reveal that the source and destination are close together. 


Pipeline Bridges 


When pipelines cross areas of high relief, it is frequently more economical to 
carry the pipeline across a gap, rather than following the ground’s surface. 
Various types of bridging structures can be used, but most are less substantial 
than other bridge types. Suspension type and steel truss platforms are the most 
common. 


Again, the key to their identification is the pipeline approaching the bridge. 
Underground pipelines will often be exposed only where they bridge gaps. The 
absence of any visible transportation features leading to a bridge structure of light 
construction also implies that this is a pipeline bridge. 
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Multi-purpose Bridges 


The most common multiple use of a bridge structure is the addition of a pipeline 
(or aqueduct) to an existing road or railroad bridge. Pipelines may be carried 
alongside or underneath the bridge. Unless the pipeline is quite large, or the 
pipeline leading up to the bridge is visible, it may not be possible to detect the 
presence of the pipeline from imagery alone. Older aqueduct bridges, in particu- 
lar, carried a road on a level above the aqueduct. 


Another common combination is the double-deck road and railroad bridge. In 
some cases, it is economical to build only one bridge to carry both the highway 
and railroad over an obstacle, with each being carried on a different level. 
Inspection of the bridge itself, even with a good shadow, may not reveal the 
existence of the lower deck, Examination of the approaches to the bridge will 
reveal the convergence of the highway and railroad at the bridge entrance. The 
analyst must be careful to avoid confusing this with a double-deck highway 
bridge, where traffic going in each direction is carried on a different level. 


As mentioned above, unusual SB ali\\|!! ec | 
situations lead to unique bridge ee ermeresieyerp rere 
designs, and the analyst must 

be alert to the possibility of non- 
standard features. Familiarity with 
the geographical area, bridge types 
and lines of communication, com- 
bined with ancillary sources and 
imagery are required to properly 
identify and describe the bridges 


: ‘ Figure 44: The approach toa double-deck 
in an assigned area. bridge (ratiroad over bighway). 


Other Transportation Features 


A number of other features are associated with transportation routes. These 
are mostly concerned with carrying the route past obstacles or through difficult 
terrain. Cuts and fills, causeways, culverts, galleries, tunnels, snowsheds, rock- 
sheds, and ferries will be discussed in this section. These features are most 
commonly associated with roads and railroads, less commonly with canals, 
and rarely with pipelines. 


Cuts and Fills 


In order to allow traffic to move at higher speeds, the transportation route must 
have relatively low grades and good alignment with broad curves. This is impor- 
tant for major highways, critical for railroads, and essential for canals. In areas of 
level terrain this is not a problem, but as the relief becomes greater, it becomes 
more and more difficult to meet the grade and alignment criteria for these routes 
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The most common method for 
meeting these grade and align- 
ment criteria is through the use 
of cuts and fills. A cut is an exca- 
vation of the ground surface, 
while a fill is an area along the 
route built up by addition of rock 
and soil. Both are designed to 
allow passage of a transportation 
route at an even grade. The term 
cut is also applied to the edges 
of excavations made for other 


Figure 1: A road cut through a bill. Note that the 


" left side of the cut is in shadow, as compared to the 
purposes. Fill is sometimes used oad fill in Figure 2. 


to describe an area which has 
been built up for construction, but these areas are not mapped as fills. Levees, 
embankments and berms are similar to fills, but their primary purpose is not to 
support a route, 


Cuts and fills are commonly found together along a transportation route, and the 
material removed from the cuts is used to construct the fills. When the route is 
perpendicular to the slope, cuts and fills <vill alternate as the route goes over hills 
and across valleys. Where the road is parallel to steeper slopes, a cut may be 
present on the uphill side, while a fill supports the road on the downhill side. 


Cuts and fills are more common along railroads and major highways, where low 
gradients and good alignment are necessary. They are less common along sec- 
ondary highways, and are infrequently used on minor roads. 


Note: The rules for delineation of cuts and fills vary with the product 
being compiled. Consult the appropriate product specification(s) for 
inclusion conditions and delineation instructions for cuts and fills, 


Cuts and fills are long, sarrow features that follow the transportation feature that 
they support. Thus they tend to be straight or gently curved in plan view. The 
size of the cuts and fills will vary with the relief of the terrain that the transporta- 

RSG AIST tion feature crosses. The 
length can vary from a few 
meters to hundreds of 
meters. Fills are generally 
low structures, rarely 
exceeding ten to twenty 
meters in height. Cuts can 
be much deeper, but rarely 
exceed 75 meters. Beyond 
a certain height or depth, 
pe. . construction of bridges and 
Figure 2: A road fill, The shadowed side is on the right tunnels is usually more 
compared to the cut on Figure 1, with the same sun angle. economical. 
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The side slopes on fills will be even to gently concave, and rarely exceed 60% 
because of soil slope stability problems. Shallow cuts through soil or unconsoli- 
dated materials will also have gentle, even side slopes, while deeper cuts will 
often be terraced. Cuts made through rock can have nearly vertical slopes and 
are usually terraced to lessen the danger of falling rock, Cuts, and less commonly 
fills, may have diversionary 
drainage ditches to channel 
runoff away from the road and 
prevent erosion. 


Cuts and fills appear as narrow 
bands alongside and parallel to 
the transportation route. If 
recently constructed, they will aS ‘~ : 
show the tone of the local rock : NY ae 
and soil, which normally a 
appears lighter than the sur- Figure 3 A road running parallel to the terrain. A 
rounding terrain. Some areas, Sill is present on the downbill (right) stde, and on 
however, are underlaid by soil the left, the roadway ts locally cut into the hillside. 
and/or rock of very dark color. 

Cuts through rock will have a rougher texture and steeper slope, and will remain 
devoid of vegetation for much longer than those through soil. Older cuts and fills 
gradually become covered with vegetation, and will take on the tonal and tex- 
tural characteristics of the local vegetation. Eventually, the cuts and fills may 
become so overgrown that they are difficult to distinguish from the natural 
ground surface. 


Because of the relatively shallow side slopes, shadows are not obvious, except 
on steep cuts through rocky areas. Slopes facing the sun will be lighter in tone 
than slopes facing away from the sun. Where the relief is slight, or on mono- 
scopic images, cuts and fills can be distinguished by noting the location of the 
shadowed side in relation to the sun angle. 


Causeways 


A causeway is a fill built across a low-lying wet area or across a shallow body of 
water. In these areas, the cost of hauling in the necessary rock and earth is less 
than that of building long bridges or elevated roadways. Causeways are built 

of rock, gravel and/or soil, whichever material is locally available. Where erosion 
by waves or current is 4 problem, the sides may be faced with large rocks or 
with concrete. 


The causeway will be built just high enough to insure that the transportation 
route will remain passable at a!l times. Tides, seasonal rainfall and flooding 
potential, all effect the height of the structure. In some wetland areas, where 
causeways several kilometers in length are needed, they may be locally widened 
to accommodate other facilities, 
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Causeways are identical in 
appearance to fills. They are 
even easier to spot because of 
the contrast between the dry 
materials comprising the 
causeway and the water or 
wetlands being crossed. 
Bridges may occur along the 
causeway, and culverts are 
common. 


Figure 4: A causeway across a body of water 


Culverts 


Culverts are used to carry water past a transportation route and prevent erosion 
of the route’s foundation. The water could be from an existing drainage feature 
such as a stream, or it could be from drainage ditches constructed alongside the 
route itself. There may be a perennial flow of water through the culvert, or it 
may only carry runoff after periods of rain, 


A culvert can be a single pipe, a series of pipes, or a box-like structure. It 
extends underneath the route and is open at both ends. The diameter of the cul- 
vert can range from less than one half meter to five meters or greater, depending 
on the amount of water it is expected to handle. It can be round, oval or rectan- 
gular in cross section. In order to minimize erosion, the culvert will extend out 
beyond the route’s foundation, or headwalls may be added. In some cases, the 
area around the culvert may be faced with stone or rubble. 


A layer of fill material is placed over the culvert in order to distribute the load 
from the route, so that the weight does not collapse the culvert. Box culverts 
are large, rectangular structures of reinforced concrete, and may be strong 
enough to bear the load without overhead fill. These “load-bearing” box culverts 
can be easily mistaken for small slab bridges, The difference is that box culverts 
have a concrete “floor” while bridges are underlain with the natural stream bed 
materials. However, the floor of the culvert may be covered by water or gravel. 


Figure §: Two examples of culverts. The left example has stone beadwalls to protect the road from erosion. 
In both cases, the intersection of the ditch or stream with the roadways indicates the presence of a culvert. 
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Figure 6: This culvert consists of a set of three Figure 7: A joad-hearing box culvert, Note: On 
conduits. A single condutt of equal capacity would — sume DMA products, large load-bearing box cul- 
have to be much stronger to support the weight of verts are treated as bridges. 

the road. 


Most culverts are fairly small and difficult to see, except on very large scale 
imagery. Vegetation may be dense along the water course, further obscuring the 
view of the culvert. The best clue to the existence of a culvert is the presence of 
a stream or drainage ditch crossing under the route where there is no bridge pre- 
sent. For larger culverts, the round, oval or rectangular shape of the opening, and 
the shadow within, may be visible. 


Note: The inclusion rules for culverts vary among DMA products. 
For most, only the larger culverts need to be delineated. Consult 
the appropriate product specifications for instructions on the delin- 
eation and description of culverts. 


Tunnels 


A tunnel is an excavation through a hil! or mountain to allow passage of a trans- 
portation route. They are normally associated with roads and railroads, but are 
occasionally found along canals and aqueducts. Tunnels are also used to carry 
roads and railroads under rivers and other bodies of water. Since tunnels are 
expensive to build, they will rarely be found on minor roads, 


Tunnels range in length from a few tens of meters to several kilometers in 
length. The tunnel itself is underground, and is not visible on aerial photography. 
The entrance/exit (portal) to the tunnel and the transportation route leading up 
to it are the keys to its existence and location. The portals are normally con- 
structed of masonry or concrete, and typically have a rounded or arched shape 
for strength and stability. This structure stabilizes the entrance to the tunnel and 
prevents material from falling on the route. The interior (bore) may be lined with 
masonry or concrete, or left as natural rock if the rock is stable. 


The disappearance and reappearance of a transportation route on either side of 
an obstacle, such as a mountain or river, indicates the presence of a tunnel. A 
closer examination of the point of disappearance revea!s the light tones and geo- 
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metric shape of the portal. Depending on the orientation of the portal in relation 
to the sun angle and viewing angle, the shadow may or may not be visible. 
There will be a cut of varying length just before the portal. Often there will be a 
turnout prior to the tunnel entrance and a device spanning the road at maximum 
tunnel height to prevent passage of over height vehicles. On longer tunnels, ven- 
tilation fans may be present at the portals or along the length of the tunnel. 


The route followed by the tunnel is, of course, hidden from view, For shorter tun- 
nels this can be approximated by connecting the portals with a straight or gently 
curved line. For longer tunnels, tracing the route may not be possible without other 
source materials. Ventilation fans placed along the tunnel may be visible. 


Note; The symbolization and description of tunnels will vary 
among different DMA products. Consutt the appropriate specifica- 
tions when delineating this feature. 


Tunnels may be confused with underground storage facilities, and the difference 
is not always apparent. The feature mu :t be analyzed in relation to the regional 
transportation network. Tunnels will always have at least two portals, an entrance 
and exit. On rare occasions the route may branch inside the tunnel, and a third 
portal would be present. Examination of the transportation network will reveal 
that the route passing through the tunnel is a part of this network. Underground 
storage facilities can have from one to several entrances. The routes entering the 
portals will be a branching series of “dead-ends” and the portals will be relatively 
close together. In addition, there will usually be some above-ground facilities in 
the area. 


Figure 8& Railroad and highway tunnel portals 


Galleries, Snowsheds and Rocksheds 


In mountainous areas, special precautions must be taken to prevent damage to 
or blockage of roads and railroads due to avalanches and rock slides. On 
steeper slopes, accumulations of snow or rock debris are unstable, and can 
break loose, showering snow, ice or rock onto the lower slopes. For this reason, 
special structures are built along roads and railroads that pass through these 
regions. They are located along the steepest slopes, where avalanches or rock 
slides are most common. 


Photo Interpretation Training Course 


Chapter 3 
94 Cultural Features 


A gallery is formed when a road or railroad is 
cut into a very steep hillside. If the rock is sta- 
ble enough, an overhang of rock may be left 
over the road or railroad. This overhang pro- 
tects the road from falling rock, debris or 
snow. The overhang may be stabilized by the 
placement of supports along the outside edge 
of the gallery. Galleries may be difficult to see 
on vertical imagery, especially if the look angle 
creates a terrain masking effect. If the look Figure 9: A gallery cut into the 
angle is properly oriented, the shadow of the ste of a steep slope 

overhang should be readily visible. 


Snowsheds and rocksheds are special, reinforced structures built at points 
along the route where avalanches or rock slides are common. They are usually 
built of reinforced concrete and/or masonry, though some snowsheds are built of 
heavy timbers. The massive construction of these features and their location along 
steep slopes where landslide or avalanche scars may be visible are the keys to 
their identification. Heavy walls are often 
erected above the structure to channel 
the snow or rock across the section pro- 
tected by the snowshed or rockshed. 


Snowsheds and rocksheds are very simi- 
lar in appearance, as they are similar in 
function. If the structure is located at a 
higher elevation in the mountains, 
where large accumulations of snow are 
normal, it can be called a snowshed. 
Those at lower elevations, or in the val- 
leys between the mountains can be 
called rocksheds. This classification is somewhat arbitrary, as the structures will 
protect the route equally from both types of hazard. Snowsheds are sometimes 
built along roads and railroads in areas where drifting snow would otherwise 
close the route. 


Figure 10; This snowshed was built to 
protect the road from drifting snow. 


To identify snowsheds and rocksheds, look for points along and at the base of 
steep slopes where the road or railroad disappears into a structure that seems 
to be built into the slope. The structure will have an angular configuration, will 
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Figure 1: Rockshed (left) and snowshed (right). Note the similarity in appearance. 


Photo Interpretation Training Course 


Transportation 
Cultural Features 95 


be partially open on the downhill side, and will have wing walls upslope to 
direct debris and snow over the structure. Landslide or avalanche scars will nor- 
mally be visible on the slope above the structure. Concrete structures will be 
very light in tone, and may be difficult to spot against a snowy background. 
Masonry, native stone or timber structures will be darker. In all cases, look for 
the angular shadows cast by the structure and the wing walls, and the disap- 
pearance and reappearance of the route on either side. 


Ferries 


Occasionally, a road or railroad will cross a water body where it is impractical to 
build a bridge or other crossing device. Either the traffic is too light to justify the 
cost, or the water is too wide or too deep. In these cases, ferries can be used to 
carry traffic across the water body. Ferries also carry traffic out to islands not 
connected to the mainland by roads. Ferries vary in size from small pedestrian 
barges, to large ships capable of handling trains, cars, and/or hundreds of passen- 
gers. Depending on the volume of traffic, the facilities for loading and unloading 
can vary from a ramp leading down to the water's edge, to a well-developed ferry 
slip, complete with terminal buildings and passenger waiting areas. 


Ferries across narrow water gaps, such as rivers, are easy to spot, as the road or 
railroad stops abruptly at the water's edge and continues on the other side. 
Except for the presence of the ferry, the crossing may resemble a ford or a pre- 
parted float bridge site. When the ferry crossing is on a larger body of water, and 
the opposite terminal is farther away, the ferry slip may be confused with facili- 
ties used for other shipping activities. 


Dumb ferries 


Most large ferries are self-propelled, and operate independently like other ships. 
A dumb ferry is a small (from 2 to 5 meters (8 to 15 feet) wide by 6 to 12 
meters (20 to 40 feet) long), rectangular barge, without a motorized propulsion 
system. It has no superstructure or holds, and safety rails are normally present 
around the sides. It can handle only passengers o a few small vehicles, which 
will be visible on the open deck of the ferry. 


Figure 12: A cable-guided dumb ferry 
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Dumb ferries may rely on tug boats for motive power, while others are pro- 
pelled via poles or currents. On narrow rivers that have little or no marine 
traffic, a dumb ferry may operate via a set of cables stretched across the river. 
The opposing slips are simple, rectangular in shape, and may or may not have a 
ramp (the ramp may be on the ferry). The slips are connected by a set of paral- 
lel cables to which the ferry is attached, The most primitive ferries are moved by 
poling, currents, or by people pulling the barge along the stationary cable. Some 
cable ferries use a winch on board the ferry to pull themselves along. Others are 
attached to cables which are pulled by winches on either side of the river. The 
winch gear and pulley system will be visible next to the slip, though it may be 
housed in a small building. 


Powered ferries 


Powered ferries fall into two categories, paddle-wheel or propeller driven craft. 
Both have clear decks fore and aft of a raised center section. The main difference 
between the two is the abrupt widening of the beam to accommodate the paddle 
wheels, Both will have stacks in the center of the vessel, and rectangular pilot 
houses facing in each direction. Powered ferries range from 4.5 to 18 meters 

(15 to 60 feet) in width and 12 to 60 meters (40 to 200 feet) in length. 


Passenger ferries may load from the sides or from the end. Vehicular and rail fer- 
ries load from one end and unload off the opposite end. Side-loading passenger 
ferries, particularly larger ones, resemble other ships, and have a pointed bow 
and rounded stern, while end-loading ferries are more rectangular, tapering 
slightly toward the squared-off ends. 


Figure 13: Examples of several types of powered ferries 
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Ferry slips 


Small ferries can operate from a paved or 
unpaved ramp leading down to the water's 
edge, or a small, rectangular dock. Larger fer- 
fies can have a large dock, with a terminal 
building, and waiting areas for passengers and 
vehicles. For road and railroad ferries, the road 
or railroad track will extend right to the edge 
of the dock. A gate or cross bar near the edge 
of the dock will be visible. The dock may 
extend out into the water to insure a sufficient 
depth of water for the ferry. The slip will be 
wide enough to accommodate the vehicles 
being loaded onto the ferry. 


Figure 14: A railroad ferry sli 
The alignment of the ferry with the road or oe ere 


railroad track from which the vehicles are being loaded is critical. Small, wing- 
like structures may extend out from the end of the slip to help guide the ferry 
into the proper alignment at the dock. 


Ferry slips can be distinguished from other port 
facilities by the road or railroad extending out 
to the edge of the dock, the presence of a fer- 
ryboat at the slip, or the presence of passenger 
or vehicle waiting areas at the slip. If the water 
gap is narrow, the slip at the opposite side 
would also be visible. 


Ferry Routes 


The ferry’s route may be anywhere from less 
than a hundred meters to many kilometers in 
length. The route is not visible but can be 
inferred by the placement of the slips and ferry 
traffic along the route. For longer routes, the 
route must be obtained from an ancillary source. Figure 15: A vebicular ferry slip 


Airfields 


Air transportation differs from the other transportation systems in that there are 
no physical structures associated with air travel routes, although preferred routes 
can be plotted on maps, especially for commercial air traffic. Therefore, this 
chapter will cover only the terminal facilities, that is, the airfields themselves. 
The task of identifying and describing airfields is made somewhat simpler by the 
fact that all airfields, from the simplest dirt strip to the most complex civil or mill- 
tary air facility generally look alike, and provide the same services, using similar 
equipment, worldwide. 
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Before the Wright brother’s motor driven plane flew a distance of 850 feet in 
December 1903, two basic ground support problems had to be solved. A place 
was needed to store the aircraft for maintenance and protection from the envi- 
ronment, and a cleared and level piece of ground was needed to build a take-off 
and landing area. The solution to these basic problems provided the United 
States with its first airfield anc associated support facilities, Although there are 
more types of aircraft now, atid aircraft designs have changed since 1903, the 
fundamental airfield ground support problems have not. This chapter will explain 
and illustrate these problems and their solutions affect the appearance of airfields 
and their facilities. 


This chapter only discusses the basic aspects of airfields, those necessary for the 
accurate depiction of airfields and associated features on standard maps and 
charts. A detailed discussion of airfields and associated facilities is contained in 
Module 6, Airfield Imagery Interpretation, 


Airfield Definition 


An airfield is an area specifically designed and constructed for landing, accom- 
modating, and launching military or civilian aircraft. Synonyms for the term 
airfield include: airdrome, airport, airstrip, air base, air park, heliport, helipad, 
seaplane station, and landing ground. For purposes of this discussion the term 
“airfield” is used in the broadest sense to designate all facilities, regardless of 
complexity or size designed for use by aircraft. 


Airfield installations are those facilities that support the continued operation, 
maintenance, and repair of aircraft using the field. These installations consist of 
runways, taxiways, parking facilities, hangars, fueling and fuel storage facilities, 
navigational facilities, weapon storage areas, and passenger or cargo handling 
areas, To be categorized as an airfield facility the site must have a minimum of 
one visually identifiable runway. 


Military and Civilian Airfieids 


Civilian and military airfields have several identifiable differences that reveal the 
intended use of the airfield. Civilian airfields are usually located near the city that 
they serve. Airfields found nearby or within heavily populated areas are usually 
classified as civilian or joint use civil/military airfields. 


Military airfields normally occupy more land area than civil airfields because of 
the large amount of housing, storage, and related services that are associated 
with military operations. Military airfields are usually located away from large 
population centers. The presence of barracks areas for personnel, military combat 
aircraft, munitions storage, parade grounds, and a generalized military appear- 
ance leaves no question that the airfield is solely used for military air operations. 
The presence of military fighter, bomber and transport aircraft parked at the 
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airfield is the best means of con- 
firming that an airfield is used for 
military air operations. It is not 
uncommon to see several rows of 
the same type and model of air- 
craft parked at a military airfield. 
In the past, the number and size 
of aircraft hangars at an airfield 
indicated the primary use of the 
Tasiwey Hance airfield, however, that generality is 
- no longer reliable. 


fuel etorage 


Heliports include helipads and 
: other cleared areas that are 
Otepersel cade al | marked and specially designated to 
E serve helicopter take off and land- 
5 ings. The main characteristics of 
damny Venera a heliport are the presence of heli- 
d copters parked on separate pads, 

a short runway of no runway, and 
+ MIghh landing Vighta helicopter specific landing zone 

: markings on the pads and aprons. 
The runway at a heliport is usually 
not paved, it is short and wide 
when compared to the proportions 


Figare 1: Miltary Aircraft Facility 
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Figure 2: Military Heliport 
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Figure 3; Civilian Atrcraft Facility Figure 4: Joint Milltary/Ctvilian Air Facility 
of a fixed wing runway, and serves mainly as a cleared way for helicopter arrivals 
and departures. 


Civilian airfields have passenger facilities that are larger, and more elaborate 
than those found at military facilities. Vehicle parking spaces for automobiles 
anc public transportation is quite often double or triple that found at military 
airfields and is always located in proximity to the aircraft parking ramp. Aircraft 
parking facilities at civilian airfields show a greater diversity of aircraft types 
than do military airfields, 


Seaplane stations, as the name implies, are civilian or military areas designed 
for use by seaplanes. The operating area or runway will generally be the body 
of water next to the station itself. The runways are sometimes marked or out- 
lined with permanently moored buoys that may or may not be lighted. The 
seaplane station has hangars, fuel facilities, and mast of the features that a reg- 
ular airfield has. Amphibious aircraft czn be parked on land or in a mooring 
area for seaplanes. 


Joint military and civilian airfields are commonly found near large metropolitan 
areas. For economic reasons, joint use airfields are quite common throughout 
the world, they serve passenger, cargo and military aircraft operations and save 
money by sharing the operating expenses for the runway. 
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Highway airstrips are common throughout the world. Some sections of the 
interstate highway system have been modified to serve as runways during 
wartime or emergency conditions. Portions of the highway that are suitable for 
use as landing surfaces offer long stretches of unobstructed highway (no over- 
passes or overhead powerline crossings), a good tactical location, and a level 
surface, For the roadway to become the runway, the road is paved and rein- 
forced to sustain repeated aircraft landings, and aircraft turn around aprons are 
added to each end of the selected roadway. During periods of normal use, the 
turn around aprons serve as automobile rest stops and have the same appear- 
ance on overhead imagery. 


Figure 5: Highway “Airstrip 


Id Location 


ve most advantageous location for an airfield ts in an asea free of natural and 

‘tural impediments to operations. An elevated site for airfield construction is 
ferred because of the absence of terrain obstructions and the likelihood of 
‘ng more favorable local weather. 


never possible, airfields are constructed at locations away from river bottoms 
lood plains, to avoid flooding and ground fog problems. Lower elevation 
te sometimes selected for airfield construction because the cost associated 
iquiring the property is usually quite low. In heavily forested or jungle 
ow land along rivers is often the easiest to level and clear. 


'g winds at the proposed building site are evaluated in order to select a 
wientation that will receive the least exposure to hazardous crosewinds. 
orientation parallel to the prevailing wind direction is selected, thus 
¥ dangerous crosswinds at the airfield. Another consideration of site 
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Highway airstrips are cormmon throughout the world, Some sections of the 
interstate highway system have been modified to serve as runways during 
wartime or emergency conditions. Portions of the highway that are suitable for 
use as landing surfaces offer long stretches of unobstructed highway (no over- 
passes or overhead powerline crossings), a good tactical location, and a level 
surface. For the roadway to become the runway, the road is paved and rein- 
forced to sustain repeated aircraft landings, and aircraft turn around aprons are 
added to each end of the selected roadway, During periods of normal use, the 
turn around aprons serve as automobile rest stops and have the same appear- 
ance on overhead imagery. 
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Figure 5: Highway Airstrip . 


Airfield Location 


The most advantageous location for an airfield is in an area free of natural and 
cultural impediments to operations. An elevated site for airfield construction is 
preferred because of the absence of terrain obstructions and the likelihood of 

having more favorable local weather. 


Whenever possible, airfields are constructed at locations away from river bottoms 
and flood plains, to avoid flooding and ground fog problems. Lower elevation 
sites are sometimes selected for airfield construction because the cost associated 
with acquiring the property is usually quite low. In heavily forested or jungle 
areas, low land along rivers is often the easiest to level and clear. 


Prevailing winds at the proposed building, site are evaluated in order to select a 
runway orientation that will receive the least exposure to hazardous crosswinds. 
A runway orientation parallel to the prevailing wind direction is selected, thus 
minimizing dangerous crosswinds at the airfield. Another consideration of site 
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selection is extendibility. Natural or man made obstructions may exist that would 
limit the distance a runway can be extenried. Water areas, ‘uilt-up areas, 
canyons, hills or mountains, are all examples of obstructions that would impose a 
significant increase to the construction cost of increasing the length of a runway. 
Under norma! conditions, the expenses involved in bridging the natural obstruc- 
tions influence the decision to extend a runway more often than do civil 
engineering limitations. 


Runways 


The main distinguishing characteristic of an airfield is the presence of one or 
more visible runways. A single runway is the only element necessary for an area 
to be identified as an airfield facility, no other components need to be present. 
The presence of an aircraft parked on the ground (such as those found at static 
aircraft displays) does not constitute an airfield. 


The length, width, condition, and type of landing surface material have a direct 
impact on the type and amount of aircraft trarfic a facility can bear. These charac- 
teristics of the runway are all aerial photo discernible traits and can be correctly 
identified by a trained imagery analyst. 


Airfields can have single or multiple runways to accommodate various traffic 
loads and changing wind conditions. The most common multi-runway patterns 
are parallel, V-shaped, T shaped and X-shaped. 


Landing Surface Types 


Perhaps the most difficult of all the runway characteristics to determine on 
imagery is the landing surface type. Runway surfaces are divided into natural, 

natural, semi-rigid, rigid, and prefabricated landing surfaces. ‘The 
load bearing capacity of each surface material varies, as» does the wheel load 
weight of the aircraft and the anticipated amount of air traffic at the airfield. 
Thus, the length of the runway is not the single most important factor in deter- 
mining an airfield's operational capacity. 


Natural Surfaces 


Natural surface runways are paved with the natural soil and vegetation that cov- 
ers the earth at that jocation. These runways require minimal surface preparations 
(grass mowing) to ready them for aircraft landing and take off operations. 


Natural surface runways made of sod, grass, and turf ase sometimes delineated 
by day makers placed along the sides of che runway and at the corners of each 
runway end. During wet seasons, natural surface runways become soft and are 
easily imprinted with aircraft tire tracks. During drier than normal conditions, sur- 
face vegetation on the runway erodes and takes on a lighter tone due to 
repeated daily use and drought. 
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The edges of natural surface runways 
are irregular and their tone varies from 
dark to light gray depending on the sea- 
son of the year and the type of soil 
present or vegetation growing there. 
When the tone of the runway and sur- 
rounding surface vegetation are similar 
or exactly alike, you can be certain that 
you are looking at a grass, sod or turf 
covered runway, By finding a cultivated 
field and comparing the tone of the 

f exposed soil to that on the runway, you 
can confirm that the surface is maue of 
soil or sand and not grass. 


The texture of a grass runway is usually 
smoother than the surrounding vegeta- 

B tion when the runway surface has been 
“ mowed and maintained. 


Figure 6: A grass runway used primarily for gliders and 
their touplanes, Note the similarity in tone between the Natural surface runways are sometimes 
runway and surrounding areas. only usable during the dry season or 
when the ground is frozen. Multi-sea- 
sonal use of natural surface runways depends upon adequate soil drainage, the 
weight of the aircraft using the runway, and the presence and duration of 
ground frost. 


Natural surface runways are found in all five length categories. Many modern 
cargo and passenger aircraft are designed to operate on diverse landing surfaces, 
including grass and sod, military transport aircraft routinely land on these surfaces, 


Natural surface runways are low contrast features and are difficult to detect because 
they are made from the same material as the surrounding natural surface cover. 


Prepared Natural Surfaces 


Natural surfaces used for runways can be improved by modifying the surface 
through grading, leveling, draining and conditioning the soil prior to use for air 
operations. Surface materials that are commonly used for airfield construction 
are: graded earth, sand, clay, coral, laterite, gravel, crushed stone, and 
soil/cement mixtures. 


Graded Earth: Prepared natural surface runways have a different appearance 
than natural surface runways, Various surface preparation techniques 
initially require the upper layer of vegetation or surface material to be 
scraped off the runway site, thus leaving freshly exposed subsoil to 
become the base for the new runway surface. The exposed subsoil 
will exhibit the same tone as the exposed subsoil found on local 
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farms and unimproved roads. When natural soils at a site have proper- 
ties that do not provide adequate drainage, or that compaction will not 
improve, they can be corrected by the addition of sand, clay, calcium 
chloride, sodium chloride or bituminous materials, any of which can 
alter the tone of the runway, making it differ from the surrounding 
soil, Earthen runways are generally short and narrow, and serve small 
aircraft only, Military forces use earthen airstrips during wartime and 
military exercises for the delivery of cargo to forward areas. Earthen 
strips deteriorate under heavy use, thus it can be assumed that a facil- 
ity with an earthen strip is used infrequently. Earthen airstrips for 
military use are much larger than the usual graded earth airstrip. 


Laterite: Laterite is a red, residual soil containing large amounts of alu- 
minum and ferric hydroxides. It is formed by the decomposition of 
many kinds of rocks, and is only found in well drained tropical rain 
forests. Runways made of laterite soils are most commonly found in 
East Africa and Southeast Asia (Laos, Viet Nam, Cambodia). Laterite 
runways are usually short (1200ft) and narrow (30-S0ft), and can only 
accommodate small single or dual engine aircraft. A laterite runway 
generally has a light or mottled tone that is somewhat lighter than the 
surrounding soil. Airstrips made of laterite may be smooth in texture 
or imprinted by grader marks. These runways have irregular shoulders 
and indistinct corners on the runway ends. 


Gravel Surfaces: Gravel is low cost surface treatment that is sometimes used 
for runway construction. On runways with gravel surfaces, large parti- 
cles of loose aggregate can be kicked up by aircraft tires and exhaust, 
thereby inflicting damage to the aircraft and engines. To reduce the 
possibility of damage to aircraft, gravel consisting of small aggregates 
is mixed with binders and compacted to create a safe runway surface. 
When gravel, crushed stone, or a soil cement mix is deposited over 
the subsoil, the tonal difference between the area covered and the 
exposed subsoil is usually noticeably different and easily detected. 
Typically, these surfaces are light-toned due to the surface application 
of calcium chloride for moisture retention and dust suppression. 


Coral Surface: Coral surfaced runways are found mostly in the Caribbean, 
Indian, and Pacific oceans. Coral runways usually exhibit the same 
tone as the surrounding earth's surface. With the exception of looking 
cleaner, (because of sparse ground vegetation and removal of surface 
irregularities by grading), coral runways look remarkably similar to the 
rest of the island that they occupy. The similarity in tone is greater for 
runways located near the beach or coastal area. 


The analyst must make certain that the island where the runway is 
located has a coral substructure, as not all island runways are coral 
surfaced. Coral is absent from the West coast of continents, and can 
only exist in areas with an ambient temperature above 68 degrees. It 
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will only be found in areas within 30 degrees north or south of the 
equator (except Bermuda). The crushed coral surfaces are graded 
smcoth and level to provide good drainage, and create a consistently 
smooth surface for take-off and landing. 


Sand surface: Sand surfaced runways are found in all size categories, how- 
ever the majority of them are normally smaller in size. The overall 
tone of a sand runway is lighter than the surrounding sand and js nor- 
mally characterized by grader marks and tire tracks, Sand runways are 
found in desert areas, on islands, and along coastal areas, 


Ice and snow: Ice or snow surfaced runways are found in the high latitudes 
and are commonly temporary features that disappear with the onset of 
the spring thaw. When made of snow or ice, and located in no thaw 
zones, they are permanent features and can be found in all length cat- 
egories, Because ice that is formed over water creates a naturally level 
and smooth surface that is free of obstructions, many permanent or 
temporary runways are found on frozen lakes and bays. These run- 
wavs always have a white tone and smooth texture with some 
evidence of tracks from landing aircraft. Runway edge lights and/or 
day markers are often used to delineate the ice/snow runway. 


Clay; Clay surfaced runways are virtually indistinguishable from earthen run- 
ways on aerial photography. Ancillary sources (soil survey maps) are the 
best source of information to confirm the presence of a clay runway. 


Bedrock: Bedrock runways are found thrcughout the world and will have 
the same tone as rock outcroppings in the local area, Bedrock is 
locally exposed on the surface of the earth and is a very stable sur- 
face for landing all sizes of aircraft. 


Semi-Rigid Surfaces 


Semi-rigid runway surfaces consist of asphalt, bitumen, or macadam. All of 
these surface treatments are relatively permanent and differ mainly in terms of 
water penetrability, type of materials used in the mix, percentage of bitumen 
added and surface preparation prior to application. Bitumen is the main binding 
ingredient in macadam and bitumen type runway surfaces, it is also used with 
asphalt on asphalt runways. 


The American Society for Testing Materials (ASTM) defines bitumen, the binding 
or cementing agent in bituminous paving materials, as follows: 


Bitumen, a mixture of hydrocarbons of natural or pyrogeneous (produced by 
application of heat) ongin, or both, frequently accompanied by their 
non-metallic derivatives, which may be gaseous, liquid, semi-solid or 
solid and which are completely soluble in carbon disulfide. 


Asphalt, a black or dark brown solid os semi-solid cementitious material 
which gradually liquifies when heated, in which the predominating 
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constituents are bitumens, all of which occur in the solid or semi-solid 
form in nature, or are obtained by refining petroleum, or which are 
combinations of the bitumens mentioned with each other or with 
petroleum or derivatives thereof. 


The primary difference between bitumen and asphalt are: 


1. bitumens remain liquid or semisolid at or slightly above normal tem- 
peratures, whereas asphalt compounds will remain solid, 


2. Asphalt runway surfaces do not permit water penetration, whereas 
bitumen compound runways do. 


Bituminous mixes for paving purposes consist of aggregate and bituminous 
binding material. These constituents are blended and mixed to give a product 
which when laid down and compacted will result in a pavement or runway hav- 
ing the desired durability and load bearing capacity, The most important 
variahle in a bituminous paving mix is the quantity of bitumen. If excess bitu- 
men is present, the mix will lack stability and will rut and creep under traffic. A 
slight excess will result in an oily, slick surface that is dangerous, particularly 
when wet. The four major bitumen surfaces are: Soil-bitumen, Sand-Bitumen, 
Oiled earth and Macadam. 


Soil-Bitumen: These surfaces are water-resistant, cohesive soil systems that 
provide medium weight bearing ability for all weather runways. Their 
surfaces have a very dark tone and are created by mixing soil and 
bitumen together, then curing and compacting the material. These sur- 
faces are found woridwide and are usually associated with temporary 
airfields or airfields that do not receive much traffic. 


Sand-Bitumen: These surfaces are water resistant systems in which loose 
beach, dune, pit, or river sands are cemented with bituminous mater- 
lal. This construction differs from soil-bitumen mainly in type of 
aggregate mixed with the bitumen. This type of surface is commonly 
found in the desert areas of the Middle East, where large amounts of 
sand and bitumen are easily and ecoromically acquired. These run- 
ways are markedly darker in tone than the surrounding area. 


Miled-Earth: These runways are made water and abrasion resistant by 
the application of siow or medium curing oils to the graded earth 
surfaces. This type of treatment will yield a runway thet is dark in 
tone and suitable for light, all weather traffic, 


Macadam: This surface pavement for light traffic was named after its inventor, 
John MacAdam. It consists of a layer of crushed stone that has the 
voids filled with smaller stones and stone screenings and is compacted 
and bonded in some way to prevent its displacerrent. A bituminous 
material of cement grout may be used as binder. A macadam surface 
without binders, or with cement grout is light in tone compared to the 
dark bituminous bonded material. 
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Congratulations on your enrollment in a distance training course from the Occupational Specialty 
Department of the Marine Corps Institute (MCI). Since 1920, the Marine Corps Institute has 
been helping tens of thousands of hard-charging Marines, like you, to improve their technical job 
performance skills through distance training. By enrolling in this course, you have shown a desire 
to improve the skills you have and master new skills needed to enhance your job performance. 


The Electronics Mathematics for Marines course is designed to provide Marines with the 
foundation and basic knowledge of algebraic and determinant mathematics to support them in this 
changing technological age. The intent of this course is not to qualify you in any occupational 
field but to provide you with the basic knowledge in advanced mathematics in support of your 
mission. 


Because you have chosen to learn at a distance by enrolling in an MCI course, your professional 
traits are evident. 


YOU ARE PROPERLY MOTIVATED. You made a positive decision to get training 
on your own. Self-motivation is perhaps the most important force in learning or achieving 
anything. Doing whatever is necessary to learn is MOTIVATION. You have it. 


YOU SEEK TO IMPROVE YOURSELF. You enrolled to improve those skills you 
already possess and learn new skills. When you improve yourself, you improve the Corps! 


YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you have shown 
you are a self-starter, willing to reach out for opportunities to learn and grow. 


YOU ACCEPT CHALLENGES. You have self-confidence and believe in your ability 
to acquire knowledge and skills. You have the self-confidence to set goals and the ability 
to achieve them, enabling you to meet every challenge. 


YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL GOALS. You are 
willing to commit time, effort, and resources necessary to set and accomplish your goals. 
These professional traits will help you successfully complete this distance training course. 


Transportation 
Cultural Features 107 


Asphalt: This type of pavement consists of a refined asphalt that may or may 
not require the addition of a non-volatile petroleum oil to render it 
suitable for paving purposes. One source of asphalt is native asphalt 
lakes, another is derivation from the residue from the fractional distil- 
lation of asphaltic base or petroleum. There are various types of 
asphalt mixtures and processes for creating a pavement of the desired 
surface roughness and durability. 


When viewed on imagery asphalt runways appear io have neat 
straight edges, are predominantly dark in tone and may have visible 
(painted) runway markings. The exception to this is found on aged 
asphalt runways. As time passes the surface becomes lighter due 

to accumulated dirt and surface wear. Aged runways are frequently 
re-sealed and appear as dark as freshly laid asphalt. 


Figure 7: A weathered asphak runway, with grass encroachment along the runway edges 


Rigid Surfaces 


The design of rigid concrete pavements for airports is unique because of the 
varying wheel loads and operating characteristics of the aircraft using the run- 
ways. Throughout the central 70% of its length, the thickness of the runway is 
thinner than at the approach ends. Taxiway thickness is usually equal to or less 
than the runway. The reduced thickness of the center runway and taxiways is 
permissible because at those areas, aircraft are moving, thus the stress on those 
surfaces is of a short duration. When the aircraft is stationary, surface stress is 
increased due to heavier static wheel loads and the sustained transmission of 
motor vibrations to the operating surface. The runway approach ends must be 
substantially thicker to absorb the tremendous impact they receive from inbound 
landing aircraft. Tire marks on one or both ends of the runway attest to the beat- 
ing these areas receive. Due to their infrequent use, paved runway overruns are 
the same thickness as taxiways or the middle portion of the runway, 
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Aircraft parking areas, (when paved), are usually made of concrete in order to 
support the concentrated weight of aircraft over long periods. In addition, con- 
crete will not soften when exposed to high dail: temperatures. 


Concrete Runways: On optical imagery, concrete runways generally appear 
light in tone, with neat straight edges, non-rigid shoulders and some- 
times visible runway markings and edge lights. Typical concrete 
runways are poured on site, however in areas of frost heaving, pre- 
fabricated cement blocks are brought in and laid down to create a 
stable yet flexible runway surface. 


Concrete runways that have been poured on site have expansion 
joints built in to them to allow for expansion and contraction due to 
heating and cooling of the cement surface, Expansion joints extend 
across the runway from edge to edge and like runway drainage 
grates, creating dark lines across the runway that are often noticeable 
on airfield imagery. 


Cement Block: Runway surfaces composed of cement blocks (rectangular or 
octagonal blocks), have dark lines where the blocks are joined and 
sealed with waterproof asphalt sealers to prevent water penetration 
and freeze damage. Taxiing and landing on prefabricated cement 
block surfaces gives passengers and crew the same physical sensation 
that an automobile receives when driving on a brick paved street. 


Figuve & Concrete runway with markings painted on the surface 
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Prefabricated Surfaces 


Prefabricated surfaces for landing and parking surfaces differ from precast cement 
slabs in that they are made of thin, lightweight materials and are intended to be 
used as a temporary surface. Prefabricated surfaces are usually found at tempo- 
rary military airfields in areas where military exercise or war conditions exist. 
Prefabricated runways are also found in remote regions (polar or jungie), where 
scientific research or exploration base camps need a temporary and hasty runway 
surface. The main function these surfaces serve is to allow engineers to quickly 
construct a stable and level runway or parking surface over minimally improved 
airfield sites. 


Prefabricated panels are designed to be assembled quickly and handled by a 
minimum of personnel. ‘They are made of lightweight materials such as aluminum 
mat or thin steel, Each sheet measures approximately 4 ft. X 10 ft. Pierced steel 
planking (PSP) sheets are made lighter by perforating each panel with a matrix of 
uniformly placed 3in. holes across the panel. Both solid and PSP prefab panels 
are constructed with edges that interlock or weave together, thus enabling easy 
removal or replacement when needed. 


Pierced Steel Planking: Because pierced steel planking is essentially a grid 
work of holes in a steel panel, grass can easily grow on the exposed 
earth inside of the holes, this results in a surface appearance that is 
dark in tone and somewhat textured. When PSP is placed on a newly 
graded surface or upon sand, the lighter subsoil showing through the 
panel yields an overall light tone when contrasted against the darker 
rusty steel panel. 


Aluminum Mat: is made of solid panels with an olive drab green painted 
and textured surface that appears either darker or the same tone as 
the background that it is laid upon. Aluminum mat and PSP form sim- 
ilar patterns made of fine lines in a grid pattern where the panels join 
together. When taxiways and parking areas are added to the runway, 
sawtooth or stepped edges are formed around their outer edges, due 
to the rectangular shape of each panel that is used to create the area. 


Figure 9: Expedient runways of pterced steel planking (left) and aluminum mats (right) 
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Prefabricated Membrane: 
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Figure 10: Diagram of an expedient prefabricated membrane runway 
Prefabricated Membrane 


surfaces have very little impact or abrasion zesistance, and are best 
used in light wheel load fixed wing aircraft or helicopter operations. 
Prefabricated membrane is olive drab in color. On imagery it wiil 
generally appear to be dark or medium toned, depending on the 
overall tone of the background it is placed against. 


same as surrounding day markers 
irregular mottled light to dark tire tracks 
irregular mottled light to dark tire tracks 
Graded Earth smooth light to dark subsoil tire tracks 
Sand irregular light to medium sand fence 
Gravel smooth light to medium n/a 


Coral smooth light to white day markers 
Asphalt regular dark to medium markings 
Bitumen regular dark 


Macadam regular dark to light 
Concrete smooth It. gray to white markings 


Prefab panel grided mottled med. dark piles of PSP 
and panels 


Table 1: Summary of characteristics of runway surface types 
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Runway Length 


Runway length is determined before construction by establishing how many, 
what size, and what type of aircraft will use the airfield. Specific characteristics 
about the types of aircraft that will be using the runway are vital to the process 
of runway tength calculation. 


The amount of runway required for the safe take off and landing of an aircraft is 
determined by the aircraft design limits and site specific meteorological condi- 
tions. Aircraft designers and manufacturers create an index for each aircraft that 
tells the pilot how much runway is needed to take off and land with a predeter- 
mined margin of safety. To produce the index, aircraft engineers analyze the 
thrust to drag figures of each aircraft, its maximum and minimum load (fuel, pas- 
sengers, cargo), the annual high/low pressure density of the atmosphere at site. 
After the data for each aircraft and the atmospheric conditions are considered, the 
“minimum distance, take off and landing table” is published for that specific air- 
craft. By obtaining the maximum and minimum runway requirements for each 
aircraft using the runway, an acceptable runway length is determined. 


Five classes of airfields (based on runway length and width) have been estab- 
lished. These five airfield categories have corresponding runway lengths that will 
accommodate virtually all the types of aircraft that operate in the USA. 


Airfield Runway Dimensions 


Airfields are classified according to length of delineated runways as shown in 
the following Table. 


Class 5 (personal) 1500-2300 ft. 50 ft.-20 ft. 
Class § (secondary} 2301-3000 ft. 75 ft.-30 ft. 
Class 5 (feeder) 3001-3500 ft. 100 ft-40 ft. 


Class 4 (trunk line) 3501-4200 ft. 150 ft.-50 ft. 
Class 4 (express) 4201-5000 ft. 150 ft.-60 ft. 
Class 3 (Continental) 5001-5900 ft. 150 ft.-75 ft. 
Class 2 (Intercontinental) 5901-7000 ft. 200 ft.-75 ft. 
Class 1 (Intercontinental) 7001-8400 ft 200 ft.-75 ft. 


Table 2: Runway classification by length 
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Runway Safety Measures 


An important aspect of runway length is the inclusion of a safety factor. In the 
event of an aborted take off or a “far beyond threshold” landing, some aircraft 
are not able to stop rolling before reaching the end of the runway. For safety, 
many airfields have added runway overrums and cleared areas at the runway 
ends to allow aircraft to safely continue rolling beyond the ends of the runway. 


Another safety measure to prevent aircraft from rolling beyond the end of the 
runway is the runway barrier net. This device resembles a tennis net that is 
activated from the control tower at the pilots request. Normally the net is at or 
below the surface level of the runway and will look like a dark line across the 
runway with two black or white boxes on each side, In the stowed position, air- 
craft can roll over the net without being restrained. When deployed the net is 
raised above the runway and looks like a tennis net. Two square boxes on each 
side of the runway contain retractor reels with cabling that absorb the force of 
the aircraft enabling it to stop. The aircraft rolls into the barrier net, is caught, 
and stopped before running off the end of the runway. A runway barrier net is 
usually located on the extreme end(s) of the runway in order to keep aircraft 
from going beyond the runway overrun. 


Figure 11: Runway overrun and barrier net 


An arresting gear is a type of barrier system device consisting of an elevated 
cable connected to reels mounted on both sides of the runway. It is used for the 
purpose of stopping tail hook and non-tailhook equipped aircraft. A cable is 
stretched across the runway and is caught by the tail hook or landing gear of the 
inbound aircraft, as the cable is stretched the energy of the aircraft is reduced 
thus preventing the aircraft from going beyond the overrun. Arresting gear cable 
systems are usually located just beyond the designated wheel touchdown zone. 
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Figure 12: Runway with arresting gear. Note that the arresting cables are located inside of the runway’'s 
thresbholds, as opposed to the barrier nets which are placed on the overruns. 


Runway Markings 


Airfield marking systems serve as visual aids to help locate and identify runways, 


taxiways, and parking areas. They also provide approach heading and glide slope 
information for inbound aircraft. 


The arrangement, size and type of runway markings in the United States is stan- 
dardized by the Federal Aviation Administration (FAA) and the International Civil 
Aviation Organization (ICAO). ICAO standards are observed by countries world- 
wide but are only mandated at international airfields. Nation specific runway 
marking schemes may be found at non-ICAO airfields. Runway marking require- 
ments are divided into four groups, each related to the severity of the operating 
conditions and the intended purpose of the airfield. These conditions are defined 
as follows: 
1. Privately owned non-pubiic access airfields and primitive bush 
strips may have daytime markers, (white painted objects arranged in an 
L shape used to define the corners of the runway), or they may have 
no runway markings at all. 
2, Basic Visual runway markings are used for operation during day- 
light, good visibility weather and (Visual Flight Rule) VFR conditions. 
These consist of: 
a) Centerline markings 
b) Runway designators 
c) Fixed distance markers on runways greater than 4000 feet. 


d) Holding position markings and an illuminated visual landing system. 
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Figure 13: Precision Instrument Runway Markings 
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Figure 14: VFR (Visual Flight Rules) Runway (Basic Markings) 


3. Non-Precision Instrument Runway Marking used for aircraft opera- 
ting under Instrument Flight Rule (IFR) conditions have all of the 
above markings plus a visual landing system. 


4, Precision Instrument Runway Airfields accommodate aircraft opera- 
ting in all types of weather, they have illuminated runway markers, all 
of the above-mentioned markings, edge stripes, edge lights, landing 
zone markers, and (non-visual approach) landing systems. 


Non Illuminated Runway Markings 


The basic function that runway markers provide, is to delineate the usable opera- 
tional limits of the runway. Just as there are many types of highway signs and 
roadway markings for automobile drivers, there are also numerous runway mark- 
ings to identify runway orientation, centerline, threshold, touchdown zones and 
usability status. For ease of discussion, illuminated and non-illuminated markers 
will be covered separately. 
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Day Markers 


Associated with natural surface runways, day markers are made from stone, 
semi-buried tires, cement, wood, metal panels or any material that when painted 
white and arranged in an (L or 1) shaped pattern is large enough to be viewed 
from aloft. Day markers as described, are used to visibly delineate the ends and 
sides of the runway. 


Figure 14: Day Markers with lights made from tres painted white 


Runway Designators 


Runway heading markers are used to name the runway, indicate the magnetic 
orientation and identify left/right runway designation on rigid and semi-rigid sur- 
face runways. They are white numerals and letters that are large enough to be 
identified from the air at a distance of one quarter mile in clear weather are 
applied to the runway ends. These markers also accent the landing and take off 
area of the airfield. 


White numerals are used to depict the magnetic azimuth of the runway to the 
nearest ten deyrees. When portrayed on a runway, azimuth is always depicted by 
a combination of two digits. For example, a runway orientation that is surveyed 
at 065° East and 265° West, is marked by rounding the magnetic orientation of 
the runway up to the nearest ten degrees and then abbreviating it by deleting the 
last zero, Runway heading marker numerals are then displayed as 09 and 27. 


Heading indicator numerals do not identify the north, south, east, or west ends of 
the runway, they indicate the heading or azimuth that will be read on the aircraft 
compass if you are approaching the runway from the indicated end. Heading 
markers indicate the magnetic heading needed to approach and align an aircraft 
with the runway. 


Photo Interpretation Training Course 


Chapter 3 
996 Cultural Features 


$ 


. eee Figure 17: Runway 
Figure 16: Runway Heading marker and centerline 


designators on a three 
runway airfield 


Thus, on an east to west oriented runway, the 09° numerals are applied to the 
west end of the runway fo match the compass heading that an inbound aircraft 
would have when approaching the runway from this direction. 


In order to eliminate confusion when naming runways, a scheme of letters and 
heading numerals was instituted, At airfields having multiple, parallel runways, 
left from right differentiation is made by including the relative position of the 
runway (as viewed from the approach ends), left, center, or right in the heading 
marker name. Left, right and center runways are separately identified by the 
placement of a white capitol Jeter (L, R, or C), beneath the respective heading 
numerals. This is illustrated by the diagram shown as figure 17. 


Centerline marking 


A runway centerline is applied to rigid and semi-rigid runways to provide the air- 
craft pilot with a visual reference for finding the runway center during landings, 
taxiing and take-off, Centerline stripes are commonly depicted on the n.uway 
surface as a white 120ft. line broken by 80ft. spaces. The minimum width for the 
centerline at a basic airfield runway is 1 foot. At Day/Night all weather runways 
the centerline is 3 feet wide. 


Threshold Marking 


The runway threshold is the designated end of the runway. Although inbound 
aircraft can make initial wheel contact with the runway at the threshold, usually 
the touchdown zone is just beyond the runway end or threshold. Threshold ends 
of the runway are paved with material that is thick enough fo sustain the impact 
of a landing aircraft. 


Phote Interpretation Training Course 


BEGINNING YOUR 
COURSE 


LEAFING 
THROUGH THE 
TEXT 


TURNING TO THE 
FIRST STUDY UNIT 


READING THE 
LEARNING 
OBJECTIVES 


COMPLETING 
THE EXERCISES 


STUDY GUIDE, continued 


Before you actually begin this course of study, read the Student 
Information page. If you find any course materials missing, notify 
your training officer or training NCO. If you have all the required 
materials, you are ready to begin. 


To begin your course of study, familiarize yourself with the 
structure of the course text. One way to do this is to read the 
Table of Contents. Notice that the Table of Contents covers 
specific areas of study and the order in which they are presented. 
You will find the text divided into several study units. Each study 
unit is composed of two or more lessons, or unit exercises, 
exercise, solutions and references. 


Leaf through the text and look at the figures and tables. Read a 
few lesson exercise items (questions) to get an idea of the type of 
items in the course. If the course has additional study aids, such as 
a handbook or a plotting board, familiarize yourself with them. 


Turn to the first page of Study Unit 1. On this page you will find 
an introduction to the study unit and generally the first study unit 
lesson. Study unit lessons contain learning objectives, lesson text, 
and exercises. 


Learning objectives describe in concise terms what the successful 
learner, you, will be able to do as a result of the lesson text. Read 
the objectives for each lesson and then read the lesson text. As 
you read the lesson text, make notes on the points you feel are 
important. 


To determine your mastery of the learning objectives and text, 
complete the exercises developed for you. Exercises may be 
contained in a lesson, at the end of a lesson, or at the end 

of a study unit. Without referring to the text, complete the 
exercise items and then check your responses against those 
provided. 
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Figure 1&: Manufactured Day markers indicating the threshold on a grass airstrip. 


A threshold marker is depicted as two groups of 4 white lines, separated by a 
space that is one half the distance of the line width. Both groups of lines are sep- 
arated by a space measuring one half the distance of either group. Threshold 
marker line width is always proportional to the width of the runway. Threshold 
marker lines are oriented along the same axis as the runway, and are found at 
each end of the runway. 
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Figure 19: Thresbold markings, heading designator, centerline and edge stripes 


Displaced Threshold 


A displaced threshold is a portion of the runway located at the ends of the run- 
way that is not intended to be used as a landing zone. Some airfields have 
displaced thresholds due to the addition of paved overruns, Areas indicated by 
displaced threshoid markings are not strong enough to withstand the impacting 
wheel load of a landing aircraft. Often, displaced thresholds are added years after 
a runway was constructed, thus providing an extension to the previous runway 
for landing roll out, taxiing, or take off. These areas are not strong enough te 
withstand repeated landings. 
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Figure 20: Displaced Thresholds 
Displaced threshold markings are 
depicted by a series of two sym- 
bols. Beginning as a single row of 
separate arrow tipped white lines 
placed along the centerline of the 
threshold, these markings are ter- 
minated by a series of small 
invested “V" or chevron shaped ‘ 
symbols extending across the dis- Figure 21: An asphalt runway with a displaced 
placed threshold end, and threshold 
pointing toward the solid line that 
indicates the beginning of the runway. 


Touchdown Zone Marking 


These markings provide the inbound aircraft pilot with a visual target that indi- 
cates where to make wheel contact with the runway. 


Touchdown zone markers are very similar in appearance to threshold markings. 
They consist of a series of two groups of white stripes extending inward from 
each edge of the runway. The primary difference is that the touchdown zone is 
located just beyond the threshold marker. The surrounding runway pavement at 
the touchdown zone is usually darkened by tire marks from repeated aircraft 
landings. 
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Figure 22: Touchdown zone and fixed distance markers 
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Edge Stripes 


Edge stripes are solid white lines that are used to mark the point where the outer 
edge of the runway surface meets the shoulder. The visual reference that they 
provide for the pilot is the same cue that highway edge lines provide for the 
motorist. 


Fixed Distance Markers 


Fixed Distance Markers have a similar appearance and function as touchdown 
zone markers. This marker ‘s composed of two large solid white rectangles on 
each side of the centerline and located 1000 feet from the threshold. The fixed 
distance marker is used as a visual reference for \anding turbo-jet aircraft on pre- 
cision and non-precision runways. 


Stopway Markings 


Stopways are paved areas beyond the end of the runway that are suitable for use 
during an aborted take off or whenever an aircraft unexpectedly requires a stop- 
ping distance beyond the normal limits of the usable runway. Stopways are 
marked with a repeated series of large, chevron shaped white lines, painted 
across the width of the stopway, and pointing toward the runway end. 


Closed Runway 


A runway that is unusable, hazardous or no longer 
used is marked by white “X” shaped markings. The 
markers are painted along the runway center at 
even intervals along the entire length of the closed 
runway. The same designation is used to mark taxi- 
ways that are closed. 


é : Figure 24: Summary of 
Figure 23: Stopway (Overrun) markings runway markings 
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Hiuminated Runways 


When night flying was introduced, most airports consisted of an open area cov- 
ered with either turf or cinders, Pilots could land in whatever direction they 
chose. Rotating beacons provided the pilots with the general location of the air- 
port but did nor provide sufficient visual cues to permit them to actually locate 
the cinder area and land, This problem was solved through the introduction of 
airport boundary lighting. 


Lighting systems on illuminated runways define the outlines of the runway, and 
are used during times of darkness or low visibility when painted runway markers 
are not visible, Special purpose lighting systems provide visual glide slope infor- 
mation to the pilot both day and night. 


Approach Light Systems 


Ore of the most difficult tacks facing pilots occurs near the end of an instrument 
approach, during this time they have to maneuver the aircraft into position and 
land, all within the space of a few seconds. Approach light systems provide the 
means to transition from instrument flight to visual flight for landing. Operational 
requirements dictate the sophistication and configuration of the approach light 
system for a particular runway. 


The first approach light systems were quite simple and consisted of three incan- 
descent light bulbs placed $60 feet apart along the extended centerline of the 
runway. Today approach lighting systems are more elaborate, the specific type of 
system used is dependent upon the type of aircraft using the airfield, Current sys- 
tems consist of specially configured signal lights located at the landing threshold 
and extending into the approach area a distance of 2400-3000 feet for precision 
instrument runways, and 1400-1500 feet for non-precision instrument runways. 
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Figure 26: Diagrams of some standard configur- 
ations of approach Kybting systems 
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Figure & Concrete runway with markings painted on the surface 
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Figure 27; Approach light system near threshold, strobe light in box located in foreground 


Some systems include sequenced flashing lights that appear to the pilot as a bail 
of light traveling towards the runway at high speed (twice a second). 


Visual Glideslope Indicators 


The angle at which an inbound aircraft approaches the runway is critical to safely 
landing the aircraft. The ideal point on the runway where the aircraft wheels 
touch ground is on the touchdown zone located just beyond the threshold, 
Landing an aircraft at the correct point without assistance from a controller or 
glide slope lighting system is a difficult task and an unpredictable procedure, If 
the approach landing angle is too high, there will not be enough runway remain- 
ing to accommodate the decelerating aircraft. Conversely, if the approach angle is 
too low, the aircraft will touch down before the runway threshold and become 
damaged by intervening obstacles, (trees, lights, fences, etc.), Visual glide slope 
indicators tell the pilot when the aircraft is on the proper approach angle (not 
(oo high and not too low) by a series of light signals that are visible from the air. 


There are four types of visual glide slope systems, the Visual Approach Slope 
Indicator (VASD, the Precision Approach Path Indicator (PAPD, Tri-color systems 
and the Pulsating system. Of the four types of glide slope lighting systems, the 
VASI and PAPI are the most common and easiest to identify. 


Visual Approach Slope Indicators (VAS)) 


The VASI is a system of lights arranged to provide visual descent guidance infor- 
mation during the approach to a runway. VASI lights are visible from 3-to-5 miles 
away during the daylight, and up to 20 miles away at nighttim, The visual glide 
path that a VASI provides, guarantees safe obstruction clearance to within 10 
degrees of the runway centerline and 4NM of the runway threshold, Descent, 
using the VASI, should not be initiated until the aircraft is visually aligned with 
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Figure 26: Various configurations of Visual Approach Slope Indicator (VASD) units 


the runway. Lateral course guidance is provided by runway markers or runway 
approach lights. 


VASI installations consist of either 2, 4, 6, 12, or 16 lighting units, arranged in 
bars, (two bar or three bar VASI's). The bars are iocated on the left side of the 
runway in the case of 2, 4, or 6 light units, and on both sides of the runway for 
1Z and 16 light units. The three bar VASI has a near, middle, and far bar, while 
the two bar VASI system has near and far bars. 


The VASI lighting units consist of boxes that project a multi-colored beam of light 
having a white segment in the upper part of the beam and a red segment in the 
lower part of the beam. When the aircraft is at too low of an altitude for a given 


Figure 29%: Visual Approach Slope Indicator (VASD light untts 
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Figure 30; Quarter view of PAP! light units and windsock. The position of the windsock 
indicates a lack of surface winds or a “zero” wind condition. 


range, only the red beam of light will be visible to the pilot. Landing in this situ- 
ation would cause the aircraft to touch down before reaching the desired landing 
zone. If the aircraft is too high for a given distance from the touchdown zone, 
only the white light will be visible to the pilot. In this instance, the aircraft will 
land way beyond the landing zone and probably miss or roll off the runway. The 
lighting units are carefully positioned and their angle is periodically checked so 
that the pilot using the VASI during an approach will always see the correct com- 
bination of red and white lights. 


Preciston Approach Path Indicators (PAPD 


The PAPI a uses multi colored beam of light similar to the VASI. Each lighting 
unit is installed in a single row of either two or four separate lights. The PAPI 
system has an effective visual range of 5 nautical miles during daylight and up to 
20 nautical miles at night. The single row of lighting units is normally installed 
on the left side of the runway. Each light faces the aircraft at a different angle, 
when the aircraft is “on slope” the pilot sees two white lights and two red lights. 


Tri-Color Systems 


Tri-color visual approach slope indica- 

tors normally consist of a single light 

unit projecting a three color (red-below, 

amber-above, green-on, slope) visual 

approach path into the final approach 

area of the runway. These types of Figure 31: Diagram showing the relative 


indicators have a useful range of position of the light on either a tri-color or 
pulsating light system 
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approximately one-half to one mile during the day and up to five miles at night 
depending upon visibility conditions. 


Pulsating Systems 


Pulsating visual approach slope indicators normally consist of a single light unit 
(located near the runway end) projecting a two color visual approach path into 
the final approach area of the runway. A below slope approach is indicated by a 
pulsating red light, above slope is indicated by a pulsating white light and on | 
slope is shown by a steady white light. The useful range of this system is about 
four miles during the day and up to ten miles at night. 


Alignment of Elements Systems 


Alignment of Elements Systems are 

installed on some small general aviation 

airports. They are a low-cest system, 

made of plywood panels, painted black 

and white or fluorescent orange. Some 

of these systems are lighted for night 

use. The useful range for these systems 

is approximately three quarters of a 

mile. To use the system the pilot posi- — Figssre 32: Diagram showing the relative 
tions his aircraft so the elements appear position of the panels in an alignment of 
to be in alignment. elements system 


Runway End Identifier Lights (REIL) 


Runway End Identifier Lights are installed at many airfields to provide rapid and 
positive identification of the approach end of a particular runway. The system 

consists of a pair of synchronized flashing lights located laterally on each side of 
the runway threshold. REILs may be omnidirectional or unidirectional facing the 
approach area. 


REILS are used for: 


1. Identification of a runway sur- 
rounded by a preponderance Auwnn SEB d 
of other lighting. 

2. Identification of a runway 
that lacks contrast with the 
surrounding terrain. 


3. Identification of a runway 


during periods of reduced 
visibility. 


Figure 33: Diagram showing placement 
of Runway End Indicator Lights (REIL) 
and threshold lights 
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¢ 11; Runway overrun and barrier net 


An arresting gear is a type of barrier system device consisting of an elevated 
cable connected to reels mounted on both sides of the runway. It is used for the 
purpose of stopping tail hook and non-tailhook equipped aircraft. A cable is 
stretched across the runway and is caught by the tail hook or landing gear of the 
inbound aircraft, as the cable is stretched the energy of the aircraft is reduced 
thus. preventing the aircraft from going beyond the overrun. Arresting gear cable 
systems are usually located just beyond the designated wheel touchdown zone. 
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34: Runway End Identifier Light (REID) system | Figure 3% A ninway edge light and a taxiway 
approach end. of an asphalt ninway. light 


Runway Edge Light Systems 


Runway edge lights are used to outline the edges of runways during periods of 
darkness-or restricted visibility. Runway edge lights are white, except on instru- 
ment runways where amber lights indicate the last 2000 feet of the runway or the 
last half of the runway thus forming a caution. zone for landings. Taxiway edges 
are marked by blue edge light fixtures. 


Threshold Lights 


Threshold lights marking the runway ends emit 4 two colored directional beam 
which. is used to. distinguish the runway threshold from the runway end. The red 
portion of the beani faces inward, indicating the runway end to a departing air- 
craft, a green: light facing outward from the runway indicates the threshold end 
for inbound aircraft. Runway edge lights and threshold lights are usually 12 to 18 
inches tall. 


36: Threshold Lights : 
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STUDY GUIDE, continued 


Continue on to the next lesson, repeating the above process until 
you have completed all lessons in the study unit. Follow the same 
procedure for each study unit in the course. 


If you have problems with the text or exercise items that you 
cannot resolve, ask your training officer or training NCO for 
assistance. If they cannot help you, request assistance from your 
MCI distance training instructor by completing the Content 
Assistance Request form located at the back of the course. 


When you have finished each lesson and study unit, complete the 
exercises found there. Try to complete the exercises without 
referring to the text. For those items you are unsure of, restudy the 
text. Check your responses against the answer keys provided with 
your course material. 


To prepare for your final exam, you must review what you learned 
in the course. The following suggestions will help make the review 
interesting and challenging. 


CHALLENGE YOURSELF. Try to recall the entire learning 
sequence without referring to the text. Can you do it? Now look 
back at the text to see if you have left anything out. This review 
should be interesting. Undoubtedly, you’ll find you were not able 
to recall everything. But with a little effort you'll be able to recall a 
great deal of the information. 


USE UNUSED MINUTES. Use your spare moments to review. 
Read your notes or a part of a study unit, rework exercise items, 
review again; you can do many of these things during the unused 
minutes of every day. 


APPLY WHAT YOU HAVE LEARNED. It is always best to use 
the skill or knowledge you’ ve learned as soon as possible. If it 
isn't possible to actually use the skill or knowledge, at least try to 
imagine a situation in which you would apply this learning. For 
example, make up and solve your own problems. Or, better still, 
make up and solve problems that use most of the elements of a 
study unit. 


USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask a 
fellow Marine to lend a hand by asking you questions about the 
course. Give him a particular study unit and let him “fire away.” 
This technique can be interesting and challenging for both of you! 


Vii 
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Figure 34: Runway End Identifier Light (REIL) system —- Figure 35: A runway edge light and a taxiway 
on the approach end of an asphalt runway light 


Runway Edge Light Systems 


Runway edge lights are used to outline the edges of runways during periods of 
darkness or restricted visibility. Runway edge lights are white, except on instru- 
ment runways where amber lights indicate the last 2000 feet of the runway or the 
last half of the runway thus forming a caution zone for landings. Taxiway edges 
are marked by blue edge light fixtures. 


Threshold Lights 


Threshold lights marking the runway ends emit a two colored directional beam 
which is used to distinguish the runway threshoid from the runway end. The red 
portion of the beam faces inward, indicating the runway end to a departing air- 
craft, a green light facing outward from the runway indicates the threshold end 
for inbound aircraft. Runway edge lights and threshold lights are usually 12 to 18 
inches tall. 


Figure 36: Threshold Lights 
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In-Runway Lighting 
Touchdown zone and centerline lights are & 
installed on some precision approach run- ELEVATED 


ways to facilitate landing in adverse visibility 
conditions, Taxiway turnoff lights may be 
added to expedite movement of aircraft from 
the runway. The lights are flush mounted at 
or below the runway surface and are seldom 
detectable unless viewed from above in low 
light conditions. 


Threshold Lights Touchdown Zone 
Lighting (TDZL) consists of two rows of 
transverse light bars disposed symmetrically 
about the runway centerline in the runway 
touchdown zone. The system starts 100 feet 
beyond the landing threshold and extends to 
3000 feet from the threshold or to the mid- 
point of the runway, whichever is the lesser. 


paren) “me 


200 SPACING 


PLUSH MOUNTED 
TOUCHDOWN ZONE LIGHTSF~ = 


Runway Centerline Lighting Systems 
(RCLS) consist of flush mounted centerline 
lights spaced at 50 foot intervals beginning 
75 feet from the landing threshold and 
extending to within 75 feet of the opposite 
end of the runway. 


Figure 37; Touchdown zone lights 
and runway edge lights 


Taxiways 


Although there are different types of taxiways, 
the main purpose of a taxiway is to provide a 
dedicated surface for the orderly movement of 
aircraft to and from the runway. Taxiways are 
paved with as many types of surface materials 
as are runways, however taxiways are not 
always paved with the same material as the 
runway they serve. The width of the taxiway 
is considerably more narrow than the runway 
(usually just wide enough to allow the landing 
gear to roll on pavement), and the overall 
thickness of the pavement is thinner than the 
runway. Taxiways are marked differently than 
tunways, but in some instances they are mis- 
taken for the runway itself, There are five 
primary taxiway types: parallel, loop, perime- 
ter, dispersal, and link. Figure 38 Runway centerline lights 
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Parallel Taxiways 


As the name implies, the parallel taxiway is oriented along the same axis as the 
runway. This taxiway permits aircraft roll to the appropriate end of the runway 
(for take off or exiting runway), without obstructing the runway. 


Parallel taxiways are sometimes mistakenly identified as parallel runways because 
of their similar orientation, To reduce the frequency of this common mistake, the 
analyst should remember that taxiways are more narrow than runways, and they 
lack approach markings and approach lights. Parallel taxiways are connected to 
the runway by link taxiways located at both runway ends, and at selected points 
along the length of the runway. 


PY celpirae TAXIWAY 


Figure 39: Diagram of a small airfield showing the relationship of the various types of taxiways 


Link Taxiways 


Link taxiways, (also called connecting links) are used to connect runways, park- 
ing facilities and other taxiways. Link taxiways have the same marking, lighting, 
measurement and pavement types as do all other taxiways. 


Loop Taxiway 


Loop taxiways are located at one or both ends of the runway, and look just as 
the name describes. The turning loop allows aircraft to taxi to the runway end, 
and turn around into the wind before take off. When landing, aircraft roll to the 
runway end, enter the loop taxiway, then follow the taxiway across the runway 
or to a parking area. 
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Figure 40: Diagram a larger military alrfield showing the relation between 
laxiways, runways and other facilities. 


Perimeter Taxiway 


The perimeter taxiway connects the runway with maintenance, cargo, munitions, 
parking, and passenger areas on non-consolidated airfields that have service 
facilities spread over a large area. Because this taxiway is not located in the 
immediate vicinity of the runway and does not always follow a straight line, 

it is sometimes mistaken for a service road, Perimeter taxiways are wider than 
service roads and do not connect with main thoroughfares, 


Dispersal Taxiways 


The dispersal taxiway is only found on military airfields, it provides quick access 
to the end of the runway for departing aircraft and connects the runway to dis- 
persal parking areas where alent aircraft are normally parked. Dispersal taxiways 
can be straight or curved, with numerous links connecting dispersal ; king areas 
with the taxiway. Dispersal areas are located at one or both runway cnds. 


Taxiway Markings 


Taxiway centerlines are marked with a painted, continuous yellow line. Taxiway 
edges are marked with a continuous double line that is separated by six inches. 
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TAXI HOLOING POSITION MARKING 


Holding Lines 


folding lines are found 
on taxiways, and are 
used to indicate where 
alrcraft should stop and 
wait before entering an 
active runway. They 
serve a similar purpose 
as the white lines 
found at automotive 
traffic light crossings. INTERSECTION MAAKING 
Holding lines are 
placed a sufficlent dis- 
tance from the runway 
edge to prevent 
inbound landing aiscraft 
from making physical 
contact with waiting Figure 41: Taxiway markings 
outbeund aircraft. 


eee 


Taxiway Lighting 


Taxiway edge lights are used to outline the edges f taxiways and are illuminated 
during periods of darkness or restricted visibility conditions. These fixtures emit 
blue light. 


Taxiway centerline lights are used to facilitate ground traffic under low visibility 
conditions, The flush mounted lights are steady burning lights that emit a dif- 
fused green light. 


Figure 42: Elevated Taxtway lights 
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Aircraft Parking Areas 


Aircraft parking areas are connected to the runway by taxiways. There are two 
types of aircraft parking areas, the apron and the hardstand. Each type provides a 
stable area for aircraft to park while involved in a variety of non-flying functions 
such as fueling, cargo/passenger services, maintenance, etc. The function or spe- 
cific activity performed at a parking area is described in its name. The parking 
area name describes the appearance or functional design of the aircraft parking 
site. 


Apron Parking Areas 


Apron parking areas are associated with both military and civilian airfields. They 
are rectangular or square shaped areas, and are paved with a wide variety of sur- 
face materials. The paving material selected will vary depending upon the 
climate, the amount of traffic, the wheel load weight of the aircraft using the air- 
field, the size of the parking area and the specific type of surface material. Apron 
parking areas are subdivided into nine different types, named for the design or 
function performed at each apron. They are: general field parking, alert, opera- 
tional, hangar, base flight, pad, transient, depot and stub aprons. 


General Field Parking 


This type of facility consists of a natural surface area (usually sod) for parking 
aircraft safely away from the operational areas at the airfield. Field parking areas 
are not easily identified; at their worst they closely resemble grass areas found on 
the surrounding airfield, Fortunately there are a few subtle signatures at some 
field parking areas that will aid in their identification. 


Designated parking spaces, visual tie down points and grounding rods are some- 
times present at field parking areas. The spaces are defined by the average wing 
tip to wing tip length of the aircraft that use the airfield. Each space is separated 


Figure General field parking (grass surface) with aircraft tie downs 
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by enough distance to prevent damage to other aircraft when an aircraft is 
moved in or out of a parking space. At field parking, aircraft parking spaces are 
sometimes outlined with used aircraft tires that have been painted white. The 
tires are placed on the ground at regular intervals to define the appropriate tie 
down points. 


At air shows or large deployments of a temporary nature, the perimeter and 
entrances of field parking areas are often defined as rectangular areas and are 
delineated by surveyors tape or lime powdered lines. Parking spaces in these 
areas are not defined, each aircraft is parked next to the other. 


A method of identifying general field parking areas is by comparing the height of 
the grass at the airfield. On parking areas and runways the grass is mowed closer 
to the surface than the grass that covers the non-operational open areas of the 
airfield. The mowing pattern and smooth texture of the shorter cut grass forms a 
smooth textured, clean rectangular shape when contrasted against the rough, 
unmowed background. 


Figure 44: General field parking with aircraft ted down 


Identification of taxiways that connect field parking areas with the airstrip can 
sometimes be made by detecting aircraft tire wacks that have been worn into the 
turf or surface material. Repeated aircraft crossings and wet conditions increase 
the tire tracks in the taxiway and field parking area. 


In the absence of the above mentioned indicators, field parking areas cannot be 
distinguished from open grass areas. 
Alert Aprons 


Alert Aprons exist to provide a separate parking area for military combat aircraft. 
Alert aircraft are continuously kept loaded and ready for combat with aircrews on 
twenty four hour standby, to fly the aircraft in the event of war. The general 
appearance of the alert apron is vastly different from other parking aprons. 
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Alert aprons ave located near the runway ends and are surrounded by a cleared 
area with security fencing. They are usually occupied with combat aircraft parked 
in a well dispersed, sequential manner and are served by a single taxiway. The 
presence of an alert bunker or ready room for the aircrews is a characteristic of 
the alert apron. 


Fully loaded alert aircraft remais, parked for long periods of time in the same 
location on the alen apron, thus resulting in continuous stress on the apron 
pavement. This type of wear and tear can only be sustained by the application of 
a paving material that remains stable under load, during wet weather or high 
temperatures, The two most commonly used paving materials for alert aprons are 
cement and pierced steel planking. 


Apron floodlights are used to illuiainate alert aprons and their security fence 
lined perimeter. 


Operational Apron 


The operational apron is the most commonly found apron type. It's only distinct 
identifying characteristic is the presence of rows of parked aircraft. The opera- 
tional apron is used to temporarily park aircraft that are not engaged in any 
activity. Operational aprons are paved with ail types of paving materials, or may 
have non-paved natural surfaces. They are well illuminated by apron floodlight- 
ing and are usually served by more than one taxiway. 


Figure 45: An operational apron at a major military airfield 
Hangar Apron 


The parking area located immediately before a hangar door opening is the 
hangar apron. This type of apron serves as a temporary parking area to store 
aircraft that have completed or are awaiting servicing/storage in the hangar. 
The hangar apron is usually illuminated by hangar floodlights. Entry stripes are 
marked on the apron to enable the aircraft pilot to safely enter or exit the 
hangar with adequate clearance. 
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Figure 2§: Approach Lighting System as viewed when facing oncoming aircraft. 


Photo Inmerpretation Training Course 


e eal 
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Figure 47: Base filght apron 


Base Fight Apron 


The base flight apron Is the apron with the most activity at the airfield. Incoming 
and departing flights stop there to transfer passengers and cargo. Aircraft on this 

apron will usually occupy the area for a very brief time. Multiple taxiways serve 

this apron and apron floodlighting is always present. The paving surfaces for this 
apron ase usually made of cement or pierced steel planking, however exceptions 
to this are found at less improved airfields. 


Transient Apron 


Transient aprons are similar in appearance to other parking aprons, Located away 
from the main activity area of the airfield, they are occupied by aircraft that are 
not permanently home-stationed at the airfield. Aircraft refueling is usually 
accomplished by trucks on this apron and security services are provided when 
necessary, At military airfields, the transient apron may contain aircraft types that 
afe noticeably different from the majority of the aircraft normaily found there. 
This is the best signature for determining the presence of a transient apron. 


Photo Inerpretation Training Course 


|_Transportation 


Cultural Features 138 


—————— 


Figure 4@ Milttar 
Pad Apron 


A pad apron is a simple apron that is not associated with any structures. ft is 
alone and not connected to the runway by a taxiway, The pad apron can be 
used for a wide variety of activities and is only identified by the absence of any 
adjacent structures. The surface materials used to pave a pad apron cover the 
whole range. Apron lighting on pad aprons is not essential. 


alrcraft refueling at a transient 


Depot Apron: 


Depot aprons are co-located with cargo handling facilities. The presence of spe- 
cialized off-loading equipment, warehouses, and delivery trucks are the primary 
featuses that differertiate the depot apron from other parking aprons. Because 
most cargo flights armive and depart at nighttime, the presence of apron fload- 
lighting to assist the transshipment of cargo is a necessity. Compared to 
passenger terminals, depers have noticeably fess civilian vehicle parking. 


Stub Apron 


The stub apron is a parking apron that is directly attached to the runway without 
the benefit of a taxiway. Stub aprons can be found along the edge of the runway 
of on either end of the runway just beyond the threshold. Stub aprons are used 
for a variety of purposes, and they provide a safe place to exit the runway when 
another plane is coming in for a landing. 


Hardstand Aircraft Parking 


Hardstand: are improved parking areas that are found predominandy on military 
airfields. The presence of a parking hardstand at a civilian facility is very rare. 


Hardstands are built to provide parking areas for military aircraft. Each hard-stand 
is separated from the other by an interval that is large enough to prevent an 
explosion in one from damaging aircraft parked in adjacent hardstands. 
Hardstands are used for many specific types of aircraft activities and purposes. 
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STUDY GUIDE, continued 


MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good 
habits that enhance good learning. They don’t have to be long and 
tedious. You may find several short reviews are more beneficial. 


When you complete your study of the course material and are 
confident with the results attained on each study unit exercise, take 
the sealed envelope marked "FINAL EXAM" to your unit training 
NCO or training officer. Your training NCO or officer will 
administer the final exam and return the exam and answer sheet to 
MCI for grading. Before taking your final exam, read the 
directions on the NEW (generic DP-37) answer sheet carefully and 
complete all requested information. 


The sooner you complete your course, the sooner you can better 
yourself by applying what you've learned! HOWEVER--you do 
have 12 months from the date of enrollment to complete this 
course. You may be granted one 6-month extension if it’s 
approved by your commanding officer. If you need an extension, 
please complete the Student Request/Inquiry form (MCI-R11) 
located at the back of the course, and deliver it to your training 
officer or training NCO. 


As a graduate of this distance training course and as a dedicated 
Marine, your job performance skills will improve, benefiting you, 
your unit, and the Marine Corps. 


Semper Fi! 
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There are ten types of hardstands to accommodate the various uses: alert. disper- 
sal, pad, refueling, parking, operational, engine run-up, firing-in, compass rose 
and maintenance hardstands. 


Finding an observable difference between the many hardstand types is some- 
times difficult. The location, cleanliness, security, and quantity of hardstands 
provide clues to their specific use, thus giving the analyst enough information to 
classify them by type. Hardstand parking areas look much different from parking 
aprons. 1.1 general, the hardstand can best be described as a round or square 
asphalt or cement pad, connected to a runway or taxiway. From above they 
appear to have the same shape as an antique keyhole or a cul-de-sac street. 


Hardstands can be ouilt to accommodate all types of aircraft from large to small 
depending upon the size that is required. Although they are normally occupied 
by one aircraft, some have enough space to park two aircraft side by side. The 
materials commonly used to pave the hardstand parking pad are concrete, 
pierced steel planking (PSP), membrane, and occasionally asphalt over concrete. 


Dispersal Hardstands 


Dispersal hardstands provide separate parking spaces for military aircraft. They 
are separated by a distance great enough to prevent neighboring aircraft from 
susiaining damage due to fire and explosion in another. Dispersal hardstand 
parking areas were designed as a response to the lessons learned from the dam- 
age that was inflicted upon aircraft parked wing tip-to-wing tip at Hickham 
Airfield, (Pearl Harbor, Hawaii) in 1941. 


Dispersal hardstands are located away from the runway, and are connected to 
the runway by loop taxiways. Loop taxiways permit aircraft to enter and exit the 
dispersal area without having to back up and turn around at a dead end. 
Entry/exit taxiways for dispersal hardstand parking areas are located off the run- 
way ends, and at various points along the length of the runway. 


Alert Hardstands 


With only a few exceptions, alert hardstands have the same general appearance 
as dispersal hardstand parking areas. These facilities are purposely located at the 
ends of the runway to provide quick access to the take«ff end of the runway for 
departing aircraft. 


Because they contain numerous aircraft that are combat ready (loaded with 
conventional or nuclear ordnance), security measures at alert facilities are more 
restrictive than at dispersal hardstand areas. Multiple rows of security fences, 
lighting, guard towers and control points regulating the passage of aircraft and 
vehicles are all characteristics of the alent facility. Shelter for the ever-present 
alert aircrews and ground support personnel, is provided by an alert building 
or bunker. 
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Figure 29: Visual Approach Slope Indicator (VASI) ight units 


Photo tnterpretation Training Course 


| Transportation 


| Cultural Features 137 


Taxiways serving the alert facility are predominantly of the loop type, and are not 
excessively long, thus minimizing the distance from hardstand to runway end. 


The presence of aircraft at an alert facility is not a necessity for accurate identifi- 
cation of an alert hardstand area to be made. During an aircraft alert exercise it is 
common for all alert aircraft to depart the facility. Most of the time an operational 
alent facility is occupied by many aircraft, thus there will be many hardstands. 


prational Hardstands and Parking Hardstands 
8 


Operational hardstands and parking hardstands both serve as places to park air- 
craft and have nearly identical appearances, The only difference between them is 
distinguished by their location relative to other structures at the airfield. Usually 
only one o° two of these hardstands exist at an airfield, 


Operational hardstands 


Operational hardstands provide temporary parking for single aircraft that regu- 
larly arrive at the airfield. They are usually located near hangars and 
cargo/passenger terminals, 


Unlike dispersal hardstands, these hardstands are either connected to the runway 
by link taxiways, or are branches off other taxiways or parking aprons. 


Parking hardstands 


Parking hardstands are located away from other aprons, hangars, and similar high 
use areas at the airfield, Small groups of parking hardstands are used for tem- 
porarily parking single resident and non-resident aircraft. 


Figure 49: Parking hardstand on edge of apron (poorly matntained) 
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Figure 50: Diagram of a miltary airfield showing the location 
of dispersal bardstands. 


Figure 51: Diagram of a military airfield showing the location of various types of hardstands, 
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Engine Run-up Hardstands 


Engine run-up hardstands have several charac-ter- 
istics that make them identifiable. Jet propelled 
and turbo-prop aircraft engines require occasional 
preflight stress testing at very high RPM ranges. 
The amount of exhaust and noise generated is 
significant enough to be a health and hearing 
hazard, One of the facilities that was designed to 
accommodate this activity is the engine run-up 
hardstand. Hardstands are located and oriented 
away from populated areas, They are equipped : — : 
with blast deflectors that direct the resulting Figure 52: An engine run-up 
exhaust blast and noise up and away from the hardstand with blast deflectors 
surrounding area. The engine run-up hardstand is 

usually located near a parking apron or next to the runway. 


Firing-In Hardstands 


Firing-In Hardstands are constructed at military airfields only. The sole function 
of a firing-in hardstand is to provide a parking pad for combat fighter aircraft 
while having their machine guns or nose cannon zeroed-in and aligned. 


The firing-in site is essentially an aircraft parking area at the end of a firing range. 
When viewed from above, the site is rectangular in shape and consists of a circu- 
lar parking pad set opposite from a tall and wide earthen-walled target area. 
Along each side of the range connecting the pad and target area, are two long, 
tall earthen walls that are separated by a distance equal to the wingspan of the 
aircraft using the facility. 


The arrival of laser gun sighting systems and optical sight devices has all but 
eliminated the necessity to fire live ammunition at these facilities. Although 
new sighting-in technology has enabled incredible accuracies to be acquired, 
the need to sight in on targets while remaining shielded from outside distur- 
bances is a prerequisite that the old sites still satisfy. Thus the need for firing-in 
hardstands continues. 


There is only one firing-in hardstand per airfield, and they are only found at 
airfields built to support specific types of fighter aircraft. 


Compass Rose Hardstands 


This type of hardstand is associated with both military and civil airfields, it is 
one of the easiest hardstands to identify, The compass rose hardstand is used as 
a teference to calibrate the various compasses on board an aircraft. A compass 
rose that is subdivided into sections, is laid out and painted on the surface of 
the parking apron. Aircraft are taken to a reference point on the apron where 
the actual aircraft compass heading is compared to the figure inscribed on the 
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Figure $3: A compass rose hardstand 


painted compiss rose, The process of compass calibration is performed at all 
four cardinal directions. If minor differences between the aircraft compass read- 
ing and the ground truth figures are discovered the variation is noted and 
allowed, for more serious variaiions, the compass is replaced or repaired. 


Compass rose hardstands are not associated with a specific area or location on 
the airfield. The only identifving characteristic of this hardstand is the presence of 
a compass rose painted on the hardstand surface. 


Maintenance Hardstands 


Various types of aircraft maintenance tasks are performed at the maintenance 
hardstand. Minor repair work such as fixing hydraulic fluid leaks. avionics box 
replacement, lubrication, tire replacement. and engine replacement are routinely 
performed outdoors on the maintenance hardstand, These hardstands are found 
at military and civilian airfields. At military airfields the maintenance hardstand 

is generally located within a dispersal hardstand area, When present at civilian 
facilities. a maintenance hardstand is generally located near an operational apron. 
The maintenance hardstand is characterized by the presence of special purpose 
vehicles, van-bodied trucks, noise abating equipment, oil stained pavement. 
environmental shelters and portable lighting units. 


Refueling Hardstands 


The sefueling hardstand serves the purpose for which it was named. The primary 
characteristics that denote this feature are: stained pavement from fuel spills, the 
presence of fuel pumps or fuel vehicles, and lighting fixtures. At military and 
civilian airfields, refueling hardstands can be found within dispersal areas, alone 
near Operational aprons, or near the base fuel storage facility. 


Photo Interpretition Taning Course 


Transportation 
Cultural Features 147 


Revetted Hardstands 


Although all hardstands that provide parking for military aircraft are subject to 
attack during wartime, the revetted hardstand is a somewhat hardened defensive 
structure. In order to protect parked aircraft from lateral blast damage, an earthen 
wall (revetment) is placed around the hardstand parking pad. The revetment sur- 
rounding a hardstand parking pad is tall enough to protect all parts of the aircraft 
from flying debris and shrapnel. 


Revetted hardstands are usually found at dispersal and alert hardstand parking 
areas. To control erosion and aid in concealment, geass is planted on the revet- 
ment. When planted, mowed and cared for, revetments blend into the terrain. As 
a defensive structure, revetments work quite well, their ie and varying orienta- 
tion make them very difficult targets — : eed 

for low altitude attacking aircraft. 


A common form of concealment 
employed at revetted hardstands 
involves stretching camouflage net- 
ting over the top of the revetment. 
This technique inhibits the ability of 
low-flying attack aircraft to detect 
and destroy parked aircraft on the 
hardstand pad. A common mistake 
made by analysts is to misidentify 
the net-covered, revetted hardstand : ; 
for an aircraft bunker. Figure $4: Revetted bardstand 


Aircraft Bunkers and Hardened Aircraft Sheiters 


The aircraft bunkers and hardened aircraft shelters are defined as man made, 
reinforced structures that normally provide environmental shelter for one or more 
aircraft and provide a degree of protection from attack. These structures are only 
associated with military aircraft, and are found in dispersal areas and alert facili- 
ties, From above, three structural components are visible to the analyst, they are: 
blast doors, exhaust vents, and the shelter or bunker itself. At some sites multiple 
sets of blast doors are installed, The outermost set of doors act as a shield to 
absorb the explosive force of an incoming weapon, thus protecting the actual 
bunker doors from blast damage and penetration. 


Atrcraft Bunkers 


Aircraft bunker construction begins by erecting a quonset or arch shaped struc- 
ture (made of prefabricated arch shaped cement and steel segments), over a 
hardstand parking pad. Aftcr assembly of the inner structure and the addition of 
exhaust vents is completed, blast doors (sliding, hinged, or clamshell type) are 
installed on the opening of the structure. At this stage of construction the shelter 
can be considered complete. For airfields with requirements that demand a more 
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hardened structure, the sides, back and top of 
the arch-shaped inner structure are covered 
with a 10 to 15 foot layer of earth. When left 
uncovered, the structure is referred to as a 
hardened aircraft shelter, when earth cov- 
ered it becomes an aircraft bunker. Aircraft 
bunkers and hardened aircraft shelters both 
provide a highly blast resistant shelter for air- 
craft, and prohibit reconnaissance flights from 
detecting the number of aircraft present at the 
facility. 


Figure $5: Aircraft bunker 
The taxiways leading to the aircraft shelter or 
bunker, and the blast doors are frequently camouflage painted, as is the surface 

of the hardened aircraft shelter, Some bunkers have bushes and other types of 

vegetation intentionally planted on them to make them more difficult to detect. 


Occasionally, the blast doors on aircraft shelters are left in the open position to 
permit aircraft to enter and exit the structure. The ability to see the blast doors or 
look into the structure is dependent upon the orientation of the bunker entrance 
and the position of the observer. Dispersal areas and alert facilities are designed 
so that the entrance of each aircraft shelter/bunker faces a different direction thus 
making it impossible for an attacking aircraft to have a direct shot at more than 
one or two shelters per pass. 


Figure 56: Side view of an aircraft bunker 


Photo Interpretation Training Course 


Transportation 


Cultural Features 143 


Aircraft Shelters 


An aircraft shelter is defined as a man-made structure with two or fewer walls, 
designed to provide overhead protection and concealment for one or two air- 
craft. Aircraft that are parked in these shelters are protected from small particles 
of falling debris and they are shielded from the environmental effects of rain, 
hail, snow, and sunlight. At military installations, concealment from overhead 
reconnaissance platforms is an on-going threat that is neutralized by parking 
beneath an aircraft shelter. An aircraft shelter is the airfield equivalent of the 
automotive carport, 


Always built on top of hardstands or aprons, aircraft shelters are usually light- 
weight metal frame structures, covered by gable or flat, corrugated metal roofs, 
Other variations consist of arch or semi-hexagonal shaped structures made from 
prefabricated components. 


An extra measure of blast protection can be obtained by adding an earthen, 
sandbag, or cement revetment around the outer edge of the open sided shelter, 


Figure $7: Aircraft shelter (cantilevered roofs) 


Aircraft Tunnels and Underground Complexes 


Tunnels and underground complexes are the most difficult of all hardened facili- 
ties to detect. These facilities are buned completely below the ground, and even 
the ventilation shafts are sometimes camouflaged. The only way to find this type 
of structure 1s to locate the entrance by following all the taxiways and roads that 
leave the airfield and determine whether they lead to a tunnel opening. Because 
access to the runway is critical for flight take off, a pathway leading to the tunnel 
or underground entrance will always be present. The entrances are sometimes 
made more difficult to find by placement of natural vegetation, intentional con- 
cealmemt by shadowing, camouflage netting, of disruptive painting. 


Construction materials used at these sites are reinforced concrete, metal arches, 
or layers of concrete. Steel blast doors may be built to protect the tunnel open- 
ings. When underground facilities are under construction, numerous dump tucks 
carrying rock and earth tailings can be observed going in and out of the con- 
struction site and area. 


Underground structures are utilized extensively in Norway. North Korea, Taiwan, 
China, Switzerland, and Sweden. 
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Figure 42: Elevated Taxiway lights 
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Hangars 


The aircraft hangar is one of the first structures specifically designed for, and only 
associated with aviation. Early aircraft hangars were adaptations of existing struc- 
tures (barns and agricultural buildings) that occupied the farm land where 
airstrips were first built. At ranches and farms with grass landing strips, modified 
barns and farm buildings still serve as hangars. 


Hangars are associated with all types of fixed wing aircraft and helicopters, and 
are generally the largest and easiest to identify structures found at the airfield. 
Some of the largest hangars ever constructed were designed for lighter-than-air 
aircraft, blimps and airships. 


Of the many aeronautical functions performed in hangars, the most common 
activities are heavy and light maintenance, aircraft storage, airframe assembly 
and construction, aircraft concealment, and airframe painting. Workshops, 
machine shops and parts storage/distribution offices occupy space within 
some aircraft hangars and usually take the form of shed type structures or 
appendages connected to the side of the main hangar structure. 


Design Variations 


Some aircraft hangar architects created designs that radically departed from 
the usual aircraft hangar. In recent years, folding quonset-shaped aircraft 
hangars for small aircraft have appeared. They are covered with waterproof, 
opaque fabric and have an appearance similar to inflatable gymnasium struc- 
tures. The outer covering is made of waterproof fabric that is suspended by 
a rigid inner framework, Entrance into the hangar is accomplished by raising 
or lowering a semi-spherical, hinged flap type door located on either end of 
the structure. 


Other unusual hangar types that may be seen are cylindrical hangars that 
resemble POL storage tanks, Access to the hangar is accomplished through a 
set of curved hangar doors mounted on tracks that curve around the side of 
the hangar, 


Construction Material 


The most commonly used building materials associated with hangar construction 
are concrete, masonry, wood, and steel. For strengthening the framework and 
covering the walls and doors, metal sheeting and masonry are most often selected. 
Asphalt shingles, metal sheeting, and tar and gravel roofing are the most com- 
mon materials used for aircraft hangar applications. Hangars usually have arch 
or gable roofs, Occasionally shallow pitch or flat roofs are chosen for smaller 
hangars or in areas with little rain or snow. 
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Figure 43: General field parking (qrass surface) with aircraft te downs 
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Signatures 


The signatures that differentiate aircraft hangars frora other structures at an air- 
field are: large sliding doors, hangar parking aprons, close proximity to the 
runway, and the presence of aircraft parked nearby. Hangars always have an 
attached hangar apron with a taxiway connecting to the runway. Hangars are 
usually the largest structures at an airfield. 


Doors 


The doors that are used in over 90% of all hangars are of the sliding door type. 
Sliding doors are mounted on an overhead rail or track that permits the door to 
slide open parallel to the face of the hangar. To create an opening as wide as the 
interior of the hangar, the doors must travel a distance equal to the opening. To 
accomplish this, overhead door rails that extend beyond the front sides of the 
hangar opening are added to the structure. 


Hangar Door extensions are clearly visible when the door is in either position. 
With the door open, the hangar will appear to have one or two solid ears 
extending from the face of the hangar. In the closed position the overhead rail 
and vertical support members are visible and will cast prominent shadows across 
the ground. 


A variation of the external sliding door is the internal sliding door. This door type 
differs mainly because the overhead rail and extensions are mounted on the inte- 
rior of the hangar and each door is divided into segments, This type of hangar 
door assembly allows the door segments to stack upon themselves and occupy a 
smaller amount of storage space. 


A type of door mechanism used on mediu'n to small hangars is the horizontal 
bi-folding door. This type of door is made from a solid panel that is divided hori- 
zontally into two sections of equal size. The counterweighted and hinged upper 
and lower door sections are mounted on vertical tracks that allow the doors to 
fold outward and upward. They join and form a single section that is stored in 
the ceiling above the intended aircraft parking space, on the mounting track. For 
ventilation and lighting purposes this type of door is sometimes observed in the 
partially open position, not completely stored in the hangar ceiling. When the 
door is left in the partially open position and viewed from above, the hangar will 
appear to have a flat awning extending over the doorway opening. 


Hangar Types 


As time passed and aircraft designs changed, a wide variety of architectural solu- 
tions for aircraft hangar design also emerged. A simple system of hangar design 
classification was devised to name specific hangar types. Seven types of hangars 
were identified and named on the basis of their shape, capacity, and location 
(above or below ground), they are: multi-bay, open end, nose, underground, 
single bay, double bay, and T-shaped. 
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INTRODUCTION TO ELECTRONICS MATHEMATICS FOR MARINES 


Introduction. The successful accomplishment of almost any assigned mission will rely on 
Marines who are assigned to military occupational specialties (MOSs) where knowledge of 
mathematics is essential. You must know how, when, and where to apply the mathematical 
theories that you will learn to actual situations and mission assignments. This study unit 
addresses such concerns. This study unit provides basic foundation information. For many 
of you it may be just a review. However, it is important for you to complete the study unit 
as if you were a beginner. You will learn mathematical terms and their meanings. When 
you complete the lesson, you should be able to apply those terms in situations when 
required. 


In addition to learning mathematical terms and how to apply them, you will be able to solve 

algebraic problems by applying the rules of addition, subtraction, multiplication, and 

division. You will also learn to apply basic rules in solving monomials and polynomials. 
Lesson 1. MATHEMATICAL TERMS FOR USE 

LEARNING OBJECTIVE 

Define algebraic terms without the aid of references. 
1101. Interpret Mission Assignment 
You may be assigned to a unit, platoon, or division where you may receive a written mission 
assignment where mathematical terms are used. You must know those terms so that you can 
decipher the assignment and carry it out according to specifications. Therefore, you must know 
all terms that are relative to any possible assignment. The first terms that you must know are the 
basic arithmetic signs of operation. These four signs are the plus(+) , minus(—) , times(e) , and 
division(/). There are also other symbols that will direct you, the Marine, to perform other 
required operations. Those symbols are not being ignored; for this lesson the selected four are 


used as examples. 


Examples: The signs of operation in algebra are 
(+), (—), (), and (/) 


The same meanings apply in algebra as in arithmetic. The multiplication sigi(e,*, x) is 
generally omitted between literal numbers. 


Now that we have identified the basic signs of operations, try this easy challenge. 


1-1 
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Figure 58: Multi-bay hangars 
Multi-Bay Hangars 


Multi-Bay Hangars are aircraft hangars that have three or more hangar door 
openings along the same face of the building, and are covered by 4 common or 
separate roof. Hangars with only two aircraft bays are not classified as multi-bay 
hangars. Each door opening delineates a separate open area or bay that accom- 
modates a single aircraft. When a series of three or more hangars are joined and 
share common load bearing side walls, they are labeled as “multi-bay” hangars. 


Single row multi-bay hangars usually have flat or shed type roofs and are cov- 
ered with painted steel panels supported by a steel or wood interior framework. 
Each aircraft bay is joined to the next by an interior load bearing wall that is not 
visible from outside or above the building. Multi-bay hangars share a common 
roof, and outer wali covering. This hangar type is characterized by long and nar- 
row proportions, whereas single bay hangars are nearly square in shape. 


Multi-bay hangars can also be configured as double row structures. The double 
row configuration looks similar to the single row multi-bay hangar, however it is 
a structure formed by two rows of separate hangar bays that are joined side-by- 
side by load bearing walls, and connected back-to-back. The result is a hangar 
that opens outward along both long sides, onto two hangar aprons. The double 
row configuration is usually covered by a shared, low pitched, gable roof that is 
peaked along the long axis of the structure. 


Overall, both configurations of the multi-bay hangar can give the impression of 
being a large warehouse type of structure, however the presence of one or two 
hangar aprons, separate hangar bay door openings, and nearby parked or taxiing 
aircraft reveal it’s true identity. 


Single Bay Hangars 


The single bay hangar represents the most commonly used design for aircraft 
hangar construction. This hangar type is characterized by having a single door 
opening on one or beth ends of the structure and hangar aprons on either side. 
The single bay hangar typically has a curved, gable, or flat roof. 


Photo Interpretation Training Course 


a EE 


Transportation 
Cultural Features 147 


Early structural engineers were asked to design a hangar with an open interior 
floor space, free of vertical support obstructions such as poles and uprighis, the 
resulting effort yielded a hangar with unobstructed floorspace that permitted easy 
movement and parking of numerous aircraft. The structural engineering methods 
and solutions used to create these hangars utilized external devices such as but- 
tresses and vertical support columns that are sometimes visible along the outer 
hangar walls. 


The proportions of the average single bay hangar range from equal on both sides 
to being somewhat longer than wide, Each hangar is sized to fit the aircraft that 
will be using it, the proportions of wingspan width to fuselage length are close to 
equal for most non-combat aiscraft. The height of single bay hangars varies from 
one to three stories tall, the only exceptions are blimp hangars that are some- 
times as tall as six stories. 


Figure 59: Large single bay hangar with internal sliding doors and arch roof 
Double Bay Hangars 


The double bay hangar is similar in appearance to the single row multi-bay 
hangar. Characteristics of the doubie bay hangar are the presence of two separate 
aircraft bays, and two separate hangar doors, Construction materials and roof 
types are the same as used on single bay hangars. 


Nose Hangar 


The nose hangar is a specially designed structure that provides sheltered parking 
for the nose portion, fuselage and wings of large aircraft. Most of the nose 
hangars in existence are modifications of single-bay hangars. When modern cargo 
and passenger aircraft were introduced to commercial use, their increased length 
and tail section height exceeded the interior capacity of most existing hangars. 
An economical solution to this dilemma was to park ihe nose, fuselage, and wing 
sections of the aircraft inside the hangar, and modify the hangar door such that 
when closed it would encircle the fuselage of the aircraft, leaving the tail section 
exposed ‘9 the elements. Fortunately, the portions of modern aircraft that are 
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Figure 60: Nose hangar 


able to fit inside of existing hangars are also the parts of the aircraft that frequently 

require maintenance. 

Positive identification of a nose hangar can be made only under two conditions: 
1. When the tail section is visibly jutting out of the hangar, 


2. when the hangar is unoccupied, with doors closed, and hangar door 
cut-out modifications are visible. 


T-Shaped Hangar 


T-shaped hangars can accommodate one aircraft per hangar, and ase usually used 
to shelter small aircraft. The T shape design conforms to the proportions of the 
airplane. The narrow !eg of the “T” accommodates the tail and fuselage, while the 
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Figure 61; Hangar configurations 
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upper bar part of the “T" houses the wings and engines. The front of the T-shaped 
hangar, (the widest side) is where the hangar door is located, thus aiscraft entering 
the hangar must be pushed in tail first. These structures are usually made out of 
steel sheeting over wooden pole interior frames, The door types associated with 
this structure are bi-fold, sliding, or outward opening hinge type doors. 


The T-shaped hangar is usually a stand alone structure. Occasionally one or more 
T-shaped hangars are joined resulting in a structure that does not exhibit the 
characteristic “T-shaped” signature. 


Open End Hangar 


‘The open end hangar is characterized by low, long, narrow, rectangular, slanted- 
roof structures, that are open along one side and have no less than three walls. 
The open side, or hangar entrance extends along the entire length of the long 
side of the structure. Entrance to the hangar is made by backing aircraft in 
through the open side. These hangars are usually associated with small aircraft 
and provide environmental protection for one to fifteen aircraft. 


Open end hangars are usually covered by sheets of steel or wood siding, and 
have metal roofs that are supported by a wooden pole internal framework. Like 
all hangars, the open end style is located near the flight line, and will have a 
parking apron in front of the hangar door opening. 


Maintenance Shops and Facilities 


Most airfields have facilities where maintenance activities are performed, The 
number and types of aircraft served at an airfield generally provide an indication 
of the level of maintenance activity performed there. 


Small airfield maintenance facilities 


Small airfield maintenance facilities that serve private, non-commercial and non- 
military aircraft generally have shops that pertorm routine maintenance activities. 
Small airfield maintenance shops require only a small amount of space and few, 
: ' if any specialized work 
Of storage areas. The 
activities performed in 
s a small maintenance 
facility are similar to 
those performed in 
ma neighborhood automo- 
| tive repair shops. 
Correspondingly, there 
are few employees and 
the amount of floor 
Space occupied is 
small. Workshop rooms 
and tool storage closets 


Figure 62: Single bay bangar with added maintenance workshop 
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are usually incorporated into the interior design of the hangar. Some are con- 
nected to the sides of the structure as appendages, wing additions, or sheds. 


Medium and large airfield maintenance facilities 


Medium and large airfield maintenance facilities that serve commercial or military 
aircraft have special buildings and storage areas where maintenance activity is 
performed. The difference between aircraft maintenance activities at medium and 
large facilities and that which occurs at smaller airfields, lies mainly in the 
amount of aircraft served and in the greater technical sophistication of the duties 
performed there. Maintenance of a higher order, such as engine swapping, minor 
airframe repair, painting, parts inventory and warehousing are a few of the activi- 
ties that take place at these facilities. 


The need to serve greater quantities of customers and larger types of aircraft, cre- 
ates the requirement to have bigger repair shops with more room to store 
replacement parts. Military regulations require a certain amount of engine spares 
and replacement parts to be on hand at all times, (a concept shared by many 
civil aviation organizations) thus the need for parts warehouses. At most facilities 
there is an outdoor storage 
area for engine containers 
and crates containing large 
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Figure 63: Airfield diagram showing relative location of 


vehicles, such as lift equip- 
ment, handling vehicles, 
work platforms, “cherry pick- 
ers” etc., are commonly 
found parked throughout the 
maintenance facility. Air com- 
pressor buildings and high 
pressure welding gas storage 
bins are important “small 
dimension” features found at 
these facilities. 


fsol storage 


The presence of aircraft 
parked on oil stained mainte- 
nance aprons, left in various 
stages of disassembly and/or 
surrounded by environmental 
canvas shelters also denotes 
Wight Janding, Vighes the aircraft maintenance area. 
Some hangars are designated 
as “maintenance hangars” 
and the maintenance activity 
is sometimes observed on the 


maintenance facilities apron in front of the hangar. 


Photo Interpretation Training Course 


Figure 4%: Parking hardstand on edge of apron (poorly maintained) 
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Jet Engine Test Celis 


Jet engine test cells and maintenance hardstands with blast barriers are usually 
present in maintenance areas where engine run-up tests are performed. There are 
several design variations of the engine test cell. Significant features that they 
share in common are: 


1. a covered stand where the aircraft engine is mounted (or the aircraft is 
parked), and 


2, an exhaust tunnel or duct that is connected to a deflector building. The 
roof of the deflector building is covered with openings that direct the 
resulting noise and exhaust blast upward and away from the immediate 
and nearby populated areas. 


Another type of engine 
test cell is the “hush 
house,” it allows the 
engine to be tested while 
it is still mounted inside 
of the aircraft. The hush 
house serves the same 
purpose as a test cell, but 
has a larger building at 
the cell front. It is served 
by a taxiway instead of 
an access road. 

Figure 64: Engine test ceil 


Figure 65: Jet Engine Test Cell 
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Cargo and Passenger Handling Facilities 


Cargo and passenger handling facilities and their related pieces of equipment 
constitute important parts of military and civilian airfields, Virtually every airfield, 
regardless of its size, receives passengers and cargo. At some airfields cargo and 
passenger facilities sometimes share a common building. Airfields that handle a 
high volume of cargo deliveries usually have a separate cargo handling area that 
is located away from the passenger terminal. In either case, it is relatively easy to 
distinguish the shared from the separated facilities. 


Cargo and Air Freight Facilities 


The unique characteristics that define cargo and air freight facilities are their loca- 
tion at the airfield, and the cargo handling and transportation vehicles that are 
associated with them. The cargo shipping and receiving building is a long, nar- 
row single-story structure with a parking apron that is connected to the main 
runway by a taxiway. One of the long sides of the structure faces the aircraft 
parking apron and the other is bordered by a loading dock facing the cargo 
truck parking lot. The facility is road served with access to main highways. The 
overall appearance of the structure resembles a warehouse. The cargo that is 
handled in an airfield cargo facility is being transshipped and is only stored there 
for a short period of time. 


Figure 66: Cargo handling facility 


On the airstrip side of the cargo handling facility, the parking apron is illumi- 
nated by apron floodlights, and is occupied by various handling vehicles such as 
forklifts, tow motors and trailers. Aircraft being !oaded/unloaded are not always 
present on the cargo parking apron when it is observed, When not actively 
engaged in loading cargo aircraft, the transfer vehicles and handling equipment 
are usually parked on the apron’s edge or inside of the warehouse structure. 
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Covered passenger walkway 


Passenger terminal building 


Passenger Facilities 


Passenger facilities are characterized by passenger ramps leading to the aircraft, 
passenger handling vehicles, baggage handling trolleys, long and short term park- 
ing garages/lots, and the airport terminal building. Although activities such as 
cargo handling and passenger transfer take place at all airfields (regardiess of 
their size), not every airfield has recognizable passenger facilities and equipment. 


Passenger facilities at large and medium airfields have passenger ramps or “air 
stairs” that enable people to easily walk into the aircraft without having to climb 
ladders or negotiate other inconvenient devices. Baggage loading and unloading 
schemes at airfields range from complex to relatively simple. Two items that each 
unloading scheme has in common are baggage trolleys and conveyor belt vehi- 
cles. While in use, passenger access ramps and baggage transfer equipment are 
parked near the aircraft, otherwise the ramps are retracted and the equipment 
parked out of the way. 


Terminal buildings at large airfields are usually the most conspicuous structure 
found at the facility. The airfield terminal is usually crowded with aircraft due to 
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the arrival, departure, 
and movement of pas- 
senger aircraft on the 
terminal parking apron. 
Large capacity automo- 
tive parking lots, 
parking garages, and 
road/rail access, are 
features that make the 
terminal building at a 
large airfield easy to 
identify. 


At medium and small Rate : 
airfields, the passenger Figure 68: Passenger terminal and operations building 
terminal is far less spec- ata small airfield. 

tacular than those found 

at larger airports, Small airport terminal buildings sometimes share floorspace 
with other offices and functions at the airfield, thus the building may be larger 
than expected. 


The identifying characteristics of most small and medium airfield terminal 
buildings are: 


1. an awning covered walkway leading to the aircraft parking apron 
with mobile air stairs serving the passenger aircraft. 

2. small automobile paiking lots with a loop drive way for taxi or bus 
passenger pickup. 

3. a single baggage trolley and 

4. a small illuminated passenger aircraft parking apron. 


Passenger terminal facilities at smaller airfields are much more difficult to iden- 
tify because of their lack of easily defined characteristics. In such cases, the 
presence of automobiles parked in a lot near a roofed siructure and the pres- 
ence of a nearby patio or smoking gazebo may he the only clues to the 
presence of a passenger terminal. 


o 


Figure 69: Passenger terminal ata miliary airfield, note the covered walkway to the parking apron. 
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Heliports 


Heliports are airfield facilities that are exclusively used for helicopter operations 
and are most often associated with military rotary wing aircraft. Some heliports 
are part of an existing airfield and share the airspace with fixed wing aircraft, 
while other heliports are specifically designed for helicopter use. 


The Federal Aviation administration defines a heliport as: An area of land, water 
or a structure used or intended to be used for the landing and takeoff of heli- 
copters and including any buildings or facilities. 


There are two categories of military heliports, temporary facilities that serve for- 
ward deployed military helicopters in wartime, and permanent facilities that are 
constructed to support military helicopters in garrison. 


At airfield facilities that handle both rotary wing (helicopters) and fixed wing air- 
craft, the helicopter parking and landing area is always separate from the rest of 
the airfield. 


Helicopters do not need runways or taxiways to take off and land, however to 
maintain order and safe aircraft movement at the airfield, they follow the same 
traffic rules and procedures as fixed wing aircraft. Except for a few minor differ- 
ences in appearance, a heliport has the same features found at fixed wing aircraft 
airfields. The feature that is most noticeably different in appearance at a heliport 
is the helicopter runway. Compared to fixed wing aircraft runways, the heliport 
runway is very wide and short. 
Because very little or no runway 
length is needed for helicopters 
to initiate a rolling start take 

off, the long runways needed 
for fixed wing aircraft are not 
necessary. 


Helipads are small designated 
landing and parking areas for 
helicopters. Helipads usually 
have a prepared surface and 
are found in groups at heliports, 
and airports, or alone at various 
locations such as hospitals, 
police departments, office build- 
ings and in military complexes. 
Worldwide, helipads are marked 
with several different symbols, 
however the most common 
marking is a large letter “H” 
that indicates the center of the 
landing pad. Figure 70: Helicopter pad markings 
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Which of the following sets of mathematical signs of operations have the same 
meaning in algebra as in arithmetic? 


Bee ase aes oh Cc. =e 
b. Pea |e d. Sate lecl sae 


The correct answer is "c." If you answered incorrectly, review paragraph 1101. If your answer is 
correct, continue. 


Remember, do not fix in your mind that these symbols or signs are the only ones used that request 
particular operations. Now, focus your attention on numerical expressions, literal expressions, 
and terms. These definitions and examples will help you as you prepare to use them in an 


operation. 


a. Numerical expressions consist entirely of numbers separated by signs of operations. See the 
example. 


Example: 24+3-5*2 


b. Literal expressions are slightly different. They consist of general numbers and letters that 
are separated by signs of operations. See the example. 


Example: 2at+3c-4 


c. A term is an expression that contains literal and/or number parts that are not separated by 
an operation sign such as a plus or a minus. See the example. 


Example: 2a, 3c, and -4 
d. Positive and negative terms are two basic types of terms. A positive term is not always 
marked with the operative sign (+) at the first term. In fact, the (+) is almost never used. See the 


example. 


Example: 3a*be 


1-2 


Figure 56: Side view of an aircraft bunker 
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Air Operations and Flight Control Facilities 


The flying and supporting activities of an airfield are directed and coordinated 
from the operations building and control tower. These functions may be located 
together or separately in permanent structures, or in vans and trailers at small or 
temporary airfields. 


Air Operations Buildings 


Air operations buildings are usually located on the perimeter of the landing 
area, often along the parking apron. The building is likely to be small or 
medium-sized in comparison to the surrounding hangars and shops. At civilian 
airfields the management and air operations functions are usually conducted in 
one building referred to as the terminal building. At military airfields the opera- 
tions building houses the pre-flight briefing room, weather office, flight planning 
publications room and aircrew lounge. The size and variety of services offered 
at either a civil or military facility will depend upon the amount and type of air 
traffic using the airfield. 


Control Towers 


Control towers frequently sit atop the operations building, along with radio 
masts, radar antennas, windsocks, and weather measuring equipment. Some 
control towers are stand alone structures that are set away from the operations 
building. 


Cee 


Ground/air sag aes 


Figure 71: Air operations building and associated communications equipment 


Photo Interpretation Training Course 


Transportation 


Cultural Features 157 


Of the many functions performed by person- 
nel in the control tower, their primary duties 
and responsibilities are: 


1. Monitor, observe and direct air traf- 
fic on the ground to the appropriate 
tunway or parking area. 

2, Regulate use of the runways by 
inbound and outbound aircraft. 


3. Ensure that aircraft are separated by 
sufficient distance to maintain safety. 


4. Report runway and weather condi- 
tions to aircraft. 


Airport control towers are normally metal or 
cement structures and are tall enough to 
observe all parts of the airfield where aircraft 
movement occurs. At air facilities that are 
spread out over a large area, auxiliary control 
towers are sometimes utilized to ensure that 
all aircraft movement areas are monitored 
and controlled. 


Airport (Rotating) Beacons 


The airport beacon is usually tower mounted, [i ail 


or installed upon the highest structure near Figure 72: An airfield control tower 
the runway. The rotating beacon sends a color ata military facility looks no differ- 


light signal that is visible up to 10 degrees ent than one at a civilian airfield. 
above the horizon. It is used to indicate the 


> 


Figure 73: A rotating beacon located near a hangar at a civilian air facility 
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Figure 74: A joint use air facility with two control towers, Often several control towers will he used at 
large airfields or at joint airfields where ground operations/movement cannot be observed hy one tower. 
A Surface Detection Radar unit ts sometimes installed on top of the control tower and wll appear as a 
large white dome. 


presence and type of airport at that location. The beacon may be an omnidirec- 
tional flashing light or it may rotate at a constant speed that produces the visual 
effect of flashes at regular intervals. 


Injand Waterways 


Transportation by boat, barge or ship was man’s first method of moving large 
quantities of people or supplies over long distances. Although roads and railways 
have largely supplanted ships for inland transportation, boats and barges are still 
widely used for transportation of bulk materials such as grain, coal and other 
non-perishable items, Although not as fast as other methods of transportation, 
shipping is still the least expensive. 


Most inland water transportation is done by barges. There are two types of 
barges, the powered barges commonly used in Europe, and the unpowered 
barges (dumb barges) used in North America. In other parts of the world, one or 
both types may be used, in combination with various types of locally built boats. 
All are designed for use on inland waterways, where width and depth restrictions 
preclude the use of ocean-going craft. 


Canals 


Even with their narrow beam (width) and shallow draft (depth of hull below the 
waterline), barges require a minimum width of channel and depth of water in 
order to move freely. In addition the channel must be free of obstructions (rocks, 
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rapids, sandbars, tree stumps, etc.) and must have no sharp changes in course. In 
addition, the gradient of the waterway must be low, or the velocity of the current 
would preclude upstream movement, and make downstream movement haz- 
ardous. Only in the largest of natural waterways are these conditions met. Even 
in these, it is frequently necessary to dredge and clean the main channels to 
keep them clear for navigation. 


Smaller waterways often require substantial modification to make them navigable. 
The course may be modified by straightening and rounding of curves. Shallow 
reaches may be dredged, or the depth of water may be increased using a combi- 
nation of levees, dams and 
dredging. In areas with seasonal 
fluctuations in water level, addi- 
tional modifications are needed to 
insure adequate water depth dur- 
ing the dry season, The greater the 
extent of the modifications, the 
less the channelized river resem- 
bles a natural watercourse. In 
some cases, difficult areas are 
bypassed entirely by construction 
of a short canal. Figure 1: A channelized river 


Sometimes it is necessary to dig an artificial watercourse to connect two naviga- 
ble waterbodies. These canals enhance the movement of materials by providing 
access to a greater area without the need to transship cargo. Canals can also be 
found cutting across a large meander in a river to shorten the traveling distance. 


Note: The term canal has been used to denote several types of artifi- 
ctal or modified waterways, including those used for irrigation or 
drainage. For this discussion, a canal is a watercourse expressly 
built or modified to accommodate shipping. 


Because of the requirement for a low, even gradient, canals are almost exclu- 
sively found in areas of smooth, level terrain, such as coastal plains, deltas and 
marshes, and along river valleys in areas of higher relief. The cost of digging 
through or bridging over obstacles can be prohibitively high, so a canal will usu- 
ally follow the low ground. Abrupt changes in the elevation of the watercourse 
are handled by the construction of locks or shiplifts to move vessels from one 
level to the other. 


Characteristics of Canals 


Canals and channelized rivers share many characteristics with other bodies of 
water. The water area is usually smooth and dark in color, except in certain 
combinations of sun and viewing angle, where the bright reflection is visible. 
(This reflection would only be seen in one image of a stereo pair.) Reflections 
from areas of disturbed water, such as the wakes of boats, will often be visible. 
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The surface is level and generally follows the lowest part of the valley. The dif- 
ference between a natural and a channelized watercourse is gradational in 
‘nature, depending on the degree of improvements made. The decision to call 
such a watercourse natural or channelized shouid be tempered hy the product 
specifications. 


The artificsal nature of canals, and to varying degrees, channelized rivers, is 
revealed by the straight to evenly curved alignment, the even width, and the reg- 
ular shape and slope of the banks. Levees may be present as the canal passes 
through low areas, or it may be cut into the ground as its course deviates from 
the valley bottoms. Because of the even depth of water, the canal will exhibit a 
uniform dark tone, except occasionally in the shallows near the banks. 


The presence of barges and 
other cargo vessels indicate 
that the waterway is used for 
transportation, Small pleasure 
craft may be found on many 
waterbodies not otherwise 
used for transportation, and 
the analyst should be careful 
not to confuse them with 
cargo vessels. The presence 
of one or more locks is the 
primary key in identifying a 
canal. When neither barges Figure 2: A canal as compared to an asphalt road 
or locks are visible, look for 

high clearances under bridges or for moveable spans. In addition, the bridge 
pillars may be surrounded by barriers to protect them from damage by passing 
boats. These characteristics will aid in differentiating a canal from an aqueduct, 
ditch or non-navigable natural watercourse. 


The dark, smooth surface of the water and the enhanced alignment of the canal 
may give it the appearance of an asphalt road. The presence of barges and locks, 
the absence of lane markings and the absence of connections to the rest of the 
road network help to identify the feature as a canal. In addition, canals are fairly 
wide when compared to roads. At least thirty meters is needed to allow two stan- 
dard barges to pass. 


Basins 


Lay-by basins are found where a canal is so narrow that it will allow only one 
shipping lane. The canal bank is cut away at a convenient point to form an area 
of water where vessels can lay-by until traffic coming from the other direction 
has passed. These are analogous to passing tracks on single track railroads. 
Turning basins are areas on the channel or canal that have been enlarged to 
allow for the turning of vessels. 
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River iver Channe) —_——— a ver Channel 


Figure 3: Examples of basins on an inland waterway. Note the turning/lay-hy basin at 
the bottom of the right figure. 


On larger waterways, loading and unloading facilities may be located directly 
along the banks, but frequently there are basins cut into the banks to bring the 
barges out of the main channel and closer to the facilities they serve. These are 
analogous to railroad sidings. 


Locks 


A lock is a narrow rectangular basin used for the raising and lowering of vessels 
between water bodies at different elevations. A ship enters the lock through gates 
at either end, and then water is either pumped into or out of the lock to bring it 
level with the other water body. On waterways with a high volume of traffic, 
locks may be paired to accommodate traffic 
moving in both directions. 


Lock widths and lengths will vary depending 
on the size of the vessels expected to use the 
canal, Most are between 17 and 33 meters in 
width and the usable length is anywhere 
between 120 and 370 meters. The vertical lift Figure “A single lock with miter 
distance varies from one meter in some tidal —_84¥es. Upstream ts toward the bottom 
canals to over 30 meters in major rivers such 9% figure. 

as the Columbia and the Snake. 


The locks are usually made of concrete and will appear white in tone. The lock 
gates are usually metal and will have a darker tone. In addition, some of the 
mechanisms for opening and closing the gates 
will be visible, as well as a control building. 
Often there will be a guide wall before and 
after the lock on rivers. 


Several different types of gates may be used 
on locks. The most coramon is the miter 
gate, a two-piece gate that, when closed, 
forms a “V” pointing upstream. This configu- 
ration uses the upstream water pressure to 


Figure §: Twin locks with miter 


gates. As in the previous figure, 
hold the gates closed. (The analyst can often upstream is toward the bottom. 
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SLIDING CAISSON GATE SHAFT GATE 
Figure 6: Five types of lock gates shown in the closed (left) and open (right) positions. 


use miter gates to determine the direction of flow in a watercourse.) Other types 
of gates include vertical lift, tainter, sliding caisson and shaft gates. 


Where rivers and canals connect to the sea, there may be a substantial tidal 
variation in water depth. To accommodate these changes, and maintain a navi- 
gable water depth in the waterway, tidal locks 
are constructed. If the tidal locks have miter 
gates, they can be identified by the fact that the 
gates point outward from the lock at both ends, 
instead of in the same direction. If other types 
of gates are used, only the lock’s position near 
a coastline would indicate that it is a tidal lock. 


Figure 7; Tidal lock 

Dams and weirs are often constructed on rivers 

or canals to maintain navigable water depth, to reduce gradient and current 
velocity, for flood control, or to impound water for irrigation or other uses. In 


Figure 9: A thrift basin 
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these areas, the locks are used to allow ships access past the dams. If the change 
in elevation is large, a series or flight of locks may be required. In other cases, 
locks are used along canals connecting waterbodies at different elevations. 


Basins are often built parallel to the lock chambers to use for water storage (thrift 


basins) in areas where an adequate water supply is not available, or for use as 
lay-by or turning basins. 


Shiplift 


A shiplift, jike a lock, is a struc- 
ture which moves ships between 
waterbodies at different elevations. 
A ship will maneuver into a water- 
tight tank-like basin with gates at 
both ends. The entire basin is then 
raised or lowered like an elevator. 
The mechanism may be either 
mechanically or hydraulically oper- 
ated. Shiplifts are used in locations Fégure 10: A side Iift sbiplift 

where there is a substantial change in elevation, and construction and operation 
of a shiplift is more economical than a flight of locks. They may also be used 
where there is an insufficient supply of water to operate a lock. 


DONATE 
: \/ 


Figure 11: A front lift shiplifi 
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Figure 12: A front lift shiplift being used to lower a vessel. 


A shiplift will be large enough to hold one ship only, usually thirty to forty 
meters long. Shiplifts consist of a light-toned concrete base upon which the steel 
truss framework for the lifting mechanism is built. The large size of these struc- 
tures, as well as their position in between waterbodies of differing elevation 
makes them easy to identify. 


Gates 


A sluice gate is a gate, not associated with a dam, used to regulate the flow or 
level of water, whereas a weir is a fixed structure with the same purpose. They 
can be found on both navigable and non-navigable waterways. Along coastal 
areas, tidal sluice gates are used to maintain a suitable water depth in basins and 
canals during periods of low tide, or to protect areas from inundation during 
high tides. On navigable waterways, locks are used to bypass the sluice gates. 
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ENTIRE STRUCTURE | 
GUILLOTINE GATE DRO? GATE 


Figure 13: Safety gates 


Safety gates seal off a section of a waterway in the event of a breach. They are 
most frequently found near an intersection with another waterway. The most 
common type of safety gates are large plate-girders suspended in a massive 
superstructure. They may operate either on the guillotine principle, where the 
plate girder is dropped into place, or the entire girder and supporting structure 
can lowered into the water. Their massive construction makes them easy to iden- 
tified from the air. 


Terminals 


Inland waterways generally do not have large port facilities, such as those asso- 
ciated with maritime shipping. Cargo is normally loaded and unloaded from 
individual facilities, either directly on the watercourse, or in a basin attached to it. 


The historical reliance on shipping for transportation lead to the construction of 
many industries along inland waterways. Therefor, those that still rely on barges 
for delivery of raw materials are ideally situated to have the materials delivered 
directly. Since raw materials are not so conveniently located, they must be deliv- 
ered to a transshipment facility by truck, train or pipeline. Some materials, such 
as refined petroleum products, are also delivered to transshipment points for dis- 
tribution to users not located near the watercourse. 


These terminal facilities can be identified by the presence of moored barges, 
conveyors, cranes or other cargo handling equipment and storage facilities. 
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Note: For our purposes, a positive (+) sign will never precede the first number 
or letter of an equation. It is understood that if there is no sign, the operand or 
sign is considered to be positive. 
A negative term always precedes the negative (—) sign. See the example. 
Example: -3a*bc 
e. _ Like/similar and unlike/dissimilar terms are two more words you must know the meaning 
of. Like/similar terms are those terms that have the same bases (numbers and letters) raised to the 
same power. See the examples. 


Examples: 3a*bc 4a*bc 


Unlike/dissimilar terms are those terms that have the same bases (numerals and letters) raised to 
different powers. See the examples. 


Examples: 3a*bc 4ab>c 


Try these challenges to reinforce what we have discussed thus far. 


(Define) 


Define the term "numerical expression." 


(Define) 


Define the term "literal expression." 


1-3 


Figure 66: Cargo handling facility 


On the airstrip side of the cargo handling facility, the parking apron is illumi- 
nated by apron floodlights, and is occupied by various handling vehicles such as 
forklifts, tow motors and trailers. Aircraft being loaded/unloaded are not always 
Present on the cargo parking apron when it is observed. When not actively 
engaged in loading cargo aircraft, the transfer vehicles and handling equipment 
are usually parked on the apron’s edge or inside of the warehouse structure. 
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Figure 14; Some of the various types of cargo handling equipment found at inland waterway terminals. 


The storage facilities may consist of tanks, elevators, warehouses or open storage 


areas, If the materials are being transhipped, a rail or truck loading/unloading 
facility will also be present. 


Ports AND HARBORS 


General 


Ports 


Ports are settlements with installations for handling waterborn< shipping. 
Principle port facilities consist of berthing space, storage space, cargo-handling 
equipment, cargo transshipment facilities, and vessel-servicing facilities. Ports are 
classified on an area-wide rather than a worldwide basis. Meaning, a principal 
port in a small maritime nation may be equivalent to a minor port in the more 
extensive port system of another country. In wartime, principle and secondary 
ports and bases are prime targets for destruction, and the relative imponance of 
minor posts increases. 
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A port may have various structures affording berthing space or it may be any 
place a vessel can be made fast. These structures include piers, moles, wharves, 
or quays. Wharves and quays are parallel with the shoreline, while piers and 
moles extend out at an angle from the shoreline. Perhaps the most important dif- 
ference between these structures is that piers are supported by pilings driven into 
the harbor bottom, while moles are of solid construction. 


Harbors 


These are areas where the anchorage and shore are protected from the sea and 
storms by natural or man-made barriers. Areas that do not have this protection 
but, are still suitable for vessel anchorage are called open anchorages or road- 
steads. A good harbor must have deep water, adequate protection from storms, 


ANOTATED OVERLAY OF A EUROPEAN HARBOR 


Figure 1: Examples of ports 
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Figure 69: Passenger terminal ata military airfield, note the covered walkway to the parking apron. 
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Figure 2: Layout of a harbor, shown as a tidal or non-tdal harbor, Note the presence ofa 
gate between the two breakwaters in the non-tidal harbor. 


enough space to accommodate large numbers of vessels, and a shoreline that can 
be developed as a port and as a site for industry. Harbors may be situated on the 
sea, estuaries, or inland lakes and rivers and may easily be recognized by abun- 
dant waterborne traffic and port facilities. 


A natural harbor is one that can be used without harbor works or improvements 
of any kind. Relatively few strategically located natural Larbors are large enough 
or safe enough to be valuable to shipping. The improved natural harbor is one 
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whose utility has been enhanced by the addition of artificial works and improve- 
ments. The artificial harbor is one that is created and maintained largely or entirely 
by human efforts. Many of the important harbors of the world are man-made. 


Harbor Works 


Harbor works, including protective works, are the structures designed to provide 
shelter, to control water flow, and to regulate erosion for the improvement of the 
navigability of a harbor. The principal categories and types of structures are; 
breakwaters, jetties, groins, sea walls, bulkheads, dikes, locks, and moles, Harbor 
works do not include port facilities that are designed specifically for the transfer 
of cargo and servicing of vessels. 


Breakwaters 


Breakwaters are structures protecting a harbor or beach from the forces of the 
sea. They may be located on the seaward boundaries of a harbor or can be 
located within the harbor itself. They may also be located just offshore, protect- 
ing the harbor or possibly a beach, If the breakwater is connected to the land, it 
is called peninsular, if it]|§_ (nn 
is entirely offshore, it is 
called insular. 


Breakwaters are narrow, 
linear structures that 
extend across or at an 
angle to the entrance of 
a harbor of appear as fin- 
gar Offshore features. If a 
portion of the fength of 
the breakwater is above = Fagure 3 Aerial view of insular and peninsidar breakwaters 
the water's surface while 

the remainder extends underwater, the end of the exposed portion could appear 
to be pointed due to the angle of the feature and the water's surface. The “point” 
will be towards the underwater section. 


When a portion of the breakwater is not wet it will generally have light tones 
on an aerial photo, but darkens when it becomes wet. Careful examination of 
the texture will assist the analyst in determining the material composition, One 


Concrete Rubble 


Figure 4: Cross sections of two breakwaters of different construction materials 


Photo Interpretation Teening Course 


970 Cultural Features 


made from rock will be relatively rough, while a masonry breakwater will have 
smooth edges. 


An observer may actually see how the breakwater works by paying attention to 
the surface wave patterns, The breakwater will considerably dampen wave prop- 
agation with calmer water in the harbor. 


Mole 


A mole is a massive break- 
water (tens of meters in 
width) with freight transfer 
facilities on it. A mole is 
constructed on the seaward 
side of a harbor and is not 
necessarily connected to the 
shore (insular). The mole is 
used for its protection 
against current and wave 
action, drifting ice, sanding 
up, and winds just as a 
breakwater does. Moles are 
large enough to accommo- 
date freight transfer 
equipment that is part of a 
wharf or along a quay wall. 
They usually have roads or even railroads on them if the feature is in a peninsu- 
lar position. 


Figure §: Mole diagram 
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Figure 73: A rotating beacon located near a hangar at a civilian air facility 
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Figure 7 fo jetties Cas where a river empties iita a body of water, Note also the POL 
bunkering pers (hy and POL storage tanks Co) ont the left side of the picture. 


Jetty 


A jetty is a solid linear structure of stone, concrete or other material that projects 
outatan angle from the shore. Jetties are usually found in pairs, and are located 
atthe entrance of a harbor or the mouth of a river. Their purpose is to restrain or 
control the direction of currents and to maintain the channel opening and depth 
from silting. Commonly, a light is placed at the end of the jetty out in the water 
for safe navigation. This feature looks similar to a breakwater, but its location is 
akey to identify it as a jetty, 


As mentioned, jetties are usually found where a river empties into a body of 
water (see Figure 7). This will give the appearance of the river extending out 
into the open water. Jetties are long narrow dinear features exhibiting light 
a tones when made 
Channelized Streams ‘ . 
lA of masonry or con- 


Ne 


Jetty forming the side 
of a basin 


crete, however, it 
will appear darker 
in tone when wet 
If the construction 
material rs rock, 
then the tone is 
usually darker 
The perception of 
texture will be 
dependent on the 
scale of the photos, 
One comprised of 
rocky material will 
be relatively rough 
while the jotty 


Figure & = Exaniples of bow a jetty may he used where two watercotrses titersect 
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composed of masonry or concrete will be smooth and may have a sharp edge 
if a wall is present. 


Jetties may be found when two watercourses intersect in an area that has been 
built-up. In some of these situations, the jetty may forrn the side of a tidal basin. 


Groin (Gryone} 


This structure (usually one of a group) extends usually perpendicular from a 
shore to protect the shore from erosion by tides, currents, or waves or to trap 
sand for making a beach, The resulting pattern may give the shoreline a saw- 
tooth or scalloped appearance because of sand being deposited on one side of 
the structure. Groins are found along coastal shorelines, or along the banks of 
inland waterways. 


Longshore current 
ee 


Figure 9: A series of groins along a shoreline. Note the build-up of sediment on the side of 
the groin which is down current. 


Training Walt 


The training wall is a structure 
built along a channel in order 
to direct the stream or currents 
through the channel. This fun- 
neling of the water movement 
hetps to increase the current 
thus promote a scouring action 
to keep the channel from silt- 
ing up. During high water, 
training walls are often sub- 
merged. On the down stream 
side of the walls, sediment 
| accumulates and eventually . 
sawtooth or scailoped appear- 
7 ance of the channel shoreline 
appears just as with a groin. 


Figure 10: These groins Craining walls) are placed along a channel 
to increase the speed of the current thus, reducing the amount of 
deposition in the main channel 
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Sea Wall — 


This is a structure built along the 
shoreline to protect the shore from 
erosional forces, The sea wall is a 
long linear feature that is only a 
couple of meters wide, They are 
constructed of concrete, rubble, or 
masonry and will usually exhibit a 
bright photographic tone. The sea 
wall is constructed at varying loca- 
tions on the shore. It may be right 
at the lind-water interface always 
protecting the shoreline from the 
sea or it could be built on the shore 
for protection during high tide or 
during storm surges (Figure 12). In 
this case. when viewing aerial pho- 
tos, the sea wall will usually appear 
as a light toned linear feature up on 
the beach away from the lind-water 
interface. 


The sea wall should not be con- 
fused with what is known as a quay 9Bg 
wall, that is used for berthing of 
vessels. Quay walls are covered ina Biase Mek aco dame 

later section. Another feature that Figure 1: Seawall construction 


( 


Seawall 


Land 


Figure 12: On the left isa seawall as a solid linear feature currently at the land -water-interface and on 
the right the seawall ts onshore for protection at high fide or diving storm surges 
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acts similar to a sea wall is the 
bulkhead. The difference is that 
a bulkhead is constructed of 
piles or sheet metal erected 
vertically along the shoreline. 


Berthing Facilities 


A variety of berthing facilities 
are used within the modern 
port. Each is designed for a 
specific purpose. The purpose Front View 
of the vessel's visit and/or Figure 13: Bulkheads 

the nature of the cargo will 

determine the type of berthing facilities. 


Berthing Buoys 


Berthing buoys, or mooring buoys, are provided in harbors where space restric- 
tions prohibit free-swinging anchorage, where the number of accommodations is 
limited, and as a more secure berth than can be provided by a ship's own 
anchors, 


Several types of berths can be provided by mooring buoys: a) free-swinging (one 
buoy), ship's head secured to buoy, b) bow and stern (one buoy), ship secured 
ahead by own anchors and astern to buoy, or ship secured ahead to buoy and 
astern to bollards ashore, ¢) bow and stern (two buoys), ship secured to buoys 
ahead and astern, Buoys may be held by a single anchor, but generally, two or 
more anchors laid at varying angles are used for greater holding capacity and 
more precise positioning of the buoy. When more than one anchor is employed 
each may connect independently with the buoy, However, ground chains from 
each anchor converging ata heavy sinker and secured by a pendant chain is 
more common. 


Mooring buoys (particularly those 
used by navai craft) may be fitted 
with submarine cable connec- 
tions for telephone, electricity, 
and water. 


Mooring buoys vary in design 
depending on their intended use. 
On aerial photos, the resulting 
shapes may range from simple 
circles to that of a four-leaf 
clover, all of which vary in size 
up to several meters across. 


Figure 14: Berthing or mooring buays 
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Figure 15: Mediterranean mooring 


Fixed Moorings 


Mediterranean Moorings 


Ships may lie in fixed moorings without buoys in a variety of ways. The simplest 
method is that of mooring with one or both anchors ahead and stern lines to 
bollards ashore, This is used where facilities 
are limited, and is commonly employed in 
Mediterranean pons. With the Mediterranean 
moorings, ships lay stern to and off at right 
angles to a quay wall or wharf. 


Dolphins 


Dolphin moorings usually consist of a group 
of posts lashed together at the top, measur- 
ing around one to three meters (3-10 feet) 
across. Dolphins are located off the shore 
and are used singly for breasting into or 
hauling out of a berth, and in a series for 
mooring a ship fore and ft alongside. They 
conserve space in « stream and are used 
either for idle berthing or for working cargo 
by lighter. Dolphins are often associated with 
a wharf either as a protective device at a 
wharf's corner and face, or as means of 
increasing the length of berthing space pro- 
vided by a whari face. Dolphins are usually 
cylindrica] or square shaped and will exhibit 
a light tone, in contrast to the much darker 
tone of the surrounding water. 


Figure ‘Different styles dolphins 
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(Multiple Choice) 
Which of the following signs must always precede the term of an expression? 


a. (+) 


be) 


Check your responses against the following answers to make sure that your responses are correct. 
If you defined numerical expression as an expression consisting entirely of numbers separated by 
signs, you are correct. If you defined a literal expression as an expression consisting of general 
numbers and letters, you are correct. If you answered the third challenge as "b," you are correct. 
If you answered any of the challenges incorrectly, review paragraph 1101 before continuing. If 
you answered all challenges correctly, you may proceed to the next challenge. 


(Multiple Choice) 


Which of the following expressions or groups of expressions is an example of 
like/similar terms? 


a, 2a? 

b. 2abc 2a be 
c. 3atbce  S5a*be 
d. 2a 4a* 
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Dolphins 


Figure 17: Dolphins extending the berthing space of a wharf 


Figure 18° Dolphins at a ferry landing slip 
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Figure 11: A front lift shiplift 
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Piling 


Another type of mooring device is the piling that 
consists of just a single post. These are much 
smaller than the dolphin and would be utilized 
by smaller boats. 


Bollard 


A bollard is a post (usually steel or reinforced a 
concrete) firmly secured on a pier, wharf, quay, -Fégure £9: Piling or post 
etc., for mooring vessels by means of lines 

extending from the vessel and secured to the post. They are usually a meter 

G3 feet) or less in diameter, and are difficult to discern on all but very large scale 
imagery. However, they may be located when a vessel is docked and the secur- 
ing lines are visible leading to the shore. It is at this location on the wharf or 
quay where the bollard is located. Bollards are usually not shown on charts. 


Bollards 


Figure 20: Bollards as they may appear on a wharf and pier. 


Piers / Wharves 


The majority of landing structures are either piers or wharves, and are defined as 
besthing places for vessels or decks for land based recreation. Piers project into 
the water at an angle to the shoreline. Berthage is usually available on both sides 
of the pier and at the head as well if the structure is wide enough. Variations of 
the simple straight pier are the T-head pier and the L-head picr, which are com- 
monly used to transfer bulk petroleum, and berthage is generally confined to the 
pier head. 
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Simple or straight pier 


Wharves form the pivot point for port operations, and detailed information con- 
cerning them is necessary to evaluate a port's capabilities. Generally, the term 
wharf includes all landing structures, even piers. Specifically, a wharf is a struc- 
ture that parallels the shoreline and provides berthage at its face only. Wharf 
design is determined largely by its intended use and by local conditions and 
engineering practices. Variations in the names of landing structures cause consid- 
erable confusion, and analysts should be careful to use the proper term. The 
term dock is properly used in northwestern European countries to designate a 
water area; in the U.S., however, it is applied generally, but erroneously to any 
type of landing structure. The pier structure is commonly called a jetty in British 
and other foreign ports, and all marginal structures are called quays. 


The wharf is classified as marginal, quay, or offshore. The marginal wharf and quay 
are both built parallel to and against the shore and differ only in construction type. 


in 
a 


f 


Figure 22: Pier, wharf. quey wall comparison 
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Pontoon wharf 


lll 
St 


Offshore wharf Mooring platform 


Figure 23: Wharf examples 


The marginal wharf is constructed on pilings over the water and is in a peninsu- 
lar position to the shore. The quay is a solid wall of masonry or other material 
and is back-filled with easth. The offshore wharf is a structure of oper pilings 
built parallel to but in an insular position off the shoreline. It may be connected 
with the shore by one or more approaches, gangways, or pipelines. A variation 
of the offshore wharf commonly used in the Far East is the pontoon wharf, which 
consists of pontoons of various constructions moored in a fixed position offshore 
and connected with the shore by one or more adjustable gangways. This type is 
used where the water level fluctuates considerably. 


Two special wharf types are the mooring platform and the breasting platform. 

The mooring platform is a small offshore wharf with a square platform or deck. 
It provides berthage for a ship but is too small for cargo transfer. Mooring plat- 
forms commonly are provided in groups of two or more, and ships are berthed 
across the heads. One or more of the mooring platforms is generally connected 
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with the shore by a narrow 
approach or trestle, and platforms 
may be connected by catwalks. 
The breasting platform is a small 
platform structure projecting from 
the face of the wharf bulkhead. 
Breasting platforms are usually 
provided in groups of two or 
more, and ships are berthed across 
the heads. 


Wharf construction and materials 
vary greatly, however, most struc- 
tures are either open or solid 
construction. Open construction is 
used for marginal wharves, off- 
shore wharves, and most piers. In Figure 24: Mole (a breakwater that also bas a 
its simplest and least permanent wharfon itwith a road or even a railroad) 
form, it consists of open-spaced 

wooden pilings supporting a wooden deck. Variations of design are numerous 
and contribute to the strength and permanence of the open structures, 
Substructures may consist of steel or precast concrete pilings. The superstructure 
or decking may vary from wooden joists and flooring to concrete and steel con- 
struction with an asphalt or other paved surface. 


These different construction materials will create a variety of tones associated 
with the wharves or piers. The wooden deck has a tonal signature of light to 
medium gray where a deck constructed of concrete will generally have light 
tones. The asphalt or steel surfaces will be medium to dark gray, almost black in 
some cases. Piers and wharves used as a transfer point of freight can exhibit an 
array of tones due to cargo, cargo handling equipment, buildings, roads and rail- 
roads, etc,, all on the deck of the wharf or pier. : 


Recreational Piers 


Some piers are used for recreational purposes such us for pleasure craft and will 
be very narrow compared to their lengths. This type of pier usually has a deck 
constructed of wood or even aluminum. The aluminum will give off very light 
tones with the wood surface having light to medium tones. When grouped 
together with other facilities for small boats the location can be referred to as a 
marina. Promenade piers are used for leisurely. non-boating activities and may 
have buildings on them and possible even amusement park attractions on the pier. 


This category of pier/wharf will typically be found away from industrial and 
cargo handling port areas and will be in marinas of along open shoreline 
Usually, there is a repeating pattern of piers paralleling one another ma marina 
(Figure 25). Some associated features include recreational boats docked along the 
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Figure 25; Recreational piers 


pier, exhibiting near white tones and nearly uniform sizes and shapes, ramps 
for off-loading and retrieval of boats, or a parking lot with vehicles, some with 
trailers attached to them. 


POL Bunkering Pier 


POL (Petroleum, Oil, and Lubricants) bunkering piers are large elaborate pier 
structures of varying shapes, equipped with facilities for loading and unloading of 
liquid cargo (usually crude oil or other petroleum products). Most of these oil 
bunkering piers are characterized by their extreme narrowness in comparison to 
wide dry cargo piers. This is because there is no need for temporary storage and 
handling areas. 


The piers may be constructed using a modified T-head pier or may be constructed 
offshore and served by a submarine pipeline. In both cases, the enn from 
shore usually have their origin in 
a nearby petroleum complex or 
storage tanks, The unique con- 
struction of these types of piers 
can easily be recognized, as ilius- 
trated in Figure 27, The offshore 
POL bunkering pier, sometimes 
referred to as an offshore loading 
facility, usually has the capability 
to accommodate two vessels — abraaGcerieisoc 
simultaneously. Figure 26: POL bunkering pier. See also figure 7. 
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Figure 28: Offshore loading facility 


Terminal Buoy 


Another type of offshore facility which transfers cargo is the single point moor- 
ing (terminal buoy), which is much smaller than a POL berth. The terminal 
buoy is, as its name implies, a buoy, and is charted as such. The terminal buoy 
may have a variety of shapes and is substantially !arger than the standard moor- 
ing buoy. It is positioned offshore in deep water with three or more chains 
attached to heavy anchors. 
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The terminal buoy has a revolving platform or swivel to which the tanker is 
secured as are the floating hose lines for cargo, bunker oil, and fresh water. The 
buoy’s flexible hoses are coupled to the ship's system, permitting ship and hose 
lines to swing together a full 360 degrees with the wind or sea. Product transfer 
is conducted through submarine pipelines connecting the buoy and a shore 
installation. An ancillary source should be used to identify it as a single point 
mooring. 


Quays 


A quay is a structure of solid construction along a shore or bank, which provides 
berthing and normally cargo handling facilities as well. It consists of a retaining 
wall with solid backfill, covered with a surfaced decking. A quay wall may be a 
simple facing of interlocking sheet steel pinning, a monolithic concrete wall, or a 
masonry structure built of stone or precast concrete blocks. Many quays abroad 
consist of large concrete caissons sunk in-line to form a wall, then back-filled 
with concrete or rubble and capped with a reinforced concrete deck. 


Quay Walls 


Cut-away View of Quay Wall 


Figure 29: Quay wall construction 


Basins are artificial, partially enclosed bodies of water that form a harbor or part 
of a harbor for the purpose of berthing vessels. They are usually bordered by 
wharf structures or quays. Gates or caissons may be constructed at the entrance, 
or at each end, to control the water level inside. 


Tidal Basin 


A tidal basin is a partially enclosed body of water that is affected by tidal influ- 
ence. Vessels berthed within a tidal basin rise and fall with the tide, thus creating 
a problem for the transfer of cargo. Tidal basins are open to the sea, and have 
No structures to allow them to be closed off. 
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Tidal Basin 


Half-Tide Basin 
Figure 30: Three types of basins found in ports. 


Half-tide Basin 


A half-tide basin is a lock large enough to handle freighters (which usually range 
in size of 75 to 150 meters (250 to 500 feet) in length). It operates with gates, 
which are kept open for several hours after high tide so that vessels may enter as 
long as there is sufficient depth over the sill. Vessels remain in the half-tide basin 
until the ensuing flood tide before they may pass through the gate to the inner 
harbor or wet dock that has quay walls 2!ong the boundary. If entry to the inner 
harbor is required before this time, water must be admitted to the half-tide basin 
from some external source. Owing to the enormous amount of water required to 
raise the water level it cannot be used at all states of the tide; hence its name, 
half-tide basin. 


Wet Dock 


The third type of basin is called a wet dock, or non-tidal basin, which is also a 
controlled level basin like the half-tide. This enclosed basin is separated from 
tidal water by a miter gate. Usually, ships are moved into the dock near high tide 
and the gates are closed when the tide begins to fall to maintain the water level. 


Photo Interpretation Training Course 


Chapter 3 
998 Cultural Features 


Transportation 


Cultural Features 185 


If necessary, ships are kept afloat by pumping water into the dock to maintain the 
desired level. A difference between a half-tide basin and a wet dock is that a wet 
dock allows vessels to pass in or out of the basin during any phase of the tide. 


It should be mentioned that basins are not restricted to coastal harbors. They can 
also be found along water courses or inland shorelines. 


. vm i ee. 
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Figure 33: Basins along a river 


Ramps 


Ramps are partially submerged hard surfaced areas on a shoreline for launch- 
ing and retrieving vessels or vehicles, They are primarily used in harbors near 
recreation piers. They usually are at the edge of a parking lot (small or large) 
and are identified on aerial photographs by the notch created by them in the 
improved shoreline. Ramps located outside of harbors are more difficult to 
identify, but can be located by searching for the hardened pad of the ramp. 
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Figure 32: Ramps located in a marina. 
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(Multiple Choice) 


Select the expressions or groups of expressions that are an example of unlike/dissimilar 
terms. 


a. 30D 

b. 3ab? 3ab? 
c. 3ab? Aab* 
d. 3abc 4ab>c 


The correct responses are for like/similar terms, item "c," and for unlike/dissimilar terms, item "d." 
If your answers are different, read paragraph 1101 again. If your answers are correct, you may 
continue. 


Now focus your attention on the various types of numerical terms so that you will get a definite 
understanding of their meanings. You will need to know and use them in future operations. They 
are monomial, polynomial/multinomial, (including binomial, and trinomial). A monomial consists 
of only one term. 


Note: A term may consist of a group of letters and numerals not separated by a plus 
(+) or minus (-) sign. 
Example: 2a? monomial 
we 


one term 


The term may consist of numerals and letters. The combination of numbers and letters is 
considered a term. A polynomial/multinomial consists of two or more terms. Usually, there are 
two or three, but the number of terms for a polynomial/multinomial is infinite. Here are examples 
of polynomial and multinomial terms. 


Examples: 3a” +4b_ binomial 
~~ 


two terms 


3a? +4b— 3c? trinomial 
ee 
three terms 
A binomial is a polynomial/multinomial consisting of two terms separated by an operation sign, in 
this case plus or minus. A trinomial is a polynomial consisting of three terms separated by an 


operation sign, in this case a plus or minus sign. To see if you understand the definitions of the 
various types of numerical terms, try this challenge. 
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This pad is constructed usually of concrete and will have a brighter return than 
the adjacent ground or parking area. The submerged portion of the ramp is 
usually visible because of the shallow water. 


Cargo Handling Equipment 


Cargo berthing space may be recognized by the presence of heavy handling 
equipment located on piers or wharves. However, very small ports may not have 
any such equipment, requiring vessels to supply and use their own. The equip- 
ment used for the movement of freight varies from manual labor to large cranes 
specifically designed for handling crates, containers, and heavy equipment. 
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Figure 33: Gantry and transporter cranes 
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The variety of cranes is large and it is difficult to classify them systematically. 
Likewise, terminology dealing with cranes differs greatly due to the variation in 
local and national technical terms. Cranes can be classified either on a basis of 
function or generic type. The generic types of gantry, transporter, cantilever, jib, 
floating, derrick, and shearleg cranes will be discussed next. 


Gantry Cranes 


A gantry crane is a traveling crane on rails that consists of a hoist on a heavy 
cross girder, called a bridge, which is supported at two points. Hoisting is per- 
formed by a trolley or cab that moves transversely along the bridge. Gantry 
cranes occasionally serve as a base for a jib crane, the latter being mounted on 
and capable of transverse movement along the bridge member. Gantry cranes are 
used extensively in shipyards for hull erection and in various industrial yards and 
shops for heavy lifting. They are usually electrically operated. Depending on use, 
they may range up to 250 tons capacity. Hoisting capacity is constant regardless 
of the position of the cab or troliey on the bridge. Gantry cranes are sometimes 
referred to as “bridge cranes.” An overhead crane differs from a gantry crane in 
that the supporting mechanisms do not move as they do on the gantry. 


Transporters are cranes characterized by a long beam (bridge) of relatively light 
construction, supported by one or more vertical uprights, or towers. There are 
twr .ypes of transporters. The bridge transporter is similar to the gantry crane, 
but it is of light construction. The tower transporter has a bridge that is sup- 
ported by a central tower. This type of transporter is usually located on a narrow 
pier. In both cases the crane is constructed so that it may travel beyond each 
supporting leg. They are normally used for handling loose materials such as coal 
or ores. 


Cantilever Cranes 


A cantilever crane consists of a base or tower structure on which is mounted a 
counter balanced, horizontal arm or jib. There is a trolley that can be racked 
along rails on the cantilevered jib that carries the hoisting sheaves. The trolley 
does not carry the hoisting mechanism but merely serves to support the fall, and 
its transverse movement is controlled by a system of sheaves and ropes, The 
entire machine may be mounted on rails for movement along the pier or wharf. 


Cantilever cranes are most commonly found in shipyards, although they may be 
used for cargo handling in special instances where a large working radius is 
required. They are normally electrically powered and range up to 250 tons or 
more in capacity. There are three types of cantilevers. The giant hammerhead has 
a fixed base and is usually located at fitting-out basins in shipyards. Titans have 
low bases and are relatively rare. Third, is the tower cantilever that resembles a 
tower jib crane. The difference between these two is that the tower cantilever’s 
arm is horizontal and the tower jib crane has the arms extending out an angle. 
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Tower Cantilever 


Figure 34: Cantilever cranes 
Jib Cranes 


A jib crane consists of the primary arm on which is mounted a shorter arm, or 
jib, extending at an angle. At the end of the jib are sheaves, which the fall runs 
through and where the load is suspended. The fall is raised and lowered by a 
hoisting mechanism built into the crane. Jib cranes are frequently mounted on 
gantry, bridge, or trestle bases, where they are capable of transverse movement. 
Because of their versatility, they are the most common cranes and have a wide 
range of uses. Various forms of the jib crane are common along wharves for han- 
dling general cargo and also for vessel construction in shipyards. They are 
usually electrically powered and range in capacity from 3 to 5 tons, but may 


have capacities of 100 tons or more. 
ag 
A 


Floating shear legs 


Floating Cranes 


A floating crane is almost any 
crane mounted on pontoons 
or barges. The float may 
range from a simple wooden 
barge to an elaborately con- 
structed steel hull with built-in 
balancing tanks and pumps. 


GED GED 


Floating jib 


Figure 35: Floating cranes 
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Figure 36: Types of {tb cranes 
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Large floating cranes are commonly used in harbor construction, salvage opera- 
tions, or transfer of heavy cargo to and from ships. Capacity may exceed 400 
tons in some cases. Small floating cranes are driven by internal combustion 
engines or operated manually and are used for many lifting tasks, 


Derricks 


Derricks consist of a vertical mast supporting a 

pivoting jib or boom and appear as a maze of 

braces and masts on aerial photography. The mast 

may be stayed by cables or beams anchored to the 

ground, with the fall running through sheaves at | 
the end of the jib. Large derricks are used for mis- 

cellaneous heavy-lifting tasks and run on steam, 

gasoline, diesel, or electricity. Small derricks are 

used for simple cargo handling and are operated 


manually or are driven by gasoline or diesel Derrick 
engines. Derricks and shearlegs are ihe simplest 
and least expensive cranes. Depending on size Figure 37: Derrick type crane 


and type, capacity may range from 1 to 40 tons. 


Shearleg Cranes 


A shearleg crane is a fixed hoisting 

device with a leaning tripod supporting 

the system of pulleys and cables. Heavy 

shearlegs may range up to 150 tons 

capacity. In hoisting and lifting motions, 

the operating dimensions are compara- 
te to those of the jib crane. 


Ship Yards 


Maritime shipyards are located at pro- 
tected harbors or estuaries, both of 
which must possess a sufficient depth to accommodate the ships launched or 
repaired. Inland shipyards usually produce and repair smaller vessels for use on 
rivers or lakes, but may also construct submarines. Boat yards producing smaller 
craft, both maritime and inland, can be located at any protected waterfront. Some 
of these yards are capable of building small, high speed naval craft. 


Slipways 


Shipbuilding yards are recognized primarily by the presence of slipways, some- 
times just called “ways.” It is rare to find a single slipway; they are usually built 
in groups of at least three and may number over ten in a series along the 


Figure 38: A shearleg crane 
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Figure 39: Layout of a large shipyard and how it may appear on aertal photos. 


shore. Associated with slipways are huge steel frameworks and traveling cranes 
for handling the steel girders and plates. The majority of slipways are situated 
so that the completed vessel can be slid stern first into the water. The slip vay 
is constructed with one end near ground level sloping down to the other end 
and into the water. This inclined bottom has an inclined rail (groundway), or 

a keelway leading from the head of the way, down into the water. It is this 
inclined bottom that helps identify the slipway and differentiate it from the 
drydock. The dimension of the area within a single set of frames limits the size 
of the vessels that may be constructed in the slipway. Occasionally two small 
vessels are built in a single slipway. 


Slipways for submarines can be specially designed, narrow and have relatively 
low framed covered structures, or may be the standard slipway modified with the 
additions of two parallel keelways, one on either side of the regular keelway. In 
this manner, several submarines, depending upon their class, may be under con- 
struction in a single slipway. 


Slipways may be more difficult to find in a military shipyard, because the slipway 
could have a structure over the entire length or just over portions of the vessel. 
This is done to prevent observation of the vessels within. 


Photo Interpretation Training Course 


Chapter 3 
9192 Cultural Features 


Portal crane 


Large gantry 


crane 


Inclined surface 


Figure 40: Slipway diagram showing the inclined surface 


Ship Yard Shops 


The essential operations in shipbuilding are: design and layout, fabrication, 
assembiy, erection, launching, fitting-out, and engineering. Design and layout 
(drawing of detailed lines of the entire ship’s hull and preparation of full-size 
templates of all structural parts of the ship) are done in a large, low rectangular 
building in well-lighted areas usually referred to as a mold loft. The mold loft is 
close to or built as a second story to the fabrication shop. The fabrication shop 
(cutting, drilling, punching, and forming steel plates to the size and shape of 
templates) is in a large, long rectangular factory-type building, usually the largest 
in the yard. 


Launching is accomplished by sliding the hull of a ship from the slipway into 
the water with little of the superstructure and interior completed. This is done 
to clear the limited slipway area as soon as the hulls are seaworthy. The unfin- 
ished vessels are placed in a fitting-out basin or dock where they are completed. 
Fitting-out basins may be differentiated from cargo handling docks, by the vari- 
ety of cranes, heavy handling equipment, and material shops and buildings 
present. Submarines are finished in fitting-out docks just as any other vessel. 
These docks, however, are often covered with a shed-like roof projecting out 
from the wharf and are called “screened docks.” Yards designed for repair only 
have no mold lofts or building ways, but usually have marine railways for haul- 
ing small craft out of the water and/or graving docks or floating dry docks. A 
great deal of shipyard work is done in the open, and outdoor cranes of various 
types are conspicuous, 
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The raw materials for ship building consist of large quantities of steel plates, 
which are normally visible outside of the fabrication shop. Pipes, steel objects in 
a variety of shapes, large castings, lumber, and various types of ship equipment 
are visible. This type of industrial activity requires a large labor force consisting 
of many skilled workers as well as manual laborers. 


Although the primary design of this facility is to build or repair ships, other types 
of products may be produced including dredges, cranes, floating drydocks, pre- 
fabricated houses, and a variety of small metal articles. Less frequently, rolling 
mills, hydraulic pumps, tractors, tanks, locomotives, and other heavy machinery 
are manufactured here. 


Vessel Storage And Repair Facilities 


Since there is a time lag between the unloading and reloading of a vessel, one 
area of the port that is removed from the main traffic lane is designated for the 
temporary storage of vessels. It may be part of the port complex or it may be 
located along a river bank next to the port complex when the port is on an 
inland waterway. Vessels are usually moored side by side and give a photo 
impression of a concentrated grouping of vessels in contrast with rest of the 
port area. 


When repair facilities are present, they are frequently collocated with the storage 
facilities. Repair facilities are identified by marine railways, floating drydocks and 
graving docks (often called drydocks). In all of these facilities, the hull of the 
vessel can be exposed to accomplish the repairs. 


Floating Drydock 


Floating drydocks are large U-shaped structure of one or more sections, which 
can be partially submerged by controlled flooding of its hollow walls and base to 
receive a vessel. The floating drydock is raised by pumping out the water so that 
the vessel's hull can be exposed for repairs. 


This type of drydock is not perma- 
nently attached to the shore and is 
out in the water. When no ships are 
in it and it has not been lowered to 
receive a vessc', the floating dry- 
dock is easily recognized on aerial 
photos by its rectangular shape and 
the high side walls rising up out of 
the water. If it is submerged, only 
the two long rectangular walls and 
gates would be visible. When there 
is a ship in the facility having repairs 
done, the side walls are parallel to 


Figure 41: Floating drydock with a vessel in tt 
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Figure 42: Plan view anda profile view ofan empty floating drydock 


and are much narrower than the vessel. On aerial photos, the vessel will 
usually overshadow the floating drydock making identification more difficult. 
Therefore, one must carefully analyze the vessels in a port for this feature. 
Also, look for the presence of cranes capable of traveling on tracks mounted 
on the walls of the floating drydock. 


These types of drydocks are portable and therefore can be located anywhere, 
not just in a harbor. 


Drydocks 


A drydock , also called a 
graving dock, consists of 
an artificial basin fitted 
with a gate or caisson, into 
which vessels can be 
floated and the water 
pumped out to expose the 
vessel’s bottom. The term 
“graving” is derived from 
the process of burning bar- 
nacles and other accretions 
from a ship's bottom. 


This massive structure, is 
part of the repair facilities 
in a port situated along 

coastal shoreline, inland ¥ 


shoreline, or river banks —pygesre 43; A floating drydock with a vessel in for repairs 
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Figure 44: Drydock: (a) water has been pumped out, b») drydock ts flooded. 


and is constructed in the ground along the waterfront or off the end of a pier. 
The elongated shaped basin will vary in size depending on the port and the size 
of vessels to be repaired there. A drydock built to accommodate super tankers 
can be many hundreds of meters in length. When the drydock is void of water, 
the construction material may be determined from the tonal signature. Concrete 
and masonry material will have medium to dark gray tones. These materials can 
appear darker than normal due to the location in an industrial area. Any steel 
construction of drydock will exhibit very dark gray tones. If it is filled with water, 
with a vessel in it or not, the feature will generally have the same tones as the 
water just outside the gates. 


The biggest clue to identifying drydocks is that they will appear as depressions 
along a shoreline. The top of this feature is at ground level, so any shadow of 
the drydock and most features within it appear in the interior of the drydock. 
oe Other features that 
may help identify this 
are the presence of 
s| ships appearing out of 
i] the water onshore, 
cranes near and over 
‘| the drydock, piers, 
wharves, etc. This fea- 
ture may be confused 
with a slipway, but 
remember, a drydock 
has a level bottom 
and the slipway bot- 
tom is inclined starting 
from the surface far- 
thest from the water. 


ty? 
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Pigure 45: Graving dock 
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(Multiple Choice) 
How many terms are there in a monomial? 


a. One 

b. Two 
c. Three 
d. Four 


You are correct if you selected "a." A monomial consists of one term. Remember, a 
polynomial/multinomial consists of two or more terms separated by an operation sign. A 
trinomial is a polynomial consisting of three terms separated by an operation sign. If you 
answered incorrectly, review the section on numerical terms in this paragraph before continuing. 


Now you must understand the use of reference as it applies to algebraic functions. A reference is 
a mark or sign, as a number, letter, or a symbol that directs you to a given point. See the 
example. 


Example: 


St ttt 


5 4 3 -2 1 0 12 3 4 ~°5 


Real Number Line 


The number line consists of a reference point (0) and equal value line segments on each side of 
zero (QO). In this case, on the straight line, zero (0) is the reference point. The "0" is the center of 
the positive and negative vectors. A vector is a directed line segment showing magnitude and 
direction. There are 10 vectors other than the reference point "0" in the example. There are five 
negative vectors to the left of the reference point "0" and five positive vectors to the right of "0." 
Each vector represents a unit. Using a Cartesian Plane, notice the direction of positive and 
negative numbers in relation to their positions. See the example. 
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Marine Railways 


Marine railways are a single set of rail 
tracks or a parallel grouping of tracks 
that run perpendicular tc the shoreline 
and extend from a point on shore down 
into the water. Overhead crane struc- 
tures are usually present next to the 
marine railways. The facility consists of 
the tracks, cradles, and a winding 
mechanism for hauling vessels out of 
the water, so the bottom can be 
exposed, There are two types of marine 
railways, the end haul and the side 
haul. The end haul has the vessel 
approach the railway perpendicular to the shoreline and then the vessel is cap- 
tured in the cradle and hauled onto shore (Figure 47). The side haul works by 
having the vessel parallel to the shoreline where it is captured on the cradle(s) 
and brought onto the shore. At this point the vessel is perpendicular to the 
tracks. In British terminology, the marine railway is called a patent slip. 


Figure 46: The marine railway as part of a 
small vessel repair facility. 


When identifying this feature, look for the presence of a smooth concrete, 
masonry, or earthen surface, rectangular in shape, sloping down into the water. 
This surface is usually more square with side haul types and elongated v-ith the 
end haul version. There will be a series of dark parallel lines on this smooth sur- 
face, these are the actual rails. One mignt be able to see the cradles and winch 
houses onshore. One obvious identifier in locating a marine railway is when a 
vessel is up out of the water. Marine railways are located in ports, shipyards, 
along inland shores, or rivers and associated with small vessel repair facilities. 


Do not confuse this feature with a graving dock or a slipway. Remember, the 
marine railway is not below ground level. 


Figure 47: Side haul and an end baul marine railway 
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Patant slip 
Figure 4& A vessel being hauled up onto the shore by way of a marine railway. 


Figure 49: Ship Lift. This lift can also be used io ratse vessels up to a@ level above the water, 
then hauled into a repair area. 


Gridiron 


Gridirons, or scrubbing grids, are the simplest of the repair facilities in construc- 
tion and lack the associated heavy equipment. A gridiron consists of a flat frame, 
usually of parallel timber balks, erected on che foreshore so that a small vessel 
may dry out for repair or painting at low tide. The name comes from the fact that 
the timber beams are arranged such that they form a gridiron (network of cross- 
ing straight lines) pattern. 


The operation of this feature utilizes the ocean's tides to place the small vessel 
on the gridiron. At high tide the vessel is maneuvered over the structure and held 
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Figure 50: cinder wn 


in place. As the water recedes, the vessel is lowered onto the gridiron. Nota 
common feature, the gridiron may be found on the foreshore near a fishing vie 
lage of small harbor, The tonal signature is medium to dark gray. Identification is 
easier when the gridiron is occupied by a boat. The presence of a boat out of 
the water and a structure underneath it helps to identify this feature, Note, there 
are no railways associated with this feature. 


Military (Ports and Harbors) 


Naval Bases 


Javal installations are designed to support and further the mission of sea-going 
vessels, provide personnel training, support communications, contain repair facili- 
ties, and handle logistics support, Naval installations are the most fixed of the 
military installations, because they must be situated where the critical anchoriges 
and channels for the navigation of warships are available, Ja addition, the neces: 
sary piers, drydocks, marine railways, shops and other repair facilities are usually 
of such permanence that moving them would be impossible. Because of its 
waterfront focation, a naval base is seldom confused with army or air bases, It is 
often easy. however, to confuse naval bases: with commercial shipyards as bod 
may be equipped with quays, drydocks, extensive repair facilities. cranes, fail- 
ways, ete, In addition, a number of different types of vessels may he present at 
commercial shipyards as well as naval bases, but the presence of warships, sub- 
marines, and service vessels will distinguish the base. Despite these similarities, 
naval bases will usually possess other characteristics of military installations such 
as housing, security fences and guard shacks, military equipment and recreational 
and training facilities, Naval stations located inland are usually engaged in basic 
militar’ training or naval fight training. They tend. therefore, to resemble army 
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Figure 32: Ramps located in a marina. 
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or air bases, unless the presence of ship-like structures indicate naval activity. 
Seaplane stations, which may be located on naval installations, are identified pri- 
marily by ramps, hangars and seaplanes in the water or onshore. 


Vessels 


During a war, the entire merchant marine of a belligerent nation may become a 
part of the armed forces of that nation, As such, each ship, regardless of its type, 
is of military interest. Thus, the photo interpreter is interested in every vessel 
capable of transporting men or supplies. Identification of vessels is of necessity, a 
specialty, but the general interpreter must still be familar with the main types of 
merchant ships. Y 


Passenger Ships 


They are usually from 140 to 500 meters (450 to 1,000 feet) long and present a 
more streamlined appearance than other merchant ships. Fifty percent or more of 
their deck space is taken up by the central superstructure, and they have from 1 
to 3 funnels (commonly known as smoke stacks). 


Freighters 


These vessels are the most numerous ocean-going merchant ships afloat. They 
are usually from 60 to 150 meters (200 to 500 feet) in length. They have blunt 
bows and sterns and parallel sides. Superstructure covers little area and may be 
split, but is usually in the relative middle of the ship. Freighters ordinarily have 
just one funnel that is located to the rear of the superstructure. 


Tankers 


Tankers used for transporting petroleum products are identified by a small bridge 
amidship, a single funrel near the stern, and a catwalk running the length of the 
ship, The bridge or superstructure is small in relation t> the size of the entire 
tanker, which can be well over 300 meters (1000 feet) in length. 


Warships 


Warships are easily distinguished from merchant vessels by their shape. Major 
surface warships with the exception of aircraft carriers, have streamlined hulls 
when viewed on aerial photos. Cruisers and smaller warships have long stream- 
lined hulls in relations to their width. In addition, naval vessels may also show a 
number of guns mounted in turrets or missile launching units on the center line 
of the ship and clustered around the superstructure. Aircraft carriers are easily 
identified by the large flat deck, aircraft on the deck, and deck markings. The 
carrier's superstructure is generally is mid-ship along the side. 
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Figure $1: Helicopter carriers 
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Figure $2: Aircraft carriers 
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Figure 53: Examples of a cruiser and destroyers 
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Figure 54: A frigate and an air cushion vebicle 
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Figure 55: Fast partol boats and a landing ship 


Harbor Defenses 


A variety of defense installations may be detected around a harbor and in a port 
area, not only for naval bases but also for commercial ports. Anti-aircraft guns 
and sea coast artillery may be present with land mines, beach obstacles, trenches, 
and casements, as part of local defenses. Underwater submarine nets and booms 
may be found at the harbor entrance to prevent entrance of unauthorized vessels 


and within the harbor to protect exposed points from torpedoes launched by ais- 
craft, submarines, or torpedo boats. 
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Figure 56: Submarines 
Other Port And Harbor Features 


Aids to Navigation (NAVAIDS) 


The term aid to navigation means any device external to a vessel intended to be 
of assistance to a navigator. Assistance that is provided will aid in the determina- 
tion cf position, charting safe courses, or provide a warning to dangers or 
obstructions to navigation. This term includes lighthouses, beacons, sound sig- 
nals, buoys, marine radiobeacons, racons, and the medium and long range 
sadtonavigation systems. The discussion of the aids to navigation in this section, 
however, will be limited to lights and buoys. 
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Example: 


Cartesian Plane 


The examples are used to show directions of positive and negative numbers. The concept of 
direction of positive and negative flow has many applications in electronics. Notice the positions 
of positive and negative numbers representing the vectors on the Cartesian Plane. You have just 
gone over material that explained line diagrams; those diagrams contained examples of the 
straight line and a Cartesian Plane. The purpose of the next challenge is to ensure that you 
understand the information. Try it! 


( Fill in the blank) 


A reference is a mark or sign, used as a number, letter, or a symbol that directs you to a 


. diagram 

. symbol 

. Negative point 
. specific point 


adap. 
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Lights 


Lights on fixed structures can vary 
from the tallest lighthouses on the 
coast flashing with an intensity of 
millions of candlepower, to a sim- 
ple battery-powered lantern on a 
wooden pile in a small creek. 
Located in fixed positions, which 
enable identification and accurate 
charting, lights provide navigators 
with a reliable means to determine 
their position in relations to the 
coastline and hidden dangers 
during daylight and darkness. 
The structures that house the 
light are often distinctively Figure 57: Light (secondary) at the end of a 
colored to facilitate their obser- breakwater marking the entrance to the harbor. 
vations during daylight. 


A major light is a light of high intensity and reliability exhibited from a fixed 
structure or on a marine site (except range lights). Major lights include primary 
seaccast lights and secondary lights. Primary seacoast lights are those major lights 
established for the purpose of making landfalls and coastwise passages from 
headland to headland. Secondary lights are those major lights, other than primary 
seacoast lights, established at harbor entrances and other locations where high 
intensity and reliability are required. Major lights are usually located at manned 
or monitored automated stations, 


A minor light is an automatic 
unmanned (unwatched) light on 
a fixed structure showing usu- 
ally low to moderate intensity. 
Minor lights are established in 
harbors, along channels, rivers, 
and isolated locations. 


Lighthouses 


: Lighthouses, all of which exhibit 
major lights, are placed where 
they will be of most use: on . 
prominent headlands, at 
entrances, on isolated dangers, 
or at other points where it is 


Pa PTT, necessary that mariners be 
Figure minor light powered warned or guided. Their princi- 
Figure 58: A secondary light at by a battery, recharged through ple pukooee ie to suppe Bi light 
the end of a breakwater. the use of a small solar panel, 
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at a considerable height above the water. In many 
instances, sound signals, radiobeacon equipment, 
and operating personnel are housed in separate 
buildings located near the tower or building, Such 
a group of facilities is called a light station. 


For many lighthouses the most obvious identifying 
feature is the tall, cylindrical tower with the light 
positioned at the top with a walkway around the 
glassed-in light. As previously mentioned, some 
may have distinctive large painted patterns on the 
tower that can also be used to identify this feature. 
Keep in mind that all lighthouses are not of this 
design, but the light on the top of the structure is 
usually discernible. Use of an ancillary source (i.e. 
Notice to Mariners) may be needed to locate some 
of these features. 


Range Lights 


Range lights, or harbor beacons, usually consist of 
self-supporting, tapered lattice towers with lights 
on top and, in some cases, radar reflector panels 
on the sides. They are placed onshore in a manner 
as to sit in-line with the center of a deep-water channel or an entrance to a har- 
bor. This line of sight may be visible on aerial photographs because of a clear cut 


Figure 60: Lighthouse with 
very distinctive markings 
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RRO when entering the harbor 


Figure 61: This ts a graphic representation of the placement of range lights for this harbor. 
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from the rear light to the front beacon and down to the water. When these bea- 
cons are placed within a cultural area they may be lost within the clutter of 
features. The rear light is higher than the front light and at a considerable dis- 
tance apart (this distance is variable depending upon the specific layout for the 
location). Thus, enabling the mariner to use the range by keeping the lights, 
structures, or radar returns in line during the progression up the channel. Range 
lights are sometimes used during daylight hours through the use of high intensity 
lights, Otherwise, the range light structures are equipped with day marks for 
ordinary daytime use. 


Figure 62: Range lights 


The lights discussed here are just a few of the many different types of lights used 
by vessels for navigation. Much more information is required about a light than just 
its location derived from the interpretation of aerial photographs. Therefore, refer 
to Chart No. 1 United States of America Nautical Chart Symbols and Abbreviations, 
prepared jointly by NOAA and DMAHTC; and DMA’s Pub. No. 9 American Practical 
Navigator, Bowditch; or Chart Specifications of the International Hydrographic 
Organization (THO) for discussions and symbology on the characteristics of lights 
and other hydrographic information found on charts, 


Pipelines 


General 


In spite of the high initial setup costs, pipelines are still the most economical 
means of transporting liquid or gaseous materials, particularly when large quanti- 
ties are involved. For this reason, pipelines are extensively used for the shipment 
of water, oil, gas, and other materials, as well as the movement of waste materi- 
als to disposal or treatment sites. Even solid materials, such as coal, can be 
pulverized and mixed with water to form a slurry, which can then be pumped 


cect 


harbor. 
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through a pipeline. Cities and industries could not exist in their present size 
and form without pipelines. 


A pipeline exists to transport a large quantity of material from a producer to a 
customer, from a source to a destination. Movement along a pipeline is almost 
always in one directicn only. If a return flow is needed, a second pipeline is 
utilized. ‘This is different from the other transportation systems discussed, where 
movement in both directions is common. In this section, we will concentrate 
on pipelines used to carry materials between source and destination points. 
Pipelines internal to various facilities will be discussed under Chapter 4, 
Industrial Components. 


Gases and liquids are fluids, that is they have no definite shape and conform to 
the shape of their container. They move or flow in response to gravity or other 
forces, Gases expand to fill the space they are contained in, and can be com- 
pressed into a smaller volume. Liquids are essentially incompressible, and will 
maintain a level, free surface if their volume is less than that of their container. 
It is these similarities and differences that dictate how gases and liquids must be 
handled. Liquids, because of their greater density and fixed volume, flow down- 
hill readily, while gases need to be introduced into the pipeline under pressure 
in order to induce flow. For uphill grades, both fluids require pressurization. 
For short pipelines, such as those internal to a facility, the initial pressurization 
is sufficient to carry the material to its destination. For longer pipelines, a series 
of relay stations (compressor stations for gases and pumping stations for 
liquids) are required to overcome frictional losses and to move the material 
through uphill grades, 


There are three types of pipelines, feeder lines, trunk lines and distribution 
lines. In any pipeline system, one, two or all three types may be present. Feeder 
lines are small diameter lines that collect the fluid from source areas, such as oil 
and gas fields, and transport it to a processing site, a storage site, a point of 
consumption, or to a trunk line. The trunk line is of larger diameter and trans- 
ports the fluid to a processing or storage facility, a point of consumption, or to 

a system of distribution lines. The distribution lines are small diameter lines that 
divert part of the flow in the trunk line to a particular point of consumption. 


PIPELINES 
FROM WELLS 


Figure 1: Feeder pipelines in a small oil field, The oil is stored in the gathering tanks and sent through a 
gas/oll separator before being sent through the trunk line to the refinery. 
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The appearance of the pipeline does not provide much of a clue as to the mater- 
iat being transported. The best clues to this information are the terminal and 
storage facilities, and relay stations associated with the pipeline. These facilities 
may be the only clues to the presence of a buried pipeline. The association of 
the pipeline with features such as oil fields, urban areas and reservoirs will also 
give an indication of the materials being transported. 


Pipeline Routes 


The location and appearance of a pipeline are determined by two main factors, 
the relative location of the source and destination, and the environmental condi- 
tions along the route. The relative locations cf the source and destination dictate 
the type of terrain to be crossed. The environmental factors determine the spe- 
cific route, whether the pipeline is placed under, on or above the ground’s 
surface, and other special engineering adaptations. 


Pipeline Route Location 


The most important factor in determining the route of a pipeline is economy. 
First, the construction costs must be minimized. Therefore, whenever and wher- 
ever possible, the pipeline will foliow level terrain and gentle slopes, and will be 
laid in straight lines. It will stay in open areas, rather than going through brush 
or forest, and will avoid hard to excavate soils if it is to be buried. The pipeline 
will go around rugged terrain and other adverse areas, if this does not signifi- 
cantly increase its length. There are no grade limitations on a pipeline. Increasing 
uphill gradients will increase the number of relay stations required along the 
route. 


Second, it must be economical to use. This means moving the maximum amount 
of material through the pipeline with a minimum number of relay stations, These 
relay points are expensive to operate and are subject to breakdowns which 
would interrupt the flow of materials. Economy of use also means that it must be 
possible to tie in new feeder lines from new sources, or distribution lines to new 
customers. Where the pipeline is subject to deterioration, by electrolysis or other 
means, special adaptations must be made to protect the system from damage. 


Finally, the pipeline must be economical to maintain. All points along the route 
of the pipeline must be readily accessible. For this reason, pipelines are often 
placed along the right-of-way of other transportation systems, such as reads, rail- 
roads and powerlines. This also allows the pipeline to use existing bridges to 
cross over rivers and other obstacles. The route must be kept clear of any vegeta- 
tion other than grass. The resulting cleared way can be readily observed on 
imagery of even medium to small scales. Hazards to the pipeline, such as freez- 
ing, flooding, erosion, deterioration, earthquakes, vandalism, etc., must also be 
taken into consideration. 
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Figure 2: Tank types and the petroleum products associated with them 
Pipeline Placement 


The most inexpensive method of laying a pipeline is to set it on the surface of 
the ground. This minimizes excavation to that extent required to provide an even 
surface to support the pipeline. In most cases, the pipeline does not actually sit 
on the ground, but is supported by a series of small piers which compensate for 
irregularities in the ground’s surface. As well as minimizing construction costs, 
this also leaves the entire length of the pipeline readily accessible for mainte- 
nance. Setting the pipeline on the ground’s surface leaves it exposed to the 
weather, and to accidental damage or vandalism. It also becomes an obstacle to 
any vehicles traversing the area, and special accommodations must be made 
where the pipeline crosses a road or railroad, Therefore, pipelines are normally 
set on the surface only in sparsely populated areas with warm climates, or for 
expedient and temporary pipelines, such as collection feeder pipelines in oil 
fields, and those associated with military operations. Pipelines are also set on the 
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surface in areas with bitte soil cover oF 
hard to excavate soils, 


Crossing points must he constructed where 
surface pipelines cross roads or railroads, 
At one type of crossing point, the pipeline 
is simply buried underground for a short 
distance, allowing the road or railroad to 
pass over it, These are easily recognized, an 
the pipeline disappears at the crossing 
point, and there is no discernible change in 
# the road. An other alternative is to elevate 
the pipe a sufficient distance to allow traf- 
fic to pass under it. This is accomplished 
by placing a vertical jog of loop in the 
pipeline, The shadow of the elevated see- 
tion of pipeline is very distinctive. A third 
method is to build a ramp over the 
pipeling, This is used extensively in oil 
fields where feeder lines are placed on the 
ground's surface. The ramp is usually easy 
to spot, as the pipeline is covered for only 
the width of the ramp. The shadow of the 
ramp may be visible. Frequently, several 
tracks or loose surface roads will converge 
at the crossing point. 


ae J In some cases the pipeline must be ele- 
Figure 3: Tae types of pipeline crossing pottts vated above the ground's surface, The 
Alaskan pipeline, for example, is set above 
the ground in order to prevent heat from the warm oil in the pipeline from melt- 
ing the permanently frozen ground, Pipelines may also be elevated for short 
distances when crossing areas subject to flooding, or in areas of electrolytic soils, 
where contact with the ground would cause rapid deterioration of the pipe. 


Many pipelines, particulary 
in the more industrialized 
countries, are buried under- 
ground. This protects them 
from damage and the 
weather, Placing the 
Pipelines underground 
avoids interfering with other 
uses of the surface. This also 
makes detecting and identi- 
ing pipelines on image _ ? 
Lib ladda Y. Figure 4: Junction manifold with valves where a distri- 
bution line exits the trink line. 
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Although most of the pipeline is buried, some parts must remain exposed for 
operaticnal and maintenance purposes. These, along with the cleared way, can 
be used to locate and identify both buried and above-ground pipelines. 


Components 


A manifold is 4 connection point, where two or more pipelines meet, or where 
a valve, regulator, meter or other control device has been installed. Valves are 
used to control the flow of fluids through a pipeline, and ts shut down the 
pipeline in case of a leak or break, Regulators reduce the pressure of the gas as 
it enters distribution lines. Valves and regulators are frequently controlled by 
microwave radio, so that emergencles can be controlled immediately, rather than 
waiting for a crew to reach a remote location. 


Relay stations, storage facilities and terminals are also located on the surface. In 
addition, pipeline route markers are placed at intervals along the pipeline, espe- 
cially where the pipeline crosses a road or railroad. These markers serve as a 
warning to anyone who is excavating it the area that their activity may damage 
the pipeline. 


Figure 5: large pipeline manifold at an oil pumping gation 
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Steel and cast iron are the dominant materials used for oil and gas pipelines. 
Concrete is often used for larger water systems and some sewer systems. 
Masonry and tile pipes have been used, particularly in older systems, Bamboo 
and flexible hose have been used locally for small systems, and plastic piping is 
becoming more common. The smaller, lightweight, “primitive” pipelines may 
look much more irregular than their lerger counterparts. 


identification of Pipelines on Imagery 


Surface pipelines will appear narrower than roads or railroads, and will have reg- 
ularly spaced angular jogs (expansion loops) that compensate for expansion 
and contraction of the pipeline due to temperature changes. Expansion loops are 
found on <I pipelines, but they are much more closely spaced on steam 
pipelines. The closely spaced expansion loops are the key to identifying steam 
pipelines, 


Above ground pipelines are 
distinct from and darker 
than the surrounding 
ground. Buried pipelines 
may be revealed by the scar 
in the earth, and their trace — 
may be discontinuous. Figure 6 An expanston loop on an above ground 
Pipelines are: straight, with pipeline, Note the small pedestals upon which the pipeline 
angular bends, but may be a 

very gently curved, Junctions and branchings are rare (except around oil and gas 
fields and urban distribution systems), and are normally angular, but may be tan- 
gential, Although the alignment is straight, there will be little evidence of cuts 
and fills, as pipelines follow the surface of the ground. A cleared way wil! be 
present whenever the pipeline passes through a forested area. Pipelines are more 
likely to cross the drainage pattern than to follow it. 


When a pipeline crosses a body of water, it is normally place on the bottom, in 
which case there will be no visible indicators of its presence. A surface pipeline 
will be observed entering the water. A buried pipeline may have route markers 
placed along the shoreline ar the point of entry. Occasionally, the pipeline may 
be suspended from floats, and remain on the surface. The contrast between the 
water and the pipeline and its floats will make it easy to locate and identify. The 
floats can be as elaborate as a set of small barges or pontoons, or as simple as a 
series of empty 55 gallon barrels, Floating pipelines would only be used in areas 
where they would not interfere with maritime traffic. 


Relay Stations 


As a fluid passes through a pipeline, friction slows down its movement. Uphill 
grades along the route require the fluids to be buosted up the grade. For this 
purpose, relay stations are placed at intervals along the pipeline route. Relay 
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stations consist of pumping stations 
(for liquids) or compressor stations 
(for gases) along with pipe mani- 
folds, regulating tanks, storage 
tanks, and other associated features. 
Relay stations propel the fluid 
through and regulate flow in the 
Pipeline. The spacing of the relay 
stations depends mainly on the 
topography, but is also influenced 
by the size of the pipe, the speed of 
movement and the type of material 
Figure 7: Diagram of an oil pumping station being moved. Over similar terrain, 
pumping stations will be more 
closely spaced (16 to 100 km) than gas compressor stations (80 to 160 km). 


Both pumping and compressor stations have a small, narrow, rectangular build- 
ing which houses the pumps or compressors. It may have a gabled or flat roof, 
but will always have ventilators spaced along the length of the roof. If the pumps 
are powered by internal combustion engines, the exhaust pipes, with mufflers, 
will be visible along one side of the building. The number of pumps or compres- 
sors, and thus the length of the building, are proportional to the size and 
capacity of the pipeline. 


AL 
FLARE 


An oil pumping station will usually have two or three small, regulatory tanks 
with cylindrical, flat or peaked roofs nearby, as well as a pipe manifold. A gas 
compressor station will usually have a pipe manifold, and a gasometer may or 


Figure & Diagram of a gas compressor station. Note the presence of the cooling tower 
and blimp tanks. 
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If you selected "d," your answer is correct. You may continue. If it was not, review paragraph 
1101 before continuing. Try the next challenge. 


(Define) 


Define the term vector. 


You are correct if your response is the following: A vector is a directed line segment showing 
magnitude and direction. If you were correct, you may continue. If your response is incorrect, 
repeat paragraph 1101 before continuing. 


1102. Solve Mathematical Problems 


The next item of discussion explains how you must perform all operations. The conventional 
priority operation method will be used in this lesson and throughout the study unit. This method 
is selected to ensure that everyone working the same problem comes up with the same solution. 
The sequence of the conventional priority method is as follows: 


1. Solve all roots and powers. 


2. Perform all multiplication/division. 
3. Perform all addition and subtraction. 


1-8 


296 Cultural Features 


Figure 9: A typical gas compressor station. Blimp tanks are located at the far left of the picture. Individual 


coolers for the compressors are on the right side of the building. Note the shadow of a tater tower in the 


foreground. 


may not be present. Water pumping stations consist of a small building housing 
the pumps and an elevated or tower-mounted regulatory tank. Sewage pumping 
stations are small, plain buildings with no associated tanks. The sewer line will 
not be visible. Within an urban environment, the small sewage pumping station 
will be hard to detect. 


A “city gate” is a station on 
a natural gas pipeline, 
located near a major point 
of consumpticn (such as a 
city) where the pressure is 
reduced and the flow is 
metered. The gas then flows 
along a branch line to the 
puint(s) of consumption. 
The station consists of a 
manifold with valves, 
meters and regulators. A 


eae Figure 10: A pumpbhouse typical of those associated 
small building may be asso- with water wells. Sewage pumping stations are similar 
ciated with the manifold. in appearance. 
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Terminals 


The large size and distinctive appearance of termina! facilities make them easy to 
identify. The storage facilities associated with the terminal are the best indicators 
of the contents of a pipeline, a3 each product has distinctive storage require: 
inents, Since a pipeline is normally used for one-way transportation, there will be 
a source terminal and a destination terminal, Occasionally, a pipeline will end at 
a point of consumption, such as a manufacturing plant, where the obvious clues 
are absent. In these cases, a detailed examination of the components of the facil- 
ity must be examined. 


Source terminals can be oil or gas fields, reservoirs, rivers, storage areas, process- 
ing plants, or transshipment facilities. In any case, there will be a terminal 
pumping or compression station to propel the fluid through the pipeline. 
Terminal pumping stations arc large buildings, substantially larger than relay sta> 
tions. Destination terminals can be storage areas, processing plants, transshipment 
facilities of points of consumption. Storage facilities will also be present. 


Figure 11: POL hunkering ler. Note the relatively narrow pler, the presence of pipelines and tanks, and 
the absence of cranes and other cargo handling equipment. 
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Figure 12: An oil tanker moored at a loading buoy, Note the relatively large size of the buoy and the 
pipeline emerging from the left stde. 


OT 


— 8 OL 


Figure 13: A closeup af the loading buoy from figure 12 


An oil terminal pumping station will have a large pipe manifold, and a complex 
of pipes around the building. Storage facilities consist of cylindrical tanks, and 
occasionally spherical or spheroidal tanks. Open oil reservoirs are found at some 
oil fields, 


A gas terminal pumping station will also have a large pipe manifold, but not as 
much pipe around the building. The building is high-roofed, and smokestacks 
are present. Storage facilities consist of wet or dry gasometers, but cylindrical, 
flat-roofed tanks tnay also be present. 


Water purification plants are located near the urban areas which they support. 
Associated with the purification plant is a pumping station which sends the water 
to th: elevated tanks and water towers that supply the area. The building is 
Large, frequently more than 50 meters (150 {0 in length. If a pipe manifold is visi- 
tle, it will be simple, with large diameter pipe. Several small tanks fur chemicals 
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Figure 14: A large gas terminal pumping station. 11 this case, the compressers are placed it the ofan 
rather than tuside a pumphouse 


Photo titerpretaton: terrinige Conese 


_. ae wees points Where it is 


—— necessary that mariners be 
EN Figre SI A minor light powered warned of guided. Their princi- 
Figure 5& A secondary light at by a battery, recharged through 


the end of a breakwater. the use of a small solar panel. ple purpose is to support a light 
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used in water purification will be present. The water source (reservoir, river, 
wells, etc.) may be nearby, or the water may be brought in from a distant source 
via pipeline or aqueduct. 


Sewage treatment plants are characterized by the presence of a number of round 
and rectangular aeration, sedimentation and treatment ponds. Sewage treatment 
plants are larger than water purification plants, and have more ponds. There will 
not be a water tower present. 


For more information about sewage treatment plants, see Disposal Industries 
in Chapter 4. Oil and gas processing plants, and water treatment plants are 
discussed in Chapter 4, Processing Industries in the same chapter. 


Aqueducts 


An aqueduct is an artificial channel designed to transport water, for domestic 
purposes, from a remote source. The aqueduct is constructed with a steady 
downhill gradient, and the water flows to its destination without the aid of 
pumps. They are different from pipelines, in that the water is not confined to a 
closed conduit, and that water flow is maintained by gravity rather than pump- 
ing. Aqueducts are used worldwide, and extend from the water source to a city 
or town, or to industrial plants, sometimes emptying into another reservoir or a 
water filtration plant. 


Aqueducts are normally built by excavating a trench in the ground’s surface. 
Where soil conditions permit, the earthen slopes form the sides of the aqueduct. 
In many cases, the aqueduct is lined with masonry, concrete or asphalt to pre- 
vent erosion and loss of water. 


In order to maintain the steady downhill gradient, aqueducts must be carried 
across valleys and other depressions on man-made, bridge-like structures. Various 
construction types are possible, but most common is the Roman masonry arch. 
Taller structures commonly use a multi-level arch. The aqueduct can be carried 
over smaller streams on 
flumes, or under the stream 
via pressure pipes known as 
inverted siphons, In some 
aseas, it may be necessary to 
carry the aqued sct through 
tunnels cut into the hills. 


Note: the term aqueduct ts 
sometimes applied to the 
bridge-like structure, rather 
than the channel. This {s espe- 
ctally common when referring 
to the Roman aqueduct 
bridges mentioned above. 


‘ 
‘ 


Figure 16: An aqueduct on a Roman arch type bridge 
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when entering the harbor 


Figure 61; This is a graphic representation of the placement of range lights for this harbor. 
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Figure 17: An aqueduct crossing over a river 
Aqueducts are usually open, but may be covered to reduce water loss through 


evaporation. Where an aqueduct crosses a valley on a bridge, it may also be cov- 
ered, allowing a road to use the same structure, 


The majority of aqueducts have sharp, straight or gently curved, man-made 
banks. They appear similar to canals, but are generally much smaller. Most aque- 
ducts are between five and twenty meters wide and extend from less than a half 
kilometer to many kilometers in length. The water in the aqueduct will be dark, 
contrasting with the lighter tones of the aqueduct itself (white to light gray in 
tone for concrete, medium gray for metal or masonry, and dark gray to black for 
asphalt), Depending on the viewing angle, reflections from the water may be vis- 
ible. Covered or dry aqueducts will have a lighter color, depending on the 
construction material. The shadow from a dry aqueduct would fall inside the 
channel, while the shadow of a covered aqueduct, if any, will fall outside. 


Larger aqueducts may be confused with canals. There will be no boats present 
on an aqueduct, and thus the clearance under bridges crossing the aqueduct, and 
the vertical clearance in tunnels can be very low. In addition, there will be no 
lucks, or other facilities common to canals. Inverted siphons are only used on 
aqueducts, and will not be found on canals, 


The dark color of the water, and the regular sides and even width of the aque- 
duct, may make the feature resemble an asphalt road. Ripples or reflections 
would indicate the presence of water, and the absence of a centerline, or vehicu- 
lar traffic suggest that it is not a road. Intersections with other aqueducts are rare, 
and aqueducts will pass over or under other features. Roads would have frequent 
intersections. Dry or covered aqueducts may look like concrete or masonry sur- 
faced roads. Again, the lack of vehicles or centerlines, and the nature of the 
intersections, can be used to show it is not a road. 
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Qanat (Karez) 


A Qanat (or Karez) is an artificial underground conduit, that collects ground 
water and carries it to a location where it can be used for drinking or irrigation. 
It is characterized by a linear array of holes, which are surrounded by a mound 
of soil excavated from the holes. The holes are dug at regular intervals and con- 
nected underground to form a continuous conduit. The gradient in the conduit is 
steadily downhill and water flows by force of gravity. These features are found in 
arid areas, where surface water is rare, and the level of technology is low. The 
term qanat is used in the Middle East and northern Africa, but in western China it 
is called a karez. 


Qanats are also found in Spain, Syria, Iraq and Pakistan, but are most extensive 
in Iran. Invented by the Persians in 3000 BC, there are currently over 22,000 
qanats, comprising 270,000 km (167,770 mi) of underground conduits, that sup- 
ply about 75% of Iran’s irrigation water. 


The qanat will begin in an 
alluvial fan, an ephemeral 
lake, or another area where 
the water table is near the 
surface. Several qanats can 
be used to bring water to a 
central location. The evenly 
spaced series of holes with 
the adjacent debris mounds 
make this an easily recogniz- 
able feature. The shadows 
within the holes stand out 
against the generally light 
tones of the arid landscape. 


A qanat may be abandoned if Figure 18: 


A set of four qanats bringing water toa 
the water table drops, the small reservoir from which tt is distributed via a series 
water becomes saline, or if a of irrigation ditches. 


more dependable supply of 
water is found. Then the lack of maintenance will result in erosion and collapse 
of the holes and possibly vegetative growth in and around the holes. 
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CHAPTER 4 — INDUSTRIES 


Introduction 


Chapter four deals with all aspects of industries, This includes components and 
industrial equipment, the extraction and transportation of raw materials, waste 


disposal, power generation, processing, and fabrication from materials provided 
by processing industries. 


The text will cover the basic processes used in each industry, photo-identification 


of the industry, and a special emphasis on specialized equipment associated with 
that industry. 


Industrial Components 


There are pieces of equipment common to most industries. This common special- 
ized equipment includes components used in handling, conveying, storing, and 
processing the materials for industry. The materials can be in solid loose or piece 
good forms, as volatile or non-volatile gases, and liquids. Every industry has the 
common problem of delivering raw materials and shipping finished products; 
transferting materials from storage, between processing sections, and onto trans- 
portation; and holding materials during processing. 


This equipment is identified through its shape and size. The presence of some 
equipment is an indication of the process occurring in the plant. No one partic- 
ular piece of equipment is definitive of a process but it does indicate industrial 
processing, Industrial components fall into one of five categories. These are 
storage, material handling, transportation elements, processing equipment, and 
support equipment. 


Storage 


Material storage is probably the easiest component to identify and one of the 
most prominent features of an industry. Depending on the material to be stored, 
storage car. be required for solids, liquids, or gases. The type of solid, i.e., granu- 
lar, piece goods, or bulk items mandate a certain kind of storage. The volatility of 
the liquid or gas also mandates a certain treatment. 


Open Storage 


Some materials are not sensitive to changes in temper- 
ature and humidity. These materials can be stored 
wholly in the open or in the open with minimal cover. 
Raw materials such as ores are typically stored in large 
open piles near transshipment and processing areas. 


Figure 1: Stockpile 
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Extremely large stock- 
piles of ore are com- 
STEEL PLATES, BARS, AND RAILS 
TREATED AND UNTREATED WOOD 
(NEAT STACKS) 


mon at extraction and 
BRICK AND BUILDING MATERIALS 


processing plants. Essen- 
tially this storage is a 
cABOUNE ANS A [=| a 
(PYRADIAL PILES) 
RAILROAD TIES wo 


pile of material of vary- 
CRATES, PACKAGES, AND 
CONTAINERS 


ing tint (depending 
(WELL-SPACED GROUPS) 


upon the material). 
Other materials that 
may be stored tem- 
porarily in the open, 
especially in semi-arid 
climates, include grains 
and vegetative products. 


Often end products 
from an industry will be 
Stored in the open. 
Exarnples of some of 
these materials include 
building materials, steel 
products, and wood. 
The configuration of the pigure 2: Open Storage Materials Key 

stockpile sometimes 

defines the stored product. These stockpiles mostly represent finished products 
and are found near the outbound shipping area. 


Railway siding 


Can dump 
Fire fighting station 


Barrel/drum dump 


Can cleaning point Raliway siding platform 


Narrow gauge railway 
Can loading point (trucks) 


Figure 3: Open Storage Depot 
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Enclosed Storage 


Most material used in industrial applications is sensitive to changes in humidity 
and temperature. Some material is photo-sensitive. These materials must be 
stored in enclosed areas for protection. Additionally, the very nature of some 
materials makes open storage impractical. Liquids and gases are obviously materi- 
als requiring closed storage. Of course some liquids can be stored in open 
reservoirs if volatility and contamination are not a concern, Other granular mate- 
rials can be dispersed by winds and water and require closed storage. The 
dangerous nature of explosives and highly volatile fuels requires additional pro- 
tection by either burying the storage area or through the addition of earthen 
walls and berms. 


Warehouses 


A common storage medium is the 
warehouse. Warehouses are com- 
monly used to store bulk items, 

crates, and boxes. Sometimes gran- 1 Al 

ular material such as fertilizer (at : iy PASSENGER TERMINAL 
fertilizer plants), sand and salt mix- 
tures (at highway maintenance 
garages), and grains (at industrial 
sugar plants and grain elevators) 
will be stored in warehouses. The 


| 
loose bulk material is stored in LT] LW) raeventsweo 
large domed storage structures or F | 
in large A-frame warehouse build- pf WAREHOUSES 
ings. The typical construction | 
material is sheet metal for the A- E 


frame and concrete or steel framing 
for the dome storage. 


However, most warehouses are sin- 
gle story flat or gable roofed — —— 
structures that are very long in rela- Figure 4: Warebouses at Freight Terminal 
tion to their width. The warehouse 

is notable because of the lack of windows and CONVEYOR 
lack of the numerous roof vents or cooling SYSTEM 
facilities normally associated with manufactur- 
ing and processing areas. The warehouses are 
usually aligned in an orderly arrangement. 
When associated with manufacturing and pro- 
cessing plants, the warehouse area is located 
adjacent to the outgoing freight or incoming 
raw material transshipment points. In all cases, 
the warehouse will have access to a transportation Fégure 5: A-Frame Warehouse 
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Example: 
16-45 +3? /25 +121+11+1 (Solve Powers) 
16-—45+9% f/25 +121+11+1 
(Solvel6-—45+9%*5+121+11+1 
16-5*5+4+11+4+1 
(Division) 
16-—25+11+1 


28 — 25 
(Multiplication) 
| 


By going through the example, you just solved an equation using the conventional method. 


Try the following challenge to help you to memorize the sequence of conventional priority 
operation. 


If your answer is "c," you are correct. The first step is to solve all powers and roots, second, 
perform all multiplication/division; and third, perform all addition and subtraction. If your answer 
is incorrect, review paragraph 1102 before continuing. If your answer is correct, please continue. 
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network, Sometimes the warehouses will be connected by a road network, Steam 
pipelines may convey heat for temperature control, Generally, the warehouse 
area is distinct from an open storage area, 


Another type of warehouse is the bunker (referring to a low solidly constructed 
structure), either above ground, buried, or partially buried. These structures sore 


Double entrance earth covered bunker 

Single entrance earth covered bunker 

Fire fighting equipment shed 

Double security fence 


Stand-by power building 
Figure 6¢ “arth Covered Explosive Storage Bunkers 


hazardous and explosive materials. As with normal warehouses, the bunkers are 
aligned in neat orderly rectangular rows. These storage areas are most likely to 
be fenced with guard houses as access control points, Bunkers are readily identi- 
fied by the orderly arrangement of earth covered mounds, casting distinctive 
shadows. Additionally the bunkers will be linked by road or rail lines. 


Mobile material handling equipment may be visible in the area. The material han- 
dling equipment usually consists of forklifts or other specialized lifting and 
transporting equipment. Often the sides or ends of the warehouse will have 
freight docks to accommodate trucks or rail cars, Warehouse areas associated with 
rail, road, and shipping points are usually fairly clean, utilitarian, an neat facilities 
without the general clutter found around processing and manufacturing plants. 
Warehouse areas found in conjunction with large metropolitan areas will be found 
around the outskins of the city cr near manufacturing and processing zones. 
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Figure 9: Inter-connected Sloe 


% Open Storage Bins (Bunkers) ~~ 
Silos, Bins, Bunkgsrs, and Hoppers 


Most solid chemicals and other granular materials require a method to both hold 
in storage and dispense for use. These storage mediums have in common their 
design to retain a solid granular material and dispense that material from the bot- 
tom. The material dispenses with the aid of a conical or pyramidai funnel, In the 
case of most silos, bins, and bunkers that funnel is internal and not visible. In the 
case of hoppers, the funnel is visible from outside the structure. These storage 
containers are filled from the top by way of conveyors (belt, screw, or bucket). 
Another method of fill involves driving the transporting vehicle over the con- 
tainer and releasing the contents directly into the contanner. Silos, bins, bunkers, 
and hoppers can cccur 
singly, in groups, or 
inter-connected series. 


A word about terminol- 
ogy is necessary. Silas, 
hoppers, and bunkers 
are types of bins. A 

silo is a deep bin while 
a bunker is a shallow 
bin. In the US., if 
H>1,5(4)1/2 lor in Soviet 
Code if 11>1.5D (circular |__ 
bins) H>1.5a (rectangu- 
lar bins)), the structure is 
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a silo (H= height of container excluding hopper, 

De diameter, A= area of the bottom of the container, 
and a= length of the langer side), Otherwise the 
structure is a bunker, The characteristics of the 
stored material (density, coefficient of friction, and 
angle of repose) determine whether a shallow or a 
deep bin is used, Most bins are equipped with hop- 
pers to remove the stored materials. 


BOTTOM SIDE MULTIPLE 
OISCHARGE DISCHARGE DIGCHARGE | In general use, what is often referred to as a hopper is 
ve das Hi Discharue Tyne a bin with a visible hopper. Bins can be rectangular, 


hexagonal, or circular in cross- 
section although the circular bin 
is by far the most common. Most 
large industrial bins are made of 
concrete, a few are made of 
metal, Smaller bins tend to be 
made of concrete, metal, wood, 
and more and more, of compos- 
ite materials, in agricultural use, 
grain bins are usually bunkers 
made of metal over a wood 
frame with conical sheet metal 
roofs. Some newer grain bins 
are of composite materials. Silos 
in agricultural areas are com- 
monly used for storage of both 
silage and grain products, Silos 
in agricultural areas used for Figure 13: Agricultural Feed Storage Bins With 
silage are made of masonry or = — Hoppers 

concrete to withstand the high ?#0fo Courtesy G. J. Busbur 


Figure 148: Agricultural Stlos 
Right to left: Masonry, Metal, 


Figure I4a; Agricultural Grain Storage Bins 
Photo Courtesy G. J. Busbur Composite 
Photo Courtesy G. J. Busbur 
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temperatures generated during the fermentation of the silage. Silos used for 
grain storage can be of concrete, metal, or composite materials. Most grain ele- 
vators are made of inter-connected concrete silos 


An additional note on >bjects that look like bins but aren't. In some geographic 
areas, particularly China, grain and grass products are stored in an upright posi- 
tion within an enclosure of scrap wood or fencing materials. The vegetative 
matter is further protected by the addition of a roof or cap of grasses. This looks 
like a grain bin but actually is not a permanent structure. Of course, this con- 
struct will not exhibit a radar reflectivity. Certain huts or dwellings commonly 
found in Africa, Asia, and South America also resemble grain bins but are in 
reality houses, Some configurations of water towers can also resemble silos. An 
important item to remember when identifying bins is the associations of features. 
Agricultural bins will be in farming areas, industrial silos will be found in manu- 
facturing and processing plants, and water towers will be found in conjunction 
with water treatinent plants, industries, and associated with inhabited urban or 
tural areas. 


Tanks 


Tanks are used to store fluid materials (gases or liquids). A storage tank is 
designed to store the fluid at a particular pressure. This could be atmospheric 
pressure or several hundred psi. The design accommodates a particular type of 
material, i.e., caustic or flammable. When the material is dangerous due to an 
explosive or inflammable nature, the tanks are bermed. This protects personnel 
and property in case of leaks or ruptures. In some cases, to provide additional 
security, the tank may be buried. 


Almost every manufacturing and processing plant uses tanks. The tank is sbiqui- 
tous to industry. Often the tanks are found arranged in orderly rows, contained 
within a berm. 


Tanks are classified by size and shape. In fact, the tank’s configuration (size, 
shape, and number) in most cases can be used to enable the identification of 
what is stored in the tank and its use. This is especially true if even a partial 
identification of the utilizing industry can be made. 


Figure 15: Upright Cylindrical (CAN) Tanks 
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Upright Cylindrical Tanks 


Upright cylindrical (or can) tanks are used in 
storage of a variety of liquid materials. This 
type of tank can have a flat, peaked, or 
domed roof. The roof is fixed to the top of 
the tank. 


The flat roof tank is used in the storage of 

crude petroleum, fuel oii, vegetable oil, tars 

and asphalt, molasses and sugars, chemicals, 
4 A CONRIEN DRREBON and water. Peaked roof tanks are used in the 


save POOF storage of volatile fuels such as gasoline and 


TANK MAY HOT HAVE 


Figure 16: Shadows for Cylindrical Tanks 


kerosene, alcohols, and crude oils. Domed 
tanks are used mainly in the storage of 
volatile fuels and chemicals. The dome 
flexes with pressure increases in the liquid 
due to evaporation. However, this type of 
tank is not designed to withstand pressure 
build-ups. Tanks designed for atmospheric 
pressure storage typically have a system of 
roof-top vents or pressure relief valves. 


Figure 17: Peaked Roof Gasoline 
Cylindrical tanks are commonly placed on Storage 


top of metal frameworks to serve as water Photo Courtesy G, J. Busbur 
supply towers. Water towers are easily iden- 
tified due to their association with water treatment plants and domestic water users. 


Tanks containing non-flammable chemicals usually are not bermed. Also, chemi- 
cal storage tanks are normally connected across the top by walkways and a 
system of small (<4”) piping. 


Vapor Dome 


The vapor dome tank is a cylindri- 
cal structure with a flat or domed 
roof, Additionally, the tank has a 
large dome on top of the tank 
roof, The dome allows for the col- 
lected vapor to accumulate and 
condense to fall back into the tank. 
This large tank is used in the 
storage of volatile fuels such as 
gasoline. These tanks are rare and 
will usually be found at distribu- 
tion centers for fuels. The tank wi 
normally be bermed. 


AERIAL VIEW 


u Figure 18 Vapor Dome Tank 
Figure 19: Shadow 
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Figere fs POL bunkering pier Note the relatively narrow pier, the presence of pipelines and tanks, and 
the absence af cranes and ather cargo handling equipment. 
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Floating Top Tank 


The floating top or pontoon top 
tank is used for the storage of 
volatile liquids and gasolines. The 
roof is not fixed but floats on top 
of the liquid. These large tanks are 
commonly found in bermed groups 
in fuel distribution centers and 
tank farms. The floating top mini- aa 
mizes the accumulation of vapors, Figure 20: Pontoon Tank 


Gasometers 
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Gasholders of gasometers are used solely for the storage of 
gases. There are two types of gasometers, the dry gasometer 


_ 
Cc 
and the wet gasometer. The dry gasometer Is a tall upright oxime 


cylindrical tank with a dome on the top, The dry gasometer Figure 24: Shadou 


stores natural gas, industria: gas, and a variety of other 
nase 
iwi; 
i} 
Ws 


gases. The wet gasometer is a telescoping tank con- 

tained within a steel framework. This steel lattice 
ale 
OAMETER 


46116 FT. HAMETER 


framework makes identification easy (especially when 
the shadow is fully visible). ‘the lower section of the 
tank contains water to form a seal, As gas enters the 
gasholder, the pressure pushes the sections up, main- 
taining a constant pressure. The wet gasometer is used 
in the storage of natural gas, industsial gas, hydrogen, 
nitrogen, and oxygen. 


Both types of gasometers are usually very large tanks. 
These are the largest of the tanks. Tank height can a 
exceed 76 m (250 ft). gasometers are found associated Maps 42 Casbolarrs 
with coke, iron, and steel plants. They will also 
be found associated with natural gas distribu- 
tion in urban areas. 


Wet Gasemeter 
Alt Sizes 


1, BATURAL GAS 


2 PRODUCE N (IRGUSTRIAL) GAS 
i wrbegcan 


4 mTROGER 
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Figure 24: Wet Gasometer Operation Figure 23. Wet Gasometer Shadow 


Photo Interpretation Training Course 


Chapter 4 | 
252 CuturalFeaues [ SSs—~—STS Cuftural Features 


Bullet 

Bullet tanks are elongated 

cylinders with rourded 

ends set upright. These 

tanks are used for the stor- 

age of high pressure gases 

or liquefied gases (such as 

LPG). These tanks are ta 
rarely found alone, but will 

be grouped in closely GROUNO VIEW 


spaced rows, These are 
mall tanks. Kigure 25: Bullet Tank Figure 26: Hullet Tank Shadow 


Blimp 


, Blimp tanks are elongated cylinders with 
rounded ends set horizontally. Blimp tanks 
are usually placed on a framework of con: 
crete of steel. The legs may protrude from 
under the tank and be visible. These tanks 
are used for the storage of high pressure 
gases or liquefied gases (such as LPG). 
These tanks may be found grouped in 
closely spaced rows. They may also be 
found singly. These may be small tanks or 
size may range to medium. These are the 
type of tank used in “LPG” distribution 
(propane, and butane). 


Figure 2& Blimp Shadow 


Figure 2% Propane Storage in Blimp Tank 
Photo Courtesy G. J. Buahur 


Photo interpretation Training Course 


j_ Industries 


| Cultural Features 2323 


Horizontal Cylinder 


The horizontal cylindrical 
tank with flat ends is 
commonly used for the 
storage of fuels. These 
tanks are found in use 
by retail establishments 


and the user to store Figure 30: Horizontal Gasoline Storage Tank 


small and moderate Photo Courtesy G. J. Bushur 
amounts of fuel. This is 


the typical tank buried at gas stations and found throughout the country on 
farms, mounted on small metal frameworks, 


Spherical 


‘These storage tanks can be a pure sphere, a flattened spheroidal shape, or a 
noded spheroidal shape. The spherical (Horton sphere) tank is used in the low 
pressure (15-55 psi) storage of LPG, natural gas, and industrial gases; or helium, 
nitrogen, and oxygen gases. Spheroidal tanks store highly volatile fiquids such 
as LPG. The neded tank is found associated with gasoline storage and the stor- 
age of other highly volatile fuels. 


si 


Figure 31: Spherical Tanks 


Figure 32: Spherical Nirogen Storage Tank 
Photo Courtesy G. J. Busbur 
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A special note on the tonal appearance of tanks. Sometimes a mixed tonal pat- 
tern of light and dark tanks is found. The dark tones may be the result of stains 
or rust on the tank, Dark toned tanks result from a dark toned paint. Dark toned 
paint helps to heat the tank (solar radiation). The heated tank aids in reducing 
the viscosity of the heavy fuel or heavy oils contained within the structure. 


Light toned tanks, in these cases, hold light fuel oils or volatile fuels which do 
not require the increased temperature in order to flow. The mixed tonal pattern 
is often found in at POL storage and an oil refinery. 


Assemblages of solid black tanks are often used to store viscous materials such 
as molasses, Extremely light, bordering almost brilliant white, tanks could be 
insulated tanks for storage of LPG and LNG. 


CO 


GROUND VIEW 
SPHERICAL o' (S) 
SPHEROOAL BALLOON 
NOOED 
AERIAL VIEW 


Figure 33: Spherical Tank Shadous 


Materials Handling 


This section on material handling addresses the methods of moving solids around 
the industry. The raw materials, semi-finished, and finished products must be 
moved numerous times during processing and fabrication. Numerous specialized 
devices have been created to accomplish this goal. Most of the specialized han- 
dling gear falls into one of three categories. These are cranes, mobile handling 
equipment, and conveyors. Pipelines, used to carry liquids and gases will be han- 
dled in a separate section. 
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Cranes 


Cranes are used extensively in 
fabrication industries. To some 
extent some types of cranes are 
used in processing plants. A mod- 
ern plant has a considerable array 
of lifting and materials handling 
equipment to move the heavy 
materials. The lifting equipment is 
composed of derricks and cranes. 
Identification of the type and 
capacity of the lifting equipment 
aids in assessing the capabilities 
of the plant. Cranes are grouped 
by their identification elements 
into cantilever, jib, gantry, bridge, 
derrick and shearlegs, cable, and 
pontoon (floating) cranes. The 
lifting apparatus on the crane can 
consist of a hook, a grab bucket, 
or specialized container attach- 
ments. The purpose of a crane is Figure 34: Crane Components 
to life and move the load from 

one spot to another. 


S 


Cantilever Cranes 


Cantilever cranes are composed of 
a horizontal counter-balanced 
beam mounted on top of a tower. 
The load can be lifted and posi- 
tioned laterally along the length of 
the beam. The crane arms rotate 
on the pedestal. Three types of 
cantilever cranes are tower ham- ae 
merhead, elevated, and giant Figure 35: Tower Trinsporter 
hammerhead. The tower hammer- 

head and elevated cantilever cranes move along on tracks while the giant 
hammerhead operates from a fixed base. 


The tower cantilever crane is a beam crane with rails at the base. The elevated 
cantilever travels on a set of elevated rails or runways. Tower hammerhead and 
elevated cantilever cranes are used for construction and repair. Their capacity runs 
from 5—20 tons or more. A specialized tower crane is the tower transporter. This 
crane is used to load and unload bulk material such as grains and ores. The 
bucket picks up the load, runs it under the tower, and unloads on the opposite 
side. Most cranes of this type are found in port facilities and ore processing plants. 
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Lesson Summary. In this lesson you learned the terms that are necessary to perform mathematical 
operations. You also learned the conventional priority operation method of solving problems. 
This approach will be used throughout the course. You should be able to apply it in real life 
situations as well as in practice. The lesson exercise will reinforce this skill. In the next lesson, 
you will study algebraic addition. 


Lesson 1 Exercise: Complete items | through 9 by performing the actions required. Check 
your responses against those listed at the end of this lesson. 


1. Which of the following sets of mathematical signs of operation have the same 
meaning in algebra as in arithmetic? 


a. —,°, 1,+,2 
b. x; Ky Ss Tbs 
Cc. ¥,+, 7 


d. Sh x,/ 


2. Define the term "numerical expression." 


3. Define the term "literal expression." 


4. Which of the following signs must always precede the term of an equation? 


a. (+) b. (-) 
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Giant hammerhead cantilever cranes are towering massive cranes with a fixed 
base. These cranes are used in lifting massive objects such as boilers and large 
sub-assemblies. General capacity is 100 — 300 tons or better. 


Figure 36: Cantilever Crane Types 


Jib Cranes 


Jib cranes are characterized by inclined booms (called jibs). The load is posi- 
tioned laterally by raising or lowering the jib. The maximum reach for the jib 
crane depends on jib length, load weight, and jib angle. Types of jib cranes 
include tower jib, elevated jib, portal jib, semi-portal, locomotive jib, automotive 
jib, and the fixed-base jib. 


The tower jib is mounted on a tower with rails at the base for travel. The crane 
is used for construction along the building ways. The capacity runs from 5 ~ 30 
tons or more. 


The elevated jib is mounted on elevated rails for movement. This crane is also used 
for construction in the building ways and has a capacity of 2 - 30 tons or more. 


The portal jib is a crane is 2 boom crane mounted on a portal type base (large 
movable base with four legs and high clearance). The crane is used for heavy 
construction and repair with a capacity of 5 — 25 tons or beiter, The semi-portal 
crane has one side of the portal attached to a structure such as a building. 


A locomotive jib is a jib crane mounted on rails with a low cab. The crane is 
used for repair and movement of materials within the industrial plant. The capac- 
ity runs from 1 — 20 tons and upward. Automotive jib cranes are boom cranes 
mounted on wheeled or tracked bases. This is the common crane found in 
almost any construction project. This crane is used for general utility purposes 
and has a capacity of 1 - 5 tons or so. 


The fixed-base jib is a boom crane mounted on a fixed-base. The crane is usually 
used in shipyards and has a capacity of 5 — 10 tons or more. 
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Figure 37: Jib Crane Types 


Photo Interpretation Training Course 


Chapter 4 
238 Cultural Features 


Gantry Cranes 


The gantry type crane is an elevated horizontal bridge mounted on one or two 
uprights that travel on rails. Or the gantry can be a bridge traveling on elevated 
runways. Types of gantry cranes are gantry, semi-gantry, bridge, and multiple- 
bridge. The load is hoisted by hook or buckets to the required height and moved 
laterally along the bridge. The entire bridge section can be positioned along the 
length of the supporting track. 


Figure 38 Gantry Crane Types 


A gantry crane is an elevated bridge supposted at either end by ‘iprights that run 
on rails at the base. This crane is usually found over assembly and storage areas. 
The crane moves material for construction and storage. Capacity is 20 - 50 tons 
or more. 


The semi-gantry crane is a horizontal bridge supported by one upright. The other 
end is supported on rails attached to the wall of a building. The capacity is a 
minimum of 5 - 50 tons. The crane provides for movement of material anywhere 
within the industry and is attached to the building. 
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Bridge gantry cranes are elevated gantry 


cranes traveling on trestle or otherwise OT. ls 
elevated rails. The cranes are found over 4 
buildings, assembly, and storage areas. ee ee ES 

This crane has a minimum capacity of BRIDGE TRANSPORTER CRANE 
5 — 150 tons. ” 


Figure 39: Transporter Crane 
Multiple bridge gantry cranes consist of 

two or more elevated bridges traveling on 

the same rail and same set of bridges. 

These cranes are used in construction and 

storage areas within the plant. The capacity 

ranges from 5 = 25 tons or more. These 

cranes are found in areas where the size 

range of the materials is great. TRACKEO BRIDGE 


Another type of gantry is the bridge crane, 
also called the bridge transporter. This crane 
operates in a manner similar to the tower 
transporter. It is also used in loading and unloading bulk grain and ores. 


Derrick and Shearlegs Cranes 
The construction of derrick and shearlegs is different as is their range of move- 


ment. However both play minor roles in shipbuilding and construction projects. 
A derrick is an arrangement of masts, guys, and braces usually consisting of a 


Figure 40: Bridge (Transporter) Cranes 


LOCOMOTIVE SHEARLEG x 


Figure 41: Derrick and Shearleg Cranes 
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vertical mast with an inclined boom. Derricks ave faisly small with a capacity of 

1 = 10 tons. These cranes are used in fitting-out and repair work where the load 
is small and great mobility of the load is not required. They will be found in dry- 
docks, along wharves, and positioned on vehicles to provide integral loading and 
off-loading capabilities. 


Shearlegs are A-frame structures secured by beams and braces directly to the 
ground. They are commonly found at graving docks or wharf structures (quay, 
wharf, or pier). They are used in fiting-out and repair work where only hoist- 
ing is required since these cranes cannot swing a load. The capacity runs 
around 1 ~ 30 tons. 


Specialized Cranes 


There are several highly specialized devices that 
can be classified as cranes. Most of these are 
found in ports and are used in loading and load- 
ing vessels. Container cranes are a type of tower 
crane designed to load export containers (conex). 
A coaling tower or coaling hoist consists of either 
a car hoist or a bucket system designed to handle 
loose solids. Another type uses a continuous 
bucket system (conflow) to unload loose solids 
from ships. Typically this system is also suspended 
from a tower. 


Cable cranes (sometimes called aerial cableways, 
refer to the subject of conveyors) are sare and con- 


sist of a set of cables supported by two or more large trestles. Usually they are 
found spanning assembly areas with a hoisting trolley moving along the cable. 
Their capacity is fairly small, from 2 - 5 tons. 


Figure 43: Conflow (Continuous Flow) 


44: Coaling Tower 
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Floating Cranes (Pantcon Cranes) 


Floating cranes are used intensively in shipyards and repair facilities to augment 
other cranes. These cranes are constructed on barges to allow free movement 
within the port area. Most floating cranes are floating jib cranes or floating shear- 
leg cranes. They are used for fitting-out and repair work. The capacity can run 
from 5 ~ 150 tons. Some floating cranes are specifically designed to handle 
extremely large loads. These are commonly found in shipyards and construction 
facilities building oil-field rigs for offshore. The capacity runs into hundreds of 
tons of lift. 


Figure 4% Floating (Pontoon) Cranes 


Mobile Equipment 


Since most cranes are limited to a specific 
range of operations, other pieces of equip- 
ment are used to manipulate materials out of 
range of the cranes. 


Forklifts provide a medium to transfer large 
crates and other solid objects around the fab- 
rication industry. Other vehicles may include 
front end loaders, bulldozers, wheeled doz- 
ers, power shovels, and tractor-trailers. 
Draglines and dredges are found associated 
with extraction industries (mining) and are 
covered within that section. 
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Conveyors 


A central necessity in fabrication plants is the ability to move materials through 
raw storage yards, through the production process, and out to the shipping 
department. The most efficient method of handling materials within most plants 
is the conveyor. The term conveyor refers to a driverless and wheelless vertical 
or horizontal transportation system. Conventional elevators, hoists, and cranes are 
excluded from this classification. 


There are many types of conveyors Each is 


eeLT piRECTION designed to handle a certain class of material, 


GOMVEYOR 
vera ze ae d i.e., loose solids, bulk solids, crates and piece 


goods, or granular solids. Scme of the general 
classes or conveyor types include screw 
(augers), flight and apron (metal pans mounted 
on endless chains or transverse scrapers in 
troughs), bucket (vertical bucket elevators and 
chains), rollers, pneumatic and hydraulic (dust 
catchers and flumes), overhead (tram and over- 
Figure 47: Belt Conveyor System head rail), and belt. Conveyors can be powered 
by gravity, electricity, or pneumatics. 


Many of the conveyor systems operate within the plant buildings. Others operate 
transferring materials from outside storage. Some systems transport roaterial for 
miles. Most of the visible conveyor systems consist of the bucket, screw, and 
apron or flight conveyors used to load silos and bunkers. The most common visi- 
ble system is the belt conveyor. These also tend to be the longer systems along 
with overhead trams used in aerial cableway systems. 


AERIAL VIEW No matter which system is used, the mater- 
COVERED ial must initially be placed on the conveyor. 


Gananes tae ascenowarun | In the case of granular solids stored in bins, 
the material is usually dispensed directly 
onto the conveyor using the bottom hop- 


per. Augers can pick up materials by 
inserting the bottom of the screw into the 
top of the materials. Rail cars and trucks 
can dump into hoppers or rail or car tips 
can upend the vehicle and drop the mater- 
ial into temporary hoppers or directly into 
the hoppers feeding the conveyor. A con- 
veyor designed to handle bulk loose solids 
usually consists of the conveyor and bins 
with hoppers at either end. 


Figure 4& Conveyor Components 
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Figure 1: Upright Cylindrical (CAN) Tanks 
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The belt system consists of an RAIL TIP 
endless belt (rubber, compos- 
ite, or meta!) running on 

rollers. Each segment, or flight, eed bs 


i 
normally runs at a slight uphill II 
incline and dumps its load onto ol: 
ss 


SAA 


the next flight. i 


Screw systems consist of a heli- 
cal inner sleeve rotating within 
a metal tube. The material 
enters at one end and is trans- 
ferred through the pipe to the outflow end. 


Figure 49: Car Unloading 


Apron or flight systems consist of metal trays carrying the material on a chain or 
a metal plate with transverse plates to restrain the material. The solids are 
deposited at the outflow as the tray tips over at the end of travel. 


Pneumatic systems use a series of tubes or pipes powered by blower motors. A 
cyclone (conical hopper) recovers the transported material from the entrained air. 
These conveyors work with finely divided solids or in the recovery of dust. 


BOTTOM DUMP 


GROUND VIEW 


TRESTLES AND 
ELEVATED TRACK 


RAIL TIP CONVEYOR FLIGHT MOVEMENT [> 
DIRECTION 
A 
GROUND VIEW CONVEYOR FLIGHT 
~ ~ 


ites 
—— | 


AERIAL VIEW 


Figure 50: Conveyor Unloading Systems 
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Pneumatic conveyors are typically 
seen as part of the dust collection 
system on the roofs of plants, or, as 
short nearly vertical conveyors feed- 
ing silos. 


Hydraulic conveyors (flumes, pen- 
stocks, and some types of pipelines) 
pe use water to transport materials. The 
DIRECTION OF TRANSPORT material is divided small enough that 
the water can move the substance. 


Bl a ae a rc Conveyors can also be used for the 

long distance transportation of mate- 
rials. In most applications of this kind, the belt conveyor is the mode of 
transport. These systems can run for miles. The conveyor is normally covered 
and placed on or slightly elevated above the ground surface. At points along the 
route requiring the change of direction, a small mechanical structure is placed to 
accommodate the direction change (bent). Additionally, numerous motor houses 
are place at intervals to provide additional motive power. The long, thin covered 
conveyor and small structures indicate the conveyor route. 


Aerial cableways are rare and consist of a set of cables supported by two or 
more la:ge trestles or pylons, The typical application is the transportation of ore 
from the mine to ore concentration or ore loading areas. The conveyor oper- 
ates by a chain of buckets 
riding along the supporting 
wire, Their capacity is fairly 
small, from 2—-5 tons. The aer- 
ial cableway is differentiated 
from a series of power pylons 
by several factors. The aerial 
conveyor begins and ends at 
industrial areas instead of 
transformer yards and sub- 
stations. Substations may be 
positioned near the termini of 
the conveyor to provide motive 
power. Additionally, the buck- 
ets tend to lose a portion of 
their load as they pass over the 
rollers at the pylons. This 
results in a pile of ore on Figure 52: Aerial Tramway (Cableway) 


either side of the pylon. 


ORE 
CARRIERS 
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re 24: Wet Gasometer Operation Figure 23% Wet Gasometer Shadow 
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Transportation 


Pipelines 


Pipelines are unique in that the material is carried directly through the pipeline, 
rather than in a vehicle. This means that very litle human supervision is needed. 
Transportation is not affected by the weather, as are other systems. Liquids and 
gases are not the only materials that can be moved through pipelines, some 
solids (such as coal) are pulverized and mixed with water to form a slurry in 
some conveyor systems, The volume of material that can be moved depends only 
on the diameter of the pipe and the strength of the pumps. Pipelines are very 
economical for long distance transportation. Additionally, pipelines are used 
extensively within industrial plants for moving fiuids from one area to another. 
Every industry dealing with fluids has an absolute requirement for pipelines. 
While Jong distance pipelines tend to be large, at times exceeding 1.22 m (48”), 
pipelines in industry tend to run in the range of 6 cm = 11 cm (2 3/8” = 4 1/2”), 
Steam pipes will appear thicker due to the insulation around the pipe. 


Location 


Surface pipelines will appear narrower than roads or railroads, and will have reg- 
ularly spaced angular jogs that compensate for expansion and contraction of the 
pipeline due to temperature changes. They are distinct from and darker than the 
surrounding ground. Buried pipelines may be revealed by the scar in the earth, 
and their trace may be discontinuous. Pipelines are straight, with angular bends, 
but may be very gently curved. Although the alignment is straight, there will be 
little evidence of cuts and fills, as pipelines follow the surface of the ground. A 
cleared way will be present whenever the pipeline passes through a forested 
area. Pipelines are more likely to cross the drainage pattern than to follow it. 


Pipelines on the ground surface are 
readily recognizable. They are 


straight and nasrow, and make angu- oa 1 SHIELDED 
lar bends. Frequent 90° bends at ee ae 
expansion joints are visible. 


Junctions and branching are com- 

mon within industrial facilities, This Fégure 53: Pipelines 

makes a maze of pipes, manifolds, 

and valves, rendering the tracing of pipes a virtual impossibility. Underground 
pipelines can be very difficult to locate. Terminal facilities are composed of pump 
stations, storage tanks and processing facilities that are readily identified. 


Pipelines within an industry are commonly elevated off the ground surface. They 
may be supported at intervals by concrete abutments or telephone poles. The 
pipelines within the complex tend to be fairly short, running from one tank to 
another between processing areas. 
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5. | Which of the following expressions is an example of like/similar terms? 


2a’ 

2a 4a 

. 2abe  —_2a?be 
. 3atbe = Sat*be 


aoop 


6. | How many terms are there in a monomial? 


a. Four 
b. Three 
c. Two 
d. One 


7. A reference is a mark or sign, as a number, letter, or a symbol that directs you to a 


diagram 
symbol 
specific figure 
. specific point 


aogp 


8. Define the term vector. 


9. Place the following steps in the correct sequence of performance using the 
conventional priority operations method. 


1. Perform all multiplication/division. 
2. Solve all roots and powers. 
3. Perform all addition and subtraction. 


a. 2,1,3 
1, 2,3 


Check your answers against those on the next page. Review those items that you missed before 
continuing on to the next lesson in this study unit. 
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Crossing points must be constructed where surface pipelines cross roads or rail- 
roads. At one type of crossing point, the pipeline is simply buried underground 
for a short distance, allowing the road of railroad to pass over it, These are easily 
recognized, as the pipeline disappears at the crossing point, and there is no dis- 
cernible change in the road. An other alternative is to elevate the pipe a 
sufficient distance to allow traffic to pass under it. This is accomplished by plac- 
ing a vertical jog or loop in the pipeline. The shadow of the elevated section of 
pipeline is very distinctive. A third method is to build a ramp over the pipeline, 
The ramp is usually easy to spot, as the pipeline is covered for only the width of 
the ramp. The shadow of the ramp may be visible. 


Pumping Stations 


Gases and liquids are fluids, that is they have no definite 
shape and conform to the shape of their container. They 
move or flow in response to gravity or other forces. 
Gases expand to fill the space they are contained in, and 
can be compressed into a smaller volume. Liquids are 
essentially incompressible, and will maintain a level free 
surface if their volume is less than that of their contain- 

__ | ers. it is these similarities and differences that dictate how 
Figure: $4: Pumphouse gases and liquids must be handled. Liquids, because of 
their greater density and fixed volume, flow downhill 
readily, while gases need to be introduced into the 


cman sete OES es 


ome PIPELINE 


HORIZONTAL OR 
VERTICAL FLARE 


VALVE MANIFOLD 


CEZ J 
CJ BLIMP TANKS 


OR OTHER 
Figure 55: Gas Pumping Station GAS STORAGE 
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Figure 56: Otl Pumping Station 


pipeline under pressure to induce flow. For uphill grades, both fluids require pres- 
surization. For short pipelines, such as those internal to a facility, the initial 
pressurization is sufficient to carry the material to its destination. For longer 
pipelines, a series of relay stations 
(compressor stations for gases and 
pumping stations for liquids) are 
required to overcome frictional losses 
and to move the material through 


uphill grades. 


Both pumping and compressor sta- 
tions have a small, narrow, rectan- 
gular building that houses the pumps 
or compressors. It may have a gabled 
or flat roof, but will always have ven- 
tilators spaced along the length of the 
roof, The building is typically of light 
steel frame construction. The building 
may be open along one side. If the 
pumps are powered by internal com- 
bustion engines, the exhaust pipes, 
with mufflers, will be visible along 
one side of the building. The number 
of pumps or comprescors, and thus 
the lengths of the building, are pro- 
portional to the size and capacity of 
the pipeline. 


Figure $7: Water Pump Station (Domestic, Sewer, or Storm) 
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An oil pumping station wiil usually have two or three small regulatory tanks 
with cylindrical, flat or peaked roofs nearby, as well as a pipe manifold. A gas 
compressor station will usually have a pipe manifold, and a gasometer may or 
may not be present. Water pumping stations consist of a small building housing 
the pumps and an elevated or tower-mounted regulatory tank. Sewage pump- 
ing stations are small plain buildings with no associated tanks. The sewer line 
will not be visible. 


Pipeline Contents 


The appearance of the pipeline does not provide much of a clue as to the mater- 
ial being transported. The best clues to this information are the terminal and 
storage facilities and relay stations associated with the pipeline. These facilities 
may be the only clues to the presence of a buried pipeline. 


Chemical pipes run between components and the functional areas in a process- 
ing plant. They are usually small pipes that are raised off the ground surface, 
Look for pipes terminating at chemical storage tanks. 


Gas pipelines are usually raised off the ground surface within the industrial com- 
plex. Long distance natural gas pipelines usually are buried but when not, more 
expansion loops may be visible. Gas pipelines are associated with gas wells (nat- 
ural gas, helium, carbon dioxide), natural gas plants, and compressor stations. 
Also they will be present in vast numbers within most chemica] processing, plants. 


Gasoline pipelines will be found within a refinery from those components produc- 
ing gasoline. Long distance gasoline pipelines will be buried and of medium size. 


Most of the pipes within a refinery will be transporting oil, specifically the 
crude and rundown storage areas. Long distance crude pipelines are large 
(several feet in diameter), require numerous pumping stations, and may have 
visible pipeline heaters. 


Terminals 


The large size and distinctive appearance of terminal facilities make them easy 
to identify. The storage facilities associated with the terminal are the best indi- 
cators of the contents of a pipeline, as each product has distinctive storage 
requirements. Since a pipeline is normally used for one-way transportation, 
there will be a source terminal and a destination terminal, Occasionally, a 
pipeline will end at a point of consumption, such as a manufacturing plant, 
where the obvious clues are absent. In these cases, a detailed examination of 
the components of the facility is required. 


Source terminals can be oil or gas fields, reservoirs, rivers, storage areas, processing 
plants, or transshipment facilities. In any case, there will be a terminal pumping or 
compression station to propel the fluid through the pipeline. Terminal pumping 
stations are large buildings, substantially larger than relay stations, Destination ter- 
minals can be storage areas, processing plants, transship- ment facilities or points 
of consumption. Storage facilities will also be present. 
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An oil terminal pumping station will have a large pipe manifold and a complex 
of pipes around the building. Storage facilities consist of cylindrical tanks, and 
occasionally spherical or spheroidal tanks. 


A gas terminal pumping station will also have a large pipe manifold, but not as 
much pipe around the building. The building is high-roofed, and smokestacks 
are present. Storage facilities consist of wet or dry gasometers, but cylindrical, 
flat-roofed tanks may also be present. 


Railroads, Ships, and Barges 


An essential requirement for any industry is transportation to and from the 
plant. All industries require transportation of raw materials into the facility and 
finished products out. For this reason, industries are always located with good 
road, rail, or marine access. Many industries will have multiple transportation 
types available. The identification of road, rail, and shipping is covered in detail 
in other chapters. Please refer to these sectiuns for additional information. 


Many large industries have dedicated rail and truck yards or port facilities to 
handle the large amounts of material. Occasionally, an extremely valuable or 
isolated industry will also maintain its own airfield. In these cases, the airfield 
is normally used solely for personnel transportation or the delivery of small 
repair parts. 


Freight terminals ¢.zal with the shipping, transshipment or receiving of materi- 
als. For packaged materials, a single-story warehouse is used. Loading platforms 
are present along one or two sides of the building. If material is to be stored at 
the location, the building can be quite large. A small building indicates that it is 
mainly concerned with transshipment. There must be enough room around the 
loading platforms for the trucks to maneuver, as well as an adjacent, normally 
paved, parking area for waiting trucks. Trucks and trailers will usually be present. 


Bulk materials require special handling and storage. Solids are stored in silos 
or elevators or are piled in open storage areas. Specialized loading equipment, 
including conveyors and tipples will be present. Liquids and gases are stored 
in tanks, and special load- 
ing points, sometimes 
covered, are connected to 
the tanks by above or 
below ground pipelines. 
The presence of a parking 
area and trucks, which 
may be specialized vehi- 
cles such as tank trucks, 
indicates that the facility is J 
a road terminal. Figure $& Liquid (Oil) Transloading Equipment 
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Processing Equipment 


Essential to any industry is the processing equipment. This is the equipi..ent used 
to hold the raw materials during whatever reaction or treatment is required to 
complete the process, The equipment includes vats, kettles, kilns or ovens, and 
an entire range of specialized tanks (thickeners, settling, and basins), Much of the 
equipment will not be visible since it is housed within the industrial structures or 
obscured within steel framework. Some industries have no visible processing 
equipment while others have equipment outside the buildings. In any case, a 
knowledge of the components can assist in the identification of the industry. 
Highly specialized processing equipment most often used in a particular industry 
will be covered in depth within the section dealing with that industry. 


Kettles and Vats 


Kettles and vats are tanks used to hold raw materials during chemical and heat 
reactions. Kettles and vats are used in the reactions involving liquid materials. 
Most treatment vats are 
enclosed to maintain even tem- 
perature and prevent the escape 
of the reacting chemicals. The 
vats and kettles are cylindrical 
tanks with rounded bottoms. 
Often the tanks are supported 
on a metal framework. 


Figure $9: Vats 
Kilns 


Kilns are large ovens used to dry or calcine bulk materials. They are used also to 
fire or vitify brick and other clay products. Most kilns are gas-fired but a few are 
electric powered. Rarely will a coal or coke fired kiln be identified. The most 
common type of kiin in modern industrialized nations is the horizontal rotary 
kiln. Vertical kilns can also be used, Some older installations (or in special appli- 
cations) use a beehive kiln. The beehive (and oval) kiln is a conical shape oven 
used in manufacture of coke or brick (ceramics) products. 


Kilns are used mainly in the earth 
and ore processing industries. 
Some of the industries include 
petroleum coke, cement and clay 
products, ore concentration, gyp- 
sum, phosphate rocks, alumina, 
magnesium, potassium, zinc, and 
titanium processing. These ovens 
can also be used in disposal 
industries for the reduction of haz- Figure 60: Rotary Kiln 
ardous waste materials. 
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The rotary kiln is a long cylindrical (tank-like) 
oven supported at the ends and often in the 
middle by gears. One end is higher than the 
other. The length of most rotary kilns ranges 
from 18 = 183 m (60 ~ 600 ft). The gears turn 
the kiln to assure even heating and to move 
the materials through the kiln. Typically the 
kiln is heated by gas flames fed from the lower 
end of the kiln. Rotary kilns consist of two or more parallel rotary ovens with 
small buildings at either end. One end introduces the raw material and the other 
extracts the material and houses the heating equipment and a small smokestack. 


SHORT OVEN SECTIONS 
N. 


ASSOCIATED SEOIMENTATION 
TANK 


Fégure 61: Rotary Drier 


Vertical kilns are large tower-like (fixed) structures, They are fired from the 
middle of the lower level of the oven. 


Rotary dryers are smaller versions of then rotary kiln used for drying processed 
materials. They operate at a much lower temperature, not exceeding 427° C 
(800° F). Often then rotary drier will be associated will a de-watering tank or 
sedimentation tank that removes most of the liquid before drying operations. 


Tanks, Thtckeners, and Other Treatment Vessels 


Sedimentation tanks are used LARGE DORR 
for the removal! of suspended SEDMENTATION 2 
solids. Gravitational settling 
separates the denser and 
lighter components, Industries 
using sedimentation tanks 
include most processing 
industries, most notably the 
ore concentration, alumina, 
and magnesia plants. 


Figure 62: Sedimentation or Mixing Tanks 


CONTROL AND MACHINERY porn iva | Jhere are several configurations of 
sedimentation tanks. Dorr thickeners 
(or de-waterers) are the low round 
tanks with a central pivot for bottom 
scrappers. The thickener can also 
have a large cross-arm across the 
tank to support the mechanical mix- 
ers. Often the tank has an access 
catwalk across the tank from the 
edge to the central pivot. These 
tanks are alsc used in the mixing of 
materials, Heavier materials settle to 
Figure 63: Industrial Vats and Tanks the bottom while the lighter material 
is removed from the top of the tank. 
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Figure 64: 
Smokestack 


Chapter 4 


Sedimentation tanks can also be rectangular with or without bottom scrappers. 
Often this type of sedim. ntation tank is used in water treatment facilities. 


Support Equipment 


Smokestacks and Chimneys 


Chimneys, smokestacks, or waste gas stacks dispose of unwanted and dangerous 

gases by diluting the concentration and releasing the material away from person- 

nel and property. The type of emission and the particular danger associated with 
the gas determines the design criteria for the stack. The height of 
the stack partially determines the construction material (steel, brick, 
block, or concrete), The characteristics of the effluent, i.e., tempera- 
ture, caustic, or acidic properties, determine which materials are 
used to line the stack flue (ceramics, metal, brick, or concrete). The 
design must provide for an exit velocity and a wide enough base to 
maintain structural integrity. 


The chimney is ubiquitous to industry. Almost every processing, 
power, disposal, or fabrication plant has one or more stacks. The 
size can range from a few feet to over 1250 feet tall. Extremely tall 
stacks are indicators of particular industries. Examples are nuclear 
power facilities, zinc, and copper processing plants. 


Smokestacks up to 107 m (350 ft) can be made 
of brick, block, concrete, or steel. Brick or block chimneys are 
typically have a fairly wide base and diameter in relation to 
height. Tall brick smokestacks often use reinforcing steel 
bands at the top, bottom, and at intervals up the height. The 
bands provide additional structural support. 


Stacks more than 107 m (350 ft) are made of steel or concrete. 
Steel smokestacks display the smallest height to base diameter 
ratio. The smooth sides often show the bands where the stack 
sections fit together. Steel stacks are sometimes guyed to pro- 
vide resistance against wind loading. In some cases, the steel 
smokestack is supported by a steet lattice framework for struc- 
tural support. 


When the chimney height exceeds 380 m (1250 ft) concrete 
must be used as the construction material. Concrete smoke- 
stacks are constructed with walls 20 cm (8”) thick for an 
internal diameter of 8.5 m (28 ft) or less. For every .6 m (2 ft) 
increase in diameter, the wall thickness increases by .6 cm 
(1/4”). The ratio of height to base diameter for concrete 


Figure 65: Brick 
stacks is 12-13 to one. Smokestack 
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The primary function of the chimney liner is to protect the 
structural elements of the stack from the corrosive effects of 
the hot gases. A secondary function is to insure an adequate 
exit velocity of the gases, which ensures an adequate draw. 
Many stacks are brick lined with fiberglass or fused silica 
insulation between the brick and the stack. The brick lining 
will be supported at intervals by shelves build into the side 
of the stack. The shelves are made of Corbel block with 
asbestos seals. To protect against highly corrosive gases, 
steel liners will be used. These steel liners often are inde- 
pendent of the chimney, that is, the liner is supported at the § 
bottom or hung from the top of the chimney. 


Other liner types include independent concrete liners, inde- 
pendent brick liners, and the fiber re-enforced plastic 
liners. The fiber re-enforced plastic and brick liners are 
used when scrubbers are used. The scrubbers low tempera- 
ture gas output results in higher levels of corrosive condensation within the stack. 


amen i A 


Figure 66: Steel Smoke- 
stack 


Equipment found associated with smokestacks include dust catchers, scrubbers, 
precipitators, and horizontal flue collection systems. 


Precipttators 


Electrostatic precipitators are used to remove solid particles from combustion 
gases. This air cleaner operates by applying an electric charge, using suspended 
plates, to the gases passing through the 
flues. The solid particles then fall to the 
bottom of the device for later removal. 
Air cleaners are used to remove solids 
from the gases from burning coal, ore 
roasters, ore smelters, and steel produc- 
tion plants. 


Gas scrubbers are also used in the 
removal of corrosive and dangerous 
gaseous materials from the waste gases 
by passing the hot gases through a 


: ; , ELECTROSTATIC 
scrubbing medium and exhausting the CLEANER 


cooled and clean gas into the chimney. 


Figure 67: Air Cleaner 
Dust Catchers 


Dust catchers are mechanical devices used to remove solids from air. The dust 
catcher operates by blowing air entraining dust particles into a cyclone. The 
cyclone is a cylindrical tank with a conical bottom. As the air enters the cyclone, 
air speed drops. This allows any entrained solids to settle by gravity to the bot- 
tom of the cyclone for later recovery or disposal. 
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Cyclones may be found on the roof tops of most fabrication plants, Large 
cyclones are found anywhere dust could pose a health or safety hazard. Dust 
catchers are found in lumber operations and many ore processing plants. 


Flare 


Flares are used for the venting and disposal of combustible gases from process- 
ing units. Flares are common in petroleum refineries, petrochemical plants, and 
coke plants. The flare in the simplest form is a 

vertical or horizontal steel pipe with an igniter. A 

vertical flare is situated within a cleared area, 

often bermed, to provide a safety zone. Horizontal 

flares are virtually always bermed. The ground 

around horizontal flares will display burn marks 

on the surface. 


Taller flares are often supported by steel lattice 
frameworks around the pipe. Flares within refineries 
often exceed 50 m (164 ft) in height. Often the flame 
and smoke from large flares are readily visible. 


ave “| Pi 
Figure 69: Refinery Flare, Figure 68: Vertical Flare Pipes 
Photo Courtesy G, Szigeti 


Cooling Facilities 


Disposal of waste heat is a major concern in industry. Almost every industry, 
whether it be processing, extraction, power, or fabrication, generates an enor- 
mous amount of excess heat. In order for the industry to operate at peak 
efficiency, some method must be used to maintain the proper temperature. A 
case in point is chemical reactions. For every 10° C rise in temperature, the reac- 
tion rate doubles. 


Industries with direct access to large rivers, lakes, or the sea are able to use the 
water as a heat sink. The plant will pump water from the body into the plant. 
When the water is heated, it will be exhausted directly back into the water body. 
The system is cheap, easy, and simple. The water, in most cases, requires only 
the removal of debris before use. Facilities include a pumphouse and intake 
pipe, on the upstream from the plant in the case of rivers, and an outlet pipe, on 
the downstream side. In the case of lakes and the ocean, the intake and exhaust 
is sometimes separated by small levees to prevent mixing of the water. 
Sometimes the outlet is visible as the returning heated water discolors the body 
of water. 


Sometimes an industry will build an artificial reservoir equipped with a pump- 
house and an array of sprayers. The heated water is sprayed into the air, is 
cooled, and falls back into the spray pond for recovery. This method has the dis- 
advantage of requiring a continual source of clean and treated water to replace 
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water lost to evaporation. This system works best in 
areas of low humidity and moderate temperature. 


More sophisticated cooling systems have heen devel- 
oped to cool the large amounts of waste heat 
generated by modern industry. Most of these systems 
require the use of treated water, i.e., clean and free of 
debris, and rely upon pumps, heat exchangers, and 
condensers in normal operations. 


Figure 70: Spray Pond Perhaps the most common system is a radiator cooling 

system. This is the basis for the common home air 
conditioner along with larger industrial versions. The system uses ammonia or 
freon based coolants. The coolant expands, cooling an interior exchange sys- 
tem. The heated coolant is pumped to the outside, passing through a series of 
radiator equipped coils. The waste heat is passed to the atmosphere through 
radiation and conduction. 


The cooled coolant material is then re-used 
without loss of material. The system is fairly 
simple but only supplies moderate amount 
of cooling. Units range in size from very 
small, sized for domestic use, to extremely 
large. Often the radiators will be placed 
on rooftops to take advantage of increased 
air flow, Figure 71: Radiators 


oa 


Larger capacity industrial systems use water as the 
coolant. The water operates the same manner as 
the freon in cooling systems. Heated water is 
cooled outside, returns inside to provide cooling, 
and is pumped outside again. Various types of 
systems are used depending on the amount of 
cooling required, the availability of replacement 
fluids, and local environmental conditions. The 
exterior portion of the cooling system consists of 
the cooling tower and connecting piping. The 
heated water is pumped to the top of the tower. 
Figure 72: Operation of Cooling The water falls down over a series of baffles that 
Tower break the water stream up. This provides a 

greater surface area for cooling. The cooled water 
is collected from the bottom of the tower and returned to the interior cooling 
exchange systems. During operation, these systems generate steam under the 
Proper atmospheric conditions. In fact, sometimes the cooling towers will be 
totally obscured. 


These systems can operate using the natural draft formed as the water cascades 
downward and loses its heat. Alternatively, the system can operate using forced 
draft provided by fans. These fans are situated. at the top of the cooling tower 
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Your answer should be or similar to the following: 
A numerical expression consists entirely of numbers 
separated by signs. 

Your answer should be or similar to the following: 
A literal expressions consists of general numbers and 
letters. 
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Your answer should be or similar to the following: 
A vector shows magnitude and direction. 
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and are often visible. Some systems use a . 5 a 
combination of natural draft assisted by fans. CE) 
These units range in size from a small : 
American Deck forced draft cooling tower to 
the extremely tall and large venturi towers 
commonly associated with nuclear power 
plants. As with radiator cooling systems, HIGH FORCED DRAFT 
these units may be located on the top of 
buildings. Forced and natural draft cooling 
towers are commonly constructed of steel 
framework with wood louvers and interior 
baffles. Increasingly, more cooling towers Figure 73: Draft Type 

are made of composite plastics and plastic 

over steel. The large venturi towers are usually constructed of concrete. Some 
older towers were constructed entirely of wood. 


NORMAL FORCED DRAFT 


NATURAL DRAFT 


AERIAL VIEW 
AERIAL VIEW 


GROUND VIEW 


Figure 74; Natural Draft Cooling ; 
Tower Figure 75: Forced Draft Cooling Tower 


fy 


Figure 77: Venturi Cooling Towers 


GROUND VIEW 


Figure 76: High Draft Cooling Tower 
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Figure 78 Large Venturt Cooling Tower at Nuclear Power Plant 
Photo Courtesy FJ. Bushur 


Heat Exchangers 


Heat exchangers and condensers cool or heat a fluid through conduction. Almost 
every processing and fabrication industry uses heat exchangers in conjunction 
within cooling towers or other facilities. 


Heat exchangers and condensers are used in cooling of fluids by contact with 
water, air, or coolant materials, condensing a vapor through coolant contact, and 
pre-heating and reheating through transfer of heat from hotter materials. 


Most heat exchangers and condensers are extremely difficult to discern on imagery. 


Extraction 


The removal of mineral resources from the ground is the concern of extraction 
industries. This includes both the mining of mineral deposits and the production 
of fluid resources from wells. 


Exploration 


Prior to any attempt at mining or drilling, exploratory work must be performed to 
locate and confirm the presence of a sufficient amount of material to justify the 
expense of the operation. These exploration activities will leave their own special 
marks upon the landscape. Many activities. such as seismic surveys, are applied 
to the search for both solid and fluid deposits. 
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Geophysical Prospecting 


Geophysical prospecting is the measurement of various physical properties 
(radioactivity, magnetism, seismic, and gravitational) of the rocks below the sur- 
face of the ground. These methods are used over areas ranging from a few 
kilometers to hundreds of kilometers in extent. A common denominator between 
all methods of geophysical prospecting is the requirement for precisely locating 
the sites at which the sensors are emplaced and measurements are taken. This 
involves the surveying and establishment of lines or grids across the area of inter- 
est. Where they are visible, geophysical prospecting lines are distinctive and can 
be used as landmarks for navigation purposes. 


Although the lines themselves are not visible, the activity along the lines will 
often result in noticeable scars or marks. Trees and brush may be cleared to pro- 
vide a line of sight for the surveyors. Subsequent movement of personnel and 
vehicles along these lines can damage vegetation and leave ruts in the ground. 


Seismic exploration lines for example, may extend for over one hundred kilcme- 
ters along a perfectly straight line. To provide access and space to lay out the 
sensors (geophones), a track will be cleared along the survey line. Survey points 
will be marked through metal poles or pipes (and attached plaques) along the 
line. The survey crews will use these tracks during survey operations after which 
the track will be abandoned. Occasionally, these tracks may be incorporated into 
the local road network. 


In many areas, vegetation will quickly grow back and the prospecting grids ~will 
be completely hidden w.thin a few years. In arid areas, however, there is iutle 
vegetation, and once disturbed, the ground surface will be distinctly marked. 
Because the soil forming processes work so slowly in the desert, these marks 
may remain for many tens of years. In addition, blowing sand (and soil) will 
build up around the survey markers and the abandoned geophone spikes form- 
ing small hummocks. 


Figure 1: Common Geopbysical Prospecting Grid Patterns 
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In forested areas, the trees are often cleared away from the survey lines to pro- 
vide line of sight for the surveyors, and to provide access for vehicles, These 
cleared lines will also remain visible for many years after the surveying activity 
has been completed. 


The patterns formed by geophysical prospecting lines vary from isolated linear 
features to grids or networks of linear features. Rectangular and radial patterns 
are common. The lines are perfectly straight, no matter what the terrain is like, 
and do not have logical starting and ending points. This helps to distinguish 
them from wacks and trails. Figure 1 illustrates some common geophysical 
prospecting patterns. 


Prospects 


Before large scale mining operations start a prospect is excavated, This is a small 
exploration mine intended to determine the extent of mineralization. If the 
prospect finds an economic ore body, the operation will be expanded to full 
scale, long term mining. Otherwise the area will be abandoned. 


The typical prospect is a horizontal or vertical shaft mine. Small tailings (spoil) 
piles will be next to the mine entrance, usually on the downhill side of the oper- 
ation. A prospect will not require more than minimal road access to the mine 
since ore will not need to be transported or processed at the site. If the site is 
abandoned, it will quickly become overgrown with vegetation. 


Exploration Drilling 


Before development wells are drilled, exploration (wildcat) wells are drilled to 
determine if the area has sufficient resources to justify further operations. If the 
resources are present, additional wells are drilled and the area becomes a pro- 
ducing field, otherwise the well will be plugged and abandoned. The same 
drilling equipment is used whether the weli is for exploration or for develop- 
ment. While exploration wells are extensively used for oi! and gas, mineral 
exploration also utilizes drilling (using smaller drill rigs) in the search for ore 
deposits. 


Photo Interpretation Training Course 


Chapter 4 | 
260 Cultural Features | 


Mining operations are classified by the method in which the materials are 
exposed and removed, Where the deposits are near the surface, the overlying 
material (overburden) is removed prior to the mining of the deposit, creating an 
open excavation. Where the depth to the deposit makes this method impractical, 
a tunnel (adit) or a shaft is dug to gain access to the deposit, and the mining is 
done underground. 


Unless the mine can be linked to a nearby processing industry, it is nearly impos- 
sible to identify the ore being extracted. 
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Figure 2: Tonal Characteristics of Ores 
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Figure 3: Common Mining Methods 
‘Magnesium ts also concentrated from brine. 


Open 
Open Pit 


Open pit mining is used when the ore body is close to the surface and in a mas- 
sive body or in thick layers. In the typical open pit mine, the rock is removed in 
stepped excavations (benches) resulting in steep cut sides (shear walls) arranged 
in a distinctive spiral pattern. These mines are large, sometimes several kilome- 
ters wide and more than a hundred meters deep. 


Tailings (overburden) will be stored in large open piles. Ore may be stored in 
open piles, bins, or silos. There will be minimal (or no) buildings at the mine. Most 
open pit mines use explosives, so powder houses will be located at or very near 
the mine works. Drill rigs for drilling explosive shot holes will also be present. 


Figure 4: Open Pit Mine 
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Most of the equipment will be for handling the rock and ore and will consist of 
power shovels, draglines, mining trucks, front loaders, mine cars, and various 
conveyor systems. 


Quarries are specialized open mines for the extraction of building materials such 
as sand, gravel, and stone. Processing for the extracted material consists of crush- 
ing, grinding, and sorting. Clay pits could be considered a form of quarry. 


Barrow (borrow) pits are for excavation of fill materials. Such operations are 
found close to highways and railroads and usually parallel the route. Barrow pits 
will occur close to overpasses, fills, and causeways. Often the barrow pit will 
become a small lake after the required material is removed. 


Quarries and barrow pits do not have tailing piles (except for dirt removed from 
the surface of the excavation) associated with them. 
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Figure 6: Strip Mining Operation 
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Strip Mines 


Excavations of ores at shallow depth frequently take the form of strip mines. The 
overburden is fairly thin and the ore body occurs in thin beds. Area strip mining 
takes place in level and gently rolling terrain. Contour strip mining occurs where 
the terrain is steep. 


In area mining operations the overburden is removed and transferred to previ- 
ously mined areas. This results in a series of long narrow strips of parallel 
furrows, The operation continues until the ore thins or the overburden thickens. 
When the overburden becomes too thick, the mining is often continued via hori- 
zontal shaft (bank) operations. 


In conventional contour mining operations the spoil is simply pushed over the 
downhill side of the bench, resulting in a series of wide fairly level ledges. In 
valley fill operations the mining proceeds laterally along the bench. A suitable 
low spot or valley is selected along the bench and the spoil is pushed over the 
side at bench height resulting in long narrow nearly flat ledges. In mountain top 
leveling mining the overburden is 
removed to the adjacent valley. This 
results in flattened hilltops, shal- 
lower valleys and a reduction in the 
local relief. 


In haul back operations the spoils 
and overburden are moved laterally 
along the bench to the adjacent 
previously mined area. Once the 
Operation kas moved on, the land 
will be reclaimed and replanted. — 
When reclamation is complete the Figure 7: Mining Equipment Consisting of Ore 
area will very nearly regain its nat- 77ansporter and Dragline 

ural appearance. 


Most equipment found at strip mines will be for material handling. Power shovels 
and draglines are used in mining operations. The draglines can be very large, 
sometimes over one hundred meters tall. Bulldozers and front loaders, along with 
mining dump trucks are also common equipment found at these mines 


Placer 


Placer mining is the 
extraction of dissem- 
inated ores from 
alluvial and glacial 
deposits. Placer mines 
are found along river 
Figure & Placer Mining Operation courses. The deposit is 
excavated by digging, 
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dredging (using bucket, screw, or suction dredges), or water cannons. The ore is 
separated from the deposit by washing and manual inspection, and the spoils are 
returned to the excavation. 
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Figure 9: Dredge Types 


Except in areas where large scale dredging is being performed, there is little 
scarring of the mined area. Large scale operations often leave scars similar to 
area strip mines. Sometimes the natural drainage will be disrupted to the point 
where it is realigned. 


The presence of washing equipment such as sluice boxes, pumps, pipelines, and 
conveyors are indications that placer mining is occurring. 


Peat Cuttings 


Peat is an unconsolidated deposit of semicarbonized plant material occurring as 
false bottoms in bogs or fens. This organic material is high in moisture content 
but burns freely when dried. Peat is mostly found at high latitudes, 


Peat is mined by cutting blocks of the material out of a ditched and drained bog, 
resulting in a distinctive rectangular pattern of shallow pits. The peat is very dark 
(due to high moisture and organic content) and is easily recognized when piled 
near the excavation. 


Underground 


When the ore deposit is situated too deep, or it is disseminated in narrow veins 
and seams, open mining techniques are not economical. In these cases the min- 
ing operations are carried out totally under the ground surface. Because the 
operation and equipment are underground and out of sight, and the mine is 
often located in mountainous terrain, it is difficult to identify the location of the 
mine. However the presence of an ore concentration plant and low capacity rail 
lines leading to the plant from the mine are useful indicators of underground 
mines, 


Mine head equipment and signatures vary depending on whether the entrance is 
through a vertical shaft or a horizontal shaft. Both types have in common the 


Photo Interpretation Training Course 


industries 
Cultural Features 265 


requirement for adequate ventilation. Block-like or cylindrical air shafts may be 

visible in the immediate area. Additionally tailings piles will be situated near the 
mine entrance. A store of,timbers, used for shoring up mine walls and ceilings, 

will also be located ne. the mine. 


Horizontal Shaft 


EXPLOSIVES Horizontal (bank) mines occur in mountain- 


MAGAZINE inp ous areas where the entrance can be placed 


at the same elevation as the deposit being 
mined. 


The actual entrance (adit) is a tunnel into the 
side of the hill with a low capacity road or 
rail line leading to it, Usually mine cars (small 
rail cars Operating on narrow gauge) bring 
the ore from the mine to a tipple or skip 

: TALE TKS ; where the material is dumped into hoppers 
Figure 10: Horizontal shaft Mine or bins, From here the ore is transported by 
way of trucks or rail to a processing plant. 


Vertical Shaft 


Vertical shaft mines can occur in any type of terrain, and are constructed when 
the deposit to be mined cannot be reached by a horizontal shaft. The typical ver- 
tical mine has an ‘A’ frame latticework headframe over the shaft. The headframe 
can be substantial in construction, very tall, with lattice supports bracing the main 
structure. The large pulley may be visible at the top of the structure, or the entire 
structure may be enclosed. 


Collocated with the headframe will be the winch house (for the lifting mechanism), 
the compressor house (and bullet tanks), various small buildings, and the ore 


HEADFRAME | WINCHHOUSE 


NNN 


COMPRESSOR ; 


Figure 11: Shaft Mining Figure 12: Vertical Shaft Mine 
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Lesson 2. ALGEBRAIC ADDITION AND SUBTRACTION 
Introduction. In lesson 1 you learned the terms that will help you perform the requirements 
of this lesson and those that will follow. You must reference those terms and apply them as 
needed. In this lesson, you will add algebraic expressions including whole numbers, 
fractions, and algebraic expressions with exponents. 
LEARNING OBJECTIVES 
1. | Add algebraic expressions without exponents, without the aid of reference. 
2. Add algebraic expressions with exponents, without the aid of reference. 
3. Subtract algebraic expressions without exponents, without the aid of reference. 
4. Subtract algebraic expressions with exponents, without the aid of reference. 
5. | Check addition and subtraction expressions. 
1201. Add Basic Expressions 
Let us begin our discussion of adding basic expressions by defining the term absolute value. In 
lesson | you learned about real numbers using the straight line and Cartesian Plane diagrams. 
Now you can use those diagrams to help you understand the meaning of absolute value. Using 


the straight line diagram, the absolute value of zero (0) is zero. 


Example: 


5 4-3 -2 1 0 12 3 4 ~°5 


The distance between each number to "0" is the magnitude of the number. The magnitude of a 
number is its absolute value. 


Examples: The magnitude of 
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skip or tipple. The ore will be dumped to hoppers or bins and then transported 
to the processing facility. 


Ore Concentration 


In order to reduce transportation costs, the ore is often concentrated at or near 
the mine. First the mined material is reduced in size. Then differences in the 
physical properties (natural and induced magnetism, specific gravity, solubility, 
and wettability) are exploited to separate the mineral and the gangue (worthless 
rock), Afterwards the mineral is stockpiled and shipped on for further processing. 


All or most of the associated equipment may be housed within a concentrator 
building. This building will have a characteristic stepped appearance with 
numerous roof vents. 
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Figure 13: Ore Concentration Processing Plant 


Initially the ore is greatly reduced in size in the primary and secondary crushers 
(gyratory, disc, and roll crushers). The material is then sent by conveyor to the 
tertiary (fine) grinding where the ball and tube mills reduce the mineral to flour 
like consistency. 


The ore is mixed with water before being concentrated. The ores may be con- 
centrated through a flotation separation method, This method uses rows of 
flotation tanks to separate the ore. The mineral rises to the top of the tank and 
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FILTERING AND 


STORAGE /SHIPPING/USER IMDUSTRY 


Figure 14; Flow of Concentration Process 


is skimmed off while the tailings settle to the bottom. In a similar method, heavy 
fluid separation, the ore sinks and the tailings float. The tailings are sent down 
the launder to the tailings dewatering tanks where the water is recycled and the 
tailings sent to the tailings pile. 


The skimmed ore concentrate is sent to the thickening (settling) tanks where the 
ore concentrate settles out and is recovered for further processing. After concen- 
tration has occurred, the mineral is sent to the filtering and drying building 
(stacks and vents are visible) where excess water is removed and the material is 
readied for shipping. 


Gravity concentration may be used where the ore is passed through a series of 
sluices (inclined open-end troughs) submerged in water and vibrated. The 
heavy ore minerals settle to the bottom and the gangue is washed away. Other 
concentration methods include magnetic separation, cyaniding (precious metals 
dissolved and then precipitated), and amalgamation (mercury coated copper 
plates dissolve metais that are later distilled), 
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Figure 15: Ore Concentration Flow Chart 
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Figure 15: Ore Concentration Flow Chart 
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Coal is processed in a different manner. First a series of breakers separates the 

coal from the rock. Then crushers, screens, and classifiers reduce the coal to the 
necessary size and consistency. The coal is then washed and dried and shipped. 
In some cases, the coal is liquefied and pipelines are used to transport the coal. 


Material from quarries is sent to a classifier, which sorts the material by size. 
Branching conveyors then deposit the material in various storage piles, hoppers, 
or Silos. 


Silos, bins, and warehouses will store the material at both intermediate stages and 
final product stage. Reagent storage will be in enclosed cylindrical tanks. 


-——— 
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Figure 16; Coal Mine and Classification/Sorting Plant 


Wells 


Wells are used to extract resources from the earth which are not accessible 
through mining operations. Wells produce gases such as petroleum gas, helium, 
and carbon dioxide; liquids in the form of water, oil, iodine, and bromine; and 
products of solution mining such as sulfur and salt. Wells are also used for the 
disposal of semi-solid and liquid waste products. 


Oil fields are the most complex type of well system to address. Water and mineral 
wells can be considered a subset of well drilling methods. The type of equipment 
can be identified by its association with one of the four interrelations of produc- 
tion. These are drilling operations (and associated completion operations), actual 
production through the well (including maintenance and eventual abandonment), 
field processing of the petroleum, and gathering and field storage of petroleum. 
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Snallow water wells may be 
dug rather than drilled. In 
agricultural areas, water wells 
are near housing or livestock 
holding areas. Often the avail- 
ability of water determines 
where the farm or ranch is sit- 
uated, Often livestock tracks 
and footpaths lead to a well. 
These wells may have walls, 
holding tanks, and some 
mechanism to bring water to Figure 17: Dug Water Weil 
the surface. 


Drilling 


Almost all drilling is done using rotary drill rigs. Kotary rigs use a bit attached to 
the end of a rotating string of drill pipe. In some cases the drill string remains 
stationary and downhole motors turn the bit. This method is used mostly for 
deep or highly deviated holes. 
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Figure 19: Standard Derrick (Rigi Components 
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The rig is a modified ‘A’ frame tower, called a standard derrick, which is assem- 
bled at the location, used to drill the well, and then disassembled. A second type 
is a mast rig that was assembled at a factory and then moved as one piece from 
location to location. Both are referred to as “derricks” or “rigs”. Rigs can exceed 
50 meters in height. The derrick is set on top of a rig substructure that provides a 
stable platform for drilling, clearance for work under the rig around the well- 
head, and room to accommodate pressure control equipment over the wellhead. 


The rig provides the support for a set of pulleys and blocks that handle the drill 
pipe and casing pipe during drilling. There will be a work platform (monkey 
board) for the derrick man and storage racks (fingerboard) to hold pipe. 
Attached to the front of the rig are ramps (‘V'—door) to pull material up onto the 
tig floor and working platforms (catwalks) to stage pipe. Pipe racks will be 
placed on one or both sides of the catwalk. At the back of the rig will be the 
drawworks with the winch to power the blocks. 


Motive power is provided by a series of two 
to four prime movers, usually diesel engines, 
mounted on box like skids. Transmission is by 
mechanical linkage to the drawworks, or elec- 
trical generators may transfer power to 
electrical motors. 


Most rigs drill using drilling mud, so there will 
be a set of steel mud pits, hoppers, mud 
house, a shale shaker, desilter, desander, and 
a degasser associated with the rig. 
Additionally, expect to find fuel and water 
storage, offices, and bulk storage. In a busy 
field numerous rigs may be conducting opera- 
tions at the same time. 


A water well rig is a much smaller version of 
an oil rig with the same type of equipment, 
but it is usually self-contained on a truck 
chassis. 


Onshore 


Prior to setting up the rig, the site is cleared 
and leveled. If required, improved roads are 
built and sometimes gravel, shells, or boards 
are applied to provide easy access. Very 
important wells, or those expecting to accom- 
modate operations for several years, may have 
a hard surface pavement applied. 


A water source is located or, if necessary, a ss 
water well is drilled. Reserve (mud) pits are igure 20: Well Configuration 


Photo Interpretation Training Course 


Industries 
Cultura! Features 273 


dug for mud storage and waste fluids. The cellar (area immediately around the 
wellhead) is dug out and faced, usually with boards or poured concrete. 


Then the rig will move in and drill the well. Several times during the drilling 
process a protective pipe string (casing) is installed in the well. This casing serves 
to keep the bore from collapsing and protects the ground water from contamina- 
tion. Several strings of decreasing size casings are run as the well goes deeper. 


If a pay zone is not found the well is plugged. If pay is found, the drilling rig may 
complete the well (conduct formation perforating, set tubing, and assemble the 
wellhead pressure control or pumping equipment) or the drilling rig is removed 
and a smaller completion derrick is moved in to perform well completion. 


After the last string of casing is run and cemented in place, the producing for- 
mation is perforated. That is, a series of shaped charges are lowered into the 
well and detonated to punch holes through the casing, cement, and into the 
formation. Then a string of production pipe (tubing) of small diameter is placed 
into the well. 


If sufficient gas exists in the formation, the well will flow on its own, and pro- 
duction will occur through a Christmas tree assembly for high pressures, or 
through a simpler orbit valve for low pressures. If the well will not flow on its 
own, a downhole pump is placed at the bottom of the tubing, sucker rod (solid 
steel rods to provide mechanical 
_ HYDRAULICALLY : ; ; 
z A RAISED MAST linkage between the pump and 
pump jack) is attached to the 
pump, and a pump jack (or 
other type of pump engine) is 
assembled over the well head. 


The final wellhead consists of 
casing head flange, pressure 
<q TUBING STANDING control equipment such as valves 
ee (in the form of a low pressure 
orbit valve, a stuffing box [for 
pump jacks], or higher pressure 
Christmas tree), and a series of 
Pipes through which to produce 
the well fluids. 


Water wells can have a windmill 
placed over the wellhead, a 
hand operated pump is some- 
times used, or a pump house 
will totally enclose the wellhead. 


Figure 21: Completion (Workover) Rig 
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Figure 22: Orbit Valve Wellbead 
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Figure 24: Pumpjack (Walking Beam Pump) 
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Try the following challenge. 


(Define) 


What is the absolute value of a number? 


If you said, the magnitude of a number is its absolute value, you may continue. If your answer is 
incorrect, review the material that you just read before you continue. 


We will refer to the term absolute value throughout this lesson and in future lessons now that you 
know its meaning. To add basic expressions, you must know the rules. There are three rules that 
you must follow when adding algebraic expressions. They are 


WRule | - To add two or more numbers with like signs, you must use the common sign. 
Refer to examples (a) and (b). 


Examples: (a) (b) 
2 -2 

+2. Ge) =2 

4 -4 


WRule 2 - Example (b) indicates that the sum of two negative numbers is the opposite of 
their absolute value. 


WRule 3 - The absolute value of the sum of two numbers, of which one is positive and one 
is negative, is the difference of their absolute values, and 


IF THEN 


the positive number has the greater | the sum of the given number is 
absolute value positive. 


the negative number has the greater | the sum of the number is negative. 
absolute value 
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Figure 25; Water Well Pamphouse Figure 26; Windmill 


Offshore 


On land, the rig, the rig substructure, and all the ancillary equipment rests 
directly on the earth’s surface. Offshore, a drilling platform is provided to support 
the rig and all the ancillary equipment. The water depth and the number of wells 
expected to be drilled determine the type of offshore platform to be used. With 
the exception of the permanent platform, once the wells are completed and pro- 
ducing, these rig drilling platforms are moved away to another location for more 
drilling activity. That is, they are not of a permanent nature. 


For very shallow water, normally bays and lakes, a self-contained drilling barge is 
used to conduct drilling and completion activities. During production the well- 
head equipment will either rest directly on the bottom or will be placed on a 
small permanent platform. 


Figure 27; Offshore Drilling Platform (Rig) Types 
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A submersible drilling platform is used in 
shallow water. This rig is floated on buoy- 
ancy tanks to its location where water is 
pumped into the tanks, the drilling platform 
sinks, and drilling operations are conducted 
with the drilling platform resting directly on 
the seafloor. Most of the mobile rigs have a 
‘keyway' (slot) cut out in the area of the plat- 
form under the drilling rig that is large 
enough to accommodate a production plat- 
form. If a production platform is planned, it 
will normaily be erected prior to the drilling 
operation commencing. Otherwise produciion 
wellhead equipment is placed on the seafloor, 


Figure 28: Submersthle Drill Platform In moderate depth water 4 small production 


platform is built (permanent platform) and a 
tender Gsmall ship or other vessel) will provide support functions such as drilling 
mud and living quarters. A movable drill rig will be placed on the small platform 
to drill the required number of wells. 


Permanent platforms are used in shallow to deep water. The drilling rig and its 
ancillary equipment are contained on the platform. After drilling operations are 
completed, the rig is removed but the platform remains and provides all the pro- 
duction equipment needed for normal operations. Numerous wells, sometimes as 
many as thirty-six, are drilled from one platform. 


Figure 30; Permanent Platform Figure 29: Drilling Platform and Tender 
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The jackup drilling platform rig is used for water depths 
less than 250 feet (depth determined by maximum exten- 
sion of legs). The platform is floated to its location, then 
large legs are cranked down to lift the platform clear of 
the sea. This type of platform uses three (or four) hollow 
or lattice work legs to support the platform. 


A drill ship can operate in any 
water depth that is at least deep 
enough for the vessel's draft. 
This type of vessel is normally 
used only for exploration wells, 
because of its high operating 
costs, and another type of ; 

drilling platform is used for Figure 32: Prillship 
developmental wells, 


Figuve 31: Jackup 
Drilling Platform 


The semi-submersible drilling platform 
(floater) has large buoyancy tanks. The 
platform is moved to its location, the 
tanks are flooded, and the rig is either 
anchored or conducts station keeping 
while the well is drilled. This rig is usu- 
ally used for fairly deep water. The 
semi-submersible rig is characterized by 
numerous anchor lines and winches on 
the vessel's decks. The presence of the 
anchors differentiates the semi-submersible 
from the submersible platform. 


Production from wells in deep water 
is usually accomplished from subsea 
production platforms, these platforms 
are placed on the sea bottom and are 
not visible. Figure 33: Semi-Submersible 
Drilling Platform 


Offshore wells are drilled and completed 
the same as land wells. One notable exception is that pump jacks are not used in 
offshore operations. If a well does not flow on its own, a gas lift (gas injected 
from the surface to the production zone and allowed to expand to move the oil 
uphole) is utilized. 


Production 


Production from a well is not a simple matter of pumping the well fluid to the 
surface. Most types of wells require some in field processing to remove impuri- 
ties. This occurs at the wellhead or at a central location connected to several 
wells. Common impurities removed at oil and gas wells include sand, silt, salt 
water, sulfur, and gas (either unwanted petroleum gas or hydrogen sulfide gas). 
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Gathering and field storage are also part of the production process. Here fluid 
from several wells is moved to a central location for in field processing and stor- 
age prior to transshipment to users or a refinery. 


Oil & Gas 


Most petroleum wells have a maintained road leading to the well. The road may 
make a loop around the location. Typically some treatment equipment is located 
at the well or nearby. Wells with pump jacks are the easiest to identify because 
of the large pump assembly over the well, Wells with only pressure coatrol 
equipment over the well are harder to detect. 


After the fluid reaches the surface, the gas is separated from the oil using a 
gas/oil separator. The gas/oil separator is a horizontal or vertical tank with 
chambers to reduce flow turbulence, allowing the gas to separate and rise to 
the tank top where it is drawn off. Unwanted gas is burned ar a flare. If there 
is enough gas for gas production, it is compressed and sent through a pipeline 
for further processing. 
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Figure 34: Oil ‘and Gas Production Field 
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When the wel! fluid reaches the surface, it also contains unwanted material, most 
of which is in the form of salt water. After passing through the gas/oil separator, 
the well fluids are sent to the flow tanks (50 to 250 Bbl) near the wellhead. Here 
water and some solids are removed. The separated water is moved, usually by 
gravity, to water tanks (modern water tanks are plastic) for eventual disposal. 


The oil is moved to lease tanks (large steel tanks) for removal by trucks or 
injected into pipelines for transshipment. The gas and oil are handled through 
separate pipelines in the gathering system. 


Additional lease equipment includes heater treaters (to handle paraffin) and 
accumulators (to handle gas). 


Numerous pipelines are associated with petroleum wells, A 2” to 4” pipeline con- 
nects the well to the flow tanks and the ancillary lease equipment. A series of 4” 
to ©” pipelines connect the flow tanks to batteries of lease tanks. Gas compressor 
stations or oi) pump houses inject the petroleum into larger pipelines for trans- 
shipment to refineries. These pipelines vary greatly in size, 
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Figure 3$: Gas/Oll Separator (GOSP) and Gathering System 
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Water 


Limited volumes of water are produced from a dug or drilled well by means of 
buckets or small hand operated mechanical pumps. These wells have a minimum 
of wellhead equipment. Sometimes the well is covered by a small building (or 
covered by a shed roof) and is fenced. A small holding tank, usually open, is 
often associated with small low volume wells. For agricultural usage a larger vol- 
ume is required and often windmills are used to drive pumps at the well. 


Larger volumes and pressure requirements require mechanical pumps to move 
the water. Most of the time the pumps are contained in a pump house. The 
pump house may have power lines leading to it or exhaust stacks may be visible. 
In large scale operations the water is transferred through a pipeline to a water 
treatment facility. 


Most water wells are dispersed thoughout an area, A small well field of 15-20 
water wells sometimes provides water for cities. 


Other 


Helium and carbon dioxide are also produced from wells. These wells are char- 
acterized by a small field of wells, compressor houses, and high pressure storage 
tanks. Because of the low volume of gas produced, the field will not have a 
pipeline system to transport the gas. 


Solution mining is used for production of salt, sulfur, bromine, iodine, and other 
minerals, Solution mining wells require large amounts of fluid to transport the 
dissolved solids, Often an injection well near the production well is used to 
force fluids through the formation to dissolve the minerals. A complex of large 
pipelines (8” or larger), a series of large surface pumps, a lack of wellhead 
ancillary equipment, and an association with a processing plant is an indication 
of solution mining. 


Another type of well is a disposal well. This is a well used to dispose of waste or 
unwanted material. In an oil field, for example, a disposal well is used to durnp 
the large amounts of salt water generated by the wells. Industries also use dis- 
posal wells to rid themselves of waste chemicals. The typical disposal well has 
several storage tanks or open sumps (to temporarily hold the waste), a small 
pump house, a small office building, and a set of scales to weight tank trucks, 
The disposal well often is isolated from other wells. 


Disposal 


The disposal of waste products from everyday living and industrial plants is an 
ever-growing problem for any industrial nation. An enormous amount of waste is 
produced daily and this material must be handled in some manner. Figure 1 dis- 
plays the amount of combustible waste generated in the U.S. in 1974. This totals 
624 million tons of waste annually. This does not include inert materials such as 
slag, tailings, and recoverable metals and glass. 
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MANUFACTURING 
AND PROCESSING 


Figure 1: Combustible Waste US, (1974) 


Solids 


Tatlings 


Tailings are waste earth or rock excavated during mining operations or the spoil 
(refuse) material separated during processing operations. The tailings generated 
during mining and processing represent an enormous amount of solid waste. 


The overburden from surface mining operations is sometimes used in reclamation 
activities, however it is not economical to replace all the excavated material. 


Mining operations usually dispose of tailings by dumping the rock clear of the 
excavation. A belt or bucket conveyor, or dump trucks are used to transport the 
material to the disposal area (often a hillside). Over time, the tailings pile grows 
very large, at times exceeding 50 meters in height. The tailings have a different 
tone and texture from the surrounding area. Another key to aid in differentiating 
tailings piles from ore piles is the obvious lack of facilities for retrieval of the 
material from tailings piles. 
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Figure 2; Tonal Characteristics of Solid Waste Material 
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Because the actual mineral con- 
tent can be so low, more than MINING CAR 
99% of the ore-bearing rock TIPPLE (DUMP) 
extracted may be gangue (rock 
of worthless mineral content). 
The tenor (grade or percentage) 
of economically recoverable 
minerals can be less than 
0.02%, that is 200 grams of min- 
eral per 1000 kilograms of ore. 
Most of the spoil from ore pro- 
cessing is in fluid form. 
Processed spoils are often 
dumped in sludge ponds. The launders from the dewatering tanks carry the 
excess material to the tailings pond, where the water evaporates, leaving the 
waste, When the ponds fill, another pond is built to handle waste material. 
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TAILINGS PILE 
Figure 3: Mine Tailings Pile 
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Figure 4: Tailings at Magnesium Reduction Plant 
Slag 


Slag is the solid clinker by-product (dross) of ore and metal processing. In 
order to produce one ton of metal, more than 5,000 tons of ore may have to be 
processed. Other than dumping, there is no economical method available to 
dispose of this material. 


Normally a belt or bucket conveyor transports the material to the disposal area 
(often a hillside), where it forms a large pile. Earth moving equipment, rail cars, 
or trucks may also transport the material. Slag is dumped in long parallel rows to 
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SLAG PILE 


Figure 5: slaw Pile at Zinc Plant 


one side of the industrial area. The lack of a mechanism for retrieval differenti- 
ates slag piles from ore stockpiles. Pure clinker material (without toxic elements) 
is used to manufacture building blocks (cinder blocks), In these cases, facilities to 
move the slag to the manufacturing plant are present. 


Scrap Yards and Wrecking Yards 


Scrap and wrecking yards are used to reclaim useful material, usually metals (in 
the form of discarded automobiles), but reclamation of ceramics and glass is pos- 
sible. The scrap material is brought to the yard, the material is sorted, and then 
stored (in large open storage) until the material is resold and removed. Often, 
metallic scrap yards are near metal processing industries. Using scrap metal is 
cheaper than processing raw ores. 
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Figure 6: Steel Scrapyard at Steel Plant 
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The open scrap storage area has a distinctive appearance due to the non-uniform 
size and shape of the scrap materials. Tonal differences are apparent from both 
shadows and non-uniform color. Wrecked and scrapped vehicles are easily iden- 
tified, since the vehicles are piled on top of each other. Also, there are no 
provisions for easy removal of the vehicles (i.e., minimal driving lanes in the 
yard). Within the yard, overhead gantry and rotating cranes (sometimes equipped 
with electromagnets rather than buckets), and various specialized vehicles are 
used to move material. 


One or more open sided sorting buildings can be present. Sorted material is stored 
within the buildings prior to transport, or the material may be stored in bins. 


Landfills 


The most popular and economic method of disposal for solid waste is the land- 
fill. Usually the landfill is located near the waste producers (i.e., city), but in 
recent years trash has been transported by road, rail, and barge enormous dis- 
tances due to the scarcity of suitable dumps. The typical operation involves 
trucking the trash to the site (in waste disposal and dump trucks), dumping the 
trash into a prepared area, and backfilling (covering) the trash with dirt (for sani- 
tary and esthetic reasons). Leaching of effluent from the landfill into the water 
table is a major concern. Most modern landfills have clay or plastic lining to pre- 
vent leakage and monitoring wells to detect leaks. 


The landfill covers extensive acreage, and unless care is taken, the trash will 
blow for some distance from the dump. The trash will display a range of colors, 
tones, sizes, and textures. Material handling is in the form of bulldozers, both to 
move and level the trash and backfill dirt (usually piles of dirt are found in the 
area). A well-maintained transportation access is a vital necessity for the landfill. 


Incinerators 


An alternative to landfills is the incinerator. The waste heat from municipal incin- 
erators can be used for power generation and steam heating. Solid waste material 
is stockpiled, sorted to remove large non combustible items, and shredded. 
Processing of the shredded material includes air sorting (a vertical or horizontal 
sorter uses gravity and air ———— 

flow for separation) and 
reclamation of materials. 
Waste heat is used to dry 
the trash. Liquid waste can 
be injected into fluid bed 
combustors along with 
solid materials. 


The incinerator is a tall 
building with prominent 
truck ramps. The ramps 


Figure 7: Incinerator Operation 
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Here are more examples of adding numbers with like and unlike signs. Study them. 
Examples: 


Like, using positive and negative signs 


242=4 

2.242 = 4.2 
1242 =14 
-24(-2)=-4 


Unlike, using unlike signs 


(a) (b) 
7+(-3) =4 5 Minuend 
-94+3 = -6 -3 Subtrahend 
-7.64+2.2 = -5.4 2 
Note: As in example (b), in using unlike signs, you simply change the sign and 
subtract. 


Try the following challenges to see if you know your rules. 


The correct answer is "a," common sign. If your answer is the same, you are correct; continue. If 
not, review the second part of paragraph 1201 before continuing. Try the next challenge. 
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MATERIAL HANDLING 


TRASH PILES 


Figure & Trash Incinerator 


usually enter opposing sides of the building. Fuel sources (other than trash) are 
not apparent. Overhead cranes and material handling equipment are found at the 
plant. Large operations can burn enough material to run generators or steam 
plants for local use. In this case, transformers or steam pipes are visible. 


Composting 


To alleviate the load on landfills, composting the organic portion of solid waste is 
becoming a common disposal method. The organic material (in large scale opera- 
tions) is mixed with dirt and piled in parallel rows. The material is turned 
occasionally, and after bacterial action, the material becomes soil. The soil is 
transported and used in agricultural and residential applications. The presence of 
earth moving equipment and dark toned, parallel compost piles (situated clear of 
residential and industrial areas) is an identification key. 


Liquids 


Isolated dvellings and small industries can use septic systems for disposal of liq- 
uid wastes. Some waste liquids are dumped directly into streams (essentially 
treatment is by dilution). Larger urban areas and large industrial complexes can- 
not rely upon such crude systems. A city will have domestic sewage from 
dwellings (bath, kitchen, and laundry waste), industrial sewage (waste from food, 
cooling, and manufacturing processes), and street waste (refuse, storm water 
runoff, grease, and oil). Typically, 100 gallons per capita per day is the expected 
amount of liquid waste produced in a city. 
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Sewage Treatment 


Some areas of the 
world rely upon waste 
collection from indi- 
vidual houses for 
transport to a disposal 
site. This is not an 
efficient system in BP (CE ht 
large urban areas, A 
waterborne system 

of pipes, pumping 
stations, and disposal 
plant is the best 
method for large cities. 


Figure 9: Sewage Outfall Pipe 


Sewerage is the process of waste removal using water as the medium. The sewer- 
age system includes all the facilities for collection and transportation (sewer pipes), 
treatment (sewage disposal plant), and disposal (landfill, incinerator, or irrigation 
methods) of sewage. Modern cities use a system of sewer pipes and pumping sta- 
tions to transport waste. Sometimes separate (dual) systems of sanitary and storm 
sewers keep storm runoff from overburdening the treatment facilities. 


TREATMENT PROCESSES 


PLANT 
TYPE 


PLANT COMPONENTS 


Figure 10: Sewage Treatment Processes and Components 
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Purification of sewage is the oxidation of sewage by bacteria to its basic mineral 
components. In low flow systems, sewage can be dumped directly to the stream 
(disposal! by dilution) without adverse effects. Higher flow requires more treat- 
ment if upset of the stream system is unacceptable. 


The simplest form of treatment is natural purification where the solid and liquid 
components are separated by sedimentation, the liquid (effluent) is pumped to 
the stream and the solids are treated. Another method is irrigation, where the 
effluent is sprayed over porous ground and allowed to evaporate and percolate 
into the soil. In order to prevent stream pollution from large quantities of 
sewage, a more complex treatment is necessary. Mechanical, chemical, and bio- 
logical means are used to reduce organic content, remove solids, and neutralize 
chemical contaminants. A sewage treatment plant consists of numerous water- 
filled basins and very few buildings (relative to site size). 
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(W/MOVING SCRAPERS) (INCLINED 2' 
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(ROTATING SKIMMER (ROTATING DRUM) 
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Figure 11: Coarse Solids Removal 
Primary Treatment 


Primary (partial) treatrnent consists of separating and treating the solid portion of 
sewage leaving a partially treated effluent. The initial process in treatment is the 
removal of coarse (and indigestible) solids. The indigestible solids are removed 
by bar screens (coarsest objects), comminutors (grinding of remaining large, 
decomposable materials), grit cham- 
bers (removal by settling of heavy 
solids), and grease-removal tanks 
(skimming off oil, fat, and grease). 
The process is carried out in a single 
structure, usually a long, narrow, 
open concrete tank nearly flush with 
ground level, 


The next stage is the removal of fine 
solids, Commonly this is accomplished 
using either primary sedimentation 
basins or Imhoff tanks. Primary sedi- 
mentation basins are rectangular or 
round, open, concrete tanks nearly 
flush with ground level. They are 


Photo Interpretation ‘Training Course 


Chapter 4 


288 Cultural Features 


equipped with sludge 
scrapers to direct the settled 
sludge into a bottom dis- 
charge well. ‘The basins 
may have surface skimmers 
for grease removal. 


Chlorine-contact chambers 
are used to treat the efflu- 
ent. Turbulent water and 
chlorine are mixed in these 
long, narrow, baffled chambers, 
killing any remaining bacteria. 


It is necessary to treat the raw 
sludge from the primary sedi- 
mentation basins because it 
rapidly decomposes. 
Stabilization is accomplished by 
digestion. Here bacteria are 
allowed to act on the organic Figure 14: Primary Sedimentation Tank 

content. The end product is a sta- 

ble material that is incinerated, used as soil conditioner, or dumped. Rectangular 
or circular open top digestors are used in warmer climates. In cooler climates 
(warmth is needed for the bacteria to operate) covered circular digestors are 
used, These tanks may be earth-bermed to conserve heat. In both types, raw 
sludge is introduced into the tank and allowed to stabilize. The treated sludge 
sinks and is removed from the tank. 
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Figure 16: Rectangular Sedimentation 


CIRCULAR SEDSMENTATION TANKS: Tank Arrangement 
(TYPICAL BANK OF FOUR TANKS) 


Figuve 15: Circular Sedimentation 
Tank Arrangement 
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Figure 17; Chlorine Contact Chamber 
Figure 18: Fixed Roof Covered Digestor 


During the digestive process, 
methane gas is released. In 
covered digestors (roof may 
be fixed or floating top), the 
gas is collected, held in a gas- 
holder for use as fuel, or sent 
to a flare for disposal. 


FIXED ROOF COVERED DIGESTORS 


Imhoff tanks act as a primary 
sedimentation basin built over 
a digestor. An Imhoff tank is a 
bi-level septic tank that requires 
6 to 9 months to process the 
sludge. Because of the long 
time required for processing, 
several Imhoff tanks must be 
used. They are found clustered Figure 19: Typical Earth Covered Digestor 
in a rectangular arrangement. 


EARTH BE 


Water must be removed from the digested Watney, 
sludge before disposal. Several methods 

are possible. The sludge is sent to a sludge 

lagoon where the water evaporates or 

drains into the soil. When the sludge is 


dry, it is removed by scrapers. Sludge dry- i y 


PAATAL 
ing beds are a system of low, rectangular | BOOO OCS RSES 7 oi 


basins (one meter deep) with drain tiles 2 i 


RRB 
Ss 


under 20 cm. of gravel and 10 cm. of sand. 
The sludge flows out over the bed, the 
water drains, and the dried sludge is 
removed. In colder climates these beds are 
enclosed by glass structures resembling 
greenhouses. 
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Figure 20: Rectangular Open Digestor 
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Figure 22: Imboff Tank Arrangement 
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Figure 24: Imboff Tank 
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Figure 24: Klutriation Basins Figure 25: Multiple Hearth Furnace 
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Another method involves washing the sludge with fresh water in elutriation tanks 
(narrow, open, rectangular basins), conditioning with chemicals to coagulate the 
sludge particles, and then removing water with a vacuum filter, The vacuum filter 
is contained in a buiiding between the elutriation tanks and the incinerator. 
Sludge dried in a vacuum filter can be incinerated for final disposal. 


atures 29F 


Secondary Treatment 


Secondary (complete) treatment for the solid component of sewage is identical to 
the processing of the sewage by primary treatment systems, Additionally the 
effluent is treated by oxidation, filtration, and chlorinating processes similar to 
water purification, The result of 
secondary treatment is a com- 
pletely treated effluent with 
practically all solids removed 
and treated. 


For secondary treatment, the 
next step is the removal of col- 
loids and bacteria (using trickling 
filters or activated sludge tanks) 
from the effluent. Filtration is 
done by trickling filters, which 


are composed of layers of 

crushed stone and sands (giving TNO. AOTATING SPREADER ARMS 

a dark tone to the tank) over Figure 26: Rotary Trickling Filters 

which the effluent is sprayed. 

The sewage percolates downward, leaving behind organic matter, which is stabi- 
lized by bacterial action. The resulting stabilized soil is carried out with the 


effluent and sent to secondary sedimentation tanks. 


Rotary trickling filters are large, circular, concrete tanks with two or more rotating 
sprinkler arms that operate continuously. Fixed nozzle trickling filters are large, 


FIXED TRICKLING NOZZLES PUMPHOUSE 


TRICKLING FILTER BED 
DOSING TANKS 


Figure 27: Fixed Nozzle Trickling Bed 
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open, rectangular concrete structures 
(with two dosing tanks nearby). The dos- 
ing tanks collect the effluent, and when 
full, discharge the effluent over the filter 
in discontinuous operation. 


Ahernately, activated sludge tanks may be 
used, Activated sludge tanks (oxidation 
beds) are long, open rectangular, concrete 
tanks arranged in parallel banks of two or 
more units. Here, the effluent is mixed a 
and agitated by compressed air or rotary Figure 28: Hixed Nozzle Tricking 
paddles (the foaming sludge aides identifi- puter ped 

cation). The resulting coagulated mixture is 

sent to the secondary sedimentation basin, 


The secondary sedimentation basins operate in a manner identical to the primary 
sedimentation basins, Here, the final separation of coagulated solids occurs and 
the sludge is sent back to the digestors. 


ants treat ¢ PAODLES OR NOZZLES 
Modern plants treat the Neos SURFACE ARTANGEMENT) 


effluent with lime, metallic 
hydroxides, or ion 
exchange systems to 
remove phosphate and 
polyphosphate com- 
pounds. This treatment 


reduces unwanted vegeta- BS OS ae aes a 
tion blooms around the 

waste water discharge Fn on eho eee ae CS SE ay (RS 
pipes. Chlorine-contact ee Bes ae Ks 


chambers kill any remain- ACTIVATED GLUDGE TANKS (2-4 TANKS) 
ing bacteria. 


Figure 29; Activated Sludge Yanks 
Tertiary Treatment 


In some areas, increased environmental concerns have mandated additional 
waste treatment. These tertiary treatment systems are used to reduce the BOD 
(biological oxygen demand), The result of treatment is lower concentrations of 
ammonia, nitrates, phosphates, heavy metals, and toxic organic compounds. 
Another concern is reducing pathogenic bacteria, enteric viruses, protozoan cysts, 
and helminth eggs that, if left untreated, would contaminate the water. The ter- 
tiary treatment facilities are similar to potable water treatment facilities. 


Tertiary treatment plants are expensive to operate. Common treatment systems 
include reverse osmosis and dialysis, ammonia stripping (air forced through efflu- 
ent), coagulation, filtration with sand and coal, activated charcoal treatment, and 
disinfecting with ozone or chlorine treatment. The final effluent is stored (for 
three weeks) in lagoons or used to irrigate grass beds, 
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Figure 30: Sewage Treatment Plant 
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Industrial Liquid Waste Treatment 


Most industrial plants pretreat waste water prior to releasing the fluid to the sani- 
tary sewer system, This must be done since municipal systems cannot handle “he 
toxic chemicals and dissolved metals from industrial processes. Some plants will 
treat waste water and recycle the treated fluid. 


Treatment from most industrial process con of precipitation, reduction, oxida- 
tion, coagulation, and flotation methods, After this initial treatment in various 
clarifiers, thickeners, and flocculation units, the waste is treated as sanitary waste 
material, Some industries dispose of waste through irrigation and evaporation 
methods. 


Gases 


Gases resulting from sewage treatment and industrial processes can be vented 
directly to the atmosphere when the concentration is low and no health hazard is 
feared, When the gase: are combustible, they can be stored, usually in a gasome- 
ter, and used as fuel. 
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Figure 31; Vertical Hare at Oil Refinery 
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You are correct if your answer to each problem matches those listed below; continue. If all of 
your answers do not match those listed below, repeat paragraph 1201 and try the challenge again 


before continuing. 


(Solve these problems) 


(a) (b) (c) 
36 36 3ab+4cd 
+27 (+)-18 (+) ab-3cd 
63 18 4ab+cd 
(d) (e) (f) 
4 5 -2ab-3cd 
(+)-2 (-)-7 (-)4ab+cd 
2 2 -6ab-4cd 


1202. Add Algebraic Expressions Using Exponents 


Algebraic expression using exponents will allow you to more easily perform mathematical 

operations when using large numbers. This will become even more obvious when you multiply 
using exponents, but for now let us concentrate on addition. Look at the following chart to give 
you an idea of expressing and knowing the various parts of the algebraic expression. See figure 


1-1. 
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Figure 32: Horizontal Fare on Jackup Oil Platform 


Unwanted combustible gases are flared. The flare can be horizontal when the 
flared material is low in volume and flare use is intermittent. Large scale burning 
on a constant basis requires a tall vertical flare. This keeps the dangerous gases 
and fumes of combustion far enough from the ground surface that no health haz- 
ard is posed. A flare is simply a pipe, usually equipped with an electrical lighter, 
which can be free standing or supported by latticework. The flare is situated 
clear of other structures and is often centered in a bermed area. Petroleum 
refineries, sewage plants, petroleum wells, and coke plants use flares. 


The exceptions to large vertical flare systems are on offshore petroteum drilling 
and production platforms. Here, to provide clearance for rotary aircraft, the flare 
is boomed out horizontally from the platform. 


Introduction 


Power generation consists of the production and distribution of electric power. 
The power plant provides the method to convert fuel to mechanical energy, 
which drives the generators and produces electricity, The main methods of gen- 
eration are thermal energy (using steam driven turbines), hydroelectric (using 
water pressure to drive turbogenerators), and internal combustion (direct conver- 
sion of mechanical to electrical energy). 
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Figure 1: Electric Power Sources 


A system of substations (transformer and switching yards) and power lines (sus- 
pended from transmission towers or pylons) distribute electricity to the user. The 
distribution system allows the connection of numerous power plants and sul- 
scribers. This allows the network to minimize variations in load demand on any 
one power plant. 


The size of the plant varies by its intended use, i.¢., whether the plant supplies 
the primary power (base load) to a region, or if the plant provides intermittent 
power during peak power demand. Fuel quality and iype also influence plant 
size. Typical output for a large base load plant using coal is 1200 megawatts and 
for a hydroelectric plant 825 megawatts. For a peak load plant, designed to han- 
die increased load demands, the power output ranges from 200-600 megawatts, 
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Figure 2; Electricity How from Power Plant to Consumer 
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Power Transmission 


The power distribution grid starts at the power plant and ends with the sub- 
scriber. High voltage electric current (45 kilovolts or more) can be transmitted 
long distances with low power losses. However, the customer uses Jow voltage 
current. A system of stepping up transformers (increasing voltages for power 
transmission), stepping down transformers (decreasing voltages for subscriber 
use), and switching stations (directing current from transmission line tu transmis- 
sion line at the same voltage) manipulates electricity along the transmission 
network. 
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Figure 3: Power Transmission Network 


Suhstations and Transformer Yards 


Transformer yards are extremely large transformer complexes found at power 
plants. These yards are a complex of large transformers and switching networks. 
A substation is the complex associated with the rest of the distribution network. 
The basic classification of substations divides those associated with transmission 
of electricity (high voltage substations) from those associated with distribution of 
electricity to the user (low voltage substations). The type of equipment at the 
yard is the basis of an additional distinction. Transformer substations consist pri 
marily of transformers and equipment related to transformers. Switching 
substations consist of current and voltage switches. Customer substations are sub- 
stations on the user's premises and provide distribution only within a particular 
complex. Convertor substations convert AC (alternating current) to DC (direct 
current). invertor substations convert DC to AC. 


A transformer substation consists of transformers (large primary wansformers), cir- 
cuit breakers (for over-voltage protection), disconnect switches (controlling 
current flow), bus bars (flexible conductors or hollow aluminura pipes to create 
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Figuve 4: Transformer Substatton 


the electrical connections), shunt reactors and capacitors (to provide voltage and 
current to operate the equipment), current and potential transformers (used to 
measure voltage and current flows), and the control and protection relays, 


‘The large, primary transformers are rectangular (enclosed) boxes. Air insulated 
transformers have their electrical connections open to the atmosphere. The air's 
non-conductive properties protect against grounding, This type of transformer 
requires a fence to limit access within the danger zone. Metal clad transformers 
have both the electrical connections and the transformer contained within a 
metal box, Large pipes containing a non-conducting gas, such as sulfur hexafluo- 
ride, protect gas insulated transformers from arcing. The gas pumped into the 
pipes provides insulation around electric) connection points and between com- 
ponents in the substation. 


Transformer substations are usually light-toned because they are built on beds of 
crushed gravel or cement. They are rectangular features with a gridded or frame- 
work appearance. The primary transformer will be a solid rectangular unit (ovoid 
or cylindrical shapes are possible), centraily located between the high and low 
voltage switchyards and circuit breakers, The transformer is isolated from the 
general metal framework of the rest of the yard. The transformer has multiple 
electrical conductors attached at the top. Cooling fins provide heat transfer for 
the transformer. The transformer is often olaced on top of a concrete pad. 
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Figure 6: Circuit Breaker 
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Figure 7: Swtiching Substation 
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Sometimes it is isolated from the rest of the installation by blast walls. A control 
building is also present. 


The switching substation consists mainly of switches and circuit breakers. The 
overall appearance is similar to transformer substations, but without the primary 
transformers. The circuit breakers and switches are cylindrical or ovoid arrange- 
ments of solid black equipment. Circuit breakers and switches have two bus bars 
at the top, while transformers will have multiple conductors, Additionally, the cir- 
cuit breakers and switches are incorporated within the metal framework of the 
substation. Substations for switching, converting, and inverting usually have their 
primary equipment housed within a building. 
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Customer substations are small trans- 
former units (of the metal clad type). 
They are associated with plants and 

factories. TLECTAOLYSSS SULOND, 
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An industry requiring large amounts of 
direct current (DC) uses convertor sub- 
stations (converting the alternating » 


current from the power grid to direct on th 
current), For submarine cables more 1... found wssoeurion 
than 50 kilometers in length, the use of 

direct current reduces excessive line Figure 9: Convertor Building 

loss, The convertor substation consists 


of a series of enclosed convertor valves (thyristors), filters, reactors, capacitors, 
and transformers, A building contains all the equipment, except the transformers. 


Transmission Lines and Pylons 


Networks of power transmission lines, carried on transmission line pylons, trans- 
mit the electricity from the power plants through the various substations and 
transformer yards. These high tension lines carry the high voltage current. So 
called because of the stress the line conductors are placed under. For example, a 
22.2 mm (.875 in ) conductor is under 68600 N (15425 Ibs) of stress, or around 
18% of its ultimate breaking strength. 


High voltage efficiently carries large cur- 
rents over long distance. Low voltage 
loses too much current to resistance loses 
to be economically feasible. A network of 
lower voltage lines carries the electricity 
from the distribution substations, situated 
near the consumer, to even smaller pole 
mounted transformers, The small trans- 
formers provide the consumer with the 
120 and 240 VAC needed for house cur- 
rent (at least in the U.S.). When possible, 
the route is planned to be as direct as Figure 10: Powerline 

possible. The large power lines typically 

cut across country while smaller lines follow roads and railroads for easier access 
for construction, maintenance, and to minimize right-of-way costs. 


INSULATOR 


coNDUCTOR ——>” 


A comprehensive study of the entire power system (power grid) provides the 
input for the actual power transmission line design. Some factors in the study 
include the size and location of the generators (power plants), the size and loca- 
tion of the loads (the consumers), and the possibility of modifying existing power 
lines. This information determines the required voltage (and current), the start, 
and end points of the line. Other influencing factors include soil conditions (soil 
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Figure (1: Power Transmission Line Network 


types, presence of swamps, and presence of corrosive alkali agents), modifica- 
tions for navigation clearance for rivers and lake crossings, and local climatic 
conditions affecting line design (yearly temperature ranges, wind velocity ranges, 
expected ice thickness, and the presence of corrosive sea salts, smoke, or fog). 


The operating voltage and current of the line and the environmental concerns 
determine the type of pylon construction; the size, number, and type of conduc- 
tors and insulators, and the required clearances (including vertical height of the 
tower) around the line. 
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The conductor carrying the electrical current must be able to handle the demands 
of the circuit. Smaller electrical loads allow the use of smaller conductors. The 
type of conductor (size and insulation), line voltage, and span lengths dictate the 
required safety clearance. Every power line has certain minimum clearances dic- 
tated by the line voltage. Small shielded cables carrying low voltages can be 
mounted on short poles. Unshielded conductors carrying high voltages must be 
placed high above the ground surface. These high voltage conductors have large 
ceramic insulators, which may be up to one foot in diameter and several feet 
long. The basic insulator dimension in the U.S. is 146 mm (5 3/4 in) thick by 254 
mm or 267 mm (10 in or 10 1/2 in) in diameter. Multiple insulators are linked to 
protect from shorting and arcing. Smaller voltage circuits only require the small 
insulators commonly seen on the small distribution poles, The design of the insu- 
lators is hased on the three major considerations of the 60 Hz voltages: actual 
power frequency operating voltage, voltage transients from lightning strikes, and 
those transients caused by switching (switching voltages). These constraints also 
dictate the height of the transmission tower. 


A 3-phase voltage carries the electric current, with one conductor carrying each 
phase. Therefore, each 3-phase circuit requires three conductors. The size of the 
conductor is determined by the voltage, conductor surface (solid vs, stranded and 
construction material such as copper, steel, or aluminum), and altitude (relating 
to corona loss, power loss, to the atmosphere), Additionally the line must main- 
tain integrity during stress loading by the mechanical forces from line tension, 
wind, and ice loading. The most economical conductor is steel reinforced alu- 
minum. Conductor size varies from .5 centimeter (for a low voltage line) to more 
than 2.2 centimeters (for a very high voltage line). A pylon can carry more than 


Minimum Horizontal | Minimum 
Clearance to Right-of-Way 
ah uae Width 


m m (ft 
1213 FO 13,048 (10) 13.048 (10) 27 (70) 


| 305 (1000) 3.048 (0) 3.048. (10) 28 (90) 
pis 1213 (700) 48.045 110) [3.249 (10.66) Set 


000 


Figure 12: Span Length and Clearances for Medium Load Circuit (U.S.) 
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one circuit, two high voltage circuits can 
be carried or one high and one low volt- 
age circuit. In addition, one or two sets of 
smaller wires are placed on an extension 
at the top of the tower to protect against 
lightning strikes and to form the overhead 
ground for the circuit, Overhead ground 
wires run in size from .914 cm (,360 in) to 
1,387 cm (.546 in). Low voltage lines often 
use an earth-contact ground instead of 
overhead grounds. The spacing of the 
conductors (distance from conductor to 
conductor) is also critical. In high wind 
conditions, closely spaced conductors can 
gallop (and touch), causing intermittent 
shorting resulting in actuai damage to the 
line. Additionally electrical equipment using 
the circuit can also be severely damaged. 


‘Or two braces, metal! 
bolts 457 mm (i8 in) apart. 


‘Structure 
ground wires<J 


For 24.4-m (e0-4t) structure 
and over, instell two X-braces 


Electrical transmission towers (pylons) 
carry the suspended electrical conductor 
along the route of the power line. These 
towers are spaced at regular intervals. The 
regularly spaced pylons are much easier 
to detect than conductors. The towers are 
classed according to three functions. 
These functions are tangent, angle, and 


Figure 14: Russian ‘H’ Pylon Construction 


Photo Interpretation Training Course 


EXPRESSIO READ EXPONENT 

x squared 2 

y cubed 3 
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power 
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Fig 1-1. Examples of algebraic expressions using exponents. 


Note: When an exponent is not indicated, it is understood to be 1. 
Examples: 

=x! 

6=6! 


Now let us check your understanding of exponents. Try this challenge. 


Industries 


Cultural Features 305 


5 Conductor Size | insuletor Length | Distance of Outside Phase 
m 


6952 (205) [869 (2.5) 13.048 (10) 
fis ___d | 66 (260) 11.219 (4.0) 13.658 (12) 


Figure 15: Conductor and Insulator Size, Meditm Load Cirenit (8,) 


tension structures. This refers to the method used to suspend the conductor from 
the tower, From 80% to 90% of the pylons in a power line are of the tangent 
class, that is, the conductor is suspended from the tower. The end towers (and 
often where the line changes directions) of the line are tension type. That is, the 
tower must be built to accommodate the additional tension (or pull) placed upon 
the tower since the line is actually affixed to the conductor in a solid connection, 
Angle towers are also placed under additional stress from the conductor leading 
off at an angle from the tower, Typically accommodation is through tower guy- 
ing. The interval between towers varies with tower size and the terrain crossed, 
ranging from 25 meters to more than 500 meters. Clearcuts within forested areas 
provide protection against vegetation shorting the conductors. Power pylons are 
placed clear of buildings and structures. 


Local economics and the availability of materials determine the composition and 
configuration c* the pylons. The configuration of the pylon varies, several shapes 
of pylons are commonly used. Pylon classification is by their resemblance to 
letter shapes. The pylons are classified according into ‘A’ type, ‘H' type, ‘I’ type, 
or 'Y’ type. Rarely, other shapes (‘V' type for example) can be found. 


Figure 16: Tangent Figure 17: Angie Figure 18: Tension 
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Power lines, no matter which 
pylon type is predominant, usu- 
ally use ‘A’ type or reinforced ‘H' 
type pylons at the terminal points 
(tension) and at turns (angle). 
Construction materials vary 
depending on availability and 
strength requirements, Common 
materials are wood, concrete, and 
steel. Steel pylons are in the form 
of latticework towers or solid po ice ep a Sa ed me 
poles, Concrete towers are pre- Figure 19: A’ Iylons 
cast material, usually around a 
solid steel core, Steel and con- 
crete towers are standard heights 
(within a system). The height of 
wood towers varies more than 
steel and concrete towers. Power 
lines using wooden pylons will 
have steel towers at turns and 
terminal points (substations), 
Wood pylons will have more 
cross-bracing and guy lines than 
other types, This provides added 
structural support. 
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Figure 21: 'T' Pylons Figure 22: 'Y' Pylons 
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Figure 20: (11 Pylons 
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Figure 23: Typical Russtan and CIS Pylon Usage 


Power Generation 


internal Combustion 


Internal combustion power plants provide power for peak load demands. They 
are used for electric power in isolated areas (without 4 power grid), base power 
for industrial plants, or standby (emergency) power for installations. Internal 
combustion plants use gasoline, diesel, methane gas, or natural yas for fuel. The 
power output for an internal combustion plant is around 2400 kilowatts per gen- 
erator unit (for a large gas turbine generating unit). 
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Figure 24: Generation of Electricity 
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Figure 25: Components of an Internal Combustion Power Plant 


The generators can be housed in a building, or may be open to the weather. 
Each unit will consist of an internal combustion engine coupled to a generator, 
The engine will have air intakes, exhausts, and mufflers. Gas (jet) turbines have 
large intakes and exhausts accommodating the large amounts of air required for 
operation. Reciprocating engines will have cooling facilities, in the form of radia- 
tors of other means, available. Gas turbines require no cooling. Fuel cell power 
plants (using a entirely different technology from internal combustion plants) 
look like a very clean small gas turbine plant without any exhaust provisions. 
This technology is in limited use at present. 


PueL taMag bowl mouse TRANOFONMERG 


Figure 26: Reciprocating Engine Power Plant 
Thermal Power Plants and Turbines 


All thermal power plants use steam driven turbines, a boilerhouse (equipment to 
generate heat and steam), and a generator hall. The daily operation of the plant 
tequires large amounts of water. Most thermal power plants are located next to bod- 
ies of water. At least minirnal water treatment facilities are necessary at the plant. 
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Figure 27: Gas ‘Turbine Power Plant 


High pressure water is injected into the boiler for conversion to high pressure 
steam. The steam drives the steam turbine, which is connected to the generator 
by the turbine shaft. The electricity generated is passed to the power plant's 
transformer yard. There the voltage is stepped up for transmission. 


The steam exhausted from the turbine is extracted under a vacuum and sent to 
condensers for conversion to water. Fifty percent of the heat generated at the 
power plant is waste heat. The power plant uses one of two systems to dispose 
of the heat. In the open system, the condenser water is discharged directly to a 
lake or river (the water is used once and discarded). In the closed system, cool- 
ing towers and ponds cool the water for reuse. 
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Figure 28: Steam Turbogenerator Components 
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Figure 30; Thermal Power Plant Fuel Sources 
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Fossil Fuels 


Power plants can use coal, oil, nat- 
ural gas, peat, wood, trash, or a 
mixture of fossil fuels. These plants 
have in common the same compo- 
nents and requirements. These are 
fuel handling equipment, boilers 
and steam turbines, condenser sys- 
tems, a feedwater heating system, a 
system to handle flue gases and 
wastes, and a control system. 


The typical power plant has a 30- 
180 day fuel supply stockpiled. Rail, 
barge, pipeline, and/or trucks 
deliver the fuel. Specialized equip- : 
ment unloads and stockpiles the eer aes 
fuel. This equipment varies by the = Figure 34) Coal Thermal Power Pant 
delivery method, but includes meter- 

ing stations (oil and gas), conveyors 

(transport fuel from unloading to storage areas), coal tipples, and cranes or 
power shovels, The fuel is stored in tanks, bins, hoppers, or in open storage 
yards Cuai is stockpiled in large open storage yards Oil is stored in bermed tank 
batteries. Power plants fed by natural gas pipelines may not have an on site stor- 
age facility. Peat and other low BTU fuels are stockpiled in parallel rows in open 
storage. Conveyors and pipelines retrieve the fuel, and the fuel is prepared for 
burning. Conveyors for low BTU fuels are wide and of the open type, compared 
to the narrow, closed conveyors used for coal. Oil is pumped to a day tank (a 
one day supply for the boiler) where the oil is heated before injection into the 
boiler. ‘Che oil is atomized immedi- 2 enamel 
ately before injection to increase BMCARSROUND: 6A BPE WE: 

fuel efficiency. Coal is pulverized at 
the storage yard and sent by pneu- 
matic conveyors into the plant. Gas 
is piped directly from the pipeline 
or from adjacent storage tanks. 
Fossil fuel plants using peat, wood, 
or trash as primary fuel require 
more fuel preparation and larger 
fuel storage areas. 


In the plant the boiler burns the fuel 
to produce the steam needed to run 


Cai. FACIES 
the turbines. The tall boilerhouse is 
often attached to the smaller genera- 


tor hall. Feedwater heating equipment lL seeiel 


preheats the water before use in the Figure 32: Gas Thermal Power Plant 


Photo interpretation Training Course 


| industries 


| Cultural Features 343 


ALVER 
, eA 
oe 


Ce 


SA FAG ED 
te PAGERS 


Figure: 33: Oil Thermal Power Plant Figure 34: leat Thermal Power Plant 


boiler, After the steam passes through the turbine, it is condensed (condenser 
located under most boilers) and cooled for re-use. 


Electrostatic precipitators treat the exhaust gases from the boilers to semove par- 
ticulates, Scrubbers remove sulfur dioxide and nitrogen oxides. The waste gases 
are discharged through tall smokestacks, Ash handling equipment removes the 
ash (cinders) from the boilerhouse for disposal. 
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Figure 3S: O TEP Components 
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Figure 37: Nuclear Fuel Cycles 
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You are correct if your answer is "b." When there is no exponent indicated, it is understood that 
the exponent is 1. If you answered incorrectly, review paragraph 1202. If your answer is correct, 
you may continue. 

The rules for performing algebraic addition on terms containing exponents are 


WRule | - The bases and the exponents must be the same (like terms). 


Example: 


a (the base of the exponent is "a") 


WRule 2 - To add or subtract polynomials, arrange the terms in ascending or descending 
order. Perform algebraic addition where possible. 


Note: This may require the insertion of a place holder. A place holder is merely a 
number where the value for addition and subtraction equals 0. 


Example: Add 
2a*+3ab+4b*c to 3a*+3b?c+3b 
Set up as: 


2a? +3ab+4b2c 
(+)3a? + Oab + 3b2c + 3b 


Sum of Absolute * 5a? +3ab+7b*c+3b 
Values 


(Fill in the blank) 


The and the must be the same (like terms) before 
adding algebraic expressions with exponents. 


a. bases, exponents c. values, absolutes 
b. signs, terms d. terms, exponents 
Try this challenge. 


You are correct if your answer is "a." If it was not, review the rules for performing addition using 
algebraic expression with exponents. 
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The control room at the plant can be a separate building, or it can be contained 
within the boilerhouse and generator hall buildings. 


Nuclear 


Nuclear power plants use a fission pile (nuclear reactor) to produce the heat 
needed to run the steam turbines (reactor replaces the boilerhouse). Nuclear 
power reactors use uranium, plutonium, or a uranium-plutonium oxide mixture 
(MOX) for fuel. Three basic types of fuel cycles are common. One type uses ura- 
nium in a once through operation in the reactor, Then the fuel is discarded. A 
MOX facility uses an oxide mix of plutonium and uranium. The fuel can be re- 
processed, The fast breeder reactor during power production con-currently 
produces an excess of plutonium. The plutonium is then processed into more 
fuel. The reactor configuration varies greatly. There are numerous reactor designs 
for different fuels and using various heat transfer and cooling schemes, 
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Figure 38: Containment Vessel Profiles 
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Figure 29: Pressurized Water Reactor (PWR) Power Facility 


The shield building covers the reactor’s primary containment structure. This is the 
largest and tallest building in the complex. Thermal energy is circulated from the 
primary cooling system to a secondary cooling loop in one scheme, the pressur- 
ized water reactor. The 
generator hall can be attached 
to the shield structure or can 
be a separate building. 
Another auxiliary building, 
attached to the shield build- 
ing, handles the fuel rods and 
houses the reactor controls, 


Waste heat and the electricity 
produced are handled the 
same as other power plants. A 
major problem with nuclear 
power plants is the handling 
and disposal of the fuel rods, 
which are highly radioactive 
after use. One quarter of the 
fuel rods is replaced yearly. 
Once fuel rods are removed 
from the reactor through the 


Figure 40: PWR Containment Butlding 
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Figure 41; PWR Steam Generation 


auxiliary building, they are stored in pools (situated next to the reactor, with high 
load overhead cranes) and eventually shipped for reprocessing or disposal. 
Another waste produced is the waste gases vented from the reactor. To minimize 
exposure to these gases, they are vented through a waste gas stack, usually an 
extremely tall stack next to the reactor. The stack also vents gases during emer- 
gency reactor excursion. 
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Figure 42; PWR Generator Building 
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Nuclear power plants have 


VENTURI oe heavy security with at least 
CO eee one row of security fenc- 


ing around the area. A 
nuclear power plant is 
identified by its neat and 
clean appearance and the 
containment facility. 
Reactor facilities in most 
countries use an environ- 
mental containment 
structure, This structure 
isolates the reactor vessel 
and any produced gases 
and radiation leakage from 
the outside, Sore reactor 
facilities, most notably in 
Figure 43: Nuclear Plant Components Russia and the CIS, use a 
bio-hazard type contain- 
ment facility. These structures isolate the nuclear material only during normal 
operation. Any breach of the reactor vessel (core melt-down, explosion, or 
coolant loss) will result in leakage into the atmosphere. Reactors without a trans- 
former yard (or a small yard) are not being used for power generation. Such 
reactors are used for research or production of the special nuclear material (SNM) 
used in weapons production. 
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Figure 44: Nuclear Power Plants 
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Figure 45: Geothermal Well Components 


Geothermal 


Geothermal plants use heat derived from subsurface waters as a heat source. 
Wells bring the geothermally heated water to the surface, Heat transfer loops 
extract the heat for use in the turbogenerator. There are three types of geother- 
mal plants. In hydrothermal plants, hot subsurface rocks heat water and a well 
extracts this heated water for use at the plant. Hot pressurized water runs geo- 
pressured plants. In a petrochemical plant, wells inject cool surface waters into 
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Figure 46: Hydrothermal Power Plant 


Photo Interpretation Training Course 


Chapter 4 | 
320 Cultural Features | 


the ground, hot subsurface rocks heat the water, and the extracted water runs 
the turbines. 


Other 


Solar energy can be directly used to heat water for a power plant. A series of 
mirrors concentrates the sun’s rays on a central tower, water (or a suitable mater- 
ial) is heated, and the heat is transferred to steam turbines connected to 
generators. Another method uses fields of solar concentrators, mirrored troughs 
containing pipes, which absorb the heat for transfer to the turbogenerators. 


Direct conversion of solar energy to electric- 
ity is used in small scale, isolated electricity 

production. A series of photocells produces 

electricity that is immediately used or stored 
in arrays of batteries. 


Another method of generating electricity is 
the magnetohydrodynamic generator. This is 
a method using thermally ionized gas (passed 
through a duct under high temperature, 
pressure, and velocity) directly generating 
electricity. The duct is contained within a 
transverse magnetic field. The induced mag- 
netic field produced is tapped by electrodes 
placed within the ductwork. Heat to operate 
the generator is produced from nuclear 


Figure 47: Solar Hlectric Cells 
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Figure 4& Solar Collector Tower Power Plant 
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Figure 49: Trough Concentrator Power Plant 


reactors of fossil fuels. This system has the advantages of no moving parts, high 
efficiency (greater than 85%), and the waste heat may be used to power 4 sec- 
ondary conventional thermal power plant. 


Prototype plants are operating on 4 small scale. Since this type of plant requires 
about 15% of the power output to sustain the magnetic field, the magnetohydro- 
dynamic plant is suitable for a base load plant only. 


Hydroelectric 


Hydroelectric plants use the hydraulic head (water under pressure) to turn turbo- 
generators and produce electricity. The plant requires a dam (to impound and 
store water), waterways (to transport water), and turbogenerators (hydraulic tur- 
bines running generators). 


Hydroelectric plants are classified by the extent of the impound (storage, 
pumped storage, or run-of-river plants), the plant's intended usage (peak load, 
base load, or isolated plant), or the type of hydraulic head used (high head of 
150 meters or greater, low head of less than 15 meters, and medium head 
between the two extremes). Plants are also classified by the relation of the 
impound water to the generators. A separated plant's dam is at a different loca- 
tion from the generators. The consolidated plant has collocated generators and 
dam. The construction of the dam depends on the topography of the site, the 
character and extent of the drainage area, the expected flow variation, and the 
purpose of the dam, High dams are dams with a height exceeding 30 meters, 
Low dams are those with a height under 30 meters. The height of the dam 
does not necessarily correspond to the head produced. Run-of-river dams are 
constructed to take advantage of 30% to 40% of the expected maximum flow. 
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Figure $0: Consolidated Hydroelectric Power Plants 
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Figure $2: Run-Of-River Low Dam Hydroelectric Power Plant 
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Figure $4: High Head Pumped Storage Power Plant 
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Try these challenges. 


(Multiple Choice) 


To add or subtract polynomials, you must arrange the terms in which of the 
following ways? 


a. Adjacent and descending c. Squarely 
b. Ascending or descending d. Adjacent 


The correct answer is "b." If your answer is different, review the section of paragraph 1202 that 


addresses adding and subtracting polynomials. Continue if your answer is correct. 


(Multiple Choice) 


When adding polynomials sometimes a place holder is needed. Choose the 
numeral or alphabetical expression that is used to represent a place holder. 


a. xy e510 
b. ab d. 0 


The correct answer is "d." Zero is used as a place holder when adding polynomials. If your 
answer is correct, you may continue. If your answer is different, review the section in paragraph 


1202 addressing space holders when adding polynomials. 
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Figure $5: Penstock Cross-Sectional View Figure 56: Penstock and Power Plant 


A storage dam impounds larger amounts of water behind the dam to use 50% to 
75% of the expected flow. Pumped storage facilities pump water uphill to an 
impound basin and dam for use during peak demand. 


The waterways linking the dam to the turbines can be in the form of tunnels, 
open canals, flumes, or enclosed penstocks. Water enters the waterway through 
intake towers that also control the water flow. 


A penstock is a large pipe originating at the water source and terminating at the 
turbine. Changes in flow rate and pressure can cause damaging shock waves 
within the pipe. Surge tanks are 
located at the midpoint of the pen- 
stock to protect from hydraulic 
jump and to provide constant flow 
to the generators. Large concrete 
anchor blocks are spaced along the 
penstock. The water from the pen- 
stock drives the turbines in the 
powerhouse. The pure velocity of 
the water drives impulse turbines 
(Pelton Wheel). A mixture of pres- 
sure and pressure converted to 
velocity drives reaction turbines 
(Francis turbine and propeller tur- 
bine). The used water is exhausted 
back to the watercourse through 
draft tubes (pulling water out 
under vacuum, increasing turbine 
efficiency and converting the 
velocity head back to a pressure 2 
head), tailraces, or tunnels. Figure $7: Draft Tube and Reaction Turbine 
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The turbogeneratoss can 
be contained within a 
building at the dam, 
placed on top of the dam, 
or contained within the 
dam structure. The power 
output of the turbogenera- 
tor is a function of the 
volume of flow and the 
hydraulic head available 
for use (P kW) = Qh/k, 
where Q is the volume 

of flow in cubic feet per 
second, bis the height 
water falls in feet, and the 
constant k is 118, a 
dimensionless number). 


~ (a (Eas 


os HAD, ek 
Figure $8 Powerhouse and tnpulse Turbine 


‘Tidal plants operate exactly as any other hydroelectric plant, The ddal plant has 
its dam placed across a bay or estuary, usually in aa urea with Jarge udal varia- 
tion, and the difference in tidal levels runs the turbines. Most tidal plants have 
bi-directional turbines Curbines Operate in either direction), 


EACH GATE HAS ONE TURBOGENERATOR 


Figure 59: ‘Vidal Hydroelectric Power Plant 
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Wind 


Most wind power generators produce 
electricity ata small scale in isolated loca- 
tions, Some large scale generating plants 
are operational. Power output for a single 
large aerogenerator (with a rotor diameter 
of 120 meters) can be 3,4 megawatts. 
These plants use fields of wind turbines 
(numbering in the hundreds) to generate 
large amounts of electricity. Aeroturboger- 
erators use a wind powered blade coupled 
directly to the generator. The wind genera- 
tor has a bulbous housing around the turbogenerator, An aerogenerator lacks the 
mechanical coupling necessary to operate a pump, differentiating the aerogenera- 
tor from a windmill used to pump water. 


AL 


Figure 60k Avrotirbogeneratars 


Heat and Steam Piants 


Some plants provide only heat Gn the form of steam) for district beating pur: 
poses of for industrial processes, These plants normally use oil or coal for fuel. A 
steam plant has ao transformer yard. These plants are centrally located in urban 
areas, oF are associated with manufacturing. The plant consists of fuel storage 
(not as much storage as a power plano, fuel handling equipment, a boilerhouse 
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with smokestack, and numerous steam pipes. 
Steam pipes have heavy insulation and frequent 
expansion joints, The pipes are sometimes sus- 
pended clear of the ground surface. Some systems 
only have a feed line with no return line (the con- 
densate discharges into the sewer). 


The sources of water are reservoirs, lakes, streams, 
and wells. Some water sources such as wells, 


Panels 


usually require treatment because of pollution and sedirients (turbidity) in the 
water, Even rain water collects impurities from the atmosphere in the form of 
dust and gases. Water entering the supply system carries pollutants ranging in 
size from very coarse (leaves, wood, and fish) to very fine. Pollutants can be in 
suspension (rock and organic debris), in colloids (clay panicles and living organ- 
isms), and in solution (minerals and gases). Some pollutants only cause 
unpleasant tastes and texture, while others cause disease of toxic effects, The 
result of water treatment is an assured supply of safe water in ample amounts 


Collection 


Main sources of water are unprotected surface waters (streams, rivers, and lakes), 
protected surface waters (reservoirs and lakes with no polluting activities allowed 
within the watershed), and sub-surface waters (wells), 


Collection of surface waters Cakes, streams, and reservoirs) is from intakes, The 
intakes withdraw water from the feast polluted level of the water source. 
Different levels beneath the surface have varying amounts of sediment, debris, 
and organic contaminants. The 
intake can be a simple pipe 
extending into the middle of 
the stream, 4 complex of intake 
towers, of vertical piping with 
adjustable gates at various lev- 
els, Coarse screens to remove 
large objects and a series of 
finer screens to remove smaller 
objects cap the intake pipe. 
Cribs are intakes protected by 
timber works set in rock at the 


Figure Li: Intake Tower 
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Figure 1.4: Intake Crib 


end of the intake pipe. Reservoirs 
use intake towers either placed in the 
middle of the impound or attached to 
the face of the dam structure. Canals 
divert water to intake ponds in some 
instances, Overflow dams impound 
water in rivers with erratic and low 
flow. Another method of intake 
involves the use of infiltration gal- 
leries. Infiltration galleries extend 
either from the shoreline into the 
stream (below the surface) or they 
extend along the shoreline. They 
consist of 4 series of perforated pipes 
surrounded by gravel and sand. 


Access to sub-surface waters is by 
drilled or dug wells or by tapping 
natural springs. Wells have pipes 
leading from the wellhead to a 
pumping station or central collection 
point for water treatment. 


Figure 1.3: Infiltration Gallery 


Storage 


The water supply must have sufficient storage capacity to meet the system needs. 
Storage is available for untreated water (to compensate for periods of low water 
flow) and treated water (to counter interruptions in the distribution systems). 
Raw water storage is in the form of storage reservoirs, lakes, and catchment 
basing. Water systems using large rivers (sufficient flow assured) and lakes will 
not need a large amount of raw water storage, 
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Treatment 


Water treatment destroys disease causing biological agents, eliminates organic 
matter affecting taste and odor, and eliminates harmful chemicals. The treatment 
involves a sequence of mechanical and chemical processes. Mechanical cleaning 
is by a series of coarse and fine screens to remove large particulate matter, 
Desedimentation basins remove suspended material, Chemical purification 
removes and neutralizes bacteria and fine organic materials, Flocculation removes 
colloidal substances and precipitation removes dissolved chemical material. Final 
treatment is the addition of chemicals to maintain water quality during wansporta- 
tion and to reduce the corrosiveness of the water, 


Potable water treatment consists of mixing with coagulants (various sulfate com- 
pounds) to force aggregation and flocculation of suspended organic materials. 
Clarification tanks separate the flocculated solids from liquids. Diatomaceous 
earth or sand filters remove any remaining solids. Treatment with ozone or chlo- 
rine disinfects the water. Additional treatment by softening agents, activated 
carbon filters, and aeration equipment completes the cycle. 


The actual facilities at a water treatment plant vary depending upon the water 
source. Water from polluted sources requires complete treatment systems. Water 
from relatively clean sources requires minimal treatment. Water solely intended 
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Figure 1.4: Water Treatment Components and Processes 
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for industrial use doesn't require complete treatment. All treatment consists (to 
some extent) of sedimentation, coagulation, flocculation, clarification, and filtra- 
tion. The age of the facility determines the equipment configuration. Modern 
plants combine several operations in one equipment structure, i.e., multiple 
operations such as mixing and settling occur in the same location rather than 


at separate locations, 


Presedimentation Treatment for water 
from a highly polluted and turbid water 
source begins with presedimentation 
basins. Presedimentation basins are 
large open rectangular or circular struc- 
tures a few feet tall. The water sets for 
4 to 8 hours, allowing suspended clay, 
sand, and heavy solids to settle to the 
bottom of the vessel. Continuously 
operating sludge collectors remove 
debris from the basin. Basins without 
sludge collectors use multiple parallel presedimentation bisins. This allows the 
operation of some basins during cleaning of the others. 


Rapid Mixing Water free of gross suspended and heavy solids still contains 
micro-organisms, colloidal materials, and dissolved substances. The removal of 
these substances is the aim of the purification and softening processes. Rapid 
mixing, flocculation, clarification, filtration, aeration, and sedimentation are the 
steps involved in purification and softening. The first step is rapid mixing. 


Figure 1.5: Presedimentation Basin 


Water mixes with chemicals in rapid mixing basins. This mixing causes the fine 
impurities to coagulate (forming flocs). Alum is the coagulant chemical. Lime and 
soda ash cause the flocs to precipitate out of the solution. The rapid mixing 
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Figvre 1.6: Rapid Mixing Butlding, Flocculation Basin, and Clarification Basin 
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(addition of the chemicals) occurs either on the suction side of the operating 
pumps or in a separate small mixing tank. The separate tanks are small, open, 
circular or rectangular concrete structures, Often the tanks are next to the floccu- 
lation basins. Otherwise the tanks are within the tall multistory chemical tower 
(containing the gravity fed chemical storage tanks) associated with the chemical 
treatment building. 


Flocculation Basins After rapid mixing, the mix flows into flocculation (settling 
basins) where the mixture has time to entrap additional material. The flocs grow 
in size while paddles stir the water. The slow mixing allows added softening 
chemicals additional time to react. The flocculation basins are large (usually 
open) rectangular tanks (circular tanks are possible), Most tanks are concrete, 
although steel construction is possible. The flocculation basins are between the 
rapid mixing basins and the clarification basins. 


Clarification Basins The water and floc mixture flow into clarification basins. 
The mixture settles for 2 to 6 hours. This allows sufficient time for the floc to 
settle. The clarification basins are two to four times larger than the flocculation 
basins. Two types of clarification basins exist. One type is a simple large open 
rectangular basin with a baffle. The baffle extends three quarters of the way 
across the basin. Built in pairs, one is in operation while the other is undergoing 
sludge removal. 


The second type of clarification basin uses mechanical scrapers to remove the 
settled flocs. Scraper equipped basins are circular or rectangular concrete tanks. 
Often the flocculation basin is attached directly to the end of the tank. 
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Figure 1.7: Clarification Basin With Scrapers 
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Filters Filtration systems are the 


primary processing operation in ainemen FiLTER unit 
water treatment. Filtering units a ~ wash TRoweH 
remove the very fine floc particles : MANIFOLO 


and any suspended colloidal 
material (such as bacteria) which 
did not settle in the clarification 
basin. The two types of filtration 
systems are the rapid sand filter 
and the slow sand filter. 


Large modern treatment plants use 
rapid sand filtering systems. Water 
will be pretreated by sedimenta- 
tion or clarification basins before 
filtration. Gravity type rapid sand 
filtration systems consist of a 
series of 6 meter square (20 feet 
square) rectangular basins. The 
basins contain layers of sand (70 
cm thick), gravel, coarse stone, taruueet 
and a mix of coagulant chemicals 
(fixed to the sand), all over an 
underdrain substrate system. Water 
passes through the filter at the Figure 1.8: Rapid Sand Filter Cross-Section 

rate of 100 to 250 million gallons 

per acre (of filter) per day. Floc entrapment in the gelatinous coating and in the 
interstices of the sand filters the water. The clean water passes into the under- 
drain system and on to the clearwater basins for storage. The vast amount of 
water wouid soon clog the filter, so frequent cleaning is a requirement. Back 
flowing (backwashing) clean water through the sand cleans the rapid sand filters. 
The backwash water flow direction is reverse to the operational flow direction. 
The reverse flow carries entrapped debris out of the filter for disposal. Elevated 
water tanks store the clear water used in the back flow operation. A long narrow 
building often houses the entire filter system. 


PEPE GALLERY 
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Pressure type rapid sand 
filters are horizontal or WASH WATER STORAGE 
vertical tanks (enclosed) ; . 
containing the sand and reas tits 
chemicals. Pumps force Se%0 

the water, under pres- 
sure, through the sand. 
The treatment rate is 250 
million gallons per day ie tes 
for a tank of 25 by 4 HOS 
meters (8 by 14 feet). 
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Figure 1.9: Rapid Sand Filter Building 
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Slow sand filters operate on the 
same principle as rapid sand filters. 
However. the water filters through 
thicker layers of sand. Because of 
the reduced flow, there will be more 
acreage of slow sand filters to filter 
an equivalent amount of water. Slow 
sand filters consist of a series of 
quarter acre open basins, 62 by 15 
meters (205 by 50 feet) in size, and 
1.8 to 3 meters (6 to 10 feet) in 
depth. In cold climates a roof and 
an earthen berm cover the slow 
sand filter. Manholes provide access 
to the filters below. The slow sand 
filter consists of sand (120 cm thick) 
over a gravel substrate through 2 sre a 
which water passes to collector Figure 1.10: Slow Sand Filter Cross-Section 
basins below. Clean sand (stored in 

sand towers located on the sides of the filter) replaces dirty sand when required. 
Slow sand filters are common in Asia, Africa, and Eastern European countries, 
Water that has already undergone sedimentation filtration and chemical treatment 
filters at a rate of 10 miilion gallons per acre per day (1 acre = 43,560 ft’, 1 
hectare = 10,000 m’, 1 acre = .4047 hectare). Turbid river water without presedi- 
mentation filters at 3 million gallons per acre per day. Clear river water filters at 4 
to 6 million gallons per acre per day. Lake water filters at 8 million gallons per 
acre per day. 


Rarely, roughing filters treat water from the presedimentation basins. These filters 
are small units, resembling slow sand filters, removing large particulate matter. 
Roughing sand filters prevent overloading of the slow sand filter. 


SAND TOWERS 
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Figure 1.11: Slow Sand and Roughing Filters 


Photo Interpretation Training Course 


Now shift your attention to working with very large or small equations. When performing a 
mathematical operation where very large or small numbers are used, it is useful to write the 
number as a power of 10. 


Examples: 


(a) (b) 
3000 = 3 x 10° .003 =3 « 10° 
Follow this rule to add or subtract terms: 


WRule - To add or subtract terms using powers of 10, the bases and power of 10 must be 
the same. 


Example: Add 
2.3410? = 2.34 x 10? 
5433.89 x 107 = 54.3389 x 10° 


It is usually possible to check the sum of two polynomials by assigning non-zero values to the 
variables. 


Examples: (Using 2 as variable of x) 


8x7 +x4+5 >  =8(4)+.(2) +5 ==25 
Ax? +3x4+2 2 4(4)4+3(2)+2=24 


4x7 +4x+7 > —4(4)+4(2)+7=-1 


Note: When x = 2, we know this does not ensure us that the sum is correct for all 
values of variables, but it does give reason for a degree of certainty of the 
correctness. 


When performing an operation, it is important for you to know and remember that the letter in 


a rule is called a variable. A variable represents any number from a given set of numbers that 
are called a replacement set. 
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Multiple Purpose Purification 
Units Multiple purpose purifica- 
tion units are pieces of equipment 
performing multiple functions 
within one unit. The unit treats 
the water by flocculation, clarifi- 
cation, and rapid sand filtering. 
Usual deployment is in groups of 
four to six purification units and a 
washwater storage tank, The mul- 
tiple purpose unit is a small, 
compact, circular concrete or steel 
tank. The principle of operation is 
the same as separate basins. 


Aerators and Sedimentation 


Basins Aerators remove objectionable odors, flavors, iron, and manganese from 
the purified water. Taste and flavor improve from mixing with oxygen. Release of 
carbon dioxide allows the iron and manganese to fall out of solution, Most aera- 
tors are a grid system of pipes equipped with spray nozzles. The nozzles spray 


FATEREO BATER 
110 COnrsumet ny 


«hem 

1@ "Pel. 

Vareers waren 
nf 


FILTERING OPERATION 


Figure 1.13: Purification Unit Operation 
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Figure 1.14; Multiple Purpose Mixing, Flocculation, and Clarification Unit 


the water (up to 30 feet into the air), 
aerating the water. River water usually 
does not require aeration. 


The precipitated iron and manganese 
settle out of solution in small rectangu- 
lar sedimentation basins (tanks) sited 
near (or under) the aerators, 


Disinfection The final step in water 
treatment is disinfection, Chlorine, 
ozone, and other chemicals added to Figure 1.15: 
the water eliminate any surviving bac- 

teria. Fluoride is another chemical added at this time. One of the treatment 
plant buildings contains these small pieces of equipment. Storage tanks hold 
the chlorine solution. 


Aerators 


Photo Imerpretation Training Course 


industries 
: Cultural Features 227 


Figure 1.16: Modern Water (Quality) Treatment Plant 
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Figure 1.17: Water Treatment Piant Schematic 


Storage Clean water storage is in reser- 
voirs, water tarks, and standpipes. 
Pure-water storage is at the treatment 
plant. Additional storage locations are 
throughout the distribution system. Most 
reservoirs of clean water are covered, rec- 
tangular or circular, earth-bermed basins. 
Water towers provide both water storage 
and the capacity to maintain pressure (in 
the case of pump failure) in the distribu- 
tion system. A water tower is a cylindrical 
or spherical tank on top of a steel or wood 
supporting framework. Standpipes provide 
limited storage and a pressure backup 
capacity. Standpipes are vertical cylindrical 
steel or concrete towers. 


Spherical 
Desalination wn Cylindrical 


Processing in desalination plants produces Solna acne Peaked-Top 
water for industrial and residential use. Tower Mounted 
Desalination is a very expensive process. 
The location of most desalination plants is 


Figure 1.1& Water Towers 
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Fir WATER STANOPIPE 


Figure 1,19: Water Tanks - Figure 1.20: Standpipe and 
Clearwater Reservoir 


in coastal areas that do not have an adequate fresh water supply. An additional 
requirement is a source for the large amount of electrical energy necessary 

for the operacion of the desalination equipment. Most desalination plants use 
multiple stages of evaporation and condensation in the distillation process. A 
typical multistage flash distillation plant produces over 7.5 million gallons per 
day of potable water. Electrodialysis produces potable water from brackish 
water. Semi-permeable membranes produce water in the reverse osmosis system. 
A disadvantage for this system is the requirements for high pressure equipment. 
‘The hydrate chemical processing, direct freezing and vapor compression (very high 
cost), and ion exchange columns are also systems producing potable water. 


Transportation 


Aqueducts are the pipelines, canals, and tunnels transporting water. Aqueducts 
transport water from the intake facility to the treatment plant and from the treat- 
ment facility to the storage and distribution points. Aqueducts can be open as in 
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Figure 1.21: Multistage Flash Distillation Desalination Operation 
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canals or closed as in pipelines 
and tunnels. The waiter flows 
under the force of gravity or under 
pump pressure. 


Distribution 


The water distribution system is Figuve 1.22: Aqueduct Crossing Stream 

the complex of distribution reser- 

voirs (water tanks, water towers, and standpipes), water mains (arterial, feeder, 
and street), pumping stations. and valve systems. The distribution system delivers 
water to the user and assures minimal disruption to the flow. Several service 
areas make up a large water system. Each service area has its system of reser- 
voirs, tanks, and pumping stations. The separate distribution reservoirs insure a 
temporary supply of water in case of shutdown due to repair, maintenance, oF 
emergency. The water mains form the distribution lines for the system, 


Deep burial protects the water lines from freezing or damage. The water mains 
are most often buried under the streets. The usual patterns are dendsitic, grid, or 
belt. In the dendritic pattern, asterial mains are along main roads. Feeder lines 
branch off along secondary roads. Sweet mains, off the feeder lines, connect to 
service lines to individual consumers. The grid pattern has an interconnecting 
pattern of arterial, feeder, and street mains. Proper valve placement assures no 
intezruption to service will occur. The grid pattern is commonly found in the cen- 
tral sections of large cities. One great advantage to the grid system is the ability 
to maintain high flow rates and water pressure, useful during fire-fighting. The 
belt system forms a ring of arterial and feeder mains around the city. The street 
and service mains branch off the main loop and dead-end at the consumer. 


Arterial mains are usually concrete and have a diameter of 1.2 meters (48 inches), 
1.5 meters (60 inches), or 1.8 meters (72 inches). The concrete, cast iron, or steel 
pipe feeder mains are from 0.6 to 0.8 meters (24 to 30 inches) in diameter. The 
cast iron and steel street mains range from 0.3 to 6.6 meters (12 to 24 inches) in 
diameter. The size of the service connection (pipe connecting the street main to 
the consumer plumbing) varies, but are normally only a few centimeters in diam- 
eter. Mains are buried from 6.6 to 2.1 meters (2 to 7 feet) beneath the surface. 
Every interconnection point and change in pipe size along the distribution system 
has at least one vaive. The number of valves throughout a typical system is in 
the tens of thousands, 


Ferrous Metals 


Steel (the generic term for ferrous metals) production is ten times greater than 
the combined production of all other metals. Virtually all construction, manufac. 
turing, and transportation industries require steel. 


Ferrous metals consist of pure iron (ingots and wrought), cast iron (iron and 
2% to 5% carbon), steel (iron with less than 2% carbon), and alloy steel (iron, 
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Figure 2.4: Integrated Coke, iron, and Steel Plant 


carbon, and additional alloying elements). The production of ferrous metals is in 
large complexes consisting of coke plants, iron production plants, steel plants, 
and steel forming and finishing plants. Steel production requires considerable 
plant integration to minimize the cost. Integrated plants will possess all the facili- 
lies fo take raw ores and produce the finished steel product (coke plants, iron 
plants, steel production, and rolling and blooming mills). Semi-integsated plants 
have steel plants and the rolling and blooming mill complexes. Non-integrated 
plants have a few components of the process. 


Coke 


Coal supplies 65% of the energy requirements of steel production. Almost all 
(95%) of the coal goes into the production of coke. Coke is the distillation of 
bituminous coal into a solid carbon product. ‘The coke forms the fuel for blast 
furnaces, which require 434 kilograms (1000 pounds) of coke per 1000 kilograms 
(1 ton) of pig iron production. The coke, in the form of carbon monoxide, 
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produces a reducing atmosphere in the furnace This prevents oxidation of the 
iron. The coke provides « porous bed in the furnace forthe icon ore charge. 
Blast furnace operations use Of of the coke produced, foundry operanons use 
4fo, > goes towadd water gas production, and carbide. nonferrous metals, and 
Phosphate production use the rest, 


The preparation of coke from bituminous coals is by dry distillation (pyrolysis). 
As heating proceeds frons 1006 Cte 310" C ¢220° F te 600° F; water, hydrocarbon 
ghises Gnethane, carbon monoxide, and hydrogens. livdrogen sulfide, and hydra- 
carbons Gight ols) evolve from the coal Above 40° C (750° F) the framework 
of the coal breaks dawn and the miss becomes plastic. The escape of the volatile 
compancats leaves «@ porous structure of coke behind. The final temperiture of 
the coke determncs both the residual voluiles and the ignition temperature. 
Coke heated to $487 © C00 form low tanpenture coke Cor the manulacture 
of city gas) Coke heated te Laie © laser Fo fons a high tempeniture Cmetal- 
lundeal grades product Set all cetl es sated for cokeng, Coal high wn sulfur, low 
ash melting point. and friable coals are not suituble for coke production. 


Goal Preparation 


Coal arrives atthe coke pliant im rattears. stups. and barges, Car dumpers unload 
the railcars and clashed buckets unlodd ships and bages. Conveyors (ransfer 
the coal from the unloading area fo a storage area (normally a 60 day supply for 
the plang. Most coke plants have a coal preparition area between the coal stor- 
age and the coke plant proper 


Breakers reduce the size of the coal to 25 centimeters CL inch) and remove for- 
eign material, The hammer mill accepts the pulverized coal und reduces it to a 
fineness of 80%, or a diamicter of 318 centimeters (125 inch), 


Two methods remove mineral impurities from the coal. Froth flotation removes 
impurities from fine coal, Coal mixed with chemicals, separates from impurities 
under the action of bubbled air, Coal. attached to froth, rises to the surface and 
skimmers remove the coal ‘The Heavy-Medium Cyclone method removes impuri- 
ties from crushed coal. Coal, mixed with water and magnetite, separates from its 
impurities ina tilted cone, The heavy impurities, attracted to the magnetite, exit 
the bottom of the cyclone. The lighter coal exits the top of the cyclone cone. 
Dryers remove water fron the coal alter both processes, 


Next, conveyors transport the coal to charging bins located above the ovens. 
The bins hold a one day supply of coal Hoppers within the charging bin bold 
enough coal to fill one charging car Gorry car). 


Beehive Coking 


An older method of coking is the beehive coking method. Beehive coking pro- 
duces very high quality coke Chigh metallurgical quality), but this method is not 
as economical as the by-product method. Most hechive coking operations are in 
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Figure 2.2: Coal Preparation 
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Figure 1.7: Clarification Basin With Scrapers 
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Quenching tower 


Figure 2.3: Beebtve Goke Production How 


underdeveloped countries. A plant shut-down (and oven cool-down) does not 
damage the beehive plant. Many plants worldwide have been deactivated until 
again needed (peak production in wartime or for high grade coke production). 
The location of the beehive plant is close to the coal source (bituminous coal 
mine), making the plant competitive with by-products coke. 


The beehive coke ovens are hemispherical structures built in individual units or 
oven batteries. The domed shape is not visible since the area around the oven is 
built up, allowing passage of charge cars. A charge port situated at the top of the 
oven allows the unloading of coal into the brick or stone lined horizonta\ oven. 
Heat retained in the oven from the previous charge begins the distillation 
process. The released volatiles burn in the space above the charge. Heating con- 
tinues for 48 to 72 hours. Waste gas and smoke pass out through the charging 
ports. This provides sufficient heat to drive off remaining volatiles and completes 
the carbonizing process. Removal of the finished coke is through side doors or 
through the charging port. Modern plants remove the coke with a ram (mounted 
on rails), Water quenches the coke (the coke burns upon exposure to air) before 
screening and sizing. 
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Try this challenge. 


If your answers match the following, you are correct. If your answers differ, read paragraph 1302 
beginning with the rule for adding and subtracting polynomials. If your answers are correct, 
please continue. 


When expressing the powers of 10, symbols are used. You may see these symbols in various 
equations. Study them so that you will recognize and know their meaning when you see them 
again. 

107!? = Pico (uz) 

10-? = nano (7) 


10-° = micro (w) 
10-3 = mili (m) 
103 =Kilo (&) 
10° = Mega (M) 


10° =Giga (G) 
10'* = Tera (T) 


To subtract polynomials, you must do the opposite of what you did when adding them. Adding 
and subtracting are inverse operations. 


Example: 
12 —4 is the same as 12 + (-4) 
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Figure 2.8) Beohive Coke Production wh Manta Charging asicl Mschargore 


By-Products Coking 


By products coking involves the production of coke and the recover: and use ot 
the by products genernited by the coking process, The by-products, in the form of 
Sapors, produce chemicals, plastics. and explosives. The resale of the: by-products 
dethiys some of the production expenses. The associated: industries use the coal 
gas produced from the coking process. By-products coking is cheaper than beehive 
coking, but produces a dower quality. product 


Mwo major ards in the by-products plint are the coke oven batteries and the 
by products are Phe coke oven battery isa long. thin, very dark rectangular 
structure with adpicent coal stockpiles, coal preparation area, and conveyor 
systems. The by prodtiets area is collocated with the coke oven battery The 
hy products area has niiny storage Gioks and an extensive piping network 


The coke even chamber is 12 meters jong, G meters high, and ote DT meter wide 
C40 feet dong. 20 feet high. and 17 to 30 inches wided. The tongue and groove 
silica brick Lining has a tiper of & centimeters (3 inches) to facilitate dhe nim 
operation during coke removal Self-sealing doors form the ends of the over, 
The oven bas three or more charging ports on the top. Short vertical Gstindpipes) 
pipes on the top or ends connect the oven to horizontal manifolds Caiains) that 
collect the by-product vapors and transport the gases to the by-products recki 
mation wea A central coaling tower links pairs of coke oven batteries Phe 
coding tower is ao tall rectangular structure centrally mounted on the top ofa 
pair of coke oven batteries. A conveyor hriks the coating toser to the coal 
preparation area, A dong line finks several pairs of batteries A coke plant has 
more than 160 ovens 
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Figure 2.6: By-Products Coke Production Flow 
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Figure 2.7: By-Products Coke Plant 
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Figure 2.8 Coke Oven Battery Components 


A charging car, with 18,000 kilograms (20 tons) of coal per charge, dumps the 
coal into the oven. A bar on the pusher machine levels the coal charge. The 
pusher machine is a rail mounted apparatus moving along the side of the oven 
battery. The machine moves along the pusher side of the oven. The machine has 
a door extractor for removal of the pusher side door, a leveling bar, and a ram 
for pushing the red hot coke out of the oven. Leveling provides sufficient gas 
space in the charge. Excess coal returns to a hopper on the pusher machine. 


Burning chambers (flues), supplied with fuel from a dry gasometer, surround 
each oven. Burning fuel gas heats and carbonizes the coal (destructive distilla- 
tion). Hot waste gases circulate through regenerators, located beneath the coking 
chambers, and the retained heat in the checkerwork preheats incoming fuel gas, 
Waste gas from the combustion vent to the tall waste gas stacks at the plant. 
Heating of the coal continues for approximately 18 hours. During this time 25% 
of the coal converts to volatile materials. The ascension pipes and crossover 
mains collect the gases and transport them to the by-products area, The ovens 
are kept at operational temperatures throughout the life of the oven. Cooling 
destroys the oven lining. 


The pusher machine (or ram car) removes (pushing with a hydraulic ram) the 
finished coke from the coke oven. A door machine and a coke guide travel on 
tracks (on the coke side of the battery). After removal of the coke side door, the 
coke guide allows the coke to fall into the quenching car (another rail guided 
vehicle). The quenching car transfers the hot coke to the quenching station. The 
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Figure 2.9: Coke Oven Battery 
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Figure 2.10; By-Products Coke Oven Area 


quenching station (quenching tower) is a fairly tall rectangular structure (with an 
open or stack vented top) located at the end of the battery. The quenching sta- 
tion showers the coke with several thousand liters of water, The partially cooled 
coke continues to the cooling wharf. At the cooling wharf (a flat sloping struc- 
ture) several charges of coke, spread in thin layers, cool. The cool coke moves 
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by conveyor to the separating and screening stition for sorting, Vibrators and 
shakers separate and sont the coke before use, Conveyors or rail cars (ansport 
the finished coke to the blast furnace. 


Modifications made to coke by-products plant reduce harmful emissions and 
pollutants, 


Coal Chemical Recovery 


The by-products area looks like a small petroleum refinery. The area has numer- 
ous tanks, columns, and a network of pipes. 


The volatile and gaseous by-products from the carbonization process include tar, 
light oils. and ammonia, Recovery processes for these substances include cooling, 
condensation, scrubbing, and clectrostatie precipitation, The recovered tar is a 
component of many industrial products. Refining of the light oi) component 
yields benzene, toluene, and zylene. Ammonia processing yields ammonia gas 
and ammonium sulfate (commercial fertilizer components). The recovered gas is 
re-used at the coke plant or used in furnaces atthe steel plant. 


Collection of the volatiles generated during the coking process begins as the 

gi rise through the chamber into the ascension pipes. The gases pass to col- 
lection mains, which extend the length of the battery. Liquid ammonia, sprayed 
into the gases atthe pipe junction, condense some of the ammonia and tar, 
The condensed liquids flow into decantation tinks for recovery. Large crossover 
mains Carger piping) connect the collection mains from the batteries to the 
by-products recovery plant. 


First the Ss pass through primary coolers and condensers that extract the 
ammonia and tar, The next section is the by-products building. Here, exhausters 
maintain a partial vacuum on the mains and force the gases into a tar extractor. 
Changes in the gas flow direction remove any remaining tar. Instead of tar extrac- 
tors, Cottrefl electrostatic precipitators can remove the remaining tar. 


Acid satunttors receive the gas from the condenser and the ammonia liquor 
from the decanting tanks. A sulfuric acid reaction converts the ammonia to 
ammonium sulfate. Fertilizer and explosive manufacturers use the dried crys- 
talline ammonium sulfate. 
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Figure 2.12: Coke By-Products Recovery Plant 


Cooling towers cool the gases from the saturators. Benzol scrubbers spray 

the cooled gas with heavy wash oil. Strippers vaporize and separate the iight 
oils (benzol) from the heavy wash oil (the wash oil returns to the scrubbers). 
Scrubbers remove sulfur from the gas, making it suitable for fuel usage. Large 
gasholders store the gas until ready for use or sale. Fractionating towers sepa- 
rate benzene, toluene, xylene, and naphtha from the condensed benzol. 
Additional refining yields standard commercial grades of these chemicals. 


Pipe furnaces heat the tar from the mains, coolers, and tar separators. Fractionating 
towers flash the tar and separate pitch, heavy anthracene oils, creosote oils, and 
light oils. Middle oils (creosote oils) cool in shallow pans, yielding crystalline 
naphthalene. Centrifuges process the crystalline naphthalene. Wash tanks treat 
the crystalline naphthalene and liquid naphtha with caustic soda, yielding salts 
from the tar acids in aqueous solution. Neutralizer (or carbonating) tanks treat 
the agueous salts with carbon dioxide forming tar acids. Sulfuric acid treatment 
separates the tar acid into a tar acid layer and an aqueous sodium sulfate layer. 
Another fractionating tower separates excess water from the tar acids and sepa- 
rates crude phenol, cresol, and xylenol from the solution. 


The non-aqueous solution yields neutral oils, from which additional purification 
yields pyridine. 


Ore Processing 


Concentration increases the percentage of metal in extracted ore. Additional 
processing allows recovery of the metal from the ore. Reduction, refining, and 
forming processes produce a usable product from the metal-bearing ore. The 
presence of a particular sequence of processing often identifies the metal under 
treatment. 
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Figure 2.13: Metal Ore Processing Methods 
Tron - Raw materials 


Coke, limestone, and iron ore are the raw materials used in iron production. 
Steel is iron with additional refining to reduce carbon content. 


Coal could provide fuel for iron production. The preferred fuel for iron produc- 
tion is coke. Coke has greater compressive strength, porosity, and higher carbon 
purity than coal. 


Limestone serves as a flux in iron production. Limestone also combines with the 
non-gaseous impurities in the iron ore during smelting. Limestone storage is in 
large open piles (with a light gray to white tone). 


The most abundant and common iron ores are hematite and magnetite. Each 
particular iron plant (and each ore) has its own set of pre-processing require- 
ments. Beneficiation of iron ores (the processes improving the chemical or 
physical properties) includes crushing, screening, grinding, screening, classify- 
ing, concentrating, and agglomeration. Concentration occurs by flotation and 
magnetic separation. Sintering and pelletizing are major agglomeration methods. 
Briquetting and nodulizing are other aggtomeration methods. 


Undesirable components of iron ores include oxygen, silica, phosphorus, and 
sulphur. The blast furnace eliminates the excess oxygen and some of the other 
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Figure 2.14: Steel Production 
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Figure 2.18 Iron Ore Preparation 
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Figure 2.20: Direct Reducttan of Iron Ore 
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Study the following examples to ensure that you fully understand how to subtract polynomials. 


Example: 
Polynomial Opposite 
4x? —(4x*)or — 4x? 
xt +2y —(x? + 2y),or—x* —2y 
—5x3 +6x-2 —(—5x3 + 6x — 2), or 5x3 -6x+2 
A4xy —2xy+2 —(4xy — 2xy + 2), or — 4xy + 2xy —2 
—8x + 6xy —(—8x + 6xy), or 8x — 6xy 


To subtract polynomials, set them up in the same manner as in addition. Subtracting one 
polynomial from another is the same as adding the opposite of that polynomial. 


Example: (a) (b) 
le 12x — Txy? 
Qe @: ae 
5xy? 7x — Oxy? 


To check the accuracy of a subtraction problem, assign non-zero values to the variables as you 
did in addition. 


Example: Values of variables x = 2, y =3 


12x 5y + 12(2)-5(3) =9 
() 4x-y> 42)- @)=5 


8x-4y > 8(2)- 4(3)=4 
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Iron Production 


After the ore goes through the beneficiation process, the iron oxides are reduced 
to pure iron. The common reducing agents include carbon, carbon monoxide, 
and hydrogen or hydrocarbon gases. The common reduction processes are smelt- 
ing in blast or low-shaft furnaces or electric smelters, direct reduction processes, 
and melting scrap metal in various furnaces. 
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Figure 2.21: Flow Diagram of fron Production 


Blast Furnace 


The most prevalent method of reduction is the blast furnace, Iron ore and lime- 
stone, heated by burning coke, produce molten iron metal. Hot air, pumped 
through the coke, accelerates the combustion process, The production of one ton 
of iron requires two tons of iron ore, one ton of coke, one half ton of limestone, 
and four tons of hot air. Another requirement is cooling water, pumped through 
the furnace wall, to cool the brick furnace lining (temperature exceeding 1650° C 
[3000° I’). The blast furnace is large, brick lined, steel vessel of 3-15 meters 
(10-50 feet) in diameier and 15-100 meters (50-300 feet) in height. A typical blast 
furnace produces 1800-7300 metric tons (2000-8000 tons) of iron a day. 


The iron ore Gin suitable form of pellets, briquettes, or sinter), coke Ccarbon and 
heat source), and limestone Cfluxing material) are charged into the stack of the 
furnace from hoppers (by the skip hoist). Hot air introduced into the bottom of 
the furnace (through nozzles called tuyeres) from hot stoves aids in complete com- 
bustion of the coke. Blast houses pump cool air into the hot stoves for heating. 
Additionally, the hot air prevents heat dissipation and creates the overpressure 
necessary for the blast. A hot stove is a cylindrical structure 5-9 meters (18-30 
feed) in diameter and upwards of 50 meters (150 feet) tall, Four hot stoves Cone 
in use while other three buildup charges) feed preheated air to turboblowers. 
Firebrick lining in the hot stove provides thermal mass Gnterior temperature in 
excess of 1000° F). The usual fuel is gas from the coke oven batteries and waste 
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Figure 2.22: fron Smetter- Blast Furnace 


gases from the blast furnaces. The heated air is piped into the bustle and on to 
the furnace by way of the bosh (encircling the vessel). 


The resulting heat melts 
the furnace charge and 
reduces the iron oxides. 
Carbon from the coke 
combines with the oxy- 
gen impurity in the ore, 
forming carbon monox- 
ide. The carbon 
monoxide and other 
gaseous impurities vent 
through the downcomer 
pipe. The charge 
descends through the fur- 
nace and halfway down 
the limestone melts and 
combines with the non- 


gaseous impurities. The Figure 2,23: Hot Stove Configuration 
impurities form a slag, 
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Figure 2.24 Hot Stove Operation 
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Figure 2.25: Blast Furnace Components 
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float to the surface of the melt, 
and are tapped from the furnace. 
The purified iron settles to the 
bottom of the furnace. 


A two level building (casting 
shed) surrounds the lower por- 
tion of the blast furnace. Casting 
operations occur on the upper 
level and tracks on the lower 
level allow movement of rail cars. 
The blast furnace bas two casting 
holes (notches), the upper casting 
hole produces slag once a hour. 
The lower hole produces 100-400 
tons of iron every 4-5 hours, The 
torpedo (bottle) car receives the 
molten iron Cup to 10,000 tons 
per day) from the hearth for 
transport to the steelmaking fur- 
naces. Or the iron is cast into 
small molds (pig iron). The slag 
car removes slag (from the sur- 
face of the melt) to the slag pits. 
The downcomer carries the car- 
bon monoxide and the waste 
dust away from the blast furnace. 
The hot stoves receive the carbon 
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Other Iron Production Methods 


The low-shaft furnace operation 
is similar to the operation of the = : arene 
blast furnace. These squat circular Figere 2.267 fron Metal Production 


or oval structures handle low grade coke and fine ores. 


Areas with plentiful, low-cost electric power can use the electric smelter for 
reduction, Additionally, the electric smelter is able to use low grade coke in the 
process. The circular or rectangular furnace uses submerged arcs powered by 
transformers supplying 60 mega-volt amps of current. 


Less common reduction methods include the SL/RN process; the HyL process, the 
Puroter, Mildrex, and Armco processes; and the Fior and U.S. Steel processes. In 
the SE/RN process high grade ores (pellets or lumps) and solid anthracite coal 
seductants are mixed with flux and reduced in rotary kilns. Screens and magnetic 
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separators separate the 
resulting sponge iron 
(sponge iron is porous or 
fine reduced iron), The 
batch-cyclic HyL process 
requires four fixed-bed 
reactors (necessary for 
continuous operation). 
Suitable gases provide 
reductants. The four stage 
process includes: removal 
of produced sponge iron 
and charging the reactor, ~ 
reheating and treatment Sin 
an partially used reduc- ~ [ fotete 
tant gas from adjacent Figure 2.27: Casting Shed 
reactor, the primary 
reduction process to produce sponge iron, and cooling the iron with fresh gas. 
The Purofer, Midrex, and Armco processes use shaft furnaces in a continuous 
operation. Suitable gases reduce top fed iron ore and pellets. The Fior and U.S, 
Steel processes use fluid-bed reactors fed with reducing gases. 


Direct reduction processes produce highly reduced iron. Usually the iron replaces 
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Figure 2.28: Torpedo and Slag Cars 
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reduced sponge iron, scrap, and pig 
iron for use in casting at a foundry. 
The cupola is a type of vertical shaft 
furnace producing 2-75 tons per 
hour. The furnace burns coke using 
forced ait supplied by injection. 
Limestone provides fluxing material. 


Once the on ore is converted into 
metallic iron, it may be poured and 
cast as pig iron. If steel is the ulti- 
Mate product, More processing is 
required to reduce the carbon con- 
tent of the ion. 


Steel 


The major methods for converting 
liquid iron, pre-reduced sponge 
iron, and serap steels to steel are 
the open hearth process, the 
Bessemer process, the basic oxygen 
process, the electric furnace, and 
the Kaldo and Rotor process. 
Additional processes produce spe- 
cialized steels. The type of steel 
desired determines which method is 
used in the production process. The 
Bessemer converter produces high 
nitrogen and high phosphorus 
steels, The open hearth process 
accepts a wide range of iron as raw 
material and produces steel suitable 
for drawing. The basic oxygen 
process requires a substantial outlay 
for iron oxide recovery equipment 
due to the tremendous amount of 
oxides produced during processing. 
The electric furnace produces all 


Figure 2.29; Howchan for the Steel Industry 
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types of steel (especially alloy steel production). However, its drawback is the 
requirement for very high temperatur:. in operation. 


Steel is a combination of iron, carbon, and various elements in trace amounts. 
The trace elements are manganese, phosphorus, sulphur, silicon, and alloying 
elements. Steelmaking consists of refining molten iron and scrap steel by the 
removal of undesirable elements (primarily carbon). Then alloying element added 
to the mixture determine the metallurgical characteristics of the steel. Hot metal 
cars (or metal in solid ingot form) transfer the molten iron to the steel plant. 
There one of the four steelmaking methods (Bessemer Converter, Open Hearth 
Furnace, Basic Oxygen Furnace, or Electric Arc Furnace) converts the iron into 
molten steel. 


The processes have similar concepts, but different applications. The result is the 
production of molten steel, poured into ingots. The ingot is then stripped and 
soaked, Further processing produces blooms, billets, and slabs from the ingots. 
At the rolling mills, blooms produce structural shapes, billets produce bars, and 
slabs become sheet, strip, and plate steel forms. Additionally, foundries require 
pig iron in their operation, so steel mills often cast pig iron (merchant iron), The 
merchant iron casting building is a small building (with inclined conveyors 
extending from the structure). 


Steel Production Processes 
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Figure 2.30: Steel Production 
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Figure 2.3%: Merchant lron (Pig Casting) Building 
Bessemer Converter 


The Bessemer converter produces low quality steel and represents a dated technol- 
ogy. Bessemer converters are large, 3 meter (10 feet) high, pear shaped vessels 
lined with fire brick. A trunnion mount allows the charging of the vessel with 14-23 
metric tons (15-25 tons) of hot metal. Jets of air (blown through bottom orifices) 
oxidize undesirable elements. The processing (blow) lasts about 15 minutes. The 
waste heat and gases exhaust through large openings in the roof of the building 
(large open vents are a critical identification clue to Bessemer converter operation). 
The open top converter can handle 
only 5% to 10% scrap steel (due to heat 
loss), Rotation of the converter allows 
pouring and casting of the steel into 
ingot form. An oxygen and carbon 
dioxide mixture replaces the blown air 
in the production of high quality low- 
Nitrogen steel, 
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Figure 116: Bessemer Converter 
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Figure 2.33: Open tearth Steel Production 


Open Hearth Furnace 


The open hearth furnace is an open saucer-shaped floor positioned over the 
flame, The lining is a refractory lining (fire brick) supported by heavy structural 
steel, A checkerboard arrangement of firebrick under the heart allows the flow 
of heated fuel and air, The fuel burns above the hearth at about 1690? C (30002 F). 
The hearth is the size of a two story house, Water-cooled oxygen lances allow 
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Figure 2.34 Open Hearth Furnace Operation 
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the introduction of gaseous oxygen into the molten steel in some modern open 
hearth furnaces. 


A steel plant usually has several open hearth furnaces within one long building. 
All the furnaces face in the same direction. Doors on one side permit charging 
the furnace. Removal of the batch of steel (called a heat, from 270-545 metric 
tons (300-600 tons) of metal) occurs on the opposite side Cand on a lower level 
of the building). A batch of steel takes 5-8 hours unless oxygen lances reduce 
the time). 


Basic Oxygen Furnace 


The basic oxygen furnace (BOF) produces high grade steel in large amounts. The 
furnace can produce 225-315 metric tons (250-350 tons) of steel in under an 
hour. Additional benefits include reduced maintenance costs, longer furnace life, 
reduced construction cost, and reduced manpower requirements (compared to 
the open hearth furnace), ‘The lange amount of excess heat generated in the 
process allows the use of up to 30% scrap steel during processing 


Molten won, poured into the furnace. melts the scrap, An oxygen dance blows pure 
oxygen across the top of the melt at supersonic velocity, The oxygen burns the 
carbon and impurities in the iron, converting it to steel A lime flux. added to the 
melt. forms a foaung layer of slag, After removal of the slag, a ladle taps the steel 
from the furnace. Alloying materials. added to the steel. produce the desired steel 
alloy. Steel, poured into molds, forms steel ingots. The BOF produces higher qual- 
ity steel and less pollution than the open hearth furnace (BOF totally enclosed). 


Try the following challenge. 


If your response matches the one below you are correct; continue. If not, review the section 
addressing powers of 10 in paragraph 1202 before continuing. 


10° == Pico (un) 
10° = nano (7) 
10° = micro (w) 
16% = milli (m) 
10° = Kilo (k) 
10° = Mega (M) 
10° = Giga (G) 
10 = Tera(T) 
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Figure 2.36: BOF Building Cross-Section 


The large gas and dust collection pipes extending from the top of the tall BOF 
building to gas cleaning equipment allow the identification of the BOF plant. The 
pipes form a “Y” shape across the roof of the structure. 


Onsite plants produce the oxygen for the BOF, Railcars and tank trucks may 
supply smaller plants with oxygen. Gasifiers convert the liquefied stored oxygen 
to gas form as needed for production. 


Several modifications to the BOF process improve the steel quality the furnace 
produces, One modification of the process (Q-BOP) involves bottom blowing of 
oxygen and hydrocarbon gases instead of top biowing. The Kaldo process uses a 
rotating pear-shaped furnace with a water cooled lance blowing oxygen across 
the charge. Or the lance, inclined at 15°, rotates across the top of the furnace. 
The carbon monoxide produced burns inside the converter vessel. The stirring 
action results in a complete combustion of carbon and generates more excess 
heat. The process produces enough excess heat to allow charging with 40% scrap 
steel. Another modification, the Rotor process, uses a long cylindrical rotating fur- 
nace. Two lances inject oxygen into the furnace. A low-purity oxygen flow burns 
carbon monoxide (produced during processing) and a high-purity oxygen flow 
injected into the bath) refines the charge. 
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This process will produce approximately 150 tone of steel every hour. 
2. CHARGING HOT METAL 3, BLOWING WITH OXYGEN 
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THE OXYGEN LANCE OR BASIC OXYGEN PROCESS, 
The bessemer converter process {oe similar in 411 respecte to the oxygen lance procesn iilustrated above, with 
the exception of the blow (otep 3), which is through che bottom of the converter. 


Figure 2.37: Operation of Basic Oxygen Furnace (BOF) 


Figure 2.38 Gas and Dust Collection Pipes on BOF Butlding 
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Electric Arc Furnace 


The electric arc furnace consists of a firebrick lined round steel shell. Three 
graphite electrodes conduct electricity through the contents, heating the furnace. 
The arcing electricity heats the furnace to 1925° C (3500° F). Raw material can be 
liquid iron, scrap steel, or pre-reduced pellets. 


The lack of open flame allows total enclosure of the furnace. The furnace can 
operate in oxidizing, reducing, or neutral conditions, This allows the production 
of high-alloy (tool) steels. A heat produces 45-270 metric tons (50-300 tons) of 
steel per charge. 


Initial Steel Forms 


After steel production, casting allows working into the requized form. A ladle 

(refractory lined car for transport of molten metals) taps the liquid metal from the 
furnace. At this point alloying material and deoxidants mix with the molten steel. 
Treatment of the molten metals includes vacuum processing to remove hydrogen, 


MAINTENANCE AREA 


Figure 2.40: Steel Forming and Finishing 


oxygen, nitrogen, and nonmetallic elements from the mix. Stirring treatments and 
heat treatments (for 2-3 weeks) perform the same function. Rolling and finishing 
mills require a solid form of steel for processing. 


Remelting and refining produce special alloy products before production of steel 
forms. These methods include argon-oxygen decarburization, electroslag refining, 
vacuum arc remelting, and vacuum induction remelting. 


Ingots and Castings 
Ladles pour (teem) the molten steel into ingot molds of various sizes and shapes, 
Stools below the molds allow cooling of the steel. Ingot molds are of cast iron 


construction. The molds are very large 3 meters by 1 meter (9 feet by 3 feet) for 
structural shape production and very small for tool steel ingot production. 
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Figure 2.41: Steel ingot Handling 
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Extremely large molds, holding several hundred tons, receive molten steel for 
special applications. Hydraulic presses form these steels into stressed products 
(such as turbine shafts and machine parts). 


In casting-pit operation the molten metal teems from the ladle into single or mul- 
tiple molds (large scale operations). Direct casting of intricate shapes uses sand 
molds (on small scale). Compressed air forces molten metal upwards into molds 
in the pressure-pouring process. 


Stripping and Soaking Pits 


The ingot mold has a coating, insuring that teemed steel doesn't stick to the mold 
(spoiling the surface quality or interfering with mold removal). Tongs grip the top 
of the mold while a plunger holds the ingot steady on the stool. The tongs lift 
the mold clear of the ingot (where it cools for reuse). Recasting of worn out 
molds is common. 


The removed ingots cool from the outside towards the center. Transfer of the 
ingots to the soaking pits (by way of ingot cars) occurs while the interior is still 
molten. Soaking pits are large furnaces (iong low buildings with multiple smoke- 
stacks), The ingots remain in the pits until] they reach a uniform temperature of 
around 1260° C (2300° F). A special buggy (car) carries the soaked ingot from 
the soaking pits to the roughing mill (usually located immediately next to the pits). 


After casting or pouring, reworking the steel produces a semi-finished form. 
Additional processing converts the semi-finished form into a usable steel product. 
After treatment in the soaking pits, roughing mills produce semi-finished forms of 
steel (blooms, billets, and slabs). The reworking mostly involves mechanical pro- 
cessing, altering the shape and size of the ingots into blooms, billets, and slabs. A 
bloom is a solid form with a cross-sectional area of around 92 square centimeters 
(36 square inches). A billet is a solid form longer than a bloom with a smaller 
cross-section. A slab is wider and flatter than a billet. 


SOAKING PITS 
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Figure 2.42: Ingot Soaking Pits 
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Blooming, billet, and slab mills (primary mills) form the ingots into the steel 
forms. The mills operate in a similar manner. For example, a blooming mill rolls 
a white hot into a bloom shape. A mill forms an ingot 48 by 58 centimeters (19 
by 23 inches) in cross-section into a bloom with a cross section of 15 square cen- 
timeters (6 square inches) in 5 minutes. Once the bloom forms, shears cut the 
still hot bloom into the required length. Storage of finished blooms, billets, and 
slabs is in parallel rows of open storage (cluttered appearance). 


Strand Casting 


Continuous casting of the steel eliminates the requirement for heavy mill equip- 
ment. The finished product of a continuous casting Operation is a semi-finished 
shape (billets, blooms, and slabs). Strand casting (continuous casting) bypasses 
ingot teeming, stripping, soaking, and rolling to produce the semi-finished steel 
form. A strand casting machine receives the molten steel metal and converts it 
into the semi-finished solid product. 


A ladle carries the molten steel from the furnace to the top of the strand caster. A 
removable stopper allows the metal to flow from the ladle into the tundish of the 
caster. The tundish provides for the even flow of metal (a reservoir for the steel) 

into the casting machine. After passing through the molds (from the tundish), the 


The transter ot maiten steel tram the isdie 
toe tundian provides an even flow of 
eatal into the casing machine, even 
when an empty \adie 18 being removed 
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Figure 2.43: Strand Casting Machine 
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steel cools slightly and passes through a series of rollers and cooling plates. 
Water jets cool the steel as it forms the required shape. Eventually, torches (at the 
cutting station) cut the cooled steel in the necessary lengths. A strand caster 
forms steel at about 3 meters (15 feet) per minute. 


Forming Finished Steel Products 


Hot forges and rolling mills (secondary mills) convert the semi-finished blooms, 
billets, and slabs into finished usable steel products. Forging, extrusion, and 
rolling methods produce the steel product. 


Hot Forging 


The definition of forging is using compressive force along the lines of metal flow 
to put the greatest strength where needed. Steel forging involves hammering and 
pressing. Hydraulic hammers working on hot steel resting on anvils perform 
hammering. In press forging, hydraulic presses push the heated steel block into 
the required shape. There are two types of hot forging, the open-die and the 
closed-die. Open dies forge very large parts. Large presses squeeze steel ingots 
(up to several hundred tons) between two flat surfaces. 


Closed-die forges use steam hammers. A steam hammer strikes sections of steel 
(cut from semi-finished steel, such as a billet) placed between toolsteel dies. The 
hot metal flows into the desired shape when struck. A rarn (or heavy weight) 
provides the necessary force in the drop hammer method of closed-die forging. 
Extrusion processing involves hydraulically operated rams pushing the heated 
steel through dies to produce wires, bars, or tubular goods, 


Hydraulics drive most large forge presses. Mechanically driven presses (rotating 
flywheels transfer energy by way of mechanical linkage) run medium and small 
forges. Additional forging methods include upsetting and roll forging. These meth- 
ods knead the steel into denser structures requiring minimal additional cutting. 
Rolling Mills 


Rolling mill complexes rework most (90%) of the steel into usable form. The 
rolling mil!s reduce the cross sectional! area of the steel to produce a variety of 
shapes (sheets, rails, beams, etc.). The rolling mill complex is a large expanse of 
long narrow buildings. They are the largest buildings at the steel plant. The 
buildings often connect at 90°, forming “L” and “T” shapes. A rolling mill is a 
series of horizontal rollers (rolls), one placed above the other, turning in opposite 
directions. The heated semi-finished steel, passing through the rollers, becomes 
longer, thinner, and wider. Additional vertical rollers, placed on the side, limit the 
amount of horizontal spread, Multiple passes produce the finished product. 


Each type of semi-finished steel (bloom, billet, and slab} produces a particular 
variety of finished products. Rolling mills produce structural shapes from blooms, 
Structural shapes are rolled flanged sections such as I-beams, H-beams, rails, and 
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Figure 2.44: Steel Rolling Mill Complex 


columns. Bar mills produce bars from billets. Grooved rollers produce bar stock 
from the heated billets. Bar mills product a variety of bar and rod shapes. 
Additional processing produces wire from rod stock. The cold drawing of bars 
(pulled at room temperature through a die) produces bar stock that is strong, 
polished, and hard, 


Continuous sheet mills roll slabs into sheet steel and strip steel. Strip steel is nar- 
rower than sheet and produced to a more exact tolerance. The hot continuous 
strip mill is several blocks long. The processing produces 1070 meters (3500 feet) 
per minute of coiled strip steel from a slab 18 centimeters (7 inches) thick, Cold 
rolling of strip and sheet steel produces a base for coated products (tin plate). 


Plate mills produce plates from slabs. Heavy construction (bridge floors and oil 
tanks) uses plates. A plate is a piece of steel between 15 and 120 centimeters 
(6 and 48 inches) wide and .6 centimeter (.25 inch) thick, or, more than 122 
centimeters (48 inches) wide and more than .5 centimeter (.1875 inch) thick. 


The finished steel product cools in long narrow (with vented roofs) cooling 
warehouses before storage and shipping. 
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(Subtract these polynomials) 
(a) (b) 
2x+8 10ab + 4a — 4c? 
is 5ab+2a-— c? 
(c) (d) 
2ab — 12b+ 6c 12x + 6xy* —3y 
ab— 6b+c 4x+2xy*- y 


If your answers to the problems match those below, you are correct. If not, review the section 
addressing subtracting polynomials in paragraph 1202. 


(Solutions) 
(a) (b) 
2x5 10ab + 4a — 4c? 
x+2 Sq 2g a 
x+6 Sap 2a —3e- 
(c) (d) 
2ab —12b+6c 12x + 6xy? — 3y 
ab— 6b+c¢ 4x+2xy?— y 
ab—6b+5c 8x + 4xy? —2y 
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Non-Ferrous Metals 


Aluminum 


Aluminum production is second only to iron production. The electrolysis of 
alumina (reduction) in cryolite produces aluminum. The chemical, ceramic, and 
petroleum industries use alumina. The construction, vehicle, aero-space, electrical, 
and durable goods industries use aluminum metal. 


Alumina 


The Bayer Alumina and the Lime Soda Sinter processes produce alumina. The 
four production steps (both processes) are digestion, clarification, precipitation, 
and calcination. The Lime Soda Sinter process also has rotary kilns, soda ash and 
limestone storage, and crushing and leaching areas. 
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Figure 3.1: Bayer Alumina Plant 


Pre-drying bauxite ores (in rotary kilns) reduces transportation cost, therefore, 
long single story gable roofed building hold the ore before processing. Rod or 
ball mills crush and screen bauxite ore (containing aluminum oxide) to the 
required consistency. Digestion takes place in the autoclave building. The auto- 
clave building is an irregularly shaped stepped structure with full length 
ventilators in the uppermost section. Rarely, lattice framework surrounds open air 
digestors (tall cylindrical tanks collocated with flash cooling tanks). Here the 
slurry (a mixture of ore and caustic soda) reacts with superheated pressurized 
steam (170° C at 100 psi in the autoclave) and the ore dissolves. The caustic soda 
(sodium hydroxide) and the alumina Chydrated aluminum oxide) react forming a 
solution of sodium aluminate (sodium aluminum silicate) and insoluble impurities 
(silica, titanium and iron ores). 
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Figure 3.2: Alumina Industry Flowchart 
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Figure 3.3: Processes at Alumina Plant 
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Filtration occurs in the filter building, 
usually situated next to the autoclave 
or precipitation building. It is a long 
rectangular sawtoothed roof structure 
with many ventilators. Settling and 
washing tanks and filters remove the 
waste material (red mud) from the 
slurry. Thickening removes excess 
water before filtration of the wastes 
from the mixture. Thickeners are 
numerous low cylindrical tanks with 
agitators located between the auto- 
clave and filter buildings. First filter 
tanks separate most of the red mud 
from the sodium aluminate. Next, 
passage through a series of wash 
tanks (using water) removes any 
remaining aluminate from the mix. 
Pumps transfer the waste material to 
the disposal area (red mud lake). 
The green liquor (overflow from the 
tanks) is a mixture of water and 
sodium aluminate. Filter presses 
(located in the filter building) 
remove impurities from the green 
liquor (using large cloth filters). 
Heat exchangers cool the green 
liquor before transfer to the 
precipitation building, 
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Precipitation produces aluminum 
hydrate from the green liquor. The 
precipitation tanks are tall conical 
bottom silo-like structures arranged 
(more than 100 tanks) in rows and 
columns. Each tanks is 7 meters 

(24 feet) in diameter and up to 390 
meters (160 feet) tall. The structure 
covering the tanks has numerous 
vents on the gable roof tops 
(frequently largest structure at the 
plant). The sodium aluminate 
decomposes into sodium hydroxide 
and aluminum hydroxide as cooling 
progresses. The cooling liquid in the 
tanks precipitates aluminum hydrate 
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Figure 3.4: Alumina Reactions 
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crystals that settle out of solution. Hydrate aluminum crystals (from storage silos 
at the end of the precipitator building) seed the solution, aiding in the rapid 
formation of additional crystals. 


Hydroxide thickeners separate the alumina crystals. The hydroxide thickeners are 
tall cylindrical tanks with dome roofs, Multiple effect evaporators recycle the 
remaining liquid (caustic soda) back to a 50% caustic soda solution. Caustic soda 
storage tanks retain the caustic soda until use at the autoclave section. The pre- 
cipitation period is 36 to 48 hours. 


Gas fired rotary kilns heat the resulting crystals to 1100° € (2012° F) in the calci- 
nation process, Rotary kilns are long parallel tubes with buildings at both ends. 
The typical rotary kiln is 3 meters (10 feet) in diameter and 75 meters (250 feet) 
long. The building nearest the precipitation building houses the furnaces and has 
numerous stacks, vents, and dust control equipment. The building on the oppo- 
site end will have a light appearance due to settling alumina dust. The heat 
drives off water, leaving pure alumina (aluminum oxide). The alumina can be 
stored in silos before transport or processing at the aluminum plant. 


The Lime Seda Sinter (also known as the Combination process) process is an 
addition to the Bayer Alumina process, This process treats low grade aluminum 


3% Storage at ‘Alumina Processing Plant 
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ores containing high percentages of silica. The process reclaims alumina (com- 
bined with silica during digestion), Instead of discarding the red mud, calcining 
(in rotary kilns) with limestone and soda ash produces additional sodium alumi- 
nate. Crushing and leaching allows recycling the material back through the 
digesters, The process produces brown mud waste instead of red mud waste. 


Aluminum Metal 


Aluminum ‘eduction is by the electrolysis of alumina in a solution of molten cry- 
olite (sodium aluminum fluoride, a snowy white mineral), The two main 
reduction methods are the Hall-Heroult and the Soderberg processes, The Hall- 
Heroult process uses a pre-baked carbon anode and the Soderberg process uses 
a continuous anode, The process used only affects the configuration of the elec- 
trode plant associated with the aluminum plant. Some modern innovations in 
aluminum production include a Hoopes cell process producing a very high purity 
aluminum metal, a low temperature method utilizing chlorine in a sealed reduc- 
tion cell, and a thermal reduction method producing a low quality aluminum 
metal product. 


Main componenis of an aluminum plant are the potrooms (long parallel build- 
ings), cryolite and alumina storage, rectifier and casting buildings, carbon 
electrode plant, and the fluorine recovery unit. Raw materials include alumina, 


Figure 3.6: Aluminum Processing Plant 
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Figure 3.7: Aluminum Product Flow 
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cryolite, carbon (to replace electrodes), and 
electricity. Tall cylindrical silos store both the 
alumina and the cryolite. The alumina silo is 
the larger of the evo. One silo of each type 
serves two potlines, Often conveyors con- 
nect the silos across the top of the potroom. 


Electrolysis is the reduction process for alu- 
minum production. Large rectangular pots 
(with carbon linings as electrodes) accom- 
plish the reduction. The poirooms house one 
or two long lines of electrolytic cells (pot- 
lines). The potroom is a gable roof structure 
with monitors. A plant usually has a series of 
potrooms to house all the potlines. Each pot- 
room (which may be in excess of 300 meters 
long) houses several hundred cells. Each cell 
produces around 400 kilograms (900 pounds) 
of aluminum in a 24 hour period. 


Rectifiers, located at the end of the potroom, 
convert alternating current to direct current. 
The rectifier building can be a long low flat 
roofed building (with or without ventilators) 
across the end of the potrooms. The recti- 
fiers and transformers may be situated along 
the side of the building rather than within a 
structure. Most plants have a substation 
between the rectifier building and the power 
transmission lines, 


Carbon electrodes, lowered into the cell, 
provide a path for the direct current flow. 
This heats the cryolite in the cell. Hoppers, 
situated directly over the cell, dump alumina 
once the cryolite melts, The mixture forms a 
crust that must be broken to allow total melt- 
ing of the alumina. The alumina and cryolite 
mixture melts at 960° C (1760° F) and pro- 
duces molten aluminum, fluorine, and oxygen. 


Processing of the collected gases recovers 
fluorine. The recovere( fluotine produces 
additional cryolite after recycling. The fluorine 
recovery building is a small compact building, 
located at the end of the potroom (or between 
potrooms), with waste gas stacks. 


Figure 3.& Aluminum Reactions 
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ALTERNATING CURRENT 


Figure 3.9: Aluminum Industry Flow Chart 


Collection plates remove the molten aluminum from the melt. Crucibles transfer 
the aluminum to the casting building for production of foundry ingots, or, after 
treatment in holding furnaces, cast into ingots, The casting house is a long venti- 
lated gable or flat roofed structure. If the casting house is a separate structure 
from the potrooms, a conveyor system will link the two structures. The holding 
furnaces, within the casting building, heat the aluminum (pure aluminum melts at 
658° C), allowing dross (waste floating to the top) removal. Any alloying material 

- == (COpper, Magnesium, manganese, 
zinc, silicon, or nickel) is added at 
this ime. Small stacks indicate the 
presence of holding furnaces. The 
ingots are in pig, billet, or slab form. 
Normally, the plant uses open storage 
for ingots awaiting shipment. Some 
aluminum plants have aluminum 
rolling mills collocated with the com- 
plex. The rolling mill complexes are 
very long buildings with ventilated 
gable roofs, 


~ Pema : The Hall-Heroult anode fs a solid 


CARBON LINED CATHODE filled container immersed in the bath. 
Figure 3.4 Aluminum Metal Production 
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Figure 3.11: Aluminum Reduction Plant 


acting as an anode for electrolysis. The electrolytic process produces .45 kilogram 
(1 pound) of aluminum from (2 pounds) of alumina. During this process, oxy- 
gen, liberated from the alumina, consumes .35 kilogram (.75 pound) of carbon 
from the electrode. Processing requires continual replacement of the carbon. 
Petroleum coke or anthracite coal provides a carbon source for electrode produc- 
tion. The carbon electrode plant producing the electrodes is a long dark toned 
structure with numerous ventilators. The carbon electrode plant (Hall-Heroult) 
configuration is several parallel buildings with a building at each end. The carbon 
paste plant is one building with either a waste gas stack or ventilation system. 
Additional equipment at the paste plant includes tanks, silos, conveyors, and a 
rotary kiln. This equipment can be housed within the one building (or not). 


Figure 3.12%: Reduction Pot Types 
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Lesson Summary. In this lesson, you learned to add and subtract algebraic expressions with and 
without exponents. You learned to check the results of additions and subtractions to ensure their 
correctness. You learned the rules that will allow you to perform problem solving requirements. 
You will be able to apply the skills and knowledge as required. Lesson 3 will address multiplying 
and dividing algebraic expressions. 


Lesson 2 Exercise: Complete items | through 9 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. The magnitude of a number is its 


a. partial value 
b. absolute value 
c. partial time 
d. absolute part 


2. To add two or more numbers with like signs you must use the 


. smaller number sign 
. Opposite sign 

. uncommon sign 

. common sign 


ada .® 


3. Solve the addition problems. 


(a) (b) (c) 

78 66 -9ab +16cd 
34 (+) 94 _ I2ab - 6cd 
(d) (e) (f) 

- 8 9 -13ad -12cd 
-13 -6 2ad - ‘Icd 


1-25 


Chapter 4 
386 Cuttural Features 


Copper 


Copper is one of the 
most important nonfer- 
rous metals. The pure 
metal, alloying, and 
industrial chemical indus- 
tries use large amounts of 
copper. Copper's electri- 
cal properties (thermal 
and electrical conductiv- 
ity) make it invaluable in 
electrical industries. The 
processing for native cop- rigsre 3.13: Copper Ore Concentration 

per (naturally in meial 

form) involves cruching, washing, and smelting (resulting in the end product of 
cast ingots). The smelting (with coke) of oxide and carbonate ores yields blister 
copper. The processing sequence for sulfide ores first involves smelting the ore, 
forming sulfide matte. Converting the matte (with lime and cir) yields blister 
copper. Electrolytic refining of blister copper yields pure copper. Slimes (the 
by-product of the electrolytic anodes) yield accessory gold and silver metals 
after additional processing, 


Usually the copper mine, ore concentration plant, and the copper smelter are 
collocated. Local economics determine the location of the copper refinery. 
Copper piants are leaching type or smelting type (seven Gifferent types of smelter 
furnaces). Leaching is a hydrometallurigical process (using liquid solvents) and 
smelting is a pyrometallurigical process (using fire). Identification features of the 
copper plant include close association to the mine (usually a large open pit), tall 
stack emitting dense white smoke, slag piles, and either a waste pond or a sulfu- 
ric acid plant. Additional features include roasting and smelting buildings, casting 
building, a substation, and the electrolytic refinery (with tankhouses), 


Figure 3.14 Copper Plant Components 
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Figure 3.15: Copper Processing Flow Chart 
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Figuve 3.16: Copper Production Flow 


Processing 


The first step in copper ore processing is the removal of gangue at the ore 
concentration plant. Roasting removes sulfur dioxide “(SO)” from the ore, Most 
roasters (roaster buildings) are the multiple hearth type, but newer plants use the 
fluid bed roaster. Removal of the sulfur dioxide reduces air pollution and provides 
a source for the production of sulfuric acid (acid plant is a criss-cross of piping, 
absorbers, converters, and tankage). Sulfuric acid is a leaching agent for copper 
ore processing and resale of the acid also defrays the cost of ore processing. 


Roasting 


The roaster building is a tall, rectangular, gable roofed, monitored structure with 
conveyors leading from the ore storage area. An extensive large flue system leads 
from the roaster building to the waste gas stack. One or two 90-180 meters (300- 
600 feet) tall waste gas stacks disperse gases and smoke at the plant. The flue 
system consists of cylindrical or rectangular ductwork connecting the buildings to 
the stack. Either a baghouse or a Cottrell precipitator (small building situated 
along the flue system) recovers copper dust from the waste gases. 
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The multiple hearth furnace is a tall cylindrical structure composed of several 
horizontal brick-lined hearths arranged vertically. Ore enters from the top, and 
heats, releasing sulfur fumes, Rabble arms push the ore to the outside of the 
hearth. Here, the ore falls down to the next level. Rabble arms push the ore to 
the center, where it falls down another level, and so forth. Air, blown counter to 
the feed, mixes with the sulfur, forming sulfur dioxide. The product of the 
roaster, calcine, proceeds onward to the smelter for additional processing. The 
waste gases pass through waste heat boilers for heat recovery. The sulfuric acid 
plant recovers the sulfur dioxide to produce sulfuric acid. The tall waste gas stack 
disposes of the rest of the gaseous material. 


In the fluid bed roaster, air, blown from the bottom of the roaster (through tuy- 
eres) suspends the ore feed (dropped through the top of the roaster), The 
suspended ore heats and reacts, liberating the sulfur from the ore. The greatest 
advantage for the fluid bed roaster is the minimal number of moving parts in the 
system. The greatest disadvantage is the retooling cost for older plants. The treat- 
ment for the calcine and the sulfur dioxide output from the fluid bed roaster is 
the same as the multiple hearth roaster. 


Smelting 


The next step in copper ore processing is the smelting of the calcine. Two 
smelter categories encompass seven types of furnaces. The first smelter category 
uses one of four standard furnaces (electric furnace, Momoda blast furnace, flash 
furnace, or reverbatory furnace) producing a copper matte. The copper matte 
produced from these smelters requires additional purification in converters, The 
second category uses a continuous furnace (Noranda, WORCRA, or Mitisuibishi 
furnace) to produce a very high grade copper matte. This high grade matte does- 
n't require additional converter processing, 


The smelter is the largest structure at the copper plant. The building is a long tall 
gable roofed structure. The smelter has the roaster building at one end and a 
converter and waste heat section at the other. Additionally, rail tracks lead from 
the smelter to the slag piles, another set of tracks provides furnace charges, and a 
flue system links the smelter to the waste gas stack, 


Sintering fuses fine-grained ore concentrates before smelting. A mixture of fine 
coal or coke and the ore passes over a gas flame carried on an endless grate. 
Some sintering machines perform a dual function of roaster and sinterer. 


The two most common smelters use the reverberatory furnace and the flash fur- 
nace. In the oil or gas fired reverbatory furnace, the calcine, mixed with silica 
flux, heats to 1100° C (2012° F). The ore melts, forming copper matte (copper 
with impurities), slag, and sulfur dioxide gas. The slag (composed of silica, iron 
oxide, and alumina) floats to the top. The tapped slag is disposed of on the slag 
pile. Sulfur dioxide gas, separated from the gaseous waste, forms sulfuric acid at 
the acid plant. The remaining gases vent to the atmosphere through the stack. 
The tapped copper matte goes to the converter for further purification (forming 
blister copper). Or, casting at the casting building produces low grade metal. 
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The flash furnace smelter combines recasting and smelting in one operation. 
Additionally, the furnace produces a high sulfur dioxide (6-10%) content, perfect 
as primary acid plant feed. Fluxed ore concentrates, fuel, and oxygen or pre- 
heated air injected into the reaction chamber creates an exothermic oxidation 
reaction. The settler of the furnace collects the particulate material from the reac- 
tion. In the settler, the matte and slag separate. 


The blast furnace is another method of copper smeking. The furnace change con- 
sists of ore concentrates, coke, converter slag, and briquetted recovered dust. The 
ignited fuel heats and melts the charge. Air (riot pre-heated) injected into the fur- 
nace both supports combustion and oxidizes iron and sulfur, Converter slag, 
acting as « flux, combines with impurities, forming slag, which sises to the top of 
the charge. The heavier matte sinks to the bottom of the furnace. 


Converter 


All the standard furnaces require a converter in the next stage of copper ore 
purification. Location of the converter building (a long rectangular gable roofed 
structure) is between the smelter and the electrolytic refinery. The casting build- 
ing is a small building next to the converter building. 


A silica flux and the ladle collected matte (at 1100° C) charge the converter. Air, 
blown into the matte, oxidizes the impurities (mostly iron oxikies and sulfur). 
Tapping of the maken copper occurs when the converter is half full. This molten 
copper (blister copper) is of 98.5% purity. Additional refining produces copper of 
higher purity. 


Refining 


Refining the blister copper from the smelter by fire refining yiekis 99.5% pure 
copper. Electrolytic refining yields copper of 99.9% purity. 


Fire refining (anode and fire refining furnaces) eliminates oxygen and sulfur 
impurities from the copper. An anode furnace accepss the still molten blister cop- 
per. First injected air drives off the remaining sulfur. Then a mixture of coke and 
élther green logs (green timber) or hydrocarbon gas added to the copper 
removes oxygen from the copper. Blister copper, mixed with soda ash, melts in 
the reverberatory furnace in fire refining. The soda ash removes arsenic and anti- 
mony impurities. The refined copper is cast into ingots and shipped of cast into 
anodes for electrorefining. Fire refined copper is not suitable for electrical use 
but is sultable for structural use. 


Electrolytic refining yields the highest purity cepper metal. Electrol, < refining 
takes place in the tankhouse. This is a single story, multiple-bay structure with 
numerous rouf vents and possibly a rectifier or substation section. Additional 
associations include a rail-served storage yard and the casting building. 
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Figure 3.10: Electrolytic Refinery 


Direct current flow acts on the cast anodes and thin copper sheet cathodes, 
placed in a sulfuric acid and copper sulfate bath (tank). The copper from the 
anode dissolves and re-deposits on the cathode sheet. Impurities remain in solu- 
tion or drop to the bottom of the tank as slime (mud). Gold, silver, and platinum 
recovery plants remove accessory metals from the slimes. A reverberatory furnace 
melts the cathodes (poled with gieen logs) for casting and shipment. 


leaching 


There are four leaching processes that differ only in the location of the ores (that 
are being leached). The chemical used is usually sulfuric acid. Dump leaching is 
leaching of the waste ores from a mine (acid poured on the mound of ore). Heap 
leaching is leaching of oxide ores on a prepared susface (so acid doesn't leak into 
the ground). Flotation cannot separate oxide ores of copper. In place (in situ) leach- 
ing is leaching of the ores while still in the ground, usually on very porous ores 
with an impervious rock layer beneath. The fourth method is vat-leaching. Agitator 
equipped tanks of sulfuric acid (and ferric sulfate in some cases) leach the ores. 
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Vat leaching consists of a series of large rectangular or cylindrical tanks covering 
a large area. identification of dump, heap, and in-situ leaching ts difficult. The 
only indication is a pipeline carrying sulfuric acid to the waste ore piles. 
Additional components include a sulfuric acid plant, substation, and tankhouses. 


Two methods separate the copper from the acid solution for production of the 
cooper metal. The first is precipitation (or cementation) of the copper from solu- 
tion followed by smeking. The second is the electrowon process (recovery of 
metals by electrolysis). Solvents extract the copper from the leachate (identified 
by a series of 10-20 low rectangular buildings) and electrowinning removes the 
copper from the solvent-based solution. Or, electrowinning produces copper 
directly from the leaching solution. 


Precipitation separates copper from the copper and acid solution for dump, heap. 
and in-situ leaching. The solution, forced upwards througn scrap iron in a cone 
precipitator or launder, precipkates the copper Gron replaces the copper in the 
solution, leaving the copper free to fall out of solution). Standard smelting and 
refining produce copper metals from the resulting cement copper. 


The product from vat-leaching goes directly to the tankhouse for electrowinning 
(because the solution has a very high copper concentration). The electrolytic 
refining process is slightly different. The anode ws lead rather than copper, but 
the cathode is still a copper sheet. The solution provides the copper metal for 
the process rather than the anode. The product of this process is suitable for 
structural, sheeting, and alloy production (but not electrical uses). The solvent 
extraction process produces electrical quality copper. 


By-Products Recovery 


Roaster dust and gases yield arsenic and sulfuric acid after recovery operations. 
The sulfur dioxide gases yield sulfuric acid at the sulfuric acid plant. 
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Figure 3.20: Copper Leaching Flow 
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To add or subtract polynomials, you must arrange the terms in which of the 
following ways? 


a. Ascending or descending 
b. Adjacent and descending 
c. Squarely 
d. Adjacent 


Choose the numeral or algebraic expression that is used to represent a place holder. 
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The and the must be the same (like terms) before adding 
algebraic expressions with exponents. 


. value, absolute 
. term, exponent 
. sign, term 
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Electrolytic solutions and slimes yield addition elements. Sulfuric acid leaches the 
dried slimes. The leached slimes, soda ash, and sodium bisulfate charge a smelter. 
The resulting slag caries selenium and tellurium. The remaining metal in the 
smelter furnace is high in silver, gold, platinum, and palladium. Electrolysis uses 
anodes, cast from the metal, in recovering these elements. 


Electrolytic cells, equipped with insoluble anodes and copper cathodes, recover 
any remaining copper from the contaminated electralytic solutions. Purification 
tanks (using reagents, controlled temperature, and controlied acidity) precipitate 
various impurities. Filtering, drying, and refining produces (from the precipitates) 
arsenic, antimony, bismuth, cobalt, and nickel. 


Gold 


Uses of gold include jewelry (75%), medium of exchange, medicine (74- chiefly 
dentistry), industry (electrical conductors and electronic components such as inte- 
grated circuits and contacts), and a minor use in glass production of high grade 
optical components (such as IR sensitive mirrors for optical systems). 


Gold occurs as native metal (free metal) in placer (gravel of vein (as inclusions 
in quartz) deposits. Gold alse occurs as the telluride ore syivanite (Ag AwTe 2. 
Gold occurs as an accessory (minor constituent) mineral in lead and copper sulfide 
ores, The gold ores contain litle gold (in the range of 15 grams per metric ton). 


Refer to the sections on copper and lead processing for a discussion of secondary 
metal recovery of gold from sulfide ores. ‘The processing of pold ores involves 
normal ore concentration methods (refer to the section on mining), producing an 
impure gold metal containing copper, silver, and several other base metals. 


Purification of the gold includes mehing and oxidizing. removing the base metals 
and the silver. The Miller process purifies gold through melting and chlorination, 
which also removes the base metals and silver. Treatment of silver containing 
gold metal is through the Wohlwill process. The Wohlwill process purifies the 
gold Sy electrolysis of the gold chloride in a HCI solution Chydrachloric acid). 
The alloy (gold and silver cast material) forms the anode and pure gold forms 
the cathode. Electric current deposits the gold onto the cathode. The silver forms 
a silver chloride and remains as the anode. 


Moat gold processing plants are located near the mine. They look like a small 
compact ore concentration plant with additional buildings containing the casting 
houses, electrolytic cells, and chlorinating sections. 


Lead 


Lead metal usage is in the top four of all metals. Because lead is a healeh hazard 
and is very toxic, processing requires careful consideration. Uses for lead include 
alloying. solder, paints and coatings. and the production of printing type. batter- 
ies, and shot for ammunition. 
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Figure 3.24: Lead Ore Concentration 


Lead ore concentration includes crushing, grinding, classification, and flotation. 
The concentrated lead ore contains 45% to 60% lead, 0% to 15% zinc, 0% to 3% 
copper, and 0% to 2% antimony. The ore also contains sufficient traces of gold 
and silver metals to warrant recovery. A zinc plant may be collocated to the lead 
plant since lead and zinc ores are often found intermixed. 


Roasting 


The lead ore contains 10% to 30% sulfur that must be burned off before smelting. 
Removal of the sulfur compounds is by roasting and/or sintering depending on 
the concentration of the ore. High concentration lead oses require a roasting 
operation to remove sulfur. The roaster building is a long slender gable (or 
sloping) roofed structure with a continuous monitor. A conveyor transfers ore 
from the ore storage area and another conveyor transfers roasted ore to the 
sintering facility. A pipeline connects the roaster building to the sulfuric acid 
recovery plant (if one is present). The roaster can remove only part of the sul- 
fur when handling highly concentrated lead ores. To prevent the concentrated 
lead ore from melting and clogging the roaster, the operational temperature of 
the roaster is maintained below 750° C (1382° F). The lowered temperature 
doesn't remove all the sulfur. 
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Pigure 3.22: Lead Processing Flow 
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Sintering 


The sintering facility removes the remaining sulfur from the lead ore concentrates 
(now in the form of lead sulfates). The sintering building has a similar appear- 
ance as the roaster building with the addition of several short stacks and 
monitors. A flue connects the large baghouse to the sintering building. The flue 
system consists of long cylindrical or rectangular pipes. The baghouse is a large 
flat roofed building. Another flue connects the sintering building to the extremely 
tall waste gas stack. The sintering building is normally situated next to the blast 
furnace. The sintering process involves placing the concentrates, mixed with fine 
coal or coke, on a moving grate. A gas flame ignites the mixture and drawn air 
oxidizes and sinters the mixture forming lead oxide. The sulfur dioxide and dust 
from the burning charge pass through flues to the baghouse. The baghouse 
recovers lead dust for return to the sinterer. The acid plant recovers the sulfur 
dioxide gas (or waste gas stacks vent the gas to the atmosphere), 


Then the blast furnace smelts the lead oxide, freeing the lead metal and gather- 
ing the impunrities in a slag. The blast furnace is the tallest structure at the lead 
plant. The structure is a gable or flat roof building with either 4 to 7 short waste 
gas stacks or a continuous monitor. Flues connect the blast furnace to the bag- 
house, A conveyor carries roasted and sintered ore from the roasting or the 


Figure 3.25: Flue System at Lead Plant 
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tracks carry the slag from the blast furnace to 10 the slag dump (dark toned pile). 

A drossing kettle reduces impurities in the lead bullion (primarily in the form of 
copper) by controlled cooling to 327° C (621° F). The impurities oxidize during 
the cooling and rise to the surface of the lead. A perforated disc skims the impu- 
rities from which copper and other by-products are recovered. 


Refining 


Pyrometallurigical (fire refining) and electrolytic (Betts process) are the two meth- 
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of casting building. Flues connect this building to the baghouse. The drossing 
and refining building contains the drossing and by-products ketiles and sometime 
a casting wheel. 


Canada and Peru are the primary users of the electrolytic process of refining, A 
solution of fluasilic acid and lead fluosilicate electrolyze lead bullion anades. 
Direct current, passing through the solution, causes the deposition of pure lead 
on the cathodes. Some impurities remain on the anode and the reat enter the 
electrolytic solution. Reagents, controlling the temperature and acidity, purify the 
electrolytic solution. The separation of the impurities from the sulution allows the 
production of a 99.85% purity lead product. The electrolytic refining building is a 
large (almost square) structure with nearby substation, rectifier buildings, and 
electrolytic tanks. 


Casting 


Casting forms lead pigs from the refined lead bullion. The casting building is a 
low to moderate height rectangular gable (or flat) roofed structure. The casting 
shed has ether a continuous monitor or numerous ventilators. The casting shed 
is situated adjacent to the drossing and refining sections. Railroad tacks lead to 
the casting and storage section. 
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Magnesium 


Magnesium and its alloys are extremely 
strong materials able to withstand high 
temperatures. The aerospace and vehi- 
cle production industries use most of 
the magnesium production in construc: 
tion of structural members, engines, 
and sheets. Explosive, nuclear, and 
incendiary industries also use magne- 
sium metal. The organic and in-organic 


chemical industries make use of magne- 


sium in chemical processes. 


Magnesium metals have a high affinky 
with oxygen. The ores of this metal 
require reducing (of their chlorides) at 
high temperature in a vacuum (or an 


inert atmosphere). 


Dolomite, magnesite, and carnalite ores 
contain magnesium, Seawater, natural 
brines, and salt deposits also contain 
magnesium. Sea water extraction is the 
source for half of metallic magnesium, 
dolomite is the source for almost all 
the rest. 


The two main processing methods are 
electsalytic (chemical processing) and 
electrothermic (mechanical processing) 
processing. Electrolytic processing 
accounts for 80% of magnesium pro- 
duction. The Dow and the Farben 
electrolytic processes differ only in the 
electrolytic cell configuration. The Dow 
and Farben electrolytic processes pro- 
duce magnesium from magnesium 
chloride. Sea water and lime (oyster 
shells if available) mixed in large set- 


into chlorine gas and molten magne- 
sium Serubbing towers recover the gas 
and the magnesium i cast into ingots. 
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The carbothermic and ferrosilicon processes are electrathermic processes. 
Magnesium oxide and carbon reduce to carbon monoxide and magnesium vapor 
in the carbothermic process. The vapor condenses to an impure magnesium dust. 
The reheated briquetted magnesium dust vaporizes and condensers produce pure 
magnesium metal. In another process, the ferrosilicon process, the magnesium 
oxide (dolomite), mixed with ferrosilicon, heats in a vacuum. The condensed 
magnesium gas yields metallic magnesium ready for casting. 


Magnesia Production 


Magnesium oxide (magnesia) for magnesium metal production comes from 
magnesia plants. The location of the magnesia (from brine) plant is usually 
along the coastline. Well brine and salt deposits (bitterns) also provide 4 mag- 
nesium source. A refractory brick plant, using magnesia. may be located near 
the magnesia plant. Processing 712,000 liters (188,000 gallons) of seawater 
yields 900 kilograms (1 ton) of magnesia. 


Slaked lime (calcium hydroxide) is the reagent used in extracting magnesia 
from brines. Mixing crushed calcined (roasted) seashells (light-toned stockpile), 
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Figure 3.29: Magnesta From Brine Plant 
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9. Subtract these polynomials 


(a) (b) 
2lab + 6a—11c? dx + 29 
3ab+8a-— c? x+18 
(c) (d) 
16x + 28xy* —7ly 2ab — 14b+ 4c 
8x+ 12xy?+ 90y ab+ 8b+ 6c 


Check your answers with those on the next page. Review those items that you missed before 
continuing on to the next lesson in this study unit 
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Figure 3.30: Magnesia From Brine Plant Components 


limestone, or dolomite and water produce the slaked lime. If dolomite supplies 
the slaked lime, 356,000 liters (94,000 gallons) of seawater yields 900 kilograms 
(1 ton) of magnesia, because the dolomite supplies both calcium hydroxide 
and magnesium hydroxide. Most plants have a separate rotary kiln for roasting 
the lime. The kiln is a set of long parallel tubes with hoppers at one end and a 
filter building on the other. Storage of the slaked lime is in a small tank (slaker) 
located near the raw material storage silos or bins (i.e., raw material storage for 
slaked lime production), 


Large tanks (hydro treaters) hold the brine, pumped from their source (seawater), 
When the slaked lime and the brine mix, the soluble bicarbonates and impurities 
precipitate. Rakes and pumps remove the by-products from the center of the 
tank. The clarified brines, containing magnesium hydroxide, flow over the edge 
of the tank and on to the flocculator tank. 


The addition of calcium hydroxide causes the settlement of the magnesium 
hydroxide in the flocculator tank. The flocculator is a small cylindrical or rectan- 
gular tank. Pumps send the settled magnesium hydroxide to the thickening tanks 
and the remaining brines to the waste pond (for disposal). The waste pond is a 
large, light-toned area. 


Fresh water washes the magnesium hydroxide in the thickening tanks. The large 
thickening tanks are typically in groups of four. Each tank has an arm (or rack) 
extending to the center (central discharge point). The treatment of the fiesh 
water (before use in the thickening tanks) removes bicarbonates by the applica- 
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tion of slaked lime, A single fresh 
water hydro treater tank performs the 
treatment and a single fresh water 
storage tank stores the treated waver. 
The fresh water hydro treater is a 
small dark-toned tank. A counterwash- 
ing system separates the magnesium 
hydroxide from the impurities. The 
fresh water moves in a direction of 
flow oppasite to the flow of the mag- 
nesium hydroxide. At the end of the 
treaiment process pumps send the 
wash water to the waste pond for 
disposal. The dewatering tank (or 
akernatively the filtering section of the 
rotary kiln) removes the excess water 
from the magnesium hydroxide slurry 
(from the last tank in che series). | 


Calcining of the magnesium hydroxide 
is the last stage in the magnesia 
process. Rotary kilns dry the magne- 
sium hydroxide (water escapes as 
steam). Large bins or silos store the 
finished magnesium oxide (magnesia) 


prior to shipment or further process- sbeise) 
ing at the magnesium plant. ny 


Magnesia obtained by calcining mag- 
nesite (magnesium carbonate) yields a 
material suitable for refractory and 
insulating materials (without additional 
purification of processing). 


Magnesium 


Magnesium chemical processing 
(electrolytic) produces most magne- 
sium metal. Magnesia, carbon, and 7 ~ 
chiorine produce magnesium metal : Sausne| ol 
in the Farben electrolytic process. o 
Magnesia combined with peat moss 
and carbon (in the form of petroleum 
coke or anthracite coal) produces a 
porous pellet. The pellews, mixed with 
magnesium chloride, forms a paste. 
Tunnel kilns (rotary kilns) dry the 
pelletized paste. 
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Chlorinators (tall, cylindrical, electrically heated furnaces) heat the pellets and a 
chlorine atmosphere to 900° C (1652° F). An associated chlorine and caustic soda 
plant supply the chlorine gas. The magnesium reacts with the chlorine, forming 
molten anhydrous magnesium chloride. Once an hour the tapped magnesium 
chloride charges the electrolytic cells, Scrubbing towers, clarification tanks, and 
coolers recover hydrochloric acid and anhydrous magnesium chloride from the 
exhaust gases (consisting of hydrochloric acid, anhydrous magnesium chloride, 
carbon monoxide, and carbon dioxide) of the chlorinator. The acid neutralization 
plant produces magnesium chloride from the recovered materials, 


Gas-fired furnaces heat the mixture and the cells operate at 670° C to 730° C 
(1238° F to 1350? F), Direct current flow in the electrolytic cell produces molten 
magnesium and chlorine gas from the anhydrous magnesium chloride electrolyte 
(added sodium chloride increases conductivity and lowers the melting point of 
the solution). The scrubber recycles the released chlorine gas from the cell. 


Modern plants produce 99% pure magnesium, suitable for immediate casting. 
Older plants produce 85% pure magnesium and additional refining in crucible 
furnaces produces higher purity magnesium metal. The crucible furnace heats the 
magnesium and flux charge to 1100° C (2012° F), the impurities sink and the 
Pure magnesium rises to the top of the melt. The pure metal is then ready for 
casting into billets, slabs, or ingots. 


Chlorinating magnesium hydroxide with hydrochloric acid produces the magne- 
sium chloride used in Dow electrolytic cells. Magnesium hydroxide slurry and a 
dilute hydrochloric acid react, forming magnesium chloride. Submerged-burner 
evaporators remove excess water from this mixture, increasing the magnesium 
chloride concentration. Shelf dryers crystallize (with hot air) the concentrated 


Piguve 3.36: Dow Electrolytic Cell Magnesium Production 


Photo interpretation Training Course 


Chapter 4 


492 Cultural Features 


® Vanadium & Zistonien cise ere productd by the Kroi! Process 


4/7 


Figure 3.36: Electrothermic Process Flow 
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Figure 3.37: Carbothermic Magnesium Plant 


magnesium chloride before charging into the Dow electrolytic cells. Associated 
hydrochloric acid and chlorine and caustic soda plants recover the by-products 
and produce the raw material necessary for this process. 


Briquetted magnesium oxide, mixed with carbon and pitch, produce magnesium 
metal in the carbothermic (electrothermic) process. Electric arc furnaces reduce the 
briquettes to metallic magnesium vapor and carbon monoxide. Hydrogen or natural 
gas rapidly chills the evacuated gases (from the arc furnace). The chilling reduces 
the amount of magnesium oxide produced in the process by dropping the gases 
below the critical reaction temperature. Electrostatic precipitators collect the magne- 
sium dust, magnesium oxide, and carbon particles from the condenser. Briquettes 
(60% to 65% pure magnesium), made from the collected dust, charge a cylindrical 
fetort (equipped with a water-cooled condenser). An electric resistance furnace 
heats the retort to 750° C (1380° F) under a constant vacuum. The magnesium 


Figure 3.38: Ferrosilicon Magnesium Plant 
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sublimes and condenses in the top of the retort. After 72 hours the retort is cooled 
and the magnesium is recovered, Crucibles re-melt the magnesium for casting. 


Another electrothermic process, the ferrosilicon process (virtually obsolete) uses 
calcined crushed dolomite (calcium magnesium carbonate) mixed with ferrosili- 
con to produce magnesium metal. Electric resistance furnaces (or gas-heated 
furnaces) heat the dolomite and ferrosilicon mixture (in a retort) to 1150° C 
(2100° F) under a vacuum. The calcium magnesium oxide combines with the 
ferrosilicon, forming waste calcium iron silicate and magnesium metal vapor. A 
condenser at the end of the retort cools the vapor and differential contraction 
separates the metal from the waste. 


Electric arc furnaces at ferrosilicon plants supply the ferrosilicon. A mixture of 

carbon and siliceous iron ore or scrap iron and silica sand charge the furnace. 

The furnace reduces the mixture to metallic silicon and iron, which combine to 
form ferrosilicon. Similar plants using electric arc furnaces produce ferrochrome, 

ferromanganese, ferrovanadium, and ferromolybdenum. 


There are few magnesium plants in the world. Most use the electrolytic process 
and are difficult to identify. Identifiable components are the chlorinating section, 
the rectifier annex, and the electrolytic cell building. The chlorinator section is a 
(40-50 feet) tall building housing the scrubbing towers and chlorinators. 
Unhoused chlorinator sections look like silos with pipes leading into the tops. 
The electrolytic cell section is a long narrow rectangular building with numerous 
roof vents. The rectifier section is a small flat roofed building with or without 
vents. Normally, a substation is nearby. 


These components will be near to, or adjoined, each other. The typical arrange- 
ment is the electrolytic ceil building in the center with the chlorinator section and 
the rectifier annex on opposing ends. A titanium plant may be collocated with 
the magnesium plant (magnesium used in titanium production). 


Manganese 


Manganese uses include alloying applications in non-ferrous metals such as copper 
and nickel, in the production of manganese alloy steel, and applications as a 
deoxidizing agent. Principle manganese ores are pyrolusite, braunite, hausmannite, 
and rhodochrosite. 


Manganese processing methods include reduction or electrolysis of the oxide ore. 


Reduction of the Oxide Ore 


Ferromanganese (a mixture of 80% manganese and 20% iron) is the result of 
reduction of oxide ores. A blast furnace or electric arc furnace produces the 
reduced ore. The charge for the blast furnace includes manganese ore, carbon, 
and aluminum, magnesium, or sodium. The electric arc furnace charge is man- 
ganese ore, limestone, and coke. Both of these processes recover around 85% 
of the metal. 
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Electrolysis 


Electrolysis yields high purity manganese metal. A roasted converts the man- 
ganese ore tc its oxide (MnO). Leaching the MnO with culfuric acid (H,S0,4) 
yields a sulfate, Neutralization of the solution removes the iron and aluminum 
by precipitation. Electrolysis of the remaining sulfate solution yields 99.94% 
pure manganese metai. 


Mercury 


Mercury ranks in 10th in non-ferrous metal production, Uses for mercury include 
manufacture of electrical apparatus, use in mercury cells in the processing of 
chlorine and caustic soda, and paint manufacture. Additional uses are in pharma- 
ceutical and agricultural chemical production. 


The main mercury ore is cinnabar. Cinnabar contains 86.2% mercury. Flotation of 
the cinnabar ore raises the mercury concentration of the rock to 25-50%. Roasting 
the concentrate seleases mercury in the form of gas. A distillation process recovers 
a condensate with a purity of 95% (for furnace plants) to 98% (for retort plants). 


A refining process of distillation or filtering, oxidation, and acid leaching yields 
mercury of 99.9% purity. Triple distillation yields nearly pure metal for those 
applications with exacting purity requirements. Secondary recovery of mercury 
metals, mercury-bearing equipment, and amalgams yield around 20% of the 
domestic mercury production. 


Nickel 


Primary uses for nickel are in the production of stainless steel and high-nickel 
alloys (in the aerospace and steel industries). Additional uses are in nickel plating, 
castings, coinage, copper or brass product applications, chemical and petroleum 
industries. High grade nickel sulfide ores (especially pentlandite) are the major 
source of nickel. Low grade nickel ores occur in lateritic deposits. The nickel 
sulfide ores commonly occur with copper and iron ores. 


Refining for nickel ores consist of pyrometallurigical or hydrometallurigical meth- 
ods. A separate pyrometallurigical and hydrometallurigical method exist for each 
type (lateritic and sulfide deposits) of ore. The most common method of refining 
is the pyrometallurigical method, however, the most efficient method is hydro- 
metallusigical refining. Products include nickel cathodes, pellets, powder, 
briquettes, ferronickel, nickel oxide, and nickel salts. 


Nickel refining methods vary world-wide. In general the production flow for pro- 
cessing involves the following steps. Roasting partially removes sulfides from the 
ore. Smelting removes rock, leaving a copper-nickel-iron matte. The Bessemer 
converter removes the iron and sulfur. After magnetic separation and flotation, 
sintering the remaining nickel sulfide forms an oxide. The oxide is cast as anodes 
for electrolytic processing to form nearly pure nickel. Also the electrolytic process 
recovers accessory gold, silver, platinum, and several other metals. 
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Identification of the Nickel Refinery 


Most nickel refineries consist of one of more tall waste gas stacks, an air separa- 
tion plant, and electrolytic refining buildings. Both types of plants also have 
smelters and converter buildings. The lateritic ore nickel smelter has, in addition, 
one or more rotary kilns. 


The rotary kilns used in lateritic ore smelting remove sulfur and oxidize the ore. 
The kilns consist of one or more long parallel tubes with buildings at either end. 
One building is the charge building, the other building houses the smelter and 

converter. The kilns slope gently downward in the direction of the process flow. 


Roasting and sintering buildings smelt sulfide ores. The tall sectangular gable 
or flat roofed building has a conveyor leading from the ore storage area. 


Smelting and converting buildings are used for all nickel ore processing. This is 
the tallest and largest building at the refinery. This is an irregularly shaped flat 
roofed structure with numerous vents or a continuous monitor. Railroad tracks 
lead from the building to the slag dump. Common smelter types for nickel ores 
are the electric furnace and the blast furnace. Rotary kilns lead to this building 
when processing lateritic ores. 


Both the sulfide and lateritic ore processing plants use electrolytic refining. The 
electrolytic refining building is more common at sulfide ore plants. The long rec- 
tangular flat roofed building has numerous roof vents of monitors. A substation 
and rectifier building are located nearby. 


An air separation plant is a common support facility. The plant produces nitro- 
gen, oxygen, and argon from the atmosphere. The plant consists of a long 
rectangular flat roofed compressor building, a tall square (stepped appearance 
if collocated with the compressor building) cold box, and wet or dry gasometers 
for gas storage. 


Pyrometallurigical Processing of Nickel Sulfide Ores 


A multihearth furnace, fluid bed roaster, sintering machine, of rotary kiln partially 
roasts the sulfide concentrates. Roasting reduces the sulfur content by 50% and 
produces a mixture of copper-nickel-iron sulfides. Next, a reverbatory furnace, 
blast furnace, flash smelter, or electric furnace smelt the sulfide and flux mixture, 
forming an impure copper-nickel-iron matte. 


In the converter, the matte and silica flux is blown with air, the silica flux removes 
most of the iron and some sulfur (as sulfur dioxide), yielding a sulfur deficient 
cupper-nickel matte. After several days of controlled cooling, a grinding and 
flotation process separate the nickel sulfides from the copper sulfides (allowing 
separate processing of copper and nickel). Roasting the nickel sulfide yields a 
nickel oxide sinter for use in the steel industry. Or further reduction by an elec- 
trolytic (most common) or carbonyl method yields a purer product. 
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The electralytic method involves immersing a crude metal (or nickel sulfides) 
anode and a thin starter sheet (of pure nickel metal) cathode in the electrolyte. 
Through electrolytic action the anode dissolves into the electrolyte solution. A 
purification train removes impurities after the solution are pumped from the cell. 
The re-introduced purified solution takes ten days to form 99.9% pure nickel 
metal on the cathode. 


The carbonyl (Mond process) process refines the nickel by reacting the crude 
nickel and carbon monoxide at 100° C (212° F) forming nickel carbonyl. A 
decomposition tower heats the nickel carbonyl to 200°-300° C (392°-572° F). The 
decomposed nickel carbonyl deposits as 99.9% pure metal pellets on nickel shot. 


Hydrometallurigical Processing of Nickel Sulfide Ores 


An ammoniacal solution dissolves the nickel sulfide ores, forming nickel, copper, 
and cobalt ammines. Heating the resulting solution precipitates the copper 
ammines. Oxidation of the cobalt and nickel ammines forms sulfates. The sulfate, 
combined with hydrogen, at high temperature and pressure forms 99% pure 
nickel metal powder. 


Pyrometallurigical Processing of Nickel Laterites 


The pyrometallurigical method of processing nickel Jaterites requires an enor- 
mous amount of fuel or electrical energy. Smelting the ore and flux (gypsum) 
produces an iron-nickel matte. Processing the iron-nickel matte is the same as for 
the nickel sulfide ores. The converter removes the iron impurities and electrolytic 
cells refine the nickel. 
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Figure 3.40: Pyrometallurgical Process Nickel Refinery 
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The production of nickel rondelles is by a roasting process. The roaster produces 
a nickel oxide from the iron-nickel matte. Grinding, compacting, and reducing 
(using charcoal in a muffle furnace) the nickel oxide yields 99% pure nickel ron- 
delles, The muffle furnace typically is a long rectangular gable roofed structure 
with numerous short stacks. The rotary kilns lead into the side of the structure. 
The production of ferronickel involves smelting the nickel laterite without a flux 
and reducing the smelt with coke in electric furnaces. ‘The resulting ferronickel 
has a 20%-50% purity. 


Hydrometallurigical Processing of Nickel Laterites 


Ammonia or sulfuric acid leaching is the process for hydrometallurigical refining 
of nickel laterites. The first step in the ammonia process is the reduction of the 
nickel oxide. Next, ammonia leaches the nickel and dissolves the nickel. Heating 
the solution precipitates nickel carbonate. Roasting converts the nickel carbonate 
into a nickel oxide product for use in the steel industry. 


In the acid process sulfuric acid leaches the ore at high temperature and pressure. 
The temperature and press ire differential cause the nickel and sulfur to enter 
solution but prevents iron from entering the solution. Mixing with hydrogen sul- 
fide precipitates nickel and cobalt sulfides from the purified solution. Refining the 
resultant nickel sulfide by a conversion process yields nicke! sulfate. Reduction of 
the nickel sulfate with hydrogen produces a high purity nickel powder. 


Piatinum 


Platinum occurs as native metal or more commonly as an accessory ore in nickel- 
copper sulfide ores. Uses for platinum include alloys for jewelry, scientific apparatus, 
and electrical contacts. A major use is as a catalyst in industrial applications. 


Processing facilities for native metal deposits are basically an ore concentration 
plant. Refer to the sections on copper and nickel refining for a discussion of sec- 
ondary metal recovery. The basic process involves smelting the copper-nickel 
ores, containing the secondary platinum metal. Anodes formed from the smelted 
material are electrically dissolved. Copper deposits on the cathode, nickel enters 
solution, and the platinum remains as a slime attached to the anode. Roasting the 
platinum slime removes the sulfides. Leaching removes any residual copper and 
nickel and the platinum precipitates from solution. Washing and drying the pre- 
cipitate allows the material to be calcined to form nearly pure platinum metal. 


Silver 


Silver occurs as native metal, silver chloride ores, and simple or complex silver 
sulfide ores (as associated minerals with lead, copper, and zinc ores). Principle 
industrial uses for silver include photographic film, electrical contact, alloys, 
chemical, and battery manufacturing. Additionally silver finds uses in jewelry, 
sterling silver, mintage, and art. 
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Historically, silver processing included simple ore concentration of native metal, 
and amalgamation and cyanidation ore concentration and recovery. Modern silver 
processing is by secondary recovery from copper, zinc, and lead ores, 


A typical process for silver recovery involves separating the copper, zinc, and 
lead ores. The silver ore is also separated if the silver grade is high enough. 
Otherwise, smelting of the lead and copper ores produces mattes, from which 
through electrolytic refining, the silver is recovered, When associated with copper 
and lead refining, look for an area containing electrolytic vats and refinery. This 
area may not be separate from the rest of the refinery but may be incorporated 
in the rest of the complex. 


Leaching and electrolytic processes are used for the zinc ores. Processing of the 
residues of the electrolytic plant produces silver metal. When associated with zinc 
refining, look for a leaching area and an electrolytic vat building. 


Refer to the sections on refining of copper, lead, and zinc for a more detailed 
explanation of these processes and components. 


Tin 


Tin ores occur as tin oxides and tin sulfides. The main uses for tin are in tin 
plating, alloys, solders, and chemical production. 


Secondary tin recovery is much more extensive than the primary metal production. 
Ti recovery (from recycled materials) is through electrolytic or chemical methods, 


Primary metai production of oxide ores is through ore concentration, roasting 
(forming oxides), and crude metal recovery from a blast furnace. Additional 
refining occurs in electrolytic furnaces. 


Titanium and Associated Electrothermic Metals 


Titanium, vanadium, zirconium, and their alloys are extremely strong materials 
able to withstand high temperatures. Stee! production (ferroalloys) uses most of 
the titanium, vanadium, and zirconium production. The aerospace, military, chemi- 
cal, and tool industries use these alloys in equipment production. The paint and 
pigment industries use titanium dioxide. The primary titanium ores are rutile and 
ilmenite. Almost all commercial deposits (at least at present) occur as rutile bearing 
sands. Dredges mine the sands; then gravity, magnetic, and electrostatic concentra- 
tion methods yield a 95% purity titanium dioxide for additional processing. 


Titanium, vanadium, zirconium, and magnesium collectively are referred to as 
electrothermic metals, due to the method used in processing the ores. Titanium, 
vanadium, and zirconium metals have a high affinity with oxygen. The ores of 
these metals require reducing (of their chlorides) at high temperature in a vacuum 
(or an inert atmosphere). The Kroll process produces titanium, vanadium, and 
zirconium. Titanium oxide, carbon, and chlorine react in a chlorinator, forming 
titanium tetrachloride in an exothermic reaction. Titanium tetrachloride and 
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Figure 3.41: Electrothermic Metal 
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Figure 342: Thanium Production 


metallic sodium (or magnesium) reduce at 50°C (122° F), producing titanium 
metal sponge and sodium chloride (or magnesium chloride), When magnesium is 
used, the resulting magnesium chloride by-product is recycled through electroly- 
sis for re-use in processing. A third method of titanium production is the direct 
electrolysis of tanium tetrachloride, 


Zinc 


Zinc metal is fourth in annual consumption and use. Major uses of zinc are in 
zinc metals and alloys, protective coatings, and chemical compounds. Zinc oxide 
uses include applications in chemical, rubber, and paint production. Zinc usually 
occurs in conjunction with lead ores as lead and zinc sulfides (sphalerite and 
galena). Secondary recoverable minerals to the lead-zinc ores include copper, sil- 
ver, antimony, and bismuth. Zinc ore is separated from lead ore at the 
concentration plant located at the mine. The ores are finely ground and the ores 
separate by froth flotation. Whichever ore is not separated first is separated from 
the gangue by a second froth flotation pass. Two smelting methods of processing 
zinc are the oxide reduction and the combined lead-zine processes. 
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Figure 3.43; Electrolytic Zinc Flow 


The horizontal retort process is the oldest zinc smelting method, still accounting 
for 10% of world production, Small horizontal retosts roast the zinc ore. Coal is 
mixed with the concentrate and the mix is heated for 1-2 days, The zinc, in the 
form of vapor, is condensed and recovered. Several hundred retorts will be 
required in the process. A newer horizontal retort process uses fluid-bed roasters 
or sintering furnaces in place of the hundreds of smaller retosts. The vertical 
retort process is much less labor intensive than the horizontal retort method. In 
the vertical retort process, zinc sulfide ores mixed with coal are briquetted and 
charged into the vertical retort furnace. The continuous process is heated by gas, 
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driving off zinc vapors for condensation. A newer process uses an electric shaft 
furnace, Here, the roasted and sintered zinc ore is mixed with coke and fed to 
the furnace. The electric arcs melt the ore, freeing zinc vapor. 


The two methods for simultaneously processing zinc and lead ores are the 
Imperial Smelting Process (ISP) and the Kivcet Process, The ISP uses a blast fur- 
nace to produce the zinc vapor and the lead is reduced at the same time. The 
Kivcet Process has finely ground lead, copper and zinc sulfides heated in a 
cyclone furnace by burning the ore with a stream of oxygen. The lead is reduced 
and collected. The zinc, mixed with slag, is reduced to zinc oxide vapor in an 
electric furnace. The oxide is reduced by carbon and the zinc vapor is con- 
densed. The copper is recovered as a matte formed with the sulfur in the 
reactions, and is then reduced. 


Plant Identification 


Most zinc metal reduction occurs at an electrolytic plant. Key identifiers are the 
Cottrell precipitator building and stack, a stepped leaching and purification 
building, electrolyte tanks, and the electrolytic cell building with associated rec- 
tifiers and substations. The roaster building is a tall gable roofed structure with 
a continuous monitor. The roaster has conveyors leading from the ore storage 
and handling areas and flues leading to the sulfuric acid plant or waste gas 
stack. Often the plant is located on a hillside to take advantage of gravity dur- 
ing the production process. Associated with the plant may be a sulfuric acid 
production plant. 


The leaching and purification section is a large stepped roof structure located 
below the roaster. The upper sections contain the leaching tanks and the lower 
sections contain the purification tanks. The upper section has numerous short 
stacks or vents. The structure also houses the thickeners and filters. 


The electrolytic cell is a very large low building with vents or continuous moni- 
tors. Pipelines connect the leaching and purification building and the electrolytic 
cell building. Also present are substations, rectifier annexes, and electrolyte tanks 
(open or closed). 


The casting iuilding is a moderate sized gable or flat roofed structure with 
numerous vents or monitors. It is found adjacent to or near the electrolytic cell 
building, If the plant is on a hillside, the casting building will be the lowest struc- 
ture. Storage and loading facilities are nearby. 


Reduction can occur also at horizontal or vertical retort smelters, A pottery 
plant will be nearby for the horizontal retort smelter. Look for baghouses, 
waste gas stack with flue system, sulfuric acid plant, and slag piles. Zinc oxide 
may be produced by several processes. Look for buildings with rotary kilns, 
flue complexes, baghouses, and cooling columns. Zinc refining is accomplished 
using a reverberatory furnace (probably an additional building in the plant) or 
in distillation columns. 
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Lesson 3. ALGEBRAIC MULTIPLICATION AND DIVISION 


Introduction. In lessons one and two you learned the basic foundations of algebraic 
mathematics. You must continue to build on your acquired foundation; lesson three will 
allow you to do so. You will be able to apply your acquired skills and knowledge in any 
given situation as required. 


LEARNING OBJECTIVES 

1. Calculate the product of positive and negative terms. 

2. Calculate the quotient of positive and negative terms. 

3. Reduce grouped quantities to their simplest form. 

4. Apply the law of exponents when calculating the product of two or more quantities 
containing exponents. 

5. | Demonstrate that any number (except zero), raised to zero power has a value of one 
using the law of exponents. 

6. Change the sign of an exponent (factoring). 

7. Apply the law of exponents when calculating the power to which an original base 
must be raised, when given a power raised to a power. 

8. | Apply the law of exponents when calculating the quotient of two or more quantities 
containing exponents. 

9. Demonstrate factoring exponents using a radical sign with the numerator as the power 
of the base and the denominator serving as the index of the radicand. 

10. Demonstrate that any factor, under a radical, can be changed to a factor, with a 


fractional exponent, with the power base as the numerator and the index of the 
radicand as the denominator. 


1301. Multiply and Divide Numbers with Signs 


The purpose of multiplying numbers with signs is to obtain the product of two or more numbers. 
A product is defined as the result of multiplying two or more numbers. (We will discuss division 
and its result in the next paragraph.) There are three rules that you must remember when 
multiplying algebraic expressions. 
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The Electrolytic Process of Zinc Production 


Several processes can be used to convert the concentrated zinc ore into metallic 
zinc. Among the pracesses are electrolytic, horizontal retort, vertical retort, ster- 
ling, electrothermic, blast furnaces, and the American process. The most common 
process is electrolytic process which produces 75% of the world’s zinc metal. 


The first step is roasting, converting the zinc sulfide into zinc oxide, and ridding 
the ore of its sulfur content. The three roasting methods are the multiple hearth 
furnace, the fluid bed roaster, and the least common, the flash furnace. Refer to 
the section on copper roasting for a furnace operation description for the fluid 
bed and multiple hearth roaster. The flash roaster consists of two top hearths, 
two bottom hearths, and an open combustion chamber between the hearths. The 
concentrated ore passes through the feeder and dryer hearths to a ball mill where 
the ore is ground to a fine dust. The dust is returned to the comtustion chamber, 
through burners situated below the drying hearths. The zinc ores burn to zinc 
oxide and waster sulfur dioxide gases. The zinc oxide exhausts through the bot- 
tom hearths. The sulfur dioxide can be wasted to the atmosphere or recovered at 
a sulfuric acid plant. Dust, associated with the waste gases, is high in cadmium 
(recovery at an associated processing section). Three methods can remove the 
cadmium dust from the gases. They are an electrostatic precipitator (Cottrell or 
other type), a bag house, or an expansion chamber built into the flue system. 
The most common and most efficient method is the precipitator. 


Next the zinc oxide is mixed with 10%-25% sulfuric acid in leaching (and agitat- 
ing) tanks. The piped slurry separates by gravity in thickening tanks. The solids 
are removed, filtered, dried, and sent to a lead smelter. The settled solids contain 
recoverable lead, gold, and silver. Purification tanks process the zinc sulfate solu- 
tion. Added zinc dust and aluminum cause the precipitation of impurities such as 
cadmium, copper, cobalt, ammonia, and arsenic. 


The refinery section consists of electrolytic cells. The cells use lead anodes and 
aluminum cathodes. Metallic zinc deposits on the cathodes as direct current 
passes through the zinc sulfate solution. The casting section of the plant strips 
the cathodes and casts the 99.9% pure zinc metal. 


Zinc Smelting Processes 


Several smelting processes also produce zinc metal from concentrated zinc ores. 
The three common zinc smelters are the horizontal retort, the vertical retort, and 
the electrothermic furnaces, The typical smelter uses roasters and sintering 
machines to prepare the ore for the smelter. The basic process for smelting is the 
same. The charge for the smelter, prepared in the charge mixing building, heats 
above 907° C (1665 F) in the smelter. Carbon from the coke in the charge burns, 
forming carbon monoxide. The carbon monoxide combines with the liberated 
oxygen from the zinc oxide, yielding carbon dioxide. The reduced metallic state 
zinc vaporizes and after cooling, forms molten zinc for casting or further refining. 
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Horizontal Retort Zine Furnace 


The horizontal furnace is a batch operation smeker. The retorts are cylindrical clay 
retorts which have open-ended conical clay condensers. A nearby pottery plant 
produces the retorts and condensers. The retoms, suspended in rows in gas-fired 
furnaces, heat for several hours. Blue dust (cadmium) collects in the condensers 
during the first few hours. The cadmium recovery section process the recovered 
cadmium dust. As the zinc reduces, it vaporizes and passes into the condensers. 
The condensers collect the molten zinc. During the 24 hours required to fully 
process the charge, the moiten zinc is typically collected 3 times. After processing 
the charge, the removed retorts yield slag for disposal or further processing. 


Vertical Retort Zinc 


‘The vertical retort furnace is a continuous operation. Baked briquettes composed 
of zinc, water, and a suitable binder form the charge for the gas-fired furnace. 
The reduced zinc collects in condensers and sumps as molten metal. 


Electrothermic Furnace Zinc 


The electrothermic furnace is also a continuous operation. A special sintering for 
the roasted ore concentrates provides an extremely pure charge for the furnace. The 
sintering involves drawing air down through the sinter cake mixture of ore and 
coke. The process frees any remaining sulfur. Lead and cadmium concentrate in the 
lower half of the sinter cake. Repeated sintering of the lower half yields pure zinc. 


The sintered concentrates, silica flux, and coke form the charge for the continuous 
operation furnace. Electrical resistance heats the charge to the required temper- 
ature for reduction and vaporization. Cooled and condensed vapor yields the 
molten zinc metal for casting. 


Zinc Refining 


Electrothermic and electrolytic zinc do not require additional refining prior to 
use. The output from horizontal and vertical retort zinc requires refining prior 
to some uses. 


Reverberatory Furnace 


The reverberatory furnace maintains the temperature of the molten zinc above 
the melting point for one to three days. During this time zinc oxide and other 
impurities rise to the surface as dross for removal and recycling in the retort 
furnaces. Iron and lead impurities sink to the bottom for removal and recovery. 
Refined zinc is tapped and cast. 


Distillation Columns 


Distillation columns are sets of stills for refining the zinc. In the first column 
(kept above the boiling point of zinc) zinc oxide, iron, and lead remain in the 
liquid and solid phase. These impurities collect in the bottom of the column and 
are removed for recovery. The volatilized zinc passes into a second column 
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Figure 3.47: Vertical Retort Zinc Plant 
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maintained above the boiling point of cadmium. The cadmium passes into con- 
densers for recovery. The zinc condenses in the column as molten zinc metal for 
removal and casting. 


Zine Oxide Production 


Roasted and sintered zinc concentrates are the primary source of zinc oxide. 
Metallic zinc, lead smelter slag, and retort furnace slag also are a source for zinc 
oxide. Several methads produce zinc oxide but the basic process is the same. 


Raw material, mixed with coke, charges the furnace. Vaporized heated zinc burns 
in the furnace and oxidizes. The oxidation forms small aerosol particles of the 
white zinc oxide. The zinc oxide particles, drawn through cooling flues into bag- 
houses or electrostatic precipitators, can then be recovered, Baghouses are 
buildings containing numerous cloth bags suspended over hoppers. The zinc 
oxide particles adhere to the cloth material and, after shaking, fall into the hop- 
per for recovery. 


American (Wethernhill) Process 


The American process uses roasted and sintered zinc concentrates in the produc- 
tion of zine oxide. The American pzocess has two operational types, a batch and 
a continuous process. The batch furnace (heated from the base and charged from 
the top) heats and vaporives the charge. The zinc oxidizes in the upper portion 
of the furnace. Withdrawn zinc oxide particles are zecovered. 


Figure 3.48 American Process Zinc Oxide Production 
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The continuous process furnace is essentially a moving grate sintering furnace. 
The charge passes through the combustion chamber and the vaporized zinc oxi- 
dizes. Collected zinc oxide is graded and bagged. 


Electrothermic Oxide Furnace 


The electrothermic oxide furnace operates in the same manner as the electrother- 
mic zinc furnace. The electric current reduces and vaporizes the charge. The 
vaporized zinc buins in the air. 


Waelz Process 


Low grade oxide ore, slag from zinc retorts, and slag from lead smelters provide 
the charge for the rotary kilns in the Waelz process. The kiln processes the 
charge, producing zinc oxide for collection from the lower end, By controlling 
the temperature, pairs of kilns can produce both zinc and lead oxides. Keeping 
the temperature of the first kiln above the boiling point of zinc but below the 
boiling point of lead produces zinc oxide only. The second kiln, kept above the 
boiling point of lead, accepts the discharge of the first kiln and yields lead 
oxides, Operating kilns above the boiling point of both iead and zinc produces 
leaded zinc oxide. 


FLUE SYSTEM 


as 
Figure 3.49: Waelz Zinc Oxide Plant 
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Figure 3.50 Slag Fuming Plant 


Slag Fuming Furnace 


Slag from lead smelters provides the raw material for the production of leaded 
zinc oxides in slag fuming furnaces. The slag fuming furnace is similar to the ver- 
tical retort furnace. Heating above the boiling point of lead yield zinc and lead 
vapors. The oxidized vapor produces leaded zinc oxide 


French Process 


Broken slabs of metallic zinc are the charge for the French process. Closed retorts 
heat the zinc in an atmosphere of carbon monoxide. The vapor burns in the air 
at the open end of the retort and forms zinc oxide. 


By-Products Recovery 


Cadmium is the chief accessory metal recovered at zinc plant. Other accessory 
elements are indium, gallium, and germanium. Sources of the cadmium are 
roaster and sinterer dust, condenser residue, purification tank precipitates, and 
zinc sulfate sludge. Three methods recover cadmium, depending upon the 
source, They are the wet method, the retort method, and the electrolytic method. 


The wet method recovers cadmium from roaster and sinterer dust. Leaching and 
agitating the dust with sulfuric acid forms a slurry. Filtering removes solids leav- 
ing a clear electrolytic composed of sulfuric acid and cadmium sulfate. Zinc dust, 
added to the slurry in lead-lined tanks, precipitates the cadmium. Retorts heat the 
dried briquetted cadmium past the vapor point of cadmium. Condensers recover 
the molten cadmium. 


Photo Interpretation Training Course 


a ee 


Chapter 4 
434 Cultural Features 


The retort method uses cadmium containing material mixed with coke. Heating 
the retort yields vaporized cadmium for condenser recovery. 


The electrolytic method of cadmium recovery is similar to electrolytic zinc pro- 
cessing. Electrolysis recovers metallic cadmium from a cadmium sulfate solution. 


Zine slag ant spent electrolytic solution contains recoverable amounts of lead, 
silver, and gold. Lead smelters recover these metals. A sulfuric acid plant recovers 
sulfur compounds, 


Radioactive Materials 


‘The use of radioactive materials is widespread. Medicine, industry, fabrication, 
power, and weapon industries use radioactive materials, Radioactive elements 
(isotopes) exist both naturally and artificially. Examples of naturally radioactive 
materials are barium, uranium, thorium, radium, bismuth cobalt, cesium, and 
polonium. The production of artificially radioactive isotopes is by the bombard- 
ment of the parent isotope by alpha particles, deutrons, or neutrons (using a 
chemical or mechanical particle source). Examples of artificial isotopes are 
iodine, iridium, bismuth, plutonium, xenon, strontium, phosphorus, potassium, 
gold, cesium, californium, sodium, and yttrium. 


The use of radioisotopes in medicine includes diagnosis and treatment of disease, 
radioactivation and tracer usage, radionuclide imaging, and radiopharmaeuticia! 
production. Some industrial uses are in food preservation, polymerization of plas- 
tics, analytical testing and measurement, as tracer materials, and the process 
instrumentation measurements (= oo 
of mass, density, thickness, =e 
and moisture content. 


The production of radioactive MILLING /CONCENTRATION 
isctores (with the exception 

of uranium and plutonium) FEED MATERIALS PRODUCTION <a. 
has no definitive signature. (Conversion) 

Isotope production occurs by 

irradiating the parent material 

in a small non-power produc- ENRICHMENT 

tion reactor. The neutron flux 
from the reactor transmutes 
the parent material into a 
radioactive daughter. Standard | 

chemical and physical tech- REACTOR 
niques separate the isotopes. (rradietion) 
These facilities look like any 

other plant using chemical 

processing methods. The el ie 
associated buildings have 


sophisticated dust and air RADIOACTIVE WASTE DISPOSAL 
handling equipment. 
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Figure 4.1; Uranium Flow Cycle 
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Uranium Prc duction 


The main use for uranium is in power generation. Uranium has limited use in 
construction of nuclear weapons (nuclear weapon _tamping material and as a sec- 
ondary in H-bombs). Depleted uranium (low in *°U, therefore lower in 
radioactivity) finds use as weights in industrial applications, armor for military 
uses, and as solid penetrator elements in conventional weapon design eg 
anti-armor rounds). The three natural isoto opes of uranium are **U (9.28%), ?° 
(0.71%), and 741 (0.006%), The isotope ?"U forms the basis (slow neutron ie 
sion) for gun-type atomic weapons (of historical importance only, modern 
weaponry uses implosien), Modern fission weapons do not require * 0) as the 
primary element. Uranium can form the basis for the secondary fission element in 
fission-fusion-fission CH-Bomb) devices. 
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Figure 4.2: In Situ Mining 


Natural uranium occurs as oxides (U,O,) in association with gold, copper, and 
phosphate ores. Uranium ores are classified as primary (un-oxidized) and sec- 
ondary (oxidized) ores. Important primary ores include Urananite and Coffinate. 
Important secondary ores include Carnotite and Autunite. Some secondary ores 
contain phosphates. Traditional mining methods are used to extract most uranium 
and thorium ores. The most common methods are surface mining through open 
pit or strip mining or underground mining through vertical shaft or adit. 
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Figure 4.3: In Situ Leachate Recovery Process 
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Figure 4.4: Uranium Recovery from Phosphoric Acid (Phospbate Ores) 


In situ mining methods can be used in some cases. In situ mining involves blast- 
ing the ore into fragments followed by injection by sulfuric acid. The sulfuric acid 
leaches the uranium, collects in a sump, and is pumped back to the surface. The 
slurry collects in the shallow rectangular leaching pads. A processing plant then 
recovers the uranium from the sulfuric acid slurry. One advantage of this method 
is the prevention of radon gas exposure to the miners. Some mines use leaching 
methods to recover additional uranium from mine tailings. In addition to uranium 
mining as the primary ores, some mines producing gold or phosphate ores pro- 
duce uranium ores as an accessory mineral. In these cases the uranium recovery 
will occupy only a small portion of the ore processing plant. 


The production of uranium metal from oxide ores is an intensive and expensive 
process. The component plants of the processing chain (for fissionable materials) 


are geographically dispersed. This prevents the loss of more than one segment in 
the chain due to catastrophic accident. 
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These rules are 


WRule - The product of two numbers with like signs is positive. 


Example: 
(a) (b) 
S -3 
(x)3 (x)-3 
9 9 
Note: Remember, positive (+) number* positive (+) number = positive (+) number. 


Negative (-) number * negative (-) number = positive (+) number 


WRule - The product of two numbers with unlike signs is negative. 


Example: 
(a) (b) 
3 =3. 
@)-3 93 
=9 =) 
Note: Remember, positive (+) number * negative (-) number = negative (-) number. 


WRule - The product of an even number of negative factors is positive, while the product 
of an odd number of factors is negative. 


Example: 
(—3) * (-3) « (-3) * (3) = 81 


3 x (-3) x (-3) « (-3) =-81 


Try the following challenge to reinforce your memory and application of the rules. 


1-30 
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Ore Concentration and Treatment 


The uranium concentration in the ore is extremely small and large amounts of 
ore must be processed during recovery operations. Because of the large amounts 
of ore, the preliminary processing plants are located near the uranium mine. 
Normal ore concentration methods will not work with uranium ores because of 
insufficient difference in the physical properties of the constituents. Essentially 
the entire ore is treated by extraction methods, recovering the uranium. 
Preliminary treatment of the uranium ore is crushing, grinding, leaching (acid or 
alkaline leaching), separation, precipitation, thickening, and filtration. 


The ore concentration process varies on the type of ore, concentration of the ore, 
and the age (or sophistication) of the facility. The first step in ore treatment is 
through primary Gaw or gyratory), secondary (cone), and possibly tertiary (cone) 
crushers, Next the crushed material is further reduced through grinding (rod and 
ball mills). The crushed ore can be separated using several methods. 


Primary uranium ores are usually separated using leaching, flotation, or a combi- 
nation of both. Of course, uranium slurry produced from in situ mines will not 
have associated crushing and grinding sections. The ores will be leached in large 
open leaching tanks or in pachucas (pressurized vessels) in the concentration 
building. The ore is treated by an acid or alkaline leach solution. The pachucas 
treatment is indicated by the lack of roof vents and stains on the concentration 
roof, Open tanks will stain the roof 
through the required roof vents. 


Flotation separation occurs in flotation 
cells located in the concentration build- 
ing. The flotation cells treat the ore 
sequentially unti! no recoverable ore is 
left. These buildings usually have a 

dar” BULEHREC lie stepped appearance. Settling tanks and 
Se iste eae sk thickeners remove the concentrates. 
Next, either solvent extraction or an 


"AMER DLA Aan FOND te COHCRMTRATION = NAH MATER c— ion exchange process recovers the ura- 


ye 


ae nium from the chemicals used during 


either of the concentration processes. 


om) An ion exchange method can also be 

TAILINGS ¥ % 
used to purify the uranium slurry. The 

slurry is neutralized and the solids 
removed for disposal. The enriched 
liquid passes through ion exchange 

‘hiviiei d east units. The ion exchange units consist 
5 plten drone seat 81600 fbs) of an absorption column, a measuring 
chamber, a rinse chamber, and an elua- 


ii ita pica i tion column. After passing through the 


Figure 4.5: Uranium Concentration Flow ion exchange unit, mixing with lime 
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precipitates iron hydroxide from the liquor. The uranium, mixed with ammonia 
in thickeners, forms uranium yellow cake, which is then filtered and dried before 
further processing. Handting of the uranium yellowcake is usually performed by 
remote control in a separate building. The packaging building is an enclosed iso- 
lated structure usually under negative air pressure to maintain adequate control 
of uranium dust. The material typically is handled under a vacuum to prevent 
oxidation. 


The concentration plant consists of multiple extensive tall single story structures. 
The storage yard (usually) is stockpiles of metal drums containing both the ore 
and the finished yellowcake. Uranium storage is in 800-1100 Ibs drums, Ore crush- 
ing facilities are typical, with the addition of extensive dust handling equipment, 
Chemical storage tanks, thickeners, separators, and vats are visible. Since the tail- 
ings are a health hazard, extra care will be taken in disposal. The tailings are 
usually disposed into lined pits (ponds) and the filled ponds will be covered with 
impervious material and fill, Often the concentration plant tailings are re-dleposited 
back into the mine for disposal (when the mine and plant are collocated). 


Solvent extraction can be used to recover the concentrited uranium from the 
reagents used during separation. Sodium chloride, ammonium chloride, or 
anunonium sulfate are added to the solvent depending upon the impurities co- 
extracted during the solvent extraction. 
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Figure 4.6: Basic Concentration Processes 
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Figure 4.7: Uranium Ore Concentration By lon Exchange 


Feed Materials Plant 


Uranium yellowcake (intended for nuclear fuel) undergoes additional processing 
at the feed materials plant. The feed materials plant converts the yellowcake into 
metallic or gaseous uranium. Uranium in gaseous state can be sent to enrichment 
facilities for processing. Metallic uranium can be used in the fabrication of reactor 
fuel, weapon use, or indusirial non-nuclear applications. Reactor fuel material can 
be in the form of natural (non-enriched) uranium, enriched uranium, or even 
depleted uranium. Some reactors use a fuel composed of a mixture of uranium 
and plutonium (breeder reactors that produce additional plutonium). 


Wet solvent extraction using ether or fluoride volatility processes are used to 
refine the yeliowcake. In the wet solvent method (conventional processing), ura- 
nium yellowcake, mixed with nitsic acid and filtered, forms uranyt nitrate. Heating 
uranyl nitrate (diluted with 50% nitric acid) to 100° C (212° F) in the presence of 
manganese yiclds a solid precipitate. Solvent extraction (by ether) produces a pure 
uranium metal (containing all the isotopes of uranium), At intermediate stages in 
the processing, the UO, may be diverted to produce reactor fuel. 


The fluoride volatility process (dry hydrofluor process) produces extremely pure 
UF,. The feed is treated in fluid bed reactors with hydrogen or ammonia to form 
uranium dioxide (UO2). The UO, is processed in fluidized bed reactors with 
anhydrous hydrogen fluoride to produce UF,. Fluidized bed fluorinators and 
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Figure 4.8 Feed Materials Production Flow 
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URANIUM OXIDE (U0) contact with elemental fluorine and 
(YELLOWCAKE) calcium fluoride process the UF, into 
UF,. Distillation columns purify the 


URANIUM TRIOXIDE (U0 UF. After the fluorination process, the 
(ORANGE OXIDE) 


UF, is filtered and desublimed in heat 
exchangers. This causes the formation 
URANIUM DIOXIDE (U0 of solid UF, at room temperature and 
(BROWN OXIDE) pressure (below 56.5° C (133.7° F]) for 
temporary storage in large cylinders 
URANIUM TETRAFLUO@IDE (UF) or tanks. The solid UF, is sent to 
(GREEN SALT) vaporizers and on to distillation 
URANIUM HEXAFLUORIDE (UPS columns to allow the production of 
(GREEN GAS) highly pure UF,. The purified UF is 
stored indefinitely in storage containers 
Cholding around 14 tons) before ship- 
ERICH ment to the uranium enrichment 
facilities. The containers are stored in 
open outside yards and are a critical 
identification feature of uranium hexa- 
fluoride production facilities. The 
containers are overpacked within a 
second container for safety during 
shipment. 
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Figure 4.9: Wet Solvent Extraction 
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Figure 4.10: Fluoride Volatility Extraction 


Metals Production 


Metallic uranium can be produced using fused-salt electrolysis or reactive metals 
reduction. Natural uranium can be converted directly to the metallic form after 
shipment from the feed materials plant. Production from enriched or depleted 
uranium starts with the UF, from the enrichment (isotope separation) plant. The 
gaseous UF, is converted to the solid UF by hydrogen contact. This results in 
the conversion of UF, to UF, and HF. 


The electrolysis process produces a high purity metal. The electrolysis bath is a 
solution of fused-salt sodium and calcium chloride using a molybdenum cathode. 
The electric current causes metallic granules of uranium to collect on the cath- 
ode. The granules are stripped off, pressed and sintered, or melted into solid 
metallic uranium. 


Most of uranium metal is produced from UF, by the reduction process. The 
refractory charge is UF, (green salt) with a calcium or magnesium reducing 
agent. The dolomitic refractory vessel is heated until an exothermic reaction 
occurs, melting the charge. The molten uranium metal collects below the slag 
until solidification and removal. A calcium reducer reacts at room temperature 
while a magnesium reducer requires preheating. Magnesium and uranium are 
heated in a “bomb” until the charge ignites. The magnesium method produces 
higher quality “biscuits” (also called “derby” or “dingot”) or uranium masses. 


Uranium ingots are commonly prepared from the biscuits by vacuum induction 
melting. The ingots are machined and handled using conventional metal fabrica- 
tion methods. The fabrication plants, unless collocated within the nuclear 
industry, have no particular signature. 
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Processing facilities for the metal (especially if producing fuel elements) are 
electric furnaces (housed in tall single story buildings) and nitric acid storage. 
The finished fissionable uranium metal must be handled carefully to prevent 
the formation ot a critical mass. Critical mass is ihe amount of material required 
for fission to occur. For uranium (2°U), 8 kg (18 Ib) is near critical mass for 
untamped material, 4.5 kg (9-10 Ib) for uranium tamped (surrounded) by a 
suitable neutron reflector. Critical mass for plutonium (pu) is much smaller, 
around 4.5 kg (10 Ibs). 


Separation of Uranium Isotopes (Enrichment Processes) 


Uranium in the natural state primarily consists of two isotopes. The isotopes are 
U-238 at 99.3% and U-235 at .7% occurrence. In order to use uranium as a reactor 
fuel or in weapons applications, the U-235 content must be increased. However, 
breeder reactors using plutonium and uranium oxide fuels do not require enrich- 
ment. The enrichment process is by isotope separation, For example, reactor fuel 
requires a minimum of 3% U-235 and weapons use requires more than 90% U-235. 
Uranium greater than 3% U-235 is referred to as SNR (special nuclear material) and 
that greater than 90% as HEU (highly enriched uranium), Isotopes are chemically 
identical with only slightly different molecular weights. This makes physical separa- 
tion a difficult and expensive process. 


Gaseous diffusion, centrifugation (including aerodynamic methods), electro- 
magnetic methods, thermal diffusion, electrolytic methods, distillation, 
chemical-exchange and ion exchange, and laser diffusion can separate the 
isotopes of uranium. Gaseous diffusion and gaseous centrifuge processes are 
used in most separation plants. Most enrichment methods require extensive 
physical plants to operate. Enrichment plants are very large in extent, using 
enormous amounts of electric power, large amounts of water, cooling facilities, 
and extensive air purification systems. Most plants are clusters of very large 
single story buildings connected by a spider-web pattern of insulated pipelines 
(usually elevated 8 to 10 feet by stanchions). 


Gaseous Diffusion 


Gaseous diffusion (barrier diffusion) theory is based on the rate of diffusion for 
elements of different densities (gases). The diffusion rate is inversely proportional 
to the square root of the density of the material. Lighter gases diffuse faster than 
heavier gases, By allowing gases to pass through porous membrane barriers (fil- 
ters) with extremely small holes (1X10 cm in diameter), successive stages enrich 
the gas in the amount of the lighter material. The plant is a continuous intercon- 
nected cascade (series) of 1000 gallon tanks (with teflon seals) linked by 
nickel-plated piping. The barrier is a thin metal sheet of electro-deposited nickel, 
rolled into a tube and placed in the diffusion tank. 


Uranium hexafluoride is nearly an ideal gas and is the best compound for sepa- 
ration of the isotopes. Producing the UF, gas begins with uranium dioxide (UO) 
metal. Heating the UO, to 500° C (932° F) in the presence of hydrofluoric acid 
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yields UF, (uranium tetrafluo- 
ride). Uranium tetrachloride and 
uranium tetrabromide are other, 
less volatile reaction series for 
isotope separation. Reacting the 
UF, with fluorine gas at 350° C 
(662° F) yields the UF, (uranium 
hexafluoride) gas. The UF, is a 
white solid below 60 C (140° F) 
but in gaseous form is highly 
corrosive, Alternately, the reac- DIFFUSION TANK 
tion of UF, with oxygen gas at 
900° C (1652° F) produces UF,, 


Calculations for enriching uranium 

hexafluoride (UF,) show a maxi- = SEAGER IER ERIS, 
mum enrichment (theoretical) of 
1.0043 per stage, Approximately 
4000 barrier stages (cascades) are Fieure 4, 
necessary to enrich the uranium. 

The continuous process of successive stages requires miles (more than 5 miles) 
of piping connecting the stages. Separate compressors and coolers are required 
for each stage, requiririg an enormous amount of electric power supplied through 
numerous electrical substations. Also the diffusion operation requires a vacuum 
to operate. 


11: Gaseous Diffusion 


The diffusion plant is an extremely large (in area) structure, usually a tall multi- 
ple-story steel-frame building. The plant requires a large amount of water and 
electric power (e.g, electrical requirements are more than 2X10? watts/day). 
There will be numerous substations, possibly a power plant, and a water treat- 
ment plant, and dozens of ancillary buildings for laboratories, boiler houses, 
workshops, security functions, and fire stations. Numerous insulated pipelines are 
visible as are chemical storage tanks, uranium storage drums, and gas storage 
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Figure 4.12: Diffusion Tank Types 
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cylinders. Exhaust vents and intakes for the processing buildings will have 
sophisticated filtering systems. 


The original K-25 facility is a U-shaped 4 story building with its own thermal 
power plant and over 100 support buildings. The main structure containing the 
barriers is 805 m long by 322 m wide (2640 feet long by 1056 feet wide) and has 
an interior area of 6,1X10° m? (2X10° ft), 


Centrifugal Separation 
DEPLETED UF, 


Centrifugal separation consists of introducing OUTEUT, 

the UF6 gas into a centrifuge. The lighter fluid 

C*UF,) accumulates near the axis and the Pry ENRICHED UF ¢ 
heavier (*UF,) near the outside edge. uF AY mmm OUTPUT LINE 


FEED LINE & 


Numerous successive series of extremely fast 
rotation centrifuges (30,000-40,000 rpm) are 
necessary to produce the required concentra- 
tion of isotope. 


Large scale separation of isotopes requires 
thousands of centrifuges to process the ura- 
nium (40,000-50,000 to produce 1 kg/day) since 
the centrifuge process is not as efficient as dif- 
fusion plants. The original centrifuge chambers 
are 1.5 meters (4.9 feet) long by .25 meters (.8 
foot) in diameter. Newer centrifuges are up to 
12 m (40 feet) high. The plant containing the 
centrifuges is very large with the centrifuge sec- , 4 

tion noticeably taller. Large amounts of | fy ORIVE 
electrical power and cooling are necessary to = 
support the operation. 


DEPLETED UF 
SCOOP 


Aerodynamic processes use centrifugal forces Figure 4.13: Gas Centrifuge 
delivered at high velocities to 
effect isotope separation. The 
UF, moves at high speed along ENRICHED 


a curved surface. The curved oe 

deflection surface moves the a 

lighter U-235 easier than the Le DEPLETED 
heavier U-238. The U-238 my URANIUM 


deflects to the outside of the 
chamber. Again multiple passes 
through numerous chambers are 
required to enrich the material, 
Advantages of these systems are 
high efficiency and cheaper con- 
struction. The disadvantage is 
the extremely large amounts of Figure 4.14: Becker Nozzle for Aerodynamic 
electricity required. Separation 
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Electromagnetic Separation 


Ionized gases (containing iso- 
topes of the same element with 
identical electric charge) pass- 
ing through magnetic and 
electric fields deflect according 
to their masses. Again a series 


of successive passes through GASEOUS LIGHTER 


numerous electromagnets URANIUM ISOTOPES HEAVIER 
(calutrons) is required to pro- INPUT OUTPUT ISOTOPES 
duce the required concentration OUTPUT 


of UF,. The first calutron 
enriches the isotope by 15%, 
the second by 90%, and so 
forth. Several sets of electromagnets, encased in mass spectrometer tanks, are 
arranged in oval configurations (called racetracks) of 50 feet by 100 feet. 


Figure 4.15: Calutron 


The first electromagnetic separation facility, Y-12, consists of 268 buildings. The 
calutron building is a tall two-story structure of steel frame, brick, and tile. The 
racetracks are on the second floor with the first floor housing the vacuum pumps. 
The plant has numerous labs, shops, warehouses, change buildings, and other 
support buildings. In addition, the plant has a distilled water plant, a thermal 
power plant, a sewage treatment plant, pumphouses, a foundry, 8 substations, 
and 20 large cooling towers. 


Plasma Separation 


A newer process, the Plasma 
RESONANT U* Separation Process, uses a metallic 
NON-RESONANT U uranium vapor feed of plasma. A 

Ge | solenoid and magnets provide a 
ON Sop RF tuned field (to the resonance 
ie : frequency of U-235) which 
increase the energy of the U-235. 
tn The U-235 moves in a wider spirai 
orbit that intersects a charged col- 
lector plate for recovery. The low 
energy U-238 passes through the 
pepceteo | collector plates. 


ENRICHED 
URANIUM URANIUM 


Laser Based Processes 


Laser based systems have been 
developed for smaller, less expen- 
sive separation plants. The tuned 
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Figure 4.17: AVLIS 
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Figure 4.18: MLIS 


lasers selectively ionize U-235 atoms. The laser is tuned to a wavelength that 
doesn’t ionize the U-238 atoms. The U-235 atom absorbs energy, stripping an 
electron and becoming a positively charged ion of uranium pentafluoride (UF.). 
The ions can be attracted to a negatively charged plate for recovery. 


The AVLIS (Atomic Vapor Laser Isotope Separation) process uses a feed of vapor- 
ized uranium metal and a series of three laser beams for ionization. The MLIS 
(Molecular Laser Isotope Separation) process uses a feed of UF, and helium 
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Figure 4.19: Thermal Diffusion 
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gases at 50° K (-223° C [-369° Fj). An IR 
(infra-red) laser provides preliminary excita- 
tion and a UV (ultra-violet) laser separates 
the enriched molecules of UF.. 


Thermal Diffusion 


Introducing a suitable fluid (gas or liquid) 
into a vertical column equipped with a heat- 
ing element in the center causes the 
separation of the isotopes. The heavier iso- 
tope concentrates in the cooler outer region 
of the column while the lighter isotope con- 
centrates in the warmer central area. Then 
the heavier isotope sinks (due to convection) 
in the column and the lighter isotope rises. 


The original plant is housed in 155 meter 
(500 foot) long buildings containing the 1 
meter to 1.25 meter (3 feet to 4 feet) long 


If your answers to the problems are the same as those below, you are correct and may continue. 
If you answered any problem incorrectly, review paragraph 1301 before you continue. 


(a) (b) (c) 
+16 -12 -51 
(x) 3 (x) 24 (x) 3 
48 -288 -153 


(d) (-12) x (-4) x (-2) = -96 
(e) (10) x (-2) x (-2) = 40 
It is easy to understand division operation once you have mastered multiplication of numbers with 


signs. To gain an understanding of calculating the quotient of positive and negative numbers, you 


must learn and keep in mind the rules that you must apply. The rules for dividing sign numbers 
are 


WRule - The quotient of two numbers having like signs is positive. 


Example: 


wire 
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thermal diffusion col- 
umns. A cascade of 2,000 
thermal diffusion units 
yields 1 kg/day of 90% 
uranium isotope. Ther- 
mal diffusion plants feed 
slightly enriched uranium > 
to the calutron plants. : SEPARATION 


Other 


ONIDITER 


Other chemical and ion 
exchange methods use 


UaANOR, COMPLEXER 
ion transfer in aqueous, EXTRACTOR 


organic, or resin systems. 
‘STRIPPER Sy 
At present these systems ? rears 


CHEMICAL 


URANIUM 


operate at 1/4 the effi- 
ciency of other methods 
and are not viable at 
large scale. 


Figure 4.20: Chemical Exchange Process 


Uranium Metal Forming 


The isotope separation yields an enriched uranium gas. Once the desired level of 
enrichment occurs (the typical reactor runs on 93% and naval reactors run on 
97% enriched material), a chemical process converts the UF, gas to its “green 
salt’ of uranium tetrafluoride (UF;). Reduction of the UF, occurs in a crucible, 
The UF, salt, mixed with biscuits of lithium metal, a reducing agent (calcium or 
magnesium), briquettes of 7°U scrap, and a thermite igniter, burns forming 
metallic uranium. 


Most applications for the uranium metal require the uranium metal foil (.005 
inch) layered with graphite moderator. The rolling and stamping mills machining 
the uranium graphite foils require special vacuum and adhesive techniques. 


Plutonium 


Plutonium does not occur in nature except in rare minute quantities associated 
with radioactive decay in uranium. Plutonium forms due to thermal neutron bom- 
bardment of 75*U and its subsequent beta decay, resulting in the formation of 
plutonium. Plutonium poses health hazards both because of its radioactivity (all 
its isotopes are radioactive) and because of its general toxicity (carcinogenic). 
Plutonium (in the form of °Pu) is used for nuclear power generation and as the 
primary explosive constituent in nuclear weapons (fissionable by both slow and 
fast neutrons). Plutonium (7*Pu) also forms the basis for small portable power 
sources, notably in spacecraft and satellites. 
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‘Typical production is by fast breeder reactors. Here "U fuel (91%) and 9% other 
isotopes tof ?’Pu and *"'Pud transmutes to Pu. The neutrons from fission bom- 
bard the uranium for 100 days. After a, sufficient amount of plutonium is made, 
the fuel rods are removed from the reactor and allowed to cool (short-lived fis- 
sion radiation) in cooling ponds at the reactor, this stage requires 60 days, The 
cooling pond is a bridge crane served lined pool of water. A reprocessing plant 
recovers the plutonium produced by the reactor, 


Typically the reprocessing plant is not collocated with the production reactor. 
The irradiated fuel rods (slugs) are shipped from the reactor to the plant in heav- 
ily shielded and guarded transportation flasks. Sterage awaiting reprocessing is in 
cooling ponds, When ready for processing, the skips containing the stugs are 
moved into a preparation building where the elements are removed from the 
rods. The first step occurs in the primary separation plant where the plutonium, 
uranium, and other elements are separated by chemical processing. The fuel rod 
material is dissolved in hot nitric acid. The solution is oxidized using cerium or 
lanthanuni fluoride as a carrier, Adding bismuth phosphate as a carrier removes 
the uranium and other contaminants from the solution, The uranium is recovered 
as uranyl nitrate hexahydnate. 


Evaporation precipitates the plutonium as a fluoride, The plutonium fluoride is 
re-dissolved in sulfuric acid, re-oxidized and re-precipitated, leaving plutonium. 
The sequence is repeated numerous times (40-80) before yielding 90% pure plu- 
tonium nitrate, 


The process is highly radioactive so the structure has heavy shielding and air 
purification equipment. The recovered uranium is recycled through the uranium 
isotope separation plant requiring transportation to that facility Gf not collocated 
with the plutonium processing planv. The plutonium purification plant extracts 
the plutonium and reduces it to metal, Each 907 kg (1 ton) of fuel rods produces 
kg C1 Ib) of plutonium, 862 kg (1900 Ibs) of depleted 7%U, and 45 kg (100 Ibs) 
of fission by-products CL kg uranium processing yields 60X10" gram of *°Pu), 


The solvents used for the extract process are recycled. The radioactive by-prod- 
ucts are graded into nighly, medium, or slightly radioactive waste. The low level 
and medium level waste are stored until the radiation level drops low enough, 
then the waste is sent to a disposal site. The high level waste requires long term 
secure storage, usually underground, for thousands of years before disposal. 


The original 190B facility plutonium separation plant (canyon building) is a struc- 
ture approximately 250 meters long by 20 meters wide by 25 meters high (800 
feet long by 65 feet wide by 80 feet tall) with 1.8 m (6 feet) thick walls and roof. 
The building houses 40 sections. Each area has two cells, catch tanks, precipitator, 
solution tank, and a centrifuge. All the processing is by remote control due to 
both the toxicity and the radiation danger from the plutonium. 
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Nuclear Weapons and Fabrication 


Fission weapons consist of a plutonium core surrounded by a tamping material 
such as U-238. Explosive lenses of fast and slow high explosives surround the 
core, A series of high voltage capacitors (thyristors) provides the split-second tim- 
ing and charges to detonate the explosives at the critical moment. Upon 
detonation, the lenses compress the fissionable material to a supercritical stage. 
Next a (obsolete) chemical initiator such as beryllium-polonium (placed in the cen- 
ter of the core), or a mechanical initiator (such as a minitron high voltage vacuum 
tube) provides the necessary neutrons to cause a high level nuclear explosion. 


An H-bomb uses a fission device as a trigger to initiate fusion in an additional 
element containing lithium-6 deuteride surrounding more plutonium (another 
fission chain). The level of the yield (dial-a-yield) may be controfled by injecting 


SLOW LENSES SUCH 
AS COMP-B MIXTURE 


DETONATORS 


FAST LENSE SUCH 
AS RDX/TNT MIX 
MECHANICAL 
INITIATOR 


NATURAL URANIUM 
TAMPER 


"DIMPLED GOLFBALL"” 
BE-PO INITIATOR 


PLUTONIUM FISSION CORE 


SOCCERBALL 
ARRANGEMENT 
OF 20 HEXAGONAL 
AND 12 PENTAGONAL 
EXPLOSIVE LENSES 


BOMB CASING AROUND 12" IN DIAMETER 


Figure 4.21: Fission Bomb (A-Bomb) 
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Figure 4.22: Mechanical Initiator 


varying amounts of tritium and deuterium gas into the primary before detonation. 
The neutron bomb is a variation using a casing of tungsten alloy (primarily) with 
nickel, iron, and rhenium to produce larger amounts of radiation with smaller 
yield weapons. 


The assembly of a nuclear weapon is simple once the fissionable material is 
processed. However, to protect the considerable investment in physical plants 
required to produce the compo- 
nents, the processes for fabrication 
and assembly of nuclear weapons 
are geographically dispersed. Each 
step of the process and each com- 
ponent is produced in separate 
locations throughout the nation. 
All the components meet at a final 
assembly plant for final fabrication. 
This plant will have heavy security, 
extremely large bunkers for the 
actual assembly work, and limited 
completed weapons storage. 
Typically the same facility handles 
disassembly of the weapon when 
its usable life is reached. 
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Figure 4,23: Chemical Initiator 
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Figure 4.24: Fusion Bomb CH-Bomh) 
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Chemicals 


Introduction 


Chemical industsies use chemicals and chemical processes in rearranging raw 
materials in the production of material. Pressure, heat, other chemicals, and cata- 
lysts form the basis of the chemical processing. The general classification of a 
chemical plant divides plant type into primary chemical production and secondary 
chemical production. Primary (basic) chemical plants produce a chemical from a 
basic raw material. A secondary chemical plant produces a finished product from 
primary chemicals. The third classification, petroleum, produces both primary and 
secondary chemicals from natural gas and crude oil. Petroleum chemical produc- 
tion is covered under the petroleum and refining section of this book. 


Identification of a chemical plant is not difficult, but identification of the actual 
process may be very difficult. This is especially true in many modern chemical 
plants where several processes are layered. The size and complexity of plants 
range from a single small process to very large, multi-process chemical com- 
plexes. The compouents of the plant may be under weather protection, further 
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Figure §.1: Chemical Industries Overview 
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complicating the identification. In general, a chemical processing plant consists of 
closed vessels for fluid handling (tanks and pipelines), processing equipment 
such as cracking and distillation towers, bulk material and waste product han- 
dling facilities, and large and complex buildings (in both roofline and roof 
features), In addition the industry requires large amounts of electric power. 


Primary (Basic) Chemical Production 


The general features of primary chemical plants are a small ground area, many 
small buildings, extensive piping, complex processing equipment, and small 
diameter closed tanks. Primary chemical production plants normally use loose 
solids (in relatively small quantities) as input. Storage of input is in buildings, 
hoppers, bins, silos, and open stockpiles. The processing structures consist of a 
number of small industrial buildings, closed tanks, fractionating towers, heat 
exchangers, scrubbers, and boiler houses. The processing units are connected by 
piping conveying both steam and chemicals. The structures are well ventilated. 
Road and vail uccess to the actual production structures are very limited. Closed 
tanks store the finished product before shipping. A small pump house transfers 
material to tank cars and tank trucks. 


Air Separation 


Air separation plants produce the raw materials of nitrogen, oxygen, and argon 
from the atmosphere. These elements (in liquid or gaseous forms) form the basis 
for steel, refrigerants, chemical, and missile propellant production. 


Figure 5.2: Air Separation Plant Flow Chart 
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Figure 5.3: Air Separation Plant 


The most economical method of producing gases involves compressing atmos- 
pheric air using an air compressor after filters remove ary impurities. The 
compressor building is a long, rectangular, flat-roofed structure (one or two 
story), Gasometers or cold boxes are situated nearby. 


Piping transfers the compressed air to a cold box building. Here, heat exchangers 
cool the air and remove carbon dioxide and water vapor. The processed air goes 
into an expansion turbine, the air expands, forming nitrogen vapor. A nitrogen 
column removes the product nitrogen. Compressors re-condense the remaining 
air into the oxygen column. In the oxygen column, the air moves downward, it 
becomes richer in oxygen and argon content. At the highest concentration of 
argon, the argon element is sent to the argon column for impurity removal. The 
remaining oxygen passes through the oxygen column as the final product. A sin- 
gie cold box is a square structure, taller than the compressor building. Several 
cold boxes can be located next to the compressor building with all the structures 
covered by a single long, rectangular, stepped building. 


Storage facilities, if any, consist of closed tanks. Wet or dry gasometers are the 
most common type of tank. When only one tank is present, it serves as a surge 
tank for excess gas. 
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Alcohol 


An offshoot of the alcoholic 
beverage industry is the industrial 
alcohol industry. Medicines, flavor- 
ing, and beverages use pure ethy! 
alcohol (edible alcohol). Additives 
denature alcohol for industrial use, 
rendering it in-edible. Uses for 
denatured ethyl alcohol include 
the production of acetaldehyde, 
ethyl acetate, ether, medicinal 
products, and antifreeze. Butyl 
alcohol is used in the production 
of lacquer solvents and esters. The 
co-products of alcohol production 
include acetone (solvent) and glyc- 
erine (organic chemical synthesis), 
butylene glycol (butadiene and 
synthetic rubber production), citric 
acid (food industry), lactic acid, 
starches and wheys, and acetic acid 
(vinegar). Fermentation methods 
form the basis of the antibiotic and 
pharmaceutical industry. 
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Alcohols are produced by fermen- 
tation methods or by the petroleum 
industry (synthetic alcohols). 
Historically methyl alcohol 
(methanol) was obtained from 

the distillation of wood pulp but 
now is produced by petrochemical 
rather than fermentation processes. 
Fermentation processes remain 
competitive due to the value of 
the byproducts. In fermentation, 
microorganisms ferment the starch 
and sugar in a mash, converting it 
to alcohol. Distillation purifies and 
concentrates the solution. Yeast 
fermentation of an acid mash 
yields ethyl alcohol (ethanol) and 
glycerine, Bacteria fermentation of 
an acid mash yields butyl alcohol 
(butanol) and the bypraduct of 
acetone and ethyl alcohol. 


3- 4!b Acetena 


(33 ib starch) 1-151b Eth alcohol 


Figure 5.4; Alcohol Flow Chart 
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Figure 15: Nava: Vessel Types 
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WRule - The quotient of two numbers having unlike signs is negative. 


Example: 


(a) (b) 
fa $a 
Note: It is important to remember that dividing by zero is an undefined term. 


Try these easy challenges. 


(Fill in the blank) 
When dividing, the quotient of two numbers with like signs is 


a. positive c. same 
b. negative d. different 


You are correct if your answer is "a." If not, read again the portion of paragraph 1301 that 
addresses calculating the quotient of positive and negative numbers. 


(Fill in the blank) 


When dividing, the quotient of two numbers with unlike signs is 


a. same c. negative 
b. different d. positive 


You are correct if your answer is "c." If you answered incorrectly, review the paragraph 1301 
before continuing. If you are correct, continue. 
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Figure 15d: Naval Vessel Types 
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Figure 37: Military Motor Pool Shop Area 


Sometimes vehicles are 
parked under cover of 
long, low, open sided 
parking garages or sheds. 
Sometimes these sheds are 
arranged along the sides of 
the motor pool. 


Figure 38 Parking Shed 


The motor pool also pro- 
vides for maintenance 


and repair of vehicles. WASH PALE 

An area will be devoted — [ apa 
to this function. This BOL =a | 
area contains fuel pumps FUMES ooaPtTS) 
and tanks, wash stands, -—T] 

grease racks and pits, aboahL en | 
hydraulic lifts, parking FOR WASH WATER 

garages, and repair shops str PS sno 


and garages. Maintenance Figure 39; Vehicle Checkout and Fucling Area 

garages can be identi- 

fied by a taller roofed structure flanked by smaller structures. The taller structure 
is a high bay garage, designed to allow the entry of trucks and other tall vehicles. 


In the simplest definition, rockets are unguided munitions and missiles ave 
guided or steered. Once a rocket motor burns out, the device continues on a 
course determined by its final velocity. A missile, on the other hand, has at least 
a minimal guidance system and a method to steer the device. One classification 
divides missiles into two types. Ballisnic missiles, such as ICBMs or SAMs, are 
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guided by their motors. Non-ballistic missiles, such as cruise missiles, are steered 
by activating wing surfaces or guidance vanes on the craft. 


Strategic rocket forces typically use surface-to-surface ballistic missiles as delivery 
systems for nuclear, chemical, or biological weapons. Ballistic missiles are classi- 
fied by their range capability. Intercontinental ballistic missiles (CBM) have 
ranges more than 4800 km (3000 mi). Intermediate range ballistic missiles (RBM) 
have a range of 1800 — 4800 km (1100 — 3000 mi). Medium range ballistic mis- 
siles (MRBM) have a range 1125 ~ 1800 km (700 — 1100 mi). Short range ballistic 
missiles (SRBM) are tactical missiles with a range under 1125 km (700 mi). 
Strategic rockets can be designed for launching from either a fixed site, typically 
a hardened silo, or from a mobile, usually canister type, launcher. 


Cruise missiles are also used for strategic or tactical delivery systems. As with the 
ballistic missile, the cruise missile can be launched from a fixed site, typically a 
pad, or from mobile rail launchers. 


A variety of tactical support systems have been developed to for use on the tacti- 
cal battlefield. Some of these systems are missiles and some are rockets. Tactical 
systems are classified into light-suppon with a range of 40 km (25 mi), medium- 


support with a range of 325 km (200 mi), and heavy-suppon with a range of 800 
km (500 mi). 


For a fixed launch site, the missile and all its support equipment is always main- 
tained in an operational readiness state. The launch sites are usually hardened 
silos designed to withstand all but direct hits. As a further precaution, the Jaunch 
sites are dispersed throughout the area to minimize the damage one enemy war- 
head could inflict. Most of these silos consist of a small fenced cleared area and 
concrete silo doors. 


Mobile sites typically consist of a pre-surveyed point with geodetic control. In 
some cases, some site preparation, which may include construction of concrete 
pads. is done before moving missiles into launch position. Mobile ballistic mis- 
siles are not kept in a state of constant readiness. The missile is only fully 
operational once the missile is erected at the site. 


Before continuing with this section, a note about systems and site nomenclature 
is necessary. A site consists of the missile, the erector-launchers, and all its sup- 
port equipment. A single missile site, especially when referring to SAMs, may 
contain several missile launch positions or pads. These launch positions function 
as a single operational unit. For example. depending on the operational require- 
ments of the system design. a single operational unit SAM site could consist of 8 
missiles and eight launch pads. When refesring to military missiles, the term mul- 
uple refers to the presence of more than one operational unit. 


Launch Pad 


The Jarge fixed gantry served launch pads are used for the launch of research, 
intelligence gathering, communications, of surveillance satellites. In other words. 
these facilities are used for space launch vehicles. These pads are part of large 


Photo interpretation Tranny Course 36 & 


Cultural Areas 
Cultural Features 795 


FUEL STORAGE 
AND PIPING 


STORAGE AND 
ASSEMBLY 
BUILDING 


GANTRY 


we | —_ 


PROBABLY WILL HAVE 
EXHAUST LIGHTNING DISCHARGE 
DISCHARGE TOWERS 

PITS/PONDS 


GENERATOR MISSILE 
TAUCKS CHECKOUT 


TENTS 


complexes dedicated to the launch of these 
devices. The complex is located in a remote 
area. The complex consists of administra- 
tion, supply, and control buildings. 
Numerous checkout, assembly (very large 
structures), and fuel storage areas serve sev- 
eral launch pads. In addition there will be 
several clectronic areas devoted to commu- 
nications and guidance functions. 
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The launch pads are usually surfaced with 
cement, sand, or earth, since grass and 
asphalt would be damaged due to the 
intense heat generated at the time of 
launch, Around the tall lattice gantry towers 
will be smaller towers for lights and towers 
serving as lightning arresters. The simplest 
te, launch pad is a round or rectangular surface 
CONTROL without any fixed structures. In this case, all 

ae the support equipment, the transporter, mis- 
sile erector, and launcher are mobile. 
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Figure 44: Launcher with Mobile Support Vehicles 
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Surface-to-Surface Ballistic Missiles 


Since the size and capabilities of ballistic missiles vary, it is very difficult to deter- 
mine what missile a particular site supports. Usually larger missiles have longer 
ranges, carry a larger payload, and can be positioned farther from the perceived 
threat. Identification of the exact missile relies on ancillary source and the close 
examination of the missile silo, associated equipment, and deployment character- 
istics. Refer to the supplemental handbook for additional information on both 
defensive and offensive missile systems. 


There are some general rules for identification of missiles and missile sites. Fixed 
missile sites are normally located in undeveloped areas, usually close to military 
bases. The military base provides supply, maintenance, and administrative support 
for the missile detachments. The necessary elements forming a missile launch 
facility include missile storage and assembly, launch points, support equipment, 
propellant and warheads, quarters, security facilities, and transportation. 


Missile storage and assembly are performed in one large structure. Typically this 
structure is an underground or partially buried (bermed) bunker facility. The mis- 
sile fuselage, motors, and warhead are mated and checked before transport to 
the silo or launch site. 
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Figure 42: Types of Silos 


The launch points (or firing points) can be pads or siles. The pads can be as 
simple as 30 ~ 100 m (100 — 300 ft) diameter round or square concrete paving. 
Pads will be linked by road or rail to the missile storage area. The launchers (or 
rails) can be permanently mounted on the pad, or may be part of a mobile sys- 
tem. The missile can also be fired from a silo, an underground facility. The silo 
remains closed until immediately before missile launch, then blast doors are 
mechanically opened or blown clear of the tube. There are several silo configura- 
tions. Some require the missile to be moved by elevator or track to the firing 
position. Some execute a “cold launch” of the missile, That is, a steam generator 
or gas producer exerts sudden pressure against the bottom of the missile, cata- 
pulting it into the air for motor ignition. Missile silos are usually fenced with 
additional electronic detection systems deployed around the area. The silo doors 
will be visible and in some cases a personnel access door. Most silos maintain a 
control and launch facility at some distance from a group of silos. The actual silo 
is un-manned except for security troops. 
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Figure 43: Missile Support Equipment 


A variety of support equipment is required for missile launch facilities. Prime 
movers, transporters, erectors, launchers, and missile silo reload equipment are 
necessary. Each missile system requires an array of specialized equipment 
designed for that one missile type. 


Most missiles have solid-propellant motors and the propellant is mated to the 
motor when built. Liquid propellant is rarely used for strategic rocket forces but 
is still used extensively for space launch rockets and missiles. Liquid propellant 
requires either a network of pipelines to the launch point or a series of trans- 
porters to carry fuel from the storage area to the pad. Rocket fuel is stored like 
any other explosive material, in widely spaced and bermed tanks or underground 
facilities. The warheads are stored in distinctive areas with heavy security that 


includes fencing, towers, patrol roads or paths, and extensive cleared zones 
around the complex. 


Fixed Ballistic Missile Systems 


Most are small compact single 
silos dispersed over wide areas. 
Individual silos are identified pri- 
marily by differences in tone due 
to access roads, cleared areas for 
silo doors and access portals, and 
fence lines. 


Major silo based (1991) ICBM 
systems include Minuteman II/III, 
Peacekeeper, SS-11 mod 2, & 3, 
SS-17 mod 3 , SS-18 mod 4/5 ; 
and 1/3/6, SS-19 mod 3, and Figure 44: Russian ICBM Stlo 
88-24 (rail mobile or silo based). (SS-11, SS-17, SS-18, SS-19 & SS-24) 
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Figure 46: Mobile Launcher Types 
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Mobile Systems 
ICBM 


Present (1991) mobile ICBM systems consist of the Russian SS-24 and $S-25, mod 
1/2. The SS-24 is a rail mobile (also silo-based) system. The $S-25 is launched 
from a wheeled transporter-erector-launcher (TEL). The requirements for firing a 
mobile missile include a geodetically controlied and surveyed site. 


Mobile systems may be launched from pre-surveyed and prepared positions, 
Typically the systems are maintained in vehicle (both rail and road) storage sheds 
until deployment. Then the missile is moved to one of several possible launch 
sites, In the case of rail mobile systems, the site is a rail siding connected to the 
main line. 


Figure 47: 88-25 ICBM Soft Silo and Mobile TEL 


IRBM 
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Figure 48 SS-2% Rail Mobile Launcher 


The major Intermediate Range Ballistic Missile system currently in use is the SS-20 
(SABER), which is deployed in soft silos or as fully mobile 12x12 wheeled TEL. 
The SS-20 is intended for critical theater targets but is slated for destruction under 
the INF and START reduction treaties, Effective 1991, all SS-20 missiles were to 
be destroyed. $8-20 bases are presently being re-contigured as SS-25 bases. 
MRBM 

The Pershing 1A (MGM-31) is a SRBM, being replaced by the Pershing I. The 
Pershing | missile is 10.4 m (34,5 ft) long and 1.2 m (4.25 {t) diameter. The sys- 
tem is a fully mobile articulated 8x8 truck and trailer combination ‘TEL that is 


deployed with a transporter (for generators and testing equipment), a battery 
control vehicle, and a communications vehicle. 


The Pershing [Dis a MRBM. The missile is 10.5 m (34.5 {0 in length and 1.02 m 
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(3.25 fO diameter, The Pershing Houses the MAN 8x8 truck. ‘The Pershing és 
deployed as a battalion of four batteries of three platoons. cach with three TELS 
per battery 

Tactical Units SRBM (SSM} 


There are many tactical surfaceto-surtace missile systems presently deployed 


These systems all hall dader the classification of SRBM. Most of the svstems are 
nuclear capable 


The SRBMs include the Lance (MGM-52), The Lance is a fully mobile sysiem 
mounted one missile per M752 tracked TEL Ca lightweight wheeled TEL ts alse 
deployed. the TEL is accompanied by an M688 tracked Joader transporter 
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1302. Group Quantities 
Since you have been introduced to basic algebraic multiplication, you are now ready to reduce 
mathematical expressions contained in groups to their simplest form. First, you must know the 


signs and containers of groups. The following signs/symbols are containers of groups. 


The signs of grouping are 


a. Parentheses () 
b. Brackets [ ] 
c. Braces { } 
d. Vinculum 


e. Radical ay) 


To group, you must use sets of groups of numbers or combinations of letters and numbers in one 
of the containers. To reduce mathematical quantities contained in signs of grouping, you must 
perform the following steps in sequence. 

1. Combine like terms inside the same signs of grouping when possible. 


2. Remove signs of grouping one set at a time. 


3. Parentheses or other signs of grouping preceded by a positive sign can be removed 
without changes. 


4. Parentheses or other signs of grouping preceded by a negative (-) sign change the sign of 
every term within that sign or grouping. 


5. A vinculum is a bar drawn over two or more algebraic terms to show that they are to be 
considered a single term. 
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Figure 51: Lance SRBM 


equipped with two reloads and a missile hoist. The TEL and transporter are 
4.87 by 2.69 meters. The missile is 6.2 m (20.25 ft) long and 0.6 m (1 ft 10 in) 
in diameter. 


Pluton 


Pluton is a fully mobile system 
mounting one missile per AMX-30 MBT 
tracked TEL. The TEL is accompanied 
by two Berliot support trucks and a 
Berliet truck-mounted battery control, 
communications, and intelligence cen- 
ter. The TEL is 6.59 by 3.10 meters. The 
missile is 7.64 m (25 ft) long and has a 
diameter of 0.65 m (26 in). Deployment Figure 52: Pluton SRBM 

is in regiments. Each regiment has an 

HQ company, 3 launcher batteries, a transport unit, and a security element of 10 
AMX-10P APCs. 


Hades 


Hades is also a fully mobile system mounted on a 4x4 truck and semi-trailer TEL 
with one ready missile and one reload. The Hades system is totally self-contained 
with all equipment carried onboard the one vehicle. 


MLRS 
A recent development is a modification of the U.S. Multiple Launch Rocket 
System (MLRS) allowing the deployment and firing of :wo Army Tactical Missile 


System (ATACMS) missiles from the MLRS. The ATACMS is a 2 foot diameter 
maneuvering ballistic missile with a range of 60 miles. 
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Figure 53: MLRS 


Figure 56: SS-22 (SCALEBOARD) TEL Figure 58: SS-23 
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Figure 55: SS-21 TEL 


SCUD 


SS-1le (SCUD-B/C) is a fully mobile system mounted one per 8x8 wheeled TEL. 
Deployrnent is in brigades of 12 ~ 18 launchers. The liquid fuel four fin missile is 
9.5 — 10.4 m (31 — 34 ft) long and .790 - .890 m (31 — 35 in) in diameter. The 
TEL is 11.5 m (37.6 ft) long and 3.3 m (10.7 ft) wide. 


SCARAB 


SS-21 (SCARAB) is a fully mobile system mounted one per 6x6 wheeled TEL. 
The SS-21 is currently replacing the FROG rocket launchers. Deployment is in 
brigades of 18 launchers. The missile is 6.0 m (19.6 ft) long and has a diameter 
of 0.85 m (2 ft 10 in). 


SCALEBOARD 


The SS-22 (SCALEBOARD) is a fully mobile Short Range Ballistic Missile, mounted 
on an 8x8 wheeled TEL. The SS-22 replaced the SS-12 missile and launcher that 
was identical in appearance to the newer SS-22. This system differs in appear- 
ance from the SCUD-B Surface to Surface Missile only in the protective 
environmental cover over the SS-22 a 
missile. Deployment is brigades of 
12 — 18 launchers. 
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SPIDER 


SS-23 (SPIDER) is a fully mobile system 
mounted one per 8x8 wheeled TEL. This sys- 
tem is the planned replacement for the SS-1 in 
the Russian inventory. 


Figure 57: SS-23B TEL 
Surface-to-Air Anti-Ballistic-Missile (ABM) 


ABM systems are designed for the point defense of very high priority targets. 
Such targets normally are restricted to the National Command Authority, capital 
cities, or the military command structure. Presently there exist three true ABM 
systems, the Soviet ABM-1, -2, and -3. Three other systems offer some ABM capa- 
bilities. These are the Soviet SA-10 and SA-12 and the U.S. MIM-104. An ABM 
system is a complex network of missile launchers, engagement and tracking 
radars, and early warning radar 
and communication systems. 


For example to support the 
ABM-1 system around Moscow, 
11 HEN HOUSE detection and 
tracking radars sited at six loca- 
tions around the perimeter of the 
Soviet Union provide target- 
tracking information. Besides the 
large phased-array radars, the 
Russians maintain 7,000 radar 
systems at 1,200 sites to provide 
medium to high altitude cover- 


age throughout the country. Figure 60: Pusbkino ABM ‘Radar 
GALOSH 


The ABM-1 (GALOSH) is a fixed ABM system only deployed around Moscow. 
Each multi-stage exo-atmospheric interceptor is housed and launched from 
gimbal-mounted cylindrical single-missile launchers. Sixty-four (64) missiles are 
deployed at four launch complexes. Each launch complex has six TRY ADD 
guidance and engagement control radars. The four complexes are jointly served 
by DOG HOUSE and CAT HOUSE target tracking radar. Additional radar support 
is provided by the Pushkino phased array early warning and tracking systems, 
PILLBOX radar. The missile is 18 - 19 m (59 - 62 ft) long and 2.4 — 2.7 m 

(95 — 106 in) in diameter. 


GORGON 


The ABM-2 GORGON is a silo launched high altitude long range missile. The 
GORGON (SH-04) is an exo-atmospheric missile that probably has anti-satellite 
capabilities. The GORGON is the GALOSII replacement. With the completion of 
the update, 100 ABM launchers will circle Moscow. 
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GAZELLE 


The ABM-3 GAZELLE is a silo launched high acceler- 
ation endo-atmospheric missile. This missile is 
designed to intercept targets missed by the GORGON 
or as a point tactical missile defense. 


GRUMBLE 


Several surface-to-air systems also perform ABM 
roles. A full discussion of these systems will be 
found in the following chapter on surface-to-air mis- 
siles. These systems include the SA-10 (GRUMBLE), 
an air defense system consisting of fully mobile 
wheeled vehicles. The system can operate as point 
defense against ballistic missiles. The TEL carries four 
missiles housed in circular canisters arranged in a 
square. A battery consists of eight TELs, a 3-D sur- 
veillance radar, and a search and acquisition radar, 
all mounted on 8x8 trucks. 


GLADIATOR & GIANT 


The SA-12 systems can engage SRBM and cruise mis- 
sile targets. The SA-12A (GLADIATOR) and SA-12B 


Figure 61: ABM-IB (GIANT) air defense system is a fully mobile track- 


mounted system. SA-12A missiles are carried four to 
a TEL, in a linear array of circular canisters. Each TEL has an integral guidance 
radar (mast) at the front of the TEL. A battery consists of six TELs, six launch and 
reload vehicles, one phased array missile guidance radar, and command vehicles. 
The battle unit, composed of four batteries, provides a detection/designation sta- 
tion, Command Post vehicle, panoramic surveillance radar, and a sector scanning 
radar. All are mounted on tracks. 


PATRIOT 


‘The MIM-104 (PATRIOT) system has limited anti-missile capabilities. The original 
system, Theater High Altitude Area Defense (THAAD) was an anti-tactical ballistic 
missile (ATM) with full anti-missile capabilities. However, to comply with SALT 
treaties, the software has been purposely degraded to preclude use against ballis- 
tic warheads and missiles. The Patriot (MIM-104) is a fully mobile wheeled 
system. Each TEL carries four missiles in rectangular canisters arranged in a 
square. The TEL has a small radio mast at rear of the vehicle. Each battery con- 
sists of eight TELs, one AN/MPQ-53 phased array radar (surveillance, IFF, 
acquisition, target tracking, and guidance functions), one AN/MSQ-104 engage- 
ment control station, and one AN/MJQ-24 eleciric power plant. A battalion will 
consist of six batteries. 
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Surface-to-Air Missiles (Anti-Aircraft) 


Anti-aircraft systems include both anti-aircraft artillery (AAA) and surface-to-air 
missiles (SAM). Since AAA and SAMs perform the same function, the location and 
configuration are similar. AAA and SAMs protect critical targets from attack from 
aircraft, cruise missiles, and ballistic missiles. Each system has a design envelope 
limiting the type and speed of possible targets and the maximum range and alti- 
tude for engagement. This 
design mandates both the 
location of the battery and 
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Figure 63: Typical SAM Site 
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normally clustered in concentric circles around the defended target. Point defense 
SAMs are often short range and include most mobile tactical systems. Area 
defense is the interception of attackers at a distance remote from targets. The line 
of SAMs is located away from the targets being defended. Area defense missiles 
include long range and high altitude strategic fixed systems. Area defense systems 
are sited to provide overlapping protection. Point defense systems may be incor- 
porated within the area defense systems to protect these systems from attack. 


SAM systems are composed of several identifiable elements that include the 
launch site, the acquisition radar and guidance site, and the assembly site. The 
assembly point is where the missile is received, stored, and checked out. This is 
usually a sheltered building or underground bunker. The type and quantity of 
associated equipment vary with the missile system. Some typical equipment 
includes missile storage and shipping canisters, missile transporters, cranes, sup- 
port trucks, and checkout vans. For strategic missiles, the site is usually central to 
several missile launch sites. Tactical mobile units carry all the required equipment 
in associated vehicles. 


The radar acquisition site may be separate from the missile launch site. Acquisition 
radar keeps track of possible targets and target information such as number, speed. 
altitude, and range of enemy planes or missiles. The information is sent to the 
missile launch site. Acquisition sites receive information from long range or early 
warning radars. This allows for a directed search for targets. Guidance sites may 
be incorporated within the missile launch site. The guidance site provides the 
particular type of information and control the system needs to intercept the target 
using various radar and radio control and direction methods. Possible modes 
include command, beam-riding, or semi-active homing. 


Launch sites contain the missiles, launchers, and the necessary suppor equip- 
ment. The site varies with the system and mobility type. 


AntiAircraft Artillery (AAA) 


All AAA is emplaced to provide the guns with a clear field of fire against a line 
of restricted approach. Emplaced guns are arranged in pattern outlines from 
groups of guns. The battery is usually not camouflaged because of the require- 
ment for unobstructed field of fire and quick gun tracking. Most light AAA has 
integral fire control radar, Heavier weapons may have a separate and external fire 
control radar and fire control. 


Antiaircraft machine guns (AAMG) and light antiaircraft artillery (LAA) are light- 
weight and extremely mobile. They may be sited on top of buildings, towers, 
or on high ground. The lighter weapons are sometimes located within the 
actual target area. This caliber of weapon is used in defense against high speed 
low altitude aircraft. Entrenched emplacement is not always used. The AAMG 
(less than 20 mm) may be laid out in irregular patterns, clusters, straight lines 
(most common), or box patterns of 4-guns. Emplacement size for the AAMG is 
1.2 - 3.7 m (4 — 12 ft). LAA (20 — 75 mm) are commonly laid out in 4 or 6 gun 
patterns, within emplacements of 4 — 6 m (13 — 20 ft) diameter. 
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Medium antiaircraft artillery (MAA) can engage targets at medium to high alti- 
tudes. The MAA will be located in road accessible open areas (fields). The MAA 
is located within several thousand meters of the target area. MAA (76 — 100 mm) 
batteries are deployed in groups of 4, 6, or 8 guns. The 5 — 8 m (16 — 26 f) 
diameter revetments are typically in box, circle, semicircle, trapezoid, straight 
line, or staggered line patterns, 


Heavy antiaircraft artillery (HAA) engages high altitude targets. The HAA (>101 
mm) is deployed in the same manner as the MAA. The revetment size is more 
than 8 m (26 ft) in diameter. The pattern of revetments is similar to MAA, guns 
are usually in groups of 4 or 8 (rarely 6 or 12) guns. 


Fixed Systems 


Fixed systems are all those SAMs that are non-mobile or have limited mobility. 
These SAMs are sometimes referred to as strategic defensive missiles since they 
protect large or vital fixed targets of national importance. Some of these systems 
have limited mobility in the sense that they can be relocated. But the relocation 
is difficult and time consuming. Several major strategic systems will be discussed, 
however, the list only includes NATO or former USSR systems. Some systems 
have been developed by Communist China, North Korea, and several additional 
countries. Many of these missile systems are copies or modifications of NATO 
and Soviet design. 


No matter which system is deployed, fixed strategic SAM sites have several fea- 
tures in common. The site has a ready missile storage area containing sufficient 
missiles for several engagements. The storage may be located near the launch 
points when rapid reloading facilities are present. Typical storage is in under- 
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Figure 64: Strategic SAM Systems 
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ground bunkers or bermed buildings. Bulk fuel Giquid) storage will be located 
some distance from the complex and pipelines will link the bulk fuel facilities to 
launchers or revetted fuel transfer areas. Almost all modern systems use solid fuel 
motors and fuel will not require separate storage. Typically the solid fuel motor 
will be mated with the missile at the assembly point. 


Launch, or firing, points consist of revetted circular or rectangular pads. The pads 
may be surfaced or consist of graded and rolled earth. Surface launchers (perma- 
nently fixed) consist of either rails or tables. Underground sites maintain large 
steel doors through which the launcher is raised for firing. The number and con- 
figuration of launch points are dependent on the missile system. The system used 
is partially dependent on the required reload rate and number of expected targets 
per engagement. Rails, elevators, trolleys, and other specialized devices transport 
ready missile reloads to the launcher. 


Support equipment will consist of mobile missile transporters and cranes. 
Virtually every strategic site has a very well developed and well maintained road 
network linking the complex elements. The entire complex will be protected by 
security fencing or walls, Radar and radio guidance, tracking, control, and early 
warning equipment will be visible. This equipment may be centrally located or 
maintained in a separate location some distance from the actual launch pads. 


BLOODHOUND 


ADMINISTRATION 
| & STORAGE 


The Mk 2 Bloodhound is a strategic 
defensive nuclear capable system 
deployed in the UK only. The 7.75 m 
(25.5 ft) radar guided (illumination) sur- 
face-to-air missile is deployed as four 
fixed single rail launchers per battery. 
The system includes a mast mounted tar- 


get illumination radar, search and 
acquisition radar, and a battery control 
center, The missile has a range of 80 km. 


NIKE-HERCULES 


The NATO NIKE-HERCULES (MIM-14B) 
is a long range (160 km) medium to 
high altitude command guided nuclear 
capable strategic defense system using a 
2 stage 12.7 m (42 fo long missile. 


Nike-Hercules (MIM-1413) may be a 
relocatable site or a fixed site. Fixed 
sites consist of a launch area and a 
guidance site. Launch sites are hard sur- 
faced launch positions with three single 
missile launchers, three launch positions 
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Figure 65: Nike-Hercules Launch Site 
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per area. The guidance site will be within 5 NM of the launch site within line of 
sight of the missiles. The battery control center, radar and radar test mast will be 
located here. 


Launch site configuration may be in-line, L, or triangular. Each of three launch 
sites will have launchers, launch control building, maintenance and ready missile 
storage, and generator buildings (or vans). There is separate warhead mating 
building and a launch control group van. At the rear of each launch area is a 
large peak-roofed maintenance and missile ready storage building that services 
the three launchers. Each launch site has concrete earth covered control bunker, 
at the side. 


Administration and security buildings are near the entrance to the site, The 
launch control van is located near the administration area, The warhead mating 
building is located on a loop road situated between the administration area and 
the taunch area. 


The guidance area has a generator, battery control center building, and a radar 
test mast (test mast is 150 m (500 ft) distant from the battery control center (BCC) 
and will be to the rear). Radars are in-line and consist of a target tracking radar, a 
target ranging radar, a missile tracking radar, a low-powered acquisition radar, 
and a high-powered acquisition radar. 
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Figure 66: Nike-Hercules Guidance Site 
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SA-1 


The SA-1 (GUILD) Soviet medium altitude missile is 12 m (39 ft) long and has a 
diameter of 0.70 m (27.6 in) with a range of 50 km. This almost obsolete missile 
is deployed at only three locations within Russia. The launcher is a modified V-2 
(German A-4) table. The system launches from a vertical position. Guidance and 
radio command are by Yo-Yo radar. 


SA-2 


The fixed or semi-mobile (relocatable) missile is 11.3 m (37 fO long and a diame- 
ter of 0.6 m (2 ft) with a range of 50 km. Soviet designation for the SA-2 
(GUIDELINE) is 5-75. This is a medium level surface-to-air missile is fired from 
fixed single-rail launchers, A battery consists of six launchers, Tracking and guid- 
ance is by FAN SONG (fire control) and SPOON REST (target acquisition) radars. 
The missiles are transported by a ZIL-157 truck tractor and semi-trailer, 
Transporter overall length is 14.5 m (47.5 ft) and width is 2.3 m (7.5 ft). 


Figure 6.3.67: SA-2 (GUIDELINE 


Figure 68: SA-2(GUIDELINID on Transporter 
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6. If signs of grouping occur one with another, remove the inner group first and work your 
way out. 


Examples: 


(a) 


6-{12+4[-3+8-(11-15) (10-6)]} 
6-{12+4[-3+8-(-4) (4)]} 
6-{12+4[-3+8-(-16)]} 
6-{12+4[- 3+8+16]} 
6-{12+4[5+16]} 

6-{124+4*21} 

6-{12+84} 

6-{96} 

6-96 

-90 


(b) 
—6x — (iisep6l Gea du eee 12x |! 
—6x— {12xy +2 8x+4-6xy— 12x |} 
—6x — {12xy +2[ -4x+4-6xy |} 
—6x — {12xy—8x+8-12xy} 


—6x — {-8x+ 8} 
—6x+ 8x-8 
2x—-8 


Try the following challenge. 
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Figure 69; SA-2 Site Configuration 
S404 
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Figure We SA AGUA} fanncher ened Tresisporter 


Mobile Systerns 


Although the operational 
concept of mobile and 
fixed systems are the same, 
there are some differences 
in the facilities. All fully 
mobile SAM systems have 
solid fuel motors, There is 
no requirement for fuel 
trucks, refueling points, oF 
bulk fuel storage. Guicance 
and control systems are 
deployed in mobile vans 
and trailers. Support equip- 
ment is spectilized missile 
ininspofiers. Miilenlince 
vans, ard security elements 
fusing standard military 
vehicles), ‘The firtiage points 
vary from any suitable 
cleared area for the fully 
mobile tactical units to 
revetted emplacements 
with a tead network for 
units expecting long (erin 
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An integrated air defense network not only is required to protect One area of 
opentions, but is required to defend a large area, For this reason, numerous SAM 
batteries have to coordinate Communications and operations. Each SAM unit has 
several communication and control channels available. 


CHAPARRAL 


The CHAPARRAL (MIM-72/MIM-72 C/F) is a low altitude, short-range, surface-to-air 
missile, The command to line-of-sight system uses a modified IR seeker derived 
from the Sidewinder AIM-OD. The 2.87m long missile has a range of 17.7 km, a 
speed of MACH 2.5, and an altitude limit of 6.1 km. Target acquisition is visual 
or radar with IR missile homing. 


CHAPARAAL LAUNCHER 


Figure 73: CHAPARBAL 
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Figure 74: CROTALE 


The fully mobile TEL is a tracked M730 carrying 4 ready to fire missiles in rotat- 
ing turret and 12 reloads, The acquisition vehicle is a M561 Gamma Goat 6x6 
truck carrying an AN/MPQ-49 surveillance radar. Normal U.S.A. deployment is in 
air defense battalions of 2 Chaparral batteries (total 24 launchers) and 2 M-167 
(self-propelled Vulcan 20mm AAA). Each launcher unit operates independently 
and there is no set battery configuration. 


CROTALE 


The CROTALE is a short range, low altitude, all weather, surface-to-air missile. 
The command to line of sight MACH 2.3 missile has a range of 10 km operating 
at altitudes of 15 m — 4 km. Also known as the CACTUS Air Defense System the 
missile is 2.89 m in length. 


The fully mobile system is based on the P4R 4x4 truck. Deployed as one acquisi- 
tion unit, three TELs, and reload units. The acquisition unit carries the acquisition 

radar. The TEL carries tracking radar for missile tracking and guidance, and four 
R440 missiles in tubular launchers. The reload unit is a truck with a crane. Before 
the 4000 series, units were connected by landline cabling with a maximum 
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Figure 75: Field Deployment for CROTALE 
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separation of 800 m. Series 4000 and later have radio linkage permitting separation 
of 2 kilometers between system components. Series 5000 permits the addition of 
four short range, point defense missiles to be added to the exterior of two of the 
R440 canisters for saturation defenses. The trucks are 6.22 by 2.65 m. 


The CROTALE is field deployed in a line formation of three TELs with the acqui- 
sition radar a maximum of 500 m from the farthest TEL. An alternative formation 
is a triangular arrangement with the radar occupying the center position. 


The SAHV-3 is a replacement system for CROTALE consisting of a new turret and 
upgraded missile using the standard CROTALE chassis. 


HAWK 


The NATO HAWK (MIM-23) or I-HAWK (MIM-23B) is a mobile system using 
semi-active radar homing. The missile is 5.03 m in length with a range of 40 km 
at 2.5 MACH with operational ceiling of 15 m — 16.5 km. 


Deployment is in 2 launch areas with three 3-rail launchers and a continuous 
wave illumination radar (CWILL) in each area. (Normal deployment of the HAWK 
is 6 launchers per battery. For the I-HAWK, deployment is 9 launchers per battery 
[TRIAD].) Both areas share a pulsed acquisition radar (PAR), a continuous wave 
acquisition radar (CWAR), a range only radar (ROR), an AN/TSW-8 battery control 
center (BCC), an AN/MSW-11 Platoon Command Post, and a communications 
area (AN/MSQ-95 Information Coordination Central van). 


There is 1 AN/MPQ-50 PAR per battery for volume search of targets. Each 
battery uses 2 AN/MPQ-48 CWAR (3 in TRIAD battery) for low altitude search. 
One AN/MPQ-51 ROR is a J-Band unit used to defeat ECM. The AN/MPQ-46 
CWILL provides missile guidance, there are 2 in standard batteries and 3 in 
TRIAD batteries. 
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If your answers match the following, you are correct; continue. If not, reread paragraph 1302. 
Try the challenge again before continuing. This will strengthen your knowledge for future 
operations. 


(a) (b) 


2x44 2-4 3y+5~ 3x42) ) | 6a°—4-2+a?—44(5+75+10-5 ] | 
2x+4[2 —4(3y +5 —3x—2y)] 


remade oamia dag imeet)| 6a? —4J-2 +a? -44(5 + 7b +5)I 
2x + 4[2 —4y —20 + 12x] 6a? — 4[-2 +a? -4+(5+7b+5)] 
2x + 4[—18 — 4y + 12x] 6a? —4[-2 +a* -4+ (10 +7b)] 


2x —72-— 1l6y+ 48x 


6a? — 4[a2 +7b+44+104+7b] 
50x — 16y—72 


6a” —4[a? +7b+4] 
6a? — 4a? —28b- 16 
2a” —28b— 16 


1303. Calculate Exponents 


In lesson 2 you learned to add expressions with exponents. Remember that you were told you 
would learn more about calculating exponents as we discussed the multiplication of them. In 
lesson 2 you also learned the basic rules relative to exponents. Those basic rules will be applied 
as we multiply base numbers with exponents. There are additional rules that you must learn and 
apply when appropriate. Study the following rules so that you can apply them when required. 


WRule - To find the product of two or more powers with like bases, add the exponents. 


Examples: 


(a) 


q™ x q” = qun 


(b) 
32 *32=9x*9=8]1 or 32 ¥ 37 =34=81 


WRule - To find the product of two or more quantities containing powers with unlike bases, 
multiply the bases to the common power. 


Examples: 
(a) 
a3 x b3 = (ab) 


(b) 
2? «37 =4 * 9 = 36 or 2” x 3? = (2 * 3)? = 6" = 36 


1-35 


CONTENTS 


Types of aerial photographs__-_--_-------- 
Obtaining aerial photography__---------- 
Preparing photographs for stereo-viewing- - 

Equipment needed _-_-_---------------- 

Preparing the photographs-_--__-------- 
Photo scale, bearings, and distances _ - ---- 
Identifying forest types and tree species_- 
Mapping from aerial photographs - ------ 
Measuring G5GGs. == 2 feo os ee aes 
Tree height, crown diameter, and crown 


ee heignts. ieee jt op weet. 
Tree crown diameter____-------------- 
Treé crown ClOSHTOs 62 -2ssnce0e<-- 
Boca tl lifes ola 1) s¢ ee | a a eae 
Individual tree volumes_--_--_---------- 
Stand volume per acre__-__------------ 
Photo stratification for ground cruising-- 
interstuneretteds ee. - po SOS. Seine 
Selected additional references ------------ 


iii 


FORESTER’S GUIDE TO AERIAL PHOTO INTERPRETATION 


This handbook was written as a practical refer- 
ence on techniques of aerial photo interpretation in 
forest inventory. It is for the forester with a 
casual knowledge of the subject. While oblique 
photographs are occasionally useful for interpre- 
tation, this manual emphasizes stereoscopic inter- 
pretation of vertical aerial photographs available 
from various agencies of the U.S. Department of 
Agriculture (USDA). Figure 1 (foldout, inside 
back cover) is an example of a vertical aerial 
photograph. ” 

With training, the forester can use aerial photo- 
te to locate property boundaries and trails, 

etermine bearings and distances, identify classes 


of vegetation, and measure areas. Experience will 
enable him to improve the efficiency of forest in- 
ventories by distributing field samples on the basis 
of photo stratifications. In some instances, he may 
even be able to estimate timber volumes directly 
from the photographs. 

While photo interpretation may make the for- 
ester’s job easier, there are limitations. Accurate 
measurements of such items as tree diameter, form 
class, and stem defect are possible only on the 
ground. Aerial photographs are best used to com- 
plement, assist, or reduce field work rather than 
take its place. 


TYPES OF AERIAL PHOTOGRAPHS 


Oblique photographs are taken with the axis of 
the aerial camera at various angles between the 
horizon and the ground. High obfignes show the 
horizon on the Shiotaiaenentrs low obliques do not. 
An oblique photograph covers a larger area com- 
pared with a vertical photograph from the same 
altitude, but its usefulness is limited to fairly level 
terrain where the view is not obstructed by ridges. 
For this reason, and because obliques do not readily 
lend themselves to stereoscopic viewing, they are 
seldom used by foresters in the United States. 

Vertical photographs are taken with the aerial 
camera pointed straight down at the ground, or as 
nearly so as feasible. Overlapping exposures in 
each flight line permit an interpreter to study ver- 
tical photographs three dimensionally with a 
stereoscope. Because such prints have become so 
useful for mapping and interpretation, the term 
“aerial photo” is normally assumed to denote a 
vertical photograph and will be thus applied in 
this handbook. 

Mosaics are composite pictures assembled from 
as many individual, vertical photographs as may 
be required to cover a specified area; they are 
usually constructed to provide a pictorial repre- 
sentation and a planimetric approximation of a 
fairly extensive ground area. The principal kinds 
of mosaics, in order of ascending scale reliability 
are: (1) index or uncontrolled mosaics, (2) semi- 


controlled mosaics, (8) controlled mosaics, and 
(4) orthophotomosaics. 

The index mosaic is simply an assembly of un- 
trimmed contact prints that are pasted up in over- 
lap and sidelap positions so that image detail is 
matched and the original flight-line position of 
each exposure is reconstructed. The entire layup 
is usually rephotographed at a smaller scale for 
use as a pictorial reference to individual prints. 
An uncontrolled mosaic is assembled in a similar 
fashion (i.e., without ground control) except that 
each frame is first trimmed down to its “effective” 
or non-overlapping area. Then, each trimmed por- 
tion is matched together like the segments of a jig- 
saw puzzle. 

A semi-controlled mosaic differs from the un- 
controlled type in that it is assembled with the aid 
of limited ground control points. It is thus inter- 
mediate in scale reliability, depending somewhat 
on the local relief of the area depicted. 

A controlled mosaic is one that is directly tied 
to an extensive network of ground control points, 
and it is usually assembled from prints that are 
both rectified and ratioed. As a result, the mosaic 
will approximate planimetric map accuracy in re- 
gions of flat to gently rolling terrain. However, 
distortions due to relief are not eliminated in con- 
trolled mosaics, and some images will be displaced 
from their true plan positions. 


OBTAINING AERIAL PHOTOGRAPHY 


An orthophotograph is a reproduction, prepared 
from ordinary perspective photographs, in which 
image displacements caused by tilt and relief have 
been entirely removed. When these unique photo- 
graphs are assembled into an orthophotomosaic, 
the result is a picture-map with both scale and 
planimetric detail of high reliability. When such 
mosaics are overprinted onto standard mapping 
quadrangles, they are referred to as orthophoto- 
quads. 

Users of this guide will ordinarily rely on prints 
of existent photography flown for public agencies. 
Thus there is no need here to discuss specifications 
for new aerial photography. Details of flight 
planning and photographic contracts are covered 
in the anual of Photogrammetry and the Manual 
of Photographic Interpretation (1, 2). 

Sources of cartographic information.—The Na- 
tional Cartographic Information Center (NCIC), 
established in 1974 by the U.S. Geological Survey, 
Department of Interior, provides a national infor- 
mation service to make cartographic data of the 
United States more easily accessible to the public 
and to various Federal, State, and local agencies. 
At present, more than 30 Federal agencies collect 
and prepare cartographic data. Existing data in- 
cludes more than 1.5 million maps and charts, 25 
million aerial and space photographs, and 1.5 mil- 
lion geodetic control points. 

Much of this information is available by con- 
tacting NCIC at the following address: 


National Cartographic Information Center 
U.S. Geological Survey 

507 National Center Rm. 1C101 

Reston, VA 22092 


NCIC does not obtain cartographic data from 
present holders; rather it collects and organizes 
descriptive information about the data, such as 
location, availability, and ordering instructions. 
Existing government and private data centers will 
continue to hold and distribute cartographic data, 
and some will provide local users with direct access 
to NCIC information through their existing pub- 
lic service facilities. 

Sources of aerial photography.—A large pro- 
portion of the existing aerial photography of in- 
terest to foresters is held by Federal agencies 
within the Department of Agriculture. Principal 
among these are the Agricultural Stabilization 
and Conservation Service (ASCS), the Forest 
Service (FS) and the Soil Conservation Service 


SCS). 
The ASCS has the responsibility of contracting 
for aerial photography for all three agencies. It 


*Italic numbers in parentheses refer to Literature Cited, 
page 40. 
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also has the responsibility for providing repro- 
ductions from all ASCS and FS photography 
and from SCS photography that is 2 or more years 
old. A central laboratory for ordering this photo- 
graphy is provided by ASCS: 

Aerial Photography Field Office 

ASCS/USDA 

P. O. Box 30010 

Salt Lake City, Utah 84125 


Films, season, and date of photography.—T wo 
types of black-and-white aerial film are in common 
use: panchromatic and infrared. Infrared is usu- 
ally modified by a minus-blue filter to reduce con- 
trast and improve image resolution. Panchromatic 
photography offers better resolution and lighter 
shadows but exhibits little tonal contrast among 
forest types. Modified infrared photography pre- 
sents a maximum of contrast between conifers 
and deciduous hardwoods, but wet sites and shad- 
ows register in black, thus restricting interpreta- 


‘ion. 

In Western United States, where coniferous 
trees predominate, panchromatic film is more 
likely to be used. Conversely, foresters managing 
eastern hardwoods often prefer infrared photog- 
raphy because forest type separation is more defi- 
nite. In figure 2, dark-toned pines (A) are readily 
differentiated from the light-colored upland hard- 
woods (B) on the infrared stereogram, but there 
is little tonal contrast on the panchromatic ex- 
posures. Also the farm pond at (C) is obvious on 
the infrared prints, but may be completely over- 
looked on the panchromatic photographs. 

If measurements are needed for deciduous 
species, both kinds of photography should be taken 
during the growing season. Infrared is likely to be 
used specifically for forestry purposes and usually 
meets this requirement. On panchromatic photo- 
graphs taken in winter, conifers can be distin- 
guished from hardwoods, but interpretation of 
1ardwood stand-sizes is difficult. 

If there is a choice between photography of dif- 
ferent dates, you should select the most recent. 
Also, if there is more than one source, you should 
choose which photograph shows the most informa- 
tion or use the photographs in conjunction. In 
regions characterized by rapid tree growth and 
frequent cuttings, the value of photos more than 
5 years old is questionable. 

With minor exceptions, ASCS and SCS photog- 
raphy is taken with black-and-white panchro- 
matic film. A large percentage of the more recent 
FS photography is taken on color film, with most 
of the remainder taken on color infrared, black- 
and-white infrared, or panchromatic. 

Photo scales and enlargements—In earlier 
years, the negative scale of ASCS and SCS 
photography was commonly set at 1': 20,000 (1,667 


feet per inch), while much of FS photography 
was set at a scale 1: 15,840 (1,320 feet per inch). 
The FS has established a standard scale program 
of 1: 24,000 for resource photography and 1: 80,000 
for high altitude photography. 

Since about 1972, the negative scale of most 
ASCS photography has been set at 1:40,000 
(3,833 feet per inch). Much of the FS gore 
raphy acquired prior to the adoption of a stan 
ard scale was at a scale of 1: 15,840 (1,320 feet per 
inch). Resource photography now used is at a 
scale of 1:24,000 (2,000 feet per inch). Scales of 
SCS photography are mostly in the range of 
1: 38,000 (8,167 feet per inch) or 1: 58,000 (4,833 
feet per inch). 

The standard 9- by 9-inch contact prints can be 
enlarged, of course. Enlargements up to 38 by 38 
inches are available, with commensurate increases 
in scale and sty size. For example, a common 
product used by ASCS is an enlargement rectified 
to a scale of 1: 7,920 (660 feet per inch) on sheets 
that measure 24 by 24 inches. 

Unless sophisticated equipment is available, it is 
difficult to study enlargements stereoscopically. 
.Therefore, contact prints are recommended for 
general use by foresters who must rely on simple 
pocket stereoscopes. 

Paper surface, weight, and contrast.—Black- 
and-white prints ordered from ASCS are made 
on a medium-weight, semi-mat, resin-coated base 
material; as a result, the prints are both stable and 
water-resistant. Reproductions are also available 
in the form of positive film transparencies; as a 
rule, these provide greater sharpness and clarity 
of detail than ordinary prints. 

When a specific degree of contrast is required, 
this should be indicated when ordering. If possi- 
ble, the order should be accompanied by a sample 
print that illustrates the desired amount of density 
and contrast. 

Coverage available—USDA aerial photog- 
raphy covers more than 80 percent of the United 
States, including portions of Alaska and Hawaii. 
Coverage is updated periodically according to pro- 


gram needs; this results in new photography every 
5 to 10 years for many areas. 

The ASCS annually publishes “status maps” 
which are available free upon request. These maps 
show the most recent coverage available for a 
given area, the scale of photography, focal length 
of the camera lens, a number of photo index 
sheets required to cover a project area. 

Ordering photography from ASCS.—Photo 
index sheets or index mosaics, showing the rela- 
tive positions of all individual photographs within 
a given county (fig. 3a), can be examined at local 
offices of the Agricultural Stabilization and Con- 
servation Service or the Soil Conservation Service. 
The number of index sheets per county varies from 
one to six or more. It is possible to visit an ASCS 
office, select desired photos from an index, and 
order them on the spot. 

Forest Service indexes are usually available for 
inspection in local supervisor’s offices or on ranger 
districts. Instead of conventional photographic 
indexes, the Forest Service now uses “spot in- 
dexes,” i.e., maps showing the locations of photo 
centers (fig. 3b). 

If you are interested in aerial photography of a 
distant county, you may wish to purchase an index 
of that county and make your selection. Again, 
your own county ASCS office will help you order 
the index and will ee assistance in selecting 
the photos that will best suit your needs. Prints 
are identified by a county symbol (or by a special 
state and county code), and by film roll and ex- 
wage number (fig. 1). Other items to specify are 

ate of photography, scale, and type of reproduc- 
tion (print size, weight, finish, contrast, etc.). 

Special order blanks and current price lists may 
be obtained through local ASCS offices. Orders 
must be accompanied by advance payment, and 
3 to 4 weeks should be allowed for delivery. 

If you do not have access to the appropriate 
index sheet, an alternative is to outline the area 
of interest on a reliable map. This map can then 
be sent to the Aerial Photography Field Office in 
Salt Lake City with your inquiry. 


Figure 2.—Modified infrared (above) and panchromatic photography made in 
| the North Carolina Piedmont during June. Exposures were made simul- 
taneously with a dual aerial camera system. Scale is 1,320 feet per inch. 
Prints may be viewed three-dimensionally with a lens stereoscope. 
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Figure 3a.—Two kinds of indexes to USDA aerial photography. The photo mosaic is the type used by the 
Agricultural Stabilization and Conservation Service and the Soil Conservation Service. 
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INDEX TO AERIAL PHOTOGRAPHY 


Photograph UNITED STATES DEPARTMENT OF AGRICULTURE 

, R BE J Secured For Use By 32 
a P # { "hd 30° 
x \ rYarpervite «38, 38 3 sa" 38 pt 34 AGRICULTURE STASILIZATION 
2 ee and CONSERVATION SERVICE 

| s = 3 Project 1-D.: Bienville National Forest 

| a ad Meo ick Mississippi 618070 

4 { i Date of Photography: 1977 


Negative Scale: 1:24,000 

Film Type: Color Infrared (2443) 
Calibrated Focal Length: 153.34 mm 
Direction of Flight: N-S 
Solicitation No.: ASCS/FS 6-77 SLC 
Contractor: Surdex Corporation 
Roll Numbers: 577, 977 


Figure 36.—The “spot index” showing plotted positions of flight lines and photo centers, used by the Forest Service. 


PREPARING PHOTOGRAPHS FOR STEREO-VIEWING 


Pngineer’s scale, graduated to 0.02 inch. 

Tree crown-density scale. 

Tree crown-diameter scale. 

Dot grids for acreage determination. 

China-marking pencils for writing on photographs. 

Carbon tetrachloride and cotton for cleaning photo- 
graphs. 

Drafting instruments, triangles, and drafting tape. 

Needles for point-pricking. 

Tracing table. : 

Magnetic or spring-clipboard for holding stereo-pairs. 

Proportional dividers. 


Equipment Needed 


Equipment considered essential by one inter- 
preter may be of limited use to another; neverthe- 
less, the forester who anticipates a continued use 
of aerial photographs will probably find the fol- 
oo list closely approximates his minimum 
needs, 


Lens stereoscope, folding pocket type. 
— bar or parallax wedge for measuring object 
eights. 


If purchased with discretion, the items can be ob- 
tained for less than $250. For a price list of photo 
interpretation aids available from the Forest Serv- 
ice, write to the Engineering Staff, Forest Service, 
U.S. Department of Agriculture, P.O. Box 2417, 
Washington, D.C. 20018. 

Many foresters will already own drafting instru- 
ments, dot grids, and pocket stereoscopes. A satis- 
factory tracing table can be improvised by install- 
ing a uniform light source under a glass surface. 
Fluorescent tubes are better than incandescent 
bulbs because they produce less heat. A sheet of 
frosted cellulose acetate between two pieces of ordi- 
nary single-weight glass serves well when special 
frosted glass is not available. 

If the forester uses aerial photographs regularly 
and becomes adept in interpretation and mapping, 
he may wish to acquire more expensive equipment, 
such as a mirror stereoscope, vertical sketchmaster, 
reflecting projector, or radial plotting devices. 
The Manual of Photogrammetry (1) contains in- 
formation on such equipment. 


Preparing the Photographs 


Photographic flights are planned so that prints 
will overlap about 60 percent in the line of flight 
and about 30 percent aed flight strips. For 
effective stereo-viewing, prints must be trimmed to 
the nominal 9- by 9-inch size, preserving the four 
fiducial marks at the midpoint of each of the edges 
(fig. 1). Then: 


1. Locate the principal point (PP) or center of 
each photograph. Aline opposite sets of fiducial 
marks with a straightedge or triangle. Draw a 
cross at the center with a wedge-pointed pencil, 
and make a fine needle hole at the intersection. 

2. Locate the conjugate principal points (CPP’s) 
on each photograph—the points that correspond 
to PP’s of adjacent photographs. Adjust the 
stereoscope until distance between centers of 
lenses corresponds with interpupillary distance 
(usually about 2.5 inches). Arrange the first 
two photographs of a given flight line so that 
corresponding gross features overlap. Shadows 
should be toward the observer; if they fall away 
from the viewer there is a tendency to see relief 
in reverse. Clip down one photograph. Move 
adjacent photograph in direction of line of flight 
until corresponding images on each print are 
about 2.2 inches apart. Place lens stereosco’ 
over prints parallel to line of flight so that the 
left-hand lens is over the left photograph and 
the right-hand lens is over the same image on the 
right photograph. The area around the PP will 
be seen as a three-dimensional image. The mov- 
able photograph should then be fastened down. 
While viewing this area through the stereoscope, 
place a needle in the same area on the adjacent 
photograph until it appears to fall precisely in 
the hole pricked for the PP. This locates the 
CPP (fig. 1), though a monocular check should 


be made before the point is permanently marked. 
Repeat for all photographs; each will then have 
one PP and two CPP’s except that prints fall- 
ing at the ends of the flight lines will have only 
one CPP. Ink a 0.2-inch diameter circle around 
each PP and CPP (fig. 1). 

3. Locate the flight lines on each print by alining 
the PP’s and CPP’s. Connect the edges of the 
alined circles with a fine ink line (fig. 1). Be- 
cause of lateral shifting of the ae aphic 
plane in flight, a straight line will rarely pass 
through the PP and both CPP’s on a given print. 

4. Determine the photo base length for each stereo- 
overlap by averaging the distance between the 
PP and CPP on one print and the correspond- 
ing distance on the overlapping print. Measure 
to the nearest 0.02 inch and record on the back of 
each overlap. There will be two average base 
lengths for each print, i.e., one for each set of 
overlapping flight lines. 


Alining prints for stereoscopic study.—A. print 
is selected and clipped down with shadows toward 
the viewer. The adjacent print is placed with its 
CPP 2.2 inches from the corresponding PP on the 
first print. With flight lines superimposed, the 
second print is positioned and clipped down. The 
stereoscope is placed with its long axis parallel to 
the flight line and with the lenses over correspond- 
ing images. In this way an overlapping strip 2.2 
inches wide and 9 inches long can be viewed by 


moving the stereoscope up and down the overlap 
area (fig. 4). 
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B. FINAL PHOTO ALIGNMENT 


Figure 4.—Method of alining 9- by 9-inch contact prints 
for viewing with a lens stereoscope. Compare this 
diagram with figure 1. 
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While the photos are still clipped down, the 
prints can be flipped into reverse position with the 
opposite photo on top. This presents another area 
of the overlap for stereo-viewing. To study the 


narrow strip between, the edge of one print must 
be curled upward or downward and the stereoscope 
moved parallel to the flight line until the “hidden 
area” comes into view (fig. 5). 


SOP L F 
a ae 4 


Figure 5.—Slotted clip board for viewing the “hidden area” of overlapping contact prints with a lens stereoscope. 
The area indicated by arrows cannot be stereoscopically studied when prints are lapped as in figures 1 and 4. 


PHOTO SCALE, BEARINGS, AND DISTANCES 


The vertical aerial photograph presents a true 
record of angles, but measures of horizontal dis- 
tances vary widely with changes in ground eleva- 
tions and flight slitraton The nominal scale (as 
1: 20,000) is representative only of the datum, an 
imaginary plane passing through a_ specified 
ground elevation above sea level. Calculation of 
the average photo scale will increase the accuracy 
of subsequent photo measurements. 

Aerial cameras in common use have focal lengths 
of 6, 8.25, or 12 inches (0.5, 0.6875, or 1.0 ft.). This 
information, with the altitude of the aircraft above 
ground datum, makes it possible to determine the 
representative fraction (?2/’) or natural] scale: 


RF= Focal length (ft.) 
Flying height above ground (ft.) 


The height of the aircraft is rarely known to the 
interpreter, however, and photo scale is more often 
calculated by this proportion : 
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Photographic distance 
between two points (ft.) 
Ground or map distance 
between same points (ft.) 


Determining scale from ground measurements.— 
Select two points on opposite sides of the print so 
that a line connecting them passes near the PP. 
If the points are approximately equidistant from 
the PP, the effect of photographic tilt will be mini- 
mized. (Tilt results when the camera axis 
deviates from the vertical at the instant of ex- 
posure. It is often present, but generally not 
enough to be readily noticed.) Points must be 
easily identifiable on the ground so that the dis- 
tance between them can be precisely measured. 
Gas and power line rights-of-way, highways, and 
railroads offer clearings where ground distances 
can be quickly chained. It is not necessary to cal- 
culate the scale of every photograph in a flight 


RF= 


strip. In hilly terrain, every third or fifth print 
may be used; in flat topography, every tenth or 
twentieth. Scales of intervening photographs can 
be obtained by interpolation. 

Office checks of photo scale-——Scale determina- 
tion from ground measurements is laborious and 
expensive; hence other methods should be used 
wherever possible. If a U.S. Geological Survey 
quadrangle sheet is available, the map distance 
can be measured and used in the formula, pro- 
vided the same distance can be identified for photo 
measurement (fig. 6). 

Another alternative is presented in areas of flat 
terrain where General Land Office subdivisions 
of sections, quarter-sections, and forties are visible 
on the photographs. Since the lengths of these 


subdivisions will be known, they can also be used 
as ground distances. A given section may rarely 
be exactly 5,280 feet on a side, but determining 
scale by this method is more accurate than accept- 
ing the nominal scale. 

Compass bearings and distances Although 
flight lines usually run north-south or east-west, 
few photographs are oriented exactly with the 
cardinal directions. For this reason, a reference 
line must be located before bearings can be deter- 
mined. The method described is used by field 
teams on the U.S. Forest Survey: 


1. Select a straight-line feature such asa highway, 
section line, or field edge and determine its bear- 
ing. Draw this reference line on the photo- 
graph, extend it as necessary, and record the 
bearing (fig. 7). 
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Figure 6.—Determination of photo scale from a U.S. Geological Survey map. Map scale is 1: 24,000 or 2,000 feet 
per inch. Map distance between X and Y is 2.00 inches, or 4,000 feet on the ground. Photo distance is 4.80 inches. 
Thus the photo scale is 4.80-+-4,000 12, or 1: 10,000. (Courtesy of Abrams Aerial Survey Corporation.) 
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(c) 
2? % 37 %227=4%9%4=144 


or 
2? #3* ¥2*= (24342) = 127 = 144 


WRule - To find the product of two or more like quantities containing powers of 10, treat 
the powers of 10 as exponents. 


Example: 2.5 x 10° 
x3.10 x 10° 
7.75 * 108 


WRule - To raise a power of an exponent, keep the base and multiply the powers. 


Example: 
(a™)” =qn" = qm 


Try the challenge to help you remember and apply the rules you have learned. 


(Find the products of the following) 


(a) (b) (c) (d) 
aoa: 63%24+3%4415 7.5% 102 (23)? 
(x) 5% 103 


1-36 


2. Pick a point of rr (PB) from which 
the line of approach to a field location will be 
run. This should be some feature visible on 
both photograph and ground, such as a fence 
corner, barn, road intersection, or stream fork. 
Draw a line on the photograph from the PB to 
the location, and extend until it intersects the 
reference line. Measure the angle between the 
two lines with a protractor and determine the 
bearing of the line of approach. 


3. Measure the distance between the PB and the 
field location to the nearest 0.01 inch and con- 
vert to feet or chains at the calculated photo 
scale. At a scale of 1: 20,000, a measure of 0.01 
inch equals 16.67 feet or about 25 links. In fig- 
ure 7, the distance from PB to the center of the 
circular field plot is 1.15 inches, or about 29 
chains. Common scale conversions are given in 
table 1. 


TaBLE 1.—Scale conversions for vertical aerial photographs ' 


Feet per 
inch 


Representative fraction (scale) 


el eel el el 


1 Conversions for scales not shown can be made from the relationships listed at the bottom of each column. 


Chains per | Inches per Acres per Square 
inch mile square inch miles per 
square inch 
(3) (4) (5) (6) 
10. 00 8.00 10. 00 0. 0156 
10. 10 7.92 10. 20 . 0159 
10. 61 7. 54 11. 25 . 0176 
11. 36 7. 04 12.91 . 0202 
12. 12 6. 60 14. 69 . 0230 
12. 63 6. 34 15. 94 . 0249 
13. 64 5. 87 18. 60 . 0291 
15.15 5. 28 22. 96 . 0359 
16. 67 4. 80 27.78 . 0434 
18. 18 4. 40 33. 06 . 0517 
18. 94 4, 22 35. 87 . 0560 
19. 70 4. 06 38. 80 . 0606 
20. 00 4.00 40. 00 . 0625 
20. 20 3. 96 40. 81 - 0638 
21.21 3.77 45. 00 . 0703 
22. 73 3. 52 51. 65 0807 
24. 24 3. 30 58.77 0918 
25. 25 3.17 63.77 0996 
25. 76 3.11 66. 34 1037 
26. 67 3. 00 71.11 1111 
27. 27 2. 93 74. 38 1162 
28. 79 2.78 82. 87 1295 
30. 30 2. 64 91. 83 1435 
31. 57 2. 53 99. 64 1557 
40. 00 2.00 160. 00 2500 
RFD 63,360 (RFD)? Acres/sq. in. 
792 RFD 6,272,640 640 


With 


the scale of 1 :7,920 as an example (column 1, line 1), the number of feet per inch is computed by dividing the representative 


fraction denominator (RFD) by 12 (number of inches per foot). 
dividing the RFD by 792 (inches per chain), the number of chains per inch is derived (column 3). 


be made similarly. 


Thus, 7,920+12=—660 feet per inch (column 2). By 
Other calculations can 


Under column 4, the figure 63,360 represents the number of inches in one mile; in column 5, the figure 


6,272,640 is the number of square inches in one acre; and in column 6, the number 640 is acres per square mile. 


IDENTIFYING FOREST TYPES AND TREE SPECIES 


Forest types and tree species can often be deline- 
ated with greater accuracy and lower cost on aerial 
photographs than by ground methods. The de- 

to which species groups can be recognized 
epends on the quality, scale, and season of pho- 
tography ; the type of film used; and the interpret- 
er’s training. A general knowledge of forest 
associations and plant ecology is helpful, but field 
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experience in the specific area to be mapped is far 
more valuable. 

A generalized map of forest regions in the 
United. States is shown in figure 8. The tree 
species listed provide the first step in identifica- 
tion, i.e., the elimination of those cover types not 
likely to occur in a given locality. The second 
step, heavily dependent on a knowledge of local 


Figure 7—Determination of compass bearing and distance to a field plot on a USDA contact print. Scale is 
1,667 feet per inch. 


vegetation, is to establish which forest types may 
be encountered in the area to be mapped. 

pa a of an individual species, often fea- 
sible only on large-scale photography, is normally 
the culmination of intensive study. Obviousl 
the forest interpreter must be familiar wit 
branching patterns and crown shapes of all im- 
portant species in his region. Mature conifers in 
sparsely stocked stands can often be recognized 
on 1: 20,000 USDA photography by the configu- 
ration of their crown shadows telling on level 
ground (fig. 9). Studying oblique photographs 
of trees has been helpful to many foresters. 

Recognition of species on vertical photographs 
also requires a familiarity with tree crowns as seen 
in overhead views (fig. 10). While overhead 
crown characteristics are not always apparent on 
1: 12,000 to 1:20,000 photographs, they can be 
highly useful on large-scale stereograms. Photo 
scales as large as 50 feet per inch have been utilized 
for tree species identifications in Canada (16, 20). 

Aside from shadows, crown shapes, and branch- 
ing patterns, the features to consider in ougiert 
ing tree species are photographic texture (smooth- 
ness or coarseness of images), tonal contrast, rela- 
tive sizes of tree images at a given photo scale, and 
topographic location or site. Most of these are 
rather weak clues when observed singly, yet 
together they may be the final link in identification 
by elimination. 

For some parts of the United States and Canada, 


vegetation keys are available aids in tree species 
recognition. Keys are useful for training new 
interpreters and for reference by more experienced 
personnel. Depending on the method of present- 
ing diagnostic features, photo interpretation keys 
may be grouped into two general classes: selective 
keys and elimination keys. Selective keys are 
usually illustrations and descriptions of trees in a 
specific region, e.g., pines of Florida, They are 
organized for comparative use; the interpreter 
merely selects the key example that most nearly 
coincides with the forest stand he must identify. 
By contrast, elimination keys require the user to 
follow a step-by-step procedure, working from the 
general to the specific. One of the more common 
forms of elimination keys is the dichotomous type. 
Here the interpreter must continually select one 
of two contrasting alternatives until he pro- 
gressively eliminates all but the item being sought. 

A sample elimination key for identifying north- 
ern conifers is reproduced here. It may be used 
to identify tree species pictured in the large-scale 
stereograms in igor 11. In original form, this 
Canadian key had additional descriptive materials 
and illustrations such as those shown in figures 9 
and 10 (6). 

Vegetation keys are most easily constructed for 
northern and western forests where conifers pre- 
dominate, because there are relatively few species 
to be considered and crown patterns are rather 
distinctive for each important group. By con- 
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trast, few if any, reliable keys are available for the 
highly variable hardwood forests of Southern and 
Eastern United States. 

While the scope of this handbook does not per- 
mit a detailed treatment of all important forest 
types throughout the United States and Canada, 
examples are given in figures 12 through 18. 


Key to the Northern Conifers ” 


1. Crowns small, or if large then 

definitely cone-shaped. 

2. Crown broadly conical, usu- 
ally rounded tip, branches 
not prominent —__------- cedar 

2. Crowns have a pointed top, 
or coarse branching, or 
both. 
—crowns narrow, often 
cylindrical, trees frequent- 
ly grow in swamps_-_---- swamp type 
—crowns conical, decidu- black spruce 
ous, very light-toned in 
fall, usually associated 
with black spruce____---- tamarack 
—crowns narrowly coni- 
cal, very symmetrical, top 


pointed, branches less 
prominent than in white 
BTUCE: 5 Sasenccsmetnee item balsam fir 
—crowns narrowly coni- 
cal, top often appears ob- 
tuse on photograph (ex~ 
cept northern white 
spruce), branches more 
prominent than in balsam 
11 SE a white spruce, 
—crowns irregular, with black spruce (except 
pointed top, has thinner swamp type) 
foliage and smoother tex- 
ture than spruce and bal- 
Nem, fits ee ees jack pine 
1. Crowns large and spreading, 
not narrowly conical, top 
often not well defined. 
3. Crowns very dense, irregu- 
lar or broadly conical. 
4, Individual branches 
very prominent, 
crown usually ir- 
TORUAT <5 nen white pine 
4. Individual branches 
rarely very promi- 
nent, crown usually 


GOMCR | Sea eae eastern hemlock 
3. Crowns open, oval (circular 
in plain visw) casa red pine 


MAPPING FROM AERIAL PHOTOGRAPHS 


Type maps are no longer considered essential by 
all tL adomt but at times their cost may be justi- 
fied. A general ownership map showing principal 
roads, streams, forest types, and condition classes 
may be desired for management planning and 
illustrative purposes. Also, in making a photo- 
controlled ground cruise where precise forest-area 
estimates are required, it may be necessary to meas- 
ure stand areas on controlled maps of known scale 
rather than directly on contact prints. This is 
particularly important where topography causes 
wide variation in photo scales. 

The wise interpreter will delineate only those 
types that he can consistently recognize. For 
maximum accuracy, type lines should be drawn 
under the stereoscope. Pe lines made with a china- 
marking pencil are easily removed with carbon 
tetrachloride or benzene, this method is recom- 
mended for preliminary work. Water-soluble ink 
is also suitable. Permanent markings can be made 
with drawing ink after types have been verified 
by ground reconnaissance. 

Uncontrolled maps.—Where area measurement 
is not critical, simple uncontrolled type maps can 
be prepared at photo scale by direct tracing. Tract 
boundaries are drawn within the “effective area”® 


? Reproduced by permission of L. Sayn-Wittgenstein, 
Forest Research Branch, Canada Department of For- 
estry (16). 

*If 9- by 9-inch photographs with 60-percent endlap and 
80-percent sidelap are assumed, alternate photographs 
will have effective areas of about 7.2 by 6.3 inches. 
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of alternate prints in each flight strip. Photo- 
graphs are interpreted under the stereoscope, and 
all types and planimetric data are outlined. The 
detail is then traced onto frosted acetate or vellum, 
from one annotated print at atime. If boundaries 
are accurately drawn on interpreted prints to in- 
clude all of the tract without duplication, the 
traced data from adjoining prints should match up 
without difficulty. To assure standardization in 
type recognition, it is desirable to have one man 
perform all interpretation work. 

Uncontrolled maps are no more accurate for 
area measurement than the photographs from 
which they were prepared, but they may suffice 
for management plans and illustrations. Where 
flat terrain predominates, average photo scales 
vary only slightly and tracings may approach the 
accuracy of controlled maps. 

Controlled maps.—Base maps of uniform scale 
may be required for photo-controlled ground 
cruises, as precise measures of forest area by type 
and stand size are essential for accurate volume 
estimates. In flat terrain, average photo scale can 
be determined and acreages measured directly on 
contact prints, but in steep topography variations 
in eee scale require the transfer of forest types 
to base maps for accurate area measurement. C) 
most common way of adjusting variable photo 
scales to controlled maps is by constructing “radial 
line plots” or by preparing plat sheets from field 
notes of the General Land Office. As construction 
of a radial line plot is complex and has been ade- 
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ROCKY MOUNTAIN FOREST 


Northern Portion (Northern Idaho and Western 
Montana): 


Lodgepole pine 
Douglas-fir 

Western larch 
Engelmann spruce 
Ponderosa pine 
Western white pine 
Western redcedar 
Grand and alpine firs 
Western and mountain hemlocks 
Whitebark pine 
Balsam poplar 


Eastern Oregon, Central Idaho, and Eastern Wash- 
ington: 


Ponderosa pine 

Douglas-fir 

Lodgepole pine 

Western larch 

Engelmann spruce 

Western redcedar 

Western hemlock 

White, grand, and alpine firs 
Western white pine 

Oaks and junipers (in Oregon) 
ral Montana, Wyoming, and South Dakota: 
Lodgepole pine 

Douglas-fir 

Ponderosa pine 

Engelmann spruce 

Alpine fir 

Limber pine 

Aspen and cottonwoods 

Rocky Mountain juniper 
White spruce 


Central Portion (Colorado, Utah, and Nevada): 


Lodgepole pine 

Engelmann and blue spruces 
Alpine and white firs 

Douglas-fir 

Ponderosa pine 

Aspen and cottonwoods 

Pinyons 

Rocky Mountain and Utah junipers 
Bristlecone and limber pines 
Mountain-mahogany 


Southern Portion (New Mexico and Arizona): 


Ponderosa pine 

Douglas-fir 

White, alpine, and corkbark firs 

Engelmann and blue spruces 

Pinyons 

One-seed, alligator, and Rocky Mountain 
junipers 

Aspen and cottonwoods 

Limber, Mexican white, and Arizona pines 

Oaks, walnut, sycamore, alder, boxelder 

Arizona cypress 


PRINCIPAL TREES OF THE FOREST REGIONS 


NOTE.—The order indicates the relative importance or abundance of the trees 


PACIFIC COAST FOREST 


Northern Portion (Western Washington and West- 
ern Oregon): 


Douglas-fir 

Western hemlock 

Grand, noble, and Pacific silver firs 

Western redcedar 

Sitka and Engelmann spruces 

Western white pine 

Port Orford cedar and Alaska cedar 

Western and alpine larches 

Lodgepole pine 

Mountain hemlock 

Oaks, ashes, maples, birches, alders, cotton- 
woods, madrone 


Southern Portion (California): 


Ponderosa and Jeffrey pines 

Sugar pine 

Redwood and giant sequoia 

White, red, grand, and Shasta red firs 

California incense-cedar 

Douglas-fir 

Lodgepole pine 

Knobcone and Digger pines 

Bigcone-spruce 

Monterey and Gowen cypresses 

Sierra and California junipers 

Singleleaf pinyon 

Oaks, buckeye, California-laurel, alder, ma- 
drone 


SOUTHERN FOREST 


Pine Lands: 


Shortleaf, loblolly, longleaf, slash, and sand 
ines 

Souther red, black, post, laurel, cherrybark, 
and willow oaks 

Sweetgum 

Winged, American, and cedar elms 

Black, red, sand, and pignut hickories 

Eastern and southern redcedars 

Basswoods 


Alluvial Bottoms and Swamps: 


Sweetgum and tupelos 

Water, laurel, live, overcup, Texas, and 
swamp white oaks 

Southern cypress 

Pecan, water and swamp hickories 

Beech 

River birch 


Ashes 


Alluvial Bottoms and Swamps: 


Red and silver maples 
Cottonwoods and willows 
Sycamore 

Hackberry 

Honeylocust 

Holly 

Redbay and sweetbay 
Southern magnolia 

Pond and spruce pines 
Atlantic white-cedar 


CENTRAL HARDWOOD FOREST 


Northern Portion: 


White, black, northern red, scarlet, bur, chest- 
nut, and chinquapin oaks F 

Shagbark, mockernut, pignut, and bitternut 
hickories 

White, blue, green, and red ashes 

American, rock, and slippery elms 

Red, sugar, and silver maples 

Beech ae 

Pitch, shortleaf, and Virginia pines 

Yellow-poplar 

Sycamore 

Chestnut 

Black walnut 

Cottonwoods 

Hackberry 

Black cherry 

Basswoods 

Ohio buckeye 

Eastern redcedar 


Southern Portion: 


White, post, southern red, blackjack, Shu- 
mard, chestnut, swamp chestnut, and pin 
oaks 

Sweet gum and tupelos 

Mockernut, pignut, southern shagbark, and 
shellbark hickories : 

Shortleaf and Virginia (“scrub”) pines 

White, blue, and red ashes 

Yellow-poplar 

Black locust 

Elms 

Sycamore 

Black walnut 

Silver and red maples 

Beech 

Dogwood 

Persimmon 

Cottonwoods and willows 

Eastern redcedar 

Osage-orange 


Texas Portion: 


Post, southern red, and blackjack oaks 
rn redcedar, Ashe juniper 


FLORIDA AND TEXAS FOREST—TROPICAL 


Mangrove, false mangrove 

Royal and thatch palms; palmettos 
Florida yew 

Wild figs 

Seagrapes (“pigeon plum”) 

Blolly 

Bahama lysiloma (“wild tamarind”) 
Wild-dilly 

Gumbo-limbo 

Poisontree 

Inkwood 

Button-mangrove 

False-mastic (“wild olive”) 
Fishpoison-tree (“Jamaica dogwood") 


NORTHERN FOREST 


Northern Portion: 


Red, black, and white spruces 

Balsam fir 

Eastern white, red (“Norway”), jack, and 
pitch pines 

Hemlock 

Sugar and red maples 

Beech 

Northern’red, white, black, and scarlet oaks 

Yellow, paper, sweet, and gray birches 

Quaking and bigtooth aspens 

Basswoods 

Black cherry 

American, rock, and slippery elms 

White and black ashes 

Shagbark and pignut hickories 

Butternut 

Northern white-cedar 

Tamarack 


Southern Portion (Appalachian Region): 


White, northern red, chestnut, black, and 
scarlet oaks 

Chestnut 

Hemlock 

Eastern white, shortleaf, pitch, and Virginia 
(“scrub”) pines 

Sweet, yellow, and river birches 

Basswood 

Sugar and red maples 

Beech 

Red spruce 

Fraser fir 

Yellow-poplar 

Cucumber magnolia 

Black walnut and butternut 

Black cherry 

Pignut, mockernut, and red hickories 

Black locust 

Tupelos (“blackgums”) 

Buckeye 


ALASKA FOREST 


Coast Forest: 


Western hemlock (important) 
Sitka spruce (important) 
Western redcedar 

Alaska cedar 

Mountain hemlock 

Lodgepole pine 

Black cottonwood 

Red and Sitka alders 

Willows 


Interior Forest: 


White (important) and black spruces 
Alaska paper (important) and Kenai birches 
Black cottonwood 

Balsam poplar 

Aspen 

Willows 

Tamarack 
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black spruce eastern 
hemlock 


white pine red pine white spruce 
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tamarack balsam fir eastern white white birch white birch aspen 
cedar (old) (young) 


sugar maple red maple 


beech oak balsam poplar ash elm 


Figure 9.—Silhouettes of forest trees. When tree shadows fall on level ground, they often permit 
identification of individual species. (Reprinted by permission of L. Sayn-Wittgenstein, Forest 
Research Branch, Canada Department of Forestry.) 
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White 
Birch 


Eastern 
White 


Cedar 


Figure 10.—Vertical views of tree crowns. Compare with 
stereograms in figure 11. (Reprinted by permission of 
L. Sayn-Wittgenstein, Forest Research Branch, Canada 
Department of Forestry.) 


Figure 11.—Large-scale stereograms 
showing star-shaped white pine 
crowns (top), cone-shaped balsam 
fir crowns (center), and a red pine 
plantation surrounded by a stand 
of basswood (bottom). The two 
upper stereograms are on pan- 
chromatic film at a scale of 50 feet 
per inch. The bottom pair is on 
infrared film at a scale of 330 feet 
per inch. (Reprinted by permis- 
sion of L. Sayn-Wittgenstein, 
Forest Research Branch, Canada 
Department of Forestry.) 
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Figure 12—Summer panchromatic photography in Ontario. In the upper stereogram 
(No. 35) stand 1 is balsam fir and stand 2 is black spruce. In the lower stereogram 
(No. 66) stand 1 is aspen-white birch and stand 2 is beech. Scale is 1,320 feet per inch. 
neon by permission of V. Zsilinszky, Ontario Department of Lands and Forests, 

anada. 
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Figure 13.—Infrared stereogram illustrating forest associations in central Alaska. 
Types are (1) paper birch, (2) aspen, and (3) white spruce. A portion of the 
Alaska Railroad is shown at (4). Scale is about 420 feet per inch. 


Figure 14—USDA panchromatic stereogram from Del Norte County, Calif. En- 
closed trees are primarily redwood, with lesser numbers of Douglas-fir, spruce, 
and hemlock. Clear stereo-viewing is hindered by the heavy displacement of 
trees, some of which are 250 to 300 feet tall. Scale is about 1,667 feet per inch. 


Figure 15.—USDA panchromatic stereograms from Jackson (above) and Clarke 
Counties, Miss. At (1) is a natural stand of longleaf and slash pines; loblolly- 
shortleaf pines are pictured at (2) and leafless upland hardwoods at (3). Scale is 
about 1,667 feet per inch. 
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If your answers match those listed below, you may continue. If not, review paragraph 1303 
before continuing. 


(a) (b) 
ees as 67 *2+3%44+15 
216*2+3%*4415 


432+124+15=459 


(c) (d) 
7.5% 102 (23)? =(8)* = 64 
(x) 5 * 103 or 
3.75 * 10° (23)? = (2)? =2° = 64 


Let us continue to learn our rules. 


WRule - Any factor of a fraction (numerical or literal) may be transferred from the 
numerator to denominator, or vice versa, by changing the sign of the exponent. 


Examples: 
(a) (b) 
1 a 
we eit re 
2 — 1 
w=32 2 111 ar =a 
Try this challenge. 
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Figure 146.—USDA panchromatic 


stereograms from Columbia 
(above) and Sevier Counties, 
Ark. Two loblolly pine plan- 
tations are pictured at (1), 
while the mountainous terrain 
at (2) supports a mixture of 
upland hardwoods and short- 
leaf pine. Scale is about 1,667 
feet per inch. 


Figure 17—USDA panchromatic 


stereograms from _ Bolivar 
County, Miss. The fine-tex- 
tured stand at (1) is willow 
and cottonwood growing on a 
recent deposition of sand and 
silt. At (2) is a stand of bot- 
tom-land hardwoods, i.e., oaks, 
gums, maples, and other wet- 
site species. Scale is about 
1,667 feet per inch. 


Figure 18—USDA panchromatic stereograms from Lafayette County, Ark. Pure 
stands of southern cypress are shown at (1); the irregular and somewhat star- 
shaped crowns of this species can be clearly discerned against the water. At (2) 
is a mixture of cypress and tupelo gum, while a pure stand of tupelo gum is 
pictured at (3). Scale is about 1,667 feet per inch. 


quately treated in several readily available publi- 
cations (7, 17, 18), it will not be reviewed here. 

General Land Office (GLO) plats—Most of the 
United States west of the Mississippi River and 
north of the Ohio River, plus Alabama, Missis- 
sippi, and portions of Florida, was originally sub- 
divided under the U.S. Public Land Survey. 
Township, range, and section lines are often visible 
on aerial photographs. If enough such lines and 
corners can be identified, GLO plats can be con- 
structed for use as base maps from field notes 
available at State capitals or county offices. To do 
this, a GLO plat showing sections, quarter sections, 
and forties is drawn to average photo scale from 
field notes. As many as possible of the same lines 
and corners are pinpointed on the aerial photo- 
graphs, preferably arranged in a systematic frame- 
work throughout the forest property. Ownership 
maps, county highway maps, and topographic 
quadrangle sheets may help to identify such cor- 
ners, but additional points must usually be found 
by taking the photographs into the field. The 
accuracy of this method depends upon the number 
of grid lines and corners which can be pinpointed 
on the aerial photographs. The ee dam de- 
scribed is adapted from Johnson (7). 


When photo interpretation of forest types has 
been completed, the detail is transferred to the 
plat, one square of the grid being completed at a 
time. If the plat and a are of the same 
scale, transfer can be made by direct tracing on a 
light table; where scales differ, a vertical sketch- 
master is recommended (fig. 19). By moving this 
instrument up or down on its adjustable legs, maps 
can be drawn at scales of seven-tenths to one and 
one-half times the scale of the contact print. The 
sketchmaster accommodates a single, annotated 
print, which is placed face up on the platform 
under a large mirror. Photo images are reflected 
from the large mirror to a semisilvered mirror in 
the eyepiece housing. The semitransparent eye- 
piece mirror thus provides a monocular view of the 
reflected photo image superimposed on the base 
map. When the grid points on photograph and 
map have been matched, the transfer of detail 
becomes a simple procedure (fig. 20). ; 

Topographic and county maps.—Topographic 
quadrangle sheets and county highway maps are 
often useful in preparing base maps and napus” 
ing features on aerial photographs. When avail- 
able, 74-minute advange maps at a scale of 
1: 24,000 provide excellent base maps, and can be 
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Figure 19.—Vertical sketchmaster for transferring detail from single contact prints to a base map. A semisilvered 
eyepiece mirror enables the operator to view photograph and map simultaneously. (Courtesy of Aero Service 


Corporation.) 


purchased for about 30 cents per copy. Maps for 
areas west of the Mississippi River, including all 
of Louisiana and Minnesota, can be purchased 
from 


U.S. Geological Survey 
Distribution Section 
Federal Center 
Denver, Colo. 80225 


For areas east of the Mississippi River, including 
Puerto Rico and the Virgin Islands, maps may be 
purchased from 


U.S. Geological Survey 
Distribution Section 
Washington, D.C. 20240 


Maps of Hawaii may be ordered at either ad- 
dress. All orders must be paid in advance. Other 
sources of topographic quadrangle maps are the 
Maps and Surveys Branch of the Tennessee Valley 
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Authority, Chattanooga, Tenn.; the Mississippi 
River Commission, U.S. Army Corps of Engineers, 
Vicksburg, Miss. ; and the U.S. Coast and Geodetic 
Survey, Department of Commerce, Washington, 
D.C. 

County maps, usually obtained from State high- 
way departments, may serve as base maps when 
a high level of accuracy is not required. They show 
township, range, and section lines, in addition to 
geographic coordinates (longitude and latitude) to 
the nearest 5 minutes. They are usually printed at 
a scale of about one-half inch per mile. Although 
bearings of section lines are not shown, such maps 
are more reliable than oversimplified plats showing 
idealized sections oriented exactly with the car- 
dinal directions. Portions of county maps can be 
enlarged to photo scale and sections subdivided 
into quarters or forties by proportionate measure- 
ment. These maps may be especially helpful in 
preparing GLO plats as previously outlined. 


23 


*exy ‘AQUNOD 2YIRID Ul SI 


BIIe VYJ, “AeJSVUYDIOYS [¥II7IOA 9Yy} YIM paiduios dew Surpuodsess0s pue ‘syurid YOSN 0961 Wor poyquiosse desoul OJ04G—OZ aanbBiy 


ee SQNOd ¥O S3yV7 
Ss== SWV3YLS TVINN3Y3d 


SS SWVENLS LNSLLINYSLNI 
—— savou live 
saqvoyw AYVONOD3S 


SQvVOu AYVWIdd 
—-— AVM-3O-SLHOIY 


S37IN 


fe) 


TviLN3qgis3y yo Nvaun[___] 
3unisvd ‘anv1dOwN 77 
anv 370) 

1S3Y04 GOOMGYVH Baya] 
1S3404 GOOMGYVH-3NId [Za] 


1S3YO04 3Nid 


QUYVHIYO 


» 


at 
i 
. 


24 


MEASURING AREAS 


Both aerial and ground cruising require accu- 
rate measurement of forest areas. Photographs 
offer an inexpensive means of making such deter- 
minations. In locations where photo scales are 
not appreciably altered by topographic changes, 
areas can be measured directly on contact prints. 
Greater accuracy is possible if forest types are 
transferred to soneect aa base maps before area 1s 
determined. This procedure is essential for moun- 
tainous terrain. On the other hand, if only rela- 
tive proportions of the forest types are needed 
and measurements are limited to the effective 
areas of contact prints, no bias results from using 
photographs, even when local relief ranges from 
500 to 1,000 feet (72,19). (This statement assumes 
that, for large tracts, errors in measurement of 
areas below the datum plane are compensated by 
errors of a similar magnitude above the datum 
plane.) Small tracts in rough topography should 
be measured on controlled maps. Measurement 
techniques are similar in both cases, so the proce- 
dures outlined for measuring area on photographs 
generally apply to map determinations. 

Devices for area measurement.—The principal 
devices for area measurement are polar planim- 
eters, transects, and dot grids. 

The planimeter is relatively expensive and its 
use somewhat tedious. The pointer is carefully 
run clockwise around the boundaries of an area 
two or more times (for an average reading). From 
the vernier scale, the area is read in square inches 
and then converted to the desired units, usually 
acres, on the basis of photo or map scale. 

The transect method is analogous to determining 
forest area by a strip cruise in which the chainage 
encountered in each forest type is recorded. An 
engineer’s scale is alined on the photographs to 
cross topography and drainage at approximately 
right angles. The length of each type along the 
scale is recorded to the nearest tenth of an inch. 
Proportions for each type are developed by relat- 
ing the total measure of that type to the total linear 
measure. For example, if six equally spaced 
parallel lines 6 inches long are tallied on a given 
photograph, the total transect length is 36 inches. 
If hardwoods are intercepted for a total measure 
of 7.2 inches, this particular type would be as- 
signed an acreage equivalent to 7.2+36, or 20 per- 
cent of the total area. The transect method is 
simple and requires a minimum of equipment. For 
making rough area estimates on photo index sheets, 
special transparent overlays for location of tran- 
sect lines can be improvised (9). 

Use of a dot grid is the preferred method for 
determining area on aerial photographs. A dot 
grid is a transparent overlay with dots systemati- 
cally arranged on a grid pattern. In use, the grid 
is alined with a straight-line feature to avoid posi- 
tioning bias, and then dots are tallied for each 


forest type (fig. 21). Type areas are calculated by 
proportions: the number of dots on a given type 
divided by the total number of dots counted yields 
a percentage value that is multiplied by the total 
area to obtain the acreage of the type. If total 
acreage is not known, the number of acres per 
square inch is determined. This figure is then 
divided by the number of dots per square inch to 
find the acreage represented by each dot. 
Intensity of dot sampling—The number of dots 
that must be counted for a given accuracy depends 
upon the estimated proportion of the total area 
occupied by the most important classification to be 
recognized. For example, suppose area break- 
downs are needed for 10 square miles photo- 
graphed at a scale of 1: 15,840. Estimated pro- 
portions of each area classification are as follows: 
forest, 25 percent; agricultural lands, 60 percent; 
urban areas, 10 percent; and rivers and lakes, 5 
percent. If the most important category is agri- 
cultural land, the dot grid intensity would be cal- 
culated on this basis. If the population being 
sampled is large, the number of samples may be 
computed by a formula based on the binomial 


distribution : 
t 2 
n=p1—p) | + | 


Where: n=total number of samples (dots) to be 
counted. 
p=estimated proportion of the total area 
in the most important type classifi- 
cation (0.60 in this case). 
¢=a constant denoting the reliability of 
the estimate or level of statistical sig- 
nificance (the value 1.96 used here 
denotes a statistical probability of 
being correct 95 times in 100). 
#=maximum permissible error, ex- 
pressed as a percent of total area. 
(In this case, +2 percent or 0.02.) 
Substituting the above values, we get: 


2 
n=0.60(1—0.60) [aos | —2,305 dots 


Thus if we are correct in the assumption that 
the true percentage of agricultural land is 60, then 
2,305 dots should be spaced over the total area to 
insure a 95-percent probability of obtaining an 
estimated proportion lying between 58 and 62 per- 
cent. At the specified photo scale of 1: 15,840, 
the total print area represented by 10 square miles 
would be 160 square inches. Therefore, the num- 
ber of dots needed per square inch would be 2,305 
160, or about 14. Here, it would be most. expedi- 
ent to select a square-spaced grid having 16 dots 
per square inch. 
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Figure 21.—Dot grid positioned over part of an enlarged USDA 
print for acreage determination. The delineated stand contains 
about 25 acres. Photo scale is 660 feet per inch. 


The principal drawback to the formula method A grid with 16 dots per square inch will still 


is that a prior knowledge of p is required, which 
is actually the value being sought. By definition, 
however, p always lies between 0 and 1, and it can 
be shown that p(1—p) reaches a maximum value 
of 0.25 when p is set at 0.50 or 50 percent. There- 
fore, the equation may be revised to read : 


Spor 
n=0.25 [= 


And, substituting values from the 


; previous 
solution : 


1.96} : 
n=0.25 [az] =2,401 dots, an increase of 96 dots 


over the first estimate. 
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be adequate for the desired degree of accuracy 
(16 X 160=2,560 dots). 

For areas of 1,000 acres or less, grids with 
closely spaced dots are needed. Grids with 64 
dots per square inch are commonly used with 
1:20,000 photographs. As 1 square inch equals 
63.77 acres at photo scale, each dot represents 0.996 
acres. For 1: 15,840 photography (40 acres per 
square inch), grids having 40 dots per square inch 
are available. It is not essential, of course, that 
a separate grid be used for each photo scale or that 
the number of dots per square inch be equal to the 
acreage per square inch. Wherever feasible, the 
preceding equation should be used to determine 
the grid intensity. 


TREE HEIGHT, CROWN DIAMETER, AND CROWN CLOSURE 


Tree Height 


Tree heights are commonly determined on aerial 
photographs by measuring either stereoscopic 
parallax or shadow lengths. Though more diffi- 
cult for the beginner, the parallax method is 
faster, requires fewer calculations, and is more 
adaptable to a variety of stand conditions. Any- 
one who can use a stereoscope can train himself 
to measure stereoscopic parallax, and even the 
occasional interpreter will find this method of 
measuring heights advantageous. 

Shadow-length measurements are reliable only 
in open-grown stands where individual shadows 
fall on level ground. Accurate measurement is 
almost impossible in dense, irregular stands or on 
slopes. Furthermore, the conversion of shadow 
length to tree height is complex in comparison to 
the conversion oF parallax measurements. For 
these reasons only the parallax method will be 
discussed. Foresters interested in details of 
shadow-height calculations should refer to John- 
son’s article (8), which includes a special form 
for making tree-height conversions. 

The concept of parallax—The Manual of 
Photogrammetry (1) defines parallax as “the ap- 
parent displacement of the position of a body with 
respect to a reference point or system, caused by 
a shift in the point of observation.” In measuring 
object heights on stereoscopic pairs of aerial 
photographs, two types of parallax must be meas- 
ured or approximated—the absolute and the dif- 
ferential. The absolute stereoscopic parallax of a 

oint is “the algebraic difference, parallel to the air 

ase, of the distances of the two images from their 
respective principal points” (/8). The parallax 
difference, or differential parallax, of an object 
being measured for height determination is the 
difference in the absolute stereoscopic parallax at 
the top and the base of the object, measured parallel 
to the air base or flight line. 

The formula for converting parallax measure- 
ments to tree height on aerial photographs is: 


_HxXdP 
~ P+dP 
where h=height of object 
H=altitude of aircraft above ground datum 
P=absolute stereoscopic parallax at base of 


object being measure 
dP= differential parallax 


If object heights are to be determined in feet, 
the height of the aircraft (/7) must also be in feet. 
Absolute stereoscopic parallax (P) and differen- 
tial parallax (dP) must be expressed in the same 
units; ordinarily, these units will be thousandths 
of inches or hundredths of millimeters. 

The height of the aircraft above ground datum 


is calculated from the basic scale formula, trans- 
posed to the more convenient form: Flight altitude 
(71) =focal length X scale denominator. With 
photographs of 1:20,000 scale and a camera of 
8.25-inch focal length, the flight altitude would be 
0.6875 X 20,000= 13,750 feet. 

In flat terrain, the average photo base length 
is ordinarily substituted as the absolute stereo- 
scopic parallax (P). If the ground elevation at 
the base of the tree being measured differs from the 
elevation of the principal points by more than 200 
or 300 feet, however, the following method (77) 
should be used to calculate a new value for P: 


1. Orient the stereo-pair with flight lines superim- 
posed and images separated about 2.2 inches. 
Clip down photographs. 

Measure the distance between the two principal 
points to the nearest 0.01 inch with an engineer's 
scale. 

. Measure the distance between corresponding 
images on the two photographs at or near the 
base of the tree to the nearest 0.01 inch. 

Subtract (3) from (2) to obtain the absolute 
stereoscopic parallax at the base of the tree. 


w 


=. 


- 


Differential parallax (dP) is usually measured 
stereoscopically with either a parallax wedge or 
parallax bar, employing the “floating mark” prin- 
ciple. Such instruments are discussed in the sec- 
tion that follows. The concept of differential 
parallax can be illustrated by direct measurement 
of severely displaced images such as in the large- 
scale stereogram of a water tank in figure 22. 
With a photo scale of 1: 7,800 and a camera focal 
length of 6 inches, flight altitude above ground 
(77) is computed as 0.5 X 7,800 or 3,900 feet. Aver- 
age photo Fas length (7?) for the stereo-pair is 
3.70 inches. 

Absolute stereoscopic parallax at the base and 
top of the water tank is measured parallel to the 
line of flight with an engineer’s scale; the dif- 
ference (2.27—2.13 inches) is dP, the differential 
parallax of the displaced images. As the tank is 
somewhat tapered in form, measurements were 
made at the midpoint of the base and vertically 
above this position at the center of the top. Sub- 
stituting in the parallax formula: 


3,900 0.14 546.00 
3.70+0.14 3.84 


Height of tank (h)= =142 feet 


Parallax wedges.—Parallax wedges are usually 
printed on transparent film or glass. The basic 
design consists of two rows of dots or graduated 
lines beginning about 2.5 inches apart and con- 
verging to about 1.8 inches apart. The gradua- 
tions on each line are calibrated for making paral- 
lax readings to the nearest 0.002 inch. The “train- 
ing wedge” in figure 23 is graduated for reading 
to the nearest 0.01 inch only. 
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Figure 22.Large-scale stereogram showing an industrial plant and heavily displaced water tank. Measurements of 
stereoscopic parallax shown can be used to determine height of the tank above ground. (Courtesy of Abrams 
Aerial Survey Corporation.) 


Figure 23.—Parallax wedge correctly oriented over a large-scale stereogram of 
a railroad trestle. Graduations on right-hand row of dots refer to separation 
of the converging lines in inches. (Courtesy of Abrams Aerial Survey 
Corporation.) 
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Figure 24.—Modern mirror stereoscope with inclined magnifying binoculars. Positioned across the two photographs 
is a parallax bar (stereometer) for measuring heights of objects. (Courtesy of Wild-Heerbrugg Instruments, Inc.) 


The parallax wedge is placed over the stereo- 
scopic image with the converging lines perpen- 
dicular to the line of flight and adjusted until a 
single fused line of dots or graduations is seen 
sloping downward through the stereoscopic image. 
If the photo images are separated by exactly 2 
inches, a portion of the parallax wedge centering 
around the 2-inch separation of converging lines 
will fuse and appear as a single line. The line 
will appear to split above and below this section. 
Using the fused line of graduations, the differ- 
ential parallax is obtained by counting the number 
of dots or intervals between the point where a 
graduation appears to rest on the ground and the 
point where a graduation appears to “float” in the 
air at the same height as the top of the object. In 
figure 23, for example, the dot resting on top of 
the railroad trestle yields a reading of 2.22 inches. 
When this value is subtracted from a ground read- 
ing of 2.26 inches, dP is determined as 0.04 inches. 
If flight altitude (H) of 4,000 feet and a 
photo base length of 3.56 inches, the parallax 
formula yields: 


4,0000.04 160.00 
3.56+0.04 3.60 


Height of trestle (h) = 44 feet 


The interpreter should remember that the degree 
of stereoscopic parallax normally encountered on 
1:12,000 to 1:20,000 USDA photographs is much 
less than that illustrated here. Nevertheless, the 


principle and the methods of measurement are 
exactly the same. Where / is large in relation to 
dP, tables 2 and 3 can be used as shortcut approxi- 
mations in converting parallax measurements to 
object heights on USDA photographs. 

The parallax bar—This instrument is more ex- 
pensive than the parallax wedge and yields results 
of comparable accuracy. But many interpreters 
prefer the parallax bar because the floating dot is 
movable and thus easier to place on the ground 
and at crown levels. A parallax bar designed to 
measure heights with a mirror stereoscope is 
shown in figure 24. 

The bar has two lenses attached to a metal frame 
that houses a vernier and a graduated metric scale. 
The left lens contains the fixed reference dot; the 
dot on the right lens can be moved laterally by 
means of the vernier. The bar is placed over the 
stereoscopic image parallel to the line of flight. 
The right-hand dot is moved until it fuses with 
the reference dot and appears to rest on the ground 
at the base of the tree. The vernier reading is 
recorded to the nearest 0.01 millimeter. The 
vernier is then turned until the fused dot appears 
to “float” at treetop level, and a second reading 
recorded. The difference between the readings 
is the parallax difference (dP) in millimeters. 
This value can be substituted in the parallax for- 
mula without conversion if the sbeolite parallax 
(P) is also expressed in millimeters. 

Accuracy of height measurements.—Accuracy in 
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If your answers match the following, you may continue. If not, review the material in paragraph 
1303 that address the rule for transferring factors. 


(a) 
(c) 


(b) 


m4 


3 6y 


= = 0.666... = 726 


Lets look at the next few rules that pertain in general to exponent law. 


WRule - All numbers are understood to have an exponent of 1. 


Example: 


222° 


WRule - Any number divided by itself equals 1. 


Example: 


WRule - Any number raised to the zero power = 1. 


Example: 


Note: 


ba] =¢" Sa°S1 (a+0) 


This rule does not apply to the number zero to the zero power since division by 
zero is considered undefined. 


To ensure your understanding of the general rules, translate the equations in the following 
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TaBLE 2.—Parallaz-wedge conversion factors for 
wedges reading to 0.002-inch parallax (dP)' 


Object height in feet per 0.002 inch of dP, 

Photo at flight altitudes of — 
base 
_(P) 

(inches) | 6,000 8,000 | 10,000 | 12,000 


feet feet feet feet feet 


oo 

i] 

1 

' 

' 

' 

! 

' 
$9.29 09 99 9 99 99.09. G9. 09 Yh HH A 
CHR NWRADNOOCH WROD 
PP PR RRA ROOM 
CPMNWORANWDONWUNOR 
AAA ANAM A AAP ONINN 
CR WORONORN ERATOR PAI 
PDA DD N NIN N90 90 90 G0 
CRM WANDWOWUINOWDON 
NNNNN®MMMDOOSSS 
SCHRAWDONUAINOWROP OO 


1To use table, measure parallax difference (dP) of 
object to nearest 0.002-inch (as 0.016 or 8 dot intervals 
on wedge). If average photo base (P) is 3.6 inches and 
flight altitude is 14,000 feet, the table value of 7.8 is 
—— by the 8 dot intervals for an object height of 
62 feet. 


TasBLE 3.—Parallaz-bar conversion factors for use 
with devices reading to 0.01-mm. parallax (dP)' 


Object height in feet per millimeter of dP 


Photo at flight altitudes of— 
base 
_(P) 
(inches) | 6,000 8,000 10,000 | 12,000 | 14,000 
feet feet feet feet feet 
2G on Sos 90 119 149 179 209 
SP ea pee Nm ne 86 115 144 172 201 
A. Se ee 83 11 139 166 194 
20 sates 80 107 134 161 187 
| Manet 78 104 130 155 181 
S.1. 2... 75 100 125 151 176 
3.2 73 97 122 146 170 
3.3 71 . 94 118 142 165 
3.4 69 92 114 137 160 
3.5 67 89 111 133 156 
3.6 65 87 108 130 152 
ty Peete 63 84 105 126 147 
33 ei 62 82 103 123 144 
a 60 80 100 120 140 
yo | jaa! 58 78 97 117 136 


1To use table, measure parallax difference (dP) of 
object to nearest hundredth of a millimeter (as 0.57 mm., 
for example). If average photo base (P) is 3.1 inches and 
flight altitude is 12,000 feet, the table value of 151 is 
multiplied by 0.57 for an object height of 86 feet. 


measuring total heights of trees and stands de- 
pends upon a number of factors, not the least of 
which is the interpreter’s ability to determine 
stereoscopic parallax. Usually interpreters can 
detect differences in parallax of about 0.002 inch, 
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or 0.05 mm., and this graduation interval is used 
on most parallax wedges. ‘ 

The interpreter who can detect a difference of 
0.002 inch of stereoscopic parallax will be able to 
stratify forest stands into 10-foot total height 
classes on contact prints of 1: 15,840 to 1: 20,000 
scales (18). Greater accuracy may be possible in 
flat terrain where photo scale changes are not 
pronounced and less skill is required in selecting 
the point for the base parallax reading. The 
ground parallax must be read on the same contour 
as the base of the tree. ‘ 

The interpreter should consider the following 
points to improve accuracy in height measure- 
ment: 


1. In rough terrain, a new photo scale and flight 
altitude should be calculated for each overlap. 
For stands on high ridges or in deep ravines, 1t 
is better to calculate new values for absolute 
stereoscopic parallax than to use the average 
photo base length. 

2. Once a pair of photographs have been alined 
for stereo-viewing, they should be fastened 
down. A slip of either photograph between the 
parallax reading at the base and the top of a 
tree may cause highly inaccurate height read- 
ings. 

3. To avoid single measurements of high variabil- 
ity, several measurements should be made of the 
same tree or stand and the results averaged. 


Tree Crown Diameter 


For most conifers and many hardwoods, tree 
crown diameter is related to stem diameter. It is 
thus a useful photographic measurement when 
estimating individual tree volumes or stand-size 
classes. Actual determination of crown diameter 
is a distance measurement, somewhat complicated 
by the small sizes of tree images and the effects of 
crown. shadows. 

Crown diameters are measured with either 
wedges or dot-type scales reading in thousandths 
of an inch. With a crown wedge, the diverging 
lines are placed tangent to both sides of the crown 
for making the reading. Dot-type scales have 
circles of graduated sizes for direct. comparison 
with tree crowns (fig. 25). For converting meas- 
urements, the scale of photography is calculated 
in feet per thousandth of an inch. At 1: 20,000, 
each 0.001 inch of crown measure equals 1.667 feet. 
A reading of 0.010 inch would imply a crown diam- 
eter of 17 feet (table 4). 

Tree crowns are rarely circular, but, because 
individual limbs are often invisible on aerial pho- 
tographs, they usually appear roughly circular or 
elliptical. Since only the parts visible from 
above can be evaluated, photo measures of crown 
diameter are often lower than ground checks of 
the same trees. Nevertheless, most interpreters 
can determine average crown diameter with rea- 
sonable precision if they take several readings. 


CROWN DIAMETER SCALE 
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NUMBERS INDICATE DOT SIZE IN THOUSANDTHS OF AN INCH 


Figure 25.—Dot-type scale for measuring crown diame- 
ters. Such scales are usually printed on transparent 
film. 


Obviously, crown diameter measurements of in- 
dividual trees are most accurate in open-grown 
stands. In dense stands, measurements are gen- 
erally confined to determination of an average for 
the dominant trees. Crowns of mature conifers 
can usually be classified into 5-foot classes without 
difficulty (78). 


Tree Crown Closure 


Crown closure percent, also referred to as crown 
density, is the proportion of the forest canopy 
occupied by trees. Crown density may refer to 
all crowns in the stand regardless of canopy level 
or only to the dominants. Estimates are purely 
ocular, and stands are commonly grouped into 
10-percent density classes. Printed density scales 
(fig. 26) may aid the interpreter, though the pat- 
terns of black dots on a white background bear 
little resemblance to photographic images of trees. 
Comparative stereograms illustrating various 
stand densities have also proved useful (fig. 27). 

Evaluation of crown closure is much more sub- 
jective than the determination of tree height or 
crown diameter. Actual measurement is virtually 
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Figure 26—Density scale for comparison with photo 
images in estimating crown closure percent. 


impossible on most USDA photographs, and 
accuracy is thus dependent on the interpreter’s 
judgment. Inexperienced interpreters tend to 
overestimate closure by ignoring small stand open- 
ings or including portions of crown shadows. 
Devices for checking closure on the ground fail 
to provide estimates that are truly comparable to 
those made on vertical photographs. Thus the 
neophyte must rely on practice, checked by skilled 
interpreters, to develop proficiency. 

Crown closure is useful because of its relation to 
stand volume per acre. It is applied in lieu of 
basal area or number of trees per acre, as these 
cannot be accurately determined on available pho- 
tography. Measurements of crown diameter and 
estimates of closure should always be made under 
the stereoscope. 

Tree counts—Complete tallies of individual 
trees can seldom be made accurately on available 
USDA photographs. In dense stands, suppressed 
trees and many intermediates cannot be seen. 
Clumps of two or three trees often appear as single 


TaBLE 4.—Actual crown widths for various photo-crown widths and photo scales 


Photo crown width 1:10,000 1:12,000 1:15,840 1:18,000 1:20,000 1:24,000 
(thousandths of an inch) or 833 or 1,000 or 1,320 or 1,500 or 1,667 or 2,000 
ft./in. ft./in. ft./in. *ft./in. ft./in. ft./in. 
Feet Feet Feet Feet Feet Feet 

EN a et eG oe a eee ee 2 4 5 
DMO ati ao sess a oe ee ee 4 5 7 8 8 10 
(Se ee ee et RS 6 8 10 1l 13 15 
LL nee alert NLT 2's exons 8 10 13 15 17 20 
1) ae ee ae Sea ee 10 13 17 19 21 25 
OS Sa aca hn on es Se os 12 15 20 23 25 30 
Uy a Ce ec se Te eee 15 18 23 26 29 35 
QO ooo a ae eeonon. 17 20 26 30 33 40 
2: EE SS Sa EL eS oe 19 23 30 34 38 45 
(1) ie a eee ee ee, 21 25 33 38 42 50 
715) SI Le EP ns oven SER eae 23 28 36 41 46 55 
US. 3-3 eee eee ee ee 25 30 40 45 50 60 
5 se a ee ee Ee CI eee pee ere 27 33 43 49 iS) |e ese 
oh i a eee eee 29 35 46 53 De ee ee es 
6 ee SA ee, eee 31 38 50 56 od ee 
2 ee ee oe ES le 33 40 53 60 A oe Se See 
ies el a 2 ME Soe, We 35 43 rie Se, 3. A PE ao eee S08 ee See 
1 LO Sele 2, Oe eee es eee eae 37 45 Fi Ae Se EE! ON SE SRE lr. 1 ee 
8S Se ae eae RI Se 40 48 oh EES Se ee ee ee Pee nee 
DUM so Yak Poe eeu ee deees 42 50 1 | eee ee TE te es ee PO eee Se 
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crowns, and ragged individual crowns may look 
like two trees. Only in even-aged, open-grown 
forests can all trees in a stand be separated. 
Counting all trees on a plot is tedious, and this 


measure of density is seldom used. Where large- 
scale photographs are available (1:1,000 to 
1: 5,000), individual-tree counts may be much 
more reliable. 


AERIAL CRUISING 


Individual Tree Volumes 


Ordinary tree volume tables can be easily con- 
verted to aerial volume tables when correlations 
can be established between tree crown diameters 
and stem diameters (0). The photographic de- 
terminations of crown diameter and total tree 
height are merely substituted for the usual field 
measures of stem diameter (d.b.h.) and merchant- 
able height, respectively (fig. 28). Photographic 
measurements are usually limited to well-defined 
open-grown trees, and crown counts are required 
to obtain total volume for a given stand of timber. 

The construction and application of aerial tree 
volume tables depends on a well-established rela- 
tionship between photographic measures of crown 
diameter and ground determinations of tree d.b.h. 
Such relationships can often be established for 
individual species or species groups, notably even- 
aged conifers in the middle diameter classes (78). 
By contrast, stem-crown diameter correlations 
rarely have been used for estimating volumes of 
mixed hardwoods. 

The aerial tree table (table 5) provides volumes 
in terms of gross cubic feet. In making an aerial 
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Figure 28.—Comparison of ground and photographic 
ny ma aaa in the determination of individual tree 
volumes. 


cruise, photographic measurements may include 
all trees on 0.2- to 1-acre circular plots, or stands 
may be delineated according to height classes for 
determination of the average tree per unit area. 
In the latter instance, a tree count must be made to 
obtain the total stand volume. 

In general, the individual-tree approach to 
aerial crusing is of limited value when the inter- 

reter is restricted to use of 1: 12,000 to 1: 20,000 

SDA photographs. At this scale, images are 
usually too small for accurate assessment of indi- 
vidual trees. 


Stand Volume Per Acre 


If recent photographs and reliable aerial stand- 
volume tables can obtained, average stand 
volume per acre can be estimated with a minimum 
of field work. Estimates are made in terms of 
gross volume, as amount of cull or defect cannot 
be adequately evaluated. Even-aged stands of 
simple species structure are best suited for this 
type of estimating, especially if gross and net vol- 
umes are essentially identical. All-aged stands 
of mixed handneote are more difficult to assess, 
but satisfactory results can be obtained if field 
checks are made to adjust the pope esti- 
mate of stand volume per acre and to determine 
allowance for defect. ‘Though volumes from pho- 
tographs cannot be ecieiaed by species and diam- 
eter classes, total gross volumes for areas as small 
as 40 acres can be estimated within 10 to 15 percent 
of volumes derived from conventional ground 
cruises (13). 

Most aerial stand-volume tables for mixed 
species are constructed in terms of cubic feet per 
acre. Tables for species in pure stands, such as 
Douglas-fir, may be expressed either in board feet 
or cubic feet per acre. Three photographic meas- 
urements of the dominant stand are generally re- 
quired for entering an aerial stand volume table: 
average total height, crown diameter, and crown 
closure percent. 

Aerial volume tables have been constructed for 
many of the important timber associations in the 
United States. Included here are tables for 
Douglas-fir (table 6), Rocky Mountain conifers 
(table 7), and Kentucky hardwoods (table 8). 
Composite tables, applicable in mixed stands, are 
presented for northeast Mississippi (table 9) and 
for northern Minnesota (table 10). Crown diam- 
— was eliminated as a variable in tables 6 and 
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TABLE 
southern pines ' 


5.—Volumes of individual second-growth 


Crown Total tree height, in feet 
diam- 
eter 
class 50 60 70 80 90 100 | 110 
(feet) 
Cu. Cu. Cu. Cu. Cu. Cu Cu. 
tt, ft. ft. ft. ft. FE ae ee 
10 255~ O00 PLES fe PRO) Fa) OG et 
4.242 12.5 | 145 | 16.5] 18.0 | 20.5 | 22.5 |___._ 
. 15.0 | 17.0 |.19..0 | 23.5 | 25.0. | 27.5 | 30.5 
i 17.5 | 20.5 | 24.0] 27.5 | 30.5 | 33.0 | 36.0 
1B oe ee 23.5 | 27.0] 30.5 | 345 | 38.0] 42.5 
pe ee 28.0 | 33.5 | 36.0 | 40.0] 45.5 | 49.0 
5) Ee epee 32.5 | 37.0 | 42.5 | 46.5 | 52.0 | 57.5 
pt Ree eee 37.0 | 42.5 | 48.5 | 54.5 | 60.0 | 66.0 
(a | ora 42.5 | 47.5 | 54.0 | 61.0] 67.5 | 75.5 
ve anya eee Sores) es a 53.0 | 60.5 | 70.5 | 76.0 | 83.0 
Cees cil Lateral PS 60.5 | 68.0} 78.0] 85.5 | 94.5 


1 Based on 342 trees in Arkansas, Lousiana, and Mis- 
sissippi. Gross volumes are inside bark and include the 
merchantable stem to a variable top averaging 6 inches 
i.b. Reprinted from (4). 


One of the several procedures for making aerial 
volume estimates is as follows: 


1. Outline tract boundaries on the photographs, 
utilizing the effective area of every other print 


in each flight line. 


This assures stereoscopic 


coverage of the area on a minimum number of 
photographs and avoids duplication of measure- 
ments. 

. Delineate all forest types. Except where type 
lines define stands of relatively uniform stock- 
ing and total height, they should be further 
broken down into homogeneous units so that 
measures of height, density, and crown diam- 
eter will apply to the entire unit. Generally it 
is unnecessary to recognize stands smaller than 
5 to 10 acres. 

. Determine the acreage of each condition class 
with dot grids. This determination can often 
be made on contact prints. 

. By stereoscopic examination, measure the vari- 
ables for entering the aerial stand volume table. 
From the table, obtain the average volume per 
acre for each condition class. 

. Multiply gross volumes per acre from the table 
by condition class areas to determine gross 
volume. 

. Add class volumes for the total gross volume 
on the tract. 


A practical application is illustrated by the 
stereogram in figure 29 and the corresponding 
cordwood volume summary. In this particular 
inventory, hardwood components in each stand 
were ignored, and estimates were derived only for 
pine timber. The aerial cruise, fortified by fre- 


TaBLE 6.—Aerial stand volume per acre values! for even-aged Douglas-fir in the Pacific Northwest 


Stand height ? (feet) 


15 25 35 

Cu. ft’ | Cu. ft. 
800 1, 100 

1, 100 1, 500 
1, 500 2, 000 
1, 900 2, 500 
2, 400 3, 100 
2, 800 3, 800 
3, 300 4, 500 
3, 900 5, 200 
4, 500 6, 000 
5, 100 6, 800 
5,700 | 7,700 
6, 400 | 8, 600 
7, 100 9, 600 
7,900 | 10, 600 
8, 700 | 11, 700 
9, 500 | 12, 800 
10, 400 | 14, 000 
11, 300 | 15, 200 
12, 200 | 16, 500 
13, 200 | 17, 800 
14, 200 | 19, 200 
15, 200 | 20, 600 
16, 300 | 22, 100 


Crown closure percent 3 


45 55 65 75 85 95 
Cu. ft. | Cu. ft. | Cu. ft. | Cu. ft. | Cu. ft. | Cu. ft. 
1,300 | 1,400} 1,500/ 1,500] 1,400 1, 300 
1,800 | 2,000} 2,100/ 2,200] 2,100 2, 000 
2,400 | 2,700] 2,900] 3,000} 2,900 2, 800 
3,100 | 3,400} 3,700 | 38,900 | 3,900 3, 800 
3,800 | 4,300] 4,600] 4,800} 4,900 4, 900 
4,500 | 5,200] 5,600] 5,900} 6,100 6, 100 
5,400 | 6,100] 6,700] 7,200] 7,400 7, 500 
6,300 | 7,200) 7,900} 8,500) 8, 800 9, 000 
7,300 | 8,300] 9,200] 9,900 | 10,300] 10,600 
8,300 | 9,500 | 10,600 | 11,400 | 12,000} 12,400 
9, 400 | 10, 800 | 12,100 | 13, 000 | 13,800 | 14, 300 
10, 500 | 12,200 | 13,600 | 14,800 | 15,700 | 16, 300 
11, 800 | 13, 600 | 15,300 | 16,600 | 17,700 | 18, 500 
13, 000 | 15, 200 | 17, 000 | 18, 500 | 19,800 | 20, 800 
14, 400 | 16, 800 | 18, 800 | 20, 600 | 22,000 | 23, 200 
15, 800 | 18, 400-| 20, 800 | 22,700 | 24,400 | 25, 700 
17, 300 | 20, 200 | 22, 800 | 25, 000 | 26,900 | 28, 400 
18, 800 | 22, 000 | 24,900 | 27, 400 | 29,500 | 31, 300 
20, 400 | 23,900 | 27,100 | 29, 800 | 32,200 | 34, 200 
22, 000 | 25,900 | 29,300 | 32,400 | 35,100 | 37,300 
23, 800 | 28, 000 | 31,700 | 35, 100 | 38,000 | 40, 600 
25, 600 | 30, 100 | 34, 200 | 37,900 | 41,100 | 438, 900 
27, 400 | 32,300 | 36,700 | 40,800 | 44,300 | 47, 400 


1 Gross volume, in trees 5.0 inches and larger, from stump to top limit of 4.0 inches diameter inside bark. 


ed from (14). 


Reprint- 


2 Average height of dominants and codominants as measured in the field. 
3 Average estimates of several experienced interpreters includes all trees in the major canopy (occasionally excludes 
small trees definitely below the general canopy). 
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TaBLE 7.—Aerial volume per acre for Rocky Mountain conifers ' 
4- TO 7-FOOT CROWN DIAMETER 


Average stand height 


Crown closure percent 


(feet) 
5 15 25 35 45 55 65 75 85 
Cu ft: | Cu fe | Cus | Cu. fis, | Cu, fe |\ Cu. fe | Cu fé& | Cun ft. <9 rol 
PE ee = Sie ep ais ene eee 100 300 450 550 650 750 850 

SS ae: 23 Ra Bee (5 EE eT 200 400 550 650 750 850 1, 000 4 200 
See Se ee ee 2 ae td 300 500 650 750 850 1, 000 1, 150 1 400 
oR eee 50 400 600 750 850 950 1, 100 1, 300 1 550 
Ree dics SMa ois a 100 500 700 850 1, 000 1, 150 1, 350 1, 600 1, 850 
[ie Si eae ge 200 600 850 | 1,050} 1,200] 1,400] 1,600] 1,850] 2,100 
LE aE 8 350 800 1, 100 1, 350 1, 600 1, 800 2, 000 2, 250 2, 500 
Rees Oa are nan 500 | 1,050] 1,400] 1,700] 1,950] 2,150] 2,350] 2,550] 2,800 

8- TO 12-FOOT CROWN DIAMETER 
LS RE eae ea ee Seat et see 150 350 500 600 700 800 950 1, 200 
1 Ae be ES a 250 450 600 750 850 950 1, 100 1, 300 
oa ne rap Sie SS SE eal 350 550 700 850 950 1, 050 1, 250 L 500 
1 EEE ee ae ee SR 400 650 800 950 1, 100 1, 250 1, 450 i, 700 
(SS Mey 100 500 700 950 1, 100 1, 250 1, 450 1, 700 1 950 
i ee RE ee 300 700 900} 1,100] 1,300] 1,500] 1,750] 2,000) 2,225 
(3) | OP SIR re erg eee eee oe ae 450 900 1,200 | -1, 500 1, 750 1, 950 2, 150 2, 350 2, 550 
i Sele Se ee rae ee 700 1, 200 1, 600 1, 900 2, 100 2, 300 2, 500 2, 700 2, 900 
[1 Sake Teiisierise | 900 | 1,600} 2,000} 2,300! 2,500| 2,700] 2,850] 3,000] 3,200 
ee a 1,200} 27000] 2)400] 2)700} 2)850} 3,000] 3,200] 3,400| 3,600 
oS Lerten 1,700 | 2500] 2)800} 3,100] 3,300] 3,450] 3,600] 3,800| 4,000 
i iS 2200 | 3,000| 3,300] 3,550] 3,750] 3,950| 4,150| 4,350] 4,550 

13- TO 17-FOOT CROWN DIAMETER 
SER ok lcs nace meer occa Sc nl cp orange 200 400 550 700 800 900 1, 050 1, 200 
Pine foes Se ah Pesbees 300 500 700 800 900 1, 050 1, 200 1, 500 
1) ee, sae meee 400 600 800 900 1, 000 L 250 1, 450 1, 700 
Beh a ntconwoneoawa 100 500 700 850 1, 000 1, 150 1 350 1, 600 1, 850 
1 ne oe ee 200 600 850 1, 000 1, 150 1, 350 1 600 1, 850 2, 100 
hal SRE eae 300 750] 1,000] 1,250] 41,500] 1,700] 1,900| 2,150! 2,350 
A ES. 500} 1,000} 1,300] 1,600! 1,850] 2,050] 2,250] 2,450] 2, 650 
ip) es Mae 750} 1,300} 1,700} 2,000! 2,200! 2,400] 2,600] 2,800] 3,000 
Bs tity bate baa owaee 1, 000 1, 700 2,100} 2,400 2, 600 2, 750 2, 900 3, 100 300 
7 eer as eames ere 1, 300 2, 100 2, 500 2, 750 2, 950 3, 150 3, 300 3, 500 3, 700 
eS a 2 1,800 | 2'600| 2)900| 3,200] 3,400} 3,600] 3,750] 3,900] 4,100 
‘ee is OS 2: 2;300 | 3,100] 3,450] 3,700| 3,900] 4,050] 4,200| 4'400| 4,600 
RES 5 SORE 5 2,800 | 3,600| 3,900] 4,150] 4,350] 4,500] 4,650| 4,850] 5,050 
(| LS SRE 3,300 | 4,100] 4400! 4600] 4,800] 5,000] 5,200] 5,400| 5,600 
(Nt el ae MPP Se 3,700| 4,500| 4,850] 5,150] 5,350] 5,550] 5,750] 5,950| 6,150 

18- TO 22-FOOT CROWN DIAMETER 
1 Aes i ae Rp SS | RS = coe ne 300 500 700 800 900 1, 050 1, 200 1, 400 
1 oS Sa aetna Rebeag ee e 400 650 800 900 1, 050 L 200 1, 400 1, 600 
LAL). Se Ctl ade Mk Se 100 500 750 900 1, 050 1, 200 1 400 1, 600 1, 800 
ee ie aa 200 600 850 1, 050 1, 200 1, 400 L 600 1, 800 2, 000 
7 ea ie eee ort 350 750 1, 000 1, 200 1, 400 1, 600 1 800 2) 050 2, 250 
2 EST OES 5 450 850} 1,150} 1,400] 1,650| 1,900] 2,100] 2)300| 2,500 
1 oe ae 650} 1,150} 1,500] 1,800] 2,050| 2)250] 2)450| 23650| 2,850 
Pe escribir 850 | 1,500] 1,900] 2,200] 2,400] 2,600] 2,750] 2,900] 3,100 
11 Sh SOIT 1,100} 1,900] 2,300] 2,550] 2,750] 2,900] 3,100] 3,300] 3,500 
_ ieee 1,600 | 2,400] 2,700] 2,950| 3,100| 3,250] 3,450] 3,650| 3,850 
ee ee eee 1,950) 2,750 3, 050 3, 300 3, 500 3, 700 3, 900 4, 100 4, 300 
17 2 RE ee eee AL * 2, 500 3, 300 3, 600 3, 850 4, 050 4, 250 4, 400 4, 550 4, 750 
Sheree 2,900 | 3,700! 4,050} 4,300| 4,500] 4,700] 4,850| 5,050] 5,300 
lb ERE ae ae eel 3, 400 4, 200 4, 500 4, 800 5, 000 5, 200 5, 400 5, 600 5, 800 
ae aE 3,900| 4,700] 5,000] 5,300| 5,500| 5,700] 5,900] 6,100] 6,300 
BOE Bi es Ao So 4, 600 5, 400 5, 800 6, 000 6, 200 6, 400 6, 550 6, 700 6, 850 
TE ee eon tet ee 5,200 | 6,000| 6,400| 6,600| 6,800] 7,000] 7,200] 7,400] 7,600 


TaBLE 7.—Aerial volume per acre for Rocky Mountain conifers '\—Continued 
23-FOOT AND LARGER CROWN DIAMETER 


Average stand height 


(feet) 
5 

Cu. ft. 

51) Se in Be OT. 100 
2S ee et 200 
1 eee eee Be 300 
/ i eae ee ees! 400 
BOSS. Janae eee 550 
GOs 5 eS ee 700 
GO =F ee. ee 850 
66522 SA 1, 200 
{| ae eyes aa © 1, 550 
1 | ete SE Le 2, 050 
80S os isons seams 2, 450 
BOs era doses mae aaa 2, 900 
OU 3° ts Bae ig Pe 3, 400 
DD ioe ie pas ha 3, 850 
BOOS ct apotes Meee 4, 400 
10béis.\. . enstacernee 5, 100 
10s gn scnseieed oes 6, 600 
WD: sees sorcse ra 6, 150 


Crown closure percent 


15 25 35 45 55 65 
Cu. fe) Cus sé& \ Cun fh, | CEse Case i Owe fe 
500 750 900 1, 050 1, 250 1, 450 
650 850 1, 050 1, 250 1, 450 1, 650 
750 1, 000 1, 200 1, 400 1, 600 1, 800 
850 1, 100 1, 350 1, 600 1, 800 2, 000 
1, 000 1, 300 1, 600 1, 850 2, 050 2, 250 
1, 200 1, 600 1, 900 2, 100 2, 300 2, 500 
1, 550 1, 950 2, 250 2, 450 2, 650 2, 850 
1, 900 2, 300 2, 550 2, 750 2, 900 3, 100 
2, 250 2, 650 2, 900 3, 100 3, 300 3, 450 
2, 750 3, 050 3, 300 3, 500 3, 650 3, 800 
3, 150 3, 450 3, 700 3, 900 4, 050 4, 200 
3, 600 3, 950 4, 200 4, 400 4, 550 4, 700 
4, 100 4, 400 4, 650 4, 850 5, 050 5, 250 
4, 550 4, 850 5, 150 5, 350 5, 550 5, 750 
5,100 | 5,400| 5,700] 5,900] 6,100] 6,250 
5, 800 6, 100 6, 400 6, 550 6, 700 6, 850 
6, 400 6, 700 6, 900 7, 050 7, 200 7, 350 
6, 900 7, 200 7, 400 7, 600 7, 750 7, 900 


75 


Cu. ft. 
1, 650 
1, 850 
2) 050 
2; 250 
2, 450 
2; 700 


85 


Cu. ft. 
1, 900 
2, 100 
2) 300 
2, 500 
2) 650 
2, 900 
3, 250 
3, 500 
3, 850 
4, 200 
4, 600 
5, 100 
5, 650 
6, 150 
6, 600 
7, 150 
7, 700 
8, 200 


95 


Cu. ft. 
2,150 
2) 350 
2, 550 
2, 750 
2, 850 
3, 100 
3, 450 
3, 700 
4, 050 
4, 400 
4, 800 
5, 300 
5, 850 
6, 350 
6, 800 
7, 300 
7, 850 
8, 350 


1 Based on 168 field plots taken in southeastern Idaho, southwestern Wyoming, and northeastern Utah. Aggregate 


deviation: 


Table 1.5 percent low. Standard error of estimate: + 48 percent of average plot volume. 


TaBLE 8.—Aerial volume per acre for Kentucky hardwoods ' 
10- TO 14-FOOT AVERAGE CROWN DIAMETER 


Reprinted from (11). 


Average stand height (feet) 


Crown closure percent 


15 25 35 45 55 65 75 85 95 
Cu. flay| Cur ftan| Cue fte>| sCusfi.o| “Cursies|( Cuige.. | Cust, | Cu. ft; | Cu. ft 
DO a hee ta ee 300 375 450 475 500 570 635 700 770 
1, is Ss ey aa Pr 350 425 500 550 600 650 700 750 800 
7) ee eee ee eae Roe 400 475 550 625 700 770 835 900 970 
Ne oir aa Scena Be ah 550 675 800 875 950 1, 035 1,115 1, 200 1, 285 
CO Fe eB gad Re oe ee 900 | 1,075 1,250} 1,325] 1,400] 1,470] 1,535] 1,600 1, 670 
15- TO 19-FOOT AVERAGE CROWN DIAMETER 
G1) Se ae ee ee Oe ee 350 400 450 500 550 620 685 750 820 
hee eee eee an See ne pie 400 450 500 575 650 720 785 850 920 
Pte ano cbc Jas pote a 3s ae 450 525 600 675 750 835 920 1, 000 1, 085 
OU wre = oer eee 600 725 850 950 1, 050 1, 100 1, 150 1, 200 1, 250 
7 ae Seer ERE Se a INS 1,000} 1,150! 1,300] 1,400] 1,500] 1,550] 1,600] 1,650| 1,700 
BUS = 4d. 5 8 abe cee 1, 500 1, 625 1, 750 1, 825 1, 900 1,970 2, 035 2, 100 2,170 
20- TO 29-FOOT AVERAGE CROWN DIAMETER 
AYES... wee, 5 Ae ae 500 625 750 850 950 1, 035 1,115 1, 200 1, 285 
|) i 600 750 900 1, 000 1, 100 1, 185 1, 270 1, 350 1, 435 
a sind OE ot as Rg 900 1, 050 1, 200 1, 275 1, 350 1, 420 1, 485 1, 550 1, 620 
Ota Se o> BES A 1,350] 1,475] 1,600] 1,675] 1,750} 1,820] 1,885) 1,950 2, 020 
SOLS eee ea Titans BABI 1,750 | 1,900] 2,050] 2,125| 2,200] 2,270] 2,335] 2,400] 2,470 
CU) Bee ee Se ee ee) 2, 220 2, 360 2, 500 2, 575 2, 650 2, 720 2, 785 2, 850 2, 920 
100) Dn eaeers sree ee ee 2, 700 2, 850 3, 000 3, 075 3, 150 3, 200 3, 250 3, 300 3, 350 


TaBLE 8.—Aerial volume per acre for Kentucky hardwoods '\—Continued 
30-FOOT AND LARGER AVERAGE CROWN DIAMETER 


Average stand height (feet) 


Crown closure percent 


15 25 35 45 55 65 75 85 95 
Cu. ft Cu. fi. | Cu.fts | Curfi»| Cast. | Cu. ft. | Cu.ft. | Cu. ft. | Cu. ft: 

850 | 1, 025 1,200} 1,275) 1,350 , 420 1,485} 1,550 1, 620 
1,050} 1,200} 1,350] 1,425] 1,500 1,570 | 1,635 1, 700 1, 770 
1,300 | 1,450} 1,600; 1,650/| 1,700 1,785 | 1,870} 1,950 2, 035 
1,700 | 1,850} 2,000) 2,075| 2,150] 2,220] 2,285) 2,350 2, 420 
2,150} 2,275| 2,400; 2,500) 2,600; 2,670} 2,735 | 2,800 2, 870 
2,600} 2,725] 2,850] 2,925] 3,000] 3,070} 3,135] 3,200 3, 270 
3,050 | 3,175] 3,300| 3,375} 3,450] 3,500] 3,550] 3,600 3, 650 
3,600 | 3,700| 3,800] 3,875] 3,950] 4,020] 4,085] 4,150 4, 220 


1 Gross volumes include the merchantable stems of all trees 5 inches d.b.h. and larger to a 4-inch top diameter i.b. 
Expanded from (14) by linear interpolation. 


TABLE 9.—Composite aerial volume per acre for northeast Mississippi ' 


Average stand height (feet) 


10-FOOT AVERAGE CROWN DIAMETER 


Crown closure percent 


15 25 35 45 55 65 75 85 95 
Cust. | Cu. ft.-| Cu. ft. | Cus ft | Cu ftt | (Cu. ft. | Cucft..| Cu. ft. | Cu. ft. 
Oo ceca sin was ee ee 190 310 430 560 690 810 940 | 1,060 1, 180 
BOB icociscmicca eee 230 380 530 690 840 990 | 1,140} 1,300 1, 450 
[RE Se ISTE RE OE BOS 260 440 620 800 980] 1,150] 1,330] 1,510 1, 680 
(re ee eae 300 500 690 890 | 1,090] 1,290] 1,490] 1,680 1, 880 
ee eee, 340 570 800} 1,030| 1,260} 1,490] 1,720{ 1,950 2, 180 
[ry 380 640 890} 1,140] 1,400] 1,650} 1,910] 2,160 2, 420 
15-FOOT AVERAGE CROWN DIAMETER 
(3) a 2 ee PY le er ea 210 350 500 640 780 930 | 1,070] 1,220 1, 360 
BND oh maasascs seo gerecirticna ee 260 430 610 780 950 | 1,180] 1,300] 1,480 1, 650 
(ie Te ee er ee 310 510 730 930] 1,140] 1,350] 1,550] 1,770 1,970 
6055 ei: 108. Se ee! ae 360 590 830] 1,070] 1,300] 1,550] 1,780] 2,030 2, 260 
7 eee ae are ee 400 660 940] 1,200] 1,460] 1,740] 2,000] 2,280 2, 540 
Qi SR MASA IS ONS 440 740 | 1,040] 1,330] 1,620] 1,930] 2,220] 2,530 2, 820 
Ct Sas Sees ee - 480 800 | 1,140] 1,450] 1,770] 2,100] 2,420] 2,760 3, 070 
20-FOOT AVERAGE CROWN DIAMETER 
270 450 630 820] 1,000] 1,190] 1,370] 1,550 1, 720 
320 540 750 970] 1,190] 1,410] 1,630] 1,840 2, 040 
360 610 860] 1,110] 1,360] 1,600] 1,850] 2,100 2, 330 
410 680 960 | 1,240] 1,520] 1,800] 2,080] 2,360 2, 610 
450 760 | 1,070} 1,380] 1,690] 2,000] 2,310] 2,620 2, 900 
500 840] 1,190] 1,530] 1,870] 2,220] 2,560] 2,900 3, 220 
540 920] 1,290] 1,670] 2,040] 2,410] 2,790] 3,160 3, 500 
25-FOOT AVERAGE CROWN DIAMETER 
Ome ee a ee ee 320 550 770 | 1,000} 1,220} 1,450] 1,670] 1,900 2,120 
ae BE eRe Be ee ee 370 620 880; 1,130{/ 1,390; 1,650; 1,900; 2,160 2, 410 
ee SS ROY SO? 410 700 980 | 1,270] 1,550] 1,840] 2,130] 2,410 2, 700 
(SRT 2 ema en reer e 460 780 | 1,100] 1,420| 1,740] 2,060] 2,380] 2,700 3, 020 
0 a ee penned, TTT 510 860 | 1,220] 1,570] 1,930] 2,280] 2,640] 2,990 3, 350 
Ki ae ee eens Seer ee 550 940 | 1,320] 1,710] 2,090] 2,480] 2,860] 3,250 3, 630 


1 Gross volumes are inside bark and include the merchantable stem to a variable top not smaller than 3 inches i.b. 


Reprinted from (8). 


37 


TABLE 10.—Composite aerial volume per acre} for northern Minnesota ? 


Average total height 
(feet) 


5 15 25 35 
Cu. ft Cu. ft. | Cu. ft. 
|| ee Serena Bete 40 120 
| Fi cee ee RR ee 80 190 
eR SrA Soe 180 310 
BO. Spee ee eS 460 590 
fe EE Se BARS 740 870 


Oss onl Sa oe 1,020; 1,150 
i Se eo So en 1,300 | 1, 430 1, 560 
i AS Ee 1,580 | 1,710 1, 840 
(Ae eee a Ed | 1,860 | 1,990] 2,120 
(Oswcteiwasesosunee 2,140 | 2,270} 2,400 
SOsS Sus sie sees 2,420 | 2,550} 2,680 
hE eR. 2,700 | 2,830] 2,960 
(C1) i eae cite. Sine be: 2,980 | 3,110 | 3,240 
N06 a5 aan ca ns oe 3,260 | 3,390 | 3,520 
ON 2, ca aeons 3,540 | 3,670} 3,800 


Cu. fi. 


1, 130 
1, 410 
1, 690 
1, 970 
2, 250 | 
2, 530 
2, 810 
3, 090 
3, 370 
3, 650 
3, 930 


Crown closure percent 


45 75 85 95 

- | Cu. ft. | Cu.ft. Cu. ft. 
600 680 760 
850 960 1, 070 
1, 090 1, 220 1, 350 
980 | 1,110] 1,240] 1,370 1, 500 1, 630 
1,260 | 1,390} 1,520] 1,650 1, 780 1,910 
1,670 |} 1,800] 1,930] 2,060 2, 190 
1,950 |} 2,080} 2,210|] 2,340 2, 470 
2,100 | 2,230] 2,360] 2,490] 2,620 2, 750 
2,380! 2,510 | 2,640] 2,770} 2,900 3, 030 
2,660 | 2,790 3,050 | 3, 180 3, 310 
2,940 | 3,070] 3,200] 3,330] 3,460 3, 590 
3,220 | 3,350] 3,480] 3,610) 3,740 3, 870 
3,500 | 3,630} 3,760] 3,890] 4, 020 4, 150 
3,780 | 3,910 | 4,040} 4,170] 4,300 4, 430 
4,060 | 4,190} 4,320|] 4,450] 4,580 4, 710 


1 Gross volumes are inside bark and include all trees 5.0 inches d.b.h. and larger from stump to a variable top diameter 
not less than 4.0 inches i.b. Volumes may be converted to rough cords per acre by dividing by 80. 


2 Based on 50 1-acre plots in Carlton County, Minn. 


quent field checks, was within 10 percent of a 
ground inventory made by an independent agency. 
Adjusting volumes by field checks.—When aerial 
volume tables are not sufficiently reliable for ac- 
ceptance of pure photographic estimates and al- 
lowance must be made for defective trees, some 
of the plots interpreted should be mechanically 
selected for field measurement. For example, if 
350 plots were interpreted and every 10th plot 
selected, 35 plots would be visited in the field. If 
the field volumes averaged 600 cubic feet per acre 
as opposed to 800 cubic feet per acre for the photo 
plots, the adjustment ratio would be 600+800 
or 0.75. If the 35 field plots are representative of 
the total, the ratio an be applied to the average 
photo volume per acre to determine the adjusted 
volume. Ratios should be computed by forest 
types, because hardwoods are likely to require 
es adjustments than conifers. 
he accuracy of aerial cruises depends not only 
be js the volume tables but also on the availability 
of recent photographs and the interpreter’s ability 
to measure correctly. This last item may be the 
greatest single source of error. Each photo vari- 
able should be measured twice for an average, or 
two interpreters should assess each plot. 
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Heavy lines indicate limits of basic data. Reprinted from (5). 


Photo estimates of pine cordwood volumes for a tract 
in the Georgia Piedmont ' 
Photo date: 11—1-60 


Pine area: 177 acres 
Scale: 1,667 ft./inch 


County: Oconee 
Photo No.: BQ-3BB-85, 86 
Owner: J. Reynolds 


Pine | Stand} Total |Crown|Crown|Pine volumes} Stand 


stand?} area |height/ diam-|closure| per acre vol- 
eter ume 
Per- |Cubic 

Acres| Feet | Feet | cent | feet | Cords | Cords 
ja 18 40 10 25 | 380 | 4.75 | 85.5 
Diese 29 30 10 Si 60h). 275") 228 
ee af 30 10 S| Ou". '75 8.3 
Bn teat 18 40 15 35 | 610 | 7. 62 | 137.2 
eats 5 30 10 15 | 190 | 2.37] 11.8 
aes 11 40 15 35 | 610 | 7.62 | 83.8 
(oe 9 30 10 65 | 810 |10.12 | 91.1 
S2h-3 17 40 15 15 | 260 | 3.25) 55.2 
ae a 20 50 15 15 | 310 | 3.87 | 77.4 
10. So 27 40 15 25 | 430 | 5.37 | 145.0 
iG ae 12 30 10 15 | 190 | 2. 37 28. 4 
Total pine volume (cords) -__------------- 745. 5 


1 Cubic volumes derived from table 9 and divided by 80 
for conversion to cords. 
2 Stands are numbered as in figure 29. 


Figure 29—USDA 


anchromatic stereogram of a forest area in the Georgia Piedmont. 
Area and pine volume estimates were made for each of the stands numbered. Scale 
is about 1,667 feet per inch. 


PHOTO STRATIFICATION FOR GROUND CRUISING 


A photo-controlled ground cruise combines the 
features of both aerial and ground estimating, of- 
fering a means of obtaining timber volumes with 
maximum efficiency. Photographs are used for 
area determination, for allocation of field samples 
by forest type and stand-size classes, and for de- 
signing the pattern of field work. Tree volumes, 
growth, cull percents, form class, and other data 
are obtained on the ground by conventional meth- 
ods. A photo-controlled cruise may increase the 
efficiency, while reducing the total cost, of an in- 
ventory on tracts as small as 100 acres. 

The approach to an inventory of this kind de- 
pends largely on the types of strata recognized and 
the method of allocating field samples. Cost and 
the statistical accuracy required determines the 
total number of field samples to be measured. Once 
this number has been determined, there are several 
ways in which the samples may be distributed 
among various photo classifications: 


1. By area of each class. Though sometimes used, 

this method is often unsatisfactory because 

stands of low value may occupy the greatest 
acreage while high-value stands may be insuffi- 
ciently sampled. The opposite extreme ma 
result if value alone (volume-per-acre classes 
is used. 

By applying different cruising intensities to 
each class. ‘4 20-percent cruise might be used 
for high-value stands, 10 percent for medium 
value, and 5 percent or less for low-value areas. 

This arbitrary method is better than using acre- 

age alone, but it may not be the most economical 

and efficient. 

. By statistical methods. A preliminary cruise 
or a good estimate of the variability within each 
class must be made before the required number 
of plots per class can be computed. This ap- 
proach is best for large tracts; for small ones it 
may be costly or unwieldy. 


to 


ie) 
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If your answers match those that follow, you are correct and you may continue. If not, review the 
section of paragraph 1303 that discusses general rules of exponent law before continuing to the 
next paragraph. 


(a) (b) 


1 ) ) 
(C) 42 = a2 ght 470-4 4=4! Sy Saal 


1304. Solve Radical Expressions and Radicands by Applying the Law of Exponents 


By now you should have a basic understanding of calculating exponents. Now you will work with 
radicals. Remember, when you are required to square a number, it means raising it to the second 
power. See the example. 


Example: 
5725 


What you actually did was to multiply that number by itself. This is squaring the number. The 
opposite of squaring a number is finding the square root of anumber. To find the square root, 


you must apply the inverse operation of squaring the number. The symbol that is used for square 
root is the radical sign. It is shown in figure 1-2. 


[— 


Fig 1-2. Radical sign. 


Note: The square root of a number is a number that, when multiplied by itself, gives 
the original number. 


The sign indicates the operation required. When a number or letter is added, it is called a radical. 


Ve 


Fig 1-3. Radical. 


Note: The required action is to find the square root of the number inside of the 
symbol. 
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4. By a combination of area and value (volume). 
This i is the preferred approach for small areas. 
A suggested procedure adopted from Johnson 
(6) and Spurr (18) follows. 


Plot allocation by area and volume.—Assume 
that the tract is 1,600 acres and that 400 field plots 
are to be distributed among three forest types 
(pine, pine-hardwood, and hardwood) and three 
volume classes within each type (5, 8, and 12 cords 
per acre). 


1. Stratify each forest type into volume-per-acre 
classes on the basis of personal experience or 
with aerial stand-volume tables. Precision is 
not required, as the volume classes are used only 


as a guide. Tabulate by type and acreage: 
Pine- 
Pine hardwood Hardwood 

Cords per acre (acres) (acres) (acres) 

Ee 120 200 
BO crenata 100 500 350 
| |: 80 100 50 

Total...cos 300 800 500 


2. Multiply the number of acres in each class by 
the cord volume per acre. The product is the 
number of cords per class: 


Pine Pine-hardwood Hardwood 
5xX120= 600 5X 200=1, 000 5X100= 500 
8x<100= 800 8x 500=4, 000 8X 350=2, 800 

12x 80= 960 12 100=1, 200 12X 50= 600 
2, 360 6, 200 3, 900 


3. Add the cordage in each class to get the total 
for the entire area: 2,360+6,200+3,900=12,460 
cords. Divide by the number of plots to get 
the number of cords to be represented by each 
plot: 


12, 460 _51 15 cords per plot 
400 


4. Divide the volume for each class (item 2) by the 
cord volume per plot to get the number of plots 
assigned to each class. Round to the nearest 


whole number. Add the plots for each class to 
make sure the total (400) is correct. 


Pine Pine-hardwood Hardwood 
srs 26(19) = 32.10 (32) wre 16.05(16) 
w= 25.68(26) ee 128,41 (128) Fae 
p20 82(31) ww 38.52 (39) a= 19. 26(19) 
(76) (199) (125) 


Total: 400 plots 
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Arrangement of ground samples—If type 
boundaries have been accurately delineated and 
stands are homogeneous within the recognized 
classes, field plots can sometimes be taken along 
routes of easy travel without introducing much 
bias. Usually, though, it is necessary to lay out 
line-plot or strip cruises at right angles to topog- 
raphy. The cruise lines should be drawn to scale 
on a type map in such a way that the required 
number of samples within each class can be ob- 
tained. The number of plots or chains of strip 
that a crew can complete per day is the basis for 
calculating the lengths of the lines. To minimize 
travel, lines may be triangular or U-shaped, begin- 
ning and ending near the same starting point on 
a road or trail. Compass bearings and distances 
can be determined on the map to avoid location 
bias in the field. The cruise lines can then be 
placed on the photographs for use in the field, if 
desired. 

Field measurements are taken by conventional 
procedures. Cumulative tally sheets or point- 
sampling may be employed to speed the tree tally. 
After the cordage per acre for each volume class 
has been determined by field sampling, the values 
are multiplied by the appropriate stand acreages. 
The result is the total volume on the tract, by forest 


types: 


Assumed Field 
volume class Field volumes Type Volume 
(cords per plots per acre area per class 
acre) (number) (cords) (acres) (cords) 
PINE TYPE 
eas. 19 3.9 120 468. 0 
REE Slee» 26 8.2 100 820. 0 
i cs 31 11.3 80 904. 0 
Total. 2222 76 300 2, 192.0 
PINE-HARDWOOD TYPE 
| ONE 32 5.8 200 1, 160.0 
2 i os ae 128 Gd 500 3, 850. 0 
17 hE alg Miya 14.1 100 1, 410.0 
Lotalzces” 199 800 6, 420. 0 
HARDWOOD TYPE 
| ee ewe» 16 4.7 100 470. 0 
5 le el 90 8.6 350 3, 010. 0 
Tad: Dee ee 19 13. 5 50 675. 0 
Total_-__-- 125 500 4, 155. 0 
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The radical indicates the positive square root of the number. In figure 1-3 this is shown a:/45 . 
It is normally called the principal square root. Sometimes that number may be called the radicand. 
In our lesson, we will call it the radicand. Try the next challenges. 


(Fill in the blank) 
The /  iscalleda 


. radical sign 
stem 
. Square root 
root 


a0 op 


The correct response is "a." If your answer is correct try the next challenge. If not, read 
paragraph 1304 again before continuing. 


(Multiple choice) 

Select the symbol that symbolizes a radical. 
a. of 
b. a aft 


Ci J+ 
d. /81 


The correct answer is "d." continue if your answer is correct. If you answered incorrectly, review 
paragraph 1304 before continuing. 
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PART ONE 


MAP READING 


CHAPTER 1 


TRAINING STRATEGY 


This manual is in response to an Armywide need for a new map reading 
and land navigation training strategy based on updated doctrine. This 
chapter describes and illustrates this approach to teaching these skills. 


1-1. BUILDING-BLOCK APPROACH 

Institution courses are designed to prepare the soldier for a more advanced duty position in 
his unit. The critical soldiering skills of move, shoot, and communicate must be trained, 
practiced, and sustained at every level in the schools as well as in the unit. The map reading 
and land navigation skills taught at each level are critical to the soldiering skills of the duty 
position for which he is being school-trained. Therefore, they are also a prerequisite for a 
critical skill at a more advanced level. 

a. A soldier completing initial-entry training must be prepared to become a team 
member. He must be proficient in the basic map reading and dead reckoning skills. 

b. After completing the Primary Leadership Development Course (PLDC), a soldier 
should be ready to be a team leader. This duty position requires expertise in the skills of map 
reading, dead reckoning, and terrain association. 

c. A soldier completing the Basic NCO Course (BNCOC) has been trained for the 
squad leader position. Map reading and land navigation at skill level 3 requires development 
of problem-solving skills; for example, route selection and squad tactical movement. 

d. At skill level 4, the soldier completing the Advanced NCO Course (ANCOC) is 
prepared to assume the duty position of platoon sergeant or operations NCO. Planning 
tactical movements, developing unit sustainment, and making decisions are the important 
land navigation skills at this level. 

e. Officers follow similar progression. A new second lieutenant must have mastered 
map reading and land navigation skills, and have an aptitude for dead reckoning and terrain 
association. 

(1) After completing the Officer Basic Course, the officer must be prepared to assume 
the duties and responsibilities of a platoon leader. He is required to execute the orders and 
operations of his commander. Map reading and land navigation at this level require 
development of the problem-solving skills of route selection and tactical movement. 

(2) After completing the Officer Advanced Course, the officer is prepared to assume the 
duties and responsibilities of a company commander or primary staff officer. The 
commander must plan and execute operations with full consideration to all aspects of 
navigation. The staff officer must recommend battlefield placement of all administrative, 
logistical, and personnel resources. These recommendations cannot be tactically sound 
unless the estimate process includes a detailed analysis of the area of operations. This ability 
requires expertise in all map reading and navigation skills to include the use of nonmilitary 
maps, aerial photographs, and terrain analysis with respect to both friendly and enemy 
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forces. The commander/staff officer must plan and execute a program to develop the unit's 
train-the-trainer program for land navigation. 

f. A program of demonstrated proficiency of all the preceding skill levels to the 
specified conditions and standards is a prerequisite to the successful implementation of a 
building-block training approach. This approach reflects duty position responsibilities in 
map reading and land navigation. An understanding of the fundamental techniques of dead 
reckoning or field-expedient methods is a basic survival skill that each soldier must develop 
at the initial-entry level. This skill provides a support foundation for more interpretive 
analysis at intermediate skill levels 2 and 3, with final progression to level 4. Mastery of all 
map reading and land navigation tasks required in previous duty positions is essential for the 
sequential development of increasingly difficult abilities. This building-block approach is 
supported by scope statements. It is part of the training doctrine at each level in the 
institutional training environment of each course. 

g. Exportable training and instructor support/certification packages are being developed 
based upon the updated map reading and land navigation field manual. Innovative training 
devices and materials are being developed for use in the institution, ROTC regions, and the 
field. (See Appendixes E and H.) 


1-2. ARMYWIDE IMPLEMENTATION 

A mandatory core of critical map reading and land navigation tasks and a list of electives 
will be provided to each TRADOC service school and FORSCOM professional development 
school. Standardization is achieved through the mandatory core. Exportable training material 
is made available to support Armywide implementation. 


1-3. SAFETY 

Unit leaders plan to brief and enforce all safety regulations established by local range 
control. They coordinate the mode of evacuation of casualties through the appropriate 
channels. They review all installation safety regulations. Unit leaders must complete a 
thorough terrain reconnaissance before using an area for land navigation training. They 
should look for dangerous terrain, heavy trafficked roads, water obstacles, wildlife, and 
training debris. 
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CHAPTER 2 


MAPS 


Cartography is the art and science of expressing the known physical 
features of the earth graphically by maps and charts. No one knows who 
drew, molded, laced together, or scratched out in the dirt the first map. But 
a study of history reveals that the most pressing demands for accuracy and 
detail in mapping have come as the result of military needs. Today, the 
complexities of tactical operations and deployment of troops are such that 
it is essential for all soldiers to be able to read and interpret their maps in 
order to move quickly and effectively on the battlefield. This chapter 
includes the definition and purpose of a map and describes map security, 
types, categories, and scales. 


2-1. DEFINITION 
A map is a graphic representation of a portion of the earth's surface drawn to scale, as seen 
from above. It uses colors, symbols, and labels to represent features found on the ground. 
The ideal representation would be realized if every feature of the area being mapped could 
be shown in true shape. Obviously this is impossible, and an attempt to plot each feature true 
to scale would result in a product impossible to read even with the aid of a magnifying glass. 
a. Therefore, to be understandable, features must be represented by conventional signs 
and symbols. To be legible, many of these must be exaggerated in size, often far beyond the 
actual ground limits of the feature represented. On a 1:250,000 scale map, the prescribed 
symbol for a building covers an area about 500 feet square on the ground; a road symbol is 
equivalent to a road about 520 feet wide on the ground; the symbol for a single-track railroad 
(the length of a cross-tie) is equivalent to a railroad cross-tie about 1,000 feet on the ground. 
b. The portrayal of many features requires similar exaggeration. Therefore, the selection 
of features to be shown, as well as their portrayal, is in accord with the guidance established 
by the Defense Mapping Agency. 


2-2. PURPOSE 

A map provides information on the existence, the location of, and the distance between 
ground features, such as populated places and routes of travel and communication. It also 
indicates variations in terrain, heights of natural features, and the extent of vegetation cover. 
With our military forces dispersed throughout the world, it is necessary to rely on maps to 
provide information to our combat elements and to resolve logistical operations far from our 
shores. Soldiers and materials must be transported, stored, and placed into operation at the 
proper time and place. Much of this planning must be done by using maps. Therefore, any 
operation requires a supply of maps; however, the finest maps available are worthless unless 
the map user knows how to read them. 


2-3. PROCUREMENT 

Most military units are authorized a basic load of maps. Local command supplements to 
AR 115-11 provide tables of initial allowances for maps. Map requisitions and distributions 
are accomplished through the Defense Mapping Agency Hydrographic and Topographic 
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Center's Office of Distribution and Services. In the division, however, maps are a 
responsibility of the G2 section. 

a. To order a map, refer to the DMA catalog located at your S2/G2 shop. Part 3 of this 
catalog, Topographic Maps, has five volumes. Using the delineated map index, find the map 
or maps you want based upon the location of the nearest city. With this information, order 
maps using the following forms: 

(1) Standard Form 344. It can be typed or handwritten; it is used for mailing or over-the- 
counter service. 

(2) Department of Defense Form 1348. Same as SF 344. You can order copies of only 
one map sheet on each form. 

(3) Department of Defense Form 1348M. This is a punch card form for AUDODIN 
ordering. 

(4) Department of Defense Form 173. This is a message form to be used for urgent 
ordering. 


With the exception of the message form (DD 173), the numbered sections of all forms are 


the same. For example: In block 1, if you are in CONUS, enter “AOD,” if you are overseas, 
enter “AO4.” In block 2, use one of the following codes for your location. 


LOCATION CODE 


Europe CS7 
Hawaii HM9 
Korea WM4 
Alaska WC1 
Panama HMJ 
CONUS HM8 


Your supply section will help you complete the rest of the form. 


b. Stock numbers are also listed in map catalogs, which are available at division and 
higher levels and occasionally in smaller units. A map catalog consists of small-scale maps 
upon which the outlines of the individual map sheets of a series have been delineated. 
Another document that is an aid to the map user is the gazetteer. A gazetteer lists all the 
names appearing on a map series of a geographical area, a designation that identifies what 
is located at that place name, a grid reference, a sheet number of the map upon which the 
name appeared, and the latitude and longitude of the named features. Gazetteers are prepared 
for maps of foreign areas only. 


2-4. SECURITY 

All maps should be considered as documents that require special handling. If a map falls into 
unauthorized hands, it could easily endanger military operations by providing information 
of friendly plans or areas of interest to the enemy. Even more important would be a map on 
which the movements or positions of friendly soldiers were marked. It is possible, even 
though the markings on a map have been erased, to determine some of the erased 
information. Maps are documents that must not fall into unauthorized hands. 
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a. Ifa map is no longer needed, it must be turned in to the proper authority. If a map is 
in danger of being captured, it must be destroyed. The best method of destruction is by 
burning it and scattering the ashes. If burning is not possible, the map can be torn into small 
pieces and scattered over a wide area. 

b. Maps of some areas of the world are subject to third party limitations. These are 
agreements that permit the United States to make and use maps of another country provided 
these maps are not released to any third party without permission of the country concerned. 
Such maps require special handling. 

c. Some maps may be classified and must be handled and cared for in accordance with 
AR 380-5 and, if applicable, other local security directives. 


2-5. CARE 

Maps are documents printed on paper and require protection from water, mud, and tearing. 
Whenever possible, a map should be carried in a waterproof case, in a pocket, or in some 
other place where it is handy for use but still protected. 

a. Care must also be taken when using a map since it may have to last a long time. If 
it becomes necessary to mark a map, the use of a pencil is recommended. Use light lines so 
they may be erased easily without smearing and smudging, or leaving marks that may cause 
confusion later. If the map margins must be trimmed for any reason, it is essential to note 
any marginal information that may be needed later, such as grid data and magnetic 
declination. 

b. Special care should be taken of a map that is being used in a tactical mission, 
especially in small units; the mission may depend on that map. All members of such units 
should be familiar with the map's location at all times. 

c. Appendix B shows two ways of folding a map. 


2-6. CATEGORIES 

The DMA's mission is to provide mapping, charting, and all geodesy support to the armed 
forces and all other national security operations. DMA produces four categories of products 
and services: hydrographic, topographic, aeronautical, and missile and targeting. Military 
maps are categorized by scale and type. 

a. Scale. Because a map is a graphic representation of a portion of the earth's surface 
drawn to scale as seen from above, it is important to know what mathematical scale has been 
used. You must know this to determine ground distances between objects or locations on the 
map, the size of the area covered, and how the scale may affect the amount of detail being 
shown. The mathematical scale of a map is the ratio or fraction between the distance on a 
map and the corresponding distance on the surface of the earth. Scale is reported as a 
representative fraction with the map distance as the numerator and the ground distance as 
the denominator. 


map distance 
Representative fraction (scale) = 
ground distance 


As the denominator of the representative fraction gets larger and the ratio gets smaller, the 
scale of the map decreases. Defense Mapping Agency maps are classified by scale into three 
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categories. They are small-, medium-, and large-scale maps (Figure 2-1). The terms ''small 
scale," "medium scale," and "large scale" may be confusing when read in conjunction 
with the number. However, if the number is viewed as a fraction, it quickly becomes 
apparent that 1:600,000 of something is smaller than 1:75,000 of the same thing. Therefore, 
the larger the number after 1:, the smaller the scale of the map. 

(1) Small. Those maps with scales of 1:1,000,000 and smaller are used for general 
planning and for strategic studies (bottom map in Figure 2-1). The standard small-scale map 
is 1:1,000,000. This map covers a very large land area at the expense of detail. 

(2) Medium. Those maps with scales larger than 1:1,000,000 but smaller than 1:75,000 
are used for operational planning (center map in Figure 2-1). They contain a moderate 
amount of detail, but terrain analysis is best done with the large-scale maps described below. 
The standard medium-scale map is 1:250,000. Medium scale maps of 1:100,000 are also 
frequently encountered. 

(3) Large. Those maps with scales of 1:75,000 and larger are used for tactical, 
administrative, and logistical planning (top map in Figure 2-1). These are the maps that you 
as a soldier or junior leader are most likely to encounter. The standard large-scale map is 
1:50,000; however, many areas have been mapped at a scale of 1:25,000. 


Figure 2-1. Scale classifications. 


b. Types. The map of choice for land navigators is the 1:50,000-scale military 
topographic map. It is important, however, that you know how to use the many other 
products available from the DMA as well. When operating in foreign places, you may 
discover that DMA map products have not yet been produced to cover your particular area 
of operations, or they may not be available to your unit when you require them. Therefore, 
you must be prepared to use maps produced by foreign governments that may or may not 
meet the standards for accuracy set by DMA. These maps often use symbols that resemble 
those found on DMA maps but which have completely different meanings. There may be 
other times when you must operate with the only map you can obtain. This might be a 
commercially produced map run off on a copy machine at higher headquarters. In Grenada, 
many of our troops used a British tourist map. 
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(1) Planimetric Map. This is a map that presents only the horizontal positions for the 
features represented. It is distinguished from a topographic map by the omission of relief, 
normally represented by contour lines. Sometimes, it is called a line map. 

(2) Topographic Map. This is a map that portrays terrain features in a measurable way 
(usually through use of contour lines), as well as the horizontal positions of the features 
represented. The vertical positions, or relief, are normally represented by contour lines on 
military topographic maps. On maps showing relief, the elevations and contours are 
measured from a specific vertical datum plane, usually mean sea level. Figure 3-1 shows a 
typical topographic map. 

(3) Photomap. This is a reproduction of an aerial photograph upon which grid lines, 
marginal data, place names, route numbers, important elevations, boundaries, and 
approximate scale and direction have been added. (See Chapter 8.) 

(4) Joint Operations Graphics. These maps are based on the format of standard 
1:250,000 medium-scale military topographic maps, but they contain additional information 
needed in joint air-ground operations (Figure 2-2). Along the north and east edges of the 
graphic, detail is extended beyond the standard map sheet to provide overlap with adjacent 
sheets. These maps are produced both in ground and air formats. Each version is identified 
in the lower margin as either Joint Operations Graphic (Air) or Joint Operations Graphic 
(Ground). The topographic information is identical on both, but the ground version shows 
elevations and contour in meters and the air version shows them in feet. Layer (elevation) 
tinting and relief shading are added as an aid to interpolating relief. Both versions emphasize 
airlanding facilities (shown in purple), but the air version has additional symbols to identify 
aids and obstructions to air navigation. (See Appendix D for additional information.) 
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Figure 2-2. Joint operations graphic (air). 


(5) Photomosaic. This is an assembly of aerial photographs that is commonly called a 
mosaic in topographic usage. Mosaics are useful when time does not permit the compilation 
of a more accurate map. The accuracy of a mosaic depends on the method employed in its 
preparation and may vary from simply a good pictorial effect of the ground to that of a 
planimetric map. 

(6) Terrain Model. This is a scale model of the terrain showing features, and in large- 
scale models showing industrial and cultural shapes. It provides a means for visualizing the 
terrain for planning or indoctrination purposes and for briefing on assault landings. 

(7) Military City Map. This is a topographic map (usually at 1:12,550 scale, sometimes 
up to 1:5,000), showing the details of a city. It delineates streets and shows street names, 
important buildings, and other elements of the urban landscape important to navigation and 
military operations in urban terrain. The scale of a military city map depends on the 
importance and size of the city, density of detail, and available intelligence information. 

(8) Special Maps. These are maps for special purposes, such as trafficability, 
communications, and assault maps. They are usually in the form of an overprint in the scales 
smaller than 1:100,000 but larger than 1:1,000,000. A special purpose map is one that has 
been designed or modified to give information not covered on a standard map. The wide 
range of subjects that could be covered under the heading of special purpose maps prohibits, 
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within the scope of this manual, more than a brief mention of a few important ones. Some 
of the subjects covered are: 
e Terrain features. 
e Drainage characteristics. 
e Vegetation. 
e Climate. 
¢ Coasts and landing beaches. 
Roads and bridges. 
Railroads. 
Airfields. 
Urban areas. 
Electric power. 
Fuels. 
Surface water resources. 
Ground water resources. 
Natural construction materials. 
Cross-country movements. 
Suitability for airfield construction. 
Airborne operations. 


2-7. MILITARY MAP SUBSTITUTES 

If military maps are not available, use substitute maps. The substitute maps can range from 
foreign military or commercial maps to field sketches. The DMA can provide black and 
white reproductions of many foreign maps and can produce its own maps based upon 
intelligence. 

a. Foreign Maps. These are maps that have been compiled by nations other than our 
own. When these must be used, the marginal information and grids are changed to conform 
to our standards if time permits. The scales may differ from our maps, but they do express 
the ratio of map distance to ground distance and can be used in the same way. The legend 
must be used since the map symbols almost always differ from ours. Because the accuracy 
of foreign maps varies considerably, they are usually evaluated in regard to established 
accuracy standards before they are issued to our troops. (See Appendix I for additional 
information. ) 

b. Atlases. These are collections of maps of regions, countries, continents, or the world. 
Such maps are accurate only to a degree and can be used for general information only. 

c. Geographic Maps. These maps give an overall idea of the mapped area in relation 
to climate, population, relief, vegetation, and hydrography. They also show general location 
of major urban areas. 

d. Tourist Road Maps. These are maps of a region in which the main means of 
transportation and areas of interest are shown. Some of these maps show secondary networks 
of roads, historic sites, museums, and beaches in detail. They may contain road and time 
distance between points. Careful consideration should be exercised about the scale when 
using these maps. 

e. City/Utility Maps. These are maps of urban areas showing streets, water ducts, 
electricity and telephone lines, and sewers. 
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f. Field Sketches. These are preliminary drawings of an area or piece of terrain. (See 
Appendix A.) 

g. Aerial Photographs. These can be used as map supplements or substitutes to help 
you analyze the terrain, plan your route, or guide your movement. (See Chapter 8 for 
additional information). 


2-8. STANDARDS OF ACCURACY 

Accuracy is the degree of conformity with which horizontal positions and vertical values are 
represented on a map in relation to an established standard. This standard is determined by 
the DMA based on user requirements. A map can be considered to meet accuracy 
requirement standards unless otherwise specified in the marginal information. 


(Fill in the blank) 
The number inside of the sign is called a 


. radical expression 
. tadicand 

. radical 

. expression 


aando Dp 


The correct response is "b." The radicand is the principal square root. It is called the radicand. If 
your answer is correct, continue. If not, review paragraph 1304 before continuing. 


Every positive number has two square roots, a negative square root and a positive square root. 


Example: 
The square root of 25 is 5 
The square of 5 is 25 
(5) (5) =25 
(-5) (5) = 25 


To indicate the negative square root, you must place the negative sign in front of the radical. 


Example: 
=F 


Sometimes there is more than one number in a square root. When this occurs, always use the 
positive or principle root. 


Example: 
Positive /25 means + /25 
Negative (—) /25 means —5 anc 
cane + /25 means +5 
Note: A negative number has no real square root. 


Square roots can be both rational and irrational. The following are examples of rational square 
roots. 
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CHAPTER 3 


MARGINAL INFORMATION AND SYMBOLS 


A map could be compared to any piece of equipment, in that before it is 
placed into operation the user must read the instructions. It is important that 
you, as a soldier, know how to read these instructions. The most logical 
place to begin is the marginal information and symbols, where useful 
information telling about the map is located and explained. All maps are not 
the same, so it becomes necessary every time a different map is used to 
examine the marginal information carefully. 


3-1. MARGINAL INFORMATION ON A MILITARY MAP 

Figure 3-1 (page 3-4) shows a reduced version of a large-scale topographic map. The circled 
numbers indicate the items of marginal information that the map user needs to know. These 
circled numbers correspond to the following listed items. 

a. Sheet Name (1). The sheet name is found in bold print at the center of the top and 
in the lower left area of the map margin. A map is generally named for the settlement 
contained within the area covered by the sheet, or for the largest natural feature located 
within the area at the time the map was drawn. 

b. Sheet Number (2). The sheet number is found in bold print in both the upper right 
and lower left areas of the margin, and in the center box of the adjoining sheets diagram, 
which is found in the lower right margin. It is used as a reference number to link specific 
maps to overlays, operations orders, and plans. For maps at 1:100,000 scale and larger, sheet 
numbers are based on an arbitrary system that makes possible the ready orientation of maps 
at scales of 1:100,000, 1:50,000, and 1:25,000. 

c. Series Name (3). The map series name is found in the same bold print as the sheet 
number in the upper left corner of the margin. The name given to the series is generally that 
of a major political subdivision, such as a state within the United States or a European 
nation. A map series usually includes a group of similar maps at the same scale and on the 
same sheet lines or format designed to cover a particular geographic area. It may also be a 
group of maps that serve a common purpose, such as the military city maps. 

d. Scale (4). The scale is found both in the upper left margin after the series name, and 
in the center of the lower margin. The scale note is a representative fraction that gives the 
ratio of a map distance to the corresponding distance on the earth's surface. For example, 
the scale note 1:50,000 indicates that one unit of measure on the map equals 50,000 units of 
the same measure on the ground. 

e. Series Number (5). The series number is found in both the upper right margin and 
the lower left margin. It is a sequence reference expressed either as a four-digit numeral 
(1125) or as a letter, followed by a three- or four-digit numeral (M661; T7110). 

f. Edition Number (6). The edition number is found in bold print in the upper right 
area of the top margin and the lower left area of the bottom margin. Editions are numbered 
consecutively; therefore, if you have more than one edition, the highest numbered sheet is 
the most recent. Most military maps are now published by the DMA, but older editions of 
maps may have been produced by the US Army Map Service. Still others may have been 
drawn, at least in part, by the US Army Corps of Engineers, the US Geological Survey, or 


FM 3-25.26 


other agencies affiliated or not with the United States or allied governments. The credit line, 
telling who produced the map, is just above the legend. The map information date is found 
immediately below the word "LEGEND" in the lower left margin of the map. This date is 
important when determining how accurately the map data might be expected to match what 
you will encounter on the ground. 

g. Index to Boundaries (7). The index to boundaries diagram appears in the lower or 
right margin of all sheets. This diagram, which is a miniature of the map, shows the 
boundaries that occur within the map area, such as county lines and state boundaries. 

h. Adjoining Sheets Diagram (8). Maps at all standard scales contain a diagram that 
illustrates the adjoining sheets. On maps at 1:100,000 and larger scales and at 1:1,000,000 
scale, the diagram is called the index to adjoining sheets. It consists of as many rectangles 
representing adjoining sheets as are necessary to surround the rectangle that represents the 
sheet under consideration. The diagram usually contains nine rectangles, but the number 
may vary depending on the locations of the adjoining sheets. All represented sheets are 
identified by their sheet numbers. Sheets of an adjoining series, whether published or 
planned, that are at the same scale are represented by dashed lines. The series number of the 
adjoining series is indicated along the appropriate side of the division line between the 
series. 

i. Elevation Guide (9). This is normally found in the lower right margin. It is a 
miniature characterization of the terrain shown. The terrain is represented by bands of 
elevation, spot elevations, and major drainage features. The elevation guide provides the 
map reader with a means of rapid recognition of major landforms. 

j. Declination Diagram (10). This is located in the lower margin of large-scale maps 
and indicates the angular relationships of true north, grid north, and magnetic north. On 
maps at 1:250,000 scale, this information is expressed as a note in the lower margin. In 
recent edition maps, there is a note indicating the conversion of azimuths from grid to 
magnetic and from magnetic to grid next to the declination diagram. 

k. Bar Scales (11). These are located in the center of the lower margin. They are rulers 
used to convert map distance to ground distance. Maps have three or more bar scales, each 
in a different unit of measure. Care should be exercised when using the scales, especially 
in the selection of the unit of measure that is needed. 

1. Contour Interval Note (12). This note is found in the center of the lower margin 
normally below the bar scales. It states the vertical distance between adjacent contour lines 
of the map. When supplementary contours are used, the interval is indicated. In recent 
edition maps, the contour interval is given in meters instead of feet. 

m. Spheroid Note (13). This note is located in the center of the lower margin. 
Spheriods (ellipsoids) have specific parameters that define the X Y Z axis of the earth. The 
spheriod is an integral part of the datum. 

n. Grid Note (14). This note is located in the center of the lower margin. It gives 
information pertaining to the grid system used and the interval between grid lines, and it 
identifies the UTM grid zone number. 

o. Projection Note (15). The projection system is the framework of the map. For 
military maps, this framework is of the conformal type; that is, small areas of the surface of 
the earth retain their true shapes on the projection; measured angles closely approximate true 
values; and the scale factor is the same in all directions from a point. The projection note 
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is located in the center of the lower margin. Refer to DMA for the development 
characteristics of the conformal-type projection systems. 

(1) Between 80° south and 84° north, maps at scales larger than 1:500,000 are based on 
the transverse Mercator projection. The note reads TRANSVERSE MERCATOR 
PROJECTION. 

(2) Between 80° south and 84° north, maps at 1:1,000,000 scale and smaller are based 
on standard parallels of the lambert conformal conic projection. The note reads, for 
example, LAMBERT CONFORMAL CONIC PROJECTIONS 36° 40' N AND 39° 20'N. 

(3) Maps of the polar regions (south of 80° south and north of 84° north) at 1:1,000,000 
and larger scales are based on the polar stereographic projection. The note reads POLAR 
STEREOGRAPHIC PROJECTION. 

p. Vertical Datum Note (16). This note is located in the center of the lower margin. 
The vertical datum or vertical-control datum is defined as any level surface (for example, 
mean sea level) taken as a surface of reference from which to determine elevations. In the 
United States, Canada, and Europe, the vertical datum refers to the mean sea level surface. 
However, in parts of Asia and Africa, the vertical-control datum may vary locally and is 
based on an assumed elevation that has no connection to any sea level surface. Map readers 
should habitually check the vertical datum note on maps, particularly if the map is used for 
low-level aircraft navigation, naval gunfire support, or missile target acquisition. 

q. Horizontal Datum Note (17). This note is located in the center of the lower margin. 
The horizontal datum or horizontal-control datum is defined as a geodetic reference point 
(of which five quantities are known: latitude, longitude, azimuth of a line from this point, 
and two constants, which are the parameters of reference ellipsoid). These are the basis for 
horizontal-control surveys. The horizontal-control datum may extend over a continent or 
be limited to a small local area. Maps and charts produced by DMA are produced on 32 
different horizontal-control data. Map readers should habitually check the horizontal datum 
note on every map or chart, especially adjacent map sheets. This is to ensure the products 
are based on the same horizontal datum. If products are based on different horizontal-control 
data, coordinate transformations to a common datum must be performed. UTM coordinates 
from the same point computed on different data may differ as much as 900 meters. 

r. Control Note (18). This note is located in the center of the lower margin. It indicates 
the special agencies involved in the control of the technical aspects of all the information 
that is disseminated on the map. 

s. Preparation Note (19). This note is located in the center of the lower margin. It 
indicates the agency responsible for preparing the map. 

t. Printing Note (20). This note is also located in the center of the lower margin. It 
indicates the agency responsible for printing the map and the date the map was printed. The 
printing data should not be used to determine when the map information was obtained. 

u. Grid Reference Box (21). This box is normally located in the center of the lower 
margin. It contains instructions for composing a grid reference. 

v. Unit imprint and Symbol (22). The unit imprint and symbol is on the left side of 
the lower margin. It identifies the agency that prepared and printed the map with its 
respective symbol. This information is important to the map user in evaluating the reliability 
of the map. 

w. Legend (23). The legend is located in the lower left margin. It illustrates and 
identifies the topographic symbols used to depict some of the more prominent features on 
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the map. The symbols are not always the same on every map. Always refer to the legend 
to avoid errors when reading a map. 
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Figure 3-1. Topographical map. 
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3-2. ADDITIONAL NOTES 
Not all maps contain the same items of marginal information. Under certain conditions, 
special notes and scales may be added to aid the map user. The following are examples: 

a. Glossary. This is an explanation of technical terms or a translation of terms on maps 
of foreign areas where the native language is other than English. 

b. Classification. Certain maps require a note indicating the security classification. 
This is shown in the upper and lower margins. 

c. Protractor Scale. This scale may appear in the upper margin on some maps. It is 
used to lay out the magnetic-grid declination for the map, which, in turn, is used to orient the 
map sheet with the aid of the lensatic compass. 

d. Coverage Diagram. On maps at scales of 1:100,000 and larger, a coverage diagram 
may be used. It is normally in the lower or right margin and indicates the methods by which 
the map was made, dates of photography, and reliability of the sources. On maps at 
1:250,000 scale, the coverage diagram is replaced by a reliability diagram. 

e. Special Notes (24). A special note is any statement of general information that 
relates to the mapped area. It is normally found in the lower right margin. For example: 
This map is red-light readable. 

f. User's Note (25). This note is normally located in the lower right-hand margin. It 
requests cooperation in correcting errors or omissions on the map. Errors should be marked 
and the map forwarded to the agency identified in the note. 

g. Stock Number Identification (26). All maps published by the DMA that are in the 
Department of the Army map supply system contain stock number identifications that are 
used in requisitioning map supplies. The identification consists of the words "STOCK NO" 
followed by a unique designation that is composed of the series number, the sheet number 
of the individual map and, on recently printed sheets, the edition number. The designation 
is limited to 15 units (letters and numbers). The first 5 units are allotted to the series 
number; when the series number is less than 5 units, the letter "X" is substituted as the fifth 
unit. The sheet number is the next component; however, Roman numerals, which are part 
of the sheet number, are converted to Arabic numerals in the stock number. The last 2 units 
are the edition number; the first digit of the edition number is a zero if the number is less 
than 10. If the current edition number is unknown, the number 01 is used. The latest 
available edition will be furnished. Asterisks are placed between the sheet number and the 
edition number when necessary to ensure there are at least 11 units in the stock number. 

h. Conversion Graph (27). Normally found in the right margin, this graph indicates 
the conversion of different units of measure used on the map. 


3-3. TOPOGRAPHIC MAP SYMBOLS 

The purpose of a map is to permit one to visualize an area of the earth's surface with 
pertinent features properly positioned. The map's legend contains the symbols most 
commonly used in a particular series or on that specific topographic map sheet. Therefore, 
the legend should be referred to each time a new map is used. Every effort is made to design 
standard symbols that resemble the features they represent. If this is not possible, symbols 
are selected that logically imply the features they portray. For example, an open-pit mining 
operation is represented by a small black drawing of a crossed hammer and pickax. 
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a. Ideally, all the features within an area would appear on a map in their true proportion, 
position, and shape. This, however, is not practical because many of the features would be 
unimportant and others would be unrecognizable because of their reduction in size. 

b. The mapmaker has been forced to use symbols to represent the natural and man-made 
features of the earth's surface. These symbols resemble, as closely as possible, the actual 
features themselves as viewed from above. They are positioned in such a manner that the 
center of the symbol remains in its true location. An exception to this would be the position 
of a feature adjacent to a major road. If the width of the road has been exaggerated, then the 
feature is moved from its true position to preserve its relation to the road. Field 
Manual 21-31 gives a description of topographic features and abbreviations authorized for 
use on our military maps. 


3-4. MILITARY SYMBOLS 

In addition to the topographic symbols used to represent the natural and man-made features 
of the earth, military personnel require some method for showing identity, size, location, or 
movement of soldiers; and military activities and installations. The symbols used to represent 
these military features are known as military symbols. These symbols are not normally 
printed on maps because the features and units that they represent are constantly moving or 
changing; military security is also a consideration. They do appear in special maps and 
overlays (Chapter 7). The map user draws them in, in accordance with proper security 
precautions. Refer to FM 101-5-1 for complete information on military symbols. 


3-5. COLORS USED ON A MILITARY MAP 

By the fifteenth century, most European maps were carefully colored. Profile drawings of 
mountains and hills were shown in brown, rivers and lakes in blue, vegetation in green, roads 
in yellow, and special information in red. A look at the legend of a modern map confirms 
that the use of colors has not changed much over the past several hundred years. To 
facilitate the identification of features on a map, the topographical and cultural information 
is usually printed in different colors. These colors may vary from map to map. On a 
standard large-scale topographic map, the colors used and the features each represent are: 

a. Black. Indicates cultural (man-made) features such as buildings and roads, surveyed 
spot elevations, and all labels. 

b. Red-Brown. The colors red and brown are combined to identify cultural features, 
all relief features, non-surveyed spot elevations, and elevation, such as contour lines on red- 
light readable maps. 

c. Blue. Identifies hydrography or water features such as lakes, swamps, rivers, and 
drainage. 

d. Green. Identifies vegetation with military significance, such as woods, orchards, and 
vineyards. 

e. Brown. Identifies all relief features and elevation, such as contours on older edition 
maps, and cultivated land on red-light readable maps. 

f. Red. Classifies cultural features, such as populated areas, main roads, and 
boundaries, on older maps. 

g. Other. Occasionally other colors may be used to show special information. These 
are indicated in the marginal information as a rule. 
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CHAPTER 4 


GRIDS 


This chapter covers how to determine and report positions on the ground 
in terms of their locations on a map. Knowing where you are (position fixing) 
and being able to communicate that knowledge is crucial to successful land 
navigation as well as to the effective employment of direct and indirect fire, 
tactical air support, and medical evacuation. It is essential for valid target 
acquisition; accurate reporting of NBC contamination and various danger 
areas; and obtaining emergency resupply. Few factors contribute as much 
to the survivability of troops and equipment and to the successful 
accomplishment of a mission as always knowing where you are. The chapter 
includes explanations of geographical coordinates, Universal Transverse 
Mercator grids, the military grid reference system, and the use of grid 
coordinates. 


4-1. REFERENCE SYSTEM 

In a city, it is quite simple to find a location; the streets are named and the buildings have 
numbers. The only thing needed is the address. However, finding locations in undeveloped 
areas or in unfamiliar parts of the world can be a problem. To cope with this problem, a 
uniform and precise system of referencing has been developed. 


4-2. GEOGRAPHIC COORDINATES 

One of the oldest systematic methods of location is based upon the geographic coordinate 
system. By drawing a set of east-west rings around the globe (parallel to the equator), and 
a set of north-south rings crossing the equator at right angles and converging at the poles, 
a network of reference lines is formed from which any point on the earth's surface can be 
located. 

a. The distance of a point north or south of the equator is known as its latitude. The 
rings around the earth parallel to the equator are called parallels of latitude or simply 
parallels. Lines of latitude run east-west but north-south distances are measured between 
them. 

b. A second set of rings around the globe at right angles to lines of latitude and passing 
through the poles is known as meridians of longitude or simply meridians. One meridian is 
designated as the prime meridian. The prime meridian of the system we use runs through 
Greenwich, England and is known as the Greenwich meridian. The distance east or west of 
a prime meridian to a point is known as its longitude. Lines of longitude (meridians) run 
north-south but east-west distances are measured between them (Figures 4-1 and 4-2, page 
4-2). 
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Figure 4-2. Reference lines. 


c. Geographic coordinates are expressed in angular measurement. Each circle is divided 
into 360 degrees, each degree into 60 minutes, and each minute into 60 seconds. The degree 
is symbolized by °, the minute by ', and the second by ”. Starting with 0° at the equator, the 
parallels of latitude are numbered to 90° both north and south. The extremities are the north 
pole at 90° north latitude and the south pole at 90° south latitude. Latitude can have the same 
numerical value north or south of the equator, so the direction N or S must always be given. 
Starting with 0°at the prime meridian, longitude is measured both east and west around the 
world. Lines east of the prime meridian are numbered to 180° and identified as east 
longitude; lines west of the prime meridian are numbered to 180° and identified as west 
longitude. The direction E or W must always be given. The line directly opposite the prime 
meridian, 180°, may be referred to as either east or west longitude. The values of geographic 
coordinates, being in units of angular measure, will mean more if they are compared with 
units of measure with which we are more familiar. At any point on the earth, the ground 
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distance covered by one degree of latitude is about 111 kilometers (69 miles); one second 
is equal to about 30 meters (100 feet). The ground distance covered by one degree of 
longitude at the equator is also about 111 kilometers, but decreases as one moves north or 
south, until it becomes zero at the poles. For example, one second of longitude represents 
about 30 meters (100 feet) at the equator; but at the latitude of Washington, DC, one second 
of longitude is about 24 meters (78 feet). Latitude and longitude are illustrated in Figure 4-3. 


Approximate 
location of 7 
COLUMBUS 7° 4 
MAP 


Figure 4-3. Latitude and longitude. 


d. Geographic coordinates appear on all standard military maps; on some they may be 
the only method of locating and referencing a specific point. The four lines that enclose the 
body of the map (neatlines) are latitude and longitude lines. Their values are given in degrees 
and minutes at each of the four corners. On a portion of the Columbus map (Figure 4-4), the 
figures 32°15' and 84°45' appear at the lower right corner. The bottom line of this map is 
latitude 32°15'00"N, and the line running up the right side is longitude 84°45'00"W. In 
addition to the latitude and longitude given for the four corners, there are, at regularly spaced 
intervals along the sides of the map, small tick marks extending into the body of the map. 
Each of these tick marks is identified by its latitude or longitude value. Near the top of the 
right side of the map is a tick mark and the number 20'. The full value for this tick marks is 
32°20'00" of latitude. At one-third and two-thirds of the distance across the map from the 
20' tick mark will be found a cross tick mark (grid squares 0379 and 9679) and at the far side 
another 20' tick mark. By connecting the tick marks and crosses with straight lines, a 
32°20'00" line of latitude can be added to the map. This procedure is also used to locate the 
32°25'00" line of latitude. For lines of longitude, the same procedure is followed using the 
tick marks along the top and bottom edges of the map. 

e. After the parallels and meridians have been drawn, the geographic interval (angular 
distance between two adjacent lines) must be determined. Examination of the values given 
at the tick marks gives the interval. For most maps of scale 1:25,000, the interval is 2'30". 
For the Columbus map and most maps of scale 1:50,000, it is 5'00". The geographic 
coordinates of a point are found by dividing the sides of the geographic square in which the 
point is located into the required number of equal parts. If the geographic interval is 5'00" 
and the location of a point is required to the nearest second, each side of the geographic 
square must be divided into 300 equal parts (5'00" = 300"), each of which would have a 
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value of one second. Any scale or ruler that has 300 equal divisions and is as long as or 
longer than the spacing between the lines may be used. 

f. The following steps will determine the geographic coordinates of Wilkinson 
Cemetery (northwest of the town of Cusseta) on the Columbus map. 

(1) Draw the parallels and meridians on the map that encloses the area around the 
cemetery. 

(2) Determine the values of the parallels and meridians where the point falls. 

Latitude 32°15'00" and 32°20'00". 
Longitude 84°45'00" and 84°50'00". 

(3) Determine the geographic interval (5'00" = 300"). 

(4) Select a scale that has 300 small divisions or multiples thereof (300 divisions, one 
second each; 150 divisions, two seconds each; 75 divisions, four seconds each, and so forth). 

(5) To determine the latitude— 

(a) Place the scale with the 0 of the scale on the latitude of the lowest number value 
(32°15'00") and the 300 of the scale on the highest numbered line (32°20'00") (1, 
Figure 4-4). 

(b) While keeping the 0 and 300 on the two lines, slide the scale (2, Figure 4-4) along 
the parallels until the Wilkinson Cemetery symbol is along the edge of the numbered scale. 

(c) Read the number of seconds from the scale (3, Figure 4-4), about 246. 

(d) Convert the number of seconds to minutes and seconds (246" = 4'06") and add to the 
value of the lower numbered line (32°15'00" + 4'06" = 32°19'06") (4, Figure 4-4). 

RESULTS: 

e The latitude is 32°19'06", but this is not enough. 

e The latitude 32°19'06" could be either north or south of the equator, so the letter N 
or S must be added to the latitude. To determine whether it is N or S, look at the 
latitude values at the edge of the map and find the direction in which they become 
larger. If they are larger going north, use N; if they are larger going south, use S. 

e The latitude for the cemetery is 32°19'06"N. 

(6) Determine the longitude, repeat the same steps but measure between lines of 
longitude and use E and W. The geographic coordinates of Wilkinson Cemetery should be 
about 32°19'06"N and 84°47'32"W (Figure 4-5, page 4-6). 

g. To locate a point on the Columbus map (Figure 4-6, page 4-7) when knowing the 
geographic coordinates, many of the same steps are followed. To locate 32°25'28"N and 
84°50'56"W, first find the geographic lines within which the point falls: latitude 32°25'00" 
and 32°30'0"; and longitude 84°50'00" and 84°55'00". Subtract the lower latitude/longitude 
from the higher latitude/longitude. 

(1) Place the 0 of the scale on the 32°25'00" line and the 300 on the 32°30'00". Make 
a mark at the number 28 on the scale (the difference between the lower and higher latitude). 

(2) Place the 0 of the scale on the 84°50'00” line and the 300 on the 84°50'55". Make a 
mark at the number 56 on the scale (the difference between the lower and higher longitude. 

(3) Draw a vertical line from the mark at 56 and a horizontal line from the mark at 28; 
they intersect at 32 25’28”N and 84 50’56”W. 
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Examples: 


(a) (b) (c) 
J 95 5 aH = 2 /10? =10 


100 10 
= ge = oe v10° = J100 =10 


There are also perfect square integers. A perfect square integer is an integer with a square root 
that is an integer. 


Examples: 


(a) (b) 
J9 =3 ¥144 = 12 


The square roots of other positive numbers are irrational. 


Examples: 
(a) (b) (c) (d) 
M5 (re a Ce 
Note: Leave irrational square roots in radical form. You can approximate the value 


of the square root by finding the two consecutive integers that meet the 
following conditions. The square of the smaller integer will be less than the 
number whose square root you're looking for. The square of the larger integer 
will be greater than the number you want to find the square root of. The square 
root will be between the integers. 


First you may want to guess the number. Next, divide the number by your 
guess. Finally, average the quotient and divisor. 


Another area you need to understand about radical expressions is how they relate to exponents. 


WRule - To remove a radical sign from radicand or base number, you make a fractional 
exponent. Make a fractional exponent by using the exponent as the numerator of 
the fractional exponent and the index number as the denominator of the fractional 
exponent. 


Examples: 


(a) (b) 
n fa™ =qu 2567 =* (256! =4 


Try the following challenge to reinforce what you have learned in paragraph 1304. 
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Figure 4-4. Determining latitude. 
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Figure 4-5. Determining longitude. 
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Figure 4-6. Determining geographic coordinates. 


h. If you do not have a scale or ruler with 300 equal divisions or a map whose interval 
is other than 5'00", use the proportional parts method. Following the steps determines the 
geographic coordinates of horizontal control station 141. 

(1) Locate horizontal control station 141 in grid square (GLO784) (Figure 4-7, page 4-9). 

(2) Find a cross in grid square GL0388 and a tick mark in grid square GL1188 with 25'. 

(3) Find another cross in grid square GLO379 and a tick mark in grid square GL1179 
with 20’. 

(4) Enclose the control station by connecting the crosses and tick marks. The control 
station is between 20' and 25' (Figure 4-7, page 4-9). 
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(5) With a boxwood scale, measure the distance from the bottom line to the top line that 
encloses the area around the control station on the map (total distance) (Figure 4-7). 

(6) Measure the partial distance from the bottom line to the center of the control station 
(Figure 4-7). These straight-line distances are in direct proportion to the minutes and seconds 
of latitude and are used to set up a ratio. 

RESULTS: 

e The total distance is 9,200 meters, and the partial distance is 5,125 meters 

(Figure 4-7). 
e With the two distances and the five-minute interval converted to seconds (300"), 
determine the minutes and seconds of latitude using the following formula: 
=» 5,125 x 300 = 1,537,500 
® = 1,537,500 + 9,200 = 167 
=" 167+ 60=2'47" 
= Add 2'47" to 32°20'00" = 32°20'47" 
(7) Follow the same procedures to determine minutes and seconds of longitude 
(Figure 4-7). 
RESULTS: 
e The total distance is 7,830 meters, and the partial distance is 4,000 meters 
(Figure 4-7). 
# 4,000 x 300 = 1,200,000 
= 1,200,000 + 7,830 = 153 
# 153 + 60 = 2'33" 
= Add 2'33" to 84°45' = 84°47'33"N 
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Figure 4-7. Using the proportional parts method. 


(8) The geographic coordinates of horizontal control station 141 in grid square GLO784 
are 32°22'47"N latitude and 84°47'33"W longitude. 


NOTE: When computing formulas, round off totals to the nearest whole number in step 2. 
In step 3, convert the fraction to seconds by multiplying the fraction by 60 and 
rounding off if the total is not a whole number. 


i. The maps made by some nations do not have their longitude values based on the 
prime meridian that passes through Greenwich, England. Table 4-1, on page 4-10, shows the 
prime meridians that may be used by other nations. When these maps are issued to our 
soldiers, a note usually appears in the marginal information giving the difference between 
our prime meridian and the one used on the map. 
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Amsterdam, Netherlands 4°53°01”E 
Athens, Greece 23°42’59"E 
Batavia (Djakarta), Indonesia 106°48'28"E 
Bern, Switzerland 7°26'22”E 
Brussels, Belgium 4°22’°06"E 
Copenhagen, Denmark 12°34’40"E 
Ferro (Hierro), Canary Islands 17°39'46"W 
Helsinki, Finland 24°53'17°E 
Istanbul, Turkey 28°58'50°E 
Lisbon, Portugal 9°07'55"W 


Madrid, Spain 3°41715°"W 


Oslo, Norway 10°43'23"E 


Paris, France 2°20'14’E 
Pulkovo, Russia 30°19°39"E 
Rome, Italy 12°27'08"E 
Stockholm, Sweden 18°03'30"E 


Tirane, Albania 19°46'45°E 


Table 1. Table of prime meridians. 


4-3. MILITARY GRIDS 
An examination of the transverse Mercator projection, which is used for large-scale military 
maps, shows that most lines of latitude and longitude are curved lines. The quadrangles 
formed by the intersection of these curved parallels and meridians are of different sizes and 
shapes, complicating the location of points and the measurement of directions. To aid these 
essential operations, a rectangular grid is superimposed upon the projection. This grid (a 
series of straight lines intersecting at right angles) furnishes the map reader with a system 
of squares similar to the block system of most city streets. The dimensions and orientation 
of different types of grids vary, but three properties are common to all military grid systems: 
one, they are true rectangular grids; two, they are superimposed on the geographic 
projection; and three, they permit linear and angular measurements. 

a. Universal Transverse Mercator Grid. The UTM grid has been designed to cover 
that part of the world between latitude 84°N and latitude 80°S, and, as its name implies, is 
imposed on the transverse Mercator projection. 
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(1) Each of the 60 zones (6 degrees wide) into which the globe is divided for the grid has 
its Own origin at the intersection of its central meridian and the equator (Figure 4-8). The 
grid is identical in all 60 zones. Base values (in meters) are assigned to the central meridian 
and the equator, and the grid lines are drawn at regular intervals parallel to these two base 
lines. With each grid line assigned a value denoting its distance from the origin, the problem 
of locating any point becomes progressively easier. Normally, it would seem logical to 
assign a value of zero to the two base lines and measure outward from them. This, however, 
would require either that directions—_N, S, E, or W—be always given with distances, or that 
all points south of the equator or west of the central meridian have negative values. 

(2) This inconvenience is eliminated by assigning "false values" to the base lines, 
resulting in positive values for all points within each zone. Distances are always measured 
RIGHT and UP (east and north as the reader faces the map), and the assigned values are 
called "false easting" and "false northing." (Figure 4-9, page 4-12). The false eating value 
for each central meridian is 500,000 meters, and the false northing value for the equator is 
0 meters when measuring in the northern hemisphere and 10,000,000 meters when 
measuring in the southern hemisphere. The use of the UTM grid for point designation will 
be discussed in detail in paragraph 4-4. 
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Figure 4-8. UTM grid zone location. 


b. Universal Polar Stereographic Grid. The UPS grid is used to represent the polar 
regions. (Figure 4-10, page 4-13) 

(1) North Polar Area. The origin of the UPS grid applied to the north polar area is the 
north pole. The "north-south" base line is the line formed by the 0-degree and 180-degree 
meridians; the "east-west" base line is formed by the two 90-degree meridians. 

(2) South Polar Area. The origin of the UPS grid in the south polar area is the south 
pole. The base lines are similar to those of the north polar area. 
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Figure 4-9. False eastings and northings for the UPS grid. 


4-4. UNITED STATES ARMY MILITARY GRID REFERENCE SYSTEM 

This grid reference system is designated for use with the UTM and UPS grids. The 
coordinate value of points in these grids could contain as many as 15 digits if numerals alone 
were used. The US military grid reference system reduces the length of written coordinates 
by substituting single letters for several numbers. Using the UTM and the UPS grids, it is 
possible for the location of a point (identified by numbers alone) to be in many different 
places on the surface of the earth. With the use of the military grid reference system, there 
is no possibility of this happening. 

a. Grid Zone Designation. The world is divided into 60 grid zones, which are large, 
regularly shaped geographic areas, each of which is given a unique identification called the 
grid zone designation. 

(1) UTM Grid. The first major breakdown is the division of each zone into areas 6° wide 
by 8° high and 6° wide by 12° high. Remember, for the transverse Mercator projection, the 
earth's surface between 80°S and 84°N is divided into 60 N-S zones, each 6° wide. These 
zones are numbered from west to east, 1 through 60, starting at the 180° meridian. This 
surface is divided into 20 east-west rows in which 19 are 8° high and | row at the extreme 
north is 12° high. These rows are then lettered, from south to north, C through X (I and O 
were omitted). Any 6° by 8° zone or 6° by 12° zone is identified by giving the number and 
letter of the grid zone and row in which it lies. These are read RIGHT and UP so the number 
is always written before the letter. This combination of zone number and row letter 
constitutes the grid zone designation. Columbus lies in zone 16 and row S, or in grid zone 
designation 16S (Figure 4-8, page 4-11). 
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(2) UPS Grid. The remaining letters of the alphabet, A, B, Y, and Z, are used for the 
UPS grids. Each polar area is divided into two zones separated by the 0-180° meridian. In 
the south polar area, the letter A is the grid zone designation for the area west of the 0-180° 
meridian, and B for the area to the east. In the north polar area, Y is the grid zone 
designation for the western area and Z for the eastern area (Figure 4-10). 


180° x 
NORTH POLE SOUTH POLE 


0° 180° 


NORTH POLAR SOUTH POLAR 
AREA AREA 


Figure 4-10. Grid zone designation for UPS grid. 


b. 100,000-Meter Square. Between 84°N and 80°S, each 6° by 8° or 6° by 12° zone 
is covered by 100,000-meter squares that are identified by the combination of two 
alphabetical letters. This identification is unique within the area covered by the grid zone 
designation. The first letter is the column designation; the second letter is the row 
designation (Figure 4-11, page 4-14). The north and south polar areas are also divided into 
100,000-meter squares by columns and rows. A detailed discussion of the polar system can 
be found in Technical Report 8358.1. The 100,000-meter square identification letters are 
located in the grid reference box in the lower margin of the map. 
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Figure 4-11. Grid zone designation and 100,000-meter 
square identification. 


c. Grid Coordinates. We have now divided the earth's surface into 6° by 8° 
quadrangles, and covered these with 100,000-meter squares. The military grid reference of 
a point consists of the numbers and letters indicating in which of these areas the point lies, 
plus the coordinates locating the point to the desired position within the 100,000-meter 
square. The next step is to tie in the coordinates of the point with the larger areas. To do this, 
you must understand the following. 

(1) Grid Lines. The regularly spaced lines that make the UTM and the UPS grid on any 
large-scale maps are divisions of the 100,000-meter square; the lines are spaced at 10,000- 
or 1,000-meter intervals (Figure 4-12). Each of these lines is labeled at both ends of the map 
with its false easting or false northing value, showing its relation to the origin of the zone. 
Two digits of the values are printed in large type, and these same two digits appear at 
intervals along the grid lines on the face of the map. These are called the principal digits, and 
represent the 10,000 and 1,000 digits of the grid value. They are of major importance to the 
map reader because they are the numbers he will use most often for referencing points. The 
smaller digits complete the UTM grid designation. 


Find the roots of the following: 


(a) (b) (c) (d) 
ar — 36 fd ee 
(e) (f) (g) (h) 
27 tf 16 1253 144 


‘The Tollowing responses are correct. IT your answers do not matcn all or the below, review 
paragraph 1304 before continuing. If all of your responses match, continue. 


(a) (b) (c) (d) 


3/97 =3 + /16 =+4 1257 = 3/125! =5 44 =12 
LessGu veuuinsy. YOU have cumpiewu lesson 5. m unis tesson you learneu we wins auu rules 
needed to perform electronic mathematical procedures. You learned to apply rules to calculate 
products and quotients of positive and negative terms. You learned to reduce grouped quantities 
to their simplest form. You learned to apply the law of exponents when calculating the product of 
two or more quantities containing exponents. You used the law of exponents to demonstrate the 
value of zero as an exponent. You learned to factor numbers and to apply the law of exponents 
when calculating the power to an original base when a given power is raised to a power. You 
learned to calculate the quotient of two or more quantities containing exponents. You learned to 
use radical signs with fractions and whole numbers. In the next lesson, you'll learn how to divide 
and multiply polynomials by monomials. The lesson exercise will serve as a measuring device to 
determine how well you understand what you learned. It will also point out those items that you 
need to review before you take the study unit exercise. Concentrate on each item carefully. 
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Figure 4-12. Grid lines. 


EXAMPLE: The first grid line north of the south-west corner of the Columbus map is 
labeled 3570000m N. This means its false northing (distance north of the equator) is 
3,570,000 meters. The principal digits, 70, identify the line for referencing points in the 
northerly direction. The smaller digits, 35, are part of the false coordinates and are rarely 
used. The last three digits, 000, of the value are omitted. Therefore, the first grid line east of 
the south-west corner is labeled 689000m E. The principal digits, 89, identify the line for 
referencing points in the easterly direction (Figure 4-13, page 4-16). 
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Figure 4-13. Columbus map, southwest corner. 


(2) Grid Squares. The north-south and east-west grid lines intersect at 90°, forming grid 
squares. Normally, the size of one of these grid squares on large-scale maps is 1,000 meters 
(1 kilometer). 

(3) Grid Coordinate Scales. The primary tool for plotting grid coordinates is the grid 
coordinate scale. The grid coordinate scale divides the grid square more accurately than can 
be done by estimation, and the results are more consistent. When used correctly, it presents 
less chance for making errors. GTA 5-2-12, 1981, contains four types of coordinate scales 
(Figure 4-14). 
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Figure 4-14. Coordinate scales. 


(a) The 1:25,000/1:250,000 (lower right in figure) can be used in two different scale 
maps, 1:25,000 or 1:250,000. The 1:25,000 scale subdivides the 1,000-meter grid block into 
10 major subdivisions, each equal to 100 meters. Each 100-meter block has five graduations, 
each equal to 20 meters. Points falling between the two graduations can be read accurately 
by the use of estimation. These values are the fourth and eighth digits of the coordinates. 
Likewise, the 1:250,000 scale is subdivided in 10 major subdivisions, each equal to 1,000 
meters. Each 1,000-meter block has five graduations, each equal to 200 meters. Points falling 
between two graduations can be read approximately by the use of estimation. 

(b) The 1:50,000 scale (upper left in Figure 4-14) subdivides the 1,000-meter block into 
10 major subdivisions, each equal to 100 meters. Each 100-meter block is then divided in 
half. Points falling between the graduations must be estimated to the nearest 10 meters for 
the fourth and eighth digits of the coordinates. 

(c) The 1:100,000 scale (lower left in Figure 4-14) subdivides the 1,000-meter grid block 
into five major subdivisions of 200 meters each. Each 200-meter block is then divided in half 
at 100-meter intervals. 


4-5. LOCATE A POINT USING GRID COORDINATES 


Based on the military principle for reading maps (RIGHT and UP), locations on the map can 
be determined by grid coordinates. The number of digits represents the degree of precision 
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to which a point has been located and measured on a map—the more digits the more precise 
the measurement. 

a. Without a Coordinate Scale. Determine grids without a coordinate scale by 
referring to the north-south grid lines numbered at the bottom margin of any map. Then read 
RIGHT to the north-south grid line that precedes the desired point (this first set of two digits 
is the RIGHT reading). Then by referring to the east-west grid lines numbered at either side 
of the map, move UP to the east-west grid line that precedes the desired point (these two 
digits are the UP reading). Coordinate 1484 locate the 1,000-meter grid square in which 
point X is located; the next square to the right would be 1584; the next square up would be 
1485, and so forth (Figure 4-15). Locate the point to the nearest 100 meters using estimation. 
Mentally divide the grid square in tenths, estimate the distance from the grid line to the point 
in the same order (RIGHT and UP). Give complete coordinate RIGHT, then complete 
coordinate UP. Point X is about two-tenths or 200 meters to the RIGHT into the grid square 
and about seven-tenths or 700 meters UP. 

RESULTS: The coordinates to the nearest 100 meters are 142847. 


Figure 4-15. Determining grids without coordinate point. 


b. With a Coordinate Scale (1:25,000). In order to use the coordinate scale for 
determining grid coordinates, ensure that the appropriate scale is being used on the 
corresponding map, and that the scale is right side up. To ensure the scale is correctly 
aligned, place it with the zero-zero point at the lower left corner of the grid square. Keeping 
the horizontal line of the scale directly on top of the east-west grid line, slide it to the right 
until the vertical line of the scale touches the point for which the coordinates are desired 
(Figure 4-16). When reading coordinates, examine the two sides of the coordinate scale to 
ensure that the horizontal line of the scale is aligned with the east-west grid line, and the 
vertical line of the scale is parallel with the north-south grid line. Use the scale when 
precision of more than 100 meters is required. To locate the point to the nearest 10 meters, 
measure the hundredths of a grid square RIGHT and UP from the grid lines to the point. 
Point X is about 17 hundredths or 170 meters RIGHT and 84 hundredths or 840 meters UP. 
The coordinates to the nearest 10 meters are 14178484. 


NOTE: 
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Figure 4-16. Placing a coordinate scale on a grid. 


Care should be exercised by the map reader using the coordinate scale when the 
desired point is located within the zero-zero point and the number | on the scale. 
Always prefix a zero if the hundredths reading is less than 10. In Figure 4-17, the 
desired point is reported as 14818407. 
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Figure 4-17. Zero-zero point. 
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c. 1:50,000 Coordinating Scale. On the 1:50,000 coordinate scale, there are two sides: 
vertical and horizontal. These sides are 1,000 meters in length. The point at which the sides 
meet is the zero-zero point. Each side is divided into 10 equal 100-meter segments by a long 
tick mark and number. Each 100-meter segment is subdivided into 50-meter segments by a 
short tick mark (Figure 4-18). By using interpolation, mentally divide each 50-meter 
segment into tenths. For example, a point that lies after a whole number but before a short 
tick mark is identified as 10, 20, 30, or 40 meters and any point that lies after the short tick 
mark but before the whole number is identified as 60, 70, 80, or 90 meters. 


012345678 9 1000 


10009876543 


9876543211987654321 


Figure 4-18. 1:50,000 coordinating scale. 


d. Example of Obtaining an Eight-Digit Coordinate Using 1:50,000 Scale. To ensure 
the scale is correctly aligned, place it with the zero-zero point at the lower left corner of the 
grid square. Keeping the horizontal line of the scale directly on top of the east-west grid line, 
slide the scale to the right until the vertical line of the scale touches the point for which the 
coordinates are desired (Figure 4-19, page 4-21). Reading right, you can see that the point 
lies 530 meters to the right into the grid square, which gives a right reading of 7853. Reading 
up, you can see that the point lies 320 meters up into the grid square, giving an up reading 
of 0032. 
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Figure 4-19. Example of obtaining an eight-digit coordinate 
using 1:50,000 scale. 


e. Recording and Reporting Grid Coordinates. Coordinates are written as one 
continuous number without spaces, parentheses, dashes, or decimal points; they must always 
contain an even number of digits. Therefore, whoever is to use the written coordinates must 
know where to make the split between the RIGHT and UP readings. It is a military 
requirement that the 100,000-meter square identification letters be included in any point 
designation. Normally, grid coordinates are determined to the nearest 100 meters (six digits) 
for reporting locations. With practice, this can be done without using plotting scales. The 
location of targets and other point locations for fire support are determined to the nearest 
10 meters (eight digits). 


NOTE: Special care should be exercised when recording and reporting coordinates. 
Transposing numbers or making errors could be detrimental to military 
operations. 


4-6. LOCATE A POINT USING THE US ARMY MILITARY 

GRID REFERENCE SYSTEM 

There is only one rule to remember when reading or reporting grid coordinates—always read 
to the RIGHT and then UP. The first half of the reported set of coordinate digits represents 
the left-to-right (easting) grid label, and the second half represents the label as read from the 
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bottom to top (northing). The grid coordinates may represent the location to the nearest 10-, 
100-, or 1,000-meter increment. 

a. Grid Zone. The number 16 locates a point within zone 16, which is an area 6° wide 
and extends between 80°S latitude and 84°N latitude (Figure 4-8, page 4-11). 

b. Grid Zone Designation. The number and letter combination, 16S, further locates 
a point within the grid zone designation 16S, which is a quadrangle 6° wide by 8° high. 
There are 19 of these quads in zone 16. Quad X, which is located between 72°N and 84°N 
latitude, is 12° high (Figure 4-8, page 4-11). 

c. 100,000-Meter Square Identification. The addition of two more letters locates a 
point within the 100,000-meter grid square. Thus 16SGL (Figure 4-11, page 4-14) locates 
the point within the 100,000-meter square GL in the grid zone designation 16S. For 
information on the lettering system of 100,000-meter squares, see TM 5-241-1. 

d. 10,000-Meter Square. The breakdown of the US Army military grid reference 
system continues as each side of the 100,000-meter square is divided into 10 equal parts. 
This division produces lines that are 10,000 meters apart. Thus the coordinates 16SGL08 
would locate a point as shown in Figure 4-20. The 10,000-meter grid lines appear as index 
(heavier) grid lines on maps at 1:100,000 and larger. 
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Figure 4-20. The 10,000-meter grid square. 
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e. 1,000-Meter Square. To obtain 1,000-meter squares, each side of the 10,000-meter 
square is divided into 10 equal parts. This division appears on large-scale maps as the actual 
grid lines; they are 1,000 meters apart. On the Columbus map, using coordinates 
16SGL0182, the easting 01 and the northing 82 gives the location of the southwest corner 
of grid square 0182 or to the nearest 1,000 meters of a point on the map (Figure 4-21). 
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Figure 4-21. The 1,000-meter grid square. 


f. 100-Meter Identification. To locate to the nearest 100 meters, the grid coordinate 
scale can be used to divide the 1,000-meter grid squares into 10 equal parts (Figure 4-22, 
page 4-24). 

g. 10-Meter Identification. The grid coordinate scale has divisions every 50 meters 
on the 1:50,000 scale and every 20 meters on the 1:25,000 scale. These can be used to 
estimate to the nearest 10 meters and give the location of one point on the earth's surface to 
the nearest 10 meters. 
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EXAMPLE: 16SGL01948253 (gas tank) (Figure 4-22). 
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Figure 4-22. The 100-meter and 10-meter grid squares. 


h. Precision. The precision of a point's location is shown by the number of digits in the 
coordinates; the more digits, the more precise the location (Figure 4-22, insert). 


4-7. GRID REFERENCE BOX 
A grid reference box (Figure 4-23) appears in the marginal information of each map sheet. 
It contains step-by-step instructions for using the grid and the US Army military grid 
reference system. The grid reference box is divided into two parts. 

a. The left portion identifies the grid zone designation and the 100,000-meter square. 
If the sheet falls in more than one 100,000-meter square, the grid lines that separate the 
squares are shown in the diagram and the letters identifying the 100,000-meter squares are 
given. 


EXAMPLE: On the Columbus map sheet, the vertical line labeled 00 is the grid line that 
separates the two 100,000-meter squares, FL and GL. The left portion also shows a sample 
for the 1,000-meter square with its respective labeled grid coordinate numbers and a sample 
point within the 1,000-meter square. 


b. The right portion of the grid reference box explains how to use the grid and is keyed 
on the sample 1,000-meter square of the left side. The following is an example of the 


military grid reference: 


EXAMPLE: 16S locates the 6° by 8° area (grid zone designation). 
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Lesson 3 Exercise: Complete items 1 through 12 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. The sign of the quotient of two numbers with like signs is 
a. negative b. positive 
c. different d. same 


2. The sign of the quotient of two numbers with unlike signs is 


a. positive b. different 
c. same d. negative 


3. Multiply the following: 


(a) (b) (c) 
-83 +19 =k 

6 4 28 

(d) (e) 

10 x (-7) x (-9) = (-18) x (-3) x (-2) = 


1-44 
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SAMPLE 1,000-METER GRID SQUARE 100-METER REFERENCE 


46 1. Read large numbers labeling the VERTICAL grid 
line left of point and estimate tenths (100-meters) 
from grid line to point. 


x 
Sample . Read large numbers labeling the HORIZONTAL 
point grid line below point and estimate (100-meters) 
from grid line. 


45 Example: 123456 
12 13 


eS a WHEN REPORTING ACROSS A 100,000-METER 
FL | GL LINE, PREFIX THE 100,000-METER SQUARE 


700 IDENTIFICATION, IN WHICH THE POINT LIES. 
Example: FL123456 


WHEN REPORTING OUTSIDE THE GRID ZONE 
GRID ZONE DESIGNATION DESIGNATION AREA, PREFIX THE GRID ZONE 
DESIGNATION. 
16S 


Example: 16SFL123456 


Figure 4-23. Grid reference box. 


4-8. OTHER GRID SYSTEMS 

The military grid reference system is not universally used. Soldiers must be prepared to 
interpret and use other grid systems, depending on the area of operations or the personnel 
the soldiers are operating with. 

a. British Grids. In a few areas of the world, British grids are still shown on military 
maps. However, the British grid systems are being phased out. Eventually all military 
mapping will be converted to the UTM grid. 

b. World Geographic Reference System (GEOREF). This system is a worldwide 
position reference system used primarily by the US Air Force. It may be used with any map 
or chart that has latitude and longitude printed on it. Instructions for using GEOREF data 
are printed in blue and are found in the margin of aeronautical charts (Figure 4-24, 
page 4-26). This system is based upon a division of the earth's surface into quadrangles of 
latitude and longitude having a systematic identification code. It is a method of expressing 
latitude and longitude in a form suitable for rapid reporting and plotting. Figure 4-24 
illustrates a sample grid reference box using GEOREF. The GEOREF system uses an 
identification code that has three main divisions. 
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#9 


TO REFERENCE BY GEOREF (SHOWN IN BLUE ) TO MINUTES 
Select nearest intersection south and west of point. 
Sample Point: KIGYE 
. WJ identifies basic 15° quadrangle. 
. KG identifies 1° quadrangle. 
. 15 identifies Georef minute of longitude. 
. 03 identifies Georef minute of latitude. 
. Sample reference: WJKG 1503. 


Figure 4-24. Sample reference using GEOREF. 


(1) First Division. There are 24 north-south (longitudinal) zones, each 15-degree wide. 
These zones, starting at 180 degrees and progressing eastward, are lettered A through Z 
(omitting I and O). The first letter of any GEOREF coordinate identifies the north-south zone 
in which the point is located. There are 12 east-west (latitudinal) bands, each 15-degree 
wide. These bands are lettered A through M (omitting I) northward from the south pole. The 
second letter of any GEOREF coordinate identifies the east-west band in which the point is 
located. The zones and bands divide the earth's surface into 288 quadrangles, each identified 
by two letters. 

(2) Second Division. Each 15-degree quadrangle is further divided into 225 quadrangles 
of 1 degree each (15 degrees by 15 degrees). This division is effected by dividing a basic 
15-degree quadrangle into 15 north-south zones and 15 east-west bands. The north-south 
zones are lettered A through Q (omitting I and O) from west to east. The third letter of any 
GEOREF coordinate identifies the 1 degree north-south zone within a 15-degree quadrangle. 
The east-west bands are lettered A through Q (I and O omitted) from south to north. The 
fourth letter of a GEOREF coordinate identifies the 1 degree east-west band within a 
15-degree quadrangle. Four letters identify any 1-degree quadrangle in the world. 
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(3) Third Division. Each of the 1-degree quadrangles is divided into 3,600 one-minute 
quadrangles. These one-minute quadrangles are formed by dividing the 1-degree quadrangles 
into 60 one-minute north-south zones numbered 0 through 59 from west to east, and 60 
east-west bands numbered 0 to 59 from south to north. To designate any one of the 3,600 
one-minute quadrangles requires four letters and four numbers. The rule READ RIGHT 
AND UP is always followed. Numbers | through 9 are written as 01, 02, and so forth. Each 
of the 1-minute quadrangles may be further divided into 10 smaller divisions both north- 
south and east-west, permitting the identification of 0.1-minute quadrangles. The GEOREF 
coordinate for any 0.1-minute quadrangle consists of four letters and six numbers. 


4-9. PROTECTION OF MAP COORDINATES AND LOCATIONS 

A disadvantage of any standard system of location is that the enemy, if he intercepts one of 
our messages using the system, can interpret the message and find our location. It is possible 
and can be eliminated by using an authorized low-level numerical code to express locations. 
Army Regulation 380-40 outlines the procedures for obtaining authorized codes. 

a. The authorized numerical code provides a capability for encrypting map references 
and other numerical information that requires short-term security protection when, for 
operational reasons, the remainder of the message is transmitted in plain language. The 
system is published in easy-to-use booklets with sufficient material in each for one month's 
operation. Sample training editions of this type of system are available through the unit's 
communications and electronics officer. 

b. The use of any encryption methods other than authorized codes is, by regulation, 
unauthorized and shall not be used. 


4-27 


FM 3-25.26 


CHAPTER 5 


SCALE AND DISTANCE 


A map is a scaled graphic representation of a portion of the earth's 
surface. The scale of the map permits the user to convert distance on the map 
to distance on the ground or vice versa. The ability to determine distance on 
a map, as well as on the earth's surface, is an important factor in planning 
and executing military missions. 


5-1. REPRESENTATIVE FRACTION 

The numerical scale of a map indicates the relationship of distance measured on a map and 
the corresponding distance on the ground. This scale is usually written as a fraction and is 
called the representative fraction. The RF is always written with the map distance as 1 and 
is independent of any unit of measure. (It could be yards, meters, inches, and so forth.) An 
RF of 1/50,000 or 1:50,000 means that one unit of measure on the map is equal to 50,000 
units of the same measure on the ground. 

a. The ground distance between two points is determined by measuring between the 
same two points on the map and then multiplying the map measurement by the denominator 
of the RF or scale (Figure 5-1, page 5-2). 

EXAMPLE: 

The map scale is 1:50,000 

RF = 1/50,000 

The map distance from point A to point B is 5 units 

5 x 50,000 = 250,000 units of ground distance 

b. Since the distance on most maps is marked in meters and the RF is expressed in this 
unit of measurement in most cases, a brief description of the metric system is needed. In the 
metric system, the standard unit of measurement is the meter. 

1 meter contains 100 centimeters (cm). 

100 meters is a regular football field plus 10 meters. 

1,000 meters is 1 kilometer (km). 

10 kilometers is 10,000 meters. 

Appendix C contains the conversion tables. 

c. The situation may arise when a map or sketch has no RF or scale. To be able to 
determine ground distance on such a map, the RF must be determined. There are two ways 
to do this: 

(1) Comparison with Ground Distance. 

(a) Measure the distance between two points on the map—map distance (MD). 

(b) Determine the horizontal distance between these same two points on the ground— 
ground distance (GD). 

(c) Use the RF formula and remember that RF must be in the general form: 


RF =_1 = _MD 
X GD 
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Figure 5-1. Converting map distance to ground distance. 


(d) Both the MD and the GD must be in the same unit of measure and the MD must be 
reduced to 1. 


EXAMPLE: 
MD = 4.32 centimeters 


GD = 2.16 kilometers 
(216,000 centimeters) 


RF= 1 = 4.32 
X 216,000 
or 
216,000 = 50,000 
4.32 


therefore 


RF=_ 1 or 1:50,000 
50,000 


(2) Comparison With Another Map of the Same Area that Has an RF. 

(a) Select two points on the map with the unknown RF. Measure the distance (MD) 
between them. 

(b) Locate those same two points on the map that have the known RF. Measure the 
distance (MD) between them. Using the RF for this map, determine GD, which is the same 
for both maps. 

(c) Using the GD and the MD from the first map, determine the RF using the formula: 

RF=_1_ =_MD 
X GD 
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d. Occasionally it may be necessary to determine map distance from a known ground 
distance and the RF: 


MD = GD 
Denominator or RF 


Ground Distance = 2,200 meters 


RF = 1:50,000 
MD = _ 2,200 meters 
50,000 


MD = 0.044 meters x 100 (centimeters per meter) 
MD = 4.4 centimeters 


e. When determining ground distance from a map, the scale of the map affects the 
accuracy. As the scale becomes smaller, the accuracy of measurement decreases because 
some of the features on the map must be exaggerated so that they may be readily identified. 


5-2. GRAPHIC (BAR) SCALES 

A graphic scale is a ruler printed on the map and is used to convert distances on the map to 
actual ground distances. The graphic scale is divided into two parts. To the right of the zero, 
the scale is marked in full units of measure and is called the primary scale. To the left of the 
zero, the scale is divided into tenths and is called the extension scale. Most maps have three 
or more graphic scales, each using a different unit of measure (Figure 5-2). When using the 
graphic scale, be sure to use the correct scale for the unit of measure desired. 


EXTENSION SCALE PRIMARY SCALE 


Seale 1:50,000 


5 Kilometers 


3 Statute Miles 


3 Navtical Miles 


Figure 5-2. Using a graphic (bar) scale. 
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a. To determine straight-line distance between two points on a map, lay a straight-edged 
piece of paper on the map so that the edge of the paper touches both points and extends past 
them. Make a tick mark on the edge of the paper at each point (Figure 5-3). 
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Figure 5-3. Transferring map distance to paper strip. 


b. To convert the map distance to ground distance, move the paper down to the graphic 
bar scale, and align the right tick mark (b) with a printed number in the primary scale so that 
the left tick mark (a) is in the extension scale (Figure 5-4). 
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Scale 1:50,000 


Distance of 3 kilometers, 950 meters 


(3,950 meters) 


Figure 5-4. Measuring straight-line map distance. 


c. The right tick mark (b) is aligned with the 3,000-meter mark in the primary scale, 
thus the distance is at least 3,000 meters. To determine the distance between the two points 
to the nearest 10 meters, look at the extension scale. The extension scale is numbered with 
zero at the right and increases to the left. When using the extension scale, always read right 
to left (Figure 5-4). From the zero left to the beginning of the first shaded area is 100 meters. 
From the beginning of the shaded square to the end of the shaded square is 100 to 200 
meters. From the end of the first shaded square to the beginning of the second shaded square 
is 200 to 300 meters. Remember, the distance in the extension scale increases from right to 
left. 

d. To determine the distance from the zero to tick mark (a), divide the distance inside 
the squares into tenths (Figure 5-4). As you break down the distance between the squares in 
the extension scale into tenths, you will see that tick mark (a) is aligned with the 950-meter 
mark. Adding the distance of 3,000 meters determined in the primary scale to the 950 meters 
you determined by using the extension scale, we find that the total distance between points 
(a) and (b) is 3,950 meters. 

e. To measure distance along a road, stream, or other curved line, the straight edge of 
a piece of paper is used. In order to avoid confusion concerning the point to begin measuring 
from and the ending point, an eight-digit coordinate should be given for both the starting and 
ending points. Place a tick mark on the paper and map at the beginning point from which the 
curved line is to be measured. Align the edge of the paper along a straight portion and make 
a tick mark on both map and paper when the edge of the paper leaves the straight portion of 
the line being measured (Figure 5-5A, page 5-7). 

f. Keeping both tick marks together (on paper and map), place the point of the pencil 
close to the edge of the paper on the tick mark to hold it in place and pivot the paper until 
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another straight portion of the curved line is aligned with the edge of the paper. Continue in 
this manner until the measurement is completed (Figure 5-5B, page 5-7). 

g. When you have completed measuring the distance, move the paper to the graphic 
scale to determine the ground distance. The only tick marks you will be measuring the 
distance between are tick marks (a) and (b). The tick marks in between are not used 
(Figure 5-5C, page 5-7). 

h. There may be times when the distance you measure on the edge of the paper exceeds 
the graphic scale. In this case, there are different techniques you can use to determine the 
distance. 

(1) One technique is to align the right tick mark (b) with a printed number in the primary 
scale, in this case the 5. You can see that from point (a) to point (b) is more than 
6,000 meters when you add the 1,000 meters in the extension scale. To determine the exact 
distance to the nearest 10 meters, place a tick mark (c) on the edge of the paper at the end 
of the extension scale (Figure 5-6A, page 5-8). You know that from point (b) to point (c) is 
6,000 meters. With the tick mark (c) placed on the edge of the paper at the end of the 
extension scale, slide the paper to the right. Remember the distance in the extension is 
always read from right to left. Align tick mark (c) with zero and then measure the distance 
between tick marks (a) and (c). The distance between tick marks (a) and (c) is 420 meters. 
The total ground distance between start and finish points is 6,420 meters (Figure 5-6B, 
page 5-8). 
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4. Remove the signs of groupings in the following equations. 


(a) 
6a? — 4J-2 + a2 —44+(5+7b+10—5)] 


(b) 2x+4| 2—4(3y+5-3x42y J 


5. Find the product of the following: 


(a) (b) (c) 
ere = 9.1 * 104 54% 3-7%8+35 
5 «107 


6. — Transfer the following fractions 


(a) (b) (c) 
Qy? > n= 
ca 6 a 
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Scale 1:50,000 


5 Kilometers 


Meters 1000 


DISTANCE IS 6,420 METERS 


Figure 5-6. Determining the exact distance. 


(2) Another technique that may be used to determine exact distance between two points 
when the edge of the paper exceeds the bar scale is to slide the edge of the paper to the right 
until tick mark (a) is aligned with the edge of the extension scale. Make a tick mark on the 
paper, in line with the 2,000-meter mark (c) (Figure 5-7A). Then slide the edge of the paper 
to the left until tick mark (b) is aligned with the zero. Estimate the 100-meter increments into 
10-meter increments to determine how many meters tick mark (c) is from the zero line 
(Figure 5-7B). The total distance would be 3,030 meters. 

(3) At times you may want to know the distance from a point on the map to a point off 
the map. In order to do this, measure the distance from the start point to the edge of the map. 
The marginal notes give the road distance from the edge of the map to some towns, 
highways, or junctions off the map. To determine the total distance, add the distance 
measured on the map to the distance given in the marginal notes. Be sure the unit of measure 
is the same. 

(4) When measuring distance in statute or nautical miles, round it off to the nearest one- 
tenth of a mile and make sure the appropriate bar scale is used. 

(5) Distance measured on a map does not take into consideration the rise and fall of the 
land. All distances measured by using the map and graphic scales are flat distances. 
Therefore, the distance measured on a map will increase when actually measured on the 
ground. This must be taken into consideration when navigating across country. 
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Figure 5-7. Reading the extension scale. 


i. The amount of time required to travel a certain distance on the ground is an important 
factor in most military operations. This can be determined if a map of the area is available 
and a graphic time-distance scale is constructed for use with the map as follows: 


R = Rate of travel (speed) T = Time 
D = Distance (ground distance) T= _D 
R 


For example, if an infantry unit is marching at an average rate (R) of 4 kilometers per hour, 
it will take about 3 hours (T) to travel 12 kilometers. 


12(D)_ = 3(T) 
4 (R) 


j. To construct a time-distance scale (Figure 5-8A), knowing your length of march, rate 
of speed, and map scale, that is, 12 kilometers at 3 kilometers per hour on a 1:50,000-scale 
map, use the following process: 

(1) Mark off the total distance on a line by referring to the graphic scale of the map or, 
if this is impracticable, compute the length of the line as follows: 

(a) Convert the ground distance to centimeters: 12 kilometers x 100,000 (centimeters 
per kilometer) = 1,200,000 centimeters. 
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(b) Find the length of the line to represent the distance at map scale— 


MD = I = _ 1,200,000 __ = 24 centimeters 
50,000 50,000 


(c) Construct a line 24 centimeters in length (Figure 5-8A). 
(2) Divide the line by the rate of march into three parts (Figure 5-8B), each part 
representing the distance traveled in one hour, and label. 
(3) Divide the scale extension (left portion) into the desired number of lesser time 
divisions— 
1-minute divisions — 60 
5-minute divisions — 12 
10-minute divisions — 6 


(4) Figure 5-8C shows a 5-minute interval scale. Make these divisions in the same 
manner as for a graphic scale. The completed scale makes it possible to determine where the 
unit will be at any given time. However, it must be remembered that this scale is for one 
specific rate of march only, 4 kilometers per hour. 


(Length of lines are illustrative only and not at 1:50,000 scale) 


2 HOURS 


2 HOURS 


24 centimeters (5-minute intervals) 
(Rate of march: 4-kilometers per hour) 


Figure 5-8. Constructing a time-distance scale. 


5-10 


FM 3-25.26 


5-3. OTHER METHODS 

Determining distance is the most common source of error encountered while moving either 
mounted or dismounted. There may be circumstances where you are unable to determine 
distance using your map or where you are without a map. It is therefore essential to learn 
methods by which you can accurately pace, measure, use subtense, or estimate distances on 
the ground. 

a. Pace Count. Another way to measure ground distance is the pace count. A pace is 
equal to one natural step, about 30 inches long. To accurately use the pace count method, 
you must know how many paces it takes you to walk 100 meters. To determine this, you 
must walk an accurately measured course and count the number of paces you take. A pace 
course can be as short as 100 meters or as long as 600 meters. The pace course, regardless 
of length, must be on similar terrain to that you will be walking over. It does no good to walk 
a course on flat terrain and then try to use that pace count on hilly terrain. To determine your 
pace count on a 600-meter course, count the paces it takes you to walk the 600 meters, then 
divide the total paces by 6. The answer will give you the average paces it takes you to walk 
100 meters. It is important that each person who navigates while dismounted knows his pace 
count. 

(1) There are many methods to keep track of the distance traveled when using the pace 
count. Some of these methods are: put a pebble in your pocket every time you have walked 
100 meters according to your pace count; tie knots in a string; or put marks in a notebook. 
Do not try to remember the count; always use one of these methods or design your own 
method. 

(2) Certain conditions affect your pace count in the field, and you must allow for them 
by making adjustments. 

(a) Slopes. Your pace lengthens on a downslope and shortens on an upgrade. Keeping 
this in mind, if it normally takes you 120 paces to walk 100 meters, your pace count may 
increase to 130 or more when walking up a slope. 

(b) Winds. A head wind shortens the pace and a tail wind increases it. 

(c) Surfaces. Sand, gravel, mud, snow, and similar surface materials tend to shorten the 
pace. 

(d) Elements. Falling snow, rain, or ice cause the pace to be reduced in length. 

(e) Clothing. Excess clothing and boots with poor traction affect the pace length. 

(f) Visibility. Poor visibility, such as in fog, rain, or darkness, will shorten your pace. 

b. Odometer. Distances can be measured by an odometer, which is standard equipment 
on most vehicles. Readings are recorded at the start and end of a course and the difference 
is the length of the course. 

(1) To convert kilometers to miles, multiply the number of kilometers by 0.62. 

EXAMPLE: 
16 kilometers = 16 x 0.62 = 9.92 miles 
(2) To convert miles to kilometers, divided the number of miles by 0.62. 
EXAMPLE: 
10 miles = 10 divided by 0.62 = 16.12 kilometers 
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c. Subtense. The subtense method is a fast method of determining distance and yields 
accuracy equivalent to that obtained by measuring distance with a premeasured piece of 
wire. An advantage is that a horizontal distance is obtained indirectly; that is, the distance 
is computed rather than measured. This allows subtense to be used over terrain where 
obstacles such as streams, ravines, or steep slopes may prohibit other methods of 
determining distance. 

(1) The principle used in determining distance by the subtense method is similar to that 
used in estimating distance by the mil relation formula. The field artillery application of the 
mil relation formula involves only estimations. It is not accurate enough for survey purposes. 
However, the subtense method uses precise values with a trigonometric solution. Subtense 
is based on a principle of visual perspective—the farther away an object, the smaller it 
appears. 

(2) The following two procedures are involved in subtense measurement: 

e Establishing a base of known length. 
e Measuring the angle of that base by use of the aiming circle. 

(3) The subtense base may be any desired length. However, if a 60-meter base, a 2-meter 
bar, or the length of an M16A1 or M16A2 rifle is used, precomputed subtense tables are 
available. The M16 or 2-meter bar must be held horizontal and perpendicular to the line of 
sight by a soldier facing the aiming circle. The instrument operator sights on one end of the 
M16 or 2-meter bar and measures the horizontal clockwise angle to the other end of the rifle 
or bar. He does this twice and averages the angles. He then enters the appropriate subtense 
table with the mean angle and extracts the distance. Accurate distances can be obtained with 
the M16 out to approximately 150 meters, with the 2-meter bar out to 250 meters, and with 
the 60-meter base out to 1,000 meters. If a base of another length is desired, a distance can 
be computed by using the following formula: 


Distance = _1/2 (base in meters) 
Tan (1/2) (in mils) 


d. Estimation. At times, because of the tactical situation, it may be necessary to 
estimate range. There are two methods that may be used to estimate range or distance. 
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(1) 100-Meter Unit-of-Measure Method. To use this method, the soldier must be able 
to visualize a distance of 100 meters on the ground. For ranges up to 500 meters, he 
determines the number of 100-meter increments between the two objects he wishes to 
measure. Beyond 500 meters, the soldier must select a point halfway to the object(s) and 
determine the number of 100-meter increments to the halfway point, then double it to find 
the range to the object(s) (Figure 5-9). 


4) 400 MeTaAS:-. 
CF THE 41-0 KBABOUT 


Figure 5-9. Using a 100-meter unit-of-measure method. 


(2) Flash-To-Bang Method. To use this method to determine range to an explosion or 
enemy fire, begin to count when you see the flash. Count the seconds until you hear the 
weapon fire. This time interval may be measured with a stopwatch or by using a steady 
count, such as one-thousand-one, one-thousand-two, and so forth, for a three-second 
estimated count. If you must count higher than 10 seconds, start over with one. Multiply the 
number of seconds by 330 meters to get the approximate range (FA uses 350 meters instead). 
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(3) Proficiency of Methods. The methods discussed above are used only to estimate 
range (Table 5-1). Proficiency in both methods requires constant practice. The best training 
technique is to require the soldier to pace the range after he has estimated the distance. In 
this way, the soldier discovers the actual range for himself, which makes a greater 


impression than if he is simply told the correct range. 


Factors Affecting 
Range Estimation 


Factors Causing 
Underestimation of Range 


Factors Causing 
Overestimation of Range 


The clearness of 
outline and details 
of the object. 


When most of the object is visible and 
offers a clear outline. 


When only a small part of the object 
can be seen or the object is small in 
relation to its surroundings. 


Nature of terrain or 
position of the 
observer. 


When looking across a depression that 
is mostly hidden from view. 


When looking downward from high 
ground. 


When looking down a straight, open 
road or along a railroad. 


When looking over uniform surfaces like 
water, snow, desert, or grain fields. 


In bright light or when the sun is shining 
from behind the observer. 


When looking across a depression 
that is totally visible. 


When vision is confined, as in 
streets, draws, or forest trails. 


When looking from low ground 
toward high ground. 


In poor light, such as dawn and 
dusk; in rain, snow, fog; or when 
the sun is in the observer’s eyes. 


Light and 
atmosphere 


5-14 


When the object is in sharp contrast with 
the background or is_ silhouetted 
because of its size, shape, or color. 


When seen in the clear air of high 
altitudes. 


When object blends into the 


background or terrain. 


Table 5-1. Factors of range estimation. 
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CHAPTER 6 


DIRECTION 


Being in the right place at the prescribed time is necessary to 
successfully accomplish military missions. Direction plays an important role 
in a Soldier's everyday life. It can be expressed as right, left, straight ahead, 
and so forth; but then the question arises, "To the right of what?" This 
chapter defines the word azimuth and the three different norths. It explains 
in detail how to determine the grid and the magnetic azimuths with the use 
of the protractor and the compass. It explains the use of some field-expedient 
methods to find directions, the declination diagram, and the conversion of 
azimuths from grid to magnetic and vice versa. It also includes some 
advanced aspects of map reading, such as intersection, resection, modified 
resection, and polar plots. 


6-1. METHODS OF EXPRESSING DIRECTION 

Military personnel need a way of expressing direction that is accurate, is adaptable to any 
part of the world, and has a common unit of measure. Directions are expressed as units of 
angular measure. 

a. Degree. The most common unit of measure is the degree (°) with its subdivisions of 
minutes (') and seconds ("). 

1 degree = 60 minutes. 
1 minute = 60 seconds. 

b. Mil. Another unit of measure, the mil (abbreviated 1h), is used mainly in artillery, 
tank, and mortar gunnery. The mil expresses the size of an angle formed when a circle is 
divided into 6,400 angles, with the vertex of the angles at the center of the circle. A 
relationship can be established between degrees and mils. A circle equals 6400 mils divided 
by 360 degrees, or 17.78 mils per degree. To convert degrees to mils, multiply degrees by 
17.78. 

c. Grad. The grad is a metric unit of measure found on some foreign maps. There are 
400 grads in a circle (a 90-degree right angle equals 100 grads). The grad is divided into 
100 centesimal minutes (centigrads) and the minute into 100 centesimal seconds 
(milligrads). 


6-2. BASE LINES 
In order to measure something, there must always be a starting point or zero measurement. 
To express direction as a unit of angular measure, there must be a starting point or zero 
measure and a point of reference These two points designate the base or reference line. There 
are three base lines—true north, magnetic north, and grid north. The most commonly used 
are magnetic and grid. 

a. True North. A line from any point on the earth's surface to the north pole. All lines 
of longitude are true north lines. True north is usually represented by a star (Figure 6-1, page 
6-2). 

b. Magnetic North. The direction to the north magnetic pole, as indicated by the north- 
seeking needle of a magnetic instrument. The magnetic north is usually symbolized by a line 
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ending with half of an arrowhead (Figure 6-1). Magnetic readings are obtained with 
magnetic instruments, such as lensatic and M2 compasses. 

c. Grid North. The north that is established by using the vertical grid lines on the map. 
Grid north may be symbolized by the letters GN or the letter “‘y” (Figure 6-1). 


TRUE MAGNETIC 
NORTH NORTH 


Figure 6-1. Three norths. 


6-3. AZIMUTHS 

An azimuth 1s defined as a horizontal angle measured clockwise from a north base line. This 
north base line could be true north, magnetic north, or grid north. The azimuth is the most 
common military method to express direction. When using an azimuth, the point from which 
the azimuth originates is the center of an imaginary circle (Figure 6-2). This circle is divided 
into 360 degrees or 6400 mils (Appendix G). 
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ORIGIN 


Figure 6-2. Origin of azimuth circle. 


a. Back Azimuth. A back azimuth is the opposite direction of an azimuth. It is 
comparable to doing “about face.” To obtain a back azimuth from an azimuth, add 
180 degrees if the azimuth is 180 degrees or less, or subtract 180 degrees if the azimuth is 
180 degrees or more (Figure 6-3). The back azimuth of 180 degrees may be stated as 
0 degrees or 360 degrees. For mils, if the azimuth is less than 3200 mils, add 3200 mils, if 
the azimuth is more than 3200 mils, subtract 3200 mils. 


EXAMPLE: 
Azimuth 


115° 


Figure 6-3. Back azimuth. 


WARNING 


When converting azimuths into back azimuths, extreme care should be 


exercised when adding or subtracting the 180 degrees. A simple 
mathematical mistake could cause disastrous consequences. 


b. Magnetic Azimuth. The magnetic azimuth is determined by using magnetic 
instruments, such as lensatic and M2 compasses. Refer to Chapter 9, paragraph 4, for details. 
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c. Field-Expedient Methods. Several field-expedient methods to determine direction 
are discussed in Chapter 9, paragraph 5. 


6-4. GRID AZIMUTHS 

When an azimuth is plotted on a map between point A (starting point) and point B (ending 
point), the points are joined together by a straight line. A protractor is used to measure the 
angle between grid north and the drawn line, and this measured azimuth is the grid azimuth 
(Figure 6-4). 


WARNING 


When measuring azimuths on a map, remember that you are measuring 


from a starting point to an ending point. If a mistake is made and the 
reading is taken from the ending point, the grid azimuth will be opposite, 
thus causing the user to go in the wrong direction. 


6-4 
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Figure 6-4. Measuring an azimuth. 


6-5. PROTRACTOR 

There are several types of protractors—full circle, half circle, square, and rectangular 
(Figure 6-5). All of them divide the circle into units of angular measure, and each has a scale 
around the outer edge and an index mark. The index mark is the center of the protractor 
circle from which all directions are measured. 


6-5 


FM 3-25.26 


o © 100 «100 6«120 
cd i} 780 


suai: “aoe 
SCALE IN DEGREES 


RECTANGULAR 


OLNEY 
mo 123 eS OMe + © wm we Hw 


Z| 


SEMICIRCULAR 


px 


4, 


ee ee eee ee 


» 

NS 
N 

\ 
N 

SS 
x 
x 
F 
= 
z 
= 
iE 
Z 
¥ 
y 
Z 

z 

Y 
Z 


gh 190 12d 140 268 290 155160 205270 275700 205 BH PH) 200 90s HO 


SS 


CIRCULAR 
SQUARE 


Figure 6-5. Types of protractors. 


a. The military protractor, GTA 5-2-12, contains two scales: one in degrees (inner 
scale) and one in mils (outer scale). This protractor represents the azimuth circle. The degree 
scale is graduated from 0 to 360 degrees; each tick mark on the degree scale represents one 
degree. A line from 0 to 180 degrees is called the base line of the protractor. Where the base 
line intersects the horizontal line, between 90 and 270 degrees, is the index or center of the 
protractor (Figure 6-6). 
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Figure 6-6. Military protractor. 


b. When using the protractor, the base line is always oriented parallel to a north-south 
grid line. The 0- or 360-degree mark is always toward the top or north on the map and the 
90° mark is to the right. 

(1) To determine the grid azimuth— 

(a) Draw a line connecting the two points (A and B). 

(b) Place the index of the protractor at the point where the drawn line crosses a vertical 
(north-south) grid line. 

(c) Keeping the index at this point, align the 0- to 180-degree line of the protractor on 
the vertical grid line. 

(d) Read the value of the angle from the scale; this is the grid azimuth from point A to 
point B (Figure 6-4). 

(2) To plot an azimuth from a known point on a map (Figure 6-7)— 

(a) Convert the azimuth from magnetic to grid, if necessary. (See paragraph 6-6.) 

(b) Place the protractor on the map with the index mark at the center of mass of the 
known point and the base line parallel to a north-south grid line. 

(c) Make a mark on the map at the desired azimuth. 

(d) Remove the protractor and draw a line connecting the known point and the mark on 
the map. This is the grid direction line (azimuth). 


NOTE: When measuring an azimuth, the reading is always to the nearest degree or 
10 mils. Distance does not change an accurately measured azimuth. 
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Figure 6-7. Plotting an azimuth on the map. 


c. To obtain an accurate reading with the protractor (to the nearest degree or 10 mils), 
there are two techniques to check that the base line of the protractor is parallel to a north- 
south grid line. 

(1) Place the protractor index where the azimuth line cuts a north-south grid line, 
aligning the base line of the protractor directly over the intersection of the azimuth line with 
the north-south grid line. The user should be able to determine whether the initial azimuth 
reading was correct. 

(2) The user should re-read the azimuth between the azimuth and north-south grid line 
to check the initial azimuth. 

(3) Note that the protractor is cut at both the top and bottom by the same north-south grid 
line. Count the number of degrees from the 0-degree mark at the top of the protractor to this 
north-south grid line and then count the number of degrees from the 180-degree mark at the 
bottom of the protractor to this same grid line. If the two counts are equal, the protractor is 
properly aligned. 


6-6. DECLINATION DIAGRAM 

Declination is the angular difference between any two norths. If you have a map and a 
compass, the one of most interest to you will be between magnetic and grid north. The 
declination diagram (Figure 6-8) shows the angular relationship, represented by prongs, 
among grid, magnetic, and true norths. While the relative positions of the prongs are correct, 
they are seldom plotted to scale. Do not use the diagram to measure a numerical value. This 
value will be written in the map margin (in both degrees and mils) beside the diagram. 
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a. Location. A declination diagram is a part of the information in the lower margin on 
most larger maps. On medium-scale maps, the declination information is shown by a note 
in the map margin. 

b. Grid-Magnetic Angle. The G-M angle value is the angular size that exists between 
grid north and magnetic north. It is an arc, indicated by a dashed line, that connects the grid- 
north and magnetic-north prongs. This value is expressed to the nearest 1/2 degree, with mil 
equivalents shown to the nearest 10 mils. The G-M angle is important to the map reader/land 
navigator because azimuths translated between map and ground will be in error by the size 
of the declination angle if not adjusted for it. 

c. Grid Convergence. An arc indicated by a dashed line connects the prongs for true 
north and grid north. The value of the angle for the center of the sheet is given to the nearest 
full minute with its equivalent to the nearest mil. These data are shown in the form of a grid- 
convergence note. 

d. Conversion. There is an angular difference between the grid north and the magnetic 
north. Since the location of magnetic north does not correspond exactly with the grid-north 
lines on the maps, a conversion from magnetic to grid or vice versa is needed. 

(1) With Notes. Simply refer to the conversion notes that appear in conjunction with the 
diagram explaining the use of the G-M angle (Figure 6-8). One note provides instructions 
for converting magnetic azimuth to grid azimuth; the other, for converting grid azimuth to 
magnetic azimuth. The conversion (add or subtract) is governed by the direction of the 
magnetic-north prong relative to that of the north-grid prong. 
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Figure 6-8. Declination diagrams. 


(2) Without Notes. In some cases, there are no declination conversion notes on the 
margin of the map; it is necessary to convert from one type of declination to another. A 
magnetic compass gives a magnetic azimuth; but in order to plot this line on a gridded map, 
the magnetic azimuth value must be changed to grid azimuth. The declination diagram is 
used for these conversions. A rule to remember when solving such problems is this: 
No matter where the azimuth line points, the angle to it is always measured clockwise 
from the reference direction (base line). With this in mind, the problem is solved by the 
following steps: 
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(a) Draw a vertical or grid-north line (prong). Always align this line with the vertical 
lines on a map (Figure 6-9). 
MAGNETIC NORTH 


G-M ANGLE 
B°E 


Arbitrary line or any azimuth 
Figure 6-9. Declination diagram with arbitrary line. 


(b) From the base of the grid-north line (prong), draw an arbitrary line (or any azimuth 
line) at a roughly right angle to north, regardless of the actual value of the azimuth in degrees 
(Figure 6-9). 

(c) Examine the declination diagram on the map and determine the direction of the 
magnetic north (right-left or east-west) relative to that of the grid-north prong. Draw a 
magnetic prong from the apex of the grid-north line in the desired direction (Figure 6-9). 

(d) Determine the value of the G-M angle. Draw an arc from the grid prong to the 
magnetic prong and place the value of the G-M angle (Figure 6-9). 

(e) Complete the diagram by drawing an arc from each reference line to the arbitrary 
line. A glance at the completed diagram shows whether the given azimuth or the desired 
azimuth is greater, and thus whether the known difference between the two must be added 
or subtracted. 

(f) The inclusion of the true-north prong in relationship to the conversion is of little 
importance. 

e. Applications. Remember, there are no negative azimuths on the azimuth circle. Since 
0 degree is the same as 360 degrees, then 2 degrees is the same as 362 degrees. This is 
because 2 degrees and 362 degrees are located at the same point on the azimuth circle. The 
grid azimuth can now be converted into a magnetic azimuth because the grid azimuth is now 
larger than the G-M angle. 

(1) When working with a map having an east G-M angle: 
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(a) To plot a magnetic azimuth on a map, first change it to a grid azimuth (Figure 6-10). 


MAGNETIC NORTH 
G-M ANGLE EAST 


GRID AZIMUTH 


Arbitrary line or any azimuth 
Figure 6-10. Converting to grid azimuth. 


(b) To use a magnetic azimuth in the field with a compass, first change the grid azimuth 
plotted on a map to a magnetic azimuth (Figure 6-11). 


GRID AZIMUTH 
G-M ANGLE 


MAGNETIC AZIMUTH 


Arbitrary line or any azimuth 


Figure 6-11. Converting to magnetic azimuth. 
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(c) Convert a grid azimuth to a magnetic azimuth when the G-M angle is greater than 
a 
grid azimuth (Figure 6-12). 


GRID AZIMUTH 


G-M ANGLE EAST 


~~MAGNETIC AZIMUTH 
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Arbitrary line or any azimuth 


Figure 6-12. Converting to a magnetic azimuth 
when the G-M angle is greater. 


(2) When working with a map having a west G-M angle: 
(a) To plot a magnetic azimuth on a map, first convert it to a grid azimuth (Figure 6-13). 


MAGNETIC AZIMUTH 
G-M ANGLE WEST 


GRID AZIMUTH 


Arbitrary line or any azimuth | 


Figure 6-13. Converting to a grid azimuth on a map. 
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(b) To use a magnetic azimuth in the field with a compass, change the grid azimuth 
plotted on a map to a magnetic azimuth (Figure 6-14). 


GRID AZIMUTH (MAP) 
G-M ANGLE WEST 


MAGNETIC AZIMUTH 


Arbitrary line or any azimuth | 


Figure 6-14. Converting to a magnetic azimuth on a map. 


(c) Convert a magnetic azimuth when the G-M angle is greater than the magnetic 
azimuth (Figure 6-15). 


= MAGNETIC AZIMUTH 
GN 


Arbitrary line or any azimuth | 


Figure 6-15. Converting to a grid azimuth 
when the G-M angle is greater. 
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12. Find the indicated roots of the following. 


(a) (b) 

3 [64 + /64 
(c) (d) 
2163 J196 
(e) (f) 
J169 — [49 
(g) (h) 

B 2 are 


Check your answers with those on the next page. Review those items you missed before 
continuing to the next lesson in this study unit. 
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(3) The G-M angle diagram should be constructed and used each time the conversion of 
azimuth is required. Such procedure is important when working with a map for the first time. 
It also may be convenient to construct a G-M angle conversion table on the margin of the 
map. 


NOTE: When converting azimuths, exercise extreme care when adding and subtracting 
the G-M angle. A simple mistake of 1° could be significant in the field. 


6-7. INTERSECTION 
Intersection is the location of an unknown point by successively occupying at least two 
(preferably three) known positions on the ground and then map sighting on the unknown 
location. It is used to locate distant or inaccessible points or objects such as enemy targets 
and danger areas. There are two methods of intersection: the map and compass method and 
the straightedge method (Figures 6-16 and 6-17 on pages 6-14 and 6-15). 

a. When using the map and compass method— 

(1) Orient the map using the compass. 

(2) Locate and mark your position on the map, 

(3) Determine the magnetic azimuth to the unknown position using the compass. 

(4) Convert the magnetic azimuth to grid azimuth. 

(5) Draw a line on the map from your position on this grid azimuth. 

(6) Move to a second known point and repeat steps 1, 2, 3, 4, and 5. 

(7) The location of the unknown position is where the lines cross on the map. Determine 

the grid coordinates to the desired accuracy. 

b. The straight edge method is used when a compass is not available. When using it— 

(1) Orient the map on a flat surface by the terrain association method. 

(2) Locate and mark your position on the map. 

(3) Lay a straight edge on the map with one end at the user’s position (A) as a pivot 
point; then, rotate the straightedge until the unkown point is sighted along the edge. 

(4) Draw a line along the straight edge 

(5) Repeat the above steps at position (B) and check for accuracy. 


FM 3-25.26 


J y if f Ty " 
2 Vibes, te Re a te ae IS I f + oad ‘ Si 
Vs NEF ct 3 4. f f ee AN. Ranger i Manga rN 
6 Bd aN ie | TSS TS aS 
wits <a Nig on. ay |) » & 
ST eesA \\ | 


UNKNOWN LOCATION 


i) 
= 
S 
Fy 

. 


ahd 
By): 
AN 


SS 


SASS 


SITION 
. 


Maite Sa NICAL Ih) ee 
As. = oN C ee ‘ A 3 . i ie oS 
SS: \ 3 i = Mitta Py AKC YN \ y : 
Magnetic azimuth from position A 71°+5° E =76°G HN eA] 
t RD ate 
Magnetic azimuth from position B 35° +5° E =40°G V5 
ue rs Ne 


Figure 6-16. Intersection, using map and compass. 
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(6) The intersection of the lines on the map is the location of the unknown point (C). 
Determine the grid coordinates to the desired accuracy (Figure 6-17). 


UNKNOWN POINT 


YOUR POSITION 


Ap PO. = a = 
Figure 6-17. Intersection, using a straightedge. 


6-8. RESECTION 
Resection is the method of locating one's position on a map by determining the grid azimuth 
to at least two well-defined locations that can be pinpointed on the map. For greater 
accuracy, the desired method of resection would be to use three or more well-defined 
locations. 

a. When using the map and compass method (Figure 6-18)— 

(1) Orient the map using the compass. 

(2) Identify two or three known distant locations on the ground and mark them on the 
map. 

(3) Measure the magnetic azimuth to one of the known positions from your location 
using a compass. 

(4) Convert the magnetic azimuth to a grid azimuth. 

(5) Convert the grid azimuth to a back azimuth. Using a protractor, draw a line for the 
back azimuth on the map from the known position back toward your unknown position. 

(6) Repeat 3, 4, and 5 for a second position and a third position, if desired. 
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(7) The intersection of the lines is your location. Determine the grid coordinates to the 
desired accuracy. 
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a. When using the straightedge method (Figure 6-19)— 

(1) Orient the map on a flat surface by the terrain association method. 

(2) Locate at least two known distant locations or prominent features on the ground and 
mark them on the map. 

(3) Lay a straightedge on the map using a known position as a pivot point. Rotate the 
straightedge until the known position on the map is aligned with the known position on the 
ground. 

(4) Draw a line along the straightedge away from the known position on the ground 
toward your position. 

(5) Repeat 3 and 4 using a second known position. 

(6) The intersection of the lines on the map is your location. Determine the grid 
coordinates to the desired accuracy. 
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Figure 6-19. Resection with straightedge. 
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MODIFIED RESECTION 


Modified resection is the method of locating one's position on the map when the person is 
located on a linear feature on the ground, such as a road, canal, or stream (Figure 6-20). 
Proceed as follows: 


a. 
b. 
C. 
ai 


e. 


Orient the map using a compass or by terrain association. 

Find a distant point that can be identified on the ground and on the map. 
Determine the magnetic azimuth from your location to the distant known point. 
Convert the magnetic azimuth to a grid azimuth. 

Convert the grid azimuth to a back azimuth. Using a protractor, draw a line for the 


back azimuth on the map from the known position back toward your unknown position. 


f. 


The location of the user is where the line crosses the linear feature. Determine the 


grid coordinates to the desired accuracy. 
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Figure 6-20. Modified resection. 
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6-10. POLAR COORDINATES 
A method of locating or plotting an unknown position from a known point by giving a 
direction and a distance along that direction line is called polar coordinates. The following 
elements must be present when using polar coordinates (Figure 6-21). 

e Present known location on the map. 

e Azimuth (grid or magnetic). 

e Distance (in meters). 


Known location — WATER TANK 
Grid azimuth — 24° 


Figure 6-21. Polar plot. 


Using the laser range finder to determine the range enhances your accuracy in determining 
the unknown position's location. 
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CHAPTER 7 


OVERLAYS 


An overlay is a clear sheet of plastic or semi-transparent paper. It is used 
to display supplemental map and tactical information related to military 
operations. It is often used as a supplement to orders given in the field. 
Information is plotted on the overlay at the same scale as on the map, aerial 
photograph, or other graphic being used. When the overlay is placed over 
the graphic, the details plotted on the overlay are shown in their true 
position. 


7-1. PURPOSE 

Overlays are used to display military operations with enemy and friendly troop dispositions, 
and as supplements to orders sent to the field. They show detail that will aid in 
understanding the orders, displays of communication networks, and so forth. They are also 
used as annexes to reports made in the field because they can clarify matters that are difficult 
to explain clearly in writing. 


7-2. MAP OVERLAY 

There are three steps in the making of a map overlay—orienting the overlay material, 
plotting and symbolizing the detail, and adding the required marginal information 
(Figure 7-1). 


Figure 7-1. Registering the overlay. 


a. Orienting. Orient the overlay over the place on the map to be annotated. Then, if 
possible, attach it to the edges of the map with tape. Trace the grid intersections nearest the 
two opposite corners of the overlay using a straightedge and label each with the proper grid 
coordinates. These register marks show the receiver of your overlay exactly where it fits on 
his map; without them, the overlay is difficult to orient. It is imperative that absolute 
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accuracy be maintained in plotting the register marks, as the smallest mistake will throw off 
the overlay. 

b. Plotting of New Detail. Use pencils or markers in standard colors that make a lasting 
mark without cutting the overlay to plot any detail (FM 101-5-1). 

(1) Use standard topographic or military symbols where possible. Nonstandard symbols 
invented by the author must be identified in a legend on the overlay. Depending on the 
conditions under which the overlay is made, it may be advisable to plot the positions first 
on the map, then trace them onto the overlay. Since the overlay is to be used as a supplement 
to orders or reports and the recipient will have an identical map, show only that detail with 
which the report is directly concerned. 

(2) If you have observed any topographic or cultural features that are not shown on the 
map, such as a new road or a destroyed bridge, plot their positions as accurately as possible 
on the overlay and mark with the standard topographic symbol. 

(3) If difficulty in seeing through the overlay material is encountered while plotting or 
tracing detail, lift the overlay from time to time to check orientation of information being 
added in reference to the base. 

c. Recording Marginal Information. When all required detail has been plotted or 
traced on the overlay, print information as close to the lower right-hand corner as detail 
permits (Figure 7-2). This information includes the following data: 

(1) Title and Objective. This tells the reader why the overlay was made and may also 
give the actual location. For example, "Road Reconnaissance" is not as specific as "Route 
146 Road Reconnaissance." 

(2) Time and Date. Any overlay should contain the latest possible information. An 
overlay received in time is very valuable to the planning staff and may affect the entire 
situation; an overlay that has been delayed for any reason may be of little use. Therefore, the 
exact time the information was obtained aids the receivers in determining its reliability and 
usefulness. 

(3) Map Reference. The sheet name, sheet number, map series number, and scale must 
be included. If the reader does not have the map used for the overlay, this provides the 
information necessary to obtain it. 

(4) Author. The name, rank, and organization of the author, supplemented with a date 
and time of preparation of the overlay, tells the reader if there was a time difference between 
when the information was obtained and when it was reported. 

(5) Legend. If it is necessary to invent nonstandard symbols to show the required 
information, the legend must show what these symbols mean. 

(6) Security Classification. This must correspond to the highest classification of either 
the map or the information placed on the overlay. If the information and map are 
unclassified, this will be so stated. The locations of the classification notes are shown in 
Figure 7-2, and the notes will appear in both locations as shown. 

(7) Additional Information. Any other information that amplifies the overlay will also 
be included. Make it as brief as possible. 
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Figure 7-2. Map overlay with marginal information. 


7-3. AERIAL PHOTOGRAPH OVERLAY 
Overlays of single aerial photographs are constructed and used in the same way as map 
overlays. The steps followed are essentially the same, with the following exceptions: 

a. Orienting of Overlay. The photograph normally does not have grid lines to be used 
as register marks. The borders of the photograph limit the area of the overlay, so the 
reference marks or linear features are traced in place of grid register marks. Finally, to ensure 
proper location of the overlay with respect to the photograph, indicate on the overlay the 
position of the marginal data on the photograph as seen through the overlay. 

b. Marginal Information. The marginal information shown on photographs varies 
somewhat from that shown on maps. Overlays of photographs (Figure 7-3, page 7-4) should 
show the following information: 

(1) North Arrow. This may be obtained in two ways—by comparing with a map of the 
area or by orienting the photograph by inspection. In the latter case, a compass or expedient 
direction finder must be used to place the direction arrow on the overlay. Use the standard 
symbol to represent the actual north arrow used—grid, magnetic, or true north. 
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(2) Title and Objective. This tells the reader why the photo overlay was made and may 
also give the actual location. 

(3) Time and Date. The exact time the information was obtained is shown on a photo 
overlay just as on a map overlay 

(4) Photo Reference. The photo number, mission number, date of flight, and scale 
appear here, or the information is traced in its actual location on the photograph. 

(5) Scale. The scale must be computed since it is not part of the marginal data. 

(6) Map Reference. Reference is made to the sheet name, sheet number, series number, 
and scale of a map of the area, if one is available. 

(7) Author. The name, rank, and organization of the author are shown, supplemented 
with a date and time of preparation of the overlay. 

(8) Legend. As with map overlays, this is only necessary when nonstandard symbols are 
used. 

(9) Security Classification. This must correspond to the highest classification of either 
the photograph or the information placed on the overlay. If the information and photograph 
are unclassified, this will be so stated. The locations of the classification notes are shown in 
Figure 7-3, and the notes will appear in both locations. 

(10) Additional Information. Any other information that amplifies the overlay will also 
be included. Make it as brief as possible. 
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Figure 7-3. Photographic overlay with marginal information. 


7-4 


FM 3-25.26 


CHAPTER 8 


AERIAL PHOTOGRAPHS 


An aerial photograph is any photograph taken from an airborne vehicle 
(aircraft, drones, balloons, satellites, and so forth). The aerial photograph 
has many uses in military operations; however, for the purpose of this 
manual, it will be considered primarily as a map supplement or map 
substitute. 


8-1. COMPARISON WITH MAPS 
A topographic map may be obsolete because it was compiled many years ago. A recent aerial 
photograph shows any changes that have taken place since the map was made. For this 
reason, maps and aerial photographs complement each other. More information can be 
gained by using the two together than by using either alone. 

a. Advantages. An aerial photograph has the following advantages over a map: 

(1) It provides a current pictorial view of the ground that no map can equal. 

(2) It is more readily obtained. The photograph may be in the hands of the user within 
a few hours after it is taken; a map may take months to prepare. 

(3) It may be made for places that are inaccessible to ground soldiers. 

(4) It shows military features that do not appear on maps. 

(5) It can provide a day-to-day comparison of selected areas, permitting evaluations to 
be made of enemy activity. 

(6) It provides a permanent and objective record of the day-to-day changes with the area. 

b. Disadvantages. The aerial photograph has the following disadvantages as compared 
to a map: 

(1) Ground features are difficult to identify or interpret without symbols and are often 
obscured by other ground detail as, for example, buildings in wooded areas. 

(2) Position location and scale are only approximate. 

(3) Detailed variations in the terrain features are not readily apparent without 
overlapping photography and a stereoscopic viewing instrument. 

(4) Because of a lack of contrasting colors and tone, a photograph is difficult to use in 
poor light. 

(5) It lacks marginal data. 

(6) It requires more training to interpret than a map. 


8-2. TYPES 

Aerial photography most commonly used by military personnel may be divided into two 
major types, the vertical and the oblique. Each type depends upon the attitude of the camera 
with respect to the earth's surface when the photograph is taken. 

a. Vertical. A vertical photograph is taken with the camera pointed as straight down 
as possible (Figures 8-1 and 8-2 on page 8-2). Allowable tolerance is usually + 3° from the 
perpendicular (plumb) line to the camera axis. The result is coincident with the camera axis. 
A vertical photograph has the following characteristics: 

(1) The lens axis is perpendicular to the surface of the earth. 

(2) It covers a relatively small area. 
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(3) The shape of the ground area covered on a single vertical photo closely approximates 
a square or rectangle. 

(4) Being a view from above, it gives an unfamiliar view of the ground. 

(5) Distance and directions may approach the accuracy of maps if taken over flat terrain. 

(6) Relief is not readily apparent. 


FILM 


CAMERALENS —*> 


AREA COVERED 


Figure 8-1. Relationship of the vertical aerial 
photograph with the ground. 
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a. Low Oblique. This is a photograph taken with the camera inclined about 30° from 
the vertical (Figure 8-3, and Figure 8-4 on page 8-4). It is used to study an area before an 
attack, to substitute for a reconnaissance, to substitute for a map, or to supplement a map. 
A low oblique has the following characteristics: 

(1) It covers a relatively small area. 

(2) The ground area covered is a trapezoid, although the photo is square or rectangular. 

(3) The objects have a more familiar view, comparable to viewing from the top of a high 
hill or tall building. 

(4) No scale is applicable to the entire photograph, and distance cannot be measured. 
Parallel lines on the ground are not parallel on this photograph; therefore, direction (azimuth) 
cannot be measured. 

(5) Relief is discernible but distorted. 

(6) It does not show the horizon. 


CAMERA LENS 


AREA COVERED 


Figure 8-3. Relationship of low oblique photograph to the ground. 
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Figure 8-4. Low oblique photograph. 


c. High Oblique. The high oblique is a photograph taken with the camera inclined 
about 60° from the vertical (Figures 8-5 and 8-6). It has a limited military application; it is 
used primarily in the making of aeronautical charts. However, it may be the only 
photography available. A high oblique has the following characteristics: 

(1) It covers a very large area (not all usable). 

(2) The ground area covered is a trapezoid, but the photograph is square or rectangular. 

(3) The view varies from the very familiar to unfamiliar, depending on the height at 
which the photograph is taken. 

(4) Distances and directions are not measured on this photograph for the same reasons 
that they are not measured on the low oblique. 

(5) Relief may be quite discernible but distorted as in any oblique view. The relief is not 
apparent in a high altitude, high oblique. 

(6) The horizon is always visible. 
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Figure 8-6. High oblique photograph. 
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d. Trimetrogon. This is an assemblage of three photographs taken at the same time, 
one vertical and two high obliques, in a direction at right angle to the line of flight. The 
obliques, taken at an angle of 60° from the vertical, sidelap the vertical photography, 
producing composites from horizon to horizon (Figure 8-7). 


Shaded areas are 
those covered by the 
camera arrangment. 


i 
ees, =a OBLIQUE COVERAGE vi 


COVERAGE 


Figure 8-7. Relationship of cameras to ground for trimetrogon 
photography (three cameras). 


e. Multiple Lens Photography. These are composite photographs taken with one 
camera having two or more lenses, or by two or more cameras. The photographs are 
combinations of two, four, or eight obliques around a vertical. The obliques are rectified to 
permit assembly as verticals on a common plane. 

f. Convergent Photography. These are done with a single twin-lens, wide-angle 
camera, or with two single-lens, wide-angle cameras coupled rigidly in the same mount so 
that each camera axis converges when intentionally tilted a prescribed amount (usually 15 
or 20°) from the vertical. Again, the cameras are exposed at the same time. For precision 
mapping, the optical axes of the cameras are parallel to the line of flight, and for 
reconnaissance photography, the camera axes are at high angles to the line of flight. 

g. Panoramic. The development and increasing use of panoramic photography in aerial 
reconnaissance has resulted from the need to cover in greater detail more and more areas of 
the world. 

(1) To cover the large areas involved, and to resolve the desired ground detail, present- 
day reconnaissance systems must operate at extremely high-resolution levels. Unfortunately, 
high-resolution levels and wide-angular coverage are basically contradicting requirements. 

(2) A panoramic camera is a scanning type of camera that sweeps the terrain of interest 
from side to side across the direction of flight. This permits the panoramic camera to record 
a much wider area of ground than either frame or strip cameras. As in the case of the frame 
cameras, continuous cover is obtained by properly spaced exposures timed to give sufficient 
overlap between frames. Panoramic cameras are most advantageous for applications 
requiring the resolution of small ground detail from high altitudes. 


8-6 


FM 3-25.26 


8-3. TYPES OF FILM 
Types of film generally used in aerial photography include panchromatic, infrared, and color. 
Camouflage detection film is also available. 

a. Panchromatic. This is the same type of film that is used in the average hand-held 
small camera. It records the amount of light reflected from objects in tones of gray running 
from white to black. Most aerial photography is taken with panchromatic film. 

b. Infrared. This is a black-and-white film that is sensitive to infrared waves. It can be 
used to detect artificial camouflage materials and to take photographs at night if there is a 
source of infrared radiation. 

c. Color. This film is the same as that used in the average hand-held camera. It is 
limited in its use because of the time required to process it and its need for clear, sunny 
weather. 

d. Camouflage Detection. This film is a special type that records natural vegetation in 
a reddish color. When artificial camouflage materials are photographed, they appear bluish 
or purplish. The name of this film indicates its primary use. 


8-4. NUMBERING AND TITLING INFORMATION 
Each aerial photograph contains in its margin important information for the photo user. The 
arrangement, type, and amount of this information is standardized; however, the rapid 
development of cameras, film, and aeronautical technology since World War II has caused 
numerous changes in the numbering and titling of aerial photographs. As a result, the photo 
user may find that the marginal information on older photographs varies somewhat from the 
standard current practice. With certain camera systems, some of the data are automatically 
recorded on each exposure, while other systems require that all titling data be added to the 
film after processing. 

a. Standard titling data for aerial photography prepared for the use of the Department 
of Defense are as follows. For reconnaissance and charting photography, items 2 through 14 
and item 19 are lettered on the beginning and end of each roll of film. Items 1 through 9 and 
item 19 are lettered on each exposure. For surveying and mapping photography, items 2 
through 19 are lettered on the beginning and end of each roll of film, and items 1, 2, 3, 5, 6, 
7, 8, 9, 13, and 19 are lettered on each exposure. 

(1) Negative number. 

(2) Camera position. 

(3) Taking unit. 

(4) Service. 

(5) Sortie/mission number. 

(6) Date (followed by a double hyphen [=]). 

(7) Time group and zone letter (GMT). 

(8) Focal length. 

(9) Altitude. 

(10) Kind of photography or imagery. 

(11) Geographic coordinates. 

(12) Descriptive title. 

(13) Project number and or name. 

(14) Camera type and serial number. 
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(15) Cone serial number (if any). 

(16) Lens type and serial number. 

(17) Magazine type and serial number. 

(18) Type of photographic filter used. 

(19) Security classification. 

b. Automatically recorded data may differ somewhat in arrangement from the sequence 
listed above, but the same information is available to the photo user. A detailed explanation 
of the titling items and the codes used to indicate them is found in TM 5-243. 


8-5. SCALE DETERMINATION 
Before a photograph can be used as a map supplement or substitute, it is necessary to know 
its scale. On a map, the scale is printed as a representative fraction that expresses the ratio 
of map distance to ground distance, For example: RF = MD 
GD 
On a photograph, the scale is also expressed as a ratio, but is the ratio of the photo distance 
(PD) to ground distance. For example: RF= PD 
GD 
The approximate scale or average scale (RF) of a vertical aerial photograph is determined 
by either of two methods; the comparison method or the focal length-flight altitude method. 
a. Comparison Method. The scale of a vertical aerial photograph is determined by 
comparing the measured distance between two points on the photograph with the measured 
ground distance between the same two points. 
SCALE (RF = _Photo Distance 
Ground Distance 
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The ground distance is determined by actual measurement on the ground or by the use of the 
scale on a map of the same area. The points selected on the photograph must be identifiable 
on the ground or map of the same area and should be spaced in such a manner that a line 
connecting them will pass through or nearly through the center of the photograph 
(Figure 8-8). 


Photo distance = 8 centimeters 
Ground distance = 2 kilometers 


8 8/8 1 
i ———— 7 
2km x 100,000 (cm in 1km) 200,00 8/ 200,000 25,000 


Figure 8-8. Selection of points for scale determination. 


or RF = 1:25,000 


b. Focal Length-Flight Altitude Method. When the marginal information of a 
photograph includes the focal length and the flight altitude, the scale of the photo is 
determined using the following formula (Figure 8-9). 


SCALE (RF) = f (focal lein, 
H (flight altitude) —h (average ground elevation) 
Example: 
ft =6inches or 15.2 centimeters 
H =10,000 feet or 3,048 meters 
f =850 feet or 259.08 meters 


With metric measures: LENS 


__* 182, _ 12, 1 fapproximately) 
(3,048 — 259.08) x 100 278,900 18,300 


or 1:18,300 


With English measurements: 


0.5 
10,000 feet — 850 feet 


or 1:18,300 


AVERAGE TERRAIN 
ELEVATION - 850 FT 


Figure 8-9. Computation of scale from terrain level. 
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Lesson 4. MULTIPLICATION AND DIVISION OF MONOMIALS AND 
POLYNOMIALS 


Introduction. In the previous lessons of this study unit, you learned the basic foundations of 
algebraic mathematics. You must continue to build on your acquired foundation. Lesson 4 
will allow you to do so. You will be able to apply your acquired skills and knowledge in 
any given situation as required. In this lesson, you will learn to multiply and divide 
monomials and polynomials. 
LEARNING OBJECTIVES 
1. Identify monomials and polynomials. 
2. Identify properties of real numbers. 
3. Multiply monomials and polynomials. 
4. Divide monomials and polynomials. 
1401. Identifying Monomials and Polynomials 
Before beginning to work with monomials and polynomials, you must understand the terms that 
are used during required operations. The following algebraic expressions are defined to help you 
identify, understand, and use them while performing the mathematical operations of multiplying 


and dividing monomials and polynomials. 


a.___Term. A term is a single expression containing literal and/or numerical parts not separated 
by a plus (+) or minus (-) sign. 


Examples: 
(a) (b) (c) 
IR, or 1* RB —12a3x*y IE, or 1¥ E 
b. | Monomials. A monomial is an expression consisting of one term not separated by a plus (+) 
or minus (-) sign. 
Note: A single term is referred to as a monomial. 
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When the ground elevation is at sea level, H becomes zero, and the formula is as shown in 
Figure 8-10. 


—————_;- 
FOCAL LENGTH 


FLIGHT 


ALTITUDE 
SCALE (RF) = {Beal length 10,000 FEET 
H (flight altitude ) 


SEA LEVEL 


Figure 8-10. Basic computation of scale from sea level. 


8-6. INDEXING 

When aerial photos are taken of an area, it is convenient to have a record of the extent of 
coverage of each photo. A map on which the area covered by each photo is outlined and 
numbered or indexed to correspond to the photo is called an index map. There are two 
methods of preparing index maps. 

a. The four-corner method (Figures 8-11 and 8-12) requires location on the map of the 
exact point corresponding to each comer of the photo. If a recognizable object such as a 
house or road junction can be found exactly at one of the corners, this point may be used on 
the map as the corner of the photo. If recognizable objects cannot be found at the corners, 
then the edges of the photo should be outlined on the map by lining up two or more 
identifiable objects along each edge; the points where the edges intersect should be the exact 
corners of the photo. If the photo is not a perfect vertical, the area outlined on the map will 
not be a perfect square or rectangle. After the four sides are drawn on the map, the number 
of the photograph is written in the enclosed area for identification. This number should be 
placed in the same corner as it is on the photo. 
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Figure 8-12. Plotting, using the four-corner method. 
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b. The template method is used when a large number of photos are to be indexed, and 
the exact area covered by each is not as important as approximate area and location. In this 
case, a template (cardboard pattern or guide) is cut to fit the average area the photos cover 
on the index map. It is used to outline the individual area covered by each photo. To 
construct a template, find the average map dimensions covered by the photos to be indexed 
as follows. Multiply the average length of the photos by the denominator of the average scale 
of the photos; multiply this by the scale of the map. Do the same for the width of the photos. 
This gives the average length and width of the area each photo covers on the map--or the size 
to which the template should be cut (Figure 8-13). 


Example: 

Size of Photograph = 8.2CM 
Scale of Photo = 1:18,000 
Scale of Map = 1:50,000 


LENGTH = 22.8 X 18,000 X 
1 = at = 82cm 
50,000 5 


WIDTH = 22.8 X 18,000 X 


Figure 8-13. Constructing a template. 


c. To index the map, select the general area covered by the first photo and orient the 
photo to the map. Place the template over the area on the map and adjust it until it covers the 
area as completely and accurately as possible. Draw lines around the edges of the template. 
Remove the rectangle and proceed to the next photo (Figure 8-14). 


Figure 8-14. Indexing with a template. 
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d. After all photos have been plotted, write on the map sufficient information to identify 
the mission or sortie. If more than one sortie is plotted on one map or overlay, use a different 
color for each sortie. 

e. In most cases, when a unit orders aerial photography, an index is included to give the 
basic information. Instead of being annotated on a map of the area, it appears on an overlay 
and is keyed to a map. 


8-7. ORIENTING OF PHOTOGRAPH 
Orienting the photograph is important because it is of very little value as a map supplement 
or substitute if its location and direction are not known by the user. 

a. Ifamap of the same area as the photograph is available, the photograph is oriented 
to the map by comparing features common to both and then transferring a direction line from 
the map to the photograph. 

b. If no map is available, the shadows on a photograph may be used to get an 
approximate true-north line. This method is not recommended in the torrid zone 
(Figure 8-15). 


Example: 

This photograph was taken on 29 
December 1985 at 14:15 in the 
afternoon. The long shadows of the 
towers are to the right of north. 


By measuring back 35° with a 
protractor, an approximate true-north 
line will be found. 


OIR 
: ces 


Figure 8-15. Using shadows on a photograph to find north. 


(1) North Temperate Zone. The sun moves from the east in the morning through south 
at noon to west in the afternoon. Conversely, shadow fall varies from west through north to 
east. Before noon, therefore, north is to the right of the direction of shadow fall; at noon, 
north is the direction of shadow fall; and after noon, north is to the left of shadow fall. On an 
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average, the amount of variation in shadow fall per hour is 15 degrees. From marginal 
information, determine the number of hours from noon that the photo was taken and multiply 
that number by 15°. With a protractor, measure an angle of that amount in the proper 
direction (right to left) from a clear, distinct shadow, and north is obtained. For photographs 
taken within three hours of noon, a reasonable accurate north direction can be obtained. 
Beyond these limits, the 15° must be corrected, depending on time of year and latitude. 

(2) South Temperate Zone. The sun moves from east through north at noon to west. 
Shadows then vary from west through south to east. Before noon, south is to the left of 
shadow fall; at noon, south is shadow fall; and after noon, south is to the right of shadow fall. 
Proceed as in (1) above to determine the direction of south. 

c. On a photograph that can be oriented to the surrounding ground features by 
inspection, a magnetic-north line can be established using a compass. 

(1) Orient the photograph by inspection. 

(2) Open the compass and place it on the photograph. 

(3) Without moving the photograph, rotate the compass until the north arrow is under 
the stationary black line. 

(4) Draw a line along the straight edge of the compass. This is a magnetic-north line. 


8-8. POINT DESIGNATION GRID 

Since aerial photographs are seldom exactly the same scale as a map of the same area, it is 
not feasible to print military grids on them. A special grid is used for the designation of 
points on photographs (Figure 8-16). This grid, known as the point designation grid, has no 
relation to the scale of the photo, to any direction, or to the grid used on any other 
photograph or map. It has only one purpose, to designate points on photographs. 


9200) (yoy Fe 


NOTE: Marginat information in normal reading position, 


Figure 8-16. Point designation grid. 
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a. The point designation grid is rarely printed on photographs; therefore, it becomes the 
responsibility of each user to construct the grid on the photograph. All users must construct 
the grid in exactly the same way. Before the grid can be constructed or used, the photograph 
must be held so that the marginal information, regardless of where it is located, is in the 
normal reading position (Figure 8-17, step 1). 

(1) Draw lines across the photograph joining opposite reference marks at the center of 
each photograph (fiducial marks). If there are no fiducial marks, the center of each side of 
the photograph is assumed to be the location of the marks (Figure 8-17, step 2). 

(2) Space grid lines, starting with the center line, 4 centimeters (1.575 inches) apart (a 
distance equal to 1,000 meters at a scale of 1:25,000). The 1:25,000 map coordinate scale 
can be used for this dimension and to accurately designate points on the photograph, but this 
does not mean that distance can be scaled from the photograph. Extend the grid past the 
margins of the photograph so that a horizontal and vertical grid line fall outside the picture 
area (Figure 8-17, step 3). 

(3) Number each center line "50" and give numerical values to the remaining horizontal 
and vertical lines so that they increase to the right and up (Figure 8-17, step 4). 


tT 


Figure 8-17. Constructing a point designation grid. 
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b. The point designation grid is used, once the photograph is oriented, in the same 
manner as the grid on a map (Figure 8-18), read right and up. The coordinate scale used 
with the UTM grid on maps at the scale of 1:25,000 may be used to subdivide the grid square 
in the same manner as on a map. However, because the same point designation grid is used 
on all photographs, the coordinates of a point on the photograph must be prefixed by the 
identifying marginal information of the photograph. 


FOURTH: Estimate tenths between line ca REFERENCE: 
and points MARGINAL 


INFORMATION 


PLUS 506514 
THIRD: Read number labeling this line 51 | 
SECOND: Estimate tenths between 6 | 
line and point 


FIRST: Read number labeling this line 


Figure 8-18. Reading point designation grid coordinates. 
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c. A grid coordinate using the point designation grid (Figure 8-19) consists of three 
parts: 

(1) The letters "PDG" to indicate an aerial photograph rather than a map grid coordinate. 

(2) The mission and photo negative number to identify which photograph is being used. 

(3) The six numerical digits to locate the actual point on the photograph. 


Figure 8-19. Locating the grid coordinate on a point designation grid. 


8-9. IDENTIFICATION OF PHOTOGRAPH FEATURES 

The identification of features on a photograph is not difficult if the following facts are 
remembered. The view that is presented by the aerial photograph is from above and, as a 
result, objects do not look familiar. Objects that are greatly reduced in size appear distorted. 
Most aerial photography is black and white, and all colors appear on the photograph in 
shades of gray. Generally speaking, the darker the natural color, the darker it will appear on 
the photograph. 

a. The identification of features on aerial photographs depends upon a careful 
application of five factors of recognition. No one factor will give a positive identification; 
it requires the use of all five. 

(1) Size. The size of unknown objects on a photograph, as determined from the scale of 
the photograph or a comparison with known objects of known size, gives a clue to their 
identity. For example, in a built-up area the smaller buildings are usually dwellings, and the 
larger buildings are commercial or community buildings. 

(2) Shape (Pattern). Many features possess characteristic shapes that readily identify the 
features. Man-made features appear as straight or smooth curved lines, while natural features 
usually appear to be irregular. Some of the most prominent man-made features are highways, 
railroads, bridges, canals, and buildings. Compare the regular shapes of these to the irregular 
shapes of such natural features as streams and timber lines. 

(3) Shadows. Shadows are very helpful in identifying features since they show the 
familiar side view of the object. Some excellent examples are the shadows of water towers 
or smoke stacks. As viewed directly from above, only a round circle or dot is seen, whereas 
the shadow shows the profile and helps to identify the object. Relative lengths of shadows 
also usually give a good indication of relative heights of objects. 

(4) Shade (Tone or Texture). Of the many different types of photographic film in use 
today, the film used for most aerial photography, except for special purposes, is 
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panchromatic film. Panchromatic film is sensitive to all the colors of the spectrum; it 
registers them as shades of gray, ranging from white to black. This lighter or darker shade 
of features on aerial photographs is known as the tone. The tone is also dependent on the 
texture of the features; a paved highway has a smooth texture and produces an even tone on 
the photograph, while a recently plowed field or a marsh has a rough, choppy texture and 
results in a rough or grainy tone. It is also important to remember that similar features may 
have different tones on different photographs, depending on the reflection of sunlight. For 
example, a river or body of water appears light if it is reflecting sunlight directly toward the 
camera, but appears dark otherwise. Its texture may be smooth or rough, depending on the 
surface of the water itself. As long as the variables are kept in mind, tone and texture may 
be used to great advantage. 

(5) Surrounding Objects. Quite often an object not easily recognized by itself may be 
identified by its relative position to surrounding objects. Large buildings located beside 
railroads or railroad sidings are usually factories or warehouses. Identify schools by the 
baseball or football fields. It would be hard to tell the difference between a water tower next 
to a railroad station and a silo next to a barn, unless the surrounding objects such as the 
railroad tracks or cultivated fields were considered. 

b. Before a vertical photograph can be studied or used for identification of features, it 
must be oriented. This orienting is different from the orienting required for the construction 
or use of the point designation grid. Orienting for study consists of rotating the photograph 
so that the shadows on the photograph point toward yourself. You then face a source of light. 
This places the source of light, an object, and its shadow in a natural relationship. Failure to 
orient a photograph properly may cause the height or depth of an object to appear reversed. 
For example, a mine or quarry may appear to be a hill instead of a depression. 


8-10. STEREOVISION 

One of the limitations of the vertical aerial photograph is the lack of apparent relief. 
Stereoscopic vision (or as it is more commonly known, stereovision or depth perception) is 
the ability to see three-dimensionally or to see length, width, and depth (distance) at the 
same time. This requires two views of a single object from two slightly different positions. 
Most people have the ability to see three-dimensionally. Whenever an object is viewed, it 
is seen twice--once with the left eye and once with the right eye. The fusion or blending 
together of these two images in the brain permits the judgment of depth or distance. 

a. In taking aerial photographs, it is rare for only a single picture to be taken. Generally, 
the aircraft flies over the area to be photographed taking a series of pictures, each of which 
overlaps the photograph preceding it and the photograph following it so that an unbroken 
coverage of the area is obtained (Figure 8-20). The amount of overlap is usually 56 percent, 
which means that 56 percent of the ground detail appearing on one photo also appears on the 
next photograph. When a single flight does not give the necessary coverage of an area, 
additional flights must be made. These additional flights are parallel to the first and must 
have an overlap between them. This overlap between flights is known as side lap and usually 
is between 15 and 20 percent (Figure 8-21, page 8-20). 
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Figure 8-20. Photographic overlap. 


Examples: 


(a) (b) (c) 


PR 4a*x*y 2nfl 


c. Polynomials. Polynomials are algebraic expressions consisting of two or more terms 
separated by a plus (+) and/or minus (-) sign. 


Note: Polynomials are sometimes referred to as multinomials. This means the same 
thing. 
Examples: 
(a) (b) (c) 
2a+3b 3x? —4y + 22? 4a? + 12ab+ 9b? — 12 


d. Binomials. A binomial is a polynomial containing only two terms separated by a plus (+) or 
minus (-) sign. 


Examples: 


(a) (b) (c) 
2a+3b 3x? — 4y 4a* + 12ab 


e: Trinomial. A trinomial is a polynomial containing only three terms separated by a plus (+) 
and/or minus (-) sign. 


Examples: 


(a) (b) (c) 
2a+3b-—c 3x? —4y + 22? 4a* + 12ab + 9b? 


Since you should understand the different types of monomial and polynomial expressions, you 
should be ready to try the following challenge to reinforce your memory. 
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ADJACENT PARALLEL FLIGHTS 


igure 8-21. Side lap. 


b. The requirement for stereovision can be satisfied by overlapping photographs if one 
eye sees the object on one photograph and the other eye sees the same object on another 
photograph. While this can be done after practice with the eyes alone, it is much easier if an 
optical aid is used. These optical aids are known as stereoscopes. There are many types of 
stereoscopes, but only the two most commonly used are discussed in this manual. 

(1) Pocket Stereoscope. The pocket stereoscope (Figure 8-22), sometimes known as a 
lens stereoscope, consists of two magnifying lenses mounted in a metal frame. Because of 
its simplicity and ease of carrying, it is the type used most frequently by military personnel. 
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Figure 8-22. Pocket stereoscope. 


(2) Mirror Stereoscope. The mirror stereoscope (Figure 8-23) is larger, heavier, and 
more subject to damage than the pocket stereoscope. It consists of four mirrors mounted in 
a metal frame. 


Figure 8-23. Mirror stereoscope. 


c. A method to orient a pair of aerial photographs for best three-dimensional viewing 
is outlined below: 

(1) Arrange the selected pair of photos in such a way that the shadows on them generally 
appear to fall toward the viewer. It is also desirable that the light source enters the side away 
from the observer during the study of the photographs (Figure 8-24, page 8-22). 

(2) Place the pair of photographs on a flat surface so that the detail on one photograph 
is directly over the same detail on the other photograph (Figure 8-24, page 8-22). 
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(3) Place the stereoscope over the photographs so that the left lens is over the left 
photograph and the right lens is over the right photograph (Figure 8-24). 


STEREOPAIR [fe 
OVERLAPPED 


Figure 8-24. Placement of stereoscope over stereopair. 


(4) Separate the photographs along the line of flight until a piece of detail appearing in 
the overlap area of the left photograph is directly under the left lens and the same piece of 
detail on the right photo is directly under the right lens. 

(5) With the photograph and stereoscope in this position, a three-dimensional image 
should be seen. A few minor adjustments may be necessary, such as adjusting the aerial 
photographs of the stereoscope to obtain the correct position for your eyes. The hills appear 
to rise and the valleys sink so that there is the impression of being in an aircraft looking 
down at the ground. 

(6) The identification of features on photographs is much easier and more accurate with 
this three-dimensional view. The same five factors of recognition (size, shape, shadow, tone, 
and surrounding objects) must still be applied; but now, with the addition of relief, a more 
natural view is seen. 
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PART TWO 


LAND NAVIGATION 


CHAPTER 9 


NAVIGATION EQUIPMENT AND METHODS 


Compasses are the primary navigation tools to use when moving in an 
outdoor world where there is no other way to find directions. Soldiers should 
be thoroughly familiar with the compass and its uses. Part One of this 
manual discussed the techniques of map reading. To complement these 
techniques, a mastery of field movement techniques is essential. This chapter 
describes the lensatic compass and its uses, and some of the field expedient 
methods used to find directions when compasses are not available. 


9-1. TYPES OF COMPASSES 

The lensatic compass is the most common and simplest instrument for measuring direction. 
It is discussed in detail in paragraph 9-2. The artillery M2 compass is a special-purpose 
instrument designed for accuracy; it will be discussed in Appendix G. The wrist/pocket 
compass is a small magnetic compass that can be attached to a wristwatch band. It contains 
a north-seeking arrow and a dial in degrees. A protractor can be used to determine azimuths 
when a compass is not available. However, it should be noted that when using the protractor 
on a map, only grid azimuths are obtained. 


9-2. LENSATIC COMPASS 
The lensatic compass (Figure 9-1) consists of three major parts: the cover, the base, and the 
lens. 


LUMINOUS MAGNETIC ARROW 


SHORT LUMINOUS LINE 
Ye SLOT 


LUMINOUS FIXED INDEX LINE LENS LENS OR 
SIGHTING DOTS REAR SIGHT 


OTT 
om = 
} 4 4 
SIGHTING WIRE GRADUATED STRAIGHT FLOATING DIAL 
| EDGE BEZEL RING 
COVER BASE 


Figure 9-1. Lensatic compass. 
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a. Cover. The compass cover protects the floating dial. It contains the sighting wire 
(front sight) and two luminous sighting slots or dots used for night navigation. 

b. Base. The body of the compass contains the following movable parts: 

(1) The floating dial is mounted on a pivot so it can rotate freely when the compass is 
held level. Printed on the dial in luminous figures are an arrow and the letters E and W. The 
arrow always points to magnetic north and the letters fall at east (E) 90° and west (W) 270° 
on the dial. There are two scales; the outer scale denotes mils and the inner scale (normally 
in red) denotes degrees. 

(2) Encasing the floating dial is a glass containing a fixed black index line. 

(3) The bezel ring is a ratchet device that clicks when turned. It contains 120 clicks when 
rotated fully; each click is equal to 3°. A short luminous line that is used in conjunction with 
the north-seeking arrow during navigation is contained in the glass face of the bezel ring. 

(4) The thumb loop is attached to the base of the compass. 

c. Lens. The lens is used to read the dial, and it contains the rear-sight slot used in 
conjunction with the front for sighting on objects. The rear sight also serves as a lock and 
clamps the dial when closed for its protection. The rear sight must be opened more than 45° 
to allow the dial to float freely. 


NOTE: When opened, the straightedge on the left side of the compass has a coordinate 
scale; the scale is 1:50,000 in newer compasses. 


WARNING 
Some older compasses will have a 1:25,000 scale. This scale can be used 


with a 1:50,000-scale map, but the values read must be halved. Check the 
scale. 


9-3. COMPASS HANDLING 
Compasses are delicate instruments and should be cared for accordingly. 

a. Inspection. A detailed inspection is required when first obtaining and using a 
compass. One of the most important parts to check is the floating dial, which contains the 
magnetic needle. The user must also make sure the sighting wire is straight, the glass and 
crystal parts are not broken, the numbers on the dial are readable, and most important, that 
the dial does not stick. 

b. Effects of Metal and Electricity. Metal objects and electrical sources can affect the 
performance of a compass. However, nonmagnetic metals and alloys do not affect compass 
readings. The following separation distances are suggested to ensure proper functioning of 


a compass: 
High-tension power lines 2000.0... eee eeeeeeeseeeereeeeeeees 55 meters. 
Pact iin, True Kor WANK gasses Uotaticced cane sachoncteee. 18 meters. 
Telegraph or telephone wires and barbed wire ....... 10 meters. 
Machine Suns, ii2c53..5ssccasleiccessticnsnassbuasisussactuescceesseess 2 meters. 
Steel helmet Or Tile: A givens nestant neti sed 1/2 meter. 


c. Accuracy. A compass in good working condition is very accurate. However, a 
compass has to be checked periodically on a known line of direction, such as a surveyed 
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azimuth using a declination station. Compasses with more than 3° + variation should not be 
used. 

d. Protection. If traveling with the compass unfolded, make sure the rear sight is fully 
folded down onto the bezel ring. This will lock the floating dial and prevent vibration, as 
well as protect the crystal and rear sight from damage. 


9-4. USING A COMPASS 
Magnetic azimuths are determined with the use of magnetic instruments, such as lensatic and 
M2 compasses. The techniques employed when using the lensatic compass are as follows: 

a. Using the Centerhold Technique. First, open the compass to its fullest so that the 
cover forms a straightedge with the base. Move the lens (rear sight) to the rearmost position, 
allowing the dial to float freely. Next, place your thumb through the thumb loop, form a 
steady base with your third and fourth fingers, and extend your index finger along the side 
of the compass. Place the thumb of the other hand between the lens (rear sight) and the bezel 
ring; extend the index finger along the remaining side of the compass, and the remaining 
fingers around the fingers of the other hand. Pull your elbows firmly into your sides; this will 
place the compass between your chin and your belt. To measure an azimuth, simply turn 
your entire body toward the object, pointing the compass cover directly at the object. Once 
you are pointing at the object, look down and read the azimuth from beneath the fixed black 
index line (Figure 9-2). This preferred method offers the following advantages over the 
sighting technique: 

(1) It is faster and easier to use. 

(2) It can be used under all conditions of visibility. 

(3) It can be used when navigating over any type of terrain. 

(4) It can be used without putting down the rifle; however, the rifle must be slung well 
back over either shoulder. 

(5) It can be used without removing eyeglasses. 


Figure 9-2. Centerhold technique. 

b. Using the Compass-to-Cheek Technique. Fold the cover of the compass containing 
the sighting wire to a vertical position; then fold the rear sight slightly forward. Look 
through the rear-sight slot and align the front-sight hairline with the desired object in the 
distance. Then glance down at the dial through the eye lens to read the azimuth (Figure 9-3). 
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NOTE: The compass-to-cheek technique is used almost exclusively for sighting, and it 
is the best technique for this purpose. 


Figure 9-3. Compass-to-cheek technique. 


c. Presetting a Compass and Following an Azimuth. Although different models of 
the lensatic compass vary somewhat in the details of their use, the principles are the same. 

(1) During daylight hours or with a light source: 

(a) Hold the compass level in the palm of the hand. 

(b) Rotate it until the desired azimuth falls under the fixed black index line (for example, 
320°), maintaining the azimuth as prescribed (Figure 9-4). 

(c) Turn the bezel ring until the luminous line is aligned with the north-seeking arrow. 
Once the alignment is obtained, the compass is preset. 

(d) To follow an azimuth, assume the centerhold technique and turn your body until the 
north-seeking arrow is aligned with the luminous line. Then proceed forward in the direction 
of the front cover's sighting wire, which is aligned with the fixed black index line that 
contains the desired azimuth. 
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Figure 9-4. Compass preset at 320 degrees. 


(2) During limited visibility, an azimuth may be set on the compass by the click method. 
Remember that the bezel ring contains 3° intervals (clicks). 

(a) Rotate the bezel ring until the luminous line is over the fixed black index line. 

(b) Find the desired azimuth and divide it by three. The result is the number of clicks that 
you have to rotate the bezel ring. 

(c) Count the desired number of clicks. If the desired azimuth is smaller than 180°, the 
number of clicks on the bezel ring should be counted in a counterclockwise direction. For 
example, the desired azimuth is 51°. Desired azimuth is 51°+ 3 = 17 clicks 
counterclockwise. If the desired azimuth is larger than 180°, subtract the number of degrees 
from 360° and divide by 3 to obtain the number of clicks. Count them in a clockwise 
direction. For example, the desired azimuth is 330°; 360°-330° = 30 +3 = 10 clicks 
clockwise. 

(d) With the compass preset as described above, assume a centerhold technique and 
rotate your body until the north-seeking arrow is aligned with the luminous line on the bezel. 
Then proceed forward in the direction of the front cover's luminous dots, which are aligned 
with the fixed black index line containing the azimuth. 

(e) When the compass is to be used in darkness, an initial azimuth should be set while 
light is still available, if possible. With the initial azimuth as a base, any other azimuth that 
is a multiple of three can be established through the use of the clicking feature of the bezel 
ring. 
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NOTE: Sometimes the desired azimuth is not exactly divisible by three, causing an option 
of rounding up or rounding down. If the azimuth is rounded up, this causes an 
increase in the value of the azimuth, and the object is to be found on the left. If 
the azimuth is rounded down, this causes a decrease in the value of the azimuth, 
and the object is to be found on the right. 


d. Bypassing an Obstacle. To bypass enemy positions or obstacles and still stay 
oriented, detour around the obstacle by moving at right angles for specified distances. 

(1) For example, while moving on an azimuth of 90° change your azimuth to 180° and 
travel for 100 meters. Change your azimuth to 90°and travel for 150 meters. Change your 
azimuth to 360°and travel for 100 meters. Then, change your azimuth to 90°and you are back 
on your original azimuth line (Figure 9-5). 


Figure 9-5. Bypassing an obstacle. 


(2) Bypassing an unexpected obstacle at night is a fairly simple matter. To make a 90° 
turn to the right, hold the compass in the centerhold technique; turn until the center of the 
luminous letter E is under the luminous line (do not move the bezel ring). To make a 90° turn 
to the left, turn until the center of the luminous letter W is under the luminous line. This does 
not require changing the compass setting (bezel ring), and it ensures accurate 90° turns. 

e. Offset. A deliberate offset is a planned magnetic deviation to the right or left of an 
azimuth to an objective. Use it when the objective is located along or in the vicinity of a 
linear feature such as a road or stream. Because of errors in the compass or in map reading, 
the linear feature may be reached without knowing whether the objective lies to the right or 
left. A deliberate offset by a known number of degrees in a known direction compensates 
for possible errors and ensures that upon reaching the linear feature, the user knows whether 
to go right or left to reach the objective. Ten degrees is an adequate offset for most tactical 
uses. Each degree offset moves the course about 18 meters to the right or left for each 
1,000 meters traveled. For example, in Figure 9-6, the number of degrees offset is 10. If the 
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distance traveled to "x" in 1,000 meters, then "x" is located about 180 meters to the right of 
the objective. 


STRAIGHT LINE 
ROUTE 90° 


100 METERS 


ROUTE TO BE 
USED 100° 
(FOR 1,000 METERS) 


Figure 9-6. Deliberate offset to the objective. 


9-5. FIELD-EXPEDIENT METHODS 
When a compass is not available, different techniques should be used to determine the four 
cardinal directions. 

a. Shadow-Tip Method. 

(1) This simple and accurate method of finding direction by the sun consists of four basic 
steps (Figure 9-7). 


FIRST 
SHADOW TIP wy 


MARK 
APPROXIMATE ston 7 


Figure 9-7. Determining directions and time by shadow. 
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(Fill in the blank) 
Identify the term that best describes the algebraic expression. 


(a) 4a2+12ab+ 9b? 


(b) 3x?-—4y 
(c) 4a?+12ab+ 9b? — 12 
(d) 2nfl 


If your answer to the challenge is the same as follows, you are correct and may continue. If your 
answer differs, review paragraph 1401 before continuing. 


Remember these terms and their meanings. You will use them as you perform the various 
operations (add, subtract, multiply, or divide). 


(a) 4a? + 12ab + 9b? Trinomial 
(b) 3x?-4y Binomial 
(c) 4a7+12ab+9b*-12 Polynomial 
(d) 2xfl Monomial 
i Degree of Monomials. The degree of a monomial is determined by the highest power 
number of any literal factor. 
Examples: 
5x” is degree two x? =x * x = two literals 
9ab? is degree three b> =bx«bx b= three literal 


6a°b*c*is degree six, not degree 3 or 15. 


Note: The degree is determined by the highest power of the literal factors, not by the 
number of literal factors. 
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Step 1. Place a stick or branch into the ground at a level spot where a distinctive shadow 
will be cast. Mark the shadow tip with a stone, twig, or other means. This first shadow mark 
is always the west direction. 

Step 2. Wait 10 to 15 minutes until the shadow tip moves a few inches. Mark the new 
position of the shadow tip in the same way as the first. 

Step 3. Draw a straight line through the two marks to obtain an approximate east-west 
line. 

Step 4. Standing with the first mark (west) to your left, the other directions are simple; 
north is to the front, east is to the right, and south is behind you. 

(2) A line drawn perpendicular to the east-west line at any point is the approximate 
north-south line. If you are uncertain which direction is east and which is west, observe this 
simple rule--the first shadow-tip mark is always in the west direction, everywhere on earth. 

(3) The shadow-tip method can also be used as a shadow clock to find the approximate 
time of day (Figure 9-7 on page 9-7). 

(a) To find the time of day, move the stick to the intersection of the east-west line and 
the north-south line, and set it vertically in the ground. The west part of the east-west line 
indicates 0600 hours, and the east part is 1800 hours, anywhere on earth, because the basic 
rule always applies. 

(b) The north-south line now becomes the noon line. The shadow of the stick is an hour 
hand in the shadow clock, and with it you can estimate the time using the noon line and the 
6 o'clock line as your guides. Depending on your location and the season, the shadow may 
move either clockwise or counterclockwise, but this does not alter your manner of reading 
the shadow clock. 

(c) The shadow clock is not a timepiece in the ordinary sense. It makes every day 12 
unequal hours long, and always reads 0600 hours at sunrise and 1800 hours at sunset. The 
shadow clock time is closest to conventional clock time at midday, but the spacing of the 
other hours compared to conventional time varies somewhat with the locality and the date. 
However, it does provide a satisfactory means of telling time in the absence of properly set 
watches. 

(d) The shadow-tip system is not intended for use in polar regions, which the Department 
of Defense defines as being above 60° latitude in either hemisphere. Distressed persons in 
these areas are advised to stay in one place so that search/rescue teams may easily find them. 
The presence and location of all aircraft and ground parties in polar regions are reported to 
and checked regularly by governmental or other agencies, and any need for help becomes 
quickly known. 

b. Watch Method. 

(1) A watch can be used to determine the approximate true north and true south. In the 
north temperate zone only, the hour hand is pointed toward the sun. A south line can be 
found midway between the hour hand and 1200 hours, standard time. If on daylight saving 
time, the north-south line is found between the hour hand and 1300 hours. If there is any 
doubt as to which end of the line is north, remember that the sun is in the east before noon 
and in the west after noon. 

(2) The watch may also be used to determine direction in the south temperate zone; 
however, the method is different. The 1200-hour dial is pointed toward the sun, and halfway 
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between 1200 hours and the hour hand will be a north line. If on daylight saving time, the 
north line lies midway between the hour hand and 1300 hours (Figure 9-8). 


SOUTH TEMPERATE 
ZONE 


Figure 9-8. Determining direction by using a watch. 


(3) The watch method can be in error, especially in the lower latitudes, and may cause 
circling. To avoid this, make a shadow clock and set your watch to the time indicated. After 
traveling for an hour, take another shadow-clock reading. Reset your watch if necessary. 

c. Star Method. 

(1) Less than 60 of approximately 5,000 stars visible to the eye are used by navigators. 
The stars seen as we look up at the sky at night are not evenly scattered across the whole sky. 
Instead they are in groups called constellations. 

(2) The constellations that we see depends partly on where we are located on the earth, 
the time of the year, and the time of the night. The night changes with the seasons because 
of the journey of the earth around the sun, and it also changes from hour to hour because the 
turning of the earth makes some constellations seem to travel in a circle. But there is one star 
that is in almost exactly the same place in the sky all night long every night. It is the North 
Star, also known as the Polar Star or Polaris. 

(3) The North Star is less than 1° off true north and does not move from its place because 
the axis of the earth is pointed toward it. The North Star is in the group of stars called the 
Little Dipper. It is the last star in the handle of the dipper. There are two stars in the Big 
Dipper, which are a big help when trying to find the North Star. They are called the Pointers, 
and an imaginary line drawn through them five times their distance points to the North Star. 
There are many stars brighter than the North Star, but none is more important because of its 
location. However, the North Star can only be seen in the northern hemisphere so it cannot 
serve as a guide south of the equator. The farther one goes north, the higher the North Star 
is in the sky, and above latitude 70°, it is too high in the sky to be useful (Figure 9-9). 


FM 3-25.26 


eT 


. ° POINTERS 


.: POINT ABOVE SOUTH POLE 


SOUTH POLE 


ee ee 


Figure 9-9. Determining direction by the 
North Star and Southern Cross. 


(4) Depending on the star selected for navigation, azimuth checks are necessary. A star 
near the north horizon serves for about half an hour. When moving south, azimuth checks 
should be made every 15 minutes. When traveling east or west, the difficulty of staying on 
azimuth is caused more by the likelihood of the star climbing too high in the sky or losing 
itself behind the western horizon than it is by the star changing direction angle. When this 
happens, it is necessary to change to another guide star. The Southern Cross is the main 
constellation used as a guide south of the equator, and the above general directions for using 
north and south stars are reversed. When navigating using the stars as guides, the user must 
know the different constellation shapes and their locations throughout the world (Figure 9-10 
and Figure 9-11 on page 9-12). 
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Figure 9-10. Constellations, northern hemisphere. 
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Figure 9-11. Constellations, southern hemisphere. 


9-6. GLOBAL POSITIONING SYSTEM 

The GPS is a space-based, global, all-weather, continuously available, radio positioning 
navigation system. It is highly accurate in determining position location derived from signal 
triangulation from a satellite constellation system. It is capable of determining latitude, 
longitude, and altitude of the individual user. It is being fielded in hand-held, manpack, 
vehicular, aircraft, and watercraft configurations. The GPS receives and processes data from 
satellites on either a simultaneous or sequential basis. It measures the velocity and range 
with respect to each satellite, processes the data in terms of an earth-centered, earth-fixed 
coordinate system, and displays the information to the user in geographic or military grid 
coordinates. 

a. The GPS can provide precise steering information, as well as position location. The 
receiver can accept many checkpoints entered in any coordinate system by the user and 
convert them to the desired coordinate system. The user then calls up the desired checkpoint 
and the receiver will display direction and distance to the checkpoint. The GPS does not 
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have inherent drift, an improvement over the Inertial Navigation System, and the receiver 
will automatically update its position. The receiver can also compute time to the next 
checkpoint. 

b. Specific uses for the GPS are position location; navigation; weapon location; target 
and sensor location; coordination of firepower; scout and screening operations; combat 
resupply; location of obstacles, barriers, and gaps; and communication support. The GPS 
also has the potential to allow units to train their soldiers and provide the following: 

e Performance feedback. 

e Knowledge of routes taken by the soldier. 

e Knowledge of errors committed by the soldier. 

e Comparison of planned versus executed routes. 

e Safety and control of lost and injured soldiers. 

(See Appendix J for more information of the GPS.) 
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CHAPTER 10 


ELEVATION AND RELIEF 


The elevation of points on the ground and the relief of an area affect the 
movement, positioning, and, in some cases, effectiveness of military units. 
Soldiers must know how to determine locations of points on a map, measure 
distances and azimuths, and identify symbols on a map. They must also be 
able to determine the elevation and relief of areas on standard military maps. 
To do this, they must first understand how the mapmaker indicated the 
elevation and relief on the map. 


10-1. DEFINITIONS 

The reference or start point for vertical measurement of elevation on a standard military map 
are the datum plane or mean sea level, the point halfway between high tide and low tide. 
Elevation of a point on the earth’s surface is the vertical distance it is above or below mean 
sea level. Relief is the representation (as depicted by the mapmaker) of the shapes of hills, 
valleys, streams, or terrain features on the earth's surface. 


10-2. METHODS OF DEPICTING RELIEF 
Mapmakers use several methods to depict relief of the terrain. 

a. Layer Tinting. Layer tinting is a method of showing relief by color. A different 
color is used for each band of elevation. Each shade of color, or band, represents a definite 
elevation range. A legend is printed on the map margin to indicate the elevation range 
represented by each color. However, this method does not allow the map user to determine 
the exact elevation of a specific point—only the range. 

b. Form Lines. Form lines are not measured from any datum plane. Form lines have 
no standard elevation and give only a general idea of relief. Form lines are represented on 
a map as dashed lines and are never labeled with representative elevations. 

c. Shaded Relief. Relief shading indicates relief by a shadow effect achieved by tone 
and color that results in the darkening of one side of terrain features, such as hills and ridges. 
The darker the shading, the steeper the slope. Shaded relief is sometimes used in conjunction 
with contour lines to emphasize these features. 

d. Hachures. Hachures are short, broken lines used to show relief. Hachures are 
sometimes used with contour lines. They do not represent exact elevations, but are mainly 
used to show large, rocky outcrop areas. Hachures are used extensively on small-scale maps 
to show mountain ranges, plateaus, and mountain peaks. 

e. Contour Lines. Contour lines are the most common method of showing relief and 
elevation on a standard topographic map. A contour line represents an imaginary line on the 
ground, above or below sea level. All points on the contour line are at the same elevation. 
The elevation represented by contour lines is the vertical distance above or below sea level. 
The three types of contour lines (Figure 10-1, page 10-2) used on a standard topographic 
map are as follows: 

(1) Index. Starting at zero elevation or mean sea level, every fifth contour line is a 
heavier line. These are known as index contour lines. Normally, each index contour line is 
numbered at some point. This number is the elevation of that line. 
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(2) Intermediate. The contour lines falling between the index contour lines are called 
intermediate contour lines. These lines are finer and do not have their elevations given. 
There are normally four intermediate contour lines between index contour lines. 

(3) Supplementary. These contour lines resemble dashes. They show changes in 
elevation of at least one-half the contour interval. These lines are normally found where there 
is very little change in elevation, such as on fairly level terrain. 


Figure 10-1. Contour lines. 


10-3. CONTOUR INTERVALS 
Before the elevation of any point on the map can be determined, the user must know the 
contour interval for the map he is using. The contour interval measurement given in the 
marginal information is the vertical distance between adjacent contour lines. To determine 
the elevation of a point on the map— 

a. Determine the contour interval and the unit of measure used, for example, feet, 
meters, or yards (Figure 10-2). 


ELEVATION IN METERS 


CONTOUR INTERVAL 20 METERS 


Figure 10-2. Contour interval note. 
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b. Find the numbered index contour line nearest the point of which you are trying to 
determine the elevation (Figure 10-3). 


Figure 10-3. Points on contour lines. 


c. Determine if you are going from lower elevation to higher, or vice versa. In 
Figure 10-3, point (a) is between the index contour lines. The lower index contour line is 
numbered 500, which means any point on that line is at an elevation of 500 meters above 
mean sea level. The upper index contour line is numbered 600, or 600 meters. Going from 
the lower to the upper index contour line shows an increase in elevation. 

d. Determine the exact elevation of point (a), start at the index contour line numbered 
500 and count the number of intermediate contour lines to point (a). Locate point (a) on the 
second intermediate contour line above the 500-meter index contour line. The contour 
interval is 20 meters (Figure 10-2), thus each one of the intermediate contour lines crossed 
to get to point (a) adds 20 meters to the 500-meter index contour line. The elevation of point 
(a) is 540 meters; the elevation has increased. 

e. Determine the elevation of point (b). Go to the nearest index contour line. In this 
case, it is the upper index contour line numbered 600. Locate point (b) on the intermediate 
contour line immediately below the 600-meter index contour line. Below means downhill 
or a lower elevation. Therefore, point (b) is located at an elevation of 580 meters. 
Remember, if you are increasing elevation, add the contour interval to the nearest index 
contour line. If you are decreasing elevation, subtract the contour interval from the nearest 
index contour line. 

f. Determine the elevation to a hilltop point (c). Add one-half the contour interval to 
the elevation of the last contour line. In this example, the last contour line before the hilltop 
is an index contour line numbered 600. Add one-half the contour interval, 10 meters, to the 
index contour line. The elevation of the hilltop would be 610 meters. 
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g. There may be times when you need to determine the elevation of points to a greater 
accuracy. To do this, you must determine how far between the two contour lines the point 
lies. However, most military needs are satisfied by estimating the elevation of points 
between contour lines (Figure 10-4). 


Figure 10-4. Points between contour lines. 


(1) If the point is less than one-fourth the distance between contour lines, the elevation 
will be the same as the last contour line. In Figure 10-4, the elevation of point a will be 
100 meters. To estimate the elevation of a point between one-fourth and three-fourths of the 
distance between contour lines, add one-half the contour interval to the last contour line. 

(2) Point b is one-half the distance between contour lines. The contour line immediately 
below point b is at an elevation of 160 meters. The contour interval is 20 meters; thus 
one-half the contour interval is 10 meters. In this case, add 10 meters to the last contour line 
of 160 meters. The elevation of point b would be about 170 meters. 

(3) A point located more than three-fourths of the distance between contour lines is 
considered to be at the same elevation as the next contour line. Point c is located three- 
fourths of the distance between contour lines. In Figure 10-4, point c would be considered 
to be at an elevation of 180 meters. 

h. To estimate the elevation to the bottom of a depression, subtract one-half the contour 
interval from the value of the lowest contour line before the depression. In Figure 10-5, the 
lowest contour line before the depression is 240 meters in elevation. Thus, the elevation at 
the edge of the depression is 240 meters. To determine the elevation at the bottom of the 
depression, subtract one-half the contour interval. The contour interval for this example is 
20 meters. Subtract 10 meters from the lowest contour line immediately before the 
depression. The result is that the elevation at the bottom of the depression is 230 meters. The 
tick marks on the contour line forming a depression always point to lower elevations. 
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g. Degree of Polynomials. The degree of a polynomial is determined by finding the term with 
the most literal factors. 


Examples: 
2a? +3ab + b” is degree two 
5xy* +2x*y+y* is degree four 


h. Quadratic Polynomial. A quadratic polynomial is a polynomial of the second degree 
(degree two). 


1402. Multiplication Properties of Real Numbers 


Now that you know the basic algebraic expressions relating to monomials and polynomials you 
are ready to learn more specific terms that will enable you to perform various operations using 
them. You will also be introduced to properties for real and literal numbers. Study the following 
properties so that you can apply them when required. 


a. Associative property. The regrouping of factors does not affect the product for all real 
numbers. 


Example: 
My2) = (xy)z 


b. | Commutative property. The order of the factors does not affect the product for real 
numbers. 


Example: 
xy = yx 


c. Distributive property. If multiplication is performed on grouped quantities containing plus 
(+) and/or minus (-) signs, the multiplication must be distributed to all quantities in the sign of 


grouping. 


Example: 
x(y+z)=xy + xz 


Try the following challenge on properties of real numbers. 
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tail 


Figure 10-5. Depression. 


i. In addition to the contour lines, bench marks and spot elevations are used to indicate 
points of known elevations on the map. 

(1) Bench marks, the more accurate of the two, are symbolized by a black X, such as X 
BM 214. The 214 indicates that the center of the X is at an elevation of 214 units of measure 
(feet, meters, or yards) above mean sea level. To determine the units of measure, refer to the 
contour interval in the marginal information. 

(2) Spot elevations are shown by a brown X and are usually located at road junctions and 
on hilltops and other prominent terrain features. If the elevation is shown in black numerals, 
it has been checked for accuracy; if it is in brown, it has not been checked. 


NOTE: New maps are being printed using a dot instead of brown Xs. 


10-4. TYPES OF SLOPES 
Depending on the military mission, soldiers may need to determine not only the height of 
a hill, but the degree of the hill's slope as well. The rate of rise or fall of a terrain feature is 
known as its slope. The speed at which equipment or personnel can move is affected by the 
slope of the ground or terrain feature. This slope can be determined from the map by 
studying the contour lines—the closer the contour lines, the steeper the slope; the farther 
apart the contour lines, the gentler the slope. Four types of slopes that concern the military 
are as follows: 

a. Gentle. Contour lines showing a uniform, gentle slope will be evenly spaced and 
wide apart (Figure 10-6, page 10-6). Considering relief only, a uniform, gentle slope allows 
the defender to use grazing fire. The attacking force has to climb a slight incline. 


10-5 


FM 3-25.26 


Figure 10-6. Uniform, gentle slope. 


b. Steep. Contour lines showing a uniform, steep slope on a map will be evenly spaced, 
but close together. Remember, the closer the contour lines, the steeper the slope 
(Figure 10-7). Considering relief only, a uniform, steep slope allows the defender to use 
grazing fire, and the attacking force has to negotiate a steep incline. 


Mig: 
WW ing 


Figure 10-7. Uniform, steep slope. 


c. Concave. Contour lines showing a concave slope on a map will be closely spaced 
at the top of the terrain feature and widely spaced at the bottom (Figure 10-8, page 10-7). 
Considering relief only, the defender at the top of the slope can observe the entire slope and 
the terrain at the bottom, but he cannot use grazing fire. The attacker would have no cover 
from the defender's observation of fire, and his climb would become more difficult as he got 
farther up the slope. 
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Figure 10-8. Concave slope. 


d. Convex. Contour lines showing a convex slope on a map will be widely spaced at 
the top and closely spaced at the bottom (Figure 10-9). Considering relief only, the defender 
at the top of the convex slope can obtain a small distance of grazing fire, but he cannot 
observe most of the slope or the terrain at the bottom. The attacker will have concealment 
on most of the slope and an easier climb as he nears the top. 


Figure 10-9. Convex slope. 
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10-5. PERCENTAGE OF SLOPE 

The speed at which personnel and equipment can move up or down a hill is affected by the 
slope of the ground and the limitations of the equipment. Because of this, a more exact way 
of describing a slope is necessary. 

a. Slope may be expressed in several ways, but all depend upon the comparison of 
vertical distance (VD) to horizontal distance (HD) (Figure 10-10). Before we can determine 
the percentage of a slope, we must know the VD of the slope. The VD is determined by 
subtracting the lowest point of the slope from the highest point. Use the contour lines to 
determine the highest and lowest point of the slope (Figure 10-11). 


VD 
(Vertical 
distance) 


HD 
(Horizontal distance) 


Figure 10-10. Slope diagram. 


NOTE: Be sure to use the same unit of measure 
for vertical and horizontal distances. 


+0 


ew 


CONTOUR INTERVAL: 20 METERS 


Figure 10-11. Contour line around a slope. 
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b. To determine the percentage of the slope between points (a) and (b) in Figure 10-11, 
determine the elevation of point (b) (590 meters). Then determine the elevation of point (a) 
(380 meters). Determine the vertical distance between the two points by subtracting the 
elevation of point (a) from the elevation of point .The difference (210 meters) is the VD 
between points (a) and (b). Then measure the HD between the two points on the map in 
Figure 10-12. After the horizontal distance has been determined, compute the percentage of 
the slope by using the formula shown in Figure 10-13. 


Figure 10-12. Measuring horizontal distance. 
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590 METERS 
(b) 


Vv 
210 METER 


380 METERS 
(a) 


HD 3,000 METERS 


VD =b -a = 210 METERS 
HD =3,000 METERS 
VDX 100 (VD ) 210 X 100 21,000 


% SLOPE = or = = 7% 
HD (HD ) 3,000 3,000 


Multiply the distance by 100. Divide the total by the 
horizontal distance. The result is the percentage of slope. 


Figure 10-13. Percentage of slope in meters. 


c. The slope angle can also be expressed in degrees. To do this, determine the VD and 
HD of the slope. Multiply the VD by 57.3 and then divide the total by the HD 
(Figure 10-14). This method determines the approximate degree of slope and is reasonably 
accurate for slope angles less than 20°. 


vp 590 METERS 
GRADIENT = —— (b) 
HD 


VD =b —a = 150 METERS 
H D =3,000 METERS 
vb 


150X873 = = = 2.9 or 3DEGREES of SLOPE 210 METERS 
’ ’ 


380 METERS 
(a) 


HD 3,000 METERS 


Figure 10-14. Degree of slope. 
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d. The slope angle can also be expressed as a gradient. The relationship of horizontal 
and vertical distance is expressed as a fraction with a numerator of one (Figure 10-15). 


GRADIENT 
700 METERS 


(b) 
VD =b —a = 150 METERS 
H D = 3,000 METERS 
150 1 METER RISE FOR EVERY 
3,000 


1 
20 20 METERS OF HORIZONTAL DISTANCE 


550 METERS 
(a) 


HD 3,000 METERS 


Figure 10-15. Gradient. 


10-6. TERRAIN FEATURES 

All terrain features are derived from a complex landmass known as a mountain or ridgeline 
(Figure 10-16). The term ridgeline is not interchangeable with the term ridge. A ridgeline 
is a line of high ground, usually with changes in elevation along its top and low ground on 
all sides from which a total of 10 natural or man-made terrain features are classified. 


rd 
RIDGELINE oo | 
Se a Sy 


, “4 


Figure 10-16. Ridgeline. 
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a. Major Terrain Features. 

(1) Hill. A hill is an area of high ground. From a hilltop, the ground slopes down in all 
directions. A hill is shown on a map by contour lines forming concentric circles. The inside 
of the smallest closed circle is the hilltop (Figure 10-17). 


Figure 10-17. Hill. 


(2) Saddle. A saddle is a dip or low point between two areas of higher ground. A saddle 
is not necessarily the lower ground between two hilltops; it may be simply a dip or break 
along a level ridge crest. If you are in a saddle, there is high ground in two opposite 
directions and lower ground in the other two directions. A saddle is normally represented as 
an hourglass (Figure 10-18). 


SADDLE 


Figure 10-18. Saddle. 


(3) Valley. A valley is a stretched-out groove in the land, usually formed by streams or 
rivers. A valley begins with high ground on three sides, and usually has a course of running 
water through it. If standing in a valley, three directions offer high ground, while the fourth 
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direction offers low ground. Depending on its size and where a person is standing, it may not 
be obvious that there is high ground in the third direction, but water flows from higher to 
lower ground. Contour lines forming a valley are either U-shaped or V-shaped. To determine 
the direction water is flowing, look at the contour lines. The closed end of the contour line 
(U or V) always points upstream or toward high ground (Figure 10-19). 


Ae ey 


Pee CAS bn 


Figure 10-19. Valley. 


(4) Ridge. A ridge is a sloping line of high ground. If you are standing on the centerline 
of a ridge, you will normally have low ground in three directions and high ground in one 
direction with varying degrees of slope. If you cross a ridge at right angles, you will climb 
steeply to the crest and then descend steeply to the base. When you move along the path of 
the ridge, depending on the geographic location, there may be either an almost unnoticeable 
slope or a very obvious incline. Contour lines forming a ridge tend to be U-shaped or 
V-shaped. The closed end of the contour line points away from high ground (Figure 10-20). 


Figure 10-20. Ridge. 
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(5) Depression. A depression is a low point in the ground or a sinkhole. It could be 
described as an area of low ground surrounded by higher ground in all directions, or simply 
a hole in the ground. Usually only depressions that are equal to or greater than the contour 
interval will be shown. On maps, depressions are represented by closed contour lines that 
have tick marks pointing toward low ground (Figure 10-21). 


Figure 10-21. Depression. 


b. Minor Terrain Features. 

(1) Draw. A draw is a less developed stream course than a valley. In a draw, there is 
essentially no level ground and, therefore, little or no maneuver room within its confines. If 
you are standing in a draw, the ground slopes upward in three directions and downward in 
the other direction. A draw could be considered as the initial formation of a valley. The 
contour lines depicting a draw are U-shaped or V-shaped, pointing toward high ground 
(Figure 10-22). 


Figure 10-22. Draw. 
(2) Spur. A spur is a short, continuous sloping line of higher ground, normally jutting 
out from the side of a ridge. A spur is often formed by two rough parallel streams, which cut 
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(Fill in the blank) 
Identify the term that best describes the expressions. 
(a) V(at+t)=7a+T7t 


(b) 3(xy) = (3x)y 
(c) IR=RI 


If your answers to the challenge are the same as the following, you are correct and may continue. 
If your answers are incorrect, review paragraph 1402 before continuing. 


(a) 7(a+t)=7a+7t Distributive property 
(b) 3(xy) = (3x)y Associative property 


(c) JIR=RI Commutative property 


1403. Identify Monomial and Polynomial Products 


Now you are ready to use the three major properties to find the product of algebraic expressions. 
You will start by multiplying monomials. To obtain monomial products, follow four easy steps. 
First, determine the sign, then multiply the numerical coefficients, next multiply the literal 
coefficients, and finally, multiply these two products together. Follow this example so that you 
can understand each step as it is performed. 


Examples: 
Sy ( a | Determine sign = dee) =C 
3*-5=-15 
Numerical values = yxyxy= xy 
Literal values = —-15x?y 
Product = 


Using the four steps in the example, find the product of each equation in the following challenge. 
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draws down the side of a ridge. The ground sloped down in three directions and up in one 
direction. Contour lines on a map depict a spur with the U or V pointing away from high 
ground (Figure 10-23). 


(5. an ea, 
p. -. a ~, NI 


Figure 10-23. Spur. 


(3) Cliff. A cliff is a vertical or near vertical feature; it is an abrupt change of the land. 
When a slope is so steep that the contour lines converge into one "carrying" contour of 
contours, this last contour line has tick marks pointing toward low ground (Figure 10-24A). 
Cliffs are also shown by contour lines very close together and, in some instances, touching 
each other (Figure 10-24B, page 10-16). 


ENB Ze 


Figure 10-24A. Cliff. 
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CONVERGING 


CONTOURS 
FORMING CLIFF 


Figure 10-24B. Cliff. 


c. Supplementary Terrain Features. 

(1) Cut. A cut is a man-made feature resulting from cutting through raised ground, 
usually to form a level bed for a road or railroad track. Cuts are shown on a map when they 
are at least 10 feet high, and they are drawn with a contour line along the cut line. This 
contour line extends the length of the cut and has tick marks that extend from the cut line to 
the roadbed, if the map scale permits this level of detail (Figure 10-25). 

(2) Fill. A fill is a man-made feature resulting from filling a low area, usually to form 
a level bed for a road or railroad track. Fills are shown on a map when they are at least 
10 feet high, and they are drawn with a contour line along the fill line. This contour line 
extends the length of the filled area and has tick marks that point toward lower ground. If the 
map scale permits, the length of the fill tick marks are drawn to scale and extend from the 
base line of the fill symbol (Figure 10-25). 
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Figure 10-25. Cut and fill. 


10-7. INTERPRETATION OF TERRAIN FEATURES 

Terrain features do not normally stand a lone. To better understand these when they are 
depicted on a map, you need to interpret them. Terrain features (Figure 10-26) are 
interpreted by using contour lines, the SOSES approach, ridgelining, or streamlining. 


1. HILL 3. RIDGE 5. DEPRESSION 


2. VALLEY 4. SADDLE 6. DRAW 


Figure 10-26. Terrain features. 
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a. Contour Lines. Emphasizing the main contour lines is a technique used to interpret 
the terrain of an area. By studying these contour lines, you able to obtain a better 
understanding of the layout of the terrain and to decide on the best route. 

(1) The following description pertains to Figure 10-27 on page 10-20. Running east to 
west across the complex landmass is a ridgeline. A ridgeline is a line of high ground, usually 
with changes in elevation along its top and low ground on all sides. The changes in elevation 
are the three hilltops and two saddles along the ridgeline. From the top of each hill, there is 
lower ground in all directions. The saddles have lower ground in two directions and high 
ground in the opposite two directions. The contour lines of each saddle form half an 
hourglass shape. Because of the difference in size of the higher ground on the two opposite 
sides of a saddle, a full hourglass shape of a saddle may not be apparent. 

(2) There are four prominent ridges. A ridge is on each end of the ridgeline and two 
ridges extend south from the ridgeline. All of the ridges have lower ground in three 
directions and higher ground in one direction. The closed ends of the U's formed by the 
contour lines point away from higher ground. 

(3) To the south lies a valley; the valley slopes downward from east to west. Note that 
the U of the contour line points to the east, indicating higher ground in that direction and 
lower ground to the west. Another look at the valley shows high ground to the north and 
south of the valley. 

(4) Just east of the valley is a depression. There is higher ground in all directions when 
looking from the bottom of the depression. 

(5) There are several spurs extending generally south from the ridgeline. They, like 
ridges, have lower ground in three directions and higher ground in one direction. Their 
contour line U's point away from higher ground. 

(6) Between the ridges and spurs are draws. They, like valleys, have higher ground in 
three directions and lower ground in one direction. Their contour line U's and V's point 
toward higher ground. 

(7) Two contour lines on the north side of the center hill are touching or almost touching. 
They have ticks indicating a vertical or nearly vertical slope or a cliff. 

(8) The road cutting through the eastern ridge depicts cuts and fills. The breaks in the 
contour lines indicate cuts, and the ticks pointing away from the roadbed on each side of the 
road indicate fills. 

b. SOSES. A recommended technique for identifying specific terrain features and then 
locating them on the map is to make use of five of their characteristics known by the 
mnemonic SOSES. Terrain features can be examined, described, and compared with each 
other and with corresponding map contour patterns in terms of their shapes, orientations, 
sizes, elevations, and slopes. 

(1) Shape. The general form or outline of the feature at its base. 

(2) Orientation. The general trend or direction of a feature from your viewpoint. A 
feature can be in line, across, or at an angle to your viewpoint. 

(3) Size. The length or width of a feature horizontally across its base. For example, one 
terrain feature might be larger or smaller than another terrain feature. 

(4) Elevation. The height of a terrain feature. This can be described either in absolute 
or relative terms as compared to the other features in the area. One landform may be higher, 
lower, deeper, or shallower than another. 
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(5) Slope. The type (uniform, convex, or concave) and the steepness or angle (steep or 
gentle) of the sides of a terrain feature. 


Through practice, you can learn to identify several individual terrain features in the field and 
see how they vary in appearance. 


NOTE: Further terrain analysis using SOSES can be learned by using the Map 
Interpretation and Terrain Association Course. It consists of three separate 
courses of instruction: basic, intermediate, and advanced. Using photographic 
slides of terrain and other features, basic instruction teaches how to identify basic 
terrain feature types on the ground and on the map. Intermediate instruction 
teaches elementary map interpretation and terrain association using real world 
scenes and map sections of the same terrain. Advanced instruction teaches 
advanced techniques for map interpretation and terrain association. The primary 
emphasis is on the concepts of map design guidelines and terrain association 
skills. Map design guidelines refer to the rules and practices used by 
cartographers in the compilation and symbolization of military topographic 
maps. Knowledge of the selection, classification, and symbolization of mapped 
features greatly enhances the user's ability to interpret map information. 


c. Ridgelining. This technique helps you to visualize the overall lay of the ground 
within the area of interest on the map. Follow these steps: 

(1) Identify on the map the crests of the ridgelines in your area of operation by 
identifying the close-out contours that lie along the hilltop. 

(2) Trace over the crests so each ridgeline stands out clearly as one identifiable line. 

(3) Go back over each of the major ridgelines and trace over the prominent ridges and 
spurs that come out of the ridgelines. 
The usual colors used for this tracing are red or brown; however, you may use any color at 
hand. When you have completed the ridgelining process, you will find that the high ground 
on the map will stand out and that you will be able to see the relationship between the 
various ridgelines (Figure 10-27, page 10-20). 

d. Streamlining. This procedure (Figure 10-27, page 10-20) is similar to that of 
ridgelining. 

(1) Identify all the mapped streams in the area of operations. 

(2) Trace over them to make them stand out more prominently. 

(3) Then identify other low ground, such as smaller valleys or draws that feed into the 
major streams, and trace over them. 
This brings out the drainage pattern and low ground in the area of operation on the map. The 
color used for this is usually blue; but again, if blue is not available, use any color at hand 
so long as the distinction between the ridgelines and the streamlines is clear. 
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RIDGE LINE 
——_———== STREAM LINE 


Figure 10-27. Ridgelining and streamlining. 


10-8. PROFILES 
The study of contour lines to determine high and low points of elevation is usually adequate 
for military operations. However, there may be a few times when we need a quick and 
precise reference to determine exact elevations of specific points. When exactness is 
demanded, a profile is required. A profile, within the scope and purpose of this manual, is 
an exaggerated side view of a portion of the earth's surface along a line between two or more 
points. 

a. A profile can be used for many purposes. The primary purpose is to determine if line 
of sight is available. Line of sight is used— 

(1) To determine defilade positions. 

(2) To plot hidden areas or dead space. 

(3) To determine potential direct fire weapon positions. 

(4) To determine potential locations for defensive positions. 

(5) To conduct preliminary planning in locating roads, pipelines, railroads, or other 
construction projects. 

b. A profile can be constructed from any contoured map. Its construction requires the 
following steps: 

(1) Draw a line on the map from where the profile is to begin to where it is to end 
(Figure 10-28). 
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Figure 10-28. Connecting points. 


(2) Find the value of the highest and lowest contour lines that cross or touch the profile 
line. Add one contour value above the highest and one below the lowest to take care of hills 
and valleys. 

(3) Select a piece of lined notebook paper with as many lines as was determined in (2) 
above. The standard Army green pocket notebook or any other paper with 1/4-inch lines is 
ideal. Wider lines, up to 5/8-inch, may be used. If lined paper is not available, draw equally 
spaced horizontal lines on a blank sheet of paper. 

(4) Number the top line with the highest value and the bottom line with the lowest value 
as determined in (2) above. 

(5) Number the rest of the lines in sequence, starting with the second line from the top. 
The lines will be numbered in accordance with the contour interval (Figure 10-29). 

(6) Place the paper on the map with the lines next to and parallel to the profile line 
(Figure 10-29). 

(7) From every point on the profile line where a contour line, stream, intermittent stream, 
or other body of water crosses or touches, drop a perpendicular line to the line having the 
same value. Place a tick mark where the perpendicular line crosses the number line 
(Figure 10-29). Where trees are present, add the height of the trees to the contour line and 
place a tick mark there. Assume the height of the trees to be 50 feet or 15 meters where dark 
green tint is shown on the map. Vegetation height may be adjusted up or down when 
operations in the area have provided known tree heights. 
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(8) After all perpendicular lines have been drawn and tick marks placed where the lines 
cross, connect all tick marks with a smooth, natural curve to form a horizontal view or 
profile of the terrain along the profile line (Figure 10-29). 

NOTE: _ The profile drawn may be exaggerated. The spacing between the lines drawn on 
the sheet of paper determines the amount of exaggeration and may be varied to 
suit any purpose. 


Figure 10-29. Dropping perpendiculars. 
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(9) Draw a straight line from the start point to the end point on the profile. If the straight 
line intersects the curved profile, line of sight to the end point is not available (Figure 10-30). 
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Figure 10-30. Drawing lines to additional points. 


(10) Determine the line of sight to other points along the profile line by drawing a line 
from the start point to additional points. In Figure 10-31 on page 10-24, line of sight is 
available to— 


A—Yes D—Yes G—Yes 
B—No E—No H—No 
C—No F—No I—No 


The vertical distance between navigable ground up to the line of sight line is the depth of 
defilade. 
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c. When time is short, or when a complete profile is not needed, one may be constructed 
showing only the hilltops, ridges, and if desired, the valleys. This is called a hasty profile. 
It is constructed in the same manner as a full profile (Figure 10-31). 


Figure 10-31. Drawing a hasty profile. 
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If your answer to the challenge is the same as follows, you may continue. If you answered any 
equation in the challenge incorrectly, review paragraph 1403 before continuing. 


(@) (b) (c) 
(-7TIR)(-12E*) = (—4a*b)(3bc?) = (4x22 \( xy? ) = 
OO OeQ=C )*G)=G) 
7¥*12=84 4*3=12 3*6=18 
«Rx» F2 = FIR Pebehee =gpie xr xxey? xy? =x3y4 


= 34,4 
= 84E2IR = —12a?b*c? aa y 


You are now ready to multiply a polynomial by a monomial. Multiply each term of the 
polynomial by the monomial using the distributive property. If you need to review the distributive 
property, it was covered in paragraph 1402. As you can see in the following examples, writing 
the product of each operation will help you maintain the appropriate signs. 


Examples: 


(a) 


4x(2m — 3n) 
= 4x(2m) — 4x(3n) 


= 8mx — 12nx 
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CHAPTER 11 


TERRAIN ASSOCIATION 


Failure to make use of the vast amounts of information presented by the 
map and available to the eye on the ground reduces the chances for success 
in land navigation. The soldier who has repeatedly practiced the skills of 
identifying and discriminating among the many types of terrain and other 
features knows how these features are mapped. He can begin to visualize the 
shape of the land by studying the map, estimate distances, and perform quick 
resection from the many landmarks he sees is the one who will be at the right 
place to help defeat the enemy on the battlefield. This chapter tells how to 
orient a map with and without a compass, how to find locations on a map as 
well as on the ground, how to study the terrain, and how to move on the 
ground using terrain association and dead reckoning. 


11-1. ORIENTING THE MAP 

The first step for a navigator in the field is orienting the map. A map is oriented when it is 
in a horizontal position with its north and south corresponding to the north and south on the 
ground. Some orienting techniques follow: 

a. Using a Compass. When orienting a map with a compass, remember that the 
compass measures magnetic azimuths. Since the magnetic arrow points to magnetic north, 
pay special attention to the declination diagram. There are two techniques used. 

(1) First Technique. Determine the direction of the declination and its value from the 
declination diagram. 

(a) With the map in a horizontal position, take the straightedge on the left side of the 
compass and place it alongside the north-south grid line with the cover of the compass 
pointing toward the top of the map. This procedure places the fixed black index line of the 
compass parallel to north-south grid lines of the map. 

(b) Keeping the compass aligned as directed above, rotate the map and compass together 
until the magnetic arrow is below the fixed black index line on the compass. At this time, the 
map is close to being oriented. 

(c) Rotate the map and compass in the direction of the declination diagram. 

(d) If the magnetic north arrow on the map is to the left of the grid north, check the 
compass reading to see if it equals the G-M angle given in the declination diagram. The map 
is then oriented (Figure 11-1, page 11-2). 
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Figure 11-1. Map oriented with 11 degrees west declination. 


(e) If the magnetic north is to the right of grid north, check the compass reading to see 
if it equals 360 degrees minus the G-M angle (Figure 11-2). 


GRID CONVERGENCE 
0°65" (1 Mik) 
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(2) Second Technique. Determine the direction of the declination and its value from the 
declination diagram. 

(a) Using any north-south grid line on the map as a base, draw a magnetic azimuth equal 
to the G-M angle given in the declination diagram with the protractor. 

(b) If the declination is easterly (right), the drawn line is equal to the value of the G-M 
angle. Then align the straightedge, which is on the left side of the compass, alongside the 
drawn line on the map. Rotate the map and compass until the magnetic arrow of the compass 
is below the fixed black index line. The map is now oriented (Figure 11-3). 


Figure 11-3. Map oriented with 15 degrees east declination. 


(c) If the declination is westerly (left), the drawn line will equal 360 degrees minus the 
value of the G-M angle. Then align the straightedge, which is on the left side of the compass, 
alongside the drawn line on the map. Rotate the map and compass until the magnetic arrow 
of the compass is below the fixed black index line. The map is now oriented (Figure 11-4, 
page 11-4). 


NOTES: 1. Once the map is oriented, magnetic azimuths are determined using the 
compass. Do not move the map from its oriented position since any change 
in its position moves it out of line with the magnetic north. [See paragraph 
11-6b(1).] 

2. Special care should be taken whenever orienting your map with a compass. 
A small mistake can cause you to navigate in the wrong direction. 
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Figure 11-4. Map oriented with 10 degrees west declination. 
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b. Using Terrain Association. A map can be oriented by terrain association when a 
compass is not available or when the user has to make many quick references as he moves 
across country. Using this method requires careful examination of the map and the ground, 
and the user must know his approximate location (Figure 11-5). Orienting by this method 
is discussed in detail in paragraph 11-3. 
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Figure 11-5. Terrain association. 
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c. Using Field-Expedient Methods. When a compass is not available and there are no 
recognizable terrain features, a map may be oriented by any of the field-expedient methods 
described in paragraph 9-5. Also see Figure 11-6. 
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Figure 11-6. Field-expedient method. 


11-2. LOCATIONS 
The key to success in land navigation is to know your location at all times. With this basic 
knowledge, you can decide what direction and what distance to travel. 

a. Known Position. Most important of all is the initial location of the user before 
starting any movement in the field. If movement takes place without establishing the initial 
location, everything that is done in the field from there on is a gamble. Determine the initial 
location by referring to the last known position, by grid coordinates and terrain association, 
or by locating and orienting your position on the map and ground. 

b. Known Point/Known Distance (Polar Plot). This location can be determined by 
knowing the starting point, the azimuth to the desired objective, and the distance to it. 

c. Resection. See Chapter 6. 

d. Modified Resection. See Chapter 6. 

e. Intersection. See Chapter 6. 

f. Indirect Fire. Finding a location by indirect fire is done with smoke. Use the point 
of impact of the round as a reference point from which distances and azimuth can be 
obtained. 
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11-3. TERRAIN ASSOCIATION USAGE 

The technique of moving by terrain association is more forgiving of mistakes and far less 
time-consuming than dead reckoning. It best suits those situations that call for movement 
from one area to another. Errors made using terrain association are easily corrected because 
you are comparing what you expected to see from the map to what you do see on the ground. 
Errors are anticipated and will not go unchecked. You can easily make adjustments based 
upon what you encounter. Periodic position-fixing through either plotted or estimated 
resection will also make it possible to correct your movements, call for fire, or call in the 
locations of enemy targets or any other information of tactical or logistical importance. 

a. Matching the Terrain to the Map by Examining Terrain Features. By observing 
the contour lines in detail, the five major terrain features (hilltop, valley, ridge, depression, 
and saddle) should be determined. This is a simple task in an area where the observer has 
ample view of the terrain in all directions. One-by-one, match the terrain features depicted 
on the map with the same features on the ground. In restricted terrain, this procedure 
becomes harder; however, constantly check the map as you move since it is the determining 
factor (Figure 11-5). 

b. Comparing the Vegetation Depicted on the Map. When comparing the vegetation, 
a topographic map should be used to make a comparison of the clearings that appear on the 
map with the ones on the ground. The user must be familiar with the different symbols, such 
as vineyards, plantations, and orchards that appear on the legend. The age of the map is an 
important factor when comparing vegetation. Some important vegetation features were likely 
to be different when the map was made. Another important factor about vegetation is that 
it can change overnight by natural accidents or by man (forest fires, clearing of land for new 
developments, farming, and so forth). 

c. Masking by the Vegetation. Camouflage the important landforms using vegetation. 
Use of camouflage makes it harder for the navigator to use terrain association. 

d. Using the Hydrography. Inland bodies of water can help during terrain association. 
The shape and size of lakes in conjunction with the size and direction of flow of the rivers 
and streams are valuable help. 

e. Using Man-made Features. Man-made features are an important factor during 
terrain association. The user must be familiar with the symbols shown in the legend 
representing those features. The direction of buildings, roads, bridges, high-tension lines, and 
so forth make the terrain inspection a lot easier; however, the age of the map must be 
considered because man-made features appear and disappear constantly. 

f. Examining the Same Piece of Terrain During the Different Seasons of the Year. 
In those areas of the world where the seasons are distinctive, a detailed examination of the 
terrain should be made during each of the seasons. The same piece of land does not present 
the same characteristics during both spring and winter. 

(1) During winter, the snow packs the vegetation, delineating the land, making the terrain 
features appear as clear as they are shown by the contour lines on the map. Ridges, valleys, 
and saddles are very distinctive. 

(2) During spring, the vegetation begins to reappear and grow. New vegetation causes 
a gradual change of the land to the point that the foliage conceals the terrain features and 
makes the terrain hard to recognize. 

(3) During summer months, the effects are similar to those in the spring. 
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(4) Fall makes the land appear different with its change of color and gradual loss of 
vegetation. 

(5) During the rainy season, the vegetation is green and thick, and the streams and ponds 
look like small rivers and lakes. In scarcely vegetated areas, the erosion changes the shape 
of the land. 

(6) During a period of drought, the vegetation dries out and becomes vulnerable to forest 
fires that change the terrain whenever they occur. Also during this season, the water levels 
of streams and lakes drop, adding new dimensions and shape to the existing mapped areas. 

g. Following an Example of Terrain Association. Your location is hilltop 514 in the 
lower center of the map in Figure 11-7. 
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Figure 11-7. Example of terrain association. 


(1) To The North. The contour lines indicate that the hill slopes down for about 
190 meters, and that it leads into a small valley containing an intermittent stream. On the 
other side of the stream as you continue with your northerly inspection, the terrain starts a 
gradual ascent, indicating a hilltop partially covered with vegetation, until an unimproved 
road is reached. This road runs along a gradual ridgeline with north-west direction. Then the 
contour line spacings become narrow, indicating a steeper grade that leads to a narrow valley 
containing a small intermittent stream. As you continue up, you find a small but prominent 
ridge with a clearing. The contour lines once again show a steeper grade leading to a 
moderate valley containing an intermittent stream running in a south-east direction. 
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(2) To The East. There is a clearing of the terrain as it slopes down to Schley Pond. An 
ample valley is clearly seen on the right side of the pond, as indicated by the "U" and "V" 
shape of the contour lines. This valley contains some swamp areas and there is a long 
ridgeline on the north portion of the valley. 

(3) To The South. The terrain gently slopes downward until a clear area is reached. It 
continues in a downward direction to an intermittent stream running south-east in a small 
valley. There is also an improved road running in the same direction as the valley. At the 
intersection of the roads as you face south, there is a clearing of about 120 meters on the 
ridge. At the bottom of it, a stream runs from Schley Pond in a south-west direction through 
an ample valley fed by two intermittent streams. As you continue, a steep, vegetated hill is 
found with a clearing on its top, followed by a small saddle and another hilltop. 

(4) To The West. First, you see a small, clear valley. It is followed by a general ridgeline 
running north-west in which an unimproved road is located just before a hilltop. Continuing 
on a westerly direction, you will find a series of alternate valleys and ridges. 


11-4. TACTICAL CONSIDERATIONS 

Military cross-country navigation is intellectually demanding because it is imperative that 
the unit, crew, or vehicle survive and successfully complete the move in order to accomplish 
its mission. However, the unnecessary use of a difficult route makes navigation too 
complicated, creates more noise when proceeding over it, causes wear and tear on equipment 
and personnel, increases the need for and needlessly complicate recovery operations, and 
wastes scarce time. On receipt of a tactical mission, the leader begins his troop-leading 
procedures and makes a tentative plan. He bases the tentative plan on a good terrain analysis. 
He analyzes the considerations covered in the following mnemonics—OCOKA and 
METT-T. 

a. OCOKA. The terrain should be analyzed for observation and fields of fire, cover and 
concealment, obstacles, key terrain, and avenues of approach. 

(1) Observation and Fields of Fire. The purpose of observation is to see the enemy (or 
various landmarks) but not be seen by him. Anything that can be seen can be hit. Therefore, 
a field of fire is an area that a weapon or a group of weapons can cover effectively with fire 
from a given position. 

(2) Cover and Concealment. Cover is shelter or protection (from enemy fire) either 
natural or artificial. Always try to use covered routes and seek cover for each halt, no matter 
how brief it is planned to be. Unfortunately, two factors interfere with obtaining constant 
cover. One is time and the other is terrain. Concealment is protection from observation or 
surveillance, including concealment from enemy air observation. Before, trees provided 
good concealment, but with modern thermal and infrared imaging equipment, trees are not 
always effective. When you are moving, concealment is generally secondary; therefore, 
select routes and positions that do not allow covered or concealed enemy near you. 

(3) Obstacles. Obstacles are any obstructions that stop, delay, or divert movement. 
Obstacles can be natural (rivers, swamps, cliffs, or mountains) or they may be artificial 
(barbed wire entanglements, pits, concrete or metal antimechanized traps). They can be 
ready-made or constructed in the field. Always consider any possible obstacles along your 
movement route and, if possible, try to keep obstacles between the enemy and yourself. 

(4) Key Terrain. Key terrain is any locality or area that the seizure or retention of affords 
a marked advantage to either combatant. Urban areas that are often seen by higher 
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headquarters as being key terrain because they are used to control routes. On the other hand, 
an urban area that is destroyed may be an obstacle instead. High ground can be key because 
it dominates an area with good observation and fields of fire. In an open area, a draw or wadi 
(dry streambed located in an arid area) may provide the only cover for many kilometers, 
thereby becoming key. You should always attempt to locate any area near you that could be 
even remotely considered as key terrain. 

(5) Avenues of Approach. These are access routes. They may be the routes you can use 
to get to the enemy or the routes they can use to get to you. Basically, an identifiable route 
that approaches a position or location is an avenue of approach to that location. They are 
often terrain corridors such as valleys or wide, open areas. 

b. METT-T. Tactical factors other than the military aspects of terrain must also be 
considered in conjunction with terrain during movement planning and execution as well. 
These additional considerations are mission, enemy, terrain and weather, troops, and time 
available. 

(1) Mission. This refers to the specific task assigned to a unit or individual. It is the duty 
or task together with the purpose that clearly indicates the action to be taken and the reason 
for it—but not how to do it. Training exercises should stress the importance of a thorough 
map reconnaissance to evaluate the terrain. This allows the leader to confirm his tentative 
plan, basing his decision on the terrain's effect on his mission. 

(a) Marches by foot or vehicle are used to move troops from one location to another. 
Soldiers must get to the right place, at the right time, and in good fighting condition. The 
normal rate for an 8-hour foot march is 4 kmph. However, the rate of march may vary, 
depending on the following factors: 

e Distance. 

e Time allowed. 

e Likelihood of enemy contact. 

e Terrain. 

e Weather. 

e Physical condition of soldiers. 

e Equipment/weight to be carried. 

e A motor march requires little or no walking by the soldiers, but the factors 
affecting the rate of march still apply. 

(b) Patrol missions are used to conduct combat or reconnaissance operations. Without 
detailed planning and a thorough map reconnaissance, any patrol mission may not succeed. 
During the map reconnaissance, the mission leader determines a primary and alternate route 
to and from the objectives. 

(c) Movement to contact is conducted whenever an element is moving toward the enemy 
but is not in contact with the enemy. The lead element must orient its movement on the 
objective by conducting a map reconnaissance, determining the location of the objective on 
both the map and the ground, and selecting the route to be taken. 

(d) Delays and withdrawals are conducted to slow the enemy down without becoming 
decisively engaged, or to assume another mission. To be effective, the element leader must 
know where he is to move and the route to be taken. 

(2) Enemy. This refers to the strength, status of training, disposition (locations), doctrine, 
capabilities, equipment (including night vision devices), and probable courses of action that 
impact upon both the planning and execution of the mission, including a movement. 
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(b) 
—9c(8c —9cL + 3L) 
=—9c(8c) —(—9e )(9cL) + 9c )BL) 


= —72c? —(-81c?L) + (-27cL) 


=-72c? +81ce2L—27cL 


Try the following challenge on finding the products of monomials and polynomials. 


If your answers to the challenge are the same as follows, you are correct and may continue. If 
you answered any part of the challenge incorrectly, review paragraph 1403 before continuing. 


(a) (b) (c) 
axl 3x - 2y —b(a? +ab+b) Dy dn? + 7xy + 3y?2 | 
= 2x(3x) — 2x(2y) =—-b(a2)- blab) = b(b2) = 2y4x2y ) 4 2y( Tay ) 42013 
= 6x? — 4xy = —a*b — ab — b3 = 8x’y* + 14xy? + 6y? 
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(3) Terrain and Weather. Observation and fields of fire influence the placement of 
positions and crew-served weapons. The leader conducts a map reconnaissance to determine 
key terrain, obstacles, cover and concealment, and likely avenues of approach. 

(a) Key terrain is any area whose control affords a marked advantage to the force 
holding it. Some types of key terrain are high ground, bridges, towns, and road junctions. 

(b) Obstacles are natural or man-made terrain features that stop, slow down, or divert 
movement. Consideration of obstacles is influenced by the unit's mission. An obstacle may 
be an advantage or disadvantage, depending upon the direction of attack or defense. 
Obstacles can be found by conducting a thorough map reconnaissance and study of recent 
aerial photographs. 

(c) Cover and concealment are determined for both friendly and enemy forces. 
Concealment is protection from observation; cover is protection from the effects of fire. 
Most terrain features that offer cover also provide concealment from ground observation. 
There are areas that provide no concealment from enemy observation. These danger areas 
may be large or small open fields, roads, or streams. During the leader's map reconnaissance, 
he determines any obvious danger areas and, if possible, adjusts his route. 

(d) Avenues of approach are routes by which a unit may reach an objective or key 
terrain. To be considered an AA, a route must provide enough width for the deployment of 
the size force for which it is being considered. The AAs are also considered for the 
subordinate enemy force. For example, a company determines likely AAs for an enemy 
platoon; a platoon determines likely AAs for an enemy squad. Likely AAs may be either 
ridges, valleys, or by air. By examining the terrain, the leader determines the likely enemy 
AAs based on the tactical situation. 

(e) Weather has little effect on dismounted land navigation. Rain and snow could 
possibly slow down the rate of march, that is all. But during mounted land navigation, the 
navigator must know the effect of weather on his vehicle. (See Chapter 12 for mounted land 
navigation.) 

(4) Troops. Consideration of your own troops is equally important. The size and type of 
the unit to be moved and its capabilities, physical condition, status of training, and types of 
equipment assigned all affect the selection of routes, positions, fire plans, and the various 
decisions to be made during movement. On ideal terrain such as relatively level ground with 
little or no woods, a platoon can defend a front of up to 400 meters. The leader must conduct 
a thorough map reconnaissance and terrain analysis of the area his unit is to defend. Heavily 
wooded areas or very hilly areas may reduce the front a platoon can defend. The size of the 
unit must also be taken into consideration when planning a movement to contact. During 
movement, the unit must retain its ability to maneuver. A small draw or stream may reduce 
the unit's maneuverability but provide excellent concealment. All of these factors must be 
considered. 

(a) Types of equipment that may be needed by the unit can be determined by a map 
reconnaissance. For example, if the unit must cross a large stream during its movement to 
the objective, ropes may be needed for safety lines. 

(b) Physical capabilities of the soldiers must be considered when selecting a route. 
Crossing a large swampy area may present no problem to a physically fit unit, but to a unit 
that has not been physically conditioned, the swampy area may slow or completely stop its 
movement. 
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(5) Time Available. At times, the unit may have little time to reach an objective or to 
move from one point to another. The leader must conduct a map reconnaissance to determine 
the quickest route to the objective; this is not always a straight route. From point A to point 
B on the map may appear to be 1,000 meters, but if the route is across a large ridge, the 
distance will be greater. Another route from point A to B may be 1,500 meters—but on flat 
terrain. In this case, the quickest route would be across the flat terrain; however, 
concealment and cover may be lost. 


11-5. MOVEMENT AND ROUTE SELECTION 

One key to success in tactical missions is the ability to move undetected to the objective. 
There are four steps to land navigation. Being given an objective and the requirement to 
move there, you must know where you are, plan the route, stay on the route, and recognize 
the objective. 

a. Know Where You Are (Step 1). You must know where you are on the map and on 
the ground at all times and in every possible way. This includes knowing where you are 
relative to— 

e Your directional orientation. 

e The direction and distances to your objective. 

e Other landmarks and features. 

e Any impassable terrain, the enemy, and danger areas. 

e Both the advantages and disadvantages presented by the terrain between you and 

your objective. 

This step is accomplished by knowing how to read a map, recognize and identify specific 
terrain and other features; determine and estimate direction; pace, measure, and estimate 
distances, and both plot and estimate a position by resection. 

b. Plan the Route (Step 2). Depending upon the size of the unit and the length and type 
of movement to be conducted, several factors should be considered in selecting a good route 
or routes to be followed. These include— 

e Travel time. 

e Travel distance. 

e Maneuver room needed. 

e Trafficability. 

e Load-bearing capacities of the soil. 

e Energy expenditure by troops. 

e The factors of METT-T. 

e Tactical aspects of terrain (OCOKA). 

e Ease of logistical support. 

e Potential for surprising the enemy. 

e Availability of control and coordination features. 

e Availability of good checkpoints and steering marks. 
In other words, the route must be the result of careful map study and should address the 
requirements of the mission, tactical situation, and time available. It must also provide for 
ease of movement and navigation. 

(1) Three route-selection criteria that are important for small-unit movements are cover, 
concealment, and the availability of reliable checkpoint features. The latter is weighted even 
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more heavily when selecting the route for a night operation. The degree of visibility and ease 
of recognition (visual effect) are the key to the proper selection of these features. 

(2) The best checkpoints are linear features that cross the route. Examples include 
perennial streams, hard-top roads, ridges, valleys, railroads, and power transmission lines. 
Next, it is best to select features that represent elevation changes of at least two contour 
intervals such as hills, depressions, spurs, and draws. Primary reliance upon cultural features 
and vegetation is cautioned against because they are most likely to have changed since the 
map was last revised. 

(3) Checkpoints located at places where changes in direction are made mark your 
decision points. Be especially alert to see and recognize these features during movement. 
During preparation and planning, it is especially important to review the route and anticipate 
where mistakes are most likely to be made so they can be avoided. 

(4) Following a valley floor or proceeding near (not on) the crest of a ridgeline generally 
offers easy movement, good navigation checkpoints, and sufficient cover and concealment. 
It is best to follow terrain features whenever you can—not to fight them. 

(5) A lost or a late arriving unit, or a tired unit that is tasked with an unnecessarily 
difficult move, does not contribute to the accomplishment of a mission. On the other hand, 
the unit that moves too quickly and carelessly into a destructive ambush or leaves itself open 
to air strikes also have little effect. Careful planning and study are required each time a 
movement route is to be selected. 

c. Stay on the Route (Step 3). In order to know that you are still on the correct route, 
you must be able to compare the evidence you encounter as you move according to the plan 
you developed on the map when you selected your route. This may include watching your 
compass reading (dead reckoning) or recognizing various checkpoints or landmarks from the 
map in their anticipated positions and sequences as you pass them (terrain association). A 
better way is to use a combination of both. 

d. Recognize the Objective (Step 4). The destination is rarely a highly recognizable 
feature such as a dominant hilltop or road junction. Such locations as this are seldom missed 
by the most inexperienced navigators and are often dangerous places for soldiers to occupy. 
The relatively small, obscure places are most likely to be the destinations. 

(1) Just how does a soldier travel over unfamiliar terrain for moderate to great distances 
and know when he reaches the destination? One minor error, when many are possible, can 
cause the target to be missed. 

(2) The answer is simple. Select a checkpoint (reasonably close to the destination) that 
is not so difficult to find or recognize. Then plan a short, fine-tuned last leg from the new 
expanded objective to the final destination. For example, you may be able to plan and 
execute the move as a series of sequenced movements from one checkpoint or landmark to 
another using both the terrain and a compass to keep you on the correct course. Finally, after 
arriving at the last checkpoint, you might follow a specific compass azimuth and pace off 
the relatively short, known distance to the final, pinpoint destination. This procedure is 
called point navigation. A short movement out from a unit position to an observation post 
or to a coordination point may also be accomplished in the same manner. 


11-6. NAVIGATION METHODS 
Staying on the route is accomplished through the use of one or two navigation techniques— 
dead reckoning and terrain association. These methods are discussed in detail below. 
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a. Moving by Dead Reckoning. Dead reckoning consists of two fundamental steps. 
The first is the use of a protractor and graphic scales to determine the direction and distance 
from one point to another on a map. The second step is the use of a compass and some means 
of measuring distance to apply this information on the ground. In other words, it begins with 
the determination of a polar coordinate on a map and ends with the act of finding it on the 
ground. 

(1) Dead reckoning along a given route is the application of the same process used by 
a mapmaker as he establishes a measured line of reference upon which to construct the 
framework of his map. Therefore, triangulation exercises (either resection or intersection) 
can be easily undertaken by the navigator at any time to either determine or confirm precise 
locations along or near his route. Between these position-fixes, establish your location by 
measuring or estimating the distance traveled along the azimuth being followed from the 
previous known point. You might use pacing, a vehicle odometer, or the application of 
elapsed time for this purpose, depending upon the situation. 

(2) Most dead reckoned movements do not consist of single straight-line distances 
because you cannot ignore the tactical and navigational aspects of the terrain, enemy 
situation, natural and man-made obstacles, time, and safety factors. Another reason most 
dead reckoning movements are not single straight-line distances is because compasses and 
pace-counts are imprecise measures. Error from them compounds over distance; therefore, 
you could soon be far afield from your intended route even if you performed the procedures 
correctly. The only way to counteract this phenomenon is to reconfirm your location by 
terrain association or resection. Routes planned for dead reckoning generally consist of a 
series of straight-line distances between several checkpoints with perhaps some travel 
running on or parallel to roads or trails. 

(3) There are two advantages to dead reckoning. First, dead reckoning is easy to teach 
and to learn. Second, it can be a highly accurate way of moving from one point to another 
if done carefully over short distances, even where few external cues are present to guide the 
movements. 

(4) During daylight, across open country, along a specified magnetic azimuth, never 
walk with the compass in the open position and in front of you. Because the compass will 
not stay steady or level, it does not give an accurate reading when held or used this way. 
Begin at the start point and face with the compass in the proper direction, then sight in on 
a landmark that is located on the correct azimuth to be followed. Close the compass and 
proceed to that landmark. Repeat the process as many times as necessary to complete the 
straight-line segment of the route. 

(5) The landmarks selected for this purpose are called steering marks, and their selection 
is crucial to success in dead reckoning. Steering marks should never be determined from a 
map study. They are selected as the march progresses and are commonly on or near the 
highest points that you can see along the azimuth line that you are following when they 
are selected. They may be uniquely shaped trees, rocks, hilltops, posts, towers, and 
buildings—anything that can be easily identified. If you do not see a good steering mark to 
the front, you might use a back azimuth to some feature behind you until a good steering 
mark appears out in front. Characteristics of a good steering mark are: 

(a) It must have some characteristics about it, such as color, shade of color, size, or shape 
(preferably all four), that will assure you that it will continue to be recognized as you 
approach it. 
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(b) If several easily distinguished objects appear along your line of march, the best 
steering mark is the most distant object. This procedure enables you to travel farther with 
fewer references to the compass. If you have many options, select the highest object. A 
higher mark is not as easily lost to sight as is a lower mark that blends into the background 
as you approach it. A steering mark should be continuously visible as you move toward it. 

(c) Steering marks selected at night must have even more unique shapes than those 
selected during daylight. As darkness approaches, colors disappear and objects appear as 
black or gray silhouettes. Instead of seeing shapes, you begin to see only the general outlines 
that may appear to change as you move and see the objects from slightly different angles. 

(6) Dead reckoning without natural steering marks is used when the area through which 
you are traveling is devoid of features, or when visibility is poor. At night, it may be 
necessary to send a member of the unit out in front of your position to create your own 
steering mark in order to proceed. His position should be as far out as possible to reduce the 
number of chances for error as you move. Arm-and-hand signals or a radio may be used in 
placing him on the correct azimuth. After he has been properly located, move forward to his 
position and repeat the process until some steering marks can be identified or until you reach 
your objective. 

(7) When handling obstacles/detours on the route, follow these guidelines: 

(a) When an obstacle forces you to leave your original line of march and take up a 
parallel one, always return to the original line as soon as the terrain or situation permits. 

(b) To turn clockwise (right) 90 degrees, you must add 90 degrees to your original 
azimuth. To turn counterclockwise (left) 90 degrees from your current direction, you must 
subtract 90 degrees from your present azimuth. 

(c) When making a detour, be certain that only paces taken toward the final destination 
are counted as part of your forward progress. They should not be confused with the local 
pacing that takes place perpendicular to the route in order to avoid the problem area and in 
returning to the original line of march after the obstacle has been passed. 

(8) Sometimes a steering mark on your azimuth of travel can be seen across a swamp or 
some other obstacle to which you can simply walk out around. Dead reckoning can then 
begin at that point. If there is no obvious steering mark to be seen across the obstacle, 
perhaps one can be located to the rear. Compute a back azimuth to this point and later sight 
back to it once the obstacle has been passed in order to get back on track. 

(9) You can use the deliberate offset technique. Highly accurate distance estimates and 
precision compass work may not be required if the destination or an intermediate checkpoint 
is located on or near a large linear feature that runs nearly perpendicular to your direction 
of travel. Examples include roads or highways, railroads, power transmission lines, ridges, 
or streams. In these cases, you should apply a deliberate error (offset) of about 10 degrees 
to the azimuth you planned to follow and then move, using the lensatic compass as a guide, 
in that direction until you encounter the linear feature. You will know exactly which way to 
turn (left or right) to find your destination or checkpoint, depending upon which way you 
planned your deliberate offset. 

(10) Because no one can move along a given azimuth with absolute precision, it is better 
to plan a few extra steps than to begin an aimless search for the objective once you reach the 
linear feature. If you introduce your own mistake, you will certainly know how to correct 
it. This method will also cope with minor compass errors and the slight variations that 
always occur in the earth's magnetic field. 
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(11) There are disadvantages to dead reckoning. The farther you travel by dead reckoning 
without confirming your position in relation to the terrain and other features, the more errors 
you will accumulate in your movements. Therefore, you should confirm and correct your 
estimated position whenever you encounter a known feature on the ground that is also on the 
map. Periodically, you should accomplish a resection triangulation using two or more known 
points to pinpoint and correct your position on the map. Pace counts or any type of distance 
measurement should begin anew each time your position is confirmed on the map. 

(a) It is dangerous to select a single steering mark, such as a distant mountaintop, and 
then move blindly toward it. What will you do if you must suddenly call for fire support or 
a medical evacuation? You must periodically use resection and terrain association techniques 
to pinpoint your location along the way. 

(b) Steering marks can be farther apart in open country, thereby making navigation more 
accurate. In areas of dense vegetation, however, where there is little relief, during darkness, 
or in fog, your steering marks must be close together. This, of course, introduces more 
chance for error. 

(c) Finally, dead reckoning is time-consuming and demands constant attention to the 
compass. Errors accumulate easily and quickly. Every fold in the ground and detours as 
small as a single tree or boulder also complicate the measurement of distance. 

b. Moving by Terrain Association. The technique of moving by terrain association is 
more forgiving of mistakes and far less time-consuming than dead reckoning. It best suits 
those situations that call for movement from one area to another. Once an error has been 
made in dead reckoning, you are off the track. Errors made using terrain association are 
easily corrected, however, because you are comparing what you expected to see from the 
map to what you do see on the ground. Errors are anticipated and will not go unchecked. 
You can easily make adjustments based upon what you encounter. After all, you do not find 
the neighborhood grocery store by dead reckoning—you adjust your movements according 
to the familiar landmarks you encounter along the way (Figure 11-8). Periodic position- 
fixing through either plotted or estimated resection will also make it possible to correct your 
movements, call for fire, or call in the locations of enemy targets or any other information 
of tactical or logistical importance. 
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Figure 11-8. Terrain association navigation. 


(1) Identifying and Locating Selected Features. Being able to identify and locate the 
selected features, both on the map and on the ground, are essential to the success in moving 
by terrain association. The following rules may prove helpful. 

(a) Be certain the map is properly oriented when moving along the route and use the 
terrain and other features as guides. The orientation of the map must match the terrain or it 
can cause confusion. 

(b) To locate and identify features being used to guide the movement, look for the 
steepness and shape of the slopes, the relative elevations of the various features, and the 
directional orientations in relation to your position and to the position of the other features 
you can see. 

(c) Make use of the additional cues provided by hydrography, culture, and vegetation. 
All the information you can gather will assist you in making the move. The ultimate test and 
the best practice for this movement technique is to go out in the field and use it. The use of 
terrain, other natural features, and any man-made objects that appear both on the map and 
on the ground must be practiced at every opportunity. There is no other way to learn or retain 
this skill. 

(2) Using Handrails, Catching Features, and Navigational Attack Points. First, 
because it is difficult to dead reckon without error over long distances with your compass, 
the alert navigator can often gain assistance from the terrain. 

(a) Handrails are linear features like roads or highways, railroads, power transmission 
lines, ridgelines, or streams that run roughly parallel to your direction of travel. Instead of 
using precision compass work, you can rough compass without the use of steering marks for 
as long as the feature travels with you on your right or left. It acts as a handrail to guide the 
way. 
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(b) Second, when you reach the point where either your route or the handrail changes 
direction, you must be aware that it is time to go your separate ways. Some prominent 
feature located near this point is selected to provide this warning. This is called a catching 
feature; it can also be used to tell you when you have gone too far. 

(c) Third, the catching feature may also be your navigational attack point; this point is 
the place where area navigation ends and point navigation begins. From this last easily 
identified checkpoint, the navigator moves cautiously and precisely along a given azimuth 
for a specified distance to locate the final objective. The selection of this navigational attack 
point is important. A distance of 500 meters or less is most desirable. 

(3) Recognizing the Disadvantages of Terrain Association. The major disadvantage to 
navigation by terrain association is that you must be able to interpret the map and analyze 
the world around you. Recognition of terrain and other features, the ability to determine and 
estimate direction and distance, and knowing how to do quick-in-the-head position fixing 
are skills that are more difficult to teach, learn, and retain than those required for dead 
reckoning. 

c. Combination of Techniques. Actually, the most successful navigation is obtained 
by combining the techniques described above. Constant orientation of the map and 
continuous observation of the terrain in conjunction with compass-read azimuths, and 
distance traveled on the ground compared with map distance, used together make reaching 
a destination more certain. One should not depend entirely on compass navigation or map 
navigation; either or both could be lost or destroyed. 


NOTE: See Appendix F for information on orienteering. 


11-7. NIGHT NAVIGATION 

Darkness presents its own characteristics for land navigation because of limited or no 
visibility. However, the techniques and principles are the same as that used for day 
navigation. The success in nighttime land navigation depends on rehearsals during the 
planning phase before the movement, such as detailed analysis of the map to determine the 
type of terrain in which the navigation is going to take place and the predetermination of 
azimuths and distances. Night vision devices (Appendix H) can greatly enhance night 
navigation. 

a. The basic technique used for nighttime land navigation is dead reckoning with 
several compasses recommended. The point man is in front of the navigator but just a few 
steps away for easy control of the azimuth. Smaller steps are taken during night navigation, 
so remember, the pace count is different. It is recommended that a pace count obtained by 
using a predetermined 100-meter pace course be used at night. 

b. Navigation using the stars is recommended in some areas; however, a thorough 
knowledge of constellations and location of stars is needed (paragraph 9-5c). The four 
cardinal directions can also be obtained at night by using the same technique described for 
the shadow-tip method. Just use the moon instead of the sun. In this case, the moon has to 
be bright enough to cast a shadow. 
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CHAPTER 12 
MOUNTED LAND NAVIGATION 


A vehicle commander should be able to navigate from one point on the 
ground to another with or without a compass. If separated from his unit and 
given an azimuth and distance from their position to his, he should be able 
to reach the unit and continue the mission. To move effectively while 
mounted, he must know the principles of mounted navigation. 


12-1. PRINCIPLES 

The principles of land navigation while mounted are basically the same as while dismounted. 
The major difference is the speed of travel. Walking between two points may take one hour, 
but riding the same distance may only take 15 minutes. To be effective at mounted land 
navigation, the travel speed must be considered. 


12-2. NAVIGATOR'S DUTIES 

The duties of a navigator are so important and exacting that he should not be given any other 
duties. The leader should never try to be the navigator, since his normal responsibilities are 
heavy, and one or the other job would suffer. 

a. Assembling Equipment. The navigator must gather all the equipment that will help 
him perform his job (maps, pencils, and so forth). He must do this before the mission starts. 

b. Servicing Equipment. It is the navigator's duty to make sure that all the equipment 
he may use or require is working. 

c. Recording Data for Precise Locations. During movement, the navigator must make 
sure that the correct direction and distance are recorded and followed. Grid coordinates of 
locations must be recorded and plotted. 

d. Supplying Data to Subordinate Leaders. During movement, any change in 
direction or distance must be given to the subordinate leaders in sufficient time to allow them 
to react. 

e. Maintaining Liaison with the Commander. The commander normally selects the 
route that he desires to use. The navigator is responsible for following that route; however, 
there may be times when the route must be changed during a tactical operation. For this 
reason, the navigator must maintain constant communication with the commander. The 
navigator must inform the commander when checkpoints are reached, when a change in 
direction of movement is required, and how much distance is traveled. 


12-3. MOVEMENT 

When preparing to move, the effects of terrain on navigating mounted vehicles must be 
determined. You will cover great distances very quickly, and you must develop the ability 
to estimate the distance you have traveled. Remember that 0.1 mile is roughly 160 meters, 
and 1 mile is about 1,600 meters or 1.6 kms. Having a mobility advantage helps while 
navigating. Mobility makes it much easier if you get disoriented to move to a point where 
you can reorient yourself. 
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NOTE: Toconvert kmph to mph, multiply by .62. (9 kmph x .62 = 5.58 mph). To convert 
mph to kmph, divide mph by .62 (10 mph =: 0.62 = 16.12 kmph). 


a. Consider Vehicle Capabilities. When determining a route to be used when mounted, 
consider the capabilities of the vehicles to be used. Most military vehicles are limited in the 
degree of slope they can climb and the type of terrain they can negotiate. Swamps, thickly 
wooded areas, or deep streams may present no problems to dismounted soldiers, but the 
same terrain may completely stop mounted soldiers. The navigator must consider this when 
selecting a route. 

(1) Most vehicles will knock down a tree. The bigger the vehicle, the bigger the tree it 
can knock down. Vehicles cannot knock down several trees at once. It is best to find paths 
between trees that are wide enough for your vehicle. Military vehicles are designed to climb 
60 percent slopes on a dry, firm surface (Figure 12-1). 

(2) You can easily determine approximate slope; just look at the route you have selected. 
If there is a contour line in any 100 meters of map distance on that route, it is a 10 percent 
slope. If there are two contour lines, it is 20 percent, and so forth. If there are four contour 
lines in any 100 meters, look for another route. 

(3) Side slope is even more important than the slope you can climb. Normally, a 30 
percent slope is the maximum in good weather. If you traverse a side slope, do it slowly and 
without turns. Rocks, stumps, or sharp turns can cause you to throw the downhill track under 
the vehicle, which would mean a big recovery task. 

(4) For tactical reasons, you will often want to move in draws or valleys because they 
give you cover. However, side slopes force you to move slowly. 


NOTE: The above figures are true for a 10-meter or a 20-foot contour interval. If the map 
has a different contour interval, just adjust the arithmetic. For instance, with one 
contour line in 100 meters, a 20-meter interval would give a 20 percent slope. 


b. Know the Effects of Weather on Vehicle Movement. Weather can halt mounted 
movement. Snow and ice are obvious dangers, but more significant is the effect of rain and 
snow on soil load-bearing ability. Cross-country vehicles may be restricted to road 
movement in heavy rain. If it has rained recently, adjust your route to avoid flooded or 
muddy areas. A mired vehicle only hinders combat capability. 

c. Prepare Before Movement. Locate the start point and finish point on the map. 
Determine the map's grid azimuth from start point to finish point and convert it to a magnetic 
azimuth. Determine the distance between the start point and finish point or any intermediate 
points on the map and make a thorough map reconnaissance of that area. 
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1404. Find Binomial Products 


You can find a product for two binomials by using a procedure called the FOIL method. The 
abbreviation FOIL provides a four step procedure to multiply binomials more efficiently. You 
multiply in this order, the first terms, the outer terms, the inner terms, the last terms, and then add 
the resultant polynomial. In the example below, you can see the FOIL method step by step. 


Example: 
(atbx+v 

F first terms (4 ah Ih a3 
=ax 

O outer terms € 4 és ex 
=ax+ay 

T inner terms ( i \( 

at Y 

=axt+ay+bx 

L_ last terms (a+b )(x+ 
=axt+ay+bx+ by 

Note: If possible, you need to combine any like terms by algebraic addition. 


Find the products of two binomials in the following challenge. 
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Figure 12-1. Tracked vehicle capabilities. 


12-4. TERRAIN ASSOCIATION NAVIGATION 
This is currently the most widely used method of navigation. The navigator plans his route 
so that he moves from terrain feature to terrain feature. An automobile driver in a city uses 
this technique as he moves along a street or series of streets, guiding on intersections or 
features such as stores and parks. Like the driver, the navigator selects routes or streets 
between key points or intersections. These routes must be capable of sustaining the travel 
of the vehicle or vehicles, should be relatively direct, and should be easy to follow. In a 
typical move, the navigator determines his location, determines the location of his objective, 
notes the position of both on his map, and then selects a route between the two. After 
examining the terrain, he adjusts the route by the following actions: 

a. Consider Tactical Aspects. Avoid skylining, select key terrain for overwatch 
positions, and select concealed routes. 
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b. Consider Ease of Movement. Use the easiest possible route and bypass difficult 
terrain. Remember that a difficult route is harder to follow, is noisier, causes more wear and 
tear (and possible recovery problems), and takes more time. Tactical surprise is achieved by 
doing the unexpected. Try to select an axis or corridor instead of a specific route. Make sure 
you have enough maneuver room for the vehicles (Figure 12-2). 
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Figure 12-2. Primary route. 
c. Use Terrain Features as Checkpoints. These checkpoints must be easily 


recognizable in the light and weather conditions and at the speed at which you will move. 
You should be able to find a terrain feature from your location that can be recognized from 
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almost anywhere and used as a guide. An example is checkpoint 2, the church, and 
checkpoint 3, the orchard, in Figure 12-2. 

(1) The best checkpoints are linear features that cross your route. Use streams, rivers, 
hard-top roads, ridges, valleys, and railroads. 

(2) The next best checkpoints are elevation changes, such as hills, depressions, spurs, 
and draws. Look for two contour lines of change. You will not be able to spot less than two 
lines of change while mounted. 

(3) In wooded terrain, try to locate checkpoints at no more than 1,000-meter intervals. 
In open terrain, you may go to about 5,000 meters. 

d. Follow Terrain Features. Movement and navigation along a valley floor or near 
(not necessarily on) the crest of a ridgeline is easiest. 

e. Determine Directions. Break the route down into smaller segments and determine 
the rough directions that will be followed. You do not need to use the compass; just use the 
main points of direction (north, northeast, east, and so forth). Before moving, note the 
location of the sun and locate north. Locate changes of direction, if any, at the checkpoints 
picked. 

f. Determine Distance. Get the total distance to be traveled and the approximate 
distance between checkpoints. Plan to use the vehicle odometer to keep track of distance 
traveled. Use the pace-count method and keep a record of the distance traveled. When using 
a pace count, convert from map distance to ground distance by adding the conversion factors 
of 20 percent for cross-country movement. 

g. Make Notes. Mental notes are usually adequate. Try to imagine what the route is like 
and remember it. 

h. Plan to Avoid Errors. Restudy the route selected. Try to determine where errors are 
most apt to occur and how to avoid any trouble. 

i. Use a Logbook. When the routes have been selected and the navigator has divided 
the distance to be traveled into legs, prepare a logbook. The logbook is an informal record 
of the distance and azimuth of each leg, with notes to aid the navigator in following the 
correct route. The notes list easily identifiable terrain features at or near the point where the 
direction of movement changes (Figure 12-3, page 12-6). 
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ODOMETER ODOMETER 
READING READING 
AT START AT FINISH 


Figure 12-3. Sample of a logbook format. 


12-5. DEAD RECKONING NAVIGATION 
Dead reckoning is moving a set distance along a set line. Generally, it involves moving so 
many meters along a set line, usually an azimuth in degrees. There is no accurate method 
of determining a direction in a moving vehicle. A magnetic vehicle-heading reference unit 
may be available in a few years; for now, use a compass. 

a. With Steering Marks. This procedure is the same for vehicle travel as on foot. 

(1) The navigator dismounts from the vehicle and moves away from the vehicle (at least 
18 meters). 

(2) He sets the azimuth on the compass and picks a steering mark (rock, tree, hilltop) in 
the direction on that azimuth (Figure 12-4). 

(3) He remounts and has the driver identify the steering mark and proceeds to it in as 
straight a line as possible. 

(4) On arrival at the steering mark or on any changes in direction, he repeats the first 
three steps above for the next leg of travel. 
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Figure 12-4. Determining an azimuth, dismounted. 


b. Without Steering Marks. This procedure is used only on flat, featureless terrain. 

(1) The navigator dismounts from the vehicle, which is oriented in the direction of travel, 
and moves at least 18 meters to the front of the vehicle. 

(2) He faces the vehicle and reads the azimuth to the vehicle. By adding or subtracting 
180°, he determines the forward azimuth (direction of travel). 

(3) On order from the navigator, the driver drives on a straight line to the navigator. 

(4) The navigator remounts the vehicle, holds the compass as it will be held while the 
vehicle is moving, and reads the azimuth in the direction of travel. 

(5) The compass will swing off the azimuth determined and pick up a constant deviation. 
For instance, say the azimuth was 75° while you were away from the vehicle. When you 
remounted and your driver drove straight forward, your compass showed 67°. You have a 
deviation of -8°. All you need to do is maintain that 67° compass heading to travel on a 75° 
magnetic heading. 

(6) At night, the same technique can be used. From the map, determine the azimuth you 
are to travel. Convert the grid azimuth to a magnetic azimuth. Line the vehicle up on that 
azimuth, then move well in front of it. Be sure it is aligned correctly. Then mount, have the 
driver move slowly forward, and note the deviation. If the vehicle has a turret, the above 
procedure works unless you traverse the turret; this changes the deviation. 

(7) The distance factor in dead reckoning is easy. Just determine the map distance to 
travel and add 20 percent to convert to ground distance. Use your vehicle odometer to be 
sure you travel the proper distance. 


12-6. STABILIZED TURRET ALIGNMENT NAVIGATION 

Another method, if you have a vehicle with a stabilized turret, is to align the turret on the 
azimuth you wish to travel, then switch the turret stabilization system on. The gun tube 
remains pointed at your destination no matter which way you turn the vehicle. This 
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technique has been proven; it works. It is not harmful to the stabilization system. It is subject 
to stabilization drift, so use it for no more than 5,000 meters before resetting. 


NOTE: _ If you have to take the turret off-line to engage a target, you will have to start all 
over, re-do the entire process. 


12-7. COMBINATION NAVIGATION 
Some mounted situations may call for you to combine and use both methods. Just remember 
the characteristics of each. 
a. Terrain association is fast, is error-tolerant, and is best under most circumstances. It 
can be used day or night if you are proficient in it. 
b. Dead reckoning is very accurate if you do everything correctly. You must be very 
precise. It is also slow, but it works on very flat terrain. 
c. You frequently will combine both. You may use dead reckoning to travel across a 
large, flat area to a ridge, then use terrain association for the rest of the move. 
d. You must be able to use both methods. You should remember that your probable 
errors, in order of frequency, will be— 
e Failure to determine distance(s) to be traveled. 
e Failure to travel the proper distance. 
e Failure to properly plot or locate the objective. 
e Failure to select easily recognized checkpoints or landmarks. 
e Failure to consider the ease of movement factor. 
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CHAPTER 13 
NAVIGATION IN DIFFERENT TYPES OF TERRAIN 


The information, concepts, and skills already presented will help you to 
navigate anywhere in the world; however, there are some special 
considerations and helpful hints that may assist you in various special 
environments. The following information is not doctrine. 


13-1. DESERT TERRAIN 

About 5 percent of the earth's land surface is covered by deserts (Figure 13-1). Deserts are 
large arid areas with little or no rainfall during the year. There are three types of deserts— 
mountain, rocky plateau, and sandy or dune deserts. All types of forces can be deployed in 
the desert. Armor and mechanized infantry forces are especially suitable to desert combat 
except in rough mountainous terrain where light infantry may be required. Airborne, air 
assault, and motorized forces can also be advantageously employed to exploit the vast 
distances characteristic of desert warfare. 


Figure 13-1. Deserts. 


a. Desert Regions. In desert regions, terrain varies from nearly flat to lava beds and salt 
marshes. Mountain deserts contain scattered ranges or areas of barren hills or mountains. 
Table 13-1, on page 13-2, lists some of the world's major desert regions and their locations. 
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REGION LOCATION 


North Africa 
Southwest Africa 
Southwest Asia 
Mongolia and Northern China 
South Arabia 
Great Basin, Colorado, 
Chihuahua, Yuma Sonoran, 
and Mohave Northern Mexico and Western 
United States 
Takla Makan 
Kyzyl Kum 
Kara Kum 


Saudi Arabia, Jordan, and Iraq 

Western and South Australia 
Great Sandy Northwestern Australia 
Patagonia Southern Argentina and Chile 
Atacama Northern Chile 


Table 13-1. Major desert regions. 


(1) Finding the way in a desert presents some degree of difficulty for a person who has 
never been exposed to this environment. Desert navigators have learned their way through 
generations of experience. 

(2) Normally, desert people are nomadic, constantly moving in caravans. Navigating 
becomes second nature to them. Temperature in the tropical deserts reaches an average of 
110° to 115° during the day, so most navigation takes place at night using the stars. Most 
deserts have some prevailing winds during the seasons. Such winds arrange the sand dunes 
in a specific pattern that gives the navigator the opportunity to determine the four cardinal 
directions. He may also use the sun's shadow-tip method. 

(3) A sense of direction can be obtained by watching desert animals on their way to and 
from water holes (oases). Water, navigation, and survival are closely related in desert areas. 
Most deserts have pigeons or doves, and their drinking habits are important to the navigator. 
As a rule, these birds never drink in the morning or during the day, making their evening 
flights the most important. When returning from the oases, their bodies are heavier from 
drinking and their flight is accompanied by a louder flapping of their wings. 

(4) Visibility is also an important factor in the desert, especially in judging distance. The 
absence of trees or other features prevents comparison between the horizon and the skyline. 

b. Interpretation and Analysis. Many desert maps are inaccurate, which makes up-to- 
date air, aerial photo, and ground reconnaissance necessary. In desert mountain areas contour 
intervals are generally large, so many of the intermediate relief features are not shown. 

(1) The desert normally permits observation and fire to maximum ranges. The terrain is 
generally wide open and the exceptionally clear atmosphere offers excellent long-range 
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visibility. Combine this with a powerful sun and low cloud density and you have nearly 
unlimited light and visual clarity, which often contribute to gross underestimations of ranges. 
Errors of up to 200 or 300 percent are not uncommon. However, visibility conditions may 
be severely affected by sandstorms and mirages (heat shimmer caused by air rising from the 
extremely hot daytime desert surface), especially if the observer is looking into the sun 
through magnifying optical instruments. 

(2) Cover can be provided only by terrain feature masking because of the lack of heavy 
vegetation and man-made objects. It only takes a few meters of relief to provide cover. 
Concealment in the desert is related to the following factors: 

(a) Shape. In order not to be observed by the enemy, attempt to alter the standard shapes 
of vehicles so they and their shadows are not instantly recognized. 

(b) Shine. Shine or glitter is often the first thing that attracts the observer's eye to 
movement many kilometers away. It must be eliminated. 

(c) Color and texture. All equipment should either be pattern painted or mudded to blend 
in with the terrain. 

(d) Light and noise. Light and noise discipline are essential because sound and light 
travel great distances in the desert. 

(e) Heat. Modern heat image technology makes shielding heat sources an important 
consideration when trying to hide from the enemy. This technology is especially important 
during night stops. 

(f) Movement. Movement itself creates a great deal of noise and dust, but a rapid 
execution using all the advantages the topography offers can help conceal it. 

c. Navigation. When operating in the broad basins between mountain ranges or on 
rocky plateau deserts, there are frequently many terrain features to guide your movement by. 
But, observing these known features over great distances may provide a false sense of 
security in determining your precise location unless you frequently confirm your location 
by resection or referencing close-in terrain features. It is not uncommon to develop errors 
of several kilometers when casually estimating a position in this manner. Obviously, this can 
create many problems when attempting to locate a small checkpoint or objective, calling for 
CAS, reporting operational or intelligence information, or meeting CSS requirements. 

(1) When operating in an area with few visual cues, such as in a sandy or dune desert, 
or restricted visibility by a sandstorm or darkness, you must proceed by dead reckoning. The 
four steps and two techniques for navigation presented earlier remain valid in the desert. 
However, understanding the special conditions found there are extremely helpful as you 
apply them. 

(2) Tactical mobility and speed are key to successful desert operations. Obstacles and 
areas such as lava beds or salt marshes, which preclude surface movements, do exist. But 
most deserts permit two-dimensional movement by ground forces similar to that of a naval 
task force at sea. Speed of execution is essential. Everyone moves farther and faster on the 
desert. Special navigation aids sometimes used in the desert include: 

(a) Sun compass. It can be used on moving vehicles and sextants. It requires accurate 
timekeeping. However, the deviation on a magnetic compass that is caused by the metal and 
electronics in the vehicle is usually less than +10°. 

(b) Gyro compass. The gun azimuth stabilizer is in fact a gyro compass. If used on fairly 
flat ground, it is useful for maintaining direction over limited distances. 
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(c) Fires. Planned tracer fire or mortar and artillery concentrations (preferably smoke 
during the day and illumination at night) provide useful checks on estimated locations. 

(d) Prepositioned lights. This method consists of placing two or more searchlights far 
apart, behind the line of contact, beyond enemy artillery range, and concealed from enemy 
ground observation. Units in the area can determine their own locations through resection, 
using the vertical beams of the lights. These lights must be moved on a time schedule known 
to all friendly units. 

(3) One final note on desert navigation is that the sand, hard-baked ground, rocky 
surfaces, thorny vegetation, and heat generally found in the desert impose far greater 
demands for maintenance than you would plan for in temperate regions. It may also take 
longer to perform that maintenance. 


13-2. MOUNTAIN TERRAIN 

Mountains are generally understood to be larger than hills. Rarely do mountains occur 
individually; in most cases, they are found in elongated ranges or circular groups. When they 
are linked together, they constitute a mountain system (Figure 13-2). Light forces (infantry, 
airborne, and air assault forces) can operate effectively in mountainous regions because they 
are not terrain limited. Heavy forces must operate in passes and valleys that are negotiable 
by vehicle. 


Figure 13-2. Mountain systems. 


a. Major Systems. Major systems are listed in Table 13-2. 


13-4 


If your answers to the problems are the same as those below, you are correct and may continue. 
If you answered any problem incorrectly, repeat the section on multiplying two binomials in 
paragraph 1404 before continuing. 


(a) (b) (c) 
; : 
(ages I-32 2% (a+b) (54a \( x= Dy 
3x? — Ixy — 3xy + 2y? (a+b\a+b) 2x? — 4xy + xy —2y? 
3x? — 5xy + 2y? a? +ab+ab+b?* 2x* —3xy —2y? 
a? +2ab +b? 


1405. Polynomial Products 


The expressions you will most often find yourself dealing with are polynomials times 
polynomials. Although these expressions can look intimidating at times, they are really no more 
difficult than any other monomial/polynomial combination you have done. An aid in finding the 
product of two polynomials is to arrange each polynomial in the same order, in either ascending 
or descending degrees of one literal term. Once you have arranged the polynomials, multiply each 
term of the multiplicand by each term of the multiplier. Combine like terms if possible and you 
have your product of two polynomials. Study the following example so you can find the product 
of two polynomials. 


Example: 
Multiply 


(3a? — 2ab + b2)(3ab —2b? +a”) 


3a? —2ab + b? 
a® + 3ab — 2b? 
3a* —2a*b+a*b? 
+9a3b — 6a*b? + 3ab? 
—6a*b? + 4ab? — 2b 


3a* + Ja3b — 11a*b? + Tab? — 2b* 
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SYSTEM LOCATION 


The Appalachians 
The Alps 

The Himalayas 
The Caucasus 


Table 13-2. Major systems. 


b. Minor Systems. Some other systems are in Antarctica, Hawaii, Japan, New Zealand, 
and Oceania. Mountain systems are characterized by high, inaccessible peaks and steep 
slopes. Depending on the altitude, they may be snow covered. Prominent ridges and large 
valleys are also found. Navigating in this type of terrain is not difficult providing you make 
a careful examination of the map and the terrain. 

c. Climate. Because of the elevations, it is always colder (3° to 5° per 300-meter gain 
in altitude) and wetter than you might expect. Wind speeds can increase the effects of the 
cold even more. Sudden severe storms and fog are encountered regularly. Below the tree 
line, vegetation is heavy because of the extra rainfall and the fact that the land is rarely 
cleared for farming. 

d. Interpretation and Analysis. The heights of mountainous terrain permit excellent 
long-range observation. However, rapidly fluctuating weather with frequent periods of high 
winds, rain, snow, or fog may limit visibility. Also, the rugged nature of the terrain 
frequently produces significant dead space at mid-ranges. 

(1) Reduced mobility, compartmented terrain, and the effects of rapidly changing 
weather increase the importance of air, ground, aerial photo, and map reconnaissance. Since 
mountain maps often use large contour intevals, microrelief interpretation and detailed 
terrain analysis require special emphasis. 

(2) At first glance, some mountainous terrain may not appear to offer adequate cover and 
concealment; however, you can improve the situation. When moving, use rock outcroppings, 
boulders, and heavy vegetation for cover and concealment; use terrain features to mask 
maneuvers. Use harsh weather, which often obscures observation, to enhance concealment. 

(3) Since there are only a few routing options, all-round security must be of primary 
concern. Natural obstacles are everywhere, and the enemy can easily construct more. 

e. Navigation. Existing roads and trails offer the best routes for movement. Off-road 
movement may enhance security provided there is detailed reconnaissance, photo 
intelligence, or information from local inhabitants to ensure the route is negotiable. Again, 
the four steps and two techniques for navigation presented earlier remain valid in the 
mountains. Nevertheless, understanding the special conditions and the terrain will help you 
navigate. Other techniques that are sometimes helpful in mountains are: 

(1) Aspect of Slope. To determine the aspect of slope, take a compass reading along an 
imaginary line that runs straight down the slope. It should cut through each of the contour 
lines at about a 90° angle. By checking the map and knowing the direction of slope where 
you are located, you will be able to keep track of your location, and it will help guide your 
cross-country movement even when visibility is poor. 
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(2) Use of an Altimeter. Employment of an altimeter with calibrations on the scale down 
to 10 or 20 meters is helpful to land navigators moving in areas where radical changes in 
elevation exist. An altimeter is a type of barometer that gauges air pressure, except it 
measures on an adjustable scale marked in feet or meters of elevation rather than in inches 
or centimeters of mercury. Careful use of the altimeter helps to pinpoint your position on a 
map through a unique type of resection. Instead of finding your position by using two 
different directional values, you use one directional value and one elevation value. 


13-3. JUNGLE TERRAIN 

These large geographic regions are found within the tropics near the equator (Central 
America, along the Amazon River, South-Eastern Asia and adjacent islands, and vast areas 
in the middle of Africa and India) (Figure 13-3). Jungles are characterized as rainy, humid 
areas with heavy layers of tangled, impenetrable vegetation. Jungles contain many species 
of wildlife (tigers, monkeys, parrots, snakes, alligators, and so forth). The jungle is also a 
paradise for insects, which are the worst enemy of the navigator because some insects carry 
diseases (malaria, yellow fever, cholera, and so forth). While navigating in these areas, very 
little terrain association can be accomplished because of the heavy foliage. Dead reckoning 
is one of the methods used in these areas. A lost navigator in the jungle can eventually find 
his way back to civilization by following any body of water with a downstream flow. 
However, not every civilization found is of a friendly nature. 
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Figure 13-3. Jungles and savannas. 
a. Operations. Operations in jungles tend to be isolated actions by small forces because 


of the difficulties encountered in moving and in maintaining contact between units. Divisions 
can move cross-country slowly; but, aggressive reconnaissance, meticulous intelligence 
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collection, and detailed coordination are required to concentrate forces in this way. More 
commonly, large forces operate along roads or natural avenues of movement, as was the case 
in the mountains. Patrolling and other surveillance operations are especially important to 
ensure security of larger forces in the close terrain of jungles. 

(1) Short fields of observation and fire, and thick vegetation make maintaining contact 
with the enemy difficult. The same factors reduce the effectiveness of indirect fire and make 
jungle combat primarily a fight between infantry forces. Support by air and mechanized 
forces can be decisive at times, but it will not always be available or effective. 

(2) Jungles are characterized by high temperatures, heavy rains, high humidity, and an 
abundance of vegetation. The climate varies with location. Close to the equator, all seasons 
are nearly alike with heavy rains all year. Farther from the equator (India and Southeast 
Asia), there are distinct wet (monsoon) and dry seasons. Both zones have high temperatures 
(averaging 75 to 95+ degrees Fahrenheit), heavy rainfall (as much as 400+ inches annually, 
and high humidity (90 percent) all year. 

(3) In temperate climates, it is the areas of vegetation that are most likely to be altered 
and incorrectly portrayed on a map. In jungle areas, the vegetation grows so rapidly that it 
is more likely to be cleared and make these areas be shown incorrectly. 

b. Interpretation and Analysis. The jungle environment includes dense forests, 
grasslands, swamps, and cultivated areas. Forests are classified as primary and secondary 
based upon the terrain and vegetation. Primary forests include tropical rain forests and 
deciduous forests. Secondary forests are found at the edges of both rain forests and 
deciduous forests and in areas where jungles have been cleared and abandoned. These places 
are typically overgrown with weeds, grasses, thorns, ferns, canes, and shrubs. Movement is 
especially slow and difficult. The extremely thick vegetation reaches a height of 2 meters 
and severely limits observation to only a few meters. 

(1) Tropical rain forests consist mostly of large trees whose branches spread and lock 
together to form canopies. These canopies, which can exist at two and three different levels, 
may form as low as 10 meters from the ground. They prevent direct sunlight from reaching 
the ground, causing a lack of undergrowth on the jungle floor. Extensive above-ground root 
systems and hanging vines are common and make vehicular travel difficult; foot movement 
is easier. Ground observation is limited to about 50 meters and air observation is nearly 
impossible. 

(2) Deciduous forests are in semitropical zones that have both wet and dry seasons. In 
the wet season, trees are fully leaved; in the dry season, much of the folliage dies. Trees are 
usually less dense than in rain forests, which allows more sunlight to filter to the ground. 
This procedure produces thick undergrowth. During the wet season, air and ground 
observation is limited and movement is difficult. During the dry season, both improve. 

(3) Swamps are common to all low, jungle areas where there is poor drainage. When 
navigating in a swampy area, a careful analysis of map and ground should be taken before 
any movement. The soldiers should travel in small numbers with only the equipment 
required for their mission, keeping in mind that they are going to be immersed in water part 
of the time. The usual technique used in swamp navigation is dead reckoning. There are two 
basic types of swamps—mangrove and palm. Mangrove swamps are found in coastal areas 
wherever tides influence water flow. Mangrove is a shrub-like tree that grows 1 to 5 meters 
high. These trees have a tangled root system, both above and below the waterline, which 
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restricts movement either by foot or small boat. Observation on the ground and from the air 
is poor, but concealment is excellent. 

(4) Grassy plains or savannas are generally located away from the equator but within the 
tropics. These vast land areas are characterized by flatlands with a different type of 
vegetation than jungles. They consist mainly of grasses (ranging from | to more than 12 feet 
in height), shrubs, and isolated trees. The most difficult areas to navigate are the ones 
surrounded by tall grass (elephant grass); however, vehicles can negotiate here better than 
in some areas. There are few or no natural features to navigate by, making dead reckoning 
or navigation by stars the only technique for movement (Figure 13-3). Depending on the 
height of the grass, ground observation may vary from poor to good. Concealment from air 
observation is poor for both soldiers and vehicles. 

(5) Bamboo stands are common throughout the tropics. They should be bypassed 
whenever possible. They are formidable obstacles for vehicles, and soldier movement 
through them is slow, exhausting, and noisy. 

(6) Cultivated areas exist in jungles also. They range from large, well-planned, well- 
managed farms and plantations to small tracts, cultivated by farmers. The three general types 
of cultivated areas are rice paddies, plantations, and small farms. 

c. Navigation. Areas such as jungles are generally not accurately mapped because 
heavy vegetation makes aerial surveys difficult. The ability to observe terrain features, near 
or far, is extremely limited. The navigator must rely heavily upon his compass and the dead 
reckoning technique when moving in the jungle. Navigation is further complicated by the 
inability to make straight-line movements. Terrain analysis, constant use of the compass, and 
an accurate pace count are essential to navigation in this environment. 

(1) Rates of movement and pace counts are particularly important to jungle navigators. 
The most common error is to overestimate the distance traveled. The distances below can 
be used as a rough guide for the maximum distances that might be traveled in various types 
of terrain during one hour in daylight. 


Type of Terrain Maximum Distance 
(In Meters) 


Tropical rain forest 
Deciduous forest 


Table 13-3. Guide for maximum distance. 
(2) Special navigation strategies that are helpful in jungles include: 
(a) Personal pace table. You should either make a mental or written personal pace table 
that includes your average pace count per 100 meters for each of the types of terrain through 
which you are likely to navigate. 


13-8 


FM 3-25.26 


(b) Resection using indirect fire. Call for mortar or artillery fire (airbursts of white 
phosphorous or illumination) on two widely separated grids that are not on terrain features 
like the one you are occupying and are a safe distance from your estimated location. 
Directions to the airbursts sometimes must be determined by sound. 

(c) Modified area/point navigation. Even when making primary use of the compass for 
dead reckoning, you are frequently able to area navigate to an expanded objective, which is 
easily identified by terrain association. Then, simply develop a short, point-navigation leg 
to your final destination. 


13-4. ARCTIC TERRAIN 

Arctic terrain includes those areas that experience extended periods of below freezing 
temperatures. In these areas, the ground is generally covered with ice or snow during the 
winter season. Although frozen ground and ice can improve trafficability, a deep 
accumulation of snow can reduce it. Vehicles and personnel require special equipment and 
care under these adverse conditions. 

a. Operations. Both the terrain and the type and size of unit operations vary greatly in 
arctic areas. In open terrain, armored and mechanized forces will be effective although they 
will have to plan and train for the special conditions. In broken terrain, forests, and 
mountains, light forces will predominate as usual. However, foot movement can take up to 
five times as long as it might under warmer conditions. 

b. Interpretation and Analysis. Both the terrain and cultural features you may 
confront in winter may vary to any extreme, as can the weather. The common factor is an 
extended period of below-freezing temperatures. The terrain may be plains, plateaus, hills, 
or mountains. The climate will be cold, but the weather will vary greatly from place to place. 
Most arctic terrain experiences snow, but some claim impressive accumulations each season, 
such as the lake-effected snow belts off Lake Ontario near Fort Drum, New York. Other 
areas have many cold days with sunshine and clear nights, and little snow accumulation. 

(1) In areas with distinct local relief and scattered trees or forests, the absence of foliage 
makes movement by terrain association easier; observation and fields of fire are greatly 
enhanced except during snowstorms. But in relatively flat, open areas covered with snow 
(especially in bright sunlight), the resulting lack of contrast may interfere with your being 
able to read the land. With foliage gone, concealment (both from the ground and from the 
air) is greatly reduced. As in desert areas, you must make better use of the terrain to conceal 
your movements. 

(2) Frozen streams and swamps may no longer be obstacles, and thus identification of 
avenues of approach may be difficult in winter. However, the concept as to what is key 
terrain is not likely to be affected. 

c. Navigation. Special skills may be required in arctic terrain, such as the proper use 
of winter clothing, skis, and snowshoes; but this does not affect your navigation strategies. 
There are no special techniques for navigating in arctic terrain. Just be aware of the 
advantages and disadvantages that may present themselves and make the most of your 
opportunities while applying the four steps and two techniques for land navigation. 

(1) Remember, the highest caliber of leadership is required to ensure that all necessary 
tasks are performed, that security is maintained, and that soldiers and their equipment are 
protected from the physical effects of very low temperatures. There is a great temptation to 
do less than a thorough job at whatever the task may be when you are very cold. 
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(2) Night navigation may be particularly enhanced when operating in arctic terrain. 
Moonlight and starlight on a clear night reflect off the snow, thus enabling you to employ 
daytime terrain association techniques with little difficulty. Even cloudy winter nights are 
often brighter than clear moonlit summer nights when the ground is dark and covered with 
foliage. Movements with complete light discipline (no black-out drives) can often be 
executed. On the other hand, areas with severe winter climates experience lengthy periods 
of darkness each day, which may be accompanied by driving snow and limited visibility. 


13-5. URBAN AREAS 

The world continues to become more urbanized each year; therefore, it is unlikely that all 
fighting will be done in rural settings. Major urban areas represent the power and wealth of 
a particular country in the form of industrial bases, transportation complexes, economic 
institutions, and political and cultural centers. Therefore, it may be necessary to secure and 
neutralize them. When navigating in urban places, it is man-made features, such as roads, 
railroads, bridges, and buildings that become important, while terrain and vegetation become 
less useful. 

a. Interpretation and Analysis. Military operations on urbanized terrain require 
detailed planning that provides for decentralized execution. As a result of the rapid growth 
and changes occurring in many urban areas, the military topographic map is likely to be 
outdated. Supplemental use of commercially produced city maps may be helpful, or an 
up-to-date sketch can be made. 

(1) Urbanized terrain normally offers many AAs for mounted maneuver well forward 
of and leading to urban centers. In the proximity of these built-up areas, however, such 
approach routes generally become choked by urban sprawl and perhaps by the nature of 
adjacent natural terrain. Dismounted forces then make the most of available cover by moving 
through buildings and underground systems, along edges of streets, and over rooftops. Urban 
areas tend to separate and isolate units, requiring the small-unit leader to take the initiative 
and demonstrate his skill in order to prevail. 

(2) The urban condition of an area creates many obstacles, and the destruction of many 
buildings and bridges as combat power is applied during a battle further limits your freedom 
of movement. Cover and concealment are plentiful, but observation and fields of fire are 
greatly restricted. 

b. Navigation. Navigation in urban areas can be confusing, but there are often many 
cues that will present themselves as you proceed. They include streets and street signs; 
building styles and sizes; the urban geography of industrial, warehousing, residential 
housing, and market districts; man-made transportation features other than streets and roads 
(rail and trolley lines); and the terrain features and hydrographic features located within the 
built-up area. Strategies for staying on the route in an urban area include: 

(1) Process Route Descriptions. Write down or memorize the route through an urban 
area as a step-by-step process. For example, "Go three blocks north, turn left (west) on a 
wide divided boulevard until you go over a river bridge. Turn right (north) along the west 
bank of the river, and..." 

(2) Conceptual Understandings of the Urban Area. While studying the map and 
operating in a built-up area, work hard to develop an understanding (mental map) of the 
entire area. This advantage will allow you to navigate over multiple routes to any location. 
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It will also preclude your getting lost whenever you miss a turn or are forced off the planned 
route by obstacles or the tactical situation. 

(3) Resection. Whenever you have a vantage point to two or more known features 
portrayed on the map, do not hesitate to use either estimated or plotted resection to pinpoint 
your position. These opportunities are often plentiful in an urban setting. 
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CHAPTER 14 


UNIT SUSTAINMENT 


Land navigation is a skill that is highly perishable. The soldier must 
continually make use of the skills he has acquired to remain proficient in 
them. The institution is responsible for instruction in the basic techniques of 
land navigation. The institution tests these skills each time a soldier attends 
a leadership course. However, it is the unit's responsibility to develop a 
program to maintain proficiency in these skills between institution courses. 
The unit sustainment program provides training that builds on and reinforces 
the skills the soldier learned in the institution. It should use the building- 
block approach to training: basic map reading instruction or review, 
instruction on land navigation skills, dead reckoning training, dead 
reckoning practice, terrain association training, terrain association practice, 
land navigation testing, and building of leader skills. These leader skills 
should include following a route selected by the commander and planning 
and following a route selected by the leader. The unit trainer should be able 
to set up a sustainment program, a train-the-trainer program, and a land 
navigation course for his unit's use. It is recommended that units develop a 
program similar to the one outlined in this chapter. Complete lesson outlines 
and training plans are available by writing to Commander, 29th Infantry 
Regiment, ATTN: ATSH-INB-A, Fort Benning, GA 31905-5595. 


14-1. SET UP A SUSTAINMENT PROGRAM 

The purpose of setting up a sustainment program in the unit is to provide soldiers with 
training that reinforces and builds on the training that they have received in the institution. 
All soldiers should receive this training at least twice a year. The program also provides the 
unit with a means of identifying the areas in which the soldiers need additional training. 

a. Training Guidance. The unit commander must first determine the levels of 
proficiency and problems that his unit has in land navigation. This determination can be done 
through after-action reports from the unit's rotations to NTC/JRTC, ARTEP final reports, 
feedback from his subordinates, personal observation, and annual training. Once the unit 
commander decides where his training time should be concentrated, he can issue his training 
guidance to his subordinate leaders. He also directs his staff to provide training sites, 
resources, and time for the units to train land navigation. It is recommended that land 
navigation be trained separately, not just included as a subtask in tactical training. 

b. Certification. The unit commander must also provide his subordinate commanders 
with a means of certifying training. The unit staff must provide subject matter experts to 
ensure the training meets the standards decided upon by the unit commander. Instructors 
should be certified to instruct, and courses should be certified before the unit uses it. 

c. Program Development. The sustainment program should meet the requirements of 
all of the unit's soldiers. It should address all skills from basic map reading to leaders' 
planning and executing a route. The program should cover the following: 

e Diagnostic examination. 

e Map reading instruction/review. 
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e Land navigation skills training. 

e Dead reckoning training/practice. 

e Terrain association training/practice. 

e Land navigation written/field examination. 
e Leaders' training and testing. 


The sustainment program should be developed and then maintained in the unit's training 
files. The program should be developed in training modules so that it can be used as a whole 
program or used separately by individual modules. It should be designed so the commander 
can decide which training modules he will use, depending on the proficiency of the unit. The 
unit commander need only use those modules that fit his training plan. 


14-2. SET UP A TRAIN-THE-TRAINER PROGRAM 

The purpose of a train the trainer program in the unit is to develop trainers capable of 
providing soldiers with the confidence and skills necessary to accomplish all assigned land 
navigation tasks. 

a. Development of the Program. The unit commander should appoint a cadre of 
officers and NCOs to act as primary and alternate instructors for land navigation training. 
Use the training modules the unit has developed and have these soldiers go through each 
module of training until they can demonstrate expertise. Determine which instructors 
conduct each module of training and have them practice until they are fully prepared to give 
the training. These instructors act as training cadre for the entire unit. They train their peers 
to instruct the subordinate units, and they certify each unit's training. 

b. Conduct of Training. Conduct training at the lowest level possible. Leaders must 
be included in all training to keep unit integrity intact. 


14-3. SET UP A LAND NAVIGATION COURSE 

The unit commander provides specific guidance on what he requires in the development of 
a land navigation course. It depends upon the unit's mission, training plan, and tasks to be 
trained. There are basic guidelines to use when setting up a course. 

a. Determine the Standards. The unit commander determines the standards for the 
course. Recommended standards are as follows: 

(1) Distance between points: no less than 300 meters; no more than 1,200 meters. 

(2) Total distance of lanes: no less than 2,700 meters; no more than 11,000 meters. 

(3) Total number of position stakes: no less than seven for each lane; no more than nine 
for each lane. 

(4) Time allowed: no less than three hours; no more than four hours. 

b. Decide on the Terrain. The unit should use terrain that is similar to terrain they will 
be using in tactical exercises. Terrain should be different each time training is conducted; 
the training area for a dismounted course needs to be at least 25 square kilometers. Mounted 
courses require twice as much terrain so that vehicles are not too close to each other. 

c. Perform a Map and Ground Reconnaissance. Check the terrain to determine 
position stake locations, look for hazards, and to develop training briefings. 

(1) Plot the locations of your position stakes on a 1:50,000-scale map. 

(2) Fabricate or order position stakes. 
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(3) Request support from the local engineer or field artillery unit to survey the position 
stakes in. 

(4) Survey the position stakes in and emplace them. 

(5) Certify the course by having your SMEs negotiate each lane of the course. 

(6) Prepare course requirement sheets and print them. 

(7) Complete a risk assessment of the training area. 

(8) Begin teaching. 


This sequence can be used to develop any type of land navigation course. The difference in 
each course depends on the commander's guidance. 


14-3 


Try the following challenge to reinforce all that you have learned in this paragraph 1405. 


If your answers to the equations are the same as those below you are correct. You may continue. 
If you answered either equation incorrectly, rework them and check for any mathematical 
mistakes and repeat paragraph 1405 before continuing. 


(a) (b) 
5x+2y+4 
Pe Gh ——_____ 
A ea a 25x? + 10xy + 20x 
ele 1Oxy + Ox+ 4y? + 8y 
6x + Oxy +9 + 15y 15x40y2—6y—12 
—10xy +0— 15y—25y? Beni ena 
Ax? + 12x 49 ~25y? 25x? + 20xy + 5x+4y?+2y—-12 
Answer = 4x? + 12x+9 —25y? Answer = 25x” + 20xy + 5x+4y? + 2y—- 12 
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APPENDIX A 


FIELD SKETCHING 


A sketch is a free-hand drawing of a map or picture of an area or route 
of travel. It shows enough detail and has enough accuracy to satisfy special 
tactical or administrative requirements. 


A-1. PURPOSE 
Sketches are useful when maps are not available or the existing maps are not adequate, or 
to illustrate a reconnaissance or patrol report. Sketches may vary from hasty to complete and 
detailed, depending upon their purpose and the degree of accuracy required. For example, 
a Sketch of a large minefield will require more accuracy than a hasty sketch of a small unit's 
defensive position. 


A-2. MILITARY SKETCHES 
The scale of a sketch is determined by the object in view and the amount of detail required 
to be shown. The sketch of a defensive position for a platoon or company normally calls for 
a sketch of larger scale than a sketch for the same purpose for a division. Military sketches 
also include road and area sketches. 

a. Field Sketches. A field sketch (Figure A-1) must show the north arrow, scale, 
legend, and the following features: 

e Power lines. 

e Rivers. 

e Main roads. 
e Towns and villages. 
e Forests. 
e Rail lines. 
e Major terrain features. 
b. Road Sketches. These sketches show the natural and military features on and in the 
immediate vicinity of the road. In general, the width of terrain sketches will not exceed 365 
meters on each side of the road. Road sketches may be used to illustrate a road when the 
existing map does not show sufficient detail. 

c. Area Sketches. These sketches include those of positions, OPs, or particular places. 

(1) Position Sketch. A position sketch is one of a military position, campsite, or other 
area of ground. To effectively complete a position sketch, the sketcher must have access to 
all parts of the area being sketched. 

(2) Observation Post Sketch. An OP sketch shows the military features of ground along 
a friendly OP line as far toward the enemy position as possible. 

(3) Place Sketch. A place sketch is one of an area made by a sketcher from a single point 
of observation. Such a sketch may cover ground in front of an OP line, or it may serve to 
extend a position or road sketch toward the enemy. 
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Figure A-1. Sketch map. 
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APPENDIX B 


MAP FOLDING TECHNIQUES 


One of the first considerations in the care of maps is its proper folding. 


B-1. FOLDING METHODS 
Figures B-1 and B-2 show ways of folding maps to make them small enough to be carried 
easily and still be available for use without having to unfold them entirely. 


Figure B-1. Two methods of folding a map. 
B-2. PROTECTION METHOD 


After a map has been folded, it should be pasted in a folder for protection. Apply adhesive 
to the back of the segments corresponding to A, F, L, and Q (Figure B-2, page B-2). 


B-1 
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Figure B-2. How to slit and fold a map for special use. 


B-3. PRACTICE CUT 
It is suggested that before attempting to cut and fold a map in the manner illustrated in 
Figure B-2, make a practice cut and fold with a piece of paper. 


APPENDIX C 
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UNITS OF MEASURE AND CONVERSION FACTORS 


This appendix provides conversion tables for units of measure and 
conversion factors that are used in military operations. 


12 inches 

36 inches 

3 feet 

1,760 yards 
2,026.8 yards 
5,280 feet 
6,080.4 feet 
63,360 inches 
72,963 inches 


1 millimeter 

10 millimeters 
10 centimeters 
10 decimeters 
10 meters 

10 decameters 
10 hectometers 
10 kilometers 


0.1 centimeter 
1.0 centimeter 
1.0 decimeter 
1.0 meter 

1.0 decameter 
1.0 hectometer 
1.0 kilometer 
1.0 myriameter 


1 foot 

1 yard 

1 yard 
mile statute 
mile nautical 
mile statute 
mile nautical 
mile statute 
mile nautical 


0.0393 inches 
0.3937 inches 
3.937 inches 
39.37 inches 
32.81 feet 
328.1 feet 
0.62 mile 

6.21 miles 


Table C-2. Metric system of linear measure. 


1 mil 1/6400 circle 


1 grad 1/400 circle 
1 degree = 1/860 circle 


0.05625° 
16.0 mils 


0.0625 grad 
0°54' = 0.9° 


about 17.8 mils = about 1.1 grad 


Table C-3. Equivalent units of angular measure. 
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STATUTE | NAUTICLE 
| ONE | INCHES FEET YARDS MILES MILES ee! 


Inch 

Foot 

Yard 
Statute Mile 
Nautical Mile 
Millimeter 
Centimeter 
Decimeter 
Meter 
Decameter 
Hectometer 
Kilometer 


Myriameter 


Inch 

Foot 

Yard 
Statute Mile 
Nautical Mile 
Millimeter 
Centimeter 
Decimeter 
Meter 
Decameter 
Hectometer 


Kilometer 


Myriameter 
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63,360 

72,963 

0.0394 

0.3937 ‘ : 10 
3.937 : : 100 
39.37 : : : : 1,000 
393.7 : 2 : . 10,000 
3,937 : : : : 100,000 
39,370 ; : F : 1,000,000 

393,700 : : : . 10,000,000 


2.540 
30.48 
91.44 
160,930 
185,325 
0.1 
1 
10 
100 
1,000 
10,000 
100,000 
1,000,000 


Table C-4. Conversion factors. 
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Example I 


Problem: Reduce 76 centimeters to (?) inches. 
76 cm x 0.3937 = 29 inches 


Answer: There are 29 inches in 76 centimeters. 


Example II 
Problem: How many feet are there in 2.74 meters? 
2.74 
a0 


Answer: There are approximately 9 feet in 2.74 meters. 


SCALE 1 INCH EQUALS 1 CENTIMETER EQUALS 


. 416.67 feet 164.00 feet 
e000 127.00 meters 50.00 meters 


833.33 feet 328.10 feet 
254.00 meters 100.00 meters 


1,041.66 feet 410.10 feet 
317.00 meters 125.00 meters 


1,666.70 feet 656.20 feet 
508.00 meters 200.00 meters 


2,083.30 feet 820.20 feet 
635.00 meters 250.00 meters 


4,166.70 feet 1,640.40 feet 
1,270.00 meters 500.00 meters 


5,280.00 feet 2,078.70 feet 
1,609.30 meters 633.60 meters 


8,333.30 feet 3,280.80 feet 
2,540.00 meters 1,000.00 meters 


20,833.00 feet 8,202.00 feet 
6,350.00 meters 2,500.00 meters 


41,667.00 feet 16,404.00 feet 
12,700.00 meters 5,000.00 meters 


1:10,000 


1:12,500 


1:20,000 


1:25,000 


1:50,000 


1:63,360 


1:100,000 


1:250,000 


1:500,000 


Table C-5. Ground distance at map scale. 
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APPENDIX D 


JOINT OPERATIONS GRAPHICS 


Joint operations graphics (paragraph 2-6b[4]) are based on the 
format of the standard 1:250,000-scale military topographic maps. They 
contain additional information needed in present-day joint air-ground 
operations. 


D-1. TYPES 

Each JOG is prepared in two types; one is designed for air operations and the other for 
ground operations. Each version is identified in the lower margin as JOINT 
OPERATIONS GRAPHIC (AIR) or JOINT OPERATIONS GRAPHIC (GROUND). 


D-2. BASIC CONTENTS 
The basic topographic information is the same on both JOG versions. 

a. Power transmission lines are symbolized as a series of purple pylons connected 
by a solid purple line. 

b. Airports, landing facilities, and related air information are shown in purple. The 
purple symbols that may be unfamiliar to the user are shown in the legend in the margin. 

c. The top of each obstruction to air navigation is identified by its elevation above 
sea level and its elevation above ground level. 

d. Along the north and east edges of the graphic, detail is extended beyond the 
standard sheet lines to create an overlap with the graphics to the north and to the east. 

e. Layer tinting (paragraph 10-2a) and relief shading (paragraph 10-2c) are added as 
an aid to interpreting the relief. 

f. The incidence of the graphic in the world geographic reference system (paragraph 
4-8b) is shown by a diagram in the margin. 


D-3. JOINT OPERATIONS GRAPHIC (AIR) 

The JOG (AIR) series, prepared for air use, contains detailed information on air facilities 
such as radio ranges, runway lengths, and landing surfaces. The highest terrain elevation 
in each 15-minute quadrangle is identified by the large open-faced figures shown in the 
legend. Elevations and contours on JOG (AIR) sheets are given in feet. 


D-4. JOINT OPERATIONS GRAPHIC (GROUND) 

The JOG (GROUND) series is prepared for use by ground units, and only stable or 
permanent air facilities are identified. Elevations and contours are located in the same 
positions as on the air version, but are given in meters. 
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APPENDIX E 


EXPORTABLE TRAINING MATERIAL 


This appendix provides information on the exportable training material 
available for unit training in basic land navigation skills. These materials are 
available from the Army Research Institute, Fort Benning Field Unit, Fort 
Benning, Georgia 31905. 


E-1. PLANNING TO NAVIGATE 

This training material describes the planning process in detail. Planning may be the most 
important aspect of land navigation. Planning to navigate includes background information 
for map interpretation, a practical example in planning to navigate, and a description of how 
to train these skills. 


E-2. HOW TO TRAIN BASIC LAND NAVIGATION SKILLS 

This training material offers guidance for unit training in basic land navigation skills. It 
includes training modules for distance and location skills. Each module is self-contained, so 
training can be given in each skill separately from other skills. 


E-3. DISMOUNTED LAND NAVIGATION TECHNIQUE 

This training material describes the process of navigating with an emphasis on movement 
skills and the techniques and strategies that should be used while navigating. Critical training 
covers how to put skills together for movement and how to decide which technique to use 
in a certain situation. 


E-4. MAP INTERPRETATION TERRAIN ASSOCIATION COURSE 

The MITAC program is designed to teach terrain association through a "building block" 
approach starting with simple elements first, then adding more complex information as the 
soldier progresses from one level to another. The MITAC consists of three systematic 
courses of instruction: basic, intermediate, and advanced. 


E-5. ROUTE PLANNING GUIDE 

The route planning guide provides the small-unit leader with a comprehensive reference 
document, which he can use in learning to plan dismounted administrative or tactical moves. 
It offers him a planning procedure that he can use in the field without any notes to plan 
successful moves over unfamiliar terrain. 


E-6. LAND NAVIGATION SUSTAINMENT PROGRAM 

The land navigation sustainment program is designed to develop trainers that are capable of 
providing soldiers with the confidence and skills necessary to accomplish all assigned land 
navigation tasks and therefore to develop soldiers capable of accomplishing these tasks. 


FM 3-25.26 


APPENDIX F 


ORIENTEERING 


What is orienteering? Orienteering is a competitive form of land 
navigation. It is for all ages and degrees of fitness and skill. It provides the 
suspense and excitement of a treasure hunt. The object of orienteering is to 
locate control points by using a map and compass to navigate through the 
woods. The courses may be as long as 10 km. 


F-1. HISTORY 

Orienteering began in Scandinavia in the nineteenth century. It was primarily a military 
event and was part of military training. It was not until 1919 that the modern version of 
orienteering was born in Sweden as a competitive sport. Ernst Killander, its creator, can be 
rightfully called the father of orienteering. In the early thirties, the sport received a technical 
boost with the invention of a new compass, more precise and faster to use. The Kjellstrom 
brothers, Bjorn and Alvan, and their friend, Brunnar Tillander, were responsible for this new 
compass. They were among the best Swedish orienteers of the thirties, with several 
individual championships among them. Orienteering was brought into the US in 1946 by 
Bjorn Kjellstrom. 


F-2. DESCRIPTION 

Each orienteer is given a 1:50,000 topographic map with the various control points circled. 
Each point has a flag marker and a distinctive punch that is used to mark the scorecard. 
Competitive orienteering involves running from checkpoint to checkpoint. It is more 
demanding than road running, not only because of the terrain, but because the orienteer must 
constantly concentrate, make decisions, and keep track of the distance covered. Orienteering 
challenges both the mind and the body; however, the competitor's ability to think under 
pressure and make wise decisions is more important than speed or endurance. 


F-3. THE COURSE 

The orienteering area should be on terrain that is heavily wooded, preferably uninhabited, 
and difficult enough to suit different levels of competition. The area must be accessible to 
competitors and its use must be coordinated with appropriate terrain and range control 
offices. 

a. The ideal map for an orienteering course is a multi-colored, accurate, large-scale 
topographic map. A topographic map is a graphic representation of selected man made and 
natural features of a part of the earth's surface plotted to a definite scale. The distinguishing 
characteristic of a topographic map is the portrayal of the shape and elevation of the terrain 
by contour lines. 

b. For orienteering within the United States, large-scale topographic (topo) maps are 
available from the Defense Mapping Agency Hydrographic Topographic Center. The scale 
suitable for orienteering is 1:50,000 (DMA). 
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1406. Divide a Monomial by a Monomial 


Since you have completed paragraphs 1402 through 1405 and have an understanding of 
multiplying and finding the products of monomials and polynomials, you should now focus on 
learning to divide them. You will begin the learning process by dividing monomials by 
monomials. This process is very similar to traditional arithmetic division. To divide monomials 
by monomials you must divide the numerical coefficients and affix the correct sign. Then you 
must divide the literal factors and combine the signs of the numerical coefficient and literal terms 
to reach the solution. The process may seem a little much for you to grasp for now. Read the 
paragraph again. Then follow each step of the example below. Make sure you grasp each step 
before moving to the next. 


Example: 12x" 
—3xy 
Divide 
Numerical values= 12 _ _4 
= an 
. x2y2 
Literal values= —=3- = xy 


Product = —Axy 


Now that you have studied the example work the challenge. 


Find the result by dividing the following equations. 


(a) (b) 
27a3b? _ —8ix4 _ 
—3ab2 Qx2 
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F-4. SETTING UP THE COURSE 

The challenge for the course setter is to keep the course interesting, but never beyond the 
individual's or group's ability. General guidance is to select locations that are easily 
identifiable on the map and terrain, and accessible from several routes. 

a. Those who set up the initial event should study a map for likely locations of control 
points and verification of the locations. Better yet, they should coordinate with an 
experienced competitor in selecting the course. 

b. There are several forms of orienteering events. Some of the most common are route, 
line, cross-country, and score orienteering. 

(1) Route Orienteering. This form can be used during the training phase and in advanced 
orienteering. In this type of event, a master or advanced competitor leads the group as they 
walk a route. The beginners trace the actual route walked on the ground on their maps. They 
circle the location of the different control points found along the walked route. When they 
finish, the maps are analyzed and compared. During training, time is not a factor. Another 
variation is when a course is laid out on the ground with markers for the competitor to 
follow. There is no master map, as the course is traced for the competitor by flags or 
markers. The winner of the event is the competitor who has successfully traced the route and 
accurately plotted the most control points on his map. 

(2) Line Orienteering. At least five control points are used during this form of 
orienteering training. The competitor traces on his map a preselected route from a master 
map. The object is to walk the route shown on the map, circling the control points on the 
map as they are located on the ground (Figure F-1). 


Figure F-1. Line orienteering. 


F-2 
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(3) Cross-Country Orienteering. This is the most common type of orienteering 
competitions. It is sometimes called free or point orienteering and is considered to be the 
most competitive and intriguing of all events (Figure F-2). In this event, all competitors must 
visit the same controls in the same order. With the normal one-minute starting interval, it 
becomes a contest of route choice and physical skill. The winner is the contestant with the 
fastest time around the course. 


Control Number Coordinates 
1 GLO1589334 Cemetery, nothern part 
2 GLO02709323 Creek junction-center 
3 GLO3509260 Draw, center 
4 GLO2229155 South end of runway 
5 GLO1709046 East end of pond 
6 GLO0659125 Hilltop 134-top 

7 


GLO1509218 Spur-150 southeast of hilltop 


Figure F-2. A cross-country orienteering map. 


(a) After selecting the control points for the course, determine the start and finish 
locations. The last control should be near the finish. In describing each control's location, an 
eight-digit grid coordinate and a combination of two letters identifying the point (control 
code) should be included in each descriptive clue list that is normally given to each 
competitor at least two minutes before his start time. 

(b) There are usually 6 to 12 control markers on the course in varying degrees of 
difficulty and distances apart so that there are no easy, direct routes. Instead, each competitor 
is faced with many choices of direct but difficult routes, or of indirect but easier routes. Each 
control's location is circled, and the order in which each is to be visited is clearly marked on 
the master map. The course may be a closed transverse with start and finish collocated, or 
the start and finish may be at different locations. The length of the course and difficulty of 
control placement varies with the competitors' degree of expertise. Regardless of the class 
of event, all competitors must indicate on their event cards proof of visiting the control 
markers. Inked stamps, coded letters, or punches are usually used to do this procedure. 
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NOTE: _ The same orienteering range may serve in both cross-country and score events. 
However, a separate set of competitor maps, master maps, and event cards are 
necessary. 


(4) Score orienteering. In this event, the area chosen for the competition is blanketed 
with many control points (Figure F-3). The controls near the start/finish point (usually 
identical in this event) have a low point value, while those more distant or more difficult to 
locate have a high point value. (See Figure F-6 for a sample card.) This event requires the 
competitor to locate as many control markers as he can within the specified time (usually 90 
minutes). Points are awarded for each control visited and deducted for exceeding the 
specified time. The competitor with the highest point score is the winner. 


Control Number Description of Clues 
GLO6938085 Railroad bridge-north 
GLO8608218 Top of hill 
GLO06508535 North of pond-swamp 
GLO9608265 Center-creek junction 
GLO9858109 Building-dead end 
GL10968245 Ruins 
GLO0S208430 Road junction-north 
GL06338275 Building-west end of pond 
GLO7858050 Top of hill 
GLO8158350 East end of lake 


SO@ONOnNS oN = 


Figure F-3. A score orienteering map. 


(a) Conducting a score event at the start is basically the same as the cross-country event. 
The competitor is given a map and an event card. The event card lists all the controls with 
their different point values. When released to the master map, the competitor finds the circles 
and numbers indicating the location of all the controls listed on his event card. He copies all 
the red circles on his map. Then he chooses any route he wishes to take in amassing the 
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highest possible point score in the time available. The course is designed to ensure that there 
are more control points than can possibly be visited in the allotted time. Again, each control 
marker visited must be indicated on the event card. 

(b) It is important for the competitor to take time initially to plot the most productive 
route. A good competitor may spend up to 6 minutes in the master map area while plotting 
the ideal route. 

(c) There is no reward for returning early with time still available to find more points, 
so the good competitor must be able to coordinate time and distance with his ability in land 
navigation in running the course. 


F-5. OFFICIALS 
The same officials can be used at the start and finish. More officials or assistants can be 
used; the following material lists the minimum that can be used for a competition. They 
include the following: 

a. At The Start. 

(1) Course Organizer—Briefs the orienteers in the assembly area, issues event cards and 
maps, and calls orienteers forward to start individually. 

(2) Recorder—Records orienteer's name and start time on recorder's sheet, checks 
orienteer's name and start number on his event card, and issues any last-minute instructions. 

(3) Timer—Controls the master clock and releases the orienteers across the start line at 
their start time (usually at one-minute intervals) to the master map area. 

b. At The Finish. 

(1) Timer—Records finish time of each orienteer on the orienteer's event card and passes 
card to recorder. 

(2) Recorder—Records finish time of each orienteer on the orienteer's event card and 
passes card to recorder. 

(3) Course Organizer—Verifies correctness of names, finish times, and final score; 
posts orienteers' positions on results board; and accounts for all orienteers at the end of 
event. 


F-6. START/FINISH AREA 
The layout of the start/finish areas for orienteering events is basically the same for all forms. 

a. Assembly Area. This is where orienteers register and receive instructions, maps, 
event cards, and start numbers. They may also change into their orienteering clothes if 
facilities are available, study their maps, and fill out their event cards here. Sanitation 
facilities should be available in this area. 

b. Start. At the start, the orienteer reports to the recorder and timer's table to be logged 
in by the recorder and released by the timer. 

c. Master Map Area. There are three to five master maps 20 to 50 meters from the 
start. When the orienteer arrives at this area, he must mark his map with all the course's 
control points. Having done this, he must decide on the route that he is to follow. The good 
orienteer takes the time to orient his map and carefully plot his route before rushing off. It is 
a good idea to locate the master map area out of sight of the start point to preclude orienteers 
tracking one another. 
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d. Equipment. The following is a list of equipment needed by the host of an 
orienteering event: 

e Master maps, three to five, mounted. 

Competitor maps, one each. 

Event cards, one each. 

Recorder's sheets, two. 

Descriptive clue cards, one each. 

Time clocks, two. 

Rope, 100 to 150 feet, with pegs for finish tunnel. 
Card tables, one or two. 

Folding chairs, two or three. 

Results board. 

Control markers, one per point. 

Extra compasses. 

Whistle, for starting. 

First aid kit. 

Colored tape or ribbon for marking route to master map and from last control point 
to finish. 

e. Control Markers. These are orange-and-white markers designating each control 
point (Figure F-4). Ideally, they should have three vertical square faces, forming a triangle 
with the top and bottom edges. Each face should be 12 inches on a side and divided 
diagonally into red and white halves or cylinders (of similar size) with a large, white, 
diagonal stripe dividing the red cylinder. For economy or expediency, 1-gallon milk cartons, 
5-gallon ice cream tubs, 1-gallon plastic bleach bottles, or foot-square plaques, painted in 
the diagonal or divided red and white colors of orienteering, may be used. 


Figure F-4. Control markers. 


(1) Each marker should have a marking or identification device for the orienteer to use 
to indicate his visit to the control. This marker may be the European-style punch pliers, a 
self-inking marker, different colored crayons at each point, different letter combinations, 
different number combinations, or different stamps or coupons. The marking device must 
be unique, simple, and readily transcribable to the orienteers' event cards. 
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(2) The control marker should normally be visible from at least 10 meters. It should not 
be hidden. 

f. Recorder's Sheets. A suggested format for the recorder's sheet is depicted in 
Figure F-5. 


RECORDER'S SHEET 


Finish Time 
Team-Class Time | Taken= 


fe | 


Fehesenmes 3 
7s 
ey 


Figure F-5. Recorder's sheet. 
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g. Event Card. The event card can be made before the event and should be as small as 
possible, as it is carried by the competitor. It must contain the following items: name, start 
number, start time, finish time, total time, place, and enough blocks for marking the control 
points. As indicated earlier, it may also contain a listing of descriptive clues (Figure F-6). 


CROSS-COUNTRY ORIENTEERING/TEAM 


NAME COMPANY COURSE “ait, TEAM 


NAME COMPANY STABT TIME %e. “ii FINISH TIME 
CHECKPOINTS A 


NOTE: Alljconitr, : 
a_i ~~ re 
Total Value of Points a . hh 1. All work is individual team effort. 
% ~ 2. You must not join with or coordinate with any 
Penalty Points us «x : other team. 
: 7 . 3. You must personally visit each point you indicate 
Final Score uiincie “ on your scorecard. 


Figure F-6. Cross-country orienteering event card. 


h. Results Board. This board displays the orienteer's position in the event at the finish 
(Figure F-7). There are a variety of ways of displaying the results, from blackboard to 
ladder-like to a clothesline-type device where each orienteer's name, point score, and times 
are listed. 


cementn se 


Figure F-7. Results board. 


FM 3-25.26 


i. Clue Description Card. These cards are prepared with the master maps after the 
course is set. They contain the descriptive clues for each control point, control code, grid 
coordinate references, returning time for competitors, removal times for each location, and 
panic azimuth (Figure F-8). The terminology on these must be identical to that listed in the 
definition section. These cards and the master maps must be kept confidential until the 
orienteers start the event. 


SCORE ORIENTEERING EVENT LAND NAVIGATION Il 


NAME ti<ié«C COMPANY L-_-_-___ SCORE ORIENTEERING 
NAME... COMPANY. —. Description Clues of Control Signs 


Ol —————————— POINTS VALUE DESCRIPTION CLUE 


STARTING TIME y SE SLOPE OF HILL 1211 
FINISHING TIME : % CREST OF HILL 1211 
SADDLE 
EDGE OF RIDGE 
NW CREST OF RIDGE 
CREST OF HILL 
CREST OF HILL 
TOP OF SEVERE DRAW 
SW CREST OF RIDGE 
10 METERS N OF RJ 


CREST OF NW SPUR OF 
RIDGE 


HIGH POINT OF KNOLL 


HIGH POINT ON HILL 
SIDE 


NE CORNER OF BLACK 
CAP MOUNTAINS 


. Ss, CREST OF SMALL HILL 
Total Value of Points “a, 16 15 NW CREST OF RIDGE 
Penalty Points 17 10 50 METERS OFF RJ 
Final Score 18 10 10 METERS OFF ROAD 
19 10 20 METERS SE OF RJ 
20 10 CENTER OF RJ 


NOTE: All control signs are located at eye level on 
trees. 


1. ALL WORK IS INDIVIDUAL TEAM EFFORT. 


. YOU MUST NOT JOIN WITH OR COORDINATE 
WITH ANY OTHER TEAM. 


- YOU MUST PERSONALLY VISIT EACH POINT 
YOU INDICATE ON YOUR SCORECARD. 


Figure F-8. Clue description card. 


j. Scoring. The cross-country or free event is scored by the orienteer's time alone. All 
control points must be visited; failure to visit one results in disqualification. In this event, 
the fastest time wins. 

(1) A variation that can be introduced for novices is to have a not-later-than return time 
at the finish and add minutes to the orienteer's final time for minutes late and control points 
not located. 


F-9 
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(2) The score event requires the amassing of as many points as possible within the time 
limit. Points are deducted for extra time spent on the course, usually one point for each 
10 seconds extra. 

k. Prizes. A monetary prize is not awarded. A suggested prize for beginners is an 
orienteering compass or some other practical outdoor-sports item. 


F-7. SAFETY ON THE COURSE 
A first aid kit must be available at the start and finish. One of the officials should be trained 
in first aid or have a medic at the event. Other safety measures include: 

a. Control Points. Locate the controls where the safety of the competitor is not 
jeopardized by hazardous terrain or other circumstances. 

b. Safety Lane. Have a location, usually linear, on the course where the competitor may 
go if injured, fatigued, or lost. A good course will usually have its boundary as a safety lane. 
Then a competitor can set a panic azimuth on the compass and follow it until he reaches the 
boundary. 

c. Finish Time. All orienteering events must have a final return time. At this time, all 
competitors must report to the finish line even if they have not completed the course. 

d. Search-and-Rescue Procedures. If all competitors have not returned by the end of 
the competition, the officials should drive along the boundaries of the course to pick up the 
missing orienteers. 


F-8. CONTROL POINT GUIDELINES 

When the control point is marked on the map as well as on the ground, the description of that 
point is prefaced by the definite article the; for example, the pond. When the control point 
is marked on the ground but is not shown on the map, then the description of the point is 
prefaced by the indefinite article a; for example, a trail junction. In this case, care must be 
taken to ensure that no similar control exists within at least 25 meters. If it does, then either 
the control must not be used or it must be specified by a directional note in parentheses; for 
example, a depression (northern). Other guidelines include: 

a. Points of the compass are denoted by capital letters; for example, S, E, SE. 

b. Control points within 100 meters of each other or different courses are not to be on 
the same features or on features of the same description or similar character. 

c. For large (up to 75 meters across) features or features that are not possible to see 
across, the position of the control marker on the control point should be given in the 
instructions. For example, the east side of the pond; the north side of the building. 

d. If a very large (100 to 200 meters) feature is used, the control marker should be 
visible from most directions from at least 25 meters. 

e. Ifacontrol point is near but not on a conspicuous feature, this fact and the location 
of the marker should be clearly given; for example, 10 meters E of the junction. Avoid this 
kind of control point. 

f. Use trees in control descriptions only if they are prominent and a totally different 
species from those surrounding. Never use bushes and fauna as control points. 

g. Number control points in red on the master map. 

h. For cross-country events, join all control points by a red line indicating the course's 
shape. 
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F-9. MAP SYMBOLS 

The map symbols in Figure F-9 are typical topographic and cultural symbols that can be 
selected for orienteering control points. The map cutouts have been selected from DMA 
maps. 


1. 
ROAD JUNCTION 
Where one road joins 
another 


2. 
ROAD INTERSECTION 
Where one road crosses 
another 


3 


CURVE 
A bend in the road 


Figure F-9. Map symbols. 
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If your answers to the equations in the challenge are the same as those that follow, you are 


correct and may continue. If you answered either equation incorrectly, review paragraph 1406 
before continuing. 


1407. Divide Polynomials by Monomials 


You are now ready to divide polynomials by monomials. The process is the same as in paragraph 
1406, dividing monomials by monomials. You must divide each term of the polynomial (the 
numerator) by the monomial (the denominator). Then, you should write each result in succession 
using the correct sign and perform simple addition. Study the example. You may need to read 
the steps again as you study the example. 


Example: 
(45a*b — 27a*b? — 9a7b? + 6ab* — 8) + (—3ab7) 

Note: Divide each term of the polynomial by the monomial. 
45a*b — 27a3b2—-9a2b3 «| bab4$ 
—3ab2——— -3ab2 ~~ —3.ab? —3ab2— -3« 


(-15a3b") - (9a?) — (3ab) + 267) ~ ( 8 ) 


~ 3ab2 


8 
3ab2 


—15a*b! + 9a? + 3ab —2b? + 
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4. 
DEAD END 
Where a road stops with 
noo 


5. 
. gy TRAIL JUNCTION 
ae Where two trails join 


6. 
TRAIL DEAD END 
Where the trail stops 


Py] TER = 
: “fe = cae ee 


re 
TRAIL CURVE 


Wig 


a 
- 


ra | 
Hig i : Where a road intersects with 


Ay two trails 


She. 


8. 
j ROAD AND TRAIL JUNCTION 


i 


CRP 


Figure F-9. Map symbols (continued). 
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ROAD AND TRAIL INTERSECTION inh AI 
Where a road crosses a trail 


10. 
INTERMITTENT STREAM 
JUNCTION 


11. 
STREAM JUNCTION 


4- ay MITg > 4 


12. 4G 
BEND IN STREAM 
Dh iy ies BA 


13. 
POND'S EASTERNMOST POINT 


Figure F-9. Map symbols (continued). 
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15. 
OUTLET : 
Where water flows out of pond S a 
NO? 
nS 


—_ 


i WN 
LNG 


16. 
INLET 
Where water flows Into a pond 


17. 
MARSHY OR SWAMPY POND 


18. 
TRAIL AND STREAM 
INTERSECTION 
Where a trail crosses a stream 
(in most cases, there Is no bridge) |}. 


Figure F-9. Map symbols (continued). 
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19. 
ISLAND 
Land surrounded by water 


20. 
HILLTOP 
The highest elevation of 


—- 


U a 
DS Wi 21. 
VN RIDGE 
; Q The trail follows the path of 
—\ a ridge 


ke 


22. 
SADDLE 
The low point between two or 
more points of higher ground 


23. 
STEEP SIDE OF A HILL 


Figure F-9. Map symbols (continued). 
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y ALS < 
I RW 


26. 
DRAW OR BEGINNING OF 
A VALLEY 


Wf er 


) 


>> 


4 


= 


SIS S 


27. 
SEMILEVEL GROUND ALONG THE 
PATH OF A RIDGE 


28. 
JUNCTION OF STREAMS 
Two Intermittent streams join 
another stream 


Figure F-9. Map symbols (continued). 
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VALLEY 
In both directions of a creek 
30. Q 4 “P 
CREEK JUNCTION ‘ Ak 
Al : 
% 


DRAW WITH Silenaarerieuy 
STREAM 
SI) X 
NE 
WESS 


32. 
HILLTOP 


. AY 


~S 
\« 
ey AI 


33. 
VALLEY 


Figure F-9. Map symbols (continued). 
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34. 
SPOT ELEVATION 


Sh « 
Nit 
SZ 


NS 


35. 
ORCHARD 


MARSH OR SWAMP 


37. 
DEPRESSION 


Figure F-9. Map symbols (continued). 
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38. 
(1) CUT 
(2) FILL 


Figure F-9. Map symbols (continued). 


F-10. ORIENTEERING TECHNIQUES 
The orienteer should try not to use the compass to orient the map. The terrain association 
technique is recommended instead. The orienteer should learn the following techniques: 

a. Pacing. One of the basic skills that the orienteer should develop early is how to keep 
track of distance traveled while walking and running. This is done on a 100-meter pace 
course. 

b. Thumbing. This technique is very simple, but the map has to be folded small to use 
it. The orienteer finds his location on the map and places his thumb directly next to it. He 
moves from point to point on the ground without moving his thumb from his initial location. 
To find the new location, the only thing that he has to do is look at the map and use his 
thumb as a point of reference for his last location. This technique prevents the orienteer from 
looking all over the map for his location. 
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c. Handrails. This technique enables the orienteer to move rapidly on the ground by 
using existing linear features (such as trails, fences, roads, and streams) that are plotted along 
his route. They can also be used as limits or boundaries between control points (Figure F- 
10). 


HANDRAIL 


HANDRAIL. 23 


fa 


Figure F-10. Handrails. 


d. Attack Points. These are permanent known landmarks that are easily identified on 
the ground. They can be used as points of reference to find control points located in the 
woods. Some examples of attack points are stream junctions, bridges, and road intersections. 


F-11. CIVILIAN ORIENTEERING 

Civilian orienteering is conducted under the guidelines of the United States Orienteering 
Federation with at least 70 clubs currently affiliated. Although civilian orienteering is a form 
of land navigation, the terms, symbols, and techniques are different from the military. 

a. Anexpert military map reader/land navigator is by no means ready to compete in a 
civilian orienteering event. However, military experience in navigating on the ground and 
reading maps will help individuals to become good orienteers. Several orienteering practices 
and complete familiarization with the map symbols and terms before participating in a real 
orienteering event is recommended. 

(1) Map. The standard orienteering map is a very detailed, 1:15,000-scale, colored 
topographical map. All orienteering maps contain only north-south lines that are 
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magnetically drawn; this eliminates any declination conversions. Because of the absence of 
horizontal lines, grid coordinates cannot be plotted and therefore are not needed. 

(2) Symbols (Legend). Despite standard orienteering symbols, the legend in orienteering 
maps has a tendency to change from map to map. A simple way to overcome this problem 
is to get familiar with the legend every time that a different map is used. 

(3) Scale. The scale of orienteering maps is 1:15,000. This requires an immediate 
adjustment for the military land navigator, especially while moving from point to point. It 
takes a while for a person that commonly uses a 1:50,000 scale to get used to the 
orienteering map. 

(4) Contours. The normal contour interval in an orienteering map is 5 meters. This 
interval, combined with the scale, makes the orienteering maps so meticulously detailed that 
a 1-meter boulder, a 3-meter shallow ditch, or a 1-meter depression will show on the map. 
This may initially shock a new orienteer. 

(5) Terms and Description of Clues. The names of landforms are different from those 
commonly known to the military. For example, a valley or a draw is known as a reentrant; 
an intermittent stream is known as a dry ditch. These terms, with a description of clues 
indicating the position and location of the control points, are used instead of grid 
coordinates. 

b. The characteristics of the map, the absence of grid coordinates, the description of 
clues, and the methods used in finding the control points are what make civilian orienteering 
different from military land navigation. 
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Now that you have studied the example, work the following challenge provided for you. 


Divide the following expressions. 


(a) (b) 


—27Tx3y7z9 + 3xty2z4 — 9xty3z5 +-3x3y2z4 8a*b?c— 12a3b*c? +4a7b?c + 4abc? 


If your answers to expressions in the challenge are the same as those that follow, you are correct 
and may continue. If you answered either part incorrectly, go back, check your work, and review 
paragraph 1407 before continuing. 


(a) (b) 
—27x3 y2z5 + 3x4y2z4 — 9x4 y3z5 + —3x3 y2z4 8a7b3c— 12a3b*c? + 4a*b?c + 4abc* 
eye ant y'c? yo | a2b3 jase 2p2 
( 3x3 y2z4 ) ao ee ) ae (Sa ) . Ce ) + a + ee ) 
(92) + x) + (3xvz (2ab*c7!) + (-3a7b) + (abc!) 
9z—x+ 3xyz 2ab*c7! —3a*b+ abc"! 
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APPENDIX G 


M2 COMPASS 


The M2 compass (Figure G-1) is a rustproof and dustproof magnetic 
instrument that provides slope, angle of site, and azimuth readings. One of 
the most important features of the M2 compass is that it is graduated in mils 
and does not require a conversion from degrees to mils as does the MI 
compass. It can be calibrated to provide a grid azimuth or it can be used 
uncalibrated to determine a magnetic azimuth. 


G-1. MAGNETIC NEEDLE 

Except for the magnetic needle and its pivot, the compass is made of nonmagnetic materials. 
When the cover is closed, the magnetic needle is automatically lifted from its pivot and held 
firmly against the glass window. When the compass is open and leveled, the needle floats 
freely upon its pivot and points to magnetic north. Note that both ends of the needle are 
shaped like an arrow, and that one arrow is painted white and the other is black. It is the 
white end of the needle that points to magnetic north. Because the needle is magnetic, it will 
also be attracted to large iron or steel objects in the near vicinity, to electrical power lines, 
and to operating generators (see paragraph 9-3b). Magnetic compass readings measured near 
such objects are apt to be in error due to the magnetic attraction of these objects. 


Figure G-1. M2 compass. 


G-2. CIRCULAR LEVEL 
The M2 compass has a circular level that is used to level the instrument when measuring 
azimuths. The circular level bubble must be centered before reading the azimuth. The 
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compass is equipped with front and rear sights for aligning on the object to which the 
azimuth is desired. 


G-3. COMPASS AZIMUTH SCALE 

The compass azimuth scale is a circle divided into 6400 mils. Beginning with zero, the 
graduations are numbered every 200 mils. The long, unnumbered graduations appearing 
halfway between the numbered graduations are the odd-numbered hundreds (100, 300, 500, 
and so forth). Short graduation marks divide each 100-mil segment into equal portions of 20 
mils. 

a. Reading the Azimuth Scale. Azimuths are read from the azimuth scale from the 
black end of the compass needle. 

b. Setting Up the Compass. To set up the M2 compass, open the cover and fold the 
rear sight holder out parallel with the face of the compass. Fold the rear sight up, 
perpendicular with its holder. Fold the front sight up, parallel with the mirror. Then fold the 
cover (mirror) toward the compass until it is at an angle of approximately 45 degrees to the 
face of the compass so that, with your eye behind the rear sight, the black end of the compass 
needle can be readily viewed in the mirror. The compass is now set up for measuring an 
azimuth. 

c. Measuring an Azimuth. Once the compass is set up and all steel objects are at least 
18 meters away from your position, you are ready to measure an azimuth. Hold the compass 
in both hands at eye level with your arms braced against your body and with the rear sight 
nearest your eyes. Sight through the rear sight and the window in the mirror and align the 
hairline at the reflection of the face of the compass. Center the circular level bubble. With 
the bubble centered and the hairline aligned on the object, look at the mirror reflection of the 
compass scale and read the azimuth to which the black end of the needle is pointing. 
Remember, magnetic attractions or movement by you may cause errors in your readings. 
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APPENDIX H 


ADDITIONAL AIDS 


This appendix provides information on the operation and function of 
already fielded, and soon to be fielded, devices that can be used as aids to 
navigation. 


H-1. AN/PVS-5, NIGHT VISION GOGGLES 

These goggles are passive night vision devices. An infrared light source and positive control 
switch permit close-in viewing under limited illumination. The AN/PVS-5 has a field of 
view of 40 degrees and a range of 150 meters. 

a. The device has the capability for continuous passive operation over a 15-hour period 
without battery replacement. It weighs 1.5 pounds and is face-mounted. An eyepiece diopter 
is provided so the device can be worn without corrective lenses. 

b. The device is designed to assist the following tasks: command and control, fire 
control, reconnaissance, close-in surveillance, terrain navigation, first aid, operation and 
maintenance of vehicles, selection of positions, traffic control, rear and critical area security, 
patrolling, combat engineer tasks, radar team employment, resupply activities, and flight-line 
functions. 

c. Itis a fielded system used by combat, CS, and CSS elements. The infantry, armor, 
air defense, field artillery, aviation, engineer, intelligence, military police, transportation, 
signal, quartermaster, chemical, maintenance, missile, and munitions units all use the device 
to help accomplish their missions. 

d. The AN/PVS-5 can assist the land navigator under limited visibility conditions. 
Chemical lights may be placed at selected intervals along the unit's route of movement, and 
they can be observed through the AN/PVS-5. Another navigation technique is to have one 
person reading the map while another person reads the terrain, both using AN/PVS-5's. This 
allows the map reader and the terrain interpreter to exchange information on what terrain is 
observed, both on the map and on the ground. It allows each user to concentrate his 
AN/PVS-5 on one task. Land navigation, especially mounted, is a task better performed by 
more than one person. The above technique allows one soldier to perform map interpretation 
in the cargo portion of the vehicle while another soldier, possibly the driver, transmits to him 
information pertaining to the terrain observed on the ground. 


H-2. AN/PVS-7, NIGHT VISION GOGGLES 

The AN/PVS-7 is a lightweight (1.5 pounds), image intensification, passive night-vision 
device that uses ambient light conditions. It has the same applications as the AN/PVS-5. It 
is designed to be used in the same way as, and by the same units as, the AN/PVS-5. The 
AN/PVS-7 has a field of view of 40 meters and a range of 300 meters in moonlight and 150 
meters in starlight. 


H-3. ENHANCED PLRS USER UNIT 

The enhanced position location reporting system (EPLRS)/joint tactical information 
distribution system (JTIDS), hybrid (PJH), is a computer-based system. It provides near real- 
time, secure data communications, identification, navigation, position location, and 
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automatic reporting to support the need of commanders for information on the location, 
identification, and movement of friendly forces. 

a. The EPLRS is based on synchronized radio transmissions in a network of users 
controlled by a master station. The major elements of a EPLRS community include the 
airborne, surface vehicular, and man-pack users; the EPLRS master station; and an alternate 
master station. The system can handle 370 user units in a division-size deployment per 
master station with a typical location accuracy at 15 meters. The man-pack unit weighs 
23 pounds and includes the basic user unit, user readout, antenna, backpack, and two 
batteries. 

b. The EPLRS are deployed at battalion and company level. Its use allows— 

(1) Infantry or tank platoons to locate their positions, know the location of their friendly 
units, navigate to predetermined locations, and be informed when near or crossing 
boundaries. 

(2) Artillery batteries to locate forward observers and friendly units, and position firing 
batteries. 

(3) Aircraft to locate their exact positions; know the location of other friendly units; 
navigate to any friendly units, or a location entered by pilot; navigate in selected flight 
corridors; and be alerted when entering or leaving corridors or boundaries. 

(4) Command and control elements at all echelons to locate and control friendly 
units/aircraft. 

c. The network control station is located at brigade level to provide position 
location/navigation and identification services. It also provides interface between the 
battalion and company systems, and the JTIDS terminals. 

d. Itis fielded to infantry, armor, field artillery, military police, engineer, intelligence, 
aviation, signal, and air defense artillery units. 

e. The EPLRS is a system that allows units to navigate from one point to another with 
the capability of locating itself and other friendly units equipped with the same system. 


H-4. GLOBAL POSITIONING SYSTEM 
The GPS is a space-based, radio-positioning navigation system that provides accurate 
passive position, speed, distance, and bearing of other locations to suitably equipped users. 
a. The system assists the user in performing such missions as siting, surveying, tactical 
reconnaissance, sensor emplacement, artillery forward observing, close air support, general 
navigation, mechanized maneuver, engineer surveying, amphibious operations, signal 
intelligence operations, electronic warfare operations, and ground-based forward air control. 
b. It can be operated in all weather, day or night, anywhere in the world; it may also be 
used during nuclear, biological, and chemical warfare. 
c. It has been widely fielded in both active and reserve component units. (See Appendix 
J for more information on GPS.) 


H-5. POSITION AND AZIMUTH DETERMINING SYSTEM 

The PADS is a highly mobile, self-contained, passive, all-weather, survey-accurate 
position/navigation instrument used by field artillery and air defense artillery units for fire 
support missions. Its basis of issue is two sets per artillery battalion. The device is about the 
size of a 3-kilowatt generator and weighs 322.8 pounds in operational configuration. 
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a. The two-man PADS survey party uses the high-mobility, multipurpose, wheeled 
vehicle, the commercial utility cargo vehicle, the small-unit support vehicle, or the M151 
1/4-ton utility truck. The system can be transferred while operating into the light observation 
helicopter (OH-58A) or driven into the CH-47 medium cargo helicopter. 

b. The system provides real-time, three-dimensional coordinates in meters and a grid 
azimuth in mils. It also gives direction and altitude. 

c. The PADS can be used by the land navigator to assist in giving accurate azimuth and 
distance between locations. A unit requiring accurate information as to its present location 
can also use PADS to get it. The PADS, if used properly, can assist many units in the 
performance of their mission. 


WARNING 
Laser devices are potentially dangerous. Their rays can and will 
burn someone's eyes if they look directly at them. Users should 


not direct the beams at friendly positions or where they could 
reflect off shiny surfaces into friendly positions. Other soldiers 
must know where lasers are being used and take care not to look 
directly at the laser beam. 


H-6. GROUND-VEHICULAR LASER LOCATOR DESIGNATOR 

The G/VLLD is the Army's long-range designator for precision-guided semi-active laser 
weapons. It is two-man portable for short distances and can be mounted on the M113A1 
interim FIST vehicle when it has the vehicle adapter assembly. The G/VLLD provides 
accurate observer-to-target distance, vertical angle, and azimuth data to the operator. All 
three items of information are visible in the operator's eyepiece display. 

a. The G/VLLD is equipped with an AN/TAS-4 night sight. This night sight increases 
the operator's ability to detect and engage targets during reduced visibility caused by 
darkness or battlefield obscuration. 

b. The G/VLLD can give the navigator accurate line-of-sight distance to an object. The 
system can be used to determine its present location using resection and can assist the 
navigator in determining azimuth and distance to his objective. 


H-7. QUICK RESPONSE MULTICOLOR PRINTER 

The QRMP is a self-contained, laser, xerography printer capable of reproducing maps, 
photographs, annotated graphics, transparent originals, and digital terrain data in full color 
on transparent material or standard map paper. The QRMP system will consist of a QRMP 
housed in an 8' by 8' by 20' ISO shelter mounted on a 5-ton truck with a dedicated 
military-standard 30-kilowatt generator. Each system will carry at least a seven-day supply 
of all necessary materials. 

a. The QRMP system has map size (24" by 30" paper size and 22.5" by 29" image size), 
color printing, scanning and electronics subsystems. It produces the first copy in less than 
five minutes in full color and sustains a copy rate of 50 to 100 copies per hour for full color 
products. The system uses a charged couple device array for scanning and sophisticated 
electronic signal processing to electrostatically discharge a selenium photoreceptor drum. 
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b. The QRMP has the capability to print terrain and other graphics directly from digital 
output from the digital topographic support system or another QRMP. The first unit is 
scheduled to be equipped with the QRMP in 1QFY97, and the initial operating capability 
is scheduled for 4QFY97. The QRMP system is used by the engineer topographers at 
division, corps, and echelons above corps. 
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APPENDIX | 


FOREIGN MAPS 


The use of foreign maps poses several problems to the land navigator. 
These products are often inferior in both content reliability and topographic 
accuracy to those produced by the DMA. Clues to these weaknesses are the 
apparent crudeness of the maps, unusually old compilation dates, or 
differences in mapped and actual terrain. The following characteristics 
should be examined closely. 


I-1. HYDROGRAPHY 

Of all the symbols on foreign maps, those for hydrography conform most closely to DMA 
usage. The use of blue lines and areas to depict streams, rivers, lakes, and seas seems to be 
universally accepted. The one caution to be observed is that foreign cartographers use 
different sets of rules to govern what is and what is not included on the map. Distinction 
between perennial and intermittent streams is usually not made. 


1-2. VEGETATION 

The classification and symbols for vegetation on most foreign maps are different to those 
used on DMA maps. The vegetation included on many foreign maps is often extensive, 
identifying not only vegetated areas--but also the specific types of vegetation present. Green 
is the predominant color used to represent vegetation; but, blue and black are sometimes 
used. The symbols that depict the various types of vegetation differ greatly from one foreign 
map to another. 


I-3. CULTURAL AND LINEAR FEATURES 
Perhaps the most striking difference between DMA and foreign maps is the set of symbols 
used to portray cultural features. Some symbols found on foreign maps are very unusual. 
Symbols for linear features on foreign maps are also likely to confuse the user who is 
accustomed to DMA symbols. DMA uses 10 basic road symbols to portray different classes 
of roads and trails; foreign mappers use many more. 


I-4. TERRAIN RELIEF 
Foreign maps generally use contour lines to portray terrain relief, but substantial variability 
exists in the contour intervals employed. They may range from 5 to 100 meters. 


I-5. SCALE 

Scales found on foreign maps include 1:25,000, 1:63,360, 1:63,600, 1:75,000, and 
1:100,000. Most foreign large-scale topographic maps have been overprinted with 1,000- 
meter grid squares; so, it is unlikely that the variable scales will have much effect on your 
ability to use them. However, you must learn to estimate grid coordinates because your 
1:25,000 and 1:50,000 grid coordinate scales may not work. 
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1-6. STEPS TO INTERPRETING FOREIGN MAPS 
After discussing the many difficulties and limited advantages encountered when using 
foreign maps, it is only appropriate that some strategy be offered to help you with the task. 

a. In the August 1942 issue of The Military Engineer, Robert B. Rigg, Lieutenant, 
Cavalry, suggested a five-step process for reading and interpreting foreign maps. It is as 
appropriate today as it was when he first proposed it. 

Step 1. Look for the date of the map first. There are generally four dates: survey and 
compilation, publication, printing and reprinting, and revision. The date of the survey and 
compilation is most important. A conspicuous date of revision generally means that the 
entire map was not redrawn—only spot revisions were made. 

Step 2. Note whether the publisher is military, government, or civilian. Maps published 
by the government or the military are generally most accurate. 

Step 3. Look at the composition. To a great extent, this will reveal the map's accuracy. 
Was care taken in the cartography? Are symbols and labels properly placed? Is the 
draftsmanship precise? Is the coastline or river bank detailed? 

Step 4. Observe the map's color. Does it enhance your understanding or does it obscure 
and confuse? The importance of one subject (coloring) must warrant canceling others. If it 
confuses, the map is probably not very accurate. 

Step 5. Begin to decode the various map colors, symbols, and terms. Study these items 
by examining one feature classification at a time (culture, hydrography, topography, and 
vegetation). As an accomplished navigator, you should already have a good understanding 
of your area of operations, so translation of the map's symbols should not present an 
impossible task. Use your notebook to develop an English version of the legend or create a 
new legend of your own. 

b. In dealing with the challenge of using a foreign map, be certain to use these five 
steps. In doing so, you are also encouraged to bring to bear all that you know about the 
geographic area and your skills in terrain analysis, map reading, map interpretation, and 
problem solving. After careful and confident analysis, you will find that what you do know 
about the foreign map is more than what you do not know about it. The secret often lies in 
the fact that the world portrayed on a map represents a kind of international language of its 
own, which allows you to easily determine the map's accuracy and to decode its colors, 
symbols, and labels. 
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APPENDIX J 


GLOBAL POSITIONING SYSTEM 


The ability to accurately determine position location has always been a 
major problem for soldiers. However, the global positioning system has 
solved that problem. Soldiers will now be able to determine their position 
accurately to within 10 meters. 


J-1. DEFINITION 

The GPS is a satellite-based, radio navigational system. It consists of a constellation with 24 
active satellites that interfaces with a ground-, air-, or sea-based receiver. Each satellite 
transmits data that enables the GPS receiver to provide precise position and time to the user. 
The GPS receivers come in several configurations, hand-held, vehicular-mounted, aircraft- 
mounted, and watercraft-mounted. 


J-2. OPERATION 

The GPS is based on satellite ranging. It figures the users’ position on earth by measuring 
the distance from a group of satellites in space to the users’ location. For accurate three- 
dimensional data, the receiver must track four or more satellites. Most GPS receivers provide 
the user with the number of satellites that it is tracking, and whether or not the signals are 
good. Some receivers can be manually switched to track only three satellites if the user 
knows his altitude. This method provides the user with accurate data much faster than that 
provided by tracking four or more satellites. Each type receiver has a number of mode keys 
that have a variety of functions. To better understand how the GPS receiver operates, refer 
to the operators' manual. 


J-3. CAPABILITIES 
The GPS provides worldwide, 24-hour, all-weather, day or night coverage when the satellite 
constellation is complete. The GPS can locate the position of the user accurately to within 
21 meters—95 percent of the time. However, the GPS has been known to accurately locate 
the position of the user within 8 to 10 meters. It can determine the distance and direction 
from the user to a programmed location or the distance between two programmed locations 
called way points. It provides exact date and time for the time zone in which the user is 
located. The data supplied by the GPS is helpful in performing several techniques, 
procedures, and missions that require soldiers to know their exact location. Some examples 
are: 

e Sighting. 

e Surveying. 

e Sensor or minefield emplacement. 

e Forward observing. 
Close air support. 
Route planning and execution. 
e Amphibious operations. 
Artillery and mortar emplacement. 
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e Fire support planning. 


J-4. LIMITATIONS 

A constellation of 24 satellites broadcasts precise signals for use by navigational sets. The 
satellites are arranged in six rings that orbit the earth twice each day. The GPS navigational 
signals are similar to light rays, so anything that blocks the light will reduce or block the 
effectiveness of the signals. The more unobstructed the view of the sky, the better the system 
performs. 


J-5. COMPATABILITY 

All GPS receivers have primarily the same function, but the input and control keys vary 
between the different receivers. The GPS can reference and format position coordinates in 
any of the following systems: 

e Degrees, Minutes, Seconds (DMS): Latitude/longitude-based system with position 

expressed in degrees, minutes, and seconds. 

e Degrees, Minutes (DM): Latitude/longitude-based system with position expressed in 

degrees and minutes. 

e Universal Traverse Mercator (UTM): Grid zone system with the northing and 

easting position expressed in meters. 

e Military Grid Reference System (MGRS): Grid zone/grid square system with 

coordinates of position expressed in meters. 
The following is a list of land navigation subjects from other sections of this manual in 
which GPS can be used to assist soldiers in navigating and map reading: 

a. Grid Coordinates (Chapter 4). GPS makes determining a 4-, 6-, 8-, and 10-digit grid 
coordinate of a location easy. On most GPS receivers, the position mode will give the user 
a 10-digit grid coordinate to their present location. 

b. Distance (Chapter 5) and Direction (Chapter 6). The mode for determining distance 
and direction depends on the GPS receiver being used. One thing the different types of 
receivers have in common is that to determine direction and distance, the user must enter at 
least one way point (WPT). When the receiver measures direction and distance from the 
present location or from way point to way point, the distance is measured in straight line 
only. Distance can be measured in miles, yards, feet, kilometers, meters, or nautical knots 
or feet. For determining direction, the user can select degrees, mils, or rads. Depending on 
the receiver, the user can select true north, magnetic north, or grid north. 

c. Navigational Equipment and Methods (Chapter 9). Unlike the compass, the GPS 
receiver when set on navigation mode (NAV) will guide the user to a selected way point by 
actually telling the user how far left or right the user has drifted from the desired azimuth. 
With this option, the user can take the most expeditious route possible, moving around an 
obstacle or area without replotting and reorienting. 

d. Mounted Land Navigation (Chapter 12). While in the NAV mode, the user can 
navigate to a way point using steering and distance, and the receiver will tell the user how 
far he has yet to travel, and at the current speed, how long it will take to get to the way point. 

e. Navigation in Different Types of Terrain (Chapter 13). The GPS is capable of 
being used in any terrain, especially more open terrain like the desert. 


1408. Divide a Polynomial by a Polynomial 


When you divide polynomials, arrange the divisor in descending (normal), or ascending order of 
degree of one of the literal factors if possible. Use zeros as space holders for any degree missing 
between the higher and lower degrees. Arrange the dividend the same as you did for the divisor. 
Read through each step carefully. If you have difficulty following the example, read the 
paragraph again. 


Note: Remember your definitions for exponent degrees discussed in paragraph 1401. 


Example: 
(1943 + 5la? +12a> — 1804+ 61)+(-2a+a? +3) 


a2 —2a +3] 1245 — 18a4 + 19a3 +51a2+0a+61 


Note: The problem has been set up in long division, descending order, and a place 
holder of 0 has been placed in the dividend. 


W Step 1 You need to divide the first term of the divisor into the first term of the 


dividend to find the first term of the quotient. Then multiply the entire divisor 
by the first term of the quotient. 


12a° dividend 
a2 divisor 


=12q3 
12a3(a2 —2a4+3) = 1205 — 24a* + 36a? 
12a3 


a? —2a+3] 12a5— 18a+ + 19a? +51la2+0a+61 
—(12a° — 24a* + 36a?) 


W Step 2 Just as you would do in long division, subtract this product from the dividend 
by changing the signs and adding algebraically. 


12a3 


a? —2a+3] 12a5— 18a + 19a? +5la2+0a+61 
—12a> + 24a* — 36a? 
6a* —17a?+5la?+0a+61 
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f. Unit Sustainment (Chapter 14). The GPS can be used to read coordinates to quickly 
and accurately establish and verify land navigation courses. 


DRAFT FM 3-25.26 


APPENDIX K 


PRECISION LIGHTWEIGHT GLOBAL POSITIONING 
SYSTEM RECEIVER 


The precision lightweight global positioning system receiver (PLGR) 
is a highly accurate satellite signal navigation set (referred to in this 
appendix as AN/PSN-11). 


K-1. CONCEPT OF OPERATION 

The AN/PSN-11 is designed for battlefield use anywhere in the world. It is sealed 
watertight for all weather day or night operation. The AN/PSN-11 is held in the left hand 
and operated with the thumb of the left hand. Capability is included for installation in 
ground facilities, and air, sea, and land vehicles. The AN/PSN-11 is operated stand-alone 
using prime battery power and integral antenna. It can be used with external power 
source and external antenna. 

a. The AN/PSN-11 provides the user with position coordinates, time, and navigation 
information under all conditions, if— 

e No obstructions block the line-of-sight satellite signal from reaching the 
antenna. 

e Valid crypto keys are used to protect the AN/PSN-11 from intentionally 
degraded satellite signals. 

b. Many data fields, such as elevation, display units of information. The format of 
the units can be changed to your most familiar format. 

c. Map coordinates are entered as a way point. When a way point is selected as a 
destination, the AN/PSN-11 provides steering indications, azimuth, and range 
information to the destination. A desired course to a way point is entered. Offset distance 
from this course line is shown. 

d. Up to 999 way points can be entered, stored, and selected as a destination. A route 
is defined for nav either start-to-end or end-to-start. The route consists of up to nine legs 
(10 way points) linked together. 


K-2. CAPABILITIES 

Data provided by the AN/PVS-11 helps complete missions such as: 
e Siting. 

Surveying. 

Tactical reconnaissance. 

Sensor emplacement. 

Artillery forward observing. 

Close air support. 

General navigation. 

Mechanized maneuvers. 

Engineer surveying. 

Amphibious operations. 

Parachute operations. 

Signal intelligence. 

Electronic warfare. 
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e Ground-based forward air control. 
This data is displayed on the AN/PSN-1ldisplay. It is also available from a serial data 
port. 


K-3. CHARACTERISTICS 

The AN/PSN-11 is less than 9.5 inches long, 4.1 inches wide, and 2.6 inches deep. It 
weighs 2.75 pounds with all batteries in place. The small size and lightweight make the 
set easy to carry and use. The durable plastic case is sealed for all-weather use. The 
AN/PSN-11 features make it easy to use. (These features are highlighted in the physical 
description in Figure K-1). 


KYK-13/KOI-18/SINCGARS 


Connector (J1)/Cover 
Power Battery Cover Mates with ON199138 


Twists off for easy field : 
Pop-off t 
replacement of power battery pide oe aie 


Rear Panel Connectors 
. f \ (J2, J3, & J4) 
Display | | Provide access for serial 
4-line x 16-character data ports, external 


alphanumeric Mode antenna, external power 
dependent, variable format 


Flashing field selection 


("] (an) =] 
‘e)iv)i>) 


ef 
MARK Lock 
— i 


Integral Antenna 
Flip-up swivel Compact 
storage Facilitates optimum 
view angle while receiving 


satellite signals 
Easy one-handed operation 
Adjustable 


Facilitates thumb keying o_o coreg Cover 
crews out for easy 


replacement of memory battery 
Keypad 
Oversized keys for ease of operation 
Dual Modes: 
Control - for one-handed use 
Numeric - for quick two-handed data entry 


Figure K-1. Physical features. 


K-2 


K-4. 
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SETUP AND CONTROL 


Setting up the operation parameters of the PLGR is critical. This section describes the 
display, procedures, and principles used in setting the AN/PSN-IIdisplays to suit the 
needs of the user. This display consists of seven pages that allows the user to control the 
following parameters: 


Operating mode. 

Type of satellites to use. 
Coordinate system. 

Units. 

Magnetic variation. 
Display customization. 
Navigation Display mode. 
Elevation hold mode. 
Time and error formats. 
Datum. 

Automatic off timer. 
Datum port configuration. 
AutoMark mode. 


To set the PLGR up for continuous operation: 
a. Turn the PLGR ON. Once it has completed its built-in-test (BIT) press the 
MENU key and move the cursor to SETUP (Figure K-2). Activate the SETUP function. 


<move> select 
STATUS SETUP 


INIT TEST 
HELP <MORE> P 


Figure K-2. SETUP. 


b. The first screen (Figure K-3) allows the operator to set the operating mode and 
SV-Type. Scroll through the operating modes and select CONT and for the SV-Type 


Mixed. 


SETUP MODE: CONT 
Continuous POS 


and VEL _ update 
SV-TYPE: mixed P 


Figure K-3. Operating mode and SV-type. 
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c. The second screen (Figure K-4) allows the operator to setup the units. Scroll 
through the available coordinates and select MGRS-New and Metric. For the Elevation 
select meter and MSL and for the Angle select Degrees and Magnetic. 


SETUP UNITS 
MGRS-New Metric 


Elev: meter MSL 
ANGL: Deg Mag P 


Figure K-4. Setup the units. 


d. The third screen (Figure K-5) should be set for the MAGVAR (Magnetic 
variation or GM Angle for your area). The operator can select Calculate the degree or 
manually enter degrees as an Easterly or Westerly GM Angle; for example, E021.0 for 
the TENINO Map Sheet. 


SETUP MAGVAR 
TYPE: Calc deg 
WWM 1995 

P 


Figure K-5. Magnetic variation or GM angle setup. 


e. The fourth screen (Figure K-6) of setup allows the operator to set the Elevation 
Hold, Time, and Error. The operator should set the ELHOLD to automatic. As for time 
the operator needs to know, from their present location, how many hours they are ahead 
of or behind Greenwich Mean Time. For example, during Daylight savings time, Fort 
Benning, GA. is Loc=Z-0400. To set the ERR, the operator selects -+m to let him know 
in meters how accurate the PLGR is operating. 


SETUP 
ELHold : automatic 


TIME: Loc=Z-0400 
ERR: +-m P 


Figure K-6. Set elevation, time, hold, and error. 


f. The fifth screen (Figure K-7) of setup allows the operator to set the PLGR Datum 
to their area of operation and to set the Automatic Off Timer. The PLGR has fifty-two 
map Datum sets available. The operator should set the PLGR Datum to their area of 
operation. For example, if your map Datum is WGS-84, the operator sets the PLGR to 
WGS-84. If the map is 1927 North America Datum, the operator sets the Datum to 
NAS-C. The automatic timer off is used to turn the PLGR off after a prescribed time once 
it has acquired a fixed position. The operator should set this mode to OFF. 
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SETUP DTM:NAS-C 
NA27CONUS /CIk66 


AUTOMATIC OFF 
TIMER: off P 


Figure K-7. Set the PLGR Datum. 


g. The sixth screen (Figure K-8) in setup is the In/Out Port screen. This page allows 
the operator to control serial communications, HAVEQUICK and 1PPS options. Select 
Standard unless otherwise directed and select OFF for Havequick and 1PPS. 


SETUP I/O 

SERIAL: Standard 
HAVEQUICK: Off 
1PPS: Off P 


Figure K-8. In/out port screen. 


h. The seventh screen (Figure K-9) is setup AUTOMARK. This feature allows the 
operator to have the PLGR periodically wake-up, acquire a position fix, store the position 
as a way point, or return to the mode of operation it was previously in. The operator 
should set this mode to OFF. The remaining pages for SETUP are for advance GPS 
users. 


SETUP AUTOMARK 
MODE: off WPO002 


26-04-01 0935L 
REPEAT O00hOOm = P 


Figure K-9. AUTOMARK setup. 


i. Once the PLGR is SETUP, the operator can now obtain a position. This procedure 
is accomplished by activating the Position (POS) key. The position displayed is OLD 
information until the receiver collects and calculates satellite data and displays the current 
position. The receiver must be tracking three satellites to obtain a two-dimensional fix 
position and four or more satellites for a three-dimensional fix position. The third 
dimension is elevation. 


K-5. WAY POINT OPERATIONS 

A way point is the location of a point on a desired course described by coordinates or a 
physical location. A normal mission consists of a series of way points. The way points 
available on the AN/PSN-11 are 999 (numbered 01 through 999). 
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a. This paragraph describes the AN/PSN-11 way point displays and way point 
operations. The way point display pages are used to perform the following operations: 
e Enter, edit, or review way points. 
e Copy way points. 
e Determine the distance between way points. 
e Calculate a new way point. 
e Clear way points. 
e Define a mission route. 

b. To enter a way point, the operator needs to press the way point (WP) key 
(Figure K-10). When the way point menu appears, the ENTER function flashes. The 
operator presses the down arrow key to activate this field. Now the operator enters a way 
point name, grid zone designator, 100,000-meter grid square identifier, 10-digit grid 
coordinate, and elevation. 


WP <move> sel 
ENTER EDIT COPY 


SR-CALC RNG CALC 
DIST CLEAR ROUTE 


Figure K-10. Enter a way point. 


c. To enter a way point name, the operator presses the right arrow key until the first 
letter of the word UNUSED(WP?#) is flashing (Figure K-11). Scroll up or down through 
the alphabet changing the letter U to whatever is desired. For example, if the operator 
wanted to name their way point NORTH STAR, the operator scrolls down the alphabet 
until the letter U is changed to the letter N (Figure K-12). The operator repeats this 
process for the remaining letters. 


WP002 UNUSEDO02 
B MGRS-New 
AN 00000e 00000n 
No EL CLR_P 


Figure K-11. Unused. 


WP002 NORTHSTAR 
10T MGRS-New 


EG 13130e 95750n 
No EL CLR N 


Figure K-12. Change a name. 
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d. Second line, the operator enters the grid zone designator for their area of 
operation. For example, the Fort Benning area falls in the 16S zone. 

e. Third line, the operator must enter a 10-digit grid coordinate with its 
100,000-meter grid square identifier. For example, if the way point location is Offutt 
Lake, Tenino map sheet, the 100,000-meter grid square identifier is EG. Then, the 
operator plots the grid coordinates on the map and enters it into the PLGR. 


NOTE: Operator plots 8-digit grid coordinates, however a 10-digit coordinate is 
entered. Therefore, the 5" and 10" digit entered is a zero (0). 


f. For the fourth line, if the elevation of the way point is known, the operator can 
enter it. If the elevation is not known the operator can just leave the data as zero or No 
EL. The operator moves the cursor until the Up and Down arrow symbol appears before 
the letter P or N in bottom right corner. When activating the down arrow key the operator 
stores the way point into the PLGR’s memory. The PLGR notifies the operator that the 
way point has been stored. 


NOTE: When entering numbers, the NUM LOCK can be activated. The letter N 
appears in the bottom right corner allowing the operator to use the numbers on 
the keypad rather then scrolling up/down (Figure K-12). 


K-6. NAVIGATION 

Navigation (nav) is using the AN/PSN-11 to find your present position, relative to other 
points. The AN/PSN-11 provides azimuth, range, and steering information in a variety of 
formats. There are four navigation display modes that may be accessed and selected. 
The navigation display mode selected determines the type of information shown on the 
navigation displays. These navigation displays give the user the most useful information 
for a certain mission profile: SLOW, 2D FAST, 3D FAST OR CUSTOM. 

e In SLOW nav mode, the AN/PSN-11 performs two-dimensional (2D) nav. Slow 
nav mode is used for land or sea nav, when the user cannot maintain the minimum 
speed necessary (about 1.5 kmph). 

¢ In 2D FAST nav mode, the AN/PSN-11 performs two-dimensional (2D) nav. 2D 
FAST nav mode is used for land or sea nav, when the user can maintain the 
minimum speed necessary for GPS to compute navigation parameters based on 
velocity. 

e In3D FAST nav mode, the AN/PSN-11 performs three-dimentional (3D) nav. 3D 
FAST nav mode has an APPROACH sub-mode. 3D FAST nav mode is used for 
air nav, when the user can travel in three dimensions and can maintain the 
minimum speed necessary for GPS to compute navigation parameters based on 
velocity. 

e In CUSTOM nav mode, the AN/PSN-11 performs the users navigational display 
pages as so desired. It can be set-up to support the individual user’s performances 
or mission requirements. The following custom display modes are available: 

= Direct. 
= Course To. 
= Course From. 
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=" Route. 
= Approach. 
To navigate with the PLGR on land in a Dead-Reckoning method, the PLGR nav mode is 
accomplished as follows. 
a. The operator presses the NAV key activating the nav function. The first screen 
that appears is the nav mode (Figure K-13). For example, SLOW, 2D FAST, 3D FAST, 
CUSTOM, DIRECT, CRS TO, and CRS FROM. 


2D FAST DIRECT 
WP002 NORTHSTAROO2 


P 


Figure K-13. Navigation mode. 


b. The operator selects the 2D FAST and DIRECT. The second line is the way 
point desired to be navigated. (Scroll through the way points that are stored to choose the 
desired way point.) 

c. To see the azimuth that the navigator should be traveling on, go to the next page 
by pressing the down arrow key (Figure K-14). This page tells the navigator what 
azimuth they are heading on (TRK=tracking), and the actual azimuth the navigator 
should be heading on (AZ). The fourth line tells the navigator Steering (STR). A 
direction (< >) and a number of degrees the navigator needs to move to travel on their 
actual azimuth. 


NORTHSTAROO2  +-30m 
TRK 305.3 M 


AZ 311.3M 
STR >6 


Figure K-14. Azimuth. 


d. The third screen (Figure K-15) tells the navigator the range or distance to their 
way point and how much time (TTG2) it will take them to get to their way point. This 
page also lets the navigator know what is the elevation difference from their present 
location to the way point and by how much they will miss their way point by (MMD). 


RNG 3598.55km 
TTG2  0036:05 


ELD -00050m 
MMD2 30m 


Figure K-15. Range or distance. 
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EPLRS 


FIST 
FM 
FORSCOM 


GD 
GEOREF 
G-M 
GPS 
GSR 
GTA 
G/VLLD 


HD 
HHC 
HMMWV 


JOG 
JTIDS 


km 


LAT 


FM 3-25.26 


GLOSSARY 


avenue of approach 
advanced noncommissioned officer course 
Army regulation 


basic noncomissioned officer course 
basic training 


centimeter 

continental United States 
combat support 

combat service support 
commercial utility cargo vehicle 


Department of Defense 
Defense Mapping Agency 


east 
enhanced position location reporting system 


fire support team 
field manual 
United States Army Forces Command 


ground distance 

geographic reference system 
grid-magnetic 

global positioning system 

ground surveillance radar 

graphic training aid 

ground/vehicular laser locator designator 


horizontal distance 
headquarters and headquarters company 


high-mobility multipurpose wheeled vehicle 


joint operations graphics 
joint tactical information distribution system 


kilometer 


latitude 
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W Step3 You should repeat the first two steps until there is no remainder or a remainder 


of which the first term cannot be evenly divided by the first term of the divisor. 
1203 + 6a? 


a2 —2a+3] 12a5 — 18a+ +1943 +51la2+0a+61 
—12a> + 24a* — 36a? 


6a* — 17a? +5la?+0a+6l 
—6a* + 12a3 — 18a? 


—5a> +33a?+0a+61 


12a? + 6a? —5a 


a2 —2a+3] 12a5— 18a+ + 1943 +5la2+0a+61 
—12a5 + 24a* — 36a? 


6a* — 17a? +5la?+0a+6l 
—6a* + 12a3 — 18a? 


—5a> +33a?+0a+61 
5a>— 10a? + 15a 
23a7+ 15a+61 


12a? + 6a? —5a+23 


a2 —2a +3] 12a5 —18a+ +1943 +5la2+0a+61 
—12a° + 24a* — 36a? 


6a* — 17a? +5la?+0a+61 
—6a* + 12a3 — 18a? 


—5a3 +33a*+0a+6l 
5a> — 10a? + 15a 
23a? +15a+61 
—23a? + 46a —69 
6la-—8 


w Step4 61a does not divide evenly by a” , so the quotient is the algebraic sum of each of 


the partial quotients obtained and (if there is a remainder) a fraction with the 
remainder in the numerator and the divisor in the denominator. 


12a°—18a4+ 19a3+ 51a2+ 61 


6la—8 
ee 3 2 VIET oO 
(D6s5 = 12a°+6a°—5a+23 + 9643 
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tan 

T™ 

TOW 
TRADOC 
topo 

UPS 

US 

USGS 
UT 


VD 
VNAS 


WwW 
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map distance 
mission, enemy, terrain, troops and time available 
map interpretation and terrain association course 


north 
noncommissioned officer 


officer advanced course 
officer basic course 

officer candidate school 
one station unit training 


position and azimuth determining system 

photo distance 

hybrid (PLRS and JTIDS) 

primary leadership development course 

Precision Lightweight Global Positioning System Receiver 
program of instruction 

precommission 


quick response multicolor printer 
Reserve Officers' Training Corps 


south 
standard form 
shapes, orientations, sizes, elevations, and 


small-unit support vehicle 


tangent 

technical manual 

tube-launched, optically tracked, wire-guided missile 
Training and Doctrine Command 

topographic 


universal polar stereographic 
United States 

United States Geological Survey 
universal transverse mercator 


vertical distance 
vehicular navigation aids system 


west 
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azimuth 
back, 6-3 (illus) 
grid, 6-2, 6-3 (illus), 6-4, 6-8 
magnetic, 6-3, 6-11 (illus) 
origin, 6-3 (illus) 
plotting, 6-8 (illus) 


base lines, 6-2 (illus) 
grid north, 6-2 
magnetic north, 6-1 
true north, 6-1 

bench marks, 10-5 


codes, numerical, 4-25, 4-27 
colors, map, 3-6 
compass, lensatic 
handling, 9-1, 9-2 
orienting a map, 11-1 
parts, 9-1, 9-2 (illus) 
techniques, 9-2 thru 9-6 
compass, M2, G-1 
contour intervals, 10-2 (illus) 
conversion tables, C-1 thru C-3 
course, land navigation, 14-2 


dead reckoning, 11-14, 12-6, 12-7 
declination 
conversion, 6-9 thru 6-14 
diagram, 6-9 (illus), 11-1, 11-2 
degree, 6-1 
distance determiners 
estimation, 5-12 (illus) 
odometer, 5-11 
pace count, 5-11 
subtense, 5-12 


elevation depicting method 
bench marks, 10-5 
contour intervals, 10-2 (illus) 
spot elevations, 10-5 


EPLRS (enhanced position location reporting system), H-1, H-2 


extension scale, 5-3 thru 5-8, 5-9 (illus) 
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false easting, 4-11, 4-12 (illus) 

false northing, 4-11, 4-12 (illus) 

field expedient methods 
shadow-tip method, 9-7 (illus) 
star method, 9-9, 9-10 (illus) 
watch method, 9-8, 9-9 (illus) 

folding a map, B-1 

foreign map, 2-7 


G/VLLD (ground/vehicular laser locator designator), H-3 
geographic coordinates, 4-1 
geographic interval, 4-3 
GEOREF (World Geographic Reference System), 4-25, 4-26 (illus) 
global positioning system, 9-12, H-2, J-1, J-2 
grad, 6-1 
graphic (bar) scales, 5-3 (illus) 
extension scale, 5-3 thru 5-9 (illus) 
primary scale , 5-3 thru 5-6 
time-distance scale, 5-10 (illus) 
grid coordinates, 4-14 thru 4-21 
grid-magnetic angle, 6-9 
grid north, 6-2 
grid reference box, 4-13, 4-24, 4-25 (illus) 
grids, military, 4-10 
coordinates, 4-1 thru 4-10 
lines, 4-11, 4-14, 4-15 (illus) 
reference system, 4-1 
squares, 4-3, 4-10, 4-14 (illus) 
Universal Polar Stereographic, 4-11, 4-12 (illus) 
Universal Transverse Mercator, 4-10, 4-11 (allus) 


intersection methods 
map and compass, 6-15 (illus) 
straightedge, 6-16 (illus) 


joint operations graphic, 2-5 (illus), 2-6 
air, D-1 
ground, D-1 


latitude, 4-1 thru 4-4 
longitude, 4-1 thru 4-4 


M2 compass, G-1, G-2 
magnetic north, 6-1 
maps 

foreign, I-1 
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military city map, 2-6 
photomap, 2-5 
planimetric, 2-5 
special, 2-6 
substitutes for military maps, 2-7 
topographic, 2-5 
types, 2-1 
marginal information, 3-1 thru 3-4, 3-4 (illus) 
colors, 3-6 
symbols, 3-6 
measures 
angular, C-1 
conversion factors, C-2 (table) 
English system, C-1 (table) 
metric system, C-1 (table) 
mil, 6-1 
military city map, 2-4 
mounted navigation 
combination, 12-4 
dead reckoning, 12-6 
duties, 12-1 
effects of terrain, 12-1 
terrain association, 12-3, 12-4 
vehicle capabilities, 12-2 


navigation methods 
arctic, 13-9 
combination of techniques, 11-8 
dead reckoning, 11-14 
deserts, 13-1 
jungles, 13-6 
mountains, 13-4 
mounted, 12-1 
night, 11-15 
terrain association, 11-16 
urban areas, 13-10 

night vision goggles 
AN/PVS-5, H-1 
AN/PVS-7, H-1 


orienteering, civilian, F-20 
orienteering, military 

control points, F-10 

course, F-2 thru F-5 

equipment, F-5, F-6 

map symbols, F-1 thru F-19 (illus) 
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Index-3 


FM 3-25.26 


officials, F-5 
safety, F-10 
scoring, F-4 
start/finish area, F-5 
techniques, F-19 
orienting the map methods 
using a compass, 11-1, 11-2 (illus) 
using field expedients, 11-6 
using terrain association, 11-5 (illus) 
overlay 
aerial photograph, 7-3, 7-4 (illus) 
map, 7-1, 7-3 (illus) 


PADS (position and azimuth determining system), H-3 
photographs, aerial 
advantages, 8-1 
disadvantages, 8-1 
features, 8-17 
film types, 8-7 
indexing, 8-10 thru 8-13 
numbering and titling, 8-7 
scale determination, 8-8, 8-9 (illus) 
stereovision, 8-18 thru 8-22 (illus) 
types, 8-1 thru 8-7 
photomap, 2-5 
photomosaic, 2-6 
planimetric map, 2-5 
point designation grid, 8-14 thru 8-17 (illus) 
polar coordinates, 6-20, 6-20 (illus) 
polar plot, 6-20 (illus) 
prime meridian, 4-9, 4-10 (illus), 4-10 (table) 
procurement, 2-1, 2-2 
profiles, construction, 10-20 
protractor, 6-5 
types, 6-6 (illus) 
usage, 6-7, 6-8 


QRMP (quick response multicolor printer), H-3, H-4 


range estimation, factors of, 5-1 (table), 5-14 
relief depicting methods 

contour lines, 10-1 

form lines, 10-1 

hachures, 10-1 

layer tinting, 10-1 

shaded relief, 10-1 
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representative fraction (scale), 2-2, 2-3, 2-4, 5-1 
large 
medium 
small 
resection method 
map and compass, 6-17 (illus) 
modified, 6-10 (illus) 
straightedge, 6-18 (illus) 
ridgeline, 10-11 (illus) 
ridgelining, 10-19, 10-20 (illus) 


safety, 1-2 

scale (representative fraction), 2-3, 2-4, 5-1 

sketches, military, A-1 

skill progression, navigation 
enlisted, 1-1 
officer, 1-1 

slopes (all illus) 
concave, 10-6 (illus) 
convex, 10-7 (illus) 
gentle, 10-5, 10-6 
percentage, 10-8, 10-9 
steep, 10-5 (illus) 


SOSES (shape, orientation, size, elevation, slope), 10-18, 10-19 


special map, 2-6 
stereovision 
mirror stereoscope, 8-21 (illus) 
overlap, 8-10 (illus) 
pocket stereoscope, 8-20 (illus) 
side lap, 8-20 (illus) 
stereopair, 8-21 (illus) 
streamlining, 10-19, 10-20 (illus) 
sustainment program 
certification, 14-1 
development, 14-1 
training guidance, 14-1 
symbols, map 
military, 3-6 
topographic, 3-4 (illus) 


terrain analysis, tactical 
METT-T, 11-7 
OCOKA, 11-6 
route selection 11-12, 11-13 


terrain association, 11-7, 11-8 (illus), 12-3 thru 12-6, 12-8 


terrain features, 10-11 thru 10-16, 10-17 (illus) 
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interpretation, 10-17 thru 10-20 
major, 10-12 thru 10-14 (illus) 
minor, 10-14, 10-16 (illus) 
profiles, 10-20 thru 10-24 
supplementary, 10-16, 10-17 (illus) 
terrain model, 2-6 
terrain types 
arctic, 13-9, 13-10 
deserts, 13-1 thru 13-4 
jungles, 13-6 thru 13-9 
mountains, 13-4, 13-6 
urban, 13-10 
topographic map, 2-5 
train-the-trainer program, 14-1, 14-2 
training material, exportable, E-1 
true north, 6-1 


Index-6 


By Order of the Secretary of the Army: 


Official: 


Je: HUDSON 


Administrative Assistant to the 
Secretary of the Army 
0116205 


DISTRIBUTION: 


FM 3-25.26 (FM 21-26) 
20 JULY 2001 


ERIC K. SHINSEKI 
General, United States Army 
Chief of Staff 


Active Army, Army National Guard, and U. S. Army Reserve: To be distributed in 
accordance with the initial distribution number 110166, requirements for FM 3-25.26. 


PIN: 079139-000 


Now that you have studied the example, work this challenge. 


If your answer to the challenge is the same as those below, you are correct and may continue. If 
you answered either part incorrectly, go back check your work over and review paragraph 1408 


before continuing. 


(a) 
6f? + 148+ 28 


f? —2f 684 + 263 + Of? — 68-16 
—6f* + 126? 
146? + 06? 
—1483 +28? 
282 — 6B 
~28f? + 568 
506-16 


= 66? + 148 +28 +p 


1-64 


(b) 
x2 45 
x2 —Ixt 43x27 45 
—x4 42x? 
5x7 +5 
—5x? +10 


eae? 15 
=a +o a5 
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Study Guide 


Congratulations —§ Congratulations on your enrollment in a distance learning course from the 
Distance Learning and Technologies Department (DLTD) of the Marine 
Corps Institute (MCI). Since 1920, the Marine Corps Institute has been 
helping tens of thousands of hard-charging Marines, like you, improve their 
technical job performance skills through distance training. By enrolling in 
this course, you have shown a desire to improve the skills you have and 
master new skills to enhance your job performance. The distance learning 
course you have chosen, MCI 0381C, Land Navigation, provides instruction 
to all Marines having duties that may require them to navigate over unfamiliar 
terrain. 


Your Personal e YOU ARE PROPERLY MOTIVATED. You have made a positive 

Characteristics decision to get training on your own. Self-motivation is perhaps the most 
important force in learning or achieving anything. Doing whatever is 
necessary to learn is motivation. You have it! 


e YOU SEEK TO IMPROVE YOURSELF. You are enrolled to improve 
those skills you already possess, and to learn new skills. When you 
improve yourself, you improve the Corps! 


e YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you 
have shown you are a self-starter, willing to reach out for opportunities to 
learn and grow. 


e YOU ACCEPT CHALLENGES. You have self-confidence and believe 
in your ability to acquire knowledge and skills. You have the self- 
confidence to set goals and the ability to achieve them, enabling you to 
meet every challenge. 


e YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL 
GOALS. You are willing to commit time, effort, and the resources 
necessary to set and accomplish your goals. These professional traits will 
help you successfully complete this distance training course. 


Continued on next page 
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Beginning Your 
Course 


Leafing 
Through the 
Text 


The First Study 
Unit 


Reading the 
Learning 
Objectives 


Completing the 
Exercises 


Before you actually begin this course of study, read the student information 
page. If you find any course materials missing, notify your training officer or 
training NCO. If you have all the required materials, you are ready to begin. 


To begin your course of study, familiarize yourself with the structure of the 
course text. One way to do this is to read the table of contents. Notice the 
table of contents covers specific areas of study and the order in which they are 
presented. You will find the text divided into several study units. Each study 
unit is comprised of two or more lessons, lesson exercises, and finally, a study 
unit exercise. 


Leaf through the text and look at the course. Read a few lesson exercise 
questions to get an idea of the type of material in the course. If the course has 
additional study aids, such as a handbook or plotting board, familiarize 
yourself with them. 


Turn to the first page of study unit 1. On this page you will find an 
introduction to the study unit and generally the first study unit lesson. Study 
unit lessons contain learning objectives, lesson text, and exercises. 


Learning objectives describe in concise terms what the successful learner, 
you, will be able to do as a result of mastering the content of the lesson text. 
Read the objectives for each lesson and then read the lesson text. As you read 
the lesson text, make notes on the points you feel are important. 


To determine your mastery of the learning objectives and text, complete the 

exercises developed for you. Exercises are located at the end of each lesson, 
and at the end of each study unit. Without referring to the text, complete the 
exercise questions and then check your responses against those provided. 


Continued on next page 
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Study Guide, Continued 


Continuing to 
March 


Seeking 
Assistance 


Preparing for 
the Final Exam 


Continue on to the next lesson, repeating the above process until you have 
completed all lessons in the study unit. Follow the same procedures for each 
study unit in the course. 


If you have problems with the text or exercise items that you cannot solve, 
ask your training officer or training NCO for assistance. If they cannot help 
you, request assistance from your MCI distance learning instructor by 
completing the course content assistance request form located at the back of 
the course. 


To prepare for your final exam, you must review what you learned in the 
course. The following suggestions will help make the review interesting and 
challenging. 


e CHALLENGE YOURSELF. Try to recall the entire learning sequence 
without referring to the text. Can you do it? Now look back at the text to 
see if you have left anything out. This review should be interesting. 
Undoubtedly, you’ll find you were not able to recall everything. But with 
a little effort, you’ll be able to recall a great deal of the information. 


e USE UNUSED MINUTES. Use your spare moments to review. Read 
your notes or a part of a study unit, rework exercise items, review again; 
you can do many of these things during the unused minutes of every day. 


e APPLY WHAT YOU HAVE LEARNED. It is always best to use the 
skill or knowledge you’ve learned as soon as possible. If it isn’t possible 
to actually use the skill or knowledge, at least try to imagine a situation in 
which you would apply this learning. For example make up and solve 
your own problems. Or, better still, make up and solve problems that use 
most of the elements of a study unit. 


Continued on next page 
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Lesson Summary. In this lesson you have identified monomials and polynomials. You covered 
the properties of real numbers. You also covered how to multiply and divide monomials and 
polynomials. These basic concepts will be applied time after time when finding the parameters of 
electrical and electronic circuits. 


Lesson 4 Exercise: Complete items | through 12 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. From the following list of terms, select the one that best describes each 
expression: monomial, polynomial, binomial, trinomial 

(a) 9x*y* + 5xy+ 15y? —28 

(b) 2j7+4c4 

(c) 6x?13xy+5y? 


(d) arh 


2. Identify the property that best describes the operation being performed to the algebraic 
expressions 


(a) AZ=ZA 
(b) 12(ab) = (12a)b 


(c) kKG+)=kj+kl 


(Fill in the blank) 


1-65 


Study Guide, Continued 


Preparing for 
the Final Exam, 
continued 


Tackling the 
Final Exam 


Completing 
Your Course 


Graduating! 


e USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask another 
Marine to lend a hand by asking you questions about the course. Choose 
a particular study unit and let your buddy “fire away.” This technique can 
be interesting and challenging for both of you! 


e MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good habits 
that enhance learning. They don’t have to be long and tedious. In fact, 
some learners find short reviews conducted more often prove more 
beneficial. 


When you have completed your study of the course material and are confident 
with the results attained on your study unit exercises, take the sealed envelope 
marked “FINAL EXAM” to your unit training NCO or training officer. 

Your training NCO or officer will administer the final examination and return 
the examination and the answer sheet to MCI for grading. Before taking your 
final examination, read the directions on the DP-37 answer sheet carefully. 


The sooner you complete your course, the sooner you can better yourself by 
applying what you’ ve learned! HOWEVER--you do have 2 years from the 
date of enrollment to complete this course. If you need an extension, please 
complete the Student Request/Inquiry Form (MCI-R11) located at the back of 
the course and deliver it to your training officer or training NCO. 


As a graduate of this distance learning course and as a dedicated Marine, your 
job performance skills will improve, benefiting you, your unit, and the Marine 
Corps. 


Semper Fidelis! 
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STUDY UNIT 1 
INTRODUCTION TO THE MILITARY MAP 


Introduction. Maps provide you with information on the existence and location of ground 
features, such as populated areas and routes of travel and communication. They also 
indicate variations in terrain, heights of natural features, and the extent of vegetation 
cover. With the Marine Corps dispersed throughout the world, it is necessary to rely on 
maps to provide information to our combat elements far from our shores. Therefore, all 
operations require a supply of maps; however, the finest maps available are worthless 
unless you know how to read them. During this study unit you will be introduced to the 
contents of maps and how to determine grid coordinates. 


Lesson 1. CONTENTS OF A MAP 


LEARNING OBJECTIVES 

1. Given a Margarita Peak map, identify marginal information. 

De Select what each color used on your Margarita Peak map represents. 

J: When provided with a series of topographical symbols, name the natural or man- 


made feature(s) that each symbol represents. 
1101. Marginal Information on a Map 


A map can be compared to any other piece of equipment. Before you use it, you must read the 
instructions. Map instructions are placed around the outer edge of the map and are called 
"marginal information." 


A topographical map is defined as a type of map which portrays terrain features, as well as the 
horizontal positions of the features represented. The vertical positions, or relief, are normally 
represented by contour lines. 


All maps are not the same, so every time you use a different map, examine the marginal 
information carefully. Figure 1-1 on the next page shows a reduced version of a topographic 
map. The circled numbers indicate the key elements of marginal information that you need to 
know. They correspond to the following items: 


1-1 


CALIFORNIA  1:50,000 MARGARITA PEAK 8NIMA 795-2550 IV 


ELEVATIONS IN METERS 
CONTOUR INTERVAL 20 METERS 


@) 


Fig 1-1. Marginal information. 
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a. | Sheet Name (1). A map is named after the most prominent cultural or geographical feature. 
Whenever possible, the name of the largest city on the map is used. The sheet name is found in 
two places: the center of the upper margin and either the right or left side of the lower margin. 


MARGARITA PEAK 


b. | Sheet Number (2). The sheet number is used as a reference number for that map sheet. It 
is found in two places: the upper right margin and the lower left margin. 


sneer 2550 IV 


c. Series Name (3). The map series name is found in the upper left margin. It usually 
includes a group of similar maps at the same scale and/or the same sheet lines designed to cover 
a particular geographical area. The name given a series is that of the most prominent areas. 


CALIFORNIA 


d. Scale (4). The scale note is a representative-fraction that gives you the ratio of a distance 
on the map to the corresponding distance on the earth's surface. For example, the scale note 
1:50,000 on your California Series map indicates that one inch on the map equals 50,000 inches 
on the ground. Maps with different scales will display different degrees of topographical detail. 
For example, a map with a scale of 1:25,000 will give more detail than a 1:50,000 map because 
one inch on the map represents only 25,000 inches on the ground, rather than the 50,000 inches 
of the 1:50,000 map. The scale is found both in the upper left margin after the series name and 
in the center of the lower margin. 


1:50,000 


e. Series Number (5). The series number is a sequence reference expressed either as a 
four-digit number (1125) or as a letter, followed by a three or four-digit number (M556; N3341). 
It is found in both the upper right margin and the lower left margin. 


SERIES V795 


f. | Edition Number (6). The edition number represents the age of the map in relation to other 
editions of the same map and the agency responsible for its production. For example, EDITION 
5-DMATC indicates the fifth edition prepared by the Defense Mapping Agency Topographic 
Center. EDITION 6-DMA indicates the sixth edition prepared by the Defense Mapping Agency. 
Edition numbers run consecutively. A map bearing a higher edition number is assumed to 
contain more recent information than the same map bearing a lower edition number. It is found 
in the upper right margin and in the lower left margin. 


8-NIMA 
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g. Index to Boundaries (7). The index to boundaries diagram, which is a miniature of the 
map, shows the boundaries that occur within, the map area, such as county lines and state 
boundaries. The index of boundaries diagram appears in the lower right margin of all map 
sheets. 


h. Adjoining Sheets Diagram (8). Maps contain a diagram that illustrates the adjoining map 
sheets. The adjoining sheets diagram usually contains nine rectangles, but the number may vary 
depending on the locations of the adjoining sheets. All represented sheets are identified by their 
sheet numbers. The diagram is found in the lower right margin of all map sheets. 


1. Elevation Guide (9). The elevation guide is a miniature characterization of the terrain 
shown. The terrain is shown by bands of elevation, spot elevations, and major drainage features. 
The elevation guide helps you rapidly identify major landforms. It is normally found in the 
lower right margin. 


1 Declination Diagram (10). This indicates the angular relationships of true north, grid north, 
and magnetic north. Recent edition maps have a note indicating how to convert azimuths from 
grid to magnetic and from magnetic to grid next to the declination diagram. The declination 
diagram is located in the lower margin. 


GN 


GRO CONVERGENCE 
712 (2 MILS) 
FOR CENTER SREET 


1995 
G-M ANOLE 
wim. 14° 280 MLS) 


F TO CONVERT A 


2 MAGMETIC AZIMUTH 
TOA GRID AZIMUTH 
ADD G-MANGLE 


HISON ORD 
MAGNE 


TO CONVERT A 
GRID ADMUTH TO A 
MAGNETIC ADMUTH 

SUBTRACT Gt ANGLE 
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k. | Bar Scales (11). Bar scales are used to convert map distance to ground distance. Maps 
may have three or more bar scales, each in a different unit of measure. Exercise care when using 
the scales, especially in the selection of the unit of measure. The bar scales are located in the 
center of the lower margin. 


Scale 1:50,000 
Meters 1000 500 ) 1 2 3 4 5 Kilometers 
1 % () 1 2 3 Statute Miles 
1 % . () 1 2 3 Nautical Miles 


1. Contour Interval Note (12). The contour interval note states the vertical distance between 
adjacent contour lines on the map. When supplementary contours are used, the interval is 
indicated. In recent edition maps, the contour interval is given in meters instead of feet. This 
note is found in the center of the lower margin normally below the bar scales. 


ELEVATIONS IN METERS 


CONTOUR INTERVAL 20 METERS 
SUPPLEMENTARY CONTOURS 10 METERS 


m. Legend (13). The legend illustrates and identifies the topographic symbols used to depict 
some of the more prominent features on the map, such as railroad tracks, buildings, and swamps. 
The symbols are not always the same on every map. Always refer to the legend to avoid error 
when reading a map. The legend is located in the lower left margin. 


ROADS Power treasmession fine I = + j 
Otided ighway with median sty —_—-$ a, 7 ESSE SS _ 2: & 
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Light duty, all weather, hard or ienprovad sertace a Power sebwanor a 
Fae of diy weather, enimproved surtace ——$ eee eee Wincerrilt: Weeermall i oe 
a Wet: Tank 2 . 
Rowte markers: Interstate: Federal; State —E I aS Ei} Mine shaft e 
ae Bs 

C—O oo Open pit mine or quarey ny 
RAILADADS (Stendaré gauge 144m. - 48%") Horirantal corere station a 
Single track Se Beech mark. monumented 0 5M * 219.2 

3 Tmaces x i 
Maltiple track es Beech mark, non monumented 1439 | 
CO — eo Se Spet elevations in meters = 14 
Radraad station. Locatien keowe, Location unknawn a, Levees. rms, dibes — 
Car ine ee Betz. cliffs 

ee 
Raieeed budge — ——EEE Woodland _ 
Tuens!: Highway; Reikeoed pees +)---t 

Scatteree inoas, Scrud 
SOUNDARES : 
Vesyerd Orchard, portation ———___ — ui 

National. with monument eee 
Stata. teerttory ee lemerreieten! lake: Dern: Earthen: Masonry 
County, perish NS ee Stream: Perensial : Intermittent 
Cuil towesieg. tower ee Marsh, swemp — 
incorporated city, village tewn NEE ares Sema tells; Large felts 


mm - —ael Fee Senall sapids. Langa rapids — 


Reservation Notional: State; Miltary 


1102. Colors on a Map 


To help you identify features on a map, topographical and cultural information is usually printed 
in different colors. These colors may vary from map to map. On a standard map, the colors used 
and the features they represent are shown below. 


COLOR DESCRIPTION 
Black Indicates manmade features, such as buildings and roads. 
Blue Identifies hydrography or water features, such as lakes, swamps, 
rivers, and drainage. 
Green Identifies vegetation with military significance, such as woods and 
orchards. 
Reddish-Brown On newer maps, red and brown have been combined to identify all 


cultural features (boundaries and major roads) and elevation (contour 

lines). When using a red lens light source, this color is easier to see 

than the brown used on older maps. 

Note: On older edition maps, the colors brown and red are usually 
used instead of reddish-brown. 


Brown Identifies all relief features and elevations, such as contour lines. 
Red Classifies cultural features, such as populated areas, main roads, and 
boundaries. 


1103. Topographic Map Symbols 


The mapmaker uses symbols to represent the natural and manmade features of the earth's 
surface. These symbols resemble, as closely as possible, the actual features themselves as 
viewed from above. They are positioned in such a manner that 


The center of the symbol remains in the true location. 


An exception to this rule is the position of a feature next to a major road. If the width of the road 
is exaggerated, then the feature is moved from its true position to preserve its relation to the road. 


There are several hundred standard topographic map symbols. You are not required to memorize 
all of these symbols, but you must be able to identify those features which are used on your 
Margarita Peak map. By the completion of this course you will be able to recognize most of 
these topographic symbols without referring to the legend. Until that time, be sure to refer to the 
legend. 


Note: — Now that you are familiar with the layout of your map, you will want to fold it for 


storage and easy access. There are many ways to do this, but Appendix A gives one 
suggestion on how to fold your map. 
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Lesson Summary. This lesson introduced you to how a topographical map is set up, as well as 
the colors and symbols used on these maps. 


Exercise: Complete items 1 through 3 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. In the space provided, enter the following elements of marginal information from 
your Margarita Peak map. For those items with illustrations (h-m), identify the 
element of marginal information shown above each item. 


a. Sheet Name 
b. Series Number 
Cc. Contour Interval Note 


d. Edition Number 


e. Series Name 
f. Sheet Number 
g. Scale 
Meters 1000 500 0 4 2 3 4 5 Kilometers 
EE rs 
1 1/2 0 1 2 3 Statute Miles 
4 1/2 0 4 2 3 Nautical Miles 


h. 
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3. Find the product of the following monomial equation. 


(9x3y4 )(15x5y3 ) = 


4. Find the product of the following monomial equation. 


(—-6/7R)(-15E7IR) = 


5. Find the product of the following equation. 


—b?(a? + 3a*b* + 4ab? + 2b’) = 
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Identify the colors used on your map to show natural and man made features and 
describe what each color represents. 


Color Representation 
a. 

Color Representation 
b. 

Color Representation 

Color Representation 


a Using the legend on your map, identify the following topographical symbols used to 
represent natural and manmade features. 


b. aa ane eacca 

4 RS 

d ——=_ 
e  @ @ 
f. 

g. P é 

h BM x 919.2 
: + 144 

i. 

i 


Lesson 2. THE GRID SYSTEM 


LEARNING OBJECTIVES 


1. Determine the exact 4-digit coordinate of the grid square containing a specified 
point on a topographical map. 


2 Determine the 6-digit grid coordinate of a point on a topographical map to within 
100-meters. 
a Given a 6-digit grid coordinate, determine the identity of the feature located at 


that coordinate. 


Many Marines have difficulty with understanding the grid coordinate system. If you understand 
it, then it is seems easy--just READ RIGHT, THEN UP! But if you don't understand it, then 
"read right, then up" becomes some sort of cryptic evil incantation, that when recited backwards 
ten times, will damn you to eternal confusion in the stagnant morass of incomprehension. But it 
is not like that at all. Because of the number of Marines who have difficulty with grid 
coordinates, we will teach you grid coordinates using two different analogies. 


The first involves basic algebra. This analogy is covered in paragraph 1202. If you have never 
taken algebra (or took it and did not understand it) then don't worry. In paragraphs 1203 and 
1204 we will explain grid coordinates a second time using non-algebraic methods. 


1201. The Military Grid Reference System 


To navigate, you have to know how to find your location on a map. The map has lines running 
north, south, east and west. These lines (which are called grid lines) form small squares, 1,000 
meters on each side, called grid squares. The lines that form grid squares are numbered along 
the outside edge of your map. The precision of a point location is shown by the number of digits 
in the coordinates; the more digits, the more precise the location. A 4-digit grid coordinate, such 
as 8872, identifies an area on the map that is 1,000 meters x 1,000 meters. A 6-digit grid 
coordinate, such as 885727, identifies an area that is 100 meters x 100 meters. How big an area 
do you think an 8-digit grid coordinate identifies? That's right, 10 meters x 10 meters. Note that 
grid lines are identified by a set of digits. The NORTH-SOUTH grid lines increase in value from 
west to east. The EAST-WEST grid lines increase in value from south to north. 


1202. Algebra Analogy 


a. Plotting numbers on a quadrant. In algebra, you are often required to plot numbers, such as 
(3,2) and (10,11), in a quadrant (fig 1-2 ). 


11 ® (10,11) 


x axis 


123456789 10 


Fig 1-2. Plotting numbers on a quadrant. 


In case you have forgotten, the first number in the point that you are trying to plot is the "x" 
number. In our second example --(10,11)-- the number plotted on the "x axis" is "10." In other 
words, you went 10 spaces to the right. The second number, in this case "11," is plotted on the 
"y axis." In other words, after you found the proper position for the "x" (10 spaces to the right), 
you went 11 spaces up. If you did this properly, then guess what? You plotted the point by 
READING RIGHT, THEN UP. This is one of the cardinal rules in map reading. 


b. Algebra and 4-digit grid coordinates. The only major differences in locating grid 
coordinates on a map and plotting points on a quadrant in algebra is that in algebra, the points are 
surrounded by parentheses and the "x" and "y" numbers are separated by a comma! There are a 
few minor differences. On a map, you only deal with the "upper right hand quadrant." The x 
axis and y axis are rarely shown on a map (thus, the origin, point (0,0), will rarely be shown). 
Single digit numbers, such as 4 and 9 have a "0" placed in front of them as a "place holder" (thus 
being expressed as "04" and "09"). Finally, grid lines are drawn on a map to help you locate 
your points. To locate the point 5892 on a map, go RIGHT to space 58 on the "x axis" and go 
UP to space 92 on the "y axis" (fig 1-3). Remember, this will identify an area that is 1,000 
meters x 1,000 meters (a grid square). You now know how to plot a 4-digit grid coordinate. 


52 53 54 55 56 57 58 59 60 


Fig 1-3. Finding grid square 5892. 


c. Algebra and 6-digit grid coordinates. Suppose that you needed to get a little more precise 
when plotting a point on a quadrant. Instead of plotting (30,50), suppose you had to plot (30 
3,50 7). How would you do it? That's right. Instead of going RIGHT to space 10, you would 
go to space 30 and 3/10". Instead of going UP to space 50, you would go to space 50 and 7/10th 
(fig 1-4). To write the algebraic point (30.3, 50.7) as a grid coordinate, simply take out the 
parentheses, the coma, and the decimal points. When you do that, it is written 303507. 
Remember, a 6-digit grid coordinate identifies an area that is 100 meters x 100 meters. 


d. Algebra and 8-digit grid coordinates. An 8-digit grid coordinate is done the exact same 
way. For grid coordinate 46898376, the first four numbers, 4689, apply to the "x axis." Move 
46 and 89/100th spaces to the right. The second set of four numbers, 8376, apply to the "y axis." 
Move 83 and 76/100" spaces up. An 8-digit grid coordinate identifies an area that is 10 meters x 
10 meters. That wasn't so hard, was it? Now recite the magical incantation, "ekac fo eceip" 
backwards ten times to release yourself from the stagnant morass of incomprehension. 


In paragraphs 1203 and 1204 we will teach grid coordinates again, without using the algebra 
analogy. Even if you were "blessed" with taking algebra in school, read paragraphs 1203 and 
1204 anyway to get a better understanding of grid coordinates. 


1203. 4-Digit Grid Coordinates 


Let's say that you desire to determine the grid coordinates of hill 450 to the nearest 1,000 meters. 
First, identify the grid square in which it is located. The cardinal rule of map reading is 


READ RIGHT, THEN UP 


In other words, looking at the numbers at the bottom of the map, read from left to right until you 
identify the last north-south grid line before arriving at hill 450. This is grid line 11. Write "11" 
down on a piece of paper. Now look at the numbers on the side of the map and read UP until 
you identify the last east-west grid line before arriving at hill 450. This is grid line 43. Write 
"43" down right beside the "11." The identity of the grid square is 1143. Note that the point 
where these two grid lines intersect is in the lower left hand corner of the grid square. In other 
words, grid squares are identified by the grid lines that intersect in their lower left hand corner. 
You have, therefore, located a point to the nearest 1,000 meters by using a 4-digit grid coordinate 
(fig 1-5). 


1204. 6-Digit Grid Coordinates 


Next, you need to know how to locate points within grid squares. Imagine dividing the grid 
square into 100 smaller squares. The coordinates of a point in such a grid square will have six 
digits (numbers). Each of the grid squares in figure 1-6 is 1,000 meters long and 1,000 meters 
high. One of the grid squares is divided into 100 smaller squares--each 100 meters long and 100 
meters high. Note that the lines within the grid square also read RIGHT, then UP. In a 6-digit 
grid coordinate, such as 284936, the first 3 numbers are the "read right" part of "read right, then 
up;" whereas, the last 3 numbers are the "then up" part. 


To locate point C in grid square 3050 (fig 1-6), you should use the following procedure: 


STEP PROCEDURE 
1 Read right to vertical line 30. Note that point C is 3/10 of the distance 
toward the vertical line 31. Write the vertical coordinate for point as 303. 
2 Read up vertical line 30 to horizontal line 50. Note that point C is 7/10 of 


the distance toward the horizontal line 51. Write the horizontal coordinate of 
point C as 507. 

3 To write the 6-digit coordinate that locates point C, simply combine the two 
readings--303507. The vertical reading is ALWAYS placed before the 
horizontal reading. 


Do not actually draw the lines within the grid square (fig 1-6), since such lines would obstruct 
other information. You can determine a 6-digit grid coordinate by approximation, or by using 
your coordinate scale on a protractor. Use of the coordinate scale is explained in the next 
paragraph. 


Fig 1-6. Determining a 6-digit grid coordinate. 
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1205. Use of the Coordinate Scale 


If you require a more accurate 6-digit grid coordinate than can be obtained by estimation, you 
should use a coordinate scale (fig 1-7). 
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Fig 1-7. Coordinate scales on a protractor. 


There are three coordinate scales located on your protractor: 1:100,000, 1:50,000, and 1:25,000. 
Use the one that corresponds with the scale of the map you are using. In most cases this will be 
1:50,000. To locate point C in grid square 3050 using the coordinate scale on your protractor, 
use the following procedures: 


a. Place the proper coordinate scale of your protractor on the map so that the zero-zero point 
is to the BOTTOM RIGHT of the scale (fig 1-8). 
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Fig 1-8. Coordinate scale. 


b. Place the zero-zero point at the LOWER LEFT hand corner of grid square 3050 (fig 1-9). 


51 


50 


0987654321 9 


29 30 31 


Fig 1-9. Place coordinate scale on map. 


c. Keeping the horizontal line of the scale directly on top of the east-west grid line (in this 
case, grid line 50), slide it to the right until the vertical line of the scale touches the point (point 
C) for which the coordinates are desired (fig 1-10). 


d. Examine the two sides of the coordinate scale to ensure that the horizontal line of the scale 
is aligned with the east-west grid line, and the vertical line of the scale is parallel with the north- 
south grid line. 


e. Determine your RIGHT reading by first reading the value of the grid line to the left of 
point C (30). Add to this value the number which tells how far into the grid square point C is. In 
this case, it is 300 meters (fig 1-10). You now have the complete RIGHT reading of 303. 


f. | Next, determine your UP reading by first reading the value of the horizontal grid line below 
point C (50). Add to this value the number which tells how far point C is up in the grid square. 
In this case it is 700 meters. You now have the complete UP reading of 507 (fig 1-10). When 
determining both your right and up reading, round your value to the closest number on your 
coordinate scale. 


E 
: UP 
o 507 
1000987654321 0 
29 30 31 


Fig 1-10. Read RIGHT, then UP. 


g. By combining the RIGHT reading (303) with the UP reading (507), you have accurately 
determined that the 6-digit grid coordinate of point C is 303507. 


1206. Locating Points on a Map 


You have learned how to determine the grid coordinates of a given point on a snap to within 100 
meters (6-digits). Next you need to know the method of locating a point on your map when 
given a 6-digit grid coordinate. To locate a point on the map, using the coordinate scale on your 
protractor, use the following procedures: 


a. Locate the correct arid square. To locate the correct grid square, determine the 4-digit grid 
coordinates from the given 6-digit grid coordinates. 


(1) Split your 6-digit coordinates into two parts. For example, the grid coordinates 
025672 would be split to read 025 for your RIGHT reading, and 672 for your UP 
reading. 


(2) Determine the vertical (north-south) grid line. It is the first two numbers of your 
RIGHT reading. 


02 


(3) Determine the horizontal (east-west) grid line. It is the first two numbers of your 
UP reading. 


67 
(4) Determine your 4-digit grid coordinates. Combine the RIGHT with the UP 
reading. 


02 + 67 = 0267 


b. — Plot the 6-digit coordinates. The procedures for plotting your grid coordinates are listed as 
follows: 


(1) Place the proper coordinate scale of your protractor with the zero-zero point at the 
lower left hand corner of the grid square 0267, keeping the horizontal line of the 
scale directly on top of the east-west grid line. 


(2) Examine the two sides of the coordinate scale to ensure that the horizontal line of 


the scale is aligned with the east-west grid line, and the vertical line of the scale is 
parallel with the north-south grid line (fig 1-11). 


68 


67 
987654321 ¢ 


01 02 03 


Fig 1-11. Place the coordinate scale. 


6. Find the product of the following equation. 


6y?(3x2y + 4x7y? + Oxy + Ly? ) = 


7. Find the product of the following binomial equation. 


(-2x+y )(x+2y } = 


8. Find the product of the following binomial equation. 


(a+b) = 
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(3) Slide the protractor to the right until vertical grid line 02 intersects the horizontal 
scale at the 100-meter reading “5” (fig 1-12). This point 025, is your RIGHT 
reading. 


68 


123456789 1000 


67 
1009876543210 


01 02 03 


Fig 1-12. Slide coordinate scale to the right. 


(4) Determine the position of your UP reading by plotting a point adjacent to your 
vertical scale equal to your UP reading. In this case the UP value of the vertical 
scale is at the 100-meter reading 2 (fig 1-13). This point is not only your UP 
reading, 672, but is also the location of your 6-digit coordinate, 025672. 


68 


0123456789 1000 


67 
1009876543210 


01 02 03 


Fig 1-13. Plot UP reading. 


c. Through accurate plotting you have located the position of your 6-digit grid coordinate 
025672. Remember, because this point is only accurate to within 100 meters, the actual point 
that you are trying to locate on the map may be up or down, or on one side or the other of your 
plot. 
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1207. 8-Digit Grid Coordinates 


In some mapping situations, it is desirable to further divide a 100-meter grid square into 10- 
meter grid squares. This is done in the same manner as dividing a 1,000-meter grid square into 
100-meter grid squares, either through estimation or by use of a coordinate scale. The result is 
an 8-digit grid coordinate which identifies a point on the map to within 10 meters. However, 6- 
digit grid coordinates, when accurately determined, should meet all your needs for effective land 
navigation. Therefore, in this course you will only be concerned with 4-digit (1,000-meter) and 
6-digit (100-meter) grid coordinates. 


Lesson Summary. During this lesson you learned about grid coordinates, a simple concept that 
gives many Marines a difficult time. If you are still having problems with grid coordinates or if 
you have problems with the following lesson exercise, then go back and review this lesson, as it 
is very important. 


Exercise: Complete items | through 3 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. Determine the exact 4-digit coordinates of the grid square containing the 
following specified points on your Margarita Peak map. 


a. Bench mark 582.5 
(upper left section of map) 


b. De Luz School 
(upper right section of map 


C: Horizontal control station 25 
(lower left section of map along the coast) 


d. Spot elevation 201 
(lower right section of map) 


e: Bench mark 80.2 
(middle left section of map) 


i Marine Corps Hospital Helipad 
(middle right section of map) 


g. Little Libby Lake 
(lower right section of map) 


h. Checked spot elevation 176 
(middle section of map) 
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Bench mark 189.9 
(upper right section of map) 


Southeastern part of Ross Lake 
(upper right section of map) 


Northwestern part of Windmill Lake 
(lower middle section of map) 


Pulgas Lake 
(middle left section of map) 


Determine the 6-digit grid coordinates of the following points on your Margarita 
Peak map to within 100 meters. 


Hint: 


ie 


Use the grid squares that you determined in item | to help you relocate 
these points. 


Bench mark 582.5 

De Luz School 

Horizontal Control Station 25 
Rodeo grounds 

Horizontal Control Station Rex 
Las Flores 

Libby School 

Checked spot elevation 176 


Bench Mark 189.9 


Determine the feature located at the following coordinates. 


626995 


582863 


741799 


693837 
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eS; 741854 


f. 639875 
g. 666926 
h. 656025 
i. 721795 
j. 735922 
k. 702988 
1. 615004 
m. 553941 

UNIT SUMMARY 


During this study unit, you were introduced to grid coordinates and the layout of topographical 
maps. In the next study unit, you will learn about how to determine distances on a map and how 
to maintain direction using a compass. 


Lesson | Exercise Solutions 


Reference 
1. 

a. Margarita Peak 110la 
b. V795 110le 
c. 20 Meters 11011 
d. 8-NIMA 1101f 
e. California 1101c 
f. 2550 IV 1101b 
g. 1:50,000 1101d 
h. Bar Scales 1101k 
1. Adjoining Sheets Diagram 1101h 
J: Index to Boundaries 1101g 
k. Elevation Guide 1101i 
ie Declination Diagram 1101j 
m. Legend 1101m 
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Lesson | Exercise Solutions, continued 


Sor ye ho ao oP 


Black - indicates cultural (man made) features, such 
as buildings and roads. 

Reddish-Brown - the colors red and brown are 
combined to identify cultural features and elevation, 
such as roads and contour lines, on red-light readable 
maps. 

Blue - identifies hydrography or water features, such 
as lakes, swamps, rivers, and drainage. 

Green - identifies vegetation with military 
significance, such as woods and orchards. 


Road route markers: interstate, federal, state 
Road, fair or dry weather, unimproved surface 
open pit mine or quarry 

Divided highway with median strip 

Buildings 

Secondary road, all weather, hard surface 
Church; School 

Bench Mark 219.2, monumented 

Spot elevation .144, in meters 

Light duty road, all weather, hard or improved 
surface 


Lesson 2 Exercise Solutions 


hiro gg hoe Bo op 


5801 
7000 
5783 
7386 
6290 
6988 
7179 
6393 
7402 
7300 
6879 
5989 
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Reference 


1102 


1102 


1102 


1102 


1103 
1103 
1103 
1103 
1103 
1103 
1103 
1103 
1103 
1103 


Reference 


1202a/1203 


Lesson 2 Exercise Solutions, continued 


ro gg ho Ao op 


mono gp 


pg 


oe 


BrrRT 


Reference 


1202c/1204c 
583016 
703003 
572830 
713833 
595994 
592832 
WAbey 2 
635937 
741029 


1206 
Hill 
Borrow Pit 
Light duty road intersection 
Reservoir 
Saddle 
Intersection of intermittent stream and 
unimproved surface road 
Observation tower 
Building 
Intersection between a secondary road and a 
light duty road 
Borrow pit 
Fire Station 
Lake or pond 
Observation tower 
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STUDY UNIT 2 
DISTANCE AND DIRECTION 


Introduction. How far have you traveled since leaving your last checkpoint? How fast 
must you move to reach your next checkpoint before nightfall? How long will it take to 
reach the next source of water shown on your map? During this study unit you will learn 
how to answer these questions and many others pertaining to time, rate, and distance so 
you can successfully navigate to your objective. 


Lesson 1. DETERMINING DISTANCE 


LEARNING OBJECTIVES 

1. Using the metric system of measurement, convert distances between meters and 
kilometers. 

2. Determine the straight-line map distance between two points to within 50 meters. 

oO: Determine the irregular map distance between two points to within 100 meters. 

4. Solve time, rate, and distance problems. 


2101. Preparing to Measure Distance 


There are several techniques of determining distance, each involving several considerations or 
steps. Regardless of which technique you use, accuracy is essential. Errors resulting from 
carelessness will be magnified thousands of times on the actual terrain. Each centimeter of error 
on a 1:50,000 scale map will reflect an error of 500 meters on the ground. Such errors will 
ultimately result in missed checkpoints and failure to successfully navigate to your objective. 
While all aspects of land navigation deserve particular attention, this is especially true when 
determining distance. You should take the following precautions when measuring distances: 


a. Isolate yourself to avoid being disturbed. 
b. Put the map on a flat surface and remove all the wrinkles. 


c. | Use the most accurate measuring devices available, such as the bar scale at the bottom of 
your map. 


d. Keep the sharpest point possible on your pencil. 
e. Erase tick marks made on the map as soon as they have served their purpose. 


f. If you are using a piece of paper to tick off distance, erase the old tick marks or use a 
different side of the paper for each new measurement taken. 


g. Do not trust your memory. As soon as a measurement is made or distance determined, 
record and identify it on a separate sheet of paper. 


h. Take your time. Look straight down at the map to ensure that the tick marks and 
measuring devices are positioned correctly. 


1. Recheck your work. If possible, have another qualified person check it. 
2102. The Metric System of Measurement 


In most foreign countries, the metric system of measurement is used. Since Marines must be 
able to operate in "any clime and place," it is essential that you learn the metric system of 
measurement and how it applies to land navigation. While completely understanding the metric 
system may be beneficial, there are only two units of measurement which you need to be 
concerned with to navigate successfully--the meter and the kilometer. 


a. The meter is commonly used to express ground distances. It contains 39.37 inches or, 
when compared to the yard, it is 1.094 yards. For practical purposes, you can visualize the meter 
as being slightly larger than a yard. 


b. | The kilometer is used to express greater ground distances than would be practical to 
express in meters. Compared to the mile, the kilometer is equal to 621 of a mile. For practical 
purposes, you can visualize a kilometer as being slightly larger than 1/2 a mile. 1,000 meters = 1 
kilometer. 


c. Often it is necessary to convert from meters to kilometers or kilometers to meters. This is 
accomplished by simply moving the decimal point the proper number of places and in the proper 


direction. 


(1) To convert meters to kilometers, move the decimal point three places to the LEFT. 


Example: 1,250 meters = 1.250 kilometers 


(2) To convert kilometers to meters, move the decimal point three places to the 
RIGHT, adding zeros when necessary. 


Example: 3.41 kilometers = 3,410.00 meters 
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2103. Graphic Scales 


a. The coordinate scale you have been issued (fig 2-1) may also be used to determine 
distances of | kilometer or less. If a coordinate scale is used to determine ground distance, 
ensure it is the same scale as your map. 
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Fig 2-1. The coordinate scale. 


b. The straightedge of the lensatic compass is engraved with a graphic scale (fig 2-2). This 
graphic scale represents 6,000 meters of ground distance on a map with a scale of 1:50.000. This 
scale is divided by lines, into 100-meter increments. 


Fig 2-2. Compass graphic scale. 


c. | You may use the bar scale on your map to convert distances on the map to actual ground 
distances (fig 2-3). The bar scale is divided into two parts. To the right of the zero, the scale is 
marked in full units of measure and is called the primary scale. To the left of the zero, the scale is 
divided into tenths and is called the extension scale. Most maps have three or more bar scales, 
each using a different unit of measure. Be sure to use the correct scale for the unit of measure 
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desired. The bar scale is the preferred technique for measuring distances over | kilometer (1,000 
meters). 


EXTENSION SCALE PRIMARY SCALE 
| I Scale 1:50 000 
Meters 1000 $00 o 1 2 3 a 5 Kilometers 
1/2 o 1 2 3 Statute Miles 
1 172 o 1 2 3 Nautical Miles 


Fig 2-3. Bar Scale. 


d. Your choice of which graphic scale to use when determining ground distances is 
unimportant. If properly used, they will all produce the same results. 


2104. Determining Straight-line Distance. 


a. To determine straight-line distance between two points on a map, lay a straight-edged piece 
of paper on the map so that the edge of paper touches both points and extends past them. Make a 
tick mark on the edge of the paper at each point (fig 2-4). Remember that the center of the 
topographic symbol accurately designates the true location of the object on the ground. 


MEASURE ALL MAP DISTANCES FROM THE CENTER OF THE 
TOPOGRAPHIC SYMBOL 
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a NOTE: When measuring distance use center mass of symbol or object 


Fig 2-4. Transferring map distance to paper strip. 
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9. Find the product of the following polynomial equation. 


(15x+4y+2)(2x+5y-5 )= 


10. Find the result by dividing the following equation. 


36atb>c® 
-1.5a3b5 ~~ 


11. Find the result by dividing the following equation. 


16a°b’c* + 12a*bh®c? +8a!'!bic + 4a?b?c? 
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b. | To convert map distance to ground distance, move the paper down to the appropriate unit 
of measure on the graphic bar scale, and align the right tick mark (b) with a printed number 
in the primary scale so that the left tick mark (a) is in the extension scale (fig 2-5). 


Meters 1000 500 0 1 2 3 4 


(3.95 KILOMETERS) 


Fig 2-5. Measuring straight-line map distance. 


In this case the right tick mark (b) is aligned with the 3,000-meter mark in the primary scale, thus 
the distance is at least 3,000 meters. To determine the distance between the two points to the 
nearest 10 meters, look at the extension scale. The extension scale is numbered with zero at the 
right and increases to the left. When using the extension scale, always read RIGHT TO LEFT 
(fig 2-5). From the zero to the end of the first shaded square is 100 meters. From the beginning 
of the white square to the left is 100 to 200 meters; at the beginning of the second shaded square 
is 200 to 300 meters. Remember, the distance in the extension scale increases from right to left. 
To determine the distance from tick mark (a), estimate the distance inside the squares to the 
closest tenth. As you break down the distance between the squares in the extension scale, you 
will see that tick mark (a) is aligned with the 950-meter mark. Adding the distance of 3,000 
meters determined in the primary scale, we find that the total distance between (a) and (b) is: 


3,000 + 950 = 3,950 meters 


c. | There may be times when the distance you measure on the edge of the paper exceeds the 
graphic scale. One technique you can use to determine the distance is to align the right tick 
mark (b)with a printed number in the primary scale, in this case 5 kilometers (fig 2-6). You 
can see that from point (a) to (b) is more than 6,000 meters. To determine the distance to 
the nearest 10 meters, place a tick mark (c) on the edge of the paper at the end of the 
extension scale (fig 2-6). 


Scale 1:50 000 


Meters 1000 500 0 1 2 3 o 5 Kilometers 


{c) 
(a) (b) 


Fig 2-6. Determining exact distance. 


You know that from point (b) to (c) is 6,000 meters (5,000 from the primary scale and 1,000 
from the extension scale). Now, measure the distance between points (a) and (c) on your sheet 
of paper the same way you did in paragraph 2104b, only use point (c) as your right hand tick 
mark (fig 2-7). The total ground distance between start and finish points is 6,420 meters. 


500 ¢) 


(a) (c) 


{DISTANCE IS 6 420 METERS) 


Fig 2-7. Reading the extension scale. 


d. One point to remember is that distance measured on a map does not take into consideration 
the rise and fall of the land. All distances measured by using the map and graphic scales are flat 
distances. Therefore, the distance measured on a map will increase when actually measured out 


on the ground (fig 2-8). 
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Fig 2-8. Comparison of horizontal measurement to actual distance. 
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2105. Determining Irregular Map Distance 


To measure distance along a winding road, stream, or other curved line, you still use the straight 
edge of a piece of paper. In order to avoid confusion concerning the starting point and the 
ending point, a six-digit coordinate, combined with a description of the topographical feature, 
should be given for both the starting and ending points. Place a tick mark on the paper and map 
at the beginning point from which the curved line is to be measured. Place a paper strip or other 
material with a straightedge along the center of the irregular feature (fig 2-9), and extend the tick 
mark onto the paper strip. Because the paper strip is straight and the irregular feature is curved, 
the straightedge will eventually leave the center of the irregular feature. At the exact point where 
this occurs, place a tick mark on both the map and paper strip. 
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Fig 2-9. Measuring irregular distances. 


Keeping both tick marks together (on paper and map), place the point of the pencil close to the 
edge of the paper on the tick mark to hold it in place and pivot the paper until another straight 
portion of the curved line is aligned with the edge of the paper. Repeat this procedure while 
carefully aligning the straightedge with the center of the feature and placing tick marks on both 
the map and paper strip each time it leaves the center until you have ticked off the desired 
distance (fig 2-10). 
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Fig 2-10. Placing tick marks. 


Place the paper strip on a graphic bar scale and determine the ground distance measured (fig 2- 
11). 


Scale 1 :50,000 


DISTANCE (a) TO (b) 4,250 METERS 


Fig 2-11. Determining total map distance. 


2106. Time, Rate, and Distance 


In practically every aspect of land navigation, you will ask questions dealing with time, rate, and 
distance. How long should it take me to reach my next checkpoint? How far must I travel? 
How far have I gone? Your success will often depend on how accurately you answer these and 
many other questions pertaining to time, rate, and distance. Time, rate, and distance--if you 
know two of these three factors, you can easily determine the third. Ensure that you express 
each factor in the proper units and exercise care in carrying out the calculation. 
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a. Time must b expressed in hours. If minutes are involved, convert them to a decimal part of 
an hour: 


(1) To convert minutes to a decimal form, simply divide the number of minutes by 60 
(the number of minutes in an hour). 


Example: To convert 15 minutes to a decimal fraction, divide 15 by 60. 


__.25 hour 
60 )15.00 
120 
3 00 
3 00 
0 


(2) When you solve for TIME, the minutes portion will come out in decimal form. You 
may want to convert this decimal fraction to minutes. To do so, multiply the 
decimal fraction by 60. 


Example: To convert .35 hour to minutes: 
35 


x_ 60 
21.00 minutes 


b. Express rate in miles per hour (mph) or kilometers per hour (kph). If a fraction of this rate 
is involved, express it in decimal form. 


(1) To convert a common fraction to a decimal fraction, simply divide the bottom 
number (denominator) into the top number (numerator). 


Example: To convert 1/4 kph into decimal form: 


_.25 kph 
4)1.00 
_ 8 
20 
20 
0 


(2) The normal rate of march for foot troops over normal terrain is 4 kilometers per 
hour (2.5 mph). 


Normal Terrain: 4 kph 


(3) When traveling through thick jungle, swamps, or other restrictive terrain, the 
normal rate will vary. As a rule of thumb when traveling through such terrain, 
assume your rate to be no more than 1/2 the normal rate, or 2 kilometers per hour. 


Restrictive Terrain: 2 kph 


(4) At times when speed is essential, troops may greatly exceed the normal rate of 
march and approach a rate of 8 kph. 


Speed is Essential: 8 kph 


(5) If you must estimate the rate at which you have been moving, use 4 kph as a basis. 
If you feel you have been moving faster or slower than the normal rate, adjust your 
estimation accordingly. 


c. Distance must be expressed in miles or kilometers. If a part of a mile or kilometer is 
involved or a lesser unit of measure is used, it must be expressed as a decimal part of a mile or 
kilometer. To convert a part of a mile or kilometer expressed as a common fraction to a decimal 
fraction, divide the bottom number (denominator) into the top number (numerator). 


Example: To convert 3/4 of a kilometer to a decimal fraction: 


75 km (kilometer) 
4)3.00 
28 
20 
20 
0 


2107. Time, Rate, and Distance Problems 

In the previous section you learned how to convert time, rate, and distances measurements into 
the proper units of measurement. In this section you will learn how to solve time, rate, and 
distance problems. 

a. To determine time required. If you know the average speed at which you will be moving 
(rate) and how far you are going (distance), you can find out how long it will take to travel that 
distance by dividing the DISTANCE by the RATE where T = Time, D = Distance, and R = 
Rate: 


T=—D OR T 
R R)D 


Example: How long will it take to travel 16 1/4 km at a rate of 5 kph? 


Solution: (1) Convert 1614 to a decimal fraction: If %4 = .25, then 16 4 = 16:25 
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(2) Following your formula T = D/R, divide the Distance(16.25) by the Rate (5). 


3.25 hours 
5)16.25 
15 
12 
10 
25 
25 
0 


b. To determine rate required. If you know the distance you must travel and how much time 
you have to travel it in, you can determine how fast you must travel (rate) in order to arrive at 
your objective at the prescribed time by dividing the DISTANCE by the TIME. Where T = 
Time, D = Distance, and R = Rate: 


R=D OR R 
T T)D 
Example: You have 2 hours and 15 minutes to travel 6 3/4 kilometers At what 


rate must you travel? 
Solution: 
(1) Convert the distance to a decimal form: 6 3/4 = 6.75 km. 


(2) Convert the minutes involved in the time into decimal form: 15 min = .25 hr, 
therefore 2 hr 15 min = 2.25 hr. 


(3) Following your formula R = D/T, divide the distance (6.75) by the time (2.25). 


__3 kph 
2.25)6.75 
6.75 
0 


You must travel at a rate of 3 kph to cover 6 3/4 kilometers in the allotted time of 2 hours and 15 
minutes. 


c. To determine distance involved. If you know the average rate at which you have been 
traveling and for how long you have traveled at that rate, you can determine the distance you 
have traveled by multiplying the TIME by the RATE. Where T = Time, D = Distance, and R = 
Rate: 


D=TxR 
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Example: You have been moving at an average rate of 4 kph since 0630 this 
morning. It is now 1300. How far have you traveled? 
Solution: 
(1) Determine the number of hours involved: 0630 to 1300 = 6% hr = 6.5 hrs. 
(2) Following your formula D = T x R, multiply the time(6.5 hrs) by the rate (4 kph). 
6.5 x 4= 26.0 km 


Lesson Summary. During this lesson you have learned about the metric system, measuring 
distances on a map, and solving time, rate, distance problems. During the next lesson, you will 
learn about azimuths. 


Exercise: Complete items | through 5 by performing the action required. Check your 
responses against those listed at the end of this study unit 


1. Convert the following distances from meters to kilometers. 
a. 1,000 meters = kilometer(s) 
b. 3,000 meters = kilometer(s) 
Cc. 2,500 meters = kilometer(s) 
d. 750 meters = kilometer(s) 
e. 4,850 meters = kilometer(s) 
f. 1,333 meters = kilometer(s) 
2. Convert the following distances from kilometers to meters. 
a. 2 kilometers = meters 
b. 4.5 kilometers = meters 
c. 1.75 kilometers = meters 
d. .) kilometers = meters 
e. .l kilometers = meters 
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Determine the straight-line map distance between the following points to within 
50 meters. 


a. Spot elevation .188 (5494) and the Observation Tower (5594). 
meters 


b. The intersection of the light duty road and the unimproved surface road 
(6000) and Bench Mark 705.3 (6502). 


——— meters 
Cc. The Borrow Pit (7392) and Pendleton School (7187). 
meters 
d. Control Tower (6389) and Non-monumented Bench Mark 123.1 (6489). 
meters 
e. Water tank (7484) and Water tank (7584). 


meters 


Determine the irregular map distance between following points to within 100 
meters. 


a. The "Y" intersection of light duty roads (5784) along Las Pulgas road to 
bench mark 25.3 (5885). 


meters 


b. Secondary and light duty intersection (582934)and the light duty road 
intersection (625899) along Basilone Rd. 


meters 
ren Bench Mark 139.3 (7101) and Bench Mark 189.9 (7402). 


meters 
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Solve the following time, rate, and distance problems. 


a. 


How long will it take you to travel 24 kilometers at the normal rate of 
march over normal terrain? 


hours 


How long will it take you to travel 10 kilometers at the normal rate of 
march over normal terrain? 


hours 


How long will it take you to travel 3 kilometers at the normal rate of 
march over obstructive terrain? 
hours 


How long will it take you to travel from the unimproved and secondary 
intersection at (604878) and the "Y" intersection of light duty roads (5784) 
if speed is essential? 

minutes 
How fast must your squad travel to go 7 kilometers in 2 hours? 

kilometers per hour 
How fast must your squad travel to go 10 kilometers in 2.5 hours? 


kilometers per hour 


How fast must your squad travel to go from Bench Mark 139.3 (7101) to 
Bench Mark 189.9 (7402) in /% +hour? 


kilometers per hour 


Your squad has been traveling at an average rate of 4 kph since 0800 this 
morning. It is now 1530. How far have you traveled? 


kilometers 


Your squad has been traveling at an average rate of 4 kph since 1900. It 
is now 2200. How far have you gone? 


kilometers 
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12. Find the result by dividing the following equation. 


£2 +26] 6B4 + 263 — 6B + 16 


Check your answers with those on the next page. Review those items that you missed before 
continuing to the study unit exercise. 
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Lesson 2. AZIMUTHS 
LEARNING OBJECTIVES 
ie Describe grid north, magnetic north, and true north. 
2. Describe when grid north, magnetic north, and true north are used in land 
navigation. 
oF Using a protractor, determine the grid azimuth between two points to within 3 
degrees. 
4, Plot a grid azimuth using a protractor. 
5. Plot a known distance onto a plotted azimuth. 
6. Determine the back azimuth between two points. 
Ts Given a declination diagram, determine the G-M angle. 
8. Using the declination diagram, convert a grid azimuth to a magnetic azimuth. 
9: Using the declination diagram, convert a magnetic azimuth to a grid azimuth. 
10. Given a declination diagram, use the acronym LARS to convert grid azimuths and 
magnetic azimuths when a conversion note is unavailable. 
There are many ways of expressing direction, such as the clock system used to designate the 


wind direction on the rifle range, and the “right front,” “left front,” used in target designation. 
While these and other means are sometimes used in land navigation, the most accurate, most 
reliable, and the most often used method of expressing direction is in terms of an AZIMUTH. 


2201. Azimuth Defined 


An azimuth is a straight line from one point to another. This definition, however, leaves much to 
be desired in understanding the complete meaning of the word azimuth as it applies to land 
navigation. Therefore, the following definition is required: 


AN AZIMUTH IS AN ANGLE MEASURED IN A CLOCKWISE DIRECTION 
FROM A PREDETERMINED BASE LINE 


Before attempting to determine or follow an azimuth in the field, you must have a clear 
understanding of each part of this definition. 
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AN AZIMUTH IS AN ANGLE... 


a. An azimuth is an angle means that it is part of a circle. But just how much of a circle does 
each azimuth represent? If a circle were divided into 360 equal “slices of pie” each slice would 
be one degree (fig 2-12). Additionally, each degree can be broken down into 60 “minutes.” Just 
as there are 60 minutes in an hour, there are also 60 minutes (60’) in a degree. Thus, an azimuth 
can be expressed as 5° 15’ (5 degrees, 15 minutes). 


o 
or 
360° 


270° 30° 


180° 


Fig 2-12. An azimuth. 


.. MEASURED IN A CLOCKWISE DIRECTION ... 


b. | When we say that an azimuth is an angle measured in a clockwise direction, we mean that 
each of the angles discussed above must have a starting point and from there progress in 
numerical value in a clockwise direction around the circle until it returns to the starting point. 
The starting point has a value of 0°, or (since it is also the final direction line) 360°. It may be 
expressed as either 0° or 360°. Since the degree value of azimuths always progresses in a 
clockwise direction, all azimuths between 0° and 180° will be on the right side of the imaginary 
circle and all azimuths between 180° and 360° will be on the left side of the circle (fig 2-12). 


Keep in mind that there are only 360° in a circle. When working map problems, if you 
mathematically arrive at a figure exceeding 360°, then you have gone completely around the 
circle and started over again. For example, if you add 15° to 350°, it would be expressed as 5°, 
NOT 365°. 


... FROM A PREDETERMINED BASE LINE 
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c. | When we say that an azimuth is an angle measured in a clockwise direction from a 
predetermined base line, we mean that it is a certain number of degrees measured in a clockwise 
direction from some sort of reference point. It is this portion of the definition that causes the 
most misunderstanding, confusion, and often loss of direction in the field. 


This reference point or base line we are referring to is north. There are three base lines--true 
north, magnetic north, and grid north (fig 2-13). The most commonly used are magnetic and grid 


north. 


(1) 


(2) 


(3) 


* N 


TRUE NORTH MAGNETIC NORTH GRID NORTH 
Fig 2-13. Base lines. 


True North. The true north line is a line from any point on the earth's surface to the 
North Pole. True north can be found at night by locating the North Star, which 
always points towards true north (this will be covered in Study Unit 6). True north 
is usually represented on the declination diagram by a line ending with a star (fig 2- 
13). True north is used almost exclusively when navigating without a compass. 


Magnetic North. The earth has a magnetic field that is close to (but not exactly on) 
the North Pole. The direction to this north magnetic pole is indicated by the north- 
seeking arrow of your lensatic compass. Magnetic north is usually symbolized on 
the declination diagram by a line ending with a half arrowhead (fig 2-13). Anytime 
you use the compass to plan or follow an azimuth in the field, you must work with 
azimuths measured from magnetic north. 


Grid North. This base line is established by using the vertical grid lines on the map. 
Grid north may be symbolized on the declination diagram by the letters GN (fig 2- 
13). Anytime you use a protractor in conjunction with a vertical grid line to 
determine or plot an azimuth on a map, you must work with an azimuth measured 


from grid north. 


d. When using grid north and magnetic north as base lines, you need to understand the 
difference between a grid azimuth and a magnetic azimuth: 


A grid azimuth is an angle measured in a clockwise direction from grid north. 


A magnetic azimuth is an angle measured in a clockwise direction from magnetic 
north. 
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2202. Determining a Grid Azimuth 


There are two methods of measuring grid azimuths from one point to another on the map. 
Whichever method you use, remember that you are dealing with GRID AZIMUTHS. A grid 
azimuth CAN NOT be followed with a compass. See paragraph 2205 for converting azimuths. 


a.  Protractor and string method. To use this method, you must first modify your protractor. 
Using a needle and piece of thread, punch a SMALL hole through the index mark of your 
protractor. (The thread should be about 6 inches long). Tie a knot in the thread on each side of 
the protractor as close to the index line as possible to secure the thread to the protractor. Now 
you are ready to go. 


STEP PROCEDURE 

1 Place the index mark on your starting point. Ensure that the vertical base line is 
parallel with a north-south grid line and the horizontal base line is parallel with 
an east-west grid line. 


2 Holding the protractor firmly against the map with one hand, stretch the piece 
of thread with your other hand so that the thread intersects your second point. 
3 The point where the thread intersects the inside scale of the protractor is your 


azimuth (the outside scale is in mils). This is the GRID AZIMUTH from the 
starting point to the second point. 


b. — Protractor and pencil method. Before we get started with the steps for this method, you 
need to understand something. If you go ina STRAIGHT line from one point to another, does 
the azimuth ever change? Of course not. No matter where you are on that line of march, as long 
as you maintain a straight line, the azimuth never changes. Remember that when you get to 
Steps | and 3 for this method. 


STEP PROCEDURE 

if Using a straight edge, draw a line connecting the two points (fig 2-14). This 
line needs to be at least 4 inches long so that the line reaches the edge of the 
protractor in Step 4. 


2 Label the two points A and B, with point A being your starting position (fig 2- 
14). 
3 Place the index mark of your protractor on the line you just drew where that 


line intersects a vertical grid line. This point should be as close to point A as 
possible. Ensure that the entire vertical base line on your protractor is directly 
on the vertical grid line that your line intersects. If it is not, then your azimuth 
reading will be inaccurate. 


Note: The reason for placing the index mark on a point where your line 
intersects a vertical (or horizontal) grid line instead of directly on point 
A is so that you get a more accurate reading. Remember, as long as 
you are on that straight line from point A to point B, the azimuth 
doesn't change. 

4 The point where the line intersects the inside scale of the protractor is your 

azimuth (the outside scale is in mils). This is the GRID AZIMUTH from point 

A to point B. 
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Fig 2-14. Determining a grid azimuth. 


2203. Plotting A Grid Azimuth 


To plot a grid azimuth on a map, follow these steps (fig 2-15): 


STEP PROCEDURE 

1 Place the protractor on the map with the index mark at center mass of the 
known point. 

2 Ensure that the protractor's vertical base line is parallel with the closest north- 
south grid line and the horizontal base line is parallel with an east-west grid 
line. 

3 Make a mark on the map at the desired grid azimuth. 

4 Remove the protractor and draw a line connecting the known point and the 
mark on the map. You have now plotted the grid azimuth. 

5 To plot a known distance onto that azimuth, use a piece of paper to transfer the 
distance from the scale to the plotted azimuth. 
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Fig 2-15. Plotting a grid azimuth on the map. 
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Note: Remember, the azimuth you have just plotted is a GRID AZIMUTH. It 
cannot be followed using a compass. See paragraph 2205 for 
converting grid and magnetic azimuths. 


2204. Determining a Back Azimuth 


A back azimuth is the opposite direction of an azimuth. It is the same as doing an “about face.” 
To obtain a back azimuth from an azimuth, refer to figure 2-16: 


ADD 180° IF THE AZIMUTH IS 180° OR LESS 
or 


SUBTRACT 180° IF THE AZIMUTH IS 180° OR MORE 


o° 
OR 
360° 


270° 


EXAMPLE: 
azimuth 


Fig 2-16. Back azimuth. 


The back azimuth of 180° may be stated as 0° or 360°. So, what happens if you added when you 
should have subtracted or subtracted when you should have added? You will come up with 
either a negative number, or one that is over 360°. Since you cannot express azimuths as either 
negative numbers or as numbers over 360°, simply do the opposite of what you did before. If 
you added 180°, then subtract. If you subtracted 180°, then add. 


2205. Converting Azimuths 
Because there is an angular difference between grid north and magnetic north, a conversion from 


magnetic to grid or vice versa is needed. 
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a. Declination diagram. As previously discussed, azimuths measured with a protractor are 
grid azimuths (measured from grid north), and azimuths determined with the compass are 
magnetic azimuths (measured from magnetic north). You cannot follow a grid azimuth with a 
compass, nor can you plot a magnetic azimuth with a protractor because of the angular difference 
between grid north and magnetic north. 


This angular difference (between grid north and magnetic north) is called G-M ANGLE 
(Grid-Magnetic angle). The G-M angle varies for each map. 


Because of this angular difference (the G-M angle), before you can plot a magnetic azimuth on a 
map, you must convert it to a grid azimuth. Likewise, before you can use a grid azimuth to 
navigate, you must convert it to a magnetic azimuth. Declination diagrams display the difference 
between grid and magnetic north. A complete set of instructions is included in MOST 
declination diagrams for your use in converting azimuths. The G-M angle often is not expressed 
as a whole degree, such as ¥2° or 7° 15'. Since you will not need to work with such precise 
numbers as minutes, round the G-M angle off to the nearest whole degree. 


If the G-M angle is 2° or 30’, round the angle up to the next highest whole degree. 


For example, the G-M angle that you use on your Margarita Peak Map is 14°. What G-M 
angle would you use if the map’s G-M angle was 5 4°? That's right, 5°. What if it was 3°40'? 
Right again, 4°. Remember, there are 60’ (minutes) in one degree, so 40’ is over 2° so you 
round up to the next higher degree. 


Remember, use 14° as the G-M angle for the Margarita Peak map. 


b. | Conversion notes. Refer to the conversion notes that appear with the declination diagrams 
explaining the use of the G-M angle (fig 2-17). Refer to paragraph c to see how to use G-M 
angles on maps that don't have conversion notes. 
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Fig 2-17. Examples of various declination diagrams. 
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One note provides instructions for converting a magnetic azimuth to a grid azimuth. The other 
provides instructions for converting a grid azimuth to a magnetic azimuth. The conversion 
(addition or subtraction) is governed by the direction of magnetic north relative to grid north. 


(1) Converting arid azimuths to magnetic azimuths. Examine the declination diagram 
on your Margarita Peak map. The conversion note states: 


TO CONVERT A GRID AZIMUTH TO A 
MAGNETIC AZIMUTH, SUBTRACT G-M ANGLE 


To convert a 39° grid azimuth to a magnetic azimuth you simply follow the instructions. 


Subtracting the G-M angle (14°) from the grid azimuth (39°), you get the correct magnetic 
azimuth of 25°. 


(2) Converting magnetic azimuths to grid azimuths. Again, examine the declination 
diagram on your Margarita Peak map. The conversion note states: 


TO CONVERT A MAGNETIC AZIMUTH 
TO A GRID AZIMUTH, ADD G-M ANGLE 


To convert a 238° magnetic azimuth to a grid azimuth you simply follow the instructions. 


Adding the G-M angle (14°) to the magnetic azimuth (238°), gives you the correct grid azimuth 
of 252°. 


c. Converting G-M angles without conversion notes. If your declination diagram doesn't have 
conversion notes, how will you know whether to ADD or SUBTRACT the G-M angle? This is 
rather simple. Look at the examples of the declination diagrams in figure 2-18. In the 
declination diagrams on the left and in the middle you will notice that magnetic north is to the 
left of grid north. In other figures, as in the declination diagram on the right, magnetic north is to 
the right of grid north. To convert grid azimuths and magnetic azimuths on declination diagrams 
that do not have conversion notes, use the simple acronym LARS (Left - Add, Right - Subtract). 
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Fig 2-18. Declination diagrams without conversion notes. 
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(1) Converting magnetic azimuths to arid azimuths. Look at your declination diagram 
(any map will work). If you want to convert a magnetic azimuth to a grid azimuth, 
put your finger on the magnetic north line on the declination diagram. Which way 
do you have to move your finger to get to the grid azimuth? If you move your 
finger to the LEFT, then ADD the G-M angle to the magnetic azimuth to get the 
proper grid azimuth. If you move your finger to the RIGHT, then SUBTRACT the 
G-M angle to get the proper grid azimuth. 


(2) Converting arid azimuths to magnetic azimuths. It works the same way for 
converting grid azimuths to magnetic azimuths. Put your finger on the grid north 
line on the declination diagram. If you move your finger to the LEFT to get to the 
magnetic azimuth, then ADD the G-M angle. If you move your finger to the 
RIGHT, then SUBTRACT the G-M angle to get the proper magnetic azimuth. 


Look at the declination diagram on your Margarita Peak map. Without looking at the conversion 
notes, do you have to add or subtract the G-M angle to convert a grid azimuth to a magnetic 
azimuth? What do you do when converting a magnetic azimuth to a grid azimuth? Now look at 
the conversion notes. Did you get it right? Look at the middle declination diagram in figure 2- 
18. To convert a magnetic azimuth to a grid azimuth do you add or subtract (and what is the G- 
M angle)? The correct answer is, you SUBTRACT 8°. Did you get it right? If not, then review 
paragraph c. 


Lesson Summary. During this important lesson, you have learned the difference between the 
three types of norths and when they are used. You have also learned how to determine and plot 
grid azimuths using a protractor and how to plot known distances onto plotted azimuths. From 
there, you learned how to determine back azimuths, how to determine and use the G-M angle, 
and how to use the acronym LARS to convert grid azimuths and magnetic azimuths. 


Exercise: Complete items 1 through 9 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. In the space provided below, describe grid north, magnetic north, and true north. 


Grid North 


Magnetic North 


True North 
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Lesson 4 Exercise Solutions 


References 

1. 

(a) Polynomial 1401 

(b) Binomial 1401 

(c)  Trinomial 1401 

(d) Monomial 1401 
2 

(a) Commutative property 1402 

(b) Associative property 1402 

(c) Distributive property 1402 
5 135x°9" 1403 
4. 90E?PR? 1403 
5. -a*b—3a*b* —4ab* —2b* 1403 
6 18x7y? + 24x7y4 + 54xy? + 66y4 1403 
7 —2x? — 3xy —2y? 1404 
8. a?*+2ab+b? 1404 
9. 30x? + 83xy+ 20y? — 10y -71x—- 10 1405 
10. —24ac® 1406 
11. 4a*b?c*+3a7b'c4+ 2a bic" 1407 
12. 66? - 108 +20+ EF 1408 

UNIT SUMMARY 


This study unit provided you with instruction on the mathematical terms, signs, and order of 
operation. You also covered the basic principle of grouping, products, quotient of terms, and 
principles of polynomials. Study Unit 2 will introduce you to factoring and fractions. You will 
then see how these basic principles are applied. Before continuing to Study Unit 2, complete the 
unit exercise. 
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In the space provided below, describe when grid north, magnetic north, and true 
north are used in land navigation. 


Grid North 


Magnetic North 


True North 


Using your protractor, determine the grid azimuth between the following points 
to within 3 degrees. 


a. Point A 
Point B 


Light duty road intersection at 597928 
Intermittent stream intersection at 634912 


Azimuth, A to B 


b. Point A Well at 639870 
Point B Hilltop at 625885 
Azimuth, A to B 

c Point A Hilltop at 596994 
Point B Hilltop at 605980 


Azimuth, A to B 
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Plot the following grid azimuths with your protractor and answer the questions in 
the space provide below. 


a. From the light duty road intersection at 572934 plot a grid azimuth of 
291°. What topographical symbol is located 2,000 meters away along this 
azimuth? 


b. From the light duty road intersection at 742799, plot a grid azimuth of 40° 
What topographical symbol is located 1,900 meters away along this 
azimuth? 


Cs From the building at 702797 plot a grid azimuth of 44° What 
topographical symbol is located 1,760 meters away along this azimuth? 


Determine the grid back azimuth of each azimuth that you determined in question 
3 and record your answers in the spaces provided below. 
a. b. C: 


Round the following G-M angles off to the nearest whole degree. 


a. Si" 
b. 6° 44' 
c 4° ]5' 
d. 14° 30' 
e; 3 4 


Using the declination diagram on your Margarita Peak map sheet, convert the 
following magnetic azimuths to grid azimuths. 


a. 108° magnetic = ° grid. 
b. 123° magnetic = ° grid. 
C: 352° magnetic = ° grid. 
d. 8° magnetic 7 ° grid. 
; 276° magnetic = ° grid. 
18 45° magnetic = ° grid. 
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Using the declination diagram on your Margarita Peak map sheet, convert the 
following grid azimuths to magnetic azimuths. 


a. 118° grid = ° magnetic 
b. 185° grid = ° magnetic 
C: 352° grid = ° magnetic 
d. 9° grid = ° magnetic 
e 176° grid = ° magnetic 
de 281° grid = ° magnetic 


Using the declination diagram pictured below, convert the following azimuths. 
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a. 47° magnetic azimuth = grid azimuth 


b. 283° grid azimuth 


magnetic azimuth 


GC, 182° grid azimuth = magnetic azimuth 
d. 305° magnetic azimuth = grid azimuth 
e: 4° grid azimuth = magnetic azimuth 
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UNIT SUMMARY 


In this study unit, you learned about the metric system, measuring distances on a map, and 
solving time, rate, distance problems. You have learned the difference between the three types 
of norths and when they are used. You have also learned how to determine and plot grid 
azimuths using a protractor and how to plot known distances onto plotted azimuths. From there, 
you learned how to determine back azimuths, how to determine and use the G-M angle, and how 
to use the acronym LARS to convert grid azimuths and magnetic azimuths. These skills are vital 
if you are to successfully navigate. During the next study unit you will learn how to determine 
the elevation of locations on the ground, how to recognize the various terrain features, and the 


military significance of these features. 


Lesson 1 Exercise Solutions 


1 kilometer 

3 kilometers 

2.5 kilometers 
75 kilometers 
4.85 kilometers 
1.333 kilometers 


mAoBRogp 


2,000 meters 
4,500 meters 
1,750 meters 
500 meters 
100 meters 


enogp 


a 1,100 meters 
b. 5,280 meters 
Cc. 5,180 meters 
d 1,350 meters 
e 620 meters 


1,920 meters 
; 6,420 meters 
Cc. 3,080 meters 


SP 


a. 6 hours 
b. 2.5 hours or 2 hours, 30 minutes 


Cc. 1.5 hours or | hour, 30 minutes 


d. 54 minutes 
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Reference 


2102c(1) 


2102c(2) 


2104 


2105 


2106b(2) 
2106b(2) 
2107a 
2106b(3) 
2107a 
2106b(4) 
2107a 


Lesson | Exercise Solutions, continued 


rp ga rh © 


3.5 kilometers per hour 
4 kilometers per hour 
63 kilometers per hour 
30 kilometers 

12 kilometers 


Lesson 2 Exercise Solutions 


1. 


eo Aaore 


Grid north - the vertical grid lines on the map 
Magnetic north - the magnetic field near the 
North Pole. The north seeking arrow on the 
compass points to it. 

True north - the north star and the North Pole 


Grid north - used when measuring azimuths 
on the map with a protractor 

Magnetic north - used when following an 
azimuth off of a compass 

True north - used when navigating without 
a compass 


113° 
324° 
148° 


An observation tower 
A light duty road intersection 
An intermittent stream 


289° 
144° 
328° 


4° 
7° 
4° 
15° 
5° 
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Reference 
2107c 
2107c 
2107c 
2107d 
2107d 
Reference 
2201c(3) 
2201c(2) 
2201c(1) 


2201c(3) 


2201c(2) 


2201c(1) 


2202 


2203 


2204 


2205a (2) 


Lesson 2 Exercise Solutions, continued 


Reference 
7. 2205b (2 ) 
a. 122° 
b. 137° 
c. 6° 
d. 22° 
e. 290° 
f. 59° 
8. 2205b(1) 
a. 104° 
b. 171° 
Cc. 338° 
d. 355° 
e. 162° 
f. 267° 
9. 
a. 39° 2205c(1) 
b. 291° 2205c(2) 
c. 190° 2205c (2) 
d. 297° 2205c (1) 
e. 12° 2205c (2 ) 
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STUDY UNIT 3 
ELEVATION AND RELIEF 


Introduction. To navigate on land, you must have a clear understanding of the terrain 
which you and your squad must travel. One way to do this is through a comprehensive 
map study. You must be able to study a map and understand how the mapmaker shows 
elevation and relief. This understanding will enable you to visualize the hills, valleys, 
cliffs, and other terrain features that will affect your navigation. During this study unit, 
you will learn about elevation and relief. 


Lesson 1 TERRAIN FEATURES 


LEARNING OBJECTIVE 


Given the grid coordinates to a terrain feature on the Margarita Peak map, identify the 
type of feature depicted 


3101. Types of Terrain Features 


As you plan and execute land navigation, you must be able to recognize and associate ground 
forms which you see or expect to see on the ground with the same features shown by contour 
lines on the map once you can recognize these ground forms and understand their characteristics, 
you can better use certain terrain features to your advantage and avoid those which might hinder 
you. 


a. Hill. 
(1) Representation. A hill is an area of high ground. From a hilltop, the ground slopes 


down in all directions. A hill is shown on a map by contour lines forming 
concentric circles. The inside of the smallest closed circle is the hilltop. 


(2) Application to navigation. Your ability to recognize hills on a map will help you 
greatly in land navigation. You can plan your routes to avoid unnecessary travel 
over them. Checkpoints can be chosen on or near a prominent hilltop. You can use 
a distant prominent hilltop to guide you. Identifying hilltops on the ground and on 
the map can help you locate your position accurately (fig 3-1). 
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Fig 3-1. Hill located at 750844. 


Representation. A ridge is a series of hills connected to each other near the top. A 
ridge line may extend for many miles. It may be winding or quite straight. It may 
have a reasonably uniform elevation along its top or it may vary greatly in 
elevation. 


Application to navigation. A ridge often serves as an ideal reference line during 
both day and night. If a map study shows that the ridge is constantly on your left, 
then as long as you can see the familiar characteristics of the ridge silhouetted 
against the skyline on your left, you know that you are heading in the proper 
general direction. After passing through thick terrain, if the ridge line is no longer 
on your left, you know you are heading in the wrong general direction. It is 
normally easier to maintain direction, observe steering marks, and move with less 
obstruction by moving along the top of the ridge as opposed to the sides of the ridge 
(if the tactical disadvantage of being silhouetted against the skyline is not a 
determining factor, and if the top of the ridge is fairly uniform ) (fig 3-2 ). 
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Fig 3-2. Ridge located from 657824 to 678828. 


Representation. This is a dip or low point between two areas of higher ground. A 
saddle is not necessarily the lower ground between two hilltops; it may be simply a 
dip or break along a level ridge crest. If you are in a saddle, there is high ground in 
two opposite directions and low ground in the other two directions. A saddle is 
normally represented as an hourglass or by figure-eight shaped contour lines. 
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(2) Application to navigation. A distinct, unmistakable saddle will often provide a 


suitable checkpoint or steering mark. Also, if you must cross a ridge, it is normally 
easiest to cross it at a saddle (fig 3-3). 


Fig 3-3. Saddle located at 666826. 
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(1) Representation. A finger is a short, continuous sloping line of higher ground, 
normally jutting out from the side of a ridge or hill. A finger is often formed by two 
roughly parallel draws. The ground slopes down in three directions and up in one. 
Contour lines on a map depict a finger with the U or V pointing away from high 
ground. 


(2) Application to navigation. A distinct, unmistakable finger may be chosen as a 
checkpoint or steering mark. In the defense, fingers provide good fields of view for 
observation posts. During movement, there is a chance of being skylined when 
traveling on fingers (fig 3-4). 


Study Unit 1 Exercise: Complete items | through 20 by performing the action required. Check 
your responses against those listed at the end of this study unit exercise. 


1. Simplify. 5+4|3-6-(/16 - 
a. 67 C. 
b. =: 162 d. 
2. Reduce. /16a*b? 
a.  8a*b c. 
b. Aab Ja d. 


3. Multiply. (@+2)(a—-5) 
a.  a’—3a-10 c. 
b.  a*-—7a-10 d. 
4. Divide. Ga? + 4a? +45) +(a+3) 
a. 3a?+5a-—15 & 


b. 3a?-Sat15 d. 


=3 


: e348 a 
5. Express using positive exponents. 727-4 


b2 

a. a3c4 Cc. 
4 
Cc 
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Fig 3-4. Finger and draw. 
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(2) 


(3) 


Representation. A draw is a short, continuous sloping line of low ground, normally 
cut into the side of a ridge or hill. Often, there is a small stream running down the 
draw. In a draw, there is essentially no level ground. Therefore, little or no 
maneuver room exists within its confines. If you are standing in the middle of a 
draw, the ground slopes upward in three directions and downward in the other 
direction. Contour lines (fig 3-4) on a map depict a draw with the U or V pointing 
toward high ground. 


Application to navigation. A draw may or may not be a wise route to follow. The 
sides of a draw are often steep. The sides of draws are normally steeper than the 
fingers on both sides of the draw. Fingers normally have convex slopes while 
draws normally have concave slopes. Therefore, when you must climb a hill, draws 
provide an easy route at the bottom of the hill, but the route gets more difficult near 
the top when the sides of draws are normally quite steep. Draws often provide good 
concealment during movement, but if the draw is covered by an enemy 
machinegun, it could become a death trap due to its steep sides. A draw can be 
used to maintain direction. 


Distinguishing between draws and fingers. Look at point (a) on figure 3-5. Is ita 
finger or a draw? If you think it is a finger, you are wrong. If you think it is a 
draw, you also are wrong. You see, from the amount of information given in the 
figure, you can not tell what type of terrain feature it is. You MUST look at the 
surrounding terrain features. If there is a hill in the direction of the open end of the 
"U", then the feature is a finger; if not, then it is a draw. If there is a stream in the 
middle of the feature, then is it a finger or a draw? That's right, a draw. Along 
those lines, here's a trivia question for you - which way does the closed end of the 
"U" of the contour lines point on a stream, upstream or downstream? You already 
have enough information to answer this. Which way does the closed end of the "U" 
of the contour lines point in a draw? And where are streams, in draws or fingers? 
So the correct answer is that the closed end of the "U" points UPSTREAM. 


Fig 3-5. Draw or finger? 
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f. Valley. 


(1) Representation. A valley is a continuous line of low ground that normally rests in 
between two roughly parallel ridges. Valleys often have streams or rivers running 
through them (fig 3-6). 
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Fig 3-6. Valley. 


(2) Application to navigation. If you are navigating through a valley that has a stream, 
keep in mind that while the stream bed provides a relatively vegetation-free, easy 
to-follow route, it will often meander back and forth across the valley floor. During 
inclement weather, many streams are subject to flash flooding. Additionally, the 
banks of streams, creeks, and rivers often contain mud flats, marshes, and extremely 
thick vegetation. During tactical foot movements, keep in mind the need for 
security and silent movement. Moving silently while wading in water requires a 
great deal of effort on the part of each Marine. Therefore, while the trace of a 
stream will often provide an ideal reference line, it is recommended that you move 
away from the stream and use the valley as a reference point. 


g. Cuts and fills. 


(1) Representation. 


(a) A CUT is a manmade feature resulting from cutting through high ground, 
usually to form a level bed for a road or railroad track. Cuts are drawn with 
a contour line along the cut line. This contour line extends the length of the 
cut and has tick marks that extend from the cut line to the roadbed, if the 
map scale permits this level of detail (fig 3-7). 
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(b) A FILL is a manmade feature resulting from filling a low area, usually to 
form a level bed for a road or railroad track. Fills are drawn with contour 
lines along the fill line. This contour line extends the length of the filled 
area and has tick marks that point toward lower ground. If the man scale 


permits, the length of the fill tick marks are drawn to scale and extend from 
the base line of the fill (fig 3-7). 


Fig 3-7. Cuts and fills. 


(2) Application to navigation. Prominent cuts and fills can often be used as 
checkpoints. If the map shows that a road or railroad is punctuated with cuts and 
fills, it indicates that efforts have been made to eliminate radical changes in slope. 


Depression. 


(1) Representation. This is a low point in the ground or a sinkhole. It is an area of low 
ground surrounded by higher ground in all directions, or simply a hole in the 
ground. Usually only depressions that are equal to or greater than the contour 
interval will be shown. On maps, depressions are represented by closed contour 
lines that have tick marks pointing toward low ground (fig 3-8). 


Fig 3-8 Depression. 


(2) Application to navigation. Prominent depressions can often be used as checkpoints. 
Because of the usually steep sides of depressions, bypass them if possible. 
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i. Cliff. 


(1) Representation. A cliff is a vertical or near vertical terrain feature. It is an abrupt 
change of the land. When a slope is so steep that the contour lines converge into 
one "carrying" contour of contours, this last contour line sometimes has tick marks 
pointing toward low ground (fig 3-9). (This cliff is shown on a Camp Pendleton 
Special map 1:32,500. You were not issued this map with this course ). 


(2) Application to navigation. Prominent cliffs can often be used as checkpoints. 
Because of the steep face of a cliff, it should be bypassed. 
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Fig 3-9. Cliffs. 


Lesson Summary. During this lesson, you learned about the various terrain features, how they 
are depicted on maps, and their application to land navigation. During the next lesson, you will 
learn about the four types of slopes and their military significance. 
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Exercise: Complete item 1 by performing the action required. Check your responses 
against those listed at the end of this study unit. 


iE Identify the following terrain features represented on your map by contour lines. 


Location Terrain feature 


a. 701967 to 703940 


b. 694945 
Cc: 649861 
d. 641866 
e. 578950 


f. 648979 to 641996 


Lesson 2. SLOPES 


LEARNING OBJECTIVES 

1. Given the grid coordinates of a slope on the Margarita Peak map, identify the type 
of slope depicted. 

Ze Determine the military impact of each of the four types of slopes. 


The terrain you navigate will contain wide varieties of ground forms. Each hill may have a 
combination of different types of slopes which offer either an advantage or disadvantage to land 
navigation. To determine the best routes for navigation, you must be able to recognize the 
characteristics of contour lines used to show these types of slopes on the map. 


3201. Types of Slopes 


Depending on your mission, you may need to determine not only the elevation of a hill, but the 
hill's slope as well. 


The rate of rise or fall of a hill is known as its slope. 


The speed at which equipment or personnel can move is effected by the slope of the ground. 
This slope can be determined from the map by studying the contour lines--the closer the contour 
lines, the steeper the slope; the farther apart the contour lines, the gentler the slope. The four 
types of slopes that you should be concerned with are: 
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a. Uniform gentle slope. Contour lines showing a uniform, gentle slope are evenly spaced 
and wide apart (fig 3-10). Considering relief only (not vegetation, manmade features, etc), a 
uniform, gently slope allows the defender to use grazing fire, while the attacking force has to 
climb a slight incline. 


NT ee, 


Fig 3-10. Uniform, gentle slope. 
b. Uniform, steep slope. Contour lines showing a uniform, steep slope are evenly spaced, but 
close together. Remember, the closer the contour lines, the steeper the slope (fig 3-11). 


Considering relief only, a uniform, steep slope allows the defender to use grazing fire, while the 
attacking force has to negotiate a steep incline. 
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c. Concave slope. Contour lines showing a concave slope on a map are closely spaced at the 
top of the terrain feature and widely spaced at the bottom (fig 3-12). The slope is bowed 
INWARD. Considering relief only, the defender at the top of the slope can observe the entire 
slope and the terrain at the bottom, but he cannot use grazing fire. The attacker will have no 
cover from the defender’s observation of fire, and his climb will become more difficult as he 
goes farther up the slope. 


Fig 3-12. Concave slope. 


d. Convex slope. Contour lines showing a convex slope on a map are widely spaced at the 
top and closely spaced at the bottom (fig 3-13). The slope is bowed OUTWARD. Considering 
relief only, the defender at the top of the convex slope can obtain a small distance of grazing fire, 
but he cannot observe most of the slope or the terrain at the bottom. The attacker will have 
concealment on most of the slope and an easier climb as he nears the top. 


Fig 3-13. Convex slope. 


Lesson Summary. During this lesson, you have learned the four types of slopes and their 
military significance. During the next lesson, you will learn how to determine the elevation of 
various points on your map. 
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Exercise: 


Complete items 1 and 2 by performing the action required. Check your responses 
against those listed at the end of this study unit. 


Identify the type of slope depicted on your Margarita Peak map, as specified 
below. 


a. Slope running from 654988 to 645988. 
b. Slope running from 695941 to 695943. 
es Slope running from 639990 to 642992. 
d. Slope running from 692011 to 671016. 


State the military impact of each of the following slopes. 


a. Uniform, gentle slope 
b. Uniform, steep slope 
co; Concave slope 

d. Convex slope 
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Lesson 3. CONTOUR LINES 


LEARNING OBJECTIVES 
ie Identify the contour interval on your Margarita Peak map. 
2 Determine the exact elevation of a point(s) on your Margarita Peak map 


3301. Definitions 
To fully understand elevation and relief, you must have a clear understanding of certain terms. 


a. Datum Plane. There must be a reference or starting point to measure anything. The 
starting point for vertical measurement of elevation on standard military maps is the datum plane 
or mean sea level, the point halfway between high tide and low tide. 


b. — Elevation. The elevation of a point on the earth's surface is the vertical distance it is above 
or below the datum plane (mean sea level). 


c. Relief. Relief is the representation (as depicted by the map maker) of the shape of hills, 
valleys, streams, or landforms on the earth's surface. 


d. Contour Lines. Contour lines are the most common method of showing relief and elevation 
on standard topographic maps. A contour line represents an imaginary line on the ground, above 
or below sea level. All points on the contour line are at the same elevation. The three types of 
contour lines used on a standard topographic map are as follows: 


(1) Index. Starting at zero elevation or mean sea level, every fifth contour line is 
thicker than the other contour lines. These are known as index contour lines (fig 3- 
14). Normally, each index contour line is numbered at some point. This number is 
the elevation of that line above mean sea level. 


(2) Intermediate. The contour lines falling between the index contour lines are called 
intermediate contour lines (fig 3-14). These lines are thinner than index contour 
lines. Intermediate contour lines are only numbered if there are no index contour 
lines in the area (for example, the intermediate contour line at grid coordinate 
588839 on your Margarita Peak map is labeled 40 meters). There are normally four 
intermediate contour lines between index contour lines. 


(3) Supplementary. These contour lines resemble dashes. They show sudden changes 
in elevation of at least one-half the contour interval (fig 3-14). 
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10. 


11. 


ee 6a2b3 
Divide. ae 


a.  3a%b*c Cc. 
b. 3ac d. 


Add. 2ab+3a*b—ab?+4 
(+)7ab? —2ab+a?b—5 


a.  4a*b+6ab?-1 C. 


b. 2a”b+4ab—8ab? +9 d. 


Multiply. —12ac(5a+3c—4) 


8a3b*c 


3abc 


Sab+a*b-1 


9a*b3? —a+ab-1 


a. 60a2c — 36a2c? + 48ac c. 60a2c + 36ac” — 48ac 


b. 72a2c — 36ac? — 44ac d. 9a*b3? —a+ab-1 


Divide. 25a°b? + 5a”b — 20ab + 5ab 


a. 5a*+a+4 C. 
b. Sab+at+4 d. 
Add. 14*10° 

+.15 * 10° 
a. 2.9% 104 C. 
b. 1.415 x 108 d. 


Multiply. 7 * 10? 


2.2 *« 1073 
a. 1.54 * 10° C. 
b. 1.54% 10> d. 


1-72 


5a*b-at+4 


5a*b+a-—4 


1.415 x 10° 


2.9 x 10° 


1.54 


1.45 * 10° 


Fig 3-14. Three types of contour lines. 


e. | Hachures. Hachures are short broken lines used to show relief. Hachures are sometimes 
used with contour lines. They do not represent exact elevations, but are mainly used to show 
large, rocky outcrop areas, and depressions (fig 3-15). 
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Fig 3-15. Hachures. 
3302. Elevation 


a. Contour interval. Before you can determine the elevation of a point on the map, you must 
know the contour interval. This is given in the marginal information of your map (normally at 
the lower middle portion of the map). The contour interval measurement is the vertical distance 
between adjacent contour lines. What is the contour interval of your Margarita Peak map? 
That's right, 20 meters. 


b. Elevation of points located on contour lines. To determine the elevation of a point on the 
map you must do the following: 


(1) Index contour line. Find the numbered index contour line nearest the point of 
which you are trying to determine the elevation (fig 3-16). 
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(2) 


General elevation. Determine if your point is at a higher or a lower elevation than 
the index contour line. This is done by examining the elevations of the index 
contour lines around your point. If your point lies between index contour lines 400 
and 500, then your point must be somewhere between 400 and 500 meters high. In 
figure 3-16, point (a) is between the index contour lines 500 and 600. The lower 
index contour line is numbered 500, which means any point on that line is at an 
elevation of 500 meters mean sea level. The upper index contour line is numbered 
600 (600 meters). Going from the lower to the upper index contour line shows an 
increase in elevation. If point (a) is somewhere between 500 and 600 meters high, 
and it is on the SECOND intermediate contour line from the index contour line that 
marks 500 meters, and the contour interval is 20 meters, what is the elevation of 
point (a)? That's right, 540 meters. That was above easy. But what if your point 
lies between index contour lines 500 and 500, such as point (b)? This often 
happens when the point lies between two hills, in a valley, or in a flat area. In this 
case, you must determine what kind of terrain feature the point lies on. It should be 
obvious to you that point (b) lies on either a saddle or in between two hills. In this 
case, the point is lower than index contour line 500. Since it is on the second 
intermediate contour line below 500, what is its elevation? That's right, 460 meters. 


*(a) 
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Fig 3-16. Points on contour lines. 


Do you think you can do one yourself? Look at your Margarita Peak map. What is the elevation 
of the three buildings at grid coordinate 684851? The correct answer is 40 meters. Did you get 
it right? Are there any contour lines near that point that are labeled with their elevation? 
(Remember, sometimes intermediate contour lines are labeled). The closest one is located at grid 
coordinate 692846 with an elevation of 100 meters. Follow it around to the north and west until 
you reach a point at 686851 where it is 250 meters to the east of your buildings. Now the 
question is, are your buildings higher or lower than contour line 100? Look at grid coordinate 
689851. This terrain feature is obviously a hilltop. Your buildings lie on a contour line below 
the hilltop. Thus, the contour line that your buildings sit on must be 40 meters in elevation! 


c. Elevation of points not located on contour lines. 


(1) Hilltop. To determine the elevation of a hilltop, point (c), add one-half the contour 
interval to the elevation of the last contour line (fig 3-17). In this example, the last 
contour line before the hilltop is an index contour line numbered 600. Add one-half 
the contour interval, 10 meters, to this contour line. The elevation of the hilltop is 
610 meters. 


(2) Points between contour lines. There will be times when you need to determine the 
elevation of points falling between contour lines (fig 3-17). To do this, you must 
determine how far between the two contour lines the point lies. 
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Fig 3-17. Points between contour lines. 


(a) If the point is LESS than one-fourth or MORE than three-fourths the 
distance between contour lines, the elevation is the same as the closest 
contour line. In figure 3-17, the elevation of point (a) is 540 meters. 


(b) To estimate the elevation of a point between one-fourth and three-fourths of 
the distance between contour lines, add one-half the contour interval to the 
last contour line. Point (b) is one-half the distance between contour lines 
(fig 3-17). The contour line immediately below point (b) is at an elevation 
of 580 meters. 
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The contour interval is 20 meters; thus one-half the contour interval is 10 
meters. In this case, add 10 meters to the last contour line of 580 meters. 
The elevation of point (b) is approximately 590 meters. 


(3) Depressions. To estimate the elevation at the bottom of a depression (fig 3-18), 
subtract one-half the contour interval from the value of the lowest contour line 
before the depression. The lowest contour line before the depression is 240 meters 
in elevation. Thus, the elevation at the edge of the depression is 240 meters. To 
determine the elevation at the bottom of the depression, subtract one-half the 
contour interval. The contour interval for this example is 20 meters. Subtract 10 
meters from the lowest contour line immediately before the depression. The result 
is that the elevation at the bottom of the depression is 230 meters. The tick marks 
on the contour line forming a depression always point to lower elevations. 


ee 


Fig 3-18. Depression. 


d. Points of known elevation. In addition to the contour lines, bench marks and spot 
elevations are used to indicate points of known elevations on the map. 


(1) Bench marks. Bench marks (the more accurate of the two) are symbolized by a 
black X, such as “X BM 214” if monumented, or “X 214” if unmonumented. The 
214 indicates that the center of the “X’’ is at an elevation of 214 meters above mean 
sea level. 


(2) Spot elevations. Spot elevations are shown by a black “.” and are usually located at 
road junctions and on hilltops and other prominent terrain features. An example of 
a spot elevation is “ 76,” indicating that the center of the “.” is at an elevation of 76 
meters above mean sea level. Sometimes an "x" is used to mark spot elevations. 
Just look at the legend of your map to see which one is being used. 


Lesson Summary. During this lesson, you learned about how to determine the elevation of 
points on contour lines, points in between contour lines, and points of known elevation. 
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Exercise: Complete items 1 through 6 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


I What is the contour interval on your Margarita Peak map? 
2s Determine the exact elevation of the following features. 

a. Observation tower located at grid coordinates 554939. 

b. Unimproved surface road intersection at grid coordinate 625990. 
o Determine the elevation of the hilltops at the following grid coordinates. 


a. Grid coordinate 656952 
b. Grid coordinate 720043 

4. Determine the elevation of the following points on your map. 
a. Building at 596914 


b. Building at 691007 


5. Determine the exact elevation of the following bench mark. 
BM located at 583016 
6. Determine the elevation of the following spot elevation. 


Spot elevation located at 568980 


UNIT SUMMARY 


As with the rest of the information in the other study units, being able to distinguish terrain 
features on a map is worthless knowledge unless you can combine this information with the 
ability to determine distances, locate grid coordinates, etc. You should already see from this 
study unit that all of this information works together. During your next study unit, you will learn 
how to shoot azimuths and maintain direction. 
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Lesson 1 Exercise Solutions 


1. 


>Ao Bog 


Valley 
Finger 
Hill 
Saddle 
Draw 
Ridge 


Lesson 2 Exercise Solutions 


1. 
a. 
b. 
C: 
d. 
2% 
a. 
b. 
€: 
d. 


Uniform, steep slope 
Convex slope 
Uniform, gentle slope 
Concave slope 


Uniform gentle - permits the defender to use grazing 
fire. The attacking force climbs a slight incline. 
Uniform steep - permits the defender to use grazing 
fire. The attacking force climbs a steep incline. 
Concave slope - the defender can observe the entire 
slope. An attacker’s climb will get more difficult 

as he goes farther up the slope. 

Convex slope — the defender cannot observe the entire 
slope from the top. An attacker's climb will get easier 
as he nears the top. 


Lesson 3 Exercise Solutions 


1. 20 meters 
a. 140 meters 
b. 740 meters 
3. 
a. 370 meters 
b. 450 meters 
4. 
a. 180 meters 
b. 160 meters 
5. 582 meters 
6. 266 meters 
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Reference 


3101f 
3101d 
3101a 
3101c 
310le 
3101b 


Reference 
3201b 
3201d 
3201la 
3201c 
3201la 
3201b 


3201c 


3201d 


Reference 


3302a 
3302b 


3302c(1) 


3302c(2)(a) 
3302c(2)(b) 
3302d(1) 
3302d(2) 


STUDY UNIT 4 
MAINTAINING COURSE AND ORIENTATION 


Introduction. The tools you need during land navigation consist of the map, compass, 
and protractor. These tools will increase your accuracy and make navigation easier and 
faster. They should always be used when available. Previous study units discussed the 
techniques of map reading. This study unit will focus on all those techniques used during 
movement when navigating. 


Lesson 1. THE LENSATIC COMPASS 


LEARNING OBJECTIVES 
1. Given an illustration of a lensatic compass, identify the specific parts. 
Z Identify the proper safe distances that the lensatic compass must be separated 


from specified metal or electric sources in order to function properly. 


o: List the steps used to determine a magnetic azimuth, using the centerhold 
technique and a lensatic compass. 


4, List the steps used to preset the lensatic compass during daylight hours. 


5. List the steps used to determine a magnetic azimuth, using the compass-to-cheek 
and a lensatic compass. 


The primary instrument you need to determine and maintain direction during land navigation is 
the lensatic compass. It provides you with the most reliable means of maintaining direction 
while navigating from one point to another. 


4101. Description 


The lensatic compass consists of three major parts (fig 4-1): 


e Cover 
e Base 
e Rear sight 


LUMINOUS MAGNETIC ARROW 


SHORT LUMINOUS LINE SIGHTING SLOT 
FIXED BLACK INDEX LINE . LENS = 


LUMINOUS 4 
SIGHTING DOTS mean cr te 
1 ss 
90 S00 | FOES Ht anandns TH 
ALERTS i LU EL Pa LOA ee 
SIGHTING WIRE GRADUATED STRAIGHT FLOATING DIAL 
EDGE BEZEL RING 
COVER BASE 
Fig 4-1. Lensatic compass. 
PART DESCRIPTION 
Cover Protects the floating dial and the glass encasement. It contains the sighting wire 
and two luminous sighting dots for night navigation. 
Base 1. Floating dial - mounted on a pivot so that it rotates freely when the compass 


is held level. It contains the magnetic needle. A luminous arrow and the 
letters "E" & "W" are printed on the dial. The arrow points to magnetic 
north. Letters fall at the east (E) 90° and (W) 270°. There are two scales: 
outer - denotes MILS (black); inner - denotes DEGREES (red). 

ya Glass encasement - houses the floating dial and contains a fixed black index 
line. 

BS: Bezel ring. - device that clicks when turned. Contains 120 clicks when 
rotated fully. Each click equals 3°. A short luminous line is used in 
conjunction with the north-seeking arrow during night navigation. 

4 Thumb loop - is attached to the base. 


Rear Used to lock the floating dial. Rear sight must be opened more than 45 degrees 
Sight to allow the floating dial to float freely. 


1. Lens - used to read the floating dial. 
2. Rear sight slot - used in conjunction with the front sighting wire when 
aiming at objects. 


4102. Handling the Compass 


a. Inspection. Compasses are delicate instruments and should be cared for accordingly. 
Conduct a detailed inspection before you use your compass. The most important part is the 
floating dial. It must float freely. You must also ensure the sighting wire is straight, the glass 
encasement is not broken, and the numbers on the dial are readable. 


b. Effects of Metal and Electricity. Metal objects and electrical sources can affect the 
performance of a compass (nonmagnetic metals and alloys do not affect compass readings). To 
ensure the proper functioning of your compass, keep a safe distance from the following metal 
objects: 


High-tension power lines 55 meters 
Field gun, truck, or tank 10 meters 
Telegraph or telephone wires and barbed wire 10 meters 
Machine gun 2 meters 
Rifle Y, meter 
Steel rim glasses 1/3 meter 


c. Accuracy. A compass in good working condition is very accurate. However, you must 
periodically check your compass on a known line of direction, such as a surveyed azimuth using 
a declination station. If your compass has more than 3 degrees + variation, do not use it. 


d. Protection. When traveling with the compass unfolded, make sure the rear sight is folded 
down onto the bezel ring. This will lock the floating dial and prevent vibration, as well as 
protect the crystal and rear sight from being damaged. 


4103. Techniques for Using the Compass 


The lensatic compass is used to determine or follow magnetic azimuths during both the day and 
night. To use it with the maximum degree of accuracy, it is important that certain techniques be 
understood and properly applied. Like developing techniques for shooting a rifle, you must 
develop the proper holding position and practice until you master the techniques for accurately 
"shooting" an azimuth. 


a. Using the centerhold technique (fig 4-2). This technique is faster and easier to use than the 
other techniques. 


Fig 4-2. Centerhold technique. 
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STEP PROCEDURE 

1 Open the compass cover so that the cover forms a straightedge with the base. 

2 Move the rear sight to the rearmost position to allow the dial to float freely. 

3 Place your thumb through the thumb loop and form a steady base with your third 
and fourth fingers. Extend both index fingers along the sides of the compass. 

4 Place the thumb of the other hand between the lens (rear sight) and the bezel ring; 
place the remaining fingers around the fingers of the other hand. 

) Pull your elbows firmly into your sides. 

6 Turn your entire body until the desired magnetic azimuth is under the fixed black 
index line. 


b. — Presetting a compass. When following an azimuth using the centerhold technique, you 


may save some time by presetting the compass. To preset a compass during daylight hours 
perform the following steps: 


STEP PROCEDURE 
1 Hold the compass level in the palm of your hand. 
2 Rotate your body until the desired azimuth falls under the fixed black index line 
(fig 4-3). 
3 Turn the bezel ring until the short luminous line is aligned with the north-seeking 


arrow. Once the alignment is obtained, the compass is preset. 


Note: While on the move, make sure the short luminous line and the north seeking 
arrow are aligned. This will ensure the proper azimuth is being maintained. 


MAGNETIC ARROW 
FLOATING DIAL 


FIXED BLACK 
INDEX LINE 


Fig 4-3. Compass preset for 320 degrees. 


12. Subtract. 12x?+4x-15 
(—)6x?2 + 8x—-10 


a. 6x7 +8x-—25 c.  18x7+12x-25 
b. 6x? -4x-5 d. 6x? -4x+5 
13. Raise the monomial to the power shown. (3a7b3c)° 
a.  9a>b®c* ee. 21h? 
b.  — 27a®°b?c? d.  9a°b?c3 
14. Multiply. 


(x+2y )(x?-3xy+y ) 


a. xe —x*y+xy+2y?-6y2x c. x -x-4y? 

b. x2 + 2x?y—4y3x3 d. x3 —2x?y + 4y?x 
15. Multiply. @+b)(a—b) 

a.  a*—ab+b? c. a+b? 

b. a*+ab+b? d. a*-b? 
16. Reduce. 37 /8a°b? 

a. a?b/s c.  2a2b 

b. 2a2bJb d.  2ab? 
Multiply. 

—3q? * 5b? x —2ab 
a.  30a°b? c.  —30a3b3 
b. 36a*b3 d. 38a%b? 
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c. Using the compass-to-cheek technique (fig 4-4). This technique is used when you want to 
be more accurate. Follow these steps. 


Fig 4-4. Compass-to-cheek technique. 


STEP PROCEDURE 

1 Open the compass so that the cover is vertical, forming a 90° angle with the 
base. 

2 Move the rear sight to the rearmost position to release the dial, then fold it 
slightly forward. 

3 Turn the thumb loop all the way down and insert your thumb. Form a loose fist 
under the compass, steady it with your other hand, and raise it to eye level. 

4 Look through the rear sight notch and center the front sighting wire in the rear 
sight notch. 

5 Keeping the compass level and the sights aligned, rotate your entire body until 
the sighting wire is lined up on a distant object. 

6 Glance down through the lens and read the azimuth directly under the black 
index line. The azimuth you read is the magnetic azimuth from your position to 
the distant object. 


Lesson Summary. During this lesson, you were introduced to the lensatic compass and how 
to shoot azimuths using the centerhold technique and the compass-to-cheek method. During 
your next lesson you will learn how to determine your location. 


Exercise: | Complete items 1 through 5 by performing the action required Check your 
responses against those listed at the end of this study unit. 


1. Identify the specific parts of the lensatic compass by writing the name of each 
part directly on the illustration below. 


£000 | 
aiguas 


Zs Identify the proper safe distances that the lensatic compass must be separated 
from the following metal or electric sources in order to function properly. 


a. High-tension power lines 
b. Field gun, truck, or tank 
c; Telegraph or telephone 
wires and barbed wire 
d. Machinegun 
e. Rifle 
f. Steel rim glasses 
3: List the steps used to determine a magnetic azimuth using the centerhold 
technique. 
a. 
b. 
c. 
d. 
C 
i, 


List the steps used to preset the lensatic compass during daylight hours. 
a. 
b. 
ron 


List the steps used to determine a magnetic azimuth using the compass-to-cheek 
technique. 


a. 


b. 


Lesson 2. DETERMINING YOUR LOCATION 


LEARNING OBJECTIVES 

1. List the steps used to orient your map using a compass. 

Zs Given a sketch of the terrain in which you are located and using your Margarita 
Peak map, determine your position by inspection. 

3: Given a sketch of the terrain in which you are located and the magnetic azimuth 
to a specified topographical feature, determine your position by one-point 
resection. 

4, Given a sketch of the terrain in which you are located and the magnetic azimuths 


to two specified topographical features, determine your position by two-point 
resection. 


"Where am I?" This is the question most often asked during land navigation. Before you can 
accurately plan routes, you must know where you are on your map. 


4201. Orient a Map 


Your first step when navigating in the field is to orient your map. A map is orientated when its 
north and south correspond to the north and south on the ground. There are two ways of 
orientating your map--through the use of a compass and by terrain association. 
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a. Using a compass. When orientating a map with a compass, remember that compasses 
measure magnetic azimuths. Since the north-seeking arrow of the compass points to magnetic 
north, pay special attention to the declination diagram. Use the following technique to orient 


your map: 


STEP PROCEDURE 

1 With the map flat on the ground, place the straightedge (on the left side of the 
compass) along the MAGNETIC NORTH ARROW ON THE DECLINATION 
DIAGRAM so that the cover of the compass is pointing toward the top of the map. 
This will put the fixed black index line of the compass parallel to the magnetic 
north arrow of the declination diagram (fig 4-5). 
2 Keeping the compass aligned as directed above, rotate the map and compass 
simultaneously until the north-seeking arrow is below the fixed black index line on 
the compass. Your map is now oriented. 
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Fig 4-5. Map orientated with magnetic north arrow. 


b. Using terrain association. You can orient your map using terrain association when a 
compass is not available or when you have to make quick references as you move across 
country. Using this technique requires careful examination of the map and the features on the 


ground (fig 4-6). 


(1) Identify terrain features. Identify prominent terrain features on the map that 
you can find on the ground. 


(2) Align terrain features with the map. If there is a tower to your right front, then 
orient the map so that the tower is to your right front. If there is a road off to your 
left, then ensure the road on the map is parallel to the road on the ground. Once all 
of the features are lined up, your map is oriented. 


Fig 4-6. Terrain association. 
4202. Determining Your Position 


Now that you can orient your map, you must find your location on a map. If you know your 
approximate location on a map, a study of nearby terrain features will help you determine your 
position. 


a. Determining your location by inspection. You are standing in the vicinity of several 
prominent features which can easily be located on the map (fig 4-7). By orientating the map 
and estimating your relation to these features, you should have no difficulty in determining your 
location. 


Fig 4-7. Locating your position by inspection. 
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b. Determining your location by one-point resection. One-point resection is an accurate 
technique of determining your location when you are on or near a linear feature that you can 
identify both on the ground and on the map. You must also be able to identify another 
prominent feature, both on ground and on the map. To determine your location by one-point 
resection follow these steps: 


STEP PROCEDURE 

1 Identify the linear terrain feature that you are located on or near in respect to the 
ground on your map. 
Identify a prominent feature on the ground and locate that feature on your map. 


Using the compass-to-cheek technique, sight in on the feature and read the 
magnetic azimuth. 


4 Convert the magnetic azimuth to a grid azimuth. 

5 Convert this grid azimuth to a grid back azimuth. 

6 With your protractor, plot this grid back azimuth from the feature on the map and 
extend it until it crosses the linear feature. 

a Conduct a map inspection to verify your resection. 


Look at your Margarita Peak map and follow this example: You know you are located 
somewhere along the road in the southern part of grid square 5993, but you don't know your 
exact grid coordinate. To the north you spot an observation tower that is on a magnetic azimuth 
of 16°. Your declination diagram tells you that the G-M angle is 14° and that you should add 
the G-M angle when converting a magnetic azimuth to a grid azimuth. This gives you a grid 
azimuth of 30°. Convert this grid azimuth to a grid back azimuth by adding 180°. Thus the 
grid back azimuth is 210°. Plot this azimuth on your map from the observation tower. The 
point on your map where this line intersects your road is your location. Your location is 
591934. 


When selecting a terrain feature, choose one that is perpendicular to the axis of the linear 
terrain feature so that when you plot the back azimuth on the map, the line will cross the 
linear feature more or less at a right angle. Figure 4-8 illustrates the result of a good 
selection and a poor selection. 
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Fig 4-8. Good terrain feature selection (A) and poor terrain feature selection (B). 
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Example: (Follow this example step-by-step on your Margarita Peak map): You know 


that you are located somewhere along an intermittent stream that flows 
southwesterly in grid square 5595, but you do not know exactly where. 
Looking to the west from your location you see two large towers in the 
distance. You select the tower on the left (because it seems more 
perpendicular to your stream) and shoot a magnetic azimuth of 266° to it. 
What is your location? If you said that it is 559954, then you are correct. If 
not, this is what you should have done. First convert the magnetic azimuth of 
266° to a grid azimuth of 280°. Then figure out the grid back azimuth of 
280° which is 100°. Plot 100° on your map from the tower to the stream. 
Where this azimuth crosses the stream is your location. If you still don't 
understand it, then review paragraph 4202b. 


Note: 


A one-point resection can still be done if you are not along a linear feature. 
Merely estimate the distance between you and your prominent terrain feature. 
Plot this distance along the back azimuth to get your approximate location. 


c. Determining your location by two-point resection. Usually you will find that you are not 


located on or near a prominent linear feature. Since the accuracy of a one-point resection under 
these conditions depends on your ability to accurately estimate distance, it is better to use a two- 
point resection. The procedures for two-point resections are basically the sane as for one-point 
resections except you must select two features instead of one. The back azimuths from each 
feature is determined and plotted on your map. You are located at the point where these lines 
cross. If you have a compass and a protractor then follow these steps. 


STEP PROCEDURE 

1 Select two prominent features on the ground whose positions can be located on the 
map. These features should be at least 30° but not greater that 150° apart (fig 4-9). 

2 Using the compass-to-cheek technique, determine the magnetic azimuth to each 
object. 

3 Convert these magnetic azimuths to back azimuths. 

4 With your protractor, draw the respective back azimuths from these two points on 
your map. 

2) Extend the azimuth lines from these two points until they intersect. You are 
located at the point where these two lines cross. 

6 Conduct a map inspection to verify your position. 
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Fig 4-9. Choosing features. 


Do you think you understand how to do it? Let's try an example. Use Figure 4-10 (use the 
1:25,000 scale on your protractor). You know you are located somewhere south of Case Spring 
in the upper left hand corner of your map but you don't know exactly where. From your 
position, you can see the road intersection at 608008 and the road intersection at 619001. You 
shoot a magnetic azimuth of 350° to the first intersection and a magnetic azimuth of 64° to the 
second intersection: Next you must find the grid back azimuths. 


350° + 14° = 4° (grid azimuth) 
64° +14° = 78° (grid azimuth) 


4°+ 180° = 184° (grid back azimuth) 
78° + 180° = 258° (grid back azimuth) 
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Are the two features far enough apart (between 3 0° and 15 0°)? Well, 259 - 185° = 74°, 
which is between 30° and 150°, so the answer is "yes." Now plot these two grid back 
azimuths on your map. They intersect at your location, which is 607998. 


S 
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Fig 4-10. Locating your position by two-point resection. 


d. If you do not have a protractor (fig 4-11). This technique is the same as using a protractor 
except the map must be accurately orientated and the back azimuths are plotted using a compass 
(thus being a magnetic back azimuth) rather than a protractor (which is a grid back azimuth). 
Follow the steps listed on the next page to determine your location using a compass and a two- 
point resection. 
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STEP PROCEDURE 


1 Orient your map accurately. 


2 Locate two prominent features on the ground which can be identified on the map. 


Shoot a magnetic azimuth to these features and determine the magnetic back 
azimuths from these features. 


4 Without disturbing the map's orientation, place the straightedge of the compass on 
one of these features and rotate the compass until the magnetic back azimuth falls 
under the black index line. 


5 Using the straightedge of the compass, draw a straight line through your first 
feature. 


6 Repeat steps 4 and 5 for the second feature. 


7 Extend the lines until they intersect. This is your location. 


8 Conduct a map inspection to verify your location. 
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Fig 4-11. Locating your position by two-point resection using only a compass. 


Let's do one more example. Follow the example below on your Margarita Peak map. You are 
navigating cross country toward your next checkpoint, the intermittent stream intersection 
located in grid square 6086. You become unsure of your present location and wish to verify it. 
You have a protractor. 


(1) In the distance, you can identify a control tower and a bridge. You find them on 
your map and note that the tower is in grid square 6389 and the bridge is in 6785. 


(2) With your compass you determine that the magnetic azimuth to the tower is 3° and 
the magnetic azimuth to the bridge is 93°. 
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18. Reduce. 
5464 343,27 +3 =2 


19. Subtract. 
3a2b? + 2ab —20 
(—) —2a*b? —3ab+5 


a.  a?b*-ab—-15 c.  —a’*b*+ab+15 
b. 5a*b? +5ab—25 d. —5Sa*b? —5ab +25 


20. Subtract. 
526.7 x 10° 


(—)4.375 * 105 


a.  530.2* 10° c. 8.92% 10? 
b. 531.075 x 10° d. 8.92104 


Check your answers with those on the next page. Review those items that you missed before 
continuing on to the next study unit. 
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(3) You convert these magnetic azimuths to grid back azimuths. (Convert your 
magnetic azimuth to a grid azimuth, then convert this grid azimuth to a grid back 


azimuth). 
Control tower: 3° + 14° =17° 17° + 180° = 197° 
Bridge: 93° + 14° = 107° 107° + 180° = 287° 


(4) Plot the respective grid back azimuths on your map. 
(5) Extend these lines until they cross. 
(6) You are located at the point where these lines cross; at grid coordinates 627875. 


(7) Conduct a map inspection to verify your location. 


What will happen if you plot the grid azimuth on the map instead of the grid BACK azimuth? 
That's right. Your lines will never cross unless you extend the lines in the opposite direction. 


Lesson Summary. You should now be able to locate yourself on a map. If you want a quick 
approximation of your location, you can orient your map and locate yourself by inspection. A 
further refinement of the inspection technique is to locate a distant object, determine the 
direction to it, and estimate the distance to the object. The accuracy of this technique depends 
on your ability to estimate distance. If you are located along a linear feature, you can 
determine your map location accurately by using a one-point resection. You can use a two- 
point resection to locate yourself when you are not on a linear feature. In the next lesson you 
will learn how to determine the location of distant objects. 


Exercise: Complete items | through 4 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. List the steps used to orient your map using a compass. 


a. 
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Given the following sketch of the terrain in which you are located, and using your 
Margarita Peak map, determine your position by inspection. You are currently 
located 10 meters to the west of the railroad tracks in grid square 6581. What is 
your current position (6-digit grid coordinate)? 


a acpi begs 


*< 
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Given the following sketch of the terrain in which you are located and the 
magnetic azimuth to a specified topographical feature, determine your position by 
one-point resection. You are currently located somewhere in grid square 5693. 
What is your current position (6-digit grid coordinate)? 


272° MAGNETIC 
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Given the following sketch of the terrain in which you are located and the 
magnetic azimuths to two specified topographical features, determine your 
position by two-point resection. You are currently located somewhere in grid 
square 5595. What is your current position (6-digit grid coordinate)? 


OBSERVATION TOWERS 


177°MAG. AZ. _— 
eee ae ea 
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Lesson 3. DETERMINING THE LOCATION OF DISTANT OBJECTS 
LEARNING OBJECTIVES 


1. Given a scenario in which you are without the use of a compass, locate a 
distant point on a map by inspection. 


De Given a scenario in which you are using a map and compass, locate a distant 
point on a map by one-point intersection. 


3 Given a scenario in which you are using a map and compass, locate a distant 
point on a snap by two-point intersection. 


This lesson will sound very familiar to Lesson 2 because many of the same principles are 
involved. The difference here is that you are trying to locate a distant object rather than your 
own location. 


4301. Locating Distant Objects by Inspection 


If an object is near prominent features which you can identify on your map, its location can be 
determined by associating its location with these features. For example, even though the 
bunker along the road spur in figure 4-12 does not appear on your map, by associating its 
location with the water tower and the road you should have little difficulty in determining that it 
is located at 749838. This technique is called “inspection.” 


~ 


5) 


! 
4 


Fig 4-12. Locating a distant object by inspection. 
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4302. Locating Distant Objects by One-Point Intersection 


When you desire to accurately determine the location of a distant object located on or near a 
linear feature, use a one-point intersection (fig 4-13). 


STEP PROCEDURE 

1 From your known position, shoot an azimuth to the distant object. Use the 
compass-to-cheek technique. 

2 Plot this azimuth on your map using either a compass or a protractor. (If you use a 
protractor, don't forget to convert the magnetic azimuth to grid.) The distant object 
is located where your plotted azimuth crosses the linear feature. 

Note: If the distant object is not on or near a linear feature, then you must estimate the 
distance between you and the distant object and plot this along your plotted 
azimuth. 

You MUST know your own location to use this method. 


u 


Example: 
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Fig 4-13. One-point intersection. 


(Break out your Margarita Peak map sheet and follow this problem step by step): 


You are located on the hilltop at grid coordinates 617989. Looking north-easterly you see an 
enemy patrol stopped alongside the secondary hard surface. Using your compass, you 
determine the magnetic azimuth from your position to the patrol is 31°. 


(1) 
(2) 


Calculate the grid azimuth. 31° + 14°(GM Angle)= 45°. 


Place the index mark of the protractor on your position and plot the 45° grid 
azimuth. 
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(3) The point where this line intersects the road is the location of the enemy 
patrol. The enemy patrol is located at grid coordinates 627999. 


4303. Locating Distant Objects by Two-Point Intersection 


a. If you observe a distant object and it does not happen to be on or near a linear feature, the 
most accurate technique of determining its location is by two-point intersection. The 
procedures for conducting two-point intersections are identical to those used for conducting 
one-point intersections except that the azimuth to the distant object must be plotted from two 
separate known positions. The distant object is located where these two lines intersect. 


STEP PROCEDURE 
1 From your first known point, determine the magnetic azimuth to the object using 
the compass-to-cheek technique. 
2 Plot this azimuth on your map. (Remember, if you're plotting the azimuth with a 
protractor, convert the magnetic azimuth to a grid azimuth.) 
3 Examine the map to determine a second vantage point from which to shoot a 


second azimuth to the distant object. The two points must be far enough apart so 
the angle between the two lines is between 30° and 150° and the lines make a 
distinct intersection. 


4 After moving to the second vantage point, shoot a second azimuth using the 
compass-to-cheek technique. 

5 Plot this azimuth on your map. The distant object is located where the two lines 
intersect. 


You MUST know the location for both positions to use this technique. 


b. A two-point intersection is easier if you can communicate with another observer who is 
already located at a second known point. 


Example: Break out your Margarita Peak map sheet and follow this problem step by step (or 
look at Figure 4-14). You have just arrived at a finger located at grid coordinate 659893. You 
sight an enemy unit, located to the northwest. Determine his position using a two-point 
intersection. 


(1) Shoot an azimuth from your present location on the finger (point 1). You determine 
that the magnetic azimuth to the enemy is 304°. 


(2) Convert this magnetic azimuth to a grid azimuth using the G-M angle on your map. 
304° + 14° = 318° (Grid azimuth). 


(3) Plot this grid azimuth from your position (point 1). 
(4) You know that the enemy is located somewhere along this azimuth. You can 


estimate the distance to the enemy to get an approximate location, but you want the 
exact grid coordinates so that your report to battalion will be accurate. 
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(5) 


(6) 


(7) 


(8) 


(9) 
(10) 


Examine your map to determine a second vantage point from which you can shoot a 
second azimuth to the enemy unit. Remember that the two points from which the 
azimuths are taken should be far enough apart so that the angle between the two 
lines at their point of intersection is greater than 30°, but less than 150°. You 
determine that a defilade position at 653884 (point 2) would be a good position to 
observe the enemy while remaining concealed from observation. 


You instruct your second fire team leader to move southwest along a concealed 
route to point 2, locate the enemy from that vantage point, shoot an azimuth to 
them, and report that azimuth back to you. 


After moving to the second vantage point, your fire team leader shoots an azimuth 
using the compass-to-cheek technique and determines that the magnetic azimuth 
from the second position to the enemy was 338°. 


You convert this magnetic azimuth to a grid azimuth using the G-M angle on your 
map. 338° + 14° = 354° (grid azimuth). 


Plot this grid azimuth (ensuring it intersects position 2). 


The enemy is located where the two azimuth lines intersect; at grid 
coordinates 651903. 


re / 
S. 


Fig 4-14. Two-point intersection 
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Lesson Summary. During this lesson, you have learned how to locate distant objects 


using inspection, one-point intersection, and two-point intersection. As you found out, 
these techniques are very similar to locating your own position. So far in this study 
unit, you have learned stationary land navigation skills. During the next lesson, you 
will learn how to actually move from one point to another with your map and compass. 


Exercise: 


Complete items | through 3 by performing the action required. Check your 
responses against those listed at the end of this study-unit. 


Your squad is on a recon patrol south of the Murrieta De Luz Road. As you 
move through the draw in the southern part of grid square 7400, your right flank 
security notifies you that they have spotted a platoon sized enemy unit in a 
defensive position to the north. The enemy is about 1500 meters away, beside a 
building. Since you are on a recon patrol, you want to report their exact position 
to your platoon commander. Use the inspection technique to determine the 
enemy's location. 


Grid Coordinates: 


While moving northeast along the stream in the western half of grid square 7102, 
your right flank security once again sees the enemy. This time they appear to be 
laying an ambush 20 meters south of the Murrieta De Luz Road and to the east of 
your position. Since the angle of the azimuth as it strikes the road from your 
position will not give you a good one-point intersection, you move to a better 
position at 722030. You shoot a magnetic azimuth of 120° to the enemy. Use 
the one-point intersection technique to determine the enemy's location 


Grid Coordinates: 


On the last leg of your patrol, you notice an enemy patrol to the east. Your 
position is 703047. You shoot a magnetic azimuth of 60° to the enemy patrol. 
You know that the company has another patrol out to the southeast of the enemy 
patrol. After contacting the other patrol, they inform you that their location is 
734041 and that the enemy is on a magnetic azimuth of 311° from their location. 
Using a two-point intersection, determine the location of the enemy. 


Grid Coordinates: 
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Lesson 4. NAVIGATING WITH A COMPASS 


LEARNING OBJECTIVES 

1. Describe the technique used to determine your individual pace count. 

2 Identify the pace count per 100 meters for the average Marine. 

as Identify the factors that can affect your normal pace. 

4, When given a pace count, determine the proper number of paces to be taken for a 


given distance. 


5. Given an illustration of terrain over which you must navigate, and an azimuth to 
follow, select an appropriate steering mark. 


6. List the steps used to follow a compass azimuth during the day. 


di Given a scenario in which you must detour from your original line of march 
because of an obstacle, identify the correct procedures for bypassing the obstacle. 


To successfully navigate, you must be able to determine from your map the best routes to follow, 
plot these routes, and follow your desired compass azimuth. Almost all routes plotted on a map 
are divided into a number of straight “legs.” You must know the distance and azimuth for each 
leg of the march. A good navigator is able to stay on course by using the compass in conjunction 
with steering marks, and by understanding the factors that may cause you to wander off course. 


4401. Determining Ground Distance by Pacing 


Navigating involves many separate skills that are combined to successfully get you from one 
point to another. Pacing is another one of these skills. It helps you determine how much ground 
distance you have covered once you actually start moving on your route. 


a. Determining your average, pace count. Many techniques have been developed for 
determining how many steps it takes the average Marine to walk a given distance. Predominant 
among these techniques is the "hundred meter pacing course." A distance of exactly 100 meters 
is marked on the ground. As you walk this distance, keep a count of the steps you take. Count 
every other step (every left foot) to determine your count. This is your “pace count” for the 
number of steps it takes you to walk 100 meters. The pace count for the average Marine is 60 
paces (per 100 meters). If you cannot determine your pace count ahead of time, use this number. 


b. Factors that can affect your normal pace count. There are many factors which affect your 
normal pace count. If these factors are not considered; your determination of distance 
traveled may be seriously off the mark, and you may end up far from your objective! The 
following conditions can affect your normal pace and must be accounted for: 
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Study Unit 1 Exercise Solutions 


Reference 
1. d. 1302 
2. b. 1304 
3. a. 1401 
4, b. 1407 
5. b. 1303 
6. d. 1406 
7. a. 1201 
8. c. 1401 
9, d. 1407 
10. a. 1202 
ll. c. 1303 
12. b. 1202 
13. b. 1303 
14. a. 1405 
15. d. 1405 
16. c. 1403 
17. a. 1303 
18. a. 1304 
19. b. 1202 
20. d. 1303 
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(1) Slopes. Your pace count will decrease on a downgrade, and increase on an 
upgrade. 


(2) Winds. A strong headwind will increase your pace count; a strong tailwind will 
decrease it. 


(3) Surfaces. Sand, gravel, mud, and similar surface conditions tend to 
increase your pace count. 


(4) Weather. Snow, rain, or ice will increase your count. 


(5) Clothing and equipment. The weight of extra clothing and equipment will increase 
your pace count. 


(6) Stamina. As you become fatigued, your pace count will normally increase. 


(7) Thick vegetation. Thick vegetation will increase your pace count. 


The factors which cause your stride to shorten vastly outnumber those factors which will 
lengthen it. Often you will find that your pace count brings you short of your objective. To get 
an idea of how these factors affect your pace count, set up several pace courses over various 
terrain, i.e. hard surface road, wooded area, sand, etc. Regardless of how accurately you have 
determined your normal pace count, it will, at best, provide you with the approximate distance 
you have traveled. Knowing an approximate distance is normally all you need during land 
navigation because it will place you close enough to locate your objective. 


c. | Now that you know your pace count, you need to know how to apply it to land navigation. 
Once you determine the distance that you need to cover (for example, how far you must travel 
on a leg of a patrol), you must convert this distance into the number of steps you must take to 
cover that distance. The formula to do this is simple: 


D x PC=P 
100 


D is the distance you must travel, PC is your pace count, and P is the number of paces you must 
take to travel that distance. Let's look at a few examples. If you need to travel 100 meters and 
your pace count is 66 paces (per 100 meters), how many paces should you take? I think that 
most of you can figure this one out without the formula, but plug the numbers in anyway to see 
how the formula works 


100/100 x 66 = 66 


Remember, 100 divided by 100 equals 1. One times 66 equals 66 (paces). Let's try another 
one. How many paces should you take if you must travel 500 meters and your pace count is 62 
paces (per 100 meters)? 


500/100 x 62 = 350 


4-25 


Here, 500 divided by 100 equals 5. Five times 62 equals 310 (paces). Let's try one more. 
The distance is 350 meters and your pace count is 64 paces. 


350/100 x 64 = 224 
Here, 350 divided by 100 equals 3.5. Three and five tenths times 64 equals 224 (paces). 
4402. Selection and Use of Steering Marks 


Selecting steering marks is the last important thing you must know before you can start moving 
from one point to another. A steering mark is a well-defined object on your line of march on 
which you can guide. These objects can be natural or manmade (hill, tree, building, etc ), a 
celestial body (sun, stars, moon), or another person. One of the problems associated with 
selecting and using steering marks is that an object often looks good when you select it, but will 
become obscured as you approach it (fig 4-15). This may confuse you and cause you to deviate 
from your intended line of march. The characteristics of good steering marks are discussed 
below and should be kept in mind when you select a steering mark. 


Fig 4-15. Which tree was it? 


a. A good steering mark must have some distinct and unique features such as: 


e Color 
e Size 
e Shape 


A good steering mark will have all three. This assures you that it will continue to be 
recognizable as you approach it. A distant tree may appear to have a crooked limb which 
identifies it. However, upon entering the forest, you may find dozens of widely separated 
trees with similar limbs. Your steering mark has then served little purpose. A steering mark 
must have a feature that distinguishes it from all other similar objects on your line of march. 


b. If several easily distinguishable objects appear along your line of march, the best steering 


mark would be the most distant object. This will enable you to travel farther with fewer 
references to the compass. 
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c. If several easily distinguishable objects appear along your line of march, the best steering 
mark is the highest object. The higher steering mark is not as easily lost to sight as is a low 
steering mark that may blend into the background as you approach it (fig 4-16). 


NX 


Fig 4-16. Select the highest steering mark. 


d. A steering mark should be continuously visible. If the terrain or vegetation ever blocks the 
steering mark from view, take out your compass and select an intermediate steering mark. 
Continue using intermediate steering marks until your original steering mark comes back into 
view. To enter a wooded area thinking that you will come out on the other side still heading in 
the correct direction is foolish. In thick vegetation, you can quickly become disoriented and 
emerge from the thicket heading the wrong way with no steering mark in view. 


e. If you are navigating alone and there are no usable steering marks to your front, it is still 
possible to proceed on an azimuth by referring to a back steering mark. Simply determine the 
back azimuth of the azimuth you are following. Now face about, and see if there is a prominent 
object on line with the back azimuth. If none exist, erect one where you are located (place a 
stick in the ground, pile up some rocks, etc.) When you continue on your route, use the same 
principles that apply for a forward steering mark, except that you use back azimuths to maintain 
the intended line of march and you must check your compass more frequently. 


f. If appropriate landmarks are not available at night, you may select a plainly visible star 
along your line of march to serve as a steering mark. Remember though, due to the earth's 
rotation, any star that you choose will eventually either disappear under the horizon or will move 
too high in the sky to be of further use. If this happens, choose another steering mark. 


g. If no natural or manmade object is visible on your line of march, have another Marine 
move forward to serve as a steering mark. The distance he moves is determined by the terrain, 
amount of visibility, and the tactical situation. Since this is ttme consuming and may be 
tactically compromising, you should never use this technique except as a last resort. 


4-27 


h. Steering marks are selected as the march progresses. Shoot your azimuth, select the best 
steering mark on this azimuth, and head to it. Whether you are navigating during daylight or 
periods of reduced visibility, through densely wooded areas or open terrain, over short or great 
distances, every step you take should be toward a selected steering mark. The natural human 
tendency to veer off course, even on short distances, is too great to needlessly trust your ability 
to walk a straight line. So, whether it is an object which meets all the requirements of an ideal 
steering mark, a star, or something as insignificant as a tiny patch of light in the foliage, 
ALWAYS, choose something on your line of march. 


4403. Following a Compass Azimuth During the Day 


The procedure for following a compass azimuth during the day utilizes the compass-to-cheek 
technique and the selection and use of appropriate steering marks. Let's begin. 


STEP PROCEDURE 

1 Shoot your desired azimuth using the compass-to-cheek technique. 

2 Using the sighting slot and the sighting wire, choose the best steering mark that is 
directly in line with your azimuth. 

3 Recheck your azimuth. The few seconds required for this are well spent. 
Close your compass to protect it during movement and step off towards your 
steering mark. 

5 Periodically spot check your azimuth by using the centerhold technique. You can 
do this without stopping. 

Note: If you ever become uncertain whether you are still on your intended line 
of march, STOP. Open your compass and use the compass-to-cheek 
technique to check your azimuth. 

IF THEN 
The proper azimuth is under the black you are heading in the proper direction. 
index line 
The proper azimuth is not under the black | STOP. Check the compass to ensure it is 
index line working properly. 
Check your steering mark. You may have 
confused it with a similar object. You may be 
heading in the wrong direction. Choose a new 
steering mark on the correct azimuth. Get back 
on track. 
6 When you arrive at your steering mark, stop and select a new steering mark. 
Continue repeating the steps until your journey is complete. 
Note: If your steering mark becomes hidden from your view, stop and select 


another steering mark immediately. 
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4404. Bypassing Obstacles 


Despite the amount of care you take in determining routes, choosing steering marks, and using 
your compass to maintain a straight line of march, unexpected obstacles will often be 
encountered which will force you to detour from your intended line of march. There are several 
ways to bypass obstacles. 


a.  Detouring small obstacles. If you encounter small obstacles, such as trees and bushes, go 
completely around the obstacle to the center of the opposite side and continue your movement. 


b. Detouring large obstacles using steering marks. A large obstacle, such as a pond or 
impassable swamp, can be successfully bypassed if there is a clearly defined steering mark on 
the far side of the obstacle. Decide carefully whether the object will serve as a suitable steering 
mark. Remember that an object may have a distinguishing characteristic when observed from a 
distance, but lose its identity as it is approached. 


As a final precaution, always leave some mark, such as a small pile of rocks or a blaze 
(distinctive mark) on a tree on your side of the obstacle, so you can return if you become 
confused while bypassing the obstacle. 


Example: You have been following an azimuth of 212° toward your next checkpoint 
when you come upon an impassable swamp. On the far side of the swamp you see a 
large pile of rocks that is on a 212° azimuth (your original line of march). You can see 
that this is the only pile of rocks in the area. (If there were others, you would have to 
carefully study the characteristics of each rock pile and select several features, such as 
size, color, and nearby objects, which would easily distinguish it from the other rock 
piles.) Estimate the distance across the swamp, leave a mark on your side of the swamp, 
put your compass away, and proceed to the rock pile by the easiest route. Upon reaching 
it you may continue toward your checkpoint along a 212° azimuth. (Remember to deduct 
the estimated distance across the swamp from the remaining distance on that leg.) 


c. Detouring large obstacles using back steering marks. If there is no suitable steering marks 
on the far side of the obstacle, you can bypass the obstacle if there is an easily distinguishable 
object on your side which can be used as a back steering mark. If there isn’t a suitable natural 
steering mark, then make one. 


Example: After skirting the swamp, you come to a large pond, that has no 
prominent steering marks on its far side. However, on your side there is an 
isolated tall tree that is exactly on your line of march. It is obvious that it will be 
visible from the other side of the pond. Carefully examine the terrain and 
shoreline along your line of march on the far side of the pond (this will help you 
estimate when you are at the correct position). Now, estimate the distance across 
the pond, put away your compass; and proceed to the other side by the easiest 
route. When you think you are back on your line of march, look back across the 
lake at the tall tree. Now break out your compass and shoot an azimuth to the 
tree. If you are in the right place, the tree will lie on the back azimuth of your 
original azimuth. 
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Since you have been proceeding on an azimuth of 212°, the tree should be found at 
32°. If it is not, you have not returned to your original line of march. You must 
move to your right or left until you find the spot from which the tree lies at 32°. 
When you have found this spot, you have returned to your original line of march 
and may resume your original azimuth of 212°. (Again, don’t forget to deduct the 
estimated distance across the pond from your remaining distance on that leg.) 


d. Detouring large obstacles using the 90 degree off-set technique. If you are navigating at 
night or there is absolutely no way to use steering marks, you can still stay on track using this 
technique. 


(1) Detour the obstacle by moving at right angles (plus or minus 90°) for specified 
distances. For example (fig 4-17), while moving on an azimuth of 90°, change 
your azimuth to 180° and travel for 100 meters; change your azimuth to 90° and 
travel for 150 meters; change your azimuth to 360° and travel for 100 meters; 
then change your azimuth to 90° and you are back on your original azimuth line, 
150 meters closer to your next checkpoint. 
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Fig 4-17. Bypassing an obstacle. 


(2) You must maintain an accurate pace count for each leg of your detour. All paces 
which are in the direction of your original line of march must be combined so that, 
upon returning to your original line of march, you know the distances yet to be 
traveled to reach your next checkpoint. All paces at right angles (90°) to your 
original line of march must be computed so that, upon passing the obstacle, you 
know how many paces it will take to return you to your original line of march. You 
should return to the original line of march as soon as possible after passing the 
obstacle. The only sure way of knowing that you are back on this line is by 
maintaining an accurate pace count. 
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Lesson Summary. During this lesson, you have learned how to establish your own pace count, 
how to choose proper steering marks, and how to use these two items in navigating over terrain. 
Finally, you have learned one technique for bypassing small obstacles and three techniques for 
bypassing large obstacles. During your next lesson, you will learn about navigating using terrain 
association and dead reckoning. 


Exercise: Complete items 1 through 7 by performing the action required Check your 
responses against those listed at the end of this study unit. 


1. Describe the technique used to determine your individual pace count. 


2 What is the pace count of the average Marine? 
> List the factors that can affect your normal pace 
a. 


b. 


f. 
g. 


4, Given the following pace counts and distances, determine the proper number of 
paces to travel that distance. 


PACE COUNT DISTANCE PACES 
a. 63 700 meters 
b. 60 250 meters 
CG; 66 300 meters 
d. 58 550 meters 
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Given the illustration below, select the appropriate steering mark. 


= 


List the steps used to follow a compass azimuth during the day. 
a. 


b 


&, 
f. 


Given the following four scenarios in which you must detour from your original 
line of march because of an obstacle, describe the correct technique of bypassing 
the obstacle. 


a. You are proceeding to your objective following an azimuth of 115°, 


when you come upon a bush that is directly in your path. Describe 
how to bypass this obstacle. 
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b. You are continuing to proceed to your objective following an azimuth of 
115°, when you come to a fairly large swamp on the far side you see a 
very large tree, directly on your azimuth of 115°. Describe how you will 
bypass this obstacle. 


C; You successfully skirt the swamp, but moments later you come upon a 
another swamp. Unfortunately you are unable to spot any steering marks 
on your line of march. You look to your rear and note that you can still 
see the tree which you used for your steering mark to bypass the last 
swamp. Describe how you will bypass this obstacle. 


d. On the last leg to your objective you are following an azimuth of 175° 
when you come across a deep and impassable depression in the ground. It 
appears that the easiest way to go around the obstacle is to the right. 

There are no usable steering marks on either side of the depression. 
Describe how you will bypass this obstacle. 


Lesson5 TERRAIN ASSOCIATION AND DEAD RECKONING 


LEARNING OBJECTIVES 

1. Identify the five steps for navigating using terrain association. 
2. Define the term “dead reckoning.” 

a Identify how to navigate using dead reckoning. 


4-33 


Terrain association is the process of continuously identifying features on the ground and 
associating them with their graphic representations on your map. When this association is made, 
you should have little difficulty in determining your location by inspection. It goes without 
saying that terrain association can only be used when there are visible terrain features on the 
ground which you can identify on your map. It is often impossible to use during periods of 
reduced visibility and in areas where the terrain all looks alike. When these conditions. occur, 
you may have to navigate using dead reckoning (which you will learn about in the second half of 
this lesson). 


4501. Navigating Using Terrain Association 


Navigation by terrain association depends largely on your ability to visualize what a terrain 
feature on the ground looks like from its graphic representation on the map. The only way that 
you can acquire this ability is through practical application and experience. Through 
experience, you will be able to visualize the shape and size of a hill from its contour line 
representation on the map. The following is a list of steps you should take to accurately 
navigate using terrain association: 


a. Orient your map. You must orient your map every time you attempt to associate the map 
with the ground. 


b. Determine your starting location. You must always start from a location you can identify 
on the map and associate with on the ground. 


c. Identify major terrain features. Before you start your march, study your map and identify 
major terrain features you can expect to see or encounter as the march progresses. It will help to 
complete a "mental picture" of the route if you say the identifiable features out loud: "500 
meters from here I should cross a stream; as I cross the stream I should see a hill with a distinct 
concave slope. This hill is about 400 meters northeast of the point where I cross the stream. . ." 


d. Maintain an accurate pace count. As you move along, remember that the actual distance 
you cover should match the ground distance determined from the map. For example, if the map 
indicates that you should cross the stream after going 500 meters, you should, in fact, cross a 
stream at approximately that distance. If you encounter a stream after going only 100 meters, 
you know that this is NOT the right one. You can verify this by comparing the surrounding 
terrain with the terrain on the map. Does the terrain match up and does it appear in the right 
perspective? If not, the stream is probably a small intermittent stream that is not shown on the 
map. 


e. Verify your position at every checkpoint. When you arrive at a checkpoint or the objective, 
conduct a detailed comparison between the ground position and the map position to ensure you 
are at the correct point. 
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STUDY UNIT 2 


FACTORING AND FRACTIONS 


Introduction. In Study Unit 1, you learned basic information that will enable you to 
perform basic mathematical operations. In this study unit, you will learn to apply those 
same operations using fractions. You will also be able to factor. This study unit covers 
mixed fractions, addition, subtraction, multiplication, and division. You must fully 
understand the material in this study unit before you will be able to begin studying equations 
in Study Unit 3. 


Lesson 1. INTRODUCTION TO FACTORING 


LEARNING OBJECTIVES 

1. | Express any given whole number as a product of its prime factors. 

2. Express any given polynomial whose terms contain common monomial factors as a 
product of its prime factors. 

3. Factor certain expressions that are the product of two binomials (the sum, the 
difference, or the sum and difference of two binomial terms). 

4. Factor any given trinomials using the trial and error method. 

5. Reduce any given fraction to its simplest form by canceling like factors in the 
numerator and denominator. 

6. | Given two or more fractions, convert them to equivalent fractions having a common 
denominator by finding the lowest common multiple of the original denominators. 

7. Express any given mixed number an equivalent improper fraction. 

8. Convert any given improper fraction to a mixed number by dividing the numerator by 


the denominator. 
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4502. Navigating Using Dead Reckoning 


The term "dead reckoning" derives from the seafaring days before the arrival of modern 
navigational equipment when mariners would "deduce" (ded) how far they had traveled on their 
course. Based on this deduction, they would "reckon" where they were located. To save room in 
the ship's log, entries were abbreviated to read "ded-reckon " "Dead reckoning" is a means of 
navigating using only pace counts and azimuths. Terrain association is not used. In thick 
jungles, barren terrain, or when visibility is limited, you will not be able to associate your current 
position with visible terrain features on the ground. Dead reckoning may be the only means you 
have available of knowing where you are located on your map. 


a. Steps for dead reckoning. To navigate by dead reckoning, you must accomplish the 
following: 


(1) Determine locations distance and azimuth. Determine your own location by any 
means. Then determine the distance and magnetic azimuth between each leg of 
your journey. 


(2) Step off. During movement, make frequent reference to your compass to ensure 
you are moving in the correct direction. Carefully select your steering marks 
(navigating with steering marks is NOT the same as navigating by terrain 
association as steering marks are rarely shown on a map). Maintain an accurate 
pace count. When you have paced off the appropriate number of steps on the 
appropriate azimuth, then you have reached your objective (or checkpoint). Repeat 
the steps until you reach your final destination. 


b. Accuracy of dead reckoning. The accuracy of dead reckoning depends on your ability to 
determine and follow an azimuth and maintain an awareness of the distance traveled from the 
last known point. 


Lesson Summary. During this lesson you have learned how to navigate using terrain 
association and dead reckoning. During your last lesson, you will learn how to navigate at 
night. 


Exercise: Complete items | through 3 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. What are the five steps for navigating using terrain association? 
a. 


b. 
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ps, Define "dead reckoning" 


3. List the two steps for navigating using dead reckoning. 


Lesson 6. LAND NAVIGATION AT NIGHT 


LEARNING OBJECTIVES 
1. Describe the procedures used to set the lensatic compass for night use. 
2: Given an azimuth to follow at night, select the correct number of clicks and the 


proper direction to move the bezel ring. 


i Describe the three factors you should keep in mind when selecting the appropriate 
steering mark for navigating at night. 


At one time in the history of warfare, the fighting stopped when the sun went down. This is no 
longer the case. Now, many things are done at night. Successes are exploited, movements are 
concealed, patrols are run, and raids are sprung. This requires that you know how to navigate at 
night. 


4601. Following a Compass Azimuth at Night 


The procedure for following an azimuth at night is basically the same as for following an 
azimuth during daylight. In fact, on a bright, moonlit night, the procedures are identical since 
you can see the compass dial clearly. However, because of the reduced visibility, night 
navigation will require further consideration in selecting steering marks and applying the features 
of the lensatic compass intended for night use. 


a. Setting the compass for night use. The lensatic compass is equipped with special features 
which enable you to follow an azimuth during periods of darkness. Around the base of the 
bezel ring is a series of 120 notches. On the forward edge of the body of the compass is a tiny 
bezel detent spring with its tip seated in one of the notches. As the bezel ring is turned, the 
spring moves from notch-to-notch producing “clicks.” Each click equals 3°. This clicking 
action, used in conjunction with the luminous markings on the compass, provides a means of 
setting your compass at night. 
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b. Using the click technique (fig 4-18). At night, an azimuth can be set on the compass by 
using the click technique. Remember that the bezel ring contains 120 clicks; each click equals 
3°. Use the following steps to set a compass for night navigation. 


320 


MAGNETIC ARROW 
FIXED BLACK FLOATING DIAL 
INDEX LINE 


1) 


\\\ 
we 


Fig 4-18. Compass set for 320 degrees. 


STEP PROCEDURE 
1 Rotate the bezel ring until the short luminous line is directly over the fixed black 
index line. 
2 Divide the azimuth you plan to travel by 3 to get the number of clicks you must 
rotate the bezel ring. 
3 Rotate the bezel ring the desired number of clicks in a counterclockwise direction. 
4 Hold the compass in the centerhold position and rotate your body until the north 
seeking arrow is under the short luminous line. 
5 Step off by following the line indicated by the two luminous sigh ting dots on the 
compass cover. 
Note: DO NOT FOLLOW THE NORTH SEEKING ARROW 
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Let’s try a couple of examples. How many clicks and in what direction would you move the 
bezel ring for an azimuth of 36°? The correct answer is 12 clicks counterclockwise. 

That was easy. What about for 97°? Well, 97 divided by 3 equals 32 1/3. Can you move the 
bezel ring 1/3 clicks? Obviously not. So what should you do? That's right, round 32 1/3 clicks 
off to 32 clicks. (If it were 32 2/3 clicks, you would round it off to 33 clicks.) Now, what 
direction are you going to move the bezel ring? Right again, counterclockwise. 


Let’s try one more. How many clicks and in what direction would you move the bezel ring for 
an azimuth of 317°? If you said 106 clicks counterclockwise, you are correct, but there is 
another answer. Think about it. How many clicks are there in a bezel ring? That's right, 120 
clicks. Then why not just subtract 106 from 120 and move the bezel ring 14 clicks 
CLOCKWISE instead of 106 clicks COUNTERCLOCKWISE? Would you be wrong for 
moving it 106 clicks counterclockwise? No, but there is an easier way. Either answer is correct. 


4602. Selecting Steering Marks for Night Use 


a. The general characteristics of a good steering mark for daylight navigation apply to 
steering marks selected for night navigation. However, as darkness approaches, keep the 
following factors in mind when selecting steering marks: 


(1) Colors disappear at night and objects appear as black or gray silhouettes. If you 
select a steering mark during daylight because of its distinctive color, it will be of 
little value as darkness sets in. 


(2) During darkness, steering marks must be closer than during daylight. 


(3) During darkness, steering marks must have a distinctive silhouette. The silhouette 
of trees, bushes, and similar objects will change because you see them from slightly 
different angles as you move up or down hills and when you are detouring 
obstacles. This applies during daylight also, but to a lesser degree. 


b. Following an azimuth without steering marks. At times it will be so dark that you can see 
only a few feet in front of you. When this happens, you have to follow your azimuth without 
steering marks. The only way that you can stay on your azimuth is by frequently looking at the 
compass. Practice, experience, and patience will enable you to successfully follow your azimuth 
under such conditions. But the human tendency to drift will make this technique less accurate 
than if you use steering marks. You will have to overcome this inaccuracy by thoughtfully 
selecting your route and checkpoints. 


4603. Execution of Navigation at Night 
The techniques which produce successful navigation at night are basically the same as those 


employed during daylight. However, special consideration and emphasis must be given to those 
aspects of navigation which are affected by the limitations imposed by darkness. 
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a. ‘Terrain association. Just as in day land navigation, at night you should be familiar with the 
terrain that you will be negotiating. If you should be going down hill when you start off and you 
are going up hill, then something is wrong. You won't be able to use terrain association to the 
same extent as during the day, so you may have to rely on dead reckoning. Regardless of the 
situation, maintain an accurate azimuth and pace count. 


b. Bypassing large obstacles at night. Bypassing an unexpected obstacle at night is fairly 
simple--just use the 90° offset technique. To make a 90° turn to the right, hold the compass 
using the centerhold technique; turn until the center of the luminous letter E is under the 
luminous line (do NOT move the bezel ring). To make a 90° turn to the left, turn until the center 
of the luminous letter W is under the luminous line. This does not require changing the compass 
setting (bezel ring), and it ensures accurate 90° turns. 


c. NEVER use uncovered flashlights during night navigation because it will reduce your 
"night vision" and possibly disclose your location to the enemy. If a light must be used, it should 
be a filtered light and should ALWAYS be used under a poncho or similar cover. If your 
flashlight does not have a filter, cover the lens with a thin layer of mud so that it reveals only 
enough light to serve your purpose. Many Marines of all ranks hold the mistaken belief that 
because they have a red lens on their flashlight, they can not be seen by the enemy. THEY ARE 
WRONG! They can be seen HUNDREDS of meters away. 


d. Checkpoints. Checkpoints must be easy to recognize. You should be familiar with the 
characteristics of the checkpoint itself and the terrain features in its vicinity. You should know 
when you are in the vicinity of a checkpoint. Although not always possible, a checkpoint for 
night navigation should be of such a nature that missing it entirely is nearly impossible even 
though you are slightly off course. For this reason a line checkpoint is much superior to a point 
checkpoint for navigating at night (the types of checkpoints will be discussed in paragraph 
5302). 


4604. Maintaining Your “Mental Map” 


It is just as important during night navigation as it is during daylight navigation that you create a 
"mental map" of the area you are navigating. This mental map is created by studying your 
topographical map and is updated during movement. It is useful in the event you must navigate 
back to your starting point without the aid of a map or compass. Although your vision is 
restricted by the darkness, your other senses can provide you with enough information to 
produce a usable mental map. But this can only be accomplished if you employ these senses and 
record what they tell you on your mental map. 


a. Youcan tell by the "feel" when you are going uphill, downhill, or traveling on level 


ground. Record these terrain features on your mental map in the order that you experienced 
them. 
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b. Your sense of hearing will provide you with information to be added to your mental map; 
the sound of ocean breakers always on your left; a waterfall on your right as you cross a wooden 
bridge; artillery fire to your rear; a convoy traveling parallel to your line of march about 200 
meters to your left (must be a road there), etc. This, and much more information, can be 
obtained by keeping your ears open, analyzing what you hear, and recording useful information 
on your mental map. 


c. Familiar odors can give you information which can be added to your mental map even 
though the source of the odors cannot be seen. The only way odors can reach your nostrils is for 
them to be carried by the wind. Should you smell a characteristic odor such as seaweed, smoke, 
certain vegetation, dead bodies, or the odor that reeks from the houses and bodies of people 
whose primary diet is fish, immediately determine the direction from which the wind is blowing. 
You will then know in which direction the source of the odor is. Add this to your mental map. 


Example: "When I left the starting point, I moved down a pretty steep slope for’ 400 
meters. At the foot of the hill there was a wooden bridge about 10 meters long crossing a 
fast-moving stream. About 100 meters upstream (on my right) I could hear a waterfall. 
After crossing the bridge, I moved along pretty flat terrain. One hundred meters from the 
bridge I had to pass through a knee-deep marsh. From the sound of its breakers I could 
tell that the ocean was on my left. Artillery was firing every few minutes to my direct 
rear. After moving out of the marsh I moved up a gentle slope to the crest of a small hill. 
Took a break there I couldn't see it, but from the smell of fish the wind was bringing from 
my right front, I figure there must be a village or camp not far from here. Finished the 
break and started down the other side of the hill. It was really steep and had loose rocks 
on its surface. About half way down I fell on the loose rocks and tumbled to the bottom 
of the hill. As I picked myself up, I heard a large convoy moving on what must have 
been a road between me and the ocean. I decided, I must return immediately and report 
this convoy. Then I discovered that in the fall down the hill, I had broken my compass 
and lost my map. But with the mental map I had formulated, I had little difficulty in 
getting back. The first thing my mental map told me was not to climb that steep, rocky 
hill. So I skirted the based of it until I came to the marsh I knew to be on the opposite 
side. When I reached it, I moved between the marsh and the hill until I felt I was 
approximately at the point I emerged from the marsh on the trip out. I then stopped and 
smelled. If I was at approximately the right point, I should have smelt the odor of fish to 
my left rear. At this point I also listened and made sure the ocean was on my right. 
Reasonably sure that I was at the correct point, and positive I was heading in the right 
direction, I moved across the marsh. When I came out on the other side, I again stopped 
and listened. This time I was listening for that waterfall. I heard it and moved to it. Now 
I knew if I moved downstream about 100 meters, I'd be at the wooden bridge. I crossed it 
and proceeded uphill to my unit's location " 


Lesson Summary During this lesson, you have learned that navigating at night is not difficult. It 
has many similarities to day land navigation. Setting the compass is a bit different, but using 
terrain association, dead reckoning, pace counts, etc., is similar to day land navigation. 
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Exercise: Complete items | through 3 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. Describe the procedures used to set the lensatic compass for night use. 


a. 


e. 


23 Identify the correct number of clicks and the proper direction that you would 
move your bezel ring when setting your compass for night land navigation. 


a. 33° 
b. 350° 
C 178° 
d. 270° 
e, 112° 
3: Describe the three factors you should keep in mind when selecting the appropriate 


steering mark for navigating at night. 


a. 
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UNIT SUMMARY 


During this study unit you have learned how to apply all of your new found knowledge to 
practical use. You can now move from one point to another on the ground during the day as well 
as at night. You can find your own location as well as the location of other objects that are not 
identified on the map. 


Lesson 1 Exercise Solutions 


Reference 
I. 4101 fig 4-1 
LUMINOUS MAGNETIC ARROW 
SHORT LUMINOUS LINE | 
FIXED BLACK INDEX LINE LENS 
LUMINOUS LENS OR 
SIGHTING DOTS REAR SIGHT 
ont 
— 5 The! THUMB LOOP 
aii f Wisc | 
SIGHTING WIRE | GRADUATED STRAIGHT FLOATING DIAL 
EDGE BEZEL RING 
COVER BASE 
2. 

a. 55 meters 4102b 
b. 10 meters 

C. 10 meters 

d. 2 meters 

e. 1/ 2 meter 

f. 1/3 meter 

3. 4103a 
a. Open the compass cover so that the cover forms a 


straightedge with the base. 
: Move the rear sight to the rearmost position. 
GC; Place your thumb through the thumb loop, 
to form a steady base with your third and 
fourth fingers, and extend both index 
fingers along the sides of the compass. 
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Lesson | Exercise Solutions, continued 


Reference 
d. Place the thumb of the other hand between 4103a 
the rear sight and the bezel ring; place 
the remaining fingers around the fingers 
of the other hand. 
€ Pull your elbows firmly into your sides. 
i Turn your entire body until the desired 
magnetic azimuth is under the fixed black 
index line. 
4, 4103b 
a. Hold the compass level in the palm of your hand. 
b. Rotate your body until the desired azimuth falls 
under the fixed black index line. 
re Turn the bezel ring until the luminous line is 
aligned with the north-seeking arrow. 
5. 
4103c 
a. Open the compass so that the cover is vertical, 
vertical, forming a 90° angle with the base. 
b. Move the rear sight to the rearmost position 
to release the dial, then fold it slightly forward. 
on Turn the thumb loop all the way down and insert 


your thumb. Form a loose fist under the compass, 
steady it with your other hand, and raise it up 
to eye level. 


d. Look through the rear sight notch and center the 
front sight wire in the rear sight notch. 
€: Keeping the compass level and the sights aligned, 


rotate your entire body until the sighting wire is lined 
up on the distant object 

f. Glance down through the lens and read the azimuth 
directly under the black index line 
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Lesson 2 Exercise Solutions 


Reference 
1. A4201a 
a. Place the straightedge of the compass 
alongside the magnetic north arrow of the 
declination diagram. 
b. Rotate the map and compass together until the 
magnetic arrow is below the fixed black index 
line on the compass. 
2. 654816 4202a 
3. 562938 4202b 
4 557959 4202c 
Lesson 3 Exercise Solutions 
Reference 
1. 758011 4301a 
pa 736024 4302a 
3. 725053 4303a 
Lesson 4 Exercise Solutions 
Reference 
1. Establish a 100 meter pacing course. Walk this 440 1a 
distance, keeping track of the number of steps 
you take. Count every other step. This is your 
pace count. 
Di 60 440 1a 
3. 4401b 
a Slopes 
b Winds 
C: Surfaces 
d. Weather 
e Clothing and equipment 
f Stamina 
g. Thick vegetation 
4, 440 1c 
a 44] 
b. 150 
C: 198 
d 319 
5. a 4402a 
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2101. Understanding Factoring 


You will find that a good understanding of factoring will not only help explain numerical 
equations but will also serve as a useful tool in managing large, more complex equations. The 
basic information that you will need to perform such operations is discussed in this lesson. To 
factor a number simply means that you find a group of numbers which, multiplied together, give 
the number. The product will result in the original number that you begin with. 


Examples: 
(a) 605= 30 


factors product of 6 and 5 
of 30 


(b) Product of 3, 5, and 2 =3,5, and‘ 
30 Factors of 30 


Now, let us define and explain a few terms you will use when factoring. 
a. Integer. Simply a number of a set. 
Example: -3, -2, -1, 0, 1, 2, 3, -a, -b, -c, a, b, orc 
b. Integral factor. A number that divides evenly into another number, or integer. 
Note: In the first example of this paragraph, the product 30 was used and its integral 
factors shown. The integer 4 is not an integral factor of 30, because 4 does not 
divide evenly into 30. To find an integral factor of a number, start by dividing 


by 1 and all number combinations that divide evenly. 


Example: 
Integral Factor 


(a) 1, 2, 3, 4, 6, and 12 12 
Factors of 12 Products of 


1, 2, 3, 4, 6, and 12 


Note: The numeral one (1) is an integral factor of every integer. 
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Lesson 4 Exercise Solutions continued 


mono 


Shoot the azimuth using the compass-to-cheek 
technique. 

Choose a steering mark using the 

sighting slot and the sighting wire. 

Recheck your azimuth. 

Close your compass and step off. 

Periodically spot check your azimuth. 

When you arrive at your steering mark, repeat 
the process until you arrive at your objective. 
Go around the bush to its center on the 
opposite side. 

Leave a mark such as a blaze or a pile of 

rocks at your current location in case you 

must return to that spot. Use the tree as a 
steering mark. Estimate the distance across 
the swamp. Subtract this from the length of 
that line of march. Work your way around the 
swamp, using the easiest route, until you hit the 
tree. Reshoot your azimuth and continue 

your march. 

Use the tree which you used as a steering mark 
steering mark for the last swamp as a back 
steering mark. Estimate the distance across the 
swamp. Subtract this from the length of that 
line of march. Skirt around the swamp using 
the easiest route. When you get to the other 
side, shoot an azimuth to the back steering 
mark. Move to the left or right until this 
azimuth is 295°. Continue on your line of 
march. 

Use 90° turns to bypass this depression. Shoot 
an azimuth of 265°. Follow this azimuth until 
it appears that you are to the right of the 


obstacle. Keep an accurate count of your paces. 


Shoot an azimuth of 175° (your original line of 


march). Follow this azimuth until you are on the 
other side of the depression. Shoot an azimuth of 
85°. Follow this azimuth for the same number of 
paces that you followed on the azimuth of 265°. 
When you finish this leg, shoot an azimuth of 175° 
to get yourself back on the original line of march. 


Remember to subtract the number of paces that 
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Reference 


4403 


4404a 


4404b 


4404c 


4404d 


you took on the right side of the depression from 
the number of paces you must take on that leg of 
march. 


Lesson 5 Exercise Solutions 


1. 
a. 
b. 
c. 
d. 
& 

Zs 

3. 
a. 
b. 


Orient your map your map every time 
you attempt to associate the map with 
the ground. 

Determine your starting location. 
Identify major terrain features. 

Maintain an accurate pace count. 

Verify your position at every checkpoint 
by conducting a detailed comparison between 
the ground position and the map position. 
Dead reckoning is a means of navigating 
using only pace counts and azimuths. 
Terrain association is not used. 


Determine location, distance and azimuth. 
Step off. 


Lesson 6 Exercise Solutions 


Rotate the bezel ring until the short 

luminous line is over the black index line. 
Divide the azimuth by 3. 

Rotate the bezel ring the desired number of 
clicks in the appropriate direction. 

Hold the compass in the centerhold position. 
Rotate your body until the north seeking arrow 
is under the short luminous line. 

Step off in the desired direction by using either 
the two luminous dots as guides or by using 
steering marks. 


11 clicks counterclockwise 

3 clicks clockwise (or 117 clicks 
counterclockwise) 

59 clicks counterclockwise 

30 clicks clockwise (or 90 clicks 
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Reference 


4501 


4502 


4502a 


Reference 


4601b 


4601b 


Lesson 6 Exercise Solutions continued 


SP 


counterclockwise) 
37 clicks counterclockwise 


Colors disappear at night 


Steering marks must be closer at night 
They should have a distinctive silhouette 
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4602 


STUDY UNIT 5 
PLANNING, PREPARATION, AND EXECUTION 


Introduction. The major factor influencing land navigation will be the tactical situation. 
The routes you select will be dictated by the location of the enemy and your mission. 

You will be deprived the use of ridgelines because of their silhouetting effect. Roads and 
trails must also be avoided because of their associated dangers, (mines, boobytraps, and 
ambushes). Since you cannot use these features to travel on, much more care must be 
taken in planning your routes. Your success or failure will be determined before you ever 
take your first step into unfamiliar terrain. During this study unit, we will discuss the 
steps you must take to plan and prepare for navigating as well as the execution of your 
navigation. 


Lesson 1. TACTICAL CONSIDERATIONS 


LEARNING OBJECTIVES 

1. Identify how the elements contained in the acronym METT-TSL influence land 
navigation. 

Ze When analyzing terrain, describe the terrain factors that have an impact on 
planning. 

a: Describe the impact of the three types of weather conditions on your mission. 

4, When analyzing Troops and Fire Support, list the two characteristics of your 


squad that have an impact on planning. 
2S: Identify the factors that have an impact on your squad's march rate. 
5101. Mission Analysis (METT-TSL) 


On receipt of your mission, begin your troop-leading steps and make your tentative plan. Base 
your estimate of the tactical situation on METT-TSL. 


M - What is the MISSION? 

E - What is known about the ENEMY? 

T - How will TERRAIN and WEATHER influence the operation? 
T - What TROOPS and FIRE SUPPORT do I have AVAILABLE? 


T - How much TIME is AVAILABLE? 
S - How much SPACE do I have to maneuver? 
L -What type of LOGISTICS do I need? 


This acronym gives you a starting point to conduct your mission analysis and to formulate a plan 
to accomplish your mission. 
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5102. Mission 


When we speak in terms of mission and its association to land navigation, we are primarily 
referring to those missions which involve the selection of routes to and from an objective area, 
selection of ambush sites, selection of suitable observations posts, or the positioning of units and 
crew-served weapons. Your mission will determine the type of route you take, such as one that 
provides for maximum cover and concealment or one that provides for maximum observation. 
Your squad may be tasked with one of the following missions 


a. Patrols. Your squad may be assigned a mission to conduct a combat or reconnaissance 
patrol. The type of patrol affects the route you select. 


(1) Raids, point recons, and ambush patrols should be planned along routes that avoid 
known enemy locations and provide maximum cover and concealment, such as 
along draws, valleys, wooded terrain, and swamps. Obviously, these missions will 
terminate at a location of known or probable enemy activity, such as a road. 
Additionally, return routes for raids and ambushes should provide for speed of 
movement out of the objective area. 


(2) Area recon, combat, search and destroy, and economy of forces patrol routes should 
provide for cover and concealment, coverage of likely enemy avenues of approach, 
and maximum observation of the area, such as on top of hills and along tree lines. 


Regardless of the type of patrol, you must make a detailed plan and a thorough map study, in 
order to be successful. During the map study, you must determine a primary and alternative 
route to and from the objective. 


b. | Movement to contact. You may be the point element in a movement to contact. In this 
case, you must orient your movement to the objective by conducting a map study, determining 
the location of the objective, and selecting the route to be taken. 


5103. Enemy 


The enemy situation greatly affects your navigational planning, organization, and execution. 
FMFM 1 Warfighting describes enemy positions as either gaps or surfaces. 


Surfaces are hard spots--enemy strengths--and gaps are soft spots--enemy 
weaknesses. We avoid enemy strength and focus our efforts against enemy 
weakness, since pitting strength against weakness . . . is more likely to 
yield decisive results. 


Before you select your route, make sure that you identify: 


a. Suspected or known enemy locations 
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b. Size, composition, and identification of enemy units 
c. Capabilities and equipment of the enemy 


d. Location of enemy obstacles, such as minefields, wire, and tank traps 


Then, in conjunction with your mission, plan your route so that you bypass all known and 
suspected enemy strengths and attack his weaknesses. 


5104. Terrain and Weather 


a. ‘Terrain. Although an obvious planning factor to consider, terrain does have some rather 
unique characteristics. Certain aspects of terrain can be either a tremendous asset or liability to 
your squad. The more rugged the terrain, the more taxing the mission becomes, because of 
slower movement and fatigue. On the other hand, the more difficult the terrain, the less chance 
there is of detection by enemy forces, especially mechanized units. When analyzing terrain use 
the acronym KOCOA. 


(1) 


(2) 


(3) 


K - key terrain 

O - obstacles 

C - cover and concealment 

O - observation and fields of fire 
A - avenues of approach 


Key terrain is any area whose control affords a marked advantage to the force 
holding it. Key terrain has a bearing on decisions regarding the selection of 
objectives, routes in the offense, and selection of positions in the defense. Some 
types of key terrain are high ground, bridges, towns, and road junctions. 


Obstacles are natural or manmade features that stop, slow down, or divert 
movement, such as rivers, swamps, and minefields. An obstacle may be an 
advantage or disadvantage to your squad, depending upon the direction of attack 
or defense. For example, a river that is parallel to your route could provide flank 
security; whereas, a river that is perpendicular to your route will force you to find 
a way to cross the river. Most obstacles can be found by conducting a thorough 
map reconnaissance and studying recent aerial photographs. 


Cover and concealment must be considered from both friendly and enemy 
perspectives. Concealment is protection from observation. Concealment may be 
provided by woods, tall grass, orchards, or other features that deny observation. 
Cover is protection from the effects of fire. Cover may be provided by rocks, 
ditches, caves, stream banks, and buildings. Most terrain features that offer cover 
also provide concealment from ground observation. Since cover and concealment 
influences the choice of routes, select those routes that offer the maximum cover 
and concealment. 
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(4) 


(5) 


Observation and fields of fire influence the placement of fighting positions and 
crew-served weapons, especially when selecting a site for an ambush or 
observation post. When you are on an area recon patrol, you must balance your 
need for good observation with the need for good cover and concealment. You 
must conduct a map study to determine areas that provide adequate observation 
and fields of fire. 


Avenues of approach are routes by which your squad (or the enemy) may reach an 
objective or key terrain. To be considered an avenue of approach, a route must be 
big enough for the unit using it. Likely avenues of approach may be roads, 
valleys, possible LZ's (for insertion by helo), etc. By examining the terrain, you 
as a squad leader can determine the likely avenues of approach based on the 
tactical situation. 


b. | Weather. Weather plays an important role when planning your mission. Although weather 
may have a negative impact on the capabilities of your men, your squad must be prepared to 
exploit adverse weather conditions that will frustrate the enemy's mobility and observation. 


(1) 


(2) 


(3) 


An extremely hot, dry or humid climate will drain your squad, affecting the speed 
at which you move, the load they are capable of carrying, and the duration of your 
mission. The availability of water in this type of climate is paramount. Consider 
the amount of water your Marines will use each day, the availability of water 
along potential routes (and whether you can purify it), and the duration and speed 
at which you will be moving. 


An extremely cold and wet climate will tax the endurance of your squad. Heavy 
snow will not only make movement difficult, but it may also mask certain terrain 
features. Stationary surveillance can become hazardous as decreased activity will 
increase the chance of cold-weather injuries. Rations will need to be augmented, 
thus increasing the individual load. To avoid cold injuries, you will need to 
reduce the exposure time of your Marines. 


Rainy weather is useful in masking insertion and extraction, but continued 
exposure to wet and cold weather will tax the well-being of your squad. Be 
attentive for signs of immersion foot, and other wet-weather injuries as well as 
signs of cold-weather injuries. Although decreased visibility will lessen your 
squad's observation (and thus their ability to identify distant terrain features), it 
will also increase your squad's effectiveness by providing concealment during 
movement. 
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5105. Troops and Fire Support Available 


a. The size of a unit affects the selection of positions, formations, routes, and fire plans. For 
example, on ideal terrain, such as relatively level ground with little or no woods, your squad can 
defend a frontage of up to 300 meters. You must conduct a thorough map reconnaissance and 
terrain analysis of the area your squad is going to move through. The size of the unit must be 
taken into consideration when planning your route during movement. During movement, you 
must retain your ability to maneuver. A small draw or stream may reduce your unit's 
maneuverability but provide excellent concealment. The size of your unit will also affect your 
speed of movement. For example, how long does it take to move a platoon across a danger area 
in comparison to moving a fireteam across the same area? 


b. You must consider the physical capabilities of your Marines when selecting a route. 
Crossing a large swampy area may present no problem to a physically fit unit, but to a unit that is 
exhausted from continuous combat operations, the swampy area may slow or completely stop its 
movement. 


5106. Time Available 
a. March rate. Your squad must get to the right place, at the right time, and in good fighting 


condition. The normal rate of march for a foot march is 4 kilometers per hour. However, the 
rate of march will vary, depending on the following factors: 


e Terrain 
e Weather 
e Distance 
e Time allowed 
e Likelihood of enemy contact 
e Equipment/weight to be carried 
e Physical condition of your Marines 
b. Security versus speed. At times your squad will have little time to reach an objective. 


This may force you to choose a route that sacrifices observation or cover and concealment for 
speed. You must conduct a map study to determine the quickest route to the objective. The 
quickest route is not always the shortest route. From point A to point B on the map may appear 
to be 1,000 meters, but if the route is across a large ridge, your rate of march will be slower. 
Another route from point A to B may be 1,500 meters, but on flat terrain. In this case, the 
quickest route would be across the flat terrain. 


Cc. Danger areas. These are areas that do not provide concealment from enemy observation. 


A danger area may be a large or small open field, a road, or a stream. Danger areas affect you by 
reducing your speed due to either time spent crossing them or time spent avoiding them. 
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5107. Space 


The space in which you are permitted to operate may be restricted due to the presence of other 
friendly units, planned fire support, or the presence of strong enemy units. 


5108. Logistics 


a. The length of your operation may require you to plan for resupply during the course of the 
operation. You must be near a terrain feature that permits the resupply. 


b. — The types of equipment that your squad needs can be determined by a map reconnaissance. 
For example, if your squad must cross a large stream during its movement to the objective, then 
ropes will be needed for safety lines. 


Lesson Summary. During this lesson you have learned about how METT-TSL affects land 
navigation. During your next lesson you will learn about the four types of reconnaissance that 
you can make to assist you in selecting your route of march. You will also learn how to actually 
select your route. 
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Exercise: Complete items 1 through 5 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. Identify how the elements contained in the acronym METT-TSL influence land 
navigation. 


a. 
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c. Prime number. A prime number is a positive (+) integer greater than 1 with only two 
different integer factors. This means that only the integer | and the integer itself are evenly 
divided into the prime number. 


Example: 
Set of prime numbers 


Dy dg de 1 Ag T9y LT 195 23,295 3 lace 


d. Greatest common factor (GCF). The largest number in two sets that are common to two 
given numbers. 


Example: 
Sets Given numbers 
1,2, 3,4,6 24 
1,2 6 18 


Try these challenges to make sure that you know the terms you will need when you factor. 


(Fill in the blank) 


A number of a set is called an 


The correct answer is an integer, if you answered correctly, you may continue. If not, read the 
definition for this term again. Then, you may continue to the next challenge. 


(Fill in the blank) 


A number that divides evenly into another number, or integer, is called a (an) 


The correct answer is integral factor. If you answered correctly, you may continue. If not, read 
the definition again before continuing. 
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When analyzing terrain, describe the factors that have an impact on planning. 


a. 
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Describe the impact that the three types of weather conditions have on your 
mission. 


When analyzing Troops and Fire Support, list the two characteristics of your 
squad that have an impact on planning. 


a. 
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Identify the factors that will have an impact on your squads march rate. 
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Lesson 2. SELECTING YOUR ROUTE 


LEARNING OBJECTIVES 


ie List the four types of reconnaissance for obtaining information for your 
navigational planning. 


2 List six steps in selecting the route that is best suited for your mission. 
3. Identify the three types of checkpoints. 
4. Identify the characteristics of the three types of checkpoints. 


5: Given a situation where the deliberate offset technique is being used, identify the 
correct offset. 


5201. Liaison 


Before planning your route, discuss the situation with everyone who has information about the 
terrain on which you will be navigating. Make sure you have a clear understanding of the 
location of your objective, the location of friendly units in the area, your zone of action, and 
specific boundaries assigned to your unit. Contact others who have navigated through or flown 
over the area. Obtain all the information you can that may have an effect on your navigation. 
Make notes on possible routes, map errors, prominent landmarks, suitable checkpoints, etc. 


5202. Reconnaissance 


a. Aerial reconnaissance. If at all possible, make a personal reconnaissance of the area on 
which you will be navigating. One way to do this is by air. From this vantage point, you can 
survey the terrain you will encounter. Take your map with you and compare the terrain with 
your map. Make notations regarding identifiable characteristics of the features which are not 
shown or clearly defined on your map. Shell holes, identifiable vegetation, burnt areas, etc., will 
not be shown on your map, but recognizing them on the ground will provide you with positive 
identification of terrain features as long as these features are unique to the area. Undesirable 
terrain, such as extremely thick vegetation or swamps, may not be clearly defined on your map 
but will be obvious from the air. The best checkpoints can be selected and verified from the air. 
Roads and trails that are shown on your map may be overgrown with vegetation to the point that 
they no longer exist. Selecting such a feature for a checkpoint would only lead to confusion 
during the march. An aerial reconnaissance not only allows you to exclude obsolete features for 
checkpoints, but it also enables you to select manmade or natural features that are not included 
on your map. 


b. | Photo reconnaissance. If you cannot make an aerial reconnaissance, the best alternative is 
recent large-scale aerial photographs. Aerial photographs, containing a wealth of detailed 
information, are available in many areas of operation, but you have to take the initiative to obtain 
them. If they are not available within your unit, go through the chain of command and visit your 
battalion S-2. When you obtain the desired aerial photographs, make a simultaneous map and 
aerial photograph study. 


(1) When reading an aerial photograph, always hold it so that shadows fall toward 
you. This will give you the correct impression of terrain features. 


(2) The map will provide the distance, direction, and contour of the land. 


(3) The aerial photos will provide you with up-to-date information on manmade and 
natural features and positive identification of obstacles, checkpoints, etc. On a 
map, hills often appear similar to each other. Confusion can result from this. An 
aerial photo enables you to identify vegetation, shell marks, etc., that are unique 
to each hill. 


(4) If possible, carry the aerial photos along with your map and use them frequently 
to make positive terrain identification while navigating. 


c. Ground reconnaissance. If an aerial reconnaissance is not possible, make a visual ground 
reconnaissance of your route. Move to a vantage point inside friendly lines and study the terrain 
in the direction of your objective with binoculars. Take your map, aerial photo, compass, 
binoculars, and notebook with you. Study this terrain carefully with your binoculars, and 
compare it with the map. Make notes concerning the terrain which will help you later. Before 
you complete your ground reconnaissance, move to your exact starting point and locate it 
accurately on the ground and on the map. Make a mental map of this area so that you will have 
no trouble locating it later when you start. 


d. Map reconnaissance. The importance of a thorough map reconnaissance cannot be over- 
stressed. Begin to study your map the moment you are issued the order. Continue to study your 
map as you conduct your liaison and carry it on until you have completed navigating. After 
conducting your liaison it is time to sit down, make a careful and detailed map study, select your 
route, and finalize your navigational plans. By conducting a map reconnaissance, you can 
confirm or modify your original plan--basing your decision on the terrain's effect on your 
mission. 


5203. Route Selection 


Now that you have conducted your reconnaissance, you are ready to begin the actual planning of 
your route. Follow the steps listed below when selecting your route. 
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a. Locate and plot your starting point and objective. Your first step in selecting your route 
is to locate and plot your starting point and objective on the map. You located your starting 
point during your ground reconnaissance. The location of your objective is usually designated 
by higher echelon. Draw a straight line between these two points. 


b. Plot all of the areas you want to avoid during movement. Plot the locations of known and 
suspected enemy positions. You should only worry about the ones in the general area between 
your starting point and objective. You should have received this information when you received 
your order and during your liaison and reconnaissance. Plot the locations of other areas that you 
wish to avoid. 


c: Study and evaluate the terrain. Beginning at your starting point, carefully study and 
evaluate the terrain and information shown on the map in the direction of your objective. 
Consider all of the possible general routes. Some guidelines to follow in selecting your route in 
tactical situations are: 


(1) Avoid known or suspected enemy positions and obstacles unless your mission 
requires otherwise. 


(2) Avoid roads, trails, and inhabited areas. 
(3) Avoid moving parallel to enemy or friendly frontlines. 


(4) Avoid prominent terrain features. For example, don't plan your route to take you 
over the only hill in an area. The enemy could be using the hill as an OP. 


(5) Consider the use of routes through or over natural obstacles, such as swamps, to 
avoid detection and achieve tactical surprise. 


(6) For daylight movement, the best route normally affords concealment from the 
enemy and frequently leads through woods, swamps, water courses, and over 


difficult slopes. 


(7) For night movement, routes should avoid thick undergrowth, dense woods, and 
draws in order to facilitate silent movement. 


(8) The route of return should be different from that used when going to the 
objective. 


(9) Keep your route as simple as possible. Pass through or near easily identifiable 
terrain features to permit ease of navigation. 
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Enemy 
Minefield 


sP 
Fig 5-1. General routes available for use between starting point (SP) and objective (OBJ). 


d. Select your general route. Once you plot the areas on the map that you want to avoid, you 
will normally end up with a small number of possible routes to choose from, such as routes A, B, 
and C in figure 5-1. Each possible route should be considered as to its ease of navigation and its 
tactical feasibility. Tactically speaking, your route should contribute to the accomplishment of 
your mission. From the standpoint of navigation, your route should allow you to reach the 
objective in the time allotted, lend itself to accurate navigation, and not consume unnecessary 
time and energy. Once you have selected the general route you want to use, you are ready to 
plan your route in detail by selecting checkpoints, plotting the legs of the route, and determining 
the azimuths and distances of each leg. 


e. Select the checkpoints. (This will be covered in detail in paragraph 5204.) 


f. | Connect these points with straight-line segments. Determine the magnetic azimuth and 
distance of each leg and record them. 


5204. Selecting Checkpoints and Plotting the Route 


Planning your route in detail consists essentially of converting the curved general route you have 
chosen into a route consisting of a number of straight-line segments called “legs.” Each leg 
should begin and end on or near an easily identifiable terrain feature. These terrain features are 
called checkpoints because they enable you to check your navigation and verify your position 
periodically during your movement. A wise selection of checkpoints is very important in route 
planning. There are basically three types of checkpoints: line checkpoints, point checkpoints, 
and a combination of line and point checkpoints. Each type has its own characteristics, 
advantages, and disadvantages. 


a. Line checkpoints. A line checkpoint is a natural or man made linear feature which 
crosses your line of march. Figure 5-2 shows examples of line checkpoints. 
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Fig 5-2. Examples of line checkpoints. 


The advantages of line checkpoints are: 


(1) 
(2) 


Line checkpoints are usually easy to identify when you arrive at them. 


Because a line checkpoint stretches across your route, you are certain to hit it 
even if you stray from your intended line of march. 


The disadvantages of line checkpoints are: 


(1) 


(2) 


b. Point checkpoints. Point checkpoints (fig 5-3) are specific objects or terrain features 
which, if located and properly identified, positively indicate your exact location. 


Although you know you are on a certain linear feature, you may not know your 
exact location on that feature unless you perform a resection or inspection. 


Line checkpoints can be confused with features that are similar to them. A map 
rarely shows all streams and trails in an area. often these features come into 
existence after the map is printed and may not be seen from aerial observation or 
on aerial photographs due to dense vegetation. You could arrive at such a feature 
and mistake it for your checkpoint when, in reality, the stream or trail shown on 
you map is still some distance away. This mistake can be avoided by maintaining 
an accurate pace count and orienting yourself using other terrain features. 
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Fig 5-3. Examples of point checkpoints. 


Because a point checkpoint indicates exactly where you are, you can correct any mistakes in both 
distance and direction. This is the advantage that point checkpoints have over line checkpoints. 
The disadvantages of point checkpoints are: 


(1) Because point checkpoints cover just a small area on the ground, you may miss 
them when you are navigating. 


(2) There may be many terrain features in the area that look like the feature you select 
as a checkpoint. You may arrive at the wrong terrain feature and incorrectly 
assume it is your checkpoint. 


c Combination of line and point checkpoints. The ideal type of checkpoint is one that is 
either a combination of two line checkpoints or a line checkpoint and a point checkpoint. 


(1) The intersection of any two linear features is called an "intersection of lines" 
checkpoint (fig 5-4) 
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Fig 5-4. Examples of “intersection of lines” checkpoints 


The advantages of this type of checkpoint are: 


(a) 


(b) 


It is difficult to miss because one of the lines will cross your route. When 
you reach the first linear feature you need only follow it until you arrive at 
the point where it intersects the other linear feature. You are then at your 

checkpoint. 


Because the intersection is a specific point, this kind of checkpoint offers 
you knowledge about both your distance and direction traveled. 


(2) If there is a point checkpoint at or near a linear feature, you have a combination 
line/point checkpoint (fig 5-5). 
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(Multiple Choice) 


Which of the following sets are examples of prime numbers? 


a. -2, -3, 8, 11 
b: «1, 2,.3,5 
C2235 7 
d 152.35 


You are correct if your answer is "c." If not, read the definition of prime numbers again and study 
the example before continuing. 


2102. Factor Monomials and Polynomials 
Now you are ready to factor monomials. Realize that you simply multiply a number by another 
number to form a product. To see how to factor a polynomial, look at the following example. 


This process requires you to find the greatest common factor. Let's see how to do that. 


Example: 


9x3 YZ = e336 
Coefficient c 


3x yz" 


3x3 eye z= 3x yz 


GCF = 3xyz 3x7 yz is the largest factor common to both 
9x3 yx and 3x3 yz? 


Note: Any factor of a product is the coefficient of the product of the remaining 
factors. 
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Fig 5-5. Examples of "line/point" checkpoints. 


The advantages of a line/point checkpoint are: 


(a) Since the linear feature stretches across your route, you cannot miss it. 
once at the linear feature, you need only follow it until you come to the 
"point"' feature. You are then at your checkpoint. 


(b) Since you can accurately determine an exact point on the ground from this 
type of checkpoint, it offers you information about distance and direction. 


d. Checkpoint selection. Study the terrain along the general route you have decided on and 
select the checkpoints that you will use. Distance between checkpoints should be approximately 
700 meters. As the distance to a checkpoint increases, you should select a more prominent 
checkpoint so that you will not miss it. There may be a number of terrain features along your 
route that will serve as checkpoints, but select the best ones. Mark these checkpoints on your 
map. 


€; Plotting the route. Use a sharp pencil and a straightedge to connect the starting point and 
the first checkpoint with a straight line. Connect the first checkpoint to the second checkpoint; 
and so on, until the last checkpoint is connected to the objective. Each straight line designates a 
"leg" of your route. Use a protractor to determine the grid azimuth of each leg. Use the G-M 
angle to convert these grid azimuths to magnetic azimuths. Record these magnetic azimuths. 
Use the graphic scale to determine the length of each leg and record each distance with its 
respective magnetic azimuth. 


(1) 


Deliberate offset technique. If you have a checkpoint that is an intersection of 
linear checkpoints or a point checkpoint on a linear feature, one technique you can 
use to help you find the checkpoint is the offset technique. A deliberate offset is a 
planned magnetic deviation to the right or left of an azimuth to an objective. 
When you establish the azimuth to the objective, purposely deviate to the right or 
left. A deliberate offset by a known number of degrees in a known direction 
compensates for possible errors and ensures that upon reaching the linear feature, 
you know whether to go right or left to reach the objective. If you do not use the 
deliberate offset technique, you may accidentally offset. When you reach the 
linear feature, you won't know which way to turn. 


(a) Ten degrees is an adequate offset for most tactical uses. Each degree 
offset will move you 18 meters to the right or left for each 1,000 meters 
traveled. For example, in figure 5-6 the number of degrees offset is 10. If 
the distance traveled to 11x11 is 1,000 meters, then "x" is located about 
180 meters to the right of the objective. 


STRAIGHT LINE 
ROUTE 90° 


pea ' 


‘ 
10° 
id 


ROUTE TO BE 
USED 100° 


(FOR 1,000M) 
Fig 5-6. Deliberate offset to the objective. 


(b) So which way should you deviate? If the tactical situation or the terrain 
does not indicate which way to deviate; then deviate in such a manner as 
to make your azimuth as perpendicular to the linear feature as possible. 
This will further ensure that you hit the linear feature on the side of the 
objective that you intend. 


f. Select reference lines or points. After plotting the legs of your route, study each leg and 


see if there are any terrain features which you will be able to see in the distance and use to guide 
you in the proper direction or verify your location. 


(1) 


Ridges, rivers, and roads that roughly parallel a leg on your march will provide 
good reference lines. If, for example, you see that there is a clearly defined 
stream running parallel to a leg of your march, periodically sight this stream to 
ensure that you are still close to it. This verifies that you are moving in the proper 
direction. 
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(2) 


(3) 


If there is a suitable reference line on both sides of your line of march, you should 
have no difficulty in maintaining the proper direction. For example if there is a 
ridge line roughly parallel to your line of march on your left and a stream running 
parallel to your line of march on the right, just as long as you never cross these 
features and each feature remains on the correct side of you, you'll be headed in 
the proper direction. 


Make a mental note of any prominent "point" features, such as characteristic 
hilltop, vegetation, or buildings, which, although not on your line of march, you 
should be able to see in the distance during movement. 


g. Summary. The steps to follow in selecting and plotting your route are summarized below. 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


Locate and plot your starting point and objective. 

Plot all of the areas you want to avoid during movement. 
Study and evaluate the terrain. 

Select your general route. 

Select the checkpoints you will use along this general route. 


Connect these checkpoints with straight-line segments and determine the 
magnetic azimuth and distance of each leg and record them. 


h. Sample problem. Follow the explanation below of navigational planning step by step on 


your Margarita Peak map, located on Figure 5-7. 


(1) 


(2) 


Situation. You have been ordered to take your fireteam from your company 
position at grid coordinates 614955 to the vicinity of the hilltop at 637986 to 
establish: an observation post to determine the amount of enemy traffic on the 
light duty road 150 meters east of the hill. There is an enemy position at 
coordinates 618988. The Case Spring Road east of 626953 has been mined. 
Annotate the enemy position and the road on your map. Time does not permit 
reconnaissance or liaison so you must plan your route solely from a map study. 


Select your general route (figure 5-7). 


(a) Locate and mark your starting point (coordinates 614955) and your 
objective (the hilltop at coordinates 637986). 


(b) Next, plot the location of known and suspected enemy positions as well as 


manmade and any natural obstacles you wish to avoid. This includes the 
enemy position and the mined road. 
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(c) Now consider the general routes that could be used to take you from your 
starting point to the objective (the hilltop) at 637986 (fig 5-7). 
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Fig 5-7. Possible choices of general routes. 


Which route looks best to you? Why? If you said that Route C is the best, you are correct. 
Here's why. 


1 Route A obviously cannot be used because it would put you on the 
skyline starting at 628973. 

Z Route B is no good because it takes you to the bottom of the hill 
occupied by the enemy. The terrain in that area is orchards and 
scrubs, so the terrain will not hide you. 

3 Route C is good because it will place a ridge between your route 


and the enemy, thus masking your movement. The woodland over 
much of the route will also mask your movement. Finally, the 
stream will provide a good feature off of which to guide. The only 
problem is the Case Spring Road. 
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(3) 


Make sure you stay away from it. The only difficult part of this 
route will be the first 500 meters where you might be seen by the 
enemy 2400 meters away. 


4 Route D is not too bad until you get to the end where it takes you 
parallel to the road that you will be observing enemy activity on. 
Since that area of the road is surrounded by scrubs, you will be 
seen by anyone on the road. 


Select checkpoints and plot the route (figure 5-7). Having determined your 
general route you are now ready to select your checkpoints and plot the exact 
route you will follow. We said earlier that the hard part of this route will be 
getting into the trees at the bottom of your hill to the northeast. How would you 
do it? 


(a) A careful inspection of the map shows that your starting point (the hill at 
614955) has a finger attached to its east side that leads to a saddle. This 
finger should mask your movement as long as you stay 100-200 meters to 
the south of Case Spring Road. Leave your friendly lines at 614954 at the 
bend in the Case Spring Road so that you are south of the finger. Let's 
make your first checkpoint at 622953 where the road goes across a narrow 
part of the saddle. What is your magnetic azimuth? Well, your grid 
azimuth is 92° and your G-M angle is 15°, so your magnetic azimuth for 
the first leg is 77°. What else do you need to know about the first leg? 
That's right, how far to go. The answer is 750 meters. Call this the first 
leg of your march and label it as CP 1 (checkpoint 1). 


(b) In selecting the second checkpoint you want to get to the trees as quickly 
as possible. You also want a point that you can definitely confirm the 
location of on both the map and the ground. Where would you put it? 
How about putting it at 622957 where the stream intersects a long narrow 
open area. You could confirm this location by the two draws to the north 
and the hill to the northeast. Your grid azimuth is 1° so the magnetic 
azimuth is 346°. The distance is 350 meters. Circle it on your map and 
label it CP 2. 


(c) For the third leg of your route you want to follow the general trace of the 
stream in a northeasterly direction. With this in mind, what would make a 
good third checkpoint? What about the stream junction at 638965? That 
would make it a fairly long leg, but the stream is there to guide you and 
the stream junction should be easy to find. Your magnetic azimuth is 48° 
and the distance is 1750 meters. You will notice that if you follow the 
azimuth exactly, you will have to cross the stream three times and you 
may miss the junction. On the other hand, if you cross the stream right at 
CP 2 and just follow the stream, you should have no problems finding the 
checkpoint. 
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(4) 


Since you are not going on a straight line, you should re-measure the 
distance. It is now 1900 meters, which is a big enough change to have 
justified re-measuring the distance. 


(d) At this point if you take the stream to the right, you will go too close to the 
road you will be monitoring. So, instead, take the stream to the left until 
you hit the tree line at 633977. Make this Checkpoint 4. Do the same 
thing you did on the last leg, in other words, follow a general magnetic 
azimuth of 328° for 1350 meters until you hit CP 4. 


(e) At this point you must be sure to stay in the tree line because the hill is no 
longer masking you from the enemy position and you are getting close to 
the road you will be observing. If you shot one last azimuth to your 
objective, you would go through an open area that you want to avoid. One 
way to avoid this is to run two more legs, staying inside of the trees almost 
the entire time. Make your next checkpoint at 638982 where the tree line 
meets a small scrub area in the middle of the woods. You will have to 
cross a small danger area at 637980, but this is unavoidable. What is your 
magnetic azimuth and distance for this leg? That's right 28° for 700 
meters. You can confirm your location by the small hill to the northeast 
on the other side of the clearing. 


(f) Your last leg takes you on a magnetic azimuth of 331° for 450 meters. 
Once you reach your objective, you can recon the area for the specific 
location that you will be using for your observation post. 


(g) Determine the total distance involved in the march. It is 5600 meters. 
This will be an important factor in determining how long it will take to 
complete the march. 


Evaluate and memorize the route. When you have finished plotting your route, 
start with the first leg and study it carefully. What azimuth will you be following? 
How long is the leg? Picture in your mind the slopes involved. Should you be 
going downhill? Is it uniform, concave, or convex? Is it steep or gentle? Do you 
pass near any features that can be used as reference lines or points? What features 
are at or near checkpoints that will help you positively identify them? Go over 
and over this leg until you are positive of the direction and distance involved and 
can visualize the characteristics of the terrain you will be encountering. When 
you are satisfied with your knowledge of the first leg of the march, go on to the 
next leg and do the same with it. Repeat this procedure until you have memorized 
each leg of the march. At a minimum you should be able to recite: 


(a) The general description of the entire route. 


(b) The magnetic azimuth you should follow on each leg. 
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(c) The length, in meters, of each leg. 


(d) A description of the checkpoints on each leg and the distance between 
checkpoints. 


(e) The type of slopes and terrain characteristics involved in each leg. Will 
you cross fingers, draws, etc.? Will you be traveling downhill, uphill, or 
on level ground? Are the slopes comparatively steep or gentle? 


Lesson Summary. During this lesson you have learned the four types of reconnaissance, the six 
steps in selecting the best route for your mission and the three types of checkpoints. During your 
next lesson you will learn about the final preparations you should make before stepping off on 
your mission. 


Exercise: Complete items 1 through 5 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


1. List the four types of reconnaissance that you can make to gain information for 
your navigational planning. 


a. 
b. 
C: 
d. 


2: List six steps in selecting the route that is best suited for your mission. 


5-24 


Lesson 3. 


What are the three types of checkpoints? 

a. 

b. 

C 

Identify the characteristics of the three types of checkpoints. 


a. 


You are currently located at the hilltop at 689043 and you want to go to the 
building alongside the road at 674048. You decide to use the deliberate offset 
technique. What magnetic azimuth should you follow? 


EXECUTION 


LEARNING OBJECTIVES 


1. 


2: 


Identify the first consideration you must make prior to departure. 


Given a situation in which you have become disoriented, identify the correct way 
to locate your position. 


Identify the tasks of each of the four members of the navigational team. 
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With your route carefully planned and all the necessary preparations made, you are now ready to 
step off on the first leg of your march. All you need to do is stay on your planned course and 
you will arrive at your objective. However, no matter how carefully and completely you plan, 
your chances of successfully navigating are considerably lessened unless you give consideration 
to the techniques for executing this plan. 


5301. Starting Point 


a. Your first consideration, prior to departure, is to ensure that you begin navigating from the 
exact location of your preplanned starting point. If you start from the wrong location and follow 
your predetermined azimuth, you will be on a course running parallel to your intended line of 
march. As a result, you will miss your planned checkpoints and in very short time become lost 
(fig 5-8). 
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ACTUAL 
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Fig 5-8. Result of not starting at proper point. 


b. — It is particularly important that you insure that you begin from the correct starting point if 
you are transported to your starting point by helicopter. In unfamiliar terrain, it is easy to be 
dropped off on a terrain feature which could be easily confused with your starting point. Make it 
your responsibility to ensure that you are at the correct starting position before you start 
navigating. If you are not, move to it and then start your planned navigation. 


5302. Staying on Course 


As the march progresses, you must make every effort to stay on your planned azimuth. The 
proper selection and use of steering marks and checkpoints are your best means of ensuring that 
you have maintained your intended course. Even then, because ideal steering marks are not 
always available and the exact location of your checkpoints can often be confused, it is possible 
to stray off course. The longer this error goes uncorrected, the more serious it will become. 
Therefore, you should take every opportunity to verify your location through terrain association. 
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a. As prominent landmarks or terrain features appear along your route, stop and quickly 
verify your position by inspection. If you are on your course, continue to march. 


b. If you have strayed off course, immediately take steps to get back on your route or plan a 
new route that will take you to your next checkpoint. As you arrive at checkpoints, take the time 
to verify your location through inspection and/or resection. 


This is particularly important when arriving at line checkpoints. Arriving at a linear checkpoint 
tells you approximately how far you have gone, but it does not verify that you are on your 
intended route. To proceed beyond this checkpoint without ensuring you are on course is 
defeating the purpose of a checkpoint. If you are at the wrong location somewhere along this 
checkpoint as a result of azimuth error, the distance from your intended line of march will 
increase the farther you travel (fig 5-9). 


SP 


Fig 5-9. Verify your location at each checkpoint. 
5303. Actions if Disoriented 
a. Even if you take all normal precautions while navigating, it is still possible for you to 
become disoriented. If you have lost your sense of direction, you may still be on the correct line 
of march. This simple form of disorientation is easy to correct as long as you have your map and 
compass. However, if you are unsure of which direction you are heading, then follow the steps 
below: 


(1) Orient your map and determine your location by inspection or resection. 


(2) Use your compass on the oriented map to regain your sense of direction. 
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Study the following example using a negative integer. 


—4a3b= aeaea 
16a3b= Ee Qe |aeaea 


GCF = 2?a*b 


Example: 


Try the following challenge to give you practice in factoring monomials. 


(Show the greatest common factor GCF of the following monomials.) 


(a) (b) (c) 
oxy 10x Axy 
+12xy +3x +5xy 


Your answer to the factors in the challenge should match those that follow. If your answers are 
correct, continue. If not, review paragraph 2101 before continuing. 


(a) (b) (c) 


Gxy = 2*3 * ary 10x = 2*5*x Axy = 2*2*x¥y 
L2xys 2735" 2*x*y hg eee Bae 1 ay = 3° 27 y 
2*3*x*y(1+2) x(2*5+3) xy(2*2+5) 
6xy(3) = 18xy x(104+3) = 13x xy(4+5) = Oxy 
GCF = 6xy GCF = x GCE = xy 


With your newly acquired knowledge, you are ready to factor polynomials. When you transform 
a given polynomial into a product of other polynomials, the process is called polynomial factoring. 
You already have an understanding of factoring in relation to multiplying. However, study the 


example on the next page for reinforcement. 
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b. | You may have complete and accurate awareness of which direction you are heading, but 
still be disoriented in regards to your location. Unexpected encounters with the enemy, 
unexpected terrain conditions, the human tendency to drift off course, or a combination of these 
can cause you to unknowingly leave your line of march and become disoriented. At the first 
indication of this, you should take steps to find out where you actually are and either move back 
to your preplanned line of march or, if you have drifted far from this preplanned route, plan a 
different route to your next checkpoint or objective from your present location. 


c. Insome circumstances you may lose all sense of direction and be so far off your course that 
you have no idea where you actually are. This is the ultimate form of disorientation, because 
now you are truly “lost” (but not hopelessly). If “lost,” you have a few options for finding your 
location. 


(1) Orient your map and determine your location by inspection or resection. If you 
cannot see any features on the ground that you can positively identify on your 
map, then go somewhere where you can see the surrounding terrain better. Using 
inspection or resection is the preferred technique of finding your location. 


(2) If you still cannot see any terrain features that you can identify on the map, you 
may be able to find your location using any overflying helicopters. Contact the 
helicopter by getting his freq and call sign from your platoon commander 
(remember to use some sort of code so as not to give this information away to the 
enemy). Tell the pilot your predicament and describe your location to him until 
he sees you. Tell him your location in relationship to his 12 o’clock (his 12 
o'clock being his direct front). For example, “I am on top of a finger about 400 
meters to your 10 o'clock.” When he sees you, he should be able to tell you your 
location with a six digit grid coordinate (assuming that he is not also lost). 


(3) If there are no helos in the area, you have one last option. Normally, during any 
movement you will have oncall targets for artillery or mortars. After explaining 
your predicament to the Fire Direction Center (FDC), ask them to fire a spotting 
round (normally a WP round) at the on-call target that you think is closest to your 
position. Ensure that you have Marines looking in all directions to locate this 
round when it lands. If you do not see the round splash, then either ask for 
another one on the same target or try another on-call target. Once you see the 
round splash, perform a one point resection. This technique has two 
disadvantages that makes it the least preferred technique of finding your location. 


(a) It could call the enemy's attention to you. 


(b) It is a bit inaccurate due to the inaccuracies of artillery fire and your 
inaccuracies in doing a one point resection. 


(4) With your map oriented and your present location determined, you should be able 


to determine the direction to your objective, closest checkpoint, home base, or any 
other desired point. 
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d. Regardless of whether you have simply lost your sense of direction, have gone astray from 
your preplanned course, or are completely lost, at the first indication that you have become 
disoriented, you should halt your squad, set up local security, and verify whether the march is 
going as planned or if you have, in fact, become disoriented. Too often Marines will get a 
“funny feeling” that they may be heading in the wrong direction, or see telltale signs that indicate 
they are not on their intended course. Yet, refusing to face reality, they will plod on, becoming 
more disoriented. Stop and check things out. Getting back on course at this early stage is 
usually a simple matter. The longer you delay it, the more difficult getting reoriented becomes. 
Take advantage of every opportunity to verify that you are on your intended course. 


5304. Action at Checkpoints 


As you approach a checkpoint, you must keep in mind that the enemy may be occupying it. The 
feature has characteristics that caused you to select it as a checkpoint. The enemy, if active in 
the area, will also be making map studies and selecting checkpoints. They will be looking for 
the same qualities you are looking for and may select the same points as you to serve as 
checkpoints. They may be occupying an area in close proximity to this checkpoint. Therefore, 
you should always approach your checkpoints with caution, stopping frequently to listen and 
observe. You should move to the exact location of the checkpoint only when you are certain it is 
safe to do so. 


a. If the checkpoint is a clearly defined landmark such as a building, you should use it only to 
verify your location but not to physically occupy it. Such landmarks can be expected to be either 
physically occupied or under observation by the enemy. They may be mined and/or registered as 
artillery targets. Once you are close enough to observe such a checkpoint, stop in a concealed 
position in its vicinity or bypass it by a concealed route. 


b. | While at (or near) your checkpoint, take time to review information about the next leg of 
your march. 


5305. The Navigational Team 


When your squad is assigned a mission that involves navigating from one point to another, you 
should assign Marines specific tasks necessary to successful navigation. These men are referred 
to as the navigational team. Try not to assign more than one navigational duty per man. In fact, 
when possible, assign a primary and an alternate man for the pacer and the navigator so they can 
check one another. 


a. The navigator. The duties of the navigator are so important and exacting that he should not 
be burdened with any other duties while enroute to the objective. The patrol leader should not 
attempt to do the navigating himself, since he is normally preoccupied with his normal 
responsibilities to devote the required attention to navigation. A Marine who has displayed 
superior map and compass skills should be assigned as navigator. The navigator is then 
responsible to the patrol leader for all navigational considerations necessary for the accurate 
navigation or the patrol. 
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(1) He supervises and controls the other members of the navigational team. 


(2) He positions himself as the second or third man in the formation so that he can 
control the direction of movement of the point man. 


(3) He carries a map, aerial photographs, and other recorded navigational 
information. 


(4) He carries a compass and uses it frequently to ensure that the preplanned legs are 
being followed. He selects steering marks and makes frequent compass readings 
on predetermined reference points. When there are available Marines, it is more 
important to assign to an alternate for the navigator than it is for the pacer. If the 
alternate thinks there is a deviation in movement, he brings this to the attention of 
the primary navigator and/or the patrol leader. 


(5) He verifies when checkpoints have been reached. 


(6) He, more than anyone else, must have the ability to observe and create a “mental 
map” as the march progresses. In addition, he should keep a written record of any 
significant observations. 


(7) Should changes in direction be necessary enroute, he advises the patrol leader of 
the situation and recommends an alternate route to him. 


(8) In short, he is responsible to the patrol leader for the success or failure of 
navigating to the objective and, if applicable, returning to friendly positions. 


b. — Patrol Leader. It must be remembered that, although he must delegate enough authority to 
the navigator for him to perform his duties, the patrol leader has the overall responsibility for 
everything essential to the accomplishment of the assigned mission. Therefore, he must closely 
monitor the work of the navigator and require the navigator to submit all recommendations to 
him for approval. He will make the final decision on navigational matters. He should often 
check the direction of movement with his compass. If there are not enough personnel to permit 
assigning a Marine to be navigator, or if properly trained personnel are not available, he must 
assume the duties of the navigator. 


c. Pacers. Pacers are assigned in the patrol to measure the distance traveled. If available, at 
least two Marines should be assigned as pacers. They should be separated in the patrol 


formation so, as not to influence each other's count. 


(1) The pacers should be positioned somewhere behind the navigator, normally 
around the middle of the formation. 


(2) Pacers must know their pace count. 
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(3) They should carry a length of cord to serve as a means of recording distance. 
Rather than try to remember the total number of meters traveled, they tie a knot in 
the pace cord every 100 meters (placing a small stone in his pocket every hundred 
meters can serve the same purpose). Knots should be untied or stones discarded at 
each checkpoint since the pace count will start over at each checkpoint. 


(4) When you, the patrol leader (or the navigator), call for a pace count, all pacers 
pass up the total distance covered for that leg of march. This should be given in 
terms of meters, not in terms of paces. Each 100 meters can be quickly 
determined by counting the knots in the pace cord or stones in the pocket. 
Additional meters can be mentally calculated and added to the total. As the patrol 
leader you may require the pacers to "send up the pace" automatically every 200 
meters and when they have paced the correct distance for that leg of the march. 


(5) The pacers should begin their count anew at each checkpoint since the route will 
be planned in distances between checkpoints rather than in terms of total distance 
traveled. 


d. Point man. Not only does the point man have the responsibility of sniffing out ambushes, 
but he also must be able to maintain the direction of the formation. He works closely with the 
navigator to ensure the formation moves in the correct direction. 


Lesson Summary. During this lesson you have learned the duties of the four members of the 
navigational team and the actions to take if you become disoriented. 


Exercise: Complete items | through 3 by performing the actions required. Check your 
responses against those listed at the end of this study unit. 


1. Identify the first consideration you must make prior to departure. 


Item 2 refers to the situation that follows. Read the situation carefully, then answer the item. 
Situation: While out on patrol, you have become totally disoriented. You are currently at 


the bottom of a draw and cannot see the surrounding terrain, but the top of the hill to your 
right presents a clear view of the area. 
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on What actions should you take to find your location? 


= State the tasks of each of the four members of the navigational team. 


a. 


UNIT SUMMARY 
During this study unit you learned how to put all of your navigational skills together into one 


package in order to plan and execute a movement. During the next study unit you will learn how 
to navigate without a map and compass. 
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Lesson 1 Exercise Solutions 


Reference 
ie 

a. Mission - Your mission determines the type of route you 5102 
take, such as one that provides cover and concealment or 
one that provides for maximum observation. 

b. Enemy - You want to avoid enemy strong points and 5103 
attack his weaknesses. 

c. Terrain and weather - Terrain and weather can be either 5104a 
an asset or a liability to your mission. 

d. Troops and fire support available — A unit's size and 5105a 
physical condition makes some terrain more ideal than 5105c 
others. 

. Time available - The time you have to accomplish your 5106a 
mission may limit you to certain terrain features. 

i. Space - The terrain that you have available to maneuver 5107 
in may be restricted by planned fire support or the 
presence of friendly or enemy units. 

g. Logistics - If the duration of your mission requires you to 5108 
receive a resupply, you will have to plan to be near a 
terrain feature that permits this. 

me 


a. Key terrain is any area whose control affords a marked 5104a 
advantage to the force holding it, such as high ground, 
bridges, towns, and road junctions. 


b. Obstacles are natural or manmade features that stop, 
slow down, or divert movement. 
c: Concealment is protection from observation and may be 


provided by woods, swamps, etc. 
Cover is protection from the effects of fire and may be 
provided by rocks, ditches, caves, stream banks, and 


buildings. 

d. Observation and fields of fire influence the placement of 
positions and crew-served weapons. 

€: Avenues of approach are routes by which your squad (or 


the enemy) may reach an objective or key terrain. 
These may be either ridges, valleys, or by air. 
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Lesson 1 Exercise Solutions 


3. 


mo ao gp 


An extremely hot, dry, or humid climate will drain your 
squad, affecting the speed at which you move, the load 
you are capable of carrying, and the duration of your 
mission. 

An extremely cold and wet climate will tax the 
endurance of your squad. Heavy snow will make 
movement physically difficult and will mask terrain 
features. 

Rainy weather will be useful in masking insertion and 
extraction. Decreased visibility will lessen your squad's 
observation and ability to identify distant terrain 
features. 


The size of a unit affects the selection of positions, 
routes, and fire plans. The size of the unit must also be 
taken into consideration when planning your route 
during movement as you must retain your ability to 
maneuver. The size of your unit will affect your speed 
of movement, such as the time it takes you to cross a 
danger area. 

You must consider the physical capabilities of your 
Marines when selecting a route. For example, an 
exhausted unit may not be able to cross a large swampy 
area. 


Terrain 

Weather 

Distance 

Time allowed 

Likelihood of enemy contact 
Equipment/weight to be carried 
Physical condition of your Marines 


5-34 


Reference 


5104b 


Reference 


5104 


5106 


Lesson 2 Exercise Solutions 


Bose, 


Aerial reconnaissance 
Photo reconnaissance 
Ground reconnaissance 
Map reconnaissance 


Locate and plot your starting point. 
Plot known and suspect enemy 
positions and obstacles. 

Study and evaluate the terrain. 
Select your general route. 

Select the checkpoints you will use 
along this general route. 

Connect these points with straight 
line segments and determine the 
magnetic azimuths and distances of 
each leg. 


Lesson 2 Exercise Solutions 


SS 


Line checkpoints 

Point checkpoints 
Combination of line and point 
checkpoints 
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Reference 


5202 


5203 


Reference 


5204a 
5204b 
5204c 


Lesson 2 Exercise Solutions, continued 


5. 


Line checkpoints- These natural or manmade linear features 
are easy to identify even if you stray from your route. You 
cannot confirm your exact location unless you do a 
resection or inspection. They can be confused with other 
similar features. 

Point checkpoints - These are specific objects or terrain 
features which, if located and properly identified, positively 
indicate your exact location, thus allowing you to correct 
any mistakes in both distance and direction. They cover 
just a small area on the ground making it easy to miss them 
when you are navigating. There may be many terrain 
features in the area that look like the feature you select as a 
checkpoint. 

Combination of line and point checkpoints - This ideal type 
of checkpoint is either a combination of two line 
checkpoints or a line checkpoint and a point checkpoint. 
They are difficult to miss because the line crosses your 
route. When you reach the linear feature you need only 
follow it until you arrive at the point where it intersects the 
other feature. This kind of checkpoint offers you 
knowledge about both your distance and direction traveled. 


290° 
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Reference 


5204a 


5204b 


5204c 


5204e(1) 


Lesson 3 Exercise Solutions 
Reference 


1. Ensure that you begin navigating from the exact location you 5301 
have preplanned as your starting point. 
Di Go to the top of the hill to the right and locate terrain features 5303c(1) 
that you can identify on both the ground and on your map. 
Perform a two point resection. (This is the preferred 
technique of finding your location. The others are performed 
only if you cannot find features you can locate on the map and 
on the ground.) 
3 a. The navigator - He selects steering marks, makes 5305a 
frequent compass readings, verifies checkpoints, 
recommends changes of the patrol route to the patrol 
leader, directs the point man. 
b. Patrol leader - He is responsible overall for the 5305b 
navigation of the unit and makes all final decisions 
concerning all navigational matters. 
c. | Pacer - He measures the distances traveled. 5305c 
d. Point man - He works closely with the navigator to 5305d 
ensure the formation moves in the correct direction. 
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Example: 


Multiplying Factoring 


Sia | aes Says ay 
2(x-1)=2x-2 2x+-1=2(x-1) 
rs+t)=rs+rt rs +rt=r(s +t) 


To factor polynomials, you must remember the following three important things: 


(1) The first example is factoring over integers. When you factor over integers, you must 
rewrite the polynomial as the product of factors that have only integral coefficients. 


Examples: 
(a) (b) 
4ab+4b asa 
4ab+4b = 4(ab+b) a> —a=a(a’ —-1) 
Common monomial factor is 4. Common monomial isa . 


(2) The next example is a polynomial that has no coefficients except for | and itself. To 
factor, study the example. 


Example: 


2a? +4a* +2a 
2a? + 4a* + 2a = 2a(a? + 2a? +1) 


Common monomial is2a . 
(3) The final example shows two terms having no common factors. 
Example: 


3at+2b 
3a+2b = 3a 2b No common factors 


Note: Therefore, 3a + 2b is a prime polynomial over the integers. 
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STUDY UNIT 6 
LAND NAVIGATION USING NATURAL MEANS! 


Introduction. Many Marines are completely dependent on modern navigational aids, 
such as accurate large-scale maps, aerial photographs, and the compass. Without them 
they feel they have little chance of accurately navigating. They forget that for centuries 
man navigated unexplored land areas and thousands of miles of sea with only the crudest 
forms of charts and instruments. These people, through their knowledge of nature and 
the many signs it provides to guide them, were able to unerringly proceed across 
uncharted areas and accurately arrive at their destination. In a few hours of study, you 
cannot expect to become as familiar with nature as those people were after a lifetime of 
observation. However, each Marine should have enough knowledge of nature's signs so 
that he can orient himself in relationship to where he wants to go, and, guided by nature, 
reach his destination. 


Lesson 1. DETERMINING DIRECTION BY NATURE'S SIGNS 


LEARNING OBJECTIVES 

1. Identify the proper procedure to locate the North Star using the Big Dipper. 

2 Identify the proper procedure to locate due south by using the Southern Cross. 

3. Identify the difference between the Southern Cross and the False Cross. 

4, Identify the four steps for finding direction by using the overhead star technique. 

a: Identify the five steps for finding direction by using the shortest shadow 
technique. 

6. Identify the four steps for finding direction by using the shadow-tip technique. 

Ts Identify the four steps for making an improvised pocket navigator 

8. Identify the two steps for using an improvised pocket navigator. 


' The material in paragraphs 6102c, 6103c, 6104 and figures 6-4, 6-6, 6-7, 6-9, and 6-10 was 
adapted, by permission, from the book Better Ways of Pathfinding, Stackpole Company, 
Harrisburg, Pa., copyrighted 1964 by Robert S. Owendoff, 5205 Lindsay Drive, Fairfax, Va. 
22032. All rights reserved by copyright owner. 
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6101. Techniques 


Throughout the planning and execution of land navigation, one essential fact becomes evident: 
your chances of success are directly related to your ability to determine and maintain known 
directions for every leg of your course. Your lack of a compass does not alter the importance of 
this consideration. You must continuously be aware of the direction you are traveling. Seldom 
does guesswork produce anything but a lost Marine. With the many means provided by nature 
for determining and maintaining direction, there is no reason for guesswork. Nature will guide 
you only if you can recognize, understand, and employ the direction signs it provides. 


a. Accuracy of natural techniques of determining direction. There are many techniques for 
determining direction using nature’s signs. Some are accurate and valid regardless of where you 
are; whereas, others are reasonably accurate, but only within certain areas of the world. Still 
other widely publicized techniques are so unreliable that regardless of how often they are 
referred to, they should NEVER be used during land navigation. Whichever technique you use, 
remember to use a base direction, such as true north, true west, true east, or true south. If 
extreme accuracy is necessary to reach your destination, or great distances are involved, the 
means you use to determine the direction of true north, and subsequent direction, must be 
precise. The technique used must indicate the proper direction within a few degrees. 


b. Techniques taught in this course. The techniques for determining direction that are taught 
in this course are the most accurate. They all depend upon the movements of the sun and stars in 
relation to the earth for their validity and accuracy. They do not require a profound knowledge 
of astronomy on your part. Unless otherwise specified, these techniques can be used with 
accuracy anywhere in the world. 


6102. Determining Direction from the Stars 


When visible, the North Star and the Southern Cross provide one of the easiest and most reliable 
means of determining and maintaining accurate direction at night. Although there are many stars 
and constellations, only two, the North Star and the Southern Cross, are easily adapted for use in 
determining direction. 


a. The Northern Hemisphere. Of all the visible stars in the Northern Hemisphere, the most 
useful in determining direction is the North Star. Because of its unique location in relation to the 
earth, its position remains constant over the north pole. Since the North Star is not the brightest 
star in the northern sky, it is best located by using the prominent constellation the Big Dipper. 
The Big Dipper is made up of seven fairly bright stars in the shape of a dipper with a long curved 
handle. Use the two stars that form the outside edge of the cup as pointer stars. These pointers 
aim at a fairly bright star that is five times the distance from the pointer as the distance is 
between the pointer stars. It is the only fairly bright star in that area of the sky. This bright star 
is the North Star and is located directly over the North Pole (fig 6-1). 
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Fig 6-1. Finding the North Star and the Big Dipper. 


The positions of the Big Dipper change continuously throughout the night (fig 6-2). Although 
they will appear to rotate around the North Star, the pointer stars in the Big Dipper will always 
point toward the North Star as described above. Remember that the North Star is visible only to 
an observer in the Northern Hemisphere. It is NOT visible to an observer in South America. In 
fact, the North Star is not visible to an observer 1° south of the equator. The further north you 
are, the higher in the sky the North Star will be. As you move closer to the equator, parts of the 
Big Dipper may be hidden under the horizon. 
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Fig 6-2. The Big Dipper rotates around the North Star. 


b. The Southern Hemisphere. In the Southern Hemisphere, you can determine true south by 
using the Southern Cross constellation. The Southern Cross constellation consists of five stars, 
four of which form a distinct cross (fig 6-3). Two of these--the ones on the southern and eastern 
arms of the cross--are among the brightest stars in the heavens. The two stars that form the 
western arms are less conspicuous but are bright enough to be clearly recognized. When you 
have identified the Southern Cross, imagine that this cross is the frame of a kite. Now imagine 
that the kite has a STRAIGHT tail four and one-half times as long as the length of the kite itself. 
The end of this tail is at a point over the South Pole. 


There is no star at this point to use as a reference as with the North Star. In fact, this area is so 
void of stars that it is often referred to as the "coalsack" of the heavens. Realize that the closer to 
the South Pole you are, the higher in the sky the end of the "kite's tail" will be. Additionally, just 
as the Big Dipper rotates around the North Star, the Southern Cross also rotates around the 
"coalsack." 


The accuracy with which you determine the direction of true south depends on your ability to 


visualize a straight line from the tail of the Southern Cross and estimate the correct distance 
along this line to the correct point in the sky. 
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Fig 6-3. Use the Southern Cross to determine true south. 


Note: The False Cross. The true Southern Cross should not be confused with 
another cross located nearby known as the false cross. A distinction 
between the two can be made if you remember that the stars forming the 
False Cross are much more widely separated and are dimmer than the stars 
that form the true Southern Cross. 


€: Overhead star technique.” Any handy overhead star can be used to determine direction 
fairly accurately. This is done by carefully observing the movement of a single overhead star for 
a short period of time. This movement will indicate a true east-west direction from which other 
directions can be measured. This technique of determining direction is a bit time-consuming, but 
it does not depend on the Big Dipper or Southern Cross being above the horizon or on your 
ability to identify constellations. Additionally, fog, haze, or thick vegetation may obscure 
portions of the sky and prevent you from seeing the North Star or Southern Cross. The 
procedure for determining direction by observing the movement of an overhead star is explained 
below. 


: Copyrighted material. See footnote 1 on page 6-1. 


6-5 


PROCEDURE 
Implant a stick about 2 feet long in the ground at a slight angle (fig 6-4). 


Lie down on your back on the ground with one eye directly underneath the top of 
the stick. 


Line up your eye and the tip of the stick with any overhead star. A star that is 
directly overhead will give you the best reading. 


Once an east-west direction is determined from overhead star movement, you can orient yourself 
to any desired direction of travel. 


Fig 6-4. Determining direction from overhead star movement. 
6103. Determining Direction from the Sun 


a. Movement of the sun. To properly use the sun in determining direction, you need to have 
a basic understanding of several facts related to the sun's movement. 


(1) The well-known fact that the sun rises in the east and sets in the west can be 
misleading unless this “fact” is properly interpreted. Actually, the sun rises 
directly in the east and sets directly in the west only twice each year. On all other 
days of the year, only a general direction of east or west can be determined by 
observing the point on the horizon where the sun rises or sets. 
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(2) Not only does the sun rise at a slightly different point as each day passes for a 
given location, but it also rises at a different azimuth for different latitudes on the 
same day. For example, on 21 December (winter solstice) in Washington, D.C., 
the azimuth of the rising sun is 121° from true north. On this same day in Qui 
Nhon, Vietnam, the azimuth of the rising sun is 114° from true north. Because of 
the symmetry of the sun's movement with respect to the earth, the declination of 
the setting sun from true west is equal to the declination of the rising sun from 
true east for that day at that location. For example, if the sun rises at 5° north of 
true east (in other words, 85°), then on that day the sun will set at 5° north of true 
west (in other words, 275°). 


(3) Because the sun follows a path through the sky that varies as each day passes, it 
would be impossible for you to know the exact azimuth of the sun for every 
latitude, for every day of the year, and for every hour of the day; however, there 
are field expedient techniques you can use to determine directions from the sun, 
and in particular the shadows that it causes. The directions determined by these 
techniques are accurate enough for your daytime navigational needs. 


b. Shortest shadow technique. Regardless of where you are on earth, a stationary object on 
the ground will cast its shortest shadow when the sun is at its highest point in the sky (a time 
known as solar noon). This shortest shadow will lie on a true north-south line. This is the basis 
for the shortest shadow technique of determining direction. The procedure for determining 
direction using the shortest shadow technique is explained below and illustrated in figure 6-5. 


STEP PROCEDURE 


Sometime well before noon, drive a 3 foot stick into the ground in a level place. 
Ensure that the stick is vertical. 


2 Place a mark on the ground where the end of the stick's shadow falls. As the sun 
moves, the stick's shadow will move towards the stick and gradually become 


shorter. As it does, periodically mark where the end of the shadow falls. When the 
sun reaches solar noon, the shadows will begin to lengthen. When this happens, 
stop marking. 

4 The point on the curved line that is closest to the base of the vertical stick 
designates solar noon. Place a mark at this point. 

2 Draw a straight line from this mark to the base of the stick. This line is a true 
north-south line. The direction of north can be determined by realizing that your 
first mark will always be to the west of the north-south line (this is common sense-- 
not some sort of astronomical mystery). 
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Fig 6-5. Shortest shadow technique of determining direction. 


The shortest shadow technique of determining direction is extremely accurate. It does have 
several shortcomings, however. 


e At best, only a single determination of direction can be made during the entire day, 
and often an hour of patient waiting is required. 


e Readings can only be taken at mid-day. 
e The sun may disappear behind a cloud during a critical period. 
Cs Shadow-tip technique.’ The shadow-tip technique of direction determination is the 


easiest to learn. It is the simplest to perform and may be performed at any time of the day. It is 
fairly accurate. The shadow-tip technique is performed as follows: 


STEP PROCEDURE 


Drive a stick into the ground at a level, brush-free spot. The stick doesn't need to 


be vertical. 


Immediately mark the shadow tip (1, fig 6-6). 
3 Wait until the shadow tip moves at least 2 inches. Mark the new position of the 
shadow tip in the same way as the first one (2, fig 6-6). 


4 Draw a straight line through the two marks (3, fig 6-6). This is an 
APPROXIMATE east-west line, from which you can orient yourself to any 


desired direction of travel. As you remember from the shortest shadow technique, 


the first mark will ALWAYS point to the WEST. 


Inclining the stick to obtain a more convenient shadow, in size or direction, does not impair the 
accuracy of the shadow-tip technique. 


* Copyrighted material. See footnote 1 on page 6-1. 
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Fig 6-6. Shadow-tip technique of determining direction. 


The shadow-tip technique is not as accurate as the shortest shadow technique. You can use these 
general rules to get an idea of the error in the shadow-tip technique: 


The maximum error will occur at sunrise, decrease to no error at solar noon, and 
increase in the opposite direction to a maximum error at sunset. The amount of early 
morning and late afternoon error reaches its greatest proportion at the solstices 
(December 22 and June 22). If accuracy is important and the situation permits, it is 
preferable that shadow-tip readings be made only between the hours of 1000 and 
1400. 


If you are going to navigate for the entire day, the early morning and late afternoon 
error in the shadow-tip technique is of little consequence other than to slightly 
increase the distance you must travel. The shadow-tip morning errors are exactly 
equal to the afternoon errors and are opposite in direction. As a result, if you take 
frequent shadow-tip readings during the day and navigate at the same speed for the 
same number of hours in the afternoon as you did in the morning, you will 
automatically compensate for errors inherent in the technique and be back on your 
intended line of march at the end of the day (fig 6-7). 
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Fig 6-7. Shadow-tip readings are self-compensating. 


d. The watch technique of determining direction. Much has been written about the use of 
your watch to determine direction. This technique is inaccurate, confusing, and a waste of time 
when you consider that there are more accurate techniques for determining direction. 


6104. The Pocket Navigator* 


a. General. The shadow-tip technique of determining direction and time was originated and 
developed by Robert S. Owendoff while he was a high school student in Falls Church, Virginia. 
Based on the principles of shadow-tip movement, Owendoff developed a device which enables a 
person to accurately determine directions. This device is called the “pocket navigator.” Properly 
used, it provides you with an infallible means of accurately determining direction during daylight 
hours when the sun is visible. 


b. Principles of the pocket navigator. The principles on which the pocket navigator is based 
should be generally understood before using it. You should have enough understanding about 
the movement of the sun to realize why the pocket navigator works. This understanding will 
enable you to make your own navigator should the need arise. If you place a stick vertically in 
the ground and trace the movement of the shadow tip as you did with the shortest shadow 
technique--doing this one day a month for a year--you would observe the following 
characteristics of the lines (fig 6-8). 


(1) On two days a year (March 21 and September 23) the sun rises directly in the 
east, “rides the equator,” and sets directly in the west. Because the sun is “riding 
the equator” during these equinoxes, a line connecting shadow tips throughout 
either of these days is a straight line. 


* Copyrighted material. See footnote 1 on page 6-1. 
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To reinforce what you have learned, try the following challenge. 


The correct response is "c." Continue if your answer is correct. If not, review the section of 
paragraph 2102 addressing polynomials before you continue. 


It is always a good idea to check your factoring. You do so by multiplying the factors and 
comparing the product to the original polynomial. 


Example: 


12a? + 3a* — 2a? = a*(12 + 3a? —2a) 


12a? + 3a* — 2a? 
(Qe2e3eaea)t+(3eaeaeaea)—(2eaeaea) 
GCF =aea=a" 


Multiplying the factors — 42(12 + 3q?—2a) = 12a? +3a* —2a3 
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(2) Following the fall equinox (September 23), the tilt of the earth's axis causes the 
sun to rise, follow a path, and set south of the equator. This deviation increases 
on a daily basis until December 22. December 22 is referred to as the winter 
solstice. During this period, shadow-tip lines become more distant from the base 
of the stick and more curved as the winter solstice is approached. Following the 
winter solstice, the deviation decreases until the sun once again “rides the 
equator” on the spring equinox (March 21). 


(3) Following the spring equinox (March 21), the reverse takes place. Because of the 
tilt of the earth's axis during this season the sun will rise, follow a path, and set 
north of the equator. This deviation increases on a daily basis until June 22. June 
22 is referred to as the summer solstice. During this period, shadow-tip lines are 
closer to the base of the stick and more curved as the summer solstice is 
approached. Following the summer solstice, the deviation decreases on a daily 
basis until the sun once again "rides the equator" on the fall equinox (September 
23). 
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Fig 6-8. Butterfly diagram showing extremes of shadow-tip curvatures. 


Cc. Improvised pocket navigator. Based on the above discussion, it is a simple matter for 
you to make an improvised pocket navigator. The only material required is a small piece of 
paper upon which to draw the trace of shadow tips and a pin, nail, twig, match, or other such 
device to serve as a shadow-casting rod. Secure the paper so that it does not move (fig 6-9). 


PROCEDURES 


Set this tiny rod (1 or 2 inches long is fine) upright on your piece of paper. Mark 
the position where the base of the rod sits so it can be returned to the same spot for 


later readings. 
Periodically mark the location of the tip’s shadow. Make the first mark soon after 
sunrise. The more marks you make, the more accurate your navigator will be. 
The piece of paper must remain in the same position throughout the entire day. 
3 At the end of the day, connect the shadow tip markings. The result will be a 
curved line (except on March 22 and September 22). 
If it is not convenient to take a full day's shadow tip markings, your 
observations can be continued on subsequent days, but the paper must remain in 
the same position. 
The marking made at exactly solar noon is on a north-south line. The direction of 
north should be indicated with an arrow on the navigator as soon as it is 
determined (using the technique described in the shortest shadow technique). 


Fig 6-9. Making an improvised pocket navigator. 


To use your improvised pocket navigator, use the following procedure: 


PROCEDURE 


Hold the pocket navigator level with the rod in the upright position. 


Slowly rotate the navigator until the shadow tip just touches the curve. If it is 
morning, the shadow should touch the LEFT side of the navigator. If it is 
afternoon, the shadow should touch the RIGHT side of the navigator. 
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The arrow then points to true north, from which you can orient yourself to any desired direction. 
This improvised navigator will work all day and will not be out of date for about one week. 


Lesson Summary. During this lesson you have learned how to determine a base direction, such 
as true north, using several natural means. During the final lesson, you will learn about how to 
put all of this knowledge into the actual execution of your land navigation. 


Exercise: Complete items | through 8 by performing the action required. Check your 
responses against those listed at the end of this study unit. 


Le What is the proper procedure for locating the North Star using the Big Dipper? 


2. How is due south found using the Southern Cross? 


3. What is the difference between the Southern Cross and the False Cross? 
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What are the four steps for finding direction using the overhead star technique? 


a. 


What are the five steps for finding direction using the shortest shadow technique? 


a. 
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What are the four steps for finding direction using the shadow-tip technique? 


a. 


What are the four steps for making an improvised pocket navigator? 


a. 
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8. What are the three steps for using the improvised pocket navigator? 


a. 


Lesson 2. PLANNING 


LEARNING OBJECTIVE 


Identify the five steps for navigating using natural means. 
6201. Initial Considerations 


a. General. You should acquire the ability to navigate without a map or compass long before 
you find yourself in a situation where you need this skill. If you have not already done so, begin 

to develop the knowledge of nature necessary to keep you going, and going accurately under the 
most adverse conditions. 


b. Develop awareness. Develop a keen awareness of all that is going on around you. 
Through this awareness, determine any and all means which you may use to determine direction 
and identify friendly positions. 


(1) Do aircraft follow any routine flight pattern? If so, in what direction do they fly 
at particular times of the day? 


(2) Is there a prevailing wind, and, if so, what identifiable effect does it have on 
vegetation and terrain (such as sand buildup against buildings)? Actually, there 
are far more reliable means of determining direction. Use the wind and its effects 
only when other more reliable means are not available. 


(3) There are other local characteristics of plant growth which may be used to 


determine direction in various parts of the world. Learn from the local inhabitants 
if any such characteristics exist in your area. 
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Always make a personal observation and evaluation of such expedient means, and 
never assume that because a direction indicating characteristic is valid in one area 

of the world that it can be used everywhere else. Such is not usually the case. For 
example, moss DOES NOT always grow on the north side of trees. 


(4) Local customs, taboos, or expediencies will often determine the direction in 
which shrines, churches, pagodas, and even rural homes will face. 


(5) Become increasingly aware of the identifiable terrain characteristics in your area 
of operation. You should be able to unmistakably identify these terrain features 
anytime you see them and from any direction. 


C Importance of prior planning. If you have properly prepared yourself before an 
emergency arises, your chance of navigating through unfamiliar terrain and arriving back at your 
unit will be greatly increased. 


6202. Estimate of the Situation 


A clear estimate of the situation will enable you to formulate a good plan of action; a poor 
estimate may lead to a poor plan and eventual failure. The estimate of the situation is a problem- 
solving process. It is a technique of selecting the course of action that offers the greatest 
possibility of success. The steps that you must take in making your estimate of the situation are 
the same for any tactical situation. Use the acronym METT-TSL. In this type of situation, you 
may not have much influence over some of the paragraphs of METT-TSL that will have a direct 
bearing on your course of action, such as the amount of food you have available. Since this is 
not a course on survival or escape and evasion, we will not cover these things in detail. We will 
only assume that you have entered a situation where you do not have traditional techniques of 
navigation and that you have decided to use natural means to reach a particular location. 


6203. Five Steps for Navigating by Natural Means 


How detailed your plan needs to be will depend upon your situation. If you are separated from 
your patrol when you were 500 meters west of your patrol base, all you need to do is to orient 
yourself using the sun or the stars and step off in the correct direction. However, if you must 
travel long distances, your plan must be more detailed. If you are navigating a long distance, the 
first step is to prepare a map. 


a. Prepare amap. The first step in preparing your map is to orient yourself; that is, determine 
as closely as possible where you are in terms of distance and direction from a known location. In 
doing this, you should use a "home" reference system; that is, you should base your estimate on 
the location of known friendly locations. You will probably be more familiar with the terrain 
and general orientation of your home base than with any other location. Begin drawing this 
information on a piece of paper. When possible, use standard map symbols, but don't worry 
about drawing a work of art (fig 6-10). It is only important that it is accurate and that you can 
understand it. 
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Begin filling in other information on the map, such as the location of major terrain features, 
enemy units, obstacles, etc. Be sure to include a north seeking arrow on the map. All of this 
additional information can come from many sources. 
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Fig 6-10. Prepare a rough sketch to serve as a map. 


Tactical briefings. Learn as much as you can about the location of friendly and 
enemy units, their relation to each other, and their relation to your unit's location. 


Observations during movement. As you move, observe and record on a mental 
map any features which may aid you in navigation should an emergency arise. 
Because of the distance normally involved, this is particularly important when 
being transported by aircraft. By observing the terrain beneath from a bird's-eye 
view, you will soon gain an excellent picture of the lay of the land. From this 
view you can see that ridges and streams may meander, but that they may 
meander in a general direction. A recollection of the direction you had been 
traveling in and the distance traveled in that direction will give you a rough 
indication of where you are in relation to where you came from. 


Prior map studies. Observe and evaluate the terrain you are in and can see in the 
distance. As you do, try to remember everything you can from prior map studies, 
intelligence briefings, and discussions. You can often determine your general 
location by identifiable characteristics of the terrain you are in or near. 
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(4) 


For example, if you can see a lake in the distance and can remember seeing such a 
lake during a map study, you should be able to visualize the location of this lake 
in relation to your home base or other friendly areas. 


The sounds of combat. The familiar sound of combat will often enable you to 
determine where you are in relationship to known locations. 


(a) If, for example, you know where friendly artillery units are located, the 
sound of their firing can be used for orientation. 


(b) The sound of naval gunfire or the flight of what you know to be carrier- 
based planes will indicate the direction to the sea. 


(c) If you know that your unit was to make an assault on a specific hill at 
0800, the sound of assault fire by small arms at 0800 will provide you 
with a known direction. 


Evaluate the reliability of the information you put on your map. There is a difference between 
something you KNOW to be true and something that you THINK is true. This can affect the 
types of decisions you make. As always, estimating the situation is a continuous process. 


b. Determine your destination. Once you have oriented yourself, you should have an idea of 


the approximate distance and direction to one or more known areas. You must decide, based on 
your estimate of the situation, where you want to go. This, then, becomes your destination. 


(1) 
(2) 


(3) 


Your destination will normally be the nearest known friendly location. 


If you are unaware of the location of any occupied friendly areas but do remember 
an area that is regularly patrolled, or that is beneath regularly traveled airways, or 
that for other reasons you feel offers you a better likelihood of being located than 
where you are, then this area would be your destination. 


Because you are determining the location of your destination by estimation based 
on what you see, hear, remember, or deduce, there is always the chance that you 
will be in error when relating its location to direction on the ground. Nonetheless, 
you must have some specific destination in mind before starting your journey, and 
must plan your route so that it heads toward the destination. As you progress, 
indications may arise that will cause you to reevaluate your original estimation of 
the location of your destination. At this point, changes in your route planning 
may be necessary. In the meantime, however, you have been progressing steadily 
in a definite direction and not wandering aimlessly in circles. Remember, 


ESTIMATION OF THE SITUATION IS A CONTINUOUS PROCESS 
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Men who have been hopelessly lost in unfamiliar terrain and who have been 
fortunate enough to be found by search parties almost invariably admit that they 
were trying to locate no particular destination. They simply took off hoping to 
find a populated location. Often when they were found, after several days of 
aimless wandering, they were hardly more than a stone's throw from where they 
first became lost. 


ey Plan your route. Do this in the same manner as you would any other type of movement, 
such as a patrol. You should plan for checkpoints, azimuths, and distances. Obviously, your 
checkpoints will have to be major terrain features rather than exact six digit grid coordinates. 
They will depend on your knowledge of the area as well as the other paragraphs of METT-TSL. 
As always, checkpoints are important as they keep you abreast of your current location. Since 
your map will not be exact, your azimuths and distances will be mere estimations. 


Keep track of your distances traveled in the normal manner. (Refer to paragraph 5301 for further 
information on selecting checkpoints and planning routes.) 


d. Begin navigation. Azimuths are figured by using one of the techniques described in the 
first lesson of this study unit. These techniques will give you a base direction. In other words, 
they tell you the direction of north, south, east, or west. Use your base direction to figure the 
azimuth you want to follow. For example, if your base direction is south and you need to follow 
an azimuth of 135°, then your azimuth will be to your left front as you face your base direction. 


e: Update your map. As you progress on your movement, update your map with terrain that 
you pass through, distances traveled (along with how long it took you to travel that distance), and 
things that possess intelligence value. Your sketch, if accurately made and maintained, provides 
you with many of the advantages of an actual map which enable you to 


(1) Determine your approximate location, in relation to your estimated destination, 
your estimated checkpoints, and prominent terrain features which you have 
observed. 


(2) Realize the combined distance you have traveled toward your destination. 


(3) In the event you have to backtrack, a recognition of features identified on the 
sketch assures you that you are heading back on the correct course. 


(4) Upon completion of your navigation, a properly kept sketch may be an invaluable 
piece of intelligence information. 


Lesson Summary. During this lesson you have learned about the steps you must take to prepare 
for navigating without a map and compass. 
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The following challenge will allow you to practice what you have learned about factoring 
polynomials. Try it! 


(Factor) 


Factor the following polynomials. If the polynomial cannot be factored over an integer, 
write that it is a prime polynomial. 


(a) (b) (c) 
x+3x= 2x — 3x? = 3ab+9a= 
(d) (e) (f) 
atb-c= 4a*b + 6ab = 3x+9xy= 


Check your work to ensure your answers are correct. If they match those listed below, you may 
continue. If not, review paragraph 2102 before continuing. 


(a) (b) (c) 
x+3x = x(14+3) 2x — 3x? = x(2 —3x) 3ab+9a = 3a(b+3) 

(d) (e) (f) 
at+b-c’?= 4a’b + 6ab = 2ab(2a + 3) 3x+9xy = 3x(1+3y) 


Prime Polynomial 


2103. Factoring Polynomial Squares 


To factor special polynomials known as "sum of two squares," you first have to determine the 
signs. Once you have determined the signs, place a parenthesis around them. You are now ready 
to extract the square root of the first and last term. Now verify by multiplying and ensuring the 
product equals the expression you started with. Study the example on the next page. 
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Exercise: Complete item | by performing the action required. Check your response against 
the one listed at the end of this study unit. 


1. What are the five steps for navigating using natural means? 


a. 


UNIT SUMMARY 


During this study unit you have learned how to determine direction using natural means and how 
to put this knowledge to practical use. During your last study unit, you will learn how to use the 
GPS. 
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Lesson 1 Exercise Solutions Reference 


1. 


Use the two stars that form the outside of the cup as 6102a 
pointers. The North Star is located five times the 
distance between the stars. 


Due south is located at a point four and a half times 6102c(3) 
the length of the Southern Cross. 


The stars of the False Cross are farther apart 6102c(2) 
and dimmer than the stars of the Southern Cross. 


SS 


6102c 


Put a two-foot long stick in the ground at a 
ground at a slight angle from the vertical. 

Lie down with your face upward and one eye 
directly under the top of the stick. 

Line up your eye and the end of the stick with 
an overhead star. 

Observe the direction of movement of the star, 
which will move from east to west. 


6103b 


Place a three-foot long stick in the ground, 
ensuring that it is vertical. (Do this well before 
noon. ) 

Periodically mark the ground where the end of 
the stick's shadow falls until the shadow begins 
to lengthen. 

Draw a curved line connecting all of the points. 
Mark the point on the curved line that is closest 
to the stick. 

Draw a straight line from this mark to the stick 
to mark the north-south line. 


6103c 


Put a stick in the ground. 

Mark the location of the shadow tip. 

Mark the location of the shadow tip 

again when it has moved about two inches. 
Draw a straight line connecting the two points. 
The second mark points towards the east. 
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Lesson | Exercise Solutions, continued Reference 


de 6104c 
a. Set a one to two-inch rod upright on a piece 
of paper. 
b. Periodically mark the location of the tip’s 
shadow. 
€: Connect the shadow tip markings at the end 
of the day. 
d. Mark the north-south line by connecting the 


base of the upright rod with the point on the 
curve that is closest to the rod. 


8. 
a. Hold the pocket navigator level with 6104c(5) 
the rod in an upright position. 
b. Rotate the pocket navigator until the 


shadow tip of the rod just touches the 
curve. (The navigator is now orientated.) 


Lesson 2 Exercise Solutions 


1. 

Prepare a map 6203 
Determine your destination. 

Plan your route. 

Begin navigating. 

Update your map. 


eae ge 
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STUDY UNIT 7 


THE PRECISION LIGHTWEIGHT GLOBAL POSITIONING 
SYSTEM (GPS) RECEIVER (PLGR) 


Introduction. The Precision Lightweight Global Positioning System Receiver (PLGR) is 
a hand-held device used to aid in navigational maneuvers. It aids in performing 
operations associated with computing your location, and performing intersection and 
resection requirements. The PLGR enables you to perform various operations by 
receiving signals from a constellation of satellites, the same as a cellular phone. The 
PLGR is an accurate, continuous, all-weather, 3-dimensional (3D) position, velocity, and 
time-indicating tool. When the PLGR receives signals from the Global Positioning 
System (GPS) satellites, it performs a three- or four-point resection to determine your 
location. Although the PLGR is a revolutionary tool, you should not depend on it solely. 
You must strive for maximum proficiency in using all navigational methods. This study 
unit will provide you with the information you need for maximum proficiency in using 
the PLGR. 


Lesson 1. PURPOSE, CHARACTERISTICS, AND CAPABILITIES OF THE PLGR 


LEARNING OBJECTIVES 


1. Define the PLGR. 


ye: Describe the PLGR and its accessories. 
3: Identify power sources used to operate the PLGR. 
4. Determine when to replace the memory battery. 


a Determine the capabilities of the PLGR. 

6. Identify keypad functions. 
7101. Characteristics of the PLGR 
The Precision Lightweight Global Positioning System (GPS) Receiver (PLGR) is a hand-held, 
space-based navigation and timing satellite signaling navigation set. The purpose of the set is to 


assist you, the Marine, in performing all types of navigation requirements. The physical 
characteristics are illustrated in figures 7-1, 7-2, and 7-3. 


7-1 


Battery Power Cover 


a _ . 

= 

= 

=o a 

e POS NAV 
cLR WUM 
MARK LOCK 


zeroze —* 


Key Pad 


Fig 7-1. PLGR Front. 


Battery Power KYK-13/K01-18 
Cover SINCGARS J1 Connector 
Memory Battery Cover 
Fig. 7-2. PLGR top. Fig. 7-3. PLGR bottom. 
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7102. External Power Source 
The PLGR uses the two types of power sources listed below: 
e External: This power source is supplied through either AC or DC cables 
e Internal: This power source is supplied through various types of batteries. 
Only one type of power source is required while using the PLGR. AC or DC power cables are 


accessories used for an external power source. Figure 7-4 illustrates where to connect and place 
these accessories. 


External Programming 
Connector 


External Antenna 
Port Connector 


External Power 
Connector 


Fig 7-4. PLGR rear. 


Figure 7-5 illustrates the DC and AC cables. The cables are used to supply external power. 


AC Cable _.# i 


a 


Fig 7-5. External power cables. 
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7103. Internal Power Sources 


The PLGR is internally powered by several types of batteries. Table 7-1 classifies each type of 
battery. 


Table 7-1. Internal Power Sources 


Nomenclature Battery Type Minimum Life Illustration 
BA-5800/U Lithium 10 hours my 
(non-rechargeable) VV 
Rockwell Nickel 1.5 hours 
#221-0134-101 Cadmium i 
(rechargeable) = 2 
WB 101 battery AA-alkaline (8) 4 hours Qe $e SJ 
; WB101 we 
used with a (non-rechargeable) SF Ce @ 
battery holder © earn 
) a HOLDER 
Rockwell — 
#221-0135-020 
L-91 battery used | AA-Lithium (8) 4 hours 


with a battery 
holder Rockwell 
#221-0135-020 


(non-rechargeable) 


The WB101 and the L-91 are not the same length as the other two batteries. A holder is needed 
so they will fit securely in the PLGR. 
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The battery life estimates are for continuous satellite tracking at room temperatures of 71°F or 
20°C without back lighting. Actual operational battery life may vary due to temperature 
extremes. 


Warning: Lithium batteries can explode and cause injury. Do not 


Short circuit lithium batteries 

Recharge lithium batteries 

Store or use lithium batteries at temperatures above 130°F 
Open, crush, puncture, or break lithium batteries 

Throw lithium batteries into fires 

Install lithium batteries while using external power 


7104. Memory Battery 


The memory battery used in the PLGR uses its energy to maintain critical information. The 
types of information stored in the PLGR’s memory are 


Waypoints 

Crypto key 

Set-up parameters 
Satellite information 


The memory battery’s nomenclature is LSG BA Rockwell #221-0135-020, with a lithium (non- 
rechargeable memory battery) and a minimum life of one year (figure 7-6). 


9) 


Fig 7-6. Memory battery. 


Note: It is important that the memory battery be sufficiently charged to prevent the 
loss of valuable programmed information. To charge the memory battery, the 
PLGR must be turned on to maintain program information. The memory 
battery should be changed annually. 


Caution: If the unit is turned off when changing the battery, the PLGR will lose all 
stored information. 
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7105. Capabilities of the PLGR 


Before you use the PLGR, know its capabilities. It provides highly accurate, continuous, all 
weather, three-dimensional (3D) position, velocity, and time. It gathers information from a 
constellation of 24 GPS satellites that broadcast precise signals for use. The PLGR functions 
primarily as a navigational tool, but can also be used for other applications such as surveying, 
targeting, and time output. 


Presently fielded are four operational software versions of the PLGR: 


V04b.2 is used in Baseline II PLGR (old software version). 

V04c.3 is used in Baseline II] PLGR (old software version). 

Version 613-9854-nnn is used in Baseline IT PLGR (new software version). 
Version 613-9544-nnn is used in Baseline III PLGR (new software version). 


Note: Baseline II and III models are being updated with new software versions. 
The PLGR is effective in all environments and is an efficient navigational device. Table 7-2 


provides the performance capabilities of the PLGR in various conditions and environments. 
Study the table to review the capabilities and limitations of the PLGR. 
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Table 7-2. PLGR Performance Capabilities 


Condition Performance 
Elevation variants Operation range at various levels are 


e Operation: Mean Sea Level (MSL) -400 to 9000 
meters (m) 

e Storage: -400 to 15000 m MSL 

e Rate of Change: -Ascending or descending 7.62 
m/second 


Note: High elevation limits performance. 


Temperature variants Operation: -4° to 158°F (-20° +70°C) 

Storage: -76.2° to 158°F (-57° to +70°C) 
Humidity variants Operation: 0 to 100% humidity 
Satellite Selection Operation: Select satellites that are 10 degrees or 


more above the horizon during initial acquisition. 


7106. Use of the Keypad 
The keypad is located on the bottom two-thirds of the PLGR front. The keys on the keypad 
work independently and collectively. There are 12 multifunction keys that successfully operate 


the PLGR. 


Keypad Operation Terms. This lesson will use specific terms when discussing PLGR keypad 
operation and data entries. These terms are listed in table 7-3. 
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Example: (a? + 2ab +b?) 


Determine signs (+ C+) 


Extract the square (a+b)(a+b) 
root 


Note: Use the FOIL method covered in Study Unit 1, lesson 4, paragraph 1404 to 
multiply two binomials and verify the product. 


Now you are ready to factor the difference of two squares. This is done in the same manner as 
the sum of two squares. Once you have determined the signs, place parenthesis around them. 


You are now ready to extract the square root of the first and last terms. Verify by multiplying to 
ensure the product equals the expression you started with originally. Study the example. 


Example: (a? —2ab + b?) 


Determine signs (- )(- ) 
Extract the squares (q—b)(a—b) 


Note: Use the FOIL method covered in Study Unit 1, paragraph 1404 to multiply two 
binomials and verify the product. 


The last variation of polynomial squares is to factor the sum and difference of two squares. 
Determine the signs and place parentheses around them. Extract the square root of the first and 
last terms. Now verify by multiplying and ensuring the product equals the expression you started 
with originally. Study the example. 


Example: ee 


Determine signs (- C+) 
Extract the squares (a—b)(a+b) 


Note: Use the FOIL method covered in Study Unit 1, lesson 4, paragraph 1404 to 
multiply two binomials and verify the product. 
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Table 7-3. Keypad Operation Terms 


Term Definition/Purpose 
Field An area of the display that has specific information. Some fields are for 
information display only. These fields cannot be selected. Others may be 
selected, then changed or acted on. 


Cursor Shows the current selected field. 
Appears as a blinking field or double arrow symbol. 
Select Selects a field by moving the cursor to the desired field using the left arrow or 
(a field) right arrow key. 
Scroll Changes the display pages or the contents of the selected field. When the 


cursor is on the paging field, scrolling changes pages. When a field is 
selected, scrolling changes the contents of the field. Use the up arrow or down 


arrow key. 

Function Causes a specific action (function) to be performed when the field is 

Field activated. Examples of function fields are ACTIVATE, CLR, SAVE, and 
QUIT. 

Activate Selects a function field and then press the up arrow or down arrow key to 


activate the function. 


Keypad Operation Modes are the control and numeric modes. The keypad automatically goes 
into the control mode (P) when it is turned on. When the PLGR is in the numeric mode, an N is 
displayed in the lower right hand corner of the display (figure 7-7). To enter into the numeric 
mode, press the NUMLOCK key on the keypad (figure 7-8). Pressing the NUMLOCK key 
allows you to toggle back and forth from the control mode to the numeric mode. 


FIX OLD FIX OLD 
12R MGRS-NEW I2R MGRS-NEW 


AA 61258e 94955n AA 61258e 94955n 
ELh+0143m $P ELh+0143m —4N 


Fig 7-7. Keypad operation modes screen. 
The keypad changes in appearance when it is set to a specific mode. Observe figure 7-8 to study 


the differences. The numeric mode allows you to enter numeric data. Pressing a key will enter 
the numeric value of that key into the selected display field. 
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Pressing the NUM 
LOCK key toggles 
the keyboard 
between the 
control mode and 
numenc mode. 


MAR 


Control Mode Use Numerical Mode Use 


Fig 7-8. Keypad operation mode display. 
The MENU key on the keypad allows you to display the system menu that consists of two 


display pages (table 7-4). Use the menu key to obtain information. Continuous pressing of this 
key will allow you to toggle between two pages. 
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Table 7-4. PLGR System Menu 


Page Contents Display Screen 
1 STATUS - Provides information on the system 
battery, antenna, and satellite x 
¢#move> select 
SETUP -— Sets operating parameters STATUS 
INIT TEST 
INIT — Initializes PLGR MOVE <more> P 
TEST — Performs self-test 
Note: Boxed test shows the 
Help - Brings up help displays selected field. 
2 DATA-XFR — Transfers PLGR information 


SV-SEL - Includes or removes satellites used by 
the PLGR 


DOP-CALC — Commands PLGR to calculate the 
best satellite geometry for a given time period 


ALERTS - Setups and controls alerts 


SINCGARS — Loads a time fill into SINCGARS 
radio 


KOI-18 — Loads crypto data into the PLGR via a 
KOI-18 COMSEC device 


CRYPTO — Accesses crypto displays 


DATA-XFR] SV 
DOP-CALC ALERTS 
SINCGARS KOI-18 
CRYPTO <more>P 


Note: Boxed text shows 
the selected field. 


WP <move> qsel 


ENTER | EDIT COPY 


SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


The WP key brings up the waypoint menu display when you press it (figure 7-9). A waypoint is 
a point on the route to the desired destination. 


Fig 7-9. WP key function display. 
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The following are options of the WP/Menu. 


e Enter - Enter the position, identifier, datum, and magnetic variation. 
e Edit - Edit waypoint information. 
e Copy - Copy waypoint information. 


e SR-CALC - Calculate data of a new waypoint using slant range, azimuth, and elevation 
from either the present position or another waypoint. 


e RNG-CALC - Calculate data of a new waypoint elevation angle or waypoint elevation 
from either the present position or another waypoint. 


e DIST - Determine range, azimuth, and elevation angle from one waypoint to another. 
e CLEAR - Clear from memory a single waypoint or a range of waypoints. 
e ROUTE - Link together the legs of a route defined by waypoints. 


The POS key brings up the current position to the display screen. Pressing this key enters the 
following information. The information will appear on the display screen. 


e Displays current position, time, speed, and satellite tracking status. This information 
consists of three pages. 


e Brings up the last used position page 
Note: To bring up a new page, or to change pages, press the POS key an additional time. 
The NAV key, when pressed, brings up information concerning navigation onto the display 
screen. Waypoints must be in PLGR before the NAV key can function. Pressing the NAV key 


allows you to select the first page. Selecting this page allows the display mode, NAV method, 
and destination waypoint to appear (figure 7-10). 


SLOW| DIRECT 
WP 01 MARKO] 


Fig 7-10. Display Mode, NAV Method, Waypoint. 


Note: Box text shows selected field. 


The MARK key stores your present position as a waypoint. Table 7-5 explains the function of 
this key. 


Table 7-5. MARK Key Functions 


Operator Function Results Display Screen 
Press the OFF key. Shows the power off 
display 
MARK position to 
Starts a 30-second power WP [07] MARK O01 
off time that prevents an MARK: saves 


accidental turnoff ON: 


cancels 


Note: As the timer 
counts down, you 
must make another 
selection. 


Either 


Press the ON/BRT 
key Cancels the power off and 
return to last display 

or 


Press the MARK key | Stores the marked position 
again. in the waypoint 
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The OFF key function turns the PLGR off. Table 7-6 addresses the function of the OFF key. 


Table 7-6. OFF Key Functions 


Operator Function Results Display Screen 

Press the OFF key. The power off display will 
appear. 
Unit turning off 

Note: As the timer It is the beginning of a 30- in 30 seconds 
counts down, you second power off time that ON: to cancel 
must make a prevents an accidental OFF: quick off 
selection. turnoff. 


Either 


Press the ON/BRT 
key to cancel the 
power off and return 
to the last display 


or 


Press the OFF key to 
immediately turn off 
the unit. 


Note: If you take no 
action, the timer 
counts down and turns 
off the PLGR. 
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Lesson Summary. In this lesson, you learned the definition of the PLGR, its physical 
characteristics, types of energy sources, when to change the memory battery, and how to use the 
keypad. You may review all or any portion of this lesson before completing the lesson exercise. 


Exercise: Complete exercise items | through 20 by performing the action required. Check 
your answers against those listed at the end of this lesson. 


1. The Precision Lightweight Global Positioning System Receiver (PLGR) is a 


a. KYK-13/KO1 device that is filled with unsecured data. 
. hand-held device used to navigate using the stars as a guide. 
c. hand-held, space-based navigational and timing satellite signaling 
navigation set. 
d. hand-held, KYK-13/KO1 device that is used to aid in navigation using the 
North Star. 


Matching: Of items 2 through 5, match the front of the PLGR in column 1 with the 
correct part in column 2. Place your responses in the spaces provided. 


Column 1 Column 2 
Illustration Part 
: a. Key pad 
b. Swivel antenna 
c. Display 
d. Handle 
e. KO1-18 Connector 
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Matching: For items 6 and 7, match the top of the PLGR in column | with the correct 
part in column 2. Place your responses in the spaces provided. 


Column 1 Column 2 


Illustration Part 


a. KYK-13/K01-18 SINCGARS J1 
connector 
Memory battery cover 

c. Battery power cover 

d. Swivel antenna 


Matching: For items 8 through 10, match the rear of the PLGR in column | with the 
correct parts in column 2. Place your responses in the spaces provided. 


Column 1 Column 2 


Illustration Part 


External programming connector 
KO1-18 connector 

External antenna port connector 
SINCGARS J1 connector 
External power connector 


a al 


10. 
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11. 


12. 


13. 


14. 


How often should the memory battery be changed? 


a. Annually 

b. —_ Bi-annually 
c. Monthly 

d. _—_ Bi-weekly 


(True or False) Circle the correct answer. Lithium batteries are rechargeable and 
should be removed from the PLGR and charged as often as needed. 


(True or False) Circle the correct answer. There are two types of connectors used 
to receive external power; they are AC and DC cables. 


(Fill in the blanks) The memory battery uses its energy to store information such 
as_ gs, and 


Matching: For items 15 through 19, match the environmental condition in column | with 
the correct performance data in column 2. Place your responses in the spaces provided. 


Column 1 Column 2 
Environmental Condition Performance data 
___15. Elevation operation variants a. 0 to 90° humidity 
___16. Elevation storage variants b. -400 to 15000 meters above mean 
___17. Temperature operation variants sea level 
___18. Temperature storage variants c. Oto 100% humidity 
___19. Humidity variants d. -400 to 10000 meters above mean 
sea level 
e. -4° to 158°F (-20° to +70°C) 
f. -400 to 9000 meters mean sea level 
g. -76.2° to 158°F (-57° to +70°C) 
h. 32° to 212° (0° to 100°C) 
20. When entering numerical data into the PLGR, you must be in the mode. 
a. Operation 
b. | Numeric 
c. | Waypoint 
d. = Control 
vA Pressing the key toggles the keyboard between the control and numeric 
mode 
a MARK 
b. MENU 
c.  NUMLOCK 
d CLR 
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Lesson 2. OPERATING THE PRECISION LIGHTWEIGHT GLOBAL POSITIONING 
SYSTEM (GPS) RECEIVER (PLGR) 


LEARNING OBJECTIVES 


1. State the self-test procedures. 


23 Identify the SETUP mode page displays. 


a Establish crypto set up procedures. 

4, State the initialized procedures. 

5. Establish the procedures to perform waypoint procedures. 
6. Identify troubleshooting procedures. 


7201. Performing a Self-Test 


e Table 7-7 will direct you step-by-step in accessing the commanded self-test using the 
MENU on the display screen. 


e Report the results of the self-test on page 7 of the PLGR display. 


e Upon completion of the self-test, the PLGR automatically changes to the standby 
mode. 


CAUTION: The PLGR cannot perform navigation functions or provide position 


coordinates while the self-test is in process. The mission could be adversely 
affected if the self-test is performed at an inappropriate time. 
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Try the following challenge to reinforce your memory on factoring polynomial squares. 


(Factor) 
Factor the following polynomial squares. 


(a) (b) (c) 
x? —2xy+y? 9a* — 9b? 4x? + 8xy + 4y? 


Check your work to ensure your answers are correct. If they match those listed below, you may 
continue. If not, review paragraph 2103 before continuing. 


(a) (b) (c) 
x? —2xy+y? 9a? — 9b? Ax? + 8xy + 4y? 
(- )C-) (- +) (+ )( +) 
a oe (3a - 3b)3a+ 3b) (2x+2y \(2x+2 


2104. Factor Trinomials 


Now that you have finished with polynomial squares, you are ready to factor trinomials. In the 
preceding paragraph, the integers used were all square integral factors. This was done to make 
the problems easier to solve so you would concentrate on the different types of polynomial 
squares. You will find most problems have integers of varying values. You will apply all the 
rules you have learned up to this point using the trial and error method of factoring. Just as you 
did with the polynomial squares, the first step is to determine signs required to solve the trinomial. 
The next step in this operation is to determine all factors that will result in the first and last terms. 
The last step is to plug in all variations until you have the two binomials that will satisfy the 
original trinomial. Study the example on the next page. It will prepare you to solve the challenge 
that follows. 
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Table 7-7. Self-Test Procedures 


OPERATOR FUNCTION 


RESULTS 


DISPLAY 


Press the menu key to bring 
up the menu display. 


Bring up the MENU display 
page containing the TEST 


field. #move> ¢select 
Note: The MENU key may STATUS SETUP 
have to be pressed INIT TEST 
twice. HELP <more> P 
Select the TEST field. Bring up the TEST display. 


Press the up or down arrow 
key. 


Note: The TEST mode 
display appears with 
the cursor on the 
QUIT field. 


TEST mode 


ACTIVATE [QUIT 


Select the ACTIVATE field 
to start the command self- 
test. 


As the self-test runs, “Self- 
test in Progress” is 
displayed. Line 4 of the 
display shows which test is 
being conducted. The self- 
test includes: 


RAM testing 
ROM testing 
PPS-SM 
Timer-Interrupt 
Track Subsystem 
1PPS/HAVE 
QUICK 

Low Pwr Time 
SRC 


ACTIVATE 


Self-test 
In Progress 


RAM Testing 
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Table 7-7. Self-Test Procedures (Cont’d) 


OPERATOR FUNCTION RESULTS DISPLAY 
Wait for next phase of self- After the final self-test, the 
test. display/ keyboard test 


begins. 


Display. See a test pattern 
of blinking dots. 


Keyboard. Press each key 
(press the 0 key last) to 
cause key-board display 
likeness to be replaced by a 
dot pattern. 


Display Brightness. See 
the level automatically 
increase and decrease until 
the OFF key is pressed. 


Self-test is complete. 


keys to 
test (OFF 
to exit) 


Brightness test 
Level = 0% 
(Press OFF 

to exit) 


Select the QUIT field. 


Returns to the MENU 
display. 


TEST mode 


ACTIVATE 


OUIT 
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SETUP Mode Page Displays 


The PLGR can be customized according to your mission assignment while in the SETUP mode. 
There are 11 pages of the SETUP mode that will appear on the screen to control the following: 


PAGE CONTENTS 

1 Operating Mode and Satellite Type 
Coordinating Systems and Units 
Magnetic Variation 
Display Customization 
Datum Automatic-Off Timer 
Data Port Configuration 
Automark Mode 
Bullseye (New version software) 
Operator ID (New version software) 
Approach (New version software) 
Rehearsal (New version software) 


\O} CO] NII OD] NM] BG] bh 


are renn 
el Ke) 


Note: — Use the up and down arrow keys to scroll through the pages and field 
options. 


Figure 7-11 on the following page identifies what appears on the screen when each page is 
displayed. 
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SETUP MODE: CONT 
Continuous 


POS 
and VEL update 
SV - TYPE: mixed 


SETUP UNITS 
MGRS- New Metric 
ELev: meter MSL 


ANGL: Deg Mag ; P 


SETUP MVAR 
TYPE: Cale 


SETUP 
ELHold: automatic 
TIME: Zulu 


ERR: FOM Pp 


SETUP) DTM:WGD 
WGS-84 
AUTOMATIC OFF 


TIMER: 5min ¥ P 


Display Page | 


Operating Mode 


and Satellite 
Type 


Display Page 2 
Coordinating 
Systems and 

Units 


Display Page 3 
Magnetic 
Variation 


Display Page 4 
Display 
Customization 


Display Page 5 
Datum and 
Automatic Off 
Timer 


Fig 7-11 


SETUP I/O 


SERIAL: Standard 
HAVEQUICK: OF 


vP 


IPPS: 


SETUP AUTOMARK 
MODE: off —WP:01 
06-10-89 1200Z 


REPEAT 0000 +P 


SET BULLSEYE: ON 
BULLSEYE: n 


WP NNN XXXXXXXXXX 


vy? 


SETUP 
OPERATOR ID: 
WP000 


SETUP APPROACH 
Course to WP 
Extnsn: O8000ft 


SETUP REHEARSAL 
RTEOL NAME 
GS: nnn kph 

EL: +00000m 


vy? 


. Display pages. 
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Display Page 6 
Data Port 
Con figuration 


Display Page 7 
Automark 
Mode 


Display Page 8 
Bullseye 
New version software 


Display Page 9 
Operator ID 


New version software 


Display Page 10 
Approach 
New version software 


Display Page 1] 
Rehearsal 
New version software 


7203. Crypto Setup 
Two crypto variable operations are used: 


Selective Availability (SA). The GPS Control Segment periodically instructs the 
satellites to transmit false data to GPS users. To compensate for this, the PLGR must use 
the valid crypto keys to correct the false data and receive accurate information. 


Anti-Spoofing (A-S). Some signals transmitted by the satellites are encrypted to deny 
certain users the reception of these signals. Valid crypto keys permit the decoding of 
these signals. 


Note: |The PLGR is a tamperproof module, therefore, it is not classified when crypto 
keys are installed. 


CAUTION: Without crypto keys, the PLGR cannot compensate for SA errors or read 
the encrypted signals protecting against A-S. The PLGR will still operate, 
but cannot be used for combat operations. 


Crypto Key Entry via the KYK-13. The most common way to enter a crypto fill is with the 
KYK-13 (figure 7-12.) It is a communications system device preloaded with crypto keys. 


Fig. 7-12. KYK-13. 
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The crypto keys are transferred to the PLGR by following the procedures in table 7-8. 


Table 7-8. KYK-13 Crypto Load 


Connect the KYK-13 to the J1 port on the PLGR. 


Note: Ensure the PLGR is turned on and not 
conducting the self-test. 


Set the KYK-13 selector switch to the position that 
contains the crypto key. 


Note: Ensure the correct fill position is used. 
Communication personnel can tell you the 
correct position. 


Set the KYK-13 mode switch to ON. 


Note: The light on the KYK-13 flashes, showing 
a successful crypto key load. 


Select the crypto pages from the system MENU 
and verify the crypto key status. 


CRYPTO STATUS 
(ob Shae ie ges edad 
KEYS FOR mm DAYS 


MIS DUR nn ¢ P 


Set the KYK-13 mode switch to OFF and 
disconnect the KYK-13 from the PLGR.. 
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The PLGR displays various warnings involving crypto operations. Operators should recognize 
these warnings when they appear in the PLGR display. Table 7-9 lists the warnings associated 
with crypto that might occur. 


Table 7-9. Crypto Display Warnings 


WARNING DISPLAY DESCRIPTION 


Displays when crypto key load fails the parity 
WARNING check. Try the load again. 


Invalid key 
entered 


A 
Vv 


to acknowledge 


Displays as a result of a failed crypto key 
WARNING verification. Check if proper crypto key was 


loaded. 
Bad key 
detected 


+ to acknowledge 
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Table 7-9. Crypto Display Warnings (Cont'd) 


WARNING DISPLAY 


DESCRIPTION 


WARNING 


No key for 
tomorrow 


+ to acknowledge 


Displays if no crypto key for the next day 
is stored in the PLGR. 


WARNING 


Check GUV issue 
number 


A 
Vv 


to acknowledge 


Displays when the data gathered from the 
satellites and the Group Unit Variable 
(GUV) entered do not match 


WARNING 


Insufficient 
Y-code SVS 


+ to acknowledge 


Displays if the PLGR has all Y satellites 
commanded 


WARNING 


Possible 
spoofers 


. to acknowledge 


Displays when there is a possible spoofer 
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Table 7-9. Crypto Display Warnings (Cont'd) 


WARNING DISPLAY DESCRIPTION 


Displays when the mission duration entered 
WARNING is more than the number of crypto keys 
stored 


Not enough keys 
for mis dur 


A 
Vv 


to acknowledge 


Displays when the crypto keys entered are 
WARNING more than the desired mission duration 


Too many keys 
for mis dur 


+ to acknowledge 


7204. PLGR Initialization 


To initialize the PLGR, enter starting data into six initialization display pages. The starting data 
consist of the following five parameters: 


Position 

Time and Date 

Track and Ground Speed 
User-Defined Datums 
Crypto Keys 
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The initialization displays are accessed through the MENU display using the procedures in table 
7-10. 


Table 7-10. Accessing the Initialization Displays 


STEP ACTION DISPLAY 
Press the MENU key twice. The MENU 
display with the INIT field will appear. 


4 move > & select 


STATUS Vsetup 


INIT TEST 
MOVE <more> P 


Select the INIT field. 


¢ move > & select 


STATUS Vsetup 


INIT TEST 
MOVE <more> P 


Press the up or down atrow key to bring up 
the INIT display. The first page of the 


INIT display appears with the cursor on the INIT POS CLR 
paging field. 


12A MGRS-NEW 
AA 12345e 12345n 


EL +12345m eh 
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Example: 


15x? +24x—- 12 


Determine the sign 


Ca Ce) 
Determine all factors 15 = 1715 12 = 1*12 
= 3*5 = 2*6 
= 5*3 = 3*4 
= 15*1 = 4*3 
= 6*2 
=12*1 


Plug in all variations until solved. 


(1x+ 12)(15x— 1) # 15x? +24x- 12 
(3x+4)(5x—3) # 15x? +24x-12 


Solution - (3x +6)(5x —2) = 15x? + 24x — 12 


Try the following challenge. 


(Factor) 


Factor the following trinomials. 
(a) (b) 


10x? + 7xy + y? 2x? — 2xy — 24y? 


STEP ACTION DISPLAY 


Table 7-10. Accessing the Initialization Displays (Cont’d) 


Use the up or down arrow key to scroll 
through the initialization display pages. 


Notes: 


Selectable fields on the 
initialization pages are changed 
using numeric mode. 


Entries will not be accepted until 
you exit the current display page. 
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INIT = =TIME 


30-02-96 
0000:00Z 


CLR 
+ 


INT TRK/GS CLR 


TRK 000°M 


GS 000kph Oi 


INIT DTM USER1 
dA: +0000.000 
GF ET: -000.000 


MGRS adv: 00 Oi 


INIT CRYPTO KEY 


7205. Waypoint Operations 


A waypoint is nothing more than a point on a desired course of travel. (See Figure 7-13.) 


Fig. 7-13. Waypoints. 


The PLGR can hold up to 99 (old version software) or 999 (new software version) waypoints, 
numbered 01 through 99 or 999, respectively. Waypoint 000 is defined as your present position. 
All waypoints are defined by position (coordinates), altitude, and map datum. Range, azimuth, 
and elevation angle from your present position or a previously defined waypoint can also define 
waypoints. 


The waypoint display pages perform the following operations: 


Enter, edit, or review waypoints 

Copy waypoints 

Determine the distance between two waypoints 
Calculate a new waypoint 

Clear waypoint 

Mark a waypoint 


Pressing the WP key, which brings up the waypoint menu for selecting waypoint operations, 
accesses the waypoint displays. (See table 7-11.) 
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Table 7-11. Enter and Edit Waypoints 


ACTION DISPLAY 


Press the WP key to bring up the waypoint 
MENU. 


WP < move ® Seclect 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select one of the following: 


e ENTER to enter a new waypoint. WP < move > Acclect 


e EDIT to edit an existing waypoint. 


ENTER} EDIT} COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 
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Table 7-11. Enter and Edit Waypoints (Cont’d) 


STEP ACTION DISPLAY 


Make the appropriate entries on the waypoint 
position page: 
wp:[07] } [weTo01 
e Waypoint number 01 through 999. The if 
numbers can be accessed by: ; sae = Atal 
Scrolling through in numerical order while +00040m N 


in the control mode. 

or 
Entering the number directly while in the 
numeric mode. 


Note: Scroll includes defined waypoints in EDIT 
and undefined waypoints in ENTER. 


e Waypoint label 


-  10-character alphanumeric waypoint 
identifier 


e Waypoint coordinates 

e Waypoint elevation 
Make the appropriate entries in the waypoint 
datum/magnetic variation page (if required): 


WP:01 DTM{WGD] 


WGS-84 
MVAR:E [000.0° 


e Datum ID - Enter if different from that 
entered during setup. 


Magnetic variation 


Coordinate display. Enter if different from 
that entered during setup. 


Exit to any other display page to store waypoint or changes to waypoint. 
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7206. Copy Waypoints 


The copy page of waypoint display copies data (waypoint numbers, position, elevation label, 
datum, and magnetic variation) from one waypoint to another. (See table 7-12.) 


Table 7-12. Copy Waypoint 


WP <€ move > Seelect 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select and activate the COPY field. 


WP < move & A select 


ENTER EDIT |COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Enter the waypoint (WP) number from which 

you will copy information. 

Note: If you select a "From" WP that is not as wp {o1}To - 
defined (in the PLGR memory), 
"WPxx not defined" appears on line 3 ACTIVATE QUIT 
of the display. Copy cannot be 
performed. 
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Table 7-12. Copy Waypoint (Con’t) 


Enter the WP number where the information 
will be copied. 
Notes: The first available waypoint is il Tofe2] 
automatically selected by PLGR. 
; ACTIVATE QUIT 
If you select a "To" WP that is already 
defined, "WPxx overwrite" appears on 
line 3 of the display. Completion of 
step 5 overwrites the defined WP. 


Select the ACTIVATE field. The waypoint is 
copied and the display returns to the waypoint 


menu (displayed in step 1). COPY WP: 01 T0 02 


ACTIVATE] QUIT 


7-33 


a. | Determine the distance between two waypoints. 


Table 7-13 provides the procedures for determining the distance and azimuth between two 
waypoints. 


Table 7-13. Distance/Azimuth Between Two Waypoint Procedures 


ACTION DISPLAY 
Press the WP key to bring up the waypoint 
MENU. 


WP < move Gselect 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select and activate the DIST field. 


WP #+move+ tsel 
ENTER EDIT COPY 
SR-CALCRNG-CALC 
DIST] CLEAR ROUTE 


Enter the starting waypoint number in the 
"From" field of the waypoint distance page. 


DIST frm[Oi]to 00 
RNG 000.0 m 
AZ 000.0 milG 
ELA +0009.9 mil 
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Table 7-13. Distance/Azimuth Between Two Waypoint Procedures (Con’t) 


meee ACTION DISPLAY 


Enter the ending waypoint number in the "To" 

field. 

Notes: |The PLGR automatically computes ee aca on 
the distance and azimuth from the AZ 11163miIG 
starting waypoint to the endpoint. On ELA +0009.9 mil 
the waypoint distance page, the 
distance is displayed on line 2 and the 
azimuth is displayed on line 3. 


On the waypoint distance page, the 
north reference is displayed on line 3 
and the elevation angle between the 
two waypoints is displayed on line 5. 


Press the MENU key to return to the systems menu. 
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b. Calculate a new waypoint using RNG-CALC Option. 


“Calculate a new waypoint” is the procedure used to determine a grid to a point (possibly a 
target) that cannot be occupied. Use the RNG-CALC option to compute a new waypoint if the 
range to the target is known vice slant range of the target. 


Table 7-14. Calculate a New Waypoint Using the RNG-CALC Option 


WP <¢ move $select 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select and activate the RNG-CALC field and 
the RNG-CALC reference page appears. 


WP #move+ tsel 
ENTER EDIT COPY 


SR-CALC|IRNG-CALC 
DIST CLEAR ROUTE 


Enter the reference waypoint. (WP 00 is your 
current position.) 


CALC from WP[00] 
SR 0000.0m 
AZ 0000.0 mil G 
ELA +0000.0 mil 
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Table 7-14. Calculate a New Waypoint Using the RNG-CALC Option (Con’t) 


STEP ACTION DISPLAY 


Enter range and azimuth to the target. 


CALC from WP 00 


= ee 
AZ milG 


ELA +0000.0 mil 


Enter elevation of target or elevation angle 

to the target. 

Note: You can toggle between the EL “tie alla si 
and ELA fields. This AZ 3119.3 milG 
automatically changes the data ELA -[0014.4) mil 
field on line 4 to the correct 
format. 


e Scroll to the RNG-CALC position page 
to view new waypoint coordinates. 


CALC |MGRS-New 


e Change position format, if required. 12A 


AA 12345e 12345n 
Note: Position coordinates calculated EL +00040m 4P 


v 


from entered information are 
displayed on lines 2 and 3. 


e Scroll to the RNG-CALC store page. 


e Change WP store number, if required. CALC Store as 
WP {05 ] CALC05 
Note: The first available waypoint is 


automatically selected, but you STORE ¢ Pp 
may change it if necessary. 
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If your answers match the following, you are correct and may continue. If not, read paragraph 
2104 again. Try the challenge again before continuing. This will strengthen your knowledge for 
future operations. 


(a) (b) 
10x? + 7xy + y? 2x? — 2xy — 24y? 
CeCe) CES) 
(sxty (2x4; (xeton oat 


2(x+3y)(x-4y) 
2105. Reducing Fractions 


Most of the formulas and equations in electronics will involve a quotient or fraction of some kind. 
Knowing how to reduce fractions to their simplest terms will help you. It also makes the 
equations more manageable. To reduce to the simplest terms you must cancel out like factors in 
both the numerator and denominator. After canceling out when and where required, you are 
ready to perform the required operation (add, subtract, multiply, or divide). In this case, you are 
now ready to multiply. Study the example that follows. 


Example: 36 _ 2*2*3x3 
150 ~~ 2*3%5%*5 


Cancel like factors - B2B3 _ 2*3 
B*Be5*5 — 5*5 
Multiply - 2x3 _ 6 
ve 5x5 — 25 


The process of simplifying literal fractions is the same as for numerical fractions. You factor both 
the numerator and denominator to prime numbers. You will use the distributive law of algebra to 
extract the highest number of factors from the numerator and the denominator. Once again, 
cancel like factors in the numerator and denominator. Then, multiply the remaining factors of the 
numerator, then multiply factors of denominator. Study the examples. 


Examples: 


(a) 
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Table 7-14. Calculate a New Waypoint Using the RNG-CALC Option (Con’t) 


STEP ACTION DISPLAY 


Select and activate the STORE field. 


Notes: Datum stored is the datum of the CALC Store as 
reference waypoint. WP -05 CALCO05 


Elevation validity of the STORE Ap 
calculated waypoint is the same v 


as the reference waypoint. 


PLGR calculates the magnetic 
variation for the calculated 
waypoint. 


| 9 __|Press the MENU key to return to the systems menu. 
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c. Calculate a new waypoint using SR-CALC Option. 


Use the SR-CALC option to calculate a new waypoint if the slant range is known instead of 
range to the target. (See table 7-15.) 


Table 7-15. Calculate a New Waypoint Using the SR-CALC Option 


ACTION DISPLAY 
Press the WP key to bring up the waypoint MENU. 


WP <€¢ move Sselect 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select and activate SR-CALC field. The SR-CALC 
reference page appears. 


WP #move+ tsel 


ENTER EDIT COPY 
SR-CALC]|RNG-CALC 


DIST CLEAR ROUTE 


Enter the reference waypoint (WP 00 is your current 

position). 
CALC from WP 
SR 0000.0 m 


AZ 0000.0 mil G 
ELA +0000.0 mil 


Enter slant range and azimuth to the target. 


CALC from WP 00 
SR m 


AZ [0446.1] mil G 
ELA +0000.0 mil 
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Table 7-15. Calculate a New Waypoint Using the SR-CALC Option (Con’t) 


STEP ACTION DISPLAY 


Enter elevation of target or elevation angle to 

the target. 

Note: You can toggle between the EL and Agari = my 
ELA fields. This automatically changes AZ 0446.1 milG 


the data field on line 4 to the correct ELA [+0031.7| mil 
format. 


e Scroll to the SR-CALC position page to 
view new waypoint coordinates. 


CALC |MGRS-New 


e Change position format, if required. 12A 
AA 12345e 12345n 
Note: Position coordinates calculated from EL +00040m ¢P 
entered information are displayed on 
lines 2 and 3. 


e Scroll to SR-CALC store page. 


e Change the WP store number, if required. CALC Store as 
WP 61] CALC61 
Note: The first available waypoint is [61] 
automatically selected. You may STORE 
change it if necessary. 


Select and activate the STORE field. 


Notes: Datum stored is the datum of the CALC Store as 


reference waypoint. WP -61 CALC61 


Elevation validity of the calculated STORE 4b 


ae v 
waypoint is the same as the reference 


waypoint. 


Source of magnetic variation for the 
calculated waypoint is calculated. 


za Press the MENU key to return to the systems menu. 
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There may be a requirement to clear (erase) a waypoint or a number of waypoints from the 
PLGR memory. To accomplish this, follow the steps in table 7-16. 


Table 7-16. Clear a Waypoint/Series of Waypoints 


WP <¢ move Sselect 


ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST CLEAR ROUTE 


Select and activate the CLEAR field. The clear 
waypoint page appears. 


WP #move+ tsel 
ENTER EDIT COPY 
SR-CALC RNG-CALC 
DIST ICLEAR]| ROUTE 


Enter the lowest numbered waypoint to be cleared 
in the "From" WP field. 


CLEAR from WP:[31] 
to WP: 00 


ACTIVATE QUIT 
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Table 7-16. Clear a Waypoint/Series of Waypoints (Con’t) 


aes ACTION DISPLAY 


Enter the highest numbered waypoint to clear 
the "To" WP field. 


ade da ty CLEAR from WP: 31 
Notes: Ifa single waypoint is being cleared, to wpe:[34] 


the "From" and "To" waypoints must 
be the same number. ACTIVATE QUIT 


To clear a series (range) of waypoints, 
the "From" waypoint number must be 
smaller than the "To" waypoint 
number. All waypoint numbers 
between the "From" and "To" 
waypoints will be cleared. 

Select the ACTIVATE field. 


Note: Waypoints cleared are displayed to CLEAR from WP: 31 
acknowledge successful clearing. 6) WP: 34 


ACTIVATE QUIT 


| 6 [Press the MENU key to return to the systems menu. 
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d. Mark a waypoint. 


The PLGR stores your present position as a waypoint using the MARK display. Follow the steps 
in table 7-17. 


Table 7-17. Marking Waypoints 


STEP ACTION DISPLAY 


Press the MARK key to bring up MARK display. 


Note: The MARK display appears with the 

cursor on the waypoint number field. 

This is the only selectable field on the 

display. 
MARK_position to 
wp:[10] MARK10 
MARK: saves 

ON: cancels 


If desired, change the waypoint number. 


Note: The PLGR automatically selects the first MARK_position to 


undefined waypoint number to store wp:[11] MARK11 
MARK coordinates. MARK: saves 


ON: cancels 


Do one of the following: 
e Press the MARK key again to store current CLR OR 1 O N 
position as a waypoint, 
in MARK fal BRT 


e Press the ON key to cancel the mark. 


Note: | PLGR automatically returns to previous 
display. 
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Notes: 


The waypoint field can be changed to any valid waypoint number using normal 
data entry procedures. If changed, the associated waypoint label automatically 
changes to match the new waypoint number. For example, for WP 03 the label 
is MARKO3. 


If a waypoint number is changed to a defined waypoint, the display changes and 
informs you that the waypoint will be overwritten. 


If all 999 waypoints are already defined when the MARK key is pressed, the 
waypoint marked will default to 01. You can choose to overwrite, change the 
waypoint number, or cancel the mark. 


7207. Troubleshooting 


Troubleshooting procedures are performed using the Built-In-Test (BIT). Table 7-18 explains 
these steps in depth. 


Table 7-18. Troubleshooting Procedures 


STEP ACTION 
Inspect the PLGR and its components for damage or missing parts. 


Turn on the PLGR. 


If the unit stays on briefly and/or the display remains blank, then replace the 
power battery. 


If the unit is inoperable and the display pixel pattern is dark (indicating the unit 
has locked up), then turn in the PLGR for repairs. 


3 {Observe the power-on self-test results. If the unit displays a low memory battery 
WARNING, then replace the memory battery. 
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Table 7-18. Troubleshooting Procedures (Con’t) 


STEP ACTION 


After the unit has successfully completed the power-on self-test, press the MENU 
key. Select and activate the STATUS field to determine the results of the self-test. 


If a self-test Fail message is displayed, then press the up arrow key to see the self- 
test failure page and record the failure mode displayed. Turn the unit off, and 
return it to maintenance for repair. 


If self-test OK is displayed, then perform the self-test procedures as previously 
discussed in this lesson. 

After the unit successfully completes the command self-test, then press the MENU 
key. Select and activate the STATUS field. 


If a self-test Fail message is displayed, press the up arrow key to see the Self-Test 
Failure Page and record the failure mode displayed. Turn the unit off and return it 
to maintenance for repair. 


If self-test OK is displayed, then initialize the PLGR and allow the unit to acquire 
satellites and have a good position fix. 


| 6 | Unit troubleshooting is complete. 


Lesson Summary. In this lesson, you learned how to conduct a self-test, setup crypto, initialize a 
PLGR, perform waypoint procedures, and troubleshoot any problems with your PLGR. You 
may review all or any portion of this lesson before completing the lesson exercise. 
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Exercise: 


Complete items | through 22 by performing the action required. Check your 


answers against those listed at the end of the lesson. 


The only time a PLGR cannot navigate is while in the 


a. NAV 

b. Self-test 

Ci CONT 

d. Waypoint 

To start the self-test, the operator selects the field. 
a. ACTIVATE 

b. TEST 

C; Mode 

d. HELP 


Which of the following is tested during the self-test? 


mode. 


a. Memory 

b. RAM 

C; DOS 

d. PRS-SMM 

In the final phase of the self-test, the operator is prompted to select the 
key. 

a. Test 

b. ON 

C: CONT 

d. OFF 


(True or False) In the SETUP mode, the operator may customize the navigation 


software. 


(True or False) The PLGR will not operate without a crypto fill. 


The most common communication device used to load crypto fills is 


a. KYK-13 
b. KOI-18 
C: CZY-10 
d. PLGR 
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How many crypto variable operations are there? 


a 2 

b 4 

c 8 

d 11 

When utilizing the Selective Availability, operation satellites periodically transmit 
2 data. 

a. true 

b. crypto 

Cs navigational 

d. false 


(True or False) When the PLGR has crypto keys installed, it is considered 
unclassified. 


To initialize the PLGR, what field must the operator select from the setup menu? 


a. MENU 
b. WP 

Cs CLR 

d. INIT 


The initialization starting data consists of 


a. position, time and date, track and ground speed, user-defined datums, and 
crypto keys. 
: position, satellites, waypoints, target, and destination. 
ce time and date, crypto keys, position, datums, waypoints, and grid 
coordinate. 
d. crypto keys, position, target, destination, and power source. 


Which key is pressed to scroll through the pages of the initialization mode. 


a. Up arrow 

b. NEXT 

C: Up/Down arrow 
d. Page 
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6a*b>—9ab2 
39ab-12a3b2 


_ _(2*3xaxaxbxbxb)—3*3*axb*b 
~~ (3*13xaxb)—-(2*2*3xaxaxaxbxl 


Factor out the highest common factor. 


__ _ Bxaxbxb)(2*axb-3) 
~~ (3xa*b)(13—-2%2*%ax*axb) 


Cancel like factors. 
(B*Ax* pb) (2*a*b-3) 
~ (B¥A*p) (13-2*2*a*a*b) 


__b2ab-3) 
~~ (13-4a?b) 


Note: You can cancel like terms in the numerator and denominator only if the terms 


are not separated by a plus (+) or a minus (-) sign. 


Try the following challenge. 
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14. 


15. 


16. 


ee 


18. 


19. 


A waypoint is best defined as 


three known locations used to find coordinates with triangulation. 
the track traveled by satellites while in your constellation. 

a point on a desired course of travel. 

a leg in a series of legs intended to keep the navigator on course. 


aoe f 


Which of the following is a waypoint operation? 


a. Locate 

b. Navigate 
C Operate 
d. Calculate 


Which key is selected to access the waypoint menu? 


a. ON 
b. WP 
Ci Waypoint 
d. WT 


How many waypoint numbers are available to the operator on PLGRs with new 
software? 


a. 99 

b. 999 
c: 100 
d. 1000 


Which of the following best describes a waypoint label? 


a. 10-digit grid coordinate 

b. 10-character alphanumeric identifier 
c. 8-digit grid coordinate 

d. Closest satellite 


If all waypoints are already defined when the MARK key is pressed, the waypoint 
marked will 


turn itself off. 

prompt operator to "Try Again." 
default to the 01 position. 

change the waypoint page number. 


aoe 


7-48 


20. 


Dele 


22: 


If during the self-test a low memory battery warning appears, the operator must 
immediately 


replace the memory battery. 

turn the PLGR into maintenance. 

seek assistance from his/hers supervisor. 
turn the PLGR off. 


BoP 


Which field must the operator select to determine the results of the self-test? 


a. TEST 

b. MSG 

C. MENU 
d. STATUS 


If a self-test fail message is displayed, which key must the operator press to 
access the failure page? 


a. Down arrow 
b. Up Arrow 
c. STATUS 

d. MSG 
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Lesson 1 Exercise Solutions 


Reference 
1. c 7101 
Z c 7101 
cn b 7101 
4. d 7101 
aE a 7101 
6. c 7101 
op a 7101 
8. a 7102 
9. c 7102 
10. e 7102 
11. a 7104 
(2. False 7103 
LS, True 7102 
14. Waypoints, crypto key, setup parameters and satellite 7104 
information 
1S; f 7105 
16. b 7105 
ye é 7105 
18. g 7105 
19. c 7105 
20. b 7106 
21. c 7106 
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Lesson 2 Exercise Solutions 


Reference 
1. b 7201 
2. a 7201 
3. b 7201 
4. d 7201 
5. True 7202 
6. False 7203 
L: a 7203 
8. a 7203 
9. d 7203 
10. True 7203 
11. d 7204 
12. a 7204 
13. Cc 7204 
14. Cc 7205 
15. d 7205 
16. b 7205 
17. b 7205 
18. b 7205 
19. Cc 7206 
20. a 7207 
21. d 7207 
22. b 7207 
UNIT SUMMARY 


As you can see, the PLGR is an extraordinary piece of gear. If you are fortunate to own one, do 
not become overly dependent on it. You need to know how to shoot azimuths, find grid 
coordinates, etc. It increases the accuracy of the map and compass, but does not replace it. 
During this study unit, you have learned about the PLGR and its many capabilities. 
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APPENDIX A 
TAKING CARE OF YOUR MAP 


There are a few things that you can do to take care of your map. By spending a little extra 
preparation time, you can make your map last longer and make it easier to use. 


a. Lamination. Lamination is a clear plastic sheet that has an adhesive on one side of the 
sheet. By putting lamination on both sides of your map, you will prevent it from being destroyed 
by humidity, rain, and the rigors of everyday use. 


b. Alcohol pens. An alcohol pen is basically a magic marker. They should only be used on 
laminated maps. Since the ink of the pen is alcohol based, it will not wash off in the rain (like 
many magic markers). It can be erased using alcohol. This alcohol can come from either a 
specially made pen or from a small bottle of alcohol that you carry around with you. If you use 
alcohol pens in conjunction with laminated maps, your maps will last longer. 


Cc. Folding your map. There are many ways to fold your map so that it will fit easily into 
your cargo pocket, but it always seems like such a hassle when you try to unfold it. One possible 
way for you to fold it is illustrated in figure A-1. When completely folded, the map will be 
1/16th its original size. You can fold the pieces of the map back and forth without having to 
unfold the entire map. The only difficulty will arise if you have to look at an area that is around 
the cut in the map. This is the only case where you have to unfold the map entirely. Try cutting 
and folding a piece of paper first before you try it out on your map. 


Fig A-1. Folding a map. 


LAND NAVIGATION 
REVIEW LESSON EXAMINATION 


INSTRUCTIONS: The purpose of the review lesson examination is to prepare you for your final 
examination. We recommend that you try to complete your review lesson examination without 
referring to the text, but for those items (questions) you are unsure of, restudy the text. When 
you finish your review lesson and are satisfied with your responses, check your responses against 
the answers provided at the end of this review lesson examination. 


Select the ONE answer that BEST completes the statement or that answers the item. For 
multiple choice items, circle your response. For matching items, place the letter of your response 
in the space provided. 


1. What is the scale of the Margarita Peak map? 


a. 1:250,000 C: 1:50,000 
b. 1:25,000 d. 1:5,000 
Pe What does the color black represent on a map? 
a. Contour lines Ce Intermittent streams 
b. Manmade features’ d. Grid line convergence 
Matching: For items 3 through 5, match the topographical symbol in column | to its 
description in column 2. Selections in column 2 may be used more than once. 
Column | Column 2 
Topographical Symbol Description 
es x a. Fair or dry weather, unimproved surface 
road 
sn SS |S = b. | Open pit mine or quarry: active 
c. Multiple track, non-operating railroad track 
= Srrrertrte d. Open pit mine or quarry: inactive 


6. What is the 4-digit grid coordinate of Bench Mark 486.5 in the upper right corner 


of the Margarita Peak map? 
a. 6703 C; 6804 
b. 0367 d. 0468 


10. 


11. 


12: 


13. 


What is the 6-digit grid coordinate of Bench Mark 139.3 in the upper right corner 
of the Margarita Peak map? 


a. 713016 CG: 727024 
b. 741027 d. 715015 


What topographical feature is located at grid coordinate 750975? 


Hilltop 

Power line intersection 

Unimproved surface road intersection 
Finger 


BoP 


How is 6.3 kilometers expressed in meters? 


a. 630 meters Cc. 6300 meters 
b. 6000 1/3 meters d. 63 meters 


What is the straight line distance between spot elevation 188 at grid coordinate 
545949 and the observation tower at grid coordinate 553941? 


a. 3,800 meters C. 3.0 kilometers 
b. 1,200 meters d. 2.4 kilometers 


What is the curved line distance between the light duty road intersection at grid 
coordinate 597928 and the light duty road intersection at grid coordinate 562930 
(follow the road)? 


a. 3.85 kilometers Cc. 4,200 meters 
b. 3,250 meters d. 3.5 kilometers 


What is the average speed that you must maintain if you walk from the light duty 
road intersection at grid coordinate 562930 to the light duty road intersection at 


grid coordinate 597928 in 30 minutes? 


a. 3.3 mph Cc: 3.8 mph 
b. 4.8 kph d. 5.5 kph 


The North Star and the North Pole identify the location of 


a. magnetic north. Cc: true north. 
b. grid north. d. north. 


14. 


15. 


16. 


Va 


18. 


a. 8° 
b. 7°30’ d. 71/22 


When measuring azimuths on a map using a protractor, use 


a. magnetic north. C. true north. 
b. grid north. d. north. 


What is the grid azimuth from the building at 741971 to the hilltop at 721992? 


a. 137° Cs 302° 
b. 22? d. 318° 


What is located 1950 meters from the water tank at grid coordinate 747984 on a 
grid azimuth of 58°? 


a. Hilltop C; Uniform gentle slope 
b. Stream intersection d. Finger 


What is the back azimuth of 215°? 


a. 35° ror ao: 
b. ZO d. 335° 


What G-M angle would be used on a map with the following declination 
diagram? 


yi BNOY 
on St 
IMON SMe 


7° 
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19. | What is the magnetic azimuth between the stream intersection at 557999 and 


Bench Mark 582.5 at 583013? 


a. di Cc; 42° 
b. 48 1/2° d. 61° 
20. Using the declination diagram on the Margarita Peak map, convert a magnetic 
azimuth of 355° to a grid azimuth. 
a. 340° ¢: 370° 
b. 9° d. a 
21. Using the declination diagram pictured below, convert a grid azimuth of 6° toa 
magnetic azimuth. 
A 
sa | 
a. 358° Cc. 358°30 
b. 6° d. 14° 


22 What terrain feature is located at grid coordinate 567033? 


a. Draw CG Finger 
b. Hill d. Saddle 


a. What terrain feature is located at grid coordinate 692878? 


a. Depression C; Intermittent lake 
b. Cut d. Outcropping 


24. 


2% 


26. 


2: 


28. 


pas 


30. 


SL; 


What terrain feature is located at grid coordinate 623863? 


a. Cliff Cc. Draw 
b. Saddle d. Valley 


What type of slope is depicted from grid coordinate 742023 to grid coordinate 
743023? 


a. Uniform steep C. Concave 
b. Convex d. Uniform gentle 


What type of slope is depicted from grid coordinate 763993 to grid coordinate 
767994? 


a. Uniform gentle C Convex 
b. Uniform steep d. Concave 


What type of slope is depicted from grid coordinate 671017 to grid coordinate 
686014? 


a. Concave Cc. Convex 
b. Uniform steep d. Uniform gentle 


On what type of slope can the defender see the entire slope and where the 
attacker’s climb will get more difficult the farther he goes up the slope? 


a. Concave C, Uniform gentle 
b. Uniform steep d. Convex 


What is the contour interval on your Margarita Peak map? 


a. 20 meters Cc. 20 feet 
b. 10 feet d. 10 meters 


What is the elevation of the building located at 613809? 


a. 35 meters Cc. 4O meters 
b. 155 meters d. 60 meters 


What is the elevation of the intermittent stream intersection at grid coordinate 
583003? 


a. 300 meters Cc. 315 meters 
b. 400 meters d. 410 meters 


If your answers match the following, you are correct and may continue. If not, read paragraph 
2105 again. Try the challenge again before continuing. This will strengthen your knowledge for 
future operations. 


(a) (b) 
55x*y3—35xy 2) ney 
Sxy - pe 
5xllexxxxyxyxy |-( 5*7*xx) 
= S¥X*V 


__ ay __! 
5xxxy |[{ llxxxyxy |-C Lady | (atb) (a+b) 


= S¥X*Y 


on ASE gos A 
(atb)(a-b) ~— atl 


_ By) (11*x*y*y) - (7) 
yO 


= 1lxy?-7 


WRule - Remember there are three signs to a fraction, sign of the fraction, sign of the 
numerator and sign of the denominator. You can change any two signs of the 
fraction without changing the value of the fraction. Study the example. 


Example: oe sgl 


ean ee) 


2106. Combining Fractions 


Fractions can be combined (added and subtracted) ONLY if they have a common denominator. It 
is easiest if this denominator is the LOWEST COMMON DENOMINATOR (LCD) of the two 
fractions. The LCD is the smallest number into which the denominator of every fraction being 
combined is evenly divisible. This is the same thing as saying that the LCD is the LOWEST 
COMMON MULTIPLE (LCM) of the denominators. So, to combine fractions, you should first 
reduce each fraction to its lowest terms. This will help make the numbers you are working with 
as small as possible. Next, find the LCM of the denominators and convert each fraction to a new 
but equal fraction having this LCM as its denominator. Then, add or subtract the fractions by 
adding or subtracting their numerators. To find the LCM of denominators, begin by factoring the 
denominators into their prime factors. 
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Items 32-37 refer to the following illustration of a lensatic compass. 


32. Which is the floating dial? 


a. it C. 3 
b. 2 d. 6 
an. Which is the fixed black index line? 
a. 2 on | 
b. 4 d. 6 
34. | Which is the bezel ring? 
a. 1 C 5 
b. 3 d. 6 
35. Which is the sighting wire? 
a. 1 c. 4 
b. 2 d. 6 
36. Which is the thumb loop? 
a. 2 CG: 5 
b. 4 d. 6 
ST: Which is the lens? 
a. 1 @: 5 
b. 2 d. 5 
38. What is the proper safe distance that the lensatic compass must be separated from 
a truck for it to function properly? 
a. 2 meters e 15 meters 
b. 10 meters d. 55 meters 


39. 


40. 


Al. 


What is the proper safe distance that the lensatic compass must be separated from 
high tension power lines for it to function properly? 


a. 10 meters Cc. 
b. 30 meters d. 


45 meters 
55 meters 


Listed below, in scrambled order, are the steps to follow when determining a 
magnetic azimuth with a lensatic compass using the centerhold technique. In 
which sequence should the steps be taken? 


(1) 
(2) 
(3) 


(4) 
(5) 


(6) 


a. ; 


1,3 
b. 35.25 


mes 
6 


Pull your elbows firmly into your sides. 

Move the rear sight to the rearmost position. 

Open the compass cover so the cover forms a straightedge with the 
base. 

Place the thumb of the other hand between the rear sight and the 
bezel ring; place the remaining fingers around the fingers of the 
other hand. 

Turn your entire body until the desired magnetic azimuth is under 
the fixed index line. 

Place your thumb through the thumb loop to form a steady base 
with your third and fourth fingers, and extend both index fingers 
along the sides of the compass. 

5, 6, 4 C 2, 3, 1,6,5, 4 
4,1,5 d. 6,4, 1,2.:3,5 


Listed below, in scrambled order, are the steps to follow when presetting the 
lensatic compass during daylight hours. In which sequence should the steps be 


taken? 
() 
(2) 
(3) 

a. lo 3.2 

b 324 


Rotate your body until the desired azimuth falls under the fixed 
black index line. 
Turn the bezel ring until the luminous line is aligned with the 
north-seeking arrow. 
Hold the compass level in the palm of your hand. 

ee es 
d. Zilscs 


2 


42. Listed below, in scrambled order, are the steps to follow when determining a 
magnetic azimuth with a lensatic compass using the compass-to-cheek technique. 
In which sequence should the steps be taken? 


(1) Turn the thumb loop all the way down and insert your thumb. 
Form a loose fist under the compass, steady it with your other 
hand, and raise it up to eye level. 

(2) Open the compass so that the cover is vertical, forming a 90° angle 
with the base. 

(3) Look through the rear sight notch and center the front sight wire in 
the rear sight notch. 

(4) Move the rear sight to the rearmost position to release the dial, 
then fold it slightly forward. 

(5) Glance down through the lens and read the azimuth directly under 
the black index line. 

(6) Keeping the compass level and the sights aligned, rotate your 
entire body until the sighting wire is lined up on the distant object. 


a. AL DO, 373 or pie: aa) ee 9 Pate 

b. 6, 1, 2, 4, 3,5 d. 1254, 65-9, 

43. What is the correct procedure for orientating a map using a compass? 

a. Place the straightedge of the compass alongside one of the north-south 
grid lines of the map. Rotate the map and compass together until the 
magnetic arrow is below the fixed black index line on the compass. 

b. Place the straightedge of the compass alongside the true north arrow of the 
declination diagram. Use the G-M angle to determine the difference 
between magnetic north and true north. Rotate the map and compass 
together until the correct G-M angle is under the fixed black index line. 

iC Place the straightedge of the compass alongside the magnetic north arrow 
of the declination diagram. Use the declination diagram to convert a 
magnetic azimuth of 0° to a grid azimuth. Rotate the map and compass 
together until the new grid azimuth is under the fixed black index line. 

d. Place the straightedge of the compass alongside the magnetic north arrow 


of the declination diagram. Rotate the map and compass together until the 
magnetic arrow is below the fixed black index line on the compass. 


44. 


45. 


Given the following sketch of the terrain in which you are located, and using your 
Margarita Peak map, determine your position by inspection. You are currently 
located 10 meters to the west of the railroad tracks in grid square 6581. What is 
your position? 


a. 654816 
b. 654818 
c. 814655 
d. 815654 


a. e 
NORTH 86° MAG, AZ. 


Given the following sketch of the terrain in which you are located, and the 
magnetic azimuth to a specified topographical feature, determine your position by 
one-point resection. You are currently located in grid square 7401. What is your 
current position? 


741018 
740017 
749017 
746011 


Bore 


46. Given the following sketch of the terrain in which you are located, and the 
magnetic azimuths to two specified topographical features, determine your 
position by two-point resection. You are currently located in grid square 5694. 
What is your current position? 


562944 
569941 
564949 
568942 


Bop 


Item 47 refers to the situation that follows. Read the situation carefully, then answer the item. 


Situation: You are currently located at grid coordinate 744996. You notice an enemy 
observation post at a building about 1,000 meters to the south. 


47. Determine the enemy’s location by inspection. 
a. 745986 e 744987 
BD, 987744 d. 984746 


Item 48 refers to the situation that follows. Read the situation carefully, then answer the item. 
Situation: You are currently located on the hilltop at grid coordinate 578996. You notice 
a four-man enemy patrol along the stream to the west. You shoot a magnetic azimuth of 
245° to the enemy patrol. 


48. What is the enemy’s location? 


a. 584995 C 571996 
b. 566983 d. 567994 
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Item 49 refers to the situation that follows. Read the situation carefully, then answer the item. 


Situation: You are currently located on the hilltop at grid coordinate 578996 when you 
notice an enemy patrol to the northeast. You shoot a magnetic azimuth of 21° to the 
enemy patrol. You know that your platoon has an observation post located at grid 
coordinate 592018. When you call this OP, they tell you that the enemy patrol is located 
on a magnetic azimuth of 130° from them. 


49. 


50. 


St: 


52: 


Use a two-point intersection to determine the enemy patrol’s location. 


a. 602998 c. 602999 
b. 593017 d. 606000 


How do you establish your own individual pace count? 


a. Every Marine should use 60 paces as his pace count. 

b. Establish a 100-meter pacing course. Have all Marines in your unit walk 
this distance, keeping track of the number of steps taken. Determine the 
average pace count for the unit. This average is the pace count that should 
be used by each Marine. 


Cc Establish a 100-meter pacing course. Walk this distance, keeping track of 
the number of steps you take. Count every other step. This is your pace 
count. 

d. Establish a mile long pace course. Walk this distance, keeping track of 


your steps. Count every other step. Divide this number by 6. This is your 
pace count per 100 meters. 


What is the pace count per 100 meters for the average Marine? 


a. 55 paces C; 75 paces 
b. 70 paces d. 60 paces 


If a Marine has a pace count of 64 and he has to travel 250 meters, how many 
paces should he take? 


a. 160 C: 150 
b. 144 d. 172 
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Given the illustration below, select the correct steering mark. 


53. 
a. A 
b. B 
54. Listed below, 


© 


in scrambled order, are the steps for following a compass azimuth 


during the day. In which sequence should the steps be taken? 


(1) 
(2) 
(3) 
(4) 
(5) 


(6) 


Close your compass and step off. 

Periodically spot check your azimuth. 

Shoot the azimuth using the compass-to-cheek method. 

Recheck your azimuth. 

When you arrive at your steering mark, repeat the process until you 
arrive at your objective 

Choose a steering mark using the sighting slot and the sighting 
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3D. 


56. 


Dlg 


58. 


Which of the following is the correct definition for the term “dead-reckoning”? 


a. Dead-reckoning is a means of navigating using only pace counts and 
azimuths. 
b. Dead-reckoning is a means of navigating by associating the graphic 


representation of terrain on a map with the terrain on the ground. A 

compass is not used. 

Dead-reckoning is a means of navigating at night using the stars. 

d. Dead-reckoning is used as a supplemental means of navigating when you 
are unsure of the reliability of your compass. 


© 


Listed below, in scrambled order, are the steps for setting a lensatic compass for 
night use. In which sequence should the steps be taken? 


(1) Step off in the desired direction by using either the two luminous 
dots as guides or by using steering marks. 
(2) Rotate the bezel ring until the short luminous line is over the black 
index line. 
(3) Hold your compass in the centerhold position. Rotate your body 
until the north seeking arrow is under the short luminous line. 
(4) Divide the azimuth by 3. 
(5) Rotate the bezel ring the desired number of clicks in the 
appropriate direction. 
a. 2,. dg 4.31 C. Ai, By Sp 1 
b. 24S, 35/1 d. Ai 3.25351 
How many clicks and in what direction should you move the bezel ring if you 
need to follow a magnetic azimuth of 97° at night? 


89 clicks clockwise 

32 clicks counterclockwise 

32 clicks clockwise 

32 1/3 clicks counterclockwise 


BoP 


What impact does rainy weather have on your mission? 


a. It will force you to cancel planned artillery missions. 
It will have no effect on your mission. 

ce It will help to mask your movement from the enemy. It may decrease 
your visibility and ability to identify distant terrain features. 

d. It will tax the endurance of your unit due to the weight of the extra wet 


weather gear they will have to carry. It may also mask the true shape of 
the surrounding terrain. 
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59. 


60. 


61. 


62. 


The factors that have an impact on your unit’s march rate are terrain, weather, 
distance to be traveled, time allowed, 


type of prior reconnaissance, and the physical condition of your Marines. 
likelihood of enemy contact, weight to be carried, and the physical 
condition of your Marines. 

weight to be carried, condition of the roads, and how accurately you have 
plotted your checkpoints. 

amount of prior reconnaissance, and how accurately you have plotted your 
starting point. 


What are the four types of reconnaissance you can make to gather information for 
your navigational planning? 


Bore 


Aerial, photo, ground, and map reconnaissance 
Area, point, map, and photo reconnaissance 
Overlook, aerial, map, and area reconnaissance 
Point, photo, overlook, and map reconnaissance 


Listed below, in scrambled order, are the steps for selecting the route that is best 
suited for your mission. In which sequence should the steps be taken? 


a. 
b. 


(1) Study and evaluate the terrain. 

(2) Connect these points with straight-line segments and determine the 
magnetic azimuths and distances of each leg. 

(3) Select your general route. 

(4) Locate and plot your starting point. 

(5) Select the checkpoints you will use along this general route. 

(6) Plot known and suspect enemy positions and obstacles. 


Il, Oy As 3255: Gi AO, S505 2 
3, 4, 1,5, 6,2 d. 1,4,3, 6,552 


What are the three types of checkpoints? 


Boe f 


Line, point, and combination 
Manmade, natural, and imaginary 
Linear, manmade, and combination 
Natural, point, and area 


63. 


What are the characteristics of point checkpoints? 


a. They are specific locations on the map as indicated by exact grid 
coordinates, unlike area checkpoints which indicate a generalized location. 
They can be buildings, intersections, or streams. 

b. They are specific man-made features, such as buildings or towers. They 
cover a small area on the ground and thus may be easy to miss, though 
they will indicate your exact location. 


C: They are specific natural terrain features, such as fingers or draws. They 
indicate your exact location on the ground. 
d. They are specific objects or terrain features that will indicate your exact 
location. They cover a small area on the ground and thus may be easy to 
miss. 


Item 64 refers to the situation that follows. Read the situation carefully. Then answer the item. 


Situation: You are located at grid coordinate 542982. Your next checkpoint is the 
windmill located at 552992 just south of the stream intersection (you will have to look 
closely at the map to see the windmill). You decide that you want to use the deliberate 
offset technique to get to the checkpoint. 


64. 


65. 


What magnetic azimuth should you shoot? 


a. 45° ie 50° 
b. 60° d. 25° 


What is the first consideration you must make before you depart the friendly 
lines? 


a. Ensure your point man has the azimuth for each leg memorized. 

b. Make final liaison with your platoon commander concerning checkpoints 
and on-call targets. 

c. Ensure you begin navigating from the exact location you have preplanned 
as your starting point. 

d. Check your compass for serviceability. 
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The LCM will have every factor as many times as each denominator has that factor. No doubt 
this all seems very abstract so let's look at some examples! 


Example: Find the LCM of and combine the fractions}, + andy ‘ 


Denominators Prime factors 
3 3 
4 2*2 
9 3*3 


Count the number of times each factor appears in any denominator. 


Factor: Times it appears 
3 1 
Zoo 
at 2 


The LCM needs to have 3 twice and two twice or 3 times 3 times 2 times 2. This allows each 
denominator to divide into the LCM evenly with no remainder. The factors of the LCM are thus 
2 * 2 * 3 * 3 and the LCM is 36. Now, you can convert each fraction to an equivalent fraction 
with a denominator of 36. Multiply both the numerator and denominator by the LCM. 


Therefore: 
[x12 _ 12 . | ee 6 
3x12 — 36 OT 65 = 36 


ded _ 9 
4x9 ~ 36 
1x4 4 
9x4 ~ 36 
If we wished to add the fractions, we would have + Se + +4= eH = 4 


You will use the same process for converting literal fractions as you do for numerical fractions. 
Look over the example on the following page. 


Item 66 refers to the situation that follows. Read the situation carefully, then answer the item. 


Situation: While on patrol, you become disoriented. You are currently on a finger. 
There is a tower to your front and a bridge over a stream to your right, both of which you 
can locate on your map. 


66. 


67. 


68. 


69. 


What actions should you take to find your location? 


a. Do a one-point resection using the bridge since it is a combination of a 
point and linear checkpoint. 
Do a two-point resection using the tower and bridge. 


os Go to the top of the hill to get a better view of the surrounding terrain. 
Then use terrain association to find your own location. 

d. Call a fire mission on the bridge to ensure that it is the one you have 
located on your map. Then do a two-point resection using the bridge and 
the tower. 


Which member of the navigational team is responsible for selecting steering 
marks, verifying checkpoints, and making recommendations of changes to the 
patrol route? 


a. Patrol leader on Point man 
b. Navigator d. Pacer 


How is the North Star found using the Big Dipper? 
a. Use the two stars that form the outside of the cup as pointers. The North 


Star is located five times the distance between the pointer stars. 
The North Star is the star that forms the lip of the cup. 


ic, Use the two stars at the end of the handle as pointer stars. The North Star 
is located four times the distance between the pointer stars. 

d. Use the two stars that form the outside of the cup as pointer stars. These 
stars point to the Big W. The North Star is just on the other side of the 
Big W. 


How is due south located using the Southern Cross? 


a. Due south is located in the middle of the “coalsack,” which lies in the 
middle of the Southern Cross. 

b. Due south is located 15 mils to the east to the east of the Southern Cross, 
at a point that is on line with the arms of the cross. 

Ci Due south is located at a point four and a half times the length of the 
Southern Cross in an area known as the “coalsack.” 

d. Use the arms of the cross as pointer stars. Due south is located five times 


the distance between the pointer stars. It lies between two “level 4 
magnitude” stars. 


70. 


al 
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What is the difference between the Southern Cross and the False Cross? 


The stars of the False Cross are closer together and brighter than the stars 
of the Southern Cross. 

The False Cross consists of five stars while the Southern Cross has four 
stars. 

The stars of the False Cross are farther apart and dimmer than the stars of 
the Southern Cross. 

The stars of the False Cross are dimmer and closer together than the stars 
of the Southern Cross. 


Listed below, in scrambled order, are the steps for finding direction using the 
overhead star method. In which sequence should the steps be taken? 


a. 
b. 


(1) Observe the direction of movement of the star, which will move 
from east to west. 

(2) Put a two-foot long stick in the ground at a slight angle from the 
vertical. 

(3) Line up you eye and the end of the stick with an overhead star. 

(4). Lie down with your face upward and one eye directly under the top 
of the stick. 

Ly aed 1, 3,4, 2 

21, 34 d. 2A gy 


Listed below, in scrambled order, are the steps for finding direction using the 
shortest shadow method. In which sequence should the steps be taken? 


(1) Mark the point on the curved line that is closest to the stick. 

(2) Periodically mark the ground where the end of the stick’s shadow 
falls until the shadow begins to lengthen. 

(3) Place a 3-foot long stick in the ground, ensuring that it is vertical. 
(Do this well before noon.) 

(4) Draw a curved line connecting all points. 

(5) Draw a straight line from this mark to the stick to mark the north- 

south line. 
i Pee ae es at on ae 
3, 1; 5,.2;4 Dy2 
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74. 


75. 


76. 


Ti. 


78. 


Listed below, in scrambled order, are the steps for navigating using natural 
means. In which sequence should the steps be taken? 


(1) Plan your route. 
(2) Prepare your map. 
(3) Update your map. 
(4) Determine your destination. 
(5) Begin navigating. 

a. 2,4 
13 


1 c. 42s Dydd 
b. Mee 2,1 5 


3 Sik 
? 4 d. ed 4, 35 
The Precision Light Weight Global Positioning System receiver (PLGR) is best 
described as a 


a. KYK-13/KO1 device that is filled with unsecured data. 
; hand-held device used to navigate using the stars as a guide. 
c: hand-held, space-based navigational and timing satellite signaling 
navigation set. 
d. hand-held, KYK-13/KO1 device that is used to aid in navigation using the 
North Star. 


How often should the memory battery be changed? 


a. Annually Ci Monthly 
b. Bi-annually d. Bi-weekly 


The two types of connectors used to receive external power are 


AC and DC cables 

AC cable and DC connector 
MEP-3 and PP-6614 

Generator and power supply cables 


aoe 


Which mode is utilized when entering numerical data into the PLGR? 


a. Operation Ci Waypoint 
b. Numeric d. Control 


Which key is pressed to toggle between the control and numeric modes? 


a. MARK c. NUM LOCK 
b. MENU d. CLR 
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80. 


81. 


82. 


83. 


84. 


85. 


In which mode will the PLGR not navigate? 


a. NAV Cc. CONT 
b. Self-Test d. WAYPOINT 


Which of the following is tested during the self-test? 


a. RAM Ce DOS 
b. Memory d. PRS-SMM 


Which communication device is most often used to load crypto fills into the 
PLGR? 


a KYK-13 C; CZY-10 

b. KOI-18 d. PLGR 

When utilizing the Selective Availability operation satellites periodically transmit 
data. 

a. true Cc: navigational 

b. crypto d. false 


During PLGR initialization, which field from the setup menu does the operator 
select? 


a. MENU C. CLR 
b. WP d. INIT 


A waypoint is best defined as 


three known locations used to find coordinates with triangulation. 
the track traveled by satellites while in your constellation. 

a point on the route to the desired destination. 

a leg in a series of legs intended to keep the navigator on course. 


aoe 


Which of the following best describes a waypoint label? 


10-digit grid coordinate 
10-character alphanumeric identifier 
8-digit grid coordinate 

Closest satellite 


Bose, 
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Review Lesson Solutions 


Reference 
1. Cc 1101d 
2. b 1102 
3. d 1103 
4. Cc 1103b 
5. a 1103 
6. a 1202b 
7. d 1202d 
8. Cc 1206 
9. c 2102c 
10. b 2104 
11. a 2105 
12: d 2107 
13. Cc 2201c 
14. b 2201c 
15. d 2202 
16. a 2203 
17. a 2204 
18. a 2205a 
19. c 2202 
20. b 2205b 
21 d 2205c 
22 Cc 3101d 
23. Cc 3101g 
24. b 3101c 
25. b 3201d 
26. b 3201b 
27. a 3201c 
28. a 3201c 
29. a 3302a 
30. c 3302b 
31. a 3302b 
32. c 4101 
33. a 4101 
34, Cc 4101 
35. d 4101 
36. b 4101 
37. a 4101 
38. b 4102b 
39. d 4102b 
AO. b 4103a 
Al. Cc 4103b 
42. Cc 4103c 
43, d 4201a 
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Review Lesson Solutions continued 


Reference 
44. a 4202a 
45. c 4202b 
46. Cc 4202c 
47. a 4301 
48. d 4302 
49. b 4303 
50. c 4401a 
51. d 4401a 
52. a 4401c 
53. e 4402c 
54. Cc 4403 
55. a 4502 
56. b 4601b 
57. b 4601a 
58. Cc 5104b 
59. b 5106a 
60. a 5202 
6l. c 5204g 
62. a 5204 
63. d 5204b 
64. a 5204e 
65. c 5301 
66. b 5303c 
67. b 5305a 
68. a 6102a 
69. Cc 6102b 
70. Cc 6102b 
71. d 6102c 
72. d 6103b 
73. a 6203 
74. Cc 7101 
Ts a 7104 
76. a 7102 
77. b 7106 
78. Cc 7106 
79. b 7201 
80. a 7201 
81. a 7203 
82. d 7203 
83. d 7204 
84. c 7205 
85. b 7205 
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Note: | You must bring the Margarita Peak map and the GTA 5-2-12, 1981 protractor to 
the final examination. THIS IS THE ONLY REFERENCE MATERIAL YOU 
MAY USE WHILE TAKING THIS FINAL EXAMINATION. 
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Example: ee ae 
XY > x29 2 
Denominators Prime factors 
ay x*y 
x2 XRX 
xy” x*¥yxy 


LCM=xx*xxyxy=x’y? 
All fractions converted 


a A¥X*Y axy 


re CX cx 
= XXKVR — 
xy2 — XeXKVEY ~ y2y2 


Try the following challenge to make equivalent fractions with the lowest common denominators. 
This challenge will reinforce your knowledge in this area. 


Check your work to ensure your answers are correct. If they are correct, you may continue. If 
not, review paragraph 2106 before continuing. 
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Contents of a Map 


Marginal Information 


Maps are considered equipment. Before you use it you must read the 
instructions. These instructions are on the outer edges of the map and 
are called marginal information. All maps are different so examine the 
marginal information on each map carefully. 


Marginal information includes the following (numbers in parenthesis 
correspond to the map numbers on the next page): 


(1) Sheet Name 

(2) | Sheet Number 

(3) Series Name 

(4) = Scale 

(5) Series Number 

(6) Edition Number 

(7) Index to Boundaries 

(8) Adjoining Sheets Diagram 
(9) — Elevation Guide 

(10) Declination Diagram 
(11) Bar Scales 

(12) Contour Interval Note 
(13) Spheroid Note 

(14) Grid Note 

(15) Projection Note 

(16) Vertical Datum Note 
(17) Horizontal Datum Note 
(18) Control Note 

(19) Preparation Note 

(20) Printing Note 

(21) Grid Reference Box 

(22) Unit Imprint and Symbol 
(23) Legend 

(24) Special Notes 

(25) User's Note 

(26) Stock Number Identification 
(27) Conversion Graph 


Colors On A Map 


Black: Indicates manmade features, such as buildings and roads. 


Blue: Identifies hydrographic or water features, such as lakes, swamps, 
rivers, and drainage. 


Green: Identifies vegetation with military significance, such as woods 
and orchards. 


Reddish-brown: On newer maps, red and brown have been combined to 
identify all cultural features and elevation. This color is easier to see 
while using a red lens flashlight. 


Brown: Identifies all relief features and elevations, such as contour 


Red: Classifies cultural features, such as populated areas, main roads, 
and boundaries. 


Other: Occasionally other colors may be used to show special 
information. These are indicated in the marginal information as a rule. 
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Grid System 


Gridlines are a series of straight lines intersected to form a series of 
squares. Two digits are printed in large type at each end of the grid- 
lines. These numbers will be the main reference for finding your grid 
or location. 


e Vertical grid lines run from top to bottom of the map sheet. Grid 
north/south. 


¢ Horizontal grid lines run left to right of the map sheet. Grid 
west/east. 


How to Read a Grid 
The designation of a certain point or grid is always based on this 


principal. Read right then up. Always read right on the vertical grid 
lines, and then up on the horizontal grid lines. 


r 


Read Right —» And Up 


4-, 6-, and 8-Digit Grid 


The 4-digit grid is broken down by reading right on the vertical grid 
lines until you come to the first two numbers of the grid. Then read up 
on the horizontal grid lines until you reach the second two numbers of 
the grid. The grid square you will be looking at will be the top right 
square from the intersection of the two points. 


Read Right — And Up f 


123456789 
06 07 08 09 
Right=07  _ 
Up=89 = 0789 


The 6-digit grid begins the same as the 4-digit grid. Then break the 
grid square down into 10 sections. The 3" number will be read right 
and the 6'" number will be read up. 
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The 8-digit grid begins the same as both 4- and 6-digit grids. Using the 
grid square divided in ten parts, you then divide it even farther. The 4"" 
number will be read right and estimated. The 8"" number will be read 
up and estimated. 
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Use of the Coordinate Scale 


To use the coordinate scale for determining grid coordinates, make sure 
that the appropriate scale is being used on the corresponding map and 
the scale is right side up, 1:25,000/ 1:50,000/ 1:100,000. 
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(Solutions) 


(a) 
34 3 
4° 5°97 
oe ee 
= 49 523 
AS 48 2 
60° 60° 6( 


2107. Mixed Numbers and Improper Fractions 


18 21 Ie 


24> 24> 2 


You will also find when dealing with electronic equations that you must convert mixed numbers 
to equivalent improper fractions. If you treat the mixed number as two fractions and convert to 
like fractions over a common denominator, all you have to do is add them. Look at the example 
provided showing a mixed number converted to an equivalent improper fraction. 


Example: 54 
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Placing the scale with the zero-zero point at the lower left corner of the 
grid square. Keeping the horizontal line of the scale directly on top of 
the east-west grid line, slide it to the right until the vertical line of the 
scale touches the point for the desired coordinates. 
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Distance and Direction 


Once you find a point on a map, you need to find out what the distance 
is from point A to point B. The direction is also needed. 


How to Use Scales 


The numerical scale of a map indicates the relationship of distance 
measured on a map and the corresponding distance on the ground. One 
inch on the map determines either 25,000/ 50,000/ or 100,000 inches on 
actual ground. 


Extension Scale Primary Scale 


Below is an example of a bar scale. 


BAR SCALES 
Scale 1:50,000 
Meters 1000 500 0 1 2 3 4 5 Kilometers 
1 1/2 0 1 2 3 Statute miles 
1 1/2 0 fl 2 3 Nautical miles 
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Measuring Straight-line Distance: 
To determine straight-line distance between two points on a map, lay a 
straight-edged piece of paper on the map so that the edge of the paper 


touches both points and extends past them. Make a tick mark on the 
edge of the paper at each point. 


Pst 
mm SY 


n Ae 7 
iE: 
CLL i 
si 


oa Sa < se iB 


a 

* 

: 

a ri IeR 


—_ ous 


Nik = NOTE: When measuring distance, use center mass of se orobject ; 


To convert the map distance to ground distance, move the paper down 
to the graphic bar scale, and align the right tick mark (b) with a printed 
number in the primary scale so that the left tick mark (a) is in the 
extension scale. 


Scale 1:50,000 


Meters 1000 500 0 


DISTANDCE OF 3 KILOMETERS, 950 METERS 


(a) (3,950 METERS) 
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Measuring Curved-line Distance: 


To measure distance along a winding road, stream, or other curved line, 
the straight edge of a piece of paper is used. Place a tick mark on the 
paper and map at the beginning point from which the curved line is to 
be measured. Align the edge of the paper along a straight portion and 
make a tick mark on both map and paper when the edge of the paper 
leaves the straight portion of the line being measured. 


fo OVFINI 


ys 


SH P POINT | PY 


9 vie) RY A 
a) 


STARTING POINT 
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Keeping both tick marks together (on paper and map), place the point 
of the pencil close to the edge of the paper on the tick mark to hold it in 
place and pivot the paper until another straight portion of the curved 
line is aligned with the edge of the paper. Continue in this manner until 
the measurement is completed. 


Bera peace 
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When you have completed measuring the distance, move the paper to 
the graphic scale to determine the ground distance. The only tick 
marks you will be measuring the distance between are tick marks (a) 
and (b). The tick marks in between are not used. 


Scale 1:50,000 


Meters 1000 500 


DISTANCE OF 3 KILOMETERS, 950 METERS 
(3,950 METERS) 
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Different Types of North 


True North is a line from any point on the earth surface to the North 
Pole. All lines of longitude are true north lines. A star usually 
represents true north. 


Magnetic North is the direction to the north magnetic pole, as indicated 
by the north-seeking needle or a magnetic instrument. A line ending 
with a half arrowhead usually symbolizes magnetic north. Magnetic 
readings are obtained with magnetic instruments, such as lensatic and 
M2 compasses. 


Grid North is the north that is established by using the vertical grid 
lines on the map. The letters GN or the letter y may symbolize grid 
north. 


Magnetic 
North 
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Unde rstanding the Declination Diagram/G-M Angle 


Declination Diagram: Declination is the angular difference between 
true north and either magnetic or grid north. There are two 
declinations, a magnetic declination and a grid declination. The 
declination diagram shows the angular relationship, represented by 
prongs, among these three norths. 


G-M Angle (Grid-Magnetic Angle): The G-M angle value is the 


angular size that exists between grid north and magnetic north and the 
year it was prepared. This value is expressed to the nearest 1/2 degree, 
with mil equivalents shown to the nearest 10 mils. The G-M angle is 
important to you, the map reader/land navigator, because it will affect 
the accuracy of navigation skills in the field. 


G-M Conversion: There is an angular difference between the grid 
north and the magnetic north that is caused by the attraction of the 
earth's magnetic field (Northern Canada) on all compasses. Since the 
location of this magnetic field does not correspond exactly with the 
grid-north lines on the maps, a conversion from magnetic to grid or 
vice versa is needed. Simply refer to the conversion notes that appear 
in conjunction with the diagram explaining the use of the G-M angle. 
One note provides instructions for converting magnetic azimuth to grid 
azimuth, the other, for converting grid azimuth to magnetic azimuth. 
The conversion (add or subtract) is governed by the direction of the 
magnetic-north prong relative to that of the north-grid prong. 
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Elevation and Relief 


Terrain Features 


Hill 


Saddle / 
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Try the following challenge converting mixed numbers to improper fractions. This challenge will 
reinforce your knowledge in this area. 


Check your answers to make sure they are correct. If they match the responses below, you are 
correct, and may continue. If not, review paragraph 2107 before continuing. 


(Solutions) 
(a) (b) (c) 
it a 5 
1033 4% 8 6 
i_ 107 By eh et ag: SO : 
6 1*6T € 
130 , 
=o _ 3247 _ 3! _ 48 , 5 
13 13 ="3.=% = e+ 
— 130+11 _ 143 3 et age — 4845 _ 53 
13 13 8 8 ie 


2108. Improper Fractions to Mixed Numbers 


Now that you have mastered changing mixed numbers to improper fractions, we will cover the 
inverse operation. You will learn to perform long division using whole numbers. If you 
remember back in Study Unit 1, lesson 4, solving polynomial equations can be more difficult. The 
steps you must take will be to divide the numerator by the denominator. The even number of 
times the denominator goes into the numerator becomes the whole number. 
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Cut/Fill 
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Gentle Slope 
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Concave Slope 
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Terrain features do not normally stand-alone. To understand how 
various terrain features are depicted on a map by contour lines, 
carefully examine the illustration below: 


| 

! 
\ 
\ 
\ 


- 


1. Hill 3. Ridge 5. Depression 7. Spur 9. Cut 
2. Valley 4.Saddle 6.Draw 8.Cliff 10.Fill 


Contour Lines 


Contour lines are the most common method of showing relief and 
elevation on a standard topographic map. A contour line represents an 
imaginary line on the ground, above or below sea level. All points on 
the contour line are at the same elevation. The elevation represented by 
contour lines is the vertical distance above or below sea level. The 
three types of contour lines used on a standard topographic map are as 
follows: 


Index: Starting at zero elevation or mean sea level, every fifth contour 
line is a heavier line. These are known as index contour lines. 
Normally, each index contour line is numbered at some point. This 
number is the elevation of that line. 
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Intermediate: The contour lines falling between the index contour lines 
are called intermediate contour lines. These lines are finer and do not 
have their elevations given. There are normally four intermediate 
contour lines between index contour lines. 


Supplementary: These contour lines resemble dashes. They show 
sudden changes in elevation of at least one-half the contour interval. 


Contour Interval 


Before the elevation of any point on the map can be determined, you 
must know the contour interval for the map you are using. The contour 
interval measurement given in the marginal information is the vertical 
distance between adjacent contour lines. To determine the elevation of 
a point on the map, find the numbered index contour line nearest the 
point you are trying to determine. Then determine if your point is 
higher or lower elevation than the index contour line. Once that is 
established, you can count the number of contours higher or lower and, 
by referencing the marginal data, be able to get your actual elevation. 
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Lensatic Compass 


Description/Nomenclature 
-Description 


Compasses are the primary navigation tools to use when moving in an 
outdoor world where there is no other way to find directions. The 
lensatic compass is the most common and simplest instrument for 
measuring direction. 


-Nomenclature 


The lensatic compass consists of three major parts: cover, base, and 
lens. These three major components can be broken down even further. 


__ Luminous 


Co Sighting Dots 


Fixed Black 
Index Line 


Short Luminous 


Li 
ine Luminous Magnetic Arrow 
Base 
Floating Dial 
Graduated : 
Sraight Edge Bezel Ring 


Short Luminous Line 


When the compass is opened, the left side is a graduated coordinate 
scale. In newer compasses, this scale is 1:50,000 and in older 
compasses it is 1:25,000. Be sure to check the scale before using it. 


eG 


Handling the Lensatic Compass 


Compasses are delicate instruments and should be cared for 
accordingly. A detailed inspection is required when first obtaining and 
using a compass. One of the most important parts to check is the 
floating dial, which contains the magnetic needle. You must also make 
sure the sighting wire is straight, the glass and crystal parts are not 
broken, the numbers on the dial are readable, and most important, that 
the compass does not stick. 


Metal objects and electrical sources can affect the performance of a 
compass. However, nonmagnetic metals and alloys do not affect 
compass readings. The following are suggested as approximate safe 
distances to ensure its proper functioning: 


High-tension power lines... eceseseeseeeeseeseseseeteneeeeeeeeees 55 meters 
Field gun, truck, or tank... ceeeesseseeeeeeteeeeeeteteneneeeenens 10 meters 
Telegraph or telephone wires and barbed wire .................. 10 meters 


Machine stints .aveccsrneetn tic cueeccsvedietechins .. 2 meters 
Steel helmet or rifle 1% meter 


Note: Compass in good working condition is very accurate. However, 
a compass has to be checked periodically on a known line of 
direction, such as a surveyed azimuth using a declination station. 
Compasses with more than 3 degrees + variation should not be 
used. If traveling with the compass unfolded, make sure the rear 
sight is fully folded down onto the bezel ring. This will lock the 
floating dial and prevent vibration, as well as protect the crystal 
and rear sight from damage. 
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Using the Lensatic Compass 


Center-hold Technique - To find directions or azimuths with a compass 
there are several techniques you can use. The first technique is the 
center-hold technique. 


with the base. 
Move the lens (rear sight) to the rear most position, allowing the dial 
a er 


Place your thumb through the thumb loop, form a steady base with 
your third and fourth fingers, and extend your index finger along the 
side of the compass. 

Place the thumb of the other hand between the lens (rear sight) and 


the bezel ring; extend the index finger along the remaining side of the 
compass, and the remaining fingers around the fingers of the other 
hand. 


Pull your elbows firmly into your sides; this will place the compass 
between your chin and your belt. 


To measure an azimuth, simply turn your entire body toward the 
object, pointing the compass cover directly at the object. Once you 
are pointing at the object, look down and read the azimuth from 
beneath the fixed black index line. 


Advantages: 

e It is faster and easier to use. 

e It can be used under all conditions of visibility. 

e It can be used when navigating over any type of terrain. 

e It can be used without putting down the rifle; however, the rifle must 
be slung well back over either shoulder. 

It can be used without removing the steel helmet or eyeglasses. 


The remainder becomes the fractional part of the mixed number. Look at the examples on how to 
convert mixed numbers. 


Example: 
(a) 


qT 
3 


al(7 = 5 with a remainder of 2 


= 54 


(b) 
a2+1 
oo at+2 
a-2Aa2+0at+1 
a? —2a 
2a+1 
2a—4 
5 
=at2+25 


Try out the following challenge converting improper fractions to mixed numbers. This challenge 
will reinforce your knowledge in this area. 
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The Compass-To-Cheek Technique - Fold the cover of the compass 
containing the sighting wire to a vertical position; then fold the rear 
sight slightly forward. Look through the rear-sight slot and align the 
front-sight hairline with the desired object in the distance. Then glance 
down at the dial through the eye lens to read the azimuth. 
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Orientating a Map Using the Lensatic Compass 


A map is oriented when it is in a horizontal position with its north and 
south corresponding to the north and south on the ground. When 
orienting a map with a compass remember that the compass measures 
magnetic azimuths, therefore, you need to pay special attention to the 
declination diagram. 


Use the following techniques to orient your map: 


First Technique: 


e Determine the direction of the declination and its value from the 
declination diagram. 


e With the map in a horizontal position, take the straightedge on the 
left side of the compass and place it alongside the north-south grid 
line with the cover of the compass pointing toward the top of the 
map. This will place the fixed black index line of the compass 
parallel to north-south grid lines of the map. 


¢ Keeping the compass aligned as directed above, rotate the map and 
compass together until the magnetic arrow is below the fixed black 
index line on the compass. At this time, the map is close to being 
oriented. 


¢ Rotate the map and compass in the direction of the declination 
diagram. 
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Ensure that the magnetic north arrow on your compass is the exact 
same degree left or right of the grid north as it shows in the declination 
diagram on the map that you are using. 
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Second Technique: 


A map can also be oriented with a compass using the following 
techniques. 


e Determine the direction of the declination and its value from the 
declination diagram. 


e Using any north-south grid line on the map as a base, draw a 
magnetic azimuth equal to the GM angle given in the declination 
diagram with the protractor. 


e If the declination is easterly (right) or westerly (left), the drawn line 
is equal to the value of the GM angle. Then align the straightedge, 
which is on the left side of the compass, alongside the drawn line on 
the map. Rotate the map and compass until the magnetic arrow of 
the compass is below the fixed black index line. The map is now 
oriented. 
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Using a Lensatic Compass to Navigate 


Finding an Azimuth 


An azimuth is defined as a horizontal angle measured clockwise from a 
north base line. This north base line could be true north, magnetic 
north, or grid north. 


When using an azimuth, the point from which the azimuth originates is 
the center of an imaginary circle. This circle is divided into 360 
degrees. 


ES, 


Back Azimuth - A back azimuth is the opposite direction of an azimuth. 
It is comparable to doing an "about face." To obtain a back azimuth 
from an azimuth, add 180 degrees if the azimuth is 180 degrees or less; 
or subtract 180 degrees if the azimuth is 180 degrees or more. The 
back azimuth of 180 degrees may be stated as 0 degrees or 360 degrees. 


You should be careful when converting azimuths into back azimuths, as 
a mistake could be disastrous. 


Azimuth + Back Azimuth 


35° +180° 215° 
337° -180° = 157° 


When an azimuth is plotted on a map between point A (starting point) 

and point B (ending point), the points are joined together by a straight 
line. A protractor is used to measure the angle between grid north and 
the drawn line, and this measured azimuth is the grid azimuth. 


Remember you are measuring from a starting point to an ending point. 
If your reading is taken from the ending point, the grid azimuth will be 
opposite and the user will go in the wrong direction. 
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Although there are several types of protractors, such as the GTA 5-2 
1947 or the GTA 5-2-12, 1981, they share similar characteristics. The 
index mark is the center of the protractor. On the outer edge are two 
scales, one in degrees and one in mils. The degree scale is graduated 
from 0 degrees to 360 degrees. A line from 0 to 180 degrees is called 
the base line. Where the base line intersects the horizontal line, 
between 90 degrees and 270 degrees, is the index or center of the 
protractor. 


When using the protractor, the base line is always oriented parallel to a 


north-south grid line. The 0-degree or 360-degree mark is toward the 
top or north on the map and the 90-degree mark is to the right. 


Base Line vy) 


Degrees 


310 


4 
30000 
METERS 


NOOL 


GTAS-2 1947 8 
DEPARTMENT of the ARMY 
GRAPHIC TRAINING AID 
This GTA Supersedes 
GTA §-2 10 1980 
This COORDINATE SCALE 
AND PROTRACTOR 
Headquarters, Department of 
the Army 
OUTER SCALE MILS 
INNER SCALE DEGREES 


ss 


Mils 


ras 


© 0123456789 1000 


1000 987654321 


1000 


10000 


SZ OZ SHE OLL SOL OOLS6 06 SB OB SZ OL SO O09 


9 


1 1 
25,000 250,00 


re 


1 


100,000 
METERS 


202469 100 
23465 6 


1000 96 4 2 


B24) 33> 2: E00 8 


fP 230 235 240 245 250 255260 265270 275 280285 290 295 300 305 


O2Z GtZ OZ GOZ Oe SEL OGL SBLOBLSZt OLE SOLO9F SSt OSL Sri Opt 


A 
Accel cacl culated) 


37 


To determine the grid azimuth: 


Draw a line connecting the two points (A&B). 

e Place the index of the protractor at the point where the drawn line 
crosses a vertical (north-south) grid line. 

e Keeping the index at this point, align the 0°- 180° line of the 

protractor on the vertical grid line. 


Read the value of the angle from the scale; this is the grid azimuth 
from point A to point B. 


To plot an azimuth from a known point on a map: 


e Place the protractor on the map with the index mark at the center of 
mass of the known point and the 0°- 180° base line parallel to a north- 
south grid line. 

e¢ Make a mark on the map at the desired azimuth. 


¢ Remove the protractor and draw a line connecting the known point 
and the mark on the map. This is the grid direction line. 


Note: If the azimuth given is magnetic, it must be converted to grid. 
Also the azimuth will be to the nearest 1/2 degree and that 
distance has no affect on the azimuth. 
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Check your work to ensure your answers are correct and if they match the following responses. 
If they are correct, please continue. If not, review paragraph 2108 before continuing. 


(Solutions) 
(a) (b) (c) 
39 123 2x2-5 
4 5 2. 
» = 93 13 = 243 2x+4 
x—2 2x? +0x—5 
2x* —4x 
4x-5 
4x-8 
3 
=2x4444 


Lesson Summary. You have completed lesson 1 of Study Unit 2. In this lesson you learned the 
processes of factoring whole numbers, monomials, binomial, trinomials, and polynomials. You 
learned to factor polynomial squares. You learned to factor expressions that are the product of 
two binomials (the sum, the difference, or the sum and difference of two binomial terms). You 
learned to reduce any given fraction to its simplest form/term. You learned, when given two or 
more fractions, to convert them to equivalent fractions having a common denominator by finding 
the lowest common multiple of the original denominator. You learned to convert mixed numbers 
to equivalent improper fractions and back by manipulating the denominators and numerators. In 
the next lesson, you will learn how to add and subtract fractions. Before you continue on to the 
next lesson, you need to complete the lesson exercise. The lesson exercise will serve as a 
measuring device and it will also point out those items that you need to review before you take 
the study unit exercise. Concentrate on each item carefully. 
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Bypassing Obstacles 


To bypass enemy positions or obstacles and still stay oriented, detour 
the obstacle by moving at right angles for specified distances. For 
example, while moving on an azimuth of 90°, change your azimuth to 
180° and travel for 100 meters; change your azimuth to 90° and travel 
for 150 meters; change your azimuth to 360° and travel for 100 meters; 
then change your azimuth to 90° and you are back on your original 
azimu th line. 


Bypassing an unexpected obstacle at night is a fairly simple matter. To 
make a 90-degree turn to the right, hold the compass in the center-hold 
technique; turn until the center of the luminous letter E is under the 
luminous line (do not move the bezel ring). To make a 90-degree turn 
to the left, turn until the center of the luminous letter W is under the 
luminous line. This does not require changing the compass setting 
bezel ring), and it ensures accurate 90-degree turns. 


090° 
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Deliberate Offset 


A deliberate offset is a planned magnetic deviation to the right or left of 
an azimuth to an objective. Use it when the objective is located along 
or in the vicinity of a linear feature such as a road, stream, and so forth. 
Because of errors in the compass or in map reading, the linear feature 
may be reached without knowing whether the objective lies to the right 
or left. A deliberate offset by a known number of degrees in a known 
direction compensates for possible errors and ensures that upon 
reaching the linear feature, the user knows whether to go right or left to 
reach the objective. Ten degrees is an adequate offset for most tactical 
uses. Each degree offset will move the course about 18 meters to the 
right or left for each 1,000 meters traveled. 


For example, in the picture shown below the number of degrees offset 
is 10. If the distanced traveled to "x" is 1,000 meters, then "x" is 
located about 180 meters to the right of the objective. 
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Determining Your Location by Resection 


Resection is the method of locating one's position on a map by 
determining the grid azimuth to a well-defined location that can be 


pinpointed on the map. For greater accuracy, the desired method of 
resection would be to use three well-defined locations. 


One Point Resection 


A one-point resection is the method of locating one's position on the 


map when the person is located on a linear feature on the ground, such 
as aroad canal stream, etc. The steps are as follows: 


e Orient the map using a compass or by terrain association. 


e Find a distant point that can be identified on the ground and on the 
map. 


e Determine the magnetic azimuth from your location to the distant 
known point. 


e Convert the magnetic azimuth to a grid azimuth. 
e Convert the grid azimuth to a back azimuth. Using a protractor, scale 
the back azimuth on the map from the known position back toward 


your unknown position. 


e Your location is where the line crosses the linear feature. Determine 
the grid coordinates to the desired accuracy. 
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Two Point Resection 
Map and Compass Method: 
e Orient the map using the compass. 


e Identify two or three known distant locations on the ground and 
mark them on the map. 


e Measure the magnetic azimuth to the known position from your 
location using a compass. 


e Convert the magnetic azimuth to a grid azimuth. 


e Convert the grid azimuth to a back azimuth. Using a protractor, 
scale the back azimuth on the map from the known position back 
toward your unknown position. 


e Repeat the steps for a second position and a third position, if 
desired. 


e The intersection of the lines is your location. Determine the grid 
coordinates to the desired accuracy. 
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Straightedge Method: 


When no compass is available, the straightedge method can be used to 
find your position. 


e Orient the map on a flat surface by the terrain association method. 


e Locate at least two known distant locations or prominent features on 
the ground and mark them on the map. 


e Lay a straightedge on the map using a known position as a pivot 
point. Rotate the straightedge until the known position on the map is 
aligned with the known position on the ground. 


e Draw a line along the straightedge away from the known position on 
the ground toward your position. 


e The intersection of the lines on the map is your location. Determine 
the grid coordinates to the desired accuracy. 
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Determining a Distant Location by 
Intersection 


Intersection is the location of an unknown point by successively occupying one, 
two, or preferably three known positions on the ground and then map sighting 
on the unknown locations. It is used to locate distant or inaccessible points or 
objects, such as enemy targets, danger areas, and so forth. There are two 
methods of intersection. 


One Point Intersection 


Used to determine the location of a distant object located on or near a linear 
feature. Complete the steps as follows: 


e From your known position, shoot an azimuth to the distant object. It is 
recommended to use the compass-to-cheek technique. 

e Plot this azimuth on your map using either a compass or a protractor (if you 
use a protractor, don’t forget to convert the magnetic azimuth to a grid 
azimuth). The distant object is located where your plotted azimuth crosses 
the linear feature. 

e If the distant object is not on or near a linear feature, then you must estimate 
the distance between you and the distant object and plot this along your 
plotted azimuth. 


*YOU MUST KNOW YOUR OWN LOCATION TO USE THIS METHOD. 


Known Postion - Veter Tank 
Grid Azimuth » 24° 


> be Crstance - 3,600 
NSS 


Lesson | Exercise: Complete items 1 through 11 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. —_ Integers can be both or negative numbers. 
2. | Two numbers of a set are called an 


3. | Anumber that divided evenly into another number, or integer is called 


4. — Find GCF for the following monomials. 


(a) (b) 
6x°y’ Axy 
DAx*y? 2axy 


5. Factor the following polynomials. If the polynomial cannot be factored over an 
integer, state that the polynomial is prime. 


(a) (b) (c) 


9a*b? + 6a*b* + 2b4 = x +xyty= 6x2 + 7x3 = 
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Two Point Intersection 


Map and Compass Method: 


Orient the map using the compass. 

Locate and mark your position (A) on the map. 

Determine the magnetic azimuth to the unknown position using the 
compass 

Convert the magnetic azimuth to grid azimuth. 

Draw a line on the map from your position on this grid azimuth. 
Move to a second known point (B) and repeat the first five steps. 
The location of the unknown position (C) is where the lines cross on 
the map. Determine eight-digit grid coordinates to the desired 
accuracy. 
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Straightedge Method: 


When a compass is not available, use the straightedge method of 
intersection. 


e Orient the map on a flat surface by the terrain association method. 


e Locate and mark your position on the map. 

e Lay a straightedge on the map with one end at the user's position (A) 
as a pivot point; rotate the straightedge until the unknown point is 
sighted along the edge. 

e Draw a line along the straightedge. 

e Repeat the above steps at position (B) and check for accuracy. 

e The intersection of the lines on the map is the location of the 


unknown point (C). Determine the grid coordinates to the desired 
accuracy. 


Unknown Point ! 
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Land Navigation at Night 


Setting The Compass for Night Land Navigation 


© Rotate the bezel ring until the luminous line is over the fixed black index 
line. 

e Find the desired azimuth and divide it by three. The result is the number of 
clicks that you have to rotate the bezel ring. Remember that the bezel ring 
contains 3-degree intervals (clicks). Sometimes the desired azimuth is not 
exactly divisible by three, causing an option of rounding up or rounding 
down. If the azimuth is rounded up, this causes an increase in the value of 
the azimuth, and the object is to be found on the left. If the azimuth is 
rounded down, this causes a decrease in the value of the azimuth, and the 
object is to be found on the right. 


© Count the desired number of clicks. If the desired azimuth is smaller than 
180°, the number of clicks on the bezel ring should be counted in a 
counterclockwise direction. For example, the desired azimuth is 51°. 
Desired azimuth is 51° + 3 = 17 clicks counterclockwise. If the desired 
azimuth is larger than 180°, subtract the number of degrees from 360° and 
divide by 3 to obtain the number of clicks. Count them in a clockwise 


direction. For example, the desired azimuth is 330°. 
360° - 330° = 30° + 3 = 10 clicks clockwise. 


; 320° 
Fixed black Magnetic arrow__© 
index line floating dial 
Short luminous 


line M0 


7, 
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Following a Compass During Night Land Navigation 


e With the compass preset as described above, assume a center-hold 
technique and rotate your body until the north-seeking arrow is 
aligned with the luminous line on the bezel. Then proceed forward 
in the direction of the front cover's luminous dots, which are aligned 
with the fixed black index line containing the azimuth. 


e When the compass is to be used in darkness, an initial azimuth 
should be set while light is still available, if possible. With the initial 
azimuth as a base, any other azimuth that is a multiple of three can be 
established through the use of the clicking feature of the bezel ring. 
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Land Navigation Using Natural Means 


Direction By Use Of The Stars 


The North Star, also known as the Polar Star or Polaris can be used to 
gain a general direction at night. 


The North Star is less than | degree off true north and does not move 
from its place because the axis of the earth is pointed toward it. The 
North Star is in the group of stars called the Little Dipper. It is the last 
star in the handle of the dipper. Two stars in the Big Dipper are helpful 
in finding the North Star. They are called the Pointers, and an 
imaginary line drawn through them five times their distance points to 
the North Star. There are many stars brighter than the North Star, but 
none is more imp ortant because of its location. However, the North 
Star can only be seen in the northern hemisphere so it cannot serve as a 
guide south of the equator. The farther one goes north, the higher the 
North Star is in the sky. Above latitude 70 degrees, it is too high in the 
sky to be useful. 


* 
* 


ot Big M 
Or W 


North Pole 
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Depending on the star selected for navigation, azimuth checks are 
necessary. A star near the north horizon serves for about 30 minutes. 
When moving south, azimuth checks should be made every 15 minutes. 
When traveling east or west, the difficulty of staying on azimuth is 
caused more by the likelihood of the star climbing too high in the sky 
or losing itself behind the western horizon than it is by the star 
changing direction angle. When this happens, it is necessary to change 
to another guide star. The Southern Cross is the main constellation 
used as a guide south of the equator and the above general directions 
for using north and south stars are reversed. When navigating using the 
stars as guides, the user must know the different constellation shapes 
and their locations throughout the world. 
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Shadow-tip Method 


This simple and accurate method of finding direction by the sun 
consists of four basic steps. 


e Step 1. Place a stick or branch into the ground at a level spot where a 
distinctive shadow will be cast. Mark the shadow tip with a stone, 
twig, or other means. This first shadow mark is always the west 
direction. 


e Step 2. Wait 10 to 15 minutes until the shadow tip moves a few 
inches. Mark the new position of the shadow tip in the same way as 
the first. 


e Step 3. Draw a straight line through the two marks to obtain an 
approximate east-west line. 


e Step 4. Standing with the first mark (west) to your left, the other 
directions are simple; north is to the front, east is to the right, and 
south is behind you. 


A line drawn perpendicular to the east-west line at any point is the 
approximate north-south line. If you are uncertain which direction is 
east and which is west, observe this simple rule: The first shado w-tip 
mark is always in the west direction, everywhere on earth. 
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The shadow-tip method can also be used as a shadow clock to find the 
approximate time of day. 


e To find the time of day, move the stick to the intersection of the east- 
west line and the north-south line, and set it vertically in the ground. 
The west part of the east-west line indicates 0600 hours, and the east 
part is 1800 hours, anywhere on earth, because the basic rule always 
applies. 


e The north-south line now becomes the noon line. The shadow of the 
stick is an hour hand in the shadow clock, and with it you can 
estimate the time using the noon line and the 6 o'clock line as your 
guides. Depending on your location and the season, the shadow may 
move either clockwise or counterclockwise, but this does not alter 
your manner of reading the shadow clock. 


e The shadow clock is not a timepiece in the ordinary sense. It makes 
every day 12 unequal hours long, and always reads 0600 hours at 
sunrise and 1800 hours at sunset. The shadow clock time is closest 
to conventional clock time at midday, but the spacing of the other 
hours compared to conventional time varies somewhat with the 
locality and the date. However, it does provide a satisfactory means 
of telling time in the absence of properly set watches. 


*The shadow-tip system is not intended for use in Polar Regions, which 
the Department of Defense defines as being above 60 degrees latitude 
in either hemisphere. Distressed persons in these areas are advised to 
stay in one place so that search/rescue teams may easily find them. The 
presence and location of all aircraft and ground parties in Polar Regions 
are reported to and checked regularly by governmental or other 
agencies, and any need for help becomes quickly known. 
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Watch Method 


A watch can be used to determine the approximate true north and true 
south. There are different procedures for each temperate zone. 


¢ North Temperate Zone. In the North Temperate Zone only, the hour 
hand is pointed toward the sun. A south line can be found midway 
between the hour hand and 1200 hours, standard time. If on daylight 
saving time, the north-south line is found between the hour hand and 
1300 hours. If there is any doubt as to which end of the line is north, 
remember that the sun is in the east before noon and in the west after 
noon. 


e South Temperate Zones. In the South Temperate Zone the 1200- 
hour dial is pointed toward the sun, and halfway between 1200 hours 
and the hour hand will be a north line. If on daylight saving time, the 
north line lies midway between the hour hand and 1300 hours. 


North Temperate Wy 
Zone =C)= North =@)= 


North 


South Temperate 
Zone 


*The watch method can be in error, especially in the lower latitudes, 
and may cause circling. To avoid this, make a shadow clock and set 
your watch to the time indicated. After traveling for an hour, take 
another shadow-clock reading. Reset your watch if necessary. 
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6. Factor the following polynomials squares. 


(a) (b) (c) 
81x? + 162xy + 81y? x? + 2xy + y? 25a? — 25b? 


7. Factor the following trinomials. 


(a) (b) 


3x? + 8xy + 4y? 10x? + 19xy + 6y? 


8. Reduce the following equations. 


(a) (b) 
a2+2ab+b? 55x7y3z+75xy 
a2—b2 5xy = 
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Land Navigation Route Card 


CHECK GRID AZIMUTH | DISTANCE PACE 
POINT 
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Land Navigation Route Card 


CHECK GRID AZIMUTH | DISTANCE PACE 
POINT 
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Land Navigation Route Card 


CHECK GRID AZIMUTH | DISTANCE PACE 
POINT 
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NOTES 
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9. Make equivalent fractions with LCD. 


(a) (b) 
ee ty oO Le Be ae 
3° 8° 15 ~~ 329 SE 
10. Convert into improper fractions. 
(a) (b) (c) 
11. Convert into mixed fractions. 
(a) (b) (c) 
118 Dar. 49 
7 x+2 4 


Check your answers with those on the next page. Review those items that you missed before 
continuing to the next lesson in this study unit. 
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PREFACE 


This manual meets the first aid training needs of individual service 
members. Because medical personnel will not always be readily available, 
the nonmedical service members must rely heavily on their own skills and 
knowledge of life-sustaining methods to survive on the integrated battlefield. 
This publication outlines both self-aid and aid to other service members 
(buddy aid). More importantly, it emphasizes prompt and effective action in 
sustaining life and preventing or minimizing further suffering and disability. 
First aid is the emergency care given to the sick, injured, or wounded before 
being treated by medical personnel. The term first aid can be defined as 
“urgent and immediate lifesaving and other measures, which can be 
performed for casualties by nonmedical personnel when medical personnel 
are not immediately available.” Nonmedical service members have received 
basic first aid training and should remain skilled in the correct procedures for 
giving first aid. This manual is directed to all service members. The 
procedures discussed apply to all types of casualties and the measures 
described are for use by both male and female service members. 


This publication is in consonance with the following North Atlantic 
Treaty Organization (NATO) International Standardization Agreements 
(STANAGs) and American, British. Canadian, and Australian Quadripartite 
Standardization Agreements (QSTAGs). 


TITLE STANAG QSTAG 
Medical Training in First Aid, Basic Hygiene and 
Emergency Care 2122 535 
First Aid Kits and Emergency M edical Care K its 2126 
Medical First Aid and Hygiene Training in NBC 
Operations 2358 
First Aid Material for Chemical Injuries 2871 


These agreements are available on request, using Department of 
Defense (DD) Form 1425 from the Standardization Documents Order Desk, 
700 Robins Avenue, Building 4, Section D, Philadelphia, Pennsylvania 
19111-5094. 


Unless this publication states otherwise, masculine nouns and 
pronouns do not refer exclusively to men. 
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Use of trade or brand names in this publication is for illustrative 
purposes only and does not imply endorsement by the Department of Defense 
(DOD). 


The proponent for this publication is the US Army Medical 
Department Center and School. Submit comments and recommendations for 
the improvement of this publication directly to the Commander, US Army 
Medical Department Center and School, ATTN: MCCS-FCD-L, 1400 
East Grayson Street, Fort Sam Houston, Texas 78234-5052. 


vi 
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CHAPTER 1 


FUNDAMENTAL CRITERIA FOR FIRST AID 


“The fate of the wounded rests in the hands 
of the ones who apply the first dressing.” 
Nicholas Senn (1898) (49th President of the 
American Medical Association) 


1-1. General 


When a nonmedical service member comes upon an unconscious or injured 
service member, he must accurately evaluate the casualty to determine the 
first aid measures needed to prevent further injury or death. He should seek 
medical assistance as soon as possible, but he should not interrupt the 
performance of first aid measures. To interrupt the first aid measures may 
cause more harm than good to the casualty. Remember that in a chemical 
environment, the service member should not evaluate the casualty until the 
casualty has been masked. After performing first aid, the service member 
must proceed with the evaluation and continue to monitor the casualty for 
development of conditions which may require the performance of necessary 
basic lifesaving measures, such as clearing the airway, rescue breathing, 
preventing shock, and controlling bleeding. He should continue to monitor 
the casualty until relieved by medical personnel. 


Service members may have to depend upon their first aid knowledge and 
skills to save themselves (self-aid) or other service members (buddy aid/ 
combat lifesaver). They may be able to save a life, prevent permanent 
disability, or reduce long periods of hospitalization by knowing WHAT to 
do, WHAT NOT to do, and WHEN to seek medical assistance. 


NOTE 


The prevalence of various body armor systems currently fielded to 
US service members, and those in development for future fielding, 
may present a temporary obstacle to effective evaluation of an 
injured service member. You may have to carefully remove the 
body armor from the injured service member to complete the 
evaluation or administer first aid. Begin by removing the outer- 
most hard or soft body armor components (open, unfasten or cut 
the closures, fasteners, or straps), then remove any successive 
layers in the same manner. Be sure to follow other notes, cautions 
and warnings regarding procedures in contaminated situations and 
when a broken back or neck is suspected. Continue to evaluate. 
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1-2. Terminology 


To enhance the understanding of the material contained in this publication, 
the following terms are used— 


. Combat lifesaver. This is a US Army program governed by 
Army Regulation (AR) 350-41. The combat lifesaver is a member of a 
nonmedical unit selected by the unit commander for additional training beyond 
basic first aid procedures (referred to as enhanced first aid). A minimum of 
one individual per squad, crew, team, or equivalent-sized unit should be 
trained. The primary duty of this individual does not change. The additional 
duty of combat lifesaver is to provide enhanced first aid for injuries based on 
his training before the trauma specialist (military occupational specialty 
[MOS] 91W) arrives. The combat lifesaver’s training is normally provided 
by medical personnel assigned, attached, or in direct support (DS) of the 
unit. The senior medical person designated by the commander manages the 
training program. 


° Trauma Specialist (US Army) or Hospital Corpsman (HM). A 
medical specialist trained in emergency medical treatment (EMT) procedures 
and assigned or attached in support of a combat or combat support unit or 
marine forces. 


. Casualty evacuation. Casualty evacuation (CASEVAC) is a 
term used by nonmedical units to refer to the movement of casualties aboard 
nonmedical vehicles or aircraft. See also the term transported below. Refer 
to FM 8-10-6 for additional information. 


CAUTION 


Casualties transported in this manner do not receive en 
route medical care. 


° Enhanced first aid (US Army). Enhanced first aid is 
administered by the combat lifesaver. It includes measures, which require an 
additional level of training above self-aid and buddy aid, such as the initiation 
of intravenous (IV) fluids. 


° Medical evacuation. M edical evacuation is the timely, efficient 
movement of the wounded, injured, or ill service members from the battlefield 
and other locations to medical treatment facilities (MTFs). Medical personnel 
provide en route medical care during the evacuation. Once the casualty has 
entered the medical stream (trauma specialist, hospital corpsman, evacuation 
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crew, or MTF), the role of first aid in the care of the casualty ceases and the 
casualty becomes the responsibility of the health service support (HSS) chain. 
Once he has entered the HSS chain he is referred to as a patient. 


. First aid measures. Urgent and immediate lifesaving and 
other measures, which can be performed for casualties (or performed by the 
casualty himself) by nonmedical personnel when medical personnel are not 
immediately available. 


. Medical treatment. Medical treatment is the care and 
management of wounded, injured, or ill service members by medically trained 
(MOS-trained) HM, and area of concentration (AOC) personnel. It may 
include EMT, advanced trauma management (ATM), and resuscitative and 
surgical intervention. 


° Medical treatment facility. Any facility established for the 
purpose of providing medical treatment. This includes battalion aid stations, 
Level II facilities, dispensaries, clinics, and hospitals. 


. Self-aid/buddy aid. Each individual service member is trained 
to be proficient in a variety of specific first aid procedures. This training 
enables the service member or a buddy to apply immediate first aid measures 
to alleviate a life-threatening situation. 


° Transported. A casualty is moved to an MTF in a nonmedical 
vehicle without en route care provided by a medically-trained service member 
(such as a Trauma Specialist or HM). First aid measures should be 
continually performed while the casualty is being transported. If the casualty 
is acquired by a dedicated medical vehicle with a medically-trained crew, the 
role of first aid ceases and the casualty becomes the responsibility of the HSS 
chain, and is then referred to as a patient. This method of transporting a 
casualty is also referred to as CASEVAC. 


1-3. Understanding Vital Body Functions for First Aid 


In order for the service member to learn to perform first aid procedures, he 
must have a basic understanding of what the vital body functions are and 
what the result will be if they are damaged or not functioning. 


a. Breathing Process. All humans must have oxygen to live. 
Through the breathing process, the lungs draw oxygen from the air and put it 
into the blood. The heart pumps the blood through the body to be used by 
the cells that require a constant supply of oxygen. Some cells are more 
dependent on a constant supply of oxygen than others. For example, cells of 
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the brain may die within 4 to 6 minutes without oxygen. Once these cells 
die, they are lost forever since they do not regenerate. This could result in 
permanent brain damage, paralysis, or death. 


b. Respiration. Respiration occurs when a person inhales (oxygen 
is taken into the body) and then exhales (carbon dioxide [CO,] is expelled 
from the body). Respiration involves the— 


° Airway. The airway consists of the nose, mouth, throat, 
voice box, and windpipe. It is the canal through which air passes to and from 
the lungs. 


° Lungs. The lungs are two elastic organs made up of 
thousands of tiny air spaces and covered by an airtight membrane. The 
bronchial tree is a part of the lungs. 


° Rib cage. The rib cage is formed by the muscle- 
connected ribs, which join the spine in back, and the breastbone in front. 
The top part of the rib cage is closed by the structure of the neck, and the 
bottom part is separated from the abdominal cavity by a large dome-shaped 
muscle called the diaphragm (Figure 1-1). The diaphragm and rib muscles, 
which are under the control of the respiratory center in the brain, 
automatically contract and relax. Contraction increases and relaxation 
decreases the size of the rib cage. When the rib cage increases and then 
decreases, the air pressure in the lungs is first less and then more than the 
atmospheric pressure, thus causing the air to rush into and out of the lungs to 
equalize the pressure. This cycle of inhaling and exhaling is repeated about 
12 to 18 times per minute. 
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Figure 1-1. Airway, lungs, and rib cage. 
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c. Blood Circulation. The heart and the blood vessels (arteries, 
veins, and capillaries) circulate blood through the body tissues. The heart is 
divided into two separate halves, each acting as a pump. The left side pumps 
oxygenated blood (bright red) through the arteries into the capillaries; 
nutrients and oxygen pass from the blood through the walls of the capillaries 
into the cells. At the same time waste products and CO, enter the capillaries. 
From the capillaries the oxygen poor blood is carried through the veins to the 
right side of the heart and then into the lungs where it expels the CO, and 
picks up oxygen. Blood in the veins is dark red because of its low oxygen 
content. Blood does not flow through the veins in spurts as it does through 
the arteries. The entire system of the heart, blood vessels, and lymphatics is 
called the circulatory system. 


(1) Heartbeat. The heart functions as a pump to circulate 
the blood continuously through the blood vessels to all parts of the body. It 
contracts, forcing the blood from its chambers; then it relaxes, permitting its 
chambers to refill with blood. The rhythmical cycle of contraction and 
relaxation is called the heartbeat. The normal heartbeat is from 60 to 80 
beats per minute. 


(2) Pulse. The heartbeat causes a rhythmical expansion and 
contraction of the arteries as it forces blood through them. This cycle of 
expansion and contraction can be felt (monitored) at various points in the body 
and is called the pulse. The common points for checking the pulse are at the— 

° Side of the neck (carotid). 
° Groin (femoral). 
° Wrist (radial). 
° Ankle (posterior tibial). 
Carotid pulse. To check the carotid pulse, feel for 


(a) 
a pulse on the side of the casualty’s neck closest to you. This is done by 
placing the tips of your first two fingers beside his Adam’s apple (Figure 1-2). 


Figure 1-2. Carotid pulse. 
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(b) Femoral pulse. To check the femoral pulse, press 
the tips of your first two fingers into the middle of the groin (Figure 1-3). 


f 


Figure 1-3. Femoral pulse. 


(c) Radial pulse. To check the radial pulse, place your 
first two fingers on the thumb side of the casualty’s wrist (Figure 1-4). 


Figure 1-4. Radial pulse. 


(d) Posterior tibial pulse. To check the posterior tibial 
pulse, place your first two fingers on the inside of the ankle (Figure 1-5). 


Figure 1-5. Posterior tibial pulse. 
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NOTE 


DO NOT use your thumb to check a casualty’s pulse because 
you may confuse the beat of your pulse with that of the casualty. 


1-4. Adverse Conditions 


a. Lack of Oxygen. Human life cannot exist without a continuous 
intake of oxygen. Lack of oxygen rapidly leads to death. First aid involves 
knowing how to open the airway and restore breathing. 


b. Bleeding. Human life cannot continue without an adequate 
volume of blood circulating through the body to carry oxygen to the tissues. An 
important first aid measure is to stop the bleeding to prevent the loss of blood. 


c. Shock. Shock means there is an inadequate blood flow to the 
vital tissues and organs. Shock that remains uncorrected may result in death 
even though the injury or condition causing the shock would not otherwise be 
fatal. Shock can result from many causes, such as loss of blood, loss of fluid 
from deep burns, pain, and reaction to the sight of a wound or blood. First 
aid includes preventing shock, since the casualty’s chances of survival are 
much greater if he does not develop shock. Refer to paragraphs 2-21 through 
2-24 for a further discussion of shock. 


d. Infection. Recovery from a severe injury or a wound depends 
largely upon how well the injury or wound was initially protected. Infections 
result from the multiplication and growth (spread) of harmful microscopic 
organisms (sometimes referred to as germs). These harmful microscopic 
organisms are in the air, water, and soil, and on the skin and clothing. Some of 
these organisms will immediately invade (contaminate) a break in the skin or 
an open wound. The objective is to keep wounds clean and free of these 
organisms. A good working knowledge of basic first aid measures also includes 
knowing how to dress a wound to avoid infection or additional contamination. 


1-5. Basics of First Aid 


M ost injured or ill service members are able to return to their units to fight or 
support primarily because they are given appropriate and timely first aid 
followed by the best medical care possible. Therefore, all service members 
must remember the basics. 


° Check for BREATHING: Lack of oxygen intake (through a 
compromised airway or inadequate breathing) can lead to brain damage or 
death in very few minutes. 
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° Check for BLEEDING: Life cannot continue without an 
adequate volume of blood to carry oxygen to tissues. 


° Check for SHOCK: Unless shock is prevented, first aid 
performed, and medical treatment provided, death may result even though 
the injury would not otherwise be fatal. 


1-6. Evaluating a Casualty 


a. The time may come when you must instantly apply your 
knowledge of first aid measures. This could occur during combat operations, 
in training situations, or while in a nonduty status. Any service member 
observing an unconscious and/or ill, injured, or wounded person must 
carefully and skillfully evaluate him to determine the first aid measures 
required to prevent further injury or death. He should seek help from 
medical personnel as soon as possible, but must not interrupt his evaluation 
of the casualty or fail to administer first aid measures. A second service 
member may be sent to find medical help. One of the cardinal principles for 
assisting a casualty is that you (the initial rescuer) must continue the evaluation 
and first aid measures, as the tactical situation permits, until another individual 
relieves you. If, during any part of the evaluation, the casualty exhibits the 
conditions (such as shock) for which the service member is checking, the 
service member must stop the evaluation and immediately administer first 
aid. In a chemical environment, the service member should not evaluate the 
casualty until both the individual and the casualty have been masked. If it is 
suspected that a nerve agent was used, administer the casualty’s own nerve 
agent antidote autoinjector. After providing first aid, the service member 
must proceed with the evaluation and continue to monitor the casualty for 
further complications until relieved by medical personnel. 


WARNING 


Do not use your own nerve agent antidote autoinjector 
on the casualty. 


NOTE 


Remember, when evaluating and/or administering first aid to a 
casualty, you should seek medical aid as soon as possible DO 
NOT stop first aid measures, but if the situation allows, send 
another service member to find medical aid. 
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b. To evaluate a casualty, perform the following steps: 


(1) Check the casualty for responsiveness. This is done by 
gently shaking or tapping him while calmly asking, “Are you OK?” Watch 
for a response. If the casualty does not respond, go to step (2). If the 
casualty responds, continue with the evaluation. 


(a) If the casualty is conscious, ask him where he feels 
different than usual or where it hurts. Ask him to identify the location of 
pain if he can, or to identify the area in which there is no feeling. 

(b) If the casualty is conscious but is choking and 
cannot talk, stop the evaluation and begin first aid measures. Refer to 
paragraphs 2-10 and 2-11 for specific information on opening the airway. 

WARNING 


If a broken back or neck is suspected, do not move the 


casualty unless his life is in immediate danger (such as 
close to a burning vehicle). Movement may cause 
permanent paralysis or death. 


(2) Check for breathing. (Refer to paragraph 2-6 for this 
procedure. } 


(a) If the casualty is breathing, proceed to step (3). 

(b) If the casualty is not breathing, stop the evaluation 
and begin first aid measures to attempt to ventilate the casualty. Attempt to 
open the airway, if an airway obstruction is apparent, clear the airway 
obstruction, then ventilate (see paragraphs 2-10 and 2-11). 


(c) After successfully ventilating the casualty, proceed 
to step (3). 


(3) Check for pulse. (Refer to paragraph 1-3c(2) for specific 
methods.) If a pulse is present and the casualty is breathing, proceed to step (4). 


(a) If a pulse is present, but the casualty is still not 
breathing, start rescue breathing. 


(b) If a pulse is not present, seek medical personnel 
for help. 


1-9 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


(4) Check for bleeding. Look for spurts of blood or blood- 
soaked clothes. Also check for both entry and exit wounds. If the casualty is 
bleeding from an open wound, stop the evaluation and begin first aid 
procedures as follows for a— 


(a) Wound of the arm or leg (refer to paragraphs 2-16 
through 2-18 for information on putting on a field or pressure dressing). 


(b) Partial or complete amputation, apply dressing 
(refer to paragraph 2-16 to 2-18) and then apply tourniquet if bleeding is not 
stopped (refer to paragraph 2-20 for information on putting on a tourniquet). 


(c) Open head wound (refer to paragraph 3-10 for 
information on applying a dressing to an open head wound). 


(d) Open chest wound (refer to paragraph 3-5 for 
information on applying a dressing to an open chest wound). 


(e) Open abdominal wound (refer to paragraph 3-7 for 
information on applying a dressing to an open abdominal wound). 


WARNING 


In a chemically contaminated area, do not expose the 


wounds. Apply field dressing and then pressure 
dressing over wound area as needed. 


(5) Check for shock. (Refer to paragraph 2-24 for first aid 
measures for shock.) If the signs and symptoms of shock are present, stop 
the evaluation, and begin first aid measures immediately. The following are 
the nine signs and symptoms of shock. 

(a) Sweaty but cool skin (clammy skin). 


(b) | Paleness of skin. (In dark-skinned service members 
look for a grayish cast to the skin.) 


(c) Restlessness or nervousness. 
(d) Thirst. 


(e) Loss of blood (bleeding). 
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(f) Confusion (does not seem aware of surroundings). 
(g) Faster than normal breathing rate. 
(h) Blotchy or bluish skin, especially around the mouth. 


(i) | Nausea or vomiting. 


WARNING 


Leg fractures must be splinted before elevating the legs 
as a first aid measure for shock. 


(6) Check for fractures. 


(a) Check for the following signs and symptoms of a 
back or neck injury and perform first aid procedures as necessary. 


. Pain or tenderness of the back or neck area. 
. Cuts or bruises on the back or neck area. 


° Inability of a casualty to move or decreased 
sensation to extremities (paralysis or numbness). 


* Ask about ability to move (paralysis). 


* Touch the casualty’s arms and legs and 
ask whether he can feel your hand (numbness). 


. Unusual body or limb position. 


(b) Immobilize any casualty suspected of having a back 
or neck injury by doing the following: 


° Tell the casualty not to move. 


° If a back injury is suspected, place padding 
(rolled or folded to conform to the shape of the arch) under the natural arch 
of the casualty’s back. (For example, a blanket/poncho may be used as 
padding. ) 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


WARNING 


Do not move casualty to place padding. 


° If a neck injury is suspected, immediately 
immobilize (manually) the head and neck. Place a roll of cloth under the 
casualty’s neck, and put weighted boots (filled with dirt or sand) or rocks on 
both sides of his head. 


(c) Check the casualty’s arms and legs for open or 
closed fractures. 


° Check for open fractures by looking for— 
Bleeding. 
Bones sticking through the skin. 
* Check for pulse. 
° Check for closed fractures by looking for— 
» Swelling. 
Discoloration. 
Deformity. 
Unusual body position. 
* Check for pulse. 
(d) Stop the evaluation and begin first aid measures if 
a fracture to an arm or leg is suspected. Refer to Chapter 4 for information 
on splinting a suspected fracture. 


(e) Check for signs/symptoms of fractures of other 
body areas (for example, shoulder or hip) and provide first aid as necessary. 


(7) Check for burns. Look carefully for reddened, blistered, 
or charred skin; also check for singed clothing. If burns are found, stop the 
evaluation and begin first aid procedures. Refer to paragraph 3-9 for 
information on giving first aid for burns. 
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NOTE 


Burns to the upper torso and face may cause respiratory 


complications. 


When evaluating the casualty, look for singed 


nose hair, soot around the nostrils, and listen for abnormal breath 
sounds or difficulty breathing. 


(8) Check for possible head injury. 


(a) 


(b) 


Look for the following signs and symptoms: 


Unequal pupils. 


Fluid from the ear(s), nose, mouth, or injury 


Slurred speech. 

Confusion. 

Sleepiness. 

Loss of memory or consciousness. 
Staggering in walking. 

Headache. 

Dizziness. 

Nausea or vomiting. 

Paralysis. 

Convulsions or twitches. 


Bruising around the eyes and behind the ears. 


If a head injury is suspected, continue to watch for 
signs which would require performance of rescue breathing, first aid measures 
for shock, or control of bleeding; seek medical aid. Refer to paragraph 3-10 
for information on first aid measures for head injuries. 
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CHAPTER 2 


BASIC MEASURES FOR FIRST AID 


2-1. General 


Several conditions that require immediate attention are an inadequate airway, 
lack of breathing, and excessive loss of blood (circulation). A casualty 
without a clear airway or who is not breathing may die from lack of oxygen. 
Excessive loss of blood may lead to shock, and shock can lead to death; 
therefore, you must act immediately to control the loss of blood. All wounds 
are considered to be contaminated, since infection-producing organisms 
(germs) are always present on the skin and clothing, and in the soil, water, 
and air. Any missile or instrument (such as a bullet, shrapnel, knife, or 
bayonet) causing a wound pushes or carries the germs into that wound. 
Infection results as these organisms multiply. That a wound is contaminated 
does not lessen the importance of protecting it from further contamination. 
Y ou must dress and bandage a wound as soon as possible to prevent further 
contamination. 


NOTE 


It is also important that you attend to any airway, breathing, or 
bleeding problems IMMEDIATELY because these problems, 
if left unattended, may become life threatening. 


Section |. OPEN THE AIRWAY 
AND RESTORE BREATHING 


2-2. Breathing Process 


All humans must have oxygen to live. Through the breathing process, the 
lungs draw oxygen from the air and put it into the blood. The heart pumps 
the blood through the body to be used by the cells that require a constant 
supply of oxygen. Some cells are more dependent on a constant supply of 
oxygen than others. For example, cells of the brain may die within 4 to 6 
minutes without oxygen. Once these cells die, they are lost forever since 
they do not regenerate. This could result in permanent brain damage, 
paralysis, or death. 


2-3. Assessment of and Positioning the Casualty 


a. CHECK for responsiveness (Figure 2-1A )—establish whether 
the casualty is conscious by gently shaking him and asking, “Are you OK?” 
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Lesson 2. ADDITION AND SUBTRACTION OF FRACTIONS 


Introduction. In lesson 1 of this study unit, you were introduced to factoring integers and 
literal numbers. You will build on your foundation by finding the sum and difference of 

fractions. This is the next step you must perform before you begin finding the product of 
fractions, a topic you will cover in the next lesson of this study unit. 


LEARNING OBJECTIVES 

1. | Compute the sum of given common fractions. 

2. Compute the difference of given common fractions. 

3. | Compute the sum of given literal fractions, using the rules for adding literal fractions. 


4. Compute the difference of given literal fractions, using the rules for subtracting literal 
fractions. 


2201. Add Common Fractions 


You are ready to add common fractions. To do so, you must have common/like denominators. 
The first step in this operation is to reduce all original fractions having common denominators. 
As you did in the last lesson (Study Unit 2, lesson 1) you must find the Lowest Common Multiple 
(LCM) which will be the Lowest Common Denominator (LCD). After doing so, you must 
combine the numerators and place them over the common denominator. Take the sum of the 
numerator and reduce the fraction to its lowest term. This may seem pretty easy, but when we 
start mixing literal numbers in, it can seem harder but it is the same thing. Study the examples we 
have provided for you. 


Example: 


: 2,6 ,4 
Reduced fractions. at i0+6 
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b. CALL for help (Figure 2-1B). 


c. POSITION the unconscious casualty so that he is lying on his 
back and on a firm surface (Figure 2-1C). 


WARNING 


If the casualty is lying on his chest (prone position), 
cautiously roll the casualty as a unit so that his body 
does not twist (which may further complicate a back, 
neck, or spinal injury). 


th Jae 


SS 


Figure 2-1. Assessment (Illustrated A—C),. 
(1) Straighten the casualty’s legs. Take the casualty’s arm 


that is nearest to you and move it so that it is straight and above his head. 
Repeat the procedure for the other arm. 


2-2 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


(2) Kneel beside the casualty with your knees near his 
shoulders (leave space to roll his body) (Figure 2-1B). Place one hand 
behind his head and neck for support. With your other hand, grasp the 
casualty under his far arm (Figure 2-1C). 


(3) Roll the casualty towards you using a steady, even pull. 
His head and neck should stay in line with his back. 


(4) Return the casualty’s arms to his side. Straighten his legs. 
Reposition yourself so that you are now kneeling at the level of the casualty’s 
shoulders. However, if a neck injury is suspected and the jaw-thrust technique 
will be used, kneel at the casualty’s head, looking towards his feet. 


2-4. Opening the Airway of an Unconscious or Not Breathing Casualty 


The tongue is the single most common cause of an airway obstruction (Figure 
2-2). In most cases, simply using the head-tilt/chin-lift technique can clear 
the airway. This action pulls the tongue away from the air passage in the 
throat (Figure 2-3). 


Figure 2-3. Airway opened by extending neck. 


a. Call for help and then position the casualty. Move (roll) the 
casualty onto his back (Figure 2-1C). (Refer to paragraph 2-3c for 
information on positioning the casualty. ) 
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NOTE 
Perform finger sweep. If foreign material or vomitus is visible 
in the mouth, it should be removed, but do not spend an 
excessive amount of time doing so. 
b. Open the airway using the jaw-thrust or head-tilt/chin-lift 
technique. 


CAUTION 


The head-tilt/chin-lift technique is an important procedure in 
opening the airway; however, use extreme care because 


excess force in performing this maneuver may cause further 
spinal injury. In a casualty with a suspected neck injury or 
severe head trauma, the safest approach to opening the 
airway is the jaw-thrust technique because in most cases it 
can be accomplished without extending the neck. 


(1) Perform the jaw-thrust technique. The jaw-thrust may 
be accomplished by the rescuer grasping the angles of the casualty’s lower 
jaw and lifting with both hands, one on each side, displacing the jaw forward 
and up (Figure 2-4). The rescuer’s elbows should rest on the surface on 
which the casualty is lying. If the lips close, the lower lip can be retracted 
with the thumb. If mouth-to-mouth breathing is necessary, close the nostrils 
by placing your cheek tightly against them. The head should be carefully 
supported without tilting it backwards or turning it from side to side. If this 
is unsuccessful, the head should be tilted back very slightly. The jaw-thrust 
is the safest first approach to opening the airway of a casualty who has a 
suspected neck injury because in most cases it can be accomplished without 
extending the neck. 


Figure 2-4. | aw-thrust technique of opening airway. 
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(2) Perform the head-tilt/chin-lift technique. Place one hand 
on the casualty’s forehead and apply firm, backward pressure with the palm 
to tilt the head back. Place the fingertips of the other hand under the bony 
part of the lower jaw and lift, bringing the chin forward. The thumb should 
not be used to lift the chin (Figure 2-5). 


NOTE 


The fingers should not press deeply into the soft tissue under the 
chin because the airway may be obstructed. 


Figure 2-5. Head-tilt/chin-lift technique of opening airway. 


(3) Check for breathing (while maintaining an airway). 
After establishing an open airway, it is important to maintain that airway in 
an open position. Often the act of just opening and maintaining the airway 
will allow the casualty to breathe properly. Once the rescuer uses one of the 
techniques to open the airway (jaw-thrust or head-tilt/chin-lift), he should 
maintain that head position to keep the airway open. Failure to maintain the 
open airway will prevent the casualty from receiving an adequate supply of 
oxygen. Therefore, while maintaining an open airway the rescuer should 
check for breathing by observing the casualty’s chest and performing the 
following actions within 3 to 5 seconds: 


(a) LOOK for the chest to rise and fall. 


(bo) LISTEN for air escaping during exhalation by 
placing your ear near the casualty’s mouth. 


(c) FEEL for the flow of air on your cheek (see Figure 
2-6). 


(d) PERFORM rescue breathing if the casualty does 
not resume breathing spontaneously. 
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NOTE 


If the casualty resumes breathing, monitor and maintain the 
open airway. He should be transported to an MTF, as soon as 
practical. 


2-5. Rescue Breathing (Artificial Respiration) 


a. _ If the casualty does not promptly resume adequate spontaneous 
breathing after the airway is open, rescue breathing (artificial respiration) 
must be started. Be calm! Think and act quickly! The sooner you begin 
rescue breathing, the more likely you are to restore the casualty’s breathing. 
If you are in doubt whether the casualty is breathing, give artificial 
respiration, since it can do no harm to a person who is breathing. If the 
casualty is breathing, you can feel and see his chest move. If the casualty is 
breathing, you can feel and hear air being expelled by putting your hand or 
ear close to his mouth and nose. 


b. | There are several methods of administering rescue breathing. 
The mouth-to-mouth method is preferred; however, it cannot be used in all 
situations. If the casualty has a severe jaw fracture or mouth wound or his 
jaws are tightly closed by spasms, use the mouth-to-nose method. 


2-6. Preliminary Steps—All Rescue Breathing M ethods 


a. Establish unresponsiveness. Call for help. Turn or position 
the casualty. 


b. Open the airway. 


c. | Check for breathing by placing your ear over the casualty’s 
mouth and nose, and looking toward his chest. 


(1) LOOK for rise and fall of the casualty’s chest (Figure 2-6). 
(2) LISTEN for sounds of breathing. 


(3) FEEL for breath on the side of your face. If the chest 
does not rise and fall and no air is exhaled, then the casualty is not breathing. 


(4) PERFORM rescue breathing if the casualty is not 
breathing. 
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NOTE 


Although the rescuer may notice that the casualty is making 
respiratory efforts, the airway may still be obstructed and 
opening the airway may be all that is needed. If the casualty 
resumes breathing, the rescuer should continue to maintain an 
open airway. 


Figure 2-6. Check for breathing. 


2-7. M outh-to-M outh M ethod 


In this method of rescue breathing, you inflate the casualty’s lungs with air 
from your lungs. This can be accomplished by blowing air into the person’s 
mouth. The mouth-to-mouth rescue breathing method is performed as 
follows: 


a. If the casualty is not breathing, place your hand on his 
forehead, and pinch his nostrils together with the thumb and index finger of 
this hand. Let this same hand exert pressure on his forehead to maintain the 
backward head tilt and maintain an open airway. With your other hand, keep 
your fingertips on the bony part of the lower jaw near the chin and lift 
(Figure 2-7). 


Figure 2-7. Head tilt/chin lift. 
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NOTE 


If you suspect the casualty has a neck injury and you are using 
the jaw-thrust technique, close the nostrils by placing your cheek 
tightly against them. 


b. Take a deep breath and place your mouth (in an airtight seal) 
around the casualty’s mouth (Figure 2-8). (If the injured person is small, 
cover both his nose and mouth with your mouth, sealing your lips against the 
skin of his face.) 


Figure 2-8. Rescue breathing. 


c. Blow two full breaths into the casualty’s mouth (1 to 1 1/2 
seconds per breath), taking a breath of fresh air each time before you blow. 
Watch out of the corner of your eye for the casualty’s chest to rise. If the 
chest rises, sufficient air is getting into the casualty’s lungs. Therefore, 
proceed as described in step (1). If the chest does not rise, do the following 
(a, b, and c below) and then attempt to ventilate again. 


(1) Take corrective action immediately by reestablishing the 
airway. Make sure that air is not leaking from around your mouth or out of 
the casualty’s pinched nose. 


(2) Reattempt to ventilate. 


(3) If the chest still does not rise, take the necessary action 
to open an obstructed airway (paragraph 2-10). 


NOTE 


If the initial attempt to ventilate the casualty is unsuccessful, 
reposition the casualty’s head and repeat rescue breathing. 
Improper chin and head positioning is the most common cause 
of difficulty with ventilation. If the casualty cannot be ventilated 
after repositioning the head, proceed with foreign-body airway 
obstruction maneuvers (see paragraph 2-10). 
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(4) After giving two slow breaths, which cause the chest to 
rise, attempt to locate a pulse on the casualty. Feel for a pulse on the side of 
the casualty’s neck closest to you by placing the first two fingers (index and 
middle fingers) of your hand on the groove beside the casualty’s Adam’s 
apple (carotid pulse) (Figure 2-9). (Y our thumb should not be used for pulse 
taking because you may confuse your pulse beat with that of the casualty.) 
Maintain the airway by keeping your other hand on the casualty’s forehead. 
Allow 5 to 10 seconds to determine if there is a pulse. 


Figure 2-9. Placement of fingers to detect pulse. 


(a) If signs of circulation are present and a pulse is 
found and the casualty is breathing—ST OP; allow the casualty to breathe on 
his own. If possible, keep him warm and comfortable. 


(b) If apulse is found and the casualty is not breathing, 
continue rescue breathing. 


(c) If a pulse is not found, seek medically trained 
personnel for help as soon as possible. 


2-8. M outh-to-Nose M ethod 


Use this method if you cannot perform mouth-to-mouth rescue breathing 
because the casualty has a severe jaw fracture or mouth wound or his jaws 
are tightly closed by spasms. The mouth-to-nose method is performed in the 
same way as the mouth-to-mouth method except that you blow into the nose 
while you hold the lips closed with one hand at the chin. You then remove 
your mouth to allow the casualty to exhale passively. It may be necessary to 
separate the casualty’s lips to allow the air to escape during exhalation. 


2-9. Heartbeat 
If a casualty’s heart stops beating, you must immediately seek medical help. 


SECONDS COUNT! Stoppage of the heart is soon followed by cessation of 
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respiration unless it has occurred first. Be calm! Think and act! When a 
casualty’s heart has stopped, there is no pulse at all; the person is unconscious 
and limp, and the pupils of his eyes are open wide. When evaluating a 
casualty or when performing the preliminary steps of rescue breathing, feel 
for a pulse. If you DO NOT detect a pulse, seek medical help. 

2-10. Airway Obstructions 


In order for oxygen from the air to flow to and from the lungs, the upper 
airway must be unobstructed. 


a. Upper airway obstructions often occur because— 

(1) The casualty’s tongue falls back into his throat while he 
is unconscious. The tongue falls back and obstructs the airway, it is not 
swallowed by the casualty. 

NOTE 


Ensure the correct positioning and maintenance of the open 
airway for an injured or unconscious casualty. 


(2) Foreign bodies become lodged in the throat. These 
obstructions usually occur while eating. Choking on food (usually meat) is 
associated with— 


° Attempting to swallow large pieces of poorly 
chewed food. 


. Drinking alcohol. 
° Slipping dentures. 


(3) The contents of the stomach are regurgitated and may 
block the airway. 


(4) Blood clots may form as a result of head and facial 
injuries. 


b. Upper airway obstruction may cause either partial or complete 
airway blockage. 


(1) Partial airway obstruction. The casualty may still have 
an air exchange. A good air exchange means that the casualty can cough 
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forcefully, though he may be wheezing between coughs. You, the rescuer, 
should not interfere, and should encourage the casualty to cough up the 
object obstructing his airway on his own. A poor air exchange may be 
indicated by weak coughing with a high pitched noise between coughs. 
Further, the casualty may show signs of shock (paragraph 1-6b[5]) indicating 
aneed for oxygen. You should assist the casualty and treat him as though he 
had a complete obstruction. 


(2) Complete airway obstruction. A complete obstruction 
(no air exchange) is indicated if the casualty cannot speak, breathe, or cough 
at all. He may be clutching his neck and moving erratically. In an 
unconscious casualty, a complete obstruction is also indicated if after opening 
his airway you cannot ventilate him. 


2-11. Opening the Obstructed Airway—C onscious Casualty 
Clearing a conscious casualty’s airway obstruction can be performed with the 


casualty either standing or sitting and by following a relatively simple 
procedure. 


WARNING 


Once an obstructed airway occurs, the brain will 


develop an oxygen deficiency resulting in uncon- 
sciousness. Death will follow rapidly if breathing is not 
promptly restored. 


a. _ Ask the casualty if he can speak or if he is choking. Check for 
the universal choking sign (Figure 2-10). 


Denominators 


Prime factors 
2 2 
5 5 
3 3 
LCM = 2*5*3 
LCD =30 


W Step - Divide the LCM or LCD by the denominator and multiply both the numerator and 
denominator by this quotient. 


(1*15) (3%6) (2*10) 
(2*15) (5x6) (3*10) 


15, 18 , 20 
30 + 30 + 30 


WStep - Place the numerators over the LCD and algebraically add. 


15+18+20 _ 53 
30. + 30 


Example: 
iyo: 2a 
ast 4+ 45 


Note: Fractions can't be reduced in this example. 


Denominators Prime factors 
48 2*2*2*2*3 
4 D2: 
15 3*5 


LCM = 2*2*2*2*3*5. LCD = 240 


(1*5) (1x60) (4*16) 
(48%5) (4%60) (15*16) 


5 60, 64. 
240 + 240 + 240 


5460464 _ 129 
240 — 240 
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b. — If the casualty can speak, encourage him to attempt to cough; 
the casualty still has a good air exchange. If he is able to speak or cough 
effectively, DO NOT interfere with his attempts to expel the obstruction. 


c. Listen for high pitched sounds when the casualty breathes or 
coughs (poor air exchange). If there is poor air exchange or no breathing, 
CALL FOR HELP and immediately deliver manual thrusts (either an 
abdominal or chest thrust). 


NOTE 


The manual thrust with the hands centered between the waist 
and the rib cage is called an abdominal thrust (or Heimlich 
maneuver). The chest thrust (the hands are centered in the 
middle of the breastbone) is used only for an individual in the 
advanced stages of pregnancy, in the markedly obese casualty, 
or if there is a significant abdominal wound. 


(1) Apply abdominal thrusts. This can be accomplished by 
using the following procedures: 


(a) Stand behind the casualty and wrap your arms 
around his waist. 


(b) Make a fist with one hand and grasp it with the 
other. The thumb side of your fist should be against the casualty’s abdomen, 
in the midline and slightly above the casualty’s navel, but well below the tip 
of the breastbone (Figure 2-11). 


Figure 2-11. Anatomical view of abdominal thrust procedure. 


(c) Press the fists into the abdomen with a quick 
backward and upward thrust (Figure 2-12). 
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Figure 2-12. Profile view of abdominal thrust. 


(d) Each thrust should be a separate and distinct 
movement. 


NOTE 


Continue performing abdominal thrusts until the obstruction is 
expelled or the casualty becomes unresponsive. 


(e) If the casualty becomes unresponsive, call for help 
as you proceed with steps to open the airway, and perform rescue breathing. 
(Refer to paragraph 2-7 for information on how to perform mouth-to-mouth 
resuscitation. ) 


(2) Apply chest thrusts. An alternate technique to the 
abdominal thrust is the chest thrust. This technique is useful when the 
casualty has an abdominal wound, when the casualty is pregnant, or when the 
casualty is so large that you cannot wrap your arms around the abdomen. To 
apply chest thrusts with casualty sitting or standing: 


(a) Stand behind the casualty and wrap your arms 
around his chest with your arms under his armpits. 


(b) Make a fist with one hand and place the thumb 
side of the fist in the middle of the breastbone (take care to avoid the tip of 
the breastbone and the margins of the ribs). 

(c) Grasp the fist with the other hand and exert thrusts 
(Figure 2-13). 
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Figure 2-13. Profile view of chest thrust. 


(d) Each thrust should be delivered slowly, distinctly, 
and with the intent of relieving the obstruction. 


(e) Perform chest thrusts until the obstruction is 
expelled or the casualty becomes unresponsive. 


(f) If the casualty becomes unresponsive, call for help 
as you proceed with steps to open the airway and perform rescue breathing. 


2-12. Opening the Obstructed Airway—C asualty L ying Down or Unre- 
sponsive 


The following procedures are used to expel an airway obstruction in a casualty 
who is lying down, who becomes unconscious, or who is found unconscious 
(the cause unknown): 


. If a conscious casualty who is choking becomes unresponsive, 
call for help, open the airway, perform a finger sweep, and attempt rescue 
breathing (paragraphs 2-4 through 2-8). If you still cannot administer rescue 
breathing due to an airway blockage, then remove the airway obstruction 
using the procedures as in b below. 


. If a casualty is unresponsive when you find him (the cause 
unknown), assess or evaluate the situation, call for help, position the casualty 
on his back, open the airway, establish breathlessness, and attempt to perform 
rescue breathing (paragraphs 2-4 through 2-8). 


a. Open the airway and attempt rescue breathing (refer to 


paragraph 2-7 for information on how to perform mouth-to-mouth 
resuscitation). 
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b. — If still unable to ventilate the casualty, perform 6 to 10 manual 
(abdominal or chest) thrusts. 


(1) To perform the abdominal thrusts: 


(a) Kneel astride the casualty’s thighs (Figure 2-14). 


Figure 2-14. Abdominal thrust on unresponsive casualty. 


(b) Place the heel of one hand against the casualty’s 
abdomen (in the midline slightly above the navel but well below the tip of the 
breastbone). Place your other hand on top of the first one. Point your 
fingers toward the casualty’s head. 


(c) Press into the casualty’s abdomen with a quick, 
forward and upward thrust. You can use your body weight to perform the 
maneuver. Deliver each thrust quickly and distinctly. 


(d) Repeat the sequence of abdominal thrusts, finger 
sweep, and rescue breathing (attempt to ventilate) as long as necessary to 
remove the object from the obstructed airway. 


(e) If the casualty’s chest rises, proceed to feeling for 
pulse. 


(2) To perform chest thrusts: 


(a) Place the unresponsive casualty on his back, face 
up, and open his mouth. Kneel close to the side of the casualty’s body. 


1. — Locate the lower edge of the casualty’s ribs 
with your fingers. Run the fingers up along the rib cage to the notch (Figure 
2-15A). 
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2. Place the middle finger on the notch and the 
index finger next to the middle finger on the lower edge of the breastbone. 
Place the heel of the other hand on the lower half of the breastbone next to 
the two fingers (Figure 2-15B). 


3. | Remove the fingers from the notch and place 
that hand on top of the positioned hand on the breastbone, extending or 
interlocking the fingers (Figure 2-15C). 


4. Straighten and lock your elbows with your 
shoulders directly above your hands without bending the elbows, rocking, or 
allowing the shoulders to sag. Apply enough pressure to depress the 
breastbone 1 1/2 to 2 inches, then release the pressure completely (Figure 2- 
15D). Do this 6 to 10 times. Each thrust should be delivered quickly and 
distinctly. See Figure 2-16 for another view of the breastbone being 
depressed. 


Figure 2-15. Hand placement for chest thrust (Illustrated A-D). 
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Figure 2-16. Breastbone depressed 1 1/2 to 2 inches. 


(b) Repeat the sequence of chest thrust, finger sweep, 
and rescue breathing as long as necessary to clear the object from the 
obstructed airway. See paragraph (3) below. 


(c) If the casualty’s chest rises, proceed to feeling for 
his pulse. 


(3) If you still cannot administer rescue breathing due to an 
airway obstruction, then remove the airway obstruction using the procedures 
in steps (a) and (b) below. 


(a) Place the casualty on his back, face up, turn the 
unresponsive casualty as a unit, and call out for help. 


(b) Perform finger sweep, keep casualty face up, use 
tongue-jaw lift to open mouth. 


1. Open the casualty’s mouth by grasping both 
his tongue and lower jaw between your thumb and fingers and lifting (tongue- 
jaw lift) (Figure 2-17). If you are unable to open his mouth, cross your 
fingers and thumb (crossed-finger method) and push his teeth apart (Figure 
2-18) by pressing your thumb against his upper teeth and pressing your 
finger against his lower teeth. 
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Figure 2-18. Opening casualty’s mouth (crossed-finger method). 


2. Insert the index finger of the other hand 
down along the inside of his cheek to the base of the tongue. Use a hooking 
motion from the side of the mouth toward the center to dislodge the foreign 
body (Figure 2-19). 


Figure 2-19. Using finger to dislodge a foreign body. 


WARNING 


Take care not to force the object deeper into the airway 
by pushing it with the finger. 


Section Il. STOP THE BLEEDING AND 
PROTECT THE WOUND 


2-13. General 
The longer a service member bleeds from a major wound, the less likely he 


will be able to survive his injuries. Itis, therefore, important that the first aid 
provider promptly stop the external bleeding. 
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2-14. Clothing 


In evaluating the casualty for location, type, and size of the wound or injury, 
cut or tear his clothing and carefully expose the entire area of the wound. 
This procedure is necessary to properly visualize injury and avoid further 
contamination. Clothing stuck to the wound should be left in place to avoid 
further injury. DO NOT touch the wound; keep it as clean as possible. 


WARNING 


DO NOT REMOVE protective clothing in a chemical envi- 
ronment. Apply dressings over the protective clothing. 


2-15. Entrance and Exit Wounds 


Before applying the dressing, carefully examine the casualty to determine if there 
is more than one wound. A missile may have entered at one point and exited at 
another point. The EXIT wound is usually LARGER than the entrance wound. 


WARNING 


The casualty should be continually monitored for 
development of conditions which may require the 
performance of necessary basic lifesaving measures, 
such as clearing the airway and mouth-to-mouth 
resuscitation. All open (or penetrating) wounds should 
be checked for a point of entry and exit and first aid 
measures applied accordingly. 


WARNING 


If the missile lodges in the body (fails to exit), DO NOT 
attempt to remove it or probe the wound. Apply a 
dressing. If there is an object extending from (impaled 
in) the wound, DO NOT remove the object. Apply a 
dressing around the object and use additional 
improvised bulky materials/dressings (use the cleanest 
material available) to build up the area around the object 
to stabilize the object and prevent further injury. Apply 
a supporting bandage over the bulky materials to hold 
them in place. 
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2-16. Field Dressing 


a. Use the casualty’s field dressing; remove it from the wrapper 
and grasp the tails of the dressing with both hands (Figure 2-20). 


Figure 2-20. Grasping tails of dressing with both hands. 


WARNING 


DO NOT touch the white (sterile) side of the dressing, 
and DO NOT allow it to come in contact with any surface 
other than the wound. 


b. Hold the dressing directly over the wound with the white side 
down. Pull the dressing open (Figure 2-21) and place it directly over the 
wound (Figure 2-22). 


Figure 2-22. Placing dressing directly on wound. 
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c. Hold the dressing in place with one hand. Use the other hand 
to wrap one of the tails around the injured part, covering about one-half of 
the dressing (Figure 2-23). Leave enough of the tail for a knot. If the 
casualty is able, he may assist by holding the dressing in place. 
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Figure 2-23. Wrapping tail of dressing around injured part. 


d. | Wrap the other tail in the opposite direction until the remainder 
of the dressing is covered. The tails should seal the sides of the dressing to 
keep foreign material from getting under it. 


e. Tie the tails into a nonslip knot over the outer edge of the 
dressing (Figure 2-24). DO NOT TIE THE KNOT OVER THE WOUND. 
In order to allow blood to flow to the rest of an injured limb, tie the dressing 
firmly enough to prevent it from slipping but without causing a tourniquet- 
like effect; that is, the skin beyond the injury should not becomes cool, blue, 
or numb. 


Figure 2-24. Tails tied into nonslip knot. 


2-17. Manual Pressure 


a. _ If bleeding continues after applying the sterile field dressing, 
direct manual pressure may be used to help control bleeding. Apply such 
pressure by placing a hand on the dressing and exerting firm pressure for 5 
to 10 minutes (Figure 2-25). The casualty may be asked to do this himself if 
he is conscious and can follow instructions. 
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Beas 43 
FDL 2S ~ 80 


Try the following challenge to give you practice and to reinforce your acquired knowledge on 
adding fractions. 


Your answers in the challenge should match those that follow. If your answers are correct, 
continue. If your answers are incorrect, check your work for mathematical mistakes and review 
paragraph 2201 to ensure you understand adding fractions before continuing. 


(Solutions) 

(a) (b) 
eee eee 
fied: B+ gtk=3 
B+ Beg =3 
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Figure 2-25. Direct manual pressure applied. 


b. Elevate an injured limb slightly above the level of the heart to 
reduce the bleeding (Figure 2-26). 


Cie 


Figure 2-26. Injured limb elevated. 


WARNING 


DO NOT elevate a suspected fractured limb unless it 
has been properly splinted. 


c. If the bleeding stops, check shock; administer first aid for 
shock as necessary. If the bleeding continues, apply a pressure dressing. 
2-18. Pressure Dressing 
Pressure dressings aid in blood clotting and compress the open blood vessel. 
If bleeding continues after the application of a field dressing, manual pressure, 
and elevation, then a pressure dressing must be applied as follows: 

a. Place a wad of padding on top of the field dressing, directly 
over the wound (Figure 2-27). Keep the injured extremity elevated. 
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Figure 2-27. Wad of padding on top of field dressing. 
NOTE 


Improvised bandages may be made from strips of cloth. These 
strips may be made from T-shirts, socks, or other garments. 


b. Place an improvised dressing (or cravat, if available) over the 
wad of padding (Figure 2-28). Wrap the ends tightly around the injured 
limb, covering the previously placed field dressing (Figure 2-29). 


iy 


Figure 2-28. Improvised dressing over wad of padding 


Figure 2-29. Ends of improvised dressing wrapped tightly around limb. 


c. Tie the ends together in a nonslip knot, directly over the wound 
site (Figure 2-30). DO NOT tie so tightly that it has a tourniquet-like effect. If 
bleeding continues and all other measures have failed, or if the limb is severed, 
then apply a tourniquet. Use the tourniquet asa LAST RESORT. When the 
bleeding stops, check for shock; administer first aid for shock as necessary. 
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Figure 2-30. Ends of improvised dressing tied together in nonslip knot. 
NOTE 


Distal end of wounded extremities (fingers and toes) should be 
checked periodically for adequate circulation. The dressing 
must be loosened if the extremity becomes cool, blue, or numb. 


NOTE 


If bleeding continues and all other measures have failed 
(dressings and covering wound, applying direct manual 
pressure, elevating the limb above the heart level, and applying 
a pressure dressing while maintaining limb elevation) then apply 
digital pressure (see paragraph 2-19). 


2-19. Digital Pressure 


Digital pressure (often called “pressure points”) is an alternative method to 
control bleeding. This method uses pressure from the fingers, thumbs, or 
hands to press at the site or point where a main artery supplying the 
wounded area lies near the skin surface or over bone (Figure 2-31). This 
pressure may help shut off or slow down the flow of blood from the heart 
to the wound and is used in combination with direct pressure and elevation. 
It may help in instances where bleeding is not easily controlled, where a 
pressure dressing has not yet been applied, or where pressure dressings are 
not readily available. 
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Figure 2-31. Digital pressure (pressure with fingers, thumbs or hands). 


2-20. Tourniquet 
DANGER 


A tourniquet is only used on an arm or leg where 
there is a danger of the casualty losing his life 
(bleeding to death). 


A tourniquet is a constricting band placed around an arm or leg to control 
bleeding. A service member whose arm or leg has been completely amputated 
may not be bleeding when first discovered, but a tourniquet should be applied 
anyway. This absence of bleeding is due to the body’s normal defenses 
(contraction or clotting of blood vessels) as a result of the amputation, but 
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after a period of time bleeding will start as the blood vessels relax or the clot 
may be knocked loose by moving the casualty. Bleeding from a major artery 
of the thigh, lower leg, or arm and bleeding from multiple arteries (which 
occurs in a traumatic amputation) may prove to be beyond control by manual 
pressure. If the pressure dressing (see paragraph 2-18, above) under firm 
hand pressure becomes soaked with blood and the wound continues to bleed, 
apply a tourniquet. 


WARNING 


Casualty should be _ continually monitored for 
development of conditions which may require the 
performance of necessary basic lifesaving measures, 


such as: clearing the airway, performing mouth-to- 
mouth resuscitation, preventing shock, and/or bleeding 
control. All open (or penetrating) wounds should be 
checked for a point of entry or exit and treated 
accordingly. 


The tourniquet should not be used unless a pressure dressing has failed to 
stop the bleeding or an arm or leg has been cut off. On occasion, tourniquets 
have injured blood vessels and nerves. If left in place too long, a tourniquet 
can cause loss of an arm or leg. Once applied, it must stay in place, and the 
casualty must be taken to the nearest MTF as soon as possible. DO NOT 
loosen or release a tourniquet after it has been applied as release could 
precipitate bleeding and potentially lead to shock. 


a. Improvising a Tourniquet. In the absence of a specially 
designed tourniquet, a tourniquet may be made from a strong, pliable 
material, such as gauze or muslin bandages, clothing, or cravats. An 
improvised tourniquet is used with a rigid stick-like object. To minimize 
skin damage, ensure that the improvised tourniquet is at least 2 inches wide. 

WARNING 


The tourniquet must be easily identified or easily seen. 


WARNING 


DO NOT use wire or shoestring for a tourniquet band. 
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b. Placing the Improvised Tourniquet. 


(1) Place the tourniquet around the limb, between the wound 
and the body trunk (or between the wound and the heart). Never place it 
directly over a wound, a fracture, or joint. Tourniquets, for maximum 
effectiveness, should be placed on the upper arm or above the knee on the 
thigh (Figure 2-32). 
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Figure 2-32. Tourniquet above knee. 


(2) The tourniquet should be well-padded. If possible, place 
the tourniquet over the smoothed sleeve or trouser leg to prevent the skin 
from being pinched or twisted. If the tourniquet is long enough, wrap it 
around the limb several times, keeping the material as flat as possible. 
Damaging the skin may deprive the surgeon of skin required to cover an 
amputation. Protection of the skin also reduces pain. 


c. Applying the Tourniquet. 


(1) Tieahalf-knot. (A half-knot is the same as the first part 
of tying a shoe lace. ) 


(2) Place a stick (or similar rigid object) on top of the half- 
knot (Figure 2-33). 


Figure 2-33. Rigid object on top of half-knot. 
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(3) Tie a full knot over the stick (Figure 2-34). 


Figure 2-34. Full knot over rigid object. 


(4) Twist the stick (Figure 2-35) until the tourniquet is tight 
around the limb and/or the bright red bleeding has stopped. In the case of 
amputation, dark oozing blood may continue for a short time. This is the 
blood trapped in the area between the wound and tourniquet. 
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Figure 2-35. Stick twisted. 


(5) Fasten the tourniquet to the limb by looping the free 
ends of the tourniquet over the ends of the stick. Then bring the ends around 
the limb to prevent the stick from loosening. Tie them together on the side of 
the limb (Figure 2-36). 
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Figure 2-36. Tie free ends on side of limb. 
NOTE 
Other methods of securing the stick may be used as long as the 


stick does not unwind and no further injury results. 
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NOTE 


If possible, save and transport any severed (amputated) limbs or 
body parts with (but out of sight of) the casualty. 


(6) DO NOT cover the tourniquet—you should leave it in 
full view. If the limb is missing (total amputation), apply a dressing to the 
stump. All wounds should have a dressing to protect the wound from 
contamination. 

(7) Mark the casualty’s forehead with a “T” and the time to 
indicate a tourniquet has been applied. If necessary, use the casualty’s blood 
to make this mark. 

(8) Check and treat for shock. 


(9) Seek medical aid. 


CAUTION 


Only appropriately skilled medical personnel may adjust or 
otherwise remove/release the tourniquet in the appropriate 
setting. 


Section Ill. CHECK FOR SHOCK AND ADMINISTER 
FIRST AID MEASURES 


2-21. General 


The term shock has a variety of meanings. In medicine, it refers to a collapse 
of the body’s cardiovascular system which includes an inadequate supply of 
blood to the body’s tissues. Shock stuns and weakens the body. When the 
normal blood flow in the body is upset, death can result. Early recognition 
and proper first aid may save the casualty’s life. 


2-22. Causes and Effects 
a. There are three basic mechanisms associated with shock. 


These are— 
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° The heart is damaged and fails to work as a pump. 


. Blood loss (heavy bleeding) causes the volume of fluid 
within the vascular system to be insufficient. 


° The blood vessels dilate (open wider) so that the blood 
within the system (even though it is a normal volume [the casualty is not 
bleeding or dehydrated]) is insufficient to provide adequate circulation within 
the body. 


b. | Shock may be the result of a number of conditions. These 
include— 


. Dehydration. 


° Allergic reaction to foods, drugs, insect stings, and 
snakebites. 


. Significant loss of blood. 


. Reaction to the sight of a wound, blood, or other 
traumatic scene. 


. Traumatic injuries, such as— 
Burns. 
Gunshot or shrapnel wounds. 
Crush injuries. 


. Blows to the body (which can cause broken bones 
or damage to internal organs). 


Head injuries. 

Penetrating wounds (such as from a knife, bayonet, 
or missile). 
2-23. | Signs and Symptoms of Shock 


Examine the casualty to see if he has any of the following signs and 
symptoms: 


° Sweaty but cool skin (clammy skin). 
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° Weak and rapid pulse. 


° Paleness of skin (in dark-skinned individuals they may have a 
grayish look to their skin). 


° Restlessness, nervousness. 

° Thirst. 

. Loss of blood (bleeding). 

° Confusion (or loss of awareness). 

° Faster-than-normal breathing rate. 

° Blotchy or bluish skin (especially around the mouth and lips). 


° Nausea and/or vomiting. 


2-24. First Aid M easures for Shock 


In the field, the first aid procedures administered for shock are identical to 
procedures that would be performed to prevent shock. When treating a 
casualty, assume that shock is present or will occur shortly. By waiting until 
actual signs and symptoms of shock are noticeable, the rescuer may jeopardize 
the casualty’s life. 


a. Position the Casualty. (DO NOT move the casualty or his 
limbs if suspected fractures have not been splinted. See Chapter 4 for details. ) 


(1) Move the casualty to cover, if cover is available and the 
situation permits. 


(2) Lay the casualty on his back. 
NOTE 
A casualty in shock from a chest wound or one who is 
experiencing breathing difficulty, may breathe easier in a sitting 
position. If this is the case, allow him to sit upright, but monitor 
carefully in case his condition worsens. 
(3) Elevate the casualty’s feet higher than the level of his 


heart. Use a stable object (field pack or rolled up clothing) so that his feet 
will not slip off (Figure 2-37). 
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Now that you have finished adding common fractions, you are ready for the inverse operation of 
subtracting common fractions. Since subtracting is nothing more than adding with negative 
numbers, you will go through the same procedure as you did in the last paragraph. The fractions 
must have common/like denominators. The first step in this operation is to reduce all original 
fractions where possible. Then convert them to equivalent fractions having a common 
denominator. You will need to find the LCM which will be the LCD. Once you have the LCD, 
combine the numerators and place them over the common denominators. Take the algebraic sum 
of the numerators and perform the last step which is to reduce the fraction to its lowest terms. 


Study the examples we provided. 


Example: 
LCM =2 *2*3*3*7 
LCD = 252 


WStep - Find the equivalent fractions. 


WStep - Combine the numerators and place over the common denominator. 


78-133 _. —55 
252. — 252 
Note: Remember, there are three signs to a fraction: the fraction, the numerator, and 


the denominator. In the solution above, the sign of the fraction is negative. 
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WARNING 


DO NOT elevate legs if the casualty has an unsplinted 
broken leg, head injury, or abdominal injury. 


Figure 2-37. Clothing loosened and feet elevated. 


WARNING 


Check casualty for leg fracture(s) and splint, if 
necessary, before elevating his feet. For a casualty with 
an abdominal wound, place his knees in an upright 
(flexed) position. 


(4) Loosen clothing at the neck, waist, or wherever it may 
be binding. 


CAUTION 


DO NOT loosen or remove protective clothing in a chemical 
environment. 


(5) Prevent chilling or overheating. The key is to maintain 
body temperature. In cold weather, place a blanket or other like item over 
him to keep him warm and under him to prevent chilling (Figure 2-38). 
However, if a tourniquet has been applied, leave it exposed (if possible). In 
hot weather, place the casualty in the shade and protect him from becoming 
chilled; however, avoid the excessive use of blankets or other coverings. 
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Figure 2-38. Body temperature maintained. 


(6) Calm the casualty. Throughout the entire procedure of 
providing first aid for a casualty, the rescuer should reassure the casualty and 
keep him calm. This can be done by being authoritative (taking charge) and 
by showing self-confidence. Assure the casualty that you are there to help 
him. 


(7) Seek medical aid. 


b. Food and/or Drink. When providing first aid for shock, DO 
NOT give the casualty any food or drink. If you must leave the casualty or if 
he is unconscious, turn his head to the side to prevent him from choking if 
he vomits (Figure 2-39). 


Figure 2-39. Casualty’s head turned to side. 


c. Evaluate Casualty. Continue to evaluate the casualty until 
medical personnel arrives or the casualty is transported to an MTF. 
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CHAPTER 3 


FIRST AID FOR SPECIFIC INJ URIES 


3-1. General 


Basic lifesaving steps are discussed in Chapters 1 and 2; they apply to first 
aid measures for all injuries. Some wounds and burns will require special 
precautions and procedures when applying these measures. This chapter 
discusses specific first aid procedures for wounds of the head, face, and 
neck; chest and stomach wounds; and burns. It also discusses the techniques 
for applying dressings and bandages to specific parts of the body. 


3-2. Head, Neck, and Facial Injuries 
a. Head Injuries. 


(1) Head injuries range from minor abrasions or cuts on the 
scalp to severe brain injuries that may result in unconsciousness and 
sometimes death. Head injuries are classified as open or closed wounds. An 
open wound is one that is visible, has a break in the skin, and usually has 
evidence of bleeding. A closed wound may be visible (such as a depression 
in the skull) or the first aid provider may not be able to see any apparent 
injury (such as internal bleeding). Some head injuries result in 
unconsciousness; however, a service member may have a serious head wound 
and still be conscious. Casualties with head and neck injuries should be 
treated as though they also have a spinal injury. The casualty should not be 
moved until the head and neck is stabilized unless he is in immediate danger 
(such as close to a burning vehicle). 


(2) Prompt first aid measures should be initiated for 
casualties with suspected head and neck injuries. The conscious casualty 
may be able to provide information on the extent of his injuries. However, as a 
result of the head injury, he may be confused and unable to provide accurate 
information. The signs and symptoms a first aid provider might observe are— 

. Nausea and vomiting. 
° Convulsions or twitches. 
. Slurred speech. 


° Confusion and loss of memory. (Does he know 
who he is? Does he know where he is? Does he know what day it is?) 


: Recent unconsciousness. 
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. Dizziness. 
. Drowsiness. 


. Blurred vision, unequal pupils, or bruising (black 
eyes). 


° Paralysis (partial or full). 
. Complaint of headache. 


. Bleeding or other fluid discharge from the scalp, 
nose, or ears. 


° Deformity of the head (depression or swelling). 
° Staggering while walking. 


b. Neck Injuries. Neck injuries may result in heavy bleeding. 
Apply pressure above and below the injury, but do not interfere with the 
breathing process, and attempt to control the bleeding. Apply a dressing. 
Always evaluate the casualty for a possible neck fracture/spinal cord injury; 
if suspected, seek medical treatment immediately. 


NOTE 


Establish and maintain the airway in cases of facial or neck 
injuries. If a neck fracture or spinal cord injury is suspected, 
immobilize the injury and, if necessary, perform basic life 
support measures. 


c. Facial Injuries. Soft tissue injuries of the face and scalp are 
common. Abrasions (scrapes) of the skin cause no serious problems. 
Contusions (injury without a break in the skin) usually cause swelling. A 
contusion of the scalp looks and feels like a lump. Laceration (cut) and 
avulsion (torn away tissue) injuries are also common. Avulsions are 
frequently caused when a sharp blow separates the scalp from the skull 
beneath it. Because the face and scalp are richly supplied with blood vessels 
(arteries and veins), wounds of these areas usually bleed heavily. 


3-3. General First Aid M easures 
a. General Considerations. The casualty with a head injury (or 


suspected head injury) should be continually monitored for the development 
of conditions that may require basic lifesaving measures. After initiating first 
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aid measures, request medical assistance and evacuation. If dedicated medical 
evacuation assets are not available, transport the casualty to an MTF as soon 
as the situation permits. The first aid provider should not attempt to remove 
a protruding object from the head or give the casualty anything to eat or 
drink. Further, the first aid provider should be prepared to— 


° Clear the airway. 

° Control bleeding (external). 

° Administer first aid measures for shock. 

. K eep the casualty warm. 

. Protect the wound. 

b. | Unconscious Casualty. An unconscious casualty does not have 
control of all of his body’s functions and may choke on his tongue, blood, 
vomitus, or other substances. (Refer to Figure 2-39.) 

(1) Breathing. The brain requires a constant supply of 
oxygen. A bluish (or in an individual with dark skin—grayish) color of skin 
around the lips and nail beds indicates that the casualty is not receiving 
enough oxygen. Immediate action must be taken to clear the airway, to 
position the casualty on his side, or to initiate rescue breathing. 

(2) Bleeding. Bleeding from a head injury usually comes 
from blood vessels within the scalp. Bleeding can also develop inside the 
skull or within the brain. In most instances visible bleeding from the head 
can be controlled by application of the field first aid dressing. 

CAUTION 


DO NOT attempt to put unnecessary pressure on the wound 


or attempt to push any brain matter back into the head 
(skull). DO NOT apply a pressure dressing. 


c. Concussion. If an individual receives a heavy blow to the 
head or face, he may suffer a brain concussion (an injury to the brain that 
involves a temporary loss of some or all of the brain’s ability to function). 
For example, the casualty may not breathe properly for a short period of 
time, or he may become confused and stagger when he attempts to walk. 
Symptoms of a concussion may only last for a short period of time. However, 
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if a casualty is suspected of having suffered a concussion, he should be 
transported to an MTF as soon as conditions permit. 


d. Convulsions. Convulsions (seizures/involuntary jerking) may 
occur even after a mild head injury. When a casualty is convulsing, protect 
him from hurting himself. Take the following measures: 


(1) Ease him to the ground if he is standing or sitting. 


NO 


) Support his head and neck. 


(3) Maintain his airway. 


zB 


) Protect him from further injury (such as hitting close-by 
objects). 


NOTE 


DO NOT forcefully hold the arms and legs if they are jerking 
because this can lead to broken bones. DO NOT force anything 
between the casualty’s teeth—especially if they are tightly 
clenched because this may obstruct the casualty’s airway. 
M aintain the casualty’s airway if necessary. 


e. Brain Damage. In severe head injuries where brain tissue is 
protruding, leave the wound alone; carefully place a loose moistened dressing 
(moistened with sterile normal saline if available) and also a first aid dressing 
over the tissue to protect it from further contamination. DO NOT remove or 
disturb any foreign matter that may be in the wound. Position the casualty so 
that his head is higher than his body. Keep him warm and seek medical 
assistance immediately. 


NOTE 
If there is an object extending from the wound, DO NOT 
remove the object. Improvise bulky dressings from the cleanest 


material available and place this material around the protruding 
object for support, then apply the field dressing. 


3-4, Chest W ounds 
Blunt trauma, bullet or missile wounds, stab wounds, or falls may cause chest 


injuries. These injuries can be serious and may cause death quickly if first aid 
is not administered in a timely manner. A casualty with a chest injury may 
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complain of pain in the chest or shoulder area; he may have difficulty breathing. 
His chest may not rise normally when he breathes. The injury may cause the 
casualty to cough up blood and to have a rapid or a weak heartbeat. A casualty 
with an open chest wound has a punctured chest wall. The sucking sound 
heard when he breathes is caused by air leaking into his chest cavity. This 
particular type of wound is dangerous and will collapse the injured lung 
(Figure 3-1). Breathing becomes difficult for the casualty because the wound 
is open. The service members life may depend upon how quickly you apply 
an occlusive dressing over the wound (refer to paragraph 3-5). 


Figure 3-1. Collapsed lung. 


3-5. First Aid for Chest Wounds 


a. Evaluate the Casualty. Be prepared to perform first aid 
measures. These measures may include clearing the airway, rescue breathing, 
treatment for shock, and/or bleeding control. 


b. Expose the Wound. If appropriate, cut or remove the 
casualty’s clothing to expose the wound. Remember, DO NOT remove 
clothing that is stuck to the wound because additional injury may result. DO 
NOT attempt to clean the wound. 


NOTE 


Examine the casualty to see if there is an entry and exit wound. 
If there are two wounds (entry, exit), perform the same 
procedure for both wounds. Treat the more serious (heavier 
bleeding, larger) wound first. It may be necessary to improvise 
a dressing for the second wound by using strips of cloth, such as 
a torn T-shirt, or whatever material is available. Also, listen 
for sucking sounds to determine if the chest wall is punctured. 
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CAUTION 


If there is an object impaled in the wound, DO NOT remove 
it. Apply a dressing around the object and use additional 
improvised bulky materials/dressings (use the cleanest 
materials available) to build up the area around the object. 
Apply a supporting bandage over the bulky materials to hold 


them in place. 


CAUTION 


DO NOT REMOVE protective clothing in a chemical 
environment. Apply dressings over the protective clothing. 


c. Open the Casualty’s Field Dressing Plastic Wrapper. In cases 
where there is a sucking chest wound, the plastic wrapper is used with the 
field dressing to create an occlusive dressing. If a plastic wrapper is not 
available, or if an additional wound needs to be treated; cellophane, foil, the 
casualty’s poncho, or similar material may be used. The covering should be 
wide enough to extend 2 inches or more beyond the edges of the wound in all 
directions. 


(1) Tear open one end of the casualty’s plastic wrapper 
covering the field dressing. Be careful not to destroy the wrapper and DO 
NOT touch the inside of the wrapper. 


(2) Remove the inner packet (field dressing). 


(3) Complete tearing open the empty plastic wrapper using 
as much of the wrapper as possible to create a flat surface. 


d. Place the Wrapper Over the Wound. Place the inside surface 
of the plastic wrapper directly over the wound when the casualty exhales and 
hold it in place (Figure 3-2). The casualty may hold the plastic wrapper in 
place if he is able. " 


Figure 3-2. Open chest wound sealed with an occlusive dressing. 
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e. Apply the Dressing to the Wound. 


(1) Use your free hand and shake open the field dressing 
(Figure 3-3). : 


Figure 3-3. Shaking open the field dressing. 


(2) Place the white side of the dressing on the plastic wrapper 
covering the wound (Figure 3-4). 


Figure 3-4. Field dressing placed on plastic wrapper. 
NOTE 
Use the casualty’s field dressing, not your own. 
(3) Have the casualty breathe normally. 


(4) While maintaining pressure on the dressing, grasp one 
tail of the field dressing with the other hand and wrap it around the casualty’s 
back. If tape is available, tape three sides of the plastic wrapper to the chest 
wall to provide occlusive type dressing. Leave one side untapped to provide 
emergency escape for air that may build up in the chest. If tape is not 
available, secure wrapper on three sides with field dressing leaving the fourth 
side as a flap. 


(5) Wrap the other tail in the opposite direction, bringing 
both tails over the dressing (Figure 3-5). 
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Figure 3-5. Tails of field dressing wrapped around casualty 
in opposite direction. 


(6) Tie the tails into a square knot in the center of the 
dressing after the casualty exhales and before he inhales. This will aid in 
maintaining pressure on the bandage after it has been tied (Figure 3-6). Tie 
the dressing firmly enough to secure the dressing without interfering with the 
casualty’s breathing. 


Figure 3-6. Tails of dressing tied into square knot over center of dressing. 
NOTE 


When practical, apply direct manual pressure over the dressing 
for 5 to 10 minutes to help control the bleeding. 


f, Position the Casualty. Position the casualty on his injured side 
or in a sitting position, whichever makes breathing easier (Figure 3-7). 


Try the following challenge to reinforce your knowledge of subtracting fractions. 


Your answers in the challenge should match those below. If your answers are correct, continue. 
If they are not, before continuing, check your work for mathematical mistakes and review 
paragraph 2202 to be sure that you understand the material. 


(Solutions) 
(a) (b) 
5 3 1 7 2 1. 
6 so" &° BA” 3° 
15 6 8 202 8 Le 
167 16. 16-1 247 247 24-79 


2203. Adding Literal Fractions 


Now that you have finished both adding and subtracting common fractions, you are ready to 
incorporate literal numbers in your fractions. The fractions must have common/like 
denominators. The first step in this operation is to reduce all original fractions where possible. 
Then, convert them to equivalent fractions having a common denominator. You will need to find 
the LCM which will be the LCD. Once you have the LCD, combine the numerators and place 
them over the common denominator. Add and reduce the fraction to its lowest terms. Study the 
examples provided on the next page. 
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g. Seek Medical Assistance. Contact medical personnel. 


WARNING 


If an occlusive dressing has been improperly placed, 
air may enter the chest cavity with no means of escape. 
This causes a life-threatening condition called tension 


pneumothorax. If the casualty’s condition (for example, 
difficulty breathing, shortness of breath, restlessness, 
or blueness/grayness of the skin) worsens after placing 
the dressing, quickly lift or remove, and then replace 
the occlusive dressing. 


3-6. Abdominal Wounds 


The most serious abdominal wound is one in which an object penetrates the 
abdominal wall and pierces internal organs or large blood vessels. In these 
instances, bleeding may be severe and death can occur rapidly. 


3-7. First Aid for Abdominal Wounds 


a. Evaluate the Casualty. Be prepared to perform basic first aid 
measures. Always check for both entry and exit wounds. If there are two 
wounds (entry and exit), treat the wound that appears more serious first (for 
example, the heavier bleeding, protruding organs, larger wound, and so 
forth). It may be necessary to improvise dressings for the second wound by 
using strips of cloth, a T-shirt, or the cleanest material available. 


b. Position the Casualty. Place and maintain the casualty on his 
back with his knees in an upright (flexed) position (Figure 3-8). The knees- 
up position helps relieve pain, assists in the treatment of shock, prevents 
further exposure of the bowel (intestines) or abdominal organs, and helps 
relieve abdominal pressure by allowing the abdominal muscles to relax. 


z) 
Figure 3-8. Casualty positioned (lying) on back with knees (flexed) up. 
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c. | Expose the Wound. 
(1) Remove the casualty’s loose clothing to expose the 


wound. However, DO NOT attempt to remove clothing that is stuck to the 
wound; removing it may cause further injury. 


CAUTION 


DO NOT REMOVE protective clothing in a chemical 
environment. Apply dressings over the protective clothing. 


(2) Gently pick up any organs that may be on the ground. 
Do this with a clean, dry dressing or with the cleanest available material. 
Place the organs on top of the casualty’s abdomen (Figure 3-9). 


a i 
qo — iG 
CUNTSDATLY 
duo Aa S0-S 


Pub ee 


Figure 3-9. Protruding organs placed near wound. 
NOTE 


DO NOT probe, clean, or try to remove any foreign object 
from the abdomen. DO NOT touch with bare hands any 
exposed organs. DO NOT push organs back inside the body. 


d. Apply the Field Dressing. Use the casualty’s field dressing, 
not your own. If the field dressing is not large enough to cover the entire 
wound, the plastic wrapper from the dressing may be used to cover the wound 
first (placing the field dressing on top). Open the plastic wrapper carefully 
without touching the inner surface. If necessary, other improvised dressings 
may be made from clothing, blankets, or the cleanest materials available. 


WARNING 


If there is an object extending from the wound, DO NOT 


remove it. Place as much of the wrapper over the 
wound as possible without dislodging or moving the 
object. DO NOT place the wrapper over the object. 
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(1) Grasp the tails in both hands. 


(2) Hold the dressing with the white side down directly over 
the wound. DO NOT touch the white (sterile) side of the dressing or allow 
anything except the wound to come in contact with it. 


(3) Pull the dressing open and place it directly over the wound 
(Figure 3-10). If the casualty is able, he may hold the dressing in place. 


(4) Hold the dressing in place with one hand and use the 
other hand to wrap one of the tails around the body. 


(5) Wrap the other tail in the opposite direction until the 
dressing is completely covered. Leave enough of the tail for a knot. 


(6) Loosely tie the tails with a square knot at the casualty’s 
side (Figure 3-11). 


WARNING 


When the dressing is applied, DO NOT put pressure on 
the wound or exposed internal parts, because pressure 
could cause further injury (vomiting, ruptured 
intestines, and so forth). Therefore, tie the dressing 
ties (tails) loosely at casualty’s side, not directly over 
the dressing. 
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(7) Tie the dressing firmly enough to prevent slipping 
without applying pressure to the wound site (Figure 3-12). 


= KR Site : 


Figure 3-12. Field dressing covered with improvised material 
and loosely tied. 


Field dressings can be covered with improvised reinforcement material 
(cravats, strips of torn T-shirt, or other cloth) for additional support and 
protection. Tie improvised bandage on the opposite side of the dressing ties 
firmly enough to prevent slipping but without applying additional pressure to 
the wound. 


CAUTION 


DO NOT give casualties with abdominal wounds food or 
water (moistening the lips is allowed). 


e. Seek Medical Assistance. Notify medical personnel. 


3-8. Burn Injuries 

Burns often cause extreme pain, scarring, or even death. Before 
administering first aid, you must be able to recognize the type of burn. 
There are four types of burns: 


. Thermal burns caused by fire, hot objects, hot liquids, and 
gases; or by nuclear blast or fireball. 


° Electrical burns caused by electrical wires, current, or 
lightning. 


° Chemical burns caused by contact with wet or dry chemicals 
or white phosphorus (W P)—from marking rounds and grenades. 


. Laser burns (eye [ocular] injury). 
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3-9. First Aid for Burns 


a. — Eliminate the Source of the Burn. The source of the burn must 
be eliminated before any evaluation of the casualty can occur and first aid 
administered. 


(1) Quickly remove the casualty from danger and cover the 
thermal burn with any large nonsynthetic material, such as a field jacket. If 
the casualty’s clothing is still on fire, roll the casualty on the ground to 
smother (put out) the flames (Figure 3-13). 


Figure 3-13. Casualty covered and rolled on ground. 


CAUTION 


Synthetic materials, such as nylon, may melt and cause 
further injury. 


(2) Remove the electrical burn casualty from the electrical 
source by turning off the electrical current. DO NOT attempt to turn off the 
electricity if the source is not close by. Speed is critical, so DO NOT waste 
unnecessary time. If the electricity cannot be turned off, wrap any 
nonconductive material (dry rope, clothing, wood, and so forth) around the 
casualty’s back and shoulders and drag the casualty away from the electrical 
source (Figure 3-14). DO NOT make body-to-body contact with the casualty 
or touch any wires because you could also become an electrical burn casualty. 
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Figure 3-14. Casualty removed from electrical source 
(using nonconductive material). 


WARNING 


High voltage electrical burns may cause temporary 


unconsciousness, difficulties in breathing, or diffi- 
culties with the heart (heartbeat). 


(3) Remove the chemical from the burned casualty. Remove 
liquid chemicals by flushing with as much water as possible. Remove dry 
chemicals by brushing off loose particles (DO NOT use the bare surface of 
your hand because you could become a chemical burn casualty) and then flush 
with large amounts of water, if available. If large amounts of water are not 
available, then NO water should be applied because small amounts of water 
applied to a dry chemical burn may cause a chemical reaction. When WP 
strikes the skin, smother with a wet cloth or mud. Keep WP covered with a 
wet material to exclude air; this should help prevent the particles from burning. 


(4) Remove the laser burn casualty from the source. When 
removing the casualty from the laser beam source, be careful not to enter the 
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beam or you may become a casualty. Never look directly at the beam source 
and if possible, wear appropriate eye protection. 


NOTE 


After the casualty is removed from the source of the burn, he 
should be evaluated for conditions requiring basic first aid 
measures. 


b. Expose the Burn. Cut and gently lift away any clothing 
covering the burned area, without pulling clothing over the burns. Leave in 
place any clothing that is stuck to the burn. If the casualty’s hands or wrists 
have been burned, remove jewelry if possible without causing further injury 
(rings, watches, and so forth) and place in his pockets. This prevents the 
necessity to cut off jewelry since swelling usually occurs as a result of a burn. 


CAUTION 


DO NOT lift or cut away clothing if in a chemical 


environment. Apply the dressing directly over the casualty’s 
protective clothing. DO NOT attempt to decontaminate skin 
where blisters have formed. 


c. Apply a Field Dressing to the Burn. 
(1) Grasp the tails of the casualty’s dressing in both hands. 


(2) Hold the dressing directly over the wound with the white 
side down, pull the dressing open, and place it directly over the wound. DO 
NOT touch the white (sterile) side of the dressing or allow anything except 
the wound to come in contact with it. If the casualty is able, he may hold the 
dressing in place. 


(3) Hold the dressing in place with one hand and use the 
other hand to wrap one of the tails around the limbs or the body. 


(4) Wrap the other tail in the opposite direction until the 
dressing is completely covered. 


(5) Tie the tails into a square knot over the outer edge of the 
dressing. The dressing should be applied lightly over the burn. Ensure that 
dressing is applied firmly enough to prevent it from slipping. 
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NOTE 
Use the cleanest improvised dressing material available if a field 
dressing is not available or if it is not large enough for the entire 
wound. 
d. Take the Following Precautions: 
. DO NOT place the dressing over the face or genital area. 
° DO NOT break the blisters. 
° DO NOT apply grease or ointments to the burns. 
° For electrical burns, check for both an entry and exit 
burn from the passage of electricity through the body. Exit burns may 
appear on any area of the body despite location of entry burn. 


. For burns caused by wet or dry chemicals, flush the 
burns with large amounts of water and cover with a dry dressing. 


° For burns caused by WP, flush the area with water, then 
cover with a wet material, dressing, or mud to exclude the air and keep the 
WP particles from burning. 

° For laser burns, apply a field dressing. 


° If the casualty is conscious and not nauseated, give him 
small amounts of water. 


e. Seek Medical Assistance. Notify medical personnel. 


3-10. Dressings and Bandages 
a. Head Wounds. 


(1) Position the casualty. 


WARNING 


DO NOT move the casualty if you suspect he has 


sustained a neck, spine, or head injury (which produces 
any signs or symptoms other than minor bleeding). 
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° If the casualty has a minor (superficial) scalp 
wound and is conscious: 


Have the casualty sit up (unless other injuries 
prohibit or he is unable to). 


If the casualty is lying down and is not 
accumulating fluids or drainage in his throat, elevate his head slightly. 


. If the casualty is bleeding from or into his 
mouth or throat, turn his head to the side or position him on his side so that 
the airway will be clear. Avoid putting pressure on the wound and place him 
on his uninjured side (Figure 3-15). 


Figure 3-15, Casualty lying on side opposite injury. 


° If the casualty is unconscious or has a severe head 
injury, then suspect and treat him as having a potential neck or spinal injury, 
immobilize and DO NOT move the casualty. 


NOTE 


If the casualty is choking or vomiting or is bleeding from or into 
his mouth (thus compromising his airway), position him on his 
uninjured side to allow for drainage and to help keep his airway 
clear. 


WARNING 
If it is necessary to turn a casualty with a suspected 


neck/spine injury; roll the casualty gently onto his side, 
keeping the head, neck, and body aligned while pro- 


viding support for the head and neck. DO NOT roll the 
casualty by yourself but seek assistance. Move him only 
if absolutely necessary, otherwise keep the casualty 
immobilized to prevent further damage to the neck/spine. 
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(2) Expose the wound. Remove the casualty’s helmet (if 
necessary). In a nuclear, biological, and chemical (NBC) environment, the 
first aid provider must leave the casualty as much protection (such as 
protective mask, mission-oriented protective posture [M OPP] overgarments) 
as possible. What items of protective equipment can be removed is dependent 
upon the casualty’s injuries (where on the body and what type), the M OPP 
level, integrity of protective equipment (such as tears in the garment or mask 
seal), availability of chemical protective shelters, and the tactical situation. 


WARNING 


DO NOT attempt to clean the wound or remove a 
protruding object. 


NOTE 
Always use the casualty’s field dressing, not your own. 


(3) Apply a dressing to a wound of the forehead or back of 
head. To apply a dressing to a wound of the forehead or back of the head— 


(a) Remove the dressing from the wrapper. 

(b) Grasp the tails of the dressing in both hands. 

(c) Hold the dressing (white side down) directly over 
the wound. DO NOT touch the white (sterile) side of the dressing or allow 
anything except the wound to come in contact with it. 

(d) Place it directly over the wound. 


(e) Hold it in place with one hand. If the casualty is 
able, he may assist. 


(f) Wrap the first tail horizontally around the head; 
ensure the tail covers the dressing (Figure 3-16). 
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Figure 3-16. First tail of dressing wrapped horizontally around head. 
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Example: 


5x-30 
eg x2-2x 
5(x-6) 
x(x-2) 


5+ 
Note: There are no terms that can be factored out, so it cannot be reduced. 
LCM = 1 * x(x - 2) 
LCD = x(x - 2 ) 


WStep - Convert to equivalent fractions. 


2 
_ 28) 5x30 
~~ 1(¢2—2x) x2-2x 


_ 5x2-10x , 5x30 
x22x x22x 


5x2-10x+5x—-30 
x2-2x 


5x2—5x-30 
x2-2x 


WStep - Reduce if possible. Remember to factor. 


_ 5x?-x-6) 
x(x-2) 


_ 5-3) 42? 
“~ —— x(x-2) 
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(g) Hold the first tail in place and wrap the second tail 
in the opposite direction, covering the dressing (Figure 3-17). 


Figure 3-17. Second tail wrapped in opposite direction. 


(h) Tie a square knot and secure the tails at the side of 
the head, making sure they DO NOT cover the eyes or ears (Figure 3-18). 


‘t ‘« @ 
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ed in square knot at side of head. 


Figure 3-18. Tails ti 


(4) Apply a dressing to a wound on top of the head. To 
apply a dressing to a wound on top of the head— 


(a) Remove the dressing from the wrapper. 

(b) Grasp the tails of the dressing in both hands. 

(c) Hold it (white side down) directly over the wound. 
DO NOT touch the white (sterile) side of the dressing or allow anything 
except the wound to come in contact with it. 


(d) Place it over the wound (Figure 3-19). 


3-19 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


Figure 3-19. Dressing placed over wound. 


(e) Hold it in place with one hand. If the casualty is 
able, he may assist. 


(f) Wrap one tail down under the chin (Figure 3-20), 
up in front of the ear, over the dressing, and in front of the other ear. 


Figure 3-20. One tail of dressing wrapped under chin. 


WARNING 


Ensure the tails remain wide and close to the front of 
the chin to avoid choking the casualty. 
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(g) Wrap the remaining tail under the chin in the 
opposite direction and up the side of the face to meet the first tail (Figure 3-21). 


Figure 3-21. Remaining tail wrapped under chin in opposite direction. 


(h) Cross the tails (Figure 3-22), bringing one around 
the forehead (above the eyebrows) and the other around the back of the head 
(at the base of the skull) to a point just above and in front of the opposite ear, 
and tie them using a square knot (Figure 3-23). 


Figure 3-23. Tails tied in square knot (in front of and above ear). 
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(5) Apply a triangular bandage to the head. To apply a 
triangular bandage to the head— 


(a) Turn the base (longest side) of the bandage up and 
center its base on the center of the forehead, letting the point (apex) fall on 
the back of the neck (Figure 3-24A). 


(b) Take the ends behind the head and cross the ends 
over the apex. 


(c) Take them over the forehead and tie them (Figure 
3-24B), 


(d) Tuck the apex behind the crossed part of the 
bandage or secure it with a safety pin, if available (Figure 3-24C). 


(6) Apply a cravat bandage to the head. To apply a cravat 
bandage to the head— 


(a) Place the middle of the bandage over the dressing 
(Figure 3-25A). 


(b) Cross the two ends of the bandage in opposite 
directions completely around the head (Figure 3-25B). 


(c) Tie the ends over the dressing (Figure 3-25C). 
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b. Eye Injuries. The eye is a vital sensory organ, and blindness 
is a severe physical handicap. Timely first aid of the eye may relieve pain 
and may also help to prevent shock, permanent eye injury, and possible loss 
of vision. Because the eye is very sensitive, any injury can be easily 
aggravated if it is improperly handled. Injuries of the eye may be quite 
severe. Cuts of the eyelids can appear to be very serious, but if the eyeball is 
not involved, a person’s vision usually will not be damaged. However, 
lacerations (cuts) of the eyeball can cause permanent damage or loss of sight. 


(1) Lacerated/torn eyelids. Lacerated eyelids may bleed 
heavily, but bleeding usually stops quickly. Cover the injured eye with a 
sterile dressing. DO NOT put pressure on the wound because you may 
injure the eyeball. Handle torn eyelids very carefully to prevent further 
injury. Place any detached pieces of the eyelid on a clean bandage or 
dressing and immediately send them with the casualty to the medical facility. 


(2) Lacerated eyeball (injury to the globe). Lacerations or 
cuts to the eyeball may cause serious and permanent eye damage. Cover the 
injury with a loose sterile dressing. DO NOT put pressure on the eyeball 
because additional damage may occur. An important point to remember is 
that when one eyeball is injured, you should immobilize both eyes. This is 
done by applying a bandage to both eyes. Because the eyes move together, 
covering both will lessen the chances of further damage to the injured eye. 
(However, in hazardous surroundings, leave uninjured eye uncovered to 
enable casualty to see.) 


CAUTION 


DO NOT apply pressure when there is a possible laceration 


of the eyeball. The eyeball contains fluid. Pressure applied 
over the eye will force the fluid out, resulting in permanent 
injury. APPLY PROTECTIVE DRESSING WITHOUT 
ADDED PRESSURE. 


(3) Extruded eyeballs. Service members may encounter 
casualties with severe eye injuries that include an extruded eyeball (eyeball 
out-of-socket). In such instances you should gently cover the extruded eye 
with a loose moistened dressing and also cover the unaffected eye. DO NOT 
bind or exert pressure on the injured eye while applying the dressing. Keep 
the casualty quiet, place him on his back, treat for shock, and evacuate him 
immediately. 


(4) Burns of the eyes. Chemical burns, thermal (heat) burns, 
and light burns can affect the eyes. 
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(a) Chemical burns. Injuries from chemical burns 
require immediate first aid. Mainly acids or alkalies cause chemical burns. 
The first aid measures consist of flushing the eyes immediately with large 
amounts of water for at least 5 to 20 minutes, or as long as necessary to flush 
out the chemical and, once flushed, bandaging the eyes. If the burn is an 
acid burn, you should flush the eye for at least 5 to 10 minutes. If the burn is 
an alkali burn, you should flush the eye for at least 20 minutes. After the eye 
has been flushed evacuate the casualty immediately. 


(b) Thermal burns. When an individual suffers burns 
of the face from a fire, the eyes will close quickly due to extreme heat. This 
reaction is a natural reflex to protect the eyeballs; however, the eyelids 
remain exposed and are frequently burned. If a casualty receives burns of 
the eyelids or face— 


. DO NOT apply a dressing. 
° DO NOT touch. 
° SEEK medical assistance immediately. 


(c) Light burns. Exposure to intense light can burn an 
individual. Infrared rays, eclipse light (if the casualty has looked directly at 
the sun), or laser burns cause injuries of the exposed eyeball. Ultraviolet 
rays from arc welding can cause a superficial burn to the surface of the eye. 
These injuries are generally not painful but may cause permanent damage to 
the eyes. Immediate first aid is usually not required. Loosely bandaging the 
eyes may make the casualty more comfortable and protect his eyes from 
further injury caused by exposure to other bright lights or sunlight. 


CAUTION 


With impaled objects or significant sized foreign bodies, both 


eyes are usually bandaged to help secure the foreign body 
in the injured eye. In a battlefield environment, leave the 
uninjured eye uncovered so that the casualty can see. 


c.  Side-of-Head or Cheek Wound. Facial injuries to the side of 
the head or the cheek may bleed profusely (Figure 3-26). Prompt action is 
necessary to ensure that the airway remains open and also to control the 
bleeding. It may be necessary to apply a dressing. To apply a dressing— 


(1) Remove the dressing from its wrapper. 
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(2) Grasp the tails in both hands. 


(3) Hold the dressing directly over the wound with the white 
side down and place it directly on the wound (Figure 3-27A). DO NOT 
touch the white (sterile) side of the dressing or allow anything except the 
wound to come in contact with it. 


(4) Hold the dressing in place with one hand (the casualty 
may assist if able). Wrap the top tail over the top of the head and bring it 
down in front of the ear (on the side opposite the wound), under the chin 
(Figure 3-27B) and up over the dressing to a point just above the ear (on the 
wound side). 


Figure 3-27. Dressing placed directly on wound. Top tail wrapped over 
top of head, down in front of ear, and under chin (Illustrated A—B). 


NOTE 


When possible, avoid covering the casualty’s ear with the 
dressing, as this will decrease his ability to hear. 


(5) Bring the second tail under the chin, up in front of the 


ear (on the side opposite the wound), and over the head to meet the other tail 
(on the wounded side) (Figure 3-28). 
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Figure 3-28. Bringing second tail under the chin. 


(6) Cross the two tails (on the wound side) (Figure 3-29) 
and bring one end across the forehead (above the eyebrows) to a point just in 
front of the opposite ear (on the uninjured side). 


Figure 3-29. Crossing the tails on the side of the wound. 


(7) Wrap the other tail around the back of the head (at the 
base of the skull), and tie the two ends just in front of the ear on the uninjured 
side with a square knot (Figure 3-30). 


Figure 3-30. Tying the tails of the dressing in a square knot. 


3-26 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


d. Ear Injuries. Lacerated (cut) or avulsed (torn) ear tissue may 
not, in itself, be a serious injury. Bleeding, or the drainage of fluids from the 
ear canal, however, may be a sign of a head injury, such as a skull fracture. 
DO NOT attempt to stop the flow from the inner ear canal nor put anything 
into the ear canal to block it. Instead, you should cover the ear lightly with a 
dressing. For minor cuts or wounds to the external ear, apply a cravat 
bandage as follows: 


(1) Place the middle of the bandage over the ear (Figure 3- 
31A). 


(2) Cross the ends, wrap them in opposite directions around 
the head, and tie them (Figures 3-31B and 3-31C). 


Figure 3-31. Applying cravat bandage to ear (Illustrated A—C). 


(3) If possible, place some dressing material between the 
back of the ear and the side of the head to avoid crushing the ear against the 
head with the bandage. 


e. Nose Injuries. Nose injuries generally produce bleeding. The 
bleeding may be controlled by placing an ice pack (if available) over the 
nose, or pinching the nostrils together. The bleeding may also be controlled 
by placing torn gauze (rolled) between the upper teeth and the lip. 

CAUTION 


DO NOT attempt to remove objects inhaled into the nose. 


An untrained person who removes such an object could 
worsen the casualty’s condition and cause permanent injury. 


f. Jaw Injuries. Before applying a bandage to a casualty’s jaw, 
remove all loose or free-floating foreign material from the casualty’s mouth. 
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If the casualty is unconscious, check for obstructions in the airway and 
remove if possible. If there is profuse bleeding in the oral cavity, the cavity 
may require loose packing with soft bandaging material (for example: 
Kerlix™ gauze) prior to applying a bandage. Care should be taken to avoid 
occluding the airway. When applying the bandage, allow the jaw enough 
freedom to permit passage of air and drainage from the mouth. 


(1) Apply bandages attached to field first aid dressing to the 
jaw. After dressing the wound, apply the bandages using the same technique 
illustrated in Figure 3-32A—C. 


NOTE 


The dressing and bandaging procedure outlined for the jaw 
serves a twofold purpose. In addition to stopping the bleeding 
and protecting the wound, it also immobilizes a fractured jaw. 


(2) Apply a cravat bandage to the jaw. 


(a) Place the bandage under the chin and pull its ends 
upward. Adjust the bandage to make one end longer than the other (Figure 
3-32A ). 


(b) Take the longer end over the top of the head to 
meet the short end at the temple and cross the ends over (Figure 3-32B). 


(c) Take the ends in opposite directions to the other 
side of the head and tie them over the part of the bandage that was applied 
first (Figure 3-32C). 


Figure 3-32. Applying a cravat bandage to jaw (Illustrated A—C). 
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Example: 
2R , 3IR 
8 +6 
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7*Q%*2 + 2*Z 
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LCM =2 *2 
LCD =4 


WStep - Convert to equivalent fractions. 
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2204. Subtract Literal Fractions 


The final operation you are going to cover in this lesson is subtracting literal fractions. Just as 

you have done in the last three lessons, you must make sure the fractions have common/like 
denominators. Make sure the original fractions are reduced where possible. Convert them to 
equivalent fractions having a common denominator. You will again obtain the LCM which will be 
the LCD. Once you have the LCD, combine the numerators and place them over the common 
denominator. Now you are ready to algebraically add, watching the signs of the subtrahend and 
assigning the appropriate sign to the larger number. Reduce the fraction to its lowest terms. 

Study the examples that follow: 


Example: 
(a) 
2E _ 3E 
Be 
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NOTE 
The cravat bandage technique is used to immobilize a fractured 
jaw or to maintain a sterile dressing that does not have tail 
bandages attached. 
3-11. Shoulder Bandage 
a. To apply bandages attached to the field first aid dressing— 


(1) Take one bandage across the chest and the other across 
the back and under the arm opposite the injured shoulder. 


(2) Tie the ends with a square knot (Figure 3-33). 


e 


Figure 3-33. Shoulder bandage. 
b. To apply a cravat bandage to the shoulder or armpit— 


(1) Make an extended cravat bandage by using two triangular 
bandages (Figure 3-34A); place the end of the first triangular bandage along 
the base of the second one (Figure 3-34B). 


(2) Fold the two bandages into a single extended bandage 
(Figure 3-34C). 


(3) Fold the extended bandage into a single cravat bandage 
(Figure 3-34D). After folding, secure the thicker part (overlap) with two or 
more safety pins (Figure 3-34E). 


(4) Place the middle of the cravat bandage under the armpit 


so that the front end is longer than the back end and safety pins are on the 
outside (Figure 3-34F ). 
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(5) Cross the ends on top of the shoulder (Figure 3-34G). 

(6) Take one of the bandage ends across the back and under 
the arm on the opposite side and the other end across the chest. Tie the ends 
(Figure 3-34H). 


APEX 


TAN 
©__ AROS 
OSG 


SAFETY PINS 


Figure 3-34, Extended cravat bandage applied to shoulder or armpit 
(Illustrated A—H). 
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Be sure to place sufficient wadding in the armpit. DO NOT tie the cravat 
bandage too tightly. Avoid compressing the major blood vessels in the 
armpit. 

3-12. Elbow Bandage 


To apply a cravat bandage to the elbow— 


a. Bend the arm at the elbow and place the middle of the cravat at 
the point of the elbow bringing the ends upward (Figure 3-35A). 


b. Bring the ends across, extending both downward (Figure 3- 
35B). 


c. | Takeboth ends around the arm and tie them with a square knot 
at the front of the elbow (Figure 3-35C). 


Figure 3-35. Elbow bandage (Illustrated A—C). 


CAUTION 


If an elbow fracture is suspected, DO NOT bend the elbow; 
bandage it in the position found. 


3-13. Hand Bandage 
a. To apply a triangular bandage to the hand— 
(1) Place the hand in the middle of the triangular bandage 
with the wrist at the base of the bandage (Figure 3-36A). Ensure that the 


fingers are separated with absorbent material to prevent chafing and irritation 
of the skin. 
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(2) Place the apex over the fingers and tuck any excess 
material into the pleats on each side of the hand (Figure 3-36B). 


(3) Cross the ends on top of the hand, take them around the 
wrist, and tie them (Figures 3-36C—E) with a square knot. 


Figure 3-36. Triangular bandage applied to hand (Illustrated A—E). 
b. To apply a cravat bandage to the palm of the hand— 


(1) Lay the middle of the cravat over the palm of the hand 
with the ends hanging down on each side (Figure 3-37A). 


(2) Take the end of the cravat at the little finger across the 
back of the hand, extending it upward over the base of the thumb; then bring 
it downward across the palm (Figure 3-37B). 


(3) Take the thumb end across the back of the hand, over 
the palm, and through the hollow between the thumb and palm (Figure 3- 
37C). 


(4) Take the ends to the back of the hand and cross them; 
then bring them up over the wrist and cross them again (Figure 3-37D). 


(5) Bring both ends down and tie them with a square knot on 
top of the wrist (Figure 3-37E—F). 
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Figure 3-37. Cravat bandage applied to palm of hand 
(Illustrated A—F). 
3-14. Leg (Upper and Lower) Bandage 
To apply a cravat bandage to the leg— 


a. Place the center of the cravat over the dressing (Figure 3- 
38A ). 


b. | Take one end around and up the leg in a spiral motion and the 
other end around and down the leg in a spiral motion, overlapping part of 
each preceding turn (Figure 3-38B). 


c. Bring both ends together and tie them (Figure 3-38C) with a 
square knot. 


Figure 3-38. Cravat bandage applied to leg (Illustrated A—C). 
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3-15. Knee Bandage 


To apply a cravat bandage to the knee as illustrated in Figure 3-39, use the 
same technique applied in bandaging the elbow. 


CAUTION 


If a fracture of the kneecap is suspected, DO NOT bend the 
knee; bandage it in the position found. 


Figure 3-39. Cravat bandage applied to knee (Illustrated A—C). 


3-16. Foot Bandage 
To apply a triangular bandage to the foot— 

a. Place the foot in the middle of the triangular bandage with the 
heel well forward of the base (Figure 3-40A). Ensure that the toes are 
separated by absorbent material to prevent chafing and irritation of the skin. 


b. Place the apex over the top of the foot and tuck any excess 
material into the pleats on each side of the foot (Figure 3-40B). 


c. Cross the ends on top of the foot, take them around the ankle, 
and tie them at the front of the ankle (Figure 3-40C—E). 
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Figure 3-40. Triangular bandage applied to foot (Illustrated A—E). 
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CHAPTER 4 


FIRST AID FOR FRACTURES 


4-1. General 


A fracture is any break in the continuity of a bone. Fractures can cause total 
disability or in some cases death by severing vital organs and/or arteries. On 
the other hand, they can most often be treated so there is a complete recovery. 
The potential for recovery depends greatly upon the first aid the individual 
receives before he is moved. First aid includes immobilizing the fractured 
part in addition to applying lifesaving measures when necessary. The basic 
splinting principle is to immobilize the joints above and below the fracture. 


4-2. Kinds of Fractures 


Figure 4-1 depicts types of fractures. 


Teed m4 


Figure 4-1. Types of fractures (Illustrated A—C). 


a. Closed Fracture (Figure 4-1A). A closed fracture is a broken 
bone that does not break the overlying skin. The tissue beneath the skin may 
be damaged. A dislocation is when a joint, such as a knee, ankle, or 
shoulder, is not in the proper position. A sprain is when the connecting 
tissues of the joints have been torn. Dislocations and sprains (swelling, 
possible deformity, and discoloration) should be treated as closed fractures. 


b. Open Fracture (Figure 4-1B and 4-1C). An open fracture isa 
broken bone that breaks (pierces) the overlying skin. The broken bone may 
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come through the skin or a missile such as a bullet or shell fragment may go 
through the flesh and break the bone. 


NOTE 


An open fracture is contaminated and subject to infection. 


4-3, Signs and Symptoms of Fractures 


Indications of a fracture are deformity, tenderness, swelling, pain, inability 
to move the injured part, protruding bone, bleeding, or discolored skin at the 
injury site. A sharp pain when the service member attempts to move the part 
is also a sign of a fracture. 


WARNING 


DO NOT encourage the casualty to move the injured 
part in order to identify a fracture since such movement 
could cause further damage to surrounding tissues and 


promote shock. If you are not sure whether a bone is 
fractured, care for the injury as a fracture. At the site of 
the fracture, the bone ends are sharp and could cause 
vessel (artery and/or vein) damage. 


4-4, Purposes of I mmobilizing Fractures 


A fracture is immobilized to prevent the sharp edges of the bone from 
moving and cutting tissue, muscle, blood vessels, and nerves. This reduces 
pain and helps prevent or control shock. In a closed fracture, immobilization 
keeps bone fragments from causing an open wound, which can become 
contaminated and subject to infection. 


4-5, Splints, Padding, Bandages, Slings, and Swathes 

a. Splints. Splints may be improvised from such items as boards, 
poles, sticks, treelimbs, or cardboard. If nothing is available for a splint, the 
chest wall can be used to immobilize a fractured arm and the uninjured leg 
can be used to immobilize (to some extent) the fractured leg. 

b. Padding. Padding may be improvised from such items as a 
jacket, blanket, poncho, shelter half, or leafy vegetation. 
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c. Bandages. Bandages may be improvised from belts, rifle 
slings, kerchiefs, or strips torn from clothing or blankets. Narrow materials 
such as wire or cord should not be used to secure a splint in place. The 
application of wire and/or narrow material to an extremity could cause tissue 
damage and a tourniquet effect. 


d. Slings. A sling is a bandage suspended from the neck to 
support an upper extremity. If a bandage is not available, a sling can be 
improvised by using the tail of a coat or shirt or pieces of cloth torn from 
such items as clothing and blankets. The triangular bandage is ideal for this 
purpose. Remember that the casualty’s hand should be higher than his 
elbow, and the fingers should be showing at all times. The sling should be 
applied so that the supporting pressure is on the uninjured side. 


e,  Swathes. Swathes are any bands (pieces of cloth or load 
bearing equipment [LBE]) that are used to further immobilize a splinted 
fracture. Triangular and cravat bandages are often used and are called 
swathe bandages. The purpose of the swathe is to immobilize; therefore, the 
swathe bandage is placed above and/or below the fracture—not over it. 


4-6. Procedures for Splinting Suspected Fractures 


Before beginning first aid procedures for a fracture, gather whatever splinting 
materials are available. Ensure that splints are long enough to immobilize the 
joint above and below the suspected fracture. If possible, use at least four 
ties (two above and two below the fracture) to secure the splints. The ties 
should be square knots and should be tied away from the body on the splint. 
Distal pulses of the affected extremity should be checked before and after the 
application of the splint. 


a. Evaluate the Casualty. Be prepared to perform any necessary 


lifesaving measures. M onitor the casualty for development of conditions that 
may require you to perform necessary lifesaving measures. 


WARNING 


Unless there is immediate life-threatening danger, such 


as a fire or an explosion, DO NOT move the casualty 
with a suspected back or neck injury. Improper 
movement may cause permanent paralysis or death. 


LCM =5 * 2 
LCD = 10 


WStep - Convert to equivalent fractions. 


_ 2QE)  5(E) 

~~ 5x2 2x5 
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10 
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WARNING 


In a chemical environment, DO NOT remove any 


protective clothing. Apply the dressings and splints 
over the garments. 


b. Locate the Site of the Suspected Fracture. 
(1) Ask the casualty for the location of the injury. 
° Does he have any pain? 
° Where is it tender? 
° Can he move the extremity? 
NOTE 


With the presence of an obvious deformity, do not make the 
casualty move extremity. 


(2) Look for an unnatural position of the extremity. 
(3) Look for a bone sticking out (protruding). 
c. | Prepare the Casualty for Splinting the Suspected Fracture. 


(1) Reassure the casualty. Tell him that you will be 
providing first aid for him and that medical help is on the way. 


(2) Loosen any tight or binding clothing. 


(3) Remove all jewelry from the injured part and place it in 
the casualty’s pocket. Tell the casualty you are doing this because if the 
jewelry is not removed and swelling occurs later, he may not be able to get it 
off and further bodily injury could result. 


(4) Boots should not be removed from the casualty unless they 
are needed to stabilize a neck injury or there is actual bleeding from the foot. 


d. Gather Splinting Materials. If standard splinting materials 


(splints, padding, and cravats) are not available, gather improvised materials. 
If splinting material is not available and the suspected fracture CANNOT be 
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splinted, then swathes, or a combination of swathes and slings can be used to 
immobilize the extremity. 


e. Pad the Splints. Pad the splints where they touch any bony 
part of the body, such as the elbow, wrist, knee, ankle, crotch, or armpit 
areas. Padding prevents excessive pressure on the area, which could lead to 
circulation problems. 


f. Check the Circulation Below the Site of the Injury. 


(1) Note any pale, white, or bluish-gray color of the skin, 
which may indicate impaired circulation. Circulation can also be checked by 
depressing the toe or fingernail beds and observing how quickly the color 
returns. A slower return of color to the injured side when compared with the 
uninjured side indicates a problem with circulation. The fingernail bed is the 
method to use to check the circulation in a dark-skinned casualty. 


(2) Check the temperature of the injured extremity. Use 
your hand to compare the temperature of the injured side with the uninjured 
side. The body area below the injury may be colder to the touch indicating 
poor circulation. 


(3) Question the casualty about the presence of numbness, 
tightness, cold, or tingling sensations. 


WARNING 


Casualties with fractures of the extremities may show 
impaired circulation, such as numbness, tingling, cold 
or pale to bluish skin tone. These casualties should be 
evacuated by medical personnel and treated as soon as 
possible. Prompt medical treatment may prevent 
possible loss of the limb. 


WARNING 


If it is an open fracture and the bone is protruding from 
the skin, DO NOT ATTEMPT TO PUSH THE BONE BACK 
UNDER THE SKIN. Apply a field dressing over the 
wound to protect the area. 
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g. Apply the Splint in Place. 


(1) Splint the fracture in the position found. DO NOT 
attempt to reposition or straighten the injury. If it is an open fracture, stop 
the bleeding and protect the wound. Cover all wounds with field dressings 
before applying a splint. Remember to use the casualty’s field dressing, not 
your own. 


(2) Place one splint on each side of the fracture. M ake sure 
that the splints reach, if possible, beyond the joints above and below the 
fracture. 


(3) Tie the splints. Secure each splint in place above and 
below the fracture site with improvised (or actual) cravats. Improvised 
cravats, such as strips of cloth, belts, or whatever else you have, may be 
used. With minimal motion to the injured areas, place and tie the splints with 
the bandages. Push cravats through and under the natural body curvatures, 
and then gently position improvised cravats and tie in place. Use square 
knots. Tie all knots on the splint away from the casualty (Figure 4-2). DO 
NOT tie cravats directly over the suspected fracture site. 


Figure 4-2. Square knots tied away from casualty. 


h. Check the Splint for Tightness. 


(1) CHECK to be sure that bandages are tight enough to 
securely hold splinting materials in place, but not so tight that circulation is 
impaired. 


(2) RECHECK the circulation after application of the splint. 
Check the skin color and temperature. This is to ensure that the bandages 
holding the splint in place have not been tied too tightly. A fingertip check 
can be made by inserting the tip of the finger between the bandaged knot and 
the skin. 


(3) MAKE any necessary adjustment without allowing the 
splint to become ineffective. 
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i. Apply a Sling. An improvised sling may be made from any 
available nonstretching piece of cloth, such as a battle dress uniform (BDU) 
shirt or trousers, poncho, or shelter half. Slings may also be improvised 
using the tail of a coat, belt, or a piece of cloth. Figure 4-3 depicts a shirttail 
used for support. A trousers belt or LBE may also be used for support 
(Figure 4-4). A sling should place the supporting pressure on the casualty’s 
uninjured side. The supported arm should have the hand positioned slightly 
higher than the elbow showing the fingers. 


& t” 
R\S SBS 


Figure 4-3. Shirttail used for support. 


Z 


Figure 4-4. Belt used for support. 


(1) _ Insert the splinted arm in the center of the sling (Figure 4-5). 


Figure 4-5. Arm inserted in center of improvised sling. 
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(2) Bring the ends of the sling up and tie them at the side (or 
hollow) of the neck on the uninjured side (Figure 4-6). 


Figure 4-6. Ends of improvised sling tied to side of neck. 


(3) Twist and tuck the corner of the sling at the elbow 
(Figure 4-7). 


Figure 4-7. Corner of sling twisted and tucked at elbow. 


j. Apply a Swathe. Y ou may use any large piece of cloth, service 
member's belt, or pistol belt, to improvise a swathe. 


WARNING 


The swathe should not be placed directly on top of the 
injury, but positioned either above or below the fracture 
site. 


(1) Apply swathes to the injured arm by wrapping the swathe 
over the injured arm, around the casualty’s back, and under the arm on the 
uninjured side. Tie the ends on the uninjured side (Figure 4-8). 
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Figure 4-8. Arm immobilized with strip of clothing. 


(2) A swathe is applied to an injured leg by wrapping the 
swathe around both legs and securing it on the uninjured side. 


k. Seek Medical Assistance. Notify medical personnel, watch 
closely for development of life-threatening conditions and/or impaired 
circulation to the injured extremity. (Refer to Chapter 1 for additional 
information on life-threatening conditions. ) 


4-7, Upper Extremity Fractures 


Figures 4-9 through 4-17 show how to apply slings, splints, and cravats 
(swathes) to immobilize and support fractures of the upper extremities. 
Although the padding is not visible in some of the illustrations, it is always 
preferable to apply padding along the injured part for the length of the splint 
and especially where it touches any bony parts of the body. 


Figure 4-9. Application of triangular bandage to form sling (two methods). 
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Figure 4-10. Completing sling sequence by twisting and tucking the corner 
of the sling at the elbow. 


Figure 4-11, scars salints applied to fractured elbow when elbow is not 
bent (two methods). 


Figure 4-12. Chest wall ‘sed as splint for upper arm fracture when no 
splint is available. 


Figure 4-13. Chest wall, ing ate cravat used to immobilize fractured 
elbow when elbow is bent. 
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Figure 4-15. Fractured forearm or wrist splinted with sticks and supported 
with tail of shirt and strips of material. 


CRAVATS PLACED ABOVE AND BELOW 
FRACTURE WITH KNOTS TIED AGAINST 
BOARD 


SITE OF FRACTURE 


PADDING IN 
PALM OF HAND 


\ 


PADDING CRAVAT BOARD 


Figure 4-16. Board splint applied to fractured wrist and hand 
(Illustrated A—B), 


a ee 


Figure 4-17. SAM ®splint applied to fractured wrist or forearm. 
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4-8. Lower Extremity Fractures 


Figures 4-18 through 4-24 show how to apply splints to immobilize fractures 
of the lower extremities. Although padding is not visible in some of the 
illustrations, it is always preferable to apply padding along the injured part 
for the length of the splint and especially where it touches any bony parts of 
the body. 


SITE OF FRACTURE 


CRAVATS SECURE FRACTURED LEG TO 
UNINJURED LEG 


CRAVATS PLACED ABOVE AND 
BELOW FRACTURE 


Figure 4-18. Board splints applied to fractured hip or thigh. 


CRAVAT CRADLES KNEE: CRAVAT IS PLACED AROUND 
THE SPLINT, BETWEEN THE BOARDS, UNDER THE KNEE, 
THUS CRADLING THE KNEE (THE KNEE PROTRUDES 
ABOVE THE SPLINTS). 


FRACTURED KNEE 


BOARD 
PADDING 


CRAVATS PLACED ABOVE AND 
BELOW FRACTURE, KNOTS TIED 
AGAINST BOARD. 


CRAVAT TO SECURE ANKLE (CUPPED UNDER 
HEEL, CROSSED ON TOP OF BOOT, CROSSED 
ON SOLE OF BOOT, TIED ON TOP OF BOOT). 


Figure 4-19. Board splint applied to fractured or dislocated knee. 
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SITE OF FRACTURE 


CRAVATS PLACED ABOVE AND 
BELOW FRACTURE 
BOARD SPLINT 


Figure 4-20. Board splints applied to fractured lower leg or ankle. 


Figure 4-22. Improvised splints applied to fractured lower leg or ankle. 
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Now that you have studied the examples provided, try the following challenge. 


Your answer to the challenge should match the following. If your answers are correct, continue. 
If they are not, check your work for mathematical mistakes and review paragraph 2203 to be sure 
that you understand before continuing. 


(Solutions) 
(a) (b) 
9x Sie 2x , 3y _ 
Ax2—2x-2 ~ x1 ~ Jy ty = 
9x ee 2 
(4x42)G-1) x1 > 2x*  3y _ 
xy xy = 
9x-3(4x+2) 
(4x42)(x-1 ) 2x243y2 
9x-12x-6 __ xy 
4x2-2x-2 
—3x-6 
4x2—2x-2 
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SITE OF FRACTURE 


SPLINT APPLIED FOR FRACTURED LOWER LEG, KNEE, OR ANKLE 


SITE OF FRACTURE 


SPLINT APPLIED FOR FRACTURED THIGH OR HIP 


Figure 4-23. Poles rolled in a blanket and used as splints applied to 
fractured lower extremity. 


PISTOL BELT 


PADDING 


CRAVAT 


BELT SITE OF FRACTURE 
CRAVAT 


Figure 4-24, Uninjured leg used as splint for fractured leg 
(anatomical splint). 
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4-9, J aw, Collarbone, and Shoulder Fractures 


a. Apply a cravat to immobilize a fractured jaw as illustrated in 
Figure 4-25. Direct all bandaging support to the top of the casualty’s head, 
not to the back of his neck. If incorrectly placed, the bandage will pull the 
casualty’s jaw back and interfere with his breathing. 


i 
iM Hawt 


i 


il 


Figure 4-25. Fractured jaw immobilized. 


WARNING 


Casualties with lower jaw (mandible) fractures cannot 
be laid flat on their backs because facial muscles will 
relax and may cause an airway obstruction. 


b. Apply two belts, asling, and a cravat to immobilize a fractured 
collarbone, as illustrated in Figure 4-26. 


NG 
f ee: 
Py fom 

Le 


1g) 
Kee 


4 


Figure 4-26. Application of belts, sling, and cravat to immobilize a 
fractured collarbone. 
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c. Apply a sling and a cravat to immobilize a fractured or 
dislocated shoulder, using the technique illustrated in Figure 4-27. 


Figure 4-27. Application of sling and cravat to immobilize a fractured or 
dislocated shoulder. 


4-10. Spinal Column Fractures 


It is often impossible to be sure a casualty has a fractured spinal column. Be 
suspicious of any back injury, especially if the casualty has fallen or if his 
back has been sharply struck or bent. If a casualty has received such an 
injury and does not have feeling in his legs or cannot move them, you can be 
reasonably sure that he has a severe back injury, which should be managed as 
a fracture. Remember, that the possibility of a neck fracture or injury to the 
back should always be suspected, and it is often impossible to be sure if a 
casualty has a fractured spinal column. If the spine is fractured, bending it 
can cause the sharp bone fragments to bruise or cut the spinal cord and result 
in permanent paralysis or death (Figure 4-28A). The spinal column must 
maintain normal spinal position at the lower back (lumbar region) to help 
remove pressure from the spinal cord. 


a. _ If the casualty is not to be transported until medical personnel 
arrive— 


° Caution him not to move. Ask him if he is in pain or if 
he is unable to move any part of his body. 


° Leave him in the position in which he is found. DO 
NOT move any part of his body, unless he is in imminent danger. 


° If the casualty is lying face up, slip a blanket or other 
supporting material under the arch of his lower back to help support the spine 
in a normal position (Figure 4-28B). Take care not to place so much bulky 
padding as to cause potential damage by causing undo pressure on the spine. 
If he is lying face down, DO NOT put anything under any part of his body. 
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() FRACTURE 


IN THIS POSITION, BONE FRAGMENTS 
MAY BRUISE OR CUT THE SPINAL CORD 


FRACTURE 


BLANKETS IN PLACE 


IN THIS POSITION, BONE FRAGMENTS ARE IN PROPER 
PLACE AND WILL NOT BRUISE OR CUT THE SPINAL CORD 


Figure 4-28. Spinal column must maintain a normal spine position. 


b. If the casualty must be transported to a safe location before 
medical personnel arrive and if the casualty is in a— 


° Face-up position, transport him by litter or use a firm 
substitute, such as a wide board or a door longer than his height. Loosely tie 
the casualty’s wrists together over his waistline, using a cravat or a strip of 
cloth. Tie his feet together to prevent the accidental dropping or shifting of 
his legs. Lay a folded blanket across the litter where the arch of his back is to 
be placed. Using a four-man team (Figure 4-29), place the casualty on the 
litter without bending his spinal column or his neck. 


Figure 4-29. Placing face-up casualty with fractured back onto litter. 
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: The number two man positions himself at the 
casualty’s head. His responsibility is to provide manual in-line (neutral) 
stabilization of the head and neck. The number three, and four men position 
themselves on one side of the casualty; all kneel on one knee along the side of 
the casualty. The number one man positions himself to the opposite side of 
the casualty (or can be on the same side of number three and four). The 
numbers two, three, and four men gently place their hands under the casualty. 
The number one man on the opposite side places his hands under the injured 
part to assist. 


. When all four men are in position to lift, the 
number two man commands, “PREPARE TO LIFT” and then, “LIFT.” 
All men, in unison, gently lift the casualty about 8 inches. Once the casualty 
is lifted, the number one man recovers and slides the litter under the casualty, 
ensuring that the blanket is in proper position. The number one man then 
returns to his original lift position (Figure 4-29). 


. When the number two man commands, “LOWER 
CASUALTY,” all men, in unison, gently lower the casualty onto the litter. 


° Facedown position, he must be transported in this same 
position. The four-man team lifts him onto a regular or improvised litter, 
keeping the spinal column in a normal spinal position. If a regular litter is 
used, first place a folded blanket on the litter at the point where the chest will 
be placed. 


4-11. Neck Fractures 


A fractured neck is extremely dangerous. Bone fragments may bruise or cut 
the spinal cord just as they might in a fractured back. 


a. — If the casualty is not to be transported until medical personnel 
arrive— 


° Caution him not to move. M oving may cause permanent 
injury or death. 


° Leave the casualty in the position in which he is found. 
If his neck and head (cervical spine) are in an abnormal position, immediately 
immobilize the neck and head. 


. Keep his head still, if the casualty is lying face up, 


raise his shoulders slightly, and slip a roll of cloth that has the bulk of a bath 
towel under his neck (Figure 4-31). The roll should be thick enough to arch 
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his neck only slightly, leaving the back of his head on the ground. DO NOT 
bend his neck or head forward. DO NOT raise or twist his head. Immobilize 
the casualty’s head (Figure 4-32). Do this by padding heavy objects (such as 
rocks or his boots filled with dirt, sand, gravel, or rock) and placing them on 
each side of his head. If it is necessary to use boots, after filling them, tie the 
top tightly or stuff with pieces of cloth to secure the contents. ) 


9 


7: 


ae 


LEE ak 


i Ne kc < 
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Figure 4-31. Immobilization of fractured neck. 


DO NOT move him if the casualty is lying face 
down. Immobilize the head and neck by padding heavy objects and placing 
them on each side of his head. DO NOT puta roll of cloth under the neck. 
DO NOT bend the neck or head, nor roll the casualty onto his back. 


b. If the casualty must be prepared for transportation before 
medical personnel arrive— 
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. If the casualty has a fractured neck, at least two persons 
are needed because the casualty’s head and trunk must be moved in unison. 
The two persons must work in close coordination (Figure 4-32) to avoid 
bending of the neck. 


° A wide board is placed lengthwise beside the casualty. 
It should extend at least 4 inches beyond the casualty’s head and feet (Figure 
4-32A). 


° If the casualty is lying face up, the number one man 
steadies the casualty’s head and neck between his hands. At the same time, 
the number two man positions one foot and one knee against the board to 
prevent it from slipping. He then grasps the casualty underneath his shoulder 
and hip and gently slides him onto the board (Figure 4-32B). 


° If the casualty is lying face down, the number one man 
steadies the casualty’s head and neck between his hands, while the number 
two man gently rolls the casualty over onto the board (Figure 4-32C). 


. The number one man continues to steady the casualty’s 
head and neck. The number two man simultaneously raises the casualty’s 
shoulders slightly, places padding under his neck, and immobilizes the 
casualty’s head (Figures 4-32D—E). 


° Any improvised supports are secured in position with a 
cravat or strip of cloth extended across the casualty’s forehead and under the 
board (Figure 4-32D). 


. The board is lifted onto a litter or blanket in order to 
transport the casualty (Figure 4-32E). 


Figure 4-32. Preparing casualty with fractured neck for transportation 
(Illustrated A—E). 
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Figure 4-32. Preparing casualty with fractured neck for 
transportation (Illustrated A—E) (Continued). 
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CHAPTER 5 


FIRST AID FOR CLIMATIC INJ URIES 


5-1. General 


a. It is desirable, but not always possible, for an individual's 
body to become adjusted (acclimated) to an environment. 


(1) The service members physical condition determines the 
amount of time their bodies need to adjust to the environment. Even those 
individuals in good physical condition need time before working or training 
in extremes of hot or cold weather. Climate-related injuries are usually 
preventable; prevention is both an individual and leadership responsibility. 


(2) Several factors contribute to health and well-being in 
any environment— 


° Diet. 
° Sleep and rest. 
° Exercise. 
. Suitable clothing. 
(3) Diet should be suited to an individual’s needs in a 


particular climate. A special diet started for any purpose (such as weight 
reduction) should be done with appropriate medical supervision. 


WARNING 


Service members should use extreme caution when 
starting fad diets or taking over-the-counter herbal 


supplements. Medical records revealed that deaths and 
severe injuries occurred in individuals using dietary/ 
herbal supplements without medical monitoring. 


NOTE 


Weight loss and the use of weight loss supplements should be 
supervised by a trained health care provider. 


(4) Specialized clothing and equipment (such as cold weather 
gear) for a specific environment should be obtained and used properly. 
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b. For information on the prevention of heat and cold injuries, 
refer to FM 21-10/M arine Corps Reference Publication (MCRP) 4-11.1D. 
5-2. Heat Injuries 


a. Heat injuries are environmental injuries. They may result 
when a service member— 


° Is exposed to extreme heat, such as from the sun or from 
high temperatures. 


° Does not wear proper clothing. 
° Is in MOPP gear. 


° Is inside closed spaces, such as inside an armored 
vehicle. 


° Wears body armor. 


b. Heat injury can be divided into three categories: heat cramps, 
heat exhaustion, and heatstroke. 


c. Each service member must be able to recognize and give first 
aid for heat injuries. 
WARNING 
The heat casualty should be continually monitored for 


development of conditions which may require the 
performance of necessary basic lifesaving measures. 


CAUTION 


Do not use salt solutions in first aid procedures for heat injuries. 


(1) Check the casualty for signs and symptoms of cramping. 
. Signs and symptoms. Cramping is caused by an 


imbalance of chemicals (called electrolytes) in the body as a result of excessive 
sweating. This condition causes the casualty to exhibit: 


5-2 


Lesson Summary. You have completed lesson 2 of Study Unit 2. In this lesson, you learned to 
process the sum and difference of common fractions. You performed these processes with both 
whole and literal numbers. You learned to convert multiple fractions into equivalent fractions 
having a common denominator by finding that the Lowest Common Multiple (LCM) of the 
original denominators was the Lowest Common Denominator (LCD). The lesson exercise will 
serve as a measuring device to determine how well you learned the objectives of this lesson. It 
will also point out those items that you should review before taking the study unit exercise. 
Concentrate on each item carefully. 


Lesson 2 Exercise: Complete items | through 4 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. Add the following fractions. 


2. Subtract the following fractions. 


(a) (b) 
Bola, Pak 55525. Se 
8 24 3 64° 8 32 
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. Cramping in the extremities (arms and legs). 
. Abdominal (stomach) cramps. 
. Excessive sweating. 

NOTE 


Thirst may or may not occur. Cramping can occur without the 
service member being thirsty. 


. First aid measures. 


. Move the casualty to a cool, shady area or 
improvise shade if none is available. 


. Loosen his clothing (if not in a chemical 
environment). 


NOTE 


In a chemical environment, transport the heat casualty to a 
noncontaminated area as soon as the mission permits. 


. Have him slowly drink at least one canteen 
full of water. (The body absorbs cool water faster than warm or cold water; 
therefore, cool water is preferred if it is available. ) 


: Seek medical assistance should cramps 
continue. 


(2) Check the casualty for signs and symptoms of heat 
exhaustion. 


° Signs and symptoms. Heat exhaustion is caused by 
loss of body fluids (dehydration) through sweating without adequate fluid 
replacement. It can occur in an otherwise fit individual who is involved in 
physical exertion in any hot environment especially if the service member is 
not acclimatized to that environment. These signs and symptoms are— 

. Excessive sweating with pale, moist, cool skin. 
. Headache. 


. Weakness. 
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Dizziness. 
Loss of appetite. 
Cramping. 
Nausea (with or without vomiting). 
Urge to defecate. 
Chills (gooseflesh). 
Rapid breathing. 
Tingling of hands and/or feet. 
Confusion. 
. First aid measures. 


Move the casualty to a cool, shady area or 
improvise shade if none is available. 


Loosen or remove his clothing and boots 
(unless in a chemical environment); pour water on him and fan him. 


Have him slowly drink at least one canteen 
of water. 


Elevate his legs. 


If possible, the casualty should not participate 
in strenuous activity for the remainder of the day. 


M onitor the casualty until the symptoms are 
gone, or medical assistance arrives. 


(3) Check the casualty for signs and symptoms of heatstroke. 


WARNING 


Heatstroke is a medical emergency which may result in 
death if care is delayed. 
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. Signs and symptoms. A service member suffering 
from heatstroke has been exposed to high temperatures (such as direct 
sunlight) or been dressed in protective overgarments, which causes the body 
temperature to rise. Heatstroke occurs more rapidly in service members who 
are engaged in work or other physical activity in a high heat environment. 
Heatstroke is caused by a failure of the body’s cooling mechanism which 
includes a decrease in the body’s ability to produce sweat. The casualty’s 
skin is red (flushed), hot, and dry. He may experience weakness, dizziness, 
confusion, headaches, seizures, nausea, stomach pains or cramps, and his 
respiration and pulse may be rapid and weak. Unconsciousness and collapse 
may occur suddenly. 


. First aid measures. Cool casualty immediately by— 


. Moving him to a cool, shady area or 
improvising shade if none is available. 


. Loosening or removing his clothing (except 
in a chemical environment). 


. Spraying or pouring water on him; fanning 
him to permit the coolant effect of evaporation. 


. Massaging his extremities and skin, which 
increases the blood flow to those body areas, thus aiding the cooling process. 


. Elevating his legs. 


. Having him slowly drink at least one canteen 
full of water if he is conscious. 


NOTE 


Start cooling casualty immediately. Continue cooling while 
awaiting transportation and during transport to an MTF. 


° Medical assistance. Seek medical assistance 
because the casualty should be transported to an MTF as soon as possible. 
Do not interrupt the cooling process or lifesaving measures to seek help; if 
someone else is present send them for help. The casualty should be 
continually monitored for development of conditions that may require the 
performance of necessary basic lifesaving measures. 


d. Table. See Table 5-1 for further information. 
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Table 5-1. Heat Injuries 


INJURIES SIGNS AND SYMPTOMS FIRST AID* 


HEAT CRAMPS | THE CASUALTY EXPERIENCES 1. MOVE THE CASUALTY 
MUSCLE CRAMPS OF THE TO A COOL SHADY AREA 
ARMS, LEGS, AND/OR STOMACH. | OR IMPROVISE SHADE 
THE CASUALTY MAY ALSO HAVE | AND LOOSEN CLOTHING.? 
EXCESSIVE SWEATING. 


2. HAVE HIM SLOWLY 
DRINK AT LEAST ONE 
CANTEEN FULL OF COOL 
WATER SLOWLY. 


3. MONITOR THE 
CASUALTY AND GIVE HIM 
MORE WATER AS 
TOLERATED. 


HEAT THE CASUALTY EXPERIENCES 1. MOVE THE CASUALTY 
EXHAUSTION HEAVY SWEATING WITH PALE, TO A COOL, SHADY AREA 
MOIST, COOL SKIN; HEADACHE, OR IMPROVISE SHADE 
WEAKNESS, DIZZINESS, AND/OR_ | AND LOOSEN OR REMOVE 
LOSS OF APPETITE, HEAT HIS CLOTHING.? 
CRAMPS, NAUSEA (WITH OR 
WITHOUT VOMITING), URGE TO 2. POUR WATER ON HIM 
DEFECATE, CHILLS (GOOSE- AND FAN HIM TO PERMIT 
FLESH), RAPID BREATHING, THE COOLANT EFFECT OF 
CONFUSION, AND TINGLING OF EVAPORATION. 
THE HANDS AND/OR FEET. 
3. HAVE HIM SLOWLY 
DRINK AT LEAST ONE 
CANTEEN FULL OF COOL 
WATER. 


4. ELEVATE THE 
CASUALTY'S LEGS. 


5. SEEK MEDICAL 
ASSISTANCE IF 
SYMPTOMS CONTINUE; 
MONITOR UNTIL 
SYMPTOMS ARE GONE 
OR MEDICAL ASSISTANCE 
ARRIVES. 


HEATSTROKE? | THE CASUALTY STOPS SWEATING| 1. MOVE THE CASUALTY 

(SUNSTROKE) | (RED [FLUSHED] HOT, DRY SKIN). | TO A COOL, SHADY AREA 
HE FIRST MAY EXPERIENCE OR IMPROVISE SHADE 
HEADACHE, DIZZINESS, NAUSEA, | AND LOOSEN OR REMOVE 
FAST PULSE AND RESPIRATION, | HIS CLOTHING, REMOVE 
SEIZURES, AND MENTAL THE OUTER GARMENTS 
CONFUSION. HE MAY COLLAPSE | AND PROTECTIVE 
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Table 5-1. Heat Injuries (Continued) 


INJURIES SIGNS AND SYMPTOMS FIRST AID' 


AND SUDDENLY BECOME CLOTHING IF THE 
UNCONSCIOUS. THIS IS A SITUATION PERMITS.? 
MEDICAL EMERGENCY. 


2. START COOLING THE 
CASUALTY IMMEDIATELY. 
SPRAY OR POUR WATER 
ON HIM. FAN HIM. 
MASSAGE HIS 
EXTREMITIES AND SKIN. 


3. ELEVATE HIS LEGS. 


4. IF CONSCIOUS, HAVE 
HIM SLOWLY DRINK AT 
LEAST ONE CANTEEN 
FULL OF COOL WATER. 


5. SEEK MEDICAL AID. 
CONTINUE COOLING 
WHILE AWAITING 
TRANSPORT AND 
CONTINUE FIRST AID 
WHILE EN ROUTE. 


LEGEND: 


1 THE FIRST AID PROCEDURE FOR HEAT RELATED INJURIES CAUSED BY 
WEARING INDIVIDUAL PROTECTIVE EQUIPMENT (IPE) IS TO MOVE THE 
CASUALTY TO A CLEAN AREA AND GIVE HIM WATER TO DRINK. 

2 WHEN IN A CHEMICAL ENVIRONMENT, DO NOT LOOSEN OR REMOVE 
THE CASUALTY’S CLOTHING. 

3 CAN BE FATAL IF NOT PROVIDED FIRST AID AND MEDICAL TREATMENT 
PROMPTLY. 


5-3. Cold Injuries 


Cold injuries are most likely to occur when conditions are moderately cold, 
but accompanied by wet or windy conditions. Cold injuries can usually be 
prevented. Well-disciplined and well-trained service members can be 
protected even in the most adverse circumstances. They and their leaders 
must know the hazards of exposure to the cold. They must know the 
importance of personal hygiene, exercise, care of the feet and hands, and the 
use of protective clothing. 


a. Contributing Factors. 
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(1) Temperature, humidity, precipitation, and wind greatly 
increase likelihood of cold injuries, and the service members with wet clothing 
are at great risk of cold injuries. Riverine operations (river, swamp, and 
stream crossings) increase likelihood of cold injuries. Low temperatures 
and low relative humidity (dry cold) promote frostbite. Higher temper- 
atures, together with moisture, promote immersion syndrome. Windchill 
accelerates the loss of body heat and may aggravate cold injuries. 


(2) Relatively stationary activities such as being in an 
observation post or on guard duty increase the service member’s vulnerability 
to cold injury. Also, a service member is more likely to receive a cold injury 
if he is— 


° In contact with the ground (such as marching, 
performing guard duty, or engaging in other outside activities). 


° Immobile for long periods (such as while riding in 
an unheated or open vehicle). 


° Standing in water, such as in a foxhole. 

° Out in the cold for days without being warmed. 
° Deprived of an adequate diet and rest. 

° Not able to take care of his personal hygiene. 


(3) Physical fatigue contributes to apathy, which leads to 
inactivity, personal neglect, carelessness, and reduced heat production. In 
turn, these increase the risk of cold injury. Service members with prior cold 
injuries have a higher-than-normal risk of subsequent cold injury; not 
necessarily involving the body part previously injured. 


(4) Depressed or unresponsive service members are also 
vulnerable because they are less active. These service members tend to be 
careless about precautionary measures, especially warming activities, when 
cold injury is a threat. 


(5) Excessive use of alcohol or drugs leading to faulty 
judgment or unconsciousness in a cold environment increases the risk of 
becoming a cold injury casualty. 


b. Signs and Symptoms. Oncea service member becomes familiar 


with the factors that contribute to cold injury, he must learn to recognize cold 
injury signs and symptoms. 
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(1) Many service members suffer cold injury without 
realizing what is happening to them. They may be cold and generally 
uncomfortable. These service members often do not notice the injured part 
because it is already numb from the cold. 


(2) Superficial cold injury usually can be detected by 
numbness or tingling sensations. These signs and symptoms often can be 
relieved simply by loosening boots or other clothing and by exercising to 
improve circulation. In more advanced cases involving deep cold injury, the 
service member often is not aware that there is a problem until the affected 
part feels like a stump or block of wood. 


(3) Outward signs of cold injury include discoloration of the 
skin at the site of injury. In light-skinned persons, the skin first reddens and 
then becomes pale or waxy white. In dark-skinned persons, grayness in the skin 
is usually evident. An injured foot or hand feels cold to the touch. Swelling 
may be an indication of deep injury. Also note that blisters may occur after 
rewarming the affected parts. Service members should work in pairs (buddy 
teams) to check each other for signs of discoloration and other symptoms. 


c. First Aid Measures. First aid for cold injuries depends on 
whether they are superficial or deep. Rewarming the affected part using 
body heat can adequately treat cases of superficial cold injury. (For example, 
this can be done by covering cheeks with hands, putting fingertips in armpits, 
or placing the casualty’s feet under the clothing of a buddy [next to his 
belly].) The injured part should NOT be massaged, exposed to a fire or 
stove, rubbed with snow, slapped, chafed, or soaked in cold water. Walking 
on injured feet should be avoided. Deep cold injury (frostbite) is very 
serious and requires prompt first aid to avoid or to minimize the loss of parts 
or all of the fingers, toes, hands, or feet. The sequence for treating cold 
injuries depends on whether the condition is life-threatening. The first priority 
in managing cold injuries is to remove the casualty from the cold environment 
(such as building an improvised shelter). Other injuries the casualty may 
have are provided first aid simultaneously while waiting for transportation or 
evacuation. If the casualty is to be transported in a nonmedical vehicle, first 
aid measures should be continued en route to the MTF. 


d. Conditions Caused by Cold. Conditions caused by cold include 
chilblain, immersion syndrome (immersion foot and trench foot), frostbite, 
snow blindness, dehydration, and hypothermia. 

(1) Chilblain. 
. Signs and symptoms. Chilblain is caused by repeated 
prolonged exposure of bare skin at temperatures from 60° Fahrenheit (F) to 
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32°F, or 20°F for acclimated, dry, unwashed skin. The area may be acutely 
swollen, red, tender, and hot with itchy skin. There may be no loss of skin tissue 
in untreated cases but continued exposure may lead to infected, ulcerated, or 
bleeding lesions. 


° First aid measures. Within minutes, the area 
usually responds to locally applied body heat. Rewarm the affected part by 
applying firm steady pressure with your hands, or placing the affected part 
under your arms or against the stomach of a buddy. DO NOT rub or 
massage affected areas. 


NOTE 


M edical personnel should evaluate the injury, because signs and 
symptoms of tissue damage may be slow to appear. 


(2) Immersion syndrome (immersion foot and trench foot). 
Immersion foot and trench foot are injuries that result from fairly long 
exposure of the feet to wet conditions at temperatures from approximately 
32°F to 50°F. Inactive feet in damp or wet socks and boots, or tightly laced 
boots which impair circulation, are even more susceptible to injury. This 
injury can be very serious; it can lead to loss of toes or parts of the feet. If 
exposure of the feet has been prolonged and severe, the feet may swell so 
much that pressure closes the blood vessels and cuts off circulation. Should 
an immersion injury occur, dry the feet thoroughly and transport the casualty 
to an MTF by the fastest means possible. 


° Signs and symptoms. At first, the parts of the 
affected foot are cold and painless, the pulse is weak, and numbness may be 
present. Second, the parts may feel hot, and burning and shooting pains may 
begin. In later stages, the skin is pale with a bluish cast and the pulse 
decreases. Other signs and symptoms that may follow are blistering, swelling, 
redness, heat, hemorrhaging (bleeding), and gangrene. 


. First aid measures. First aid measures are required 
for all stages of immersion syndrome injury. Rewarm the injured part 
gradually by exposing itto warm air. Protect it from trauma and secondary 
infections. Dry, loose clothing or several layers of warm coverings are 
preferable to extreme heat. Under no circumstances should the injured part 
be exposed to an open fire. Elevate the injured part to relieve the swelling. 
Transport the casualty to an MTF as soon as possible. When the part is 
rewarmed, the casualty often feels a burning sensation and pain. Symptoms 
may persist for days or weeks even after rewarming. 
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NOTE 


When providing first aid for immersion foot and trench foot— 
DO NOT massage the injured part. DO NOT moisten the skin. 
DO NOT apply heat or ice. 


(3) Frostbite. Frostbite is the injury of tissue caused from 
exposure to cold, usually below 32°F depending on the windchill factor, 
duration of exposure, and adequacy of protection. Individuals with a history 
of cold injury are likely to suffer an additional cold injury. The body parts 
most easily frostbitten are the cheeks, nose, ears, chin, forehead, wrists, 
hands, and feet. Frostbite may involve only the skin (superficial), or it may 
extend to a depth below the skin (deep). Deep frostbite is very serious and 
requires prompt first aid to avoid or to minimize the loss of parts or all of the 
fingers, toes, hands, or feet. 


° Signs and symptoms. 


Loss of sensation (numb feeling) in any part 
of the body. 


Sudden blanching (whitening) of the skin of 
the affected part, followed by a momentary tingling sensation. 


Redness of skin in light-skinned service 
members; grayish coloring in dark-skinned service members. 


Blisters. 
Swelling or tender areas. 


Loss of previous sensation of pain in affected 
area. 


Pale, yellowish, waxy-looking skin. 


Frozen tissue that feels solid (or wooden) to 
the touch. 


CAUTION 


Deep frostbite is a very serious injury and requires 
immediate first aid and subsequent medical treatment to 
avoid or minimize loss of body parts. 
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. First aid measures. 


. Face, ears, and nose. Cover the casualty’s 
affected area with his and/or your bare hands until sensation and color return. 


. Hands. Open the casualty’s field jacket and 
shirt. (In a chemical environment, do not loosen or remove the clothing and 
protective overgarments.) Place the affected hands under the casualty’s 
armpits. Close the field jacket and shirt to prevent additional exposure. 


. Feet. Remove the casualty’s boots and socks 
if he does not need to walk any further to receive additional treatment. 
(Thawing the casualty’s feet and forcing him to walk on them will cause 
additional pain and injury.) Place the affected feet under clothing and against 
the body of another service member. 


WARNING 


DO NOT attempt to thaw the casualty’s feet or other 
frozen areas if he will be required to walk or travel to an 


MTF for additional medical treatment. The possibility 
of additional injury from walking is less when the feet 
are frozen than when they are thawed. (However, if 
possible avoid walking.) Thawing in the field increases 
the possibilities of infection, gangrene, or other injury. 


NOTE 


Thawing may occur spontaneously during transportation to the 
MTF; this cannot be avoided since the body in general must be 
kept warm. 


In all of the above areas, ensure that the casualty is kept warm and that he is 
covered (to avoid further injury). Seek medical treatment as soon as possible. 
Reassure the casualty, protect the affected area from further injury by covering 
it lightly with a blanket or any dry clothing, and seek shelter out of the wind. 
Remove or loosen constricting clothing (except in a contaminated environment) 
and increase insulation. Ensure the casualty exercises as much as possible, 
avoiding trauma to the injured part, and is prepared for pain when thawing 
occurs. Protect the frostbitten part from additional injury. DO NOT— 


° Rub the injured part with snow or apply cold water 
soaks. 
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3: Add the literal fraction. 


4. Subtract the literal fraction. 


(a) (b) 


sy ee 
= mle 2x24+x-1 xt] 


Check your answers with those on the next page. Review those items that you missed before 
continuing to the next lesson in this study unit. 
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. Warm the part by massage or exposure to open 
fire because the frozen part may be burned due to the lack of feeling. 


. Use ointments or other salves. 


° Manipulate the part in any way to increase 
circulation. 


. Use alcohol or tobacco because this reduces the 
body’s resistance to cold. 


NOTE 


Remember, when freezing extends to a depth below the skin, it 
is a much more serious injury. Extra care is required to reduce 
or avoid the chances of losing all or part of the toes or feet. 
This also applies to the fingers and hands. 


(4) Snow blindness. Snow blindness is the effect that glare 
from an ice field or snowfield has on the eyes. It is more likely to occur in 
hazy, cloudy weather than when the sun is shining. Glare from the sun will 
cause an individual to instinctively protect his eyes. However, in cloudy 
weather, he may be overconfident and expose his eyes longer than when the 
threat is more obvious. He may also neglect precautions such as the use of 
protective eyewear. Waiting until discomfort (pain) is felt before using 
protective eyewear is dangerous because a deep burn of the eyes may already 
have occurred. 


° Signs and symptoms. Symptoms of snow blindness 
are a sensation of grit in the eyes with pain in and over the eyes, made worse 
by moving the eyeball. Other signs and symptoms are watering, redness, 
headache, and increased pain on exposure to light. 


. First aid measures. First aid measures consist of 
blindfolding or covering the eyes with a dark cloth which stops painful eye 
movement. Complete rest is desirable. If further exposure to light is not 
preventable, the eyes should be protected with dark bandages or the darkest 
glasses available. Once unprotected exposure to sunlight stops, the condition 
usually heals in a few days without permanent damage. The casualty should 
be evacuated to the nearest MTF. 


(5) Dehydration. Dehydration occurs when the body loses 
too much fluid. A certain amount of body fluid is lost through normal body 
processes. A normal daily intake of liquids replaces these losses. When 
individuals are engaged in any strenuous exercises or activities, fluid is lost 
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through sweating and this loss creates an imbalance of fluids in the body, and 
if not matched by rehydration it can contribute to dehydration. The danger 
of dehydration is as prevalent in cold regions as it is in hot regions. In hot 
weather, the individual is aware of his body losing fluids through sweat. In 
cold weather, however, it is extremely difficult to realize that this condition 
exists since sweating is not as apparent as in a hot environment. The danger 
of dehydration in cold weather operations is a serious problem. In cold 
climates, sweat evaporates so rapidly or is absorbed so thoroughly by layers 
of heavy clothing that it is rarely visible on the skin. Dehydration also occurs 
during cold weather operations because drinking is inconvenient. 
Dehydration will weaken or incapacitate a casualty for a few hours, or 
sometimes, several days. Because rest is an important part of the recovery 
process, casualties must take care that limited movement during their 
recuperative period does not enhance the risk of becoming a cold injury 
casualty. 


° Signs and symptoms. The symptoms of cold 
weather dehydration are similar to those encountered in heat exhaustion. The 
mouth, tongue, and throat become parched and dry, and swallowing becomes 
difficult. The casualty may have nausea (with or without vomiting) along 
with extreme dizziness and fainting. The casualty may also feel generally 
tired and weak and may experience muscle cramps. Focusing the eyes may 
also become difficult. 


° First aid measures. The casualty should be kept 
warm and his clothes should be loosened (if not in a chemical environment) 
to allow proper circulation. Shelter from wind and cold must be provided. 
Fluid replacement should begin immediately and the service member 
transported to an MTF as soon as possible. 


(6) Hypothermia (general cooling). When exposed to 
prolonged cold weather a service member may become both mentally and 
physically numb, thus neglecting essential tasks or requiring more time and 
effort to achieve them. Under some conditions (particularly cold water 
immersion), even a service member in excellent physical condition may die 
in a matter of minutes. The destructive influence of cold on the body is 
called hypothermia. This means bodies lose heat faster than they can produce 
it. Hypothermia can occur from exposure to temperatures either above or 
below freezing, especially from immersion in cold water, wet-cold conditions, 
or from the effect of wind. Physical exhaustion and insufficient food intake 
may also increase the risk of hypothermia. General cooling of the entire 
body to a temperature below 95°F is caused by continued exposure to low or 
rapidly dropping temperatures, cold moisture, snow, or ice. Fatigue, poor 
physical condition, dehydration, faulty blood circulation, alcohol or other 
drug use, trauma, and immersion can cause hypothermia. Remember, cold 
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may affect the body systems slowly and almost without notice. Service 
members exposed to low temperatures for extended periods may suffer ill 
effects even if they are well protected by clothing. 


° Signs and symptoms. As the body cools, there are 
several stages of progressive discomfort and impairment. A sign that is 
noticed immediately is shivering. Shivering is an attempt by the body to 
generate heat. The pulse is faint or very difficult to detect. People with 
temperatures around 90°F may be drowsy and mentally slow. Their ability 
to move may be hampered, stiff, and uncoordinated, but they may be able to 
function minimally. Their speech may be slurred. As the body temperature 
drops further, shock becomes evident as the person's eyes assume a glassy 
state, breathing becomes slow and shallow, and the pulse becomes weaker or 
absent. The person becomes very stiff and uncoordinated. Unconsciousness 
may follow quickly. As the body temperature drops even lower, the 
extremities freeze, and a deep (or core) body temperature (below 85°F) 
increases the risk of irregular heart action. This irregular heart action or 
heart standstill can result in sudden death. 


. First aid measures. Except in cases of the most 
severe hypothermia (marked by coma or unconsciousness and a weak pulse), 
first aid measures for hypothermia are directed towards protecting the casualty 
from further loss of body heat. For the casualty who is conscious, first aid 
measures are directed at rewarming the body evenly and without delay. 
Provide heat by using a hot water bottle or field expedient or another service 
member’s body heat. 


CAUTION 


DO NOT expose the casualty to an open fire, as he may 
become burned. 


NOTE 


When using a hot water bottle or field expedient (canteen filled 
with warm water), the bottle or canteen must be wrapped in 
cloth prior to placing it next to the casualty. This will reduce 
the chance of burning the casualty’s skin. 


Always call or send for help as soon as possible and protect the casualty 
immediately with dry clothing or a sleeping bag. Then, move him to a warm 
place. Evaluate other injuries and provide first aid as required. First aid 
measures can be performed while the casualty is waiting transportation or 
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while he is en route. In the case of an accidental breakthrough into ice water, 
or other hypothermic accident, strip the casualty of wet clothing immediately 
and bundle him into a sleeping bag. Rescue breathing should be started at 
once if the casualty’s breathing has stopped or is irregular or shallow. Warm 
liquids (NOT HOT) may be given gradually if the casualty is conscious. DO 
NOT force liquids on an unconscious or semiconscious casualty because he 
may choke. The casualty should be transported on a litter because the 
exertion of walking may aggravate circulation problems. M edical personnel 
should immediately treat any hypothermia casualty. Hypothermia is life 
threatening until normal body temperature has been restored. The first aid 
measures for a casualty with severe hypothermia are based upon the following 
principles: attempt to avoid further heat loss, handle the casualty gently, and 
transport the casualty as soon as possible to the nearest MTF. If at all 
possible, the casualty should be evacuated by medical personnel. 


WARNING 


Rewarming a_ severely hypothermic casualty is 
extremely dangerous in the field due to the possibility 


of such complications as rewarming, shock and 
disturbances in the rhythm of the heartbeat. These 
conditions require treatment by medical personnel. 


NOTE 


Resuscitation of casualties with hypothermic complications is 
difficult if not impossible to do outside of an MTF setting. 


CAUTION 


The casualty is unable to generate his own body heat. 
Therefore, merely placing him in a blanket or sleeping bag 
is not sufficient. 


e. Table. See Table 5-2 for further information. 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


Table 5-2. Injuries Caused by Cold and Wet Conditions 


INJURIES 


CHILBLAIN 


IMMERSION 
SYNDROME 
(IMMERSION 
FOOT/TRENCH 
FOOT) 


FROSTBITE 


SIGNS/SYMPTOMS FIRST AID 


RED SWOLLEN, HOT, TENDER, 1. AREA USUALLY 
ITCHING SKIN. CONTINUED RESPONDS TO LOCALLY 
EXPOSURE MAY LEAD TO APPLIED REWARMING 
INFECTED (ULCERATED OR (BODY HEAT). 
BLEEDING) SKIN LESIONS. 


2. DO NOT RUB OR 
MASSAGE AREA. 


3. SEEK MEDICAL AID. 


AFFECTED PARTS ARE COLD, 1. GRADUAL REWARMING 
NUMB, AND PAINLESS. PARTS BY EXPOSURE TO WARM 
MAY THEN BE HOT, WITH AIR. 

BURNING AND SHOOTING PAINS. 

ADVANCED STAGE: SKIN PALE 2. DO NOT MASSAGE 
WITH BLUISH CAST; PULSE OR MOISTEN SKIN. 
DECREASES; BLISTERING, 

SWELLING, HEAT, 3. PROTECT AFFECTED 
HEMORRHAGING, AND GANGRENE] PARTS FROM TRAUMA. 
MAY FOLLOW. 

4. DRY FEET 
THOROUGHLY, AVOID 
WALKING. 


5. SEEK MEDICAL AID. 


LOSS OF SENSATION (NUMB 1. WARM THE AREA 
FEELING) IN ANY PART OF THE AT THE FIRST SIGN OF 
BODY. SUDDEN BLANCHING FROSTBITE, USING FIRM, 
(WHITENING) OF THE SKIN OF THE | STEADY PRESSURE OF 
AFFECTED PART, FOLLOWED BY A] THE HAND, UNDERARM, 
MOMENTARY TINGLING SENSATION OR ABDOMEN. 

REDNESS OF SKIN IN LIGHT- 

SKINNED SERVICE MEMBERS; 2. FACE, EARS, NOSE: 
GRAYISH COLORING IN DARK- COVER AREA WITH HANDS 
SKINNED SERVICE MEMBERS. (CASUALTY’S OWN OR 
BLISTERS. SWELLING OR TENDER] BUDDY’S). 

AREAS. LOSS OF PREVIOUS 

SENSATION OF PAIN IN THE 3. HANDS: OPEN FIELD 
AFFECTED AREA. PALE JACKET AND PLACE 
YELLOWISH, WAXY-LOOKING CASUALTY’S HANDS 
SKIN. FROZEN TISSUE THAT AGAINST HIS BODY, 
FEELS SOLID (WOODEN) TO THEN CLOSE THE JACKET 
THE TOUCH. TO PREVENT HEAT LOSS. 


4. FEET: REMOVE THE 
CASUALTY’S BOOTS AND 
SOCKS AND PLACE HIS 
FEET AGAINST THE BODY 
OF ANOTHER SERVICE 
MEMBER. 
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Table 5-2. Injuries Caused by Cold and Wet Conditions (Continued) 


INJURIES SIGNS/SYMPTOMS FIRST AID 


5. WARNING: DO NOT 
ATTEMPT TO THAW THE 
CASUALTY’S FEET OR 
OTHER FROZEN AREAS IF 
HE WILL BE REQUIRED TO 
WALK OR TRAVEL TO AN 
MTF FOR ADDITIONAL 
TREATMENT. THE 
POSSIBILITY OF INJURY 
FROM WALKING IS LESS 
WHEN THE FEET ARE 
FROZEN THAN WHEN 
THEY HAVE BEEN 
THAWED. (HOWEVER, IF 
POSSIBLE AVOID 
WALKING.) THAWING IN 
THE FIELD INCREASES 
THE POSSIBILITY OF 
INFECTION, GANGRENE, 
OR INJURY. 


6. LOOSEN OR REMOVE 
CONSTRICTING CLOTHING 
AND REMOVE ANY 
JEWELRY. 


7. INCREASE INSULATION 
(COVER WITH BLANKET 
OR OTHER DRY 
MATERIAL). ENSURE 
CASUALTY EXERCISES AS 
MUCH AS POSSIBLE, 
AVOIDING TRAUMA TO 
INJURED PART. 


SNOW EYES MAY FEEL SCRATCHY. 1. COVER THE EYES 
BLINDNESS WATERING, REDNESS, HEADACHE,] WITH A DARK CLOTH. 
AND INCREASED PAIN WITH 
EXPOSURE TO LIGHT CAN OCCUR, 2. SEEK MEDICAL AID. 


DEHYDRATION | SIMILAR TO HEAT EXHAUSTION 1. KEEP WARM. 
(REFER TO TABLE 5-1). 

2. CASUALTY NEEDS 

FLUID REPLACEMENT, 

REST, AND PROMPT 

MEDICAL AID. 


HYPOTHERMIA | CASUALTY IS COLD. SHIVERING. | MILD HYPOTHERMIA 
CORE TEMPERATURE IS LOW. 
CONSCIOUSNESS MAY BE 1. REWARM BODY 
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Table 5-2. Injuries Caused by Cold and Wet Conditions (Continued) 


INJURIES SIGNS/SYMPTOMS FIRST AID 


ALTERED. UNCOORDINATED EVENLY AND WITHOUT 
MOVEMENTS MAY OCCUR. SHOCK] DELAY. (NEED TO 

AND COMA MAY RESULT AS BODY | PROVIDE HEAT SOURCE; 
TEMPERATURE DROPS. CASUALTY’S BODY 
UNABLE TO GENERATE 
HEAT.) 


2. KEEP DRY, PROTECT 
FROM THE ELEMENTS. 


3. WARM (NOT HOT) 
LIQUIDS MAY BE GIVEN 
GRADUALLY (TO 
CONSCIOUS CASUALTIES 
ONLY). 


4. BE PREPARED TO 
START BASIC LIFE 
SUPPORT MEASURES 
FOR THE CASUALTY. 


5. SEEK MEDICAL 
TREATMENT 
IMMEDIATELY. 


SEVERE HYPOTHERMIA 


1. STABILIZE THE 
TEMPERATURE. 


2. ATTEMPT TO AVOID 
FURTHER HEAT LOSS. 


3. HANDLE THE 
CASUALTY GENTLY. 


4. EVACUATE TO THE 
NEAREST MTF AS SOON 
AS POSSIBLE. 


5. WARNING: 
HYPOTHERMIA IS A 
MEDICAL EMERGENCY. 
PROMPT MEDICAL 
ATTENTION IS 
NECESSARY. 


5-19 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 
CHAPTER 6 


FIRST AID FOR BITES AND STINGS 


6-1. General 


Snakebites, insect bites, or stings can cause intense pain and/or swelling. If 
not treated promptly and correctly, they can cause serious illness or death. 
The severity of a snakebite depends upon: whether the snake is poisonous or 
nonpoisonous, the type of snake, the location of the bite, and the amount of 
venom injected. Bites from humans and other animals, such as dogs, cats, 
bats, raccoons, and rats, can cause severe bruises and infection and tears or 
lacerations of tissue. Awareness of the potential sources of injuries can 
reduce or prevent them from occurring. Knowledge and prompt application 
of first-aid measures can lessen the severity of injuries from bites and stings 
and keep the service member from becoming a serious casualty. 


6-2. Types of Snakes 


a. | Nonpoisonous Snakes. There are approximately 130 different 
varieties of nonpoisonous snakes in the United States. They have oval- 
shaped heads and round eyes. Unlike poisonous snakes, discussed below, 
nonpoisonous snakes do not have fangs with which to inject venom. Figure 
6-1 depicts the characteristics of a nonpoisonous snake. 


NONPOISONOUS SNAKE 


Figure 6-1. Characteristics of nonpoisonous snake. 


b. | Poisonous Snakes. Poisonous snakes are found throughout the 
world, primarily in tropical to moderate climates. Within the United States, 
there are four kinds: rattlesnakes, copperheads, water moccasins 
(cottonmouth), and coral snakes. Poisonous snakes in other parts of the 
world include sea snakes, the fer-de-lance, the bushmaster, and the tropical 
rattlesnake in tropical Central America; the M alayan pit viper in the tropical 
Far East; the cobra in Africa and Asia; the mamba (or black mamba) in 
central and southern Africa; and the krait in India and Southeast Asia. Refer 
to Figure 6-2 for characteristics of a poisonous pit viper. 
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PIT. FANG MARKS 
POISON SAC 


Figure 6-2. Characteristics of poisonous pit viper. 


c. Pit Vipers (Poisonous). Figure 6-3 depicts a variety of 
poisonous snakes. 


FER-DE-LANCE BUSHMASTER 


MALAYAN PIT VIPER TROPICAL RATTLESNAKE 


Figure 6-3. Poisonous snakes. 


(1) Rattlesnakes, bushmasters, copperheads, fer-de-lance, 
Malayan pit vipers, and water moccasins (cottonmouth) are called pit vipers 
because of the small, deep pits between the nostrils and eyes on each side of 
the head (Figure 6-2). In addition to their long, hollow fangs, these snakes 
have other identifying features: thick bodies, slit-like pupils of the eyes, and 
flat, almost triangular-shaped heads. Color markings and other identifying 
characteristics, such as rattles or a noticeable white interior of the mouth 
(cottonmouth), also help distinguish these poisonous snakes. Further 
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identification is provided by examining the bite pattern of the wound for 
signs of fang entry. Occasionally there will be only one fang mark, as in the 
case of a bite on a finger or toe where there is no room for both fangs, or 
when the snake has broken off a fang. 


(2) The casualty’s condition provides the best information 
about the seriousness of the situation, or how much time has passed since the 
bite occurred. Pit viper bites are characterized by severe burning pain. 
Discoloration and swelling around the fang marks usually begins within 5 to 
10 minutes after the bite. If only minimal swelling occurs within 30 minutes, 
the bite will almost certainly have been from a nonpoisonous snake or possibly 
from a poisonous snake which did not inject venom. The venom destroys 
blood cells, causing a general discoloration of the skin. Blisters and numbness 
in the affected area follow this reaction. Other signs, which can occur, are 
weakness, rapid pulse, nausea, shortness of breath, vomiting, and shock. 


d. Corals, Cobras, Kraits, and Mambas. Corals (Figure 6-4), 
cobras (Figure 6-5), kraits, and mambas all belong to the same group even 
though they are found in different parts of the world. All four inject their 
venom through short, grooved fangs, leaving a characteristic bite pattern. 


Figure 6-4. Coral snake. 


(1) The small coral snake, found in the Southeastern US, is 
brightly colored with bands of red, yellow (or almost white), and black 
completely encircling the body. Other nonpoisonous snakes have the same 
coloring, but on the coral snake found in the US, the red ring always touches 
the yellow ring. To know the difference between a harmless snake and the 
coral snake found in the United States, remember the following: 


“Red on yellow will kill a fellow, 
Red on black, venom will lack.” 


Lesson 2 Exercise Solutions 
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Figure 6-5. Cobra snake. 


(2) The venom of corals, cobras, kraits, and mambas 
produces symptoms different from those of pit vipers. Because there is only 
minimal pain and swelling, many people believe that the bite is not serious. 
Delayed reactions in the nervous system normally occur between 1 to 7 hours 
after the bite. Symptoms include blurred vision, drooping eyelids, slurred 
speech, drowsiness, and increased salivation and sweating. Nausea, vomiting, 
shock, respiratory difficulty, paralysis, convulsions, and coma will usually 
develop if the bite is not treated promptly. 


e. Sea Snakes. Sea snakes (Figure 6-6) are found in the warm 
water areas of the Pacific and Indian oceans, along the coasts, and at the 
mouths of some larger rivers. Their venom is VERY poisonous, but their 
fangs are only 1/4 inch long. The first aid outlined for land snakes also 
applies to sea snakes. 


Figure 6-6. Sea snake. 
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6-3. Snakebites 


a. Poisonous snakes DO NOT always inject venom when they 
bite or strike a person. However, all snakes may carry tetanus (lockjaw); 
anyone bitten by a snake, whether poisonous or nonpoisonous, should 
immediately seek medical attention. 


° Poison is injected from the venom sacs through grooved 
or hollow fangs. Depending on the species, these fangs are either long or 
short. Pit vipers have long hollow fangs. These fangs are folded against the 
roof of the mouth and extend when the snake strikes. This allows them to 
strike quickly and then withdraw. Cobras, coral snakes, kraits, mambas, and 
sea snakes have short, grooved fangs. These snakes are less effective in their 
attempts to bite, since they must chew after striking to inject enough venom 
(poison) to be effective. Figure 6-7 depicts the characteristics of a poisonous 
snakebite. 


° In the event you are bitten, attempt to identify and/or kill 
the snake. Take it to medical personnel for inspection/identification. This 
provides valuable information to medical personnel who deal with snakebites. 
TREAT ALL SNAKEBITES AS POISONOUS. 


FANGS 


ree Co 


POISON SAC 


POISONOUS SNAKE 


Figure 6-7. Characteristics of poisonous snakebite. 


b. The venoms of different snakes cause different effects. Pit 
viper venom (hemotoxin [blood toxin]) destroys tissue and blood cells. 
Cobras, adders, and coral snakes inject powerful venom (neurotoxin [nerve 
toxin]) which affect the central nervous system, causing respiratory paralysis. 
Water moccasins and sea snakes have venom that is both hemotoxic and 
neurotoxic. 


c. | The identification of poisonous snakes is very important since 
medical treatment will be different for each type of venom. Unless it can be 
positively identified, the snake should be killed and saved. When this is not 
possible or when doing so is a serious threat to others, identification may 
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sometimes be difficult since many venomous snakes resemble harmless 
varieties. When dealing with snakebite problems in foreign countries, seek 
advice, professional or otherwise, which may help identify species in the 
particular area of operations. 


d. Get the casualty to an MTF as soon as possible and with 
minimum movement. Until evacuation or treatment is possible, have the 
casualty lie quietly and not move any more than necessary. If the casualty 
has been bitten on an extremity, DO NOT elevate the limb; keep the extremity 
level with the body. Keep the casualty comfortable and reassure him. If the 
casualty is alone when bitten, he should go to the medical facility himself 
rather than wait for someone to find him. Unless the snake has been positively 
identified, attempt to kill it and send it with the casualty. Be sure that 
retrieving the snake does not endanger anyone or delay transporting the 
casualty. 


(1) If the bite is on an arm or leg, place a constricting band 
(narrow cravat [swathe], or narrow gauze bandage) one to two fingerbreadths 
above and below the bite (Figure 6-8). If the bite is on the hand or foot, 
place a single band above the wrist or ankle. The band should be tight 
enough to stop the flow of blood near the skin, but not tight enough to 
interfere with circulation. In other words, it should not have a tourniquet- 
like affect. If no swelling is seen, place the bands about 1 inch from either 
side of the bite. If swelling is present, put the bands on the unswollen part at 
the edge of the swelling. If the swelling extends beyond the band, move the 
band to the new edge of the swelling. (If possible, leave the old band on, 
place a new one at the new edge of the swelling, and then remove and save 
the old one in case the process has to be repeated. ) 


Figure 6-8. Constricting band. 


CAUTION 


DO NOT attempt to cut open the bite nor suck out the 


venom. Ifthe venom should seep through any damaged or 
lacerated tissues in your mouth, you could immediately lose 
consciousness or even die. 
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(2) If the bite is located on an arm or leg, immobilize it at a 
level below the heart. DO NOT elevate an arm or leg even with or above the 
level of the heart. 


CAUTION 


When a splint is used to immobilize the arm or leg, take 


EXTREME care to ensure the splinting is done properly and 
does not bind. Watch it closely and adjust it if any changes 
in swelling occur. 


(3) When possible, clean the area of the bite with soap and 
water. DO NOT use ointments of any kind. 


(4) NEVER give the casualty food, alcohol, stimulants 
(coffee or tea), drugs, or tobacco. 


(5) Remove rings, watches, or other jewelry from the 
affected limb. 
6-4, Human or Animal Bites 


Human or other land animal bites may cause lacerations or bruises. In 
addition to damaging tissue, bites always present the possibility of infection. 


a. Human Bites. Human bites that break the skin may become 
seriously infected since the mouth is heavily contaminated with bacteria. 
Medical personnel M UST treat all human bites. 

b. Animal Bites. Land animal bites can result in both infection 
and disease. Tetanus, rabies, and various types of fevers can follow an 
untreated animal bite. Because of these possible complications, the animal 
causing the bite should, if possible, be captured or killed (without damaging 
its head) so that it can be tested for disease. 

c. First Aid. 

(1) Cleanse the wound thoroughly with soap. 
(2) Flush it well with water. 


(3) Cover it with a sterile dressing. 
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(4) Immobilize the injured arm or leg, if appropriate. 
(5) Transport the casualty immediately to an MTF. 
NOTE 


If unable to capture or kill the animal, provide medical personnel 
with any information that will help identify it. 


6-5. M arine (Sea) Animals 


With the exception of sharks and barracuda, most marine animals will not 
deliberately attack. The most frequent injuries from marine animals are 
wounds by biting, stinging, or puncturing. Wounds inflicted by marine 
animals can be very painful, but are rarely fatal. 


a. Sharks, Barracuda, and Alligators. Wounds from these marine 
animals can involve major trauma as a result of bites and lacerations. Bites 
from large marine animals are potentially the most life threatening of all 
injuries from marine animals. Major wounds from these animals can be 
treated by controlling the bleeding, preventing shock, giving basic life 
support, splinting the injury, and by securing prompt medical aid. 


b. Turtles, Moray Eels, and Corals. These animals normally 
inflict minor wounds. Treat by cleansing the wound(s) thoroughly and by 
splinting if necessary. 


c. Jellyfish, Portuguese Man-of-War, Anemones, and Others. 
This group of marine animals inflict injury by means of stinging cells in their 
tentacles. Contact with the tentacles produces burning pain with a rash and 
small hemorrhages on the skin. Shock, muscular cramping, nausea, 
vomiting, and respiratory distress may also occur. Gently remove the clinging 
tentacles with a towel and wash or treat the area. Use diluted ammonia or 
alcohol, meat tenderizer, and talcum powder. If symptoms become severe or 
persist, seek medical assistance. 


d. Spiny Fish, Urchins, Stingrays, and Cone Shells. These 
animals inject their venom by puncturing the skin with their spines. General 
signs and symptoms include swelling, nausea, vomiting, generalized cramps, 
diarrhea, muscular paralysis, and shock. Deaths are rare. Treatment consists 
of soaking the wounds in hot water (when available) for 30 to 60 minutes. 
This inactivates the heat sensitive toxin. In addition, further first aid measures 
(controlling bleeding, applying a dressing, and so forth) should be carried out 
as necessary. 
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CAUTION 


Be careful not to scald the casualty with water that is too hot 
because the pain of the wound will mask the normal reaction 
to heat. 


6-6. Insect (Arthropod) Bites and Stings 


An insect bite or sting can cause great pain, allergic reaction, inflammation, 
and infection. If not treated correctly, some bites/stings may cause serious 
illness or even death. When an allergic reaction is not involved, first aid is a 
simple process. In any case, medical personnel should examine the casualty 
at the earliest possible time. It is important to properly identify the spider, 
bee, or creature that caused the bite/sting, especially in cases of allergic 
reaction. 


a. Types of Insects. The insects found throughout the world that 
can produce a bite or sting are too numerous to mention in detail. Commonly 
encountered stinging or biting insects include brown recluse spiders (Figure 
6-9), black widow spiders (Figure 6-10), tarantulas (Figure 6-11), scorpions 
(Figure 6-12), urticating caterpillars, bees, wasps, centipedes, conenose 
beetles (kissing bugs), ants, and wheel bugs. Upon being reassigned, 
especially to overseas areas, take the time to become acquainted with the 
types of insects to avoid. 


Figure 6-9. Brown recluse spider. 


Figure 6-10. Black widow spider. 
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Figure 6-11. Tarantula. 


Figure 6-12. Scorpion. 


b. Signs and Symptoms. Discussed in paragraphs (1) and (2) 
below are the most common effects of insect bites/stings. They can occur 
alone or in combination with the others. 


(1) Less serious. Commonly seen signs/symptoms are pain, 
irritation, swelling, heat, redness, and itching. Hives or wheals (raised areas 
of the skin that itch) may occur. These are the least severe of the allergic 
reactions that commonly occur from insect bites/stings. They are usually 
dangerous only if they affect the air passages (mouth, throat, nose, and so 
forth), which could interfere with breathing. The bites/stings of bees, wasps, 
ants, mosquitoes, fleas, and ticks are usually not serious and normally produce 
mild and localized symptoms. A tarantula’s bite is usually no worse than that 
of a bee sting. Scorpions are rare and their stings (except for a specific 
species found only in the Southwest desert) are painful but usually not 
dangerous. 


(2) Serious. Emergency allergic or hypersensitive reactions 
sometimes result from the stings of bees, wasps, and ants. M any people are 
allergic to the venom of these particular insects. Bites or stings from these 
insects may produce more serious reactions, to include generalized itching 
and hives, weakness, anxiety, headache, breathing difficulties, nausea, 
vomiting, and diarrhea. Very serious allergic reactions (called anaphylactic 
shock) can lead to complete collapse, shock, and even death. Spider bites 
(particularly from the black widow and brown recluse spiders) can also be 
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serious. Venom from the black widow spider affects the nervous system. 
This venom can cause muscle cramps, a rigid, nontender abdomen, breathing 
difficulties, sweating, nausea, and vomiting. The brown recluse spider 
generally produces local rather than system-wide problems; however, local 
tissue damage around the bite can be severe and can lead to an ulcer and even 
gangrene. 


c. First Aid. There are certain principles that apply regardless of 
what caused the bite/sting. Some of these are— 


. If there is a stinger present (for example, from a bee), 
remove the stinger by scraping the skin's surface with a fingernail or knife. 
DO NOT squeeze the sac attached to the stinger because it may inject more 
venom. 


. Wash the area of the bite/sting with soap and water 
(alcohol or an antiseptic may also be used) to help reduce the chances of an 
infection and remove traces of venom. 


° Remove jewelry from bitten extremities because swelling 
may occur. 


. In most cases of insect bites the reaction will be mild and 
localized; use ice or cold compresses (if available) on the site of the bite/ 
sting. This will help reduce swelling, ease the pain, and slow the 
absorption of venom. Meat tenderizer (to neutralize the venom) or 
calamine lotion (to reduce itching) may be applied locally. If necessary, 
seek medical assistance. 


. In more serious reactions (severe and rapid swelling, 
allergic symptoms, and so forth) treat the bite/sting like you would treat a 
snakebite; that is, apply constricting bands above and below the site. 


° Be prepared to perform basic life-support measures, such 
as rescue breathing. 


° Reassure the casualty and keep him calm. 


° In serious reactions, attempt to capture the insect for 
positive identification; however, be careful not to become a casualty yourself. 


. If the reaction to the bite/sting appears serious, seek 
medical assistance. 
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WARNING 


Insect bites/stings may cause anaphylactic shock (a 
shock caused by a severe allergic reaction). This is a 


life-threatening event and a TRUE MEDICAL EMER- 
GENCY. Be prepared to perform the basic life-support 
measures and to immediately transport the casualty to 
an MTF. 


NOTE 


Be aware that some allergic or hypersensitive individuals may 
carry identification or emergency insect bite treatment kits. If 
the casualty is having an allergic reaction and has such a kit, 
administer the medication in the kit according to the instructions 
which accompany the kit. 


d. Supplemental Information. For additional information 
concerning biting insects, see FM 21-10. 


6-7. First Aid for Bites and Stings 
See the table below for information on bites and stings. 


Table 6-1. First Aid Measures for Bites and Stings 


TYPES FIRST AID MEASURES 


SNAKEBITE 1. MOVE CASUALTY AWAY FROM THE SNAKE. 


2. REMOVE JEWELRY FROM THE AFFECTED AREA, IF 
APPLICABLE. 


3. REASSURE CASUALTY AND KEEP HIM QUIET. 

4. APPLY CONSTRICTING BAND, 1-2 FINGERBREADTHS 
FROM THE BITE. YOU SHOULD BE ABLE TO INSERT A 
FINGER BETWEEN THE BAND AND THE SKIN. 


a. ARM OR LEG BITE. PLACE ONE BAND ABOVE AND 
ONE BAND BELOW THE BITE SITE. 


b. HAND OR FOOT BITE. PLACE ONE BAND ABOVE 
THE WRIST OR ANKLE. 
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Table 6-1. First Aid Measures for Bites and Stings 


TYPES 


BROWN RECLUSE 
SPIDER 

OR 

BLACK WIDOW 
SPIDER BITE 


TARANTULA BITE 
OR 

SCORPION STING 
OR 

ANT BITE 


BEE STING 


FIRST AID MEASURES 


. IMMOBILIZE THE AFFECTED PART IN A POSITION 


BELOW THE LEVEL OF THE HEART. 


. KILL THE SNAKE (IF POSSIBLE, WITHOUT DAMAGING 


ITS HEAD OR ENDANGERING YOURSELF) AND SEND IT 
WITH THE CASUALTY. 


. SEEK MEDICAL ASSISTANCE IMMEDIATELY. 


. KEEP CASUALTY QUIET. 


. REMOVE ALL JEWELRY FROM AFFECTED PART, IF 


APPLICABLE. 


. WASH THE AREA. 
. APPLY ICE OR FREEZE PACK, IF AVAILABLE. 


. SEEK MEDICAL ASSISTANCE. 


. WASH THE AREA. 


. REMOVE ALL JEWELRY FROM AFFECTED PART, IF 


APPLICABLE. 


. APPLY ICE OR FREEZE PACK, IF AVAILABLE. 


. APPLY BAKING SODA, CALAMINE LOTION, OR MEAT 


TENDERIZER (IF AVAILABLE) TO BITE SITE TO RELIEVE 
PAIN AND ITCHING. 


. IF THE SITE OF THE BITE IS ON THE FACE, NECK 


(POSSIBLE AIRWAY PROBLEMS), OR GENITAL AREA, 
OR IF LOCAL REACTION SEEMS SEVERE, OR IF THE 
STING IS BY THE DANGEROUS TYPE OF SCORPION 
FOUND IN THE SOUTHWEST UNITED STATES DESERT, 
KEEP THE CASUALTY AS QUIET AS POSSIBLE. SEEK 
MEDICAL ASSISTANCE. 


. IF THE STINGER IS PRESENT, REMOVE BY SCRAPING 


WITH A KNIFE OR FINGERNAIL. DO NOT SQUEEZE 
VENOM SAC ON STINGER; MORE VENOM MAY BE 
INJECTED. 


. REMOVE ALL JEWELRY FROM AFFECTED PART, IF 


APPLICABLE. 
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Lesson 3. MULTIPLICATION AND DIVISION OF FRACTIONS 


Introduction. In lessons | and 2 of this study unit, you were introduced to factoring 

integers and literal numbers. You built on your foundation by finding the sum and 
difference of factors. In this lesson, you will expand on your knowledge by multiplying and 
dividing fractions. You will find that most electronic formulas will require you to find a 
product or quotient of both integers and literal numbers. 


LEARNING OBJECTIVES 
1. | Compute the product of given common fractions using the rules for multiplication of 
fractions. 


2. Compute the product of given literal fractions using the rules for multiplication of 
literal fractions. 


3. Solve for the quotient of given common fractions using the rules for division of 
fractions. 


4. Solve for the quotient of given literal fractions using the rules for division of literal 
fractions. 


2301. Multiplying Fractions 

The next operation you will cover is multiplying fractions. The product of two or more fractions 
is the product of the numerators divided by the product of the denominators. Once you have 
multiplied the numerators and the denominators, you then reduce or factor where possible. You 
will see as you go through this paragraph that integers are easy. Study the examples we have 


provided you. 


Example: 


2-37 
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Table 6-1. First Aid Measures for Bites and Stings 


TYPES FIRST AID MEASURES 


3. WASH THE AREA. 
4. APPLY ICE OR FREEZE PACK, IF AVAILABLE. 
5. IF ALLERGIC SIGNS OR SYMPTOMS APPEAR, BE 


PREPARED TO PERFORM BASIC LIFE SUPPORT 
MEASURES. SEEK IMMEDIATE MEDICAL ASSISTANCE. 
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CHAPTER 7 


FIRST AID IN A NUCLEAR, BIOLOGICAL, 
AND CHEMICAL ENVIRONMENT 


7-1. General 


American forces have not been exposed to NBC weapons/agents on the 
battlefield since World War |. In future conflicts and wars we can expect the 
use of such agents. Nuclear, biological, and chemical weapons will rapidly 
degrade unit effectiveness by forcing troops to wear protective clothing and by 
creating confusion and fear. Through training in protective procedures and 
first aid, units can maintain their effectiveness on the integrated battlefield. 


7-2. First Aid M aterials 


Y ou may be issued the following materials to protect, decontaminate, and use 
as first aid for NBC exposure. You must know how to use the items; some 
items are described in a through d below. It is equally important that you 
know when to use them. 


a. Nerve Agent Pyridostigmine Pretreatment (NAPP). You may 
be issued a blister pack of pretreatment tablets when your commander directs. 
The NAPP is a pretreatment; it is not an antidote. It improves the 
effectiveness of the nerve agent antidote. When ordered to take the 
pretreatment you must take one tablet every 8 hours, mission permitting. 
This must be taken prior to exposure to nerve agents, since it may take 
several hours to develop adequate blood levels. 


NOTE 


Commanders must follow investigational new drug protocols 
for use of the NAPP. 


b. M291 Skin Decontaminating Kit. The M291 Skin Decontam- 
inating Kit (Figure 7-1) contains six packets of X E-555 decontaminant resin. 


WARNING 


For external use only. May be slightly irritating to the 
eyes. Keep decontaminating powder out of eyes. Use 
water to wash toxic agent out of eyes. 
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c. Nerve Agent Antidote Kit, MARK |. Each service member is 
issued three MARK Is for use in first aid for nerve agent poisoning (Figure 
7-2 and paragraph 7-6). 


. aS 
FOR EXTERI 


DECONTAMINATING KIT, 


Figure 7-1. M291 Skin Decontamination Kit. 


d. Antidote Treatment, Nerve Agent, Autoinjector. A new nerve 
agent antidote injection device, Antidote Treatment, Nerve A gent, A utoinjector 
(ATNAA) is currently under development that will replace the MARK I. 
The ATNAA is a multichambered device with the atropine and pralidoxime 
chloride in separate chambers. Both antidotes will be administered through a 
single needle. 


7-3. Classification of Chemical and Biological Agents 


a. Chemical agents are classified according to the primary 
physiological effects they produce, such as blistering, choking, vomiting, 
and incapacitating agents. 


b. Biological warfare agents are classified according to the effect 
they have on man. The effects include their ability to incapacitate and cause 
death. Most biological warfare agents are delivered as aerosols that effect 
the respiratory tract; some can be delivered by releasing infected insects, by 
contaminating food and water, and by injection (injecting material in 
individuals by terrorist, not mass exposure). These agents are found in living 
organisms such as fungi, bacteria, and viruses. 


WARNING 


Swallowing water or food contaminated with nerve, 
blister, and other chemical agents and with some 


biological agents can be fatal. NEVER consume water 
or food that is suspected of being contaminated until it 
has been tested and found safe for consumption by 
medical personnel. 
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7-4. Conditions for M asking Without Order or Alarm 

a. Once an attack with a chemical or biological agent is detected 
or suspected, or information is available that such an agent is about to be 
used, you must STOP BREATHING and mask immediately. DO NOT 
WAIT to receive an order or alarm under the following circumstances: 


° Your position is hit by artillery missiles, rockets that 
produce vapors, smoke, and mists, and aerial sprays. 


° Smoke or vapor cloud from an unknown source is 
present or approaching. 


. A suspicious odor, liquid, or solid is present. 


° A chemical or biological warfare agent attack is 
occurring. 


° Y ou are entering an area known or suspected of being 
contaminated. 


. When casualties are being received from an area where 
chemical or biological agents have reportedly been used. 


° Y ou have one or more of the following symptoms: 
. An unexplained runny nose. 
. A sudden unexplained headache. 


. A feeling of choking or tightness in the chest or 
throat. 


. Dimness of vision. 
. Irritation of the eyes. 


. Difficulty in or increased rate of breathing without 
obvious reasons. 


. Sudden feeling of depression. 
. Dread, anxiety, or restlessness. 


. Dizziness or light-headedness. 
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Slurred speech. 
. Unexplained laughter or unusual behavior is noted in others. 
° Numerous unexplained ill personnel. 
° Service members suddenly collapsing without evident cause. 


. Animals or birds exhibiting unusual behavior or suddenly 
dying. 


b. For further information on protection and masking procedures, 

refer to FM 3-4, FM 4-02.7, FM 8-284, and FM 8-285. 

7-5, First Aid for a Chemical Attack 

Y our field protective mask gives protection against biological and chemical 
warfare agents as well as radiological fallout. With practice you can mask in 
9 seconds or less, or put on your mask with hood within 15 seconds. 

a. Stop breathing. Don your mask, seal it properly, and clear 
and check it; then resume breathing. Give the alarm, and continue the 
mission. Keep your mask on until the “all clear” signal has been given. 

NOTE 


Keep your mask on until the area is no longer hazardous and 
you are told to unmask. 


b. — If symptoms of nerve agent poisoning (paragraph 7-7) appear, 
immediately give yourself one MARK | or ATNAA. 


CAUTION 


Do not inject a nerve agent antidote until you are sure you 
need it. 


c. If your eyes and face become contaminated, you must 
immediately try to get under cover. You need shelter to prevent further 
contamination while performing decontamination procedures on your face. 
If no overhead cover is available, put your poncho over your head before 
beginning the decontamination process. Then you put on the remaining 
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protective clothing. If vomiting occurs, the mask should be lifted 
momentarily and drained—with your eyes closed and while holding your 
breath—then replaced, cleared, and sealed. 


d. If nerve agents are used, mission permitting, watch for persons 
needing nerve agent antidotes and immediately follow procedures outlined in 
paragraph 7-8b or c. 


e. Decontaminate your skin immediately and clothing and 
equipment as soon as the mission permits. 


7-6. Background Information on Nerve Agents 


a. Nerve agents are among the deadliest of chemical agents. 
Nerve agents enter the body by inhalation, by ingestion, and through the 
skin. Depending on the route of entry and the amount, nerve agents can 
produce injury or death within minutes. Nerve agents can achieve their 
effects with small amounts. Nerve agents are absorbed rapidly, and the 
effects are felt immediately upon entry into the body. You will be issued 
three MARK Is or three ATNAAs and one Convulsant Antidote for Nerve 
Agent (CANA). Each MARK | consists of one atropine autoinjector and one 
pralidoxime chloride (2 PAM Cl) autoinjector (Figure 7-2A). Each ATNAA 
consist of a multichambered autoinjector with the atropine and pralidoxime 
chloride in separate chambers (Figure 7-2C). The CANA is a single 
autoinjector with flanges (Figure 7-2B). Procedures for use of both the 
MARK | and ATNAA are described below. Y ou will use either the MARK | 
or the ATNAA in self-aid and buddy aid as issued. 
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Figure 7-2. Nerve Agent Antidote Kit, MARK I, CANA, and ATNAA. 
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b. When you have the signs and symptoms of nerve agent 
poisoning, you should immediately put on the protective mask and then inject 
yourself with one set of the MARK | or ATNAA. Do not administer the CANA. 
Y ou should inject yourself in the outer (lateral) thigh muscle (Figure 7-3) or if 
you are thin, in the upper outer (lateral) part of the buttocks (Figure 7-4). 


HIP BONE 


LATERAL 


Figure 7-3. Thigh injection site. 


INJECTION 
INJECTION 
SITE 
ae as yo 


NERVE 
Figure 7-4. Buttocks injection site. 

c. Also, you may come upon an unconscious chemical agent 
casualty who will be unable to care for himself and who will require first aid. 
Y ou should be able to successfully— 

(1) Mask him if he is unmasked. 
(2) Inject him, if necessary, with all of HIS autoinjectors. 


(3) Decontaminate his skin. 


(4) Seek medical assistance. 
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7-7. Signs and Symptoms of Nerve Agent Poisoning 
The symptoms of nerve agent poisoning are grouped as MILD—those that 
you recognize and for which you can perform self-aid, and SEVERE—those 
which require buddy aid. 
a. MILD Signs and Symptoms. 

° Unexplained runny nose. 

° Unexplained sudden headache. 

° Sudden drooling. 

° Difficulty seeing (dimness of vision and miosis). 


° Tightness in the chest or difficulty in breathing. 


° Localized sweating and muscular twitching in the area of 
contaminated skin. 


. Stomach cramps. 

. Nausea. 

° Tachycardia followed by bradycardia. (Tachycardia is 
an abnormally rapid heartbeat with a heart rate of over 100 beats per minute. 
Bradycardia is a slow heart rate of less than 60 beats per minute.) 

b. SEVERE Signs and Symptoms. 


. Strange or confused behavior. 


. Wheezing, dyspnea (difficulty in breathing), and 
coughing. 


° Severely pinpointed pupils. 

° Red eyes with tearing. 

° Vomiting. 

° Severe muscular twitching and general weakness. 


° Involuntary urination and defecation. 
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° Convulsions. 
° Unconsciousness. 
° Respiratory failure. 


° Bradycardia. 


7-8. First Aid for Nerve Agent Poisoning 


First aid for nerve agent poisoning consists of administering the MARK | or 
ATNAA and CANA. 


a. Injection Site. Theinjection site for administering the antidotes 
is normally in the outer thigh muscle. The thigh injection site is the area 
about a hand’s width above the knee to a hand’s width below the hip joint 
(Figure 7-3). It is important that the injection be given into a large muscle 
area. If the individual is thinly built, then the injections should be admin- 
istered into the upper outer quarter (quadrant) of the buttock (Figure 7-4). 
Injecting in the buttocks of a thinly built individual avoids injury to the 
thighbone. 


b.  Self-Administer MARK |. If you experience any or all of the 
nerve agent MILD symptoms (paragraph 7-7a), you must IMMEDIATELY 
put on your protective mask and self-administer one MARK | (Figure 7-2A). 
Follow the procedure given in Table 7-1. The MARK | is carried in your 
protective mask carrier, pocket of the MOPP overgarment, or other location 
as specified in your unit tactical standing operating procedure (TSOP). (In 
cold weather, the MARK | should be stored in an inside pocket of your 
clothing to protect the antidote from freezing. A frozen MARK | cannot be 
immediately used to provide you with antidote, when needed. (However, the 
MARK | can still be used after complete thawing. ) 


Table 7-1. Self Aid for Nerve Agent Poisoning 
MARK I* ATNAA* 


STEP 1. OBTAIN ONE MARK I.** STEP 1. OBTAIN ONE ATNAA.** 


STEP 2. CHECK INJECTION SITE. STEP 2. CHECK INJECTION SITE. 


STEP 3. HOLD MARK | AT EYE LEVEL 
WITH NONDOMINANT HAND WITH THE 
LARGE INJECTOR ON TOP (FIGURE 
7-5A). 


STEP 3. HOLD ATNAA WITH 
DOMINANT HAND (FIGURE 7-12A). 
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Table 7-1. Self Aid for Nerve Agent Poisoning (Continued) 


MARK I* 


STEP 4. GRASP SMALL INJECTOR 
(ATROPINE) (FIGURE 7-5B) AND 
REMOVE FROM CLIP (FIGURE 7-5C). 


ATNAA* 


STEP 4. GRASP SAFETY CAP WITH 
NONDOMINANT HAND AND REMOVE 
FROM INJECTOR (FIGURE 7-12B). 


STEP 5. CLEAR HARD OBJECTS FROM 
INJECTION SITE. 


STEP 5. CLEAR HARD OBJECTS 
FROM INJECTION SITE. 


STEP 6. INJECT ATROPINE AT 
INJECTION SITE APPLYING EVEN 
PRESSURE TO THE INJECTOR 
(FIGURE 7-6 OR 7-7). HOLD IN PLACE 
FOR 10 SECONDS. 


STEP 6. INJECT ATNAA AT INJECTION 
SITE APPLYING EVEN PRESSURE TO 
THE INJECTOR (FIGURE 7-14 OR 7-15). 
HOLD IN PLACE FOR 10 SECONDS. 


STEP 7. HOLD USED INJECTOR WITH 
NONDOMINANT HAND. 


STEP 7. BEND NEEDLE OF USED 
INJECTOR BY PRESSING ON A HARD 
SURFACE TO FORM A HOOK. 


STEP 8. GRASP THE LARGE (2 PAM Cl) 
INJECTOR (FIGURE 7-8B) AND PULL IT 
FROM CLIP (FIGURE 7-8C). DROP CLIP 
TO GROUND. 


STEP 8. ATTACH USED INJECTOR TO 
BLOUSE POCKET FLAP OF BDO/JSLIST 
(FIGURE 7-16). 


STEP 9. INJECT 2 PAM Cl AT 
INJECTION SITE APPLYING EVEN 
PRESSURE TO THE INJECTOR (FIGURE 
7-6 OR 7-7). HOLD IN PLACE FOR 10 
SECONDS. 


STEP 9. MASSAGE INJECTION SITE, 
MISSION PERMITTING. 


STEP 10. BEND THE NEEDLES OF ALL 
USED INJECTORS BY PRESSING ON A 
HARD SURFACE TO FORM A HOOK. 


STEP 11. ATTACH ALL USED 
INJECTORS TO BLOUSE POCKET FLAP 
OF BDO/JSLIST (FIGURE 7-9). 


STEP 12. MASSAGE INJECTION SITE, 
MISSION PERMITTING. 


* USE STEPS LISTED FOR TYPE OF ANTIDOTE DEVICE ISSUED. 
*™ ONLY ADMINISTER ONE MARK | OR ATNAA AS SELF-AID. DO NOT SELF- 


ADMINISTER CANA. 


7-9 


WStep - Reduce by factoring primes. 


_ Br h*5 

rz Z¥2*2*f*3 
52 

™~ 12 


To multiply a whole number and a fraction, multiply the numerator by the 


Note: 
whole number and place the product over the denominator. 
Example: 
(3 ) x4 
me eran (ea 
=(3)(+) 
— 12 
05 
Example: 
(13 (535 
Ae ea NOU 8 
= (4 ae ) (3 + 10 ) 
Aen ea Boke 
=(3)(4) 
— 37 
— “40 
Note: When a factor occurs one or more times in any numerator or denominator, 
when multiplying, it may be dropped out (canceled). 
Example: 
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2 PAM CL 


Figure 7-5. Removing the atropine autoinjector from the MARK | clip. 


CAUTION 


DO NOT cover or hold the needle end with your hand, 
thumb, or fingers—you might accidentally inject yourself. An 
accidental injection into the hand WILL NOT deliver an 
effective dose of the antidote, especially if the needle goes 
through the hand. 


Figure 7-6. Thigh injection site for self-aid. 


NOTE 


If you are thinly built, inject yourself into the upper outer 
quadrant of the buttock (Figure 7-7). There is a nerve that 
crosses the buttocks; hitting this nerve can cause paralysis. 
Therefore, you must only inject into the upper outer quadrant 
of the buttock. 
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Figure 7-7. Buttocks injection site for self-aid. 


ATROPINE 


Figure 7-9. One set of used MARK | autoinjectors attached to pocket flap. 


NOTES 


1. DO NOT give yourself another set of injections. If you are 
able to walk without assistance, know who you are, and where 
you are, you WILL NOT need the second set of injections. (If 
not needed, giving yourself a second set of MARK | injections 
or ATNAA may create a nerve agent antidote overdose, which 
could cause incapacitation [inability to perform mission or 
defend yourself]. ) 


2. If you continue to have symptoms of nerve agent poisoning, 
seek someone else (a buddy) to check your symptoms and 
administer the additional sets of injections, if required. 
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c. Buddy Evaluation and Buddy Aid. Service members may seek 
assistance after self-aid (self-administering one MARK | or ATNAA) or may 
become incapacitated after self-aid. A buddy must evaluate the individual to 
determine if additional antidotes are required to counter the effects of the 
nerve agent. Also, service members may experience SEVERE symptoms of 
nerve agent poisoning (paragraph 7-7b); they will not be able to treat 
themselves. In either case, other service members must perform buddy aid 
as quickly as possible. Before initiating buddy aid, determine if one set of 
MARK | autoinjectors has already been used so that no more than three sets 
of the antidote are administered. Buddy aid also includes administering the 
CANA with the third MARK | or ATNAA to prevent convulsions. Follow 
the procedures indicated in Table 7-2. 


WARNING 


Squat, DO NOT kneel, when masking the casualty or 
administering the nerve agent antidote to the casualty. 
Kneeling may force the chemical agent into or through 
your protective clothing. 


CAUTION 


DO NOT use your own MARK I, ATNAA, or CANA on a 
casualty. If you use your own, you may not have any 
antidote if needed for self-aid. 


WARNING 


DO NOT inject into areas close to the hip, knee, or thigh- 
bone. 


Table 7-2. Buddy Aid/Combat Lifesaver Aid for Nerve Agent Casualty. 


MARK I* ATNAA* CANA** 


STEP 1. MASK THE CA- | STEP 1. MASK THE CA- | STEP 1. OBTAIN BUDDY’S 
SUALTY AND POSITION | SUALTY AND POSITION | CANA. 

HIM ON HIS SIDE HIM ON HIS SIDE 

(SWIMMER’S POSITION). | (SWIMMER’S POSITION). 


STEP 2. POSITION YOUR] STEP 2. POSITION YOUR-| STEP 2. CHECK INJEC- 
SELF NEAR THE CASU- | SELF NEAR THE CASU- | TION SITE. 
ALTY’S THIGH. ALTY’S THIGH. 
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Table 7-2. Buddy Aid/Combat Lifesaver Aid for 
Nerve Agent Casualty (Continued). 


ATNAA* 


MARK I* 


CANA** 


STEP 3. OBTAIN BUDDY’S| STEP 3. OBTAIN BUDDY’S} STEP 3. HOLD CANA INA 


THREE OR REMAINING 
MARK Is. 


THREE OR REMAINING 
ATNAAs. 


CLOSED FIST WITH 
DOMINANT HAND (FIGURE 
7-12A). 


STEP 4. CHECK INJEC- 
TION SITE. 


STEP 4. CHECK INJEC- 
TION SITE. 


STEP 4. GRASP SAFETY 

CAP WITH NONDOMINANT 
HAND AND REMOVE FROM 
INJECTOR (FIGURE 7-12B). 


STEP 5. HOLD MARK | 
WITH NONDOMINANT 
HAND (FIGURE 7-5A). 


STEP 5. HOLD ATNAA IN 
A CLOSED FIST WITH 
DOMINANT HAND 
(FIGURE 7-12A). 


STEP 5. CLEAR HARD 
OBJECTS FROM 
INJECTION SITE. 


STEP 6. GRASP SMALL 
INJECTOR (ATROPINE) 
AND REMOVE FROM CLIP 
(FIGURE 7-5B). 


STEP 6. GRASP SAFETY 
CAP WITH NONDOMINANT 
HAND AND REMOVE 
FROM INJECTOR 
(FIGURE 7-12B). 


STEP 6. INJECT CANA AT 
INJECTION SITE BY 
APPLYING EVEN 
PRESSURE TO THE 
INJECTOR, NOT A 
JABBING MOTION (FIGURE 
7-14 OR 7-15). HOLD IN 
PLACE FOR 10 SECONDS. 


STEP 7. CLEAR HARD 
OBJECTS FROM INJEC- 
TION SITE. 


STEP 7. CLEAR HARD 
OBJECTS FROM INJEC- 


TION SITE. 


STEP 7. BEND NEEDLE OF 
INJECTOR BY PRESSING 
ON A HARD SURFACE TO 
FORM A HOOK. 


STEP 8. INJECT ATRO- 
PINE AT INJECTION SITE 
BY APPLYING EVEN 
PRESSURE TO THE IN- 
JECTOR, NOT A JABBING 
MOTION (FIGURE 7-10 OR 
7-11). HOLD IN PLACE 
FOR 10 SECONDS. 


STEP 8. INJECT ATNAA 
AT INJECTION SITE BY 
APPLYING EVEN PRES- 
SURE TO THE INJECTOR, 
NOT A JABBING MOTION 
(FIGURE 7-14 OR 7-15). 
HOLD IN PLACE FOR 10 
SECONDS. 


STEP 8. ATTACH USED 
INJECTOR TO BLOUSE 
POCKET FLAP OF BDO/ 
JSLIST (FIGURE 7-16). 


STEP 9. HOLD USED 
INJECTOR BETWEEN 
LITTLE FINGER AND RING 
FINGER OF NONDOM- 
INANT HAND (FIGURE 
7-5A). 


STEP 9. BEND NEEDLE 
OF INJECTOR BY 
PRESSING ON A HARD 
SURFACE TO FORM A 
HOOK. 


STEP 9. MASSAGE 
INJECTION SITE, MISSION 
PERMITTING. 


STEP 10. PULL LARGE 
INJECTOR (2 PAM Cl) 
FROM CLIP (FIGURE 7-5C). 
DROP CLIP TO GROUND. 


STEP 10. ATTACH ALL 
USED INJECTORS TO 
BLOUSE POCKET FLAP 
OF BDO/JSLIST (FIGURE 
7-16). 
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Table 7-2. Buddy Aid/Combat Lifesaver Aid for 
Nerve Agent Casualty (Continued). 


MARK I* ATNAA* CANA* 


STEP 11. INJECT 2 PAM | STEP 11. MASSAGE 
Cl AT INJECTION SITE INJECTION SITE, 

BY APPLYING EVEN MISSION PERMITTING. 
PRESSURE TO THE 
INJECTOR, NOT A JAB- 
BING MOTION (FIGURE 
7-10 OR 7-11). HOLD IN 
PLACE FOR 10 
SECONDS. 


STEP 12. REPEAT 
STEPS ABOVE FOR 
REMAINING MARK Is. 


STEP 13. BEND THE 
NEEDLES OF ALL USED 
INJECTORS BY 
PRESSING ON A HARD 
SURFACE TO FORM A 
HOOK. 


STEP 14. ATTACH ALL 
USED INJECTORS TO 
BLOUSE POCKET FLAP 
OF BDO/JSLIST (FIGURE 
7-13). 


STEP 15. MASSAGE 
INJECTION SITE, 
MISSION PERMITTING. 


: USE STEPS LISTED FOR TYPE OF ANTIDOTE DEVICE ISSUED. 
** CANA IS USED IN BUDDY AID/CLS AID ONLY. DO NOT USE IN SELF-AID. 


NOTE 


If the casualty is thinly built, inject the antidote into the buttock. 
Only inject the antidote into the upper outer portion of the 
casualty’s buttock (Figure 7-11). This avoids hitting the nerve 
that crosses the buttocks (Figure 7-4). Hitting this nerve can 
cause paralysis. 
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‘wy ea elie 
y SS 


Figure 7-12. Preparing CANA or ATNAA for injection. 
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Figure 7-13. Three sets of used MARK | autoinjectors and one CANA 
autoinjector attached to pocket flap. 


d.  Self-Administer Antidote Treatment Nerve Agent Autoinjector. 
If you experience any or all of the nerve agent MILD symptoms (paragraph 
7-76), you must IMMEDIATELY self-administer one ATNAA following 
the procedure given Table 7-1. 


NOTE 


If you are thinly-built, inject yourself into the upper outer 
quarter (quadrant) of the buttock (Figure 7-15). There is a 
nerve that crosses the buttocks; hitting this nerve can cause 
paralysis. Therefore, you must only inject into the upper outer 
quarter (quadrant) of the buttocks. 


rene 7, 
Tal 


Figure 7-15. Self-administration of ATNAA (buttock). 
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NOTE 


If you continue to have symptoms of nerve agent poisoning, 
seek someone else (a buddy) to check your symptoms and 
administer your remaining sets of injections, if required. 


Figure 7-16. Used ATNAA attached to clothing. 


e. | Buddy Assistance. Service members may seek assistance after 
self-aid (self-administering one ATNAA) or may become incapacitated after 
self-aid. A buddy must evaluate the individual to determine if additional 
antidotes are required to counter the effects of the nerve agent. Also, service 
members may experience SEVERE symptoms of nerve agent poisoning 
(paragraph 7-7b); they will not be able to treat themselves. In either case, 
other service members must perform buddy aid as quickly as possible. Before 
initiating buddy aid, determine if one ATNAA has already been used so that 
no more than three ATNAA are administered. Buddy aid also includes 
administering the CANA with the third ATNAA to prevent convulsions. 
Follow the procedures indicated in Table 7-2. 


WARNING 


Squat, DO NOT kneel, when masking the casualty or 
administering the nerve agent antidotes to the casualty. 
Kneeling may force any chemical agent on your 
overgarment into or through your protective clothing. 


Figure 7-17. Buddy injecting casualty’s outer thigh (ATNAA or CANA). 
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NOTE 


If the casualty is thinly built, inject the antidote into the buttocks 
(Figure 7-18). Only inject the antidote into the upper outer 
portion of the casualty’s buttocks. This avoids hitting the nerve 
that crosses the buttocks (Figure 7-4). Hitting this nerve can 
cause paralysis. 


WARNING 


DO NOT inject into areas close to the hip, knee, or 
thighbone. 


Figure 7-19. Three used ATNAAs and one CANA autoinjector 
attached to clothing. 


f. Combat Lifesaver. 
(1) The combat lifesaver must check to verify if the 


individual has received three sets of MARK | or ATNAAsS. If not, the 
combat lifesaver performs first aid as described for buddy aid above. If the 
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individual has received the initial three sets of MARK |, then the combat 
lifesaver may administer additional atropine injections at approximately 15 
minute intervals until atropinization is achieved (that is a heart rate above 90 
beats per minute, reduced bronchial secretions, and reduced salivations). 
Administer additional atropine at intervals of 30 minutes to 4 hours to 
maintain atropinization or until the casualty is placed under the care of medical 
personnel. Check the heart rate by lifting the casualty’s mask hood and 
feeling for a pulse at the carotid artery. Request medical assistance as soon 
as the tactical situation permits. 


(2) The CLS should administer additional CANA to 
casualties suffering convulsions. Administer a second, and if needed, a third 
CANA at 5 to 10 minute intervals for a maximum of three injections (30 
milligrams diazepam). Follow the steps and procedures described in buddy 
aid for administering the CANA. DO NOT give more than two additional 
injections for a total of three (one self-aid plus two by the CLS). 


7-9, Blister Agents 


Blister agents (vesicants) include mustard (H and HD), nitrogen mustards 
(HN), lewisite (L), and other arsenicals, mixtures of mustards and arsenicals, 
and phosgene oxime (CX). Blister agents may act on the eyes, mucous 
membranes, lungs, and skin. They burn and blister the skin or any other 
body parts they contact. Even relatively low doses may cause serious injury. 
Blister agents damage the respiratory tract (nose, sinuses, and windpipe) 
when inhaled and cause vomiting and diarrhea when absorbed. L ewisite and 
CX cause immediate pain on contact. However, mustard agents are deceptive 
as there is little or no pain at the time of exposure. Thus, in some cases, 
signs of injury may not appear for several hours after exposure. 


a. Protective Measures. Your protective mask with hood and 
protective overgarment provide protection against blister agents. If it is 


known or suspected that blister agents are being used, STOP BREATHING, 
put on your mask and your protective overgarment. 


CAUTION 


Large drops of liquid vesicants on the protective over- 


garment ensemble may penetrate it if allowed to stand for 
an extended period. Remove large drops as soon as 
possible. 


Note: The rules for multiplication of signed numbers still hold true. 


(#)(4)(4) 


Sl 
—6 


a 
6 


Now that you have finished studying the examples provided, try the following challenge. 


our answers to the challenge should match those that follow. If your answers are correct, 
continue. If they do not match, check your work for mathematical mistakes and review paragraph 
2301 to be sure you understand the steps you must perform when multiplying fractions before 
continuing. 


(a) (b) 
Bp Asay el Dg 3,6 7,1 
2* 5 * 24° 8 * 9 *3 
oa re Aves ees eee 1dvivyit 
1*7* 72° =4 qe a * 7-12 


Z3UZ. Multiply Literal Fractions 
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b. Signs and Symptoms of Blister Agent Poisoning. 


(1) Immediate and intense pain upon contact with L, LH 
(lewisite and mustard) mixture, and CX. No initial pain upon contact with 
mustard. 


(2) Inflammation and blisters (burns) resulting in tissue 
destruction. The severity of a chemical burn is directly related to the 
concentration of the agent and the duration of contact with the skin. The longer 
the agent is in contact with the tissue, the more serious the injury will be. 


(3) Vomiting and diarrhea. Exposure to high concentrations 
of vesicants may cause vomiting or diarrhea. 


(4) Death. The blister agent vapors absorbed during 
ordinary field exposure will probably not cause enough internal body 
(systemic) damage to result in death. However, death may occur from 
prolonged exposure to high concentrations of vapor or from extensive liquid 
contamination over wide areas of the skin, particularly when decontamination 
is neglected or delayed. 


CG: First Aid M easures. 


(1) Use your M291 Skin Decontaminating Kit to 
decontaminate your skin and use water to flush contaminated eyes. 
Decontamination of vesicants must be done immediately (within 1 minute is 
best). 


(2) If blisters form, cover them loosely with a field dressing 
and secure the dressing. 


CAUTION 


Blisters are actually burns. DO NOT attempt to decon- 
taminate the skin where blisters have formed, as the agent 
has already been absorbed. 


(3) If you receive blisters over a wide area of the body, you 
are considered seriously burned. Seek medical assistance immediately. 


(4) If vomiting occurs, the mask should be lifted 


momentarily and drained—while the eyes are closed and the breath is held— 
and replaced, cleared, and sealed. 
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(5) Remember, if vomiting or diarrhea occurs after having 
been exposed to blister agents, seek medical assistance immediately. 


7-10. Choking Agents (Lung-Damaging A gents) 


Chemical agents that attack lung tissue, primarily causing fluid buildup 
(pulmonary edema), are classified as choking agents (lung-damaging agents). 
This group includes phosgene (CG), diphosgene (DP), chlorine (Cl), and 
chloropicrin (PS). Of these four agents, CG is the most dangerous and is 
more likely to be employed by the enemy in future conflict. 


a. Protective Measures. Your protective mask gives adequate 
protection against choking agents. 


b. Signs and Symptoms. During and immediately after exposure 
to choking agents (depending on agent concentration and length of exposure), 
you may experience some or all of the following signs and symptoms: 


° Tears (lacrimation). 

. Coughing. 

. Choking. 

° Tightness of chest. 

. Nausea and vomiting. 

. Headaches. 

c. — Self-Aid. 

(1) The protective mask should be put on immediately when 
any of the conditions described in b above exist. Another indication of aCG 
attack is an odor like newly mown hay; however, DO NOT rely upon odor 
as indication of a chemical attack. 

(2) If some CG is inhaled, normal combat duties should be 
continued unless there is difficulty in breathing, nausea, vomiting, or more 
than the usual shortness of breath during exertion. If any of the above 
symptoms occur and the mission permits, remain at quiet rest until medical 
evacuation is accomplished. 

d. Death. With ordinary field exposure to choking agents, death 


will probably not occur. However, prolonged exposure to high concentrations 
of the vapor and neglect or delay in masking can be fatal. 
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7-11. Cyanogen (Blood) Agents 

Cyanogen agents interfere with proper oxygen utilization in the body. 
Hydrogen cyanide (AC) and cyanogen chloride (CK) are the primary agents 
in this group. 

a. Protective Measures. Y our protective mask with a fresh filter 
gives adequate protection against field concentrations of cyanogen agent 
vapor. The protective overgarments, as well as the mask, are needed when 
exposed to liquid AC. 

b. | Signs and Symptoms. During and immediately after exposure 
to cyanogen agents (depending on agent concentration and length of 
exposure), you may experience some or all of the following signs and 
symptoms: 

° Tearing (lacrimation). 

° Eye, nose, and throat irritation. 

° Sudden stimulation of breathing (unable to hold breath). 

. N ausea. 

. Coughing. 

° Tightness of chest. 

° Headache. 

° Light-headedness (dizziness). 

° Unconsciousness. 

c. First Aid. 

(1) Hydrogen cyanide. During any chemical attack, if you 
get a sudden stimulation of breath or detect an odor like bitter almonds, PUT 
ON YOUR MASK IMMEDIATELY. Speed is absolutely essential since 
this agent acts so rapidly that within a few seconds its effects will make it 
impossible for service members to put on their mask by themselves. Stop 
breathing until the mask is on, if at all possible. This may be very difficult 
since the agent strongly stimulates respiration. 

(2) Cyanogen chloride. Put your mask on immediately if 
you experience any irritation of the eyes, nose, or throat. Service members 
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who are unable to mask should be masked by the nearest service member 
(buddy). 


d. Medical Assistance. If you suspect that you have been exposed 
to blood agents, seek medical assistance immediately. 


7-12. Incapacitating Agents 


An incapacitating agent is a chemical agent which produces temporary, 
disabling conditions which persist for hours to days after exposure. Unlike 
riot control agents, which usually are momentary or fleeting in action, 
incapacitating agents have a persistent effect. Itis likely that smoke-producing 
munitions or aerosols will disseminate such agents, thus making breathing 
their means of entry into the body. The protective mask is, therefore, 
essential. 


a. | Thereareno specific first aid measures to relieve the symptoms 
of incapacitating agents. Supportive first aid and physical restraint may be 
indicated. If the casualty is stuporous or comatose, be sure that respiration is 
unobstructed; then turn him on his side in case vomiting should occur. 
Complete cleansing of the skin with soap and water should be done as soon as 
possible; or, the M291 Skin Decontaminating Kit can be used if washing is 
impossible. Remove weapons and other potentially harmful items from 
service members who are suspected of having these symptoms. Harmful 
items include cigarettes, matches, medications, and small items that might be 
swallowed accidentally. Delirious (confused) persons have been known to 
attempt to eat items bearing only a superficial resemblance to food. 


b.  Incapacitating agents (anticholinergic drugs BZ type) may 
produce alarming dryness and coating of the lips and tongue; however, there 
is usually no danger of immediate dehydration. Fluids should be given 
sparingly, if at all, because of the danger of vomiting and because of the 
likelihood of temporary urinary retention due to paralysis of bladder muscles. 


c. If the body temperature is elevated and mucous membranes 
are dry, immediate and vigorous cooling (as for heatstroke) is indicated. 
M ethods that can be used to cool the skin are spraying with cool water and air 
circulation (fanning); applying alcohol soaked cloths and air circulation; and 
providing maximum exposure to air in a shaded area, along with maximum 
air circulation. Such cases are usually a result of anticholinergic poisoning. 
Rapid evacuation should be accomplished since medical treatment with the 
appropriate medication may be lifesaving. 
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CAUTION 


DO NOT use ice for cooling the skin. 


d. | Reassurance and a firm, but friendly, attitude by individuals 
providing first aid will be beneficial if the casualty appears to comprehend 
what is being said. Conversation is a waste of time if the service member is 
incoherent or cannot understand what is being said. In such cases, the less 
said, the better it is—these casualties will benefit more from prompt and 
vigorous restraint and evacuation to an MTF. 


7-13. — |ncendiaries 


Incendiaries can be grouped as WP, thickened gasoline, metal, and oil and 
metal. You must learn to protect yourself against these incendiaries. 


a. | White phosphorus is used primarily as a smoke producer but 
can be used for its incendiary effect to ignite field expedients and combustible 
materials. The burns from WP are usually multiple, deep, and variable in 
size. When particles of WP get on the skin or clothing, they continue to burn 
until deprived of air. They also have a tendency to stick to a surface and 
must be brushed off or picked out. 


(1) If burning particles of WP strike and stick to your 
clothing, quickly take off the contaminated clothing before the WP burns 
through to the skin. 


(2) If burning WP strikes your skin, smother the flame with 
water, a wet cloth, or mud. 


NOTE 


Since WP is soluble in oil, DO NOT use grease, oily ointments, 
or eye ointments to smother the flame. 


(3) Keep the WP particles covered with a wet material to 
exclude air until you can remove them or have them removed from your skin. 


(4) Remove the WP particles from the skin by brushing 


them with a wet cloth and by picking them out with a knife, bayonet, stick, or 
other available object. 
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(5) Seek medical assistance when the mission permits. 


b.  Thickened fuel mixtures (napalm) have a tendency to cling to 
clothing and body surfaces, thereby producing prolonged exposure and severe 
burns. The first aid for these burns is the same as for other heat burns. The 
heat and irritating gases given off by these combustible mixtures may cause 
lung damage, which must be treated by medical personnel. 


c. | Metal incendiaries pose special problems. Thermite particles 
on the skin should be immediately cooled with water and then removed. The 
first aid for these burns is the same as for other heat burns. Particles of 
magnesium on the skin burn quickly and deeply. Like other metal 
incendiaries, they must be removed. Ordinarily, medical personnel should 
do the complete removal of these particles as soon as possible. Immediate 
medical treatment is required. 


d. Oil and metal incendiaries have much the same effect on 
contact with the skin and clothing as those discussed (b and c above). First 
aid measures for burns are discussed in Chapter 3. 


7-14. Biological Agents and First Aid 


a. Biological attacks can result in combat ineffectiveness by 
introducing disease-causing organisms into a troop population. 


b. Once a disease is identified, first aid or medical treatment is 
initiated, depending on the seriousness of the disease. First aid measures are 
concerned with observable symptoms of the disease such as diarrhea or 
vomiting. 


7-15. Toxins 


Toxins are alleged to have been used in past conflicts. Witnesses and victims 
have described the agent as toxic rain (or yellow rain) because it was reported 
to have been released from aircraft as a yellow powder or liquid that covered 
ground, structures, vegetation, and people. 


a. Signs and Symptoms. The occurrence of the symptoms from 
toxins may appear in a period of a few minutes to several hours depending on 
the particular toxin, the service member's susceptibility, and the amount of 
toxin inhaled, ingested, or deposited on the skin. Symptoms from toxins 
usually involve the central nervous system but are often preceded by less 
prominent symptoms, such as nausea, vomiting, diarrhea, cramps, or stomach 
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irritation and burning sensation. Typical neurological symptoms often 
develop rapidly in severe cases; for example, visual disturbances, inability to 
swallow, speech difficulty, lack of muscle coordination, and sensory 
abnormalities (numbness of mouth, throat, or extremities). Yellow rain 
(mycotoxins) also may have hemorrhagic symptoms, which could include 
any or all of the following: 

° Dizziness. 

° Severe itching or tingling of the skin. 

° Formation of multiple, small, hard blisters. 

. Coughing up blood. 

° Shock (which could result in death). 


b.  Self-Aid. Upon recognition of an attack employing toxins, you 
must immediately take the following actions: 


(1) Stop breathing, put on your protective mask with hood, 
and then resume breathing. Next, put on your protective clothing. 


(2) Should severe itching of the face become unbearable, 
quickly— 


‘ Loosen the cap on your canteen. 
° Take and hold a deep breath and lift your mask. 
° While holding your breath, close your eyes and 


flush your face with generous amounts of water. 


CAUTION 


DO NOT rub or scratch your eyes. Try not to let the water 
run onto your clothing or protective overgarment. 


° Put your protective mask back on, seat it properly, 
clear it, and check it for a seal; then resume breathing. 


° Decontaminate your skin by bathing with soap and 
water as soon as the mission permits. 


7-26 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


° Change clothing and decontaminate your protective 
mask using soap and water. Replace the filters if directed. 


(3) If vomiting occurs, the mask should be lifted 
momentarily and drained—while the eyes are closed and the breath is held— 
and replaced, cleared, and sealed. 


c. Medical Assistance. If you suspect that you have been exposed 
to toxins, you should seek medical assistance immediately. 


7-16. Nuclear Detonation 


a. Three types of injuries may result from a nuclear detonation. 
These are thermal, blast, and radiation injuries. Many times the casualty will 
have a combination of these types of injuries. First aid for thermal and blast 
injuries is provided based on observable injuries, such as burns, hemorrhage, 
or fractures. 


b. | The signs and symptoms of radiation illness in the initial phase 


include the rapid onset of nausea, vomiting, and malaise (tiredness). The 
only first aid procedure for radiological casualties is decontamination. 
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CHAPTER 8 


FIRST AID FOR 
PSYCHOLOGICAL REACTIONS 


8-1. General 


Psychological first aid is as natural and reasonable as physical first aid and is 
just as familiar. When you were hurt as a child, the understanding attitude of 
your parents did as much as the psychological effect of a bandage. Later, 
your disappointment or grief was eased by supportive words from a friend. 
Certainly, taking a walk and talking things out with a friend are familiar ways 
of dealing with an emotional crisis. The same natural feelings that make us 
want to help a person who is injured make us want to give a helping hand to a 
buddy who is upset. Psychological first aid really means nothing more 
complicated than assisting people with emotional distress whether it results 
from physical injury, disease, or excessive stress. Emotional distress is not 
always as visible as a wound or a broken bone. However, overexcitement, 
severe fear, excessive worry, deep depression, misdirected irritability, and 
anger are signs that stress has reached the point of interfering with effective 
coping. The more noticeable the symptoms become, the more urgent the 
need for you to be of help and the more important it is for you to know how 
to help. 


8-2. Importance of Psychological First Aid 


Y ou must Know how to give psychological first aid to be able to help yourself, 
your buddies, and your unit in order to keep performing the mission. 
Psychological first aid measures are simple and easy to understand. Y our 
decision of what to do depends upon your ability to observe the service 
member and understand his needs. M aking the best use of resources requires 
ingenuity on your part. A stress reaction resulting in poor judgment can 
cause injury or even death to yourself or others on the battlefield. It can be 
even more dangerous if other persons are affected by the judgment of an 
emotionally upset service member. If it is detected early enough, the affected 
service member stands a good chance of remaining in his unit as an effective 
member. If it is not detected early and if the service member becomes more 
emotionally upset, he may become a threat to himself and to others. 


8-3. Situations Requiring Psychological First Aid 


. Psychological first aid (buddy aid) is most needed at the first 
sign that a service member cannot perform the mission because of emotional 
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distress. Stress is inevitable in combat, in hostage and terrorist situations, 
and in civilian disasters such as floods, hurricanes, or industrial accidents. 
Most emotional reactions to such situations are temporary, and the service 
member can still carry on with encouragement. Painful or disruptive 
symptoms may last for minutes, hours, or days. However, if the stress 
symptoms are seriously disabling, they may be psychologically contagious 
and endanger not only the emotionally upset service member but also the 
entire unit. 


° Sometimes people continue to function well during a disastrous 
event, but suffer from emotional scars which impair their job performance or 
quality of life at a later time. Painful memories and dreams may recur for 
months and years and still be considered a normal reaction. However, if the 
memories are so painful that the person must avoid all situations which 
arouse them, becomes socially withdrawn, or shows symptoms of anxiety, 
depression, or substance abuse, he needs treatment. Experience with police, 
firemen, emergency medical technicians, and others who deal with disasters 
has proved that the routine application of psychological first aid to all the 
participants, including those who have functioned well, greatly reduces the 
likelihood of future serious post-traumatic stress disorders (PT SDs). 


8-4, Interrelationship of Psychological and Physical First Aid 


Psychological first aid should go hand in hand with physical first aid. The 
discovery of a physical injury or cause for an inability to function does not 
rule out the possibility of a psychological injury (or vice versa). The person 
suffering from pain, shock, fear of serious injury, or fear of death does not 
respond well to joking, indifference, or fearful-tearful attention. Fear and 
anxiety may take as high a toll of the service member's strength as does the 
loss of blood. 


8-5. Goals of Psychological First Aid 


The goals of psychological first aid are to— 


. Be supportive; assist the service member in dealing with his 
stress reaction. 


° Prevent, and if necessary control, behavior harmful to himself 
and to others. 


° Return the service member to duty as soon as possible after 
dealing with the stress reaction. 


8-2 


To multiply literal fractions you must factor the numerators and denominators. Cancel like 
factors in any numerator and denominator only as many times as each factor occurs in both the 
numerator and denominator. Finally, multiply numerator times numerator and denominator times 
denominator. 


Example: 


2a?—ab-b? a?—b? 
a?+2ab+b2 4a2+4ab+b2 


(2a+«b) (a-b) (a+b) (a-b) 
(a+b) (a+b) (2a+b)(2a+b) 


= (cab )( aa86 


a*—2ab+b2 
2a24+3ab+b2 


Try the following challenge to reinforce your knowledge on multiplying fractions with literal 
numbers. 


2302 before continuing. 
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8-6. Respect for Others’ Feelings 


a. Accept the service member you are trying to help without 
censorship or ridicule. Respect his right to his own feelings. Even though 
your feelings, beliefs, and behavior are different, DO NOT blame or make 
light of him for the way he feels or acts. Y our purpose is to help him in this 
tough situation, not to be his critic. A person DOES NOT WANT to be upset 
and worried. When he seeks help, he needs and expects consideration of his 
fears, not abrupt dismissal or ridicule. 


b. Realize that people are the products of a wide variety of 
factors. All people DO NOT react the same way to the same situations. 
Each individual has complex needs and motivations, both conscious and 
unconscious, that are uniquely his own. Often the one thing that finally 
causes the person to become overloaded by a stressful situation is not the 
stressor itself, but some other problem. 


8-7. Emotional and Physical Disability 


a. Accept emotional disability as being just as real as physical 
disability. If a service member's ankle is seriously sprained in a fall, no one 
expects him to run right away. A service member's emotions may be 
temporarily strained by the overwhelming stress of battle or other traumatic 
incident. DO NOT demand that he pull himself together immediately and 
carry on without a break. Some individuals can pull themselves together 
immediately, but others cannot. The service member whose emotional 
stability has been disrupted has a disability just as real as the service member 
who has sprained his ankle. There is an unfortunate tendency in many people 
to regard as real only what they can see, such as a wound or bleeding. Some 
people tend to assume that damage involving a person’s mind and emotions is 
just imagined, that he is not really sick or injured, and that he could overcome 
his trouble by using his will power. 


b. The terms it’s all in your head, snap out of it, and get control 
of yourself are often used by people who believe they are being helpful. 
Actually, these terms are expressions of hostility because they show lack of 
understanding. They only emphasize weakness and inadequacy. Such terms 
are of no use in psychological first aid. 


c. Every physically injured person has some emotional reaction 
to the fact that he is injured. 


(1) It is normal for an injured person to feel upset. The 
more severe the injury, the more insecure and fearful he becomes, especially 
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if the injury is to a body part which is highly valued. For example, an injury 
to the eyes or the genitals, even though relatively minor, is likely to be 
extremely upsetting. An injury to some other part of the body may be 
especially disturbing to an individual for his own particular reason. For 
example, an injury of the hand may be a terrifying blow to a surgeon or an 
injury to the eye of a pilot. 


(2) An injured service member always feels less secure, 
more anxious, and more afraid not only because of what has happened to him 
but because of what he imagines may happen as a result of his injury. This 
fear and insecurity may cause him to be irritable, uncooperative, or 
unreasonable. As you help him, always keep in mind that such behavior has 
little or nothing to do with you personally. He needs your patience, 
reassurance, encouragement, and support. 


8-8. Combat and Other Operational Stress Reactions 


Stress reaction is a temporary emotional disorder or inability to function, 
experienced by a previously normal service member as a reaction to the 
overwhelming or cumulative stress of combat. Stress reaction gets better 
with reassurance, rest, physical replenishment, and activities that restore 
confidence. All service members are likely to feel stress reaction under 
conditions of intense and/or prolonged stress. They may even become stress 
reaction casualties, unable to perform their mission for hours or days. Other 
combat and operational stress reactions (COSRs) may result in negative 
behavior, but are not termed stress reaction, as they need more intensive 
treatment. These negative COSRs may result in misconduct stress behaviors 
such as drug and alcohol abuse, criminal acts, looting, desertion, and self- 
inflicted wounds. These harmful COSRs can often be prevented by good 
psychological first aid. Service members who commit misconduct stress 
behaviors may require disciplinary action rather than medical treatment. 


8-9. Reactions to Stress 


Most service members react to stressful incidents after the situation has 
passed. All service members feel some fear. This fear may be greater than 
they have experienced at any other time, or they may be more aware of their 
fear. In such a situation, they should not be surprised if they feel shaky or 
become sweaty, nauseated, or confused. These reactions are normal and are not 
a cause for concern. However, some reactions, either short- or long-term, 
will cause problems if left unchecked. See paragraph 8-13 for more information. 


a. Emotional Reactions. 
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(1) The most obvious combat stress reaction (CSR) is 
inefficient performance. This can be demonstrated by— 


. Slow thinking (or reaction time). 


° Difficulty recognizing priorities and seeing what 
needs to be done. 


° Difficulty getting started. 


. Indecisiveness and having trouble focusing 
attention. 


. Tendency to do familiar tasks and be preoccupied 
with familiar details. (This can reach the point where the person is very 
passive, such as just sitting or wandering about not knowing what to do.) 


(2) A less common reaction may be uncontrolled emotional 
outbursts; this can be demonstrated by crying, screaming, or laughing. Some 
service members will react in the opposite way. They will be very withdrawn 
and silent and try to isolate themselves from everyone. These service 
members should be encouraged to remain with their assigned unit. 
Uncontrolled reactions may appear by themselves or in any combination (the 
person may be crying uncontrollably one minute and then laughing the next). 
In this state, the person is restless and cannot keep still. He may run about, 
apparently without purpose. Inside, he feels a great rage or fear and his 
physical acts may show this. In his anger he may indiscriminately strike out 
at others. 


b. Loss of Adaptability. 


(1) In a desperate attempt to get away from the danger, 
which has overwhelmed him, a service member may panic and become 
confused. His mental ability may be so impaired he cannot think clearly or 
even follow simple commands. His judgment may be faulty and he may not 
be aware of his actions, such as standing up in his fighting position during an 
attack. 


(2) In other cases, overwhelming stress may produce 
symptoms that are often associated with head injuries. For example, the 
service member may appear dazed or be found wandering around aimlessly. 
He may appear confused and disoriented and may seem to have a complete or 
partial loss of memory. In such cases, especially when no eyewitnesses can 
provide evidence that the service member has NOT suffered a head injury, it 
is necessary for him to be rapidly medically evacuated. DO NOT allow the 
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service member to expose himself to further personal danger until the cause 
of the problem has been determined. 


c. Sleep Disturbance and Repetition of Dreams. A person who 
has been overwhelmed by stress often has difficulty sleeping. The service 
member may experience nightmares related to the stressors. Remember that 
nightmares, in themselves, are not considered abnormal when they occur 
soon after a period of intensive stress. As time passes, the nightmares 
usually become less frequent and less intense. In extreme cases, a service 
member, even when awake, may think repeatedly of the incident, feel as 
though it is happening again, and act out parts of his stress over and over 
again. For some persons, this repetitious reexperiencing of the stressful 
event may be necessary for eventual recovery; therefore, it should not be 
discouraged or viewed as abnormal. For the person reexperiencing the 
event, such reaction may be disruptive. The service member needs to be 
encouraged to ventilate about the incident. Ventilation is a technique where 
the service member is given the opportunity to talk extensively, often 
repetitiously about the experience. 


8-10. Severe Stress or Stress Reaction 


You do not need specialized training to recognize severe stress or stress 
reaction that will cause problems for the service member, the unit, or the 
mission. Reactions that are less severe, however, are more difficult to 
detect. To determine whether a person needs help, you must observe him 
to see whether he is doing something meaningful, performing his duties, 
taking care of himself, behaving in an unusual fashion, or acting out of 
character. 


8-11. Application of Psychological First Aid 


The emotionally disturbed service member has built a barrier against fear. 
He does this for his own protection, although he is probably not aware that he 
is doing it. If he finds that he does not have to be afraid and that there are 
normal, understandable things about him, he will feel safer in dropping this 
barrier. Persistent efforts to make him realize that you want to understand 
him will be reassuring, especially if you remain calm. Nothing can cause an 
emotionally disturbed person to become even more fearful than feeling that 
others are afraid of him. Try to remain calm. Familiar things, such as a cup 
of coffee, the use of his name, attention to a minor wound, being given a 
simple job to do, or the sight of familiar people and activities, will add to his 
ability to overcome his fear. He may not respond well if you get excited, 
angry, or abrupt. 
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a. Ventilation. After the service member becomes calmer, he is 
likely to have dreams about the stressful event. He also may think about it 
when he is awake or even repeat his personal reaction to the event. One 
benefit of this natural pattern is that it helps him master the stress by going 
over it just as one masters the initial fear of parachuting from an aircraft by 
doing it over and over again. Eventually, it is difficult to remember how 
frightening the event was initially. In giving first aid to the emotionally 
disturbed service member, you should let him follow this natural pattern. 
Encourage him to talk. Bea good listener. Let him tell, in his own words, 
what actually happened. If home front problems or worries have contributed 
to the stress, it will help him to talk about them. Y our patient listening will 
prove to him that you are interested in him, and by describing his personal 
problem, he can work at mastering his fear. If he becomes overwhelmed in 
the telling, suggest a cup of coffee or a break. Whatever you do, assure him 
that you will listen again as soon as he is ready. Do try to help put the 
service member’s perception of what happened back into realistic perspective; 
but DO NOT argue about it. 


b. Activity. 


(1) A person who is emotionally disturbed as the result of a 
combat action is a casualty of anxiety and fear. He is disabled because he has 
become temporarily overwhelmed by his anxiety. A good way to control 
fear is through activity. Almost all service members, for example, experience 
a considerable sense of anxiety and fear while they are poised, awaiting the 
opening of a big offensive; but this is normally relieved, and they actually 
feel better once they begin to move into action. They take pride in effective 
performance and pleasure in knowing that they are good service members, 
perhaps being completely unaware that overcoming their initial fear was their 
first major accomplishment. 


(2) Useful activity is very beneficial to the emotionally 
disturbed service member who is not physically incapacitated. After you 
help a service member get over his initial fear, help him to regain some self- 
confidence. Make him realize his job is continuing by finding him something 
useful to do. Encourage him to be active. Get him to help load trucks, clean 
up debris, or dig fighting positions. If possible, get him back to his usual 
duty. Seek out his strong points and help him apply them. Avoid having him 
just sit around. You may have to provide direction by telling him what to do 
and where to do it. The instructions should be clear and simple and should 
be repeated. A person who has panicked is likely to argue. Respect his 
feelings, but point out more immediate, obtainable, and demanding needs. 
Channel his excessive energy and, above all, DO NOT argue. If you cannot 
get him interested in doing more profitable work, it may be necessary to 
enlist aid in controlling his overactivity before it spreads to the group and 
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results in more panic. Prevent the spread of such infectious feelings by 
restraining and segregating if necessary. 


(3) Involvement in activity helps a service member in three 
ways; he— 


° Forgets himself. 
° Has an outlet for his excessive tensions. 
° Proves to himself he can do something useful. 


c. Rest. There are times, particularly in combat, when physical 
exhaustion is a principal cause for emotional reactions. A unit sleep plan 
should be established and implemented. When possible, service members 
should be given a safe and relatively comfortable area in which to sleep. 
Examples would be an area away from heavy traffic, noise, and congestion 
or a place that is clean and dry and protected from environmental conditions. 
The more uninterrupted sleep a service member gets the better he will be able 
to function in the tactical environment. 


d. Hygiene. Field hygiene is an important ingredient in a service 
member’s morale. A service member who is dirty and unkempt will not 
function as well as a service member who has had the opportunity to bathe 
and put on clean, dry clothing. During combat, unit leaders should stress the 
importance of personal hygiene. Good personal hygiene not only improves 
morale, it also is a preventive measure against disease and nonbattle injury 
(DNBI). 


e. Group Activity. You have probably already noticed that a 
person works, faces danger, and handles serious problems better if he is a 
member of a closely-knit group. Each service member in the team supports 
the other team members. Esprit de corps is built because the service members 
have the same interests, goals, and mission, and as a result they are more 
productive; furthermore, they are less worried because everyone is involved. 
It is this spirit that takes a strategic hill in battle. It is so powerful that it is 
one of the most effective tools you have in your psychological first aid bag. 
Getting the service member back into the team or squad activities will 
reestablish his sense of belonging and security and will go far toward making 
him a useful member of the unit. 


8-12. Reactions and Limitations 


Up to this point the discussion has been primarily about the feelings of the 
emotionally distressed service member. What about your feelings toward 
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him? Whatever the situation, you will have emotional reactions (conscious 
or unconscious) toward this service member. Y our reactions can either help 
or hinder your ability to help him. When you are tired or worried, you may 
very easily become impatient with him if he is unusually slow or exaggerates. 
You may even feel resentful toward him. At times when many physically 
wounded lie about you, it will be especially natural for you to resent 
disabilities that you cannot see. Physical wounds can be seen and easily 
accepted. Emotional reactions are more difficult to accept as injuries. On 
the other hand, will you tend to be overly sympathetic? Excessive sympathy 
for an incapacitated person can be as harmful as negative feelings in your 
relationship with him. He needs strong help, but not your sorrow. To 
overwhelm him with pity will make him feel even more inadequate. Y ou 
must expect your buddy to recover, to be able to return to duty, and to 
become a useful service member again. This expectation should be displayed 
in your behavior and attitude as well as in what you say. If he can see your 
calmness, confidence, and competence, he will be reassured and will feel a 
sense of greater security. 


8-13. Stress Reactions 
See Tables 8-1, 8-2, and 8-3 for more information. 
Table 8-1. Mild Stress Reaction 


PHYSICAL SIGNS* EMOTIONAL SIGNS* 
TREMBLING, TEARFUL 
JUMPINESS, NERVOUSNESS 
COLD SWEAT, DRY MOUTH 
POUNDING HEART, DIZZINESS 
INSOMNIA, NIGHTMARES 
NAUSEA, VOMITING, DIARRHEA 
FATIGUE 

THOUSAND-YARD STARE 
DIFFICULTY THINKING, SPEAKING, 
AND COMMUNICATING 


ANXIETY, INDECISIVENESS 
IRRITABLE, COMPLAINING 
FORGETFUL, UNABLE TO 
CONCENTRATE 

EASILY STARTLED BY NOISE, 
MOVEMENT 

GRIEF, TEARFUL 

ANGER, BEGINNING TO LOSE 
CONFIDENCE IN SELF AND UNIT 


ons 


> 


CONDARWNW > 
Oa 


SELF- AND BUDDY AID 


CONTINUE MISSION PERFORMANCE, FOCUS ON IMMEDIATE MISSION. 
EXPECT SERVICE MEMBER TO PERFORM ASSIGNED DUTIES. 

REMAIN CALM AT ALL TIMES; BE DIRECTIVE AND IN CONTROL. 

LET SERVICE MEMBER KNOW HIS REACTION IS NORMAL, AND THAT 
THERE IS NOTHING SERIOUSLY WRONG WITH HIM. 

KEEP SERVICE MEMBER INFORMED OF THE SITUATION, OBJECTIVES, 
EXPECTATIONS, AND SUPPORT. CONTROL RUMORS. 

BUILD SERVICE MEMBER’S CONFIDENCE, TALK ABOUT SUCCEEDING. 
KEEP SERVICE MEMBER PRODUCTIVE (WHEN NOT RESTING) THROUGH 
RECREATIONAL ACTIVITIES, EQUIPMENT MAINTENANCE. 


ao PON 


N& 
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8. ENSURE SERVICE MEMBER MAINTAINS GOOD PERSONAL HYGIENE. 
9. ENSURE SERVICE MEMBER EATS, DRINKS, AND SLEEPS AS SOON AS 
POSSIBLE. 

10. LET SERVICE MEMBER TALK ABOUT HIS FEELINGS. DO NOT “PUT DOWN” 
HIS FEELINGS OF GRIEF OR WORRY. GIVE PRACTICAL ADVICE AND PUT 
EMOTIONS INTO PERSPECTIVE. 

* MOST OR ALL OF THESE SIGNS ARE PRESENT IN MILD STRESS 
REACTION. THEY CAN BE PRESENT IN ANY NORMAL SERVICE MEMBER IN 
COMBAT YET HE CAN STILL DO HIS JOB. 

Table 8-2. More Serious Stress Reaction 
PHYSICAL SIGNS* EMOTIONAL SIGNS* 
1. CONSTANTLY MOVES AROUND RAPID AND/OR INAPPROPRIATE 
2. FLINCHING OR DUCKING AT TALKING 
SUDDEN SOUNDS ARGUMENTATIVE, RECKLESS 
3. SHAKING, TREMBLING (WHOLE MOVEMENTS/ACTIONS 
BODY OR ARMS) INATTENTIVE TO PERSONAL 
4. CANNOT USE PART OF BODY, HYGIENE 
NO PHYSICAL REASON (HAND, INDIFFERENT TO DANGER 
ARM, LEGS) MEMORY LOSS 
5. CANNOT SEE, HEAR, OR SEVERE STUTTERING, MUMBLING, 
FEEL (PARTIAL OR OR CANNOT SPEAK AT ALL 
COMPLETE LOSS) INSOMNIA, NIGHTMARES 
6. PHYSICAL EXHAUSTION, SEEING OR HEARING 
CRYING THINGS THAT DO NOT EXIST 
7. FREEZING UNDER FIRE, OR RAPID EMOTIONAL SHIFTS 
TOTAL IMMOBILITY SOCIAL WITHDRAWAL 
8. VACANT STARES, STAGGERS, APATHETIC 
SWAYS WHEN STANDS HYSTERICAL OUTBURSTS 
9. PANIC RUNNING UNDER FIRE FRANTIC OR STRANGE BEHAVIOR 
TREATMENT PROCEDURES* 
1. IF ASERVICE MEMBER’S BEHAVIOR ENDANGERS THE MISSION, SELF, OR 
OTHERS, DO WHATEVER IS NECESSARY TO CONTROL HIM. 
2. IF THE SERVICE MEMBER IS UPSET, CALMLY TALK HIM INTO 
COOPERATING. 
3. IF CONCERNED ABOUT THE SERVICE MEMBER’S RELIABILITY: 
+ UNLOAD HIS WEAPON. 
+ TAKE WEAPON IF SERIOUSLY CONCERNED. 
+ PHYSICALLY RESTRAIN HIM ONLY WHEN NECESSARY FOR SAFETY OR 
TRANSPORTATION. 
4. REASSURE EVERYONE THAT THE SIGNS ARE PROBABLY JUST STRESS 
REACTION AND WILL QUICKLY IMPROVE. 
5. IF STRESS REACTION SIGNS CONTINUE: 
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* GET THE SERVICE MEMBER TO A SAFER PLACE. 

* DO NOT LEAVE THE SERVICE MEMBER ALONE, KEEP SOMEONE HE 
KNOWS WITH HIM. 

* NOTIFY SENIOR NONCOMMISSIONED OFFICER (NCO) OR OFFICER. 

* HAVE THE SERVICE MEMBER EXAMINED BY MEDICAL PERSONNEL. 


NO DAWN 
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Table 8-2. More Serious Stress Reaction (Continued) 


TREATMENT PROCEDURES** 


GIVE THE SERVICE MEMBER EASY TASKS TO DO WHEN NOT SLEEPING, 
EATING, OR RESTING. 

ASSURE THE SERVICE MEMBER HE WILL RETURN TO FULL DUTY IN 24 
HOURS; AND, RETURN HIM TO NORMAL DUTIES AS SOON AS HE IS 
READY. 


THESE SIGNS ARE PRESENT IN ADDITION TO THE SIGNS OF MILD STRESS 
REACTION. 

DO THESE PROCEDURES IN ADDITION TO THE SELF- AND BUDDY AID 
CARE. 


Table 8-3. Preventive Measures to Combat Stress Reaction 


WELCOME NEW MEMBERS INTO YOUR TEAM, GET TO KNOW THEM 
QUICKLY. IF YOU ARE NEW, BE ACTIVE IN MAKING FRIENDS. 

BE PHYSICALLY FIT (STRENGTH, ENDURANCE, AND AGILITY). 

KNOW AND PRACTICE LIFESAVING SELF- AND BUDDY AID. 

PRACTICE RAPID RELAXATION TECHNIQUES (FM 22-51). 

HELP EACH OTHER OUT WHEN THINGS ARE TOUGH AT HOME OR IN THE 
UNIT. 

KEEP INFORMED; ASK YOUR LEADER QUESTIONS, IGNORE RUMORS. 
WORK TOGETHER TO GIVE EVERYONE FOOD, WATER, SHELTER, 
HYGIENE, AND SANITATION. 

SLEEP WHEN MISSION AND SAFETY PERMIT; LET EVERYONE GET TIME 
TO SLEEP. 

+ SLEEP ONLY IN SAFE PLACES AND BY STANDING OPERATING 
PROCEDURE (SOP). 

IF POSSIBLE, SLEEP 6 TO 9 HOURS PER DAY. 

TRY TO GET AT LEAST 4 HOURS SLEEP PER DAY 

GET GOOD SLEEP BEFORE GOING ON SUSTAINED OPERATIONS. 
CATNAP WHEN YOU CAN, BUT ALLOW TIME TO WAKE UP FULLY. 
CATCH UP ON SLEEP AFTER GOING WITHOUT. 


ee © @ 
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APPENDIX A 


FIRST AID CASE AND KITS, 
DRESSINGS, AND BANDAGES 


A-1. — First Aid Case with Field Dressings and Bandages 


Every service member is issued a first aid case (Figure A-1A) with a field 
first aid dressing encased in a plastic wrapper (Figure A-1B). He carries it at 
all times for his use. The field first aid dressing is a standard sterile (germ- 
free) compress or pad with bandages attached (Figure A-1C). This dressing 
is used to cover the wound, to protect against further contamination, and to 
stop bleeding (pressure dressing). When a service member administers first 
aid to another person, he must remember to use the wounded person’s 
dressing; he may need his own later. The service member must check his 
first aid case regularly and replace any used or missing dressing. The field 
first aid dressing may normally be obtained from his unit supply. 


OUTER EDGES 


DRESSING 


ATTACHED 
BANDAGES 


Figure A-1. Field first aid case and dressing (Illustrated A—C). 


A-2. | General Purpose First Aid Kits 


General-purpose first aid kits are listed in the common table of allowances 
(CTA) 8-100. The operators, crew, and passengers carry these kits on Army 
vehicles, aircraft, and boats for use. Individuals designated by unit TSOP to 
be responsible for these kits are required to check them regularly and replace 
all items used. The general-purpose kit and its contents can be obtained 
through the unit supply system. 


(a) (b) 
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You are ready to divide fractions. You will use the same method to divide fractions in algebra as 
you used in basic arithmetic. You must divide a fraction by inverting the divisor and performing a 
multiplication operation as you did in the preceding paragraph. In the following sample, all parts 
of the division equation are labeled to provide a clearer meaning of each part and how it is used 


when dividing fractions. 


Sample: 


(Dividend) = <(Minor Vinculum) 
SSA EAA i Ai eg capa Mea AR 


<— . . 
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Note: To divide one con 2) a iver, reduce both the numerator and the 
denominator to Silt 2 wpe pee wee ee aS. 
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NOTE 


Periodically check the dressings (for holes or tears in the 
packaging) and the medicines (for expiration date) that are in 
the first aid kits. If necessary, replace defective or outdated 
items. 


A-3. — Dressings 


Dressings are sterile pads or compresses used to cover wounds. They usually 
are made of gauze or cotton wrapped in gauze (Figure A-1C). In addition to 
the standard field first aid dressing, other dressings such as sterile gauze 
compresses and small sterile compresses on adhesive strips may be available 
under CTA 8-100. 


A-4. Standard Bandages 


a. Standard bandages are made of gauze or muslin and are used 
over a sterile dressing to secure the dressing in place, to close off its edge 
from dirt and germs, and to create pressure on the wound and control 
bleeding. A bandage can also support an injured part or secure a splint. 


b. Tailed bandages may be attached to the dressing as indicated 
on the field first aid dressing (Figure A-1C). 


A-5. — Triangular and Cravat (Swathe) Bandages 


a. Triangular and cravat (or swathe) bandages (Figure A-2) are 
fashioned from a triangular piece of muslin (37 by 37 by 52 inches) provided 
in the general-purpose first aid kit. If it is folded into a strip, it is called a 
cravat. Two safety pins are packaged with each bandage. These bandages 
are valuable in an emergency since they are easily applied. 


b. To improvise a triangular bandage, cut a square of available 
material, slightly larger than 3 feet by 3 feet, and fold it diagonally. If two 
bandages are needed, cut the material along the diagonal fold. 


c. A cravat can be improvised from such common items as 
T-shirts, other shirts, bed linens, trouser legs, scarfs, or any other item 
made of pliable and durable material that can be folded, torn, or cut to the 
desired size. 
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Figure A-2. Triangular and cravat bandages (Illustrated A—E). 
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APPENDIX B 


RESCUE AND TRANSPORTATION 
PROCEDURES 


B-1. General 


A basic principle of first aid is to evaluate the casualty’s injuries and 
administer first aid before moving him. However, adverse situations or 
conditions may jeopardize the lives of both the rescuer and the casualty if this 
is done. It may be necessary first to rescue the casualty before first aid can 
be effectively or safely given. The life and/or the well-being of the casualty 
will depend as much upon the manner in which he is rescued and transported, 
as it will upon the first aid and medical treatment he receives. Rescue actions 
must be done quickly and safely. Careless or rough handling of the casualty 
during rescue operations can aggravate his injuries. 


B-2. Principles of Rescue Operations 

a. | When faced with the necessity of rescuing a casualty who is 
threatened by hostile action, fire, water, or any other immediate hazard, DO 
NOT take action without first determining the extent of the hazard and your 


ability to handle the situation. DO NOT become a casualty. 


b. | The rescuer must evaluate the situation and analyze the factors 
involved. This evaluation involves three major steps: 


° Identify the task. 
. Evaluate circumstances of the rescue. 


. Plan the action. 


B-3. Considerations 


a. First determine if a rescue attempt is actually needed. Itis a 
waste of time, equipment, and personnel to rescue someone not in need of 
rescuing. It is also a waste to look for someone who is not lost or needlessly 
risk the lives of the rescuer(s). In planning a rescue, attempt to obtain the 
following information: 


° Who, what, where, when, why, and how the situation 
happened? 
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. How many casualties are involved and the nature of their 
injuries? 


. What is the tactical situation? 


. What are the terrain features and the location of the 
casualties? 


° Will there be adequate assistance available to aid in the 
rescue/evacuation? 


° Can first aid and/or medical treatment be provided at the 
scene; will the casualties require movement to a safer location? 


° What specialized equipment will be required for the 
rescue operation? 


. Is the rescue area contaminated? Will decontamination 
equipment and materiel be required for casualties, rescue personnel, and 
rescue equipment? 


. How much time is available? 


b. The time element can play a significant role in how the rescue 
is attempted. If the casualties are in imminent danger of losing their lives 
(such as near a burning vehicle or in a burning building) the time available 
will be relatively short and will sometimes cause a rescuer to compromise 
planning stages and/or the first aid which can be given. However, if the 
casualty is in a relatively secure area and his physical condition is strong, 
more deliberate planning can take place. A realistic estimate of time available 
must be made as quickly as possible to determine action time remaining. The 
key elements are the casualty’s physical and mental condition, the tactical 
situation, and the environment. 


B-4. Plan of Action 

a. The casualty’s ability to endure is of primary importance in 
estimating the time available. Age, physical condition, and extent of wounds 
and/or injuries will differ from casualty to casualty. Therefore, to determine 
the time available, you will have to consider— 


° Endurance time of the casualty. 


. Extent of injuries. 
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° Type of situation. 

° Personnel and/or equipment availability. 

° W eather. 

° Terrain (natural and man-made). 

° Environment (contaminated or uncontaminated). 


b. — In respect to terrain, you must consider altitude and visibility. 
In some cases, the casualty may be of assistance because he knows more 
about the particular terrain or situation than you do. Maximum use of 
secure/reliable trails or roads is essential. 


c. | When taking weather into account, ensure that blankets and/or 
rain gear are available. Even a mild rain can complicate a normally simple 
rescue. In high altitudes and/or extreme cold and gusting winds, the time 
available is critically shortened. Be prepared to provide shelter and warmth 
for the casualty as well as the rescuers. 


B-5. — Proper Handling of Casualties 


a. You may have saved the casualty’s life through the application 
of appropriate first aid measures. However, his life can be lost through 
rough handling or careless transportation procedures. Before you attempt to 
move the casualty— 


° Evaluate the type and extent of his injuries. 


° Ensure that dressings over wounds are adequately 
reinforced. 


° Ensure that fractured bones are properly immobilized 
and supported to prevent them from cutting through muscle, blood vessels, 
and skin. 


b. Based upon your evaluation of the type and extent of the 
casualty’s injury and your knowledge of the various manual carries, you 
must select the best possible method of manual transportation. If the casualty 
is conscious, tell him how he is to be transported. This will help allay his 
fear of movement and gain his cooperation and confidence. 


c. Buddy aid for chemical agent casualties includes those actions 
required to prevent an incapacitated casualty from receiving additional injury 
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from the effects of chemical hazards. If a casualty is physically unable to 
decontaminate himself or administer the proper chemical agent antidote, the 
casualty’s buddy assists him and assumes responsibility for his care. Buddy- 
aid includes— 

° Administering the proper chemical agent antidote. 

° Decontaminating the incapacitated casualty’s exposed skin. 


° Ensuring that his protective ensemble remains correctly 
emplaced. 


° Maintaining respiration. 
° Controlling bleeding. 
° Providing other standard first aid measures 


° Transporting the casualty out of the contaminated area. 


B-6. Positioning the Casualty 


The first step in any manual carry is to position the casualty to be lifted. If he 
is conscious, he should be told how he is to be positioned and transported. 
This helps lessen his fear of movement and to gain his cooperation. It may 
be necessary to roll the casualty onto his abdomen, or his back, depending 
upon the position in which he is lying and the particular carry to be used. 


a. To roll a casualty onto his abdomen, kneel at the casualty’s 
uninjured side. 


(1) Place his arms above his head; cross his ankle which is 
farther from you over the one that is closer to you. 


(2) Place your hands on the shoulder which is farther from 
you; place your other hand in the area of his hip or thigh (Figure B-1). 


(3) Roll him gently toward you onto his abdomen (Figure B-2). 


b. To roll a casualty onto his back, follow the same procedure 
described in a above, except gently roll the casualty onto his back, rather 
than onto his abdomen. 
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Figure B-2. Rolling casualty onto his abdomen. 


B-7. M edical Evacuation and Transportation of Casualties 


a. Medical evacuation of the sick and wounded (with en route 
medical care) is the responsibility of medical personnel who have been 
provided special training and equipment. Therefore, unless a good reason 
for you to transport a casualty arises, wait for some means of medical 
evacuation to be provided. When the situation is urgent and you are unable 
to obtain medical assistance or know that no medical evacuation assets are 
available, you will have to transport the casualty. For this reason, you must 
know how to transport him without increasing the seriousness of his condition. 


b. | Transporting a casualty by litter (FM 8-10-6) is safer and 
more comfortable for him than by manual means; it is also easier for you. 
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M anual transportation, however, may be the only feasible method because of 
the terrain or the combat situation; or it may be necessary to save a life. In 
these situations, the casualty should be transferred to a litter as soon as one 
can be made available or improvised. 


B-8. M anual Carries 


Casualties carried by manual means must be carefully and correctly handled, 
otherwise their injuries may become more serious or possibly fatal. Situation 
permitting, transport of a casualty should be organized and unhurried. Each 
movement should be performed as deliberately and gently as possible. 
Casualties should not be moved before the type and extent of injuries are 
evaluated and the required first aid is administered. The exception to this 
occurs when the situation dictates immediate movement for safety purposes 
(for example, it may be necessary to remove a casualty from a burning 
vehicle); that is, the situation dictates that the urgency of casualty movement 
outweighs the need to administer first aid. M anual carries are tiring for the 
bearers and involve the risk of increasing the severity of the casualty’s injury. 
In some instances, however, they are essential to save the casualty’s life. 
Although manual carries are accomplished by one or two bearers, the two- 
man carries are used whenever possible. They provide more comfort to the 
casualty, are less likely to aggravate his injuries, and are also less tiring for 
the bearers. The distance a casualty can be carried depends on many factors, 
such as— 


° Nature of the casualty’s injuries. 

. Strength and endurance of the bearer(s). 

° W eight of the casualty. 

. Obstacles encountered during transport (natural or manmade). 
° Type of terrain. 


a. One-man Carries. These carries should be used when only 
one bearer is available to transport the casualty. 


(1) The fireman's carry (Figure B-3) is one of the easiest 
ways for one individual to carry another. After an unconscious or disabled 
casualty has been properly positioned, he is raised from the ground, then 
supported and placed in the carrying position. 
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(a) After rolling the casualty onto his abdomen, 
straddle him. Extend your hands under his chest and lock them together. 


(b) Lift the casualty to his knees as you move 
backward. 


(c) Continue to move backward, thus straightening the 
casualty’s legs and locking his knees. 


(d) Walk forward, bringing the casualty to a standing 
position; tilt him slightly backward to prevent his knees from buckling. 


(e) As you maintain constant support of the casualty 
with one arm, free your other arm, quickly grasp his wrist, and raise his arm 
high. Instantly pass your head under his raised arm, releasing it as you pass 
under it. 


(f) Move swiftly to face the casualty and secure your 
arms around his waist. Immediately place your foot between his feet and 
spread them apart (approximately 6 to 8 inches). 


(g) Grasp the casualty’s wrist and raise his arm high 
over your head. 


(h) Bend down and pull the casualty’s arm over and 
down on your shoulder, bringing his body across your shoulders. At the 
same time, pass your arm between his legs. 


(i) | Grasp the casualty’s wrist with one hand, and place 
your other hand on your knee for support. 


(j) | Rise with the casualty positioned correctly. Y our 
other hand is free for use. 


Figure B-3. Fireman's carry (Illustrated A—J ). 
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Figure B-3. Fireman's carry (Illustrated A—J ) (Continued). 
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Try this challenge by dividing these fractions. 
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(2) The alternate method of the fireman’s carry for raising a 
casualty from the ground is illustrated in Figure B-4; however, it should be 
used only when the bearer believes it to be safer for the casualty because of 
the location of his wounds. When the alternate method is used, care must be 
taken to prevent the casualty’s head from snapping back and causing a neck 
injury. The steps for raising a casualty from the ground for the fireman’s 
carry are also used in other one-man carries. 


(a) Kneel on one knee at the casualty’s head and face 
his feet. Extend your hands under his armpits, down his sides, and across his 
back. 


(b) As you rise, lift the casualty to his knees. Then 
secure a lower hold and raise him to a standing position with his knees 
locked. 


Figure B-4. Fireman's carry (alternate method) for lifting a 
casualty to a standing position (Illustrated A—B). 


(3) Inthe supporting carry (Figure B-5), the casualty must 
be able to walk or at least hop on one leg, using the bearer as a crutch. This 
carry can be used to assist him as far as he is able to walk or hop. 


(a) Raise the casualty from the ground to a standing 
position by using the fireman's carry. 


(b) Grasp the casualty’s wrist and draw his arm around 
your neck. 


(c) Place your arm around his waist. The casualty is 
now able to walk or hop using you as a support. 
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Figure B-5. Supporting carry. 


(4) The arms carry (Figure B-6) is useful in carrying a 
casualty for a short distance (up to 50 meters) and for placing him on a litter. 


(a) Raise or lift the casualty from the ground to a 
standing position, as in the fireman's carry. 


(b) Place one arm under the casualty’s knees and your 
other arm around his back. 


(c) Lift the casualty. 


(d) Carry the casualty high to lessen fatigue. 


Figure B-6. Arms carry. 
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(5) Only a conscious casualty can be transported by the 
saddleback carry (Figure B-7), because he must be able to hold onto the 
bearer’s neck. To use this technique— 


(a) Raise the casualty to an upright position, as in the 
fireman's carry. 


(b) Support the casualty by placing an arm around his 
waist. Move to the casualty’s side. Have the casualty put his arm around 
your neck and move in front of him with your back to support him. 


(c) Have the casualty encircle his arms around your neck 


(d) Stoop, raise him on your back and clasp your hands 
together beneath his thighs, if possible. 


Figure B-7. Saddleback carry. 


(6) Inthe pack-strap carry (Figure B-8), the casualty’s weight 
rests high on the your back. This makes it easier for you to carry the casualty a 
moderate distance (50 to 300 meters). To eliminate the possibility of injury to 
the casualty’s arms, you must hold his arms in a palms-down position. 


(a) Lift the casualty from the ground to a standing 
position, as in the fireman’s carry. 


(b) Support the casualty with your arms around him 
and grasp his wrist closer to you. 


(c) Place his arm over your head and across your 
shoulders. 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


(d) Move in front of him while still supporting his 
weight against your back. 


(e) Grasp his other wrist and place this arm over your 
shoulder. 


(f) Bend forward and raise or hoist the casualty as 
high on your back as possible so that his weight is resting on your back. 


NOTE 


Once the casualty is positioned on the bearer’s back, the bearer 
remains as erect as possible to prevent straining or injuring his 
back. 


Figure B-8. Pack-strap carry. 


(7) The pistol-belt carry (Figure B-9) is the best one-man 
carry for a long distance (over 300 meters). The casualty is securely 
supported upon your shoulders by a belt. Both your hands and the casualty’s 
(if conscious) are free for carrying a weapon or equipment, or climbing 
obstacles. With your hands free and the casualty secured in place, you are 
also able to creep through shrubs and under low-hanging branches. 


(a) Link two pistol belts (or three, if necessary) 
together to form a sling. Place the sling under the casualty’s thighs and 
lower back so that a loop extends from each side. 


NOTE 


If pistol belts are not available for use, other items such as a rifle 
sling, two cravat bandages, two litter straps, or any other suitable 
material, which will not cut or bind the casualty may be used. 
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(b) Lie face up between the casualty’s outstretched 
legs. Thrust your arms through the loops and grasp his hands and trouser leg 
on his injured side. 


(c) Roll toward the casualty’s uninjured side onto your 
abdomen, bringing him onto your back. Adjust the sling, if necessary. 


(d) Rise to a kneeling position. The belt will hold the 
casualty in place. 


(e) Place one hand on your knee for support and rise 
to an upright position. (The casualty is supported on your shoulders.) 


(f) Carry the casualty with your hands free for use in 
rifle firing, climbing, or surmounting obstacles. 


: 
a 


‘Figure B-9. Pistol-belt carry (Illustrated A—F). 
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(8) The pistol-belt drag (Figure B-10), as well as other 
drags, is generally used for short distances (up to 50 meters). This drag is 
useful in combat, since both the bearer and the casualty can remain closer to 
the ground than in any other drags. 


(a) Extend two pistol belts or similar objects to their 
full length and join them together to make a continuous loop. 


(b) Roll the casualty onto his back, as in the fireman's 
carry. 


(c) Pass the loop over the casualty’s head, and position 
it across his chest and under his armpits. Then cross the remaining portion of 
the loop, thus forming a figure eight. Keep tension on the belts so they do 
not come unhooked. 


(d) Lie on your side facing the casualty. 


(e) Slip the loop over your head and turn onto your 
abdomen. This enables you to drag the casualty as you crawl. 


Figure B-10. Pistol-belt drag. 


(9) The neck drag (Figure B-11) is useful in combat because 
the bearer can transport the casualty as he creeps behind a low wall or 
shrubbery, under a vehicle, or through a culvert. If the casualty is 
unconscious, his head must be protected from the ground. The neck drag 
cannot be used if the casualty has a broken arm. 


NOTE 


If the casualty is conscious, he may clasp his hands together 
around your neck. 


(a) Tie the casualty’s hands together at the wrists. 
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(b) Straddle the casualty in a kneeling face-to-face 
position. 


(c) Loop the casualty’s tied hands over and around 
your neck. 


(d) Crawl forward dragging the casualty with you. 
NOTE 


If the casualty is unconscious, protect his head from the ground. 


Figure B-11. Neck drag. 


(10) The cradle drop drag (Figure B-12) is effective in 
moving a casualty up or down steps. 


(a) Kneel at the casualty’s head (with him lying on his 
back). Slide your hands, with palms up, under the casualty’s shoulders and 
get a firm hold under his armpits. 

(b) Rise (partially), supporting the casualty’s head on 
one of your forearms. (You may bring your elbows together and let the 
casualty’s head rest on both of your forearms. ) 


(c) Rise and drag the casualty backward. (The 
casualty is in a semisitting position. ) 


(d) Back down the steps, supporting the casualty’s 
head and body and letting his hips and legs drop from step to step. 


NOTE 
If the casualty needs to be moved up the steps, you should back 


up the steps, using the same procedure. 
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(11) The LBE carry using the bearer’s LBE can be used with 
a conscious casualty (Figure B-13). 


(a) Loosen all suspenders on your LBE. 
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(b) Have the casualty place one leg into the loop 
formed by your suspenders and pistol belt. 


(c) Squat in front of the standing casualty. Have him 
place his other leg into the loop, also. 


(d) Have the casualty place his arms over your 
shoulders, lean forward onto your back, and lock his hands together. 


(e) Stand up and lean forward into a comfortable 
position. 


(f) | Continue the mission. 


Figure B-13. Load bearing equipment carry using 
bearer’s LBE (conscious casualty) (Illustrated A—F). 
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Figure B-13. Load bearing equipment carry using bearer’s LBE 
(conscious casualty) (Illustrated A—F) (Continued). 


(12) The LBE carry using the bearer’s LBE can be used with 
an unconscious casualty or one who cannot stand (Figure B-14). 


(a) Position the casualty on the flat of his back. 

(b) Remove your LBE and loosen all suspender straps. 

(c) Lift the casualty’s leg and place it through the loop 
formed by your suspenders and pistol belt. Then place the other leg through 
the same loop. The LBE is moved up until the pistol belt is behind the 
casualty’s thighs. 


(d) Lay between the casualty’s legs; work your arms 
through the LBE suspenders. 


(e) Grasp the casualty’s hand (on the injured side), 
and roll the casualty (on his uninjured side) onto your back. 


(f) Rise to one knee and then push into a standing 
position. 


(g) Bring the casualty’s arms over your shoulders. 
Grasp his hands and secure them if the casualty is unconscious. If the 
casualty is conscious, have him lock his hands in front if he is able to do so. 

(h) Lean forward into a comfortable position and 
continue the mission. 
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Note: The first step to complex literal fractions is to change both numerator and 
denominator to simple fractions. Then, you can perform the division by 
inverting and multiplying. 
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Figure B-14. Load bearing equipment carry using bearer’s LBE 
(unconscious casualty or one that cannot stand) (Illustrated A—H). 
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(13) The LBE carry using the casualty’s LBE (Figure B-15) 
can be used with a conscious or unconscious casualty. 


(a) Position the casualty on his back with his LBE on. 
(b) Loosen the casualty’s two front suspenders. 


(c) Position yourself between the casualty’s legs, and 
slip your arms into the casualty’s two front suspenders (up to your shoulders). 


(d) Work his arms out of his LBE suspenders. 


(e) Grasp the casualty’s hand (on the injured side), 
and roll him (on his uninjured side) onto your back. 


(f) Rise to one knee, then into a standing position. 

(g) Grasp the casualty’s hands and secure them, if the 
casualty is unconscious. Have the casualty lock his hands in front of you, if 
he is conscious. 


(h) Lean forward into a comfortable position and 
continue the mission. 


Figure B-15. Load bearing equipment carry using 
casualty’s LBE (Illustrated A—G). 
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Figure B-15. Load bearing equipment carry 
using casualty’s LBE (Illustrated A—G) (Continued). 
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b. Two-man Carries. These carries should be used whenever 
possible. They provide more casualty comfort, are less likely to aggravate 
injuries, and are less tiring for the bearers. Five different two-man carries 
can be used. 


(1) The two-man support carry (Figure B-16) can be used in 
transporting either conscious or unconscious casualties. If the casualty is 
taller than the bearers, it may be necessary for the bearers to lift the casualty’s 
legs and let them rest on their forearms. The bearers— 


(a) Help the casualty to his feet and support him with 
their arms around his waist. 


(b) Grasp the casualty’s wrists and draw his arms 
around their necks. 


Figure B-16. Two-man supporting carry. 


(2) The two-man arms carry (Figure B-17) is useful in 
carrying a casualty for a moderate distance (50 to 300 meters) and placing 
him on a litter. To lessen fatigue, the bearers should carry the casualty high 
and as close to their chests as possible. In extreme emergencies when there is 
no time to obtain a spine board, this carry is the safest one for transporting a 
casualty with a back injury. If possible, two additional bearers should be 
used to keep the casualty’s head and legs in alignment with his body. The 
bearers— 


(a) Kneel at one side of the casualty; then they place 
their arms beneath the casualty’s back, waist, hips, and knees. 
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(b) Lift the casualty while rising to their knees. 


(c) Turn the casualty toward their chests, while rising 
to a standing position. Carry the casualty high to lessen fatigue. 


Figure B-17. Two-man arms carry (Illustrated A—D). 


B-23 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


(3) The two-man fore-and aft-carry (Figure B-18) is a useful 
two-man carry for transporting a casualty for a long distance (over 300 
meters). The taller of the two bearers should position himself at the casualty’s 
head. By altering this carry so that both bearers face the casualty, it is useful 
for placing a casualty on a litter. 


(a) The shorter bearer spreads the casualty’s legs and 
kneels between them with his back to the casualty. He positions his hands 
behind the casualty’s knees. The other bearer kneels at the casualty’s head, 
slides his hands under the arms, across the chest, and locks his hands together. 


(b) The two bearers rise together, lifting the casualty. 


Figure B-18. Two-man fore-and-aft carry (Illustrated A—B). 


(4) Only a conscious casualty can be transported with the 
four-hand seat carry (Figure B-19) because he must help support himself by 
placing his arms around the bearers’ shoulders. This carry is especially 
useful in transporting a casualty with a head or foot injury for a moderate 
distance (50 to 300 meters). It is also useful for placing a casualty on a litter. 


(a) Each bearer grasps one of his wrists and one of the 
other bearer’s wrists, thus forming a packsaddle. 


(b) The two bearers lower themselves sufficiently for 


the casualty to sit on the packsaddle; then, they have the casualty place his arms 
around their shoulders for support. The bearers then rise to an upright position. 
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Figure B-19. Four-hand seat carry (Illustrated A—B). 


(5) The two-hand seat carry (Figure B-20) is used when 
carrying a casualty for a short distance or for placing him on a litter. With 
the casualty lying on his back, a bearer kneels on each side of the casualty at 
his hips. Each bearer passes his arms under the casualty’s thighs and back, 
and grasps the other bearer’s wrists. The bearers rise lifting the casualty. 


Cg 
Vs 


Wi 


Figure B-20. Two-hand seat carry (Illustrated A—B), 
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B-9. Improvised Litters 


Two men can support or carry a casualty without equipment for only short 
distances. By using available materials to improvise equipment, the casualty 
can be transported greater distances by two or more rescuers. 


a. There are times when a casualty may have to be moved and a 
standard litter is not available. The distance may be too great for manual 
carries or the casualty may have an injury (such as a fractured neck, back, 
hip, or thigh) that would be aggravated by manual transportation. In these 
situations, litters can be improvised from materials at hand. Improvised 
litters must be as well constructed as possible to avoid risk of dropping or 
further injuring the casualty. Improvised litters are emergency measures and 
must be replaced by standard litters at the first opportunity. 


b. Many different types of litters can be improvised, depending 
upon the materials available. A satisfactory litter can be made by securing 
poles inside such items as a blanket, poncho, shelter half, tarpaulin, mattress 
cover, jacket, shirt, or bed ticks, bags, and sacks (Figure B-18). Poles can 
be improvised from strong branches, tent supports, skis, lengths of pipe or 
other objects. If objects for improvising poles are not available, a blanket, 
poncho, or similar item can be rolled from both sides toward the center so the 
rolls can be gripped for carrying a patient. Most flat-surface objects of 
suitable size can be used as litters. Such objects include doors, boards, 
window shutters, benches, ladders, cots, and chairs. If possible, these objects 
should be padded for the casualty’s comfort. 


(1) To improvise a litter using a blanket and poles (Figure 
B-21), the following steps should be used. 


Figure B-21. Litter made with blanket and poles. 


(a) Open the blanket and lay one pole lengthwise 
across the center; then fold the blanket over the pole. 


(b) Place the second pole across the center of the 
folded blanket. 
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(c) Fold the free edges of the blanket over the second 
pole and across the first pole. 


(2) To improvise a litter using shirts or jackets (Figure B- 
22), button the shirt or jacket and turn it inside out, leaving the sleeves 
inside, (more than one shirt or jacket may be required), then pass the pole 
through the sleeves. 


Figure B-22. Litter improvised from jackets and poles (Illustrated A—B). 


(3) To improvise a litter from bed sacks and poles (Figure 
B-23), rip open the corners of bed ticks, bags, or sacks; then pass the poles 
through them. 


Figure B-23. Litter improvised from bed sacks and poles. 


(4) If no poles are available, roll a blanket, shelter half, 
tarpaulin, or similar item from both sides toward the center (Figure B-24). 
Grip the rolls to carry the casualty. 


Figure B-24. Rolled blanket used as a litter. 


B-27 


FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1) 


c. Any of the appropriate carries may be used to place a casualty 
on alitter. These carries are: 


° The one-man arms carry (Figure B-6). 

. The two-man arms carry (Figure B-17). 

° The two-man fore-and-aft carry (Figure B-18). 
° The two-hand seat carry (Figure B-20). 


. The four-hand seat carry (Figure B-19). 


WARNING 


Unless there is an immediate life-threatening situation 


(such as fire, explosion), DO NOT move a casualty with 
a suspected back or neck injury. Seek medical 
personnel for guidance on how to transport. 


d. Either two or four service members (head/foot) may be used 
to lift a litter. To lift the litter, follow the procedure below. 


(1) Raise the litter at the same time as the other carriers/ 
bearers. 


(2) Keep the casualty as level as possible. 
NOTE 


Use caution when transporting on a sloping incline/hill. 
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Example: 


1 
Sa- atl 


_2_ 
Ace at+l 


Sa(at+1)-1 
pa a+1 
™ — 3(a+1)4+2 

a+1 


_ 5a*+5a-1 
304349 


_ 5a*+5a-1 
30+45 


Try the following challenge dividing literal fractions. 


(Divide) 
(a) (b) 


12 


ee Oy = 
x242x41 ° xt+1 7 a“—b xc SED 


a24+2ab+b2 ~*~ atb — 


Your answers to the challenge should match those that follow. If your answers to the equations 
are correct, you may continue. If not, check your work for mathematical mistakes and repeat 
paragraph 2304 to be sure you understand dividing literal fractions before continuing. 
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GLOSSARY 


ACRONYMS, ABBREVIATIONS, AND 
DEFINITIONS 


AC_ hydrogen cyanide 

AFMAN Air Force M anual 

AOC area of concentration 

AR Army regulation 

ATM advanced trauma management 

ATNAA_ Antidote Treatment, Nerve Agent, A utoinjector 
attn attention 


BDO battle dress overgarment 
BDU battle dress uniform 
BZ anticholinergic drugs 


C Celsius 

CANA Convulsant Antidote for Nerve Agent 
CASEVAC casualty evacuation 

cc cubic centimeter 

CG_ phosgene 

CHS _ combat health support 

CK cyanogen chloride 

Cl chlorine 

CLS Combat Lifesaver 

CNS central nervous system 

CO, carbon dioxide 

COSR_ combat and operational stress reactions 
CSR _ combat stress reaction 

CTA common table of allowance 

CX phosgene oxime 


DA Department of the Army 

DD Department of Defense 

DM _ diphenylaminochloroarsine (adamsite) 
DNBI disease and nonbattle injury 

DOD Department of Defense 

DP diphosgene 

DS direct support 


EMT emergency medical treatment 


F Fahrenheit 
FM _ field manual 


H mustard 
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HD mustard 

HM _ Hospital Corpsman 
HN nitrogen mustard 

HSS health service support 


IPE individual protective equipment 
IV intravenous 


JSLIST Joint Services Light Weight Integrated Suit Technology 


L lewisite 

lasers laser means Light Amplification by Stimulated E mission of Radiation 
and sources include range finders, weapons/guidance, communication 
systems, and weapons simulations such as MILES [M ultiple Integrated 
Laser Engagement System]. 

LBE load bearing equipment 

LX lewisite and mustard 


MCRP_ Marine Corps Reference Publication 

MILES Multiple Integrated Laser Engagement System 
ml milliliter 

MOPP_ mission-oriented protective posture 

MOS military occupational specialty 

MTF medical treatment facility 


NAPP_ Nerve Agent Pyridostigmine Pretreatment 
NATO North Atlantic Treaty Organization 

NBC _ nuclear, biological, and chemical 

NCO noncommissioned officer 

NTRP Navy Tactical Reference Publication 


occlusive dressing air tight transparent dressing used to seal and cover 
wounds 
oz ounce 


PAM — pamphlet 

PS chloropicrin 

PTSD post-traumatic stress disorder 

QSTAG Quadripartite Standardization Agreement 
SOP standing operating procedure 


STANAG _ standardization agreement 
STP soldier training publication 
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2 PAM Cl_pralidoxime chloride 

TB MED _ technical bulletin medical 

TM — technical manual 

TSOP tactical standing operating procedure 
US United States 


WP white phosphorus 
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abdominal thrust, 2-11c¢(1) 
airway 
defined, 1-3b 
opening of, 2-4b, 2-6b, 2-10—11 
arteries, 1-3c, 2-19—20 
artificial respiration. See rescue breathing. 
bandages 
cravat, 3-10a(6), 3-10d, 3-10f, 3-11b, 3-12, 3-13b, 3-14, 3-15, A-5 
tailed, Figure A-1, A-4b 
triangular, 3-10a(5), 3-13, 3-16, A-5 
bandaging of body parts 
abdomen (stomach), 3-7 
armpit, 3-11b 
cheek, 3-10c 
chest, 3-5 
ear, 3-10d 
elbow, 3-12 
eyes, 3-10b 
foot, 3-16 
hand, 3-13 
head, 3-10a 
jaw, 3-10f 
knee, 3-15 
leg, 3-14 
nose, 3-10e 
shoulder, 3-11 
battle fatigue. See psychological first aid. 
bites 
animal, 6-4b 
human, 6-4a 
insect, 6-6 
sea animals, 6-5 
snake, 6-3 
spider, 6-6 
bleeding, control of 
digital pressure, 2-19 
elevating the limb, 2-17b 
manual pressure, 2-17a 
pressure dressing, 2-18 
tourniquet, 2-20 
blister agent, 7-9 
See also, toxic environment. 
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blisters, 3-9d 
blood 
circulation, 1-3c 
loss, 1-4b 
vessels, 1-3c 
breathing. See respiration. 
burns 
chemical, 3-8, 3-9a(3) 
electrical, 3-8a(2) 
incendiaries, 7-13 
laser, 3-8, 3-9a(4) 
thermal, 3-8, 3-9a(1) 
types, 3-8 
capillaries, 1-3c 
carbon dioxide, 1-3b 
carries, manual 
one-man 
arms carry, B-8a(4), Figure B-6 
cradle drop drag, B-8a(12), Figure B-12 
firemen carry, B-8a(1), Figure B-3 
neck drag, B-8a(9), Figure B-11 
pack-strap carry, B-8a(6), Figure B-8 
pistol belt 
carry, B-8a(7), Figure B-9 
drag, B-8a(8), Figure B-10 
saddleback carry, B-8a(5), Figure B-7 
support carry, B-8a(3), Figure B-5 
two-man 
arms carry, B-8b(2), Figure B-17 
fore-and-aft carry, B-8b(3), Figure B-18 
four-hand seat carry, B-8b(4), Figure B-19 
support carry, B-8b(2), Figure B-16 
two-hand seat carry, B-8b(5), Figure B-20 
chemical-biological agents 
blister, 7-9 
blood, 7-11 
choking, 7-10 
first aid for, 7-5 
incapacitating, 7-12 
nerve, 7-6—7 
protection from 
Nerve Agent Antidote Kit, Mark I, 7-2c 
Nerve Agent Pyridostigmine Pretreatment, 7-2a 
circulation, 1-3c 
cold, conditions caused by, 5-3a 
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combat lifesaver, 1-2 
combat stress reaction. See psychological first aid. 
contamination, 1-4d 
contents of first aid case and kit, A-1 
diaphragm, 1-3b 
digital pressure, 2-19 
dislocation, 4-2a 
dressing 
field first aid, 2-16, 3-5, 3-7, 3-9c, 3-10, 3-1la, A-1 
wounds, 2-16, Chapter 3 
elevation of lower extremities, 2-17b, 2-24b, Figure 2-37 
emotional disability, 8-7 
exhalation, 1-3b 
eye injury, 3-10b 
first aid 
case, field, A-1 
definition, 1-2, 2-19, 2-22 
kit, A-1 
decontaminating, 7-2 
material for toxic environment, 7-2 
foot 
frostbite, 5-3d(3) 
immersion, 5-3d(2) 
trench, 5-3d(2) 
fractures 
closed, 4-2a, Figure 4-1(A) 
open, 4-2b, Figure 4-1(B) 
signs of, 4-3 
splinting and immobilizing, 4-4 
bandages for, 4-5 
collarbone, 4-9b 
jaw, 4-9a 
lower extremities, 4-8 
neck, 4-11 
padding for, 4-5, 4-8 
purpose for, 4-4 
shoulder, 4-9c 
slings, 4-6i 
spinal column, 4-10 
upper extremities, 4-7 
frostbite, 5-3d(3) 
germs, 1-4d 
heart, defined, 1-3c 
heartbeat, 1-3c(1) 
heat, 5-2b 
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heat (continued) 
cramps, 5-2c(1), Table 5-1 
exhaustion, 5-2c(2), Table 5-1 
heatstroke, 5-2c(1), Table 5-1 
Heimlich hug, 2-9c 
immersion foot. See foot, immersion. 
infection, prevention of, 1-4d 
injector, nerve agent antidote, 7-2d 
injuries 
abdominal, 3-6 
brain, 3-3e 
burns, 3-8 
cheek, 3-10c 
chest, 3-4 
ear, 3-10d 
eye, 3-10b 
facial, 3-2c 
head, 3-2a, 3-10c 
jaw, 3-10f 
neck, 3-2b 
nose, 3-10e 
litter, improvised, B-9 
mask, protective, conditions for use, 7-4 
one-man carries. See carries, manual, one-man. 
positioning injured soldier with/for 
abdominal (stomach) wound, 3-7b 
artificial respiration (rescue breathing), 2-7a 
chest, sucking wound of, 3-5f 
facial wound, 3-2c 
fractures 
neck, 4-11 
spinal cord, 4-10 
head injury, 3-10a(1) 
neck injury, 4-6c(4) 
shock prevention, 1-4c, 2-1, 2-17c, 2-20 
snakebite, 6-3d 
pressure points, 2-19 
psychological first aid 
basic guides, 8-1—3 
combat stress reactions, 8-8 
defined, 8-1 
goals of, 8-5 
importance of, 8-2 
need for, 8-4 
preventive measures, Table 8-3 


Index-4 


(a) (b) 
a2—b? . a-b 


pe) eae, ee _ abs a 
x242x4+1 ° x+1 — a2+2ab+b2 ~*~ atb 


12 x4 
—— * = = (atb)(a-b) — atb 
+Do+1 4 NOSE NGS TET, gg SOND as 
eae) (ba) > ab 
oe ee 
ae atb _ 
a+b 
ore 
x+1 


Lesson Summary. In this lesson, you learned to factor numbers and algebraic terms. You have 
learned to add, subtract, multiply, and divide fractions. You are ready for the lesson exercise. 
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psychological first aid (continued) 
combat operational stress reaction, 8-8 
reaction to stress, 8-9 
preventive measures, Table 8-3 
respect for others, 8-6 
pulse, 1-3c(2) 
rescue breathing 
mouth-to-mouth, 2-7 
mouth-to-nose, 2-8 
preliminary steps, 2-6 
respiration 
artificial. See rescue breathing. 
defined, 1-3b 
rib cage, 1-3b 
scorpion sting, Table 6-6 
shock 
defined, 2-21 
signs, 2-23 
snakebite, 6-1, 6-3 
snow blindness, 5-3d(4) 
spider bite, 6-6, Table 6-1 
splinting of fracture. See fractures, splinting. 
sprains, 4-2a 
sunstroke. See heat, heatstroke. 
throat, foreign body in, 2-10 
thrusts 
abdominal, 2-11c(1) 
chest, 2-11c¢(2) 
jaw, 2-4b(1) 
tourniquet 
application of, 2-20 
marking, 2-20c(7) 
toxic environment 
first aid for 
blister agents, 7-9c 
blood agents, 7-11c 
choking agents, 7-10c 
incapacitating agents, 7-12 
incendiaries, 7-13 
nerve agents, 7-2, 7-6, 7-8 
protection from, 7-4 
transporting the wounded soldier, B-7—10 
trench foot. See foot, trench. 
two-man carries. See carries, manual, two-man. 
veins, 1-3c 
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vital body functions, 1-3 
wounds. See injuries. 
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1. Multiply the following fractions. 


(a) (b) 
Dig OF «2 dhe gu 2A ns 
Cale ea Bae ge a a 
2. Multiply the following literal fractions. 
(a) (b) 
a>+3a7b+3ab?+b3 ee on 3d = x2415x4+56 x41 
atb 2c+3d 7 xt] * 3x4247 
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Preface 


Training Circular (TC) 4-02.1 provides first aid techniques and guidance for Soldiers. Implementation of the 
techniques presented in this publication enable Soldiers to render first aid and prevent greater harm to injured 
Soldiers. 


The principal audience for TC 4-02.1 is commanders, subordinate leaders, individual Soldiers, Department of 
Defense (DOD) civilians and contractors. 


Commanders, staffs, and subordinates ensure their decisions and actions comply with applicable United States, 
international, and, in some cases, host-nation laws and regulations. Commanders at all levels ensure their 
Soldiers operate in accordance with the law of war and the rules of engagement. (Refer to Field Manual [FM] 
27-10.) 


This publication is in consonance with the following North Atlantic Treaty Organization (NATO) Standards and 
Standardization Agreements(STANAGs): 


Title STANAGs Standards 

Allied Medical Publication (AMedP), Military Acute Trauma Care Training 8.12 
Requirement for Training in First-Aid, Emergency Care in Combat Situations 

and Basic Hygiene for all Military Personnel 2122 
First-Aid Dressings, First Aid Kits and Emergency Medical Care Kits 2126 
First Aid and Hygiene Training in a Chemical, Biological, Radiological, and 

Nuclear or Toxic Industrial Hazard Environment 2358 
Requirements for Military Acute Trauma Care Training 2544 


This publication uses joint terms where applicable. Selected joint and Army terms and definitions appear in 
both the glossary and the text. This publication is not the proponent for any Army terms. Unless otherwise 
stated in this publication, the use of masculine nouns and pronouns does not refer exclusively to men. 


Training Circular 4-02.1 applies to the Active Army, Army National Guard/Army National Guard of the United 
States, and United States Army Reserve unless otherwise stated. 


The proponent and the preparing agency of this publication is the United States Army Medical Department 
Center and School, United States Army Health Readiness Center of Excellence. Send comments and 
recommendations on a DA Form 2028 (Recommended Changes to Publications and Blank Forms) to 
Commander, United States Army Medical Department Center and School, United States Army Health 
Readiness Center of Excellence, ATTN: MCCS-FDL (TC 4-02.1), 2377 Greeley Road, Building 4011, 
Suite D, JBSA Fort Sam Houston, Texas 78234-7731; by e-mail to usarmy.jbsa.medcom- 
ameddcs.mbx.ameddcs-medical-doctrine@mail.mil; or submit an electronic DA Form 2028. Recommended 
changes should be keyed to the specific page, paragraph, and line number. A rationale for each proposed 
change is required to aid in the evaluation and adjudication of each comment. 
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Introduction 


Because medical personnel will not always be readily available, nonmedical Soldiers must rely on themselves 
and other Soldiers’ skills and knowledge of first aid methods to render aid until medical assistance arrives. First 
aid is given until medical care provided by medically trained personnel such as a combat medic or other health 
care provider arrives. 


The individual being provided first aid (by self-aid, buddy aid, or combat lifesaver) is considered a casualty. 
Once medically trained personnel (combat medic, paramedic, or other health care provider) initiates care, the 
casualty is then considered to be a patient. 


Training Circular 4-02.1 provides first aid procedures for nonmedical personnel in environments from home 
station to combat situations. This publication is meant to be used by trainers and individuals being trained 
based on common first aid tasks. Tasks are found in the Soldier’s Manual of Common Tasks, Warrior Skills 
Level 1, and appropriate modified tasks from the Soldier’s Manual and Trainer’s Guide, Military Occupational 
Specialty (MOS) 68W. These tasks are meant to reinforce and maintain proficiency in correct procedures for 
giving first aid throughout a Soldier’s time in Service. 


Training Circular 4-02.1 is designed to facilitate training and first aid competencies by bridging first aid training 
across the spectrum of assignments from training to permanent duty station and deployment. Tactical combat 
casualty care (TC3) is introduced in TC 4-02.1 with first aid tasks and procedures associated with combat 
situations. Individual and multiple first aid tasks in combination with collective tasks, may be integrated into 
various training scenarios. 


This is a complete revision of FM 4-25.11/NTRP 4-02.1/AFMAN 44-163(1)/MCRP 3-02G that transforms the 
publication to an Army training circular. It is designed to facilitate training individual tasks and combining 


those tasks into logical and progressive training opportunities from individual, small unit, subsequently 
integrated into larger and more complex training scenarios. The purpose is to integrate and maintain first aid 
proficiency throughout the depth and breadth of the Army formation. 


There are 27 chapters each covering an individual first aid task and one appendix describing and listing the 
contents of the United States Army Improved First Aid Kit (IFAK) and the new IFAK II. 


This revision and transformation of the first aid publication supports the United States Army Doctrine 2015 
initiative. 
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Chapter 1 
Fundamentals of First Aid 


1-1. When a nonmedical Soldier encounters an unconscious or injured Soldier, he must quickly and 
accurately evaluate the situation and the casualty to determine if it is safe for him to act as well as what, if 
any, first aid measures may be needed to prevent further injury or death. He should ask if trained medical 
personnel are available or direct someone else at the scene to call for or locate trained medical personnel. 
To prevent further injury to the casualty, once first aid has begun to be administered there should be no 
interruptions and those efforts should continue until such time as that Soldier is relieved by medical 
personnel. Soldiers may also have to depend upon their own first aid knowledge and skills to save 
themselves (self-aid). A thorough understanding of the fundamentals of first aid can save a life, prevent 
permanent disability, or reduce long periods of hospitalization by knowing WHAT to do, WHAT NOT to 
do, and WHEN to do it. 


SECTION | — TERMINOLOGY 


1-2. The following key terms are identified and described in order to provide a further understanding of 
first aid. The key terms are presented in alphabetical order, not in order of importance. 


KEY TERMS 


1-3. Knowledge of a few key terms will help Soldiers to better understand and appreciate the role that 
they play when providing first aid in tactical and nontactical environments. These terms include— 


e Casualtyevacuation(CASEVAC). 
Combatlifesaver. 

Combat medic. 

Emergency medical treatment. 
Enhanced first aid. 

First aid (self-aid and buddy aid). 
Medicalevacuation. 

Medical treatment. 

Medical treatment facility. 
Tactical combat casualty care. 


DEFINITIONS OF KEY TERMS 
1-4. Knowing the key terms as they are used in Army doctrine assists in the understanding of when and 


how Soldiers provide first aid procedures in garrison or when deployed. 


CASUALTY EVACUATION 


1-5. Nonmedical units use this to refer to the movement of casualties aboard nonmedical vehicles or 
aircraft without en route medical care. 


COMBAT LIFESAVER 


1-6. Combat lifesavers are nonmedical Soldiers selected by their unit commander for additional training 
beyond basic first aid procedures. Combat lifesavers provide enhanced first aid for injuries. 
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COMBAT MEDIC 


1-7. Combat medics are the first individuals in the medical chain that make medically substantiated 
decisions based on medical MOS-specific training. 


EMERGENCY MEDICAL TREATMENT 


1-8. Emergency medical treatment is the immediate application of medical procedures to the wounded, 
injured, or sick by specially trained medical personnel. 


ENHANCED FIRST AID 


1-9. Enhanced first aid is administered by the combat lifesaver. It includes measures, which require an 
additional level of training above self-aid and buddy aid. 


FIRST AID (SELF-AID AND BUDDY AID) 


1-10. Urgent and immediate lifesaving and other measures which can be performed for casualties (or 
performed by the casualty himself) by nonmedical personnel when medical personnel are not immediately 
available. 


MEDICALEVACUATION 


1-11. Medical evacuation is the process of moving any person who is wounded, injured, or ill to and/or 
between medical treatment facilities while providing en route medical care. Also referred to as MEDEVAC 
in relation to the 9-line medical evacuation request. 


MEDICAL TREATMENT 


1-12. Medical treatment is the care and management of wounded, injured, or ill personnel by medically 
trained personnel. 


MEDICAL TREATMENT FACILITY 


1-13. Medical treatment facility is any facility established for the purpose of providing medical treatment. 
This includes battalion aid stations, Role 2 facilities, dispensaries, clinics, and hospitals. 


TACTICAL COMBAT CASUALTY CARE 


1-14. Tactical combat casualty care is often referred to as TC3. Tactical combat casualty care is prehospital 
care provided in a tactical-combat setting. Tactical combat casualty care is divided into the following 
three stages: 


e@ Care under fire. 
e Tactical field care. 
e  Tacticalevacuation. 


SECTION II — VITAL BODY SYSTEMS 


1-15. Basic understanding of vital body systems is crucial in the understanding and performance of first 
aid. Understanding vital body systems not only assists in first aid, but prevents doing any more harm to the 
casualty. 


UNDERSTANDING VITAL BODY SYSTEMS 


1-16. For Soldiers to perform first aid effectively they must have a basic understanding of the structure and 
function of these vital body systems. These systems are the respiratory system, the circulatory system, and 
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the musculoskeletal system. Injury to or compromise of these systems can quickly result in permanent 
injury or death of the injured. 


RESPIRATORY SYSTEM 


1-17. Human beings require oxygen to live. Through the breathing process (respiration), the lungs draw 
oxygen from the air and transfer it to the red blood cells within the circulatory system. 


1-18. The normal range of respirations varies based on the age and physical condition of the individual at 
rest. For example— 


e Adults 12 to 20 breaths per minute. 

e Children (1 to 10 years): 15 to 30 breaths per minute. 
e Infants (6 to 12 months): 25 to 50 breaths per minute. 
e Infants (0 to 5 months): 25 to 40 breaths per minute. 


COMPONENTS OF THE RESPIRATORY SYSTEM 


1-19. The respiratory system consists of the— 


e@ Airway. 
e Lungs. 
e Ribcage. 


AIRWAY 
1-20. The airway consists of the nose, mouth, throat, voice box, and windpipe. It is the canal through 
which air passes to and from the lungs. 

LUNGS 
1-21. The lungs are two elastic organs made up of thousands of tiny air sacs and covered by an airtight 
membrane. 

RIB CAGE 


1-22. The rib cage is formed by the muscle-connected ribs, which join the spine in back and the breastbone 
in front. 


CIRCULATORY SYSTEM 


1-23. The circulatory system provides the vehicle for oxygen acquired through the respiratory process to be 
transported throughout the body. 


COMPONENTS OF THE CIRCULATORY SYSTEM 


1-24. The circulatory system consists of the— 
e@ Heart. 
e Blood. 
e@ Blood vessels (arteries, capillaries, and veins). 


THE HEART 


1-25. Simply stated the heart is the engine that drives the human body. The only function of the heart is to 
pump blood. The right side of the heart pumps blood to the lungs, where oxygen is added to the blood and 
carbon dioxide is removed from it. The left side pumps blood to the rest of the body, where oxygen and 
nutrients are delivered to tissues and waste products (such as carbon dioxide) are transferred to the blood 
for removal by other organs such as the lungs and kidneys. 
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(a) (b) 


4. Divide these literal fractions. 
(a) (b) 


18 
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Check your answers with those on the next page. Review those items that you missed before 
continuing on to lesson | in study unit 3. 
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HEARTBEAT 


1-26. The normal heart rate (heartbeats per minute) varies based on the age and physical condition of the 
individual at rest. For example— 


e Adults 60 to 100 heartbeats per minute. 

e Children (1 to6 years): 70 to 120 heartbeats per minute. 

e Infants (6 to 12 months): 80 to 140 heartbeats per minute. 
e Infants (0 to 5 months): 90 to 140 heartbeats per minute. 


Note. The typical pulse for Soldiers and athletes (40 to 60 beats per minute) is lower than the 
average adult population. 


1-27. The heartbeat is a rhythmic cycle of contraction and relaxation of the heart muscle which causes 
expansion and contraction of the arteries as it forces blood through them. This cycle of expansion and 
contraction can be felt (monitored) at various points in the body and is called the pulse. 


PULSE 


1-28. The pulse is the first major indicator of the general physiological state of a casualty when Soldiers 
are performing a casualty assessment. The presence or absence will determine what needs to be done and 
the order in which those actions must be taken to preserve the life of the injured. 


1-29. The points where a pulse can be readily felt are located at the following arterial points of the body: 


e Carotid. 

e Femoral. 

e Radial. 

e Posterior tibial. 
Carotid Pulse 


1-30. To check the carotid pulse (carotid arteries, felt at the neck), feel for a pulse on the side of the 
casualty’s neck closest to you. This is done by placing the tips of your first two fingers beside his Adam’s 


apple. 

Femoral Pulse 
1-31. To check the femoral pulse (large femoral artery located in the thigh [felt in the groin]), press the tips 
of your first two fingers into the middle of the groin. 

Radial Pulse 
1-32. To check the radial pulse (at the wrist), place your first two fingers on the thumb side of the 
casualty’s wrist. 

Posterior Tibial Pulse 
1-33. To check the posterior tibial pulse (inside the big toe side of the ankle), place your first two fingers 


on the inside of the ankle. 


Note. Do not use your thumb to check a casualty’s pulse. The individual’s pulse can be felt in 
the thumb and may confuse the beat of his pulse with that of the casualty’s. 


1-4 TC 4-02.1 21 January 2016 


Fundamentals of First Aid 


WARNING 


It is imperative that first aid providers quickly determine if the 
casualty has a pulse (heartbeat). Absence of a pulse (heartbeat) 
will lead to the death of the casualty if not quickly restored. 


BLOOD 


1-34. If the heart is the engine that drives the body, blood is the fuel which powers and sustains the human 
body. Blood is a mixture of plasma (liquid component), white blood cells, red blood cells, and platelets. 
The body contains about 5 to 6 quarts (about 5 liters) of blood. Once blood is pumped out of the heart, it 
takes 20 to 30 seconds to circulate through the body and return to the heart. 


1-35. Blood performs essential functions as it circulates through the body. It delivers oxygen and essential 
nutrients (such as fats, sugars, minerals, and vitamins) to the body's tissues. It carries carbon dioxide to the 
lungs and other waste products to the kidneys for elimination from the body. Also, it carries components 
that fight infection and stop bleeding. 


WARNING 


It is imperative that first aid providers quickly determine if the 
casualty is losing blood. Excessive loss of blood can quickly 
lead to the death of the casualty if not stopped. 


BLOOD VESSELS 


1-36. Blood vessels are the conduit which transports blood pumped by the heart to the body. The blood 
vessels consist of— 


e Arteries. 

e  Arterioles. 

e Capillaries. 

@ Venules. 

e Veins. 
ARTERIES 


1-37. Arteries are vessels that carry blood high in oxygen content away from the heart to the farthest 
reaches of the body. Arteries flow into arterioles. 


ARTERIOLES 


1-38. Arterioles are small branches of arteries that lead to the capillaries. 


CAPILLARIES 


1-39. Capillaries are tiny blood vessels that connect arterioles (the smallest division of an artery) with 
venules. 


VENULES 


1-40. Venules are small veins that go from capillaries to veins. 
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VEINS 


1-41. A blood vessel that carries blood that is low in oxygen content from the body back to the heart. 


WARNING 


It is imperative that first aid providers quickly determine if a 


casualty is losing blood. Many injuries can result in blood vessels 
being torn which result in excessive blood loss. Excessive loss 
of blood can quickly lead to the death of the casualty if not 
stopped. 


MUSCULOSKELETAL SYSTEM 


1-42. The skeleton provides a structural framework for the body and, because bones are rigid, provides 
support and protection for vital organs and softer tissues. Skeletal muscles and bones work together to 
make body movement possible. 


COMPONENTS OF THE MUSCULOSKELETAL SYSTEM 


1-43. The musculoskeletal system is composed of— 
e@ Bones. 

Joints. 

Muscles. 

Cartilage. 

Ligaments. 


Tendons. 


BONES 


1-44. Bone is the substance that forms the skeleton of the body. It is composed chiefly of calcium 
phosphate and calcium carbonate. The human body has 206 bones. There are 80 axial (head and trunk) 
bones and 126 appendicular (upper and lower extremity) bones. Bones provide structural support for the 
body. Individual and groups of bones provide structure for the attachment of soft tissues and protect 
organs. 


JOINTS 


1-45. Joints are the areas where two bones are attached for the purpose of permitting body parts to move. 


MUSCLES 


1-46. Muscle is the tissue of the body which primarily functions as a source of power. There are three 
types of muscle in the body. Muscle which is responsible for moving extremities and external areas of the 
body is called skeletal muscle. Heart muscle is called cardiac muscle. Muscle that is in the walls of 
arteries and bowel is called smooth muscle. 


CARTILAGE 


1-47. Cartilage is a firm, rubbery tissue that cushions bones at joints. A flexible kind of cartilage makes up 
other parts of the body, such as the larynx and the outside parts of the ears. 
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LIGAMENTS 


1-48. Ligaments are a tough band of connective tissue that connects various structures, such as two bones. 


TENDONS 


1-49. Tendons are a soft tissue by which muscle attaches to bone. Tendons are somewhat flexible, but 
tough. 


SECTION Ill — GENERAL PRINCIPLES OF FIRST AID 


1-50. Proper conduct at the initial encounter of the casualty coupled with appropriate movement and 
transport is important in the successful provision of first aid. Appropriate decisions and first aid task 
execution helps to determine the health and well-being of the casualty. 


INITIAL ENCOUNTER 


1-51. When a casualty is first encountered it is imperative that the responder quickly and accurately assess 
what has occurred, determine the nature and extent of injuries and what (if any) first aid measures are 
appropriate and necessary. 


1-52. Accurately assessing the situation is as important for the safety and well-being of the responder as it 
is for the casualty. For example, if the casualty is being electrocuted the responder must not directly grab 
the casualty or he too will become a casualty. 


TRANSPORTING OR MOVING THE CASUALTY 


1-53. Transporting or moving a casualty by Soldiers providing first aid must be carefully considered for a 
number of reasons. An example of this type of consideration may be based on the casualty having been 
involved in a motor vehicle crash. When responding to an accident, first aid providers must consider the 
possibility of injury to the casualty’s spine before extracting the casualty from the vehicle. In this situation 
moving the casualty may be ill advised unless there is an immediate life-threatening situation such as fire, 
explosion where the casualty may be at risk of greater injury or death unless moved promptly. 


1-54. If there is no danger of greater injury to the casualty by leaving them where they are found, first aid 
responders should render such aid as is necessary and wait for trained medical personnel to arrive. Once 
medical personnel are on site they can accurately treat the casualty and direct how and when they should be 
transported or moved. For detailed discussion on transporting and moving casualties refer to Army 
Techniques Publication (ATP) 4-25.13. 


SECTION IV — COMBAT AND OPERATIONAL STRESS REACTION 


1-55. One of the most important functions a Soldier performs is taking care of other Soldiers. The whole 
of the Army is based on teamwork and the inherent worth of every Soldier. Watching, intervening when 
and where appropriate, and following through in the battle-buddy concept, is critical in dealing with combat 
and operational stress reactions. 


SUPPORT 


1-56. The best first aid for Soldiers is caring and observant battle buddies and their leaders. The Army as 
an institution provides combat and operational stress control support from the Soldier and on up to the 
highest levels of Army leadership. Soldiers need to identify distressed Soldiers, seek assistance, and 
support their battle buddies. 
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GUIDANCE FOR SUPPORTING AT-RISK SOLDIERS 


1-57. The Army has developed a tool for Soldiers and leaders to use to provide some guidelines on how to 
approach a distressed Soldier. You should— 


e Ask. 
@ Care. 
e _ Escort. 


ASK 


1-58. Ask your buddy how he is doing and whether or not he feels suicidal. The best way to ask someone 
if he is suicidal is to do just that. Ask the question: Are you suicidal? It is that simple. 


CARE 


1-59. Care for your buddy. Upon recognition that your buddy is feeling suicidal, calmly remove any 
weapons or other items that may increase risk. It is extremely important to remain calm, as your anxiety 
will have an impact on your ability to calm the Soldier. Remaining calm will also increase your effectiveness 
at intervening. Once any weapon or other potentially dangerous items are removed, be there for the Soldier. 
Never leave him alone. Remember, we never leave a fallen comrade and these situations are no different. 


ESCORT 


1-60. Escort the Soldier to get help and assistance, staying at his side. Failure to stay involved can have a 
devastating impact on the Soldier and his ability to drive on. Failure to act increases the risk of the Soldier 


%* impulsively acting on his suicidal intent. Refer to ATP 6-22.5 for more information. 
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2-1. Evaluation of a casualty is necessary to identify and treat all life-threatening conditions and other 
serious wounds. Rapid and accurate evaluation of the casualty is the key to providing effective first aid. 


WARNING 


If a broken neck or back is suspected, do not move the casualty 
unless to save his life. 


CARE UNDER FIRE 


2-2. Performing care under fire— 
e Return fire as directed or required before providing first aid. 
e Determine if the casualty is alive or dead. 


Note. In combat, the most likely threat to the casualty’s life is from bleeding. Attempts to check 
for airway and breathing will expose the rescuer to enemy fire. DO NOT attempt to provide first 
aid when your own life is in imminent danger. In a combat situation, if you find a casualty with 
no signs of life, no pulse, no breathing, DO NOT attempt to restore the airway. DO NOT 
continue first aid measures. 


e Provide care to the living casualty. Direct the casualty to return fire, move to cover, and 
administer self-aid (stop bleeding), if possible. 


Note. Reducing or eliminating enemy fire may be more important to the casualty’s survival than 
the treatment you can provide. If the casualty is unable to move and you are unable to move the 
casualty to cover and the casualty is still under direct enemy fire, have the casualty play dead. 


e@ Once enemy fire has been suppressed, conduct the following: 


=» Ina battle-buddy team, approach the casualty (use smoke or other concealment if available) 
using the most direct route possible. 


=» Administer lifesaving hemorrhage control. 
= Determine the relative threat of enemy fire versus the risk of the casualty bleeding to death. 


= If the casualty has severe, life-threatening bleeding from an extremity or has an amputation 
of an extremity, administer lifesaving hemorrhage control by applying a tourniquet from the 
casualty’s IFAK before moving the casualty. See Chapter 6, Task 081-COM-1032, on page 6-1. 


Note. The only treatment that should be given at the point of injury is a tourniquet to control life 
threatening extremity bleeding. 


= Move the casualty, his weapon, and mission-essential equipment when the tactical situation 
permits. 


=» Recheck bleeding control measures (tourniquet) as soon as behind cover and not under 
enemy fire. 
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TACTICAL FIELD CARE 


2-3. Once under cover and not under hostile fire, perform tactical field care as follows: 


Note. When evaluating and/or treating a casualty, seek medical aid as soon as possible. DO 
NOT stop first aid. If the situation allows, send another person to find medical aid. 


=» Forma general impression of the casualty as you approach (extent of injuries, chance of 
survival). 


Note. If a casualty is being burned, take steps to remove the casualty from the source of the 


burns before continuing evaluation and first aid. See Chapter 7, Task 081-COM-1007, on page 
7-1. 


=» Ask ina loud, but calm, voice: Are you okay? Gently shake or tap the casualty on the 
shoulder. 

= Determine the level of consciousness by using the mnemonic AVPU: A = Alert; V = 
responds to Voice; P = responds to Pain; U = Unresponsive. 


Note. To check a casualty’s response to pain, rub the breastbone briskly with a knuckle or 


squeeze the first or second toe over the toenail. If casualty is wearing individual body armor, 
pinch his nose or his earlobe for responsiveness. 


= Ifthe casualty is conscious, ask where his body feels different than usual, or where it hurts. 


Note. If the casualty is conscious but is choking and cannot talk, stop the evaluation and begin 
appropriate first aid. See Chapter 4, Task 081-COM-1003, on page 4-1. 


2-4, Identify and control bleeding— 


e Check for bleeding as follows: 
= _Reassess any tourniquets placed during the care under fire phase to ensure they are still 
effective. 
=» Perform a blood sweep of the extremities, neck, axillary, inguinal, and extremity areas. 
Exposure is only necessary if bleeding is detected. 
= Place your hands behind the casualty’s neck and pass them upward toward the top of the 
head. Note whether there is blood or brain tissue on your hands from the casualty’s wounds. 
= Place your hands behind the casualty’s shoulders and pass them downward behind the back, 
the thighs, and the legs. 


Note. Look to see if there is blood on your hands from the casualty's wounds. If life-threatening 


bleeding is present, stop the evaluation and control the bleeding. See Chapter 6, Task 081- 
COM-1032, on page 6-1. 


e@ Once bleeding has been controlled, position the casualty and open the airway. See Chapter 3, 
Task 081-COM-1023, on page 3-1. 


2-5. Assess for breathing and chest injuries as follows: 


2-2 


e Expose the chest and check for equal rise and fall and for any wounds. 
e Look, listen, and feel for respiration. See Chapter 3, Task 081-COM-1023, on page 3-1. 
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Note. If the casualty is breathing, insert a nasopharyngeal airway (see Chapter 3, Task 081- 
COM-1023, on page 3-1) and place the casualty in the recovery position. Only in the case of 
nontraumatic injuries such as hypothermia, near drowning, or electrocution should 
cardiopulmonary resuscitation (CPR) be considered when in a tactical environment prior to the 
tactical evacuation phase. 


e If in a nontactical environment, begin rescue breathing as necessary to restore breathing and or 
pulse. See Chapter 3, Task 081-COM-1023, on page 3-1. 


e If the casualty has a penetrating chest wound and is breathing or attempting to breathe, stop the 
evaluation to apply an occlusive dressing and position or transport with the affected side down, 
if possible. See Chapter 5, Task 081-COM-1026, on page 5-1. 


e Check for an exit wound. If found, apply an occlusive dressing. 


Dress all nonlife-threatening injuries and any bleeding that has not been addressed earlier with 
appropriate dressings. See Chapter 6, Task 081-COM-1032, on page 6-1. 


e Determine the need to evacuate the casualty and supply information for lines 3 to 5 of the 9-line 
medical evacuation request to your tactical leader. See Soldier Training Publication (STP) 21-1- 
SMCT, Chapter 3, Task 081-COM-0101, on page 6-1. 
2-6. Check the casualty for burns as follows: 
e Look carefully for reddened, blistered, or charred skin. Also check for singed clothes. 


e If burns are found, stop the evaluation and begin treatment. See Chapter 7, Task 081-COM- 
1007, on page 7-1. 
e Administer pain medications and antibiotics (casualty’s combat pill pack) if available. 


Note. Each Soldier will be issued a combat pill pack before deploying on tactical missions. 


e Document the injuries and the treatment given on the casualty’s own DD Form 1380, Tactical 
Combat Casualty Care (TCCC) Card (found in the IFAK), if applicable. 


TACTICAL EVACUATION 


2-7. Once the casualty is provided appropriate first aid, initiate the tactical evacuation phase. 


2-8. Transport the casualty to the evacuation site. See STP 21-1-SMCT, Chapter 3, Task 081-COM- 
1046. 


2-9. Monitor the patient for shock and treat as appropriate. See Chapter 8, Task 081-COM-1005, on 
page 8-1. Continually reassess casualty until a medical person arrives or the patient arrives at a military 
treatment facility. 
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SAFELY POSITION THE CASUALTY TO OPEN THE AIRWAY 


3-1. Techniques to safely position an adult casualty who is unconscious and does not appear to be 
breathing include the following: 


WARNING 


The casualty should be carefully rolled as a whole, so the body 
does not twist. 


Roll the casualty onto his back, if necessary, and place him on a hard, flat surface. 

Kneel beside the casualty. 

Raise the near arm and straighten it out above the head. 

Adjust the legs so they are together and straight or nearly straight. 

Place one hand on the back of the casualty's head and neck. 

Grasp the casualty under the arm with the free hand. 

Pull steadily and evenly toward yourself, keeping the head and neck in line with the torso. 
Roll the casualty as a single unit. 

Place the casualty’s arms at his sides. 


OPENING THE AIRWAY 


3-2. If foreign material or vomit is in the mouth, remove it as quickly as possible. 


HEAD-TILT CHIN-LIFT METHOD 


3-3. To open the airway using the head-tilt chin-lift method— 


CAUTION 


DO NOT use this method if a spinal or neck injury is suspected. 


Kneel at the level of the casualty’s shoulders. 


e Place one hand on the casualty’s forehead and apply firm, backward pressure with the palm to 
tilt the head back. 


e Place the fingertips of the other hand under the bony part of the lower jaw and lift, bringing the 
chin forward. 


Do not use the thumb to lift. 
Do not completely close the casualty’s mouth. 
e Donot press deeply into the soft tissue under the chin with the fingers. 
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2304 


In this study unit, you applied basic mathematical operations learned in Study Unit | to factoring 
and fractions. The study unit provided you with terms associated with operation of fractions. 
You covered mixed factoring, addition, subtraction, multiplication, and division of fractions. 
Study Unit 3 will allow you to apply the knowledge you have learned to electronic equations. 
Before continuing to Study Unit 3, complete the Study Unit 2 exercise. 
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JAW-THRUSTMETHOD 


3-4. To open the airway using the jaw thrust method— 


Note. Use this method if a spinal or neck injury is suspected. If you are unable to maintain an 
airway after the second attempt, use the head-tilt chin-lift method. Do not tilt or rotate the 
casualty’s head. 


Kneel above the casualty’s head (looking toward the casualty’s feet). 

Rest your elbows on the ground or floor. 

Place one hand on each side of the casualty’s lower jaw at the angle of the jaw, below the ears. 
Stabilize the casualty’s head with your forearms. 

Use the index fingers to push the angles of the casualty’s lower jaw forward. 


Note. If the casualty’s lips are still closed after the jaw has been moved forward, use your 
thumbs to retract the lower lip and allow air to enter the casualty’s mouth. 


CHECK FOR BREATHING 


3-5. While maintaining the open airway position, place an ear over the casualty’s mouth and nose, 
looking toward the chest and stomach. 


e Look for the chest to rise and fall. 

Listen for air escaping during exhalation. 

Feel for the flow of air on the side of your face. 
Count the number of respirations for 15 seconds. 
Take appropriate action. 


CAUTION 


Do not use the nasopharyngeal airway (NPA) if there is clear fluid 


(cerebrospinal fluid) coming from the ears or nose. This may indicate a 
skull fracture. 


3-6. Ifthe casualty is unconscious, if respiratory rate is less than 2 in 15 seconds, and/or if the casualty is 
making snoring or gurgling sounds, insert an NPA. 


e@ Keep the casualty in a face-up position. 

e Lubricate the tube of the NPA with water. 

e Push the tip of the casualty's nose upward gently. 
° 


Position the tube of the NPA so that the bevel (pointed end) of the NPA faces toward the septum 
(the partition inside the nose that separates the nostrils). Most NPAs are designed to be placed in 
the right nostril. 


CAUTION 


Never force the NPA into the casualty’s nostril. If resistance is met, pull 


the tube out and attempt to insert it in the other nostril. If neither nostril 
will accommodate the NPA, place the casualty in the recovery position. 


e Insert the NPA into the nostril and advance it until the flange rests against the nostril. 
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e Place the casualty in the recovery position by rolling him as a single unit onto his side, placing 
the hand of his upper arm under his chin, and flexing his upper leg. 


e Watch the casualty closely for life-threatening conditions and check for other injuries, if 
necessary. 


3-7. Ifthe casualty is not breathing, immediately seek medical aid. 


3-8. If the casualty resumes breathing at any time during this procedure, the airway should be kept open 
and the casualty should be monitored. If the casualty continues to breathe, he should be transported to 
medical aid or medical treatment facility in accordance with the tactical situation. 
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AIRWAY OBSTRUCTION IDENTIFICATION 


4-1. In order for air to flow freely into and out of the lungs, the airway must remain unobstructed. The 
ability to move air freely can be compromised when a foreign body becomes lodged in the throat (while 
eating for example). 


4-2. The airway may be partially or completely blocked. In either case removing the obstruction is vital. 
In cases of complete blockage, removing the blockage quickly is critical if the casualty is to survive. 


Determine if the casualty needs help as follows: 

=» If a casualty has a mild airway obstruction (able to speak or cough forcefully, may be 
wheezing between coughs) do not interfere except to encourage the casualty. 

= If the casualty has a severe airway obstruction (poor air exchange and increased breathing 
difficulty, a silent cough, cyanosis [bluish tinge to the skin], or inability to speak or breathe) 
continue with abdominal or chest thrusts. 


Note. You can ask the casualty one question, Are you choking? If the casualty nods yes, help is 
needed. 


The decision to perform abdominal or chest thrusts is determined by the casualty’s condition. 


Note. Abdominal thrusts should be used unless the casualty is in advanced stages of pregnancy, 
is very obese, or has a significant abdominal wound. 


ABDOMINAL THRUSTS 


Note. Clearing a conscious casualty’s airway obstruction can be performed with the casualty 
either sitting or standing. 


4-3. To perform abdominal thrusts— 
e Stand behind the casualty. 
@ Wrap your arms around the casualty’s waist. 
e@ Make a fist with one hand. 
e Place the thumb side of the fist against the abdomen slightly above the navel and well below the 

tip of the breastbone. 
e Grasp the fist with the other hand. 
@ Give quick backward and upward thrusts. 
Note. Each thrust should be a separate, distinct movement. Thrusts should be continued until 
the obstruction is expelled or the casualty becomes unconscious. 
CHEST THRUSTS 

4-4. To perform chest thrusts— 
e Stand behind the casualty. 
@ Wrap your arms under the casualty’s armpits and around the chest. 
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e@ Make a fist with one hand. 
e@ Give backwards thrusts. 


Note. Each thrust should be performed slowly and distinctly with the intent of relieving the 
obstruction. 


e Continue to give abdominal or chest thrusts, as required. Give abdominal or chest thrusts until 
the obstruction is clear, you are relieved by a qualified person, or the casualty becomes 
unconscious. 


Note. If the casualty becomes unresponsive, lay him down and then start mouth-to-mouth 
resuscitation procedures. 


4-5. Ifthe obstruction is cleared, watch the casualty closely and check for other injuries, if necessary. 


4-6. Seek medical aid. 
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Apply an Occlusive Dressing 
(081-COM-0069) 


FIRST AID FOR AN OPEN CHEST WOUND 


5-1. First aid procedures for treating an open chest wound with a commercial chest seal include— 
e Apply gloves from casualty’s IFAK. 


e@ Uncover the wound (unless clothing is stuck to the wound or you are in a chemical, biological, 
radiological, and nuclear environment). 


CAUTION 
Removing stuck clothing or uncovering the wound in a chemical, 


biological, radiological, and nuclear environment could cause 
additional harm. 


Note. If unsure that the wound has penetrated the chest wall completely, treat the wound as 
though it were an open chest wound. If multiple wounds are found, treat as soon as they are 
discovered. First wound found, first wound treated. 


e Place gloved hand or back of hand over open chest wound to create temporary seal. 


Note. Since air can pass through most dressings and bandages, the open chest wound must be 
sealed with a commercial chest seal, plastic, cellophane, or other nonporous, occlusive (airtight) 
material to prevent air from entering the chest. 


USE OF COMMERCIAL CHEST SEAL 


5-2. Apply occlusive material over the wound with the vented commercial chest seal supplied in the 
casualty’s IFAK as follows: 


Note. A vented commercial chest seal is the preferred type of chest seal. However if one is 
unavailable, a nonvented commercial chest seal may be applied in the same manner as a vented 
commercial chest seal. 


e Fully open the outer wrapper of the casualty’s commercial chest seal located in the casualty’s 
IFAK. 


Wipe any dirt, blood, or sweat from the skin with gauze supplied in the commercial chest seal. 


e Instruct the casualty to fully exhale and then immediately place the vent of the commercial 
chest seal directly over the first wound encountered. 


Note. Do not touch the inner adhesive surface of the commercial chest seal. Ensure that the 
edges of the chest seal extend 2 inches beyond the wound. Firmly press the chest seal on the 
skin to ensure a good airtight seal. 
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e If the chest seal does not provide a good airtight seal, apply 2-inch tape (from the casualty’s 
IFAK) to all four sides of the chest seal, ensuring the tape does not cover any vents, and secure 
it firmly to the casualty’s chest. 


Note. Check for additional wounds on the front side of the casualty, to include the armpits. If 
any wounds are found between the neck and belly button, treat as a chest injury with a chest seal. 


e Roll the casualty on his or her side or have the conscious casualty sit up and examine the back 
for any wounds. 


If any wounds are present on the back, treat as a chest injury with a commercial chest seal. 
e Encourage the casualty to breathe normally. 


e Place casualty in position of comfort (usually sitting) if conscious, or in the recovery position 
(on the casualty’s side) with the injured-side down if unconscious. 


Continue to monitor the casualty for signs of respiratory distress (increased difficulty breathing). 


e If the casualty has increased difficulty breathing, lift the chest seal, release any trapped air by 
wiping blood or debris from the wound, and reseal or replace the chest seal upon exhalation. 


e Seek medical aid and continue to monitor the casualty until relieved by medical personnel. 


USE OF IMPROVISED CHEST SEAL 


5-3. First aid procedures for treating an open chest wound with an improvised chest seal include— 
e Apply gloves from casualty’s IFAK. 


e@ Uncover the wound (unless clothing is stuck to the wound or you are in a chemical, biological, 
radiological, and nuclear environment). 


CAUTION 


Removing stuck clothing or uncovering wound in a chemical, biological, 


radiological, and nuclear environment could cause additional harm. 


Note. If unsure that the wound has penetrated the chest wall completely, treat the wound as 
though it were an open chest wound. If multiple wounds are found, treat as soon as they are 
discovered. First wound found, first wound treated. 


e Place gloved hand or back of hand over open wound to create temporary seal. 


Note. Since air can pass through most dressings and bandages, the open chest wound must be 
sealed with a commercial chest seal, plastic, cellophane, or other nonporous, occlusive (airtight) 
material to prevent air from entering the chest. 


5-4. When a commercial chest seal is unavailable, apply an improvised occlusive chest seal over the 
wound as follows: 


e Fully open the outer wrapper of the casualty’s dressing, or other occlusive material. 
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e@ Wipe any dirt, blood, or sweat from the skin with gauze or any available clothing. 


e Instruct the casualty to fully exhale, then place the inner surface of the outer wrapper or other 
occlusive material directly over the wound. 


Note. Do not touch the inner surface of the occlusive material. Ensure that the edges of the 
occlusive material extend 2 inches beyond the wound. 


e Apply 2-inch tape from the casualty’s IFAK to three sides of the occlusive material and secure it 
firmly to the casualty’s chest. Leave the side nearest to the ground untaped. 


Note. If unconscious, the casualty will be placed in the recovery position with the injured-side 
down, therefore the outside edge on the injured side would be left untaped. If the casualty is 
conscious and sitting, the bottom edge would be left untaped. 


Note. Check for additional wounds on the front side of the casualty, to include the armpits. If 
any wounds are found between the neck and belly button, treat as a chest injury with an 
improvised occlusive chest seal. 


e Roll the casualty on his or her side or have the conscious casualty sit up and examine the back for 
any wounds. 


e If any wounds are present on the back, treat as a chest injury with a large improvised occlusive 
chest seal (such as the plastic wrapper from the emergency dressing in the IFAK). 


e Encourage the casualty to breathe normally. 


Place casualty in position of comfort (usually sitting) if conscious, or in the recovery position 
(on the casualty’s side) with the injured-side down if unconscious. 


e Continue to monitor the casualty for signs of respiratory distress (increased difficulty 
breathing). 


e If the casualty has increased difficulty breathing, lift the chest seal, release any trapped air by 
wiping blood or debris from the wound, and reseal or replace the chest seal upon exhalation. 


e Seek medical aid and continue to monitor the casualty until relieved by medical personnel. 
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Chapter 6 


Perform First Aid for Bleeding of an Extremity 
(081-COM-1032) 


CONTROL BLEEDING 


6-1. When evaluating a casualty it is imperative that an accurate determination be made as to whether the 


bleeding is life threatening or not. This determination will dictate the methods to be used to control the 
bleeding. 


CAUTION 


All body fluids should be considered potentially infectious. Always 
observe body substance isolation precautions by wearing gloves and 


eye protection as a minimal standard of protection. In severe cases, 
you should wear gloves, eye protection, gown and shoe covers to 
protect yourself from splashes, projectile fluids, spurting fluids or 
splashes onto your clothing and footwear. 


METHODS FOR CONTROLLING EXTERNAL BLEEDING 


6-2. There are three methods of controlling external bleeding, they are— 
e Directpressure. 
e Pressure dressing. 
e Tourniquet. 


6-3. If the evaluation determines that the bleeding is life threatening, a tourniquet should be immediately 
applied. 


APPLY DIRECT PRESSURE 


6-4. If bleeding is not life threatening, apply direct pressure as follows: 
e Expose the wound. 


e Place sterile gauze or dressing over the injury site and apply fingertips, palm or entire surface of 
one hand and apply direct pressure. 


e Pack large, gaping wounds with sterile gauze and apply direct pressure. 


6-5. Once the bleeding has been controlled, it is important to check a distal pulse to make sure that the 


dressing has not been applied too tightly. If a pulse is not felt, adjust the dressing to re-establish 
circulation. 


WARNING 


The emergency bandage must be loosened if the skin distal to the 
injury becomes cool, blue, numb, or pulseless. 
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APPLY A PRESSURE DRESSING 
6-6. When applying a bandage always use the casualty’s emergency bandage. 


Open the plastic dressing package. 
Apply the dressing, white-side down (sterile, nonadherent pad) directly over the wound. 


Wrap the elastic tail (bandage) around the extremity and run the tail through the plastic pressure 
bar. 


Reverse the tail while applying pressure and continue to wrap the remainder of the tail around 
the extremity, while continuing to apply pressure directly over the wound. 


Secure the plastic closure bar to the last turn of the wrap. 


Check the emergency bandage to make sure that it is applied firmly enough to prevent slipping 
without causing a tourniquet-like effect. 


CAUTION 


In combat, while under enemy fire, a tourniquet is the primary means 
to control bleeding. It allows the individual, his battle buddy, or the 


combat medic to quickly control life threatening hemorrhage until the 
casualty can be moved away from the firefight. Always treat life 
threatening hemorrhage while you and the casualty are behind cover. 


APPLY A TOURNIQUET 


6-7. If the evaluation of the casualty determines that the bleeding is life threatening a commercial 
tourniquet contained in the IFAK should be immediately applied. 


6-2 


Pull the free end of the self-adhering band through the buckle and route through the friction 
adapter buckle. 


Place the tourniquet, 2 to 3 inches above the wound on the injured extremity. 


Pull the self-adhering band tight around the extremity and fasten it back on itself as tightly as 
possible. 


Twist the windlass until the bleeding stops. 

Lock the windlass in place within the windlass clip. 

Secure the windlass with the windlass strap. 

Assess for absence of a distal pulse. 

Place a T and the time of the application on the casualty with a marker. 
Secure the commercial tourniquet in place with tape. 


6-8. Once the injuries have been bandaged and the bleeding stopped initiate treatment for shock as 
needed. See Chapter 8, Task 081-COM-1005, on page 8-1. 


6-9. Seek medical aid. 
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Perform First Aid for Burns (081-COM-1007) 


PERFORM FIRST AID FOR BURNS 


7-1. The first course of action when attempting to provide first aid for burns is to remove the casualty 
from the source of the burn to prevent further harm. 


CAUTION 


Synthetic materials, such as nylon, may melt and cause further injury. 


KINDS OF BURNS 


7-2. There are four kinds of burns which are likely to be encountered. They are— 
e Thermal burns. 


=» Remove the casualty from the source of the burn. If the casualty’s clothing is on fire, cover 
the casualty with a field jacket or any large piece of nonsynthetic material and roll him on the 
ground to put out the flames. 


WARNING 


DO NOT touch the casualty or the electrical source with your bare 
hands. You will be injured too! 


e Electrical burns. 


WARNING 


High voltage electrical burns from an electrical source or 
lightning may cause temporary unconsciousness, difficulties in 
breathing, or difficulties with the heart (irregular heartbeat). 


= If the casualty is in contact with an electrical source, turn the electricity off, if the switch is 
nearby. If the electricity cannot be turned off, use nonconductive material (rope, clothing, or dry 
wood) to drag the casualty away from the source. 


WARNING 


Blisters caused by a blister agent are actually burns. DO NOT try 
to decontaminate the skin where blisters have already formed. If 
blisters have not formed, decontaminate the skin. 


e@ Chemical burns. 
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=» Remove liquid chemicals from the burned casualty by flushing with as much water as 
possible. 
=» Remove dry chemicals by carefully brushing them off with a clean, dry cloth. If large 
amounts of water are available, flush the area. Otherwise, do not apply water. 
=» Smother burning white phosphorus with water, a wet cloth, or wet mud. Keep the area 
covered with wet material. 

e = Laserburns. 
= Move the casualty away from the source while avoiding eye contact with the beam source. 
= If possible, wear appropriate laser eye protection. 


Note. After the casualty has been removed from the source of the burn, continually monitor the 
casualty for conditions that may require basic lifesaving measures. 


WARNING 


DO NOT uncover the wound in a_ chemical, biological, 
radiological, and nuclear environment. Exposure could cause 
additional harm. 


7-3. Uncover the burn as follows: 


WARNING 


DO NOT attempt to remove clothing that is stuck to the wound. 
Additional harm could result. 


e Cut clothing from the burned area. 


CAUTION 
DO NOT pull clothing over the burns. 


e Gently lift away clothing covering the burned area. 
If the casualty’s hands or wrists have been burned, remove jewelry (rings, watches) and place 
them in his pockets. 


7-4. Apply the casualty’s dry, sterile dressing directly over the wound as follows: 


Note. If the burn is caused by white phosphorus, the dressing must be wet. 


CAUTION 


DO NOT place the dressing over the face or genital area. 


DO NOT break blisters. 


DO NOT apply grease or ointments to the burns. 
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e Apply the dressing or pad, white-side down, directly over the wound. 
Wrap the tail (or the elastic bandage) so the dressing or pad is covered. 


e For a field dressing, tie the tails into a nonslip knot over the outer edge of the dressing, not over 
the wound. For an emergency bandage, secure the hooking ends of the closure bar into the 
elastic bandage. 


e Check to ensure that the dressing is applied lightly over the burn but firmly enough to prevent 
slipping. 


Note. If the casualty is conscious and not nauseated, give him small amounts of water to drink. 
7-5. Watch the casualty closely for signs of life-threatening conditions, check for other injuries (if 


necessary), and treat for shock. 


7-6. Seek medical aid. 
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Perform First Aid to Prevent or Control Shock 
(081-COM-1005) 


SIGNS AND SYMPTOMS OF SHOCK 


8-1. Check the casualty for signs and symptoms of shock. 
Sweaty but cool skin. 

Pale skin. 

Restlessness or nervousness. 

Thirst. 

Severe bleeding. 

Confusion. 

Rapid breathing. 

Blotchy blue skin. 

Nausea and/or vomiting. 


POSITION THE CASUALTY 


8-2. Procedures for positioning the casualty include— 
@ Move the casualty under a permanent or improvised shelter to shade him from direct sunlight. 
e = Lay the casualty on his back unless a sitting position will allow the casualty to breathe easier. 
e Elevate the casualty’s feet higher than the heart using a stable object so the feet will not fall. 


WARNING 


Do not loosen clothing if in a chemical area. 


Loosen clothing at the neck, waist, or anywhere it is binding. 


Prevent the casualty from getting chilled or overheated. Using a blanket or clothing, cover the 


casualty to avoid loss of body heat by wrapping completely around the casualty. 


Note. Ensure no part of the casualty is touching the ground, as this increases loss of body heat. 


CALM AND REASSURE THE CASUALTY 


8-3. Calm and reassure the casualty by— 
e Taking charge and show self-confidence. 
e Assuring the casualty that he is being taken care of. 


8-4. Watch the casualty closely for life-threatening conditions and check for other injuries, if necessary. 


8-5. Seek medical aid. 
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Chapter 9 
Perform First Aid for Nerve Agent Injury (081-COM-1044) 


FIRST AID FOR NERVE AGENT INJURY 


9-1. After reacting appropriately to a chemical attack (stop breathing, don your protective mask [see STP 
21-1-SMCT, Chapter 3, Task 031-COM-1035]) and giving the alarm, it is important to observe yourself 
and other Soldiers for signs and symptoms of nerve agent poisoning. 


9-2. There are two categories of nerve agent poisoning that Soldiers should be familiar with. These are— 
e Mild nerve agent poisoning. 
e@ Severe nerve agent poisoning. 


9-3. Accurately determining if the poisoning is mild or severe helps to determine what first aid measures 
are necessary and appropriate. 


9-4. To determine what steps are necessary, it is important to identify if the poisoning is mild or severe in 
nature. There are signs and symptoms specific to each category of nerve agent poisoning. 


SIGNS AND SYMPTOMS OF MILD NERVE AGENT POISONING 


9-5. Signs and symptoms of mild nerve agent poisoning include— 

Unexplained runny nose. 

Unexplained sudden headache. 

Suddendrooling. 

Tightness in the chest or difficulty breathing. 

Difficulty seeing (dimness of vision or miosis). 

Localized sweating and muscular twitching in the area of contaminated skin. 
Stomachcramps. 

Nausea. 


SELF-AID FOR MILD NERVE AGENT POISONING 


9-6. First aid for mild nerve agent poisoning is considered to be self-aid. 


9-7. First aid, self-aid for mild nerve agent poisoning involves the use of the antidote treatment nerve 
agent, autoinjector(ATNAA). Administer the ATNAA as follows: 


e Acquire one ATNAA autoinjector. 


Note. Administer ONLY one ATNAA as self-aid. DO NOT self-administer the convulsant 
antidote for nerve agent (CANA). 


e Locate injection site (outer thigh muscle, about a hands width below the hip joint and above the 
knee) and ensure that it is clear of objects that will interfere with the injection. 


Note. If the individual is thinly built, injection should be given into the upper outer quadrant of 
the buttock. 
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CAUTION 


DO NOT cover or hold the needle end with your hand, thumb, or 
fingers. You may accidently inject yourself. 


e With your dominant hand, hold the ATNAA in your closed fist with the needle (green) end 
extending beyond the little finger in front of you at eye level. 


e Pull off the safety cap from the bottom of the injector with a smooth motion using the 
nondominant hand, and drop it to the ground. 


CAUTION 


When injecting antidote into the buttock, be very careful to inject only 
into upper, outer quarter of the buttock to avoid hitting the major nerve 
that crosses the buttocks. Hitting the nerve may cause paralysis. 


e Place the needle end of the injector against chosen injection site and apply firm, even pressure 
until the needle activates into the muscle. 


Note. A jabbing motion is not necessary to trigger the activating mechanism. 


Hold the injector firmly in place for at least 10 seconds. 

Remove the injector from your muscle. 

Secure the used injector. 

Bend the needles of all used injectors by pressing on a hard surface to form a hook. 


Attach all used injectors to a blouse pocket flap or the Joint Service Lightweight Integrated Suit 
Technology (JSLIST). 


WARNING 


DO NOT give yourself additional injections. If you are able to walk 
without assistance and know who you are and where you are, you will 


NOT need the second set of injections. If you continue to have 
symptoms of nerve agent poisoning, seek someone else (a buddy) to 
check your symptoms and administer the additional set of injections, if 
required. 


e@ Massage the injection site, mission permitting. 


SIGNS AND SYMPTOMS OF SEVERE NERVE AGENT POISONING 


9-8. Signs and symptoms of severe nerve agent poisoning include— 
Strange or confused behavior. 

Wheezing, difficulty breathing, and coughing. 

Severely pinpointed pupils. 

Red eyes with tearing. 

Vomiting. 

Severe muscular twitching. 


Involuntary urination and defecation. 
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e Convulsions. 
e Unconsciousness with, or without respiratory failure. 
e Localized sweating and muscular twitching in the area of contaminated skin. 


BUDDY AID FOR SEVERE NERVE AGENT POISONING 


9-9. First aid for severe nerve agent poisoning is considered buddy aid, it involves the use of the ATNAA 
and includes administering the CANA with the third ATNAA to prevent convulsions. 
9-10. Administer buddy aid for severe nerve agent poisoning. 
@ Mask the casualty if necessary. 
If the casualty can follow instructions, have him clear his mask. 
Check for a complete mask seal by covering the inlet valves of the mask. 
Pull the protective hood over the head of the casualty. 
Position the casualty on the right side (recovery position) with the head slanted down so that the 
casualty will not roll back over. 


9-11. Administer ATNAA as follows: 


CAUTION 


Squat, do not kneel, when masking the casualty or administering the 
nerve agent antidotes to the casualty. 


e Position yourself near the casualty’s thigh. 
e@ Obtain the casualty’s three or remaining ATNAA auto-injectors. 


Note. Be sure to use the casualty’s own autoinjectors, and not your own. 


e Using the same method as in self-aid, administer up to, but no more than three doses of the 
ATNAA. 


Note. If the casualty’s condition improves (regains consciousness, become coherent, able to 
stand or walk) after the first or second dose, do not administer the remaining dose(s), but 
monitor until medical help arrives or he is evacuated to a higher role of care. 


e Bend the needles of all used injectors by pressing on a hard surface to forma hook. 
e Attach all used injectors to blouse pocket flat or JSLIST. 


9-12. Administer CANA as follows: 


Note. Buddy aid also includes administering the CANA with the third ATNAA to prevent 
convulsions. 


CAUTION 


Squat, DO NOT kneel when masking the casualty or administering the 
nerve agent antidotes to the casualty. 
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Position yourself near the casualty’s thigh. 
e Obtain one CANA autoinjector. 


e Locate injection site (outer thigh muscle, about a hand’s width below the hip joint and above the 
knee) and ensure it is clear of objects that will interfere with the injection. 


Note. If the individual is thinly built, injection should be given into the upper outer quadrant of 
the buttock. 


CAUTION 


DO NOT cover or hold the needle end with your hand, thumb, or 
fingers. You may accidently inject yourself. 


e With your dominant hand, hold the CANA in your closed fist with the needle extending beyond 
the little finger at eye level. 

e Pull off the safety cap from the bottom of the injector with a smooth motion using the 
nondominant hand, and drop it to the ground. 


CAUTION 


When injecting antidote in the buttock, be very careful to inject only 


into the upper, outer quarter of the buttock to avoid hitting the major 
nerve that crosses the buttocks. Hitting the nerve may cause 
paralysis. 


e Place the needle end of the injector against the chosen injection site and apply firm, even 
pressure until the needle activates into the muscle. 


e Hold the injector firmly in place for at least 10 seconds. 
e@ Remove the injector from the casualty’s muscle. 
e Secure the used injector. 


9-13. Decontaminate the skin if necessary. 


Note. Information on this step is covered in STP 21-1-SMCT, Chapter 3, Task 031-COM-1013. 


9-14. Put on remaining protective clothing. 


Note. Information on this step is covered in STP 21-1-SMCT, Chapter 3, Task 031-COM-1040. 


9-15. Seek medical aid. 
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10-1. First aid procedures for a casualty with insect bites or stings, without causing further injury 
involves— 


e Exposing the injury site. 


Note. Removing clothing, rings, watches, and other constricting items that are in the area of the 
bite or sting to prevent circulatory impairment in the event swelling of the extremity occurs. 


e Determining the type of insect bite or sting. 
e Gathering information from the casualty, ask them if they saw what bit or stung them. 


WARNING 


Be alert for indicators of the casualty developing anaphylaxis 
such as hoarseness, a feeling of swelling or a lump in the throat, 
wheezing, and signs and symptoms of shock. 


e Checking an unconscious casualty for a medical alert bracelet or tag (allergy band). 


Note. It is important to determine if the casualty has a history of past reactions to similar bites or 
stings. 


10-2. Assess the casualty for signs and symptoms of insect bites or stings. 


BLACK WIDOW SPIDER 


10-3. Signs and symptoms of black widow spider bites include— 

e Apinprick sensation at the bite site, becoming a dull ache within about 30 minutes. 

e Severe painful muscle spasms, especially in the shoulders, back, chest and abdomen. 
=» Beginin 10 to 40 minutes. 
=» Peak in 1 to 3 hours. 
= Persist for 12 to 48 hours. 

e Rigid, board-like abdomen. 

e Dizziness, nausea, vomiting, and respiratory distress in severe cases. 


10-4. Signs and symptoms of brown recluse spider bites include— 
Note. The brown recluse spider is medium-sized, generally brown but can range in color from 


yellow to dark chocolate brown. It has a distinct groove between its chest and abdominal body 
parts. The characteristic marking is a brown, violin-shaped marking on the upper back. 


e Casualty seldom recalls being bitten, since the bite is painless at first. 
e@ Several hours after the bite, it becomes bluish surrounded by a white periphery. 
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Ared halo or bulls-eye pattern appears sometime later. 
Within 7 to 10 days, the bite becomes a large ulcer. 


SCORPION (HARMLESS SPECIES) 


10-5. Signs and symptoms of scorpion (harmless species) stings include— 


Note. There are two general types of scorpions. The Arizona (black) scorpion is the only deadly 
type in the United States. 


Severity of the sting depends on the amount of venom injected. 
Ninety percent of all scorpion stings occur on the hands. 
Scorpion stings cause a sharp pain at the injection site. 

The symptoms last for 24 to 72 hours. 


SCORPION (DEADLY SPECIES) 


10-6. Signs and symptoms of scorpion (deadly species) stings include— 


Sharp pain at the injection site, “pins and needles” sensation. 
Severe muscle contractions. 

Drooling. 

Poor circulation. 

Hypertension. 

Cardiac failure. 

Incontinence. 

Seizures. 


BEE, WASP, HORNET, AND YELLOW JACKET (MILD REACTION) 


10-7. Signs and symptoms of a mild reaction to bee, wasp, hornet, and yellow jacket stings include— 


Note. A wasp or yellow jacket (slender body with elongated abdomen) retains its stinger and 
can sting repeatedly. A honey bee (round abdomen) usually leaves its stinger in the casualty. 


Pain at the sting site. 

A wheal, redness, and swelling. 
Itching. 

Anxiety. 


BEE, WASP, HORNET, AND YELLOW JACKET (SEVERE 
REACTION) 


10-8. Signs and symptoms of a severe reaction to bee, wasp, hornet, and yellow jacket stings include— 


10-2 


Generalized itching and burning. 

Urticaria (hives). 

Chest tightness and cough. 

Swelling around the lips and tongue. 

Bronchospasm (narrowing of the airways in the lungs) and wheezing. 
Dyspnea (shortness of breath). 

Abdominal cramps. 

Anxiety. 
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e  Respiratorydistress. 
e Anaphylactic shock. 


FIRE ANT STINGS AND BITES 


10-9. Signs and symptoms of fire ant bites and stings include— 


Note. Fire ants inject a very irritating toxin into the skin. They bite repeatedly and in a very 
short time. Fire ants are known for their aggressive nature and for their bites. A fire ant sting 
itches, is painful, and prone to infection. 


e Intense, fiery, burning pain. 
e Characteristic circular pattern of bites. 


Note. Fire ants bite down into the skin, then sting downwardly as they pivot. 


Extremely painful vesicles that are filled with fluid within minutes. 
Cloudy, fluid-filled bubble within 2 to 4 hours. 

Bubble on red base within 8 to 10 hours. 

Ulceration (with scarring after healing). 


Fire ant bites can also cause large local reaction characterized by swelling, pain and redness that 
affects the entire extremity. 


e Anaphylactic shock. 


WARNING 


Lyme disease, usually transmitted by the tiny deer tick but now 


thought to be transmitted by the larger dog tick, can cause long- 
term neurological and other complications if not identified and 
treated early. 


TICKS 


Note. Tick bites are serious because ticks can carry tick fever, Rocky Mountain spotted fever, 
Lyme disease, other bacterial diseases, and may even cause anemia if the infestation is severe 
enough. 


10-10. Signs and symptoms of tick bites include— 

Itching and redness at the site. 

Headache. 

Moderate to high fever, which may last 2 to 3 weeks. 
Pain in the joints or legs. 


Swollen lymph nodes in the bitten area. 


CAUTION 


Generally, a tick must remain attached to the body for 4 to 6 hours in 


order to transmit infections. Early detection and proper removal may 
prevent transmission. 


e Paralysis and other central nervous system disorders are possible after several days. 
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UNKNOWN, NONSPECIFIC INSECTS 


10-11. Signs and Symptoms of unknown, nonspecific insects include— 
e Pain and swelling at the site. 
e  Breathingdifficulty. 
e Shock. 


WARNING 


If the casualty shows signs and symptoms of an allergic reaction, 
begin transport immediately. 


TREAT THE BITE OR STING 


10-12. Treat black widow spider, brown recluse, fire ant, and scorpion bites and stings as follows: 
e@ Keep the casualty calm and reassured. 
e Explain to the casualty what will be done. 
e Limit their physical activity. 


Note. Keep the body immobilized and the casualty still to prevent distribution of the poison to 
other parts of the body. 


e Removejewelry. 


e Cleanse the bite site gently using normal saline (or cleanest water available) and mild or strong 
soap solution. 


Note. If necessary, irrigate the area with large amount of sterile saline (or the cleanest water 
available). Make sure that the contaminated saline (clean water) flows away from the body. 
Never scrub the area. 


CAUTION 


Application of cold packs to insect bite or sting to relieve pain and 
swelling should be followed in accordance with local standard 
operating procedures and medical officer’s order. 


e Applyacold pack to an insect bite or sting to relieve pain and swelling. 


Treat the casualty for anaphylactic shock, if necessary. See STP 8-68W13-SM-TG, Chapter 3, 
Task081-833-0003. 


Monitor vital signs. 
Seek medical aid. 


10-13. Treat tick bites as follows: 
Remove all parts of the tick. 


e Using tweezers, grasp the tick as close to the skin as possible. Using steady pressure, pull the 
tick straight out. 


e If tweezers are not available, use an absorbent material (gauze, toweling) to protect your skin. 
Grasp the tick as close to the skin as possible and pull straight out using steady pressure. 


e@ Wash the area around the bite gently using normal saline (or cleanest water available) and a mild 
or strong soap solution. 
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e@ Monitor vital signs. 
e Seek medical aid. 


10-14. Treat unknown, nonspecific insect as follows: 
Cleanse the site using antiseptic. 
Treat the casualty for anaphylactic shock, if necessary. See STP 8-68W13-SM-TG, Chapter 3, 
Task081-833-0003. 


e@ Seek medical aid. 
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Chapter 11 
First Aid for Heat Illness (081-831-0038) 


HEAT ILLNESS 


11-1. Exertional heat illness refers to a spectrum of disorders (for example— cramps, heat exhaustion, heat 
injury, heat stroke) resulting from total body heat stress. See ATP 4-25.12 and TC 4-02.3 for more 
information on heat illness. 


11-2. While there is a range of adverse effects that can result from the body overheating, the two major 
kinds of heat illnesses that are referred to as heat casualties are— 


Heat exhaustion (can be mild or more severe). 
Heat stroke (most severe form of heat illness and possibly fatal). 


Note. For more information on heat illness prevention, see United States Army Public Health 
Command Web site. 


HEAT EXHAUSTION 


11-3. Heat exhaustion is often preceded by heat cramps, muscle cramps of the arms, legs, or abdomen. 
Heat cramps and heat exhaustion often act as canaries in the coal mine. These conditions need to be 
identified and treated before they get to a more extreme case of heat stroke. Catch these conditions early as 
casualty needs rest, water, shade, evaluation, and possible medical care. 


SIGNS AND SYMPTOMS OF HEAT EXHAUSTION 


11-4. Signs and symptoms of heat exhaustion include— 


Dizziness. 

Headache. 

Loss of appetite. 

Nausea. 

Weakness. 

Clumsy/unsteady walk. 

Profuse sweating and pale (or gray), moist cool skin. 
Normal to slightly elevated body temperature. 
Muscle cramps. 

Heat cramps. 


FIRST AID FOR HEAT EXHAUSTION 


11-5. First aid measures for heat exhaustion include— 


Rest Soldier in shade. 

Loosen uniform and remove head gear. 

Have Soldier drink 2 quarts of water over 1 hour. 

Seek medical aid. 

Evacuate if no improvement in 30 minutes, or if Soldier's condition worsens. 


11-6. First aid for heat cramps is the same for heat exhaustion; the goal is to prevent the heat cramps from 
progressing into heat exhaustion with further complications. 
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HEAT STROKE 


11-7. Heat stroke is a medical emergency and can be fatal if not immediately addressed. The casualty must 
be evacuated to the nearest medical treatment facility as soon as possible. 


SIGNS AND SYMPTOMS HEAT STROKE 


11-8. Signs and symptoms for heat stroke include— 


Hot dry skin. 
Headache. 


Note. In the early progression of heat stroke, the skin may be moist or wet 


Convulsions and chills. 

Dizziness. 

Nausea. 

Weakness. 

Pulse and respirations are weak and rapid 

Vomiting. 

Confusion, mumbling (do mental check questions to see if brain is working correctly). 
Combative. 

Passing out (unconscious). 


FIRST AID FOR HEAT STROKE 


11-9. Immediately begin cooling the Soldier off (the faster the body is cooled, the less damage to the brain 
and organs) as follows: 


Cool the casualty with any means available, even before removing clothes. 
Strip (if possible, ensure a same gender helper is present). 

Rapidly cool by immersing the casualty in cold water. 

Rapidly cool with ice sheets as follows: 

= Cover all but face with iced sheets. 

= Ensure the iced sheet is soaked prior to applying to the casualty. 

Place ice packs, if available, in groin, axillae (armpits) and around the neck. 
Fan the entire body. 

Stop cooling if casualty starts shivering. 

Seek medical aid. 

Evacuate immediately, and continue cooling during transport. 

Give nothing by mouth. 


Note. The same person should observe the Soldier during cooling and evacuation in order to 
spot symptom changes. 


HYPONATREMIA (WATER INTOXICATION) 


11-10. Hyponatremia is a medical emergency which can be mistaken for heat stroke, though treatment is 
very different. 


Note. This condition most often occurs during initial entry training; however, it may occur 
anytime overhydration is encountered. 


11-2 
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SIGNS AND SYMPTOMS OF HYPONATREMIA 


11-11. Signs and symptoms for hyponatremia include— 
Mental status changes. 

Vomiting. 

History of consumption of large volume of water. 
Poor food intake. 

Abdomen distended/bloated. 

Large amounts of clear urine. 


FIRST AID FOR HYPONATREMIA 


11-12. First aid measures for hyponatremia include— 

Do not give more water or intravenous fluids. 

If awake, allow Soldier to consume salty foods or snacks. 
Seek medical aid. 


Evacuateimmediately. 
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Chapter 12 
First Aid for Cold Injury (081-831-0039) 


COLD WEATHER INJURIES 


12-1. Cold weather-related injuries include injuries due to decreased temperature (hypothermia, frostbite, 
and nonfreezing cold injury); injuries due to heaters; carbon monoxide poisoning; and accidents due to 
impaired physical and/or mental function resulting from cold stress. Cold weather injuries can also occur 
in warmer ambient temperatures when an individual is wet due to rain or water immersion. For more 
information, see the United States Army Public Health Command (Cold Weather Casualties and Injuries) 
Web site. More information concerning cold weather injuries can also be found in ATP 4-25.12 and TC 
4-02.3. 


HYPOTHERMIA 


12-2. Hypothermia is defined as a body core temperature below 95° Fahrenheit (F). Hypothermia is 
usually characterized as mild, moderate, or severe, based on body core temperature. In order to properly 
diagnose hypothermia, core temperature must be measured rectally with a thermometer with an extended 
low range scale. Oral and tympanic temperatures will not yield accurate results in a cold environment, 
even when care is taken to use the best technique. 


CAUTION 


Hypothermia is a medical emergency, appropriate first aid and 


evacuation to the nearest medical treatment facility must be initiated as 
soon as possible. With generalized hypothermia, the entire body has 
cooled with the core temperature below 95°F. 


12-3. Hypothermia occurs when heat loss is greater than heat production. This can occur suddenly, such as 
during partial or total immersion in cold water, or over hours or days, such as during extended operations or 
survival situations. 


12-4. Hypothermia may occur at temperatures above freezing, especially when a person’s skin or clothing 
is wet. 


SIGNS AND SYMPTOMS OF HYPOTHERMIA 


12-5. Signs and symptoms of hypothermia include— 

e Vigorous shivering is typically present. 
Shivering may decrease or cease as core temperature continues to fall. 
Conscious, but usually apathetic or lethargic. 
Confusion. 

Sleepiness. 

Slurred speech. 

Shallowbreathing. 

Veryslow respirations. 

Weak pulse. 

Low or unattainable blood pressure. 


21 January 2016 TC 4-02.1 12-1 


Chapter 12 


Change in behavior with or without poor control over body movements with or without slow 
reactions. 


With severe hypothermia, the casualty may be unconscious or stuporous. 


FIRST AID FOR HYPOTHERMIA 


12-6. The goals for field management of hypothermia are to rescue, examine, insulate, and rapidly 
transport. If untreated, hypothermia is a true medical emergency and requires evacuation. 


CAUTION 


Do not allow the casualty to use tobacco, or consume alcohol or 
caffeinated drinks. 


12-7. Rewarming techniques include— 


Remove the casualty from the cold environment. 

Replace wet clothing with dry clothing. 

Cover the casualty with insulating material or blanket. 

Wrap the casualty from head to toe. 

Avoid unnecessary movement from the casualty. 

If casualty is conscious, slowly give high caloric sweet warm fluids. 
Seek medical aid. 

Evacuate as soon as possible with the casualty lying down. 


FROSTBITE 


12-8. Frostbite accounts for the largest number of cold weather injuries each year and occurs when tissue is 
exposed to temperatures that are usually below 32°F depending upon windchill factor, length of exposure, 
and adequacy of protection. 


12-9. Frostbite can occur suddenly due to contact to cold metal or super-cooled liquids such as alcohol, 
fuel, or antifreeze or can develop over time due to prolonged cold exposure. Frostbite is most common in 
exposed skin such as the nose, ears, cheeks, but can also occur in the hands and feet due to reduced skin 
blood flow. 


Note. The onset is signaled by a sudden blanching of the skin of the nose, ears, cheeks, fingers, 
or toes followed by a momentary tingling sensation. Frostbite is indicated when the face, hands, 
or feet stop hurting. 


SIGNS AND SYMPTOMS OF FROSTBITE 


12-2 


12-10. Signs and symptoms of frostbite include— 


Numbness in affected area. 

Tingling, blistered, swollen, or tender areas. 

Pale, yellowish, waxy-looking skin (grayish in dark-skinned soldiers). 
Frozen tissue that feels wooden to the touch. 

Significant pain after rewarming 


12-11. The most significant frostbite injury involves— 


Frozen tissue involving full thickness of skin with muscle and bone involvement. 


Necrotic (dead) tissue develops along with sloughing of tissue and autoamputation of nonviable 
tissue. 
These casualties will have permanent disability. 
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FIRST AID FOR FROSTBITE 


CAUTION 


Avoid thawing the affected area if it is possible that the injury may 
refreeze before reaching the medical treatment facility. 


12-12. First aid measures for frostbite include— 
e Localrewarming at room temperature or using body heat. 
e Loosen or remove constricting clothing and remove jewelry. 


CAUTION 


DO NOT massage the skin or rub anything on the frozen parts. 


@ Move the casualty to a sheltered area, if possible. 
e Protect the affected area from further cold or trauma. 


Once a tissue is thawed, it must not freeze again. If there is the possibility of tissue refreezing, it 
is better not to thaw it in order to avoid damaging tissue further. 


e Avoid exposure to excessive heat (open flame, stove tops, steam, heat packs) or rubbing affected 
tissue. 


e All Soldiers with a peripheral freezing injury must be suspected of being hypothermic and 
treated appropriately. During field management, it is more important to prevent hypothermia 
than to rewarm frostbite rapidly. 


e Seek medical aid. 
Evacuate the casualty. 


CAUSE OF NONFREEZING COLD INJURIES 


12-13. Exposure to temperatures from 32° to 60°F may cause nonfreezing cold injuries of skin, fingers, 
toes, ears and facial parts. 


12-14. Exposure of skin to cold metal; super cold fuel, petroleum, oil, and lubricants; windchill; and the 
wear of tight, circulation-restricting clothing (particularly boots). 


12-15. Riding in open vehicles, exposure to propeller/rotor-generated wind, running or skiing, and altitude 
exposure where there is little tree cover can all contribute to greater windchill. 


MOST COMMON NONFREEZING INJURIES 


12-16. Nonfreezing cold injuries are chilblain, snow blindness, and immersion syndrome (immersion foot, 
trench foot and hand). Trench foot occurs when tissues are exposed to temperatures from 32° to 60°F for 
prolonged periods of time (>12 hours), whereas chilblains, which is a more superficial injury, can occur 
after repeated prolonged exposure of bare skin to low temperatures from 60°F down to 32°F. Snow 
blindness is caused by unprotected exposure to ultraviolet rays. Snow blindness can be prevented by the 
use of appropriate eye protection (sunglasses). Snow blindness can be painful as late as 3 to 5 hours later. 


CHILBLAIN 


12-17. Chilblain is a nonfreezing cold weather injury that can occur after 1 to 5 hours in cold, wet 
conditions at temperatures from about 50°F down to 32°F. The most commonly affected areas are the 
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fingernail-side of the fingers, but the ears, face, and other exposed skin are also areas of occurrence. There 
are no lasting effects from chilblain. 


Signs and Symptoms of Chilblain 


12-18. Signs and symptoms of chilblain include— 
Chilblain lesions are swollen, tender, itchy and painful. 


Skin becomes swollen, red (or darkening of the skin in dark-skinned Soldiers) and hot to the 
touch with rewarming. 
e Anitching or burning sensation may continue for several hours after exposure. 


Note. Early diagnosis of chilblain becomes evident when symptoms do not resolve with 
rewarming. 


First Aid for Chilblain 


12-19. Rewarm affected area, keep warm and dry. 


IMMERSION FOOT (TRENCH FOOT) 


12-20. Like chilblain, immersion syndrome of the feet is a nonfreezing cold-weather injury that can occur 
in damp, wet conditions. The most commonly affected area is the feet and occasionally involves the hands. 
If left untreated, or allowed to fester (to become septic), loss of tissue to include loss of limbs and gangrene 
can result. Permanent disability may result from severe immersion syndrome of the feet or hands. 


Signs and Symptoms of Immersion Foot 


12-21. Signs and symptoms of immersion foot include— 

Cold, numb feet that may progress to hot with shooting pains. 
Slight sensory change for 2 to 3 days. 

Swelling, redness, and bleeding may become pale and blue. 
Accompanied by aches, increased pain sensitivity and infection. 
Loss of sensation. 

Severe edema and gangrene. 

Loss of tissue. 


First Aid for Immersion Foot 


12-22. First aid measures for immersion foot include— 
e@ Remove wet or constrictive clothing, gently wash and dry affected extremities. 
Elevate affected limbs and cover with layers of loose, warm, dry clothing. 


Do not pop blisters, apply lotions or creams, massage, expose to extreme heat or permit Soldiers 
to walk, which can increase tissue damage and worsen the injury. 


e Seek medical attention. 
e Evacuate for medical treatment. 


SNOW BLINDNESS 


12-23. Snow blindness in the field is usually caused by Soldiers being exposed to high levels of ultraviolet 
rays over a period of time without wearing appropriate eye protection such as sunglasses. Pain results after 
a few hours of exposure and resolves over a period of a day or two. Pain may also be caused by exposure 
to ultraviolet rays from artificial sources (for example welding machine) in much shorter time. 
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Signs and Symptoms of Snow Blindness 


12-24. Signs and symptoms of snow blindness include— 
Scratchy feeling in the eyes as if from sand or dirt. 
Watery eyes. 

Pain, possibly as late as 3 to 5 hours later. 
Reluctant or unable to open eyes. 


First Aid for Snow Blindness 


12-25. First aid measures for snow blindness include— 
e@ Cover the eyes with a dark cloth. 


e Evacuate the casualty to a medical treatment facility. 
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Chapter 13 
Apply a Rigid Splint (081-833-0263) 


FRACTURES 


13-1. A fracture is a break in the continuity of a bone. When properly cared for fractures generally heal 
without complication. However if severe enough and improperly cared for they can cause disability, loss 
of the limb or in some cases death by severing vital organs and/or arteries. 


13-2. The potential for recovery depends greatly upon the first aid the individual receives before he is 
moved. First aid includes immobilizing the fractured part in addition to applying lifesaving measures when 
necessary. The basic splinting principle is to immobilize the joints above and below the fracture. 
13-3. There are two kinds of fractures as follows: 

e Closed fracture—is a broken bone that does not break the overlying skin. 


Note. Dislocations is when a joint, such as a knee, ankle, or shoulder is not in proper position. 
A sprain is when the connecting tissues of the joints have been torn. Dislocations and sprains 
(swelling, possible deformity, and discoloration) should be treated as closed fractures. 


e@ Open fracture—is the result of a broken bone that breaks (pierces) the overlying skin. The 
broken bone may come through the skin or a missile such as a bullet or shell fragment may go 
through the flesh and break the bone. 


Note. An open fracture is contaminated and subject to infection. 


13-4. Signs and symptoms commonly associated with fractures include— 
e Deformity. 

Tenderness. 

Swelling. 

Pain. 

Inability to move the injured part. 

Protruding bone. 

Bleeding. 

e Discolored skin at the injury site. 


13-5. First aid for fractures involves immobilizing the affected area 


APPLY A RIGID SPLINT 


13-6. After the casualty’s other more serious injuries have been assessed and treated, the casualty’s 
suspected fracture of an arm or leg is treated. You will need a rigid or formable splint, four muslin 
bandages (cravats), three inch tape and a six inch elastic bandage, or field expedient materials in order to 
apply the rigid splint. 


13-7. The splint must immobilize the suspected fracture so it does not move and circulation is not 
impaired. Take body substance isolation precautions (use the gloves in the IFAK). Prepare the casualty for 
the application of the splint. 
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UPPEREXTREMITY FRACTURES 


13-8. To splint an upper extremity fracture— 
e Have the casualty sit up. 
e Havesomeone support the fractured extremity. 
e Remove all jewelry from the fractured extremity. 
e Expose the fracture site. 


LOWER EXTREMITY FRACTURES 


13-9. To splint an lower extremity fracture— 
e@ Have the casualty sit or lie down. 
e Have another person manually immobilize the fractured extremity. 
e Remove the foot gear and expose the fracture site. 


WARNING 


If a pulse cannot be felt, apply gentle manual traction in line with 


the long axis of the limb. This maneuver may restore the pulse. If 
a pulse does not return after one attempt, splint the limb in the 
most comfortable position for the casualty and evacuate the 
casualtyimmediately. 


e@ Check distal (at the wrist) pulse and capillary refill on the injured extremity. Prepare the splint 
for application. 


Note. If using a formable splint, measure and shape the splint on the injured extremity. 


FOREARM AND WRIST FRACTURES 


13-10. To splint a fractured wrist— 


e Fold the formable splint in half, upon itself creating a double layered splint, leaving one side 
approximately 1 inch longer than the other. 


e Take the folded end of the formable splint and roll at least two times toward the side with the 
shortest end. This will provide a natural curvature for the hand when the splint is applied. 


e Shape the formable splint into a C curve along the long axis from the rolled end to the opposite 
end. 


e Shape the splint until the splint generally conforms to the curve and shape of the limb being 
splinted. 


Pad the splint and fill in the voids as needed. 


e Place the fractured forearm in the splint with the hand in a natural curve on top of the rolled end 
of the splint. 


Tie one cravat above (proximal) and one cravat below (distal) the fracture site. 
Tie the tails of the cravats in a nonslip knot on the outside of the splint. 


Recheck the casualty’s pulse (at the wrist) and capillary refill. Loosen the cravats and reapply 
the splint if needed. 


e@ Cut the tails of the each cravat to prevent accidental entanglement when the casualty is moved. 


Apply a sling and a swath to further immobilize the fractured arm. See Chapter 20, Task 081- 
833-0265, on page 20-1. 
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ELBOW INJURY 


13-11. To splint an injured elbow— 


e The injured extremity should be placed in a V (bent) position with the forearm across the front 
of the chest between the neck and the abdomen (anterior thorax). 


Take one splint and fold in half, fold the splint in half again but along the long axis of the splint. 
Pad the formable splint if needed. 


FRACTURED LONG-BONE OF THE ARM (HUMERUS) 


13-12. To splint a fractured long-bone of the arm— 


e Fold one third of the 36 inch formable splint upon itself to create a 12 inch section of double- 
layered splint. 


e Bend the double layered portion of the splint into a J and tape both layers together. 
Support the casualty’s arm in an L shape. 


Hook the elbow with the J portion of the splint, running the rest of the splint along the upper arm 
towards the shoulder (on the outside of the arm). 


e Fold any excess splint that may be extending above the top of the shoulder, back upon itself 
(double layer). 


e Secure the splint with an elastic bandage below and above and then secure the elastic bandage 
with tape. 


e Apply a sling and swathe to further immobilize the fractured arm. See Chapter 20, Task 081- 
833-0265, on page 20-1. 


LOWER EXTREMITY INJURY 


13-13. To splint an lower extremity fracture— 
e@ Have the casualty sit or lie down. 
e Have another person manually immobilize the fractured extremity. 
e@ Remove the foot gear and expose the fracture site. 


ANKLE INJURY 


13-14. To splint an injured ankle— 


e Apply padding to the bony prominence of the medial and lateral ankle bones (middle to outside 
portion of the ankles). 


e Fold a 36 inch formable splint to create two equal halves. 


Note. When folding a formable splint, make sure the middle fold is large enough to 


accommodate the foot. 

e Fold both sides of the splint in a slight C to create rigidity along the long axis of the splint. 

e Apply the splint to the ankle by placing the foot in the stirrup position of the splint. 

e Form the splint to the length of the lower leg. 

e Secure the splint by wrapping the elastic bandage from the top of the foot around the bottom of 


the foot and up the length of the splint. 
e Tape the wrap in place. 
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TIBULA AND OR FIBULA FRACTURE (BONES OF THE LOWER LEG) 


13-15. To splint an injured tibula and or fibula— 


Apply padding to the bony prominence of the medial and lateral ankle bones (across the middle 
and outside of the ankle bones). 


Completely extend the entire 36 inch formable splint. 

Curve approximately six inches of the splint into a J shape. 

Forma C curve along the long axis of the remaining 30 inches of the splint. 
Perform the same steps to another 36 inches formable splint. 

Apply the splint to the outside area of the fractured tibia/fibula. 


Place the foot in the J portion of the splint and run the long axis of the splint up the leg toward 
the knee. 


Wrap both splints around the lower leg with an elastic bandage starting from the top of the foot, 
around the bottom of the foot and then up the length of the splints toward the knee. 


Apply the second splint to the inside area of the fractured tibia/fibula. 


Place the foot (with the previous splint) into the J and run the long axis of the splint up the leg 
toward the knee. 


Tape the wrap in place. 
Recheck the distal (at the ankle) pulse. 


PREPARE CRAVATS 


Note. If cravats are to be used in securing the splint to the injured extremity, position the cravats 
above and below the fracture site. 


13-16. Apply and secure the splint to the injured extremity with the limb in the position of function. 


FRACTURES OF THE FEMUR 


13-17. When a casualty has a fractured femur he should not be moved unless leaving him in place would 
result in greater injury being inflicted. Never attempt to straighten or apply traction on the fractured limb. 


Leave that procedure to medical personnel. 


13-18. When applying board splints to the long bones, ensure they are padded sufficiently over the boney 


CAUTION 


A fractured femur is a medical emergency. Medical assistance must 
be sought as soon as possible. Moving the casualty with a fractured 


femur may cause further life-threatening injury. If the casualty must be 
moved, ensure that the utmost care is taken when moving the 
casualty. 


parts of the leg. 


13-19. Cravats are placed above and below the fracture. 


13-20. An anatomical splint may be used, using the uninjured leg as the splint. Ensure the cravats, belts and 


other appropriate materials hold the leg security above and below the fracture as well as at the feet. 


13-21. Poles rolled in blanket and used as splints and tied off with cravats above and below the fracture 
site. The two cravats or other suitable material cover the chest and abdomen to secure the splint to the torso. 
Another cravat to hold the splint to the upper leg above the fracture and a minimum of three cravats below 


the fracture site. 


13-4 
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13-22. Observe for shock and apply first aid measures if necessary. See Chapter 8, Task 081-COM-1005, 
on page 8-1. 


Note. Recheck the distal pulse (anatomical point away from the injury) periodically to ensure 


that the swelling has not compromised the extremity. If swelling occurs and the distal pulse is 
lost, evacuate the casualty immediately. 


13-23. Record treatment given on the TCCC Card (DD Form 1380). 


13-24. Seek medical assistance and evacuate the casualty as soon as possible. 
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Chapter 14 
Rescue Breathing (081-831-0048) 


PERFORM RESCUE BREATHING 


14-1. If the casualty does not promptly resume adequate spontaneous breathing after the airway is open, 
rescue breathing (artificial respiration) must be started as follows: 


e Position yourself at the side or directly above the casualty’s head. 
@ Open the airway. See Chapter 3, Task 081-COM-1023, on page 3-1. 
e Use the head-tilt chin-lift method when there is no suspected spinal injury. 


WARNING 


Foreign body airway obstructions such as those caused by food 
or small objects are difficult to see and can cause both partial and 
complete airway obstructions. 


e Use the jaw thrust maneuver when trauma is observed or there is a suspected spinal injury. 


Note. Several factors can make it difficult to establish a patent airway such as trauma to the face 
that causes swelling and bleeding making it difficult to keep the airway clear. 


e Ventilate the casualty using the mouth-to-mouth or mouth-to-nose, as appropriate. 


MOUTH-TO-MOUTH METHOD 


14-2. Perform the mouth-to-mouth method of rescue breathing as follows: 


e@ Maintain the chin-lift method while pinching the nostrils closed using the thumb and index 
fingers of your hand on the casualty’s forehead. 


Take a regular breath and make an airtight seal around the casualty’s mouth with your mouth. 


Give one slow breath (lasting one second) into the casualty’s mouth, watching for the chest to 
rise and fall and listening and feeling for air to escape upon your cheek. 


Note. You must let go of the casualty’s nose once you have given the breath and you are 
watching for the rise and fall of the chest, in order to feel the air escape upon your cheek. 


e Ifthe chest rises and air escapes give a second slow breath. 


14-3. Check the carotid pulse, for at least five seconds but no longer than 10 seconds as follows: 


e While maintaining the airway, place the index and middle fingers of your hand on the casualty’s 
throat. 


e Slide the fingers into the groove beside the casualty’s Adam’s apple and feel for a pulse for no 
longer than 10 seconds. 


e Ifapulse is present, continue rescue breathing at the following rate: 
=» Adults: 12 to 20 breaths per minute. 
= Children (one year of age to onset of puberty): 15 to 30 breaths per minute. 
= Infants (less than one year of age): 25 to 50 breaths per minute. 
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Watch for rising and fall of chest. 
If a pulse is not found, initiate CPR. See Chapter 15, Task 081-831-0046, on page 15-1. 


If the chest does not rise or air does not escape, reposition the head, and repeat. Give a second 
slow breath and check the carotid pulse. 


MOUTH-TO-NOSE METHOD 


14-4. The mouth-to-nose method is recommended when you cannot open the casualty’s mouth, there are 
mouth or jaw injuries, or you cannot maintain a tight seal around the casualty’s mouth. 


14-2 


14-5. Initiate mouth-to-nose breathing as follows: 


Maintain the head-tilt with the hand on the forehead while using the other hand to lift the 
casualty’s jaw and close the mouth. 


Take a regular breath and make an airtight seal around the casualty’s nose with your mouth. 
Blow one full breath (lasting one second) into the casualty’s nose with your mouth. 


Note. It may be necessary to open the casualty’s mouth, or to separate the lips to allow air to 
escape. 


If the chest rises give a second full breath. 


Check the carotid pulse for at least five seconds but no longer than 10 seconds. While maintaining 
the airway, place the index and middle fingers of your hand on the casualty’s throat. Slide your 
fingers into the groove beside the casualty’s Adam’s apple and feel for a pulse no longer than 
10 seconds. 


If a pulse is present, continue rescue breathing at the following rate: 

=» Adults: 12 to 20 breaths per minute. 

= Children (one year of age to onset of puberty): 15 to 30 breaths per minute. 
= Infants (less than one year of age): 25 to 50 breaths per minute. 

Watch for rising and falling of the chest. 


14-6. If a pulse is not found, initiate CPR and seek medical aid. See Chapter 15, Task 081-831-0046, on 


page 15-1. 
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External Chest Compressions (081-831-0046) 


15-1. When coming upon an unresponsive, pulseless casualty who also exhibits a temporary interruption of 
breathing, time is of the essence in providing effective CPR. Administer external chest compressions until 
pulse is restored, you are relieved by other competent personnel, too exhausted to continue, the casualty is 
pronounced dead by an authorized person, or enemy fire prevents you from continuing until the casualty is 
moved behind cover. 


15-2. Establish unresponsiveness (gently shake the casualty, asking, Are you OK?). 
e Assess the casualty for a response and look for normal or abnormal breathing. 


Note. If there is no response and no breathing or no normal breathing (for example only gasping) 
shout for help. 


Tap the casualty’s shoulder and shout, Are you all right? 


e If the casualty is unresponsive, activate the emergency response system! This is typically 
accomplished by calling 911. 


e  Ifresponsive, continue evaluating the casualty. 


15-3. Check for signs of circulation as follows: 
e Attempt to feel the casualty’s carotid pulse (do not take more than 10 seconds). 


e If the casualty has a carotid pulse but is not breathing, perform rescue breathing. See Chapter 
14, Task 081-0831-0048, on page 14-1. 


e If you do not definitely feel a pulse within 10 seconds, perform 5 cycles of compressions and 
breaths (30:2 ratio) starting with compressions (compressions-airway-breathing sequence). 


15-4. Begin chest compressions as follows: 
e Ensure that the casualty is positioned on a hard, flat surface, in a supine position. Kneel next to 
the casualty. 


Note. If you suspect the casualty has a head or neck injury, try to keep the head, neck and torso 
in line when rolling the casualty to a face up position. 


e Position yourself on the casualty’s side. 
e Place the heel of one hand on the center of the casualty’s chest on the lower half of the 
breastbone. 


Note. You may either extend or interlace your fingers but keep your fingers off the casualty’s 
chest. 


Place the heel of your other hand on top of the first hand. 

Straighten your arms and lock your elbows and position your shoulders directly over your hands. 
Give 30 compressions. 

Push hard and fast. 

Press down at least 2 inches (5 centimeters) with each compression. 
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15-2 


15-5. 


15-6. 


15-7. 


15-8. 


Note. For each chest compression, make sure you push straight down on the casualty’s breast 
bone. This will require hard work. Adequate depth must be attained for at least 23 of the 30 
compressions. 


Deliver compressions in a smooth fashion at the rate of 100 per minute, (for example, an 
adequate rate would be 30 compressions in 18 seconds of less). 


At the end of each compression, make sure you allow the chest to recoil (re-expand) completely. 


CAUTION 


DO NOT move the casualty with CPR in progress unless the casualty 


is in a dangerous environment, or if you cannot perform CPR 
effectively in the casualty’s present position or location. 


Minimizeinterruptions. 


Note. DO NOT remove the heel of your hand from the casualty’s chest or reposition your hands 
betweencompressions. 


Open the airway. See Chapter 3, Task 081-COM-1023, on page 3-1. 


Note. There are two methods to opening of the airway to provide breaths, the head-tilt chin-lift 
or the jaw thrust. 


Give two full rescue breaths. 


Move quickly to the casualty’s head and lean over his mouth. 
Give two full rescue breaths (each lasting 1 second). 


Note. Deliver air over one second to make the casualty’s chest rise. 


Continue to alternate between chest compressions and ventilations (30:2) until— 


The casualty is revived. 

You are too exhausted to continue. 

You are relieved by a health care provider. 

The casualty is pronounced dead by an authorized person. 

A second rescuer states, I know CPR, and joins you in performing two-rescuer CPR. 


Limit pulse checks. 


15-9. Perform two-rescuer CPR, if applicable, as follows: 


Note. When performing two-rescuer CPR, the rescuers must change position every 2 minutes to 


avoid fatigue and increase the effectiveness of compressions. 


Compressor— 

= Give 30 chest compressions at the rate of 100 per minute. 

=» Compress the chest at least 2 inches (5 centimeters). 

= Allowthe chest to recoil completely after each compression. 

=» Minimize interruptions in compressions, (limit any interruptions to less than 10 seconds). 
=» Count compressions aloud. 
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= Switch duties with the second rescuer every 5 cycles or about 2 minutes, taking less than 5 
seconds to switch. 


e Ventilator— 
=» Maintain an open airway. See Chapter 3, Task 081-COM-1023, on page 3-1. 


CAUTION 


DO NOT push on the abdomen. If the casualty vomits, turn the casualty 
on his side, clear the airway (suction if available, usually provided 


by medical personnel/units), and continue CPR (if you suspect trauma, 
logroll the casualty as a unit), clear the airway, and then continue 
CPR. 


= Give breaths, watching for chest rise and avoiding excessive ventilation. 


Note. If signs of gastric distention are noted, do the following: 1. Recheck and reposition the 
airway. 2. Watch for the rise and fall of the chest. 3. Ventilate the casualty only enough to 
cause the chest to rise. 


=» Encourage the first rescuer/compressor to perform compressions that are deep enough and 
fast enough to allow complete chest recoil between compressions. 
=» Continue CPR switching duties as described in paragraph 15-8. 


Note. The rescuer doing rescue breathing should recheck the carotid pulse every 3 to 5 minutes. 


CAUTION 


During evacuation, CPR or rescue breathing should be continued en 
route if necessary. 


15-10. Continue evaluating the casualty when the pulse and breathing are restored. If the casualty’s 
condition permits, place him in the recovery position. See Chapter 3, Task 081-COM 1023, on page 3-1. 


15-11. Seek medical aid. 
15-12. Document the procedure on the TCCC Card (DD Form 1380). 
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Chapter 16 
Head Injuries (081-833-0038) 


TYPES OF HEAD INJURIES 


16-1 Head injuries range from minor abrasions or cuts to severe brain injuries that may result in 
unconsciousness and death. Head injuries are classified as open or closed. An open head injury is visible 
and has evidence of bleeding. A closed head injury may be visible (such as a depression in the skull), or 
the wound may not be visible (such as internal bleeding) and not visibly apparent. Some head injuries may 
cause unconsciousness; however, some very serious head injuries may not result in unconsciousness. 
Casualties with head and neck injuries should be treated as though they also may have a spinal injury. The 
casualty should not be moved until the head and neck are stabilized unless he is in immediate danger (such 
as close to a burning vehicle). Prompt first aid measures should be initiated for casualties with suspected 
head injuries. Always seek medical aid for any type of head injury. 


CLOSED HEAD INJURIES 


WARNING 


Brain injury, leading to a loss of function or death, often occurs 


without evidence of a skull fracture or scalp injury. Because the 
skull cannot expand, swelling of the brain or a collection of fluid 
pressing on the brain can cause pressure. This can compress 
and destroy brain tissue. 


16-2 Aclosed head injury caused by a direct blow to the head can result in— 


Deformity to the head. 

Clear fluid or blood escaping from the nose and/or ear(s). 

Periorbital discoloration (raccoon eyes). 

Bruising behind the ears, over the mastoid process (battle sign). 

Lowered pulse rate if the casualty has not lost a significant amount of blood. 


16-3 Signs of increased intracranial (inside the skull) pressure include— 


Headache, nausea, and/or vomiting. 

Possible unconsciousness. 

Change in pupil size and symmetry (equal/same size). 

Lateral loss of motor nerve function-one side of the body becomes paralyzed. 


Note. Lateral loss may not happen immediately but may occur later. 


Change in the casualty’s respiratory rate or pattern. 
Elevated body temperature. 
Restlessness (indicates insufficient oxygenation of the brain). 
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CONCUSSION 


16-4 Aconcussion is caused by a violent jar or shock and can result in— 
e Temporary unconsciousness followed by confusion. 
e Temporary, usually short term, loss of some or all brain functions. 
e The casualty has a headache or is seeing double. 
e The casualty may or may not have a skull fracture. 


Note. A direct blow to the skull may bruise the brain. 


CONTUSION 
16-5A contusion is an internal bruise or injury. It is more serious than a concussion. A contusion may 
result in— 
e The injured tissue may bleed or swell. 


e Swelling may cause increased intracranial (inside the skull) pressure that may result in decreased 
level of consciousness and even death. 


OPEN HEAD INJURY 


16-6An open head injury is notable for blood loss from the very vascular nature of the head and neck 
area. An open head injury may result in— 


e Penetrating wound-an entry wound with no exit wound. 
Perforating wound-the wound has both entry and exit wounds. 
Visibly deformed skull. 

Exposed brain tissue. 

Possible unconsciousness. 

Paralysis or disability on one side of the body. 

Change in pupil size. 


Lacerated scalp tissue-may have extensive bleeding. 


FIRST AID FOR HEAD INJURIES 


16-7 Provide direct manual stabilization of the head as follows: 


e Place your hands on each side of the casualty’s head, thereby, maintaining the position of the 
head in line with the body. 


e Support, or have someone support the head in this fashion. 


16-8 Assess the casualty’s level of consciousness by the following method: 
e Alert, Voice, Pain, Unconscious Method. 

Is the casualty alert? 

Does the casualty respond to verbal stimuli/commands? 

Does the casualty respond to painful stimulus? 


Is the casualty unconscious? 


INITIATE TREATMENT FOR A SUPERFICIAL HEAD INJURY 


16-9 Provide first aid for superficial head injury as follows: 
e Apply adressing. 
e@ Observe for abnormal behavior or evidence of complications. 
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HEAD INJURY INVOLVING TRAUMA 


16-10 Provide first aid for head injury involving trauma as follows: 
e@ Maintain a patent airway using the jaw thrust maneuver. 
Dress the head wounds. 


WARNING 


DO NOT apply pressure to or replace brain tissue. 


Control bleeding. 
Treat for shock. 
Seek medical aid. 


Monitor the casualty for convulsions or seizures. 


CAUTION 


DO NOT give the casualty anything by mouth. 


16-11 Monitor unstable casualties for the following— 


e Level of consciousness by using the before described; alert, responds to voice, reacts to pain 
stimuli, and is the casualty unconscious indicators. Is the casualty aware and alert? 


Pupils respond to light and are equal in size. 
Motor functions, casualty’s strength, mobility, coordination and sensation. 
Seek medical aid. 


Evacuate the casualty as soon as possible. 
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Chapter 17 
Abdominal Injuries (081-831-0028) 


17-1. The most serious abdominal wound is one which an object penetrates the abdominal wall and pierces 
internal organs or large blood vessels. In these instances, bleeding may be severe and death can occur 
rapidly. 
17-2. Position the casualty as follows: 

e Place the casualty on his back (face up). 

e Flex the casualty’s knees. 

e Turn the casualty’s head to the side and keep the airway clear if vomiting occurs. 


WARNING 


The most important concern in the initial first aid of abdominal 


injuries is shock. Shock may be present initially or develop later. 
Neither the presence nor absence of a wound, nor the size of the 
external wound is a safe guideline for judging the severity of the 
wound. 


e Initiate treatment for shock. See Chapter 8, Task 081-COM-1005, on page 8-1. 


CAUTION 


DO NOT attempt to replace protruding internal organs or remove any 
protruding foreign objects. 


e Expose the wound. Inspect for distention, contusions, penetration, eviscerations or obvious 
bleeding. 


e It may be necessary to use improvised dressings (if there are two wounds, entry and exit) for 
example strips of cloth, a T-shirt, or the cleanest material available. 
17-3. Stabilize any protruding objects. See Chapter 18, Task 081-833-0029, on page 18-1. 


17-4. Apply a sterile abdominal dressing as follows: 


Note. Protruding abdominal organs should be kept moist to prevent the tissue from drying out. 
A moist sterile dressing should be applied if available. 


e Using the sterile side of the dressing, or other clean material, place any protruding organs near 
the wound. (DO NOT try to push organs back inside the body.) 


e Ensure that the dressing is large enough to cover the entire mass of protruding organs or area of 
the wound. 


e If large enough to cover the affected area, place the sterile side of the plastic wrapper directly 
over the wound. 


e Place the dressing directly on top of the wound or plastic wrapper, if used. 
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CAUTION 


DO NOT apply pressure on the wound or expose internal parts/organs. 


e@ Tie the dressings loosely at the casualty’s side. 


17-5. If two dressings are needed to cover a large wound, repeat steps in paragraph 17-2. If necessary, 
loosely cover the dressing with cravats. Tie them on the side of the casualty opposite to that of the dressing 
ties. 
17-6. To avoid causing further injury to the casualty— 

e Donottouch any exposed organs. 

e Donottryto push any exposed organs back into the body. 

e Donottie the dressing tails tightly or directly over the wound. 

e Donot give the casualty anything by mouth. 


Note. Continue to evaluate the casualty and provide necessary first aid. 


17-7. Prepare the casualty for evacuation as follows: 
e Place the casualty on his back (face up) with the knees flexed. 
e If evacuation is delayed, check the casualty for shock every 5 minutes. 
e@ Seek medical aid. 
e Record the procedures applied on the TCCC Card (DD Form 1380). 
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Impalement Injuries (081-833-0029) 


18-1. Dependent upon where the impaled object is located on the body, extreme care must be exercised. 
Improper methods may cause severe injury and possess the potential for further disability and death. 


WARNING 


DO NOT exert any force on or attempt to remove the impaled 


object unless the object is impaled in the cheek and both ends of 
the object can be seen or unless the object is blocking the airway. 
Severe bleeding or nerve and muscle damage may result. 


18-2. Apply first aid for an impaled object as follows: 


Tell the casualty to remain still and not to move the impaled object. 

Expose the injury by cutting away or removing clothing or equipment around the wound site. 

If the impalement is on an extremity, check the pulse distal (situated away from the center of the 
body or injury) from the injury site. 

If the impalement is found in the cheek and both ends of the object can be seen, perform the 
following: 

=» Remove the object in the direction it entered the cheek. 

= Position the casualty to allow for drainage. 

= If both ends of the object in the cheek cannot be seen, immobilize the impaled object. 


Note. If an assistant is available, one person should immobilize the object while the other 
applies the dressings and bandages. 


WARNING 


DO NOT exert force on the object. 


If necessary, apply direct pressure using gloved hands on either side of the object. 


Place several layers of bulky dressings around the injury site so that the dressings surround the 
object. 


Use additional bulky materials or dressings to build up the area around the object. 
Apply the support bandages. 
Apply the bandage over the bulky support material to hold it in place. 


WARNING 


DO NOT anchor the bandage on or exert pressure on the impaled 
object. 
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e Apply the bandage tightly but not so tightly as to impair circulation or breathing. 
e Check circulation after applying the support bandages. 


Note. If a pulse was palpated (felt) on an extremity and cannot be palpated after the bandage has 
been applied, the bandage must be loosened until a pulse can be palpated. 


WARNING 


Do NOT anchor a splint or sling to the impaled object. Avoid 
undue motion of the impaled object when applying a splint. 


Immobilize the affected area with a splint or sling, if applicable. 
Check for a pulse distal (far side of the wound) to the injury site. 
Treat for shock, if necessary. 


Seek medical assistance. 
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Apply an Elastic Bandage (081-933-0264) 


19-1, Select the appropriate bandage material for the injury as follows: 


Note. The width of the bandage to use is determined by the size of the part to be covered. Asa 
general rule; the larger the part or the area, the wider the bandage applied. 


e Use gauze or a gauze bandage roll for bleeding injuries of the hand, wrist, elbow, shoulder, 
groin, knee, ankle, and foot. 


e Use an elastic roller bandage for amputations, arterial bleeding, sprains, and torn muscles as 
follows: 


=» Hand: 2-inch bandage. 
=» Lower arm, lower leg, and foot: 3-inch bandage. 
=» Thighand chest: 4- to 6-inch bandage. 


Note. Elastic roller bandages may be used whenever pressure support or restriction of 
movement is needed. They should not be used to secure dressings. 


19-1, Prepare the patient for bandaging as follows: 
e Position the body part to be bandaged in a normal resting position (position of function). 


Note. Bending a bandaged joint changes the pressure of the bandage in places of stress (elbow, 
knee, and ankle). 


e Ensure the body part to be bandaged is clean and dry. 


e Place pads over bony places or between skin surfaces to be bandaged (such as fingers and 
armpits). 


CAUTION 


DO NOT wrap too tightly. The roller bandage may act as a tourniquet 
on an injured limb, causing further damage. 


19-1, Apply the anchor wrap by— 
e Laying the bandage end at an angle across the area to be bandaged. 
e Bringing the bandage under the area, back to the starting point, and make a second turn. 
e Folding the uncovered triangle of the bandage end back over the second turn. 
e Covering the triangle with a third turn, completing the anchor. 


19-1, Apply the bandage wrap to the injury as follows: 


e Use a circular wrap to end other bandage patterns, such as a pressure bandage, or to cover small 
dressings. 


e Use a spiral wrap for a large cylindrical area such as a forearm, upper arm, calf, or thigh. The 
spiral wrap is used to cover an area larger than a circular wrap can cover. 


e Use a reverse spiral wrap to cover small to large conical areas, for the example, from ankle to 
knee. 
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e Use a figure eight wrap to support or limit joint movement at the hand, elbow, knee, ankle, or 
foot. 

e Use a spica wrap (same as the figure eight wrap) to cover a much larger area such as the hip or 
shoulder. 


e Use arecurrent wrap for anchoring a dressing on fingers, the head, or on a stump. 


Note. Bandage width depends on the site, 1-inch wide for fingers and 3-, 4-, or 6-inches wide 
for the stump or head. 


19-1, Check circulation after application of the bandage as follows: 
e Check the pulse distal (away from the anatomical center) to the injury. 


e Check for capillary refill (under the fingernails or toenails) less than 2 seconds is normal, if 
applicable. 


e Inspect the skin below the bandaging for discoloration. 
e Ask the patient if any numbness, coldness, or tingling sensations are felt in the bandaged part. 
e@ Remove and reapply the bandage, if necessary. 

19-1, Check for irritation as follows: 


e Ask the casualty if the bandage rubs. 

e Check the bandage for wrinkles near the skin surface. 

e Check for red skin or sores (ulcers) when the bandage is removed. 
e@ Remove and reapply the bandage, if necessary. 


19-1, Elevate injured extremities to reduce swelling (edema) and control bleeding, if appropriate. 
19-1, Record the procedures on TCCC Card (DD Form 1380). 
19-1, Seek medical aid. 


19-10, Evacuate the casualty if necessary. 
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Apply a Sling and Swath (081-833-0265) 


20-1. A sling is a triangular bandage used to support the shoulder and arm. Once the casualty’s arm is 
placed ina sling, a swath can be used to hold the arm against the side of the chest. To apply a sling— 


e Evaluate distal circulation (for example, the radial pulse [at the wrist]; the posterior tibial pulse 
[on the inside of the ankle]), sensation, and motor functions of the extremity. 


e Prepare the sling by folding cloth into a triangle. 

Note. A triangular bandage makes an ideal arm sling. 

e Fold the injured arm across the casualty’s chest. 

Note. If the casualty cannot hold their arm, have someone assist them until you tie the sling. 


Position the sling over the top of the casualty’s chest. 

Extend one point of the triangle beyond the elbow on the injured side. 
Take the bottom point and bring it up over the casualty’s arm. 
Continue to take it over the top of the injured shoulder. 


If appropriate, draw up the ends of the sling so that the casualty’s hand is about 4 inches above 
the elbow. 


CAUTION 


If a spinal injury is suspected, do not tie the sling around the casualty’s 
neck, instead, pin the ends to the casualty’s clothing securely. 


Tie the ends of the sling together. 

Make sure the knot does not press against the back of the casualty’s neck. 
Pad with bulky dressings. 

Confirm the casualty’s fingertips are left exposed. 

Evaluate circulation, sensation, and motor function. 

If pulse has been lost, take off the sling and repeat the procedure. 

If procedure was repeated, recheck circulation, sensation, and motor function. 
Forma pocket for the casualty’s elbow. 

Take hold of the point of material at the elbow and fold it forward, pinning it to the front of the 
sling. 

e If you do not have a pin, twist the excess material and tie a knot in the point. 


20-2. To hold the sling securely next to the body, apply a swath as follows: 


e Forma swath from a second piece of material by tying it around the chest and the injured arm, 
over the sling. 


Note. Do not place it over the casualty’s arm on the uninjured side. 


e Reevaluate circulation, sensation, and motor function. 
e@ Monitor casualty until evacuation. 
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Chapter 21 
Treat a Casualty for Snakebite (081-833-0073) 


21-1, When encountering a casualty with snakebite, scan the ground around the area to ensure the scene is 
safe. Stay calm and take necessary body substance isolation precautions. 


21-1, Expose the injury site. 


WARNING 


Each person reacts differently to a snakebite. You should 
consider the bite from any known poisonous snake or any 
unidentified snake, to be an emergency. 


CAUTION 


If the bite cannot be positively identified as nonpoisonous, the bite 
should be treated as a poisonous bite. Do not delay treatment during 
this step. 


21-1, Determine the type of snakebite as follows: 


Note. Staying calm and keeping the casualty calm and at rest is critical. 


e@ Nonpoisonous— 
=» Four to six rows of teeth. 
=» No fangs. 
@ Poisonous— 
=» Tworows of teeth. 
= Two fangs which create puncture wounds. 


WARNING 


Exception is the coral snake, a poisonous snake that does not 
have fangs. It leaves a semicircular pattern with its teeth as it 
chews the skin. 


= Elliptical pupils or vertical slits, much like those of a cat. 
= Pit between the eye and mouth. 


= A variety of different-shaped blotches on backgrounds of pink, yellow, olive, tan, gray, or 
brown skin. 
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Note. The exception to color is the coral snake which is ringed with red, yellow and black. An 
old ditty is offered to assist in identifying a coral snake, red on yellow will kill a fellow, red on 
black, venom it will lack. 


21-1, Check the casualty for the following signs and symptoms of a poisonous snakebite: 


Note. The signs and symptoms of a poisonous snakebite generally occur immediately. 


e Anoticeable bite on the skin which may appear as nothing more than discoloration. 


e Pain and swelling in the area of the bite, which may be slow to develop, taking from 30 minutes 
to several hours. 


Rapid pulse and labored breathing. 
Progressive general weakness. 
Vision problems (dim or blurred). 
Seizures. 

Shock. 

Dizziness or faintness. 

Fever, chills, or sweating. 

Nausea and vomiting. 

Drowsiness or unconsciousness. 
Paralysis. 

Coma. 


WARNING 


Never delay care and transport in order to capture the snake. 


CAUTION 


Do not give the casualty any sedatives, alcohol, food, or tobacco. 


21-1, Initiate treatment as follows: 


Note. If the dead or captured snake is at the scene, it is not your role to identify the snake, but to 
place it in a sealed container and transport it along with the casualty. 


e@ Never scrub the area or apply a cold pack to snakebites. There may only one fang mark. 
e Fornonpoisonous snakebite— 


= Wash the area around the bite gently using mild or a strong soap solution and sterile saline 
(if available), or clean water. 


= Ifthe casualty has a current tetanus toxoid series, refer, transport the casualty to the medical 
officer or doctor. 


= If the casualty does not have a current tetanus toxoid series, transport the casualty to a 
medical treatment facility. 
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e For poisonous snakebite— 


WARNING 


DO NOT cut the bite and suction or squeeze the bite site. 


Wash the area around the bite gently using a mild or strong soap and sterile normal saline if 
available, otherwise, clean water. 


Keep the casualty calm and reassured. 

Explain to the casualty what will be done. 

Limit their physical activity. 

Keep any bitten extremities immobilized-the application of a splint will help. 
Lower the injection site below the level of the heart. 

Remove any rings, bracelets, or other constricting items on the bitten extremity. 


Note. Removing jewelry or other constricting objects from the casualty’s affected limb will help 
in case the limb swells, which could make removal more difficult later. 


e Seek medical assistance and direction as follows: 


Ask for the best receiving medical facility where antivenom is most readily available to treat 
the casualty. 

Ask medical direction and follow local protocols or instructions in the application of a 
constricting band in the first aid of snakebite, proximal to the bite. 

Record first aid applied on the TCCC Card (DD Form 1380). 


e Evacuate the casualty. 


Note. Rapid transport and administration of antivenom are the most effective interventions for 
the treatment of life-threatening snakebites. 


21-1, If accompanying the casualty on CASEVAC to a medical treatment facility, observe the casualty 
carefully for signs and symptoms of allergic reaction, monitoring the airway, breathing, circulation, vital 
signs (for first aid purposes; pulse and respiration), distal pulse of the bitten extremity, treating for shock, 
and conserving body heat. 
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Initiate Treatment for Anaphylactic Shock (081-833-0003) 


22-1, When initiating first aid for anaphylactic shock it is imperative to seek medical assistance 
immediately and acquire the casualty’s epinephrine autoinjector if available. 


Note. Anaphylactic reactions occur within minutes or even seconds after contact with the 
substance to which the casualty is allergic. Reactions occur in the skin, respiratory system, and 
circulatorysystem. 


22-1 
e 
e 
e 
e 
e 


. Check the casualty for signs and symptoms of anaphylactic shock as follows: 


Skin— 


Flushed or ashen. 

Burning or itching. 

Edema (swelling), especially in the face, tongue, or airway. 
Urticaria (hives) spreading over the body. 

Marked swelling of the lips and cyanosis about the lips. 


Respiratory— 


Tightness in or pain in the chest. 

Sneezing and coughing. 

Wheezing, stridor (high pitched wheezing sound) or difficulty in breathing (dyspnea). 
Sputum (may be blood tinged). 

Respiratoryfailure. 


Circulatory— 


Weak, rapid pulse. 
Falling blood pressure. 
Hypotension. 
Dizziness or fainting. 
Coma. 


Open the airway, if necessary. See Chapter 3, Task 081-COM-1023, on page 3-1. 


Seek medical assistance and transportation immediately concurrent with providing first aid 
measures. Send a runner or have a bystander call for help. 


Note. In cases of airway obstruction from swelling of the airway, trained medical intervention is 


required. 


e Administer the casualty’s autoinjector, if available, as follows: 


Pediatric autoinjector single dose, 0.15 milligrams, adult autoinjector single dose for greater 
than 66 pounds, 0.3 milligrams. Follow the directions for administration and use provided 


with the autoinjector. 


Note. Annotate the time of injection on the TCCC Card (DD Form 1380). 
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Additional epinephrine may be required if anaphylaxis progresses. Additional dose may be 
administered every 5 to 10 minutes if the casualty has been prescribed additional 


autoinjectors. 
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22-2 


Provide supportive measures for the treatment of shock, respiratory failure, circulatory collapse, 

or cardiac arrest as follows: 

= Position the casualty in the supine position (on his back) with legs elevated if injuries 
permit. 

= Perform rescue breathing, if necessary. See Chapter 14, Task 081-831-0048, on page 14-1. 

=» Administer external chest compressions, if necessary. See Chapter 15, Task 081-831-0046, 
on page 15-1. 

Check the casualty’s vital signs (pulse and respiration) every 3 to 5 minutes until the casualty is 

stable. 

Record the first aid provided on the TCCC Card (DD Form 1380). 


Request medical evacuation for the casualty. The use of CASEVAC is not recommended, with 
the exception, if no medical evacuation is available. The casualty must be taken to the nearest 
medical treatment facility as soon as possible. 
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23-1. Transporting a casualty away from danger or to an evacuation vehicle is a key component of first aid. 
Care must be exercised in order not to further injure the casualty. More information concerning the 
transport and evacuation of casualties is found in STP 8-68W13-SM-TG and in ATPs 4-25.13 and 4-02.2. 
The movement of casualties requires risk assessment. See ATP 5-19 for more information. 


WARNING 


If the casualty was involved in a vehicle crash you should always 
consider that he may have a spinal injury. Unless there is an 


immediate life-threatening situation (such as fire, explosion), DO 
NOT move the casualty with a suspected back or neck injury. 
Seek medical personnel for guidance on how to transport the 
casualty. 


REMOVING A CASUALTY FROM A VEHICLE 


23-2. To remove a casualty from a vehicle if necessary, laterally— 
e@ With the assistance of another Soldier, grasp the casualty’s arms and legs. 


e While stabilizing the casualty’s head and neck as much as possible, lift the casualty free of the 
vehicle and move him to a safe place on the ground. 


Note. If medical personnel are available, they may stabilize the casualty’s head, neck, and upper 
body with a special board or splint. 


23-3. To remove a casualty from a vehicle if necessary, upward— 


Note. You may have to remove a casualty upward from a vehicle; for example, from the 
passenger compartment of a wheeled vehicle lying on its side, or from the hatch of an armored 
vehicle sitting upright. 


e@ You may place a pistol belt or similar material around the casualty’s chest to help pull him from 
the vehicle. 


e With the assistance of another Soldier inside the vehicle, draw the casualty upward using the 
pistol belt or similar material or by grasping his arms. 


e While stabilizing the casualty’s head and neck as much as possible, lift the casualty free of the 
vehicle and place him on the topmost side of the vehicle. 


Note. If medical personnel are available, they may stabilize the casualty’s head, neck, and upper 
body with a special board or splint. 


e Depending on the situation, move the casualty from the topmost side of the vehicle to a safe 
place on the ground. 
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WARNING 


DO NOT use manual carries to move a casualty with a neck or 


spine injury, unless a life-threatening hazard is in the immediate 
area. Seek medical guidance on how to move and transport the 
casualty. 


TYPES OF MANUAL CARRIES 


23-4. Manual carries are used to move a casualty a short distance to a safer location (cover), a greater level 
of care, or to a medical evacuation vehicle or a CASEVAC transport. 


23-5. Select an appropriate method to transport the casualty as follows: 


Note. The fireman’s carry is the typical one-man carry practiced in training. However, in 
reality, with a fully equipped casualty, it is nearly impossible to lift a Soldier over your shoulder 
and move to cover quickly. 


e  Fireman’s carry—use for an unconscious or severely injured casualty. 


CAUTION 


DO NOT use the neck drag if the casualty has a broken arm or a 
suspected neck injury. 


Neck drag—use in combat for short distances. 


e Cradle-drop drag—use to move a casualty who cannot walk when being moved up or down 
stairs. 


e Use litters if materials are available, if the casualty must be moved a long distance, or if manual 
carries will cause further injury. 


EVACUATE THE CASUALTY USING THE APPROPRIATE TYPE OF 
CARRY 


23-6. Once the appropriate type of carry is selected, evacuate the casualty. 


23-7. Conduct a Fireman’s carry by using the following procedures: 
e@ Kneel at the casualty’s uninjured side. 
e Place the casualty’s arms above his head. 
e Cross the ankle on the uninjured side over the opposite ankle. 
e 


Place one of your hands on the shoulder farther from you and your other hand on his hip or 
thigh. 


e Roll the casualty toward you onto his abdomen. 
e = Straddle the casualty. 


Note. Care must be taken to keep the casualty’s head from falling backward, resulting in a neck 
injury. 


e Place your hands under the casualty’s chest and lock them together. 
e Lift the casualty to his knees as you move backward. 
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Continue to move backwards, thus straightening the casualty’s legs and locking the knees. 


Walk forward, bringing the casualty to a standing position but tilted slightly backward to prevent 
the knees from buckling. 


Maintain constant support of the casualty with one arm. Free your other arm, quickly grasp his 
wrist, and raise the arm high. 


Quickly pass your head under the casualty’s raised arm, releasing it as you pass under it. 

Move swiftly to face the casualty. 

Secure your arms around his waist. 

Immediately place your foot between his feet and spread them (approximately 6 to 8 inches 
apart). 

Again grasp the casualty’s wrist and raise the arm high above your head. 


Bend down and pull the casualty’s arm over and down your shoulder bringing his body across 
your shoulders. At the same time pass your arm between the legs. 


Grasp the casualty’s wrist with one hand while placing your other hand on your knee for 
support. 


Rise with the casualty correctly positioned. 


Note. Your other hand is free to use as needed. 


WARNING 


DO NOT use the neck drag if the casualty has a fractured arm ora 
suspected neck injury. If the casualty is unconscious, protect his 
head from the ground. 


23-8. Conduct a neck drag by using the following procedures: 


Place the casualty on his back, if not already there, otherwise, use the following steps: 

=» Kneelat the casualty’s uninjured side. 

= Place the casualty’s arm above his head. 

= Cross the ankle on the injured side over the opposite ankle. 

= Place one of your hands on the shoulder farther from you and your other hand on his hip or 
thigh. 

= Roll the casualty toward you onto his abdomen. 


Once the casualty is on his back, tie the casualty’s hands at the wrists. (If conscious, the 
casualty may clasp his hands together around your neck.) 


Straddle the casualty in a kneeling face-to-face position. 
Loop the casualty’s tied hands over and around your neck. 
Crawl forward, looking ahead, dragging the casualty with you. 
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STUDY UNIT 3 
EQUATIONS 
Introduction. You have completed the first two study units of this course. You will use 
your acquired knowledge by applying it appropriately to equations frequently used in the 
electronic maintenance field. There are three lessons in this study unit. They cover simple 
equations, fractional equations, and linear equations. Upon completion of this study unit, 
you should have little or no difficulty in solving any electronic formula or equation that 
relates to electronic circuits. 
Lesson 1. INTRODUCTION TO EQUATIONS 
LEARNING OBJECTIVES 
1. | Demonstrate the seven algebraic axioms by applying them to given equations. 


2. Solve given literal equations containing one unknown by applying appropriate axioms. 


3. Solve given literal equations (formulas) for a specified variable by applying the 
appropriate axioms. 


4. Solve given equations involving ratio and proportion. 
3101. Solving Equations 
For you to solve equations, you must understand certain facts about them regardless of whether 
they contain whole numbers or factions. The following material covers background information 
on the fundamentals of solving equations. The background material addresses definitions and 
information on axioms that you need. The seven axioms are discussed. You will be able to solve 
equations as you manipulate numbers across the equality sign and also maintain the truth of the 


equation. Study the following definitions. Examples are provided. 


a. Equation. A mathematical statement that two numbers or quantities are equal. The 
equality sign (=) is used to separate the two statements 


b. | Left member. Terms to the left of the equality sign as shown in the following example. 


c. | Rightmember. Terms to the right of the equality sign as shown in the following example. 


3-1 


Chapter 23 


23-9. Conduct a cradle drop drag by using the following procedures: 
e@ With the casualty lying on his back, kneel at the head. 
e Slide your hands, palms up, under the casualty’s shoulders. 
e@ Geta firm hold under his armpits. 
e Partially rise, supporting the casualty’s head on one of your forearms. 


Note. You may bring your elbows together and let the casualty’s head rest on both of your 
forearms. 


e@ With the casualty in a semi-sitting position, rise and drag the casualty backwards. 


e Back down the steps (or up if appropriate), supporting the casualty’s head and body and letting 
the hips and legs drop from step to step. 


LITTERS 


23-10. When possible, a casualty should be transported on a litter rather than using a manual carry. A 
litter has many advantages as delineated in ATP 4-25.13. 


POLYMER FLEXIBLE LITTER 


23-11. Evacuate the casualty using a commercial polymer flexible litter (referred further in the text as a 
flexible litter, or litter). First prepare the flexible litter for transport by— 


e Removing the flexible litter from the pack and placing it on the ground. 

e Unfastening the retainer strap. 

e Stepping on the foot end of the flexible litter and unrolling the flexible litter completely. 
e Bending the flexible litter in half and back roll. 

e Repeating with the opposite end of the litter so that the flexible litter lays flat. 

e Pointing out the handholds, straps for the casualty, and dragline at the head of the litter. 


23-12. Place and secure a casualty onto to a flexible litter by conducting the following: 
e Place the flexible litter next to the casualty so that the head end of the litter is next to the 
casualty’s head. 
Place the cross straps under the flexible litter. 
Log roll the casualty onto his side in a steady and even manner. 
Slide the flexible litter as far under the casualty as possible. 
Gently roll the casualty until he is again lying on his back with the litter beneath him. 


Slide the casualty to the middle of the flexible litter, keeping his spinal column as straight as 
possible. 


e Pull out the strap from under the flexible litter. 

e Bring the straps across the casualty. 

e Lift the sides of the flexible litter and fasten the four cross straps to the buckles directly opposite 
the straps. 
Lift the foot portion of the flexible litter. 

e Feed the foot straps over the casualty’s lower extremities and through the unused grommets at 
the foot end of the flexible litter. 


23-13. Lift the casualty by— 


Note. For a flexible litter, lift the sides of the flexible litter and fasten the four cross straps to the 
buckles directly opposite the straps. Lift the foot portion of the flexible litter and feed the foot 
straps through the unused grommets at the foot end of the flexible litter and fasten the buckles. 
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e Using for Soldiers (two on each side), all facing the casualty’s feet. Have each Soldier grab a 
handle with their inside hand. 


e In one fluid motion on the preparatory command of prepare to lift and then command of 
execution of lift, raise as a unit holding the casualty parallel and even. 


MULTIHINGED FOLDING LITTER 


23-14. A multihinged folding litter (referred further in the text as a multihinged litter, or litter), is often 
used in tactical situations where compact size is valued. When unfolded, the litter approximates the 
dimensions of a standard litter. 

23-15. Evacuate a casualty by preparing a multihinged litter for use by— 

Removing the litter from the bag. 

Standing the litter upright and releasing buckles from the litter. 

Placing the litter on the ground and completely extending it with the fabric side facing up. 


Keeping the multihinged litter as straight as possible, grab the handles and rotate them inwards 
until all the hinges rotate and lock. 


Note. This action is done best by using two individuals on each end of the litter executing this 
step simultaneously. 


e While maintaining the hinges in the locked position, apply firm, steady pressure on the spreader 
bar with your foot. Increase pressure with your foot until the spreader bar locks into place. 
23-16. Place the casualty on the litter as follows: 


e Place the litter next to the casualty. Ensure that the head end of the litter is beside the head of 
the casualty. 


e Log roll the casualty and slide the litter as far under him as possible. Gently roll the casualty 
down onto the litter. 


e@ Slide the casualty to the center of the litter. Be sure to keep the spinal column as straight as 
possible. 


e Secure the casualty to the litter using litter straps or other available materials. 


IMPROVISED LITTERS 


23-17. There are times when a casualty may have to be moved and a standard litter is not available. 
Evacuate a casualty by using an improvised litter. More improvised litters are found in ATP 4-25.13. 


Poncho Improvised Litter 


23-18. Use a poncho with two poles or limbs as follows: 


e@ Open the poncho and lay the two poles lengthwise across the center forming three equal 
sections. 


Reach in, pull the hood up toward you, and lay it flat on the poncho. 
Fold on section of the poncho over the first pole. 
e Fold the remaining section of the poncho over the second pole to the first pole. 


Jacket Improvised Litter 


23-19. Use shirts or jackets and two poles or limbs by using the following procedure: 
e Zipper closed two uniform jackets and turn them inside out, leaving the sleeves inside. 


e = Lay the jackets on the ground and pass through the sleeves, leaving one at the top and one at the 
bottom of the poles to support the casualty’s whole body. 
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23-20. Place the casualty on the improvised litter by using the following procedure: 
Lift the litter. 


e Place the litter next to the casualty. Ensure the head end of the litter is adjacent to the head of 
the casualty. 


e Slide the casualty to the center of the litter. Be sure to keep the spinal column as straight as 
possible. 


e Secure the casualty to the litter using litter straps or other available materials. 


LOAD CASUALTIES ONTO A MILITARY VEHICLE 


23-21. Information concerning ground ambulances, air ambulances, and CASEVAC is found in ATP 
4-02.2 and STP 8-68W13-SM-TG. 


Ground Ambulance 


Note. Ground ambulances have combat medics to take care of the casualties during evacuation. 
Follow any special instructions they give for loading, securing, or unloading casualties. 


23-22. When loading a ground ambulance, use the following procedures: 

Make sure each litter casualty is secured to his litter. Use the litter straps when available. 
Load the most serious casualty last. 

Load the casualty head first (head in the direction of travel) rather than feet first. 

Make sure each litter is secured to the vehicle. 


Note. Unload casualties in reverse order, most seriously injured casualty first. 


Air Ambulance 
Note. Air ambulances have combat medics (flight medics) to take care of the casualties during 


evacuation. Follow any special instructions that they give for loading, securing, or unloading 
casualties. 


23-23. When loading air ambulances, use the following procedures and precautions: 
e Remain 50 yards from the helicopter until the litter squad is signaled to approach the aircraft. 


WARNING 


Never go around the rear of the UH-60 or UH-1 aircraft. 


e Approach the aircraft in full view of the aircraft crew, maintaining visual confirmation that the 
crew is aware of the approach of the litter party. Ensure that the aircrew can continue to visually 
distinguish friendly from enemy personnel at all times. Maintain a low silhouette when 
approaching the aircraft. 

e Approach UH-60 and UH-1 aircraft from the sides. Do not approach from front or rear. If you 
must move to the opposite side of the aircraft, approach from the side the exterior of the aircraft. 
Then hug the skin of the aircraft, and move around the front of the aircraft to the other side. 

e Approach CH-47 aircraft from the rear. 

e@ Approach MH-53 aircraft from the sides to the rear ramp, avoiding the tail rotor. 

Approach nonstandard aircraft in full view of the crew, avoiding tail rotors, main rotors, 
propellers, and jet intakes. 
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e@ Approach performance aircraft (M/C-130, C-17, and C-5B) from the rear, under the guidance of 
the aircraft loadmaster or the ground control party. 


Load the most seriously injured casualty last. 


Load the casualty who will occupy the upper berth first, and then load the next litter casualty 
immediately under the first casualty. 


Note. This is done to keep the casualty from accidentally falling on another casualty if his litter 
is dropped before it is secured. 


e@ When casualties are placed lengthwise, position them with their heads toward the direction of 
travel. 


@ Make sure each litter casualty is secured to the litter. 
Make sure each litter is secured to the aircraft. 


Note. Unload casualties in reverse order, most seriously injured first. 


Ground Military Vehicles 


23-24. Ground military vehicles used to transport casualties are referred to as CASEVAC. When nonmedical 
military vehicles are used, medical equipment and oftentimes medical personnel are not present. See 
FM 4-02, ATPs 4-02.2 and 4-02.3 for information and appropriate cautions when using CASEVAC for 
transport of casualties. 


Note 1. Nonmedical military vehicles may be used to evacuate casualties when no medical 
evacuation vehicles are available. 


Note 2. If medical personnel are present, follow their instructions for loading, securing, and 
unloading casualties. 


23-25. The following are guidelines for loading casualties into a ground evacuation vehicle: 
@ When loading casualties into the vehicle, load the most seriously injured last. 


e@ When the casualty is loaded lengthwise, load the casualty with his head pointing forward, toward 
the direction of travel. 


Ensure each casualty is secured to the litter. Use litter straps if available. 
Secure each litter to the vehicle as it is loaded into place. Make sure each litter is secured. 


Note. Unload casualties in reverse order, most seriously injured casualty first. 
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Initiate First Aid for Lacerations of the 
Eyelid (081-833-0040) With IFAK Eye-Shield 


SURVEY 
24-1. Survey the situation, if the injury is from chemical exposure, immediately wash the eye (see Task 081- 
833-0044). Otherwise, DO NOT put anything on the eye ITSELF, especially if you think the eye is cut. 


24-2. If necessary, remove the casualty’s headgear. Position and treat the casualty as follows: 
e Conscious casualty will be placed in a seated position. 


e Unconscious casualty will be placed in a supine position with the head slightly elevated. 
e Gently clean any dirt or blood from the affected area around the eye. 


WARNING 


DO NOT put pressure on the eye or remove anything from the eye 
surface. This could cause additional harm, such as loss of 
eyesight or loss of the eye. 


24-3. Examine the eyes for the following: 
e Objects protruding from the eyes. 
Look for foreign objects in or on eyes and damage to the eyes. 
Swelling or lacerations of the eyes. 
Bloodshot appearance of the white of the eyes. 
Bleeding— 


= Surrounding the eye. 
=» From inside the eyeball. 
=» Coming from the eyeball. 


24-4. Ask the casualty if he is wearing contact lenses, but DO NOT force the eyelids open. Record and 


communicate to medical personnel (first responders, emergency medical technicians, or combat medics) 
that contact lenses are being worn. 


24-5. Categorize the injury as follows: 
e Injury to the tissue surrounding the eye (lacerations and contusions). 


e Injury to the eyeball. (See Task 081-833-0039.) 
e Extrusion (the eye is protruding out of the eye socket). (See Task 081-833-0042.) 
e Foreign bodies. (See Task 081-833-0039.) 
e  Protruding (impaled) objects. (See Task 081-833-0039.) 
SHIELD 


24-6. Provide first aid for the injury as follows: 


Note. Torn eyelids should be handled carefully. Wrap any fragments in a separate moist 
dressing and evacuate with the casualty. 


e Control bleeding with light pressure from a dressing. 
e Gently clean any dirt or blood from the affected area around the eye. 
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WARNING 


DO NOT use any pressure if you suspect that the eyeball itself 
has been injured. 


e@ Cover the eyelid with the rigid eye-shield provided in the IFAK, the joint first aid kit, or anything 
that provides a hard cover over the eye such as— 


= Eye protective gear—ballistic glasses or goggles. 


=» The bottom ofa disposable cup, for example one made of extruded polystyrene (foam), 
plastic, or paper. 


Note. This helps prevent any undue pressure or further damage to the eye. 


=» Secure the shield by applying tape from the cheek to the forehead (see Figure 24-1). If no 
tape is available, use gauze, cloth dressing, shoelace, or string to secure in place. 


a 


Figure 24-1. Rigid eye-shield or cup properly secured over the injury. 


CAUTION 


ALWAYS use a rigid eye-shield to provide a barrier to prevent further 
damage, and NEVER place anything under the rigid eye-shield or 
directly on the eye. 
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24-7. Preserve any avulsed (detached) skin or tissue in clean sterile gauze soaked in saline (if available) and 
transport it with the casualty for possible grafting. 


24-8. Cover the uninjured eye with a bandage to decrease movement. 


Note. In hazardous conditions (such as combat or unsure footing), leave the good eye 
uncovered long enough to ensure the casualty’s safety. 


SEEK EVACUATION AND MEDICAL AID 


24-9. While seeking medical or casualty evacuation, do not cause further injury— 
e Limit movements that could cause further injury to the eye. 
e Do not administer medication to prevent coughing, sneezing, or vomiting. 
24-10. Consider giving the antibiotic tablet provided in the combat pill pack if medical treatment will take 


more than three hours from the time of injury and if giving the medication to the casualty does not cause 
nausea. 


24-11. Record first aid administered on the DD Form 1380 (provided in the IFAK). 


24-12. Evacuate the casualty as follows: 
e Transport the casualty on his back, with the head elevated and immobilized. 
e Evacuate eyeglasses with the casualty, even if they are broken. 


24-13. Do not cause further injury to the eye or casualty while waiting for evacuation. Provide assurance to 
the casualty and stay with the casualty until relieved by medical personnel or competent authority. 
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Initiate First Aid for Foreign Bodies on the 
Eye (081-833-0039) With IFAK Eye-Shield 


SURVEY 


25-1. Survey the situation, if the injury is from chemical exposure, immediately wash the eye (see Task 081- 
833-0044). Otherwise, DO NOT put anything on the eye ITSELF, especially if you think the eye is cut. 
Examine the eyes as follows: 


e Look at the eyes—are the pupils equal and round? 
e Look for bleeding or foreign bodies in the eye. 


WARNING 


DO NOT put pressure on the eye or remove anything from the eye 
surface. This could cause additional harm, such as loss of an eye. 


e Foreign bodies in the eye are treated by appropriate medical personnel, or by the casualty if it can 
easily be removed (for example a surface nonembedded material such as an eyelash or speck of 
dirt). 


SHIELD 


25-2. Use the rigid eye-shield provided in the IFAK, the joint first aid kit, or anything that provides a hard 
cover over the eye, such as— 
e Eye protective gear—ballistic glasses or goggles. 
e The bottom of a disposable cup, for example one made of extruded polystyrene (foam), plastic, 
or paper. 


Note. This helps prevent any undue pressure or further damage to the eye. DO NOT put any 
pressure on the eye. 


e Secure the rigid eye-shield by applying tape from the cheek to the forehead (see Figure 24-1 on 
page 24-2). If no tape is available, use gauze, cloth dressing, shoelace or string to secure in 
place. 


CAUTION 


ALWAYS use a rigid eye-shield to provide a barrier to prevent further 
damage, and NEVER place anything under the rigid eye-shield or 
directly on the eye. 


CAUTION 


Removing foreign bodies from the eye is NOT a first aid procedure. If 
tactically possible and terrain permits, place a rigid eye-shield on both 
eyes and seek medical treatment. 
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3E+4=2E+6 
(Left member) = (Right member) 


d. Identity (identical Equation). An equation whose members are equal for all values that can 
be substituted for the literal contained in the equation. 


Example: 
A4l(r+ Rk) =4/r+4Ik 
A4Ir+4IR = 4Ir+ 41k 
Note: The equation is equal no matter what values are substituted for I, r, or R. 


e. Conditional equation. An equation consisting of one or more literal numbers that cannot be 
satisfied for all values of real numbers. In the example below, only when the real number 4 is 
substituted for e can the equation be satisfied. 


Example: 


T. Solve an equation or find the root of the equation. Solving means to find the value or 
values of the unknown real number or numbers that will satisfy the equation. 


Example: 
i+6=14 

Note: The equation becomes an identity only when i = 8, therefore; 8 is the root of the 
equation. 
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Note. In hazardous conditions (such as combat or unsure footing), leave the good eye uncovered 
long enough to ensure the casualty’s safety. 


FOREIGN BODY STUCK OR IMPALED IN THE EYE 


CAUTION 


DO NOT attempt to remove a foreign object stuck to or sticking into the 


eyeball. A medical officer (physician) must remove such objects. 


25-3. Apply dry sterile dressings to build around and support the object. This will help prevent further 
contamination and minimize movement of the object. Perform the following: 

e@ Cover the injured eye with a paper cup or cardboard cone. 

e@ Cover the uninjured eye with a dry dressing or eye patch. 

e  Reassure the casualty by explaining why both eyes are being covered. 


Note. The eyes move together. If the casualty uses (moves) the uninjured eye, the injured eye 
will move as well. Covering both eyes will keep them still and will prevent undue movement on 
the injured side. 


SEEK EVACUATION AND MEDICAL AID 


25-4. Seek further medical aid immediately. 


25-5. Obtain details about the injury— 
e Source and type of foreign bodies if known. 
e@ Whether the foreign bodies were windblown or by what type of high-velocity mechanism. 
e Time of onset and length of discomfort. 
e Any previous injuries to the eye. 


25-6. Do not cause additional injury to the eye— 
e Donot probe for foreign bodies. 
e Do not put pressure on the eyeball. 
e Donotremove the impaled object. 
e Limit movements that could cause further eye injury. 
e Do not administer medication to prevent coughing, sneezing, or vomiting. 
25-7. Consider giving the antibiotic tablet provided in the combat pill pack if medical treatment will take 


more than three hours from the time of injury and if giving the medication to the casualty does not cause 
nausea. 


25-8. Record the first aid administered and other information as required on the DD Form 1380 (provided in 
the IFAK). 


25-9. Do not cause further injury to the eye or casualty while waiting for evacuation. Provide assurance to 
the casualty and stay with the casualty until relieved by medical personnel or competent authority. 
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SURVEY 


* Chapter 26 


Initiate First Aid for Extrusions of the Eye 
(081-833-0042) With IFAK Eye-Shield 


26-1. Survey the situation and remove or avoid hazards. 


26-2. Remove the casualty’s headgear, if necessary. 


26-3. Position the casualty as follows: 


Conscious—seated. 
Unconscious—lying on his back with head slightly elevated. 
If conscious, reassure and inform the casualty of the first aid steps that you are providing. 


WARNING 


DO NOT put pressure on the eye or remove anything from the eye 
surface. This could cause additional harm, such as loss of 
eyesight or loss of the eye. 


26-4. Examine the eyes for the following: 


SHIELD 


Objects protruding from the eye or eyes. 
Swelling or lacerations of the eyes. 
Bloodshot appearance of the eyes. 
Bleeding— 

=» Surrounding the eye. 

=» From inside the eyeball. 

=» Coming from the eyeball. 


Contact lenses. Ask the casualty if he is wearing contact lenses, however, do not force the eyelids 
open. 


Extrusion (the eye is protruding from the socket). 


CAUTION 


DO NOT attempt to reposition the eyeball or replace it in the eye 
socket. 


26-5. Provide appropriate first aid for the injury as follows: 


5 August 2016 


Position the casualty face up. 


Cut a hole in several layers of dressing material, and then moisten it. Use sterile water if 
available, or use the cleanest water available, preferably potable. 


Gently place the dressing so the injured eyeball protrudes through the hole, with minimal contact. 
Use just as much gentle movement of the dressing as necessary, to surround and protect 
the eyeball. The dressing should be built up higher than the eyeball. 
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Note. If available, place a paper cup or cone-shaped piece of cardboard over the eye. This 
material should not touch the eye. Do not apply pressure to the injury site. Apply roller gauze to 
hold the cup in place. 


e Cover the uninjured eye to prevent sympathetic eye movement. 


e The provided IFAK rigid eye-shield will not be deep enough to properly protect the eye extrusion 
injury. However, the rigid eye-shield may be used to cover the uninjured eye. 


Note. In hazardous conditions (such as combat or unsure footing), leave the good eye uncovered 
long enough to ensure the casualty’s safety. 


SEEK EVACUATION AND MEDICAL AID 


26-6. Call for medical aid immediately and arrange for medical evacuation as soon as possible. 


26-7. While calling for medical or casualty evacuation— 
e Limit movements that could cause further eye injury. 
e Do not administer medication to prevent coughing, sneezing, or vomiting. 


e Consider giving the antibiotic tablet provided in the combat pill pack if medical treatment will take 
more than three hours from the time of injury and if giving the medication to the casualty does not 
cause nausea. 


26-8. Record the first aid provided on the DD Form 1380 (provided in the IFAK). 


26-8. Evacuate the casualty as follows: 
e Transport the casualty on his back, with the head elevated and immobilized. 
e Evacuate eyeglasses with the casualty, even if they are broken. 


26-9. Do not cause further injury to the eye or casualty while waiting for evacuation. Provide assurance to 
the casualty and stay with the casualty until relieved by medical personnel or competent authority. 
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SURVEY 


* Chapter 27 


Initiate First Aid for Chemical Burns of the 
Eye (081-833-0044) With IFAK Eye-Shield 


27-1. Reassure the casualty and quickly survey the situation. 


27-2. Quickly identify the substance that the casualty was exposed to such as— 


Note. Do not delay first aid to perform this step. Time is critical and the eyes must be irrigated 
as soon as possible. 


Alkali—the most dangerous of all substances due to the penetrating factor. Common substances 
that contain the hydroxides of ammonia, lye, potassium, magnesium, and lime— 

= Fertilizers. 

=» Cleaning products, drain cleaners, and oven cleaners. 

= Plaster and cement. 

Acid—usually less severe than alkali burns. Common acids contain sulfuric acid, hydrochloric 
acid, nitric acid, acetic acid, chromic acid, and hydrofluoric acid— 

= Glass polish, vinegar, and nail polish remover. 

=» Automobile battery acid. 


Irritants—substances that have a neutral pH tend to cause more discomfort to the eye than actual 
damage— 


= Most household detergents. 
= Pepper spray. 


WARNING 


DO NOT put pressure on the eye or remove anything from the eye 
surface. This could cause additional harm, such as loss of 
eyesight or loss of the eye. 


27-3. Check for the following signs and symptoms: 
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Irritation. 

Pain and redness. 

Watering and tearing. 

Possible erosion of the corneal surface. 
Inability to keep the eye open. 
Swelling of the eyelid. 

Blurred vision. 
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SHIELD 


27-4. Initiate first aid for the chemical burn as follows: 
e IMMEDIATELY flood the eye with water. 
e Keep irrigating the eye with running water from a faucet, low pressure hose, bottle, cup, or 
intravenous setup (if available). Hold the irrigating tip 1 to 1% inch away from the casualty’s 


eye or eyes, direct the irrigating solution gently from the inner eye (nearest the nose) to the outer 
eye away (towards the ear) from the casualty’s unaffected eye. 


e Start the transport and continue washing out the eye or eyes for at least 20 minutes or until the 
casualty’s arrival at the medical treatment facility. 


e Dry the area around the eye or eyes by gently patting with gauze sponges or other appropriate 
clean material. Do not touch the casualty’s eye. 


e Cover the injured eye or eyes with the rigid eye-shield provided in the IFAK, the joint first aid 
kit, or an appropriate device that provides a hard cover over the eye such as— 


= Eye protective gear—ballistic glasses or goggles. 


=» The bottom ofa disposable cup, for example one made of extruded polystyrene (foam), 
plastic, or paper. 


Note. This helps prevent any undue pressure or further damage to the eye. 


e Secure the rigid eye-shield by applying tape from the cheek to the forehead (see Figure 24-1 on 


page 24-2). If no tape is available, use gauze, cloth dressing, shoelace or string to secure in 
place. 


Note. In hostile environment (such as combat or unsure footing), the eyes may have to remain 
uncovered so the casualty can see to get away from danger. 


Note. Burned eyelids swell to protect the underlying eyes. The eyes should be protected with the 
rigid eye-shield to prevent further injury. 


CAUTION 


ALWAYS use a rigid eye-shield to provide a barrier to prevent further 


damage, and NEVER place anything under the shield or directly on the 
eye. 


SEEK EVACUATION AND MEDICAL AID 


27-6. Seek medical evacuation for casualty. 


27-7, Do not cause further injury to the eye— 
e Limit movement that could cause further eye injury. 
e Do not administer medication to prevent coughing, sneezing, or vomiting. 


27-8. Consider giving the antibiotic tablet provided in the combat pill pack if medical treatment will take 
more than three hours from time of injury and if giving the medication to the casualty does not cause nausea. 


27-9. Record the first aid given on the DD Form 1380 (provided in the IFAK). 


27-10. Evacuate the casualty without causing further harm. 
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Appendix A 
Improved First Aid Kit 


A-1. Improved first aid kit (Figure A-1) contents includes— 


Modular Lightweight Load-carrying Equipment (MOLLE) IL, utility pouch. 
Tourniquet, combat application. 

Bandage kit, elastic. 

Bandage gauze, 44” 100’s package. 

Adhesive tape surgical, 2” x 6' roll. 

Airway,nasopharyngeal. 

Glove, patient exam, 100’s package. 

Dressing, combat gauze. 

Insert, (folding panels with cord). 


A-2. See the United States Army Medical Materiel Agency Web site for more information on the IFAK 
and IFAK II. 


Figure A-1. Improved first aid kit 
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A-4. The IFAK II (Figure A-2) adds— 
e@ 1newcustom pouch. 
Second tourniquet, combat application. 
1 marker. 
1 eye shield. 
1 commercial chest seal. 
1 strap cutter. 
1 TCCC Card (DD Form 1380). 
Combat gauze is issued by the unit. 


Figure A-2. Improved first aid kit II 
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Glossary 


This glossary lists acronyms and terms with Army or joint definitions. This 
publication is not the proponent for any terms. 


SECTION | - ACRONYMS AND ABBREVIATIONS 


AMedP Allied medical publication 
ATNAA antidote treatment nerve agent autoinjector 
ATP Army techniques publication 
CANA convulsant antidoate for nerve agent 
CASEVAC casualty evacuation 
DA Department of the Army 
DD Department of Defense 
F Fahrenheit 
FM field manual 
CPR cardiopulmonaryresuscitation 
DOD Department of Defense 
IFAK improved first aid kit 
JSLIST Joint Service Lightweight Integrated Suit Technology 
MOS military occupational specialty 
NATO North Atlantic Treaty Organization 
NPA Nasopharyngealairway 
STANAG standardization agreement 
STP Soldier training publication 
TC training circular 
TC3 tactical combat casualty care 
TCCC tactical combat casualty care card 
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g. Axiom. An axiom is truth or fact that is self-evident and requires no proof. Basically the 
seven axioms state that whatever is done to change the value of one side of an equation must be 
done to the other side (of an equal value), to maintain equality. The following are the seven 
axioms that are used when solving an equation. 


(1) If the equal numbers are added to both sides of an equation, the sums are equal and 
the equality of the equation is maintained. Study the example below: 


Example: 
If a=b 
Then a+2=b+2 


(2) If the equal numbers are subtracted from both sides of an equation, the remainders are 
equal and the equality of the equation is maintained. Study the example below: 


Example: 
If a=b 


Then a-2=b-2 


(3) If both sides of an equation are multiplied by the same number, the products are equal 
and the equality of the equation is maintained. Study the example below: 


Example: 
If a=b 


Then a*2=b*2 


(4) If both sides of an equation are divided by the same number, their quotients are equal 
and the equality of the equation is maintained. Study the example below: 


Example: 


(5) Ifnumbers that are equal to each other are equal to other numbers, they are all equal 
to each other. Study the example below. 


Example: 
If a=3 andb=3 


Then a=b 
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(6) If both sides of an equation are raised to the same power, they are equal and maintain 
the equality of the equation. Study the example below: 


Example: 
If a=b 


Then a? =b? 


(7) If you take roots of both sides of an equation, they are equal and maintain the equality 
of the equation. Study the example below: 


Example: 
If a=b 


Then "fa ="Jb 
or 


This can be shown as an equation with a fractional exponent: 


3102. Using Axioms 

a.  _Transpose or move equations. When using axioms you must remember the definitions. 
Remember they state that whatever change is made to one side, or member you must also do the 
same to the other side or member so that you maintain the integrity of the equation. In example 
(a) you will notice that a (y) was subtracted from both sides of the equation to isolate a specific 
term. Look at example (b) where the sign was changed and the term was moved from one side of 
the equation to the other. The results are the same. 


Examples: 


x+y=3 x+y=3 
x+y-y=3-y (Subtract y from both sides) x=3-y 


x=3-y (Combine like terms) 
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CHAPTER 1 


OVERVIEW 


1000. INTRODUCTION 


1. The T&R Program is the Corps' primary tool for planning, conducting and 
evaluating training and assessing training readiness. Subject matter experts 
(SMEs) from the operating forces developed core capability Mission Essential 
Task List(s) (METLS) for ground communities derived from the Marine Corps 
Task List (MCTL). This T&R Manual is built around these METLs and other 
related Marine Corps Tasks (MCT). All events contained in the Manual relate 
directly to these METLs and MCTs. This comprehensive T&R Program will help 
to ensure the Marine Corps continues to improve its combat readiness by 
training more efficiently and effectively. Ultimately, this will enhance the 
Marine Corps' ability to accomplish real-world missions. 


2. The T&R Manual contains the individual and collective training 
requirements to prepare units to accomplish their combat mission. The T&R 
Manual is not intended to be an encyclopedia that contains every minute 
detail of how to accomplish training. Instead, it identifies the minimum 
standards that Marines must be able to perform in combat. The T&R Manual is 
a fundamental tool for commanders to build and maintain unit combat 
readiness. Using this tool, leaders can construct and execute an effective 
training plan that supports the unit's METL. More detailed information on 
the Marine Corps Ground T&R Program is found in reference (a). 


3. The T&R Manual is designed for use by unit commanders to determine pre- 
deployment training requirements in preparation for training and for Formal 
Schools and Training Detachments to create Programs of Instruction 

(POI). This directive focuses on individual and collective tasks performed 
by operating forces (OPFOR) units and supervised by personnel in the 
performance of unit Mission Essential Tasks (METs). 


1001. UNIT TRAINING 


1. The training of Marines to perform as an integrated unit in combat lies 
at the heart of the T&R program. Unit and individual readiness are directly 
related. Individual training and the mastery of individual core skills serve 
as the building blocks for unit combat readiness. A Marine's ability to 
perform critical skills required in combat is essential. 


2. Commanders will ensure that all training is focused on their combat 
mission. Unit training should focus on achieving proficiency in the unit 
METL. The T&R Manual is a tool to help develop the unit's training plan 
based on the unit METL, as approved by their higher commander and reported in 
the DRRS. Training will support the unit METL and be designed to meet T&R 
standards. Commanders at all levels are responsible for effective combat 
training. The conduct of standards based training consistent with Marine 
Corps T&R standards cannot be over emphasized. 
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1002. UNIT TRAINING MANAGEMENT 


1. Effective Unit Training Management (UTM) focuses the overall organization 
on development of training plans based on the unit METL and standards-based 
community T&R events. This is accomplished in a manner that maximizes 
training results and focuses the training priorities of the unit in 
preparation for the conduct of its mission. 


2. UTM techniques, described in references (b) and (e), provide commanders 
with the requisite tools and techniques to analyze, design, develop, 
implement, and evaluate the training of their unit. To maintain an efficient 
and effective training program, leaders at every level must understand and 
implement UTM. Guidance for UTM and the process for establishing effective 
programs are contained in references (b), (e) and (f). 


1003. SUSTAINMENT AND EVALUATION OF TRAINING 


1. Marines are expected to maintain proficiency in the training events for 
their MOS at the appropriate grade or billet to which assigned. Leaders are 
responsible for recording the training achievements of their Marines. For 
individual or collective training events not executed and evaluated as part 
of the daily routine, leaders must ensure proficiency is sustained by 
requiring retraining of each event at or before expiration of the designated 
sustainment interval. 


2. The evaluation of training is necessary to properly prepare Marines for 
combat. Evaluations are either formal or informal, and performed by members 
of the unit (internal evaluation) or from an external command (external 
evaluation). The purpose of formal and informal evaluation is to provide 
commanders with a process to determine a unit's/Marine's proficiency in the 
tasks that must be performed in combat. Informal evaluations are conducted 
during every training evolution. Formal evaluations are often scenario- 
based, focused on the unit's METs, based on collective training standards, 
and usually conducted during higher-level collective events. 


3. Evaluation is a continuous process that is integral to training 
management and is conducted by leaders at every level and during all phases 
of planning and the conduct of training. To ensure training is efficient and 
effective, evaluation is an integral part of the training plan. Ultimately, 
leaders remain responsible for determining if the training was effective. 
References (a) and (f) provide further guidance on the conduct of informal 
and formal evaluations using the Marine Corps Ground T&R Program. 


1004. ORGANIZATION. This Community T&R Manual is comprised of 14 chapters 
and three appendices. Chapter 1 is an overview of the Ground T&R 

Program. Chapter 2 lists the core METs/Marine Corps tasks supported by the 
Community, which are used as part of the DRRS. Chapter 3 contains collective 
events. Chapters 4 through 14 contain individual events specific to a 
particular MOS and/or billet, as noted. Appendix A contains acronyms; 
Appendix B contains terms and definitions; Appendix C contains simulations. 


1005. T&R EVENT CODING 


1. Event Code. The event code is an up to 4-4-4 alphanumeric character set: 
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a. First up to 4 characters indicate MOS or Community (e.g., 0321, 1812 
or INTL) 


b. Second up to 4 characters indicate functional or duty area (e.g. DEF, 
FSPT, MVMT, etc.) 


c. Third 4 characters indicate the unit size and supported unit, if 
applicable (1000 through 9000), and sequence. Figure 1-1 shows the 
relationship of unit size to event code. NOTE: The titles for the various 
echelons are for example only, and are not exclusive. For example: 4000- 
level events are appropriate for Section-level events as noted, but also for 
Squad-level events. 


Individual Training Individual Training 


Entry-Level Skills Progression Collective: Training 


Formal School MOJT, Advanced Level 
Training Schools 
(Core Skills) (Core Plus Skills) 


1000-level 2000-level 3000-level 


Collective Training Collective Training Collective Training 


Crew/Team 


Squad/Section Platoon Company 


4000-level 5000-level 6000-level 


Collective Training Collective Training Collective Training 


Battalion/Squadron Regiment/Group Command Element 


7000-level 8000-level 9000-level 


Figure. 1-1 T&R Event Levels 


2. Grouping. Categorizing events with the use of a recognizable code makes 
the type of skill or capability being referenced fairly obvious. Examples 
include: PAT for patrolling events, DEF for events in the defense, FSPT for 
events related to fire support, etc. There is no special significance to the 
functional areas, but they should be intuitive to make it as easy as possible 
for the T&R user to find events. When organizing the T&R Manual, functional 
areas are alphabetized then the associated events are numbered. The events 
will be numbered based upon the introduction of each new functional area, 
allowing up to "999" events. For example: if there are seven Administrative 
events 4431 occupational field, then the events should start 4431-ADMN-1001 
and run through 1007. Next, the Bulk Fuel events, BUFL should start at 4431- 
BUFL-1001. 


3. Sequencing. A numerical code is assigned to each individual (1000-2000 
level) or collective (3000-9000 level) training event. The first number 
identifies the size of the unit performing the event, as depicted in figure 
1-1. EXCEPTION: Events that relate to staff planning, to the conduct of a 
command operations center or to staff level decision making processes will be 
numbered according to the level of the unit to which the staff belongs. For 
example: an infantry battalion staff conducting planning for an offensive 
attack would be labeled as INF-PLAN-7001 even though the entire battalion is 
not actively involved in the planning of the operation. T&R event sequence 
numbers that begin with "9" are reserved for Marine Air Ground Task Forces 


1-4 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


(MAGTF) Command Element (CE) events. An example of event coding is displayed 
in Figure 1-2. 


Functional Area 


MOS/Community > #HHH-HHHH-#HHH <-1st event in sequence 


Event level 
Figure 1-2: T&R Event Coding 
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1006. T&R EVENT COMPOSITION 


1. An event contained within a T&R Manual is an individual or collective 
training standard. This section explains each of the components that make up 
the T&R event. These items will be included in all of the events in each T&R 
Manual. Community-based T&R Manuals may have several additional components 
not found in unit-based T&R Manuals. The event condition, event title 
(behavior) and event standard should be read together as a grammatical 
sentence. 


2. An example of a collective T&R event is provided in figure 1-3 and an 
example of an individual T&R event is provided in figure 1-4. Events shown 
in figures are for illustrative purposes only and are not actual T&R events. 


XXXX-XXXX-####: Provide interior guard 


SUPPORTED MET(S): MCT #.#.# 


EVALUATION CODED: YES/NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Text 


CONDITION: Text 
STANDARD: Text 


EVENT COMPONENTS: 

1. Event component. 
2. Event component. 
3. Event component. 


REFERENCES: 

1. Reference 
2. Reference 
3. Reference 


PREREQUISITE EVENTS: 
XXXX - XXXXK - HHA XXXX - XXXXK - HHH 


INTERNAL SUPPORTED: 
XXXX - XXXX - HHA XXXX - XXXXK - HHH 


INTERNAL SUPPORTING: 
XXXX - XXXXK - HH XXXX - XXXXK - HHA 


SUPPORT REQUIREMENTS: 


EQUIPMENT: XXX 


MISCELLANEOUS: XXX 


ADMINISTRATIVE INSTRUCTIONS: XXX 
Figure 1-3: Example of a Collective T&R Event 
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XXXX-XXXX-####: Stand a sentry post 


EVALUATION CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Text 


MOS PERFORMING: ####, ##H#H 


INITIAL TRAINING SETTING: XXX 


CONDITION: Text 
STANDARD: Text 


PERFORMANCE STEPS: 

1. Event component. 
2. Event component. 
3. Event component. 


REFERENCES: 

1. Reference 
2. Reference 
3. Reference 


PREREQUISITE EVENTS: 
XXXX - XXXXK - HH XXXX - XXXXK - HHA 


INTERNAL SUPPORTED: 
XXXX - XXXXK - HHH XXXX - XXXXK - HHH 


INTERNAL SUPPORTING: 
XXXX - XXXXK - HHA XXXX - XXXX - HHA 


SUPPORT REQUIREMENTS: 


EQUIPMENT: XXX 


MISCELLANEOUS: XXX 


ADMINISTRATIVE INSTRUCTIONS: XXX 
Figure 1-4: Example of an Individual Event 


1. Event Code. The event code is explained in paragraph 1005. 


2. Title. The name of the event. The event title contains one action verb 
and ideally, one object. 


3. Evaluation Coded. Collective events categorize the capabilities that a 
given unit may be expected to perform. There are some collective events that 
the Marine Corps has determined that a unit MUST be able to perform, if that 
unit is to be considered fully ready for operations. These E-Coded events 
represent the irreducible minimum or the floor of readiness for a unit. E- 
Coded events are derived from the training measures of effectiveness for the 
METs for units that must report readiness in the DRRS. It would seem 
intuitive that most E-Coded events would be for Battalion sized units and 
higher since those are the units that report in DRRS. However, if the Marine 


1-7 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


Corps has determined that the readiness of a subordinate, supporting unit to 
accomplish a particular collective event is vital to the accomplishment of 
the supported unit's MET, then that lower echelon collective event is E- 
Coded. 


4. Supported MET(s). List all METs that are supported by the training event 
in the judgment of the occupation field drafting the T&R Manual, even if 
those events are not listed as Measure of Effectiveness (MOES) in a MET. 


5. Sustainment Interval. It is critical to understand the intent of the 
Sustainment Interval so training time is not wasted with duplicated 

training. Sustainment Interval is expressed in number of months. Most 
individual T&R events and many lower level collective events are never out of 
sustainment because they are either part of a Marine's daily routine, or are 
frequently executed within the sustainment interval. Sustainment Interval is 
relevant when an individual or collective event is not observed and evaluated 
within the sustainment period, has atrophied, and therefore retraining and 
evaluation is required. 


6. Billet/MOS. Each individual training event will contain a billet code 
and/or MOS that designates who is responsible for performing that event and 
any corresponding formal course required for that billet. Each commander has 
the flexibility to shift responsibilities based on the organization of his 
command. These codes are based on recommendations from the collective 
subject matter expertise that developed this manual and are listed for each 
event. 


7. Grade. The Grade field indicates the rank at which Marines are required 
to complete the event. 


8. Description. This field allows T&R developers to include an explanation 
of event purpose, objectives, goals, and requirements. It is a general 
description of an action requiring learned skills and knowledge, i.e., engage 
fixed target with crew-served weapons. This is an optional field for 
individual events but is required for collective events. This field can be 
of great value guiding a Formal School or OPFOR unit trying to discern the 
intent behind an event that might not be readily apparent. 


9. Condition. Condition refers to the constraints that may affect event 
performance in a real-world environment. It indicates what is provided 
(equipment, tools, materials, manuals, aids, etc.), environmental constraints 
or conditions under which the task is to be performed, and any specific cues 
or indicators to which the performer must respond. Commanders can modify the 
conditions of the event to best prepare their Marines to accomplish the 
assigned mission (e.g. in a desert environment; in a mountain environment; 
etc.). When resources or safety requirements limit the conditions, this 
should be stated. The content of the condition should be included in the 
event on a "by exception" basis. If there exists an assumption regarding the 
conditions under which all or most of the events in the Manual will be 
performed, then only those additional or exceptional items required should be 
listed in the condition. The common conditions under which all the events in 
a chapter will be executed will be listed as a separate paragraph at the 
beginning of the chapter. 


10. Standard. The performance standard indicates the basis for judging the 


effectiveness of the performance. It consists of a carefully worded 
statement that identifies the proficiency level expected when the task is 
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b. | Reduce equations. The same method can be used to reduce an equation. In the examples 
that follow, you have an equation with the same terms with like signs that appear in both members 
of the equation. In example (b) when you find an equation with like terms and signs you can 
simply cancel these terms. Study the example. 


Examples: 
3x+2y=3 + 2y 3x + 2y =3 + 2y 
3x + 2y-2y=3+42y-2y (subtract) at=3 
3x=3 


c. Change signs of equations. Sometimes while solving a problem you will find a need to 
change all the signs in an equation. The signs of all the terms of an equation may be changed 
without destroying the equality as in the examples below. This is nothing more than multiplying 
both sides by (-1). Study the example. 


Examples: 
-a+1=-3 -a+1=-3 
(-1) (-a+1)=(1) (3) a-1=3 
a-1=3 


3-5 


NAVMC 3500.105B 
06 Jun 2016 


performed. The standard provides the minimum acceptable performance 
parameters and must be strictly adhered to. The standard for collective 
events will likely be general, describing the desired end-state or purpose of 
the event. The standard for individual events will be objective, 
quantifiable, and readily observable. Standards will more specifically 
describe to what proficiency level, specified in terms of accuracy, 
completeness, time required, and sequencing the event is to be 
accomplished. These guidelines can be summarized in the acronym "ACTS" 
(Accuracy Completeness Time Sequence. In no cases will "per the reference" 
or "per/in accordance with commander's intent" be used as a stand-alone 
standard. 


11. Event Components/Performance Steps. Description of the actions that the 
event is composed of, or a list of subordinate, included T&R event and event 
descriptions. The event components help the user determine what must be 
accomplished and the proper sequence of execution of subordinate 

events. Event components are used for collective events; performance steps 
are used for individual events. 


a. The event components and performance steps will be consciously 
written so that they may be employed as performance evaluation check lists by 
the operating forces. They must be sequenced to demonstrate the building 
block approach to training. 


b. Event components may be events one individual in the unit performs, 
events that small groups in the unit perform, or events involving the entire 
unit. 


12. Chained Events. Enables unit leaders to effectively identify 
prerequisite, supporting, and supported events that ultimately support 
MCTS/METS. Supported events are chained to supporting events to enable the 
accomplishment of the supported event to standard and therefore are 
considered "chained". The completion of identified supported events can be 
utilized to update sustainment interval credit for supporting events, based 
on the assessment of the commander. 


13. Prerequisite Events. Prerequisites are academic training or other T&R 
events that must be completed prior to attempting the task. They are lower- 
level events or tasks that give the individual/unit the skills required to 
accomplish the event. They can also be planning steps, administrative 
requirements, or specific parameters that build toward mission 
accomplishment. 


14. Supported Event. An event whose performance is inherently supported by 
the performance of one or more supporting events. A supported event will be 
classified as internal supported if it has been developed specifically for 
the community. A supported event that has been chained to an event from an 
external community T&R will be classified as external supported. 


15. Supporting Event. An event whose performance inherently supports the 
performance of a supported event. A Supporting event will be classified as 
internal supporting if it has been developed specifically for the community. 
A supporting event that has been chained to a community event from an 
external community T&R will be classified as external supporting. 


16. Initial Training Setting. All individual events will designate the 
setting at which the skill is first taught, either formally, MOJT within the 
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OPFOR, or via a distance learning product (DL). 


17. References. The training references shall be utilized to determine task 
performance steps. They assist the trainee in satisfying the performance 
standards, or the trainer in evaluating the effectiveness of task 

completion. T&R Manuals are designed to be a training outline, not to 
replicate or replace doctrinal publications, reference publications or 
technical manuals. References are key to developing detailed lesson plans, 
determining grading criteria, and ensuring standardization of training. For 
individual events only one authoritative reference is required. 


18. Distance Learning Products. Distance learning products include: 
Individual Multimedia Instruction (IMI), Computer-Based Training (CBT), 
MarineNet, etc. This notation is included when, in the opinion of the TRMG 
in consultation with the MTESD representative, the event can be taught via 
one of these media vice attending a formal course of instruction or receiving 
MOJT. 


19. Support Requirements. This is a list of the external and internal 
support the unit and Marines will need to complete the event. This is a key 
section in the overall T&R effort, as resources will eventually be tied 
directly to the training towards METS. Future efforts to attain and allocate 
resources will be based on the requirements outlined in the T&R Manual. The 
list includes, but is not limited to: 


e Range(s)/Training Area 
e Ordnance 

e Equipment 

e Materials 

e Other Units/Personnel 


The ordnance requirements for one year of training for the events in the T&R 
will be aggregated into a table contained in an appendix to the T&R. The 
task analyst and the occupational field representatives will be careful not 
to "double count" ammunition that might be employed in the performance of 
individual and collective events that are chained. 


20. Suitability of Simulation/Simulators/DL products. The following 
"Suitability and Sequence" codes listed in Figure 1-5 have been developed to 
communicate characteristics for employing simulations during training. Units 
of measure have been assigned based on the amount of time it takes a Marine 
or unit to train to task utilizing a particular simulator. Suitability and 
Sequence codes are captured in the event title in a parenthetical remark, as 
well as within the simulation field of the T&R event. The simulation field 
also identifies the type of simulation, units of measure, and any other 
pertinent information. 
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[code [RequirenentOOSOSOCOCCSCSCY 


The event can only be trained to standard in a Live 
environment. Any event assessed as "NO" for Simulatabie was coded 


The event must be performed to standard in simulator as a 
PREREQUISITE to live fire qualification as per current policy, T&R 
manual, or doctrine. 

Event must be trained to standard in simulation then live unless 
simulation capacity is not available, then live only training is 
appropriate. 

Event must be trained to standard in a live environment then 
simulation unless simulation capacity is not available, then live 
only training is appropriate. 


S Event can ONLY be conducted to standard and qualification in 
simulator. 


Figure 1-5: Suitability and Sequence codes 


a. Training simulation capabilities offer an opportunity to build and 
sustain proficiency while achieving and/or maintaining certain 
economies. Commanders should take into consideration simulation tools as a 
matter of course when designing training. 


b. Simulation Terms: 


(1) Simulation: A model of a system animated discretely or 
continuously over a period of time. A simulation may be closed-loop (i.e., 
it executes based in initial inputs without human intervention), or it may be 
open-loop (i.e., human input to alter the variables in the system during 
execution is allowed). A simulation is an approximation of how the modeled 
system will behave over time. Simulations are constructed based on verified 
and validated mathematical models of actual systems. Simulations can be very 
simple or complex depending on the degree of fidelity and resolution needed 
to understand the behavior of a system. 


(2) Simulator: A simulator is the physical apparatus employed as the 
interface for humans to interact with a model or observe its output. A 
simulator has input controls and outputs in the form of human sensory stimuli 
(visual, auditory, olfactory, tactile/haptic, and taste). For instance, some 
of the features of the vehicle cab (the seat, steering wheel, turn signals, 
accelerator pedal, brakes, and windshield) and projection screen. Both the 
vehicle cab and projection screen are the interface by which a human being 
interacts with the simulated environment of a driving a vehicle and observe 
the outputs of the mathematical models of vehicle dynamics. 


(3) Model: A mathematical representation of the behavior (i.e., 
shows the behavior of projectiles, combat simulations, etc.) of a system at a 
distinct point in time. 


(4) Live: Real people operates real systems to include both live 
people operating real platforms or systems on a training range and battle 
staffs from joint, component or service tactical headquarters using real 
world C2 systems. 


(5) Virtual: Real people operating simulated systems. Virtual 
simulations inject humans-in-the-loop in a central role by exercising motor 
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control skills (e.g., flying an air platform simulator, engaging targets in 
indoor simulated marksmanship trainer), decision skills, and/or communication 
skills. 


(6) Constructive: Models and simulations that involve simulated 
people operating simulated systems (i.e., MAGTF Tactical Warfare 
Simulation). Real people make inputs to such simulations, but are not 
involved in determining the outcomes. 


(7) Live, Virtual and Constructive Training Environment: Defined by 
combining any of the three training domains (LVC) to create a common 
operational environment, by which units can interact across LVC domains as 
though they are physically located in the same operational environment. 


(8) Distance Learning: Any instruction and evaluation provided 
through a variety of distance learning delivery systems (i.e., MarineNet) 
where the students and instructors are separated by time and/or location. 


c. Figure 1-6 depicts an event title with simulation code and simulation 
and/or simulators that can be used, as displayed within a T&R event. 


XXXX-XXX-XXXX: Call for indirect fire using the grid method (L/S) 


SUPPORT REQUIREMENTS: 
SIMULATION EVALUATION: 


SIMULATED SUITABILITY SIMULATOR UNIT OF MEASURE HOURS PM 
Yes L/S ODS Marine Hours 12 Y 
Figure 1-6: Example of Simulation/Simulators displayed within a T&R event 


21. Miscellaneous 


a. This field provides space for any additional information that will 
assist in the planning and execution of the event. Units and FLCS are 
cautioned not to disregard this information or to consider the information of 
lesser importance than what is contained in other parts of the T&R 
event. Miscellaneous fields provide an opportunity for the drafters of the 
T&R event to communicate vital information that might not fit neatly into any 
other available field. The list may include, but is not limited to: 


e Admin Instructions 

e Special Personnel Certifications 
e Equipment Operating Hours 

e Road Miles 


1007. COMBAT READINESS PERCENTAGE (CRP) 


1. The Marine Corps Ground T&R Program includes processes to assess 
readiness of units and individual Marines. Every unit in the Marine Corps 
maintains a basic level of readiness based on the training and experience of 
the Marines in the unit. Even units that never trained together are capable 
of accomplishing some portion of their missions. Combat readiness assessment 
does not associate a quantitative value for this baseline of readiness, but 
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uses a "Combat Readiness Percentage", as a method to provide a concise 
descriptor of the recent training accomplishments of units and Marines. 


2. CRP is the percentage of required training events that a unit or Marine 
accomplishes within specified sustainment intervals. 


3. Unit combat readiness is assessed as a percentage of the successfully 
completed and current (within sustainment interval) key training events 
called "Evaluation-Coded" (E-Coded) Events. E-Coded Events and unit CRP 
calculation are described in follow-on paragraphs. CRP achieved through the 
completion of E-Coded Events is directly relevant to readiness assessment in 
DRRS. 


1008. CRP CALCULATION 


1. Collective training begins at the 3000-level (team, crew or 

equivalent). Unit training plans are designed to accomplish the events that 
support the unit METL while simultaneously sustaining proficiency in 
individual core skills. E-Coded collective events are the only events that 
contribute to unit CRP. This is done to assist commanders in prioritizing 
the training toward the METL, taking into account resource, time, and 
personnel constraints. 


2. Unit CRP increases after the completion of E-Coded events. The number of 
E-Coded events for the MET determines the value of each E-Coded event. For 
example, if there are 4 E-Coded events for a MET, each is worth 25% of MET 
CRP. MET CRP is calculated by adding the percentage of each completed and 
current (within sustainment interval) E-Coded training event. The percentage 
for each MET is calculated the same way and all are added together and 
divided by the number of METS to determine unit CRP. For ease of 
calculation, we will say that each MET has four E-Coded events, each 
contributing 25% towards the completion of the MET. If the unit has 
completed and is current on three of the four E-Coded events for a given MET, 
then they have completed 75% of the MET. The CRP for each MET is added 
together and divided by the number of METS to get unit CRP; unit CRP is the 
average of MET CRP. 


For Example: 
MET 1: 75% complete (3 of 4 E-Coded events trained) 
MET 2: 100% complete (6 of 6 E-Coded events trained) 
MET 3: 25% complete (1 of 4 E-Coded events trained) 
MET 4: 50% complete (2 of 4 E-Coded events trained) 
MET 5: 75% complete (3 of 4 E-Coded events trained) 


To get unit CRP, simply add the CRP for each MET and divide by the number of 
METS: 


MET CRP: 75 + 100 + 25 + 50 + 75 = 325 
Unit CRP: 325 (total MET CRP)/5 (total number of METS) = 65% 


3. CRP is a valuable tool to assist commanders in readiness reporting by 
providing objective data to support and inform their subjective assessment. 
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1009. CHEMICAL BIOLOGICAL RADIOLOGICAL NUCLEAR TRAINING 


1. All personnel assigned to the operating force must be trained in CBRN 
defense, in order to survive and continue their mission in this 

environment. Individual proficiency standards are defined as survival and 
basic operating standards. Survival standards are those that the individual 
must master in order to survive CBRN attacks. Basic operating standards are 
those that the individual, and collectively the unit, must perform to 
continue operations in a CBRN environment. 


2. In order to develop and maintain the ability to operate in a CBRN 
environment, CBRN training is an integral part of the training plan and 
events in this T&R Manual. Units should train under CBRN conditions whenever 
possible. Per reference (c), all units must be capable of accomplishing 
their assigned mission in a contaminated environment. 


1010. NIGHT TRAINING 


1. While it is understood that all personnel and units of the operating 
force are capable of performing their assigned mission in "every climate and 
place," current doctrine emphasizes the requirement to perform assigned 
missions at night and during periods of limited visibility. Basic skills are 
Significantly more difficult when visibility is limited. 


2. To ensure units are capable of accomplishing their mission they must 
train under the conditions of limited visibility. Units should strive to 
conduct all events in this T&R Manual during both day and night/limited 
visibility conditions. When there is limited training time available, night 
training should take precedence over daylight training, contingent on the 
availability of equipment and personnel. 


1011. RISK MANAGEMENT (RM) 


1. RM is a process that enables commanders to plan for and minimize risk 
while still accomplishing the mission. It is a tool to aid decision making 
used by Marines at all levels to increase effectiveness by anticipating 
hazards and reducing the potential for loss, thereby increasing the 
probability of success. RM minimizes risks to acceptable levels, commensurate 
with mission accomplishment. 


2. All leaders and Marines will integrate risk management in the planning 
process and implement hazard controls to reduce risk to acceptable 

levels. Applying the RM process will reduce mishaps, injuries, and damage 
they cause, thereby increasing both individual performance and unit 
readiness. RM assists the commander in avoiding unnecessary risk, determining 
the balance between training realism and unnecessary risks in training, 
making an informed decision to implement a course of action (COA), 
identifying feasible and effective control measures, adjusting training plans 
to fit the level of proficiency and experience of Marines/ Sailors, and 
providing reasonable alternatives for mission accomplishment. 


3. Specifically, Commanders are required to implement and document 
deliberate risk management in the planning and execution of all training 
evolutions and activities. Furthermore, the authority to approve or accept 
Risk Assessment Code (RAC) 1 or 2 hazards will not be delegated below 
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Lieutenant Colonel (05). Further guidance for RM is found in Marine Corps 
Order 3500.27C. 


1012. IMPROVISED EXPLOSIVE TRAINING 


1. Improvised Explosive Device (IED) threat impacts all elements of the 
MAGTF and all Marines regardless of military occupational specialty, 
location, or operational environment. The ability to effectively operate and 
survive in environments with an IED threat is critical to force protection, 
maintaining combat effectiveness, and mission accomplishment. 


2. Per Marine Corps Policy on Organizing, Training, and Equipping for 
Operations in an IED Environment (MCO 3502.9), Marines must be capable of not 
only accomplishing their assigned mission, but also accomplishing their 
mission in environments with an IED threat. Counter-Improvised Explosive 
Device (C-IED) training must be integrated into the unit training plan IOT 
ensure personnel assigned to the Operating Forces train and maintain 
proficiency in C-IED tactics, techniques, and procedures. 


1013. MOS-SPECIFIC PHYSICAL STANDARDS 


1. Within the MAGTF, Marines are required to demonstrate a high degree of 
physical strength to standard, in order to perform those regularly assigned, 
recurrent duties of each of the MAGTF'S military occupational specialties 
(MOSs). 


2. This T&R Manual contains MOS-specific physical standards, which must be 
demonstrated, in order to achieve MOS qualification. These MOS-specific 
physical standards have been identified throughout this T&R manual within the 
administrative instructions to the event. 


3. Assessments for MOS-specific physical standards have been developed and 
are contained within Appendix E. These assessments provide Commanders 
reasonable assurance a Marine has the physical capacity to perform the 
regularly assigned and recurrent duties of the MOS. 


4. These MOS-specific physical standards are not the sole requirement for 
MOS qualification. 
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SIGINT T&R MANUAL 


CHAPTER 2 


MISSTON-ESSENTIAL TASKS 


2000. CORE MISSION-ESSENTIAL TASKS (MET). The MET tables list the 
standardized core METs for units within the SIGINT community. 


2001. RADIO BN CORE (COMMUNITY) METS 


MCT 1.1.2 Provide Task-Organized Forces 

MCT 1.9 Conduct Specialized Insertion and Extraction (SPIE) 
MCT 2.1.1.5 Support Targeting 

MCT 2.7 Conduct Ground Reconnaissance and Surveillance 

MCT 2.8 Conduct Signals Intelligence Operations 

MCT 5.1.1.7 Provide Special Intelligence Communications Support 
MCT 5.4.1.2 Conduct Electronic Warfare (EW) 

MCT 5.9.2 Conduct Offensive Cyberspace Operations (0CO) 


2002. SIGINT MET-SUPPORTING E-CODED EVENTS. The Signals Intel MET-Supporting 
E-coded Events table lists the E-coded collective T&R events that support the 
core METs identified in tables 2001-2002. These E-coded T&R events form the 
basis for unit readiness planning per reference (d), identifying subordinate 
collective and individual training events through the supporting/chained 
relationships described in each event. 


2003. CORE METS MATRIX 


MCT 1.1.2 Provide Task-Organized Forces 


SIEW-GENI- 7004 Conduct SIGINT operations 


STEW-GENI- 7005 Conduct SIGINT/EW/CO command and control 


SIEW-GENI -7003 Conduct electronic warfare operations 
SIEW-GENI-5004 Conduct SIGINT operations 

SIEW-GENI -5003 Conduct electronic warfare operations 
SIEW-GENI -5006 Conduct SIGINT/EW/CO command and control 
SIEW-RRT -4001 Conduct Radio Reconnaissance operations 


MCT 1.9 Conduct Specialized Insertion and Extraction (SPIE) 


SIEW-GENTI -4004 Conduct team operations 


RECN -SPIE -4004 Conduct Static Line Parachute Operations 


RECN -SPIE-4007 Conduct an intentional water parachute insertion 


SIEW-RRT -4001 Conduct Radio Reconnaissance operations 


RECN -SPIE-4001 Conduct Specialized Insertion and/ or Extraction 
RECN -SPIE-4002 Conduct Helicopter Operations 


RECN-SPIE-4008 Conduct Surface Vessel Deployment and/or Recovery 
Operations 


RECN -SPIE - 4003 Conduct HRST Operations 
MCT 2.1.1.5 Support Targeting 


SIEW-GENI-7001 Provide intelligence communications services 


SIEW-GENI-7004 Conduct SIGINT operations 
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SIEW-GENI- 7005 


Conduct SIGINT/EW/CO command and control 


SIEW-GENTI -5004 


Conduct SIGINT operations 


SIEW-GENTI - 5006 


Conduct SIGINT/EW/CO command and control 


STEW-GENTI-5005 


Integrate intelligence systems 


MCT 2.7 Conduct G 


round Reconnaissance and Surveillance 


RECN - PLAN - 4004 


Coordinate Combat Support 


RECN-C2-4005 


Conduct an after action review 


RECN-AMPH-4005 


Conduct a surface swim 


SIEW-GENTI- 7001 
RECN-GRND - 4002 


Provide intelligence communications services 
Conduct Operations in Special Terrain 


RECN-GRND- 4021 


Establish and Operate a Hide Site/ ORP 


SIEW-GENT - 4004 


Conduct team operations 


SIEW-GENTI - 7004 


Conduct SIGINT operations 


SIEW-GENI- 7005 


Conduct SIGINT/EW/CO command and control 


RECN-GRND- 4029 


Cross a horizontal obstacle 


RECN-GRND- 4006 


Conduct a vehicle patrol 


RECN -AMPH- 4010 


Conduct mounted/ dismounted engagements 


SIEW-GENTI -5004 


Conduct SIGINT operations 


SIEW-GENTI -5006 
RECN-AMPH- 4002 


Conduct SIGINT/EW/CO command and control 
Conduct small craft movement 


RECN - SURV - 4001 


Conduct Surveillance 


RECN -GRND - 4030 


Cross a Vertical Obstacle 


RECN-GRND-4008 


Execute Mounted immediate actions upon contact with the 
enemy 


RECN-AMPH- 4003 


Conduct over the horizon operation 


RECN-GRND-4005 


Execute immediate actions upon contact with the enemy 


RECN-C2-4002 
RECN-C2-4001 


Prepare supplies, equipment, and vehicles for embarkation 
Deploy to the Operational Area 


STEW-RRT - 4001 


Conduct Radio Reconnaissance operations 


RECN-PLAN-4005 


Conduct Operational Security 


SIEW-GENTI - 4002 


Execute emergency action plan (EAP) 


RECN -GRND- 4031 


Move through a built-up area 


RECN - PLAN - 4006 


Adapt Force Protection Posture to Operational Environment 


RECN-COLL-4001 


Conduct Area Assessment 


RECN-GRND-4025 


Conduct a link up 


RECN-GRND- 4003 


Move in a Denied Area 


RECN-GRND- 4023 
RECN-PLAN- 4001 


Initiate Evasion 
Conduct Deliberate Planning 


RECN-PLAN- 4003 


Conduct Fire Support Coordination 


RECN - SURV - 4002 


Conduct Specific Target Surveillance 


RECN -COMM- 4001 
RECN -GRND- 4004 


Establish communications 
Conduct a patrol 


RECN-GRND- 4007 


Conduct a mounted patrol 


RECN - AMPH - 4004 
RECN-GRND- 4009 


Conduct a clandestine landing/withdrawal 
Conduct self-assisted mobility recovery 


RECN - PLAN - 4002 


Conduct Crisis Action Planning 


RECN-C2-4004 


Conduct Live Fire Range Operations 


MCT 2.8 Conduct S$ 


SIEW-GENTI- 7001 


ignals Intelligence Operations 


Provide intelligence communications services 


SIEW-GENTI-3001 


Conduct intelligence communications services 


SIEW-GENTI - 4004 
SIEW-GENT - 4003 


Conduct team operations 
Establish SCIF operations 


SIEW-GENI- 7004 


Conduct SIGINT operations 


SIEW-GENI- 7005 


Conduct SIGINT/EW/CO command and control 
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d. Solve equations using axioms. The steps involved in using axioms to solve equations are to 
consolidate, or combine like terms whenever possible. Group all of the terms containing the 
unknown for which you are solving on the same side of the equation using the appropriate 
axioms. Solve for a single positive value of the required unknown term on one side of the 
equation. The unknown term for which you are solving may appear on only one side of the 
equation and by itself. Study the following example before trying the challenge in this paragraph. 


Example: 


Note: 


2x-13-3x=5x+2-x 


2x -3x-13=5x-x4+2 


-x-13=4x4+2 
-x-4x=2+4 13 
-Sx=15 
5x. 15 
x=-3 


(combine like terms) 


(grouping terms to one side of equation) 


(reduce by factoring) 


(solution) 


Check this solution by replacing the literal in the original equation with this 
solution. Without using the axioms, both sides of the equation must now 
reduce/simplify to exactly equal terms. 


2x-13-3x=5x+2-x 


2 (-3) - 13 - 3 (-3) =5 (-3) +2 - (-3) 


-6 -13+9=-15+5 


-10=-10 


Try the following challenge to reinforce your knowledge. Substitute your solution for the literal 
to ensure your solutions are correct before you check your conclusions against the ones provided. 
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SIEW-GENTI - 7003 


Conduct electronic warfare operations 


SIEW-GENI -5004 


Conduct SIGINT operations 


SIEW-GENTI -5003 


Conduct electronic warfare operations 


SIEW-GENT - 5006 


Conduct SIGINT/EW/CO command and control 


SIEW-GENI-5001 


Provide intelligence communications services 


SIEW-GENI-5005 


Integrate intelligence systems 


SIEW-GENTI - 4002 


Execute emergency action plan (EAP) 


MCT 5.1.1.7 Provi 


de Special Intelligence Communications Support 


SIEW-GENI- 7001 
SIEW-GENTI-3001 


Provide intelligence communications services 
Conduct intelligence communications services 


SIEW-GENTI - 4003 


Establish SCIF operations 


SIEW-GENTI- 7004 


Conduct SIGINT operations 


SIEW-GENI-7005 


Conduct SIGINT/EW/CO command and control 


STIEW-GENI -5004 


Conduct SIGINT operations 


SIEW-GENT - 5006 


Conduct SIGINT/EW/CO command and control 


SIEW-GENTI-5001 


Provide intelligence communications services 


SIEW-GENI-5005 


Integrate intelligence systems 


SIEW-GENTI - 4002 


Execute emergency action plan (EAP) 


MCT 5.4.1.2 Condu 
SIEW-GENT - 4004 


ct Electronic Warfare (EW) 
Conduct team operations 


SIEW-GENI- 7004 


Conduct SIGINT operations 


SIEW-GENI- 7005 


Conduct SIGINT/EW/CO command and control 


SIEW-GENTI - 7003 


Conduct electronic warfare operations 


SIEW-GENTI -5004 


Conduct SIGINT operations 


SIEW-GENTI -5003 


Conduct electronic warfare operations 


SIEW-GENT - 5006 
SIEW-GENI-4001 


Conduct SIGINT/EW/CO command and control 
Coordinate effects targeting 


MCT 5.9.2 Conduct 


Offensive Cyberspace Operations (0CO) 


SIEW-GENTI - 4004 


Conduct team operations 


SIEW-GENTI - 4003 
SIEW-GENI- 7004 


Establish SCIF operations 
Conduct SIGINT operations 


SIEW-GENTI- 7005 


Conduct SIGINT/EW/CO command and control 


SIEW-GENTI-5004 


Conduct SIGINT operations 


SIEW-GENTI -5002 


Coordinate tactical offensive cyberspace operations 


SIEW-GENTI - 5006 


Conduct SIGINT/EW/CO command and control 


SIEW-GENI - 7002 


Coordinate tactical offensive cyberspace operations 


SIEW-GENT-4001 


Coordinate effects targeting 
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SIGINT T&R MANUAL 


CHAPTER 3 
COLLECTIVE EVENTS 


3000. PURPOSE. Chapter 3 contains collective training events for the SIGINT 
community. 


3001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology: 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
SIEW Signals Intelligence/Ground Electronic Warfare 
RECN Reconnaissance 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 

GENI General Intelligence 

AMPH Amphibious 

C2 Command and Control 

COMM Communications 

GRND Ground Reconnaissance 

PLAN Planning 

SPIE Special Patrol Insertion/Extraction 
SURV Survival 

RRT Radio Reconnaissance 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 

7000 Battalion Level 

5000 Platoon Level 

4000 Team Level/Multi-discipline 
3000 Team Level/Single-discipline 


3002. INDEX OF COLLECTIVE EVENTS 


Event Code E- Event Page 
Coded 


7000 Level Events 
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SIEW-GENI-7001 Y Provide intelligence communications 3-4 
services 
SIEW-GENI-7002 Y Coordinate tactical offensive cyberspace 3-5 
operations 
SIEW-GENI -7003 Y Conduct electronic warfare operations 3-5 
SIEW-GENI-7004 Y Conduct SIGINT operations 3-6 
SIEW-GENI-7005 Y Conduct SIGINT/EW/CO command and control 3-7 
5000 Level Events 
SIEW-GENI-5001 Y Provide intelligence communications 3-8 
services 
SIEW-GENI-5002 Y Coordinate tactical offensive cyberspace 3-9 
operations 
SIEW-GENTI -5003 Y Conduct electronic warfare operations 3-9 
SIEW-GENI-5004 Y Conduct SIGINT operations 3-10 
SIEW-GENT-5005 N Integrate intelligence systems 3-11 
SIEW-GENTI -5006 Y Conduct SIGINT/EW/CO command and control 3-11 
4000 Level Events 
RECN - AMPH - 4002 N Conduct small craft movement 3-12 
RECN - AMPH - 4003 N Conduct over the horizon operation 3-13 
RECN - AMPH - 4004 N Conduct a clandestine landing/withdrawal 3-15 
RECN -AMPH - 4005 N Conduct a surface swim 3-17 
RECN -AMPH - 4010 N Conduct mounted/ dismounted engagements 3-19 
RECN-C2-4001 Y Deploy to the Operational Area 3-22 
RECN -C2-4002 Y Prepare supplies, equipment, and vehicles | 3-22 
for embarkation 
RECN -C2-4004 N Conduct Live Fire Range Operations 3-23 
RECN -C2-4005 N Conduct an after action review 3-25 
RECN-COLL-4001 N Conduct Area Assessment 3-26 
RECN-COMM- 4001 N Establish communications 3-27 
RECN -GRND - 4002 N Conduct Operations in Special Terrain 3-28 
RECN - GRND - 4003 N Move in a Denied Area 3-30 
RECN -GRND - 4004 N Conduct a patrol 3-31 
RECN -GRND - 4005 N Execute immediate actions upon contact 3-33 
with the enemy 
RECN -GRND - 4006 N Conduct a vehicle patrol 3-35 
RECN -GRND - 4007 N Conduct a mounted patrol 3-37 
RECN -GRND - 4008 N Execute Mounted immediate actions upon 3-39 
contact with the enemy 
RECN -GRND - 4009 N Conduct self-assisted mobility recovery 3-41 
RECN -GRND - 4021 N Establish and Operate a Hide Site/ ORP 3-43 
RECN-GRND- 4023 N Initiate Evasion 3-44 
RECN -GRND - 4025 N Conduct a link up 3-46 
RECN-GRND- 4029 N Cross a horizontal obstacle 3-47 
RECN-GRND- 4030 N Cross a Vertical Obstacle 3-48 
RECN -GRND - 4031 N Move through a built-up area 3-49 
RECN - PLAN - 4001 N Conduct Deliberate Planning 3-51 
RECN - PLAN - 4002 N Conduct Crisis Action Planning 3-53 
RECN - PLAN - 4003 N Conduct Fire Support Coordination 3-56 
RECN - PLAN - 4004 N Coordinate Combat Support 3-56 
RECN -PLAN-4005 N Conduct Operational Security 3-58 
RECN - PLAN - 4006 N Adapt Force Protection Posture to 3-58 
Operational Environment 
RECN -SPIE-4001 Y Conduct Specialized Insertion and/ or 3-59 
Extraction 
RECN -SPIE-4002 N Conduct Helicopter Operations 3-61 
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RECN - SPIE - 4003 N Conduct HRST Operations 3-62 
RECN -SPIE -4004 Y Conduct Static Line Parachute Operations 3-64 
RECN-SPIE-4007 N Conduct an intentional water parachute 3-66 
insertion 
RECN -SPIE-4008 N Conduct Surface Vessel Deployment and/or 3-67 
Recovery Operations 
RECN - SURV - 4001 Y Conduct Surveillance 3-69 
RECN - SURV - 4002 N Conduct Specific Target Surveillance 3-71 
SIEW-GENI-4001 N Coordinate effects targeting 3-73 
SIEW-GENT - 4002 N Execute emergency action plan (EAP) 3-73 
SIEW- GENT - 4003 N Establish SCIF operations 3-74 
SIEW-GENTI - 4004 Y Conduct team operations 3-75 
SIEW-RRT -4001 Y Conduct Radio Reconnaissance operations 3-76 
3000 Level Events 
SIEW-GENI-3001 Y Conduct intelligence communications 3-76 
services 
3003. COLLECTIVE EVENTS 
SIEW-GENI-7001: Provide intelligence communications services 
SUPPORTED MET(S): 
MCT 2.1.1.5 MCT 2.7 MCT 2.8 
MCT 5.1.1.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 
CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, mission tasking, commander's guidance, intelligence requirements, 


references, access to available communications networks, and materials 


STANDARD: 
operational requirements. 


EVENT COMPONENTS: 

Review mission tasking. 

Conduct site survey. 

Coordinate with internal/external entities. 
Allocate resources. 

Execute communications plan. 

Execute SCI Computer Network Defense Plan. 


OnRWNE 


REFERENCES: 


IOT ensure the commander/staff have SCI communications to satisfy 


1. CJCSM 6231.04B Manual for Employing Tactical Communications 


FOAND UA 


DODI 8570.01-M Information Assurance Workforce Improvement Program 
DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 
JP 2-02 National Intelligence Support to Joint Operations 

JP 6-0 Joint Communications System 

Local SOP Local Standard Operating Procedures 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.3 MAGTF Communications System 

MCWP 6-22 Communications and Information Systems 
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SIEW-GENI-7002: Coordinate tactical offensive cyberspace operations 


SUPPORTED MET(S): MCT 5.9.2 


EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, subordinate elements, mission tasking, commander's guidance, 
intelligence requirements, references, access to available communications 
networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 

1. Plan tactical OCO. 

2. Coordinate OCO targeting. 
3. Execute OCO. 

4. Assess OCO effects. 


REFERENCES: 
1. JP 3-12 Cyberspace Operations 
2. MCO 3100.4 Cyberspace Operations 


CHAINED EVENTS: 


ANGL-FSCC-5005 ANGL-FSCC-5010 ANGL-FSCC-5020 
CE-FIRE-9001 FSCC-BFST-4005 FSCC-BFST - 4010 
FSCC-BFST - 4020 MEU-FSPT -8301 MEU-FSPT -8302 
MEU-FSPT -8303 MEU-FSPT-8304 


SIEW-GENI-7003: Conduct electronic warfare operations 


SUPPORTED MET(S): 
MCT 1.1.2 MCT 2.8 MCT 5.4.1.2 


EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, personnel, currently-fielded equipment, 
subordinate elements, mission tasking, commander's guidance, intelligence 
requirements, references, access to available communications networks, and 
materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 

EVENT COMPONENTS: 

1. Conduct electronic warfare attack. 
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2. Conduct electronic warfare support. 


REFERENCES: 

Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

USSID CR1500 (SMGT-2002, 2005, 2006) 

USSID CR1501 (SMGT-2002) 

USSID SP0018 USSID SP0018 

USSID SP0101 USSID SP0101 


NOORWNE 


CHAINED EVENTS: 
ANGL-FSCC-5015 CE-FIRE-9001 FSCC-BFST-4015 


SIEW-GENI-7004: Conduct SIGINT operations 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 2.1.1.5 MCT 2.7 

MCT 2.8 MCT 5.1.1.7 MCT 5.4.1.2 
MCT 5.9.2 

EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, subordinate elements, mission tasking, commander's guidance, 
intelligence requirements, references, access to available communications 
networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 

Collect SIGINT. 

Process SIGINT. 

Analyze SIGINT. 

Exploit SIGINT. 

Produce SIGINT products. 
Disseminate SIGINT products. 


OuoRWNE 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 705.1 Physical Security Standards for Sensitive Compartmented 
Information Facilities 


MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 
MCWP 3-40.5 Electronic Warfare 


Ooh W 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
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OTHER SUPPORT REQUIREMENTS: Red Cell, combat service support, and 
simulation spectrum services. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: Minimum of five day training evolution is 
required to train this collective event to standard. 


SIEW-GENI-7005: Conduct SIGINT/EW/CO command and control 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 2.1.1.5 MCT 2.7 

MCT 2.8 MCT 5.1.1.7 MCT 5.4.1.2 
MCT 5.9.2 

EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given personnel, currently-fielded equipment, subordinate 
elements, mission tasking, commander's guidance, intelligence requirements, 
references, access to available communications networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits and constraints 
authorities, mission tasks, and parameters. 


EVENT COMPONENTS: 

Establish SCIF. 

Establish SCI communications. 

Plan SIGINT operations. 

Direct SIGINT operations. 

Plan electronic warfare. 

Direct electronic warfare. 

Plan tactical cyberspace operations. 
Direct tactical cyberspace operations. 
Conduct SIGINT collections management. 
Conduct RFI management. 


FOANDUOARWNE 


omg 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 705.1 Physical Security Standards for Sensitive Compartmented 
Information Facilities 


3. MCWP 2-1 Intelligence Operations 

4. MCWP 2-22 Signals Intelligence 

5. MCWP 2-3 MAGTF Intelligence Production and Analysis 

6. MCWP 3-40.5 Electronic Warfare 

CHAINED EVENTS: 

CE-FIRE-9001 FSCC -BFST-4005 FSCC-BFST-4020 
MEU-FSPT -8301 MEU-FSPT -8303 MEU-FSPT -8304 
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SIEW-GENI-5001: Provide intelligence communications services 


SUPPORTED MET(S): 
MCT 2.8 MCT 5.1.1.7 


EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, mission tasking, commander's guidance, intelligence requirements, 
references, access to available communications networks, and materials 


STANDARD: IOT ensure the commander/staff have SCI communications to satisfy 
operational requirements. 


EVENT COMPONENTS: 

Review mission tasking. 

Conduct site survey. 

Coordinate with internal/external entities. 
Allocate resources. 

Execute communications plan. 

Execute SCI Computer Network Defense Plan. 


OnRWNE 


REFERENCES: 

be CJCSM 6231.04B Manual for Employing Tactical Communications 

DODI 8570.01-M Information Assurance Workforce Improvement Program 
DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 
JP 2-02 National Intelligence Support to Joint Operations 

JP 6-0 Joint Communications System 

Local SOP Local Standard Operating Procedures 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.3 MAGTF Communications System 

MCWP 6-22 Communications and Information Systems 

SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


WN 


FPROANOOD OSA 


Ho- 


SIEW-GENI-5002: Coordinate tactical offensive cyberspace operations 


SUPPORTED MET(S): MCT 5.9.2 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, subordinate elements, mission tasking, commander's guidance, 
intelligence requirements, references, access to available communications 
networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 
1. Plan tactical OCO. 


3-8 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 
2. Coordinate OCO targeting. 
3. Execute OCO. 
4. Assess OCO effects. 
REFERENCES: 
1. JP 3-12 Cyberspace Operations 
2. MCO 3100.4 Cyberspace Operations 
CHAINED EVENTS: 
ANGL-FSCC-5005 ANGL-FSCC-5010 ANGL-FSCC-5020 
CE-FIRE-9001 FSCC-BFST-4005 FSCC-BFST-4010 
FSCC-BFST-4020 MEU-FSPT-8301 MEU-FSPT -8302 


MEU-FSPT -8303 MEU-FSPT-8304 


SIEW-GENI-5003: Conduct electronic warfare operations 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 2.8 MCT 5.4.1.2 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, personnel, currently-fielded equipment, 
subordinate elements, mission tasking, commander's guidance, intelligence 
requirements, references, access to available communications networks, and 
materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 
1. Conduct electronic warfare attack. 
2. Conduct electronic warfare support. 


REFERENCES: 

Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

USSID CR1500 (SMGT-2002, 2005, 2006) 

USSID CR1501 (SMGT-2002) 

USSID SP0018 USSID SP0018 

USSID SP0101 USSID SP0101 


NOOR WNE 


CHAINED EVENTS: 
ANGL-FSCC-5015 CE-FIRE-9001 FSCC-BFST-4015 


SIEW-GENI-5004: Conduct SIGINT operations 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 2.1.1.5 MCT 2.7 
MCT 2.8 MCT 5.1.1.7 MCT 5.4.1.2 
MCT 5.9.2 


3-9 Enclosure (1) 


(Solve for the literal) 


(a) (b) 
3x =21-4x 9M-3=5+5M 


If your answer to the challenge is the same as follows you are correct and may continue. If your 
answer is incorrect, review paragraph 3102 before continuing. 


(Solutions) 
(a) (b) 

3x = 21 —4x 9M-3=5+5M 
3x+4x=21-4x4+4x 9M-5M-34+3=54+34+5M-5M 

7x =21 4M=8 

te. 3 4M _ 8 

7 4 =%4 

1=3 M=2 
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EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given authorities, certified personnel, currently-fielded 
equipment, subordinate elements, mission tasking, commander's guidance, 
intelligence requirements, references, access to available communications 
networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 

Collect SIGINT. 

Process SIGINT. 

Analyze SIGINT. 

Exploit SIGINT. 

Produce SIGINT products. 
Disseminate SIGINT products. 


OnBRWNE 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 705.1 Physical Security Standards for Sensitive Compartmented 
Information Facilities 


MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 
MCWP 3-40.5 Electronic Warfare 
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SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Red Cell, combat service support, and 
simulation spectrum services. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: Minimum of five day training evolution is 
required to train this collective event to standard. 


SIEW-GENI-5005: Integrate intelligence systems 


SUPPORTED MET(S): 


MCT 2.1.1.5 MCT 2.8 MCT 5.1.1.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
CONDITION: Given authorities, certified personnel, currently-fielded 


equipment, mission tasking, commander's guidance, intelligence requirements, 
references, access to available communications networks, and materials 
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STANDARD: To ensure availability of intelligence systems throughout the 
conduct of operations. 


EVENT COMPONENTS: 

Determine the requirements. 

Coordinate with network owner. 

Coordinate with system(s) owner. 

Administer system (as required). 

Administer network (as required). 

Coordinate information assurance requirements. 
Administer information assurance requirements. 
Update POA&M. 
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REFERENCES: MCWP 2-22 Signals Intelligence 


SIEW-GENI-5006: Conduct SIGINT/EW/CO command and control 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 2.1.1.5 MCT 2.7 

MCT 2.8 MCT 5.1.1.7 MCT 5.4.1.2 
MCT 5.9.2 

EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given personnel, currently-fielded equipment, subordinate 
elements, mission tasking, commander's guidance, intelligence requirements, 
references, access to available communications networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits and constraints 
authorities, mission tasks, and parameters. 


EVENT COMPONENTS: 

Establish SCIF. 

Establish SCI communications. 

Plan SIGINT operations. 

Direct SIGINT operations. 

Plan electronic warfare. 

Direct electronic warfare. 

Plan tactical cyberspace operations. 
Direct tactical cyberspace operations. 
Conduct SIGINT collections management. 
Conduct RFI management. 


FOANDORWNE 


long 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 705.1 Physical Security Standards for Sensitive Compartmented 
Information Facilities 


MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 
MCWP 3-40.5 Electronic Warfare 
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CHAINED EVENTS: 
CE-FIRE-9001 FSCC-BFST-4005 FSCC-BFST - 4020 
MEU-FSPT -8301 MEU-FSPT-8303 MEU-FSPT -8304 


RECN-AMPH-4002: Conduct small craft movement 


SUPPORTED MET(S): 


MCT 1.9 MCT 2.1.2.8 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a recon team, organic amphibious equipment, an appropriate 
situation and mission 


STANDARD: by arriving at the assigned destination and in accordance with the 
commander's intent. 


EVENT COMPONENTS: 

1. Plan and prepare for small craft movement. 

2. Conduct appropriate movement techniques. 

3. Execute appropriate emergency procedures as required (e.g. man 
overboard, capsized boat, towing procedures, engine failure). 


REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. COMDINST MI6114.5A U. S. Coast Guard Boat Crew Seamanship Manual 
3. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

4. MCWP 2-25 Ground Reconnaissance Operations 

5. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 


Reconnaissance Craft 


CHAINED EVENTS: 
RECN-AMPH-1001 RECN-AMPH-1001 


PREREQUISITE EVENTS: 
RECN -AMPH- 2002 RECN -AMPH - 2002 RECN-AMPH-2003 
RECN -AMPH- 2003 
RELATED EVENTS: 
RECN -AMPH- 2401 RECN -AMPH- 2401 RECN-AMPH-2402 
RECN -AMPH- 2402 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17440 Personnel/Equipment Drop Zone 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 
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SPECIAL PERSONNEL CERTS: Coxswain, Safety Swimmers, Appropriate certified 
range safety and medical personnel. 


RECN-AMPH-4003: Conduct over the horizon operation 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
DESCRIPTION: This task provides the procedure for executing a navigation 


plan by conducting a movement from a position over the horizon to the 
intended beach landing site (BLS). 


CONDITION: Given a recon team, a mission, launch platform, an insertion 
craft, all required personnel, required equipment, and an IP more than 25 
nautical miles from the BLS 


STANDARD: by planning and conducting a movement from a vessel and arriving 
at the assigned BLS within 1/10th of a nautical mile. 


EVENT COMPONENTS: 


1. Plan and prepare for over the horizon small craft movement. 

2. Effect launch. 

3. Commence OTH movement. 

4. Conduct appropriate movement techniques. 

5. Maintain communications. 

6. Navigate at sea. 

7. Execute appropriate emergency procedures as required. (e.g. man 
overboard, capsized boat, towing procedures, engine failure) 

8. Execute mission. 

9. Conduct recovery. 

REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. COMDINST MI6114.5A U. S. Coast Guard Boat Crew Seamanship Manual 

3. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

4. MCWP 2-25 Ground Reconnaissance Operations 

5. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 


Reconnaissance Craft 


CHAINED EVENTS: 


RECN-AMPH- 2001 


PREREQUISITE EVENTS: 


RECN-AMPH-1004 
RECN-AMPH-1005 
RECN-AMPH-1007 
RECN-AMPH-1008 
RECN-COMM-4001 
RECN-GRND-4007 
RECN-PLAN-4001 
RECN-SPIE-4009 


RECN-AMPH- 2001 


RECN-AMPH-1004 
RECN-AMPH-1006 
RECN-AMPH-1007 
RECN-AMPH-4002 
RECN-GRND- 4002 
RECN-GRND-4009 
RECN-PLAN- 4002 


RECN-AMPH-1005 
RECN-AMPH-1006 
RECN-AMPH-1008 
RECN-C2-4005 

RECN-GRND-4003 
RECN-GRND-4025 
RECN-SPIE-4008 
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RELATED EVENTS: 
RECN-AMPH- 2401 
RECN-AMPH- 2402 
RECN-C2-2403 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-INTL-2406 
RECN-PLAN- 2414 
RECN-SPIE-2402 


RECN-AMPH- 2401 
RECN-AMPH- 2403 
RECN-C2-2403 

RECN-COMM-2405 
RECN-GRND- 2401 
RECN-GRND-2405 
RECN-PLAN- 2401 
RECN-SPIE-2401 
RECN-SPIE-2402 
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RECN-AMPH- 2402 
RECN-AMPH- 2403 
RECN-COMM- 2402 
RECN-COMM- 2405 
RECN-GRND- 2403 
RECN-INTL-2406 
RECN-PLAN- 2414 
RECN-SPIE-2401 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17440 Personnel/Equipment Drop Zone 
EQUIPMENT: Surface/subsurface/aviation launch and recovery platform. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 


SPECIAL PERSONNEL CERTS: Coxswain, Safety Swimmers, Appropriate certified 
range safety and medical personnel. 


RECN-AMPH-4004: Conduct a clandestine landing/withdrawal 


SUPPORTED MET(S): 
MCT 1.8 MCT 1.9 MCT 2.1.2.8 


MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: This task provides the procedure for reconnaissance operations 
requiring clandestine landing and/or withdrawal using surface swimming, 
combat diving, or small craft. 


CONDITION: Given a recon team, a mission, launch platform, all required 
personnel, and equipment 


STANDARD: by transporting all personnel and equipment through the surf-zone 
in all weather conditions. 


EVENT COMPONENTS: 


1. Plan and prepare for a clandestine amphibious landing/withdrawal. 
Qu Conduct movement. 
3. Execute appropriate emergency procedures as required. (e.g. man 


overboard, capsized boat, towing procedures, engine failure) 
Deploy scout swimmers, as required. 

Conduct a reconnaissance of the beach landing site. 

Signal and conduct ITG for main landing force, as required. 
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7. Land at BLS 
8. Cache equipment and small craft, as required. 
9. Conduct mission. 


10. Conduct follow on missions as required. 
11. Recover and launch small craft, as required. 
12. Conduct exfiltration. 


REFERENCES: 
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CHAINED EVENTS: 


PREREQUISITE EVENTS: 


RECN-AMPH-1009 
RECN-AMPH- 4003 
RECN-COMM-4001 
RECN-GRND- 4002 
RECN-MED-4001 


RELATED EVENTS: 
RECN-AMPH- 2401 
RECN-AMPH- 2402 
RECN-AMPH- 2404 
RECN-C2-2403 
RECN-COMM- 2405 
RECN-GRND- 2401 
RECN-GRND- 2405 
RECN-PLAN- 2401 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 


BOWDITCH American Practical Navigator 
COMDINST MI6114.5A U. S. Coast Guard Boat Crew Seamanship Manual 
MCRP 2-12A Reconnaissance Reports Guide 

MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

MCWP 2-25 Ground Reconnaissance Operations 

TM O9665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 


RECN-AMPH- 3002 


RECN-AMPH-1009 
RECN-AMPH- 4010 
RECN-GRND- 2006 
RECN-GRND-4003 
RECN-PLAN-4001 


RECN-AMPH- 2401 
RECN-AMPH- 2403 
RECN-AMPH- 2404 
RECN-COMM- 2402 
RECN-COMM- 2405 
RECN-GRND- 2403 
RECN-INTL-2406 
RECN-PLAN- 2414 
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RECN-AMPH- 4002 
RECN-C2-4005 

RECN-GRND- 2006 
RECN-GRND-4025 
RECN-PLAN- 4002 


RECN-AMPH- 2402 
RECN-AMPH- 2403 
RECN-C2-2403 

RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-INTL-2406 
RECN-PLAN- 2414 


Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


Facility Code 17440 Personnel/Equipment Drop Zone 


EQUIPMENT: 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
risk training, 


SPECIAL PERSONNEL CERTS: 


Coxswain, Safety Swimmers, Appropriate certified 


range safety and medical personnel. 


RECN-AMPH-4005: 


SUPPORTED MET(S): 


Conduct a surface swim 


Surface/subsurface/aviation launch and recovery platform. 


This type of training is classified as high 
refer to OPNAVINST 1500.75. 
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MCT 1.8 
MCT 2.7 


EVALUATION-CODED: 


DESCRIPTION: 


NO 


MCT 1.9 
MCT 3.2 


7 


SUSTAINMENT INTERVAL: 


requiring insertion using surface swimming. 


CONDITION: 


personnel, and equipment. 


STANDARD: 


MCT 2.1.2.8 


and arriving at the objective within 200 meters 


EVENT COMPONENTS: 

Plan and prepare for surface swim. 
Conduct movement. 
Launch from platform. 
Swim to outside surf zone. 
Observe landing area for enemy presence. 
Remove swimmer equipment and prepare operational gear, 
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water. 


Move through surf zone undetected. 


7. 
8. Exit water, 
9 


cross beach, 


and enter hinterland. 
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12 months 


This task provides the procedure for reconnaissance operations 


Given a recon team, a mission, launch platform, all required 


by swimming to the objective at a minimum distance of 5000 yards 


Conduct reconnaissance of immediate area for enemy presence and 


danger areas. 
Confirm location on beach. 

Cache equipment, as required. 
Remove tracks from waterline to hinterland. 
Upon completion of mission, enter extract beach undetected. 
Observe beach for enemy activity. 
Move to waterline, 


REFERENCES: 
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Reconnaissance Craft 


CHAINED EVENTS: 
RECN-AMPH- 3001 


PREREQUISITE EVENTS: 


RECN-AMPH-1009 
RECN-AMPH- 1010 
RECN-AMPH-4003 
RECN-COMM-4001 
RECN-COND-1002 
RECN-COND-1004 
RECN-GRND- 4002 
RECN-MED-4001 


SUPPORT REQUIREMENTS: 


BOWDITCH American Practical Navigator 
COMDINST MI6114.5A U. S. Coast Guard Boat Crew Seamanship Manual 
MCRP 2-12A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 
TM O9665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 


RECN-AMPH- 3002 


RECN-AMPH-1009 
RECN-AMPH-1010 
RECN-AMPH-4010 
RECN-COND-1001 
RECN-COND-1002 
RECN-GRND- 2006 
RECN-GRND-4003 
RECN-PLAN-4001 


removing tracks/trails. 
Swim out of surf zone to extract point. 


RECN-AMPH-1010 
RECN-AMPH- 4002 
RECN-C2-4005 

RECN-COND-1001 
RECN-COND-1004 
RECN-GRND- 2006 
RECN-GRND-4025 
RECN-PLAN- 4002 
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RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17440 Personnel/Equipment Drop Zone 


EQUIPMENT: Surface/subsurface/aviation launch and recovery platform. 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. The minimum distance of 5,000 
yards set forth in the event standard can be changed by the commander to 
meet the requirements of the operational environment. T&amp;R standards 
are tied to potential real world missions and not an arbitrary number or 
distance. 


SPECIAL PERSONNEL CERTS: Coxswain, Safety Swimmers, Appropriate certified 
range safety and medical personnel. 


RECN-AMPH-4010: Conduct mounted/ dismounted engagements 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


CONDITION: Given a recon team, a mission, a launch platform, all required 
personnel, and equipment. 


STANDARD: by eliminating the threat and/or breaking contact. 


EVENT COMPONENTS: 

1. Mounted/dismounted unit conducts battle drills appropriate to given 
tactical situation. 

2. Unit counters enemy engagement. 

3. Unit utilizes fire support in accordance with fire support plan, 
utilizing all assets available. 

4. Unit conducts immediate action drill appropriate to given tactical 
situation. Response is sufficient to gain fire superiority 
facilitating maneuver on or breaking contact with the enemy. 

5. Medical Evacuations, whether ground or air, are identified and 
coordinated with higher. 


REFERENCES: 

1. FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 
PROCEDURES 

MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-11.2 Marine Rifle Squad 

MCWP 3-11.3 Scouting and Patrolling 

MCWP 3-15.41 Machineguns and Machinegun Gunnery 

MCWP 3-16.6 Supporting Arms Observer, Spotter and Controller 
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PREREQUISITE EVENTS: 
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RECN-C2-4004 

RECN-DEMO-1001 
RECN-DEMO-1002 
RECN-GRND- 2009 
RECN-GRND-4005 
RECN-MED-3001 
RECN-MED-3004 
RECN-PLAN- 4002 
RECN -SHAP - 3024 
RECN-WPNS-1003 
RECN-WPNS-1017 
RECN-WPNS - 1020 
RECN-WPNS-1023 
RECN-WPNS- 2001 
RECN-WPNS - 2039 


RELATED EVENTS: 
RECN-C2-2402 
RECN-C2-2403 
RECN-GRND- 2403 
RECN-MED-2401 
RECN-WPNS - 2401 


SUPPORT REQUIREMENTS: 


40mm Green Smoke M715 F/M203 Gr 
40mm Yellow Smoke M716 F/M203 G 
40mm HEDP M430 / M430A1 Linked 

40mm HEDP M433 F/M203 Gren Laun 


ORDNANCE: 
DODIC 
A059 Ctg, 5.56mm 
A063 Ctg, 5.56mm 
A064 Ctg, 5.56mm 
A131 Ctg, 7.62mm 
A576 Ctg, .50 Cal 
B508 Ctg, 
B509 Ctg, 
B542 Ctg, 
B546 Ctg, 
G881 Gren, Hand F 


RECN-C2-4005 

RECN-DEMO-1001 
RECN-GRND-1004 
RECN-GRND- 2009 
RECN-GRND-4008 
RECN-MED-3002 

RECN-MED-4001 
RECN-PLAN-4003 
RECN-WPNS-1001 
RECN-WPNS-1005 
RECN-WPNS-1018 
RECN-WPNS-1021 
RECN-WPNS-1024 
RECN-WPNS - 2027 
RECN-WPNS - 2040 


RECN-C2-2402 

RECN-DEMO- 2401 
RECN-GRND- 2419 
RECN-PLAN- 2414 
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RECN -COMM- 4001 
RECN -DEMO-1002 
RECN-GRND-1004 
RECN-GRND- 2011 
RECN-GRND- 4033 
RECN-MED-3003 

RECN-PLAN- 4001 
RECN - SHAP - 3009 
RECN-WPNS - 1002 
RECN-WPNS-1016 
RECN-WPNS-1019 
RECN-WPNS - 1022 
RECN-WPNS-1025 
RECN-WPNS - 2028 
RECN-WPNS - 2048 


RECN-C2-2403 

RECN-GRND- 2403 
RECN-MED-2401 
RECN-PLAN- 2414 


QUANTITY 

480 cartridges per weapon 
160 cartridges per weapon 
1600 cartridges per weapon 
4000 cartridges per weapon 
4000 cartridges per weapon 
16 cartridges per weapon 
16 cartridges per weapon 
160 cartridges per weapon 
40 cartridges per weapon 

2 grenades per Marine 


Ball M855 (Clip) 

Tracer M856 

4 Ball M855/1 Tracer M85 
4 Ball M80/1 Tracer M62 
4 API/1 API-T Linked 


ragmentation M67 


G930 Grenade, Hand Smoke HC AN-M8 8 grenades per Marine 
G940 Gren, Hand Smoke Green M18 16 grenades per Team 
G945 Gren, Hand Smoke Yellow M18 16 grenades per Team 
G950 Gren, Hand Smoke Red M18 16 grenades per Team 
L306 Sig, Illum Red Star Cluster M158 16 signals per Team 
L307 Sig, Illum White Star Cluster M159 16 signals per Team 
L312 Sig, Illum White Star Para M127 16 signals per Team 
L314 Sig, Illum Green Star Cluster M125 16 signals per Team 
L324 Sig, Smk Grn Para M128A1 16 signals per Team 

RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 

Facility Code 17430 Impact Area Dudded 

Facility Code 17581 Machine Gun Field Fire Range 

Facility Code 17581 Machine Gun Field Fire Range 

Facility Code 17710 Multipurpose Training Range (MPTR) 

Facility Code 17730 Fire And Movement Range 
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EQUIPMENT: Surface/subsurface/aviation launch and recovery platform. 

OTHER SUPPORT REQUIREMENTS: 1. Crew-Served Weapons (as required): 4HMG, 

MMG, MK-19 2. Optics Devices: Day, Night, and Thermal 3. Navigational 

Aids 4. Live fire and maneuver range 5. Mobility platform(s) 
MISCELLANEOUS: 

ADMINISTRATIVE INSTRUCTIONS: 

This type of training is classified as high risk training, refer to 

OPNAVINST 1500.75. 

G811,G878, AQ080, AO75 and B518 can be used during training. 


SPECIAL PERSONNEL CERTS: 1. Coxswain, Safety Swimmers, Appropriate 
certified range safety and medical personnel. 


RECN-C2-4001: Deploy to the Operational Area 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task describes the procedures to move units and their 
systems from one position to another in order to gain a position of advantage 
over or avoid a position of disadvantage with respect to an enemy. 


CONDITION: Given a mission with operational/strategic significance, ina 
hostile, politically sensitive or denied environment and possessing all 
required personnel, required external support and equipment, and C4I-related 
infrastructure and equipment. 


STANDARD: by arriving at the area of operations with all mission-essential 
personnel while maintaining operations security. 


EVENT COMPONENTS: 

Conduct Pre-deployment activities. 

Participate in the Pre-deployment Site Survey (PDSS), as required. 
Conduct Operational Planning. 

Conduct Logistical Planning. 

Conduct deployment. 
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REFERENCES: MCWP 2-25 Ground Reconnaissance Operations 
PREREQUISITE EVENTS: 


RECN-C2-4002 RECN-PLAN-4001 RECN-PLAN- 4002 
RECN- PLAN - 4006 


RECN-C2-4002: Prepare supplies, equipment, and vehicles for embarkation 


SUPPORTED MET(S): 


3-19 Enclosure (1) 


3103. Solve Formulas 


Formulas are nothing more than equations that show a scientific relationship between some 
constants or variables. The procedures for solving formulas are the same as those for solving 
equations in the preceding paragraphs. You are now ready to use the seven axioms to isolate a 
required unknown in a given formula. In the first example, the electronic formula for resonance 
of a series circuit is used to help demonstrate procedures for isolating a specific variable. This 
will show you how to apply the axioms to isolate the variable for capacitance represented by the 
letter (C) in this formula. Study the example. 


Example: 
f= enrol , Solve for (C) 
F2Ale =i (Multiply both sides by22/LC ) 
06 oa (Divide both sides by 2zf) 
em ae (Square both sides) 
cz aor (Multiply by +) 


Try the following challenge. Substitute your solution for the literal to ensure your solutions are 
correct before you check your answers against those provided. 
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MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Embarkation readiness includes having all materials to prepare 
gear and personnel for movement. 


CONDITION: Given the materials required, prepare the team's gear and 
equipment for embarkation. 


STANDARD: by having the team ready for embarkation within the time allotted 
in the movement order and associated annexes. 


EVENT COMPONENTS: 

1. Ensure that all containers/boxes are serviceable. 

2. Ensure that all containers/boxes have the proper tactical markings. 

3. Submit request for pallet boards to platoon HQ, as required. 

4 Submit request for packing lists envelopes to platoon HQ, as 
required. 


5. Ensure pallets are serviceable. 

6. Submit request for banding material to platoon HQ, as required. 

7. Submit request for waterproofing materials to platoon HQ, as 
required. 

8. Ensure vehicles are thoroughly clean. 

9. Ensure lashing materials (cargo straps) to secure mobile loads are 


available (coordinate with platoon HQ). 
10. Ensure fuel and water cans are available from Supply and MT section. 
11. Submit request for embarkation placards to platoon HQ, as required. 
12. Submit request for vehicle shoring to platoon HQ, as required. 


REFERENCES: 
1. MCRP 4-11.3G Unit Embarkation Handbook 
2. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 
RECN-PLAN-4001 RECN-PLAN- 4002 


SUPPORT REQUIREMENTS: 


EQUIPMENT: Water proofing materials, Packing lists, Packing lists 
envelopes, Embarkation placards, Pallet boards, Vehicle shoring, Duct 
tape, Stencils, Spray paint, Color coded tags, Baggage tags, serialized 
bands 


OTHER SUPPORT REQUIREMENTS: Personal gear (seabags, kit bags, issue 
packs) must be properly marked (color coded) as per guidance from platoon 


HQ. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: The S-4 will provide assistance and 
supervision throughout the process. 
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RECN-C2-4004: Conduct Live Fire Range Operations 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a recon team, required external support and equipment, and 
a mission. 


STANDARD: by ensuring that marksmanship fundamentals and safety regulations 
are applied. 


EVENT COMPONENTS: 


1. Review range safety orders and regulations governing range 
operations. 

2. Draw range safety diagrams and Safe Danger Zones (SDZ) for the 
designated range, as required. 

or Brief explosive handling procedures (transporting, storing, and 


disposal of excess class V (W). 

Brief hazardous material protection methods. 

Brief range operations. 

Conduct range safety brief. 

Brief Operational Risk Management (ORM) assessment. 

Brief the pertinent information concerning training preparation of 

the designated range, class V (W) to be used, safety procedures, and 

draw safety diagrams to be briefed to the participants. 

9. Ensure that required safety support is present (road guards, 
corpsman, RSO, etc). 

10. Conduct live fire, as required. 

11. Conduct after action review. 


ONouoh 


REFERENCES: 

1. FM 5-250 Explosives and Demolitions 

2. MCB and applicable Range Control SOP 

3. MCO 3500.27_ Operational Risk Management (ORM) 
4. MCRP 3-01A Rifle Marksmanship 


PREREQUISITE EVENTS: 
RECN-C2-4003 RECN-PLAN-4001 RECN-PLAN- 4006 
RECN-WPNS- 2001 


RELATED EVENTS: 


RECN-C2-2401 RECN-C2-2401 RECN-C2-2402 
RECN-C2-2402 RECN-C2-2403 RECN-C2-2403 
RECN-PLAN- 2410 RECN-PLAN- 2410 RECN-PLAN- 2414 
RECN-PLAN- 2414 RECN-PLAN- 2416 RECN-WPNS - 2401 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 


Facility Code 17310 Range Operations Building 
Facility Code 17502 Non-Standard Small Arms Range 
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UNITS/PERSONNEL: (1) RSO, (1) OIC, (1) Corpsmen and additional safety 
personnel as required. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
RSO should review USMC Range Safety Pocket 
Guide Version 1.4 and have TMs for weapons used on hand. 
SPECIAL PERSONNEL CERTS: 


Marine Net Range Safety Course (C1060120CA), and 
MCB Range Safety Officer Course. 


RECN-C2-4005: Conduct an after action review 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a recon team, a situation or event, and required resources 
STANDARD: by identifying lessons learned. 


EVENT COMPONENTS: 


1. Designate area for after action. 

2. Lay out and account for all unit and individual equipment. 
3. Discuss observations of personnel during event. 

4. Engage all personnel for inputs. 

5. Conduct after action following debriefing format. 

6. Provide changes to original plans and overlays. 

7. Make recommendations for changes to SOPs and TTPs. 

8. Compile information obtained and submit to higher. 
REFERENCES: 


1. MCRP 3-0B How to Conduct Training 
2. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 


RECN-C2-4003 RECN-C2-4004 RECN-WPNS - 2001 
RELATED EVENTS: 

RECN-C2-2401 RECN-C2-2401 RECN-C2-2402 
RECN-C2-2402 RECN-C2-2403 RECN-C2-2403 


RECN-WPNS - 2401 


RECN-COLL-4001: Conduct Area Assessment 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
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EVALUATION-CODED: 


NO 


SUSTAINMENT INTERVAL: 
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DESCRIPTION: This task provides the procedure for obtaining all available 


information about an area. 


CONDITION: Given a recon team, a mission, all required personnel and C4I- 
related infrastructure and equipment. 


STANDARD: by planning, 


conducting reconnaissance or surveillance. 


EVENT COMPONENTS: 


1. Conduct planning. 
2. Conduct movement. 
3. Confirm target. 
4. Control target. 
5. Conduct turnover. 
6. Conduct extract. 
7. Conduct debriefs. 
REFERENCES: 

1. 

2. 

3. 

4, 

5. 

6. 

7. 

8. 


PREREQUISITE EVENTS: 


RECN-COLL-3001 
RECN-COLL-3004 
RECN-COLL-3007 
RECN-COLL-3010 
RECN-COLL-3013 
RECN-COLL-3016 
RECN-COLL-3019 
RECN-GRND-4003 
RECN-GRND-4012 
RECN-GRND-4015 
RECN-PLAN-4001 
RECN-SURV-4001 


RELATED EVENTS: 
RECN-COLL-2401 
RECN-COLL-2409 
RECN-COLL- 2422 
RECN-GRND- 2401 
RECN-INTL-2402 
RECN-INTL-2406 
RECN-PLAN- 2413 
RECN-SURV- 2401 


FM 3-05.204 Special Forces Special Reconnaissance 

FM 3-05.220 Special Forces Advanced Special Operations (S\NF) 
MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 

MCWP 2-6 Counterintelligence 
MCWP 3-13 Employment of Amphibious Assault Vehicles 

MCWP 3-16.6 Supporting Arms Observer, Spotter and Controller 
TC 31-16 Special Forces Preparation of the Environment (S\NF) 


RECN-COLL-3002 
RECN-COLL-3005 
RECN-COLL-3008 
RECN-COLL-3011 
RECN-COLL-3014 
RECN-COLL-3017 
RECN-COLL- 3020 
RECN-GRND-4010 
RECN-GRND-4013 
RECN-GRND-4016 
RECN-PLAN- 4002 


RECN-COLL-2403 
RECN-COLL-2415 
RECN-COLL- 2423 
RECN-GRND- 2401 
RECN-INTL-2404 
RECN-INTL-2406 
RECN-PLAN- 2414 
RECN-SURV- 2401 


rehearsing, inspecting, inserting, confirming, and 


RECN-COLL-3003 
RECN-COLL-3006 
RECN-COLL-3009 
RECN-COLL-3012 
RECN-COLL-3015 
RECN-COLL-3018 
RECN-GRND- 4002 
RECN-GRND-4011 
RECN-GRND-4014 
RECN-INTL-4001 
RECN-PLAN- 4006 


RECN-COLL- 2406 
RECN-COLL-2416 
RECN-COLL-2424 
RECN-GRND- 2410 
RECN-INTL-2405 
RECN-PLAN- 2401 
RECN-PLAN- 2414 
RECN-SURV- 2402 
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RECN-COMM-4001: Establish communications 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


CONDITION: Given a recon team, a mission, all required personnel, 
Communication-Electronics Operations Instructions (CEOI), and voice and data 
communications equipment 


STANDARD: by receiving/ inputting mission information in order to accomplish 
the commander's intent. 


EVENT COMPONENTS: 

1. Determine communication requirements based on mission analysis. 

2. Request communication and logistic support based on the communications 
plan. 

3. Establish, operate, and maintain data and voice networks with higher, 
adjacent, subordinate and supporting (HASS) organizations, as 
required. 


REFERENCES: 

1. MCRP 3-40.3B Radio Operators Handbook 

2. MCRP 4-11.3D/NWP 22.5 The Naval Beach Group 
3. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 


RECN-COMM-1001 RECN-COMM-1001 RECN-COMM-1007 
RECN-COMM-1009 RECN-COMM-1011 RECN-COMM-1012 
RECN-COMM-1013 RECN-COMM-1013 RECN-COMM- 2001 
RECN-COMM- 3001 RECN-COMM- 3002 RECN-COMM- 3003 
RECN-PLAN-1005 RECN-PLAN-4001 RECN-PLAN- 4002 
RELATED EVENTS: 

RECN-COMM- 2401 RECN-COMM- 2401 RECN -COMM- 2402 
RECN-COMM- 2402 RECN-COMM- 2403 RECN-COMM- 2403 
RECN-COMM- 2404 RECN-COMM- 2404 RECN-COMM- 2405 
RECN-COMM-2405 RECN-COMM- 2406 RECN-COMM- 2406 


RECN-COMM- 2601 


RECN-GRND-4002: Conduct Operations in Special Terrain 


SUPPORTED MET(S): 
MCT 1.8 MCT 1.9 MCT 2.1.2.8 


MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 
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STANDARD: By gaining access to the environment, persisting within the 
operational area, effectively blending into the operational environment, 


maintaining security, 


accomplishing the assigned mission. 


EVENT COMPONENTS: 
Conduct operations in a jungle environment. 
Conduct riverine operations. 
Conduct a river crossing. 

Conduct operations 
Conduct operations 
Conduct operations 
Conduct operations 


NOOR WNE 


REFERENCES: 


OANDOTRWNE 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-COND-1002 
RECN-COND-1003 
RECN-COND-1004 
RECN-GRND- 4029 
RECN-PLAN- 4002 
RECN-SERE-1009 
RECN-SERE -1010 
RECN-SERE-1012 
RECN-SERE-1013 
RECN-SERE-1015 
RECN-SPIE-4001 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-PLAN- 2414 


RECN-GRND- 4003: 


SUPPORTED MET(S 
MCT 1.8 
MCT 3.2.7 


EVALUATION -CODED: 


in an urban terrain. 
in a desert environment. 
in mountainous terrain. 
in a cold weather environment. 


MCRP 3-02H Survival, Evasion, and Recovery 

MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
MCRP 3-35.1C Mountain Leader's Guide to Mountain Warfare Operations 
MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-11.3 Scouting and Patrolling 
MCWP 3-15.3 Scout Sniping 

MCWP 3-35.5 Jungle Operations 

MCWP 3-35.6 Desert Operations 

SH 21-76 Ranger Handbook 


RECN-COND-1001 
RECN-COND-1002 
RECN-COND-1003 
RECN-GRND- 2001 
RECN-GRND- 4030 
RECN-SERE-1008 
RECN-SERE-1009 
RECN-SERE-1011 
RECN-SERE-1012 
RECN-SERE-1014 
RECN-SPIE-2003 
RECN-SPIE-4001 


RECN-COMM- 2402 
RECN-PLAN- 2401 


Move in a Denied Area 


MCT 2.1.2.8 


SUSTAINMENT INTERVAL: 


MCT 2.7 


reacting appropriately to the enemy situation, and 


RECN-COND-1001 
RECN-COND-1003 
RECN-COND-1004 
RECN-GRND- 2001 
RECN-PLAN-4001 
RECN-SERE-1008 
RECN-SERE-1010 
RECN-SERE-1011 
RECN-SERE-1013 
RECN-SERE-1014 
RECN-SPIE-2003 


RECN-GRND- 2401 
RECN-PLAN- 2414 


11 months 
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DESCRIPTION: This task provides the procedure for moving into a denied area 
by avoiding compromise. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


REFERENCES: 

1. FM 3-05.213 Special Forces Pack Animals 

2. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

3. FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 
PROCEDURES 

4. MCRP 4-11.3H Multi-service Tactics, Techniques, and Procedures for 
Tactical Convoy Operations 


5. MCWP 2-25 Ground Reconnaissance Operations 
6. SOCOM Handbook SOCOM Combat Convoy Handbook 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-GRND-1003 
RECN-GRND-1016 
RECN-GRND-4019 
RECN-PLAN-1004 
RECN-PLAN- 4002 
RECN -SHAP - 3024 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-PLAN- 2405 
RECN-PLAN- 2410 
RECN-PLAN- 2414 


RECN-GRND-1002 
RECN-GRND-1003 
RECN-GRND- 2002 
RECN-PLAN-1003 
RECN-PLAN-1004 
RECN-PLAN-4003 


RECN-COMM- 2402 
RECN-PLAN- 2406 
RECN-PLAN- 2410 


RECN-GRND-1002 
RECN-GRND-1016 
RECN-GRND-4005 
RECN-PLAN-1003 
RECN-PLAN- 4001 
RECN - SHAP - 3009 


RECN-PLAN- 2405 
RECN-PLAN- 2406 
RECN-PLAN- 2414 


SUPPORT REQUIREMENTS: 


EQUIPMENT: 1. Vehicles with mounted Crew-Served Weapons, radios, optics 
and navigation aids 2. Vehicle Hide Kit 


UNITS/PERSONNEL: 1. Licensed drivers required, vehicle mechanics and 


technicians may be needed. 2. Certified range safety and medical 
personnel are required. 3. Role players / opposing forces. 


RECN-GRND-4004: Conduct a patrol 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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CONDITION: Given a mission, all required personnel, and C4I-related 


infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, effectively blending into the operational environment, 


maintaining security, 


accomplishing the assigned mission. 


EVENT COMPONENTS: 

Plan and prepare for the patrol. 
Conduct departure of friendly lines/ insertion. 
Conduct infiltration. 

Employ movement techniques as a unit. 
Conduct actions on the objective. 
Conduct exfiltration. 

Conduct re-entry of friendly lines/ extraction. 
Conduct post-patrol priorities of work. 


ONDORWNE 


REFERENCES: 


iad 


oBRWND 


PREREQUISITE EVENTS: 


RECN-COMM- 2001 
RECN-GRND-1001 
RECN-GRND-1003 
RECN-GRND-1007 
RECN-GRND-1009 
RECN-GRND-1010 
RECN-GRND-1022 
RECN-GRND-4003 
RECN-GRND- 4020 
RECN-PLAN-4001 
RECN-SPIE-4001 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-GRND- 2407 
RECN-GRND- 2420 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 
Facility Code 
Facility Code 
Facility Code 
Facility Code 


UNITS/PERSONNEL: 


FM 3-25.26 Map Reading and Land Navigation 
MCWP 2-25 Ground Reconnaissance Operations 
MCWP 3-11.3 Scouting and Patrolling 
MCWP 3-15.3 Scout Sniping 
SH 21-76 Ranger Handbook 


RECN-COMM- 4001 
RECN-GRND-1002 
RECN-GRND-1003 
RECN-GRND-1008 
RECN-GRND-1009 
RECN-GRND-1016 
RECN-GRND-1022 
RECN-GRND-4005 
RECN-GRND-4021 
RECN-PLAN- 4002 


RECN-COMM- 2402 
RECN-GRND- 2402 
RECN-GRND- 2403 
RECN-GRND- 2407 
RECN-PLAN- 2414 


17410 Maneuver/Training Area, 
17430 Impact Area Dudded 
17581 Machine Gun Field Fire Range 

17710 Multipurpose Training Range (MPTR) 
17730 Fire And Movement Range 


1. Role players / opposing forces. 


reacting appropriately to the enemy situation, and 


RECN-GRND-1001 
RECN-GRND-1002 
RECN-GRND-1007 
RECN-GRND-1008 
RECN-GRND-1010 
RECN-GRND-1016 
RECN-GRND- 4002 
RECN-GRND-4019 
RECN-GRND-4025 
RECN-SPIE-4001 


RECN-GRND- 2401 
RECN-GRND- 2402 
RECN-GRND- 2406 
RECN-GRND- 2420 
RECN-PLAN- 2414 


Light Forces 
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RECN-GRND-4005: Execute immediate actions upon contact with the enemy 


SUPPORTED MET(S): 
MCT 1.8 MCT 2.1.2.8 MCT 2.7 


MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by eliminating the threat and/or breaking contact. 


EVENT COMPONENTS: 

1. Execute actions during an immediate halt 

2 Execute actions during air observation 

3 Execute actions during air attack 

4. Execute actions during a hasty ambush 

Di Execute actions during an immediate assault 

6 Execute actions during a chance contact 

7 Execute actions during a near-counter-ambush 
8. Execute actions during a far-counter-ambush 

9. Execute actions upon contact with a booby trap 
10. Execute actions while crossing a danger area 
11. Execute actions during an indirect fire attack 
12. Execute actions during contact with a sniper 
13. Execute actions during a break out from a static position 


REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.2 Marine Rifle Squad 

3. MCWP 3-11.3 Scouting and Patrolling 

4. SH 21-76 Ranger Handbook 


PREREQUISITE EVENTS: 


RECN-C2-4004 

RECN-DEMO-1001 
RECN-DEMO-1002 
RECN-GRND-1004 
RECN-GRND- 4033 
RECN-MED-3003 

RECN-PLAN-4001 
RECN -SHAP - 3009 
RECN-WPNS-1002 
RECN-WPNS-1016 
RECN-WPNS-1019 
RECN-WPNS-1022 
RECN-WPNS-1025 


RELATED EVENTS: 
RECN-C2-2402 
RECN-C2-2403 
RECN-GRND- 2403 
RECN-MED-2401 


RECN-C2-4005 
RECN -DEMO-1001 
RECN-DEMO-1003 
RECN-GRND-1004 
RECN-MED-3001 
RECN-MED-3004 
RECN-PLAN-4002 
RECN -SHAP - 3024 
RECN-WPNS-1003 
RECN-WPNS-1017 
RECN-WPNS-1020 
RECN-WPNS-1023 
RECN-WPNS - 2001 


RECN-C2-2402 

RECN-DEMO- 2401 
RECN-GRND- 2419 
RECN-PLAN-2414 


RECN -COMM- 4001 
RECN -DEMO-1002 
RECN-DEMO-1003 
RECN-GRND- 2011 
RECN-MED-3002 

RECN-MED-4001 

RECN-PLAN-4003 
RECN-WPNS-1001 
RECN-WPNS-1005 
RECN-WPNS-1018 
RECN-WPNS-1021 
RECN-WPNS- 1024 


RECN-C2-2403 

RECN-GRND- 2403 
RECN-MED-2401 
RECN-PLAN- 2414 
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RECN -WPNS - 2401 
SUPPORT REQUIREMENTS: 
ORDNANCE: 
DODIC QUANTITY 
A059 Ctg, 5.56mm Ball M855 (Clip) 480 cartridges per weapon 
A063 Ctg, 5.56mm Tracer M856 160 cartridges per weapon 


A064 Ctg, 5.56mm 4 Ball M855/1 Tracer M85 1600 cartridges per weapon 
B508 Ctg, 40mm Green Smoke M715 F/M203 Gr 16 cartridges per weapon 
B509 Ctg, 40mm Yellow Smoke M716 F/M203 G 16 cartridges per weapon 
B546 Ctg, 40mm HEDP M433 F/M203 Gren Laun 40 cartridges per weapon 


G881 Gren, Hand Fragmentation M67 2 grenades per Marine 
G930 Grenade, Hand Smoke HC AN-M8 8 grenades per Marine 
G940 Gren, Hand Smoke Green M18 16 grenades per Team 
G945 Gren, Hand Smoke Yellow M18 16 grenades per Team 
G950 Gren, Hand Smoke Red M18 16 grenades per Team 
K143 Mine, AP M18A1 w/Accessories Electri 3 mines per Team 

L306 Sig, Illum Red Star Cluster M158 16 signals per Team 
L307 Sig, Illum White Star Cluster M159 16 signals per Team 
L312 Sig, Illum White Star Para M127 16 signals per Team 


L314 Sig, Illum Green Star Cluster M125 16 signals per Team 


RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17430 Impact Area Dudded 

Facility Code 17581 Machine Gun Field Fire Range 
Facility Code 17710 Multipurpose Training Range (MPTR) 
Facility Code 17730 Fire And Movement Range 


UNITS/PERSONNEL: Certified range safety and medical personnel are 
required. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: Sustainment requires three iterations per 
training interval. The above ammunition requirement reflects those 


amounts required per iteration. G811, G878, AO80, A075 and B518 can be 
used in training. 


RECN-GRND-4006: Conduct a vehicle patrol 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 
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(Solve for the literal) 


(a) (b) 


— a (Solve for F) X,=2nFL (Solve for F) 


If your answer to the challenge is the same as what follows, you are correct and may continue. If 
your answer is incorrect, review paragraph 3103 before continuing. 
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STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


EVENT COMPONENTS: 


OANDORWNE 


Conduct planning. 

Prepare method of travel. 

Conduct movement. 

Execute immediate actions. 

Employ formations. 

Conduct maintenance. 

Establish laager site. 

Conduct self/assisted recovery. 

Conduct post-patrol priorities of work. 


REFERENCES: 


1. 


2. 


3. 


4. 
5. 


FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 
PROCEDURES 

MCRP 4-11.3H Multi-service Tactics, Techniques, and Procedures for 
Tactical Convoy Operations 


MCWP 2-25 Ground Reconnaissance Operations 
SOCOM Handbook SOCOM Combat Convoy Handbook 


PREREQUISITE EVENTS: 


RECN-COMM-1014 
RECN-GRND-1005 
RECN-GRND-1006 
RECN-GRND-1022 
RECN-GRND- 2003 
RECN-GRND-3004 
RECN-GRND-4008 
RECN-PLAN-4001 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2404 
RECN-GRND- 2420 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, 


EQUIPMENT: 


UNITS/PERSONNEL : 


RECN-COMM- 2001 
RECN-GRND-1005 
RECN-GRND-1011 
RECN-GRND-1022 
RECN-GRND- 2010 
RECN-GRND- 4002 
RECN-GRND-4009 
RECN-PLAN- 4002 


RECN-COMM- 2402 
RECN-GRND- 2403 
RECN-GRND- 2406 
RECN-PLAN- 2414 


Vehicles with mounted Crew-Served Weapons, 
navigation aids. 


Role players / opposing forces. 


RECN-COMM- 4001 
RECN-GRND-1006 
RECN-GRND-1011 
RECN-GRND- 2003 
RECN-GRND- 3003 
RECN-GRND-4003 
RECN-GRND- 4022 


RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-GRND- 2420 
RECN-PLAN- 2414 


Light Forces 


1. Vehicle mechanics and technicians might be needed. 2. 


Enclosure (1) 


radios, optics and 


NAVMC 3500.105B 
06 Jun 2016 


RECN-GRND-4007: Conduct a mounted patrol 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: The mounted patrol is to be performed in all special terrain. 
A mounted patrol includes, but is not limited to military tactical vehicles, 


all terrain vehicles (ATVs), indigenous vehicles, pack animals, small craft, 
diver propulsion devices, and snow mobiles. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


EVENT COMPONENTS: 

Conduct planning. 

Prepare method of travel. 

Conduct movement. 

Execute immediate actions. 

Employ formations. 

Conduct maintenance. 

Establish laager site. 

Conduct self/assisted recovery. 

Conduct post-patrol priorities of work. 


OONDORWNE 


REFERENCES: 

1. FM 3-05.210 Special Forces Air Operations 

2. FM 3-05.213 Special Forces Pack Animals 

3. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

4. FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 
PROCEDURES 

5. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

6. MCRP 4-11.3H Multi-service Tactics, Techniques, and Procedures for 
Tactical Convoy Operations 


7. MCWP 2-25 Ground Reconnaissance Operations 
8. SOCOM Handbook SOCOM Combat Convoy Handbook 


PREREQUISITE EVENTS: 


RECN-COMM-1014 
RECN-GRND-1003 
RECN-GRND-1007 
RECN-GRND-1009 
RECN-GRND-1010 
RECN-GRND-1022 
RECN-GRND- 2009 
RECN-GRND-4008 
RECN-PLAN-4001 
RECN-SPIE-4001 


RECN-COMM- 2001 
RECN-GRND-1003 
RECN-GRND-1008 
RECN-GRND-1009 
RECN-GRND-1016 
RECN-GRND-1022 
RECN-GRND-4002 
RECN-GRND-4009 
RECN-PLAN- 4002 


RECN-COMM- 4001 
RECN-GRND-1007 
RECN-GRND-1008 
RECN-GRND-1010 
RECN-GRND-1016 
RECN-GRND- 2009 
RECN-GRND-4003 
RECN-GRND- 4022 
RECN-SPIE-4001 
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RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND-2405 
RECN-GRND- 2420 


RECN-COMM- 2402 
RECN-GRND- 2403 
RECN-GRND- 2406 
RECN-PLAN- 2414 
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RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-GRND- 2420 
RECN-PLAN- 2414 


SUPPORT REQUIREMENTS: 


Facility Code 
Facility Code 
Facility Code 
Facility Code 


RANGE/TRAINING 


AREA: 

17410 Maneuver/Training Area, Light Forces 
17411 Maneuver/Training Area, Amphibious Forces 
17710 Multipurpose Training Range (MPTR) 

17906 Wheeled Vehicle Drivers Course 


EQUIPMENT: Mobility platform, radios, optics and navigation aids. 


UNITS/PERSONNEL: 1. Mechanics and technicians might be needed. 2. Role 
players / opposing forces. 


RECN-GRND-4008: Execute Mounted immediate actions upon contact with the 
enemy 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: The mounted patrol is to be performed in all special terrain. 
A mounted patrol includes, but is not limited to military tactical vehicles, 


indigenous vehicles, pack animals, small craft, diver propulsion devices, and 
snow mobiles. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by eliminating the threat and/or breaking contact. 


EVENT COMPONENTS: 

Execute actions in a near ambush drill. 
Execute actions ina far ambush drill. 
Execute react to a sniper drill. 

Execute react to an indirect fire attack. 
Execute the immediate halt drill. 

Execute air observation drill. 

Execute air attack drill. 

Execute hasty ambush drill. 

F Execute a chance contact drill. 

©. Execute actions in a break contact drill. 
1. Execute react to a compromised laager site. 


FPRFROANDOARWNE 


REFERENCES: 
1. FM 3-05.213 Special Forces Pack Animals 
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2. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 
3. FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 


PROCEDURES 


4. MCRP 4-11.3H Multi-service Tactics, Techniques, and Procedures for 
Tactical Convoy Operations 


5. MCWP 2-25 Ground Reconnaissance Operations 
6. SOCOM Handbook SOCOM Combat Convoy Handbook 


PREREQUISITE EVENTS: 


RECN-C2-4004 

RECN-COMM-4001 
RECN-DEMO-1002 
RECN-DEMO-1003 
RECN-GRND- 2009 
RECN-MED-3001 

RECN-MED-3004 

RECN-PLAN- 4002 
RECN -SHAP - 3024 
RECN-WPNS-1003 
RECN-WPNS-1017 
RECN-WPNS - 1020 
RECN-WPNS-1023 
RECN-WPNS - 2001 
RECN-WPNS - 2039 


RELATED EVENTS: 
RECN-C2-2402 
RECN-C2-2403 
RECN-DEMO- 2401 
RECN-GRND- 2419 
RECN-PLAN- 2414 


SUPPORT REQUIREMENTS: 


ORDNANCE : 


DODIC 
A059 Ctg, 
A064 Ctg, 
A080 Ctg, 
A131 Ctg, 


A576 Ctg, . 


B508 Ctg, 
B509 Ctg, 
B542 Ctg, 
B546 Ctg, 


5.56mm 
5.56mm 
5.56mm 
7.62mm 
50 Cal 


RECN-C2-4005 

RECN-DEMO-1001 
RECN-DEMO-1002 
RECN-GRND-1004 
RECN-GRND- 2009 
RECN-MED-3002 

RECN-MED-4001 
RECN-PLAN-4003 
RECN-WPNS-1001 
RECN-WPNS-1005 
RECN-WPNS-1018 
RECN-WPNS-1021 
RECN-WPNS-1024 
RECN-WPNS - 2027 
RECN-WPNS - 2040 


RECN-C2-2402 

RECN-COMM- 2402 
RECN-GRND- 2403 
RECN-MED-2401 
RECN-PLAN- 2414 


Ball M855 (Clip) 
4 Ball M855/1 Tracer M85 
Blank M200 
4 Ball M80/1 Tracer M62 
4 API/1 API-T Linked 
40mm Green Smoke M715 F/M203 Gr 
40mm Yellow Smoke M716 F/M203 G 
40mm HEDP M430 / M430A1 Linked 

40mm HEDP M433 F/M203 Gren Laun 


C995 Launcher & Ctg,84mm M136 (AT-4) 
Hand Fragmentation M67 


G881 Gren, 
G930 Grenade, 
G940 Gren, 
G945 Gren, 
G950 Gren, 


L306 Sig, 
L307 Sig, 


Hand Smoke HC AN-M8 


Hand Smoke Green M18 

Hand Smoke Yellow M18 

Hand Smoke Red M18 

HA29 Rckt 66mm HE, M72A7, LAW W/GRAZE 
Illum Red Star Cluster M158 


Illum White Star Cluster M159 
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RECN-COMM-1014 
RECN-DEMO-1001 
RECN-DEMO-1003 
RECN-GRND-1004 
RECN-GRND- 2011 
RECN-MED-3003 

RECN-PLAN- 4001 
RECN - SHAP - 3009 
RECN-WPNS - 1002 
RECN-WPNS-1016 
RECN-WPNS-1019 
RECN-WPNS - 1022 
RECN-WPNS-1025 
RECN-WPNS - 2028 
RECN-WPNS - 2048 


RECN-C2-2403 

RECN-COMM- 2402 
RECN-GRND- 2403 
RECN-MED-2401 
RECN-WPNS - 2401 


QUANTITY 
480 cartridges per weapon 
1600 cartridges per weapon 
480 cartridges per weapon 
4000 cartridges per weapon 
4000 cartridges per weapon 
16 cartridges per weapon 
16 cartridges per weapon 
160 cartridges per weapon 
40 cartridges per weapon 
2 cartridges per Team 
2 grenades per Marine 
8 grenades per Marine 
16 grenades per Team 
16 grenades per Team 
16 grenades per Team 
2 rockets per Team 
16 signals per Team 
16 signals per Team 
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L312 Sig, Illum White Star Para M127 16 signals per Team 
L314 Sig, Illum Green Star Cluster M125 16 grenades per Team 
L324 Sig, Smk Grn Para M128A1 16 signals per Team 


RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17430 Impact Area Dudded 

Facility Code 17581 Machine Gun Field Fire Range 
Facility Code 17710 Multipurpose Training Range (MPTR) 
Facility Code 17730 Fire And Movement Range 


EQUIPMENT: Platforms with mounted Crew-Served Weapons (as required), 
radios, optics and navigation aids. 


UNITS/PERSONNEL: 1. Licensed drivers required, vehicle mechanics and 


technicians may be needed. 2. Certified range safety and medical 
personnel are required. 


RECN-GRND-4009: Conduct self-assisted mobility recovery 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The mounted patrol is to be performed in all special terrain. 

A mounted patrol includes, but is not limited to military tactical vehicles, 
indigenous vehicles, pack animals, small craft, diver propulsion devices, and 
snow mobiles. 


CONDITION: Given a mission, all required personnel and equipment, and a 
mobility platform that has become immobile due to environmental conditions, 
mechanical failure, or enemy actions. 


STANDARD: by reacting appropriately to the situation and recovering the 
mobility platform with the time allotted by the commander. 


EVENT COMPONENTS: 
1. Recover platform unassisted using traction plates, pioneer kit, or 


other TTPs. 

2. Recover platform assisted using another platform with tow straps and/ 
or winch. 

REFERENCES: 


1. FM 3-05.213 Special Forces Pack Animals 

2. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

3. FM 31-23 SPECIAL FORCES MOUNTED OPERATIONS TACTICS, TECHNIQUES, AND 
PROCEDURES 

4. MCRP 4-11.3H Multi-service Tactics, Techniques, and Procedures for 
Tactical Convoy Operations 


5. MCWP 2-25 Ground Reconnaissance Operations 
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6. SOCOM Handbook SOCOM Combat Convoy Handbook 

PREREQUISITE EVENTS: 

RECN -GRND-3003 RECN -GRND-3004 RECN -PLAN- 4001 
RECN -PLAN- 4002 


RELATED EVENTS: 
RECN-GRND- 2404 RECN-GRND-2405 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


Facility Code 17710 Multipurpose Training Range (MPTR) 


EQUIPMENT: Platforms with mounted Crew-Served Weapons (as required), 
radios, optics and navigation aids. 


UNITS/PERSONNEL: 1. Licensed drivers required, vehicle mechanics and 


technicians may be needed. 2. Certified range safety and medical 
personnel are required. 3. Role players / opposing forces. 


RECN-GRND-4021: Establish and Operate a Hide Site/ ORP 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


EVENT COMPONENTS: 

1. Select location based on mission requirements and number of 
personnel. 

2. Occupy location. 

3. Establish security plan. 

4 Establish trigger lines, engagement criteria, and target precedence 
for all weapon systems. 

5. Establish contingency plans. 

6. Determine field(s) of observation and fire. 

7 Setup communications equipment. 

8 Establish communications with higher, adjacent, subordinate, and 
supporting units, as required. 

9. Maintain noise and light discipline. 

10. Camouflage the position. 

11. Camouflage self, weapons and equipment. 

12. Ensure position is camouflaged to avoid detection from air or ground 
observations. 
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13. Conduct priorities of work. 
14. Maintain communications and report. 


15. Sterilize the hide site upon withdrawal. 


REFERENCES: 


1. MCWP 2-25 Ground Reconnaissance Operations 


2. MCWP 3-11.3 Scouting and Patrolling 
3. MCWP 3-15.3 Scout Sniping 


PREREQUISITE EVENTS: 


RECN-COMM- 2001 
RECN-COMM- 3001 
RECN-COMM-4001 
RECN -DEMO- 4002 
RECN-GRND-1016 
RECN-GRND- 4002 
RECN-PLAN- 4002 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2402 
RECN-GRND- 2417 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, 


MATERIAL: Camouflage materials: spray paint, camouflage netting, 
material, and garnish. 


UNITS/PERSONNEL: 


OTHER SUPPORT REQUIREMENTS: 


RECN-COMM- 2401 
RECN-COMM- 3002 
RECN-DEMO-1003 
RECN -DEMO- 4002 
RECN-GRND-2005 
RECN-GRND-4005 
RECN-PLAN- 4006 


RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2408 
RECN-PLAN- 2414 


1. Role players / opposing forces. 
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RECN -COMM- 2401 
RECN-COMM- 3003 
RECN-DEMO-1003 
RECN-GRND-1016 
RECN-GRND- 2005 
RECN-PLAN-4001 


RECN-DEMO- 2401 
RECN-GRND- 2402 
RECN-GRND- 2408 
RECN-PLAN- 2414 


Light Forces 


If Hide is not pre-existing within this 


training area, dig permission will be required from Range Control. 


RECN-GRND-4023: 


SUPPORTED MET(S): 


MCT 1.8 
MCT 3.2.7 


EVALUATION -CODED: 


Initiate Evasion 


MCT 2.1.2.8 


SUSTAINMENT INTERVAL: 


12 months 


DESCRIPTION: This task provides the procedure for evasion operations. 


CONDITION: Given a mission, all required personnel, and C4I-related 


infrastructure and equipment. 


screen 


STANDARD: by traversing the length of the evasion corridor without being 
captured or decisively engaged by the enemy and being prepared to extract in 


accordance with the evasion plan of action (EPA). 
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EVENT COMPONENTS: 


1. Initiate Evasion. 

2. Conduct movement. 

3. Occupy hole-up areas. 
4. Conduct rendezvous. 
5. 

REFERENCES: 


Receive emergency resupply, as required. 


1. JP 3-50 Personnel Recovery 
JP 3-50.3 Evasion and Recovery 1996 


2. 
3. MCRP 3-02H Survival, Evasion, and Recovery 
4. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 


RECN-COMM-1002 
RECN-COND-1001 
RECN-COND-1003 
RECN-COND-1004 
RECN-DEMO-1001 
RECN-GRND-1016 
RECN-INTL-1001 
RECN-SERE-1001 
RECN-SERE-1002 
RECN-SERE-1004 
RECN-SERE -1006 
RECN-SERE-1007 
RECN-SERE-1009 
RECN-SERE-1010 
RECN-SERE-1012 
RECN-SERE-1013 
RECN-SERE-1015 
RECN-SERE-1018 
RECN-SERE-1021 
RECN-SERE -1024 


RELATED EVENTS: 
RECN-PLAN- 2401 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING 


Facility Code 
Facility Code 
Facility Code 
Facility Code 


AREA: 


17330 Covered Training Area 
17410 Maneuver/Training Area, 
17440 Personnel/Equipment Drop Zone 


RECN-COMM-1008 
RECN-COND-1002 
RECN-COND-1003 
RECN-COND-1004 
RECN-GRND-1014 
RECN-GRND-4002 
RECN-PLAN-4001 
RECN-SERE-1001 
RECN-SERE-1003 
RECN-SERE-1005 
RECN-SERE-1006 
RECN-SERE-1008 
RECN-SERE-1009 
RECN-SERE-1011 
RECN-SERE-1012 
RECN-SERE-1014 
RECN-SERE-1016 
RECN-SERE-1019 
RECN-SERE - 1022 


RECN-PLAN-2414 
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RECN-COND-1001 
RECN-COND-1002 
RECN-COND-1003 
RECN -DEMO-1001 
RECN-GRND-1016 
RECN-GRND-4003 
RECN-PLAN- 4002 
RECN-SERE-1002 
RECN-SERE-1003 
RECN-SERE-1005 
RECN-SERE-1007 
RECN-SERE-1008 
RECN-SERE-1010 
RECN-SERE-1011 
RECN-SERE-1013 
RECN-SERE-1014 
RECN-SERE-1017 
RECN-SERE-1020 
RECN-SERE-1023 


RECN-PLAN- 2414 


Light Forces 


17962 MOUT Collective Training Facility (Small) 


AIRCRAFT: Rotary Wing - Assault Support CH-53, CH-46, CH-47, UH-60, UH1Y, 


MV-22, 


EQUIPMENT: 


Vehicles with mounted Crew-Served Weapons, 
Tactical Vehicles, Unit Communications Equipment, 


HST Equipment (sling load). 


UNITS/PERSONNEL: 


Non-Standard 


Role players / opposing forces. 


DZ Marking Equipment and 
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RECN-GRND-4025: Conduct a link up 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, a requirement to link up with friendly forces, 
all required personnel, and C4I-related infrastructure and equipment. 


STANDARD: by completing a linkup with friendly forces at the time and 
location specified in the operations order without incidents of fratricide. 


EVENT COMPONENTS: 


1. Conduct movement. 

2. Occupy the rally point. 

3. Establish communications. 

4. Establish initial contact. 

5. Complete linkup. 

6. Conduct briefs. 

REFERENCES: 

1. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

2. MCWP 2-25 Ground Reconnaissance Operations 

3. MCWP 3-11.3 Scouting and Patrolling 

4. MCWP 3-15.3 Scout Sniping 

5. SH 21-76 Ranger Handbook 

RELATED EVENTS: 

RECN -COMM- 2402 RECN -COMM-2402 RECN-GRND-2402 

RECN -GRND- 2402 RECN -PLAN- 2401 RECN -SURV-2403 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


RECN-GRND-4029: Cross a horizontal obstacle 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, a horizontal obstacle, all required personnel, 
and C4I-related infrastructure and equipment. 
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STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


EVENT COMPONENTS: 


1. Plan and prepare to cross a horizontal obstacle. 

2. Establish security. 

3. Select appropriate site. 

4. Establish rope bridge/poncho raft/ etc, as required. 
5. Recover equipment as required. 

6. Continue mission. 

REFERENCES: 


1. MCRP 3-35.2A Small Unit Leader's Guide To Mountain Operations 
2. MCWP 2-25 Ground Reconnaissance Operations 
3. MCWP 3-17.1 Combined Arms Gap-Crossing Operations 


PREREQUISITE EVENTS: 
RECN-PLAN-4001 RECN-PLAN- 4002 RECN-SPIE-1002 
RECN-SPIE-1002 RECN-SPIE-4003 


RELATED EVENTS: 
RECN-PLAN- 2410 RECN-PLAN- 2410 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


UNITS/PERSONNEL: 1. Certified range safety and medical personnel are 

required. 2. Safety swimmers are required when crossing a river. 3. The 

two safety swimmers need to be WS-I or higher. 4. Mountain Leader or HRST 

Master should be present when conducting tactical rope training. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 


RECN-GRND-4030: Cross a Vertical Obstacle 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, a vertical obstacle, all required personnel, and 
C4I-related infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 


operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 
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(Solutions) 


(a) (b) 
T(C-F) = 
t=—c— XL 2nFL 
(Solve for F) (Solve for F) 
pas » 
) =73(¢ x, 2al 
J 2nL ~~ 27. 
tC =T(C-F) x_ _ 2a 
1(C=TC—TF 2nL 2n. 
mes xt _ 2nkF _ 2al 
TF+tC=TC-TF+TF Wah = aL = Omik =F 
TF+tC=TC XL 
TF +1tC—1C=TC-1C “rene 
TF =TC-tC 
TF = C(T-t) 
TF _ C(I-t) 
‘i T 
F _ C(T-t) 
eee ea 


3104. Ratios and Proportions 


Frequently in the study of electronics, you will hear that some quantity is directly proportional to 
another quantity and indirectly proportional to still another. These types of equations are called 
ratios and proportions. In the equation Ohm's law J = a , the current (I) is directly proportional 
to the voltage (E) and inversely proportional to the resistance (R). Directly proportional means if 
you double E then I is also doubled. Inversely proportional means if you double R then I is 
halved. One of the areas where ratios frequently show up is in resistive bridge circuits. In the 
ratio example, we will find the value ofR, that will balance the equation. Study this example 


before performing the challenge. 


Example: 


RoR, =RiR4 (Cross multiplying) 


RiR4 uae F 
R,= Ro (Dividing both members of the equation by R2) 
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EVENT COMPONENTS: 


1. Establish security. 

2. Establish crossing mechanism, if required. 

3. Plan and prepare to cross a vertical obstacle. 
4. Select appropriate site. 

5. Recover equipment as required. 

6. Continue mission. 

REFERENCES: 


1. MCRP 3-35.2A Small Unit Leader's Guide To Mountain Operations 

2. MCWP 2-25 Ground Reconnaissance Operations 

3. MCWP 3-17.1 Combined Arms Gap-Crossing Operations 

PREREQUISITE EVENTS: 

RECN -PLAN- 4001 RECN -PLAN-4002 RECN-SPIE-1002 
RECN -SPIE-1002 RECN-SPIE-1005 RECN-SPIE-1005 


RELATED EVENTS: 
RECN-PLAN- 2410 RECN-PLAN- 2410 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


UNITS/PERSONNEL: 1. Certified range safety and medical personnel are 
required. 2. Mountain Leader or HRST Master should be present when 
conducting tactical rope training. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 


RECN-GRND-4031: Move through a built-up area 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


CONDITION: Given a mission, an urban environment, all required personnel, 
and C4I-related infrastructure and equipment. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


EVENT COMPONENTS: 


1. Unit halts in a covered and concealed position outside of the urban 
area. 

2. Identify appropriate route through urban area. 

3. Move forward as two elements: a movement element and an over-watch 


element based on METT-TSL. 
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4. Movement element: moves forward and scouts danger areas. 
5. Over-watch element: moves behind the lead element and secures the 
flanks and rear. It also provides fire support if required. 
6. AS necessary: these elements, or parts of them, exchange roles. 
7. Move along underground passages, through or behind buildings, along 


walls, and over rooftops as required. 


8. Move in single file along both sides of the street, 


the buildings, but off the walls. 


staying close to 


9. Move quickly and remain dispersed 3 to 5 meters apart, assigning 
individuals an area to observe on the opposite side of the street. 
10. When moving with two units abreast, each unit over-watches the 


buildings across the street, observing the stories above the opposite 


unit. 


11. Avoid: streets, alleys, and other open areas unless necessary. 


12. Cross urban danger areas using maximum cover, concealment, 
over-watch. 

13. Use sound, 

14. Clear buildings, as necessary, 


15. Identify, 
required. 


REFERENCES: 


BRWNE 


smoke, 


PREREQUISITE EVENTS: 


RECN-COMM- 2001 
RECN-DEMO-1001 
RECN-DEMO-4001 
RECN-GRND-4004 
RECN-PLAN-4001 
RECN-SPIE-4001 


RELATED EVENTS: 
RECN-COMM- 2402 
RECN-DEMO- 2403 
RECN-GRND- 2401 
RECN-GRND- 2403 
RECN-PLAN- 2414 


SUPPORT REQUIREMENTS: 


MCWP 2-25 Ground Reconnaissance Operations 
MCWP 3-11.2 Marine Rifle Squad 

MCWP 3-11.3 Scouting and Patrolling 
MCWP 3-35.3 Military Operations on Urbanized Terrain (MOUT) 


RECN-COMM- 4001 
RECN-DEMO- 3003 
RECN-DEMO-4001 
RECN-GRND-4005 
RECN-PLAN-4002 


RECN-COMM- 2402 
RECN-DEMO- 2404 
RECN-GRND- 2402 
RECN-GRND- 2403 
RECN-PLAN- 2414 


rubble, and debris for protection. 
to continue movement. 
report and bypass enemy obstacles and mines; mark only as 


RECN-DEMO-1001 
RECN -DEMO- 4001 
RECN-GRND- 4002 
RECN-GRND-4019 
RECN-SPIE-4001 


RECN -DEMO- 2402 
RECN-GRND- 2401 
RECN-GRND- 2402 
RECN-GRND- 2406 


ORDNANCE : 
DODIC QUANTITY 
G878 Fuze, Hand Grenade M228 2 fuzes per Marine 


G930 Grenade, 


Hand Smoke HC AN-M8 


grenades per Marine 


speed, and 


1 
G940 Gren, Hand Smoke Green M18 2 grenades per Marine 
G945 Gren, Hand Smoke Yellow M18 2 grenades per Marine 
G950 Gren, Hand Smoke Red M18 1 grenades per Marine 
L306 Sig, Illum Red Star Cluster M158 1 signals per Marine 
L307 Sig, Illum White Star Cluster M159 2 signals per Marine 
L312 Sig, Illum White Star Para M127 2 signals per Marine 
L314 Sig, Illum Green Star Cluster M125 2 signals per Marine 
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RANGE/TRAINING AREA: 

Facility Code 17760 MOUT Assault Course (MAC) 

Facility Code 17962 MOUT Collective Training Facility (Small) 
Facility Code 17963 MOUT Collective Training Facility (Large) 


EQUIPMENT: Imagery support, SESAMS-Conversion Kits (M4/M16/M9/M1911 ) 


UNITS/PERSONNEL: 1. Certified range safety and medical personnel are 
required. 2. Role players/ OPFOR. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Sustainment requires three iterations per training interval. The ammunition 
requirement reflects those amounts required per iteration.2. Certified 
range safety and medical personnel are required. 

G811, A080, AA12, AA21 and AO75 can be used in training. 

This type of training is classified as high risk training, refer to 
OPNAVINST 1500.75. 


RECN-PLAN-4001: Conduct Deliberate Planning 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Deliberate Planning is a planning process for the deployment 
and employment of apportioned forces and resources that occurs in response to 
a mission. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by making estimates and decisions based on Commander's guidance 
and intent. 


EVENT COMPONENTS: 

Mission analysis. 

COA development. 

COA War Game. 

COA comparison and decision. 
Orders development. 

Conduct transition. 


OnRWNE 


REFERENCES: 

JP 2-0 Joint Intelligence 

JP 3-0 Joint Operations 

JP 5-0 Joint Operation Planning 

JP 5-00.2 Joint Task Force Planning Guidance and Procedures 
MCWP 2-25 Ground Reconnaissance Operations 


OBRWNE 


PREREQUISITE EVENTS: 
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RECN-AMPH-1004 
RECN-DEMO-3001 
RECN-INTL-1003 
RECN-PHOT - 3001 
RECN-PLAN-1002 
RECN-PLAN-1004 
RECN-PLAN-1006 
RECN-PLAN-1007 
RECN-PLAN-1009 
RECN-PLAN- 2002 
RECN-PLAN-4003 


RELATED EVENTS: 
RECN-INTL-2001 
RECN-PLAN- 2402 
RECN-PLAN- 2404 
RECN-PLAN- 2405 
RECN-PLAN- 2407 
RECN-PLAN- 2408 
RECN-PLAN- 2410 
RECN-PLAN- 2412 
RECN-PLAN- 2414 
RECN-SHAP - 2401 


SUPPORT REQUIREMENTS: 


ROOMS/BUILDINGS: 
isolation facility for mission prep. 


EQUIPMENT: 


All or one of the following: forward operating base; 


RECN-AMPH-1004 
RECN-GRND- 3001 
RECN-INTL-1003 
RECN-PLAN-1001 
RECN-PLAN-1003 
RECN-PLAN-1004 
RECN-PLAN-1006 
RECN-PLAN-1008 
RECN-PLAN-1009 
RECN-PLAN- 2003 
RECN-PLAN-4005 


RECN-INTL-2401 
RECN-PLAN- 2403 
RECN-PLAN- 2404 
RECN-PLAN- 2406 
RECN-PLAN- 2407 
RECN-PLAN- 2409 
RECN-PLAN- 2410 
RECN-PLAN- 2413 
RECN-PLAN-2415 
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RECN -COMM- 3001 
RECN-INTL-1001 
RECN-MED-3001 
RECN-PLAN-1002 
RECN-PLAN-1003 
RECN-PLAN-1005 
RECN-PLAN-1007 
RECN-PLAN-1008 
RECN-PLAN- 2001 
RECN-PLAN- 2003 
RECN-RAID-3003 


RECN-PLAN- 2401 
RECN-PLAN- 2403 
RECN-PLAN- 2405 
RECN-PLAN- 2406 
RECN-PLAN- 2408 
RECN-PLAN- 2409 
RECN-PLAN- 2411 
RECN-PLAN- 2414 
RECN-PLAN- 2416 


Materials for planning to include but not limited to: 


(Portable or Desktop Computers, 
Classified Internet Access, 
Pens/Pencils, 


Markers, 


Operational Area, 


Cords, 


UNITS/PERSONNEL: 


OTHER SUPPORT REQUIREMENTS: 


Printer, 
Proxima Projector, 


External Hard Drives, 
Dry Erase Board, Flip Charts, 
Printer Paper, 


Dry Erase 


Printer Ink, Maps of 
Projector Screen or Flat Panel 
Television with required cable for use with Portable Laptop, 
Power Strips). 


Reconnaissance Team; Higher HQ; S2 Representative. 


CEOI; Scenario script for role players and/or 


Opposing forces; Scenario script; Communications load sets as per the 


CEOI. 


RECN-PLAN-4002: 


SUPPORTED MET(S): 


MCT 1.8 
MCT 2.7 


EVALUATION -CODED: 


Conduct Crisis Action Planning 


NO 


MCT 1.9 
MCT 3.2 


7 


SUSTAINMENT INTERVAL: 


MCT 2.1.2.8 


1 month 
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DESCRIPTION: This task provides the procedure for rapid coordination, 


planning, and execution that must be established and practiced in order to 


execute assigned missions within the shortest possible time. 


CONDITION: Given a mission, all required personnel, and C4I-related 


infrastructure and equipment 


STANDARD: by producing in a required time period an order within the higher 


commander's guidance and intent. 


EVENT COMPONENTS: 

Mission analysis. 

COA development. 

COA War Game. 

COA comparison and decision. 
Orders development. 

Conduct transition. 
Facilitate time-line. 


NOOBRWNE 


REFERENCES: 


aOoBRWNE 


PREREQUISITE EVENTS: 


RECN-AMPH-1004 
RECN-DEMO-3001 
RECN-INTL-1003 
RECN-PHOT - 3001 
RECN-PLAN-1002 
RECN-PLAN-1004 
RECN-PLAN-1006 
RECN-PLAN-1007 
RECN-PLAN-1009 
RECN-PLAN- 2002 
RECN-PLAN-4003 


RELATED EVENTS: 
RECN-INTL-2401 
RECN-PLAN- 2402 
RECN-PLAN- 2404 
RECN-PLAN- 2405 
RECN-PLAN- 2407 
RECN-PLAN- 2408 
RECN-PLAN- 2410 
RECN-PLAN- 2412 
RECN-PLAN- 2414 
RECN-SHAP - 2401 


SUPPORT REQUIREMENTS: 


ROOMS/BUILDINGS: 


JP 2-0 Joint Intelligence 

JP 3-0 Joint Operations 

JP 5-0 Joint Operation Planning 
JP 5-00.2 Joint Task Force Planning Guidance and Procedures 
MCWP 2-25 Ground Reconnaissance Operations 


RECN-AMPH-1004 
RECN-GRND- 3001 
RECN-INTL-1003 
RECN-PLAN-1001 
RECN-PLAN-1003 
RECN-PLAN-1004 
RECN-PLAN-1006 
RECN-PLAN-1008 
RECN-PLAN-1009 
RECN-PLAN- 2003 
RECN-PLAN-4005 


RECN-INTL-2403 
RECN-PLAN- 2403 
RECN-PLAN- 2404 
RECN-PLAN- 2406 
RECN-PLAN- 2407 
RECN-PLAN- 2409 
RECN-PLAN- 2410 
RECN-PLAN- 2413 
RECN-PLAN-2415 


isolation facility for mission prep. 


EQUIPMENT: 


RECN -COMM- 3001 
RECN-INTL-1001 
RECN-MED-3001 
RECN-PLAN-1002 
RECN-PLAN-1003 
RECN-PLAN-1005 
RECN-PLAN-1007 
RECN-PLAN-1008 
RECN-PLAN- 2001 
RECN-PLAN- 2003 
RECN-RAID-3003 


RECN-PLAN- 2401 
RECN-PLAN- 2403 
RECN-PLAN-2405 
RECN-PLAN- 2406 
RECN-PLAN- 2408 
RECN-PLAN- 2409 
RECN-PLAN- 2411 
RECN-PLAN- 2414 
RECN-PLAN- 2416 


All or one of the following: forward operating base; 
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Materials for planning to include but not limited to: 

(Portable or Desktop Computers, External Hard Drives, Unclassified and 
Classified Internet Access, Dry Erase Board, Flip Charts, Dry Erase 
Markers, Pens/Pencils, Printer, Printer Paper, Printer Ink, Maps of 
Operational Area, Proxima Projector, Projector Screen or Flat Panel 
Television with required cable for use with Portable Laptop, Extension 
Cords, Power Strips). 


UNITS/PERSONNEL: Reconnaissance Team; Higher HQ; S2 Representative. 


OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 


opposing forces; Scenario script; Communications load sets as per the 
CEOI. 


RECN-PLAN-4003: Conduct Fire Support Coordination 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


DESCRIPTION: This task provides the procedures required to conduct 
targeting, target engagements, fire support planning, and coordination in 
support of the scheme of maneuver as per the commander's intent. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by producing supporting documents and planning to emplace 
supporting arms observers in key locations to execute and plan fires. 


EVENT COMPONENTS: 

1. Coordinate fire support assets. 

2. Coordinate Offensive Air Support or Close Air Support. 

3. Make recommendations for operational employment of Unmanned Aircraft 
Systems (UAS). 


REFERENCES: 

1. FM 6-30 Tactics, Techniques, and Procedures for Observed Fire 

2. JP 3-09.3 Close Air Support 

3. M350-5 Joint Terminal Air Controller Training & 
Standardization/Evaluation 

4. MCWP 2-25 Ground Reconnaissance Operations 

5. MCWP 3-16 Fire Support Coordination in the Ground Combat Element 

6. MCWP 3-16.6 Supporting Arms Observer, Spotter and Controller 


PREREQUISITE EVENTS: 
RECN-SHAP - 1003 RECN-SHAP -1003 RECN - SHAP - 1004 
RECN-SHAP - 1004 


RELATED EVENTS: 
RECN-PLAN- 2410 RECN-PLAN- 2410 RECN-PLAN- 2411 
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SUPPORT REQUIREMENTS: 
UNITS/PERSONNEL: Reconnaissance Team; Higher HQ; S2 Representative. 
OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 


opposing forces; Scenario script; Communications load sets as per the 
CEOI. 


RECN-PLAN-4004: Coordinate Combat Support 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task coordinates combat support in order to achieve 
mission accomplishment and the commander's intent. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by providing all available combat support established by the 
commander's intent. 


EVENT COMPONENTS: 

1. Conduct planning. 

2. Coordinate communications. 

3. Process support requests. 

4. Coordinate combat support employment. 


REFERENCES: 

MCDP 4 Logistics 

MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 
MCRP 3-11.2A Marine Troop Leader's Guide 

MCRP 5-12A Operational Terms and Graphics 

MCWP 2-1 Intelligence Operations 

MCWP 2-12 (updated to 2-3) MAGTF Intelligence Production and Analysis 
MCWP 2-25 Ground Reconnaissance Operations 


iy 


NOORWN 


PREREQUISITE EVENTS: 

RECN-PLAN-1005 RECN-PLAN-1006 RECN-PLAN-1006 
RECN-PLAN- 2003 RECN-PLAN- 2003 

RELATED EVENTS: 

RECN-PLAN- 2407 RECN-PLAN- 2407 RECN-PLAN- 2408 
RECN-PLAN- 2408 

SUPPORT REQUIREMENTS: 


UNITS/PERSONNEL: Reconnaissance Team; Higher HQ; S2 Representative. 
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OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 
Opposing forces; Scenario script; Communications load sets as per the 
CEOI. 


RECN-PLAN-4005: Conduct Operational Security 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedures for conducting operational 
security. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by disseminating information without compromise to the mission. 
EVENT COMPONENTS: 
1. Control information. 


2. Disseminate information. 


REFERENCES: 
1. MCWP 2-1 Intelligence Operations 
2. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 


RECN-INTL-1001 RECN-PLAN-1001 

RELATED EVENTS: 

RECN-COMM- 2401 RECN-COMM- 2401 RECN-COMM- 2402 
RECN-COMM- 2402 RECN-INTL-2401 RECN-PLAN- 2402 


SUPPORT REQUIREMENTS: 
UNITS/PERSONNEL: Reconnaissance Team; Higher HQ; S2 Representative. 
OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 


Opposing forces; Scenario script; Communications load sets as per the 
CEOI. 


RECN-PLAN-4006: Adapt Force Protection Posture to Operational Environment 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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DESCRIPTION: This task provides the procedures to operate in an uncertain to 
permissive environment with a Moderate to High Threat Level. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by achieving mission objectives in a moderate to high threat level 
environment without exposing personnel to unnecessary risk. 


EVENT COMPONENTS: 

Conduct pre-mission area study. 
Conduct threat assessments. 

Develop force protection procedures. 
Implement force protection procedures. 
Conduct reassessment. 


aOoBRWNE 


REFERENCES: 

1. Guide - Surveillence Countermeasures Surveillance Countermeasures: A 
Serious Guide to Detecting, Evading, and Eluding Threats to Personal 
Privacy, Publisher: ACM IV Security Services (1994) 


2. MCWP 2-1 Intelligence Operations 
3. MCWP 2-25 Ground Reconnaissance Operations 


PREREQUISITE EVENTS: 
RECN-COMM-4001 RECN-PLAN-4001 RECN-PLAN- 4002 


RELATED EVENTS: 
RECN -COMM- 2402 RECN -COMM-2402 RECN-PLAN- 2414 
RECN-PLAN-2414 
SUPPORT REQUIREMENTS: 
UNITS/PERSONNEL: Reconnaissance Team; Higher HQ; S2 Representative. 
OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 


opposing forces; Scenario script; Communications load sets as per the 
CEOI. 


RECN-SPIE-4001: Conduct Specialized Insertion and/ or Extraction 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedure for conducting specialized 
forms of maneuver in support of Ground Reconnaissance operations. 
Specialized forms of maneuver include, but are not limited to surface 
swimming operations, boat operations, helicopter and HRST operations, combat 
dive operations, parachute operations, and submarine operations. 
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CONDITION: Given a mission, all required personnel, and C4I-related 


infrastructure and equipment. 


STANDARD: by planning, 
insertion and extraction. 


EVENT COMPONENTS: 
Conduct planning. 
Conduct insertion. 
Conduct movement. 
Conduct mission. 
Conduct extraction. 
Conduct debriefs. 


OnRWNE 


REFERENCES: 


1. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 
2. MCO 3150.4 Diving Policy and Administration 


rehearsing, inspecting, and conducting specialized 


3. MCO 3500.42A W/ ERRATUM Marine Corps Helicopter Rope Suspension 


Training Policy (HRST) and Program Administration 


4. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 
5. MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
6 


MCRP 3-35.9A Multi-Service Tactics, Techniques, and Procedures for 


military diving operations 


7. MCWP 2-25 Ground Reconnaissance Operations 

8. MCWP 3-11.4 Helicopterborne Operations 

9 MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 
Procedures 


10. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 
11. SH 21-76 Ranger Handbook 


12. Version I 


13. Version II 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-COND-1002 
RECN-COND-1003 
RECN-COND-1004 
RECN-MED-4001 

RECN-SPIE-1001 
RECN-SPIE-4003 
RECN-SPIE-4006 
RECN-SPIE-4009 
RECN-SPIE-4012 


RELATED EVENTS: 
RECN-C2-2403 
RECN-C2-2403 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN- 2401 
RECN-SPIE-2401 


U.S. Navy Dive Manual 
U.S. Navy Dive Manual 


RECN-COND-1001 
RECN-COND-1002 
RECN-COND-1003 
RECN-GRND- 4002 
RECN-PLAN-4001 
RECN-SPIE-1001 
RECN-SPIE-4004 
RECN-SPIE-4007 
RECN-SPIE-4010 


RECN-C2-2403 

RECN-COMM- 2402 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN-2414 
RECN-SPIE-2401 


RECN-COND-1001 
RECN-COND-1003 
RECN-COND-1004 
RECN-GRND- 4003 
RECN-PLAN- 4002 
RECN-SPIE-4002 
RECN-SPIE-4005 
RECN-SPIE-4008 
RECN-SPIE-4011 


RECN-C2-2403 

RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-GRND- 2401 
RECN-PLAN- 2401 
RECN-PLAN- 2414 
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Try the following challenge to reinforce your knowledge. Check your work to ensure it is correct 
before checking your answers to the equations against those given. 


(Solve for the literal indicated) 


(a) (b) 
k= ran (Solve for L> ) A= eerva Solve for C ) 


If your answer to the challenge is the same as what follows, you are correct and may continue. If 
your answer is incorrect, review paragraph 3104 before continuing. 
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RECN-SPIE-4002: Conduct Helicopter Operations 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedures to conduct Helicopter 
Operations. 


CONDITION: Given a mission and rotary wing/ tilt rotor aircraft, all 
required personnel, and C4I-related infrastructure and equipment. 


STANDARD: by planning, loading, and exiting the aircraft upon arrival at the 
designated Landing Zone. 


EVENT COMPONENTS: 


1. Conduct planning. 

2. Don/inspect equipment, as required. 

3. Conduct movement. 

4. Remain oriented during flight. 

5. Conduct actions in the aircraft, as required. 
6. Execute emergency procedures, as required. 

fis Exit aircraft on command. 

8. Conduct tactical actions. 

9. Maintain communications with the aircraft, as required. 
10. Continue mission per the operations order. 
REFERENCES: 


1. MCO 3500.42A W/ ERRATUM Marine Corps Helicopter Rope Suspension Training 
Policy (HRST) and Program Administration 


MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-11.4 Helicopterborne Operations 

MCWP 3-24 Assault Support 


OuRWN 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17420 Maneuver/Training Area, Heavy Forces 
AIRCRAFT: 
TILTROTOR: MV-22 
ROTARY WING: AH-1, UH-1, CH-46, CH-53, CH-47, UH-60. 
UNITS/PERSONNEL: Requires Insertion/Extraction Officer. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: May require IPHABDS training. 
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RECN-SPIE-4003: Conduct HRST Operations 


SUPPORTED MET(S): 
MCT 1.8 MCT 1.9 MCT 2.1.2.8 


MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedure for helicopter rapid insertion 
or extraction of ground forces when landing is not possible. 


CONDITION: Given a mission and rotary wing/ tilt rotor aircraft, specific 
HRST equipment, all required personnel, and C4I-related infrastructure and 
equipment. 


STANDARD: by conducting rapid insertion/extraction techniques from a 
aircraft in an area that may not provide suitable landing conditions. 


EVENT COMPONENTS: 

Plan and prepare for the conduct of HRST operations. 
Conduct briefs, as required. 

Don/inspect equipment. 

Rig aircraft. 

Remain oriented during flight. 

Conduct actions in the aircraft. 

Conduct HRST operations from the aircraft. 
Conduct emergency procedures as required. 
Recover HRST equipment as required. 
Conduct debriefs. 


FOOAONDUORWNE 
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REFERENCES: 
1. MCO 3500.42A W/ ERRATUM Marine Corps Helicopter Rope Suspension Training 
Policy (HRST) and Program Administration 


MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-11.4 Helicopterborne Operations 

MCWP 3-24 Assault Support 


OuKRWN 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-PLAN-4001 
RECN-SPIE-1002 
RECN-SPIE-1004 
RECN-SPIE-1005 
RECN-SPIE-4002 


RELATED EVENTS: 
RECN-C2-2403 
RECN-COMM- 2402 
RECN-MED-2401 
RECN-PLAN- 2414 
RECN-SPIE-2401 


RECN-GRND-4002 
RECN-PLAN- 4002 
RECN-SPIE-1003 
RECN-SPIE-1004 
RECN-SPIE-2003 


RECN-C2-2403 

RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN- 2414 


RECN-MED-4001 

RECN-SPIE-1002 
RECN-SPIE-1003 
RECN-SPIE-1005 
RECN-SPIE-2003 


RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-PLAN- 2401 
RECN-SPIE-2401 
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SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17420 Maneuver/Training Area, Heavy Forces 
Facility Code 17917 Rappelling Training Area 


AIRCRAFT: 
TILTROTOR: MV-22 
ROTARY WING: UH-1, CH-46, CH-53, CH-47, UH-60. 
UNITS/PERSONNEL: Requires Insertion/Extraction Officer. 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 1. Certified range safety and medical 
personnel are required. 2. Current in the conduct of HRST operations. 3. 
This type of training is classified as high risk training, refer to 
OPNAVINST 1500.75. 


SPECIAL PERSONNEL CERTS: HRST Masters. 


RECN-SPIE-4004: Conduct Static Line Parachute Operations 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedure for insertion using low-level 
static line as the primary means of insertion into a designated drop zone in 
day or night conditions. 


CONDITION: Given a mission, static line parachute, aircraft, all required 
personnel and equipment, and C4I-related infrastructure and equipment. 


STANDARD: by executing a low level static line insertion in 
day/night/limited visibility conditions while performing in air maneuvers to 
maintain 25 meter separation between parachutists and land on the designated 
drop zone within 200 meters of the low man. 


EVENT COMPONENTS: 

Identify the drop zone. 

Plan and prepare for airborne operations. 
Conduct mission brief. 

Conduct final coordination/jump brief. 
Conduct pilots brief. 

Prepare aircraft. 

Conduct Jumpmaster personnel inspection. 
Execute parachute operations. 

Conduct actions on the drop zone. 


OONDORWNE 


3-52 Enclosure (1) 


10. Conduct post insertion priorities of work. 


REFERENCES: 


1. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 
2. MCWP 2-25 Ground Reconnaissance Operations 
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3. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-PLAN-4001 
RECN-SPIE-1007 
RECN-SPIE-2005 


RELATED EVENTS: 
RECN-C2-2403 
RECN-COMM- 2402 
RECN-MED-2401 
RECN-PLAN- 2414 


RECN-GRND- 4002 
RECN-PLAN- 4002 
RECN-SPIE-2002 
RECN-SPIE-4002 


RECN-C2-2403 
RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN- 2414 


RECN-MED-4001 
RECN-SPIE-1007 
RECN-SPIE-2005 


RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-PLAN- 2401 
RECN-SPIE-2402 


RECN -SPIE-2402 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17440 Personnel/Equipment Drop Zone 
Facility Code 17912 Parachute Landing Fall Platform 
AIRCRAFT: Suitable Aviation platform. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 


SPECIAL PERSONNEL CERTS: 1. Appropriate Jumpmaster/rigger support 2. 
Current and qualified airborne personnel 3. Appropriate Range and medical 
safety personnel, as required. 


RECN-SPIE-4007: Conduct an intentional water parachute insertion 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 

DESCRIPTION: This task provides the procedure for insertion using 
parachuting as the primary means of insertion into a designated water drop 
zone in day or night conditions. 


CONDITION: Given a mission, a parachute, aircraft, all required personnel 
and equipment, and C4I-related infrastructure and equipment. 
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STANDARD: by executing a parachute insertion in day/night/limited visibility 
conditions while performing in air maneuvers to maintain 25 meter separation 
between parachutists and land on the designated drop zone. 


EVENT COMPONENTS: 

1. Identify the drop zone. 

2 Plan and prepare for airborne operations. 
3 Conduct wet silk training. 

4. Prepare Special Operations Combat Expendable Platform (SOCEP). 
5. Conduct mission brief. 

6 Conduct final coordination/jump brief. 

7 Conduct pilots brief. 

8. Prepare aircraft. 

9. Conduct Jumpmaster personnel inspection. 
10. Execute parachute operations. 

11. Conduct actions on the drop zone. 

12. Conduct post insertion priorities of work. 


REFERENCES: 

1. FM 3-05.210 Special Forces Air Operations 

2. FM 3-05.212 Special Forces Waterborne Operations 

3. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 
4. MCWP 2-25 Ground Reconnaissance Operations 

5. MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 
Procedures 

MCWP 3-15.7 Static-Line Parachuting Techniques and Training 


op) 


PREREQUISITE EVENTS: 


RECN-COMM-4001 
RECN-PLAN-4001 
RECN-SPIE-1007 
RECN-SPIE-2001 
RECN-SPIE-2005 


RELATED EVENTS: 
RECN-C2-2403 
RECN-COMM- 2402 
RECN-MED-2401 
RECN-PLAN- 2414 
RECN-SPIE-2402 


RECN-GRND- 4002 RECN-MED-4001 


RECN-PLAN- 4002 
RECN-SPIE-1013 
RECN-SPIE-2001 
RECN-SPIE-2006 


RECN-C2-2403 

RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN- 2414 


RECN-SPIE-1007 
RECN-SPIE-1014 
RECN-SPIE-2005 


RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-PLAN- 2401 
RECN-SPIE-2402 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17440 Personnel/Equipment Drop Zone 
Facility Code 17912 Parachute Landing Fall Platform 
AIRCRAFT: Suitable Aviation platform. 
EQUIPMENT: Combat Rubber Raiding Craft. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 
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SPECIAL PERSONNEL CERTS: 1. Appropriate Jumpmaster/rigger support 2. 
Current and qualified airborne personnel 3. Appropriate range and medical 
personnel, coxswains, and safety swimmers as required. 


RECN-SPIE-4008: Conduct Surface Vessel Deployment and/or Recovery Operations 


SUPPORTED MET(S): 


MCT 1.8 MCT 1.9 MCT 2.1.2.8 
MCT 2.7 MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedure for launching and recovering 
from a vessel at sea while over the horizon, to allow for a clandestine 
operation. 


CONDITION: Given a mission, a small craft, a support craft, all required 
personnel and equipment, and C4I-related infrastructure and equipment. 


STANDARD: by rigging and deploying organic assets from a surface vessel ina 
designated area to conduct an amphibious movement to a BLS. 


EVENT COMPONENTS: 

Conduct planning. 

Make coordination. 

Conduct mission/insert Brief. 
Maintain communications. 
Execute movement. 

Complete recovery. 


OuRWNE 


REFERENCES: 

COMDINST MI6114.5A U. S. Coast Guard Boat Crew Seamanship Manual 
2. FM 3-05.210 Special Forces Air Operations 

3. FM 3-05.212 Special Forces Waterborne Operations 

4. MCWP 2-25 Ground Reconnaissance Operations 


ia 


PREREQUISITE EVENTS: 
RECN-AMPH- 4002 RECN-COMM- 4001 RECN-GRND- 4002 
RECN-PLAN-4001 


RELATED EVENTS: 


RECN-C2-2403 RECN-C2-2403 RECN -COMM- 2402 
RECN -COMM- 2402 RECN-GRND- 2401 RECN-GRND- 2401 
RECN-PLAN- 2401 RECN-PLAN-2414 RECN-PLAN- 2414 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


UNITS/PERSONNEL: Appropriate swimmers equipment as required, Small Craft 
(CRRC or RHIB). 
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OTHER SUPPORT REQUIREMENTS: Destroyer, LHA, LPD, LCAC, and/or LCU. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75 


SPECIAL PERSONNEL CERTS: Coxswain, Safety Swimmers, Appropriate certified 
range safety and medical personnel 


RECN-SURV-4001: Conduct Surveillance 


SUPPORTED MET(S): 


MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: This task provides the procedure for conducting surveillance in 
order to obtain, through various collection methods, information about the 
current activities of an enemy or potential enemy and/or the Area of 


Operations. Tasks include systematically observing the Area of Operations by 
visual, aural, electronic, photographic, or other means. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by planning, rehearsing, inspecting, inserting, confirming, and 
conducting surveillance. 


EVENT COMPONENTS: 

Conduct planning. 
Conduct movement. 
Conduct mission. 
Conduct extract. 
Conduct debriefs. 
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REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 

3. MCWP 3-15.3 Scout Sniping 

4. SH 21-76 Ranger Handbook 


PREREQUISITE EVENTS: 


RECN-C2-4005 

RECN-COLL- 2011 
RECN-COLL-2017 
RECN-COLL- 2020 
RECN - DEMO - 2004 
RECN-GRND- 4002 
RECN-GRND- 4006 
RECN-GRND- 4020 
RECN-GRND-4026 
RECN-INTL-3001 


RECN-COLL- 2006 
RECN-COLL-2014 
RECN-COLL- 2019 
RECN-COLL- 2020 
RECN-DEMO-2005 
RECN-GRND-4003 
RECN-GRND- 4007 
RECN-GRND-4021 
RECN-INTL-2001 
RECN-INTL-4001 


RECN-COLL- 2008 
RECN-COLL-2017 
RECN-COLL-2019 
RECN -COMM- 4001 
RECN-GRND- 2002 
RECN-GRND- 4004 
RECN-GRND-4019 
RECN-GRND- 4022 
RECN-INTL-2002 
RECN-MED-4001 
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RECN-PHOT - 3001 
RECN-PLAN-4001 
RECN-SHAP - 3001 
RECN-SHAP - 3025 
RECN-SURV-1001 
RECN-SURV-1003 
RECN-SURV-1006 
RECN-SURV-1009 
RECN-SURV- 2003 
RECN-SURV-3001 
RECN-SURV- 3004 


RELATED EVENTS: 
RECN-C2-2403 
RECN-COLL- 2408 
RECN-COLL-2417 
RECN-COLL - 2424 
RECN-GRND- 2401 
RECN-INTL-2406 
RECN-MED-2401 
RECN-PLAN- 2413 


RECN - PHOT - 3002 
RECN-PLAN- 4002 
RECN -SHAP - 3009 
RECN-SPIE-4001 
RECN-SURV-1002 
RECN-SURV-1004 
RECN-SURV-1007 
RECN-SURV- 2001 
RECN-SURV- 2004 
RECN-SURV- 3002 
RECN-SURV- 4002 


RECN-C2-2403 

RECN-COLL-2411 
RECN-COLL-2419 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-INTL-2407 
RECN-PLAN- 2401 
RECN-PLAN- 2414 
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RECN - PHOT - 3004 
RECN-PLAN- 4006 
RECN - SHAP - 3024 
RECN-SPIE-4001 
RECN-SURV-1002 
RECN-SURV-1005 
RECN-SURV-1008 
RECN-SURV- 2002 
RECN-SURV- 2006 
RECN-SURV- 3003 
RECN-SURV-4003 


RECN-COLL- 2406 
RECN-COLL-2414 
RECN-COLL- 2420 
RECN-COMM- 2402 
RECN-INTL-2406 
RECN-MED-2401 
RECN-PLAN- 2412 
RECN-PLAN- 2414 


RECN-SURV-4002: Conduct Specific Target Surveillance 


SUPPORTED MET(S): 

MCT 1.8 MCT 2.1.2.8 MCT 2.7 
MCT 3.2.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides the procedure for specific target 
surveillance to confirm location or status of a target. 


CONDITION: Given a mission, all required personnel, and C4I-related 
infrastructure and equipment. 


STANDARD: by confirming or denying specific target(s) situation and 
answering all PIRs and CCIRs. 


EVENT COMPONENTS: 
Conduct planning. 
Infiltrate area. 
Confirm target. 
Control target. 
Conduct turnover. 
Conduct extract. 
Conduct debriefs. 


NOOBRWNE 


REFERENCES: 

FM 3-05.204 Special Forces Special Reconnaissance 

FM 3-05.220 Special Forces Advanced Special Operations (S\NF) 
MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-11.3 Scouting and Patrolling 

MCWP 3-15.3 Scout Sniping 
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6. SH 21-76 Ranger Handbook 


PREREQUISITE EVENTS: 


RECN-C2-4005 

RECN-GRND-4003 
RECN-GRND-4007 
RECN-GRND-4021 
RECN-INTL-4001 
RECN-PLAN- 4002 
RECN-SPIE-4001 


RELATED EVENTS: 
RECN-C2-2403 
RECN-COLL-2408 
RECN-COLL-2417 
RECN-COLL- 2424 
RECN-GRND- 2401 
RECN-INTL-2407 
RECN-PLAN- 2401 
RECN-PLAN- 2414 
RECN-SURV- 2401 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 


Facility Code 
Facility Code 
Facility Code 
Facility Code 


AIRCRAFT: 


RECN-COMM- 4001 
RECN-GRND-4004 
RECN-GRND-4019 
RECN-GRND-4022 
RECN-MED-4001 
RECN-PLAN- 4006 
RECN-SURV- 4001 


RECN-C2-2403 

RECN-COLL-2411 
RECN-COLL-2419 
RECN-COMM- 2402 
RECN-GRND- 2401 
RECN-MED-2401 
RECN-PLAN- 2412 
RECN-PLAN- 2414 
RECN- SURV - 2402 


17410 Maneuver/Training Area, 
17730 Fire And Movement Range 
17961 Combat In Cities Facility 

17962 MOUT Collective Training Facility (Small) 
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RECN-GRND- 4002 
RECN-GRND- 4006 
RECN-GRND- 4020 
RECN-GRND- 4026 
RECN-PLAN- 4001 
RECN-SPIE-4001 


RECN-COLL- 2406 
RECN-COLL-2414 
RECN-COLL- 2420 
RECN-COMM- 2402 
RECN-GRND- 2406 
RECN-MED-2401 
RECN-PLAN- 2413 
RECN-SURV- 2401 
RECN-SURV- 2403 


Light Forces 


Rotary Wing: AH-1, UH-1, CH-46, CH-53, CH-47, MV-22, UH- 60 


Fixed Wing: AV8B, F18, AC130, A10, KC130, MC130 
WASP. 


UAV: Predator, Raven, 


ROOMS/BUILDINGS: 


All or one of the following: Forward Operating Base; 


Isolation facility for mission prep. 


MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: 


SIEW-GENTI-4001: 


SUPPORTED MET(S): 


MCT 5.4.1.2 


EVALUATION-CODED: 


Coordinate effects targeting 


NO 


HRST; RSO; SIO; FAC; TACP; JTAC; and Sniper. 


MCT 5.9.2 


SUSTAINMENT INTERVAL: 


12 months 


DESCRIPTION: This applies to cyberspace operations, electronic warfare 
operations, and/or RF-delivered MISO. 
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CONDITION: Given authorities, personnel, currently-fielded equipment, 
mission tasking, commander's guidance, intelligence requirements, references, 
access to available communications networks, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 

1. Support the planning of effect-based targeting. 
2. Synchronize effects-based targeting. 

3. Coordinate effects-based targeting. 

4. Deconflict effects-based targeting. 


REFERENCES: MCWP 2-22 Signals Intelligence 


SIEW-GENI-4002: Execute emergency action plan (EAP) 


SUPPORTED MET(S): 


MCT 2.7 MCT 2.8 MCT 5.1.1.7 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This task provides procedures for conducting full-spectrum 
SIGINT/EW operations before, during, and after the conduct of battlespace 
shaping operations. Battlespace shaping operations can include, but are not 
limited to the employment of direct fire weapons, demolitions, indirect fire, 
precision guided munitions, and/or naval fires in order to destroy or 
neutralize enemy forces, deny the enemy freedom of action, or facilitate 
friendly forces maneuver. 


CONDITION: On order, given an emergency action plan, appropriate equipment, 
and all required personnel 


STANDARD: To prevent the compromise of identified information and equipment. 


EVENT COMPONENTS: 

Determine threshold for initiation of EAP. 

Initiate EAP. 

Take corrective measures to ensure EAP is complete. 
Measure effectiveness of EAP. 

Complete post-EAP actions. 


oOoBRWNE 


REFERENCES: MCWP 2-22 Signals Intelligence 


SIEW-GENI-4003: Establish SCIF operations 


SUPPORTED MET(S): 


MCT 2.8 MCT 5.1.1.7 MCT 5.9.2 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
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Lesson Summary. You have completed lesson 1 of Study Unit 3. In this lesson, you learned the 
seven axioms and their meanings. You applied the seven axioms to literal equations. You applied 
the appropriate axiom to an equation to solve for an unknown term. You can solve a literal 
equation or formula for a specific variable. You applied problem solving procedures to equations 
involving ratio and proportions. The lesson exercise will serve as a measuring device and it will 
also point out those items that you need to review before you take the study unit exercise. 
Concentrate on each item carefully. 


Lesson 1 Exercise: Complete items 1 through 5 by performing the action required. Check your 
responses against those listed at the end of this lesson. 


1. An requires no proof. 


. Integer 
. axiom 
integral 
. equation 


aoge 
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DESCRIPTION: Establish physical security measures, implement policies and 
manage operations to ensure a certified secure work environment for SCI 
operations. SCIF operations also include the management of subordinate 
elements operating in SCIFs. Types of SCIFs include, but are not limited to 
temporary, mobile, and/or permanent. 


CONDITION: Given personnel, unit table of equipment, mission tasking, 
commander's guidance, intelligence requirements, references, access to 
available communications networks and materials 


STANDARD: To support SCI operations within the timelines and constraints 
established by directives. 


EVENT COMPONENTS: 


1. Review SCIF requirements. 

2. Conduct site survey. 

3. Execute SCIF request procedures. 

4. Execute SCIF physical security requirements. 
5. Execute SCIF personnel security requirements. 
6. Execute SCIF technical security requirements. 
7. Activate. 

8. Deactivate. 

REFERENCES: 


1. DoDM 5105.21M_ Vol 3 Administration of Personnel Security 

2. DoDM 5105.21M_Vol 1 Administration of Information and Information 
Systems Security 

3. DoDM 5105.21M_Vol 2 Administration of Physical Security, Visitor 
Control, and Technical Security 

4. USSID 1 SIGINT Operating Policy 


SIEW-GENI-4004: Conduct team operations 


SUPPORTED MET(S): 


MCT 1.9 MCT 2.7 MCT 2.8 
MCT 5.4.1.2 MCT 5.9.2 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Team operations consist of Radio Reconnaissance Team (RRT), 
LAV-EW team, SIGINT Support Team (SST), and various task organized support 
teams. The radio reconnaissance teams support advance force, pre-assault, or 
other operations where the employment of conventional RadBn teams may be 
inappropriate or unfeasible. LAV-EW teams provide Marines and equipment 
capable of SIGINT collection, reporting, and EW operations to support the 
MAGTF. SSTs are task-organized from resources available throughout the RadBn 
and are tailored to the requirements of the supported Commander. 


CONDITION: Given authorities, certified personnel, currently-fielded 


equipment, mission tasking, commander's guidance, collection requirements, 
intelligence requirements, and references 
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STANDARD: To support MAGTF operations within the timelines and constraints 
established by the commander. 


EVENT COMPONENTS: 

1 Integrate with supported unit, as required. 
2 Establish security. 

3 Establish communications. 

4. Conduct survey. 

5. Conduct collection operations. 

6 Conduct EA operations. 

7 Conduct ES. 

8 Conduct CNE. 

9 Conduct tactical OCO. 
10. Conduct direction finding. 
11. Provide indication and warning (I&w). 
12. Store data. 
13. Forward data. 


REFERENCES: 

MCIA-1540-002-95 Generic Intelligence Requirements Handbook (GIRH) 
MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 
MCRP 5-12A Operational Terms and Graphics 

MCWP 2-1 Intelligence Operations 

MCWP 2-2 MAGTF Intelligence Collection 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 


NOORWNE 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


SIEW-RRT-4001: Conduct Radio Reconnaissance operations 


SUPPORTED MET(S): 


MCT 1.1.2 MCT 1.9 MCT 2.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: This task provides procedures for reporting EEIs during the 
conduct of pre-landing hydrographic surveys of planned beaches, landing 
sites, ports, and riverine operations. This task includes providing 
SIGINT/EW reports to the supported commander and/or adjacent units conducting 
amphibious operations. This task also provides procedures for conducting 
full-spectrum SIGINT/EW operations in support of ground reconnaissance and 
surveillance missions within the MAGTF area of operations and area of 
influence. Radio Reconnaissance Teams may be tasked to support units 
conducting area reconnaissance, zone reconnaissance, and employing 
surveillance assets. 


CONDITION: Given a mission, appropriate equipment, all required personnel, 
and C4-related infrastructure and equipment 
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STANDARD: To report on signals of interest per the commander's CCIR's, 
within a time limit established by the commander. 


EVENT COMPONENTS: 

Conduct planning. 

Conduct movement. 

Provide SIGINT/EW support to amphibious reconnaissance operations. 
Provide SIGINT/EW support to ground reconnaissance operations. 
Provide SIGINT/EW support to specialized raid. 

Provide SIGINT/EW support to battlespace shaping operations. 
Conduct withdrawal. 

Conduct debrief. 


ONDORWNE 


REFERENCES: MCWP 2-22 Signals Intelligence 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Minimum 1 x HRST Master, 1 x Jump Master, 1 x 
Coxswain, 2 x PGL Certified Marines, 1 x Certified CNE Operator, 1 x 2629 
(TL), 2 xX 2/2 linguists. 


SIEW-GENI-3001: Conduct intelligence communications services 


SUPPORTED MET(S): 


MCT 2.8 MCT 5.1.1.7 
EVALUATION-CODED: YES SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: SCI communications include the installation, operation and 
management of tactical data and voice SCI networks to support RadBn, Intel 
Bn, and other organizations within MAGTF operations. 


CONDITION: Given authorities, personnel, currently-fielded equipment, 
mission tasking, commander's guidance, references, access to available 
communications networks, communications plan, SCI Computer Network Defense 
plan, and materials 


STANDARD: To satisfy the commander's planning, decision, execution, and 
assessment (PDE&A) within established time limits, constraints, mission 
tasks, and parameters. 


EVENT COMPONENTS: 

Review mission tasking. 

Conduct site survey. 

Manage team resources. 

Coordinate with internal/external entities. 
Execute communications plan. 

Execute SCI Computer Network Defense Plan. 
Determine destruction plan. 


NOORWNE 


REFERENCES: 
A. CJCSM 6231.04B Manual for Employing Tactical Communications 
2. DODI 8570.01-M Information Assurance Workforce Improvement Program 
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DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 
JP 2-02 National Intelligence Support to Joint Operations 

JP 6-0 Joint Communications System 

Local SOP Local Standard Operating Procedures 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.3 MAGTF Communications System 

MCWP 6-22 Communications and Information Systems 

SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 
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SIGINT T&R MANUAL 


CHAPTER 4 


MOS 2602 INDIVIDUAL EVENTS 


4000. PURPOSE. 

This chapter details the individual events that pertain to Signals 
Intelligence/Electronic Warfare Officers. Each individual event provides an 
event title, along with the conditions events will be performed under, and 
the standard to which the event must be performed to be successful. 


4001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2602 SIGINT/EW Officer 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
MGMT Management 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
2000 Core Plus Skills 


4002. INDEX OF 2602 INDIVIDUAL EVENTS 


Event Code Event Page 


2000 Level Events 


2602 -MGMT - 2001 Manage electronic warfare (EW) operations 


2602 -MGMT - 2002 Evaluate technical SIGINT/EW mission readiness 


2602 -MGMT - 2004 Manage SIGINT/EW production 


2602 -MGMT - 2005 Plan cyberspace operations 


4-3 
4-3 
2602 -MGMT - 2003 Manage SIGINT/EW equipment integration 4-4 
4-5 
4-6 
4-7 


2602 -MGMT - 2006 Manage SIGINT collection 


4003. 2602 INDIVIDUAL EVENTS 
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2602-MGMT-2001: Manage electronic warfare (EW) operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Manage, plan, and coordinate organic EW capabilities to support 
mission requirements, and maximize SIGINT/EW effectiveness at all echelons. 


MOS PERFORMING: 2602 


BILLETS: COPs Officer, Cadre OIC, Cyber/EwW Plans Officer, Electronic Warfare 
Officer, FOPs Officer, OCAC OIC, SIGINT/EW Chief, SIMO, TCAC Officer 


GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given SIGINT/EW equipment, mission tasking, references, and 
authorized resources 


STANDARD: To ensure proper conduct and execution of EW operations, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Conduct EW mission planning. 

Provide technical support to EW operations planning. 
Coordinate with national/theater agencies, as required. 
Provide input to Intelligence gain/loss (IGL). 

Manage de-confliction of EW operations. 

Determine measure of effectiveness (MOE). 

Determine measure of performance (MOP). 


OONDORWNE 


REFERENCES: 

ATO Air Tasking Order 

JP 3-13.1 Electronic Warfare 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 

Radio Battalion SOPs Radio Battalion SOPs 


be 
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MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: JEWTOC 


2602-MGMT-2002: Evaluate technical SIGINT/EW mission readiness 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Identify all resource requirements, and advise commander on 
technical solutions with respect to SIGINT/EW readiness. 


MOS PERFORMING: 2602 
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BILLETS: COPs Officer, Cadre OIC, EW Plans Officer, Electronic Warfare 
Officer, FOPs Officer, OCAC OIC, SIGINT/EW Chief, SIMO, TCAC Officer 


GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 
INITIAL TRAINING SETTING: MOJT 


CONDITION: Given mission requirements and/or tasking, references, and 
authorized resources 


STANDARD: To ensure compliance IAW references, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

1 Validate technical SIGINT/EW operational readiness. 

2. Validate T/O&E for a SIGINT/EW unit. 

3. Determine SIGINT/EW equipment employment. 

4 Identify SIGINT/EW equipment shortfalls. 

5 Advise commander on SIGINT/EW mission requirements. 

6 Apply legal considerations to ensure Intelligence Oversight compliance, 
as required. 


ts Manage coordination with external agencies. 
8. Validate SIGINT unit training plan. 
9. Advise commander on SIGINT/EW operations. 


10. Evaluate emergency action plan (EAP). 

11. Coordinate with higher headquarters (HHQ), as required. 

12. Brief the capabilities/limitations of SIGINT/EW support. 

13. Review lessons learned/after action reports (AAR) on SIGINT/EW 
operations. 


REFERENCES: 

JP 2-01 Joint and National Intelligence Support to Military Operations 
MAGTF EW Information System Initial Capabilities Document 

MCDP 3 Expeditionary Operations 

MCDP 4 Logistics 

MCDP 5 Planning 

MCIP 3-40.02 Marine Corps Cyberspace Operations 

MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 

MCRP 5-12D Organization of Marine Corps Forces 

MCWP 2-22 Signals Intelligence 


OONDORWNE 


2602-MGMT-2003: Manage SIGINT/EW equipment integration 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Research, procure, integrate, and maintain SIGINT/EW related 
capabilities in support of SIGINT/EW operations and training. 


MOS PERFORMING: 2602 
BILLETS: IPS HQMC, ISR-PMO, MARCORSYSCOM Project Officer, SIMO, TCAC Officer 


GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given commander's intent or mission tasking, references, and 
authorized resources 


STANDARD: To ensure operational relevancy, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

1 Identify capabilities/limitations of all SIGINT/EW assets. 

2 Research solutions to address mission shortfalls. 

3: Produce formalized documentation. 

4. Validate POR documentation. 

5 Facilitate contracting/acquisition services. 

6 Provide SIGINT/EW equipment assets/resources. 

7 Ensure systems have Interim Authority to Operate (IATO)/Authority to 
Operate (ATO). 

8. Ensure systems have Authority to Connect (ATC), if required. 

9. Coordinate equipment training. 

10. Coordinate integration of new capabilities into SIGINT/EW architecture. 

11. Ensure integration capabilities into program of record. 

12. Manage SIGINT system configuration. 

13. Manage SIGINT/EW systems readiness. 

14. Manage SIGINT/EW Authorized Acquisition Objective (AAO). 


REFERENCES: 

1. MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 
2. MCWP 3-40.3 MAGTF Communications System 

SUPPORT REQUIREMENTS: 


OTHER SUPPORT REQUIREMENTS: GCSS-MC (account as a manager) needs to be 
able to manipulate GCSS-MC from a command level perspective. 


MISCELLANEOUS: 
SPECIAL PERSONNEL CERTS: 


ACQ101 (DAU) 
PREREQUISITE EVENTS: ACQ 101 (Defense Acquisition University) 


2602-MGMT-2004: Manage SIGINT/EW production 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Manage production and reporting to satisfy information and 
intelligence requirements. 


MOS PERFORMING: 2602 
BILLETS: OCAC OIC, SIEW Officer, TCAC Officer 


GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given authorities, information requirements, tasking, collected 
information, references, and authorized resources 


STANDARD: To satisfy information requirements, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review information requirements and/or tasking. 
Apply legal considerations, as required. 
Determine reporting criteria. 

Validate appropriate reporting vehicles. 

Manage production of SIGINT product(s). 

Manage SIGINT reporting to 2nd party customers. 
Manage SIGINT reporting to 3rd party customers. 
Manage SIGINT reporting to allied customers. 

: Manage SIGINT reporting to coalition customers. 
©. Release SIGINT reports. 

1. Provide technical information to supported units, as required. 


FPROOANDOARWNE 


REFERENCES: 

DoD Regulation 5240.1-R Procedures Governing DoD Intelligence 
Components Affecting U.S. Persons 

2 DoDI 3305.09 DoD Cryptologic Training 

3. EO 12333 U.S. Intelligence Activities (As Amended) 

4. ICD 705 Sensitive Compartmented Information Facilities 
5 
6 


be 


ICD 705 Technical Specifications Version 1.2 
ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

7. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

8. JP 2-0 Joint Intelligence 

9. JP 2-01 Joint and National Intelligence Support to Military Operations 

10. MCDP 3 Expeditionary Operations 

11. MCDP 5 Planning 

12. MCO 1553.3 _ Unit Training Management (UTM) Program 

13. MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 

14. MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 

15. MCRP 5-12D Organization of Marine Corps Forces 

16. MCWP 2-22 Signals Intelligence 

17. NSA/CSS Policy 1-23 Procedures Governing NSA/CSS Activities That Affect 
U.S. Persons 

18. USSID SP0018 USSID SP0018 


2602-MGMT-2005: Plan cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Plan and coordinate cyberspace operations in support of mission 
requirements to maximize effectiveness utilizing assets at all echelons. 


MOS PERFORMING: 2602 


4-6 Enclosure (1) 


of What do the seven axioms state? 


3. Solve for the unknown literal number. 
(a) (b) 


13M+3=5+5M 3x+(54+x) =47—-8x 


4. Solve for the literal (F) in both of the following equations. 


(a) (b) 


__ 2nfFL _ Tn(C+F) 
xX =n [=> 
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BILLETS: Cryptologic Cyber Planner, Cyber/EW Plans Officer 
GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, and authorized 
resources 


STANDARD: To satisfy mission requirements within a time limit established by 
the commander. 


PERFORMANCE STEPS: 

1 Review mission tasking. 

2 Apply legal considerations. 

3 Conduct cyberspace mission planning. 

4. Provide technical support to cyberspace operations planning. 
5. Coordinate with higher/adjacent units. 

6 Coordinate with national/theater agencies, as required. 
7 Assess intelligence gain/loss (IGL). 

8 Assess technical gain/loss (TGL). 

9. Conduct de-confliction of cyberspace operations. 

10. Manage production of cyberspace operation products. 

11. Determine measure of effectiveness (MOE). 

12. Determine measure of performance (MOP). 


REFERENCES: 
1. DCID 7/3 Information Operations and Intelligence Community related 
Activities 


2. Document 5a. NSCID No 6 Signals Intelligence 

3. DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 
(CNA) 

4. DODI S-5240.mm Counterintelligence In Cyberspace 

5. EO 12333 U.S. Intelligence Activities (As Amended) 

6 JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

Tes JP 2-02 National Intelligence Support to Joint Operations 

8. JP 3-12 Cyberspace Operations 

9. JP 3-13 Information Operations 

10. MCIP 3-40.02 Marine Corps Cyberspace Operations 

11. MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 

12. MCWP 2-22 Signals Intelligence 

13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 

18. USSID SG5000 USSID SG5000 


MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Joint Network Attack Course (JNAC) 
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2602-MGMT-2006: Manage SIGINT collection 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Coordinate, request, and/or direct collection tasking to 
maximize SIGINT collection utilizing assets and resources at all echelons. 


MOS PERFORMING: 2602 

BILLETS: Collection Manager, Collection Officer, OCAC OIC, Resource Manager 
GRADES: WO-1, CWO-2, CWO-3, CWO-4, CWO-5 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given information requirements and/or tasking, references, and 
authorized resources 


STANDARD: To satisfy information requirements, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review information requirements. 

Identify SIGINT authorities. 

Apply legal considerations, as required. 

Provide SIGINT capabilities to overall collection plan. 
Identify SIGINT collection gaps to overall collection plan. 
Coordinate with MAGTF EW capabilities. 

Coordinate with national/theater agencies, as required. 
Manage SIGINT resources. 

Manage SIGINT collection assets. 

Evaluate collection effectiveness. 


FOOAONDORWNE 


[om 


REFERENCES: 

DODD S-3115.7 Signals Intelligence 

FM 34-2 Collection Management and Synchronization Planning 

MCDP 5 Planning 

MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 

Radio Battalion SOPs Radio Battalion SOPs 

USSIDS United States Signals Intelligence Directives 


OANDORWNHE 


MISCELLANEOUS : 


SPECIAL PERSONNEL CERTS: Collection Management Course, Ground Collection 
Managerés Course, Denver Collection Manager Course (ADET) 
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SIGINT T&R MANUAL 


CHAPTER 5 


MOS 2611 INDIVIDUAL EVENTS 


5000. PURPOSE. This chapter details the individual events that pertain to 
Cryptologic Digital Network Operator/Analysts. Each individual event 
provides an event title, along with the conditions events will be performed 
under, and the standard to which the event must be performed to be 
successful. 


5001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2611 Cryptologic Digital Network Operator/Analyst 
2629 SIGINT Analyst 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
2000 Core Plus Skills 


5002. INDEX OF 2611 INDIVIDUAL EVENTS 


Event Code Event Page 
2000 Level Events 

2611-INTL-2001 Conduct digital network exploitation analysis 5-3 

2611-INTL-2002 Conduct exploitation analysis in the cyberspace 5-3 
domain 

2611-INTL-2003 Provide support to defensive cyberspace 5-4 
operations 

2611-INTL-2004 Conduct offensive cyberspace operations 5-5 

2611-INTL-2005 Support cyberspace operations planning 5-6 

2629-INTL- 2006 Manipulate intelligence databases 5-7 
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5003. 2611 INDIVIDUAL EVENTS 


2611-INTL-2001: Conduct digital network exploitation analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

MOS PERFORMING: 2611, 2629 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a signals environment, 
collected traffic, currently-fielded equipment, database access, and granted 


authorities 


STANDARD: To answer information requirements within a time limit established 
by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Apply legal considerations. 

3. Conduct traffic analysis. 

4. Create a network topology. 

5. Conduct network analysis. 

6. Identify potential target vulnerabilities. 

7. Disseminate as required. 

REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 
2. JP 3-12 Cyberspace Operations 

3. MCIP 3-40.02 Marine Corps Cyberspace Operations 
4. MCO 3100.4 Cyberspace Operations 

5. MCWP 2-22 Signals Intelligence 

6. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

7. USSID DA 3657 

8. USSID DA3655 Computer Network Exploitation 

9. USSID SG5000 USSID SG5000 


2611-INTL-2002: Conduct exploitation analysis in the cyberspace domain 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The Digital Network Analyst will identify and collect on 
networks of interest to satisfy mission requirements. The Analyst may be 
required to coordinate with external agencies to complete this task. 


MOS PERFORMING: 2611 


GRADES: CPL, SGT, SSGT, GYSGT, MSGT 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a signals environment, 
collected traffic, currently-fielded equipment, database access, and granted 
authorities 


STANDARD: To identify potential target(s) for further prosecution, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Select equipment. 

Prosecute the target environment. 
Utilize applications/tools. 

Identify node(s) of interest. 

Identify characteristics of the network. 
Conduct network analysis. 


ONOUIRWNE 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 
NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

USSID DA3655 Computer Network Exploitation 

USSID DA3857 USSID DA3857 

USSID SG5000 USSID SG5000 


aohWN 


2611-INTL-2003: Provide support to defensive cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Classified. 

MOS PERFORMING: 2611 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a signals environment, 
collected traffic, currently-fielded equipment, database access, and granted 
authorities 


STANDARD: To disrupt adversarial cyberspace operations. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Select equipment. 

Select tools/techniques. 
Safeguard tools/techniques. 
Exploit the target environment. 
Apply effects. 

Conduct battle damage assessment. 


ONOUNRWNE 
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REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 502 Integrated Defense of the Intelligence Community Information 
Environment 


3. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

4. USSID DA3655 Computer Network Exploitation 
5. USSID DA3857 USSID DA3857 

6. USSID SG5000 USSID SG5000 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: The NMOS 2612 will be added to this T&R 
event once the MOS Manual is updated. 


2611-INTL-2004: Conduct offensive cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Classified. 

MOS PERFORMING: 2611 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded equipment, database access, collected data, and granted authorities 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Develop operational plan. 
Select equipment. 

Select tools/techniques. 
Safeguard tools/techniques. 
Exploit the target environment. 
Execute operational plan. 


ONDORWNE 


REFERENCES: 

EO 12333 U.S. Intelligence Activities (As Amended) 
MCWP 2-22 Signals Intelligence 

NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

USSID DA3655 Computer Network Exploitation 

USSID DA3857 USSID DA3857 

USSID SG5000 USSID SG5000 


ay 
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MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: The NMOS 2612 will be added to this T&R 
event once the MOS Manual is updated. 


2611-INTL-2005: Support cyberspace operations planning 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The Marine provides support to cyberspace mission requirements 
by maximizing the effectiveness capability utilization at all echelons. 
Marine must have thorough knowledge of JOPP, MCPP and R2P2. 


MOS PERFORMING: 2611 
GRADES: SGT, SSGT, GYSGT, MSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded equipment, database access, collected data, and granted authorities 


STANDARD: To satisfy mission requirements, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Provide support to cyberspace operations planning. 
Coordinate with MAGTF elements. 

Coordinate with national/theater agencies. 

Provide input to intelligence gain/loss (IGL). 
Provide SIGINT measure of effectiveness (MOE). 
Provide SIGINT measure of performance (MOP). 


ONOUIRWNE 


REFERENCES: 

1. DCID 7/3 DCID 7/3 Information Operations and Intelligence Community 

Related 
Activities 

Document 5a. NSCID No 6 Signals Intelligence 

DODD 5240.1 DoD Intelligence Activities 

DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 

(CNA) 

5. DODI S-5240.mm Counterintelligence In Cyberspace 

6. EO 12333 U.S. Intelligence Activities (As Amended) 

7 JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

8. JP 2-02 National Intelligence Support to Joint Operations 

9. JP 3-13 Information Operations 

10. JP 5-0 Joint Operation Planning 

11. MCWP 2-22 Signals Intelligence 

12. MCWP 5-1 Marine Corps Planning Process 

13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 


RWNDN 
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15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 

18. USSID SG5000 USSID SG5000 


CHAINED EVENTS: 0861-MGTF-2045 


2629-INTL-2006: Manipulate intelligence databases 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The individual will utilize and/or maintain all applicable 
intelligence databases. Additionally, the individual will archive, retrieve, 
and compile appropriate data. Domains pertaining to this event include air, 
land, maritime, space, and cyberspace. 


MOS PERFORMING: 2611, 2629 

BILLETS: Signals Analyst, Team Leader 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 
a currently-fielded equipment 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Access applicable database(s). 
Compile applicable data. 
Maintain organic databases. 
Populate databases. 


OuORWNE 


REFERENCES: 

1. DoDI 3305.09 DoD Cryptologic Training 

2. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

3. No Pub ID Technical Control and Analysis Center Description Document 

4. NSA/CSS Policy 1-23 Procedures Governing NSA/CSS Activities That Affect 
U.S. Persons 

5. SID Management Directive 421 SID Management Directive 421 

6. USSID CR1610 USSID CR1610 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
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This requirement is covered in MARC; CID F074141. 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 


SPECIAL PERSONNEL CERTS: Final adjudicated clearance; current CI poly. 
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5. Solve for the literal as indicated. 


(a) (b) 
Mb+Nj 
Xe= ree (SolveforC) k= FFT (Solve for L2) 


Check your answers with those on the next page. Review those items that you missed before 
continuing on to the next lesson in this study unit. 
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SIGINT T&R MANUAL 


CHAPTER 6 


MOS 2612 INDIVIDUAL EVENTS 


6000. PURPOSE. This chapter details the individual events that pertain to 
Cryptologic Cyberspace Operators. Each individual event provides an event 
title, along with the conditions events will be performed under, and the 
standard to which the event must be performed to be successful. 


6001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology. 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2611 Cryptologic Digital Network Operator/Analyst 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
2000 Core Plus Skills 


6002. INDEX OF 2612 INDIVIDUAL EVENTS 


Event Code Event Page 
2000 Level Events 
2611-INTL-2003 Provide support to defensive cyberspace 6-2 
operations 
2611-INTL-2004 Conduct offensive cyberspace operations 6-3 
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2611-INTL-2003: Provide support to defensive cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Classified. 

MOS PERFORMING: 2611 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a signals environment, 
collected traffic, currently-fielded equipment, database access, and granted 
authorities 


STANDARD: To disrupt adversarial cyberspace operations. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Select equipment. 

Select tools/techniques. 
Safeguard tools/techniques. 
Exploit the target environment. 
Apply effects. 

Conduct battle damage assessment. 


ONDORWNE 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. ICD 502 Integrated Defense of the Intelligence Community Information 
Environment 


3. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

4. USSID DA3655 Computer Network Exploitation 
5. USSID DA3857 USSID DA3857 

6. USSID SG5000 USSID SG5000 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: The NMOS 2612 will be added to this T&R 
event once the MOS Manual is updated. 


2611-INTL-2004: Conduct offensive cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Classified. 

MOS PERFORMING: 2611 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: With the aid of references, given mission tasking, currently- 
fielded equipment, database access, collected data, and granted authorities 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 


PERFORMANCE STEPS: 


ONOORWNE 


Review mission tasking. 

Apply legal considerations. 
Develop operational plan. 
Select equipment. 

Select tools/techniques. 
Safeguard tools/techniques. 
Exploit the target environment. 
Execute operational plan. 


REFERENCES: 


1. 


OunRWN 


EO 12333 U.S. Intelligence Activities (As Amended) 
MCWP 2-22 Signals Intelligence 

NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

USSID DA3655 Computer Network Exploitation 

USSID DA3857 USSID DA3857 

USSID SG5000 USSID SG5000 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: The NMOS 2612 will be added to this T&R 
event once the MOS Manual is updated. 
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SIGINT T&R MANUAL 


CHAPTER 7 


MOS 2621 INDIVIDUAL EVENTS 


7000. PURPOSE. This chapter details the individual events that pertain to 
Special Communications Systems Collection Operator/Analyst. Each individual 
event provides an event title, along with the conditions events will be 
performed under, and the standard to which the event must be performed to be 
successful. 


7001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 

2600 Basic SIGINT/Ground EW Operator 

2621 Special Communications Systems Collection Operator/Analyst 
CYBS Cyberspace Security 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
COLL Collection 
INTL Intelligence 
TECH Technician 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 


7002. INDEX OF 2621 INDIVIDUAL EVENTS 


Event Code Event Page 
1000 Level Events 
2600-INTL-1001 Conduct basic computer operations 7-3 
2600-INTL-1002 Conduct communications in support of intelligence | 7-4 
operations 
2600-INTL-1003 Employ antennas 7-4 
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2600-INTL-1004 Process reportable information 7-5 
2600-INTL-1005 Handle cryptographic material 7-6 
2600-INTL-1006 Apply security procedures 7-7 
2600-INTL-1007 Provide near real-time indications and warnings 7-8 
(T&w) 
2600 -INTL-1008 Conduct electronic attack 7-8 
2600-INTL-1009 Conduct electronic warfare support 7-9 
2600-INTL-1010 Collect signals in the electromagnetic spectrum 7-10 
2621-INTL-1001 Conduct communications network identification 7-11 
2621-INTL-1002 Conduct basic communications signals analysis and | 7-12 
processing 
CYBS-TECH-1001 Perform information assurance technician (IAT) 7-12 
level I duties 
2000 Level Events 
2600-INTL-2001 Construct a field expedient antenna (FEA) 7-14 
2600-INTL-2002 Conduct power usage assessment 7-15 
2600-INTL-2003 Conduct computer network exploitation (CNE) 7-15 
2600-INTL-2004 Conduct precise geolocation 7-16 
2600-INTL-2005 Conduct intelligence briefings 7-17 
2600-INTL-2006 Prepare an emergency action plan (EAP) 7-18 
2600-INTL-2007 Perform operator-level maintenance services on 7-19 
SIGINT/EW equipment 
2621-INTL-2001 Conduct advanced communication signals analysis 7-19 
and processing 


7003. 2621 INDIVIDUAL EVENTS 


00-INTL-1001: 


26 


EVALUATION-CODED: 


DESCRIPTION: 


NO 


Conduct basic computer operations 


SUSTAINMENT INTERVAL: 12 months 


must be able to perform. 


MOS PERFORMING: 


GRADES: 
INITIAL TRAINING SETTING: 


CONDITION: 


PVT, PFC, LCPL, 


2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 


CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


FORMAL 


This is a collective of basic computer tasks that an individual 


With the aid of references, given network access, currently- 


fielded equipment, and a mission order to facilitate the conduct of 
intelligence operations 


STANDARD: 


established information assurance requirements. 


PERFORMANCE STEPS: 

Utilize computer components. 

Utilize computer peripherals. 

Utilize computer software. 

Utilize productivity applications. 

Identify network fundamentals. 

Distinguish classified and unclassified networks. 


OuRWNE 
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REFERENCES: MCDP 2 Intelligence 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Cyber M0000 and/or Cyber Intel 


2600-INTL-1002: Conduct communications in support of intelligence operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The individual will be able to establish secure voice and data 
communications with currently-fielded equipment to support an intelligence 
mission. 


MOS PERFORMING: 0202, 0203, 0204, 0206, 0207, 0210, 0211, 0212, 0231, 0233, 
2621, 2631, 2651, 2671, 2673, 2674, 2676, 8621 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, currently-fielded communications 
equipment, Communications/Electronics Operating Instructions (CEOT), 
cryptographic material and equipment, and ancillary equipment 


STANDARD: To maintain secure communications within a time limit established 
by a commander. 


PERFORMANCE STEPS: 

1. Apply RF theory. 

2. Inventory communication components. 

3. Set up communication equipment and ancillary components, as required. 
4. Establish secure communications. 


REFERENCES: 

1. CJCSM 6231.04B Manual for Employing Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

4. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


5. MCO 5239.2 Marine Corps Information Assurance Program (MCIAP) (C4) 
6. MCRP 3-40.3B Radio Operators Handbook 


2600-INTL-1003: Employ antennas 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
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DESCRIPTION: The individual will be able to employ both field expedient 
antennas (FEA) and manufactured antennas for the conduct of Intelligence- 
related missions. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given an antenna, and a transceiver 


STANDARD: To transmit or receive a signal, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

1. Identify antenna characteristics based on antenna theory. 

2. Identify operational constraints associated with FEAs and manufactured 
antennas. 

3. Identify environmental constraints associated with FEAs and manufactured 
antennas. 


4. Determine appropriate antennas to utilize based upon characteristics and 
capabilities of antenna. 


5. Connect antenna. 

6. Transmit, as required. 

7. Receive, as required. 

8. Adjust employment to improve communications, as required. 

REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 


Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

MCRP 3-40.3C Field Antenna Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 


NOOR W 


MISCELLANEOUS : 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1004: Process reportable information 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will review raw or evaluated/minimized 


information and compare it to information requirements (IR) to recognize 
reportable information. 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given IRs, and raw traffic 

STANDARD: To satisfy IRs in the time allotted by the commander. 


PERFORMANCE STEPS: 
1. Review IRs. 


2. Evaluate traffic. 

3. Minimize traffic. 

4. Identify EEIs. 

5. Correlate EEI(s) to existing IR(s). 
6. Notify appropriate entities. 


REFERENCES: 

MCWP 2-1 Intelligence Operations 
MCWP 2-22 Signals Intelligence 
USSID CR1231 

USSID CR1283 

USSID CR1284 USSID CR1284 
USSID CR1400 SIGINT Reporting 
USSID CR1500 

USSID CR1501 

: USSID CR1601 USSID CR1601 

©. USSID CR1610 USSID CR1610 

1. USSID CR1611 USSID CR1611 


FPROOANDARWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1005: Handle cryptographic material 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: The individual will be able to store, use, and destroy 
cryptographic material, in accordance with regulations governing the handling 
of cryptographic material. Cryptographic material must be destroyed if the 
material is compromised, expired, superseded, and/or on order. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, the authorized 
keying material and communications security (COMSEC) equipment 
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Lesson | Exercise Solutions 


Reference 

1. b. 3101 
2. Your answer should be similar to the following: Whatever 3101 

is done to one side, or member, of an equation must be done 

to the other side, or member, of the equation. 
3. 

(a) M=.25 3102 

(b) x=3.5 3102 
4. 

2,22 
@) F="25 3103 
C,-TnC 

(b) F= 3103 
5. 

@) C= /s5xr 3104 

MptNj; 2 
ka 
(b) [n= Ti 3104 
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STANDARD: To protect against inadvertent loss, destruction, improper 
storage, or compromise. 


PERFORMANCE STEPS: 
1. Utilize two person integrity (TPI). 


Ensure proper documentation. 

Issue cryptographic material. 

Account for cryptographic material. 

Store cryptographic material. 

Load cryptographic material. 

Transfer cryptographic material. 

Receive cryptographic material. 

Transport cryptographic material as required. 
0. Destroy cryptographic material as required. 


FOOAONDUOKRWND 


REFERENCES: EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 
& 3 


2600-INTL-1006: Apply security procedures 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual will ensure that all classified material and 
classified information is properly safeguarded and its distribution is 
limited to authorized personnel and communications channels. Classified and 
sensitive information and material must be properly marked, stored, and 
protected. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given classified material, and 
information 


STANDARD: To prevent security violations and compromises. 


PERFORMANCE STEPS: 

Mark all material with proper classification, as directed. 
Store classified material. 

Account for all classified material, as required. 

Courier classified material, as required. 

Transmit classified material according to references, as required. 
Utilize classified material. 

Sanitize work spaces, as required. 

Apply OPSEC measures. 

; Apply INFOSEC measures. 

©. Apply COMPUSEC measures. 

1. Destroy classified material, as required. 


FPROANDABRWNE 


REFERENCES: 
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1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

EKMS1A Electronic Keying Material System 

ICD 705 Sensitive Compartmented Information Facilities 

ICD 705 Technical Specifications Version 1.2 

ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

6. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

Local SOP Local Standard Operating Procedures 

8. SECNAVINST 5510.30_ Information and Personnel Security Program 


N“N 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1007: Provide near real-time indications and warnings (Ié&W) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual provides near real-time I&w from signals of 
interest. The individual recognizes and reports immediate threats to friendly 
forces. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given commander's critical information requirements (CCIR), 
without the aid of references, given lexical aids/software resources, and 
Signals of interest and SIGINT/EW equipment 

STANDARD: Within 10 minutes upon recognition. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Review CCIRs. 

3. Apply legal considerations. 

4. Identify Essential Elements of Information. 

5. Disseminate Indications and Warnings, as required. 
REFERENCES: 


1. Executive Order 12333 United States Intelligence Activities 


2. MCWP 2-1 Intelligence Operations 
3. MCWP 2-22 Signals Intelligence 
4. USSID CR1500 

5. USSID CR1501 

6. USSID SP0018 USSID SP0018 

7. USSID SP0101 USSID SP0101 
MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1008: Conduct electronic attack 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Individual will conduct electronic attack against selected 
targets. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given authorities, mission tasking, 
currently-fielded equipment, and threat signal 


STANDARD: In order to deny, degrade, or disrupt target signals, within a 
time limit established by the commander, and in accordance with the 
references. 


PERFORMANCE STEPS: 

Review mission tasking. 

Select equipment. 

Operate electronic attack equipment. 
Evaluate effectiveness. 

Report effectiveness. 


oOBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

4. JP 3-13.1 Electronic Warfare 

5. JP 3-60 Joint Targeting 

6. MCRP 3-16.1A Tactics, Techniques and Procedures for Field Artillery 
Target Acquisition 

7. MCRP 3-16B The Joint Targeting Process and Procedures for Targeting 
Time-Critical Targets 

8. MCRP 3-40.3B Radio Operators Handbook 

9. MCWP 3-40.5 Electronic Warfare 


2600-INTL-1009: Conduct electronic warfare support 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will be able to conduct electronic warfare 


support to identify and locate threat emitters, and provide Indications and 
Warning (I&W) to the Marine Air Ground Task Force (MAGTF). 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, granted authorities, mission tasking, 
currently-fielded SIGINT/EW equipment, and a target environment 


STANDARD: In order to provide I&w to the commander within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Isolate signals of interest. 
Identify threat emitter. 

Locate threat emitter. 

Identify threat information. 
Disseminate threat information. 


OnBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 


Ou Ww 


2600-INTL-1010: Collect signals in the electromagnetic spectrum 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The Communications Signals Collector will characterize the 
spectrum, identify signals of interest, and associate various signal 
characteristics to successfully exploit communication emitters. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, and a target environment 


STANDARD: To identify signals of interest for further exploitation, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

1. Review mission tasking. 

2. Apply legal considerations. 
3. Select equipment. 


7-10 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


Execute spectrum survey. 
Determine center frequency. 
Determine bandwidth. 
Determine modulation. 
Determine transmission modes. 
Record signal of interest. 


OANDUOA 


REFERENCES: 

1. EA-100 Basic SIGINT Technology 

2. EA-269 Signals Search and Analysis Training Course 

3. EO 12333 U.S. Intelligence Activities (As Amended) 

4 ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


o1 


6. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

7. No Pub ID NSGT Series Radio Wave Modulation and Signal Multiplexing 

8. No Pub ID RASIN Manual 

9. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

10. USSID DA3655 Computer Network Exploitation 

11. USSID DA3857 USSID DA3857 

12. USSID SG5000 USSID SG5000 


2621-INTL-1001: Conduct communications network identification 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Signals Analyst/Operator will conduct front-end analysis on 
signals of interest to satisfy intelligence requirements. 


MOS PERFORMING: 2621 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, network 
connectivity, a signal environment, and currently-fielded SIGINT/EW systems 


STANDARD: To determine the structure and organization of targeted systems, 
within a time limit established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Identify external parameters. 

Identify signal type(s). 

Identify communication nodes, as required. 
Identify network infrastructure(s), as required. 
Provide results for follow-on analysis. 


NOOBRWNE 


REFERENCES: 
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1. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 

MCWP 3-40.5 Electronic Warfare 

SECNAVINST 5510.34 _ Disclosure of Classified Military Information and 
Controlled Unclassified Information to Foreign Governments, 
International Organizations, and Foreign Representatives 


OuRWN 


2621-INTL-1002: Conduct basic communications signals analysis and processing 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Communications Signals Analyst/Operator will conduct basic 
processing of raw signals into useable information. 


MOS PERFORMING: 2621 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, and a collected signal of interest 


STANDARD: To produce useable information from basic communications signals, 
in a timeframe dictated by the operational environment. 


PERFORMANCE STEPS: 

1 Review mission tasking. 

2 Apply legal considerations. 

Si Select and configure equipment. 
4. Determine modulation. 

5 Determine signaling. 

6 Determine multiplexing schemes. 
7 Determine baud rate. 


8. Conduct network protocol analysis. 

9. Conduct post mission processing. 

10. Provide results for follow-on analysis, as required. 
11. Store, as required. 

12. Forward, as required. 


REFERENCES: 

1. DODI 8570.01-M Information Assurance Workforce Improvement Program 

2. MCWP 2-1 Intelligence Operations 

3. MCWP 2-22 Signals Intelligence 

4. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 

5. USSIDS United States Signals Intelligence Directives 
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CYBS-TECH-1001: Perform information assurance technician (IAT) level I 
duties 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: Per DoD 8570.01, Information Assurance Technician Level I 
personnel make the CE less vulnerable by correcting flaws and implementing 
IAT controls in the hardware or software installed within their operational 
systems. The CE is defined as local area network(s) server host and its 
operating system, peripherals and applications. 

MOS PERFORMING: 2600, 2651 

BILLETS: Information Assurance Technician (IAT) level I 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided a computing environment, and IA directives. 

STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, and 


information infrastructures. 


PERFORMANCE STEPS: 


1. Recognize a potential security violation, take appropriate action to 
report the incident as required by regulation, and mitigate any adverse 
impact. 

2. Apply instructions and pre-established guidelines to perform IA tasks 
within CE. 

3. Provide end user IA support for all CE operating systems, peripherals, 
and applications. 

4. Support, monitor, test, and troubleshoot hardware and software IA 
problems pertaining to their CE. 

5. Apply CE specific IA program requirements to identify areas of 
weakness. 

6. Apply appropriate CE access controls. 

7. Install and operate the IT systems in a test configuration manner that 
does not alter the program code or compromise security safeguards. 

8. Conduct tests of IA safeguards in accordance with established test 
plans and procedures. 

9. Implement and monitor IA safeguards for CE system(s) in accordance with 


implementation plans and standard operating procedures. 

10. Apply established IA security procedures and safeguards and comply with 
responsibilities of assignment. 

11. Comply with system termination procedures and incident reporting 
requirements related to potential CE security incidents or actual 
breaches. 

12. Implement online warnings to inform users of access rules for CE 
systems. 

13. Implement applicable patches including IA vulnerability alerts (IAVA), 
IA vulnerability bulletins (IAVB), and technical advisories (TA) for 
the CE operating system(s). 

14. Understand and implement technical vulnerability corrections. 
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15. Enter assets in a vulnerability management system. 

16. Apply system security laws and regulations relevant to the CE being 
supported. 

17. Implement DoD and DoD Component password policy. 

18. Implement specific IA security countermeasures. 

19. Obtain and maintain IA certification appropriate to position. 


REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAT billet. 

This is a 1000 level event for the 2651 PMOS as "FORMAL". 

This is a 2000 level event for all other 26XX PMOSs as "MOJT". 


SPECIAL PERSONNEL CERTS: 
One of the following: 
1. Computing Technology Industry Association (CompTIA) A+ Certification. 
2. Computing Technology Industry Association (CompTIA) Network+ 
Certification. 
3. International Information Systems Security Certifications Consortium 
(ISC)2 System Security Certified Practitioner (SSCP). 
4. Appropriate operating systems cert (CHECK 8570) 


2600-INTL-2001: Construct a field expedient antenna (FEA) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: SIGINT operators will be able to construct field expedient 
antennas. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: MOJT 

CONDITION: With the aid of references, given mission tasking, antenna 
equipment, and currently-fielded communications equipment and/or collection 


equipment. 


STANDARD: To satisfy transmit and/or receive requirements, in the time 
allotted by the commander. 


PERFORMANCE STEPS: 
1. Review mission tasking. 
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2. Identify antenna characteristics based on antenna theory. 
3. Identify operational constraints. 
4. Identify environmental constraints. 
5. Determine the appropriate FEA. 
6. Construct antenna. 
REFERENCES: 
1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 
Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 
3. Local SOP Local Standard Operating Procedures 
4. MCRP 3-40.3B Radio Operators Handbook 
5. NAVEDTRA 10250 Principles of Radio Wave Transmission 
6. NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 


Transmission Lines and Antennas 


2600-INTL-2002: Conduct power usage assessment 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 


GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


INITIAL TRAINING SETTING: MOJT 


CONDITION: 


a fixed or mobile site 


STANDARD: To determine utility requirements to ensure continuity of 
operations. 


PERFORMANCE STEPS: 


With the aid of reference, given mission tasking, and working in 


1. Differentiate between ohms/volts/amps. 

2. Calculate usage in amps. 

3. Establish power usage threshold (high/low). 

4. Employ uninterruptable power supply (UPS) resources. 

5. Establish disaster recovery plan. 

6. Calculate heat output in British thermal units (BTU). 

7. Determine grounding requirements. 

8. Produce power usage schematic. 

REFERENCES: 

1. MCRP 3-17.7K Theater of Operations Electrical Systems 

2. TB 385-4 Safety Requirements for Maintenance of Electrical and 
Electronic Equipment 

3. TM 2000-15/4 Power System Reference Manual 

4. TM 9406-15 Grounding Procedures for Electromagnetic Interference Control 
and Safety 

5. USSID 1 SIGINT Operating Policy 

MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2003: Conduct computer network exploitation (CNE) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: CNE Operator 

GRADES: LCPL, CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given authorities, with the aid of references, appropriate 
certifications, given mission tasking, currently-fielded equipment, a target 
environment, and a spectrum survey 


STANDARD: To exploit a signal of interest within time limits and constraints 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 


OANDORWNE 


REFERENCES: 

1. DCID 7/3 Information Operations and Intelligence Community related 
Activities 

2. Document 5a. NSCID No. 6 Signals Intelligence 

3s DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 
(CNA) 

4. DODI S-5240.mm Counterintelligence In Cyberspace 

5. EO 12333 U.S. Intelligence Activities (As Amended) 

6 JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

7. JP 2-02 National Intelligence Support to Joint Operations 

8. JP 3-12 Cyberspace Operations 

9. JP 3-13 Information Operations 

10. MCDP 2 Intelligence 

11. MCWP 2-1 Intelligence Operations 

12. MCWP 2-22 Signals Intelligence 

13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 
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Lesson 2. FRACTIONAL EQUATIONS 


Introduction. In lesson 1 of this study unit you learned the foundation for solving 
equations. In this lesson you will continue to build on your acquired knowledge. You will 
be working with fractional equations and equations with decimal coefficients. Upon 
completion of this lesson, you will be able to apply your acquired skills and knowledge in 
any given situation as required. 


LEARNING OBJECTIVES 


1. Solve given equations containing fractions by clearing the equations of fractions and 
applying the appropriate axioms. 


2. Solve given equations containing decimal coefficients by clearing the equation of 
decimals and applying the appropriate axioms. 


3201. Solve Fractional Equations with and without Coefficients 


Fractional equations are a common occurrence in electronics. The mathematical problem-solving 
principles you have learned will be used and applied to given situations. You are given examples 
of equations demonstrating the two methods used in solving fractional equations. You should 
always remember that the first step in solving any fraction with fractional coefficients is to reduce 
them wherever possible. After reducing, you must find the Least Common Denominator (LCD). 
In example (a) you will see that a common denominator for both members of the equation is used. 
In example (b) each member has a different common denominator. The major difference in the 
methods is that in example (a) you must multiply both members by the common denominator, and 
in example (b) you must cross multiply to remove the denominators. Study each example 
carefully and determine which method is easier for you. Both methods will give you the same 
solution. Remember, a fractional equation is simply an equation that has a variable in at least one 
of the denominators. 
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18. USSID SG5000 USSID SG5000 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2004: Conduct precise geolocation 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: PGL Operator 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, authorities, 
currently-fielded equipment, a target environment, and a spectrum survey 


STANDARD: To locate a signal of interest within time limits and 
constraints/restraints established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify collaborative platforms. 
Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 


FOOAONDUORWNE 


[om 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

4. MCRP 3-40.3B Radio Operators Handbook 

5. USSID DA3857 USSID DA3857 

SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: CONOPS, active SIGINT request, RTT. 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: PGL certification. 
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2600-INTL-2005: Conduct intelligence briefings 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Individual must gather information to brief an audience. 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, and briefing 
materials 


STANDARD: To convey the information within a time limit established by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 
Gather information resources. 
Analyze data. 

Prepare brief. 

Deliver brief. 

Field questions. 


OnRWNE 


REFERENCES: MCWP 2-22 Signals Intelligence 


2600-INTL-2006: Prepare an emergency action plan (EAP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Each accredited SCIF or secure area must establish an Emergency 
Action Plan (EAP) to be approved by the G-2/S-2 or SSO as appropriate. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
BILLETS: Assistant Team Leader, SSO, SSR, Team Leader 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid references, a secure working environment, and 
appropriate material 


STANDARD: To establish an EAP in accordance with the references. 
PERFORMANCE STEPS: 
1. Identify critical items. 


2. Create sequence of events. 
3. Submit to proper authorities for approval. 
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REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

2. ICD 705 Sensitive Compartmented Information Facilities 

3. ICD 705 Technical Specifications Version 1.2 

4. ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

5. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

6. SECNAVINST 5510.30_ Information and Personnel Security Program 


2600-INTL-2007: Perform operator-level maintenance services on SIGINT/EW 
equipment 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


DESCRIPTION: The operator/maintainer is responsible for 1st echelon 
preventive maintenance on all equipment. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given equipment and appropriate 
maintenance equipment 


STANDARD: To maintain equipment in accordance with manufacturer 
requirements. 


PERFORMANCE STEPS: 
1. Verify 1st Echelon maintenance instructions. 


Inventory equipment. 

Inspect equipment for serviceability. 
Clean equipment IAW instructions. 
Conduct operations checks. 

Maintain records. 


OnKRWNM 


7. Identify higher echelon maintenance requirements, as required. 
8. Submit to higher maintenance echelon, as required. 

REFERENCES: MCDP 2 Intelligence 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
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2621-INTL-2001: Conduct advanced communication signals analysis and 
processing 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Signals Analyst will conduct intermediate and advanced 
processing of raw, unidentified signals to evaluate for further exploitation 
and intelligence value. Additionally, the Signals Analyst will conduct 
limited computer programming. 


MOS PERFORMING: 2621 

BILLETS: Signals Analyst 

GRADES: CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorities, 
network connectivity, access to databases, SIGINT/EW collections and 
reporting equipment, and a robust target environment 


STANDARD: To determine the intelligence value of unidentified signals for 
further exploitation, within a time established by the commander. 


PERFORMANCE STEPS: 

1 Review mission tasking. 

2 Select and configure equipment. 

3 Apply legal considerations. 

4. Conduct bit stream analysis. 

5. Determine modulation. 

6 Determine signaling. 

7 Determine multiplexing schemes. 

8 Conduct network protocol analysis. 

9. Nominate for tasking priority. 

10. Generate reports. 

11. Develop signals analysis scripts, as required. 
12. Assist in the development of SIGINT products. 
13. Store, as required. 

14. Forward, as required. 


REFERENCES: MCWP 2-22 Signals Intelligence 
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SIGINT T&R MANUAL 


CHAPTER 8 


MOS 2623 INDIVIDUAL EVENTS 


8000. PURPOSE. This chapter details the individual events that pertain to 
Radio Reconnaissance Marines. Each individual event provides an event title, 
along with the conditions events will be performed under, and the standard to 
which the event must be performed to be successful. For ammunition 
requirements, see Appendix C of NAVMC 3500.55B Reconnaissance Training and 
Readiness Manual. 


8001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
RECN Reconnaissance Man 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 

AMPH Amphibious 

C2 Command and Control 

COLL Collections 

COMM Communications 

DEMO Demolitions 

GRND Ground Reconnaissance Operations 
INTL Intelligence 

MED Medical 

PLAN Planning 

SERE Survival, Escape, Resistance, and Evasion 
SHAP Shaping Operations 

SPIE Special Patrol Insertion/Extraction 
SURV Surveillance 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 
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8002. INDEX OF 2623 INDIVIDUAL EVENTS 


Event Code 


Event 


1000 Level Events 


RECN -AMPH -1001 Execute assigned role as a boat team member 8-8 
RECN -AMPH - 1002 Prepare equipment for transit on a maritime 8-9 
platform 
RECN -AMPH - 1003 Operate a small craft 8-10 
RECN -AMPH -1004 Develop a navigation plan 8-11 
RECN -AMPH-1005 Maintain a course using the nautical compass 8-12 
RECN - AMPH - 1006 Navigate by dead reckoning 8-13 
RECN -AMPH - 1007 Navigate using coastal piloting 8-13 
RECN -AMPH - 1008 Navigate using nautical charts and associated 8-14 
equipment 
RECN -AMPH - 1009 Execute a landing/withdrawal 8-15 
RECN-AMPH- 1010 Execute a surface swim 8-16 
RECN -AMPH -1014 Set Up a Beach Landing Site 8-18 
RECN-COLL-1017 Produce a SALUTE Report (SALUTEREP ) 8-18 
RECN-COLL-1019 Produce a Situation Report (SITREP) 8-19 
RECN -COLL-1020 Produce a Enemy Sighting Report (SPOTREP) 8-20 
RECN -COMM-1001 Employ encryption/decryption/authentication 8-21 
sheets 
RECN -COMM-1013 Maintain a communication log 8-22 
RECN -COND-1001 Conduct a male Physical Fitness Test (PFT) 8-23 
RECN -COND - 1002 Conduct a male Combat Fitness Test (CFT) 8-23 
RECN-COND-1003 Execute the Reconnaissance Physical Assessment 8-24 
Test 
RECN-COND-1004 Execute the Reconnaissance Aquatic Competency 8-25 
Test 
RECN - DEMO -1001 Employ pyrotechnics 8-26 
RECN -DEMO - 1002 Engage a target with an M67 fragmentation grenade | 8-27 
RECN - DEMO - 1003 Emplace an M18A1 Claymore Mine 8-28 
RECN -GRND-1001 Execute duties within a reconnaissance patrol 8-29 
RECN -GRND - 1002 Perform individual movement techniques while 8-30 
patrolling 
RECN -GRND - 1003 Perform individual actions in a recon patrol 8-31 
RECN -GRND -1004 Perform immediate actions as a member of a recon 8-32 
patrol upon contact with the enemy 
RECN-GRND-1005 Maintain a tactical vehicle as a member of a 8-33 
recon patrol 
RECN -GRND - 1006 Perform individual actions from a vehicle 8-34 
RECN-GRND-1007 Determine the error in a lensatic compass 8-34 
RECN -GRND - 1008 Navigate with a compass 8-35 
RECN -GRND-1009 Navigate with a map and compass 8-36 
RECN-GRND-1010 Navigate utilizing a Global Positioning System 8-37 
(GPS) 
RECN-GRND-1011 Perform Digital Navigation Techniques 8-38 
RECN-GRND-1012 Establish a Patrol Base 8-39 
RECN-GRND-1013 Establish an Observation Post (OP) 8-39 
RECN-GRND-1016 Employ anti-tracking techniques 8-40 
RECN-GRND-1019 Prepare a fighting position within a building 8-41 
RECN -GRND- 1020 Establish a Helicopter Landing Site 8-42 
RECN -GRND-1021 React to an Improvised Explosive Device (IED) 8-43 
RECN-GRND-1022 Maintain a patrol log 8-44 
RECN - INTL-1003 Produce a Request for Information (RFT) 8-45 


8-3 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 
RECN - INTL-1006 Participate in a scheduled Debrief 8-45 
RECN -MED-1002 Perform Casualty drag/carry 8-46 
RECN -MED-1003 Apply Tourniquet 8-47 
RECN -PLAN-1002 Conduct Individual Preparations for Combat 8-47 
RECN -PLAN-1003 Develop a route plan 8-48 
RECN -PLAN-1004 Prepare a Route Overlay 8-49 
RECN -PLAN-1006 Develop a sustainment plan 8-50 
RECN -PLAN - 1007 Develop a warning order 8-51 
RECN -PLAN-1008 Write a 5-Paragraph Order 8-51 
RECN -PLAN-1009 Prepare a Terrain Model 8-52 
RECN -SERE -1001 Employ Evasion Techniques - CLASSIFIED 8-53 
RECN -SERE - 1002 Employ Urban Evasion Techniques 8-54 
RECN - SERE - 1003 Avoid Recognition and Detection 8-54 
RECN -SERE -1005 Navigate to a Known Location 8-55 
RECN -SERE - 1006 Use Recovery Devices 8-56 
RECN -SERE-1007 Execute Personnel Recovery - CLASSIFIED 8-56 
RECN-SERE-1008 Obtain Potable Water 8-57 
RECN-SERE-1009 Utilize a Survival Diet 8-58 
RECN -SERE -1010 Make and Use Fire 8-59 
RECN -SERE -1011 Improvise an Expedient Pack or Load-bearing 8-59 
system 
RECN-SERE-1012 Maintain Personal Survival Items 8-60 
RECN -SERE-1013 Manage Survival Medicine Utilizing Field 8-61 
Expedient Measures 
RECN-SERE-1014 Provide Shelter 8-62 
RECN - SHAP - 1001 Call for indirect fire using the grid method 8-62 
RECN - SHAP - 1002 Call for indirect fire using the polar method 8-64 
RECN - SHAP - 1003 Prepare a 9-Line brief for CAS 8-65 
RECN - SHAP -1004 Prepare a 6-Line brief for CAS 8-66 
RECN -SPIE-1001 Insert and Extract utilizing a helicopter 8-67 
RECN-SPIE-1002 Prepare for HRST operations 8-68 
RECN -SPIE-1003 Conduct fast rope operations 8-69 
RECN-SPIE-1004 Extract via SPIE operation 8-69 
RECN-SPIE-1005 Conduct rappelling operations 8-70 
RECN -SPIE-1006 Execute a limp duck/helocast operation 8-71 
RECN -SPIE-1007 Conduct a low level static line jump 8-72 
RECN-SPIE-1012 Conduct airborne operations in a double bag 8-73 
static-line configuration 
RECN-SURV-1002 Prepare a range card 8-74 
2000 Level Events 
RECN -AMPH - 2001 Conduct an Over the Horizon (OTH) operation 8-75 
RECN-AMPH- 2002 Perform Preventive Maintenance 8-76 
RECN - AMPH - 2003 Troubleshoot a Small Boat Engine 8-77 
RECN -AMPH - 2401 Lead a boat team 8-78 
RECN -AMPH - 2402 Supervise the preparation of equipment for 8-79 
transit on a maritime platform 
RECN - AMPH - 2403 Lead a team in an Over the Horizon (OTH) 8-80 
operation 
RECN -AMPH - 2404 Lead a team during landing/withdrawal 8-81 
RECN - AMPH - 2405 Lead a surface swim 8-82 
RECN - AMPH - 2408 Lead a team to establish a Beach Landing Site 8-84 
RECN -C2-2401 Conduct small unit training 8-84 
RECN -C2-2402 Conduct Live Fire Range Operations 8-85 
RECN -C2-2403 Lead an after action review 8-86 
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RECN-COLL-2017 Produce a SALUTE Report (SALUTEREP ) 8-87 
RECN-COLL - 2019 Produce a Situation Report (SITREP) 8-88 
RECN -COLL - 2020 Produce a Enemy Sighting Report (SPOTREP) 8-90 
RECN -COMM- 2401 Supervise the handling of Electronic Key 8-91 
Management System (EKMS) material 
RECN -COMM- 2402 Supervise the operation of communications 8-92 


equipment sets with encryption 


RECN -COMM- 2403 Supervise the employment of a field expedient 8-93 
antenna 
RECN -COMM-2404 Supervise the transmittal of a message 8-93 
RECN -COMM- 2405 Supervise the waterproofing of communication 8-94 
equipment 
RECN -COMM- 2406 Supervise the maintenance of a communication log 8-95 
RECN -GRND - 2001 Conduct Operations in Special Terrain 8-96 
RECN -GRND - 2003 Conduct mounted land navigation 8-97 
RECN-GRND- 2004 Establish a Hide Site 8-97 
RECN-GRND- 2005 Prepare a fire plan sketch 8-98 
RECN -GRND - 2006 Cache Equipment 8-99 
RECN -GRND - 2009 Conduct a Mounted Patrol 8-100 
RECN -GRND - 2401 Lead Operations in Special Terrain 8-101 
RECN-GRND- 2402 Lead a patrol 8-102 
RECN -GRND - 2403 Lead a team during immediate actions upon contact | 8-103 
with the enemy 
RECN-GRND - 2407 Supervise the operation of an Observation Post 8-105 
(OP ) 
RECN -GRND - 2408 Supervise the operation of a Hide Site 8-105 
RECN -GRND- 2411 Lead a team to establish a Helicopter Landing 8-107 
Site 
RECN -GRND - 2420 Supervise the maintenance of a patrol log 8-107 
RECN - INTL - 2406 Lead a patrol debrief 8-108 
RECN -MED-2004 Control Hemorrhage 8-109 
RECN-MED-2005 Manage Airway Injuries 8-110 
RECN -MED-2006 Manage Penetrating Torso Injuries 8-111 
RECN -MED-2007 Manage Penetrating Eye Injuries 8-111 
RECN -MED-2008 Manage a musculoskeletal injury 8-112 
RECN -MED-2009 Manage Shock 8-113 
RECN -MED- 2010 Manage Burns 8-113 
RECN-MED-2011 Manage Hypothermia 8-114 
RECN -MED-2012 Manage Hyperthermia 8-115 
RECN-MED-2015 Perform a Tactical Evacuation 8-115 
RECN -MED-2016 Perform Casualty Assessment Survey 8-116 
RECN-MED-2401 Supervise the processing of casualties 8-117 
RECN -PLAN- 2003 Develop a sustainment plan 8-118 
RECN - PLAN - 2403 Issue a warning order 8-119 
RECN - PLAN - 2404 Lead team Preparations for Combat 8-119 
RECN -PLAN- 2405 Evaluate a route plan 8-120 
RECN -PLAN - 2406 Evaluate a Route Overlay 8-121 
RECN -PLAN - 2407 Evaluate a communications plan 8-122 
RECN -PLAN- 2408 Evaluate a sustainment plan 8-123 
RECN -PLAN - 2409 Evaluate a Terrain Model 8-124 
RECN -PLAN- 2410 Develop a Scheme of Maneuver 8-124 
RECN - PLAN - 2414 Issue a patrol order 8-125 
RECN - SHAP - 2001 Call for indirect fire using the shift froma 8-126 
Known point method 
RECN -SPIE-2001 Conduct an intentional water parachute insertion 8-128 
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RECN -SPIE - 2003 Perform the duties of a HRST Master 8-129 
RECN -SPIE-2004 Perform the duties of a Cast Master 8-130 
RECN -SPIE-2005 Perform the duties of a static line Jumpmaster 8-131 
RECN -SPIE-2401 Lead a team in a helicopter insertion 8-132 
RECN -SPIE-2402 Lead a team in a parachute insertion 8-133 
RECN - SURV - 2401 Lead a team during Fixed Site Surveillance 8-134 


8003. 2623 INDIVIDUAL EVENTS 


RECN-AMPH-1001: Execute assigned role as a boat team member 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an order, mission essential equipment, while operating as 
part of a boat team, 


STANDARD: by arriving at the assigned destination. 


PERFORMANCE STEPS: 
. Prepare for combat. 
2. Assist in launching the boat. 
3. Perform assigned boat team duties in transit (NAV, Coxswain, Time 
Keeper). 
4. Conduct immediate action drills as required. 
5. Report information, if required. 
6. Assist in anchoring boat, if required. 
7. Assist in cache of boat and equipment, if required. 
8. Arrive at destination and continue follow on mission. 
9. Assist in recovering the boat as required. 


REFERENCES: 
1. BOWDITCH American Practical Navigator 
2. FM 3-05.212 Special Forces Waterborne Operations 
SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
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a. Solve fractional equations without coefficients. 


Example: 
Common denominator used in both members of equation. 
x+2t-7=H%-4-2 (Reduce fractions) 
3 p) IZ 
et 4 7 (Determine LCD) 
(6)(2x) | (2)@) — (6)(7) (3)Gx) (6)4) x : 
Od + DB ~ OM = @®~ Od € (Convert all fractions to LCD) 


12x+2x—42 9x-24—-x : 
oS (Combine numerators over LCDs) 


& ,, 12x+2x-42 _ 9x-24-x , & 
I 8 I 


(Multiply equation by LCD) 


12x+2x-42 =9x-24-x (Combine like terms) 
14x—42 = 8x-—24 (Isolate the unknown) 
14x -— 8x = 42-24 (Combine like terms) 
6x= 18 (Divide both members by 6) 
bx _ 18 
6 ~~ 6 
x=3 


In the next example you will use an LCD for each member (not a common 


Note: 
denominator for both members) and cross multiply to solve the equation. 
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MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1002: Prepare equipment for transit on a maritime platform 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given mission essential equipment and required waterproofing 
materials, 


STANDARD: by ensuring equipment remains dry and mission capable. 


PERFORMANCE STEPS: 


1. Conduct inspection/ operational checks of equipment. 
2. Determine which level of water protection is required. 
3. Pad/ tape sharp edges. 

4. Seal the equipment in a waterproof bag/container. 

5. Lash equipment as required. 

REFERENCES: 


1. FM 3-05.212 Special Forces Waterborne Operations 

2. SH 21-76 Ranger Handbook 

3. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 

SUPPORT REQUIREMENTS: 


OTHER SUPPORT REQUIREMENTS: 1. Small Craft - SL3 Complete 2. 
Waterproofing Materials 3. Tactical Radio 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-AMPH-1003: Operate a small craft 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a small craft, a boat team, and assigned as a coxswain, 


STANDARD: from initial point to objective, transport all personnel and 
equipment within the operational constraints of the craft provided. 


PERFORMANCE STEPS: 

Prepare the craft for operations. 

Organize boat team. 

Maneuver boat within a confined space. 

Maneuver boat in a open space. 

Come along another vessel. 

Tow a small craft as required. 

Perform immediate actions for emergency situations. 

Perform maintenance and troubleshooting procedures as required. 
Conduct a surface launch and recovery (beach, pier, and surface 
vessel). 

Employ visual augmentation when appropriate. 


OANDORWNE 


B 
© 


REFERENCES: 

1. FM 3-05.212 Special Forces Waterborne Operations 

2. FM 55-501 Marine Crewman's Handbook 

3. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 

4. TM 09665B The 55 HP Engine 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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RECN-AMPH-1004: Develop a navigation plan 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a boat team, all required equipment, and 
assigned as a navigator, 


STANDARD: To successfully guide the craft from an initial point to the given 
objective from a distance of 12 nautical miles. 


PERFORMANCE STEPS: 

1 Receive warning order. 

2 Conduct planning. 

3. Determine insertion platform. 

4. Determine appropriate chart. 

5 Determine insertion point, launch point, and beach landing site. 

6 Determine aids to navigation. 

7 Determine hazards to navigation. 

8 Plot coordinates (insertion point, launch point, beach landing site, 
aids, hazards, etc). 

9. Estimate set and drifts. 

10. Estimate height of tide. 

11. Construct plotting board. 

12. Plan route. 


REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. FM 3-05.212 Special Forces Waterborne Operations 
3. MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-AMPH-1005: Maintain a course using the nautical compass 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 
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BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, i1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a small craft with a mounted nautical compass, a deviation 
card, engine, a start point, an objective, and a specified distance no less 
than 3 nautical miles. 


STANDARD: by piloting the craft to the given objective within two degrees of 
error. 


PERFORMANCE STEPS: 

1. Mount the nautical compass. 

2. Determine deviation. 

3. Determine variation. 

4. Drive on heading to a Known point. 


REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. FM 3-05.212 Special Forces Waterborne Operations 
3. FM 55-501 Marine Crewman's Handbook 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Sufficient open water to maneuver 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 


considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1006: Navigate by dead reckoning 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 
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BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, i1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a nautical compass or GPS, small boat, required nautical 
charts, plotting board, and an objective within 3 nautical miles, 


STANDARD: by arriving within 1/10th of a nautical mile of the objective 


PERFORMANCE STEPS: 

Determine starting point. 

Determine heading to objective. 
Determine time of Passage. 

Determine speed. 

Maintain heading for prescribed time. 


oOBRWNE 


REFERENCES: 
1. BOWDITCH American Practical Navigator 
2. FM 3-05.212 Special Forces Waterborne Operations 
SUPPORT REQUIREMENTS: 
ORDNANCE: 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Sufficient open water to maneuver 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 


considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1007: Navigate using coastal piloting 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 
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GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a nautical compass, small boat, plotting board, starting 
point and an objective, 


STANDARD: by arriving within 1/10th of a nautical mile of the objective. 


PERFORMANCE STEPS: 

1. Mount a nautical chart on a plotting board. 
2. Determine position (fix). 

3. Identify aids to navigation. 

4. Identify hazards to navigation. 


REFERENCES: 
1. BOWDITCH American Practical Navigator 
2. FM 3-05.212 Special Forces Waterborne Operations 
SUPPORT REQUIREMENTS: 
ORDNANCE: 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 


considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1008: Navigate using nautical charts and associated equipment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given a nautical chart, SL-3 complete craft, an assigned 
objective over 12 nautical miles, dividers, mechanical compass or GPS, 
plotting board, and a parallel ruler, 


STANDARD: by arriving within 1/10th of a nautical mile of the objective. 


PERFORMANCE STEPS: 


1. Ensure the correct nautical chart is available. 

2. Determine magnetic variation 

3. Determine distance between two points. 

4. Identify scale of the chart. 

5. Locate information block and interpret its contents. 
6. Determine water depths. 

7. Identify water, land, and manmade features that assist in navigation. 
8. Employ the plotting board for long range navigation. 
REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. FM 3-05.212 Special Forces Waterborne Operations 


SUPPORT REQUIREMENTS: 


ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Sufficient open water to maneuver 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1009: Execute a landing/withdrawal 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a small craft, boat team, during darkness, and with or 
without propulsion system, while acting as a coxswain, 


STANDARD: by transporting all personnel and equipment through the surf-zone. 


PERFORMANCE STEPS: 


Prepare the craft. 

Organize boat team. 

Move craft towards objective. 

Ensure the engine tilt lever is unlocked, as required. 
Observe surf for low set. 

Position craft behind breaking wave. 

Follow wave into shore. 

Kill engine and lift, as required. 

To withdrawal, launch craft into water. 

Boat team stabilizes boat while the coxswain enters. 
Lower and lock engine, as required. 

Start engine, as required. 

Maneuver through surf zone. 


REFERENCES: FM 3-05.212 Special Forces Waterborne Operations 


SUPPORT REQUIREMENTS: 


ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Sufficient open water to maneuver 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-1010: Execute a surface swim 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 0629, 8403, 8427 
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BILLETS: Expeditionary Ground Reconnaissance Officer, FMF Recon Corpsman, 
FMF Recon Individual Duty Corpsman, Radio Recon Marine, Recon Man, Recon 
Platoon Commander, Recon Platoon Corpsman, Recon Platoon Sergeant 


GRADES: PVT, PFC, LCPL, CPL, SGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, 
NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given prescribed weapon, wearing a fighting load, pack, 
waterproofing materials, fins, mask, floatation device, thermal protection if 
appropriate, and operating as a buddy team in an aquatic environment, 


STANDARD: by swimming to the objective at a minimum distance of 5000 yards. 


PERFORMANCE STEPS: 


1. Waterproof equipment 

2. Don equipment. 

3. Maneuver with a waterproofed pack using surface fin swimming techniques. 
4. Navigate with compass or reference points. 

5. Exit water maintaining security and without compromise. 

6. Maintain swimmer equipment. 

REFERENCES: 


1. FM 3-05.212 Special Forces Waterborne Operations 
2. MCRP 3-02C Marine Combat Water Survival 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

1. Safety swimmers must be present.2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This event will be conducted during formal 
training utilizing a time limit of 180 minutes and 50l1bs of mission 
equipment. 6. This event will be conducted during unit training utilizing a 
time limit of 210 minutes utilizing combat equipment and a time limit 
informed by a commandergs ORM. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75. 7. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
8. This event is a MOS-specific physical standard required for the MOS of 
0307 and 0321. See Appendix E for further detail. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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RECN-AMPH-1014: Set Up a Beach Landing Site 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, required equipment, an area 
to be prepared for the landing site, while acting as a member of a 
reconnaissance patrol, and wearing a fighting load 


STANDARD: by establishing communications, and providing initial terminal 
guidance (ITG) to assault support craft prior to the arrival of the supported 
unit. 


PERFORMANCE STEPS: 

Select landing site. 

Establish security for the landing site. 

Establish communications as required. 

Mark or remove all obstacles or debris on the landing site, as required. 
Mark the landing site. 

Establish communications with the craft. 

Transmit current landing site conditions. 

Locate the craft. 

Guide the craft into the landing site. 


OANDOBRWNE 


REFERENCES: 
1. JP 3-02 Amphibious Operations 
2. MCRP 2-25A Reconnaissance Reports Guide 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17925 Airfield Site Selection Training Area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COLL-1017: Produce a SALUTE Report (SALUTEREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 
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Cross multiplication method for equations with fractional coefficients. 


Example: 


Wnts = T= + -4-7 (Reduce all fractions) 


Wx+5-T=3-4-% (Determine the LCDs) 


B2@) ~ x BM) _ BG MGB 4 : 
2d) +3- BD = @O~ B® ~€ (Convert all fractions to LCDs) 


Bo ee (Combine numerators over LCDs) 


=21 _ 9x-24- 
Sxl = ae (Cross multiply) 


(6) * (6x +x - 21) = (3) * (9x - 24 -x) (Combine where possible) 


(6) * (7x - 21) = (3) * (8% - 24) (Multiply) 
42x - 126 = 24x - 72 (Isolate the unknown) 
42x - 24x = 126 - 72 (Combine like terms) 
18x = 54 (Result of the line above) 
ac = 2 (Divide both members by 18) 
x=3 
Note: You can see that we derived the same solution x = 3 using both methods. If we 
substitute the whole number 3 for the literal number x, we will prove the 
solutions. 
Wx+4-7= 4-H Solution (0 = 0) 


(3) 3(3) 2(3) 
2(3)+ 4-7 S55 4S =: 


3-18 
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BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, i1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, SALUTE Report format and SALUTEREP reportable information 


STANDARD: using non-technical means and based on the urgency of the 
information as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Determine/ Record enemy size observed. 

2 Determine/ Record enemy activity observed. 

3 Determine/ Record the six digit grid location of the enemy. 
4. Determine/ Record enemy unit observed. 

5. Determine/ Record the Date Time Group of observation. 
6 Determine/ Record enemy equipment observed. 

7 Record remarks. 

8 Read report. 

9 Identify key information. 

10. Develop an assessment. 

11. Annotate classification. 

12. Ensure grammar is correct. 

13. Ensure content is correct. 

14. Submit for review. 

15. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 
ICD 206 Intelligence Community Directive 206 
MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 


aOoBRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COLL-1019: Produce a Situation Report (SITREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, Situation Report format and SITREP reportable information 


STANDARD: using non-technical means and based on the urgency of the 
information as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Record the Date Time Group of the report. 

2 Determine/ Record the six digit grid location of the patrol. 
3 Record activities conducted since last report. 

4. Determine/ Record actions planned for the next 12 hour period. 
5. Determine/ Record logistical requirements. 

6 Record personnel casualties since last situation report. 

7 Record remarks. 

8 Read report. 

9 Identify key information. 

10. Develop an assessment. 

11. Annotate classification. 

12. Ensure grammar is correct. 

13. Ensure content is correct. 

14. Submit for review. 

15. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 
ICD 206 Intelligence Community Directive 206 
MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 


oOoBRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COLL-1020: Produce a Enemy Sighting Report (SPOTREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, Enemy Sighting Report format and SPOTREP reportable information 
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STANDARD: using non-technical means and based on the urgency of the 
information as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Record the unit of measure to be utilized. 

2. Record the number and type of enemy. 

3. Record the type of enemy activity. 

4 Determine/ Record the six digit grid of the enemy unit. 

5 Determine/ Record the identification of the enemy unit or describe the 
unit. 

6. Record the Date Time Group of the sighting. 

7 Determine/ Record the identity or description of any weapons or 
equipment observed. 

8. Record remarks. 

9. Read report. 

10. Identify key information. 

11. Develop an assessment. 

12. Annotate classification. 

13. Ensure grammar is correct. 

14. Ensure content is correct. 

15. Submit for review. 

16. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 
ICD 206 Intelligence Community Directive 206 
MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 


oOoBRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COMM-1001: Employ encryption/decryption/authentication sheets 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a radio, a distant station, CEOI, and encryption/decryption 
material, 


STANDARD: by establishing authenticated communications. 


PERFORMANCE STEPS: 
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Challenge/reply as required. 
Time authentication. 

Encrypt data to be transmitted. 
Decrypt information received. 


RWNE 


REFERENCES: MCRP 3-40.3B Radio Operators Handbook 
SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: Frequency for applicable radio(s) 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Utilize Greenwich Mean Time with AKAC.2. Marine should know when a 


challenge is initiated, and why. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-COMM-1013: Maintain a communication log 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, i1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given communication assets, communication log, in-coming, and 
out-going communications, 


STANDARD: by recording all radio communications. 


PERFORMANCE STEPS: 

Record in-coming communications. 

Record out-going communications. 

Record environmental conditions. 

Record antenna configurations. 

Record electronic counter measure interference. 
Submit communication log to higher headquarters. 


OoRWNE 


REFERENCES: MCRP 3-40.3B Radio Operators Handbook 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-COND-1001: Conduct a male Physical Fitness Test (PFT) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO, NV-SCPO 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a medically qualified individual with the prescribed 
uniform and equipment 


STANDARD: by completing all events and achieving a minimum score of 250 
points 


PERFORMANCE STEPS: 

1. Conduct Pull Ups. 

2. Conduct Abdominal Crunches. 
3. Conduct 3.0 Mile Run. 


REFERENCES: 

MCO 1200.17_ Military Occupational Specialty Manual (MOS Manual) 
2. MCO 6100.13. Marine Corps Physical Fitness Program 

3. MCRP 3-02A Marine Physical Readiness Training for Combat 

4. MCWP 2-25 Ground Reconnaissance Operations 


ia 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COND-1002: Conduct a male Combat Fitness Test (CFT) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO, NV-SCPO 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a medically qualified individual with the prescribed 
uniform and equipment 


STANDARD: by completing all events and achieving a minimum score of 270 
points 
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PERFORMANCE STEPS: 

1. Conduct Movement to Contact. 
2. Conduct Ammunition Lift. 

3. Conduct Maneuver Under Fire. 


REFERENCES: 

1. MCO 1200.17_ Military Occupational Specialty Manual (MOS Manual) 
2. MCO 6100.13 Marine Corps Physical Fitness Program 

3. MCRP 3-02A Marine Physical Readiness Training for Combat 

4. MCWP 2-25 Ground Reconnaissance Operations 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COND-1003: Execute the Reconnaissance Physical Assessment Test 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 0629, 8403, 8427 


BILLETS: Expeditionary Ground Reconnaissance Officer, FMF Recon Corpsman, 
FMF Recon Individual Duty Corpsman, Radio Chief, Radio Recon Marine, Recon 
Man, Recon Platoon Commander, Recon Platoon Sergeant 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO, NV-SCPO 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a medically qualified individual with a current Male ist 
Class PFT and CFT with the prescribed uniform and equipment 


STANDARD: by completing all events to standard and in sequence within 5 
hours 


PERFORMANCE STEPS: 

1 Swim: 500 yards- 12:30 minutes 
2 Rest- 10:00 minutes 

3 Push Ups: 42- 2:00 minutes 

4. Rest- 2:00 minutes 

5. Sit Ups: 52- 2:00 minutes 

6 Rest- 2:00 minutes 

7 Pulls Ups: 8 

8 Rest- 10:00 minutes 

9. Run: 1.5 miles- 11:30 minutes 
10. Rest- 30:00 minutes 

11. Ruck Run: 12 miles- 180 minutes 
12. Obstacle Course: Two Evolutions 


REFERENCES: 


1. MCO 1500.52. Marine Corps Water Survival Training (MCWST) Program 
2. MCRP 3-02A Marine Physical Readiness Training for Combat 
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3. MCWP 2-25 Ground Reconnaissance Operations 
4. MILPERSMAN 1220-100 Exhibit 1 PT Screening 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


1. NSW PST swim and calisthenics will be conducted in approved swim attire 
and PT gear. NSW PST swim will be conducted utilizing one of the approved 
Combat Swimming Strokes. NSW PST run will be completed wearing boots and 
utility trousers. 2. The ruck march will be completed wearing the camouflage 
utility uniform with rifle and carrying a load of 50 lbs. 3. Obstacle Course 
will be completed wearing the camouflage utility uniform. Marine must 
complete the O-Course twice back-to-back. The O-Course must be completed in 
a time limit of 4:00 minutes for the first evolution and must complete the 
0-Course for the second evolution. 4. This event is a MOS-specific 
physical standard required for the MOS of 0307 and 0321. See Appendix E for 
further detail. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-COND-1004: Execute the Reconnaissance Aquatic Competency Test 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1iSTLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO, NV-SCPO 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a medically qualified individual with a current Male ist 
Class PFT and CFT with the prescribed uniform and equipment 


STANDARD: by completing all events to standard 


PERFORMANCE STEPS: 


25 meter underwater swim. 

Tie a Bowline Knot underwater. 

Tie a Clove Hitch Knot underwater. 

Tie a Square Knot underwater. 

Tie a Round turn with two half hitches Knot underwater. 

Tie a Figure 8 Knot underwater. 

Bob for five minutes 

Float for two minutes 

Travel/swim for 100 meters face down 

Perform no more than 5 bobs between travel and front flip 

Perform 1 front flip in a vertical plane 

Perform no more than 5 bobs between front flip and back flip 

Perform 1 back flip in a vertical plane 

Perform no more than 5 bobs between back flip and retrieving a facemask 
Descend to the bottom of the pool and retrieve a facemask with teeth 
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16. Ascend to the surface with mask in teeth and bob five times without 
losing the mask per reference NSWC K-431-0024. 

17. Rest- 15:00 Minutes. 

18. Walk 25 meters in shallow water pushing or towing gear. 

19. Swim 25 meters in deep water pushing or towing gear. 

20. Exit water. 

21. Enter the water from a height. 

22. Orient to surface and clear a breathing space while surfacing. 

23. Orient to safety and swim to safety using one or a combination of 
survival strokes. 

24. Execute blouse inflation. 

25. Remove boots and retain on person. 

26. Execute trouser inflation. 

27. Float for 10 minutes. 

28. Exit water. 

29. Enter water with full combat load. 

30. Submerge. 

31. Remove combat load. 

32. Surface and exit water. 

REFERENCES: 

1. MCO 1500.52 _ Marine Corps Water Survival Training (MCWST) Program 

2. MCWP 2-25 Ground Reconnaissance Operations 

3. Naval Special Warfare Course K-431-0024 Performance Evolution 


Administrator's Guide 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Minimum depth of pool is 9 feet and maximum depth is 12 feet. 2. 
Underwater swim will be conducted wearing authorized swim attire. 3. 
Underwater knot tying will be conducted in five separate breath holds with 
no more than 30 seconds on the surface between knot tying. 4. Steps 7-16 
will be conducted with hands and feet bound. 5. Steps 18-19 will be 
conducted in the combat uniform, a full combat load, and a properly 
waterproofed rucksack. 6. Steps 21-23 will be conducted in the combat 
uniform. Step 21 will be from a height of 8-10 feet. Step 23 will be a swim 
of 250 meters. 7. Steps 24-27 will be performed in water deeper than 9 feet. 
The Marine will perform a (2) minute blouse inflation and an (8) minute 
trouser inflation in a total of (10) minutes. 8. Steps 29-32 are conducted 
in the combat uniform with a full combat load. Do not enter water froma 
raised platform. Head and body may surface; face must be under water while 
removing the combat load in a time period not to exceed (20) seconds. 9. The 
combat uniform is defined as blouse, trousers, and boots. The full combat 
load is defined as flak jacket with ballistic inserts, service rifle, and 
helmet. 10. Individual Combat Equipment (ICE) and Personal Protective 
Equipment (PPE) issued from Consolidated Issue Facilities (CIF) or Unit 
supply Allowances are not authorized for use in the conduct of this 
qualification and certification occurring in chlorinated swimming pools. All 
ICE or PPE used for the conduct of this Training or Qualification will 
clearly be marked as "TRAINING USE ONLY." If "TRAINING USE ONLY" equipment 
is not available, performance steps requiring use of the equipment will be 
omitted when conducting this task. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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01: Employ pyrotechnics 


RECN -DEMO-10 


EVALUATION-C 


ODED: NO 


SUSTAINMENT INTERVAL: 


MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, 


GRADES: PVT 
2, NV-PO-1 


INITIAL TRAI 


CONDITION: 


, PFC, LCPL, 


NING SETTING: 


Given munitions, while wearing a patrolling load, 


Recon Man 
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12 months 


CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 


FORMAL 


STANDARD: by supporting the scheme of maneuver and commander's intent. 


PERFORMANCE 

Utilize 
Utilize 
Utilize 
Utilize 
Utilize 
Utilize 
Utilize 
Utilize 


ONONRWNE 


REFERENCES: 


STEPS: 
pyrotechnics 
pyrotechnics 
pyrotechnics 
pyrotechnics 
pyrotechnics 
pyrotechnics 
pyrotechnics 
pyrotechnics 


for 
for 
for 
for 
for 
for 
for 
for 


signaling 
marking. 
screening. 
immobilizing. 
destruction. 


disorientation. 


dispersion. 
early warning. 


FM 3-23.30 Grenades and Pyrotechnic Signals 


SUPPORT REQUIREMENTS: 


ORDNANCE : 


DODIC 


G945 Gren, 


L307 Sig, 
L312 Sig, 


Hand Smoke Yellow M18 
GGO9 Grenade M84, Stun/Diversionary Flash 
Illum White Star Cluster M159 

Illum White Star Para M127 


L495 Flare, Surface Trip M49A1 


L594 Sim, 


Proj Ground Burst M115A2 


L596 Simulator, Artillery Flash M110 


L598 Sim, 
L599 Sim, 


RANGE/TRAINING AREA: 


Facility Code 17410 Maneuver/Training Area, 


Booby Trap Flash M117 
Booby Trap Illum M118 


OTHER SUPPORT REQUIREMENTS: Weapons: 


MISCELLANEOU 


S: 


ADMINISTRATIVE INSTRUCTIONS: 
This task allows the user to select the munitions needed for the mission. 
All DODICs are not required to train to standard. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


QUANTITY 
1 grenades per Marine 
grenades per Marine 
Signals per Marine 
Signals per Marine 
flares per Marine 


1 
1 
1 
1 
1 
1 
1 
1 


Simulator 
Simulator 
Simulator 
Simulator 


Light Forces 


per Marine 
per Marine 
per Marine 
per Marine 


Munitions/Demolitions 
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RECN-DEMO-1002: Engage a target with an M67 fragmentation grenade 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an M67 fragmentation grenade and target, while wearing a 
fighting load, 


STANDARD: by achieving impact within the effective casualty radius of the 
grenade. 


PERFORMANCE STEPS: 

Remove grenade from pouch. 
Inspect grenade for defects. 
Estimate range to target. 

Prepare the grenade for throwing. 
Assume grenade throwing position. 
Throw the grenade. 

Take cover. 


NOORWNE 


REFERENCES: FM 3-23.30 Grenades and Pyrotechnic Signals 


SUPPORT REQUIREMENTS: 


ORDNANCE : 
DODIC QUANTITY 
G811 Body, Practice Hand Grenade M69 3 grenades per Marine 
G874 Gren, Fuze Non Lethal 3 fuzes per Marine 
G881 Gren, Hand Fragmentation M67 1 grenades per Marine 


RANGE/TRAINING AREA: 
Facility Code 17810 Live Hand Grenade Range 


OTHER SUPPORT REQUIREMENTS: 
1. Grenade pit with stationary targets at 20 to 40 meters Weapons: 


Munitions/Demolitions 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-DEMO-1003: Emplace an M18A1 Claymore Mine 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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b. — Solve fractional equations with coefficients. Fractional equations differ from equations with 
fractional coefficients by containing a literal in the denominator. 


x42 2x243 1 


3x 6x2 Ix (Fractions are not reducible) 


3x Ge = OR (Determine LCD and convert all fractions) 


2x(x+2)—(2x243) 3x(1) ; 
a) = Aa (Multiply numerators) 


2x244x-2x2-3 3x 


6x2 =o (Multiply equation by the LCD) 
2x? +4x— 2x? —3 =3x (Use axioms to solve) 
2x? — 2x? +4x-3x=3 (Combine like terms) 
x=3 


" " 


Replace the literal number "x" with the whole number 3 to prove the solution. 


xt2  2x243 é 9 9 
ay? hae Tt Dx Solution (= = =) 


(342 2(3)743 
(3)3 6(3)2 2(3) 


(3)42 —-2(3)243 1 


G3 6(3)2—« 203) 


By 2S: A 
9 69) ~~ 6 
5S 1843 1 
9 54. ~~ 6 
> 21_1 
9 54 ~~ 6 
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MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an M1i8A1 Claymore mine and sector of fire, while wearing a 
fighting load 


STANDARD: By ensuring the sector of fire is covered 


PERFORMANCE STEPS: 

Inspect the claymore and components. 

Test firing components. 

Position the claymore to cover sector of fire. 

Recover the mine. 

Repack the mine and its accessories into their respective pockets in the 
bandoleer. 


OoBRWNE 


REFERENCES: FM 23-23 Antipersonnel Mine M18A1 Claymore 
SUPPORT REQUIREMENTS: 
ORDNANCE: 
DODIC QUANTITY 


K139 Mine, APERS Practice M68 w/Accessori 1 mines per Marine 
K143 Mine, AP M18A1 w/Accessories Electri 1 mines per Marine 


RANGE/TRAINING AREA: 

Facility Code 17830 Light Demolition Range 

Facility Code 17905 Mine Warfare Area 

OTHER SUPPORT REQUIREMENTS: 

1. Expenditure of ammunition is not required. K144 MINE, APERS, M18, INERT 


may also be used to standard. Weapons: Munitions/Demolitions 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-1001: Execute duties within a reconnaissance patrol 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given a mission, individual weapon, and required equipment, while 
acting as a member of a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission. 


PERFORMANCE STEPS: 


1. Execute the duties of the point man. 

2. Execute the duties of the scout. 

3. Execute the duties of the Team Leader. 

4. Execute the duties of the Assistant Team Leader. 

5. Execute the duties of the field radio operator. 

6. Execute the duties of the assistant radio operator. 
7. Execute duties as a member of a sub element. 
REFERENCES: 


1. FM 3-20.98 Reconnaissance and Scout Platoon 

2. FM 7-93 Long Range Surveillance Unit Operations 
3. MCWP 3-11.3 Scouting and Patrolling 

4. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1002: Perform individual movement techniques while patrolling 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an individual weapon, as a member of a unit, while wearing 
a fighting load, 


STANDARD: by clandestinely infiltrating and exfiltrating from an objective 


PERFORMANCE STEPS: 

Camouflage self. 

Camouflage weapons and equipment. 

Insert into the objective area. 

Maintain noise and light discipline. 

Navigate/patrol to within the designated range of the target using 
proper techniques. 

Negotiate obstacles. 

Conduct actions on the objective. 


oOoBRWNE 


NO 
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8. Withdraw from the objective area. 
9. Extract from objective area. 


REFERENCES: 

1. MCWP 3-11.3 Scouting and Patrolling 
2. MCWP 3-15.3 Scout Sniping 

3. SH 21-76 Ranger Handbook 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 


is updated by TECOM in FY17. 


RECN-GRND-1003: Perform individual actions in a recon patrol 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 


2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order, assigned weapon, and an assignment ina 


patrol, while wearing a fighting load, 


STANDARD: Fulfill role in assigned billet without compromising the integrity 


of the patrol. 


PERFORMANCE STEPS: 
Assist in Planning. 
Prepare for the patrol. 
Participate in inspections and rehearsals. 
Perform actions during passage of lines. 


Perform actions at halts. 

Perform actions at danger areas. 

Occupy rally points. 

Perform immediate action drills. 
10. Perform actions in re-entry of friendly lines. 
11. Disseminate information. 
12. Participate in debrief. 


1 
2 
3 
4, 
De Perform duties required in assigned billet during patrol. 
6 
7 
8 
9 


REFERENCES: 
1. FMFM 6-4 Marine Rifle Company/Platoon 
2. MCWP 3-11.3 Scouting and Patrolling 
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3. SH 21-76 Ranger Handbook 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1004: Perform immediate actions as a member of a recon patrol upon 
contact with the enemy 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order, assigned weapon, and an assignment ina 
patrol, while wearing a fighting load, 


STANDARD: by eliminating the threat and/or breaking contact 


PERFORMANCE STEPS: 

1 Perform individual actions during an immediate halt 

2 Perform individual actions during air observation 

3 Perform individual actions during air attack 

4. Perform individual actions during a hasty ambush 

5. Perform individual actions during an immediate assault 

6 Perform individual actions during a chance contact 

7 Perform individual actions during a near-counter-ambush 

8 Perform individual actions during a far-counter-ambush 

9. Perform individual actions upon contact with a booby trap 
10. Perform individual actions while crossing a danger area 
11. Perform individual actions during an indirect fire attack 
12. Perform individual actions during contact with a sniper 
13. Perform individual actions during a break out from a static position 


REFERENCES: 

1. FMFM 6-4 Marine Rifle Company/Platoon 
2. MCWP 3-11.3 Scouting and Patrolling 
3. SH 21-76 Ranger Handbook 


SUPPORT REQUIREMENTS: 


ORDNANCE : 
DODIC QUANTITY 
A059 Ctg, 5.56mm Ball M855 (Clip) 480 cartridges per weapon 
A063 Ctg, 5.56mm Tracer M856 160 cartridges per weapon 


A064 Ctg, 5.56mm 4 Ball M855/1 Tracer M85 1600 cartridges per weapon 
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AO75 Ctg, 5.56mm Blank M200 Linked 1600 cartridges per weapon 
A080 Ctg, 5.56mm Blank M200 480 cartridges per weapon 


B508 Ctg, 40mm Green Smoke M715 F/M203 Gr 16 cartridges per weapon 
B509 Ctg, 40mm Yellow Smoke M716 F/M203 G 16 cartridges per weapon 
B519 Ctg, 40mm Prac M781 F/M203 Gren Laun 40 cartridges per weapon 
B546 Ctg, 40mm HEDP M433 F/M203 Gren Laun 40 cartridges per weapon 


G811 Body, Practice Hand Grenade M69 2 grenades per Marine 
G811 Body, Practice Hand Grenade M69 2 grenades per Marine 
G878 Fuze, Hand Grenade M228 4 fuzes per Marine 
G881 Gren, Hand Fragmentation M67 2 grenades per Marine 
G930 Grenade, Hand Smoke HC AN-M8 8 grenades per Marine 
G940 Gren, Hand Smoke Green M18 16 grenades per Team 
G950 Gren, Hand Smoke Red M18 16 grenades per Team 
K143 Mine, AP M18A1 w/Accessories Electri 3 mines per Team 

L312 Sig, Illum White Star Para M127 16 signals per Team 


L314 Sig, Illum Green Star Cluster M125 16 signals per Team 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17430 Impact Area Dudded 
Facility Code 17581 Machine Gun Field Fire Range 
Facility Code 17710 Multipurpose Training Range (MPTR) 
Facility Code 17730 Fire And Movement Range 


UNITS/PERSONNEL: Certified range safety and medical personnel are 
required. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
Sustainment requires three iterations per training interval. The above 


ammunition requirement reflects those amounts required per iteration. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-1005: Maintain a tactical vehicle as a member of a recon patrol 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, tactical vehicle, recon team,and mission 
essential gear fulfill role in assigned billet 


STANDARD: by ensuring the recon team is prepared for the assigned mission. 
PERFORMANCE STEPS: 


1. Inspect tactical vehicle. 
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2. Perform operator maintenance. 
3. Prepare vehicle for assigned mission. 
4. Change a tire. 
5. Rig for tow. 
REFERENCES: 


1. TM 92320-280-10 Technical Manuals for Highly Mobile Multi-Wheeled 
Vehicle (HMMWV) 
2. TTECG/MAWTS-1 Convoy Battle Skills Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1006: Perform individual actions from a vehicle 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a scenario, vehicle, and assigned weapon, as a member of a 
recon element, while wearing a fighting load, 


STANDARD: Fulfill role in assigned billet without compromising the integrity 
of the patrol. 


PERFORMANCE STEPS: 

Mount a vehicle 

Mount a weapon system 

Cover sectors of fire 

Perform individual actions during a security halt 

Camouflage the vehicle 

Complete range card 

Perform individual actions in reaction to improvised explosive devices 
Perform individual actions during enemy contact 

Dismount a vehicle 


OONDORWNHE 


REFERENCES: 
1. MCRP 4-11.3F Convoy Operations Handbook 
2. USSOCOM Combat Convoy Handbook 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 


Some of these performance steps can be trained to standard through the use 
of the Virtual Battlefield System 1 (VBS1) or Combat Convoy Simulator (CCS). 
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NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-1007: Determine the error in a lensatic compass 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a lensatic compass, a surveyed point with a level platform, 
an azimuth marker, and a surveyed known direction, 


STANDARD: within three (3) degrees. 


PERFORMANCE STEPS: 

Place compass at survey point 
Remove all magnetic attractions 
Sight in on azimuth marker 
Calculate error 

Record error on compass 


oOBRWNE 


REFERENCES: FM 3-25.26 Map Reading and Land Navigation 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1008: Navigate with a compass 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a route card, lensatic compass, and designated points, 
while wearing a fighting load, 


8-33 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


STANDARD: by arriving at the designated checkpoint within the mission 
timeline 


PERFORMANCE STEPS: 


a Determine pace count 

2. Hold the lensatic compass level 

3. Rotate the bezel ring until the luminous line is over the fixed black 
index line 

4. Divide the desired azimuth by 3 to determine the number of clicks to 


rotate the bezel ring 

5. Rotate the bezel ring to the left the appropriate number of clicks 

6. Assume the center-hold position 

7 Rotate your body until the north-seeking arrow is aligned with the 
luminous line 

8. Proceed forward in the direction of the front cover's sighting wire 

9. Maintain alignment of the luminous line and north-seeking arrow until 
the desired distance has been traversed 

10. Bypass obstacle as required 

11. Perform deliberate offset as required 

REFERENCES: FM 3-25.26 Map Reading and Land Navigation 

SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17412 Land Navigation Course 


OTHER SUPPORT REQUIREMENTS: 1. Maneuver/Training area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1009: Navigate with a map and compass 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given a military topographic map, protractor, and objective, 
STANDARD: by arriving at the objective within the mission timeline 
PERFORMANCE STEPS: 


1. Identify the following marginal information found on a topographical 
map: declination diagram, bar scale, contour interval, note and legend 
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2. Identify the three types of contour lines found on a topographical map 
3: Identify the ten terrain features found on a topographical map 
4. Identify the six colors used on a topographical map, and what they 
represent 
5. Plot a point on a map using the protractor 
6. Determine the six-digit grid coordinate of a specific point on a map 
7 Determine the straight line and/or curved line distance between two 
points on a map 
8. Determine a back azimuth 
9. Determine the grid azimuth between two points on a map 


10. Convert a grid azimuth to a magnetic azimuth using the notes that 
appear in conjunction with the declination diagram 

11. Convert a magnetic azimuth to a grid azimuth using the notes that 
appear in conjunction with the declination diagram 

12. Orient a map using terrain association 

13. Locate an unknown point by intersection and resection 

14. Navigate to objective(s) 

REFERENCES: FM 3-25.26 Map Reading and Land Navigation 

MISCELLANEOUS: 

ADMINISTRATIVE INSTRUCTIONS: 


1. Ensure the military aspects of terrain are identified. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-1010: Navigate utilizing a Global Positioning System (GPS) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a map, protractor, designated objectives, a SASM compliant 
global positioning system and accessories, while wearing a fighting load, 


STANDARD: by arriving at the objective within the mission timeline 


PERFORMANCE STEPS: 


1. Prepare GPS equipment for use. 
2. Determine current location. 

3. Determine desired location. 

4. Insert Waypoints. 

5. Use Waypoints GOTO Navigation. 
6. Navigate route. 

7. Store a Track Log. 

REFERENCES: 
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1. FM 3-25.26 Map Reading and Land Navigation 
2. TM 09880C-OR Operator's Guide, DAGR Operator's Pocket Guide 
3. TM 11-5825-291-13 Operator and Maintenance Manual For Satellite Signal 
Navigation Set AN/PSN-11 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1011: Perform Digital Navigation Techniques 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, field computing device (FCD), current mapping 
software, digital maps, imagery, and GPS equipment. 


STANDARD: to infiltrate and exfiltrate from an area following planned 
routes. 


PERFORMANCE STEPS: 

1 Set up Field Computing Device for tactical navigation. 
2 Utilize basic functions of current mapping software. 

3 Interface map data with current mapping software. 

4. Create separate overlays for desired functions. 

5. Modify separate overlays for desired functions. 

6 Plan a tactical route for operations. 

7 Utilize coordinate conversion. 

8 Create photo scale. 

9. Utilize a grid reference graphic. 

10. Disseminate planned route to Global Positioning Systems as required. 
11. Determine current location. 

12. Determine desired location. 

13. Navigate route using live track feed. 

14. Download GPS track to mapping software. 


REFERENCES: 

1. FM 3-25.26 Map Reading and Land Navigation 
2. MCWP 2-25 Ground Reconnaissance Operations 
3. MCWP 3-15.3 Scout Sniping 

SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


8-36 Enclosure (1) 


Try the following challenge to reinforce your understanding of the examples you just studied. 
Substitute your solution for the literal to check your work. This will ensure your solutions are 
correct before you check them against those given. 


(Solve for the literal) 
(a) (b) 
Sa Q2x+1 _ x42 = 
a A SS 3 


If your answer to the challenge is the same as follows, you are correct and may continue. If your 
answer is incorrect, review paragraph 3201 before continuing. 
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Facility Code 17412 Land Navigation Course 

Facility Code 17961 Combat In Cities Facility 

Facility Code 17962 MOUT Collective Training Facility (Small) 

ROOMS/BUILDINGS: If conducting urban operations. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1012: Establish a Patrol Base 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, and required equipment, while 
acting as a member of a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


PERFORMANCE STEPS: 


1. Select an area that avoids compromise and detection by the enemy. 

2. Reconnoiter the area before occupation by the main force. 

3. Occupy the patrol base location. 

4. Prepare a security plan that is feasible to include contingency plans. 
5. Maintain noise and light discipline. 

6. Conduct priorities of work per the patrol order. 

7. Maintain communications and report. 

8. Sterilize the area upon patrol movement/withdrawal. 

REFERENCES: 


1. FM 3-05.204 Special Forces Special Reconnaissance 

2. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

3. SH 21-76 Ranger Handbook 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


Facility Code 17961 Combat In Cities Facility 
Facility Code 17962 MOUT Collective Training Facility (Small) 
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MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1013: Establish an Observation Post (OP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, and required equipment, while 
acting as a member of a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


PERFORMANCE STEPS: 

1 Select position. 

2 Reconnoiter the area before occupation by the OP element. 
3. Occupy the OP. 

4. Establish security. 

5 Setup required equipment. 

6 Demonstrate noise and light discipline. 

7 Ensure position is camouflaged to avoid detection from air or 
groundobservations. 

Conduct observation. 

Maintain communications and report. 
10. Sterilize OP upon withdrawal. 


REFERENCES: 

1. FM 3-05.204 Special Forces Special Reconnaissance 

2. FM 31-20-5 Special Reconnaissance Tactics, Techniques and Procedures for 
Special Forces 

3. M350-6 Special Operations Infiltration/Exfiltration Operations 

4. MCWP 2-25 Ground Reconnaissance Operations 

5. MCWP 3-11.3 Scouting and Patrolling 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


Facility Code 17961 Combat In Cities Facility 
Facility Code 17962 MOUT Collective Training Facility (Small) 
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MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1016: Employ anti-tracking techniques 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a unit conducting a tactical movement. 


STANDARD: To mitigate the enemy's ability to track or obtain actionable 
information on the unit. 


PERFORMANCE STEPS: 

1. Determine type of counter measure to employ. 

2. Employ passive counter measures (cover tracks, false trails, etc.). 
3. Employ active counter measures (Booby trap, Ambush, etc.). 

4. Report information to higher headquarters as required. 

REFERENCES: MCWL 3-35.3X Combat Hunter 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1019: Prepare a fighting position within a building 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an individual weapon, an assigned sector of fire, sandbags, 
and available materials, while wearing a fighting load, 
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STANDARD: by preparing a position that allows maximum fire to be placed 
within the sector of fire and provides available protection from enemy fire. 


PERFORMANCE STEPS: 


1. Select a position that covers primary and secondary sectors of fire. 

2. Maintain security. 

3. Make maximum use of available cover and concealment. 

4. Use construction material that is readily available. 

oye Use sandbags to reinforce the walls below, around, and above the 
position. 

6. Construct a wall of sandbags, rubble, or furniture overhead and around 
the position, to provide protection from explosions. 

7. Avoid square or rectangular holes that are easily identified by the 
enemy. 

8. Place sandbags over holes not being used, to prevent the enemy from 
firing into or observing through them. 

9. Place available material over windows, to keep the enemy from throwing 


in hand grenades. 

10. Take measures to reduce dust that may create a signature. 
11. Utilize field expedient methods for sector coverage. 
12. Camouflage the position. 
REFERENCES: FM 3-20.98 Reconnaissance and Scout Platoon 
SUPPORT REQUIREMENTS: 

RANGE/TRAINING AREA: 

Facility Code 17760 MOUT Assault Course (MAC) 

Facility Code 17962 MOUT Collective Training Facility (Small) 

OTHER SUPPORT REQUIREMENTS: 1. MOUT facility/MOUT training area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1020: Establish a Helicopter Landing Site 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, iSTLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission, individual weapon, required equipment, an area 


to be prepared for the landing site, while acting as a member of a 
reconnaissance patrol, and wearing a fighting load 
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STANDARD: by establishing communications, and providing initial terminal 
guidance (ITG) to assault support craft prior to the arrival of the supported 
unit. 


PERFORMANCE STEPS: 

Select landing site. 

Establish security for the landing site. 

Establish communications as required. 

Mark or remove all obstacles or debris on the landing site. 
Mark the landing site or touchdown point. 

Establish communications with aircraft. 

Transmit current landing site conditions. 

Locate aircraft. 

Guide aircraft into the landing site. 


OANDORWNHE 


REFERENCES: 

1. FM 3-21.38 Pathfinder Operations 

2. M350-5 Joint Terminal Air Controller Training & 
Standardization/Evaluation 

MCRP 2-25A Reconnaissance Reports Guide 

MCRP 3-11.1A Commander's Tactical Handbook 

MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
SH 21-76 Ranger Handbook 


ou RW 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17925 Airfield Site Selection Training Area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-1021: React to an Improvised Explosive Device (IED) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an operational environment with an Improvised Explosive 
Device (IED), while wearing a fighting load, 


STANDARD: by reducing the effects of an IED. 


PERFORMANCE STEPS: 
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1. Assume a hard target posture 
2. Employ non-lethal deterrents employed in an IED environment 
3. Conduct 5 and 25 meter checks 
4. Execute the 5 C's 
5. React to an IED detonation 
REFERENCES: 
1. JIEDDTF 05-23 Joint Improvised Explosive Device Defeat Organization 
Tactics, Techniques and Procedures Handbook 
2. MCIP 3-17.02 MAGTF Counter-Improvised Explosive Device Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
At the time of development the following references were utilized but not 
present within the TIMS database: MCIP 3-17.01 Improvised Explosive Device 
Defeat JIEDDTF 05-23 Joint IED Defeat Task Force Counter IED Tactics, 
Techniques, ad Procedures GTA 90-01-0001 IPROVISED EXPLOSIVE DEVIC (IED) and 
Vehicular Bourne Improvised Explosive Device (VBIED) Smart Card CJTF-7 Ver 
1.B OIF Smart Card 2, dtd 5 Dec 2003CJTF-7 Ver 1.A OIF Smart Card 3, dtd 23 
Dec 2003 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-1022: Maintain a patrol log 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, an operational environment, a patrol log, and 
reportable activities 


STANDARD: by recording the disposition and location of all reportable 
activities with the location and the date time group (DTG) of the 
observation. 


PERFORMANCE STEPS: 


Record location and DTG of insertion. 

Record location and DTG of all halts. 

Record location and DTG of all patrol bases. 

Record location and DTG of all observation posts. 

Record environmental conditions and their effects on friendly/ enemy 
personnel, communications, and equipment. 

Record consumption rates of ammunition, chow, water, batteries, and 
fuel. 

Record location and DTG of all significant events on the patrol. 
Record map corrections. 
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9. Record enemy sightings and activity. 

10. Record route. 

11. Record location and DTG of extraction. 
12. Submit patrol log to higher headquarters. 


REFERENCES: MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-INTL-1003: Produce a Request for Information (RFI) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, analyze all available information to identify 
gaps in intelligence to 


STANDARD: by completing all performance steps in the correct format within 
the time allotted by the operational environment 


PERFORMANCE STEPS: 

1. Organize gaps in intelligence. 
2. Develop draft RFI. 

3. Evaluate draft RFI. 

4. Submit RFI to the team leader. 


REFERENCES: 

1. DHE-M 33301.001 DIA HUMINT Manual Volume 1: Collection requirements, 
reporting, and evaluation procedures 

2. DHE-M 33301.002 Defense Human Intelligence Enterprise Manual Volume 2: 
Collector Operations 

3. MCO 3800.2B Oversight of Intelligence Activities 

4. MCWP 2-2 MAGTF Intelligence Collection 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-INTL-1006: Participate in a scheduled Debrief 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Having completed a mission fulfilling a billet within a 
reconnaissance team, collected information, map, and patrol logs 


STANDARD: by providing data and information capturing all significant events 
and activities that occurred during the course of the mission 


PERFORMANCE STEPS: 

1. Move to designated area. 

2. Prepare information for debrief. 

3. Prepare data for debrief. 

4. Account for all equipment. 

5. Develop a mission narrative that answers intelligence requirements and 
specific tasking. 

6. Provide mission narrative to debriefer. 

7. Provide assessment of Level I intelligence reports produced during 
operation. 

8. Provide changes to original overlays. 


REFERENCES: 

1. MCO 3800.2B Oversight of Intelligence Activities 
2. MCWP 2-1 Intelligence Operations 

3. MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-1002: Perform Casualty drag/carry 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0307, 0321, 0629, 8403, 8427 

BILLETS: Expeditionary Ground Reconnaissance Officer, FMF Recon Corpsman, 
FMF Recon Individual Duty Corpsman, Radio Chief, Radio Recon Marine, Recon 


Man, Recon Platoon Commander, Recon Platoon Sergeant 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1iSTLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO, NV-SCPO 
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INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: by moving out of hostile fire preventing further injury or death. 


PERFORMANCE STEPS: 

Determine appropriate carry for situation 
Communicate plan with team members 

Secure weapon/equipment 

Perform 1 person drag if appropriate 

Perform 1 person drag with line if appropriate 
Perform Hawes carry if appropriate 

Begin drag/carry 


NOOBRWNE 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

1. This event is a MOS-specific physical standard required for the MOS of 
0307 and 0321. See Appendix E for further detail. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-MED-1003: Apply Tourniquet 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MGYSGT, 2NDLT, 1STLT, CAPT, 
MAJ, LTCOL 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: by stopping arterial blood loss to prevent further injury or death 


PERFORMANCE STEPS: 

Remove tourniquet from position of carry 

Wrap tourniquet around extremity 

Re-attach friction adapter buckle 

Position tourniquet, at minimum, two (2) inches above injury 
Secure tourniquet 

Twist the Windlass Clip until bleeding stops 

Check for loss of distal pulse 

Lock the Windless Clip in place 

Record time if situation permits 


OONDORWNE 
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REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


SUPPORT REQUIREMENTS: 
ROOMS/BUILDINGS: Classroom. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1002: Conduct Individual Preparations for Combat 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission and required equipment 
STANDARD: by ensuring the individual is prepared to accomplish the mission 


PERFORMANCE STEPS: 

Receive warning order. 

Conduct preparations in accordance with warning order. 
Conduct preparation for specific teams/billets. 

Provide billet related inputs for the planning process. 
Assist others as required. 

Participate in rehearsals. 

Receive the order. 

Stand inspections. 

Test fire assigned weapons. 


OANDORWNE 


REFERENCES: MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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(Solution) 


(a) (b) 
Sx-2 2xtl _ x xe? 3 
3 2. = eh MT 5 
5 x2 _ 3 
20x-8-(12x+6) 3x46 ee = = oe 
12 ™~ 412 
20x-8-12x-6 __ 3x46 5x —10= 3x 
12 ~ 412 
2x = 10 
8x-14 _ 3x+6 
12 ~ 12 
12 8x-14 3x+6 ] pa 
X— — 2470 4 
Poe ao 
8x -14=3x+6 
5x = 20 
x=4 


3202. Decimal Equations 


To solve decimal coefficients you must multiply both members of the equations by a power of 10 
that corresponds to the greatest number of decimals appearing in the denominator of a fraction in 
the equation. Multiply both the numerator and the denominator of that fraction by the power of 


10 that will change all decimals to an integer and reduce where possible. Study the examples 
provided. 


a. Solve decimal equations. 
Example: 
0.75 - 0.7a = 0.26 


(100) (0.75 - 0.7a ) = 0.26 (100) (Multiply by 100) 


75 - 70a = 26 (Isolate the unknown) 
- 70a = -49 (Combine like terms) 
= = (Combine like terms) 

a=0.7 


b. Solve an equation with decimals in the denominator. 
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RECN-PLAN-1003: Develop a route plan 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a patrol order and an assignment in a patrol as a Pointman 


STANDARD: by maximizing utilization of terrain and vegetation to avoid 
detection. 


PERFORMANCE STEPS: 

1 Analyze the mission. 

2 Analyze the enemy disposition. 

3 Analyze troops and fire support availability. 

4. Analyze key terrain features. 

5k Analyze terrain with respect to observation and fields of fire. 

6 Analyze terrain with respect to cover and concealment. 

7 Analyze terrain with respect to obstacles. 

8 Analyze the impact of civilians. 

9 Determine danger areas. 

10. Analyze terrain with respect to avenues of approach. 

11. Analyze the effects of weather. 

12. Analyze time and distance requirements. 

13. Determine logistical support requirements. 

14. Select primary and alternate routes based on thorough analysis of 
METT-TSL. 

15. Coordinate route with adjacent and higher units. 

16. Determine checkpoints to facilitate control of movement. 

17. Determine steering marks to facilitate control of navigation. 


REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1004: Prepare a Route Overlay 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 
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BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, i1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission, a 5 paragraph order, map, and planning tools 
STANDARD: by graphically displaying the scheme of maneuver 


PERFORMANCE STEPS: 

1 Orient the overlay to the area of operation. 
2 Secure overlay to map. 

3 Place register marks on the overlay. 

4. Utilize Operational Terms and Graphics 

5. Plot topographical deviations to the map. 
6 Plot mission control measures. 

7 Plot fire support control measures. 

8 Plot friendly symbols. 

9. Plot threat symbols. 

10. Annotate objective. 

11. Annotate marginal data. 

12. Annotate legend. 

13. Annotate security classification. 

14. Annotate additional information. 

15. Submit copy to higher headquarters. 

16. Distribute copies of overlay as required. 


REFERENCES: 

1. FM 3-25.26 Map Reading and Land Navigation 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1006: Develop a sustainment plan 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order and an assignment in a patrol as a Scout 
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STANDARD: by conducting mission analysis to identify resources and preparing 
for contingencies. 


PERFORMANCE STEPS: 


1. Analyze the mission. 

2. Analyze the enemy disposition. 

3. Analyze key terrain features. 

4. Analyze the effects of weather. 

5. Analyze distance requirements. 

6. Provide inputs to ORP, OP, and patrol base locations based on analysis. 

7. Develop internal aid and litter plan. 

8. Develop internal plan for handling detainees/ EPw. 

9. Develop internal resupply recovery and dissemination plan. 

10. Develop internal waste disposal and sanitation plan. 

11. Ensure internal dissemination of patrolés developed contingency 
planning. 

REFERENCES: 


1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 
3. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1007: Develop a warning order 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, required equipment, and an operations order from 
higher headquarters. 


STANDARD: by clearly defining the patrolés mission statement, commander¢s 
intent and guidance, and other information that will aid subordinate elements 
in their planning within 45 minutes of receiving an operations order froma 
higher unit. 


PERFORMANCE STEPS: 

1. Receive the order. 

2. Conduct METT-TSL analysis. 

3. Determine how the mission will be organized, attachments that will be 
needed, timeline, and identify implied missions that will have to be 
accomplished if the mission is to succeed. 
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4. Write the situation paragraph as a brief statement of the friendly and 
enemy situation. 

5. Write the patrolés mission statement, as well as the commanderés intent 
and guidance. 

6. Write general instructions to include general and special organization, 
uniform and equipment common to all, weapons, ammunition, mission 
specific equipment, chain of command, and the timeline. 

7. Write specific instructions to subordinate leaders, sub-elements, and 
key individuals. 

8. Issue and post the warning order. 

9. Ensure receipt by all patrol members. 


REFERENCES: 

1. MCRP 3-11.1A Commander's Tactical Handbook 
2. MCRP 3-11.2A Marine Troop Leader's Guide 
3. MCWP 2-25 Ground Reconnaissance Operations 
4. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1008: Write a 5-Paragraph Order 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, iSTLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, required equipment, and an operations order from 
higher headquarters. 


STANDARD: by following the Troop Leading Steps BAMCIS to provide effective 
instruction resulting in the coordinated execution of the mission. 


PERFORMANCE STEPS: 
1. Determine the mission from higher headquarters' mission, commander's 
intent, and specified tasks. 


Analyze the enemy situation to determine the effect on the unit. 
Analyze the friendly situation to determine the effect on the unit. 
Analyze the effect of attachments and/or detachments on the unit. 
Analyze the higher scheme of maneuver and fire support plan. 
Develop a course of action. 

Determine the unit scheme of maneuver. 

Determine the unit fire support plan. 

Task organize the unit. 


OONDOOBRWDND 
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10. Analyze higher administration and logistics to determine the effect on 
the unit. 

11. Determine unit administrative and logistic requirements. 

12. Analyze higher command and signal plan. 

13. Determine the unit command and signal plan. 


REFERENCES: 

1. MCRP 3-11.1A Commander's Tactical Handbook 
2. MCRP 3-11.2A Marine Troop Leader's Guide 
3. MCWP 2-25 Ground Reconnaissance Operations 
4. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-1009: Prepare a Terrain Model 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order, required equipment, and an area of 
operations 


STANDARD: by accurately depicting manmade and natural features 


PERFORMANCE STEPS: 

Select a suitable site. 

Build model oriented to the ground. 

Build model to scale. 

Construct grid squares. 

Depict key terrain. 

Create a legend. 

Ensure terrain model is sterilized after use. 


NOOBRWNE 


REFERENCES: 

1. MCRP 3-11.2A Marine Troop Leader's Guide 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-SERE-1001: Employ Evasion Techniques - CLASSIFIED 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 

CONDITION: Classified 

STANDARD: Classified 

PERFORMANCE STEPS: Classified. 

REFERENCES: FM 3-20.98 Reconnaissance and Scout Platoon 

MISCELLANEOUS: 

ADMINISTRATIVE INSTRUCTIONS: 

1. Per DODI 1300.21 personnel will considered trained in this event upon 
successful completion of formal Level C SERE training. 2. Annual 
recertification in this event will be conducted by successfully completing 


the SERE 100.1 (JTSERE100A) web-based training via MARINENET. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SERE-1002: Employ Urban Evasion Techniques 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission and placed in an evasion situtation. 
STANDARD: By avoiding detection. 
PERFORMANCE STEPS: 
1. Sanitize clothing and eliminate pocket litter. 
Evade over, through, or around urban barriers. 


2. 
3. Locate shelter. 
4. Build and use fire. 


8-52 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 
5. Identify water sources. 
6. Identify food sources. 
7. Identify evader safety versus security considerations. 
8. Complete an Evasion Plan of Action (EPA). 
REFERENCES: 


1. JP 3-06 Joint Urban Operations 
2. JP 3-50 Personnel Recovery 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1003: Avoid Recognition and Detection 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission and placed in an evasion environment. 


STANDARD: by utilizing the proper techniques to survive and evade until 
recovered by friendly forces 


PERFORMANCE STEPS: 

1. Identify advantages/disadvantages of tracking. 

2. Identify classifications of signs. 

3. Gain and maintain situation awareness. 

4. Avoid detection while satisfying survival needs. 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. JWTC Combat Tracking Manual 

3. MCRP 3-02H Survival, Evasion, and Recovery 
4. MCWP 3-15.3 Scout Sniping 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-SERE-1005: Navigate to a Known Location 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed in an 
evasion situation. 


STANDARD: By utilizing the proper techniques to survive and evade until 
recovered by friendly forces. 


PERFORMANCE STEPS: 

1. Navigate utilizing a compass. 

2. Navigate utilizing improvised means. 
3. Use an Evasion Chart (EVC). 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. FM 3-25.26 Map Reading and Land Navigation 
4. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. This task requires demonstration of the skill to navigate by foot over 
distances that require a total movement of 25 kilometers with checkpoints 5- 


7 kilometers apart. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SERE-1006: Use Recovery Devices 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 
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INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission and placed in an evasion situation. 
STANDARD: To facilitate the safe recovery of personnel. 


PERFORMANCE STEPS: 

1. Select a recovery site. 

2. Identify safety considerations. 

3. Use a primary recovery device. 

4. Improvise a fixed loop recovery device. 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1007: Execute Personnel Recovery - CLASSIFIED 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given a mission and placed in an evasion situation. 


STANDARD: In accordance with reference DoDI 2310.6 Non-conventional Assisted 
Recovery in the Department of Defense. 


PERFORMANCE STEPS: CLASSIFIED. 


REFERENCES: 

1. AR 525-90 Combat Search and Rescue Procedures 

2. DoDI 2310.6 Non-conventional Assisted Recovery in the Department of 
Defense 

FM 3-05.70 Survival 

FM 7-93 Long Range Surveillance Unit Operations 

JP 3-50 Personnel Recovery 

PRMS Personnel Recovery Mission Software 
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7. USAJFKSWCS Publication 525-5-14 Unconventional Assisted Recovery 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Per DODI 1300.21 personnel will considered trained in this event upon 
successful completion of formal Level C SERE training. 2. Annual 
recertification in this event will be conducted by successfully completing 


the SERE 100.1 (JTSERE100A) web-based training via MARINENET. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SERE-1008: Obtain Potable Water 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed in an 
evasion situation. 


STANDARD: In sufficient amounts to maintain hydration to survive and evade 
until recovered by friendly forces. 


PERFORMANCE STEPS: 

1. Locate or construct a water source. 
2. Prepare water for consumption. 

3. Utilize water storage devices. 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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Sm=1,33 
“002 ~ 0.05 = 1083.5 


( +o0 ) ( aS Dae ) =(1)(1083.5) (Since {gy = 1 both sides are multiplied by 1) 


500m-133 oe 


5 = = 1083.5 (Determine the LCD of the equation) 
one — ou = 1083.5 (Convert all fractions to the LCD) 
ee = ae = 1083.5 
2500m=665—200m = 1083.5 (Multiply both members by the LCD) 
2500m — 200m = 10835 + 665 (Combine like terms) 


2300m = 11500 


Ci Prove the solution. If we substitute the whole number 5 for the literal number "m" 


you will 
prove the solution. 


Example: 


5(5)-1.33 (5) 
0:03, 05 = 1083.5 


1183.5 — 100 = 1083.5 
1083.5 = 1083.5 


Try the following challenge. Substitute your solutions for the literal to check your work to ensure 
your solutions are correct before checking them against those given. 
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RECN-SERE-1009: Utilize a Survival Diet 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
CONDITION: Given a mission and placed in a survival situation. 


STANDARD: To maintain physical functions required to survive and evade until 
recovered by friendly forces. 


PERFORMANCE STEPS: 

Identify resources required and available. 

Hunt, trap, obtain, and/or gather food as required. 
Prepare food for consumption. 

Utilize food preservation techniques. 

Utilize food storage devices. 


OBRWNE 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. FM 31-70 Basic Cold Weather Manual 

4. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1010: Make and Use Fire 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given a mission, selected survival equipment, and placed ina 
survival situation. 


STANDARD: To assist in survival or recovery while maintaining a tactical 
signature. 


PERFORMANCE STEPS: 

Determine the type of fire required for the situation. 

Obtain required resources. 

Construct the appropriate fire. 

Employ fire for cooking, sanitation, signaling, and/or warmth. 
Manage resources to maintain fire as required. 

Sterilize the evasion fire area. 


OnRWNE 


REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1011: Improvise an Expedient Pack or Load-bearing System 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed ina 
survival situation. 


STANDARD: To sustain your ability to survive, escape, and/or evade until 
recovered by friendly forces. 


PERFORMANCE STEPS: 

1. Utilize the five principles for constructing an improvised expedient 
pack or load-bearing system. 

2. Gather materials. 

3. Construct system to accommodate load. 
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REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 
4. WSVX.1 USMC Winter Survival Course Handbook 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1012: Maintain Personal Survival Items 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed ina 
survival situation. 


STANDARD: To sustain your ability to survive, escape, and/or evade until 
recovered by friendly forces. 


PERFORMANCE STEPS: 

1. Use and care for clothing. 

2. Use and care for equipment. 

3. Resolve survival needs using improvised measures. 
REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. MCRP 3-02H Survival, Evasion, and Recovery 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-SERE-1013: Manage Survival Medicine Utilizing Field Expedient Measures 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 

MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed ina 
survival situation. 


STANDARD: To sustain your ability to survive, escape, and/or evade until 
recovered by friendly forces. 


PERFORMANCE STEPS: 

1. Prevent injuries common to survival and captivity. 

2. Treat injuries common to survival and captivity. 

3. Identify preventive measures used to avoid illnesses common to survival 
and captivity. 

4. Identify treatments for illnesses common to survival and captivity. 

REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SERE-1014: Provide Shelter 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, selected survival equipment, and placed ina 
survival situation. 


STANDARD: That provides protection from the environment and aids in avoiding 
detection. 


PERFORMANCE STEPS: 

1. Identify the basic criteria for all shelters. 

2. Apply the BLISS principle when constructing an evasion shelter. 
3. Utilize naturally occurring shelters. 

4. Construct global man-made shelters. 

REFERENCES: 

1. AFMAN 36-2216 Survival Manual 

2. FM 3-05.70 Survival 

3. MCRP 3-02H Survival, Evasion, and Recovery 

SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SHAP-1001: Call for indirect fire using the grid method 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a map, compass, protractor, target, and radio with 
frequency, 


STANDARD: by achieving effective fire on target within three adjustments. 


PERFORMANCE STEPS: 


1. Determine target description. 

2. Determine/estimate the location of the target using grid coordinates. 

3. Determine the direction to the target from the observer's position in 
mils. 

4. Determine/estimate the distance to the target from the observer's 


position in meters. 
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Establish an observer to target factor. 

Determine the method of engagement. 

Determine the method of fire and control. 

Initiate a call for fire by transmitting observer identification and 

warning order to the fire direction center. 

9. Transmit a target location using an eight digit grid coordinate to the 
fire direction center. 

10. Transmit a target description, method of engagement, and method of fire 
and control to the fire direction center. 

11. Receive a message to observer from the fire direction center. 

12. Receive "shot, over" from the fire direction center. 

13. Transmit "shot, out" to the fire direction center. 

14. Observe the impact of the round. 

15. Spot the round for height of burst, range, and deviation from the 
target. 

16. Using the height of burst (HOB) spotting, determine the height of burst 
correction in meters. 

17. Using the range spotting, determine the range correction in meters 
using successive or hasty bracketing. 

18. Using the deviation spotting and the OT factor (The mil relation 
formula or WERM rule), determine the deviation correction in meters. 

19. Transmit the direction to the target from the observer's position in 
mils grid. 

20. Transmit a correction for deviation, range, and height of burst. 

21. Repeat performance steps 11 through 18 until the target is within the 
effective casualty radius/HOB of the round. 

22. Transmit a request to fire for effect to the fire direction center. 

23. Receive "rounds complete, over" from the fire direction center. 

24. Transmit "rounds complete, out" to the fire direction center. 

25. Determine the effect on target. 

26. Determine refinement corrections. 

27. Transmit refinement correction, record as target if required, an end of 

mission request, and battle damage assessment. 


ONO UI 


REFERENCES: MCWP 3-16.6A Supporting Arms Observer, Spotter and Controller 
(FMFM 6-8) 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
C868 Ctg, 81mm HE M821 W/ M734 MOF 4 cartridges per Marine 


RANGE/TRAINING AREA: 
Facility Code 17670 Mortar Range 


OTHER SUPPORT REQUIREMENTS: ISMT, TSFO, CAST Trainer, FOPCSIM, Sand 
table, and pneumatic mortars. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 


This task can be trained to standard using simulation. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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RECN-SHAP-1002: Call for indirect fire using the polar method 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a map, compass, protractor, target, and radio with 
frequency, 


STANDARD: by achieving effective fire on target within three adjustments. 


PERFORMANCE STEPS: 


1. Determine the grid coordinates of your location. 

2. Transmit your location coded to the fire direction center. 

3. Determine target description. 

4 Determine the direction to the target from the observer's position in 
mils. 

5. Determine the vertical interval between the observer and the target in 
meters. 

6. Establish an observer to target factor. 

7. Determine the method of engagement. 

8. Determine the method of fire and control. 

9. Initiate a call for fire by transmitting observer identification and 


warning order to the fire direction center. 

10. Transmit a target location using the direction, distance, and vertical 
shift to the target from the observer to the fire direction center. 

11. Transmit a target description, method of engagement, and method of fire 
and control to the fire direction center. 

12. Receive a message to observer from the fire direction center. 

13. Receive "shot, over" from the fire direction center. 

14. Transmit "shot, out" to the fire direction center. 

15. Observe the impact of the round. 

16. Spot the round for height of burst, range, and deviation from the 
target. 

17. Using the height of burst spotting, determine the height of burst 
correction in meters. 

18. Using the range spotting, determine the range correction in meters 
using successive or hasty bracketing. 

19. Using the deviation spotting and the OT factor, determine the deviation 
correction in meters. 

20. Repeat performance steps 11 through 18 until the target is within the 
effective casualty radius of the round. 

21. Transmit a request to fire for effect to the fire direction center. 

22. Transmit "rounds complete, out" to the fire direction center. 

23. Receive "rounds complete" from the fire direction center. 

24. Determine the effect on target. 

25. Determine refinement corrections. 
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26. Transmit refinement correction, record as target if required, an end of 
mission request, and battle damage assessment. 


REFERENCES: MCWP 3-16.6A Supporting Arms Observer, Spotter and Controller 
(FMFM 6-8) 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
C868 Ctg, 81mm HE M821 W/ M734 MOF 4 cartridges per Marine 


RANGE/TRAINING AREA: 
Facility Code 17670 Mortar Range 


OTHER SUPPORT REQUIREMENTS: ISMT, TSFO, CAST Trainer, FOPCSIM, Sand 
table, and pneumatic mortars. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
This task can be trained to standard using simulation. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SHAP-1003: Prepare a 9-Line brief for CAS 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a scenario involving a Close Air Support (CAS) strike with 
a Forward Air Controller (FAC), a topographic map, compass, protractor, a 
target, an attack aircraft with ordnance, and an information sheet 
containing: an aircraft call sign, mission number, type ordnance load, enemy 
Situation, friendly situation, attack restrictions, and a radio frequency. 


STANDARD: To transmit all pertinent information. 


PERFORMANCE STEPS: 

Determine IP/BP. 

Determine Heading. 

Determine Distance. 

Determine Target Elevation. 
Determine Target Description. 
Determine Target Location. 
Determine Mark Type. 


NOORWNE 
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8. Determine location of friendly units. 
9. Determine egress. 


REFERENCES: 
1. JP 3-09 Joint Fire Support 
2. MCWP 3-23.1 Close Air Support 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17330 Covered Training Area 
Facility Code 17430 Impact Area Dudded 
Facility Code 17936 Close Air Support Range 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Terminal controller should have: a. Aircraft on correct azimuth. 
b. Aircraft pointed at target prior to cleared hot call given--regardless of 
platform.2. Includes acting as FIST and terminal controller. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SHAP-1004: Prepare a 6-Line brief for CAS 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a scenario involving a non standard rotary wing Close Air 
Support (CAS) strike with a Forward Air Controller (FAC), a topographic map, 
compass, protractor, a target, an attack aircraft with ordnance, and an 
information sheet containing: an aircraft call sign, mission number, type 
ordnance load, enemy situation, friendly situation, attack restrictions, and 
a radio frequency, 


STANDARD: To transmit all pertinent information. 


PERFORMANCE STEPS: 

Determine controller position. 

Determine Direction. 

Determine Distance. 

Determine Target Description. 

Determine Mark Type. 

Determine any additional remarks necessary. 


OuoRWNE 


REFERENCES: 
1. JP 3-09 Joint Fire Support 
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2. MCWP 3-23.1 Close Air Support 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17330 Covered Training Area 
Facility Code 17430 Impact Area Dudded 
Facility Code 17936 Close Air Support Range 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Terminal controller should have: a. Aircraft on correct azimuth. 
b. Aircraft pointed at target prior to cleared hot call given--regardless 


of platform.2. Includes acting as FIST and terminal controller. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SPIE-1001: Insert and Extract utilizing a helicopter 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order, assigned weapon, and an assignment ina 
patrol, while wearing a fighting load, 


STANDARD: by performing landing zone procedures. 


PERFORMANCE STEPS: 


1. Conduct rehearsals. 

2. Load aircraft safely. 

3. React to commands from crew chief and team leader. 
4. Debark aircraft safely. 

5. Conduct link up procedures. 

REFERENCES: 


1. MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
2. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-SPIE-1002: Prepare for HRST operations 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a twelve-foot length of rope, a standing line, two snap 
links, and an anchor point, 


STANDARD: by tying each knot correctly within their prescribed time. 


PERFORMANCE STEPS: 


1 Tie a square knot within 30 seconds. 

2 Tie a round turn with 2 half hitches within 45 seconds. 
3 Tie a clove hitch 30 seconds. 

4. Tie a bowline on a bight 30 seconds. 

5. Tie a bowline 45 seconds. 

6 Tie a figure eight loop 45 seconds. 

7 Tie a safety line 90 seconds. 

8 Tie a double sheet bend 45 seconds. 

9. Tie a 4 finger prussik with a bowline 90 seconds. 
10. Tie a directional figure eight loop 30 seconds. 
11. Tie a water tape Knot 30 seconds. 

12. Tie a rappel seat 2 minutes. 

REFERENCES: 


1. MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
2. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SPIE-1003: Conduct fast rope operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given a service rifle, prescribed combat equipment, a 
helicopter/tilt-rotor aircraft, fastrope, 


STANDARD: by descending safely with all equipment. 


PERFORMANCE STEPS: 

1. Prepare individual equipment. 

2. Mount rope and descend. 

3. Employ proper breaking technique. 
4 Move away from rope. 


REFERENCES: MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) 
Operations 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17917 Rappelling Training Area 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1.The various certifications for rappel master, etc., apply.2. Medical 
support must be available on the scene of training.3. Ensure all safety 
precautions are adhered to when performing this task.4. This task can be 
trained to standard using a rappel tower. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SPIE-1004: Extract via SPIE operation 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a service rifle, fighting load, pack, two snaplinks, sling 
rope, SPIE harness, SPIE rig, helicopter, HRST master, 


STANDARD: by ascending/descending safely with all equipment. 


PERFORMANCE STEPS: 

Prepare equipment and safety lines. 

Execute terminal guidance as required. 

Hook up SPIE gear and safety line. 

Step off when required. 

Relay all required commands. 

Perform individual action during flight as required. 
Land. 


NOORWNE 
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8. Unhook SPIE gear and safety line. 
9. Maintain SPIE equipment. 


REFERENCES: MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) 
Operations 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Medical support must be available at the scene of training.2. Ensure all 
safety precautions are adhered to when performing this task. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SPIE-1005: Conduct rappelling operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a service rifle, a fighting load, pack, gloves, locking 
snaplink, rappel seat or 12 ft. rope, 120 ft. rappel rope, and an anchor 
point, 


STANDARD: by executing the rappel without injury. 


PERFORMANCE STEPS: 

Tie a rappel seat. 

Mount the platform and hook up. 
Execute braking procedures. 
Execute "L" shape position. 
Execute rappel. 

Execute a "tie-off." 

Maintain HRST gear as required. 
Execute duties as a belay man. 


ONDORWNE 


REFERENCES: MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) 
Operations 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17917 Rappelling Training Area 


8-69 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Medical support must be available on the scene of training.2. Ensure 
all safety precautions are adhered to when performing this task.3. Follow 
local range regulations and utilize a current qualified (HRST, assault 
climber, and mountain leader) instructor to execute this task. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SPIE-1006: Execute a limp duck/helocast operation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an inflatable boat with an outboard engine, in water at 
least 15 feet deep, 


STANDARD: by safely executing operation while retaining mission essential 
equipment. 


PERFORMANCE STEPS: 

Rig mission essential gear in boat. 

Rig inflatable boat. 

Embark inflatable boat in helicopter. 

On order from castmaster, prepare boat for exit of helicopter. 
On order from castmaster, exit boat and personnel. 

In water, signal long range "OK" to the castmaster. 

Swim to the inflatable boat. 

Account for all personnel and gear. 

Derig and put boat in operation. 


OONDORWNE 


REFERENCES: 

1. FM 3-05.212 Special Forces Waterborne Operations 
2. FM 7-93 Long Range Surveillance Unit Operations 
3. MCWP 2-25 Ground Reconnaissance Operations 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SPIE-1007: Conduct a low level static line jump 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 0323, 8023, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 1STSGT, MSGT, SGTMAJ, MGYSGT, 
CWO-3, CWO-4, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO- 
zl 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an aircraft, a low level static line parachute, and combat 
equipment, 


STANDARD: by landing within 200 meters of the low man. 


PERFORMANCE STEPS: 

1 Prepare individual equipment. 

2 Receive the jump brief. 

3 Perform pre-jump training. 

4. Don equipment. 

5. Receive jumpmaster personnel inspections. 

6 Board aircraft. 

7 React to jump commands. 

8 Execute in-flight emergency procedures as required. 
9 Execute prescribe exit (Ramp or door). 

10. Execute post opening procedures. 

11. Execute post opening emergency procedures as required. 
12. Prepare to land. 

13. Land. 

14. Execute post landing procedures. 

15. Conduct link up procedures. 


REFERENCES: 
1. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 
2. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17440 Personnel/Equipment Drop Zone 
Facility Code 17911 Air Transport Mockup 
Facility Code 17912 Parachute Landing Fall Platform 


MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SPIE-1012: Conduct airborne operations in a double bag static-line 
configuration 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
MOS PERFORMING: 0323, 8023, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, iSTLT, 
CAPT, MAJ, LTCOL, NV-SN, NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a High Altitude High Opening (HAHO) mission, a Multi- 
Mission Parachute System, aircraft and equipment 


STANDARD: Exiting the aircraft in a seated position presenting the pack tray 
to the relative wind and landing safely on the ground. 


PERFORMANCE STEPS: 

1. Prepare individual equipment. 

2 Attend jump brief. 

3 Perform pre-jump training. 

4. Don equipment. 

5. Stand jumpmaster personnel inspection. 

6 Board aircraft. 

7 Respond to aircraft procedure signals. 

8. Execute in-flight emergency procedures, as required. 
9. Respond to jump commands. 

10. Exit the aircraft. 

11. Execute exit emergency procedures, as required. 

12. Execute post opening procedures. 

13. Execute post opening emergency procedures, as required. 
14. Establish flight pattern. 

15. Establish landing pattern. 

16. Land. 

17. Conduct emergency landing procedures, as required. 
18. Execute post landing procedures. 

19. Conduct link up procedures. 


REFERENCES: 

1. MARADMIN 0415/09 Establishment of Body Armor Protective Levels 

2. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 

3. MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 
Procedures 

4. TM 70244A-OI USMC Freefall Ops & Techniques 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
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Facility Code 17440 Personnel/Equipment Drop Zone 


AIRCRAFT: Any of the following aircraft capable of inserting parachutists 
(UH-1, UH-60, HH-60, CH-46, CH-47, CH-53, MH-53, V-22, C2A, CASA, or C130 
over the ramp only). 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Once authorized, night vision goggles should be worn for all low light 
MFF operations by parachutists and jumpmasters. Night vision goggles reduce 
risk and enhance visual situational awareness. 2. Parachutists and 
jumpmasters must be proficient in the use of all navigational aids, 
including magnetic compasses and global positioning system (GPS) devices. 
3. Supplemental oxygen should be incorporated into training when 
appropriate. 4. Sustainment of this task requires the parachutist to exit 
the aircraft wearing each of the armor protective levels (APL): non- 
ballistic through ballistic. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SURV-1002: Prepare a range card 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 


BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, 2NDLT, 1STLT, CAPT, NV-SN, NV-PO-3, NV-PO- 
2, NV-PO-1 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a defensive fighting position, a designated sector of fire 
with recognizable targets, principle direction of fire (PDF) or final 
protective line (FPL), paper, pencil, and lensatic compass. 


STANDARD: In order to recall the data to fire on pre-determined targets and 
as an aid in estimating ranges to other targets during regular visibility. 


PERFORMANCE STEPS: 


1. 


Determine north and sketch in the magnetic north symbol using the 
lensatic 
compass. 


Indicate firing position by drawing a dot in the lower center of the 
card. 

Record the eight-digit grid coordinate of the position. 

Orient position to prominent terrain feature that is recognizable ona 
map and draw a back-azimuth in mils from this feature. Record the 
distance in meters along this line. 


Sketch in the primary sector of fire with a principle direction of fire 
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(PDF) or a final protective line (FPL). 
6. Record the magnetic azimuths of sector limits. 
7. Designate the estimated range of each circle. 
8. Draw a rough sketch of the terrain to include prominent natural or 
manmade features that could be used as likely targets. 
9. Label targets in the primary sector of fire in order of priority. 


10. Record dead space. 

11. Confirm range estimation if possible. 

12. Record marginal data. 

13. Complete remarks section with all pertinent information. 

14. Prepare a duplicate range card and forward to the unit commander. 
15. Revise range card and re-submit, as necessary. 


REFERENCES: FM 3-20.98 Reconnaissance and Scout Platoon 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This task can be trained to standard through the use of the Virtual 
Battlefield System 2 (VBS2). 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2001: Conduct an Over the Horizon (OTH) operation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 


DESCRIPTION: This task provides the procedure for executing a navigation 
plan by conducting a movement from a position over the horizon to the 
intended beach landing site (BLS). 


MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given an order, an assignment on a recon team, mission essential 
equipment, and an IP more than 25 nautical miles from the BLS launch from a 
support craft and 


STANDARD: by arriving at the assigned BLS within 1/10th of a nautical mile 


PERFORMANCE STEPS: 

Receive a warning order. 

Conduct planning, as directed 
Conduct coordination, as directed. 
Receive the order. 

Participate in inspections. 
Participate in rehearsals. 

Launch boat. 
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8. Maneuver craft towards destination. 

9. Navigate at sea. 

10. Maintain communications. 

11. Conduct immediate action drills as required. 

12. Report information as required. 

13. Arrive at destination and continue follow on mission. 
14. Recover boat, as required. 


REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. FM 3-05.212 Special Forces Waterborne Operations 
3. MCWP 2-25 Ground Reconnaissance Operations 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 signals per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17908 Amphibious Vehicle Training Area 


AIRCRAFT: Vessel - Amphibious shipping: Appropriate deployment platform 
and supporting equipment (i.e. CRRC, RHIB etc). 


EQUIPMENT: 
Communications Suite, Navigational aids. Vessel: DDG, LHD, 
LPD, LHA, CCRC, RHIB. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present.2. Ensure all safety precautions are 
adhered to when performing this task.3. Swimmers must have day/night 
signaling device.4. Swimmers conducting night swims will be marked with 
appropriate illumination.5. Technology is under development to provide an 
electronic collections platform. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75.6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2002: Perform Preventive Maintenance 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


8-75 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given the applicable tools and references 


STANDARD: by meeting maintenance requirements to maintain equipment 
operability. 


PERFORMANCE STEPS: 


1. Remove valve. 

2. Clean metallic valve parts. 

3. Clean neoprene rubber parts. 

4. Inspect/Test valve ensuring mating surfaces glide smoothly. 
5. Lubricate female valve body. 

6. Assemble valve. 

REFERENCES: 


1. P/N 11044 Field Service Manual Combat Rubber Reconnaissance Crafts 

2. TM 09557A-14/2-1 Operation and Maintenance Technical Manual for Diesel 
Engine 

3. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 

4. TM 09665A-13&P/1-2 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 

5. TM 09665B/10717A Small Craft Propulsion System, CRRC 

6. TM 09665B-13&P2 Operation and Maintenance Instructions with Component 
and Repair Parts Listing for Combat Rubber Reconnaissance Craft 


SUPPORT REQUIREMENTS: 
EQUIPMENT: General Mechanics Toolbox 2. Toluene 3. Triple Guard 4. Inner- 
Communicating (IC) Valve Extractor 5. All Purpose Brush 6. Base Nut Wrench 
7. 10mm IC Calibration Tool 

MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 


This task is specific to a Combat Rubber Reconnaissance Craft (CRRC). 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2003: Troubleshoot a Small Boat Engine 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given required equipment and references 
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(Solutions) 
(a) 
(.7a—.7).2+a)=(1-14a)01-.5a 
(Ja—7)(2 + 10a) = (10 - 14a) — Sa, 
70a? + 14a — 70a — 14 = 70a” — 50a — 14a + 10 
70a? —56a— 14 = 70a? — 64a + 10 
—56a— 14=-64a+ 10 
8a—14=10 
8a = 24 


a=3 


(b) 


4e-6 _ 2e-3 
.6e—.7 ~ 3e-.4 


Multiply both sides of the equation by 


10 
10 


40e-60 _ 20e-30 
6e-7 ~— 3e-4 


(40e — 60)(3e — 4) = (6e — 7)(20e — 30. 


120e” — 160e — 180e + 240 = 120e? — 180e — 140e + 210 
120e” — 340e + 240 = 120e” — 320e + 210 
—340e + 240 = —320e + 210 


240 = 20e + 210 


30 = 20e 
Sey Hy 


Lesson Summary. You have completed lesson 2 of Study Unit 3. In this lesson, you learned 
about fractional equations and equations containing decimal coefficients. You learned two 
methods of solving fractional equations, cross multiplication method and factoring with a LCD. 
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STANDARD: by ensuring full functionality. 


PERFORMANCE STEPS: 

Inspect the engine. 

Recognize malfunctions. 

Recognize EMM LED indicators. 

Make all operator level repairs. 

Conduct performance tests. 

Report all major repair issues to a small craft mechanic. 


OnRWNE 


REFERENCES: 
1. P/N 5007808 Commercial MFE Technical Manual 
2. SL-3-11785A Diagnostic Kit for the Non-Gasoline Burning Outboard Engine 
3. SL-3-11797A Outboard Engine Maintenance Kit 
4. TM 10717B-OI 
Non-Gasoline Burning Outboard Engine 


SUPPORT REQUIREMENTS: 

EQUIPMENT: 1. CRRC SL-3 Equipment 2. Engine Stand 3. Test Tank 
MISCELLANEOUS: 

ADMINISTRATIVE INSTRUCTIONS: 


This task is specific to a 55HP MFE NBOE. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2401: Lead a boat team 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 24 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an order, mission essential equipment, while operating as a 
team leader 


STANDARD: by arriving at the assigned destination. 


PERFORMANCE STEPS: 

1. Prepare for combat. 

2. Supervise the launching of the boat. 

3. Supervise the performance of assigned boat team duties while in transit 
(NAV, Assistant Coxswain, Time Keeper). 

Conduct immediate action drills as required. 

Report information, as required. 

Supervise the anchoring of the boat, as required. 

Supervise the caching of the boat and equipment, as required. 
Arrive at destination and continue follow on mission. 
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9. Supervise the recovering of the boat, as required. 
REFERENCES: 
1. BOWDITCH American Practical Navigator 
2. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 
SUPPORT REQUIREMENTS: 

ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 grenades per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75.6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2402: Supervise the preparation of equipment for transit ona 
maritime platform 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given mission essential equipment, a boat team, and required 
waterproofing materials while operating as a team leader 


STANDARD: by ensuring equipment remains dry and mission capable. 


PERFORMANCE STEPS: 

1. Inspect and supervise the conduct of operational checks for equipment. 
2. Determine which level of water protection is required. 

3. Supervise the padding and taping of sharp edges. 

4. Inspect that the equipment is properly sealed in a waterproof 
bag/container. 

Supervise the equipment dunk tests and inspect that no water leakage 
occurs. 

6. Supervise and inspect the lashing of equipment, as required. 


o1 
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REFERENCES: 

1. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 

2. SH 21-76 Ranger Handbook 

3. TM 09665A-13&P/1-1 Operation and Maintenance of the Combat Rubber 
Reconnaissance Craft 


SUPPORT REQUIREMENTS: 


OTHER SUPPORT REQUIREMENTS: 
1. Small Craft - SL3 Complete 2. Waterproofing Materials 3. Tactical Radio 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2403: Lead a team in an Over the Horizon (OTH) operation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an order, a recon team, mission essential equipment, and an 
IP more than 25 nautical miles from the BLS launch from a support craft while 
operating as a team leader 


STANDARD: By planning and conducting a movement from a vessel and arriving 
at the assigned BLS within 1/10th of a nautical mile. 


PERFORMANCE STEPS: 

1 Receive the order. 

2 Issue a warning order. 

3 Conduct planning. 

4. Conduct coordination, as required. 

Dis Conduct Inspections. 

6 Conduct rehearsals. 

7 Complete the plan. 

8 Issue the order. 

9 Launch boat. 

10. Supervise Navigation at sea. 

11. Supervise communications. 

12. Maneuver craft towards destination. 

13. Conduct immediate action drills as required. 
14. Report information as required. 

15. Arrive at destination and continue follow on mission. 
16. Recover boat as required. 


REFERENCES: 

1. BOWDITCH American Practical Navigator 

2. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 
3. MCWP 2-25 Ground Reconnaissance Operations 
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ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 grenades per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 
Facility Code 17908 Amphibious Vehicle Training Area 


AIRCRAFT: Vessel - Amphibious shipping: Appropriate deployment platform 
and supporting equipment (i.e. CRRC, RHIB etc). 


EQUIPMENT: 
Communications Suite, Navigational aids. Vessel: DDG, LHD, 
LPD, LHA, CCRC, RHIB. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75.6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2404: Lead a team during landing/withdrawal 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a small craft, boat team, during darkness, and with or 
without propulsion system while operating as a team leader 


STANDARD: by transporting all personnel and equipment through the surf-zone 
in all weather conditions. 


PERFORMANCE STEPS: 

Supervise preparation of the craft. 

Task organize the boat team 

Supervise the movement of the craft towards objective. 
Inspect that the engine tilt lever is unlocked, as required. 
Observe surf for low set. 
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6 Supervise the positioning of the craft behind breaking wave. 

ae Ensure that the craft follows the wave into shore. 

8. Ensure that the engine is killed and lifted, as required. 

9. To withdrawal, launch craft into water. 

10. Ensure that the boat team stabilizes the boat while the coxswain 
enters. 

11. Ensure that the engine lowered and locked, as required. 

12. Supervise the starting of the engine, as required. 

13. Supervise the loading of the boat. 

14. Ensure that all personnel and equipment are accounted for. 

15. Supervise the maneuver of the boat through the surf zone. 

16. Report information, as required. 


REFERENCES: MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 
SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 grenades per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: Sufficient open water to maneuver 
MISCELLANEOUS: 

ADMINISTRATIVE INSTRUCTIONS: 

1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75.6. For surf safety 


considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-AMPH-2405: Lead a surface swim 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given prescribed weapon, wearing a fighting load, mission 


essential equipment, navigational aids, and a recon team while operating as a 
team leader 
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STANDARD: by swimming to the objective at a minimum distance of 5000 yards 
and arriving at the objective within 200 meters 


PERFORMANCE STEPS: 


1. Launch from platform. 

2. Swim to outside surf zone. 

3. Observe landing area for enemy presence. 

4 Remove swimmer equipment and prepare operational gear, remaining in 
water. 

5% Move through surf zone undetected. 

6. Exit water, cross beach, and enter hinterland. 

7. Conduct reconnaissance of immediate area for enemy presence and danger 
areas. 

8. Confirm location on beach. 

9. Determine cache site and assembly area as required. 

10. Maintain security and signal other team members to swim in or boat to 
land. 


11. Remove tracks from waterline to hinterland. 

12. Cache boat or equipment. 

13. Upon completion of mission, enter extract beach undetected. 
14. Observe beach for enemy activity. 

15. Move to waterline, removing tracks/trails. 

16. Establish security while buddy dons fins. 

17. Don fins while buddy maintains security. 

18. Move into surf zone, staying below cresting waves 

19. Swim out of surf zone to extract point. 


REFERENCES: 
1. MCRP 3-02C Marine Combat Water Survival 
2. MCRP 3-11.3A Special Forces Waterborne Operations (TC 31-25) 
3. MCWP 2-25 Ground Reconnaissance Operations 
SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
L283 Sig, Smk & Illum Marine MK 124-0 1 grenades per Marine 


RANGE/TRAINING AREA: 
Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

1. Safety swimmers must be present. 2. Ensure all safety precautions are 
adhered to when performing this task. 3. Swimmers must have day/night 
signaling device. 4. Swimmers conducting night swims will be marked with 
appropriate illumination. 5. This type of training is classified as high 
risk training, refer to OPNAVINST 1500.75.6. For surf safety 
considerations, refer to COMNAVSURFPAC/COMNAVSURFLANT INSTRUCTION 3840.1B. 
7.The minimum distance of 5,000 yards set forth in the event standard can be 
changed by the commander to meet the requirements of the operational 
environment. T&amp;R standards are tied to potential real world missions 
and not an arbitrary number or distance. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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RECN-AMPH-2408: Lead a team to establish a Beach Landing Site 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 2 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, required equipment, an area 
to be prepared for the landing site, while operating as a team leader, and 
wearing a fighting load 


STANDARD: by establishing communications, and providing initial terminal 
guidance (ITG) to assault support craft prior to the arrival of the supported 
unit. 


PERFORMANCE STEPS: 

1. Select the landing site. 

2. Establish and supervise security for the landing site. 

3. Supervise and inspect the marking or removal of all obstacles or debris 
on the landing site, as required. 

Supervise and inspect the marking of the landing site. 

Establish and supervise communications with the craft. 

Supervise the transmitting of current landing site conditions. 

Locate the craft. 

Supervise the guiding of the craft into the landing site. 


ONouoh 


REFERENCES: MCRP 2-25A Reconnaissance Reports Guide 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17925 Airfield Site Selection Training Area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-C2-2401: Conduct small unit training 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 


BILLETS: Radio Recon Marine, Recon Team Leader 
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GRADES: SGT, SSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a recon team, required external support and equipment, and 
a mission. 


STANDARD: To ensure the individual and collective training tasks are 
performed to standard 


PERFORMANCE STEPS: 

1. Determine the task to be trained from the platoon training schedule. 

2. Review the training standard to determine required resources and the 
most appropriate method(s) for delivering instruction. 

F Request the required resources from higher headquarters. 

4. Prepare a training outline that explains how the training will be 
conducted. 

5 Prepare the training area. 

6 Assemble the Marines. 

7. Explain the training standard to the Marines. 

8. Conduct a safety brief. 

9. Conduct the instruction, in accordance with the training outline. 

10. Evaluate the performance of the Marines,in accordance with the training 
standard. 

11. Remediate Marines that do not master the training standard. 

12. Brief results of training to Plt Sgt/Plt Cmdr. 

13. Update individual training records. 


REFERENCES: 

1. FM 25-10 Leaders Guide to Lane Training 
2. MCRP 3-0B How to Conduct Training 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-C2-2402: Conduct Live Fire Range Operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given a recon team, mission, and required equipment. 


STANDARD: by ensuring that marksmanship fundamentals and safety regulations 
are applied. 
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PERFORMANCE STEPS: 

1. Review range safety orders and regulations governing range operations. 

2. Draw range safety diagrams and Safe Danger Zones (SDZ) for the 
designated range, as required. 

3. Brief explosive handling procedures (transporting, storing, and disposal 

of excess class V (W)). 

Brief hazardous material protection methods. 

Brief range operations. 

Conduct range safety brief. 

Brief Operational Risk Management (ORM) assessment. 

Brief the pertinent information concerning training preparation of the 

designated range, class V (W) to be used, safety procedures, and draw 

safety diagrams to be briefed to the participants. 


ONouoh 


REFERENCES: 
1. MCB and applicable Range Control SOP 
2. FM 5-250 Explosives and Demolitions 
3. MCO 3500.27_ Operational Risk Management (ORM) 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17310 Range Operations Building 
Facility Code 17502 Non-Standard Small Arms Range 


UNITS/PERSONNEL: (1) RSO, (1) OIC, (1) Corpsmen and additional safety 
personnel as required. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
RSO should review USMC Range Safety Pocket 
Guide Version 1.4 and have TMs for weapons used on hand. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
SPECIAL PERSONNEL CERTS: 


Marine Net Range Safety Course (C1060120CA), and 
MCB Range Safety Officer Course. 


RECN-C2-2403: Lead an after action review 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a recon team, a situation or event, and required resources 
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STANDARD: by identifying lessons learned. 


PERFORMANCE STEPS: 


1. Designate area for after action. 

2. Lay out and account for all unit and individual equipment. 
3. Discuss observations of personnel during event. 

4. Engage all personnel for inputs. 

5. Conduct after action following debriefing format. 

6. Provide changes to original plans and overlays. 

7. Compile information obtained and submit to higher. 
REFERENCES: 


1. MCRP 3-0B How to Conduct Training 
2. MCWP 2-25 Ground Reconnaissance Operations 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COLL-2017: Produce a SALUTE Report (SALUTEREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, SALUTE Report format and SALUTEREP reportable information 


STANDARD: using technical means and based on the urgency of the information 
as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Determine/ Record enemy size observed. 

2 Determine/ Record enemy activity observed. 

3 Determine/ Record the eight digit grid location of the enemy. 
4. Determine/ Record enemy unit observed. 

5. Determine/ Record the Date Time Group of observation. 
6 Determine/ Record enemy equipment observed. 

7 Record remarks. 

8 Read report. 

9. Identify key information. 

10. Develop an assessment. 

11. Annotate classification. 

12. Ensure grammar is correct. 

13. Ensure content is correct. 

14. Submit for review. 
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You will be able to apply your acquired skill and knowledge on electronic formulas in any given 
situation as required. 


Lesson 2 Exercise: Complete items | through 4 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. Solve for the literal number x. 


x42 _ 3 
xt9 ~~ 5 


oH Solve for the literal number x. 
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15. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 

ICD 206 Intelligence Community Directive 206 

MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 

TM 10091B/10092B-10/1 AN/PAS-13B(V)2 & 3 THERMAL SIGHT 

TM 10091C/10092C-OR/1 AN/PAS-13D(V)2 & 3 THERMAL SIGHT 

TM 10271A-10/1 Operator's Manual, Monocular NVD, AN/PVS-14 

TM 10796-12&P Operators Manual for AN/PVS-17/17B/17C Miniature Night 

Sight 

10. TM 10988B-IN/1 AN/PAS-22 Intermediate Maintenance Manual 

11. TM 11064-OR Operator's Manual Rifle, AN/PVQ-31A & AN/PVQ-31B Rifle 
Combat Optic (RCO) 

12. TM 11085B-OR/1 Operators Manual for Sight, Night Vision Sniper Scope 
(AN/PVS- 27) 

13. TM 11237B-OR MRTB AN/PAS-28 

14. TM 11304A-12/1 VECTOR-21 COMBINED LASER RANGE FINDER 

15. TM 11499A-OR Operator's Manual for the Individual Weapon Night Sight- 
Image Intensified (IWNS-I) AN/PVS-24A 

16. TM 11545A-OR Operator's Manual for the Individual Weapon Night Sight- 
Thermal (IWNS-T) AN/PAS-27 

17. TM 11758A-OR SDO Operator's Manual 

18. TM 11792A-OI Machinegun Day Optic, SU-260/P 

19. TM 11901A-OR M71 SCOUT SNIPER OBSERVATION TELESCOPE 


OANDOBRWNE 


PREREQUISITE EVENTS: RECN-COLL-1017 
SUPPORT REQUIREMENTS: 

ROOMS/BUILDINGS: Classroom. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COLL-2019: Produce a Situation Report (SITREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
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CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, Situation Report format and SITREP reportable information 


STANDARD: using technical means and based on the urgency of the information 
as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Record the Date Time Group of the report. 

2 Determine/ Record the eight digit grid location of the patrol. 
3 Record activities conducted since last report. 

4. Determine/ Record actions planned for the next 12 hour period. 
5. Determine/ Record logistical requirements. 

6 Record personnel casualties since last situation report. 

7 Record remarks. 

8 Read report. 

9. Identify key information. 

10. Develop an assessment. 

11. Annotate classification. 

12. Ensure grammar is correct. 

13. Ensure content is correct. 

14. Submit for review. 

15. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 

ICD 206 Intelligence Community Directive 206 

MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 

TM 10091B/10092B-10/1 AN/PAS-13B(V)2 & 3 THERMAL SIGHT 

TM 10091C/10092C-OR/1 AN/PAS-13D(V)2 & 3 THERMAL SIGHT 

TM 10271A-10/1 Operator's Manual, Monocular NVD, AN/PVS-14 

T 10796-12&P Operators Manual for AN/PVS-17/17B/17C Miniature Night 

Sight 

10. TM 10988B-IN/1 AN/PAS-22 Intermediate Maintenance Manual 

11. TM 11064-OR Operator's Manual Rifle, AN/PVQ-31A & AN/PVQ-31B Rifle 
Combat Optic (RCO) 

12. TM 11085B-OR/1 Operators Manual for Sight, Night Vision Sniper Scope 
(AN/PVS- 27) 

13. TM 11237B-OR MRTB AN/PAS-28 

14. TM 11304A-12/1 VECTOR-21 COMBINED LASER RANGE FINDER 

15. TM 11499A-OR Operator's Manual for the Individual Weapon Night Sight- 
Image Intensified (IWNS-I) AN/PVS-24A 

16. TM 11545A-OR Operator's Manual for the Individual Weapon Night Sight- 
Thermal (IWNS-T) AN/PAS-27 

17. TM 11758A-OR SDO Operator's Manual 

18. TM 11792A-OI Machinegun Day Optic, SU-260/P 

19. TM 11901A-OR M71 SCOUT SNIPER OBSERVATION TELESCOPE 


OANDORWNE 


PREREQUISITE EVENTS: RECN-COLL-1019 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-COLL-2020: Produce a Enemy Sighting Report (SPOTREP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given classification guidelines, current intelligence situation, 
CCIRs, Enemy Sighting Report format and SPOTREP reportable information 


STANDARD: using technical means and based on the urgency of the information 
as dictated by the operational environment 


PERFORMANCE STEPS: 

1 Record the unit of measure to be utilized. 

2. Record the number and type of enemy. 

3% Record the type of enemy activity. 

4 Determine/ Record the eight digit grid of the enemy unit. 

5 Determine/ Record the identification of the enemy unit or describe the 
unit. 

6. Record the Date Time Group of the sighting. 

7 Determine/ Record the identity or description of any weapons or 
equipment observed. 

8. Record remarks. 

9. Read report. 

10. Identify key information. 

11. Develop an assessment. 

12. Annotate classification. 

13. Ensure grammar is correct. 

14. Ensure content is correct. 

15. Submit for review. 

16. Produce final document 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 

ICD 206 Intelligence Community Directive 206 

MCRP 2-25A Reconnaissance Reports Guide 

MCWP 2-25 Ground Reconnaissance Operations 

TM 10091B/10092B-10/1 AN/PAS-13B(V)2 & 3 THERMAL SIGHT 

TM 10091C/10092C-OR/1 AN/PAS-13D(V)2 & 3 THERMAL SIGHT 

TM 10271A-10/1 Operator's Manual, Monocular NVD, AN/PVS-14 

T 10796-12&P Operators Manual for AN/PVS-17/17B/17C Miniature Night 

Sight 

10. TM 10988B-IN/1 AN/PAS-22 Intermediate Maintenance Manual 

11. TM 11064-OR Operator's Manual Rifle, AN/PVQ-31A & AN/PVQ-31B Rifle 
Combat Optic (RCO) 


OONDORWNE 
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12. TM 11085B-OR/1 Operators Manual for Sight, Night Vision Sniper Scope 
(AN/PVS- 27) 

13. TM 11237B-OR MRTB AN/PAS-28 

14. TM 11304A-12/1 VECTOR-21 COMBINED LASER RANGE FINDER 

15. TM 11499A-OR Operator's Manual for the Individual Weapon Night Sight- 
Image Intensified (IWNS-I) AN/PVS-24A 

16. TM 11545A-OR Operator's Manual for the Individual Weapon Night Sight- 
Thermal (IWNS-T) AN/PAS-27 

17. TM 11758A-OR SDO Operator's Manual 

18. TM 11792A-OI Machinegun Day Optic, SU-260/P 

19. TM 11901A-OR M71 SCOUT SNIPER OBSERVATION TELESCOPE 


PREREQUISITE EVENTS: RECN-COLL-1020 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COMM-2401: Supervise the handling of Electronic Key Management System 
(EKMS) material 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321, 0629 

BILLETS: Company Communications Chief, Radio Recon Marine, Recon Team Leader 
GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a mission, a recon teams and classified material while 
operating as a team leader 


STANDARD: in accordance with the EKMS-1 (series) EKMS Policy and Procedures 
for Navy EKMS Tiers 2 & 3. 


PERFORMANCE STEPS: 

1. Supervise the receiving of classified material. 

2. Supervise and inspect the safeguarding of material. 

3. Supervise and inspect the destruction of material routinely or in an 
emergency. 

4. Supervise and inspect the recording and reporting of destruction or loss 
of material. 

5. Supervise and inspect the zeroing of equipment after mission or an 
emergency. 

6. Supervise the turn in of classified material. 


REFERENCES: EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 
& 3 


MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COMM-2402: Supervise the operation of communications equipment sets 
with encryption 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321, 0629 

BILLETS: Company Communications Chief, Radio Recon Marine, Recon Team Leader 
GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, mission information, a recon team, radio, a 
field computer, recon operations center, CEOI, and encryption material 


STANDARD: by receiving/ inputting mission information to successfully 
transmit voice and data communications. 


PERFORMANCE STEPS: 
1. Supervise loading of applicable program application into subordinate 
station. 


2. Supervise radio checks from the subordinate station to the ROC. 

3. Supervise the transfer of data from the subordinate station to the ROC. 
4. Supervise the operation of tactical software during mission. 

5. Supervise the teamgs destruction plan for EKMS / CEOI at end of mission. 
REFERENCES: 


ae CF-19 CF-19 Panasonic Toughbook Manual 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. MCRP 2-25A Reconnaissance Reports Guide 

4 MCRP 3-40.3A Multiservice Communications Procedures for Tactical Radios 

in a Joint Environment 

MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-25 Ground Reconnaissance Operations 

TB 11-7010-326-10-3 TECHNICAL BULLETIN FBCB2/BFT OPERATOR'S POCKET 

GUIDE FOR 

Force XXI Battle Command Brigade-and-Below Blue Force Tracking 

(FBCB2/BFT) Computer Set, Digital AN/UYK-128(V) 

8. TM 10597A-OR/4 Operation Manual for Manpack Radio, AN/PRC-117F(V)1(C) 
Radio Set 

9. TM 10746C-OI Operation and Maintenance Instructions for the AN/PRC-148 

10. TM 10822A-OR Operation Manual for AN/PRC-150(V)(C) Manpack Radio 

11. TM 11496A-01I/3 Operation Manual for AN/PRC-152 Multiband Handheld Radio 

12. TM 11-5810-256-O0P-2 Operating Procedures for Communication Security 


NOOO 


Equipment 

13. TM 11-5820-890-10-6 Operator's Pocket Guide for SINCGARS Ground ICOM 
Radios 

MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: 
1. This task is intended to be used for any data entry device that contains 
software. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-COMM-2403: Supervise the employment of a field expedient antenna 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


MOS PERFORMING: 0321, 0629 


BILLETS: Radio Recon Marine, Recon Team Leader 


GRADES: SGT, SSGT 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a radio, field expedient materials, a specified range, a 
distant station, and a recon team while operating as a team leader. 


STANDARD: by establishing communication with the distant station. 


PERFORMANCE STEPS: 


1. 


12. 


Determine type of wavelength required. 

Identify type of field expedient antenna (Omni-directional or Bi- 
directional). 

Compute length of antenna. 

Supervise the gathering of required materials (insulators, wires, 
resistors, etc.). 

Select a site that offers the type of communication shot required. 
Supervise and inspect the construction of the antenna. 

Supervise and inspect the connecting of the antenna to the 
radio/device. 

Supervise and inspect the grounding of the radio/device. 

Supervise the establishment of communication with the distant station. 
Supervise the transfer of data from the teamés station to the distant 
station. 

Supervise the transfer of data from the teamés station to the distant 
station. 

Supervise troubleshooting, as required. 


REFERENCES: MCRP 3-40.3B Radio Operators Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COMM-2404: Supervise the transmittal of a message 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 
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MOS PERFORMING: 0321, 0629 

BILLETS: Company Communications Chief, Radio Recon Marine, Recon Team Leader 
GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a completed report format and a recon team while operating 
as a team leader. 


STANDARD: by providing information of intelligence value within the command 
directed time standards IAW mission parameters. 


PERFORMANCE STEPS: 

1. Determine type of message to formulate. 

2. Supervise and inspect the compilation of information. 

3. Inspect and validate the message. 

4. Supervise the transmission of the message to a distant location. 


REFERENCES: 

DIA Intelligence Writing Guide 

ICD 203 Intelligence Community Directive 203 
ICD 206 Intelligence Community Directive 206 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-25 Ground Reconnaissance Operations 


iad 


aoRWN 


SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: Frequency for applicable radio(s) 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-COMM-2405: Supervise the waterproofing of communication equipment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321, 0629 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a radio, appropriate waterproofing materials, and a recon 
team while operating as a team leader. 


STANDARD: by ensuring communication assets are operational and protected 
from the environment. 
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PERFORMANCE STEPS: 

1. Supervise the gathering of waterproofing material. 

2. Supervise and inspect the taping and padding of sharp edges. 

3. Supervise and inspect the placement of the radio and equipment in water 
proof material. 

4. Inspect that the equipment is properly sealed in a waterproof 


bag/container. 

5. Supervise the equipment dunk tests and inspect that no water leakage 
occurs. 

REFERENCES: 


1. MCRP 3-02C Marine Combat Water Survival 
2. MCRP 3-40.3B Radio Operators Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

1. Radios must be double waterproofed prior to transit through water. 2. 
Upon completion of water movement, radios must be capable of establishing 
communications with another station. 3. Waterproofing techniques utilized 
must allow for use and easy reapplication of waterproofing materials for 
continued use. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-COMM-2406: Supervise the maintenance of a communication log 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321, 0629 

BILLETS: Communications Chief, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: Given communication assets, communication log, in-coming and out- 
going communications, and a recon team while operating as a team leader. 


STANDARD: by ensuring that all radio communications are recorded. 


PERFORMANCE STEPS: 

Supervise and inspect the recording of in-coming communications. 
Supervise and inspect the recording of out-going communications. 
Supervise and inspect the recording of environmental conditions. 
Supervise and inspect the recording of antenna configurations. 
Supervise and inspect the recording of electronic counter measure 
interference. 

Supervise the submission of the communication log(s) to higher 
headquarters. 


oOBRWNE 


o 


REFERENCES: 
1. ACP 125 (F) Communications Instructions Radiotelephone Procedures 
2. DIA Intelligence Writing Guide 
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ICD 203 Intelligence Community Directive 203 
ICD 206 Intelligence Community Directive 206 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-25 Ground Reconnaissance Operations 
Unit SOP Unit's Standing Operating Procedures 


NOOR W 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2001: Conduct Operations in Special Terrain 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a mission, individual weapon, and required equipment, while 
acting as a member of a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, effectively blending into the operational environment, 
maintaining security, reacting appropriately to the enemy situation, and 
accomplishing the assigned mission. 


PERFORMANCE STEPS: 

Operate in jungle environment 
Conduct riverine operations 
Execute a river crossing 
Operate in desert environment 
Operate in mountainous terrain 
Operate in cold weather 


OuoRWNE 


REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 

3. MCWP 3-15.3 Scout Sniping 

4. SH 21-76 Ranger Handbook 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17413 Field Training Area 

Facility Code 17420 Maneuver/Training Area, Heavy Forces 
Facility Code 17962 MOUT Collective Training Facility (Small) 
Facility Code 17963 MOUT Collective Training Facility (Large) 
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MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2003: Conduct mounted land navigation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a tactical vehicle with driver, map, protractor, designated 
objectives, a SASM compliant global positioning system and accessories, while 
wearing a fighting load, 


STANDARD: by arriving at the objective within the mission timeline. 


PERFORMANCE STEPS: 

Prepare equipment for use. 

Determine current location. 

Determine desired location. 

Plan tactically sound route. 

Navigate route. 

Store a Track Log, as required. 

Download GPS track to mapping software, as required. 


NOOBRWNE 


REFERENCES: 

FM 3-25.26 Map Reading and Land Navigation 

MCWP 2-25 Ground Reconnaissance Operations 

MCWP 3-15.3 Scout Sniping 

TM 09880C-OR Operator's Guide, DAGR Operator's Pocket Guide 

TM 11-5825-291-13 Operator and Maintenance Manual For Satellite Signal 
Navigation Set AN/PSN-11 


aOoBRWNE 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 


This task can be trained to standard at the MISTC Blue Force Tracker Course 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-2004: Establish a Hide Site 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 4 months 
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3. Solve for the literal number x. 


2x — Sx _ 4x 
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4. Solve for the literal number a. 
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MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a mission, individual weapon, hide site material, and 
required equipment, while acting as a member of a reconnaissance patrol, and 
wearing a fighting load in an urban, cold weather environment, desert, 
woodland, jungle, mountainous, grassland, or vehicle position 


STANDARD: by effectively blending into the operational environment and 
remaining undetected while persisting within the operational area. 


PERFORMANCE STEPS: 

Select location based on mission requirements and number of personnel. 
Set-up security. 

Determine field(s) of observation and fire. 

Establish shooting and observation platforms. 

Camouflage the position. 

Camouflage self, weapons and equipment. 

Outline priorities of work. 


NOORWNE 


REFERENCES: 

The Complete Book of U.S. Sniping Peter R. Senich 
FMFM 1-3B Sniping 

MCRP 3-17.6A Camouflage, Concealment, and Decoys 
MCWP 3-15.3 Scout Sniping 

TC 23-14 Sniper Training and Employment 


oOBRWNE 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17413 Field Training Area 

Facility Code 17420 Maneuver/Training Area, Heavy Forces 
Facility Code 17962 MOUT Collective Training Facility (Small) 
Facility Code 17963 MOUT Collective Training Facility (Large) 


ROOMS/BUILDINGS: Classroom. 

EQUIPMENT: 

Sniper hide kit, telescoping poles, c-clamps, wall anchors, 

ghillie suits, smocks, veils, spring clamps, shoe goo, e-tool, rope saw 

MATERIAL: Adhesives, various color felts, various color screens, sand 

bags, PVC pipe and fittings, garbage bags, 550 cord, tubular nylon, 

riggers tape, tent poles, burlap, and chicken wire, netting or mesh, 

canvas, garnish (jute, burlap, etc.) sewing materials, dyes, and paints. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-GRND-2005: Prepare a fire plan sketch 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given an order, a sector of fire, and a team fighting position 
organized on the ground, 


STANDARD: by depicting each of the required items 


PERFORMANCE STEPS: 

1. Illustrate all fighting positions 

2 Illustrate any leader fighting positions 

3 Illustrate sectors of fire 

4. Illustrate principle direction of fire for the squad automatic weapons 
5. Illustrate crew-served weapon positions and their PDFs or FPLs 
6 Illustrate dead space 

7 Illustrate M203 grenade launcher targets 

8. Illustrate mines, booby traps, and obstacles 

9. Illustrate FPF locations. 

10. Illustrate terrain 

11. Annotate magnetic north 

12. Annotate unit designation 

13. Annotate time and date of preparation 


REFERENCES: FM 3-20.98 Reconnaissance and Scout Platoon 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2006: Cache Equipment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0307, 0321, 8403, 8427 
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BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, all required personnel, and equipment. 


STANDARD: by effectively blending into the operational environment and 
remaining undetected while persisting within the operational area until 
recovered. 


PERFORMANCE STEPS: 

Select a primary and an alternate site. 

Select appropriate equipment for preparing cache site. 

Select primary and alternate routes. 

Prepare equipment. 

Emplace the cache. 

Report details of cache site to higher headquarters in SITREP. 


OuRWNE 


REFERENCES: 

FM 3-05.204 Special Forces Special Reconnaissance 

FM 3-05.220 Special Forces Advanced Special Operations (S\NF) 
MCWP 2-25 Ground Reconnaissance Operations 

SH 21-76 Ranger Handbook 

TC 31-16 Special Forces Preparation of the Environment (S\NF) 


oOoBRWNE 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17730 Fire And Movement Range 
Facility Code 17961 Combat In Cities Facility 
Facility Code 17962 MOUT Collective Training Facility (Small) 
ROOMS/BUILDINGS: Classroom. 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2009: Conduct a Mounted Patrol 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 
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INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a mission, individual weapon, and required equipment, while 
acting as a member of a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, effectively blending into the operational environment, 
maintaining security, reacting appropriately to the enemy situation, and 
accomplishing the assigned mission. 


PERFORMANCE STEPS: 

Participate in planning. 
Prepare method of travel. 
Participate in inspections. 
Participate in rehearsals. 
Conduct movement. 

Execute immediate actions. 
Employ formations. 

Conduct maintenance. 
Establish laager site. 
Conduct self/assisted recovery. 


FOONDORWNE 


long 


REFERENCES: 

FM 3-25.26 Map Reading and Land Navigation 

MCWP 2-25 Ground Reconnaissance Operations 

T 09880C-OR Operator's Guide, DAGR Operator's Pocket Guide 

TM 11-5825-291-13 Operator and Maintenance Manual For Satellite Signal 
Navigation Set AN/PSN-11 


BRWNE 


SUPPORT REQUIREMENTS: 

RANGE/TRAINING AREA: 

Facility Code 17502 Non-Standard Small Arms Range 

Facility Code 17906 Wheeled Vehicle Drivers Course 

Facility Code 17962 MOUT Collective Training Facility (Small) 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2401: Lead Operations in Special Terrain 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 


INITIAL TRAINING SETTING: MOJT 
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CONDITION: Given a mission, individual weapon, and required equipment, 
wearing a fighting load, and a recon team while operating as a team leader 


STANDARD: By gaining access to the environment, persisting within the 
operational area, effectively blending into the operational environment, 
maintaining security, reacting appropriately to the enemy situation, and 
accomplishing the assigned mission. 


PERFORMANCE STEPS: 


1. Lead a team operating in jungle environment 
2. Lead a team conducting riverine operations 

3. Lead a team executing a river crossing 

4. Lead a team operating in urban terrain 

5. Lead a team operating in a desert environment 
6. Lead a team operating in mountainous terrain 
7. Lead a team operating in cold weather 
REFERENCES: 


1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 
3. MCWP 3-15.3 Scout Sniping 
4. SH 21-76 Ranger Handbook 
SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17413 Field Training Area 
Facility Code 17420 Maneuver/Training Area, Heavy Forces 
Facility Code 17962 MOUT Collective Training Facility (Small) 
Facility Code 17962 MOUT Collective Training Facility (Small) 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2402: Lead a patrol 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a recon team, required equipment, and a mission with 
commanders intent, 
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STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
Situation, and accomplishing the assigned mission. 


PERFORMANCE STEPS: 

1. Write and issue a warning order. 

2 Coordinate with adjacent units. 

3 Coordinate with front line troops. 

4. Develop and submit RFIs. 

5. Write and issue a patrol order. 

6 Conduct inspection and rehearsal. 

7 Lead exit of friendly lines. 

8. Report exit of friendly lines. 

9. Submit Level I Intelligence Reports as required. 

10. Lead actions on enemy contact. 

11. Lead actions on the objective. 

12. Request re-entry of friendly lines. 

13. Lead patrol on re-entry of friendly lines. 

14. Produce a patrol narrative. 

15. Participate in patrol intelligence debrief. 

16. Conduct team internal after-action review on the conduct of the patrol. 
17. Participate in developing Level II Intelligence Reports. 


REFERENCES: MCWP 3-11.3 Scouting and Patrolling 
SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: Frequency for applicable radio (s) 
MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. This task is intended to be used for the execution of all combat and 


recon patrol missions. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-2403: Lead a team during immediate actions upon contact with the 
enemy 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order, a recon team, assigned weapon, while 
wearing a fighting load, and operating as a team leader, 


STANDARD: by eliminating the threat and/or breaking contact 
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PERFORMANCE STEPS: 

1 Supervise and direct actions during an immediate halt 

2 Supervise and direct actions during air observation 

3 Supervise and direct actions during air attack 

4. Supervise and direct actions during a hasty ambush 

5. Supervise and direct actions during an immediate assault 

6 Supervise and direct actions during a chance contact 

7 Supervise and direct actions during a near-counter-ambush 

8 Supervise and direct actions during a far-counter-ambush 

9. Supervise and direct actions upon contact with a booby trap 
10. Supervise and direct actions while crossing a danger area 
11. Supervise and direct actions during an indirect fire attack 
12. Supervise and direct actions during contact with a sniper 
13. Supervise and direct actions during a break out from a static position 


REFERENCES: 

1. FMFM 6-4 Marine Rifle Company/Platoon 
2. MCWP 3-11.3 Scouting and Patrolling 
3. SH 21-76 Ranger Handbook 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17430 Impact Area Dudded 

Facility Code 17580 Machine Gun Transition Range 
Facility Code 17710 Multipurpose Training Range (MPTR) 
Facility Code 17730 Fire And Movement Range 


UNITS/PERSONNEL: Certified range safety and medical personnel are 
required. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
Pyrotechnics/demolitions 


G811 GRENADE, HAND PRACTICE, M-69 2/man 

G878 FUSE, HAND GRENADE PRACTICE, M-228 4/man 
G881 GRENADE, HAND, FRAG, M-67 2/man 

6930 GRENADE, HAND, SMOKE, HC, AN-M8 8/man 

6940 GRENADE, HAND, SMOKE, GREEN, M18 16/team 
6948 GRENADE, HAND, SMOKE, YELLOW, M18 16/team 
G950 GRENADE, HAND, SMOKE, RED, M18 16/team 

K143 MINE, APERS M18A1 3/team 

L307 SIGNAL, WHITE STAR CLUSTER, M159 16/team 
L310 SIGNAL, GREEN STAR PARACHUTE, M159 16/team 
L312 SIGNAL, WHITE STAR PARACHUTE, M159 16/team 
L314 SIGNAL, GREEN STAR CLUSTER, M159 16/team 
L315 SIGNAL, RED STAR CLUSTER, M159 16/team 
Weapon: M4 Series 5.56mm 

A059 CTG, 5.56MM, BALL, M855 480/wpn 

A063 CTG, 5.56MM, TRACER, M856 160/wpn 

A080 CTG, 5.56MM, BLANK 480/wpn 

Weapon: M249 5.56mm Light Machinegun - Squad Automatic Weapon 
A064 CTG, 5.56MM, 4&amp;1 LINKED, F/SAW 1600/wpn 
AQ75 CTG, 5.56MM, BLANK, LINKED 1600/wpn 

Weapon: M203 40mm Grenade Launcher 
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B546 CTG, 40MM, HE DP, M433 40/wpn 
B518 CTG, 40MM, PRACTICE, M781 40/wpn 
B508 CTG, 40MM, GREEN SMOKE GROUND 16/wpn 
B509 CTG, 40MM, YELLOW SMOKE GROUND 16/wpn 


Sustainment requires three iterations per training interval. The above 
ammunition requirement reflects those amounts required per iteration. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-GRND-2407: Supervise the operation of an Observation Post (OP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, and required equipment, while 
leading reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


PERFORMANCE STEPS: 
: Select position. 
2. Establish security plan. 
3. Establish trigger lines, engagement criteria, and target precedence for 
all weapon systems. 


4. Establish contingency plans. 

5: Establish observation plan. 

6. Supervise setup of required equipment. 

7. Supervise and enforce noise and light discipline. 

8. Ensure position is camouflaged to avoid detection from air or ground 
observations. 

9 Supervise the execution of observation as ordered. 


10. Maintain communications and report. 
11. Supervise the sterilization of the OP upon withdrawal. 


REFERENCES: 

1. MCWP 3-11.3 Scouting and Patrolling 
2. MCWP 3-15.3 Scout Sniping 

SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
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OTHER SUPPORT REQUIREMENTS: Maneuver / Training Area: If Hide is not pre- 
existing within this training area, dig permission will be required from 
Range Control. 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2408: Supervise the operation of a Hide Site 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, and required equipment, while 
leading a reconnaissance patrol, and wearing a fighting load. 


STANDARD: By gaining access to the environment, persisting within the 
operational area, maintaining security, reacting appropriately to the enemy 
situation, and accomplishing the assigned mission 


PERFORMANCE STEPS: 


1. Select location based on mission requirements and number of personnel. 
2. Establish security plan. 
3. Establish trigger lines, engagement criteria, and target precedence for 


all weapon systems. 

4 Establish contingency plans. 

5. Determine field(s) of observation and fire. 

6. Establish observation plan. 

7 Establish shooting and observation platforms. 

8. Supervise setup of required equipment. 

9. Supervise and enforce noise and light discipline. 

10. Camouflage the position. 

11. Camouflage self, weapons and equipment. 

12. Ensure position is camouflaged to avoid detection from air or ground 
observations. 

13. Supervise the conduct of observation. 

14. Maintain communications and report. 

15. Supervise the sterilization of the hide site upon withdrawal. 


REFERENCES: 

1. MCWP 3-11.3 Scouting and Patrolling 
2. MCWP 3-15.3 Scout Sniping 

SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
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Facility Code 17410 Maneuver/Training Area, Light Forces 


OTHER SUPPORT REQUIREMENTS: Maneuver / Training area If Hide is not 
pre-existing within this training area, dig permission will be required 
from Range Control. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2411: Lead a team to establish a Helicopter Landing Site 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, individual weapon, required equipment, an area 
to be prepared for the landing site, wearing a fighting load, and a recon 
team while operating as a team leader 


STANDARD: by establishing communications, and providing initial terminal 
guidance (ITG) to assault support craft prior to the arrival of the supported 
unit. 


PERFORMANCE STEPS: 

1. Select landing site. 

2. Supervise and direct security for the landing site. 

3. Supervise and direct communications as required. 

4. Supervise and inspect the marking or removal of all obstacles or debris 
on the landing site. 

5. Supervise and inspect the marking or removal of all obstacles or debris 

on the landing site. 

Establish communications with aircraft. 

Supervise and inspect the transmittal of current landing site 

conditions. 

8. Locate aircraft. 

9. Supervise and direct the guiding of aircraft into the landing site. 


NO 


REFERENCES: 

1. FM 3-21.38 Pathfinder Operations 

2. M350-5 Joint Terminal Air Controller Training & 
Standardization/Evaluation 

MCRP 2-25A Reconnaissance Reports Guide 

MCRP 3-11.1A Commander's Tactical Handbook 

MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
SH 21-76 Ranger Handbook 


Ou Ww 
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SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17925 Airfield Site Selection Training Area 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-GRND-2420: Supervise the maintenance of a patrol log 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a mission, a recon team, an operational environment, a 
patrol log, and reportable activities while operating as a team leader 


STANDARD: by recording the disposition and location of all reportable 
activities with the location and the date time group (DTG) of the 
observation. 


PERFORMANCE STEPS: 


1. Supervise and inspect the recording of the location and DTG of 
insertion. 

2. Supervise and inspect the recording of the location and DTG of all 
halts. 

3. Supervise and inspect the recording of the location and DTG of all 
patrol bases. 

4. Supervise and inspect the recording of the location and DTG of all 
observation posts. 

5. Supervise and inspect the recording of the environmental conditions and 
their effects on friendly/ enemy personnel, communications, and 
equipment. 

6. Supervise and inspect the recording of the consumption rates of 
ammunition, chow, water, batteries, and fuel. 

7. Supervise and inspect the recording of the location and DTG of all 
Significant events on the patrol. 

8. Supervise and inspect the recording of map corrections. 

9. Supervise and inspect the recording of enemy sightings and activity. 


10. Supervise and inspect the recording of the route. 

11. Supervise and inspect the recording of the location and DTG of 
extraction. 

12. Supervise the submission of patrol log(s) to higher headquarters. 


REFERENCES: 
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1. MCWP 2-25 Ground Reconnaissance Operations 
2. Unit SOP Unit's Standing Operating Procedures 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-INTL-2406: Lead a patrol debrief 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given a recon team and a mission 


STANDARD: To extract pertinent intelligence within a timeline established by 
the commander. 


PERFORMANCE STEPS: 

1 Move to designated area. 

2 Review current debriefs guidance. 

3. Review the mission. 

4. Prepare information for debrief. 

5 Prepare data for debrief. 

6 Assemble aids. 

7 Account for all equipment. 

8 Develop a mission narrative that answers intelligence requirements and 
specific tasking. 

9. Provide mission narrative to debriefer. 

10. Provide assessment of Level I intelligence reports produced during 


operation. 

11. Provide assessment of Level I intelligence reports produced during 
operation. 

REFERENCES: 

1. MCO 3800.2B Oversight of Intelligence Activities 

2. MCRP 2-25A Reconnaissance Reports Guide 

3. MCRP 3-16A Tactics, Techniques, and Procedures for the Targeting Process 

4. MCWP 2-1 Intelligence Operations 

5. MCWP 2-25 Ground Reconnaissance Operations 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-MED-2004: Control Hemorrhage 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours, preventing further injury or death 


PERFORMANCE STEPS: 


1. Expose injury by cutting or opening causalityés clothing 
2. Remove excess blood 

3. Locate source of most active bleeding 

4. Remove combat gauze from sterile package 

5. Apply direct pressure 

6. Secure gauze in place with pressure dressing 

REFERENCES: 


1. HQMC HS Current approved COTCCC guidelines 
2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 
SUPPORT REQUIREMENTS: 
ROOMS/BUILDINGS: Classroom. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2005: Manage Airway Injuries 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, iSTLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
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CONDITION: Given a mission, casualty, and equipment. 
STANDARD: for a period of 24 hours, preventing further injury or death 


PERFORMANCE STEPS: 

1. Identify level of consciousness 

2 Identify respiratory effort 

3 Assess upper airway for obstruction if indicated 

4. Consider cervical spine stabilization if situation permits. 
5 Apply Chin Lift/Jaw Thrust maneuver if indicated 

6 Insert Nasopharyngeal airway if indicated 

7 Assess respiratory effort 

8. Identify signs/symptoms of Tension Pneumothorax 

9. Apply occlusive dressing to penetrated lung as indicated 
10. Decompress affected lung if indicated 

11. Assess respiratory effort 

12. Begin Rescue Breathing if required and environment permits 
13. Place patient in recovery position 

14. Re-assess frequently 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2006: Manage Penetrating Torso Injuries 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Identify penetrating injury 

Stabilize penetrating object 

Apply occlusive dressing 

Sweep for exit wound 

Apply second occlusive dressing if required 
Assess respiratory effort 


OuRWNE 
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REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2007: Manage Penetrating Eye Injuries 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 

CONDITION: Given a mission, casualty, and equipment 

STANDARD: for a period of 24 hours preventing further injury or death 

PERFORMANCE STEPS: 

1. Identify penetrating injury 

2. Stabilize penetrating object 

3. Cover both eyes with rigid shield 

REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2008: Manage a musculoskeletal injury 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
MOS PERFORMING: 0307, 0321 


BILLETS: Radio Recon Marine, Recon Man 
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GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Identify fracture 

Select splinting materials 
Pad fracture 

Apply splint 

Secure splint 

Check for a distal pulse. 


OnRKRWNE 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2009: Manage Shock 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Assess casualty 

Identify signs/symptoms 

Elevate feet 

Maintain body temperature 

Perform intravascular access 

Perform fluid challenge if indicated 
Re-assess 


NOOBRWNE 
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1. HQMC HS Current approved COTCCC guidelines 
2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2010: Manage Burns 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Recognize burn severity 

Identify source of burn 
Eliminate source of burn 

Expose burned area 

Apply Dressing 

Treat for shock 

Obtain IV access 

Conduct fluid challenge as indicated 
Administer analgesia as required 
Assess pain level frequently 


FOANDUOARWNE 


long 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2011: Manage Hypothermia 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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MOS PERFORMING: 0307, 0321 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Assess causality 

Recognize signs/symptoms 
Identify level of hypothermia 
Warm patient appropriately 
Maintain body temperature 


OBRWNER 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2012: Manage Hyperthermia 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment. 
STANDARD: for a period of 24 hours preventing further injury or death 


PERFORMANCE STEPS: 

Assess causality 

Recognize signs/symptoms 
Identify level of hyperthermia 
Cool patient appropriately 
Obtain intravascular access 
Conduct fluid challenge 


OuRWNE 
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7. Maintain body temperature 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2015: Perform a Tactical Evacuation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, 
CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a mission, casualty, and equipment 
STANDARD: preventing further injury or death 


PERFORMANCE STEPS: 

Perform casualty assessment 

Treat casualty appropriately 
Identify the need for evacuation 
Request Evacuation 

Prepare casualty for transportation 
Transport causality as required 
Conduct causality transfer 


NOOBRWNE 


REFERENCES: 

1. HQMC HS Current approved COTCCC guidelines 

2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2016: Perform Casualty Assessment Survey 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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MOS PERFORMING: 0307, 0321 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, 2NDLT, 1STLT, CAPT, 


MAJ, LTCOL 

INITIAL TRAINING SETTING: MOJT 

CONDITION: Given a mission, casualty, and equipment 

STANDARD: preventing further injury or death for a period of 24 hours. 


PERFORMANCE STEPS: 

1 Perform casualty drag/carry 

2 Stop life threatening bleeding 

3 Airway management 

4. Communicate with casualty constantly 
5 Control hemorrhage 

6 Fluid resuscitation if indicated 

7 Stabilize additional penetrating wounds 
8 Dress all additional wounds/burns 

9. Manage shock 

10. Prevent hypothermia 

11. Administer analgesia as necessary 
12. Splint fractures 

13. CPR if tactical environment permits 
14. Document care 


REFERENCES: 
1. HQMC HS Current approved COTCCC guidelines 
2. PHTLS Pre-hospital Trauma Life Support, Military Edition, Current 
Edition 
SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: 1. Qualified Combat Life Saver Instructor. 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-MED-2401: Supervise the processing of casualties 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 


GRADES: SGT, SSGT 


8-116 Enclosure (1) 


Lesson 2 Exercise Solutions 


Reference 
1. x= 8.5 3201 
2: x=4 3201 
3. xat 3201 
4. a= -.25 3202 


3-28 


NAVMC 3500.105B 
06 Jun 2016 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a team that is conducting operations and casualties have 
occurred. 


STANDARD: by treating, evacuating, and tracking casualties in a timely 
manner with minimal interruption of operations. 


PERFORMANCE STEPS: 


1. Ensure Injured Marine applies self-aid. 

2. Ensure Marines apply buddy aid to the injured. 

3. Designate casualty collection point. 

4 Supervise the evacuation of friendly WIA and KIA and enemy WIA to 


Casualty Collection Point (CCP), while taking reasonable measures to 
safeguard casualties. 


5. Ensure weapons, serialized gear, and PPE are handled and accounted for 
in accordance with the patrol order. 

6. Ensure wounded enemy combatants are safeguarded/ escorted as required. 

7. Ensure team medic/ corpsmen conduct triage at CCP, and advise team 
leadership on evacuation priorities and numbers. 

8. Conduct coordination with higher headquarters for evacuation. 

9. Begin casualty reporting and tracking immediately after an individual 
is wounded, starting at the lowest level and terminating at higher 
headquarters. 


10. In accordance with the operations order, civilian casualties are either 
evacuated through military system, or coordination is conducted for 
treatment by civilian medical personnel/facilities. 


REFERENCES: 
1. FMFM 6-4 Marine Rifle Company/Platoon 
2. MCRP 3-02G First Aid 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


EQUIPMENT: 
1. Assault Support Aircraft 2. Suitable landing zone 
3. Tactical vehicle(s) 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
1. Evaluator will tag casualties. Marines who are tagged with 
incapacitating wounds drop where "hit." Marines tagged as incapacitated, do 
not move under their own power, but rely on others to carry them. 2. This 


task may be trained to standard in garrison. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-PLAN-2003: Develop a sustainment plan 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
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MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a patrol order and an assignment in a patrol as an 
Assistant Team Leader 


STANDARD: by conducting mission analysis to identify resources and preparing 
for contingencies. 


PERFORMANCE STEPS: 


1. Analyze the mission. 

2. Analyze the enemy disposition. 

3. Analyze key terrain features. 

4. Analyze the effects of weather. 

5. Analyze distance requirements. 

6. Provide inputs to ORP, OP, and patrol base locations based on analysis. 
7. Develop and coordinate aid and litter plan. 

8. Develop and coordinate plan for handling detainees/ EPW. 

9. Develop and coordinate resupply plan. 

10. Ensure dissemination of patrolgs developed contingency planning. 
REFERENCES: 


1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2403: Issue a warning order 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, required equipment, a recon team and an 
operations order from higher headquarters while operating as a team leader 
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STANDARD: by clearly defining the patrolés mission statement, commander¢s 
intent and guidance, and other information that will aid subordinate elements 
in their planning within 45 minutes of receiving an operations order froma 
higher unit. 


PERFORMANCE STEPS: 

1. Conduct METT-TSL analysis. 

2. Determine task organization. 

3. Establish time line. 

4. Write the situation paragraph as a brief statement of the enemy and 
friendly situation. 

5. Write the mission. 

6. Write coordinating instructions. 

7. Write special instructions to subordinate leaders, sub-elements, and key 
individuals. 

8. Issue warning order. 


REFERENCES: 

FM 3-05 Army Special Operations Forces 
MCRP 3-11.1A Commander's Tactical Handbook 
MCRP 3-11.2A Marine Troop Leader's Guide 
MCWP 2-25 Ground Reconnaissance Operations 
SH 21-76 Ranger Handbook 


OoBRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2404: Lead team Preparations for Combat 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given a mission and required equipment 

STANDARD: by ensuring the unit is prepared to accomplish the mission 
PERFORMANCE STEPS: 

Give the warning order. 

Supervise and direct preparations in accordance with warning order. 
Supervise and direct the preparation for specific elements/billets. 
Supervise and direct the planning process. 

Lead rehearsals. 

Give the order. 


Lead inspections. 
Supervise and direct the test firing of assigned weapons. 


ONOORWNE 
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REFERENCES: MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2405: Evaluate a route plan 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a recon team, and a route plan developed by the 
Pointman while operating as a team leader 


STANDARD: by ensuring the maximum use of terrain and vegetation to avoid 
detection. 


PERFORMANCE STEPS: 

1 Analyze the mission. 

2 Analyze the enemy disposition. 

3 Analyze troops and fire support availability. 

4. Analyze key terrain features. 

BY Analyze terrain with respect to observation and fields of fire. 

6 Analyze terrain with respect to cover and concealment. 

7 Analyze terrain with respect to obstacles. 

8 Analyze the impact of civilians. 

9. Ensure that determined danger areas are relevant and accurate. 

10. Analyze terrain with respect to avenues of approach. 

11. Analyze the effects of weather. 

12. Analyze time and distance requirements. 

13. Ensure that determined logistical support requirements are relevant and 
accurate. 

14. Validate that the primary and alternate routes selected were based on a 
thorough analysis of METT-TSL. 

15. Validate the determined checkpoints will facilitate control of 
movement. 

16. Validate the determined steering marks will facilitate control of 
navigation. 

17. Verify quality assurance of final product. 

18. Conduct route coordination with adjacent and higher units. 


REFERENCES: 


1. MCWP 2-25 Ground Reconnaissance Operations 
2. SH 21-76 Ranger Handbook 
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MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2406: Evaluate a Route Overlay 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a recon team, and a route overlay developed by 
the Pointman while operating as a team leader 


STANDARD: by ensuring that the scheme of maneuver is graphically displayed 
correctly 


PERFORMANCE STEPS: 


1. Validate the register marks are placed correctly on the overlay. 

2. Validate the proper use of Operational Terms and Graphics 

3. Validate the proper use of Operational Terms and Graphics 

4 Validate the plotted mission control measures are relevant and 
accurate. 

5. Validate the plotted fire support control measures are relevant and 
accurate. 


6 Validate the plotted friendly symbols are relevant and accurate. 

7 Validate the plotted threat symbols are relevant and accurate. 

8. Validate the annotated objective is relevant and accurate. 

9. Validate the annotated marginal data is relevant and accurate. 

10. Validate the annotated legend is relevant and accurate. 

11. Validate the annotated security classification is relevant and 
accurate. 

12. Validate the annotated additional information is relevant and accurate. 

13. Verify quality assurance of final product. 

14. Submit copy to higher headquarters. 

15. Distribute copies of overlay as required. 


REFERENCES: 

1. FM 3-25.26 Map Reading and Land Navigation 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-PLAN-2407: Evaluate a communications plan 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a recon team, and a communications plan 
developed by the Radio Operator while operating as a team leader 


STANDARD: by ensuring mission analysis was conducted and an effective 
communications plan was developed that facilitates detection avoidance and 
mission accomplishment. 


PERFORMANCE STEPS: 

Analyze the mission. 

Analyze the enemy disposition. 

Analyze fire support assets 

Analyze key terrain features. 

Analyze the impact of surrounding infrastructure. 

Analyze the effects of weather. 

Analyze distance requirements. 

Validate that the determined communications equipment meets mission 

requirements. 

9. Validate that the determined logistical support requirements are 
relevant and accurate. 

10. Receive and use in planning inputs from the Radio Operator to ORP, OP, 
and patrol base locations based on their analysis. 

11. Validate the developed destruction plan. 

12. Supervise and inspect the finished Command and Signal plan per mission 
parameters. 

13. Verify quality assurance of final product. 

14. Ensure dissemination of communications plan. 

15. Supervise, direct, and inspect the conduct of internal communications 
checks and with adjacent and higher units. 

16. Coordinate with adjacent and higher units. 


ONOORWNE 


REFERENCES: 

1. MCRP 3-40.3B Radio Operators Handbook 

2. MCWP 2-25 Ground Reconnaissance Operations 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-PLAN-2408: Evaluate a sustainment plan 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a recon team, and a sustainment plan developed 
by the Scout and the Assistant Team Leader, while operating as a team leader 


STANDARD: by ensuring that mission analysis was conducted and all required 
resources were identified and contingency preparation completed. 


PERFORMANCE STEPS: 

Analyze the mission. 

Analyze the enemy disposition. 

Analyze key terrain features. 

Analyze the effects of weather. 

Analyze distance requirements. 

Receive and use in planning inputs from the Scout to ORP, OP, and 

patrol base locations based on their analysis. 

7. Validate that the determined internal aid and litter plan is relevant 
and meets mission requirements. 

8. Validate that the determined external aid and litter plan is relevant 
and meets mission requirements. 

9. Validate that the determined internal plan for handling detainees/ EPW 
is relevant and meets mission requirements. 

10. Validate that the determined external plan for handling detainees/ EPW 
is relevant and meets mission requirements. 

11. Validate that the determined internal resupply recovery and 
dissemination plan is relevant and meets mission requirements. 

12. Validate that the determined external resupply plan is relevant and 
meets mission requirements. 

13. Validate that the determined internal waste disposal and sanitation 
plan is relevant and meets mission requirements. 

14. Verify quality assurance of final product. 

15. Coordinate the aid and litter, detainee/ EPwW, and resupply plans with 
adjacent and higher units. 

16. Ensure dissemination of patrolgs developed contingency planning. 


OoRWNE 


REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 
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RECN-PLAN-2409: Evaluate a Terrain Model 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, a recon team, a route plan, and a terrain model 
constructed by the team while operating as a team leader 


STANDARD: by ensuring that the depicted manmade and natural features are 
accurate and relevant 


PERFORMANCE STEPS: 


1. Direct and supervise the selection of a suitable site. 

2. Ensure that the model is oriented to the ground. 

3. Ensure that the model is built to scale. 

4. Ensure that the grid squares are accurate and relevant. 

5. Validate the depicted key terrain is accurate and relevant. 

6. Validate the legend is accurate and relevant. 

7. Supervise and inspect that the terrain model is sterilized after use. 
REFERENCES: 


1. MCRP 3-11.2A Marine Troop Leader's Guide 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2410: Develop a Scheme of Maneuver 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a patrol order and a recon team. 
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STANDARD: By conducting mission analysis to identify resources and preparing 
for contingencies. 


PERFORMANCE STEPS: 

Verify status of men, weapons, and equipment. 

Develop plan of action utilizing newly acquired information. 
Send required reports to higher headquarters. 

Assemble personnel. 

Brief personnel using fragmentary order format (FRAG-O). 


OoBRWNE 


REFERENCES: 

1. MCWP 2-25 Ground Reconnaissance Operations 
2. MCWP 3-11.3 Scouting and Patrolling 

3. SH 21-76 Ranger Handbook 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-PLAN-2414: Issue a patrol order 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission, required equipment, and an operations order from 
higher headquarters. 


STANDARD: by following the Troop Leading Steps BAMCIS to provide effective 
instruction resulting in the coordinated execution of the mission. 


PERFORMANCE STEPS: 


1. Receive the mission order from higher unit. 
2. Analyze higher unitgs order. 
3. Determine the mission from higher headquarters' mission, commander's 


intent, and specified tasks. 

4 Analyze the enemy situation to determine the effect on the unit. 

5. Analyze the friendly situation to determine the effect on the unit. 

6. Analyze the effect of attachments and/or detachments on the unit. 

7 Analyze the higher scheme of maneuver and fire support plan. 

8. Determine availability of resources and assets. 

9. Prepare a patrol warning order. 

10. Arrange for reconnaissance. 

11. Conduct reconnaissance (physical, map, etc.). 

12. Develop courses of action based upon mission analysis, terrain, and 
resource availability. 

13. Choose a course of action. 
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14. Develop the orientation. 

15. Develop the situation. 

16. Develop a mission statement. 

17. Develop the execution. 

18. Develop tasking statements. 

19. Develop coordinating instructions. 
20. Develop administration and logistics. 
21. Develop command and signal. 

22. Develop appropriate annexes to support specialized maneuver methods. 
23. Finalize the plan. 

24. Issue the order. 


REFERENCES: 

FM 3-05 Army Special Operations Forces 
MCRP 3-11.1A Commander's Tactical Handbook 
MCRP 3-11.2A Marine Troop Leader's Guide 
MCWP 2-25 Ground Reconnaissance Operations 
SH 21-76 Ranger Handbook 


oOBRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SHAP-2001: Call for indirect fire using the shift from a known point 
method 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 
BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 


CONDITION: Given a map, compass, protractor, target, and radio with 
frequency, 


STANDARD: by achieving effective fire on target within three adjustments. 


PERFORMANCE STEPS: 


1. Determine the grid coordinates of your location. 

2. Transmit your location coded to the fire direction center. 

3. Determine target description. 

4 Determine the direction to the target from the observer's position in 
mils. 

5. Determine/estimate the distance to the target from the observer's 
position in meters. 

6. Determine the vertical interval between the observer and the, target in 
meters. 

7. Establish an observer to target factor. 
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Lesson 3. SIMULTANEOUS LINEAR EQUATIONS 


Introduction. In lessons | and 2 of this study unit, you learned the foundation for solving 
whole numeral and fractional equations. In this lesson, you will continue to build on your 
acquired knowledge. You will be working with simultaneous linear equations with multiple 
unknowns. Upon completion of this lesson, you will be able to apply your acquired skills 
and knowledge in any given situation as required. 


LEARNING OBJECTIVES 


1. Solve given simultaneous linear equations containing two unknowns using the 
elimination by addition/subtraction, substitution, and comparison methods. 


2. Solve given simultaneous linear equations containing fractions. 


3. Solve given simultaneous linear equations containing three unknowns using the 
elimination by addition/subtraction, and substitution methods. 


4. Solve given simultaneous linear equations containing three unknowns using the 
determinants matrix. 


3301. Simultaneous Linear Equations 


Often in electronics you are faced with a circuit that will meet several conditions at the same time. 
The properties of the circuit can be found by applying the required mathematical operation for a 
common solution. Therefore, you must be able to compare such conditions through simultaneous 
equations. By definition, simultaneous linear equations are a set of equations that impose 
different conditions on the same variable and have a common solution. In this lesson, you will 
learn to solve such equations using the methods that follow. A brief definition and an explanation 
of the processes are also given. 


a. Addition/subtraction method. The basic operation of adding and/or subtracting algebraic 
equations using the procedure(s) as required depending on the number of conditions in the 
equation. 


Note: In this situation, one literal from two different equations is eliminated. 


It may be necessary to multiply each equation by a number that will make the coefficients of one 
of the variables an absolute equal value. 


Note: It does not matter which variable is selected. 
In the example that follows, the variable "b" is eliminated by multiplying each formula respectively 


by the numbers 2 and 3 so that the coefficients of "b" equal 6. 
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8. Determine the method of engagement. 

9. Determine the method of fire and control. 

10. Initiate a call for fire by transmitting observer identification and 
warning order to the fire direction center. The warning order consists 
of FDC call sign, observer ID, and the target shifted from. (FDC this 
is FO, shift from AB-1001, over.) 

11. Send the second transmission. It consists of observer to target (OT) 
direction, and corrections from a know target. Direction 2850, 
(left/right , add/drop , up/down , over.) 

12. Send the third transmission. It consists of a target description, 
method of engagement, and method of fire and control to the fire 
direction center. (Dismounted infantry and APCs in the open, HE/RP mix, 
fire when ready, over.) 

13. Receive a message to observer from the fire direction center. 

14. Receive "shot, over" from the fire direction center. 

15. Transmit "shot, out" to the fire direction center. 

16. Observe the impact of the round. 

17. Spot the round for height of burst, range, and deviation from the 
target. 

18. Using the height of burst spotting, determine the height of burst (HOB) 
correction in meters. 

19. Using the range spotting, determine the range correction in meters 
using successive or hasty bracketing. 

20. Using the deviation spotting and the OT factor, determine the deviation 
correction in meters. 

21. Transmit a correction for deviation, range, and height of burst. 

22. Repeat performance steps 11 through 18 until the target is within the 
effective casualty radius/HOB of the round. 

23. Transmit a request to fire for effect to the fire direction center. 

24. Receive "rounds complete" from the fire direction center. 

25. Transmit "rounds complete, out" to the fire direction center. 

26. Transmit "rounds complete, out" to the fire direction center. 

27. Determine refinement corrections. 

28. Transmit refinement correction, record as target if required, an end of 
mission request, and battle damage assessment. 


REFERENCES: MCWP 3-16.6A Supporting Arms Observer, Spotter and Controller 
(FMFM 6-8) 


SUPPORT REQUIREMENTS: 
ORDNANCE : 


DODIC QUANTITY 
C868 Ctg, 81mm HE M821 W/ M734 MOF 4 cartridges per Marine 


RANGE/TRAINING AREA: 
Facility Code 17670 Mortar Range 


OTHER SUPPORT REQUIREMENTS: ISMT, TSFO, CAST Trainer, FOPCSIM, Sand 
table, and pneumatic mortars. 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 


This task can be trained to standard using simulation. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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RECN-SPIE-2001: Conduct an intentional water parachute insertion 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, 2NDLT, 1STLT, CAPT, NV-SN, 
NV-PO-3, NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given an aircraft, a parachute, and combat equipment, 
STANDARD: by landing within 200 meters of the low man. 


PERFORMANCE STEPS: 

1. Prepare individual equipment. 

2 Conduct wet silk training. 

3 Receive the jump brief. 

4. Receive the jump brief. 

5x Don equipment. 

6 Receive jumpmaster personnel inspections. 

7 Board aircraft. 

8. React to jump commands. 

9. Execute in-flight emergency procedures as required. 
10. Execute prescribe exit (Ramp or door). 

11. Execute post opening procedures. 

12. Execute post opening emergency procedures as required. 
13. Prepare to land. 

14. Land. 

15. Execute post landing procedures. 

16. Conduct link up procedures. 


REFERENCES: 

1. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 

2. MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 
Procedures 

3. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 

4. TM 70244A-OI USMC Freefall Ops & Techniques 


SUPPORT REQUIREMENTS: 
RANGE/TRAINING AREA: 
Facility Code 17440 Personnel/Equipment Drop Zone 


Facility Code 17911 Air Transport Mockup 
Facility Code 17912 Parachute Landing Fall Platform 
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EQUIPMENT: Required equipment includes military free fall parachute or 
low level static line parachute, supplemental oxygen (as required), 

parachutist individual equipment kit, individual fighting load (helmet, 
body armor, load carriage, weapon, and personal communications), combat 
equipment (mission essential, sustainment load), and navigational aids. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Different parachutes may be used in the execution of this task; to include 
LLSL, MMPS, and HG-380. 2. Night vision goggles should be worn by 
jumpmasters. The use of night vision goggles reduce risk and enhance visual 
situational awareness. 3. Parachutists and jumpmasters must be proficient 
in the use of all navigational aids, including magnetic compasses and global 
positioning system (GPS) devices. 4. Sustainment of this task requires the 
parachutist to exit the aircraft wearing each of the armor protective levels 
(APL): non-ballistic through ballistic. 5. This type of training is 
classified as high risk training, refer to OPNAVINST 1500.75. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


SPECIAL PERSONNEL CERTS: 1. Appropriate Jumpmaster/rigger support 2. 


Current and qualified airborne personnel 3. Appropriate range and medical 
personnel, coxswains, and safety swimmers as required. 


RECN-SPIE-2003: Perform the duties of a HRST Master 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine 


GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, 
NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a HRST mission, 
STANDARD: by ensuring the safe execution of the event. 


PERFORMANCE STEPS: 


1. Conduct operation planning. 

2. Give the HRST brief. 

3. Supervise participants in refresher training, as required. 
4. Execute inspections/rehearsals. 

5. Rig tower/aircraft. 

6. Conduct a tower brief/pilot brief. 

Ge Perform actions on tower/in aircraft. 

8. De-rig tower/aircraft. 

9. Conduct a debrief. 

10. Perform other duties (Safety Insert Officer), as required. 
REFERENCES: 
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1. MARADMIN 0415/09 Establishment of Body Armor Protective Levels 
2. MCO 3500.42A W/ ERRATUM Marine Corps Helicopter Rope Suspension Training 
Policy (HRST) and Program Administration 


3. MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17917 Rappelling Training Area 


OTHER SUPPORT REQUIREMENTS: 1. Must be a current and qualified HRST 
Master. 2. Must be appointed in writing by the Commander. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


RECN-SPIE-2004: Perform the duties of a Cast Master 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, 
NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a Helocast mission, 
STANDARD: by ensuring the safe execution of the event. 


PERFORMANCE STEPS: 

Conduct operation planning. 

Give the Helocast brief. 

Supervise participants in refresher training, as required. 
Execute inspections/ rehearsals. 

Rig Aircraft for boat operations, as required. 

Conduct a pilot brief. 

Perform actions in aircraft. 

Conduct a debrief. 

Perform other duties (Safety Insert Officer), as required. 


OANDOBRWNE 


REFERENCES: 

1. FM 3-05.212 Special Forces Waterborne Operations 
2. MCWP 2-25 Ground Reconnaissance Operations 
SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
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Facility Code 17411 Maneuver/Training Area, Amphibious Forces 


OTHER SUPPORT REQUIREMENTS: 1. Must be a current and qualified Cast 


Master. 2. Must be appointed in writing by the Commander. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 


is updated by TECOM in FY17. 


RECN-SPIE-2005: Perform the duties of a static line Jumpmaster 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
MOS PERFORMING: 0307, 0321, 8403, 8427 

BILLETS: Radio Recon Marine, Recon Man 


GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, 2NDLT, 1STLT, CAPT, MAJ, 
NV-PO-2, NV-PO-1, NV-CPO 


INITIAL TRAINING SETTING: MOJT 
CONDITION: Given a parachute mission, 
STANDARD: by ensuring the safe execution of the event. 


PERFORMANCE STEPS: 

Conduct operation planning. 

Give the jump brief. 

Supervise participants in pre-jump training. 
Execute inspections (JMPT). 

Rig Aircraft. 

Conduct a pilot brief. 

Perform actions in aircraft. 

De-rig aircraft. 

Conduct a debrief. 

Perform other duties (Drop zone safety officer, Assistant jump 
master/safety, and Malfunction officer). 


FOANDORWNE 


long 


REFERENCES: 
1. MARADMIN 0415/09 Establishment of Body Armor Protective Levels 


LTCOL, 


2. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 
3. MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 


Procedures 
4. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 
5. TM 70244A-OI USMC Freefall Ops & Techniques 


SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17440 Personnel/Equipment Drop Zone 
Facility Code 17911 Air Transport Mockup 

Facility Code 17912 Parachute Landing Fall Platform 
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OTHER SUPPORT REQUIREMENTS: 1. Parachute - Surveyed Drop Zone 2. 
Aircraft 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: NMOS 2623 will be added once the MOS Manual 
is updated by TECOM in FY17. 


SPECIAL PERSONNEL CERTS: 1. Must be a current and qualified jumpmaster. 
2. Must be appointed in writing by the Commander. 


RECN-SPIE-2401: Lead a team in a helicopter insertion 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission in a tactical environment (day and night), 
assignment as team leader, a position in an assembly area, 
operation/fragmentary order, a team with associated equipment and weapons, 
helicopter/ tilt rotor aircraft, pickup zone, and landing zone. 


STANDARD: By gaining access to the environment, maintaining security, 
reacting appropriately to the enemy situation, and accomplishing the assigned 
mission. 


PERFORMANCE STEPS: 

1. Manifest the team. 

2 Muster the team. 

3 Brief the team on their position in the aircraft. 
4. Inspect the team. 

5. Give the pilot a zone brief. 

6 Lead the team to the aircraft. 

7 Notify aircrew when ready for takeoff. 

8. Identify/confirm LZ. 

9. Remain oriented and identify checkpoints while en route. 
10. Upon landing, direct the debarkation of the team. 
11. Establish security. 

12. Account for personnel/report insert complete. 


REFERENCES: 

1. MCRP 3-11.4A Helicopter Rope Suspension Techniques (HRST) Operations 
2. MCWP 2-25 Ground Reconnaissance Operations 

3. MCWP 3-11.4 Helicopterborne Operations 


SUPPORT REQUIREMENTS: 
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RANGE/TRAINING AREA: 
Facility Code 17440 Personnel/Equipment Drop Zone 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
Fast rope, SPIE, rappel. 
NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SPIE-2402: Lead a team in a parachute insertion 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 0321 

BILLETS: Radio Recon Marine, Recon Team Leader 

GRADES: SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given an order that requires a parachute insertion, a recon team, 
mission essential equipment, and an aircraft, 


STANDARD: By gaining access to the environment, maintaining security, 
reacting appropriately to the enemy situation, and accomplishing the assigned 
mission. 


PERFORMANCE STEPS: 

1. Receive the order. 

2 Conduct mission planning. 

3 Issue warning order. 

4. Conduct coordination as required. 

5. Conduct rehearsals. 

6 Conduct inspections. 

7 Issue the order. 

8. Conduct jump brief. 

9. Move unit to embarkation point. 

10. Don equipment and conduct jumpmaster personnel inspection. 
11. Load craft. 

12. Direct actions in flight. 

13. Lead unit in exiting of aircraft. 

14. Maneuver to landing point. 

15. Direct actions on the drop zone. 

16. Report insertion to higher headquarters. 
17. Lead unit in continuing operations. 


REFERENCES: 

1. MCO 3120.11A Marine Corps Parachuting Policy and Program Administration 

2. MCWP 2-25 Ground Reconnaissance Operations 

3. MCWP 3-15.6 Military Free-Fall Parachuting Tactics, Techniques, and 
Procedures 

4. MCWP 3-15.7 Static-Line Parachuting Techniques and Training 

5. TM 70244A-OI USMC Freefall Ops & Techniques 
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SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 
Facility Code 17410 Maneuver/Training Area, Light Forces 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

1. Once authorized, night vision goggles should be worn for all low light 
MFF operations by parachutists and jumpmasters. Night vision goggles reduce 
risk and enhance visual situational awareness. 2. Parachutists and 
jumpmasters must be proficient in the use of all navigational aids, 
including magnetic compasses and global positioning system (GPS) devices. 
3. Supplement oxygen should be incorporated into training when appropriate. 
4. Sustainment of this task requires the parachutist to exit the aircraft 
wearing each of the armor protective levels (APL): non-ballistic through 
ballistic. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 


RECN-SURV-2401: Lead a team during Fixed Site Surveillance 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 0321 


BILLETS: Radio Recon Marine, Recon Team Leader 


GRADES: SGT, SSGT 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a mission in an urban or rural objective area, a recon 
team, required equipment, operating as a team leader 


STANDARD: by observing single, multiple targets, or named areas of interest 
(NAIs) to fulfill PIR's and CCIR's while maintaining appropriate/allowable 
standoff, cover and concealment. 


PERFORMANCE STEPS: 


1. Conduct planning applicable to Fixed Site Surveillance. 
2. Occupy static location. 

3. Maintain operational status during occupation. 

4. Process collected information. 

5. Determine completion of surveillance objective. 

6. Terminate surveillance operations. 

7. Conduct battlefield turn-over/ data dump to raid force, as required. 
8. Continue mission, as required. 

9. Perform post mission activity. 

REFERENCES: 

1. FM 3-05 Army Special Operations Forces 

2. FM 3-05.204 Special Forces Special Reconnaissance 

3. MCWP 2-25 Ground Reconnaissance Operations 
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SUPPORT REQUIREMENTS: 


RANGE/TRAINING AREA: 

Facility Code 17410 Maneuver/Training Area, Light Forces 
Facility Code 17961 Combat In Cities Facility 

Facility Code 17962 MOUT Collective Training Facility (Small) 


ROOMS/BUILDINGS: All or one of the following: forward operating base; 
isolation facility for mission prep. Buildings/rooms in an off base urban 
and rural population (abandoned as well as occupied/working residential, 
commercial and government properties). 


EQUIPMENT: TE weapons; TE optics; TE communication equipment; documents, 
role player/OPFOR weapons &amp; props. 


MATERIAL: Hide site construction material. 


UNITS/PERSONNEL: Corpsman; role players and/or opposing forces; Higher 
HQ; Evaluation Cadre. 


OTHER SUPPORT REQUIREMENTS: CEOI; Scenario script for role players and/or 
opposing forces; Scenario script; Communications load sets as per the 
CEOI; Off base training location offer a non-linear grid type 
infrastructure in an urban population. 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Coordination for off base training must be made with local and state law 
enforcement agencies as well as appropriate county or city manager/s. Hold 
harmless and Land User agreements must be made with private property owners 
for the use of non-government sites. 

NMOS 2623 will be added once the MOS Manual is updated by TECOM in FY17. 
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After eliminating the coefficients of "b" the problem is solved for "a." The solution is substituted 
for the variable "a" and is solved for the number that satisfies both equations for the literal "b." 
Study the example. 


Example: 
3a+3b=15 
S5a—2b=4 
(2)3a + (2)3b = (2)15 (*2) 
(3)5a —(3)2b = (3)4 (x3) 
6a + 6b = 30 
15a-—6b = 12 


If the coefficients of equal absolute value have like signs, subtract one equation from the 
other; if they have unlike signs, add the equations. In this example we will add because the 
coefficients have opposite signs. 


Example: 

6a + 6b = 30 
1S5a-—6b = 12 
2la 42 
2la=42 
2 
a= I 

wa2 


Substitute the value "2" for the variable "a" in the original equations, and solve for the 
remaining variable. 


Example: 
3a+3b=15 (original formula) 
3(2)+3b= 15 (2 substituted for variable a) 
6+3b=15 (subtract 6 from both members ) 

6-6+3b=15-6 

3b=9 (factor for b) 

Sb DF 

Be 83 

b=3 
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SIGINT T&R MANUAL 


CHAPTER 9 


MOS 2629 INDIVIDUAL EVENTS 


9000. PURPOSE. This chapter details the individual events that pertain to 
Signals Intelligence Analyst. Each individual event provides an event title, 
along with the conditions events will be performed under, and the standard to 
which the event must be performed to be successful. 


9001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2611 Cryptologic Digital Network Operator/Analyst 
2629 SIGINT Analyst 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
2000 Core Plus Skills 


9002. INDEX OF 2629 INDIVIDUAL EVENTS 


Event Code Event Page 


2000 Level Events 


2611-INTL-2001 Conduct digital network exploitation analysis 


2629-INTL-2001 Conduct basic SIGINT analysis 


2629-INTL-2002 Provide input to the collection plan 


2629-INTL-2004 Produce SIGINT reports 


2629-INTL-2005 Disseminate SIGINT to authorized consumers 


9-3 
9-3 
9-5 
2629-INTL-2003 Conduct advanced SIGINT analysis 9-6 
9-7 
9-8 
9-9 


2629-INTL-2006 Manipulate intelligence databases 
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9003. 2629 INDIVIDUAL EVENTS 


2611-INTL-2001: Conduct digital network exploitation analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

MOS PERFORMING: 2611, 2629 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a signals environment, 
collected traffic, currently-fielded equipment, database access, and granted 


authorities 


STANDARD: To answer information requirements within a time limit established 
by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Apply legal considerations. 

3. Conduct traffic analysis. 

4. Create a network topology. 

5. Conduct network analysis. 

6. Identify potential target vulnerabilities. 

7. Disseminate as required. 

REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 
2. JP 3-12 Cyberspace Operations 

3. MCIP 3-40.02 Marine Corps Cyberspace Operations 
4. MCO 3100.4 Cyberspace Operations 

5. MCWP 2-22 Signals Intelligence 

6. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

7. USSID DA 3657 

8. USSID DA3655 Computer Network Exploitation 

9. USSID SG5000 USSID SG5000 


2629-INTL-2001: Conduct basic SIGINT analysis 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

DESCRIPTION: The SIGINT Analyst will evaluate all SIGINT sources of 
collected information including digital and analog, other reporting, and 
intelligence products in order to answer information requirements. Domains 
pertaining to this event include air, land, maritime, space, and cyberspace. 


MOS PERFORMING: 2629 


BILLETS: Signals Analyst, Team Leader 
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GRADES: CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 


currently-fielded equipment 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Apply legal considerations. 

3. Access database(s) as required. 

4. Review collected data/reporting. 

5. Identify relevant information. 

6. Conduct traffic analysis. 

7. Conduct network analysis. 

8. Conduct nodal analysis. 

9. Correlate collected SIGINT with collateral data. 

REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. FM 34-1 Intelligence and Electronic Warfare Operations 

3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

4. JP 3-60 Joint Targeting 

Di MCRP 3-16A Tactics, Techniques, and Procedures for the Targeting 


Process 
6. MCWP 3-40.5 Electronic Warfare 
7. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 
8. TRAF-2101 Basic Communications Analysis 
9. USSID CR1400 (SMGT-2002, 2005, 2006) 
10. USSID CR1500 (SMGT-2002, 2005, 2006) 
11. USSID DA3655 Computer Network Exploitation 
12. USSID DA3857 USSID DA3857 
13. USSID SG5000 USSID SG5000 
14. USSID SP0009 USSID SP0Q009 
15. USSID SP0018 USSID SP0018 
16. USSIDS United States Signals Intelligence Directives 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Additional requirements include, but are not limited to: 
MARC screening checklist 

Final adjudicated clearance with current CI Poly 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 
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2629-INTL-2002: Provide input to the collection plan 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The SIGINT Analyst will assist the collection management effort 
to satisfy intelligence requirements. Domains pertaining to this event 
include air, land, maritime, space, and cyberspace. 


MOS PERFORMING: 2629 
GRADES: CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 
currently-fielded equipment 


STANDARD: To refine collection efforts necessary to satisfy information 
requirements within a time limit established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Review information requirements. 
Apply legal considerations. 

Assess current collection activities. 
Identify collection gaps. 

Recommend adjustments as required. 


OnRWNE 


REFERENCES: 

JP 2-01 Joint and National Intelligence Support to Military Operations 
Local SOP Local Standard Operating Procedures 

MCWP 2-1 Intelligence Operations 

MCWP 2-2 MAGTF Intelligence Collection 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 

NIPF National Intelligence Priorities Framework (NIPF) 

No Pub ID Technical Control and Analysis Center Description Document 


ONOUIRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

CID that satisfies this requirement is: 

Marine Analysis and Reporting Course; F074141. 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 
RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 
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SPECIAL PERSONNEL CERTS: See current Screening Checklist. Final 
adjudicated clearance with current Poly that will not expire during class. 
NSANet (database) Access. 


2629-INTL-2003: Conduct advanced SIGINT analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Journeyman SIGINT Analyst will evaluate all SIGINT sources 
of collected information including digital and analog, other reporting, and 
intelligence products in order to answer information requirements. Domains 

pertaining to this event include air, land, maritime, space, and cyberspace. 


MOS PERFORMING: 2629 

BILLETS: Operations Chief, Senior Analyst, Watch Chief 
GRADES: SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 
currently-fielded equipment 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Access database(s) as required. 

Apply critical thinking structured analysis. 

Conduct social network analysis. 

Conduct security, governance, and economic analysis. 
Conduct trend analysis. 


NOORWNE 


REFERENCES: 

1. EO 12333 U.S. Intelligence Activities (As Amended) 

2. FM 34-1 Intelligence and Electronic Warfare Operations 

3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

JP 3-60 Joint Targeting 

MCRP 3-16A Tactics, Techniques, and Procedures for the Targeting 
Process 

6. MCWP 3-40.5 Electronic Warfare 

te NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

8. TRAF-2101 Basic Communications Analysis 

9. USSID CR1400 (SMGT-2002, 2005, 2006) 

10. USSID CR1500 (SMGT-2002, 2005, 2006) 

11. USSID DA3655 Computer Network Exploitation 

12. USSID DA3857 USSID DA3857 

13. USSID SG5000 USSID SG5000 

14. USSID SP0009 USSID SP0Q009 
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15. USSID SPQ018 USSID SP0018 
16. USSIDS United States Signals Intelligence Directives 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This requirement is not covered in MARC; CID F074141. However, this T&R 
event is covered by CTC requirements/ADET required solutions listed in 
references. 

ANSK2101- Critical Thinking and Structured Analysis 

CRSK1001- Analysis and Production BootCamp 

DEPL2000- Geospatial Analysis for Deployers 

GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 


SPECIAL PERSONNEL CERTS: Final Adjudicated Clearance; current CI Poly. 


2629-INTL-2004: Produce SIGINT reports 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The SIGINT Analyst will produce SIGINT reports to satisfy 
information requirements ensuring reporting time limits are met as required. 
Domains pertaining to this event include air, land, maritime, space, and 
cyberspace. 


MOS PERFORMING: 2629 

BILLETS: Signals Analyst 

GRADES: CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 
currently-fielded equipment 


STANDARD: To satisfy information requirements in accordance with governing 
USSIDs, within a time limit established by directives. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Compile analyzed information. 

Determine reporting mechanism. 

Draft time sensitive SIGINT reports, as required.. 
Draft technical reports, as required. 

Draft serialized reports, as required. 

Submit for review, as required. 


ONOUIRWNE 


9-7 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 
REFERENCES: 
1. Local SOP Local Standard Operating Procedures 
2. USSID CR1400 (SMGT-2002, 2005, 2006) 
3. USSID CR1500 (SMGT-2002, 2005, 2006) 
4. USSID CR1501 (SMGT-2002) 
5. USSID SPQ009 USSID SP0009 
6. USSID SP0018 USSID SP0018 
7. USSIDS United States Signals Intelligence Directives 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This requirement is covered in MARC; CID F074141. 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 


SPECIAL PERSONNEL CERTS: Final adjudicated clearance; current CI poly. 


2629-INTL-2005: Disseminate SIGINT to authorized consumers 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The SIGINT Analyst will disseminate SIGINT utilizing 
appropriate, available, and authorized distribution media and reporting 
mechanisms to authorized consumers ensuring reporting time limits are met as 
required. Domains pertaining to this event include air, land, maritime, 
space, and cyberspace. 


MOS PERFORMING: 2629 

BILLETS: Signals Analyst, Watch Chief 

GRADES: CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 


currently-fielded equipment 


STANDARD: To satisfy information requirements within a time limit 
established by directives. 


PERFORMANCE STEPS: 

1. Review mission tasking. 

2. Apply legal considerations. 

3. Submit SIGINT product for review. 
4. Determine dissemination medium. 
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5. Coordinate with releasing authorities, as required. 
6. Sanitize products, as authorized. 
7. Release product. 


REFERENCES: 

1. MCWP 2-1 Intelligence Operations 

2. MCWP 2-3 MAGTF Intelligence Production and Analysis 

3. SECNAVINST 5510.34_ Disclosure of Classified Military Information and 
Controlled Unclassified Information to Foreign Governments, 
International Organizations, and Foreign Representatives 


4. USSID CR1400 (SMGT-2002, 2005, 2006) 

5. USSID CR1500 (SMGT-2002, 2005, 2006) 

6. USSID CR1501 (SMGT-2002) 

7. USSIDS United States Signals Intelligence Directives 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This requirement is covered in MARC; CID F074141. 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 


SPECIAL PERSONNEL CERTS: Final adjudicated clearance; current CI poly. 


2629-INTL-2006: Manipulate intelligence databases 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

DESCRIPTION: The individual will utilize and/or maintain all applicable 
intelligence databases. Additionally, the individual will archive, retrieve, 
and compile appropriate data. Domains pertaining to this event include air, 
land, maritime, space, and cyberspace. 

MOS PERFORMING: 2611, 2629 

BILLETS: Signals Analyst, Team Leader 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a mission and authorities, 
intelligence information, database access with necessary certifications, and 


a currently-fielded equipment 


STANDARD: To satisfy information requirements within a time limit 
established by the commander. 
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PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Access applicable database(s). 
Compile applicable data. 
Maintain organic databases. 
Populate databases. 


OuoRWNE 


REFERENCES: 

1. DoDI 3305.09 DoD Cryptologic Training 

2. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

3. No Pub ID Technical Control and Analysis Center Description Document 

4. NSA/CSS Policy 1-23 Procedures Governing NSA/CSS Activities That Affect 
U.S. Persons 

5. SID Management Directive 421 SID Management Directive 421 

6. USSID CR1i610 USSID CR1610 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This requirement is covered in MARC; CID F074141. 
ANSK2101- Critical Thinking and Structured Analysis 
CRSK1001- Analysis and Production BootCamp 
DEPL2000- Geospatial Analysis for Deployers 
GISA2021- Spatial Thinking for Analysts 

RSCH1000- Intro to Research 

TRAF2105- Basic Traffic Analysis 

RPTG3225- Reporting Bootcamp 

RPTG4398- Report Releasers Course 


SPECIAL PERSONNEL CERTS: Final adjudicated clearance; current CI poly. 
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Check the solution by substituting the variables in the original equations with (a = 2) and 


(b = 3). 
Example: 
3a+ 3b=15 Sa—2b=4 
3(2) +3(3) =15 5(2) -2(3) =4 
15=15 4=4 


The following challenge reinforces your knowledge. Substitute your solutions for the literal to 


make sure your solutions for each item are correct before checking your solutions against those 
given. 


(Solve the linear equations using the addition/subtraction method) 


(a) 


(b) 
20+ 1b=31 Sy — ie 
6a— 3) =21 4x—Ty=-2 
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SIGINT T&R MANUAL 


CHAPTER 10 


MOS 2631 INDIVIDUAL EVENTS 


10000. PURPOSE. This chapter details the individual events that pertain to 
Electronic Intelligence Intercept Operator/Analyst. Each individual event 
provides an event title, along with the conditions events will be performed 
under, and the standard to which the event must be performed to be 
successful. 


10001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 

2600 Basic SIGINT/Ground EW Operator 

2631 Electronic Intelligence Intercept Operator/Analyst 
CYBS Cyberspace Security 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 
TECH Technician 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 


10002. INDEX OF 2631 INDIVIDUAL EVENTS 


Event Code Event Page 
1000 Level Events 
2600-INTL-1001 Conduct basic computer operations 10-3 
2600-INTL-1002 Conduct communications in support of intelligence | 10-4 
operations 
2600-INTL-1003 Employ antennas 10-4 
2600-INTL-1004 Process reportable information 10-5 
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2600-INTL-1005 Handle cryptographic material 10-6 
2600 -INTL-1006 Apply security procedures 10-7 
2600-INTL-1007 Provide near real-time indications and warnings 10-8 
(I&w) 
2600-INTL-1008 Conduct electronic attack 10-8 
2600-INTL-1009 Conduct electronic warfare support 10-9 
2600-INTL-1010 Collect signals in the electromagnetic spectrum 10-10 
2631-INTL-1001 Conduct network analysis 10-11 
2631-INTL-1002 Analyze Common Integrated Broadcast data 10-12 
2631-INTL-1003 Maintain the parametric electronic order of 10-12 
battle (PEOB) 
CYBS-TECH-1001 Perform information assurance technician (IAT) 10-13 
level I duties 
2000 Level Events 
2600-INTL-2001 Construct a field expedient antenna (FEA) 10-15 
2600-INTL-2002 Conduct power usage assessment 10-15 
2600-INTL-2003 Conduct computer network exploitation (CNE) 10-16 
2600-INTL-2004 Conduct precise geolocation 10-17 
2600-INTL-2005 Conduct intelligence briefings 10-18 
2600 -INTL-2006 Prepare an emergency action plan (EAP) 10-18 
2600-INTL-2007 Perform operator-level maintenance services on 10-19 
SIGINT/EW equipment 
2631-INTL-2001 Conduct intermediate ELINT analysis 10-20 
2631-INTL-2002 Conduct post-mission SIGINT/EW analysis 10-20 


10003. 2631 INDIVIDUAL EVENTS 


26 


00-INTL-1001: 


EVALUATION-CODED: 


DESCRIPTION: 


Conduct basic computer operations 


NO SUSTAINMENT INTERVAL: 12 months 


must be able to perform. 


MOS PERFORMING: 


GRADES: 
INITIAL TRAINING SETTING: 


CONDITION: 


PVT, PFC, 


2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


FORMAL 


This is a collective of basic computer tasks that an individual 


With the aid of references, given network access, currently- 


fielded equipment, and a mission order to facilitate the conduct of 
intelligence operations 


STANDARD: 


established information assurance requirements. 


PERFORMANCE STEPS: 


OuoRWNE 


Utilize computer components. 

Utilize computer peripherals. 

Utilize computer software. 

Utilize productivity applications. 

Identify network fundamentals. 

Distinguish classified and unclassified networks. 


10-3 


To properly set up and operate a computer on a network, within 
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REFERENCES: MCDP 2 Intelligence 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Cyber M0000 and/or Cyber Intel 


2600-INTL-1002: Conduct communications in support of intelligence operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The individual will be able to establish secure voice and data 
communications with currently-fielded equipment to support an intelligence 
mission. 


MOS PERFORMING: 0202, 0203, 0204, 0206, 0207, 0210, 0211, 0212, 0231, 0233, 
2621, 2631, 2651, 2671, 2673, 2674, 2676, 8621 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, currently-fielded communications 
equipment, Communications/Electronics Operating Instructions (CEOT), 
cryptographic material and equipment, and ancillary equipment 


STANDARD: To maintain secure communications within a time limit established 
by a commander. 


PERFORMANCE STEPS: 

1. Apply RF theory. 

2. Inventory communication components. 

3. Set up communication equipment and ancillary components, as required. 
4. Establish secure communications. 


REFERENCES: 

1. CJCSM 6231.04B Manual for Employing Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

4. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


5. MCO 5239.2 Marine Corps Information Assurance Program (MCIAP) (C4) 
6. MCRP 3-40.3B Radio Operators Handbook 


2600-INTL-1003: Employ antennas 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


10-4 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


DESCRIPTION: The individual will be able to employ both field expedient 
antennas (FEA) and manufactured antennas for the conduct of Intelligence- 
related missions. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given an antenna, and a transceiver 


STANDARD: To transmit or receive a signal, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

1. Identify antenna characteristics based on antenna theory. 

2. Identify operational constraints associated with FEAs and manufactured 
antennas. 

3. Identify environmental constraints associated with FEAs and manufactured 
antennas. 


4. Determine appropriate antennas to utilize based upon characteristics and 
capabilities of antenna. 


5. Connect antenna. 

6. Transmit, as required. 

7. Receive, as required. 

8. Adjust employment to improve communications, as required. 

REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 


Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

MCRP 3-40.3C Field Antenna Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 


NOOR W 


MISCELLANEOUS : 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1004: Process reportable information 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will review raw or evaluated/minimized 


information and compare it to information requirements (IR) to recognize 
reportable information. 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given IRs, and raw traffic 

STANDARD: To satisfy IRs in the time allotted by the commander. 


PERFORMANCE STEPS: 
1. Review IRs. 


2. Evaluate traffic. 

3. Minimize traffic. 

4. Identify EEIs. 

5. Correlate EEI(s) to existing IR(s). 
6. Notify appropriate entities. 


REFERENCES: 

MCWP 2-1 Intelligence Operations 
MCWP 2-22 Signals Intelligence 
USSID CR1231 

USSID CR1283 

USSID CR1284 USSID CR1284 
USSID CR1400 SIGINT Reporting 
USSID CR1500 

USSID CR1501 

: USSID CR1601 USSID CR1601 

©. USSID CR1610 USSID CR1610 

1. USSID CR1611 USSID CR1611 


FPROOANDARWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1005: Handle cryptographic material 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: The individual will be able to store, use, and destroy 
cryptographic material, in accordance with regulations governing the handling 
of cryptographic material. Cryptographic material must be destroyed if the 
material is compromised, expired, superseded, and/or on order. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, the authorized 
keying material and communications security (COMSEC) equipment 
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STANDARD: To protect against inadvertent loss, destruction, improper 
storage, or compromise. 


PERFORMANCE STEPS: 
1. Utilize two person integrity (TPI). 


Ensure proper documentation. 

Issue cryptographic material. 

Account for cryptographic material. 

Store cryptographic material. 

Load cryptographic material. 

Transfer cryptographic material. 

Receive cryptographic material. 

Transport cryptographic material as required. 
0. Destroy cryptographic material as required. 


FOOAONDUOKRWND 


REFERENCES: EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 
& 3 


2600-INTL-1006: Apply security procedures 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual will ensure that all classified material and 
classified information is properly safeguarded and its distribution is 
limited to authorized personnel and communications channels. Classified and 
sensitive information and material must be properly marked, stored, and 
protected. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given classified material, and 
information 


STANDARD: To prevent security violations and compromises. 


PERFORMANCE STEPS: 

Mark all material with proper classification, as directed. 
Store classified material. 

Account for all classified material, as required. 

Courier classified material, as required. 

Transmit classified material according to references, as required. 
Utilize classified material. 

Sanitize work spaces, as required. 

Apply OPSEC measures. 

; Apply INFOSEC measures. 

©. Apply COMPUSEC measures. 

1. Destroy classified material, as required. 


FPROANDABRWNE 


REFERENCES: 


10-7 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

EKMS1A Electronic Keying Material System 

ICD 705 Sensitive Compartmented Information Facilities 

ICD 705 Technical Specifications Version 1.2 

ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

6. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

Local SOP Local Standard Operating Procedures 

8. SECNAVINST 5510.30_ Information and Personnel Security Program 


N“N 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1007: Provide near real-time indications and warnings (Ié&W) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual provides near real-time I&w from signals of 
interest. The individual recognizes and reports immediate threats to friendly 
forces. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given commander's critical information requirements (CCIR), 
without the aid of references, given lexical aids/software resources, and 
Signals of interest and SIGINT/EW equipment 

STANDARD: Within 10 minutes upon recognition. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Review CCIRs. 

3. Apply legal considerations. 

4. Identify Essential Elements of Information. 

5. Disseminate Indications and Warnings, as required. 
REFERENCES: 


1. Executive Order 12333 United States Intelligence Activities 


2. MCWP 2-1 Intelligence Operations 
3. MCWP 2-22 Signals Intelligence 
4. USSID CR1500 

5. USSID CR1501 

6. USSID SP0018 USSID SP0018 

7. USSID SP0101 USSID SP0101 
MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1008: Conduct electronic attack 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Individual will conduct electronic attack against selected 
targets. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given authorities, mission tasking, 
currently-fielded equipment, and threat signal 


STANDARD: In order to deny, degrade, or disrupt target signals, within a 
time limit established by the commander, and in accordance with the 
references. 


PERFORMANCE STEPS: 

Review mission tasking. 

Select equipment. 

Operate electronic attack equipment. 
Evaluate effectiveness. 

Report effectiveness. 


oOBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

4. JP 3-13.1 Electronic Warfare 

5. JP 3-60 Joint Targeting 

6. MCRP 3-16.1A Tactics, Techniques and Procedures for Field Artillery 
Target Acquisition 

7. MCRP 3-16B The Joint Targeting Process and Procedures for Targeting 
Time-Critical Targets 

8. MCRP 3-40.3B Radio Operators Handbook 

9. MCWP 3-40.5 Electronic Warfare 


2600-INTL-1009: Conduct electronic warfare support 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will be able to conduct electronic warfare 


support to identify and locate threat emitters, and provide Indications and 
Warning (I&W) to the Marine Air Ground Task Force (MAGTF). 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, granted authorities, mission tasking, 
currently-fielded SIGINT/EW equipment, and a target environment 


STANDARD: In order to provide I&w to the commander within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Isolate signals of interest. 
Identify threat emitter. 

Locate threat emitter. 

Identify threat information. 
Disseminate threat information. 


OnBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 


Ou Ww 


2600-INTL-1010: Collect signals in the electromagnetic spectrum 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The Communications Signals Collector will characterize the 
spectrum, identify signals of interest, and associate various signal 
characteristics to successfully exploit communication emitters. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, and a target environment 


STANDARD: To identify signals of interest for further exploitation, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

1. Review mission tasking. 

2. Apply legal considerations. 
3. Select equipment. 
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Execute spectrum survey. 
Determine center frequency. 
Determine bandwidth. 
Determine modulation. 
Determine transmission modes. 
Record signal of interest. 


OANDUOA 


REFERENCES: 

1. EA-100 Basic SIGINT Technology 

2. EA-269 Signals Search and Analysis Training Course 

3. EO 12333 U.S. Intelligence Activities (As Amended) 

4 ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


o1 


6. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

7. No Pub ID NSGT Series Radio Wave Modulation and Signal Multiplexing 

8. No Pub ID RASIN Manual 

9. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

10. USSID DA3655 Computer Network Exploitation 

11. USSID DA3857 USSID DA3857 

12. USSID SG5000 USSID SG5000 


2631-INTL-1001: Conduct network analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The ELINT Analyst will analyze target metadata to satisfy 
intelligence requirements. 


MOS PERFORMING: 2631 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given mission tasking, access to databases, references, and a 
currently-fielded analysis and reporting system 


STANDARD: To determine the structure and organization of targeted systems, 
within a time limit established by the commander 


PERFORMANCE STEPS: 

Review mission tasking. 

Query database(s). 

Process national/ theater level data. 
Perform metadata analysis. 

Identify network infrastructure(s). 
Identify critical nodes. 

Assist in the development SIGINT products. 


NOOBRWNE 


REFERENCES: 
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If your answer to the challenge is the same as what follows, you are correct and may continue. If 
your answer is incorrect, review paragraph 3301 on solving simultaneous linear equations using 


the addition/subtraction method before continuing. 


(Solution to linear equations using the addition/subtraction method) 


(a) 
2a+7b=31 
6a—3b=21 

(3)2a + (3)7b = (3)31 
6a—3b=21 
6a+21b =93 
—6a+ 3b =-21 

24b =72 
24b _ 72 
24 24 
b=3 
2a+7(3)=31 
2a+21=31 
2a+21-21=31-21 
2a = 10 
2a _ 10 
DD. 
a=5 
(a=5,b=3) 


(b) 
3x+2y = 13 
4x—Ty =—2 


(4)3x+ (4)2y = (4)13 
(3)4x —(3)7y = (3) -2 


12x+ 8y =52 
—12x+2ly=6 
29y = 58 
APY SDB. 
29 ~~ 29 
y=2 
3x + 2(2) = 13 
3x+4=13 
3x+4-4=13-4 
3x=9 
3x _ 9 
3° <3 
x=3 


b. — Substitution method. The substitution method is an alternate algebraic method of solving 
simultaneous linear equations. The reasoning behind using this method 1s that the equations must 
be true at the same time. To use this method you do the following: 


(1) Use one of the equations and solve for one of the variables in terms of the other 


variable. 


(2) Take the results you derived from the first equation and substitute its value for the 


variable in the other equation. 


(3) Make equivalent equations and combine as indicated. 
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AFTTP 3-1 Air Force Tactics Techniques and Procedures 

MCWP 2-1 Intelligence Operations 

MCWP 2-3 MAGTF Intelligence Production and Analysis 

MCWP 3-40.5 Electronic Warfare 

SECNAVINST 5510.34_ Disclosure of Classified Military Information and 
Controlled Unclassified Information to Foreign Governments, 
International Organizations, and Foreign Representatives 


aOoBRWNE 


2631-INTL-1002: Analyze Common Integrated Broadcast data 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The ELINT Analyst will evaluate Common Integrated Broadcast 
information in order to answer information requirements. 


MOS PERFORMING: 2631 

BILLETS: ELINT Analyst 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given mission tasking, Information Requirements, currently- 
fielded analysis and reporting system, references, and a Common Integrated 


Broadcast receiver 


STANDARD: To provide a report on activity within a time limit established by 
the commander. 


PERFORMANCE STEPS: 


a Review mission tasking. 

2. Set up Common Integrated Broadcast receiver. 

3. Apply filters. 

4. Conduct data query. 

Di. Identify arbitrary ELINT notation (AEN) data, as required. 
6. Identify parametric ELINT notations (PEN) data, as required. 
his Display information. 

8. Correlate data with known emitters. 

9. Correlate emitters with known sites. 

10. Submit requests for information, as required. 

11. Report information. 

REFERENCES: 

1. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 
2. IBUG IBUG 

3. Local SOP Local Standard Operating Procedures 

4. TCAC Operators Guide TCAC Operators Guide 


10-12 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


2631-INTL-1003: Maintain the parametric electronic order of battle (PEOB) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The ELINT Analyst will create, update, and maintain EOB to 
include current parametric data. 


MOS PERFORMING: 2631 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given a currently-fielded SIGINT/EW 
system, a specific AOI, access to national/theater level databases, and 
publications 

STANDARD: To ensure information derived from national, theater, and organic 
data, is related to unit specific mission, within a time line established by 


the commander, in accordance with the references. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Utilize database for emitter location. 

3. Compile ELINT reporting. 

4. Analyze ELINT data from reporting. 

5. Create PEOB based on national, theater, and organic data. 
6. Update PEOB based on national, theater, and organic data. 
7. Submit anomalies for follow-on analysis. 

REFERENCES: 


1. MCDP 1-0 Marine Corps Operations, Sep 2001 
2. MCRP 2-3A Intelligence Preparation of the Battlefield/Battlespace 
3. MCWP 2-1 Intelligence Operations 


CYBS-TECH-1001: Perform information assurance technician (IAT) level I 
duties 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: Per DoD 8570.01, Information Assurance Technician Level I 
personnel make the CE less vulnerable by correcting flaws and implementing 
IAT controls in the hardware or software installed within their operational 
systems. The CE is defined as local area network(s) server host and its 
operating system, peripherals and applications. 

MOS PERFORMING: 2600, 2651 

BILLETS: Information Assurance Technician (IAT) level I 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided a computing environment, and IA directives. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, and 
information infrastructures. 


PERFORMANCE STEPS: 


1. Recognize a potential security violation, take appropriate action to 
report the incident as required by regulation, and mitigate any adverse 
impact. 

2. Apply instructions and pre-established guidelines to perform IA tasks 
within CE. 

Ss Provide end user IA support for all CE operating systems, peripherals, 
and applications. 

4, Support, monitor, test, and troubleshoot hardware and software IA 
problems pertaining to their CE. 

5. Apply CE specific IA program requirements to identify areas of 
weakness. 

6. Apply appropriate CE access controls. 

7. Install and operate the IT systems in a test configuration manner that 
does not alter the program code or compromise security safeguards. 

8. Conduct tests of IA safeguards in accordance with established test 
plans and procedures. 

9. Implement and monitor IA safeguards for CE system(s) in accordance with 
implementation plans and standard operating procedures. 

10. Apply established IA security procedures and safeguards and comply with 
responsibilities of assignment. 

11. Comply with system termination procedures and incident reporting 
requirements related to potential CE security incidents or actual 
breaches. 

12. Implement online warnings to inform users of access rules for CE 
systems. 

13. Implement applicable patches including IA vulnerability alerts (IAVA), 
IA vulnerability bulletins (IAVB), and technical advisories (TA) for 
the CE operating system(s). 

14. Understand and implement technical vulnerability corrections. 

15. Enter assets in a vulnerability management system. 

16. Apply system security laws and regulations relevant to the CE being 
supported. 

17. Implement DoD and DoD Component password policy. 

18. Implement specific IA security countermeasures. 

19. Obtain and maintain IA certification appropriate to position. 

REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
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Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAT billet. 

This is a 1000 level event for the 2651 PMOS as "FORMAL". 

This is a 2000 level event for all other 26XX PMOSs as "MOJT". 


SPECIAL PERSONNEL CERTS: 
One of the following: 
1. Computing Technology Industry Association (CompTIA) A+ Certification. 
2. Computing Technology Industry Association (CompTIA) Network+ 
Certification. 
3. International Information Systems Security Certifications Consortium 
(ISC)2 System Security Certified Practitioner (SSCP). 
4. Appropriate operating systems cert (CHECK 8570) 


2600-INTL-2001: Construct a field expedient antenna (FEA) 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: SIGINT operators will be able to construct field expedient 
antennas. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 


INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, antenna 
equipment, and currently-fielded communications equipment and/or collection 
equipment. 


STANDARD: To satisfy transmit and/or receive requirements, in the time 
allotted by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Identify antenna characteristics based on antenna theory. 

3. Identify operational constraints. 

4. Identify environmental constraints. 

5. Determine the appropriate FEA. 

6. Construct antenna. 

REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 

3. Local SOP Local Standard Operating Procedures 

4. MCRP 3-40.3B Radio Operators Handbook 

5. NAVEDTRA 10250 Principles of Radio Wave Transmission 

6. NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 


Transmission Lines and Antennas 
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2600-INTL-2002: Conduct power usage assessment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of reference, given mission tasking, and working in 
a fixed or mobile site 


STANDARD: To determine utility requirements to ensure continuity of 
operations. 


PERFORMANCE STEPS: 

Differentiate between ohms/volts/amps. 

Calculate usage in amps. 

Establish power usage threshold (high/low). 

Employ uninterruptable power supply (UPS) resources. 
Establish disaster recovery plan. 

Calculate heat output in British thermal units (BTU). 
Determine grounding requirements. 

Produce power usage schematic. 


ONOORWNE 


REFERENCES: 

1. MCRP 3-17.7K Theater of Operations Electrical Systems 

2. TB 385-4 Safety Requirements for Maintenance of Electrical and 
Electronic Equipment 

3. TM 2000-15/4 Power System Reference Manual 

4. TM 9406-15 Grounding Procedures for Electromagnetic Interference Control 
and Safety 

5. USSID 1 SIGINT Operating Policy 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2003: Conduct computer network exploitation (CNE) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: CNE Operator 

GRADES: LCPL, CPL, SGT, SSGT, GYSGT, MSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given authorities, with the aid of references, appropriate 
certifications, given mission tasking, currently-fielded equipment, a target 
environment, and a spectrum survey 


STANDARD: To exploit a signal of interest within time limits and constraints 
established by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Apply legal considerations. 

3. Apply technical considerations. 

4. Identify operational constraints. 

5. Identify environmental constraints. 

6. Deconflict operations. 

7. Employ equipment. 

8. Conduct post-mission analysis. 

9. Disseminate mission results. 

REFERENCES: 

1. DCID 7/3 Information Operations and Intelligence Community related 
Activities 

2. Document 5a. NSCID No. 6 Signals Intelligence 

3% DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 
(CNA) 

4. DODI S-5240.mm Counterintelligence In Cyberspace 

5. EO 12333 U.S. Intelligence Activities (As Amended) 

6. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

7. JP 2-02 National Intelligence Support to Joint Operations 

8. JP 3-12 Cyberspace Operations 

9. JP 3-13 Information Operations 

10. MCDP 2 Intelligence 

11. MCWP 2-1 Intelligence Operations 

12. MCWP 2-22 Signals Intelligence 

13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 

18. USSID SG5000 USSID SG5000 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2004: Conduct precise geolocation 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 


BILLETS: PGL Operator 
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CONDITION: With the aid of reference, given mission tasking, authorities, 
currently-fielded equipment, a target environment, and a spectrum survey 


STANDARD: To locate a signal of interest within time limits and 


constraints/restraints established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify collaborative platforms. 
Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 


FOOAONDORWNE 


long 


REFERENCES: 


1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 


Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 


Satellites and Fiber 
4. MCRP 3-40.3B Radio Operators Handbook 
5. USSID DA3857 USSID DA3857 


SUPPORT REQUIREMENTS: 


OTHER SUPPORT REQUIREMENTS: CONOPS, active SIGINT request, 


MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: PGL certification. 


2600-INTL-2005: Conduct intelligence briefings 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


RTT. 


DESCRIPTION: Individual must gather information to brief an audience. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


INITIAL TRAINING SETTING: MOJT 
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CONDITION: With the aid of references, given mission tasking, and briefing 
materials 


STANDARD: To convey the information within a time limit established by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 
Gather information resources. 
Analyze data. 

Prepare brief. 

Deliver brief. 

Field questions. 


OnRWNE 


REFERENCES: MCWP 2-22 Signals Intelligence 


2600-INTL-2006: Prepare an emergency action plan (EAP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Each accredited SCIF or secure area must establish an Emergency 
Action Plan (EAP) to be approved by the G-2/S-2 or SSO as appropriate. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
BILLETS: Assistant Team Leader, SSO, SSR, Team Leader 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid references, a secure working environment, and 
appropriate material 


STANDARD: To establish an EAP in accordance with the references. 


PERFORMANCE STEPS: 

1. Identify critical items. 

2. Create sequence of events. 

3. Submit to proper authorities for approval. 


REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

2. ICD 705 Sensitive Compartmented Information Facilities 

3. ICD 705 Technical Specifications Version 1.2 

4. ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

5. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

6. SECNAVINST 5510.30_ Information and Personnel Security Program 
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2600-INTL-2007: Perform operator-level maintenance services on SIGINT/EW 
equipment 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


DESCRIPTION: The operator/maintainer is responsible for 1st echelon 
preventive maintenance on all equipment. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given equipment and appropriate 
maintenance equipment 


STANDARD: To maintain equipment in accordance with manufacturer 
requirements. 


PERFORMANCE STEPS: 
1. Verify 1st Echelon maintenance instructions. 


Inventory equipment. 

Inspect equipment for serviceability. 
Clean equipment IAW instructions. 
Conduct operations checks. 

Maintain records. 


oOuRWND 


7. Identify higher echelon maintenance requirements, as required. 
8. Submit to higher maintenance echelon, as required. 

REFERENCES: MCDP 2 Intelligence 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2631-INTL-2001: Conduct intermediate ELINT analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The ELINT Analyst will correlate COMINT, IMINT, IRINT, HUMINT, 
PROFORMA, RADINT, RSBN, and MASINT with ELINT. 


MOS PERFORMING: 2631 
GRADES: LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given mission tasking, database access, an integrated broadcast 
feed, references, and a currently-fielded analysis and reporting system 
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STANDARD: To correlate multiple intelligence disciplines with ELINT, within 
a time limit established by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Correlate arbitrary ELINT notation (AEN) data, as required. 

3. Correlate parametric ELINT notations (PEN) data, as required. 

4. Correlate communications external notation (CENOT) data, as required. 
5. Perform fusion analysis. 

6. Assist in the development of SIGINT products. 

REFERENCES: 


1. MCWP 2-22 Signals Intelligence 
2. USSIDS United States Signals Intelligence Directives 


2631-INTL-2002: Conduct post-mission SIGINT/EW analysis 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: The individual will process raw information collected from 
SIGINT/EW platforms to produce intelligence. This will result in parametric 
and location data for emitters. 

MOS PERFORMING: 2631 

GRADES: PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: Given mission tasking, references, collected data, and a 
currently-fielded analysis and reporting system 


STANDARD: To locate and identify emitters within a time limit established by 
the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Debrief aircrew, as required. 

3. Load mission on currently-fielded analysis and reporting system. 
4. Analyze raw data. 

5. Utilize appropriate databases to aid in emitter identification. 
6. Utilize appropriate databases to aid in emitter location. 

7. Correlate parametric data to emitter platforms. 

8. Develop graphical depiction of emitter location. 

9. Disseminate as required. 

REFERENCES: 

1. MCIP 3-40.02 Marine Corps Cyberspace Operations 

2. MCWP 2-2 MAGTF Intelligence Collection 

3. MCWP 3-40.5 Electronic Warfare 

4. TCAC Operators Guide TCAC Operators Guide 

5. USSIDS United States Signals Intelligence Directives 
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(4) Substitute this for the variable for either of the original equations and solve for the 
other variable. 


Note: Use the same formulas established in the addition/subtraction method to make it 
easier to see how the substitution method differs. Study the steps in the 
example that follows: 


Example: 


3a+3b=15 
5a-—2b=4 


Use one equation and solve for one variable, in this case "a" in terms of the variable "b." 


5Sa—-—2b=4 
5a=4+2b 
_ 442b ; 
a=-s_ (Resultant value from one equation) 
3a+3b=15 (Other original formula) 
3( +22 ) +3b =15 (Resultant value substituted in other equation) 
1216? 13h = 15 
Jee =15 (Equivalent fractions and combine like terms) 
12421b 
— =15 
2 * eh =15*5 (Factor out the denominator) 
12+21b=75 
(2-12 421b=79=—12 
21b=63 (Factor for b) 
21b _ 63 
21 = 
b=3 
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SIGINT T&R MANUAL 


CHAPTER 11 


MOS 2651 INDIVIDUAL EVENTS 


11000. PURPOSE. 

This chapter details the individual events that pertain to Special 
Intelligence Systems Administrator/Communicators. Each individual event 
provides an event title, along with the conditions events will be performed 
under, and the standard to which the event must be performed to be 
successful. 


11001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 

0602 Communications Officer 

0621 Field Radio Operator 

0627 Satellite Communications Operator 

0629 Radio Chief 

2600 Basic SIGINT/Ground EW Operator 

2651 Special Intelligence Systems Administrator/Communicator 
CYBS Cyberspace Security 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 

COMM Communication 

INTL Intelligence 

MNGR Manager 

OPS Operations 

PLAN Planning 

SCR Single Channel Radio 
TECH Technician 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 
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11002. INDEX OF 2651 INDIVIDUAL EVENTS 
Event Code Event Page 
1000 Level Events 
0602-PLAN-1005 Develop a communications plan 11-4 
0621-SCR-1001 Operate a single-channel radio 11-5 
2600-INTL-1001 Conduct basic computer operations 11-6 
2600-INTL-1002 Conduct communications in support of intelligence | 11-7 
operations 
2600-INTL-1003 Employ antennas 11-7 
2600-INTL-1004 Process reportable information 11-8 
2600-INTL-1005 Handle cryptographic material 11-9 
2600-INTL-1006 Apply security procedures 11-10 
2600-INTL-1007 Provide near real-time indications and warnings 11-11 
(I&w) 
2600 -INTL-1008 Conduct electronic attack 11-11 
2600-INTL-1009 Conduct electronic warfare support 11-12 
2600-INTL-1010 Collect signals in the electromagnetic spectrum 11-13 
2651-COMM-1001 Conduct network security 11-14 
2651-COMM-1002 Administer a database 11-15 
2651-COMM-1003 Configure routing on intelligence networks 11-15 
2651-COMM-1004 Conduct system administration 11-16 
2651-COMM-1005 Build a network 11-17 
2651-COMM-1006 Implement Technical Surveillance Counter Measures | 11-18 
(TSCM) 
2651-COMM-1007 Administer a server 11-19 
2651-COMM- 1008 Administer a network 11-20 
2651-COMM-1009 Conduct high bandwidth satellite communications 11-20 
2651-COMM-1010 Configure switching on intelligence networks 11-21 
CYBS-TECH-1001 Perform information assurance technician (IAT) 11-22 
level I duties 
2000 Level Events 
0621-SCR-2001 Operate advanced capabilities of a transmission 11-23 
system 
0621-SCR-2003 Supervise a radio site 11-24 
0627 -PLAN-2001 Conduct a site survey 11-25 
0629-OPS-2001 Manage radio operations 11-26 
0629-PLAN-2001 Plan a radio network 11-26 
2600-INTL-2001 Construct a field expedient antenna (FEA) 11-27 
2600-INTL-2002 Conduct power usage assessment 11-28 
2600 -INTL- 2003 Conduct computer network exploitation (CNE) 11-28 
2600-INTL-2004 Conduct precise geolocation 11-29 
2600-INTL-2005 Conduct intelligence briefings 11-30 
2600-INTL-2006 Prepare an emergency action plan (EAP) 11-31 
2600-INTL-2007 Perform operator-level maintenance services on 11-32 
SIGINT/EW equipment 
2651-COMM-2001 Bridge communication pathways 11-32 
2651-COMM- 2002 Manage intelligence networks 11-33 
2651-COMM- 2003 Enforce intelligence communications network 11-34 
security 
2651-COMM- 2004 Provide technical services to the Intelligence 11-35 
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2651-COMM- 2005 Conduct Digital Network Defense 11-36 

2651-COMM- 2006 Conduct a site survey for a multi-mode 11-37 
intelligence communications site 

2651-COMM-2007 Plan Intelligence Communications services 11-37 

CYBS-MNGR- 2001 Perform information assurance manager (IAM) level | 11-38 
I duties 

CYBS-MNGR- 2002 Perform information assurance manager (IAM) level | 11-40 
II duties 

CYBS-MNGR- 2003 Perform information assurance manager (IAM) level | 11-41 
III duties 

CYBS-TECH- 2002 Perform information assurance technician (IAT) 11-43 
level II duties 


11003. 2651 INDIVIDUAL EVENTS 


0602-PLAN-1005: Develop a communications plan 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Per MCWP 3-40.3 MAGTF Communications System, as the tactical 
COA is converted into the overall CONOPS and the command's OPORD is crafted, 
the communications planner translates the communication concept of support 
into the communications CONOPS and develops the communication plan. While 
the formal, deliberate manifestation of a communications plan is detailed in 
the annex K, time available, size of unit, and mission dictate the extent to 
which a plan is documented. The purpose of any order, whether delivered ina 
200-page document or verbally, is to provide clarity and promote shared 
understanding. Once the order is issued, a communications organization can 
then transition to briefing the plan and conducting rehearsals. 


MOS PERFORMING: 0206, 0602, 2651 
GRADES: SGT, SSGT, GYSGT, MSGT, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given a command's mission, approved course of action, task 
organization, table of equipment, higher headquarters Annex K, and 
communication concept of support. 


STANDARD: Within a timeline provided by the commander and satisfying the 
commander's communications system requirements. 


PERFORMANCE STEPS: 

Analyze higher headquarters annex K. 

Develop a radio network plan. 

Develop a voice and video network plan. 

Develop a data network plan. 

Develop multiplexing/IP-converged plan. 

Determine communications trunk installation/restoration priorities. 
Determine communications circuit installation/restoration priorities. 
Determine defensive cyberspace operations requirements. 

Determine communication security requirements. 

©. Determine power requirements. 


FOANDOARWNE 


11-4 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


11. Submit communications system requirements to higher headquarters. 
12. Disseminate the communications plan. 


REFERENCES: 
1. CJCSI 6510.01E Information Assurance (IA) and Computer Network Defense 
(CND) 


2 CJCSM 6231 (Series) Manual for Employing Joint Tactical Communications 

3 CJCSM 6231.04B Manual for Employing Tactical Communications 

4. DoDI 8500.2 Information Assurance (IA) Implementation 

5. Expeditionary Energy Strategy 

6 JP 2-02 National Intelligence Support to Joint Operations 

7 JP 6-0 Joint Communications System 

8 MCEB Pub 7 Frequency Resource Record System (FRRS) Standard Frequency 
Action Format 

9. MCRP 3-40.3A Multiservice Communications Procedures for Tactical Radios 
in a Joint Environment 

10. MCWP 2-22 Signals Intelligence 

11. MCWP 3-40.3 MAGTF Communications System 

12. MCWP 5-1 Marine Corps Planning Process (MCPP) 

13. MCWP 6-22 Communications and Information Systems 

14. TM 2000-15/1_ Brief Description of U.S. Marine Corps Communication- 
Electronic Equipment 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

This event is designated at "FORMAL" for MOS 2651 with ranks GySgt - MGySgt. 
This is a 1000-level event for the 0206 MOS (ranks 2ndLt - Capt) with the 
initial training setting as "FORMAL". 


0621-SCR-1001: Operate a single-channel radio 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: This event is designed to encompass all single-channel radio 
assets, manpack and vehicle-mounted. 


MOS PERFORMING: 0621, 2651 

GRADES: PVT, PFC, LCPL, CPL, SGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided planning documents, equipment, and references. 


STANDARD: Establishing secure radio communications and employing proper 
radio procedures. 


PERFORMANCE STEPS: 

Identify safety hazards and personal protective equipment (PPE). 
Install radio system. 

Configure radio. 

Install remoting device, as required. 

Configure remoting device, as required. 
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Establish a secure radio link. 

Conduct radio check. 

Pass traffic. 

F Troubleshoot radio system, as required. 
0. Restore radio system, as required. 

1. Perform PMCS, as required. 


RPE OOND 


REFERENCES: 

Applicable equipment operation manual (0M) 

FM 24-18 Tactical Single-Channel Radio Communication Techniques 

FMFRP 3-34 Field Antenna Handbook 

MCO 3500.27_ Operational Risk Management (ORM) 

MCRP 3-40.3B Radio Operators Handbook 

T 9406-15 Grounding Procedures for Electromagnetic Interference Control 
and Safety 


OnRWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This is a 1000-level event for the 2651 MOS 
(ranks Pvt - Sgt) with the initial training setting as "FORMAL". 


2600-INTL-1001: Conduct basic computer operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This is a collective of basic computer tasks that an individual 
must be able to perform. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given network access, currently- 
fielded equipment, and a mission order to facilitate the conduct of 
intelligence operations 


STANDARD: To properly set up and operate a computer on a network, within 
established information assurance requirements. 


PERFORMANCE STEPS: 

Utilize computer components. 

Utilize computer peripherals. 

Utilize computer software. 

Utilize productivity applications. 

Identify network fundamentals. 

Distinguish classified and unclassified networks. 


OnBRWNE 


REFERENCES: MCDP 2 Intelligence 


MISCELLANEOUS: 
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SPECIAL PERSONNEL CERTS: Cyber M0000 and/or Cyber Intel 


2600-INTL-1002: Conduct communications in support of intelligence operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The individual will be able to establish secure voice and data 
communications with currently-fielded equipment to support an intelligence 
mission. 


MOS PERFORMING: 0202, 0203, 0204, 0206, 0207, 0210, 0211, 0212, 0231, 0233, 
2621, 2631, 2651, 2671, 2673, 2674, 2676, 8621 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, currently-fielded communications 
equipment, Communications/Electronics Operating Instructions (CEOT), 
cryptographic material and equipment, and ancillary equipment 


STANDARD: To maintain secure communications within a time limit established 
by a commander. 


PERFORMANCE STEPS: 

1. Apply RF theory. 

2. Inventory communication components. 

3. Set up communication equipment and ancillary components, as required. 
4. Establish secure communications. 


REFERENCES: 

1. CJCSM 6231.04B Manual for Employing Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

4. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


5. MCO 5239.2 Marine Corps Information Assurance Program (MCIAP) (C4) 
6. MCRP 3-40.3B Radio Operators Handbook 


2600-INTL-1003: Employ antennas 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will be able to employ both field expedient 
antennas (FEA) and manufactured antennas for the conduct of Intelligence- 


related missions. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
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GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 
CONDITION: With the aid of references, given an antenna, and a transceiver 


STANDARD: To transmit or receive a signal, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

1. Identify antenna characteristics based on antenna theory. 

2. Identify operational constraints associated with FEAs and manufactured 
antennas. 

3. Identify environmental constraints associated with FEAs and manufactured 


antennas. 


4. Determine appropriate antennas to utilize based upon characteristics and 
capabilities of antenna. 


5. Connect antenna. 

6. Transmit, as required. 

7. Receive, as required. 

8. Adjust employment to improve communications, as required. 

REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 


Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

MCRP 3-40.3C Field Antenna Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 


NOOB W 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1004: Process reportable information 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will review raw or evaluated/minimized 
information and compare it to information requirements (IR) to recognize 
reportable information. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given IRs, and raw traffic 
STANDARD: To satisfy IRs in the time allotted by the commander. 


PERFORMANCE STEPS: 
1. Review IRs. 


2. Evaluate traffic. 

3. Minimize traffic. 

4. Identify EEIs. 

5. Correlate EEI(s) to existing IR(s). 
6. Notify appropriate entities. 


REFERENCES: 

MCWP 2-1 Intelligence Operations 
MCWP 2-22 Signals Intelligence 
USSID CR1231 

USSID CR1283 

USSID CR1284 USSID CR1284 
USSID CR1400 SIGINT Reporting 
USSID CR1500 

USSID CR1501 

; USSID CR1601 USSID CR1601 

©. USSID CR1610 USSID CR1610 

1. USSID CR1611 USSID CR1611 


FPROOAONODOARWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1005: Handle cryptographic material 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: The individual will be able to store, use, and destroy 
cryptographic material, in accordance with regulations governing the handling 
of cryptographic material. Cryptographic material must be destroyed if the 
material is compromised, expired, superseded, and/or on order. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, the authorized 
keying material and communications security (COMSEC) equipment 


STANDARD: To protect against inadvertent loss, destruction, improper 
storage, or compromise. 


PERFORMANCE STEPS: 
1. Utilize two person integrity (TPI). 


2. Ensure proper documentation. 
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Issue cryptographic material. 

Account for cryptographic material. 

Store cryptographic material. 

Load cryptographic material. 

Transfer cryptographic material. 

Receive cryptographic material. 

Transport cryptographic material as required. 
0. Destroy cryptographic material as required. 


FOANDUOAKRW 


REFERENCES: EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 
& 3 


2600-INTL-1006: Apply security procedures 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual will ensure that all classified material and 
classified information is properly safeguarded and its distribution is 
limited to authorized personnel and communications channels. Classified and 
sensitive information and material must be properly marked, stored, and 
protected. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given classified material, and 
information 


STANDARD: To prevent security violations and compromises. 


PERFORMANCE STEPS: 

Mark all material with proper classification, as directed. 
Store classified material. 

Account for all classified material, as required. 

Courier classified material, as required. 

Transmit classified material according to references, as required. 
Utilize classified material. 

Sanitize work spaces, as required. 

Apply OPSEC measures. 

: Apply INFOSEC measures. 

©. Apply COMPUSEC measures. 

1. Destroy classified material, as required. 


FPRFROONDOARWNE 


REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

EKMS1A Electronic Keying Material System 

ICD 705 Sensitive Compartmented Information Facilities 

ICD 705 Technical Specifications Version 1.2 

ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 
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Substitute the value "3" for the variable "b" in the original equations, and solve for the 
remaining variable. 


3a+3b=15 (Either original formula) 
3a+3(3) = 15 (Substitute 3 for the literal b) 
3a+9=15 
3a+9-9=15-9 
3a=6 
a = $ (Factor for a) 
a=2 


Solution: (a = 2, b =3) 


As you can see we got the same solution (a = 2, b = 3) using the substitution method as we did 
with the addition/subtraction method. 


Use the substitution method to complete the following challenge. Substitute your solution for the 
literal to ensure your solutions to each item are correct before you check your solutions against 
those given. 
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6. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

7. Local SOP Local Standard Operating Procedures 

8. SECNAVINST 5510.30_ Information and Personnel Security Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1007: Provide near real-time indications and warnings (Ié&W) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The individual provides near real-time I&w from signals of 
interest. The individual recognizes and reports immediate threats to friendly 
forces. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given commander's critical information requirements (CCIR), 
without the aid of references, given lexical aids/software resources, and 
Signals of interest and SIGINT/EW equipment 


STANDARD: Within 10 minutes upon recognition. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


Review CCIRs. 

Apply legal considerations. 

Identify Essential Elements of Information. 
Disseminate Indications and Warnings, as required. 


REFERENCES: 

Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

USSID CR1500 

USSID CR1501 

USSID SP0018 USSID SP0018 

USSID SP0101 USSID SP0101 


ia 
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MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1008: Conduct electronic attack 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
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DESCRIPTION: Individual will conduct electronic attack against selected 
targets. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given authorities, mission tasking, 
currently-fielded equipment, and threat signal 


STANDARD: In order to deny, degrade, or disrupt target signals, within a 
time limit established by the commander, and in accordance with the 
references. 


PERFORMANCE STEPS: 

Review mission tasking. 

Select equipment. 

Operate electronic attack equipment. 
Evaluate effectiveness. 

Report effectiveness. 


OBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

4. JP 3-13.1 Electronic Warfare 

5. JP 3-60 Joint Targeting 

6. MCRP 3-16.1A Tactics, Techniques and Procedures for Field Artillery 
Target Acquisition 

7. MCRP 3-16B The Joint Targeting Process and Procedures for Targeting 
Time-Critical Targets 

8. MCRP 3-40.3B Radio Operators Handbook 

9. MCWP 3-40.5 Electronic Warfare 


2600-INTL-1009: Conduct electronic warfare support 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: The individual will be able to conduct electronic warfare 
support to identify and locate threat emitters, and provide Indications and 
Warning (I&W) to the Marine Air Ground Task Force (MAGTF). 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: With the aid of references, granted authorities, mission tasking, 
currently-fielded SIGINT/EW equipment, and a target environment 


STANDARD: In order to provide I&w to the commander within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Isolate signals of interest. 
Identify threat emitter. 

Locate threat emitter. 

Identify threat information. 
Disseminate threat information. 


OnRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 


Oo Ww 


2600-INTL-1010: Collect signals in the electromagnetic spectrum 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Communications Signals Collector will characterize the 
spectrum, identify signals of interest, and associate various signal 
characteristics to successfully exploit communication emitters. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, and a target environment 


STANDARD: To identify signals of interest for further exploitation, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Select equipment. 

Execute spectrum survey. 
Determine center frequency. 
Determine bandwidth. 
Determine modulation. 
Determine transmission modes. 
Record signal of interest. 


OONDORWNE 
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REFERENCES: 

1. EA-100 Basic SIGINT Technology 

2. EA-269 Signals Search and Analysis Training Course 

3. EO 12333 U.S. Intelligence Activities (As Amended) 

4 ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


o1 


6. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

7. No Pub ID NSGT Series Radio Wave Modulation and Signal Multiplexing 

8. No Pub ID RASIN Manual 

9. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

10. USSID DA3655 Computer Network Exploitation 

11. USSID DA3857 USSID DA3857 

12. USSID SG5000 USSID SG5000 


2651-COMM-1001: Conduct network security 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Marine performs network security tasks on an intelligence 
network to conduct information assurance requirements as mandated by 
regulating higher authority. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions and access to an intelligence network 


STANDARD: To maintain network confidentiality, integrity, and availability 
within existing security policies and standards... 


PERFORMANCE STEPS: 

Configure network devices. 
Configure IPSEC. 

Configure auditing. 

Configure access lists (ACLS). 
Install security patches. 
Review security logs. 

Identify threats. 

Report threats. 

Employ countermeasures. 


OONDORWNE 


REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

2. DoDD 8140.01 Cyberspace Workforce Management 
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3. DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

4. ICD 503 Intelligence Community Information Technology Systems Security 
Risk Management, Certification and Accreditation 

5. ISBN-13: 978-1118875070 ComTIA Security+ Study Guide 

6. MC ECSD 020 Information Assurance Vulnerability Management Program 
(IAVM) 

7. NIST SP 800-92 Guide to Computer Security Log Management 

8. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: Security +, applicable network device 
operating system certifications. 


2651-COMM-1002: Administer a database 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Marine will conduct database system administration functions in 
support of intelligence operational requirements. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions, appropriate hardware and software 


STANDARD: To provide database access across an intelligence network. 


PERFORMANCE STEPS: 

Review mission tasking. 
Assess resources. 
Determine data injects. 
Select approved hardware. 
Select approved software. 
Configure schema. 

Test the database. 

Build accounts, if applicable. 
Conduct backups. 

©. Apply patches. 


FOONDUOBRWNE 


11. Conduct account maintenance. 
12. Troubleshoot, as required. 


REFERENCES: 

1. 2015-2020 Marine Corps Intelligence Surveillance Reconnaissance 
Enterprise (MCISRE) Plan 

2. DOD 5200.1, Vol 3 Protection of classified information 

3. DoDD 8140.01 Cyberspace Workforce Management 
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4. Local SOP Local Standard Operating Procedures 
5. MCO 5231.3 Marine Corps Data Strategy 
6. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Network +, applicable commercial database 
training/certification. 


2651-COMM-1003: Configure routing on intelligence networks 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Marine will conduct routing services between networks using 
appropriate protocols, ports, services, and technology. Marine will 
additionally conduct switching services within a network using appropriate 
protocols, ports, services, and technology. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
access, permissions, and equipment 


STANDARD: To establish communications between intelligence networks in the 
time required by the commander. 


PERFORMANCE STEPS: 

Assess internal infrastructure. 
Assess adjacent infrastructure. 
Configure interfaces. 

Configure protocols. 

Connect devices. 

Test connectivity. 

Perform quality of service check. 
Troubleshoot, as required. 


ONOOBRWNE 


REFERENCES: 

DoDI 8550.01 DoD Internet Services and Internet-Based Capabilities 
(September 11, 2012) 

ISBN-13: 978-1118789704 CCNA Routing and Switching Study Guide 

MC ECSD 024 Cybersecurity Workforce Improvement Program 

MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 
SCI 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 5105.21, Volume 1 (October 19, 2012) 


iad 
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2651-COMM-1004: Conduct system administration 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Marine will administer systems, peripherals, hardware and 
software for client devices in accordance with appropriate directives and 
orders. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions, appropriate hardware and software 


STANDARD: To ensure reliable data processing and communications within 
existing security policies and standards within the time allotted by the 
commander. 


PERFORMANCE STEPS: 

Maintain data integrity. 
Manage hardware. 

Manage software. 

Manage peripherals. 
Utilize OS commands. 
Troubleshoot as required. 


OnRWNE 


REFERENCES: 

1. DoDD 8140.01 Cyberspace Workforce Management 

2. DoDI 8550.01 DoD Internet Services and Internet-Based Capabilities 

(September 11, 2012) 

3. DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

4. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 

Security Manual: Administration of Information and Information Systems 

Security 

MC ECSD 024 Cybersecurity Workforce Improvement Program 

MCEN MCEN Information Security Policy 

MCIP 3-40.02 Marine Corps Cyberspace Operations 

MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 

SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 

17 June 2009 

10. The National CyberSecurity Workforce Framework (March 2013) The 
National CyberSecurity Workforce Framework (March 2013) 

11. United States Marine Corps Enterprise Cyber Security Directive 024 
Cybersecurity Workforce Improvement Program (CWIP) Version 1.0 (June 
15, 2014) 


OOND UW 


MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Network +, appropriate commercial operating 
system certification. 
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2651-COMM-1005: Build a network 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The Marine must be able to establish various networks across 
multiple domains. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions, appropriate hardware and software 


STANDARD: To provide reliable communications within existing security 
policies and standards within the time allotted by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Determine requirements. 

Assess resources. 

Implement network architecture. 

Configure hardware as applicable. 

Perform Internet Protocol (IP) addressing as applicable. 

Connect Local Area Network (LAN)/Wide Area Network (WAN) as applicable. 
Verify connectivity. 

Troubleshoot as required. 


OANDOBRWNE 


REFERENCES: 
1. DoDD 8140.01 Cyberspace Workforce Management 
. DODI 8410.03 Network Management 

3. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 

4. ICD 703 Protection of Classified National Intelligence, Including 
Sensitive Compartmented Information 

5. ISBN-13: 978-1118137543 CompTia Network+ Study Guide 

6. MCISR-E Roadmap Marine Corps Intelligence Surveillance and 
Reconnaissance Enterprise Roadmap 

7. MCWP 2-22 Signals Intelligence 

8. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


2651-COMM-1006: Implement Technical Surveillance Counter Measures (TSCM) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The Marine will apply TSCM standards to network construction to 


include but not limited to TEMPEST and associated computer security 
requirements. 
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MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given networks of multiple 
classifications and a secure environment 


STANDARD: To setup components within a secure network in accordance with 
existing regulations. 


PERFORMANCE STEPS: 

Assess environment. 
Assess resources. 
Develop strategy. 

Employ counter measures. 
Reassess environment. 


oOBRWNE 


REFERENCES: 

1. DOD Manual 5200.01 Volume 3 DOD IS Program: Protection of Classified 
Information 

2. DoD S-5240.05-M-1 Conduct of Technical Surveillance Countermeasures 

(TSCM) Vol I 

DoDD 8140.01 Cyberspace Workforce Management 

ICD 705 Sensitive Compartmented Information Facilities 

ICD 705.1 Physical Security Standards for Sensitive Compartmented 

Information Facilities 


oR Ww 


2651-COMM-1007: Administer a server 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: Marine must administer a variety of servers to support multiple 
functions and other associated tasks, to include but not limited to Mail, 
Web, Print, DNS, FTP, and File services. 

MOS PERFORMING: 2651 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions, appropriate hardware, software, and network 


STANDARD: To establish services within the time allotted by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 
2. Assess resources. 
3. Install hardware. 
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Install software. 
Configure server. 

Manage domain. 

Manage accounts. 

Maintain server. 

Manage services. 

0. Troubleshoot as required. 


FOANDUOA 


REFERENCES: 

1. DoDD 8140.01 Cyberspace Workforce Management 

2. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 


3. ISBN-13: 978-0735710870 CompTIA Server+ Study Guide 

4. MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 

5. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 

MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Network +, appropriate commercial 
certifications. 


2651-COMM-1008: Administer a network 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 2651 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
permissions, appropriate hardware, software, and network 


STANDARD: To ensure reliable data processing and communications within 
existing security policies and standards within the time allotted by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Manage network file systems. 

Ensure network data integrity. 

Administer network services as required. 
Configure network hardware as applicable. 
Configure video/voice services as required. 
Utilize remote access. 

Troubleshoot as required. 


ONOORWNE 


REFERENCES: 
1. DoDD 8140.01 Cyberspace Workforce Management 
2. DODI 8410.03 Network Management 
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(Solve the linear equations using the substitution method) 


(a) (b) 
8a+3b=41 2x+4y = 24 
a-6b=-14 7Tx—4y =-6 


If your answer to the challenge agrees with what follows, you are correct and may continue. If 
your answer is incorrect, review paragraph 3301 on using the substitution method for solving 
simultaneous linear equations before continuing. 
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3. DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 

4. ISBN-13: 978-1118137543 CompTia Network+ Study Guide 

5. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Security +, and appropriate commercial operating 
system and network device certifications. 


2651-COMM-1009: Conduct high bandwidth satellite communications 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 2651 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, satellite 
communications equipment, authorized satellite access, option file, and 
cryptographic materials 


STANDARD: To maintain communications in support of intelligence operations 
in the time allotted by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Assess resources. 

Ensure accountability of all components. 
Conduct a site survey. 

Submit support requests to external agencies as required. 
Configure satellite earth terminals. 
Establish communications. 

Perform Quality of Service assessment. 
Troubleshoot, as required. 

©. Implement operational maintenance. 


FOOAONDORWNE 


REFERENCES: 

1. CJCSI 6211.02D Defense Information Systems Network (DISN) 
Responsibilities -CJCSI 6211.02D (January 24, 2012) 

2. DISAC 310-70-1 Defense Information Systems Agency DISA Circular (DISAC) 
310-70-1* (April 21, 2012) 

3. Local SOP Local Standard Operating Procedures 

4. MARADMIN 0054/09 INMARSAT Mobile Satellite Services USMC Policy and 
Procedures (MARADMIN 0054/09-January 28, 2009) 

5. MARADMIN 398/14 Marine Corps Centralized Commercial Bandwidth Initiative 
(MC3B) Description and Procedures (MARADMIN 398/14-August 12, 2014) 

6. TM Technical Manuals 
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2651-COMM-1010: Configure switching on intelligence networks 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Marine will conduct switching services on intelligence networks 
using appropriate protocols, ports, services, and technology. 


MOS PERFORMING: 2651 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, authorization, 
access, permissions, and equipment 


STANDARD: To establish communications between devices within an intelligence 
network in the time allotted by the commander. 


PERFORMANCE STEPS: 
1. Assess internal infrastructure. 


2. Configure interfaces. 

3. Configure protocols. 

4. Connect devices. 

5. Test connectivity. 

6. Perform quality of service check. 
7. Troubleshoot, as required. 


REFERENCES: 

1. DISA STIGS DISA Security Technical Implementation Guides 

2. ISBN-13: 978-1118789704 CCNA Routing and Switching Study Guide 

3. MCO 3500.27 _ Risk Management (RM) 

4. MCO 5230.20 Marine Corps Enterprise Architecture 

5. MCO 5239.2 Marine Corps Information Assurance Program (MCIAP) (C4) 


CYBS-TECH-1001: Perform information assurance technician (IAT) level I 
duties 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: Per DoD 8570.01, Information Assurance Technician Level I 
personnel make the CE less vulnerable by correcting flaws and implementing 
IAT controls in the hardware or software installed within their operational 
systems. The CE is defined as local area network(s) server host and its 
operating system, peripherals and applications. 

MOS PERFORMING: 2600, 2651 

BILLETS: Information Assurance Technician (IAT) level I 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided a computing environment, and IA directives. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, and 
information infrastructures. 


PERFORMANCE STEPS: 


1. Recognize a potential security violation, take appropriate action to 
report the incident as required by regulation, and mitigate any adverse 
impact. 

2. Apply instructions and pre-established guidelines to perform IA tasks 
within CE. 

Ss Provide end user IA support for all CE operating systems, peripherals, 
and applications. 

4, Support, monitor, test, and troubleshoot hardware and software IA 
problems pertaining to their CE. 

5. Apply CE specific IA program requirements to identify areas of 
weakness. 

6. Apply appropriate CE access controls. 

7. Install and operate the IT systems in a test configuration manner that 
does not alter the program code or compromise security safeguards. 

8. Conduct tests of IA safeguards in accordance with established test 
plans and procedures. 

9. Implement and monitor IA safeguards for CE system(s) in accordance with 
implementation plans and standard operating procedures. 

10. Apply established IA security procedures and safeguards and comply with 
responsibilities of assignment. 

11. Comply with system termination procedures and incident reporting 
requirements related to potential CE security incidents or actual 
breaches. 

12. Implement online warnings to inform users of access rules for CE 
systems. 

13. Implement applicable patches including IA vulnerability alerts (IAVA), 
IA vulnerability bulletins (IAVB), and technical advisories (TA) for 
the CE operating system(s). 

14. Understand and implement technical vulnerability corrections. 

15. Enter assets in a vulnerability management system. 

16. Apply system security laws and regulations relevant to the CE being 
supported. 

17. Implement DoD and DoD Component password policy. 

18. Implement specific IA security countermeasures. 

19. Obtain and maintain IA certification appropriate to position. 

REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
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Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAT billet. 

This is a 1000 level event for the 2651 PMOS as "FORMAL". 

This is a 2000 level event for all other 26XX PMOSs as "MOJT". 


SPECIAL PERSONNEL CERTS: 
One of the following: 
1. Computing Technology Industry Association (CompTIA) A+ Certification. 
2. Computing Technology Industry Association (CompTIA) Network+ 
Certification. 
3. International Information Systems Security Certifications Consortium 
(ISC)2 System Security Certified Practitioner (SSCP). 
4. Appropriate operating systems cert (CHECK 8570) 


0621-SCR-2001: Operate advanced capabilities of a transmission system 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

MOS PERFORMING: 0621, 2651 

GRADES: CPL, SGT, SSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided planning documents, equipment, and references. 


STANDARD: Establishing secure radio communications and employing proper 
radio procedures. 


PERFORMANCE STEPS: 

Identify safety hazards and personal protective equipment (PPE). 
Install radio system. 

Configure radio for advanced operation. 

Conduct radio check. 

Troubleshoot radio system, as required. 

Restore radio system, as required. 


OuRWNER 


REFERENCES: MCO 3500.27_ Operational Risk Management (ORM) 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This is a 2000-level event for the 2651 MOS 
(ranks Cpl - SSgt) with the initial training setting as "FORMAL". 


0621-SCR-2003: Supervise a radio site 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


MOS PERFORMING: 0621, 2651 
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GRADES: CPL, SGT, SSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided planning documents, equipment, personnel, and 
references. 


STANDARD: Supporting tactical radio requirements in accordance with the 
communication plan. 


PERFORMANCE STEPS: 

Identify mission requirements. 

Identify equipment requirements. 

Identify safety hazards and personal protective equipment (PPE). 
Supervise installation of equipment. 

Supervise operation of equipment. 


oOoBRWNE 


REFERENCES: 

Expeditionary Energy Strategy 

FM 24-18 Tactical Single-Channel Radio Communication Techniques 
FMFRP 3-34 Field Antenna Handbook 

MCO 3500.27_ Operational Risk Management (ORM) 

MCRP 3-40.3B Radio Operator's Handbook 

Unit SOP Unit's Standing Operating Procedures 


i 


oOuRWND 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 
Field expedient antenna usage is included in radio site supervision. 
This is a 2000-level event for the 2651 MOS (ranks Cpl - SSgt) with the 
initial training setting as "FORMAL". 


0627-PLAN-2001: Conduct a site survey 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
MOS PERFORMING: 0627, 2651 

GRADES: CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: Provided planning documents, equipment, personnel, and 
references. 


STANDARD: In accordance with the unit's requirements and commander's intent. 


PERFORMANCE STEPS: 

Identify mission requirements. 

Determine location of satellite communication terminal. 
Identify clear-sky obstructions to selected satellite. 
Identify force protection limitations. 

Identify power requirements. 

Draw a layout of the site. 


OuoRWNE 
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7. Brief team members on the execution of the plan. 


REFERENCES: 

Annex K Operations Order Annex K Command and Control 
MCO 3500.27 Operational Risk Management 

MCO 3500.27_ Operational Risk Management (ORM) 

MCWP 2-22 Signals Intelligence 

MCWP 6-22 Communications and Information Systems 
Unit SOP Unit's Standing Operating Procedures 


OnRWNE 


SUPPORT REQUIREMENTS: 


EQUIPMENT: Compass 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This is a 2000-level event for the 2651 MOS 
(ranks Sgt - MSgt) with the initial training setting as "FORMAL". 


0629-OPS-2001: Manage radio operations 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

MOS PERFORMING: 0629, 2651 

GRADES: SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided planning documents and references. 

STANDARD: Supporting the radio requirements of the communications plan. 


PERFORMANCE STEPS: 

Supervise the employment of personnel. 

Supervise the employment of COMSEC. 

Supervise the employment of transmission systems. 
Supervise radio systems logistical re-supply. 
Manage information security (INFOSEC) procedures. 
Implement quality control procedures. 

Coordinate troubleshooting procedures. 

Coordinate corrective action. 

Submit changes for approval. 


OANDOTBRWNHE 


REFERENCES: 

1. CJCSM 6231 (Series) Manual for Employing Joint Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. Expeditionary Energy Strategy 

4. MCRP 3-40-3_ Multi-Service Communications Procedures and Tactical Radio 
Procedures in Joint Environment 

5. MCWP 3-40.3 MAGTF Communications System 


MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: This is a 2000-level event for the 2651 MOS 
(ranks GySgt - MGySgt) with the initial training setting as "FORMAL". 


0629-PLAN-2001: Plan a radio network 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

MOS PERFORMING: 0629, 2651 

GRADES: SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided planning documents, planning tools, and references. 
STANDARD: Supporting the commander's radio requirements. 


PERFORMANCE STEPS: 

Identify requirements. 

Identify communication node locations. 

Analyze plan. 

Identify shortfalls. 

Develop radio guard chart, as required. 

Ensure crew assignment worksheets/cutsheets are created. 
Submit frequency request, as required. 

Submit SAR/GAR, as required. 

Submit radio plan. 


OANDORWNE 


REFERENCES: 

1. Expeditionary Energy Strategy 

2. FM 24-18 Tactical Single-Channel Radio Communication Techniques 

3. MCRP 3-40-3_ Multi-Service Communications Procedures and Tactical Radio 
Procedures in Joint Environment 

4. MCWP 3-1 Ground Combat Operations 

5. MCWP 3-40.3 MAGTF Communications System 


MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: 
Field expedient antenna usage is included in radio site planning. 


This is a 2000-level event for the 2651 MOS (ranks GySgt - MGySgt) with the 
initial training setting as "FORMAL". 


2600-INTL-2001: Construct a field expedient antenna (FEA) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: SIGINT operators will be able to construct field expedient 
antennas. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
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GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, antenna 
equipment, and currently-fielded communications equipment and/or collection 
equipment. 


STANDARD: To satisfy transmit and/or receive requirements, in the time 
allotted by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify antenna characteristics based on antenna theory. 
Identify operational constraints. 

Identify environmental constraints. 

Determine the appropriate FEA. 

Construct antenna. 


OORWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 


ou RW 


2600-INTL-2002: Conduct power usage assessment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of reference, given mission tasking, and working in 
a fixed or mobile site 


STANDARD: To determine utility requirements to ensure continuity of 
operations. 


PERFORMANCE STEPS: 

Differentiate between ohms/volts/amps. 

Calculate usage in amps. 

Establish power usage threshold (high/low). 

Employ uninterruptable power supply (UPS) resources. 
Establish disaster recovery plan. 

Calculate heat output in British thermal units (BTU). 
Determine grounding requirements. 


NOORWNE 
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8. Produce power usage schematic. 


REFERENCES: 

1. MCRP 3-17.7K Theater of Operations Electrical Systems 

2. TB 385-4 Safety Requirements for Maintenance of Electrical and 
Electronic Equipment 

3. TM 2000-15/4 Power System Reference Manual 

4. TM 9406-15 Grounding Procedures for Electromagnetic Interference Control 
and Safety 

5. USSID 1 SIGINT Operating Policy 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2003: Conduct computer network exploitation (CNE) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: CNE Operator 

GRADES: LCPL, CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: Given authorities, with the aid of references, appropriate 
certifications, given mission tasking, currently-fielded equipment, a target 
environment, and a spectrum survey 


STANDARD: To exploit a signal of interest within time limits and constraints 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 


OANDOTBRWNE 


REFERENCES: 

1. DCID 7/3 Information Operations and Intelligence Community related 
Activities 

2. Document 5a. NSCID No. 6 Signals Intelligence 

3% DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 

(CNA) 

DODI S-5240.mm Counterintelligence In Cyberspace 

EO 12333 U.S. Intelligence Activities (As Amended) 

JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 

Support to Targeting 


ous 
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7. JP 2-02 National Intelligence Support to Joint Operations 

8. JP 3-12 Cyberspace Operations 

9. JP 3-13 Information Operations 

10. MCDP 2 Intelligence 

11. MCWP 2-1 Intelligence Operations 

12. MCWP 2-22 Signals Intelligence 

13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 

18. USSID SG5000 USSID SG5000 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2004: Conduct precise geolocation 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: PGL Operator 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, authorities, 
currently-fielded equipment, a target environment, and a spectrum survey 


STANDARD: To locate a signal of interest within time limits and 
constraints/restraints established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify collaborative platforms. 
Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 


FOANDUOARWNE 


ion 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 
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(Solution to the linear equations using the substitution method) 


(a) 
8at+3b=41 
a—6b=—14 
a-6b=—14 
a=—14+6b 


8a+3b=41 
8(-14+ 6b) +3b=41 
—112+ 485+ 3b=41 
—112+51b=41 
—112+112+51b=41+112 


51b = 153 


S1b _ 153 
51 ~ 51 


a—18+18=-14+18 


Q 
Il 
4K 


(a=4,b=3) 


(b) 


2x + 4y = 24 
2x + 4y —4y = 24-4y 
2x = 24-4y 
Ix 24—-4y 
re 
24-4y 
x= 79 
7x—4y =-6 
24-4 
7 = ) —4y =-6 
168-28y 
—g. yO 
168—28y 8y 
ee nae Tan 


168-28y-8y __ 
ee —6 


168 — 36y =—12 
168 — 168 — 36y = -12 — 168 


~36y =-180 


—36y _ -180 
-36 — —36 


y=5 
2x + 4y = 24 
2x + 4(5) = 24 
2x +20 = 24 
2x + 20 — 20 = 24 — 20 


c. | Comparison method. Using this method, you solve both equations for the same variable in 
each equation in terms of the other variable. Then, you take the result that you derive from each 
equation and set the equations equal to each other. 
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3. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

4. MCRP 3-40.3B Radio Operators Handbook 

5. USSID DA3857 USSID DA3857 


SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: CONOPS, active SIGINT request, RTT. 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: PGL certification. 


2600-INTL-2005: Conduct intelligence briefings 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Individual must gather information to brief an audience. 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, and briefing 
materials 


STANDARD: To convey the information within a time limit established by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 
Gather information resources. 
Analyze data. 

Prepare brief. 

Deliver brief. 

Field questions. 


OuRWNE 


REFERENCES: MCWP 2-22 Signals Intelligence 


2600-INTL-2006: Prepare an emergency action plan (EAP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Each accredited SCIF or secure area must establish an Emergency 
Action Plan (EAP) to be approved by the G-2/S-2 or SSO as appropriate. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
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BILLETS: Assistant Team Leader, SSO, SSR, Team Leader 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid references, a secure working environment, and 
appropriate material 


STANDARD: To establish an EAP in accordance with the references. 


PERFORMANCE STEPS: 

1. Identify critical items. 

2. Create sequence of events. 

3. Submit to proper authorities for approval. 


REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

2. ICD 705 Sensitive Compartmented Information Facilities 

3. ICD 705 Technical Specifications Version 1.2 

4. ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

5. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

6. SECNAVINST 5510.30_ Information and Personnel Security Program 


2600-INTL-2007: Perform operator-level maintenance services on SIGINT/EW 
equipment 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


DESCRIPTION: The operator/maintainer is responsible for 1st echelon 
preventive maintenance on all equipment. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given equipment and appropriate 
maintenance equipment 


STANDARD: To maintain equipment in accordance with manufacturer 
requirements. 


PERFORMANCE STEPS: 
1. Verify 1st Echelon maintenance instructions. 


Inventory equipment. 

Inspect equipment for serviceability. 
Clean equipment IAW instructions. 
Conduct operations checks. 


aohWN 
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6. Maintain records. 

7. Identify higher echelon maintenance requirements, as required. 
8. Submit to higher maintenance echelon, as required. 

REFERENCES: MCDP 2 Intelligence 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2651-COMM-2001: Bridge communication pathways 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Within the function of communications planning, a 2651 must 
establish primary, secondary, and tertiary pathways to sustain the continuity 
of services. Examples include, but are not limited to, network to network 
and ship to shore communications. This also includes tactical SCI enterprise 
systems provided by the SCI Enterprise Office, and support agencies, in 
support of Marine Corps Intelligence Surveillance Reconnaissance Enterprise 
(MCISRE). 


MOS PERFORMING: 2651 
GRADES: CPL, SGT, SSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, authorization, 
permissions, currently fielded equipment, access to intelligence networks, 
and working in an amphibious, fixed, or mobile site 


STANDARD: To ensure reliability and efficiency across converged networks. 


PERFORMANCE STEPS: 
1. Determine bandwidth requirements. 


Establish primary logical/physical pathway. 

Establish Quality of Service (QoS) needs. 

Configure Video/Voice priorities. 

Establish alternate logical/physical pathways. 

Tether remote systems to core infrastructure. 

Configure connections to other agency/national intelligence networks. 
Configure connections to adjacent service components as required. 
Configure connections to coalition/partner services as required. 

0. Coordinate shipboard communications support. 


FOANDUKRWND 


REFERENCES: 

1. DoDD 8140.01 Cyberspace Workforce Management 

2. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 
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3. ICD 503 Intelligence Community Information Technology Systems Security 
Risk Management, Certification and Accreditation 

4. ICD 703 Protection of Classified National Intelligence, Including 

Sensitive Compartmented Information 

ICD 705 Sensitive Compartmented Information Facilities 

Joint DoDDIIS/Cryptologic SCI Information Systems Security Standards 

JP 3-13 Information Operations 

JP 6-0 Joint Communications System 

Local SOP Local Standard Operating Procedures 

©. MCISR-E Roadmap Marine Corps Intelligence Surveillance and 
Reconnaissance Enterprise Roadmap 

11. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


FOONODW 


2651-COMM-2002: Manage intelligence networks 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: An intelligence network manager must be able to perform all 
inclusive tasks to ensure secure and uninterrupted services. Additionally, 
the manager must ensure the networks operate within the unique security 
requirements and classification levels determined by national agencies and 
regional authorities. 


MOS PERFORMING: 2651 
GRADES: GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, authorization, 
permissions, currently fielded equipment, and access to intelligence networks 


STANDARD: To ensure reliable data processing and communications within 
existing security policies and standards within the time allotted by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Conduct data management. 

Manage network security. 

Implement security policy. 

Manage helpdesk operations. 

Design network configuration. 

Coordinate troubleshooting efforts. 

Coordinate corrective actions. 

Ensure certification/accreditation procedures are followed. 
Coordinate with external agencies/national intelligence networks. 


FOANDUORWNE 


omg 


REFERENCES: 

1. DoDD 8140.01 Cyberspace Workforce Management 

2. DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 
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DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 

ICD 503 Intelligence Community Information Technology Systems Security 
Risk Management, Certification and Accreditation 

ICD 703 Protection of Classified National Intelligence, Including 
Sensitive Compartmented Information 

ICD 705 Sensitive Compartmented Information Facilities 

Joint DoDDIIS/Cryptologic SCI Information Systems Security Standards 
Local SOP Local Standard Operating Procedures 

MCISR-E Roadmap Marine Corps Intelligence Surveillance and 
Reconnaissance Enterprise Roadmap 

SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 


2651-COMM-2003: Enforce intelligence communications network security 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The individual chief/supervisor will ensure classified 
communications and intelligence systems are in compliance with all 
appropriate security directives and policies. 


MOS PERFORMING: 2651 


GRADES: CPL, SGT, SSGT 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, and an 
intelligence communications network 


STANDARD: To ensure reliable data processing and communications within 
existing security policies, guidelines, and in the time allotted by the 
commander. 


PERFORMANCE STEPS: 


NOORWNE 


Review applicable directives. 
Manage IPSEC requirements. 
Manage configuration settings. 
Review auditing. 

Manage access lists (ACLs). 
Validate security patches. 
Report threats to higher. 


REFERENCES: 


oR Ww 


CJCSI 6211.02D Defense Information Systems Network (DISN) 
Responsibilities -CJCSI 6211.02D (January 24, 2012) 

CJCSI 6510.01F Information Assurance (IA) and support to Computer 
Network Defense 

CJCSM 6231 SERIES Manual for Employing Joint Tactical Communication 
DoDD 8140.01 Cyberspace Workforce Management 

DODIIS DJSIG DOD Intelligence Information System (DODIIS) Joint 
Security Implementation Guide (DJSIG) June 2011 
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6. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 
Security 

MCO 5239.2A Marine Corps Cybersecurity Program (MCSSP) (July 18, 2012) 
NIST 800-53 Information Security 

SECNAVINST 5239.19 DON Computer Network Incident Response and Reporting 
Requirements 


O ON 


2651-COMM-2004: Provide technical services to the Intelligence Information 
Management Plan 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Marine will support the configurations of web-enabled 
services inherent to intelligence storage, archiving, and dissemination in 
support of intelligence operations. 


MOS PERFORMING: 2651 
GRADES: CPL, SGT, SSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, an intelligence 
information management plan 


STANDARD: To support the availability of intelligence information as 
directed by the commander. 


PERFORMANCE STEPS: 

Manage web portal. 

Manage site collection resources. 

Establish site replication strategy. 

Configure data transfer strategies between different domains. 
Establish trusted agent functions. 


oOBRWNE 


REFERENCES: 

1. 2015-2020 Marine Corps Intelligence Surveillance Reconnaissance 
Enterprise (MCISRE) Plan 

2. CJCSI 3170.01 Joint Capabilities Integration and Development System 
(JCIDS) Instruction Manual 

. CJCSI 6212.01F Net Ready Key Performance Parameter 

4. DON CIO Memorandum Department of the Navy Knowledge Management Strategy, 

of 7 March 2014 

MCO 5230.20 Marine Corps Enterprise Architecture 

MCO 5230.21 Information Technology Portfolio 

MCO 5231.3 Marine Corps Data Strategy 

MCWP 3-40.2 Information Management 

MCWP 3-40.3 MAGTF Communications System 


OONOW 
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2651-COMM-2005: Conduct Digital Network Defense 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Marine will defend computer network environment from 
internal and external threats. The Marine may be required to coordinate with 
external agencies to complete this task. 


MOS PERFORMING: 2651 
GRADES: GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given an intelligence network, 
network defense tools and collected traffic 


STANDARD: To prevent adversarial effects. 


PERFORMANCE STEPS: 

Review mission tasking. 

Apply legal considerations. 
Identify network vulnerabilities. 
Identify system vulnerabilities. 
Conduct traffic analysis. 

Take appropriate actions. 

Notify appropriate authorities. 
Disseminate report. 


ONOUIBRWNE 


REFERENCES: 

1. CJCSM 6231.04B Manual for Employing Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

4. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


5. MCRP 3-40.3B Radio Operators Handbook 
6. MCWP 6-22 Communications and Information Systems 


2651-COMM-2006: Conduct a site survey for a multi-mode intelligence 
communications site 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Marine will find a location suitable for multiple SATCOM 
terminals, RF arrays, and intelligence communications network equipment. 


MOS PERFORMING: 2651 
GRADES: CPL, SGT, SSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: With the aid of reference, given mission tasking, list of 
currently fielded equipment, and personnel 


STANDARD: In order to establish a site that meets mission requirements. 


PERFORMANCE STEPS: 
1. Identify mission requirements. 


De-conflict satellite azimuth/elevation. 

De-conflict RF. 

De-conflict electromagnetic interference (EMI). 
De-conflict space requirements. 

Identify clear-sky obstructions to selected satellite. 
Identify power requirements. 

Determine environmental requirements. 

Draw a layout of the site. 

©. Brief team members on the execution of the plan. 


FOANDUKRWND 


REFERENCES: 

Annex K Operations Order Annex K Command and Control 
MCO 3500.27_ Risk Management (RM) 

MCWP 2-22 Signals Intelligence 

MCWP 6-22 Communications and Information Systems 


BRWNE 


2651-COMM-2007: Plan Intelligence Communications services 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The Marine will plan intelligence communications service 
employments. 


MOS PERFORMING: 2651 
GRADES: GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, list of 
currently fielded equipment, and personnel 


STANDARD: In order to establish a plan that meets mission requirements. 


PERFORMANCE STEPS: 

Review mission tasking. 

Allocate resources. 

Coordinate with external units/agencies. 

Coordinate communications with coalition partner(s). 
Identify unique security requirements. 

Design intelligence communications architecture. 
Design network convergence. 

Establish priority of work. 

Develop intelligence network defense plan. 

Submit communications systems requirements to higher headquarters. 
Submit support requests to external units/agencies. 


FPROOAONDORWNE 


Ho- 
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12. Develop intelligence communications plan. 
13. Publish intelligence communications plan. 


REFERENCES: 

1. CJCSM 6231 SERIES Manual for Employing Joint Tactical Communication 
2. DODM 5105.21 Sensitive Compartmented Information (SCI) Administrative 
Security Manual: Administration of Information and Information Systems 

Security 

ICD 703 Protection of Classified National Intelligence, Including 
Sensitive Compartmented Information 

JP 2-02 National Intelligence Support to Joint Operations 

JP 6-0 Joint Communications System 

MCWP 2-22 Signals Intelligence 

MCWP 3.40.3 MAGTF Communications Systems 

MCWP 6-22 Communications and Information Systems 


wo 


ONouoh 


CYBS-MNGR-2001: Perform information assurance manager (IAM) level I duties 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: Per DoD 8570.01, Information Assurance Management Level I 
personnel are responsible for the implementation and operation of a DoD IS or 
system DoD Component within their CE regardless of their occupational title. 
Incumbents ensure that IA related IS are functional and secure within the CE. 
The CE is defined as local area network(s) server host and its operating 
system, peripherals and applications. 

MOS PERFORMING: 2651 

BILLETS: Information Assurance Manager (IAM) level I 


GRADES: SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, CWO-3, CWO-4, CWO-5, 
2NDLT, 1STLT, CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided a computing environment, IA directives ,and IA trained 
personnel. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, 
and information infrastructures. 


PERFORMANCE STEPS: 


1. Adhere to HQMC C4 IA Directives. 

2. Provide system related input on IA security requirements. 

3. Ensure data retention and recovery within the CE. 

4. Coordinate with higher headquarters IAM in the development or 
modification of the computer environment IA security program plans and 
requirements. 

5. Ensure CE users meet systems authorization access requirements. 

6. Recognize security violations. 

7. Report security violations. 

8. Supervise corrective measures to IA vulnerabilities. 
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9. Supervise the adherence of system security configuration guidelines. 

10. Comply with IA security requirements in a CE. 

11. Coordinate IA inspections, tests, and reviews. 

12. Participate in the Certification and Accreditation process. 

13. Collect data for IA reporting requirements. 

14. Within six months of being assigned to an IAM Level I billet, obtain IA 
certification appropriate to position. 

15. Maintain IA Certification appropriate to position. 


REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAM billet. 

This is a 2000-level event for the 2651 MOS (ranks GySgt - MGySgt) with the 
initial training setting as "FORMAL". 


SPECIAL PERSONNEL CERTS: 
One of the following: 
1. Computing Technology Industry Association (CompTIA) Security + 
Certification 
2. Global Information Assurance Certification (GIAC) GIAC Security 
Leadership Certificate (GSLC) Certification. 
3. Information Systems Audit and Control Association (ISACA) Certified 
Information Security Manager (CISM) Certification. 
International Information Systems Security Certifications Consortium (ISC)2 


CYBS-MNGR-2002: Perform information assurance manager (IAM) level II duties 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Per DoD 8570.01, Information Assurance Management Level II 
personnel are responsible for the IA program of an IS within the NE. 
Incumbents in these positions perform a variety of security related tasks, 
including the development and implementation of system information security 
standards and procedures. They ensure that IS are functional and secure 
within the NE. The NE is defined as the constituent element of an enclave 
responsible for connecting CE by providing short haul data transport 
capabilities, such as local or campus area networks, or long haul data 
transport capabilities, such as operational, metropolitan, or wide area and 
backbone networks that provides for the application of IA controls. 


MOS PERFORMING: 2651 


BILLETS: Information Assurance Manager (IAM) level II 
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Multiply using the axioms and factor for the literal. Substitute the variable into either one of the 
original equations and solve for the other variable. The same equation used in the previous 
methods is used in this example. Study the steps. 


Note: Unlike the substitution method where you use one of the equations and solve 
for one of the variables in terms of the other variable, in the comparison method 
you use both of the equations and solve for the same variable in each equation 
in terms of the other variable. You then take the resultant value derived from 
each equation and set the equation equal to each other. Once you have done 
this, simply cross multiply and use your axioms factor for the literal. Substitute 
this variable into either one of the original equations and solve for the other 
variable. We will use the same formulas as we did before in the 
addition/subtraction and substitution methods to make it easier to see how the 
comparison method differs. Study the steps in the example that follows: 


Example: 


3a+3b=15 
5Sa-—2b=4 


Factor for the literal "a" in both equations. 


3a+3b=15 5a—-2b=4 
3a+3b—3b=15-3b 5a—2b+2b=442b 
3a = 15 —3b 5a=4+42b 
3a _ 15-3b Sa _ 442b 
15230 : Es 
ar a a="5 


Note: Since (a = a) you can take the two results from the equations and make them equal. 


15-3b _ 442b 
SAD 


3-37 


NAVMC 3500.105B 
06 Jun 2016 


GRADES: SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, CAPT, MAJ, LTCOL 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided a networking environment, IA directives and IA trained 
personnel. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of Marine Corps information, information 
systems, and information infrastructures. 


PERFORMANCE STEPS: 
1. Adhere to HQMC C4 IA Directives. 


2. Develop, implement, and enforce policies and procedures reflecting the 
legislative intent of applicable laws and regulations for the NE. 
3. Prepare, distribute, and maintain plans, instructions, guidance, and 


standard operating procedures concerning the security of network 
system(s) operations. 


4. Develop NE security requirements specific to an IT acquisition for 
inclusion in procurement documents. 

5. Recommend resource allocations required to securely operate and 
maintain an organizationgs NE IA requirements. 

6. Participate in an IS risk assessment during the C&A process. 

di Develop security requirements for hardware, software, and services 
acquisitions specific to NE IA security programs. 

8. Ensure that IA and IA enabled software, hardware, and firmware comply 
with appropriate NE security configuration guidelines, policies, and 
procedures. 

9. Assist in the gathering and preservation of evidence used in the 


prosecution of computer crimes. 

10. Ensure that NE IS recovery processes are monitored and that IA features 
and procedures are properly restored. 

11. Review IA security plans for the NE. 

12. Ensure that all IAM review items are tracked and reported. 

13. Identify alternative functional IA security strategies to address 
organizational NE security concerns. 

14. Ensure that IA inspections, tests, and reviews are coordinated for the 
NE. 

15. Review the selected security safeguards to determine that security 
concerns identified in the approved plan have been fully addressed. 

16. Evaluate the presence and adequacy of security measures proposed or 
provided in response to requirements contained in acquisition 
documents. 

17. Monitor contract performance and periodically review deliverables for 
conformance with contract requirements related to NE IA, security, and 
privacy. 

18. Provide leadership and direction to NE personnel by ensuring that IA 
security awareness, basics, literacy, and training are provided to 
operations personnel commensurate with their responsibilities. 

19. Develop and implement programs to ensure that systems, network, and 
data users are aware of, understand, and follow NE and IA policies and 
procedures. 

20. Advise the DAA of any changes affecting the NE IA posture. 

21. Conduct an NE physical security assessment and correct physical 
security weaknesses. 

22. Help prepare IA certification and accreditation documentation. 
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23. Ensure that compliance monitoring occurs, and review results of such 
monitoring across the NE. 
24. Obtain and maintain IA certification appropriate to position. 


REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


Certification is obtained from an authorized commercial vendor or the Marine 


Corps Communications Electronics School (MCCES). 
This is a 2000-level event for the 2651 MOS (ranks GySgt - MGySgt) with the 
initial training setting as "FORMAL". 


SPECIAL PERSONNEL CERTS: 

One of the following: 

1. Global Information Assurance Certification (GIAC) GIAC Security 
Leadership Certificate (GSLC) Certification. 

2. Information Systems Audit and Control Association (ISACA) Certified 
Information Security Manager (CISM) Certification. 

International Information Systems Security Certifications Consortium (ISC)2 
3. Certified Information Systems Security Professional (CISSP) (or 
Associate - this means the individual has qualified for the certification 
except for the number of years experience) Certification. 


CYBS-MNGR-2003: Perform information assurance manager (IAM) level III duties 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Per DoD 8570.01, Information Assurance Management Level III 
personnel are responsible for ensuring that all enclave IS are functional and 
secure. They determine the enclavesg long term IA systems needs and 
acquisition requirements to accomplish operational objectives. They also 
develop and implement information security standards and procedures through 
the DoD certification and accreditation process. An enclave is defined as a 
collection of CE connected by one or more internal networks under the control 
of a single authority and security policy, including personnel and physical 
security. Enclaves provide standard IA capabilities such as boundary defense, 
incident detection and response, and key management, and also deliver common 
applications such as office automation and electronic mail. Enclaves are 
analogous to general support systems, as defined in OMB A-130 (Reference 
(il)). Enclaves may be specific to an organization or a mission and the CE 
may be organized by physical proximity or by function, independent of 
location. Examples of enclaves include local area networks and the 
applications they host, backbone networks, and data processing centers. 


MOS PERFORMING: 2651 
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BILLETS: Information Assurance Manager (IAM) level III 
GRADES: GYSGT, MSGT, MGYSGT, CWO-3, CWO-4, CWO-5, CAPT, MAJ, LTCOL 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided an enclave environment, IA directives and IA trained 
personnel. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of Marine Corps information, information 
systems, and information infrastructures. 


PERFORMANCE STEPS: 


1. Securely integrate and apply Department/Agency missions, organization, 
function, policies, and procedures within the enclave. 
2. Ensure that protection and detection capabilities are acquired or 


developed using the IS security engineering approach and are consistent 
with DoD Component level IA architecture. 

3. Ensure IAT Levels I, II, and III, IAM Levels I and II, and anyone with 
privileged access performing IA functions receive the necessary initial 
and sustaining IA training and certification(s) to carry out their IA 


duties. 

4. Prepare or oversee the preparation of IA certification and 
accreditation documentation. 

5. Participate in an IS risk assessment during the C&A process. 

6. Ensure information ownership responsibilities are established for each 
DoD IS and implement a role based access scheme. 

7. Analyze, develop, approve, and issue enclave IA policies. 

8. Evaluate proposals to determine if proposed security solutions 
effectively address enclave requirements, as detailed in solicitation 
documents. 

9. Identify IT security program implications of new technologies or 


technology upgrades. 

10. Evaluate cost benefit, economic and risk analysis in decision making 
process. 

11. Interpret and/or approve security requirements relative to the 
capabilities of new information technologies. 

12. Interpret patterns of non compliance to determine their impact on 
levels of risk and/or overall effectiveness of the enclave's IA 
program. 

13. Analyze identified security strategies and select the best approach or 
practice for the enclave. 

14. Ensure that security related provisions of the system acquisition 
documents meet all identified security needs. 

15. Evaluate and approve development efforts to ensure that baseline 
security safeguards are appropriately installed. 

16. Evaluate the presence and adequacy of security measures proposed or 
provided in response to requirements contained in acquisition 
documents. 

17. Take action as needed to ensure that accepted products meet Common 
Criteria requirements as stated in Reference DoDD 8500.2 

18. Monitor and evaluate the effectiveness of the enclavegs IA security 
procedures and safeguards to ensure they provide the intended level of 
protection. 

19. Provide enclave IA guidance for development of the COOP. 

20. Ensure all IAM review items are tracked and reported. 
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21. Advise the DAA of changes affecting the enclave's IA posture. 
22. Obtain and maintain IA certification appropriate to position. 


REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DoDI 8500.2 Information Assurance (IA) Implementation 

4. DODI 8570.01-M Information Assurance Workforce Improvement Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Certification is obtained from an authorized commercial vendor or the Marine 
Corps Communications Electronics School (MCCES). 

This is a 2000-level event for the 2651 MOS (ranks GySgt - MGySgt) with the 
initial training setting as "FORMAL". 


SPECIAL PERSONNEL CERTS: 

One of the following: 

1. Global Information Assurance Certification (GIAC) GIAC Security 
Leadership Certificate (GSLC) Certification. 

2. Information Systems Audit and Control Association (ISACA) Certified 
Information Security Manager (CISM) Certification. 

International Information Systems Security Certifications Consortium (ISC)2 
3. Certified Information Systems Security Professional (CISSP) (or 
Associate - this means the individual has qualified for the certification 
except for the number of years experience) Certification. 


CYBS-TECH-2002: Perform information assurance technician (IAT) level II 
duties 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Per DoD 8570.01, Information Assurance Technician Level II 
personnel provide NE and advanced level CE support. They pay special 
attention to intrusion detection, finding and fixing unprotected 
vulnerabilities, and ensuring that remote access points are well secured. 
These positions focus on threats and vulnerabilities and improve the security 
of systems. IAT Level II personnel have mastery of the functions of the IAT 
Level I position. The NE is defined as the constituent element of an enclave 
responsible for connecting CE by providing short haul data transport 
capabilities, such as local or campus area networks, or long haul data 
transport capabilities, such as operational, metropolitan, or wide area and 
backbone networks that provides for the application of IA controls. 


MOS PERFORMING: 2651 
BILLETS: Information Assurance Technician (IAT) level II 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: Provided a Networking environment, IA directives. 


STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, and 
information infrastructures. 


PERFORMANCE STEPS: 


1. 
2. 


oie 


4. 


14. 


15. 


16. 


Demonstrate expertise in IAT Level I CE knowledge and skills. 

Examine potential security violations to determine if the NE policy has 
been breached, assess the impact, and preserve evidence. 

Support, monitor, test, and troubleshoot hardware and software IA 
problems pertaining to the NE. 

Recommend and schedule IA related repairs in the NE. 

Perform IA related customer support functions including installation, 
configuration, troubleshooting, customer assistance, and/or training, 
in response to customer requirements for the NE. 

Provide end user support for all IA related applications for the NE. 
Analyze patterns of non-compliance and take appropriate administrative 
or programmatic actions to minimize security risks and insider threats. 
Manage accounts, network rights, and access to NE systems and 
equipment. 

Analyze system performance for potential security problems. 

Assess the performance of IA security controls within the NE. 

Identify IA vulnerabilities resulting from a departure from the 
implementation plan or that were not apparent during testing. 

Provide leadership and direction to IA operations personnel. 
Configure, optimize, and test network servers, hubs, routers, and 
switches to ensure they comply with security policy, procedures, and 
technical requirements. 

Install, test, maintain, and upgrade network operating systems software 
and hardware to comply with IA requirements. 

Evaluate potential IA security risks and take appropriate corrective 
and recovery action. 

Ensure that hardware, software, data, and facility resources are 
archived, sanitized, or disposed of in a manner consistent with system 
security plans and requirements. 

Diagnose and resolve IA problems in response to reported incidents. 
Research, evaluate, and provide feedback on problematic IA trends and 
patterns in customer support requirements. 

Ensure IAT Level I personnel are properly trained and have met OJT 
program requirements. 

Perform system audits to assess security related factors within the NE. 
Develop and implement access control lists on routers, firewalls, and 
other network devices. 

Install perimeter defense systems including intrusion detection 
systems, firewalls, grid sensors, etc., and enhance rule sets to block 
sources of malicious traffic. 

Work with other privileged users to jointly solve IA problems. 

Write and maintain scripts for the NE. 

Demonstrate proficiency in applying security requirements to an 
operating system for the NE or CE used in their current position. 
Implement applicable patches including IAVAs, IAVBs, and TAs for their 
NE. 

Adhere to IS security laws and regulations to support functional 
operations for the NE. 


11-45 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 

28. Implement response actions in reaction to security incidents. 

29. Support the design and execution of exercise scenarios. 

30. Support Security Test and Evaluations (Part of Certification and 
Accreditation(C&A) Process). 

31. Obtain and maintain IA certification appropriate to position. 

REFERENCES: 

1. DODD 2006.14 Anti-Terrorism Force Protection 

2. DoDD 8140.01 Cyberspace Workforce Management 

3. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

4. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

5. DODI 8570.01-M Information Assurance Workforce Improvement Program 

6. MC ECSD 001 Computer Security Incident Handling Version 2.0 

7. MC ECSD 010 Unauthorized Disclosures and Spillages 

8. MC ECSD 020 Information Assurance Vulnerability Management Program 
(IAVM) 

9. MC EIAD 010 Unauthorized Disclosure and Electronic Spillage Handling 
Version 1.0 

10. NIST SP 800-92 Guide to Computer Security Log Management 

11. SECNAVINST 5239.3B DEPARTMENT OF THE NAVY INFORMATION ASSURANCE POLICY 
17 June 2009 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAT billet. 

This is a 1000-level event for the 2651 MOS (ranks Pvt - Sgt) with the 
initial training setting as "FORMAL". 


SPECIAL PERSONNEL CERTS: 
One of the following: 


1. Computing Technology Industry Association (CompTIA) Security + 
Certification. 

2. Security Certified Program Security Certified Network Professional 
(SCNP). 

3. International Information Systems Security Certifications Consortium 
(ISC) 2 System Security Certified Practitioner (SSCP). 

4. Global Information Assurance Certification (GIAC) GIAC Security 
Essentials Certification (GSEC). 

5. Appropriate operating systems cert 
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SIGINT T&R MANUAL 


CHAPTER 12 


MOS 2670 INDIVIDUAL EVENTS 


12000. PURPOSE. 

This chapter details the individual events that pertain to Cryptologic 
Linguists. Each individual event provides an event title, along with the 
conditions events will be performed under, and the standard to which the 
event must be performed to be successful. 


12001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 

2600 Basic SIGINT/Ground EW Operator 
2670 Cryptologic Linguist 

CYBS Cyberspace Security 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 
TECH Technician 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 


12002. INDEX OF 2670 INDIVIDUAL EVENTS 


Event Code Event Page 
1000 Level Events 
2600-INTL-1001 Conduct basic computer operations 12-3 
2600-INTL-1002 Conduct communications in support of intelligence | 12-4 
operations 
2600-INTL-1003 Employ antennas 12-4 
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2600-INTL-1004 Process reportable information 12-5 
2600-INTL-1005 Handle cryptographic material 12-6 
2600-INTL-1006 Apply security procedures 12-7 
2600-INTL-1007 Provide near real-time indications and warnings 12-8 

(T&w) 
2600 -INTL-1008 Conduct electronic attack 12-8 
2600-INTL-1009 Conduct electronic warfare support 12-9 
2600-INTL-1010 Collect signals in the electromagnetic spectrum 12-10 
2670-INTL-1001 Process foreign language communications 12-11 
2670-INTL-1002 Translate cryptologic language material 12-12 
2670-INTL-1003 Transcribe cryptologic language material 12-12 
2670-INTL-1004 Summarize cryptologic language material 12-13 
CYBS-TECH-1001 Perform information assurance technician (IAT) 12-13 

level I duties 

2000 Level Events 

2600-INTL-2001 Construct a field expedient antenna (FEA) 12-15 
2600-INTL-2002 Conduct power usage assessment 12-16 
2600 -INTL-2003 Conduct computer network exploitation (CNE) 12-16 
2600-INTL-2004 Conduct precise geolocation 12-17 
2600-INTL-2005 Conduct intelligence briefings 12-18 
2600 -INTL-2006 Prepare an emergency action plan (EAP) 12-19 
2600-INTL-2007 Perform operator-level maintenance services on 12-20 

SIGINT/EW equipment 
2670-INTL-2001 Conduct quality control of language analysis 12-20 


12003. 2670 INDIVIDUAL EVENTS 


2600-INTL-1001: Conduct basic computer operations 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 


DESCRIPTION: 
must be able to perform. 


MOS PERFORMING: 
GRADES: 


PVT, PFC, LCPL, 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: 


12 months 


2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 


CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


This is a collective of basic computer tasks that an individual 


With the aid of references, given network access, currently- 


fielded equipment, and a mission order to facilitate the conduct of 


intelligence operations 


STANDARD: 
established information assurance requirements. 


PERFORMANCE STEPS: 

Utilize computer components. 
Utilize computer peripherals. 
Utilize computer software. 

Utilize productivity applications. 
Identify network fundamentals. 


OuBRWNE 
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Distinguish classified and unclassified networks. 


To properly set up and operate a computer on a network, within 
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REFERENCES: MCDP 2 Intelligence 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Cyber M0000 and/or Cyber Intel 


2600-INTL-1002: Conduct communications in support of intelligence operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: The individual will be able to establish secure voice and data 
communications with currently-fielded equipment to support an intelligence 
mission. 


MOS PERFORMING: 0202, 0203, 0204, 0206, 0207, 0210, 0211, 0212, 0231, 0233, 
2621, 2631, 2651, 2671, 2673, 2674, 2676, 8621 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, currently-fielded communications 
equipment, Communications/Electronics Operating Instructions (CEOT), 
cryptographic material and equipment, and ancillary equipment 


STANDARD: To maintain secure communications within a time limit established 
by a commander. 


PERFORMANCE STEPS: 

1. Apply RF theory. 

2. Inventory communication components. 

3. Set up communication equipment and ancillary components, as required. 
4. Establish secure communications. 


REFERENCES: 

1. CJCSM 6231.04B Manual for Employing Tactical Communications 

2. EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 & 3 

3. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

4. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


5. MCO 5239.2 Marine Corps Information Assurance Program (MCIAP) (C4) 
6. MCRP 3-40.3B Radio Operators Handbook 


2600-INTL-1003: Employ antennas 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
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Now cross multiply and solve for "b." 


5(15 — 3b) = 3(4 + 2b) 
75 —15b=12+6b 
75 —75 — 15b—-6b = 12-75 + 6b — 6b 
—15b-6b= 12-75 


—21b =-63 
-21b _ -63 
oi = aot 

b=3 


Now substitute the value "3" of the variable "b" in either one of the original equations and 
solve for the remaining variable. 


3a+3b=15 
3a+3(3) = 15 
3a=6 


3a _ 63a+9=15 
x73 


a=23449-9=15-9 


As you can see, we got the same solution (a = 2, b = 3) using the comparison method as we 
did in the substitution method and the addition/subtraction method. 


Try the following challenge to reinforce your knowledge. Substitute your solution for the literal 
to check your work before you check your results against those given. 
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DESCRIPTION: The individual will be able to employ both field expedient 
antennas (FEA) and manufactured antennas for the conduct of Intelligence- 
related missions. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given an antenna, and a transceiver 


STANDARD: To transmit or receive a signal, within a time limit established 
by the commander. 


PERFORMANCE STEPS: 

1. Identify antenna characteristics based on antenna theory. 

2. Identify operational constraints associated with FEAs and manufactured 
antennas. 

3. Identify environmental constraints associated with FEAs and manufactured 
antennas. 


4. Determine appropriate antennas to utilize based upon characteristics and 
capabilities of antenna. 


5. Connect antenna. 

6. Transmit, as required. 

7. Receive, as required. 

8. Adjust employment to improve communications, as required. 

REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 


Edition 
2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

MCRP 3-40.3C Field Antenna Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 


NOOR W 


MISCELLANEOUS : 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1004: Process reportable information 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will review raw or evaluated/minimized 


information and compare it to information requirements (IR) to recognize 
reportable information. 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given IRs, and raw traffic 

STANDARD: To satisfy IRs in the time allotted by the commander. 


PERFORMANCE STEPS: 
1. Review IRs. 


2. Evaluate traffic. 

3. Minimize traffic. 

4. Identify EEIs. 

5. Correlate EEI(s) to existing IR(s). 
6. Notify appropriate entities. 


REFERENCES: 

MCWP 2-1 Intelligence Operations 
MCWP 2-22 Signals Intelligence 
USSID CR1231 

USSID CR1283 

USSID CR1284 USSID CR1284 
USSID CR1400 SIGINT Reporting 
USSID CR1500 

USSID CR1501 

: USSID CR1601 USSID CR1601 

©. USSID CR1610 USSID CR1610 

1. USSID CR1611 USSID CR1611 


FPROOANDARWNE 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1005: Handle cryptographic material 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

DESCRIPTION: The individual will be able to store, use, and destroy 
cryptographic material, in accordance with regulations governing the handling 
of cryptographic material. Cryptographic material must be destroyed if the 
material is compromised, expired, superseded, and/or on order. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, the authorized 
keying material and communications security (COMSEC) equipment 
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STANDARD: To protect against inadvertent loss, destruction, improper 
storage, or compromise. 


PERFORMANCE STEPS: 
1. Utilize two person integrity (TPI). 


Ensure proper documentation. 

Issue cryptographic material. 

Account for cryptographic material. 

Store cryptographic material. 

Load cryptographic material. 

Transfer cryptographic material. 

Receive cryptographic material. 

Transport cryptographic material as required. 
0. Destroy cryptographic material as required. 


FOOAONDUOKRWND 


REFERENCES: EKMS-1 (series) EKMS Policy and Procedures for Navy EKMS Tiers 2 
& 3 


2600-INTL-1006: Apply security procedures 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual will ensure that all classified material and 
classified information is properly safeguarded and its distribution is 
limited to authorized personnel and communications channels. Classified and 
sensitive information and material must be properly marked, stored, and 
protected. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given classified material, and 
information 


STANDARD: To prevent security violations and compromises. 


PERFORMANCE STEPS: 

Mark all material with proper classification, as directed. 
Store classified material. 

Account for all classified material, as required. 

Courier classified material, as required. 

Transmit classified material according to references, as required. 
Utilize classified material. 

Sanitize work spaces, as required. 

Apply OPSEC measures. 

; Apply INFOSEC measures. 

©. Apply COMPUSEC measures. 

1. Destroy classified material, as required. 


FPROANDABRWNE 


REFERENCES: 
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1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

EKMS1A Electronic Keying Material System 

ICD 705 Sensitive Compartmented Information Facilities 

ICD 705 Technical Specifications Version 1.2 

ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

6. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

Local SOP Local Standard Operating Procedures 

8. SECNAVINST 5510.30_ Information and Personnel Security Program 


N“N 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1007: Provide near real-time indications and warnings (Ié&W) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual provides near real-time I&w from signals of 
interest. The individual recognizes and reports immediate threats to friendly 
forces. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given commander's critical information requirements (CCIR), 
without the aid of references, given lexical aids/software resources, and 
Signals of interest and SIGINT/EW equipment 

STANDARD: Within 10 minutes upon recognition. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Review CCIRs. 

3. Apply legal considerations. 

4. Identify Essential Elements of Information. 

5. Disseminate Indications and Warnings, as required. 
REFERENCES: 


1. Executive Order 12333 United States Intelligence Activities 


2. MCWP 2-1 Intelligence Operations 
3. MCWP 2-22 Signals Intelligence 
4. USSID CR1500 

5. USSID CR1501 

6. USSID SP0018 USSID SP0018 

7. USSID SP0101 USSID SP0101 
MISCELLANEOUS: 
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ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-1008: Conduct electronic attack 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: Individual will conduct electronic attack against selected 
targets. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given authorities, mission tasking, 
currently-fielded equipment, and threat signal 


STANDARD: In order to deny, degrade, or disrupt target signals, within a 
time limit established by the commander, and in accordance with the 
references. 


PERFORMANCE STEPS: 

Review mission tasking. 

Select equipment. 

Operate electronic attack equipment. 
Evaluate effectiveness. 

Report effectiveness. 


oOBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

4. JP 3-13.1 Electronic Warfare 

5. JP 3-60 Joint Targeting 

6. MCRP 3-16.1A Tactics, Techniques and Procedures for Field Artillery 
Target Acquisition 

7. MCRP 3-16B The Joint Targeting Process and Procedures for Targeting 
Time-Critical Targets 

8. MCRP 3-40.3B Radio Operators Handbook 

9. MCWP 3-40.5 Electronic Warfare 


2600-INTL-1009: Conduct electronic warfare support 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The individual will be able to conduct electronic warfare 


support to identify and locate threat emitters, and provide Indications and 
Warning (I&W) to the Marine Air Ground Task Force (MAGTF). 
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MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, granted authorities, mission tasking, 
currently-fielded SIGINT/EW equipment, and a target environment 


STANDARD: In order to provide I&w to the commander within a time limit 
established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Isolate signals of interest. 
Identify threat emitter. 

Locate threat emitter. 

Identify threat information. 
Disseminate threat information. 


OnBRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 
MCRP 3-40.3B Radio Operators Handbook 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 


Ou Ww 


2600-INTL-1010: Collect signals in the electromagnetic spectrum 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: The Communications Signals Collector will characterize the 
spectrum, identify signals of interest, and associate various signal 
characteristics to successfully exploit communication emitters. 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, and a target environment 


STANDARD: To identify signals of interest for further exploitation, within a 
time limit established by the commander. 


PERFORMANCE STEPS: 

1. Review mission tasking. 

2. Apply legal considerations. 
3. Select equipment. 
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Execute spectrum survey. 
Determine center frequency. 
Determine bandwidth. 
Determine modulation. 
Determine transmission modes. 
Record signal of interest. 


OANDUOA 


REFERENCES: 

1. EA-100 Basic SIGINT Technology 

2. EA-269 Signals Search and Analysis Training Course 

3. EO 12333 U.S. Intelligence Activities (As Amended) 

4 ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


o1 


6. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

7. No Pub ID NSGT Series Radio Wave Modulation and Signal Multiplexing 

8. No Pub ID RASIN Manual 

9. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

10. USSID DA3655 Computer Network Exploitation 

11. USSID DA3857 USSID DA3857 

12. USSID SG5000 USSID SG5000 


2670-INTL-1001: Process foreign language communications 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
DESCRIPTION: During the course of processing information, the Cryptologic 
Linguist must be able to identify the essential elements of information 
(EET). 

MOS PERFORMING: 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: With the aid of references, given mission tasking, currently- 
fielded SIGINT/EW equipment, lexical aids, and foreign language 
communications 


STANDARD: To identify EEIs, in a timeframe dictated by the commander. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Apply legal considerations. 

3. Process communications of interest. 
4. Conduct initial traffic analysis. 
5. Report EEIs. 

REFERENCES: 
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Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

USSIDS United States Signals Intelligence Directives 


BRWNE 


2670-INTL-1002: Translate cryptologic language material 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 

DESCRIPTION: Individual translates target language material into English. 
MOS PERFORMING: 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given mission tasking, CCIRs, with the aid of references, given 
cryptologic language material, SIGINT/EW equipment, software resources, and 


lexical aids 


STANDARD: To provide an English translation with 80% accuracy, within a time 
limit established by the commander. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Apply legal considerations. 
3. Review foreign language material. 
4. Translate foreign language into English, as required. 
REFERENCES: 
1. MCWP 2-22 Signals Intelligence 
Target Language Lexical Aids Target Language Lexical Aids 


2. 
3. USSID SP0018 USSID SP0018 
4. USSID SP0101 USSID SP0101 


2670-INTL-1003: Transcribe cryptologic language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 
DESCRIPTION: Individual transcribes target language material. 
MOS PERFORMING: 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: Given mission tasking, CCIRs, with the aid of references, given 
cryptologic language material, SIGINT/EW equipment, transliteration tools (as 
required), software resources, and lexical aids 


STANDARD: To provide a transcription with 80% accuracy, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Apply legal considerations. 
3. Review foreign language material. 
4. Transcribe foreign language material. 


REFERENCES: 

1. Target Language Lexical Aids Target Language Lexical Aids 
2. USSID AP2171 USSID AP2171 

3. USSID SP0Q018 USSID SP0018 

4. USSID SP0101 USSID SP0101 


2670-INTL-1004: Summarize cryptologic language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The individual produces a summary of cryptologic language 
material to identify the essential elements of information. 


MOS PERFORMING: 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, mission tasking, lexical aids, 
SIGINT/EW equipment, and a foreign language material 


STANDARD: To summarize the essential elements of information, within a time 
limit established by the commander. 


PERFORMANCE STEPS: 
1. Apply legal considerations. 


Review mission tasking. 

Review foreign language material. 
Identify EEIs. 

Produce summary. 


REFERENCES: 

Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

Target Language Lexical Aids Target Language Lexical Aids 
USSID SP0018 USSID SP0018 

USSID SP0101 USSID SP0101 


ia 
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CYBS-TECH-1001: Perform information assurance technician (IAT) level I 
duties 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: Per DoD 8570.01, Information Assurance Technician Level I 
personnel make the CE less vulnerable by correcting flaws and implementing 
IAT controls in the hardware or software installed within their operational 
systems. The CE is defined as local area network(s) server host and its 
operating system, peripherals and applications. 

MOS PERFORMING: 2600, 2651 

BILLETS: Information Assurance Technician (IAT) level I 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL 


INITIAL TRAINING SETTING: FORMAL 

CONDITION: Provided a computing environment, and IA directives. 

STANDARD: To maintain availability, integrity, authentication, 
confidentiality, and non-repudiation of information, information systems, and 


information infrastructures. 


PERFORMANCE STEPS: 


1. Recognize a potential security violation, take appropriate action to 
report the incident as required by regulation, and mitigate any adverse 
impact. 

2. Apply instructions and pre-established guidelines to perform IA tasks 
within CE. 

3 Provide end user IA support for all CE operating systems, peripherals, 
and applications. 

4, Support, monitor, test, and troubleshoot hardware and software IA 
problems pertaining to their CE. 

5. Apply CE specific IA program requirements to identify areas of 
weakness. 

6. Apply appropriate CE access controls. 

7. Install and operate the IT systems in a test configuration manner that 
does not alter the program code or compromise security safeguards. 

8. Conduct tests of IA safeguards in accordance with established test 
plans and procedures. 

9. Implement and monitor IA safeguards for CE system(s) in accordance with 


implementation plans and standard operating procedures. 

10. Apply established IA security procedures and safeguards and comply with 
responsibilities of assignment. 

11. Comply with system termination procedures and incident reporting 
requirements related to potential CE security incidents or actual 
breaches. 

12. Implement online warnings to inform users of access rules for CE 
systems. 
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(Solve the linear equations using the comparison method) 


(a) (b) 
7a+3b=26 Gxt y— 23 
5¢—2p =) 4x-—2y=14 


If your answer to the challenge is the same as follows, you are correct and may continue. If your 
answer is incorrect, review paragraph 3301 on using the comparison method for solving 
simultaneous linear equations before continuing. 
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13. Implement applicable patches including IA vulnerability alerts (IAVA), 
IA vulnerability bulletins (IAVB), and technical advisories (TA) for 
the CE operating system(s). 

14. Understand and implement technical vulnerability corrections. 

15. Enter assets in a vulnerability management system. 

16. Apply system security laws and regulations relevant to the CE being 
supported. 

17. Implement DoD and DoD Component password policy. 

18. Implement specific IA security countermeasures. 

19. Obtain and maintain IA certification appropriate to position. 


REFERENCES: 

1. DoDD 8510.01 DOD Information Assurance Certification and Accreditation 
Process (DIACAP) 

2. DoDD 8570.01 Information Assurance Training, Certification, and 
Workforce Management 

3. DODI 8570.01-M Information Assurance Workforce Improvement Program 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 

Certification is obtained from an authorized commercial vendor or Marine 
Corps Communications Electronics School (MCCES). Appropriate certification 
must be obtained within 6 months of assuming IAT billet. 

This is a 1000 level event for the 2651 PMOS as "FORMAL". 

This is a 2000 level event for all other 26XX PMOSs as "MOJT". 


SPECIAL PERSONNEL CERTS: 

One of the following: 

1. Computing Technology Industry Association (CompTIA) A+ Certification. 
2. Computing Technology Industry Association (CompTIA) Network+ 
Certification. 

3. International Information Systems Security Certifications Consortium 
(ISC)2 System Security Certified Practitioner (SSCP). 

4. Appropriate operating systems cert (CHECK 8570) 


2600-INTL-2001: Construct a field expedient antenna (FEA) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 


DESCRIPTION: SIGINT operators will be able to construct field expedient 
antennas. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: MOJT 

CONDITION: With the aid of references, given mission tasking, antenna 


equipment, and currently-fielded communications equipment and/or collection 
equipment. 
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STANDARD: To satisfy transmit and/or receive requirements, in the time 
allotted by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify antenna characteristics based on antenna theory. 
Identify operational constraints. 

Identify environmental constraints. 

Determine the appropriate FEA. 

Construct antenna. 


OuRWNE 


REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


Local SOP Local Standard Operating Procedures 

MCRP 3-40.3B Radio Operators Handbook 

NAVEDTRA 10250 Principles of Radio Wave Transmission 

NAVEDTRA 172-10-00-83 Module 10 Introduction to Wave Propagation, 
Transmission Lines and Antennas 
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2600-INTL-2002: Conduct power usage assessment 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of reference, given mission tasking, and working in 
a fixed or mobile site 


STANDARD: To determine utility requirements to ensure continuity of 
operations. 


PERFORMANCE STEPS: 

Differentiate between ohms/volts/amps. 

Calculate usage in amps. 

Establish power usage threshold (high/low). 

Employ uninterruptable power supply (UPS) resources. 
Establish disaster recovery plan. 

Calculate heat output in British thermal units (BTU). 
Determine grounding requirements. 

Produce power usage schematic. 
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REFERENCES: 

1. MCRP 3-17.7K Theater of Operations Electrical Systems 

2. TB 385-4 Safety Requirements for Maintenance of Electrical and 
Electronic Equipment 

3. TM 2000-15/4 Power System Reference Manual 
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4. TM 9406-15 Grounding Procedures for Electromagnetic Interference Control 
and Safety 

5. USSID 1 SIGINT Operating Policy 

MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2003: Conduct computer network exploitation (CNE) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 

MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 

BILLETS: CNE Operator 

GRADES: LCPL, CPL, SGT, SSGT, GYSGT, MSGT 

INITIAL TRAINING SETTING: FORMAL 

CONDITION: Given authorities, with the aid of references, appropriate 
certifications, given mission tasking, currently-fielded equipment, a target 


environment, and a spectrum survey 


STANDARD: To exploit a signal of interest within time limits and constraints 
established by the commander. 


PERFORMANCE STEPS: 


1. Review mission tasking. 

2. Apply legal considerations. 

3. Apply technical considerations. 

4. Identify operational constraints. 
5. Identify environmental constraints. 
6. Deconflict operations. 

7. Employ equipment. 

8. Conduct post-mission analysis. 

9. Disseminate mission results. 
REFERENCES: 

1. DCID 7/3 Information Operations and Intelligence Community related 


Activities 

2. Document 5a. NSCID No. 6 Signals Intelligence 

3. DoDD 0-3600.3 Technical Assurance Standards for computer Network Attack 
(CNA) 

4. DODI S-5240.mm Counterintelligence In Cyberspace 

5. EO 12333 U.S. Intelligence Activities (As Amended) 

6 JP 2-01.1 Joint Tactics, Techniques, and Procedures for Intelligence 
Support to Targeting 

Ts JP 2-02 National Intelligence Support to Joint Operations 

8. JP 3-12 Cyberspace Operations 

9. JP 3-13 Information Operations 

10. MCDP 2 Intelligence 

11. MCWP 2-1 Intelligence Operations 

12. MCWP 2-22 Signals Intelligence 
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13. MOA DOD/IC Memorandum Of Agreement Between the DOD and IC regarding 
CAN/CNE Activities, 2 Apr 2004 

14. NSA/CSS Policy 1-58 NSA/CSS Policy 1-58 

15. SIGINT FOC Marine Corps SIGINT Future Operating Concept 2009-2015, 15 
Jan 2009 

16. USSID DA3655 Computer Network Exploitation 

17. USSID DA3857 USSID DA3857 

18. USSID SG5000 USSID SG5000 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2600-INTL-2004: Conduct precise geolocation 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
BILLETS: PGL Operator 

GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of reference, given mission tasking, authorities, 
currently-fielded equipment, a target environment, and a spectrum survey 


STANDARD: To locate a signal of interest within time limits and 
constraints/restraints established by the commander. 


PERFORMANCE STEPS: 

Review mission tasking. 

Identify collaborative platforms. 
Apply legal considerations. 

Apply technical considerations. 
Identify operational constraints. 
Identify environmental constraints. 
Deconflict operations. 

Employ equipment. 

Conduct post-mission analysis. 
Disseminate mission results. 
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REFERENCES: 

1. ISBN 978-0-87259-677-1 The ARRL Handbook for Radio Communications, 2012 
Edition 

2. ISBN 978-0-87259-694-8 ARRL Antenna Book, 22nd Edition 


3. ISBN 978-0979387340 Newton's Telecom Dictionary: Telecommunications, 
Networking, Information Technologies, The Internet, Wired, Wireless, 
Satellites and Fiber 

4. MCRP 3-40.3B Radio Operators Handbook 

5. USSID DA3857 USSID DA3857 
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SUPPORT REQUIREMENTS: 
OTHER SUPPORT REQUIREMENTS: CONOPS, active SIGINT request, RTT. 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: PGL certification. 


2600-INTL-2005: Conduct intelligence briefings 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 3 months 
DESCRIPTION: Individual must gather information to brief an audience. 
MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 

INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, and briefing 
materials 


STANDARD: To convey the information within a time limit established by the 
commander. 


PERFORMANCE STEPS: 

Review mission tasking. 
Gather information resources. 
Analyze data. 

Prepare brief. 

Deliver brief. 

Field questions. 
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REFERENCES: MCWP 2-22 Signals Intelligence 


2600-INTL-2006: Prepare an emergency action plan (EAP) 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: Each accredited SCIF or secure area must establish an Emergency 
Action Plan (EAP) to be approved by the G-2/S-2 or SSO as appropriate. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
BILLETS: Assistant Team Leader, SSO, SSR, Team Leader 
GRADES: CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 


INITIAL TRAINING SETTING: MOJT 
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CONDITION: With the aid references, a secure working environment, and 
appropriate material 


STANDARD: To establish an EAP in accordance with the references. 


PERFORMANCE STEPS: 

1. Identify critical items. 

2. Create sequence of events. 

3. Submit to proper authorities for approval. 


REFERENCES: 

1. DODD 5105.21-M-1 Sensitive Compartmented Information (SCI) Security 
Manual, Administrative Security 

2. ICD 705 Sensitive Compartmented Information Facilities 

3. ICD 705 Technical Specifications Version 1.2 

4. ICPG 705.1 Physical and Technical Standards for Sensitive Compartmented 
Information Facilities 

5. ICPG 705.2 Standards for the Accreditation and Reciprocal Use of 
Sensitive Compartmented Information Facilities 

6. SECNAVINST 5510.30_ Information and Personnel Security Program 


2600-INTL-2007: Perform operator-level maintenance services on SIGINT/EW 
equipment 


EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 1 month 


DESCRIPTION: The operator/maintainer is responsible for 1st echelon 
preventive maintenance on all equipment. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given equipment and appropriate 
maintenance equipment 


STANDARD: To maintain equipment in accordance with manufacturer 
requirements. 


PERFORMANCE STEPS: 
1. Verify 1st Echelon maintenance instructions. 


Inventory equipment. 

Inspect equipment for serviceability. 
Clean equipment IAW instructions. 
Conduct operations checks. 

Maintain records. 
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7. Identify higher echelon maintenance requirements, as required. 


8. Submit to higher maintenance echelon, as required. 
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REFERENCES: MCDP 2 Intelligence 
MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: 


2670-INTL-2001: Conduct quality control of language analysis 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 6 months 


DESCRIPTION: The individual conducts quality control of voice and graphic 
language analysis. Quality control involves review and correction of 
transcribed, translated, and summarized material. 


MOS PERFORMING: 2671, 2673, 2674, 2676 
GRADES: CPL, SGT, SSGT, GYSGT 
INITIAL TRAINING SETTING: MOJT 


CONDITION: With the aid of references, given mission tasking, lexical 
aids/software resources, cryptologic language material, and currently-fielded 
SIGINT/EW equipment 


STANDARD: To validate accuracy of material with at least 95% accuracy, 
within a time limit established by the commander. 


PERFORMANCE STEPS: 
1. Review mission tasking. 


2. Apply legal considerations. 
3. Review material. 
4. Correct material, as required. 


REFERENCES: 

Executive Order 12333 United States Intelligence Activities 
MCWP 2-1 Intelligence Operations 

MCWP 2-22 Signals Intelligence 

Target Language Lexical Aids Target Language Lexical Aids 
USSID AP2150 USSID AP2150 

USSID AP2171 USSID AP2171 

USSID SP0018 USSID SP0018 

USSID SP0101 USSID SP0101 
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SIGINT T&R MANUAL 


CHAPTER 13 


MOS 2691 INDIVIDUAL EVENTS 


13000. PURPOSE. This chapter details the individual events that pertain to 
Signals Intelligence/Electronic Warfare Chief. Each individual event 
provides an event title, along with the conditions events will be performed 
under, and the standard to which the event must be performed to be 
successful. 


13001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2600 Basic SIGINT/Ground EW Operator 
2691 SIGINT/EW Chief 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
INTL Intelligence 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 


13002. INDEX OF 2691 INDIVIDUAL EVENTS 


Event Code Event Page 
1000 Level Events 

2600-INTL-1001 Conduct basic computer operations 13-3 
2000 Level Events 

2691-INTL-2001 Supervise SIGINT Operations 13-3 

2691-INTL-2002 Supervise electronic warfare (EW) operations 13-4 

2691-INTL-2003 Provide support to mission planning 13-5 

2691-INTL-2004 Supervise cyberspace operations 13-5 
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13003. 2691 INDIVIDUAL EVENTS 


2600-INTL-1001: Conduct basic computer operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: This is a collective of basic computer tasks that an individual 
must be able to perform. 


MOS PERFORMING: 2621, 2631, 2651, 2671, 2673, 2674, 2676, 2691 
GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given network access, currently- 
fielded equipment, and a mission order to facilitate the conduct of 
intelligence operations 


STANDARD: To properly set up and operate a computer on a network, within 
established information assurance requirements. 


PERFORMANCE STEPS: 

Utilize computer components. 

Utilize computer peripherals. 

Utilize computer software. 

Utilize productivity applications. 

Identify network fundamentals. 

Distinguish classified and unclassified networks. 
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REFERENCES: MCDP 2 Intelligence 
MISCELLANEOUS: 


SPECIAL PERSONNEL CERTS: Cyber M0000 and/or Cyber Intel 


2691-INTL-2001: Supervise SIGINT Operations 

EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: The Signals Intelligence/Electronic Warfare (SIGINT/EW) Chief 
will oversee SIGINT collection, analysis, and production to ensure timely and 
accurate reporting which conforms to legal compliance and minimization 
policy. 

MOS PERFORMING: 2691 

GRADES: MSGT, MGYSGT 


INITIAL TRAINING SETTING: FORMAL 
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(a) 


Ta+3b = 26 
5a-2b=2 


Tat 3b = 26 
Tat+3b—3b =26-3b 
Ta =26-—3b 
Ta _ 26-3b 
Toor 
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i 
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26-3b __ 24+2b 

7 TS 
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(b) 


6x+ y= 33 

4x—2y= 14 
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6x+y—y=33-y 
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—15b- 14b =—-116+ 14b—- 14b 


~29b =-116 ~l6y =—48 
=29b _ =116 =l6y _ -48 
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Ta + 3b = 26 6x + y= 33 
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Ja+12—12=26-12 6x = 30 
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a=2 
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CONDITION: With the aid of references, given information requirements and a 
SIGINT element (collection, analysis, and SI communications) 


STANDARD: To ensure SIGINT production satisfies information requirements, in 
the time limit established by directives. 


PERFORMANCE STEPS: 

Review SIGINT reporting requirements. 

Identify EEIs from information requirements. 

Create the SIGINT collection plan. 

Allocate collection resources. 

Prioritize analysis and production efforts. 

Manage requirements for production/dissemination. 
Conduct intelligence gain/loss analysis, as required. 
Enforce legal compliance and minimization policy. 
Conduct external integration, as required. 
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REFERENCES: 

Local SOP Local Standard Operating Procedures 

MCWP 2-22 Signals Intelligence 

MCWP 2-3 MAGTF Intelligence Production and Analysis 
NIPF National Intelligence Priorities Framework (NIPF) 
USSID CR1400 (SMGT-2002, 2005, 2006) 

USSID CR1500 (SMGT-2002, 2005, 2006) 

USSID SP0009 USSID SPOQ009 

USSID SP0018 USSID SP0018 (All Codes) 


i 
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2691-INTL-2002: Supervise electronic warfare (EW) operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Supervise and coordinate EW resources to support mission 
requirements and plans to maximize effectiveness at all echelons. 


MOS PERFORMING: 2691 
GRADES: MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given a mission, resources, network 
access, and tasking 


STANDARD: To ensure execution of EW operations, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 
1. Review tasking. 


Apply legal considerations. 

Support EW mission planning. 

Ensure proper employment of EW resources. 

Coordinate with EWCC, as required. 

Coordinate with national and theater agencies, as required. 
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7. De-conflict SIGINT support. 
8. Assess measures of effectiveness. 


REFERENCES: 

ATO Air Tasking Order 

MCWP 2-22 Signals Intelligence 

MCWP 3-40.5 Electronic Warfare 

Radio Battalion SOPs Radio Battalion SOPs 

USSIDS United States Signals Intelligence Directives 
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2691-INTL-2003: Provide support to mission planning 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The Signals Intelligence/Electronic Warfare (SI/EW) Chief will 
focus on SIGINT/EW/Cyberspace Operations policy, manning, training, and 
equipping in support of all phases of the Planning Process. 


MOS PERFORMING: 2691 

BILLETS: Operations Chief, SIGINT/EW Chief 
GRADES: MSGT, MGYSGT 

INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given resources and an operations 
order or requirement 


STANDARD: To satisfy SIGINT/EW/CO operational support requirements within 
the time limit established by the commander. 


PERFORMANCE STEPS: 
1. Review all applicable operations plans, orders, and requirements. 


2 Apply legal considerations. 

3 Draft annexes and appendices as required. 
4. Determine SIGINT supportability. 

5. Determine EW supportability. 

6 Determine CYBER supportability. 

7 Determine personnel requirements. 

8. Determine unique skill set requirements. 
9. Determine training requirements. 

10. Determine equipment requirements. 

11. Plan for national/tactical integration, as required. 
12. Address shortfalls. 

13. Make recommendations. 


REFERENCES: 

1. Local SOP Local Standard Operating Procedures 

2. MCO 1553.3 _ Unit Training Management (UTM) Program 
3. MCO P1200.7_ MOS Manual 

4. MCWP 2-22 Signals Intelligence 
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2691-INTL-2004: Supervise cyberspace operations 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: Supervise and coordinate cyberspace operations resources to 
support mission requirements and plans to maximize effectiveness at all 
echelons. 


MOS PERFORMING: 2691 
GRADES: MSGT, MGYSGT 
INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given authorities, mission tasking, 
resources, and network access 


STANDARD: To ensure execution of Cyberspace Operation, within a time limit 
established by the commander. 


PERFORMANCE STEPS: 
Aig Review tasking. 


Apply legal considerations. 

Support cyberspace operations mission planning. 

Manage cyberspace operations resources. 

Coordinate with cyberspace planners, as required. 
Coordinate with national and theater agencies, as required. 
De-conflict SIGINT/EW/CO support. 

Conduct national/tactical integration, as required. 

Assess measures of performance. 

0. Assess measures of effectiveness. 
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REFERENCES: 

1. MCWP 2-22 Signals Intelligence 

2. MCWP 3-40.5 Electronic Warfare 

3. USSID SP0018 USSID SP0018 (All Codes) 
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SIGINT T&R MANUAL 


CHAPTER 14 


MOS 2700 INDIVIDUAL EVENTS 


14000. PURPOSE. This chapter details the individual events that pertain to 
Global Linguists. Each individual event provides an event title, along with 
the conditions events will be performed under, and the standard to which the 
event must be performed to be successful. 


14001. EVENT CODING 


1. Events in this T&R Manual are depicted with an up to 12-character, 3- 
field alphanumeric system, i.e. XXXX-XXXX-XXXX. This chapter utilizes the 
following methodology 


a. Field one. This field represents the community. This chapter 
contains the following community codes: 


Code Description 
2700 Global Linguist 


b. Field two. This field represents the functional/duty area. This 
chapter contains the following functional/duty areas: 


Code Description 
PROC Process 


c. Field three. This field provides the level at which the event is 
accomplished and numerical sequencing of events. This chapter contains the 
following event levels: 


Code Description 
1000 Core Skills 
2000 Core Plus Skills 


14002. INDEX OF 2700 INDIVIDUAL EVENTS 


Event Code Event Page 
1000 Level Events 

2700 -PROC-1001 Summarize verbal foreign language 14-3 

2700 -PROC -1002 Answer questions about verbal foreign language 14-3 

2700 -PROC -1003 Answer questions about written foreign language 14-4 

2700 -PROC-1004 Translate verbal foreign language material 14-5 

2700-PROC-1005 Translate written foreign language material 14-5 

2700 -PROC - 1006 Conduct basic consecutive interpretation 14-6 
2000 Level Events 

2700 -PROC -2001 Summarize verbal foreign language 14-7 

2700 -PROC - 2002 Answer questions about spoken foreign language 14-7 


14-2 Enclosure (1) 


NAVMC 3500.105B 


06 Jun 2016 
2700 -PROC - 2003 Answer questions about written foreign language 14-8 
2700 -PROC - 2004 Translate spoken foreign language material 14-9 
2700 -PROC - 2005 Translate written foreign language material 14-9 
2700 -PROC - 2006 Conduct consecutive interpretation 14-10 


14003. 2700 INDIVIDUAL EVENTS 


2700-PROC-1001: Summarize verbal foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to summarize the general content of 
verbal foreign language rated at ILR level 2, and identify the essential 
elements of information (EEIs). 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given Information Requirements, 
verbal foreign language, without the use of lexical aids rated at ILR level 2 


STANDARD: To provide general content information at an ILR level 2 based on 
a single pass within time limit established by the commander. 


PERFORMANCE STEPS: 
1. Listen to verbal foreign language. 


2. Identify EEIs. 
3. Provide a general summary. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DODD 5101.1 Department of Defense Executive Agent 

3. DODD 5160.41E DLREC Program 

4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 

6. Target Language Lexical Aids Target Language Lexical Aids 


o1 


2700-PROC-1002: Answer questions about verbal foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to answer questions about verbal 
foreign language rated at ILR level 2. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 
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INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given information requirements, 
verbal foreign language, and without the use of lexical aids rated at ILR 
level 2 


STANDARD: At an ILR level 2 based on a single pass within time limit 
established by the commander. 


PERFORMANCE STEPS: 
1. Listen to verbal foreign language. 


2. Answer questions. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DODD 5101.1 Department of Defense Executive Agent 

3. DODD 5160.41E DLREC Program 

4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 
6. Target Language Lexical Aids Target Language Lexical Aids 


o1 


2700-PROC-1003: Answer questions about written foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to answer questions about written 
foreign language material (printed, handwritten, or other literature) rated 
at ILR level 2. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given written foreign language 
material, including handwritten rated at ILR level 2 


STANDARD: At an ILR level 2 within time limit established by the commander. 


PERFORMANCE STEPS: 
1. Review foreign language material. 
2. Answer questions at an ILR level 2. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DoDD 5101.1 Department of Defense Executive Agent 

3. DoDD 5160.41E DLREC Program 

4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

5. Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 
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6. Target Language Lexical Aids Target Language Lexical Aids 


2700-PROC-1004: Translate verbal foreign language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to translate verbal foreign 
language material rated at ILR level 2 from target language to English, and 
vice-versa. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given written foreign language 
material including handwritten rated at ILR level 2 


STANDARD: To provide a translation with at least 70% accuracy. 


PERFORMANCE STEPS: 
1. Review foreign language material. 


2. Utilize lexical aid(s). 
3. Translate foreign language into English, as required. 
4. Translate from English into foreign language, as required. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DoDD 5101.1 Department of Defense Executive Agent 

3. DODD 5160.41E DLREC Program 

4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 

6. Target Language Lexical Aids Target Language Lexical Aids 


o1 


2700-PROC-1005: Translate written foreign language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
DESCRIPTION: The individual must be able to translate written foreign 
language material (printed, handwritten, or other literature) rated at ILR 


level 2 from target language to English, and vice-versa. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 
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CONDITION: With the aid of references, given written foreign language 
material including handwritten rated at ILR level 2 


STANDARD: To provide a translation with at least 70% accuracy. 


PERFORMANCE STEPS: 
1. Review written foreign language material. 


2. Translate foreign language into English, as required. 
3. Translate from English into foreign language, as required. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DoDD 5101.1 Department of Defense Executive Agent 

3. DODD 5160.41E DLREC Program 

4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 

6. Target Language Lexical Aids Target Language Lexical Aids 


o1 


2700-PROC-1006: Conduct basic consecutive interpretation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to conduct two-way interpretation 
between a native speaker of the foreign language and a speaker of English. 


MOS PERFORMING: 0200 
BILLETS: FAO, FAS, RAO 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Without the use of lexical aids, provided a native speaker of the 
foreign language, and a speaker of English utilizing speech at ILR level 1 


STANDARD: To facilitate communication at ILR level 1. 


PERFORMANCE STEPS: 
1. Interpret from English to the foreign language. 


2. Interpret from foreign language to English. 
3. Ask questions in foreign language. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DoDD 5101.1 Department of Defense Executive Agent 
3. DODD 5160.41E DLREC Program 
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4. DoDI 5160.70 Management of DoD Language and Regional Proficiency 
Capabilities 

5. Federal Government Interagency Language Roundtable (ILR) Skill Level 
Descriptions 

6. Target Language Lexical Aids Target Language Lexical Aids 


MISCELLANEOUS: 


ADMINISTRATIVE INSTRUCTIONS: This is not a function of 267X MOS. 


2700-PROC-2001: Summarize verbal foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to summarize the general content of 
spoken foreign language rated at ILR level 3 and identify the essential 
elements of information (EET). 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given Information Requirements, 
spoken foreign language, without the use of lexical aids rated at ILR level 3 


STANDARD: To provide general content information at an ILR level 3 based on 
a single pass within time limit established by the commander. 


PERFORMANCE STEPS: 
1. Listen to spoken foreign language. 


2. Identify EEIs. 
3. Provide a general summary. 


REFERENCES: 

DLIFLC Regulation 350-1 

DoDD 5101.1 Department of Defense Executive Agent 
DoDD 5160.41E DLREC Program 

DoDI 5160.41E 

DoDI 1340.27 MFLSPB 

DoDI 7280.03 _ 


OuRWNE 


2700-PROC-2002: Answer questions about spoken foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to answer questions about spoken 
foreign language rated at ILR level 3. 
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3302. Fractional Simultaneous Linear Equations 


Now that you have mastered simultaneous linear equations, we will incorporate fractions in 
equations. When dealing with fractional equations, the procedures are the same as those in the 
previous paragraphs. Generally, when solving fractional equations it is just as easy to leave 
equations in fraction form. Examples of using both the fraction and fractions eliminated forms are 
given. Study the examples. 


a. Fractional form. Using the fraction form you must put both equations in the same order. 
Find for one variable by adding the two equations and isolate by factoring. Once you have found 
one of the variables, put your solution back into one of the original equations and solve for the 
other variable. Always substitute your solutions in the original equations to check the correctness 
of your work. 


Example: 
ra 7 =4 (Original equations) 
3 2 
Rt R, = 10 
Re = by =4 (Equations arranged in same order) 
2 3 
RL tR= 10 
aoe: oe 
Ri Ro 
a ao E= 10 (Add the two equations) 
6 
Re =14 
ak = 14 (Cross multiply) 
14R; =6 (Divide both members by 14) 
14k, _ 6 
145 2 14. 
6 3 
Kya 7, 
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GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given information requirements, 
spoken foreign language, and without the use of lexical aids rated at ILR 
level 3 


STANDARD: At an ILR level 3 based on a single pass within time limit 
established by the commander. 


PERFORMANCE STEPS: 
1. Listen to spoken foreign language. 


2. Answer questions. 


REFERENCES: 

DLIFLC Regulation 350-1 

DoDD 5101.1 Department of Defense Executive Agent 

DoDD 5160.41E DLREC Program 

DoDI 5160.41E 

DoDI 1340.27 MFLSPB 

DoDI 7280.03 _ 

Target Language Lexical Aids Target Language Lexical Aids 


NOORWNE 


2700-PROC-2003: Answer questions about written foreign language 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 

DESCRIPTION: The individual must be able to answer questions about written 
foreign language material (printed, handwritten, or other literature) rated 


at ILR level 3. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given written foreign language 
material, including handwritten rated at ILR level 3 


STANDARD: At an ILR level 3 within time limit established by the commander. 


PERFORMANCE STEPS: 
1. Review foreign language material. 


2. Answer questions at an ILR level 3. 


REFERENCES: 

1. DLIFLC Regulation 350-1 

2. DoDD 5101.1 Department of Defense Executive Agent 
3. DODD 5160.41E DLREC Program 

4. DoDI 5160.41E 
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5. DoDI 1340.27 MFLSPB 
6. DoDI 7280.03 _ 
7. Target Language Lexical Aids Target Language Lexical Aids 


2700-PROC-2004: Translate spoken foreign language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to translate spoken foreign 
language material rated at ILR level 3 from target language to English, and 
vice-versa. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: With the aid of references, given written foreign language 
material including handwritten rated at ILR level 3 


STANDARD: To provide a translation with at least 70% accuracy. 


PERFORMANCE STEPS: 
1. Review foreign language material. 


2. Utilize lexical aid(s). 
3. Translate foreign language into English, as required. 
4. Translate from English into foreign language, as required. 


REFERENCES: 

DLIFLC Regulation 350-1 

DoDD 5101.1 Department of Defense Executive Agent 

DoDD 5160.41E DLREC Program 

DoDI 5160.41E 

DoDI 1340.27 MFLSPB 

DoDI 7280.03 _ 

Target Language Lexical Aids Target Language Lexical Aids 


NOOB WNE 


2700-PROC-2005: Translate written foreign language material 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 
DESCRIPTION: The individual must be able to translate written foreign 
language material (printed, handwritten, or other literature) rated at ILR 


level 3 from target language to English, and vice-versa. 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


14-9 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


CONDITION: With the aid of references, given written foreign language 
material including handwritten rated at ILR level 3 


STANDARD: To provide a translation with at least 70% accuracy. 


PERFORMANCE STEPS: 
1. Review written foreign language material. 


2. Translate foreign language into English, as required. 
3. Translate from English into foreign language, as required. 


REFERENCES: 

DLIFLC Regulation 350-1 

DoDD 5101.1 Department of Defense Executive Agent 

DoDD 5160.41E DLREC Program 

DoDI 5160.41E 

DoDI 1340.27 MFLSPB 

DoDI 7280.03 _ 

Target Language Lexical Aids Target Language Lexical Aids 


NOOR WNE 


2700-PROC-2006: Conduct consecutive interpretation 
EVALUATION-CODED: NO SUSTAINMENT INTERVAL: 12 months 


DESCRIPTION: The individual must be able to conduct two-way interpretation 
between a native speaker of the foreign language and a speaker of English 
techniques. 


BILLETS: DTRA 


GRADES: PVT, PFC, LCPL, CPL, SGT, SSGT, GYSGT, MSGT, MGYSGT, WO-1, CWO-2, 
CWO-3, CWO-4, CWO-5, 2NDLT, 1STLT, CAPT, MAJ, LTCOL, COL 


INITIAL TRAINING SETTING: FORMAL 


CONDITION: Without the use of lexical aids, provided a native speaker of the 
foreign language, and a speaker of English utilizing speech at ILR level 3 


STANDARD: To facilitate communication at ILR level 3. 


PERFORMANCE STEPS: 
1. Interpret from English to the foreign language. 


2. Interpret from foreign language to English. 
3. Ask questions in foreign language. 


REFERENCES: 

DLIFLC Regulation 350-1 

DoDD 5101.1 Department of Defense Executive Agent 
DoDD 5160.41E DLREC Program 

DoDI 5160.41E 

DoDI 1340.27 MFLSPB 

DoDI 7280.03 _ 


OnBRWNE 
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MISCELLANEOUS: 
ADMINISTRATIVE INSTRUCTIONS: This is not a function of 267X MOSs. 


SPECIAL PERSONNEL CERTS: DLPT 3/3. 
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SIGINT T&R MANUAL 


APPENDIX A 


ACRONYMS AND ABBREVIATIONS 


.administrative action 

administrative clerk course 

area distribution center 

.administrative control 

: Adjutant 

automatic data processing 

.Active Duty Operational Support 

active duty special work 

: active duty training 

“armed “forces active duty base date 
.accounting identification code 

automated information systems 

.American Citizens 

area of operations 

. Approving Official 

area of responsibility 

advance personnel administrative chief course 
Aircraft and Personnel Area Clearance System 
: a és .all purpose date stamp 
Automated Performance Evaluation System 
.Army Post Office 

“Awards Processing System 

Active Reserve 

“Annual Retirement Credit Report 

Authorized Strength Report 

Annual Training 

“Basic “Allowance for Subsistence 

Basic Allowance for Housing 

Billet Information Code 

basic individual record 

basic training record 

“Billet Military Occupational Specialty 
Bureau of Corrections for Naval Records 
.Convening Authority 

casualty Assistance Call Officer 

common access card 

Central Design “and Programming Activity 

. Certificate of Commendation 
“Civilian Hiring and Recruitment Tool 

eo Chairman of the Joint Chiefs of Staff 
Chairman of the Joint Chiefs of Staff instruction 
Chairman of the Joint Chiefs of Staff manual 
.Commandant of the Marine Corps 

Classified Material Control Center 

7 central master file 

Consolidated Memorandum Receipt 

Civilian Resource Management Review Board 
COMSEC materials system 

commanding officer 
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COCOM 

COD . 
COLA. . 
COMMARFOR 


COMMARFORLANT 
COMMARFORPAC 


COMSEC 
CON. . 
CONGINT 
CONUS 
COPE 
CRB 
CRCR 
CSP 
CSR 
CSR 
CTZE 
DFN 
DISA 
DCIPS. 
DCIPS 
DCP 
DCTB 
DEOCS 
DEERS 
DES . . 
DIMHRS 


DISTLEARN 


DFAS 
DFR 
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Combatant Commander 

collect on delivery 

Cost of Living Allowance 

arp Commander, Marine Corps Forces 
Commander, Marine Corps Forces, Atlantic 
Commander, Marine Corps Forces, Pacific 
communications security 

; conduct 

-Congressional/Special Interest 

Continental United States 

.Custodian of Postal Effects 

Competency Review Board 

Career Retirement Credit Report 

. .Career Sea Pay 

“Consolidated Strength Report 

Command Staffing Report 

.Combat Tax Zone Exclusion 

Designated Foreign National 

: ‘Defense Information Systems Agency 
‘Defense Civilian Intelligence Personnel System 
.Defense Casualty Information Processing System 
.Directives Control Point 

Date Current Tour Began 

a ie Defense Equal Opportunity Climate Survey 
Defense Enrollment Eligibility Reporting System 
Disability Evaluation System 

Defense Integrated uaa Human Resource System 
distance learning 

‘Defense Finance Accounting Service 

Diary Feedback Report 

dislocation allowance 

.Domestic Mail Manual 

Defense Message System 

. Department of Defense 

Department of Defense directive 

Department of Defense instruction 


Department of Defense financial management regulations 


; Department of the Navy 

“Department of the Navy Central Adjudication Facility 
by king” kn Silay Beha 4; fy Xo aiay “ay ts Date of Rank 
dental record 

Defense Readiness Reporting System 

: .Deployment Status Report 

“Deployed Theatre Accountability System 

Document Tracking Management System 

Defense Table of Official Distances 

.DoD Drug Testing Program 

Defense Travel System 

.Executive Agent 

“End of Active Service 

End of Current Contract 

Extended Active Duty 

Estimated Date of Arrival 

Estimated Date of Departure 

Electronic Diary Feedback Report 

electronic signature 

Equal Opportunity 
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Equal Opportunity Advisor 

. . Enemy Prisoner of War 
‘Enlisted Staffing Goal Model 
.Estimated Time of Delivery 

.End User Computer Equipment 
Fleet Assistance Program 

Foreign Clearance Guide 

Fleet Mail Center 

: Fleet Marine Force 

Fleet Marine Force manual 

Fleet Home Town News Release 
future monitor command code 

. financial management regulations 
: Fleet Post Office 

: Family Separation Allowance 
“Family Service Member's Group Life Insurance 
.fiscal year 

“manpower or “personnel staff officer 
intelligence staff officer 
operations staff officer 
logistics staff officer 


communications and information systems officer 


. Good Conduct Medal 

Global Enterprise Mail System 
.Government Printing Office 

General Services Administration 

. Government Travel Charge Card 
Government Travel Charge Card Program 
Global Transportation Network 
.Government Transportation Request 
Hardship Duty Pay 

Hostile Fire Pay 

‘Headquarters, Marine Corps 

: health record 

: Human Resources Office 

“Health Services Augmentation Program 
individual augment 

. .in accordance with 

“Incremental Active Duty Training 
International Date Line 

. Inactive Duty Training 

‘In Hands of Civilian Authorities 

In Hands of Foreign Authorities 

sk identification 

“Internal Distribution List 

Imminent Danger Pay 

: Inactive Duty Training 
Internet Forensics Drug Testing Laboratory 
Incremental Initial Active Duty 
Individual Mobilization Augmentee 
International Mail Manual 

: .Investigating Officer 
Installation “Personnel Administrative Center 
irregular parcels and pieces 

In Progress Payments 

.Initial Review Officer 

Individual Ready Reserve 
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MCCSSS 
MCM 
MCO. . 
MCMEDS 
MCMPS 
MCPP 
MCPDS 
MCPEL 
MCWP 
MCTES 
MEF 
MEU. . 
MEU(SOC) 
MIDAS 


MILSTAMP 
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.Integrated Retail Terminal 

: Joint Chiefs of Staff 

“Joint Federal Travel regulations 

Joint military Postal Soaecae (Atlantic or Pacific) 
Oe es BEA ek : Mia Joint Publication 
mer Joint Personnel Status 

“Joint Personnel Recovery Agency 

Joint Reception Center 

Joint Task Force 

Key Volunteer Network 

aoe Individual Augments 

Leave and Earnings Statement 

letter class mail 

letter of appreciation 

. . «Line of Duty 

: Letter of Instruction 

‘Legal Services Support Section 

Leave While Awaiting Separation 

‘ major command 

, “Marine Air- Ground Task Force 

Military “Automated Mail Accounting System 

de be are We PS Scr ee eg mail address only 

Marine Division 

Marine Corps Forces 

Marine Corps Base 

se Monitor Command Code 

Marine Corps Community Services 

“Marine Corps Combat Service Support Schools 
Manual for Courts-Martial 

. . Marine Corps Order 

Marine “Corps “Medical Evaluation Disability System 
Marine Corps Mobilization Processing System 

: Marine Corps Planning Process 

“Marine Corps Publication Distribution System 
Marine Corps Publications Electronic Listing 
.Marine Corps Warfighting Publication 

Marine Corps Total Force System 

Marine Expeditionary Force 

Marine Expeditionary Unit 

2 “Marine Expeditionary Unit (special operations capable) 
Military and International Dispatch and Accountability System 
.military standard transportation and movement procedure 
; Manpower Information Systems 

"Manpower Information System Support Agency 
mene Information System Support Office 

cts fe .Marine Logistics Group 
“Manpower Management Support Branch 

‘ : .money order 

‘money order business 

. Manpower Officer Course 

‘Military Origin ‘Destination Information System 
art .money order identification number 
ee On the Job Training 

ena Marine Online 

; ‘military ordinary mail 

Military Occupational Specialty 

a, military postal clerk 
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MPO 
MPS . 
MPSA . 
MRI 
MRO 
MRO . 
MROWS 
MRTM 
MSC 
MSE . 
MSPF 
MWR. . 
NAMALA . 
NATO 
NAVMC 
NCIS 
NDEA. 
NEO . . 
NIPRNET 
NJP 
NOK 
NSPS 
NOE 
NOK . . 
OccFld 
OCONUS 
ODSE . 
ODTA . 
OHA . 


PEBD . . 
PERSTEMPO 
PFO 

PIT 
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.Military Post Office 

Military Postal System 

“Military Postal Service Agency 
.mail routing instruction 

Marine Reported On 

fed .Medical Review Officer 
Marine Reserve Order Writing System 
manpower requirements tracking module 
Major Subordinate Command 

Major Subordinate Element 

Maritime Special Purpose Force 
Morale, Welfare and Recreation 


Navy and Marine Corps Appellate Leave Activity 


North Atlantic Treaty Organization 

ar Navy and Marine Corps 

“Naval. Criminal Investigative Service 

, Non-DTS Entry Agent 

-Noncombatant Evacuation Operations 
nonsecure internet protocol router network 
non-judicial punishment 

Next of Kin 

‘National Security Personnel System 
Notice of Eligibility 

. Next of Kin 

. . occupational field 

“Outside the “Continental United States 
che .Operational Data Storage Enterprise 
Organizational Defense Travel Administrator 
Overseas Housing Allowance 

op Biel Official Mail Manager 

“Official Military Personnel File 
operational control 

.Operating Forces 

: . . Operations plan 
Office “of the Chief of Naval Operations 
. . . operations order 
“Operational Planning Team 

outside piece 

Operations Report 

operations security 

“Officer Qualification Record 

.Personnel Administration Center 

.Public Affairs Officer 

personnel action request 

“Personnel Administration School 

USPS Postal bulletin 

: postal clerk 

Permanent Change of Assignment 
Personnel Casualty Report 

Permanent Change of Station 

“Permanent Disability Retired List 
permanent duty station 

"Physical Evaluations Board 

Pay Entry Base Date 

personnel tempo 

ae ‘Postal Finance Officer 
Personally Identifiable Information 
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SECNAVINST 
SG . 
SGLI. . 
SIPRNET 
SITREPS 
SJA... 
SLDCADA . 
SMCR 
SNCO 

SNM 

SOP . 
SORTS 
SPA . . 
SPMAGTF 
SRB 
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ae Place Entered Active Duty 
“Publications Library Management System 
Personnel Officer Course 

.Postal Operations Manual 

.Postal Operations Plan 

.postal net alert 

.Primary Next of Kin 

Post “Deployment Mobilization Respite Absence 
proficiency 

: Postal Service 

, “Postal Service Center 
.Personnel Support Detachment 

‘ Personnel Security Program 
‘Permissive Temporary Additional Duty 
.postage validation imprinter 

. .Remain Behind Element 

.Reserve Component 

-Reserve Counterpart Training 

Record of Emergency Data 

. . .Request for Forces 

“Rescheduled Inactive Duty Training 
Reserve Liaison Officer 

request for personnel action 

Reporting Unit Code 

pe OR at i eh. GS reporting unit 
manpower or personnel staff officer 
intelligence staff officer 

operations staff officer 

fk logistics staff officer 
“communications and information systems staff officer 
.Substance Abuse Control 

Special Duty Assignment 

Supporting Establishment 

‘Secretary of the Navy Instruction 
.staffing goal 

“Service “Member! S s Group Life Insurance 
secret internet protocol router network 
; Situation Reports 

; .Staff Judge Advocate 

Standard Labor Data Collection “and Distribution Application 
Select Marine Corps Reserve 

.Staff Noncommissioned Officer 

Subject Named Marine 

; “standing operating procedure 
Status of Resources and Training System 
ae Secure Personnel Accountability 
“Special - Purpose Marine Air-Ground Task Force 
service record book 

service record 

“single- scope background investigation 

. Standard Subject Identification Code 

af 4 ; .Single Service Manager 
tactical control 

Temporary Additional Duty 

Temporary Disability Retired List 

Total Force Structured Management System 
temporary lodging allowance 
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Substitute solutions for R, in original equation and solve for other variable. 


* = = (Original equation) 
3 = iy =4 (Cross multiply 3) 
($+5)-a4 
3 -e=4 (LCD = 3R2) 
a = (Cross multiply) 
28R2—-9=12R2 
28R2 —12R2 =9 (Isolate the literal) 
16R2 =9 
R= 


4 3 
Ry Re Re Ry 1 
4 3 3 2 
See a tz =10 
7 16 16 7 
Lv eae eae ane] Bing, 6.) 572: 10 
hay ee a a Leg Tice aya 
28 48 48. 14 
te ok 9 +73 = 10 
28 16 16 14 
ee a. 3 +4 =10 
28-16 16+14 
s18 4 ag =10 
7a 3 = 10 
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Timeliness Management Report 

. . Training Management System 
‘Temporarily Not Physically Qualified 
oe Table of Organization 

Table of Organization and Equipment 


Table of Organization and Equipment Change Request 


Time Phased Force Deployment Database 

be Save .Type of Transaction Code 

Transit Time Information System Military Mail 
. . . Unauthorized absence 

. Uniform Code of Military Justice 
‘Unit Diary Manpower Integrated Personnel System 
.Unit Identification Code 

.Unit Line Number 

unit mail clerk 

: unit mail room 

Unit Punishment Book 

United “States Marine Corps Reserve 

: .US Postal Service 

: “weapons of mass destruction 

.Wounded Warrior Regiment 

Zone Improvement Code 
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APPENDIX B 


TERMS AND DEFINITIONS 


Terms in this glossary are subject to change as applicable orders and 
directives are revised. Terms established by Marine Corps orders or 
directives take precedence after definitions found in Joint Publication 1-02, 
DOD Dictionary of Military and Associated Terms. 


A 


After Action Review. A professional discussion of training events conducted 
after all training to promote learning among training participants. The 
formality and scope increase with the command level and size of the training 
evolution. For longer exercises, they should be planned for at predetermined 
times during an exercise. The results of the AAR shall be recorded on an 
after action report and forwarded to higher headquarters. The commander and 
higher headquarters use the results of an AAR to reallocate resources, 
reprioritize their training plan, and plan for future training. 


Assessment. An informal judgment of the unit's proficiency and resources 
made by a commander or trainer to gain insight into the unit's overall 
condition. It serves as the basis for the midrange plan. Commanders make 
frequent use of these determinations during the course of the combat 
readiness cycle in order to adjust, prioritize or modify training events and 
plans. 


Cc 


Chaining. A process that enables unit leaders to effectively identify 
subordinate collective events and individual events that support a specific 
collective event. For example, collective training events at the 4000-Level 
are directly supported by collective events at the 3000-Level. When a higher 
level event by its nature requires the completion of lower level events, they 
are "chained"; Sustainment credit is given for all lower level events chained 
to a higher event. 


Collective Event. A clearly defined, discrete, and measurable activity, 
action, or event (i.e., task) that requires organized team or unit 
performance and leads to accomplishment of a mission or function. A 
collective task is derived from unit missions or higher-level collective 
tasks. Task accomplishment requires performance of procedures composed of 
supporting collective or individual tasks. A collective task describes the 
exact performance a group must perform in the field under actual operational 
conditions. The term "collective" does not necessarily infer that a unit 
accomplishes the event. A unit, such as a squad or platoon conducting an 
attack; may accomplish a collective event or, it may be accomplished by an 
individual to accomplish a unit mission, such as a battalion supply officer 
completing a reconciliation of the battalion's CMR. Thus, many collective 
events will have titles that are the same as individual events; however, the 
standard and condition will be different because the scope of the collective 
event is broader. 
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Collective Training Standards (CTS). Criteria that specify mission and 
functional area unit proficiency standards for combat, combat support, and 
combat service support units. They include tasks, conditions, standards, 
evaluator instruction, and key indicators. CTS are found within collective 
training events in T&R Manuals. 


Combat Readiness Cycle. The combat readiness cycle depicts the relationships 
within the building block approach to training. The combat readiness cycle 
progresses from T&R Manual individual core skills training, to the 
accomplishment of collective training events, and finally, to a unit's 
participation in a contingency or actual combat. The combat readiness cycle 
demonstrates the relationship of core capabilities to unit combat 

readiness. Individual core skills training and the training of collective 
events lead to unit proficiency and the ability to accomplish the unit's 
stated mission. 


Combat Readiness Percentage (CRP). The CRP is a quantitative numerical value 
used in calculating collective training readiness based on the E-Coded events 
that support the unit METL. CRP is a concise measure of unit training 
accomplishments. This numerical value is only a snapshot of training 
readiness at a specific time. As training is conducted, unit CRP will 
continuously change. 


Condition. The condition describes the training situation or environment 
under which the training event or task will take place. Expands on the 
information in the title by identifying when, where and why the event or task 
will occur and what materials, personnel, equipment, environmental 
provisions, and safety constraints must be present to perform the event or 
task in a real-world environment. Commanders can modify the conditions of 
the event to best prepare their Marines to accomplish the assigned mission 
(e.g. in a desert environment; in a mountain environment; etc.). 


Core Competency. Core competency is the comprehensive measure of a unit's 
ability to accomplish its assigned MET. It serves as the foundation of the 
T&R Program. Core competencies are those unit core capabilities and 
individual core skills that support the commander's METL and T/O mission 
statement. Individual competency is exhibited through demonstration of 
proficiency in specified core tasks and core plus tasks. Unit proficiency is 
measured through collective tasks. 


Core Capabilities. Core capabilities are the essential functions a unit must 
be capable of performing during extended contingency/combat operations. Core 
unit capabilities are based upon mission essential tasks derived from 
operational plans; doctrine and established tactics; techniques and 
procedures. 


Core Plus Capabilities. Core plus capabilities are advanced capabilities 
that are environment, mission, or theater specific. Core plus capabilities 
may entail high-risk, high-cost training for missions that are less likely to 
be assigned in combat. 


Core Plus Skills. Core plus skills are those advanced skills that are 
environment, mission, rank, or billet specific. 2000-Level training is 
designed to make Marines proficient in core skills in a specific billet or at 
a specified rank at the Combat Ready level. 3000-8000-Level training 
produces combat leaders and fully qualified section members at the Combat 
Qualified level. Marines trained at the Combat Qualified level are those the 
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commanding officer feels are capable of accomplishing unit-level missions and 
of directing the actions of subordinates. Many core plus tasks are learned 
via MOJT, while others form the base for curriculum in career level MOS 
courses taught by the formal school. 


D 


Defense Readiness Reporting System (DRRS). A comprehensive readiness 
reporting system that evaluates readiness on the basis of the actual missions 
and capabilities assigned to the forces. It is a capabilities-based, 
adaptive, near real-time reporting system for the entire Department of 
Defense. 


Deferred Event. A T&R event that a commanding officer may postpone when in 
his or her judgment, a lack of logistic support, ammo, ranges, or other 
training assets requires a temporary exemption. CRP cannot be accrued for 
deferred "E-Coded" events. 


Delinquent Event. An event becomes delinquent when a unit exceeds the 
sustainment interval for that particular event. The individual or unit must 
update the delinquent event by first performing all prerequisite 

events. When the unit commander deems that performing all prerequisite is 
unattainable, then the delinquent event will be re-demonstrated under the 
supervision of the appropriate evaluation authority. 


E 


E-Coded Event. An "E-Coded" event is a collective T&R event that is a noted 
indicator of capability or, a noted collective skill that contributes to the 
unit's ability to perform the supported MET. As such, only "E-Coded" events 
are assigned a CRP value and used to calculate a unit's CRP. 


Evaluation. Evaluation is a continuous process that occurs at all echelons, 
during every phase of training and can be both formal and 

informal. Evaluations ensure that Marines and units are capable of 
conducting their combat mission. Evaluation results are used to reallocate 
resources, reprioritize the training plan, and plan for future training. 


Event (Training). 1) An event is a significant training occurrence that is 
identified, expanded and used as a building block and potential milestone for 
a unit's training. An event may include formal evaluations. 2) An event 
within the T&R Program can be an individual training evolution, a collective 
training evolution or both. Through T&R events, the unit commander ensures 
that individual Marines and the unit progress from a combat capable status to 
a Fully Combat Qualified (FCQ) status. 


Event Component. The major procedures (i.e., actions) that must occur to 
perform a Collective Event to standard. 


Exercise Commander (EC). The Commanding General, Marine Expeditionary Force 
or his appointee will fill this role, unless authority is delegated to the 
respective commander of the Division, Wing, or FSSG. Responsibilities and 
functions of the EC include: 1) designate unit(s) to be evaluated, 2) may 
designate an exercise director, 3) prescribe exercise objectives and T&R 
events to be evaluated, 4) coordinate with commands or agencies external to 
the Marine Corps and adjacent Marine Corps commands, when required. 
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Exercise Director (ED). Designated by the EC to prepare, conduct, and report 
all evaluation results. Responsibilities and functions of the ED 

include: 1) Publish a letter of instruction (LOI) that: delineates the T&R 
events to be evaluated, establishes timeframe of the exercise, lists 
responsibilities of various elements participating in the exercise, 
establishes safety requirements/guidelines, and lists coordinating 
instructions. 2) Designate the TEC and TECG to operate as the central 
control agency for the exercise. 3) Assign evaluators, to include the senior 
evaluator, and ensure that those evaluators are properly trained. 4) Develop 
the general exercise scenario taking into account any objectives/events 
prescribed by the EC. 5) Arrange for all resources to include: training 
areas, airspace, aggressor forces, and other required support. 


M 


Marine Corps Ground Training and Readiness (T&R) Program. The T&R Program is 
the Marine Corps' primary tool for planning and conducting training, for 
planning and conducting training evaluation, and for assessing training 
readiness. The program will provide the commander with standardized programs 
of instruction for units within the ground combat, combat support, and combat 
service support communities. It consolidates the ITS, CTS, METL and other 
individual and unit training management tools. T&R is a program of standards 
that systematizes commonly accepted skills, is open to innovative change, and 
above all, tailors the training effort to the unit's mission. Further, T&R 
serves as a training guide and provides commanders an immediate assessment of 
unit combat readiness by assigning a CRP to key training events. [In short, 
the T&R Program is a building block approach to training that maximizes 
flexibility and produces the best-trained Marines possible. 


Mission Essential Task(s) MET(s). A MET is a collective task in which an 
Organization must be proficient in order to accomplish an appropriate portion 
of its wartime mission(s). MET listings are the foundation for the T&R 
Manual; all events in the T&R Manual support a MET. 


Mission Essential Task List (METL). Descriptive training document that 
provides units a clear, war fighting focused description of collective 
actions necessary to achieve wartime mission proficiency. The service-level 
METL, that which is used as the foundation of the T&R Manual, is developed 
using Marine Corps doctrine, operational plans, T/Os, UJTL, UNTL, and MCTL. 
For community based T&R Manuals, an occupational field METL is developed to 
focus the community's collective training standards. Commanders develop 
their unit METL from the service-level METL, operational plans, contingency 
plans, and SOPs. 


fe) 
Operational Readiness (DOD, NATO). OR is the capability of a unit/formation, 
ship, weapon system, or equipment to perform the missions or functions for 
which it is organized or designed. May be used in a general sense or to 
express a level or degree of readiness. 


P 


Prerequisite Event. Prerequisites are the academic training and/or T&R 
events that must be completed prior to attempting the event. 
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R 


Readiness (DOD). Readiness is the ability of U.S. military forces to fight 
and meet the demands of the national military strategy. Readiness is the 
synthesis of two distinct but interrelated levels: a) Unit readiness--The 
ability to provide capabilities required by combatant commanders to execute 
assigned missions. This is derived from the ability of each unit to deliver 
the outputs for which it was designed. b) Joint readiness--The combatant 
commander's ability to integrate and synchronize ready combat and support 
forces to execute assigned missions. 


S 


Section Skill Tasks. Section skills are those competencies directly related 
to unit functioning. They are group rather than individual in nature, and 
require participation by a section (S-1, S-2, S-3, etc). 


Simulation Training. Simulators provide the additional capability to develop 
and hone core and core plus skills. Accordingly, the development of 
simulator training events for appropriate T&R syllabi can help maintain 
valuable combat resources while reducing training time and cost. Therefore, 
in cases where simulator fidelity and capabilities are such that simulator 
training closely matches that of actual training events, T&R Manual 
developers may include the option of using simulators to accomplish the 
training. CRP credit will be earned for E-Coded simulator events based on 
assessment of relative training event performance. 


Standard. A standard is a statement that establishes criteria for how well a 
task or learning objective must be performed. The standard specifies how 
well, completely, or accurately a process must be performed or product 
produced. For higher-level collective events, it describes why the event is 
being done and the desired end-state of the event. Standards become more 
specific for lower-level events and outline the accuracy, time limits, 
sequencing, quality, product, process, restrictions, etc., that indicate the 
minimum acceptable level of performance required of the event. At a minimum, 
both collective and individual training standards consist of a task, the 
condition under which the task is to be performed, and the evaluation 
criteria that will be used to verify that the task has been performed to a 
satisfactory level. 


Sustainment Training. Periodic retraining or demonstration of an event 
required maintaining the minimum acceptable level of proficiency or 
capability required to accomplish a training objective. Sustainment training 
goes beyond the entry-level and is designed to maintain or further develop 
proficiency in a given set of skills. 


Systems Approach to Training (SAT). An orderly process for analyzing, 
designing, developing, implementing, and evaluating a unit's training program 
to ensure the unit, and the Marines of that unit acquire the knowledge and 
skills essential for the successful conduct of the unit's wartime missions. 


T 
Training Task. This describes a direct training activity that pertains to an 


individual Marine. A task is composed of 3 major components: a description 
of what is to be done, a condition, and a standard. 
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Technical Exercise Controller (TEC). The TEC is appointed by the ED, and 
usually comes from his staff or a subordinate command. The TEC is the senior 
evaluator within the TECG and should be of equal or higher grade than the 
commander(s) of the unit(s) being evaluated. The TEC is responsible for 
ensuring that the evaluation is conducted following the instructions 
contained in this order and MCO 1553.3A. Specific T&R Manuals are used as 
the source for evaluation criteria. 


Tactical Exercise Control Group (TECG). A TECG is formed to provide subject 
matter experts in the functional areas being evaluated. The benefit of 
establishing a permanent TECG is to have resident, dedicated evaluation 
authority experience, and knowledgeable in evaluation technique. The 
responsibilities and functions of the TECG include: 1) developing a detailed 
exercise scenario to include the objectives and events prescribed by the 
EC/ED in the exercise LOI; 2) conducting detailed evaluator training prior to 
the exercise; 3) coordinating and controlling role players and aggressors; 4) 
compiling the evaluation data submitted by the evaluators and submitting 
required results to the ED; 5) preparing and conducting a detailed exercise 
debrief for the evaluated unit(s). 


Training Plan. Training document that outlines the general plan for the 
conduct of individual and collective training in an organization for 
specified periods of time. 


U 


Unit CRP. Unit CRP is a percentage of the E-Coded collective events that 
support the unit METL accomplished by the unit. Unit CRP is the average of 
all MET CRP. 


Unit Evaluation. All units in the Marine Corps must be evaluated, either 
formally or informally, to ensure they are capable of conducting their combat 
mission. Informal evaluations should take place during all training 

events. The timing of formal evaluations is critical and should, when 
appropriate, be directly related to the units' operational deployment 

cycle. Formal evaluations should take place after the unit has been staffed 
with the majority of its personnel, has had sufficient time to train to 
individual and collective standards, and early enough in the training cycle 
so there is sufficient time to correctly identified weaknesses prior to 
deployment. All combat units and units' task organized for combat require 
formal evaluations prior to operational deployments. 


Unit Training Management (UTM). Unit training management is the use of the 
SAT and Marine Corps training principles in a manner that maximizes training 
results and focuses the training priorities of the unit on its wartime 
mission. UTM governs the major peacetime training activity of the Marine 
Corps and applies to all echelons of the Total Force. 


W 
Waived Event. An event that is waived by a commanding officer when in his or 


her judgment, previous experience or related performance satisfies the 
requirement of a particular event. 
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APPENDIX C 
SIMULATION 


Listed in this appendix are applicable simulators/simulations available to 
improve training for both individual Marines and unit training. Simulators 
and simulations provide the capability to develop and hone core and core plus 
competencies and capabilities. Accordingly, the use of training modeling and 
simulation systems for appropriate T&R events can help maintain valuable 
combat resources while reducing training time, cost, and risk. For more 
information regarding training Modeling & Simulation (M&S) Systems, review 
website: https://ehqmc.usmc.mil/org/mccdc/TECOM/directorates/MTSB/Internal/d 
efault.aspx 


1. Supporting Arms Virtual Trainer (SAVT) is a fixed-site, partial dome (260 
X 60 degree), virtualimmersive training environment for Joint Terminal Attack 
Controller (JTACs), Forward Air Controllers (FACs), and Joint Forward 
Observers (JFOS). SAVT provides a "hands-on," immersive, mission-based, 
combined arms training environment. Personnel shall use training scenarios 
that require placement of tactical ordnance on selected targets using Joint 
Close Air Support (JCAS) procedures and observed fire procedures for Naval 
Surface Fire Support (NSFS), Artillery and Mortar fire. SAVT will provide a 
briefing and after action room for a group of students to monitor, review 
mission-based training events, and conduct after-action discussions. SAVT 
trains Marines to approved standards of training and readiness (T&R) tasks. 


2. Indoor Simulated Marksmanship Trainer (ISMT) is an interactive three 
dimensional audio/video weapons simulator that provides enhanced small arms 
training in marksmanship, weapons employment, indirect fire, and tactical 
decision-making for Marines. The ISMT simulates range firing for basic 
infantry weapons, tactical employment training, call for fire, and shoot/no 
shoots decision-making drills. The ISMT can be utilized to train 
individuals, fire teams, and squads effectively and efficiently to the 
approved standards of combat skills and readiness. 


3. Combat Convoy Simulator (CCS) is an interactive immersive training 
environment for convoy operations during combat, focusing on command and 
control. Other training capabilities include call for fire, call for close 
air support, mounted patrols, logistics support, high target extraction, 
MEDEVAC, and procedures for use of weapons in compliance with rules of 
engagement (ROE) and local TTPs. A single CCS suite of six vehicles provides 
for individual, crew, and platoon level training (up to 30 Marines at a 
time). The CCS trains Marines to approved standards of combat skills and 
readiness. 


4. Deployable Virtual Training Environment (DVTE) is a deployable laptop PC 
based simulation system capable of emulating organic and supporting Infantry 
Battalion weapons systems and training scenarios to facilitate T&R based 
training. DVTE provides each installation and deployed Marine Forces with 
MAGTF (MEU level) Staff training, individual and collective skills 
sustainment, rapid planning, and almost spontaneous mission rehearsal 
capability. DVTE increases training of individual and unit core skills 
enhancing a rapid, innovative and interactive small-unit leader decision 


C-1 Enclosure (1) 


NAVMC 3500.105B 
06 Jun 2016 


making, and increased combined arms Training and pre-certification 
capability. The following is a list of the DVTE training 
applications/capabilities: 


a. Virtual Battlespace 2 (VBS2)is an interactive, three-dimensional 
synthetic environment in which small unit tactics may be practiced among team 
members. Photo-realistic terrain, user created mission scenarios, and 
variable environmental conditions enhance the team training 
experience. Mission planning and mission rehearsal can be executed from 
squad to platoon level. VBS2 can be used to support Fire Support Training, 
convoy operations and tactical guided discussions. 


b. Recognition of Combatants (ROC) a series consisting of applications 
covering Improvised Explosive Device (ROC-IED), Suicide Bomber (ROC-SB), 
Vehicle (ROC-V), and Aerial (ROC-Aerial) are self paced computer based 
training tools designed to improve awareness and recognition of various 
combatant capabilities and functional considerations. 


c. Operational and Tactical Language and Cultural Training System 
(OTCLTS) is a self paced language and cultural training application that 
allows the user to learn Iraqi Arabic, Indonesian, Pashto, Dari, and French 
languages along with cultural considerations. 


d. Forward Observer PC Simulator (FOPCSIM) is an individual Fires 
trainer which provides training on the basic concepts of fire 
support. FOPCSIM is a procedural trainer for artillery and mortar Call for 
Fire. FOPCSIM is also the forward observer component of the Deployable 
Virtual Training Environment (DVTE) Combined Arms Network (CAN) that provides 
a training tool for integration of artillery and close air support with 
maneuver forces. 


e. Combined Arms Planning Tool (CAPT) is a standalone tool that can be 
used to enter and test all elements of your fire support plan. Doctrinal 
rules have been incorporated into the program, so that once the fire support 
plan is entered, CAPT runs a "rules based" test on the plan to identify 
potential trouble areas. 


f. Combined Arms Network (CAN) is a computer based training tool that 
provides standard based training for individual Forward Observers, Forward 
Air Controllers and Joint Terminal Attack Controllers (JTAC) as well as team 
training for company fire support teams (FiST). CAN currently supports 
JTAC/JFO certification training under the TACP T&R Manual. 


5. The MAGTF Tactical Warfare Simulation (MTWS) is a simulation program 
which uses constructive input to train battle staffs from Battalion through 
MEF, Marine Forces Reserve (MARFORRES) and internal MEF components i.e., 
Ground Combat Element, Aircraft Combat Element, and Combat Service Support 
Element. The primary mission of MTWS is two-fold: to provide a realistic 
combat environment for commanders and their staffs to refine their decision- 
making skills and to assist in the Command and Control (C2) aspects of 
tactical field exercises. The system is designed to provide realistic 
representation of forces from any military organization, a method for 
defining any existing or new weapons systems is provided via a flexible user 
defined parametric database. It provides military personnel with the 
Opportunity to experience and acquire skill in combat operations without the 
expense and risk of taking real troops to the field. 
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6. Combined Arms Command and Control Trainer Upgrade System (CACCTUS) 
provides an institutional means to effectively train Marine staffs and units 
in all aspects of effectively integrating combined arms assets. The CACCTUS 
capability provides the full range of combined arms staff training and 
provides state of the art modeling and simulation networking technology to 
provide realistic Combined Arms Fire Support for the Marine Air Ground Task 
Force (MAGTF). The high resolution combat simulation provides the ability to 
provide ground truth in the exercise, stimulate organic C2 Systems, visually 
display the impact of supporting arms fires and realistically portray the 
coordinated actions of friendly forces and the action/reaction of the enemy 
maneuver forces. The automated communication system replicates tactical 
communication nets required for command and control of exercising units 
allowing the training audience to communicate normal warfighting 
communications and process orders and other information/questions to response 
cell controllers. CACCTUS provides an automated after action review 
capability for live and simulated training thereby allowing the Marine Corps 
to meet its service training requirements. 


6. For more information on current simulations, contact your local 
Simulation Centers. The following is the contact information: 


a. Battle Simulation Centers (Scheduling Office) 
(1) I MEF: (760) 725-2385 
(2) II MEF: (910) 451-5435 
(3) III MEF: 


e MCB Camp Butler: 011-81-611-722-7219/ DSN 315 622-7219/7516 
e MCB Hawaii: Simulators & Trainers must be scheduled via 


RFMSS. 3MAR Simulations Center: (808) 257-2440/ DSN 457-2440 
POC Sgt Brannan 
(4) MAGTF TC: (760) 830-1366/1382 
b. Ground Training Simulators (Scheduling Office) 


(1) MCB Camp Lejeune: (910) 451-7392 


(2) MCB Camp Pendleton: Simulators & Trainers can be scheduled via 
RFMSS. Training Support Division Help Desk/Ref Desk (760) 725-4444. 


(3) MCB Camp Butler: Tactical Training Devices and Simulators Support 
Section Help Desk, 011-81-98-969-2610/DSN: 623-2610. 


(4) MCB Hawaii: Simulators & Trainers must be scheduled via 
RFMSS. G3 Ops & Training Scheduling Office: (808) 257-8816/ DSN 457- 
8816. Modeling & Simulations Division (M&S): (808) 257-1110/ DSN 457-1110. 


(5) MAGTF-TC: DVTE (760) 830-5622; SAVT (760) 362-2324; CACCTUS (760) 


830-1382; CCS (760) 830-4192 & ISMT (760) 830- 4187. Schedule ODS and HMMWV 
Egress Assistance Trainer via RFMSS. 
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b. In this example we will simplify or eliminate fractions before solving. It is your choice to do 
this operation or not, the solution will be the same. The main point to remember is that the 
simpler the equation, the less likely you will make an error in your math. 


Example: Solve for a and f. 
oe ey 22 2 soit : 
a — 3-p (Original equations) 
3 5 


Bz B 
————— = —— (Reduce where possible) 


242 (,-2) (28-4) 


oS 
at3 ~~ 3-£ 
fetes. 31 
2a-4 — 2p-4 
2(a+3)= 4(3 —p ) (Cross multiply) 

2a-4=2f-4 
2a+6 = 12-48 
2a-4=28-4 
2a+6—-6=12-6-48 (Isolate terms) 


2a-44+4=28-444 


2a+4fP =6-464+46 
2a—2f = 26-28 


2a+4f=6 
2a-—26=0 (Multiply by 2) 


20+4f =6 (Add) 
4a-—46=0 


6a 6 


3-43 


DVTE 


Event Code 


INTL-GEN- 
6001 


INTL-GEN- 
4003 


INTL-GEN- 
4006 
INTL-ANYS- 
3002 


INTL-ANYS- 
3003 


0200 -GEN - 
1002 
0201-DIRT- 
1005 


0202 -DIRT- 
2001 


0202 -DIRT- 
2003 


0202 -DIRT- 
2005 


0231 -GEN- 
1005 


0231 -GEN- 
2002 


0231-GEN- 
2006 


0241 -FUNC- 
1001 
0241 -FUNC- 
1003 


0241 -FUNC- 
1004 
0241-GENI- 
2001 


IIT 

Event Code 
INTL-GEN- 
5001 


INTL-GEN- 
4005 


Event Title 
Provide Intelligence 
Support to MAGTF IOC 
operations 
Conduct collections 
management 
Conduct all-source 
intelligence analysis 
Conduct multi-sensor 
imagery analysis 
Develop situational 
awareness 
Produce written 
intelligence products 


Conduct all-source analysis 


Direct the Intelligence 
Preparation of the 
Battlespace (IPB) in 
support of operations 
Direct the production 
effort 

Direct intelligence 
dissemination 

Provide intelligence 
support to all-source 
analysis 

Supervise collection 
operations management (COM) 
Supervise collection 
requirements management 
(CRM) 

Produce Battle/Collateral 
Damage Assessment studies 
Conduct geospatial 
collection management 


Produce geospatial studies 


Provide GEOINT I&w 


Event Title 
Provide remote sensor 
support to MAGTF operations 
Conduct document and media 
exploitation (DOMEX) 
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Suitability Unit of 
Code Measure 
S/L Staff Hours 
L/S Individual 
Hours 

S/L Individual 
Hours 

Individual 
S/L Hours 

S/L Individual 
Hours 

L/S Individual 
Hours 

Individual 
S/L Hours 

S/L Individual 
Hours 

Individual 
S/L Hours 

L/S Individual 
Hours 

L/S Individual 
Hours 

L/S Individual 
Hours 

S/L Individual 
Hours 


Suitability Unit of 
Code Measure 
Hours 


Enclos 


Hours 


1 
4 


2 
2 
2 
2 
1 
2 
1 


1 


1 
1 
1 
1 
1 


2 


Hours 


ure (1) 


CIH-CINT - 
3001 


GRSO -GEN - 
3001 
@211-CIHU- 
1002 
@211-FUNC- 
1002 
0210 -CIHU- 
2004 
8621-OPS- 
2001 
0211-OPS- 
2002 


8621-OPS- 
2004 


MTWS 


Event Code 
INTL-GEN- 
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Substitute the solution 1 for the variable "a" into one of the original equations and solve for 


"B." 


+ = aa (Original equation) 
ae = ro (1 substituted for a) 
‘= a (Cross multiply) 
3-f=2 (Solve for ) 

p=1 


Check the solution by substituting the number | for the literal 'a" and '6" into original 


equations. 

eee ae ae a 
at+3 ~ 3-f 6a-12 ~ 106-20 
Ad ag 2 ea: eee pee ae 
143 —~ 3-1 6-12 — 10-20 

Bos 2 SDs oe 

yam) -6 ~ -10 

1 1 
[=] = 2 


Try the following challenge to reinforce your understanding of solving linear equations containing 
fractional equations. Substitute your solution for the literal. Check your work to ensure your 
solutions are correct before checking them against those given. 
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Preface 


ATP 2-22.9 establishes a common understanding, foundational concepts, and methods of use for Army open- 
source intelligence (OSINT). ATP 2-22.9 highlights the characterization of OSINT as an intelligence discipline, 
its interrelationship with other intelligence disciplines, and its applicability to unified land operations. 


This Army techniques publication— 
e Provides fundamental principles and terminology for Army units that conduct OSINT exploitation. 
e Discusses tactics, techniques, and procedures (TTP) for Army units that conduct OSINT exploitation. 


e Provides a catalyst for renewing and emphasizing Army awareness of the value of publicly 
available information and open sources. 


e Establishes a common understanding of OSINT. 


e Develops systematic approaches to plan, prepare, collect, and produce intelligence from publicly 
available information from open sources. 


The target audience for this Army techniques publication is Army units at the division level and below conducting 
OSINT exploitation. 


Defined terms are identified in the text. Definitions for which this publication is the proponent are printed in 
boldface. These terms and their definitions will be incorporated into the next revision of FM 1-02. For other 
definitions in the text, the term is italicized, and the number of the proponent publication follows the definition. 
Terms for which this publication is the proponent are indicated with an asterisk in the glossary. 


“OSINT personnel” applies to intelligence and nonintelligence Active Army, Army National Guard/Army National 
Guard of the United States, and U.S. Army Reserve personnel who engage in missions involving publicly available 
information and open sources. 


AR 381-10 defines a U.S. person as— 
e AUS. citizen. 
e AUS. permanent resident alien. 
e An unincorporated association substantially composed of U.S. citizens or permanent resident aliens. 


e Acorporation or subsidiary incorporated in the United States that is not directed or controlled by 
a foreign government. 


The following are presumed to be non-U.S. persons: 
e A person or organization outside of the United States. 


e A person not a citizen or permanent resident alien of the United States. 


The use or mention of the name of any commercial or private organization or its associated trademark or services by 
the Army does not express or imply an endorsement of the sponsor or its products and services by the Army. 


This publication applies to the Active Army, the Army National Guard/Army National Guard of the United 
States, and the U.S. Army Reserve unless otherwise stated. 


Headquarters, U.S. Army Training and Doctrine Command, is the proponent for this publication. The preparing 
agency is the U.S. Army Intelligence Center of Excellence (USAICoE), Fort Huachuca, AZ. Send written 
comments and recommendations on DA Form 2028 (Recommended Changes to Publications and Blank Forms) 
directly to: Commander, USAICoE, ATTN: ATZS-CDI-D (ATP 2-22.9), 550 Cibeque Street, Fort Huachuca, 
AZ 85613-7017. 
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Introduction 


Since before the advent of the satellite and other advanced technological means of gathering information, 
military professionals have planned, prepared, collected, and produced intelligence from publicly available 
information and open sources to gain knowledge and understanding of foreign lands, peoples, potential 
threats, and armies. 


Open sources possess much of the information needed to understand the physical and human factors of the 
operational environment of unified land operations. Physical and human factors of a given operational 
environment can be addressed utilizing publicly available information to satisfy information and 
intelligence requirements and provide increased situational awareness interrelated with the application of 
technical or classified resources. 


The world is being reinvented by open sources. Publicly available information can be used by a variety of 
individuals to expand a broad spectrum of objectives. The significance and relevance of open-source 
intelligence (OSINT) serve as an economy of force, provide an additional leverage capability, and cue 
technical or classified assets to refine and validate both information and intelligence. 


As an intelligence discipline, OSINT is judged by its contribution to the intelligence warfighting function 
in support of other warfighting functions and unified land operations. 


10 July 2012 ATP 2-22.9 Vv 


Chapter 1 


Open-Source Intelligence (OSINT) Fundamentals 


Pioneer and reformative directives led to the passing of legislation that affected the U.S. 
intelligence community and its application of publicly available information. The 
National Security Act of 1992 began the reformation of the U.S. intelligence community 
resulting in the establishment of the Open Source Office and subsequently the Director of 
National Intelligence (DNI) Open Source Center (OSC) in 2005. This chapter describes 
the fundamentals of open-source intelligence (OSINT). 


DEFINITION AND TERMS 


1-1. Open-source intelligence is the intelligence discipline that pertains to intelligence produced from 
publicly available information that is collected, exploited, and disseminated in a timely manner to an 
appropriate audience for the purpose of addressing a specific intelligence and information requirement 
(FM 2-0). OSINT also applies to the intelligence produced by that discipline. 


1-2. OSINT is also intelligence developed from the overt collection and analysis of publicly available and 
open-source information not under the direct control of the U.S. Government. OSINT is derived from the 
systematic collection, processing, and analysis of publicly available, relevant information in response to 
intelligence requirements. Two important related terms are open source and publicly available information: 

e@ Open source is any person or group that provides information without the expectation of 
privacy—the information, the relationship, or both is not protected against public disclosure. 
Open-source information can be publicly available but not all publicly available information is 
open source. Open sources refer to publicly available information medium and are not limited to 
physical persons. 

e Publicly available information is data, facts, instructions, or other material published or 
broadcast for general public consumption; available on request to a member of the general 
public; lawfully seen or heard by any casual observer; or made available at a meeting open to the 
general public. 


Note. All OSINT operations conducted by intelligence personnel must comply with the legal 
restrictions as outlined in Executive Order (EO) 12333, DOD 5240.1-R, DODD 3115.12, 
JP 2-0, and AR 381-10. 


1-3. OSINT collection is normally accomplished through monitoring, data-mining, and research. Open- 
source production supports all-source intelligence and the continuing activities of the intelligence process 
(generate intelligence knowledge, analyze, assess, and disseminate), as prescribed in FM 2-0. Like other 
intelligence disciplines, OSINT is developed based on the commander’s intelligence requirements. 


CHARACTERISTICS 


1-4. The following characteristics address the role of OSINT in unified land operations: 


e Provides the foundation. Open-source information provides the majority of the necessary 
background information on any area of operations (AO). This foundation is obtained through 
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open-source media components that provide worldview awareness of international events and 
perceptions of non-U.S. societies. This foundation is an essential part of the continuing activity 
of generate intelligence knowledge. 


Answers requirements. The availability, depth, and range of publicly available information 
enables organizations to satisfy intelligence and information requirements without the use or 
support of specialized human or technical means of collection. 


Enhances collection. Open-source research supports surveillance and reconnaissance activities 
by answering intelligence and information requirements. It also provides information (such as 
biographies, cultural information, geospatial information, and technical data) that enhances and 
uses more technical means of collection. 

Enhances production. As part of a multidiscipline intelligence effort, the use and integration of 
publicly available information and open sources ensure commanders have the benefit of all 
sources of available information to make informative decisions. 


THE INTELLIGENCE WARFIGHTING FUNCTION 


1-5. The intelligence warfighting function is composed of four distinct Army tactical tasks (ARTs): 


1-2 


Intelligence support to force generation (ART 2.1). 

Support to situational understanding (ART 2.2). 

Perform intelligence, surveillance, and reconnaissance (ART 2.3). 
Support to targeting and information superiority (ART 2.4). 


1-6. The intelligence warfighting function is the related tasks and systems that facilitate understanding of 
the operational environment, enemy, terrain, weather, and civil considerations (FM 1-02). As a continuous 
process, the intelligence warfighting function involves analyzing information from all sources and 
conducting operations to develop the situation. OSINT supports each of these ARTs. 


1-7. Publicly available information is used to— 


Support situational understanding of the threat and operational environment. 

Obtain information about threat characteristics, terrain, weather, and civil considerations. 
Generate intelligence knowledge before receipt of mission to provide relevant knowledge of the 
operational environment. 

Rapidly provide succinct answers to satisfy the commander’s intelligence requirements during 
intelligence overwatch. 

Develop a baseline of knowledge and understanding concerning potential threat actions or 
intentions within specific operational environments in support of the commander’s ongoing 
intelligence requirements. 

Generate intelligence knowledge as the basis for Army integrating functions such as intelligence 
preparation of the battlefield (IPB). IPB is designed to support the staff estimate and the military 
decisionmaking process (MDMP). Most intelligence requirements are generated as a result of 
the IPB process and its interrelation with MDMP. 

Support situation development—a process for analyzing information and producing current 
intelligence concerning portions of the mission variables of enemy, terrain and weather, and civil 
considerations within the AO before and during operations (see FM 2-0). Situation 
development— 

= Assists the G-2/S-2 in determining threat intentions and objectives. 

= Confirms or denies courses of action (COAs). 

= Provides an estimate of threat combat effectiveness. 

Support information collection. Planning requirements and assessing collection analyzes 
information requirements and intelligence gaps and assists in determining which asset or 
combination of assets are to be used to satisfy the requirements. 
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1-8. For more detailed information on the intelligence warfighting function, see FM 2-0. For examples of 
how OSINT is used to support other intelligence disciplines and operational tasks, see appendix D. 


THE INTELLIGENCE PROCESS 


1-9. The intelligence process consists of four steps (plan, prepare, collect, and produce) and four 
continuing activities (analyze, generate intelligence knowledge, assess, and disseminate). Just as the 
activities of the operations process (plan, prepare, execute, and assess) overlap and recur as the mission 
demands, so do the steps of the intelligence process. The continuing activities occur continuously 
throughout the intelligence process and are guided by the commander’s input. 


1-10. The four continuing activities plus the commander’s input drive, shape, and develop the intelligence 
process. The intelligence process provides a common model for intelligence professionals to use to guide 
their thoughts, discussions, plans, and assessments. The intelligence process results in knowledge and 
products about the threat, terrain and weather, and civil considerations. 


1-11. OSINT enhances and supports the intelligence process and enables the operations process, as 
described in FM 2-0. The intelligence process enables the systematic execution of Army OSINT 
exploitation, as well as the integration with various organizations (such as joint, interagency, 
intergovernmental, and multinational). Figure 1-1 illustrates the intelligence process. (For more information 
on the intelligence process, see FM 2-0.) 


Commander’s Input 


an 


Produce Prepare 


LS Collect Me 


Ge ni 


eral Intelligence eZ 
S—S Assess 


Disseminate 


Figure 1-1. The intelligence process 
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THE PLANNING REQUIREMENTS AND ASSESSING COLLECTION 
PROCESS 


1-12. Information collection informs decisionmaking for the commander and enables the application of 
combat power and assessment of its effects. Information collection is an activity that synchronizes and 
integrates the planning and operation of sensors, assets, as well as the processing, exploitation, and 
dissemination of systems in direct support of current and future operations (FM 3-55). This is an integrated 
intelligence and operations function. For Army forces, this activity is a combined arms operation that 
focuses on priority intelligence requirements (PIRs) while answering the commander’s critical information 


requirements (CCIRs). 


1-13. Information collected from multiple sources and analyzed becomes intelligence that provides 
answers to commanders’ information requirements concerning the enemy and other adversaries, climate, 


weather, terrain, and population. Developing these requirements is the function of information collection: 


e@ A commander’s critical information requirement is an information requirement identified by the 
commander as being critical to facilitating timely decisionmaking. The two key elements are friendly 


force information requirements and priority intelligence requirements (JP 3-0). 


e A priority intelligence requirement is an intelligence requirement, stated as a priority for 
intelligence support, which the commander and staff need to understand the adversary or the 


operational environment (JP 2-0). 


e A friendly force information requirement is information the commander and staff need to 


understand the status of friendly force and supporting capabilities (JP 3-0). 


1-14. The planning requirements and assessing collection process involves six continuous, nondiscrete 
activities. These activities and subordinate steps are not necessarily sequential and often overlap. The planning 
requirements and assessing collection process supports the staff planning and operations processes throughout 


unified land operations. 


THE MILITARY DECISIONMAKING PROCESS 


1-15. Upon receipt of the mission, commanders and staffs begin the MDMP. The military decisionmaking 
process is an iterative planning methodology that integrates the activities of the commander, staff, subordinate 
headquarters, and other partners to understand the situation and mission; develop and compare courses of 
action; decide on a course of action that best accomplishes the mission; and produce an operation plan or 


order for execution (FM 5-0). 


1-16. During the second step of the of the MDMP, mission analysis, commanders and staffs analyze the 
relationships among the mission variables—mission, enemy, terrain and weather, troops and support available, 


time available, civil considerations (METT-TC)—seeking to gain a greater understanding of the— 
e@ Operational environment, including enemies and civil considerations. 
e Desired end state of the higher headquarters. 
e Mission and how it is nested with those of the higher headquarters. 
e Forces and resources available to accomplish the mission and associated tasks. 


1-17. Within the MDMP, OSINT assists in enabling the planning staff to update estimates and initial 
assessments by using publicly available information and open sources. Major intelligence contributions to 


mission analysis occur because of IPB. (For more information on the MDMP, see FM 5-0.) 


Note. Nonintelligence staff can also research publicly available information to prepare functional 
area-specific estimates, papers, briefings, plans, and orders in support of the MDMP. 
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INTELLIGENCE PREPARATION OF THE BATTLEFIELD 


1-18. Intelligence preparation of the battlefield is a systematic process of analyzing and visualizing the 
portions of the mission variables of threat, terrain, weather, and civil considerations in a specific area of 
interest and for a specific mission. By applying intelligence preparation of the battlefield, commanders gain 
the information necessary to selectively apply and maximize operational effectiveness at critical points in 
time and space (FM 2-01.3). 


1-19. IPB was originally designed to support the MDMP and troop leading procedures, but it can also be 
incorporated into other problem-solving models like design and red teaming. OSINT plays a significant and 
integral part during IPB in satisfying intelligence and information requirements indicated during the 
MDMP in support of unified land operations. The indicators that can be satisfied using OSINT during IPB 
include but are not limited to— 


e Population. 

e Propaganda. 
@ Commodities. 
@ Environment. 


1-20. IPB is used primarily by commanders and staffs as a guide to evaluate specific datasets in order to 
gain an understanding of a defined operational environment. Prior to operations, an examination of 
national, multination partner, joint, and higher echelon databases is required to determine if the information 
requested is already available. As operations commence, new intelligence and information requirements are 
further identified as a result of battlefield changes. Publicly available information and open sources, when 
produced and properly integrated in support of the all-source intelligence effort, can be used to satisfy 
intelligence and information requirements. (For more information on IPB and indicators, see FM 2-01.3.) 
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Planning and Preparation of the OSINT Mission 


Directly or indirectly, publicly available information and open sources form the 
foundation for all intelligence when conducting operations. This foundation comes from 
open-source media components that provide worldview awareness of international events 
and perceptions of non-U.S. societies. This awareness prompts commanders to visualize 
a plan. Planning occurs when intelligence and information requirements are identified 
and means are developed as to how they will be satisfied. Effective OSINT mission 
planning and preparation are conducted during the Army force generation (ARFORGEN) 
train/ready force pool to enable the ease of transition to combat operations. (See FM 7-0 
for more information on ARFORGEN.) 


SECTION | — PLANNING OSINT ACTIVITIES 


2-1. The plan step of the intelligence process consists of the activities that identify pertinent information 
requirements and develop the means for satisfying those requirements and meeting the commander’s desired end 
state. As an aspect of intelligence readiness, planning for OSINT exploitation begins before a unit receives an 
official order or tasking as part of the generate intelligence knowledge continuing activity of the intelligence 
process. 


2-2. The focus of OSINT research prior to deployment is determined and directed by the commander’s 
guidance. Sustained and proactive open-source research using basic and advanced Internet search 
techniques plays a critical role in understanding AOs through foundational knowledge required for unit 
readiness and effective planning. Research during planning for possible missions provides insight into how 
nontraditional military forces, foreign military forces, and transnational threats have operated in similar 
AOs. Prior to deployment, organizations with dedicated OSINT missions can also be resourced to satisfy 
intelligence and information requirements. (See appendix E.) 


2-3. After a unit receives a mission, the focus of OSINT research is further refined based on the AO in which 
the unit operates. OSINT supports the continuous assessment of unified land operations during planning. 
Effective research and planning ensure commanders receive timely, relevant, and accurate intelligence and 
information to accomplish assigned missions and tasks. The MDMP and IPB driven by the intelligence process 
frame the planning of OSINT exploitation. OSINT is integrated into planning through the four steps of the IPB 
process: 

e Define the operational environment. 

e Describe environmental effects on operations. 

e Evaluate the threat. 

e Determine threat COAs. 


DEFINE THE OPERATIONAL ENVIRONMENT 


2-4. When assessing the conditions, circumstances, and influences in the AO and area of interest, the 
intelligence staff examines all characteristics of the operational environment. There are preexisting publicly 
available inputs that can be used to identify significant variables when analyzing the terrain, weather, threat, and 
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civil considerations. At the end of step one of the IPB process, publicly available information and open sources 
can be used to support the development of the AO assessment and area of interest assessment. 


DESCRIBE ENVIRONMENTAL EFFECTS ON OPERATIONS 


2-5. When analyzing the environmental effects on threat and friendly operations, publicly available 
information and open sources can be used to describe the— 
e Physical environment (terrestrial, air, maritime, space, and information domains). 


@ Weather. 
e@ Civil considerations. 
e@ Threat. 


2-6. Combine the evaluation of the effects of terrain, weather, and civil considerations into a product that 
best suits the commander’s requirements. At the end of the second step of IPB, publicly available 
information and open sources can be used to better inform the commander of possible threat COAs and 
products and assessments to support the remainder of the IPB process. 


EVALUATE THE THREAT 


2-7. Step three of the IPB process is to evaluate each of the significant threats in the AO. If the staff fails 
to determine all the threat factions involved or their capabilities or equipment, or to understand their 
doctrine and tactics, techniques, and procedures (TTP), as well as their history, the staff will lack the 
intelligence needed for planning. At the end of step three of IPB, publicly available information and open 
sources can provide the majority of the information required to identify threat characteristics, as well as 
provide possible information needed to update threat models. 


DETERMINE THREAT COURSES OF ACTION 


2-8. Step four of the IPB process is to identify, develop, and determine likely threat COAs that can 
influence accomplishment of the friendly mission. The end state of step four is to replicate the set of COAs 
available to the threat commander and to identify those areas and activities that, when observed, discern 
which COA the threat commander has chosen. At the end of step four of IPB, publicly available 
information and open sources can be used to determine indicators adopted by the threat commander. 


SECTION Il —- PREPARATION OF OSINT ACTIVITIES 


2-9. The reliance on classified databases has often left Soldiers uninformed and ill-prepared to capitalize 
on the huge reservoir of unclassified information from publicly available information and open sources, as 
the following quote describes: 


OSINT was fairly new to us and once the term was understood we placed a signals 
intelligence analyst in charge of OSINT. At the tactical level, it seemed to be effective 
after the fact. There were three successful attacks against coalition forces aircraft in a 
specific area. We couldn’t figure out the “how” and 5Ws [who, what, when, where, why] 
but our OSINT analyst found a downed aircraft video on the Internet that helped us 
identify the ingress and egress routes used during the attack that led to a “no fly” area 
and successful area denial missions in our area of operation. 


All-Source Intelligence Analyst, Combat Aviation Brigade 
Operation Iraqi Freedom 2008-2009, 
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OSINT EXPLOITATION 


2-10. When preparing to conduct OSINT exploitation, the areas primarily focused on are— 
e Public speaking forums. 
e Public documents. 
e Public broadcasts. 
e Internet Web sites. 


PUBLIC SPEAKING FORUMS 


2-11. Acquiring information at public speaking forums requires close coordination to ensure that any overt 
acquisition is integrated and synchronized with the information collection plan and does not violate laws 
prohibiting the unauthorized collecting of information for intelligence purposes. (See appendix A for 
further information on U.S. persons.) 


2-12. Before gathering OSINT information at public speaking forums— 


e Coordinate with key staff sections, such as the G-2X/S-2X, G-7/S-7, G-9/S-9, public affairs 
officer (PAO), and staff judge advocate (SJA), prior to conducting surveillance. 


e Identify additional force protection personnel and equipment requirements. 
e Identify the procedure for emplacement and recovery of audio and video processing equipment. 


2-13. The operation order (OPORD), TTP, or unit standard operating procedures (SOPs) should describe 
how the unit that is tasked with the public speaking forum mission requests, allocates, and manages funds 
to purchase digital camera and audio recording equipment along with the computer hardware and software 
to play and store video-related data. 


PUBLIC DOCUMENTS 


2-14. Organizations within an AO conduct document collection missions. Once collected, documents are 
analyzed and the information is disseminated throughout the intelligence community. Before executing any 
OSINT exploitation related to collecting public documents, it is important to— 


e Coordinate document collection, processing, and analysis activities across echelons. 


e Identify the procedure to deploy, maintain, recover, and transfer hardcopy, analog, and digital 
media processing and communications equipment. 


e Identify academic and commercial-off-the-shelf (COTS) information services that are already 
available for open-source acquisition, processing, and production. 
2-15. The OPORD, TTP, or unit SOPs should describe how the unit requests, allocates, and manages funds 
for— 
e Document collection and processing services. 


e Purchasing books, dictionaries, images, maps, newspapers, periodicals, recorded audio and video 
items, computer hardware, digital cameras, and scanning equipment. 


e The cost of subscribing to newspapers, periodicals, and other readable materials. 


2-16. For more detailed information on public documents and document exploitation, see TC 2-91.8. 


PUBLIC BROADCASTS 


2-17. The DNI OSC collects, processes, and reports international and regional broadcasts. This enables 
deployed organizations to collect and process information from local broadcasts that are of command 
interest. Before exploiting OSINT related to public broadcasts, it is important to— 


e Coordinate broadcast collection, processing, and production activities with those of the OSC. 


e Identify the procedure to deploy, maintain, recover, and transfer radio and television digital 
media storage devices and content processing and communications systems. 
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e Identify Internet collection and processing resources to collect on television or radio station- 
specific Web casts. 


2-18. The OPORD, unit SOPs, or TTP should describe how the unit tasked with public broadcast missions 
requests, allocates, and manages funds to purchase antenna and computer equipment, machine translation 
services or software, and subscribes to regional and international satellite radio and television broadcast 
service providers. 


INTERNET WEB SITES 


2-19. Information collected, processed, and produced from Internet Web sites supports unified land 
operations. Before exploiting OSINT related to Internet Web sites— 

e Coordinate Internet collection, processing, and analysis activities across echelons. 

e Identify the procedure to deploy, maintain, recover, and transfer computers and associated 
communications and data storage systems. 

e Coordinate with G-6/S-6 for access to the INTELINK-U network or approved commercial 
Internet service providers that support open-source acquisition, processing, storage, and 
dissemination requirements. 

e Coordinate with G-6/S-6 to develop a list of authorized U.S. and non-US. Internet Web sites for 
official government use, open-source research, and non-U.S. Internet Web sites restricted to 
selected authorized personnel engaged in OSINT exploitation. 

e Identify academic and COTS information services that are already available for open-source 
information acquisition, processing, and production. 


2-20. The OPORD, unit SOPs, or TTP should describe how the unit tasked with Internet research missions 
requests, allocates, and manages funds to purchase digitized documents, geospatial information, computer 
hardware and software applications, as well any subscriptions to academic and commercial online 
databases, newspapers, periodicals, and references. 


PREPARATION CONSIDERATIONS 


2-21. Preparing for OSINT exploitation also includes— 
e Establishing an OSINT architecture. 

Prioritizing tasks and requests. 

Task-organizing assets. 

Deploying assets. 


Assessing completed operations. 


ESTABLISHING AN OSINT ARCHITECTURE 


2-4 


2-22. OSINT contributes to establishing an intelligence architecture, specifically ART 2.2.2, Establish 
Intelligence Architecture. Establishing an intelligence architecture comprises complex and technical issues 
that include sensors, data flow, hardware, software, communications, communications security materials, 
network classification, technicians, database access, liaison officers, training, and funding. A well-defined 
and -designed intelligence architecture can offset or mitigate structural, organizational, or personnel 
limitations. This architecture provides the best possible understanding of the threat, terrain and weather, 
and civil considerations. An established OSINT architecture incorporates data flow, hardware, software, 
communications security components, and databases that include— 

e Conducting intelligence reach. Intelligence reach is a process by which intelligence organizations 
proactively and rapidly access information from, receive support from, and conduct direct 
collaboration and information sharing with other units and agencies, both within and outside the area 
of operations, unconstrained by geographic proximity, echelon, or command (FM 2-0). 


e Developing and maintaining automated intelligence networks. This task entails providing 
information systems that connect assets, units, echelons, agencies, and multinational partners for 
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intelligence, collaborative analysis and production, dissemination, and intelligence reach. It uses 
existing automated information systems, and, when necessary, creates operationally specific 
networks. 

e Establishing and maintaining access. This task entails establishing, providing, and maintaining 
access to classified and unclassified programs, databases, networks, systems, and other Web-based 
collaborative environments for Army forces, joint forces, national agencies, and multinational 
organizations. 

e Creating and maintaining databases. This task entails creating and maintaining unclassified and 
classified databases. Its purpose is to establish interoperable and collaborative environments for Army 
forces, joint forces, national agencies, and multinational organizations. This task facilitates 
intelligence analysis, reporting, production, dissemination, sustainment, and intelligence reach. 


Operational and Technical Open-Source Databases 


2-23. OSINT exploitation requires access to databases and Internet capabilities to facilitate processing, 
storage, retrieval, and exchange of publicly available information. These databases are resident on local 
area networks (LANs), the World Wide Web (WWW), and the Deep Web (see appendix C for additional 
information). To support unified land operations, OSINT personnel use evaluated and analyzed publicly 
available information and open sources to populate information databases such as— 
e@ Operational information databases, which support the correlation of orders, requests, 
collection statuses, processing resources, and graphics. 
e Technical information databases, which support collection operations and consist of 
unprocessed text, audio files, video files, translations, and transcripts. 


Open-Source Collection Acquisition Requirement-Management System 


2-24. The primary open-source requirements management operational information and_ technical 
information database is the Open-source Collection Acquisition Requirement-Management System 
(OSCAR-MS). OSCAR-MS is a Web-based service sponsored by the Office of the Assistant Deputy 
Director of National Intelligence for Open Source (ADDNI/OS) to provide the National Open Source 
Enterprise (NOSE) with an application for managing open-source collection requirements. OSCAR-MS 
links OSINT providers and consumers within the intelligence community down to the brigade combat team 
(BCT) level. Personnel at the BCT level access OSCAR-MS via the SECRET Internet Protocol Router 
Network (SIPRNET) in order to submit requests for information to the Department of the Army 
Intelligence Information Services (DA IIS) request for information portal. The goal of the OSCAR-MS is 
to automate and streamline ad hoc open-source collection requirements by— 
Providing useful metrics to understand OSINT requirements. 


e Allowing the digital indexing and tagging of submitted and completed open-source products to be 
searchable in the Library of National Intelligence. 


e Providing for local control of administrative data such as unit account management, local data tables, 
and local formats. 


Allowing simple and flexible formats that employ database auto-population. 
Using complete English instead of acronyms, computer codes, and other nonintuitive shortcuts. 
Allowing linkages between requirements, products, and evaluations. 


Enabling integration of open-source users for collaboration between agencies. 
e Reducing requirement duplication through customers directly contributing to existing requirements. 


2-25. For more detailed information on OSCAR-MS or to submit OSINT requirements, contact the U.S. Army 
Intelligence and Security Command (INSCOM) DA IIS at https://www.intelink. gov/sharepoint/default.aspx. 
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PRIORITIZING TASKS AND REQUESTS 


2-26. The G-2/S-2 and G-3/S-3 staffs use commander guidance and primary intelligence requirements to 
complete the information collection plan. The plan is used to assign tasks to subordinate units or submit requests 
to supporting intelligence organizations to achieve the desired information collection objectives. Embodied in the 
information collection plan, these tasks describe how the unit— 


e@ Requests collection and production support from joint, interagency, intergovernmental, and 
multinational organizations. 


e Task-organizes and deploys organic, attached, and contracted collection, processing, and production 
assets. 


Conducts remote, split-based, or distributed collection, processing, and production. 


e@ Requests and manages U.S. and non-U.S. linguists based on priority for support, mission-specific 
skills, knowledge requirements (such as language, dialect, and skill level), clearance level, and 
category. 


2-27. When developing information collection tasks for subordinate units, the G-2/S-2 and G-3/S-3 staffs 
use the task and purpose construct for developing task statements to account for— 

Who is to execute the task? 

What is the task? 

When will the task begin? 

Where will the task occur? 


TASK-ORGANIZING ASSETS 


2-28. With the exception of the Asian Studies Detachment (ASD) that maintains an organic table of 
distribution and allowances (TDA) with the government of Japan in support of U.S. Pacific Command 
(USPACOM), the Army does not have a TDA or base table of organization and equipment for OSINT 
personnel or units when preparing to conduct OSINT exploitation. 


DEPLOYING ASSETS 
2-29. Deployment of publicly available assets— 


e Supports the scheme of maneuver. 
e Supports the commander’s intent. 
e@ Complies with unit SOPs. 


2-30. The deployment of assets generally requires a secure position, with network connectivity to the 
Internet, in proximity to supporting sustainment, protection, and communications resources. 


ASSESSING COMPLETED OPERATIONS 


2-31. Typical guidelines used to assess operations are— 
e@ Monitoring operations. 
e Correlating and screening reports. 
e Disseminating and providing a feedback mechanism. 
e Cueing. 


2-32. See paragraph 2-67 for an explanation of these guidelines. 
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SECTION Ill - PLANNING AND PREPARATION CONSIDERATIONS 


2-33. Planning and preparation considerations when planning for OSINT exploitation include— 
e@ Open-source reliability. 

Open-source information content credibility. 

Compliance. 

Operations security (OPSEC). 

Classification. 

Coordination. 

Deception and bias. 

Copyright and intellectual property. 

Linguist requirements. 


Machine foreign language translation (MFLT) systems. 


OPEN-SOURCE RELIABILITY 


2-34. The types of sources used to evaluate information are— 
e@ Primary sources. 
e Secondary sources. 


2-35. A primary source refers to a document or physical object that was written or created during the time 
under study. These sources are present during an experience or time period and offer an inside view of a 
particular event. Primary sources— 


e Are generally categorized by content. 
e Is either public or private. 
e Is also referred to as an original source or evidence. 
e In fact, are usually fragmentary, ambiguous, and difficult to analyze. The information contained 
in primary sources is also subject to obsolete meanings of familiar words. 
2-36. Some types of primary sources include— 


e Original documents (excerpts or translations) such as diaries, constitutions, research journals, 
speeches, manuscripts, letters, oral interviews, news film footage, autobiographies, and official 
records. 


e@ Creative works such as poetry, drama, novels, music, and art. 
e Relics or artifacts such as pottery, furniture, clothing, artifacts, and buildings. 
e Personal narratives and memoirs. 
e Person of direct knowledge. 
2-37. A secondary source interprets, analyzes, cites, and builds upon primary sources. Secondary sources 


may contain pictures, quotes, or graphics from primary sources. Some types of secondary sources include 
publications such as— 


e Journals that interpret findings. e Histories. 

e Textbooks. e Criticisms. 

e@ Magazine articles. e Encyclopedias. 
e Commentaries. 


Note. Primary and secondary sources are oftentimes difficult to distinguish as both are subjective 
in nature. Primary sources are not necessarily more of an authority or better than secondary 
sources. For any source, primary or secondary, it is important for OSINT personnel to evaluate 
the report for deception and bias. 
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2-38. Open-source reliability ratings range from A (reliable) to F (cannot be judged) as shown in table 2-1. A 
first-time source used in the creation of OSINT is given a source rating of F. An F rating does not mean the 
source is unreliable, but OSINT personnel have no previous experience with the source upon which to base a 
determination. 


Table 2-1. Open-source reliability ratings 


Reliable No doubt of authenticity, trustworthiness, or competency; has a history of 
complete reliability. 

Usually Minor doubt about authenticity, trustworthiness, or competency; has a history of 

reliable valid information most of the time. 


c | Fairly reliable Doubt of authenticity, trustworthiness, or competency, but has provided valid 
information in the past. 


Not usually Significant doubt about authenticity, trustworthiness, or competency, but has 
reliable provided valid information in the past. 
Fe | Unreliable Lacking authenticity, trustworthiness, and competency; history of invalid 
information. 
Cannot be : : : tant 
judged No basis exists for evaluating the reliability of the source. 


OPEN-SOURCE INFORMATION CONTENT CREDIBILITY 


2-39. Similar to open-source reliability, credibility ratings range from one (confirmed) to eight (cannot be 
judged) as shown in table 2-2. If the information is received from a first-time source, it is given a rating of 
eight and, like the reliability ratings scale, does not mean the information is not credible but that OSINT 
personnel have no means to verify the information. 


Table 2-2. Open-source content credibility ratings 


Cantiinied Confirmed by other independent sources; logical in itself; consistent with other 
information on the subject. 


| 2 | Probably true | Not confirmed; logical in itself; consistent with other information on the subject. 


Possibly true Not confirmed; reasonably logical in itself; agrees with some other information 
on the subject. 


4 | Doubttully true | Not confirmed; possible but not logical; no other information on the subject. 


Not confirmed; not logical in itself; contradicted by other information on the 
subject. 


Unintentionally false; not logical in itself; contradicted by other information on 


Improbable 


the subject; confirmed by other independent sources. 


: : , ; ; ace ; 
7 Deception Deliberately false; contradicted by other information on the subject; confirmed 
by other independent sources. 


Cannot be : F , ae , : 
3 | judged No basis exists for evaluating the validity of the information. 


COMPLIANCE 


2-40. In accordance with EO 12333, DOD 5240.1-R, and AR 381-10, procedure 2, Army intelligence activities 
may collect publicly available information on U.S. persons only when it is necessary to fulfill an assigned 
function. (For more information on intelligence oversight, see appendix A.) 


OPERATIONS SECURITY 


2-41. OSINT could unintentionally provide present and future indicators of U.S. military operations. 
Information generally available to the public can reveal the existence of, and sometimes details about classified 
or sensitive information that can be used to neutralize or exploit military operations. Intelligence organizations 
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must determine the level of contact with open sources and the collection or acquisition technique that could 
affect Army operations. 


CLASSIFICATION 


2-42. AR 380-5 states that intelligence producers “must be wary of applying so much security that they are 
unable to provide a useful product to consumers.” This is an appropriate warning for OSINT personnel 
where concern for OPSEC can undermine the ability to disseminate inherently unclassified information. 
Examples of unclassified information being over-classified are— 

e Reported information found in a foreign newspaper. 


e Message from a foreign official attending an international conference. 


2-43. AR 380-5 directs that Army personnel will not apply classification or other security markings to an 
article or portion of an article that has appeared in a newspaper, magazine, or other public medium. Final 
analysis of OSINT may require additional restrictions and be deemed controlled unclassified information or 
sensitive but unclassified information. 


COORDINATION 


2-44. During planning, the G-2/S-2 and G-3/S-3 staff must ensure that OSINT missions and tasks are 
synchronized with the scheme of maneuver. Acquiring open-source information may compromise the 
operations of other intelligence disciplines or tactical units. Open-source acquisition that is not 
synchronized may also result in the tasking of multiple assets and the improper utilization of forces and 
equipment, adversely affecting the ability of nonintelligence organizations, such as civil affairs, military 
police, and public affairs, to accomplish assigned missions and tasks. Conversely, overt contact with an 
open source by nonintelligence organizations can compromise OSINT missions and tasks and lead to the 
loss of intelligence. 


DECEPTION AND BIAS 


2-45. Deception and bias is a concern in OSINT exploitation. OSINT exploitation does not normally 
acquire information by direct observation of activities and conditions within the AO. OSINT exploitation 
relies mainly on secondary sources to acquire and disseminate information. Secondary sources, such as 
government press offices, commercial news organizations, and nongovernmental organizations 
spokespersons, can intentionally or unintentionally add, delete, modify, or otherwise filter the information 
made to the general public. These sources may also convey one message in English with the intent to sway 
U.S. or international perspectives and a different non-English message for local populace consumption. It is 
important to know the background of open sources and the purpose of the public information in order to 
distinguish objectives, factual information, identify bias, or highlight deception efforts against the reader 
and the overall operation. 


COPYRIGHT AND INTELLECTUAL PROPERTY 


2-46. Copyright is a form of protection, for published and unpublished works, provided by Title 17, United 
States Code (USC), to authors of “original works of authorship,” including literary, dramatic, musical, and 
artistic works. Intellectual property is considered any creation of the mind and includes, but is not limited to— 


e@ Musical works and compositions. 
Artistic displays. 

Discoveries. 

Inventions. 

Words or phrases. 


Symbols and designs. 


10 July 2012 ATP 2-22.9 2-9 


Chapter 2 


2-47. It is illegal to violate the rights provided by the copyright law to the owner of copyright. One major 
limitation is the doctrine of fair use, which is given a statutory basis in Section 107 of the 1976 Copyright 
Act. According to the U.S. Copyright Office, “fair use” of a copyrighted work for purposes such as 
criticism, comment, news reporting, teaching, scholarship, or research is not an infringement of copyright. 
The four factors in determining fair use are the— 

e Purpose and character of the use. 

e Nature of the copyrighted work. 

e Amount and substantiality of the portion used in relation to the copyrighted work as a whole. 

e Effect of the use upon the potential market for or value of the copyrighted work. 


2-48. AR 27-60 prescribes policies and procedures for the acquisition, protection, transfer, patent usage, 
copyrights, and trademarks of intellectual property. Army policy recognizes the rights of copyright owners 
consistent with Army missions and worldwide commitments. OSINT personnel will not produce or 
distribute copyrighted works without the permission of the copyright owner unless such use is authorized 
under U.S. copyright law. There is also a requirement for OSINT personnel to forward to the Service SJA 
for approval and waiver of notice to the copyright holder, if necessary, for OPSEC. (For more information 
on copyright laws and applicability, see the International Copyright Relations of the United States at 
http://www.copyright.gov or the local SJA office.) 


LINGUIST REQUIREMENTS 


2-49. The ability to gather and analyze foreign materials is critical in OSINT exploitation. The effective 
use and employment of linguists, both civilian and military, facilitates this activity. The areas of the highest 
criticality of required foreign language skills and knowledge proficiency are— 
e Transcription. Both listening and writing proficiency in the source language are essential for an 
accurate transcript. A transcript is extremely important when English language skills of the 
OSINT personnel are inadequate for authoritative or direct translation from audio or video into 
English text. 
e Translation. Bilingual competence is a prerequisite for translations. Linguists must be able to— 
= Read and comprehend the source language. 
= Write comprehensibly in English. 
=» Choose the equivalent expression in English that fully conveys and best matches the 
meaning intended in the source language. 
e Interpretation. Bilingual competence is a prerequisite for interpretation. Linguists must be able 
to— 
=» Hear and comprehend the source language. 
= Speak comprehensibly in English. 


=» Choose the equivalent expression in English that fully conveys and best matches the 
meaning intended in the source language. 


Note. Interpretation is a specific skill in which not all linguists are trained. 


2-50. To effectively plan and employ linguists, commanders and staffs must understand the Army linguist 
proficiency evaluation system. Evaluation and reevalution of linguist proficiency is covered in detail in 
AR 11-6, chapter 5. Language testing is required for all Army personnel, in a language-dependent military 
occupational specialty (MOS) or Army occupational code (AOC), who have received foreign language 
training. Other Army personnel who have knowledge of a foreign language are encouraged to take the 
proficiency test and may work as linguists. 


2-51. The Army uses the Defense Language Proficiency Test (DLPT) to measure the proficiency level in a 
specific language. The DLPT is an indication of foreign language capability, but it is not the definitive 
evaluation of an individual’s ability to perform linguist support. 
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2-52. The Army uses Interagency Language Roundtable (ILR) descriptions of the proficiency levels for the 
skills of speaking, listening, reading, and writing a foreign language. Detailed descriptions of these levels 
are available at http://www.govtilr.org. The plus-level designators, shown as a “+” symbol, are used to 
designate when a linguist is above a base level, but not yet to the capability of the next level. The six base 
levels of proficiency as established by the DLPT are— 
e Level 0 (no proficiency). The Soldier has no functional foreign language ability. Level 0+ is the 
minimum standard for special-forces personnel and indicates a memorized proficiency only. 
e@ Level 1 (elementary proficiency). The Soldier has limited control of the foreign language skill 
area to meet limited practical needs and elementary foreign language requirements. 
e@ Level 2 (limited working proficiency). The linguist is sufficiently skilled to be able to satisfy 
routine foreign language demands and limited work requirements. 
e@ Level 3 (general professional proficiency). The linguist is capable of performing most general, 
technical, formal, and informal foreign language tasks on a practical, social, and professional level. 
e@ Level 4 (advanced professional proficiency). The linguist is capable of performing advanced 
professional foreign language tasks fluently and accurately on all levels. 
e Level 5 (functionally native proficiency). The linguist is functionally equivalent to an 
articulate and well-educated native in all foreign language skills; the linguist reflects the cultural 
standards of the country where the foreign language is natively spoken. 


2-53. The above proficiency base levels designate proficiency in any of the four language skills—listening, 
reading, speaking, and writing. The DLPT only evaluates reading and listening skills (for example, 2+/3, or 
3/1+). Currently, these tests do not evaluate linguists above the 3-proficiency level. The current Army 
standard to be considered a qualified linguist is a level 2. Oral proficiency interviews evaluate speaking 
proficiency and may be used to provide a listening score. These interviews may provide an evaluation all 
the way up to the 5-proficiency level. 


2-54. Along with proficiency and fluency, OSINT personnel must consider the biases and cultural backgrounds 
of civilian interpreters when analyzing non-English open-source information. When planning to utilize linguists, 
commanders must identify requirements by category. Linguist screening categories are— 

e Category I. Linguists must at least have advanced professional proficiency in the target language, a 
level 4 as measured by the ILR and general working proficiency (ILR 2+) in English. They may be 
locally hired or from a region outside the AO. They do not require a security clearance. 

e Category II. Linguists are U.S. citizens granted access to a Secret clearance by the designated U.S. 
Government personnel security authority. They must at least have advanced professional proficiency 
in the target language (ILR 4) and general working proficiency (ILR 2+) in English. 

e Category III. Linguists are U.S. citizens granted Top Secret (TS)/Sensitive Compartmented 
Information (SCID) or an interim TS/SCI clearance by the designated U.S. Government personnel 
security authority. They must meet a minimum of ILR 3 in both the target language and English. 


MACHINE FOREIGN LANGUAGE TRANSLATION SYSTEMS 


2-55. Developing a reliable and proficient linguist requires a great deal of time, both for training and gaining 
experience. This extended timeline often results in shortages of linguist personnel. To fill personnel vacancies 
throughout Army units and to meet language requirements and demands, MFLT systems are used. When 
employed properly, MFLT systems can provide an increased capability for translation in support of unified 
land operations. 


2-56. Reliable MFLT capability exists to translate media broadcasts into English and there is readily available 
software to translate Internet sources into English as well. There are limited speech-to-speech (S2S) 
capabilities in use. 
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FOREIGN MEDIA MONITORING 


2-57. Media monitoring systems like the BBN Broadcast Monitoring System™ (BMS™) create a continuous 
searchable archive of international television broadcasts. These systems automatically transcribe the real-time 
audio stream and translate it into English. Both the transcript and translation are searchable and synchronized to 
the video, providing powerful capabilities for effective retrieval and precise playback of the video based on its 
speech content. With this system, intelligence analysts can sift through vast collections of news content in other 
languages quickly and efficiently. 


2-58. These systems provide real-time transcription and translation of broadcast television news, allowing 
English speakers to rapidly triage non-English television content, be alerted when new content that matches a 
profile is captured by the system, and work closely with human linguists and cultural experts to create actionable 
high-quality translations of extracted content. 


2-59. The interface allows users to quickly search for specific spoken content in the video archive through 
keyword queries in English or the source language. Search terms are highlighted in the results, which show an 
image thumbnail, the transcript segment in the original language, and an English translation. Clicking on a result 
begins playback of the segment. 


2-60. Users interact with the system from any personal computer (PC) or laptop via a common high-speed 
Internet connection. The only required client software is Microsoft® Internet Explorer and Windows Media® 
Player. 


2-61. The BBN BMS™ continuously captures, encodes, analyzes, and stores live video streams in an 
automatically maintained, dynamic cache containing 30 days of recorded audio or video. As the video plays 
back, the system highlights the spoken words in both the original language and the translation. The transcript is 
enriched by highlighting the names of people, locations, and organizations, and by separating the speakers in the 
audio file. Users can jump to any point in the cache and begin playback. 


2-62. Users can extract video segments or still photos for sharing, presentation, and collaboration. 
Demonstration compact discs (CDs) contain extracted segments that preserve the highlighting and 
synchronization of video, transcript, and translation during playback. 


2-63. The BBN BMS™ currently translates— 
e@ Modern Standard Arabic. 

Mandarin Chinese. 

Western Hemisphere Spanish. 

Persian Farsi. 

North American English. 

United Kingdom English. 

French. 

Bahasa Indonesian. 

Hindi. 

Urdu. 


2-64. The BBN BMS™ does not require any hardware setup, software installation, or onsite administration 
or maintenance by the customer. 


SPEECH-TO-SPEECH 


2-65. Army and Marine units continue to attempt to integrate available COTS S2S translation devices into 
predeployment training and military operations while deployed. The primary tactical use for these devices 
has been language translation within security operations conducted in and among a general population of 
non-English speaking people. 
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SECTION IV — MANNING THE OSINT SECTION 


2-66. OSINT personnel that comprise the OSINT section within the intelligence staff section can consist of 
both intelligence and nonintelligence individuals with the technical competence, creativity, forethought, 
cultural knowledge, and social awareness to exploit open sources effectively. The designation of OSINT 
personnel to satisfy requirements, missions, and tasks is generally identified by commanders and task- 
organized through organic assets (intelligence personnel, nonintelligence personnel, U.S. and non-U.S. 
contractor personnel, or linguists) in support of unified land operations. 


OSINT SECTION DUTIES 


2-67. The duties of the OSINT section are to— 

e Monitor operations. This ensures responsiveness to the current situation and to anticipate future 
acquisition, processing, reporting, and synchronization requirements. 

e Correlate reports. Reports (written, verbally, or graphically) should correlate classified reports 
through OSINT validation. 

e Screen reports. Information is screened in accordance with the CCIRs and commander’s 
guidance to ensure that pertinent and relevant information is not overlooked and the information 
is reduced to a workable size. Screening should encompass the elements of timeliness, 
completeness, and relevance to satisfy intelligence requirements. 

e Disseminate intelligence and information. Satisfied OSINT requirements are disseminated to 
customers in the form of useable products and reports. 

e@ Cue. Effective cueing by OSINT to more technical information collection assets, such as human 
intelligence (HUMINT) and counterintelligence (CI) improves the overall information collection 
effort by keeping organizations abreast of emerging unclassified information and opportunities 
as well as enabling the use of a multidiscipline approach to confirm or deny information by 
another information source, collection organization, or production activity. 

e Provide feedback. An established feedback mechanism is required to the supported commander 
or customer on the status of intelligence and information requirements. 


OSINT SECTION AT THE BRIGADE COMBAT TEAM LEVEL 


2-68. Each combatant command may have a task-organized OSINT cell or section to some varying degree in 
scope and personnel. At the tactical level of operations, it is commonplace for commanders to create OSINT 
cells from organic intelligence personnel to satisfy intelligence requirements. 


2-69. The following quote illustrates how task organization of organic personnel within the common ground 
station (CGS) can assist in satisfying intelligence and information requirements using the Nonsecure Internet 
Protocol Routing Network (NIPRNET) and various electronic devices, such as an amplitude modulation and 
frequency modulation (AM/FM) radio, video cassette recorder (VCR), and digital video disc (DVD) player, to 
ensure the success of their BCT to perform information collection at the tactical operations center (TOC): 


10 July 2012 ATP 2-22.9 2-13 


Cha 


pter 2 


With their CGS team, four to five interpreters, and a steady flow of radio, television, and 
newspaper reports, the open-source intelligence team produced a daily rollup with 
analysis. Their office consisted of one television with local and international cable, one 
laptop connected to the NIPRNET, AM/FM radio, and the daily newspaper. Also, the 
team acquired a VCR and DVD player to study confiscated propaganda and other media. 
They understand the importance of local reporting to the success of the BCT campaign 
and have made it a point to conduct thorough research on topics of local importance. 
Their product was studied and further analyzed by the (information collection) analysis 
team at the BCT TOC prior to submission to the BCT S-2 and dissemination to battalions 
or division. 
Military Intelligence Company Commander, 31D, 
Operation Iraqi Freedom 2004—2005 


2-70. As displayed in figure 2-1, personnel comprising the OSINT section at the BCT level include— 


e Section leader. 
e Requirements manager. 
e Situation development analyst. 
e Target development analyst. 
Section Leader 
Requirements 
Manager 
Situation Target 
Development Development 
Analyst Analyst 
Figure 2-1. Brigade combat team’s OSINT section 
SECTION LEADER 
2-71. The section leader— 
e = Is the primary liaison and coordinator with the BCT S-2. 
e Provides supervisory and managerial capacity oversight. 
e Sets the priority of tasks. 
e Monitors ongoing intelligence support required by the BCT S-2. 
e Ensures that all OSINT products are included in the planning for current and future operations. 
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REQUIREMENTS MANAGER 


2-72. The requirements manager— 


Ensures that situation development and target development support the overall efforts of the 
section. 


Verifies the availability of collection assets. 
Performs quality control for situation development and target development products. 
Supervises the receipt, analysis, and dissemination of OSINT products. 


SITUATION DEVELOPMENT ANALYST 


2-73. The situation development analyst— 


Monitors publicly available information and open sources in order to ensure the most accurate 
common operational picture. 


Analyzes information and produces current intelligence about the operational environment, enemy, 
terrain, and civil considerations before and during operations. 


Refines information received on threat intentions, objectives, combat effectiveness, and potential 
missions. 


Confirms or denies threat COAs based on publicly available indicators. 

Provides information to better understand the local population in areas that include, but are not 
limited to— 

= Tribal affiliations. 

= Political beliefs. 

= Religious tenets. 

= Key leaders. 

= Support groups. 

= Income sources. 


TARGET DEVELOPMENT ANALYST 


2-74. The target development analyst— 


Identifies the components, elements, and characteristics of specific targets, both lethal and 
nonlethal. 


Identifies civil and other non-target considerations within the AO. 
Provides publicly available information on threat capabilities and limitations. 


TASK ORGANIZATION CONSIDERATIONS 


2-75. When task-organizing the OSINT section to satisfy intelligence and information requirements, units 
must consider— 
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Mission command. 
Acquisition. 

Collecting and processing. 
Production. 

Computer systems. 
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MISSION COMMAND 


2-76. Dedicated mission command personnel are needed in order to provide management and oversight of 
OSINT exploitation to ensure continued synchronization with maneuver elements, tasks, and requests. 


ACQUISITION 


2-77. Due to the volumes of publicly available information, acquisition through established information 
collection activities and systems are necessary in order to ensure that open-source information is not lost or 
misplaced that could provide essential and necessary mission-related information. Publicly available 
information acquired from open sources should be reported in accordance with established unit SOPs. 


COLLECTING AND PROCESSING 


2-78. OSINT properly integrated into overall collection plans during operations are used to satisfy CCIRs. 
In order to access the full array of domestic and foreign publicly available information, the processing of 
materials oftentimes requires OSINT support to personnel operating in the areas of document exploitation 
(DOCEX). 


Note. Personnel engaging in the collecting and processing of information involving these aspects 
will require an understanding of those items and materials that are commonplace and those that 
could possess intelligence value. They must further be versed in the additional regulations for 
Director, National Security Agency (DIRNSA) oversight. Unless foreign publicly available 
information and open sources are collected and subsequently processed into a suitable form, the 
information will lose intelligence value. 


PRODUCTION 


2-79. Production of actionable and timely publicly available information through open sources is vital in 
OSINT exploitation. Research methods, Internet techniques (basic and advanced), and other associated 
tools are utilized to retrieve, integrate, evaluate, analyze, and interpret information into OSINT. Research 
information and finalized metadata as products are stored in databases accessible to other intelligence and 
nonintelligence personnel that have vested OSINT exploitation requirements. 


COMPUTER SYSTEMS 


2-80. OSINT personnel conducting OSINT exploitation need to have software allocated to the appropriate 
task. The necessary unfettered exploitation suite includes such programs as Analyst Notebook, Portable 
Document Format (PDF) Maker, and Text Chart. 
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Collecting OSINT 


Due to the unclassified nature of publicly available information, those engaging in 
OSINT collection activities can begin researching background information on their 
assigned area of responsibility long before the issuance of an official military deployment 
order while generating intelligence knowledge. IPB, an integrating process for Army 
forces, is the mechanism identifying intelligence and information requirements that can 
be satisfied utilizing publicly available information and open sources. 


COLLECTING PUBLICLY AVAILABLE INFORMATION 


3-1. Publicly available information and open-source research, applied as an economy of force, is an 
effective means of assimilating authoritative and detailed information on the mission variables (METT-TC) 
and operational variables (political, military, economic, social, information, infrastructure, physical 
environment, time [PMESII-PT]). The compilation of unanswered intelligence and information 
requirements determined at the conclusion of the MDMP and IPB are exercised through the commander’s 
input. Commander’s input— 

e Is expressed in the terms of describe, visualize, and direct. 

e Is the cornerstone of guidance used by OSINT personnel. 

e Validates intelligence and information requirements. 


3-2. Commander’s input is expressed as CCIRs and categorized as friendly force information 
requirements (FFIRs) and PIRs. Continuous research and processing methods, coupled with the 
commander’s input and intelligence and information requirements, OSINT personnel collect publicly 
available information for exploitation. The collect step of the intelligence process involves collecting, 
processing, and reporting information in response to information collection tasks. Collected information is 
the foundation of intelligence databases, intelligence production, and situational awareness. 


3-3. OSINT is integrated into planning through the continuous process of IPB. Personnel engaging in 
OSINT exploitation must initiate collection and requests for information to satisfy CCIRs to the level of 
detail required. Collecting open-source information comprises four steps, as shown in figure 3-1 on 
page 3-2: 

e Identify information and intelligence requirements. 

e Categorize intelligence requirements by type. 

e Identify source to collect the information. 

e Determine collection technique. 


IDENTIFY INFORMATION AND INTELLIGENCE REQUIREMENTS 


3-4. Intelligence and information gaps are identified during the IPB process. These gaps should be 
developed and framed around the mission and operational variables in order to ensure the commander 
receives the information needed to support all lines of operations or lines of effort. As information and 
intelligence are received, OSINT personnel update IPB products and inform the commander of any relevant 
changes. OSINT needs clearly stated information and intelligence requirements to effectively focus 
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acquisition and production and should be incorporated into collection plans in order to satisfy these 
requirements. 


Note. OSINT cannot eliminate all the unknown aspects or uncertainties that concern 
commanders and staffs. The G-2/S-2 must be prepared to fill gaps with reasonable assumptions; 
once gaps are filled, the G-2/S-2 must begin developing databases at the unit level in order to 
have information readily available. This reduces the number of new requests for information 
from subordinate units or organizations. 


Identify 
Information 


and *Technical 
Intelligence ; a 
: : Identify 
Requiement ine | HL sHuman —H 
P Acquisition Research 


of the 


to 
Acquire Technique 


and 
Intelligence 
Requirements 


Battlefield Classify Inf. ti f *Clandestine 1 
Information brormarton os 


* Not assigned to OSINT personnel 


Figure 3-1. Process for collecting publicly available information 


CATEGORIZE INTELLIGENCE REQUIREMENTS BY TYPE 


3-5. Intelligence requirements that need to be satisfied can extend beyond the scope of OSINT, resulting 
in gaps. OSINT is subject to information and intelligence gaps that need to be satisfied using other 
appropriate methods to close those gaps. 


3-6. IPB is used to classify intelligence and information requirements by type based on mission analysis 
and friendly COAs. OSINT personnel provide input during this step. Two important related terms that work 
in concert with OSINT are private information and publicly available information: 


Private information comprises data, facts, instructions, or other material intended for or restricted to 
a particular person, group, or organization. Intelligence requirements that require private information 
are not assigned to OSINT sections. There are two subcategories of private information: 


=» Controlled unclassified information requires the application of controls and protective 
measures, for a variety of reasons (that is, sensitive but unclassified or for official use only). 


= Classified information requires protection against unauthorized disclosure and is marked to 
indicate its classified status when produced or disseminated. 


Publicly available information comprises data, facts, instructions, or other material published or 
broadcast for general public consumption; available on request to a member of the general public; 
lawfully seen or heard by any casual observer; or made available at a meeting open to the general 
public. 


Note. The amount of classified information produced on any one topic can be limited and taken 
out of context if viewed from a solely classified perspective. OSINT validation is necessary 
when dealing with a large amount of classified information. OSINT validation is used when 
classified sources are unavailable or to confirm or support preexisting classified sources. This 
strengthens the credibility of OSINT products in support of all-source intelligence. OSINT 
validation provides the ability to cue other assets thus enhancing the accuracy and precision of 
gained intelligence. 
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IDENTIFY SOURCE TO COLLECT INFORMATION 


3-7. Identifying the source is part of planning requirements and assessing collection plans. The two types 
of sources used to collect information are confidential sources and open sources: 

e Confidential sources comprise any persons, groups, or systems that provide information with 
the expectation that the information, relationship, or both are protected against public disclosure. 
Information and intelligence requirements that require confidential sources are not assigned to 
OSINT sections. 


e@ Open sources comprise any person or group that provides information without the expectation 
of copyright or privacy—the information, the relationship, or both is not protected against public 
disclosure. Open sources include but are not limited to— 


=» Academia. Courseware, dissertations, lectures, presentations, research papers, and studies in 
both hardcopy and softcopy covering subjects and topics on economics, geography 
(physical, cultural, and political-military), international relations, regional security, and 
science and technology. 


= Government agencies and nongovernmental organizations. Databases, posted information, 
and printed reports on a wide variety of economic, environmental, geographic, 
humanitarian, security, and science and technology issues. 


= Commercial and public information services. Broadcasted, posted, and printed news on 
current international, regional, and local topics. 


= Libraries and research centers. Printed documents and digital databases on a range of topics. 


s Individuals and groups. Handwritten, painted, posted, printed, and broadcasted information 
on subjects and topics on art, graffiti, leaflets, posters, tattoos, and Web sites. 

= Gray literature. Materials and information that are found using advanced Internet search 
techniques on the Deep Web consisting of technical reports, scientific research papers, and 
white papers. 


DETERMINE COLLECTION TECHNIQUE 


3-8. Collection implies gathering, by a variety of means, raw data and information from which finalized 
intelligence is then created or synthesized, and disseminated. Collected information is analyzed and 
incorporated into all-source and other intelligence discipline products. These products are disseminated per 
unit SOPs, OPORDs, other established feedback mechanism, or intelligence architecture. These techniques 
confirm the presence of planned targets and provide a baseline of activity and information on sources 
within the AO for further development and future validation. When gathering information, the utilized 
technique includes specific information requests, objectives, priorities, timeframe of expected activity, 
latest (or earliest) time the information is of value (LTIOV), and reporting instructions. 


3-9. Open-source information that satisfies a CCIR is disseminated as quickly as possible to the 
commander and other staff personnel per unit SOPs or OPORDs. OSINT can use unintrusive collection 
techniques to cue more technical collection assets. Collection techniques, depending on operation 
complexities, can enhance the chances of satisfying intelligence and information requirements. 


3-10. Open-source acquisition of information and intelligence requirements are assigned to OSINT 
personnel. Open-source collection includes the acquisition of material in the public domain. The extent to 
which open-source collection yields valuable information varies greatly with the nature of the target and the 
subject involved. The information might be collected by individuals who buy books and journals, observe 
military parades, or record television and radio programs. 


RESEARCH 


3-11. After determining the collection technique, OSINT personnel conduct research to satisfy intelligence 
and information requirements. 
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3-12. Research— 

e Leads to the population of information and intelligence databases. These databases enable 
OSINT personnel to accurately respond to changes within the AO by providing requested 
information to satisfy requirements. 

e Is used to gather information that contributes to providing an understanding of a problem and 
organizing the results comprehensively. 

e Isused to generate intelligence knowledge before and during deployments. 


3-13. Two types of research methods that can be used are— 

e Field research. Personnel from academic, governmental, intergovernmental, and 
nongovernmental organizations acquire data from primary sources, as well as retrieve data and 
information from secondary sources. Field research— 
=» Consists of participant observation, data collection, and survey research. 
= Is typically conducted at the operational and strategic levels when time is not a factor in the 

development of information and intelligence of the operational variables (PMESII-PT) to 
provide commanders situational awareness. 

e Practical research. Intelligence personnel retrieve existing data and information from 
secondary sources. Practical research— 
= Is typically conducted at the tactical level when time is a factor in the development of 

information and intelligence of the mission variables (METT-TC) in providing commanders 
situational awareness. 
= Is primarily used among intelligence personnel that engage in OSINT exploitation. 


3-14. All research begins with the determination of a research question and the development of a research plan. 


DETERMINE RESEARCH QUESTION 


3-15. Research begins with the determination of a research question expressed in the form of CCIRs regarding a 
given topic. In OSINT exploitation, the research question can be based on the mission variables (METT-TC) and 
operational variables (PMESII-PT). The research question is refined through the development of information and 
intelligence requirements to be satisfied. Those requirements that are not satisfied are included in the planning 
requirements and assessing collection plan where more technical means of collection can be utilized. 


DEVELOP RESEARCH PLAN 


3-16. Different facets of a question may be expressed as information and intelligence requirements. These 
requirements form the basis for the research plan. A research plan can use both field research and practical 
research. The plan consists of— 


e Identification of information sources (both primary and secondary). 
Description of how to access those sources. 

Format for compiling the data. 

Research methodology. 


Dissemination format. 


IMPLEMENT RESEARCH PLAN 


3-4 


3-17. Utilizing open-source media—the means of sending, receiving, and recording information— 
components, and associated elements (see table 3-1), OSINT personnel implement a research plan. The 
primary media used to implement a research plan include— 


e Public speaking forums. 
@ Public documents. 
@ Public broadcasts. 
@ Internet Web sites. 
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Note. The table does not illustrate an all-inclusive list of open-source media types but rather the 
categories of open-source media to consider when collecting open-source information. 


Table 3-1. Open-source media, components, and elements 


[—Media_[Components_[——~—~Elements——SSSS~S 


e Message 


Sneak e Sponsor 


Public Speaking 


e Conference 

e Debate 
Format é 

e Demonstration 

e Speeches 


e Lecture 

e Rally 

e Loud speakers 
e Talk shows 


e Drawing 
Graphi e Engraving 
BaP e Painting 
e Graffiti 


Compact data 
storage device 
Digital video disk 


Book 

Brochure 
Newspapers 
Magazines 
Government releases 
“Dumpster diving” 
Annuals 


e Low frequency AM 
radio 
Radio e Medium frequency AM 
radio 
e Short wave radio 


Public 
Documents 


Public 
Broadcasts 


e Photograph 
e Print 


Posters 


Hard disk 
Tape 


Periodical 

Pamphlet 

Report 

Novelties 
Non-government releases 
Leaflets 

Business cards 

VHF FM radio 

Satellite radio 

Standard wave radio 


Ku band satellite television 


VHF and UHF terrestrial television 


Television 3 
Advertisements 


Motion pictures 
Chat 

E-mail 

News; newsgroup 


e Education 
Information e Commerce 
(Web page content) e Education 


e Dictionary 
: Di 
Services eae 
e Downloads 
e Financial 


amplitude modulation 
frequency modulation 
ultrahigh frequency 


Communications 


Internet Web 
Sites 
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e Webcam 

e Web cast 

e Web log 

e Government 

e Military organizations 
e Government 

e Military organizations 
e Geospatial 

e Search and URL lookup 
e Technical support 

e Translation 


uniform resource locator 
very high frequency 


3303. Three Unknowns in Simultaneous Linear Equations 


In the preceding paragraphs, you mastered two equations with two variables or unknowns using 
three different methods. Two of the methods will be used to solve for three unknowns; they are 
elimination by addition/subtraction, and the substitution methods. Knowing how to solve linear 
equations with two variables (as you have already learned) and now, learning to solve equations 
with three variables will enable you to handle any given set of circuit parameters. If a condition 
should occur having more variables, you will be able to solve for three and incorporate additional 
unknowns if required. Study the following examples. 


a. Elimination by the addition/subtraction method. When solving simultaneous linear 
equations that have three unknowns, you must reduce the number of variables. The first step is to 
choose any unknown to eliminate. In the example, "x" is eliminated. The procedure used to 
eliminate a variable is to select any two of the three equations and multiply either one or both by a 
number that will give you like coefficients. When the coefficients are the same, you can 
algebraically add leaving only two unknowns. The same operation must be performed with the 
remaining equation and one of the equations already used. You then take the two resultant 
equations and isolate for one variable as you did in paragraphs 3301 and 3302. Now that you 
have found one unknown, use the same resultant equations and solve for the other unknown. The 
final step is to replace the two variables in any one of the original equations and solve for the last 
unknown. Make sure you check the solutions by trying them in one of the other equations. Study 
the example. 


Example: 
2x+3y+5z=0 (Original equations) 
6x —2y—-3z=3 (Use any two equations) 
8x-—Sy—-6z=1 
2x+3y+5z=0 (Multiply by 3 to eliminate x) 
6x —2y—-3z=3 


6x+ 9y + 15z=0 


6x-2y- 3z=3 (Change signs and algebraically add) 
6x+9y+15z= 0 (Multiply by -1) 
—6x+2y+ 3z =-3 
lly +18z=-3 


3-47 


Chapter 3 


Public Speaking Forums 


3-18. OSINT personnel conduct research by attending public speaking forums such as conferences, 
lectures, public meetings, working groups, debates, and demonstrations. Attending these and similar events 
are opportunities to build relationships with nonmilitary professionals and organizations. Intelligence 
personnel require a thorough understanding of the local culture and laws to ensure any collection activities 
are unintrusive and do not violate local customs or laws, such as the Chatham House Rule. It is 
recommended to have the SJA’s oversight during such collection missions to ensure compliance with 
AR 381-10, procedure 10. OSINT personnel require situational awareness and cultural understanding that 
is typically done by establishing both military and nonmilitary relationships with attendees, identifying any 
modifications of a speaker’s message, and identifying personnel of interest attending the event. 


3-19. OSINT personnel engaging in open-source exploitation, utilize public speaking forums typically in 
operational environments dominated by either stability operations or counterinsurgency operations where 
the level of violence is low. 


Note. The Chatham House Rule states, “When a meeting, or part thereof, is held under the 
Chatham House Rule, participants are free to use the information received, but neither the 
identity nor the affiliation of the speakers, nor any other participants, may be revealed.” 
Questioning the invocation of the Chatham House Rule should be inquired before the 
engagement begins. An invoked Chatham House Rule changes the characterization of the source 
from an open to a confidential source and may demand collection restrictions to ensure 
compliance with intelligence oversight limitations. (See appendix A.) 


Public Documents 


3-20. When acquiring public documents, OSINT personnel must be aware of the local environment and use a 
technique that is unintrusive and appropriate for the situation. These techniques include but are not limited to— 


e Photographing and copying documents available in public forums such as town halls, libraries, and 
museums. 


Finding discarded documents in a public area such as streets, markets, and restrooms. 
Photographing documents in public areas such as banners, graffiti, and posters. 

Purchasing documents directly from street vendors, newspaper stands, book stores, and publishers. 
Purchasing documents through a third party such as a wholesale distributor or book club. 


Receiving documents upon request without charge from the author, conferences, trade fairs, 
direct mail advertising. 


Public Broadcasts 


3-6 


3-21. Regional bureaus of the DNI OSC collect on regional and international broadcast networks in 
accordance with open-source information and intelligence requirements. Coverage of regional and 
international broadcasts enables OSINT personnel and organizations to use assets from already identified 
sources. The four techniques used to acquire information of public broadcasts are— 

e Spectrum search. Searching the entire spectrum to detect, identify, and locate all emitters to 
confirm overall activity. This search provides an overview of the amount and types of activities 
and where they are located in the spectrum. 

e Band search. Searching a particular segment of the spectrum to confirm overall activity. By 
limiting the size of the search band, the asset can improve the odds of acquiring a signal. 


e Frequency search. Searching for radio or television frequencies. 


e Program search. Searching for radio or television programs. Programs vary by type, content 
characteristics, and media format. Program surveillance verifies and expands upon initial results. 
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Note. For best results, OSINT personnel should use these techniques in combination rather than 
independently to generate intelligence knowledge. The selection of the techniques depends on 
the mission, the number of personnel, and capabilities. 


3-22. For detailed information on collecting information from public broadcasts, see the DNI OSC. 


Internet Web Sites 


3-23. The four steps to acquire information on Internet Web sites are— 
e@ Plan Internet search. 
@ Conduct Internet search. 
@ Refine Internet search. 
@ Record results. 


3-24. For more detailed information on research using Internet Web sites, see appendix C. 
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Producing OSINT 


The Army operates in diverse environments around the world. This diversity requires 
proper use of publicly available information and open sources in the production of 
OSINT. Given the volume of existing publicly available information and the 
unpredictability of requests for information and intelligence requirements, OSINT 
personnel engaging in open-source exploitation must be fluidly aware of and flexible 
when producing OSINT. Effective production ensures that commanders and 
subordinates receive timely, relevant, and accurate intelligence. OSINT personnel 
produce OSINT by evaluating, analyzing, reporting, and disseminating intelligence as 
assessments, studies, and estimates. 


CATEGORIES OF INTELLIGENCE PRODUCTS 


4-1. After receiving a mission through the MDMP and commander’s intent—expressed in terms of 
describe, visualize, and direct—intelligence and information requirements are identified. Personnel 
engaging in OSINT exploitation typically gather and receive information, perform research, and report and 
disseminate information in accordance with the categories of intelligence products. (See table 4-1.) OSINT 
products are categorized by intended use and purpose. Categories can overlap and some publicly available 
and open-source information can be used in more than one product. (For more detailed information on the 
categories of intelligence products, see FM 2-0.) 


Table 4-1. Categories of intelligence products 


Indications and Warning 

Indications and warning are intelligence activities intended to detect and report time-sensitive intelligence 
information on foreign developments that could involve an threat to the United States, U.S. ally, or U.S. 
citizens abroad. It includes forewarning of hostile actions or intentions against the United States, its 
activities, overseas forces, or allied/coalition nations (JP 2-0). 


Current Intelligence 


Current intelligence supports ongoing operations; it involves the integration of time-sensitive, all-source 
intelligence and information into concise, accurate, and objective reporting on the area of operations (AO) 
and current threat situation. One of the most important forms of current intelligence is the threat situation 
portion of the common operational picture. The intelligence officer is responsible for producing current 


intelligence for the unit. In addition to the current situation, current intelligence should provide projections 
of the threat’s anticipated actions and their implications on the friendly operation. (See JP 2-0.) 


General Military Intelligence 


General military intelligence is intelligence concerning (1) military capabilities of foreign countries or 
organizations or (2) topics affecting potential U.S. or multinational military operations relating to armed 
forces capabilities, including threat characteristics, organization, training, tactics, doctrine, strategy, and 
other factors bearing on military strength and effectiveness and area terrain intelligence... (excludes 
scientific and technical intelligence (JP 2-0). This broad category of intelligence is normally associated 
with long-term planning at the national level. 

Note. This definition was shortened for brevity. The complete definition is available in JP 2-0. 
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Table 4-1. Categories of intelligence products (continued) 


Target Intelligence 


Intelligence that portrays and locates the components of a target or target complex and indicates its 
vulnerability and relative importance (JP 3-60). Target intelligence is the analysis of threat units, 
dispositions, facilities, and systems to identify and nominate specific assets or vulnerabilities for attack, 
reattack, or exploitation. It consists of target development and combat assessment. Target development 
is the systematic evaluation and analysis of target systems, system components, and component 
elements to identify high-value targets for potential engagement through lethal or nonlethal means. 
Combat assessments provide a timely and accurate estimate of the effects of the application of military 
force (lethal or nonlethal) and mission command warfare on targets and target systems based on 
predetermined objectives. 


Scientific and Technical Intelligence 


Scientific and technical intelligence is the product resulting from the collection, evaluation, analysis, and 
interpretation of foreign scientific and technical information. Scientific and technical intelligence covers 
foreign developments in basic and applied research and in applied engineering techniques and scientific 
and technical characteristics, capabilities, and limitations of all foreign military systems, weapons, weapon 
systems, and materiel, the related research and development, and the production methods employed for 
their manufacture (JP 2-01). 


Counterintelligence 


Information gathered and activities conducted to identify, deceive, exploit, disrupt, or protect against espionage, 
other intelligence activities, sabotage, or assassinations conducted for or on behalf of foreign powers, 
organizations or persons or their agents, or international terrorist organizations or activities (EO 12333). 
Counterintelligence analyzes the threats posed by foreign intelligence and security services, and international 
terrorist organizations, and the intelligence activities of non-state actors such as organized crime, terrorist 
groups, and drug traffickers. 


Intelligence that identifies, describes, and forecasts adversary capabilities and the implications for 
planning and executing military operations (JP 2-0). Estimates provide forecasts on how a situation may 
develop and the implications of planning and executing military operations. Estimative intelligence goes 
beyond descriptions of threat capabilities or reporting of threat activity and tries to forecast the unknown 
based on an analysis of known facts using techniques such as pattern analysis, inference, and statistical 
probability. 


EVALUATE INFORMATION 


4-2. Open sources are overt and unclassified. Due to these aspects of publicly available information and open 
sources, deception, bias, and disinformation are of particular concern when evaluating sources of information 
during OSINT exploitation. Information is evaluated in terms of— 


e@ Communications. 
e Information reliability and credibility. 


COMMUNICATIONS 


4-3. A simple communications model is typically two-way and consists of six parts: 
e Intended message. 

Speaker (sender). 

Speaker’s encoded message. 

Listener (receiver). 

Listener’s decoded message. 


Perceived message. 


4-4. The speaker and listener each have different perspectives and aspects of communications (as shown 
in table 4-2 on page 4-4). There are great challenges facing communicators as the message becomes 
encoded by the speaker and decoded by the listener. 
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4-5. Communications during public speaking engagements are often difficult to evaluate given the myriad of 
elements that can prevent a successfully transmitted message. Given the multiple elements taken simultaneously, 
public speaking events are subjective and can be misunderstood. 


4-6. The speaker has an intended message through a verbal, nonverbal, vocal, or visual media channel or 
combination thereof. Within communications, the areas typically involved in preventing the true intent of the 
message are the sending method, environment, and receiving method. Having an understanding of these areas 
generally yields a greater success rate between the speaker and listener. 


4-7. Verbal communication begins with a speaker imparting or interchanging thoughts, opinions, or 
information. This communication can be either positive or negative. The typical speaker has a communication 
type: 

e Passive. 

e Aggressive. 

e Passive-aggressive. 

e. Assertive. 


4-8. Speakers communicate verbally and nonverbally based on their beliefs, emotions, or goals. These 
types of communication are indicated in table 4-2 on page 4-4. It is important to understand the differences 
in communication styles, how they are interpreted by an audience in order to effectively communicate the 
message intended and avoid misunderstandings. Evaluating information acquired through public speaking 
venues can be challenging based on these factors. Using the table to compare these types of communication 
can assist collection personnel in determining the influences surrounding communicators and predicting 
how the messages may be perceived. Table 4-2 illustrates and provides a guideline to assist in determining 
the type of displayed behavior, beliefs, emotions, and goals. 


Note. Table 4-2 is not intended to stand alone but used in support of all-source intelligence. 
Publicly available information and open sources are used to develop personality and 
characteristic traits of an individual. These traits include previous speeches, lectures, sermons, or 
statements that are used to determine a baseline of anticipated behavior and responses. There are 
external influences that can positively or negatively affect an individual. These external 
influences include but are not limited to consequences of disputing a superior’s opinion, the 
atmosphere or setting (such as academic, religious, or political), or an impromptu public 
interview using a question and answer format. 


INFORMATION RELIABILITY AND CREDIBILITY 


4-9. OSINT personnel evaluate information with respect to reliability and credibility. It is important to evaluate 
the reliability of open sources in order to distinguish objective, factual information; bias; or deception. The rating 
is based on the subjective judgment of the evaluator and the accuracy of previous information produced by the 
same source. 


4-10. OSINT personnel must assess the reliability and the credibility of the information independently of each 
other to avoid bias. The three types of sources used to evaluate and analyze received information are— 
e Primary sources. Have direct access to the information and conveys the information directly and 
completely. 
e Secondary sources. Conveys information through intermediary sources using the vernacular and 
summarizes or paraphrases information. 


e Authoritative sources. Accurately reports information from the leader, government, or ruling party. 


Note. Secondary and authoritative sources, such as government press offices, commercial news 
organizations, political campaign staffs, research center publications, newspapers, periodicals, 
databases, and libraries, can intentionally or unintentionally add, delete, modify, or filter the 
information made available to the public. 
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Behavior 


Nonverbal 
Communication 


Table 4-2. Comparison of communication types 


: Passive- 5 
es 


e Keeps quiet. 

e Does not say what 
is actually felt, 
needed, or wanted. 

e Frequently puts 
oneself down. 

e Apologizes when 
expressing oneself. 

e Denies feelings of 
disagreements or 
indifferences. 


e Minimizes oneself. 
e Looks down, 
hunches shoulders, 
avoids eye contact. 
e Speaks softly. 


e Others’ needs are 
more important. 

e Others have more 
rights. 

e Others’ 
contributions are 
more valuable. 


e Fears rejection. 

e Feels helpless, 
frustration, and 
anger. 

e Bears resentment 
toward others’ 
mistreatment. 

e Has reduced self- 
respect. 

e Avoids conflict. 

e Pleases others at 
any expense. 

e Gives others 
control. 


e Expresses 
feelings and 
wants as though 
any other view is 
unreasonable or 
stupid. 
Dismisses, 
ignores, or insults 
the needs, wants, 
and opinions of 
others. 


Enlarges oneself 
and appears 
threatening. 

e Eye contact is 
fixed and 
penetrating. 

e Voice is loud, 
perhaps shouting. 


e Personal needs 
are more 
important and 
more justified than 
others’. 

e Others have no 
personal rights. 

e Personal 
contributions are 
more valuable. 


e Angry or powerful 
at the time of 
victory. 

e Feels remorse, 
guilt, or self-hatred 
for hurting others. 


e Wins at any 
expense to others. 

e Gets control over 
others. 


e Fails to meet the 
expectations of 
others through 
‘deniable’ means 
(such as forgetting 
or delays). 

Denies personal 
responsibility for 
actions. 


Typically mimics 
the passive style. 


Entitled to get own 
way, even after 
making 
commitments to 
others. 

e Not responsible for 
personal actions. 


e Fears 
assertiveness. 
e Resents the 


demands of others. 


e Fears of being 
confronted. 


e Gets personal way 
without having to 
take responsibility. 


e Expresses needs, 
wants, and feelings 
directly and 
honestly. 

e Does not assume 
correctness or 
everyone feels 
similar. 

e Allows others to 
hold other views 
without dismissal 
or insults. 


e Body is relaxed, 
and movements 
are casual. 

e Eye contact is 
frequent but not 
glaring. 


e Everyone’s needs 
are equally 
important. 

e Everyone has 
equal rights to be 
expressive. 

e Everyone has 
valuable 
contributions. 

e Responsible for 
personal behavior. 


e Feels positive 
about oneself and 
the treatment of 
others. 

e High level of self- 
esteem. 


e Self-respect is kept 
by everyone. 

e Expresses oneself 
without having to 
win all the time. 

e No one controls 
anyone else. 


4-11. Nonauthoritative sources lack reliability and trustworthiness and seldom stand apart from authoritative 
sources. The information provided by nonauthoritative sources generally does not support topics agreed upon as 
being true and reliable in academia. Nonauthoritative sources also make finding additional in-depth information 
difficult to locate. 
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4-12. Nonauthoritative sources are generally unavailable and inaccessible by the public. Nonauthoritative 
sources are uncorroborated by multiple public sources of information. Examples of nonauthoritative sources 
include but is not limited to— 


e Unreviewed documents from self-published Web repositories such as blogs, Wikipedia, political 
sites, and commercial advertising. 


e@ Material received via uncorroborated e-mail, hearsay, or statements solely in oral form. 
e Informal personal communications such as letters to the editor and opinion essays. 


4-13. When evaluating sources of information to determine reliability and credibility consider— 
e Identity. Who produced the information (for example a student, teacher, political organization, or 
reporter)? 
Authority. How much does the source know about the information? 
Motive. Why was the information published? 
Access. Did the source have direct access to the event or information? 
Timeliness. What is the date of the information? 


Internal and external consistency. Does the information contradict governmental policies among 
local citizens? 


PROCESS INFORMATION 


4-14. Process is an information management activity: to raise the meaning of information from data to 
knowledge (FM 6-0). The function of processing, although not a component of the intelligence process, is a 
critical element in the analyzing and producing of OSINT. Publicly available information answers 
intelligence and information requirements. Based on the type of information received, it must be processed 
before being reported and disseminated as finalized OSINT. Intelligence personnel transform publicly 
available information and open sources into a form suitable for processing by— 

e Digitizing. 

e Transcribing and translating. 


DIGITIZING 


4-15. OSINT personnel create a digital record of documents by scanning or taking digital photographs. 
Pertinent information about the document must be annotated to ensure accountability and traceability. 
Digitization enables the dissemination of the document to external databases and organizations, as well as 
enables the use of machine translation tools to screen documents for keywords, names, and phrases. 


TRANSCRIBING AND TRANSLATING 


4-16. A transcript refers to a written verbatim, native language rendering of the spoken words in an audio or 
video recording. Both listening and writing proficiency in the source language are essential for an accurate 
transcript. The transcript includes descriptions of the activity, background, and conditions that the transcriber 
hears in the audio and observes in the video. The linguist uses online dictionaries, gazetteers, working aids, and 
software to improve the transcript. Once completed, the transcription is sent to a quality control linguist. 


4-17. A translation is not verbatim but an approximation of the literal and implied meaning of the foreign 
language. The linguist must be able to read and comprehend the source language, write comprehensibly in 
English, and choose the equivalent expression in English that fully conveys and best matches the meaning 
intended in the source language. 


4-18. During processing, a linguist creates either an extract, a summary, or a full translation of the original 
document or transcript into a standardized format established by unit SOPs. The linguist uses online dictionaries, 
gazetteers, working aids, and software to improve the translation. Once completed, the translation is sent to a 
quality control linguist. 
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4-19. Linguists perform quality control reviews of each transcription and translation to ensure both quality 
and consistency with established unit SOPs. A U.S. Government or military linguist should review all 
information that a non-U.S. Government linguist processes with exceptions involving long-term 
multinational partners of the United States and U.S. contractors with the requisite skills and the confidence 
of the command. Linguistic quality control is an important facet to process foreign publicly available 
information. Each transcription and translation undergoes two levels of review: 


@ Quality control. During quality control, a qualified linguist ensures that the transcription or 
translation is accurate, complete, free of bias, and in accordance with reporting and 
dissemination standards. The U.S. linguist returns the transcript or translation for correction, 
adds or corrects missed content, or corrects minor format errors. Upon completion of quality 
control, the transcription or translation is available for processing. 


e@ Quality assurance. During quality assurance, a qualified U.S. linguist or OSINT analyst 
reviews the transcript or translation to ensure that it contains all required information and reads 
naturally in English. Once reviewed, the completed transcription or translation is saved to 
internal databases to be processed for reporting and dissemination. 


ANALYSIS OF MEDIA SOURCES 


4-20. Analysis of the media is the systematic comparison of the content, behavior, patterns, and trends of 
organic media organizations and sources of a country. Analysis of the media as an activity was developed 
and based on methods and experience gained during OSINT exploitation against authoritarian political 
systems during the World War II and Cold War eras where media was government-controlled. Publicly 
available information and open sources must be analyzed for proper inclusion in OSINT processing. 
OSINT personnel weigh media analysis against set criterion. These criterions assist OSINT personnel to 
discern facts, indicators, patterns, and trends in information and relationships. This involves inductive or 
deductive reasoning to understand the meaning of past events and predict future actions. 


4-21. Comparison of trends in the content of individual media with shifts in official policy suggests that 
some media continues to mirror the dominant policy line. By establishing a track record for media that is 
vulnerable to external and internal pressure to follow the central policy line, OSINT personnel can identify 
potential policy shifts. Comparison of what is said and what is not said against the background of what 
others are saying and what has been said before is the core of media source analysis. 


4-22. Media source analysis is also important in semi-controlled and independent media environments. In 
media environments where both official and nonofficial media are present, official media may be pressured 
to follow the central policy line. Analyzing media in these environments must encompass both the 
journalist and commentator level. It is important to establish the track record of such individuals to discover 
access to insider information from parts of the government or being used by officials to float policies. 


Note. Differences in content between media outlets controlled by different official elites can 
reveal policy and leadership disputes. For example, a report on a speech by the President 
covered by government-controlled media may reveal differences from reports covering the same 
speech in either a semi-controlled or independent media environment. 


4-23. The three aspects of media source analysis are— 
e@ Media control. 
e Media structure. 
e@ Media content. 
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Media Control 


4-24. Analyzing media environments in terms of media control requires awareness by intelligence 
personnel of how different elements of the media act, influence, and are of intelligence value. Careful 
examination of the differences in how media is handled in different types of environments can provide 
insight into domestic and foreign government strategies. Media environments are categorized as— 


e Government-controlled. 
=» Control over the media is centralized. 
=» The dominant element of control is the government and higher tiers of political leadership. 


= Governments use censorship mechanisms to exercise control over media content prior to 
dissemination of information. 


e Semi-controlled. 
=» Control over the media is semi-centralized. 
=» Governments exercise and promote self-censorship by pressuring media managers and 
journalists prior to dissemination of information. 
e Independent. 
=» Control over the media is decentralized. 
=» Governments may regulate allocation of broadcast frequencies, morality in content, 
ownership in media markets, and occasionally apply political pressure against media or 
journalists. 
=» Economic factors, norms of the journalist profession, the preferences of people who manage 
media, and the qualities of individual journalists who report or comment on the news all 
influence or control media content. 


4-25. All media environments are controlled to some degree and therefore easier to perform media source 
analysis. The challenge for OSINT personnel is to determine the level, factors, and elements (see table 4-3) that 
elites, institutions, or individuals exercise control, how much power each possesses, and what areas are of interest 
to satisfy intelligence and information requirements. 


Table 4-3. Level, factors, and elements of media control 


Political 


Journalist 


Individual 


Media Structure 


The laws and norms governing 
operations of the media, officials, and 
the distribution of power 


The degree of freedom afforded to 
the media by the political system that 
is subordinated from media 
executives, to media managers, and 
to individual journalists 


The laws and norms governing the 
appearance and behavior of 
individuals in the media 


Top leadership consensus 
Top leaders individually 
Institutions 

Board of directors of media 
companies 

Individual directors 
Influential shareholders 
Managing editors 
Department editors 
Program producers 
Anchors 

Individual journalist 


Group of subjects or participants 
Individual subject or participant 


4-26. Media structure encompasses attributes of media material. There are structural elements that affect the 
meaning and significance of the content of the item and are often as important as the content itself. Analysis of 
these elements uncovers insights into the points of view of personnel in government-controlled, semi-controlled, 
and independent environments to establish the structure of media elements. 
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Use the remaining equation and one already used and do what you did before to eliminate 


the same variable. 


2x+3y+5z=0 
8x-—S5y-6z=1 


8x + 12y+20z=0 
8x-— Sy- 6z=1 


8x+12y+20z= 0 
—8x+ S5y + 6z=-1 


17y +26z=-1 


Use the two new equations solve for "y." 
lly+18z=-3 
17y + 26z=-1 


13(11y+18¢=-3 ) 
-9( 17y +262 =-1 } 


143y +2347 = -39 
-153y-234z= 9 


—10y = -30 
—10y =-30 
—30 
Y= 210: 
y=3 


Substitute the value of "y" and solve for "z." 
lly+18z=-3 


113) + 18z=-3 


33+ 18z=-3 
18z =—36 
36! 

<= 78 
e=r2 


3-48 


(Multiply by 4) 


(Change signs and algebraically add) 


(Algebraically add) 
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4-27. The media structural elements are— 
e@ Selection, omission, and slant. 

Hierarchy of power. 

Format. 

Media type. 

Prominence. 

Dissemination. 


Timing. 


Selection, Omission, and Slant 


4-28. Selection of media items is a fundamental editorial decision at the core of news reporting. Selection 
includes media manager decisions about which stories are covered, which stories are not covered, and which 
slant (viewpoint), images, and information should be included, emphasized, deemphasized, or omitted in a news 


item. 


Hierarchy of Power 


4-29. All political systems involve a hierarchy of power (see table 4-4) that logically follows official statements 
issued by elements in corresponding hierarchy of authoritativeness. Authoritativeness is the likelihood that the 
views expressed in the statement represent the dominant viewpoint within the political system. The hierarchy is 
obvious at the political level—a statement by the prime minister trumps a statement by a minister. In other cases, 
the hierarchy may not be so obvious—a speech by the party chairman is more authoritative than the head of state. 


Table 4-4. Hierarchy of media power 


Information 
Purpose 
7 ee 
F : Authoritative or nonauthoritative based on track 
Reports Inform the viewer, listener, or reader racial 


Commentary | State a position or opinion and persuade 


and editorials 


Official 


Sane government or ruling party 


4-8 


the viewer, listener, or reader 


Declaration of policy or position by an 
officer or an executive body of the 
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Commentators 

Authoritative: 

e Know pseudonym of top leader 

e Known advisor to Prime Minister 

e _ Associated with major party 

e Contributor to a major paper 

Editors 

Authoritative: 
Ruling party’s leaders or large donors 
Large segment of political or financial elite 


Large numbers of voters or small 
campaign contributors 


Small segment of voters or population with 
special interests or radical views 


Local officials and citizens 
Authoritative: 
e President 
e Secretary of State 
e State Department spokesperson 
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Format 


4-30. Format consists of how media is produced and disseminated for public consumption. Format can be 
in the form of a live news report, a live interview, or a prerecorded report or interview that gives 
individuals more opportunity to influence the context delivered to consumers. 


Media Type 


4-31. Television is the medium with the largest potential audience in media environments and has a 
significant impact in shaping the impressions of the general viewing public. Television has replaced radio 
as the main source of news except in media environments where poverty prevents mass access to television. 
Fewer people may get information from newspapers and Internet news Web sites, but these people may be 
richer, better educated, and more influential than the general television audience. Specialized print 
publications and Internet Web sites reach a still smaller audience, but the audience will likely include 
officials and experts who that have influence on policy debates and outcomes. 


Prominence 


4-32. Questions to consider pertaining to prominence of media stories are— 
e Does the story appear on the front page of newspapers or on the homepage of news Web sites? 


e How much space is the story given? 
e@ In what order does the story appear in the news broadcast? 
e Is it featured in the opening previews of the newscast? 
e How frequently is the story rebroadcast on subsequent newscasts or bulletins? 
e How much airtime did it get? 
Dissemination 


4-33. Attention to patterns of dissemination of leader statements is important in government-controlled 
media environments. Leaders communicate publicly in a variety of ways such as formal policy statements, 
formal interviews, and impromptu remarks. By comparing the volume of media attention given to a 
statement, determination is made to whether the statement was intended to be taken as a pronouncement of 
established policy or merely as an ad hoc, uncoordinated expression prompted by narrow contextual or 
temporal conditions. 


Timing 
4-34. OSINT personnel have traditionally paid close attention to the timing of the appearance of 
information in the media as the information corresponds to the news cycle. A news cycle is the process and 


timing by which different types of media sources obtain information, incorporate or turn the information 
into a product, and make the product available to the public. 


Media Content 


4-35. Understanding the significance of media content can enhance the value of media source analysis. 
Media content encompasses the elements of— 


@ Manifest content. 
e@ Latent content. 


Manifest Content 


4-36. Manifest content is the actual words, images, and sounds conveyed by open sources. One of the most 
important forms of media source analysis involves the careful comparison of the content of authoritative 
official statements to identify the policies or intentions represented. Governments, political entities, and 
actors use statements and information released to the media to strengthen, support, and promote policies. 
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4-37. Manifest content analysis of authoritative public statements is an effective tool to discern leadership 
intentions and attitudes. Manifest content, in order to be effective, consists of the following: 


e Esoteric communications or “reading between the lines” are public statements whose surface 
meaning (manifest content) does not reveal the real purpose, meaning, or significance (latent 
content) of the author. Esoteric communication is particularly evident in political systems with 
strong taboos against public contention or in cases where sensitive issues are at stake. Esoteric 
communication is more formalized in some media environments than in others but is common in 
all political communications. 


e Multimedia content analysis considers elements of content beyond the words used such as 
facial expressions, voice inflections of leaders giving a speeches or while being interviewed, or 
the reading of a script by a news broadcaster all provide indicators about the views of a subject 
or topic. These indicators assist to determine whether a statement was seriously considered, 
intended to be humorous, or simply impromptu. 


e Historical or past behavior of open sources must be considered. Influences such as media 
outlet, journalist, newsmaker, or news broadcaster are factors beyond immediate control. Other 
issues such as time pressures, deadlines, or technical malfunctions, may also affect the content or 
context of public information. Analysts’ judgments about source behavior must be made with 
careful consideration of previous behavior. 


Latent Content 


4-38. Latent content refers to the hidden meaning of a thought. Latent content can reveal patterns about the 
views and actions of the media controllers. These patterns and rules come from the unstated content that provides 
the underlying meaning of media content and behavior. When a pattern of content is changed, inference of a 
change in the viewpoint of the controller or a change in the balance of power among different controlling 
elements has occurred. 


REPORT AND DISSEMINATE INFORMATION 


4-39. Intelligence and information requirements satisfied through publicly available information and open 
sources should be immediately reported and disseminated in accordance with unit SOPs that are generally 
centered on intelligence requirements, information criticality, and information sensitivity. 


Note. Staff personnel not directly assigned to the OSINT section also acquire information that is 
incorporated within the running estimate of each staff element. Close cooperation between these 
individuals fosters a supportive environment about what and how to report information of 
potential operational or intelligence value through the proper channels. 


4-40. Finalized OSINT serves no purpose unless it is timely, accurate, and properly disseminated to 
commanders and customers in a useable form. Reporting and disseminating a finalized OSINT product that 
satisfies intelligence and information requirements include but are not limited to— 


e Single discipline or multidiscipline estimates or assessments. 
e Statements of facts. 

e Evaluations of threat capabilities and limitations. 

e The threat’s likely COAs. 


REPORTING GUIDELINES AND METHODS 


4-41. Effective dissemination creates a mechanism of feedback in order to assess usefulness and predict or 
assess future intelligence and information requirements. The objective in reporting and disseminating 
intelligence and information is to provide relevancy to support conducting (planning, preparing, executing, 
and assessing) operations. 
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4-42. The basic guidelines in preparing products for reporting and disseminating information are— 
e Timely. Information should be reported to affected units without delay for the sole purpose of 
ensuring the correct format. 
e Relevant. Information must contribute to the answering of intelligence requirements. Relevant 
information reduces collection, organization, and transmission times. 


e@ Complete. Prescribed formats and SOPs ensure completeness of transmitted information. 


4-43. The three reporting methods used to convey intelligence and information are— 

e Written. Methods include formats (spot reports), tactical reports (TACREPs), or information 
intelligence reports (IIRs). 

e@ Graphic. Web-based report dissemination is an effective technique to ensure the widest awareness of 
written and graphical information across echelons. OSINT personnel can collaborate and provide 
statuses of intelligence requirements through Web sites. Information can also be uploaded to various 
databases to support future open-source missions and operations. 

e@ Verbal and voice. The most common way to disseminate intelligence and information verbally is 
through a military briefing. Based on the criticality, sensitivity, and timeliness of the information, ad 
hoc and impromptu verbal communication methods are the most efficient to deliver information to 
commanders. 


SECURITY DOMAINS 


4-44. OSINT is disseminated via security domains. A security domain is an application or collection of 
applications that share the same authentication or authorization. A security domain determines the overall 
classification of an enclave of servers, computers, or networks. Networks are separated by classification in 
order to prevent the compromise of information. OSINT organizations can exchange publicly available 
information on unclassified and classified networks across echelons between Army and other armed forces 
as well as joint organizations and federal, state, and local government agencies. 


4-45. The replication of Web sites and databases from unclassified networks to classified networks ensure 
publicly available information, open sources, and finalized OSINT products are reported and disseminated 
to intelligence and nonintelligence personnel to support unified land operations. The establishment of an 
effective OSINT architecture involves the proper utilization of the three primary security domains: 

e Joint Worldwide Intelligence Communications System (JWICS). 

e SIPRNET. 

e NIPRNET. 


Joint Worldwide Intelligence Communications System 


4-46. JWICS is a system of interconnected computer networks used by various U.S. Government departments to 
transmit TS/SCI over the transmission control protocol/Internet protocol (TCP/IP) suite in a secure environment. 
JWICS supports the synchronization of OSINT exploitation, dissemination of OSINT and supporting metadata, 
and collaboration between deployed and supporting intelligence personnel. 


SECRET Internet Protocol Router Network 


4-47. SIPRNET is a system of interconnected computer networks used by various U.S. Government 
departments to transmit classified information over the TCP/IP in a secure environment. SIPRNET is the 
principal mission-command data network at the tactical level. The network allows access to OSINT services and 
products through various databases, as well as gives intelligence and nonintelligence personnel the ability to 
collaborate, view, submit, and track OSINT intelligence and information requirements. 


10 July 2012 ATP 2-22.9 4-11 


Chapter 4 


Nonsecure Internet Protocol Router Network 


4-48. NIPRNET is used by various U.S. Government departments to exchange information up to the 
sensitive but unclassified level. NIPRNET is configured to provide access to Internet-based capabilities 
across all DOD components. It is the domain most commonly used to conduct open-source research and produce 


OSINT. 


REPORTING AND DISSEMINATION CONSIDERATIONS 


4-49. When reporting and disseminating OSINT products, considerations include but are not limited to— 


4-12 


Classification. When creating products from raw information, write-to-release at the lowest 
classification level to facilitate the widest distribution of the intelligence. Use tearline report 
formats to facilitate the separation of classified and unclassified information for users operating 
on communications networks of differing security levels. Organizations with original classification 
authority or personnel with derivative classification responsibilities must provide subordinate 
organizations and personnel with a security classification guide or guidance for information and 
intelligence derived from publicly available information and open sources in accordance with the 
policy and procedures in AR 380-5. 

Feedback-mechanism development. E-mail, postal addresses, rating systems, and survey forms 
are mechanisms that OSINT personnel can use in order to understand the information 
requirements for customers. 

Intellectual property identification. Identify intellectual property that an author or an 
organization has copyrighted, patented, or trademarked taken to preserve rights to the 
information. OSINT exploitation does not involve the selling, importing, or exporting of 
intellectual property. OSINT personnel engaging in exploitation should cite all sources used in 
reported and disseminated products. When uncertain, OSINT personnel should contact the 
supporting SJA office before reporting and disseminating a finalized OSINT product. 

Use of existing dissemination methods, when and if possible. Creating new dissemination 
methods can at times complicate existing dissemination methods. 

Analytical pitfalls. Analysts need to be cognizant that there are pitfalls when reporting and 
disseminating OSINT. The errors, referred to as fallacies (omission and assumption), are usually 
committed accidentally although sometimes they are deliberately used to persuade, convince, or 
deceive. Analysts must also be aware of hasty generalization, false cause, misuse of analogies 
and languages, biases (cultural, personal, organizational, cognitive), and hindsight. (For more 
information on analytical pitfalls, see TC 2-33.4.) 
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Legal Restrictions and Regulatory Limitations 


Publicly available information and open sources cover a wide array of areas. 
Exploring, assessing, and collecting publicly available information and open sources 
has the potential to adversely affect organizations that execute OSINT missions. In 
some regards, OSINT missions could involve information either gathered against or 
delivered by U.S. persons. Given the scope of OSINT and its applicability within the 
intelligence community, having a firm awareness of intelligence oversight and its 
regulatory applications is necessary. 


EXECUTIVE ORDER 12333 


A-1. All OSINT exploitation conducted by intelligence and nonintelligence personnel must comply with 
the legal restrictions, policies, and guidelines outlined in EO 12333 and other associated regulations, 
instructions, or directives. 


A-2. EO 12333 states the goal of the national intelligence effort is to provide the President and the 
National Security Council the necessary information on which to base decisions concerning the conduct 
and development of foreign defense, economic policy, and protection of U.S. national interests. 


A-3. EO 12333 originated from operations that DOD intelligence units conducted against U.S. persons 
involved in the Civil Rights and anti- Vietnam War movements. DOD intelligence personnel used overt and 
covert means to collect information on the political positions of U.S. persons, retained the information in a 
nationwide database, and disseminated the information to law enforcement authorities. 


A-4, The purpose of EO 12333 is to enhance human and technical collection techniques, the acquisition of 
foreign intelligence, and the countering of international terrorist activities conducted by foreign powers 
especially those undertaken abroad, and the acquisition of significant foreign intelligence, as well as the 
detection and countering of international terrorist activities and espionage conducted by foreign powers. 
Accurate and timely information about the capabilities, intentions, and activities of foreign powers, 
organizations, and subordinate agents is essential to informed national defense decisions. Collection of such 
information is a priority objective, pursued in a vigorous, innovative, and responsible manner that is 
consistent with the U.S. Constitution and applicable laws and principles. 


INTERPRETATION AND IMPLEMENTATION 


A-5. AR 381-10 interprets and implements EO 12333 and DOD 5240.1-R. AR 381-10 enables the 
intelligence community to perform authorized intelligence functions in a manner that protects the 
constitutional rights of U.S. persons. The regulation does not authorize intelligence activity. An Army 
intelligence unit or organization must have the mission to conduct any intelligence activity directed against 
U.S. persons. In accordance with the Posse Comitatus Act (Section 1385, Title 18, USC), the regulation 
does not apply to Army intelligence units or organizations when engaged in civil disturbance or law 
enforcement activities without prior approval by the Secretary of Defense. 
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ASSIGNED FUNCTIONS 


A-6. Based on EO 12333, the assigned intelligence functions of the Army are to— 

e Collect, produce, and disseminate military-related foreign intelligence as required for execution 
of responsibility of the Secretary of Defense. 

e Conduct programs and missions necessary to fulfill departmental foreign intelligence 
requirements. 

e Conduct activities in support of DOD components outside the United States in coordination with 
the Central Intelligence Agency (CIA) and within the United States in coordination with the 
Federal Bureau of investigation (FBI) pursuant to procedures agreed upon by the Secretary of 
Defense and the Attorney General. 

e Protect the security of DOD installations to include its activities, property, information, and 
employed U.S. persons by appropriate means. 

@ Cooperate with appropriate law enforcement agencies to protect employed U.S. persons, 
information, property, and facilities of any agency within the intelligence community. 

e Participate with law enforcement agencies to investigate or prevent clandestine intelligence 
activities by foreign powers or international terrorists. 

e Provide specialized equipment, technical knowledge, or assistance to U.S. persons for use by 
any department or agency, or, when lives are endangered, to support local law enforcement 
agencies. 


ARMY REGULATION 381-10 


A-7. AR 381-10 enables any Army component to perform intelligence functions in a manner that protects the 
constitutional rights of U.S. persons. It also provides guidance on collection techniques used to obtain 
information for foreign intelligence and CI purposes. Intelligence activity is not authorized by this regulation. 


COLLECTION OF U.S. PERSON INFORMATION 


A-8. Collection, in this context, is the gathering or receiving information by intelligence personnel in the 
course of official duties with the intent to use or retain the information for intelligence purposes. Action 
must be taken to demonstrate intended use of the collected information such as producing an intelligence 
information report, incident report, or adding the information to an intelligence database. 


A-9,. There must be a link between the collection of the U.S. person information and the intelligence 
agency assigned mission. This link is particularly important when dealing with publicly available 
information, open-source information, and information data exploitation. 


A-10. Army intelligence components may collect U.S. person information by lawful means but must be 
limited to the least intrusive means feasible and shall not violate the law (see DOD 5240.1-R). These least 
intrusive collection means must be attempted before utilizing more intrusive collection means such as— 


e Acquisition from publicly available sources or with the consent of the U.S. person of interest. 
e If proven unfeasible or inefficient, acquisition from cooperating sources. 


e If proven unfeasible or inefficient, acquisition from other lawful means that do not require a 
warrant or Attorney General approval. 


e If proven unfeasible or inefficient, an approval request for the use of techniques requiring a 
warrant or Attorney General approval. 


A-11. Within the United States, Army intelligence components may collect foreign intelligence concerning 
U.S. persons by overt means when the following conditions are met: 


e The foreign intelligence sought is significant and does not concern the domestic activity of the 
U.S. person. 


e The foreign intelligence cannot be reasonably obtained by overt means. 
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e Collection has been coordinated with the FBI in order to prevent the disruption of current 
operations. 


A-12. The following considerations apply to the collection of U.S. person information from the Internet: 


e Army intelligence components must use government computers to access the Internet for official 
government business unless otherwise authorized. 


e@ IP addresses, uniform resource locators (URLs), and e-mail addresses that are not associated 
with a U.S. person may be acquired, retained, and processed by Army intelligence components 
without making an effort to determine association with a U.S. person as long as the component 
does not engage in analysis focused upon specific addresses. 


A-13. AR 381-10 does not authorize the collection of any information relating to a U.S. person solely 
because of personal lawful advocacy of measures opposed to government policy as embodied in the First 
Amendment to the U.S. Constitution. The First Amendment states that Congress shall make no law 
respecting an establishment of religion, or prohibiting the free exercise thereof; or abridging the freedom of 
speech, or of the press; or the right of the people peaceably to assemble, and to petition the government for 
a redress of grievances. 


RETENTION OF U.S. PERSON INFORMATION 


A-14. Retention refers only to maintaining information about U.S. persons that the Army intelligence 
component can retrieve by the person’s name or other personal identifying data. AR 381-10, procedure 3, 
describes the kinds of U.S. person information that an Army intelligence component may knowingly retain 
without the individual’s consent. 


A-15. AR 381-10 authorizes the retention of U.S. person information under the following criteria: 
e Information properly collected in accordance with AR 381-10, procedure 2. 


e Army intelligence components acquired the information incidental to an otherwise authorized 
collection activity, and retained the information if it— 


=» Could have been collected intentionally under the provisions of AR 381-10, procedure 2. 
= Is necessary to understand or assess foreign intelligence or CI. 
s Is foreign intelligence or CI collected from authorized electronic surveillance. 


Note. Electronic surveillance refers to the acquisition of a nonpublic communication by 
electronic means without the consent of a person who is a party to an electronic communication 
or, in the case of a nonelectronic communication, without the consent of a person who is visibly 
present at the place of communication, but not including the use of radio direction-finding 
equipment solely to determine the location of a transmitter. 


= Is incidental to authorized collection and may indicate involvement in activities that may 
violate federal, state, local, or foreign law. 


e Information relating to functions of other Army activities, DOD components, or non-DOD agencies. 
The information pertains solely to the functions and responsibilities of other activities, components or 
agencies, and is retained only as necessary to transmit the information to that agency. The transmittal 
is filed and destroyed under general correspondence records management. Army intelligence 
components will not retain the information in intelligence databases or repositories. 


A-16. Temporary retention refers to the authorization for Army intelligence components to retain 
information up to 90 days, solely to determine if the information is, in fact, retainable under this regulation. 
The 90-day period starts upon receipt of the information. 


A-17. Other information retained by Army intelligence components must be reported for oversight 
purposes and for necessary subsequent proceedings. 


A-18. Access to U.S. person information retained in intelligence files, databases, and repositories is limited 
to those with a need to know the information. U.S. person information in intelligence files, databases, and 
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repositories is retained in accordance with disposition criteria in AR 25-400-2. Intelligence components 
will review intelligence files and databases annually. Intelligence components will specifically review U.S. 
person information to ensure its retention is still necessary to an assigned function. This ensures U.S. 
person information is not held beyond established disposition criteria, is retained for an authorized 
function, and was not retained in violation of this regulation. This does not apply to the Investigative 
Records Repository or other authorized long-term records holding areas. 


DISSEMINATION OF U.S. PERSON INFORMATION 


A-19. Disseminate, an information management activity, refers to communicating relevant information of 
any kind from one person or place to another in a usable form by any means to improve understanding or to 
initiate or govern action (FM 6-0). In other words, dissemination is the delivery of intelligence to users in a 
suitable form with application of the intelligence to appropriate missions, tasks, and functions. AR 381-10, 
procedure 4, governs the types of information regarding U.S. persons that Army intelligence organizations 
may disseminate without the person’s consent outside the component which collected and retained the 
information. 


QUESTIONABLE INTELLIGENCE ACTIVITY 


A-20. Questionable intelligence activity occurs when intelligence operations potentially violate— 
e Laws. 
e EOs. 
e Presidential directives. 
e DOD or Army policies. 


A-21. Intelligence personnel should report questionable intelligence activity through the chain of command, 
the inspector general, or directly to the Assistant to the Secretary of Defense for Intelligence Oversight in 
accordance with AR 381-10. The following are examples of questionable intelligence activity on improper 
collecting, retaining, or disseminating of U.S. person information: 
e Collecting and gathering information about U.S. domestic groups not connected with a foreign 
power or international terrorism. 
e Producing and disseminating intelligence threat assessments containing U.S. person information 
without a clear explanation of the intelligence purpose for which the information was collected. 
e Collecting and gathering U.S. person information for force protection purposes without 
determining if the intelligence function is authorized. 
e Collecting and gathering U.S. person information from open sources without a logical 
connection to the mission of the unit. 


A-22. AR 381-10 directs intelligence organizations to refer questions concerning the interpretation of the 
instructions on collection, retention, and dissemination of U.S. person information to the local SJA’s office. 


ASSISTANT DEPUTY DIRECTOR OF NATIONAL INTELLIGENCE FOR OPEN SOURCE 


A-23. The responsibilities of the ADDNI/OS include— 
e Exercising the integration, evaluation, and oversight for the NOSE. 
Providing strategic oversight of and guides strategic involvement of OSINT. 
Chairing the National Open Source Committee (NOSC) and Open Source Board of Advisors. 
Overseeing the DNI OSC and the distributed NOSE. 
Ensuring the integration of the open-source collection management strategy. 
Developing oversight of the NOSE. 
Overseeing interagency sharing of open-source information. 
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INTELLIGENCE COMMUNITY 


A-24. The responsibilities of the intelligence community include— 
e Developing programmatic oversight and evaluation to be centralized under the ADDNI/OS. 
e Supporting all intelligence disciplines. 


e Establishing appropriate source and information validation and verification procedures of all 
open-source exploitation efforts. 


Developing metrics for overall open-source activities. 


e@ Making all open-source information, products, and services available throughout the intelligence 
community. 


NATIONAL OPEN-SOURCE COMMITTEE 


A-25. The NOSC provides guidance to the NOSE. The responsibilities of the NOSC include— 


e Developing appropriate operational standards for source or information verification, tradecraft, 
and training. 


e Developing science and technology standards for metadata tagging and storage. 


DIRECTOR OF NATIONAL INTELLIGENCE OPEN-SOURCE CENTER 


A-26. The DNI OSC serves to advance the exploitation of open-source information through acquisition, 
procurement, analysis, and dissemination of products and services. The responsibilities of the DNI OSC 
include— 


e Facilitating open-source exploitation for U.S. Government partners and customers. 

e Securing appropriate licensing agreements for open-source customers. 

e Developing open-source programs. 

e Training personnel to properly exploit open-source information in accordance with security 
practices. 
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Substitute 3 for "y" and -2 for "z" values into one of the original equations and solve for 


2x+3y+5z=0 


2x + 3(3)+5(-2) =0 


2x+9-10=0 
2x= 10-9 
2x¥=1 
r=4 


Check the solution. 
8x-—S5y-6z=1 


8(+)-5(3)-6(-2)=1 


$_154+12=1 
4-15+12=1 
16-15=1 
f=4 


b. — Substitution method. The first step is to choose any unknown to eliminate. In the example 
we will eliminate "x." The procedure used to eliminate a variable is to select any equation and 
solve for "x" in terms "y" and "z." You will now substitute the value "x" in the two other 
remaining equations. Factor these two equations and use the two new equations to solve for "y" 
and "z." You must take the two resultant equations and isolate for one variable as you did in the 
last two paragraphs. Now that you have found one unknown, use the same resultant equations 
and solve for the other unknown. The final step is to replace the two variables in any one of the 
original equations and solve for the last unknown. Make sure you check the solutions by trying 
them in one of the other equations. Study the example that follows. 
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Cyberspace Internet Awareness 


Intelligence and nonintelligence personnel conducting open-source research must be 
aware of the digital operational environment by minimizing and reducing cyber 
“footprints,” practicing effective cyber OPSEC, utilizing safe online surfing 
techniques and habits, and understanding that embedded metadata can be contained 
in documents. 


CYBERSPACE SITUATIONAL AWARENESS AND CYBER 
SECURITY 


B-1. More than any other intelligence discipline, research involving publicly available information and 
open sources could unintentionally reveal CCIRs. Open-source research sometimes requires access to 
Internet Web sites that block browsing sessions originating from .mil or .gov sources. In the areas of 
computer information assurance and Internet security, internet awareness is needed in order to be effective, 
aggressive, and to successfully conduct open-source research and exploitation. Unjustified Internet Web- 
site restrictions have the potential to severely impede acquiring and the subsequent processing, reporting, 
and disseminating of publicly available information and open sources. 


B-2. Awareness is the beginning of effective cyber security. Computers transmit machine specifications 
such as operating system, type of version of each enabled program, security levels, a history of Web sites 
visited, cookie information, user preferences, IP addresses, enabled languages, and referring URL when 
searching the Internet. Visitors are frequently redirected to alternate Web sites based on search criterion, 
location, language, and time the search is conducted. 


B-3. The Internet is described as a “network of networks” due to the hundreds of thousands of 
interconnected networks consisting of millions of computers. Computers and users connected to the 
Internet are identified by a system-specific IP address that designates location. The IP address serves as the 
address where transferred information and datum is delivered. The concern therein rests in the 
understanding that while visiting nonstandard or questionable Internet Web sites in accordance with official 
duties, sensitive unit information could inadvertently be revealed. 


B-4. Cyberspace is a global domain within the information environment consisting of the interdependent 
network of information technology infrastructures, including the Internet, telecommunications networks, 
computer systems, embedded processors, and controllers (JP 1-02). The Army operates in and through the 
cyberspace domain, using and managing the electromagnetic spectrum as a holistic and integrated part of 
unified land operations. Personnel engaging in OSINT exploitation need to understand the cyberspace 
environment in order to develop and identify outcomes-based, integration-focused, and resource-informed 
solutions for cyber situational awareness concerns. 
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B-5. Cyber situational awareness is the knowledge of friendly, neutral, and threat relevant information 
regarding activities in and through cyberspace and the electromagnetic spectrum (FM 1-02). Cyberspace 
and cyber security involve increasing cyber situational awareness by— 

e Identifying threat operations to determine the effect on friendly operations and countermeasures. 

e Determining how to use cyberspace to gain support from friendly and neutral entities. 

e Determining how to gain, maintain, and exploit technical and operational advantages. 


B-6. There are OPSEC and computer security risks to searching and interacting with Internet Web sites. 
Searching the Internet can compromise OPSEC by leaving “digital footprints” on visited Web sites. 
“Surfing” on Internet Web sites can compromise computer security by exposing the computer and network 
to malicious software (such as viruses, worms, and Trojan Horses) or unauthorized access. Intelligence 
personnel must be vigilant to potential threats, use only authorized hardware and software, and comply with 
established unit operations security measures. 


B-7. URL information from the previous Web site visited is frequently an OPSEC issue and it identifies 
characteristics and interests of the user. While necessary for an effective research, the use of specific and 
focused search terms have potential OPSEC implications. 


Cyber Security Example 
If the user enters the search terms [bradley us army], the referring URL from the Google 


hit list would be: http:/Awww.google.com/search?hl=en&q=bradley+us+army. This tells the 
visited site that the user is searching in English (hl=en) for information on Army General 
of the Army Omar N. Bradley or the U.S. Army’s Bradley infantry fighting vehicle. 


B-8. All actions on a Web site are logged and saved. The information is saved and linked to what is 
referred to as cookie data. User actions include but are not limited to— 


e Words typed in search parameter fields. 

e@ Drop-down menu choices. 

e@ Check boxes. 

e Web site movement patterns such as changing domain name or Web site address. 


B-9. On many Web sites, information that the user provides or fills in becomes part of the Web site and is 
searchable. Key information to avoid sharing includes but is not limited to— 


e Military plans. 

Operations. 

Exercises. 

Maps and charts. 

Locations. 

Schedules. 

Equipment vulnerabilities, capabilities, and shortfalls. 


Names and related numbers: 
=» Telephone numbers. 

= Birth dates. 

a Identification numbers. 


B-10. Traditional and irregular threats are disruptive in nature and use the cyberspace domain to conduct 
operations against the Army. These threats are innovative, networked, and technologically adept. These 
threats capitalize on emerging technologies to establish and maintain a cultural and social advantage 
leveraging areas, to include but not limited to mission command, recruiting, logistics, fund raising and 
laundering, IO, and propaganda. 
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B-11. When engaged in OSINT exploitation utilizing computer systems and Internet usage, cyberspace 
awareness assessments should be developed and cover areas including but not limited to network 
vulnerabilities, network threats (physical and virtual), and future risks. 


B-12. For more detailed information about cyber security threats and tips see the U.S. Computer Security 
Readiness Team’s Web. 
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Basic and Advanced Internet Search Techniques 


The ability to search the Internet is an essential skill for open-source research and 
acquisition. The Internet, considered a reconnaissance and surveillance research tool, 
provides access to Web sites and databases that hold a wide range of information on 
current, planned, and potential areas of operation. The exponential growth in computer 
technology and the Internet has placed more publicly available information and 
processing power at the fingertips of Soldiers than ever before. A body of knowledge on 
culture, economics, geography, military affairs, and politics that was once inaccessible to 
some degree, now rest in the hands of high school and college students—future leaders of 
the Army. 


THE WORLD WIDE WEB AND DEEP WEB 


C-1. The Internet is a dynamic information environment consisting of stationary and moving virtual and 
target Web sites containing a mixture of old and new content. There are numerous virtual databases that 
grow at exponential rates. Keeping pace with technology is an enduring challenge for personnel that engage 
in OSINT exploitation utilizing the WWW and Deep Web. 


WORLD WIDE WEB 


C-2. The WWW is indexed by standard search engines. Standard search engines are typically incapable of 
accessing or retrieving the type of information necessary for conducting effective open-source research. 
The total amount of Internet information is estimated to be over 7,500 terabytes and continues to increase. 
Of this amount, customary search engines on the Internet are estimated to index only one-quarter of the 
information. Considered a very large amount of information, it only represents a fraction of the amount of 
open-source information available during research utilizing publicly available information. The other three- 
quarters (or roughly 5,625 terabytes) are contained on what is called the Deep Web. 


THE DEEP WEB 


C-3. The Deep Web refers to content that is not part of the traditional WWW. This content is estimated to 
be more than twice the content saved and accessible on the traditional WWW. The content and information 
contained on the Deep Web is designed around Web-based databases. Unlike the WWW, the Deep Web is 
not indexed. Nonstatic Web sites and databases located on the Deep Web cannot be accessed or indexed by 
traditional search engines. The Deep Web offers a tremendous amount of resources. Deep Web resources 
could fall into one or more of the following: 
e Dynamic content. Web pages that are returned in response to a submitted query. 
e Unlinked content. Web pages that are not linked to other Web pages that prevent standard Web 
crawling programs from accessing the content. 
Private Web content. Web pages without backlinks or inlinks. 
Limited access content. Web sites that limit access to information. 
e Nonhypertext markup language content. Textual content encoded in multimedia files that are not 
handled by search engines. 
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SEARCH ENGINES 


C-4. Search engines are the primary tools that personnel engaging in OSINT activities use when 
conducting research of publicly available information through open sources. OSINT personnel use search 
engines and search terms to locate text, images, and information on thousands of Web sites. Technically, 
search engines are actually searching through the index of Web sites. Commercial and government search 
engines vary in what parameters are searched, how searches are processed, and how search results are 
displayed. Most search engines use programs called web crawlers to build indexed databases. A web 
crawler searches Internet Web sites and files and saves the results in a database. 


C-5. Most search engines use relevancy formulas to display results in a specific order with a brief 
description and hyperlink to the reference Internet file. Relevancy formulas evaluate how well the query 
matches the request. Relevancy formulas are significant to the user as search engines evolve and will not all 
yield similar results. The placement of keywords yield different results if rearranged due to more emphasis 
placed on one word over another. As search engines have evolved, some have become adept at finding 
specific types of information, such as statistical, financial, and news, more effectively. To overcome this 
specialization, software engineers have developed metasearch engines that allow the user to query more 
than one search engine at a time. 


Search Engines 
If a particular search engine cannot accommodate phrases in quotation marks or 


other types of Boolean functions, then the metasearch engine eliminates that function 
from the search. The resulting search then becomes too broad and less useful than a 
well-formatted search using a specialized search engine. 


C-6. With an understanding of how search engines work, intelligence personnel— 
e Conduct initial searches using unique keywords and combinations. 
e Apply Boolean logic to improve search parameters. 
e Conduct follow-on searches using natural language. 


SEARCH BY KEYWORD 


C-7. In keyword-based searches, OSINT personnel should consider what keywords are unique to the 
information being researched. Keywords should be balanced to yield relevant results without an over 
abundance of irrelevant information. Common words to be avoided include— 


e (A. 

e An. 
e@ And. 
e@ The. 


C-8. These words should be avoided in search terms unless part of the title of a book or article. Most 
search engines ignore common words. For example, if looking for information about Russian and Chinese 
tank sales to Iraq, do not use tank as the only keyword in the search. Instead, use additional defining words 
such as “Russian Chinese tank sales Iraq.” 


BOOLEAN LOGIC OPERATORS, CONNECTORS, AND DELIMITERS 


C-9. When searching the Internet, the vast data available can be searched according to the rules of 
computer database searches. The logical relationship between search terms is referred to as Boolean logic. 
This method of searching provides options for constructing logical relationships among search terms using 
local operators, connectors, and delimiters. 


C-10. Boolean logic operators, connectors, and delimiters assist intelligence personnel in establishing 
relationships between keywords to improve search activities. 
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Example of Using Boolean Logic Operators 

Applying the following example, using the operators (see table C-1), the search 
engine searches for Russian and tank together when placed within parentheses—for 
example, (Russian tank)—and to exclude Chinese tank sales from the search result, 
use (Russian tank) NOT (Chinese tank) sale Iraq in the search. Intelligence 


personnel can also use a NEAR search when the relationship and the distance 
between the terms are well established. For example, if intelligence personnel are 
looking for incidents of tank sales in Baghdad and news articles normally place the 
name of the location within five words of tank sales in the title of the body of the 
article then use tank sales NEAR/5 in the search. 


Table C-1. Boolean logic operators, connectors, and delimiters 


Must be present * Chemical AND weapon 
AND Coie 
chemical *weapon 
Must not be present NOT Africa NOT Sudan 
May be present (OR a Chemical OR biological 


Complete phrase *Chinese tank sales to Iraq* 
(Shining Path) 
NEAR “White House” NEAR “airspace incursion” 


Wildcards Gun* (gunpowder) 


Note. Boolean searches may not work on all search engines. Using the “Advanced Search” option is 
available on many web browsers. Advanced search pages include fields to fill in such as “Find web 
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pages that contain all these words;” “this exact wording or phrase;” or “Do not show pages including 
any of these words.” 


SEARCH IN NATURAL LANGUAGE 


C-11. An alternative to using a keyword search is the natural language question format as most of the 
major search engines allow this capability. OSINT personnel obtain the best results when the question 
contains good keywords. One of the major downsides to this technique is the large number of results. If the 
needed information is not found in the results of the first few pages the question should be refined to 
initiate a new search using different parameters. 


INTERNET WEB SITES 


C-12. The four steps used to exploit publicly available information and open sources on Internet Web sites are— 


Plan Internet search. 
Conduct Internet search. 
Refine Internet search. 
Record results. 


PLAN INTERNET SEARCH 


C-13. OSINT personnel use an understanding of intelligence and information requirements to plan Internet 
searches. Intelligence and information requirements help to determine what information to search for, where to 
search, and provides the focus and initial keywords used in the search. After determining the focus and 
keywords, OSINT personnel use Internet browsers and search engines to connect to a previously identified 
Internet Web site. 
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Keyword Searches 
If a unit is planning a humanitarian assistance operation in a particular country, 
intelligence requirements may be to locate refugee concentrations in that country. 
The task for an OSINT cell could include to locate— 


Humanitarian relief organizations operating food distribution centers. 
Population centers in the country. 
Concentrations of militia forces. 
Areas of militia operations within in the last 30 days. 
Useful search terms would include— 
Refugee. 
Humanitarian relief. 
Militia. 
Water sources. 
Food distribution. 


Locating possible indicators of where refugees may or may not concentrate include— 
Nongovernmental organization aid centers. 
Food. 
Water. 
Hostile militia forces. 


Based on intelligence requirements, the search objective is to locate refugee 
concentrations based on the position of supplies and militia forces in the country. 


CONDUCT INTERNET SEARCH 


C-14. OSINT personnel conduct an initial search of likely sources using related terms or subject matter for 
the research question. The initial search is the first of potentially many subsequent searches for data and 
information that is retrieved and recorded in accordance with the research plan. Once retrieved, the 
information is integrated into the appropriate digital or analog database. OSINT personnel should avoid the 
temptation of using only one search engine as each has strengths and weaknesses. Organizational standards, 
research experience, and peer recommendations typically guide the selection of which search engine to use. 


Note. If the information is not identified using multiple search engines within 30 minutes, it is 
possible that the information does not exist on the Internet, has not been indexed, or is not in a 
retrievable format. 


REFINE INTERNET SEARCH 


C-4 


C-15. Typically, the first few pages of search results are the most relevant. Based on these pages, OSINT 
personnel exploit the initial search results for relevancy and accuracy for follow-on searches to determine if 
the results satisfied the intelligence or information requirement. Initial Internet searches can yield undesired 
results to satisfy intelligence and information requirements. OSINT personnel typically use measures to 
refine Internet results, including but not limited to— 


Reordering search terms. Changing spelling and grammar. 


Adjusting upper or lower case. Using keyword variants. 
Searching by field. 


Truncating the URL. 


Searching within results. 


Searching in the cache and archive. 


Web site domains. 
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Reorder Search Terms 


C-16. Search engines may place a higher value on the first word or words in a multiple word or phrase 
search string. For example, changing the word order from devices explosive to explosive devices may yield 
different search results. 


Change Spelling and Grammar 


C-17. Search engines attempt to match the exact spelling of the words in the search string. There are search 
engines that recognize alternate spellings or prompt the user to correct common misspellings. For example, 
changing the spelling of a word from the American-English center to the British-English centre may yield 
different results. Boolean logic can also be used in order to circumvent potential spelling mistakes. Additionally, 
changing the spelling of a transliterated name generates different results that may be useful depending upon the 
objective of the search, such as the spelling variations of the name— 


e Al-Qaeda. 
e al-Qaida. 
e = al-Qa’ida. 
e  el-Qaida. 
e al Qaeda. 


Adjust Upper or Lower Case 


C-18. Search engines may or may not support case sensitive searches. Some search engines attempt to 
match the word exactly as entered in the search. Most searches should be all lowercase letters. When 
looking for the name of a person, geographical location, title, or other normally capitalized word, use a case 
sensitive search engine. For example, changing the case of a word such as java to JAVA changes the results 
from coffee Web sites to software program Web sites. 


Use Keyword Variants 


C-19. OSINT personnel use terms that are culturally or geographically common. Using variants of a 
keyword such as changing policeman to cop, bobby, gendarme, carabiniere, policia, politzei, or other 
forms may improve search results. 


Search Within Results 


C-20. If the initial or follow-on search produces good but still unsatisfactory results, OSINT personnel can 
search within these results to produce a higher probability of finding the desired results. Most search 
engines display an option such as search within these results or similar pages to assist the user. 


Search by Field 


C-21. In a field search, OSINT personnel look for keywords within the URL as opposed to searching the 
Internet. This is typically done when the search engine returned a large number of results. While capabilities vary 
by search engine, some of the common field search operators are— 


e Anchor. Searches for Web sites with a specified hyperlink. 

Domain. Searches for specific domains. 

Like. Searches for Web sites similar or related in some way to specified URLs. 
Link. Searches for specific hyperlinks embedded in a Web site. 

Text. Searches for specific text in the body of the Web site. 


URL. Searches for specific text in complete Web site addresses. 
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Example: 
2x+3y+5z=0 


6x —2y—-3z=3 
8x -—S5y-6z=1 


2x+3y+5z=0 


—9y — 15z-2y-3z=3 
—lly-18z=3 


8x—-S5y-6z=1 


ice 


—-Sy-6z=1 


ve (23) sy -62=1 


=|2y9—20z=5y—6z7= 1 
-1l7y-26z=1 


—-lly-18z=3 
-17y-26z=1 


17(-11y- 182=3 ) 
-11(-17y—26z= 1 ) 


—187y — 306z=51 


(Original equations) 


(Solve one equation for x in terms of y and z) 


; —3y—-5z 
(Substitute —~z— for x) 


(New equations) 


(Substitute — a tor x) 


(New equation) 


(Solve new equations for x and y) 


(Eliminate y) 


(Add) 


187+ 286z=-11 
—20z= 40 
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Search in Cache and Archive 


C-22. Sometimes a search or an attempt to search with results returns a URL that matches exactly the search 
objective but when accessed the Web site is no longer active. If the search engine captures data as well as the 
URL locator, select the cached link to access the original data. OSINT personnel can also search an Internet 
archive Web site, such as www.archive.org, for the content. OSINT personnel need to have awareness that this 
information is historical and not subject to update by original creators. 


Truncate the Uniform Resource Locator 


C-23. Based on the topic of the information or intelligence requirement, OSINT personnel can manually 
search within the results by truncating the URL to a Web site. OSINT personnel work backwards from the 
original search result to the Web site containing the desired information or database by deleting the end 
segments of the URL at the forward slash. See manually truncating a URL example in table C-2. 


C-24. There are also URL shortening assistance Web sites that redirect a user from a short URL (such as in 
the second part of table C-2) to a much longer URL serving as the actual address of the Web site. These are 
often used in social media services like Twitter due to the character restrictions placed on users. 


Table C-2. Truncating and shortening uniform resource locators 


Manually Truncating a Uniform Resource Locator (URL) 


Example URL to truncate http://www.website.com/default.aspx?utm_source=twitter&utm_m 
edium=social-media 


Delete all but the main part of the Web http://www.website.com/ 
site address 


Shortening URLs Using Shortening Assistance 


Example URL to paste into shortening http://www.amazon.com/Kindle-Wireless-Reading-Display-Globa 


assistance Web site lly/dp/BOO3FSUDM4/ref=amb_link_353259562_2?pf_rd_m=ATVP 
DKIK XODER&pf_rd_s=center- 
10&pf_rd_r=11EYKTN682A79T370AM3&pf_rd_ 
t=201&pf_rd_p=1270985982&pf_rd_i=BO02Y27P3M 


The shortening Web site produces the http://tinyurl.com/KindleWireless 
example URL to use in social media 
settings or in e-mail 


Web Site Domains 


C-25. Domain names on the Internet are identifying labels and are used in various networking contexts. They 
are used as simple identification labels to indicate ownership or control of a resource. With the millions of 
URLs on WWW, intelligence personnel are faced with a myriad of Web sites that may or may not produce or 
maintain the information presented in that domain. Certain domains, such as those listed in table C-3, are 
consistently reliable as being administered and authored by those types of organizations. 


Note. OSINT personnel exploiting publicly available information and open sources must not 


take .org, .info, or .net extensions as necessarily produced by a bona fide organization for that 
domain. 
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Table C-3. Common Web site domains 


| Domain | Description 


Reserved for cooperative associations 
Reserved for postsecondary institutions accredited by an agency on the U.S. Department of 
Education’s list of Nationally Recognized Accrediting Agencies 


Used only for registering organizations established by international treaties between 
governments 


Reserved for human resource managers 


i 


Restricted to credentialed professionals and related entities 


Reserved exclusively for the U.S. military 


OPEN-SOURCE DATABASES, SOFTWARE, AND TOOLS 


C-26. There are numerous COTS software applications, tools, and databases that are searchable using query 
words for research. Search engines used for research include but are not limited to— 

e@ Google Scholar. Google Scholar provides a simple way to broadly search for scholarly literature. 
From one place, searches expand across many disciplines and sources that include articles, theses, 
books, and abstracts. Google Scholar helps locate relevant work across the world of scholarly 
research. 

e@ Spokeo. Spokeo specializes in organizing people-related information (names, addresses, phone 
numbers) from phone books, social networks, marketing lists, business Web sites, and other public 
sources. Spokeo uses algorithms to piece together data into coherent profiles. 

e Blog Pulse. BlogPulse is an automated trend discovery system for blogs by applying machine- 
learning and natural language processing techniques. 

e Pipl. Pipl query engine helps locate Deep Web pages that cannot be found on regular or standard 
search engines. Pipl uses advanced language-analysis and ranking algorithms to retrieve the most 
relevant information about an individual. 

e@ Mbonitter. Monitter is a browser-based Twitter search engine. Monitter displays three constantly 
updated keyword searches parallel to each other in your browser. 

e Maltego. Maltego is a forensic application that offers data-mining and gathering of information into 
packaged representations. Maltego allows the identification of key relationships between information 
and identify previously unknown relationships. 
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GOOGLE TOOLS 


C-27. Google tools assist in exploiting publicly available information and open sources through— 


@ Query words. 

@ Query types. 

@ Query modifiers. 
QUERY WORDS 


C-28. Google supports several advanced Boolean logic operators, which are query words that have special 
meaning to Google. Typically query types and query modifiers, when applied by operators, modify the 
parameters and results of search engines. 


QUERY TYPES 


C-29. Four categories covering most Web-search queries include— 


Cache. If other words are included in the query, Google highlights those words within the 
cached document. For example, [cache:www.google.com web] shows the cached content with 
the word “web” highlighted. 

Link. The query [link:] lists Web pages that have links to the specified Web page. For example, 
[link:www. google.com] lists Web pages that have links pointing to the Google homepage. 
Related. The query [related:] lists Web pages that are similar to a specified Web page. For 
example, [related: www.google.com] lists Web pages that are similar to the Google homepage. 
Info. The query [info:] presents some information that Google has about that Web page. For 
example, [info:www.google.com] shows information about the Google homepage. 


QUERY MODIFIERS 


C-30. Research using a specific search query can be modified using the following modifiers: 


Site. If [site:] is included in the query, the results are restricted to those Web sites in the given 
domain. For example, [help site:;www.google.com] finds pages about help within 
www.google.com. [help site:com] finds pages about help within .com URLs. 

Allintitle. If a query starts with [allintitle:], the results are restricted to those Web sites with all 
of the query words in the title. For example, [allintitle: google search] returns only documents 
that have both google and search in the title. 

Intitle. If [intitle:] is included in the query, the results are restricted to documents containing that 
word in the title. For example, [intitle:google search] returns documents that have the word 
google in their title, and have the word search anywhere in the document (title or not). Putting 
[intitle:] in front of every word in the query is equivalent to putting [allintitle:] at the front of the 
query: [intitle: google intitle:search] is the same as [allintitle: google search]. 

Allinurl. If a query starts with [allinurl:], the results are restricted to those Web sites with all of 
the query words in the URL. For example, [allinurl: google search] returns only documents that 
have both google and search in the URL. 

Inurl. If [inurl:] is included in the query, the results are restricted to those documents containing 
that word in the URL. For example, [inurl:google search] returns documents that have the word 
google in their URLs, and have the word search anywhere in the document (URL or not). 
Putting “inurl:” in front of every word in the query is equivalent to putting “allinurl:” at the front 
of the query: [inurl:google inurl:search] is the same as [allinurl: google search]. 


INTERNATIONAL INTERNET WEB SITES 


The number of non-English-language users on the WWW and Deep Web are increasingly surpassing 
English users. This international reach results in the creation of foreign Web sites with specific country 
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codes. OSINT personnel must be aware of the origin of foreign Web sites and the potential vulnerabilities 
inherent in accessing these Web sites. 


INTERNET SEARCH TECHNIQUE CONSIDERATIONS 


C-31. When conducting Internet basic and advanced searches, technique areas that should be considered are— 


COTS software. When utilizing COTS tools and software, OSINT personnel must consider the 
tools and software utilized in accordance with unit SOPs, guidelines and policies. 

Cataloging and archiving. Due to the nature of Internet Web sites and the lack of control 
restrictions, Web sites can be removed from the WWW without prior notice. 

Authorship. Open-source products can oftentimes be authored through anonymity. 

Identified Web sites and portals. Familiarization of publicly available information generally 
results in standardized Web sites and portals used for research. Web sites and portals are 
subjective in nature due to the biases and perceptions of the Web site administrator or designer. 
Off-line browsers. Due to the volatile and unpredictability of Web sites, effective use of off-line 
browsers can enhance Internet research. 


INTERNET AND OPERATIONS SECURITY VULNERABILITIES 


C-32. The intent of OSINT is to exploit publicly available information and open sources without revealing 
user or organizational identities. Exploiting publicly available information and open sources is typically 
anonymous and conducted with a low risk of potential OPSEC compromise. There are inherent threats 
when conducting research on the WWW and Deep Web. Open-source research can compromise OPSEC 
and reveal user identification and the location of the computer systems through IP addresses. Any number 
of system disruption tools can render open-source collection activities ineffective. These include but are not 
limited to— 


Viruses. Computer codes that attach to computer programs. Once attached, viruses infect other 
computer systems through replication. 

Trojan horses. Computer programs that prevent user-activated commands. 

Worms. Self-contained computer programs that infect computers through replication. Worms 
create traffic on Web sites with the objective of decreasing visibility by conducting denial of 
service attacks. 


Note. OSINT personnel should consult with organic unit’s S-6/G-6 and information assurance 
personnel for current threats and guidelines to ensure that operating systems and browsers are 
using the most current security patches, antivirus, and antispyware protection software. 


10 July 2012 


ATP 2-22.9 C-9 


Appendix D 


OSINT Contributions 


The vignettes and discussions in this appendix illustrate how integrated OSINT 
supports or contributes to— 

e Unified land operations and associated missions and tasks. 

e Other intelligence disciplines. 

e Other functions, such as site exploitation (SE) and source vetting. 


The examples provided do not constitute a comprehensive list. 


SUPPORT TO TARGETING, COUNTERINSURGENCY, AND 
IMPROVISED EXPLOSIVE DEVICE DEFEAT OPERATIONS 


D-1. As a result of target development, OSINT contributes to the products such as target lists, target 
folders, target briefs, and exploitation requirements. The following vignette describes one situation where 
OSINT contributes to targeting. (For more information on targeting see FM 3-60.) 


Example of OSINT Contributions to Targeting 
The United States is going to war against Country X. The United States has an 
objective to limit the counterstrike capabilities of Country X. There is a significant 
military stockpile that Country X purposely collocated by a religious center. Should 
the United States destroy the stockpile knowing there is a great chance that the 
symbolic religious center will be destroyed as collateral damage? 


OSINT can support this objective by providing information such as— 


What is the religious background of the population living near the religious center? 
Is the religious center culturally significant? 

Is it an historical landmark? 

What is the makeup of the congregation? 

What are the normal times that people congregate? 

What are the technical descriptions of the equipment in the stockpile? 


D-2. In support of counterinsurgency operations, publicly available information is valuable for 
understanding the operational environment. It is often more useful than any other discipline for 
understanding public attitudes and public support during counterinsurgency operations. Publicly available 
information is also an important means of determining the effectiveness of inform and influence activities 
among the local populace. Monitoring public media benefits counterinsurgency operations. If possible, 
monitoring should occur at every echelon in support of PIRs. Each echelon should monitor the media that 
contain information relevant to operations at that echelon. For instance, at the corps level, major news 
networks should be monitored; in contrast, at the tactical level, local newspapers or radio stations may be 
more important. (For additional information on counterinsurgency operations, see FM 3-24.) 
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D-3. In support of improvised explosive device (IED) defeat operations, publicly available information 
can be used to— 


e Collect and monitor JED-related information discussed during events that are open to the public 
or occur in public areas. 


e Collect and monitor IED-related information that is located in any recorded public document 
(such as newspapers, magazines, leaflets, brochures, posters). 


e Collect and monitor IED-related information that is broadcast for general public consumption to 
all receivers or terminals within a computer, radio, or television network. 


e Monitor threat or IED-related Internet Web sites that may provide indications and warning of 
threat intentions, capabilities, activities, and responsible entities for a specific incident. 


D-4. See FM 3-90.119 for more information on combined arms IED defeat operations. 


SUPPORT TO OTHER INTELLIGENCE DISCIPLINES 


D-5. Publicly available information and open sources developed as finalized OSINT can also support 
other intelligence disciplines. 


HUMAN INTELLIGENCE 


D-6. OSINT supports HUMINT collection operations by providing open-source materials to the 
appropriate J/G/S-2X and intelligence community agencies and liaison officers. These materials include but 
are not limited to— 


Maps. 

Charts. 

Phone directories. 
Business directories. 
Newspapers. 


Video and audio media (including tapes and CDs). 
D-7. For further information on HUMINT collector operations see FM 2-22.3. 


SIGNALS INTELLIGENCE AND GEOSPATIAL INTELLIGENCE 


D-8. The following vignette describes a specific situation where OSINT directly contributes to signals 
intelligence (SIGINT) and geospatial intelligence (GEOINT). 
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Example of OSINT Contributions to SIGINT 
The signals officer for Unit C is preparing an assessment based on an upcoming 
operation. The signals officer does not have access to classified systems. Unit C is 
preparing to conduct operations in an area where the media is state-controlled by a 
totalitarian government. 


OSINT can support the signals officer by providing information such as— 
e The identification of locally televised channels along with supporting components 
and systems. 


e Web sites used to communicate to the local populace. 


Example of OSINT Contributions to GEOINT 

During mission planning, Engineer D is observing the potential effects of building a 
new rail system. The rail system will bisect an agricultural community located along a 
primary irrigation path. There is an increased potential that the rail system will disrupt 
and cause damage to the irrigation canals. There are time constraints preventing the 
request of satellite imagery in order to provide an overhead view of the area for 
assessment. If the rail system damages the irrigation canals, the results will more 
than likely destroy relationships established between unit leadership and tribal 
leaders. 


OSINT can support imagery intelligence (IMINT) by providing information such as 
Google Earth and other COTS imagery to identify alternative waterways, future 
irrigation draining areas, and water paths in the event of flooding. 


TECHNICAL INTELLIGENCE AND COUNTERINTELLIGENCE 


D-9. Publicly available information supports technical intelligence (TECHINT) efforts in significant ways. 
Although adversaries and potential threats attempt to closely protect capabilities and vulnerabilities as well as 
intent, the inevitable results of technological advances, such as the Internet and Google Earth, provide 
exploitation opportunities into even the most secretive nations and organizations. (For further information on 
TECHINT, see TC 2-22.4.) 


D-10. In support of CI, publicly available information can be used to obtain information that satisfies PIRs or 
other standing CI collection requirements. The collectors of Army OSINT are the military intelligence brigades. 
Military intelligence Soldiers receive OSINT training at their schools, as applicable. Upon arrival at permanent 
duty stations, unit training should include OSINT training relevant to duty assignments. (For more information 
on CI, see FM 2-22.2.) 
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OSINT Organizations 


OSINT expands the entire breath of the intelligence community from the national 
level to the tactical level of operations. U.S. Government organizations, such as 
DOD, law enforcement agencies, and others that collect, acquire, exploit, analyze, 
disseminate, or utilize OSINT as a customer include— 


e Defense Open Source Council (DOSC). 


e INSCOM. 

e DAIS. 

e DNIOSC. 

e Open Source Academy. 
e §=6©ASD. 

e =6FBI. 


e Federal Research Division (FRD), Library of Congress. 


DEFENSE OPEN SOURCE COUNCIL 


E-1. The DOSC is the primary governance mechanism for DOD OSINT. It serves as a forum for the 
coordination and facilitation of OSINT activities and programs for all Services and combatant commands. 
The DOSC advices and reports to the Under Secretary of Defense for Intelligence (USD[I]) on OSINT 
issues and recommends initiatives to improve the effectiveness and efficiency of OSINT programs, 
activities, and systems of the DOD. The responsibilities of the DOSC include but are not limited to— 


e The coordination of activities and the resolution of OSINT programs and activities. 
e = The prioritization of OSINT requirements. 


U.S. ARMY INTELLIGENCE AND SECURITY COMMAND 


E-2. INSCOM conducts multidiscipline and all-source intelligence operations to include collection, analysis, 
production, and dissemination; knowledge management for the Army intelligence enterprise; as well as delivers 
specialized quick reaction capabilities, advanced skills training, and linguist support for deploying forces to 
enable battle command to support unified land operations. 


E-3. INSCOM regionally supports each of the geographic combatant commands through subordinate 
regionally focused multifunctional military intelligence brigades. Each brigade manages intelligence 
requirements (to include OSINT) and provides support to Army tactical units deploying to or operating 
within a unified combatant command’s area of responsibility or operational environment. Each 
multifunctional brigade has the capability to produce OSINT, generate requests to higher agencies, and 
answer collection requirements submitted by subordinate units at the tactical level through OSCAR-MS. 
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DEPARTMENT OF THE ARMY INTELLIGENCE INFORMATION 
SERVICE 


E-4. DA IIS provides a broad spectrum of intelligence support functions to Army and intelligence community 
customers. DA IIS is the primary OSINT information and dissemination proponent for the Army. DA IS is an 
element of Army G-2, Intelligence Information Management Directorate (DAMI-IM) and operational control is 
assigned to the INSCOM G-3. DA IIS is the primary intelligence information dissemination office for the Army. 
DA IIS provides a broad spectrum of intelligence support functions to Army and intelligence community 
customers, including Army Open-Source Collections Requirements Management. 


E-5. The mission of the DA IIS is to coordinate, disseminate, and validate the strategic-level requests for 
open-source requirements Army-wide under the direction of the Army G-2. This is done by providing 
information sharing services across the intelligence community. The DA IIS is a voting member of the 
Office of the Director of National Intelligence (ODNI) NOSC Collection Requirements Management 
(CRM) subcommittee. DA HS is the Army proponent office for OSINT. As such it addresses all aspects of 
OSINT policy, training, operational support, collection, production, analysis, and dissemination. 


DIRECTOR OF NATIONAL INTELLIGENCE OPEN SOURCE 
CENTER 


E-6. The DNI OSC supports the NOSE as directed by the ADDNI/OS. The OSC is an organization within 
the intelligence community, U.S. Government, private sector, and academia. 


E-7. The operations of the OSC are driven by standing open-source requirements contained in the OSC’s 
annually reviewed and approved information collection plans. The OSC maintains a worldwide network of 
multilingual regional experts that respond to intelligence and information requirements using publicly 
available information and open sources such as radio, television, newspapers, news agencies, databases, 
and the Internet. The OSC monitors open sources in more than 160 countries in over 80 languages and 
acquires open-source data worldwide for organizations across DOD, U.S. government agencies, and local 
law enforcement departments. 


E-8. OSC services and tools facilitate OSINT efforts of agencies and offices throughout the U.S. 
Government and intelligence community by enabling the creation, management, and dissemination of 
unclassified products. The effectiveness and adaptability of OSC tools are— 
e Highly developed for open-source exploitation and product creation. 
e Designed to support and provide resources to a decentralized customer-base mainly through the 
Internet and readily available, purchased COTS content. 
e Consistent with intelligence community security, technical, and metadata standards. 


E-9. The OSC analyzes the content and behavior of media and Internet Web sites of nations and other 
international actors of significant policy interest to the U.S. Government. 


OPEN SOURCE ACADEMY 


E-10. The Open Source Academy is a leading provider of open-source tradecraft training. As intelligence 
consumers place a greater value on OSINT, open-source specialists throughout the U.S. Government are 
turning to Open Source Academy courses (see table E-1) to build open-source skills and to stay abreast of 
evolving OSINT technologies. The Open Source Academy is building relationships with community 
leaders across the intelligence community to develop a comprehensive approach to instilling open-source 
tradecraft skills. The academy hosts participants expanding across DOD, federal agencies, as well as local 
law enforcement departments. 


Table E-1. Open Source Academy curriculum 


e Introduction to the Field e Visual Persuasion Methodology Advanced 


e Library Resources and Research Techniques Googling 
e Media Analysis e Audience Resonance Methodology 
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-lly-18z=3 (Substitute - 2 for z and solve for y) 
—lly-18(-2) =3 
—lly+36=3 
—lly+ 36-36 =3-36 
—lly =-33 
cy _ -33 


2x+ 3y+5z=0 (Substitute for z and y, and solve for x) 


2x + 3(3)+5(-2) =0 
2x+9—10=0 
2x+9—-9—-10+10=10—9 


As you can see the solution is the same (x = 5, y=3,2S -2} using the substitution method as it is 


with the addition/subtraction method. 


Try the following challenge to reinforce your knowledge. You may use either the addition/ 
subtraction or substitution method to solve this challenge. Substitute your solution for the literal 


to ensure your solutions are correct before checking them against those given. 
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Newcomer’s Basic Desktop Classification Workshop 

Open-source Research and Analysis Community Digital Audio Video Enterprise 
Orientation to the Open Source Center (DAVE) System 

OS 101: Open-source Fundamentals Creating Multi-media Products 

OS 201: Open-source 201 DAVE Executive Overview 

Open-source Intelligence (OSINT) and the Disseminations 

Other Intelligences Essentials of Open-source Analysis 


Overview of the Open Source Center Field Management 
Collection Requirements Process Fundamentals of Open Source Center Textual 
Security and Privacy Issues for Internet Users Production and Operations (PROPS) 
Smart Research—Partnering with the Library Geospatial Analysis: An Introduction 
Temporary Duty Workshop Hidden Universes of Information on the Internet 
Tools and Data Sources High-end Workstation Block II 101 

High-end Workstation Block II 201 


U.S. ARMY ASIAN STUDIES DETACHMENT 


E-6 


E-11. The ASD is the oldest, largest, and one of the most well-established OSINT activities in DOD that 
demonstrates the characteristics of sustained OSINT exploitation. The ASD collects, analyzes, exploits, 
processes, and reports short-to-mid-term analyses of publicly available information on military capabilities, 
force protection threats, and other operational-level intelligence information on countries, forces, and 
nonstate actors of interest in the USPACOM area of responsibility. Such requirements include the 
capabilities, disposition, and readiness of military forces in China, North Korea, and the Russian Far East, 
as well as defense-related topics throughout South and Southeast Asia. The ASD serves as a model for 
combatant command-level OSINT exploitation. The ASD workforce consists of Department of the Army 
Civilians and Army Reserve and National Guard Soldiers who serve as mission managers and editorial staff 
and Government of Japan-funded foreign nationals who perform all of the collection, analysis, translation, 
reporting, library, and graphics support functions. 


E-12. The mission of the ASD is to collect, analyze, exploit, and report foreign OSINT in response to 
USPACOM and U.S. Army Pacific taskings and other national-level intelligence requirements. ASD’s 
OSINT collectors, analysts, and reporters accomplish their wide-scope mission through the exploitation of 
print and Internet media materials. 


E-13. ASD personnel extract and compile information into analytical products answering specific taskings 
received via the OSCAR-MS. The ASD synthesizes and cites open-source references in open-source 
intelligence report format similar to research papers or essays. ASD’s current operations section provides a 
suite of daily media summary products containing press articles responding to more immediate and time- 
sensitive requirements for foreign media reflections of U.S. activities and other topics of interest. The 
services and tools that the ASD provide include but are not limited to— 


e OSINT products responding to OSCAR-MS requirements. 

Analytical open-source intelligence reports. 

Daily force protection/situational awareness reports (FPSARs). 

Daily area surrounding Japan open-source intelligence reports (ASJORs). 
Daily situational reports (SITREPs). 

Weekly China and Taiwan Military photos reports. 

Ad hoc reporting as requested by customer in OSCAR-MS. 

OSINT product distribution on NIPRNET, SIPRNET, and JWICS. 

Map collection. 


Media summary reports. 
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OSINT Organizations 


FEDERAL BUREAU OF INVESTIGATION 


E-14. The FBI is an agency of the Department of Justice that serves as both a federal criminal investigative 
body and an internal intelligence agency. The FBI has investigative jurisdiction over violations of more 
than 200 categories of federal crime. 


E-15. The main missions of the FBI are to protect and defend the United States against terrorist and foreign 
intelligence threats and to uphold and enforce criminal laws. This is done by focusing on specific categories 
that include but are not limited to— 


e Bank robbery. 

Robbery and extortion affecting interstate commerce. 
Drugs. 

Conspiracy. 

Sexual exploitation of minors. 

Mail fraud. 

Bank fraud. 

Fraud by wire, radio, or television. 


e Illegal gambling businesses. 


E-16. The FBI uses publicly available information through open sources in the areas of counterterrorism, 
CI, cybercrime, information technology, and forensics. Within the mission scope of the FBI, the services 
and tools provided include but are not limited to— 


@ Lawenforcement bulletins. 
e Crime mapping. 
e Statistics (cybercrime, white-collar crime, and violent crime). 


FEDERAL RESEARCH DIVISION, LIBRARY OF CONGRESS 


E-17. The FRD was organized during World War II to collect and conduct research on captured 
aeronautical and technical reports on German and Japanese forces. These collections provided insight to 
future U.S. defensive posture developments and subsequently assisted in the intelligence effort leading to 
the defeat of the Axis powers. 


E-18. The mission of the FRD is to provide directed research and analysis on domestic and international 
subjects to agencies of the U.S. Government, the District of Columbia, and authorized federal contractors. 
The FRD conducts open-source research for the U.S. Library of Congress. The services and tools that the 
FRD provide include but are not limited to— 


e@ Primary research material, including document delivery. 
Foreign language abstracting and translation. 

Annotated bibliographies. 

Organizational and legislative histories. 

Studies and reports. 

Books. 

Military legal resources. 

Country studies. 

Country profiles. 


Terrorism and criminal studies and assessments. 
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Appendix F 


Open-Source Resources 


Intelligence personnel have access to vast amounts of information during research. 
Understanding and awareness of where to begin to look for specific information can 
be the largest obstacle analysts encounter. The tables in this appendix list some 
starting reference points for obtaining information that can be developed and 
produced into finalized OSINT. Table F-1 lists open-source training and resources 
that are specifically military. 


Table F-1. Military open-source training and resources 


Intelligence Knowledge Network (IKN): 
IKN is a knowledge management tool that enables intelligence Soldiers worldwide to communicate, 
collaborate, and investigate. IKN— 


e Hosts discussion forums. 


e Serves as a single point of entry to get to U.S. Army Intelligence Center of Excellence (USAICoE) and 
other intelligence community Web sites. 


e _ Hosts a variety of public and private Web applications that support the intelligence community. 
University of Military Intelligence (UMI): 


UML is the distance learning arm of the military intelligence schoolhouse. From the UMI Web site, military 
intelligence professionals can access— 


e — Self-paced and reachback training. 

e The Cultural, Foreign Language Integration Center. 

e Military intelligence training resources. 

Army Knowledge Online (AKO) 

Intelligence: 

AKO Intelligence features— 

e The Intelligence Collaboration Center. 

e Knowledge Center (documents, FMs, TCs, ATTPs, and others). 

e Training, agencies, policy, doctrine, and links to other intelligence-related Web sites. 

AKO Open-Source Program: 

AKO Army Open-Source Program features Open-Source— 

e = Events. e Intelligence products. 

e Discussion forums. e — Handbooks. 

e Links of interest. 

Military Intelligence Library: Available via the IKN and Warfighter Forum homepage 
Military Intelligence Library Reference Center includes many databases and resources, such as— 
e Journals and magazines. Historical documents. 

e Forms and publications. Cultural field readings. 


e Resource guide. Military Intelligence Foreign Language Training Center 
(MIFLTC). 
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Open-Source Resources 


Table F-1. Military open-source training and resources (continued) 


DA IIS Country Research Portal: Available via the DA IIS portal from the AKO homepage 


The Department of the Army Intelligence Information Service (DA IIS) Country Research portal has road-mapped 
and data-mined networks resulting in a one-stop-shop for intelligence information. 


Some of the links on this Web site include— 


e Open-source documents such as Early Bird, Terrorism Daily Update, Baghdad Mosquito, Basra Bugle, 
and others. 


e Intelligence community. e Combatant commands. 


e Analyst references. e Foundry program. 
Note. Data is accessible through multiple networks to ensure that intelligence consumers have all required information 
necessary for mission success. 


Intelink-U: 


Intelink-U is the designated network of the Department of National Intelligence (DNI) for intelligence 
collaboration. The Intelink-U is— 
e Managed by the Intelink Management Office. 
e A joint-use, remotely accessed, and operationally-implemented information service that is used to 
access and process unclassified, publicly accessible information only. 
e Provides a protected environment to exchange authorized unclassified, unclassified for official use 
only, and sensitive but unclassified information among personnel of the DOD. 
Note. Access to Intelink-U services is implemented through multiple virtual private networks. 


Joint Military Intelligence Training Center: 


Armies of the World 


Armed Forces of the World 
Note. Requires account log in to access the page. 
Combined Arms Research Library 


Center for Army Lessons Learned (CALL) 


Military Service Intelligence Organizations 
U.S. Army Intelligence and Security 
Command (INSCOM) 
Office of Naval Intelligence 
Air Force Intelligence, Surveillance, and 
Reconnaissance (ISR) Agency 
Marine Corps Intelligence Activit 
U.S. Central Command 

. European Command 

. Pacific Command 

. Southern Command 

. Africa Command 

. Air Force Space Command 

. Special Operations Command 

. Strategic Command 

. Transportation Command 
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Glossary 


Glossary t) 


SECTION I - ACRONYMS AND ABBREVIATIONS 


2X 
ADDNI/OS 
AM 
AO 
AR 
ART 
ATP 
ATTP 
BCT 
CCIR 
CI 
CIA 
COA 
CONUS 
COTS 
CRM 
DA 
DA IIS 
DOD 
DODD 
DODI 
DOSC 
DVD 
EO 
FBI 
FBIS 
FFIR 
FM 
FMI 
FRD 
G-2 
G-3 
G-6 
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human intelligence and counterintelligence staff element 


assistant deputy to the Director of National Intelligence for Open-source 


amplitude modulation 

area of operations 

Army regulation 

Army tactical tasks 

Army techniques publication 

Army tactics, techniques, and procedures 
brigade combat team 

commander’s critical information requirement 
counterintelligence 

Central Intelligence Agency 

course of action 

continental United States 
commercial-off-the-shelf 

collection requirements management 
Department of the Army 

Department of the Army Intelligence Information Service 
Department of Defense 

Department of Defense directive 
Department of Defense instruction 
Defense Open Source Council 

digital video device 

executive order 

Federal Bureau of Investigation 

Foreign Broadcast Information Service 
friendly force information requirement 
field manual 

field manual interim 

Federal Research Division 

assistant chief of staff, intelligence 
assistant chief of staff, operations 


assistant chief of staff, signal 
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Glossary 


G-7 

G-9 
GEOINT 
HVT 
ICD 

IED 

IIR 

ILR 
INSCOM 
IO 

IP 

IPB 

ISP 

JP 
JWICS 
MDMP 
METT-TC 


MFLT 

mm 
NIPRNET 
NOSC 
NOSE 

NSA 

ODNI 
OPSEC 
OSC 
OSCAR-MS 
OSINT 

PIR 
PMESII-PT 


S-2 

S-3 

S-6 

S-7 

S-9 

SCI 
SIPRNET 
SOP 
TCP/IP 
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assistant chief of staff, inform and influence activities 
assistant chief of staff, civil affairs operations 
geospatial intelligence 

high-value target 

intelligence community directive 

improvised explosive device 

intelligence information report 

Interagency Language Roundtable 

United States Army Intelligence and Security Command 
information operations 

Internet protocol 

intelligence preparation of the battlefield 

Internet service provider 

joint publication 

Joint Worldwide Intelligence Communcations System 


military decisionmaking process 


mission, threat, terrain and weather, troops and support available, time 


available, and civil considerations (mission variables) 
machine foreign language translation 

millimeter 

Nonsecure Internet Protocol Router Network 
National Open Source Committee 

National Open Source Enterprise 

National Security Agency 

Office of the Director of National Intelligence 
operations security 


Open Source Center 


open-source collection acquisition requirement management system 


open-source intelligence 


priority intelligence requirement 


political, military, economic, social, information, infrastructure, physical 


environment, and time (operational variables) 
intelligence staff officer 

operations staff officer 

signal staff officer 

inform and influence activities staff officer 
civil affairs operations staff officer 

sensitive compartmented information 
SECRET Internet Protocol Router Network 
standard operating procedure 


transmission control protocol/Internet protocol 
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TTP tactics, techniques, and procedures 
URL uniform resource locator 
US. United States 
USC United States Code 
Www World Wide Web 


SECTION Il - TERMS 


esoteric communications 
Public statements whose surface meaning (manifest content) does not reveal the real purpose, meaning, 
or significance (latent content) of the author. 


media source analysis 
The systematic comparison of the content, behavior, patterns, and trends of organic media 
organizations and sources of a country. 


open source 
Any person or group that provides information without the expectation of privacy—the information, 
the relationship, or both is not protected against public disclosure. 


open-source intelligence 


The discipline that pertains to intelligence produced from publicly available information that is 
collected, exploited, and disseminated in a timely manner to an appropriate audience for the purpose of 
addressing a specific intelligence requirement. (FM 2-0) 


private information 


Data, facts, instructions, or other material intended for or restricted to a particular person, group, or 
organization. 


publicly available information 


Data, facts, instructions, or other material published or broadcast for general public consumption; 
available on request to a member of the general public; lawfully seen or heard by any casual observer; 
or made available at a meeting open to the general public. 
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(Solve the linear equations using the addition/subtraction, or substitution methods) 


(a) (b) 
Xi t+2Xc+R=9 EF, -—E.+£E3=2 
2X, +Xc+R= 16 FE, +2.+&3=6 
Xipt+Xct+2R=3 E,+E2.-E3=0 


If your answers to equations in the challenge are the same as follows, you are correct; you may 
continue. If your answers are incorrect, review paragraph 3303 on substitution method for 
solving simultaneous linear equations before continuing. 
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PREFACE 


his publication provides 
preliminary joint and coalition 


training information on_ the 
subject of Open Source Intelligence 
(OSINT). It discusses the fundamentals 
of OSINT support to both the all-source 
intelligence process, and to the 
unclassified intelligence requirements of 
operators, logisticians, and _ civilian 
organizations participating in joint and 
coalition operations. The focus is on 
relevant information that can be obtained 
legally and ethically from the public and 
private sector, and that is not classified 
in its origin or processing. The 
information may become classified in 
relation to the commander's intent or its 
association with classified information 
when it is rightly blended into all-source 
intelligence reports. 


r his publication has been 
prepared under my direction as 
the Supreme Allied 

Commander, Atlantic, in collaboration 


with staff from the Supreme Allied 
Commander, Europe (SACEUR). This 


publication has benefited greatly from 
the continued collaboration between my 
staff and the staff of Open Source 
Solutions Inc. With the publication of 
this document and its companions, the 
Intelligence Exploitation of the Internet 
and the NATO OSINT Reader, 
commanders and their staffs will have 
basic guidance for the development of 
OSINT. 


The increasingly robust array of open 
sources available to all staffs enable 
commanders at all levels to attempt to 
satisfy their information requirements 
themselves rather than immediately 
directing Requests for Information 
(RFIs) elsewhere. This manual outlines 
a systematic approach to OSINT 
exploitation. 


r “his information is relevant to 
all NATO commands, task 
forces, member nations, civil- 

military committees and working 
groups, and such other organizations that 
may be planning or engaged in 
combined joint operations. 


Less ir 


W. F. KERNAN 
General, U.S. Army 


(Solutions to linear equations) 


(a) 


Xipt2Xc+R=9 
2X, +Xc+R=16 
Xr +Xct+2R=3 


2(X,+2Xc+R=9) 
—1(2X,+Xc+R= 16) 


3Xc+R=2 
2X, +Xct+R= 16 
—2(X,+Xc+2R=3) 
—-Xc—-3R=10 


3Xc+R=2 
3(-Xc —3R = 10) 
—8R = 32 
R=-4 
3Xc+R=2 
3Xc+(-4)=2 
3Xc =6 
Xc=2 


X_p+2Xc+R=9 
Xi +2(2)+(-4)=9 
X,+4-4=9 

XL =9 


(X, =9,Xc =2,R=-4) 


(b) 


FE, —F£.+E3=2 
FE, +F.+£3=6 
E,+E,-E3=0 


E,-£.+E3=2 
EF, -—F.+22.+£3-EF3=2+4+82-E3 
EF, =2+£6.-E3 


E,\+£2+£E3=6 
(2+ FE. -E3)+F.+F3=6 
2+2E2,=6 
2-229 =6-—2 
2E,=4 
E=2 


(2+ F.—-E3)+E2-E3 =0 
2+2E,—-—2E3=0 
2—2+4+2E2—-2E3=0-2 
2E, —2E3 =—2 


2E> =4 
—1(2E, —2E3) =—2 


2E3=6 
E3=3 


E,-£.+E3=2 
E, -—(2)+@G)=2 
F,+1=2 

E£,;+1-1=2-1 
E,;=1 


(Ey =1: ky =2,83=3) 
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EXECUTIVE SUMMARY 


COMMANDER'S OVERVIEW 


Open Source Intelligence (OSINT) in Joint 
and Coalition Operations 


pen Source Intelligence, or 
@) OSINT, is unclassified 

information that has _ been 
deliberately discovered, discriminated, 
distilled and disseminated to a select 
audience in order to address a specific 
question. It provides a very robust 
foundation for other intelligence 
disciplines. When applied in a 
systematic fashion, OSINT products can 
reduce the demands on _ classified 
intelligence collection resources by 
limiting requests for information only to 
those questions that cannot be answered 
by open sources. 


Open information sources are not the 
exclusive domain of intelligence staffs. 
Intelligence should never seek to limit 
access to open sources. Rather, 
intelligence should facilitate the use of 
open sources by all staff elements that 
require access to relevant, reliable 
information. Intelligence staffs should 
concentrate on the application of proven 
intelligence processes to the exploitation 
of open sources to improve its all-source 
intelligence products. Familiarity with 
available open sources. will place 
intelligence staffs in the position of 
guiding and _ advising other _ staff 
elements in their own exploitation of 
open sources. 


Open Source Intelligence and Joint or 
Coalition Operations 


OSINT is a vital component of NATO’s 
future vision. Through its concentration 
upon unclassified open sources of 
information, OSINT provides the means 
with which to develop valid and reliable 
intelligence products that can be shared 
with non-NATO elements of 
international operations. Experience in 
the Balkans, and_ the increasing 
importance of the Partnership for Peace 
and Mediterranean Dialogue members in 
security dialogue, illustrates the need to 
develop information sources that enable 
broader engagement with these vital 
partners. 


Private Sector Information Offerings 


The Internet is now the default C4I 
architecture for virtually the entire 
world. The principle exceptions are 
most militaries and intelligence 
organizations. The Internet facilitates 
commerce, provides entertainment and 
supports ever increasing amounts of 
human interaction. To exclude the 
information flow carried by the Internet 
is to exclude the greatest emerging data 
source available. While the Internet is a 
source of much_ knowledge, all 
information gleaned from it must be 
assessed for its source, bias and 
reliability. 


As a source of reliable information, the 
Internet must be approached with great 
caution. As a means with which to gain 
access to quality commercial sources of 
validated information, the Internet is 
unbeatable. 


A vision of open source exploitation 
must not be limited exclusively to 
electronic sources. Traditional print, 
hardcopy images and other analog 
sources continue to provide a wealth of 
data of continuing relevance to NATO 
intelligence. 


The Open Source Intelligence Cycle 


As the range of NATO information 
needs varies depending upon mission 
requirements, it is virtually impossible to 
maintain a viable collection of open 
source materials that address all 
information needs instantly. The focus 
should be on the collection of sources, 
not information. With knowledge of 
relevant and reliable sources of open 
source information, an intelligence staff 
can quickly devote collection energy and 
analytical expertise to develop tailored 
OSINT products to the mission need. 


OSINT and the Emerging Future 
Intelligence Architecture of NATO 


OSINT is an essential building block for 
all intelligence disciplines. Open 
sources have always played a role in 
classified intelligence production. In the 
NATO context, a robust OSINT 
capability greatly increases the range of 
information sources available to 
intelligence staffs to address intelligence 
needs. 


VI 


Nations are capable of tasking classified 
intelligence sources to address 
intelligence gaps. Lacking organic 
intelligence collection assets, NATO 
intelligence staffs are unable to task 
classified collection. Rather than 
immediately directed a Request For 
Information (RFI) to a_ national 
intelligence centre, a robust OSINT 
capability enables intelligence staffs to 
address many intelligence needs with 
internal resources. 


While unable to replace classified 
intelligence production, OSINT is able 
to compliment an all-source intelligence 
production process with — essential 
support including tip-offs, context, 
validation and cover for information 
sanitation. 


CHAPTER I 
OPEN SOURCE INTELLIGENCE AND JOINT OR 
COALITION OPERATIONS 


"OSINT is not a substitute for satellites, spies, or existing organic military and civilian 
intelligence capabilities. It is, however, a foundation—a very strong foundation—for planning 
and executing coalition operations across the spectrum from humanitarian assistance to total 
war. OSINT provides strategic historical and cultural insights; it provides operationally 


helpful information about infrastructure and current conditions; and it provides tactically vital 
commercial geospatial information that is not available from national capabilities. In coalition 
operations, OSINT is both the foundation for civil-military cooperation, and the framework for 
classified bilateral intelligence-sharing."’ 


Introduction 


OSINT is distinct from academic, business provides a multi-lateral foundation for 


or journalistic research in that it represents 
the application of the proven process of 
national intelligence to a global diversity of 
sources, with the intent of producing 
tailored intelligence for the commander. 
OSINT is also unique, within a coalition 


establishing a common view of the shared 
Area of Operations (AOO), while also 
providing a context within which a wide- 
variety of bi-lateral classified intelligence 
sharing arrangements can be exploited. 
Figure 1 illustrates these relationships. 


operations context, in that it simultaneously 


Figure 1 - Relationship between Open Source and Classified Information Operations 
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Create Common 
Open Source Intelligence 
for Multi-Lateral Sharing 


OSINT is valuable to NATO member 
nations and to individual Partner nations in 
that it can be used to provide a common 
understanding of the AOO across all 
elements of its military forces and its 
civilian and non-governmental organization 
(NGO) counterparts. Elements of the forces 
not authorized access to the full range of 
classified information, often including such 
vital components, as military police, 
logistics elements, engineers, and the public 
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affairs staff, can be made more effective 
through the utilization of tailored OSINT. 
At the same time, external parties with 
whom coordination is critical, but who are 
also not authorized access to classified 
information, can receive tailored OSINT that 
is helpful to a shared understanding of the 
AOO and the challenges facing the coalition 
and all its elements. Figure 2 illustrates this 
idea. 


Exchange with 
People 


Exchange 
OSINT COMBAT bee 
“NET” ENGINEERS Mens 


Exchange with 
Embassies 


Figure 2 - Utility of OSINT Net for Internal and External Information Exchanges 


Definitions 


There are four distinct categories of open 
information and intelligence. 


Open Source Data (OSD). Data is the raw 
print, broadcast, oral debriefing or other 
form of information from a primary source. 
It can be a photograph, a tape recording, a 
commercial satellite image, or a personal 
letter from an individual. 


Open Source Information (OSIF). OSIF 
is comprised of data that can be put together, 


generally by an editorial process that 
provides some filtering and validation as 
well as presentation management. OSIF is 
generic information that is usually widely 
disseminated. Newspapers, books, 
broadcast, and general daily reports are part 
of the OSIF world. 


Open Source Intelligence (OSINT). 
OSINT is information that has been 
deliberately discovered, discriminated, 
distilled, and disseminated to a_ select 


audience, generally the commander and their 
immediate staff, in order to address a 
specific question. OSINT, in other words, 
applies the proven process of intelligence to 
the broad diversity of open sources of 
information, and creates intelligence. 


Validated OSINT (OSINT-V). OSINT-V 
is information to which a very high degree 


of certainty can be attributed. It can be 
produced by an_ all-source intelligence 
professional, with access to classified 
intelligence sources, whether working for a 
nation or for a coalition staff. It can also 
come from an assured open source to which 
no question can be raised concerning its 
validity (images of an aircraft arriving at an 
airport that are broadcast over the media). 


21* Century Information Operations 


OSINT is an essential contextual and 
foundation element for classified 
intelligence operations. Overt human 
sources can help target and _ validate 
clandestine human intelligence (HUMINT) 
sources. Overt broadcast information can be 
used to better understand covertly collected 
signals intelligence (SIGINT). Commercial 
geospatial information, especially wide-area 
surveillance imagery, can be used to 
significantly enhance the value of the more 
narrowly focused covert imagery 
intelligence (IMINT) capabilities. OSINT 
can also make contributions to the emerging 
discipline of Measurements and Signatures 
Intelligence (MASINT), to  Counter- 
intelligence (CI), and to Operations Security 
(OPSEC). 


OSINT is the major new "force" in 21" 
Century Information Operations (IO). 
OSINT is not "new" in that Nations and 
organizations have always understood the 
value of legal travelers, direct observation, 
structured reading, and legal purchases of 
information services. What is new about 
OSINT is the confluence of three distinct 
trends: first, the proliferation of the Internet 
as a tool for disseminating and sharing overt 
information; second, the consequent and 
related "information explosion" in which 
published knowledge is growing 
exponentially; and third, the collapse of 
many formerly denied areas. 


OSINT is important to coalition 
commanders and their staffs for another 
reason: emerging threats, and the lower end 


of the spectrum of conflict, increasingly 
demand __ out-of-area_ operations — and 
engagement in operations for which 
classified intelligence support is not readily 
available. Out of area operations such as 
humanitarian assistance and disaster relief 
operations in the countries of Africa or 
elsewhere along the NATO periphery, are 
all characterized by complex information 
needs related to infrastructure, 
demographics, health, and other matters not 
traditionally addressed by classified 
intelligence collection operations. 


OSINT is vital to government operations, 
and especially to coalition operations, for 
one additional reason: the changing nature 
of command & control in the 21" Century. 
In the past, nations and even coalitions 
relied heavily on a top-down "chain of 
command" that relied on closed sources to 
direct generally unilateral actions with short- 
term time frames. Today, as non- 
governmental organizations come to the fore 
and are often the predominant factors in 
many of the operations that the military 
must support, the dynamics of both 
command & control and information have 
changed. 


Within NATO, operations must be planned 
and executed in a multi-cultural fashion, 
with bottom-up consensus often being the 
most effective means of arriving at 
sustainable decisions. This is particularly 
true with the vital role played by non-NATO 
troop contributing nations. Under these 
circumstances, a common view of the 


operating area, formed with the help of 
validated OSINT is often the most effective 
means of delivering decision-support. 


The remainder of this manual will discuss 
private sector information offerings, the 
open source intelligence cycle, and the 
integration of OSINT into the NATO and 
prospective PfP coalition operations. 
OSINT will be a core element of the NATO 
Future Intelligence Architecture. 


Special Note on Operational Security 


The most common objection to the use of open sources of information, apart from the 
general lack of knowledge and funding with which to exploit open sources, relates to Operational 
Security (OPSEC). This topic is fully discussed within Chapter III. The Open Source Intelligence 
Cycle makes full provision for OPSEC at every stage, and ample methods exist to conceal the 
commander's intent, the source of the inquiry, and other sensitive aspects of open source 
exploitation. 


CHAPTER I 
PRIVATE SECTOR INFORMATION OFFERINGS 


The four pillars to an OSINT strategy are 
sources, software, services and analysis. 
The private sector can address all four to 
some degree. Analysis is the key enabling 
skill that is essential to the successful 
integration of OSINT into an all-source 
intelligence product. While some analysis 
of open sources can and should be acquired 
from private sources, those analytical skills 


necessary to integrate open source derived 
intelligence must be grown and nurtured 
within intelligence staffs. Analysis will be 
discussed further in Chapter If]. This 
chapter is intended to expose the wider 
audience to the range of OSINT-related 
products that the private sector are 
optimized to provide. 


SECTION A. SOURCES 


Traditional Media Sources 
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To many, media sources were the only open 
sources that were familiar prior to the onset 
of the Internet. These include traditional 
foreign print and broadcast media, radio and 
TV as well as the current array of 
electronically available products. For 
current intelligence purposes, media sources 
remain the core capability necessary for an 


OSINT effort and are available from a 
variety of providers. Direct wire-service 
feeds are available. Commercial online 
premium sources discussed below all 
provide an array of media sources on a fee 
for service basis. 


While not private sector information 
providers, the U.S. Foreign Broadcast 
Information Service (FBIS) and the British 
Broadcasting Corporation (BBC) 
Monitoring Service each provide excellent 
near real-time translation of foreign media 
sources. In addition, an array of media 
analysis products supplement the direct 
listing of foreign broadcasts and provide 
useful insight into the general character of 
foreign media reporting on particular issues. 


Internet 


The Internet has, since 1994, literally 
exploded on to the world scene and changed 
forever the manner in which individuals 
might carry out global research. According 
to Dr. Vinton Cerf, acknowledged by many 
to be one of the founders of the Internet, it 
will grow from 400 million users in 
November 2000, to an estimated 3.5 billion 
users by the year 2015. 


Apart from this exponential increase in the 


number of human beings using the Internet, 
other experts project a double or triple order 
of magnitude increase in the use of the 
Internet to connect devices, from geospatial 
locators in vehicles, to temperature detectors 
in soda machines, to usage monitors in 
doorways. The Internet is at the very 
beginning of its development as a global 
grid of enormous value to coalition 
operators, logisticians, and intelligence 
professionals. 


3304. Solve Determinant Matrix for Simultaneous Linear Equations 


When working in electronics, you will often have to consider many conditions to solve a problem 
or provide a repair. You have worked with simultaneous linear equations of the second order, 
two variables and two equations, and also with the third order, three equations with three 
variables. Up to this point, you have learned and used three different methods for solving 
simultaneous linear equations. As you can see, the more unknowns a set of equations has, the 
more tedious it is to find the solution and the easier it is to make a mistake. You may find that 
determinants are an easier way to work with equations of the third order and higher. Just think of 
determinant math as one more tool in your math toolbox. You will now learn to solve this type of 
equation. The determinant matrix is a mechanical method derived from the comparison method. 
The first example shows you the procedures used when solving a linear equation of the second 
order using the comparison method. This allows you to compare it to the matrix and understand 
how the determinant matrix works and how it differs from the comparison method. 


Example: 

3b+3a=12 (Solve for the literal "a" in both equations) 
Sa—2b=6 

3a+3b=12 Sa—2b=6 

3a= 12 =3b Sa=6+2b 
_ 12-3b _ 6+2b 
~~ 3 = 345 

a a=a a 
12-3b _ 6+2b 
3 > 3S 


5(12-3b) 3(642b) 
15 = 15 (LCD = 15) 


15 5(12-3b) 3(642b) 15 

ef. = iS Oe 

5(12 —3b) = 3(6 + 2b) 
60-15b=18+6b 


—15b—6b = 18-60 


—21b=-42 
—21b _ -42 
ee 

b=2 
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Figure 3 - Internet users by continent (1999) 


The Internet has been over-sold in the past. 
A study by the Community Open Source 
Program Office (COSPO) within the U.S. 
Intelligence Community concluded in 1994 
that the Internet only contained roughly 450 
useful substantive sites, and that 99% of the 
Internet was not content of intelligence 
value, but rather pornography, opinion, and 
advertising. This earlier evaluation of the 
intelligence potential of the Internet no 
longer reflects the extensive content that is 
now available. Some suggest that over 
250,000 databases are now available within 
the “deep web”, a great many of which are 
of potential intelligence value. 


While the Internet has grown substantially in 
value since 1994, the intelligence 
professional must be very cautious about 
both over-reliance on the Internet, and about 
the source bias of materials found there. In 
general, Internet sources are rarely dated, 
formatted, paginated, edited, filtered, or 


stable, even when addressing substantive 
topics. 


The Internet is an "easy out" for operators 
and other consumers of intelligence. It is an 
attractive option for commanders and staff 
in a hurry. If intelligence professionals do 
not demonstrate that they monitor and 
exploit the Internet, and/or if intelligence 
professionals make it too difficult for 
consumers to obtain usable all-source 
intelligence, the Internet represents a 
"threat" to the existing intelligence process. 
Increasingly, intelligence professionals must 
act to place information that is widely 
available on the Internet into its proper 
context — either confirming its validity or 
disputing the information based on classified 
collateral reporting. 


In general, the Internet today provides two 
benefits to the coalition professional: first, 
as a means of rapidly communicating with 
counterparts around the world, primarily to 
exchange unclassified information and 
professional insights; and second, as a 
means of rapidly accessing both free and 
premium (fee paid for access) information 
sources. However, the Internet also has its 
dangers. Electronic mail and attached 
documents comprise a permanent record in 
cyber-space, and the sender has little control 
over subsequent dissemination and 
exploitation. 


OSINT Professional Note: A number of advanced search tools are available that complement the 
variety of search engines that are freely available on the Internet. OSINT managers should remain 
abreast of developments in the field of Internet tools and integrate appropriate tools, as they become 
available, into their OSINT process. An example, its basic form available free or in an advanced version 


at a small cost, is a meta-search engine that combines the best features of multiple search engines, while 
also permitting subsequent searches for new information (remembering what has already been seen). 
Download this program from www.copernic.com. 


Commercial Online Premium Sources 


There are numerous commercial online 
premium sources, that is, sources that charge 
either a subscription fee or a usage fee for 
access to their information. It is essential 


that every professional understand the 
availability and the value of commercial 
online premium sources. They represent 
decades worth of editorial selection, 


authentication, formatting, indexing, 
abstracting, and presentation management. 
In general, source material obtained through 
a commercial online premium service has 
been created by a reputable commercial 
enterprise subject to scrutiny and _ the 
judgment of the marketplace. In Figure 4, 
we discuss the three best known to 
governments and corporations. There are 
many others, some unique to Europe or 
Asia. Each professional is urged to consult 


thorough understanding of its pricing 
structure. Even commands with flat-fee 
pricing should be aware that their next 
contract will be increased in price based on 
actual usage during the current flat-fee 
period. Alternatively, an option is to gain 
access to commercial sources via_ the 
services of a professional librarian or 
commercial information broker. Most 
professional information brokers, such as 
those belonging to the Association of 


factiva. > A THOMSON COMPANY 
FACTIVA LEXIS-NEXIS DIALOG 


www.factiva.com 


www.lexis-nexis.com 


www.dialog.com 


Best web-based user interface, 
easiest means of searching all 
available publications. Archive of 
publications varies but typically 
provides several years worth of 
historical file. Includes Jane's 
Information Group material as well 
as BBC transcripts. Does not 
include FBIS information. 


Two separate channels, one 
focused on legal sources including 
public records (primarily in the 
United States but very helpful in 
tracing real estate, aircraft, and 
water craft including international 
ships), the other focused on news 
sources but offering archive access, 
i.e. ability to reach back several 
years or more on any topic. 


A very large collection of various 
commercial offerings that can be 
searched "by the file". Especially 
valuable for access to conference 
proceedings, academic and policy 
journals, dissertations, book 
reviews, and the Social Science 
Citation Index (SSCI). The latter is 
ideal for finding and _ ranking 


individual experts, to include 
identification of their official 
address. 


Flat fee or actual cost pricing. 


Flat fee, actual cost, or pay as you 
go credit card pricing. 


Flat fee, actual cost, or pay as you 
go credit card pricing. 


Figure 4 - Leading Commercial Online Premium Sources 


his or her librarian or his or her OSINT 
collection manager to gain a_ better 
understanding of what their options are for 
high-quality commercial information 
relevant to their action responsibilities. 


In general, and in part because of the high 
cost of mistakes or unnecessary retrievals, 
all commercial online premium services 
should be searched by those staff with 
sufficient training on the database and a 


Independent Information Brokers (AIIB), 
specialize in either LEXIS-NEXIS or 
DIALOG. There are distinct advantages in 
contracting a searcher who has detailed 
familiarity with the very arcane search 
command characteristics of these two 
services. In the case of Factiva this is less 
vital but can still make a big difference in 
both the success of the searchers, and the 
cost of the searches. 


OSINT Professional Note: Always ask for search results in electronic form, these files can more easily be 
shared. Copy the results into a Word document. Add pagination. Add a title page and a blank table of 
contents page. Sort the items into larger categories (e.g. Political, Military, Economic) and label the 
categories as "Heading 1". Then go through the document label each individual headline as "Heading 2". 


These headings are choices in the style bar at the upper left that generally says "Normal". Finally, go to the 
Table of Contents and use the Insert, Index and Tables, Table of Contents choices to insert a table of 
contents. If desired, use the Replace function to find and make bold all of the original search terms. 


Other Forms of Commercial Online Information 


There is a vast range of commercial sources 
available through direct subscription, both 
on the Internet and in the form of hard copy 
Table 1 below 
identifies just a few sources of common 
interest to military commanders and _ their 
staff. There are many more than those listed 
here. SACLANT has undertaken to develop 


or CD-ROM publications. 


and maintain a common NATO inventory of 
open sources and access points to which 
RFIs can be directed. This can be found on 
MCCIS at www.saclant.nato.int/intel. Work 
continues to progress on a concept of 
operations for establishing broad NATO 
access to such sources at the most 
competitive prices possible. 


Source Type or Function 


Source Name and URL 


Broadcast Monitoring 


BBC Monitoring 
http://news.monitor.bbc.co.uk/ 


Broadcast Monitoring 


FBIS/NTIS World News Connection 
http://wnc.fedworld.gov/ntis/home.html 


Commercial Imagery 


Autometric 
http://www.autometric.com/AUTO/SERVICES/GIS 


Current Awareness (Conferences) 


British Library Proceedings 
http://www.bl.uk/services/bsds/dsc/infoserv.html#inside_conf 


Current Awareness (Journals) 


ISI Current Contents 
http://www.isinet.com/ 


Current Awareness (Regional) 


Oxford Analytica 
http://www.oxan.com/ 


Defense Monitoring 


Janes Information Group 
http://www.janes.com/geopol/geoset.html 


Defense Monitoring 


Periscope 
http://www.periscopel.com 


Defense Monitoring (NATO) 


Orders of Battle Inc. 
http://orbat.com 


Directories of Experts Gale Research 
http://www.gale.com/ 

Foreign Affairs Discussions Columbia U. Int'l Affairs Online 
www.ciaonet.org 


Foreign Affairs Monitoring 


Country Watch.com 
www.countrywatch.com 


Global Risk Monitoring 


Political Risk Service (Country Studies) 
Wwww.prsgroup.com 


Maps & Charts 


East View Cartographic 
http://www.cartographic.com 


Table 1 - Examples of specialized commercial information 


Grey literature is that information that is 
both legally and ethically available, but only 
from specialized channels or through direct 
It is generally understood as 
that information whose distribution is not 


local access. 


Grey Literature 


controlled by commercial publishers, and/or 
that information that is not published, 
distributed, catalogued or acquired through 
commercial booksellers and subscription 
agencies. Grey literature includes working 


papers, pre-prints, technical reports and government agencies producing materials 


technical standards documents, dissertations, for internal use as well as for citizens and 
data sets, and commercial imagery. vendors, and; a wide variety of informal and 
Producers of grey literature include: non- formal associations, societies, and clubs. 
profit and educational organizations; Examples include university yearbooks, 
commercial enterprises creating documents yacht club registries, corporate trip reports, 
for internal use as well as for clients and and personal notes from public events that 
suppliers; local, state, and national are posted to a public bulletin board. 


Overt Human Experts and Observers 


The ultimate open source is a human expert 
or human observer with direct experience. 
In many places of the world, Africa, for 
example, it is not possible to obtain 
published information on specific locations 
or conditions. For many topics, even those 
with great quantities of published 
information, it is not possible to find exactly 
what is needed even when the time and 
money is available to collect, process, and 
analyze all available published information. 


The human expert is often the most efficient truth." It merits comment | that official 
and the most inexpensive means of creating communications from organizations, and 
new open source intelligence that is most media reporting, tend to rely ‘on 
responsive to a specific requirement from second-hand reports. Unless the information 
the commander or his staff. is meticulously sourced and from a very 

trusted source, expert judgment or 
The identification and interviewing of those observation more often than not it will be 
with direct on-the-ground experience is also less reliable than direct human expert 
a valuable means of ascertaining "ground judgment or observation. 


OSINT Professional Note: There are essentially four ways to get to expert humans. The most effective 
means is through citation analysis using the Social Science Citation Index (SSCI) or the Science Citation 
Index (SCI). These can both be accessed at www.isinet.com/isi. This generally requires a specialist searcher 
with access to DIALOG for the SSCI or to the Scientific and Technical Network (STN) for the SCI. The 
second means is through professional associations such as listed in the International Directory of 
Associations published by Gale Research, or as found through a copernic.com search of the Internet. The 


third means is by doing a Factiva.com search and identifying experts or "talking heads" that have been 
quoted in the media on that topic. Last, and often the least efficient, is through a labor-intensive series of 
telephone calls to various known government agencies or official points of contact. As a general rule, it is 
best to do a comprehensive professional search for international experts with the most current knowledge, 
rather than relying on the in-house focal points or whomever might be casually known to in-house points of 
contact. 


Commercial Imagery 


The commercial imagery industry continues of a number of satellites that offer militarily 
to mature with the launching in recent years significant capabilities. One-meter 


resolution electro-optical imagery available 
to the private sector is not only possible now 
but also likely to be de rigueur in the future. 
Table 2 illustrates some of the military 
applications of 1-m commercial imagery. 
By 2003, at least eleven private companies 
expect to have high-resolution commercial 
remote sensing satellites in orbit. Their 
products will be available to whoever has a 


commercial imagery provides unique 
opportunities for NATO as well. Unbridled 
by security constraints, which limit the use 
of imagery derived from military satellites, 
commercial imagery acquired by NATO can 
be freely distributed within the constraints of 
copyright agreements with the original 
provider. This provides a host of options 
regarding cooperation with broader coalition 


credit card. While this will bring new partners who do not have access to NATO 
capabilities to friend and foe alike, classified information. 

Target Detection | General ID | Precise ID | Description | Technical 
(note a) (note b) (note c) (note d) (note e) Analysis 
Troop units 6.0 2.0 1.20 0.30 0.150 
Vehicles 1.5 0.6 0.30 0.06 0.045 
Aircraft 4.5 1.5 1.00 0.15 0.045 
Airfield facilities 6.0 4.5 3.00 0.30 0.150 
Nuclear weapons components | 2.5 1.5 0.30 0.03 0.015 
Missile sites (SSM/SAM) 3.0 1.5 0.60 0.30 0.045 
Rockets and artillery 1.0 0.6 0.15 0.05 0.045 
Surface ships 7.5-15.0 4.5 0.60 0.30 0.045 
Surfaced submarines 7.5-30.0 4.5-6.0 1.50 1.00 0.030 
Roads 6.0-9.0 6.0 1.80 0.60 0.400 
Bridges 6.0 4.5 1.50 1.0 0.300 
Communications 

Radar 3.0 1.0 0.30 0.15 0.015 
Radio 3.0 1.5 0.30 0.15 0.015 
Command and control HQs 3.0 1.5 1.00 0.15 0.090 
Supply dumps 1.5-3.0 0.6 0.30 0.03 0.030 
Land minefields 3.0-9.0 6.0 1.00 0.30 -- 
Urban areas 60.0 30.0 3.00 3.00 0.750 
Coasts, landing beaches 15.0-30.0 4.5 3.00 1.50 0.150 
Ports and harbors 30.0 15.0 6.00 3.00 0.300 
Railroad yards and shops 15.0-30.0 15.0 6.00 1.50 0.400 
Terrain -- 90.0 4.50 1.50 0.750 
Notes: 


a. The table indicates the minimum resolution in meters at which the target can be detected, identified, 
described, or analyzed. No source specifies which definition of resolution (pixel-size or white-dot) is 


used, but the table is internally consistent. 


b. Detection: location of a class of units, object, or activity of military interest. 

c. General identification: determination of general target type. 

d. Precise identification: discrimination within a target type of known types. 

e. Description: size/dimension, configuration/layout, components construction, equipment count, etc. 

f. Technical Analysis: detailed analysis of specific equipment. 

Table 2 - Approximate Ground Resolution in Metres for Target Detection, Identification, Description and 
Analysis 


Source: Yahya A. Dehqanzada and Ann M. Florini. Secrets for Sale: How Commercial Satellite Imagery Will Change the World. 


Washington D.C.: Carnegie Endowment for International Peace, 2000. 
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The individual satellites are currently 
limited by poor revisit times to specific 
targets. This factor is mitigated by the 


Laboratories.) 


Figure 5 - Comparative imagery resolutions 


growing “virtual — constellation” of 
commercial remote sensing satellites that is 
comprised of the collective resources of all 
of the available private companies. The 
Western European Union (WEU) satellite 
center has grown its capability through the 
concept of exploitation of all available 
commercial resources rather than restricting 
to merely European sources. 


In addition to electro-optical sensors, 
Synthetic Aperture Radar (SAR) imagery 
capability is improving significantly. SAR 
imagery relies upon the analysis of a signal 
transmitted in the microwave part of the 
electromagnetic spectrum and the 
interpretation of its return signal. Unlike 
electro-optical systems, these sensors are not 


limited to daylight operations. Because they 

have an active sensor, they can image a 

target in day or night, in any weather, 
through clouds and smoke. 


Comparing resolutions: Three views of the 
same Yannan-class Chinese ship at 5-meter, 
1-meter, and 20-centimeter resolutions. 
(Agence France Presse/downgraded imagery 
provided by Vipin Gupta, Sandia National 


While current systems are capable 
of 8-meter resolution, the next few 
years will see commercial SAR 
satellites providing 1-meter 
resolution. These systems will be 
able to provide a dependable 
source of militarily significant 
commercial imagery to NATO 


forces as well as to our 
adversaries. 
A number of NATO nations 


purchase commercial imagery to 
support their own national imagery 
requirements. In many cases, 
these images can be redistributed 
freely. While NATO commands 
are able to purchase commercial 
imagery themselves, national 
sources of imagery should be consulted, as 
part of any collection effort, to ensure that 
commercial imagery needs cannot be 
addressed through existing sources. 


The “virtual constellation” of commercial 
remote sensing satellites will ultimately be 
able to provide a target revisit schedule that 
will increase its reliability as a source of 
imagery. Until that time, the vast archive of 
commercial remote sensing images remains 
a rich source of historical data that can be 
acquired fast and at low cost. Historical 
data is optimized for mission planning, 
mapping and humanitarian support 
operations when detailed knowledge of 
infrastructure is essential. 


Defining Source Access Requirements (Dangers of Pay-per- View) 


It is a relatively easy endeavor to identify 
private information sources that can support 
the information needs of an OSINT 
programme. With the proliferation of 
restricted and open access Intranets, there 
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are great pressures to place all information 
acquired onto web-based dissemination 
systems. 


While single copy licenses to information 


sources are typically attractively priced, 
multiple user licenses increase in price. 
License costs are generally a factor of the 
number of users that have access to the 
information. To place information directly 
onto servers without the knowledge and 
consent of the information provider is a 
violation of copyright laws. 


An option to reduce costs is to determine the 
information needs of the organization based 
on communities of interests. Some 
information is required by all staff and 
merits a general site license. Other 
information is of interest to a more restricted 
audience. Lloyd’s shipping data, for 
example, may be of general interest to a 
wider audience but of job specific interest to 
a select group of analysts. The purchase of a 


limited site license and the use of restricted 
access within the Command’s Intranet will 
greatly reduce license costs yet still provide 
the information in the most effective 
manner. Finally, ad hoc information 
requirements may be addressed with the 
acquisition of single copies of key 
information sources. 


As a general rule, there are few information 
sources that are required by all members of a 
staff. Restricting access to some sources 
will increase the range of open sources that 
are available for purchase within an 
organization’s OSINT budget. Careful 
planning and the identification of the logical 
communities of interest for individual open 
sources is a reasonable approach to manage 
scarce resources. 


SECTION B. SOFTWARE 


Software Hierarchy 


Finished Intelligence and Reporting 


t 


Revision Tracking 
and Realtime Group 


Review 
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and Word 
Processing 
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Graphics, Videos and 
Online Briefings 


Collaborative 
Work 


Notetaking and 
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Structured 
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Interactive Search 
and Retrieval of 
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Based Visualization 
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to Reveal 


C 


Statistical Analysis 


Anomalies 


Detection of Alert 
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Detection of 
Changing Trends 


Conversion of 
Paper Documents 
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Language 
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Processing Images, 
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t Open Literature 


i Non-Text Data t Restricted Information + 


Figure 6 - OSINT Software Hierarchy 


Above is an illustration of the eighteen 
distinct software functionalities that have 
been identified as being necessary for the 
optimal processing of open sources of 
information by any analyst—these would 
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comprise the desktop “toolkit.” 


Section A functionalities include publishing 
and production management functionalities. 
Section B functionalities | combine 


collaborative work tools with data 
visualization and manipulation tools with 
thinking tools: modeling and simulation and 
structured argument analysis. Section C 
functionalities combine tools for the 
automated pre-processing of data once it is 
digital, and with tools for converting hard 
copy and multi-lingual or multi-media 
information into a single digital standard. 


Unfortunately, the state of the software 
industry in general, and of desktop software 
in particular, is such that today it is not 
possible to integrate all of these 
functionalities at an affordable cost. A 
major obstacle to progress is the existing 
industry practice of concealing and 


constantly changing Application Program 
Interfaces (API). This means that third party 
software producers desiring to have their 
offerings work with another major product, 
must undertake lengthy and often expensive 
negotiations in order to be shown the 
proprietary API. Software today is still not 
"plug and play", and it is unlikely to become 
fully intergratable "out of the box" until 
standards of stability and transparency for 
API are established. 


Having said this, it is possible to identify 
several software packages of some value to 
the open source intelligence analyst or the 
action officer working with open source 
intelligence. 


SECTION C. SERVICES 


Collection Services 


Collection services include online collection 
(searchers that specialize in Internet, deep 
web and premium commercial online source 
exploitation); off-line grey literature or 
document acquisition; telephone surveys and 


electoral or other forms of polling; private 
investigations and human intervention 
services ("boots on the ground"); and aerial 
surveillance or reconnaissance services. 


Processing Services 


Processing services include data conversion 
from hard-copy or analog to digital, 
indexing and abstracting of hard-copy or 
soft-copy textual data or images, 
interpretation and annotation of imagery or 
signals, database construction and stuffing, 
and complex modeling & _ simulation 
projects with the best ones including 
geospatial and time-based visualizations. 


When integrated with well-planned open 
source collection and the right analytical 
expertise, complex processing services can 
yield substantial dividends by compressing 
large amounts of data into manageable 
tailored products that address specific 
intelligence requirements. 


Analysis & Production Services 


A wide variety of commercial and academic 
organizations offer diverse analysis and 
production services. As a general rule, the 
best value is found through the hiring of 
single individual experts with no overhead, 
rather than through broad contracts with 
organizations that then adds a substantial fee 
for their considerable overhead expenses. 
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The very best value results when niche 
collection, niche processing, and niche 
analysis services can be "mixed and 
matched" to obtain precisely the desired 
results. The very worst value comes when 
an organization is hired because of a 
convenient contract, they do not have a 
niche expert, and choose to dedicate an 


analyst that does not bring sufficient 


experience or skill to the task. 


Industry leaders can best be identified with 
reference to citation analysis and familiarity 
with their product set. This is best 
accomplished through the identification of 


other organizations with similar intelligence 
problems and _ exchanging information 
concerning those validated information 
vendors that they employ. Web-site analysis 
is another tool, which can be applied to vet 
the capabilities of a potential information 
vendor. 


Services Examples 


Data Conversion ACS Defense 
www.acsdefense.com 
Database Construction & Stuffing ORACLE 


www.oracle.com 


Document Acquisition 


British Library Document Centre 
http://www.bl.uk/services/bsds/dsc/ 


Human Intervention 


The Arkin Group 
www.thearkingroup.com 


Imagery Interpretation & Annotation 


Boeing Autometric 
www.autometric.com 


Indexing & Abstracting 


Access International 
http://www.accessinn.com/ 


International Studies Analysis 


Monterey Institute of International Studies 
www.miis.edu 


Modeling & Simulation 


Boeing Autometric 
www.autometric.com 


Online Collection 


Association of Independent Information 
Professionals 


www.alip.org 


Open Source Intelligence Portal (meta-service) 


Open Source Solutions Inc. 
Www.oss.net 


Private Investigation Intelynx (Geneva) 
www.intelynx.ch 
Scientific & Technical Analysis CENTRA 


www.centratechnology.com 


Signals Processing 


Zeta Associates Incorporated 
Wwww.zai.com 


Telephone Surveys (Primary Research) 


Risa Sacks & Associates 
www.rsacksinfo.com 


Table 3 - OSINT Related Services 


As a general rule, there are no "portal" 
companies that serve as honest brokers for 
helping governments "mix and match" best 
in class niche providers at the most 
economical cost. 
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CHAPTER III 
THE OPEN SOURCE INTELLIGENCE CYCLE 


SECTION A. OSINT PLANNING AND DIRECTION 


Overview 


Whether one is going after open source data, 
information, or intelligence, there is a 
proven process of _ intelligence, the 
intelligence cycle that will yield good value 
when applied. The open source intelligence 
process is about discovery, discrimination, 
distillation, and dissemination—the 4 Ds 
(Figure 7). This analytical approach is 
applied to the traditional single source 
intelligence cycle. A good understanding of 
the open source intelligence cycle makes it 
possible to access and harness private sector 
knowledge using only legal and ethical 


means, generally at a very low cost in 
comparison to covert technical or 
clandestine human collection. Since many 
requirements that are urgent for the 
commander and their staff may not qualify 
for nor be appropriate for secret collection 
methods, the open source intelligence cycle 
is in fact vital to NATO planning and 
operations. As will be seen in the following 
discussion, OSINT is an emerging discipline 
and the emphasis will often be on informal 
coordination rather than formal tasking. 


Figure 7 - The OSINT Process 


Organizations and Responsibilities 


The commander is ultimately responsible for 
establishing the Essential Elements of 
Information (EEI) and for applying the 
resources necessary to satisfy them. Open 
source intelligence is not necessarily the 
responsibility of, or available from, national- 
level intelligence organizations. While the 
intelligence staff typically acts as the staff 
principal for OSINT activities, other staffs 
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are frequently well placed to both collect 
open sources and to facilitate the further 
development of sources on behalf of the 
Command. The subordinate commanders for 
Civil Affairs, Public Relations, Military 
Police, and Combat Engineering may often 
be the best channels for seeking out OSINT, 
and can comprise an informal advisory 
council to the commander. 


Note: Notice that the denominators are the same and that the literal "a" and its 
coefficient are not present in the equation. The determinant matrix derives its 
method from these factors. The following steps explain how to set up a matrix. 


The first step in setting up the determinant matrix is to place the equations in the same order, with 
numerical value in front of the literal. 


Note: The importance of this step will become clear as you solve equations using a 
matrix. The original equation is shown below and the order changed. 


Original equation Same order 
3b+3a=12 3a+3b=12 
5a—2b=6 5a—2b=6 


Two by two matrix. You need to know how to set up a two by two matrix. The name comes 
from the number of horizontal rows and vertical columns in the matrix. Two equations with two 
variables makes up a two by two matrix. Look at the example below with the coefficients and 
signs of the literal for "a" and "b" and how they are applied. 


Example: 
ab 
a. 
5 -2 
Note. Observe that the coefficients from each equation occupy the same row and 


maintain their signs. It does not matter which equation comes first as long as 
the order is maintained throughout the process. 


The result forms the denominator of the matrix. You will multiply diagonally from top left to 
bottom right and bottom left to top right. Diagonal multiplication in determinants derives its sign 
from the direction of the multiplication. Positive multiplication is from upper left to lower right 
with the term in parenthesis preceded by a positive sign. Negative multiplication is from lower 
left to upper right with the term in parenthesis preceded by a negative sign. There is no algebraic 
significance to this procedure. Remember that determinant math is purely a mechanical process. 
Study the examples below to see how the signs apply to diagonal multiplication. 


Examples: 
ab 
ab 
2 3 
-2 
Positive Direction m 


3-55 


OSINT sources include, but are not 
restricted to: 
e National-Level Intelligence 


Organizations. Although they are not 
responsible for satisfying the 


commander's needs for OSINT, 
national-level intelligence organizations 
may have relevant open _ source 


information that can be provided. Some 
countries, such as The Netherlands, 
United Kingdom, Denmark and 
Norway, are exceptionally competent in 
this area and have fully integrated 
OSINT into their all-source collection 
and production environments. Others 
may have selected units that can be 
called upon, but have not yet mastered 
this discipline. 


e Diplomatic Missions. The established 
diplomatic missions of the various 
member nations are often the best 
source of OSINT, at little cost, if they 
are approached by one of their nationals 
acting in an official capacity on behalf 
of the commander. Such missions are 
under no direct obligation to respond, 
but informal coordination may yield 
good results. 


e Chambers of Commerce. Many of the 
member nations have Chambers of 
Commerce and these often have 


established small communities that 
bring the general managers and key 
business executives from their national 
firms in any given country together. On 
an informal basis, with clear disclosure 
of the commander's interest, useful 
OSINT may be acquired. This is 
particularly true in deployed areas. 


e Non-Governmental Organizations. 
The International Committee of the Red 
Cross (ICRC), Doctors Without 
Borders, and the many elements of the 
United Nations as well as the many 
international relief and _— charity 
organizations, have deep _ direct 
knowledge that can be drawn upon 
through informal coordination. 


e Religious Organizations. Many Non- 
Article 5 Operations have very 
substantial human mass migration and 
ethnic conflict aspects as witnessed 
during Operation Allied Force. These 
issues are often best understood by 
religious organizations. Organizations 
such as The Papal Nuncio and the local 
Opus Dei, the B'nai Brith, the Islamic 
World Foundation, and other equivalent 
religious organizations are an essential 
source of overt information and expert 
perceptions 


Requirements Definition 


The greatest challenge for the commander 
will be the establishment and maintenance 
of a rigorous and disciplined process for 
defining the requirements to be addressed 
through open sources. The common 
attitudes of "tell me everything about 
everything" or "if I have to tell you what I 
need to know you are not doing your job" 
represent unworkable direction. 


Commanders and their staff must carefully 
evaluate the specific information needs in 
the context of their concerns and their plans 
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and intentions, and they must articulate, in 
the narrowest possible way, precisely what 
they want to know and _ why. The 
commander's operational intent is as vital to 
the intelligence professional as it is to the 
operations professional. Only by 
understanding the context and direction of 
the commander's requirements, can a truly 
focused and flexible collection effort be 
undertaken. 


OSINT is the most fundamental and fastest 
means of satisfying basic informational 


needs, including needs for historical 
background, current context and general 
geospatial information. Each commander 
should distinguish between their tailored 
intelligence requirements in support of their 
future planning and the basic information 


requirements that will permit operational 
and logistics and other special staff planning 
(e.g. Civil Affairs) to go forward. OSINT is 
highly relevant to both kinds of intelligence 
support. 


Evaluation and Feedback 


Planning and direction is a continuous 
process. The commander and their staff 
must digest, evaluate, and provide feedback 
on all received intelligence, whether open or 
classified. As open source intelligence is 
received and reviewed, it must be shared 


with staff principals and _ subordinate 
commanders, evaluated, and the results of 
the evaluation passed directly to the staff 
element responsible for coordinating OSINT 
support to the commander. 


SECTION B. COLLECTION 


Overview 


The heart of intelligence collection is 
research — it is the matching of validated 
intelligence requirements to available 
sources with the aim of producing a product 
that answers a valid need. Once an 
intelligence need has been identified, open 
sources should be reviewed by intelligence 
staffs to determine if that intelligence need 
can be satisfied through those resources 
organic to the intelligence staffs, those 
resources that the staff can access, if an RFI 
to nations is required, or if a combination of 
these approaches is required. 


Collection requires the translation of an 
intelligence need into an_ intelligence 
requirement — an action plan to answer that 
need. A collection strategy is developed to 
tap available sources. Optimal sources are 
selected and the information is collected. 


This generic collection approach is equally 
applicable to classified sources as it is to 
open sources. 


In the NATO context, OSINT is a 
contributing source to an_ all-source 
intelligence effort. Open sources are used to 
compliment the existing classified 
intelligence and can be collected on a 
specific area. OSINT-derived products are 
created to answer a specific intelligence 
need to which open sources are best 
optimized. While RFIs from intelligence 
users typically generate collection efforts, 
Table 4 illustrates the three types of 
producer generated intelligence collection 
and production requirements. 


These three categories outline the way in 
which an internally directed OSINT 


Table 4: Types of Producer-Generated Intelligence Collection and Production 


Requirements 


Source: Arthur S. Hulnick. “The Intelligence Producer-Policy Consumer Linkage: A Theoretical 
Approach.” Intelligence and National Security, Vol. 1,No. 2, (May 1986) 


collection strategy should be developed. 
Only those products that support the 
intelligence staff's mission should be 
produced. The range of open information 
that is available both freely and 
commercially will swamp the analytical 
capacity of any intelligence staff regardless 
of size. Therefore, effective management 
must include the avoidance of production 
without a specific purpose. While not 
advocating a “make work’ approach to 
intelligence, producer-generated collection 
builds skills, evaluates sources and increases 
capabilities necessary to address future RFIs 
and production requirements. 


An analyst is often best placed to determine 
what product is required to address the past 
needs of the intelligence user. Proactive 
collection and management to make 
effective use of emerging information 
should be encouraged. This could include 
the tailoring of a newly available public 
report that addresses an_ established 
intelligence need into a format of use to an 
intelligence user. 


Rapidly changing events can drive the 
production of new products. A military 


coup or an environmental crisis could 
presage increased NATO interest in an area 
of non-traditional interest. In the absence of 
national intelligence production shared with 
NATO, open source collection may be the 
best means with which to begin to build an 
intelligence picture for the command. 


Less dramatic changes to the international 
environment may also require open source 
collection. Seasonal changes in a particular 
region may lead to population migration. 
These periods are known well in advance 
and lend themselves to scheduled production 
of necessary intelligence products. 


Chapter II reviewed private sector 
information offerings. Chapter II focuses 
on the methods to be applied by any NATO 
unit to exploit those offerings, while not 
recommending any _ specific source, 
software, or service. What is important is 
that every NATO unit is conscious of the 
overall process, the alternative means for 
obtaining and exploiting OSINT, and the 
value of OSINT as part of the all-source 
intelligence cycle. Figure 8 below is 
provided a high-level view of the elements 
of the OSINT collection process. 
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Figure 8 - OSINT Collection Process 


Knowing Who Knows 


During periods of stability as well as crisis, 
it is incumbent upon intelligence staffs to 
establish and nurture sources that will help 
satisfy information requirements. It is vital 
that the OSINT professional, known in some 
governments as Open Source Officers 
(OSO), focuses initially on "knowing who 
knows" — the ability to rapidly identify 
subject matter experts on topics of direct 
relevance to the commander’s mission and 
to seek information from them. 


An approach favoured by some is the 
concept of collecting sources not 
information. While the array of available 
open sources is staggering, the ability to 
focus collection quickly on an emerging 
issue of intelligence interest is the key 
capability. Rather than having a stale open 
source product to draw upon, the ability to 
rapidly direct collection on an issue, identify 
the leading experts on the field and either 
draw upon their most recent work or contact 
them directly is the most effective use of an 
OSINT capability. 


Therefore, a standing collection priority 
should include a preliminary inventory of 
subject-matter experts (SME) within the 
parent commands and its subordinate, 
adjacent, and higher commands, but should 
then extend further, throughout the parent 
government and into the national private 
sector. The business community with its 
international chambers of commerce, the 
academic community with its various 
professional associations, and the non- 
governmental organizations including the 
peace institutes resident in many countries, 
are all vital points of reference. 


The command OSO is, in essence, an 
information attaché to each of these 
elements, and must always act with the 
highest standards of overt decorum and 
propriety. This must include a firm grasp of 
both the private sector's rights and 
obligations with respect to copyright and the 
protection of intellectual property, and 
NATO's concerns with regard to OPSEC. 


Collection Discipline 


There is no faster way for an OSO to lose 
his commander's respect than to try to do too 
much, and end up taking too long to produce 
simple answers. Time management, and a 
very disciplined approach to the art and 
science of OSINT collection, is the key to 
every success. 


The ever-increasing array of open sources 


provides a rich environment for unbridled 
research. OSINT managers must ensure that 
their staffs are aware of the degree of detail 
required for each OSINT product being 
prepared. The Internet and commercial 
premium online sources are seductive to the 
analyst. Within any OSINT effort, time 
spent in collection is always at the expense 
of analysis. The desire to continue with the 


OSINT Professional Note: A recommended timetable for a standard OSINT collection and analysis 


task is provided below: 


15 Minutes 
30 Minutes 
15 Minutes 
60 Minutes 
60 Minutes 
60 Minutes 


4 Hours 
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Requirements Definition. Ensure an understanding of commander's intent. 
Internet Collection. Use search tools, rapidly identify top ten sites and review. 
Internet Table. Create Internet Table for future use and for customer's reference. 
Commercial Collection. Use fee sources, identify top 20 items for exploitation. 
Analysis. Read, understand, evaluate, and structure collected information. 
Production. Carefully create an analytical summary, table of contents, and slides. 


Total time required to create any OSINT report using only internal resources. 


collection and acquisition of open sources at 
the expense of their evaluation and 
presentation as an analytical product reduces 
the effectiveness of the OSINT contribution 
to the all-source effort. In few other fields is 
the mantra that “perfection is the enemy of 
good enough” more appropriate than it is for 
open source collection. Collection efforts 
can be reduced if time spent in the 


evaluation of the reliability and objectivity 
of specific open sources does not have to be 
replicated each time an analyst begins a 
project. OSINT managers should ensure 
that their staff maintains a dynamic 
compilation of the open sources that they 
exploit for specific issues. This reference 
aid will serve as the starting point for 
subsequent analytical tasks. 


Collection Issues 


There are several collection issues that 
always surface whenever commanders and 
staff first consider OSINT as a structured 
discipline. These include OPSEC, 
Copyright Compliance, Foreign Language 
Shortfalls, and External Networking. 


Operations Security 


e OPSEC is easily achievable in the 
OSINT environment through two 
measures: first, the concealment of the 
origin of the search through the use of 
trusted intermediaries; and second, the 
utilization of normal commercial Non- 
Disclosure Agreements (NDA) when 
necessary to protect direct discussions of 
a commander's concerns and intentions. 


e In general, most OSINT inquiries will 
be amply protected by _ existing 
processes, but when appropriate, a 
trusted local national with information 
broker skills can be hired (or a 
Reservist utilized) to distance the 
inquiry from the command. It is a 
misconception to believe that any 
discussion with OSINT providers must 
be itself open. 


e The private sector is accustomed to 
protecting proprietary and 
commercially confidential discussions. 
A standard private sector NDA is just 
as a good as a government secrecy 
agreement, with the added advantage 
that the private sector partner has a 
financial motivation for honoring the 
NDA—they want more business and 


discretion is part of what they are 
selling. 


Copyright Compliance. 


e In the past, many governments have felt 
that copyright compliance did not apply 
to their official needs, and some 
governments have resorted to the 
classification of open source 
information as a means of concealing 
their routine violation of private sector 
intellectual property rights 


e It is now essential for all governments, 
and for all NATO elements, to learn 
how to properly comply with applicable 
copyright provisions. This is important 
for two reasons: 


e To maintain the highest standards of 
legal and ethical behavior among all 
NATO elements; 


e More often than not, OSINT must 
be shared with external private 
sector parties (e.g. humanitarian 
assistance organizations) or used as 
a means of exchange (pooling 
information on Kosovo, for 
example). Thus — copyright 
compliance is a vital means of 
maintain future flexibility in the 
exploitation of the OSINT available. 


Foreign Language Shortfalls. 


e Despite the multi-cultural and multi- 
lingual nature of the NATO alliance, 
many out-of-area contingencies require 


foreign language skills that are not 
readily available with the NATO force, 
or that can be identified quickly and 
provided with security clearances. 


e Over time it is vital that each 
commander identifies foreign language 
skills as well as shortfalls and that these 
be consolidated and evaluated as part of 
the larger NATO Future Intelligence 
Architecture plan. 


e Understanding international terrorism, 
insurgency, and violent internal political 
Opposition movements, to take one 
example, requires competency in a 
number of foreign languages to include: 
Arabic, Catelan, Danish, Dari, Dutch, 
English, Farsi, Finnish, French, German, 
Indonesian, Irish, Italian, Japanese, 
Korean, Kurdish, Kurmanji, Norwegian, 


Pashto, Polish, Portuguese, Russian, 
Serbian, Spanish, Swedish, Tamil, 
Turkish and Urdu. 


e Many of the required capabilities are 
within the competence of national 
intelligence organizations but these 
capabilities are unlikely to be made 
available to NATO commands for the 
exploitation of OSINT. 


External Networking. 
e There are four obstacles to external 


networking relevant to NATO 
competency in OSINT. 


e First, there is a lack of knowledge 
about who the real experts are on 
various regional and topical issues. 


e Second, there is a fear of revealing 
the question as an official inquiry— 
in some countries; there are even 
prohibitions against direct contacts 
between intelligence personnel and 
private sector experts. 


e Third, there is the lack of funding 
for compensating subject-matter- 
experts—everything must be done 
on a barter or exchange of favors or 
information basis. 


e Fourth and finally, 
command & control, 
communications, computing, and 
intelligence (CD architectures tend 
to prohibit routine access to the 
Internet, and often make it difficult 
if not impossible to migrate 
unclassified information from the 
Internet into classified databases. 


the existing 


All of these obstacles can be overcome. A 
major outcome of the new NATO OSINT 
initiative will be the definition and 
resolution of each of these obstacles. 


Nuances of Open Source Collection 


The Internet, although it will never be a 
completely trustworthy source __for 
information, has become the de facto C'l 
backbone for everyone other than the 
military. It is essential that our intelligence, 
operations and logistics staffs develop new 
doctrine and new methods for fully 
exploiting the data sources and the human 
experts that are easily accessible through 
this medium. As NATO deals with more 
and more non-traditional threats and more 
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and more out-of-area as well as civil 
stability scenarios, OSINT will become a 
much more important element of the all- 
source intelligence solution. It is vital that 
every NATO commander and relevant staff 
member begin now to understand and plan 
for their OSINT needs. 


Training in open source exploitation is 
relevant not only to the intelligence 
professionals, but also to all relevant staff 


members who need access to open sources 
of information. OSINT is not the exclusive 
purview of the intelligence profession. The 
intelligence professionals should be 
available to reinforce the commander and 
their staff, but as a general rule, if a staff 
principal can answer his own information 
requirement exclusively through those open 
sources available to him, then that staff 
principal that should manage his own 
collection effort. 


Intelligence staffs should enable all staff 
elements to access relevant open sources as 
directly as possible. Intelligence staffs 
should serve to facilitate the flow of OSINT 
and open source material while providing 
source evaluation and guidance. Applying 
this process will enable many potential RFIs 
to be self-satisfied and thus not submitted. 
A robust OSINT programme can reduce the 
number of unnecessary RFIs that bog-down 
the all-source intelligence staff with 
information requests that can otherwise be 
satisfied. 


While each commander will have their 
preferred means of managing OSINT, what 
is required is that they have a formal point 
of contact for OSINT matters, an established 
process, and that they ensure that OSINT is 
fully integrated into every aspect of their 
command & staff operations. 


The Internet, despite its current and 
projected growth, is primarily a vehicle for 
open collaboration, rather than a repository 
of knowledge. Commercial online sources 
such as Factiva, DIALOG, LEXIS-NEXIS, 
STN and = Questel-Orbit have huge 
repositories of information that have been 
professional selected, evaluated, indexed, 
abstracted, structured, and made available in 
a very stable format with authoritative 
sourcing, formatting, and dating. 


In many cases, the information provided 
through these services have been “peer 
reviewed” — an exhaustive evaluation 
process by established leaders in the field of 
study to ensure the accuracy of the 


22 


information and the rigor of the research. 
The Internet is not a substitute for premium 
fee-for-service commercial online databases, 
and it is vital that no NATO element falls 
prey to this illusion. 


Each commercial service, as discussed 
briefly in Chapter II, has its own strengths 
and weaknesses. A robust OSINT capability 
should include the understanding of and the 
means to exploit each service accordingly. 
Some are best for current news, others for 
legal records, and others for access to 
conference proceedings and dissertations. 


According to some OSINT experts, only a 
fraction of known knowledge is available 
online, either through the Internet or through 
the commercial online databases. Grey 
literature, the limited edition publications 
that are not available through normal 
commercial channels, comprises a_ vital 
"middle ground" between online knowledge 
and human expertise capable of creating 
new knowledge in real time. Therefore the 
NATO OSINT process includes the 
inventory and evaluation of grey literature 
sources, and the development of a strategy, a 
budget, and a process for assuring that grey 
literature sources are fully integrated into the 
NATO future intelligence architecture. 


Finally, there is the human element. As 
OSINT doctrine is developed, it would be 
helpful to think of three distinct forms of 
overt HUMINT support to NATO. First and 
foremost are internal subject-matter-experts. 
These are scattered across commands and 
within various elements of the member 
nations’ governments. Second are the 
private sector experts who have achieved a 
favorable reputation based on their proven 
record of accomplishments and publications. 
Thirdly, there are "local knowledge" 
experts, including legal travelers and local 
residents that are rarely exploited by resident 
defense attachés for lack of time or funding 
with which to reimburse individuals for their 
time and expense. 


New means must be found for defining 


which local knowledge and __ local 
observation is needed, and for combining 
direct observation by qualified NATO 
personnel, with out-sourced overt collection 
and production. 


SECTION C. PROCESSING AND EXPLOITATION 


Overview 


After the vital role played during the 
collection portion of the intelligence cycle, 
when "knowing who knows" and being able 
to "mix and match" niche providers of 
varying pieces of the OSINT solution is 
essential, it is in the processing and 
exploitation portion of the cycle that the 
OSO really makes a mark. 


Open sources, just like clandestine or covert 
sources, require the application of human 
judgment in order to sort out the important 
from the unimportant, the timely from the 


dated, the relevant from the irrelevant, the 
trusted from the untrusted. As so much of 
OSINT is not in digital form, hands-on 
human translation and evaluation are the 
most important part of processing and 
exploitation. 


Without a dedicated set of automation tools 
to facilitate the processing of open source 
information, OSINT production — will 
continue to be reliant upon ad hoc software 
solutions and rigorous analytical effort. 


Analysis 


When working from open sources, there is 
considerable danger for the analyst to be 
susceptible to unwanted biases and 
deception from open source authors. While 
it is never wise, nor an acceptable practice, 
to attribute as fact intelligence solely 
because it was received from a _ national 
intelligence agency, in those cases, the 
analyst is able to make certain judgments 
regarding how _ that 
agency managed its 
information prior to 
releasing its report. 
This is not always true 
for open sources. It is 
essential that the 
analyst remain mindful 
of and determine the 
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Figure 9 - Levels of Analysis Model 
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in full text, it is important to make reference 
to it and provide an assessment of the 
source’s credibility. 


If at all possible, the original sourcing 
information should never be separated from 
the open source reporting. A complete 
description of where the open source 
information was acquired, the identification 
of the source, the timing of both the 
production of the open source information 
and the timing of its acquisition—these all 
comprise fully half the value of an OSINT 
product. Without the sourcing pedigree, the 
open source substance must be considered 
suspect and of minimal value to the all- 
source intelligence analysts or the operations 


or policy consumers being supported. 


It is also helpful when processing open 
source (or classified) information manually 
to have in mind a clear model of analysis 
that distinguishes between military, civil, 
and geographic information, and also 
between the levels of analysis—strategic, 
operational, tactical, and technical—for the 
threat changes depending on the level of 
analysis. This also helps the analyst to 
recognize gaps in their collected 
information, and the relationship between 
different types of information. One such 
model is provided in Figure 10 above for 
illustrative purposes. 


Web Site Authentication and Source Analysis 


Content on the Internet continues to grow at 
logarithmic rates. The Internet has become 
an essential enabling element for commerce. 
It is also facilitating other forms of human 
interaction across borders which two 
decades ago were unimaginable. The 
intelligence value of information found on 
the Internet is extremely variable. The 
dangers of creating misleading analysis 
through the bleeding of unevaluated biased 
information into the all-source intelligence 
picture are ever present. Therefore, the 
OSINT analyst must take steps with each 
open source to evaluate its reliability. The 
standard criteria for evaluation of web-sites 
are as follows: 


Accuracy. 


e Is the information that is provided 
consistently accurate based on other 
sources? The OSINT analyst is able to 
compare information provided from the 


web-site with validated  all-source 
intelligence. Benchmarking open 
sources against validated all-source 


intelligence assists in assessing the 
likely accuracy of other information 
contained on the web-site to be used to 
address intelligence gaps. 


24 


Credibility & Authority. 

e Does the web-site clearly identify itself? 
Is there merely an E-mail address or a 
full name, address and _ telephone 
number. Sam Spade (www.samspade.org) 
is a web service that provides various 
online tools to validate a web-site. 
These include diggers that trace routes 
used by the web-site. (See Web-site 
Analysis Guide on the following page). 
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Figure 10 - Web analysis tools 


Does the web-site demonstrate a degree 
of influence? Do other media cite that 
web-site in their reporting? Has the 
web-site been attacked electronically or 
in official government statements? 


The use of free web-hosts such as 
Geocities.com or Cybercafe.com often 
suggest limited financial support for the 
web-site and a lack of authority in its 
message. 


Hit-meters/Counters that note the 
number of times the web-site has been 
visited can also provide some limited 
indication as to the influence of the web- 
site. Thought these can be misleading 
and should only be used as an element 
of an assessment of a site’s authority. 


Currency. 


Does the web-site provide information 
that is timely or are its pages dated? 
Some dated information can still be 
relevant for less dynamic topics (e.g. 
trade statistics) but may be misleading 
in tracking current events (e.g. presence 
of insurgent activity). 


Objectivity. 


Does the web-site correspond to a 
known advocacy group? Does the site 
represent individuals or an organization? 
Does that site claim to speak for the 
organization? Is that site the main web- 
site or a satellite web-site that represents 
only a sub-element of the organization. 


To whom does the web-site link? Many 
sites provide a list of relevant links. 
These attempt to direct visitors to a 
community of interests that share similar 
interests or views. An evaluation of 
those links can further illuminate the 
views of the web-site authors. 
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Relevancy. 


Is the information contained on the web- 
site relevant to the question at hand? 
Many web-sites provide information 
related to a particular topic but do little 
to add to the understanding of the issue. 
Information provided can often be 
interesting but not relevant to the 
OSINT analyst. 


The denominator for the determinant is [(3)(—2)—(5)(3)] =-6- 15 =-21 


Note: 


The positive direction when multiplying a matrix is diagonally left to right and 
the negative direction when multiplying a matrix is diagonally right to left. It 
does not matter which is done first because you are algebraically adding. We 
will do the positive direction first so there is no confusion. 


Try the following challenge to reinforce your knowledge. Check your work to ensure your 
solutions are correct before checking them against those given. 


(Solve the matrixes and perform algebraic addition) 


(a) 
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WEB SITE EVALUATION CHECKLIST 


Each Internet Website of potential intelligence value must be evaluated as to its 
suitability for intelligence exploitation before it is cited in OSINT reports or used 
as collateral information in classified reporting. The essential questions remain: 
who, what, where, when and why? 


1. WHO? Examine the URL first. In the page scan for names, and “about” links. 


What type of domain is it? (.com / .org / .edu/ .gov / .mil / country code) — Is this appropriate for 
the material presented? 
Might it be a personal page? (use of ~ in URL often suggests this) 


Who wrote it? Look for e-mail contact. 
Credentials? |Search on author’s name. 
Check source code as webpage’s author is often embedded in the code. 


Who is the owner of the host server? Use WHOIS and DNS LOOKUP tools at 
www.samspade.org to determine the registered owner of the website and evaluate this 
information. Does this match earlier information gathered? 


What do others say? Search to see if others cite the author or the web-site. 
Who links to it? In Google or AltaVista, enter the search string (/ink:webaddress) to 
find who links to the site. Evaluate the community of interests. 


Opinions of it? What do others think of this website? 
Found in any reliable directories? Determine if the website is contained within reliable web 
directories or web portals for the topic. 


2. WHAT? 


Is the material presented authentic, with sources and dates? 
Is data unaltered from its original source? 
Note: Little value can be attached to information that is either undated or unsourced. 


3. WHERE? 


Where does the information originate? Use www.samspade.org to conduct a TRACEROUTE 
search. TRACEROUTE will determine the path between your computer and the server 
hosting the information. 

Is the server located where the author purports to reside? Why or why not? 


4. WHEN? 


How current is the information provided? Look for a last updated statement or dates on 
references. 
How often is the information maintained? Should it contain more recent information? 


5. WHY? 


What’s the page’s aim, intent? 
Why was it created? 
Who sponsor’s the page? Look for an “About us” entry. 


Source: Developed from material created by Joe Barker and 
maintained on server: www.lib.berkeley.edu. 
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SECTION D. SEARCHING ANONYMOUSLY ON THE WEB 


Overview 


While much of the OSINT cycle can be 
conducted openly, a robust OSINT 
programme should include a capability to 
work anonymously on the Internet. Despite 
the fact that all information on the web is 
freely available to anyone with a PC and an 
Internet connection, there are security 
dangers in searching for it. 


All Internet traffic is subject to monitoring 


necessarily involve deception. It is quite 
possible to surf the web without openly 
identifying your identity, purpose or 
intentions. This is simply a case of “I won’t 
tell you unless you ask.” 


Before you even start surfing anonymously 
make sure you don’t leave your Internet 
connection open to attack. You may take all 
the precautions necessary to hide your 


Figure 11 - Maintaining an anonymous presence 
at virtually any point by elements external to 


your organization. It would be of little 
surprise that NATO was interested in 
insurgencies in the Balkans and Internet 
searches on this topic would seem natural 
from Alliance web addresses. Specific 
searches on individual leaders of insurgent 
groups would reveal a heightened interest 
and potentially reveal intentions. This sort 
of activity should be protected. 


Being anonymous on the web may not 
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intentions and identity whilst surfing, but, 
without precautions, all the sites that you 
have visited and all the information you 
have downloaded is stored on your PC is 
available via your open connection, then you 
are vulnerable. 


There is an argument for the use a firewall 
to stop hackers at the front door, but 
remember that there hasn’t been a firewall 
yet that wasn’t eventually cracked. The very 
expensive firewalls do a good job but it is 


unlikely that you would want to spend so 
much money for a_ simple Internet 
connection. Besides if you wanted to 
remain anonymous on the Internet an 
expensive firewall is not the way to do it. It 
would highlight the fact that you had 
something to hide. The same argument 
applies to the cheaper firewalls. Because 
they are cheap they are also vulnerable. 


Hackers know how to get in and often see 
areas with firewalls as a challenge. One of 
the best means of security is to remain 
anonymous and look just like everyone else. 
By doing this, if a hacker chooses to attack 
your Internet connection whilst you are 
online, they would find nothing. The hacker 
would probably then get bored and never 
bother you again. 


Leaving a Footprint 


When you surf the Internet you cannot fail 
to leave a footprint. A footprint is an 
electronic signature that identifies you as a 
unique identity on the Internet during your 
current session. Most Internet Service 
Providers (ISPs) now issue a new signature 
to you each time you log on to surf. But 
whilst you are surfing during a session after 
log on, every site you visit retains your 
electronic signature. If you are trying to 
find information on a sensitive subject it is 
possible to carry out an analysis of the sites 
you visit and the subjects you are searching 
for. It would be sensible to log off and on 
again a number of times during a sensitive 
search. 


Although an ISP may provide you with a 
new signature, part of that signature will 
identify the ISP. If your organization is 
large and has its own ISP this will identify 
your organization. It is always better to go 
through a civilian ISP whenever possible. 


It is possible to use a number of different 
ISPs. These days there are a huge number 
of free ISPs available. Each country has its 
own list of free ISPs and details of these can 
be obtained via the Internet. It is possible to 
hide the country from which you are 
searching from by dialing up an ISP in 
another country and beginning your search 
from there. It is almost impossible for a 
hacker to identify which country your call 
originated from because Telecoms 
companies take their personal privacy 
obligations very seriously. 


There is one thing that may identify your 
country of origin and that is the date and 
time of your search. When you surf, the 
date and time of your PC is stamped on the 
search as part of the electronic signature. If 
this does not match your ISP time it may 
indicate that you are trying to hide 
something, so make sure your PCs time is 
set to the time zone of the country of the ISP 
you are using. 


Traffic analysis 


Every web site has the capability to log the 
number of visitors to its site and the 
electronic signature of the visitor. Whilst 
you may be able to hide your identity, you 
cannot hide the fact that you have visited the 
site. If the number of visitors to a 
significant site increases dramatically then 
this may be an indicator that there is new or 
renewed interest in the subject of the site. 
Such a site may be set up deliberately to 
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identify interest, for example an obscure 
terrorist related site. 


The way to combat this is to ensure that 
trained personnel, in a central location do all 
sensitive searches. This will ensure that 
searches are done quickly and without 
repetition. The security education of all 
personnel who have access to the Internet is 
also a very important factor. 


Contact with Others 


There may be occasions when you may want 
to communicate with others to solicit 
information. In most cases it is beneficial to 
explain who you are and ask for help or 
information. There may be other occasions 
when you may not want others to know 
exactly who you are or whom you work for. 
The reasons for this must be decided on a 
case-by-case basis. It is reasonably easy to 
create an anonymous persona on the web but 
the following points should be noted. 


It is better to employ discretion rather than 
deception when soliciting information on the 
web. This will be less publicly 
embarrassing later and will make an 
explanation of your action more reasonable. 


An anonymous persona should only be used 
for occasional requests for information. 
Any development of a relationship using the 
Internet should be discouraged. This is the 
field of other specialists and without proper 
control can lead to embarrassment. 


SECTION E. PRODUCTION 


Overview 


The four main elements of OSINT 
production are listed in Figure 12. As 


Figure 12 - OSINT Production Elements 


opposed to other intelligence disciplines, 
OSINT relies upon outward engagement 
beyond the institutional confines of the 
intelligence staffs. Engagement is essential 
to the successful exploitation of open 
sources. This requires knowledge and 


understanding of information outside of 
intelligence channels in order to locate and 
exploit the best sources of information 
relevant to an intelligence problem and 
engage them in a meaningful exchange. 


OSINT’s four production elements will be 
explained within this section. While the 
degree of complexity will vary depending 
upon the intelligence requirement, those four 
elements will all remain applicable. 


A major difference between the OSINT 
process and the traditional all-source 
intelligence process exists in how "reports" 
are treated. In the traditional classified 
intelligence process, reports are the end of 
the process—in the OSINT process; they are 
the beginning, one of four key elements in 


Reports 


In Chapter One, a distinction was drawn 
between OSIF, data that has been collated 
together and is of generic interest, and 
usually broadcast or widely disseminated 
and OSINT, information that has been 
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the interactive and  consumer-oriented 
process of OSINT support. 
deliberated discovered, discriminated, 


distilled, and disseminated to a_ specific 
consumer in order to answer a specific 
intelligence need. 


NATO OSINT | specialists will have 
occasion to do both kinds, but must be very 
clear in their own mind, when doing a 
report, as to whether it is an information 
report for general broadcast, or an 
intelligence report for a specific operational 


purpose. 


A report should have an analytical summary. 
This is value-added expertise from a trained 
NATO professional who has first screened 
and integrated multiple elements into an 
underlying framework, and then devised an 
executive summary that can stand on its 
own. 


Generally a Report, e.g. a report on Kosovo, 
will have more than one section, for 
instance, sections on political, military, 
insurgents, health, police, and external 
assistance. Each section should in turn have 
a short summary, no more than a paragraph 
in length. The section summaries can be 
used to create the overall report summary, 
but should be further distilled and not 
simply strung together. 


Within each section (or linked to each 
section summary if done in a web-based 
format) should be between one and five key 
items of raw  information—whether a 
transcript from a news conference, or a wire 


COUNTRY (e.g. Sri Lanka) 


TOPIC (e.g. Economy) 


service release, or a commercial image, or 
an extract from a foreign military map. 


A major difference between OSINT and 
other clandestine or covert sources is that 
OSINT strives to provide concurrently both 
analytical value and direct access to raw 
materials. OSINT sources rarely require 
protection. Text-based products can be 
stored and disseminated easily by electronic 
means. 


By providing the consumer (the commander, 
the operator, the logistician, or the all-source 
intelligence analyst) with direct convenient 
access to the best of the raw materials, the 
OSINT analyst is enabling the consumer to 
dig deeper if they chose to while satisfying 
the initial RFI. 


Reports should always show, on the first 
page, the date and hour at which collection 
(not production) was cut off, and the time 
period in days and/or hours that the report 
covers. Reports can be organized by source 
(Internet, Commercial Online, Grey 
Literature, and Experts) or by topic. They 
should always identify the author and if 
appropriate the reviewer of the Report, and 
provide complete contact information so that 
readers may quickly ask follow-up questions 
of the originator. 


DATE OF INFORMATION (e.g. 26 March 2001, 1500EST) 


ANALYTICAL SUMMARY (new value-added analytic summary) 


RAW INFORMATION 1 (best of 20 read sources from 200 screened sources) 
RAW INFORMATION 2 (best of 20 read sources from 200 screened sources) 
RAW INFORMATION 3 (best of 20 read sources from 200 screened sources) 
RAW INFORMATION 4 (best of 20 read sources from 200 screened sources) 
RAW INFORMATION 5 (best of 20 read sources from 200 screened sources) 


Figure 13 - Representative report structure 
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Link Tables 


Internet search engines, even recommended 
meta-search engines, have severe 
limitations. By some accounts, any one 
search engine will cover only 10-15% of the 
visible web, and even all the search engines 
working together will overlook what is 
known as the "deep web." The deep web 
consists of complex sites with many levels, 


who desires to rapidly scan external 
information sources without necessarily 
requesting a report. This browsing endeavor 
can often help the commander or staff 
principal reflect on their requirements and 
better articulate their next demands for 
finished OSINT. An Internet Link Table 
should generally be in the form of a Table, 


Ranking Link Source 

10 http://allafrica.com/libya/ All Africa News — Libya — Up-to-date news on Libya, in 
English and in French. 

10 http://memory.loc. gov/frd/cs/lytoc.html Library of Congress Libya Country Study — Excellent, in- 
depth country study 

10 http://members.aol.com/LibyaPage/ Libya Resources on the Internet — Excellent, comprehensive 
site, includes news, Qadhafi info, maps and satellite photos, 
military and intel, etc. 

10 http://www.un.int/libya/ The Permanent Mission of Libya to the UN Website — 
Includes press releases & statements, ambassador’s remarks 
and links. 

10 http://www.nfsl-libya.com/ The National Front for the Salvation of Libya - The NFSL is 
an opposition movement against the dictatorial regime of 
Qadhafi in Libya, and was formed in October 1981. 

8 http://www. libyamazigh.org/ Libyan Amazigh site. Contains info on Libya’s Amazigh 
(Berber) culture, language and history. 

8 http://www. libyaonline.com/index.html Libya Online Website — Contains basic facts about Libya, 
tourism, business, arts, literature and sports. 


Table 5 - Example of Internet Link Table 


many free and some by subscription, where 
search engines are simply ineffective. 
While some tools such as the affordable 
software programme Lexibot are available to 
assist in collection from the “deep web”, 
considerable time is spent in_ the 
identification and analysis of open sources 
relevant to the information requirement. For 
this reason, a major aspect of the OSINT 
support process is the skilled creation of 
Internet Link Tables that serve as a ready 
reference for the commander or staff officer 


such as is illustrated In Table 5 above. By 
using the Word Table feature, this allows the 
sorting of the information based on either 
the Rank or Weight assigned to the site, the 
URL or title of the site, or the description 
category of the site. Over time, as various 
NATO components cooperate and share 
Link Tables with other allies forces such as 
the various regional Joint Intelligence 
Centers, a very comprehensive directory of 
web resources, one that is tailored to 
NATO's needs, should emerge. 


Distance Learning 


The Internet, while rendering a major 
service to those who would like to share 
information efficiently and also interact 
inexpensively with diverse people all over 


the world, has also reduced the productivity 
of even experienced personnel. Constant 
interruptions and_ distractions through 
diversions to less important information are 
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core factors. For this reason, there is an 
urgent need for Distance Learning modules 
on all countries and topics that are of interest 
to NATO. The objective is to ensure that all 
new personnel, and especially new action 
officers, have an online resource that can 
serve as a sophisticated turnover file and 
reference point. This is also a place where 
unclassified biographic information can be 
made available, and where annual reviews 
of each country or topic can be placed. 


The U.S. Pacific command initiative known 
as the Virtual Information Center is an good 
example of this process. It can be accessed 


at www.vic-info.org. 
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Figure 14 - Homepage of US PACOM OSINT 
Centre 


Expert Forums 


A number of software programs exist with 
which to manage a variety of Expert 
Forums, including private teams with their 
own newsletters, calendars, and automated 
email alerts whenever new information is 
posted. One of the most popular is the Alta 
Vista Forum. One of the newest, with 
powerful security features, is offered by 
Groove Inc. (www.groove.net) and represents 
the emerging shift in communications and 
computing power away from centralized 
server farms toward what is known as "peer 
to peer” edge units. 


Expert Forums can be internal, external, or 
some combination of the two. Once experts 
have been identified, they may be invited to 
join the Expert Forum sponsored by any 
NATO element. This should be done with 
the understanding that they will contribute 
their time and insights on an occasional 
basis, in return for being granted access to 
the OSINT being produced by the NATO 
element sponsoring the Expert Forum. Such 
a forum can also be a place where individual 
experts "audition" for short-term consulting 
contracts and where the biographies of 
available efforts can be made available for 
anonymous review by potential NATO 
employers. 
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Expert Forums should consist of several 
parts, all of them of potentially great value 
to the NATO OSINT process. First, while it 
is possible to register anonymously for a 
forum, the greatest value comes from an 
open registration that includes a_ photo, 
biographic note, and complete contact 
information. Second, the forum will quickly 
self-organize, with a variety of topics to 
which an individual can not only contribute 
observations, but to which they can upload 
documents, images, even video. The 
flexibility and scalability of these forums 
cannot be overstated—but they do have one 
major flaw: at this time, it is not possible to 
apply visualization or other technologies to 
the varied contents of a forum—each item 
must be copied down to a master database 
first. 


Soon the technology will be available to 
index and _ abstract all information 
contributed to a forum, at which time the 
best of all worlds will be available: 
distributed experts able to cast a wide net, 
and a centralized "banking" function for 
information freely contributed by various 
parties. Third, the forum permits the rapid 
organization of private working groups, and 
offers calendar, newsletter, and other 


coordination features. Fourth and last, the 
forums can provide an automatic email alert 
to any member whenever new information is 


posted to a topic of interest to them, 
relieving them of the need to constantly 
check the forum site. 


SECTION F. DISSEMINATION AND EVALUATION 


Overview 


The major difference between OSINT and 
the other intelligence disciplines is that the 
latter are inherently classified: OSINT can 
be shared with anybody that the commander 
deems appropriate, without having to 
request security or political clearances. 


This makes it extraordinarily valuable in 
non-article V operations as well as in 
dealing with civil sector coalition partners— 
including NGO that traditionally distrust the 
military in general and _ intelligence 
professionals in particular. OSINT has 
become even more valuable in the 21" 
Century, as there has been a major change in 
the over-all C“I paradigm. 


As NATO continues to evolve and transform 
itself in response to the many new 
challenges, the importance of OSINT will 
continue to evolve. These new challenges 
include non-traditional non-military 
challenges requiring coordinated action with 
non-governmental and humanitarian relief 
organizations. 


OSINT appears to offer a very substantial 
advantage as a prime intelligence source and 
method with which to achieve consensus 
and a common understanding of the shared 
area of operations. 
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Figure 15 - Emerging Paradigm for Information Sharing 
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Dissemination Methods 


Once open source information has been 
developed into OSINT, it can _ be 
disseminated via the NATO WAN in a 
"push" mode, or it can be "pulled" off on 
demand. 


The limitations placed on its dissemination 
are based on the security policies of the 
organization producing it. While some 
OSINT products may be shared openly, 
others may provide details of interests or 
intentions and should therefore be restricted 
in their dissemination. The dissemination 
policy should be driven by the mission 
requirements. The approach should 
nonetheless be flexible to fully leverage the 
ability that the production of OSINT 
products provides for the engagement of 
non-NATO elements in security discussions 
or the development and dissemination of a 
common view of the operating area. 


Within the NATO Intelligence Architecture, 
options exist for the dissemination of 
OSINT products via the classified NATO 
WAN or directly through the Internet. The 
advantages of the NATO WAN are the 
direct access afforded to the operations and 
policy staffs at all levels, including deployed 
units, as well as the security afforded by the 
use of a classified system. The principal 
disadvantage of the NATO WAN for 
OSINT dissemination is the necessary 
separation of the products from their source 
material. Without a direct linkage between 
an OSINT product and the sources of 


information, the recipient is less able to drill 
deeper for additional information, reach the 
original author, or further evaluate the 
original sources of the information. 


Another option is the use of a Virtual Private 
Network (VPN). A VPN is a restricted 
community of interest that communicates on 
the Internet but use security safeguards to 
limit the access from others who are not 
members. By using a VPN, OSINT 
products can be accessed safely and with 
working links directly to the original source 
material. Link tables can also be maintained 
that enables the rapid collection of 
information. Other OSINT centres within 
NATO member countries have direct access 
to the Internet; few have access to the 
NATO WAN. A VPN provides the means 
with which to exchange OSINT products 
with other OSINT centres across NATO. 
Finally, the use of a VPN provides the 
means with which to disseminate OSINT 
products with non-NATO elements such as 
NGOs and other international organizations 
as mission requirements demand. 


For these reasons, exploring the feasibility 
and desirability of a VPN to support the 
NATO OSINT Initiative remains a priority. 
SACLANT has begun a trial VPN with the 
U.S. Open Source Information System 
(OSIS) to examine the viability of linking 
NATO OSINT production centres with U.S. 
OSINT holdings. 


Virtual Intelligence Community 


The NATO OSINT initiative is the first 
major multi-national OSINT initiative ever 
undertaken. While there is much still to 
learn from those member nations that 
adopted OSINT as an independent discipline 
in the 1990's, as well as from the emerging 
business intelligence community (such as 
represented by the Society of Competitive 
Intelligence Professionals at www.scip.org), 
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it is NATO that is leading in the 
establishment of formal doctrine and tables 
of organization and equipment specifically 
earmarked for OSINT. It is helpful, in 
contemplating this activity, to understand 
that there is a substantial but still fragmented 
community of interests with whom NATO 
could co-develop many OSINT initiatives. 
This community is illustrated in Figure 16. 


Policy Intelligence 


Law an 
Enforcement ate 
Intelligence s 


Mass & Niche Media Intelligence 


Citizen Intelligence--Intelligence “Minuteman” 


Basic, Advanced, & Corporate Education 


Figure 16 - Elements of a virtual 
intelligence community 


As commanders and their staff evaluate their 
needs for OSINT, and new methods as well 
as budget deficiencies, SCs and subordinate 
commands should seek to establish a 
constant process of interactive liaison with 
each of the elements of the "virtual 
intelligence community” shown here. In this 
fashion, NATO intelligence could benefit 
from a greater OSINT effort that cuts across 
bureaucratic and cultural boundaries, and 
leads to improved cost efficiencies and new 
forms of information sharing. 
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If your answer to the challenge is the same as follows; continue. If your answer is incorrect, 
review paragraph 3304 on determinant matrix for solving simultaneous linear equations before 
continuing. 


(Solution to matrixes) 


(a) 

“|= 2) - (4) (-7)) = 6 + 28 = 34 
ie ((3) (2) - (4) (-7)) =6 + 28 =3 
(b) 
ke = ((2) (-5) - (-3) (-8)) = -10 -24 = -34 


(c) 

| elles ((4) (-2) - (2) (-7)) = -8 +14 =6 
(d) 

7-6) = ((4) (-6) - (7) (9)) = -24 - 63 = -87 


3-57 


CHAPTER IV 
OSINT AND THE EMERGING FUTURE INTELLIGENCE 
ARCHITECTURE OF NATO 


SECTION A. BLENDING OSINT INTO THE ALL-SOURCE 
PROCESS 


Overview 


Apart from the importance of OSINT as a 
means of establishing consensus and a 
common view with external parties about 
the shared area of operations, OSINT is 
absolutely vital to the all-source intelligence 
process. OSINT provides the historical 
background information, the current 
political, economic, social, demographic, 
technical, natural, and geographic context 
for operations, critical _— personality 


—— 
— 


ALL-SOURCE ANALYSIS ==. 


—~S 


IMINT 
HUMINT 
SIGINT MASINT 


= 
—— 
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Cracks are shown in the OSINT foundation 
to emphasize that this vital element of the 
all-source intelligence process has been too 
long neglected. Following the publication 
of the Alliance’s Strategic Concept in April 
1999, OSINT is even more important. 
NATO, along with other international 
organizations, is now striving to understand 
ethnic conflict, water and food scarcity, 
mass migrations, the collapse of public 


— 
— 


OPEN SOURCE INTE. -LIGENCE 


OPEN SOURCE INFORMATION 


Figure 17 - Open Source - All-Source relationship 


information, and access to a wide variety of 
tactically useful information about 
infrastructure, terrain, and indigenous 
matters. The relationship between OSINT, 
the traditional collection disciplines, and all- 
source analysis is shown in Figure 17. 
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health across entire continents, transnational 
crime, and all of the small wars—and the 
potential threat of large wars—that remain a 
traditional responsibility. OSINT can and 
should be integrated into every aspect of the 
all-source process, from collection through 
production. 


Nations and NATO commands differ 
fundamentally in their approaches towards 
OSINT. Both begin with intelligence needs 
that lead to the generation of intelligence 
requirements. The approaches diverge at 
that point. While nations may use OSINT to 
guide classified collection, NATO rarely has 
classified collection means beyond the 
tactical level and those assets are largely 
restricted to theatres in which forces are 
already deployed. 


NATO commands can use OSINT-V to 
satisfy intelligence gaps for a large number 
of its intelligence needs. While nations are 
able to turn to classified intelligence 


their intelligence requirements themselves. 
The range of open sources now within reach 
of NATO intelligence staffs provides other 
options. 


The new Strategic Concept articulated a 
vision for the Alliance that is largely 
focused on non-traditional operating areas 
and transnational threats. The intelligence 
services of the NATO member countries are 
also struggling to deal with a similar 
problem set. These areas and interests, 
while not well covered by traditional 
intelligence production are well addressed in 
open sources. Rather than relying solely 
upon nations for intelligence products, 
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Figure 18 - Alternative Paradigms between NATO and National OSINT Approaches 


collection, NATO can and should use the 
OSINT process described as the first step in 
its collection process. Too often, NATO 
commands have defaulted to sending RFIs 
to nations rather than seeking first to address 
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NATO intelligence staffs should develop 
their own network of open sources as the 
starting point for the compilation of their 
intelligence assessments. 


Direction 


Open information sources are as easy for 
NATO leadership to access as they are for 
their intelligence staffs. No longer are 
intelligence staffs in a position to regulate 
the flow of relevant information to the 
commander or his staff. Virtually all 
decision-makers make regular use of open 


position to provide training and advice on 
the effective retrieval of information from 
open sources. An OSINT process should 
include the provision of validated 
information sources for each issue that 
affects the command. The provision of Link 
Tables as well as quality assessments of 


Figure 19 — Unique OSINT Requirements across the Conflict Spectrum 


sources to varying degrees. Knowledge of 
those sources routinely consulted by the 
staff principals is an important means with 
which to stay ahead of their intelligence 
needs. 


Rather than attempting to stem the use of 
open sources by the commander or his staff, 
an effective OSINT effort facilitates it. 
Intelligence staffs at both Strategic 
Commands (SCs) have access to specialized 
information retrieval tools and commercial 
sources. In addition, both SCs are in a 
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other information sources is an essential 


OSINT product. 


Typically, informed decision-makers make 
reasoned requests for intelligence. While 
not always the case, this statement generally 
holds true. With an appreciation for what is 
widely known, intelligence users will tend to 
restrict their requests to that information 
which they do not already have available to 
them. 


OSINT can support the direction phase of an 


all-source intelligence effort through 
discovery of an issue or providing context 
with which to understand issues. 


The intelligence problem varies depending 
on the nature of the issue being addressed, 
which elements of the staff are engaged and 
what degree of information is required. 
Figure 19 shows a representative range of 
information products that a robust OSINT 
capability can provide. 


Assuming an OSINT capability is in place in 
advance of a crisis, it is likely that the 
leadership will have had access to quality 
open source products prior to the onset of 


mission requirements. In that case informed 
RFIs can be expected. If there is no 
familiarity with the issue, decision-makers 
can be directed to either established OSINT 
products or open sources of information that 
can be made available through access to an 
information portal such as a VPN of another 
network. Finally, an OSINT collection 
effort can be initiated to quickly produce 
relevant background information. This 
immediate OSINT effort will quickly 
establish what is easily known about the 
subject and guide the priorities for classified 
collection and all-source production. 


Collection 


Within the intelligence cycle, the collection 
phase includes the translation of the 
intelligence need into a _ collection 
requirement, the definition of a collection 
strategy, the selection of the collection 
sources and the actual information 
collection. Open sources should be the first 
recourse in the collection process. OSINT 
saves money in reducing unnecessary 
classified collection. In a NATO context, it 
saves time as RFIs to nations require 
sufficient lead-time for them to be properly 
addressed. 


While open source information is not free, 
the costs pale in comparison to those of the 
classified collection disciplines. If open 
sources can be collected to produce an 
OSINT product that addresses completely or 
to a large degree the intelligence need, 
classified collection resources can be more 
effectively deployed elsewhere. 


While nations have classified collection 
capabilities, these are expensive and must 
always be used wisely. NATO has no 
tasking authority over national intelligence 
collection capabilities. Its reliance upon 
intelligence contributions from nations 
makes it incumbent upon its intelligence 
staffs to know what can be known without 
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technical collection. 


Open sources have always been used by 
intelligence organizations. Open sources 
have typically been referred to as collateral 
reporting. In fact, all single source 
intelligence disciplines refer to information 
provided by another intelligence discipline 
as collateral reporting. 


However, when this collateral reporting is 
maintained with a systematic disciplined 
approach as discussed in this OSINT 
Manual, the “collateral” grows in its own 
utility. Instead of being acquired once and 
used by one intelligence element, it is 
acquired once and applied across a broader 
range of the intelligence process from 


streamlining collection to increasing 
dissemination. 
OSINT’s four main contributions to 


classified collection are: tip-off for classified 
sources; targeting of those sources; context 
and validation to better understand material 
collected from classified sources, and; 
providing plausible cover to protect the 
classified source. 


Tip-off. 


Open sources are particularly well suited 
to providing tippers for other collection 
disciplines. The reduction in the 
number of denied areas since the end of 
the Cold War and the advent of cheap 
international transportation options have 
enabled greater media access than ever 
before. Internet NEWSGROUPS, wire 
services and other traditional print and 
broadcast media are all within the reach 
of anyone. 


The Internet remains a primary means 
with which to gain access to these 
sources. While traditional print and 
broadcast media are restricted in the 
amount of information that they can 
provide, the Internet has _ provided 
virtually limitless dissemination 
capabilities for information producers. 
Rather than the editor’s selection of 
stories, the Internet provides the means 
with which to gain access to all stories 
filed with all of the wire services 
depending on the degree of access that is 
purchased. 


A number of services provide news 
alerts that are either free of charge or 
low cost. Non-traditional sources of 
information include those who witness 
important events and who post messages 
on the Internet about what they have 
seen. While prone to disinformation, 
this is another source of information that 
must be evaluated like all others. Those 
who witness an event and publish on- 
line or forward emails to their 
communities of interest can provide the 
first indication of an event even before 
media publication. 


Targeting. 


While OSINT will often be able to 
address elements of an_ intelligence 
problem quickly and efficiently, OSINT 
will never invalidate the need for 
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classified collection capabilities. 


When intelligence gaps can be 
addressed without the need to task 
classified collection sources overall 
demand upon _ limited collection 
resources decreases. This permits 
concentration of effort on those issues 
that can only be discovered through 
classified collection. 


This model of complementary collection 
permits both open and classified sources 
to be optimized for a_ particular 
intelligence problem, while at the same 
time, affording the all-source analyst the 
ability to use the classified collection 


products to validate the OSINT 
products. 
Context/Validation. 


Supplemental open source reporting can 
provide the means with which to place 
classified reporting into context. 
Classified reporting, particularly current 
intelligence reporting, often fails to 
provide the necessary background 
information with which to tailor the 
information to the needs of the recipient 
or to explain the nuances of the 
situation. 


While imagery can provide knowledge 
of ships alongside piers, additional 
information from open sources can 
provide an understanding of the cargo 
that the port handles or the schedule of 
the ship. Similarly, UN reporting on 
agriculture production shortfalls in a 
particular country will give insight into 
population movements detected with 
national technical means. 


Plausible Cover. 


OSINT is particularly useful in 
protecting classified sources and 
methods. The discovery of an open 


source that corroborates classified 
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Figure 20 - Commercial imagery of San Diego 
naval base 


reporting may increase the releasability 
of the initial information by providing a 
plausible alternate source. This also has 
applicability to the staffing of requests 
for the sanitation of classified reporting. 


e A thorough understanding of 
information that is available in 
unclassified channels facilitates the 
discovery of plausible alternate sources 
to classified intelligence reporting. This 
ultimately increases the ability of 
intelligence staffs to release intelligence 
information to non-NATO elements 
within missions. 


Processing 


The objective of intelligence processing is 
the creation of an intelligence product that is 
value-added, actionable information tailored 
to a specific user. All-source analysis with 
its fusion of all relevant and validated 
sources of information remains the best 
means to convey intelligence to the user. 
This process includes both classified and 
OSINT reporting as appropriate. In most 
cases, NATO will serve as one element of 
an international crisis response. Experience 
has shown that these operations likely 
include the leading of a broader coalition 
alongside non-NATO troop contributing 
nations (NNTCNS). The processing of 
intelligence products to support the 
information needs of both the NATO-led 
force and the international response 
elements is greatly enhanced with a robust 
OSINT capability. 


Intelligence products can be prepared with a 
tear-line — classified intelligence restricted 
in its dissemination above the line and 
sanitized information that can be more 
broadly disseminated below the line. 


OSINT-V_ products can be _ produced 
specifically tailored for the broader coalition 
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audience but validated by the all-source 
process. During actual operations, the need 
to disseminate to non-NATO elements 
includes not only their operational forces, 
but also their political liaison elements at 
NATO headquarters in Brussels. 


Internationalization of 


Operations 


ATO 


Figure 21 - Nature of international operations 


The maintenance of information sources that 
can be disseminated outside of NATO 
channels can often prove essential to both 
establishing a common view of the operating 
area and initiating an exchange with other 
entities that can contribute to the 
understanding of an issue. 


Dissemination 


As stated earlier, OSINT is itself optimized 
for dissemination through VPNs. _ This 
enables ready access to the original source 
material, direct interaction with other related 
open sources and access to other OSINT 
producers. 


The dissemination of OSINT products as 
stand-alone intelligence products on 
classified systems should also be 
encouraged. OSINT as either stand alone 
products or as collateral reporting adds to 
the body of knowledge on a particular issue. 
Intelligence staffs at all levels should be able 
to benefit from the effort put into their 
production. It is rare that all subordinate 
commands will have access to every 
intelligence system. Thus, efforts should be 
made to ensure that products are available 
on all intelligence dissemination systems as 
security constraints permit. 
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Typically, the lower the classification of an 
intelligence product the wider is its uses. If 
decision-makers are able to leave their 
offices with an intelligence product, it is 
more likely that it will receive undisturbed 
attention. OSINT products provide the 
means to place high quality low- 
classification or unclassified products in the 
hands of intelligence users. This is only 
possible if they are disseminated on systems 
typically used to deliver other forms of 
intelligence. 


The objectives of a robust OSINT capability 
should be to increase the range of 
information available to intelligence users 
and to facilitate interaction with non-NATO 
elements as appropriate. The dissemination 
options developed should seek to achieve 
these two objectives. 


APPENDIX A: GENERAL REFERENCE LINK TABLE 


World Ports 

United Nations 

CIA World Factbook 
Quick Maps 

CNN Video Select 
The Place For Maps 
Map Quest 
Expidia.com 

Media Maps.com 


NBC Daily 
Bloomberg 
MSNBC 

CNN Videoselect 
Fox News 

BBC Monitoring 
BBC NEWS 

CBS NEWS 
CNBC Dow Jones 
Business Video 
CNET Today 
ABC News 

CNN 

The Sunday Times 
News Now 1401 
MSN News 

Real Radio 
ABCNews 
Business Journal 
Fox News 
International News 
AJR News Link 
ITN News British 
The World News 
Out There News 
CNN International 
The Times 

LA Times 
Jerusalem Post 
Belfast News 


The Washington Post 
South China Morning Post 


The Japan Times 
Yahoo 

The CNET Channel 
The Wall Street 


United Nations High 


Commission For Refugees 


Weapons Of 
Mass Destruction 
Terrorism Research 


Maps: 


http://www.world-ports.com/ 
http://www.un.org/peace/kosovo/pages/kosovo1.shtml 
http://www.odci.gov/cia/publications/factbook/indexgeo.html 
http://www.theodora.com/maps/abc_world_maps.html 
http://europe.cnn.com/video/netshow/ 
http://www.maps.com/?AID=41 160&PID=186662 
http://www.mapquest.com/ 
http://www.expedia.com/pub/Agent 

http://media.maps.com 


News: 


http://www.nbc.com/ 

http://www.bloomberg.com 

http://www.msnbc.com 

http://europe.cnn.com 

http://www.foxnews.com 

http://news.monitor.bbc.co.uk/ 

http://news.bbc.co.uk/ 
http://www.cbs.com/daytime/bb/show_update/update.shtml 


http://cnbcdowjones.com/msnbc 
http://news.cnet.com 

http://abc.go.com 

http://www.cnn.com 

http://www. information-britain,co.uk/news.sundaytimes.htm" 
http://www.newsnow.co.uk/ 
http://www.msn.com 
http://realguide.real.com/tuner/? 
http://abcnews.go.com/ 
http://business.netscape.com/business/main.tmpl 
http://www.foxnews.com/ 
http://www.internationalnews.com/ 
http://ajr.newslink.org/ 

http://www.itn.co.uk/ 

http://www.theworld.org/ 
http://www.megastories.com/index.shtml 
http://europe.cnn.com/CNNI/ 
http://www.thetimes.co.uk/ 
http://www.latimes.com/ 

http://www.jpost.com/ 
http://www.belfasttelegraph.co.uk/index.shtml 
http://www.washingtonpost.com/ 
http://www.scmp.com/ 
http://www.japantimes.co.jp/ 
http://www.yahoo.com 
htip://channel.cnet.com/Channel/Intro/index.htm 
http://interactive.wsj.com/ie4intro/index.htm 


Conflict: 
http://www.unhcr.org 


http://www.fas.org/irp/threat/wmd_state.htm 
http://www.terrorism.com/index.shtml 
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Counter Terrorism 
Intelligence Net 


http://www.state.gov/www/global/terrorism/ 
http://www.intellnet.com 


Federation of American Scientist http://www.fas.org 


War Information 

China's Military Developments 
Kosovo Info 

Institute for Global 
Communications 

Anti War Home Page 
Missle, Threats & Response 
Modern Day Piracy 

KORB Marine Links 

Piracy Centre 

The Panama Canal 

Royal Australian Navy Sites 
Royal Navy Association 


CIA World Factbook 

Geo Spatial Information 
Geographic Learning Site 
Association For Geographical 
Information 

Salam Iran 

Limes Geo review 


Britannica 

Dictionary 

Every Rule 

FBIS 

Central Intelligence Agency 
Indian Naval Review 


http://www.psycom.net/iwar.1.html 
http://www.commw.org 
http://perso.respublica.fr/infokosovo/ 


http://www.igc.org 
http://www.nonviolence.org/archivedsites/iraq/ 
http://www.cdiss.org/tempor1.htm 
http://www.geocities.com/Tokyo/Garden/5213/modern.htm 
http://www.pg.gda.pl/~korab/kor_Ink.html 
http://www.iccwbo.org/ccs/menu_imb_piracy.asp 
http://www.pancanal.com/eng/index.html 

http://www. navy.gov.au/html/links.htm 

http://www. royal-naval-association.co.uk/page6.htm 


Regional Information: 


http://www.odci.gov/cia/publications/factbook/indexgeo.html 
http://www.geoplace.com/ 
http://geography.state.gov/htmls/plugin.html 


http://www.agi.org.uk/ 
http://www.salamiran.org/IranInfo/General/Geography/ 
http://www.limesonline.com/doc.navigation 


Reference: 


http://britannica.com/ 

http://Dictionary.com 

http://Everyrule.com 

http://199.221.15.211/ 

http://www.cia.gov/ 
http://www.janes.com/defence/naval_forces/gallery 


Bureau for International Narcotics 


and Law Enforcement Affairs 
Archive Site for State 
Department information 
Naval Technology 

Janes Naval Forces 
Encyclopedia 

World Fact Book 

The Intelligence Community 
One World 

Yahoo 

Lloyds List 

Ask Oxford 

(WMD) Weapons Of Mass 
Destruction 

Incident Response 
Conference For 

Middle East Peace 


http://www.state.gov/www/global/narcotics_law/ 


http://www.state.gov/index.html 
http://www.naval-technology.com/index.html 
http://www.janes.com/defence/naval_forces/index.shtml 
http://Libraryspot.com 

http://Worldfactbook.com 

http://www.odci.gov/ic/ 

http://www.oneworld.net/ 

http://www.yahoo.com 

http://www.lloydslist.com 

http://www.askoxford.com/ 


http://www.fas.org/irp/threat/wmd_state.htm 
http://www.lInI.gov/nai/rdiv/rdiv.html 


http://www.cmep.com/ 


44 


APPENDIX B: 


TRAINING LINK TABLE 


Below are a few of the essential references that are available online. Please note that the 
NATO guide Intelligence Exploitation of the Internet is also available online at the 
SACLANT Intelligence homepage on the NATO WAN. This publication is regularly 
updated with the best resources available to guide in the use search strategies and tools to 
exploit open sources available on the Internet. The Open Source Intelligence Proceedings 
include over 5,000 pages from over 500 international authorities including the (then) 
Director General of the International Red Cross and many other European and Asian 
experts, and comprise the "information commons" on the state of the art for open source 


intelligence. 


OSINT Presentation to SHAPE/PfP Flags 


http://www.oss.net/Papers/white/SHAPE. ppt 


Information & Intelligence Bibliography 


http://www.oss.net/Papers/white/23- 
Bibliography Annotated.rtf 


Eight Self-Paced OSINT Lesson Plans 


http://www.oss.net/DispFrame.html?Papers/training/in 
dex.html 


Creating an OSINT Cell (DIA Report) 


http://www.oss.net/DispFrame.html?Papers/white/DI 
AReport.html 


Business Intelligence Primer (1994) 


http://www.oss.net/DispFrame.html?Papers/white/TH 
ETHEORYANDPRACTICEOFCOMPETITORINTE 
LLIGENCE. html 


Open Source Intelligence Proceedings 


http://www.oss.net/Proceed.html 


Index to OSINT Proceedings 


http://www.oss.net/Papers/white/index.rtf 


OSINT and the Military 


http://www.oss.net/Proceedings/95 Voll/aab0aw.html 


Canadian Intelligence Studies 


http://www.sfu.ca/igs/CASIS/ 


Come Back Alive "Ground Truth" 


www.comebackalive.com/df/index.htm 


Future of Intelligence 


www.future-intel. it 


History of Intelligence 


http://intelligence-history. wiso.uni-erlangen.de 


Intelligence Resource Program 


http://www.fas.org/irp/index.html 


Links to International Media 


http://www.esperanto.se/kiosk/index.html 


Literature of Intelligence 


http://intellit. muskingum.edu 


Open Directory Project 


http://dmoz.org/ 


Strategic Intelligence 


http://www.loyola.edu/dept/politics/intel.html 


Form for Evaluating the Value of Web Pages 


http://www.lib.berkeley.edu/TeachingLib/Guides/Inter 
net/EvalForm.pdf 


Internet Training Course by Russ Haynal 


http://navigators.com/fbis.html 


Berkeley University Tutorial for Finding 
Information on the Internet 


http://www.lib.berkeley.edu/TeachingLib/Guides/Inter 
net/FindInfo.html 


Search Techniques for the Invisible Web 


http://www.lib.berkeley.edu/TeachingLib/Guides/Inter 
net/InvisibleWeb.html#Table 


Techniques for “Searching Upstream” 


http://websearch.about.com/library/weekly/aa061101la 
-htm?once=true& 
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Now that you know the procedure for finding the determinant denominator, you are ready to set 
up the matrix for the numerator. To solve for the literal "a" on the top of the matrix, place the 
sign and numerical coefficient for the literal "b" and replace the literal "a" numerical coefficients 
with the independent values. You will do the opposite operation when you are solving for the 
literal "b." Remember, the same rules apply to diagonal multiplication in the numerator as you 
applied it with the denominator. Study the two examples shown explaining the procedures. 


Examples: 
3a+3b=12 
Sa—2b=6 
ab ab 
12 3 212 
6-2} ((12) (-2)) - (©) (3) 56} ((3) (6))-(G) (2) 
a — a = — 
33 (3) ¢2)) - (GB) GB) -21 -21 
5 -2 
HG 2Ay = (18) fe (18) - (60) 
(6) - (15) 21 
-24- 18 18 - 60 
a= —— b= —— 
-6 - 15 -21 
-42 -42 
eae) aay 
a= 2 b = 2 
Note: Since the denominator is a product of the coefficients of both literal and does 


won 


not change whether you are solving for "a" or "b," the denominator does not 
change as shown in the second part of the example. 
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APPENDIX C: CATEGORIES OF MISPERCEPTION AND BIAS 


Evoked-Set Reasoning: That information and concern, which dominates one's thinking based on prior 
experience. One tends to uncritically relate new information to past or current dominant concerns. 


Prematurely Formed Views: These spring from a desire for simplicity and stability, and lead to premature 
closure in the consideration of a problem. 


Presumption that Support for One Hypothesis Disconfirms Others: Evidence that is consistent with 
one's preexisting beliefs is allowed to disconfirm other views. Rapid closure in the consideration of an issue 
is a problem. 


Inappropriate Analogies: Perception that an event is analogous to past events based on inadequate 
consideration of concepts or facts or irrelevant criteria. Bias of "Representativeness". 


Superficial Lessons From History: Uncritical analysis of concepts or event, superficial causality, over- 
generalization of obvious factors, inappropriate extrapolation from past success or failure. 


Presumption of Unitary Action by Organizations: Perception that behavior of others is more planned, 
centralized, and coordinated than it really is. Dismisses accident and chaos. Ignores misperceptions of 
others. Fundamental attribution error possibly caused by cultural bias. 


Organizational parochialism: Selective focus or rigid adherence to prior judgments based on 
organizational norms or loyalties. Can result from functional specialization. Groupthink or stereotypical 
thinking. 


Excessive Secrecy (Compartmentation): Over-narrow reliance on selected evidence. Based on concern 
for operational security. Narrows consideration of alternative views. Can result from or caused 
organizational parochialism. 


Lack of Empathy: Undeveloped capacity to understand others' perception of their world, their conception 
of their role in that world, and their definition of their interests. Difference in cognitive contexts. 


Mirror-Imaging: Perceiving others as one perceives oneself. Basis is ethnocentrism. Facilitated by closed 
systems and parochialism. 


Ignorance: Lack of knowledge. Can result from prior-limited priorities or lack of curiosity, perhaps based 
on ethnocentrism, parochialism, and denial of reality, rational-actor hypothesis (see next entry). 


Rational-Actor Hypothesis: Assumption that others will act in a "rational" manner based on one's own 
rational reference. Results from ethnocentrism, mirror imaging, or ignorance. 


Denial of Rationality: Attribution of irrationality to others who are perceived to act outside the bounds of 
one's own standards of behavior or decision making. Opposite of rational-actor hypothesis. Can result from 
ignorance, mirror imaging, parochialism, or ethnocentrism. 


Proportionality Bias: Expectation that the adversary will expend efforts proportionate to the ends he 
seeks. Interference about the intentions of others from costs and consequences of actions they initiate. 


Willful Disregard of New Evidence: Rejection of information that conflicts with already-held beliefs. 
Results from prior commitments, and/or excessive pursuit of consistency. 


Image and Self-Image: Perception of what has been, is, will be, or should be (image as subset of belief 


system). Both inward-directed (self-image) and outward-directed (image). Both often influenced by self- 
absorption and ethnocentrism. 
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Defensive Avoidance: Refusal to perceive and understand extremely threatening stimuli. Need to avoid 
painful choices. Leads to wishful thinking. 


Overconfidence in Subjective Estimates: Optimistic bias in assessment. Can result from premature or 
rapid closure of consideration, or ignorance. 


Wishful Thinking (Pollyanna Complex): Hyper-credulity. Excessive optimism born of smugness and 
overconfidence. 


Best-Case Analysis: Optimistic assessment based on cognitive predisposition and general beliefs of how 
others are likely to behave, or in support of personal or organizational interests or policy preferences. 


Conservatism in Probability Estimation: In a desire to avoid risk, tendency to avoid estimating 
extremely high or extremely low probabilities. Routine thinking. Inclination to judge new phenomena in 
light of past experience, to miss essentially novel situational elements, or failure to reexamine established 
tenets. Tendency to seek confirmation of prior held beliefs. 


Worst-Case Analysis (Cassandra Complex): Excessive skepticism. Reflects pessimism and extreme 


caution, based on predilection (cognitive predisposition), adverse past experience, or on support of personal 
or organizational interest or policy preferences. 


Source: Lisa Krizan. Intelligence Essential for Everyone. Washington D.C. Joint Military Intelligence 
College, June 1999. 
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APPENDIX D. LIST OF ABBREVIATIONS 


AIIB — Association of Independent Information Brokers 
AOO - Area of Operations 

API - Application Program Interfaces 

BBC - British Broadcasting Corporation 

COSPO - Community Open Source Program Office 
KEI - Essential Elements of Information 

FBIS - Foreign Broadcast Information Service 
ICRC - The International Committee of the Red Cross 
ISPs - Internet Service Providers 

MCCIS — Maritime Command and Control Information System 
NATO - North Atlantic Treaty Organization 

NDA - Non-Disclosure Agreements 

NGO - Non-Governmental Organization 

NNTCNS - Non-NATO troop contributing nations 
OPSEC - Operational Security 

OSIF - Open Source Information 

OSINT - Open Source Intelligence 

OSO - Open Source Officers 

PfP - Partnership for Peace 

RFI - Requests for Information 

SACEUR - Supreme Allied Commander, Europe 
SACLANT - Supreme Allied Commander, Atlantic 
SAR - Synthetic Aperture Radar 

SC - Strategic Commands 

SCI - Science Citation Index 

SME - Subject-Matter Experts 

SSCI - Social Science Citation Index 

STN - Scientific and Technical Network 

UN - United Nations 

VPN- Virtual Private Network 

WEU - Western European Union 
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FEEDBACK 


This manual is intended to be a living document. It represents the first attempt by NATO 
to place OSINT within the broader context of intelligence efforts. The intention is to 
subject this publication to regular review and updating to reflect new sources and 
methods for open source exploitation. 


As such, feedback is welcome in any form. Comments, amendments, additions or errors 
can be reported either with the form below or via email to rsc@saclant.nato.int. 


Name: 


Parent Command: 


Telephone number: 


Email address: 


Comment: 

Fax to: HC-310 
SACLANT Intelligence Branch 
Norfolk, VA 


757-445-3572 
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INTRODUCTION 


INTRODUCTION TO THE NATO OSINT READER 


This publication supplements the NATO Open Source Intelligence Handbook, published in 
November 2001, which provided preliminary information on the subject of Open Source 
Intelligence (OSINT). The NATO OSINT Reader, a focused collection of articles and 
reference materials by worldwide experts, is designed to give commanders and their staffs the 
theoretical, historical, practical, and international background necessary to understand how 
this discipline has evolved. The increasingly robust array of open sources available enables 
commanders to attempt to satisfy some of their information requirements themselves rather 
than resorting to directing Requests for Information (RFIs) elsewhere. 


The NATO OSINT Reader provides comprehensive information and various perspectives on 
OSINT, including: 


e Expositions as to what OSINT is and why it is so important to the 
military forces of today and tomorrow; 

e The theoretical framework of collecting, analyzing, and reporting 
OSINT information; 

e The history of OSINT, particularly as practiced by the NATO nations; 

e The application of OSINT to real-world situations both current and 
future as well as historical; 

e International views of OSINT, including but not limited to the views of 
NATO members; and 

e References for further reading and study. 


The NATO OSINT Reader has been prepared by the staff of the Supreme Allied Commander, 
Atlantic, Intelligence Branch in collaboration with staff from the Supreme Allied Command, 
Europe (SACEUR), and the original sponsor for most of these articles, Open Source 
Solutions Inc. The Reader and the Handbook will be supplemented by a third companion 
document, /ntelligence Exploitation of the Internet. The information in this trilogy is relevant 
to all NATO commands, task forces, member nations, civil-military committees and working 
groups, and such other organizations that may be planning or engaged in combined joint 
operations. 


— 


F. M. P. ’t HART 
Rear Admiral, Netherlands Navy 
Assistant Chief of Staff, Strategy 


OPEN SOURCE INTELLIGENCE: 
THE CHALLENGE FOR NATO 


Commodore Patrick Tyrrell OBE MA LL.B Royal Navy 
Commander, Defence Intelligence and Security School, UK 
mailto:patricktyrrellm@cs.com 


The dramatic changes in the strategic environment have had profound effects on the way in 
which NATO conducts its business. Indeed, the changes have altered the very nature of the 
business in which the Alliance is involved. The most obvious of these is the incorporation of 
the first three new members of the Alliance for 16 years and the development of the 
Partnership for Peace initiative. The shift away from the military focus of the Alliance in the 
days of the Cold War towards a more politically astute and centred organisation was started 
by Secretary Baker in 1989 when he called upon the Alliance to look towards helping set the 
new agendas for Europe in the 1990s. At the same time, there have been a proliferation of 
requirements for intelligence support that are inherently non-traditional; including the 
readjustment of borders, the study of new migrations, concerns over environmental threats 
and the need to collect and analyses at the social and economic levels. 


Change is never an easy bedfellow and sixteen sovereign nations often have widely differing 
national interests. The Palmerstonian Doctrine still holds sway in today’s strategic 
environment! and the concept of “realpolitik” will mean that such national interests will 
continue to dictate how nations conduct themselves both in private and on the world stage. 
International organisations like NATO and the UN have provided a forum for nations to be 
able to develop common approaches to common problems but I still see the attitude of one 
British Trades Union leader who, during a dispute, was heard to remark: “7 shall negotiate, 
but never compromise”. Despite this requirement to achieve consensus and the painfully 
slow process at times, NATO has made major strides in restructuring and reorganising itself 
in preparation for the welcoming of new members. There is, however, a clear need to 
develop a common view of the joint or coalition operating environment if co-operative efforts 
are to succeed. 


One of the most sensitive areas of any military alliance is that of the collection, analysis and 
dissemination of intelligence. _NATO’s intelligence structure relies primarily upon 
intelligence inputs from member nations with only a limited capability, especially in peace- 
time, for the generation of its own raw data. As such, the NATO intelligence baseline and its 
standard operating procedures are all centred on a highly classified basis and often exclude 
unclassified, open sources of intelligence, including commercial imagery. 


The concept of an “information revolution” has been well developed over the past decade. It 
is a result of this revolution is that it has allowed us to gain access to unparalleled quantities 
of data and to retrieve, manipulate, sort, filter, interrogate, digest, plagiarise, and generally 
bend it to our bidding. Reality is somewhat removed from this in that much of the available 


' Palmerstone’s speech to the House of Commons, 1 March 1848: “We have no 
eternal allies, and we have no perpetual enemies. Our interests are eternal, and those 
interests it is our duty to follow” 


information remains in a format that is not susceptible to digital manipulation, and the search 
engines are often only as good as the operators who manage them. However, modern 
technology clearly gives us a tremendously powerful tool with which to conduct information 
analysis. The revolution has been spurred by the simultaneous collapse of the bi-polar world 
and the freeing of much data, formerly held as classified. Within this vast “cyberstore” of 
information there will be much that is inaccurate, irrelevant or, simply, out-of-date. It was 
the veteran US journalist, John Lawton, who in 1995 said: “Jt is the irony of the Information 
Age, that it has given new respectability to uninformed opinion”. It is very tempting to 
believe that all that scrolls before you on your screen is a quality product! 


The revolution, so far, is, essentially, a technical revolution with the development of cheap 
yet fast computer systems capable of achieving the storage capacities and speeds necessary to 
search through vast quantities of data. There is, however, a necessary corollary, and that is 
the development of the human skills necessary to the effective use of the information tools. 
This is more than the ability to “surf the net” and to access on-line databases. It requires an 
understanding of the subject matter, the techniques relating to computer searches, the ability 
to make use of an increasing array of sophisticated data-mining techniques, an understanding 
of where information is likely to be and how to obtain it even if it is not digitally stored in an 
appropriate database. Perhaps most importantly, the revolution requires dramatic changes in 
culture, security, and procurement precepts such that the role of the intelligence analyst 
changes. As the former Deputy Director of Central Intelligence Agency noted at a recent 
international conference on open source intelligence, the analyst must now “know who 
knows” and be able to identify, task and interact with subject matter experts outside the 
intelligence community, most of whom do not hold traditional clearances. 


Intelligence Skills: 


The traditional view of intelligence communities is that they are already aware of the uses 
(and abuses) of open source material. What has changed, however, is the quantity and quality 
of available, unclassified material. Many of the skills required of the information mining 
engineer are those already inculcated in the intelligence analyst. The ability to comprehend 
the overall problem, whether at the tactical or strategic level, is an essential prerequisite for 
designing an appropriate search policy. The analytical skills allow him to filter the irrelevant, 
identify the valid and discard the inaccurate. It is important that analysis skills are not 
considered to be synonymous with searcher or librarian skills, however; the information 
miner must be able to understand where the unclassified information fits into the broad 
picture. This will demand access to all source data, including where necessary to classified 
sources. It is this breadth of vision which must be developed if the analyst is not to be 
myopic in outlook. 


Sources of intelligence: 


Traditionally, intelligence services have concentrated on classified sources for their analysis. 
It is true that they have always relied on identifying unclassified sources to provide 
verisimilitude to the classified product, but the emphasis has remained on the provision of a 
classified report, issued to those suitably cleared to receive it. In the past, information has 
been classified either to protect its source or its subject matter. As we approach the 
millennium, traditional intelligence principles are being turned upside down. As noted by 
Hugh Smith and cited by Sir David Ramsbotham, “IJntelligence (for coalition and UN 
operations) will have to be based on information that is collected by overt means, that is, by 


Try the following challenge. Check your work to ensure your solutions are correct before 
checking your solutions against those given. 


(Solve the following equations using the determinant matrix) 


(a) (b) 
m—-8o@=0 3z—-2R=7 
m+0=45 z+2R=5 


If your answers to the equations in the challenge are the same as the following, you are correct. 
Continue. If your answers are incorrect, review paragraph 3304 on determinant matrix for 
solving simultaneous linear equations before continuing. 
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methods that do not threaten the target state or group and do not compromise the integrity or 
impartiality of the UN (or NATO)”. 


The development of modern information systems has also made much of the material, 
formerly only available from classified sources, readily accessible to any who wish to seek 
for it. Overhead imagery, for example, is now being supplied from commercial sources for a 
number of non-military tasks including land use, planning, exploration, etc. The resolution of 
these systems is already good enough for a number of military applications. 


Open Source information: 


As we have seen, not all the available open source information is conveniently available on 
interconnected computer systems. Much remains in archives, libraries and other repositories; 
some is available only on request from government sources and some is in private 
collections. Availability of information, or at least the ability to access it, is not always 
international and can only be obtained by someone located in the vicinity of the data. 
According to US studies, some 80% of what a commander requires, is neither digital in 
format, in English or, often, unpublished. It will be up to the subject matter expert to bring 
these inchoate sources into a coherent product. 


Open source data is increasingly important to support the intelligence function. The 
increasing ability to successfully mine data from a large, incoherent series of sources, allows 
analysts to build up detailed composite pictures of their area of interest. Open source analysis 
is not a substitute for the traditional classified work, the analyst can use the open source view 
to be able to ascertain what addition information might be required on a particular subject 
and, having identified the gaps in his knowledge, task the increasingly scarce resources to 
target those gaps with whatever tools may be appropriate. Essentially, open sources provide 
for the foundation for classified collection management, while also providing the context and, 
importantly from the intelligence perspective, sometimes providing cover for classified 
sources and methods and often giving evidence as to where new classified studies might be 
best targeted. 


NATO/PfP Requirements: 


NATO and the Partners for Peace need to be able to build up a degree of mutual trust and 
compatibility if the PfP process is to succeed, particularly in the case of Russia. There are 
few areas as sensitive as the intelligence arena and co-operation in such areas would provide 
a strong confidence building measure and enhance stability. The new high-level councils, 
including the recently formed Permanent Joint Council (PJC), will require supporting by a 
suitable formed intelligence group. Although, as in the past, national intelligence capability 
can provide an input to individual delegations, the Alliance itself will require independent 
advice. This can be provided by the existing NATO intelligence staff but would be 
considerably enhanced if there were to be a NATO/PfP open source facility, working jointly 
with the existing NATO staffs. 


Open Source Programme: 


Within the NATO/PfP Open Source Programme, there would be a separate and distinct 
NATO/PfP Open Source Bureau of modest proportions, specifically tasked with the 


acquisition and analysis of information in support of the NATO/PfP secretariats, made up of 
personnel seconded from all participating nations. There are three potential options: 


e establish a “virtual” bureau based on national intelligence staffs operating from 
their respective national capitals. This is a “ Federated Bureau”. 

e establish a single NATO/PfP bureau at one location fully staffed by a 
representative group of all member nations. This is a “Central Bureau”. 

e Composite bureau of nationally based staff with a co-ordination group centrally 
located. This is a““NATO Web”. 


The role of the programme, however formed, would be to provide, both on demand and as a 
routine service, high quality and reliable access to unclassified material. Within the current 
NATO nations, unclassified material has always been relatively easy to procure. A distinct 
advantage to NATO will be to have access to those databases and archive which, hitherto, 
have not been readily available from the PfP nations. The programme would make effective 
use of existing commercial service providers as well as those of individual member nations. 
Although the programme will demand highly trained personnel, there is no necessity for the 
programme to come under the direct control of the intelligence staffs. The intelligence staffs 
will, undoubtedly, be customers for the product but they will only be one of several potential 
customers. The bureau will be equipped to handle a wide range of queries, many of which 
will be easily answered with reference to on-line sources for NATO and PfP staff officers, 
military headquarters and component commands. Access would be via telephone, fax, and e- 
mail with clear performance targets to be met. The depth of expertise required will increase 
depending upon the level of service being provided: 


e Periodic awareness service - single page digests on demand 

e Search and retrieval - including use of commercial databases 

e Primary in-depth research with the identification of appropriate subject matter 
expertise to meet the customer’s requirement 

e Strategic forecasting, including that for scientific and technical trends. 


The importance of commercial imagery as a foundation for a common operational 
appreciation cannot be understated. For a relatively modest outlay, commercial imagery 
could be acquired which would have considerable utility both within NATO and in member 
nations. The imagery currently available can readily create the 1:50 combat charts which do 
not exist for much of the region today, as well as providing for the provision of precision 
munitions targeting information and for three-dimensional, interactive, flight mission 
rehearsals. 


The function of the programme would be to provide what one commentator has described as 
“just enough, just in time” intelligence, clearly focused upon the customer’s requirements. It 
would be designed from the outset to add value to information available to Alliance and 
national decision makers. In some cases, where the query is complex or the customer is a 
high priority one, there may be a requirement to provide what would, in commercial terms be 
an account manager whose task would be to act as an interlocutor between the customer and 
the programme information staffs. His role would be to assist the customer in focusing his 
requirements and in the management of the subsequent search and retrieval. 


Implementation: 


The cost of implementing such a programme is considered to be modest. Much of the 
required interconnectivity is already in place between the respective capitals and the NATO 
HQ. The three options would provide for a range of staff costs depending upon whether the 
programme was set up as a single site entity or as an interconnected, federated system of 
cells. The advantage of the former is that the members of the programme are clearly linked 
as a team but the federated solution may allow for better insinuation of the individual open 
source programme cells with their respective parenting organisation within each nation. This 
could be augmented by the provision of a co-ordination staff at a convenient site and the use 
of exchange personnel between the national cells. 


There would be a requirement to train the programme staff to a common standard to ensure 
that all participating nations could contribute fully to the activities of the organisation. 
Training needs analysis would nee to be done to support not only the initial training 
requirements but also the longer-term needs of the programme. The DISS at Chicksands in 
the UK is one of several places where such training could be given. 


The provision of such a bureau need not necessarily be a NATO/PfP owned facility: out 
sourcing of the organisation would save start-up costs and transfer risk to the private sector. 
The programme would then charge NATO and PfP nations for their services with clear 
performance criteria laid down for the delivery of the product. This would have the 
additional advantage of further distancing national intelligence staffs from the provision of 
the service and, inter alia, allow them to concentrate on their primary functions. It would be 
important that any selected company would be required to select staff from all participating 
nations, especially those of the PfP, to ensure the continued national commitment to the 
overall programme. As an interim alternative, a small contract could be let for the provision 
of specific open source intelligence products to the NATO/PfP programme. The core value 
of this programme, however, is the creation of a shared NATO/PfP open source intelligence 
architecture with interoperable hardware and software. To achieve this ultimate goal, 
however, will require this programme to be fully integrated into the C4 planning and resource 
management aspects of NATO and be fully supported by all members of the Alliance. 


The key posts in this organisation would be at the senior management level; the director of 
the programme would have to be chosen for his vision, intellect and management capabilities 
rather than for the “cut of his cloth”. It would be essential that these key personnel had the 
full support of the NATO/PfP Board. Initially, no more than six full time civilian members 
are envisioned, with additional staff provided from member nations’ military and civilian 
personnel. Such an Open Source Programme will give a positive, relevant and productive 
core capability, able to be developed further as the participating nations become more used to 
sharing information. It will have important implications for future coalition operations 
whether composed of NATO/PfP or of a wider range of nations. It represents a single, 
positive step to engender trust, cooperation and confidence between Alliance and PfP 
members and also gives important skills to their intelligence staffs as we approach the 
information millennium. 


Conclusions: 


e Open Source programme for NATO is viable option for NATO/PfP 


Open Source programme would provide a significant confidence building measure 
for PfP nations 

An open source programme will allow PfP and candidate nations to participate at 
an early stage in the intelligence process within the Alliance 

An open source facility is complementary to existing intelligence functions and 
will allow the traditional NATO intelligence community to concentrate on other 
core skills 

The ability to acquire and exploit commercial imagery and external subject matter 
expertise will assist in the development of a clearer understanding of the joint 
NATO/PfP operational environment 

Open source analysis uses traditional intelligence analytical skills, although some 
additional talents are required to ensure effective and rapid retrieval of data 

There would need to be an assessment of the validity of the product 

Training of personnel for such a programme can be easily developed and 
conducted at a number of places of excellence throughout the Alliance 

The programme would provide 24 hour access to NATO and national staffs with 
specific “customer” targets established in relation to the delivery of the required 
analysis 

The entire operation could be undertaken by a commercial provider but the 
involvement of staff from all member nations would be an important consideration 


THEORY AND HISTORY OF OSINT 


UNDERSTANDING OPEN SOURCES 


Eliot A. Jardines, Open Source Publishing Inc., http://www.osint.org/ 
Excerpt from “Open Source Exploitation: A Guide For Intelligence Analysts”, 
produced by Open Source Publishing Inc. for the Joint Military 
Intelligence Training Center (JMITC) 


Open Sources Defined 


The Intelligence Community has an official definition for open source information. It is 
contained in a Director of Central Intelligence Directive (DCID) which established the 
Community Open Source Program Office, effective 1 March 1994. The definition is: 


Open source information for purposes of this directive is publicly available information (i.e., 
any member of the public could lawfully obtain the information by request or observation), as 
well as other unclassified information that has limited public distribution or access. Open 
source information also includes any information that may be used in an unclassified context 
without compromising national security or intelligence sources and methods. If the 
information is not publicly available, certain legal requirements relating to collection, 
retention, and dissemination may apply.(1) 


An important subset of open source information is called Grey Literature. The Interagency 
Grey Literature Working Group (IGLWG) is defined as follows: 


Grey literature, regardless of media, can include, but is not limited to, research reports, 
technical reports, economic reports, trip reports, working papers, discussion papers, unofficial 
government documents, proceedings, preprints, research reports, studies, dissertations and 
theses; trade literature, market surveys, and newsletters. This material cuts across scientific, 
political, socio-economic, and military disciplines.(2) 


Organizations that typically generate the largest quantities of grey literature include: research 
establishments (laboratories and institutes); national governments; private publishers 
(pressure groups/political parties); corporations; trade associations/unions; think tanks; and 
academia. Open source information, then, is acquired from newspapers, television and radio 
broadcasts, books, reports, journals, and photographs and other images. Of course, these 
sources have been used successfully in the intelligence production process for many years. 
What is different now is that there has been an explosion in the quantity and variety of open 
source material published electronically and readily searchable on-line. The ability to search 
the World Wide Web or in essence, millions of pages of text within seconds, has proven to be 
the major impetus for the rise in popularity of open source information as a viable and fruitful 
component of the all-source process. 


Open Sources Quantified 
In 1992, during his tenure as Deputy Directory of Central Intelligence, Admiral William O. 


Studeman reported on the contributions and capabilities of open sources. In an article for the 
American Intelligence Journal, Admiral Studeman wrote: 


We have identified some 8,000 commercial databases - and the vast majority has potential 
intelligence value. The number of worldwide periodicals has grown form 70,000 in 1972 to 
116,000 last year. The explosion of open source information is most apparent in the 
Commonwealth of Independent States (ed. The former Soviet Union), where today, there are 
some 1,700 newspapers that were not published three years ago. FBIS (Foreign Broadcasting 
Information Service) monitors over 3,500 publications in 55 foreign languages. And each day 
it collects a half a million words from its field offices around the world and another half a 
million words from independent contractors in the U.S. - that’s equivalent to processing 
several copies of War and Peace every day.(3) 


Open source information is available from a wide variety of sources and presented in a 
variety of formats. Surprisingly, most of the world’s information (some estimates are as high 
as 80%) remains in printed form stored in libraries or other repositories. Despite the very 
rapid growth in the quantity and variety of information in electronic formats, the ratio 
between traditional hardcopy and electronic format information may not be changing 
significantly because the volume of printed material has also increased in the information 
age. 


Recently, the total quantity of data available on the Internet was estimated to be six terabytes 
(one terabyte = 1,000 gigabytes).(4) While that may seem to be a tremendous amount of 
data, a community library containing 300,000 volumes has about 4 terabytes of data. The 
largest library in the world, the United States Library of Congress has more than 100 million 
publications. So, while data on the Internet can be searched quickly, the total data available 
represents only a small percentage of the available open source information. However, the 
growth of data on the Internet is explosive. A large US telecommunications company has 
estimated Internet traffic growth at a rate of 30% per month! At that rate, Internet traffic 
volumes doubles roughly every ten weeks. 


It is also important to understand the volatility of Internet data. In a 1997 article, Internet 
guru Brewster Kahle indicated that the average life of an Internet document was 75 days.(5) 
Whole Internet sites appear and disappear frequently and without notice. For the open source 
analyst, this means that any attempts to catalog Internet sites will be difficult and require 
continuous maintenance to stay current. In short, it may not be enough to simply bookmark 
Web resources in a browser, effective open source exploitation may require actual archiving 
of Internet sites. 


Contribution Of Open Sources To The All-Source Product 


Various attempts have been made to measure the contribution of open sources in the 
production of finished intelligence. Depending on the topics and the speaker, estimates range 
from negligible to 80%. Even the most enthusiastic supporters of open sources admit that 
they are just one of the several sources which support the production of finished intelligence 
products. One of the most widely quoted descriptions of the role of open sources states: 


Open source intelligence provides the outer pieces of the jigsaw puzzle, without which one 
can neither begin nor complete the puzzle. But they are not sufficient of themselves. The 
precious inner pieces of the puzzle, often the most difficult and most expensive to obtain, 
come from the traditional intelligence disciplines. Open source intelligence is the critical 
foundation for the all-source intelligence product, but it cannot ever replace the totality of the 
all-source effort.(6) 


10 


Notes: 


1. Director of Central Intelligence Directive (DCID) 2/12 effective 1 March 1994. This 
directive established the Community Open Source Program Office (COSPO) that was 
charged with development, coordination and oversight of open source efforts throughout the 
US Intelligence Community. COSPO has recently been reorganized and renamed the 
Community Open Source Program (COSP) an organization within the Foreign Broadcast 
Information Service (FBIS). 


2. Definition provided by Mr. Bruce Fiene, Executive Secretary, STIC Open Source 
Subcommittee in a memo dated 15 October 1994. 


3. Admiral William O. Studeman, “Teaching the Giant to Dance: Contradictions and 
Opportunities in Open Source Information within the Intelligence Community” American 
Intelligence Journal, Spring/Summer 1993, pp. 11-13. 


4. Steve Lawrence and C. Lee Giles, "Accessibility of Information on the Web," Nature, July 
8, 1999, 107. The authors, both NECI researchers, indicated that as of February 1999, the 
publicly indexable World Wide Web contained 800 million pages, comprising six trillion 
bytes of text and three trillion bytes of images. 


5. Brewster Kahle, “Preserving the Internet,” Scientific American, March 1997, 82. 
6. Dr. Joseph Nye, then Chairman, National Intelligence Council, speaking to members of 


the Security Affairs Support Association at Fort George G. Meade, Maryland, on 24 April 
1993. 
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THE ROLE OF OPEN SOURCES AS THE 
FOUNDATION FOR SUCCESSFUL ALL-SOURCE 
COLLECTION STRATEGIES 


Mr. Charles Allen, Assistant Director of Central Intelligence 
for Collection, keynote speaker on Requirements, Collection, 
and Current Awareness: The Human Dimension 


Thank you, Robert, for your kind introduction. I am pleased to be able to address a topic of 
such importance to the Intelligence Community. The conference program (and Robert’s kind 
introduction) bills me as a “KEYNOTE” speaker. In fact, we all know that, because of the 
World Wide Web, I am also a “KEY WORD” speaker. My talk will be posted on the Web, 
subject to key-word retrieval—electronic “pull”. Many keywords, by happenstance, will 
cause this paper to be delivered to the desktops of people who are looking for something 
entirely different. It serves, however, to point out a problem that the Intelligence Community 
faces—which all of us face. There is such a volume of open source information that we must 
rely on information technology to help sort it out, and that technology is quite crude. 


For the intelligence analyst, the very richness of open source, and the imprecision of retrieval, 
pose barriers to effective use of open sources. Compare this to the processes in place for 
dealing with one of the other intelligence disciplines ... or, “INT’s.” Each of the other INTs 
has costly and elaborate organic processes that sort out the “signal” from the “noise’”— 
separating the accurate agent report from gossip and invention, separating the real airplane 
from the plywood decoy. 


Take the HUMINT machinery, for example: Analysts and policy makers anticipate their 
need for information and make those needs known to the HUMINT community—that fabled 
apparatus of spies and case officers—and by extension to military attaches and to foreign 
service officers. Overtly and covertly, US Government personnel seek out individuals who 
possess or have access to the information that will improve US policy making and warn us of 
hostile intent. The sources, themselves, are often in a good position to sort out wheat from 
chaff, and the information made available to us by these sources is further refined in the 
process of drafting reports sent back to Washington. Here in Washington, additional scrutiny 
is applied before a report is released to the analysts. Disingenuous reports are suspected, 
vetted, and usually discounted. Repeated interactions with the field, often all the way back to 
the source, often take place. The bottom line is that knowledgeable humans apply their 
insights at every stage in the HUMINT process, from initial tasking through the satisfaction 
of that tasking. 


The SIGINT System, too, invests in a costly processing apparatus of human experts to refine 
requirements and sort out and add value to intercepted information. This quality-assurance 
overhead is above and beyond the technical machinery needed to make electronic blivots 
sensible to people. Target by intelligence target, SIGINT analysts laboriously refine 
mountains of ore to find nuggets of information. A sizeable fraction of the SIGINT System is 
devoted to winnowing down the raw data so that only the more meaningful information flows 
to the all-source analysts and policy makers. 
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Likewise, the Imagery system has elaborate, human-intensive tasking and analytic processes. 
Imagery-savvy people help the all-source analysts better define their questions and translate 
them into imagery tasking. And, it is still humans, today, who transform the uncountable, 
esoteric pixels into meaningful, digestible, pieces of hard information. Still others augment 
the reports with, annotated, easily understandable pictures ("happy snaps"), which illustrate 
the points. 


But, what about the US Government's open source enterprise? What similar investments do 
we make? What similar processes do we operate? A knowledgeable audience, you know the 
answers. Indeed, you probably anticipated the questions. Only for traditional foreign 
media—newspapers, radio and TV—is there a semblance of a US Government “system” in 
place. The Foreign Broadcast Information Service, FBIS, is miniscule in comparison to the 
machinery of the other intelligence collection disciplines. Yet, it provides a service of 
common concern for the U.S. Government by seeking out, translating, and reporting foreign 
media information. Proud of its tradition, which prophetically antedated Pearl Harbor, the 
Foreign Broadcast Information Service advertises its "smart front end"—dedicated human 
beings with cultural ties to the countries of interest and continuity with the issues. This smart 
front end has made FBIS a premiere reporter of international events. 


However, the distribution media for open sources are changing, the bandwidth increasing and 
the cost decreasing. By lowering the effective entry cost of publication, new open sources 
spring up daily and the overall volume is increasing dramatically. It is not clear that the 
strategy of a human-powered "smart front end" will see us into the future ... not clear that it 
"scales up." To its credit, FBIS is engaging the new technology on its own terms. Whether 
we are keeping pace or simply falling behind less quickly is an open question. Investment 
resources for new technology are scarce and the technology cannot yet deliver the precision 
of selection which we attribute to the experienced human operators. 


Having hewn to your conference theme of "the human dimension," and having described 
what is, I should like to try out on you my ideas about what should be. Then, time 
permitting, I will close on the advertised topic of "The Role of Open Sources as the 
Foundation for Successful All-Source Collection Strategies." 


The history of how I came to be the Assistant Director of Central Intelligence for Collection 
is one of spirited negotiation ... not so much about Charlie Allen the person ...(although 
modesty permits me to admit there was some of that.) More to the point, there was spirited 
negotiation about the roles and mission of the ADCI/C, ... about the value such a position 
could add, ... indeed, about the very need for such a position. 


Many who vied to architect the "New, Improved, Post-Cold-War" Intelligence Community 
believed we should institutionally reorganize around the "core business processes" of 
intelligence: 


" Collection with attendant Processing; and, 
« Analysis and Production. 


Or, if wholesale institutional reorganization were more than the system could bear, then, 
clamored the reinventionists, there should be positions created to embody the management of 
these core businesses. In the event, Congress created two such positions: the Assistant 
Director of Central Intelligence for Analysis and Production; and, the Assistant Director of 
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Central Intelligence for Collection. Not surprisingly, Congress as creator decided these 
should be confirmatory positions; the Administration was less sure. 


Mr. John Gannon serves as ADCI/AP and I serve as ADCI/C. Neither of us has stood for 
confirmation, but our nominations were made with the advice and consent of the Congress. 
This is largely a distinction without a difference. Both of us enjoy the strong support of 
Director Tenet and of the Congress. (About the only difference I can make out, is that you 
should not refer to me as "The Honorable Charles E. Allen".) 


The logic of the proposed reorganization, and ultimately the logic of my position was and is 
that the collection disciplines—SIGINT, HUMINT, IMAGERY, and to a lesser extent 
MASINT and Open Source—were perceived as being inward looking. Referred to as 
"stovepipes", the "INT's" were thought to be collectively less efficient even as they strove to 
be individually more efficient. The whole was no greater (and perhaps less) than the sum of 
its parts. 


The theorists would say that we were "optimizing locally" as opposed to "optimizing 
globally" and the changed state of the world to which intelligence speaks is less tolerant of 
local optimization. Said simply, we can no longer afford the luxury of collection stovepipes 
given these changes. Principal among the changes, are four that I should like to mention 
briefly: 


« First is the thankful loss of the principal adversary, the Soviet Union, which had the 
means, and perhaps the motive to devastate the United States. 

* Second, and less thankfully, the principal adversary has been replaced with a diversity 
of asymmetric adversaries, who would challenge us with biological, chemical, and 
perhaps cyber weaponry. 

« Third is the decline in resources allocated to intelligence. 

"Fourth is the loss of our collection monopoly in reconnaissance imagery ...which, 
since it is an open source issue, deserves a digression here. 


The coming commercial availability of high quality space imagery—coupled with resource 
constraints on the next generation of U.S. Government imagery satellites—means a potential 
adversary could access imagery functionally equivalent to that of US forces. For those of us 
in the U-2 generation, accustomed to an ever more commanding lead in imagery products, 
this is a watershed event. We may be looking at the culmination of Eisenhower's "open 
skies" policy ... which takes some getting used to. More frightening, we may have reached 
the point where even dramatic improvements in US Government-unique imagery assets could 
not alter the equation. Even though we might know everything, the adversary might still 
know too much. Imagine trying General Swartzkopf's "Hail Mary" left hook in the desert 
against an imagery-informed adversary. 


The Eminence Grise of Open Source, our host Robert Steele, is quoted as strongly 
recommending "... that all managers and analysts take the time to understand what 
commercial imagery and geospatial data can contribute to their production process. Very high 
resolution commercial imagery, with processing, is available for only $10.00 to $40.00 a 
square kilometer. No intelligence product should be regarded as complete until it has 
considered the possible value-add of commercial imagery." 
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simultaneous linear equations. Compare your solutions with the following. 


451) (©) () - (G5) C8) 


a 1-8] (1) ()- (1) 8)) 
11 
0+360 
~ 148 
360 
79): 
am =40 
TT W 
10 
145} (C1) (45))- (1) (0) 
Oz — 
9 9 
gee 
M=5 
(1 =40, w=5) 


(b) 


3z-2R=7 
z+2R=5 


zR 
7-2 
52 ((7) (2)) - (GS) ¢2)) 


“= 13 -9| ©) Q)-( 2») 
12 
14410 
<= "642 
_ 24 
£8 
z=3 
ZR 
3 7 
a. 8} _@)-Moy 
. - 8 
8 
Re 
R=% 
R=1 
(z=3, R=1) 


3-60 


The US Government may wring its hands about the likelihood that potential adversaries 
might make better and better use of better and better open sources. However, I suspect many 
in the audience worry that the US Government, itself, will fail to take advantage of 
commercial open source offerings. In some ways the Intelligence Community's flirtation 
with commercial open sources mirrors the broader embrace of commercial, off-the-shelf 
products by the Department of Defense—an embrace likened to that of two porcupines, who 
do it very, very carefully. 


As a shopper, the US Government is a prisoner of its procurement legacy—a history of 
monopolizing the market, perceiving its needs to be unique, and reimbursing vendors for 
costs incurred. This manifests itself in our nit-picking the content of commercial offerings, 
and our persistent, prurient interest in production cost, rather than market price. If we are to 
make better use of commercial, off-the-shelf, offerings our motto should be: adopt, adapt, 
and stimulate. 


Our first recourse should be to simply adopt from the available offerings those which closely 
approximate our needs. Or, we should adapt our processes, where possible, to make use of 
available offerings. Failing that, we should advertise our needs and stimulate vendors to 
fulfill those needs within their commercial practice. 


Some have suggested that each of the Community's components have a "gold team" whose 
job it would be to advocate, unabashedly, the use of commercial offerings. Another 
suggestion is aggressive use of "Activity-Based Costing" (ABC), which would show how 
much each in-house process really costs. This works in tandem with another suggestion, that 
we take better advantage of Federal Acquisition Regulations (FAR's) which already permit 
market-price procurement without demanding proprietary cost data. 


The glue that holds these suggestions together is an independent estimate of the true worth of 
a product. We should adopt commercial offerings gleefully if their market price is less than 
their intrinsic worth to us, and less than the cost of doing it ourselves. (That is why I am 
committed to develop better measures of effectiveness for all US intelligence collection 
activities. ) 


Now, having digressed to establish my bona fides as a friend of open source and a champion 
of commerce, let me return to the job of the ADCI/C and the ostensible topic of my talk: "The 
Role of Open Sources as the Foundation for Successful All-Source Collection Strategies." 
Permit me to describe my Strategic Intent for Intelligence Collection. The lineage of my 
vision traces back, directly, to the Director's Strategic Intent, which, in turn, flows from the 
President's National Security Strategy for a New Century. Countering the threats to U.S. 
interests—regional or state-centered threats; transnational threats; spread of dangerous 
technologies; foreign intelligence inroads in the US; and failed states—the President's 
Strategy stresses, foremost, the need for integrated approaches. In similar vein, Director 
Tenet's first objective is to "unify the Community through Collaborative Processes." 


For my part, the outcomes to which I propose to commit the collection community are to: 
« Institutionalize and make routine collaborative cross-INT activities so as to optimize 
collection resources across disciplines and controlling authorities. 


= Enable consumers to express their needs easily and to track the satisfaction of those 
needs through collection, processing, exploitation, and dissemination. 
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= Structure an integrated collection system that is sufficiently agile to respond to 
dynamic needs. 

= Maintain balance in attending to short-term and long-term needs and ensure the 
development of collective capabilities that address long-term needs. 

"  Rationalize collection resources with bottlenecks in processing, exploitation and 
dissemination. 


As you can see, these preferred outcomes all share the flavor of collaborating, integrating, 
and optimizing across what have traditionally been collection stovepipes. Open source has 
always been the backdrop against which the individual INT's play. The first step in 
formulating a HUMINT strategy against an issue has traditionally been to perform an open 
source study and assign to open sources as many primary and secondary collection 
responsibilities for that issue as possible. The SIGINT system, likewise, consumes a 
prodigious amount of open source as it beavers away, and likewise IMINT uses open sources 
to set in context its own divinations. 


As we look to the future of more tightly coupled collection disciplines, there is every reason 
to suppose that open sources will provide the matrix about which the other INT's will 
coalesce. As I have extrapolated from present to future, I am yet humbled by Yogi Berra's 
commentary about the hazards of prediction, especially about the future. Allow me to 
reminisce about previous predictions in the open source business. 


Five years ago, from a podium like this, at a conference like this, Dr. Markowitz, erstwhile 
Director of the Community Open Source Program Office prophesied that CIA analysts would 
soon have easy access to the Internet which would make information "... affordable and 
accessible, but [he worried that] electronic filtering hasn't progressed as far as we'd like." At 
that same conference, our host Mr. Steele estimated it would take US intelligence agencies 
five to 10 years to figure out the Internet. More colorfully, he stated that "The CIA is a 
dinosaur in decline, while the Internet is the future of civilisation." As it turns out, both gave 
timeless prognostications: CIA analysts are still just about to gain universal access to the 
Internet at large, and electronic filtering still hasn't progressed as far as we'd like. The 
Internet appears increasingly central to the future of civilization, and ...I leave you to decide 
whether CIA has proven to be a dinosaur in decline. 


To close on a grander note, the ultimate test of the President's National Security Strategy is 
"our success in meeting the fundamental purposes set out in the preamble to the Constitution: 


...provide for the common defence, promote the general Welfare, and secure the 
Blessings of Liberty to ourselves and our Posterity..." 


And this, in turn, will be the final proof of Director Tenet's Strategic Direction, my 
supporting collection strategy, and of the open source contribution to that strategy. 
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REVIEW ESSAY - OPEN SOURCE INTELLIGENCE 


Richard S. Friedman 
From PARAMETERS, http://carlisle-www.army.mil/usawe/parameters 


Ninety percent of intelligence comes from open sources. The other ten percent, the clandestine 
work, is just the more dramatic. The real intelligence hero is Sherlock Holmes, not James 
Bond.[1] -- Lieutenant General Sam Wilson, USA Ret. former Director, Defense Intelligence 
Agency 


Former Ambassador to Algeria L. Craig Johnstone (presently State Department Director of 
Resources, Plans and Policy) recently told a Washington conference that during his 
assignment in Algeria, he bought and installed a satellite dish enabling him to watch CNN so 
he could have access to global news. He recalled: 


The first week I had it running was the week of the Arab League summit in Algiers and, for 
whatever reason, the Department was interested in finding out whether Yasser Arafat would 
attend the summit. No one knew, and the day of the summit Washington was getting more 
frantic. We in the Embassy were banned from the summit site so there was no way we could 
find out whether or not Yasser Arafat would show. Finally, at about noon I was home for 
lunch and watching CNN when the office of the Secretary of State called. The staffer on the 
other end asked if there was anything at all he could tell the Secretary about Arafat's 
participation. And just then, on CNN I saw a live picture of Yasser Arafat arriving at the 
conference. "He is definitely at the conference," I reported. The staffer was ecstatic and went 
off to tell the Secretary. The next day I received a congratulatory phone call from the NEA 
bureau for pulling the rabbit out of the hat. How did you find out, they asked? The secret was 
mine. But I knew then and there that the business of diplomacy had changed, and that the role 
of embassies, how we do business in the world, also had to change.[2] 


Ambassador Johnstone's story provides an example of the value of information from open 
sources. Allen W. Dulles, when he was Director of Central Intelligence, acknowledged to a 
congressional committee, "more than 80 percent of intelligence is obtained from open 
sources." Whether the amount of intelligence coming from open sources is 90 percent, 80 
percent, or some other figure, experienced intelligence professionals agree that most 
information processed into finished intelligence may be available from open sources. This 
essay explores the significance of a trend toward increased recognition of the role of open 
source information and discusses what this may mean for intelligence consumers at every 
level. 


The use of information from open sources (OSINT) for intelligence production is not a new 
phenomenon. Intelligence services in most nations have always made use of OSINT obtained 
by working with scholars in academia, debriefing business travelers and tourists, and 
examining foreign press and broadcast media. Intelligence prepared from sources available to 
the general public draws from books, periodicals, and other print publications such as 
catalogues, brochures, pamphlets, and advertisements. Also included are radio and television 
broadcasts and a more recent technological innovation, the Internet. Collectively, these are 
frequently referred to as open media resources. 


Intelligence--information and analysis that is not available to the public--is prepared for use 
by policymakers and military leaders inside the government. Intelligence is categorized 
customarily according to the source from which it is obtained. Today, five sources are 
recognized: 
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e Reports from human sources (HUMINT) 

e Photo imagery, including satellite 

e Measurements and signature intelligence: physical attributes of intelligence targets 
e Open source intelligence 

e Interception of communications and other signals 


While most discussions of open source intelligence seem to concentrate on intelligence 
collection, it is important to view intelligence trends in conjunction with developments in its 
traditional components. These components are: 


* Costs. With decreasing national security budgets, government leaders are having to 
examine their infrastructure. As military forces become more dependent on off-the-shelf 
commercial technology, intelligence organizations appear headed toward greater reliance on 
open source intelligence. 


° Sources. Cost-driven decisions dictate that a significant quantity of intelligence 
requirements can be filled by a properly designed comprehensive monitoring of open sources, 
either by the intelligence establishment itself or by private organizations. A particular 
advantage of open source intelligence is that the product can be maintained at a low level of 
classification required for these sources and methods. This outcome allows relatively wide 
dissemination and distribution when compared with material from other sources. This 
characteristic of open source intelligence is particularly important in coalition operations. 


° Methods. It has been demonstrated many times that good intelligence production relies on 
all-source assessment. Traditional intelligence structures and methods have been optimized 
for designated core or central missions, and today many of these remain structured to meet 
Cold War requirements and scenarios. Current and likely future contingencies seem less 
likely to involve major hard military net assessments and diplomatic intelligence than was the 
case between 1945 and 1991. Current and future contingencies probably will continue a trend 
toward soft analyses of complex socioeconomic, technological, and political problems, and of 
issues that will include such items as international organized crime, information warfare, 
peacekeeping operations, and activities associated with special operations and low-intensity 
conflict.[3] 


° Targets. Intelligence targets of greatest concern to US leaders have changed since the 
collapse of the Soviet Union, the accompanying geopolitical upheavals (such as political 
deterioration in the Balkans), and changes in Western perceptions of global security interests 
(e.g., the significance of the Middle East). Intelligence agencies must now focus their 
activities on a far broader range of targets and potential targets than was common in the Cold 
War era. Today, intelligence professionals have to be concerned with terrorism, major 
international crime, and arms proliferation, including programs in some areas to produce 
weapons of mass destruction. They have to be prepared for possible military intervention on 
short notice in overseas conflicts or for humanitarian relief. Some of these targets require 
constant scrutiny in substantial depth; for others, broad general surveillance will suffice-- 
provided a reserve or surge capability is maintained.[4] 


Although many aspects of intelligence work are changing, for the near term the 
preponderance of them will probably remain familiar. Today's emerging main problem is 
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how to deal with new and indistinct boundaries among and between intelligence 
organizations and functions, and increasing ambiguity in roles and missions. Any intelligence 
officer who has ever worked at a senior level knows that senior policymakers and 
government officials abhor ambiguity; they want timely, accurate intelligence. As Peter 
Schwartz, a recognized futurist, founding member of the Global Business Network, and 
author of The Art of the Long View, told his audience at the Colloquium on the 21st Century, 
"We will see not only changing rules of the game, but new games. There is an emerging 
competitive information marketplace in which non-state intelligence will be ‘cheap, fast, and 
out of control.'"[5] 


Enthusiastic proponents of open source intelligence argue that the information revolution is 
transforming the bulk of any nation's intelligence requirements and reducing the need to rely 
upon traditional human and technical means and methods. But Robin W. Winks, 
distinguished Yale University historian who served in the Office of Strategic Services during 
World War II and in its successor, the Central Intelligence Agency, concluded, "Research and 
analysis are at the core of intelligence . . . . [Most] ‘facts' are without meaning; someone must 
analyze even the most easily obtained data."[6] 


The emerging debate between investing in technology and developing competent analysts 
concerns itself basically with the value and role of open source intelligence. To understand 
some of the forces that are shaping the debate, we need to weigh the relative benefits of 
primary and secondary sources, two discrete subsidiary classes of open source material. 
Primary sources, generally taken to include print and electronic media, have always provided 
information of value to the intelligence community in current intelligence, indications, and 
warning as well as background information used by analysts in their work. What the so-called 
information revolution has done is to increase the ability of users to gain access and to 
manipulate the information, and although most intelligence managers do not believe that the 
number of primary sources has expanded greatly, the number of secondary sources has 
increased exponentially. To compound the analyst's problem, the objectivity and reliability of 
many secondary sources are often questionable. We will need more experience before we can 
accept expansion of secondary sources as a benefit to the management of national security. 


The largest general open source collection in the world is the Library of Congress. To replace 
the original library, which was destroyed during the War of 1812, Congress in 1815 
purchased the private library of former President Thomas Jefferson, greatly increasing the 
collection's size and scope. The Library of Congress now includes works in more than 450 
languages and comprises more than 28 million books, periodicals, and pamphlets as well as 
manuscripts, maps, newspapers, music scores, microfilms, motion pictures, photographs, 
recordings, prints, and drawings. The library's services also include research and reference 
facilities, which coordinate with or amplify local and regional library resources. 


There are also several thousand databases available from commercial organizations; 
LEXIS/NEXIS, Dialog, Reuters, and The New York Times come to mind.[7] Any discussion of 
contemporary open sources must now include the Internet and the World Wide Web 
(WWW). The World Wide Web (developed in 1989) is a collection of files, called Web sites 
or Web pages, identified by uniform resource locators (URLs). Computer programs called 
browsers retrieve these files. 


The term "Internet" describes the interconnection of computer networks, particularly the 
global interconnection of government, education, and business computer networks, available 
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to the public. In early 1996, the Internet connected more than 25 million computers in more 
than 180 countries.[8] The Internet provides an immense quantity and variety of open source 
information and must be increasingly looked upon as a source for intelligence purposes.[9] 


The Internet and the World Wide Web exemplify technology that is not yet mature. One 
hallmark of immature technology is an underlying anarchy and a potential for disinformation. 
In October 1938, when radio broadcasting was emerging as a reliable source of information, 
producer-director Orson Welles, in his weekly radio show Mercury Theater, presented a 
dramatization of an 1898 H. G. Wells story, War of the Worlds. The broadcast, which 
purported to be an account of an invasion of earth from outer space, created a panic in which 
thousands of individuals took to the streets, convinced that Martians had really invaded Earth. 
Orson Welles later admitted that he had never expected the radio audience to take the story so 
literally, and that he had learned a lesson in the effectiveness and reach of the new medium in 
which content was struggling to catch up to technology. 


Recent examples with the Internet and its spin-offs suggest that e-mail abuses, careless gossip 
reported as fact, and the repeated information anarchy of cyberspace have become 
progressively chaotic. This does not mean that the Internet and the Web cannot be considered 
seriously for intelligence work, but it does mean that intelligence officers must exercise a 
vigilant and disciplined approach to any data or information they acquire from on-line 
sources. 


In December 1997, senior officials from Germany, Canada, France, Italy, Japan, Britain, 
Russia, and the United States (the Group of Eight industrialized nations) gathered in 
Washington to explore the transnational nature of computerized crime, with specific attention 
to opportunities for criminals to exploit the Internet's legal vacuum. Among the facts 
presented to the officials were these: 


« Almost 82 million computers worldwide are now connected, according to a Dataquest 
Market Research Report. 

= By 2001 the number of linked computers is expected to reach 268 million. 

« The FBI estimated that by 1997, the value of computer crime in the United States had 
reached $10 billion per year. 

= Government agencies are fertile ground for hackers; in 1995 the Pentagon was 
attacked by hackers 250,000 times, with a 64 percent success rate. The Department of 
Justice and the Central Intelligence Agency have also been hacked. And the tension 
over access to Iraqi weapon sites in late 1997 and early 1998 produced a surge of 
attempts to penetrate US Department of Defense databases. 

" The San Francisco-based Computer Security Institute surveyed 536 companies or 
government agencies, 75 percent of which reported substantial financial losses at the 
hands of computer criminals. 


The principal significance of these facts for the intelligence officer is that Internet sources are 
subject to manipulation and deception. Consequently, counterintelligence and security 
processing will henceforth have to include cyberspace during analysis. 


Perhaps the greatest value to military organizations in this array of adjustments following the 
end of the Cold War and the proliferation of technologies is freedom from confinement to a 
fixed geographic site for ready access to basic unclassified references. Modern 
communications will free deployed military from the need to transport large quantities of 
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reference material (classified and unclassified) during operations. Military forces in the field 
can now tap into an immense quantity of information resources in near real-time. Four 
relevant types are: 


« Basic intelligence, such as infrastructure, geography, and order of battle 

= Cultural intelligence concerning the society in which the force may be required to 
operate 

" Information of a contextual nature which relates to operational or intelligence 
message traffic 

= Current intelligence reporting concerning the situation in the operational area 


Since the quantities of information available are great and much of the information is often 
irrelevant, staffs of deployed units may find it difficult to use the information productively. 
Deployed organizations may well have to establish forward and rear intelligence activities. 
The threat of information warfare will have to be taken into account in planning and 
executing split-echelon operations. 


Providing unclassified information to the general public as well as to officials is the objective 
of democratic governments in their declarations of open and immediate reporting. Even the 
tabloid press has never advocated a freedom that would deliberately compromise national 
security or put the lives of service members at risk, yet there can be unintended consequences 
from such expanded openness. The British government learned this during the 1982 
Falklands campaign when a BBC reporter inadvertently revealed operational plans for what 
proved to be a costly assault at Goose Green by the Parachute Regiment: the enemy was 
listening. During Operation Desert Storm, the US government and its coalition partners 
would encounter other problems. While CNN was reporting directly from the theater of 
operations, government control of mass communications was in effect in Israel, Jordan, and 
Saudi Arabia, as it was in Iraq. The sites of SCUD attacks on Israel were quickly cordoned 
off by the authorities; media representatives were granted access only after a response had 
been determined by the Israeli government. The state-owned Iraqi media not only repeatedly 
told its citizens they were winning the struggle, but it manipulated reporting of the use of the 
Patriot missile against the SCUD, ensuring that CNN and others reported only what the Iraqi 
government wished. Coalition anti-SCUD measures soon were placed under direct control of 
Washington. 


Intelligence consumers, government officials, and policymakers have not been complaining 
about a shortage of information; they are suffering from a saturation. The flood of mass- 
produced data now available and the ensuing overload means that collection is no longer the 
principal problem. The greater challenge facing intelligence organizations is analysis, 
consolidation, and timely dispatch of data and results to the individuals who need it. 
Effectiveness in this process will depend upon allocation of human resources among those 
responsible for analysis and others responsible for its transmission. An information 
management executive will consider any increase in volume as proof that information is 
being managed better, even more efficiently. But the information manager is not in the 
business of analysis, so he or she is not interested in how well or poorly the information is 
interpreted, or even if it contains disinformation or inaccuracy. One cannot equate increased 
throughput to improved situation awareness within a theater of operations. 


Nevertheless, the quantitative arguments of information managers recently have become 
more effective than those of the intelligence community with respect to open source policy. 
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The last time a similar contention occurred, the proponents of technical intelligence argued 
that they had the key to ultimate wisdom. As the late Ray Cline, one-time Deputy Director of 
Intelligence at CIA and later Director of the Department of State's Intelligence and Research 
Bureau observed: 


The technical miracle has greatly reduced the burden on the secret agent. Lives need not now 
be risked in gathering facts that can easily be seen by the eye of the camera. . . . Instead the 
agent concentrates on gathering ideas, plans, and intentions, all carried in the minds of men 
and to be discovered only from their talk or their written records. Nobody has yet taken a 
photograph of what goes on inside people's heads. Espionage is now the guided search for the 
missing links of information that other sources do not reveal. It is still an indispensable 
element in an increasingly complicated business.[10] 


Claims of open source enthusiasts need to be examined in context. Those making extravagant 
claims sometimes have little vested interest in the role and value of open source materials, or 
even the knowledge or experience to make reliable judgments about the broader issue of 
multidisciplined all-source analysis by skilled intelligence analysts. 


The communications revolution is presenting intelligence organizations with a new challenge 
far beyond that of mass production. Like other enterprises, intelligence now faces 
competition from directions believed to have been impossible only a few years ago. As has 
been true with commerce and industry, intelligence will have to remodel its organization, 
form new associations, tailor or customize its products, and question its fundamental 
missions. So long as there are nations led by aggressive totalitarian rulers inclined toward 
terrorism, or there are fanatics equipped with lethal weapons, democracies will continue to 
need effective secret services. 


NOTES 


1. Reported by David Reed, "Aspiring to Spying," The Washington Times, 14 November 
1997, Regional News, p. 1. 


2. Remarks at opening session of the Conference Series on International Affairs in the 21st 
Century, US State Department, Washington, D.C., 18 November 1997. 


3. US military operations in Somalia, Haiti, and Bosnia are examples of requirements of a 
different nature. 


4. It is important to keep in mind an old intelligence maxim: "You can't surge HUMINT!" 
5. Address, Washington, D.C., 21 October 1997. 


6. Robin W. Winks, Cloak & Gown: Scholars in the Secret War, 1939-1961 (2d ed.; New 
Haven, Conn.: Yale Univ. Press, 1996), p. 62. 


7. One source estimates the current total to be more than 8000 such databases. 
8. The Internet was initially developed in 1973 and linked computer networks at universities 


and laboratories in the United States. This was done for the US Defense Department's 
Advanced Research Projects Agency (DARPA). The project was designed to allow various 
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researchers to communicate directly in connection with their work. It was also developed 
with the idea in mind that it could provide a nuclear survivable communications system. 


9. Current estimates suggest that around 30 million individuals and more than 40,000 
networks are connected, numbers which appear to be increasing rapidly. The quantity of data 
on the Internet is huge. One estimate is total content between two and three terabytes. (A 
terabyte is a million megabytes.) A typical public library of some 300,000 books has about 
three terabytes of data. Rajiv Chandrasekaran, "In California, Creating a Web of the Past," 
The Washington Post, 22 September 1996, p. H1. An essay by James Kievit and Steven Metz, 
"The Internet Strategist: An Assessment of On-line Resources," Parameters, 26 (Summer 
1996), 130-45, available on the Internet, is an excellent introduction and guide. 


10. Ray Cline, "Introduction," in The Intelligence War (London: Salamander Press, 1984), p. 
8. Emphasis added. 
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GREY LITERATURE 


Technical Briefing by Mason H. Soule and R. Paul Ryan 
From Defense Technical Information Center, http://www.dtic.mil/ 


Overview 


The Intelligence Community has long taken advantage of the domain of literature offered by 
the large, worldwide publishing system -- that is, "normal" bookselling channels -- to identify 
and acquire journals, serials, newspapers, books, databases, and other types of materials that 
have intelligence value. Analysts combine these so-called open sources with classified 
materials to provide timely, dependable, and actionable intelligence information to U.S. 
policy makers and warfighters. Recent changes in political, economic, and even military 
stances around the world, as well as advances in information technology, have opened up 
new sources of information that are outside or not yet part of the normal publishing system. 
One of the Intelligence Community's major challenges today is to acquire and utilize this 
growing body of "grey information." 


The terms "grey literature" and "grey information" are used interchangeably in this technical 
brief. Traditionally, grey literature denotes hardcopy books and journals, and grey 
information extends to other types of media. The principal distinguishing feature of grey 
literature or grey information is that it is outside the normal bookselling channels, which 
makes it relatively more difficult to identify and acquire than other open source literature. 
Consequently, the Intelligence Community must devise ways to simulate the awareness and 
document supply functions that the broader bookselling system already provides, in order to 
improve its coverage of this type of information. At the same time, it is important to 
recognize that the resources do not exist to create a duplicate system for grey information. 


Scope of Grey Literature 
The library science community broadly distinguishes among three kinds of literature: 


«= "white" or published literature (books and journals, mainly having ISBN or ISSN 
numbers) 

= "ephemeral" literature (items of very short-lived interest such as printed airline 
schedules) 

= "grey" literature, which falls somewhere in between the other two types. 


The Intelligence Community developed a definition of grey literature to suit its particular 
needs, as part of its program to improve its exploitation of open source material. This 
definition was generated and adopted by the U.S. Government's Interagency Grey Literature 
Working Group (IGLWG) to support the group's charter of preparing a Grey Information 
Functional Plan for member agencies inside and outside the Intelligence Community. 
Building on a Library of Congress definition, the IGLWG distinguished grey literature from 
other open sources as follows: 


Grey literature is foreign or domestic open source material that usually is available through 
specialized channels and may not enter normal channels or systems of publication, 
distribution, bibliographic control, or acquisition by booksellers or subscription agents 
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You have mastered determinants to the second order; you are ready for determinants of the third 
order. You must learn to set up the matrix for the third order. You must apply the principles that 
you learned for setting up matrices earlier. These principles will work for determinants of any 
order. The first step is exactly the same as you did for the second order. Place the equations in 
the same order, with numerical value in front of the literal. Set up a three by three matrix as you 
set up your two by two matrix, except this time, the matrix will have three primary columns with 
three rows. The first two columns will have to be on the right hand side of the matrix to allow 
you to have the right number of products from multiplication. As you examine the example, you 
will see that repeating the first two columns to the right of the matrix is done for simplicity 
reasons. We will demonstrate that the positive direction and the negative direction works the 


same way. 


Example: Denominator 
2x+3y+5z=0 
6x —2y—-3z=3 
8x—-S5y-6z=1 


2*2* 6=24 eae ee 


3*-3*8=-72 


3-61 


(Interagency Grey Literature Working Group, "Grey Information Functional Plan," 18 January 
1995). 


There are many other interpretations of what constitutes grey literature. It remains difficult to 
define because the boundaries between it and other open source information types vary by 
user group, and are fuzzy and variable in time and space. But, it is important to those tasked 
with acquiring this information to have as little ambiguity as possible. Accordingly, the 
IGLWG included a discussion of the types of information conventionally considered grey. 
These include, but are not limited to: 


- academic papers - preprints 
‘committee reports - proceedings 
‘conference papers _- research reports 


- corporate documents - standards 
‘discussion papers — - technical reports 
- dissertations - theses 


- government reports - trade literature 


- house journals - translations 
- market surveys - trip reports 
- newsletters - working papers. 


Also as an aid to collectors the IGLWG noted the major kinds of organizations that produce 
grey literature: 


"Organizations that typically generate the largest quantities of grey literature include: 
research establishments (laboratories and institutes); national governments; private 
publishers (pressure groups/political parties); corporations; trade associations/unions, think 
tanks; and academia." 


These clarifications are important because they provide guidance to collectors who need to 
know what kind of information their customers want to obtain. In summary, the key point to 
make regarding scope is the following. Since grey literature is not well-covered by 
conventional book trade channels, it is relatively more difficult to identify, acquire, process, 
and access than conventional open source literature. Hence, if we desire to use grey literature 
as a source of information, we must be prepared to accept a greater expenditure of resources 
to collect and process this information in comparison to other open source material. 


Problems with Grey Literature 


Numerous difficulties arise when analysts attempt to use grey information. Here we mention 
only a few major ones. First and foremost, grey literature is difficult to search for, identify, 
and acquire. This puts significantly more burden on the traditional "collection" stage of the 
intelligence cycle. For example, the only way to learn about or to acquire some trade 
literature and unpublished conference papers is to attend the functions at which they are made 
available. Collection networks must identify the event before it takes place, and coordinate 
attendance and literature acquisition during the event. 
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Second, open source information already suffers from the problem of a low signal-to-noise 
ratio, 1.e., there are very few nuggets to be sifted from a large body of information. This 
problem is exacerbated in the grey literature domain because thousands of organizations 
generate literature, while only a fraction of these producers and their products are of interest 
to the Intelligence Community. The situation worsens daily as the availability of information 
from myriad Internet sites increases. 


Third, grey literature is more difficult to process than other open source types because of its 
predominantly nonstandard formats. Product brochures, for example, rarely provide adequate 
information to allow them to be catalogued or retrieved easily. Important information, such as 
author, title, place and date of publication, and publisher, often is lacking from other grey 
literature types, as well. In addition, much grey information remains available only in hard 
copy. Although this is changing as Internet distribution expands, the absence of standards and 
keyword indexing will make it difficult to find information on this electronic forum with 
other than direct character matches. 


Fourth, grey literature varies radically in quality since it often is unrefereed. Integrity is an 
issue with Internet data, as well, since electronic data are easy to alter. 


Finally, foreign grey materials, which are the main interest of the Intelligence Community, 
are often not in English. This places additional burden on the processing system which needs 
human or machine translators to translate the material for the user. 


Importance of Grey Literature 


Key reasons for distinguishing grey literature from other open source materials lie not in the 
problems it generates but in the value it provides. The Intelligence Community's interest in 
open source literature stems from its potential to contain information of intelligence value 
and which may be obtained cheaper, faster, and at a lower level of classification than 
information acquired through other intelligence collection channels. As a subset of open 
source, grey information has certain other attributes, as well. 


1. It can provide information that often is unavailable in published open sources. Many 
brochures and the information they contain never will appear in a published version. 

2. It often is available on a more timely basis than conventional literature. Conference 
papers, for example, are available long before any follow-on, published article will 
appear, yet the information content of the two versions may not differ significantly. 

3. It can corroborate important assertions found in other sources, which is always 
paramount in intelligence analysis. 

4. It may have a concise, focused, and detailed content. This is particularly true of 
technical reports and unofficial government documents, whose information content 
will be greatly reduced in the published form. 

5. It is becoming a common means of information exchange, particularly as personal 
publishing software improves and Internet access expands. 


For all these reasons, grey literature must be part of an overall awareness strategy that 


requires a thorough search be made of all available open sources in the quest to provide 
answers to intelligence questions. 
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Federal Government Initiatives to Address Grey Literature 


The successful exploitation of grey literature requires coordination and sharing of knowledge 
by all involved parties to reduce average unit costs of grey literature. Recognizing this, in 
February 1993, the Director of the Foreign Broadcast Information Service (D/FBIS) asked for 
IC and non-IC participation to develop a functional plan for acquiring, processing, and 
disseminating grey information throughout the IC. In response to that call, representatives 
from the Armed Forces Medical Intelligence Center (AFMIC), Army Materiel Command 
(AMC), Community Open Source Program Office (COSPO), Defense Intelligence Agency 
(DIA), Defense Technical Information Center (DTIC), Department of the Army (DA), 
Department of Energy (DOE), Library of Congress, National Air Intelligence Center (NAIC), 
National Ground Intelligence Center (NGIC), National Security Agency (NSA), National 
Aeronautics and Space Administration (NASA), and National Technical Information Center 
(NTIS), met with FBIS and other CIA Headquarters components to form the Interagency 
Grey Literature Working Group (IGLWG). 


The Grey Information Functional Plan created by this group was approved by D/FBIS and 
D/COSPO and released in January, 1995. It addresses issues of acquisition, processing, and 
dissemination. The plan lists ten key findings that represent the basic precepts for action to 
make grey information available to help fulfill intelligence needs in the 1990s: 


e Develop an awareness of the availability of grey information within or to 
organizations as a means of minimizing acquisition and processing costs to other 
agencies. 

e Improve IC cooperation and coordination with key non-IC members that currently 
collect the majority of grey information materials to maximize its availability and to 
reduce duplicate acquisition. 

e Implement needs driven acquisition of grey information to better manage acquisition 
costs. 

e Identify and assign areas of responsibility among Government agencies to cover 
myriad subject areas on a worldwide basis with a dwindling resource base. 

e Provide timely notification of the availability of relevant grey information. 

e Utilize a tiered processing approach -- driven by user requests -- to minimize total 
processing costs. 

e Institute /ong-term storage and retrieval systems. 

e Leverage existing U.S. Government capabilities for deposit and distribution to reduce 
infrastructure costs. 

e Incorporate advancements in enabling exploitation technologies (principally optical 
character recognition, machine translation, and machine-aided indexing) to improve 
processing. 

e Employ credible management metrics to ensure the continuing effectiveness and 
efficiency of systems and processes. 


The IGLWG believes that grey information can be better harnessed to satisfy intelligence 
needs if we can carefully implement these basic ideas among acquisition agencies and wisely 
use existing Government processing and distribution functions. 


Members of the IGLWG have been involved in other ways to improve access to grey 


literature, both as individual organizations and as part of multiagency ventures. Over the past 
five years, first NASA and later FBIS, NAIC, DTIC, and COSPO have co-sponsored the 


Ze 


annual International Acquisitions Workshop to share knowledge of grey and other open 
source collections and acquisition methodologies among Government information specialists. 
Under a COSPO-funded project, NAIC developed a Grey Literature On-Line Catalog 
(GLOC), a database residing on the CIRC system which describes the grey literature holdings 
of many Government and non-Government information centers. FBIS has developed a Grey 
Literature Tracking Database, which describes important FBIS grey literature acquisitions as 
they are made available. NTIS has actively collected and made available many foreign 
technical reports, including a large collection of South Korean studies. The Library of 
Congress is working to make more Japanese grey literature available to its users. And DTIC 
has been working with the British Library Document Supply Centre (BLDSC) to provide 
access to the latter's excellent collection of conference papers and proceedings. All of these 
activities could benefit from the broader participation of other Government agencies on the 
IGLWG. 


Role for Information Technologies in Processing Grey Literature 


The initial summit conference and this e-journal version of the proceedings are excellent 
forums for the present paper because many dimensions of grey literature exploitation could 
benefit greatly from the infusion of Information Technologies (IT). We discuss a few ways 
that grey literature exploitation can be improved in the areas of acquisition, processing, 
dissemination, and analysis. 


Acquisition 


The low signal-to-noise ratio of grey literature necessitates that identification and acquisition 
be considered as separate steps in the collection phase, because a vacuum cleaner approach is 
not possible with grey literature. Acquisition instead must be demand-driven. Help is needed 
from the IT to relate grey literature availability to user requirements, as well as to share 
awareness of interagency holdings to reduce duplicate acquisitions. 


Processing 


Much ongoing work in the Government is aimed at improving scanning, machine-aided 
indexing, optical character recognition, and machine translation, which will benefit all open 
source exploitation. In grey literature, a tiered processing system needs to be designed so that 
resources commensurate with the demand for a grey literature product are expended on its 
processing. 


Dissemination 

This is not generally an issue with grey literature since its real difficulties stem from its 
acquisition and processing. Still, issues of copyright and electronic document dissemination 
are important. The size of some technical reports make them harder to transmit or store 
electronically, while copyright becomes a nightmare as thousands of producers must be 
tracked down for royalty purposes. 

Use 


As with processing, much work is ongoing to provide the analyst with tools to analyze digital 
information. Metrics are needed to evaluate the cost effectiveness of grey literature as a 
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marginal source of intelligence. If it is not providing significant value, then acquisition and 
processing methodologies must be rethought. 


Conclusions 


To improve analyst and information provider efforts to find grey information, we must 
understand what role grey information can play in solving open source intelligence issues. It 
is somewhat -- but not entirely -- artificial to think of grey information separately from open 
source since grey information is a subset of the latter. It is important, however, to know how 
to use grey information within this broader open source context. One must first exploit what 
is possible from easier-to-obtain open sources before using possibly marginal sources from 
the harder-to-obtain grey information domain. However, this cost reduction must be balanced 
against the benefit of the more timely availability of some grey literature products. Analysts 
must think about how grey information contributes to meeting their information needs and in 
what subject areas it is most advantageous or productive. Analysts then must provide 
feedback to the information providers who serve them. 
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APPLICATION OF OSINT 


OPEN SOURCE INFORMATION 


John W. Davis 
Originally published in ARMY Magazine, July 1997 


Imagine the horror of death by friendly fire. See the faces of a mother and father at the 
moment they are told their son or daughter was killed by American fire. Today, far more than 
bullets can cause this horrific scene. This is a new age, and there are new threats. 


Information warfare is the latest theme to capture the imagination of the US Army. Force 
XXI, the technological army with the narrow soldier base, depends on the rapid and accurate 
flow of information to fuel its highly technical killing power. To protect its classified 
information, this army can depend on traditional security elements. This new army, however, 
also generates a massive amount of unclassified material that is overlooked by traditional 
security measures. Could this material reveal the secrets the Army hopes to protect? In the 
information revolution, "open source" information is the wild card of the modern battlefield. 
It is a form of friendly fire. The Army must protect this vulnerability through operations 
security. 


Information - its access, use, analysis and control - is clearly a military matter. Classified 
information is protected by an array of security measures that are well known and practiced. 
But what about the literally millions of bits of unclassified personnel, logistical, operational 
and supply documents that Force XXI is generating? What can this information reveal and 
who will watch over it? What will protect this information from the silent, listening collector 
who is picking up the information that spews out over unsecured faxes, mail messages and 
telephone networks? 


The Army must ask itself if this is a problem. Can the flow of information necessary to 
conduct operations hurt the Service? What if the unclassified material is so voluminous, so 
comprehensive, that it reveals the essential secrets the Army is otherwise so careful to 
protect? 


At the beginning of World War II, some 300 British engineers died because they could not 
defuse the new electrical bombs dropped by the Germans over England. It took trial and error 
and the chance discovery of intact electrical bombs on a downed German aircraft before the 
technology was defeated. 


Eight years earlier, in 1932, the technology for such bombs had been entered into the public 
records of the British patent office, yet none of the engineers knew about this open source 
information. 


Three hundred men died while the answer they sought gathered dust in an unlikely place. 
Those who built the bombs that killed these men had found the information first and laid 
claim to it legally and openly. Had they known this, it would have been easy to convince the 
British people of the value of open source awareness. 
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An earlier example involves the Maxim gun. When asked in 1884 why Western nations had 
colonized almost the entire known world, the English writer Hilaire Belloc said that it was 
not because of their advanced civilization, greater universities or cultural advances. 


No, he quipped, "Whatever happens, we have the Maxim gun, and they have not." Of course, 
the technology for this early machine gun and other technological information was routinely 
shared and sold in open contracts between "civilized" countries. In World War I this 
exchange of information resulted in the slaughter of an entire generation; by then all nations 
had access to the Maxim gun. 


These stories show how open source information works. What is routinely, even 
inadvertently given away today could kill someone tomorrow. Information that is not tracked 
could later surprise the Army on the battlefield. These stories about open source information 
end in bloodshed. Is it inappropriate to say that the victims died from friendly fire? 


Information is the lifeblood of the high-technology Force XXI. An array of information will 
deploy with Force XXI wherever it goes, whoever the adversary is. Unlike most of the 
adversaries of the United States, whose technological developments are not shared openly, 
much of the information about Force XXI’s development is available to the entire world. For 
example, the Associated Press reported on a Pentagon armaments display showing soldiers 
with heat-sensitive night-vision sights, lightweight body armor and computer backpacks. 
They reported concepts about laser warplanes, seagoing missiles and more. Today there are 
many armaments magazines, defense sites on the Internet and newspapers reporting the 
business of warfare. These open sources of information are cheap, readily accessible and 
accurate. 


Through the eyes of a western analyst, the publications are what they seem: military trade 
journals that cover market share, sales opportunities, competitive and joint ventures, and 
national acquisition goals. They are straightforward. 


Graphs and computer-generated art enhance the stories and illustrate the concepts. In the 
photographs used, sleek missiles fly, spotless armored vehicles roll and wholesome, clean 
soldiers pose with the latest weaponry in pleasant pastures. There is no blood. 


Consider now the reader of this same information from poorer, less industrialized, embargoed 
or other-wise ostracized nations. Consider also the people of para-nations, the ethnic clans, 
narcotics traffickers and terrorists. They see the same information in terms of life or death 
choices. They cannot afford technical research or development, and they cannot "comparison 
shop." They know they must choose wisely the first time because there may not be a second 
choice. For them, the only collection method may be what they can learn from open 
publications. The more sophisticated groups can build on information from open sources and 
confirm their conclusions with traditional collection methods. Their interest is far from 
abstract. 


Several truisms must be accepted in this new world of half-wars against nontraditional 
adversaries. Poorer nations want to survive. In order to do so they are offered the Hobson’s 
choice of spending what wealth they have on arms or relying on a guardian nation to arm 
their people. They are not interested in future sales, in market share or in the bottom line. If 
they do not choose correctly from the arms necessary to protect themselves, they will cease to 
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exist, or worse, be enslaved. Obviously, they see the world from a dramatically different 
perspective. 


The West views military technology as a chess game. One player creates this, the opponent 
creates that to counter it, and so on. In this rational game of give and take, no one dies and the 
game goes on. Some call this the arms race, but nobody dies in a race. Such a sterile view of 
the industry misses the point. 


Analysts of arms markets from non-Western countries or para-nations see the armaments 
industry differently, and arguably more clearly than Western nations do. They, like the 
United States, will determine their needs and do all within their power and budget to acquire 
those necessities. Unlike the United States, they see their existence as often nasty, brutish and 
short. They often feel they must confront the killer at the door, rather than the economic 
competitor in the pin-striped suit. It is not surprising that poorer countries decided to buy 
machine guns as soon as they could afford them, once they saw what happened to those who 
did not. 


They are doing the same thing today, and have a vested interest in what is available on the 
arms market and in how their potential adversary will fight. What if their potential adversary 
is the United States? 


These poorer countries want to know, simply put, how to beat the United States in battle. To 
be able to surprise the US military, they will try to learn more about it than the military 
knows about itself. They do not have the wherewithal to conduct massive technical research, 
so they will take any shortcut. All open sources will be exploited. Why spend the money on 
research and development if the final product is going to be for sale or is explained on the 
Internet? Why test weapons if the answers nations seek are printed in publications that cost 
only a few dollars each? Comparison tests will be done by those governments that see 
weaponry more as a commodity to be marketed than as a means of killing people. 


Western powers think of long-term strategies while poorer nations wonder how to stop the 
immediate threat. They know they are dead if they make the wrong choices, so they research 
information thoroughly. If they can piece together information about the true intentions of an 
adversary from what they can collect on the open source market, they will do so. It may be 
the only source they have. These are the types of adversaries the US military will confront 
tomorrow. 


These differing perceptions of the world - one of the rich nations, the other by poor - must be 
better understood. A poor man does not care about higher technology tomorrow if his weapon 
will surprise his enemy today. To achieve this, he may act in a way contrary to what the West 
considers to be in his best, rational interest. Westerners must see the world with new eyes - 
their potential adversary’s eyes. History offers many examples. 


In the 1920s, for instance, a beaten Germany, penned in by the Treaty of Versailles, entered 
joint ventures with Bofors Corp. of neutral Sweden. The Germans had studied the published 
armament policies of other European nations and had observed the soldiers occupying their 
country. They had studied what would win on a future battlefield, then set out to get it in any 
way they could. 
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Before World War I, Germany illegally trained its army on the land of its arch-rival, the 
Soviet Union. Despite open reports of Germany’s illicit training, other nations were too 
complacent to challenge this threat. The West was thinking about long-term, rational arms 
races. Germany was thinking about a blitzkrieg. 


In the later example, the Unites States was shocked when it was revealed that the Vietnamese 
communists had routinely spliced into U. S. telephone lines. Open communications were 
compromised. These were simple farmers who should not have had the capability, the United 
States complained. The nation did not see the world through its adversary’s eyes. 


Today, are the Bosnian Muslims going to rely on the Unites States to take action against a 
vengeful Servia, or will they take their own measures? Does anyone doubt that they are 
devouring every statement and operational move made by the U. S. Army in the Balkans? 


Every document, every communication made by the U. S. military’s Balkan-deployed 
soldiers is subject to collection. Seemingly innocent communications could confirm or deny 
the fears of the many groups involved in Bosnia. How many American soldiers realize that a 
TDY order, supply form or logistical document could betray the military’s true intentions? 
Open source information takes this operational release of information even farther. 


Westerners may see no great loss when technology is compromised because they may never 
see the battle field of their work. They may think abstractly of their product as a funded 
program, not as something that kills someone. Their counterparts in another, less powerful 
country would face imprisonment or execution if they compromised hard-gathered 
information. 


Westerners must "publish or perish." They have a "right to know" and a free and inquisitive 
press. Non-Western counterparts do not. The arms race fuels the West’s ever expanding 
market and the information-rich marketing ethic that advertises it. The military must create 
policies that protect all its information - even the unclassified - because, in this new world, 
information that kills soldiers is a commodity available for sale. 


Operations security, a process of securing this unclassified information, can protect Force 
XXI. The security process is simple. Each element of the Army must ask itself, "What is it 
that I must protect, or else I'll fail in my mission?" The answer is that critical information 
must be protected, as Sun Tsu noticed so long ago. Not everything that can compromise a 
mission is classified. 


Next, the collection threat to this information must be studied. Soldiers must consider who 
wants what they have. Here, the intelligence community can provide assistance. The 
collection capability could be a highly sophisticated process or a hacker who can read the 
Army’s e-mail. In weighing the threat to the critical information, the answer to the next 
question, "Is the Army vulnerable?" may be surprising. Even units with 100 percent 
traditional security of their classified information have been compromised by a hemorrhage 
of unclassified data. Unit leaders did not tell their soldiers what was critical to protect, and 
soldiers did not control bar talk, telephone talk or what went out over the wire, much less 
what went into the trash. After the risks are weighed, such as collection capabilities and 
reaction times, countermeasures must be decided on. 
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The Army must communicate to accomplish any mission, but it has to remain aware of the 
unseen listener. Soldiers must know what an adversary can do. To survive, other countries 
will read everything the Army writes and listen to any conversation they can. The Army has 
to see itself as others see it. 


Once they learned that the Viet Cong had made tiny mines from discarded C-ration cans, 


soldiers stopped leaving cans uncontrolled. Now, the Army should do no less with its open 
source information. 
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5 * -5 * 6 =-150 5 * 6 * -5 =-150 


You will less likely make a mistake if you copy ne columns to rignt O1 Ne Max. Lne 
applications of this principle will ensure the correctness of your work if you are required to set up 
a determinant matrix of this or higher order. Complete the process of solving the equation by 
multiplying the numerals in the denominator in the negative direction using the matrix with the 
columns added. 


-(8 *-2*5)=-(- 80) 


- (-6*6*3 ) = - (- 108 ) 


Note: Just as yo 7 ; ‘e the values for the 
denominator for a three by three. 


(24) + (-72) + (-150) — (-80) — (30) — (-108) 
Now fill in the entire matrix and solve for the literal "x." To solve for "x," on the top of the 


ho 


matrix place the sign and numerical coefficient for the literal "y" and "z," and replace the literal 
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NEW RISKS OF CRISIS - FRESH PERSPECTIVES 
FROM OPEN SOURCE 


Dr Brian Rotheray, BBC Monitoring — 2001 
Copyright BBC, http://www.monitor.bbc.co.uk/ 


OPEN SOURCE 


An early British open-source handbook tells the story of a general sent to subdue an island. 
This island had recently been partially occupied and was in revolt. The general succeeded. He 
was an imaginative and decisive officer and he made extensive use of the various forms of 
intelligence. 


He sent out ships to chart the island's coast and identify its harbours and waterways - naval 
intelligence. He surveyed the interior - mapping and imagery. He studied the weapons of the 
local rebels and their tactics and devised his own methods to counter them - military 
intelligence. When it suited, he made deliberately slow progress through the country, 
allowing his reputation to go ahead of him - media spin. He investigated the state of 
agriculture and industry, identified mineral deposits and mining potential and established that 
the country was worth occupying - economic intelligence. He had reported to him the 
speeches of rebel leaders and so heard their arguments and knew what they said about him - 
political intelligence and open source. (Some speeches are fully texted in the book.) And he 
studied the locals. He found out about their languages and religion and character and "he 
listened to the experts" - cultural intelligence. He learned what made the people tick, 
particularly that "little was accomplished by force if injustice followed", and after winning he 
governed accordingly. 


This is not a recent book and it is about the British, not by them. It is by the historian Tacitus 
and is the biography of his father-in-law Gaius Julius Agricola, who subdued Britain for the 
Romans two thousand years ago. Plenty of sand has run through the glass since then, but the 
same basic ideas apply. 


Monitoring the media is as old the media. Former German Chancellor Helmut Schmidt is 
supposed to have said that he got more out of reading the Neue Zuericher Zeitung - a Swiss 
daily newspaper - than out of all his intelligence briefings. Part of the humour of this is that 
the Neue Zuericher looks like an old fashioned "intelligencer" with the style of an 
eighteenth-century broadsheet. 


All countries and governments practise media monitoring in some form or another From the 
Japanese embassy in London monitoring the UK press, through the mighty German 
Chancellor's press office, via companies that track mentions of toothpaste manufacturers - 
and the like - on local music stations, to the great spin-doctoring concerns that influence 
every move a politician makes. Governments, parties, interest groups, transnationals - they 
are all at it. 


The BBC is a major broadcaster domestically within the United Kingdom and internationally. 
It employs around 22,000 staff, runs a number of national and international television 
channels, five national and around 40 local radio channels. In addition, BBC World Service 
radio broadcasts in 40 languages and has around 150 million listeners. There is also a major 
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commitment to Internet services, including BBC News online — one of the world’s best- 
known. 


Since 1939, the BBC has found it worthwhile to monitor other broadcasters — other media — 
around the world and it continues to support a unit to do this. The BBC does this to 
understand its markets and competition and to help it report the news to those markets. 


The BBC also sees its monitoring service as a national asset supporting British interests. Our 
reporting helps inform a British and world public and deepens public understanding about 
what is going on in the world and why. It is a service to the British government, civil service 
and institutions. In effect BBC Monitoring sees open source media reporting as helping a 
number of communities of interest: 


- the diplomatic community — and the wider community of those interested in foreign 
affairs; 

- the defence and intelligence — and law-enforcement — communities; 

- the fourth estate — broadcasters and other media — and through them the British and 
international public; 

- the legislature — parliament and its members; 

- also the educational and the business communities; 

- and what is described in Britain as “joined-up government” — the bits that aim to 
make the individual elements act as a coherent whole. In practice that means the 
Prime Minister’s own offices. 


All these “communities”, these types of organisation, can benefit from knowing what is 
appearing in the media around the world. And there are three types of benefit that an 
organisation like BBC Monitoring can offer: 


1. Individual reports - many hundreds a day about what is happening in the world - 
information 

2. A picture of what people and the media in a country or region are saying - opinion 

3. Knowledge management — assistance in wading through millions of words in 
numerous languages from almost innumerable media sources and making some sense 
out of them 


The valued-added help in data navigation comes from: 
- knowledge of countries, languages and cultures, 
- knowledge of the sources and media environment 
- knowledge of the customer's needs and tools, as well as human skill to deliver the 


right material to suit the right function in a given situation. 


BBC Monitoring's aim is to provide sustained global coverage, maintaining a wide overview 
of foreign media source and monitoring the key ones. 


This means not just radio and television, but also news agencies and the press and the 
Internet. 
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Working in partnership with FBIS, BBC Monitoring offers output from the monitoring of 
around 3,000 sources in 150 countries and from 100 languages. What is offered is the product 
of a high level of skill and understanding. 


BBC Monitoring provides global coverage through its close partnership with FBIS - the US 
Foreign Broadcast Information Service. The partnership works through a division of coverage 
and by working to similar operational and editorial standards. Each partner passes the other 
its monitored output - the transcripts; each partner turns these transcripts into products and 
services for its respective customers. 


FBIS provides coverage of the Far East and Latin America The partners share coverage of 
Africa, the Middle East and Europe. BBC Monitoring majors in the FSU and Central Asia 
Both partners maintain a string of monitoring operations to cover their areas. 


BBC Monitoring's key trademark is that it tells you "the words as spoken" - exactly what a 
television service is reporting, exactly what a minister says in an interview, exactly what a 
treaty contains. 


Around 800 reports are issued each day. Reports like these can be accessed through Internet 
databases, profiled directly to end-users or fed into user organisations' intranets. 


Thousands of words and more than words. Also pictures, sound, information about the make 
up of governments and other official organisations. 


It is important that thus is also a service - not just a machine. At the highest level of service 
the users get desk-to-desk contact with the monitors who know the target countries and the 
topical issues. 


BBC Monitoring is aiming to provide effective open source intelligence - to help cover the 
needs of different functions in different situations at different times that add up to a strikingly 
coherent overall need. Our target: to collect the right information, make it plain, and deliver 
it to the right place at the right time. In conclusion, a short open source “entertainment” 
from the archives: 


DON'T IGNORE THE OBVIOUS [with apologies to James Thurber] 


The goose family - father goose, mother goose and daughter goose - is sitting at home 
minding its business. Suddenly there is a ring at the door. 


“Aha,” says daughter goose. “No doubt it is a young gentleman caller for me!” 


“Forget it, honey,” says father goose. “I'm expecting a brush salesman come to sell me a 
brush. I'll open up” 


Mother goose - more careful - looks out the window and sees a large, hungry-looking wolf 
with sharp teeth and a bushy tail 


“Tt's a wolf,” she says. “Got wolf written all over him. Teeth and a big tail. Don't open the 
door.” 
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“Don't be silly, honey,” says father goose, not bothering to look. “There's no wolf activity 
round here. There's a bunch of guys working undercover on wolves. They'd warn us if there 
was anything going down. It's the brush salesman What you think are teeth are its business 
cards. What you think is the tail is my brush. " 

So he opened the door - and the wolf ate him up. 


The moral: What's open source for the goose may not be open source for the gander. 
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SECRETS FOR SALE: 
HOW COMMERCIAL SATELLITE 
IMAGERY WILL CHANGE THE WORLD 


Yahya A. Dehqanzada and Ann M. Florini 
Excerpts from “Secrets for Sale: How Commercial Satellite Imagery Will 
Change the World” reprinted by permission of the publisher 
(Washington, D.C.: Carnegie Endowment for International Peace, 2000) 


EXECUTIVE SUMMARY 


By the year 2003 at least eleven private companies from five different countries expect to 
have high-resolution commercial remote sensing satellites in orbit. These new satellites have 
capabilities approaching those of military spy satellites, but with one key difference: their 
images will generally be available to anyone able to pay for them. This new technology raises 
a host of policy concerns with which governments, business executives, and analysts around 
the world are just beginning to grapple. This monograph, inspired by the discussions at a 
recent conference of the Carnegie Endowment for International Peace, addresses those policy 
concerns(1). 


Key conclusions are that: 


Increased access to high-resolution satellite imagery will shift power from the 
former holders of secrets to the newly informed. Governments that previously had limited 
or no access to satellite imagery can for the first time see what elite states have observed from 
the skies for many years. In addition, commercial satellite imagery will provide an 
independent source of information to groups in civil society. Both state and non-state actors 
will employ satellite imagery to monitor and sometimes publicize the activities of various 
countries and corporations. 


High-resolution satellite imagery has both beneficial and malign applications. It 
can significantly enhance the ability of governmental and nongovernmental organizations to 
respond quickly to sudden humanitarian emergencies such as in Somalia and Iraq, document 
and publicize large-scale humanitarian atrocities such as those witnessed in Kosovo and 
Rwanda, help control environmental problems ranging from impending droughts to 
deforestation, monitor compliance with international agreements, and assist in managing 
international disputes before they escalate to full-scale interstate wars. But abundance of 
information does not guarantee benevolent uses. State and non-state actors could employ 
remote sensing imagery to conduct industrial espionage, collect intelligence, plan terrorist 
attacks, or mount offensive military operations. 


Attempts to control access to high resolution satellite imagery are bound to fail. 
Since the end of the cold war, technological progress, coupled with a greater appreciation for 
the military, civilian, and commercial utility of high-resolution satellite data, has persuaded 
governments and corporations in virtually every region of the world to invest in indigenous 
remote sensing industries. As a result, both the satellite technology and the necessary support 
infrastructure have become global. It is unlikely that any one country, regardless of its size or 
market share, can by itself curb access to high-resolution satellite imagery. And because of 
the large number and varied political agendas of the countries that will operate various 
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satellites (Canada, France, India, Israel, Russia, the United States, and possibly China), 
multilateral agreements on control seem elusive. Governments need to accept this new era of 
mutual assured observation, take advantage of its positive effects, and find ways to manage 
its negative consequences. 


Commercially available high-resolution satellite imagery will trigger the 
development of more robust denial and deception and antisatellite countermeasures. 
Widely available high-resolution satellite imagery will undoubtedly compel governments to 
develop effective means for keeping their secrets hidden. Many states, especially those with 
regional adversaries, will invest heavily in denial and deception and antisatellite 
countermeasures. Such a development could have serious implications for confidence- 
building and crisis management among mutually vulnerable states. 


Expected gains from commercial high-resolution satellite imagery may be 
exaggerated. Satellite imagery is only one source of data among many. While it can detect 
large-scale troop movements, mass graves, and deforestation, it cannot reveal what those 
troops’ intentions are, who is buried in the mass graves, or how deforestation can be stopped. 
Complementary data are necessary to turn satellite imagery into usable information. 


Good training for imagery analysts is essential. Satellite imagery can be difficult 
to interpret. It takes years before an analyst gains the experience and expertise necessary to 
be able to derive useful information from gigabytes of transmitted data. Junior analysts are 
wrong far more often than they are right. It is essential that imagery analysts go through 
extensive training not only at the beginning of their careers, but also every time they shift the 
focus of their work—analysts who specialize in interpreting and analyzing the activities of 
ground forces cannot overnight become experts on nuclear testing or environmental issues. 


INTRODUCTION 


Over the next five years, at least five private companies around the world plan to launch 
commercial remote sensing satellites able to detect objects as small as one meter across. That 
level of detail is not as good as that of current government-controlled spy satellites, which by 
most accounts can achieve a resolution of just a few centimeters, but it is getting close. One 
key difference renders the commercial satellites far more interesting and possibly far more 
destabilizing than the state-owned spy satellites: the operators of these systems are not going 
to hide the imagery in the bowels of intelligence agencies, but are going to sell it to anyone 
able and willing to pay. The new commercial satellites will make it possible for the buyers of 
satellite imagery to, among other things, tell the difference between trucks and tanks, expose 
movements of large groups such as troops or refugees, and determine the probable location of 
natural resources. 


Whether this increased access to imagery amounts to a positive or negative development 
depends on who chooses to use it and how. On the plus side, governments, international 
organizations, and nongovernmental groups may find it easier to respond quickly to sudden 
movements of refugees, document and publicize large-scale humanitarian atrocities, monitor 
environmental degradation, or manage international disputes before they escalate to full-scale 
interstate wars. The United Nations, for example, is looking into the possibility that satellite 
imagery could significantly help curtail drug trafficking and narcotics production over the 
next ten years. Similarly, the International Atomic Energy Agency is studying the utility of 
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commercial high-resolution satellite imagery for monitoring state compliance with 
international arms control agreements. 


But there is no way to guarantee benevolent uses. Governments, corporations, and even small 
groups of individuals could use commercial satellite imagery to collect intelligence, conduct 
industrial espionage, plan terrorist attacks, or mount offensive military operations. Even when 
intentions are good, it can be remarkably difficult to derive accurate and useful information 
from the heaps of transmitted data. The media, for one, have already made major mistakes, 
misinterpreting images and misidentifying objects, including the number of reactors on fire 
during the Chernoby] nuclear accident in 1986 and the location of the Indian nuclear test sites 
just last year. 


Such bloopers notwithstanding, the new satellite imagery will provide many people with 
information to which they never before had access. The implications for national sovereignty, 
international peace and security, the ability of corporations to keep proprietary information 
secret, and the balance of power among the former holders of information (a few 
industrialized states) and the newly informed (other governments and global civil society) are 
serious. Undoubtedly states will attempt to maintain tight controls over this new source of 
information. Whether their efforts will succeed remains to be seen. 


In short, the new form of transparency brought about by the advent of high-resolution 
commercial satellites raises a host of pressing questions. Does it portend an age of peace and 
stability, or does it create vulnerabilities that will make the world more unstable and violent? 
What contributions can emerging remote-sensing technologies make to the fields of news 
reporting, humanitarian relief, environmental protection, and international security? What 
policies could the United States and other countries adopt to secure the benefits of growing 
international transparency while limiting its potential negative consequences? 


The Technology of Remote Sensing 


An analysis of the implications of the new satellites requires a basic understanding of what 
the various existing and future systems can see and do, what the jargon used in the remote 
sensing field means, and what types of sensors exist. 


Perhaps the best-known concept is that of spatial resolution. Spatial resolution refers to the 
size of the objects on the ground that the satellite sensor is able to detect. A satellite image is 
a mosaic. A sensor applies one value (a shade of grey or color) to each square of the mosaic. 
For a satellite with 1-meter resolution, each square in the mosaic corresponds to one square 
meter of ground area, while 10-meter resolution corresponds to ten square meters on the 
ground—a difference of a factor of 100 (see image on page 26). 


At present, civilian and commercial satellites carry one of three types of sensors: film, 
electro- optical, and synthetic aperture radar (SAR). 


Film sensors take actual photographs, with the film returned to Earth either by 
retrieving ejected film capsules or by recovering the entire satellite. Both U.S. and Soviet spy 
satellites started off using film, and many Russian satellites still do. Film provides good high- 
resolution imagery but has two real drawbacks. It can be slow, since it usually has to be 
physically retrieved and developed, and the satellite becomes useless once it runs out of film, 
a characteristic that requires frequent launches of new satellites. 
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Electro-optical sensors overcome these disadvantages. They measure the 
electromagnetic radiation reflected off or emitted by objects on the Earth’s surface, creating 
digital images of ground features that are then transmitted to receiving stations on Earth in a 
matter of minutes. However, these systems, like film, do not produce their own signals and 
therefore depend on other sources of energy such as the sun to illuminate the objects being 
observed. This characteristic constrains the use of both types of systems to daylight hours and 
favorable conditions. Bad weather or smoke can severely limit what these systems can see. 


There are three different types of electro-optical sensors. Panchromatic sensors detect 
energy reflectance in only one band of the electromagnetic spectrum and thus produce black- 
and white imagery. Multispectral sensors can measure electromagnetic reflectance in several 
different color bands—usually three to seven—and so produce color images. Hyperspectral 
sensors, through a similar technique, image objects using many different spectral bands. The 
ability of hyperspectral sensors to distinguish tens and sometimes hundreds of different 
shades of color allows them to provide a great deal of information about the composition of 
features on the Earth’s surface not discernible by either panchromatic or multispectral 
instruments. 


With synthetic aperture radar sensors, the systems transmit a signal in the microwave part of 
the spectrum to the Earth’s surface and then detect the characteristics of the return signal after 
it reflects off objects on the surface. Because radar satellites emit their own signals and 
operate in longer wavelengths than electro-optical systems, their operations are not limited to 
daylight hours. Synthetic aperture radar sensors can image any spot on Earth day or night, in 
any weather, through clouds and smoke. As with the electro-optical systems, they produce 
digital data that can be downloaded to ground receiving stations moments after the images are 
collected. 


APPLICATIONS OF EMERGING REMOTE SENSING CAPABILITIES 


In 1858 the French photographer Gaspard-Felix Tournachon (popularly known as Nadar) 
pioneered the field of remote sensing when he took the world’s first aerial photograph of 
Paris from his gas balloon, Le Géant, 250 feet above the ground. Two years later Nadar found 
himself taking aerial pictures of enemy troop movements during the 1870 Franco- Prussian 
war.(2) What had started as one man’s desire to capture the imagination of the world through 
the lens of a camera suddenly found novel applications in the bloody field of interstate 
warfare. 


Since those early days, many more applications have been discovered for remote sensing 
data. Although the age of easy access to timely high-resolution satellite imagery is just now 
dawning, for several decades imagery has been available from aircraft and even (at lower 
resolutions) from government-operated satellites (see Chapter Three and Appendix B). Over 
the past thirty years, governments, corporations, and nongovernmental organizations have 
used aerial and space-based imagery platforms to, among other things, collect intelligence, 
execute military operations, plan development projects, and monitor the environment. It 
seems likely that as the availability of high-resolution imagery grows, and especially if the 
prices drop, governments and non-state actors will find new arenas where remote sensing 
data can be of value. 


42 


Although a discussion of the full range of applications for remote sensing data is beyond the 
scope of this monograph, the brief overview that follows provides a glimpse of the 
multifaceted significance of this powerful form of global transparency. 


Security Applications 


Of all the applications of commercial high-resolution satellite imagery, the most controversial 
and the most lucrative are its security applications.(3) In the short term, nearly half the sales 
of high-resolution imagery will be made to defense and intelligence organizations worldwide. 


High-resolution commercial satellite imagery can help governments, especially those with no 
indigenous imagery collection capabilities, monitor the activities of neighbors and regional 
adversaries and expose violations of international norms and treaties. In August 1987, for 
example, the German foreign intelligence service, the Bundesnachrichten Dienst, used 10- 
meter resolution SPOT imagery to publicize the construction of a chemical warfare 
production facility near Rabta, Libya.(4) Space-based reconnaissance is particularly well 
suited for this type of intelligence collection because it is sanctioned under international law 
and is considerably less intrusive than either aerial or on-ground surveillance. An added 
advantage of commercial satellite imagery is that it can be shared. Whereas government 
officials closely guard spy satellite images to conceal the technical capabilities of national 
reconnaissance systems, commercial imagery can easily be shared with foreign governments 
and international organizations, a considerable advantage in multilateral operations such as 
those in Iraq, Bosnia, or Kosovo. 


In addition to intelligence collection, high-resolution commercial satellite imagery can help 
identify enemy vulnerabilities, plan military operations, assess strike effectiveness, and 
prioritize targets for follow-up missions. There is some evidence that the Iraqi military may 
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have used 10-meter resolution SPOT satellite photographs for attack planning and post-attack 
assessments both during the eight-year Iran-Iraq war and prior to the invasion of Kuwait in 
August 1990.(5) SPOT and Landsat imagery later helped the allied forces expel the Iraqi 
troops from Kuwait.(6) 


Technological advances are likely to increase the demand for commercial satellite imagery. 
With the launch of the world’s first hyperspectral sensors on board the OrbView 4, Naval 
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EarthMap Observer, and Aries satellites, all of which are scheduled to begin operations 
within the next three years, security agencies worldwide will have access to richer data for 
intelligence gathering and military planning. Hyperspectral imagery can detect any type of 
camouflage that is not natural and growing. Green plastic and foliage have unique spectral 
signatures that are easily distinguishable from living vegetation. Military planners can use 
such information to design and carry out precision strikes against concealed high-value 
targets. In addition, hyperspectral sensors may be able to identify high concentrations of 
different chemicals in the soil.(7) It may be possible to employ these sensors to monitor, 
document, and publicize the production and use of chemical weapons in different parts of the 
world. 


There is no reason to believe that the demand for commercial satellite imagery for 
intelligence collection and military planning will abate any time in the near future. As long as 
armed conflicts occur, government demand for remote sensing data is likely to remain high, 
regardless of what happens to the prices of satellite imagery. If anything, with the launch of 
new systems with better spatial and spectral resolutions and shorter turnaround times, 
demand will continue to grow. 


Humanitarian Application 


On August 10, 1995, Madeleine K. Albright, at the time the United States’ chief delegate to 
the United Nations, called the attention of the international community to atrocities 
committed by Bosnian Serbs against Bosnian Muslims after the fall of the UN “safe area” in 
Srebrenica.(8) Amb. Albright presented the UN Security Council with American spy satellite 
images that showed people herded into a soccer field at Nova Kasaba the previous July 13 
and 14. Imagery collected several days later revealed an empty stadium but mounds of 
freshly dug earth in the nearby field. After the end of hostilities, war crimes investigators 
exhumed the graves and recovered the bodies of dozens of Bosnian Muslims(9). 


The 1995 incident unveiled to the world the power of satellite imagery in monitoring, 
documenting, and, possibly, deterring large-scale humanitarian crises. On April 1, 1999, as a 
new chapter of Serbian aggression was being written, this time against Kosovar Albanians, 
members of ten human rights and religious organizations gathered at the National Press Club 
in Washington, D.C., to call upon the Clinton administration to “immediately provide the 
International Criminal Tribunal for the Former Yugoslavia with all available intelligence 
information that reveals evidence of atrocities in Kosovo, specifically imagery collected by 
satellites, aircraft, and unmanned air vehicles.”(10) Responding to such demands, the United 
States and the North Atlantic Treaty Organization (NATO) released numerous satellite 
images of mass graves in different parts of Kosovo, including Glodane, Velika Krusa, Pusto 
Selo, Glogovac, and Izbica. 


The flood of spy satellite imagery made available to the public during the Kosovo crisis was 
unprecedented. It is not clear, however, whether the United States and its NATO allies will be 
so open again. Publicizing the egregious acts of the Serbian forces in Kosovo clearly served 
the political objectives of the Clinton administration, which was trying to win the support of 
the international community in general and the American public in particular. It seems 
doubtful that a future U.S. administration would be as forthcoming if releasing spy satellite 
imagery meant having to take action against states with close ties to the United States or 
having to consider undertaking a major engagement in less strategically significant parts of 
the world, such as Rwanda, Sudan, or Afghanistan. 
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"x" numerical coefficients with the independent values. You will do the same operation when 
solving for the literal "y.". Remember, the same rules apply to diagonal multiplication in the 
numerator as you did with the denominator. Study the example given showing a completed 
matrix using the original equations. 


Example: 


2x+3y+5z=0 
6x —2y-3z=3 
8x—-Sy-6z=1 


_ __ O)+(-9)+(-75)-(-10)-(0)—10) 
~ (24)+(-72)-+(-150)—(-80)—(30)—(-108) 


- —9-75+10+54 

* ="94-72—150+80—30+108 
_ -20 

*=—40 


— ©36)+(0)+(30)—.20)—(-6)—(0) 
= —40 
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The advent of commercial high-resolution satellites will guarantee that in the future the 
Milosovics of the world will not be able to carry out their sinister plans unobserved. Satellites 
can document events in the remotest corners of the world, or in areas where security concerns 
limit access to international observers and media groups. Such information can later be used 
to publicize humanitarian emergencies and possibly punish the perpetrators of humanitarian 
crimes. Commercial satellite operators are generally not restrained by the sort of political 
constraints that often muzzle the response of state governments. Whereas states may refrain 
from publicizing acts of humanitarian violence in other friendly countries or in countries 
where they do not wish to get involved, commercial satellite operators will readily market 
such imagery to a host of media and human rights groups. Such widely available satellite 
imagery might deter states from committing large-scale violence against ethnic minorities 
and might compel the international community to take action once such acts of violence are 
committed. 


: Possible Mass Graves 
United States KamabadCorjovie Pelle Arun, Reeds 


surveillance photograph 
in a handout presented 
by the chief U.S. delegate 
to the United 

Nations on August 10, 
1995, showing alleged 
mass graves in Nova 
Kasaba, Bosnia (later 
found to contain bodies 
of Muslim civilians 
massacred by the 
Bosnian Serbs). 


Aerial imagery from a 
NATO handout released 
on April 17, 1999, 
showing what NATO 
described as new 

graves near Izbica, 
Kosovo. 


High-resolution satellite imagery can also provide state and non-state actors with valuable 
information on how to respond to humanitarian emergencies. Large refugee movements can 
be tracked using imagery with a resolution of 1 meter or better. Such imagery could help 
determine the direction of refugee flows, the size of different refugee pockets, ground surface 
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features, and the resources available to humanitarian response teams. Employing high- 
resolution satellite imagery to plan relief operations could significantly improve the ability of 
various groups to alleviate human suffering in the wake of large-scale humanitarian 
emergencies. 


Environmental Applications 


For the past twenty-seven years, low and medium-resolution civilian satellites have provided 
invaluable data on the status of the Earth’s temperature, land cover, water bodies, and 
atmosphere.(11) For example, satellite imagery has allowed scientists to monitor and 
document the depletion of the ozone layer over the South Pole, the shrinking of the Aral Sea 
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Five-meter-resolution 
imagery taken by the 
Indian Remote 
Sensing satellite IRS- 
1D) on May 8, 1999, 
depicting the 
destruction left behind 
in the wake of a 
powerful tornado near 
Oklahoma City. 


basin. In addition, remote sensing systems have at times played a central role in managing 
serious environmental emergencies. After the 1990-1991 Persian Gulf War, the thermal- 
infrared sensors on board the Landsat 4 satellite provided firefighters with critical 
information on the exact location of some 529 oil fires in liberated Kuwait.(12) More 
recently, the Canadian RADARSAT-1 system helped avert a potential disaster by providing 
timely information on the size and direction of a large oil slick near the water intake pipes of 
a nuclear power plant on the coast of Japan. 


As these examples illustrate, remote sensing systems have for decades satisfied many of the 
data needs of various government agencies, scientists, and environmentalists. In the future, 
emerging commercial satellites with higher spatial and better spectral resolutions will 
supplement and complement (but not replace) existing environmental monitoring capabilities. 
The primary reason is that most environmental changes are slow, evolving processes that take 
place across extensive tracts of Earth over lengthy periods. To monitor and document long- 
term environmental change, scientists need continuous coverage of vast regions. The existing 
high price of commercial satellite imagery makes it virtually impossible for anyone except 
the most affluent environmental organizations to purchase large quantities of high-resolution 
satellite imagery. Whereas the U.S. government provides Landsat 7 pictures for $475 to $600 
per scene, commercial satellite operators routinely charge $4,400 for a comparable product. 
Although these prices may decline as the number of commercial systems in operation 
increases, that drop is unlikely any time soon, given that the commercial satellite companies 
are trying to recoup investments on the order of hundreds of millions of dollars. 
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While existing civilian satellites have a comparative advantage in long-term, wide-area 
monitoring of the environment, emerging commercial satellites seem to be particularly well 
suited for periodic assessments of areas of greatest concern. Possible environmental 
applications of emerging commercial satellites include: studying the impact of land 
development and energy exploration on wilderness areas, developing more complete wetland 
inventories, monitoring the health of vegetation in all regions of the world but particularly in 
remote or inaccessible areas, and detecting toxic discharges from mines and production 
facilities. 


Governments, corporations, and conservation groups are slowly beginning to understand the 
immense potential of remote sensing data for environmental monitoring and are taking steps 
to better incorporate such data into their decision making. In 1995 the U.S. Environmental 
Protection Agency (EPA) conducted a study on the possibility of employing hyperspectral 
sensors to monitor toxic runoffs from abandoned mines. It conducted the experiment at the 
CalGulch Mine Superfund site in Leadville, Colorado, which is home to hundreds of relict 
gold, silver, lead, and zinc mines suspected of contributing acid drainage and heavy metals to 
downstream supplies of drinking water. Using NASA’s aerial hyperspectral sensor, the 
Airborne Visible and Infra-Red Imaging Spectrometer (AVIRIS), the EPA was able to study 
the site while saving approximately “80 percent of the time and cost of traditional ground- 
based analysis.”(13) After the success of the CalGulch Mine experiment, the EPA launched 
an Advanced Measurement Initiative (AMI) to accelerate the adoption and application of 
remote sensing and other technologies that could provide more timely, accurate, and cost- 
effective environmental monitoring data. Under the initiative, the EPA has undertaken two 
new projects involving hyperspectral sensors to monitor the presence of jarosite (a mineral 
that can contribute to acid drainage and the release of heavy metals into the environment) in 
the Ray copper mines in Arizona, and to measure the concentration of suspended minerals, 
chlorophyll, and dissolved organic carbon in the surface waters of the Neuse River in North 
Carolina. The results of both studies were to be released at the end of 1999. 


Mindful of the bad publicity associated with lax environmental practices, a number of 
multinational corporations have also begun using remote sensing technologies to police their 
own activities. The Texas oil giant, Texaco, for example, developed an aerial hyperspectral 
sensor called Texaco Energy and Environmental Multispectral Imaging Spectrometer 
(TEEMS) to help it pursue environmentally sound policies. Once fully operational, this 
imaging capability will allow Texaco to, among other things, establish environmental 
baselines prior to commencing exploration, conduct fracture analysis on its vast network of 
pipelines, identify oil seeps and oil spills, and, when necessary, take action to minimize and 
reverse damage done to the environment. 


The use of remote sensing data for environmental monitoring is not limited to state 
governments and large corporations. Environmental nongovernmental organizations have for 
years made extensive use of existing relatively low-resolution imagery to monitor 
enforcement of the U.S. Endangered Species Act, document the destruction of coral reefs 
around the world, and generate plans for ecosystem management.(14) As more sophisticated 
commercial remote sensing systems become available, and especially if the prices drop, it can 
be expected that environmental groups will expand their activities, monitoring compliance 
with existing environmental standards and publicizing violations. 


47 


Media Uses of Satellite Imagery 


On Saturday, April 26, 1986, two explosions destroyed Unit 4 of the Chernobyl nuclear 
power plant in Ukraine and released 100 million curies of radionuclides into the 
environment.(15) Hoping to keep the incident secret, the Soviet government immediately 
sealed off a 100- mile radius around the stricken reactor and banned all foreign travel to Kiev, 
the largest city nearest the site of the accident.(16) Two days later, as radioactive clouds 
began setting off radiation alarms throughout Europe, the Soviet news agency Tass confirmed 
Western suspicions by disclosing that one of its atomic reactors had indeed been damaged. 


Within hours of the announcement the United States’ top-secret spy satellite, Keyhole (KH- 
11), began collecting imagery of the Chernobyl power station. By Tuesday, April 29, KH-11 
photos were in the hands of U.S. policy makers in Washington, D.C. But this time 
government officials did not have exclusive access to satellite imagery. Less than twenty-four 
hours after Keyhole images reached the White House, the American Broadcasting Company 
(ABC) aired medium-resolution Landsat images of the blazing nuclear reactor.(17) Shortly 
thereafter, a number of media organizations began broadcasting higher resolution SPOT 
images of the Chernobyl] power plant. 


In the decade and a half since the Chernobyl accident, the use of satellite photos by news 
organizations has increased significantly. Despite the relatively low resolution of publicly 
available satellite systems, media groups have employed remote sensing technology to report 
on important events such as the military buildup in the former Soviet Union, the Persian Gulf 
War, weapons proliferation in the third world, the U.S. assault on Osama bin Laden’s 
hideaway in Afghanistan, the devastation left by a tornado that swept through Oklahoma 
City, the nuclear tests in India and Pakistan, and, more recently, the humanitarian atrocities in 
Kosovo. 


With the advent of commercial high-resolution satellites, the use of remote sensing imagery 
by media groups is likely to grow. Imagery, even relatively fuzzy commercial satellite 
photos, allows news agencies to convey important information visually to their audiences. 
More important, satellites can go places that are otherwise inaccessible to media groups. 
These two features alone will ensure the continued use of satellite imagery by news 
organizations for years to come. 


Business Applications 


The full range of commercial applications for satellite imagery is not yet known. A number of 
factors, including cost, timeliness, and spectral as well as spatial resolution, will ultimately 
determine how narrowly or broadly remote sensing imagery is employed. However, several 
commercial applications of satellite imagery are worth noting here. 


Satellite imagery has important applications in map making. While 95 percent of the world’s 
land mass is mapped at a scale of 1:250,000, only 33 percent is mapped at 1:25,000. Less 
than 10 percent of Africa and South America and less than 20 percent of Asia and Australia 
are mapped at the higher scale. In many cases the maps available at the higher scale are 
outdated or incomplete. Emerging high-resolution commercial satellites will significantly 
improve both the scale and quality of maps of the more remote and less developed regions of 
the world. 
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Another major commercial application of high-resolution satellite imagery is in the field of 
agricultural management. Agriculture is a volatile field with pronounced effects on the 
economic well-being and political stability of nations. Satellite imagery can help take some of 
the unpredictability out of this important sector. Multispectral and hyperspectral sensors are 
well suited to predicting crop yields, detecting crop disease and insect infestation, and 
monitoring thermal stress.(18) Satellite imagery can be used to prepare detailed maps of 
agricultural fields to determine the best seeding and irrigation patterns, as well as the 
optimum amounts of fertilizer and pesticides needed to obtain higher crop yields. 


Satellite imagery can also help pinpoint the probable location of nonrenewable natural 
resources, a capability that can dramatically reduce the economic risks of exploration. Radar 
imagery, for example, has for years helped oil companies identify new offshore oil reserves. 
According to Roger Mitchell of the Earth Satellite Corporation, nearly 80 percent of offshore 
oil exploration starts by searching for oil seeps.(19) Oil’s viscosity retards wave formation, 
causing a “calm spot” on the ocean surface. Radar satellites can detect these calm spots and 
analyze their suitability for future exploration. 


Similarly, hyperspectral sensors can inspect the Earth’s surface for unique spectral signatures 
associated with particular resources. Once a signature is detected, mining companies can 
begin exploration activities with much greater confidence. In the next few years, 
hyperspectral sensors may revolutionize exploration for natural resources in all corners of the 
world. Unlike the traditional methods, satellites can image any region on Earth regardless of 
its accessibility and can provide accurate information at a significantly lower cost. However, 
for hyperspectral imagery to be useful, additional research is needed to compile a more 
thorough library of the spectral signatures associated with different natural resources. 


Urban planners can also use satellite imagery to improve efficiency and reduce costs. Houses, 
water tanks, canals, sidewalks, pavements, and parking lots are easily distinguishable on 
high-resolution satellite imagery. City officials can use such information to plan new 
development projects and design improved networks of public utilities. Remote sensing data 
can provide engineers and construction companies with valuable information on soil 
composition and structural morphology before substantial investments are made. 


Finally, remote sensing data provide corporations new opportunities to spy on their 
competitors. A comparison of archived and more recent satellite imagery can reveal 
important information about the production capacity of rival companies at dispersed locations 
around the world. For example, high-resolution satellite imagery can reveal new construction, 
new types of shipping containers on loading docks, or an increase in the number of rail cars 
used to distribute products.(20) Although traditionally observers on the ground have obtained 
such information, commercial satellite imagery may prove to be more cost-effective and 
significantly less intrusive. 


Competitive Intelligence or Industrial Espionage? 


There has never been a ruling on the legality of space-based imagery for competitive 
intelligence. The only relevant case, which may form the basis for all future litigation, dates 
back to 1970. In E.I. du Pont de Nemours & Co., Inc. v. Christopher, DuPont sued the 
Christopher brothers for taking aerial pictures of its Texas plant while the plant was under 
construction to learn DuPont’s new process for methanol production (Fred Wergeles, 
"Commercial Satellite Imagery: New Opportunities for Competitive Intelligence," 
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Competitive Intelligence Magazine). In this case, the court ruled in DuPont’s favor, citing the 
steps taken by the company to protect its trade secrets and the improper means used by the 
Christopher brothers to uncover those secrets. 


The advent of commercial high-resolution satellite imagery may have a profound impact on 
how cases involving remote sensing imagery are adjudicated in the future. In DuPont the 
court adjudged the actions of the Christophers to be improper primarily because, at that time, 
the method they used to determine DuPont’s secrets was considered so out of the ordinary 
(Fred Wergeles, "Commercial Satellite Imagery: New Opportunities for Competitive 
Intelligence," Competitive Intelligence Magazine). Once high-resolution satellite imagery 
becomes widely available, it will be harder to argue that overhead observation of the 
production facilities of rivals is an extraordinary and, therefore, improper means for carrying 
out competitive intelligence. Instead, businesses may have to take additional steps to protect 
valuable trade secrets. 


Even assuming that the use of satellite imagery for competitive intelligence is considered 
unlawful, it will be difficult for corporations to prove any wrongdoing by industrial 
competitors. Current statutes do not require satellite operators to disclose either their imagery 
or the identity of their clients to third parties. Thus, it is nearly impossible for companies to 
know whether a passing satellite collected imagery of their facilities and, if so, who asked for 
specific images. This task becomes even more arduous as the number of domestic and, more 
importantly, international sources of high-resolution imagery increases. Whereas greater 
regulation and closer government scrutiny can restrain domestic vendors, controlling 
international vendors is likely to prove far more elusive. 


DRAWBACKS OF COMMERCIAL SATELLITE IMAGING 


The widespread availability of commercial high-resolution satellite imagery will for the first 
time reveal to many people and organizations information to which they never before had 
access. Some have celebrated this new development, calling it the emerging era of global 
transparency. But transparency has both positive and negative consequences. 


In the field of international relations, greater transparency could allay tensions among 
international rivals and herald a new era of peaceful coexistence. As one observer stated, 
“Nations that know what their enemies are doing are less likely to increase world tensions 
through activities born of fear. And nations that know their enemies are observing them are 
far less likely to threaten international peace through rash behavior.”(21) According to this 
view, if everyone is constantly watching everyone else, surprise attacks become impossible 
and aggressive actions unrewarding. 


This premise may often be true, but not always. When the success of aggression is dependent 
on the element of surprise, transparency will indeed reduce the incidence of aggression. But 
not all aggression requires surprise to succeed. Transparency could aggravate interstate 
conflicts by removing ambiguities about relative capabilities and allowing states to exploit 
each others’ weaknesses. To the degree that governments new to remote sensing misinterpret 
what they see, imagery could create groundless fears. 


Even under the best of circumstances, transparency cannot ensure that the right decisions are 
made. Transparency reveals behavior, but not intent.(22) If enemy troops are detected 
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massing along the border, is that just harmless posturing, or are they preparing for a 
preemptive strike? If states reach the wrong conclusions, they may find themselves spiraling 
uncontrollably toward war. 


Transparency could also complicate decision-making by introducing new participants into the 
policy process. Widespread availability of high-resolution satellite imagery would allow 
private citizens, nongovernmental organizations, and particularly the media to take a more 
active role in policy making. These groups could independently use satellite imagery to 
monitor state compliance with international agreements, expose environmental degradation, 
and publicize large-scale humanitarian emergencies. In some situations civil society groups 
and the media might be able to compel states to take action, even when government officials 
would much prefer to do nothing. 


Here again, there are no guarantees that greater transparency will produce better outcomes. 
Nongovernmental organizations and the media rarely have the resources, analytical skills, or 
technical expertise that are more readily available to state governments. It is inevitable that 
organizations will make mistakes as they begin to increasingly rely on satellite imagery. The 
media have already made such errors on at least four occasions. During the 1986 Chernobyl 
accident, in an attempt to be the first with breaking news, a number of media organizations 
misinterpreted imagery and erroneously reported that two nuclear reactors had melted 
down.(23) Just a few weeks later, a number of networks in the United States cited SPOT 
imagery of a Soviet nuclear proving grounds at Semipalatinsk as evidence of Moscow’s 
decision to resume nuclear testing. Further analysis revealed that the networks had 
completely misinterpreted the imagery, falsely presenting routine activities in a far more 
pernicious light.(24) 


Another error occurred in 1992 when a newspaper called the European published SPOT 
images of what it labeled an Algerian nuclear research complex. Subsequent analysis of the 
image revealed that the feature in the photo was not a nuclear research facility but a military 
airbase. To make matters worse, the European had published the image upside down and 
backwards.(25) 


More recently, on May 25, 1998, Newsweek magazine published a satellite image that it 
claimed showed the site in the northern desert state of Rajasthan where India had conducted 
five nuclear tests. Newsweek maintained that the image dated from a week before the tests 
and ran the picture with several captions identifying specific objects and installations. None 
of the information was correct. It turned out that the imagery had been collected over five 
years prior to the blasts, and the feature Newsweek identified as the hole where one of India’s 
nuclear explosions took place was in fact an animal holding pen.(26) 


Fortunately, no grave damage has yet resulted from the erroneous reports that have appeared, 
but it is optimistic to think that continued carelessness will have no consequences. False 
reporting, whether deliberate or unintentional, could easily embitter relations among nations 
and prevent the resolution of outstanding disputes. 


Transparency raises major economic concerns as well. Radar, multispectral, and especially 
hyperspectral sensors may allow extraction companies to know more about a country’s 
natural resources than the country’s own government. This disparity in knowledge could 
place state officials at a considerable disadvantage when negotiating drilling rights and 
mining agreements. As mentioned, governments are not the only ones that may feel an acute 
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sense of vulnerability. Corporations may find themselves being observed by competitors 
trying to keep tabs on their construction of new production facilities around the world and 
estimate the size of their production runs by looking at their emissions. 


In short, the emerging global transparency resulting from high-resolution commercial remote 
sensing satellites promises both benefits and costs. The challenge is to devise policies that 
harness the benefits of growing international transparency while minimizing its many 
potential negative consequences. 


CONCLUSION 


This telephone has too many shortcomings to be seriously considered as a means of 
communication. The device is inherently of no value to us. 
—Western Union internal memo, 1876 


Heavier-than-air flying machines are impossible. 
—Lord Kelvin, president, Royal Society, 1895 


The wireless music box has no imaginable commercial value. Who would pay for a 
message sent to nobody in particular? 

—David Sarnoff’s associates in response to his urgings for investment in the radio in the 
1920s 


I think there is a world market for maybe five computers. 
—Thomas Watson, chairman, International Business Machines (IBM), 1943 


There is no reason anyone would want a computer in their home. 
—Ken Olson, president and founder, Digital Equipment Corporation, 1977 


640K ought to be enough for anybody. 
—Bill Gates, Microsoft Corporation, 1981 


The success rate of prognostications about how new technologies will fare approaches zero. 
No one really knows whether a thriving satellite commercial remote sensing industry will 
develop over the next decade, or whether the whole industry will crash, figuratively if not 
literally. 


The only sure prediction is that the industry will change, drastically, in the next few years. 
Some of those changes may come in the form of technological improvements. Space 
Imaging, operator of the IKONOS satellite now in orbit, recently announced that it is thinking 
about follow-ons with even greater capabilities. Chief Executive Officer John Copple noted 
in an interview that the market has changed notably in the four years since the company was 
formed. Not only is there competition from other potential satellite operators, but “we’re 
seeing much higher resolution from the aerial companies and would like to be able to 
participate in that market.”(27) Although there is a widespread myth that Presidential 
Decision Directive-23 limits the resolution of American satellites to no better than 1 meter, in 
fact there is no constraint on resolution. Indeed, under ideal conditions IKONOS and some of 
the other satellites scheduled for launch within the next year will achieve resolutions closer to 
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0.86 meter. Copple says that the U.S. national security industry, likely to be a major 
customer, is urging U.S. companies to move to higher resolutions in future satellites.(28) 


Some of the changes may involve the organization of the industry. Spot Image of France and 
OrbImage of the United States recently announced plans for a partnership that would market 
OrbImage’s high-resolution imagery (from OrbView 3 and OrbView 4, planned for launch in 
late 2000) through Spot’s well-established global sales network.(29) Such cross-border 
alliances are becoming emblematic of the globalization of the industry. Not only are there 
many countries with civilian or commercial operators, the operators themselves are 
increasingly multinational enterprises. 


If commercial satellite remote sensing does take off, the new availability of imagery will 
raise further questions for government officials and others around the world, questions not 
easily answered through purely national means. Because information really is power, the 
spread of this particularly vivid and comprehensive form of information will ripple through 
all sorts of relationships—those among states, and those between states and other 
international actors such as businesses and civil society. 


The rapidly growing literature and plethora of conferences on the new satellites have mostly 
focused on what the availability of high-resolution imagery will do to the conduct of war, and 
in particular whether it will undermine the overwhelming military preponderance of the 
United States. Certainly it is possible to imagine circumstances in which the United States 
would benefit militarily from the suppression of such imagery. It is more difficult to imagine 
military conflicts involving the United States in which France, India, Israel, Russia, and 
eventually China would all agree to go along with the suppression of such imagery. This 
battle is already lost. 


The more fundamental questions raised by the new satellites have to do with basic issues 
about the meaning and relevance of national borders, about the relationships of governments 
not only to one another but also to private businesses and nongovernmental organizations, 
and about the meaning of national sovereignty. Satellite imagery is only one of a whole series 
of information technologies that have caused states to lose control over information about 
what is happening within their borders. From now on, it will not only be the US. 
Ambassador to the United Nations who can show images of atrocities in the UN Security 
Council and demand action. Any government on the council will be able to do so, or any 
government or nongovernmental organization that can persuade a council member to present 
the images. International negotiations on everything from arms control to climate change, 
already populated by ever-growing numbers of governments, businesses, and 
nongovernmental organizations, will face new complications caused by their inability to 
suppress or ignore unwanted information. Because information will be so widely available, 
crises may become harder to manage, as leaders find themselves under relentless pressure to 
act quickly. 


But this is not the first time the world has had to adjust to a technologically driven jump in 
the availability of information. Printing presses were once seen as tools of the devil because 
they removed control over information from the hands of the medieval Catholic Church and 
spread it across the (literate) populace at large. Every new step from the telegraph to the 
Internet has been greeted with proclamations of apocalyptic change. Governments that have 
tried to suppress and control flows of information have, in the long run, suffered for it. The 
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wiser course of action, as well as the only practicable one, is to learn to live with the new 
transparency. 


For the United States in particular, it is most unlikely that the shortsighted policy of shutter 
control will do good, and it could do harm even to the United States itself by undermining an 
industry on which the national security community will increasingly have to rely. The United 
States would be better served by policies that return to the traditional U.S. emphasis on open 
skies and freedom of information. In the 1960s, U.S. policies helped bring about the 
legitimacy of satellite reconnaissance. In the 1970s and 1980s, U.S. leadership in both the 
technology and politics of civilian remote sensing led to global acceptance of unconstrained 
imaging from space. When the inevitable international disputes arise over the new 
transparency, and when the United States finds itself facing short-term interests in 
suppressing imagery, it is crucial that it stick to the long-range policies in favor of 
transparency that have served it so well. 


For the rest of the world, this new form of transparency will do far more good than harm. 
Countries that now live in fear of one another will be able to learn whether those potentially 
hostile neighbors are in fact mobilizing for attack, and would-be attackers, at least sometimes, 
will be deterred by the overwhelming likelihood of detection. The pressing environmental 
and developmental problems facing poor countries, heretofore unseen and therefore easily 
ignored by the rich, will become both more visible and better understood. 


Most important, the new imagery will contribute to a badly needed shift in perspective. As 
Oliver Morton wrote in an article on satellite imagery in Wired magazine in 1997: 


Like the telephone or the wrist watch, it is the sort of product that gets woven into the fabric of 
life—in this case, as an assumption that all the world is out there to be seen, that it is all 
available, comprehensible, and held in common.... With shared eyes we will watch the world 
carry its cargo of civilization —its roads, its fields, its cities, its landfills—through time and 
space. This portrait will be an image that can zoom in to the personal and pull out to the 
geopolitical, a new way to look at borders, a new way to look at news. It will be an illustration 
of everything: not, in the end, a view from nowhere, but a view from everywhere, for 
everyone.(30) 
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To solve for the last literal '"z," perform determinant matrix by replacing only numerical 
coefficients for "z." The easiest solution is to use one of the original equations and substitute the 
known values for the literal "x" and "y" and solve for "z." In the equation below, the solutions are 
substituted for the literal "x" and "y" and solved for "z.". When you check your work, you should 
use one of the other equations to check your solution. 


2(4)+3@)+52=0 


1+9+5z=0 
10-10+5z=0-10 
5z=-10 
5z _ =10 
5 5 
Z=-2 


Solution: (x — sy =3,z= -2 | 


Try the following challenge to give you more practice and to reinforce what you have already 
learned. Check your work to ensure your solutions are correct before checking them against 
those given. 
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INTERNATIONAL VIEWS OF OSINT 


TEACHING THE GIANT TO DANCE: 
CONTRADICTIONS AND OPPORTUNITIES 
IN OPEN SOURCE WITHIN THE 
INTELLIGENCE COMMUNITY 


Admiral William Studeman 


FAS Intro: The following discussion of the history of the Foreign Broadcast Information 
Service and open source intelligence was presented by Admiral William Studeman at the First 
International Symposium on Open Source Solutions in December 1992. It is reproduced here 
with the permission of Open Source Solutions, Inc. 


It's a pleasure to be here today to take part in this symposium. This is truly an exciting time -- 
a revolutionary time -- to be in the intelligence business. And no area is full of more promise 
for intelligence than open source access and exploitation. In my only reference to dancing, 
you can consider this presentation as an attempt to describe how we move the Intelligence 
Community giant from the square dancing era of yesterday to the open source Lambada of 
tomorrow. 


A number of people that I've talked to -- including Members of Congress, journalists, and the 
public -- have asked me to explain why intelligence organizations are interested in 
unclassified information. So I'd like to begin by asking a rhetorical question: "why does the 
Intelligence Community collect and analyze open source data?" 


This in not a new issue for intelligence. As you know, intelligence has drawn broadly on open 
sources for many years. FBIS -- the Foreign Broadcast Information Service -- has collected, 
analyzed and reported open source intelligence from all over the globe for over half a century 
-- and it has done a superb and highly valued job. 


The information that FBIS has collected over the years has been critical to US national 
security decision makers. 


e Few people realize that during the 1962 Cuban missile Crisis, through monitoring 
Radio Moscow, FBIS provided President Kennedy with the first news of the Soviet 
decision to withdraw missiles from Cuba. 

e At times, public information has been the Community's only source during a crisis. 
For example, during the 1956 Hungarian uprising and the 1968 invasion of 
Czechoslovakia, radio broadcasts provided intelligence analysts with highly relevant, 
timely understanding of what was happening in the streets of Budapest and Prague. 

e Open sources can also provide tip-off or early warning of events. You may be 
interested to know that the change in policy leading to the February 1989 Soviet 
military withdrawal from Afghanistan was identified in FBIS media analysis reports 
as early as May 1985. 

e More recently, CIA analysts who monitored the collapse of the Soviet Union estimate 
that at least 80% of their information came from open sources. 
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e And now, intelligence analysts are using open sources to monitor the Yugoslav crisis. 
They study transcripts of radio broadcasts by both sides to gain insights into the 
intensity of the conflict and the probable outcome. 


Although all of the intelligence Community has relied on open sources for many years, some 
people who are not familiar with our business are confused about how intelligence uses 
information that is available to the public. 


The first thing that people must understand is that intelligence is not competing with the 
media. But intelligence and the media are in the same business; that is, ultimately, to tell a 
story of relevant interest, but in our case, the story normally relates to a threat or a foreign 
issue of high or potential interest to U.S. or allied policymakers, planners, or warfighters. Our 
goal is not necessarily to produce raw open source data, but to glean information from open 
sources that is of interest to intelligence as background reference material for collectors and 
analysts/producers, and, more importantly as a source of information to be fused with data 
from classified sources and methods and this is again principally for the government 
customer. 


Our analysts rely on a multiplicity of sources -- including signals, imagery, human and other 
classified intelligence sources as well as openly available data -- to produce their reports. 


Foreign intelligence and counterintelligence earns its money first by maximizing these 
classified sources and methods, and secondly by building highly structured analysis and 
production systems which are highly responsive to the widest range of U.S. and allied 
customers, be the topic political, military, economic, environmental, sociological, law 
enforcement support, or otherwise. 


But good intelligence officers, like media personnel, are essentially information hounds. The 
highest emphasis is placed on timeliness, relevancy, accuracy, and completeness of data 
disseminated at the lowest and most readily usable classification level and tailored to the 
diverse sets of simultaneous users at varying echelons of the bureaucratic structure from the 
President to lowest platoon leader and beyond. 


The highest form of intelligence enlightenment is the dynamic and continuous fusion of data 
from all available sources. In this blending process a great synergy results, and this magic 
cannot be accomplished without unconstrained and continuous access to open source data. 
Open source can provide event specifics, background context, focus, contrast, improved 
accuracy, alarms, and many other positive features associated with data manipulation in an 
information age. 


While untrustworthy data can often be associated with classified sources and methods, open 
source data can be a frequent source of biased and misleading information, or worse yet, the 
product of deliberate deception or information control practiced in parts of the world by a less 
free press that may also operate as a propaganda instrument of government forces. This 
dictates that a strong data evaluation system be in place for use with open source data, as it is 
for classified data. 


On the positive side, when an open source contradicts other intelligence sources -- or other 


open source reporting -- it serves as a flag for the analyst to re-evaluate his or her analysis. 
For example, at a time when there was wide intelligence speculation that the Dominican 
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Republic might extradite a terrorist, an FBIS report called attention to a press account that the 
Dominican president had said he would not extradite the terrorist. 


Utilizing intelligence analysis techniques, it is frequently possible to interpret or predict 
events based on open source usage. The evidence is often acquired through laborious textual 
analysis -- and by comparing media content with past actions. 


e For example, FBIS analysts anticipated the February 1979 Chinese invasion of 
Vietnam by demonstrating that, with rare exceptions, the wording of authoritative 
Chinese warnings to Vietnam had only been used in instances in which Beijing had 
actually applied military force. 


On some occasions, intelligence analysts adjudge open source information to be more 
accurate than classified sources. This can derive from either the weight and credibility of 
open sources versus the untested, contradictory or poor performing nature of the classified 
sources or from some other evaluation criteria. When we do favor unclassified sources over 
classified sources, we need to be sensitive to the credibility we have lent the data by adopting 
it as our Own position. 


Most people in our business agree that open sources have proven to be enormously invaluable 
to intelligence. Even during the Cold War, when intelligence was focused principally on 
acquiring secret information, open sources gave us some highly usable glimpses into closed 
societies. Today, with a generally more open world and a considerably more free and 
independent world press, open sources have even greater value for intelligence. In the new 
global environment, open sources provide much more hard, credible data about a wide range 
of international political, social, and economic issues. 


There is a complex relationship between the way open source material is mixed with 
classified data and the concept of openness. We frequently have products where only a small 
amount of the overall data comes from classified sources requiring security protection. We 
have security procedures in effect to clearly mark paragraphs which possess classified data, 
and this enables much greater sanitization of intelligence publications to the unclassified 
level. The more complete and expansive the open sources, the more likely we can produce a 
wider variety of unclassified or lower classification products using the classified data as 
background for confidence-building and credibility. It is important to recognize that once an 
Intelligence Community agency puts its name on an essentially unclassified product, it may 
assume an enhanced credibility beyond that of the original open sources. This obligates the 
Intelligence Community to high standards of quality control, which we would expect of our 
people, in any case. 


The Intelligence Community's current challenge is to expand the use of open sources to cover 
a broader range of issues -- such as weapons proliferation, economic competitiveness, and the 
environment. As one example, it is estimated that some 80% of the information needs for 
environmental intelligence can be met through information that is available to the public. 


An you are well aware, the quality and quantity of open source information continues to 
grow: 


e We have identified some 8,000 commercial data bases -- and the vast majority have 
potential intelligence value. 
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e The number of worldwide periodicals has grown from 70,000 in 1972 to 116,000 last 
year. 

e The explosion of open source information is most apparent in the Commonwealth of 
Independent States, where today, there are some 1,700 newspapers that were not 
published three years ago. 

e While the number of TV and radio stations around the world has not experienced 
rapid growth, the broadcast time and breadth and depth of their coverage, and the 
availability of cable TV are clearly on the upswing. 

e The sources of "grey literature," (i.e., private or public symposia proceedings, and 
academic studies) around the world are also increasing dramatically. 


As you know, open source encompasses a wide array of mediums -- including printed 
material, such as books, magazines and newspapers; as well as maps, photographs, data files, 
digital imagery and broadcast media -- both radio and television. These multimedia open 
source inputs correspond well to the range of product outputs used by the Intelligence 
Community. These intelligence outputs tend to be multimedia in nature, including hard copy 
and electronic dissemination of written and formatted, man and machine readable text, 
imagery, graphics, maps, and other situational displays as well as video. Because of the need 
to move data quickly in worst case situations, electronic information handling and display 
systems are most common. Most of these intelligence systems use off the shelf hardware, 
open systems, commercial architecture and operate as part of large area networks. The 
Intelligence Community has a special problem managing multilevel security in systems 
where open source data is mixed with classified data. 


I'd like to say a special word about TV -- because it is a relatively new area for intelligence. 
Each week, FBIS monitors 790 hours of television from over 50 countries in 29 languages. 
Foreign TV programs -- such as news programs and documentaries -- give analysts a 
multidimensional feel for a country or material that other open source media cannot provide. 
Many analysts prefer to see the way a particular country chooses to portray events visually, 
rather than relying on the news network "filter." Coverage of foreign television brings us 
closer to what is happening in all areas of the world; it allows us to monitor crises as well as 
to broaden our knowledge of more restrictive societies. For example, the revolutions in 
Eastern Europe were covered extensively on those countries’ domestic television. 


In addition to analyzing foreign television, intelligence organizations are producing classified 
videos for policy makers which incorporate information from foreign news programs. The 
end result is a high-impact intelligence product used exclusively in the government that 
improves policymakers’ understanding of complex issues. 


The dramatic increase in open source material, its wide variety -- and its increasing value to 
intelligence -- demand a revolutionary change in the intelligence Community's approach to 
open source management, collection, processing and dissemination. 


Unlike the other collection disciplines, which are highly structured, open source is not a 
tightly integrated discipline in the Intelligence Community. Over the years, open source 
information collectors, processors, and users have been diverse and decentralized groups 
spread across the breadth and depth of the Community. As a consequence, the various 
agencies in the Community didn't know the extent of unclassified holdings of other agencies, 
and had virtually no capability to share electronically the information which they did possess. 
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In short, the Community lacked a unifying structure, and a coherent and consistent set of 
overall requirements for the collection, processing, exploitation, and dissemination of open 
source information. 


A DCI Task Force was formed last year to make recommendations on these issues -- and 
important changes are underway. As a result of the task force, for the first time the DCI has 
established an Open Source Coordinator (Paul Wallner of the Defense intelligence Agency) 
who is: 


e cataloging the open source holdings of the Community as a whole; 

e establishing a comprehensive requirements system for the Community; and 

e establishing interconnectivity so open source information can be shared throughout 
the Community. 


Another responsibility of the Open Source Coordinator is to interact with the managers of the 
other collection disciplines to ensure that they are not collecting against requirements that can 
be satisfied through open source materials. 


In my view -- and this is a view shared by many throughout the Community -- open sources 
should be the Community's first step in a range of choices to meet our overall information 
needs. Compared to information collected from satellite and other reconnaissance and 
surveillance means, open sources are relatively inexpensive to acquire. It would be both bad 
acquisition management and information management to waste a costly intelligence asset 
collecting information that can be acquired through an open source. 


Although I believe that open source should be the Community's first step in attempting to 
satisfy our information needs, I want to emphasize that it will likely never replace the other 
intelligence collection disciplines. But I do strongly believe that better and complementary 
management of open source assets will, in turn, lead to more efficient and focused use of 
those other collection disciplines. 


Without question, the biggest challenge the Intelligence Community faces with respect to 
open source is processing the vast amount of data available. 


Intelligence organizations have significant expertise processing and filtering large quantities 
of data, putting it on mass storage, manipulating it (including translation or gisting), and 
devising systems to have data available to analysts on an on-call basis. 


In fact, US intelligence operates what is probably the largest information processing 
environment in the world. Consider this: Just one intelligence collection system alone can 
generate a million inputs per half hour; filters throw away all but 6500 inputs; only 1,000 
inputs meet forwarding criteria; 10 inputs are normally selected by analysts and only one 
report is produced. These are routine statistics for a number of intelligence collection and 
analysis systems which collect to technical intelligence. 


In the open source arena, FBIS monitors over 3,500 publications in 55 foreign languages. 
And each day it collects a half a million words from its field offices around the world and 
another half a million words from independent contractors in the US -- that's equivalent to 
processing several copies of War and Peace every day. 
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These two examples show the magnitude of the classified data and translation problems 
facing an already data-rich Intelligence Community. The open source challenge can 
theoretically present ever more daunting levels of data and translation requirements, 
reaffirming that information management will be the single most important problem for the 
Intelligence Community to address for the future. 


In this equation, one of the dilemmas posed deals with how we will spread our already 
overtaxed Intelligence Community information management resources in the context of both 
people and systems across both the classified and open source collection and analysis areas. 
This conference can hopefully provide some pointers to solutions in this area, mindful of the 
fact that we are in a period of intelligence budget austerity and Community downsizing. 


Of course, the key issue for intelligence analysts is not simply the quantity of open source 
data that is collected, but also its quality -- that is, its intelligence value. 


Open source information is produced or published largely according to the needs of the 
private sector, without regard to the uses to which that information will be put by the 
intelligence customers. 


At the present time, open source materials that are collected for intelligence are often not 
made available to analysts in a way that is useful to them. And there is only limited ability to 
search large open source holdings in a timely manner. 


A substantial amount of open source information is reported in foreign languages and require 
translation. For example, in FY '92, FBIS translated 200 million words-- so the translation 
issue is another dimension to the information management challenge. 


Much of the Intelligence Community's current open source architecture was developed in an 
age when information processing and communication were in their infancy. As we look to the 
future, we will have to develop more creative approaches to manage the vast amount of data 
being produced. 


Based on the recommendation of the DCI Task Force, the Community-wide Open Source 
Steering Council has developed a Strategic Plan that presents a vision of the intelligence 
Community's goals for open source collection ten years from now. 


The plan establishes the goal of creating an integrated Community open source architecture. 
The new architecture must provide, among other things: 


e = flexible collection, 

e networked access to external data bases, 

e immediate user and customer feedback, and 

e automated, profiled delivery of collected open source information based on user 
requirements. 


We expect the centerpiece of the architecture will be an Open Source Information Exchange - 


- comprising a central switch and digital communications networks which interconnect all 
user organizations within the Community. 
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The inputs to the Open Source Information Exchange will be government sources, such as the 
Library of Congress; the FBIS electronic dissemination system; and the vast array of 
commercial sources, such as NEXIS. 


The system will distribute open source date through "functional support centers" that are 
being developed and funded by the Community. These functional support centers will serve 
as focal points of expertise on critical intelligence topics -- such as science and technology; 
and political, military, and economic intelligence. 


The strategic plan begins with a vision for timely access to open source data, and identifies 
funding, management, and architecture considerations. It also establishes strategies and out- 
year timetables for open Source Coordinator pursuit of a more integrated open source design 
and implementation effort to support the widest variety of Community analysts and 
policymakers. Finally, it deals with specific requirements, collection, processing, 
exploitation, dissemination-related goals and objectives in specific detail. The plan is 
ultimately a roadmap for Intelligence Community-wide transition from the current way of 
doing business to future mode of operation. Its principal features bring us: 


e from partial connectivity to full interconnectivity; 

e from reliance on hard copy to digital electronic data; 

e from dependence on physical information centers to the establishment of 
electronically-connected, virtual information exchanges; 

e from querying one data source at a time to querying many at once; 

e from the use of multiple standards and tools to common standards and tools; 

e from development of sophisticated data bases on only a few topics to the creation of a 
wide range of data bases on many subjects; 

e from limited access by users to sources of data to broad, flexible access; 

e from emphasis on the collection and dissemination of data to a balance between that 
and making data readily accessible and tailored to user and customer needs; 

e from a limited ability to display data to the ultimate application of fast developing 
multimedia capabilities. 


Many important questions must be considered along the way. Open source is being 
considered by the DCI as the equivalent of a dominant intelligence discipline. in the 
restructuring of national intelligence, we have structural agency czars who are focused on and 
accountable for the management of national disciplines; for example, NSA for SIGINT, CIO 
for Imagery and the CIA/DO for HUMINT. Open source is far more decentralized in its 
current and even its envisional approach and management. Wi// the time come when we need 
more focus and accountability in open source management, mandating the establishment of a 
structural czar for this critical area? 


How will we change the mindset of those people in the Community who do not yet think of 
open source as a bona fide collection discipline on a par with SIGINT or IMINT, or 
HUMINT? 


There is no question that open source -- in comparison with other collection systems -- has 
the potential to provide a lower cost, lower risk supplement to intelligence collection and 
analysis. But access to open source data still costs money. So another question the 
Community will have to consider is, "Just how much money will be available to spend on 
managing open source data in an era of potentially dramatically declining resources?" 
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An expanded use of open source material raises legal questions -- especially concerning 
licensing agreements and copyright protection. Lawyers and managers in the Intelligence 
Community are working diligently to ensure that our use of copyrighted information strikes 
the appropriate balance between the government's legitimate need for access to open source 
material with the copyright owners rights and privileges. 


For instance, the Intelligence Community, like any other commercial user, buys access to a 
number of commercial data bases. When one component of the Community is licensed to use 
a data base, can it disseminate that data, or provide access to other users in the Community? 
If the answer is not clear, we work with our commercial vendors to revise our basic 
agreement to ensure that our use of the material is consistent with our agreements with the 
vendor. 


I would like to conclude by reminding you that the great strength of American intelligence, 
which is unique in the world, is its ability to responsibly manage a global intelligence system, 
continuously moving bits of data from diverse sources to a broad and demanding customer- 
set. That new customer-set has even more highly distributed information requirements for the 
future. 


Fundamentally, it is the hundreds of messages and other intelligence products that we 
electronically disseminate hourly which constitute the bread and butter of the intelligence 
business. Our implicit requirement is to manage a virtual intelligence system which adapts its 
multimedia products to the demanding users in a changing and unsettled world environment. 
Open source material fits legitimately and prominently into the equation of modern 
intelligence sources and methods, but presents special challenges and dilemmas for us to 
resolve. 


Well, that's a lot to think about -- and I can assure you that the Intelligence Community is 
well aware of the opportunities -- and the challenges -- associated with open source in our 
world today and of tomorrow. And we plan to draw on the expertise of the private sector, 
other government agencies, and the academic community to meet these challenges in the 
years ahead. 


This conference is just one way we can help to make all this happen. Thank you for your 
interest in this important topic; we look forward to continuing to work with you in the future 
as we attempt to address these and other problems associated with the provision of focused 
intelligence and information support to our customers in a changed and changing world. 
Thank you for the opportunity to be with you today, and I wish you well for the remainder of 
this timely and important conference. 
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OPEN SOURCE INTELLIGENCE: WHAT IS IT? WHY 
IS IT IMPORTANT TO THE MILITARY? 


Robert D. Steele, President OPEN SOURCE SOLUTIONS, Inc. 
http://www.oss.net/ 


Introduction 


This White Paper defines Open Source Intelligence (OSCINT) and its relevance in meeting 
the needs of the military (both commanders and defense policy-makers). 


OSCINT is intelligence derived from public information--tailored intelligence which is based 
on information which can be obtained legally and ethically from public sources. 


This White Paper suggests that OSCINT is a both force multiplier and a resource multiplier. 
OSCINT provides a practical political and military advantage which complements the 
advantage provided by traditional intelligence, it is available at low cost, and it cannot be 
ignored. 


First the paper describes and discusses the utility of OSCINT in general terms, and at the 
strategic, operational, tactical and technical levels of warfare, including a single practical 
example at each level. The paper then describes the "information continuum" within which a 
range of open sources, systems, and services can be obtained which are relevant to military 
needs. Finally, the paper provides a brief discussion of the status of the open source 
intelligence programs in tile United States, The Netherlands, and Sweden, and concludes with 
a concise discussion of opportunities and risks inherent in the use of OSCINT to meet 
military requirements, and of several practical steps that can be taken to exploit OSCINT in 
support of military strategy, operations, tactics, and technical acquisition and 
countermeasures. 


The official definition of OSCINT by the U.S. Intelligence Community: 


By Open Source we refer to publicly available information appearing in print or electronic 
form. Open Source information may be transmitted through radio, television, and newspapers, 
or it may be distributed by commercial databases, electronic mail networks, or portable 
electronic media such as CD- ROM's. it may be disseminated to a broad public, as are the 
mass media, or to a more select audience, such as grey literature, which includes conference 
proceedings, company shareholder reports, and local telephone directories. Whatever form it 
takes, Open Source involves no information that is: classified at its origin; is subject to 
proprietary constraints (other than copyright); is the product of sensitive contacts with U.S. or 
foreign persons; or is acquired through clandestine or covert means. 


The official definition is limited in its understanding to standard commercial sources of 
traditional information, and excludes, to take one important example, SPOT imagery. It also 
fails to take into account the importance of unpublished materials including electronic 
information and human knowledge which can be accessed legally and ethically. 


The official approach to OSCINT is also limited in that the existing information- handling 
architectures for intelligence processing, including dissemination to the commander, are all 
classified, and there is a very limited capability for routing unclassified information 
efficiently, even assuming it can be obtained. In most communities, there appears to be a 
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reluctance to assume primary responsibility for the collection and processing of OSCINT, 
which is why military operators in two countries (the United States and the United Kingdom) 
are examining means of acquiring and exploiting OSCINT directly, bypassing the 
intelligence community in order to give action officers at the policy level, and commanders at 
the operational level, direct access to OSCINT. 


Experienced intelligence professionals have found that while OSCINT is not a substitute for 
traditional intelligence disciplines, including Human Intelligence, Imagery Intelligence, and 
Signals Intelligence. However, OSCINT does offer three major advantages for planning and 
conducting military operations: 


= When encountering requirements for military operations in the Third World or in 
support of humanitarian assistance and counter-terrorist operations for which 
intelligence collection priorities have not been high, OSCINT is frequently the only 
discipline able to respond rapidly (to include commercial imagery), and it provides 
the commander and his staff with a rapid orientation adequate for both developing 
initial planning packages; and for establishing collection requirements for the 
traditional intelligence disciplines. 


* OSCINT is also a means of achieving significant savings, in that many essential 
elements of information required by the commander and his staff can be acquired 
from commercial sources at a lower cost, m less time, than from classified 
capabilities, with the added advantages that OSCINT is often more up to date, and 
requires no political risk in its acquisition. This permits classified intelligence 
capabilities to be focused quickly and effectively on mission-critical gaps, and avoids 
depleting or misdirecting these scarce resources-- "do not send a spy where a 
schoolboy can go". 


* Finally, OSCINT, whether it precedes or follows traditional intelligence collection, 
can protect national intelligence sources and methods by serving as the foundation for 
intelligence support to joint and coalition operations where it is not possible, or 
desirable, to reveal tile capabilities and limitations of the traditional intelligence 
community. 


Open Source Intelligence and the Military 


The availability and utility of OSCINT depends upon, and will vary, depending on the 
specific area of operations under consideration, and on two other factors: the level of warfare, 
and the point on the spectrum of conflict, from presence to general war, where the 
intelligence will be applied. 


In general terms, OSCINT has significant potential as a source of intelligence support in 
terms of indications & warning, policy development, contingency planning, security 
assistance, weapon acquisition (design and countermeasures), joint and coalition operations, 
and tactical operations against new priorities such as proliferation. Finally, OSCINT is vital 
as a means of rapidly orienting the commander and serving as the foundation for collection 
management within the traditional intelligence disciplines. 
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At the strategic level: 


OSCINT can provide indications & warning of both hostile intent, and opportunities 
for military advantage. Content analysis of multiple open sources such as regional 
newspapers from tile Middle East, are often if not always more reliable foundations 
for estimating stability and instability, than reports from clandestine sources with a 
limited range of access and a personal perspective that biases their reporting.2 
OSCINT is especially valuable with respect to cultural and demographic intelligence, 
areas not generally well- covered by traditional civilian and military intelligence 
collection and analysis capabilities. 


OSCINT can also provide very important geographic and civil generalizations which 
can significantly affect major military acquisition and design decisions. For instance, 
most countries build their aircraft for optimal performance on a "standard aviation 
day" which is defined in terms of warm (60-70 degrees) conditions and balanced 
humidity. The military commander that is responsible for expeditionary operations to 
the Third World will find themselves utilizing aircraft which carry half as much half 
as far because the standard aviation day in the Third World is hot (over 80T with high 
humidity). If aircraft cannot be designed for optimal performance on a hot day, then 
the military commander can at least ensure that doctrinal publications reflect accurate 
load and lift capabilities for the true expeditionary conditions to be encountered. 


OSCINT can provide unclassified threat intelligence which can be used to educate 
and mobilize public and political support for military needs including policy 
development. 


At the operational level: 


OSCINT can provide the geographic and civil generalizations required for regional 
force planning and force employment. In particular, OSCINT has establish credible 
regional generalization regarding the capabilities of air, ground, and sea forces to be 
encountered by tile commander; geographic generalizations with respect to cross- 
country mobility, average line of sight distances, temperatures, and water availability; 
and civil generalizations such as bridge-loading, port clearance, airhead bunkerage; 
and civil communications and computing resources. OSCINT provides a time- 
sensitive solution to questions the theater commander will have about civil 
infrastructure, political cliques and personalities, and economic or financial factors 
affecting operational employment of forces, and is therefore especially helpful to 
contingency planning which must be pursued without adequate support from 
traditional intelligence capabilities. 


OSCINT is especially useful to the theater commander for the coordination of joint 
and coalition operations where traditional classified intelligence capabilities are either 
not available (e.g. in much of the Third World where lower priorities have restricted 
coverage), or cannot be shared with foreign elements. 


At the tactical level: 


OSCINT has been shown to be highly pertinent and effective against new priorities, 
including counter-proliferation, counter terrorism, and peacekeeping operations. This 
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is true for both conventional military operations focused on overt interdiction, and 
clandestine or covert "direct action" by special operations forces.3 


* OSCINT is a critical resource for the military commander who requires maps and 
digital targeting information for Third World area for which current geographic 
information is not available from government sources, whether classified or 
unclassified. In combination, SPOT and other commercial imagery resources can 
provide the commander with up to date maps containing all airfields, roads, and 
bridges; and soon containing contour lines as well, for expeditionary operations.4 


At the technical level: 


* OSCINT about civil communications and computing capabilities in the area of 
operations will be very important to the commander. As information warfare and 
information peacekeeping become critical mission areas, and all opponents achieve 
some capabilities to conduct electronic warfare, the commander will need to use 
OSCINT both to understand how to degrade the performance of civil capabilities 
being used by opponents, and to consider exploitation of civil capabilities to maintain 
joint and coalition communications. 


* OSCINT will provide most of what the commander needs to plan and coordinate joint 
and combined air, sea, and land operations in the expeditionary environment, with 
specific reference to strategic airlift and sealift operations involving civil aircraft, air 
traffic control and air defense planning for civil platforms, and fueling and other 
logistical considerations. 


The Information Continuum 


There are three ways of understanding the robust nature of the private sector's potential 
contribution to military intelligence needs. The first is by examining in general terms this 
continuum. 


Private Investigators 
Schools Libraries Information Brokers Government Intelligence 


Universities | Businesses Media Defense 


Each of these nine sectors of the global or national information community maintains a cadre 
of human experts as well as a range of both hard-copy and electronic information. Much of 
what is known to them, or stored by them, is not available through commercial online 
services. Following a specific example from each sector: 


= Language schools can rapidly identify individuals by location and nationality who 
have received trailing in the home country language and are target country nationals 
(e.g. Somalis studying French in Paris); these individuals can be contacted and offered 
part-time employment as translators. 


= Universities utilize their existing infrastructures and a regular supply of cheap 


intellectual labor to maintain important and authoritative databases. The Monterey 
Institute of International Studies, for instance, maintains the best database on the 
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proliferation of nuclear materials, and utilizes graduate students fluent in Russian, 
Chinese,. Arabic, and other languages to cover a wide range of multi-lingual 
publications, and to maintain an electronic database, at very low cost. 


Libraries can be used, either as needed or in a deliberate fashion, to serve as 
repositories for "just in case" archiving of political-military, economic, and other 
materials pertaining to specific countries. This allows the government to share the 
cost of archiving with other library sponsors, and in many cases avoid the cost all- 
together. 


Businesses have enormous repositories of market research, including communications 
and logistics research, on countries throughout the world where they have made or 
plan to make an investment. Businesses are also acutely familiar with the political 
corruption, climate conditions, and other factors which affect operational efficiency in 
specific locations. Two unique examples of business dedicated to meeting private 
intelligence needs are Oxford Analytica, with its network of 750 overt agents world- 
wide, and The Economist Intelligence Unit. 


Information brokers can be identified who specialize in particular scientific & 
technical topics or regions of the world. This permits more efficient search & retrieval 
by exploiting capabilities whose "learning curve" has been funded by others. In 
addition, information brokers can be identified with specific language capabilities, 
and employed to do rapid exploitation of captured or acquired documents. 


Journalists responsible for specific areas of the world, including journalists 
specializing in military, aerospace, and insurgency matters, rarely publish ten per cent 
of what they know, and they never publish their sources. They can, however, be 
engaged to prepare special reports, and to provide background information on specific 
personalities of importance to planned military operations. This need not be done 
secretly or through direct recruitment; it can be done discreetly as a private 
commercial transaction. Media organizations, such as Jane's Information Group, 
acknowledge that they publish less than 20% of what they know, in some cases to 
protect sources--they are however willing to do tailored confidential reports drawing 
on their complete range of sources. 


Governments, including provincial and state governments, frequently have experts in 
agriculture or other trade-related fields who are familiar with specific areas of 
operation and the logistics as well as the key personalities. Embassies have personnel 
whose reporting does not fully communicate what they know. Bringing key 
government personnel together for a week can quickly establish a foundation for 
collection management which the commander could not normally achieve through 
analysis of raw information. 


Other intelligence organizations, including the "information and research" elements of 
tile Vatican, the United Nations, and the International Red Cross, have global 
networks of reporting sources, including sources with special linguistic and regional 
skill, that can be drawn upon. 
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The third way of understanding the robust capability of the private sector is to consider the 
range of information services that are offered which are directly pertinent to military 
intelligence needs. These are listed in three columns: 


Direct Document Telephone 
Observation Acquisition Surveys 
Commercial Document Market 
Online Searching Translation Research 
Current Broadcast Recruited 
Awareness Translation Agents 
Experts Multi-Expert Industrial 
On Demand Research Espionage 


Recruited agents and industrial espionage are not considered legal nor ethical within the 
private sector, but there are very competent organizations that openly offer such services, to 
include route reconnaissance and target identification services in third countries. In each of 
the above categories, it is highly likely that a private sector partner can collect, process, 
translate, and deliver open sources of intelligence able to make an important contribution to 
the commander's needs for information--and to do so in a cost-effective fashion which could 
not be duplicated by defense attaches or traditional military intelligence collection brigades. 


The third way to understand the utility of the private sector for military intelligence needs is 
to take a case study, such as Somalia. In. the absence of internally-available intelligence 
information, the fastest means of establishing an encyclopedic foundation for further 
collection management, and the fastest means of providing the commander with at least some 
useful information pending responses from the traditional intelligence disciplines, it by 
seeking out private sector experts and private sector databases. A leading scholar, a leading 
businessman recently returned from a tour as General Manager in Somalia, a leading 
journalists, and perhaps an information broker specializing in African information could be 
brought together and could quickly identify human, hard-copy, and electronic sources-- 
including sources of digital geographic information--of immediate utility. 


In one specific instance, supporting a wargame on Somalia, an individual playing the role of 
the United Nations commander was able to overcome the inadequacies of the U.S. 
intelligence community by making three telephone calls. Overnight, in Express Mail, at a pro 
forma cost of about $5,000, the individual received: 


*" From Jane's Information Group, a spiral-bound volume containing a map of Somalia 
clearly marking the nine clan areas; a one-page order of battle for each clan (at a time 
when most intelligence analysts were thanking only of the old Somali army); and a 
one- paragraph précis with full citation for each article about Somalia published in 
any of the Jane's publications (including the excellent Jane '5 Intelligence Review) in 
the past two years. This constituted a superb orientation for both planning and 
collection management. 


= From Oxford Analytica, twenty two page reports suitable for Presidents and Prime 
Ministers, covering three topical areas: United Nations operations in Somalia, U.S. 
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foreign policy toward Somalia; and U.S. operations related to Somalia. Again, a 
superb orientation on strategy and policy, in concise and immediately-usable form. 


«= From The Economist Intelligence Unit, a copy of the appropriate country risk report, 
which included important summary information on the logistics difficulties that would 
be encountered, including the limitations of both the port and the airfields for strategic 
entry. 


Commentary on Representative National Approaches to OSCINT 


Although OSCINT has always been part of the national and military intelligence process, in 
recent decades increased emphasis on technical systems and secret collection have tended to 
sharply reduce the amount of funding and the number of personnel dedicated to collecting 
and processing publicly available information. At the same time, the "information explosion" 
or "information revolution" has dramatically increased both the quality and quantity of the 
information available in the public sector. Today the commander can take a weather map of 
Bosnia off of the internet, or exchange email with volunteer observation and listening posts in 
Bosnia. 


Unfortunately, the reality today is that most intelligence communities are trained, equipped, 
and organized to collect and process secrets. OSCINT capabilities in both the civilian and 
military sectors of government have both atrophied where they existed, and also failed to 
keep up with the growth of private sector OSCINT capabilities. 


= United States of America. The National Foreign intelligence Board was recently 
briefed to the effect that while 99% of the $28-35 billion dollars a year budget is spent 
on classified collection and processing, and only 1 % is spent on OSCINT, OSCINT 
provides 40% of the all-source product. in one interview, the Deputy Director for 
Science & Technology of the Central Intelligence Agency stated that this latter figure 
was actually 70%. The major element of the U.S. intelligence community program is 
the Foreign Broadcast Information Service, which is under severe criticism for its 
continued emphasis on print media exploitation, and its inability to master a wider 
range of open sources. in an attempt to gain control over the modest distributed 
resources being applied to OSCINT, the Director of Central intelligence created the 
Community Open Source Program Office. This office is about to release a strategic 
plan for OSCINT, but it is limited to improving internal community access to open 
sources already collected. The Department of Defense program, for which the 
National Air Intelligence Center is the executive agent, builds on the existing 
scientific & technical intelligence document acquisition and translation program. The 
Department of Energy laboratories, and especially Sandia and Los Alamos, constitute 
a major OSCINT resource which is being exploited by some military consumers of 
intelligence, such as the U.S. Southern Command, but which is not under the control 
of the intelligence community. Some very modest individual initiatives have taken 
place within the military services, the most advanced of which is the publication, in 
draft form by the Army, of an open source primer for military intelligence officers. At 
this time the U.S. military does not have timely broad access to a full range of open 
sources.5 


" The Netherlands. Various open sources, including the Intelligence Newsletter out of 
Paris, and OSS NOTICES in the United States, have reported that the foreign and 
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military intelligence agencies have been integrated. Within the new national 
intelligence agency, a special Open Source Coordinator has been appointed, and a 
task force approach is being taken to intelligence collection and analysis. Every task 
force has an open source intelligence specialist, and all requirements for intelligence 
must first be examined and if possible satisfied through OSCINT before tasking of 
clandestine or technical capabilities is permitted. More recently, the intelligence 
elements of the individual military services were integrated into a joint military 
organization reporting to the Prime Minister. 


= Sweden. This country is most interesting because is has a unique consortium within 
which to formally orchestrate the activities of government intelligence, the business 
intelligence community, and the university research community. Swedish scientific & 
technical attaches have been noted to regularly exploit the internet, and there is 
discussion within Lund University of the need for an Open Source intelligence Center 
to meet the combined needs of the government, business, and university communities 
in Sweden. 


Advantages and Disadvantages of Open Source intelligence 


Advantages include the fact that OSCINT has virtually unlimited potential on any topic; is of 
relatively low cost because expertise is maintained at someone else's expense; is generally up 
to date; and can be shared with anyone. 


Disadvantages include the possibility of revealing military plans and intentions (security can 
be provided by laundering the question through trusted intermediaries); the time and cost 
associated with searching for exactly the right information within the huge volumes of public 
information; and the temptation to accept an open source at face value when it could be 
disinformation or simply inaccurate. 


Obstacles to Military Exploitation of Open Sources 
There are three obstacles to military exploitation of OSCINT: 


* Organizationally, the military relies on a classified intelligence community for its 
"intelligence", and does not have an alternate structure established to obtain OSCINT. 
Among the most important problems created by this reliance are those of funding: 
there are no well-established programs for contracting directly with the private sector 
for OSCINT. 


* Culturally, there is a strong attitude, primarily within the intelligence community but 
to an extent within the operational community, that information achieves a special 
value only if it is classified. This is in part a result of a cultural inclination to treat 
knowledge as power, and to withhold knowledge from others as a means of protecting 
one's power. This attitude is the equivalent of the Calvary ignoring the tank and the 
machine gun. The "openness" paradigm has thoroughly defeated the secrecy 
paradigm, and those organizations which focus on protecting secrets rather than 
exploiting publicly available information, will find themselves "starving" for 
knowledge. 
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* Technically, because of the historical focus on training, equipping, and organizing 
forces for unilateral and conventional military operations, with the added assumption 
that all "intelligence" will come through classified and well-established channels, the 
existing command & control architecture, including communications, computing, and 
intelligence elements, is not designed to rapidly interface with joint and coalition 
forces, with special forces and direct action clandestine teams, and with the vast array 
of private sector and non- military government elements which can provide OSCINT 
to the commander. 


Opportunities for Advantage 


The Director of Military Intelligence (DM1) for any nation has essentially three opportunities 
to improve national capabilities to collect, process, and disseminate OSCINT to commanders 
and military policy-makers: 


« Existing library resources are poorly-funded and organized for the purpose of "just in 
time" archiving of information. Library resources, both within the intelligence 
community and outside the intelligence community, must be recognized as the 
"source of first resort"6 Commanders and policy-makers must restore funding for 
library operations, including the cost of subscribing to external online services and 
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out-sourced research, while at the same time redirect the libraries toward "just in 


time" decision-support to specific consumers, and away from "just in case" generic 
collection and processing. 


« Existing military intelligence analysts must be given the training, fiscal authority, and 
commander's guidance necessary to convert them from narrow specialists focusing on 
the analysis of classified information, to managers of networks of overt human 
experts and related electronic and hard-copy databases. At the same time, analysts 
must be re-oriented so that their primary focus is on day to day interaction with the 
commander and other consumers of military intelligence, and on day to day collection 
management founded upon open source exploitation, rather than the existing focus on 
producing classified reports in isolation from the consumer. 


= Existing commanders, in consultation with the DM1, must recognize that it is 
impossible for the DMI to satisfy their intelligence requirements related to a wide 
range of new priorities, with existing classified military intelligence capabilities. The 
entire structure of military intelligence must be recast to permit rapid maneuver 
throughout the private sector's knowledge terrain, and the rapid collection, processing, 
and dissemination of mission-critical OSCINT to the commander at every level of 
operations (strategic, operational, tactical, and technical) and in "every clime and 
place". 


Role of the Military Reserve 


The military reserve constitute a national resource which has enormous potential. A simple 
example will serve to make the point. For every country of interest, a cadre of five military 
intelligence reservists could be formed, and given a responsibility to monitor pertinent 
foreign language periodicals and publications (which would be provided them on 
subscription), and to prepare weekly OSCINT summaries. These same individuals should be 
afforded direct access to the Internet and commercial online databases, and serve as direct 
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reinforcements on demand to the active duty military intelligence analysts responsible for the 
same areas of interest. Funds should also be provided for the five person cadre to spend thirty 
days each in the country of interest, unencumbered by administrative duties. In this way, 
when a contingency requirement emerges, the responsible commander can activate the 
appropriate cadre (or cadres in the case of a theater commander). 


Endnotes 


1. Although the original intelligence community report was classified SECRET, the 
definition and extensive commentary appeared in an unclassified document, United States 
Marine Corps Comments on Joint Open Source Task Force Report and Recommendations 
(Working Group Draft Dated 6 January 1992), and portions, including the definition, were 
subsequently reprinted in OSS NOTICES Volume 2 Issue 9 (30 November 1994). 

2. This point was made publicly by Dr. Stephen Fairbanks, the Iranian Analyst for the U.S. 
Department of State's intelligence and Research Bureau, in the presence of his superior, Dr. 
Jennifer Sims, Deputy Assistant Secretary of State for intelligence Coordination. 

3. At a Canadian intelligence conference 27-29 October 1994, both the Director of the 
Canadian Security and intelligence Service, Mr. Ward Elcock; and Dr. Paula Scalingi of the 
Los Alamos National Laboratory in the United States, stated that OSCINT provides over 80% 
of the input to the final all-source product; in Dr. Scalingi's case, this was with specific 
reference to intelligence support for counter-proliferation. Dr. Gordon Oehler, Director of the 
U.S. Intelligence Community's Nonproliferation Center, has made similar comments on 
several public occasions. 

4. SPOT is going to 5-meter resolution imagery in the very near future. in the U.S. Space 
Imaging, Inc., a subsidiary of Lockheed, has announced plans to provide 1:2,500 meter 
synoptic resolution imagery, within a year. These commercial capabilities will be critical to 
expeditionary operations in the Third World because of the lack of current maps. One U.S. 
study, Overview of Planning and Programming Factors for Expeditionary Operations in the 
Third World (Marine Corps Combat Development Command, March 1991), determined that 
for the 69 countries of concern to the Marine Corps, there were no 1:50,000 combat charts for 
22 of the countries, old 1:50,000 charts for ports and capital cities only in the case of another 
37 countries, and very old 1:50,000 complete coverage for another ten countries. 

5. The extraordinary relevance of Department of Energy OSCINT capabilities in support of 
military operations are described in SHARING THE SECRET: Open Source intelligence and 
the War on Drugs (OSS inc. Limited Edition, 1994). The Army paper, prepared by the 434th 
Military intelligence Detachment, Strategic, is tided Open Source intelligence Resources for 
the Military Intelligence Officer (Fort Huachuca, November 1994). 

6. This important phrase was developed by Mr. Paul Wallner, the first (and last) Open Source 
Coordinator in the Office of the Director of Central intelligence in the United States. Mr. 
Waliner, a member of the Senior Executive Service (flag rank) served for many years in the 
Defense intelligence Agency and has been a strong advocate for improving OSCINT support 
to the commander. Today he serves as Deputy to the first Director of Community Open 
Source Program Office, Dr. Joseph Markowitz. 
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THE PRIVATISATION OF INTELLIGENCE: A WAY 
FORWARD FOR EUROPEAN INTELLIGENCE 
COOPERATION - "TOWARDS A EUROPEAN 
INTELLIGENCE POLICY" 


Dr Andrew Rathmell 
RAND Europe, http://www.randeurope.org/ 


Introduction 


A major objection to increasing international cooperation in the intelligence field is the 
traditional reluctance of intelligence services to share information on their sources and 
methods. At the other end of the intelligence "chain," nation states have also been reluctant to 
rely on their allies for the all source assessments on which, ultimately, political and 
diplomatic policy are based. 


Despite the growth of trans-European intelligence networking, these sensitivities will 
continue to hamper efforts to improve intelligence collaboration in a European framework. 
The argument of this paper, however, is that the "privatisation of intelligence" in the 
developed world will help to break down such barriers to cooperation and provide means by 
which all European states can benefit from pooling resources. Critically, budgetary pressures 
will push collaboration while the pull of privatised intelligence will encourage outsourcing 
and make collaboration easier. 


Privatising Intelligence 


Intelligence services have always made extensive use of "open sources" - from studying 
foreign press to debriefing businessmen and tourists and collaborating with academics and 
scholars. Proponents of the Open Source Intelligence (OSINT) revolution however argue that 
the intelligence business has been revolutionised at the end of the twentieth century by the 
information revolution that has generated a flood of data available without recourse to 
clandestine methods. 


This paper accepts that intelligence services can now glean increasing amounts of data from 
open sources but argues that the privatisation of intelligence for European governments in the 
1990s goes further than this. The privatisation of intelligence includes four components: 
targets, sources, methods and costs. 


Targets 


The geopolitical changes since the end of the Cold War and changing attitudes to the role of 
Western military forces and European global security interests have changed the intelligence 
targets of concern. European agencies must focus on a much wider range of potential targets, 
all of which are individually of a lower priority than the Warsaw Pact during the Cold War. 
They must now pay attention to arms proliferation, terrorism, crisis prevention and 
monitoring and prepare for possible military intervention overseas, whether humanitarian or 
otherwise. Although certain key issues, such as WMD programmes in certain states or the 
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activities of certain terrorist groups, will require consistent and in-depth monitoring, other 
issues will require a broad-brush overview combined with a surge capability. 


This broad brush overview can often be provided by open sources (e.g. press, media, 
individual experts, diplomatic reporting). At the same time, there is a convergence of interests 
between defence intelligence services on the one hand and criminal intelligence services on 
the other in the fields of, for instance, organised crime. Both sides of the fence are not only 
having to learn from each other's experts but are rapidly having to educate their personnel in 
relation to their new targets. This is the stage at which OSINT and expertise is often the most 
useful. 


Sources 


As Robert Steele and others have argued, the information revolution and the proliferation of 
media and research outlets mean that much of a state's intelligence requirements can today be 
satisfied by a comprehensive monitoring of open sources. There is little reason to think that 
this can be done better by in-house experts than by established private sector research 
institutes and companies. Crucially too, outsourcing will often relieve budgetary pressures. 


Not only are open sources now more widely available, but the information revolution is even 
blurring the boundaries between open and covert sources in regard to the formerly sacrosanct 
technical collection means. The proliferation of civil Earth Observation satellites and 
improvement in image analysis techniques are rapidly eroding the monopoly on Imagery 
Intelligence (IMINT) formerly reserved for the USA, Russia and, to a lesser extent, the PRC. 


Methods 


They key to good intelligence is all source assessment. While state apparatuses, especially in 
the major European military powers, have methods and mechanisms that cannot be matched 
by the private sector, these methods and mechanisms are optimised for certain core missions. 
Since these methods were designed around Cold War scenarios, they are not necessarily best 
placed to assess new threats and support new missions. Two areas of note are Operations 
Other Than War (OOTW) and Information Warfare (IW). The new complex of issues 
surrounding these contingencies involves less traditional hard military net assessments and 
diplomatic intelligence, and more soft analysis of complex political, paramilitary, social, 
economic and technological issues. Since these new issue areas are only now being defined 
and categorised, more flexible private sector institutions, less locked into established modes 
of analysis and less beholden to bureaucratic imperatives, can offer a lead in reformulating 
intelligence methodology for a new era. 


Costs 


As defence budgets shrink across Europe, armed forces are having to rethink their provision 
of in-house expertise. Britain has already decided to "privatise" the education of its staff 
officers in order both to save money and to improve quality. In terms of technology, armed 
forces are increasingly reliant on off the shelf technology (COTS) while many of the 
technological advances in the Revolution in Military Affairs (RMA) are now civilian and not 
military led. These processes are likely to continue; the logical corollary is an increasing 
reliance on OSINT. Importantly, the low level of classification required for such sources and 


TS 


methods also enables resources to be pooled between states. This further reduces costs and is 
likely to improve European coordination in a time of crisis. 


Sources and Methods: Satellites and Information Warriors 


In order to put some flesh on the skeleton outlined above, this section considers two 
particular areas in which the information revolution is increasing the role of the private 
sector. The leading role of the private sector in these areas makes it much easier for European 
states to collaborate both to improve their intelligence take and to cut costs. First, I will 
discuss one type of intelligence source, space-based IMINT. Second, I will discuss the 
methodological issues related to Information Warfare. 


The Earth Observation Revolution 


A striking feature of modern international relations has been the impact of the dominance 
exerted by the USA in regard to the provision of satellite IMINT. America's vast investment 
in its space-based surveillance and recconaisance infrastructure has given it tremendous 
influence both diplomatically and militarily. Desire to break out of this hegemony has 
encouraged some states to pursue their own space-reconnaissance capabilities, such as the 
Helios and Japanese satellite programmes. Proponents of closer European intelligence 
collaboration often argue that it is necessary to enable Europe to afford to deploy its own high 
resolution surveillance satellites. However, the accelerating technical and market revolution 
in the civil Earth Observation (EO) field is providing capabilities that will soon enable the 
private sector to challenge the US hegemony in overhead imagery and provide IMINT 
capabilities unaffordable even with a joint European satellite programme. 


The EO Revolution has four key components: Sources of Imagery, Quality of Imagery, 
Image Processing & Analysis techniques, Developments in Data Integration. 


Sources of Imagery: Whereas SPOT and Landsat for many years were the sole commercial 
providers of imagery, other providers are now emerging. Already Russia and India market 
high quality imagery, as do Europe and Japan from the ERS and JERS radar satellites. By the 
turn of the century, perhaps three American companies will be providing electro-optical 
imagery while Canada will be selling data from its Radarsat. Europe will also be marketing 
data from its ENVISAT while Japan may market data from its proposed EO satellites. The 
impact of this proliferation of suppliers is to make data cheaper and data supply more 
reliable, meeting two of the key requirements of an intelligence service. 


Quality of Imagery: Intelligence services are understandably keen to have high resolution 
imagery and have never considered Landsat, for example, of much significance due to its 
coarse resolution. The Very High Resolution electro-optical data now being marketed and 
being proposed means that sub-one metre resolution data will soon be available. This is 
adequate for most defence tasks. Moreover, the number of EO satellites in orbit and the 
variety of sensors available (panchromatic, Multi-Spectral, Synthetic Aperture Radar) can 
provide a level of coverage in terms of repeat times and in terms of elements of the spectral 
band that not even the US government has achieved. 


Image Processing & Analysis techniques: Advances in civil applications of image processing 


for both electro-optical and radar data mean that more information than ever can be extracted 
from imagery and that data management issues can also be addressed. While classified 
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programmes within the US will continue to lead in some of these areas, industry and 
academia can add significant value to EO data, often at lower cost. In addition to 
technological developments, the skills and data required for this highly specialised type of 
intelligence gathering are proliferating into the private sector. 


Developments in Data Integration: Overhead imagery can no longer be seen as aerial photo- 
recconaisance writ large. The emergence of data integration tools, such as Geographic 
Information Systems and Digital Terrain Modelling, marks a dramatic advance in the ability 
to generate maps and terrain models of unknown areas. In light of the probability that 
European forces will have to intervene at short notice in unfamiliar geographical areas, the 
benefits for mission planning from GIS and DTM are incalculable. Again, the data sources, 
the tools and techniques involved are being led by the private sector. 


The EO Revolution has profound implications for the privatisation of intelligence and for 
European collaboration, some of which were recognised with the establishment of the WEU 
Satellite Centre. High quality overhead imagery will soon be available to all comers 
combined with greater than ever analytical and mapping capabilities. Although individual 
national intelligence services will obviously make use of these new capabilities, the fact that 
the sources and methods are "open" - available commercially, opens the way for them to be 
exploited collaboratively. This will reduce costs and increase synergy. The fact that these 
resources are not controlled by any one member state will remove the possibility of any 
disputes over tasking, as has happened on occasion with Helios. 


Information Warfare 


Information Warfare is still a contested term and has been given many different meanings. 
For the purposes of this paper, it is defined as "attacks on, or defence of, information 
activities." Although targeting an enemy's Command, Control and Communications (C3) is 
not new, the use of the term IW takes account of the fact that both militaries and states are 
increasingly reliant on Information Infrastructures to conduct their business. Although 
physical infrastructures (railway lines, bridges) remain critical, at least as important are 
critical nodes in Information Infrastructures. 


An emerging concern among intelligence agencies therefore is to examine the implications of 
this reliance by armed forces and societies on networked communications. Even the USA, 
which has jumped onto the IW bandwagon, has not yet however conclusively defined its 
approach and methodology. European states have so far paid relatively limited attention to 
this topic. As they turn their attention to it, they will find it extremely beneficial to look to the 
private sector in three respects: Conceptualisation, Threat Assessment, Vulnerability 
Assessment. 


Conceptualisation: For better or worse, America's conceptual approach to IW has been 
shaped by non-governmental "experts," such as the Tofflers. The lack of scholarly rigour 
evident in such popularised analyses is however widely acknowledged and it is evident that a 
great deal of hard intellectual work needs to be done in Europe to put IW in context and to 
develop the conceptual tools without which policy and doctrine will be incoherent and poorly 
grounded. Although such high level thinking is being done within government circles, there 
is a place for substantial input from the academic strategic studies community and from the 
academic/commercial Information Technology community. This early stage of 
conceptualisation requires a true partnership. At a later stage, when policies are being 
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implemented, this partnership will need to be formalised and extended. The USA, for 
instance, has explicitly structured its Computer Emergency Response Team (CERT) concept 
as a partnership between executive agencies and the private sector. Despite the massive 
expertise and resources of, for instance, the NSA, it has recognised that a partnership is the 
only viable option. 


Threat Assessment: European intelligence agencies are only now beginning to develop threat 
assessment methodologies for IW. One pressing problem in assessing the extent and nature of 
the threat is the lack of data regarding "real-world" IW attacks, as opposed to speculations 
about the potential IW threat. It is commercial institutions that are in the front line of [W-type 
attacks, usually for criminal purposes. Government police and intelligence services have 
however found it very difficult to extract reliable information from companies about the 
extent of the damage inflicted. The aims of the two sides are often in opposition. Companies 
are concerned to avoid publicity which will impact on consumer confidence whereas 
governments are concerned at locating, understanding and neutralising the threats. To resolve 
this contradiction, there is place for more reliance on privatised intelligence. 


For instance, in 1994 King's College carried out a threat assessment for UK-based companies 
considering the physical threat from the Provisional Irish Republican Army (PIRA). Despite 
the sensitive nature of the subject, it was established that a combination of research 
methodologies (strategic analysis and consumer threat perceptions) could usefully generate 
methods and data of benefit to both government and the private sector. Possibly more 
importantly, the research process provided a mechanism for improved information exchange 
between the public and private sectors. This approach could contribute significantly to the 
development of national and multinational IW threat assessments. An additional area in 
which privatised intelligence would score over government intelligence is in tracking [W 
doctrinal and technical developments in other states. For instance, foreign scientists are often 
more willing to collaborate in research efforts with other universities than with defence 
agencies or intelligence services. 


Vulnerability Assessments: In assessing the vulnerabilities of a National Information 
Infrastructure (NII) or the Global Information Infrastructure (GI), intelligence services 
already recognise the prime importance of working with the private sector. No modern 
government can understand the potential weaknesses in its NII unless it works closely with, 
for instance, leading IT companies and service providers. These forms of collaborative 
research need to be extended on an international basis due to the interlinking of NIs with 
regional and GIlIs. 


Implications for Europe 


Improved European intelligence collaboration is rational from the perspective of the push, 
declining budgets require resource sharing, and of the pull, the increased demand for 
intelligence and the proliferation of sources and methods. Nonetheless, reluctance to divulge 
sources and methods will act as a brake on intensified collaboration. This paper has argued, 
however, that the ongoing "privatisation" of intelligence will ease these sensitivities since, in 
a private-sector led environment, sources and methods will be widely available. Specialised 
and highly classified collection and analysis methods will remain under official lock and key 
but the role of classified programmes is likely to be significantly reduced in the near future. 
In order to benefit from the ongoing information and intelligence revolutions, all European 


78 


states could only benefit from closer European collaboration, both between governments and 
with the private sector. 
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OPEN SOURCE - LESSONS LEARNED 


Mats Bjore 


During our early work in the late 1980's we began to realise that the way we access 
information as analysts had to change. Due to the ever-increasing volume of information, we 
had to focus our interests. 


For every major or minor event in the world there often is at least 20 independent sources that 
are reporting on the very same event. The risk and possibility of misinformation or deception 
have grown, but the risk also has been reduced. It had become harder for the remote and 
closed areas of the world to keep things in secret and to fool it's own citizens with 
propaganda. 


The different media types blend and soon it will be impossible to decide which type of 
communicator has delivered a certain stream of bits. The television set becomes a computer. 
You download your e-mail to your cellular telephone. You use your computer to monitor the 
local TV or radiobroadcast from Israel to Brazil. The satellite dish on your roof is a super 
high-speed connection to the INTERNET. The change is continuous, simultaneous, 
accelerated, and nonlinear—in one word: chaotic. 


How does an organization organize the monitoring and analysis of events that affect its 
operations in a rapidly increasing flow of information? They can not attend to every event in 
its environment, but must select areas of priority, filter incoming data according to its 
interests, and for further refining and analysis. 


One of the major problems today is how to say NO to the quantity of information delivered 
by emerging push and pull technologies and instead focus on the quality of information 
needed for analysis. The human interface is still needed. 


Our open-source function still acts as a human filter, in order to ensure quality. This has the 
added benefit of keeping our stored volume of information within reason—thus ensuring our 
clients relevant and timely retrieval. 


History 


In 1990 two disparate needs arose that necessitated the use of unconventional sources and 
methods. 


The Swedish Army Parachute Ranger School required pictures and information at the tactical 
level. 


The Army Intelligence School needed open information in its task to disseminate threat 
assessments. Much of the available information was either classified or not relevant. With 


open sources, both requirements were satisfied. 


One of the incidental lessons learned quickly became known as ASKINT (or Asking 
Intelligence). There was a need for up-to-date pictures of materiel. 
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Instead of attempting the traditional covert (time-consuming and very expensive) means of 
collection, letters were sent out to manufacturers asking for the requisite pictures—ASKINT. 


Aerospatiale, among others, promptly sent not six but 53 pictures of its product line. Even the 
Russians responded: the tank factory in Omsk sent pictures of its latest T-80 model. 


In 1993 the Military Intelligence & Security Service realised the need to adopt the methods 
developed at the Intelligence School, on the strategic level. 


At the end of 1996 we introduced our global-access document database the so-called 
Infobank. 


In mid-1997 we became an independent unit within the service. 
Our daily work is focused on three major products 


The Open Source Information Report, the INFOBANK for the Defense Forces HQ and the 
GLOBAL INFOBANK for our external customers. Among our external customers we have 
the MoD, the Foreign Ministry (including many embassies around the world), the National 
Defence University, the Regional Military Commands, and other members of the Swedish 
Administration. Infobank is the text collection of all digital OSI collected since 1993. It is 
indexed both manually and for full text retrieval. We combine the best of two worlds. 


Method 


The most important task of the day is the routine collection of monitored sources. This is 
sometimes a very tedious task but it is necessary in order to maintain the quality of our 
INFOBANK. Our goal is to find and use primary sources 


Our team work from several different locations and from their home offices. In The use of 
LRRP (Long Range Reconnaissance Patrol) tactics is important. Several hours a day the 
LRRP scans the forefront of the INTERNET or any commercial online-service for new 
relevant sources and reports and map the location, content and development of valuable sites 
and services. 


They LRRP must have very good knowledge of the organisation's basic needs, full clearance 
for the content and work of SIGINT and HUMINT in combination with an innate sense or 
feel of what will become important. This scouting function also serves as a sort of Help Desk 
for the analyst and the information miners. 


Yes we use the human interface. We believe until proven otherwise that the Mark I 
Eyeball driven by a hungry, curious brain is superior to any binary agent. The Push 
technology or profiling system, we believe, make the analysts passive and their curiosity 
for "out of the normal picture" gets drowned in the bitstreams of endless hits in the 
profiling systems. And a profiling system as of today and the nearest future will only make 
the active and curious analyst frustrated. He or she want to know more, learn the details and 
the want do DISCOVER the information by their unique individual way of thinking. 


If you are part of a large organisation with many LRRP, it is essential to coordinate pointers 
to locations to be searched, and to establish procedures to create the organisation's own 
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source pages- If you do so, you don't waste valuable time in the collection process or 
duplicate your efforts. 


A LRRP must be of an analyst's breed. We tried to use computer whiz kids but in our 
experience, you must have people with very broad skills and education. Computer skills are 
not important but language, sometimes unconventional intelligence and "organisations" 
skills are essential. 


In addition to the LRRP we use miners that collect the information and structure the 
information in our system. Structuring means that insight or meaning is obtained by matching 
and relating information from multiple sources so that some form of pattern or trend emerges. 
Structuring is achieved by creating information about information, for instance, how data are 
organised, related and used. Classification, indexes, tables of contents, and data models are 
some examples of filtering and the structuring of data. Some sort of structuring combined 
with a sufficient text retrieval system hold the most potential for the successful exploitation 
of information. 


A great deal of important information is present on the net for only a short period of time. 
When you have identified a specific piece of information, you must capture it and store it in 
your own system. For as long as you continue to want that information, you continue to 
monitor the source. If you use a local indexing system, you also get the benefit of having the 
information searchable and useable. 


Although sometimes valuable, the Internet today is not a solution to the analyst's need for 
relevant, timely information The Internet is changing by the minute. New sites appear at a 
breathtaking rate—one of the major online Internet catalogues receives 22,000 new listings 
every day. At the same time, many sites go away. Because it only takes a few minutes at a 
computer to change a site, they change regularly. This means that mastery of Internet 
information is extremely perishable. On top of the vast amount of new material entering 
the Internet, its structure and essence are also changing. The look of the Internet has 
also changed dramatically. Text-only “gopher” sites are being replaced by 
graphics-laden and sometimes beautiful “web pages.” This transformation will continue 
for some time. 


New resources and methods appear and others fade away on a daily basis. Within a few 
years, the web is likely to stabilise. Once that happens the analyst's or the LRRP's collection 
of Internet ~bookmarks" will be nearly as valuable as personal contacts are now. The modern 
analyst must prepare for this. By exploring the web today and developing effective methods 
for finding and using electronic information, the analyst will be ready and competitive when 
the Internet finally does make the leap from luxury to necessity. But as a manager you 
probably don't want your analysts to surf away from their given daily assignments. 


We have solved this need by giving our analysts free access to the INTERNET at home but 
not on every workstation at work. Every section has a common resource (our play-station) 
with a wide range of online service including the Internet. It is important to motivate and 
tease the analysts to be curious about Open Sources. 


The rapid pace of development on the INFORMATION BATTLEGROUND demands a 
constant R&D effort in an Open Source-based organisation. 
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Organisations must have constantly evolving and changing systems. These changes may not 
always be visible to the analyst but the manager of an Open Source system must understand 
and direct them. 


As a metaphor, one can take a photo of river or a rapid. The photo is a frozen projection but is 
very hard to describe in detail. You can paint a picture or write an essay about the river but 
you can not imagine how the waterfall will look in detail the next second, minute or decade. 
The only way to comprehend the flow of water is to dive into the water, follow the currents, 
and try to master it during the ride. 


We think the same applies to Open Source. It is and will be a chaotic ride! You must actively 
take part in the process to understand the process; to have visions and to create new methods 
and applications. In these areas, specialised R&D institutions are phenomena of the past. 


If you have the resources, you must incorporate the R&D functions in the actual living Open 
Source-process. Your organisation soon will be a knowledge-organisation where changes 
can be very rapid but invisible in the daily tasks. If everyone can influence his bit of the 
process, the word changes soon will loose its meaning 


We focus our collection on primary sources, and only use secondary sources when we have 
to. Often, however, secondary sources can be helpful in finding primary sources. 


By using cheap technology and striving for information quality, we could afford to do 
mistakes. Our OSI organisation has its origin in tactical military intelligence and the same 
methods for collecting, structuring, analysing, and dissemination was applied to the 
operational and strategic level in both the military and in the field of security politics. We 
learn by trial and error. 


For strategic analysts, the ability to collect information rapidly and to evaluate its relevance 
and validity is a crucial skill.. One of the most important lessons learned is that the end user 
or analyst must have software that is simple to learn and contains a minimum of 
"wizard-features". We believe that we must use the same technology and graphical user 
interface as the analysts share with their children and spouses at home. We learn by 
socialising with our friends and families. 


If you are a cyber soldier or an information scout you are used to—and live in the rapidly 
changing software battleground. 


However, for the analyst, the need is not survival on the front line but rather a calm and 
stable environment for analysing the information and producing intelligence. If you change 
the operating environment for the analyst too often, part of their days will be devoted to 
taming the tool. 


Do not waste their time with unnecessary options and new versions of software until there is 
a real demand for new options. 


As an example: One of the best analytical mind and graphical mind mapping tools we seen so 


far is Microsoft Encarta with the note an pushpin function. It is not big buck GIS software but 
it is cheap, easy to use and your children can help you if you get stuck! 
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Today we still use cheap off-the shelf software, simple and affordable servers and ordinary 
PC for the end user. 


In our organisation we use effective, simple off the shelf tools that also are very inexpensive. 


This means that we can afford to make mistakes, to change, to constantly do R&D in the area 
of text retrieval. If we invest in a high-tech million dollar system that works effectively today, 
we can not, due to budget restraints invest in next years wizard software. 


In our Open Source-centre we take the most relevant and best information from INTERNET 
and from our other providers and sources -structure and it in a single document base that is 
accessible with one software tool. The analyst doesn't have to learn the continuously 
changing retrieval systems. What we do is to create one meta-provider with both an 
electronic and human interface. 


This creates space and time for the analysts main mission. To create knowledge or 
intelligence out of the information we have collected and structured! 


And we must remember one important truth..... 


We are competing with the papers and specialists forum around the world. Our 
decision-makers read the newspapers watch the broadcasts from CNN etc. 


We must digest more information in a shorter period of time; we must reduce the time for 
transformation from information to intelligence. The days of status quo are forever gone. 
And speaking about the media..... 


Misinformation 


One of the biggest keyword for NOT implementing OSINT in an intelligence process is 
MISINFORMATION. “The OSI is full of misinformation and attempts of deception”....??? 
Well that may be true. Nevertheless, it is in the same degree true for both SIGINT and 
HUMINT. 


As an example: 


Source A, belonging to a rouge diplomatic mission in one of the intelligence agency target 
countries, use the telephone frequently. In a conversion with Source A base at home Source 
A may be saying something like u I have information that the leaders of the subversive 
European Union have been here discussing R, S and T" 


This conversion is intercepted by SIGINT and forwarded to the databank or the archives at 
the intelligence agency, The conversion is upgraded to state secrets because of the way of 
collecting not necessarily the content. HOWEVER, the analyst regards the SIGINT 
information as validated and VERY important. 


The fact that SOURCE A may have heard about the meeting in the broadcast of the local 


radio or read The Economist and then talked about it a couple of days later NOT citing the 
original source is forgotten. 
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(Solution using the determinant matrix the simultaneous linear equations) 


(a) 
2x—4y+5z=25 
3x —6y—2z=-10 
Tx —2y—4z= 16 
XxX yZ xy 


_ (600)+128)+(100)—(—480)-100)—-(-160) 
~ (48)+(56)+(-30)—-(-210)-(8)-(48) 


_ (80)+(~350)+(240)(-350)(—64 )-(-300) 


228 
228 
y= =3 
y=3 
2x—4y+5z=25 
2(6) —4(3) +5z= 25 
12-12+5z=25 7 2 = 
5z _ 25 
2 ene 
z=5 


3-67 


What do I mean? OSI may have the benefit of teaching cold war analysts and just out from 
the university the art of looking at every piece of information with the same critical eye 
regardless if its HUMINT, SIGINT or OSINT. 


In my opinion the most valuable characteristic about OSI is 
You always know the source, if it is primary or secondary 
-  Itis cheap 
-  Itis fast 
-  Itis available 
Some of the key lessons that we have learned are: 
- Focus on finding quality primary sources. 
- Keep all information in one format. 
- Do it simple 
- Maintain the human filter. 
- Give the analyst only one - simple - tool 


And most important of all 


Sharing is Power! 
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OPTIMISING OPEN SOURCE 
INFORMATION SHARING IN AUSTRALIA: 


REPORT AND POLICY PRESCRIPTION -— (Part IV, V) 


Lieutenant Colonel Ian Wing - 1999 
Chief of the Defence Force Scholarship Fellow 
Australian Defence Force 


Australia is taking positive steps to optimise open source information (OSI) and open source 
intelligence (OSINT). 


Part Four: OPEN SOURCE SHARING IN AUSTRALIA 
Current Australian Arrangements — National Security 


The intelligence agencies involved in national security have made progress in the discipline 
of OSINT over the last few years. The scope and extent of this progress has varied from 
agency to agency. 


DFAT 


The Department of Foreign Affairs and Trade operates the Open Source Collection Unit 
(OSCU) which contributes to the Foreign Broadcast Information Service (FBIS). 


Case Study — ASIO (1) 
The Australian Security Intelligence Organisation draws heavily on open source capabilities. 


ASIO has developed the Intelligence-Based Decision Model (IBDM) and it allows each 
element of the intelligence ‘business cycle’ to be identified and compartmentalised into 
workable projects within a strategic planning framework. 


Intelligence is only one part of the general policy process and ASIO recognises that its clients 
receive advice from many other sources, which may differ from ASIO’s advice. ASIO seeks 
to understand the whole decision-making process: the policy framework; the stakeholders 
and their expectations; the attitudes of clients; and the real or implied intentions of alternative 
advice. The intelligence adviser who fails to pay heed to open source material may find that 
their client has a better idea of the general situation and a set of predispositions that any 
amount of covertly-sourced material may be unable to shift. 


OSI forms a key element of the ‘all-source continuum’ which has several broad 
characteristics relating to the utility or otherwise of OSI and Covert Source Intelligence 
(CSI): 


Open Source Information Covert Source Information 


[Expensive 
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Reliability known 


Structured 


Low risk High Risk 


Least Intrusive Highly intrusive 


In practice the all-source continuum includes three groupings of sources which have hazy 
boundaries. These are: 


"open, publicly available information (such as the media, on-line sources and the 
Internet); 

"restricted access (such as police information, official information and foreign 
government records); and 

"closed and/or covert (such as national security information and protected sources). 


ASIO applies a structured approach to security risk management using the Security Risk 
Matrix (SRM). The SRM consists of: 


" Likelihood of Threat x Nature of Consequence = Risk 
o Intent x Capability = Likelihood of Threat 
= Desire x Confidence = Intent 
= Resources x Knowledge = Capability 


The hypotheses used by ASIO in the SRM process are generated using OSI. The hypothesis 
is then tested with additional specific monitoring and limited investigation, and a requirement 
collection plan is developed. To complete the assessment it may be necessary to access all 
available sources of intelligence and maintain collection and assessment activity if the 
security environment is particularly volatile or uncertain. 


The ASIO Library provides a significant OSI capability to the organisation. It cooperates 
closely with other OSI units within the Australian intelligence and law enforcement arenas. 


Case Study — DIO (2) 


DIO has been officially exploring the utility of open sources since 1995. DIO has an Open 
Source Unit (OSU) co-located with the Information Centre. The primary open source is the 
Internet, complemented by participation in the US Government sponsored Open Source 
Information Service (OSIS), and traditional hard copy library resources. In addition, it has 
continued to exchange material with FBIS. It receives direct syndicated media feeds, and the 
DIO 24 hour watch maintains continuous monitoring of the international electronic media. 


Their Internet experience suggests that there is a huge and diverse quantity of material (much 
of it at little cost) but the more useful data-bases and services do require quite substantial 
subscriptions. A properly trained and equipped unit of specialists is considered more 
effective than providing Internet access to all-source analysts. 


Foreign print media coverage remains limited by translation capacity, but this adds another 
dimension of support to analysts covering topical geographic issues and crises. Customers 
will often obtain news reports and they are at times inclined to act upon them. DIO has a 
particular responsibility to verify the reports and place them into context. 


The Open Source Unit, and the 24 hour watch, understand both the intelligence process and 
current topics of interest. This enables them to add significantly to the all source analysts’ 
work. All of this is being done with material that is significantly less expensive to obtain 
than that from the more traditional sources. This in turn allows the other collectors to focus 
their energies on doing things which only they can do - and obtaining information which is 
not available in the public domain. Indeed, open source material can help better to articulate 
the true intelligence gaps which Australian classified sources must fill. 


The Australian Imagery Organisation, which was raised from within DIO last year, utilises 
open source commercially available imagery in conjunction with classified imagery and all 
source intelligence. It produces analytical support products, targeting material, contingency 
support packages and military mapping products. 


A National Intelligence Principle (3) 


An important principle relevant to the collection of information by the sources of the 
Australian intelligence community is that covert collectors do not target information if that 
information is available through other overt means. Besides the waste of agency resources by 
unnecessarily duplicating the work of each other, why incur the relatively higher cost of 
covert intelligence collection, and the associated political risk, if this too is not necessary? 


An exception to this principle occurs when doubt exists about the accuracy of information 
received from overt sources. In such cases, covert intelligence might be sought to provide 
independent verification. 


Current Australian Arrangements - Law Enforcement 


In the law enforcement arena, OSINT is an important part of the operation of several federal 
and state level agencies and police forces. 


Case Study — OSCA (4) 


The Office of Strategic Crime Assessments observes trends in challenges to strategic law 
enforcement with significant input from its open source cell. OSCA has never run a 
‘traditional’ in-house library service. Instead, it has access to, and support from, the libraries 
of the Australian Institute of Criminology, the AFP and the Attorney-General’s Department . 
It uses in-house information professionals to provide dedicated support to its intelligence 
analysts by facilitating access to information and sources required for intelligence assessment 
work. 


OSCA is tasked with analysing the entire criminal environment - and therefore has a very 
wide scope to its areas of intelligence interest and information requirements. To be able to put 
together a comprehensive view of the ‘big picture’, OSCA needs to be able to draw on a very 
wide information base for its knowledge of all issues of concern. 
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Every aspect of OSCA’s information collection and management activities is carried out 
according to systematic, disciplined processes. Comprehensive strategies are devised for the 
ongoing development and operation of all information services. These are included in an 
Information Collection and Management Strategic Plan, produced approximately every 18 
months. The primary operating principle is that all information - regardless of its source, 
format, or any other distinguishing feature - is collected and managed according to its value 
to the organisation. 


OSI is essential to OSCA for monitoring the global strategic environment; for ‘scanning the 
horizon’ for emerging political, economic, social and technological trends and developments; 
and providing other general broad contextual information. OSI can provide early warning of 
emerging issues: by taking small, disparate pieces of information from many different 
sources (like news media, journals, web sites, etc) and pulling it all together to give a picture 
of the broader emerging strategic environment. OSI can also give OSCA ‘rapid orientation’ 
to new issues. OSCA uses a number of online services, including Reuters Business Briefing, 
FBIS Online, UnCover Reveal, DIALOG and LEXIS-NEXIS, and the Internet is used in a 
systematic manner. 


OSCA likes to use OSI in its reporting. Where similar information is available from both 
open and official sources, the open source material will usually be cited. This assists in 
keeping the security classification of reports as low as possible - thereby facilitating wide 
dissemination - while at the same time protecting any sensitive intelligence sources and 
methods. 


In 1997, OSCA built the Information Requirements and Intelligence System (IRIS), a 
Microsoft Access database that allows it to manage knowledge of all information 
requirements, information holdings, information sources and contacts, and other elements of 
the OSCA information environment in an integrated manner. 


Case Study - CLEICC OSI-SIG (5) 


OSCA also has a role in the coordination of the Commonwealth's law enforcement 
intelligence arrangements - primarily through its chairing of the Commonwealth Law 
Enforcement Intelligence Consultative Committee (CLEICC). The CLEICC recently 
established an Open Source Information Special Interest Group (OSI-SIG). With 
representation from intelligence and information professionals from across the law 
enforcement and intelligence communities, this group aims to facilitate: 


" increased sharing of knowledge and experience of OSI-related issues; 

" codification of 'best practice’ in OSI activities, where appropriate; 

= development of opportunities for cooperative and collaborative OSI activities; and 

= the establishment of networks between officers in the community who develop and 
manage OSI collection and exploitation programs and activities. 


The OSI-SIG has already identified an Internet exploitation strategy as one area which may 


benefit from collaboration. Such a strategy would primarily focus on the community-wide 
sharing of knowledge of valuable web sites and other Internet-based information resources. 
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Case Study — ABCI (6) 


The Heads of Criminal Intelligence Agencies (HCIA) conference in September 1998 directed 
that the ABCI prepare a business case for the establishment of a centralised open source unit. 
This was announced by Paul Roger, Director of Intelligence of the Queensland Criminal 
Justice Commission, in his paper presented at ‘Optimising Open Source Information’. (7) 


The business case proposes that a small open source organisation be raised within the ABCI. 
It will be responsible to the HCIA and to an Open Source Intelligence Steering Committee. 


The open source unit will meet Australian law enforcement requirements for collection and 
dissemination of open source material. The clients of the open source unit will initially be 
limited to the agencies that comprise the Criminal Intelligence Agencies. After the unit is 
established, additional agencies may be included as clients of the open source unit if a need is 
identified for using the service or on pay for service basis. Outsourcing open source 
collection to a commercial information broker is an option worthy of consideration. 


The establishment of an open source unit provides the criminal intelligence community with 
an ideal opportunity to market an information brokerage service to other agencies. There is 
also the potential for the law enforcement unit to become part of a larger unit, and 
opportunities for networking between other OSI units including the RCMP, EUROPOL and 
the UK’s Metropolitan Police. 


The unit will initially concentrate on providing open source information rather than 
intelligence. When the unit has found its niche it can then concentrate on four other functions: 
current awareness briefs; rapid response to reference questions; contacting outside experts for 
primary research; and coordinating strategic forecasting projects. It will draw on the full 
range of external open sources, software and services. 


The first consideration for implementing a centralised open source unit is determining a 
budget. Robert Steele has suggested that in the experience of the US intelligence community, 
no less than 1% of the total organisational budget is required. The detailed business case 
submission is currently being considered by the Federal Minister for Justice and Customs. 


Case Study — New South Wales (NSW) Police Service (8) 


The NSW Police Service recently established an OSI Unit to maximise the use of Internet 
within the Service. The unit evolved from a simple beginning, associated with the creation 
and maintenance of the ‘Crime Stoppers’ web site on the Internet, which was established in 
August 1996. 


The OSI Unit has a dual role of supporting analysts in the production of strategic assessments 
as well as providing information relevant to the tactical and operational needs of front line 
police. 


The Service is expanding its approach to ‘intelligence driven policing’. Police at the local 
patrol level are required to demonstrate how their operations and response procedures are 
driven by intelligence. Commanders cannot rely solely on personal judgments and hunches 
about the nature of crime in their areas. Police in all operational commands must make 
decisions based on analysis of statistical crime data, research of patterns and trends, 
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demographic and census data, and reliable and credible intelligence reports. To respond to 
the complexities of the operating environment, police require high quality, relevant 
information. The electronic open source environment is helping to meet this need. 


The State Intelligence Group is the central intelligence entity providing strategic and 
operational support for the NSW Police Service. Analysts use open source information to 
conduct research on specific areas of crime such as youth crime, transit related crime, counter 
terrorism and organised crime. Analysts access news services from Reuters and AAP, media 
feeds for newspaper, radio and television. The Internet also provides information vital to law 
enforcement strategic analysis, including government data sets and publications, academic 
and research papers, commercial information. 


On another context, the Internet is being used to share crime information between 
jurisdictions and to establish contacts with counterparts in law enforcement and criminology 
departments. Unlike some other intelligence products, the majority of strategic criminal 
intelligence is unclassified. This enhances the value of the Internet for exchange of 
information between jurisdictions. 


The NSW Police service is the lead agency for the security of the 2000 Olympic Games 
(ASIO is the lead federal agency) and OSI will enhance its capabilities to meet this important 
responsibility. 


Part Five: POLICY PRESCRIPTION 
A Way Ahead 


OSINT has the potential to integrate the wealth of sources, software and services from the 
private sector, with the process of intelligence. 


The agencies of the Australian Intelligence Community in their strategic plans and policy 
groups have identified the need for improvement in the coordination of OSINT. This has 
been reinforced by the Australian National Audit Office report into the Commonwealth 
Agencies’ Security Preparations for the Sydney 2000 Olympic Games which stated that: 


The Olympics will present challenges to ASIO in drawing on new overseas sources for 
information. It will take time to learn what information is available and how to deal with 
unfamiliar targets. It is important that processes be developed to maximise the access to 
sources of material and to avoid duplication of requests by Australian agencies. Access to 
open source material (eg. Internet and the media) may also be used to supplement other 
intelligence material. However, overseas experience suggests that the use of open source 
material can be resource-intensive. ASIO should undertake a thorough assessment of the 
extent to which this option should be used. 


All of the agencies can work together to provide a coordinated OSINT capability. This 
capability would draw on the strengths of each of the intelligence agencies and create 
synergies between them, noting that many working relationships and shared efforts already 
exist in areas such as libraries and information technology. 


The synergistic approach to OSINT would be guided by existing national intelligence policy 


(in the foreign intelligence, security intelligence and law enforcement intelligence fields). It 
would also develop a system in which the OSINT capabilities of each agency are matched to 
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its specific needs and shared with other agencies, in accordance with government 
accountability policies. 


A future vision for OSINT is that the proliferation of open source information will enable the 
creation of a ‘virtual intelligence community’ in which open information sharing and open 
source intelligence production is commonplace. The community will include and draw 
strength from public and private sector entities lying outside the traditional intelligence and 
law enforcement fields. This development will not replace more traditional covert forms of 
intelligence collection and production, but it will increase their efficiency. 


A future centralised national OSINT capability was foreseen at ‘Optimising Open Source 
Information’. Whilst delegates envisaged the great advantages of such an agency, it was 
considered such a step would be unlikely to eventuate in the near future without a lifting of 
the current budgetary and bureaucratic restraints. Instead, significant advantages are likely to 
be obtained through the establishment of a centralised coordination capability. This 
capability should be based on shared inputs from the intelligence agencies and a synergistic 
approach to employing their joint capabilities. 


The study of OSINT would be advanced through an ‘information audit’ across the Australian 
intelligence arenas, to determine current and expected dependency on OSINT. This would 
provide a basis for information planning, recognising that significant cost savings may accrue 
from a strategic shift to OSINT. The results of the information audit could be compared to 
the OSS benchmarks to ascertain levels of best practice in the field. A whole-of-government 
Australian operational concept for OSINT and a virtual intelligence community could then be 
developed. This concept should draw on the experience of other nations in this field. 


A future Australian OSINT conference should be convened with the aim of building on the 
results of the ‘Optimising Open Source Information’ conference. This future conference 
could receive official support from the Australian Intelligence Community and should take 
place in 1999 or 2000 at the latest. The conference could enable detailed discussion of 
OSINT and include closed sessions to consider the relationship of OSINT with classified 
sources. 


Recommendations 


As a result of the deliberations of the ‘Optimising Open Source Information’conference it 
was recommended that: 


* The utility of OSINT and its ramifications receive further and continuing examination 
within the national security, law enforcement and business intelligence communities, 
with a view to the development of a synergistic and coordinated OSINT capability. 

« An ‘information audit’ be conducted across the Australian intelligence arenas which 
would determine current and expected dependency on OSINT and inform a whole-of- 
government operational OSINT concept. 

« A future Australian conference on OSINT be convened in 1999 with official support 
from the Australian Intelligence Community. 


92 


Conclusion - Important Issues 


This paper has described how Australia is taking positive steps to optimise OSI. Several 
important issues require further effort to achieve optimum solutions. 


First, there is a need for greater awareness and understanding about OSI and OSINT. Some 
middle level managers remain resistant to the introduction of capabilities which do not 
possess the normal characteristics of intelligence systems: high cost, high technology and 
high levels of secrecy. This education and understanding is being provided by conferences, 
meetings with practitioners from other nations, and by the demonstrable successes being 
achieved by existing OSI units. 


Second, there is a need for greater differentiation between the professions of ‘information 
specialist’ and ‘information systems/information technology specialist’. The former were 
once known as ‘librarians’ and they are the experts at finding information. For this reason, 
they have the potential to become Australia’s OSI specialists. The latter are experts at 
creating computer-based systems. For this reason they play the important role of facilitating 
OSI through the employment of technology, but they are not necessarily as well suited to 
becoming OSI specialists. 


Third, the budgetary restraints which operate within the official domain in Australia tend to 
be resistant to the introduction of new capabilities. This resistance can be overcome if 
decision-makers are made aware that although OSI and OSINT are not free, they can offer 
real savings in overall organisation expenditure. They can also offer increased coverage of 
areas of intelligence interest. 


And fourth, the stove-piping of intelligence into specific disciplines, based on collection 
methods or customers, needs to be transformed into a cooperative and multi-disciplinary 
approach. OSI is likely to provide the circuit-breaker which will facilitate this process. It 
offers the opportunity to enhance cooperation between agencies and improve overall 
analytical performance. 


The opportunities provided by OSI and OSINT have been recognised by many people 
working in the Australian intelligence profession. I confidently predict that Australia will 
make further progress in this field. The experiences of other practitioners in the fields of OSI 
and OSINT, and particularly those attending this conference, will play an important part in 
optimising Australian open source information sharing. 
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OPEN SOURCE INTELLIGENCE 
A ‘FORCE MULTIPLIER’ 


Lt Cdr Prashant Bakshi, Indian Navy, Research Fellow IDSA, New Delhi 
The Tribune (India), Online Edition June 24, 2001 


Intelligence agencies have for long relied on SIGINT (Signal Intelligence), HUMINT 
(Human Intelligence) and COMINT (Communication Intelligence) for their information- 
gathering requirements. In recent times, ‘open sources’ have evolved tremendously to the 
extent that they are seriously considered a source of intelligence, hence the term OSCINT 
(Open Source Intelligence). 


This can be attributed mainly to the proliferation of information and communication 
technologies, especially the Internet. Information earlier considered as classified is now 
widely available — and that too at a mere click of the mouse. For instance, during the recent 
US-China spy plane debacle, one could effortlessly download satellite images of the EP-3 
surveillance aircraft parked at the Lingshui military airfield from the Janes defence website 
(www.janes.com). Furthermore, one could also learn from the website about a recent 
upgradation, SSIP (Sensor System Improvement Program), carried out on the aircraft, making 
it the most sophisticated airborne electronic surveillance asset in the US Navy. With such 
easy access to vital information, intelligence agencies are slowly but surely accruing more 
importance to OSCINT. 


So, what exactly does OSCINT mean? The US intelligence community has aptly defined the 
term: 


"By Open Source we refer to publicly available information appearing in print or electronic 
form. Open Source information may be transmitted through radio, television, and newspapers, 
or it may be distributed by commercial databases, electronic mail networks, or portable 
electronic media such as CD-ROMs. It may be disseminated to a broad public, as are the mass 
media, or to a more select audience, such as grey literature, which includes conference 
proceedings, company shareholder reports, and local telephone directories. Whatever form it 
takes, Open Source involves no information that is: classified at its origin; is subject to 
proprietary constraints (other than copyright); is the product of sensitive contacts with US or 
foreign persons; or is acquired through clandestine or covert means." 


OSCINT, however, applies the same fundamentals of traditional intelligence — sifting and 
analysing information to metamorphose it into unclassified intelligence. Often, such 
intelligence proves highly invaluable when integrated and validated with other sources, and 
of course, it needs to be finally given the strategic perspective by experts in the related 
subject. The advantages of OSCINT are immense and, no wonder, countries like the USA, 
Israel, Sweden and South Africa have adapted well to this form of intelligence and refer to it 
as a ‘force multiplier’. 


The common perception that OSCINT is a recent phenomena centered around the Internet is 
not quite true. In fact, intelligence agencies have always acknowledged the potential of Open 
Source Information. Take the case of FAS (Federation of American Scientists), a privately 
funded organisation, which was originally founded in 1945 as the Federation of Atomic 
Scientists. Over a period of time, it has evolved into one of the most comprehensive resources 
for Open Source Intelligence — conducting analysis and doing advocacy on a wide range of 
issues, which include science and technology, national security, nuclear weapons, arms sales, 
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biological hazards and space policy. If you are searching for information on Pakistan’s 
nuclear reactors or an update on the Chinese cruise missile programme, a visit to their 
website (www.fas.org) would in all certainty overwhelm you with the kind of information 
that is available. 


Even during the height of the Cold War, some 20 per cent of the information collected by the 
Americans on the erstwhile Soviet Union came from open sources. A case in point is the 
Foreign Broadcast Information Service (FBIS), a US government office chartered to monitor 
foreign (non-US) open source information for use by the US Government. 


The FBIS offers an extensive, in-depth collection of translations and transcriptions of Open 
Source Information from around the world on diverse topics that include military affairs, 
politics, environment, societal issues, economics, and science and technology. 


Today, there is no dearth of OSCINT sources. While most of them (see table) can be accessed 
on the web, companies like Janes, apart from having an online presence, also publish 
periodical reports and reviews that are available on subscription. In fact, the Janes annual 
books on aircraft, ships and weapon systems are nothing short of defence encyclopaedias that 
are extremely popular in defence libraries all over the world. 


Amongst recent OSCINT sources, Stratfor (Strategic Forecasting) and OSS (Open Source 
Solutions) deserve due mention. While Stratfor started off as a think-tank; it earned due 
recognition during the conflict between NATO and Yugoslavia with more than 2 million 
people visiting the Stratfor website. Based in Austin, it has an experienced staff who strive 
hard to combine intelligence analysis with the rigours of journalism. Subscribers to Stratfor 
have a host of options — daily global updates to monthly reports — to choose from, and 
more so at the convenience of receiving it on one’s desktop computer as an e-mail. 


The OSS, on the other hand, is one of the world’s first information merchant banks’ 
practicing information arbitrage and delivering Open Source Intelligence consulting and 
services. Interestingly, the ‘OSS has a unique feature called MindLink that allows members 
to join discussion lists dedicated to intelligence related topics. It also provides access to over 
5,000 pages of material and two publications, a monthly OSS Notices and, a quarterly Global 
Intelligence Journal. 


In the Indian context, the concept of OSCINT is still evolving; there are a few defence-related 
websites — bharat-rakshak.com and stratmag.com — that have sufficient ground to cover 
and be in the same league as their western counterparts. However, there are some news 
services like POT (Public Opinion Trends Analyses and News Services) which cover various 
issues in South Asia and publish bulletins on a regular basis. 


Surprisingly, one hears more about occurrences of corporate espionage than military 
espionage, which can be attributed to the cutthroat competition among business 
conglomerates. This has led to a spurt in companies dealing with business and economic 
intelligence. 


Future indicators convey a vast potential for OSCINT. However, it is unlikely that it would 
ever replace traditional clandestine techniques — spies and satellites. Open Source has a 
distinct advantage, that it is always readily available, as in the case of the Gulf War wherein 
CNN newscasts were potentially more useful to the first US planes over Baghdad since 
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classified information did not reach on time. Technology is changing at an amazing pace and 
hopefully advances in artificial intelligence techniques and development of information 
agents or ‘bots’ might make sifting and analysing data simpler and less time consuming. 
Whatever form it may take, technology would always be the means to an end; and not the end 
in itself. 
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DIRECTORY OF RESOURCES 


Excerpt from “Open Source Exploitation: A Guide For Intelligence Analysts”, 
produced by Open Source Publishing Inc. (http://www.osint.org/) 
for the Joint Military Intelligence Training Center (JMITC) 


A 

Alexa — http://www.alexa.com/ 

Alexa is an interesting project that is attempting to archive the Web while at the same time 
providing a means for collaborative filtering. The Alexa software creates a toolbar at the 
base of your browser which gives you information about the site that you are visiting and a 
list of suggested Web sites on the same topic. The toolbar also allows the user to access the 
Alexa Web archive. 


About.com — http://www.about.com/ 

This search engine/service uses volunteers who are screened by About.com to ensure their 
expertise in the topic area they edit. Each About.com “GuideSite” is devoted to a single 
topic, complete with site reviews, feature articles and discussion areas. 


AltaVista — http://www.altavista.digital.com/ 

A very fast and popular search engine created by Digital Equipment Corporation. Both Web 
and Usenet newsgroup content can be searched. Because of the size of its index, you should 
learn the advanced-search syntax for this engine to generate only the results you seek. 
Instructions for search syntax can be found on Altavista's home page. 


Analyst’s Notebook — http://www.i2inc.com/ 

The Analyst's Notebook is data visualization software that assists analysts by 

locating, interpreting and displaying complex information in easily understood chart form. 
The Analyst’s Notebook provides: association (link analysis) charts, commodity flow charts 
and timelines. 


B 

Bigfoot — http://www. bigfoot.com/ 

This site is designed to help you find e-mail, telephone and physical addresses. By providing 
information such as first and last names and state of residence, you can often find an 
individual's contact information. 


BotSpot — http://www.botspot.com/ 
A portal site dealing with information robots (frequently called “bots”), spiders, wanderers, 


etc. An excellent site for individuals who are interested in the application of artificial 
intelligence to the Internet. 


BullsEye — http://www. intelliseek.com/ 

A software tool that scans the most popular search engines and delivers hit results and 
descriptions to the user. The results can be saved for future reference or review. BullsEye 
also allows you to track changes to a site and provides a workgroup compatible interface. 
See also Copernic, LexiBot, OS-Mosis, SearchPad and WebFerretPRO. 
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Lesson Summary. You have completed the last lesson of this course. In this lesson, you learned 
to solve simultaneous linear equations containing two and three unknowns. You solved 
simultaneous linear equations using addition/subtraction, substitution, and comparison methods. 
You also learned to set up and solve multiple equations having multiple unknowns using the 
determinant matrix. You will be able to apply your acquired skills and knowledge on electronic 
formulas as required. Complete the lesson exercise. 


Lesson 3 Exercise: Complete items 1 through 14 by performing the action required. Check 
your responses against those listed at the end of this lesson. 


1. — Solve for the literal numbers (x, y) using the addition/subtraction method. 
y= 1 
3x+3y=15 
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Copernic 2000 — http://www.copernic.com/ 

A free software tool that scans the most popular search engines and delivers hit results and 
descriptions to the user. The results can be saved for future reference or review. Copernic 
also searches Usenet groups and email directories. Enhanced Plus and Pro versions of 
Copernic are available for a fee. See also BullsEye, LexiBot, OS-Mosis, SearchPad and 
WebFerretPRO. 


D 

Deja.com — http://www.deja.com/ 

This search tool indexes the contents of the more than 20,000 Usenet newsgroups. It is the 
most complete index of these newsgroups. Now run by Google. 


Dogpile — http://www.dogpile.com/ 
An excellent meta search engine that is sophisticated enough of to allow the user to enter 
limited Boolean operators. 


E 


EuroSeek — http://www.euroseek.net/ 
Europe’s premier search engine that supports searches in 40 languages. 


Excite — http://www.excite.com/ 
A search engine which indexes Web sites and Usenet newsgroups. Excite attempts to do 


some analysis of your query terms in an attempt to find relevant sites even if they do not 
contain the exact terms you enter. Excite also offers a free news profile delivery service 
based on user-supplied keywords. 


F 

FAST Search — http://www.alltheweb.com/ 

The FAST Search Engine (Fast Search and Transfer) was originally a research project of the 
Norwegian Institute of Technology. FAST also contains links to popular search queries such 
as FTP and MP3. This search engine’s owners are attempting to index one billion Web pages 
within the coming year. 


Foreign Military Studies Office — http://call.army.mil/call/fmso/fmso.htm 

The Foreign Military Studies Office (FMSO) assesses regional military and security issues 
through open source media and direct engagement with foreign military and security 
specialists to advise Army leadership on issues of policy and planning critical to the US 
Army and the wider military community. FMSO and its top notch military experts provide 
the Intelligence Community and DoD with excellent open source reporting. 


Four! 1 — http://www.four11.com/ 
This site is a search engine designed to find e-mail and physical mailing addresses. Four11 


also provides a telephone number search capability. 
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G 

Google — http://www.google.com/ 

Google uses a complicated mathematical analysis to return high-quality search results. This 
analysis allows Google to estimate the quality, or importance, of every Web page it returns. 


H 

Highway61 — http://www.highway61.com/ 

This meta search site passes your query to seven major search engines. The combined results 
are presented in a single window, ranked by the number of sites on which the term was found 
and the ranking provided by each search engine. 


HotBot — http://www.hotbot.com/ 

A search engine which indexes both Web and Usenet newsgroup content. This site offers a 
wide range of powerful search options including searches by geographic region. Queries are 
constructed using a graphical interface. 


I 

infoGIST — http://www. infogist.com/ 

infoGIST offers a wide variety of software applications that provide enhanced search and 
retrieval capabilities for the Web, intranets, LANs, subscription services, and your computer. 


Infoseek — http://www.infoseek.com/ 
A search engine which indexes Web sites and Usenet newsgroups. Company and e-mail 


address lookups are also supported. This engine provides a rich set of indexed databases for 
searching. 


ISYS — http://www.isysdev.com/ 
A number of text indexing and Internet related software packages that provide a very user- 


friendly interface. Also sells software for digitizing hardcopy documents and “spiders” for 
indexing external/internal Web sites. ISYS also allows the user to publish to the Web via its 
own search engine or to a searchable CD-ROM. See also ZyImage. 


L 

LexiBot — http://www.lexibot.com/ 

A search tool that does an extensive search of the Internet by leveraging search engines and 
Web databases. LexiBot uses a multi-threaded design, allowing it to make dozens of queries 
simultaneously. Documents are retrieved and prioritized for each search result. A free 30- 
day trial version of the software is available for downloading. See also BullsEye, Copernic, 
OS-Mosis, SeachPad and WebFerretPRO. 


Lycos — http://www.lycos.com/ 
Lycos is a powerful search engine that indexes Web content. Lycos is very fast and has a 
number of useful features to help refine a user’s search. 


M 
MetaCrawler — http://www.metacrawler.com/ 
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This meta search site searches nine different search engines. Query results are returned 
ranked by relevance on a single screen. 


Microsoft Internet Explorer — http://(www.microsoft.com/ 
One of the two most popular World Wide Web browsers that are available free for personal 
use. See also the Netscape listing. 


MSN Web Search - http://search.msn.com/ 
A popular Internet search engine that has an excellent help section. 


N 

NBCi — http://www.nbci.com/ 

A relatively new portal that includes a search engine formerly known as Snap. 

Snap is a search engine that features content from over 100 leading Web publishers. The 
heart of NBCi portal services is a directory of Web sites and over 500 resource centers, built 
by a team of editors and reviewers. 


Netscape — http://www.netscape.com/ 
One of the two most popular World Wide Web browsers that are available free for personal 
use. See also the Microsoft Internet Explorer listing. 


Northern Light — http://www.northernlight.com/ 

Currently the largest of the Web search engines. Search results are combined with Northern 
Light’s Special Collection documents that comprise 5,400 full text information sources. 
Access to the Special Collection documents requires a credit card. 


O 

Open Directory Project — http://www.dmoz.org/ 

A search engine/service that emulates the Yahoo! concept of categorization. The Open 
Directory Project uses volunteers to provide the bulk of the Web categorization functions. 
Search engines like Lycos and Hotbot also utilize Open Directory Project’s categorization. 


OS-Mosis — http://www.os-mosis.com/ 
An excellent Web search tool that allows the user to create and populate a database using a 


simple floating toolbar. The toolbar allows the user to capture and categorize information 
from a Web browser or word processor. Users are able to capture images, create categories 
and automatically acquire URLs and individual Web pages. OS-Mosis then creates a Web 
site from the user’s database in a number of different layouts and configurations. A multi- 
user version is now available to help organizations manage their open source acquisition 
efforts. See also BullsEye, Copernic, LexiBot, SeachPad and WebFerretPRO. 


P 

ProFusion — http://www.profusion.com/ 

Profusion was recently purchased by Intelliseek the makers of BullsEye. ProFusion is a 
meta-search engine allowing you to query numerous search engines simultaneously. It also 
allows you to save your searches for later retrieval. 
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S 

Search Engine Watch — http://www.searchenginewatch.com/ 

A Web portal dedicated to information about search engines. If you’re interested in keeping 
track of the ever-changing world of search engines, this site is among the most complete of 
resources on the topic. 


Search Engines Worldwide — http://www.twics.com/~takakuwa/search/search.html 

Search Engines Worldwide provides an exhaustive listing foreign search engines organized 
by country or region. As US based search engines rarely index foreign language Web pages, 
this is an excellent resource. 


Subject Search Spider (SSSpider) — http://www.kryltech.com/ 

Subject Search Spider is software that allows you search the Web by querying dozens of 
search engines simultaneously. Results are displayed through relevance ranking with 
duplicate Web sites automatically removed. You can also store your searches locally for later 
viewing. 


SYSTRAN -— http://www.systransoft.com/ 

The SYSTRAN site offers free access to its machine translation software that automatically 
translates text or entire Web pages from French, German, Italian, Portuguese and Spanish 
into English. It can also translate from English into the aforementioned languages. Far from 
a perfect translation, SYSTRAN does provide a good enough translation to enable the user to 
get the gist of the article or text. 


T 

Teleport Pro — http://www.tenmax.com/ 

One of the better off-line browsers that allows you to duplicate Web site data for fast offline 
access. 


U 

Usenet Groups 

Usenet groups are electronic discussion lists similar to electronic bulletin boards. Users 
subscribe to a Usenet group to engage in or read about a discussion with other users. Each 
Usenet group is focused on a particular topic be that politics, medicine, religion, current 
events, etc. For search engines that index Usenet groups see also the Deja.com and Altavista 
listings. 


Ww 

WebFerretPRO — http://www. ferretsoft.com/ 

A software tool that scans approximately 30 search engines and delivers hit results and 
descriptions to the user. The results can be saved for future reference or review. The Power 
User Pack also searches Usenet groups, current news, e-mail addresses and telephone listings. 
See also BullsEye, Copernic, OS-Mosis and SearchPad. 


Wisdom Builder — http://www.wisdombuilder.com/ 
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A text indexing/link analysis/data visualization tool that allows you manage and manipulate 
large volumes of data. Wisdom Builder also markets its Gold Rush search software that is an 
artificial intelligence-based meta "find" engine that focuses on extremely high quality search 
results in a natural language processing based search environment. A free 30 day trial 
version of Gold Rush is available for downloading. 


Y 

Yahoo — http://yahoo.com/ 

This service provides a directory of sites screened by staff reviewers. It is an excellent place 
to start a search, although does not add new Web sites as frequently as most other search 
engines. If the Yahoo directories do not provide relevant sites, you will be referred to other 
search engines. 


Z 

ZyImage — http://www.zylab.com/ 

An excellent text indexing, archival and dissemination software package that allows the user 
to digitize large volumes of paper documents or electronic files. ZyImage also allows the 


user to publish to the Web via its own search engine or to a searchable CD-ROM. See also 
ISYS. 


109 


This Page Is Intentionally Left Blank 


ae 


wy ra 


ay 


SES 
a 


NS 
we ; 
- 
Sh \ 
BK > 
SNS gre 
ie SATS 
, x = 


OPEN SOURCE INTELLIGENCE 
TOOLS AND RESOURCES HANDBOOK 


l-INTELLIGENCE 


a 
IEA 
MW me VK Ls “a 


_ 


4 


P*. 


Nad, 
y 


— 
leg 
a 
ey, 


Ly 


ie 


ar 


|-INTELLIGENCE 


OPEN SOURCE INTELLIGENCE 


TOOLS AND RESOURCES HANDBOOK 


2018 


Aleksandra Bielska 


Natalie Anderson, Vytenis Benetis, Cristina Viehman 


|-INTELLIGENCE 


Foreword 


| am delighted to share the latest version of our OSINT Tools and Resources Handbook. This 
version is almost three times the size of the last public release in 2016. It reflects the changing 
intelligence needs of our clients in both the public and private sector, as well as the many 
areas we have been active in over the past two years. 


No list of OSINT tools is perfect, nor is it likely to be complete. Indeed, such is the pace of 
change that by the time you read this document some of our suggestions may have been 
surpassed or have ceased to exist. Regrettably, today's tool might also be tomorrow's 
vulnerability. 


To counter the first problem, we have included a list of toolkits provided by other OSINT 
practitioners working to improve the state-of-the-art. To manage the second, we 
recommend that all tools be tested in a secure computing environment whenever possible. 


Work on the next iteration of the Handbook has already begun. For now, | hope this version 
contributes to improving your efficiency and effectiveness as a researcher, analyst, 
investigator or general OSINT practitioner. Please feel free to share it with your colleagues. 
To encourage its broadest possible dissemination, we are publishing the Handbook under a 
Creative Commons CC BY License. 


| would like to end by thanking my colleagues at i-intelligence for their efforts in compiling 
the Handbook. Particular credit is due to Aleksandra Bielska who led the project and has 
coordinated the inputs from different contributors. | am also indebted to Natalie Anderson 
of Mercyhurst University for her excellent research and for the time spent checking these 
links. Kris Wheaton and Brad Gleason from Mercyhurst’s Department of Intelligence Studies 
are also thanked for their support. 


Finally, | would like to thank our community of followers on Twitter for sharing their 
recommendations with us, as well as the many practitioners who have suggested new tools 


to us while participating in our courses. 


Chris Pallaris 
Director, i-intelligence GmbH 
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2. Solve for the literal numbers (a, b) using the addition/subtraction method. 


6a—3b=21 
3a+ 7b = 36 
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Tool Link 

Aol http://search.aol.com 

Ask http://www.ask.com 

Baidu http://www.baidu.com 

Bing http://www.bing.com 
Deeperweb http://deeperweb.com 
Dothop http://dothop.com 
DuckDuckGo https://duckduckgo.com 
Ecosia https://www.ecosia.org 
entireweb https://www.entireweb.com 
Factbites http://www.factbites.com 
Gigablast http://gigablast.com 
Goodsearch http://www.goodsearch.com 


Google Advanced Search 
Google Search 

Jive Search 

Lycos 

MyWebSearch 
SurfCanyon 

Teoma 

Wolfram Alpha 


Yahoo! Search 


https://www.google.com/advanced_search 
http://www.google.com 
https://www.jivesearch.com 
http://www.lycos.com 
http://home.mywebsearch.com 
http://www.surfcanyon.com 
http://www.teoma.com 
http://www.wolframalpha.com 


http://www.yahoo.com 
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Yandex https://www.yandex.com 
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Meta Search 


Tool 


All-in-One 
AllThelnternet 
Bing vs. Google 
Dogpile 
eLocalFinder 
Etools 

Excite 
FaganFinder 
Findsmarter 
Info.com 
Infospace 
Instya 

iZito 

Nextaris 
Metabear 
Monster Crawler 
Myallsearch 
opentext 
Search 

Sputtr 
SonicRun 
Trovando 
WebCrawler 


Zapmeta 
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Link 


http://all-io.net 
http://www.alltheinternet.com 
http://bvsg.org 
http://www.dogpile.com 
http://www.elocalfinder.com/HSearch.aspx 
http://www.etools.ch 
http://msxml.excite.com 
http://www.faganfinder.com/engines 
http://www.findsmarter.com 
http://www.info.com 
http://www.infospace.com 
http://www.instya.com 
http://www. izito.com 
http://www.nextaris.com 
http://www.metabear.com 
http://www.monstercrawler.com 
http://www.myallsearch.com 
http://fqs.opentext.com/web.htm 
https://www.search.com 
http://www.sputtr.com 
http://www.sonicrun.com 
http://www.trovando. it 
http://www.webcrawler.com 


http://www.zapmeta.com 
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Visual Search and Clustering Search Engines 


Tool 


Answer The Public 
Carrot2 

Cluuz 

Exalead 


iSEEK 
Yippy 


Link 


https://answerthepublic.com 
http://search.carrot2.org 
http://www.cluuz.com 
http://www.exalead.com 
http://iseek.com 
http://yippy.com 
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National Search Engines 


Tool 


Link 


1ste Keuze (Netherlands) 


360 so (China) 
AEIOU (Portugal) 
Alleba (Philippines) 
AnoKato (Greece) 
AONDE (Brazil) 
Apali! (Spain) 
Arabo (Algeria) 
Arama (Turkey) 
Baidu (China) 

Baidu In English 
Daum (South Korea) 
Deusu (Germany) 
Dive3000 (Italy) 
Editus.lu (Luxembourg) 
Eniro (Sweden) 
FineLib (Nigeria) 
Finna (Finland) 
Fireball (Germany) 
Freenet.de (Germany) 
Goo (Japan) 

Gooru (Poland) 
Hao123 (China) 


lranmehr (Iran) 


http://www.eerstekeuze.nl 
https://www.so.com 
http://www.aeiou.pt 
http://www.alleba.com 
http://www.ano-kato.com 
http://www.aonde.com 
http://www.apali.com 
http://www.arabo.com 
http://www.arama.com 
http://www.baidu.com 
http://baiduinenglish.com 
http://www.daum.net 
https://deusu.de 
http://www.dive3000.com/search 
https://www.editus.lu 
http://www.eniro.se 
http://www.finelib.com 
https://www.finna.fi 
https://fireball.de 
http://suche.freenet.de 
http://www.goo.ne.jp 
http://www.gooru.pl 
https://www.hao123.com 


http://www.iranmehr.com 
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3. Solve for the literal numbers (x, y) using the substitution method. 


7x—-—S5y=-11 
2x+5y= 29 


3-71 


Jamasp (Iran) 

KacMazc (Syria) 

Kvasir (Norway) 

Leit (Iceland) 

Libero (Italy) 

Lycos.fr (France) 
Makupalat (Finland) 
Maven Search (Israel) 
MetaGer (Germany) 
Mojeek (United Kingdom) 
Mozbot (France) 
Najdsi (Slovenia) 

Nate (South Korea) 
Naver (South Korea) 
Onet.pl (Poland) 
Orange (France) 
Parseek (Iran) 

Pipilika (Bangladesh) 
Raftaar (India) 
Raziskovalec (Slovenia) 
Rismoon (Iran) 

Rootle (Russia) 

SAPO (Portugal) 
Search.bg (Bulgaria) 
Search.ch (Switzerland) 
Search Engine Colossus 


Search Lotto (United 
Kingdom) 


Seznam (Czech Republic) 
Shamrock (Ireland) 

Sina (China) 

Sogou (China) 

Surf (Slovakia) 
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http://www.jamasp. ir 
http://www.kacmac.com 
http://www.kvasir.no 
http://leit.is 
http://arianna.libero. it 
http://www.lycos.fr 
https://www.finna.fi 
http://www.mavensearch.com 
https://metager.de 
https://www.mojeek.co.uk 
https://www.mozbot.com 
http://www.najdi.si 
http://www.nate.com 
http://www.naver.com 
http://www.onet.pl 
http://www.orange.fr 
http://www.parseek.com 
https://www. pipilika.com 
https://www.raftaar.in 
http://www.raziskovalec.com 
http://www.rismoon.com 
http://www.rootle.ru 
http://www.sapo.pt 
http://www.search.bg 
http://www.search.ch 
http://searchenginecolossus.com 


https://www.searchlotto.co.uk 


https://www.seznam.cz 

http://www. ireland-information.com/engine 
Https://www.sina.com.cn 
https://www.sogou.com 


http://www.surf.sk 
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Walla (Israel) 

Yam (Taiwan) 
Yandex (Russia) 
Yoodle (Switzerland) 
Yooz (Iran) 

Vinden (Netherlands) 
Qq.com (China) 


Zoznam (Slovakia) 
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http://www.walla.co. il 
http://search.yam.com 
http://www.yandex.com 
http://www.yoodle.ch 
https://yooz.ir 
https://www.vinden.nl 
http://www.qq.com 


https://www.zoznam.sk 
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Code Search 


Tool 


NerdyData 

Google Code Search 
PublicWWW 
Programmable Web 
SearchCode 
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Link 


https://search.nerdydata.com 
https://code.google.com 
https://publicwww.com 
https://www.programmableweb.com 


https://searchcode.com 
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FTP Search 


Tool 


Archie 

Filemare 

Global File Search 
Global File Search 
MMNT 

NAPALM FTP Indexer 
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Link 


http://archie.icm.edu.pl/archie_eng.html 
https://filemare.com 
http://globalfilesearch.com 
http://globalfilesearch.net 
http://www.mmnt.ru 


http://www.searchftps.net 
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Similar Sites Search 


Tool 


Find Similar Sites 


Google Similar Pages 


SimilarPages 
SimilarSites 
SimilarSiteSearch 


SitesLike 
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Link 


http://www.findsimilarsites.com 


https://chrome.google.com/webstore/detail/google-similar- 
pages/pjnfggphgdiblhfjaphkjhfpiiekbbej 


http://www.similarpages.com 
http://www.similarsites.com 
http://www.similarsitesearch.com 


http://www.siteslike.com 
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loT Search Engines 


Tool 


Internet of Things Scanner 
Shodan 
Thingful 


ZoomEye 


ms 
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Link 


https://iotscanner.bullguard.com 
https://www.shodan.io 
https://www.thingful.net 


https://www.zoomeye.org 
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Kids-Friendly Search Engines 


Tool Link 

Fact Monster https://www.factmonster.com 
KidsClick http://www.kidsclick.org 
KidRex http://www.kidrex.org 
Topmarks https://www.topmarks.co.uk 
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Other Specialty Search Engines 


Tool Link 
Athlinks https://www.athlinks.com 
Biznar http://biznar.com 


Blade Search 
CiteSeerX 
crunchbase 
Datasheet Library 


Digle 


Economic Search Engine 


FluidDATA 

Google Custom Search 
Harmari 

Instant Logo Search 
Internet Archive 
Lableb 

moocha 

Open Hub 

Qwikia 

Rebbutter.me 
ShareDir 

Sweet Search 
SymbolHound 

Think Tank Search 
WikiVisually 
WorldWideScience.org 


https://bladesearch.com 
http://citeseer.ist.psu.edu 
https://www.crunchbase.com 
http://www.datasheetlib.com 
https://www.digle.com 
http://ese.rfe.org 
https://fluid.bitplatter.com 
http://www.google.com/cse 
https://www.harmari.com/search/unified 
http://instantlogosearch.com 
https://archive.org/ 
https://lableb.com 
https://www.moocha.io 
https://www.openhub.net 
http://www.qwika.com 
http://rebutter.me 
https://sharedir.com 
https://www.sweetsearch.com 
http://symbolhound.com 
https://guides. library.harvard.edu/hks/think_tank_search 
https://wikivisually.com 


http://worldwidescience.org 
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Yamli http://www.yamli.com 
Yobi 3D https://www.yobi3d.com 
Zanran http://zanran.com 
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Other Search Engines and Tools 


Tool 


Link 
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2lingual Search 
Advangle 

Answer the Public 
AOL Search Database 
Banana SLUG 

BOOL 


Context Menu Search 


Custom Search 
Impersonal.me 


European Search Engines, 
Directories and Lists 


Fast Advanced Google Search 


Faster Google Search 


Google Correlate 


Google Search Filter 


Google Similar Pages 


Infinite Scroll 


| Search From 


http://www.2lingual.com 
http://advangle.com 
https://answerthepublic.com 
https://search-id.com 
http://www.bananaslug.com 


https://chrome.google.com/webstore/detail/ 
bool/cfpmoigmhcehoegokjllchipdiindpkc 


https://chrome.google.com/webstore/detail/context- 
menu-search/ocpcmghnefmdhljkoiapafejjohldoga 


https://inteltechniques.com/OSINT/user.html 
http://www.impersonal.me 


http://www.searchenginesoftheworld.com/ 
search_engines_of_europe/ 


https://chrome.google.com/webstore/detail/fast- 
advanced-google- 
sear/idijdjdcncjcgmeiipcnkpjedhgepalk?hl=en 


https://chrome.google.com/webstore/detail/faster- 
google-search/fmhiafgdfaglfbaaefbbolaholfhkmjc?hl=en 


https://www.google.com/trends/correlate 


https://chrome.google.com/webstore/detail/google- 
search-filter/eidhkmnbiahhgbgpjpiimdogfidfikgf?hl=en 


https://chrome.google.com/webstore/detail/google- 
similar-pages/pjnfggphgdjblhfjaphkjhfpiiekbbej 


https://chrome.google.com/webstore/detail/infinite- 
scroll-for- 
googl/acjdmkdcbbhokaleofmalpcnnkpgphpb?hl=en-US 


https://isearchfrom.com 
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4. Solve for the literal numbers (a, b) using the substitution method. 


7a—5b=13 
5at+3b=29 


3-72 


Klug Suchen 
Million Short 

Net Data Directory 
Neuskool 

pagodo 

Polycola 


RESULTER 


Result Preview 


Ruin My Search History 
SCANNER-INURLBR 
Search by Image 


Search Engine Colossus 


Search Engines of the World 


Search Preview 


Search the current site 


Secret Search Engine Labs 


Selection Search 


Sensebot 


Suchmaschinen Datenbank 


tracerT 


wiby 


|-INTELLIGENCE 


http://www.klug-suchen.de 
https://millionshort.com 
http://netdatadirectory.org 
http://neuskool.com 
https://github.com/opsdisk/pagodo 
http://www.polycola.com 


https://chrome.google.com/webstore/detail/resulter- 
google-search-sh/chojfhfgbdaeokblbdeahgbijodikdpk 


https://chrome.google.com/webstore/detail/result- 
preview/geogklgaaafmfijgfninjjbcinicfafb 


http://ruinmysearchhistory.com 
https://github.com/googleinurl/SCANNER-INURLBR 


https://chrome.google.com/webstore/ 
detail/search-by-image-by- 
google/dajedkncpodkggklbegccjpmng| 
mnflm/related?hl=en 


http://www.searchenginecolossus.com 
https://www.searchenginesoftheworld.com 


https://chrome.google.com/webstore/detail/search- 
preview/majhgbekihmliceijipbdccgicepmmei 


https://chrome.google.com/webstore/detail/search-the- 
current-site/jliolpcnkmolaaecncdfeofombdekjcp 


http://www.secretsearchenginelabs.com 


https://chrome.google.com/webstore/detail/selection- 
search/gipnlpdeieaidmmeaichnddnmjmcakoe 


http://sensebot.com 
http://www.suchmaschinen-datenbank.de 
https://github.com/GeneralTesler/tracerT 
https://wiby.me 
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Social Media 


|-INTELLIGENCE 


Major Social Networks 


Tool 


Draugiem (Latvia) 
Facebook 

Facenama (Iran) 
Fediverse 

Flickr 

Google+ 

Instagram 

kik 

Linkedin 

Mastodon 
Meetup.com 

Mixi (Japan) 
Odnoklassniki (Russia) 
Periscope 

Pinterest 

Qzone (China) 

Reddit 

Snapchat 

Swarm 

Taringa (Latin America) 


Tinder 


Link 


https://www.draugiem.|v 
http://www.facebook.com 
http://facenama.com 
https://fediverse.party 
https://www.flickr.com 
https://plus.google.com 
https://www.instagram.com 
https://www.kik.com 
https://www.linkedin.com 
https://mastodon.social 
https://www.meetup.com 
https://mixi.jp 

http://ok.ru 
https://www.pscp.tv 
http://www. pinterest.com 
http://qzone.qq.com 
https://www.reddit.com 
https://www.snapchat.com 
https://www.swarmapp.com 
http://www.taringa.net 


https://www.gotinder.com 
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Tumblr 
Twitter 
VKontakte 
Weibo (China) 
Xing 

YouTube 


|-INTELLIGENCE 


https://www.tumblr.com 
https://twitter.com 
https://vk.com 
http://weibo.com 
https://www.xing.com 


https://www.youtube.com 
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Real-Time Search, Social Media Search, and General Social Media 


Tools 


Tool 


Link 


|-INTELLIGENCE 


360 social.me 
Agora pulse 
AIDR 
Audiense 
Bloopish 
Brand24 
Brandwatch 
Buffer 
Buzzsumo 


CrowdTangle Link Checker 


Custom Communities 
Search 


Custom Social Networks 
Search 


Cyfe 

Falcon 
Flumes 
Gaddr 
Geocreepy 
Geofeedia 
Hootsuite 
HowSociable 


Hashtatit 


https://www.360social.me 
https://www.agorapulse.com 
http://aidr.qcri.org 
https://www.audiense.com 
http://bloopish.com 
https://brand24.com 
https://www.brandwatch.com 
https://buffer.com 
http://buzzsumo.com 


https://chrome.google.com/webstore/detail/crowdtangle- 
link-checker/klakndphagmmfkpelfkgjbkimjihpmkh 


https://inteltechniques.com/osint/communities.html 


https://inteltechniques.com/osint/social.networks.html 


http://www.cyfe.com 

https://www.falcon.io 

http://flumes.com 

https://gaddr.me 

http://www.geocreepy.com || https://nOwhere.net/creepy 
https://geofeedia.com 

http://hootsuite.com 

http://www.howsociable.com 


http://www.hashatit.com 
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Keybase 

Keyhole 

Klear 

Kred 
ManyContacts Mail Check 
Mention 
MustBePresent 
netlytic 

Netvibes 

NUVI 

OpinionCrawl 
Profilr 

Pulsar 

Rival |O 

RSS Social Analyzer 


Samdesk 
Sendible 


Smaller Social Networks 
Search 


SocialBakers 
SocialBlade 

Social DownORNot 
Socialhome 


Social Media Monitoring 
Solutions 


Social Mention 
Social Sear.ch 
Social Searcher 
SproutSocial 


Storyful Multisearch 


Tagboard 


Trackur 
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https://keybase.io 

http://keyhole.co 

http://klear.com 

http://kred.com 
https://www.manycontacts.com/en/mail-check 
https://mention.com 
http://mustbepresent.com 
https://netlytic.org 
http://www.netvibes.com 
https://www.nuvi.com 
http://www.opinioncrawl.com 
https://www.profilr.social/search/jsmith 
https://www.pulsarplatform.com 
https://www.rivalig.com 


https://chrome.google.com/webstore/detail/rss-social- 
analyzer/ncmajlpbfckecekfamgfkmckbpihjfdn?hl=en 


https://www.samdesk.io 
https://www.sendible.com 


https://inteltechniques.com/osint/smaller.social.networks.ht 
ml 


http://www.socialbakers.com 
http://socialblade.com 
http://social.downornot.com 
https://socialhome.network 


http://wiki.kenburbary.com/social-meda-monitoring-wiki 


http://socialmention.com 
http://www.socialsear.ch 
http://www.social-searcher.com 
https://sproutsocial.com 


https://chrome.google.com/webstore/detail/storyful- 
multisearch/hkglibabhninbjmaccpajiakojeacnaf?hl=en 


https://tagboard.com 


http://www.trackur.com 
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UnionMetrics 
UVRX 
Visibrain 
Webometric 


Zoho Social 


https://unionmetrics.com 
http://www.uvrx.com/social.html 
https://www.visibrain.com 
http://lexiurl.wlv.ac.uk 


https://www.zoho.com/social/social-media-monitoring.html 
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Social Media Tools: 


Tool 


AccountAnalysis 


AllDeletedTweets From 
Politicians 


AllMyTweets 
audiense 

Backtweets 
Birdwatcher 

Blue Nod 
Botcheck.me 
Botometer 

Burrrd 

BU-TCAT 

Charm 

Chorus 

Commun. it 
COSMOS 

Custom Twitter Tools 
Deadbird 

Discover Text 
DMI-TCAT 
doesfollow 
Download Twitter Video 


Echosec 


Fake Follower Check 
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Twitter 


Link 


https://accountanalysis.lucahammer.com 


https://politwoops.com/countries 


https://www.allmytweets.net/connect 
https://audiense.com 

http://backtweets.com 
https://nOwhere.net/twitter-osint-framework 
http://bluenod.com 

https://botcheck.me 

https://botometer.iuni.iu.edu 

https://burrrd.com 
http://www.bu.edu/com/research/bu-tcat/#left-sidebar 
http://charm.benapps.net 
http://chorusanalytics.co.uk/chorus/request_download.php 
http://commun. it 

http://socialdatalab.net/software 
https://inteltechniques.com/menu.html 
https://keitharm.me/project/deadbird 
https://discovertext.com 
https://github.com/digitalmethodsinitiative/dmi-tcat 
https://doesfollow.com 


http://www.downloadtwittervideo.com 


https://app.echosec.net 


https://fakers.statuspeople.com 
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First Tweet 
FlipFeed 
Foller.me 
Followerwonk 
Followthehashtag 
GeoSocial Footprint 
Geotweet 
GetTwitterlD 
Gigatweeter 
HappyGrumpy 
Hashtagify 
Hashtags.org 
InTweets 

Jooicer 

Keyhole 

Klear 

Lakako 

Lazqa 
ManageFlitter 
MentionMapp 
My Twitter ID 
nowTweets 
OneMillionTweetMap 
Quarter tweets 
Queryfeed 
RiteTag 
SaveVideo 
Sentiment140 
Silver Bird 


Sleeping Time 
SnapBird 


Social Bearing 


|-INTELLIGENCE 


http://ctrlq.org/first 
https://flipfeed.media.mit.edu 
http://foller.me 
http://followerwonk.com 
http://www.followthehashtag.com 
http://geosocialfootprint.com 
http://geotweet.altervista.org 
http://gettwitterid.com 
http://gigatweeter.com 
https://www.happygrumpy.com 
http://hashtagify.me 
http://www.hashtags.org 
http://intweets.com 
https://jooicer.com 
http://keyhole.co 
https://klear.com 
https://www.lakako.com/twitter 
http://www.lazqa.com 
http://manageflitter.com 
http://mentionmapp.com 
http://mytwitterid.com 
http://nowtweets.com 
http://onemilliontweetmap.com 
http://qtrtweets.com/twitter 
https://queryfeed.net 
https://ritetag.com 
http://savevideo.me 
http://www.twittersentiment.appspot.com 


https://chrome.google.com/webstore/detail/silver- 
bird/encaiiljifodbjlphpgpiimidegddhic?hl=en 


http://sleepingtime.org 
http://snapbird.org 


http://www.socialbearing.com 
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Social Rank First 
Follower 


SocioViz 
Spoonbill 
tagboard 
Tagdef 

TAGS 

Thread Reader 
Tinfoleak 


Treeverse 


Trends24 
TrendsMap 
Twayback Machine 
Twazzup 
twbirthday 
TwChat 
TWDOWN 
TweepDiff 
Tweeple Search 
Tweepsect 
Tweepsmap 


Tweet Archiver 


TweetArchivist 
Tweetbeaver 
Tweet Chat 
TweetDeck 
TweeterlD 
TweetMap 
TweetMap 
Tweet Mapper 
Tweetpaths 


TweetPsych 
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http://socialrank.com/firstfollower 


http://socioviz.net 
https://spoonbill.io 
https://tagboard.com 
https://tagdef.com 
https://tags.hawksey.info 
https://threadreaderapp.com 
https://tinfoleak.com 


https://chrome.google.com/webstore/detail/treeverse/aahmjd 
adniahaicebomlagekkcnlcila 


http://trends24.in 
http://trendsmap.com 
http://staringispolite.github.io/twayback-machine 
http://www.twazzup.com 
http://twbirthday.com 
http://twchat.com 
https://twdown.net 
http://tweepdiff.com 
https://tweeplesearch.com 
http://tweepsect.com 
http://tweepsmap.com 


https://chrome.google.com/webstore/detail/twitter- 
archiver/pkanpfekacaojdncfgbjadedbggbbphi?hl=en 


http://www.tweetarchivist.com 
https://tweetbeaver.com 
http://www.tweetchat.com 
https://www.tweetdeck.com 
https://tweeterid.com 
http://mapd.csail.mit.edu/tweetmap 
https://www.mapd.com/demos/tweetmap 
https://keitharm.me/projects/tweet 
http://www.tweetpaths.com 


http://tweetpsych.com 
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Tweetreach 
Tweets_analyzer 
TweetStats 
Tweet Tag 
TweetTunnel 
Twellow 
Tweriod 
Twiangulate 
Twicsy 

Twilert 

Twime 

Twint 

Twimap 

Twipho 

TwiSSR 
Twitonomy 
TwitRSS 

Twitter Account Details 


Twitter Advanced 
Search 


Twitter Audit 
Twitter BFTD 
Twitter Chat Schedule 


Twitter Counter 
Twitterfall 
Twitter List Copy 


Twitter Search 


Twitter Search Tools 
Twlets 

Twopcharts 

twoogel 

twXplorer 


TWUBS Twitter Chat 


|-INTELLIGENCE 


http://tweetreach.com 
https://github.com/xOrz/tweets_analyzer 
http://www.tweetstats.com 
http://www.tweet-tag.com 
http://tweettunnel.com 
http://www.twellow.com 
http://www.tweriod.com 
http://www.twiangulate.com 
http://twicsy.com 
http://www.twilert.com 
http://www.twimemachine.com 
https://github.com/haccer/twint 
https://twimap.com 
http://www.twipho.net 
http://www.twissr.com 
http://www.twitonomy.com 
https://twitrss.me 
http://www.twitteraccountsdetails.com 


https://twitter.com/search-advanced?lang=en 


https://www.twitteraudit.com 
https://github.com/misterchOc/twitterBFTD 


http://tweetreports.com/twitter-chat-schedule 


http://twittercounter.com 
http://twitterfall.com 
http://projects.noahliebman.net/listcopy/index.php 


http://search.twitter.com 


https://inteltechniques.com/menu.html 
http://www.twlets.com 
http://twopcharts.com 
http://twoogel.com 
https://twxplorer.knightlab.com 


http://twubs.com/twitter-chats 
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5. Solve for the literal numbers (x, y) using the comparison method. 


Tx —3y = 26 
9x+2y=51 


3-73 


|-INTELLIGENCE 
unfollowgram https://unfollowgram.com 


Video Downloader for http://www.downloadtwittervideo.com 
Twitter 
Warble https://warble.co 
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Social Media Tools: Facebook 


Tool 


Agora Pulse 


Aware Online Facebook 
Graph Search 


Bulk Facebook ID Finder 


Commun..it 


Custom Facebook Tools 


Deturl.com Video 
Download 


DownFacebook 
Dredown 


Expand All Facebook 
Comments 


ExtractFace 

Facebook Like Checker 
Facebook Livemap 
Facebook People Search 
Facebook Search 
Facebook Search Tool 


Facebook Search Tools 


Facebook Video 
Downloader 


Fanpage Karma 
FB DOWN 
FB Scan Tool 


Link 


http://barometer.agorapulse.com 


https://www.aware-online.com/tips-voor-osint/facebook- 
graph-search/ 


http://seotoolstation.com/bulk-facebook-id-finder 


http://commun.it 


https://inteltechniques.com/osint/facebook.html 


http://deturl.com/www.youtube.com/watch?v=uqnqLrakxY8 


http://www.downfacebook.com 
http://www.dredown.com 


http://com.hemiola.com/2015/08/29/expand-all 


http://le-tools.com/ExtractFace.html#download 
http://www. fblikecheck.com 
https://www.facebook.com/livemap 
https://www.facebook.com/people-search.php 
https://search.fb.com 
http://netbootcamp.org/facebook.html 
https://inteltechniques.com/osint/facebook.html 
http://fbdown.net 


http://www.fanpagekarma.com 
https://www.fbdown.net 


http://pitoolbox.com.au/facebook-tool 
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Flb-sleep-stats 

Find my Facebook ID 
Graph Tips 
LikeAlyzer 
Lookup-ID.com 
peoplefindThor 
SaveVideo 
SearchlsBack 

Signal 


Socialider Facebook 
Search 


Social Fixer for Facebook 


Socialsearching 
Socmint Tools 
StalkFace 
stalkscan 

Wallfux 

Who posted what? 


Wolfram Alpha Facebook 
Report 


YouTube Comment 
Scraper 


Zesty Facebook Search 


|-INTELLIGENCE 


https://github.com/sqren/fb-sleep-stats 
http://findmyfbid.com 

http://graph.tips 

http://likealyzer.com 
https://lookup-id.com 
https://www.peoplefindthor.dk 
http://savevideo.me 
https://searchisback.com 
https://signal.fb.com 


https://www.socialider.com/fbsearch 


https://chrome.google.com/webstore/detail/social-fixer-for- 
facebook/ifmhoabcaeehkljcfclfiieohkohdgbb?hl=en 


http://socialsearching.info/#/fb 
http://socmint.tools 
https://stalkface.com 
https://stalkscan.com 
https://www.wallflux.com 
https://whopostedwhat.com 


http://www.wolframalpha.com/input/?i=facebook+report 


http://ytcomments.klostermann.ca 


http://zesty.ca/facebook 
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Social Media Tools: Google+ 


Tool 


CircleCount 
Google Plus Search 
Lakako 

PlusFeed 


Link 


http://www.circlecount.com 
http://googleplussearch.chromefans.org 
https://www.lakako.com/google-plus 


http://plusfeed.frosas.net 
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Social Media Tools: Instagram 


Tool 


Blocked and Banned Instagram 
Hashtag Search 


Chrome IG Story 


Commun. it 

Custom Instagram Search Tools 
DownloadGram 

Find Instagram User ID 

gramrix 

Hashtagify 


Helper Tools for Instagram 


Iconosquare 

ImgToon 

Ink361 

Instagram User ID Finder 
Instagram Search Tool 
Instagram User ID 
InstaLooter 
INSTATAGZ 

Instidy 

Keyhole 

Lakako 

Mininsta 


mulpix 


Link 


http://thedatapack.com/tools/blocked-hashtag-search 


https://chrome.google.com/webstore/detail/chrome- 
ig-story/bojgejgifofondahckoaahkilneffhmf 


https://commun.it 
https://inteltechniques.com/osint/instagram.html 
https://downloadgram.com 
https://codeofaninja.com/tools/find-instagram-user-id 
https://gramrix.com 

http://hashtagify.me 


https://chrome.google.com/webstore/detail/helper- 
tools-for-instagra/hcdbfckhdcpepllecbkaaojfgipnpbpb 


http://iconosquare.com 
https://imgtoon.com 

http://ink361.com 
https://www.otzberg.net/iguserid/index.php 
http://netbootcamp.org/instagram.html 
http://www.ershad7/.com/InstagramUserlD 
https://github.com/althonos/InstaLooter 
http://instatagz.com 

http://instidy.com 

http://keyhole.co 

https://www.lakako.com 
http://mininsta.net 


https://mulpix.com 
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Mundimago Search People 
Picbear 

Picodash 

Pictame 

SnapMap 

Social Rank 

Someture 

tailwind 

Tofo.me 

Vibbi Instagram Web Viewer 
Webstagram 

Websta 

Worldcam 


Yooying 


http://www.mundimago.com/profile/search 
http://picbear.com 
https://www.picodash.com 
http://www.pictame.com 
https://snapmap.knightlab.com 
https://www.socialrank.com 
http://someture.com 
https://www.tailwindapp.com 
https://tofo.me 
https://vibbi.com/viewer 
https://web.stagram.com/search 
http://websta.me 
http://worldc.am 


https://www.yooying.com 
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Social Media Tools: Pinterest 


Tool Link 

Pingroupie http://pingroupie.com 

Pinterest Guest https://addons.mozilla.org/en-US/firefox/addon/pinterest-guest 
tailwind https://www.tailwindapp.com 
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Social Media Tools: Reddit 


|-INTELLIGENCE 


Tool Link 
Ceddit https://ceddit.com/r/all 
Imgur http://imgur.com 


Karma Decay 
Metareddit 


Mostly Harmless 


Reddit All Comments Viewer 
Secure 


Reddit Archive 
Reddit List 

Reddit Investigator 
Reddit Metrics 
Reddit Suite 


Reddit User Analyser 
Reddit Watch 
Redective 

Reditr 

Reeddit 

ReSavr 

Sawvit.io 

SnoopSnoo 


Subreddits 


http://karmadecay.com 
http://metareddit.com 
http://kerrick.github.io/Mostly-Harmless/#features 


https://chrome.google.com/webstore/detail/reddit- 
all-comments- 
viewe/hgpgeobpjpchpmkecjppgcnekmbibgbi?hl=en- 
GB 


http://www.redditarchive.com 
http://redditlist.com 

http://www. redditinvestigator.com 
http://redditmetrics.com 


https://chrome.google.com/webstore/detail/reddit- 
enhancement- 
suite/kbmfpngjjgdllneeigpgjifogocmfgmb 


https://atomiks.github.io/reddit-user-analyser 
https://redditwatch.com 

http://redective.com 

http://reditr.com 

https://reedditapp.com 
https://www.resavr.com 

http://savvit.io 

http://snoopsnoo.com 


http://subreddits.org 
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ToplAmA 
uforio 


Un-Delete Reddit Comments 


|-INTELLIGENCE 


https://www.topiama.com 
http://uforio.com 


https://chrome.google.com/webstore/detail/un- 
delete-reddit- 
comments/goelkfmlebeihInanaindammeonpIlnhi 
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Social Media Tools: VKontakte 


Tool 


Aezseptup 
Barkov.net 

Find Face 

Report Tree 

Social Stats 
SnRadar 

Spotlight 

Target Hunter 
Target Log 

VK5 

VK Community Search 
VK Parser 

VK People Search 
VK to RSS Appspot 


vMetaDate 


Link 


http://vk.com/app3046467 
http://vk.barkov.net 
http://findface.ru 
http://dcpu.ru/vk_repost_tree.php 
http://socialstats.ru 
http://snradar.azurewebsites.net 
http://spotlight.svezet.ru 
https://targethunter.net 
http://targetolog.com 
http://vk5.city4me.com 
http://vk.com/communities 
http://vkparser.ru 
http://vk.com/people 
http://vk-to-rss.appspot.com 


https://gist.github.com/cryptolok/8a023875b47e20bc5e64b 
a8e27294261 
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6. Solve for the literal numbers (a, b) using the substitution method. 


Sa+2b= 18 
Ta—3b=2 


3-74 
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Social Media Tools: Tumblr 


Tool Link 

Searchlr http://searchlr.net 

Tumblr Originals http://studiomoh.com/fun/tumblr_originals 
Tumblr Search http://www.tumblr.com/search 
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Social Media Tools: LinkedIn 


Tool 


Link 


Custom LinkedIn 
Search by Country 


Dux-Soup 


Find Anyone’s Email 


FTL 


Linkedin2username 


LinkedIn Guest 
Browser 


raven 
Scrapedin 
socilab 


the-endorser 


https://inteltechniques.com/osint/linkedin.country.html 


http://www.dux-soup.com 


https://chrome.google.com/webstore/detail/find-anyones-email- 
contac/jjdemeiffadmmjhkbbpglgnigeafomjo 


https://chrome.google.com/webstore/detail/ftl/Ikpekgkhmldknbcg 
jicjkomphkhhdkjj?hl=en-GB 


https://github.com/initstring/linkedin2username 


https://addons.mozilla.org/en-US/firefox/addon/linkedin-guest- 
browser 


https://github.com/0x09AL/raven 
https://github.com/dchrastil/ScrapedIn 
http://socilab.com 
https://github.com/ethOizzle/the-endorser 
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Social Media Tools: Snapchat 


Tool 


FindMySnap 
snapdex 
Snap Map 
Snap VIP 


Somechater 


Link 


http://findmysnap.com 
https://www.snapdex.com 
https://map.snapchat.com 
https://snapvip.io 


http://somechater.com 
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Social Media Tools: WhatsApp 


Tool Link 

WhatsAllApp https://github.com/LoranKloeze/WhatsAllApp 
WhatsApp Fake Chat http://www.fakewhats.com/generator 
whatsfoto https://github.com/zoutepopcorn/whatsfoto 
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Social Media Tools: Skype 


Tool Link 


CyberHub Resolver http://cyber-hub.net/resolver.php 


Web Resolver https://webresolver.nl 
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Social Media Tools: Telegram 


Tool Link 


Save-telegram-chat-history —https://github.com/pigpagnet/save-telegram-chat-history 
Telegram Channels Catalog _ https://tchannels.me 


Telegram Search http://tsear.ch 
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Other Instant Messaging and Chat Tools 


Tool 


Botbot.me 
icq 

IRC Search 
ircsnapshot 


mibbit 


Link 


https://botbot.me 
https://icq.com/people 
http://irc.netsplit.de/channels/search.php 
https://github.com/bwall/ircsnapshot 
http://mibbit.com 
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Dating Apps 


Tool Link 


Dating Apps and 
Sites for Investigators 
by Emmanuelle 
Welch 


https://start.me/p/VRxaj5/dating-apps-and-sites-for-investigators 
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Blogs, Forums, Discussion Boards, and O&A Sites 


Blog Search 


Tool 


Bloghunt 
BlogSeacrhEngine 
NetworkedBlogs 
Notey 

Twingly 
Webhose.io 


Link 


https://bloghunt.me 
http://www.blogsearchengine.org 
http://www.networkedblogs.com 
https://www.notey.com 
http://www.twingly.com 


https://webhose.io 
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Forums and Discussion Boards Search 


Tool 


BoardReader 
Delphi Forums 
Facebook Groups 
Foren User 
Google Groups 
Hoood.de 
Linkedin Groups 
Ning 

Xing Groups 
Webhose.io 
Yahoo Groups 


Link 


http://boardreader.com 
http://www.delphiforums.com 
https://www.facebook.com 
http://www.forenuser.de 
https://groups.google.com 
http://www.hoood.de 
http://www.linkedin.com 
http://www.ning.com 
https://www.xing.com/communities 
https://webhose.io 
https://groups.yahoo.com 
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7. Solve the fractional linear equation. 


4 _ 7 
3R1+16 — 2243 


ee 5 
2R\+3 ~ 122436 


3-75 


O&A Sites 


Tool 


Answers.com 
Ask 

Ask.fm 

eHow 
gutefrage 
Quora 
StackExchange 


Yahoo Answers 


|-INTELLIGENCE 


Link 


http://www.answers.com 
http://www.ask.com 
https://ask.fm 
http://www.ehow.com 
https://www.gutefrage.net 
http://www.quora.com 
http://stackexchange.com 


http://answers.yahoo.com 
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People Investigations 


Main People Search Tools and Engines 


Tool 


411 (US) 

Addresses (US) 

Alumni.net 

AnyWho (US) 

Classmates 

CrunchBase 

Custom Person Search Tool 
Data.com Connect 
dataScrape 


Discoverly 


Gaddr 
facesearch 


FTL 


GPSies 
Gravatar 


Hey Press (Search for 
Journalists) 


HowManyOfMe 
HIRETUAL 


Link 


http://www.411.com 
http://www.addresses.com 
http://www.alumni.net 
https://www.anywho.com/whitepages 
http://www.classmates.com 
http://www.crunchbase.com 
https://inteltechniques.com/osint/person.html 
https://connect.data.com 
https://github.com/khayes-r7/dataScrape 


https://chrome.google.com/webstore/detail/discoverly- 
for-gmail-link/dijhcpbkalfgkcebgoncjmfpbamihgaf || 
https://discover.ly 


https://gaddr.me 
http://facesaerch.com 


https://chrome.google.com/webstore/detail/fullcontact- 
for-gmail/cnaibnehbbinoohhjafknihmlopdhhip 


https://www.gpsies.com/trackList.do 
http://en.gravatar.com 


https://www.hey.press 
http://howmanyofme.com/search 


https://chrome.google.com/webstore/detail/hiretual- 
10x-faster-talen/jeablngoapekimaeoeclgcefdcpjhjcg 
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Intelius (US) 


Itools 


John Doe (US) 
Keybase 

LittleSis 

LookUp 

LookUpUK 
ManyContacts Mail Check 
MarketVisual 
NameScan 

Neighbor Report 
Nextdoor 

Nuwber 

Nuwber 

peekyou 
Peoplefinders (US) 
People Looker (US) 
People Search 

People Search (Australia) 
PeopleSmart (US) 
PersonLookup.com 
FastPeopleSearch (US) 
PimEye 

pipl 

Profile Engine 

Profilr 

Recruit’em 
Research.com (US) 
Reverse Genie 
Skimleads 

Skipease (US) 


Smugmug 


|-INTELLIGENCE 


https://www.intelius.com 


http://itools.com/search/people-search || 
http://itools.com/tool/wink-people-search 


https://johndoe.com 

https://keybase.io 

https://littlesis.org 
http://www.lookup.com 
http://www.lookupuk.com 
https://www.manycontacts.com/en/mail-check 
http://www.marketvisual.com 
https://namescan.io 
https://neighbor.report 
https://nextdoor.com 
https://nuwber.com 
https://nuwber.co.no 
https://www.peekyou.com 
https://www.peoplefinders.com 
https://www.peoplelooker.com 
http://netbootcamp.org/peoplesearch.html 
http://www.peoplesearch.com.au 
https://www.peoplesmart.com 
http://www.personlookup.com 
https://www.fastpeoplesearch.com 
https://pimeyes.com/en 
https://pipl.com 
http://profileengine.com 
https://www.profilr.social/search/jsmith 
http://recruitin.net 
https://www.research.com 
http://www.reversegenie.com 
http://skimleads.com 
http://www.skipease.com 


https://www.smugmug.com/search 
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Snitch.name http://www.snitch.name 

Snoop Station (US) http://snoopstation.com 

Social catfish https://socialcatfish.com 
Speedy Hunt (US) https://speedyhunt.com 

Spokeo http://www.spokeo.com 

Spytox (US) https://www.spytox.com 

Strava https://labs.strava.com/heatmap 
TalentBin https://www.talentbin.com 
TruePeopleSearch (US) https://www.truepeoplesearch.com 
ufind.me http://ufind.name 

UserSearch https://usersearch.org 
USSEARCH (US) https://www.ussearch.com 
WebMii http://www.webmii.com 

Yasni http://www.yasni.com 

Zoominfo http://www.zoominfo.com 
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Address & Contact Information Search 


Tool 


118172 

192 (UK) 

411 (US) 

Addresses (US) 
Address Search (US) 
AnyWho (US) 
Australia Lookup 
BeenVerified (US) 
Canada4111(Canada) 
Data 24-7 

Find People Search (US) 
HomeMetry 

Infobel 

John Doe (US) 
PeopleSmart (US) 
FastPeopleSearch (US) 
SearchBug (US) 
Spytox (US) 
That’sThem 
TruePeopleSearch (US) 
USSearch (US) 

Verispy (US) 

White Pages 


whowhere 


Link 


https://www. 1187 12.fr 
http://www.192.com 
http://www.411.com 
http://www.addresses.com 
http://www.addresssearch.com 
https://www.anywho.com/yellow-pages 
http://www.australialookup.com 
https://www.beenverified.com 
http://www.canada411.ca 
https://www.data24-7.com 
http://www.findpeoplesearch.com 
https://homemetry.com 
http://www.infobel.com/en/world 
https://johndoe.com 
https://www.peoplesmart.com 
https://www.fastpeoplesearch.com 
http://www.searchbug.com 
https://www.spytox.com 
https://thatsthem.com 
https://www.truepeoplesearch.com 
https://www.ussearch.com 
https://www.verispy.com/people-search 
http://www.whitepages.com 


http://www.whowhere.com 
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Zabasearch http://www.zabasearch.com 
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Public Records 


Tool 


Advanced Background Checks (US) 
Australia Public Records 

Birth Database 

Black Book Online (US) 
BRBPub.com 

Crime Reports (US) 

Criminal Searches (US) 

Cubib (US) 

DOBSEARCH 

Family Watchdog (US) 


Federal Bureau of Prisons - Inmate 
Locator (US) 


Felon Spy (US) 

Find A Grave (US) 

Find People Search (US) 
Fold3 (US Military Records) 
Free Public Records Directory (US) 
golookup (US) 
GOVDATACA (Canada) 
Grave Info (US) 

Inmate Locator (US) 
Inmate Locator (US) 
Intelius (US) 


Interment (Cemetery Records) 
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Link 


https://www.advancedbackgroundchecks.com 
http://australiapublicrecord.com 

http://www. birthdatabase.com 
https://www.blackbookonline.info 
http://www.brbpub.com 
https://www.crimereports.com 
https://www.criminalsearches.com 
http://cubib.com 

https://www.dobsearch.com 
https://www.familywatchdog.us 


http://www.bop.gov/inmateloc 


http://www.felonspy.com 
https://www.findagrave.com 
https://findpeoplesearch.com 
http://www.fold3.com 
http://publicrecords.onlinesearches.com 
https://golookup.com 
https://govdataca.com 
http://www.graveinfo.com 
http://www.theinmatelocator.com 
https://www.bop.gov/inmateloc 
https://www.intelius.com 


http://www. interment.net/data/search.htm 
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Instant Checkmate 
Investigative Dashboard Search 
Legacy.com (US) 

Melissa (US) 

NETR ONLINE (US) 
NSOPW (US) 

Orbituaries Australia 
Peoplefinder (US) 
Political MoneyLine (US) 
Public Info Directory (US) 
Public Records (Australia) 
Radaris 

RecordsPedia 

Reunion (US) 

SCRA Website (US) 
Sorted by Birth Date 
Speedy Hunt 

SSN Validator 

UniCourt 

USSEARCH (US) 

Voter Registration Records (US) 
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https://www.instantcheckmate.com 
https://data.occrp.org 
http://www.legacy.com 
http://melissadata.com 
https://publicrecords.netronline.com 
https://www.nsopw.gov/en/Search/Verification 
http://oa.anu.edu.au 
https://www.peoplefinders.com 
http://www.politicalmoneyline.com 
https://publicrecords.directory 
https://www.publicrecords.com.au 
http://radaris.com 
http://recordspedia.com 
http://www.reunion.com 
https://scra.dmdc.osd.mil/scra/#/home 
http://sortedbybirthdate.com 
https://speedyhunt.com 
https://www.ssnvalidator.com 
https://unicourt.com 
https://www.ussearch.com 


https://voterrecords.com 
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Ancestry Research 


Tool 


Ancestor Hunt 
Ancestry 

Family Search 
FamilyTreeNow 
Find my past 
Forebears 
FreeBMD 
Genealogy 
Genealogy Bank 
Genealogy in Time 
Genealogy Links 
Locate Family 


Mocavo 


The National Archives UK 


Rootsweb 
Search for Ancestors 


Sorted By Name 


Link 


http://ancestorhunt.com 
http://www.ancestry.com 


https://familysearch.org 


http://www.familytreenow.com 


https://search.findmypast.com/search-world-records 


http://forebears.io 


https://www.freebmd.org.uk 
https://www.genealogy.com 
http://www.genealogybank.com 
http://www.genealogyintime.com 
http://www.genealogylinks.net 
https://www.locatefamily.com 
https://www.findmypast.com/mocavo-info 
http://www.nationalarchives.gov.uk 
http://home.rootsweb.ancestry.com 
http://www.searchforancestors.com 


http://sortedbyname.com 
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Phone Search 


Tool 


411 (US) 

Abc telefonos 
Addresses (US) 
AnyWho (US) 
Australia Lookup 
Blacklist Checker 
Bmobile.in 

British Phone Book 

BT Phone Book 
CallerID Service 
CallerID Test 
CallerSmart 

Carrier Lookup 

Carrier Lookup Service 
CellRevealer 
CountryCode 

Custom Telephone Search 
FastPeopleSearch (US) 
Fone Finder 

Free Carrier Lookup (US) 
golookup 

IMEI24 


International Numbering Plans 


|-INTELLIGENCE 


Link 


https://www.411.com/reverse-phone 
http://www.abctelefonos.com 
http://www.addresses.com 
https://www.anywho.com/reverse-lookup 
http://www.australialookup.com 
https://imei24.com/blacklist_check 
https://bmobile.in 
http://www.britishphonebook.com 
https://www.thephonebook.bt.com 
https://secure.calleridservice.com 
https://www.calleridtest.com 
https://www.callersmart.com 
https://www.carrierlookup.com 
http://freecarrierlookup.com 
https://cellrevealer.com 
https://countrycode.org 
https://inteltechniques.com/OSINT/telephone.html 
https://www.fastpeoplesearch.com 
http://www.fonefinder.net 
https://freecarrierlookup.com 
https://golookup.com 
https://imei24.com 


https://www.numberingplans.com 
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8. Solve the fractional linear equation. 


3-76 


International White and Yellow 


Pages 

Ivycall 

John Doe (US) 

Keecall (US) 

Leaked Source 
MailTester 
MrNumber (US) 
nextcaller 

Number Guru 
NumberVille 
numberway 

numpi 

NumSpy 
peoplebyname 
People Call 
Peoplefinders (US) 
People Looker (US) 
PeopleSmart (US) 
Phone Book of the World 
phoneowner 
PhoneSearchFree (US) 
Phone Tools 
PhoneValidator 

Open Cnam 

Reverse Genie (US) 
SearchYellowDirectory 
Snusbase 


Social catfish: Reverse Phone 
Lookup 


Speedy Hunt 
Spy Dialer (US) 
Spy on Caller 
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http://www.wayp.com 


http://www. ivycall.com 
https://johndoe.com 
http://www.keecall.us 
https://leakedsource.ru 
http://mailtester.com/testmail.php 
http://mrnumber.com/1-888-742-0000 
https://nextcaller.com 
https://www.numberguru.com 
https://numberville.com 
https://www.numberway.com 
https://numpi.com 
https://bhattsameer.github.io/numspy 
http://www.peoplebyname.com 
https://www.peoplecall.com 
https://www.peoplefinders.com 
https://www.peoplelooker.com 
https://www.peoplesmart.com 
http://pbof.com 
https://phoneowner.com 
https://www.phonesearchfree.com 
https://inteltechniques.com/osint/telephone.html 
https://www.phonevalidator.com 
https://www.opencnam.com 
http://www.reversegenie.com/phone.php 
http://www.searchyellowdirectory.com 
https://snusbase.com 


https://socialcatfish.com/reverse-phone-lookup 


https://speedyhunt.com 
https://www.spydialer.com 


http://spyoncaller.net 
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Spytox (US) 

Sync.me 

Telefonbuch 

TextMagic Free Carrier Lookup 


That's Them: Reverse Phone 
Lookup 


Truecaller 
TruePeopleSearch (US) 
Twilio 

USPhoneBook 
USSEARCH (US) 
Whocalld 

Vigilante 


ZOnzoo 
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https://www.spytox.com 
https://sync.me 
http://www.telefonbuch.com 


https://www.textmagic.com/free-tools/carrier- 
lookup 


https://thatsthem.com/reverse-phone-lookup 


https://www.truecaller.com 
https://www.truepeoplesearch.com 
https://www.twilio.com/lookup 
https://www.usphonebook.com 
https://www.ussearch.com 
https://whocalld.com 
https://www.vigilante.pw 


http://zonzoo.nl 
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E-mail Search / E-mail Check 


Tool 


411 (US) 


Ashley Madison 
Hack 


BotScout 
BreachAlarm 


BriteVerify Email 
Verification 


Cellular Email 
Assumptions 


Clearbit Connect 


Custom Email 
Search Tools 


DomainBigData 


Email4Corporati 
ons 


Email Address 
Validator 


Email 
Assumptions 


Email Checker 
EmailDrop 


Email Extractor 


Email Extractor 


Link 


http://www.411.com 
https://ashley.cynic.al 


https://botscout.com/search.htm 
https://breachalarm.com 


http://www.briteverify.co.uk 


https://inteltechniques.com/osint/cellperm.html 


https://chrome.google.com/webstore/detail/clearbit-connect- 
supercha/pmnhcgfcafcnkbengdcanjablaabjplo?hl=en 


https://inteltechniques.com/osint/menu.email.html 


https://domainbigdata.com 


https://sites.google.com/site/emails4corporations/home 


http://www.email-validator.net 


https://inteltechniques.com/osint/email.html 


https://email-checker.net 


https://chrome.google.com/webstore/detail/emaildrop-extract- 
emails/peilgijmhiocdmdeghlhiljipigamfbjh 


https://chrome.google.com/webstore/detail/email- 
extractor/jdianbbpnakhcmfkcckaboohfgnngfcc?hl=en 


http://emailx.discoveryvip.com 
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Email Extractor 
Lite 


Email Format 
Email Generator 
Email Guesser 


Email Header 
Analyzer 


EmailHippo 
Email Hunter 
Email Location 
emailmatcher 


Email 
Permutator+ 


Emails4corporati 
ons 


EmailSearch.org 
Email Validator 
FindThatLead 


Free Email 
Verifier 


Gawker Hack 
Email Check 


Github-osint 


Googligan 
Checker 


Gotcha 


Gravatar Email 
Check 


Hacked Emails 


Have | Been 
Pwned 


Have | Been Sold 
headreach 


HPI Identity Leak 
Checker 


|-INTELLIGENCE 


http://eel.surf7.net.my 


http://email-format.com 
http://emailgenerator.io 
http://www.guesser.email 


https://mxtoolbox.com/EmailHeaders.aspx 


https://tools.verifyemailaddress.io 

https://hunter.io 
http://www.melissadata.com/lookups/email-location.asp 
https://emailmatcher.com 


http://metricsparrow.com/toolkit/email-permutator 


https://sites.google.com/site/emails4corporations/home 


http://www.email-search.org/search-emails 
https://www.email-validator.net 
https://findthatlead.com 


http://verify-email.org 


https://labs.duo.com/gawker 


https://github.com/hackstep/github-osint 


https://gooligan.checkpoint.com 


https://gotcha.pw 


http://en.gravatar.com/site/check 


https://hacked-emails.com 


https://haveibeenpwned.com 


https://haveibeensold.app 
https://headreach.com 


https://sec.hpi.uni- 
potsdam.de/ilc/search;jsessionid=A94B3A03C67BOOF3BOFADB4 
A8CO8E6FA 
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Hunter 

Infoga 

Leaked Source 
Mail Jagger 
MailTester 


Many Contacts 
Email Check 


Melissa (US) 


OSINTTOOLKIT 
Email 


Peepmail 


People Looker 
(US) 


PeopleSmart 
(US) 


Pipl 


Polities 


Prospect Linked 


Public E-mail 
Records 


Read Notify 


Reverse Genie E- 
mail 


sellhack 
Snusbase 
Speedy Hunt 
SPYDialer 
Spytox (US) 


TCIPUTILS.com 
Email Test 


That’'sThem 
Toofr 
USSEARCH (US) 


https://hunter.io 


https://github.com/m4ll0k/infoga 
https://leakedsource.ru 
https://mailjagger.ga 
http://mailtester.com/testmail.php 


https://www.manycontacts.com/en/mail-check 


http://www.melissadata.com/lookups/emails.asp 


https://osinttoolkit.github.io/EmailUsername 


http://www.samy.pl/peepmail 


https://www.peoplelooker.com 


https://www.peoplesmart.com 


https://pipl.com 


https://www.politie.nl/themas/controleer-of-mijn-inloggegevens-zijn- 


gestolen.html 


https://prospectlinked.com 


http://publicemailrecords.com 


http://www.readnotify.com 


http://www.reversegenie.com/email.php 


https://sellhack.com 
https://snusbase.com 
https://speedyhunt.com 


https://www.spydialer.com 


https://www.spytox.com 


http://www.tcpiputils.com/email-test 


https://thatsthem.com/reverse-email-lookup 
https://www.toofr.com 


https://www.ussearch.com 
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Validate Email https://validateemailaddress.org 
Address 
Verifalia http://verifalia.com/validate-email 
Verify Email https://verify-email.org 
Verify Email https://es.infobyip.com/verifyemailaccount.php 
Account 
Verify Email https://tools.verifyemailaddress.io 
Address 
VoilaNorbert https://www.voilanorbert.com 
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Username Check 


Tool 


Check User Names 
Custom User Name Search 
Gaddr 

Knowem 

Leaked Source 
Lullar 

Name Checkr 
Name Chk 
Namech_k.sh 
Name Vine 
OSINTTOOLKIT Username 
peekyou 

pipl 

Snitch.name 
Snusbase 

Speedy Hunt (US) 
Spokeo 

Usercard 

User Search 

User Sherlock 
Vigilante 
WhatsMyName 
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Link 


http://www.checkusernames.com 
https://inteltechniques.com/osint/username.html 
https://gaddr.me 

http://www.Knowem.com 
https://leakedsource.ru 
http://com.lullar.com 
http://www.namecheckr.com 
http://www.namechk.com 
https://github.com/HA71/Namechk 
https://namevine.com 
https://osinttoolkit.github.io/EmailUsername 
https://www.peekyou.com 

https://pipl.com 

http://snitch.name 

https://snusbase.com 
https://speedyhunt.com 
https://www.spokeo.com 
http://usercard.org 
http://www.usersearch.org 
http://usersherlock.com 
https://www.vigilante.pw 
https://github.com/WebBreacher/WhatsMyName 
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CV and Resume Search 


Tool 


Custom Hidden Resume 
Search 


CVGadget 
Indeed 
LeadFerret 
Linkedin 
MarketVisual 
Recruit’em 
Visualize.me 


XING 


Link 


https://inteltechniques.com/osint/hidden.resumes.html 


http://www.cvgadget.com 
https://www.indeed.com 
https://leadferret.com/search 
https://www.linkedin.com 
http://www.marketvisual.com 
https://recruitin.net 
http://vizualize.me 


https://www.xing.com 
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Expert Search 


|-INTELLIGENCE 


Tool Link 

Academia http://academia.edu 
CanLaw http://www.canlaw.com 
experttile https://expertfile.com 


ExpertiseFinder 
ExpertGuide 
ExpertPages 
Experts.com 
HARO 
GlobalExperts 
Idealist 
Innocentive 


Internet Experts 


Library of Congress: Ask a Librarian 


Maven 


MuckRack 


National Speakers Association 


Newswise 


Patent Attorneys/Agent Search 


PRNewswire 
ProfNet 
Reseacher|D 
ScholarUniverse 
SheSource 


speakezee 


http://www.expertisefinder.com 
http://www.expertguide.com.au 
http://expertpages.com 
http://www.experts.com 
http://www.helpareporter.com 
http://www.theglobalexperts.org 
http://www. idealist.org 
http://www.innocentive.com 
http://www.internetexperts.info 
http://www.loc.gov/rr/askalib 
http://www.maven.co 
http://muckrack.com 
http://www.nsaspeaker.org 
http://www.newswise.com 
https://oedci.uspto.gov/OEDCI 
https://prnmedia.prnewswire.com 
http://www.prnewswire.com/profnet 
http://www.researcherid.com 
http://www.scholaruniverse.com 
http://www.womensmediacenter.com/shesource 


https://www.speakezee.org 
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Sources http://www.sources.com 
TRExpertWitness https://www.trexpertwitness.com 
Zintro https://www.zintro.com 
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9. 


Solve the linear equation using the addition/subtraction or substitution method. 
2k, +2F2.4+2E3=12 

E,- EE. + E£3= 2 

E,\+ FE. - £3= 0 
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Salary Search 


Tool 


Adecco USA 


AFL-CIO 
Executive 
Paywatch 


CareerBliss 


Career 
Boutique 


Career Builder 


Career One 
Stop 


Glassdoor 
Salaries 


Equilar 
Indeed Salaries 


Job Search 
Intelligence 


Live Career 
Monster Salary 
Payscale 

Paysa 

Pay Wizard 
RAPS.org 
Salary.com 


Salary Expert 
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Link 


https://www.adeccousa.com/resources/salary-calculator 


https://aflcio.org/paywatch 


https://www.careerbliss.com/salary 


https://www.careerboutique.com/salary 


https://www.careerbuilder.com 


https://www.careeronestop.org/Toolkit/Wages/find-salary.aspx 


https://www.glassdoor.com/Salaries/index.htm 


http://www.equilar.com 
https://www.indeed.com/salaries 


https://www.jobsearchintelligence.com/etc/jobseekers/salary- 
calculator.php 


https://www.livecareer.com/salary 

https://www.monster.com/salary 
https://www.payscale.com/research/US/Country=United_States/Salary 
https://www.paysa.com/salaries-list/company 
https://paywizard.org/main/salary/calculator# 
https://www.raps.org/careers/salary-calculator 

https://www.salary.com 


https://www.salaryexpert.com 
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Simply Hired 
Salary 
Estimator 


Salary List 


United States 
Department of 
Labor 


US Experteer 


Wall Street 
Oasis Salary 
Search 
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https://www.simplyhired.com/salaries 


http://www.salarylist.com 


https://www.bls.gov/ooh 


https://us.experteer.com/salary_calculator 


https://www.wallstreetoasis.com/wso-company-database/salary 
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Creating a Sock Puppet 


Tool 


Behind the Name 


Fake Identity Generator 


Fake Name Generator 
Fake Person Generator 
Data Fake Generator 
List of Random Names 
Name Fake 


Random Name Generator 


Sudo App 


Link 


https://www.behindthename.com/random 


http://backgroundchecks.org/justdeleteme/fake-identity- 
generator 


https://www.fakenamegenerator.com 
https://www.fakepersongenerator.com 
http://www.datafakegenerator.com/generador.php 
http://listofrandomnames.com 
https://en.namefake.com 


http://random-name- 
generator. info/random/?n=10&g=1 &st 


https://sudoapp.com 


76 


Company Research 


|-INTELLIGENCE 


Main Company Search Tools and Engines 


Tool 


Link 


AlHIT 
AllStocksLinks 
AngelList 

Annual Reports 
Big Red Directory 
bikudo 

Bizeurope 

Biznar 

Bizstats 

Bizstats 


Bloomberg 


brandchecker 


Business Source 


Bureau Van Dijk 
Buzzfile 


Canadian Business Research 


Canadian Business Resource 
Cedar Rose 


Checktrade 


https://www.aihitdata.com 
http://www.allstocks.com/links 
https://angel.co 
http://www.annualreports.com 
https://www.bigreddirectory.com 
https://www.bikudo.com 
http://www.bizeurope.com 
https://biznar.com 

http://www. bizstats.co.uk 
http://www. bizstats.com 


http://www.bloomberg.com/research/company/overview 
/overview.asp 


https://brandchecker.com 


https://www.ebscohost.com/academic/business-source- 
complete 


http://www.bvdinfo.com 
http://www.buzzfile.com 


https://www.canada.ca/en/services/business/research.ht 
ml 
http://www.cbr.ca 


https://www.cedar-rose.com 


https://www.checkatrade.com 


77 


Comparably 
CompeteShark 


Corporate Information 


Corporation Wiki 
CorpWatch 
Crunchbase 
Data.com Connect 
Dun & Bradstreet 
EDGAR Online 
Engineering 360 
Euromonitor 
Europages 

Ezilon 

Factiva 

Forbes Global 2000 
Fortune Global 500 
Foursquare 
Glassdoor 
globalEdge 
Google Finance 
GuideStar 
Hoovers 

HotFrog 

Inc. 5000 

infobel 

Infocif (Spain) 

Info clipper 
InstantLlogoSearch 


iSpionage 


Investigative Dashboard 


Search 
Kompass 


Kyckr 


|-INTELLIGENCE 


https://www.comparably.com 
http://competeshark.com 
http://www.corporateinformation.com 
https://www.corporationwiki.com 
http://www.corpwatch.org 
https://www.crunchbase.com 
https://connect.data.com 
https://www.dnb.com 
http://www.edgar-online.com 
https://www.globalspec.com 
http://www.euromonitor.com 
http://www.europages.co.uk 
http://www.ezilon.com 
https://global.factiva.com 
http://www.forbes.com/global2000/ 
http://fortune.com/global500 
https://foursquare.com 
https://www.glassdoor.com 
http://globaledge.msu.edu 
https://www.google.com 
http://www.guidestar.org 
http://www.hoovers.com 
https://www.hotfrog.com 
http://www.inc.com/inc5000 
https://www.infobel.com 
http://www. infocif.es 

http://www. info-clipper.com 
http://instantlogosearch.com 
https://www.ispionage.com 


https://data.occrp.org 


https://www.kompass.com 


https://portal.kyckr.co.uk 
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Linkedin 

LittleSis 

Mapped in Israel 
Manta 

MarketLine 
MarketVisual 
Mergent Intellect 
Mergent Online 
Mint Global 
Morningstar Research 
Notablist 

orbis directory 
opencorporates 
Owler 

Plunkett Research 
The Public Register 
The Public Register 
Quandl 

Report Linker 
Ripoff Report 
Sqoop 

Skimleads 

SpyFu 
Startupexplore 
ThomasNet 
Usercard 

Vault 

Xing 

Yahoo Finance 
Zauba Corp 


Zoominfo 


|-INTELLIGENCE 


https://www.linkedin.com 
https://littlesis.org 
https://mappedinisrael.com 
https://www.manta.com 
http://marketline.com 
http://www.marketvisual.com 
http://www.mergentintellect.com 
http://www.mergentonline.com/login.php 
https://mintglobal.bvdinfo.com 
http://library.morningstar.com 
https://www.notablist.com 
https://orbisdirectory.bvdinfo.com 
https://opencorporates.com 
https://www.owler.com 

http://www. plunkettresearchonline.com 
http://www.annualreportservice.com 
http://www. prars.com/search/alpha/A 
https://www.quandl.com 
https://www.reportlinker.com 
http://www. ripoffreport.com 
https://sqoop.com 
http://skimleads.com 
https://www.spyfu.com 
https://startupxplore.com/en/startups 
https://www.thomasnet.com 
http://usercard.org 
http://www.vault.com 
http://www.xing.com 
https://finance.yahoo.com 
https://www.zaubacorp.com 


https://www.zoominfo.com/companies-search 
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Company Research (EU) 


Tool 


Bizeurope 


Central and Eastern European 
Business Directory 


Company Registration Round 
the World 


Company Research Resources 
by Country 


De Telefoongids (Netherlands) 
Europages 

European Business Register 
Ezilon 

Foursquare 

Global Business Register 


Knowledge guide to 
international company 
registration 


Kompass 

Kyckr 

Libreborme 

National Company Registers 
opencorporates 

SEMrush 

Skimleads 


Startupexplore 


|-INTELLIGENCE 


Link 


http://www.bizeurope.com 


http://www.ceebd.co.uk/ceebd 


http://www.commercial- 
register.sg.ch/home/worldwide.html 


http://www.rba.co.uk/sources/registers.htm 


https://www.detelefoongids.nl 
http://www.europages.co.uk 
http://www.ebr.org 
http://www.ezilon.com 
https://foursquare.com 
http://www.globalbusinessregister.com 


http://www.icaew.com/en/library/subject- 
gateways/business-management/company- 
administration/knowledge-guide-international-company- 
registration 


https://www.kompass.com 

https://portal.kyckr.co.uk 

https://libreborme.net 
https://en.wikipedia.org/wiki/List_of_company_registers 
https://opencorporates.com 

https://www.semrush.com 

http://skimleads.com 


https://startupxplore.com/en/startups 
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Company Research (UK) 


Tool 


Big Red 
Directory 


BizDB 
Bizstats 


Central and 
Eastern 
European 
Business 
Directory 


Claims 
Management 
Regulation — 
Authorised 
Business 
Register 


Companies in 
the UK 
Company 
Registration 


Round the 
World 


Company 
Research 
Resources by 
Country 


Cylex (UK) 
ELTO (UK) 
Elucify (UK) 


Link 


https://www.bigreddirectory.com 


http://www.bizdb.co.uk 
http://www. bizstats.co.uk 
http://www.ceebd.co.uk/ceebd 


https://www.claimsregulation.gov.uk/search.aspx 


https://www.companiesintheuk.co.uk 


http://www.commercial-register.sg.ch/home/worldwide.html 


http://www.rba.co.uk/sources/registers.htm 


https://www.cylex-uk.co.uk 
https://eld.elto.org.uk 


https://www.elucify.com 
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Employment 
Tribunal 
Decisions (UK) 


Europages 


European 
Business 
Register 


Ezilon 
Fair Trades 


Financial 
Conduct 
Authority 
Search (UK) 


Foursquare 


Food Hygiene 
Ratings (UK) 


Global Business 
Register 


iSpionage 


Knowledge 
guide to 
international 
company 
registration 


Kompass 


Kyckrs 


Local Heroes 


My Builder 


National 
Company 
Registers 


NicEic 
Opening Times 
(UK) 


orbis directory 


https://www.gov.uk/employment-tribunal-decisions 


http://www.europages.co.uk 


http://www.ebr.org 


http://www.ezilon.com 
http://www. fairtrades.co.uk 


https://www.fca.org.uk/search- 
results?search_term=clone%20firm%20details&start=1 &sort_by=dmetaZ 


https://foursquare.com 


https://www.scoresonthedoors.org.uk//index.php 


http://www.globalbusinessregister.com 


https://www.ispionage.com 


http://www.icaew.com/en/library/subject-gateways/business- 
management/company-administration/knowledge-guide-international- 


company-registration 


https://www.kompass.com 
https://portal.kyckr.co.uk 
https://www.localheroes.com 
https://www.mybuilder.com 


https://en.wikipedia.org/wiki/List_of_company_registers 


http://www.niceic.com 


https://www.opening-times.co.uk 


http://orbisdirectory.bvdinfo.com/version- 
20161014/OrbisDirectory/Companies 
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opencorporates 


Overseas 
Company 
Registers 


Scoot 
SEMrush 
Skimleads 
Stall Finder 


Tradesmen 
Corner (UK) 


Trustatrader 


Trust Mark (UK) 
Trust Pilot (UK) 


UK Companies 
List 


UK Data 
Yell 


|-INTELLIGENCE 


https://opencorporates.com 


https://www.gov.uk/government/publications/overseas- 


registries/overseas-registries 


http://www.scoot.co.uk 
https://www.semrush.com 
http://skimleads.com 
https://www.stallfinder.com 


https://www.tradesmencomner.co.uk 


https://www.trustatrader.com 
https://www.trustmark.org.uk 
https://uk.trustpilot.com 


https://www.companieslist.co.uk 


http://ukdata.com 


https://www.yell.com 
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10. Solve the linear equation using the addition/subtraction or substitution method. 
2X,+ Xc+ R=16 


Xr+2Xc+ R= 9 
Xpt+ Xct+2R= 3 


3-78 


|-INTELLIGENCE 


Company Research (US) 


Tool 


Better Business Bureau 


Business Source 


Company Registration 
Round the World 


Company Research 
Resources by Country 


Comparably 
Corporation wiki 
EDGAR Online 

Ezilon 

Foursquare 

Glassdoor 

Global Business Register 
GuideStar 

Inc. 5000 

iSpionage 


Knowledge guide to 
international company 
registration 


Kompass 
Kyckr 
LinkSV 


National Company 
Registers 


Link 


http://www.bbb.org 


https://www.ebscohost.com/academic/business-source- 
complete 


http://www.commercial-register.sg.ch/home/worldwide.html 


http://www.rba.co.uk/sources/registers.htm 


https://www.comparably.com 
https://www.corporationwiki.com 
http://www.edgar-online.com 
http://www.ezilon.com 
https://foursquare.com 
https://www.glassdoor.com 
http://www.globalbusinessregister.com 
http://www.guidestar.org 
http://www.inc.com/inc5000 
https://www.ispionage.com 


http://www.icaew.com/en/library/subject- 
gateways/business-management/company- 
administration/knowledge-guide-international-company- 
registration 


https://www.kompass.com 
https://portal.kyckr.co.uk 
http://www.linksv.com 


https://en.wikipedia.org/wiki/List_of_company_registers 
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Manta 
MarketLine 
Mergent Online 
Morning Star 
orbis directory 
opencorporates 
Owler 

PrivCo 
SEMrush 
Skimleads 

Stall Finder 
Startupexplore 
Vault 


Wall street Oasis 


|-INTELLIGENCE 


https://www.manta.com 
http://marketline.com 
http://www.mergentonline.com 
http://www.morningstar.com 
https://orbisdirectory.bvdinfo.com 
https://opencorporates.com 
https://www.owler.com 
https://www.privco.com 
https://www.semrush.com 
http://skimleads.com 
https://www.stallfinder.com 
https://startupxplore.com/en/startups 
http://www.vault.com 


https://www.wallstreetoasis.com/wso-company-database 
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Company Research (Switzerland) 


Tool 


Company Research 
Resources by Country 


Knowledge guide to 
international company 
registration 


Kompass 
Kyckr 
National Company Registers 


orbis directory 


SEMrush 
Skimleads 


Link 


http://www.rba.co.uk/sources/registers.htm 


http://www.icaew.com/en/library/subject- 
gateways/business-management/company- 
administration/knowledge-guide-international-company- 
registration 


https://www.kompass.com 
https://portal.kyckr.co.uk 
https://en.wikipedia.org/wiki/List_of_company_registers 


http://orbisdirectory.bvdinfo.com/version- 
20161014/OrbisDirectory/Companies 


https://www.semrush.com 


http://skimleads.com 
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Company Research (Middle East) 


Tool 


Bahrain 

Dubai 

Ezilon 

Israel 

Jordan 

Kompass 

Kyckr 

Mapped in Israel 


National Company 
Registers 


SEMrush 
Skimleads 


Link 


http://www. big.bh/einvestor.web 
https://www.difc.ae/setting-up 

http://www.ezilon.com 

http://www. justice. gov. il/En/Pages/default.aspx 
http://ccd.gov.jo 

https://www.kompass.com 

https://portal.kyckr.co.uk 

https://mappedinisrael.com 
https://en.wikipedia.org/wiki/List_of_company_registers 


https://www.semrush.com 


http://skimleads.com 
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Company Research (Africa) 


Tool 


BCE (Senegal) 

CCI (Burkina Faso) 
CCIMA (Cameroon) 
Cedar Rose 

CEPICI (Ivory Coast) 
CiPC 

Clarified By 

CNRC (Algeria) 


Companies and Intellectual 
Property Commission (South 
Africa) 


Company Research Resources 
by Country 


Directinfo.ma (Marocco) 
Ezilon 

GUFE-RCA 

Kompass 

Kyckr 

National Company Registers 


Nigeria Corporate Affairs 
Commission 


Registre de commerce de 
Tunisie 


SEMrush 
Skimleads 


Link 


http://creationdentreprise.sn/rechercher-une-societe 
http://www.cci.bf/?q=fr/entreprise 
http://www.ccima.cm 

https://www.cedar-rose.com 

https://www.cepici.ci 

http://www.cipc.co.za/za 
https://www.clarifiedby.com 

https://sidjilcom.cnrc.dz 


https://eservices.cipc.co.za 


http://www.rba.co.uk/sources/registers.htm 


https://www.directinfo.ma 

http://www.ezilon.com 

http://gufe-rca.org 

https://www.kompass.com 

https://portal.kyckr.co.uk 
https://en.wikipedia.org/wiki/List_of_company_registers 


http://new.cac.gov.ng 


https://www.registre-commerce.tn 


https://www.semrush.com 


http://skimleads.com 
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South Africa http://www.cipc.co.za/za 
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Company Research (China) 


Tool 


China 

Ezilon 

Kompass 

Kyckr 

National Company Registers 
SEMrush 

Skimleads 


Link 


https://www.cr.gov.hk 

http://www.ezilon.com 

https://www.kompass.com 

https://portal.kyckr.co.uk 
https://en.wikipedia.org/wiki/List_of_company_registers 
https://www.semrush.com 


http://skimleads.com 
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Business Registers (EU + EFTA) 


Tool 


United Kingdom: Authorised 
Business Register 


United Kingdom: Companies 
House 


European Business Register 
National Company Registers 
Austria 

Belgium 

Bulgaria 


Cyprus 


Czech Republic 
Denmark 
Estonia 

Finland 

France 

France 


Germany 


Greece 
Hungary 
Iceland 
Ireland 
Italy 


Latvia 


Link 


https://www.claimsregulation.gov.uk/search.aspx 


https://www.gov.uk/government/organisations/compa 
nies-house 


http://www.ebr.org 
https://en.wikipedia.org/wiki/List_of_company_registers 
http://www. justiz.gv.at/firmenbuch 
http://www.eurodb.be 

http://www.brra.bg 


http://www. mcit.gov.cy/mcit/drcor/drcor.nsf/index_en/i 
ndex_en?opendocument 


https://www.mfcr.cz 
https://datacvr.virk.dk/data 
https://ariregister.rik.ee/mobile/mobile/select 
https://www.prh.fi/en/index.html 

https://www. infogreffe.fr 

https://www. inpi.fr 


https://www.unternehmensregister.de/ureg/?submitact 
ion=language&language=en 


http://www.acci.gr/acci/shared/index.jsp?context=101 
https://www.e-cegjegyzek.hu 
https://www.rsk.is/english/individuals 
https://www.statice.is 

http://www. infocamere.it/en/home 


https://www.ur.gov.|v/lv 
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Lithuania 


Luxembourg 


Malta 
Netherlands 
Poland 
Portugal 


Romania 


Slovakia 
Slovenia 
Skimleads 
Spain 


Spain 
Sweden 


Norway 


Principality of Lichtenstein 


Switzerland 


United Kingdom 


http://www. registrucentras.|t/en 


https://www.rcsl.lu/mjrcs/jsp/IndexActionNotSecured.a 
ction?time=15252279921 96&loop=2 


https://registry.mfsa.com.mt/ROC 

https://www.kvk.nl 
https://www.ms.gov.pl/en/about-the-ministry-of-justice 
http://www.irn.mj.pt/IRN/sections/inicio 


https://e-justice.europa.eu/content_business_registers- 
104-en.do 


http://www.orsr.sk/default.asp?lan=en 
https://www.ajpes.si/Iscem 
http://skimleads.com 


https://sede.registradores.org/contenido/buyingahous 
e 


http://www.rmc.es/Home.aspx?lang=en 
http://www.bolagsverket.se 

https://www.brreg.no 
http://www.oera.|i/hrweb/ger/firmensuche_afj.htm 
https://www.zefix.admin.ch/de/search/entity/welcome 


https://www.gov.uk/government/organisations/compa 
nies-house 
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Business Registers (US) 


Tool 


Alabama 
Alaska 
Arizona 
Arkansas 
California 
Colorado 
Connecticut 
Delaware 
Florida 
Georgia 


Hawaii 


Idaho 
Indiana 
Illinois 
lowa 
Kansas 
Kentucky 
Louisiana 
Maine 
Maryland 
Massachussets 
Michigan 


Minnesota 


Link 


https://sos.alabama.gov 
https://www.commerce.alaska.gov/CBP/Main 
http://www.azcc.gov/divisions/corporations 
https://www.sos.arkansas.gov/business-commercial-services-bcs 
http://www.sos.ca.gov 

http://www.sos.state.co.us 

http://portal.ct.gov/sots 

https://corp.delaware.gov 
http://www.miamidade.gov/businessexpress/start-register.asp 
http://sos.ga.gov 


https://hbe.ehawaii.gov/BizEx/home.eb;jsessionid=FFFC59E1C1F 
6E7629F05499018074B2B.lana 


https://sos.idaho.gov 
http://www.in.gov/sos/business 

https://www2. illinois.gov/business 
https://sos.iowa.gov 
http://www.kssos.org/business/business.html 
https://www.sos.ky.gov/Pages/default.aspx 
https://www.sos.la.gov/BusinessServices/Pages/default.aspx 
http://www.state.me.us/sos/cec/corp/index.html 
http://www.dat.state.md.us/Pages/default.aspx 
https://www.mass.gov 
http://www.michigan.gov/business 


https://mblsportal.sos.state.mn.us/Business/Search 
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11. Solve the equation using the determinant matrix. 


3z+6R=15 
3z-2R= 7 


3-79 


Mississippi 
Missouri 
Montana 
Nebraska 
Nevada 

New Hampshire 
New Jersey 
New Mexico 
New York 
North Carolina 
North Dakota 
Ohio 
Oklahoma 
Oregon 
Pennsylvania 
Rhode Island 
South Carolina 
South Dakota 


Tennessee 


Texas 

Utah 
Vermont 
Virginia 
Washington 
West Virginia 
Wisconsin 


Wyoming 


|-INTELLIGENCE 


http://www.sos.ms.gov/Pages/default.aspx 
https://www.sos.mo.gov/categories.asp?id=2 
http://sos.mt.gov/business 
http://www.nebraska.gov/#business 
https://nvsos.gov/sosentitysearch/corpsearch.aspx 
http://sos.nh.gov/nhbuslookup.aspx 
http://www.nj.gov/treasury/revenue/ 
http://www.tax.newmexico.gov/default.aspx 
https://www.dos.ny.gov/ 
https://www.sosnc.gov/corporations/ 
https://apps.nd.gov/sc/busnsrch/busnSearch.htm 
http://business.ohio.gov 
http://www.state.ok.us/?c=4 
http://sos.oregon.gov/business/Pages/default.aspx 
https://www.pa.gov 

http://www.ri.gov/business 
http://www.scsos.com/Search%20Business%20Filings 
http://sdsos.gov/business-services/default.aspx 


https://sos.tn.gov/products/business-services/business- 
information-search-O 
http://www.sos.state.tx.us/corp/index.shtml 


https://corporations.utah.gov 
http://www.sec.state.vt.us 
https://www.scc.virginia.gov/index.aspx 
http://access.wa.gov 
https://sos.wv.gov/Pages/default.aspx 
http://www.wisconsin.gov/Pages/home.aspx 


http://soswy.state.wy.us/Business/Default.aspx 
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I-INTELLIGENCE 


Business Registers (Other) 


Tool 


Andorra 
Aruba 
Australia 


Bahamas 


Bermuda 
British Virgin 
Islands 
Canada 
Colombia 
Curacao 
Gilbraltar 
Guernsey 
India 


Isle of Man 


Jersey 
Malaysia 
New Zealand 
Philippines 
San Marino 
Serbia 
Singapore 
Sri Lanka 


Link 


https://www.ompa.ad 
http://www.arubachamber.com 
http://www.asic.gov.au 


http://www.bahamas.gov.bs/bahamasweb2/home.nsf/vContentW/9 
9B49574E4044661 8525701800647 AFB 


http://www.roc.gov.bm 


http://www.bvifsc.vg 


http://corporationscanada.ic.gc.ca/eic/site/cd-dgc.nsf/Intro 
http://www.confecamaras.org.co 
http://www.ruta-curacao.com 
http://www.companieshouse.gi 
http://www.guernseyregistry.com/homepage 
http://www.mca.gov.in 


https://www.gov.im/categories/business-and-industries/companies- 
registry 


http://www.jerseyfsc.org 

http://www.ssm.com.my 

https://www.business.govt.nz 

http://www.sec.gov.ph 

https://www.cc.sm 
http://www.apr.gov.rs/Default.aspx?alias=www.apr.gov.rs 
https://www.acra.gov.sg 


http://www.drc.gov.|k 
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Thailand http://www.dbd.go.th/dbdweb_en/ewt_news.php?nid=3974 
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I-INTELLIGENCE 


Business Registers Lists and Directories 


Tool 


Business Reference Services 
Central and Eastern European 
Business Directory 


Company Registration Around 
the World 


Company Research Resources 
by Country 


Europages 
European Business Register 


Federation of International 
Trade Associations 


Global Business Register 
Global Edge 


Investigative Dashboard 


Knowledge guide to 
international company 
registration 


List of Company Registers 


Ministry of Economic 
Development of the Russian 
Federation 


Link 


http://www.loc.gov/rr/business/company/directories.ht 
ml 


http://www.ceebd.co.uk/ceebd 


http://www.commercial- 
register.sg.ch/home/worldwide.html 


http://www.rba.co.uk/sources/registers.htm 


https://www.europages.com 
http://www.ebr.org 


http://www.fita.org/webindex/browse.cgi/Entering_Int 
ernational_Markets/Trade_Information_Business_Direct 
ories/international_Business_Directories/Europe_Trade 


_Directories/All_Europe_Directories 


http://www.globalbusinessregister.com 


https://globaledge.msu.edu/global- 
resources/company-directories 


https://investigativedashboard.org/databases 


http://www.icaew.com/en/library/subject- 
gateways/business-management/company- 
administration/knowledge-guide-international- 
company-registration 


https://en.wikipedia.org/wiki/List_of_company_register 
S 


http://www.ved.gov.ru/eng/companies 
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National Company Registers https://en.wikipedia.org/wiki/List_of_company_register 
S 
Overseas Company Registers https://www.gov.uk/government/publications/overseas 


-registries/overseas-registries 
Recoupera https://recoupera.com/countries-companies-registry 


Santander Trade Portal https://en.portal.santandertrade.com/reach-business- 
counterparts/business- 
directories?todo=valider&affichage=&pays_recherche 
=11&code_secteur=all&tri=#result 
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Job Search Resources 


Tool 


Beyond 


CampusCareerCenter 


CareerBuilder 
College Recruiter 
Craiglist 

Dice 

Eluta (Canada) 
Eurojobs 
Fish4Jobs 
Gigajob 
Glassdoor 
Headhunter 
Indeed 
JOBBORSE 
JobRobot 
Jobs (Germany) 
Jobs (Poland) 
Jobware (Germany) 
Jobsite (UK) 
Linkedin 
Monster 

Naukri (India) 
Reed (UK) 

Seek (Australia) 


Link 


http://www.beyond.com 
http://www.campuscareercenter.com 
http://www.careerbuilder.com 
https://www.collegerecruiter.com 
http://losangeles.craigslist.org 
http://www.dice.com 
http://www.eluta.ca 
https://www.eurojobs.com 
http://www.fish4.co.uk 
https://www.gigajob.com 
https://www.glassdoor.com 
http://www.headhunter.com 
http://www.indeed.com 
https://jobboerse.arbeitsagentur.de 
https://www.jobrobot.de 
https://www.jobs.de 
http://www.jobs.pl 
https://www.jobware.de 
http://www.jobsite.co.uk 
https://www.linkedin.com 
http://www.monster.com 
http://www.naukri.com 
http://www.reed.co.uk 


http://www.seek.com.au 
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SimplyHired 


Stackoverflow Developer 
Jobs 


Stellenanzeigen.de 
StepStone 
whoishiring 

Xing 


ZipRecruiter 


|-INTELLIGENCE 


http://www.simplyhired.com 


https://stackoverflow.com 


https://www.stellenanzeigen.de 
https://www.stepstone.de 
https://whoishiring.me 
http://www.xing.com 


https://www.ziprecruiter.com 
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Company Reviews 


Tool 


CareerBliss Reviews 
Comparably 
Fairygoodbooss 
Glassdoor 

Indeed 

The JobCrowd 
Jobvoting 

Kununu 
LookBeforeYouLeap 
Meinchef 

Paysa 
RateMyEmployer 
Seek 

TargetJobs 

Vault 


|-INTELLIGENCE 


Link 


https://www.careerbliss.com/reviews 
https://www.comparably.com 
https://fairygodboss.com 
https://www.glassdoor.com 
https://www.indeed.com/companies 
https://www.thejobcrowd.com 
https://www.jobvoting.de 
https://www.kununu.com 
http://www.lookbeforeyouleap.net 
https://www.meinchef.de 
https://www.paysa.com 
http://www.ratemyemployer.ca 
https://www.seek.com.au/companies 
https://targetjobs.co.uk 


http://www.vault.com 
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Patent Research 


Tool 


Advanced Google Patent 
Search 


AusPat IP Australia 


Benelux Patent Platform 
(Belgium, The Netherlands 
and Luxemburg) 


Canada Intellectual Property 
Office 


Common Citation Document 
FivelPoffices 


Danish Patent and Trademark 
Office 


DPMA Register 


Espacenet Patent Search 
(Europe) 


European Patent Office 
Finland Patent Search 
Free Patents Online Search 


German Patent and Trade 
Mark Office 


Google Patents 


GOV.UK Patent Search 
INPI (France) 


|-INTELLIGENCE 


Link 


https://www.google.com/advanced_patent_search 


http://pericles.ipaustralia.gov.au/ols/auspat/welcome.d 
o;jsessionid=GhZjOO0fgjVF4sudf5kO_8XW5haPebJTués5 
5ZIWx6Kh8eh_HzFxk!199765566 


http://mijnoctrooi.rvo.nl/bpp-portal/home 


http://www.ic.gc.ca/opic- 
cipo/cpd/eng/search/basic.htm | 


http://ccd.fiveipoffices.org/CCD-2.1.6 


http://www.dkpto.org/online-tools/databases-(free- 
access).aspx 


https://register.doma.de/DPMAregister/pat/einsteiger 


https://worldwide.espacenet.com/help?topic=ecla&loca 
le=en_EP&method=handleHelpTopic 


https://register.epo.org/regviewer 
https://patent.prh.fi/patinfo/default2.asp?Lng= 
http://www.freepatentsonline.com/search.html 


https://www.dpma.de/english/search/index.html 


https://patents.google.com 
https://www.google.com/?tbm=pts 


https://www.gov.uk/search-for-patent 


https://www. inpi.fr 
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Israel Patent Authority 
Database 


Japan Patent Office 


Japan Platform for Patent 
Information 


Korea Intellectual Property 
Rights Information Service 


Marcaria Trademark Search 
Markenchk 


Norwegian Industrial Property 
Office 


Office of General Patents 
(India) 


Patent Genius 


Patent Search (Spain) 


PIZNET 


Swedish Patent and 
Registration Office 


Swiss Federal Institute of 
Intellectual Property 


UK Intellectual Property Office 


United States Patent and 
Trademark Office (USPTO) 


USPTO Patent Full-Text and 
Image Database 


World Intellectual Property 
Organization (WIPO) 


World Intellectual Property 
Organization (WIPO) Hague 
Express 


http://www. ilpatsearch.justice.gov.il/Ul/mainpage.aspx 


https://www.jpo.go.jp/cgi/linke.cgi?url=/torikumi_e/sear 
chportal_e/classification.htm 


https://www.j- 
platpat.inpit.go.jp/web/all/top/BTmTopEnglishPage 


http://engpat.kipris.or.kr/engpat/searchLogina.do?next 
=MainSearch 


https://trademark-search.marcaria.com 
http://www.markenchk.de 


https://search.patentstyret.no 
http://ipindia.nic.in 
http://www.patentgenius.com 


http://consultas2.oepm.es/InvenesWeb/faces/busqueda 
Internet.jsp 


http://www. piznet.de 


https://www.prv.se/en/patents 
https://www.swissreg.ch/srclient/faces/jsp/start.jsp 


https://www.ipo.gov.uk/p-ipsum.htm 


https://www.uspto.gov 
http://patft.uspto.gov/netahtml/PTO/search-adv.htm 
https://patentscope.wipo.int/search/en/advancedSearch 


jsf 
http://www.wipo.int/designdb/hague/en 
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12. Solve the equation using the determinant matrix. 


227+ 30=95 
az —-8H0= 0 


3-80 


Tenders 


Tool 


APEC Contracting: Tenders and 


Request for Proposals 
Department of Finance (UK) 


Development Business 


DG Market: Tenders Worldwide 


Double Trade 
Global Tenders 


Infrastructure Civil Works & 
Construction Tenders 


Medical Pharma Healthcare 
Tenders 


Merx (Canada, US) 


Middle East Tenders Search 
NSW eTendering 


SIMAP Information About 
European Public Procurement 


South Australian Tenders & 
Contracts Website 


Tenderio 
Tenderscope 
Tender Link 
Tenders Info 


Tenders Page 


|-INTELLIGENCE 


Link 


https://www.apec.org/Projects/Tenders-and-RFPs 


https://www.finance-ni.gov.uk/topics/procurement 


https://www.devbusiness.com/Search/Search.aspx?Pr 
eLoadProjects=1 


https://www.dgmarket.com 
https://www.doubletrade.com 
http://www.globaltenders.com 


http://www.cwctenders.com 


http://www.medicaltenders.com/medical_tenders_gc 
c_countries.htm 


https://www.merx.com/English/NonMember.asp?WC 
E=Show&TAB=1&PORTAL=MERX&State=1 &hcode= 
tAFO8b5PaGBuUkl43CRDCg%3d%3d 


http://www.middleeasttenders.com/#20180326108 
https://tenders.nsw.gov.au 


http://simap.ted.europa.eu 


https://www.tenders.sa.gov.au/tenders/index.do 


http://www.tenderio.com 
http://www.tenderscope.com 
https://www2.tenderlink.com 
http://www.tendersinfo.com 


https://tenderspage.com 
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Tenders VIC: Victorian 
Government Tenders System 


The Federation of International 
Trade Associations 


Queensland Government 
Building and Asset Services 
elTender 


United Nations Development 
Programme 


United Nations Global 
Marketplace 


I-INTELLIGENCE 
https://www.tenders.vic.gov.au/tenders/tender/searc 
h/tender-search.do?action=advanced-tender-search- 
open-tender 


http://www.fita.org/webindex/browse.cgi/Entering_| 
nternational_Markets/Government_and_Multinational 
_Procurement/Worldwide_Government_Procurement 
_Tenders/Europe_Government_Procurement_(Tende 
rs) 


https://www.hpw.qld.gov.au/bas/etender 


http://procurement-notices.undp.org/search.cfm 


https://www.ungm.org/Public/Notice 
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Charity, NGO, and Nonprofit Research 


Tool 


Benefacts (Ireland) 
Benevity Causes Portal 


CAF America 


Charity Commission for 
England and Wales 


Charity Intelligence 
Charity Navigator 
Charity Watch 
Citizen Audit 


Give.org National Charity 
Reports 


Google Custom Search 
Engine NGOs Search 


Government of Canada 
List of Charities 


Guide Star 


Illinois Attorney General 
Charitable Trust Database 


IRS Charities & Non- 
Profits A-Z Site Index 


National Center for 
Charitable Statistics 


NYU Libraries NGO, 
Charity, and Non-Profit 
Resources 


Link 


https://benefacts.ie 
https://causes.benevity.org/causes/search 


https://cafa.iphiview.com/cafa/givenow/charitydatabasesear 
ch/tabid/464/default.aspx 


https://www.gov.uk/government/organisations/charity- 
commission 


https://www.charityintelligence.ca/research/a-z-charity-listing 
https://www.charitynavigator.org 
https://www.charitywatch.org 

https://www.citizenaudit.org 


https://give.org/charity-reviews/national 


https://cse.google.com/cse/home?cx=01 26816832499 
65267634:q4g16p05-ao 


https://www.canada.ca/en/revenue- 
agency/services/charities-giving/charities-listings.html 


https://www.guidestar.org/NonprofitDirectory.aspx 


http://charitableviewer.ilattorneygeneral.net 
https://www.irs.gov/charities-non-profits/charities-non- 
profits-a-z-site-index 


http://nccs.urban.org 


https://guides.nyu.edu/c.php?g=276965&p= 1846647 
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Office of Massachusetts 
Attorney General Non- 
Profits & Charities 
Document Search 


Open Charities 
UK Charity Commission 


United Nations 
Department of Economic 
and Social Affairs NGO 
Branch 


State of California 
Department of Justice 
Charity Research Tool 


Silicon Valley Global 
Charity Database 


The Chronicle of 
Philanthropy 


WANGO Worldwide 
NGO Directory 


|-INTELLIGENCE 


http://www.charities.ago.state.ma.us/charities 


http://opencharities.org 


http://apps.charitycommission.gov.uk/Showcharity/Register 
OfCharities/registerhomepage.aspx 


http://esango.un.org/civilsociety/login.do 


https://oag.ca.gov/charities/charity-research- 
tool#Location:Default 


https://www.siliconvalleycf.org/ngo 


https://www.philanthropy.com/data 


http://www.wango.org/resources.aspx?section=ngodir 
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Real Estate Research 


Real Estate Research 


Tool 


Airbnb 

Arivify (US) 

Ananz 

Bigger Pockets 
BlueBook International 


Bret Whissel Amortization 
Calculator 


Carmel Realty Company (CN) 


CBRE (Global) 
Central 21 (Global) 
Colliers International 
CouchSurfing 


Digmap Real Estate Tools & 
Analysis 


Emporis 
EuroResales 
FixMyStreet (UK) 
Freddie Mac 
Funda (NL) 
HomeFacts (US) 
HomeMetry (US) 


Link 


https://www.airbnb.co.uk 
https://www.arivify.com 
http://www.ananzi.co.za 
https://www.biggerpockets.com/rei 
http://www.bluebook.net 


http://bretwhissel.net/amortization 


http://www.carmelrealtycompany.cn/real-estate-listings- 
Carmel.htm 


https://www.cbre.us 
https://www.century21.com 
https://www2.colliers.com 
https://www.couchsurfing.com 


https://www.digmap.com/solutions/real-estate-analysis 


https://www.emporis.com 
http://www.euroresales.com 
https://www.fixmystreet.com 
http://www.freddiemac.com/research 
https://www.funda.nl 
https://www.homefacts.com 


https://homemetry.com 
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HouseShop (UK) 
iLocate (NL) 


Institute for Real Estate 
Management 


Jaap (NL) 

Land.net (US) 
LondonRentMyHouse 
Loopnet (US) 


National Association of 
Realtors Directory of Real 
Estate Research Centers 


National Association of 
Realtors Research Reports 


Placester Multiple Listing 
Service (MLS) Directory (US) 


PadMapper (US) 

People Looker (US) 
Realestate.com.au (AU) 
Real Estate Navigator (US) 
Realtor 

Redfin (US) 

Rehold (US) 

Remax Global 

RightMove 

SoldPrice 

Sotherby's International Realty 
SkyscraperPage 


Spanish Country Homes 
(Spain) 


Street Check (UK) 
Total View Real Estate 


United Country Real Estate 
(US) 


US Department of Housing 
and Urban Development 


|-INTELLIGENCE 


https://www.thehouseshop.com 
https://www.ilocate.nl 


http://www.irem.org 


https://www.jaap.nl 
http://www.land.net 
http://www.londonrentmyhouse.com 
http://www.loopnet.com 


https://www.nar.realtor/directories/directory-of-real- 
estate-research-centers 


https://www.nar.realtor/research-and-statistics/research- 
reports 


https://placester.com/mls-directory 


https://www.padmapper.com 
https://www.peoplelooker.com 
https://www.realestate.com.au 
https://rehold.com 
https://www.realtor.com 
https://www.redfin.com 
https://rehold.com 
https://global.remax.com 
http://www.rightmove.co.uk 
http://house.speakingsame.com 
http://www.sothebysrealty.com 
http://skyscraperpage.com 


http://spanishcountryhomes.com 


https://www.streetcheck.co.uk 
http://www.totalviewrealestate.com/userguide.php 


http://www.unitedcountry.com 


https://www.hud.gov 
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World Properties https://www.worldproperties.com 
Zillow (US) https://www.zillow.com 
Zoopla (UK) https://www.zoopla.co.uk 
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Online Marketplaces 


Classifieds and Online Marketplaces 


Tool 


2dehands (BE) 
Alibaba 
AliExpress 
Allegro 


Americanas (BR) 


bedpage 


Big Commerce Global 
Marketplaces Index 


Bonanza 

Claz 

Craigslist 
Depop 

ebay 

eBid (Global) 
eCrater 

Etsy 

Extra (BR, MX) 


FatFingers 


Federal Association of Online 
Trade Marketplaces Across 


Europe (DK) 


Link 


https://www.2dehands.be 
https://www.alibaba.com 
https://www.aliexpress.com 


https://allegro.pl 


https://www.americanas.com.br/hotsite/marketplace- 


americanas 
https://www.bedpage.com 


https://www.bigcommerce.com/blog/global- 
marketplaces 


https://www.bonanza.com 
http://claz.org 
https://www.craigslist.org 
https://www.depop.com 
https://www.ebay.com 
https://www.ebid.net 
https://www.ecrater.com 
https://www.etsy.com 


https://www.extra.com.br/marketplace/venda-no- 
extra.aspx?origin=ex 


http://fattingers.com 


http://bvoh.de/overview-of-online-marketplaces- 
across-europe 
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Flipkart (IN) 

flippity 

Folksy 

GAME Marketplace (UK) 
Goofbay 


Goofbid 

Gumtree 
hotukdeals 

JD (CH) 

Jet 

Jingdong Mall (CH) 
Jumia (NG) 


Lazada (Asia) 

LeoList 

MarkaVIP (Middle East) 
Markt.de 

Marktplaats 

Mercado Livre (BR, MX) 
oodle 


Otto (DE) 


OzBargain (AU) 
PicClick 

Privalia (ES, IT, MX, BR) 
Quikr 

Quoka 

Rakuten (JP, DE) 

Sales Spider 

Search All Junk 


SearchTempest 


https://www.flipkart.com 
http://www.flippity.com 
https://folksy.com 
https://www.help.game.co.uk/hc/en-gb 


https://www.hotukdeals.com/deals/goofbay-free-ebay- 
tools-misspellings-typos-sniper-bargains- 1006930 


https://www.goofbid.com 
https://www.gumtree.com 
https://www.hotukdeals.com 
https://www.jd.com 
https://jet.com 
https://www.jd.com 
https://www.jumia.com.ng 
https://www.lazada.com 
https://www.leolist.cc 
http://markavip.com 
https://www.markt.de 
https://www.marktplaats.n| 
https://www.mercadolivre.com.br 
https://www.oodle.com 


https://www.otto.de/unternehmen/en/e- 
commerce/index.php 


https://www.Ozbargain.com.au 
https://picclick.com 
http://www.privalia.com 
https://www.quikr.com 
https://www.quoka.de 
https://www.rakuten.com 
https://www.salespider.com 
http://www.searchalljunk.com 


https://www.searchtempest.com 
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Shopify 


Snapdeal (IN) 
Speurders 


Statista Top Real Estate 
Companies 


Submarino (BR, MX) 
Taobao (CN) 

Tictail 

TMall (CH) 

Used (Canada) 
Willhaben (AT) 
Zalora (Asia) 

Zibbet 


|-INTELLIGENCE 
https://www.shopify.com/?utm_source=eCommerce%2 
Oplatforms&utm_medium=blog&utm_campaign=Pixcbl 


og 
https://www.snapdeal.com 


https://www.speurders.nl 


https://www.statista.com/study/44581/top-100-real- 
estate-companies 


https://www.submarino.com.br 
https://www.taobao.com 
https://tictail.com 
https://www.tmall.com 
https://www.used.ca 
http://www.willhaben.at 
https://worldwide.zalora.com 


https://www.zibbet.com 
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13. Solve the equation using the determinant matrix. 
a—6b+8c=-l 


Ta+3b—-—4c = 23 
8a—3b+2c=20 


3-81 


Cryptocurrencies and Financial Information 


Cryptocurrencies 


Tool 


Addresswatcher 
Bitcoin WhosWho 
BitRef 

Blockchain 

Block Explorer 
Blockonomics 

Chain Radar 
coinbase 

Crypto Scam Checker 
Crypto Stack 
EtherChain 

EtherScan 

Live Coin Watch 
Monero Blocks 
Monero Wallet Hunter 
WalletExplorer 


xmrchain 


Link 


https://addresswatcher.com 
http://bitcoinwhoswho.com 
https://bitref.com 
https://blockchain.info 
https://blockexplorer.com 
https://www.blockonomics.co 
https://chainradar.com 
https://www.coinbase.com 
https://fried.com/crypto-scam-checker 
https://cryptostack.xyz 
https://www.etherchain.org 
https://etherscan.io 
https://www.livecoinwatch.com 
https://moneroblocks.info 
https://www.xmrhunter.com 
https://www.walletexplorer.com 


https://xmrchain.net 
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Financial Information 


Tool 


Bin Base 

Binlist 

cuitonline 

IBAN Check 

IBAN Checker 
Search BIN Database 
TVA Recherche.lu 
VAT Lookup 

VAT Search 


|-INTELLIGENCE 


Link 


http://www. binbase.com/search.html 
https://binlist.net 

https://www.cuitonline.com 
http://www.tbg5-finance.org/?ibancheck.shtml 
https://www.iban.com 

http://www. binbase.com/search.html 
https://tva-recherche.|lu/adresse 
http://www.vat-lookup.co.uk 


http://vat-search.co.uk 
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Legal Research 


|-INTELLIGENCE 


Legal Research Reources and Tools 


Tool 


Asian Legal Information Institute 


Australian Capital Territory Civil & 
Administrative Tribunal 


Australian Legal Information Institute 
British and Irish Legal Information Institute 


Bundesverfassungsgericht 


CanLaw (Canada) 

CanLll (Canada) 

Cardiff Index to Legal Abbreviations 
Case Law Database 

Case Tracker (UK) 

Chambers and Partners 
Commonwealth Legal Information Institute 
County-Courts.co.uk 

Court Listener 

Court News (UK) 

Crown Court List (UK) 

Cylaw (Cyprus) 

De Rechtspraak 


Deutsche Justice 


Link 


http://www.asianlii.org 


http://acat.act.gov.au 


http://www.austlii.edu.au 
http://www.bailii.org 


https://www.bundesverfassungsgericht.de/ 
SiteGlobals/Forms/Suche/Entscheidungens 
uche_Formular.html 


https://canlaw.com 
https://www.canlii.org 
http://www.legalabbrevs.cardiff.ac.uk 
http://cld.unmict.org 
http://casetracker.justice.gov.uk 
https://www.chambersandpartners.com 
http://www.commonlii.org 
https://county-courts.co.uk 
https://www.courtlistener.com 
http://courtnewsuk.co.uk 
http://xhibit.justice.gov.uk 
http://www.cylaw.org 
https://uitspraken.rechtspraak.nl 


http://www.deutschejustiz.de 
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Droit 
DRSP 


Free County Court Records 


Hong Kong Legal Information Institute 
IlJusticia 


Irish Legal Information Initiaitive 


ittig 

Jersey Legal Information Board 
JuraForum 

Kenya Law 

Korea Legislation Research Institute 
Law Pages 

The LAWPHIL Project 

Law Society (UK) 

Law Society of Northern Ireland 
Law Society of Scotland 

Legal Information Institute of India 


Legal Tools 


Legislation.gov.uk 

Leaxdin 

Lexetius.com 

Lexxion 

Lexum 

LLRX 

Malawi LI 

New Zeland Legal Information Institute 


NYU LlbGuide International Law 


OpenJur 
PACER 


Pacific Islands Legal Information Institute 


|-INTELLIGENCE 


http://www.droit.org 
http://www.drsp.net 


https://www.blackbookonline.info/USA- 
County-Court-Records.aspx 


http://www.hklii.org 
http://www. iijusticia.edu.ar 
https://www.ucc.ie/academic/law/irlii/index. 
php 

http://www. ittig.cnr.it 
https://www.jerseylaw.je 
https://www.juraforum.de 
http://kenyalaw.org 
http://www.klri.re.kr 
http://www.thelawpages.com 
https://www.lawphil.net 
http://www.lawsociety.org.uk 
https://www.lawsoc-ni.org 
https://www.lawscot.org.uk 
http://www.liiofindia.org 


http://www.legal-tools.org/en/what-are- 
the-icc-legal-tools 


http://www.legislation.gov.uk 
https://www.lexadin.nl/wlg 
https://lexetius.com 
http://www.lexxion.de 
https://lexum.com 
https://www.llrx.com 
https://www.malawilii.org 
http://www.nzlii.org 


http://nyulaw.libguides.com/international- 
law 


https://openjur.de 
https://www.pacer.gov 


http://www.paclii.org 
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Pinnington Law 

Southern African Legal Information Institute 
Trial International 

UAB Institute of Law and Technology 
Uganda Legal Information Institute 
UNODC Sherloc 

Urteilfinden 


World Legal Information Institute 


|-INTELLIGENCE 


https://pinningtonlaw.co.uk 
http://www.saflii.org 
https://trialinternational.org 
http://idt.uab.cat 

https://www.ulii.org 
https://www.unodc.org/cld/v3/sherloc 
http://www.urteilfinden.de 


http://worldlii.org 
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Researching Countries 


Country Profiles 


Tool 


BBC News Country Profile 
CIA World Factbook 


Country Studies 
Global Edge 
IMUNA Country Profiles 


Kwintessential Country 
Guides 


Library of Congress Country 
Studies 


Library of Congee Nations 
UN Country Profiles 


UNCTAD Country Profile 


Link 


http://news.bbc.co.uk/2/hi/country_profiles/default.stm 


https://www.cia.gov/library/publications/resources/the- 
world-factbook/index.html 


http://countrystudies.us 
https://globaledge.msu.edu 
http://www.imuna.org/resources/country-profiles 


https://www.kwintessential.co.uk/resources/guides 


https://www.loc.gov/collections/country-studies/about- 
this-collection 


http://www.loc.gov/law/help/guide/nations.php 


http://www.un.org/esa/population/publications/countryp 
rofile/profile.htm 


http://unctadstat.unctad.org/CountryProfile/en- 
GB/index.html 
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Researching Terrorism, Crime, and Cybersecurity 


Researching Terrorism 


Tool 


ALIC Terrorism 


Counter Extremism Project 
Combating Terrorism Center 


Counter Terrorist Trends and 
Analyses (CTTA) 


Global Counterterrorism 
Forum 


Global Terrorism Database 


Global Terrorism Index 


Global Terrorism Research 
Project 


International Center for 
Counter-terrorism 


Jihadica 
Online Jihad 


RAND National Security and 
Terrorism 


RAND Counterterrorism 


Profiles of Individual 
Radicalization in the United 
States 


Link 


https://www.archives.gov/research/alic/reference/terroris 
m-links.html 


https://www.counterextremism.com 
https://ctc.usma.edu 


http://www. rsis.edu.sg/rsis-publication/icpvtr/counter- 
terrorist-trends-and-analyses-ctta-volume-10-issue- 
06/#.WyDPZBIzZTZ 


https://www.thegctf.org 


https://www.start.umd.edu/gtd 


https://en.wikipedia.org/wiki/Global_Terrorism_lndex#20 
17 


http://gtrp.haverford.edu 


https://icct.nl 


http://www.jihadica.com 
https://onlinejihad.net 


https://www.rand.org/topics/national-security-and- 
terrorism.html 


https://www.rand.org/topics/counterterrorism.html 


http://www.start.umd.edu/data-tools/profiles-individual- 
radicalization-united-states-pirus 
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South Asia Terrorism Portal 


START Terrorism Databases 
and Resources 


Terrorism Analysts 


Terrorism & Political Violence 
Risk Map 


Tracking Terrorism 


UN Office of Counter- 
Terrorism 


UN Research Counter- 
terrorism 


http://www.satp.org 


http://www.start.umd.edu/topics/terrorism-databases- 
and-resources 


http://www.terrorismanalysts.com 


https://www.riskadvisory.com/campaigns/terrorism- 
political-violence-risk-map-2018 


https://www.trackingterrorism.org 


http://www.un.org/en/counterterrorism/index.shtml 


http://research.un.org/en/counter-terrorism 
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I-INTELLIGENCE 


Researching Crime 


Tool 


Crime Data Explorer 
CrimeReports 
Data.Police.UK 
Europol 

Eurostat Crime 


International Crimes 
Database 


Interpol 


Office for National Statistics 
Guide to Finding Crime 
Statistics 


UNODC 
WikiCrimes 


|-INTELLIGENCE 


Link 


https://crime-data-explorer.fr.cloud.gov 
https://www.crimereports.com 
https://data.police.uk 
https://www.europol.europa.eu 
http://ec.europa.eu/eurostat/web/crime/database 


http://www. internationalcrimesdatabase.org 


https://www.interpol.int 


https://www.ons.gov.uk/peoplepopulationandcommunity 
/crimeandjustice/methodologies/guidetofindingcrimestat 
isticsoct2016 


http://www.unodc.org 


http://www.wikicrimes.org 
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I-INTELLIGENCE 


Researching Cybersecurity 


Tool 


BlackHat 
Center for Internet Security 
CNET Security 


Common Weakness 
Enumeration 


CSO Online 

CVE Details 

CVE MITRE 

Dark Reading 
DShield 

Exploit Database 
Google Safety Center 
HelpNetSecurity 


Information Systems Security 
Association International 


Infosec Island 
Infosecurity Magazine 
Krebs On Security 
Linux Security 

McAfee Labs 

Microsoft Secure 
Mozilla Security Blogs 
Naked Security 
Network World Security 


Link 


http://www.blackhat.com 
https://www.cisecurity.org 
https://www.cnet.com/topics/security 


http://cwe.mitre.org 


https://www.csoonline.com 
https://www.cvedetails.com 
http://cve.mitre.org 
https://www.darkreading.com 
https://dshield.org 
https://www.exploit-db.com 
https://www.google.com/safetycenter 
https://www.helpnetsecurity.com 


https://issa.site-ym.com 


http://www. infosecisland.com 
https://www.infosecurity-magazine.com 
https://krebsonsecurity.com 
http://www.linuxsecurity.com 
https://securingtomorrow.mcafee.com/mcafee-labs 
https://www.microsoft.com/en-us/security/default.aspx 
https://blog.mozilla.org/security 
https://nakedsecurity.sophos.com 


https://www.networkworld.com/category/security 
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14. Solve the equation using the determinant matrix. 
7x —2y—4z= 16 


3x—6y—2z=-10 
2x+ 4y+5z=49 


Check your answers with those on the next page. Review those items that you missed before 
continuing to the study unit exercise. 


3-82 


NIST 

Packet Storm Security 
SANS 

SCMagazine 

SecuriTeam 

Security Focus 

Security Intelligence 
Security Mailing List Archive 
Security Tube 

Security Week 

Security Wizardry Radar 
Stay Safe Online 

Stop Think Connect 
Talos Intelligence 
Threatpost 

Tripwire State of Security 
US-CERT 


|-INTELLIGENCE 


https://csrc.nist.gov 
https://packetstormsecurity.com 
https://www.sans.org 
https://www.scmagazine.com 
http://www.securiteam.com 
https://www.securityfocus.com 
https://securityintelligence.com 
http://seclists.org 
http://www.securitytube.net 
https://www.securityweek.com 
http://www.securitywizardry.com/radar.htm 
https://staysafeonline.org/resources 
https://stopthinkconnect.org 
https://www.talosintelligence.com 
https://threatpost.com 
https://www.tripwire.com/state-of-security 


https://www.us-cert.gov 
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|-INTELLIGENCE 


Researching Stolen Items 


Researching Stolen Items 


Tool 


Art Loss 
BBB Scam Tracker 
Beds Alert 


Canadian Police Stolen 
Property Search 


Comerica Fraud Center 


Culture Crime News 
Find Stolen Art 
Gestohlen.org 
Gumtree Lost & Found 
HotGunz 


Interpol Works of Art 
Database 


It's BEEN NICKED 
Pawn Alert 

Prey Project 
Scrap Theft Alert 
Securius 

Stolen and Found 


Stolen Boats (UK) 


Link 


http://www.artloss.com 
https://www.bbb.org/scamtracker/us/ 


https://www.bedsalert.co.uk/da/155614/Do_you_recogni 
se_stolen_items_recovered_in_nearby_Hertfordshire_.ht 
ml 


http://www.cpic-cipc.ca/index-eng.htm 


https://www.comerica.com/fraud-center/report- 
fraud/lost-stolen-cards-checks.html 


http://news.culturecrime.org 
http://www.findstolenart.com/Search.asp?sr=0 
http://www.gestohlen.org 
https://www.gumtree.com/lost-found-stuff/uk/stolen 
http://www.hotgunz.com 


https://www. interpol. int/Crime-areas/Works-of- 
art/Database 


http://www. itsbeennicked.co.uk 
http://www.pawnalert.com/search-stolen-database.html 
https://www.preyproject.com 
https://www.scraptheftalert.com/Home/Home.aspx 
https://www.securius.eu/de/datenbank 
https://stolenandfound.com 


http://www.stolenboats.org.uk 
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|-INTELLIGENCE 


stolencamerafinder http://www.stolencamerafinder.co.uk 


Stolen Caravan, Motorhome __http://www.ukcampsite.co.uk/articles/view.asp?id=108 
and Trailer Tent Database 


Stolen Lost Found http://www.stolenlostfound.org 
Stolen Property http://www.stolen-property.com 
Stolen Register http://www.stolenregister.com/search 
Stolen 911 https://stolen911.com 

Trace Checker https://www.tracechecker.com 

The Watch Register http://www.thewatchregister.com 


World Museum Community http://icom.museum/resources/red-lists-database 
Red Lists Database 
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|-INTELLIGENCE 


Researching Human Trafficking 


Researching Human Trafficking 


Tool 


Allies Against Slavery 
Asia-Europe Foundation 
ASTRA Anti-Trafficking Action 
Arc of Hope for Children 


Blue Heart International 


CARIM East - Consortium for 
Applied Research on 
International Migration 


Caritas 


Chance 
Child Protection Hub 
CNN Freedom Project 


Commission on Security and 
Cooperation in Europe 


Council of the Baltic Sea States 


Counter-Trafficking Data 
Collaborative (CTDC) 


Department of Homeland 
Security Blue Campaign 


ECPAT 


Link 


http://www.alliesagainstslavery.org 
http://www.asef.org 
https://www.astra.rs 


https://arkofhopeforchildren.org/child- 
trafficking/child-trafficking-statistics 


http://blueheartinternational.org/human-trafficking-in- 
california 


http://www.carim-east.eu 


https://www.caritas.org/what-we- 
do/migration/human-trafficking 


http://chance.amstat.org 
https://childhub.org 
http://thecnnfreedomproject.blogs.cnn.com 


https://www.csce.gov/issue/human-trafficking 


http://www.cbss.org 


https://www.ctdatacollaborative.org 


https://www.dhs.gov/blue-campaign/share-resources 


http://www.ecpat.org 
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Eastern Shore Human 
Trafficking Task Force 


End Slavery Now 
Erase Child Trafficking 


Ethics & religious Liberty 
Commission Human Trafficking 
Index 


European Commission 


European Court of Auditors 
Special Report 


European Freedom Network 


Europol 


Family and Youth Services 
Bureau 


Fight Against Trafficking 


Force 4 Compassion 
Free the Slaves 

Free To Shine 
Global Centurion 
Global Incident Map 


Global Modern Slavery 
Directory 


Global Slavery Index 

Human Trafficking Center 
Human Trafficking Flow Map 
Human Trafficking Research 
Human Rights First 


Institute for Security & 
Development Policy 


International Human Trafficking 
Task Force 


International Labour 
Organization 


http://eshttf.org 


http://www.endslaverynow.org 
https://www.erasechildtrafficking.org 


https://erlc.com/resource-library/topic-index/human- 
trafficking 


http://ec.europa.eu/anti-trafficking 


http://publications.europa.eu/webpub/eca/special- 
reports/human-trafficking-09-2017/en 


http://www.europeanfreedomnetwork.org/resources 


https://www.europol.europa.eu/crime-areas-and- 
trends/crime-areas/trafficking-in-human-beings 


https://www.acf.hhs.gov/fysb/success- 
story/trafficking-rhy-20170410 


https://www.fightagainsttrafficking.org/participating- 
countries 


http://www.f-4-c.org 
https://www.freetheslaves.net 
https://www.freetoshine.org 
https://www.globalcenturion.org 
http://human.globalincidentmap.com 


http://www.globalmodernslavery.org 


https://www.globalslaveryindex.org 
http://humantraffickingcenter.org 
http://dataviz.du.edu/projects/htc/flow 
http://humantraffickingsearch.org 
https://www.humanrightsfirst.org 
http://isdp.eu 


http://www. ihttf.com 


http://www. ilo.org/global/topics/forced-labour/lang-- 
en/index.htm 
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|-INTELLIGENCE 


International Labor Rights 
Forum 


International Organization for 


Migration 


International Organization for 


Migration Australia 


Interpol 


Kalamazoo Anti-Human 
Trafficking Coalition 


Laboratory to Combat Human 


Trafficking 
La Strada International 
Living For Tomorrow 


Ludwig Boltzmann Institute: 
Human Rights 


Maryland Human Trafficking 
Task Force 


MTV Staying Alive 


National Crime Agency 


National Human Trafficking 
Hotline 


National Society for the 
Prevention of Cruelty to 
Children 


National Runaway Safeline 


Nordic Council of Ministers’ 
Office in Estonia 


Not for Sale Campaign 


Office for Victims of Crime 


Office on Trafficking in Persons 


Ohio Human Trafficking Task 
Force 


Pearls4Hope 
Polaris Project 


Ref World 


|-INTELLIGENCE 


https://www.laborrights.org 


https://www.iom.int 


http://www.iomvienna.at 


https://www.interpol.int/Crime-areas/Trafficking-in- 
human-beings/Trafficking-in-human-beings 


http://www.kahtc.org 


https://combathumantrafficking.org/category/researc 
h-resources 


http://lastradainternational.org 
http://www.I|ft.ee/human-trafficking 
http://bim.lbg.ac.at/en/trafficking-human-beings 


http://www.mdhumantrafficking.org 


http://www.mtvstayingalive.org 


http://www. nationalcrimeagency.gov.uk/publications/ 
national-referral-mechanism-statistics# 


https://humantraffickinghotline.org 


https://www.nspcc.org.uk/preventing-abuse/child- 
abuse-and-neglect/child-trafficking/research-resources 


https://www. 1800runaway.org 


https://www.norden.ee/en/welfare-society/fight- 
against-human-trafficking 


https://www.notforsalecampaign.org 
https://ove.ncjrs.gov/humantrafficking/resources.html 
https://www.acf.hhs.gov/otip 
http://humantrafficking.ohio.gov 


https://www.pearls4hope.com 
https://polarisproject.org/human-trafficking 


http://www.refworld.org/cgi-bin/texis/vtx/rwmain 
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Shared Hope International 
Silk Road Studies Program 


Statista 


Stop the Traffik 


South Carolina Human 
Trafficking Task Force 


Thorn 

United Nations Human Rights 
Office of the High 
Commissioner 


USAID 


US Department of Defense 
Combating Trafficking in 
Persons 


US Department of Health and 
Human Services Office of 
Refugee Resettlement 


US Department of Justice Office 
of Justice Programs - Human 
Trafficking 


US Department of Justice Child 
Exploitation and Obscenity 
Section 


US Department of State Office 
to Monitor and Combat 
Trafficking in Persons 


VAW net 
Vets 4 Child Rescue 


https://sharedhope.org/the-problem 
https://www.silkroadstudies.org 


https://www.statista.com/topics/4238/human- 
trafficking 


https://www.stopthetraffik.org/about-human- 
trafficking/the-scale-of-human-trafficking 


http://humantrafficking.scag.gov/data-reports 


https://www.wearethorn.org/child-trafficking-statistics 


http://www.ohchr.org/EN/PublicationsResources/Page 


s/Publications.aspx 


https://www.usaid.gov/trafficking 
http://ctip.defense.gov 


https://www.acf.hhs.gov/orr/trafficking-resources 


https://ojp.gov/specialfocus/humantrafficking/publicat 


ions.htm 


https://www.justice.gov/criminal-ceos 


https://www.state.gov/j/tip 


https://vawnet.org/sc/human-trafficking 


https://vets4childrescue.org/national-human- 
trafficking-hotline-statistics 
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|-INTELLIGENCE 


Transportation 


Airplanes 


Tool 


ADS-B Exchange 
Aeroseek 
Airmap 

Airliners 

Airport Webcams 
Aviation Edge 
Avaiation Herald 
Aviation Safety 


Bridgenet Volans Live 
Display 


CAA (UK) 


Canadian Civil 
Aircraft Register 


Casper Flights 
Donner Radar 


FlyAriana 
(Afghanistan) 


FlightAware (UK) 
FlightAware (US) 
Flightradar24 
Flight Radar (EU) 
Flight Stats 


Link 


https://www.adsbexchange.com 
http://www.aeroseek.com 
https://developers.airmap.com 
http://www.airliners.net 
http://airportwebcams.net 
https://aviation-edge.com/airport-database-api 
https://www.avherald.com 
https://aviation-safety.net 


http://volans.airportnetwork.com/js3d/volanspublicsfo.html 


http://www.caa.co.uk 


http://wwwapps.tc.gc.ca/saf-sec-sur/2/ccarcs-riacc/RchSimp.aspx 


http://casperflights.com 
http://www.donnyradar.co.uk 


http://www.flyariana.com 


https://uk.flightaware.com 
https://flightaware.com 
https://www.flightradar24.com 
https://www.flight-radar.eu 


https://www.flightstats.com 
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Flightwise 
FlightView 
Humberside Airport 
Open Flights 
Opensky Network 
Over the North East 
PlaneFinder 

Plane Spotters 


Programmable Web 
Transportation APIs 


RadarBox 
Radar Virtuel 
Search Airfields 
Seatguru 


Stack Exchange 
Aviation Forum 


Symphony Public Vue 
WebTrak5 

Zhaw Radar 

360 Radar 


I-INTELLIGENCE 


http://flightwise.com 

https://www.flightview.com 
https://www.humbersideairport.com/live-flight-information 
https://openflights.org/data.html 
https://opensky-network.org 

http://www.otne.co.uk/eta 

https://planefinder.net 

https://www.planespotters.net 


https://www.programmableweb.com/category/transportation/api 


https://www.radarbox24.com 
http://www.radarvirtuel.com 

http://www. pilotweb.aero/airfields/search-airfields 
https://www.seatguru.com 


https://aviation.stackexchange.com 


https://secure.symphonycdm.com/publicvue/Frames.asp 
http://webtrak5.bksv.com 
http://radar.zhaw.ch/AirTraffic.html 
https://360radar.co.uk 
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Drones 


Tool 


Airdata UAV 


Australian Government Civil 
Aviation Safety Authority 


Aviation Safety Network 


Bard College Center for the 
Study of the Drone 


Drone no-fly zones 
dronestagram 
Drone Regulations 
Drone Research Lab 
Drone Wars UK 
DroneZon 


Event38 


Federal Aviation Administration 


Federal Aviation Administration 


UAS Data on a Map 


Global Drone Regulations 
Database 


Google Map Fusion Table 


Precision Hawk Mapper 


RAND Corporation 


|-INTELLIGENCE 


Link 


https://airdata.com 


https://www.casa.gov.au/aircraft/landing-page/flying- 
drones-australia 


https://aviation-safety.net/database/issue/drones.php 


http://dronecenter.bard.edu/the-drone-database 


https://kadata.kadaster.nl/dronekaart 
http://www.dronestagr.am 
https://www.droneregulations.info 
http://droneresearchlab.com 
https://dronewars.net/drone-crash-database 
https://www.dronezon.com 

https://event38.com 
https://www.faa.gov/news/updates/?news|ld=85548 


https://faa.maps.arcgis.com/apps/webappviewer/index 
.html?id=9c2e44067 10048e19806ebf6a06754ad 


https://droneregulations.info 


https://fusiontables.googleusercontent.com/embedviz? 
viz=MAP&q=select+col2+from+1WuTyH62PmMUF97 ox 

o6lreT1BL_aw9HJNSpocwmwg&h=false&lat=44.08758 
502824518&lng=- 

85.5615234375&z=4&t=1 &l=col2&y=1 &tmplt=2 


http://www. precisionhawk.com/precisionmapper 


https://www.rand.org/topics/unmanned-aerial- 
vehicles.html 
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Lesson 3 Exercise Solutions 


Reference 
1. PES. 5S2 3301 
2: @=5,b=S3 3301 
a. SO VSS 3301 
AS .@e4.p=3 3301 
S. Fe 7S5 3301 
6. a=2,b=4 3301 
7. Ri =6,z=7 3302 
8 Ei=p,E,= 2 3302 
9. E, =1,E2=2,E3=3 3303 
10. X,=9,X.=2,R=-4 3303 
ll. R=1,z=3 3304 
12. 2=40,0=5 3304 
is. <= 3:52 56> 3304 
14. x=6,y=3,z=5 3304 


Unit Summary. In this study unit, you learned the procedures for manipulating equations to solve 
for variables. You learned to apply the seven axioms to literal equations. You are able to apply 
problem solving procedures to equations involving ratio and proportions. You learned to solve 
fractional equations by removing the fractions or by factoring with the LCD. You learned to 

solve simultaneous linear equations using the elimination by addition/subtraction, substitution, and 
comparison methods. Finally, you mastered the determinant matrix. This course provided you 
with the mathematical skills necessary to work with electronic formulas and will help you 
complete higher level mathematical problems. 


3-83 


Skylark Drone Research 


Skyward 


The Conversation: Drones 
The Drone Database 
Travel by Drone 

UAS Vision 


UAViators Humanitarian UAV 
Network 


United States Association 
Unmanned Aerial Videography 


Unmanned Aerial Online 


|-INTELLIGENCE 
http://www.skylarkdroneresearch.com/skylark-drone- 
research.html 


https://skyward.io/support/user- 
guide/airspace/usa/airports 


http://theconversation.com/us/topics/drones-2513 
http://drones.cnas.org/drones 
http://travelbydrone.com 
https://www.uasvision.com/about 


http://uaviators.org 
https://uavus.org 


https://unmanned-aerial.com 
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Cars 


Tool 


AllVehicleData 
AutoCheck 
AutoDNA 
AutoTrader (RU) 


Big Rig VIN 
Car Detective 
CarFax 

Check That VIN 
FaxVIN 


Federal-Mogul Motorparts 
Finder 


Honda Recall Lookup 
Interpol Vehicle Crimes 
Kelley Blue Book 

License Plates of the World 
MOT Checker 


National Highway Traffic 
Safety Administration 


National Motor Vehicle Title 
Information System 


Reverse Genie License Plate 
Search 


Saskatchewan VIN search 


Vehicle History 


|-INTELLIGENCE 


Link 


http://www.allvehicledata.com 
https://www.autocheck.com/vehiclehistory/?sitelD=0 
https://www.autodna.com 


https://autotraveler.ru/en/spravka/vehicle-registration- 
codes-in-the-world.html#.Wsz304jwY2w 


http://bigrigvin.com 
https://www.cardetective.com/vin-decoder 
https://www.carfax.com 
https://checkthatvin.com 
https://www.faxvin.com/vin-check 


https://www.fmmotorparts.com/fmstorefront/federalmog 
ul/en/USD/catalog/partsFinderLicensePlateLookup 


https://owners.honda.com/service-maintenance/recalls 
https://www. interpol.int/Crime-areas/Vehicle-crime/Links 
https://www.kbb.com/vehicle-history-report 
http://www.worldlicenseplates.com 
https://www.ismycar.co.uk/mot-checker 


https://vinrcl.safercar.gov/vin 


https://www.vehiclehistory.gov 


http://www.reversegenie.com/plate.php 


https://www.sgi.sk.ca/vin 


https://www.vehiclehistory.com 
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Vehicle Identification 
Number 


VINCheck 
VINCheck.info 
VIN decoder 
VINFree Check 
VIN Place 


|-INTELLIGENCE 


https://vehicleidentificationnumber.com 


https://www.nicb.org/how-we-help/vincheck 
http://vincheck.info 
https://www.vindecoderz.com 
https://www.vinfreecheck.com 


http://vin.place 
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Railways 


Tool 


ACW Railway (US) 


Association of 
American Railroads 


Association for 
Open Data of 
Public 
Transportation 
Secretariat Office 
(Japan) 


Archive Freight 
Rail Works 


British Columbia 
Data Catalogue 


Canadian Rail 
Research 
Laboratory 


Centre For Railway 
Research 


Data.gov (India) 


Data.gov (Saudi 
Arabia) 


Data.gov (US) 
Data.deutschebahn 


Data.vancouver.ca 
(Canada) 


DB (Germany) 


DB Open Data 
Portal 


|-INTELLIGENCE 


Link 


http://www.acwr.com/economic-development/rail-maps 


https://www.aar.org 


http://airport.odpt.org/index-e.html 


http://archive.freightrailworks.org 


https://catalogue.data.gov.bc.ca/dataset/railway-track-line 


http://carrl.ca 


http://www.crr.iitkgp.ernet.in/crr/index.php 


https://data.gov.in/sector/railways 


http://www.data.gov.sa/en/saudi-railways-organization 


https://catalog.data.gov/dataset?tags=railroad 
http://data.deutschebahn.com/dataset 


http://data.vancouver.ca/datacatalogue/railway.htm 


http://www.apps-bahn.de 
http://data.deutschebahn.com 
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DSB (Denmark) 


Eurail (EU) 
Participating 
Railway Companies 


European 
Reference Center 
for Intermodal 
Freight Transport 


Federal Railroad 
Administration (US) 


Indian Railways 


International 
Association of 
railway Operations 


International 
Journal of Railway 
Research 


Interrail Trains Per 
Country 


Intermodal Map 
(EU) 


Keisei Electric 
Railway Company 
(Japan) 

Liik Enne Vira Sto 
(Finland) 


Network Rail (UK) 


Odakyu Electric 
Railway Company 
(Japan) 

Office of Rail and 
Road (UK) 
Open.cCnada 


Open Data: City 
and County of 
Durham 


Open Data NI 


https://www.dsb.dk 


https://www.eurail.com/en/get-inspired/trains-europe/useful-train- 


information/participating-railway-companies 


http://eurift.eu/index.php 


https://www.fra.dot.gov/Page/P0001 


https://railways.socialcops.com 


http://www.iaror.org 


http://ijrare.iust.ac.ir 


https://www. interrail.eu/en/plan-your-trip/trains-europe/trains- 
country 


http://www. intermodal-map.com/freie-karte 


http://www.keisei.co.jp 


https://www.liikennevirasto.fi/web/en/data 
https://www.networkrail.co.uk/who-we-are/transparency-and- 


ethics/transparency/open-data-feeds 


https://www.odakyu.jp 


http://orr.gov.uk/about-orr/corporate-data 


https://open.canada.ca/data/dataset?keywords=railway+networks 


https://opendurham.nc.gov/explore/dataset/durham-railways 


https://www.opendatani.gov.uk/group/transport 
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Open Data Peel 
Region (Canada) 


Open Data Regina 
(Canada) 


Open Data Swiss 


Open Data 
Transport NSW 
(Australia) 


Open Railway Map 


PennDOT Open 
Data 


Queensland 
Government Data 


Rail Analysis India 
Raildar FR 
Rail Delivery Group 


Rail Freight 
Locations (EU) 


Rail Net Europe 
Railway Gazette 
Railway Research 


Railway Technical 
Research Institute 


Railway 
Technology 


Rail Webcams 
Spoorkaart 


Tobu Railway 
Company (Japan) 
Trafa Transport 
Analysis 


Trafi Finnish 
Transport Safety 
Agency 


Trainline 


|-INTELLIGENCE 
http://opendata.peelregion.ca/data- 
categories/transportation/railways.aspx 


http://open.regina.ca/dataset/railways 


https://opendata.swiss/en/organization/schweizerische- 
bundesbahnen-sbb 


https://opendata.transport.nsw.gov.au/search/type/dataset 


https://www.openrailwaymap.org 


https://data-pennshare.opendata.arcgis.com 


https://data.qld.gov.au/dataset/steam-locomotive-drawings-and- 
railway-plans 


http://railanalysis.in 
http://raildar.fr 
https://www.raildeliverygroup.com/our-services/rail-data.html 


http://www. railfreightlocations.eu 


http://www.rne.eu/downloads 
http://www. railwaygazette.com 
http://www. railway-research.org 


http://www. rtri.or.jp/eng 


https://www.railway-technology.com/company-a-z 


http://railwebcams.net 
http://spoorkaart.mwnn.nl 


http://www.tobu.co.jp/corporation 


https://www.trafa.se/en/rail-traffic 


https://www.trafi.fi/en/information_services/open_data 


https://www.thetrainline.com 
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Transport Focus 
(UK) 
UCL Railway 


Research Group 


UIC (Union 
Internationale Des 
Chemins De Fer) 


UK Rail Research 
and Innovation 
Network 


Union Pacific (US) 


US Department of 
Transportation 
Railroads 


Welsh Railways 
Research Circle 


World By Map 
Railways 


|-INTELLIGENCE 
https://www.transportfocus.org.uk/research-publications/rail- 
research/#?modes=4 
http://www.ucl.ac.uk/railway-research 


https://uic.org/research 


http://www.ukrrin.org.uk 


https://www.up.com/index.htm 


https://www.transportation.gov/railroads 


http://wrrc.org.uk/research.php 


http://world.bymap.org/Railways.html 
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I-INTELLIGENCE 


Public Transport 


Tool Link 


Bay Area Rapid Transit http://www.bart.gov 


Bureau of Transportation —https://www.bts.gov 
Statistics 


Chicago Regional http://data.rtachicago.org 
Transportation Authority 


Department for Transport http://naptan.dft.gov.uk/naptan/process.htm 
NaPTAN (UK) 


DIVA-GIS http://www.diva-gis.org/gdata 

Geofabrik Open Street http://download.geofabrik.de 

Map 

Global BRT Data https://brtdata.org 

Global Roads Data http://www.ciesin.columbia.edu/confluence/display/roads/Gl 
obal+Roads+Data 

Global Mass Transit http://www.globalmasstransit.net/archive.php?id=2181 

Report 

Google Maps - Transit https://maps.google.com/landing/transit/index.html 

Koordinates https://koordinates.com 

Livemap24 https://livemap24.com 

Mapnificent https://www.mapnificent.net 

New York City http://www.nyc.gov/html/dot/html/about/datafeeds.shtml 


Department of 
Transportation 


Open Cycle Map https://www.opencyclemap.org 


Open Data City of New https://opendata.cityofnewyork.us/data 
York 


Open Data Platform Swiss https://opentransportdata.swiss/en/dataset 
Public Transport 
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Open Data Showroom 
Open Data Soft - Navitia 
Open Data Soft - Navitia 
Open Data Swiss 


Open Data Transport 
(Australia) 


Open Street Map 


Open Street Map 
Belgium 


Open Street Map 
Lithuania 


Open Street Map Public 
Transport Wiki 


OPNVKarte 
(OpenBusMap) 


Organisation for 
Economic Co-operation 
and Development 


PT Map 


Public Transport 
Information (UK) 


Public Transport Victoria 
Thunderforest Maps 
Transitfeeds 

transitland 


TransitWiki 


Transport for London 
Open Data 


Transports Metropolitans 
de Barcelona 


Transport Scotland 
Traveine 
TRAVIC 


Queensland Government 
Data General Transit 


http://opendata-showroom.org/en/traffic 
https://navitia.opendatasoft.com/explore/?sort=modified 
https://navitia.opendatasoft.com/page/start 
https://opendata.swiss/en 


https://opendata.transport.nsw.gov.au/dataset/public- 
transport-realtime-vehicle-positions 


https://www.openstreetmap.org 


http://www.osm.be 


https://openmap.It/#m/7.34/55.00084/23.95463/0/0 


https://wiki.openstreetmap.org/wiki/Public_transport 


http://www.openbusmap.org 


https://data.oecd.org/transport/passenger-transport.htm 


https://ptmap.plepe.at 


http://www.carlberry.co.uk/rfnsearch.asp 


https://www.ptv.vic.gov.au/getting-around/maps 
https://www.thunderforest.com/maps 
http://transitfeeds.com 
https://transit.land/playground 


https://www.transitwiki.org/TransitWiki/index.php/Publicly- 
accessible_public_transportation_data 


https://tfl.gov.uk/info-for/open-data-users 


https://www.tmb.cat/es/home 


https://www.transport.gov.scot/public-transport 
http://www.traveline.info 
http://tracker.geops.ch 


https://data.qld.gov.au/dataset/general-transit-feed- 
specification-gtfs-qconnect 
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I-INTELLIGENCE 


UITP 

Vision Zero View NYC 
WikiRoutes 

World Bank 


|-INTELLIGENCE 


http://www.uitp.org/data-statistics 
http://www.vzv.nyc/# 
https://wikiroutes.info 


http://www.worldbank.org/en/topic/transport 
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Study Unit 3 Exercise: Complete items | through 20 by performing the action required. Check 
your responses against those listed at the end of this study unit exercise. 


1 Sart _ gt =< Solve for @. 
a 1 (on —] 
b. —3 d. -1.5 
1 
2. Re=GZe-* Solve for @1. 
er Rit Rn 
4 “C(Ry+Rn) aaa 
ee Cee 


3. 19-5a(4at+1)=40-10a(2a-1) Solve for 4. 


5 6 
ae oy C7 
7 6 
b. 75 d. 5 
2y 
4. LL= iW Solve for y. 
We LWZ 
a. IZ Ce 2 
2=-LZ 2LWZ 
b. 2Lwz 2-LZ 
2 1 ! 
5. oe — oe a = ad + 2x ; Solve for X. 
a. 8.5 (on =15 
b, 3:2 d. —5 


3-84 


Ships 


Tool 


AIS Data Exchange Dispatcher 


AIS Tracker (Russia) 
Arundale 
BoatlInfoWorld 

Boat Nerd 
Bottenviken Live AIS 


Coast Guard Vessel Search 


Cruise Mapper 
Cruise Ship Tracker 
Digimap Guernsey 
FleetMon 

Global Fishing Watch 


Gloucester Harbour Trustees 


Helcom AIS 
ICC Piracy Map 


Infomarine 


International Registries Inc. 


Krooz Cams 
Landsort AIS 
Live Cruise Ship Tracker 


Link 


http://www.aishub.net/ais-dispatcher 
http://en.aistracker.ru/map7.asp 
http://arundale.com/docs/ais/sp_map.html 
https://www.boatinfoworld.com 
http://ais.boatnerd.com 

http://ais.sk2hg.se 


https://www.st.nmfs.noaa.gov/coast-guard-vessel- 
search/index 


http://www.cruisemapper.com 
http://www.cruisin.me/cruise-ship-tracker 
http://www.digimap.gg/marine/ais 
https://www.fleetmon.com 
http://globalfishingwatch.org 


http://gloucesterharbourtrustees.org.uk/ship-positions- 
marine-traffic 


http://maps.helcom.fi/website/AlSexplorer 


http://www.icc-ccs.org/piracy-reporting-centre/live- 
piracy-map 


http://www.infomarine24.com 


https://www.register- 
iri.com/index.cfm?action=page&page=53 


http://www.kroooz-cams.com 
http://www.landsort-ais.se/aism.html 


https://www.livecruiseshiptracker.com 
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|-INTELLIGENCE 


Live Cruise Ship Tracker 


Maritime Connector 
Marine Cadastre 


Marine Scotland 


MarineTraffic 
MarineTraffic 

My Ship Tracking 
Naxos Island 

Open Sea Map 

Open Sea Map 
Pocket Mariner 

Port Hedland Live AIS 


Rathlin Weather AIS (United 
Kingdom) 


Sandkilen-Helmi AIS 


Sandy Bay Yacht Club 
Scanner Net 
SCCOOS (United States) 
Shipais 

Ship Finder 

Shipping Explorer 
ShipSpotting 

Ship Tracker Shodan 
Trewillis.co.uk 

Vessel Finder 

Vessel Tracker 

World Map 

World Port Index 


2sandnessjo (Norway) 


http://www.thecruisevillage.com/live-cruise-ship- 
tracker.phtml 


http://maritime-connector.com 


https://marinecadastre.gov/ais 


http://marine.gov.scot/information/ais-shipping-traffic- 


selected-ports 

https://www.marinetraffic.com 
http://www.marinetraffic.org 
https://www.myshiptracking.com 
http://www.naxosisland.eu/live_ship_data.html 
http://map.openseamap.org 
http://www.openseamap.org 
http://pocketmariner.com 
http://www.phseafarers.org/live-ship-map-ais.html 


http://www.rathlinweather.co.uk/AIS 


http://www.helmi.se/en/tours-events/ais-live-trace- 
7227149 


http://www.sandybay.org/AlS.shtml 
http://www.scannernet.nl/maritiem/live-ais 
http://sccoos.org 
http://www.shipais.com 
http://shipfinder.co 
http://www.shippingexplorer.net 
http://www.shipspotting.com 
https://shiptracker.shodan.io 
http://www.trewillis.co.uk 
https://www.vesselfinder.com 
https://www.vesseltracker.com 


https://worldmap.harvard.edu/maps/2892 


https://msi.nga.mil/NGAPortal/MSI.portal?_nfpb=true& 


_pageLabel=msi_portal_page_62&pubCode=0015 


http://www.2sandnessjo.no/shipplotter/gmap/stavanger 


-Atm | 
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Container and Cargo Tracking 


Tool Link 


APL Tracking https://www.apl.com/wps/portal/apl/etools/tracking 
Cargo Loop http://www.cargoloop.com 


Cargo Tracking _http://cargotracking.utopiax.org/containertracking.html 


Container http://container-tracking.org 
Tracking 
FleetMon https://www.fleetmon.com/services/container-tracker/search 


Freight Metrix http://www.freightmetrics.com.au/Marine/ 
ShipTracking/tabid/483/Default.aspx 


Locus Traxx http://www.locustraxx.com 
Worldwide 
Marine Traffic https://www.marinetraffic.com/en/ais/ 


home/centerx:5.7/centery:57.9/zoom:2 


My Ship https://www.myshiptracking.com 

Tracking 

Navipedia http://www.navipedia.net/index.php/Package_and_Container_Tracking 
Searates https://www.searates.com/container/tracking 

Track-trace http://www.track-trace.com 

Vessel Finder https://www.vesselfinder.com 


Vessel Tracker —_https://www.vesseltracker.com/en/Googleearth.html 
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Web Intelligence 


|-INTELLIGENCE 


Domain and IP Research, Websites Analysis 


Tool 


Accuranker 

ahrefs 

Alexa 

altdns 

Analyze ID 

APNIC 

aquatone 

ARIN 
Assetnote-poc 
Backlink Checker 
BGP 

Bing Webmaster Tools 
Blacklist Check Tool 
BlackWidow 

Blue Backlinks 
Bluto-Old 

BotScout 


BrightCloud URL or IP 
Lookup 


BuiltWith 
Censys 


Central Ops 


Link 


https://www.accuranker.com 
https://ahrefs.com 

http://www.alexa.com 
https://github.com/infosec-au/altdns 
http://analyzeid.com 

https://www.apnic.net 
https://github.com/michenriksen/aquatone 
https://www.arin.net 
https://github.com/infosec-au/assetnote-poc 
http://smallseotools.com/backlink-checker 
https://bgp.he.net 
http://www.bing.com/toolbox/webmaster 
http://www.blichecktool.com 
http://www.softbytelabs.com/en/BlackWidow 
http://bluebacklinks.com 
https://github.com/darryllane/Bluto-Old 
https://botscout.com/search.htm 


https://www.brightcloud.com/tools/url-ip-lookup.php 


http://builtwith.com 
https://censys.io 


http://centralops.net 
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certgraph 

Certificate Search 
clearwebstats 

CloudFail 

CloudFlare Watch 
Complete DNS 
COMODO SSL Analyzer 
Copyscape 

Crt.sh 

COCounter 


Custom Domain Search 
Tools 

Custom IP Address Search 
Tools 


CuteStats 

Cymon 

Cymru IP to ASN Lookup 
Daily Changes 

DB-IP 

Dedicated or Not 
Deepviz - search 

Denic web whois 

Digital Point 

Directory of Malicious IPs 
DNSDumpster 

DNS History 

DNSlytics 

dnspop 

dnsrecon 

DNS Root Instances 
DNSSec Analyzer 

DNS Spy 

DNSStuff 

DNS Trails 


https://github.com/lanrat/certgraph 
https://crt.sh 
https://www.clearwebstats.com 
https://github.com/mOrtem/CloudFail 
http://crimeflare.biz 
https://completedns.com 
https://sslanalyzer.comodoca.com 
http://copyscape.com 

https://crt.sh 
http://cqcounter.com/whois 


https://inteltechniques.com/osint/menu.domain.html 


https://inteltechniques.com/osint/menu.ip.html 


https://www.cutestat.com 

https://cymon.io 

https://asn.cymru.com 
http://dailychanges.domaintools.com 
https://db-ip.com 

http://dedicatedornot.com 
https://search.deepviz.com 
https://www.denic.de/webwhois 
https://tools.digitalpoint.com 

http://www. projecthoneypot.org/list_of_ips.php 
https://dnsdumpster.com 

http://dnshistory.org 

https://dnslytics.com 
https://github.com/bitquark/dnspop 
https://github.com/darkoperator/dnsrecon 
https://atlas.ripe.net/results/maps/root-instances 
https://dnssec-analyzer.verisignlabs.com 
https://dnsspy.io 

http://www.dnsstuff.com 


http://dnstrails.com 
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|-INTELLIGENCE 


DNS Trails 

dnstwister 

DNSViz 

Domain Big Data 
Domain Crawler 
Domain Dossier 
Domain History 
Domain & IP Addresses 
DomainlO 

Domain Tools 

Domain Tools 
downdetector 
downforeveryoneorjustme 
DShield API 
EasyCounter WHois 
Easy whois 

EURid 

Exfiltrated 

Exonera Tor 
Fierce-domain-scanner 
FindSubDomains 


Finitimus 


Follow.net 

gdns 

Geo IP Tool 
gobuster 
GoDaddy WHois 
GooHak 
GraphyStories 
Hexillion 


HypeStat 


|-INTELLIGENCE 


https://securitytrails.com/dns-trails 
https://dnstwister.report 

http://dnsviz.net 
http://domainbigdata.com 
http://www.domaincrawler.com 
http://centralops.net/co/DomainDossier.aspx 
http://www.domainhistory.net 
http://netbootcamp.org/websitetool.html 
https://www.domainig.com 
https://www.domaintools.com 
http://whois.domaintools.com 
http://downdetector.com 
http://downforeveryoneorjustme.com 
https://isc.sans.edu/api 
https://whois.easycounter.com 
https://www.easywhois.com 
https://eurid.eu 
http://www.exfiltrated.com/querystart.php 
https://exonerator.torproject.org 
https://github.com/davidpepper/fierce-domain-scanner 
https://findsubdomains.com 


https://chrome.google.com/webstore/detail/finitimus/ckdj 
cgaagfenndkkknfmncedapdjaokb?utm_source=chrome- 
ntp-icon 


http://follow.net 
https://github.com/hrbrmstr/gdns 
https://geoiptool.com 
https://github.com/OJ/gobuster 
https://ca.godaddy.com/whois 
https://github.com/1N3/Goohak 
http://app.graphystories.com 
http://hexillion.com 


https://www.hypestat.com 


149 


Icann Whois 


IKnowWhatYouDownload 


InfoBylp (Bulk Domain & IP 


Lookup 
Infosniper 


intoDNS 


IntelliTamper 


InterNIC Whois 

IP 2 Geolocation 

IP 2 Location 

IP Address 

IP Address Location 


Ipapi Bulk IP Address 


Lookup 

IP Checking 

IP Chicken 

IP Data 
IPFingerprints 
iphostinfo 

IP Info 

Ipinfo.io 

ipintel 

IP Lists by FireHOL 
IP Location 

IP to ASN 

IP Tracker Online 
IPv6é Locator 
ipverse 

IPVoid 

iTools 
iwantmyname 


IXMaps Explore 


|-INTELLIGENCE 


https://whois.icann.org 


https://iknowwhatyoudownload.com/en/peer/?ip=198.8.8 
0.192 


https://www.infobyip.com/ipbulklookup.php 


http://www. infosniper.net 
http://www.intodns.com 


http://www.softpedia.com/get/Internet/Other-Internet- 
Related/IntelliTamper.shtml 


http://www. internic.net/whois.html 
http://ip2geolocation.com 
https://www.ip2location.com 
https://www.ip-address.org 
http://www.ipaddresslocation.org 


https://app.ipapi.co/bulk 


http://www.ipchecking.com 
http://www.ipchicken.com 
https://ipdata.co 

http://www. ipfingerprints.com 
https://iphostinfo.com 
http://ipinfo.info 
https://ipinfo.io 
https://ipintel.io 
http://iplists.firehol.org 
https://www.iplocation.net 
https://iptoasn.com 
https://www. iptrackeronline.com 
http://ipvélocator.net 
http://ipverse.net 
http://www.ipvoid.com 
http://itools.com 
https://iwantmyname.com 


https://www.ixmaps.ca/explore.php 
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JoeSandboxCloud 
Jotti 

Kloth 

lacnic 

Leaked Source 
Linktally 

Majestic 

Maltego 

Malware Domain List 
MaxMind 


McAfee Customer URL 
Ticketing System 


mnemonic 
moonsearch 
moreofit 

Mr. LOOQUER 
MXToolbox 

My IP 

Netcraft Site Report 


NetStat Agent 
Network Intelligence 
Network Tools 
Nibbler 

NirSoft 

Onyphe 
OpenLinkProfiler 
Open Site Explorer 
OSINT SPY 
PageGlimpse 


Pentest-Tools Find 
Subdomains 


Pentest-Tools.com 


|-INTELLIGENCE 


https://www.joesandbox.com 
https://virusscan.jotti.org 
http://www.kloth.net/services 
http://www.lacnic.net 
https://leakedsource.ru 

http://linktally.com 

https://majestic.com 
https://www.paterva.com/web7 
http://www.malwaredomainlist.com/mdl.php 
https://www.maxmind.com 


https://trustedsource.org/sources/index.pl 


https://passivedns.mnemonic.no 
http://moonsearch.com 

http://www.moreofit.com 

https://mrlooquer.com 

http://origin.mxtoolbox.com || https://mxtoolbox.com 
https://www.myip.ms 


http://toolbar.netcraft.com/site_report?url=undefined#last 
_reboot 


http://netstatagent.com 

https://netintel.net 

http://network-tools.com 

http://nibbler.silktide.com 

http://www.nirsoft.net 

https://www.onyphe.io 
http://www.openlinkprofiler.org/ratelimit/domain.com 
https://moz.com/researchtools/ose 
https://osint-spy.com 

http://www.pageglimpse.com 


https://pentest-tools.com/information-gathering/find- 
subdomains-of-domain 


https://pentest-tools.com/information-gathering/google- 
hacking 
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Plagiarism Checker 
PTRArchive 
pubDB 


Quantcast 


Quick Sprout 
RedirectDetective 
Remote DNS Lookup 
Reverse DNS Lookup 


Reverse IP to Domain 
Lookup 


RIPE NCC 
RisklQ 


Risk Neustar 


Robtex 

SamelD 

SamelP 
Scamvoid 
scanless 

Scans.io 
Security Headers 
SEMrush 

SEO Chat Tools 


SEO SiteCheckup Sitemap 


Test 

SEOTools for Excel 
Serpstat 

Shodan 

SIDN 

Similar Web 

Site Dossier 
Siteliner 


SiteSleuth 


|-INTELLIGENCE 


http://smallseotools.com/plagiarism-checker 
http://ptrarchive.com 
http://pub-db.com 


https://www.quantcast.com 


https://www.quicksprout.com 
http://redirectdetective.com 
https://remote.12dt.com 
https://hackertarget.com/reverse-dns-lookup 


http://www. ipfingerprints.com/reverseip.php 


https://www.ripe.net 
https://community.riskig.com 


https://www.risk.neustar/resources/tools/ip-geolocation- 
lookup-tool 


https://www.robtex.com 
http://sameid.net 
http://www.sameip.org 
https://www.scamvoid.com 
https://github.com/vesche/scanless 
https://scans.io 
https://securityheaders.com 
https://www.semrush.com 
http://tools.seochat.com 


https://seositecheckup.com/tools/sitemap-test 


http://seotoolsforexcel.com 
https://serpstat.com 
https://www.shodan.io 
https://www.sidn.nl 
https://www.similarweb.com 
http://www.sitedossier.com 
http://www.siteliner.com 


https://www.sitesleuth.io 
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SmallSEOTools 

Snusbase 

Software77 Multi-Lookup 
SpyCraw 

SpyOnWeb 

StatsCrop 

Sublist3r 


Sucuri Free Website and 
Malware Scanner 


Symantec WebPulse Site 
Review Request 


Talos Reputation Lookup 
TCPIPUTILS.com 

Tejji 

Threat Crowd 
Threatglass 

Threat Miner 


Trend Micro Site Safety 
Center 


Timer4Web 
Tucows domains 
urlQuery 

urlscan 

URLVoid 

Utrace 

Verisign 
Viewdns 
Vigilante 

Virus Total 
Visual Site Mapper 
W3bin.com 
W3dt 

w3snoop 


Wappalyzer 


|-INTELLIGENCE 


http://smallseotools.com 
https://snusbase.com 
http://software77.net/geo-ip/multi-lookup 
https://www.spycraw.com 
http://spyonweb.com 
http://www.statscrop.com 
https://github.com/aboul3la/Sublist3r 


https://sitecheck.sucuri.net 


https://sitereview.bluecoat.com 


https://talosintelligence.com 
http://www.tcpiputils.com 
http://tejji.com 
https://www.threatcrowd.org 
http://www.threatglass.com 
https://www.threatminer.org 


https://global.sitesafety.trendmicro.com 


https://www.timer4web.com 
https://www.tucowsdomains.com 
http://urlquery.net 
https://urlscan.io 
http://www.urlvoid.com 
http://en.utrace.de 
http://dnssec-debugger.verisignlabs.com 
http://viewdns.info 
https://www.vigilante.pw 
https://www.virustotal.com 
http://www. visualsitemapper.com 
https://w3bin.com 
https://w3dt.net 
http://webboar.com.w3snoop.com 


https://wappalyzer.com 
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10. 


(.7a—.7)(.2+a) = (1 —-1.4a)(.1—-.5a) 


Solve for a. 
c. .02 


d. .3 


Solve for x. 
c. —2 
d. 3 


Solve for f. 


c Ro-Re 


Cc 


d. Ro-Rp 


Solve for f. 


AL 
2Mo@ 


d. 2u,@/AL 


Solve for X. 


3-85 


Watch Guard Reputation 


Authority 
Web Filter Lookup 


Web Inspector Free 


Website Malware Scanner 


WebMeUp 
WebPageTest 
Website Informer 
Website Outlook 
webtarantula 
WhatlsMylPAddress 
Whois 

Who.is 

Whois Amped 
Whois Arin Online 
Whois.com 
WholsHostingThis 
WHOIS ICANN 
WhoisLookup 
WhoisMind 
WHOis.net 
Whois.Search 
Whoisology 
WholsRequest 
WhoLinks2Me 
Whoxy 

Wigle 

Woorank 

xray 

You Get Signal 
Zulu URL Risk Analyzer 


http://www.reputationauthority.org 


https://fortiguard.com/webfilter 


http://app.webinspector.com 


http://webmeup.com 
https://www.webpagetest.org 
http://website.informer.com 
http://websiteoutlook.com 
http://webtarantula.com 
http://whatismyipaddress.com 
https://www.whois.com 
https://who.is 
https://whoisamped.com 
https://whois.arin.net 
https://www.whois.com 
http://www.whoishostingthis.com 
https://whois.icann.org 
http://www.puwong.com/whois 
http://www.whoismind.com 
https://whois.net 
https://whois-search.com 
https://whoisology.com 
http://whoisrequest.com 
http://www.wholinks2me.com 
https://www.whoxy.com 
https://wigle.net 
https://www.woorank.com 
https://github.com/evilsocket/xray 
http://www.yougetsignal.com 


https://zulu.zscaler.com 
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|-INTELLIGENCE 


Web History and Website Capture 


Tool 


Archive.is 
Archive.fo 
BlackWidow 
Cached Pages 
Cached View 
Common Crawl 


Convert Web to 
PDF 


Go Back in Time 


InstaWeb 

Mass archive 
PageDash 
Passive Cache 
PDFMyURL 
Print Friendly 
Print What You 
Like 

Resurrect Pages 


Save as PDF 
Add-on 


Save to Google 
Drive 


Save Webpage 
As Word 
Document 


Link 


http://archive.is 

http://archive.fo 
http://softbytelabs.com/en/BlackWidow 
http://www.cachedpages.com 
https://cachedview.nl 
http://commoncrawl.org 


https://play.google.com/store/apps 
/details?id=com.smobileteam.pdf.activity 


https://chrome.google.com/webstore/detail 
/go-back-in-time/hgdahcpipmgehmaaankiglanlgljlakj 


http://www.digiset.me/instaweb 
https://github.com/motherboardgithub/mass_archive 
https://www.pagedash.com 
https://addons.mozilla.org/en-US/firefox/addon/passive-cache 
http://pdfmyurl.com 

https://www.printfriendly.com 


http://www. printwhatyoulike.com 


https://addons.mozilla.org/en-US/firefox/addon/resurrect-pages 


https://pdfcrowd.com/save-as-pdf-addon 


https://chrome.google.com/webstore/detail/save-to-google- 
drive/gmbmikajjgmnabiglmofipeabaddhgne?hl=en 


https://chrome.google.com/webstore/detail/save-webpage-as-word- 
docu/mcebgdgbcbdkgdliffnkkbekldnidbmn 
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Screenshots.com http://www.screenshots.com 


Time travel 
UK Web Archive 


Wayback 
Machine 


Wayback 
Machine 
Chrome Add-on 


View-page- 
archive 


waybackpack 
Web2PDF 
Web2Pdf. 
Web Cache 


WebCitation 


Webpage to 
PDF 


Webrecorded 


http://timetravel.mementoweb.org 
http://www.webarchive.org.uk 


http://archive.org/web/web.php 


https://chrome.google.com/webstore/detail/wayback- 
machine/fpnmgdkabkmnadcjpehmlllkndpkmiak?hl=en-US 


https://github.com/dessant/view-page-archive 


https://github.com/jsvine/waybackpack 
https://www.web2pdfconvert.com 
https://www.microsoft.com/en-us/store/p/web2pdf/9nblgggz5phq 


https://chrome.google.com/webstore/detail/web- 
cache/coblegoildgpecccijneplifmeghcgip 


http://webcitation.org/query 
http://webpagetopdf.com 


https://webrecorder.io 
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Wifi Search 


Tool 


Avast Wifi Finder 
Find Wifi 
Instabridge 

Places to Work 
Wifi Finder + Map 


Wifi Finder Connect Internet 


WifiFreeSpot 
Wigle 
WikiFiox 


|-INTELLIGENCE 


Link 


https://www.avast.com/en-in/wifi-finder 
https://find-wifi.mylnikov.org 
https://instabridge.com 
https://placestowork.net 


https://itunes.apple.com/us/app/map-wifi-wi-fi- 
finder/id946365975?mt=8&ign-mpt=u0%3D8 


https://itunes.apple.com/us/app/wifi-finder-free- 
internet/id1011519183?mt=8&ign-mpt=u0%3D8 


http://www.witifreespot.com 
https://wigle.net 


https://foxnomad.com/2016/04/26/map-wireless- 
passwords-airports-lounges-around-world-updated- 
regularly 
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Researching Dark Web 


Researching Dark Web 


Tool 


DarkNet Stats 

Dark Web Map 
DeepDotWeb 
DeepWeb Sites 
DeepWebSitesLinks 
DarkWebNews 


Docker-onion-nmap 


Exonera Tor 


Hidden Wikitor 


Hunchly’s Hidden Services Report 


i2P 

onioff 

Onion Link 

Onionscan 

Onion Investiagtor 

Onion Land Search Engine 
Onion Search Engine 

The Dark Websites 
Tor2Web 

Tor Netwrok Status 


Tor Project 


Link 


https://dnstats.net 
https://www.hyperiongray.com/dark-web-map 
https://www.deepdotweb.com 
https://www.deepweb-sites.com 
https://www.deepwebsiteslinks.com 
https://darkwebnews.com 


https://github.com/milesrichardson/docker-onion- 
nmap 


https://exonerator.torproject.org 
http://hiddenwikitor.com 
https://darkweb.hunch.ly 
https://geti2p.net 
https://github.com/k4m4/onioff 
http://onion.link 
https://onionscan.org 
https://oint.ctrlbox.com 
https://onionlandsearchengine.com 
http://onionsearchengine.com 
https://www.thedarkwebsites.com 
https://www.tor2web.org 
https://torstatus.blutmagie.de 


https://www.torproject.org 
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Torscan http://torscan.io 


Zeronet https://zeronet.io 
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Events Search 


Events Search 


Tool 


Eventbrite 
Meetup 
WhereEvent 
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Link 


https://www.eventbrite.com 
https://www.meetup.com 


http://www.wherevent.com 
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Working with Images 


Image Search and Reverse Image Search 


Tool 


Baidu Images 
Berify 

Betaface 

Bing Images 
Camera Trace 
CamFind 

CC Search 
Current Location 
DownloadGram 
Explore Places 
facesearch 
FindFace 

Flickr 

Flickr Hive Mind 
Flickr Map 

Fotki 

Geograph 
Google Images 
Gramfeed 


Image Net 


Link 


http://image.baidu.com 
https://berify.com 
https://www.betafaceapi.com 
http://www.bing.com/images 
http://www.cameratrace.com/trace 
https://camfindapp.com 
https://search.creativecommons.org 
https://current-location.com 
https://downloadgram.com 
http://places2.csail.mit.edu/explore.html 
http://www.facesaerch.com 
https://findface.ru 
https://secure.flickr.com 
http://flickrhivemind.net 
https://www.flickr.com/map 
http://www.fotki.com 
https://www.geograph.org 
https://images.google.com 
http://www.gramfeed.com 


http://image-net.org 
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Image Raider 

Imgur 

KarmaDecay 

Lakako 

Loc.alize.us 

Lycos Images 
MyPicsMap 

Photo Map 
PhotoTracker 
Picquery 

Picsearch 

PicTriev 

PimEye 

Places 

Reverse GIF 

Reverse Image Search 
Reverse Image Search 


Reverse Image Search 


Revimg 
RootAbout 
SauceNAO 


Small SEO Tools: Reverse 
Image Search 


Smugmug 


Social Catfish Reverse Image 
Search 


Startpage: Images 
StolenCameraFinder 
TinyEye 


Twitter Image Search 


View Image 
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https://www.imageidentify.com 
https://imgur.com 
http://karmadecay.com 
https://www.lakako.com 
https://loc.alize.us 
http://search.lycos.com/images 
http://www.mypicsmap.com 
http://photo-map.ru 
http://phototracker.ru 
https://www.picquery.com 
http://www. picsearch.com 
http://www.pictriev.com 
https://pimeyes.com/en 
http://places2.csail.mit.edu 
https://ezgif.com/reverse 
http://www.reverse-image-search.org 
http://www.reverse-image-search.com 


https://inteltechniques.com/osint/menu.reverse.image. 
html 


http://www.revimg.com 
http://rootabout.com 
https://saucenao.com 


https://smallseotools.com/reverse-image-search 


https://www.smugmug.com/search 


https://socialcatfish.com/reverse-image-search 


https://www.startpage.com/eng/pics.html 
http://www.stolencamerafinder.co.uk 
https://tineye.com 


https://twitter.com/search?q=%3Csearchterm 
%3E&src=typd&vertical=default&f=images 


https://chrome.google.com/webstore/detail/view- 
image/jpcmhcelnjdmblfmjabdeclccemkghik || 
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Who Stole My Pictures? 


Websta 


Wolfram Language: The 
Identification Project 


Worldcam 
Yahoo Image Search 


Yandex Images 


https://addons.mozilla.org/en-US/firefox/addon/view- 
image/ 


https://addons.mozilla.org/en-US/firefox/addon/who- 
stole-my-pictures 


http://websta.me 


https://www.imageidentify.com 


http://www.worldc.am 
https://images.search.yahoo.com 


https://www.yandex.com/images 
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11. 


12. 


13. 


14. 


15. 


3a+4b+c=15.5 
2a—2b—3c=1.5 
4a+b—2c= 12.5 


a. —3 


by25 


See item 11 


G 
b. wy ta 


2A —-3B+5C=21 
A-2B-C=-4 
4A-—B+3c=19 


a. -l 


b. 1 


See item 14 


a. 2 


bes 


Solve for a. 


Solve for c. 


Solve for A. 


d. Ata 


Solve for B. 


Solve for C. 
c. 3 


d. 4 
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Image Analysis 


Tool 


AnalogExif 
BetaFaceAPI 
CameraSummary 
Diffchecker 

exifdata 

Exifer 

ExifPro 

Exif Search 

exiftool 

ExifTool by Phil Harvey 


Exif Viewer 


Exif Viewer 
Extract Metadata 


Fake Image Detector 


FastPreview 
Find Exif 
Forensically 
FotoForensics 
FourMatch 
Fuskr 


Gbimg.org 
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Link 


https://sourceforge.net/projects/analogexif 
https://www.betafaceapi.com/demo.html 
https://camerasummary.com 
https://www.diffchecker.com/image-diff 
http://exifdata.com 

https://www.thexifer.net 
http://www.exifpro.com 
http://www.exif-search.com 
https://sourceforge.net/projects/exiftool 
http://www.sno.phy.queensu.ca/~phil/exiftool 


https://chrome.google.com/webstore/detail/exif- 
viewer/nafpfdcmppftipmhcpkbplhkoiekndck?hl=en 


https://addons.mozilla.org/en-US/firefox/addon/exif-viewer 
https://www.extractmetadata.com 


https://play.google.com/store/apps/ 
details?id=fake_image_detector.coder.genuine.com.fakeim 
agedetector&hl=en 


https://tn123.org/fastpreview 
http://www.findexif.com 
https://29a.ch/photo-forensics/#level-sweep 
http://www.fotoforensics.com 
http://www.fourandsix.com/fourmatch 


https://chrome.google.com/webstore 
/detail/fuskr/glieaboaghdnlglpkekghloldikefofo 


http://gbimg.org 
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GeoSetter 
Ghiro 


Google Search “View 
Image” Button 


How Old 
Image Edited 
Image forensic 


Image Identification 
Project 


Image Search Options 


Image Verification 
Assistant 


ImgOps 
ImpulseAdventure 


InVID 


Irfanview 
izitru 
Java Exif Viewer 


Jeffrey's Image Metadata 
Viewer 


JPEGsnoop 
Let's Enhance 
Logos 
metapicz 


Photo Detective 


PhotoMe 
Pic2Map 
Plaghunter 
ReadEXIF 
Resemble.js 


Reveal Image Verification 
Assistant 


http://www.geosetter.de 
http://www.getghiro.org 


https://chrome.google.com/webstore/detail/google- 
search-view-image/hgngnenljacgakaiifjcgdnknaglfipo 


https://how-old.net 
http://imageedited.com 
https://www.imageforensic.org 


https://www.imageraider.com 


https://addons.mozilla.org/en-US/firefox/addon/image- 
search-options 


http://reveal-mklab. iti.gr/reveal/index.html 


http://imgops.com 
http://www.impulseadventure.com/photo/jpeg-snoop.html 


http://www. invid-project.eu/tools-and-services/invid- 
verification-plugin 


http://www. irfanview.com 
http://www. izitru.com 
https://sourceforge.net/projects/jexifviewer 


http://exif.regex.info/exif.cgi 


https://github.com/ImpulseAdventure/JPEGsnoop 
https://letsenhance.io 

http://logos.iti.gr 

http://metapicz.com/#landing 


https://itunes.apple.com/us/app/photo-detective- 
pro/id1045128136?mt=8 


http://www.photome.de 
https://www.pic2map.com 
http://www.plaghunter.com 
https://readexifdata.com 
https://huddle.github.io/Resemble.js 


http://reveal-mklab. iti.gr/reveal/index.html 
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RevEye Reverse Image 
Search 


Send to Exif Viewer 


tawbaware 


Veracity (iPhone app) 


Verexif 


View Image 


Web Inspector 


Where is the picture? 


Who Stole My Pictures 


|-INTELLIGENCE 
https://chrome.google.com/webstore/detail/reveye- 
reverse-image- 
sear/keaaclcjhehbbapnphnmpiklalfhelgf?hl=en 


https://chrome.google.com/webstore/detail/send-to-exif- 
viewer/gogiienhpamfmodmInhdljokkjiapfck?hl=en-US 


http://www.tawbaware.com 


https://itunes.apple.com/us/app/veracity-image- 
search/id870153874?mt=8 


http://www.verexif.com 


https://chrome.google.com/webstore/detail/view- 
image/jpcmhcelnjdmblfmjabdeclecemkghjk 


https://chrome.google.com/webstore/detail/web- 
inspector/enibedkmbpadhfofcgjcphipflcbpelf?hl=en 


https://whereisthepicture.com 


https://addons.mozilla.org/en-US/firefox/addon/who-stole- 
my-pictures 
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Stock Images 


Tool 


Adobe Stock 
AlltheFreeStock 
Burst 

CC Search Commons 
Clipstill 

Death to Stock 
Epicantus 
Freeimages 
Freestocks.org 
FoodiesFeed 
Get Refe 
Getty Images 
Gratisography 
Image Brief 

IM Free 

ISO Republic 
iStockphoto 
Jay mantri 
Kaboompics 
LibreStock 

Life of Pix 
Little Visuals 
MMT 


Moose 


|-INTELLIGENCE 


Link 


https://stock.adobe.com 
http://allthefreestock.com 
https://burst.shopify.com 
https://ccsearch.creativecommons.org 
http://www.clipstill.com 
http://deathtothestockphoto.com 
http://epicantus.tumblr.com 
http://www.freeimages.com 
http://freestocks.org 
https://www.foodiesfeed.com 
http://getrefe.tumblr.com 
https://www.gettyimages.com 
http://www.gratisography.com 
http://www.imagebrief.com 
http://www.imcreator.com/free 
http://isorepublic.com 
http://www.istockphoto.com 
http://jaymantri.com 
http://kaboompics.com 
https://librestock.com 
http://www.lifeofpix.com 
http://littlevisuals.co 
https://mmtstock.com 


https://photos.icons8.com 
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Morguefile 
NegativeSpace 
New Old Stock 
Picjumbo 
Picography 
Pixabay 

Pexels 


Photobucket 


Public Domain Archive 


reshot 

Shot Stash 
Shutterstock 
skitterphoto 
SplitShire 
Startup Stock Photos 
StockSnap 
Styled Stock 
Superfamous 
tookapic 
unDraw 


Unplash 


|-INTELLIGENCE 


https://morguefile.com 
http://negativespace.co 
http://nos.twnsnd.co 
https://picjumbo.com 
https://picography.co 
https://pixabay.com 
https://www.pexels.com 
http://photobucket.com 
http://publicdomainarchive.com 
https://www.reshot.com 
https://shotstash.com 
http://www.shutterstock.com 
https://skitterphoto.com 
https://www.splitshire.com 
http://startupstockphotos.com 
https://stocksnap.io 
https://styledstock.co 
http://superfamous.com 
https://stock.tookapic.com 
https://undraw.co 


https://unsplash.com 
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Image and Photo Editing 


Tool 


AddText+ 
Affinity Photo 


Annotable 


Apple Photos 
Aviary 
Befunky 
Birme 

Canva 
Croppola 
Ezgif.com 
FastSTone 
FlipA Picture 
Fotor 

Foto Flexer 
Gimp 

Hugin 


Image Composite Editor 


Image Tricks Lite 


Irfanview 
LightZone 
Lunapic 


OnlinelmageSplitter 


Link 


https://addtext.com 


https://affinity.serif.com 


https://itunes.apple.com/us/app/annotable-ultimate-image- 


annotation/id1099850421?mt=8 
http://www.apple.com/osx/photos 
https://www.aviary.com 
https://www.befunky.com 
https://birme.net 
https://www.canva.com 
http://croppola.com 
https://ezgif.com 
http://www.faststone.org 
http://flipapicture.com 
http://www.fotor.com 
http://fotoflexer.com 
http://www.gimp.org 
http://hugin.sourceforge.net 


https://research.microsoft.com/en- 
us/um/redmond/projects/ice/ 


https://itunes.apple.com/us/app/image-tricks- 


lite/id403735824?mt=12 
http://www. irfanview.com 
http://lightzoneproject.org 
http://www124.lunapic.com/editor 


http://www.htmlkit.com/services/is 
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Paint.NET 
Photoscape 
Photoshop 
pictull 
PicMoneky 
Pixlr 

Polarr 
Seashore 


Social Image Resizer Tool 


SumoPaint 
textify 
TinyPNG 
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http://www.getpaint.net/index.html 
http://www.photoscape.org/ps/main/index.php 
http://www.photoshop.com 

http://www. picfull.com 
http://www.picmonkey.com 

https://pixlr.com 

https://www.polarr.co 
http://seashore.sourceforge.net 


https://www.internetmarketingninjas.com/seo-tools/favicon- 
generator-crop-images 


http://www.sumopaint.com 
http://textify.it 
https://tinypng.com 
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OCR Tools 


Tool 


Free OCR 
IZOCR 

New OCR 
Online OCR 
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Link 


http://www.free-ocr.com 
http://www.i2ocr.com 
http://www.newocr.com 


http://www.onlineocr.net 
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Working with Videos 


Video Search and Reverse Video Search 


Tool 


360 Daily 

9gag.tv 

Aol Videos 

Bambuser 

Berify 

Bing Videos 

Crackle 

Custom YouTube Search Tools 
DailyMotion 
DownloadGram 
Download Twitter Video 
Dogpile Video Search 

D Tube 

Geosearch 

Giphy 

Google Video Search 


Internet Archive: Open Source 
Videos 


LiveLeak 
Metacafe 
Metatube 


MySpace Videos 


Link 


http://www.360daily.com 
http://9gag.com/tv 

http://on.aol.com 
http://bambuser.com/broadcasts 
https://berify.com 
http://www.bing.com/?scope=video 
https://www.sonycrackle.com 
https://inteltechniques.com/osint/menu.youtube.html 
http://www.dailymotion.com 
https://downloadgram.com 
http://www.downloadtwittervideo.com 
https://www.dogpile.com/?qc=video 
https://d.tube 
http://www.geosearchtool.com 
https://giphy.com 
https://www.google.com/videohp 


https://archive.org/details/opensource_movies 


http://www.liveleak.com 
http://www.metacafe.com 
http://www.metatube.com 


https://myspace.com/discover/videos 
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The Open Video Project 


Reverse Video Search Tools 


Smugmug 

Snap Map 

Spaactor 

Spotter 

Startpage Videos 
TV News Archive 
Xplore 

Veoh 

Vimeo 

Voxalead 

Yahoo Video Search 
Yasiv 

YouTube 

YouTube GeoSearch 
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https://open-video.org 
https://inteltechniques.com/osint/menu.reverse.html 
https://www.smugmug.com/search 
https://map.snapchat.com 
https://www.spaactor.com 
https://spotter.tech 
https://www.startpage.com/eng/video.html 
https://archive.org/details/tv 
http://getxplore.com 

http://www.veoh.com 

https://vimeo.com 
http://voxalead.labs.exalead.com 
http://video.search.yahoo.com 
http://yasiv.com/youtube 
https://www.youtube.com 


http://youtube.github.io/geo-search-tool/search.html 
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16. S+4-2=542-3 Solve for x. 
2 3 
a. 5 Cs] 
b. = d. 

ive 21, —41n + 613 =-8 Solve for /3. 


10/, —5/,4+31; é 
I, +21, +4) —a 


a. 3 c. 1 
b. 2 d. 5 

18. See item 17 Solve for J. 
aon? c. 4 
b. 3 d. 1 
3 ae 

19. we 6 = ore Solve for a. 
a. a c. 2 
b. 6 d. 1 

20. + —3= =v Solve for W. 
a. 4 c t 
b. 2 d. 3 


Check your answers with those on the next page. Review those items that you missed before you 
take your course examination. 
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Live Streaming and Webcams 


Tool 


123webcam 
Airport Webcams 
Bambuser 
camvista 

Earthcam 
Facebook Livemap 
Flixwagon 
Freedocast 
Insecam 

KeepVid 

Krooz Cams 
Liveleak 
Livestream 

Lookr 

MetaCafe 
Motorway Cameras 
OnPeriscope 
OpenStreetCam 
Opentopia 
Periscope 
Periscope Map 
Periscope Streams 
Perisearch 


PeriViewer 


Link 


http://123webcam.com 
http://airportwebcams.net 
http://bambuser.com 
http://www.camvista.com 
http://www.earthcam.com 
https://www.facebook.com/live/map 
http://www.flixwagon.com 
http://www.freedocast.com 
http://www.insecam.org 
https://keepvid.com 
http://www.kroooz-cams.com 
https://liveleak.com 
https://livestream.com 
https://www.lookr.com 
http://www.metacafe.com 
https://www.motorwaycameras.co.uk 
http://onperiscope.com 
https://www.openstreetcam.org 
http://www.opentopia.com 
https://www.periscope.tv 
http://www.periscopemap.live 
http://onperiscope.com 
https://www.perisearch.xyz 


http://periviewer.com 
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Rail Webcams 
RecPeriscope 
Scopedown 

See All The Things 
tchannels 
Twitch 

Ustream 
Vaughn Live TV 
Vevo 

Vimeo 
Webcams Travel 
WorldCam 
YouNow 


YouTube 
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http://railwebcams.net 
http://www.recperiscope.com 
http://downloadperiscopevideos.com 
https://github.com/baywolf88/seeallthethings 
https://www.tchannels.tv 
https://www.twitch.tv 
http://www.ustream.tv/explore/all 
https://vaughnlive.tv 
https://www.vevo.com 
https://vimeo.com 
https://www.webcams.travel 
https://worldcam.eu 
https://www.younow.com 


https://www.youtube.com 
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Other Video Tools 


Tool 


Applian 

Avidemux 

Clip Converter 
Convertio TS to MP4 
Deturl 

DownFacebook 
DownloadHealper 
Download Persicope Videos 
Download Subtitle 
Download Twitter Video 
Downvids.net 

Dredown 

eclips 

FBDOWN 


Flash Video Downloader 


Format Factory 


Frame by Frame 


Freemake Video Converter 


Free Video Downloader 


Handbrake 
hooktube 
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Link 


http://applian.com 
http://avidemux.sourceforge.net 
https://www.clipconverter.cc 
https://convertio.co/ts-mp4 
http://deturl.com 
http://www.downfacebook.com 
http://www.downloachelper.net 
http://downloadperiscopevideos.com 
http://downsub.com 
https://www.downloadtwittervideo.com 
http://www.downvids.net 
http://www.dredown.com 
https://eclips.io 
http://www.fbdown.net 


https://chrome.google.com/webstore/detail/flash-video- 
downloader/aiimdkdngfcipjohbjenkahhlhccpdbc?hl=de 


http://www.pcfreetime.com/formatfactory/index.php 


https://chrome.google.com/webstore/detail/frame-by- 
frame-for- 
youtub/elkadbdicdciddfkdpmaolomehalghio?h|=en-GB 


http://www.freemake.com/free_video_converter/ 


https://chrome.google.com/webstore/detail/free-video- 
downloader/ppgadljdflpomdcdacknofppeejgmjdn?hl=de 


https://handbrake.fr 
https://hooktube.com 
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InVID 


Invideo for YouTube 


Keep for Chrome 


KEEPVID 

Logos 

Montage 

Orbit Downloader 


OwlZoom 


Savefrom.net 


SaveVideo 


Softorino YouTube Converter 


trint 
TubeCHop 
TWDOWN 
VDownloader 


Video Downloader 
Professional 


Video Vault 
VideoVault for Chrome 


Watch Frame by Frame 
Y2mate 

YooDownload 

Yout 

YouTube Comment Scraper 
YouTube Converter 
YouTube Data Tools 
YouTube DataViewer 
Youtube-dl 

YouTube MP3 Conventer 
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http://www. invid-project.eu/tools-and-services/invid- 
verification-plugin 


https://chrome.google.com/webstore/detail/invideo-for- 
youtube/iacbjlffnpbhgkgknabhkfmicpdcigab? 


https://chrome.google.com/webstore/detail/keep-for- 
chrome/ghhhikeonlfpibbaibecmiellnmaikoh 


http://keepvid.com 
http://logos.iti.gr 
https://montage.storyful.com 
http://www.orbitdownloader.com 


https://addons.mozilla.org/en- 
US/firefox/addon/owlzoom-youtube/ 
http://de.savefrom.net 


http://savevideo.me 
https://softorino.com/youtube-converter-2 
https://trint.com 
http://www.tubechop.com 
https://twdown.net 
https://vdownloader.com 


https://chrome.google.com/webstore/detail/video- 
downloader- 
professi/elicpjhcidhpjomhibiffojpinommpil?hl=de 


https://www.bravenewtech.org 


https://chrome.google.com/webstore/detail/videovault- 
for-chrome/onoidkfboifjpllldnfnaebfigijckmk 


http://www.watchframebyframe.com 
https://y2mate.com 

http://yoodownload.com 

https://yout.com 
http://ytcomments.klostermann.ca 
https://youtubeconvert.cc 
https://tools.digitalmethods.net/netvizz/youtube 
https://www.amnestyusa.org/citizenevidence 
https://rg3.github.io/youtube-dl 
https://www.ytbmp3.com 
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YouTube Playlist Analyzer https://youtube-playlist-analyzer.appspot.com 
YouTube Restriction Check http://polsy.org.uk/stuff/ytrestrict.cgi?ytid=vg7wh_zf2Xx0 


ZamZar TS to MP4 http://www.zamzar.com/convert/ts-to-mp4 
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Video Editors 


Tool 


Camtasia 
Clip Champ Create 


DaVinci Resolve 


Filmora 


FreeMake 


Hitfilm Express 

iMovie (Mac) 

Kizoa 

Lightworks 

Machete 

Media 100 

Movie Maker Online 
NCH Software 

Online Video Cutter 
Open Shot Video Editor 
Powtoon 

Video Toolbox 

VSCD Free Video Editor 
Wideo 

WeVideo 


Windows Movie Maker - Free 


Link 


https://www.techsmith.com/video-editor.html 
https://clipchamp.com/en/video-editor 


https://www.blackmagicdesign.com/products/davincires 
olve 


https://filmora.wondershare.com 


http://www.freemake.com/free_video_converter/?irgwc= 
1&clickid=wFUZM2U6bT5VXz3zG83eA0TWUkjyvo2GP3k 
3xA0 


https://hitfilm.com/express 
https://www.apple.com/imovie 
https://www.kizoa.com/Video-Editor 
https://www.lwks.com 
http://www.machetesoft.com 
https://www.media100.com 
http://moviemakeronline.com 
http://www.nchsoftware.com/videopad 
https://www.wevideo.com 
https://www.openshot.org 
https://www.powtoon.com/home/? 
http://www.videotoolbox.com 
http://www.videosoftdev.com 
https://wideo.co 
https://www.wevideo.com 


https://www.microsoft.com/en-us/store/p/movie-maker- 
free/Imvfg4lmz6c9 
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YouTube Video Editor https://support.google.com/youtube/answer/183851 ?visi 
t_id=0-636615121384437440- 
336407512&p=video_editor&hl=en&rd=1 
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Working with Audio 


Radio 


Tool 


Accuradio 
AntennaSearch 


Antenna Structure 
Registration Search 


Aprs.fi 
ArtSci 


BCC World Service 
Radio 


Broadcastify 
Cell Reception 
City Freq 


Digital Frequency 
Search 


DX Zone 

HF Underground 
Home Patrol 
Intercept Radio 
Listenlive 
Live365 

Live ATC 


National Radio 
Data 


Police Scanner Info 


Link 


https://www.accuradio.com 


http://www.antennasearch.com 


http://wireless2.fcc.gov/UlsApp/AsrSearch/asrRegistrationSearch.jsp 


https://aprs.fi/#!lat=40.5 1860&lng=-74.34990 
http://www.artscipub.com/repeaters 


http://bbcworldservice.radio.net 


http://www.broadcastify.com 
http://www.cellreception.com/towers 
https://www.cityfreq.com 


https://digitalfrequencysearch.com/index.php 


https://www.dxzone.com 
https://www.hfunderground.com/board 
http://homepatrol.com 

http://www. interceptradio.com/bbs 
http://www.listenlive.eu 
https://live365.com/listen 
https://www.liveatc.net 


http://www.nationalradiodata.com 


https://police-scanner.info 
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Radio.com 
Radio-locator 
RadioReference 


Radio Station 
World 


Radio Tower 
RD Forum 


Scanner Master 
Blog 


Streema 
Strong Signals 
Tuneln 


World Wide DX 


Worldwide Radio 


Zip Scanners 
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https://player.radio.com/station-directory 
https://radio-locator.com 
http://www. radioreference.com 


http://radiostationworld.com 


http://radiotower.com 
https://www.rdforum.org/index.php 


http://www.scannermasterblog.com/tag/scanner-radio 


https://streema.com 
https://strongsignals.net 
https://tunein.com 


https://www.worldwidedx.com/forums/scanning-shortwave- 
listening.83 


http://www.live-radio.net/worldwide.shtml 


https://www.zipscanners.com/resources/police-scanner-resources- 
forums-links 
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Podcasts 


Tool 


Anchor 
Antennapod 
BeyondPod 


Blubrry Podcast 
Directory 


Breaker 
Castbox 
Castro 
Deepgram 
Doggcatcher 
Downcast 


Edge of the Web 
Radio 


Fyyd 


iCatcher! Podcast 
Player 


iPodder 

iTunes Podcasts 

Listen Notes 

NPR Podcast Directory 
Player FM 

Overcast 

Pocket Casts 


Pocket Casts Voodoo 
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Link 


https://anchor.fm 
http://antennapod.org 
http://www.beyondpod.mobi 


https://create.blubrry.com/resources/blubrry-podcast-directory 


https://breaker.audio 
https://castbox.fm 
http://supertop.co/castro 
https://www.deepgram.com 
http://www.doggcatcher.com 
http://www.downcastapp.com 


https://edgeofthewebradio.com/seo-podcast 


https://fyyd.de 


http://www. joeisanerd.com/apps 


http://www.ipodder.org 
http://www.apple.com/itunes/podcasts 
https://www.listennotes.com 
https://www.npr.org/podcasts 
https://player.fm 

https://overcast.fm 
http://www.shiftyjelly.com/pocketcasts 


https://chrome.google.com/webstore/detail/pocket-casts- 
voodoo/eipnphplecohckkjkgldkmmkgdfbmlek 
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Study Unit 3 Exercise Solutions 


Reference 
1. Cc. 3201 
2. a. 3104 
3. b. 3104 
4, d. 3103 
5. d. 3202 
6. b. 3202 
7. a. 3202 
8. c. 3103 
9. b. 3104 
10. a. 3303 
ll. c. 3304 
12. b. 3304 
13. d. 3104 
14. b. 3304 
15. d. 3304 
16. a. 3201 
17. c¢. 3304 
18. b. 3304 
19. d. 3104 
20. a. 3201 


3-88 


Podbean 
Podcast App 


Podcast Fast Track 
Podcast Player Prime 
Podcast Republic 
Podcast Search 
Podcasts 

Podible 

Podkicker 


podStation Podcast 
Player 


PRI SoundWorks 
Read2me 


RSSDemon News & 
Podcast Reader 


RSS Radio 


SmarterPod 


SoundCloud Player 


SoundCloud 
Podcasting 


Spaactor 


Speaker Podcast 
Radio 


Stabl 
Stitcher 


The Audacity to 
Podcast 


tumello 
wecast 


Winds 
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https://www.podbean.com 


https://chrome.google.com/webstore/detail/podcast- 


https://podcastfasttrack.com 
https://mybrowseraddon.com/podcast-player.html 
http://podcastrepublic.net 

http://podcastsearch.david-smith.org 

http://www.podcasts.com 

https://podible.co 
https://play.google.com/store/apps/details?id=ait.podka&hl=en 


https://chrome.google.com/webstore/detail/podstation- 
podcast-player/bpcagekijmfcocgjInnhpdogbplajjfn 


http://www.pri.org/soundworks 
https://read2me.online 


https://play.google.com/store/apps/ 
details?id=com.meecel.feedreader.RssDemonAd&hl=en 


http://rssrad.io 


https://chrome.google.com/webstore/detail/smarterpod- 
simple-and-sma/ehlmnfeohfahemdjnakciaheggkojchf 


https://chrome.google.com/webstore/detail/soundcloud- 
player/geamkdoeadoihdcnnkanojmdegppdmkh 


https://soundcloud.com/for/podcasting 


https://www.spaactor.com 


https://www.spreaker.com/download/spreaker-podcast-radio 


http://www.wearestabl.com 
https://www.stitcher.com 


https://theaudacitytopodcast.com/tap069-top-podcast- 
directories-and-how-to-get-in-them 


https://tumello.com/search 
http://www.wecastapp.com 


https://getstream.io/winds 
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Other Audio Tools 


Tool 


descript 
FluidData 
Play.ht 
Rightspeed 


Spext 


trint 
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Link 


https://www.descript.com 
https://fluiddata.com 
https://play.ht/landing 


https://itunes.apple.com/us/app/rightspeed-the-speed- 
listening-app/id1104515047?mt=8 


https://www.spext.co 


https://trint.com 
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Working with Documents 


Documents and Slides Search 


Tool 


Ask the EU 
Authorstream 


Court Listener 


Custom Document Search by 


Format 


Custom Documents Search 


Tool 

Declassified and Ratified 
DocumentCloud Search 
Edocs-Engine.com 
Find-pdf-doc 

Free Full PDF 

goofile 

Hashdoc 


Inevstigative Dashboard 
Search 


Offshore Leak Database 
PDF Search Engine 
PDFSR 

RECAP 

Scribd 
SlideSearchEngine 


Link 


https://www.asktheeu.org 
http://www.authorstream.com 
https://www.courtlistener.com/recap 


https://inteltechniques.com/osint/docs.format.html 


https://inteltechniques.com/osint/docs.html 


http://www.declassifiedandratified.com 
https://www.documentcloud.org/public/search 
http://www.edocs-engine.com 
http://www.findpdfdoc.com 
http://www.freefullpdf.com 
https://tools.kali.org/information-gathering/goofile 
https://www.hashdoc.com 


https://data.occrp.org 


https://offshoreleaks.icij.org 
http://www.pdfsearchengine.info 
http://pdfsr.com 
http://archive.recapthelaw.org 
http://www.scribd.com 


http://www.slidesearchengine.com 
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SlideShare http://www.slideshare.net 
Slideworld http://www.slideworld.com 
soPDF.com http://www.sopdf.com 
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Pastebins 


Tool 


Custom Pastebin Search 
Pastebin 
PasteLert 


Paste Site Search 


I-INTELLIGENCE 


Link 


https://inteltechniques.com/osint/menu.pastebins.html 
https://pastebin.com 
https://andrewmohawk.com/pasteLert 


http://netbootcamp.org/pastesearch.html 
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Document and Reference Management 


Tool 


Colwiz 
DocumentCloud 
Endnote 

F1000 


Investigative Dashboard 
Search 


Mendeley 
Omnity 


Open Semantic Desktop 
Search 


Overview 
Readcube 
RefME 


Zotero 


Link 


https://www.colwiz.com 
https://www.documentcloud.org 
http://endnote.com 
http://f1000.com 
https://data.occrp.org 


https://www.mendeley.com 
https://www.omnity.io 


https://www.opensemanticsearch.org/doc/desktop_search 


https://www.overviewdocs.com 
https://www.readcube.com 
https://www.refme.com 


https://www.zotero.org 
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PDF Management 


Tool 


CleverPDF 

Foxit Reader 
ilovepdf 
PDFEscape 
PDFExpert 

PDFx 

Smallpdf 

Tabula 

Weava Highlighter 


XODO 
Xpdf 


Link 


https://www.cleverpdf.com 
https://www.foxitsoftware.com/products/pdf-reader 
http://www. ilovepdf.com 
https://www.pdfescape.com 

https://pdfexpert.com 
http://www.metachris.com/pdfx 
http://smallpdf.com 

http://tabula.technology 


https://chrome.google.com/webstore/detail/weava- 
highlighter-pdf-web/cbnaodkpfinfiipjblikofhlhicickei 


http://xodo.com 
http://www.foolabs.com/xpdf/home.html 
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Working with Document Metadata 


Tool 


Doc Scrubber 
ExtractMetadata 

FOCA 

Metashield Clean-up-Online 
OOMetaExtractor 
Pdf-redact-tools 


Spiderpig 


Link 


http://www. brightfort.com/docscrubber.html 
http://www.extractmetadata.com 
https://www.elevenpaths.com/labstools/foca/index.html 
https://metashieldclean-up.elevenpaths.com 
https://archive.codeplex.com/?p=oometaextractor 
https://github.com/firstlookmedia/pdf-redact-tools 
https://github.com/hatlord/Spiderpig 
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Academic Resources and Grey Literature 


Academic and Grey Literature Research Tools 


Tool 


Academia 

Academic Index 
Academic Journals 
African Journals Online 
Altmetric 


American Society of Civil 
Engineers 


AMiner 

Archive 

arXiv 

A-Z Library Databases 
Base 

Beyond Citation 
Bibsonomy 

bioRxiv 

Cambridge Journals 
Citation Machine 
citeulike 

copac 

Core 

deepdyve 


Elsevier 


Link 


https://www.academia.edu 
http://www.academicindex.net 
http://www.academicjournals.org 
http://www.ajol.info 
https://www.altmetric.com 


http://ascelibrary.org 


https://aminer.org 
https://archive.org 
https://arxiv.org 
http://guides.uflib.ufl.edu/az.php 
http://www.base-search.net 
http://www.beyondcitation.org 
http://www.bibsonomy.org 
https://www.biorxiv.org 
http://journals.cambridge.org 
http://www.citationmachine.net 
http://www.citeulike.org 
https://copac.jisc.ac.uk 
https://core.ac.uk 
https://www.deepdyve.com 


https://www.elsevier.com 
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ERIC 

EThOS 

Etymo 

Europeana 

Europe PMC 

figshare 

Focus 

The Getty Research Institute 
Google Scholar 


Google Scholar Button 


Grey Guide 


Grey Literature (HLWIKI 
International) 


Grey Literature — List of Gateways 
Grey Literature Report 

Grey Literature Strategies 
GreyNet International 

Hathi Trust Digital Library 


HighWire: Free Online Full-text 
Articles 


IEEE Xplore 
International Affairs Resources 
IssueLab 

Journal Guide 
Journal Seek 

JSTOR 

KFF 

Lazy Scholar 
Libguides Community 
Library of Congress 
Mednar 

Microsoft Academic 


National Archives 


https://eric.ed.gov 

http://ethos.bl.uk 

https://etymo.io 
https://www.europeana.eu 
http://europepmc.org 
https://figshare.com 
https://focus.universite-paris-saclay.fr 
http://www.getty.edu/research/library 
https://scholar.google.com 


https://chrome.google.com/webstore/detail/google- 
scholar-button/Idipcbpaocekfooobnbcddclnhejkcpn 


http://greyguide.isti.cnr.it 
http://hlwiki.slais.ubc.ca/index.php/Grey_literature 


http://csulb.libguides.com/graylit 
http://www.greylit.org 
http://greylitstrategies.info 
http://www.greynet.org 
https://www.hathitrust.org 
http://highwire.stanford.edu/lists/freeart.dtl 


https://ieeexplore.ieee.org/Xplore/home.jsp 
https://internationalaffairsresources.com 
https://www.issuelab.org 
https://www.journalguide.com 
http://journalseek.net 
http://www.jstor.org 

https://www.kff.org 
http://www.lazyscholar.org 
https://community. libguides.com 
https://www.loc.gov 
https://mednar.com 
https://academic.microsoft.com 


https://www.archives.gov/research/catalog 
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BIBLIOGRAPHY 


SOURCE MATERIALS 


Radio Technician Course. MCCES, 1995. 


MCI RELATED COURSES 


13.34 


MATH FOR MARINES. 


NRC Research Press 


Open Access Scientific Journals 


OpenAlIRE 
Open DOAR 
Open Grey 


Open Knowledge Maps 
Open Syllabus Explorer 
The Open Syllabus Project 


OSF Preprints 
OSTI.GOV 


Oxford Journals 


PAGEPress Publications 


PhilPapers 

PLOS 

PODT Open 
PubMed 
PubPeer 

Quertle 

Quetzal Search 
refseek 

Research Gate 
REPEC 
Retraction Watch 
SAGE Journals 
ScienceDirect 
ScienceDomain 
Science.gov 
Science Publications 
Science Research 
SCIRP 

Scholar Universe 
Semantic Scholar 


SOC ARXIV 


http://www.nrcresearchpress.com 
http://www.pagepress.org 
https://www.openaire.eu 
http://v2.opendoar.sherpa.ac.uk 
http://www.opengrey.eu 
https://openknowledgemaps.org 
http://explorer.opensyllabusproject.org 
http://opensyllabusproject.org 
https://osf.io/preprints/discover 
https://www.osti.gov 
http://www.oxfordjournals.org 
https://www.pagepress.org 
https://philpapers.org 
https://www.plos.org 
https://pqdtopen.proquest.com/search.html 
http://www.ncbi.nlm.nih.gov/pubmed 
https://pubpeer.com 
https://quertle.com 
https://www.quetzal-search.info 
https://www.refseek.com 
http://www.researchgate.net 
http://repec.org 
https://retractionwatch.com 
http://journals.sagepub.com 
http://www.sciencedirect.com 
http://www.sciencedomain.org 
https://www.science.gov 
http://www.thescipub.com 
http://www.scienceresearch.com 
http://www.scirp.org 
http://www.scholaruniverse.com 
https://www.semanticscholar.org 


https://osf.io/preprints/socarxiv 
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Sparrho 

Springer 

SSRN 

Sweet Search 

Taylor & Francis Online 
TechXtra 

Unpaywall 


Video Lectures 
Wiley 

World Digital Library 
World Science 
zenodo 


Zetoc 


https://www.sparrho.com 
http://link.springer.com 
https://www.ssrn.com 
https://www.sweetsearch.com 
http://www.tandfonline.com 
http://www.techxtra.ac.uk 


https://chrome.google.com/webstore/detail/ 
unpaywall/iplffkdpngmdjhlpjmppnenihomiipha?hl=en 


http://videolectures.net 
http://eu.wiley.com 
http://www.wdl.org 
http://worldwidescience.org 
https://zenodo.org 


http://zetoc.jisc.ac.uk 
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Lectures, Talks, Conference Presentations, Speeches 


Lectures, Talks, Conference Presentations, Soeeches 


Tool 


Academic Earth 
All Conferences 
AutoDesk University 


American Archive of Public 
Broadcasting 


Brown University Library 
Cornell University Archive 
Deepgram 

Elsevier 

Findlectures 


Global Academy for Medical 
Education 


IEEE Xplore 


iTunes U 


Kennedy Center Lecture 
Archive 


Nature.com 

Nursing Network 

Open University 

Renal Archive 

Royal Society of Chemistry 
Speakerdex 


Link 


https://academicearth.org 
http://www.allconferences.com 
http://au.autodesk.com 


http://americanarchive.org 


https://library.brown.edu 
http://societyhumanities.as.cornell.edu/events-archive 
https://www.deepgram.com 
https://www.elsevier.com/events/conferences 
https://www.findlectures.com 


https://www.globalacademycme.com/conferences-archive 


https://ieeexplore.ieee.org/Xplore/home.jsp 


https://itunes.apple.com/us/app/itunes- 
u/id490217893?mt=8 


http://kennedy.byu.edu/lectures 


https://www.nature.com/natureevents/science 
https://www.nursingnetwork.com/nursing-events 
http://www.open.ac.uk/# 
http://www.renalarchive.org 
http://www.rsc.org/event 


https://speakerdex.co 
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Streaming Media 
Talks at Google 
Ted 

The Great Courses 


UCI School of Social Science 


|-INTELLIGENCE 


http://www.streamingmedia.com/conferences 
https://talksat.withgoogle.com 
https://www.ted.com 
https://www.thegreatcourses.com 


https://www.democracy.uci.edu/resources/asia/index.php 
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Books and Reading 


Books Search and Reading Tools 


Tool 


100 Million Book 


Amazon Cheap Books 


Audible 

Auditus 
Bibliomania 
Blinkist 

Bookbub 
BookClub 

Bookish 

Booklikes 
Bookmate 
Bookseer 

Books on the Knob 
Bookstr 

Calibre 

Daily Cheap Reads 
Europeana 
Favobooks 

Free Kindle Books 


The Getty Research 
Institute 


Link 


http://www. 100millionbooks.org 


http://www.amazon.com/b?tag=mak041 - 
20&linkCode=as2&ie=UTF8&node=2245146011 


http://www.audible.com 
https://auditus.cc 

http://www. bibliomania.com 
https://www.blinkist.com 
https://www.bookbub.com 
https://bookclub.cool 
https://www.bookish.com 
http://booklikes.com 
https://bookmate.com 
http://bookseer.com 
http://blog.booksontheknob.org 
https://www.bookstr.com 
http://www.calibre-ebook.com 
http://www.dailycheapreads.com 
https://www.europeana.eu 
http://favobooks.com 
http://freekindlebooks.org 
http://www.getty.edu/research/library 
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Gnooks 

Google Books 
Goodreads 

Hathi Trust Digital Library 
How Long To Read 

| love my Kindle 
Internet Archive Texts 
ISBN Plus 

Jellybooks 

Just Free Books 
Keendly 
KindleNationDay 
KindleWorld 

Lendle 

LibraryThing 

Librivox 

Loyal Books 

Many Books 

Narro 

The Online Books Page 


Open Culture: Free 
Audiobooks 


OpeningtheBook 
Open Library 
Overdrive 
ParrotRead 

Pixel of Ink 
Project Gutenberg 
Read 


Reader IO 
Readgeek 


Readism 


|-INTELLIGENCE 


http://www.gnooks.com 
https://books.google.com 
http://www.goodreads.com 

https://www. hathitrust.org 
https://www.howlongtoreadthis.com 
https://ilmk.wordpress.com 
http://archive.org/details.php?identifier=texts 
http://isonplus.com 
https://www.jellybooks.com 
http://www.justfreebooks. info 
http://keendly.com 
http://kindlenationdaily.com 
http://kindleworld.blogspot.com 
http://lendle.me 
https://www.librarything.com 
https://librivox.org 
http://www.loyalbooks.com 
http://manybooks.net 

https://www.narro.co 
http://digital.library.upenn.edu/books/search.html 


http://www.openculture.com/freeaudiobooks 


http://www.openingthebook.com 
https://openlibrary.org 
https://www.overdrive.com 
http://parrotread.com 
http://www.pixelofink.com 
http://www.gutenberg.org 


https://medium.com/@readapp/introducing-read-for-ios- 
de4d2799254a#.z3lrigir7 


http://www.ereaderig.com 
http://www.readgeek.com 


https://chrome.google.com/webstore/detail/readism- 
article-reading-t/bmiolhceebkeljaikojgcoeefblcihje 
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Readlax 


Readwise 


Reddit: 52 Weeks, 52 
Books 


Riffle 
SendtoKindle 


Talk to Books: 
TasteDive: Books 
TheBooksProject 
TheFrugaleReader 

The Online Books Page 
Tinderizer 

Toolinbox Klib 
WhatShouldlReadNext 
YourNextRead 


https://chrome.google.com/webstore/detail/readlax-speed- 
reading/noggimpgfjnknjblddfibbdnocffdoii 


https://readwise.io 
https://www.reddit.com/r/52book 


https://www.rifflebooks.com 


https://addons.mozilla.org/en- 
US/firefox/addon/sendtokindle/?src=search 


https://books.google.com/talktobooks 
https://tastedive.com/books 
http://thebooksproject.co 
http://www.thefrugalereader.com 
http://digital.library.upenn.edu/books/search.html 
http://tinderizer.com 

https://en.toolinbox.net/Klib 
http://www.whatshouldireadnext.com 


http://www.yournextread.com 
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Working with Data and Statistics 


Data and Statistics 


Tool 


Link 


AGOA Data Center 

AidData 

ADB Statistics and Databases 
Archeology Data Service 
AWS Public Datasets 


Bank for International Settlements 
Statistics 
Beyond Citation 


BP Statistical Review of 
World Energy 


Berkely Library: Data Lab 
Bizstats 


CIA World Factbook 


Center for International Earth Science 
Information Network 


Center for Global Development 


CEPII 

Data 360 
Data BASIC 
Data Catalog 


Data Europa 


http://agoa.info 

http://aiddata.org 
http://www.adb.org/data/statistics 
http://archaeologydataservice.ac.uk 
http://aws.amazon.com/datasets 


http://www.bis.org/statistics/index.htm 


http://www.beyondcitation.org 


http://www.bp.com/en/global/corporate/ener 
gy-economics/statistical-review-of-world- 
energy.html 


http://www.lib.berkeley.edu/libraries/data-lab 
http://www.bizstats.com 


https://www.cia.gov/library/publications/the- 
world-factbook 


http://www.ciesin.org 


https://www.cgdev.org/commitment- 
development-index-2017 


http://www.cepii.fr/CEPII/en/welcome.asp 
http://www.data360.org 
https://databasic.io 
https://catalog.data.gov/dataset 


https://data.europa.eu 
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Data.gov.uk 
Datawrapper 
DBPedia 
DRYAD 
EMBL-EBI 


European Commission Eurobarometer 


European Union Open Data Portal 
Eurostat 

FAIRsharing.org 

FAOSTAT 

FRED 

Gapminder World 


globalEDGE Database of International 
Business Statistics 


Google Finance 


Google Fusion Tables 


Google Public Data Explorer 
GOVDATA 

Government of Canada Open Data 
IHS Piers 

Human Development Reports 
IDEA Databases 

International Labour Comparisons 
International Trade Center 
ILOSTAT 


ILO World Employment and Social 
Outlook Trends 


IMF Data 


IMF World Economic Outlook Databases 


Index Mundi 


International Energy Agency Energy 
Atlas 


|-INTELLIGENCE 


https://data.gov.uk 
https://www.datawrapper.de 
http://wiki.dbpedia.org 
https://datadryad.org 
https://www.ebi.ac.uk 


http://ec.europa.eu/COMMFrontOffice/Public 
Opinion 

http://open-data.europa.eu/en/data 
http://ec.europa.eu/eurostat 
https://fairsharing.org 

http://faostat3.fao.org 
https://fred.stlouisfed.org 
http://www.gapminder.org/data 


http://globaledge.msu.edu/tools-and- 
data/dibs 


https://www.google.com/finance 


https://support.google.com/fusiontables/ans 
wer/2571232 


http://www.google.com/publicdata/directory 
https://www.govdata.de 
http://open.canada.ca/en 
https://www.ihs.com/products/piers.html 
http://hdr.undp.org/en/global-reports 
https://www.idea.int/data-tools 
http://www.bls.gov/fls/chartbook.htm 
http://www. intracen.org/ByCountry.aspx 
https://www.ilo.org/ilostat 


http://www. ilo.org/global/research/global- 
reports/weso/sustainable-enterprises-and- 
jobs-2017/lang--en/index.htm 


http://www.imf.org/en/Data 
http://www.imf.org/external/ns/cs.aspx?id=28 
http://www.indexmundi.com 


http://energyatlas.iea.org 
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International Energy Agency Statistics 


Junar 
Knoema 
LandMatrix 


Latinobarometro 


Library, University of Michigan: Statistics 


and Datasets 
Maptia 

Nation Master 
OECD Aid Database 
OECD Data 

OECD Factbook 


OECD Statistics Directorate 
OFFSTATS 

Open Data Network 

Open Data Portal 

Open Data Portal Munich 
Open Data Showroom 
Open Government Data 


Paul Hensel’s General Informational 
Data 


Pew Research Center 


Population Reference Bureau Data 
Finder 


PRS Risk Indicators 
Public Open Data Soft 


Quandl 
Re3data.org 
Research Pipeline 


SESRIC Basic Social and Economic 
Indicators 


SESRIC Databases 


http://www.iea.org/statistics 
http://junar.com 
https://knoema.com 
http://landmatrix.org 
http://www.latinobarometro.org 


http://www.lib.umich.edu/browse/Statistics%2 
Oand%20Data%20Sets 


https://maptia.com 
http://www.nationmaster.com/statistics 
http://www.oecd.org/dac/stats/data.htm 
https://data.oecd.org 


http://www.oecd- 
ilibrary.org/economics/oecd- 
factbook_18147364 


http://www.oecd.org/std 
http://www.offstats.auckland.ac.nz 
http://www.opendatanetwork.com 
http://www.opendataportal.at 
https://www.opengov-muenchen.de 
http://opendata-showroom.org 
http://opengovernmentdata.org/data 


http://www.paulhensel.org/dataintl.html 


http://www.pewinternet.org/datasets 


http://www.prb.org/DataFinder.aspx 


http://www.prsgroup.com 


https://public.opendatasoft.com/explore/?sor 
t=modified 


https://www.quandl.com 
https://www.re3data.org 
http://www.researchpipeline.com 


http://www.sesric.org/baseind.php 


http://www.sesric.org/databases-index.php 
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MARINE CORPS INSTITUTE 
COURSE CONTENT ASSISTANCE REQUEST 
MCI 28.20 Electronics Mathematics for Marines 


Use this form for questions you have about this course. Write out your question(s) and refer to 
the study unit, lesson exercise item, or the review lesson exam item you are having a problem 
with. Before mailing, fold the form and staple it so that MCI's address is showing. Additional 
sheets may be attached to this side of the form. Your question(s) will be answered promptly by 
the Distance Training Instructor responsible for this course. 


NAME RANK MOS 


COMPLETE MILITARY ADDRESS (INCLUDING RUC IF KNOWN) 


F: 
TELEPHONE NUMBER 


DSN COMMERCIAL (Area Code) 


YOUR QUESTION: 


INSTRUCTOR'S RESPONSE: 


Statista 


Statpedia 


The Atlas of Economic Complexity 


The Data and Story Library 


Trading Economics 


Transparency.org Corruption Perception 


Index 

UK Data Service 

UN COMTRADE Database 
UNCTAD Country Fact Sheets 


UNCTAD Investment Country Profiles 


UNCTAD STAT 
UN Data 


UNDP's Human Development Index 


UNECE 
UNESCO Institute for Statistics 
UNIDO Statistical Databases 


UNStats Social Indicators 


US Census Bureau 

Visual Investigative Scenarios 
Vizala 

Upsala Conflict Data Program 
US Data and Statistics 

WHO Data 

Wikidata 

World Bank Data Catalog 


World Bank Global Consumption 
Database 


World Bank Open Data 
World Bank Doing Business 


|-INTELLIGENCE 


http://www.statista.com 
https://statpedia.com 
http://atlas.cid.harvard.edu 
http://lib.stat.cmu.edu/DASL 
http://www.tradingeconomics.com 


https://www.transparency.org/news/feature/c 
orruption_perceptions_index_2016 


https://www.ukdataservice.ac.uk 
http://comtrade.un.org 


http://unctad.org/en/Pages/DIAE/World%20! 
nvestment%20Report/Country-Fact- 
Sheets.aspx 


http://unctad.org/en/Pages/Publications/Inves 
tment-country-profiles.aspx 


http://unctadstat.unctad.org 
http://data.un.org 
http://hdr.undp.org/en/data 
http://w3.unece.org/PXWeb/en 
http://www.uis.unesco.org 


http://www.unido.org/resources/statistics/stat 
istical-databases.html 


http://unstats.un.org/unsd/demographic/prod 
ucts/socind 


https://www.census.gov 
https://vis.occrp.org 
https://vizala.com 
http://www.pcr.uu.se/research/UCDP 
https://www.usa.gov/statistics 
http://www.who.int/gho/en 
https://www.wikidata.org 
https://datacatalog.worldbank.org 


http://datatopics.worldbank.org/consumption 
/home 


http://data.worldbank.org 


http://www.doingbusiness.org 
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World Bank Enterprise Surveys 
World Bank Investing Across Borders 
World Integrated Trade Solution 
WTO Statistics 


Zanran 


http://www.enterprisesurveys.org 
http://iab.worldbank.org 
http://wits.worldbank.org 


https://www.wto.org/english/res_e/statis_e/st 
atis_e.htm 


http://zanran.com 
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Infographics and Data Visualization 


Tool 


Adobe Color CC 
Aeon 
Arbor.js 
BeakerX 
Befunky 
Bizint 

Cacoo 
Canva 
chartblocks 
Charted 
Chartico 
Chart.js 
Circos 
creately 
Crossfilter 
csvkit 
DataBasic.io 
Data Visualization Catalogue 
D3js 
Datawrapper 
dygraphs 
easely 
Exhibit 

Flot 


Link 


https://color.adobe.com/create/color-wheel 
http://www.aeontimeline.com 
http://arborjs.org 
http://beakerx.com 
https://www.befunky.com 
http://www.bizint.com 
https://cacoo.com 
https://www.canva.com 
http://www.chartblocks.com 
http://www.charted.co 
http://chartico.com 
http://www.chartjs.org 
http://circos.ca 

http://creately.com 
http://square.github.io/crossfilter 
https://github.com/wireservice/csvkit 
https://databasic.io 
http://datavizcatalogue.com 
https://d3js.org 
https://datawrapper.de 
http://dygraphs.com 
http://www.easel.ly 
http://www.simile-widgets.org/exhibit 


http://www.flotcharts.org 
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FusionCharts 


Google Developers: Charts 


Google Fusion Tables 


GraphxX 
Highcharts 
Hohli 
Inkscape 


Infogr.am 


Java Infovis Toolkit 


JpGraph 
jqPlot 
Knoema 
Leaflet 
Listify 
Linkuroius 
Lucidchart 
Neo4j 
Nodebox 
OpenLayers 
Palladio 
Piktochart 
Pixcone 
Pixxa 

Plotly 

Sizzle 
SpicyNodes 
OlikView 
Quadrigram 
Raphael 
RAW Graphs 
Shanti Interactive 
Snappa 
Statpedia 


|-INTELLIGENCE 


http://www.fusioncharts.com 
https://developers.google.com/chart 
https://support.google.com/fusiontables/answer/257 1232 
http://spark.apache.org/graphx 
http://www.highcharts.com 
http://charts.hohli.com 
https://inkscape.org 
https://infogr.am 
http://philogb.github.io/jit 
http://jpgraph.net 
http://www.jqplot.com 
https://knoema.com 
http://leafletjs.com 
http://listify.okfnlabs.org 
http://linkurio.us 
https://www.lucidchart.com 
https://neo4j.com 
https://www.nodebox.net 
http://openlayers.org 
http://hdlab.stanford.edu/palladio 
https://piktochart.com 
http://www.pixcone.com 
http://www.pixxa.com 

https://plot.ly 
https://www.sizzleanalytics.com 
http://www.spicynodes.org 
https://www.visualintelligence.co.nz/qlikview 
http://www.quadrigram.com 
http://dmitrybaranovskiy.github.io/raphael 
http://app.rawgraphs.io 
http://www.viseyes.org 
https://snappa.io 
http://statpedia.com 
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Tableau 
Tableau Public 
Textures.js 
Tiki-toki 
Tik-tok 
Timeflow 
Timeglider 
Timeline 
Timeline 
Timeline Maker 
Timetoast 
Word Art 
Wordle 
Venngage 
Visage 

Vis.js 

Visme 

Visual Investigative Scenarios 
Visualize.me 
visually 

Vortex 


ZingChart 


|-INTELLIGENCE 


http://www.tableau.com 
https://public.tableau.com 
https://riccardoscalco.github.io/textures 
http://www.tiki-toki.com 
https://datanews.github.io/tik-tok 
https://github.com/FlowingMedia/TimeFlow/wiki 
http://timeglider.com/widget 
http://timeline.knightlab.com 
http://www.simile-widgets.org/timeline 
https://www.timelinemaker.com 
http://www.timetoast.com 
https://wordart.com 
http://www.wordle.net 
https://venngage.com 

https://visage.co 

http://visjs.org 

http://www.visme.co 
https://vis.occrp.org 

http://vizualize.me 

https://visual.ly 
http://www.dotmatics.com/products/vortex 


http://www.zingchart.com 
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Dashboard Tools 


Tool 


Analytics Portfolio 
Chartio 
Clicdata 

Cyfe 

Dashthis 
DataDeck 
Geckoboard 
Happy Metrics 
Klipfolio 

Olik 

Visually 


|-INTELLIGENCE 


Link 


https://analyticsportfolio.com 
https://chartio.com 
http://www.clicdata.com 
http://www.cyfe.com 
https://dashthis.com 
https://www.datadeck.com 
https://www.geckoboard.com 
https://www.happymetrix.com 


http://www.klipfolio.com 


http://www.qlik.com 
http://visual.ly 
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Data Analysis 


Tool 


Automatic Statistician 
Auto-WEKA 
AW Stats 
bigML 

Cloud Automl 
Countly 
DataCracker 
Dataiku DSS 
Data Kleenr 
Data Pine 

Data Preparator 
DataRobot 
Data Wrapper 
Data Wrangler 
D3 

eAnalytics 
Exhibit 

Exmerg 


Google Analytics 


Google Data Studio 
Google Fusion Tables 


H20O.ai 


|-INTELLIGENCE 


Link 


https://www.automaticstatistician.com 
http://www.cs.ubc.ca/labs/beta/Projects/autoweka 
http://www.awstats.org 

https://bigml.com 
https://cloud.google.com/autom| 
https://count.ly/web-analytics 
https://www.datacracker.com 
https://www.dataiku.com/dss/trynow 
http://chi2innovations.com/datakleenr 
https://www.datapine.com/data-analysis-tools 
http://www.datapreparator.com 
https://www.datarobot.com 
https://www.datawrapper.de 
http://vis.stanford.edu/wrangler 
https://d3js.org 

http://www.eanalytics.de 
http://simile-widgets.org/exhibit 
http://www.exmerg.com 


https://www.google.com/analytics/?gclid=CjwKEAiAh7 Wk 
BRCQj- 
_zwZvk52ISJADj7z8COo_vM67BKDOAuisEzPwsNZ5Yphpu 
7Q5x2MirmakiUxoCZ6fw_wcB#?modal_active=none 


https://www.google.com/analytics/data-studio 
https://support.google.com/fusiontables/answer/257 1232 
https://www.h2o.ai 
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Import.io https://www.import.io 


JavaScript InfoVis Toolkit http://philogb.github.io/jit 


Knime Analytics Platform https://www.knime.com/knime-analytics-platform 
Matomo https://matomo.org 
Microsoft Azure Machine https://studio.azureml.net 


Learning Studio 


MLBase http://mlbase.org 

MLJAR https://mljar.com 

Mr. Data Converter https://shancarter.github.io/mr-data-converter 

OpenRefine https://github.com/OpenRefine 

Open Web Analytics http://www.openwebanalytics.com 

Orange https://orange.biolab.si 

Paxata https://www.paxata.com 

PDF Tables https://pdftables.com 

Public Open Data Soft https://public.opendatasoft.com/explore/?sort=modified 

Rapid Miner https://rapidminer.com 

R Project https://www.r-project.org 

Scumblr https://github.com/Nettflix/scumblr/wiki 

SEM Rush https://www.semrush.com 

Tableau Public https://public.tableau.com/s 

Talend https://www.talend.com/products/data-preparation#free- 
desktop 

Trifacta https://www.trifacta.com 

Weka https://www.cs.waikato.ac.nz/ml/weka 

Zoho Reports https://www.zoho.com/reports 

Olik View http://global.qlik.com/us/landing/go- 


sm/qlikview/download-qlikview 
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Data Scrapers 


Tool 


Agenty 
Beautiful Soup 


Big Data Made Simple 


Cola 

Content Bomb 
Connotate 
Common Crawl 
Crawly 

Crawl Monster 
Cyotek WebCopy 
Data Miner 
Demiurge 
Dexi.io 

DiffBot 

FMiner 

Getleft 

Grabby 

Helium Scraper 
HT Track 
Import.io 
Lassie 


Listly 


|-INTELLIGENCE 


Link 


https://www.agenty.com 


https://www.crummy.com/software/BeautifulSoup/bs4/do 
c 


http://bigdata-madesimple.com/top-50-open-source- 
web-crawlers-for-data-mining 


https://github.com/chineking/cola 
http://www.contentbomb.com 
https://www.connotate.com 
https://commoncrawl.org 
http://crawly.diffbot.com 
https://www.crawlmonster.com 
https://www.cyotek.com/cyotek-webcopy 
https://data-miner.io 
https://github.com/matiasb/demiurge 
https://dexi.io 

https://www.diffbot.com 
http://www.fminer.com 
https://sourceforge.net/projects/getleftdown 
https://grabby.io 
http://www.heliumscraper.com/en/index.php?p=home 
https://www.httrack.com 
https://www.import.io 
https://github.com/michaelhelmick/lassie 
https://listly.io 
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Mechanical Soup 


Octoparse 


Open Data Tools 


OutWit Docs 
OutWit Hub 
Parsehub 
Portia 
Pyspider 


Reaper 


Scraper 


Scraper Wiki 
Scrapy 

Screen Scraper 
Sitebulb 
UiPath 

Web Harvy 
Webhose.io 
Web Scraper 
80 Legs 


|-INTELLIGENCE 


https://github.com/MechanicalSoup/MechanicalSoup 
https://www.octoparse.com 
http://opendata-tools.org/en/data 
http://www.outwit.com/products/docs 
http://www.outwit.com/products/hub 
https://www.parsehub.com 
https://scrapinghub.com/portia 
https://github.com/binux/pyspider 


https://reaper.social || 
https://github.com/ScriptSmith/reaper/blob/master/READ 
ME.md 


https://chrome.google.com/webstore/detail/scraper/mbig 
bapnjcgaffohmbkdlecaccepngjd 


https://scraperwiki.com 
https://scrapy.org 
https://www.screen-scraper.com 
https://sitebulb.com 
https://www.uipath.com/community 
https://www.webharvy.com 
https://webhose.io 
http://webscraper.io 
http://80legs.com 
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MARINE CORPS INSTITUTE--STUDENT REQUEST/INQUIRY-MCI - R-11 (3/96) 


MCI 28.20 
ELECTRONIC MATHEMATICS FOR MARINES DATE: 


SECTION 1. STUDENT IDENTIFICATION 


INSTRUCTIONS: Print or type clearly: 
(Section 1. Information is needed by MCI to act/respond to input provided in Section 2.) 


| RANK SOCIAL SECURITY NO 


FIRST NAME MI. LAST NAME | | MOS | RUC 


MILITARY ADDRESS (INCLUDE ZIP CODE) (Reservists may use civilian address) 


SECTION 2. STUDENT REQUEST/INQUIRY 


INSTRUCTIONS: Complete only those sections requiring an action/response from MCI. 


FROM: TO: 
CHANGE NAME: NAME: 
RANK: RANK: 
SSN: SSN: 
RUC: RUC: 


The following materials are needed: 


Lessons: Final Exam Overdue: 
Manual: Lesson sent to MCI on 
Answer Sheets: 
Missing Diploma or Completion Certificate: 
Others: The course or program was completed 


(day) (month) (year) 


Exam sent to MCI on 


Ne 


ey 


Request Extension Request Reenrollment 
(Students are only eligible for one extension prior to (Students are only eligible for reenrollment once and 
their Course Completion Date (CDD)) only after their CDD. If already reenrolled and 
disenrolled, a new enrollment must be requested) 
Ne 
p 
Request New Enrollment OTHER Requested Action: 


AUTHORITY: Title 5, USC, Sec. 301. Use of your Social Security Number is authorized by Executive Order 9397 of 22 Nov 43. 
PRINCIPAL PURPOSE: The Student Request/Inquiry is used to transmit information concerning student participation in MCI courses. 


ROUTINE USES: This information is used by MCI personnel to research student inquiries. In some cases information contained therein is used to 


update individual student records maintained by the Marine Corps Institute. 
MANDATORY OR VOLUNTARY DISCLOSURE AND EFFECT ON INDIVIDUAL NOT PROVIDING INFORMATION: Disclosure is 


voluntary. Failure to provide information may result in the provision of incomplete service to your inquiry. Failure to provide your Social Security 


Number will delay the processing of your request/inquiry . 


Working with News 


News Sources 


Tool 


1st Headlines 
ABYZNewsLinks 
AllYouCanRead 

AP 

Associated France Press (AFP) 
BBC News 

Bing News 

CNN 

DailyEarth 

DPA International 

The Economist Explorer 


EMM 


Euronews 


Europe Media Monitor (EMM) 
NewsExplorer 


Factiva 

France24 

Good Gopher 

Google News 

Google News Print Archive 


HeadlineSpot 


Link 


http://www. 1stheadlines.com 
http://www.abyznewslinks.com 
http://www.allyoucanread.com 
http://hosted.ap.org 
http://www.afp.com 
http://www.bbc.co.uk/news 
http://www.bing.com/news 
http://edition.cnn.com 
http://dailyearth.com 
http://www.dpa-international.com 
https://yvoschaap.com/economist 


http://emm.newsbrief.eu/NewsBrief/ 
clusteredition/en/latest.html 


http://www.euronews.com 


http://emm.newsexplorer.eu 


http://www.dowjones.com/factiva 
http://www.france24.com 
http://www.goodgopher.com 
https://news.google.com 
http://news.google.com/newspapers 


http://www.headlinespot.com 
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Inshorts 


Itar-Tass 


Library of Congress — US 


Newspapers 


MagPortal 
NewsBot 
News Map 


News Now 


Newseum - Today Front Pages 


NewsLookup 
Newsography 
Newspaper Map 
Newspaperindex 
Newspapers.com 
OnlineNewspapers 
Paperboy 

Patch 

PR Newswire 
Press Reader 
Reuters 
Silobreaker 
storyzy 

TV News Archive 


Wikinews 


Wikipedia: Current Events 


WorldNews 
World-Newspapers 


Yahoo News 


YouGotTheNews.com 


https://inshorts.com/en/read 

http://www. itar-tass.com 
http://chroniclingamerica.loc.gov/search/titles || 
http://chroniclingamerica.loc.gov 
http://www.magportal.com 


https://getnewsbot.com 


http://newsmap.jp 


http://www.newsnow.co.uk 
http://www.newseum.org/todaysfrontpages 
http://www.newslookup.com 
http://newsography.com 
http://newspapermap.com 
http://www.newspaperindex.com 
http://www.newspapers.com 
http://www.onlinenewspapers.com 
http://www.thepaperboy.com 
https://patch.com/map 
http://www.prnewswire.com 
http://www. pressreader.com 
http://www.reuters.com 
http://www.silobreaker.com 
http://search.storyzy.com 
https://archive.org/details/tv 
https://en.wikinews.org 


https://en.wikipedia.org/wiki/Portal:Current_events 


http://wn.com 


http://www.world-newspapers.com 
http://news.yahoo.com 


http://yougotthenews.com 
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|-INTELLIGENCE 


|-INTELLIGENCE 


News Digest and Discovery Tools 


Tool 


10000 Flies 
anderpink 
Banjo 
Blende 
FastNews 
Flipboard 
Hubii 

inkl 

inshorts 
[INSIDE] 
News360 
NewsBot 
News Explorer 
Nuzzle 
Populast 
Press Reader 
Reality Brief 
Reeder 
SmartNews 
Spike 
Superdesk 
TLDR World News 


Topix 


Link 


http://www. 10000flies.de 
https://anderspink.com 
https://ban.jo 
https://launch.blendle.com 
https://fastnews.me 
https://flipboard.com 
http://hubii.com 
https://www.inkl.com 
https://www.inshorts.com 
http://blog.inside.com 
https://news360.com 
https://getnewsbot.com 
https://betamagic.nl/products/newsexplorer.html 
http://nuzzel.com 
http://populast.com 
http://www.pressreader.com 
http://www. realitybrief.com 
http://reederapp.com 
https://www.smartnews.com 
http://www.newswhip.com 
https://www.superdesk.org 
https://tldrworldnews.com 


http://www.topix.com 
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Fact Checking 

Tool Link 

AfricaCheck https://africacheck.org 

AIDR http://aidr.qcri.org 

Check https://meedan.com/en/check 
Checkdesk https://meedan.com/en/checkdesk 
Chequeado http://chequeado.com 

Citizen Desk https://www.sourcefabric.org/en/citizendesk 
CivikOwl http://www.civikowl.com 
Emergent http://www.emergent.info 

Fact Check http://www.factcheck.org 
Fakespot https://www.fakespot.com 


FirstDraftNews 
Check 


Full Fact 
Hoaxy 
InVID 
MediaBugs 


Reporterslab 
Fact Checking 


Snopes 
StopFake 
Truly 

Trusted News 
TrustServista 


Urban Legends 


https://chrome.google.com/webstore/detail/firstdraftnewscheck/japock 
peaaanknlkhagilkgcledilbfk 


https://fullfact.org 

https://hoaxy.iuni.iu.edu 

http://www. invid-project.eu/tools-and-services/invid-verification-plugin 
http://mediabugs.org 

https://reporterslab.org/fact-checking 


http://www.snopes.com 
http://www.stopfake.org/en/news 
http://www.truly.media 
https://trusted-news.com 
https://www.trustservista.com 


https://www.thoughtco.com/urban-legends-4132595 
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Verificado 


Verification 
Handbook 


Verification 
Junkie 


Verification 
Checklist 


Verify Syria 


|-INTELLIGENCE 
https://verificado.mx 
http://verificationhandbook.com 
http://verificationjunkie.com 


https://revealproject.eu/a-roadmap-to-the-truth 


http://www.verify-sy.com/en 
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Working with Foreign Language Content 


Translation Tools 


Tool 


2lingual 

Apertium 

Babelfish 

Bab.la 

Bablic 

Babylon 

Bing Translator 

British Slang 

Deepl Translator 

Dict.cn 

Dictionary.com: Translation 
FreeTranslation 

Free Translator 

Free Website Translation 
Frengly 

Gengo 

Gizoogle 

Google Input Tools 
Google Translate 


Google Translate Extension 


IdiomaX Translation 


Link 


http://www.2lingual.com 
https://www.apertium.org 
https://www.babelfish.com 
https://en.bab.la 
https://www.bablic.com 
http://translation.babylon.com 
http://www.bing.com/translator 
http://www.britishslang.co.uk 
https://www.deepl.com/translator 
http://dict.cn 
http://translate.reference.com 
http://www.freetranslation.com 
http://www.free-translator.com 
http://free-website-translation.com 
http://frengly.com 
http://gengo.com 
http://gizoogle.net/textilizer.php 


https://www.google.com/inputtools/try 


https://translate.google.com 


https://chrome.google.com/webstore/detail/google- 
translate/aapbdbdomjkkjkaonfhkkikfgjllcleb?hI=en 


http://www.idiomax.com/online-translator.aspx 
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imTranslator 


India Typing 


lrish Translator 
iTranslate 
iTranslate Voice 
Lexicool Translation 
Lexilogos 

Linguee 
LingvoSoftOnline 
Microsoft Translator 
Noslang 
OdysseyTranslator 
Online Translator 
Pleco 
PROMT-Online 
Reddit/r/translator 
Reverso 

Reverso Dictionary 
Sco Translate 
Slangit 

Spanish Dict 

South African Slang 
Systran 

Trans8it 

Translate British 
Translate.com 
Translation2 
Unbabel 

Urban Dictionary 
Wiktionary 
WorldLingo 


WorldReference.com 
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http://imtranslator.net/translation 


http://indiatyping.com/index.php/translations/english-to- 
hindi-translation 


http://www.whoohoo.co.uk/irish-translator.asp 
https://www.itranslate.com 
http://itranslatevoice.com 
http://www.lexicool.com/translate.asp 
https://www.lexilogos.com 
http://www.linguee.com 
http://www.lingvozone.com 
http://www.microsoft.com/en-us/translator 
http://www.noslang.com 
http://odysseytranslator.com 
http://www.online-translator.com 
https://www.pleco.com 
http://translation2.paralink.com 
https://www.reddit.com/r/translator 
http://www.reverso.net 
https://dictionary.reverso.net 
http://www.scotranslate.com 
http://slangit.com 
http://www.spanishdict.com 
http://www.rsa-overseas.com/features/slang.htm 
http://www.systransoft.com 
http://transl8it.com 
https://www.translatebritish.com 
https://www.translate.com 
http://translation2.paralink.com 
https://unbabel.com 
https://www.urbandictionary.com 
https://www.wiktionary.org 
http://www.worldlingo.com 


http://www.wordreference.com 
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Yamli (Arabic Search Engine) — http://www.yamli.com 


Yandex Translate https://translate.yandex.ru 
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Web Monitoring 


RSS Readers 


Tool 


Awasu 

Cappuccino 
CurioStudio 
DiggReader 


Fedora Reeder 


Feedafever 
FeedDemon 
Feedenlarger 
Feedly 
FeedReader 
Netvibes 
Newsblur 


Nextgen Reader 


OmeaReader 
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Link 


http://www.awasu.com 
http://cappuccinoapp.com 
http://www.curiostudio.com 
http://digg.com/login?next=%2Freader 


https://www.microsoft.com/en-us/store/p/fedora- 
reader/9nblgggzm828?ranMID=24542&ranEAID=TnLSHPS 
twNwé&ranSitelID=TnLSHPStwNw- 
f3VMyJK1INjf8DUSG_atALO&tduid=(e939f887862d0b3f3cc 
bf2a2fb27c10c)(256380)(2459594)(TnLSHPStwNw- 
f8VMyJK1Njf8DUSG_atALQ)() 


http://www.feedafever.com 
http://www.feeddemon.com 
http://feedenlarger.com 
http://www.feedly.com 
http://www.feedreader.com 
http://www.netvibes.com 
http://newsblur.com 


https://www.microsoft.com/en-us/store/p/nextgen- 
reader/9wzdnerfj262?ranMID=24542 &ranEAID=TnLSHPStw 
Nw&ranSitelD=TnL5HPStwNw- 
RfRFLEISGFCdyaiTXT53gg&tduid=(e939f887862d0b3f3ccb 
f2a2fb27c10c)(256380)(2459594)(TnLSHPStwNw- 
RfRFLEISGFCdyaiTXT53gq)() 


http://www.jetbrains.com/omea/reader 
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Pine 

QuiteRSS 

Royal 

RSS Bridge 

RSS Feed Reader 


RSS for the rest of us 
RSSOwl 
Rufus 


Telescope 


Selfoss 

The Old Reader 
ViennaRSS 
Winds 
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https://pine.blog 

https://quiterss.org 
http://www.the-sz.com/products/royal 
https://github.com/RSS-Bridge/rss-bridge 


https://chrome.google.com/webstore/detail/rss-feed- 
reader/pnjaodmkngahhkoihejjehlcdinohgmp 


https://github.com/wilderborn/rss-for-the-rest-of-us 
http://www.rssowl.org 
https://github.com/jtanza/rufus 


https://itunes.apple.com/us/app/telescope-news-rss- 
reader/id1353282977?mt=8 


http://selfoss.aditu.de 
http://theoldreader.com 
https://github.com/ViennaRSS/vienna-rss 


https://getstream.io/winds 
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This Page Is Intentionally Left Blank 


Other RSS Tools 


Tool 


Bridge.Leslibres 
Bridge.Suumitsu 
Feed Filter Maker 
Fetch RSS 

Google Alerts 
Google-alerts 0.1.5 
Kill the Newsletter 
Pipes 

Reeder 

RSS Bridge 

RSS Micro 

RSS Search Hub 


RSS Subscription Extension 


Sage 


siftrss 
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Link 


https://bridge.leslibres.org 
https://bridge.suumitsu.eu 
http://feed.janicek.co 
http://fetchrss.com 
http://www.google.com/alerts 
https://pypi.org/project/google-alerts 
https://www.kill-the-newsletter.com 
https://www. pipes. digital 
http://reederapp.com 
https://github.com/RSS-Bridge/rss-bridge 
http://www.rssmicro.com 
http://www.rsssearchhub.com 


https://chrome.google.com/webstore/detail/rss- 
subscription- 
extensio/bmiffnfcokiodbeiamclanljnaheeoke?hl=en 


https://addons.mozilla.org/en- 
US/firefox/addon/sage/?src=search 


https://siftrss.com 
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Website Monitoring 


Tool 


ChangeDetect 
ChangeTower 
Custodee 
deltafeed 

Distil Web Monitor 


Feed43 
FollowThatPage 
OnWebChange 
urlwatch 
versionista 
visualping 
WatchThatPage 
WebSite Watcher 
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Link 


http://www.changedetect.com 
https://changetower.com 
https://www.custodee.com 
http://bitreading.com/deltafeed 


https://chrome.google.com/webstore/detail/distill-web- 
monitor/inlikjemeeknofckkjolnjopehgadgge?hl=en-US 


http://feed43.com 
http://www.followthatpage.com 
http://onwebchange.com 
https://github.com/thp/urlwatch 
http://versionista.com 
https://visualping.io 
http://www.watchthatpage.com 


http://www.aignes.com/index.htm 
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Social Media Monitoring 


Tool 


altervista 
Feed Exileed 
Mention 
Queryfeed 
Talkwalker 
TwiSSR 


Link 


http://fb2rss.altervista.org 
http://feed.exileed.com 
https://en.mention.com 
http://www.queryfeed.net 
http://www.talkwalker.com 


http://www.twissr.com 
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Other Monitoring Tools 


Tool Link 
InfoMinder http://www. infominder.com/webminder 
Keendly http://keendly.com 
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Data Collation 


Bookmarking 


Tool 


Bibsonomy 


BonzoBox 


Bookmark OS 


Booky 
ChannelKit 
Clipix 
Curabase 
Diigo 
Dragdis 
Evernote 
Dropmark 
eLink 
Email This 
FAVable 


Google 
Bookmarks 


Granary 
Historious 
Instapaper 
Juxtapost 


Klart 


Link 


http://www.bibsonomy.org 
http://bonzobox.com 
https://bookmarkos.com 
http://booky.io 
http://channelkit.com 
https://www.clipix.com 
https://www.curabase.com 
https://www.diigo.com 
https://dragdis.com 
http://evernote.com 
http://www.dropmark.com 
https://elink.io 
https://www.emailthis.me 


http://www.favable.com 


https://www.google.com/bookmarks 


https://granary.pro 
https://historio.us 
http://www. instapaper.com 
http://www.juxtapost.com 


https://klart.co 
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Larder https://larder.io 

Liner for Pocket —_http://getliner.com/liner-for-pocket 
Link.fish https://link.fish 

Linkman Pro http://www.outertech.com/en/bookmarks-favorites 
Linkstash http://www.xrayz.co.uk 

LiveBinders http://www.livebinders.com 

Lumio https://www.lumioapp.com 

memomize http://www.memomize.com 

Memonic http://www.memonic.com 

Microsoft http://office.microsoft.com/en-us/onenote 
OneNote 

mochimarks https://mochimarks.com 

netrostation https://www.netrostation.com 

P2K https://p2k.co 

Papaly https://papaly.com 

Paperwork https://github.com/twostairs/paperwork 
Pinboard https://pinboard.in 

Pearltrees http://www. pearltrees.com 

Pocket http://getpocket.com 

Raindrop https://raindrop.io 

Readibility http://www. readability.com 

Refind https://refind.com 

Save to Google https://chrome.google.com/webstore/detail/save-to- 


google/meoeeoaohbmgbocpdpnijklmfmijagkkf?utm_source=chrome- 
app-launcher-info-dialog 


Scoop. it http://www.scoop. it 

Scrapbook https://addons.mozilla.org/en-US/firefox/addon/scrapbook 
Scrible http://www.scrible.com 

Session Buddy https://chrome.google.com/webstore/detail/session- 


buddy/edacconmaakjimmfgnblocblbcdcpbko?hl=en 


Sitehoover http://www.sitehoover.com 

Spaaze http://www.spaaze.com 

Stache http://getstache.com 

syncmarx https://syncmarx.mcleodgaming.com 
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Thinkery 
Trackplanet 
Trello 

Turtl 

Tusk 
unhoard 
vookmark 
wallabag 
Wepware 
Wonderpage 
WorldBrain 


Zotero 
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http://thinkery.me 
https://trackpanel.net 
https://trello.com 
https://turtlapp.com 
https://github.com/klauscfhq/tusk 
https://www.unhoard.io 
https://vookmark.co 
https://wallabag.org 
http://www.wepware.com 
http://www.wonderpage.com 
https://worldbrain.io 


http://www.zotero.org 
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Notetaking 


Tool 


Agenda 


Bear Writer 
Cherrytree 
Evernote 

Google Keep 
Google Keep for Desktop 
inkdrop 

Joplin 

Kl1p 

Laverna 

Listacular 

Microsoft OneNote 
Milanote 


Mindful 


Notebook 
Outliney 
Pear Note 
Scribble 
Simplenote 
Slite 
somnote 


Squid 


Link 


https://itunes.apple.com/us/app/agenda-a-new-take-on- 


notes/id1287445660 
http://www.bear-writer.com 
http://www.giuspen.com/cherrytree 
https://www.evernote.com 
https://keep.google.com 
http://keepfordesk.xyz 
https://www.inkdrop.info 
http://joplin.cozic.net 
http://kl1p.com 

https://laverna.cc 
http://www.bloomingsoft.com/listacular 
https://www.onenote.com 
http://www.milanote.com 


https://chrome.google.com/webstore/detail/mindful- 
beta/cieekmjjdkckhpidgaffphlaljdfhhab 


https://www.zoho.com/notebook 
https://glamdevelopment.com/outlinely/ios 
http://www.usefulfruit.com/pearnote 
http://scribble.wreally.com 
http://simplenote.com 

https://slite.com 
http://somcloud.com/about/somnote 


http://squidnotes.com 
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Standard Notes 
Thinkery 
Tomboy 

Turtl 

Tusk 

TypeLink 
Workflowy 
wridea 


Zoho Notebook 
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https://standardnotes.org 
https://thinkery.me 
https://wiki.gnome.org/Apps/Tomboy 
https://turtlapp.com 
https://github.com/klauscfhq/tusk 
https://typelink.net 
https://workflowy.com 
http://wridea.com 


https://www.zoho.com/notebook 
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Annotation and Highlighting 


Tool 


A.nnotate 


Beanote 


Bounce 

Diigo 

Easy Annotate 
Highly 
Hypothesis 
Liner 


Note Anywhere 


Pund.it 

Skitch 

Sum It Up 

Weava Highlighter 


Link 


http://a.nnotate.com 


https://chrome.google.com/webstore/detail/beanote- 
note-taking-on-we/nikccehomlnjkmgmhnieecolhgdafajb 


https://www.bounceapp.com 
https://www.diigo.com 
http://www.easy-annotate.com 
https://www.highly.co 
https://hypothes.is 
http://getliner.com 


https://chrome.google.com/webstore/detail/note- 
anywhere/bohahkiiknkelflnjjlipnaeapefmjbh 


http://thepund.it 
https://evernote.com/skitch 
http://rachitgulati.com/sum-it-up 


https://chrome.google.com/webstore/detail/weava- 
highlighter-pdf-web/cbnaodkpfinfiipjblikofhlhicickei 
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Screenshot and Screen Capture Tools 


Tool 


1Click Screenshot 


Ashampoo Snap 9 


Awesome Screenshot 


BrowseShot 


Captur 

Cockos LICEcap 
EyeWitness 
FastStone 
FireShot 

Fraps 


Full Page Screen 
Capture 


Full Page Screenshot 


Full Web Page 
Screenshots 


Greenshot 
Gyazo 
jetScreenshot 
Jing 

lazyshot 
LightShot 


Monosnap 


Link 


https://chrome.google.com/webstore/detail/1 click- 
screenshot/akgpcdalpfphjmfifkmfbpdmgdmeeaeo?hli=en 


https://www.ashampoo.com/en/usd/pin/1724/multimedia- 
software/Ashampoo-Snap-9 


https://www.awesomescreenshot.com 


https://itunes.apple.com/us/app/ 
browseshot/id6159164007?ls=1%20&%20mt=12 


http://cambhlumbulunk.blogspot.com/p/captur.html 
https://www.cockos.com/licecap 
https://github.com/ChrisTruncer/EyeWitness 
http://www.faststone.org/FSCaptureDetail.htm 
https://getfireshot.com 

http://www.fraps.com 


https://chrome.google.com/webstore/detail/full-page-screen- 
capture/fdpohaocaechififmbbbbbknoalclacl?hl=en-US 


https://chrome.google.com/webstore/detail/full-page- 
screenshot/glgomjpomoahpeekneidkinhcfinnhmb?hl=en 


https://addons.mozilla.org/en-US/firefox/addon/fireshot 


https://getgreenshot.org 
https://gyazo.com 
http://www.jetscreenshot.com 
https://www.techsmith.com/jing-tool.html 
https://github.com/mdhama/lazyshot 
https://app.prntscr.com 


https://monosnap.com 
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Nimbus 

Pages 2 Images 
Paparazzi! 
PickPick 

puush 

qSnap 


Screengrab 


Screen Master 


Screenshot App 


Screenshot Captor 


Screenshot Layer 
Screenshot Machine 
Screenshot Utility 
ScreenToGif 
ShareX 

Shrink the Web 
SiteShoter 
Snaggy 

Snagit 

Snapito 

Snapper 
Snip&Paste 


Take Webpage 
Screenshots Entirerly 


TinyTake 
URL2PNG 

URL Box 
Web-Capture 
Web Page Saver 


webscreenshot 
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http://nimbus.everhelper.me 
http://www.page2images.com 
https://derailer.org/paparazzi 
http://ngwin.com/picpick 
https://puush.me 


https://chrome.google.com/webstore/detail/qsnap-screen- 
capture-scre/bijakfpegjnjmfdoiloebhaemhomjkon 


https://addons.mozilla.org/en-US/firefox/addon/screengrab-fix- 
version/ 


https://play.google.com/store/apps/ 
details?id=pro.capture.screenshot 


http://screenshotapp.com 


http://www.donationcoder.com/software/mouser/popular- 
apps/screenshot-captor 


https://screenshotlayer.com 
https://www.screenshotmachine.com 
http://screenshot-utility.com 
http://www.screentogif.com 
https://getsharex.com 
https://www.shrinktheweb.com 
http://www.nirsoft.net/utils/web_site_screenshot.html 
https://snag.gy 
https://www.techsmith.com/screen-capture.html 
https://snapito.com 
https://github.com/dxa4481/Snapper 
https://www.snipaste.com 


https://chrome.google.com/webstore/detail/take-webpage- 
screenshots/mcbpblocgmgfnpjjppndjkmgjaogfceg?hl=en-US 


https://tinytake.com 

https://www.url2png.com 

https://urlbox.io 

https://web-capture.net 
https://www.magnetforensics.com/free-tool-web-page-saver 


https://github.com/maaaaz/webscreenshot 
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Browsing and Browsers 


Browsers 


Tool 


Addap’s 

Alloy 

Aloha Browser 
Basilisk 

Brave 
CentBrowser 
Chrome 
Chromium 
Cliqz 

Colibri 


Comodo Dragon 


Cocoon 
Coowon 
Dooble 

Edge 


Firefox 

Ghost Browser 
Iridium 
Konqueror 


Links 


Link 


https://www.addaps.com 
http://alloy.simoncaminada.ch 
https://alohabrowser.com 
http://www. basilisk-browser.org 
https://brave.com 
http://www.centbrowser.com 
https://www.google.com/chrome 
https://www.chromium.org 
https://cliqz.com 
https://colibri.opqr.co 


https://www.comodo.com/home/browsers- 
toolbars/browser.php 


https://getcocoon.com 
http://coowon.com 
https://textbrowser.github.io/dooble 


https://www.microsoft.com/en-us/windows/microsoft- 
edge/microsoft-edge 


https://www.mozilla.org 
https://ghostbrowser.com 
https://iridiumbrowser.de 
https://konqueror.org 
http://links.twibright.com 
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Maxthon 
Midori 

Min 

Next 

Opera 
Opera Neon 
Pale Moon 
Qt Web 
Qup2Zilla 
Safari 
SeaMonkey 
Silo 

Sleipnir 
SRWare Iron 
Torch 
UCBrowser 
Vivaldi 


Yandex Browser 


http://www.maxthon.com 
http://midori-browser.org 
https://minbrowser.github.io/min 
http://next-browser.com 
http://www.opera.com 
http://www.opera.com/computer/neon 
https://www.palemoon.org 
http://www.qtweb.net 
https://www.qupzilla.com 
http://www.apple.com/safari 
https://www.seamonkey-project.org 
https://www.authentic8.com/overview 
http://www.fenrir-inc.com/jp/sleipnir 
http://www.srware.net/en/software_srware_iron.php 
http://www.torchbrowser.com 
http://www.ucweb.com 
https://vivaldi.com 


https://browser.yandex.com/desktop/main 
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Startpages 


Tool 


allmyfaves 
ighome 
iloggo 
Kadaza 
Myfav.es 
My Yahoo 
Open OOX 
Protopage 
Start.io 
Startme 
Symbaloo 
uStart.org 
Yourport 


Zenstart 
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Link 


http://www.allmyfaves.com 
http://www.ighome.com 
http://iloggo.com 
http://www.kadaza.com 
http://myfav.es 
https://my.yahoo.com 
https://openoox.com 
http://www.protopage.com 
http://start.io 
http://www.startme.com 
http://www.symbaloo.com 
http://www.ustart.org 
http://www.yourport.com 


http://www.zenstart.com 
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Customising New Tab 


Tool 


Blink 
Bookmark Dial 


Chrome Customize Your New 


Tab Page 


Custom New Tabs 


Live Start Page LST 


Moment 


New MetroTab 


New Tab Tools 


Rocket Dashboard 


SiteLauncher 


Speed Dial New Tab Page 


Speed Start 


Start.me 


Super Start 
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Link 


https://addons.mozilla.org/en-GB/firefox/addon/blink 


https://addons.mozilla.org/en- 
GB/firefox/addon/bookmark-dial 


https://chrome.google.com/webstore/category/collecti 


on/customize_your_new_tab_page 


https://addons.mozilla.org/en- 
US/firefox/addon/custom-new-tabs 


https://addons.mozilla.org/en-US/firefox/addon/live- 
start-page-lst 

https://addons.mozilla.org/en- 
US/firefox/addon/moment/?src=search 
https://addons.mozilla.org/en-US/firefox/addon/new- 


metrotab 


https://addons.mozilla.org/en-US/firefox/addon/new- 
tab-tools 


https://chrome.google.com/webstore/detail/rocket- 
dashboard/ 
plcedaomijdiihihamfhangiiknamifc?utm_source= 
website&utm_medium=splash&utm_campaign=temp- 
splash 


https://addons.mozilla.org/en- 
GB/firefox/addon/sitelauncher 


https://addons.mozilla.org/en-US/firefox/addon/fvd- 
speed-dial 


https://addons.mozilla.org/en-GB/firefox/addon/speed- 
start 


https://addons.mozilla.org/en-US/firefox/addon/startme 


https://addons.mozilla.org/en-GB/firefox/addon/super- 
start 
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ViewMarks https://addons.mozilla.org/en- 
US/firefox/addon/viewmarks 
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Tab Management 


Tool 

Bookmark Ninja 
OneTab 
MySessions 
Quick Tab 
Session Buddy 
Tabli 

TabCloud 


Tab Hibernation 


TabJump 


Tab Manager 
Tab Manager 
Tabs Outliner 


TabsPlus 


Link 


https://www.bookmarkninja.com 


https://chrome.google.com/webstore/detail/onetab/chp 
hlpgkkbolifaimnlloiipkdnihall?hl=en 


https://addons.mozilla.org/en-US/firefox/addon/my- 
sessions 


https://chrome.google.com/webstore/detail/quick- 
tab/bdeifmcaonlafkglbdpbbhkeecjnkipo 


https://chrome.google.com/webstore/detail/session- 
buddy/edacconmaakjimmfgnblocblbcdcpbko?hl=en 


https://chrome.google.com/webstore/detail/tabli/igeehk 
edfibbnhbfponhijjplpkeomghi 
https://chrome.google.com/webstore/detail/tabcloud/np 
ecfdijgoblfcgagoijgmgejmcpnhof?hl=en 


https://chrome.google.com/webstore/detail/tab- 
hibernation/pbdpajcdgknpendpmecafmopknefafha?hl=e 
n 


https://chrome.google.com/webstore/detail/tabjump- 
intelligent-tab- 
n/hokofmgcicpnjchllaccgedmmmbbnbmf?hli=en 


https://addons.mozilla.org/en-US/firefox/addon/tab- 
manager-webextension 


https://addons.mozilla.org/en- 
US/firefox/addon/tab_manager 


https://chrome.google.com/webstore/detail/tabs- 
outliner/eggkanocgddhmamlbiijnohhppkpkmk| 


https://chrome.google.com/webstore/detail/tabsplus/nik 
omkkhhpfoeamojhhgpfkpkdlfhfii?hl=en 
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Tab Session Manager 


Tab Wrangler 


The Great Suspender 


Toby 
TooManyTabs 
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https://addons.mozilla.org/en-US/firefox/addon/tab- 
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PART | 
MATHEMATICAL PRINCIPLES ESSENTIAL TO COMMUNICATIONS-ELECTRONICS 


CHAPTER 1 
INTRODUCTION 


1. Purpose and Scope 


a. Purpose. This manual provides the basic 
mathematies required by communications-elec- 
tronics personnel. 


b. Scope. This manual covers those principles 
and applications of arithmetic, algebra, loga- 
rithms, geometry, and trigonometry that are 
required for a practical understanding of elec- 
tricity and electronics. The manual is divided 
into two parts: 

(1) Part I is a review of the mathematical 
principles essential to communica- 
tions-electronics. 


(2) Part II covers the application of the 
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mathematical principles to common 
communications-electronics problems. 


2. Mathematics and Electronics 


Skill in the use of mathematics, particularly 
arithmetic, algebra, and trigonometry, is essen- 
tial in the fields of electricity and electronics. 
Most of our basic ideas of electrical phenomena 
are based on mathematical reasoning and are 
stated in mathematical terms. Therefore, a 
thorough knowledge of mathematics and of the 
specific applications of mathematics to the field 
of electricity will serve as a foundation for the 
technical knowledge needed by communications- 
electronics personnel. 
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Hiver 

Integrated gmail 
Mailstore 


Hubspotsales 


Minimalist 


NudgeMail 
Rapportive 
Sanebox 


Send for Gmail 


http://www.activeinboxhq.com 

https://www.batchedinbox.com 

https://www.baydin.com 
https://addons.mozilla.org/en-US/firefox/addon/better-gmail-2/ 


https://chrome.google.com/webstore/detail/block- 
sender/bkInjbfcmglhiaoppcckdodanccbelcg 


http://www.boomeranggmail.com 

http://www.clearcontext.com 

https://www.cleanfox.io 

https://complete.|i 

https://www.findbigmail.com 

https://www.followupthen.com 
https://addons.mozilla.org/en-US/firefox/addon/gpum 
http://hiverhg.com 
https://addons.mozilla.org/en-US/firefox/addon/integrated-gmail 
http://www.mailstore.com 


https://chrome.google.com/webstore/detail/hubspot- 
sales/oiiaigijnkhngdbnoookogelabohpglmd?hl=en 


https://chrome.google.com/webstore/detail/minimalist-for- 
everything/bmihbInpomgpjkfddepdpdafhhepdbek 


https://www.nudgemail.com 
https://rapportive.com 
https://www.sanebox.com 


https://chrome.google.com/webstore/detail/send-from-gmail- 
by-google/pgphcomnlaojlmmcjmiddhdapjpbgeoc 
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Sortd 


TrueNew 


Ugly Email 
Unroll.me 


WiseStamp 


http://www.sortd.com 


https://chrome.google.com/webstore/detail/truenewtm-count- 
for-gmail/Ihgbgmbdabgjdephnmkpmcdkmnpiahlb 


https://uglyemail.com 
https://unroll.me 


https://chrome.google.com/webstore/detail/wisestamp-email- 
signature/pbcgnkmbeodkmiijjfnliicelkjfcldg 


265 


|-INTELLIGENCE 


|-INTELLIGENCE 


Cloud Storage and File Sharing 


Tool 


4Shared 
ADrive 


Amazon Cloud drive 


Box 
Boxcryptor 
Cloudapp 
CloudFuze 
CloudHOQ 
docuvo 
Dropbox 
Dropcanvas 
droplr 
DropSend 
Duplicati 
Egnyte 
EnCrypted Cloud 
Ge.TT 
GoodSync 
Google Drive 
Hightail 
hubiC 
iCloud 
Mediafire 
Mega 


Link 


http://www.4shared.com 
http://www.adrive.com 
https://www.amazon.com/clouddrive/home 
https://www.box.com 
https://www.boxcryptor.com 
http://www.getcloudapp.com 
https://www.cloudfuze.com 
https://www.cloudhq.net 
https://www.docuvo.com 
https://www.dropbox.com 
http://dropcanvas.com 
https://droplr.com 
http://www.dropsend.com 
http://www.duplicati.com 
http://www.egnyte.com 
https://www.encryptedcloud.com 
http://ge.tt 
http://www.goodsync.com 
https://www.google.com/intl/nl/drive 
https://www.hightail.com 
https://hubic.com 
https://www.icloud.com 
https://www.mediafire.com 


https://mega.nz 
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Mindbox 
Mozy 
Multicloud 
Onedrive 
Onehub 
Otixo 
pCloud 
Sendthisfile 
Sendspace 
Simple.Savr 
Spideroak 
SugarSync 
Syncthing 
TransferBigFiles 
Tresorit 


WeTransfer 
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https://minbox.com 
http://mozy.com 
https://www.multcloud.com 
https://onedrive.live.com 
https://www.onehub.com 
http://www.otixo.com 
https://www.pcloud.com 
https://www.sendthisfile.com 
https://www.sendspace.com 
https://www.ssavr.com 
https://spideroak.com 
https://www.sugarsync.com 
https://syncthing.net 
https://www.transferbigfiles.com 
https://tresorit.com 


https://www.wetransfer.com 
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Web Automation 


Tool 


Apiant 

Cloud Work 
IFTTT 
Microsoft Flow 
Stringify 
Trigger Happy 
WeWiredWeb 
Workflow 
Zapier 
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Link 


https://apiant.com 
https://cloudwork.com 
https://ifttt.com 
https://flow.microsoft.com 
https://www.stringify.com 
https://trigger-happy.eu 
https://wewiredweb.com 
https://workflow.is 


https://zapier.com 
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Collaboration and Communication 


Collaboration and Project Management 
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Tool Link 

10kinsights https://www. 10000ft.com 
92fiveApp http://92fiveapp.com 

5pm http://www.5pmweb.com 
ActionMint https://www.actionmint.com 
ActiveCollab https://www.activecollab.com 
Advanseez http://www.advanseez.com 
Agilewords http://www.agilewords.com 
Airtable https://airtable.com 
AllThings http://www.allthings.io 
Any.do http://www.any.do 

Apollo http://www.apollohg.com 
Asana https://asana.com 

Authorea https://www.authorea.com 
AWW https://awwapp.com 
Azendoo https://www.azendoo.com 
Basecamp https://basecamp.com 
Binfire https://www.binfire.com 
Box https://www.box.com 
Breeze https://www.breeze.pm 
Canvanizer https://canvanizer.com 
Casual https://casual.pm 
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Cardboardit 
Cardsmith 
CloudApp 
Collabtive 
CollaborateCloud 
Comindwork 
Conceptboard 
Confluence 
CoSketch 
Crowdbase 
Deekit 
Draw.to 
eGroupWare 
Elegantt 
Encrypted Cloud 
Firepad 
Firesub 

Flask 

Float 
Flowdock 
Flockdraw 
Flow 

Frame 
Freedcamp 
Glasscubes 
GQueues 
Hightail 
hitask 
Huddle 

Idea Flip 
Infolio 
KabanTool 
Kanboard 
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https://cardboardit.com 
http://cardsmith.co 
http://www.getcloudapp.com 
http://collabtive.o-dyn.de 
http://www.collaboratecloud.com 
http://www.comindwork.com 
https://conceptboard.com 
https://www.atlassian.com/software/confluence 
http://cosketch.com 
http://crowdbase.com 
https://www.deekit.com 
http://draw.to 
http://www.egroupware.org 
https://elegantt.com 
https://www.encryptedcloud.com 
https://firepad.io 
https://firesub.com 
http://flask.io 
https://www.float.com 
https://www.flowdock.com 
http://flockdraw.com 
https://www.getflow.com 
https://frame.io 
https://freedcamp.com 
https://www.glasscubes.com 
https://www.gqueues.com 
https://www.hightail.com 
https://hitask.com 
https://www.huddle.com 
https://ideaflip.com 
https://infolio.co 
http://kanbantool.com 
https://kanboard.net 
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Kerika 

Loomio 
LumoFlow 
Nozbe 
Nutcache 
meistertask 
Minute 
Monday 
Mural 
MyKanzen 
OmniGroup 
OnlyOffice 
Padlet 
Piematrix 
Pinstriped 
PivotalTracker 
Plan 

Planleat 
Planzone 
Podio 
PrimaryPad 
ProjectManager 
ProjectPlace 
ProofHub 
Quip 

Quire 
Realtimeboard 
Redbooth 
Reverb 
ScadaPlan 
SeavusProjectViewer 
Smartsheet 


Stackfield 
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http://kerika.com 
https://www.loomio.org 
https://lumoflow.com 
https://nozbe.com 
http://www.nutcache.com 
https://www.meistertask.com 
https://www.getminute.com 
https://monday.com 
https://mural.co 
https://mykanzen.com 
https://www.omnigroup.com 
https://www.onlyoffice.com 
https://padlet.com 
http://www.piematrix.com 
http://pinstriped.com 
http://www. pivotaltracker.com 
https://plan.io 
http://www.planleaf.com 
https://www.planzone.com 
https://podio.com 
http://primarypad.com 
https://www.projectmanager.com 
https://www.projectplace.com 
https://www.proofhub.com 
https://quip.com 
https://quire.io 
https://realtimeboard.com 
https://redbooth.com 
http://reverbapp.com 
http://scadaplan.com 
https://www.seavusprojectviewer.com 
https://www.smartsheet.com 


https://www.stackfield.com 
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Stormboard 
SyncSpace 
Taiga 
Taskboard 
tave 
TeamAllocator 
Team.fm 
Team Pad 
TeamWork 


TeamWorklive 


Transparent Business 


Trello 

Tuzzit 

Twiddla 
Twoodo 
updatey 

Web Whiteboard 
Weekdone 
wePaste 
Whiteboard 
Whiteboard Fox 
Workfront 
Wrike 

Yammer 
YouTrack 

Zoho 
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https://www.stormboard.com 
http://infinitekind.com/syncspace 
https://taiga.io 
https://taskboard.matthewross.me 
https://tave.com 
http://www.teamallocator.com 
https://team.fm 
https://www.team-pad.com 
https://www.teamwork.com 
http://www.teamworklive.com 
http://transparentbusiness.com 
https://trello.com 
https://www.tuzzit.com 
http://www.twiddla.com 
https://www.twoodo.com 
http://updatey.com 
http://webwhiteboard.com 
https://weekdone.com 
http://www.wepaste.com 
http://whiteboard.drewwilson.com 
https://whiteboardfox.com 
https://www.workfront.com 
https://www.wrike.com 
https://www.yammer.com 
https://www.jetbrains.com/youtrack 


https://www.zoho.com 
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Communication Tools 


Tool 


Adobe Connect 
AnyDesk 
AnyMeeting 
Auralink 
Babblebay 
BeamYourScreen 


Blackboard 


blind 

Briar 

Cisco Spark 
clearvale 

Digital Samba 
Discourse 

eBLVD 

Ekiga 

FaceFlow 

Fleep 
FreeConferenceCall 
FreeScreenSharing 
Friends 

Glance 
GoToMeeting 
Highfive 
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Link 


http://www.adobe.com/products/adobeconnect.html 
http://anydesk.com/remote-desktop 
https://www.anymeeting.com 

http://auralink.com 

http://www.babblebay.com 
http://www.beamyourscreen.com 


http://www.blackboard.com/online-collaborative- 
learning/index.aspx 


https://us.teamblind.com 
https://briarproject.org 
https://notes.ciscospark.com 
https://www.clearvale.com/marketing/en 
http://www.digitalsamba.com 
http://www.discourse.org 
https://www.eblvd.com 
http://ekiga.org 
http://www.faceflow.com 
https://fleep.io 
https://www.freeconferencecall.com 
https://www.freescreensharing.com 
http://moose-team.github.io/friends 
http://ww2.glance.net 
http://www.gotomeeting.com 


https://highfive.com 
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CHAPTER 2 
PERCENTAGE 


3. General 


a. Definition. Percentage is the process of 
computation in which the basis of comparison 
is a hundred. The term percent—from per, by, 
and centum, hundred—means by or on the hun- 
dred. Thus, 2 percent of a quantity means two 
parts of every hundred parts of the quantity. 


b. Symbol. The symbol of percentage is %. 
Percent may also be indicated by a fraction or 


a decimal. Thus, 5% =5 = .05. Figure 1 


shows the relationship between fractions, deci- 
mals, and percentage. 


c. Base, Rate, and Percentage. 
(1) The base is the number on which the 
percentage is computed. 
(2) The rate is the amount (in hun- 
dredths) of the base to be estimated. 
(8) The percentage is a part or propor- 
tion of a whole expressed as so many 
per hundred. Percentage is the por- 
tion of the base determined by the 
rate. 


4. Conversion of Decimal to Percent 


To change a decimal to percent, move the 
decimal point two places to the right and add 
the percent symbol. 


Example: Chance .375 to percent. 
Move decimal point two places to 
right: 37.5 


Add percent symbol: 37.5 % 


5. Conversion of Fraction to Percent 


To convert a fraction to percent, divide the 
numerator by the denominator and convert to 
a decimal, Then, convert the decimal to per- 
cent (par. 4). 


4 


Example: Change fraction 2 to percent. 


Divide numerator by denomina- 
tor: 5 + 8 = .625 

Convert decimal to percent: 6.25 
= 62.5% 


Thus, 2 = 62.5%. 


6. Conversion of Percent to Decimal 


To change a percent to a decimal, omit the 
percent symbol and move the decimal point two 
places to the left. 


Example 1: Change 15% to a decimal. 
Omit percent symbol: 15% be- 
comes 15 
Move decimal point two places 
to the left: 15 becomes .15 
Thus, 15% = .15. 


Example 2: Change 110% to a decimal. 
Omit percent symbol: 110% be- 
comes 110 
Move the decimal point two 
places to the left: 110 becomes 
1.10. 
Thus, 110% = 1.10. 


7. Conversion of Percent to Fraction 


To change a percent to a fraction, first change 
the percent to a decimal (par. 6) and then to 
a fraction. Reduce the fraction to its lowest 
terms. 


Example 1: Change 25% to a fraction. 
Change to a decimal: 25% = .25 
ee 
Change to a fraction: .25 — 100 


Reduce fraction to lowest terms: 


Thus, 25% =4 ‘ 
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icq 

iLinc 
Infinite 
Intercall 
Jitsi 
Join.me 
Jostle 
KIK 
Let’s Chat 
lifesize 
Line 


Linphone 


Live Conference Pro 


Lucid Meetings 


Meet Franz 
MeetingOne 
MeetNotes 
MeWe 
mikogo 
mobilimeet 
MyBB 

PGi iMeet 
Phorum 
Quicktopic 
ReadyTalk 
RingCentral 
Rocket.Chat 
screenleap 
sifonr 

Signal 

Skype 

Slack 
StartMeeting 
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https://icq.com 

http://www. ilinc.com 
http://www. infiniteconferencing.com 
http://www. intercall.com 
https://jitsi.org 
https://www.join.me 
http://www.jostle.me 
https://www.kik.com 
http://sdelements.github.io/lets-chat 
http://www.lifesize.com 
https://line.me 
http://www.linphone.org 
http://www.liveconferencepro.com 
http://www.lucidmeetings.com 
https://meetfranz.com 
https://www.meetingone.com 
https://meetnotes.co 
https://mewe.com 
https://www.mikogo.com 
http://mobilimeet.com 
http://www.mybb.com 
http://www.pgi.com/imeet 
http://www.phorum.org 
http://www.quicktopic.com 
https://www.readytalk.com 
http://www.ringcentral.com 
https://rocket.chat 
http://www.screenleap.com 
http://www.sifonr.com/ 
https://signal.org 
http://www.skype.com 
https://slack.com 


https://www.startmeeting.com 
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Stride 

Talky 
Teamviewer 
Telegram 
Tibbr 

Tixeo 

Toc 

TrueConf 
Twchat 
Vanilla Forums 
Veeting rooms 
VeriShow 
Viadesk 
VideoLink2 
Webex 
Webinato 
WeChat 
WhatsApp 
Zeetings 
Zoho Meeting 
Zoom.us 


Zulip 
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https://www.stride.com 
https://talky.io 
https://www.teamviewer.com 
https://telegram.org 
http://www.tibbr.com 
https://www.tixeo.com/en/secure-video-conferencing 
http://toc.im 
http://trueconf.com 
http://twchat.com 
http://vanillaforums.org 
https://www.veeting.com 
http://www.verishow.com 
http://www.viadesk.com 
https://videolink2.me 
http://www.webex.com 
http://www.webinato.com 
https://web.wechat.com 
https://www.whatsapp.com 
http://www.zeetings.com 
https://www.zoho.com/meeting 
https://zoom.us 


https://www.zulip.org 
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Other Utility Tools 


File Converters 


Tool 


Adapter 
Any Video Converter 


Apowersoft 


Avidemux 

Batch Photo 
cloudconvert 

Clip Convert 
Cometdocs 

Convert Files 
Convert Video Online 
CoolUtils 

Covertion 


DVD Video Soft 


Fileshifter 

File Zig Zag 

Free File Convert 
Free Make 

NCH Software 


Online-Convert 


Link 


https://macroplant.com/adapter 


http://www.any-video- 
converter.com/products/for_video_free 


https://www.apowersoft.com/free-online-video- 
converter 


http://avidemux.sourceforge.net 
https://www.batchphoto.com/espresso 
https://cloudconvert.com 
https://clipchamp.com/en/video-converter 
https://www.cometdocs.com 
http://www.convertfiles.com 
https://convert-video-online.com 
https://www.coolutils.com/online/Image-Converter 
https://convertio.co 


https://www.dvdvideosoft.com/products/dvd/Free- 
Image-Convert-and-Resize.htm 


https://fileshifter.io 
https://www.filezigzag.com 
https://www.freefileconvert.com 


http://www.freemake.com/free_video_converter 


https://www.nchsoftware.com/software/converters.html 


https://www.online-convert.com 
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PDF Converter 
PDF Converter 
PDF Forge 

PIX Converter 
Publisher to PDF 
RoboBraille 
XnConvert 


Zamzar 
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https://www.freepdfconvert.com 
https://smallpdf.com/pdf-converter 
http://www.pdfforge.org/pdfcreator 
https://www.coffeecup.com/pixconverter 
https://www.publishertopdf.com 
https://www.robobraille.org 
https://www.xnview.com/en/xnconvert 


https://www.zamzar.com 
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URL Shorteners and Expanders 


Tool 


Bit.do 

bitly 
CheckShortURL 
GetLinkInfo 
unFurlr 
Unshorten 


Unshorten.link 


urlex 


Where Does This 
Link Go? 


Link 


https://bit.do 
https://bitly.com 
http://checkshorturl.com 
http://www.getlinkinfo.com 
https://unfurlr.com 
https://unshorten. it 


https://chrome.google.com/webstore/ 
detail/unshortenlink/gbobdaaeaihkghbokihkofcbndhmbdpd?hl=en 


http://urlex.org 


http://wheredoesthislinkgo.com 
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Keywords Discovery and Research 


Tool 


Google Adwords 

Google Keyword Suggest Tool 
Google Trends 

Keyword Discovery 

Keyword Spy 

KeywordTool 

One Look Reverse Dictionary 
Word Tracker 

Soovle 


Ubersuggest 


Link 


http://adwords.google.com 
http://tools.seochat.com/tools/suggest-tool 
https://www.google.com/trends 
http://www.keyworddiscovery.com 
http://www.keywordspy.com 
http://keywordtool.io 
http://www.onelook.com/reverse-dictionary.shtm| 
https://www.wordtracker.com 
http://www.soovle.com 


http://ubersuggest.org 
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Android Emulators 


Tool 


Andyroid 
BlueStacks 
GenyMotion 
Leapdroid 
NoxPlayer 
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Link 


https://www.andyroid.net 
https://www.bluestacks.com 
https://www.genymotion.com 
https://leapdroid.en.softonic.com 


https://www.bignox.com 
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Virtual Machine 


Tool 


Buscador Investiagtive 


Operating System 
Linux KVM 
Microsoft VMS 


Parallels 

QEMU 

Veertu 

VirtualBox 
VMWare 

VMWare ESXi 
Windows Hyper-V 


Windows Virtual PC 


Xenserver 


Link 


https://inteltechniques.com/buscador 


https://www.linux-kvm.org/page/Main_Page 


https://developer.microsoft.com/en-us/microsoft- 
edge/tools/vms 


https://www.parallels.com 

https://www.qemu.org 

https://veertu.com 
https://www.virtualbox.org/wiki/Downloads 
https://www.vmware.com 
https://www.vmware.com/products/esxi-and-esx.html 


https://www.microsoft.com/en-us/cloud-platform/server- 
virtualization 


https://www.microsoft.com/en- 
us/download/details.aspx?id=3702 


https://xenserver.org 
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Date & Time 


Tool 


Coder's Tool Box 


Earth Date to Martian Solar 
Longtitude 


EpochConverter 

Epoch Timestamp Converter 
Every Time Zone 

ExcelJet 


NASA's HEASARC Tools 


Online Conversion 
Sonnenverlauf 
SunCalc 

Sun or Moon Rise (US) 
timeanddate 
Timeanddate 

Time Now 
TimeStampConvert 


Time Temperature 


Time Zone Converter 
Time Zone Converter 
World Time Buddy 
World Time Server 


WolpframAlpha 
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Link 


https://coderstoolbox.net/unixtimestamp 


http://www- 
mars.Imd.jussieu.fr/mars/time/martian_time.html 


https://www.epochconverter.com 
https://www.unixtimestamp.com/index.php 
http://everytimezone.com 
https://exceljet.net/formula/convert-time-to-time-zone 


https://heasarc.gsfc.nasa.gov/cgi- 
bin/Tools/xTime/xTime.pl 


http://www.onlineconversion.com/unix_time.htm 
https://www.sonnenverlauf.de 

http://suncalc.net 
http://aa.usno.navy.mil/data/docs/RS_OneYear.php 
https://www.timeanddate.de 
https://www.timeanddate.com/worldclock/converter.html 
http://www.thetimenow.com 
http://www.timestampconvert.com 


https://www.timetemperature.com/time-tools- 
advanced/time-converter-future-date.php 


http://www.timezoneconverter.com/cgi-bin/tzc.tzc 
http://www.thetimezoneconverter.com 
https://www.worldtimebuddy.com 
https://www.worldtimeserver.com 


http://www.wolframalpha.com 
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Weather 


Tool 


AccuWeather Global 


Aviation Weather Center 


BBC Weather 

Earth 

Global Sailing Weather 
GreatWeather 
Intellicast 
MeteoFrance 

MetEye 

Mike's Weather Page 
NOOA Weather 
Open Weather Map 
UK Weather Cams 
Ventusky 
weatherbase 
Weather Underground 
Weather And Climate 
Weather.com 
Weather.gov 
weather.org 
Weatherzone.com 
Wetter.com 
Windy.com 


wisuki 
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Link 


https://www.accuweather.com/en/world-weather 
https://www.aviationweather.gov 
https://www.bbc.com/weather 
https://earth.nullschool.net 
http://www.globalsailingweather.com 
http://www.greatweather.co.uk 
http://www. intellicast.com 
http://www.meteofrance.com 
http://www.bom.gov.au/australia/meteye 
http://spaghettimodels.com 
http://www.noaa.gov/weather 
https://openweathermap.org 
http://www.ukweathercams.co.uk 
https://www.ventusky.com 
http://www.weatherbase.com 
https://www.wunderground.com 
https://weather-and-climate.com 
https://weather.com 
https://www.weather.gov 
http://weather.org 
http://www.weatherzone.com.au/world 
https://www.wetter.com 
https://www.windy.com/?39.538,-76.352,5 


http://wisuki.com 
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Figure 1. Relationship between fractions, 
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i 
10 10% OR .10 
iL Vo 
r 125 %e OR .125 
: 20% OR .20 
4 25% OR .25 
30% OR .30 
i 
3 
3 to 
: 375 % OR .375 
z 40% OR .40 
+ 50% OR .50 
= 60% OR .60 
= 621% or .625 
8 2 
Z 
3 
ma 70% OR .70 
10 : 
3 75% OR .75 
4 
4 9 
¢ 80% OR .80 
2 ! 
a 87+ % oR 875 
2 2 %o 
2 9 
10 90% OR .90 
100% 
TM684-7 


decimals, and percentage. 


Example 2: Change 37.5% to a fraction. 
Change to a decimal: 37.5% = 


O15 
Change to a fraction: 
375 
375 = 000 
Reduce fraction to lowest terms: 
3875 3 
1000 8 
Thus, 37.5% — 7 


8. Finding Percentage 


a. General. To find the percent of a number, 
write the percent as a decimal and multiply the 
number by this decimal. In this case, the base 
and rate are given. The problem is to find the 
percentage. 

Example 1: Find 5% of 140 (140 is the base, 
5% is the rate, and the product 
is the percentage). 

5% of 140 = .05 « 140 =7 

Example 2: Find 5.2% of 140. 

5.2% of 140 = .052 x 140 = 
7.28 

Example 3: Find 150% of 36. 

150% of 36 = 1.50 « 36 = 54 


Example 4: Find 5% of 840. 


5% = 5% 
5% of 840 = .005 x 840 = 4.20 
Thus, 5% of 840 = 4.20. 


b. Application of Percentage. In communi- 
cations-electronics, typical applications of per- 
centage computation are used in determining 
tolerance values of resistors (par. 206) or in 
determining the efficiencies of motors and gen- 
erators (par. 209). 


9. Finding Rate 


To find the percent one number is of another, 
write the problem as a fraction, change the 
fraction to a decimal, and write the decimal as 
a percent. In this case, the percentage and base 
are given. The problem is to find the rate. 

Example 1: 3 is what percent of 8? (3 is the 

percentage, 8 is the base, and the 
quotient is the rate.) 
3 


35 3875 


World Weather 


World Weather and Climate 
Extremes Archive 


World Weather Online 


wunderground 
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http://worldweather.wmo.int/en/home.html 


https://wmo.asu.edu 


https://www.worldweatheronline.com/lang/en-us 


https://www.wunderground.com 
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Barcodes 


Tool 


Barcode Link 
Barcode Reader 


Barcode Scanner 


CodeReader 
IB Scanner 


Online Barcode 
Reader 


Online Barcode 
Reader 


QR and Barcode 
Reader 


QR Code Reader 
and Scanner 


QR Code Scanner 
Scandit 
ScanMe 


Scan — QR Code, 
Barcode Reaser 
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Link 


http://www.barcodelink.net 


https://online-barcode-reader.inliteresearch.com 


https://play.google.com/store/apps/details 
?id=com.google.zxing.client.android&hl=en_US 


https://www.codereadr.com/ 
http://www.ibscanner.com/online-barcode-scanner 


https://www.onlinebarcodereader.com 
https://online-barcode-reader.com 


https://play.google.com/store/apps/details 
?id=com.teacapps.barcodescanner&hl=en_US 


https://itunes.apple.com/us/app/ 
qr-code-reader-and-scanner/id388175979?mt=8 


https://webqr.com 
https://www.scandit.com 
https://www.scan.me 


https://itunes.apple.com/us/app/ 
scan-qr-code-barcode-reader/id411206394?mt=8 
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Analysis 


Social Network Analysis 


Tool 


Gephi 
Graph Commons 


IBM Analyst Notebook 


ORA 
Sentinel Visualizer 
SocioViz 


Visual Investigative Scenarios 
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Link 


https://gephi.org 
https://graphcommons.com 


https://www.ibm.com/us-en/marketplace/analysts- 
notebook 


http://www.casos.cs.cmu.edu/projects/ora/software.php 
http://www.fmsasg.com 
http://socioviz.net 


https://vis.occrp.org 
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Geospatial OSINT 
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Geospatial Research and Mapping Tools 


Tool 


ACT Map 
AIRBUS WorldDEM 


ALOS 

Animaps 
a.placebetween.us 
aprs 

ArcGIS Online 
Atlasify 

Baidu Maps 
Batchgeo 

Batch Geocoding 


Batch Reverse Geocoding 


Bing Maps 


Bing Maps Aerial in Google 
Earth 


Bonding Box Drawing Tool 


Carto 
Colorbrewer 


Convert Latitude/Longitude to 
Decimal 


Link 


http://www.actmapi.act.gov.au 


http://www. intelligence-airbusds.com/worlddem- 
sampledata 


http://www.eorc.jaxa.jp/ALOS/en/aw3d30 
http://www.animaps.com 
http://a.placebetween.us 

https://aprs.fi 

https://www.arcgis.com 

http://www.atlasify.com 

http://map.baidu.com 

http://batchgeo.com 
https://www.doogal.co.uk/BatchGeocoding.php 


https://www.doogal.co.uk/BatchReverseGeocoding.p 
hp 
http://www.bing.com/maps 


http://ge-map-overlays.appspot.com/bing- 
maps/aerial 


http://automatingosint.com/blog/geographic- 
bounding-box-drawing-tool 


https://carto.com 
http://colorbrewer2.org 


https://andrew.hedges.name/experiments/convert_lat 
_long 
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Coordinate Conversion 


Corona @ CAST 
CrimeMapping 
CrimeReports 

CrowdMap 

CTLRO Address Lookup 
Custom Satellite View Tools 
Daum Maps 

DigitalGlobe 


DigitalGlobe ImageFinder 
Diva-GIS 
Dominoc925 


doogal 
dronestagram 
DualMaps 

Earth Data 
EarthExplorer 
EarthPoint Convert 


Earth Resources Observation and 
Science Center - USCG 


Echosec 

EOLI 

esri 

Esri Search 

Europe Livemap 
Facebook Live Map 
Fallingrain 

Follow Your World 
FreeMap Tools 


Geobytes 


http://www.synnatschke.de/geo-tools/coordinate- 
converter.php 


http://corona.cast.uark.edu 
https://www.crimemapping.com 
https://www.crimereports.com 
https://crowdmap.com 
https://ctrlq.org/maps/address 
https://inteltechniques.com/osint/menu.maps.html 
http://map.daum.net 


http://www.digitalglobe.com || 
https://discover.digitalglobe.com 


https://browse.digitalglobe.com/imagefinder 
http://www.diva-gis.org 


https://dominoc925- 
pages.appspot.com/mapplets/cs_mgrs.html 


https://www.doogal.co.uk 
http://www.dronestagr.am 
http://data.mashedworld.com/dualmaps/map.htm 
https://search.earthdata.nasa.gov/search 
https://earthexplorer.usgs.gov 
http://www.earthpoint.us/Convert.aspx 


https://eros.usgs.gov/find-data 


https://www.echosec.net 
https://earth.esa.int/web/guest/eoli 
http://www.esri.com 
https://esri-es.github.io/arcgis-search 
http://europe.liveuamap.com 
https://www.facebook.com/live 
http://www.fallingrain.com/world/index.html 
https://followyourworld.appspot.com 


https://www.freemaptools.com/radius-around- 
point.htm 


http://geobytes.com/FreeServices 
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GeoHack 
GeoFabrik 
GeoGig 
Geograph 


Geographic Coordinates 
Converter 


GeoLocate This! 
GeoNames 
GeoPlaner 
GeoSocial Footprint 
GeoVisual Search 
Global Explorer 
Global Gazetteer 
Go KML Maps 


Google Earth 

Google Maps 

Google Maps Downloader 
Google Maps Streetview Player 
Google My Maps 

Gosur Map 

GPSVisualizer 

GrassGIS 

Here 

HibeBikeMap 

Historic Aerials 

Hivemapper 

Hyperlapse 

Imergis 

Indian Geo-Platform of ISRO 
INPE Image Catalog 

Inspire Geoportal 


InstantAtlas 
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https://tools.wmflabs.org/geohack/geohack.php 
http://www.geofabrik.de 

http://geogig.org 

https://www.geograph.org 


http://www.synnatschke.de/geo-tools/coordinate- 
converter.php 


http://geolocatethis.site 
http://www.geonames.org 
http://www.geoplaner.com 
http://geosocialfootprint.com 
https://search.descarteslabs.com 
https://www.globalxplorer.org 

http://www. fallingrain.com/world/index.html 


http://gokml.net/maps#ll=33.467074,- 
99.528235&z=10&t=h 


http://www.google.com/earth 
https://www.google.com/maps 
http://www.allmapsoft.com/gmd 
http://brianfolts.com/driver 
https://www.google.com/maps/about/mymaps 
http://www.gosur.com/map 
http://www.gpsvisualizer.com 
http://grass.osgeo.org 

http://here.com 

http://hikebikemap.org 
https://www.historicaerials.com 
https://hivemapper.com 
https://github.com/TeehanLax/Hyperlapse.js 
http://www.imergis.nl 
http://bhuvan.nrsc.gov.in/data/download/index.php 
http://www.dgi.inpe.br/CDSR 
http://inspire-geoportal.ec.europa.eu 


http://www. instantatlas.com 
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Instant Google Street View 


Inteltechniques Custom Mapping 
Tools 


Kartograph 


Land Cover 
Land Information New Zealand 
Landsat Look 


Land Viewer 
Latlong 

Leaflet 

Libra 

Liveuamap 
MapAList 
MapBox 
Mapchart.net 
Map Checking 
Map Developers 
Maperitive 
MapHub 
Mapillary 
mapkit 

Mapline 

Map Puzzle 
Map Overlays for Google Earth 
Mapquest 
meetways 
MgMaps 


Military Grid Reference System 
Coordinates 


Modest Maps 
Movable Type Scripts 


MyGeoPosition 
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http://www. instantstreetview.com 


https://inteltechniques.com/osint/maps.html 


http://kartograph.org 
http://landcover.org 


https://data.linz.govt.nz 
https://landsatlook.usgs.gov/viewer.html 


https://eos.com/landviewer 
https://www.latlong.net 
http://leafletjs.com 
https://libra.developmentseed.org 
http://liveuamap.com 
http://mapalist.com 
https://www.mapbox.com 
https://mapchart.net 
https://www.mapchecking.com 
https://www.mapdevelopers.com 
http://maperitive.net 
https://maphub.net 
https://www.mapillary.com 
https://mapkit.io 
https://mapline.com 
http://www.mappuzzle.se 
http://www.mgmaps.com/kml/#view 
https://www.mapquest.com 
https://www.meetways.com 
http://mgmaps.com/kml/#view 


https://dominoc925- 
pages.appspot.com/mapplets/cs_mgrs.html 


http://modestmaps.com 


http://www.movable-type.co.uk/scripts/latlong-os- 
gridref.html 


http://mygeoposition.com 
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NASA Earth Observatory 
Naver Maps 


NEXRAD Data Archive, 
Inventory, and Access 


NGA GEOINT 
NOAA CLASS 


NOAA DataViewer 
NOAA Digital Coast 
OpenLayers 
OpenStreetCam 
OpenStreetMap 
Overpass Turbo 
pattrn 

Photo Maps 

Planet Explorer 
Polymaps 

Perry Castaneda Library 
Old Maps Online 
Open Railway Map 
Open Street Cam 
Open Street Map 
QGIS 

QuickMaps 


Radiant Earth 

Research UN Maps 
SASGIS 

Scribble Maps 
Sentinel2Look Viewer 
Sentinel Hub Playground 
StoryMap 

StoryMaps 
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https://earthobservatory.nasa.gov 
https://map.naver.com 


https://www.ncdc.noaa.gov/nexradinv 


https://github.com/ngageoint 


https://www.bou.class.noaa.gov/saa/products/catSear 
ch 


https://coast.noaa.gov/dataviewer 
https://coast.noaa.gov/digitalcoast 
http://openlayers.org 
https://www.openstreetcam.org/map/ 
http://www.openstreetmap.org 
https://overpass-turbo.eu 
http://pattrn.co 
http://photo-map.ru 
https://www.planet.com/explorer 
http://polymaps.org 
https://www.lib.utexas.edu/maps 
http://www.oldmapsonline.org 
https://www.openrailwaymap.org 
http://openstreetcam.org 
http://www.openstreetmap.org 
http://qgis.org 


https://chrome.google.com/webstore/detail/quick- 
maps/bgbojmobaekecckmomemopckmeipecij 


https://radiant.earth 
http://research.un.org/en/maps 
http://www.sasgis.org 

http://scribblemaps.com 
https://landsatlook.usgs.gov/sentinel2 
http://apps.sentinel-hub.com/sentinel-playground 
https://storymap.knightlab.com 


http://storymaps.arcgis.com/en 
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Tableau 

TerraPattern 

TerraServer 

Travel by Drone 

US Naviguide 

ViaMichelin 

View in Google Earth 

VITO Free Satellite Imagery 


Walking Directions 


WarWire 
Wego.here 
Wikimapia 


World Aeronautical Database 


World Map Creator 
WorldMap Harvard 
Yahoo Maps 
Yandex Maps 
YourNavigation 
Zeemaps 


Zoom Earth 


http://www.tableausoftware.com 


http://www.terrapattern.com 
https://www.terraserver.com 
http://travelbydrone.com 

http://www.usnaviguide.com 


http://www.viamichelin.com 


http://www.mgmaps.com/kml/#view 


http://www.vito- 


eodata.be/PDF/portal/Application.html 


https://www.foxtons.co.uk/tools/walking_directions.ht 


ml 

https://www.warwire.net 
https://wego.here.com 
http://wikimapia.org 
http://worldaerodata.com 
http://worldmapcreator.com 
http://worldmap.harvard.edu 
https://maps.yahoo.com 
https://yandex.ru/maps 
http://yournavigation.org 
https://www.zeemaps.com 


https://zoom.earth 
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Interesting Maps 


Tool 


ACLED Dashboard 


ACT Government Incidents 
Map 


A World of Disputed 
Territories 


Crime Mapping (Police.uk) 
Disputed Territories 
Global Fishing Watch 
Global Incident Map 


IMB Piracy & Armed 
Robbery Map 


Live Piracy Map 


Live Earthquakes Map 


Mapping the Flow of 
International Trade 


MissileMap 
N2YO.com 


National Geographic Map 
Stories 


Newspaper Map 
Nukemap 

Relief Web Maps 
Risk Map 
Roadworks 


Roman Heritage 


Link 


https://www.acleddata.com/dashboard 


http://esa.act.gov.au/community-information/incidents- 
map 


http://metrocosm.com/disputed-territories-map.html 


https://www.police.uk 
http://metrocosm.com/disputed-territories-map.html 
http://globalfishingwatch.org/map 
http://www.globalincidentmap.com 


https://www.icc-ccs.org/piracy-reporting-centre/live- 
piracy-map 


http://www.icc-ccs.org/piracy-reporting-centre/live-piracy- 
map 


http://quakes.globalincidentmap.com 


http://www.visualcapitalist.com/interactive-mapping-flow- 
international-trade 


http://nuclearsecrecy.com/missilemap 
http://www.n2yo.com 


https://www.nationalgeographic.com/maps 


https://newspapermap.com 
http://nuclearsecrecy.com/nukemap 
https://relieftweb.int/countries 
https://www.riskmap.com 
https://roadworks.org 


http://sites.romaheritage.co.uk 
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375 = 37.5% = 315 % 


Therefore, 3 is 875% of 8. 
Example 2: What percent of 542 is 234? 


234 

542 = .4817 + (round off) 
432 = 43.2% 

Therefore, 234 is 48.2% of 542. 


Example 3: 125 is what percent of 50? 


125 
30 7 2.50 
2.50 = 250% 


Therefore, 125 is 250% of 50. 


10. Finding Base Numbers 


To find a number when a percent of the num- 
ber is known, first find 1% of the number, and 
then find 100% of the number. In this case, the 
percentage of the number and the rate are given. 
The problem is to find the base. 


Example 1: 42 is 12% of what number? 
12% (base number) = 42 
1% (base number) = 
#4 5 50 
12 2 
100% (base number) = 
100 x 3.50 = 350 
Therefore, the base number is 
350. 


Example 2: 45 is 150% of what number? 
150% (base number) = 45 
45 
1% (base number) =T50— 3 
100% (base number) = 
100 * .38 = 30 


Therefore, the base number is 30. 


11. Expressing Accuracy of Measurements in 
Percent 


a. Relative error is the accuracy of a meas- 
urement expressed in percent of the total meas- 
urement. In determining the relative error, it 
is first necessary to establish the limit of error. 


b. The limit of error is the difference between 
the true value and the measured value. Assume 
that the reading on a scale, to the nearest tenth 
of an inch, is 2.2 inches. If the true value is 
2.15 inches, the limit of error is the difference 
between 2.15 and 2.20, or .05 inch. 


6 


c. Relative error is computed by solving the 
LIMIT OF ERROR ‘ 
MEASURED VALUE’ 74 ¢xPressing 
the result as a percent. In the scale reading 
above, the relative error — uae 2.27%, or 


= 22 > 
2.3%. 


ratio 


12. Review Problems—Percentage 


a. Show each of the following in three forms 
—as a fraction or mixed number, as a decimal, 
and as a percent: 


(1) 2 


(2) 50% 
(3) .875 


(4) 7 
(5) 62=% 
(6) .6 
(7) 55 


(8) 70% 
(9) 2.25 


(10) 1s 
(11) .08 
(12) = 
(13) .18 
(14) q” 


(15) .025 
(16) .05 


1 
(17) 85% 


1 
(18) 375% 


(19) 105% 
(20) 4% 
b. Evaluate the following: 
(1) 250% of 60 
(2) 125% of 40 
(3) 200% of 2 
(4) 225% of 400 
c. What percent of a number is— 
(1) 1.5 times the number? 


AGO 558A 


RSOE EDIS Alert Map 
Secret Bases 
Snapchat Map 

Space Near Us 


Strava Global Heatmap 


Tracker.habhub 
The True Size Of 
Wifi SPC 

World Aero Data 
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http://hisz.rsoe.hu/alertmap/index2.php 
https://www.secret-bases.co.uk/google-earth.htm 
https://map.snapchat.com 

http://spacenear.us 


https://www.strava.com/heatmap#7.00/- 
120.90000/38.36000/hot/all 


https://tracker.habhub.org 
https://thetruesize.com 
https://wifispc.com 


http://worldaerodata.com 
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Privacy and Security 


General Privacy Tools and Resources 


Tool 


Abine 
AccountkKiller 
Background Checks 
BleachBit 

CCleaner 


Centralised Place for 
Privacy Resources 


CleanMyMac 
ClearConsole 
Click&Clean 

deseat 

Dock 

Epic.org Privacy Tools 
Eraser 

GNU PG 

Guardian Project 
HotCleaner 
justdeleteme 

Me and My Shadow 
My Data Request 
MyPermissions 


OptOutPrescreen 


Link 


https://www.abine.com 
https://www.accountkiller.com 
http://backgroundchecks.org 
https://www.bleachbit.org 
https://www. piriform.com/ccleaner 


https://themanyhats.club/centralised-place-for-privacy- 
resources 


https://macpaw.com/cleanmymac 
https://addons.mozilla.org/en-US/firefox/addon/clear-console 
https://addons.mozilla.org/en-US/firefox/addon/clickclean 
https://www.deseat.me 

https://dock.io 

https://epic.org/privacy/tools.html 

http://eraser.heidi.ie 
https://www.gnupg.org/download/index.html 
https://guardianproject.info 

https://www.hotcleaner.com 

http://justdelete.me 

https://myshadow.org 

https://mydatarequest.com 

https://mypermissions.com 


https://www.optoutprescreen.com 
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Peerblock 
PixelPrivacy 
Pribot 

Prism Break 
Privacy Checker 
Privacy Pal 


Privacy Rights 
Clearinghouse 


Privacy Tools 
Privazer 


Opt-Out Doc 


Social Media Leak 
TOSBack 

ToSDR 

Verexif 


What Facebook Thinks 
You Like 
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http://forums.peerblock.com 
https://pixelprivacy.com 
https://pribot.org 
https://prism-break.org 
http://www.privacychecker.nl/en 
http://www.privacypal.co 


https://www.privacyrights.org 


https://www.privacytools.io 
http://privazer.com 


https://docs.google.com/spreadsheets/d/1UY9U2CJ8RnzOCBr 
Nu2iGV3yoGOnLR8mLINcnz44XESl/edit#gid= 1864750866 


https://robinlinus.github.io/socialmedia-leak 
https://tosback.org 

https://tosdr.org 

http://www.verexif.com 


https://chrome.google.com/webstore/detail/what-facebook- 
thinks-you/eoknmaajkanapojcdeccofmeimpddoim?hl=en 


296 


Secure Browsing 


Tool 


Adblock Plus 


Am | Unique? 
anonymoxX 

Avast 

Bitdefender Traffic Light 
Blender 

Blur 


Brave 
Browserleaks 
Browserscope 
BrowserSpy 
Citrix 

Click & Clean 


Cliqz 
Cocoon 


Comodo’'s Dragon 
Cookie AutoDelete 
Country Flags & IP Whois 


Credit Card Nanny 
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Link 


https://addons.mozilla.org/en-US/firefox/addon/adblock- 
plus/?src=search 


https://amiunique.org 

https://www.anonymox.net 
https://www.avast.com/en-us/secure-browser 
https://www.bitdefender.co.uk/solutions/trafficlight.html 
https://addons.mozilla.org/en-US/firefox/addon/blender-1 


https://addons.mozilla.org/en- 
US/firefox/addon/donottrackplus/?src=search 


https://brave.com 

https://browserleaks.com 

http://www.browserscope.org 

http://browserspy.dk 
https://www.citrix.com/virtualization/secure-browser.html 


https://chrome.google.com/webstore/detail/clickclean/ghga 
bhipcejejjmhhchfonmamedcbeod?hl=en 


https://cliqz.com 
https://getcocoon.com 


https://www.comodo.com/home/browsers- 
toolbars/browser.php 


https://addons.mozilla.org/en-US/firefox/addon/cookie- 
autodelete/?src=search 


https://addons.mozilla.org/en-US/firefox/addon/country- 
flags-ip-whois/?src=search 


https://chrome.google.com/webstore/detail/credit-card- 
nanny/Ifmmjpapolbaaddobpnicjkgchmhhoog 
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Decentraleyes 


Disconnect 


Doileak 
Epic Privacy Browser 
Ericom 


Extension Source Viewer 


Firefox Lightbeam 
Forget Me Not 


Freenet 
Globus 
Ghostery 


HTTPs Everywhere 
I2P 

IPLeak 

Iridium 

KeeFox 


Kimetrak 


Link Cleaner 


Netcraft Anti-Phishing 
Extension 


NoScript 
No-Script Suite Lite 


Panopticlick 


Passport 


Policeman 


Privacy Badger 


https://addons.mozilla.org/en- 
US/firefox/addon/decentraleyes/?src=rating 


https://addons.mozilla.org/en- 
US/firefox/addon/disconnect/?src=featured || 
https://disconnect.me/disconnect 


https://www.doileak.com 
https://www.epicbrowser.com 
https://www.ericom.com/solutions/browser-isolation 


https://addons.mozilla.org/en- 
US/firefox/addon/crxviewer/?src=rating 


https://addons.mozilla.org/en-GB/firefox/addon/lightbeam 


https://addons.mozilla.org/en- 
US/firefox/addon/forget_me_not/?src=featured 


https://freenetproject.org/index.html 
https://globus-vpn-browser.en.softonic.com 


https://addons.mozilla.org/en- 
US/firefox/addon/ghostery/?src=featured 


https://www.eff.org/https-everywhere 
https://geti2p.net/en 

https://www. ipleak.net 

https://iridiumbrowser.de 
https://addons.mozilla.org/en-US/firefox/addon/keefox 


https://addons.mozilla.org/en- 
US/firefox/addon/kimetrak/?src=search 


https://addons.mozilla.org/en-US/firefox/addon/link-cleaner 


https://addons.mozilla.org/en-US/firefox/addon/netcraft- 
toolbar 


https://noscript.net 


https://chrome.google.com/webstore/detail/no-script-suite- 
lite/ahnanjpbkghcdgmlchbcfoiefnifjeni?hl=en 


https://panopticlick.eff.org 


https://addons.mozilla.org/en- 
US/firefox/addon/passbolt/?src=featured 


https://addons.mozilla.org/en-US/firefox/addon/policeman 


https://addons.mozilla.org/en-US/firefox/addon/privacy- 
badger17/?src=search 
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Privacy & Security Add- 
ons 


Privacy Tab 


Private Bookmarks 


Safe Browser 


Safe Browsing 


Safe Web 
Script Safe 


Self-Destructing Cookies 


Simple Blocker 


SRWare Iron 
SSleuth 


Sucuri Free Website 
Malware and Security 
Scanner 


Tor Project 
Trust Wave 
UBlock Origin 


UMatrix 
US-CERT 


User-Agent Switcher 


Vanilla Cookie Manager 


Webutation 
What browser am | using? 


WhatlsMyBrowser 
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https://addons.mozilla.org/en-US/firefox/extensions/privacy- 
security 


https://addons.mozilla.org/en-US/firefox/addon/private- 
tab/?src=rating 


https://addons.mozilla.org/en-US/firefox/addon/webext- 
private-bookmarks/?src=search 


https://chrome.google.com/webstore/detail/safe- 
browser/lapbdblogmakkmcnkacalmpoljnofnnj?hl=en 


https://chrome.google.com/webstore/detail/safe- 
browsing/ecpnacfdmkfdabpdpbnnacjfdfcldklf?hl=en 


https://safeweb.norton.com 


https://chrome.google.com/webstore/detail/scriptsafe/oiigb 
mnaadbkfbmpbfijlflahbdbdgdf?hl=en 


https://addons.mozilla.org/en-US/firefox/addon/self- 
destructing-cookies 


https://chrome.google.com/webstore/detail/simple- 
blocker/akfbkbiialncppkngofjpglbbobjoeoe 


http://www.srware.net/en/software_srware_iron.php 


https://addons.mozilla.org/en- 
US/firefox/addon/ssleuth/?src=rating 


https://sitecheck.sucuri.net 


https://www.torproject.org 
https://www.trustwave.com/Products/SecureBrowsing 


https://addons.mozilla.org/en-US/firefox/addon/ublock- 
origin/?src=search 


https://addons.mozilla.org/en-US/firefox/addon/umatrix 


https://www.us-cert.gov/publications/securing-your-web- 
browser 


https://addons.mozilla.org/en-US/firefox/addon/user-agent- 
switcher-revived/?src=search 


https://chrome.google.com/webstore/detail/vanilla-cookie- 
manager/gieohaicffldbmiilohhggbidhephnijj?hl=en 


http://www.webutation.net 
http://www.whatbrowseramiusing.co 


https://www.whatismybrowser.com 
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WOT https://www.mywot.com 
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Ads and Tracking Blockers 


Tool 


AdblockPlus 
AskBlocker 
Blokada 
Disconnect 
Do Not Track 


Do Not Track Me 
Google 


Ghostery 
Nixory 

No Script 
Panopticlick 
PixelBlock 


Privacy Badger 
Trackography 
uBlock 


Link 


https://adblockplus.org 
https://adamlynch.com/askblocker 
http://blokada.org 
https://disconnect.me 
http://donottrack.us 


https://chrome.google.com/webstore/detail/dont-track-me- 
google/gdbofhhdmcladcmmfjolgndfkpobecpg?hl=en 


https://www.ghostery.com 
http://nixory.sourceforge.net 
https://noscript.net 
https://panopticlick.eff.org 


https://chrome.google.com/webstore/detail/pixelblock/jmpmfc 
jnflocoidlgapblgpgbilinlem?hl=en 


https://www.eff.org/privacybadger 
https://trackography.org 
https://www.ublock.org 
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Blocking of Currency Miners 


Tool 


CryptoPrevent 
Malware Prevention 


How-to Geek 


Malware Bytes 


minerBlock 


No Coin 


NoScript 


Opera 


Link 


https://www.foolishit.com/cryptoprevent-malware- 
prevention/#gsc.tab=0 


https://www.howtogeek.com/334018/how-to-block-cryptocurrency- 
miners-in-your-web-browser 


https://www.malwarebytes.com/|p/sem/en/?c=cj&s=2786910&aid=1 
1971602&k=11971602&utm_source=cj&utm_medium=aff&utm_cont 
ent=11971602&utm_campaign=AFF-CJ_2786910&tracking=cj&x- 
wts=cj&x-affid=2786910&ADDITIONAL_AFFID=cj-2786910 


https://chrome.google.com/webstore/detail/minerblock/emikb 
bbebcdfohonlaifafnoanocnebl 


https://chrome.google.com/webstore/detail/no-coin-block- 
miners-on-t/gojamcfopckidlocpkbelmpjcgmbgjcl 


https://addons.mozilla.org/en-US/firefox/addon/noscript 


https://www.opera.com 
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Private Search Engines and Private Searching 


Tool 


Disconnect Search 
Discrete search 
Duck Duck Go 
Gibiru 

Lukol 

MetaGer 

Oscobo 

peekier 

Search encrypt 
Searx.me 
Startpage by ixquick 
Swisscows 


Qwant 


Link 


https://disconnect.me/search 
https://www.discretesearch.com 
https://duckduckgo.com 
http://www.gibiru.com 
https://www.lukol.com 
https://metager.de 
https://oscobo.co.uk 
https://peekier.com 
https://www.searchencrypt.com 
https://searx.me 
https://www.ixquick.com 
https://swisscows.com 


https://www.qwant.com 
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(2) 93 tivesdewumibes? e. Solve the following problems: 


4 (1) Find the relative error for a limit of 
(3) Da aes bee? error of .05 inch in measuring 24.2 
2 : inches. 
(4) paleo. the number? (2) Find the relative error for a limit of 
2 error of 2 inches in measuring 200 
d, Find the following: yards. 
(1) 2 % of 410 f. Find the number when— 
5 (1) 12% of the number is 52 
(2) 2% of 416,000 (2) 15% of the number is 375 


(3) 32% of the number is 166.4 
(4) 8% of the number is 16 
(4) 5.2% of 85 (5) 84% of the number is 168 


(3) 2% of 85 


AGO 558A 7 


Secure OS 


Tool 


Qubes 
Tails 


whonix 
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Link 


https://www.qubes-os.org 
https://tails.boum.org 


https://www.whonix.org 
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Backup Tools 


Tool 


Acronis 
BackBlaze 
Carbonite 
Crashplan 
Dropbox 
Handy Backup 
IBackup 
IDrive 

Jungle Disk 


Mozy 


Norton Online backup 


OpenDrive 


SiteGround 


Site Vault 
Spideroak: One 
SOS Online Backup 
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Link 


https://www.acronis.com 
https://www.backblaze.com 
https://www.carbonite.com 
https://www.crashplan.com 
https://www.dropbox.com/?landing=dbv2 
https://www.handybackup.net/backup-website.shtml 
https://www.ibackup.com 
https://www.idrive.com 
https://www.jungledisk.com 
https://mozy.com/#slide-11 
https://nobu.backup.com/session/new 
https://www.opendrive.com 


https://www.siteground.com/tutorials/getting-started/backup- 
and-restore-tool 


http://www.site-vault.com 
https://spideroak.com/one 


https://www.sosonlinebackup.com 
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Secure Communication Tools 


Tool 


Adium 

Chanty 
Chatsecure 
Crypto.cat 

Fleep 

Google Hangouts 
Go To Meeting 
Hipchat 

Join.me 

Mailbird 

Pidgin 

Realtime Board 
Signal 

Silent circle 
Skype for Business 
Slack 


Spideroak: Semaphor 


Surveilliance Self Defense 


Syndie 
Telegram 
Tibbr 
Unseen.is 
Workfront 


Yammer 


Link 


https://adium.im 
https://www.chanty.com 
https://chatsecure.org 
https://crypto.cat 

https://fleep.io 
https://hangouts.google.com 
https://www.gotomeeting.com 
https://www.stride.com 
https://www.join.me 
https://www.getmailbird.com 
https://www.pidgin.im 
https://realtimeboard.com 
https://signal.org 
https://www.silentcircle.com 
https://www.skype.com/en/business 
https://slack.com/r/02tltzm1 -O2tpl6m9 
https://spideroak.com/semaphor 
https://ssd.eff.org 
http://syndie.i2p2.de 
https://telegram.org 
http://www.tibbr.com 
https://unseen.is 
https://www.workfront.com 


https://www.yammer.com 
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E-mail Security 


Tool 


10minutemail 
20minutemail 
Anonymouse 
Ashley Madison Hack 
BreachAlarm 


Disposable-email-domains 


Disposable-email-provider- 
domains 


E4ward 

EmailOnDeck 

Enigmail 

Gawker Hack Email Check 


Gmelius for Inbox by Gmail 


Googligan Checker 
Gotcha 

GPG Tools 
Guerrilla Mail 
Hacked Emails 
Have | Been Pwned 


Have | Been Sold 
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Link 


https://10minutemail.com 
http://www.20minutemail.com 
http://anonymouse.org 
https://ashley.cynic.al 
https://breachalarm.com 


https://github.com/martenson/disposable-email- 
domains/blob/master/disposable_email_blacklist.co 
nf 


https://gist.github.com/michenriksen/87 10649 


http://e4ward.com 
https://www.emailondeck.com 
https://www.enigmail.net 
https://labs.duo.com/gawker 


https://chrome.google.com/webstore/detail/gmeliu 
s-for-inbox-by- 
gmai/dlbjhjnahgmigifoggidegpakbcjomgg 


https://gooligan.checkpoint.com 
https://gotcha.pw 
https://gpgtools.org 
https://www.guerrillamail.com 
https://hacked-emails.com 
https://haveibeenpwned.com 


https://haveibeensold.app 
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HPI Identity Leak Checker 


InboxBear 
Leaked Source 
Lockbin 
Mailbox 
Mailinator 
Mailvelope 
MyTrashMail 
Open PGP 
Pixel Block 


ProtonMail 
Psbdmp.ws 
Scamdex 
Sneakemail 
Snusbase 
Streak SecureGmail 
Sudo App 
Tempr.email 
Thunderbird 
TrashMail 
Unseen.is 
Vigilante 
ZMail 
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https://sec.hpi.uni- 
potsdam.de/ilc/search;jsessionid=A94B3A03C67B0 
OF3BOFADB4A8CO8E6FA 


https://inboxbear.com 
https://leakedsource.ru 
https://lockbin.com 

https://mailbox.org 
http://www.mailinator.com 
https://www.mailvelope.com 
http://mytrashmail.com 
https://www.enigmail.net/index.php/en 


https://chrome.google.com/webstore/detail/pixelbl 
ock/jmpmfcjnflbcoidlgapblgpgbilinlem 


https://protonmail.com 
https://psbdmp.ws// 
http://www.scamdex.com 
https://sneakemail.com 
https://snusbase.com 
https://www.streak.com/securegmail 
https://sudoapp.com 
https://tempr.email 
https://www.mozilla.org/en-US/thunderbird 
https://trashmail.com 
https://unseen.is 
https://www.vigilante.pw 


http://zmail.sourceforge.net 
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Phone Security 


Tool 


Hushed 

Leaked Source 
Receive SMS 
Receive SMS Online 
Receive SMS Online 
SMS Sellaite 
Snusbase 

Sudo App 

Vigilante 
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Link 


https://hushed.com 
https://leakedsource.ru 
https://receive-sms.com 
http://receive-sms-online.com 
https://www.receivesmsonline.net 
http://sms.sellaite.com 
https://snusbase.com 
https://sudoapp.com 


https://www.vigilante.pw 
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Password Management and Secure Login 


Tool 


1Password 

Dashlane 

KeePass Password Safe 
Last Pass 

Master Password 


Password Alert 


Have | Been Pwned 
Spideroak: Encrypt 
Two Factor Auth 
Unseen. is 


What Facebook Thinks 
You Like 


WOT 
ZMail 


Link 


https://1password.com 
https://www.dashlane.com 
http://keepass.info 
https://lastpass.com 
http://masterpasswordapp.com 


https://chrome.google.com/webstore/detail/password- 
alert/noondiphcddnnabmijcihcjfohfklnnep 


https://haveibeenpwned.com/Passwords 
https://spideroak.com/encryptr 
https://twofactorauth.org 
https://unseen.is 


https://chrome.google.com/webstore/detail/what-facebook- 
thinks-you/eoknmaajkanapojcdeccofmeimpddoim?hl=en 


https://www.mywot.com 


http://zmail.sourceforge.net 
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Encryption Tools 


Tool 


Link 
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AES Crypt 
Axcrypt 
BitLocker 


boxcryptor 
CertainSafe 
Challenger 
Cryptainer LE 
CryptoExpert 
CryptoForge 
Dekart 
DiskCryptor 
Encrypted Cloud 
FileVault 

Folder Lock 
Intercrypto 
Rohos 

Secure IT 
SecurStick 
Steganos 

Streak SecureGmail 


Symantec Drive 
Encryption 


Veracrypt 


https://www.aescrypt.com 
https://www.axcrypt.net 


https://www.microsoft.com/en- 
in/download/details.aspx?id=7806 


https://www.boxcryptor.com 
https://certainsafe.com/digital-safety-deposit-box 
https://encryption-software.de/challenger/en/index.html 
https://www.cypherix.com/cryptainerle 
https://www.cryptoexpert.com 
http://www.cryptoforge.com 
https://www.dekart.com/free_download 
https://diskcryptor.net/wiki/Downloads 
https://www.encryptedcloud.com 
https://support.apple.com/en-us/HT204837 
http://www.newsoftwares.net/folderlock 


https://www.intercrypto.com 


https://www.rohos.com 


https://www.cypherix.com/secureit2000 
http://www.withopf.com/tools/securstick 
https://www.steganos.com/de/steganos-safe-19 
https://www.streak.com/securegmail 


https://www.symantec.com/smb 


https://www.veracrypt.fr/en/Home.html 
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7-Zip 


https://www.7-zip.org/download.html 
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Secure File Sharing 


Tool 


Box 
DropBox 
Drop Send 
Egnyte 
Google Drive 
HighTail 

Just Cloud 
OneHub 
OpenDrive 
Securesha 
Send This File 
Share File 
Smart Room 
Sugar Sync 
4Shared 
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Link 


https://www.box.com 
https://www.dropbox.com/?landing=dbv2 
https://www.dropsend.com 
https://www.egnyte.com 
https://www.google.com/drive 
https://www.hightail.com 
http://www.justcloud.com 
https://www.onehub.com 
https://www.opendrive.com 
https://securesha.re 
https://www.sendthisfile.com 
https://www.sharefile.com 
https://smartroom.com 
https://www2.sugarsync.com 


https://www.4shared.com 
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CHAPTER 3 
RATIO AND PROPORTION 


Section I. 


13. Understanding Ratio 


It is often desirable, for the purpose of com- 
parison, to express one quantity in terms of 
another quantity of the same kind. One way 
to express this relationship is by means of a 
ratio. For example, if one resistor has a resist- 
ance of 800 ohms and another has a resistance 
of 100 ohms, the first resistor has 8 times as 
much resistance as the second. In other words, 
the ratio between the resistors is 8 to 1. 


14. Expressing Ratio 


Ratio can be expressed in four different ways. 
For example, the ratio of 12 to 3 can be ex- 
pressed as follows: 12 to 3, 12:3, 12 ~ 3, or 
~. The numbers 12 and 3, which are the 
terms of the ratio, are called the antecedent 
and the consequent, respectively. The antece- 


dent is the dividend or the numerator; the con- 


sequent is the divisor or denominator. 


15. Obtaining Value of Ratio 


Both terms of any ratio may be multiplied 
and divided by the same number without chang- 
ing the value of the expression. In the ratio 


RATIO 


2 , for example, the 12 is divided by 3, giving 
the value of 4. This means that the ratio 12:3 
is equal to the ratio 4:1. 


Example 1: What is the ratio of 6:2? 


6 
5 = 3, or 3:1 
Example 2: What is the ratio of 7:3? 
ieee i. 
3= 25 or 2ai1 


Example 3: Find the ratio of the areas (par. 
26) of two squares the sides of 
which are 6 and 8 inches, re- 
spectively. The areas of similar 
figures are in the same ratios 
as the squares of their like 


dimensions. 

82:62 — 64:36 

/ 

64 28 vi a. 

36 = 136 = a) or Ig: 

Thus, the second square (8 
inches on a side) is 14 times 


as large as the first square (6 
inches on a side). 


Section Il. PROPORTIONS 


16. Understanding Proportion 


A proportion is a statement of equality be- 
tween two ratios. If the value of one ratio is 
equal to the value of another ratio, they are 
said to be in proportion. For example, the 
ratio 3:6 is equal to the ratio 4:8. Therefore, 
this can be written 3:6 :: 4:8 or 3:6 = 4:8. In 
any proportion, the first and last terms are 
called the extremes; the second and third terms 
are called the means (fig. 2). 


8 


3:4::9:12 ne 

jes VRE 

MEANS ay 12 
EXTREMES EXTREMES 
TM6R4-8 


Figure 2. Terms of proportion. 


17, Rules of Proportion 


There are three rules of proportion that are 
used in determining an unknown quantity. 
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VPN Services 


Tool 


Box PN 
CryptoStorm 
CyberGhost 
ExpressVPN 
HideMyAss 
Hoxx 
Hotspot Shield 
IPVanish 
Mullvad 
NordVPN 
Overplay 
Personal VPN 
Pure VPN 
TorGuard 
TunnelBear 


Private Internet 
Access 


Speedify 
Strong VPN 
UnoTelly 
Viking VPN 
VPN Unlimited 
Vypr VPN 
Windscribe 
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Link 


https://boxpn.com 
https://cryptostorm.is/#section5 
https://www.cyberghostvpn.com 
https://www.expressvpn.com 
https://www.hidemyass.com 
https://hoxx.com 
https://www.hotspotshield.com 
https://www.ipvanish.com 
https://mullvad.net 
https://nordvpn.com 
https://www.overplay.net/en/products/vpn 
https://www.personalvpn.com 
https://www.purevpn.com 
https://torguard.net 
https://www.tunnelbear.com 


https://www.privateinternetaccess.com 


http://speedify.com/desktop-vpn 
https://strongvpn.com/plans.htm 
https://www2.unotelly.com 
https://vikingvpn.com 
https://www.vpnunlimitedapp.com 
https://www.goldenfrog.online/vyprvpn 


https://windscribe.com 
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ZenMate https://zenmate.com 


ZenVPN https://zenvpn.net/en 
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VPN Texting 


Tool 


Check IP 

DNS Leak 

DNS Leak Test 

Email Leak Test 
IPCheck 

IPLeak 

IPv6é Leak Test 
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Link 


https://www.perfect-privacy.com/check-ip 
https://www.dnsleaktest.com 
http://dnsleak.com 

http://emailipleak.com 
http://ip-check.info 

https://ipleak.net 

http://ipvéleak.com 
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Proxy Tools 


Tool 


4everproxy 
anype 
FilterBypass 
Hide.me 
HideMyAss Proxy 
Premium Proxy 
Proxy4Free 
ProxySite 


Public Proxy Servers 
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Link 


http://www.4everproxy.com 
http://www.anype.com 
https://www.filterbypass.me 
https://hide.me/en/proxy 
https://www.hidemyass.com/proxy 
https://premproxy.com 
http://www.proxy4free.com 
https://www.proxysite.com 


http://www. publicproxyservers.com 
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Antivirus Software 


Tool 


Avast Pro Antivirus 


AVG Internet Security 
Unlimited 


BitDefender Antivirus 
Plus 


BullGuard 
ESET Internet Security 


ESET NOD32 
Antivirus 


F-Secure Anti-Virus 


McAfee Antivirus Plus 


McAfee Total 
Protection 


Norton Antivirus Basic 


Norton Security 
Deluxe 


Sohos Home Premium 


Trend Micro Antivirus 
+ Security 


Webroot 
SecureAnywhere 
Antivirus 


|-INTELLIGENCE 


Link 


https://www.avast.com/en-us/pro-antivirus 


https://support.avg.com/support_Protection?l=en 


https://www.bitdefender.com/media/html/201 8/cl50off- 
opt/?pid=50o0ff&cid=aff|clir 


https://www.bullguard.com/products/bullguard-antivirus.aspx 


https://www.eset.com/us/newyear/?ref=AFC- 
CJ&attr=7 603059 &pub=12800315&shop=521pxCDDNg 


https://www.eset.com/us/home/antivirus 


https://www.f-secure.com/en_US/web/home_us/anti-virus 


https://www.mcafee.com/consumer/en- 
us/promos/sem/|1144/0s/01/01/a/01_sl125.html 


https://www.mcafee.com/consumer/en- 
us/store/m0/catalog/mtp_521/mcafee-total-protection.html 


https://us.norton.com/norton-antivirus 


https://us.norton.com/norton-security-antivirus 


https://home.sophos.com 


https://www.trendmicro.com/en_us/forHome/products/antivirus- 
plus.html 


https://www.webroot.com/us/en/home/products/av 
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Other Security Tools 


Tool 


Angry IP Scanner 
Cymon 

Defacer 

ID Ransomware 
InSpectre 

jotti 
Malwarebytes Anti- 
Rootkit Beta 
NoMoreRansom 
Open DNS 
OSSEC 
Pulsedive 
Security-in-a-box 
Snort 

Tech Solidarity 
ThreatCrowd 
Threatglass 
urlquery 

Virus Total 
W3bin 


Zone-h 


Link 


http://angryip.org 
https://cymon.io 
https://defacer.id 


https://id-ransomware.malwarehunterteam.com 


https://www.grc.com/inspectre.htm 


https://virusscan.jotti.org 


https://www.malwarebytes.com/antirootkit 


https://www.nomoreransom.org 


https://www.opendns.com/home-internet-security 


https://ossec.github.io 
https://pulsedive.com 
https://securityinabox.org 
https://www.snort.org 
https://techsolidarity.org 
https://threatcrowd.org 
http://www.threatglass.com 
https://urlquery.net 
https://www.virustotal.com 
https://w3bin.com 


http://www.zone-h.org 
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Copyright and Takedowns 


Tool 


Copyscape 
Copyright.gov 


Copyright Information 


Copywrited.com 
DMCA 

DMCA Pro 

Google Webmasters 
Hack Hunter 

Link Killer (Fresh Killer) 
Lumen Database 


Whois Ad-ons 


MyVows 
NPPA 


Patent Trademark Laws 


Plague Hunter 


XDMCA Takedown Tool 


Link 


https://www.copyscape.com/compare.php 
https://www.copyright.gov 


http://www.copyrightinformation.org/the-copyright-alert- 
system 


https://www.copyrighted.com 
https://www.dmca.com/Takedowns.aspx 

http://dmca.pro 
https://www.google.com/webmasters/#?modal_active=none 
https://www.hack-hunt.com 

http://killer.freshface.cz 

https://lumendatabase.org 


https://addons.mozilla.org/en- 
US/firefox/search/?q=whois&appver=&platform= 


https://myows.com 
https://nppa.org/page/5617 


http://www. patent-trademark- 
law.com/copyrights/plagiarism-take-down-stolen- 
content/cease-desist-dmca-takedown 


https://www.plaghunter.com 


http://xdmca.com 
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Researching Leaks 


Tool 


BalkanLeaks 
Cryptome 
DataBreaches 
FindMySnap 
GLOBALLEAKS 
OCCRP Data 
Offshore Leaks 


Public Library of US 
Diplomacy 


WELEAKINFO 
Wikileaks 


Wikileaks Advanced Search 


WikiSpooks 
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Link 


https://balkanleaks.eu 
https://cryptome.org 
https://www.databreaches.net 
http://findmysnap.com 
https://www.globaleaks.org 
https://data.occrp.org 
https://offshoreleaks.icij.org 
https://search.wikileaks.org/plusd 


https://weleakinfo.com 
https://wikileaks.org 
https://search.wikileaks.org/advanced 


https://wikispooks.com 
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Research and Recon Tools 


Research and Data Recon Tools 


Tool 


AutOlISNT 
Belati 
Buscador 
datasploit 
FAW Project 
Inquisitor 
Int-Rec-Pack 
Intrigue 
Maltego 
OSINT Browser 
osintstalker 
OSINT-SPY 
OSINT Toolkit 
osrframework 
Paliscope 
Recon-ng 
Scumblr 


Social Recon 


Spiderfoot 


theharvester 


Link 


https://github.com/bharshbarger/AutOSINT 
https://github.com/aancw/Belati 
https://inteltechniques.com/buscador 
https://github.com/DataSploit/datasploit 
https://it.fawproject.com 
https://github.com/penafieljlm/inquisitor 
https://github.com/NullArray/IntRec-Pack 
http://intrigue.io 
https://www.paterva.com/web7 
http://osirtbrowser.com 
https://github.com/milo2012/osintstalker 
https://github.com/SharadKumar97/OSINT-SPY 
https://osinttoolkit.github.io 
https://github.com/i3visio/osrframework 
https://www.paliscope.com 
https://bitbucket.org/LaNMaSteR53/recon-ng 
https://github.com/Netflix/Scumblr 


https://www.kitploit.com/201 8/01/social-recon-investigate- 
online.html?utm_source=feedburner&utm_medium=feed&utm_ 
campaign=Feed%3A+ PentestT ools+%28PenTest+Tools%29 


http://www.spiderfoot.net 


https://github.com/laramies/theHarvester 
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XRay https://nOwhere.net/network-osint-gathering-tool-xray 
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They also can be used to prove that the pro- 
portion is true. 


a. In any proportion, the product of the 
means equals the product of the extremes. 
Example 1: 3:4 :: 9:12. 
38 X 12 = 36 (product of ex- 
tremes) 
4 x 9 = 36 (product of means) 
3 9 
Ey le2: —-=—., 
Example 2 i= B 
Note. When the proportion is ex- 
pressed in fractional form, the numer- 
ator of one fraction is multiplied by 
the denominator of the other fraction. 


This process is called cross-multipli- 
cation. 


3 xX 12 = 36 (product of ex- 
tremes) 
4 x 9 = 36 (product of means) 


b. In any proportion, the product of the 
means divided by either extreme gives the other 
extreme. 

Example: 6:8 :: 18:24. 
8 x 18 = 
means) 

144 + 6 = 24 (one extreme) 
144 ~ 24 = 6 (other extreme) 
c, In any proportion, the product of the ex- 


tremes divided by either mean gives the other 
mean. 


Example: 


144 (product of 


5:7 2:15:21 

5 xX 21 = 105 (product of ex- 
tremes) 

105 — 7 = 15 (one mean) 

105 - 15 = 7 (other mean) 


18. Solving for Unknown Term 


As demonstrated in paragraph 49, the un- 
known term of a proportion can be determined 
if the other three terms are known. 

Example 1: In the proportion Ges > solve 
for y (the unkown quantity). 
Find the product of the means: 

10 x 10 = 100 
Find the product of the ex- 

tremes: 5 & y = 5y 
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The products of the means and 


extremes are equal: 5y = 
100 
Divide both sides by 5: 
20 
jy _ 109 
p ') 
y = 20 
5 10 
Therefore, jo = 20 
Example 2: In the proportion 6:12 :: 24:y, 


solve for y. 
Write the proportion in frac- 
tional form: 


6 2 

127° y 

Cross-multiply. 

6y = 288 

Divide both sides by 6. 
48 

by __ 288 

¢  ¢ 

y = 48 


Therefore, 6:12 :: 24:48. 


Example 3: In the proportion = 


5 
10’ solve for z. 


Cross-multiply. 


10z = 100 
Divide both sides by 10: 
10 

ipz _ 100 
1 ~ | 

z=10 

10 5 

Therefore, 30 = 10° 


19. Stating Ratios for Problems in Proportion 


When setting up a proportion problem, be 
sure to state the ratios correctly. Analyze each 
problem carefully to determine whether the 
unknown quantity will be greater or lesser than 
the known term of the ratio in which it occurs. 
Arrange the terms of the ratio as shown below, 
and solve for the unknown quantity as explained 
in paragraph 18. 


OSINT Tools Lists 


OSINT Tools Lists 


Tool 


101+ OSINT Resources for 
Investigators (i-sight) 


Aware Online Academy OSINT 
Links 


Awesome OSINT 
Awesome_osint 


Bellingcat OSINT Links 


Bruno Mortier Sources 
Bruno Mortier Sources CNTY 
CiberPatrulla 


DFIR Training Tool Directory 


Digital intelligence Research 
Tools 


Emmanuelle Welch Dating apps 
and sites for investigators 


HR Sourcing Toolbox 
Julia Bayer Verification Toolset 


inteltechniques Internet Search 
Links 


MidaSearch OSINT Websites 
Netbootcamp OSINT Tools 
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Link 


https://i-sight.com/resources/101-osint-resources-for- 
investigators 


https://aware-online.com/academy/osint-links 


https://github.com/jivoi/awesome-osint 
https://github.com/Ph055a/awesome_osint 


https://docs.google.com/document/d/1 BfLPJpRtyq4 
RFtHJoNpvWOjmGnyVkfE2HYolCKOGguA/edit 


https://start.me/p/3g0aKK/sources 
https://start.me/p/W2kwBd/sources-cnty 
https://ciberpatrulla.com/links 


https://www.dfir.training/index.php/tools/advanced- 
search 


https://atlas.mindmup.com/digintel/digital_intelligenc 
e_training/index.html 


https://start.me/p/VRxaj5/dating-apps-and-sites-for- 
investigators 


https://hrsourcingtoolbox.wixsite.com/main 
https://start.me/p/ZGAZN7/verification-toolset 


https://inteltechniques.com/menu.links.html 


https://midasearch.org/osint-websites 


https://netbootcamp.org/osinttools 
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Onstrat OSINT Starting Points 
OSINT Browser Plugins 


OSINT Framework 
OSINT Link 
OSINT Post 
OSINT Team Links 


RBA Business Information 
Resources 


Research Clinic 
Reuser OSINT Discovery Toolkit 


Startme Open Source 
Investigative Tools by Malachy 
Browne 


Startme OSINT Technisette 


Sprp77 Awesome OSINT 


Toddington Resources 


Tomoko Discovery Tools List 


ToolsInsight 
Uk-osint 


http://www.onstrat.com/osint/#startingpoints 


https://github.com/IVMachiavelli/OSINT-Browser- 
Plugins 


http://osintframework.com 

http://osint.link 

https://osintpost.com 
https://github.com/IVMachiavelli/OSINT_Team_Links 


http://www.rba.co.uk/sources 


http://www.researchclinic.net 
http://rr.reuser.biz 


https://start.me/p/gyvaAJ/open-source-investigative- 
tools 


https://start.me/p/m6XQ08/osint || 
https://start.me/p/nRONRb/addons 


https://drive.google.com/drive/folders/OBwyWDO59j 
RVGMFp3UnBfeUEzanM 


https://www.toddington.com/resources 


https://tomokodiscovery.com/free-tools-osint- 
socmint-dark-web-darknet-tor-bitcoin 


http://www.toolsinsight.com 


http://www.uk-osint.net/addons.html 
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DEFENSE AND INTELLIGENCE ABBREVIATIONS 
AND ACRONYMS 


Foreword 


This comprehensive list of intelligence abbreviations and acronyms includes 
those used presently, as well as those in use for approximately the last ten years. 
Sources for this list include the last DIA Lexicon published in 1991, numerous 
glossaries from Unified Command and Combat Support Agency documents, and 

contributions, from the faculty of the Joint Military Intelligence College. The 
expansion of any item may vary somewhat from one organization to another, 
but this list will hopefully contribute to greater standardization. 


This editor is indebted to kSgt Hannah Reddy (USA) and SSgt Angela Wimbush 
(USAF) of the College, who spent many hours in collating this list. Debbie 
Linesberry of the U.S. Special Operations Command collaborated by adding 
that command’s most frequently used acronyms. 2LT Vincent Littrell (USAF) 
and SFC Mark McCurry (USA) helped ensure that the list contains as few errors 
as possible, and the editor extends his thanks for that dedicated assistance. 


All users are invited to submit additions and corrections. To promote the usefulness 
of the list, older or superseded acronyms will be discarded only if their retention 
would create confusion. This list is also published under the JMIC home page on 
Intelink, where it will be updated regularly. Readers are urged to send new acronyms 
or abbreviations by mail to: Defense Intelligence Agency, Joint Military Intelligence 
College, MC Attn: Dr. R. Swenson, Bolling AFB, Washington, DC 20340-5100: 
by Ingternet to AFswerg @dia.osis.gov, or by Fax to (202) 231-2171. 


Dr. Russell G. Swenson, Editor and Director, Office of Applied Research 


LESSER LESSER 


GREATER = GREATER’ 0" LESSER : GREATER :: LESSER : GREATER 


Example: The weight of 15 feet of iron 

pipe is 8 pounds. 

What is the weight of 255 feet of 
the same pipe? Let the un- 
known quantity be repre- 
sented by the letter y. Since 
ratios must express a relation 
between quantities of the same 
kind, one ratio must be be- 
tween feet and feet and the 
other between pounds and 
pounds. 

Study the problems; 255 feet 
of pipe will weigh more than 
15 feet of pipe. Arrange the 
first ratio in the order LES- 
SER to GREATER—15 feet: 

15 

255 feet, or DBR | 

Arrange the second ratio in 
the same order—-LESSER to 
GREATER—8 pounds: y 


8 
pounds, or re 


Write the proportion and solve. 
15 :255 = 8:y, or 


15 8 
255  y 
l5y = 255 x 8 
y = 2040 
15 


y = 1386 pounds 


20. Inverse Proportion 


a. The ratio 2:3 is the inverse of the ratio 
3:2. In proportion, when a second ratio is equal 
to the inverse of the first ratio, the elements are 
said to be inversely proportional. 


b. Two numbers are inversely proportional 
when one increases as the other decreases. In 
this case, their product is always the same. In 
problems dealing with pulleys, the speeds of 
different size pulleys connected by belts are 
inversely proportional to their diameters. A 
smaller pulley rotates faster than a larger 
pulley. 


10 


Example 1: A pulley 30 inches in diameter 1s 
turning at a speed of 300 revolu- 
tions per minute. If this pulley 
is belted to a pulley 15 inches in 
diameter (fig. 3), determine the 
speed at which the smaller pul- 
ley is turning. 
Let the speed of the smaller 
pulley be represented by y. 
Study the problem; the first 
ratio will be between inches 
and the second will be between 
revolutions per minute (rpm). 
Also note that the second pul- 
ley is smaller than the first 
and must make more revolu- 
tions than the first. There- 
fore, the answer will be a 
number larger than 300. 


Arrange the ratios in the order 


LESSER to GREATER. 
First ratio: 
15 
15 30, or 30 
Second ratio: 
300 :y, or ill 
y 
The proportion : 
15 300 
15:30 = 300:y, or 30 = eae 
Solve the proportion : 
15 3300 
30 y 
15y = 300 x 30 
15y = 9000 
_ 9000 
d 15 
y = 600 rpm 


300 RPM 


Figure 3. Pulleys and inverse ratio. 
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ABBREVIATIONS AND ACRONYMS 


A2 Air Force Intelligence Staff Officer (component level) 
AA (1) Attack Assessment; (2) Attrition Analysis; (3) Antiaircraft; 
(4) Avenue of Approach; (5) Automatic Associator 
AAA (1) Antiaircraft Artillery; (2) Air Avenue of Approach 
AAAOB Antiaircraft Artillery Order of Battle 
AABNCP Advanced Airborne National Command Post 
AAC Alaskan Air Command 
AACB Aeronautics and Astronautics Coordinating Board 
AACE Army Alternate Command and Control Element 
AACOMS Army Area Communications System 
AACS Attitude and Antenna Control Subsystem 
AAD Airborne Assault Division 
AADC (1) Army Air Defense Command; 
(2) Area Air Defense Commander 
AADCCS Area Air Defense Command and Control System 
AADP Area Air Defense Plan 
AADS Antiaircraft Defense System 
AAE Army Acquisition Executive 
AAF Army Airfield 
AAFES Army & Air Force Exchange Service 
AAFIF Automated Air Facilities Information File 
AAG Army Artillery Group 
AAI Air-to-Air Intercept 
AAIFF Air-to-Air Identification Friend or Foe 
AAM Air-to-Air Missile 
AAO Analysis of the Area of Operations 
AAR (1) Active Array Radar; (2) After Action Report 
AAS Analyst Automation Segment 
AASLT Air Assault 
AATS Automated Architecture Tool Suite 
AAVS Aerospace Audiovisual Service 
AAW Anti Air Warfare 
AAWC Anti Air Warfare Commander 
AB Air Base 
AB2 Air Battle Command System (ABCS) Brigade and Below 
ABC Airborne Corps 
ABCCC Airborne Battlefield Command and Control Center 
ABCOMM Alternate/Backup Communications 


ABCS 
ABIC 
ABIT 


ABM 
ABMA 
ABN/Abn 
ABNCP 


ABR 
ABW 
AC 


AIC 

A2C2 
AC-130 
AC2SMAN 


AC2MP 
ACA 


ACAAM 
ACACS 
ACAT 
ACC 


ACCB 
ACCHAN 
ACCIS 
ACCISS 


ACCO 
ACCS 


ACDA 
ACDS 
ACDUTRA 
ACE 


ACES 
ACEVAL 
ACF 
ACFT 
ACI 


Army Battle Command System 
Army Battlefield Interface Concept 


(1) Airborne Imagery Transmission; 
(2) Airborne Information Transmission Program 


(1) Antiballistic Missile; (2) Automatic Building Machines 
Army Ballistic Missile Agency 
Airborne 


(1) Airborne Command Post; 
(2) Airborne National Command Post 


Available Bit Rate 
Air Base Wing 


(1) Air Crew; (2) Active Component; 
(3) Air Conditioning; (4) Alternating Current 


Aircraft 
Army Airspace Communications and Control 
AFSOF Spectre Gunship 


Alaskan Command and Control System Military 
Automated Network 


Army Command and Control Master Plan 


(1) Alternate Command Authority; 
(2) Airspace Control Authority 


Air Courses of Action Assessment Model 
Army Command and Area Communications System 
Acquisition Category 


(1) Access Control Center; (2) Air Control Center; (3) Aviation 
Component Commander, (4) Air Component Commander, 
(5) Air Combat Command; (6) Army Component Command 


Army Configuration Control Board 
Allied Command Channel 
Allied Command and Control Information System 


(1) Automated Command and Control Intelligence 
Support System; (2) Alaskan C2 Intelligence Support System 


Army Central Control Office 


(1) Airborne Command and Control Squadron; 
(2) Airborne Command and Control System; 
(3) Advanced Communications Control System 


Arms Control and Disarmament Agency 
Advanced Combat Direction system 
Active Duty Training 


(1) Allied Command, Europe; (2) Advance Communications 
Element; (3) Aviation Combat Element; (4) Analysis Control 
Element; (5) Assistant Corps of Engineers; 

(6) Airborne Command Element 


Automated Command and Control Evaluation System 
Air Combat Evaluation 

Alternate Command Facility 

Aircraft 

Airborne Controlled Intercept 


ACINT 
ACIS 
ACL 
ACLANT 
ACO 
ACOC 


ACOM 
ACOS 
ACOS/I 
ACOUSTINT 
ACP 


ACPERS 
ACQ 
ACR 


ACS 


ACS/I 
ACSA 
ACSB 
ACSC 
ACSI 
ACT 


ACTD 
ACTEDS 
ACTS 


ACUS 
ACV 
ACW 
AD 


A/D 
ADA 
ADACP 
ADAPCP 
ADAPT 
ADARS 
ADATS 
ADBT 


Acoustic Intelligence 

Arms Control Intelligence Staff 

Access Control List 

Allied Commander Atlantic 

(1) Access Control Officer; (2) Airspace Control Officer 


(1) Area Communications Operations Center; 
(2) Air Combat Operations Center 


Atlantic Command 

Assistant Chief of Staff 

Assistant Chief of Staff for Intelligence (Navy) 
Acoustical Intelligence 


(1) Alternate Command Post; (2) Assault CP; (3) Allied Commu- 
nications Publications; (4) Airspace Control Plan 


Army Civilian Personnel System 
Acquisition 


(1) Armored Cavalry Regiment; 
(2) Automated Change Recognition 


(1) Afloat Correlation System; (2) Aerial Common 
Sensor; (3) AUTODIN Switching Center; (4) Airborne 
COMINT System; (5) Assistant Chief of Staff 


Assistant Chief of Staff for Intelligence 

Allied Communications Security Agency 
Amphibious Contingency Support Briefs 

Air Command and Staff College 

Assistant Chief of Staff Intelligence, HQ USAF 


(1) Air Combat Tactics; 
(2) Advanced Concepts and Technology Program 


Advanced Concept Technology Demonstration 
Army Civilian Training, Education, & Development System 


(1) Advanced Communications Technology; 
(2) Advanced Communications Technology Satellite 


(1) Area Common User Systems; 
(2) Army Common User System 


(1) Armored Command Vehicle; (2) Air Cushion Vehicle; 
(3) Armored Combat Vehicle 


(1) Aircraft Control and Warning; (2) Anticarrier Warfare; 
(3) Air Control Wing 


(1) Air Defense; (2) Destroyer Tender; (3) Air Division; 
(4) Artillery Division; (5) Active Duty 


Analog/Digital 

Air Defense Artillery 

Alcohol & Drug Abuse Control Program 

Alcohol & Drug Abuse Prevention & Control Program 
Automated Decisionmaking and Program Timeline 
Army Defense Acquisition Regulation Supplement 
Air Defense Antitank System 

Advanced Data Base Technology 


ADC 


ADCAP 
ADCC 
ADCCP 
ADCOM 


ADCON 
ADCSOPS 
ADD 
ADDIS 
ADDISS 
ADDO 
ADDO(MA) 


ADDO(MS) 


ADDS 
ADDU 
ADE 
ADEW 
ADF 
ADFH 
ADG 
ADI 
ADIC 
ADIEC 
ADIO 
ADISS 
ADIZ 
ADL 
ADLP 
ADM 


Admin 
ADN 
ADNET 
ADOC 
ADP 
ADP-MIS 


(1) Aide-de-Camp; (2) Air Direction Center; 
(3) Assistant Division Commander; 
(4) Air Data Computer; (5) Air Defense Coordinator 


Advanced Capability 
Air Defense Command Center 
Advanced Data Communications Control Procedures 


(1) Aerospace Defense Command (now SPACECOM); 
(2) Administrative Command 


Administrative Control 

Assistant Deputy Chief of Staff for Operations and Plans 

(1) Air Defense District; (2) Assistant Deputy Director (DIA) 
Advanced Deployable Digital Imagery System 

Advanced Deployable Digital Imagery Support System 
Associate Deputy Director of Operations 


Associate Deputy Director of Operations for Military Affairs 
(DIA) 


Associate Deputy Director of Operations for Military Support 
(NSA) 


Army Data Distribution System 

Additional Duty 

(1) Audio Deception Emitter; (2) Aerial Delivery Equipment 
Airborne Directed Energy Weapons 

Automatic Direction Finding 

Air Deployable Forward Headquarters 

Deperming Ship 

Air Defense Initiative 

Aerospace Defense Intelligence Center 

Army Deployable Imagery Exploitation Capability 
Additional Duty Intelligence Officer 

Advanced Defense Intelligence Support System 

Air Defense Identification Zone 

(1) Ada Design Language; (2) Armistice Demarcation Line 
Advanced Datalink Protocol 


(1) Atomic Demolition Munitions; (2) Advanced Development 
Model; (3) Acquisition Decision Memorandum 


Administration/Administrative 

ACE DGZ Number (NATO) 

Antidrug Network 

Air Defense Operations Center 

(1) Automated Data Processing; (2) Airborne Data Processing 


Automated Data Processing Management Information System 


ADP-T 


ADPCM 
ADPE 
ADPS 


ADPSSM 
ADPSSO 
ADPSSP 
ADRG 
ADRI 
ADS 


ADSS 
ADSTAR 
ADSW 
ADT 
ADTLP 
ADTOC 
ADTS 
ADV 
ADVAL 
ADVON 
ADW 
ADX 
ADZ 
AE 


AEAO 
AEB 
AEC 
AEDS 
AEELS 


AEICC 
AEM 
AEMS 
AEN 
AEOS 
AEROFLOT 
AES 
AESC 
AETC 
AETCAE 
AEV 


(1) Automated Data Processing and Associated 
Telecommunications; (2) Automated Data Processing and 
Associated Training 


Adaptive Differential Pulse-Code Modulation 
Automated Data Processing Equipment 


(1) ASARS Deployable Processing Station; 
(2) Automated Data Processing System 


Automated Data Processing Systems Security Manual 
ADP Special Security Officer 

Automated Data Processing System Security Program 
Advanced Digitized Raster Graphics 

Arc Digital Raster Imagery 


(1) Automated Data System; (2) Air Defense Sector; 
(3) Airlift Defensive System; (4) Acoustic SOF Detection 
System; (5) Advanced Distributed Simulation 


Aerospace Defense Systems Subcommittee 
Advanced Document Storage & Retrieval System 
Active Duty for Special Work 

(1) Active Duty For Training; (2) Additional Duty Training 
Army Doctrine and Training Literature Program 
Air Defense Tactical Operations Center 
Adversary Threat Squadron 

Advance(d) 

Air Defense Evaluation Test 

Advanced Echelon 

Air Defense Warning 

Air Defense Exercise 

Air Defense Zone 


(1) Atomic Energy; (2) Assault Echelon; (3) Ammunition Ship; 
(4) Aerial Exploitation; Application Entity 


Airborne Emergency Action Officer 
Aerial Exploitation Battalion 
ASARS Exploitation Cell 

Atomic Energy Detection System 


(1) Automatic ELINT Emitter Location System; 
(2) Airborne ELINT Emitter Location System 


Area Emergency Information Coordination Center 
Missile Tender 

Automated Edge Measurement System 

Arbitrary ELINT Notation 

Advanced Electro-Optical Sensor 

Former Soviet Union Civil Airline 

(1) Atomic Energy Site; (2) Airborne ELINT System 
Aerospace Environmental Support Center 

Air Education and Training Command 

Army Europe Technical Control and Analysis Element 
Armored Engineer Vehicle 


AEW 
AEW&C 
AF 
AFAC 
AF ACSI 
AFAITC 


AFAL 
AFAMPE 
AFAMRL 
AFAP 
AFARN 
AFAS 
AFATDS 
AFB 


AFC 


AFC4A 


AFCA 
AFCC 


AFCEA 
AFCENT 
AFCS 


AFCSC 
AFDB 
AFDD 
AFDIGS 
AFDL 
AFDM 
AFDT 
AFEOC 
AFEWC 
AFFIS 
AFFOR 
AFGCCS 
AFGL 
AFGWC 
AFGWC/FNOC 


AFGWS 
AFIA 
AFIC 


Airborne Early Warning 

Airborne Early Warning and Control 

(1) Air Force; (2) Armed Forces; (3) Stores Ship 
Airborne Forward Air Controller 

Air Force Chief of Staff Intelligence 


Armed Forces Air Intelligence Training Center 
(Goodfellow AFB, TX). 


Air Force Armament Laboratory 

USAF Automated Message Processing Exchange 
Air Force Aerospace Medical Research Laboratory 
Artillery-Fired Atomic Projectile 

Air Force Air Request Net 

Advanced Field Artillery System 

Advanced Field Artillery Tactical Data System 


(1) Air Force Base; (2) Airframe Bulletin; 
(3) Antifriction Bearing 


(1) Automatic Frequency Control; 
(2) All-source Fusion Center (Marine Corps) 


USAF Command, Control, Communications and 
Computer Agency 


Air Force Collection Assets 


(1) Air Force Communications Command; 
(2) Air ForceComponent Command 


Armed Forces Communications Electronics Association 
Allied Forces Central Europe (NATO) 


(1) Automatic Flight Control System; 
(2) Army Facility Component System 


Air Force Cryptologic Support Center 
Auxiliary Floating Drydock (large) 

Air Force Doctrine Document 

Air Force Digital Graphic Systems 
Auxiliary Floating Drydock (small) 
Auxiliary Floating Drydock (medium) 
AEELS Fixed Downlink Terminal 

Air Force Emergency Operations Center 
Air Force Electronic Warfare Center 
Airfield Facilities Information System 
Air Force (Component) Forces 

USAF Global Command and Control System 
Air Force Geophysics Laboratory 

Air Force Global Weather Central 


Air Force Global Weather Center/Fleet Numerical 
Operations Center 


Air Force Ground Weather Stations 
Air Force Intelligence Agency 


(1) Air Force Information Center; (2) Air Force Intelligence 


Command; (3) Air Force Intelligence Center 


AFICE Air Forces Iceland 


AFICP Air Force Intelligence Communications Plan 
AFIES Armed Forces Imagery Exploitation System 
AFUSP Air Force Intelligence Information Systems Plan 
AFIO Association of Former Intelligence Officers 
AFIP Air Force Intelligence Plan 
AFIS Air Force Intelligence Service/Study 
AFISA Air Force Intelligence Support Agency 
AFIT Air Force Institute of Technology 
AFITC Air Force Intelligence Training Center 
AFTIWC Air Force Information Warfare Center 
AFLAN AFSOC Local/Wide Area Network 
AFLANT U.S. Air Forces, Atlantic 
AFLC Air Force Logistics Command 
AFLE Air Force Liaison Element 
AFLO Air Force Liaison Office 
AFM Air Force Manual 
AFMD/GF Air Forces of the Military District/Group of Forces 
AFMC Air Force Materiel Command 
AFMIC Armed Forces Medical Intelligence Center 
AFMPC Air Force Military Personnel Center 
AFMSIS Air Force Modeling and Simulation Information System 
AFMSS Air Force Mission Support System 
AFNET (1) Air Force Network; (2) Air Force Data Network 
AFNORTH Allied Forces Northern Europe (NATO) 
AFNORTHWEST (1) Allied Forces Northwest Europe (NATO); 
(2) Air Forces Northwest Region 
AFOC Air Force Operations Center 
AFOE Assault Follow-On Echelon 
AFOSI Air Force Office of Special Investigations 
AFOSP Air Force Office of Security Police 
AFOSR Air Force Office of Scientific Research 
AFOTEC Air Force Operational Test and Evaluation Center 
AFR (1) Air Force Reserve; (2) Air Force Regulation 
AFRES Air Force Reserve 
AFS (1) Air Force Station; (2) Combat Stores Ship 
AFSAA Air Force Studies and Analyses Agency 
AFSAC Air Force Special Activities Center 
AFSAT Air Force Satellite 
AFSATCOM Air Force Satellite Communications System 
AFSC (1) Air Force Systems Command; (2) Air Force Specialty Code; 
(3) Armed Forces Staff College 
AFSCOORD Assistant Fire Support Coordinator 
AFSCF Air Force Satellite Control Facility 
AFSCN Air Force Satellite Control Network 


AFSIP Air Force Satellite Intelligence Program 


AFSOB Air Force Special Operations Base 

AFSOC Air Force Special Operations Command 

AFSOD Air Force Special Operations Detachment 

AFSOE Air Force Special Operations Element 

AFSOF Air Force Special Operations Forces 

AFSOS Air Force Special Operations School 

AFSOUTH Allied Forces Southern Europe (NATO) 

AFSOUTHCOM Air Force Southern Command 

AFSPACECOM Air Force Space Command 

AFSPC Air Force Space Command 

AFSPCIP Air Force Space Command Intelligence Plan 

AFSPOC Air Force Space Operations Center 

AFSSE Air Force Space Surveillance Element 

AFSST Air Force Space Support Team 

AFSTC Air Force Space Technology Center 

AFTAC Air Force Technical Applications Center 

AFTACIES Air Force Tactical Imagery Exploitation System 

AFTF Air Force Task Force 

AFTFWC Air Force Tactical Fighter Weapons Center 

AFV Armored Fighting Vehicle 

AF/VC Air Force Vice Chief of Staff 

AFWAL Air Force Wright Aeronautical Laboratory 

AFWARNS Air Force Warning System 

AFWCCS Air Force Wing Command and Control System 

AFWL Air Force Weapons Laboratory 

AG (1) Adjutant General; (2) Miscellaneous Auxiliary Ship 

AGARD Advisory Group for Aerospace Research and 
Development (NATO) 

AGB Icebreaker 

AGC Automatic Gain Control 

AGCCS Army’s Global Command and Control System 

AGDS Deep Submergence Support Ship 

AGE Experimental Auxiliary 

AGEF Frigate Research Ship 

AGEH Experimental Auxiliary (Hydrofoil) 

AGER Intelligence Research Ship 

AGES Advanced Ground Exploitation System 

AGF Miscellaneous Command Ship 

AGHS Patrol Combatant Support Ship 

AGI Intelligence Collection Ship 

AGL (1) Buoy Tender; (2) Above Ground Level 

AGM (1) Air-to-Ground Missile; 


(2) Missile Range Instrumentation Ship 
AGMR Major Communications Relay Ship 


AGMS 
AGOR 
AGOS 


AGP 
AGR 
AGS 


AGT 
AGZ 

AH 
AHFEWS 
Al 


A3l 
AIA 


AIAA 
ATA/IRD 
AIAWS 
AIB 

AIC 


AICBM 
AID 


AIDES 


AIDS 


AIF 


AIFV 
AIG 
AIIC 
AUF 
AIIRS 
AIM 


AIMD 
AIMP 


Armored Ground Mobility System 
Oceanographic Research Ship 


(1) Ocean Surveillance Ship; (2) Air-Ground Operations School 
(NATO); (3) Air-Ground Operations System 


Patrol Craft Tender 
Army Guard Reserve 


(1) Hydrographic Survey Ship; 
(2) FSU Automatic Grenade Launcher 


Agent 

Actual Ground Zero 

(1) Hospital Ship; (2) Alternate Headquarters 
Army High Frequency Electronic Warfare System 


(1) Airborne Intercept; (2) Air Intelligence; (3) Artificial Intelli- 
gence; (4) Air Interdiction; (5) Airborne Interceptors; (6) Area of 
Interest; (7) All-Source Intelligence 


Accelerated Architecture Acquisition Initiative 


(1) Army Intelligence Agency; (2) ACE Intelligence 
Architecture; (3) ACE Interface Architecture; 
(4) Air Intelligence Agency 


American Institute of Aeronautics and Astronautics 

Air Intelligence Agency/Intelligence Reserve Detachment 
Automated Intelligence Analyst Workstation 

Atlantic Intelligence Board 


(1) Atlantic Intelligence Command; 
(2) Afloat Intelligence Center 


Anti-Intercontinental Ballistic Missile 


(1) U.S. Agency for International Development; 

(2) Aerospace Information Digest; (3) Army Information Digest; 
(4) Accident, Incident, Deficiencies; 

(5) Active Integral Defense 


(1) Analyst Intelligence Information Display and 
Exploitation System; (2) Automated Intelligence Display and 
Exploitation System 


(1) Acoustic Intelligence Data System; (2) Advanced Identifica- 
tion System; (3) Acquired Immune Deficiency Syndrome 


(1) Automated Installations Intelligence File; (2) Army Industrial 
Fund; (3) Airfield Installation File; (4) Air Intelligence Flight; 
(5) Automated Installation File 


Armored Infantry Fighting Vehicle 

(1) Address Indicator Group; (2) Air Intelligence Group 
Advanced Imagery Interpretation Course 

Automated Installation Intelligence File 

Automated Intelligence Information Retrieval System 


(1) Air Intercept Missile; (2) Active Inert Missile; 
(3) ADCOM Intelligence Memorandum 


Aircraft Intermediate Maintenance Department 


(1) Army Intelligence Management Plan; 

(2) Army Intelligence Master Plan; 

(3) Advanced Imagery Management Program; 

(4) Automated Information Management Program 


AIMTB 
AIN 
AIO 
AIOEC 
AIP 


AIPR 

AIR 
AIRA 
AIRCENT 


AIRCOM 
AIRCOMTERM 
AIRES 

AIRES I 
AIREW 

AIRK 

AIRLO 
AIRREQRECON 
AIR 

AIRS 


AIRTAPS 
AIS 


AISA 
AISS 
AIST 
AITE 
AIU 
AIWO 
AIWS 
AJ 
AJCC 
AJFP 
AJNPE 
A/JSIC 
AK 


AKA 
AKDC 
AKD/RCU 
AKL 
AKM 
AKMC 


Artificial Intelligence Module Testbed 
Advanced Intelligence Network 

Air Intelligence Officer 

Association of Iron Ore Exporting Countries 


(1) Architecture Implementation Plan; 
(2) Anti-Surface-Warfare Improvement Program 


Automated Information Processing Request 
American Institute for Research 
Air Attache 


(1) Air Forces Central Region (NATO); 
(2) Allied Air Forces Central Europe 


Air Command 

Airborne Communications Terminal 

Advanced Imagery Requirements and Exploitation System 
Airborne Reconnaissance Electronic System II 

Airborne Infrared Early Warning 

Area Interswitch Rekeying Key 

Air Liaison Officer 

Air Request Reconnaissance 

(1) Replenishment Oiler; (2) American Institute of Research 


(1) Advanced Inertial Reference Sphere; 
(2) Automated Information Retrieval Systems 


Aerial Imagery Reconnaissance Tracking and Plotting System 


(1) Automated Indicator System; (2) Advanced Indications 
Structure; (3) Advanced Indications System; (4) Army 
Intelligence Survey; (5) Automated Information System; 
(6) Air Intelligence Squadron 


Automated Intelligence Support Activity 
Automated Information Systems Security 
Air Intelligence Support Team 

Advanced Indications Technology Experiment 
Army Interrogation Unit 

Air Intelligence Warning Officer 
Advanced Interdiction Weapon System 
Antijamming 

Alternate Joint Communications Center 
Adaptive Joint Force Package 

Airborne Joint Nuclear Planning Element 
Alternate JSIC 


(1) Cargo Ship; (2) FSU Kalashnikov Family of Assault Rifles; 
(3) Automatic Remote Rekeying 


Also Known As 

Automatic Key Distribution Center 

Automatic Key Distribution/Rekeying Control Unit 
Light Cargo Ship 

(1) Apogee Kick Motor; (2) AK-47 Assault Rifle 
Automated Key Management Center 
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Example 2: A 24-inch pulley is fixed to a 
drive shaft that is turning at 
the rate of 400 rpm. This pulley 
is belted to a 6-inch pulley. De- 
termine the speed of the smaller 
pulley in revolutions per minute. 
Driving pulley (400 rpm, 24 
inches in diameter). 

Driven pulley (y rpm, 6 inches 
in diameter). 
6 400 
247 y 
6y = 400 x 24 = 9,600 
y = 1,600 rpm 


21. Problems Using Proportion 


a. A steel plate 14 inch thick, 12 inches wide, 
and 9 feet long weighs 183.6 pounds. What is 
the weight of a piece of steel plate of the same 
thickness and width if it is 16 feet 6 inches 
long? 

b. If three men complete a certain job in 8 
days, how many days would it take seven men 


AGO 558A 


to complete the same job, considering that they 
will work at the same speed? 


c. If 3 resistors cost 25 cents, find the cost of 
60 resistors at the same rate? 


d. If the upkeep on 62 trucks for a year is 
$3,100, what would be the upkeep on 28 such 
trucks for 1 year at the same rate? 


e. At a given temperature, the resistance of 
a wire increases with its length. If the re- 
sistance of a wire per 1,000 feet at 68°F is 
.248 ohm, what is the resistance of 1,500 feet; 
of 1,200 feet; of 1,850 feet; of 3,600 feet? 


f. If 21-gage wire weighs 2.452 pounds per 
1,000 feet, what is the weight of 1,150 feet; 
1,540 feet; 1,680 feet; 349 yards? 


g. The speeds of gears running together are 
inversely proportional to the number of teeth 
in the gears. A driving gear with 48 teeth 
meshes with a driven gear with 16 teeth. If 
the driving gear turns at the rate of 100 rpm, 
how many rpm are made by the driven gear? 


h. A 36-tooth gear running at a speed of 280 
rpm drives another gear with 64 teeth. What 
is the speed of the other gear? 


AKMS 
AKR 
AKTCAE 
ALAIRCOM 
ALARM 
ALASAT 
ALASCOM 
ALB 
ALBM 
ALC 
ALCATS 
ALCC 
ALCE 
ALCM 
ALCOM 
ALCOP 
ALCOR 
ALCS 

ALD 

ALE 


ALERT 
ALES 
ALF 
ALFA 
ALL 
ALMS 
ALO 
ALOC(S) 
ALPS 
ALRAAM 
ALRP-S 
ALRPG 
ALS 
ALSA 
ALSS 
ALT 
ALTAIR 
ALTREV 
ALUSNA 
ALUSNLO 
ALWT 
ALWTIC 


Automated Key Management System 

Vehicle Cargo Ship 

Army Korea Technical Control And Analysis Element 
Alaskan Air Command 

Alert, Locate and Report Missiles 

Air-Launched Antisatellite 

Alaskan Communications Inc. 

Air-Land Battle Doctrine (FM 100-5) 

Air-Launched Ballistic Missile 

Accounting Legend Code 

Automated Lines of Communication and Target System 
Airlift Control Center 

Airlift Control Element 

Air-Launched Cruise Missile 

Alaskan Command 

Alternate Command Post 

ARPA Lincoln C-Band Observable Radar 

Airborne Launch Control System 

Airlift Division 

(1) AIRES Lifecycle Extension; 

(2) Automated Link Establishment 

Attack and Launch Early Report to Theater (AF) 
AIRES Life Extension System 

Auxiliary Landing Field 

Advanced Liaison Forward Area 

Airborne Laser Laboratory 

Automated Logistics Management System 

(1) Air Liaison Officer; (2) Authorized Level of Organization 
Air Line(s) of Communication 

Accidental Launch Protection System 

Air-Launched Long-Range Air-to-Air Missile 

Army Long-Range Plan for Space 

Army Long-Range Planning Guidance 

(1) Active Laser Seeker; (2) Airborne Link Segment 
Air-Land-Sea Application (Center) 

Advanced Location Strike System 

(1) Alternate; (2) Altitude 

ARPA Long-Range Tracking and Instrumentation Radar 
Altitude Reservation 

American Legation U.S. Naval Attache 

American Legation U.S. Naval Liaison Officer 
Advanced Lightweight Torpedo 

Annual Land Warfare Technical Intelligence Conference 
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(1) Ante Meridian (Before Noon); 
(2) Amplitude Modulation; (3) Asset Manager; 
(4) Aerographers Mate 


Air Mobile Assault Brigade 


(1) Advanced Marine Airborne SIGINT System; 
(2) Advanced Marine Air Support System 


Automated Map-Based Intelligence Support System 


(1) Airspace Management and Control; (2) Army Materiel 
Command (Formerly DARCOM); (3) Air Mobility Command; 
(4) Air Mission Commander 


(1) Ashore Mobile Contingency Communications; 
(2) Ashore Mobile Command Center 


AMC Deputy Chief of Staff for Intelligence 
American Citizen 

Airborne Mine Countermeasures 

Activated Metal Decoy 

AEELS Mobile Downlink Terminal 

Airspace Management Element 

American Embassy 

Artillery Meteorological System 

Allied Command Europe Mobile Force (NATO) 
Automated Message Handling 

Army Management Headquarters Activity 
Automated Message Handling System 

Airborne Mine Detection System 

Army Modernization Information Memorandum 
Army Model Improvement Plan 

Army Multispectral Imagery Requirements Study 
Advanced Microwave Imaging Sensor 


Army Modernization Memorandum 
Ammunition 


(1) Allowance Material Management System; 
(2) Acquisition Milestone Management System 


Army Mobilization and Operations Planning and Execution 
System 


Army Mobilization Operations and Planning System 
Air Force Maui Optical System 


(1) Amplification; (2) Army Modernization Plan; 
(3) Acquisition Master Plan 


Automated Message Processing Dissemination System 
Automated Message Processing Exchange 

Aerial Mission Photographic Indoctrination 
Amphibious 

Amplitude 


(1) Automated Mission Planning System; (2) Automated Mes- 
sage Processing System; (3) Aim Point System 


Advanced Medium-Range Air-to-Air Missile 
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Advanced Remote Miniaturized Weather Station 


(1) Automated Message System; (2) Auto-Manual System; 
(3) Autonomous Message Switch; 
(4) Advanced Mapping Spectrometer 


Amateur Radio Satellite 

Advanced Military Spaceflight Capability 
Advanced Missile System Heavy 
Assured Mission Support Space Architecture 
Advanced Medium STOL Transport 
ACTS Mobile Terminal 

Airmobile Task Force 

Army Mission Training Plan 

Astronaut Maneuvering Unit 

Amphibious Warfare 

(1) Net Tender; (2) Army/Navy 
Analyst-to-Analyst Message Format 
African National Congress 


(1) Ashore Navy Communications Capability; 
(2) Automated Network Control Center 


Advanced Narrowband Digital Voice Terminal 
Analyst-to-Analyst Exchange Message Format 
Ammonium Nitrate Fuel Oil 

Air National Guard 

Army National Guard Base 

Air and Naval Gunfire Liaison Company 
Net-Laying Ship 

Analysis 

Alternate National Military Command Center 
Alternate National Military Intelligence Center 

(1) Alaskan NORAD Region; (2) Active Noise Reduction 
Association of Natural Rubber-Producing Countries 
American National Standards Institute 

Aviator’s Night Vision Imaging System 

Army Navy Vehicle Radio Communications 
Australia, New Zealand, United States 


(1) Action Officer; (2) Oiler; (3) Authenticator Organization; 
(4) Area of Operations; (5) Aerial Observer 


(1) Amphibious Objective Area; (2) Angle of Attack; 
(3) Angle of Arrival; (4) Airborne Optical Adjunct 


(1) Air Order of Battle; (2) Advanced Operational Base 
Air Order of Battle Textual Summary 


(1) Air Officer Commanding (U.K.); (2) Air Operations Center; 
(3) Army Operations Center 


Area Operations Control Center 

Aviation Officers Candidate School 

Fast Combat Support Ship 

U.S. AID Office for Foreign Disaster Assistance 
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AOG 
AOI 
AOIC 
AOIR 


AOL 
AO&M/NM 


AOO 
AOP 
AOR 
AOS 


AOSG 
AOSS 
AOT 
AOTF 
AP 


AP-I 
APB 


APC 


APCC 
APFSDS 
APHIS 
APL 


APM 
APMS 


APO 
APOD 
APOE 
APORTS 
APP 
APPS 
Appl 
Approx 
APPS 
APS 
APT 
APU 
APVO 
APW 


Gasoline Tanker 
(1) Area of Influence; (2) Area of Interest 
Assistant Officer in Charge 


(1) ACE Operational Intelligence Requirements; 
(2) Area of Intelligence Responsibility 


Area of Limitation 


Administration, Operations, and Maintenance/Network 
Management 


Air Operations Order 
(1) Area of Probability; (2) Air Operations Plan 
Area of Responsibility 


(1) Special Liquids Tanker; (2) Amphibious Objective Study; 
(3) Area of Separation 


Amphibious Operation Support Graphic 
Automated Office Support System 
Transport Oiler 

Acoustic-Optic Tunable Filter 


(1) Armor-Piercing; (2) Air Police; (3) Transport Ship; 
(4) Associated Press; (5) Ammonium Perchlorate; 
(6) Antipersonnel; (7) Application Processor 


Armor Piercing Incendiary 


(1) Self-Propelled Barracks Ship; (2) All Points Bulletin; 
(3) Antipersonnel Bomb; (4) Acquisition Program Baseline 


(1) Armored Personnel Carrier; (2) Area of Positive Control; 
(3) Adaptive Predictive Coding 


Alternate Processing and Correlation Center 
Armor-Piercing, Fin-Stabilized, Discarding Sabot 
USDA Animal and Plant Health Inspection Service 


(1) Barracks Craft (non self-propelled); 
(2) Applied Physics Laboratory (Johns Hopkins University) 


Army Program Memorandum 


(1) Automated Production Management System; 
(2) Advanced Precision Measurement System 


(1) Army Post Office; (2) Air Post Office 

Aerial Port of Debarkation 

Aerial Port of Embarkation 

Aerial Ports File (JOPES) 

Application 

Applications 

Application 

Approximately 

Analytical Photogrammetric Position System 
(1) ASARS-II Processing Segment; (2) Air Planning System 
(1) Automatic Picture Transmission; (2) Airport 
Auxiliary Power Unit 

FSU Air Defense Aviation 

American Prisoner of War 
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AQF 
AR 


ARABSAT 
ARB 
ARC 


ARCENT 
ARCENT-K 
ARCENT-SA 
ARCH 
ARCOM 
ARDC 
AREC 

ARCS 


ARD 
ARDF 
ARDM 
AREPT 
ARF 
ARFCOS 
ARFOR 
ARG 


ARIS 
ARL 


ARL-I 
ARLANT 
ARLEA 
ARLO 
ARM 


ARMA 
ARMISE 
ARMLO 
ARMS 
ARNG 
ARO 
ARP 
ARPA 
ARPAC 
ARPANET 
ARPS 


Advanced QUICKFIX 


(1) Advanced Readiness; (2) Army Regulation; 
(3) Action Required; (4) Repair Ship; (5) Agent Report; 
(6) Army Reserve; (7) Army 


Arab Satellite (Communications Organization) 
Battle Damage Repair Ship 


(1) Cable Ship; (2) Acquisition Review Committee; 
(3) Armored Reconnaissance Carrier; 
(4) Air Reserve Component 


U.S. Army Forces Central Command 
USACENT forward element-Kuwait 
USACENT forward element-Saudi Arabia 
Architecture 

Army Command 

Air Research and Development Command 
Air Element Coordinator 


(1) Automated Reproduction and Collating System; 
(2) Acquisition Radar and Control System 


Auxiliary Repair Drydock 
Airborne Radio Direction Finding 
Auxiliary Repair Drydock 

Agent Report 

Airborne Relay Facility 

Armed Forces Courier Service 
Army Force(s) 


(1) Amphibious Readiness Group; 
(2) Internal Combustion Engine Repair Ship 


Advanced Range Instrumentation Ship 


(1) Landing Craft Repair Ship; (2) Airborne Reconnaissance 
Low; (3) Army Research Lab; (4) Aerial Reconnaissance Liaison 


Airborne Reconnaissance Low-Imagery 
U.S. Army Forces, LANTCOM 

Army Logistics Evaluation Agency 

Air Reconnaissance Liaison Officer 


(1) Antiradiation Missile; 
(2) Atmospheric Radiation Measurement 


Army Attache 

Army Reserve Military Intelligence Support Element 
Army Liaison Officer 

Automated Resource Management System 
Army National Guard 

(1) Area Records Officer; (2) Auxiliary Readout 
Alert Response Plan 

Advanced Research Projects Agency 

Army Pacific 

Advanced Research Projects Agency Network 
Advanced Radar Processing System 
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ARPV 
ARR 
ARRC 
ARRN 
ARRS 
ARS 


ARSA 


ARSGS 

ARSO 

ARSOA 
ARSOC 
ARSOF 
ARSOFE 
ARSOFSUPCOM 
ARSOTF 

ARSP 
ARSPACE 
ARSPACECOM 
ARSPOC 
ARSST 
ARSTAF 

ART 

ARTADS 
ARTAS-K 


ARTBASS 
ARTCC 
ARTEP 


ARTISS 


ARTPP 
ARTS 
ARTY 
ARV 


ARW 


Advanced Remotely Piloted Vehicle 

Radiological Repair Ship 

(1) ACE Rapid Reaction Corps; (2) Allied Rapid Reaction Corps 
Andean Ridge Radar Network 

Aerospace Rescue and Recovery Service 


(1) Salvage and Rescue Ship; (2) Aerial Reconnaissance and 
Surveillance; (3) Airborne Receiver System; 
(4) Air Rescue Service 


(1) Annual Reevaluation of Safe Areas; 
(2) Airborne Reconnaissance and Surveillance Architecture 


Airborne Reconnaissance SIGINT Ground Systems 
Assistant Regional Security Officer 

Army Special Operations Aviation 

Army Special Operations Command 

Army Special Operations Forces 

Army Special Operations Forces, Europe 

Army Special Operations Forces Support Command 
Army Special Operations Task Force 

Advanced Reconnaissance Support Program 

Army Space Command 

Army Space Command 

Army Space Operations Center 

Army Space Command Space Support Team 

Army Staff 

(1) Aerial Reconnaissance Team; (2) Amateur Radio Transceiver 
Army Tactical Data System 


Army Training and Support-Kuwait 
(former name for ARCENT-K) 


Army Training Battle Simulation Systems 
Air Route Traffic and Control Center 


(1) Army Readiness Training Evaluation Program; 
(2) Army Training and Evaluation Program 


Advanced Requirements Tasking Information and 
Support System 


Airborne Reconnaissance Technology Program Plan 
Automated Remote Tracking Station 
Artillery 


(1) Armored Recovery Vehicle; (2) Armored Reconnaissance 
Vehicle; (3) Aircraft Repair Ship 


Air Refueling Wing 
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AS 


ASA 
ASA 


ASAB 
ASAC 
ASAP 


ASAR 

ASARC 
ASARS 
ASART 


ASAS 
ASAS-AS 
ASAS-E 
ASAS-SS 
ASAS-W 
ASAT 


ASB 
ASC 


ASCAMP 
ASCII 
ASCC 


ASCII 
ASCM 
ASCON 
ASD 

ASD (C3I) 


ASD (C4) 


ASD (ISA) 
ASD (S&R) 
ASD (SO/LIC) 


ASDC 
ASDEP 
ASDIA 
ASDIAZ 


ASDIAZO 
ASDIC 


(1) Submarine Tender; (2) Air Surveillance; (3) Analysis Sub- 
system; (4) Air Station; (5) Anti Spoofing; (6) Advanced Sensors 


Army Space Agency 


(M&RA)Assistant Secretary of the Army (Manpower and 
Reserve Affairs) 


All-Source Analysis Branch 
All-Source Analysis Center 


(1) As Soon As Possible; 
(2) Advanced Sensor Applications Program 


Advanced Synthetic Aperture Radar 
Army Systems Acquisition Review Council 
Advanced Synthetic Aperture Radar System 


(1) AEELS Support Analysis Reporting Terminal; 
(2) Analysis Support and Reporting Terminal 


All-Source Analysis System 

All-Source Analysis System All-Source Workstation 
All-Source Analysis System-Extended 

All-Source Analysis System Single-Source Workstation 
All-Source Analysis System WARRIOR 


(1) Antisatellite; (2) Antisatellite Treaty; 
(3) Advance Satellite Antenna Technology 


(1) Air Surveillance Broadcast; (2) Army Science Board 


(1) AUTODIN Switching Center; (2) Army Service Component; 
(3) Army Space Command; (4) Advanced Systems Course 


Advanced Single-Channel Manpack 
American Standard Code for Information Interchange 


(1) Air Standardization Coordinating Committee; 
(2) Alternate Space Control Center 


American National Standard Code for Information Interchange 
Antiship Cruise Missile 

Automatic Switched Communications Network 

Assistant Secretary of Defense 


Assistant Secretary of Defense (Command, Control, 
Communications, and Intelligence) 


Assistant Secretary of Defense (Command, Control, 
Communications, Computers and Intelligence) 


Assistant Secretary of Defense for International Security Affairs 
Assistant Secretary of Defense for Strategy and Requirements 


Assistant Secretary of Defense for Special Operations and Low 
Intensity Conflict 


Advanced Space Data Corporation 
Army Space Exploitation Demonstration Programs 
All-Source Document Index 


All-Source Document Index Automated 
File-Compartmented 


All-Source Document Index Automated File-ORCON 
Armed Services Documents Intelligence Center 
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ASDS 


ASDV 
ASE 


ASEAN 
ASED 
ASEDP 
ASEMA 
ASF 
ASFC 
ASG 
ASGOBS 
ASI 


ASIC 
ASICC 
ASIDS 
ASIP 
ASIPS 
ASIS 
ASIT 
ASM 


ASMD 
ASMT 
ASN (RDA) 


ASOC 
ASOG 
ASOS 
ASP 
ASPAC 
ASPADOC 
ASPB 
ASPIC 
ASPJ 
ASPO 
ASPS 
ASR 


ASRP 


ASRRS 
ASSC 
ASSET 


(1) Automated SIGINT Dissemination System; 
(2) Advanced SEAL Delivery System 


Auxiliary SEAL Delivery Vehicle 


(1) Aircraft Survivability Equipment; 
(2) Airborne Support Element 


Association of Southeast Asian Nations 

Army Space Exploitation Demonstration 

Army Space Exploitation Demonstration Program 
Army Special Electronic Mission Aircraft 
All-Source Format 

All-Source Fusion Center 

Area Support Group 

Army Standard Ground Order of Battle System 


(1) Additional Skill Indicator; (2) U.S. Army Space Institute; 
(3) All-Source Intelligence 


All-Source Intelligence Center 

All-Source Intelligence Coordinating Center 
Airborne Secondary Imagery Dissemination System 
All-Source Imagery Processor 

Army Standard Intelligence Plotter System 

Army Space Initiatives Study 

Adaptable Surface Interface Terminal 


(1) Air-to-Surface Missile; (2) Antiship Missile; 
(3) Attache Support Message 


Antiship Missile Defense 
Assessment 


Assistant Secretary of the Navy (Research, Development and 
Acquisition) 


Air Support Operations Center 

Air Support Operations Group 

Air Support Operations Squadron 

Ammunition Supply Point 

Asian and Pacific Council 

Alternate Space Defense Operations Command 
Assault Patrol Support Boat (Riverine Warfare Craft) 
Armed Services Personnel Interrogation Center 
Airborne/Advanced Self-Protection Jammer 
Army Space Program Office 

All-Source Production Section 


(1) Submarine Rescue Ship; (2) Airport Surveillance Radar; 
(3) Adaptive Situation Recognizer 


(1) Airborne SIGINT Reconnaissance Program; 
(2) Airborne SIOP Reconnaissance Plan 


Army Survivable, Recovery and Reconstitution System 
Alternate Space Surveillance Center 
All Source Satellite Evaluation Tool 
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ASSIST 


ASSM 
ASSOTW 
ASSR 
ASST 
ASSW 
ASTAG 
ASTEC 


ASTERIX 
ASTMP 
ASTP 
ASU 


ASUW 
ASU SWA 
ASUWC 
ASV 
ASW 
ASWC 
ASWCCS 
ASWOC 
ASWTF 
AT 


ATA 


ATAC 
ATACC 
ATACMS 
ATACMS ER 
ATACS 


ATAF 
ATARS 
ATAS 
ATB 
ATBM 
ATC 


ATCAE 


(1) Army System for Standard Intelligence Support 
Terminals; (2) Automated Special Security Terminals; 
(3) Automated Special Security Information System; 
(4) Automated Information System Security Incident 
Support Team 


Antiship Surface Missile 

Airfields and Seaplane Stations of the World 
Autonomous Soviet Socialist Republic 

(1) Antiship Surveillance and Tracking; (2) Assistant 
Antisurface Ship Warfare 

Army Service and Technology Advisory Group 


Advanced Satellite Technology and Extremely High 
Frequency Communications 


Automated Analyst Support Tools 
Army Science and Technology Master Plan 
APOLLO-SOYUZ Test Program 


(1) FSU Airborne Self-Propelled Antitank Gun; 
(2) Approved for Service Use 


Antisurface Warfare 

Administrative Support Unit Southwest Asia 

Antisurface Warfare Commander 

Armored Support Vehicle 

(1) Antisubmarine Warfare; (2) Aircrew Survival Weapon 
Antisubmarine Warfare Commander 

Antisubmarine Warfare Command and Control System 
Antisubmarine Warfare Operations Center 
Antisubmarine Warfare Task Force 


(1) Antitank; (2) Air Transit; (3) Simple Antenna 
(Electronic Component); (4) Air Technician; (5) Awaiting Trans- 
portation; (6) Antiterrorism, (7) Annual Training 


(1) Actual Time of Arrival; (2) Ocean Tug; (3) Air Transport 
Association; (4) Advanced Tactical Aircraft; (5) Air Traffic 
Agency 


ASAP Technical Advisory Committee 
Advanced Tactical Air Command Center 
(U.S.) Army Tactical Missile System 

Army Tactical Missile System Extended Range 


(1) Analyst-to-Analyst Communications Service; 
(2) Army Tactical Communications System 


Allied Tactical Air Force (NATO) 

Advanced Tactical Aerial Reconnaissance System 

(1) Air-To-Air Stinger; (2) Automatic Terrain Avoidance System 
(1) Air Technical Battalion; (2) Advanced Technology Bomber 
Antitactical Ballistic Missile 


(1) Air Traffic Control; (2) Air Training Command, USAF; 
(3) Air Target Chart; (4) Mini-Armored Troop Carrier (Riverine 
Warfare Craft) 


Army Technical Control and Analysis Element 
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ATCC 
ATCCS 
ATCH 
ATCU 
ATD 


ATDB 
ATD/IFD 


ATDL 
ATDS 
ATE 
ATETS 
ATF 


ATFD 
ATGIN 
ATGL 
ATGM 
ATH 
ATI 
ATIC 
ATIMS 
ATL 
ATLIS 
atm 
ATM 


A-T™ 
ATMDE 
ATMG 
ATMOS 
ATMP 
ATO 
ATOC 
AFTOCONF 
ATOL 
ATOS 
ATP 


ATP-FO 
ATP/RMBUX 
ATR 

ATRS 


Air Traffic Control Center 

Army Tactical Command and Control System 
ASW Torpedo-Carrying Helicopter 

Airfield Traffic Control Unit 


(1) Actual Time of Departure; 
(2) Advanced Technology Demonstration 


ACE Target Data Base 


Advanced Technology Demonstration/Integrated 
Feasibility Demonstration 


Automated Tactical Data Link 
Airborne Tactical Data System 
Automatic Test Equipment 
Atomic Heat and Powerplant 


(1) Advanced Tactical Fighter; (2) Amphibious Task Force; 
(3) Fleet Ocean Tug; (4) Aviation Turbine Fuel; 
(5) After the Fact 


Automated Tactical Fusion Division 

Atomic Ground Intercept 

Antitank Guided Launcher 

Antitank Guided Missile 

Above The Horizon 

Automated Tactical Intelligence 

Aircraft Technical Intelligence Conference 
Advanced Technical Information Management System 
ACE Threat List 

Airborne Tracking Laser Identification System 
Atmosphere 


(1) Antitank Missile; (2) Air Target Materials; (3) Air 
Target Mosaic; (4) Antitactical Missile; (5) Asynchronous Trans- 
fer Mode; (6) Air Tasking Message 


Alpha Team (Special Forces Operational Detachment) 
Army Theater Missile Defense Element 

Arms Transfer Management Group 

Atmospheric Trace Molecules Spectroscopy 

Air Target Materials Program 

(1) Air Tasking Order; (2) Abort-To-Orbit 

Allied Tactical Operations Center (NATO) 

Air Tasking Order Confirmation 

Assisted Takeoff & Landing 

Atlantic Theater Operational Intelligence System 


(1) Allied Tactical Publication (NATO); (2) Advanced Technol- 
ogy Program; (3) Advanced Tracking Prototype; (4) Advanced 
Tactical Planner 


Automated Tracking Prototype Follow-On 

Advance Tracking Prototype/Rocky Mountain Basic UNIX 
Automatic Target Recognition 

Advanced Tactical Reconnaissance System 
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CHAPTER 4 
POWERS AND ROOTS 


22. Powers 


There are many times in mathematics when 
a number must be multiplied by itself a number 
of times, such as 4 x4 x 4 x4 x 4. This is 
written as 4° and is described as 4 raised to the 
fifth power. A number multiplied by itself 
once is said to be raised to the second power 
(squared). Thus, 5 x 5 is written 5%. The 
number 2, written to the right and above the 
number 5, is the exponent; the number 5 is the 
base. The base number is a factor of a num- 
ber written in exponential form because the 
product is evenly divisible by the base. 


23. Roots 


The root of a number is that number which, 
when multiplied by itself a given number of 
times, will equal the given number. The square 
root of 25 is 5, since 5 x 5 or 5? equals 25. 
The third root (cube root) of 216 is 6, since 6 
x 6 X 6 or 63 equals 216. The fourth root of 
81 is 38, since 3 < 3 X& 3 X 8 or 34 equals 81. 
Extraction of a root is generally indicated by 
placing, in front of the number, a radical sign 
(Vv). A small figure is placed in the angle 
at the front of the sign to indicate the root to be 
taken. If the small figure is omitted, it is un- 
derstood that the operation required is square 
root. 


24. Finding Square Root of a Number 


a. Finding Square Root by Mental Calcula- 
tion. In some instances, the square root can be 
determined mentally from a knowledge of com- 
mon multiplication. For example, \/25 is 5, 
since 5 x 5 or 5? = 25. Similarly, \/144 is 12, 
since 12 « 12 or 122 = 144. 
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b. Finding Square Root by Arithmetical 
Process. In most cases, the square root of a 
number must be determined by a mathematical 
process. If the number is a perfect square, the 
square root will be an integral number; if the 
number is not a perfect square, the square root 
will be a continued decimal. To save time in 
calculation, a table of square roots of numbers 
from 1 to 100 is given in appendix ITI. 


Example 1: Evaluate \/3398.89. 

Step 1. Starting at the decimal point, 
mark off the digits in pairs in 
both directions. 

V33 98.89 

Place the decimal point for the 
answer directly above the de- 
cimal point that appears under 
the radical sign. 


Step 2. 


V33 98.89 
Determine by inspection the 
largest number that can -be 
squared without exceeding the 
first pair of digits—33. The 
answer is 5, since the square 
of any number larger than 5 will 
be greater than 33. Place the 
5 above the first pair of digits. 

5, 
V/33 98.89 
Square 5 to obtain 25, and place 
it under 33. Substract 25 from 
33 and obtain 8. Bring down the 
next pair of digits—98. 

5. 
V33 98.89 

25 

898 
Double the answer, 5, to obtain 
a trial divisor of 10. Divide the 
trial divisor into all but the last 


Step 3. 


Step 4. 


Step 5. 


AGO 558A 


ATS 


ATSS 
AT&T 

ATT 
ATTCS 
ATTD 
ATTE 
ATTG 
ATTN/Attn 
ATTP 
ATWC 

AU 
AUD 
AUGTDA 
AUM 


AUSCANUKUS 
AUSD 


AUTODIN 
AUTOSEC 
AUTOSEVOCOM 
AUTOVON 
AUTUMN FORGE 
AUXCP 


AVCS 
AVF 
AVGAS 
AVHRR 
AVIM 
AVLB 
AVMF 
AVMT 
AVN 
AVP 
AVR 
AVSAT 
AVSCOM 
AVT 
AVUM 


(1) Salvage and Rescue Ship; (2) Automated Tasking System; 
(3) Audit Trail Server; (4) Applications Technology Satellite 


Alaskan Transportable Satellite System 

American Telephone and Telegraph 

Technical Assistance Training Team 

Army Tactical Command and Control System 
Advanced Technology Transition Demonstration 
Assistant Theater Topographic Engineer 
Automated Tactical Target Graphic 

Attention (to the attention of) 

ACOM Tactics, Techniques, and Procedures 
Atmospheric Tactical Warning Connectivity 

Air University 

Arbitrary Unit Designator 

Augmentation Table of Distribution and Allowances 
Air-to-Underwater Missile 

Army of the United States 

Association of the United States Army 

Australia, Canada, United Kingdom, United States 
Assistant Deputy Under Secretary for Defense 
Automatic Identification 

Automatic Digital Network 

Automation Security 

Automatic Secure Voice Communications Network 
Automatic Voice Network 

NATO Exercise 

Auxiliary Command Post 


(1) Armored Vehicle; (2) Audio-Visual; (3) Air Vehicle; 
(4) Auxiliary Vector 


Attitude and Velocity Control System 
All-Volunteer Force 

Aviation Gasoline 

Advanced Very High Resolution Radiometer 
Aviation Intermediate Maintenance 
Armored Vehicle-Launched Bridge 

FSU Naval Aviation 

Aviation Maintenance Trainer 

Aviation 

Authorized Vendor Program 

Aircraft Rescue Vehicle 

Aviation Satellite System 

Aviation System Command 

Auxiliary Aircraft Landing Training Ship 
Aviation Unit Maintenance 
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AW 


AWACS 
AWADS 
AWARS 
AWC 


AWDS 
AWE 
AWESS I 
AWGN 
AWIS 


AWN 
AWOP 


AWS 


AWSS 
AWT 
AWWIMS 
AWX 
AXAF 
AXP 
AXT 

AZ 


(1) Air Warning; (2) Automatic Weapon(s); 
(3) Water Tanker; (4) All-Weather 


Airborne Warning and Control System 
Adverse Weather Aerial Delivery System 
All-Weather Reconnaissance System 


(1) Air War College; (2) Army War College; 
(3) Air Warfare Center 


Automated Weather Distribution System 
Advanced Warfighting Experiment 

Automatic Weapon Effect Signature Simulator 
Additive White Gaussian Noise 


(1) Army WWMCCS Information System; 
(2) Aircraft Wireless Intercom System 


Automated Weather Network 


(1) Absent Without Pay; 
(2) Automated Weaponeering Optimization Program 


(1) Air Weather Service; (2) Advance Warning System; 
(3) Analyst Workstation 


Area Weapon Scoring System 

Water Transport 

Automated Worldwide Warning Indicator Monitoring System 
All-Weather 

Advanced X-ray Astrophysics Facility 

Allied Exercise Publication 

Training Ship 

Azimuth 
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BADGE FINDER 
BADGE KEEPER 
BAE 

BAG 

BAI 


BALTAP 
BAN 
BANDIT 
BAO 
BAOR 
BARB 
BARCS 
BAS 


BASIC 
BASOPS 
BASS 
BAT-D 
BATF 
BATO 
BATS 
BAWB 
BB 
BBBG 
BBLS 
BBO 
BBS 
B2C2 
BCA 
BC2A 
BCBL 
BCC 
BCDSS 
BCE 
BCI 
BCR 


BCS 


(1) Budget Authority; (2) Budget Activity 

Broad Agency Announcement 

(1) Budget Activity Code; (2) Broad Area Coverage 
Baseline Assessment Document 

Proper Name of System 

Proper Name of System 

Battlefield Area Evaluation 

Battalion Artillery Group 


(1) Battlefield Air Interdiction; (2) Backup Aircraft 
Inventory; (3) Battlefield Artificial Intelligence 


Baltic Approaches (NATO Naval Command) 

Base Area Network 

Bragg Area Network for Digital Intelligence Transmission 
Basic Attack Option 

British Army of the Rhine 

Beacon-Aided Radar Bombing 

Battlefield Area Reconnaissance System 


(1) Broad Area Search; (2) Battlefield Automated Systems; 
(3) Billet Access System 


Battle Area Surveillance & Integrated Communications 
Base Operations 

Battlefield Surveillance System 

Battlefield Deception 

Bureau of Alcohol, Tobacco, and Firearms 
Balloon-Assisted Take-Off 

Ballistic Aerial Target System 

Bomber Activity Weekly Brief 

Battleship 

Battleship Battle Group 

Barrels 

Booster Burnout 

Brigade/Battalion Simulation 

Brigade and Below Command and Control System 
Broadcast Control Authority 

Bosnia Command and Control Augmentation 
Battle Command Battle Lab 

Base Communications Center 

Battle Command Decision Support System 
Battlefield Coordination Element 

Bit-Count Integrity 


(1) Battlefield Communications Review; 
(2) Baseline Change Request 


Broadcast Control Station 
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BCT (1) Base Consolidated Telecommunications; 
(2) Betac Command Team 


BCTP Battle Command Training Program 

BCV Battle Command Vehicle 

Bd Baud 

BDA (1) Battle Damage Assessment; (2) Bomb Damage Assessment 

BDA/PSA Bomb Damage Assessment/Post Strike Assessment 

BDE/Bde Brigade 

BDM Budget Decision Memorandum 

BDP Battlefield Development Plan 

BDS (1) Base Development Survey; (2) Bulk Data Service 

BDSP Battle Dress System Project 

BE Basic Encyclopedia 

BEMT Basic Electronic Maintenance Trainer 

BENELUX Belgium, Netherlands, Luxembourg 

BER Bit Error Rate 

BES Budget Estimate Submission 

BETA Battlefield Exploitation and Target Acquisition 

BEYOND DUTY Proper Name of System 

BF Battle Force 

BFA Battlefield Function Area 

BFACS BFA Control System 

BF(S)BL Battle Focus (Support) Battle Lab 

BFCS Ballistic Framing Camera System 

BFE Blacker Front End 

BFI Battlefield Interdiction 

BFM Basic Flight Maneuvers 

BFMA Battlefield Functional Mission Area 

BFOV Broad Field of View 

BG (1) Battle Group; (2) Brigadier General 

BGN Board on Geographic Names 

BGPHES Battle Group Passive Horizon Extension System 

BGW Battlefield Guided Weapon 

BGWU Battle Group Workup 

BH Busy Hour 

B-H Bosnia-Hercegovina 

BI Background Investigation 

BIACC Basic Integrated Aircraft Command and Control 

BIC Battlefield Information Center 

BICC Battlefield Information Coordination Center 

BICES Battlefield Information Collection and Exploitation 
Systems (NATO) 

BICM Battlefield Intelligence Collection Model 

BIDS Battlefield Information Distribution System 

BIF Basic Imagery File 
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BIFF 
BIIB 

BIR 

BIM 
BIOLDEF 
BIOLOPS 
BIOLWPN 
BISS 

BIT 

BITE 
BITS 

BIU 

Bks 

BKS 

BL 

BLDG 
BLEST 
BLEU 
BLIP 
BLOS 
BLSS 
BLT 
BLUE FLAG 


MDSCOM 


Bistatic Identification Friend or Foe 
Basic Imagery Interpretation Brief 
Basic Imagery Interpretation Report 
Ballistic Intercept Missile 

Biological Defense 

Biological Operations 

Biological Weapons 

Baseline Intelligence Summary Supplement 
Binary Digit 

Built-In Test Equipment 

Base Information Transfer System 

Bus Interface Unit 

Barracks 

Broadcast Keying Station 

Bomb Line 

Building 

Berm-Loaded Explosive Simulation Technique 
Belgium-Luxembourg Economic Union 
Background Limited IR Photography 
Beyond Line-of-Sight 

Base Level Self-Sufficiency Spares 
Battalion Landing Team 

ACC command and control exercise 


(1) FSU Truck-Mounted Multiple Rocket Launcher; 
(2) Ballistic Missile 


Briefcase Multi-Mission Advanced Tactical Terminal 

Battle Management/Command and Control 

Battle Management/Command, Control, and Communications 
Battle Management Cell 

Beginning of Morning Civil Twilight 

(1) Ballistic Missile Defense; (2) FSU Airborne Combat Vehicle 


(1) Ballistic Missile Defense Organization; 
(2) Ballistic Missile Defense Office 


U.S. Army Ballistic Missile Defense Systems Command 
Ballistic Missile Early Warning System 

Basic Mission Guidance 

Beginning of Morning Nautical Twilight 

FSU Armored Infantry Combat Vehicle 

Ballistic Missile Systems Subcommittee 

Battalion 


Bundesrepublik Nachrichtendienst 
(German Intelligence Service) 


Broad Ocean Area 
Board for Coordination of Civil Aircraft (NATO) 
Basis of Issue Plan 
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BOMREP 
BOQ 
BOS 

BP 

BPA 


BPE 
BPF 
BPI 
BPPBS 
BPR 
BPS 


BPSK 
BR 
B/R 
BR/Br 
BRAC 
BRDM 
BRET 
BRI 
BRIXMIS 
BRL 
BRP 
BRS 


BRU 
BS 

BSA 
BSD 


BSS 
BSSC 
BSSG 
BST 
BSTS 


BT 
BTA 
BTF 
BTG 
BTI 
BTR 
BTRY 
BTU 
BTW 


Bombing Report 

Bachelor Officers’ Quarters 

(1) Battlefield Operating System; (2) Base Operating Support 
(1) Battle Position; (2) Bandpass 


(1) Battlefield Psychological Activities; 
(2) Blanket Purchase Agreement 


Beacon Precision Enlarger 

Bandpass Filter 

Bits Per Inch 

Biennial Planning, Programming, and Budgeting System 
Business Process Reengineering 


(1) Basic Psychological Operations Study; (2) Bits Per Second; 
(3) Beachman Processing System 


Burst Pulse Shift Key 

Blade Rate 

Bridge/Router 

Branch 

Base Realignment and Closure (Commission) 

FSU Wheeled Amphibious Armored Reconnaissance Vehicle 
Bistatic Reflected Energy Target 

Basic Rate Interface 

British Commanders-In-Chief Military Liaison Mission 
Bomb Release Line 

Bomb Release Point 


(1) Beachman Reporting System; (2) Backup and Recovery 
System (3) Beach Reconnaissance System 


Bomb Release Unit 
Broadcast Service 
Brigade Support Area 


(1) Battlefield Surveillance Device; 
(2) Battlefield Surveillance Display 


Broadcast Satellite Service 

Battle Staff Support Center 

Brigade Service Support Group 

(1) Battle Staff Team; (2) Betac Support Team 


(1) Boost Surveillance and Tracking System; 
(2) Boost Phase Surveillance and Tracking System 


Basic Training 

Best Technical Approach 
Battalion Task Force 

Basic Target Graphic 

Balanced Technology Initiative 
FSU Armored Personnel Carrier 
(1) Battery; (2) Field Artillery 
British Thermal Unit 

By The Way 
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BUD/S 
BUIC 
BUNT 
BUR 
BVITS 
BVR 
BW 


B&W 
BWC 
BWP 

BZ 


Basic Underwater Demolition/Sea-Air-Land (SEAL) 
Back-Up Intercept Control 

British Underground Nuclear Test 

Bottom Up Review 

Baseline Video Imagery Transmission System 
Beyond Visual Range 


(1) Biological Warfare; (2) Bandwidth; (3) Beamwidth; 
(4) Bomb Wing 


Black and White 

Biological Weapons Convention 
Basic Working Paper 

Buffer Zone 


27 


C2S2LAN 
C2W 

C3 

C30B 
C3S 

C4 

C4ISR 


C4S 
C5 
C6 


CA 


CAA 


CAB 


CAC 


CACDA 
CACM 
CACTIS 


CAD 


CADES 
CADIZ 


CADOB 
CADS 
CADST 
CAE 
CAF 
CAFMS 
CAG 


CAI 
CAIF 


(1) Crisis; (2) Confidential; (3) Coniferous 
Combined Staff Personnel Officer 


(1) Command and Control; (2) Combined or Coalition Forces 
Intelligence Staff 


Command and Control Support System LAN 
Command & Control Warfare 

Command, Control, and Communications 

C3 Order of Battle 

Command, Control, and Communications Systems 
Command, Control, Communications, and Computers 


Command, Control, Communications, Computers, Intelligence, 
Surveillance and Reconnaissance 


Command, Control, Communications, and Computer System 
Combined Staff Strategic Planning and Policy Officer 


Combined Staff Command, Control and Communications 
Systems Officer 


(1) Cryptanalysis; (2) Heavy Cruiser; (3) Civil Affairs; 
(4) Combat Assessment; (5) Controlling Authority; 

(6) COMSEC Account; (7) Command Authority; 

(8) Counterair 


(1) Concepts Analysis Agency (U.S. Army); 
(2) Combined Arms Army (FSU); 
(3) Command Arrangement Agreement 


(1) Current Analysis Branch; (2) Civil Affairs Brigade; 
(3) Civil Affairs Battalion 


(1) Combined Arms Center; (2) Collection Advisory 

Center; (3) Control and Analysis Center; (4) Crisis Action Cen- 
ter; (5) Civil Affairs Command; (6) Civil Applications Commit- 
tee; (7) U.S. Army Combined Arms Command 


Combined Arms Combat Development Activity 
Central American Common Market 


Community/Computer Automated Counterterrorism 
Intelligence System 


(1) Computer-Assisted Design; 
(2) Conceptual Architecture Document 


COMIREX Advanced Exploitation System 


(1) Canadian Air Defense Identification Zone; 
(2) Coastal Air Defense Identification Zone 


Consolidated Air Defense Order of Battle 
Containerized Ammunition Distribution System 

Civil Affairs Direct Support Team 

Computer Aided Engineering 

(1) Crisis Augmentation Facility; (2) Combat Air Forces 
Computer-Assisted Force Management System 


(1) Carrier Air Group; (2) Collective Address Group; 
(3) Commander, Air Group 


Computer-Aided Instruction 
Command Automated Intelligence File 
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CAIMS 
CAJIT 
CaLANdar 
CALS 
CALT 
CAM 


CAMO 
CAMPS 


CAMS 


CANDOB 
CANR 
CAN 
CANT 

CANUK 

CANUS 

CANUS LANDOP 
CAO 


CAO(SOP) 


CAOC 
CAOCC 
CAP 


CAPSULE JACK 
CAR 

CARC 

CARDA 


CARE 
CARG 
CARGRU 
CARIBJIC 
CARIBROC 
CARICOM 
CARIFTA 
CARL 
CARP 
CARS 


Conventional Ammunition Information Management System 
Central America Joint Intelligence Team 

Da Vinci E-Mail Application 

Computer-Aided Acquisition and Logistics Support 

Civil Affairs Liaison Team 


(1) Computer-Assisted Modeling; 
(2) Computer Aided Manufacturing 


Computer-Aided Manual Operation 


(1) Computer-Aided Management Planning System; 

(2) Computer-Aided Mission Planning System; 

(3) Compartmented All-Source Analysis System Message 
Processing System 


(1) COMIREX Automated Management System; 
(2) Communications Area Master Station 


Consolidated Aerospace Defense Order of Battle 
Canadian NORAD Region 

Coastal Air Navigation Supplement 

Chinese Atmospheric Nuclear Test 

US Canada, United Kingdom, United States 
Canadian - United States 

Canada-United States Land Operations Plan 


(1) Crisis Action Organization; (2) Chief Administrative Officer; 
(3) Central Action Office 


Coordination of Atomic Operations 
(Standard Operating Procedure) 


Combined Air Operations Center 
Combined Air Operations Coordination Center 


(1) Combat Air Patrol; (2) Civil Air Patrol; 
(3) Countermeasures Advisory Panel; (4) Crisis Action Planning; 
(5) Crisis Action Procedures; (6) Capabilities 


Proper Name of System 
(1) Canadian Airborne Regiment; (2) Chief, Army Reserve 
Corrective Action Review Committee 


(1) Continental Airborne Reconnaissance for Damage 
Assessment; (2) CONUS Airborne Reconnaissance for Damage 
Assessment 


Cooperative for American Relief Everywhere, Inc. 
Crisis Action Review Group 

Carrier Group 

Caribbean Joint Intelligence Center 

Caribbean Regional Operations Center 

Caribbean Common Market 

Caribbean Free Trade Association 

Category Assignment Responsibility List 
Computed Air Release Point 


(1) Contingency Airborne Reconnaissance System; 
(2) Common Automated Recovery System 
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CARVE 


CARVER 


CAS 


CASC 
CASE 
CASIC 
CASLAN 
CASS 


CAST 


CAT 


CAT-1 
CATF 


CATIS 


CATIS/IESS 


CATS 


CATSS 
CAV 
CAVU 
CAWS 
CB 
C-band 
CBD 
CBF 
CBI 


CBI/T 
CBJB 
CBM 
CBO 
CBR 


CBRN 
CBRS 
CBS 
CBT 


Criticality, Accessibility, Recuperability, Vulnerability, and 
Effect 


Criticality, Accessibility, Recuperability, Vulnerability, Effects 
and Recognizability 


(1) Close Air Support; (2) Calibrated Air Speed; 

(3) Collision Avoidance System; (4) Crisis Action System; 

(5) Crisis Action Staff; (6) Combined Arms and Services Staff 
School 


Crisis Action Support Cell 

Computer-Assisted Software Engineering 
Combined All-Source Intelligence Center 
Command Automated Software Local Area Network 


(1) Collection Analysis Support Subsystem; 
(2) Command Activated Sonobuoy System 


(1) Catalogue of Approved Scientific and Technical 
Intelligence Tasks; (2) Canadian Air/Sea Transport Group; 
(3) Computer-Assisted Self Training; (4) Computer Assisted 
Satellite Track 


(1) Conventional Arms Transfer; (2) Crisis Action Team; 
(3) Combined Arms Team; (4) Crisis Augmentation Team; 
(5) Category 


RECategory-1 Receive Equipment 


(1) Commander, Amphibious Task Force; 
(2) Civil Affairs Task Force 


(1) Computer-Aided Tactical Information System; 
(2) Computer-Aided Tactical Intelligence System 


Computer-Aided Tactical Information System/Imagery 
Exploitation Support System 


(1) Combined Arms Training Systems; 
(2) Combat Airlift Tactics’ School 


Cartographic Applications for Tactical and Strategic Systems 
Cavalry 

Ceiling And Visibility Unlimited 

Commercial Analyst Work Station 

Chemical, Biological 

3.9 to 6.2 GHz Communications Band 

Commerce Business Daily 

Common Budget Framework 


(1) Complete Background Investigation; 
(2) Computer Based Instruction 


Computer-Based Instruction/Training 
Congressional Budget Justification Book 
Confidence Building Measure(s) 
Congressional Budget Office 


(1) Chemical, Biological, and Radiological; 
(2) Case Based Reasoning; (3) Constant Bit Rate 


Caribbean Basin Radar Network 

Concept Based Requirements System 

Combat Battle Simulation 

(1) Computer-Based Training; (2) Combating Terrorism 
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Step 6. 


Step 7. 


AGO 558A 


digit of the modified remainer. 
It will go into 89 eight times. 
Place the 8 above the second pair 
of digits, and also place the 8 to 
the right of the trail divisor. 
Thus, the true divisor is 108. 
Multiply 108 by 8 and obtain 
864. Subtract 864 from 898 to 
obtain 34. Bring down the next 
pair of digits—89. 


5 (Bl. 


V3 98.89 
25 
2X 5 = 10/8] 898 
x 108 = 864 
3489 


Note. With each new successive 
digit in the answer: 

1. Place the digit in the answer 
above the pair of digits involved. 

2. Place the same digit to the right 
of the trial divisor to obtain the true 
divisor. 

8. Multiply the digit by the true 
divisor. (Do not use the square boxes 
in actual problems.) 

Double the answer, 58, to obtain 
a trial divisor of 116. Divide the 
trial divisor into all but the last 
digit of the remainder. It will 
go into 348 three times. Place 
the 3 above the third pair of di- 
gits, and also place the 3 to the 
right of the trial divisor. Thus, 
the true divisor is 1163. Multi- 
ply 1168 by 3 to obtain 3489. 
Subtract 3489 from 3489. There 
is no remainder. Therefore 
3398.89 is a perfect square and 
its square root is 58.3. 
5 8. 3] 
V338 98.89 


2x 58 = 116 | 3489 
[3] x 1163 = 3489 
Check the answer by squaring 
58.3—58.32 = 3398.89. 


The complete calculation is 
shown below: 


5 8.3 
V33 98.89 
5x5= 25 
2x 5 = 10 B] 898 
2x 58 = 116/38) 3489 
Bl x 1168 = 3489 


Example 2: Evaluate \/786.808 . 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Step 5. 


Starting at the decimal point, 
mark off the digits in pairs in 
both directions. 
V07 86.80 80 

Note. The extreme left-hand group 
may have only one digit. However, 
there must be an even number of 
digits to the right of the decimal 
point. If necessary, add a zero. 


Place the decimal point for the 
answer directly above the de- 
cimal point that appears under 
the radical sign. 


07 86.80 80 


Determine the largest number 
that can be squared without ex- 
ceeding the first digit—7. The 
answer is 2, since the square of 
any whole number larger than 
2 will be greater than 7. Place 
the 2 above the 7. 
2. 
V07 86.80 80 


Square 2 to obtain 4 and place 
it under 7. Subtract 4 from 7 to 
obtain 3. Bring down the next 
pair of digits—86. 

2° 
V07 86.80 80 

4 

386 
Double the answer, 2, to obtain 
a trial divisor of 4. Divide the 
trial divisor into all but the last 
digit of the modified remainder. 
It will go into 38 nine times. 
Place the 9 above the second pair 
of digits, and also place the 9 
to the right of the trial divisor. 
The true divisor is 49. Multiply 
49 by 9 to obtain 441. However, 
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CBTDEV 
CBTI 
CBU 
CBW 
CBZ 

CC 


C-C3 
CCA 
CCB 
CCC 


CCD 


CCE 
CCEB 
CCEP 
CCF 
CCF-SS 
CCG 


CCG-NB 
CCGD 
CCGP 
CCHC 
CCI 
CCIC 
CCIP 
CCIR 
CCIRID 
CCIRM 


CCIS 


CCISCMO 


CCISS 
CCITT 


CCJ1 


CCJ2 
CCJ3 
CCIJ4/I7 
CCJ5 


Combat Developer 

Combat Intelligence 

Cluster Bomb Unit 

Chemical and Biological Warfare 
Confidence Building Zone 


(1) Command Center; (2) Command Ship; (3) Cloud Cover; 
(4) Collection Center; (5) Computer Compatible; 
(6) Communications Controller; (7) Commander 


Counter Command, Control, and Communications 
Communications Control Authority 
Configuration Control Board 


(1) CARDA Control Center; (2) Consolidated Command Center; 
(3) Command and Control Center 


(1) Conference of the Committee on Disarmament; 
(2) Charged Coupled Device; (3) Camouflage, 
Concealment, and Deception 


Contingency Communications Element 
Combined Communications Electronic Board 
Commercial COMSEC Endorsement Program 
Collection Coordination Facility 

Collection Coordination Facility-Support System 


(1) Combat Control Group; (2) Crisis Coordination Group; 
(3) Combat Communications Group 


Communications Control Ground-Narrowband 

Commander, Coast Guard District 

Combat Communications Group 

Headquarters Commandant 

Controlled Cryptographic Item 

Concentrated Counterdrugs Intelligence Collection 

Command Center Improvement Program 

International Radio Consultative Committee (French Acronym) 
Charge-Coupled Infrared Imaging Device 


Collection Coordination and Intelligence Requirements 
Management 


(1) Command, Control, and Intelligence Support; 
(2) Common Channel Intelligence Signaling 


Community Counterintelligence and Security Countermeasures 
Office 


Command & Control Intelligence Support Squadron 


Consultative Committee for International Telephone and 
Telegraph 


USCENTCOM Manpower, Personnel, and Administration 
Directorate 


USCENTCOM Intelligence Directorate 

USCENTCOM Operations Directorate 

USCENTCOM Logistics and Security Assistance Directorate 
USCENTCOM Plans and Policy Directorate 
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CCIJ6 


CCIJA 
CCM 
C3CM 
CCMF 
CCN 
CCO 


CCO/SCO 
CCP 


CCPC 
CCPDS 
CCPDS-R 
CCS 


CCS2 
CCSA 
CCSC 
CCT 

CCTC 
CCTF 


CCTP 
CCTS 
CCTT 
CCTV 
CCTW 
CCWT 
CD 


C&D 
CDA 
CDC 


CD-ROM 
CDAS 
C-Day 
CDB 
CDCS 


USCENTCOM Command, Control, Communications, and 
Computer Systems Directorate 


USCENTCOM Staff Judge Advocate 

(1) Cross-Country Movement; (2) Counter-Countermeasure 
Command, Control, and Communications Countermeasures 
Consolidated Collection Management Facility 

Crisis Communications Network (CIA) 


(1) Communication Collection Outstation; (2) COMINT 
Collection Outstation; (3) Circuit Control Officer; 
(4) Chief, Combat Operations 


Central Control Office/Sub-Control Office 


(1) Consolidated Cryptologic Program; 
(2) Communications Checkpoint; (3) Contingency 
Communications Package 


Critical Collection Problems Committee 
Command Center Processing and Display System 
Command Center Processing and Display System Replacement 


(1) Collection Capabilities Statement (HUMINT); 

(2) COMINT Collection Subsystem (3) Combat Control Squad- 
ron; (4) Communications Control Set; (5) Command and Control 
Systems; (6) Constellation Control Station 


Command and Control Subordinate System 
USCENTCOM Scientific and Technical Advisor 
Cryptologic Combat Support Console 

(1) Combat Control Team; (2) Combat Coordination Team 
Command and Control Technical Center 


(1) Contingency Communications Test Facility; 
(2) Combined Coalition Task Force 


Continuously Computed Target Point 
Combat Crew Training Squadron 
Close Combat Tactical Trainer 
Closed Circuit Television 

Combat Control Training Wing 
Command Center Watch Team 


(1) Controlled Dissemination; (2) Certificate of Destruction; 
(3) Civil Defense; (4) Coastal Defense; (5) Calendar Day; 
(6) Committee on Disarmament; (7) Collateral Damage; 

(8) Compact Disc; (9) Command Ship; (10) Counter Drug; 
(11) Command Director; (12) Combat Developments; 

(13) Community/Service-Developed 


Cover and Deception 
Congressionally Directed Action 


(1) Career Development Course; (2) Combat Direction Center; 
(3) Combat Development Center 


Compact Disk-Read-Only Memory 

Central Data and Applications Support 

Day in Which Movement From Origin Begins 
Central Data Base 

Communications Distribution Control Segment 
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CDE 


CDEC 
CDF 
CDI 
CDIP 


CDIS 


CDIST 


CDL 

CDLF 

CDM 

CDMA 

CDP 

CDPS 

CDR 

CDRL 
CDRUSAJFKSWC 


CDRUSELEMNORAD 
CDRWESTCOM 
CDS 


CDSE 
CDSORG 
CDST 
CDT 
CDTS 
CDU 
CDV 

CE 


C&E 
C-E 
CEAO 
CEC 


CECOM 
CED 


CEE 
CEI 


(1) Conference on Disarmament in Europe; 
(2) Compound Damage Expectancy; 
(3) Center of Distance Education 


Captured Document Exploitation Center 
Central Document File 
Compact Disc Interactive 


(1) Consolidated Defense Intelligence Program; 
(2) Council of Defense Intelligence Producers 


(1) Communications Data Interface System; 
(2) Counterdrug Intelligence System 


Canadian Department of Industry, Science, and 
Technology 


Common (high bandwidth) Data Link 

Consolidated Domestic Launch Forecast 

Common Digital Map 

Code Division Multiple Access 

(1) Central Data Processor; (2) Company Distributing Point 
Coherent Data Processing System 

(1) Critical Design Review; (2) Commander 

Contract Data Requirements List 


Commander, United States Army John F. Kennedy 
Special Warfare Center 


Commander, U.S. Element NORAD 
Commander, U.S. Army Western Command 


(1) Chief of Defence Staff (Canadian); (2) Combat 
Delivery System; (3) Cryptographic Device Services; 
(4) Combat Direction System 


Cryptologic Direct Support Element 
Civil Direction of Shipping Organization 
C3CM Data Support Team 

(1) Central Daylight Time; (2) Communications Data Terminal 
Computer-Directed Training System 
Control Display Unit 

Compressed Digital Video 


(1) Circular Error; (2) Cost Effectiveness; (3) Civil Engineer; 
(4) Communications-Electronics; (5) Corps of Engineers 
(U.S. Army); (6) Current Exploitation; (7) Counterespionage; 
(8) Command Element; (9) Collection Emphasis 


Collection and Exploitation 
Communications Electronics 
West African Economic Community 


(1) Cooperative Engagement Capability; 
(2) Consolidated Expenditure Center 


Communications and Electronics Command 


(1) Collection, Exploitation, and Dissemination; 
(2) Captured Enemy Document 


Captured Enemy Equipment 
Communications Electronic Instructions 
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CEL Celestial 


CELT Current Emitter Location Testbed 
CEM Concepts Evaluation Model 
CEMA Council for Mutual Economic Assistance 
CENTAF (1) Central Region Air Forces (NATO); 
(2) U.S. Air Force Component, USCENTCOM 
CENTAG Central Army Group (NATO) 
CENTAM Central America 
CENTCOM U.S. Central Command 
CENTIJIC Joint Intelligence Center USCENTCOM 
CENTLANT Central Sub-Area of Eastern Atlantic Area 
CENTO Central Treaty Organization 
CEO (1) Communications Electronic Officer (USMC); 
(2) Chief Executive Officer 
CEOI Communications Electronics Operations Instructions 
CEP (1) Circular Error Probable; (2) Construction Electrician 


(Power); (3) Common Electronic Parts; (4) Civil Emergency 
Planning; (5) Committee for Energy Policy of OECD; 
(6) Capital Equipment Plan; (7) Concept Evaluation Program 


CEPG Combined Exercise Planning Group 

CEPIR Current Exploitation Photographic Interpretation Report 

CEPR Compromising Emanation Performance Requirement 

CER (1) Cryptographic Equipment Room; 
(2) Communication Equipment Room 

CERP (1) Combined Economic Reporting Program; 
(2) Capital Equipment Replacement Program 

CERT Computer Security Emergency Response Team 

CES Concept Exploration Studies 

CESM Cryptologic Electronic Warfare Support Measures 

CEST Contingency Exploitation Support Team 

CETA Chinese-English Translation Assistance 

CEWI Combat Electronic Warfare Intelligence 

CF Canadian Forces 

C6F Commander, U.S. Sixth Fleet 

C7F Commander, U.S. Seventh Fleet 

CFA (1) Combined Field Army (Korea); (2) Covering Force Area; 
(3) Combined Force Air Component Commander 

CFB Canadian Forces Base 

CFC (1) Combined Field Command (Korea); (2) Combined Forces 
Command (ROK/US); (3) Combined Federal Campaign 

CCFC Commander in Chief, ROK-U.S. Combined Forces Command 

CFD Common Fill Device 

CFE (1) Conventional Forces Europe; (2) Communications Front-End 

CFER CFE Replacement 

CFE-U Communications Front-End-Upgrade 

CFI&I Center for Integration and Interoperability 

CFIS Combined Forces Command Information System, (CFC) 
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CFL 
CFMS 
CFP 
CFR 
CFSO 
CFSR 
CFV 
cg 

CG 


CGEUSA 
CGF 
CGFMFLANT 
CGM 

CGN 

CGS 


CGSC 
CGUSARPAC 
cGy/hr 

CH 

CHAALS 
CHAALS-X 
CHABNCP 
CHAMPUS 


CHARS 
CHB 
CHBDL 
CHCMSA 
CHCSS 


CHG 

CHGN 

CHIP 

CHJUSMAGK 
CHJUSMAGPHIL 
CHJUSMAGTHAIT 
CHMAAGDOMREP 


CHMDO JAPAN 
CHN 

CHODC INDIA 
CHOP 


C-HUMINT 


(1) Coordinated Fire Line; (2) Cease-Fire Line 
Combat Fuels Management System 


(1) Contingency Force Pool; (2) Concept Formulation Process 


Commander Force Reconnaissance 

Counterintelligence Force Protection Source Operations 
Contract Funds Status Report 

Cavalry Fighting Vehicle 

Center of Gravity 


(1) Guided-Missile Cruiser; (2) Consolidated Guidance; 
(3) Commanding General; (4) Coast Guard; (4) Chairman’s 
Guidance 


Commanding General, 8th US Army 

Central Group of Forces (FSU Forces in Czechoslovakia) 
Commanding General, Fleet Marine Forces Atlantic 
Computer Graphics Metafile 

Guided Missile Cruiser Nuclear Powered 


(1) Coast & Geodetic Survey; (2) Common Ground Station; 


(3) CONUS Ground Station 

Command and General Staff College (U.S. Army) 
Commanding General U.S. Army Pacific 
CentiGray hour 


(1) Aviation Cruiser; (2) Channel; (3) Communication Helmet 
Communications High Accuracy Airborne Location System 


CHAALS Exploitation 
Chief, Airborne Command Post 


Civilian Health And Medical Program of the Uniformed 
Services 


Characters 

Cargo Handling Battalion 

Communications High Bandwidth Data Link 
Chief, Cruise Missile Support Activity 


(1) Chief, Central Security Service; 
(2) Chief, Cryptologic Support Service 


Guided-Missile Aviation Cruiser 

Nuclear-Powered Guided-Missile Aviation Cruiser 
Communications Handbook for Intelligence Planners 
Chief, Joint U.S. Military Assistance Group, Korea 
Chief, Joint U.S. Military Assistance Group, Philippines 
Chief, Joint U.S. Military Assistance Group, Thailand 


Chief, Military Assistance and Advisory Group, 
Dominican Republic 


Chief, Military Defense Office, Japan 
Nuclear-Powered Aviation Cruiser 
Chief, Office of Defense Cooperation, India 


(1) Change of Operational Command; 
(2) Change of Operational Control 


Counter Human Resources Intelligence 
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CHUSMLO 
Cl 


C21 
C3I 
C4l 


C412 


CIA 
CIAC 
CIAD 


CIAP 


CIARDSCIA 
CIAS 

CIB 

CIC 


C3IC 
CICAC 
CICC 

CIC Server 
CICWS 
CID 


CIDBS 
CIDC 
CIE 
CIEF 
CIF 


CIFAX 
C4IFTW 
CIG 


CIGSS 
CIHS 
CIK 
CIIC 
CIID 
CILMS 
CILO 
CILOP 
CIM 
CIMAS 
CIMEX 


Chief, U.S. Military Liaison Office 


(1) Counterintelligence; (2) Counterinsurgency; 
(3) Current Intelligence 


Command, Control, & Intelligence 
Command, Control, Communications, and Intelligence 


Command, Control, Communications, Computers, & 
Intelligence 


Command, Control, Communications, Computers, Intelligence 
and Information 


Central Intelligence Agency 
Computer Incident Assessment Capability 


(1) Combat Intelligence Applications Division; 
(2) Command Intelligence Architecture Document 


(1) CIA Program; (2) Command Intelligence 
Architecture/Planning Program 


Retirement and Disability System 
Counterintelligence Analysis Section 
Combat Infantryman’s Badge 


(1) Combat Information Center; (2) Combat Intelligence Center; 
(3) Combined Intelligence Center 


Coalition Coordination and Communications Integration Center 
Counterintelligence Control and Analysis Center 

Consolidated Intelligence Communications Center 

Combined Intelligence Center Server 

Combined Intelligence Center Workstation 


(1) Criminal Investigation Division; 
(2) Combat Intelligence Division 


Combined Intelligence Center Integrated Database Server 
Combined Interview and Debriefing Center 
Communication Intercept and Exploitation 
Consolidated Imagery Exploitation Facility 


(1) Corps Interrogation Facility; 
(2) Consolidated Intelligence Facility 


Enciphered Facsimile 
CA4I For The Warrior 


(1) Computer Image Generation; 
(2) Combined Intelligence Group 


Common Imagery Ground Surface System 
Classified Information Handling System 
Crypto-Ignition Key 

Current Intelligence and Indications Center 
Command Intelligence Implementation Document 
Covert Infrared Lighting and Marking System 
Counterintelligence Liaison Office(r) 

Conversion in Lieu of Procurement 

Corporate Information Management 

CENTCOM Iranian Military Activities Summary 
Civil Military Exercise (NATO) 
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C-IMINT 
CIMOC 
CIMP 
CIN 
CINC 


CINCACOM 
CINCAFLANT 
CINCAL 
CINCARLANT 
CINCCENT 
CINCCFC 
CINCEASTLANT 
CINCENT 
CINCEUR 
CINCFOR 
CINCFORSCOM 
CINCHAN 
CINCIBERLANT 
CINCLANT 
CINCLANTFLT 
CINCLANTFLTDETSO 
CINCMAC 
CINCNORAD 
CINCNORTH 
CINCONAD 
CINCPAC 
CINCPACAF 
CINCPACFLT 
CINCPACREP 
CINCSAC 
CINCSOC 
CINCSO 
CINCSOUTH 
CINCSPACE 
CINCSPECOMME 
CINCTAC 
CINCTRANS 
CINCTRANSCOM 
CINCUKAIR 


CINCUNC 
CINCUSACOM 
CINCUSAFE 
CINCUSAREUR 


Counter Imagery Intelligence 

Civil Military Operations Center 
COMSEC Interoperability Master Plan 
Cargo Increment Number 


(1) Commander in Chief; 
(2) Commander of a Combatant Command 


Commander in Chief, U.S. Atlantic Command 

Commander in Chief, United States Air Forces, Atlantic 
Commander in Chief, Alaska 

Commander in Chief, United States Army Forces, Atlantic 
Commander in Chief, Allied Forces Central Europe (NATO) 
Commander in Chief, Combined Forces Command, Korea 
Commander in Chief, Eastern Atlantic (NATO) 

Commander in Chief, Allied Forces, Central Europe 
Commander in Chief, U.S. Forces Europe 

Commander in Chief, Forces Command 

Commander in Chief, U.S. Army Forces 

Commander in Chief, Channel (NATO) 

Commander in Chief, Iberian Atlantic Area 

Commander in Chief, Atlantic Command 

Commander in Chief, Atlantic Fleet 

Commander in Chief, Atlantic Fleet Detachment SOUTHCOM 
Commander in Chief, Military Airlift Command (archaic) 
Commander in Chief, North American Air Defense Command 
Commander in Chief, Allied Forces Northern Europe (NATO) 
Commander in Chief, Continental Air Defense Command 
Commander in Chief, Pacific Command 

Commander in Chief, Pacific Air Force 

Commander in Chief, Pacific Fleet 

Commander in Chief, Pacific Representative 

Commander in Chief, Strategic Air Command 

Commander in Chief, Special Operations Command 
Commander in Chief, Southern Command 

Commander in Chief, Allied Forces Southern Europe (NATO) 
Commander in Chief, U.S. Space Command 

Commander in Chief, Specified Command, Middle East 
Commander in Chief, Tactical Air Command 

Commander in Chief, Unified Transportation Command 
Commander in Chief, U.S. Transportation Command 


Commander in Chief, United Kingdom Air Defense Region 
(NATO) 


Commander in Chief, United Nations Command 
Commander in Chief, U.S. Atlantic Command 
Commander in Chief, U.S. Air Forces, Europe 


Commander in Chief, United States Army, Europe 
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CINCUSARPAC 
CINCUSNAVEUR 
CINCWESTLANT 
CINF 

CINSGCY 

CIO 

CIOC 


CIOP 


CIP 


CIPE 
CIPEC 
CIPHONY 
CIPL 
CIPMS 
CIPR 


CIPS 
C2IPS 
CIR 


CIRC 
CIRCOL 
CIRIS 
CIRK 
CIRL 
CIRT 
CIRVIS 


CIS 


CISA 
CISC 
C3ISC 
CI/SCM 
CISD 
CISE 


CISO 


CISPOTREP 


Commander in Chief, United States Army, Pacific 
Commander in Chief, U.S. Naval Forces, Europe 
Commander in Chief, Western Atlantic (NATO) 
Community Imagery Needs Forecast 

Counterinsurgency 

(1) Central Imagery Office; (2) Chief Information Officer 


(1) Combined Intelligence Operations Center (Korea); 
(2) Combat Intelligence Operations Center 


(1) Controlled Intelligence Operational Proposal; 
(2) CIO Program 


(1) Consolidated Intelligence Program; (2) Country 

Information Package; (3) Critical Intelligence Parameter; 

(4) Combined Interoperability Program; (5) Crypto-Ignition Plug; 
(6) Correlation and Integration Processor 


(US) CENTCOM Imagery Production Element 
Intergovernmental Council of Copper Exporting Countries 
Enciphered Telephone 

CINC’s Integrated Priority List 

Career Intelligence Professional Management System 


(1) Consolidated Intelligence Production Requirement; 
(2) Counterintelligence Production Registry 


Counterintelligence Periodic Summary 
C2 Information Processing System 


(1) Central Intelligence Report; 
(2) Continuing Intelligence Requirement 


Central Information Reference and Control 

Central Information Reference and Control On-Line System 
Consolidated Intelligence Resources Information System 
Common Interswitch Rekeying Key 

Current Intelligence Requirements List 

Computer Security Incident Response Team 


Communications Instructions for Reporting Vital 
Intelligence Sightings 


(1) Country Intelligence Study; (2) Communications Intercept 
System; (3) Compensated Imaging System; 

(4) Canadian Intelligence Service; (5) Chief, Intelligence and 
Security (Canadian); (6) Combat Instruction Set; 

(7) Combat Information System; (8) Commonwealth of Indepen- 
dent States; (9) Combat Intelligence System 


CAI Integration Support Activity 
Counterintelligence Support Cell 

C3I Systems Committee 

Counterintelligence and Security Countermeasures 
Command Intelligence Strategy Document 


(1) (US) CENTCOM Intelligence Support Element; 
(2) Corps Intelligence Support Element 


(1) Counterintelligence Support Officer; 
(2) Counterintelligence Staff Officer 


CI Spot Report 


38 


CISR Communications Intelligence Security Regulation 


C4ISR Command, Control, Communications, Computers, 
Intelligence, Surveillance, and Reconnaissance 
CIT Counterintelligence Team 
CITA Combat Intelligence and Targeting on Arrival 
CITS CENTCOM Imagery Transmission System 
CIV Civilian 
CIVC Carrier Intelligence Center 
CIVIC Civilian Vulnerability Indicator Code 
CISION Enciphered Television 
CIW (1) Consolidated Intelligence Watch; 
(2) CMOC Intelligence Watch 
CIWC CIW Commander 
CIWG Cooperative Interaction Working Group 
CIWS Close-In Weapon System 
C&J Collection and Jamming 
CJB Congressional Justification Book 
CJCS Chairman, Joint Chiefs of Staff 
CJCSI Chairman, Joint Chiefs of Staff Instruction 
CJTATF-E Commander, Joint Interagency Task Force-East 
CJTATF-W Commander, Joint Interagency Task Force-West 
CJIT Combined Joint Interrogation Team 
CJTF Commander, Joint Task Force 
CJTF-AK Commander, Joint Task Force-Alaska 
CJTF-FA Commander, Joint Task Force-Full Accounting 
CK Compartment Key 
CKG Cooperative Key Generation 
CL Light Cruiser 
C-LAMP Community Laser Measurement Program 
CLASS Close Air Support System 
Class Classification/Classified 
C&LB Coasts and Landing Beaches 
CLF Commander, Landing Force 
CLMD COMSEC Local Management Device 
CLNC Clearance 
CLO (1) Counterdrug Liaison Officer; (2) Chief Logistics Officer 
CLOCE Contingency Lines of Communication, Europe 
CLS (1) Contractor Logistics Support; 
(2) Clandestine Lighting System 
CLSC COMSEC Logistics Support Center 
CLSP Composite Launch Sequence Plan 
CL/TECH Clear Language Technical Report 
cm Centimeter 
CM (1) Memorandum by the Chairman, Joint Chiefs of Staff; 


(2) Collection Management; (3) Countermeasure(s); (4) Cruise 
Missile; (5) Collection Manager; (6) Collection Management 
Division; (7) Countermine; (8) Countermine Activities 
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(1) Countermission Analysis; (2) Collection Management 
Authority; (3) Community Management Account 


(1) Command Master at Arms; (2) Chief Master at Arms 
Cheyenne Mountain Air Force Base 

Cheyenne Mountain Air Force Station 

CINC Mobile Alternate Headquarters 

Cheyenne Mountain Air Station 

Counter-Measures and Signature Intelligence 
Collection Management Branch 


(1) Cheyenne Mountain Complex; (2) Commandant, U.S Marine 
Corps; (3) Command Master Chief 


Command Master Chief 
Cruise Missile Carrier Aircraft 


(1) Commander in Chief, Mobile Command Center; 
(2) Component Mobile Command Center 


Community Multilateral Counterterrorism Database System 
Computed Mission Coverage Index 
Commandant, U.S. Marine Corp Memorandum 


(1) COMSEC Material Control System; 
(2) COMINT Mission Control System 


(1) Collection Management Division; (2) Command 
Command Cell 

Commander 

Collection Management and Dissemination 
Communications Monitoring Equipment 
Council for Mutual Economic Assistance 
Captured Material Exploitation Center 
Combat Mission Folder 

Combined Marine Forces Command 
Combined Military Interrogation Center 
Corps Military Intelligence Support Element 
Chemical 


(1) Collection Management Office; (2) Civil Military 
Operations; (3) Central MASINT Office 


(1) Cheyenne Mountain Operations Center; (2) Civil Military 
Operations Center; (3) Central MASINT Operations Cell 


Complementary Metal-Oxide Semiconductor 
Civil Military Operations Task Force 


(1) Combat Mission Planning; 
(2) Configuration Management Plan 


Confidential Military Purpose Funds 
Compartmented Mode Processing System 
Crisis Management Room 

Collection Management Requirements System 


(1) Combat Mission Section; (2) Command and Management 
System; (3) Community Management Staff; (4) Collection 
Management System; (5) Common Mapping Standard 
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Step 6. 


Step 7. 


441 cannot be subtracted from 
386, so the next lower digit must 
be tried. Substitute 8 for 9 in 
both the answer and the divisor 
and multiply 48 by 8 to obtain 
884, Subtract 384 from 386 to 
obtain a remainder of 2. Bring 
down the next pair of digits— 
80. 
2 9. 
V07 86.80 80 


2 8. 
/0T 86.80 80 


Double the answer, 28, to obtain 
a trial divisor of 56. Divide the 
trial divisor into all but the last 
digit of the remainder. Since it 
is not possible to divide 56 into 
28, place a zero above the third 
pair of digits and bring down the 
next pair of digits—80. 


2 8. [0 
V0T 86.80 80 
4 


~ 386 
384 
2x 28 = 56 280 
Multiply 280 by 2 to obtain a 
trial divisor of 560. Divide the 
trial divisor into all but the last 
digit of the remainder. It will 
go 5 times. Place the 5 above 
the fourth pair of digits, and 
also place the 5 to the right of 
the trial divisor. Thus, the true 
divisor is 5605. Multiply 5605 
by 5 to obtain 28025. Subtract 
28025 from 28080. There is a 
remainder of 55. Thus, the 
square root of 786.808 is 28.05, 
with a remainder of 55. A more 
exact answer can be obtained by 


adding pairs of zeros and con- 
tinuing the square root process. 


2 8.0 5 
VOT 86.80 80 
A 
386 
384 
2x 280 = 560 28080 
[5] x 5605 = 28025 
BB 


Check the answer by squaring 
28.05 and adding the remainder 
(28.052 + .0055). Place the ex- 
treme right digit of the re- 
mainder under the extreme right 
digit of the squared number. The 
complete calculation is shown be- 
low: 


2 8.0 5 
VOT 86.80 80 
[3] x 48 = 386 
2 x 28 = 56 384 
2 x 280 = 560/5] 28080 
[5] x 5605 = 26025 
55 


25. Review Problems—Square Root 


a. Solve the following: 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 
(7) 
(8) 


(1) 
(2) 
(3) 
(4) 
(5) 
(6) 


2510.01 
/4901.4001 
7482.25 


VBTBT2921 


b. Solve the following to nearest thousandth. 


Vb 
V7 
vil 
V13 
V15 
V17 


c. The current (in amperes) flowing through 
a resistor can be determined by taking the 
square root of the quotient obtained by divid- 
ing the value of power supplied to the resistor 
(in watts) by the value of the resistance (in 


AGO 558A 


qaQqaaaqaad 


qaaana 


Q 


OOO: OF: OF On -CY Or Os - OG. Or 


qaaqaa 


Z 
n 


Z22Z224 
ZR 


ZZAZAZAZAZAALZAZWy 
OZERARZS 


Z 
o) 
| 


ZZz 
7OO 
~ xs 


Community Management Staff, Resource Management Group 


Cruise Missile Support Activity 
Civilian Multi-Spectral Imagery 
Collection Management Support System 


(1) Collection Management Support Terminal; 
(2) Collection Management System Tools 


(1) Crisis Management Team; (2) Critical Mobile Target 
Combat Maneuver Training Center 
CMTC-Instrumentation System 


(1) Critical Mobile Target Server; 
(2) Compliance Monitoring Tracking System 


Compartmented Mode Workstation 
Counterarcotics 


(1) Center for Naval Analysis; (2) Coordinates Not Available; 


(3) Critical Node Analysis 


(1) Customs National Air Command, Oklahoma City; 
(2) Customs National Aviation Center 


Conference on NATO Armament Directors 
Commander, Navy Space Command 


(1) Counternarcotics Center; 
(2) Computerized Numerical Control 


Cryptonet Control Station 
Counternarcotics Command and Management System 


Centre National d’Etudes Spatiales (French National Space 
Agency) 


(1) Chief of Naval Education and Training; 
(2) Centre National d’ Etudes Des Telecommunications 


Command, Control, and Communications Networks 
Commander, U.S. Naval Forces Japan 

Commander, U.S. Naval Forces Korea 

Commander, U.S. Naval Forces Marianas 


(1) Communicating NATO Intentions; 
(2) Communications, Navigation, or Identification 


Combined Naval Intelligence Center 

Composite Network, Front-End Internal Network 
Counternarcotics Information Processing System 
Cryptonet Key 

Commonwealth of the Northern Mariana Islands 

Cable News Network 

Chief of Naval Operations 

Ratio of carrier to noise in a 1Hz bandwidth 


(1) Counternarcotics Operations Center; 
(2) Combined Naval Operations Center 


Chief of Naval Operations Memorandum 
Command Not Operationally Ready 

(1) Chief of Naval Research; (2) Combat Net Radio 
Combat Net Radio Interface Unit 

Commercial Network Survivability 
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CNSWTG 
CNTL 
CNVFD 
CNWDI 
CO 

CO3 

CO6 

CO7 

COA 
COB 


COBE 
COBOL 
COC 
COCOM 
COD 
CODIS 
COE 
COEA 
COFIR 
COFs 
CofS 
COG 


COI 
COIC 
COIN 
COINS 


COINS-II 
COIR 

COIS 
COLISEUM 


COLL 
COLLECT 
COLOP 
COLT 
COM 


COMA 
COMACC 
COMAAFCE 
COMAFFOR 
COMAFOSI 


Commander, Naval Special Warfare Task Group 
Command Nuclear Target List 

Color Night Vision Fusion Device 

Critical Nuclear Weapons Design Information 

(1) Commanding Officer; (2) Company 

Combined Staff Public and Governmental Affairs Officer 
Combined Staff Judge Advocate 

Combined Staff Command Surgeon 

Course of Action 


(1) Close of Business; (2) Collated Operating Base; 
(3) Chief of Base; (4) Command Operating Budget 


Cosmic Background Explorer 

Common Business Oriented Language 

Combat Operations Center 

(1) Coordinating Committee; (2) Combatant Command 
Carrier On-board Delivery 

Continuity of Defense Intelligence Systems 
Common Operating Environment 

Cost and Operational Effectiveness Analysis 
Compendium of Future Intelligence Requirements 
Central Operating Facilities 

Chief of Staff 


(1) Combined Operations Group; 
(2) Continuity of Government; (3) Center of Gravity 


Communities of Interest 
Combat Operations Intelligence Center (USAFE) 
Counterinsurgency 


(1) Consolidated On-Line Intelligence System; 
(2) Community On-Line Intelligence Network Systems 


Community On-Line Intelligence System-II 
Commander’s Operational Intelligence Requirements 
Combat Operations Intelligence System 


Community On-Line Intelligence System for End Users and 
Managers 


Collection 

Collection 

Collection Opportunity (messages) 
Combat Observation and Laser Team 


(1) Computer Output to Microform; (2) Chief of Mission 
(U.S. Embassy); (3) Collection Operations Management; 
(4) Commander 


Court of Military Appeals 

Commander, Air Combat Command 

Commander, Allied Air Forces Central Europe 
Commander, Air Force Forces 

Commander, Air Force Office of Special Investigations 
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COMAFSOC Commander, U.S. Air Force Special Operations Command 
COMAFSPACE Commander, Air Force Space Command 

COMALCOM Commander, Alaskan Command 

COMAMC Commander, Air Mobility Command 
COMARSPACECOM Commander, Army Space Command 

COMASPC Commander, Air Force Space Command 

COMAINT Command Maintenance 

COMAIR-BALTAP Commander, Allied Air Forces, Baltic Approaches 
COMAIRSOUTH Commander, Allied Air Forces, Southern Europe 
COMALCOM Commander, Alaskan Command 

COMALF Commander of Airlift Forces 

COMANR Commander, Alaskan NORAD Region 
COMANTDEF-COM Commander, Antilles Defense Command 

COMARFOR Commander, Army Forces 

COMARSOC Commander, U.S. Army Special Operations Command 
COMARSOF Commander, U.S. Army Special Operations Forces 
COMATF Commander, Amphibious Task Force 

COMBALTAP Commander, Allied Forces, Baltic Approaches 

COMBAT DF Combat Direction Finding 

COMBENE-CHAN Commander, Benelux Sub-Area Channel 
COMBISCLANT Commander, Bay of Biscay Submarine Area 
COMCANLANT Commander, Canadian Atlantic Submarine Area 
COMCARGRU Commander Carrier Group 

COMCENTAG Commander, Central Army Group, Central Europe 
COMCENTLANT Commander, Central Submarine Area 

COMCM Communication Countermeasures & Deception 

COMCO Canadian SSO 

COMCRUDESGRU Commander Cruiser Destroyer Group 

COMDT COGARD Commandant, U.S. Coast Guard 

COMECON Council for Mutual Economic Assistance 

COMEDCENT Commander, Central Mediterranean Area 

COMEDEAST Commander, Eastern Mediterranean Area 
COMEDNOREAST Commander, Northeast Mediterranean Area 

COMEDOC Commander, Western Mediterranean Area 

COMEDS CONUS Meteorological Data System 
COMEDSOUEAST Commander, Southeast Mediterranean Area 

COMEX (1) Committee on Exchanges; (2) Communications Exercise 
COMFAIRKEF Commander, Fleet Air Keflavik 

COMFIVEATAF Commander, Fifth Allied Tactical Air Force, Southern Europe 
COMFLDCOMDASA Commander, Field Command, Defense Atomic Support Agency 
COMFOURATAF Commander, Fourth Allied Tactical Air Force Central Europe 
COMGIB Naval Commander, Gibraltar 

COMGIBMED Commander, Gibraltar Mediterranean Command 
COMGTMODEFCOM Commander, Guantanamo Defense Command 
COMICEDEFOR Commander, Iceland Defense Force 
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COMIDEASTFOR 
COMINEWARCOM 
COMINT 
COMINTADTSK 
COMIREX 

COMIS 

COMJAM 

COMJSOC 
COMJSOTF 

COMJTF 
COMJUWATF 

COML 
COMLANDFOR 
COMLANDJUT 
COMLANDNORWAY 
COMLANDSOUTH 
COMLANDZEALAND 
COMLANTAREA 
COMLOGNET 
COMM 

COMM(S) 
COMMAIRCHAN 
COMMAIRNORLANT 
COMMARBASPAC 
COMMARDEZSECAK 
COMMARFOR 
COMMARFORJAPAN 
COMMARFORK 
COMMARFORPAC 
COMMARFORSOUTH 
COMMCEN 
COMMDET 

COMMO 

COMMS CTR 
COMMZ 
COMNAVAIR 
COMNAVAIRLANT 
COMNAVAIRPAC 
COMNAVBALTAP 
COMNAVFOR 
COMNAVFORK 
COMNAVINTCOM 
COMNAVLOG 
COMNAVMARIANAS 
COMNAVNON 


Commander, Middle East Force (USN) 

Commander, Mine Warfare Command 
Communications Intelligence 

COMINT Advisory Tasking Message 

Committee on Imagery Requirements and Exploitation 
Collection Management Information System 
Communications Jamming 

Commander, Joint Special Operations Command 
Commander, Joint Special Operations Task Force 
Commander, Joint Task Force 

Commander, Joint Unconventional Warfare Task Force 
Commercial 

Commander, Land Forces 


Commander, Allied Land Forces, Schleswig-Holstein & Jutland 


Commander, Allied Land Forces, Norway 
Commander, Allied Land Forces, Southern Europe 
Commander, Allied Land Forces, New Zealand 
Commander, Coast Guard Atlantic Area 

Combat Logistics Network 

(1) Communication; (2) Commercial 
Communication(s) 

Commander, Allied Maritime Air Force, Channel 
Maritime Air Commander, Northern Submarine Area 
Commander, Marine Corps Base, Pacific 
Commander, U.S. Maritime Defense Zone Sector, Alaska 
Commander, Marine Forces 

Commander, Marine Forces, Japan 

Commander, Marine Forces, Korea 

Commander Marine Corps Forces, Pacific 


Commander, Marine Corps Forces, South 
Communications Center 

Communications Detachment 
Communications 

Communications Center 

Communications Zone 

Commander, Naval Air Forces 
Commander, Naval Air Forces, Atlantic 
Commander, Naval Air Forces, Pacific 
Commander, Allied Naval Forces, Baltic Approaches 
Commander, Naval Forces 

Commander, Naval Forces, Korea 
Commander, Naval Intelligence Command 
Commander, Naval Logistics 


Commander, Naval Forces, Marianas 
Commander, Allied Naval Forces, North Norway 
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COMNAVSCAP 
COMNAVSEASYSCOM 
COMNAVSECGRU 
COMNAVSOF 
COMNAVSPACECOM 
COMNAVSPECWARCOM 
COMNAVSURF 
COMNAVSURFLANT 
COMNAVSURFPAC 
COMNORECHAN 
COMNORLANT 
COMNORTHAG 
COMNSWU 
COMOCEANLANT 
COMOCEANSYSLANT 
COMOCEANSYSPAC 
COMOPS 

COMP 

COMPACAF 
COMPASS 
COMPATWINGSLANT 
COMPHIBGRU 
COMPLYMCHAN 
COMPUINT 
COMPUSEC 

COMPW 

COMPWING 

COMS 

COMSAT 

COMSC 

COMSEC 
COMSECONDFLT 
COMSEVENTHFLT 
COMSIXATAF 


COMSIXTHFLT 
COMSOC 
COMSOC-K 
COMSOCEUR 
COMSOCLANT 
COMSOCPAC 
COMSOCSOUTH 
COMSOTFE 
COMSPOT 
COMSTAT 


Commander, Allied Naval Forces, Scandinavian Approaches 
Commander, Naval Sea Systems Command 
Commander, Naval Security Group 

Commander, Naval Special Operations Forces 
Commander, Naval Space Command 

Commander, Naval Special Warfare Command 
Commander, Naval Surface Forces 

Commander, Naval Surface Force, U.S. Atlantic Fleet 
Commander, Naval Surface Force, Pacific 
Commander, Northern Submarine Area, Channel 
Commander, Northern Submarine Area 

Commander, Northern Army Group, Central Europe 


Commander, Naval Special Warfare Unit 
Commander, Ocean Atlantic 

Commander, Oceanographic Systems Atlantic 
Commander, Oceanographic Systems Pacific Company 
Communications Operations Summary 

Compatible 

Commander, Pacific Air Forces 

Computerized Movement Planning and Status System 
Commander, Patrol Wings Atlantic 

Commander, Amphibious Group 

Commander, Plymouth Submarine Area, Channel 
Computer Intelligence 

Computer Security 

Composite Wing 

Composite Wing 

Collection Operations Management System (HUMINT) 
Communications Satellite 

Commander, Military Sealift Command 
Communications Security 

Commander, U.S. Second Fleet 

Commander, U.S. Seventh Fleet 


Commander, Sixth Allied Tactical Air Force, Southeastern 
Europe 


Commander, U.S. Sixth Fleet 

Commander, Special Operations Command 
Commander, Special Operations Command, Korea 
Commander, Special Operations Command, Europe 
Commander, Special Operations Command, Atlantic 
Commander, Special Operations Command, Pacific 


Commander, Special Operations Command, Southern Command 


Commander, Support Operations Task Force, Europe 
Communications Spot Report 
Communication Status Report 
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COMSTRATCOMWING ONE = Commander, Strategic Communications Wing One 


COMSTRICKFLANT 
COMSTRIKFLTLANT 


COMSTRIKFORSOUTH 


COMSTS 
COMSUBACLANT 
COMSUBEASTLANT 
COMSUBGRU 


COMSU 


COMSUBLANT 
COMSUBMED 
COMSUBPAC 
COMSUBWESTLANT 
COMSUPNAVFOR 
COMTAFNORNOR 
COMTAFSONOR 
COMTASKFORNON 
COMTECHREP 
COMTHIRDFLT 
COMTRAPAC 
COMTWOATAF 


COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 


COMU 


KADR 
SAFAK 
SAFFOR 
SAFJ 

SAFK 
SAFTF 
SARAK 
SARCENT 
SARFOR 
SARSO 
SARSPACE 
SARTF 
SASOC 
SFOR KOREA 
SFK 
SFORAZ 
SFORCARIB 
SFORCNTY 
SJ 

SJAPAN 
SJTF 
SJUWTF 


BGRU 8/CTF MED 


Commander, Striking Fleet Atlantic (Afloat) 
Commander, Striking Fleet, Atlantic 


Commander, Striking Force, South 


Commander, Military Sea Transportation Service 


Commander, Submarine Forces, Allied Command, Atlantic 


Commander, Submarine Force, Eastern Atlantic 


Commander, Submarine Group 


Commander Submarine Group (Mediterranean)/Commander 
Task Force Mediterranean 


Commander, Submarine Force, U.S. Atlantic Fleet 


Commander, Submarines, Mediterranean 


Commander, Submarine Forces, Pacific 


Commander, Submarine Force, Western Atlantic Area 


Commander, Supporting Naval Forces 


Commander, Allied Tactical Air Force, North Norway 


Commander, Allied Tactical Air Force, South Norway 
Commander, Allied Task Force, North Norway 
Complementary Technical Report 

Commander, Third Fleet 

Commander, Training Command, Pacific 


Commander, Second Allied Tactical Air Force, Central Europe 


Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 
Commander, U 


K NATO Air Defense Region 

.S. Air Forces, Alaska 

nited States Air Force Forces 

.S. Air Forces, Japan 

.S. Air Forces, Korea 

nited States Air Force Task Force 

.S. Army Forces, Alaska 

.S. Army Forces Central Command 
nited States Army Forces 

nited States Army Forces Southern Command 
.S. Army Space Command 

nited States Army Task Force 

.S. Army Special Operations Command 
.S. Forces Korea 

.S. Forces, Korea 

.S. Forces, Azores 

.S. Forces, Caribbean 


Commander US Forces Country 


Commander, U 
Commander, U 
Commander, U 


Commander, U 
Force 


.S. Forces, Japan 

.S. Forces, Japan (also COMUSJ) 

nited States Joint Task Force 

nited States Joint Unconventional WarfareTask 
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COMUSKOREA 
COMUSLANDFOR 
COMUSMACTHAI 


COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 
COMU 


Zz 


AVCENT 
AVEUR 
NAVFOR 
COMUSNAVPHIL 
COMUSNAVSO 
COMUSNAVTF 
COMZEALAND 
CON 
CONAD 
CONDECA 
CONF 
CONFIG 
CONG 
CONGEN 
CONGINT 
ConNMSJIC 
CONOBJTR 
CONOP(S) 
CONOPS 


Zz 


CONPG 
CONPLAN 
CONR 
CONTEXT 
CONTRA- 
CONUS 
CONUSA 
CONVL 
COOP 
COORD 
COP 
COPG 
COPRA 
COPRL 


Commander, U.S. Forces, Korea (also COMUSK) 
Commander, United States Land Forces 


Commander, United States Military Assistance Command, 
Thailand 


Commander, U.S. Marine Forces Central Command 
Commander, U.S. Maritime Defense Zone, Atlantic 
Commander, U.S. Maritime Defense Zone, Pacific 
Commander, United States Marine Forces 
Commander, United States Marine Task Force 
Commander, United States Military Group 
Commander, U.S. Naval Forces, Alaska 
Commander, U.S. Naval Forces, Central Command 
Commander, U.S. Naval Forces, Europe 
Commander, United States Naval Forces 
Commander, U.S. Naval Forces, Philippines 
Commander, U.S. Naval Forces South 
Commander, United States Naval Task Force 


Commander, Allied Land Forces, New Zealand 
Control(led) 

Continental Air Defense Command 
Central America Defense Council 
Confidential 

Configuration 

Congress 

Consul General 

Congressional Interest 
Contingency NMJIC 

Conscientious Objector 

Concept of Operation(s) 


(1) United States Army Intelligence Command Continental 
(United States) Operations; (2) Concept of Operations 


Chairman, Operational Nuclear Planning Group 
(1) Concept Plan; (2) Contingency Plan 

CONUS NORAD Region 

Conferencing and Text Manipulation System 
Against, Opposite (Prefix) 

Continental United States 

Continental United States Army 

Conventional 

Continuity of Operations Plan 

Coordination 

(1) Command Observation Post; (2) Crashout Package 
Chairman, Operational Planners Group 
Comparative Postwar Recovery Analysis 
Command Operations Priority Requirements List 
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COPSTRAT 
COR 


CORCEN 
CORE 
CORL 


CORM 
CORPS SAM 
CORTRAIN 
COS 


cos 
COSAL 
COSCOM 
COSIN 
COSA 
COSP 
COSPO 
COTP 
COTR 
COTS 


COUNTERMASINT 
COVCOM 

CoVRT 

CP 


C&P 
C-P 
CPA 


CPAT 
CPB 
CPBS 


CPC 


CPE 
CPFL 
CPI 
CPIA 
CPIC 
CPM 
CPMIEC 
CPNET 


Continuity of Operations Plan (USSTRATCOM) 


(1) Command Operationally Ready; (2) Central Office of 
Record; (3) Contracting Officer’s Representative 


Correlation Center 
Contingency Response (Program) 


(1) Collection Opportunity Requirements List; 
(2) Chief of Receive Location 


Commission on Roles and Missions 
Corps Surface-to-Air Missile 
Corps/Division Training Coordination Program 


(1) Combat Operations Staff; (2) Chief of Station; 
(3) Chief of Staff; (4) Communications Segment 


Cosine 

Consolidated Ship/Squadron Allowance 

Corps Support Command 

Control Staff Instructions 

Commander, Oceanographic Systems, Atlantic 
Commander, Oceanographic Systems, Pacific 
Community Open Source Program Office Cotangent 
Captain of the Port 

Contracting Officer’s Technical Representative 


(1) Commercial Off-the-Shelf; 
(2) Container Offloading Transfer System 


Counter Measurements and Signature Intelligence 
Covert Communications 
Commanders (and Staff) Visualization Research Tool 


(1) Contingency Planning; (2) Command Post; (3) Character 
Position; (4) Communications Processor; (5) Central Processor; 
(6) Career Program; (7) Counterproliferation 


Characteristics and Performance 
Counterproliferation 


(1) Chairman’s Program Assessment; (2) Collection 
Planning Aid; (3) CJCS Preparedness Assessment 


Collection Planning and Targeting 
Charged Particle Beam 


(1) Capabilities Programming and Budgeting System; 
(2) Consolidated Program and Budgeting System 


(1) Coastal Patrol Boat; (2) Collection and Processing Center; 
(3) Central Processing Center 


(1) Circular Probable Error; (2) Central Production Element 
Contingency Planning Facilities List 

Communications Processor and Interface 

Chemical Propulsion Information Agency 

Coastal Patrol and Interdiction Craft 

Cycles Per Minute 

China Precision Machinery Import Export Corporation 
Custom Product Network 
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CPO 
CPP 
CPR 


CPS 


CPSB 
CPSS 
CPSU 
CPT 
CPU 


CPX 
CP OSCAR 
CP TANGO 
CQB 
C-QUIP 
CR 


CRAF 
CRB 
CRBIF 
CRC 


CRDC 
CRDL 
CRE 


CREST 
CRF 
CRIMP 
CRIS 
CRISCON 
C-RISTA 


CRITIC 


CRITICOM 
CRJOIC 
CRL 

CRM 
CRMA 
CRMO 
CRMP 
CRMS 
CRN 


(1) Command Project Officer; (2) Chief Petty Officer 
Communist Party of the Philippines 


(1) Cardio-Pulmonary Resuscitation; (2) Chairman’s 
Program Recommendations 


(1) Collection Problem Set; (2) Correlation Processing Sub- 
system; (3) Characters Per Second; 
(4) COMSEC Parent Switch; (5) Craft Positioning System 


Career Program Selection Board 
Computer Systems Squadron 
Communist Party of the Soviet Union 
Command Post Terminal 


(1) Central Processing Unit; (2) Communications 
Processing Unit; (3) Computer Processing Unit 


Command Post Exercise 

Command Post Operations Support Center and Rear 
Command Post Tactical Air, Naval, Ground Operations 
Close Quarter Battle 

Combined Quarterly Intelligence Production Listing 


(1) Crisis Relocation; (2) Combat Radius; (3) Collection 
Request; (4) Close Range; (5) Collections Requirement 


Civil Reserve Air Fleet 
Contingency Reference Book 
Crisis Basis Imagery File 


(1) Command and Reporting Center; (2) Control and Reporting 
Center; (3) CONUS Replacement Center 


United States Army Chemical Research & Development Center 
Collateral Recurring Document Listing 


(1) Combat Readiness Evaluation; 
(2) Control and Reporting Element 


Covert Reconnaissance/Strike 

(1) Crisis Response Force; (2) Cable Reports File 
Crisis Management Plan 

Command Resources Information System 

Crisis Condition (I&W System) 


Counter-Reconnaissance, Intelligence, Surveillance, and Target 
Acquisition 


(1) Critical Intelligence; (2) Critical Intelligence Message; 
(3) Critical Intelligence Communication 


Critical Intelligence Communications Network 

Central Region Joint Operational Intelligence Center 

Certificate Revocation List 

Collection Requirements Management 

Collection Requirements Management Architecture/A pplication 
Collection Requirements Management Office(r) 

Collection Requirements Management Program or Plan 
Collection Requirements Management System 

Combat Radio Net 
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CROF 
CROM 
CRP 
CRRC 
CRRES 
CRRS 
CRS 


CRT 


CRTA 
CRUDESGRU 
CRWG 
CRYPTO 

CS 


CS1 
CSA 


CSABE 
CSAF 
CSAFM 
CSAM 
CSAR 
CSAW 
CSB 


CSBR 
CSC 


CSCE 
CSCG 
CSCI 


CSCR 
CSDS 
CSCT 
CSE 


CSE-SS 
CSEL 
CSENCNET 
CSF 


Crete Remote Operating Facility 

Continuous Read-Only Memory 

(1) Control and Reporting Post; (2) COMSEC Resources Program 
Combat Rubber Raiding Craft 

Combined Release and Radiation Effects Satellite 

Customer Requirements Registration System 


(1) COMIREX Requirements Structure; (2) Combined Record- 
ing Site; (3) Comprehensive Retrieval Subsystem; (4) Catholic 
Relief Service; (5) Congressional Research Service; (6) Commu- 
nity Relations Service 


(1) Cathode Ray Tube (Terminal); (2) Combat Readiness 
Training; (3) Crisis Response Team 


Chief of Rocket Troops and Artillery 
Cruiser-Destroyer Group 

Current Requirements Working Group 

(1) Cryptography/Cryptographic; (2) Cryptologic 


(1) Combat Support; (2) Communications Subsystem; 
(3) Constant Source; (4) Chief of Staff; (5) Central Servers; 
(6) Coalition Support 


Critical-Sensitive Level | 


(1) Chief of Staff, U.S. Army; (2) Central Supplies Agency of 
NATO; (3) Corps Support Activity; (4) Combat Support 
Agency(ies) 


Central and South African Basic Encyclopedia 
Chief of Staff, U.S. Air Force 

Chief of Staff, Air Force Memorandum 

Chief of Staff, Army Memorandum 

Combat Search and Rescue 

Cryptologic Support to Amphibious Warfare 


(1) Close Silo Basing; (2) Collection Support Brief (HUMINT); 
(3) Current Situation Branch 


Commander, Special Boat Squadron 


(1) Community Support Center; (2) Customer Support Center; 
(3) Combat Support Cell 


Conference on Security and Cooperation in Europe 
Communications Security Control Group 


(1) Commercial Satellite Communications Initiative; 
(2) Computer Software Configuration Interface 


Computer System Change Request 
Command Spatial Display System 
Combat Support Coordination Team 


(1) Cryptologic Support Element(s); (2) Command Support 
Element; (3) Client Server Environment; (4) Canadian SIGINT 
Establishment; (5) Communi-cations Security Element 


Client Server Environment-System Services 
Combat Survivor-Evader Locator 
Satellite Education Network 


Command Support Functions 
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ohms). Thus, if a resistance of 300 ohms is 
absorbing 60 watts of power, it is drawing a 


current of xp og amperes. This equals about 


.447 ampere. In the same manner, find the 
value of current for each of the following values 
of power and resistance: 


AGO 558A 


Power 
(watts) 


(1) 25 
(2) 50 
(3) 40 
(4) 75 


Resistance 
(ohms) 


1,000 
7,000 
500 
60 


Current 
(amperes) 


? 
Ke 
? 
‘4 
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CSFOCI 
CSG 


CSG-SOCOM 
CSGN 

CSI 
C-SIGINT 
CSIS 
CSMA/CD 
CSMO 
C3SMP 
CSMR 
CSOC 
CSP 


CSP/HOL 
CSPAR 


CSPO 
CSR 


CSRD 
CSRS 
CSS 


CSSA 
CSSCS 


CSSD 
CSSE 
CSSO 
CSSP 
CSSOC 
CSSR 
CSST 
CST 


CSTC 
CSTIP 
CSTOL 
CSTVRP 
CT 


Force Protection Operations 


(1) Cryptologic Support Group; (2) Chairman’s Staff Group; 
(3) Combat Support Group; (4) Corps Support Group 


Cryptologic Support Group/USSOCOM 

Nuclear Strike Cruiser 

Commercial Satellite Interconnectivity 

Counter Signals Intelligence 

Canadian Security and Investigative Service 

Carrier Sense Multiple Access with Collision Detection 
Cryptologic Support to Military Operations 

Command, Control, Communications System Master Plan 
Coarse Spatial Resolution, Multispectral 

Consolidated Space Operations Center 


(1) Communications Support Processor; (2) Crisis Staffing Pro- 
cedures; (3) Contingency Support Package 


Communications Support Processor/High Order Language 


(1) Central Strategic Processing, Analysis, and Reporting; 
(2) CINC’s Preparedness Assessment Report 


Consolidated SAFE Project Office 


(1) Current Situation Room; (2) Coastal Surveillance Radar; 
(3) Controlled Supply Rate; (4) Collection Support Require- 
ment; (5) Combat Search & Rescue 


Communication-Computer Systems Requirement Document 
Civil Service Retirement System 


(1) Communications Security System; (2) Communications Sup- 
port System; (3) Central Security Service; (4) Combat Service 
Support; (5) Collateral Support System; (6) Contingency Sup- 
port Study; (7) Communications System Segment; (8) Common 
Sensor System; (9) COMSEC Subordinate Switch; (10) Combat 
Surveillance Service; (11) Continuous Signature Service; 

(12) Coded Switch System; (13) Command Specific Server 


Cryptologic Shore Support Activity 


(1) Combat Service Support Control System; 
(2) Combat Service Support Computer System 


Combat Service Support Detachment 
Combat Service Support Element 
Contractor Special Security Officer 
Combined Services Support Program 
Combat Service Support Operations Center 
CSS Replacement 

Combat Service Support Team 


(1) Central Standard Time; (2) Coastal Survey Team; 
(3) Coalition Support Team 


Consolidated Space Test Center 

Combined Strategic Intelligence Training Program 

Cargo Short Take-Off & Landing 

Computer Security Technical Vulnerability Reporting Program 


(1) Training Cruiser; (2) Counterterrorism; (3) Combating 
Terrorism; (4) Cryptologic Technician 
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CTA 
CTAI 
CTAK 
CTAPS 
CTB 
CTBT 
CTC 


CTD 
CTDR 
CT&E 
CTE 
CTEA 
CTF/JTF 


CTF-B 
CTF-BM 
CTF-C2 
CTF PC I 
CTG 
CTH 
CTIA 
CTIS 
CTL 
CTLZ 
CTOC 
CTOCSE 
CTOL 
CTP 
CTR 
CTRL 
CTS 


CTSCR 
CTT 


CTTA 
CTT-H 
CTTP 


CTU 
CU 
CUBB 
CUBIC 
CUCV 


(1) Central Technical Authority; (2) Common Table of Allowances 
Continuous-Tone Aerial Imagery 

Cypher-Text Auto-Key 

Contingency Theater Automated Planning System 
Comprehensive Test Ban 

Comprehensive Test Ban Treaty 


(1) Combat Targeting Center; (2) Counterterrorism Center; 
(3) Combat Training Center 


(1) Collective Training Directorate; (2) Charge Transfer Device 
Commercial Training Device Requirements 

Certification Test and Evaluation 

Coefficient of Thermal Expansion 

Cost and Training Effectiveness Analysis 


(1) Crisis Task Force; (2) Commander Task Force; 
(3) Central Training Flight; (4) Combined Task Force; 
(5) Joint Task Force; (6) Consolidated Training Facility 


Combined Task Force-Bomber 

Combined Task Force-Battle Management 
Combined Task Force Director of Intelligence 
CTF Provide Comfort II 

Commander, Task Group 

Aviation Training Cruiser 

Counter Technical Intelligence Activities 
Commander’s Tactical Information System 
Critical Task List 

Control Zone 

Corps Tactical Operations Center 

CTOC Support Element 

Conventional Take-Off and Landing 
Consolidated Telecommunications Program 
Center 

Control 


(1) Course Training Standards; 
(2) Communications Technology Satellite 


Critical Time-Sensitive Collection Requirement 


(1) Commanders’ Tactical Terminal; (2) Common Task Test; 
(3) Combat Control Team 


Certified TEMPEST Technical Authority 
Commanders’ Tactical Terminal-Hybrid 


(1) USCENTCOM Tactics, Techniques, and Procedures Manual; 
(2) Component Tactics, Techniques, and Procedures Manual 


Commander Task Unit 

Channel Unit 

Collateral Users Bulletin Board 

Common User Baseline for the Intelligence Community 
Commercial Utility Cargo Vehicle 
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CY 
CYCLOPS 
CZ 


Common-User Digital Information Exchange System 
Combined User Language 

Current 
Canadian-U.S. Regional Planning Group (NATO) 
Combined Unconventional Warfare Task Force 


(1) Multipurpose Aircraft Carrier; (2) Carrier Vehicle; 
(3) Aircraft Carrier 


COMSEC Utility Program 
Clandestine Vulnerability Analysis 
CINCPAC Voice Alert Network 
Carrier Battle Force 


Carrier Battle Group 

Guided-Missile Aircraft Carrier 

Nuclear-Powered Guided-Missile Aircraft Carrier 
V/STOL Aircraft Carrier 

Guided-Missile V/STOL Aircraft Carrier 
Nuclear-Powered Guided-Missile V/STOL Aircraft Carrier 
Nuclear-Powered V/STOL Aircraft Carrier 
Carrier-Based Intelligence Center 

Light Aircraft Carrier 

Nuclear-Powered Guided-Missile Light Aircraft Carrier 
Nuclear-Powered Light Aircraft Carrier 


Nuclear Powered Aircraft Carrier 
Combat Vehicle (Reconnaissance, Tracked) 


(1) Antisubmarine Aircraft Carrier; 
(2) Commercial Vendor Services 


Continuously Variable-Slope Delta Modulation 
Training Aircraft Carrier 

Compressed Video Transmission Service 
Carrier Air Wing 


(1) Chemical Warfare; (2) Carrier Wave; (3) Continuous Wave; (4) 
CONSTANT WATCH; (5) Composite Wing; (6) Commonwealth 


Crisis/Wartime 


(1) Composite Warfare Commander; 
(2) Conventional Weapons Guide 


Coordinates Working Group 

Conventional Weapons Index 

Crisis Window Information System 

(1) Communications Watch Office; (2) Chief Warrant Officer 


(1) Compartmented Work Station; 
(2) Collateral Workstation (ASAS) 


Chemical Weapons Treaty 

CCTF C2 OBI/CI Support Element 
Calendar Year 

Fleet Support Message 

(1) Combat Zone; (2) Convergent Zone 


53 


DACCO 
DACCS 
DACOM 
DACOS 
DACOS/I 
DACT 
DACU 


DAD 
DAES 
DAF 
DAG 


DAIRSDIA 
DAISY 
DAJDIA 
DALASP 
DALATS 
DAMA 
DAMI 
DAMPL 
DAO 
DAP 
DAPA 
DAR 
DARC 
DARO 
DARP 
DARPA 
DARS 


Demand-Driven Direct Digital Dissemination 
(1) Deciduous; (2) Density 
Data Distribution 


(1) Department of the Army; (2) Long-Range Aviation (USSR); 
(3) Double Agent; (4) Direct Action 


Digital/Analog 

Designated Approval Authority 

Defense Acquisition Board 

Defense Against Ballistic Missiles (Now SDI 
Dynamic Air Blast Simulator 


(1) Development Assistance Committee of OECD; 
(2) Department of Army Civilian; (3) Discretionary Access 
Control 


Department of the Army Central Control Office 
Digital Access Cross-Connect System/Switch 
Data Communications 

Deputy Assistant Chief of Station 

Deputy Assistant Chief of Staff-Intelligence 
Dissimilar Air Combat Tactics 


(1) Device Access Control Unit; 
(2) Device Attachment Control Unit 


Dual Air Density 
Defense Acquisition Executive Summary 
Department of the Air Force 


(1) Defense Special Security Communications Systems Address 
Group; (2) Divisional Artillery Group (FSU) 


Advanced Imagery Reproduction System 
Daily Summary 

Office Symbol for JMITC 

Defense Advanced Language and Area Studies Program 
Data Logging and Transmission System 
Demand Assigned Multiple Access 
Department of the Army Military Intelligence 
Department of the Army Master Priority List 
Defense Attache Office 

Designated Acquisition Program 

Drug and Alcohol Program Advisor 
Designated Area for Recovery 

District Area Command 

Defense Airborne Reconnaissance Office 
Defense Airborne Reconnaissance Program 
Defense Advanced Research Projects Agency 


(1) Daily Aerial Reconnaissance and Surveillance; 
(2) Daily Apportionment and Reconnaissance Scheduling; 
(3) Daily Aerial Reconnaissance Syndicate 


54 


DARSC 
DARSP 
DART 


DARTS 
DAS 
DASC 
DASD 


DASD(I&S) 
DASH 
DASPA 
DASR 
DASVA 
DAT 
DATAINT 
DATEXT 
DATPS 
DATS 
DATT 
DAWN 
DAWS 
DAYLT 
dB 

DB 

DBA 
DBAS 
DBBL 
DBC 
DBCTRL 
DBD 

dBi 
DBIDI 
DBK 
dB/K 
dBm 
DBMAINT 
DBMS 
DBQ 
DBS 


dBSM 
dBw 
DC 


Defense Airborne Reconnaissance Steering Committee 
Defense Academic Research Support Program 


(1) Developmental Air Reports Tracker; 
(2) Deployable Automated Remote Terminal 


Digital Antijam Radio Teletype System 
(1) Defense Attache System; (2) Data Acquisition Segment 
Direct Air Support Center 


(1) Deputy Assistant Secretary of Defense; 
(2) Direct Access Storage Device 


Deputy ASD (Intelligence and Security) 
Deployable Automated Support Host 
Defense Attache System Property Accounting 
Defense Analysis Special Report 

Defense Attache System Vehicle Accounting 
Direct Action Team 

Data Intelligence 

Data Extract 

Diver Active Thermal Protection System 
Data Automated Tower Simulation 
Defense Attache 

Defense Attache Worldwide Network 
Defense Automated Warning System 
Daylight 

Decibel 

Data Base 

Data Base Administrator 

Data Base Applications System 
Dismounted Battlespace Battle Lab 

Data Base Correlation 

Data Base Control 

Data Burst Device 

Decibel (referenced to isotropic radiator) 
Data Base of Imagery-Derived Information 
Dominant Battlefield Knowledge 

Decibels per Degrees Kelvin 

Decibels (referred to | milliwatt) 

Data Base Administrator 

Data Base Management System 

Data Base Query 


(1) Data Broadcast System (also known as SCAMPI); 
(2) Direct Broadcast Service 


Decibels Per Square Meter 
Decibels Referenced to One Watt of Power 


(1) District Commissioner; (2) Damage Control; 
(3) Defense Council; (4) Direct Current 
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DCA 


DCAEUR 
DCAOC 
DCAPSS 
DCAS 


DCCC 
DCE 


D-Cell 
DCF 
DCG 
DCGS 
DCI 
DCIA 
DCIB 
DCID 
DCI 
DCI&S 
DCIS 
DCINC 
DCIP 
DCL 
DCM 
DCMM 
DCMS 
DCN 
DCO 


DCOS 
DCOSIPR 
DCP 


DCR 
DCRSI 
DCS 


DCS/I 

DCS/IN 
DCSCA 
DCSEC 

DCSI 

DCSIM 
DCSI/DCSINT 
DCSINT 


(1) Defense Communications Agency; (2) Defense 
Cooperation Agreement; (3) Defensive Counter Air 


Defense Communications Agency Europe 
DCA Operations Control Center 
Dual Criteria Aimpoint Selection System 


(1) Deployable Consolidated Applications Server; 
(2) Deployable Communications Applications Shelter 


Defense Collection Coordination Center 


(1) Defensive Counter Espionage; 
(2) Data Communications Equipment 


Deployment Cell 

DOCS Certification Facility 

Deputy Commanding General 

Distributed Common Ground System 
Director of Central Intelligence 

Director, Central Intelligence Agency 
Defense Counterintelligence Board 

Director of Central Intelligence Directive 
Defense Central Index of Investigations 
Director of Counterintelligence and Security 
Defense CI Integrated Information System 
Deputy Commander in Chief 

Defense Counterdrug Intelligence Program 
Direct Communications Link 

Deputy Chief of Mission 

Database Creation and Management Module 
Database Creation and Management Segment 
Defense Communications Network 


(1) Defense Communications Office; (2) Deputy Commander for 
Operations (USAFE); (3) Dial Central Office; (4) Deputy Com- 


manding Officer 
Deputy Chief of Staff 


Deputy Chief of Staff, Intelligence Plans and Requirements 
(1) Disaster Control Plan; (2) Decision Coordinating Paper; 


(3) Defense Cryptologic Program 
Data Change Request 
Digital Cassette Recording System (Improved) 


(1) Defense Communications System; (2) Deputy Chief of Staff; 


(3) Defense Courier Service 

Deputy Chief of Staff Intelligence 

Deputy Chief of Staff for Intelligence 

Defense Communications System Central Area 
Deputy Chief of Staff, Security 

Deputy Chief of Staff, Intelligence 

Deputy Chief of Staff, Information Management 
Deputy Chief of Staff Intelligence (USAREUR) 
Deputy Chief of Staff for Intelligence (U.S. Army) 
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DCSLOG 
DCSO 
DCSOPS 
DCSP 
DCSPER 
DCS/SSI 
DCSTOP 
DCTN 


DD 


D&D 
DDAC 
D/DARO 
D-Day 
DDC 
DDCI 
DDCMP 
DDDDD 
DDG 
DDGN 
DDH 
DDHG 
DDHGN 
DDHN 
DDI 
DDL 
DDN 
DDO 
DDP 
DDPO 
DDR&E 
DDRS 
DDS 


DDS/RL 
DDSP 
DDSS 
DDT 
DDU 
DE 


DE-U 
DE/EW 
DEA 
DEACON 


Deputy Chief of Staff for Logistics 

Deputy Commander for Space Operations 

Deputy Chief of Staff for Operations & Plans 

Design Controlled Spare Part(s) 

Deputy Chief of Staff for Personnel 

Deputy Chief of Staff for Safety, Security, and Intelligence 
Damage Criteria Study Target Data Base 


Defense Commercial Telecommunications/Teleconferencing 
Network 


(1) Destroyer; (2) Deputy Director; 
(3) Department of Defense; (4) Differential Doppler 


Denial and Deception 

Foreign Denial and Deception Analysis Committee 
Director, DARO 

Day in which a particular operation begins 

(1) Defense Documentation Center; (2) Data Distribution Center 
Deputy Director of Central Intelligence 

Digital Data Communications Message Protocol 
Demand-Driven Direct Digital Dissemination System 
Guided Missile Destroyer 

Nuclear-Powered Guided-Missile Destroyer 

Aviation Destroyer (ASW) 

Guided-Missile Aviation Destroyer 

Nuclear-Powered Guided-Missile Aviation Destroyer 
Nuclear-Powered Aviation Destroyer 

Deputy Director of Intelligence 

Direct Data Link 

(1) Defense Data Network; (2) Defense Dissemination Network 
(1) Deputy Director of Operations; (2) Deputy Duty Officer 
Defense Dissemination Program 

Defense Dissemination Program Office 

Director, Defense Research and Engineering 

Defense Data Repository System 


(1) Defense Dissemination System; (2) Dry Deck Shelter; 
(3) Dual Driver Service (courier) 


Defense Dissemination System/Receive Location 

Defense Development Sharing Project 

Document Dissemination and Storage Segment 

(1) Training Destroyer; (2) Distributed Decision-Aid Terminal 
Distant Device Unit 


(1) Damage Expectancy; (2) Directed Energy; 
(3) Directorate for Estimates (DIA) 


Dissemination Element-Upgrade 

Directed Energy/Electronic Warfare 

Drug Enforcement Administration 

Defense Estimates Analytical Computer On-Line Network 
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DEB 


DEC 

DEC (VAX) 
DECCO 
DECM 


DECON 
DEDAC 
DEDDF 
DEF 
DEFCON 
DEFCOS 
DEFPLAN 
DEFSMAC 
Deg 
DEGRAD 
DELORME 
DEMEX 
DEMOD 
DEMONS 
DEMPC 
DENAS 
DEP 


DEPCOMNAVCENT 
DEPCOMUSNAVCENT 
DEPREP 
DEPSECDEF 

DEPT 

DES 

DESA 

DESC 

DESIGN 

DESIST 

DESS 

DESRON 

DET/Det 

DEW 

DEWLINE 

DF 


DFAD 
DFDS 
DFED 
DFH 


(1) Digital European Backbone; (2) Defense Estimative Brief; 
(3) Debris (Orbital) 


Digital Equipment Corporation 
Digital Equipment Corporation (Virtual Address Extension) 
Defense Commercial Contracting Office (now DITCO) 


(1) Defense Electronic Countermeasures; 
(2) Deceptive Electronic Countermeasures 


Decontaminate(ion) 

Deception and Denial Analysis Committee 

Digital Elevation Data Dubbing Facility 

Defense 

(1) Defense Condition; (2) Defense Readiness Condition 
Defense Courier System 

Defense Plan 

Defense Special Missile and Astronautics Center 
Degree 

Degradation 

a Digital Mapping Computer Program 

Demonstration Exercise 

Demodulator 

Demonstration System 

Data Exploitation, Mission Planning, Communications/Center 
Daily European Naval Activity Summary 


(1) Deflection Error Probable; 
(2) Defense Estimate for Production; (3) Deployed 


Deputy COMNAVCENT 

Deputy Commander, U.S. Naval Forces Central Command 
Deployment Report 

Deputy Secretary of Defense 

Department 

(1) Digital Exploitation System; (2) Data Encryption Standard 
Defense Evaluation Support Activity 

Defense Electronics Supply Center 

Designator (U.S. Navy) 

Decision Support and Information System for Terrorism 
Defense Exploitation Support System 

Destroyer Squadron 

Detachment 

(1) Distant Early Warning; (2) Directed Energy Weapon 
Distant Early Warning Line 


(1) Direction Finding; (2) Disposition Form; 
(3) Deuterium Floride 


Digitized Feature Analysis Data 
Data Facility Dataset Services 
Digitized Features Data 
Deployed Forward Headquarters 
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DFLP 


DFM 
DFOV 
DFRIF 
DFS 
DFT 
DG 
DGCL 
DGCS 
DGCT 
DGIAP 
DGIF 
DGIS 
DGITS 
DGS 
DGU 
DGZ 
DH-7 
DHCA 
DHEN 
DHS 
DI 


DIA 


DIA/CS 
DIAAPR 
DIAC 
DIAI 
DIAIAPPR 
DIAL 
DIAL-J 
DIALO 
DIALOG 
DIAM 
DIAMCP 
DIANM 
DIAOB 
DIAOLS 
DIAPF 
DIAR 
DIATP 
DIATS 
DIB 


(1) Defense Foreign Language Program; 
(2) Democratic Front for the Liberation of Palestine 


Deterrent Force Modules 

Dual Field of View 

Defense Freight Railway Interchange Fleet 

Direction Finding Subsystem 

(1) Deployed for Training Team; (2) Deployment for Training 
Defense Guidance 

Ground Mobile Forces Control Link 

Downsized Ground Control Station 

Downsized Ground Control Terminal 

Defense General Intelligence Applications Program 
Deployable Ground Intercept Facility 

Director General Intelligence and Security 

Digital Graphics Information Tailoring System 
Deployable Ground Station 

Downgrade to Unclassified 

(1) Desired Ground Zero; (2) Designated Ground Zero 
deHavilland Dash 7 (Drug Interdiction Aircraft) 

Data Handling Capability Analysis 

Direct Hire Foreign National 

Defense HUMINT Service 


(1) Director of Intelligence (USEUCOM); 
(2) Directorate for Foreign Intelligence (DIA) 


(1) Defense Intelligence Agency; 
(2) Defense Intelligence Assessment 


Defense Intelligence Agency/Command Support 
Defense Intelligence Agency Appraisal 
Defense Intelligence Analysis Center 
DIA Instruction 

DIA Intelligence Appraisal 

Defense Intelligence Agency Liaison 
DIA Liaison Office for Japan 

DIA Liaison Office 

DIA Information Retrieval System 
Defense Intelligence Agency Manual 
DIA Master Contingency Plan 

DIA Analytical Memorandum 

Defense Intelligence Air Order of Battle 
DIA On-Line System 

DIA Part File 

DIA Regulation 

DIA Tactical Program 

DIA Terrorism Summary 


(1) Defense Intelligence Board; (2) Defense Intelligence Brief; 
(3) Directory Information Base 
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DIC (1) Defense Intelligence Community; (2) Difference in Condi- 
tion; (3) Defense Intelligence College (Now JMIC); (4) Defense 
Intelligence Commentary 


DICBM Depressed Intercontinental Ballistic Missile 
DICP Defense Intelligence Counterdrug Program 
DID (1) Data Line Description; (2) Defense Intelligence Digest 


(Now Military Intelligence Digest); 
(3) Data Item Description 


DIDHS Deployable Intelligence Data Handling System 
DIDOP Digital Image Data Output Product 
DIDS Defense Intelligence Dissemination System 
DIDSRS Defense Intelligence Dissemination, Storage and Retrieval 
System 
DIE Defense Intelligence Estimate 
DIEB Defense Intelligence Executive Board 
DIEC Deployable Imagery Exploitation Capability 
DIEPS Digital Imagery Exploitation and Production System 
DIEM Defense Intelligence Estimates Memorandum 
DIEOB Defense Intelligence Electronic Order of Battle 
DIFAR (1) Directional Frequency Analysis and Recording System; 
(2) Directional Frequency and Ranging 
DIFAX (1) Defense Intelligence Facsimile; 
(2) Defense Intelligence Security Facsimile Network 
DIFM Defense Intelligence Functional Manager 
DIFR Defense Intelligence Facility Report 
DIGITS Digital Geographic Information Tailoring System 
DIGOB Defense Intelligence Ground Order of Battle 
DIH Daily Intelligence Highlights 
DIHEST Direct Induced High-Explosives Simulation Technique 
DII Defense Information Infrastructure 
DIIN Defense Imagery Intelligence Notice 
DIIP Defense Intelligence Interoperability Panel 
DIIPS Digital Imagery Interactive Processing System 
DIS DIA Integrated Intelligence System 
DILC Dedicated Intelligence Loop Circuit 
DIM Defense Intelligence Memorandum 
DIMES Digital Image Manipulation & Enhancement System 
DIMMD Diver Integral Magnetic Mine Detector 
DIMOB Defense Intelligence Missile Order of Battle 
DIMSS DSN Integrated Management Support System 
DIN (1) Defense Intelligence Notice; 
(2) Defense Intelligence Network; (3) AUTODIN 
DINAH Desktop Interface to AUTODIN Host 
DINOB Defense Intelligence Naval Order of Battle 
DINSUM Defense Intelligence Summary 
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CHAPTER 5 
ALGEBRA 


Section |. INTRODUCTION 


26. General 


a, Algebra is an extension of arithmetic. All 
of the four basic operations of arithmetic— 
addition, subtraction, multiplication and divi- 
sion—apply also to algebra. Arithmetic deals 
only with particular numbers; algebra may also 
employ letters or symbols to represent numbers. 


b. Algebra is often referred to as the short- 
hand language of mathematicians. The sim- 
plest example of the algebraic language is the 
formula, in which letters are used to represent 
words or numbers. For example, the area (A) 
of a rectangle can be determined by multiply- 
ing the length (l) by the width (w). Algebra- 
ically, this is stated as A = lw. 


27. Algebraic Expressions and Terms 


a, An algebraic expression is the representa- 
tion of any quantity in algebraic signs and 
symbols; for example, 2x — 7. A numerical 
algebraic expression consists entirely of nu- 
merials and signs, such as 8 — (6 x 2). A 
literal algebraic expression contains only letters 
and symbols, such as ax — ay. 


b. Each algebraic expression contains two or 
more terms, separated by one of the signs of 
operation (+, —, +, X). The expression 3x — 
4xy — 2y, for example, contains three terms: 
32, 4xy, and 2y. If the terms have the same 
letters and exponents, such as 3a2x, 9a?x, and 
12a2z, they are called similar terms. Terms that 
do not contain the same letters and exponents, 
such as 3ab?, 3a2b, and 32?y, are dissimilar 
terms. 


c. If an algebraic expression contains one 
term, such as 3abe or 5a‘z?, it is called a mono- 
mial; if it contains two terms, such as x — y, 
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it is called a binomial; and if it contains three 
terms, such as 5x? — 3xy — 2y?, it is called a 
trinomial. A more general rule of algebraic ex- 
pressions states that any expression containing 
more than one term is called a polynomial. 


28. Signs of Operation 


In algebra, the conventional signs of opera- 
tion (+, —, * and ~) retain the same mean- 
ing as in arithmetic. In algebra, however, cer- 
tain other signs may be used. 


a. Multiplication may be indicated as follows: 


Arithmetic Algebra 
axb ab 
ax b a.b 
axdb- (a) (b) 
b. Division may be indicated as follows: 
Arithmetic Algebra 
zx— y & N. 
: 7 ; 
‘ i i 
(a + b) + (a—b) —R 


c. The arithmetical signs for both addition 
and subtraction are retained in algebra. 


Arithmetic Algebra 
4+5 4+5 
a—b a—b 


29. Coefficients 


Any factor of a product is known as a co- 
efficient of the remaining factors. In the term 
2zf, 2 is the numerical coefficient of zf, f is the 
coefficient of 27, and =z is the coefficient of 2/. 
However, it is common practice to speak of the 
numerical part of the term as the coefficient. 
If a term contains no numerical coefficient, the 
number 1 is understood. Thus, abe is 1 abc, 
and xyz is 1 xyz. 


AGO 558A 


DIO 


DIOB 
DIOBS 
DIOP 
DIP 

DIPC 
DIPFAC 
DIPOLES 


DIPP 
DIPS 


DIR 


DIRCM 

DIRES 

DIRINT 
DIRLAUTH 
DIRNSA 
DIRNSA/CHCSS 


DIROI 
DIRS 


DIS 


DISA 

DISA-EUR 
DISA-PAC 

DISA WESTHEM 
DISAM 

DISC 

DISC4 


DISCAS 
DISE 
DISECS 
DISES 
DISIDS 
DISMOB 
DISN 
DISNET 
DISO 


(1) Defense Intelligence Officer (DIA); (2) District Intelligence 
Officer (U.S. Navy); (3) Defence Intelligence Organisation 
(Australian) 


Defense Intelligence Order of Battle 

Defense Intelligence Order of Battle System 

Defense Intelligence Objectives and Priorities 

(1) Defense Intelligence Plan; (2) Defense Imagery Program 
Defense Intelligence Production Council/Conference 

(1) U.S. Diplomatic Facilities Graphic; (2) Diplomatic Facility 


Defense Intelligence Photoreconnaissance On-Line Exploitation 
System 


Defense Intelligence Projection for Planning 


(1) Defense Intelligence Production Schedule; 
(2) Digital Imagery Processing System; 
(3) Def Intelligence Production Study 


(1) Defense Intelligence Report; (2) Directive; 
(3) Defense Imagery Report; (4) Director; (5) Direction 


Direct Infrared Countermeasures 

Defense Imagery Requirements and Exploitation System 
Director of Intelligence 

Direct Liaison Authorized 

Director, National Security Agency 


Director, National Security Agency/Chief, Central 
Security Service 


Directorate Operating Instruction 


(1) Defense Intelligence Reference Series; 
(2) Defense Imagery Reference Series 


(1) Defence Intelligence Staff (U.K.); (2) Defense Investigative 
Service; (3) Defense Intelligence Summary; (4) Daily Intelli- 
gence Summary; (5) Distributive Interactive Simulation; 

(6) Data Integration System; (7) Defense Information System 


Defense Information Systems Agency 

Defense Information Systems Agency-Europe 
DISA-Pacific 

DISA Western Hemisphere 

Defense Institute of Security Assistance Management 
Daily Intelligence Summary Cable 


Director of Information Systems Command, Control, Communi- 
cations and Computers 


Defense Intelligence Special Career Automated System 
Deployable Intelligence Support Element 

Defense Intelligence Space Exploitation and Correlation System 
Defense Intelligence Senior Executive Service 

Display and Information Distribution System/Subsystem 
Defense Intelligence Strategic Missile Order of Battle 

Defense Information Systems Network 

Defense Integrated Secure Network 

Defense Intelligence Support Office 
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DISOB Defense Intelligence Space Order of Battle 


DISP Defense Industrial Security Program 
DISPEWT Defense Intelligence Space Electronic Warfare Threat Data Base 
DISR (1) Daily Indicator Status Report; 
(2) Defense Indications Status Report 
DISS (1) Digest of Intelligence and Security Services; 
(2) Dissemination 
DISSEM Dissemination 
DISSO Deputy Information Systems Security Officer 
DIST Digital Imagery Support Terminal 
DISTAFF Directing Staff (NATO Commands, JECG) 
DISTS Defense Intelligence Secure Telephone System 
DISTP Defense Intelligence Special Technologies Program 
DISUM (1) Daily Intelligence Summary; 
(2) Defense Intelligence Summary 
DIT Defense Intelligence Thesaurus 
DITB Digital Imagery Test Bed 
DITCO Defense Information Technology Contracting Office 
(formerly DECCO) 
DITDS Defense Intelligence Threat Data System 
DITEQ Defense Intelligence Thesaurus Equivalency List 
DITFOR Defense Intelligence Technical Forum 
DITS Digital Imagery Transmission System 
DITSUM Defense Intelligence Terrorism Summary 
DIV (1) Division; (2) Defense Intelligence Videocassette 
DIVARTY Division Artillery 
DIVISION Enciphered Television 
DIW Dead in Water 
DIWO Duty Intelligence Watch Officer 
DIWS (1) Digital Imagery Workstation Suite; (2) Defense Indications 
and Warning System; (3) DOD Intelligence Warning System 
DJ2 Deputy Director of Intelligence 
DJS Director, Joint Staff 
DJSM DJS Memorandum 
DJTF Deployable Joint Task Force 
DJTFAC DJTF Augmentation Cell 
DLA Defense Logistics Agency 
DLAB Defense Language Aptitude Battery 
DLEA Drug Law Enforcement Agency 
DLED Dedicated Loop Encryption Device 
DLI Defense Language Institute 
DLIFLC Defense Language Institute, Foreign Language Center 
DLO Defense Liaison Office 
DLPT Defense Language Proficiency Test 
DLTV Daylight Television 
D&M Detection and Monitoring 
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DOC 
DOCC 


DOCEX 
DOCKLAMP 
DOCS 


(1) Dissemination Manager; (2) Decompression Monitor 
(1) Defense Mapping Agency; (2) Direct Memory Access 
Defense Mapping Agency Aerospace Center 

Defense Mapping Agency Combat Support Center 
DMA Hydrographic and Topographic Center 

Defense Mapping Agency Instruction 

Defense Mapping Agency Liaison 

Deferred Maintenance and Repair 

DODUS Management Board 

Defense MC&G Program 

Digital Message Device 


Digital Message Device Group 

Distance Measuring Equipment 

Digital Message Entry Device 

DAWS Message Front End 

Directorate of Military Intelligence 

Defensive Missile Order of Battle 

Daily Maritime OPINTEL Summary 

Deployment Media Production Center Project 

Desired Mean Point of Impact 

(1) Data Management System; (2) Defense Message System 
Defense Meteorological Satellite (or Support) Program 
Demilitarized Zone 


(1) Data Net; (2) Duplicate Negative; 
(3) Department of the Navy 


(1) Defense Nuclear Agency; (2) Deoxyribonucleic Acid 


(1) DODIS Network Access System; 
(2) Data Network Access System 


(1) Director, Naval Communications; (2) Digital Nautical Chart 
Data Network Control Center 

Department of National Defence (Canada) 

Director of Naval Intelligence 

DODUS Network Security for Information Exchange 

Digital Non-Secure Voice Terminal 

Director of Operations 


(1) Department of the Army; (2) Date of Arrival; 
(3) Director of Administration; (4) Dead on Arrival 


JAC Counterterrorism/Counterintelligence Analysis Branch 
(1) Depth of Burst; (2) Date of Birth; (3) Defense Order of Battle 
Department of Commerce 


(1) Defense Communications Agency Operations Center 
Complex; (2) Deep Operations Coordination Cell; 
(3) DISA Operational Control Complex 


(1) Document Exploitation; (2) Document Exploitation Center 
Defense Attache System Message Channel 
DSCS Operations Control System 
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DoD, DOD 


DODCI 
DODCSC 
DODD 

DODEX 
DODFCIP 
DODFDCO 
DODFIP 
DODIS 
DODIIS SCINET 
DODIMS 
DODIPP 
DODNACC 
DODSATCOM 
DOD SAT COM 
DODSI 
DODSPECREP 
DOD TCSEC 
DOE 

DOF 

DOI 


DOJ 
DOMS 
DOMSAT 
DON 
DOO 
DOPS 
DOS 


DOSCOM 
DoSIP 
DOSTN 
DOT 

DP 


DPAC 
DPAE 
DPAS 


DPC 
DPF 


(1) Department of Defense; (2) Date of Death; 
(3) Date of Departure 


DoD Computer Institute 

Department of Defense Computer Security Center 

DoD Directive 

DoDIIS Extended 

DoD Foreign Counterintelligence Program 

Department of Defense Foreign Disclosure Coordinating Office 
DoD Futures Intelligence Program 

DoD Intelligence Information System 

DoDIIS Sensitive Compartmented Information Network 
DoD Intelligence Management System 

DoD Intelligence Production Program 

Department of Defense National Agency Check Center 
DoD Satellite Communications Program 

DOD Satellite Communications 

Department of Defense Security Institute 

DoD Special Representative 

DOD Trusted Computer System Evaluation Criteria 
Department of Energy 

Disposition of Forces 


(1) Date of Information; (2) Duration of Ilumination; 

(3) Director of Intelligence; (4) Imagery Division (JAC); 

(5) Director of Operations and Intelligence; (6) DSSCS Operat- 
ing Instruction; (7) Date of Intercept 


Department of Justice 
Directorate of Military Support 
Domestic Satellite 

Department of the Navy 

Daily Operations Order (NATO) 
DIA Outline Plotting System 


(1) Department of State; (2) Date of Separation; 
(3) Disk Operating System; (4) Direct Operating System 


Division Support Command 

Department of State Intelligence Program 
Department of State Telecommunications Network 
Department of Transportation 


(1) Duplicate Positive; (2) Development Program; 
(3) Displaced Person; (4) Delegated Production; 
(5) Directorate of Production; (6) Data Processing; 
(7) Decision Point; (8) Director of Personnel 


Defense Program Analysis Center 
Director, Program Analysis and Evaluation 


(1) Digital Patch and Access System; 
(2) Defense Priorities and Allocations System 


Defense Planning Committee (NATO) 
Digital Processing Facility 


64 


DPG 
DPI 
DPIC 


DPICM 
DPKO 
DPL 
DPM 
DPOB 
DPOM 
DPOMIS 


DPP 


DPPC 
DPPDB 
DPPG 
DPQ 
DPRB 
DPRK 
DPS 


DPSK 
DR 


DRA 
DRAM 
DRASH 
DRB 
DRC 


DR&E 
DRIC 
DRM 
DRO 
DRP 
DRS 


DRSA 
DRSEM 
DRSN 


Defense Planning Guidance 
Desired Point of Impact 


(1) Decentralized Pacific Imagery Processing and Interpretation 
Center; (2) Defense Photographic Interpretation Center 


Dual-Purpose Improved Conventional Munitions 
Department of Peacekeeping Operations 
Degausser Products List 

Dissemination Program Manager 

Date, Place of Birth 

Directorate of Plans, Operations, and Mobilization 


Directorate of Plans, Operations, Mobilization, 
Intelligence, and Security 


(1) Delegated Production Program; (2) Deliberate Planning Pro- 
cess; (3) Distributed Production Program 


Deployable Print Production Center 
Digital Point Positioning Database 
Defense Policy and Planning Guidance 
Defense Planning Questionnaire (NATO) 
Defense Planning and Resources Board 
Democratic People’s Republic of Korea 


(1) Delegated Production System; (2) Data Processing Set; 
(3) Department of Public Safety 


Digital Pulse Shift Key 


(1) Director; (2) Dissemination Requirement; 
(3) Directorate of Resources; (4) Detection Radar 


Defense Research Assessment 
Dynamic Random Access Memory 
Deployable Rapid Assembly Shelters 
Defense Resources Board 


(1) Defense Review Committee (NATO); (2) Defense Research 
Comment; (3) Data Reduction Center 


Defense Research and Engineering 
Defense Resource Identification Code 
Defense Research Memorandum 
Departmental Requirements Officer 
Disaster Relief Program 


(1) Data Relay Satellite; (2) DoD Imagery Requirements 
Structure; (3) Data Retrieval Subsystem; 
(4) Data Reconstruction System 


Defense Reconnaissance Support Activities 
Deployable Receive Segment Engineering Model 
Defense Red Switch Network 
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DRSP 


DRU 
DRZ 
DS 
DS&T 
DSA 


D&SA 
DSAA 
D&SABL 
DSARC 
DSAT 


DSB 

DSC 
DSCIS 
DSCS 
DSC-SLEP 


DSCSOC 
DSDIO 
DSE 
DSEC 
DSFOB 
DSG 

DSI 
DSIATP 
DSUB 
DSIMS 
DSI/TCCS 


DSM 
DSN 
DSNET 
DSNET 1 
DSNET 2 
DSNET 3 
DSO 
DSP 
DSPO 
DSR 
DSRA 
DSRP 
DSRV 


(1) Defense Reconnaissance Support Program; 
(2) Defense Red Switched Program 


Direct Reporting Unit 

Deep Reconnaissance Zone 

(1) Defense Suppression; (2) Direct Support 
Director of Science and Technology 


(1) Defense Supply Agency; (2) Direct Service Activities 
(SIGINT); (3) Directed Search Area; (4) Division Support Area; 
(5) Defense Security Agency (ROK); (6) Digital Signature 
Algorithm 


Depth & Simultaneous Attack 

Defense Security Assistance Agency 

Depth & Simultaneous Attack Battle Lab 
Defense Systems Acquisition Review Council 


(1) Developmental Submarine Analysis Terminal; 
(2) Defense Satellite 


Defense Science Board 

Defense Satellite Communications 

Daily Space Command Intelligence Summary 
Defense Satellite Communications System 


Defense Satellite Communications System Service Life 
Enhancement Program 


Defense Satellite Communications System Operations Center 
Director, Strategic Defense Initiative 

(1) Direct Support Element; (2) Division Support Element 
Directorate of Security 

Daily Strategic Forces Order of Battle 

Defense Steering Group 

Defense Simulation Internet 

Defense Sensor Imagery Application Training Programs 
Direct Support Imagery Interpretation Brief 

Deployable SouthCom Intelligence Management System 


Defense Simulation Internet/Theater Command and 
Control System 


Data Systems Modernization 

(1) Defense Switched Network; (2) Deep Space Network 
Defense Integrated Secure Network 

Defense Integrated Secure Network 1 (SECRET level) 
Defense Integrated Secure Network 2 (TOP SECRET level) 
Defense Integrated Secure Network 3 (TS/SCI level) 
Direct Support Operator/Operations 

Defense Support Program 

Defense Special Projects Office 

(1) Defense Source Register; (2) Data Service Request 
DODSPECREP-Alameda 

Defense Space Reconnaissance Program 

Deep Submergence Rescue Vehicle 
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DSS 


DSSCC 
DSSCS 
DSSCS/DIN 


DSSR 
DSSS 
DST 


DSTE 
DSTF 
DSTP 
DSTS 
DSU 


DSV 
DSVT 


DT 


DTA 
DTC 
DTC-2 
DTD 
DT&E 
DTE 
DTED 
DTG 
DTI 
DTIC 
DTIO 
DTIR 
DTLOMS 
DTLS 
DTM 


DTMF 
DTNSRDC 
DTOC 
DTOCSE 
DTOLM 


DTD 
DTP 


(1) Decision Support System; 
(2) Devices, Simulators and Simulations 


Defense Special Security Communications Center 
Defense Special Secure Communications System 


Defense Special Security Communications System/Digital Intel- 
ligence Network 


Deep Space Surveillance Radar 
Defense Special Security System 


(1) Daylight Savings Time; (2) Decision Support Template; 
(3) Decision Support Tools; (4) Direct Support Team; (5) Digital 
Support Team 


Digital Subscriber Terminal Equipment 
Decision Support Task Force 

Director, Strategic Target Planning 
Deep Space Tracking System 


(1) Direct Support Unit; (2) Disk Storage Unit; 
(3) Data Service Unit (DCTN) 


Deep Submergence Vehicle 


(1) Digital Subscriber Voice Terminal; 
(2) Digital Secure Voice Terminal 


(1) Developmental Test; 
(2) Directorate for Science and Technology 


Directorate of Threat Analysis 

(1) Digital Tape Cassette; (2) Desktop Computer 
Desktop Computer-2 (Navy) 

Digital Terrain Data 

Developmental Test and Evaluation 

Data Terminal Equipment 

Digital Terrain Elevation Data 

Date-Time Group 

Doppler-Time-Intensity 

Defense Technical Information Center 

Deputy Target Intelligence Officer 

Defense Technical Intelligence Report 

Doctrine, Training, Leadership, Organization, Material, Soldiers 
Descriptive Top-Level Specification 


(1) Data Transfer Module; (2) Digital Transfer Module; 
(3) Digital Target Materials 


Dual-Tone Multi-Frequency 

David W. Taylor Naval Ship Research & Development Center 
Division Tactical Operations Center 

Division Tactical Operations Center Support Element 


Doctrine, Training, Organization, Leader Development and 
Material 


Data Transfer Device 
Drug Testing Program 
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DTS 


DTSA 
DTSG 
DTSS 
DTU 
DTUC 
DUCA 
DUG 
DUPLEX 
DVO 
DVM 
DVTC 
D/TWP 
DTWS 
DU 

DUA 
DUSD(AT) 
DUSD(P) 
DV 

DVI 
DVITS 
DVO 
DWIO 
DWIP 
DWS 
DWT 
DZ/LZ 
DZ/LZ/RZ 
DZS 


(1) Diplomatic Telecommunications System/Service; 
(2) Data Transmission System; (3) Direct Transmission System; 
(4) Dedicated Transmission Service 


Defense Technology Security Administration 
Digital Technology Subworking Group 
Digital Topographic Support System 

Data Transfer Unit 

Data Transfer Unit Cartridge 

Distributed Users Coverage Antennas 

Deep Underground 

Simultaneous Transmit and Receive 

Direct View Optics 

Digital Voice Module 

Digital Voice Transmit Communications 
Director, Tactical Warfare Programs 

Digital Topographic Work Station 

(1) Decision Unit; (2) Depleted Uranium 
Directory User Agent 

Deputy Under Secretary of Defense (Advanced Technology) 
Deputy Under Secretary of Defense (Policy) 
Distinguished Visitor 

Digital Video Interactive 

Digital Video Imagery Transmission System 
Defense Visit Offices 

Duty Watch Intelligence Officer (Canadian) 
Defense-Wide Intelligence Plan 

Disaster Warning System 

(1) Deadweight Ton; (2) Division Wing Team 
Drop Zone/Landing Zone 
Drop/Landing/Recovery Zone 

Drop Zone Study 
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E3 


EAC 
EACTPC 
EACIC 
EAD 


EADSIM 
EAM 
EAMA 
EAMAS 
EAP 

EAS 
EASTLANT 
EASTPAC 
EATTG 
EBS 

EC 


ECA 


ECAC 
ECB 
ECC 


ECCM 
ECDB 
ECG 
ECI 
ECM 
ECMA 
ECMC 
ECMO 
ECO 
ECOA 
ECOWAS 
ECP 
ECPL 


Elipticity 
Evaporites (soil type) 


(1) Emergency Action(s); (2) Electronic Attack; 
(3) Executive Agent 


(1) Exploitation and Analysis; 
(2) Engineering and Administration 


(1) End-to-End Encryption; 
(2) Emergency and Extraordinary Expenses 


(1) Emergency Action Console; (2) Echelons Above Corps 
Echelon-Above-Corps Theater Production Center 
Echelon-Above-Corps Intelligence Center 


(1) Echelon Above Division; (2) Earliest Arrival Date; 
(3) Extended Air Defense 


Extended Air Defense Simulation 

(1) Emergency Action Message; (2) Event Analysis Matrix 
African States Associated with the EEC 

Emergency Action Message Authentication System 

(1) Emergency Action Procedure; (2) Emergency Action Plan 
Emergency Action System 

Eastern Atlantic Command (NATO) 

Eastern Pacific 

Enhanced Automated Tactical Target Graphics 

Emergency Broadcast System 


(1) European Community; (2) Expenditure Center; 
(3) Electronic Combat 


(1) Enemy Capability Assessment; (2) Earth Central Angle; 
(3) Enemy Courses of Action 


Electromagnetic Compatibility Analysis Center 
Echelons Corps and Below 


(1) Eurasian Communist Countries; (2) European Communist 
Countries; (3) European Community Commission 


Electronic Counter-Countermeasures 

EISS Consolidated Database 

Emergency Coordination Group 

External Communications Interface 

(1) Electronic Countermeasures; (2) European Common Market 
European Computer Manufacturer’s Association 

Enhanced Crisis Management Capability 

European Collection Management Office 

Electronic Collection Outstations 

Enemy Courses of Action 

Economic Community of West African States 

(1) Emergency Communications Plan; (2) Entry Control Point 
Endorsed Data Encryption Standard Products List 
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ECS (1) Electronic Combat Support; (2) European Communications 


Satellite 
ECSC European Coal and Steel Community 
ECSM (1) Special Assistant for Security Matters; 
(2) Enhanced Capability Stand-Off Munition 
ECSO European Command Special Operations 
ECU Environmental Control Unit (GSM) 
ED (1) European Capability Datum; (2) EUCOM Directive 
EDA Emergency Dissemination Authority(ies) 
E-DAY Start Day of an Exercise 
EDI European Defense Initiative 
EDL Electric Discharge Laser 
EDM Engineering Development Model 
EDMS Electronic Dissemination Management System 
EDN Emergency Data Network 
EDP (1) Electronic Data Processing; (2) ELINT Data Processor 
EDPSELINT Data Processing System 
E-DRB Expanded Defense (Planning &) Resources Board 
EDRE Emergency Deployment Readiness Exercises 
E&E Escape and Evasion 
EEA Essential Elements of Analysis 
EEC (1) European Economic Community; (2) East European 
Countries; (3) Enhanced Explosives Charge 
EECT End of Evening Civil Twilight 
EEFI Essential Elements of Friendly Information 
EEI Essential Elements of Information 
EELS Early Entry Lethality and Survivability 
EELV Evolved Expendable Launch Vehicle 
EENT End Evening Nautical Twilight 
EEO Equal Employment Opportunity 
EEOB Enemy Electronic Order of Battle 
EEOC Equal Employment Opportunity Commission 
EES Emergency Evacuation Study 
EFCS Electronic Filmless Camera System 
EFD Electronic Fill Device 
EFS (1) Electronic Filing System; (2) Proper Name of System 
EFTA European Free Trade Association 
EFTO Encrypted for Transmission Only 
EFVS Electronic Fighting Vehicle System 
EGA Enhanced Graphics Adapter 
EGADS Electronic Generation, Accounting, and Distribution System 
EGIS East German Intelligence Service 
EHF Extremely High Frequency 
EI Effectiveness Index 
EIA Electronics Industry Association 
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30. Subscripts 


In expression such as Rk, = R, + R, + Rs, 
the small numbers or letters written to the right 
and below the literal terms are called sub- 
scripts. Subscripts are used to designate differ- 
ent values of a variable quantity. They are 
read: R sub 1, R sub 2, etc. 


31. The Radical Sign 


The radical sign (\/__) has the same mean- 
ing in algebra as in arithmetie (ch. 5). Thus, 
the expression z = 2\/R? + x? states that z is 
equal to 2 times the square root of Rk? + 22, 


Section Il. POSITIVE AND NEGATIVE NUMBERS 


32. Signed Numbers 


Only positive numbers are used in arithmeti- 
cal operations, but both positive and negative 
numbers may appear in algebraic expressions 
The plus sign (+) is used to indicate a positive 
number and the minus sign (—) to indicate a 
negative number. If the sign is omitted, the 
number is understood to be positive. Positive 
and negative numbers are called signed num- 
bers, 


33. Need for Negative Numbers 


The need for negative numbers may be seen 
from the succession of subtraction below: 


6 6 6 6 6 6 6 6 6 6 
—0 —1 2 3 4 —5 —6 —7 —8 —9 
6. 6 4°°3 .2°°1 OS) =9<43 


When the subtrahend is greater than the minu- 
end, the difference becomes less than zero and 
the negative sign is placed before the differ- 
ence. Thus, a negative number may be defined 
as a number. less than zero. 


34. Application of Positive and Negative Num- 
bers 


In technical work, many scales are calibrated 
above and below (or to the right and left of) 


a center point designated 0 (zero). For ex- 
ample, the degrees of temperature indicated on 
a thermometer scale are measurements of dis- 
tance taken on a scale in opposite directions 
from some point chosen to represent a refer- 
ence or zero point. Temperature is always so 
many degrees above or below zero. In mathe- 
matics, it is convenient to indicate that a tem- 
perature is so many degrees above or below 
zero by prefixing the reading with a positive 
or negative sign. Thus, 45° above zero is +45° 
and 15° below zero is —15°. Similarly, in elec- 
tronic and electrical measuring instruments, 
scales are often calibrated to read positive num- 
bers on one side of a zero and negative numbers 
on the other. 


35. Graphical Representation of Positive and 
Negative Numbers 


a. Principle. Positive and negative numbers 
may be represented graphically as shown in 
figure 4. The zero is the reference point. This 
graph can be used to illustrate both addition 
and subtraction. 


b. Addition. To add numbers graphically, 
start at the zero reference point and mark off 
the first number, going to the right if the num- 
ber is positive, or to the left if the number is 


NEGATIVE NUMBERS ZERO POSITIVE NUMBERS 
-6 -5 -4 -3 -2 oa | +1 +2 +3 #+4 «+5 «+6 
) TM684-10 
Figure 4. Graphical representation of positive and negative numbers. 
“10 -9 -8 -7 -6 -5 -4 -3 -2 -l QO !' 2 3 4 5 6 7 8 9 10 
TM684-H1 


Figure 5. Graphical representation of addition of positive numbers. 
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EIB 
EIC 
EIDB 
EIDS 
EIF 
EIG 
EIP 
EIRP 
EIS 
EISI 


EISS 
EITO 


EKMS 
ELDO 


ELECTRO-OPINT 
ELECTRO-OPTINT 
ELEV 

ELF 

ELI 

Elm 

ELMT 

ELINT 

ELISA 

ELNET 

ELNOT 

ELOS 

ELS 

ELSEC 

ELSET 

ELT 

ELT 3000 

ELV 

E 


SSSEES5 E5852 & 
SSQCRE>E 
Zz n 


Moomomonmwtm 


(1) European Investment Bank; (2) External Intelligence Bureau 
Economic Intelligence Committee 

EISS Integrated Database 

Electronic Information Delivery System 

(1) ECMC Interface Facility; (2) Enhanced Interface Facility 
Explosive Incendiary Grenade 

ELINT Improvement Program 

Effective Isotropic Radiated Power 

Enhanced Imagery System 


(1) Electrical Interface-SWPS/IDHS 2000; 
(2) Electrical IDHS-90/SWPS Interface 


EUCOM Intelligence Support System 


EUCOM Intelligence Training Office EKIP Enhanced Korean 
Information Package 


Electronic Key Management System 


(1) European Space Vehicle Launcher Development 
Organization; (2) European Launcher Development 
Organization 


Electro-Optical Intelligence Element 
Electro-Optical Intelligence 

Elevation 

Extremely Low Frequency 

Emitter Location & Identification 

Element 

Element 

Electronic Intelligence 

Electronic Intelligence Search & Analysis 
European Liaison Network 

ELINT Notation 

Extended Line of Sight 

Emitter Location System 

Electronic Security 

(1) Element Set; (2) Proper Name of System 
(1) Emergency Locator Transmitter; (2) Electronic Light Table 
Electronic Light Table for UNIX-based system 
Expendable Launch Vehicle 


(1) Electromagnetic; (2) Enlisted Member; 
(3) Environmental Monitoring 


Electronic Mail 

European Monetary Agreement 

Electromagnetic Analysis Program 

Emergency Message Automatic Transmission System 
Electromagnetic Compatibility 

ELINT Mission Control System 

Emission Control 

Electromagnetic Compatibility Program 
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EMD Engineering and Manufacturing Development 

E&MD Engineering and Manufacturing Development 

EMGTN Equivalent Megatonnage 

EMHS EUCOM Message Handling System 

EMI Electromagnetic Interference 

EMIDS Experiment for Management Information Data Systems 

EMINT Emissions Intelligence 

E-MIPE Enhanced MIPE 

EMIS Early Mission Identification System 

EMIT Emergency Message Initiation Terminal 

EMP Electromagnetic Pulse 

EMR Electromagnetic Reconnaissance 

EMSEC Emanations/Emissions Security 

EMT (1) Emergency Management Team; (2) Equivalent Megatonnage 

EMTR Eastern Missile Test Range 

EMUT Enhanced Manpack UHF Terminal 

En Enemy 

ENDEX End Date of an Exercise 

E-NET Ethernet 

Engr Engineer 

ENL Enlisted 

ENMCC Expanded National Military Command Center 

ENSCD Enemy Situation and Correlation Division 

ENSCE Enemy Situation Correlation Element 

ENSIT Enemy Situation 

ENTNAC Entrance National Agency Check 

EO (1) Electro-Optical; (2) Executive Order; (3) Escape Orbit; 
(4) End Office 

EOA Early Operational Assessment 

EOB (1) Electronic Order of Battle; (2) Executive Office Building; 
(3) Enemy Order of Battle 

EOBS Electronic Order of Battle Server 

EOC Emergency Operations Center 

EOD (1) Explosive Ordnance Disposal; (2) Erasable Optical Disks 

EOINT Electro-Optical Intelligence 

EOP Emergency Operating Procedures 

E-OPTINT Electro-Optical Intelligence 

EORSAT ELINT Ocean Reconnaissance Satellite 

EOS Earth Observation Satellite 

EOSAT Earth Observation Satellite 

EOSS Electro-Optic Sensor System 

EOTDA Electro-Optical Tactical Decision Aids 

EOW Electro-Optic Warfare 

EP (1) ELINT Processor; (2) Electronic Protection 

EP-3 U.S. Navy Reconnaissance Aircraft 
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EPA 


EPAC 
EPAMS 
EPAT 
EPDS 


EPF 
EPIC 
EPIRB 
EPL 
EPLRS 
EPMO 
EPR 
EPROM 
EPS 


EPW 
EPWG 
EPUU 
EQV 
ER 


ERA 
ERADCOM 
ERAST 
ERBM 
ERCS 
ERADCOM 
ERDAS 
ERF 
ERIN 
ERINT 
ERIR 
ERIS 
EROS 
ERP 
ERPHO 
ERRS 
ERS 
ERSSO 
ERT 
ERTM 
ERTS 
ERTZ 
ERW 


(1) Environmental Protection Agency; 
(2) Evasion Plan of Action 


Eastern Pacific 
Exercise Planning and Message System 
Earliest Possible Arrival Time 


(1) Electronic Processing and Dissemination System; 
(2) ELINT Processing and Dissemination System 


Exploitation Products File 

EI Paso Intelligence Center 

Emergency Position-Indicating Radio Beacon 

(1) ELINT Parameters List; (2) Evaluated Products List 
Enhanced Position Location and Reporting System 

European Production Management Office 

(1) Extended Planning Annex; (2) Enlisted Performance Report 
Erasable Programmable Read-Only Memory 


(1) ELINT Processing System; (2) Electronic Publication Sys- 
tem; (3) Exploitation Problem Set; (4) Encapsulated Postscript 


(1) Earth Penetrator Weapon; (2) Enemy Prisoner of War 
Exploitation Plans Working Group 

Enhanced PLRS User Units 

Equivalent 


(1) Enhanced Radiation; (2) Electronic Reconnaissance; 
(3) Eastern Region; (4) EAGLE REACH 


(1) Extended Range Ammunition; (2) Equal Rights Amendment 
Electronic Research and Development Command 
Environmental Research Aircraft and Sensor Technology 
Extended Range Ballistic Missile 

Emergency Rocket Communications System 

Electronic Research and Development Command 

Earth Resources Data Analysis System 

Early Reinforcing Force 

Electronic Radio Intercept Network (USCS) 

Extended Range Intercept Missile 

Electronic Reconnaissance Intercept Report 
Exo-atmospheric Reentry Vehicle Interception System 
Earth Resources Observational System 

Effective Radiated Power 

Earth Resources Photographic Satellite 

Emergency Regional Reporting System 

(1) Emergency Relocation Site; (2) Earth Resources Satellite 
Emergency Reaction Special Security Officer 

Executive Reference Time 

Electronic Intelligence Request Tasking Message 

Earth Resources Technology Satellite 

Equipment Radiation TEMPEST Zone 

Enhanced Radiation Weapon 
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ES 


ESA 
ESAA 
ESAC 
ESAF 
ESAMS 
ESAR 
ESC 
ESD 


ESF 


ESG 
ESI 
ESIAC 
ESJ 
ESM 


ESMC 
ESMT 
ESP 
ESR 
ESRO 
ESS 


ESSA 


ESSM 
Est 
ESV 
ESW 
ET 


ETA 
ETAC 
ETAP 
ETAWG 
ETC 
ETD 
ETDS 
ETF 
ETHICS 


ETI 


(1) Emplacement Site; (2) Exploitation Support; 
(3) Electronic Warfare Support; (4) Expert System; 
(5) Electronic Support 


(1) European Space Agency; (2) Electronically Steered Antenna 
European Special Activities Area (U.S. Air Force) 

El Salvador Analysis Cell 

European Special Activities Facility 

Enhanced Surface-to-Air Missile Simulation 

Enhanced Synthetic Aperture Radar 

Electronic Security Command (U.S. Air Force) 


(1) Electronic Systems Division; (2) Ephemeris Support Data; 
(3) Exploitation Support Section (JSIPS) 


(1) Environmental Scale Factor; 
(2) Extended Superframe Formatted 


(1) Electronic Security Group; (2) Exploitation Steering Group 
Extremely Sensitive Information 

Electronic Satellite Image Analysis Center 

Escort Jamming 


(1) Electronic Warfare Support Measures: (2) Electronic Support 
Measures; (3) Electronic Security Measures 


Eastern Space and Missile Center 
External Supply Management Tools 
Emergency Special Measures 

ELINT Summary Report 

European Space Research Organization 


(1) Electronic Security Squadron; (2) ELINT Support System; 
(3) Exploitation Support Segment; (4) Exercise Support Sub- 
system; (5) Electronic Switching System; 

(6) Exploitation Support Section (JSIPS) 


(1) Expert System for Situation Assessment; 
(2) Environmental Satellite Service Administration 


Electronic Shop, Shelter-Mounted 
Estimated 

Earth Satellite Vehicle 

Electronic Security Wing 


(1) Enhanced Terminal; (2) Earth Terminal; 
(3) Embedded Training 


(1) Estimated Time of Arrival; (2) Equivalent Target Area 
Enlisted Terminal Attack Controllers 

Education Training Awareness Program 

ELINT Technical Analysis Working Group 

(1) Estimated Time of Completion; (2) Et Cetera 

(1) Estimated Time of Departure; (2) Effective Transfer Date 
Elapsed Time Distribution System 

Enhanced Tactical Fighter 


European Theater High Capacity Intelligence Communications 
System 


Estimated Time of Impact 
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ETIBS 
ETII 
ETIWCS 


ETL 
ETO 
ETP 
ETPL 
ETR 
ETRAC 
ETRO 
ETS 


ETSC 
ETSS 

ETTP 
ETUT 


EU 
EU 
EU 
EU 


EU 
EU 
EU 
EU 
EU 
EU 
EU 
EU 
EU 
EU 
EU 
EV 


CI 
COM 
COM/JIC 


DAC 

F 

L 
METSAT 
RATOM 
SA 

SC 

TE 
TELSAT 
Vv 

VE 


EVA 


EV 
EV 
EV 
EV 


C 
O 
R 
S 


EW 
EW/GCI 
EWAC 
EWAS 


Enhanced Tactical Information Broadcast Service 
External-to-Internal Interface 


European Theater Intelligence Warning and Communications 
System 


(1) Endorsed Tools List; (2) Engineer Topographic Laboratories 
(1) European Theater of Operations; (2) Earth-To-Orbit 

(1) Extended Tether Program; (2) Enhanced Thermal Protection 
Endorsed TEMPEST Products List 

(1) Estimated Time of Return; (2) Eastern Test Range 
Enhanced Tactical Radar Correlator 

Estimated Time Return to Operation 


(1) European Telephone System; (2) Estimated Time of Separa- 
tion; (3) Expiration of Term of Service; (4) Earth Technology 
Satellite; (5) Engineer Test Satellite 


Electronic and Telecommunications Subcommittee 
Electronic Telecommunications Switching System 
EUCOM Tactics, Techniques and Procedures 
Enhanced Tactical User Terminal 

Expenditure Unit 

Endorsed for Unclassified Cryptographic Information 
U.S. European Command 


(1) U.S. European Command/Joint Intelligence Command; 
(2) EUCOM Joint Intelligence Center 


European Defense Analysis Center 
ECME User Facility 

Economically Useful Life 

European Meteorological Satellite (Organization) 
European Atomic Energy Community 
Eighth U.S. Army (Korea) 

Effective United States Controlled 

Early User Test & Evaluation 

European Telecommunications Satellite (Organization) 
Extreme Ultraviolet 

Extreme Ultraviolet Explorer 
Enforcement Vector 

Extra- Vehicular Activity 

DoD Evasion Chart 

Event Verification Officer 

Enemy Vulnerability Report 

Electronic Visual Communications 

(1) Electronic Warfare; (2) Early Warning 
Early Warning/Ground Control Intercept 
Electronic Warfare Anechoic Chamber 
Electronic Workorder Accounting System 
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EWC 


EWCC 
EWCM 
EWCS 
EWIR 
EWIRS 
EWMIS 
EWMS 
EWO 
EWOPFAC 
EWR 


EWRL 
EWS 
EWSE 
EWSM 
EWSO 
EXCRIT 
EXDEF 
EXCAP 
EXCOM 
ExDir/ICA 
EXDIS 
EXEC 
EXERTAS 
EXFIL 
EXO 
EXOPLAN 
EXPER 
EXPL 
EXPLAN 
ExPReS 
EXRAND 
EXSCEN 
EXSUBCOM 
EXSUM 
EXTAC 


(1) Electronic Warfare Center; 
(2) Electronic Warfare Coordinator 


Electronic Warfare Coordination Center 

Electronic Warfare Coordination Module 

Electronic Warfare Control System 

Electronic Warfare Integrated Reprogramming 
Electronic Warfare Integrated Reprogramming System 
Electronic Warfare Management Information System 
EW Mission Summary 

(1) Electronic Warfare Officer; (2) Emergency War Order 
Electronic Warfare Operating Facility 


(1) Early Warning Radar; 
(2) Electronic Warfare Reprogramming 


Electronic Warfare Reprogrammable Library 
Electronic Warfare Support 

EW Support Element 

Electronic Warfare Support Measures 

EW Staff Officer 

Exercise Critique System 

Exercise Deficiency Program 

Exercise Capability (simulator) 

Community Executive Committee 

Executive Director for Intelligence Community Affairs 
Exclusive Distribution (Pneumatic Tube Message Precedence) 
Executive 

Exercise Timeline Analysis System 

Exfiltration 

Exoatmosheric 

Exercise Operations Plan 

Experience 

Exploitation 

Exercise Plan 

Expoitation Process Reengineering Study 
Exploitation Research and Development (COMIREX) 
Exercise Scenario System 

Exploitation Subcommittee (COMIREX) 

Executive Summary 


Experimental Tactics 
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F 
FA 


FAA 


FAAD C31 


FAADS 
FAAR 
FAARP 
FAAS 
FAC 
FACP 
FACSFAC 
FAD 


FADOC 
FADS 
FAE 
FAF 
FAFIC 
FAI 
FAIO 
FAISA 
FAISS 
FALD 
FAM 
FAME 
FAMP 
FAMS 


FAMSIM 
FANS 
FANT 
FAO 


FAPC 
FARP 
FARRFAA 
FARRP 
FAS 


FAST 


FAST-I 


(1) Fahrenheit; (2) Frequency 


(1) Frontal Aviation (FSU); (2) Field Artillery; (3) Forward Area; 
(4) Functional Architecture; (5) Frequency Agile; (6) Full 
Accounting; (7) Feasibility Assessment 


(1) Federal Aviation Agency; (2) Federal Aviation Administra- 
tion; (3) Foreign Assistance Act 


Forward Area Air Defense Command, Control, 
Communications and Intelligence 


Forward Area Air Defense System 

Forward Area Alerting Radar 

Forward Area Armament and Refuel Point 

Foreign Affairs Administrative Support 

(1) Forward Air Control (Controller); (2) Facilities 

(1) Forward Air Control Post; (2) Forward Air Control Party 
Fleet Air Control and Surveillance Facility 


(1) Fleet Air Defense; (2) Force Activity Designator; 
(3) Field Arbitrary Designators 


Future Air Defense Operation Concept 

Foreign Area Data System 

Fuel Air Explosive 

Fast Access Format 

Federal Armed Forces Intelligence Center (FRG) 
Fuel Air Incendiary Concussion Bomb 

Field Artillery Intelligence Officer 

FORSCOM Automated Intelligence Support Activity 
FORSCOM Automated Intelligence Support System 
Field Administration and Logistics Division 
Functional Area Model 

FORSCOM Automated Modernization Effort 
Foreign Army Materiel Production 


Fleet Ocean Surveillance Information Center Analytical Mari- 
time Summary 


Family of Simulation 
Friendly Allied Nation Support Network 
French Atmospheric Nuclear Test 


(1) Foreign Area Officer; (2) Forward Area of Operations; 
(3) Food and Agricultural Organization (UN) 


Food and Agriculture Planning Committee (NATO) 
Forward Area Refuel Point 

Air Replacement Radar 

Forward Area Rearming and Refueling Point 


(1) (U.S.) Foreign Agriculture Service; 
(2) Frequency Assignment Subcommittee 


(1) Fleet Antiterrorist Support Teams; (2) Forward Area Support 
Team; (3) Forward Area Support Terminal 


Forward Area SID and TRAP-Improved 
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FAST/I2 Improved FAST/I 


FASTC Foreign Aerospace Science and Technology Center (archaic, 
now NAIC) 

FASTFAX Tactical Digital Facsimile 

FASTL Future Analytic Strategic Target List 

FAV (1) Field Assistance Visit; (2) Fast Attack Vehicle 

FAX Facsimile 

FB Fighter Bomber 

FBA Fighter Bomber Attack 

FBH Force Beachhead 

FBI Federal Bureau of Investigation 

FBIS Foreign Broadcast Information Service 

FBM Fleet Ballistic Missile 

FBR Fast Breeder Reactor 

FBS (1) Forward-Based Systems; (2) Federal Border Service 

FC (1) Fire Control; (2) Fractional Coverage 

FCA Foreign Counterintelligence Activity 

FCB Functional Control Board 

FCC (1) Fleet Command Center; (2) Federal Communications 
Commission; (3) Fighter Control Center; (4) Fire Coordination 
Center 

FCE Forward Control Element 

FCFS First Come, First Served 

FCG Foreign Clearance Guide (military) 

FCG2 FORSCOM G2 

FCI Foreign Counterintelligence 

FCIAD FORSCOM Component Intelligence Architecture Document 

FCIP Foreign Counterintelligence Program 

FCISD FORSCOM Component Intelligence Strategy Document 

FCITP Foreign Counterintelligence and International Terrorism 
Program (FBI) 

FCITTP FORSCOM Component Intelligence Tactics, Techniques and 
Procedures 

FCLP FORSCOM Command Language Program 

FCO Facility Control Office 

FCRC Federal Contract Research Center 

FCS (1) Fire Control System; (2) Flight Control System; 
(3) (U.S.) Foreign Commercial Service 

FCSE Forward Control Support Element 

FCT Foreign Comparative Test 

FCZ Forward Combat Zone 

FD Functional Design 

F/d Ratio of focal-length to diameter (of reflector type antennas) 

FDB Fleet Database 

FDBM Functional Data Base Manager 

FDBPS Fleet Data Base Production System 
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FDC 
FDDAC 
FDDI 
FDDS 
FDIU 
FDM 
FDMA 
FDO 
FDOA 
FDR 
FDT&E 
FDU 
FDW 
FDX 
FEA 
FEAF 
FEBA 
Fed 
FEDS 
FEDSIM 


FEL 
FEMA 
FEMD 
FEMP 
FEP 
FERS 
FET 
FETVD 
FEWS 
FEWSG 
FF 

FFA 
FFAR 
FFED 
FFG 
FFGH 
FFGN 
FFH 
FFHGN 
FFHN 
FFL 
FFLG 
FFM 
FFN 


Fire Direction Center 

Foreign Denial and Deception Analysis Committee 
Fiber Distributed Data Interface 

Flag Data Display System 

Fill Device Interface Unit 

Frequency Division Multiplexing 
Frequency Division Multiple Access 
Foreign Disclosure Officer 

Frequency Difference of Arrival 

Foreign Disclosure Representative 

Force Development Test & Experimentation 
Force Design Update 

Forward Deployed Workstation 

Full Duplex 

Front End Analysis 

Far Eastern Air Forces 

Forward Edge of the Battle Area 

Federal Reserve System 

Front End Distribution System 


Federal Computer Performance Evaluation and Simulation 
Center 


Free Electron Laser 

Federal Emergency Management Agency 
Far East Military District 

Front End Message Processors 

(1) Front End Processor; (2) FLTSATCOM EHF Package 
Federal Employees Retirement System 
Field Effect Transistor 

Far East Theater of Military Operations 
Future Early Warning System 

Fleet Electronic Warfare Support Group 
Frigate 

Free-Fire Area 

Folding-Fin Aerial Rocket 
FIREFINDER Elevation Data 
Guided-Missile Frigate 

Guided-Missile Aviation Frigate 
Nuclear-Powered Guided-Missile Frigate 
Aviation Frigate 

Nuclear-Powered Guided-Missile Aviation Frigate 
Nuclear-Powered Aviation Frigate 
Corvette 

Guided-Missile Corvette 

Full Face Mask 

Fleet Flash Net 
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FFR 
FFS 

FFT 
FGHQ 
FGN 

FH 
FH/DS 

FI 

FI&SS 
FIA 

FIC 
FICEURLANT 
FICM 
FICPAC 
FID 

FIDB 

FIE 

FIG 

FIC 

FIUU 

FIM 

FIN 
FINPLAN 
FIO 

FIP 

FIPC 
FIPS 


FIR 

FIRCAP 

FIRE 

FIRF 

FIRMS 

FIROPS 

FIRST 
FIRSTEURLANT 
FIRSTPAC 

FIS 


FISA 
FISAP 
FISINT 


FISS 
FIST 


Radar Picket Frigate 

(1) Fixed Field Site; (2) Formatted File System 

Training Frigate 

Fighter Group Headquarters (Canada) 

Foreign 

Frequency Hopping 

Frequency Hopping/Direct Sequence 

(1) Finished Intelligence; (2) Foreign Intelligence 

Foreign Intelligence and Security Service(s) 

Foreign Intelligence Agency 

(1) Fleet Intelligence Center; (2) FORSCOM Intelligence Center 
Fleet Intelligence Center, Europe and Atlantic 

Fleet Intelligence Collection Manual 

Fleet Intelligence Center, Pacific 

(1) Foreign Internal Defense; (2) Force Integration Division 
Fundamental Intelligence Database 

Foreign Intelligence Element 

Figure 

Force Imagery Interpretation Center 

Force Imagery Interpretation Unit 

Force Integration Master Planner 

(1) Fixed-Site Intelligence Network; (2) Financial 
Financial Plan 

Foreign Intelligence Officer 

(1) Force Improvement Plan; (2) Federal Information Processing 
Foreign Intelligence Priorities Committee 


(1) Federal Information Processing Standard; 
(2) Fleet Intelligence Production System 


Field Investigative Region 

Foreign Intelligence Requirement Capabilities and Priorities 
Fused Intelligence Report in Europe 

Future Information Requirements Forecast 

Foreign Intelligence Relations Management System 
Freedom of Air Operations 

Fleet Intelligence Reserve Support Team 

Fleet Intelligence Reserve Support Team, Atlantic 

Fleet Intelligence Reserve Support Team, Pacific 


(1) Foreign Instrumentation Signals; 
(2) Foreign Intelligence Service 


Foreign Intelligence Surveillance Act 
FMFPac Intelligence Sub-Architecture Plan 


(1) Foreign Instrumentation and Signature Intelligence; 
(2) Foreign Instrumentation Signals Intelligence 


Foreign Intelligence and Security Services 
(1) Fleet Imagery Support Terminal; (2) Fire Support Team 
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Figure 6. Graphical representation of addition of negative numbers (—1 and —5). 


Oo 1 2 
TM684-13 


Figure 7. Graphical representation of addition of 
negative numbers (-—3 and —2). 


negative. From this new point, mark off the 
second number, again going to the right if the 
number is positive, or to the left if it is nega- 
tive. The number of units between zero and 
the final point is the sum of the two numbers. 
This procedure can be continued for more than 
two numbers. Figure 5 shows graphical addi- 
tion of positive numbers; figures 6 and 7 show 
graphical addition of negative numbers; and 
figure 8 shows the addition of a combination 
of a positive and a negative number. Figures 6 
and 7 show that the order in which the negative 
numbers are taken does not affect the answer. 


c. Subtraction. To subtract numbers graph- 
ically, change the sign of the subtrahend (num- 
ber to be subtracted) and proceed as for addi- 
tion. Figure 9 shows the subtraction of +3 
from +5 to obtain the difference of +2. 


36. Absolute Value of a Number 


The numerical value of a number, without 
regard to its sign, is called the absolute value 


“8 -7 -6 -5 -4 -3 -2 -I O 


of the number. Thus, the absolute value of —3 
or +3 is 3. This is written |3]. 


37. Addition of Positive and Negative Numbers 


a. Positive.Numbers. To add two or more 
positive numbers, find the sum of their absolute 
values and prefix the sum with a plus sign. 
When there is no possibility of misunderstand- 
ing, the plus sign is usually omitted. 

Example: Add +4, +5, and +6 

ae (+5) + (+6) = +15 or 


b. Negative Numbers. To add two or more 
negative numbers, find the sum of their absolute 
values and prefix the sum with a minus sign. 

Example: Add —4, —5, and —6 

—4+ (—5) + (—6) = —15 

c. Positive and Negative Numbers. To add a 
positive and a negative number, find the differ- 
ence between their absolute values and prefix 
the sum with the sign of the number that has 
the greater absolute value. This is called al- 
gebraic addition. When three or more positive 
and negative numbers are to be added, first find 
the sum of all positive numbers, and then the 
sum of all negative numbers. Add these sums 
algebraically as above. 

Example 1: Add +6 and —9. 

+6 + (—9) =—3 


2 3 4 5 6 7 8 93 10 
TM684-14 


Figure 8. Graphical representation of addition of positive and negative numbers. 


6 7 8 
TM684-15 


Figure 9. Graphical representation of subtraction of positive numbers. 
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FIST-T 
FITCPAC 

FITD 

FITWING 

FLA 

FLAGE 

FLC 
FLEETSATCOM 


FLENUMOCEANCEN 


FLEX 

FLI 

FLIR 

FLO 

FLOT 

FLR 

FLRA 
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FLT 
FLTBCST 
FLTCINC 
FLTSAT 
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isl 
iz 
> 
Z 
= 


S36 
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Transportable FIST 

Fleet Intelligence Training Center, Pacific 
FORSCOM Intelligence Training Detachment 
Fighter Wing 

Foreign Launch Assessment 

Flexible Lightweight Agile Guided Experiment 
Foreign Language Committee 

Fleet Satellite Communications 

Fleet Numerical Oceanography Center (U.S. Navy) 
Force-Level Execution System 

Force-Level Information 

Forward-Looking Infrared (Radar) 

Foreign Liaison Office 

Forward Line of Troops 

Forward-Looking Radar 

Federal Labor Relations Authority 

Force Logistics Support Group 

Fleet; Flight 

Fleet Broadcast 

Fleet Commander in Chief 

Fleet Satellite 

Fleet Satellite Communications System 

Fleet Secure Voice 


(1) Frequency Modulation; (2) Foreign Materiel; (3) File Main- 
tenance; (4) Factory Marking(s); (5) Functional Manager; 
(6) Field Manual; (7) From; (8) Comptroller 


(1) Foreign Materiel Acquisition; (2) Foreign Media Analysis 
Foreign Materiel Acquisition Operation 

Foreign Materiel Acquisition Requirement 

Foreign Media Analysis Subsystem 

(1) Field Maintenance Center; (2) Force Mobile Command 
Foreign Materiel Exploitation 

Foreign Materiel Exploitation Catalogue 


Foreign Materiel Exploitation Program 
Fleet Marine Force(s) 

Fleet Marine Force, Atlantic 

Fleet Marine Field Manual 

Fleet Marine Force, Pacific 

Foreign Materiel Intelligence Board 
Foreign Materiel Intelligence Group 

Force Management Information System 
French Military Liaison Mission 

Fleet Mobile Operations Command Center 
Foreign Materiel Program 

Foreign Military Personnel Contact Program 
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4555285 
vel 
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ZPIP222g222 
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FOG 
FOGM 
FOI 

FOIA 

FOL 
FOLAN 
FOLPEN 
FOM 
FOMA 
FOMCAT 
FOMP 
FONS 

FOP 
FORDTIS 
FORECON 
FORGE 
FORMAT 
FORMDEPS 
FORMICA 
FORMMS 


Foreign Military Program Review Board 
Foreign Materiel Requirements List 
Defense Intelligence Functional Managers 
Foreign Military Sales 

Foreign Military Sales Financing 

Family of Medium Tactical Vehicles 


Foreign National 

Fleet Numerical Oceanographic Center 

First Name Unknown 

Forward Observer 

Fiber-Optics 

(1) Field Operating Agency; (2) Forward Operating Area 
Foreign Aerospace Materiel Production 

Foreign Aircraft Production 

(1) Forward Operating Base; (2) Foreign Order of Battle 
Fractional Orbital Bombardment System 


(1) Final Operational Capabilities; (2) Full Operational Capabil- 
ity; (3) FORSCOM Operations Center; (4) Full Operating 
Capacity 


Foreign Owned, Controlled or Influenced 


(1) Interagency Review of Defense Attache Offices; 
(2) FORSCOM Objective Communications System 


Foreign Object Damage 

Follow-on Forces Attack 

Field of Fire 

Fiber-Optics Guided 

Fiber-Optic Guided Missile 

Freedom of Information 

Freedom of Information Act 

(1) Forward Operating Location; (2) Family of Loudspeakers 
Fiber-Optic Local Area Network 
Foliage-Penetrating 

Figure of Merit 

Foreign Military Assistance 

Foreign Materiel Catalogue 

Foreign Missile Production 

Fleet Operational Needs Statement for Intelligence 
Forward Observation Post 

Foreign Disclosure Technical Information System 
Force Reconnaissance 

Force Generation 

Foreign Materiel 

FORSCOM Mobilization and Deployment Planning System 
Foreign Military Intelligence Collection Activity 
Foreign Materiel Management System 
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FORSCOM U.S. Forces Command 


FORSTAT Force Status and Identity Report 
FORT Force Trends Data Base 
FORTRAN Formula Translator 
FOSCAS Foreign Ship Construction and Shipyards 
FOSD Family of Sabotage Devices 
FOSIC Fleet Ocean Surveillance Information Center 
FOSIC-E Fleet Ocean Surveillance Information Center, Europe 
FOSICLANT Fleet Ocean Surveillance Intelligence Center, Atlantic 
FOSICPAC Fleet Ocean Surveillance Information Center, Pacific 
FOSIF Fleet Ocean Surveillance Information Facility 
FOSIF Rota Fleet Ocean Surveillance Information Facility, Rota 
FOSIF/WESTPAC Fleet Ocean Surveillance Information Facility, Western Pacific 
FOTARS Follow-On Tactical Reconnaissance System 
FOT&E Follow-On Test and Evaluation 
FOTELSYS Foreign Telecommunications Systems 
FOTRS Follow-On Tactical Reconnaissance System 
FOUO For Official Use Only 
FOV Field of View 
FP (1) Fire Position; (2) Field Post; (3) Force Package 
FPA (1) Federal Preparedness Agency; (2) Focal Plane Array; 
(3) Force Projection Army 
FPB Fast Patrol Boat 
FPE Force Planning Estimate 
FPF Final Protection Fire 
FPI (1) Foreign Positive Intelligence; 
(2) Federal Process Improvement 
FPIR Force Protection Information Report 
FPL Fire Protective Line 
FPN Field Post Number 
FPO Fleet Post Office 
fps Feet Per Second 
FPTOC Force Projection Tactical Operations Center 
FPU Floating Point Unit 
FQ&P Flying Qualities and Performance 
FRAG Fragmentary Order 
FRAGO Fragmentary Order 
FRD (1) Federal Research Division (Library of Congress); 


(2) Formerly Restricted Data; 
(3) Functional Requirements Document 


FREQ Frequency 

FRG Federal Republic of Germany 

FRIES Fast Rope Insertion Extraction System 
FRIF Finished Recurring Intelligence File 
FROG Free Rocket Over Ground 

FROKA First Republic of Korea Army 
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FROSS 
FRPG 
FRR 
FRS 


FRY 
FRYM 
FS 
F3S 
FSAIS 
FSB 


FSBS 
FSCC 
FSCL 
FSCOORD 
FSD 
FSE 
FSHB 
FSI 
FSIC 
FSK 
FSM 
FSO 
FSOC 
FSOF 
FSP 
FSRS 
FSS 


FSSG 
FSST 
FST 
FSTC 
FSTS 
FSU 
FSV 
FSVS 
FSWDS 
FT 
FT-1 
FTA 
FTAM 
FTC 


FTD 


Foreign Reliance on Space Systems 
Facility Reference Point Graphic 
Frequency Resource Records 


(1) Fleet Readiness Squadron; (2) Federal Research Service; 
(3) Forward Recording Site 


Former Republic of Yugoslavia 

Former Republic of Yugoslavia-Macedonia 

(1) File Server; (2) Fire Support 

Field Station Support System 

FICEURLANT SCI Analyst Information System 


(1) Fleet Satellite Broadcast (of FLTSATCOM); 
(2) Forward Staging Base; (3) Fire Support Base 


Fleet Submarine Broadcast System 

Fire Support Coordination Center 

Fire Support Coordination Line 

Fire Support Coordinator 

(1) Field Support Division; (2) Forward Support Detachment 
Fire Support Element 

Fallout Safe Height of Burst 

Foreign Service Institute 

Forward Sensor Interface and Control 

(1) Field Station, Korea; (2) Frequency Shift Keying 
Federated States of Micronesia 

(1) Foreign Service Officer; (2) Fire Support Officer 
Fairchild Satellite Operations Center 

Forward Special Operations Facility 

Fire Support Plan 

Functional Security Requirements Specification 


(1) Fast Sealift Ship; (2) FAISS SID System; 
(3) Fixed Satellite Services 


Force Service Support Group (USMC) 

Forward Space Support in Theater 

(1) Future Strategic Targets; (2) Future Soviet Tank 
Foreign Science and Technology Center (archaic; now NGIC) 
Federal Security Telephone Service 

Former Soviet Union 

Fire Support Vehicle 

Future Secure Voice System 

Fixed-Site Warning & Detection System 

(1) Fort; (2) Foot 

Fractional T-1 

(1) Field Training Area; (2) Functions, Tasks, and Activities 
File Transfer Access Management 


(1) Fast Time Constant (ECCM); 
(2) Federal Trade Commission 


Foreign Technology Division (USAF) 
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FTDB Foreign Technology Data Base 


FTI Fixed Target Indicator 
FTL Future Target List 
FTLS (1) Future Target List-Strategic; 
(2) Formal Top-Level Specification 
FIM Full-Time Manning 
FIP File Transfer Protocol 
FTPS FORSCOM Topographic Production System (Facility) 
FTR Fighter 
FTS (1) Fleet Telecommunications System; (2) Federal 


Telecommunications System; (3) Federal Telephone 
System; (4) Flight Training Squadron 


FTS 2000 Federal Telephone System 2000 

FTSC Fleet Technical Support Center 

FTU Forecast Tactical Unit 

FTX Field Training Exercise 

FU Forecast Unit 

FUD Full Unit Designator 

FUE First Unit Equipped 

FUNT French Underground Nuclear Test 

FUSS Fleet Undersea Surveillance System 

FUWOB Forward Unconventional Warfare Operations Base 

FV Fighting Vehicle 

FVS Foreign Visits System 

FW (1) Fighter Wing; (2) Fixed-Wing 

FWAIS Free-World Air Intelligence Study 

FWAOB Free-World Air Order of Battle 

Fwd Forward 

FWE Foreign Weapons Evaluation 

FWIC Fighter Weapon School Intelligence Course 

FWVP Fallout Wind Vector Plot 

FY Fiscal Year 

FYDP (1) Fiscal Year Defense Program/Plan; (2) Five-Year Defense 
Program; (3) Future Years Defense Program 

FYI For Your Information 

FYIP Five-Year Intelligence Plan 

FYMOP Five-Year Master Objectives Plan 

FYP Five-Year Plan (FSU) 

FYROM Federal Yugoslav Republic of Macedonia 
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G Gain 
Gl Assistant Chief of Staff, G1 (Personnel) 
G2 or G-2 (1) Assistant Chief of Staff, G2 (Intelligence); 


(2) Army or Ground Directorate of Intelligence; 
(3) General Corps Staff Intelligence Officer 


G3 Assistant Chief of Staff, G3 (Operations and Plans) 

G4 Assistant Chief of Staff, G4 (Logistics) 

G5 Assistant Chief of Staff, G5 (Civil Affairs) 

G6 Director(ate) of C4 

G8 Director(ate) of Resource Management 

GA Ground Attack 

GaAs Gallium Arsenide 

GACC Ground Attack Coordination Center 

GAD Guards Artillery Division 

GADT Ground/Air Defense Threat 

GAF Ground Alert Facility (of PAC ABNCP) 

GAFIA German Armed Forces Intelligence Agency 

GALE Generic Area Limitation Environment 

GALS FSU Satellite (“Horizon’’) 

GAMO Ground and Amphibious Military Operations 

GAO General Accounting Office 

GAS (1) Gray Area Systems; (2) Getaway Special 

GAT (1) Government Acceptance Test; (2) Guidance, 
Apportionment, and Targeting 

GATT General Agreement on Tariffs and Trade (UN) 

GB (1) Gigabyte; (2) Guardband 

GBCS(-L or -H) Ground-Based Common Sensor (-Light or -Heavy) 

GBI Ground-Based Interceptor 

GBL Ground-Based Laser 

GBMD Global Ballistic Missile Defense 

GBR Ground-Based Radar 

GBS Global Broadcast System 

GBU Guided Bomb Unit 

GC Gun Camera 

GCA Ground Controlled Approach 

GCC (1) Government Control Center; 


(2) Ground Component Commander; (3) Gulf Cooperation 
Council; (4) Global Control Center 


GCCS (1) Ground Command and Control System; 
(2) Global Command and Control System 

GCDCAL Great Circle Distance Calculator 

GCE Ground Combat Element 

GCI Ground-Controlled Intercept 

GCN Ground Communications Network 

GCNTTY Ground Communications Network Teletype 
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GCP 
GCP-E 
GCS 


GCSS 
GDA 
GDBI 
GDBMS 
GDIC 
GDIP 
GDIPP 
GDL 
GDOP 
GDP 


GDPS 
GDRS 
GDS 


GDSS 
GDT 
Gen 
GEM 
GEN 
GENIC 
GENREP 
GENSER 
GEO 
GEODIS 
GEODSS 
GEOFILE 


GEOREF 


GEOSAT 
GEP 
GEPS 
GES 
GFAC 
GFCP 
GFE 
GFTD 
GFR 
GGI&S 
GHz 


Ground-Controlled Processor 
Ground-Controlled Processor-ELINT 


(1) Graphics Compatibility System; (2) Ground Control Station; 
(3) Global Connectivity Services; (4) Global Communications 
System 


Global Combat Support System 

Gimbaled Dish Antenna 

Generic Data Base Interface 

Generic Data Base Management Server 

General Defense Intelligence Community 
General Defense Intelligence Program 

General Defense Intelligence Proposed Program 
Gas Dynamic Laser 

Geometric Dilution of Precision 


(1) General Defense Plan; (2) Gross Defense Product; 
(3) Ground Defense Position; (4) Gross Domestic Product 


Ground Data Processing System 
Ground Data Reduction System 


(1) General Declassification Schedule; (2) FSU Guards; 
(3) Group Decision Support 


Global Decision Support System 

Ground Data Terminal 

General 

Ground Effects Machine 

(1) Generation; (2) General 

German National Intelligence Cell (NATO) 
General Reports 

General Service (Communications) 
Geosynchronous Earth Orbit 

Geographic Display 

Ground-Based Electro-Optical Deep-Space Surveillance System 


(1) Geographic Locations Code File System; 
(2) Geolocation File (JOPES) 


Global Reference System, a worldwide position reference sys- 
tem that may be applied to any map or chart graduated in latitude 
and longitude regardless of projection. 


Geological Satellite 

Ground Entry Point 

Generic Electronic Publishing System 
Ground Entry Station 

Ground Forward Air Controller 

Generic Front-End Communications Package 
Government Furnished Equipment 

Global Force Trends Data Base 

Gap Filler Radar 

Global Geospatial and Information Services 
Gigahertz 
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GIGSTER 
GIIPS 
GUTS 
GIN 
GIPD 


GIPMIS 


GIPS 
GIPSY 
GIS 

GIST 
GITAC 
GITC 
GITS 
GIUK 
GKNT 
GKS 

GL 
GLCM 
GLLD 
GLMX 
GLOBIXS 
GLOMR 
GLONASS 


NSA Video Teleconferencing System 

Geographic Installation Intelligence Production Specifications 
General Intelligence Imagery Training System 
Greenland-Iceland-Norway 


(1) General Intelligence Production Detachment; 
(2) General Intelligence Production Division 


General Intelligence Production Management Information 
System 


Geographic Installation Intelligence Production Specifications 
Graphics Information or Presentation System 
Geographical Information System 

Graphical Intelligence Support Terminal 

General Intelligence Training Advisory Committee 
General Intelligence Training Center 

General Intelligence Training System 
Greenland-Iceland-United Kingdom 

State Committee for Science and Technology (FSU) 
Graphics Kernel System 

Grenade Launcher 

Ground-Launched Cruise Missile 

U.S. Ground Laser Locator Designator (for COPPERHEAD) 
Geological Multi-Source Exploitation (System) 
Global Information Exchange System 

Global Low-Orbiting Message Relay 

Global Navigation Satellite System 

Guided Missile 

Global Missile Defense 

Ground Mobile Forces 

Global Military Force Policy 

Ground Mobile Force Satellite Communications 


(1) General Medical Intelligence; 
(2) General Military Intelligence 


General Military Intelligence Production Plan 
Ground Military Intelligence Team (ROK) 
Guards Motorized Rifle Division (FSU) 


(1) Ground Mobile System; (2) Geostationary Meteorological 
Satellite; (3) Ground Mission Supervisor 


Greenwich Mean Time (Zulu) 


Ground Moving Target Indicator GNAS Gateway 
Network Access System 


Global Navigation Chart 

Ground 

Gross National Product 

Global Network Segment 
Glossary of Naval Ship Types 
Government of (Name of Country) 
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G-O 
G-OINS 
G-OIS 
GOB 
GOC 


GOCO 
GOES 
GOLDS 
GOLDWING 


GOMS 
GOP 

GOR 
GORB 
GOS 
GOSC 
GOSIA 
GOSIP 
GOSPLAN 
GOSSNAB 
GOTS 

GP 
GPALS 
GPEE 
GPF 

gph 

GP NAF 
GPNDS 
GPO 

GPS 


GPSCS 

GR 

GRAD 
GRANITE SENTRY 
GRID 

GRIPF 

GRD 

GREEN FLAG 
GRG 

GRO 

GROFIS 

GRP 

GRT 


Office of Law Enforcement and Defense Operations (USCG) 
Intelligence Division (USCG/G-O) 

Investigations and Security Division (USCG/G-O) 

Ground Order of Battle 


(1) General Officer Commanding (UK); (2) Government of 
Canada; (3) Global Operations Center 


Government Owned Contractor Operated 
Geostationary Operational Environmental Satellites 
General On-Line Display System 


Army HF Radio; HF communications system for 
meteorological and other operations 


Geostationary Operational Meteorological Satellite 
Generated Option Plan 

General Operational Requirement 

General Officer Review Board 

Grade of Service 

General Officer Steering Committee 

Government Open System Interconnect Architecture 
Government Open Systems Interconnected Profile 
State Planning Committee (FSU) 

State Committee for Material-Technical Supply (FSU) 
Government Off-the-Shelf 

(1) Group; (2) General Purpose 

Global Protection Against Limited Strikes 

General Purpose Encryption Equipment 

(1) General Purpose Forces; (2) Ground Processing Facility 
Gallons Per Hour 

General Purpose Numbered Air Force 

Global Positioning & Nuclear Detection System 
Government Printing Office 


(1) Global Positioning System; (2) Grid Producing Source; 
(3) Geographical Positioning System; (4) Ground Processing 
Stations 


General Purpose Satellite Communications System 
(1) Graphical Reporting; (2) Gateway Router 
Graduate 

Proper Name of System 

Brand of Portable PC 

GUARDRAIL Integrated Processing Facility 
Ground Resolved Distance 

ACC live-fly electronic combat exercise 
Gridded Reference Graphic 

Gamma Ray Observatory 

Ground Forces Intelligence Study 

Glass Reinforced Plastic 

Gross Registered Tonnage 
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GRU 
GS 


GSA 
GSD 
GSE 
GSF 


GSFC 
GSFG 
GSFM 
GSICS 
GSM 


GSOAF 
GSP 
GSR 
GSRS 
GSS 
GST 


GSTS 
GSTN 
GSU 
G/T 
GTA 
GTAB 
GTD 
GTN 
GTS 
GTC 
GTTC 
GUI 
GW 
G/W 
GWC 
GWEN 
GWIC 
GWIP 
GWP 
GW/R 
GWS 
GYRO 
GZ 


FSU General Staff Intelligence Organization 


(1) General Staff, (2) General Support; (3) Geological Survey; 
(4) General Schedule; (5) General Service; 

(6) Government Service (Federal Civil Service); 

(7) Ground Station; (8) Government Civilian 


General Services Administration 
(1) Ground Sample Distance; (2) Graphical Situation Display 
Ground Support Equipment 


(1) Ground Support Fighter (FSU); (2) Group of Soviet Forces; 
(3) Ground Station Facility 


Goddard Space Flight Center 

Group of Soviet Forces Germany 

Group of Soviet Forces Mongolia 

General Support Interim Contractor Support 


(1) Ground Support Module (JSTARS); 
(2) Ground Station Module 


GGI&S Special Operations Applications Facility 

General Strike Plan 

(1) General Support Reinforcing; (2) Ground Surveillance Radar 
U.S. General Support Rocket System 

(1) Global Support System; (2) General System Specification 


(1) Ground Sensor Terminal; (2) Ground Station Terminal; 
(3) Ground Support Terminal 


Ground-Based Surveillance and Tracking System 
General Switched Telephone Network 
Geographically Separated Unit 

Ratio of Antenna Gain to Noise Temperature 
Government Training Aid 

Global Transportation Analysis Bulletin 

Guards Tank Division (FSU) 

Global Transportation Network 

Global Telecommunications Service 

Gas Turbine Compressor 

Goodfellow Technical Training Center 
Graphics User Interface 

(1) Guided Weapon; (2) Gateway; (3) Guerrilla Warfare 
Gateway 

Global Weather Control 

Ground Wave Emergency Network 

Great Wall Industries Corporation (China) 
Global Weather Intercept Program 

General Work Plan 

Gateway/Router 

Gaps, Weaknesses, and Shortfalls (also GW&S) 
Gyroscope or Gyroscopic 

Ground Zero 


90 


Example 2: Add +5, —8, +12, and —6. 


45 4 (412) = +417 
—8 4+ (—6) =—14 
(+17) + (—14) = +38 


38. Subtraction of Positive and Negative Num- 
bers 
To subtract positive and negative numbers, 


change the sign of the subtrahend and proceed 
as in addition (par. 37). 


a. Positive Numbers. 


Example 1: Subtract +2 from +5. 
+5 — (42) = +5 —2 = +8 
or 3 
Example 2: Subtract +5a? from +6a?, 
+6a? — (+5a?2) = +6a? — 5a? 
=+1a = a 
b. Negative Numbers. 
Example 1: Subtract —3 from —5. 
—5 — (—3) = 5 +3 =—2 
Example 2: Subtract —4a from —2a. 
—2a — (—4a) = —2a + 4a = 
+2a or 2a 


c. Positive and Negative Numbers. 


Example 1: Subtract —2 from +5. 
+5 — (—2) = +5 4+2=47 
or 7. 
Example 2: Subtract —3xz? from +52?. 
+52? — (—32x?) = +52? +32? 
= +82? or 82? 


39. Multiplication of Positive and Negative 
Numbers 


a. Numbers Having Like Signs. If the two 
numbers to’ be multiplied have the same signs, 
the product is positive. 

Example 1: Multiply +5 by +3. 

(+5)(+8) = +15 or 15 
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Example 2: Multiply —5 by —3. 
(—5) (8—3) = +15 or 15 


b. Numbers Having Unlike Signs. If the two 
numbers to be multiplied have unlike signs, 
the product is negative. 


Example 1: Multiply —5 by +3. 
(—5) (+3) = —15 
Example 2: Multiply +5 by —3. 
(+5) (—3) = —15 
c. Several Positive and Negative Numbers. 
To multiply several positive and negative num- 


bers, multiply the numbers in groups of two in 
the order in which they appear. 


Example 1: 

Multiply (—5) (+3) (+7) (—2)(—4). 
(—5)(+8) (+47)(—2) (—4) 

= (—15) (—14) (—4) 

= (+210) (—4) 

= —840 

Example 2: 

Multiply (+7) (+2) (—5) (—3) (—1) (—4). 

= (+7)(4+2) (—5)(—38) (—1)(—4) 

= (+14) (+15) (+4) 

= (+210) (+4) 

= 840 


40. Division of Positive and Negative Numbers 


a. Numbers Having Like Signs. The quotient 
of two numbers that have the same signs is 
positive. 


Example 1: Divide —15 by —5. 
—15+—5=43o0r3 
Example 2: Divide +24 by +6. 
+24+—+46—4+44or4 
b. Numbers Having Unlike Signs. The quo- 
tient of two numbers that have opposite signs 
is negative. 
Example 1: Divide 35 by —7. 
+35 + —7 = —5 
Example 2: Divide —8,988 by 28. 
—8988 — 28 — —321 


9 


HAC 


HACC 
HAE 
HAHO 
HAIS 
HAL 
HALE 
HALO 
HANE 
HANG 
HARDLOOK 
HARDS 
HARM 
HARV 
HAS 
HASC 
HATS 
HATMD 
HAV 


HAWS 
HAZCON 
HAZMAT 

HB 

HBWP 

HC 

HCA 

HCC 

HCF 
HCI/DV/AEX 


HCR 
HCS 
HCU 
HD 
HDL 
HDM 


Symbol for the magnetic field of the propagated radio wave 
Critical life-essential liquid, commonly known as water 
Humanitarian Assistance 

Helicopter Alighting Area 


(1) High Altitude Burst; (2) High Altitude Bombing; 
(3) High Air Burst; (4) Hardened Aircraft Bunker 


(1) House Appropriations Committee; 
(2) Historical Area Coverage 


Humanitarian Assistance Coordination Center 
High-Altitude Endurance 

High-Altitude High-Opening 

Hawaiian Air Intelligence System 

Helicopter Light Attack 

High-Altitude Long-Endurance 

High-Altitude Low-Opening 

High-Altitude Nuclear Effects 

Hawaii Air National Guard 

Special Data Analysis Product of NAVSPACECOM/N24 
High-Altitude Radiation Detection System 
High-Speed Anti-Radiation Missile (AGM-88A) 
Harassment Vehicle (Drone) 

Hardened Aircraft Shelter 

House Armed Services Committee 

Heuristic Automated Transportation System 
High-Altitude Theater Missile Defense 


(1) High Acceleration Vehicle; 
(2) Heavy Armored Vehicle (non-tactical) 


Hawaii Area Wideband System 
Hazardous Condition 

Hazardous Materials 

High Burst 

Host-Based Word Processing 
HUMINT Committee 
Humanitarian and Civic Assistance 
HUMINT Contingency Cell 

High Command of Forces 


Human-Computer Interface/Data Visualization/Automated 
Expansion 


HUMINT Collection Requirement 
Helicopter Combat/Search and Rescue 
High Capacity Computer Unit 
Horizontal Ground Distance 

Harry Diamond Laboratories 
Hierarchical Development Methodology 
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HDO Humanitarian Demining Operations 


HDX Half Duplex 
HX Half Duplex 
HE High Explosive 
HEAT High-Explosive AntiTank 
HEC Helicopter Element Coordinator 
HEDI High Endoatmospheric Defense Interceptor 
HEF Hostile Establishment File 
HEI High-Explosive Incendiary 
HEL High-Energy Laser 
HELIP HAWK European Limited Improvement Program 
HELRATS High Energy Laser Radar Acquisition & Tracking System 
HELSTF High-Energy Laser Systems Test Facility 
HELW High-Energy Laser Weapons 
HELWING Helicopter Wing 
HEMP High-Altitude Electromagnetic Pulse 
HEMT High-Electron-Mobility Transistor 
HEO (1) High-Earth-Orbit; (2) Highly Elliptical Orbit 
HEP High-Explosive Plastic 
HERO (1) Hazards of Electromagnetic Radiation To Ordnance; 
(2) Historical Evaluation and Research Organization 
HERT Headquarters Emergency Relocation Team 
HES Hardcopy Exploitation Systems 
HESS Hangul English Support System 
HEST High-Explosive Simulation Technique 
HET Heavy Equipment Transporter 
HF (1) High Frequency; (2) Height Finder; (3) Hydrogen Fluoride 
HFE Human Factors Engineering 
HFA High-Frequency Antenna 
HF/DF High-Frequency Direction-Finding 
HFE Heavy-Fuel Engine 
HFEA Human Factors Engineering Assessment 
HFP Host Front-End Protocol 
HH Hand-Held 
HHC Headquarters and Headquarters Company 
HHD Headquarters and Headquarters Detachment 
HHS (1) Headquarters and Headquarter Services; 
(2) Hasty Hide Shelter 
HHW Higher High Water 
HIL High Interest List 
HI-PAR High-Performance Precision-Approach Radar 
HI-RES High-Resolution 
HIC High-Intensity Conflict 
HICOM High Command (CINCPACFLT Voice Network) 
HIDSS Helmet-Integrated Display & Sight System 
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HIFAR High-Frequency Fixed-Array Radar 


HIMAD (1) High- to Medium-Altitude Defense; 
(2) High to Medium Altitude Adjustment 
HIMS HUMINT Information Management System 
HIP Howitzer Improvement Program 
HIRMS Human Intelligence Requirements Management System 
HIROCC Hawaiian Islands Regional Operational Control Center 
HIS (1) Honeywell Information System; 
(2) Hostile Intelligence Services 
HISP Hostile Intelligence Service Profiler System 
HIT High-Interest Track 
HITS (1) Human Intelligence Tasking System; 
(2) Hawaii Information Transfer System 
HJ HONEST JOHN (U.S. Surface-to-Surface Rocket) 
HL Hand-Launched 
HLA Helicopter Landing Areas 
HLA/DZ Helicopter Landing Area/Drop Zone 
HLA/DZS Helicopter Landing Area/Drop Zone Study 
HLLV Heavy-Lift Launch Vehicle 
HL-UAV Hand-Launched Unmanned Aerial Vehicle 
HLW Higher Low Water 
HLZ Helicopter Landing Zone 
HM Helicopter Mine Warfare 
HMC HUMINT Management Center 
HMCI Higher Military Command, Interior and Islands (Greece) 
HMF Handbook of Military Forces 
HMI (1) Host-Message Interface; (2) Human-Machine Interface 
HMMWV High-Mobility Multipurpose Wheeled Vehicle 
HMS (1) Her Majesty’s Ship; (2) HUMINT Management System 
HMTV Head-Mounted Thermal Vision 
HN Host Nation 
HNAF Host Nation Armed Forces 
HNIS Host Nation Intelligence Support 
HNS Host Nation Support 
HNSC House National Security Committee 
HOB Height of Burst 
HOBO Homing Optical Bomb 
HOC (1) History of Coverage; (2) HUMINT Operations Cell 
HOCNET HUMINT Operational Communications Network 
HOE Homing Overlay Experiment 
HOIS Hostile Intelligence Service(s) 
HOJ Home on Jam 
HOL High-Order Language 
HOM (1) Head of Media; (2) Head of Mission 
HOTA HUMINT Operational Tasking Authority 
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HOTOL 


HOTPHOTOREP 


HOTSIT 
how 

HP 

HPA 
HPG 
HPM 
HPT 
HPSC 
HPSCI 
HQ/HQS 
HQDA 
HQJTF 
HQMC 
HQMRHITS 
HQ USAF 
HR 

hr 
HR/MR 
HRC 
HRCS 
HRMS 
HRPT 
HRR 
HRS 
HRTV 
HRU 
HRV 

HS 

HSD 
HSE 
HSE-E 
HSE-SOCOM 
HSI 
H-SIP 
HSLLADS 
HSMS 
HSS 
HTACC 
HTKP 
HTLD 
HTOHL 
HTML 
HUD 


Horizontal Takeoff & Landing 

Hot Photographic Interpretation Report 

Hot Situation Message 

Howitzer 

(1) Headquarters Pamphlet; (2) Horsepower 
High-Power Amplifier 

Hardcopy Products Group 

High-Power Microwave 

(1) High-Payoff Target; (2) High-Priority Target 
High-Performance Computing Research System 
House Permanent Select Committee on Intelligence 
Headquarters 

Headquarters, Department of the Army 
Headquarters, Joint Task Force 

Headquarters, U.S. Marine Corps 

Quarterly Management Report 

Headquarters, Department of the Air Force 

(1) High Resolution; (2) Humanitarian Relief Service 
Hour 

Human Readable/Machine Readable (Data) 
Human Resources Committee 

High-Resolution Camera System 

Human Intelligence Requirements Management System 
High-Resolution Picture Transmissions 
High-Resolution Radar 

(1) Hours; (2) Humanitarian Relief Service 
High-Resolution Television 

Hardcopy Reconstruction Unit 

High-Resolution Visible Range Instruments 

(1) Helicopter Squadron; (2) Home Station 
HUMINT Support Detachment 

HUMINT Support Element 

HSE-Europe 

HSE-USSOCOM 


(1) Human Systems Integration; (2) Hyperspectral Imagery 


H-Camera Spectral Improvement Program 
High Speed Low Level Aerial Delivery System 
Human Sources Management System 

Health Service Support 

Hardened Tactical Air Control Center 
Hard-Target Kill Potential 

High-Technology Light Division 

Horizontal Take-off and Horizontal Landing 
Hypertext Markup Language 

Heads-Up Display 
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HULTEC 
HUMINT 
HUMMV 
HUMRO 
HUS 
HUSK 

hv 

HVA 
HVAC 
HVAP 
HVAPFSDS 
HVAT 
HVF 
HVIT 
HVT 

HW 


Hull-to-Emitter Correlation 
Human Resources Intelligence 
High Utility Mobile Mechanized Vehicle 
Humanitarian Relief Operations 
Hardened Unique Storage 
Hardened Unique Storage Key 
Heavy 

High Value Asset 

High-Voltage Air Conditioning 
High-Velocity Armor-Piercing 
High Velocity Armor-Piercing Fin-Stabilized Discarding-Sabot 
High-Velocity Antitank 

Highly Volatile Fuel 

High Volume Information Transfer 
High-Value Target 

(1) High Water; (2) Hardware 
High Wycombe Air Station 

Hobart Walk-in Cooler 
Hardware/Software 

Highway 

Hertz 
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i Inclination 

12 Intelligence Information 

IA (1) Imagery Analyst; (2) Intelligence Assistant; (3) Initial 
Assessment; (4) Intelligence Analyst; (5) Intelligence Agent 

IAA Interagency Agreement 

T&A (1) Imagery and Analysis; (2) Identifcation and Authentication 

IAB Imagery Analysis Branch 

IAC (1) Intelligence Analysis Center; (2) Intelligence Advisory 


Committee; (3) Intelligence Analyst Course (DIA); 
(4) Information Analysis Centers 


IAD (1) Intelligence Analysis Division; (2) Integrated Air Defense 

IADB Inter-American Defense Board 

IADS Integrated Air Defense System 

IAEA International Atomic Energy Agency 

IAG (1) Intelligence Analysis Group (formerly ITAD); 
(2) Imagery Analysis Group 

IAGC Instantaneous Automatic Gain Control 

IAGS Inter-American Geodetic Survey 

TAIPS Integrated Automated Intelligence Processing System 

IAM Imagery Analysis Memorandum 

IAMP Imagery Acquisition and Management Plan 

IAMS Individual Aerial Mobility System 

IAN Imagery Analysis Notice 

IAP International Airport 

IAPF Inter-American Peace Force 

IAR Imagery Analysis Report 

IAS (1) Intelligence Access System; (2) Interactive 
Applications System; (3) Intelligence Analysis System 

IAS WS IAS Work Station 

IASSA INSCOM Automated Systems Support Activity 

IAT Intelligence Augmentation Team 

IATA International Air Transport Association 

IAW In Accordance With 

IAWG Interagency Working Group 

IAWS Improved Analyst Workstation 

IBAC Identity-Based Access Control 

IBs Issue Books 

IBBS Interim Brigade/Battalion Simulation 

IBD Intelligence Baseline Document 

IBDTF IBD Transaction Format 

IBE Field-Initiated BE Number 

IBERLANT Iberian Atlantic Area 

IBIS Imaging Background Limited Infrared System 

IBM International Business Machines 
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IBO 
IBOS 
IBS 


IBSSIR 
IBTA 
IBUR 
IC 


IC/EC 
ICA 
ICAF 
ICAO 
ICAP 
ICARIS 


ICBM 
ICC 


ICCC 
ICD 


ICDP 

ICE 
ICEDEFOR 
ICES 

ICF 


ICFTU 
ICIG 
ICITAP 


ICL 
ICM 


ICMC 
ICOD 
ICOM 
ICON 
ICP 


ICPS 
ICR 
ICRC 


ICRS 


Intelligence Baseline Overview 
Intelligence Battlefield Operating System 


(1) Interactive Beacon System; (2) Integrable Base Station; 
(3) Integrated Broadcast Service; (4) Intelsat Business Service; 
(5) Integrated Bridge System 


Background Signature Survey 
Integrated Battlefield Targeting Architecture 
Intelligence Bottom-Up Review 


(1) Intelligence Community; (2) Intelligence Collection; 
(3) Integrated Circuit; (4) Intelligence Center; (5) Irish Concern 


Intelligence Community/Executive Committee 
Intelligence Center Atlantic 

Industrial College of the Armed Forces 
International Civil Aviation Organization 
Improved Capabilities Program 


Intelligence Communications Architecture and Requirements 
Information System 


Intercontinental Ballistic Missile 


(1) Integrated Communications Center; (2) Intelligence Continu- 
ity Cell; (3) IMINT Coordination Cell; (4) Intelligence Coordi- 
nation Center (Coast Guard); (5) Initial Connectivity Capability 


International Council for Computer Communication 


(1) Interface Control Document; (2) Intelligence Collection 
Division; (3) Initiative Communications Deception 


Intelligence Career Development Program 

(1) Independent Cost Estimate; (2) Interface Control Element 
Iceland Defense Forces 

International Cooperation in Ocean Exploration 


(1) Intelligence Collection Flight; (2) Intelligence Contingency 
Funds; (3) Interconnect Facility 


International Confederation of Free Trade Unions 
IDHSS CSSR Interface Guard 


International Criminal Investigative Training and Assistance 
Program 


Intelligence Coordination Cell 


(1) Improved Conventional Munitions; (2) Intelligence Correla- 
tion Module; (3) Integrated Common Modules 


Intelligence Collection Management Course 
Intelligence/Information Cut-Off Date 
Integrated COMSEC (SINCGARS) 

Image Communications and Operations Node 


(1) Intelligence Collection Platform; (2) Interface Change 
Proposals; (3) Incremental Change Packages 


Intelligence Communications Processing Shelter 
Intelligence Collection Requirement 


(1) Intelligence Contingency Readiness Center; 
(2) International Committee of the Red Cross 


Imagery Collection Requirements Subcommittee (COMIREX) 
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ICS 


ICTF 
ICTT 


ICU 
ICV 
ICW 
ICWG 


ID 
IDA 
IDAD 
IDB 
IDB-II 
IDBM 
IDBR 
IDBTF 
IDC 
IDCSP 
IDEAS 
IDES 
IDEX 
IDEX II 
IDF 
IDHS 
IDHS 
IDHS-2000 
IDHS-II 
IDHSC 
IDHSC-II 
IDIMS 
IDIQ 
IDIRA 


IDL 
IDM 
IDMS 
IDN 
IDNX 
IDP 
IDPS 


IDS 
IDSCS 
IDSCP 


(1) Intercommunications System; 
(2) Intelligence Community Staff 


Interagency Crisis Task Force 


(1) Improved Commander’s Tactical Terminal; 
(2) Interim Commander’s Tactical Terminal 


Interface Control Unit 
Infantry Combat Vehicle 
In Coordination With 


(1) Interface Control Working Group; 
(2) Imagery Coordination Working Group 


(1) Identification; (2) Infantry Division; (3) Intelligence Division 
Institute for Defense Analysis 

Internal Defense and Development 

(1) Integrated Data Base; (2) Inter-American Development Bank 
PC-Based Integrated Data Base 

Integrated Data Base Maintenance 

Integrated Data Base Retrieval 

Intelligence Data Base Transaction Format 

Interagency Defector Committee 

Initial Defense Communications Satellite Program 
Intelligence Data Element Authorization Standards 

Installation Damage Expectancy Summary 

Imagery Data Exploitation System 

Imagery Data Exploitation System II 

(1) Israeli Defense Force; (2) Installation Data File 

Intelligence Data Handling System 

IDHS for the mid-1990s 

Intelligence Data Handling System for the Year 2000 
Intelligence Data Handling System, Second Iteration 
Intelligence Data Handling System Communications 
Intelligence Data Handling System Communications, Version II 
Interactive Digital Image Manipulation System 

Indefinite Delivery, Indefinite Quantity 


Introduction to Defense Intelligence Research and 
Analysis (DIA) 


Interoperable Data Link 

Improved Data Modem 

IPAC Document Management System 
Integrated Data Network 

Integrated Digital Network Exchange 
Intelligence Data Processor 


(1) Imagery Data Processing System; (2) Integrated Deployable 
Processing System; (3) Interim Deployable Processing System 


(1) Intrusion Detection System; (2) Infrared Detection Set 
Initial Defense Satellite Communications System 
Initial Defense Satellite Communication Program 
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IDSF 
IDTT 
IDZ 
IEA 
TEBL 
IEC 


IED 


IEG 
IEMATS 
TEP 
IEPG 
IEPR 
TER 

TES 

TESS 
IEW 
IEWCS 
IEWD 
TIEWFAM 
TEWSE 
IEWTAC 
IEWTPT 
IF 


IFAC 
IFF 
IFFN 
IFOR 
IFOV 
IFPS 
IFR 
IFRB 
IFS 
IFTE 
IFV 
IG 


IGCP 
IGD 
IGR 
IGRV 
IGS 
IGSM 
IGT 


Intelligence Defector Source File 
Inactive Duty Training Travel 
Inner Defense Zone 

International Energy Agreement 
Inter-Entity Boundary Line 


(1) Imagery Exploitation Center; (2) Intelligence Exchange 
Conference 


(1) Improvised Explosive Device; 
(2) Imitative Electronic Deception 


Imagery Exploitation Group 

Improved Emergency Message Automated Transmission System 
Independent Evaluation Plan 

Independent European Program Group 

Information Exchange and Processing Requirements Report 
Independent Evaluation Report 

Imagery Exploitation System 

Imagery Exploitation Support Segment 

Intelligence and Electronic Warfare 

IEW Common Sensor 

Intelligence and Electronic Warfare Directorate 

IEW Functional Area Model 

IEW Support Element 

IEW Technology Assessment Center 

IEW Tactical Proficiency Trainer 


(1) Interrogation Facility; (2) Identification Frequency; 
(3) Intermediate Frequency 


International Federation of Automatic Control 
Identification, Friend or Foe 

Identification, Friend, Foe or Neutral 
Implementation Force (Operation JOINT ENDEAVOR) 
Instantaneous Field-of-View 

Interformation Position System 

Instrument Flight Rules 

International Frequency Registration Board 
Imagery File Server 

Integrated Family Test Equipment 

Infantry Fighting Vehicle 


(1) Interagency Group; (2) Inspector General; 
(3) Intelligence Group (Air Force) 


Intelligence Guidance for COMINT Programming 
Intelligence Guidance Document 

Improved GUARDRAIL 

Improved GUARDRAIL V 

Image Generation System 

Interim Ground Station Module 

Interdepartmental Group on Terrorism 
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IGY 
THC 
THE 
THFR 
THO 
THR 
I 
IIC 
ICT 
IID 
IIDP 
TIE 
TIF 
IG 


TIM 

TIN 
IINCOMNET 
IINS 

IIPL 

IIR 


TIRES 
IIRK 
IIRS 
IIS 


IISE 
IISS 
IITLPC 
IITs 


TU 
IJMS 
ILAM 
ILC 
ILD 
ILE 
ILEA 
ILO 
ILP 
ILS 
ILSA 
IM 
IM/GD 


International Geophysical Year 

Intelligence Information Handling Committee 

Insensitive High Explosive 

Improved High Frequency Radio 

(1) International Hydrographic Organization; (2) In Honor of 
In-Extremis Hostage Rescue 

(1) Imagery Interpretation; (2) Imagery Interpreter 
Imagery Interpretation Center 

Interagency Intelligence Committee on Terrorism 
Integrated Information Display 

Integrated Intelligence Development Plan (USCINCEUR) 
Installation Identification Element 

Imagery Interpretation Facility 


(1) Imagery Intelligence Group (formerly USAIIC); 
(2) Intelligence Inspector General 


Interagency Intelligence Memorandum 
Imagery Interpretation Note 

Intratheater Intelligence Community Network 
Imagery Information Need Statement 
Integrated Intelligence Priority List 


(1) Imaging Infrared; (2) Intelligence Information Report; 
(3) Imagery Interpretation Report 


Imagery Interpretation, Reporting, and Exploitation System 
Interarea Interswitch Rekeying Key 
Imagery Interpretability Rating Scale 


(1) Indirect Identification System; (2) IPAC Intelligence 
Summary; (3) Imagery Interpretation Segment 


Intelligence Information System Enhancement 
Intelligence Information Subsystem 
Inter/Intra Team Low Power Communications 


(1) Intra-Theater Imagery Transmission System; 
(2) Installation Information Transfer Systems 


(1) Imagery Interpretation Unit; (2) Imagery Interface Unit 
Interim JTIDS Message Standard 

Improved Limpet Assembly Modular 

International Lines of Communication 

Injection Laser Diode 

Intelligence Liaison Element 

International Law Enforcement Academy 

Intelligence Liaison Officer 

Intelligence Liaison Party 

(1) Instrument Landing System; (2) Integrated Logistic Support 
Improved Lightweight Satellite Antenna 

(1) Information Management; (2) Intermodulation 
Intelligence Management/Guidance Document 
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41. Order of Signs 


When only addition and subtraction signs 
appear in a series of terms, addition and sub- 
traction procedures may be performed in any 
order. However, when multiplication and divi- 
sion signs appear in the same series with addi- 
tion and subtraction signs, the multiplication 
and division must be performed first, and then 
the addition and subtraction. 


Example 1: Evaluate 15 + 5—3+4 4—8. 


Step 1. Add the + terms: 
165+5+4=24 
Step 2. Add the — terms: 
(—8) + (—8) =—11 
Step 3. Add the + terms and — terms 
algebraically : 
24— 11 = 18. 
Example 2: Evaluate9 x 4+6—84+5 
Se2. 
Step 1. Perform the multiplication first: 


(9x 4)+6—34 (52) = 
(36) + 6—3 + (10) 
Step 2.” Add the +- terms: 
36+ 6+ 10 = 52 
Step 3. Add the + terms and the — 
terms algebraically : 


52 — 3 = 49 
Example 3: Evaluate 81 —~ 9— 38+ 6— 15 
+4> 5. 
Step 1. Perform the division: 


(81 + 9) — 384 6— 15 + 
(45) = (9) —34+6—15 
+ (4 x 5) 
Step 2. Perform the multiplication : 
9—34+6—15+ (4x 5) = 
9—38+ 6—15+ (20) 


Step 3. Add the + terms: 
9+6+ 20 = 35 
Step 4. Add the — terms: 


(—3) + (—15) = —18 


Step 5. Add the -- terms and the — 
terms algebraically: 
385 — 18 = 17. 
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42. Review Problems—Positive and Negative 


Numbers 


a. Add the following: 


(1) 23 and —6 

(2) 21 and 37 

(3) —54 and 33 

(4) —43° and —96° 

(5) 682 volts and —934 volts 


. Subtract the following: 


(1)—104 amperes from 147 amperes 
(2) —87 volts from —45 volts 

(3) .64cy from .0025cy 

(4) 21.386a22 from —10.68a22 

(5) —.9862?y from .82427y 


. Find the product of the following: 


(1) —6.4 and 2.8 
(2) 3, —6, and 4 
2 6 2 
(3) —3: 7 and —s 
(4) 3.01, —.02, and —1.26 
(5) —.0025, 150, —.10, and .075 


(6) —2, 5, 3, —1, and 4 


. Divide: 


(1) 36 by 4 
5 3 
(2) —7 byZ 
(3) —5.6 by —.008 
(4) —750 by —3 
(5) ; ampere by 5 ampere 


(6) —.3750 by 150 


. Evaluate the following: 


(1) 24+3—9 
(2)34442x5—8 

(3) 2—8x9 
(4)3x44+2x5—8 

(5) 54+3xX7—2xU4+7 
(6) 28+14—84164+3x2 
(7) 46—184+3x4—8412 
(8) 5—846 x44 40 

(9) 8—16+4x3—10X5 
(10) 15+5—342x10—2 


AGO 558A 


I 
I 
I 
I 


NCOLLNOM 
NCOMNET 
NCSEA 
NDICOM 


(1) Institute for Military Assistance; (2) Intelligence 
Mobilization Augmentee; (3) Information Mission Area 


Interim Medium Altitude Endurance UAV (formerly Tier I) 
1st Marine Amphibious Force 

Interim Mission Assessment Program 

(USCENTCOM) Intelligence Management Board 

The International Medical Corps 

Intergovernmental Maritime Consultative Organization 
Intelligence Management Document 

First Marine Expeditionary Force 


(1) International Military Education and Training; 
(2) Integrated Management Evaluation Team 


Integrated Meteorological System 
International Monetary Fund 
Imagery Intelligence 


(1) Intelligence Management Information System; 
(2) Integrated Management Information System 


International Maritime Law Enforcement Training Team 
Information Management Master Plan 

Imagery Network 

Intelligence Many-on-Many 

International Maritime Officer Course 


(1) Interface Message Processor; (2) Input Message Processor; 
(3) Image Product; (4) Information Management Program 


Imagery Products 

International Military Staff (NATO) 

Imagery Satellite 

Imagery Management Support Element 
International Maritime Satellite Organization 
Intelligence Mobile Training Team 


(1) International Negotiations; (2) Intelligence; (3) Infantry; 
(4) Director of Intelligence (Air Force Component) (also A2) 


Information Not Available 


(1) Intelligence Communications Architecture; 
(2) Integrated Nuclear Communications Assessment 


Intelligence Collection Requirement Nomination 
Intratheater Intelligence Communications Network 
Incidents at Sea 


(1) Indications Communication Network; 
(2) Indications and Warning Communications 


Indications Intelligence Communications 
Integrated Electronic Warfare System 
Infantry 

Intermediate-Range Nuclear Forces 
Infiltration 

Inflight Reports 

Inflight Reports 
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Information 

(1) Information Security; (2) Information Systems Security 
International Nongovernmental Organizations 

Initiation 

International Narcotics and Law 

International Maritime Satellite 

Integrated Network Management System 

Bureau of Intelligence and Research (State Department) 


(1) Inertial Navigation System; 
(2) Immigration and Naturalization Service 


Indian Satellite 

Integrated Special Intelligence Communications 
U.S. Army Intelligence and Security Command 
Instruction 

Automated Installations File (DIAOLS) 
Installation 

Installation 

Intelligence Summary 

Intelligence 


(1) Integrated Tactical Communications System; 
(2) Integrated Tactical Communications Study 


Intercept 

Intelligence 

Intelligence Broadcast 

Worldwide Intelligence Communication 

Intelligence Data 

Proper Name of System 

International Telecommunications Satellite Organization 


Command server/client system that allows secure SCI connectiv- 
ity to all commands on the network, and access to available files 
without additional log-on. 


Intelligence Network 

International Network 

CI database 

Interrogation 

International Travel by Selected Foreign Officials 
Internet with local scope 

Intelligence Report 

Intelligence Request 

Intelligence Summary 

Indian Nuclear Underground Test 


(1) Indian Ocean; (2) Intelligence Officer; (3) Information 
Objectives; (4) Intelligence Objective; (5) Intelligence Opera- 
tions (Division); (6) Information Operations; 

(7) Information Objectives 


Input/Output 
Indian Ocean Area 
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IOB 
IOC 


IOCTL 
IOD 

IOF 

IOIC 

IOM 
IOMDWG 
IONDS 
IOR 
IONDS 
IOS 


IOSS 


IOT&E 
IP 


IP/MP 
IPA 


IPAT 
IPB 
IPC 


IPCP 
IPCS 
IPD 


IPDB 
IPDS 
IPE 
IPF 


IPG 
IPIR 


IPR 
IPIX 


Intelligence Oversight Board 


(1) Initial Operational Capability; 
(2) Intelligence Operations Center 


Indian Ocean Conventional Target List 

Intelligence Operations Division (USEUCOM) 
Intelligence Operations Facility 

Integrated Operational Intelligence Center 

Input/Output Module 

Interagency Offensive Missile Deployment Working Group 
Integrated Operational Nuclear Detection System 
Individualized Operational Ration 

Integrated Operational Nuclear Detection System 


(1) Intelligence Operations Specialist; 
(2) International Organization for Standards 


(1) Integrated Operational Support Study; 
(2) Intelligence Organization Stationing Study 


Initial Operational Test and Evaluation 


(1) Initial Point; (2) Imagery Processing; (3) Intelligence Prob- 
lem; (4) Instrumentation Point; (5) Immediate Permanent Inca- 
pacitation Dose; (6) Internet Protocol 


Inphase/Midphase 


(1) Intelligence Production Activity; 
(2) Imagery Product Archive 


Intelligence Planning/Programming Analysis Tool 
Intelligence Preparation of the Battlefield/Battlespace 


(1) Industrial Planning Committee; (2) Intelligence Producers’ 
Council; (3) Intelligence Production Center 


Intelligence Production Campaign Plan 
Intelligence Producers Council Staff 


(1) Intelligence Planning Document; (2) Intelligence Plans 
Division (USEUCOM); (3) Intelligence Production Division 


Intelligence Production Data Base 
Imagery Processing and Dissemination System 
Intelligence Production Element 


(1) Integrated Processing Facility; 
(2) Intelligence Processing Facility (Guardrail) 


Implementation Planning Group 


(1) Immediate Photo Interpretation Report; 
(2) Initial Photographic Interpretation Report; 
(3) Initial Programmed Interpretation Report; 
(4) Initial Phase Interpretation Report 


Integrated Personal Armor 


Interface Processor for Imagery Exchange 
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IPM 


IPMA 
IPMO 
IPL 
IPM 
IPOIC 
IPOM 
IPP 
IPR 


IPRG 


IPS 


IPSC 
IPSG 
IPSO 
IPSP 
IPT 
IPU 
IPW 
IPWG 
IPX 
IR 


I2R 
IRA 
IRAC 
IRBM 
IRC 
IRCM 
IRCS 
IR&D 


(1) Interface Processor for Imagery Exchange; 
(2) Intelligence Programs Management 


Intelligence Production Management Activity 

Intelligence Program Management Office 

Integrated Priority List 

Interpersonal Messaging 

Interagency Prisoner of War Ad Hoc Committee 

Intelligence Program Objective Memorandum 

(1) Intelligence Producer Profile; (2) Impact Point Prediction 


(1) Intelligence Production Requirement; (2) In Process Review; 
(3) Impulse Response; (4) Internet Protocol Route 


(1) Intelligence Priorities Review Group; 
(2) Intelligence Program Review Board 


(1) Integrated Program Summary; (2) Intelligence Production 
System; (3) Imagery Processing Segment (CARS); (4) Intelli- 
gence Production Section; (5) Instructions Per Second; 

(6) Imagery Processing System 

Information Processing Standards for Computers 

Intelligence Program Support Group (now CISA) 

Internet Protocol Security Option 

Intelligence Priorities for Strategic Planning 

Integrated Product Team 

Inter-Parliamentary Union 

Interrogation of Prisoners of War 

Intelligence Priorities Working Group 

Internet Packet Exchange 

(1) Infrared; (2) Intelligence Information Report; (3) Ilumina- 
tion Rate; (4) Impulse Response; (5) Information Requirement; 
(6) Intelligence Requirement; (7) Initial Radiation; (8) Induced 
Radiation; (9) Information Ratio 

Imaging Infrared 

Intelligence-Related Activities 

Interdepartmental Radio Advisory Committee 
Intermediate-Range Ballistic Missile 

(1) International Red Cross; (2) International Rescue Committee 
Infrared Countermeasures 


Improved Radar Calibration System 


Independent Research & Development 
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IRD 


IRDB 

IRDC 
IRDHS 
IREMBASS 
IRDS 
IREMBASS 
IREPS 

IRF 


IRG 
IRGM 
IRINT 
IRIS 
IRISA 
IRISF 
IRK 
IRLS 
IRM 


IRMS 
IROF 
IROL 
IROP 


IRPG 
IRPIA 
IRR 


IRS 


IRSCOM 


IS 


I&S 


(1) Independent Research & Development; (2) Intelligence 
Resources Division; (3) Intelligence Reserve Detachment 


Integrated Requirements Data Base 

Intelligence Research and Development Council 
Imagery-Related Data Handling System (see AIRES) 
Improved Remotely Monitored Battlefield Surveillance System 
Infrared Detection System 

Improved-Remotely Monitored Battlefield Sensor System 
Integrated Refractive Effects Prediction System 


(1) Imagery Readiness Facility; 
(2) Intelligence Readiness Facility 


Interdepartmental Regional Group 
Infrared Guidance Module 

Infrared Intelligence 

Infrared Imaging System 

Imagery Report Index Summary 
Intelligence Report Index Summary File 
Interswitch Rekeying Key 

Infrared Line Scanner 


(1) Intelligence Requirements Management; 
(2) Information Resource Management 


Imagery Requirements Management System 
Imagery Reconnaissance Objectives File 
Imagery Reconnaissance Objectives List 

(1) Imagery Reconnaissance Objectives Plan; 
(2) Infrared Optical Intelligence; 

(3) Imagery Requirements Objectives Program 
Installation Reference Points Graphics 


Intelligence Information Report Photo Index 


(1) Individual Ready Reserve; (2) Intelligence Requirement 
Request; (3) Intelligence Readiness Report 


(1) Intelligence Research Specialist; (2) Internal Revenue 
Service; (3) Interface Requirements Specification; 

(4) Intelligence Requirements Subcommittee 

Imagery Requirements Subcommittee 


(1) Information Systems; (2) Intelligence Specialists; 
(3) Intelligence Squadron 


(1) Intelligence and Security; (2) Intelligence and Surveillance 
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ISA 


ISAF 
ISAR 
ISARC 
ISB 


ISC 


ISCO 
ISC/SC 
ISD 


ISDB 
ISDN 


ISEMS 
ISEW 
ISF 
ISG 
ISHMRS 
ISIC 
ISID 
ISIDS 
ISINT 
ISIP 
ISIS 


ISLES 
ISM 
ISMB 
ISO 


ISOFAC 
ISOPREP 
ISOS 

ISP 


ISP DCS 
ISP CPE 
ISPER 
ISPO 
ISPR 
ISPS 
ISPT 


(1) International Security Affairs; (2) Interservice Support 
Agreement; (3) Intelligence Support Activity; (4) Integration 
Support Activity; (5) International Support Agreement 


Israeli Air Force 
Inverse Synthetic Aperture Radar 
Intelligence, Surveillance, and Reconnaissance Cell 


(1) Initial Staging Base; (2) Intermediate Staging Base; 
(3) Intelligence Systems Board; (4) Intelligence Support Base 


(1) Information Systems Command; (2) Information Science 
Center; (3) Intelligence Support Cell 


Intelligence Support to Combined Operations 
Intelligence Specialist Chief/Senior Chief 


(1) Intelligence Support Detachment; (2) Intelligence Security 
Division; (3) Intelligence Support Division 


Integrated Satellite Data Base 


(1) Integrated Services Data Network; (2) Intelligence Services 
Digital Network ISEIntelligence Support Element 


Improved Spectrum Efficiency Modeling and Simulation 
Intelligence, Security, and Electronic Warfare 
Intelligence Support Facility (U.S. Navy) 

Intelligence Support Group (U.S. Navy) 

Improved SOF High Frequency Manpack Radio System 
Intelligence Support and Indications Center 

Interim Secondary Imagery Dissemination System 
Improved SIDS 

Instrumentation Signals Intelligence 

Intelligence Support Interface Program 


(1) Integrated Signals Intelligence System; 
(2) Interim SOCOM Intelligence Threat Data System 


Information Systems for Law Enforcement Support 
Industrial Security Manual 
Intelligence Systems Management Board 


(1) Information Systems Office; 
(2) International Standards Organization 


Isolation Facility 
Isolated Personnel Report 
Intelligence System of Systems 


(1) Intelligence Support Plan; (2) Industrial Security Program; 
(3) Intelligence Support Processor; (4) Integrated Survey Pro- 
gram; (5) Intelligence Survey Program 


Integrated Survey Program Data Collection System 
Integrated Survey Program Central Production Element 
IPAC Special Reports 

Intelligence Support Program Office 

Information Systems Processing Request 

(1) ISP Server; (2) Improved SOF Power Sources 
Intelligence Support Processor Tool 
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ISR (1) Imagery Support Requirement; (2) Inter-Agency Source 
Registry; (3) Intelligence, Surveillance and Reconnaissance 


ISRD Information Systems Requirement Document 


ISS (1) Intelligence Support System; (2) Intelligence Support Sub- 
system; (3) Intelligence Support Staff; (4) Information Security 
System; (5) Information Systems Security 


I&SS Intelligence and Security Service 
ISSA (1) Information Systems Support Activity; 
(2) Inter-service Support Agreement 
ISSM Information Systems Security Manager 
ISSO (1) Information Systems Security Officer; 
(2) Intelligence Systems Support Office 
ISST ICBM SHF Satellite Terminal 
IST (1) Imagery Support Terminal; (2) Intelligence Support Team; 
(3) Intelligence System Team 
ISTA Intelligence, Surveillance, Target Acquisition 
ISWG Intelligence Support Working Group 
ISYSCON Integrated System Control 
IT Immediate Transient Incapacitation Dose 
ITA (1) Intelligence Terrain Analyzer; 
(2) International Telegraph Alphabet 
ITAAS Intelligence Training Army Area Schools 
ITAC (1) Intelligence and Threat Analysis Center (U.S. Army); 
(2) Intelligence Tracking Analysis and Correlation 
ITACIES Interim Tactical Imagery Exploitation System (U.S. Army) 
ITACS Integrated Tactical Air Control System 
ITAR International Traffic in Arms Regulations 
ITAS Improved Target Acquisition System 
ITC Interagency Training Center 
ITCT Improved Tactical Commander’s Terminal 
ITD (1) Interim Terrain Data; (2) Individual Training Directorate; 
(3) International Training Division 
ITDB Intercept Tasking Data Base 
ITDN Integrated Tactical Data Network 
ITEP (1) Interim Tactical ELINT Processor (U.S. Army); 
(2) Integrated Threat Evaluation Program 
ITF Intelligence Task Force 
ITFN Intra-Task Force Network 
ITG Interdiction Target Graphic 
ITIBS Improved TIBS 
ITIC-PAC INSCOM Theater Intelligence Center-Pacific 
ITH Internal-to-Internal Interface 
ITL Interagency Telephone Laboratory 
ITO (1) International Trade Organization; 
(2) Integrated Tasking Order 
ITOC Interrogation Translation Operations Center 
ITP (1) Intelligence Town Plan; (2) Interrogation/Translation Platoon 
ITS Imagery Transmission System 
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ITSS Integrated Tactical Surveillance System 


ITT Interrogator Translator Team 
ITU (1) Interrogator-Translator Unit; 

(2) International Telecommunications Union 
ITUT Interim Tactical Users Terminal 
ITW (1) International Targeting Workstation; 

(2) Integrated Threat Warning 
ITW&AA Integrated Tactical Warning and Attack Assessment 
IU (1) Interface Unit; (2) Image Understanding 
1UG Intelligence Users’ Guide 
IUS Inertial Upper Stage 
IUSS Integrated Undersea Surveillance System 
IVAN Intelligence Van 
IVCS Integrated Vehicle Communications System 
IVD Interactive Video Disk 
IVIS Inter- Vehicle Information System 
IVSN Initial Voice Switched Network 
IW (1) Information Warfare; (2) Intelligence Wing 
I&W (1) Indications and Warning; (2) Intelligence & Warning 
IWC Information Warfare Center 
IWD Intermediate Water Depth 
IWG Intelligence Working Group 
IWO Intelligence Watch Officer 
IWS (1) Intelligence Work Station; (2) Information Warfare Squadron 
IWSDB Integrated Weapon System Data Base 
IWST Information Warfare Support Team 
IWT Intelligence Watch Team 
IWTS Indications and Warning Training System 
IWW Inland Waterway 
Ix Unclassified Miscellaneous Ship 
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J3 Director(ate) of Operations 

J4 Logistics Directorate 

J5 Director(ate) of Plans, Policy, and Programs 

J6 (1) Director(ate) of Command, Control, Communications; 


(2) Director(ate) of Command, Control, Communications, and 
Computer Systems 


J7 Joint Operational Plans Staff 

J8 Director(ate) of Resource Management 

JA Judge Advocate (General) 

JAADS Joint Allied Air Defense System 

JAAT Joint Air Attack Team 

JAC Joint Analysis Center 

JACC/CP Joint Airborne Communications Center/Command Post 

JAD Joint Assessment Data 

JAEIC Joint Atomic Energy Intelligence Committee 

JAG Judge Advocate General 

JAI Joint Administrative Instruction 

JAIEG Joint Atomic Information Exchange Group 

JAIS Japan Air Intelligence System 

JAIS-PAC Joint Area Information system-USPACOM 

JAMIP Joint Analytic Model Improvement Program 

JAN Joint Army-Navy 

JANAF Joint Army, Navy, Air Force Publication 

JANAP Joint Army/Navy Publication 

JAO Joint Area of Operations 

JAOC Joint Air Operations Center 

JAOP Joint Air Operations Plan 

JAPC Joint Attrition and Penetration Committee 

JAR JIC Analysis Report 

JARCC Joint Air Reconnaissance Control Center 

JARIC (1) Joint Aerial Reconnaissance Intelligence Center; 
(2) Joint Air Reconnaissance Interpretation Center (UK) 

JAROC (B) Joint Allied Refugee Operations Center (Berlin) 

JARP Joint Aerospace Reserve Program 

JASDF Japanese Air Self-Defense Forces 

JASORS Joint Advanced Special Operations Radio System 

JASPO Joint Airborne SIGINT Program Office 

JASS Joint Airborne SIGINT System 

JAST Joint Advanced Strike Technology Program 

JATCCCS Joint Advanced Tactical C3 System 

JAWS (1) Joint Analytical Workstation; (2) Joint Advanced Weapons 
System; (3) JDISS-Army Workstation 

JBS (1) Joint Base Station; (2) Joint Broadcast Service 

J2C CIA Liaison 
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JC2WC 
JCAT 
JCC 
JCCC 
JCCOC 
JCCWC 
JCET 
JCEOI 
JCF 
JCISB 
JCISOC 
JCMC 


JCMEC 
JCMO 
JCMOTF 
JCMPO 
JCMST 
JCMT 
JCNJSIC 
JCNICC 
JCP 
JCPES 
JCPX 
JCRC 
JCS 
JCSAN 
JCSAR 
JCSE 


JCSM 
JCSS 


JCTG-ME 
J2D 
JDA 


JDAC 
JDAL 
JDAM 
JDC 
J-DEC 
JDEC 
JDF 
JDGW 
JDIA 


Joint C2 Warfare Center 

(1) Joint Crisis Action Team; (2) Joint Crisis Analysis Tool 
Joint Coordination Center 

Joint Communications Control Center 

Joint Communications & Control Operational Concept 
Joint Command and Control Warfare Center 
Joint/Combined Exercises for Training 

Joint CEOI 

Joint Communications Facility 

Joint Counterintelligence Support Branch 

Joint CI Staff Officer’s Course 


(1) Joint Crisis Management Capability; 
(2) Joint Crisis Management Center 


Joint Captured Materiel Exploitation Center 

Joint Collection Management Office 

Joint Civil Military Operations Task Force 

Joint Cruise Missile Project Office 

Joint Collection Management Support Tool (renamed JCMT) 
Joint Collection Management Tool 

Center Cheyenne Mountain Air Force Base (CMAFB) Node 
Joint Counternarcotics Intelligence Coordination Center 
Joint Congressional Committee on Printing 

Joint Chiefs Planning and Execution System 

Joint Command Post Exercise 

Joint Casualty Resolution Center 

Joint Chiefs of Staff 

JCS Alert Network 

Joint Combat Search and Rescue 


(1) Joint Communications Support Element; 
(2) Joint Contingency Support Element 


Joint Chiefs of Staff Memorandum 


(1) Japan Combat Support System; 
(2) Joint Communications Support Squadron 


Joint Technical Coordinating Group for Munitions Effectiveness 
DIA Liaison 


(1) Joint Deployment Agency; (2) Japan Defense Agency; 
(3) Joint Duty Assignment 


Joint District Area Command 

Joint Duty Assignment List 

Joint Direct Attack Munition 

Joint Debriefing Center 
JICPAC-Detachment Japan 

Joint Document Exploitation Center 
Joint Development Facility 

Joint Digital Geopositioning Workstation 
Joint Digital Intelligence Assessment 
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Section Ill. FUNDAMENTAL OPERATIONS 


43. Addition and Subtraction of Algebraic Ex- 
pressions 


a. General. Only similar algebraic terms— 
those that are exactly alike in all respects other 
than numerical coefficients—may be added or 
subtracted. For example, the sum of 3x7y and 
5a2y is 8%2y. Dissimilar terms cannot be added 
or subtracted directly, but the processes of 
addition or subtraction can be indicated by the 
use of plus or minus signs. For example, the 
sum of 422y and 2xy? is 4u?y + 2ay?. 

b. Procedure. To add or subtract algebraic 
expressions, arrange the terms so that like 
terms are in the same vertical column, and pref- 
erably in descending order of powers. Add or 
subtract the terms according to the rules of 
signed numbers (pars. 37 and 38). 


Example 1: Add x? — 322 + 1, 23 + # — 3, 


andz?ta+i1. 

x? — 322 +1 

x3 + «— 3 
we+tiae24+ii1 


2x3 — 22? + 24 — 1 
Example 2: Subtract x3 + 322 + 2 —1 from 
x4 +t x8 — x& 42. 
x + 2 —x+2 
— (x3 — 8a? — x + 1) 
Remove parentheses and change 


signs. 
vt t+ x —ax+2 
—x — 34? -—- x +1 
e006 8a? — 22 + 3 


44, Multiplication and Division of Monomials 


a. Multiplication. In multiplying monomials, 
multiply the numerical coefficients and write 
this result as the coefficient of the product. 
After the coefficient, write each literal factor 
with an exponent equal to the sum of all the 
exponents of that letter in the original factors. 
For example, 3a” * 2a” = 6a"+™. 

Example 1: Multiply x? by 2°. 

RP go gett = oe 

Example 2: Multiply x, x3, and x°. 

gle 3+ yl0 — 9148410 — yl4 


Example 3: Multiply x3y6 by 32y?. 
Step 1. Multiply the coefficients : 
1°3=8 


AGO 558A 


Step 2. Multiply the two factors having 
the base x: 
wi °¢ — o8t+l1 — xt 
Step 3. Multiply the two factors having 
the base y: 
ys . yf _— yo +2 = yf 
Step 4. The product is: 


e3ys . ary? — 3utys 
Example 4: Multiply x?y4z and wayz', 

xyte * wasy2® — wartsystigits 

y2+3 — ob 

yitl — yb 

zitt 28 

Therefore, 
waryezs, 


xrytz wasyze = 

b. Division. In dividing a monomial by a 
monomial, divide the numerical coefficient of 
the dividend by the coefficient of the divisor 
and write the result as the coefficient of the 
quotient. After the coefficient, write each literal 
factor with an exponent equal to its exponent 
in the dividend minus its exponent in the 
divisor. Thus, to divide 6a" by 3a” (n greater 


than m), we = 2a"—™, 


Example 1: Divide x3 by x2. 
as = y3—2 — gl — 2% 
ye? 

Example 2: Divide 5x%yz* by 6232. 
5aSy28 5 


62322 6 


eo&—sy gs—2 


— 2 tye or 2Ue 
c. Removal of Parentheses and Brackets. 

(1) In multiplying a quantity in paren- 
theses by a given factor, multiply each 
term inside the parentheses by that 
factor and drop the parentheses. If 
the factor is a negative quantity, the 
sign of every term inside the paren- 
theses is changed. For example, 
—5(a—b+c) = — 5a + 5b — Be. 

(2) When an algebraic expression, such as 
5a — 4 [w — 2(x% — 3)], has more 
than one grouping symbol (paren- 
theses and brackets), .remove the 
inside grouping symbol first and then 
successively remove the outer group- 
ing symbols. 
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JDIPC 
JDISS 


JDISS-C 
JDISS-E 
JDISS-S 


JDIVS 
JDMAG 
JDS 
JDSS 
JDSIR 
JDSSC 
JEAP 


JEC 
JECC(G) 
JECG 
JECM 
JEEP 
JEIO 
JEFPROS 
JEIR 
JEL 

JEM 

JES 
JESS 
JET 
JETDS 
JEWC 
JFACC 
JFC 
JFFC 
JFFSC 
JFI 

JFIC 
JFITL 
JFK CTRMA 
JFLCC 
JLOTS 
JFM 
JFMCC 
JFMO 
JFSOCC 
JGITSS 


Joint Deployable Imagery Production Center 


(1) Joint Deployable Intelligence Support System; 
(2) Joint Defense Intelligence Support Services 


Joint Deployable Intelligence Support System-CENTCOM 
JDISS-EUCOM 


Joint Deployable Intelligence Support System-SOCOM or 
SOCRATES 


Joint Deployable Intelligence Video/Data System 
Joint Deployable Maintenance Analysis Group 

Joint Deployment System 

Joint Decision Support System 

Joint Deployment System Incident Reporting System 
Joint Data System Support Center 


(1) Joint Electronic Analysis Program; 
(2) Joint Electronic Analysis Position 


Joint Economic Committee 

Joint Exercise Control Center (Group) 

Joint Exercise Control Group 

Joint Electronic Countermeasures 

Joint Emergency Evacuation Plan 

Joint Engineering and Interoperability Organization 
JAC EUCOM Force Protection Summary 

JAC EUCOM Intelligence Review 

Joint Electronic Library 

Joint Exercise Manual 

JDISS Embedded Support 

Joint Exercise Support System 

JWICS Earth Terminal 

Joint Electronics Designation System 

Joint Electronic Warfare Center 

Joint Force Air Component Commander 

(1) Joint Fusion Center; (2) Joint Force Commander 
Joint Force Fires Coordinator 

Joint Force Fire Support Coordinator 

Joint Force Integrator 

Joint Force Interdiction Coordinator 

Joint Force Integrator Task List 

John F. Kennedy Center for Military Assistance 
Joint Force Land Component Commander 

Joint Logistics Over the Shore 

Joint Force Memorandum 

Joint Force Maritime Component Commander 

Joint Frequency Management Office 

Joint Force Special Operations Component Commander 
Joint General Intelligence Training System Subarchitecture 
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JGSDF 
JIATF 
JIATF-E 
JIATF-W 
JIB 

JIC 


JIC-E 
JIC-SOUTH 
JIC-2000 
JICEUR 
JICPAC 
JICREP 
JICTRANS 
JIEO 

JTEP 

JIF 

JIFF 

JITKS 

JIIM 

JILE 

JIM 
JINTACCS 
JINTC 

JIO 

JIOC 

JIPC 
JIPTL 
JISA 
JISAD 
JISC 


JISE 
JISI 
JISS 
JITAP 
JITC 
JITF 
JIVA 
JLA 
JLARG 
JL-COE 
JLD 
JLE 
JLMIS 


Japanese Ground Self-Defense Forces 

Joint InterAgency Task Force 

Joint InterAgency Task Force - East 

Joint InterAgency Task Force - West 

Joint Intelligence Bureau (Commonwealth Countries) 


(1) Joint Intelligence Center; (2) Joint Interrogation Center; 
(3) Joint Intelligence Cell 


Joint Intelligence Center-Europe 

Joint Intelligence Center-U.S. SOUTHCOM 
Designation of JICSOUTH upon movement to CONUS 
Joint Intelligence Center Europe 

Joint Intelligence Center Pacific 

Joint Intelligence Center Report 

Joint Intelligence Center for Transportation 

Joint Interoperability Engineering Organization (DISA) 
Joint Intelligence Estimate for Planning 

Joint Interrogation Facility 

Joint Interdiction of Follow-on Forces 

Joint Imagery Interpretation Key Structure 

Joint Intelligence Information Management 

Joint Intelligence Liaison Element 

JESS Intelligence Model 

Joint Interoperability of Tactical Command and Control Systems 
Joint Intelligence Task Force 

Joint Intelligence Organization 

Joint Intelligence Operations Center 

Joint Imagery Production Center 

Joint Integrated Prioritized Target List 

Joint Intelligence Support Architecture 

JTF Intelligence Support Architecture Document 


(1) Joint Intelligence Support Center; 
(2) Joint Intelligence Support Concept 


Joint Intelligence Support Element 

Joint Intelligence System Integration 
Japan Intelligence Support System 

Joint Intelligence Training Activity Pacific 
Joint Interoperability Test Center (DISA) 
Joint Integration Testing Facility 

Joint Intelligence Virtual Architecture 
Joint Logistics Assessment 

Joint Logistics Assessment Review Group 
Joint Logistics Center of Excellence 

Joint Liaison Detachment 

Jammer Locator Electronics 

Joint Logistics Management Information System 
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JLOTS 
JLPPG 
JLRC 
J4/LRC 
JLREID 
JLRSA 
JLSP 


aes 2 5 
a 


ss 
Hoa 
Sa 


Ss2es 5385 
mmana 

= a 
x 


22% 
ag * 


SSE5 
as) 


Zs 


sxyuyy yyy yyy yy sss YsS 
S eeaee Z 

4 4 
Aw QW 425 Q 


SE 
oe) 
io) 


syuy 
Z 
o) 


Joint Logistics Over the Shore 

Joint Logistics and Personnel Policy and Guidance 

Joint Logistics Readiness Center 

Joint Logistics Readiness Center 

Joint Long-Range Estimating Intelligence Document (JSPS) 
Joint Long-Range Strategic Appraisal 

Joint Logistics Steering Panel 

Joint Mission 


(1) Joint Mobilization Augmentation; (2) Joint Mission Analysis 


Joint Mobility Assistance Team 
Joint Movement Center 


(1) Joint MC&G Coordination Center; 
(2) Joint Mobile Command Center 


Joint Maritime Command Information System 
Joint Munitions Effectiveness Manual 


Joint Mission Element Needs Statement 


(1) Joint Mission Essential Target List; 
(2) Joint Mission Essential Task List 


JTIDS Modular AOC Integration System 

Joint Military Intelligence College 

JWICS Mobile Integrated Communications System 
Joint Maritime Information Element 

JMIE Support System and Modernization 

Joint UHF MILSATCOM Network Integrated 

Joint Military Intelligence Program 

Joint Military Intelligence Support Element 

Joint Military Intelligence Training Center 

Joint Mission Needs Statement 

Joint Management Office 

Joint Mobile Operations Command Center 

(1) Joint Manpower Program; (2) Joint Mobilization Program 
Joint Material Priorities Allocation Board 

Joint Munitions Production Panel 

Joint Military Readiness Review 

Japan Maritime Self-Defense Force 

Joint Modeling and Simulation Integration Program 
Justification for Major System New Start 

Joint Management Support Tool 

Joint Military Transportation Board 


(1) Joint Military Terminology Group; 
(2) Joint Master Training Guide 


Joint Mapping Tool Kit 


Joint Nuclear Accident Coordinating Center 
Yugoslavia National Air Force 
Jet Navigation Chart 
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JNC-A Jet Navigation Chart-Air 


JNIDS (1) Joint National Intelligence Dissemination System; 
(2) Joint National Intelligence Development Staff 


JNPE Joint Nuclear Planning Element 

JOA Joint Operations Area 

JOC Joint Operations Center 

JOC/INT Joint Operations Center/Intelligence Team 
JOG Joint Operations Graphic 

JOG-A Joint Operations Graphic-Air 

JOG-C Joint Operations Graphic-Combined 
JOG-G Joint Operations Graphic-Ground 

JOG-R Joint Operations Graphic-Radar 

JOIC Joint Operational Intelligence Center/Cell 
JOIN Joint Operations Intelligence Network 
JOINT REDTRAIN Joint Readiness Training 

Joint STARS Joint Surveillance Target Attack Radar System 
JOP Joint Operating Procedure 

JOPES Joint Operations Planning and Execution System 
JOPS Joint Operational Planning System 

JOS Joint Operational Stocks 

JOSE Joint Operations Support Element 

JOTS Joint Operational Tactical System 

JP (1) Jet Petroleum; (2) Joint Publication 
JPAM Joint Program Assessment Memorandum 
JPAT Joint Planning and Assistance Team 

JPD Joint Planning Document 

JPEA Joint Planning and Exercise Activity 

JPEC Joint Planning and Execution Community 
JPL Jet Propulsion Laboratory 

JPM Joint Program Manager 

JPMIE Joint Program for Military Intelligence Education 
JPMO Joint Program Management Office 

JPN JSIC Peterson Node 

JPO Joint Project Office 

JPOTF Joint Psychological Operations Task Force 
JPOTG Joint Psychological Operations Task Group 
JPPR Joint Planning and Program Review 

JPRS Joint Publications Research Service 

JPSD Joint Precision Strike Demonstration 

JPSS Joint Planning Staff for Space 

JPSIO Joint Precision Strike Integration Office 
JRA Joint Rear Area 

JRB Joint Reconnaissance Board 

JRC (1) Joint Reconnaissance Center; (2) Joint Recovery Center 
JRCB Joint Reconnaissance Coordination Board 
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JRCC 
JRCP 
JRDC 
JRDOD 
JRFL 
JRIP 
JRMB 
JRO 
JROC 
JROC-B 
JRS 
JRSC 
JRTC 


JRTC-IS 
JRX 

JRX MILES 
JS 

J/S 


JSAJAC 
JSAC 
JSAM 
JSAMSA 
JSB 

JSC 
JSCP 
JSCS 
JSDF 
JSEAD 


JSFC 
JSIC 
JSIMS 
JSIOC 
JSIOPC 
JSIP 
JSIPS 
JSIPS-N 
JSMB 
JSO 
JSOA 


JSOACC 
JSOC 


Joint Rescue Coordination Center 

Joint Readiness Command Program 

Joint Regional Defense Command 

Joint Research and Development Objectives Document 
Joint Restricted Frequency List 

Joint Reserve Intelligence Program 

Joint Requirements and Management Board 
Joint Reconnaissance Office 

Joint Requirements Oversight Council 

Joint Refugee Center, Berlin 

Joint Reporting System/Structure 
Jam-Resistant Secure Communications 


(1) Joint Readiness Training Center; 
(2) Joint Regional Training Center 


JRTC Instrumentation System 
Joint Readiness Exercise 

JRX Milestone System 

Joint Staff 


Ratio of received power level of a jamming signal and a desired 
signal 


Security Activity 

Joint State Area Command 

Joint Security Assistance Memorandum 

Joint Security Assistance Memorandum Supporting Analysis 
Joint Synthetic Battlespace 

(1) Lyndon B. Johnson Space Center; (2) Joint Spectrum Center 
Joint Strategic Capabilities Plan 

Joint Strategic Connectivity Staff 

Japanese Self-Defense Forces 


(1) Joint Surveillance Enemy Air Defense; 
(2) Joint Suppression of Enemy Air Defenses 


Joint Space Fundamentals Course 

Joint SPACECOM Intelligence Center 

Joint Simulation System 

Joint Space Intelligence Operations Course 

Joint Space Intelligence Operations Policy Course 
Joint Services Imagery Processor 

Joint Service Imagery Processing System 

Joint Service Imagery Processing System-Navy 
Joint Space Management Board 

(1) Joint Staff Office; (2) Joint Support Office 


(1) Joint Special Operations Agency; 
(2) Joint Special Operations Area 


Joint Special Operations Air Component Commander 


(1) Joint Special Operations Center; (2) Joint Strategic 
Operations Center; (3) Joint Special Operations Command 
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JSODC 
JSOFI 
JSOIC 
JSOIT 
JSOIO 
JSOP 
JSOPW 
JSOR 
JSOSOC 
JSOTF 
JSOTFSO 
JSOTP 
JSOW 
JSPD 
JSPDSA 
JSPO 
JSPS 
JSR 
JSRC 
JSS 
JSST 
JSTARS 
JSTPS 
JSWG 


JT 
JTA 
JTAGS 
JTAO 
JTARS 
JTASC 
JTB 
JTC 


JTC3A 
JTCAE 
JTCB 
JTCG 
JTCG(ME) 


JTC/SIL 
JTD 


JTDA 
JTEB 
J-TENS 


Joint Special Operations Deception Course 

Joint Special Operations Forces Institute 

Joint Special Operations Intelligence Course 

Joint Special Operations Intelligence Training 

Joint Special Operations Intelligence Orientation 

Joint Strategic Objectives Plan 

Joint Special Operations Planning Workshop 

Joint Service Operational Requirement 

Joint Special Operations Staff Officer Course 

Joint Special Operations Task Force 

Joint Special Operations Task Force South 

Joint Special Operations Training Project 

Joint Standoff Weapon 

Joint Strategic Planning Document 

Joint Strategic Planning Document Supporting Analysis 
Joint System Program Office 

Joint Strategic Planning System 

(1) Joint Strategy Review; (2) Joint Special Reports 
Joint Search and Rescue Center 

(1) Joint Surveillance System; (2) JMIE Support System 
(1) Joint Space Support Team; (2) Joint Special Support Team 
Joint Surveillance and Target Attack Radar System 
Joint Strategic Target Planning Staff 


(1) J-TENS Special Working Group; 
(2) Joint Service Working Group 


Joint 

(1) Joint Task Analysis; (2) Joint Table of Allowances 
Joint Tactical Ground Station 

Joint Tactical Air Operations 

Joint Tactical Aerial Reconnaissance System 

Joint Training, Analysis and Simulation Center 

(1) Joint Transportation Board; (2) Joint Targets Board 


(1) Joint Target Committee; (2) Joint Technology Center; 
(3) JEACC Target Cell 


Joint Tactical Command, Control, and Communications Agency 
Joint Tactical Control and Analysis Element 

Joint Targets Coordination Board 

Joint Technical Coordinating Group 


Joint Technical Coordinating Group (For Munitions 
Effectiveness) 


Joint Technology Center/ Systems Integration Laboratory 


Joint Table of Distribution (Manning Authorization for a Joint 
Organization) 


Joint Table of Distribution and Allowances 
Joint Test and Evaluation Board 
Joint Tactical Exploitation of National Systems 
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JTENS 
JTF 
JTF-6 
JTF-B 
JTFCEM 
JTF-FA 
JTF-LOCE 
JTF-PM 
JTFPO 
JTF-PP 
JTF-SWA 
JTFHQ 
JTFP 
JTFPMO 
JTFSO 
JTG 

JTIC 
JTID 
JTIDS 
JTL 
JTMD 


JTN 
JTOSS 
JTP 
JTR 
JTRU 
JTSC 
JTSG 
JTT 
JTTP 
JTWS 
JTX 
JUAVTC 
JUDI 
JULL 
JULLS 
JUMPS 
JUSMAG 
JUWC 
JUWTF 
JVIDS 
JWAC 
JWARS 
JWBCA 


Joint-Service Tactical Exploitation of National Systems 
(1) Joint Tactical Fusion; (2) Joint Task Force 

Joint Task Force-6 

USSOUTHCOM JTF in Honduras 

Joint Task Force Contingency Engineer Manager 

Joint Task Force-Full Accounting 

Joint Tactical Fusion-Limited Operational Capability Europe 
Joint Task Force-Panama 

Joint Tactical Fusion Program Office 

Joint Task Force PROVIDE PROMISE 

Joint Task Force-South West Asia 

Joint Task Force Headquarters 

Joint Tactical Fusion Program 

Joint Tactical Fusion Program Management Office 
Joint Task Force South 

Joint Task Group 

Joint Transportation Intelligence Center 

Joint Digital Team Information Device 

Joint Tactical Information Distribution System 

Joint Target List 


(1) Joint Theater Missile Defense; 
(2) Joint Table of Mobilization and Distribution 


Joint Targeting Network 

Joint Task-Organized Software Subsystem 
Joint Training Plan 

Joint Travel Regulation 

Joint Transportation Reserve Unit 

Joint Technology Steering Committee 
Joint Targets Steering Group 

Joint Tactics Terminal 

Joint Tactics, Techniques and Procedures 
Joint Threat Warning System 

Joint Training Exercise 

Joint UAV Training Center 

Joint Universal Data Interpreter 

Joint Universal Lessons Learned 

Joint Universal Lessons Learned System 
Joint Uniform Military Pay System 

Joint United States Military Advisory Group 
Joint Unconventional Warfare Command 


Joint Unconventional Warfare Task Force 
Joint Visual Integrated Display System 
Joint Warfare Analysis Center 

Joint Warfare Simulation 

Joint Whole Blood Control Agency 
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(1) Joint Warfare Center; (2) Joint Working Group 
Joint Warfighting Capability Assessment 

Joint Warfighting Center 

Joint Working Group 


(1) Joint Warning Indications Communications System; 
(2) Joint Worldwide Intelligence Communications System 


Joint Worldwide Interoperability Demonstration 
JTF J2 Support Element 
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KAL 
KALCC 
KAPP 
KAWS 
KB 
Kbps 
KBS 
KBYTES 
KCG 
KCIA 
KCOIC 
KCSS 
KDC 
KDEI 
KDIA 
KDI 


KIA 
KIA-BNR 
KIAS 
KIES 
KIEWS 
KILLREP 
KILLSUM 
KILOD 
KIP 
KIPPL 
KISS 
KIWS 

KJ 


Kelvin (absolute temperature scale) 
Korea Analysis Center 

Korean Air Defense Identification Zone 
Korean Air Intelligence System 
Key-Auto-Key 

Key Asset List 

Korean Airlift Control Center 

Key Asset Protection Program 

Korean Analyst Workstation 

(1) Kilobyte; (2) Knowledgeability Brief 
Kilobits Per Second (also KPS) 
Knowledge-Based System 

Kilobytes 

Korean Consultative Group 

Korean Central Intelligence Agency 
Korean Combat/Combined Operations Intelligence Center 
Korean Combat Support System 

Key Distribution Center 

Key Defense Estimates Issues 

Korean Defense Intelligence Agency 
Key Defense Intelligence Issues 
Kinetic Energy 

Key Encryption Key 

Kaleidoscope Elint Processor 

Kinetic Energy Weapon 

(1) Kilogram; (2) Key Generator 
Committee for State Security (FSU) 
Keyhole 

Killed by Hostile Action 

Kilohertz 

Killed in Action 

Killed in Action, Body Not Recovered 
Knots Indicated Air Speed 

Kodak Imagery Exploitation System 
Kodak Imagery Edit Workstation 

Kill Report 

Kill Summary 

Killed in the Line of Duty 

(1) Key Intelligence Position; (2) Key Indigenous Personnel 
Key Intelligence Program Priorities List 
Korean Intelligence Support System 
KISS Intelligence Workstation 

(1) Kilojoules; (2) Key Judgments 
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a> 
n 
ies] 


ger 
i 


ar) 
as 
ice 


CAD 


SESSSSEE ESSE 
> > 


e 
° 
Ba 


Kilometer 


Key Management Application Service Element 


Key Management Center 
Kilometers Per Hour 


Key Management Ordering and Distribution Center 


Key Management Identification Number 
Key Management Protocol 

Key Management Protocol Data Unit 
Kwajalein Missile Range 

Key Management System 

Key Management System Agent 


Key Management User Agent 

Knot 

Nautical Miles per hour 

Key Processor 

Kilometers Per Hour 

Key Production Key 

South Korea (ROK) 

Knowledge, Skills, and Abilities 
Kennedy Space Center 

Kernelized Secure Operating System 
(1) Kiloton; (2) Knot 

Knots True Airspeed 

Kuwait Theater of Operations 
Korean Tactics, Techniques, and Procedures 
A Satellite Frequency Band 

U.S. Liaison Office-Kenya 

Kilowatt 

Kilowatt Hours 

Key Variable Generator 
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Example 1: Simplify 5a — 4 [x — 2(2 —38)]. 


5a — 4 [x — 2(4 — 8) ] 5a — 4 [x4 — 2x + 6] 
5a — 4x + 8a — 24 
9x — 24 


3(3z — 8) 


Example 2: Simplify 4a — {6a — 2b + 2 [2a — b + 42] — (c 4 2b)}. 


4a — {6a — 2b + 2 [2a — b + 42] — (c + 2b)}. 
4a — {6a — 2b + 4a — 2b + 84 —c — 2b} 

4a — 6a + 2b — 4a + 2b —84 +64 2b 

—6a + 6b + c— 84 


Example 3: Simplify —{—1 [—(x —y — z) + 29] — 39 +2y — 2}. 


—{—1 [—(*# — y— z) + 29] — 39 + 2y — 2} 
—{—1 [—*#+y+2+ 29] —39 + 2y — z} 
—{+ 2©— y— z— 29 — 39 + 2y — z} 
—r-+y+2+294 39—2y+2z 

—x —y + 2z 4+ 68 


II 


45. Raising Algebraic Functions to Powers 


To raise an algebraic function to a power, multiply the exponents. Thus, (a")™ = a™, 


Example 1: Simplify (53)4, 
(53)4 — 584 — 512 
Example 2: Simplify (2ab)?. 
(2ab)® = 2ab° 2ab ° 2ab = 8a? b8 
or 21.8q1.3H1.3 — 8a2b2 
Example 3: Simplify (az?)%. 
(ax?) = q).34:2.3 = ar6 
Example 4: Simplify [(23)4]§. 
[ (08) 4]5 — [8-4] 5 — [ari] 5 — 312.5 — 7760 


Example 5: Simplify (4) 


46. Negative Exponents 


The rule for dividing monomials (par. 44b) 
also holds when the exponents of the denomina- 
tor is greater than the exponent of the numera- 
tor. For example, a? -- a®° = a> — a—2; how- 


ever, a quantity such as a—? may be written as 
1 


a 
Example: Multiply x?, <—1, and 4 : 
Step 1. Write down the factors of the 


multiplication : 


Pe eps Ne 


43 


22 


x2 2-5 ge wo 
Step 2. Place all factors in the numer- 
ator: 
x2 e g71 e x8 
Step 3. Multiply the factors (add their 


exponents) : 
g2—-14+8 — gf 


47. Zero Exponents 


The zero power of any quantity is equal to 1. 
For example x2 * 2—? = x° when the exponents 
are added. However, x— can also be written 
re ; in this case, 22° 2—-? = = = 1. 

Therefore, x® = 1. Any number (except zero) 
raised to the zero power is equal to 1. 
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L 


LAAIB 
LAAM 
LAB 
LABS 
LAD 
LADD 
LAEO 
LAEWWING 
LAF 
LAFTA 
LAGEOS 
LAI 

LAL 
LALO 
LAM 
LAMM 
LAMP 


LAN 
LANDCENT 
LANDSAT 
LANDSOUTH 
LANFORSIXTHFLT 
LANL 

LANT 

LANTAF 
LANTAREA 
LANTCOM 
LANTCOMDIS 
LANTCOM JIC 
LANTDAC 
LANTDIS 
LANTFLT 
LANTIRN 


LANTIS 
LANUP 
LANWAN 
LAR 


Latin American Air Intelligence Brief 
Light Anti-Aircraft Missile 

Laboratory 

Laboratories 

Launch Assist Device 

Low Angle Drogue Delivery 
Low-Altitude Electro-Optical 
Light-Airborne Early Warning Wing 
Launch Alert Folder 

Latin America Free Trade Association 
Laser Geodynamic Satellite 

(1) Light Armored Infantry; (2) Look-Down Air Intercept 
Library Accessions List 

Low-Altitude Low-Opening 

Louisiana Maneuvers 

Land Armament and Manpower Model 


Lockwood Analytical Method for Prediction LAMPS 
(1) Light Airborne Multipurpose System; 
(2) LANTCOM Message Processing System 


Local Area Network 

Land Forces Central Region 

Land Satellite (Commercial Multi-Spectral) 

Land Forces Southern Region 

Landing Force Sixth Fleet 

Los Alamos National Laboratory 

Atlantic 

Atlantic Command Air Forces 

Atlantic Area 

Atlantic Command (now ACOM) 

Atlantic Command Deployable Intelligence System 
Atlantic Command Joint Intelligence Center (AIC) 
Atlantic Command Defense Analysis Center 
USACOM Deployable Intelligence System 

U.S. Atlantic Fleet 


Low-Altitude Navigation and Targeting Infrared System for 
Night 


Atlantic Intelligence Supplement 

Local Area Network Upgrades 

Local Area Network/Wide Area Network 
Laser-Aided Rocket 
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LARB Light Amphibious Reconnaissance Battalion 


LARS Light Artillery Rocket System 

LAS Land Analysis System 

LASA Light Armed Surveillance Attack 

LASER Light Amplification by Stimulated Emission of Radiation 
LASERFAX Secure System for Transmitting Photos 

LASH Lighter Aboard Ship 

LASINT Laser Intelligence 

LASTE Low-Altitude Safety Targeting Enhancement 
LAT Latitude 

LATAM Latin America 

LATIN Atlantic Command Theater Intelligence Network 
LATS Large Aperture Tracking System 

LATWING Light Attack Wing 

LAV Light Armored Vehicle (non-tactical) 

LAW Light Antitank Weapon 

LAWS Long-Range Cruise Missile Analysis and Warning System 
LB Live Broadcast 

Lb Pound 

L-BAND 1 to 2 GHz 

LBR Laser Beam Recorder 

lbs (LB) Pounds 

LBSR Lightweight Battlefield Surveillance Radar 

LC (1) Library of Congress; (2) Line of Contact 
LCAC Landing Craft, Air Cushion 

LCC (1) Amphibious Command Ship; (2) Logistics 


Coordination Center; (3) Launch Control Center; 
(4) Land Component Commander 


LCC-IC Amphibious Command Ship-Intelligence Center 

LCD Liquid Crystal Display 

LCE Liaison Coordination Element (Special Operations Liaison Team 
in Coalition Operations) 

LCF Launch Control Facility 

LCM (1) Medium Landing Craft; (2) Life Cycle Management 

LCP (1) Personnel Landing Craft; (2) Launching Control Post 

LCPR Ramped Personnel Landing Craft 

LCS Low-Cost Satellite 

LCSMM Life Cycle Support Management Model 

LCSR Swimmer Reconnaissance Landing Craft 

LCU (1) Utility Landing Craft; (2) Launch Correlation Unit 

LCW Special Warfare Support Craft 

LCWS Low-Cost Workstation 

LD (1) Line of Departure; (2) Laser Defense 

LDC (1) Less-Developed Country; (2) Local Data Concentrator; 


(3) Light-Weight Deployable Communication; 
(4) Land Defense of CONUS 


122 


LDEF 
LDF 
LDIS 
LDM 
LDMX 
LDR 
LDS 
LDSD 
LDT 
LDX 
LEA 
LEAD 


LEAF 
LEASAT 
LED 
LEDS 
LEM 

LEN 
LENSCE 
LEP 
LEPCU 
LEO 

LEO COM 
LERTCON 
LES 


LEW 
LEXIS 
LF 
LF6F 
LFC 
LFICS 
LFM 
LFOC 
LFOV 
LFR 
LFRSV 
LFS 

LG 
LGB 
LHA 
LHA-IC 
LHD 
L-HOUR 


Long Duration Exposure Facility 
Lightweight Digital Facsimile 
Library Document Inventory System 
Limited Distance Modems 

Local Digital Message Exchange 
Low Data Rate 

Laser Detection System 
Lookdown/Shootdown 

Large Diameter Target 
Long-Distance XEROX 

Law Enforcement Agency 


(1) Low-Cost Encryption/Authentication Device; 
(2) List of Emerging Activations and Dispositions 


Law Enforcement Access Field 

(1) Leased Satellite; (2) Leased System 

Light Emitting Diode 

Link 11 Display System 

Land Engagement Model 

Large Extension Node 

Limited Enemy Situation Correlation Element 
Linear Error Probable 

Lightweight Environmental Protection Combat Uniform 
Low Earth Orbit 

Low Earth Orbit Data Communications 

Alert Condition 


(1) Leading Edge Services; (2) Land Earth Station; 
(3) Limited Effects Submunition 


Limited Effects Weapons 

Meade Data Central Legal Service 

(1) Low Frequency; (2) Launch Facility; (3) Landing Force 
Landing Force 6th Feet 

Large Format Camera 

Landing Force Integrated Communications System 
Landing Force Manual 

Landing Force Operations Center 

Limited Field of View 

Inshore Fire Support Ship 

Launch-Fly-Recover Space Vehicle 

Amphibious Warfare Fire Support Ship 

ACC Director of Logistics 

Laser-Guided Bomb 

Amphibious Assault Ship (General Purpose) 

Amphibious Assault Ship (General Purpose)-Intelligence Center 
Multi-Purpose Amphibious Assault Ship 

Hour on C-Day when deployment begins 
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LHR Low Hop Rate 


LHW Lower High Water 

LHX Lightweight Helicopter 

LIC Low-Intensity Conflict 

LIDAR Light Detection and Ranging 

LIGHTSAT Lightweight Satellite 

LIMDIS (1) Limited Dissemination; (2) Limited Distribution 

LIME Laser-Induced Magnetic Emissions 

LIMMER Limited Control of Merchant Shipping 

LIN LANTCOM Intelligence Network 

LINCS Long-Range Intelligence Networked Communications Service 

LIR Launch and Impact Report 

LISS LANTCOM Intelligence Support System 

LITE Laptop Imagery Transmission Equipment 

LITES Laser Intercept and Technical Exploitation System 

LITINT Literature Intelligence 

LIVID Language Identification and Voice Identification 

LIWA Land Information Warfare Activity 

LJ Laser Jet 

LKA Amphibious Cargo Ship 

LKG Loop Key Generator 

LL (1) Landline; (2) Latent Lethal Dose 

LLLTV/IR Low-Light-Level TV/Infrared 

LLSO Low-Level Source Operations (CI/HUMINT) 

LLTV Low-Light-Level Television 

LLNL Lawrence Livermore National Laboratory 

LLO Land Liaison Office 

LLW Lower Low Water 

LLVI Low-Level Voice Intercept 

LMBB GENSER Intelligence Broadcast 

LMCC LOCE Mobile Correlation Center 

LMD Local Management Device 

LMD-KP Local Management Device/Key Processor 

LME Layer Management Entry 

LMI Layer Management Interface 

LMR Land Mobile Radio 

LMRDFS Lightweight Man-Transportable Radio Direction Finding 
System 

LMS (1) Local Monitor Station; (2) Least Means Squared 

LMSR Large Medium Speed RO/RO 

LNA Low Noise Amplifier 

LNE Liaison Element 

LNG Liquefied Natural Gas 

LNIS Atlantic Command Naval Intelligence Summary 

LNO (1) Limited Nuclear Option; (2) Liaison Officer 
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LNU 
LO 
LO/LO 
LOA 


LOAC 
LOB 
LOC(S) 


LOCD 
LOCE 


LOCK 
LOD 
LOFAR 
LOG 
LOGCAP 
LOGEX 
LOGS 
LOI 
LON 
LONG 
LORAD 
LORAN 
LOROP 
LOROPS 


LOS 
LOTS 
LOW 
LOX 
LP 
LPA 
LPAR 
LPC 
LPD 


LPD/I 
LPF 
LPG 
LPH 
LPI 
LPO 
LPR 
LPS 


Last Name Unknown 
(1) Liaison Officer; (2) Low Observables 
Lift-On/Lift-Off 


(1) Letter of Agreement; (2) Lead Operational Authority; 
(3) Letter of Assist 


Law of Armed Conflict 
Line of Bearing 


(1) Line(s) of Communication; (2) Library of Congress; 
(3) Launch Operations Center; (4) Liaison Officer Coordinator; 
(5) Location; (6) ILS Localizer 


Lines of Communication Designators 


(1) Limited Operational Capability, Europe; 
(2) Linked Operations-Intelligence Centers Europe 


Logical Co-Processing Kernel 
Low-Observable Demonstrations 
Low-Frequency Analysis and Recording 
Logistics 

Logistics Civil Augmentation Program 
Logistics Exercise 

Logistics 

(1) Letter of Instruction; (2) Location of Interest 
Longitude 

Longitude 

Long-Range Air Defense 

Long-Range Navigation 

Long-Range Oblique Photography 


(1) Long-Range Optical System; 
(2) Long-Range Oblique Photographic Sensor 


(1) Line of Sight; (2) Law of the Sea 

(1) Lighter Over the Shore; (2) Logistics Over the Shore 
(1) Laws of War; (2) Launch on Warning 

Liquid Oxygen 

Listening Post 

Amphibious Personnel Transport 

Large Phased-Array Radar 

Linear Predictive Coding 


(1) Amphibious Assault Transport Dock; 
(2) Low Probability of Detection 


Low Probability of Detection/Intercept 

Low Pass Filter 

Liquefied Natural Gas 

Amphibious Assault Ship (Helicopter) 

(1) Low Probability Intercept; (2) Lines per Inch 

Leading Petty Officer 

Amphibious Transport (Small) 

(1) Logistics Planning Study; (2) Large Processing Station 
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LPSS 
LPT 

LRA 
LRAA 
LRAACA 
LRAAM 
LRC 


LRCM 
LRCS 
LRE 
LREO 
LRINF 
LRIP 
LRL 
LRM 
LRP 


LRR 

LRRP 
LRSC 
LRSO 
LRSP 


LRSPRAC 
LRSTIA 
LRSU 
LRTNF 
LRU 
LSA 
LSB 
LSC 
LSCS 
LSD 
LSDV 
LSE 
LSG 
LSI 
LSM 
LSP 
LSS 
LSSA 
LSSC 
LST 
LST-5C 


Amphibious Transport Submarine 
Logistics Preparation of the Theater 
Long-Range Aviation (FSU) 
Long-Range Air Army (FSU) 
Long-Range Air-ASW Capable Aircraft 
Long-Range Air-to-Air Missile 


(1) Logistics Readiness Center; (2) Logistics Resupply Center; 
(3) Lesser Regional Contingency; (4) Limited Regional Conflict; 
(5) Limited Regional Contingency 


Long-Range Cruise Missile 

Light-Reaction Communications System 

Launch and Recovery Element 

Long Range Electro-Optical 

Longer Range Intermediate-Range Nuclear Forces 
Limited/Low-Rate Initial Production 

Low-Cost Receive Location 

Low-Rate Multiplexer 


(1) Low-Rate Production; (2) Long-Range Plan; 
(3) Limited Response Package 


Long-Range Reconnaissance 
Long-Range Reconnaissance Patrol 
Long-Range Surveillance Company 
Long-Range Surveillance Out-Post 


(1) Long-Range Surveillance Plan; 
(2) Long-Range Systems Plan 


Long-Range Special Reporting and Coordination 
Long-Range Scientific and Technical Intelligence Assessment 
Long-Range Surveillance Unit 

Long-Range Theater Nuclear Forces 

Line-Replaceable Unit 

(1) Logistics Support Analysis; (2) LAN Systems Administrator 
Lower Sideband 

Linear Shaped Charge 

Logistics Support Command, Somalia 

(1) Landing Ship, Dock; (2) Lease Separation Distance 
Swimmer Delivery Vehicle 

Logistic Support Element 

Large-Scale Graphics 

Large-Scale Integration 

Medium Amphibious Assault Landing Ship 

Launch Sequence Plan 

Library Support System 

Logistic System Support Activity 

Light Seal Support Craft 

(1) Amphibious Vehicle Landing Ship; (2) Local Standard Time 
Deployable Satellite Terminal 
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LSV Light Strike Vehicle 


LT (1) Light Table (2) Light 

LTAC Land Terminal Access Control 
LTAS Lightweight Tactical Army Satellite Communications System 
LTBT Limited Test Ban Treaty 

Ltd Limited 

LTDP NATO Long-Term Defense Program 
LTDS Laser Target Designator System 

LTI Lightweight Thermal Imager 

LTID Laser Target Interface Device 
LTIOV Latest Time Information of Value 
LTMS Light Table Mensuration System 
LTOE Living Table of Organization and Equipment 
LUA Launch Under Attack 

LUT Limited User Test 

LVDS Low- Volume Dissemination System 
LW Low Water 

LWA Light Weight Aircraft 

LWIR Long-Wavelength Infrared 

LWM Lightweight Motor 

LWOP Leave Without Pay 

LWR Lutheran World Relief, Inc 

LWT Amphibious Warping Tug 

LZ Landing Zone 

LZCT Landing Zone Control Team 
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3M Material, Maintenance, Management 

M (1) Meter; (2) Mach; (3) Mega (Million) 

MIAI1 M1A1 ABRAMS Tank 

MA Mission Assessment 

MAA Mission Area Analysis 

MAAG Military Assistance Advisory Group 

MAAP Master Air Attack Plan 

MAB Marine Amphibious Brigade 

MAC (1) Military Airlift Command (now AMC); (2) Mobile Inshore 


Undersea Warfare Attack Craft; (3) Multi-Array Correlator; 
(4) Missile Analysis Center; (5) Mandatory Access Control; 
(6) Message Authentication Code; (7) Military Areas of 


Coordination 
MAC-IN Military Airlift Command-Director of Intelligence 
MACA Military Assistance to Civil Authorities 
MACCOM MAC Communications (Network) 
MACCS Marine Aviation Command and Control System 
MACDIS Military Assistance to Civil Disturbances 
MACLO MAC Liaison Officer 
MACOM (1) Major Army Command; (2) Major Command 
MACSAT Multiple Access Communications Satellite 
MAD (1) Magnetic Anomaly Detector; (2) Mutual Assured Destruction 
MADP Military Attache for Defense Programs 
MAE (1) Mean Area of Effectiveness; 
(2) Medium Altitude Endurance UAV (formerly Tier ID 
MAEO Medium-Altitude Electro-Optical 
MAE-UAV Medium-Altitude Endurance Unmanned Aerial Vehicle 
MAF Marine Amphibious Force 
MAFC MAGTF All-Source Fusion Center 
MAG (1) Marine Aircraft Group; (2) Military Assistance Group; 
(3) Military Advisory Group; (4) Magnetic 
MAGIC Maritime Air-Ground Intelligence Cell 
MAGIIC Mobile Army Ground Imagery Interpretation Center 
MAGIS Marine Air-Ground Intelligence System 
MAGR Miniature Airborne GPS Receiver 
MAG Tape Magnetic Tape 
MAGTF (1) Marine Air-Ground Task Force; 
(2) Marine Amphibious Ground Task Force 
MAINT Maintenance 
MAIS Military Airlift Intelligence System 
MAISRC Major Automated Information System Review Council 
MAJCOM (1) Major Air Force Command; (2) Major Command 
MAMS MASINT Automated Management System 
MAN (1) Mandatory Modification; (2) Metropolitan Area Network 
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MANPADS 
MANPRINT 
MAO 
MAOC 
MAP 


MAPREQ 
MARAD 
MARC 
MARCENT 


MARE 
MARECS 
MARDEZ 
MARDEZLANT 
MARDIV 
MARFOR 
MARFOREUR 
MARFOR-K 
MARFORCENT 
MARFORLANT 
MARFORPAC 
MARFORSOUTH 
MARG 
MARINETERP 
MARINTSUM 
MARISAT 
Mark-Up 


MARPAC 
MARREP 
MARS 


MART 
MARV 
MAS 


MASDR 
MASH 
MASINT 
MASS 
MASST 
MAST 


MARCORS YSCOM 


Manportable Air Defense System 
Manpower and Personnel Integration 
Major Attack Option 

Modular Air Operations Center 


(1) Military Assistance Program; (2) Ministry of Aviation 
Industry (USSR); (3) Multiple Aim Point; (4) Master Attack 
Plan; (5) Materiel Acquisition Process 


Map Requisition System 

Maritime Administration 

MAC ALCE Reaction Communications System 
Marine Forces Central Command 

Marine Corps Systems Command 

Mission Analysis Report-Electrical 

Maritime European Communications Satellite 
Maritime Defense Zone 

Maritime Defense Zone, Altantic 

Marine Division 

Marine Forces 

Marine Forces Europe 

Marine Forces Korea 

Marine Forces, Central Command 

Marine Forces Atlantic 

Marine Forces Pacific 

Marine Forces, Southern Command 

(1) Marine Amphibious Readiness Group; (2) Marginal 
Westlant Maritime Intelligence Report 
Maritime Intelligence Summary 

Maritime Satellite (COMSAT) 


Detailed Budget Recommendation from a Congressional 
Committee 


Marine Forces Pacific 


Maritime Report 


(1) Man-hour Accounting and Reporting System; 
(2) Military Affiliate Radio System; (3) Monthly Aerial 
Reconnaissance Summary 


Mobile Autodin Record/Remote Terminal 
Maneuverable Reentry Vehicle 


(1) Military Airlift Squadron; (2) Measurement and Signature; 
(3) Message Analysis Server; (4) Military Agency for 
Standardization 


Measurement and Signature Data Requirements 
Mobile Army Surgical Hospital 
Measurement and Signature Intelligence 


(1) Matrix Analysis Subsystem; (2) Missile and Space Summary 


Major Ship Satellite Terminal 


(1) Mobile Ashore Support Terminal; (2) Manual Acquisition 
Satellite Track; (4) MILSTAR Advanced Satellite Terminals 
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MAT 
MATB 
MATC 
MATDEV 
MATRIX 


MATS 
MATSYM 
MATT 
MATWING 
MAU 
MAVUS 


MAW 
MAWTS 
MAXI 

MB 

Mb 

MBA 

MBB 

MBC 
MBFR 
MBITR 
MBO 
MBMR 
MBPS 
MBRADIO 
MBT 
MBYTES/Mbyte 
MC 


MCA 


MCAR 
MCAS 
MC ASI 
MCB 
MCC 


MCCB 
MCCC 
MCCP 
MCCS 
MCCT 
MCDN 


Medium Assault Transport 
Multi-Spectral Analyst Test Bed 
Armored Troop Carrier, Mini 
Materiel Developer 


Multi-source Automatic Target Recognition with 
Interactive Exploitation 


Mobile Automatic Telephone System 
Material Symbol 

Multi-Mission Advanced Tactical Terminal 
Medium Attack Wing 

Marine Amphibious Unit 


Maritime Vertical Takeoff and Landing Unmanned Aerial 
Vehicle System 


(1) Military Airlift Wing; (2) Marine Aircraft Wing 
Marine Aviation Weapons and Tactics Squadron 
Modular Architecture for the Exchange of Intelligence 
(1) Megabit; (2) Meteor Burst; (3) Megabits 
Megabyte 

(1) Main Battle Area; (2) Multiple Beam Antennae 
Modular Building Block (of EIF/ECMC) 

Meteor Burst Communications 

Mutual and Balanced Force Reduction 

Multiband Inter Team Radio 

Management by Objective 

Multiband Multimode Radio 

Megabytes per Second 

Multiband Radio 

Main Battle Tank 

Megabytes 


(1) Military Committee; (2) Mobility Corridor; (3) Joint Military 
Intelligence College; (4) Multi-Channel MC&G Mapping, 
Charting and Geodesy 


(1) Maritime Collection Assets; (2) Military Capabilities Assess- 
ment; (3) Military Civil Action; (4) Mission Concept Approval 


Multi-Channel Acoustic Relay 

Marine Corps Air Station 

Marine Corps Assistant Chief of Staff Intelligence 
(1) Markings Center Brief; (2) Marine Corps Base 


(1) Mobile Command Center; (2) Movement Control Center; 
(3) Mission Control Complex; (4) Military Coordination Center; 
(5) Mission Control Cell; (6) Mission Control Center 


Modification/Configuration Control Board 
Mobile Consolidated Command Center (USSPACECOM) 
Marine Corps Campaign Plan 


Mobile Command and Control System 
Mobile Command Communications Team 
Marine Corps Data Network 
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y2y3 zt e2y2 
Example: Solve ee ee 
z ry 28 

x2ys 24 uy? x2yrz4 

zZ ry 2 eyez 

x2ysz? 

~~ o8y3z 


48. Multiplication of Polynomials 


a. By a Monomial. To multiply a polynomial 
by a monomial, multiply each term in the po- 
lynomial separately by the monomial and add 
the products. Observe the rules for the multi- 
plication of signed numbers (par. 39) and ex- 
ponents (par. 44a). 


Example 1: Multiply 3a +- 2ab +- 5c by 20. 
3a + 2ab 4+ 5e 
2b 
6ab + 4ab2 + 10bc 
Multiply ad — ae + af by 3a?. 
ad — ae + af 
8a? 
3a'd — 3a%e + 3a'f 
Example 3: Multiply 322y? — 2xy3 + 5a4y by 
4x3 y. 
8x2y? —2ay2 + 5aty 
Ax y 
12x5y? — 8xty! + 20x7y? 

b. By a Polynomial. To multiply a polynomial 
by another polynomial, multiply each term of 
one polynomial by each term of the other and 
add the products. 


Example 2: 


Example 1: 
3a? + 4ab + 5ac 
a 
Example 2: 
Tx 
Example 3: 


ery? 


z® 


—14,0 — y—Ii- «76 — = 
a—ly%26 = x l*4=7 


Multiply (a2 + b) by (a + b). 
a+b 
a+b 
a? + ab 
ab + b? 
a? + 2ab + b2 
Multiply 2” + 3y by 2x +- 32. 
2x + By 
2x + 32 
4x? + 62xy 


Example 1: 


Example 2: 


+ 672 + 9yz 
4x? + Gry + 6x2 + 9yz 
Multiply 5”? — 6xy + 3y? by x 
+y. 
522 — 6xry + 8y? 
ery 
523 — 6a2y + 382ry? 
+ baty — bay? + 3y? 
5x3 — x2y — Bary? + 8y? 


Example 3: 


49. Division of Polynomials 


a. By a Monomial. To divide a polynomial 
by a monomial, divide each term of the poly- 
nomial by the monomial. 


Divide 3a? + 4ab +- 5ac by ce. 


= 8a + 4b + 5e 


Divide 7x? + 14a%y —21ax? by 72. 
Tx? + 1l4xy — 21lax? 


=2-+ 2y— 3ax 


Divide 4r(s + ¢) —7r3(s + t)? + qr?(s +t)? by r2(s + t). 


Se) Se ee ee a 


_ 4r(s +t) 
—~ -P(s+t) (s+ t) 


—r(s+t)+aq(s+t)? 


4 
a 
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72(s + t) 
r3(s + t)? qr? (s + t)8 
r2(s + t) 
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MCDS 
MCE 
MCEB 
MCG 


MCG&I 
MCIA 
MCM 


MCMIP 
MCO 
MCOO 
MCP 
MCR 
MCRB 
MCRC 
MCRD 
MCRP 
MCS 


MCSF 
MCSFBN 
MCSP 
MCST 
MCT 
MCTL 


MCU 
MCW 
MD 
MDA 
MDAP 
MDC 


M-Day 
MDI 
MDCI 
MDCISUM 
MDDS 
MDID 
M-DITDS 
MDJCS 


MDLX 


Multilateral Counterterrorism Data System 
(1) Mission Control Element; (2) Modular Control Equipment 
Military Communications Electronics Board 


(1) Magneto Cumulative Generator; (2) Minimum Character 
Grid; (3) Monitor Control Group; (3) Mapping, Charting, and 
Geodesy 


Mapping, Charting, Geodesy, and Imagery 
Marine Corps Intelligence Activity 


(1) Mine Countermeasures; (2) Military Committee Memoran- 
dum; (3) Multi-Command Manual; (4) Chairman of the Joint 
Chiefs of Staff Memorandum (Designator) 


Marine Corps Master Intelligence Plan 
MASINT Control Officer 

Modified Combined Obstacles Overlay 
Mobile Command Post 

Military Command Region 

Military Costing Review Board 
Master Control and Reporting Center 
Marine Corps Recruit Depot 


Mobilization Command Readiness Program 


(1) Mine Countermeasures Support Ship; (2) Military Capabili- 
ties Study; (3) Maneuver Control System; (4) Master Control 
Station; (5) Mission Control Segment 


Mobile Cryptologic Support Facility 
Marine Corps Security Force Battalion 
Mobile Communications Support Package 
Magnetic Card Selectric Typewriter (IBM) 
Mobile Communications Terminal 


(1) Mediterranean Contingency Target List; 
(2) Military Critical Technologies List 


Mobile Communications/Command Unit 

Modulated Continuous Wave 

(1) Military District; (2) Map Distance; (3) Mission Director 
Missile Defense Act of 1991 

Major Defense Acquisition Program 


nm 


(1) Manipulation Detection Code; 
(2) Message Distribution Center 


Day on which mobilization begins 
Multidiscipline Interaction 

Multidisciplinary Counterintelligence 
Multidisciplinary Counterintelligence Summary 
Modular Digital Dissemination System 

MSE Data Interface Device 

Migration Defense Intel Threat Data System 


Memorandum by the Director, Joint Staff for the Joint Chiefs of 
Staff 


Military Demarcation Line Extended 
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MDPS 

MDO JAPAN 
MDR 

MDS 


MDT 
MDU 
MDW 
MDZ 
ME 
MEA 
MEAP 
MEB 
MEBE 
MEC 
MECD 
MECH 
MECL 
MECO 
MECS 
Med 
MED 


MED-RES 
MEDCAP 
MEDCOM 
MEDEVAC 
MEDRETE 
MEDINT 
MEECN 
MEF 
MEFCG 
MEFTL 
MEIF 
MECL 
MELOS 
MELT 
MEM 
MENA 
MENS 
MEO 

MEP 


MER 


Mission Data Preparation System 
Military Defense Office, Japan 
(1) MASINT Data Request; (2) Medium Data Rate 


(1) Mission Dependent Segment; 
(2) Modular Dissemination System 


Message Distribution Terminal 

(1) Mine Disposal Unit; (2) Mission Data Update 
Military District of Washington 

Maritime Defense Zone 

(1) Middle East; (2) Munitions Effectiveness 
Munitions Effectiveness Assessment 


Military Economic Advisory Panel 

Marine Expeditionary Brigade 

Middle East Basic Encyclopedia 

Main Evaluation Center 

Military Equipment Characteristics Document (NATO) 
Mechanized 

Mission Essential Circuits List 

Main Engine Cutoff (Shuttle and Expendable Launch Vehicles) 
Manual ELINT Collection System 

Mediterranean 


(1) Message Element Dictionary (JINTACCS); 
(2) Manipulative Electronic Deception; (3) Medical 


Medium Resolution 

Medical Civic Action Project 

Medical Command 

Medical Evacuation 

Medical Readiness Training Exercises 

Medical Intelligence 

Minimum Essential Emergency Communications Network 
(1) Marine Expeditionary Force; (2) Maximum Elevation Figure 
MEF Command Group 

Middle East Force Target List 

Master ELINT Intercept File 

Mission Essential Circuits List 

Mediterranean Littoral OPINTEL Summary 

Maximum Efficiency Language Training 

Mission Effectiveness Model 

Middle East (and) North Africa 

Mission Element Needs Statement 

Medium Earth Orbit 


(1) Ministry of Electronics Industry (FSU); 
(2) Mission Enhancement Program (AWACS); 
(3) Management Engineering Plan 


(1) Maximum Effective Range; 
(2) Minimum Essential Requirements 
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MERADCOM 


MERCAST 
MERCO 
MERCOSUR/MERCOSUL 


MERIT 


MERSHIP 
MESA 
MET 


METCOM 
METEOSAT 
METL 
METOC 
METSAT 
METT-T 
MEU 
MEU(SOC) 
MEWSS 
MEWSS PIP 
MF 

MFC 

MF IDB 
MFLOPS 
MFO 

MFP 

MFP2 

MFR 

MFS 


MFT 
MG 
MGID 
MGMT 
MGPS 
MGR 
MGRS 
MGS 
MGT 
MHC 
MHD 
MHE 


MHOP 
MHS 


Mobility Equipment Research and Development Command 
(U.S. Army) 


Merchant Ship Broadcast System 
Merchant Ship Reporting and Control 


Common Market of the South (South American Southern Cone 
Customs Union) 


Military Exploitation of Reconnaissance and Intelligence 
Technology 


Merchant Ship 
Mechanically Steered Antenna 


(1) Mobile Exploitation Team; (2) Meteorology; 
(3) MILSTAR Engineering Development Model Terminal 


Control of Meteorological Information 
Meteorological Satellite 

Mission Essential Task List 

Meteorological and Oceanographic 

Meteorology Satellite 

Mission, Enemy, Terrain, Troops and Time Available 
Marine Expeditionary Unit 

Marine Expeditionary Unit (Special Operations Capable) 
Mobile Electronic Warfare Support System 

Marine Electronic Warfare Support System-Product 
Medium Frequency 

Multinational Force Commander 

Mainframe Integrated Data Base 

Millions of Floating Point Operations per Second 
Multinational Force and Observers 

Major Force Program 


Major Force Program 2 
(1) Memorandum for Record; (2) Mutual Force Reduction 


(1) Ministry of State Security (East German); 
(2) Multifunction Switch 


Mission, Functions and Tasks 

Machinegun 

Military Geographic Information and Documentation 
Management 

Mobile Ground Processing System 

Manager 


Military Grid References System 

(1) Mission Ground Station; (2) Mobile Ground Station 
(1) Mobile Ground Terminal; (2) Management 

Coastal Mine Hunter 

Magnet-to-Hydrodynamic 


(1) Mechanized Handling Equipment; (2) Message Handling 
Enhancement; (3) Materiel Handling Equipment 


Multiple-Hop 
Message Handling System 
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MIBNLI 
MIBWG 
MIC 


MICEP 
MICNS 
MICOM 
MICON 
micro 
MICFAC 
MICS 
MICV 
MID 


MID(S) 


MIDAS 
MIDE 
MIDEASTFOR 
MI DET 
MIDL 
MIDLANT 
MIDPAC 
MIDMS 
MIEF 
MIERS 
MIES 
MIFASS 
MIG 


MIGP 
MITA 
MIIDS 
MIIDS/IDB 


MIIPS 
MII 


Miniature Homing Vehicle 

Mean High Water 

Megahertz 

Miles 

(1) Military Intelligence; (2) Message Indicator 
Missing in Action 


(1) Military Intelligence Board; (2) Military Intelligence 
Battalion; (3) Management Information Base 


Military Intelligence Battalion, Low Intensity 


Military Intelligence Board Working Group 


(1) Mid-Intensity Conflict; (2) Multinational Intelligence Cell; 
(3) Monolithic Integrated Circuit; (4) Maritime Intelligence 
Center 


Military Intelligence Civilian Excepted Career Program 
Modular Integrated Communications and Navigation System 
Missile Command (U.S. Army) 

Military ICON 

one millionth 

Mobile Integrated Command Facility Ashore Center 
MIIDS/IDB Interface to Client/Server 

Mechanized Infantry Combat Vehicle 


(1) Military Intelligence Detachment (2) Military Intelligence 
Digest MIDB Modernized Integrated Data Base; Migratory 
Integrated Data Base 


(1) Military Intelligence Detachments (Strategic); 
(2) Mobile Imagery Dissemination System 


MAXI Intelligence Desktop Application Software 
Mean Installation Damage Expectancy 

Middle East Force 

Military Intelligence Detachment 

Miniature Interoperable Data Link 

Mid-Atlantic 

Mid-Pacific 

Machine Independent Data Management System 
Master Imagery Exchange Format 

Modernized Imagery Exploitation & Reporting System 
Modernized Imagery Exploitation System 
Marine Integrated Fire and Air Support System 


(1) Mikoyan (FSU) Aircraft; (2) Military Intelligence Guide; 
(3) Military Intelligence Group 


Military Intelligence Group 
Medical Intelligence Information Agency (now AFMIC) 
Military Intelligence Integrated Data System 


Military Intelligence Integrated Data System/Integrated 
Database 


Military Intelligence Information Processor Subsystem 


Meaconing, Intrusion, Jamming, and Interference 
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MIJIFEEDER 
MIL 

MILAN 
MILCOM 
MILCOMSAT 
MILCON 
MILDEP 
MILGP 
MILGRPS 
mili 

MILNET 
MILOBS 
MILPERS 
MILSAT(COM) 
MILSPEC 
MILSTAR 


MILSTD 
MIMES 
MIMI 
MIMIC 
MIMS 
min 
MIN-O 
MINI-DISE 
MINTERM 
MINURSO 
MINX 
MIPE 

MIO 

MIP 


MIPE 
MIPIR 


MIPR 

MIPS 

MIR 

MIRA 
MIRACL 
MIRADCOM 


MIRE 
MIRF 
MIRGS 
MIRS 


Meaconing, Intrusion, Jamming, and Interference Report Feeder 
Military 

International Antitank Guided-Missile System 

Military Communications 

Military Communications Satellite 

Military Construction 

Military Department 

Military Group 

Military Advisory Groups 

one thousandths 

(1) Military Logistics Equipment; (2) Military Network 
Military Observer(s) 

Military Personnel 

Military Satellite (Communications) 

Military Specification 


(1) U.S. Military Communications Satellite Program; 
(2) Military Strategic and Tactical Relay 


Military Standard 

Multi-Spectral Imagery Materials Exploitation System 
Multi-Level Interactive Man/Machine Interface 

Monolithic Microwave/Millimeter Wave Integrated Circuit 
Multiple Independent Maneuvering Submissile 

Minutes 

Minimum Weapon for Damage 

Compact Version of Deployable Intelligence Support Element 
Miniature Terminal 

United Nations Mission for the Referendum in Western Sahara 
Multi-Media Information Exchange 


Mobile Intelligence Processing Element 
(1) Missile Intelligence Officer; (2) Counter-Terrorism Database 


(1) Management Implementation Plan; 
(2) Message Input Processor 


Mobile Intelligence Processing Element 


(1) Multi-Mission Imagery Photographic Interpretation Report; 
(2) Multi-Source Photo Interpretation Report 


Mi 
Million Instructions per Second 


e 


litary Interdepartmental Purchase Request 


(1) Mission Intercept Report; (2) Morning Intelligence Report 
Medium-Wave Infrared Acquisition Array 
Mid-Infra-Red Advanced Chemical Laser 


United States Army Missile Research & Development 
Command 


Mission Intercept Report-Electrical 
Mission Information Recording Facility 
Multi-Intelligence Reconnaissance Ground Station 


Miniaturized Imagery Receive System 
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MIRV 
MIS 


MISE 
MISREP 
MISSI 
MIST 


MISTE 
MIT 
MITASK 
MITS 


MITT 
MITTS 
MIUW 
MIW 
MJCS 
MK-50 
MK V 
MLA 
MLBM 
MLE 
MLLW 
MLM 
MLNIS 
MLO 
MLP 
MLPP 
MLRP 
MLRS 
MLS 


MLSATCOM 
MLST 


Z 


SSSEESEEE 


Multiple Independently-Targetable Reentry Vehicle 


(1) Management Information System; (2) Military/Monthly 
Intelligence Summary; (3) Mission Integration Segment 


Military Information Support Element 
Mission Report 
Multilevel Information System Security Initiative 


(1) MCCS Intelligence Support Team; 
(2) Modular Interoperable Support Terminal; 
(3) Military Information Support Team 


Miniature Integrated Satellite Terminal Equipment 
Mobile Interrogation Team (HUMINT) 
Mission Tasking 


(1) Monthly International Terrorism Summary; 
(2) MAC Imagery Transmission System; 
(3) Multimedia-Intelligence Tracking Subsystem 


Mobile Integrated Tactical Terminal 

Mobile Intelligence Tactical Transmission (System) 
Mobile Inshore Undersea Warfare 

Mine Warfare 

Memorandum for the Joint Chiefs of Staff 
Advance Lightweight Torpedo 

Mark V Special Operations Craft 
Multispectral Linear Array 

Modern Large Ballistic Missile 

Mobile Logistics Element 

Mean Lower Low Water 

Military Liaison Mission 

Modified Atlantic Naval Intelligence Summary 
Military Liaison Office 

Multi-Line Phone 

Multilevel Precedence Preemption 

Marine Corps Long-Range Plan 

Multiple Launch Rocket System 


(1) Microwave Landing System; (2) Multi-Level Security; 
(3) Multi-Level Simulcast 


Military Satellite Communications 

Mobile Logistics Support Team 

Mean Low Water 

(1) Millimeter; (2) Million; (3) Manual Morse; (4) Minelayer 
Miniature Multiband Beacon 

Man/Machine Interface 

Monolithic Microwave Integrated Circuit 

Military Man in Space 

MAGTF Master Plan 

Multimission Modular Spacecraft 


Manned Maneuvering Unit 
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MMW Millimeter Wave 

MN Multinational 

MNAS MAXI Network Access System 

MNC Major NATO Command (NATO) 

MND Multi-National Division 

MNF Multi-National Force 

MNIC Multinational Intelligence Cell 

MNMIC Modernized NMIC 

MNS Mission Needs Statement 

MNTHS Months 

MNU Middle Name Unknown 

MO Counter-Terrorism Database 

MOA (1) Memorandum of Agreement; (2) Military Operating Area 

MOAF Mission-Oriented Assessment Framework 

MOB (1) Main Operating Base; (2) Missile Order of Battle; 
(3) Mobilization 

MOBDES Mobilization Designee (now IMA) 

MOBEX Mobilization Exercise 

MOBS Multiple-Orbit Bombardment System 

MOBSTA Mobilization Station 

MOBTDA Mobilization Table of Distribution and Allowances 

MOC (1) Minister of Communications; (2) Mission Operations Center; 
(3) Mission Operations Chief 

MOD (1) Ministry of Defense; (2) Mobile Obstacle Detachment 

MODA Ministry of Defense and Aviation 

MODCOM Modular Communications 

MODEMS Modulation/Demodulation Equipment 

MODS Multiple Object Data System 

MOE Measure of Effectiveness 

MOGAS Motor Gasoline 

MOICPAC Maritime Operational Intelligence Center, Pacific 

MOJT Managed On-the-Job Training 

MOL Manned Orbital Laboratory 

MOLINK Moscow/Washington Emergency Communications Link 

MOLNIYA Soviet (FSU) satellite 

MOM Ministry of General Machine Building (FSU) 

MOMCOMS Man-on-the-Move Communications System 

MOOTW Military Operations Other Than War 

MOP (1) JCS Memorandum of Policy; 
(2) Ministry of Defense Industry (FSU) 

MOPOT Mobile PSYOP Transmitter 

MOPP Mission-Oriented Protective Posture 

MOPS Million Operations per Second 

MORL Manned Orbital Research Laboratory 

mort Mortar 
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MORTREP 
MOS 


MOSFET 
MOSS 
MOST 
MOSW 
MOT 
MOTIF 
MOU 
MOUT 
MOV 
MP 
MP&B 
MPA 


MPARE 
MPC 


MPDS 
MPDT 
MPEG 
MPF 


MPF-E 
MPI 
MPM 
MPN 
MPP 
MPRS 
MPS 


MPSOC 
MPSS 
MPWS 
MQS 
MR 
MRB 
MRBM 
MRC 


MRCA 
MRCS 


Mortar Bombing Report 


(1) Military Occupational Specialty; 
(2) Maritime Operational Intelligence Summary; 
(3) Marine Observation Satellite 


Metal-Oxide Semiconductor Field-Effect Transistor 
Manned Orbital Space Station 

Mosaic Optical Sensor Technology 

Military Operations Short of War 

Military Ocean Terminal 

Maui Optical Tracking and Identification Facility 
Memorandum of Understanding 

Military Operations in Urban Terrain 

Military Owned Vehicle 

(1) Military Police; (2) Military Personnel 
Mission Planning and Briefing 


(1) Maritime Patrol Aircraft; (2) Mission and Payload 
Assessment; (3) Mission Planning Agent 


Mission Planning, Analysis, Rehearsal, and Execution System 


(1) Mobile Processing Center; (2) Manpower and Personnel 
Center; (3) Message Processing Center; (4) Media Production 
Center 


Message Processing and Distribution System 
Message Processing Distribution Terminal 
Motion Picture Experts Group 


(1) Maritime Prepositioned Force; (2) Message Processing Facility; 
(3) Mission Planning Folder; (4) Media Production Center 


Maritime Prepositioning Force Enhanced 
Mean Point of Impact 

Mission Planning Module 

MSE Packet Network 

Massively Parallel Processing 


Mission Planning and Rehearsal Segment 


(1) Maritime Prepositioned Ships; (2) Message Processing 
System; (3) Master Personnel System; (4) Modular Printing 
System 


Multi-Purpose Satellite Operations Center 

Ministry of Communications Equipment Industry (FSU) 
Mobile Protected Weapon System 

Military Qualification and Standards System 

(1) Military Region; (2) Medium Range; (3) Motorized Rifle 
Motorized Rifle Battalion 

Medium-Range Ballistic Missile 


(1) Movement Report Center; (2) Military Region Command; 
(3) Motorized Rifle Company; (4) Major Regional Contingen- 
cies; (5) Major Regional Conflict 


Multirole Combat Aircraft 
Medium-Resolution Camera System 
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MRD (1) Mission Rehearsal Device; (2) Motorized Rifle Division 
MRDBS (1) MASINT Requirements Data Base System; (2) Measurement 
and Signature Intelligence Requirements Database 
MRDFS Man-Transportable Radio Direction-Finding System 
MRDC Missile Research and Development Command (U.S. Army) 
MRF Ministry of Radio Industry (FSU) 
MRI Military-Related Intelligence 
MRK Manual Remote (re)Keying 
MRL (1) Multiple Rocket Launcher; (2) Master Requirements List 
MRLS Multiple Rocket Launcher System 
MRLOGAEUR Minimum Required Logistics Augmentation Europe 
MROC (1) Multiple-Command Required Operational Capability; 
(2) Minimum Required Operational Capabilities 
MRP Mobilization Readiness Project 
MRPE Mobile Receive Processing and Exploitation 
MRR Motorized Rifle Regiment 
MRS Movement and Reinforcement Study 
MRT (1) Mobile Remote Terminal; (2) Miniature Receiver Terminal 
MR-UAV Medium-Range Unmanned Airborne Vehicle 
MRV Multiple Reentry Vehicle 
MRVC Multi-Rate Voice Card (Red Switch) 
ms Millisecond 
MS (1) Multispectral; (2) Mobilization Station 
M&S Modeling and Simulation 
m/s Meters per Second 
MS-DOS Microsoft Disk Operating System 
MSA (1) Military Strength Assessment; (2) Minimum Safe Altitude 
MSAM Medium Surface-to-Air Missile 
MSB Minesweeping Boat 
MSC (1) Military Sealift Command; (2) Coastal Minesweeper; 
(3) Major Subordinate Command (NATO); (4) Military Staff 
Committee 
MSCD Military Support to Civil Defense 
MSCS Multiple Source Correlation System 
MSCT Training Coastal Minesweeper 
MSD (1) Minesweeping Drone; (2) Mensuration Support Data 
MSDF Maritime Self-Defense Force (Japan) 
MSE Mobile/Multi Subscriber Equipment (Network) (U.S. Army) 
MSEL Master Scenario Events List 
MSF (1) Fleet Minesweeper; (2) Mobile Strike Force; 
(3) Medicines Sans Frontiers 
MSG (1) Marine Security Guard; (2) Military Support Group 
Msg Message 
MSGGEN Message Generator 
MSH Mine Hunter 
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MSI 


MSIC 
MSID 
MSIP 


MSK 
MSL 
MSM 


MSN 
MSO 


MSP 
MSPB 
MSPF 
MSR 


MSRT 


MSS 


MSSC 


MSSI 
MSSP 
MSSS 
MST 


MSTS 


MSU 
MSW 
MT 


MT-LB 
MTA 
MTACCS 


MTAS 
MTB 
MTBF 
MTBSP 
MTCACS 
MTCR 
MTDS 
MTF 


(1) Inshore Minesweeper; (2) Multi-Spectral Imagery; 
(3) Multisensor Interpretation 


Missile and Space Intelligence Center 
Message Identifier 


(1) Multi-Spectral Image Processor; 
(2) Multisensored Intelligence Processor 


Minimum Shift Keying 
(1) Missile; (2) Mean Sea Level 


(1) Minesweeper (River); 
(2) Ministry of Medium Machine Building (FSU) 


Mission 
(1) Ocean Minesweeper; (2) Marine Safety Office; 
(3) MILSATCOM Systems Office 


Ministry of Shipbuilding Industry (FSU) 
Merit System Protection Board 


Marine Special Purpose Forces 


(1) Patrol Minesweeper; (2) Main Supply Route; 
(3) Missile Site Radar 


(1) Mobile Subscriber Radio Telephone; 

(2) Mobile Subscriber Remote Terminal 

(1) Message Support Subsystem; (2) Specialized Minesweeper; 
(3) Moored Sonobuoy System; (4) Mission-Management Sup- 
port System; (5) Mission Support System; (6) Multispectral 
Scanner 


(1) Medium SEAL Support Craft; (2) Specialized Coastal Mine- 
sweeper; (3) MEU Service Support Group 


Master of Science of Strategic Intelligence 
Multi-Functional Smart Sensor Packages 
Maui Space Surveillance System 


(1) Mutual Security Treaty; (2) Maintenance Support Team; 
(3) Miniature Satellite Transceiver; (4) Multiband Satellite Terminal 


(1) Multisource Tactical System; 
(2) Multisource Transceiver System 


(1) Major Subordinate Unit; (2) Ministry of the Soviet Union 
MASINT Server/Workstation 


(1) Metric Ton; (2) Megaton; (3) Motor Transport; 
(4) Maintenance Trainer; (5) Machine Translation 


Soviet (FSU) Tracked Vehicle 
Maritime Threat Analysis 


(1) Marine Tactical Command and Control System; 
(2) Marine Tactical Air Command Center System 


Multisensor Target Acquisition System 

Motor Torpedo Boat 

Mean Time Between Failures 

Mobilization Troop Basis Stationing Plan 

Marine Corps Tactical Command and Control System 
Missile Technology Control Regime 

Military Tactical Data System 


Message Test Format 
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b. By a Polynomial. To divide a polynomial 
by a polynomial, just arrange the dividend and 
the divisor according to descending powers of 
one variable, starting with the highest powers 
at the left. Then proceed as shown in the ex- 
amples below. If there is a remainder, write it 
as the numerator of a fraction the denominator 
of which is the divisor. 


Example 1: Divide ab + ac + db + de bya 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


+d. 
Divide the first term of the 
divisor, a, into the first term of 
the dividend, ab. The quantity 
@ is contained in the first term, 
ab, b times. Write 0 as the first 
term of the quotient. 

b 

a+ d/ab+ac+db+de 
Multiply both terms of the 
divisor by b: 


b 
a + d/ab + ac + db + de 
ab + db 


Subtract the result from the 
original dividend: 


b 
a+d/ab + ac + db + de 
ab + db 
ac + de 
Divide the first term of the 
divisor into the first term of the 


Step 5. 


Step 6. 


Example 2: 


remainder. It is contained in the 
first term, ac, c times. Write c 
as the second term of the quo- 
tient. 
b+e 
a+ d/ab + ac+ db + de 
ab + db 

ac + de 
Multiply both terms of the 
divisor by c and subtract. There 
is no remainder: 


b+e 
a+d/ab+ac+db+de 
ab + db 

ac + de 

ac + de 
Therefore, 
ab+ac+db+dce _ 
— ae fe sd —b+e. 


Divide x? + 2ay + y*? by x+y. 
a + 2ay + y? _ 
ety 
ot = 
t+ y/a? + 2ay + y? 
er+ cy 
ry + y? 
ay + y? 
Therefore, 
a? + 2ay + ¥? 


es mani 


Example 3: Divide 6a — ab — 27ac — 15b? + The + 30c? by 8a — 5b — 


6c. 


6a? — ab — 27Tac — 150? + The + 30c? __ 


50. Review Problems—Fundamental Operations 
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a. Add the following algebraic expressions: 


3a — 5b — 6c 


2a + 3b — 5e 
8a — 5b — 6c/6a? — ab — 27ac — 156? + Tbe + 80c2 
6a? — 10ab — 12ac 

9ab — 15ac — 156? + Tbe 4+ 380c? 


9ab 


— 156? — 18bc 
— 15ac + 25 be + 30c? 
— l5ac + 25 be + 30c? 


(1) 2a4 + 3a2b2 + 5b4, at — 5a2b? —2b4, and 3a4 — 2a2b? + bé. 
(2) 3E — 2RI — 15ZI1, 6RI + 24Z], and — 2H — RI + 112ZI. 
(3) 10w — 4x + 3y + 62, 2a — 5w 4+ y, 382 — 2u — y, and by — 4w — z+ 5x. 


AGO 558A 


MTG Master Training Guide 

MTH Memorandum To Holder 

MTI Moving Target Indicator 

MTIB Soviet (FSU) Amphibious Armored Tractor 

MTIC Military Target Intelligence Committee 

MTIMS Military Target Intelligence Management Structure 

MTIT Military Technical Intelligence Team 

MTL Mean Tide Level 

MTLR Moving Target-Locating Radar 

MTL(S) Material(s) 

MTMC Military Traffic Management Command 

MTN (1) Mountain; (2) M22 Tactical Network 

MTO Mission Type Order 

MTO&E Modified Table of Organization & Equipment 

MTP (1) Mission Training Plan; (2) Master Training Plan 

Mtr Motor 

MTS (1) Maritime Tactical Schools (NATO); (2) Man-Transportable 
SOCRATES; (3) Masked Target Sensor 

MTST Magnetic Tape Selectric Typewriter (IBM) 

MTT (1) Military Training Team; (2) Mobile Training Team 

MTTR Mean Time To Repair 

MTZ Motorized Infantry 

MULE Modular Universal Laser Equipment 

MUSARC Major United States Army Reserve Command 

MUSIC Multi-User Special Intelligence Communications 

MUSE MC&G Utility Software Environment 

MUTES Multiple Threat Emitter System 

MUX Multiplexer 

Myr Maneuver 

MV Magnetic Variation 

MVS Multiple Virtual Storage 

MVS/XA Multiple Virtual System/Extended Architecture 

MW (1) Mine Warfare; (2) Millimeter Wave; (3) Microwave; 
(4) Missile Wing 

MW/AA Missile Warning/Attack Assessment 

MWC Missile Warning Center 

MWDS Missile Warning Display Subsystem 

MWHQ Mobile War Headquarters 

MWIR Medium Wavelength Infrared 

MWL Mean Water Level 

MWR Morale, Welfare, and Recreation 

MWS Missile Warning System 

MWTGM Millimeter Wave Terminal Guided Missile 

MX (1) Missile, Experimental; (2) Peacekeeper Ballistic Missile; 


(3) Mechanized; (4) Mexico; (5) Mission; (6) Maintenance 
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NAC 


NACA 
NACAA 


NACAM 
NACC 
NACDF 
NACIC 
NACIPB 
NACOB 
NACSI 
NACSIM 
NADGE 
NADS 
NAEW 
NAF 
NAFI 
NAFIS 
NAI 
NAIC 
NAK 
NALE 
NAM 
NAMSO 
nano 
NAOB 
NAOC 
NAOS 
NARA 
NARRS 


North 


(1) Director of Intelligence (Naval Component); 
(2) Navy Staff Intelligence Officer 


Not Applicable 

Navy 

North Atlantic Alliance 

North American Air Defense Modernization 
Nonacoustic Antisubmarine Warfare 

NATO Antiair Warfare System 


(1) NATO Air Base Satellite (System); 
(2) Naval Amphibious Base; (3) Naval Air Base 


(1) North Atlantic Council (NATO); (2) No Apparent Change; 
(3) National Agency Check; (4) Network Access Controller 


National Advisory Committee for Aeronautics 


National Advisory Committee for Aeronautics and 
Astronautics 


National COMSEC Advisory Memorandum 
Net Assessment Coordinating Committee 
National Area Coverage Data File 

National CI Center 

National CI Policy Board 

National CI Operations Board 

National COMSEC Instruction 

National COMSEC Information Memorandum 
NATO Air Defense Ground Environment 
North Atlantic Defense System 

NATO Airborne Early Warning (System) 

(1) Numbered Air Force; (2) Naval Air Facility 
Non-Appropriated Fund Instrumentality 

Naval Forces Intelligence Study 

Named Areas of Interest 

National Aerospace Intelligence Center 
Negative Acknowledge 

Naval Liaison Element 

(1) Non-Aligned Movement; (2) Naval Armaments Model 
NATO Maintenance and Supply Organization 
one billionth 

Naval Air Order of Battle 

National Airborne Operations Center 

North Atlantic Ocean Station 

National Archives and Records Administration 


NORTHAG Reconnaissance Reporting System 
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NAS 


NASA 
NASACOM 
NASF 

NASIC 

NASP 

NAT 

NAT’L 

NATO 

NATO ASWCS 
NAV 

NAVAIR 

NAVAL AIRSHIP 
NAVASTROGRU 
NAVATAC 
NAVCAMS 
NAVCENT 
NAVCOMDET 
NAVCOMPARS 
NAVCOMTELCOM 
NAVCOMSTA 
NAVDAC 
NAVELEX 
NAVEUR 
NAVFAC 
NAVFOR 
NAVFORK 
NAVIDS/SIS 
NAVINTCOM 
NAVLGRU 
NAVMACS 
NAVMIC 
NAVMAP 
NAVMARINTCEN 
NAVMAT 
NAVNET 
NAVOCEANCOMDET 
NAVOCEANO 
NAVOCFORMED 
NAVOPINTCEN 
NAVPGSCHOOL 
NAVRADSTA 
NAVRES 

NAVS 


(1) Naval Air Station; (2) Network Access System; 
(3) National Academy of Science 


National Aeronautics and Space Administration 
NASA Communications Network 
NIC Analyst Support Facility 


National Aerospace Plane 

Not Air-Transportable 

National 

North Atlantic Treaty Organization 
Anti-Surface Warfare Combat System 

(1) Navigation; (2) Navy 

Naval Air Systems Command 

Naval AIRSHIP Radar Surveillance System 
Naval Astronautics Group 

Navy Antiterrorist Alert Center 

Naval Communications Area Master Station 
U.S. Naval Forces Central Command 
Naval Communications Detachment 


Naval Computer and Telecommunications Command 
Naval Communication Station 

Naval Data Automation Command 

Naval Electronic Systems Command 

U.S. Naval Forces, Europe 

(1) Naval Facility; (2) Naval Shore Facilities 

Naval Forces 

Naval Forces Korea 

Navigational Aids/Selective Identification System 
Naval Intelligence Command 

Naval Liaison Group 

Navy Modular Automated Communications System 
Naval Maritime Intelligence Command 

Navy Missile Analysis Program 

Naval Maritime Intelligence Center 

Naval Material Command 

Navy Data Network 

Naval Oceanography Command Detachment 

Naval Oceanographic Office 

Naval On-Call Force for the Mediterranean (NATO) 
Naval Operations Intelligence Center 

Naval Postgraduate School 

Naval Radio Station 

Naval Reserve 


Navigators 
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North American Air Sovereignty Intelligence Capability 


Naval Communications Processing and Routing System 


NAVSAT 
NAVSATCOMFAC 
NAVSEA 

NAVSEC 
NAVSECGRU 
NAVSECGRUACT 
NAVSECGRUCOM 
NAVSECSTA 
NAVSO 

NAVSOC 

NAVSOF 
NAVSOUTH 
NAVSPACECOM 
NAVSPASUR 
NAVSPAWAR 
NAVSPECWARCEN 
NAVSPECBOATRON 
NAVSPECWARCOM 
NAVSPECWARDEVGRU 
NAVSPECWARGRU 
NAVSPECWARUNIT 
NAVSPOC 

NAVSTA 

NAVSTAR 
NAVSTAR USER EQUIP 
NAVSUPACT 
NAVTECHINTCEN 
NAVTELCOM 
NAVWARCOL 
NAWAS 

NAWC-AD 

NAWS 


NBCE 


Navigation Satellite 

Naval Satellite Communications Facility 
Naval Sea Systems Command 

Naval Ship Engineering Center 

Naval Security Group 

Naval Security Group Activity 

Naval Security Group Command 

Naval Security Station 

Naval Forces, South 

Naval Special Operations Command 

Naval Special Operations Forces 

Naval Forces, Southern Command 

Naval Space Command 

Naval Space Surveillance Activity 

Naval Space and Warfare Systems Command 
Navy Special Warfare Center 

Navy Special Boat Squadron 

Naval Special Warfare Command 

Naval Special Warfare Development Group 
Naval Special Warfare Group 

Naval Special Warfare Unit 

Naval Space Operations Center 

Naval Station 

Navigation and Satellite Timing and Ranging 
NAVSTAR User Equipment 

Naval Support Activity 

Naval Technical Intelligence Center 

Naval Telecommunications Command 
Naval War College 

National Attack Warning System 

Naval Air Warfare Center-Aircraft Division 
NORAD Attack Warning System 

Naval Base 


(1) Nuclear/Biological/Chemical; 
(2) National Broadcasting Corporation 


Nuclear, Biological, Chemical Element 


NORAD - Nuclear, Biological, and Chemical Warning 
Reporting 


Non-Battle Killed 

National Basic Reference Graphic 

National Bureau of Standards 

(1) No Change; (2) Node Center; (3) Narrow Coverage 
National Command Authority(ies) 

Naval Controls and Protection of Shipping 


Nuclear Contingency Branch 
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NCC (1) Naval Component Command; (2) Navy Command Center; 
(3) Net Control Center 


NCCD Nuclear Command and Control Document 

NCCOSC Naval Command, Control, and Ocean Surveillance Center 
NCCS Naval Command and Control System 

NCDU Naval Combat Demolition Unit 

NCEUR NSA/CSS Europe 

NCIC National Crime Information Center 

NCIS (1) Non-Communications Intercept System; 


(2) National Counterintelligence Strategy; 
(3) Naval Criminal Investigative Service 


NCIS-E NCIS-Europe 
NCISFO NCIS Field Office 
NCISRA NCIS Resident Agent 
NCISRU NCIS Resident Unit 
NCMA National Command and Military Authority 
NCMC National Collection Management Cell 
NCMP Navy Capabilities and Mobilization Plan 
NCO Non-Commissioned Officer 
NCOA (1) Non-Commissioned Officers’ Academy; 
(2) Non-Commissioned Officers’ Association 
NCOC NORAD Combat Operations Center 
NCOES Non-Commissioned Officers’ Educational System 
NCOIC Non-Commissioned Officer in Charge 
NCOS Naval Control of Shipping 
NCP Nuclear Contingency Plan 
NCPS Nuclear Contingency Planning System 
NCR (1) National Capital Region; (2) NSA/Cryptologic Support 


Service Representative; (3) National Cryptologic Representa- 
tive; (4) NSA/Central Security Service Representative 


NCS (1) National Communications System; (2) NMIC Control Sub- 
system; (3) Naval Control of Shipping; (4) Network Control Sta- 
tion; (5) Node Center Switch; (6) National Cryptologic School; 
(7) Net Control Station 


NCSC (1) Navy Command Support Center; 
(2) National Computer Security Center 


NCSE NIST Communications Support Element 

NCSO Naval Control of Shipping Office 

NCSRT Non-Communications Signal Recognition Trainer 
NCTAMS Navy Computer and Telecommunications Area Master Station 
NCTC Naval Computer and Telecommunications Center 
NCTR Non-Cooperative Target Recognition 

NCTS Naval Computer and Telecommunications Station 
NCWA NATO Civil Wartime Agency 

NCWG National Correlation Working Group 

NCWR Non-Codeword Reporting 

ND Deputy CINCNORAD 
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NEACP 
NEADS 
NEANMCC 
NEC 


NEIC 
NEMVAC/NISH 


NEL 

NEO 
NEOPACK 
NEPA 
NEREP 
NES 
NESDIS 
NESEA 


Nondisclosure Agreement 

Non-Developmental Airlift Aircraft 

Days Before D-Day 

Non-Direction Beacon 

National Digital Cartographic Database 

Navy Decision Coordinating Paper 

Nuclear Detection Device 

Nuclear Detonation Detection System 

National Desired Ground Zero 

National Defense Headquarters (Canada) 
Non-Developmental Item 

National Drug Intelligence Center 

(1) Network Data Language; (2) National DGZ List 
National Defense Operations Center 

(1) National Disclosure Policy; (2) Naval Doctrine Publication 
National Disclosure Policy Committee 

National Disclosure Policy Office(r) 

National Defense Reserve Fleet 


(1) Nuclear Detection Satellite; (2) NPIC Data System; 
(3) Nuclear Detection System 


National Defense University 

(1) Northeast Asia; (2) National Education Association 
National Emergency Airborne Command Post 
Northeast Air Defense Sector 


Navy Element Alternate National Military Command Center 


(1) Naval Enlisted Code; (2) Northern European Countries; 
(3) Navy Enlisted Classification 


USAFE NATO Equipment Interpretation Course 


Non-combatant Emergency Evacuation/NEO Intelligence 
Support Handbook 


National Exploitation Laboratory 

Noncombatant Evacuation Operation 

NEO Package 

National Environmental Policy Act 

Nuclear Execution and Reporting Plan 

Network Encryption System 

National Environmental Satellite Data and Information Service 
Naval Electronic Systems Engineering Activity 
NATO English-Speaking Nations 

Navy EHF SATCOM Program 

(1) Not Earlier Than; (2) New Equipment Training 
Nationwide Emergency Telecommunications Service 
New Equipment Training Team 

Meade Data Center News Service 

No Foreign Dissemination, NOFORN 
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NICCIA 
NICKA 
NICOLS 
NICS 
NICSCOA 


NID 
NIDS 


(1) New Fighter Aircraft; (2) No Forwarding Address; 
(3) No-Fire Area 


National Foreign Assessment Center 

Nuclear Forces Communications Satellite 

No Foreign Dissemination 

National Foreign Disclosure Policy 

Network Front End 

(1) Not Further Identified; (2) No Further Information 
National Foreign Intelligence Board (formerly USIB) 
National Foreign Intelligence Council 

National Foreign Intelligence Program 

New Foreign Launch 

Near-Full-Motion 

Network File System 

NATO French-Speaking Nations 

Navy Fighter Weapons School 

Nuclear Free Zone 

National Guard 

NATO Guidelines Area 

NATO Gazetteer 

National Guard Bureau 

Northern Group of Forces (Soviet Forces in Poland) 
Naval Gunfire Support 

National Ground Intelligence Center 

Natural Gas Liquids 

Non-Governmental Organization(s) 

National Ground Site 

National HUMINT Collection Directive(s) 
National HUMINT Collection Plan 

Naval Hydrographic Office 

National HUMINT Requirements Tasking Center 
National Imagery Agency 


(1) National Information & Analysis Center; 
(2) Naval Intelligence Automation Command 


NATO Industrial Advisory Group 


(1) Naval Intelligence Command; (2) National Intelligence 
Council; (4) Naval Intelligence Cell; (5) National Intelligence 
Cell/Community 


National CI Coordinating Authority 
Nickname and Exercise Term System 

NIC On-Line System 

NATO Integrated Communications System 


NATO Integrated Communications System Central Operating 
Authority 


National Intelligence Daily 
NMCC Information Display System 
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NIIC 
NIIDTS 
NIRS 
NILS 


NIPIR 
NIPRNET 
NIPS 


NIPSSA 
NIPSTRAFAC 
NIS 


NISAC 
NISAM 
NISC 
NISCOM 
NISHQ 
NISO 


National Intelligence Estimate 

New International Economic Order 

National Imagery Exploitation Target Base 
National Imagery Exploitation Tasking Study 
No-notice Interoperability Exercise 

National Input Group 

NAVEUR Intelligence Highlights Summary 
National Information Infrastructure 

NORAD Intelligence Indications Center 
Naval Intelligence Imagery Data Transmission System 
National Imagery Interpretability Rating Scale 
Naval Intelligence Locating Summary 
NORAD Intelligence Memorandum 

National Imagery and Mapping Agency 
National Intelligence Officer 


(1) Notice of Intelligence Potential; (2) National Intelligence 
Priorities; (3) NATO Interoperability Plan 


Nuclear Immediate Photo Interpretation Report 


Unclassified-but Sensitive (N) Internet Protocol Router Network 


(1) NMCC Information Processing System; 
(2) Naval Intelligence Processing System 


Naval Intelligence Processing Systems Support Activity 
Naval Intelligence Processing Systems Training Facility 


(1) National Intelligence Summary; (2) National Intelligence 
Survey; (3) Naval Investigative Service; (4) NATO Identification 
System; (5) NPIC Information System (former NDS); (6) Newly 
Independent States; (7) National Imagery Segment; (8) National 
Input Segment; (9) NIPCImagery System; (10) Network Infor- 
mation System 


National Industrial Security Advisory Committee 

Naval Intelligence Systems Architecture Manual 

Naval Intelligence Support Center (U.S. Navy) (now NIC) 
Naval Investigative Service Command 

Naval Investigative Service Headquarters 

Naval Investigative Service Office 

Nuclear Weapons Intelligence Support Plan 

National Intelligence Situation Report 


(1) National Intelligence Support Team; 
(2) National Institute of Standards and Technology 


National Intelligence Topic 

National Imagery Transmission Format 
NITF Standard 

Network Interface Unit 

North Korea Installation List 
Nonkernel Security Related Software 
National Logistical Command 


Natural Language Interface 
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Netware Loadable Module 

Natural Language Processing 
Non-Line-of-Sight Weapon System 
Non-Lethal Submunitions 

Not Later Than 

No-Loan Zone 

Nautical Mile 


National Military Command Center 
National Military Command Center (Alternate) 
National Military Command System 


National Military Command Systems Support Center 


National Military Defense 
No Middle Initial 


(2) National Maritime Intelligence Center 

NATO Maritime Intelligence Coordination Center 
NMIC Support System 

National Military Intelligence Support 

National Military Intelligence Support Team 


(1) Navy-Marine Corps Intelligence Training Center; 
(2) National Military Intelligence Training Center 


National Military Joint Command Center 

National Military Joint Intelligence Center 

No Middle Name 

NATO Maritime Operational Support System 
National MASINT Requirements List 

National Military Strategy 

National Military Strategy Document 

National Military Intelligence Center 

National Military Intelligence Collection Center 
National Military Joint Intelligence Center 

Neural Network 

Neutral and Non-Aligned 

NATO Naval Armaments Group 

National Narcotics Border Interdiction System 
National Nuclear Intelligence Collection Plan 
Non-Nuclear Weapons States 

National Oceanic and Atmospheric Administration 
(1) Naval Order of Battle; (2) Nuclear Order of Battle 


Naval Operations Bases 


Naval Order of Battle Textual Summary 
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(1) Naval Materiel Command; (2) NATO Military Council 


(1) National Military Intelligence Center (archaic, now NMJIC); 


NOC (1) Naval Operations Center; (2) Network Operations Center 
NOCONTRACT Not Releasable to Contractors or Contractor 
Consultants 

NOD Night Observation Device 

NOE Nap-of-the-Earth 

NOFORN Not Releasable to Foreign Nationals 

NOIAN National Operations and Intelligence Analysts Net 

NOIC Naval Operational Intelligence Center 

NOIWON National Operations and Intelligence Watch Officers Network 

NOK Next Of Kin 

NOMS Nuclear Operations Monitoring System 

NOPF Naval Ocean Processing Facility 

NOR Norway 

NORAD North American Aerospace Defense Command 

NORD Nordic 

NORIP NORAD Intelligence For Planning Document 

NORLANT North Atlantic 

NORMIB NORAD Missile Intelligence Bulletin 

NORSAR Norwegian Seismic Array 

NORSIB NORAD Weekly Space Intelligence Bulletin 

NORTHAG Northern Army Group 

NORTIC NORAD Tactical Intelligence Cell 

NOSC Naval Ocean Systems Center 

NOSG Naval Operations Support Group 

NOSIC Naval Ocean Surveillance Information Center 

NOTAL Not To All (message distribution restriction) 

NPA New People’s Army 

NPB Neutral Particle Beam 

NPE Nuclear Planning and Execution 

NPES Nuclear Planning and Execution System 

NPGS Naval Postgraduate School 

NPHR National Foreign Intelligence Plan for Human Resources 

NPIC National Photographic Interpretation Center 

NPR Nuclear Posture Review 

NPS Nuclear Planning System 

NPT Non-Proliferation (of Nuclear Weapons) Treaty 

NR (1) Research Submarine (Nuclear); (2) Naval Reserve; 
(3) Non-Recurring; (4) Number 

NRAD NCCOSC Research, Development, Test and Evaluation Division 

NRC National Research Council 

NRCC NORAD Region Combat Center 

NRDL Naval Radiological Defense Laboratory 

NRF Naval Reserve Force 

NRFI Non-Recurring Finished Intelligence 

NRI Net Radio Interference 
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b. Subtract the following algebraic expres- 
sions: 


(1) —Tax — 2by + cz from 12axz +. 15by 
— 8ez. 


(2) 10w — 3y — 4z + 62% from 3% + By — 
22 — 15w. 
(3) 8a? + 10ab — 4b? from 12a? — 24ab 
+ 2b?. 
c. Simplify: 
(1) 7a® 
(2) (5% + 9)° 
(3) (3a? + Tx + 1)° 
d. Perform the indicated operations : 
(1) fe- fA 
(2) yrs? 
(3) yeti . yet 


pio 
(4) 


(5) (R8)™ 


(6) “= 


e. Express with positive exponents: 
(1) 40-4 
(2) r—g-+ 
(3) (6a)—2 
(4) I-R- 
(5) 2-3a2b-3 
3EI-R- 
(6) isioaes Cena 
f. Perform the indicated operations: 
(1) (5ab) (2a? — 3ab + 7b?) 
(2) 4a(a? + 8a + 1) 
(3) (2+ 31+ 9) (i— 83) 
(4) (22? + 38xy — y?) (x? + ay + y?) 
(5) (32? — 2xry — By?) (322 + 2ary — 5y?) 
(6) [(7—1)a— (4 —1)e] + 
[(— 1) ac] 
(7) (8rL — rR?) + rR 
(8) (5a4b — 10a%b? + 15a8b‘) + 5atb 
(9) (1+ 2z4 + 422 — 28 4 7z) + 
(3 + 2? — z) 


(10) (10063 — 13b2 — 3b) + (8 + 25b) 


Section IV. FACTORING 


51. Understanding Factoring 


Factoring is the breaking up of an expression 
into the factors or individual parts of which it 
is composed. In other words, to factor an al- 
gebraic expression means to find two or more 
expressions which, when multiplied together, 
will result in the original expression. For ex- 
ample, since 3 * 5 = 15, 3 and 5 are the factors 
of 15; since 4° a° b = 4ab, 4, a, and Bb, are the 
factors of 4ab; since a(x + y) = ax 4+ ay, a 
and (x + y) are the factors of ax + ay. 


52. Factors of Positive Integers 


It is often difficult to determine at a glance 
the factors of which a number is composed. For 
example, consider the numerical expression 36. 
There are many different combinations of num- 
bers that would result in an answer of 36; for 
example, the desired factors for 36 in a certain 
problem might 36-1, 18+ 2, 12° 3, 9° 4,6° 6, 
2°2°9,4°3°3,2° 3° 6, and so on. 
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53. Factors of a Monomial 


Because the factors of a monomial are evi- 
dent, usually a monomial is not separated into 
its prime factors. The factors of a‘b2c are 
a:-a:a:a:b-:b-c, and the factors of 15a2b3 
are3:5:a°a:b-b-b. 


54. Square Root of a Monomial 


The square root of an algebraic expression 
is one of its two equal factors. Thus, the square 
root of 49 is 7, the square root of 81 is 9, the 
square root of a? is a, and the square root of 
xy? is xy. As discussed in paragraph 31, the 
radical sign is used to indicate the square root 
of a number. Actually, every number has two 
square roots, one positive and one negative. 
If no sign precedes the radical, the positive or 
principal root is understood. For example, 
V9 = +8. If a negative sign precedes the 
radical, however, the negative root is intended. 
Thus, — /9 = —3. When dealing with literal 
terms, the values of the various factors often 
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NRIP 
NRIS 
NR JOIC 
NRL 


NRO 
NROSS 
NRP 
NRT 
NRTEM 
NRTI 
NRTS 
NSA 


NSAD 
NSA/CSS 
NSAM 
NSARC 
NSC 
NSC/DC 
NSCID 
NSCIG 
NSD 
NSDD 
NSDM 
NSE 
nsec 
NSEP 
NSF 
NSFS 
NSG 
NSGA 
NSGC 
NSGD 
NSI 
NSIC 
NSN 
NSNF 
NSO 
NSOC 


NSOF 
NSP 
NISPC 
NSPG 


Naval Reserve Intelligence Program 
National Radar Interpretability Scale 
Northwestern Region Joint Operational Intelligence Cell 


(1) Naval Research Laboratory; (2) NUWEP Reconnaissance 
List; (3) National Receive Location 


National Reconnaissance Office 

Navy Remote Ocean Surveillance Satellite 

(1) National Reconnaissance Program; (2) Net Radio Protocol 
(1) Near Real Time; (2) Net Registered Tonnage 
Near-Real-Time Exploitation Module 

Near-Real-Time Information 

Naval Reconnaissance and Technical Support 


(1) National Security Agency; (2) National Shipping Authority; 
(3) National Standards Association; (4) Naval Support Activity 


Network Security Architecture and Design 

National Security Agency/Central Security Service 
National Security Action Memorandum 

Navy Systems Acquisition Review Council 

(1) National Security Council; (2) Naval Supply Center 
Deputies Committee of the NSC 

National Security Council Intelligence Directive 
National Security Council Interdepartmental Group 
National Security Directive 

National Security Decision Directive 

National Security Decision Memorandum 

(1) Naval Support Element; (2) National Support Element 
Nanosecond 

National Security Emergency Preparedness 
National Science Foundation 

National Surface Fire Support 

Naval Security Group 

Naval Security Group Activity 

Naval Security Group Command 

Naval Security Group Detachment 

National Security Information 

Naval Security and Investigative Command 
National Stock Number 

Non-Strategic Nuclear Forces 

(1) Non-SIOP Option; (2) Network Security Officer 


(1) National Security Operations Center 
(formerly National SIGINT Operations Center); 
(2) Naval Special Operations Command 


Naval Status of Forces 
NORAD/USSPACECOM 
National In-Service Production Centers 


National Security Planning Group 


151 


NSRB 
NSRDB 
NSRDC 
NSRL 
NSRS 
NSS 


NSSD 
NSSM 


NSST 


NSTAC 
NSTD 


NSTG 
NSTGFE 
NSTISSAM 


NSTISSC/D/I/P 


NSTL 
NSTS 
NSV 
NSVN 
NSW 
NSWC 


NSWDG 
NSWG 
NSWP 
NSWTG 
NSWTG/U 
NSWTU 
NSWU 
NTA 
NTB 
NTBS 
NTC 


NTCB 
NTCC 
NTCS-A 
NTDI 
NTDS 
NTF 


National Security Resources Board 

National SIGINT Requirements Data Base 
Naval Ship Research and Development Center 
National SIGINT Requirements List 

National SIGINT Requirements System 


(1) NMIC Support System; (2) National Seismic Station; 
(3) National Security Strategy; (4) Network Support Server 


National Security Study Directive 


(1) Navy Spread Spectrum Modem; 
(2) National Security Study Memorandum 


(1) Navy Space Command Space Support Team; 
(2) National Special Support Teams 


National Security Telecommunications Advisory Committee 


(1) National Strategic Target Database; 
(2) Non-System Training Device 


Nuclear Strike Target Graphic 
Naval Scientific and Technical Group, Far East 


National Security Telecommunications and Information Systems 
Security Advisory/information Memorandum 


National Security Telecommunications and Information Systems 
Security Committee/Directive/Instruction/Policy 


National Strategic Target List 
NSA/CSS Secure Telephone System 
Netted Secure Voice 

NATO Secure Voice Network 

Naval Special Warfare 


(1) Navy Surface Weapons Center; 
(2) Navy Special Warfare Command 


Naval Special Warfare Development Group 

Naval Special Warfare Group 

Non-Soviet Warsaw Pact 

Naval Special Warfare Task Group 

Naval Special Warfare Task Group/Unit or (Unconventional) 
Naval Special Warfare Task Unit 

Naval Special Warfare Unit 

National Tasking Authority 

(1) National Targeting Base; (2) Nuclear Test Ban 


National Target Base Server 


(1) National Territorial Command; (2) National Tasking Center; 
(3) Naval Training Center; (4) Network Terminal Concentrator; 
(5) National Training Center 


Network Trusted Computing Base 

Naval Telecommunications Center 

Naval Tactical Communications System-A float 
NATO Target Data Inventory 

Naval Tactical Data System 

National Test Facility 
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NTI (1) National Tactical Interface; (2) Near-Term Initiative 

NTIA National Telecommunications & Information Administration/ 
Agency 

NTIB NATO Tactical Intelligence Broadcast 

NTIC Naval Technical Intelligence Center 

NTIS National Technical Information Service 

NTISSAM National Telecommunications and Information Systems Security 
Advisory/information Memorandum 

NTISSC/D/I/P National Telecommunications and Information Systems Security 
Committee/Directive/Instruction/Policy 

NTM National Technical Means 

NTMWG Nuclear Test Monitoring Working Group 

NTP National Tasking Plan 

NTPC National Telemetry Processing Center 

NTPR Nuclear Targeting Policy Review 

NTPS Near-Term Maritime Pre-Positioning Ships 

NTS (1) Nuclear Test Site; (2) Naval Telecommunications System 

NTSC National Television Standard Code/Committee 

NTSDS National Target/Threat Signatures Data System 

NTSS National Time-Sensitive System 

NTU New Threat Upgrade 

NTZ No Transgression Zone 

NUAC Nicaragua Analysis Cell 

NUCAP Nuclear Capabilities Data Base 

NUCDEF Nuclear Defense 

NUCDETS Nuclear Detonation Detection & Reporting System 

NUCINT Nuclear Intelligence 

NUCREP Nuclear Damage Report 

NUCWPN Nuclear Weapon(s) 

NUICCS NORAD/USSPACECOM Integrated Command and Control 
System 

NUDET (1) Nuclear Detection; (2) Nuclear Detonation 

NUIS NORAD/USSPACECOM Intelligence Systems 

NURAD Nuclear Radiation Detection 

NUREP Nuclear Weapons Report 

NUSC Naval Underwater Systems Center 

NUT Naval Upper Tier 

NUTEX Nuclear Tactical Exercise 

NUWEAMP Nuclear Weapons Employment and Acquisition Master Plan 

NUWEP Nuclear Weapons Employment Policy/Plan (NCA) 

NVDEP Network Virtual Data Entry Protocol 

NVDET Network Virtual Data Entry Terminal 

NVG Night Vision Goggles 

NVIS (1) Near-Vertical Incidence Skywave; 
(2) Night Vision Imaging System 

NVS Night Vision System 
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NW 
NWB 
NWC 


NWFZ 
NWIP 
NWIS 
NWL 
NWP 
NWR 
NWRS 
NWS 


NWSS 
NWWCSS 
NX 


(1) Nuclear Warfare; (2) Northwest (region) 
Nuclear Weapons Branch 


(1) National War College; (2) Naval War College; 
(3) Naval Weapons Center; (4) NORAD Weather Center 


Nuclear Weapons Free Zone 

Naval Warfare Information Publication 
Naval Weaponeering Information Sheet 
Naval Weapons Laboratory 

Naval Warfare Publication 

Northwest Region 

Nuclear Weapons Requirement Study 


(1) Nuclear Weapons State; (2) North Warning System; 
(3) National Weather Service 


Nuclear Weapons Storage Site 
Naval Worldwide Command Support System 
Non-Expendable 
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OAD-2 
OADR 
OALAN 
OAMP 

OAP 

OAPEC 

OAS 
OASA(RDA) 


OASD 
OASD(C3I) 
OASIS 


OATS 


OAU 
OB 
OBC 
OBE 
OBI 
OBI-OC 
OBIS 
Obj 
OBP 
OBO 
OBS 


OBSS 


OBSUM 
OBU 
OC 


O&C 
OCA 


OCAC 
OCAM 


On or About 


(1) Office Automation; (2) Operations Analysis; (3) Operational 
Area 


Objective Architecture Center 


(1) Operational Availability Date; 
(2) Objective Architecture Document 


Objective Architecture Document, 2nd Iteration 

Originating Agency’s Determination Required 

Office Automation Local Area Network 

Optical Airborne Measurements Program 

(1) Organizational Assessment Package; (2) Offset Aim Point 
Organization of Arab Petroleum-Exporting Countries 

(1) Organization of American States; (2) Offensive Air Support 


Office of the Assistant Secretary of the Army (Research, Devel- 
opment, and Acquisition) 


Office of the Assistant Secretary of Defense 
OASD (Command, Control, Communications, and Intelligence) 


(1) Operational Application of Special Intelligence Systems; 
(2) Office Automation System for Intelligence Support 


(1) Operations Analysis for Tactical Support; 
(2) Online AIF Transaction System 


Organization of African Unity 

Order of Battle 

Optical Bar Camera 

Overtaken By Events 

Observable Human Resources Intelligence 
OBI Operations Center 

Order of Battle Intelligence System 
Object 

On-Board Processing 

Official Business Only 


(1) Ocean Baseline System; (2) Orders of Battle System; 
(3) Observations (Optical Tracking) 


(1) Off-Board Sensor Systems; 
(2) Operational Briefing Support System 


Order of Battle Summary 
OSIS Baseline Upgrade 


(1) Dissemination and extraction of Information Controlled; 
(2) Optical Carrier 


Operations & Control 


(1) Ocean Control Authority; (2) Operational Control Authority; 
(3) Offensive Counterair 


Operational Control and Analysis Center 
Afro-Malagasy and Mauritian Common Organization 
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OCAR 

OCCIS 
OCCULT 
OCEANLANT 
OCICS 

OCM 

OCMA 
OCMC 

OCNO 
OCOKA 


OCONUS 
OCR 


OCS 

OCS3 
OCSA 
OCSURV 
OCU 

OD 

ODA 

ODC 
ODCSINT 
ODCSLOG 
ODCSPER 
ODECA 
ODIN 
ODISC4 


ODJS 
ODP 
ODRP 
ODS 


OE 
OECD 
OEE 
OEF 
OEG 
OEIC 
OER 


OET 
OFC 
OFCO 
Off 


Office, Chief of Army Reserve 

Operational Command and Control Information System 
Optical Covert Communications Using Laser Transceivers 
Ocean Atlantic Area (NATO) 

Office of the Chairman, Joint Chiefs of Staff 

Operational Coordination Message 

Objective Collection Management Architecture 

Overhead Collection Management Center 

Office of the Chief of Naval Operations 


Observation and Fields of Fire, Concealment and Cover, Obsta- 
cles, Key terrain, Avenues of Approach, and Mobility Corridors 


Outside CONUS 


(1) Office of Collateral Responsibility; 
(2) Optical Character Reader 


(1) Officer Candidate School; (2) Offensive Counterspace 
Optical Carrier 3 Communications 

Office of the Chief of Staff of the Army 

Ocean Surveillance 

Operational Conversion Unit 

Operating Directive(s) 

Operational Detachment Alpha 

Office of Defense Cooperation 

Office of the Deputy Chief of Staff, Intelligence 
Office of Deputy Chief of Staff for Logistics 
Office of Deputy Chief of Staff for Personnel 
Organization of Central American States 
Operations Dedicated Imagery Network (LOCE) 


Office of Director Information Systems Command, Control, 
Communications, Computers 


Office of the Director, Joint Staff 
(1) Officer Distribution Plan; (2) Office of Defense Planning 
Office of the Defense Representative - Pakistan 


(1) Open Data Server; (2) Operation DESERT STORM; 
(3) Output Data Server 


Operational Effectiveness 

Organization for Economic Cooperation and Development 
Operational ELINT Exploitation 

Operational Exploitation Facility 

Operational Exposure Guide 

Overseas Economic Intelligence Committee 


(1) Officer Evaluation Report; (2) Officer Efficiency Report; 
(3) Operational ELINT Requirements 


Office of Emergency Transportation 
Office 

Offensive Counterintelligence Operation 
Officer 
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Office of Foreign Mission 


Operations Group Operations Officer Intelligence (Air Force) 


Overseas Ground Station 


Operations Group Support Intelligence (Air Force) 


Over-the-Horizon Detection Radar 
Over-the-Horizon Detection Radar-Backscatter 


(1) Operating Instruction; (2) Operational Interest 


Operations & Intelligence 


(1) Office of Imagery Analysis; 
(2) Operations Intelligence Automation 


Officer in Charge 


(1) Operational Intelligence Crisis Center; 
(2) Operational Intelligence Coordination Center 


Operational Intelligence Collection System 
Operations-Intelligence Interface 
Operations Intelligence Liaison Officer 


(1) Offset Instrumentation Point; 
(2) Operator Interface Processor 


Operational Intelligence Requirement 
Operational Intelligence Support System 
OI Workstation 


(1) Organization of the Joint Chiefs of Staff; 
(2) Office of the Joint Chiefs of Staff 


On-the-Job Training 
Operating Location 

Oak Leaf Cluster 
Operations Module 
Operation and Maintenance 


(1) Office of Military Affairs (CIA); 
(2) Operations and Maintenance, Army 


Operations and Maintenance Army Reserve 
Ocean Measurements and Array Technology 
Office of Management and Budget 

Office of Military Cooperation 

Office of Military Cooperation-Kuwait 
Operational Maneuver Group (FSU) 
Operation and Maintenance, National Guard 
Offensive Missile Order of Battle 

Orbital Maneuvering Vehicle 

Original Negative (film) 

Australia Office of National Assessments 
Operational Navigation Chart 

Office of Naval Intelligence 

Overhead Non-Imaging Infrared 

On-Line Five Year Exercise Schedule System 
Outline NATO Operational Objective 
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ONPG 
ONR 
ONS 
ONUC 
ONUMOZ 
ONUSAL 
OOA 
OOB 
OODA 
OOK 
OOP 
OOTW 
OP 

OPA 

OP3 
OPCC 
OPCEN 
OPCODES 
OPCOM 
OPCON 
OPDEC 
OPEC 
OPELINT 
OPF 
OPFAC 
OPFIS 
OPFOR 
OPG 

OPI 

OPIC 


OPIC-A 
OPINT 
OPINTEL 
OPLAN 
OPM 

Opn(s) 
OPNAV 
OPNAVINST 
OPNOTES 
OPORDER/OPORD 
OPPAR 

OPR 

OPREP 
OPREPS 


Operational Nuclear Planning Group 

Office of Naval Research 

Operational Needs Statement 

United Nations Operations in the Congo 
United Nations Operations in Mozambique 
United Nations Observer Mission in El Salvador 
Out of Area 

Order of Battle 

Observation, Orientation, Decision and Action 
On/Off Keying 

Object Oriented Programming 

Operations Other Than War 

(1) Observation Post; (2) Operation; (3) Operational 
Other Procurement Activity 

Overt Peacetime PSYOP Program 

Offutt Processing and Correlation Center 
Operations Center 

Operational Codes 

Operational Command 

Operational Control 

Operational Deception 

Organization of Petroleum-Exporting Countries 
Operational Electronic Intelligence 

Orbiter Processing Facility 

Operational Facilities 

Operational Foreign Instrumentation Signals 
Opposing Forces 

Operations Planning Group 

Office of Primary Interest 


(1) Overseas Processing and Interpretation Center; 
(2) Overseas Private Investment Corporation 


Overseas Processing and Interpretation Center - Asia 
Optical Intelligence 

Operational Intelligence 

Operations Plan 

Office of Personnel Management 
Operation(s) 

Office of the Chief of Naval Operations 
OPNAV Instruction 

Operational Notes 

Operations Order 

Opposing Army 


Office(r) of Primary Responsibility; Officer Performance Report 


Operations Report 
Operational Reporting System 
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OPS/OPNS/OP 
OPS/INTEL 
OPSDEPS 
OPSCO 
OPSCOM 
OPSCOMM 
OPSEC 
OPSKAN 
OPSNOTE 
OPT 
OPTEMPO 
OPTEVFOR 
OPTINT 
OPTIR 
OPUS 

OR 
ORBINT 
ORBIT 
ORCON 


ORD 
ORE 
ORF 
Org 
ORI 
OS 
O&S 
OSA 
OSAP 
OSAS 
OSC 


OSCAR 
OSCARCP 
OSD 
OSD(C) 
OSF 

OSI 


OSIA 
OSINT 
OSIS 


OSP 


Operations 

Operations Intelligence 

Operations Deputies (JCS) 

Operations Coordinator 

Operations Committee 

Operations Secure Communications 

Operations Security 

Open Skies Advanced Notice 

Operations Note 

(1) Optional Modification; (2) Operations Planning Team 
Tempo of Operations 

Operational Test and Evaluation Force 

Optical Intelligence 

Optical Infrared 

OBU Program Upgrade System 

(1) Operational Requirements; (2) Operationally Ready 
Orbital Intelligence 

System Development Corporation Data Search Service 


(1) Dissemination and Extraction of Information Controlled by 
Originator; (2) Originator Controlled 


Operational Requirements Document 
Operational Readiness Exercise 

Official Representation Fund 

Organization 

Operational Readiness Inspection 

(1) Operating System; (2) Cryptologic Officer 
Operations & Support 

Open Systems Architecture 

Ocean Surveillance Assessment Program 
Operational Space Application System 


(1) Office of the Security Council; (2) Operational 
Support Company; (3) Operations Support Center; (4) On-Scene 
Commander 


Optical Submarine Communications by Aerospace Relay 
Operations Support Center and Rear Command Post (Korea) 
Office of the Secretary of Defense 

OSD (Comptroller) 

Open Systems Foundation 


(1) Operating Systems Incorporated (Contractor); (2) On-Site 
Inspection; (3) Off-Shore Islands; (4) Office of Special Investi- 
gations; (5) Open System Interconnect; (6) Office of Special 
Investigations; (7) Open System Interconnect 


On Site Inspection Agency 
Open Source Intelligence 


(1) Ocean Surveillance Information System; 
(2) Open Source Information Service 


(1) Ocean Surveillance Product; 
(2) Operational Support Package 
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OSPRA Ocean Surveillance Pattern Recognition Algorithm 


OSO Operational Support Office 

OSP Operational Support Packages 

OSS (1) Operational Storage Site; (2) Operations Support Squadron; 
(3) Operations Support System 

OSSC On-Line System Support Center 

OST Outer Space Treaty 

OSTP Office of Science and Technology Policy 

OT (1) Overseas Territories; (2) Overtime; (3) Operational Test; 
(4) One Time; (5) Operations Team 

OT&E Operational Test and Evaluation 

OTA (1) Operational Tasking Authority; 
(2) Office of Technology Assessment 

OTAD Over-The-Air Key Distribution 

OTAR Over-The-Air Rekeying 

OTAT Over-The-Air Transmission/Transfer 

OTAU Over-The-Air Updating 

OTC (1) Officer in Tactical Command; (2) Over-the-Counter 

OTCIXS (1) Officer in Tactical Command Information Exchange Sub- 
system; (2) OTC Information Exchange System 

OTE See OT&E 

OTEA Operational Test and Evaluation Agency (U.S. Army) 

OTH Over-the-Horizon 

OTH-B Over-the-Horizon Backscatter 

OTH-R Over-the-Horizon Radar 

OTH-T Over-the-Horizon Targeting 

OTIS Operational Targeting Intelligence System 

OTM On the Move 

OTP One-Time Pad 

OTS (1) One-Time Source; (2) Officer Training School; 
(3) Oahu Telecommunications System 

OTT One-Time Tape 

OTU Operational Training Unit 

QUO Official Use Only 

OUSDRE Office of the Under Secretary of Defense, Research & 
Engineering 

OUTS Operational Unit Transportable System 

OVOP Overt Operational Proposal 

OVPF Object-Oriented Vector Product Format 
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are unknown. Therefore, when extracting the 
square root of a monomial, extract the square 
root of the numerical coefficient, divide the ex- 
ponents of the literal terms by 2, and prefix the 
square root with the plus or minus (+) sign, 
which denotes that either the positive or nega- 
tive root may be the correct one. 


Example 1: Vx'*yt = +ax8y?, 
Example 2: \/49atb? = +7a?b. 


55. Cube Root of a Monomial 


The cube root of a monomial is one of its 
three equal factors. The index 3 in the angle 
of the radical sign (/ ) indicates cube root 
(par. 31). To extract the cube root of a 
monomial, extract the cube root of the num- 
erical coefficient, divide the exponents of the 
literal terms by 3, and prefix the cube with the 
same sign as that of the monomial. 


Example 1: ¥/a’y? = ay. 
Example 2: 3/27 x!2y8z® — 382ty2z3, 
Example 8: ~/—64r2is3 — —4r's, 


56. Factors of a Polynomial 


a. Common Monomial Factor. In an algebraic 
expression, the type of factor which can be 
recognized most easily is the monomial factor 
(single letter or number) which is common to 
each term in the expression. For instance, in 
the expression za + xb + ze, the z is a factor 
common to each of the terms. Thus, the ex- 
pression za + xb + ze can be written r(a + 
b + c). This relationship is shown pictorially 
in figure 10. Since the area of a rectangle is 
equal to its base multiplied by its altitude (par. 
1860), the area of the uppermost rectangle in 
figure 10 is x times a, or xa. The areas of the 
center and lower rectangles are xb and “xe, re- 
spectively. The area of the large rectangle 
formed by the three small rectangles is equal 
to its base x times its altitude (a + b + c), or 
x(a + 6 +c). Since the area of the large 


x(a¢ bec) = xa+xbexc 
TM684-16 


Figure 10. Common monomial factors. 


rectangle is equal to the sum of the areas of 
the three smaller rectangles, then x(a + b + ¢) 
is equal to va + xb + xc. This shows that the 
factor x can be removed from xa + xb + xe 
and the expression written (a + b+ c). Ac- 
curacy of factoring can be checked by multiply- 
ing the two factors together—the product 
should be the original expression. Thus, x(a + 
b4+c)=2a+ 2b+ xc. To factor a polynomial 
the terms of which have a common monomial 
factor, determine the largest factor common to 
all of the terms, divide the polynomial by this 
factor, and write the quotient in parentheses 
preceded by the monomial factor. The first 
factor contains all that is common to all of the 
terms; it may consist of more than one literal 
number and may be to a power higher than the 
first. 


Example 1: Factor #3 — 7x? + 42. 


a8 — Tx? + 4x = x(x? — Tx + 4) 


Example 2: Factor abx + aby — abz. 


abx + aby — abz = ab(x + y — 2) 


Example 3: Factor 2az? — 4bz2 + 6c2?. 
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2az? — 4b22 + 6ce2z? — 222(a — 2° + 3°) 


AGO 558A 


PAA 

PA ANG 
PAATS 
PABX 
PAC 
PACAF 
PACCAAT 
PACCS 
PACE 
PACFAST 
PACFLT 
PACOM 
PACOPS 
PACTAIS 
PACTIDS 
PACVTCN 
PAD 
PADAR 
PA&E 
PAE 

PAF 

PAI 
PAIDS 
PAIS 


PAL 
PALAPA 
PALS 
PAM 


PAMIS 


PANAMSAT 
PANMAN 
PAO 

PAOC 


Peacetime 
Pre-Planned Essential Elements of Information 


Land-Based Anti-Submarine Warfare Patrol Aircraft 
(re-engined) 


Pre-Planned Product Improvement 


(1) Pulse Amplitude; (2) Probability of Arrival; (3) Public 
Affairs; (4) Preliminary Assessment; (5) Proper Authority 


(1) Primary Aircraft Authorized; (2) Peer Access Approval 
Pennsylvania Air National Guard 

Precision Approach Area Tracking System 
Private Access Branch Exchange 

Pacific 

Pacific Air Forces 

USPACOM Command and Control AUTODIN Access Terminal 
Post-Attack Command and Control System 
Portable Acoustic Collection Equipment 
Pacific Forward Area Support Team 

Pacific Fleet 

U.S. Pacific Command 

Pacific Air Force Operations 

Pacific Theater Air Intelligence System 
PACOM Theater Intelligence Data System 
Pacific Video Teleconferencing Network 
Program Action Directive 

Passive Airborne Detection & Ranging 
Program Analysis and Evaluation 

Peer Access Enforcement 

Production Analysis and Fusion 

Project Assignment Instruction 

PACOM Area Imagery Distribution System 


(1) Personnel Authentication Identification System; 
(2) Prototype Advanced Indicator System; (3) Pacific Air 
Intelligence System 


Permissive Action Link 
Indonesian Satellite 
Photo Area & Location System 


(1) Payload Assist Module; 
(2) Penetration Augmented Munition 


Psychological Operations Automated Management Information 
System 


PAN American Satellite (Communications System) 

Panama Metropolitan Area Network 

(1) Product Activity/Operational Code; (2) Public Affairs Officer 
PACAF Air Operations Center 
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PAR 


PARCS 


PARINT 
PARIS 
PARMIS 


PARPRO 


PAS 
PASEP 
PASS 


PASS-E 
PASSEX 
PASS-H 
PASS-J 
PASS-K 
PAT 


PATREP 
PATRIOT 
PATRIOT PAC III 


PATRON 
PATWING 
PAVE 


PAWS 


PAX 

PB 
PB(A)(H) 
PBAC 
PBC 
PBD 
PBEIST 
PBL 
PBN 
PBOS 
PBR 


PBTN 
PBV 
PBW 


(1) Precision Approach Radar; (2) Perimeter Acquisition Radar; 
(3) Phased-Array Radar; (4) Population at Risk; (5) Program 
Assessment Review 


(1) Perimeter Acquisition Radar Attack; 
(2) Perimeter Acquisition Characterization System 


Partial Intercept 
Pacific Army Intelligence System 


Peacetime Airborne Reconnaissance Management Information 
System 


(1) Peacetime Aerial Reconnaissance Program; 
(2) Preplanned Application of Reconnaissance Programs 


(1) Plans and analysis Staff; (2) Pan American Satellite 
Passed Separately 


(1) Photo Interpretation Analyst Support System; 
(2) PACOM IPAC Intelligence Computer System Analyst Sup- 
port System; (3) PACOM ADP Server Site 


USPACOM ADP Server Site-EASTPAC 
Passing Exercise (Naval) 

USPACOM ADP Server Site, Hawaii 
USPACOM ADP Server Site, Japan 
USPACOM ADP Server Site, Korea 


(1) Payload Associated Transporter; 
(2) Planning Assistance Team; (3) Process Action Team 


Patrol Report 
Phased Array Tracking to Intercept of Target 


Phased Array Tracking to Intercept of Target Advanced 
Capability II 


Patrol Squadron (Navy) 
Patrol Wing 


USAF Programs Connected (Night) Avionics, Target 
Designators, Vision 


(1) Portable Analyst Work Station; (2) Prototype Analytical 
Workstation; (3) Portable ASAS Workstation 


Passengers 

(1) Particle Beam; (2) Patrol Boat 

Patrol Boat (Air Cushion) (Hydrofoil) 

Program Budget Activity Committee 

Program and Budget Committee 

(1) Program Budget Decision; (2) Patrol Boat Drone 
Planning Board for European Inland Surface Transport 
Patrol Boat, Light 

Public Broadcasting Network 

Planning Board for Ocean Shipping 


(1) River/Roadstead Patrol Boat (Navy); 
(2) Precision Bombing Range 


Panama Backbone Transport Network 
Post-Boost Vehicle 
Particle Beam Weapon 
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PBX 
PC 


PCA 
PCAC 
PCC 


PCD 
PCE 
PCF(A)(H) 
PCFS 
PCH 

PC II 

PCL 

PCM 
PCMCIA 
PCN 


PCP 
PCR 
PCS 


PCS/UPT 


PCSF 
PCT 
PCTN 
PCTCS 
PCZ 
PD 


PDA 
PDB 
PDC 
PDD 
PDI 
PDF 
PDL 
PDM 


PDMS 
PDMT 
PDOP 


Private Branch Exchanges 


(1) Patrol Craft; (2) Positive Control; (3) Production 
Control; (4) Personal Computer; (5) Project Coordinator; 
(6) Parallel Computing; (7) Provide Comfort; (8) Patrol Coastal 


Point of Closest Approach 
Primary Collection and Analysis Center 


(1) POADS Computer Center; 
(2) Program Coordinating Committee 


(1) Program Change Decision; (2) Positive Control Document 
Patrol Escort 

Fast Patrol Craft (Air Cushion) (Hydrofoil) 

Fire Support Patrol Craft 

Patrol Craft (Hydrofoil) 

PROVIDE COMFORT II 

Parallel Communications Link 

Pulse Code Modulation 

Personal Computer Memory Card International Association 


(1) Production Control Number; (2) Packet Switching Node; 
(3) Personal Communications Networking 


(1) Project Concept Proposal; (2) Program Change Proposal 
(1) Performance and Cost Report; (2) Program Change Request 


(1) Publication Control Sheet; (2) Permanent Change of Station; 
(3) Submarine Chaser; (4) Personal Communications System; 
(5) Primary Control Station 


Personal Communications Services/Universal Personal Tele- 
communications 


Fire Support Patrol Craft 

Training Patrol Craft 

Pacific Consolidated Telecommunications Network 
Pentagon Center Telecommunications System 
Protected Communications Zone 


(1) Probability of Damage; (2) Presidential Directive; (3) Pulse 
Duration; (4) Passive Detection; (5) Point Detonation (Fuse) 


Personal Digital Assistant 
PSYOP Dissemination Battalion 
Propaganda Development Center 
Presidential Decision Directive 
Principal Deputy for Intelligence 
Panamanian Defense Force 
Program Design Language 


(1) Program Decision Memorandum; 
(2) Pulse Duration Modulation 


Point Defense Missile Systems 
Pursuit Deterrent Munition Trainer 


Position Dilution of Precision 
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PDP 


PDR 
PDS 


PDSS 
PDU 
PDUSD(A&T) 


PE 


PEAD 
PEAS 


PEC 
PEG 


PEH 
PEI 
PEILS 
PEM 


PEO 
PEOC4I 


PEP 

PER 
PERIGEE 
PERINTREP 
PERINTSUM 
PERM 
PERMCERT 
PERSCON 
PEO 
PEO-CCS 
PERSEC 
PERT 

PES 

PESM 

PF 

PFADS 

PFD 

PFIAB 

PFLP 

PFM 


(1) Program Decision Paper; 
(2) Programmable Data Processor 


Preliminary Design Review 


(1) Passive Detection System; (2) Power Distribution System; 
(3) Production Deconfliction System; (4) Protected Distribution 
System PDSC PACOM Data Systems Center 


Post-Deployment Software Support 
Protocol Data Unit 


Principal Deputy Under Secretary of Defense 
(Acquisition & Technology) 


(1) Probable Error; (2) Personnel Equipment; (3) Program 
Element; (4) Preliminary Exploitation; (5) Peace Enforcement 


Presidential Emergency Affairs Documents 


(1) Psychological Operations Effectiveness Analysis Subsystem; 
(2) PSYOP Effects Analysis System 


(1) Pacific Command Electronic Intelligence Center; 
(2) Program Element Code 


(1) Photo Exploitation Group; (2) Priority Exploitation Group; 
(3) Priorities for ELINT Guidance; (4) Program Element Group 


Probable Error in Height 
Production Enhancement Initiative 
PACOM Executive Intelligence Summary 


(1) Purchased Equipment Maintenance; 
(2) Program Element Monitor 


Peace Enforcement Operation 


Program Executive Officer for Command, Control, Communica- 
tions, Computers, and Intelligence 


Photographic Exploitation Products 

Personnel 

Perspective Image Generation and Exploitation System 
Periodic Intelligence Report 

Periodic Intelligence Summary 

Processless Electron Recording Media 

Permanent Certification 

Personal Contact 

Program Executive Officer 

PEO Command and Control Systems 

Personnel Security 

Program Evaluation and Review Technique 

Positive Enable System 

Passive Electronic Support Measures 

Protection Factor 

Psychological Operations Foreign Area Data Subsystem 
Power Flux Density 

President’s Foreign Intelligence Advisory Board 
Popular Front for the Liberation of Palestine 
Production Functional Manager 
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PFOD Presumptive Finding of Death 


PG (1) Patrol Combatant; (2) Persian Gulf; (3) Precision Guidance 
PGDR Portable Data Reduction System 
PGF Patrol Ship 
PGG Guided-Missile Patrol Combatant 
PGH Patrol Gunboat (Hydrofoil) 
PGIP Postgraduate Intelligence Program 
PGM Precision-Guided Munitions 
PGR Reconnaissance Patrol Combatant 
PGW Precision Guided Weapon 
PGSS Publications and Graphics Subsystem 
PHD Phase History Data 
PHIBGRU Amphibious Group 
PHIBRON Amphibious Squadron 
PHIGS Programmer’s Hierarchical Interactive Graphics 
PHM Patrol Combatant Missile (Hydrofoil) 
PHOTOINT Photographic Intelligence 
PHOTORECON Photographic Reconnaissance 
PHS Public Health Service 
PHYSEC Physical Security 
PI (1) Photographic Interpretation/Interpreter; 
(2) Principal Investigator 
PIAC PACOM Intelligence Architecture Committee 
PIB (1) PACOM Intelligence Board; (2) Photo Interpretation Brief 
PIC (1) Pacific Imagery Processing and Interpretation Center; 


(2) Parent Indicator Code; 
(3) Processing and Interpretation Center 


PICON Portable ICON 
PIF (1) Processing and Interpretation Facility; 
(2) Project Investment Fund 
PIGS Passive Infrared Guidance System 
PIICS PACOM - Intelligence Computer System 
PILOT Phased Integrated Laser Optics Technology 
PIM Path of Intended Movement 
PIN (1) Preliminary Imagery Nomination File; (2) Photographic 


Intelligence Note; (3) Personal Increment Number; 
(4) Plan Identification Number; (5) Personal Identification 
Number; (6) PACOM Intelligence Net 


PINES PACAF Interim National Exploitation Segment/System 
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PIP 


PIR 


PIRATE 
PIREP 
Pixel 

PJ 

PK 


PKA 
PKC 
PKK 
PKO 
PKSD 
PL 


PLA 


PLARS 
PLGR 
PLL 
PLNG 
PLRS 
PLO 
PLP 
PLS 
PLSDU 
PLSS 
PLT/Plt 


(1) Project Implementation Plan; 
(2) Product Improvement Package 


(1) Photo Interpretation Report; 
(2) Priority Intelligence Requirement 


Portable Imagery Receive and Transmission Equipment 
Pilot Report 

Picture Element 

Pararescue Jumper 


(1) Probability of Kill; (2) Soviet (FSU) Light Machinegun; 
(3) Peacekeeping 


Public Key Algorithm 

Public Key Cryptography 
Kurdistan Worker’s Party 
Peace-Keeping Operation 
Programmable Key Storage Device 


(1) Phase Line; (2) Plans and Operations Division; 
(3) Public Law 


(1) Plain Language Address; 
(2) People’s Liberation Army (China) 


Position Locating and Reporting System 
Precision Lightweight GPS Receiver 
Prescribed Load List 

Planning 

Position Location Reporting System 
Palestinian Liberation Organization 
PSYOP Leaflet Payload 

Pre-Launch Survivability 

Physical Layer Service Data Unit 
U.S. Precision Location Strike System 
Platoon 


(1) Preventive Maintenance; (2) Post Meridian (after noon); 

(3) Prime Mover; (4) Preventive Medicine; (5) Program Man- 
ager; (6) Prime Minister; (7) Provost Marshall; Project Manager; 
(8) Production Manager; (9) Peacemaking 


Program Management Automated Tool Set 
Program Management Board 

Professional Military Education 

Project Management File 

Program Manager’s Guidance Memorandum 


(1) Personnel Management Information System; 
(2) PSYOP Management Information Subsystem 


(1) Program Management Office; (2) Project Management Office 
Preproduction Model 

Program Management Plan 

Program Management Performance Tracking System 

Primary Mission Readiness 

Program Manager’s Recommended Program 
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y 
=< 
n 


Z 
Q 


ZZ 
ma 


SSESSPTSTSss 
ies) 
AQ 


POC/ET 
POCS 
POD 
POE 


POES 
POG 

POI 

POL 
POL-MIL 
POLAD 
POM 


POMCUS 

POOS 

POP 

POR 

PORTS (JOPES) 


PORTS-1IN 
PORTSREP 
Pos 

POSIX 
Pos-Nav 
POST 


(1) Project Management System; (2) Preventive Maintenance 
System; (3) Precision Mensuration Software 


Preliminary Message Security Protocol 
Pacific Missile Test Center (Navy) 
Packet Network 

Prime Nuclear Airlift Force 

PASS Network Control Center 
Post-Nuclear-Event Key 

Peaceful Nuclear Explosion (Treaty) 
Persona Non Grata 

Prescribed Nuclear Load 

Possible Nuclear Underground Test Site 
Pilot Night Vision System 

(1) Petty Officer; (2) Peace Operations 


(1) Plan of Action and Milestones; 
(2) Plan of Attack and Milestones 


Psychological Operations Automated Data System 
Psychological Operations Automation System 
(1) Place of Birth; (2) Psychological Operations Battalion 


(1) Point of Contact; (2) Program of Cooperation; 
(3) Psychological Operations Company 


Proof of Concept/Experimental Testbed 
Portable Oxygen Charging System 
Port of Debarkation 


(1) Plan of Execution; (2) Point of Entry; 
(3) Port of Embarkation 


Polar Orbiting Environmental Satellite 
Psychological Operations Group 

Program of Instruction 

(1) Petroleum, Oils, and Lubricants; (2) Political 
Political-Military 

Political Advisor 


(1) Program Objective Memorandum; 
(2) Preparation for Overseas Movement 


Prepositioned Organizational Materiel Configured in Unit Sets 
Parachute Offset Oxygen System 

Point of Presence 

Preparation for Oversees Replacement 


(1) Portable Remote Telecommunications System; 
(2) Seaports Files; (3) Portable Receive and Transmit System 


Portable Receive and Transmit System - 1N 
Ports Report File (JCS/J-3) 

Position 

Preliminary Open System Interface Standard 
Positioning and Navigation 

Prototype Ocean Surveillance Terminal 
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POTBI 
POTF 
POV 
POW 
POWERR 
PP 
PPO 
PPBES 
PPBS 
PPC 
PPDB 
PPF 
PPGM 
PPI 
PPIF 
PPL 
PPM 
PPMS 
PPS 
PR 
PRA 


PRAM 
PRB 
PRBAC 
PRC 
PRC(I) 
PRCSO 
PRD 


PRDA 
PREMSS 


PREP/RAMP 
PRF 

PRG 

PRGB 

PRI 
PRIMAC 
PRM 

PROC 
PROCOMM 
PROD 
PROG 
PROM 


Places, Organizations, Things, Biographics, Intangibles 
Psychological Operations Task Force 

Privately Owned Vehicle 

Prisoner of War 

Prototype Workstation for Electronic Warfare and Radio 
Preprogramed 

Pilot and Payload Operator 

Planning, Programming, and Budgeting Execution System 
Planning, Programming, and Budgeting System 
Printing and Publications Center 

Point Positioning Data Base 

Photographic Processing Facility 

Planning and Programming Guidance Memorandum 
Pulse Position Indicator 

Photographic Processing and Interpretation Facility 
Preferred Products List 

(1) Parts Per Million; (2) Pulse Position Modulation 
Power Pattern Measurement System 

Precision and Positioning Service 

(1) Production Requirement; (2) Personnel Recover 


(1) Permanent Restricted Area; 
(2) Population Reception Area (NATO) 


Allied Mine 

Program Review Board 

Partition Rule Base Access Control 

(1) Policy Review Committee; (2) People’s Republic of China 
Policy Review Committee (Intelligence) (now SIG(D)) 
Peacetime Reconnaissance and Certain Sensitive Operations 


(1) Production Responsibilities Document; 
(2) Presidential Review Directive 


Photo Reconnaissance Damage Assessment 


Photo Reconnaissance and Exploitation Management Support 
System 


Pre-Edit Processor/Report and Message Processor 
Pulse Repetition Frequency 

Program Review Group 

Point Reference Guild Book 

(1) Pulse Repetition Interval; (2) Primary Rate Interface 
Production and Inventory Management and Control System 
Presidential Review Memorandum 

Processing/Process 

Terminal Emulation Software for DOS Workstations 
Production 

Program 

Programmable Read-Only Memory 
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PROPIN 
PRP 
PRPG 
PRS 
PRSCO 
PRT 
PRTB 
PRU 

PS 


Ps 
PSAA 
PSAC 
PSB 
PSC 
PSDU 
PSI 
PSK 
PSL 
PSN 


Psns 
PSO 


PSP 
PSPS 
PSR 
PSRC 
PSS 
PST 
PSTN 
PSYOP 
PSYOPGP 
PSYWAR 
PT 

Pt 
PTADB 
PTG 
PTGP 
PTIAP 
PTL 

Ptl 
PTN 
PTP 
PTR/P 


Caution — Proprietary Information Involved 

Portable Radio Program 

Preliminary Reference Point Graphic 

PACOM Remote System 

Peacetime Reconnaissance and Sensitive Collection Operations 
Personal Rapid Transit 

Soviet (FSU) Mobile Rocket Technical Base 

Photographic Reconnaissance Unit 


(1) Processing Station; (2) Processing Segmext; 
(3) Policy Support 


Permanent snowfields 

Pacific Special Activities Area 

President’s Scientific Advisory Committee 

Harbor Patrol Boat 

Principal Subordinate Command (NATO) 

Physical Layer Service Data Unit 

(1) Pounds Per Square Inch; (2) Personnel Security Investigation 
Phase Shift Keying 

Protected Services List 


(1) Packet Switching Node; (2) Public Switched Network; 
(3) Packet Switched Network 


Positions 


(1) Protective Structure Only; (2) Personnel Security Office; 
(3) Post Security Officer 


(1) Pierced Steel Planking; (2) Planning Support Package 
PSYOP Studies Program Subsystem 

(1) Post-Attack Status Report; (2) Periodic Status Report 
Presidential Selected Reserve Call-Up 

Packet Switched Service 

Pacific Standard Time 

Public Switched Telecommunications Network 
Psychological Operations 

Psychological Operations Group 

Psychological Warfare 

(1) Torpedo Boat; (2) Part Time; (3) Physical Training 
Peat 

Planning Terrain Analysis Data Base 

Missile Attack Boat 

Part-Time Graduate Program 

PACOM Theater Intelligence Architecture Program 
Small Torpedo Boat 

Patrol 

Pacific Tributary Network 

(1) Probability to Penetrate; (2) Point-to-Point 

Paper Tape Reader/Punch 
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PTS 
PTSR 
PTSS 
PTT 


PTTP 
PTTDS 
PTTP 
Pub 
PUG 
PUP 
PV 
PVDS 
PVITS 
PVST 
PVO 
PVTM 
PW 
PWDS 
PWHQ 
PWI 
PWIPS 
PWRS 
PZ 


Predicasts Terminal System 
Postmobilization Training Support Requirement 
Passive Thermal Suppression Suit 


(1) Training Torpedo Boat; (2) Postal, Telephone, and Telegraph; 
(3) Push to talk 


USPACOM Tactics, Techniques, and Procedures 
Projected Target Trends Data Sheet (FTL) 
USPACOM Tactics, Techniques, and Procedures 
Publication 

Partially Underground 

(1) Performance Upgrade Program; (2) Pop-Up Point 
Physical Vulnerability 

Physical Vulnerability Data Sheets 

Portable Video Imagery Transmission System 

Port Visit 

(1) Air Defense (FSU); (2) Private Voluntary Organization 
Physical Vulnerability Technical Memorandum 

(1) Prisoner(s) of War; (2) Pulse Width 

Protected Wireline Distribution System 

Primary War Headquarters 

PACOM Warning Intelligence 

Pre-Launch Warning Intelligence Processing System 
Prepositioned War Reserve Stock 

Pick-Up Zone 
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b. Binomial Factors. Sometimes binomial 
factors are not immediately apparent, and an 
algebraic term may appear to have no common 
factors. For example, the expression am + bm 
+ an + bn may seem to have no factors in 
common. However, the first pair, am + bm, 
has a common factor, m, and the second pair, 
an + bn, has a common factor, n. Factoring 
out the common factors, the expression becomes 
m(a + b) + n(a + b). Since there are two 
terms containing a common factor (a + 5b), 
this factor can be removed to make the expres- 
sion (a + b) (m +n). Thus, the factors are 
(a + b) and (m + n). This relationship is 
shown pictorially in figure 11. Starting with 


the upper left-hand rectangle and going clock- 
wise, the areas of the four rectangles are an, 
am, bm, and bn. The area of the large rectangle 
formed by the four smaller rectangles is its 
base (m + 7) times its altitude (a + b), or 
(m +n) (a + b). Since the area of the large 
rectangle is equal to the sum of the areas of the 
four smaller rectangles, then (m + n) (a+ b) 
is equal to an + am + bm + bn. This shows 
that the expression am + bm + an + bn can be 
factored into (m+ n) and (a + b). To check 
the factoring, multiply (a + 6) by (m+ n); 
the product is am + an + bm + bn. Since the 
addition of terms can be expressed in any order, 
the factoring is correct. 


Example 1: Factor py — pz — qy + qz. 
py — pz — qy + gz = p(y —z) —a(y— 2) 
= (p—q) (y—2) 
Example 2: Factor 4xa — 8zb — 6ya — 4xrb + 82a 4+ 6yb. 
4xa — 82b — bya — 4xb + 82a + 6yb 
= 4ra — 6ya + 82a — 4xb + Byb — 8zb 
= 2a(2x — 8y + 42) — 2b(2% — 3y 4 4z) 
= (2a — 2b) (2% — 3y 4 42) 
= 2(a — b) (24 — 3y + 42) 
Example 3: Factor da + db — de — ea — eb + ec + fa 4 fb — fe. 
da + db — de — ea — eb + ec + fa + fb — fe 
= d(a+b—c) —e(a+b—c)+f(a+b—c) 
= (d—e+f) (a+6—e) 


(m+n)(a+b)=am+bm+an+bn 
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Figure 11. Binomial factors. 
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Q 


QA 
Q&A 

QBE 

(ele 

QEA 

QM 
Q-MESSAGE 
QOL 

QPQ 

QPSK 

QR 

QRA 

QRC 

QRF 

QRG 

QRLS 
QRMP 
QRP 

QRRC 

QRT 

QRSA 
QRSP 

QSR 
QSTAG 
QUICKSAT 
QUIP 


Quality Assessment 

Question and Answer 

Query by Example 

Quality Control 

Quick Erect Antenna 

Quartermaster 

Classified Message on Navigational Hazard 
Quality of Life 

Quid Pro Quo 

Quadrature Phase Shift Keying 
Query/Response 

Quick Reaction Alert 

Quick Reaction Capability 

Quick Response Force 

Quick Response Graphic 

Quick Reaction Launch System 

Quick Response Multicolor Printer 
Quick Reaction Package 

Quarterly Readiness Report to Congress 
(1) Quick Reaction Task; (2) Quick Reaction Terminal 
Quick Reaction Satellite Antennae 

Quick Reaction Shuttle Payload 

Quick Strike Reconnaissance 
Quadripartite Standardization Agreement 
Modified AN/FSC-78 

Quarterly Intelligence Production Listing 
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R 


R 

RA 
RAAF 
RAAP 
RAC 
RACE 
RAF 
RABFAC 
RAC 
RACO 
RAD 
RADAR 
RADAREXREP 
RADAY 
RADBN 
RADC 
RADCM 
RADCOM 
RADCON 
RADIAC 
RADINT 
RADREL 
RAF 

RAG 
RAIDS 
RAILS 
RAM 


RAMP 
RAMPART 


RAOC 


RAOWG 
RAP 
RAPIDE 
RAPIER 
RAPTOR 
RAS 


RASC 


(1) Rock Outcrops; (2) Receiver 

(1) Restricted Area; (2) Responsible Agency; (3) Resident Agent 
Royal Australian Air Force 

Rapid Application of Air Power 

Resident Agent in Charge 

Rapid Automatic Cryptographic Equipment 

Royal Air Force 

Radar Beacon Forward Air Controller 

Research and Analysis Company 

Rear Area Combat Operations 

Radiation Absorbed Dose 

Radio Detection and Ranging 

Radar Exploitation Report 

Radio Day 

Radio Battalion 

Rome Air Development Center 

Radar Countermeasures 

Radio Communications 

Radiological Control 

Radioactive Detection, Indication, and Computation 
Radar Intelligence 

Radio Relay 

Royal Air Force (U.K.) 

(1) River Assault Group; (2) Regimental Artillery Group (FSU) 
Rapid Access Imagery Dissemination System 
Relational Analyses of Internetted Linkages System 


(1) Rolling Airframe Missile; (2) Random Access Memory; 
(3) Radar Absorbing Materials; (4) Reliability, Availability, and 
Maintainability 


Rating Maintenance Program 


Radar Advanced Measurement Program for Analysis of Reentry 
Techniques 


(1) Rear Area Operations Center; 
(2) Regional Air Operations Center 


Radar and Optical Intelligence Working Group 

(1) Rocket Assisted Projectile; (2) Remedial Action Projects 
Relocatable Army Processors for Intelligence Data-Europe 
Rapid Emergency Reconstitution 

Responsive Aircraft Program for Theater Operations 


(1) Record Assigned Systems; (2) Replenishmest at Sea; 
(3) Regional Analysis Section; (4) Rear Area Security; 
(5) Remote Access Support 


Required Automated Services Center 
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RASS 
RAST 
RATO 
RATT 
RATV 
RAU 
RAWS 
RAWSII 
RB/ER 
RBIF 
RBS 
RC 


RCA 


RCAF 
RCAS 
RCC 
RCF 
RCM 
RCOC 
RCMP 
RCP 
RCS 
RCSS 
RCST 
RCU 
RCV 
RCW 
RCZ 
RD 


R&D 
RD&A 
RDA 
RDAISA 


RDB 
RDBMS 
RDC 
RDD 
RDE 
RDEC 
RDF 
RDI 
RDIT 


Random Access Storage System 
Regional Analyst Support Team 
Rocket-Assisted Takeoff 

Radio Teletypewriter/Teleprinter 
Rescue All Terrain Vehicle 

Radio Access Unit 

RAPIDE Analyst Workstation 

Raw Statement of Intelligence Interest 
Reduced Blast/Enhanced Radiation 
Red Basic Intelligence File 

(1) Regional Broadcast System; (2) Remote Base Server 


(1) Radio-Controlled; (2) Required Capability; 
(3) Reserve Component; (4) Riverine Craft 


(1) Riot Control Agent; (2) Royal Canadian Army; 
(3) Requirements Control Authority 


Royal Canadian Air Force 

Reserve Component Automated System 

(1) Regional Control Center; (2) Rescue Coordination Center 
Remote Collection facility 

Radar Countermeasures 

Regional Communications Operations Center 

Royal Canadian Mounted Police 

Remote Communications Processor 

(1) Radar Cross Section; (2) Remote Collection System 
(1) Reconnaissance Cargo; (2) RC-135 Support Service 
RC-135 Support Team 

Reserve Component Unit 

Receive 

Reconfigurable Workstation 

Rear Combat Zone 


(1) Restricted Data; (2) Radius of Damage; 
(3) Replacement Detachment; (4) Readiness Division 


Research and Development 
Research, Development, and Acquisition 
Research, Development, Acquisition 


United States Army Research, Development & Acquisition 
Information Systems Agency 


Requirements Data Base 

Relational Data Base Management System 

Rapid Deployment Capability 

Required Delivery Date 

Radiation Detection Experiment 

Research Development Engineering Center 

(1) Radio Direction Finding; (2) Rapid Deployment Force 
Reconnaissance, Detection & Identification 

Rapid Deployment Imagery Terminals 
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RDJTF 
RDL 
RDMSS 
RDS 

RDSS 
RDT&E 
RDV 

RE 

READ 
READYCAP 
REC 

RECA 
RECA(T) 
RECAP 
RECAS 
RECC 
RECCE 
RECCEXREP 
RECI 
RECLAU 
RECON 
RECONBN 
RECONT 
REDCOM 
REDCON 
RED Cell 
RED FLAG 
RED HORSE 
REDTRAIN 
REFORGER 
RFC 

REG 
REGT/Regt 
REL 
RELCAN 
RELROK 
REM 
REMAB 
REMBASS 
REMS 
REMT 
RENS 


REP 


Rapid Deployment Joint Task Force 
Recurring Document Listing 
Rapidly Deployable Mobile SIGINT Systems 


(1) Remote Display System; (2) Rapid Dissemination System 


Rapidly Deployed Surveillance System 
Research, Development, Test and Evaluation 
Rapid Deployment Vehicles 

Receive Element 

Readiness 

Fighter Aircraft in Standby Condition 
Radio-Electronic Combat 

Residual Capabilities Assessment 

Residual Capability Assessment (Team) 
Requirements and Capabilities System 
Residual Capabilities Assessment System 
Regional Emergency Communications Coordinator 
Reconnaissance 

Reconnaissance Exploitation Report 

Radar Emitter Classification Identification 
Reconnaissance Launch Report 
Reconnaissance 

Reconnaissance Battalion 

Reconnaissance Intentions Report 
Readiness Command 

Readiness Condition 

Rapid Exploitation and Dissemination Cell 
ACC Combat Flying Exercise at Nellis AFB 
Deployable Civil Engineering Group 
Readiness Training 

Return of Forces to Germany (Exercise) 
Request for Collection 

Regulation 

Regiment 

Releasable 

Releasable to Canada 

Releasable to the Republic of Korea 

Route Evaluation Module 

Remote Marshalling Base 

Remotely Emplaced Battlefield Surveillance System 
Remote Employed Sensors 

Regional Emergency Management Team 


Reconnaissance, Electronic Warfare & Naval Intelligence 


System 


(1) Range Error Probable; 
(2) Reserve Exploitation Program; (3) Representative 
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RES Remote Earth Sensing 


Res Reserve 

RESDAT Restricted Data 

RESTA Reconnaissance, Surveillance & Target Acquisition 

RETRANS Retransmission 

RETS Remoted Target System 

REUTERS A News Service 

REW(S) Radio Electronic Warfare (Service) 

REWSON Reconnaissance, Electronic Warfare, Special Operations & 
Naval Intelligence Processing System 

RF (1) Radio Frequency; (2) Representative Fraction 

RF-4 Designator for Reconnaissance Aircraft (USAF/USMC) 

RFA Restricted Fire Area 

RFC Request for Collection 

RFD Radio Frequency Distribution 

RFE/RL Radio Free Europe/Radio Liberty 

RFI (1) Radio Frequency Interference; (2) Request for Information 

RFIS Reserve Forces Intelligence School 

RFL Restrictive Fire Line 

RFMETS Radio Frequency Mobile Electronics Test Set 

RFP (1) Remaining Force Potential; (2) Radio Frequency Pulse; 
(3) Request for Proposal; (4) Request for Production 

RFPI Rapid Force Projection Initiative 

RFPW Radio Frequency Pulse Weapon 

RFR Request for Requirements 

RES Request for Service 

RFTB Reserve Force Target Base 

RFTL Reserve Forces Target List 

RGB Red-Green-Blue 

RGR (1) Ranger; (2) Roger 

RGS Relay Ground Station 

RGT Regiment 

RHAW Radar Homing and Warning 

RHIB Rubber Hull Inflatable Boat 

RI Routing Indicator 

RIB Rigid Inflatable Boat 

RIC (1) Regional Intelligence Center; (2) Resource Identification Code 

RIF Reduction in Force 

RII Request for Intelligence Information 

RIM ROTHR Interface Module 

RIMPAC U.S. Naval Exercise 

RIMS Requirements Inventory Management System 

RINT Unintentional Radiation Intelligence 

RIO Radar Intercept Officer 
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RIP (1) Register of Intelligence Publications; 
(2) Reconnaissance Information Point 


RIPL Reconnaissance and Interdiction Planning Line (NATO) 
RIPSO Revised IP Security Option 
RISC Reduced Instruction Set Computer 
RISOP Red Integrated Strategic Operations Plan 
RISP Reserve Intelligence Support Project 
RIT Remote Imagery Transceiver 
RITS Remote Imagery Transceiver System 
RJITF Regional Joint Intelligence Training Facility 
RL (1) Rocket Launcher; (2) Radio Liberty; (3) Receive Location 
RLG Ring Laser Gyro 
RM (1) Requirements Management; (2) Resource Management 
RMBUX Rocky Mountain Basic UNIX 
RMEC Regional Military Emergency Coordinator 
RMG Resource Management Group 
RMO (1) Records Management Officer; 
(2) Requirements Management Office 
RMS (1) Requirements Management System; 
(2) Remote Monitoring System 
RNAV Area Navigation 
RNO Regional Nuclear Option 
RNP (1) Radio Navigation Point; (2) Remote Network Processor 
RO (1) Reporting Officer; (2) Radar Operation; 
(3) Receive Only; (4) Resident Office 
RO/RO Roll-On/Roll-Off (Ship) 
ROB Radar Order of Battle 
ROC (1) Required Operational Capability; (2) Republic of China; 
(3) Reconnaissance Operations Center; (4) Required Operational 
Capability; (5) Regional Operations Center 
ROCC Regional Operations Control Center 
ROD Reconnaissance Operations Division 
RODCA (1) Reporting of DoD HUMINT Collection Activities; 
(2) Message Caveat 
ROE Rules of Engagement 
ROF (1) Rate of Fire; (2) Remote Operating Facility 
ROFA Remote Operating Facility Airborne 
ROIPB Rear Operations Intelligence Preparation of the Battlefield 
ROK Republic of Korea 
ROKA Republic of Korea Army 
ROKAF Republic of Korea Air Force 
ROKN Republic of Korea Navy 
ROKUSCFC Republic of Korea and U.S. Combined Forces Command 
ROM Read Only Memory 
RON Remain Overnight 
ROP Remote Operating Position 
RORSAT Soviet (FSU) Radar Ocean Reconnaissance Satellite 
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ROSE 
ROSS 
ROT 
ROTC 
ROTHR 
ROU 
ROW 
RP 
RPA 
RPB 
RPC 


RPE 
RPG 


RPK 
RPM 
RPT 
RPTG 
RPV 
RQS 
RQT 
RQMTS 
RR 
R&R 
RRC 
RRDB 
RREF 
RRG 
RRI 
RRICS 
RRII 
RRM 
RRP 
RRS 
RRT 
RRTP 
RS 
R&S 
RSB 
RSBN 
RSDN 
RSC 


R&SC 


Remote Optical Sensing of the Environment 
Refinement of SIGINT Support 

Rotating Position 

Reserve Officer Training Corps 

Relocatable Over-the-Horizon Radar 
Radius of Uncertainty 

Rest-of-World 

(1) Reference Point; (2) Release Point 
Reserve Personnel Allotment 

Regional Preparedness Board 


(1) Regional Preparedness Committee; (2) Regional Reporting 
Center; (3) Remote Procedure Calls; (4) Rapid Positioning 
Capability 


Reconnaissance Planning Element 


(1) Soviet (FSU) Shoulder-Fired Antitank Grenade Launcher; 
(2) Report Program Generator 


Soviet (FSU) Light Machinegun (similar in design to the AK rifle) 
(1) Revolutions per Minute; (2) Rounds per Minute 
Report 

Reporting 

Remotely Piloted Vehicle 

Rescue Squadron 

(1) Reliability Qualification Tests; (2) Requirement 
Requirements 

(1) Railroad; (2) Radio Relay 

Rest and Recreation 

Regional Reporting Center 

Rapidly Reconfigurable Data Base 

(1) Ready Reserve Force; (2) Rapid Reaction Force (ACE) 
Remote Receive Group 

Response to Request for Information 

Rapid Response Imagery Capability System 
Response to Request for Intelligence Information 
Red Resource Monitoring 

Rapid Reinforcement Plan 

Remote Receive Station 

Radio Receive/Transmitter 

Rail-to-Road Transfer Point 
Reconnaissance/Surveillance 

Reconnaissance and Surveillance 

PSYOP Regional Support Battalion 

Short-Range Navigation System (FSU) 
Long-Range Navigation System (FSU) 


(1) Regional Support Commands; (2) PSYOP Regional Support 
Company 


Reconnaissance and Surveillance Center 
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RSE 
RSI, R/S/I 
RSN 
RSO 


RSOC 
RSOD 
RSOG 
RSR 


RSSC 
RSSP 
RST 
RSTA 
RSW 
RT 


RTA 
RTAPS 
RTASS 
RTCE 
RTG 
RTIC 


RTIP 
RTM 
RTOS 
RTP 
RTS 
RTS-I 
RTSP 
RU 
RUNT 
RURPOP 
RV 


RVT 
RW 


RWH 
RWI 
RWO 
RWR 
RWS 
RX 
RZ 


Ranger Support Element 
Rationalization, Standardization and Interoperability 
Red Switched Network 


(1) Reconnaissance & Survey Officer; 
(2) Regional Security Officer 


Regional SIGINT Operations Center 
Remote Satellite Operations Demonstration 
Reserve Special Operations Group 


(1) Resource Status Report; (2) Required Supply Rate; 
(3) Radar Service Request 


Regional Space Support Centers 

Reconnaissance Support Survivability Program 

(1) Recovery Support Team; (2) Regional Survey Team 
Reconnaissance, Surveillance, & Target Acquisition 
Reflected Shockwave 


(1) Real Time; (2) Radio Telephone; 
(3) Relocatable Target; (4) Radius of Target 


Residual Threat Assessment 

Relocatable Target Adaptive Planning Support 

Remote Tactical Airborne SIGINT System 

Rapid Targeting Capability Europe 

Reconnaissance Technical Group (TAC, USAFE, PACAF) 


(1) Regional Threat Information Cell; 
(2) Real-Time Information to the Cockpit 


Real-Time Interactive Processor 

Receiver/Transmitter/Modem 

Real-Time Optical System 

Rail Transfer Point 

(1) Reconnaissance Technical Squadron; (2) Real-Time Simulator 
Regional Training Site(s)-Intelligence 

Real-Time Signal Processor 

(1) Roundup; (2) Resident Unit 

Russian Underground Nuclear Test 

Rural Population File 


(1) Reentry Vehicle; (2) Radius of Vulnerability; 
(3) Reconnaissance Vehicle 


Remote Video Terminal 


(1) Radiological Warfare; (2) Rotary Wing; 
(3) Reconnaissance Wing 


Radar Warning & Homing 

Radio Wireline Interface/Integration 
Reconnaissance Watch Officer 
Radar Warning Receiver 

Remote Workstation 

Receive 

Recovery Zone 
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SAA 
SAAC 
SAAM 
SAASE 


SACC 
SACCS 


SACS 


SAE 
SAB 
SAC 


SACDIN 

SACEUR 
SACLANT 
SACLANTREPEUR 
SACOM 

SACOS 
SACWARNS 


SADARM 
SADF 
SADO 
SADT 
SAEDA 
SAF 


SAFE 


SAFF 
SAF/O/T 
SAG 


Secret 

Signature 

Personnel Staff Officer 

Intelligence Staff Officer; Brigade, Battalion, and Armored Cavalry 
Operations Staff Officer 


(1) Logistics Staff Officer; (2) Special Access; (3) Situational 
Awareness (4) Signals Analysis; (5) Surface-to-Air; used to iden- 
tify FSU Surface-to-Air Missiles, e.g., SA-7/GRAIL; (6) Situa- 
tion Assessment; (7) Security Assistance; (8) Special Agent; 

(9) Stand Alone; (10) Secretary of the Army; (11) Systems 
Administrator; (12) Strategic Attack 


(1) Special Area Assessments; (2) Strategic Air Army 
Strategic Analysis Applications Center 
Special Assignment Airlift Mission 


Standard Data Element-Based Automated Architecture Support 
Environment 


Supporting Arms Coordination Center 


Strategic Air Command Automated Command & Control Sys- 
tem 


(1) Secure Access Control System; 
(2) STU-III Access Control System 


Service Acquisition Executive 
Subject as Above 


(1) Strategic Air Command; (2) Scientific Advisory Committee; 
(3) Senate Appropriations Committee 


SAC Digital Network 

Supreme Allied Commander, Europe (NATO) 
Supreme Allied Commander, Atlantic (NATO) 
SACLANT Representative in Europe 
Southern Area Command 

SAC Operational Staff 


(1) Strategic Air Command Indications and Warning; 
(2) SAC Warning System 


Sense and Destroy Armor 

South African Defense Force 

Senior Air Defense Officer 

Structured Analysis Design Technique 

Subversion and Espionage Directed Against the Army 


(1) Soviet (FSU) Air Force; (2) Source Acquisitions File; 
(3) Secretary of the Air Force; (4) US Air Force Staff 


(1) Support for the Analysts’ File Environment; 
(2) Selected Area for Evasion 


Safing, Arming, Fuzing, and Firing 
Security Assistance Force/Organization/Team 


(1) Study Advisory Group; (2) Surface Action Group; 
(3) Strategic Advisory Group 
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SAGE 
SAI 
SAIB 
SAID 
SAIS 
SAL 


SALT 


SALUTE 


SAM 
SAMOB 
SAMSO 
SAMT 
SAO 


SAOB 
SAOC 


SAOCS 
SAP 
SAPAS 
SAR 


SARC 
SARDA 
SARP 
SARPF 
SARSAT 
SART 
SARV 
SAS 


SASC 
SASM 
SASS 


SAT 
SATCOM 
SATCOMA 
SATKA 
SATRAN 


SATS 
SATVUL 


Semiautomatic Ground Environment (Radar) 
Strategic Command Administrative Instruction 
Safe Area Intelligence Brief 

Safe Area Intelligence Description 

Strategic Aerospace Intelligence System 


(1) Strategic Arms Limitation; 
(2) Submarine Alerting and Locating 


(1) Strategic Arms Limitation Talks; (2) Supporting Arms Liai- 
son Team 


Size, Activity, Location, Unit, Time, Equipment 
(spot report format) 


(1) Surface-to-Air Missile; (2) Summary Assessment Matrix 
Surface-to-Air Missile Order of Battle 

Space And Missile System Organization 

State of the Art Medium Terminals 


(1) Special Access/Activities Office; (2) Select Attack Option; 
(3) Special Access Only; (4) Security Assistance Organization; 
(5) Security Assistance Office 


FSU Air Order of Battle 


(1) Space Actions Officers Course; 
(2) Sector Air Operations Center 


Submarine/Aircraft Optical Communications System 
(1) Special Access Program; (2) System Acquisition Plan 
Semiautomatic Population Analysis System 


(1) Search and Rescue; (2) Synthetic Aperture Radar; 
(3) Special Access Required; (4) Sea-Air Rescue 


Surveillance and Reconnaissance Center 

Secretary of the Army for Research, Development and Acquisition 
Storage and Retrieval Processor 

Strategic Air Relocatable Processing Facility 

Search and Rescue Satellite-Aided Tracking 

Strategic Aircraft Recovery Team 

Strategic Aerospace Reconnaissance Vehicle 


(1) Strategic Area Study; (2) Strategic Aerospace Summary; 
(3) Special Activities Squadron; (4) Support to Analyst Sub- 
system; (5) Survivable Adaptive Systems 


Senate Armed Services Committee 
Strategic Air-to-Surface Missile 


(1) Small Aerostat Surveillance System; 
(2) Systems Acquisition Support Services 


(1) Satellite; (2) Staff Augmentation Team; (3) Satisfactory 
Satellite Communications 

Satellite Communications Agency (U.S. Army) 
Surveillance, Acquisition, Tracking, and Kill Assessment 


(1) Satellite Reconnaissance Advanced Notice; 
(2) Satellite Transmission 


Southwest Asia Telecommunications System 
Satellite Vulnerability 
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57. Factors of the Square of a Binomial 


a. Square of Sum of Two Numbers. The 
square of the sum of two numbers is a special 
product that should be readily recognized to 
aid in factoring algebraic expressions. The 
square of the sum of two numbers equals the 
square of the first, plus twice the product of the 
first and second, plus the square of the second. 
To illustrate, (a + b)2 = a? + 2ab + b?. Con- 
versely, the factors of a? + 2ab + b? are (a + 
b) (a + b) or (a + b)2. This relationship is 
shown in figure 12. The areas of the four 
rectangles, as shown on the figure, are a?, ab, 
ab, and b?. The area of the large rectangle 
formed by,the four smaller rectangles is equal 
to its base (a + b) times its altitude (a + b), 
or (a + b)?. Since the area of the large rec- 
tangle is equal to the sum of the areas of the 
four smaller rectangles, then (a + b)? is equal 
to a2 + ab + ab + b?, or a? + 2ab + b2. This 
shows that the expression a? + 2ab + b? can 
be factored into (a + 0) (a + b), or (a + b)?2. 
Figure 13 shows a similar relationship in which 
nine small rectangles form one large rectangle. 


In this case, the area of the large rectangle is 
(a + 2b)? and the sum of the areas of the nine 
smaller rectangles is a? + 4ab + 4b?; conse- 
quently, (a + 2b) and (a + 2b) are factors of 


a? + 4ab + 4b?. Thus, the factors of the square 


of one number, plus twice the product of the 
first and second number, plus the square of the 
second number are the square of the sum of the 
two numbers. 


= ee ea 
Bee! 


(a+b)* =a" +20b 4b" 
TM684-18 


Figure 12. Square of sum of two numbers. 
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a? + 4ab + 4b* 
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Figure 18. Factors of square of positive binomial. 


28 


AGO 558A 


SAVE 
SAVI 
SAWC 
SAWG 
SAWIC 
SAWS 
SAWVS 
SB 
S-BAND 
SBB 
SBI 
SBIRS 
SBIS 
SBKKV 
SBL 
SBM 
SBR 
SBS 
SBSS 
SBU 
SBWASS 
SC 


SCA 
SCAD 
SCAMP 
SCAMPI 
SCARE 
SCATANA 
SCC 


SC CAT 
SCC(I) 
SCCP 
SCCS-R 
SCCTV 
SCDL 
SCE 
SCF 
SCF-UK 
SCG 


Situation Analysis and Vulnerability Estimate 
Systems Analysis of Vulnerability to Intrusion 
Special Air Warfare Center 

Simulation and Analysis Working Group 

Strike and Amphibious Warfare Intelligence Center 
Submarine Analyst Work Station 

Satellite Attack Warning and Verification System 
Sentinel Byte 

2 to 4 GHz 

Sustained Bare Base 

(1) Special Background Investigation; (2) Space-Based Interceptor 
Space-based Infrared Radar System 

Sustaining Base Information Services 

Space-Based Kinetic Kill Vehicle 

Space-Based Laser 

Single-Point Mooring Buoy 

(1) Special Boat Squadron; (2) Space-Based Radar 
Site Backbone Segment 

Space-Based Surveillance System 

(1) Special Boat Unit; (2) Sensitive but Unclassified 
Space-Based Wide-Area Surveillance System 


(1) Science Committee (NATO); (2) Signal Corps; 

(3) Security Code; (4) Signal Company; (5) System Center; 

(6) Structural Category; (7) Screen Commander or Coordinator; 
(8) Air Force Communications-Computers Directorate; 

(9) Submarine Conversion 


Service Cryptologic Agency 

Subsonic Cruise Armed Decoy 

Sensor Control and Management Platoon 

SOF C3I Telecommunications System 

Standard Collection Asset Request Format 

Security Control of Air Traffic and Air Navigation Aids 


(1) Special Coordination Committee; (2) Standing Consultative 
Commission (SALT); (3) Surveillance Coordination Center; 
(4) System Control Center; (5) Space Control Center; 

(6) Service Component Commander 


SOUTHCOM Crisis Action Team 

Special Coordination Committee (Intelligence) 
Single-Channel Command Post 
Single-Channel Collection System - Rear 
Secure Closed-Circuit Television 

Surveillance and Control Data Link (STARS) 
Service Cryptologic Element 

Satellite Control Facility 

Save the Children Federation-UK 

Special Consultative Group (NATO) 
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SCI 


SCIBS 
SCIC 
SCIF 
SCIM 
SCIMITAR 
SCINET 
SCIP 
SCIPMIS 
SCIPS 
SCIS 
SCISS 
SCI-VTC 
SC J2 
SCL 
SCLNO 
SCM 
SCN 
SCO 
SCOLA 
SCORE 
SCOTT 
SCP 
SCPC 
SCS 
SCSC 
SCSI 
SCT 
SCUBA 
SCUD 
SD 


SDA 
S&DA 
SDB 
SDC 


SDD 
SDF 
SDHS 
SDI 
SDIE 


(1) Sensitive Compartmented Information or Information 
Programs; (2) Source Code Indicator 


Sensitive Compartmented Information Billet System 

State Crime Information Center 

Sensitive Compartmented Information Facility 

Subject Codes for Intelligence Management 

System for Countering Interdiction Missiles and Target Radars 
Sensitive Compartmented Information Network (DoDIIS) 
Special Communications Intelligence Package 

Standard Civilian Personnel Management Information System 
Sensitive Compartmented Information Processing System 
Survivable Communication Information System 
SOUTHCOM Intelligence Support System 

Sensitive Compartmented Information-Video Teleconferencing 
USSOUTHCOM J2 

Standard Conventional Load 

SOUTHCOM Liaison Officer 

Security Countermeasures 

Satellite Control Network 

(1) Service Cryptologic Organizations; (2) Sub-Control Office 
Satellite Communications for Learning 

Signal Communications by Orbiting Relay Equipment 
Single-Channel Objective Tactical Terminal 

Secure Conferencing Project 

Single Channel per Carrier 

(1) Signal Collection System; (2) Satellite Control Squadron 
SOUTHCOM Support Center 

Small Computer Systems Interface 

(1) Single-Channel Terminal; (2) Single-Channel Transponder 
Self-Contained Underwater Breathing Apparatus 

Nickname of a Missile System 


(1) Space Director; (2) Standard Displacement; (3) Senior 
Director; (4) Security Division; (5) Strategic Command 
Directive 


(1) Ships Destination Authority; (2) Strike Damage Assessment 
Strike and Damage Assessment 
Space Data Base 


(1) Strategic Dissemination Company; 
(2) Strategic Defense Command 


Secure Data Device 

Structured Data Fields 

Satellite Data Handling System 
Strategic Defense Initiative 

Special Defense Intelligence Estimate 
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SDIN 


SDIO 
SDIS 
SDLC 
SDM 
SDMA 
SDMS 
SDNRIU 
SDNS 
SDO 
SDOB 
SDR 
SDS 


SDV 
SDVT 
SDYS 

SE 

SEA 
SEABEE 
SEALANCE 
SEAD 
SEADS 
SEAGA 
SEAL 
SEASTAG 
SEATO 
SEAWATCH 
SEC 
SECAF 
SECARMY 
SECC 
SECCLEAR 
SECDEF 
SECNAV 
SECOM 
SECS 
SECSTATE 
SECTY 
SED 
SEDSCAF 


(1) Secure Digital Information Network; 
(2) Special Defense Intelligence Notice 


Strategic Defense Initiative Organization 
Switched Digital Integrated Service 
Synchronous Data Link Control 

Standoff Destructive Munition 

Spaced Division Multiple Access 

SINET Data Management System 

Secure Digital Network Radio Interface Unit 
Secure Data Network System 

System Development Office 

Scaled Depth of Burst 

(1) Source-Directed Requirements; (2) System Design Review 


(1) Satellite Data System; (2) SIGINT Direct Support; 

(3) Satellite Dissemination System; (4) Secondary 
Dissemination System; (5) Strategic Defense System; 

(6) Switched Data Services; (7) Spatial Data Server; (8) Small 
Digital Switch 


(1) Swimmer Delivery Vehicle; (2) SEAL Delivery Vehicle 
SEAL Delivery Vehicle Team 

Studies 

Southeastern 

(1) Southeast Asia; (2) Senior Enlisted Advisor 

Navy Construction Battalion Personnel 

Anti-Submarine Warfare Standoff Weapons (ASW/SOW) 
Suppression of Enemy Air Defense 

Southeast Air Defense Sector 

Selective Employment Air Ground Alert Forces 
Sea/Air/Land 

SEATO Standardization Agreement 

Southeast Asia Treaty Organization 

NOSIC On-Line Computer System 

(1) Second; (2) Section; (3) Submarine Element Coordinator 
Secretary of the Air Force 

Secretary of the Army 

Survivable Enduring Command Center 

Security Clearance (Management System) 

Secretary of Defense 

Secretary of the Navy 

Security Committee 

Survivable and Enduring Communications System 
Secretary of State 

Security 

Simulated Electronic Deception 

Standard ELINT Data System Codes and Formats 
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SEE 


SEEI 
SEEK 
SEI 
SEIP 
SEIS 
SELA 
SELORS 
SELMON 
SEMA 
SEMEC 
SEN 
SEOS 
SEP 
SEPA 
SEPS 
SERE 
SERER 
SERNO 
SES 


SESOCC 
SESS 

SET 
SETAF 
SEVOCCS 
SEVOX 
SEWC 
SEWCC 
SEWS 


SF 
SFA 
SFAT 
SFD 
SFEM 
SFG 
SFG-A 
SFG(A) 
SFOA 
SFOB 


SFOD 


(1) System Engineering and Evaluation; 
(2) Softcopy Exploitation Environment 


Special Essential Elements of Information 

Soviet Emigre Exploitation Kit 

Specific Emitter Identification 

Senior Enlisted Intelligence Program 

Survivable and Enduring Intelligence System 

Latin American Economic System 

Ship Emitter Locating Reports 

Selective Monitoring 

Special Electronic Mission Aircraft 

SOF Enhanced Moldable Explosive Change 

(1) Small Extension Node; (2) Space Engagement Node 
SIGINT/Electronic Warfare Operating System 

(1) Selective Employment Plan (NATO); (2) Separate 
FSU Extended Planning Annex 

NATO Selective Employment Plan 

Survival, Evasion, Resistance, and Escape 

Survival, Evasion, Resistance, Escape, and Recovery 
Serial Number 


(1) Surface Effects Ship; (2) Systems Engineering Study; 

(3) Senior Executive Service; (4) Sensor Employment Squad- 
ron; (5) Softcopy Exploitation System; (6) Societe European Des 
Satellites 


Southeastern Sector Operations Control Center 
Space Environment Sensor Suite 

Sensor Employment Teams 

Southern European Task Force 

Secure Voice Command and Control System 
Secure Voice 

Space and Electronic Warfare Commander 
SIGINT/Electronic Warfare Coordination Center 


(1) Satellite Early Warning System; 
(2) SIGINT Electronic Warfare Subsystem 


(1) Special Forces; (2) Standard Form 
Security Fault Analysis 

Strategic Forces Advisory Team 
Saturated Flux Density 

Space Forces Engagement Model 
Special Forces Group 

Special Forces Group-A 

Special Forces Group (Airborne) 
Special Forces Operations Area 


(1) Special Forces Operating Base; 
(2) Soviet (FSU) Forces Order of Battle 


Special Forces Operational Detachment 
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SFODA 
SFOD-D 
SFOS 
SFQC 
SFR 
SFRD 
SFT 
SFTL 
SFUG 
SGB 
SGDPS 
SGEMP 
SGF 


SGS 

SGT 

SHA 
SHAPE 
SHARES 
SHC 

SHF 
SHED 
SHELREP 
SHF 
SHOP 
SHORAD 
SI 

S&IA 
SIAB 
SIAD 
SIAP 

SIB 

SIC 


SICAM 
SICR 
SID 


SID(S) 
SIDA 
SIDAC 
SIDPAC 
SIDS 
SIE 

SIF 


Special Forces Operational Detachments-A 
First Special Forces Operational Detachment-Delta 
Special Forces Operating System 

Special Forces Qualification Course 
Statement of Functional Requirement 

Safe Functional Requirements Document 
Secure Fault Tolerant 

Strategic Future Targets List 

Security Features Users Guide 
SOUTHCOM Ground Order of Battle 
Second Generation Data Processing System 
System Generated Electromagnetic Pulse 


(1) Southern Group of Forces (Soviet Forces in Hungary); 
(2) Synthetic Aperture Radar Ground Facility 


(1) Secretary to the General Staff; (2) Squadron Ground Station 
(1) Satellite Ground Terminal; (2) Sergeant 

Secure Hast Algorithm 

Supreme Headquarters Allied Powers Europe (NATO) 
Shared HF Resources 

Supreme High Command 

Super High Frequency 

Special Handling and Evaluation Detachment 

Shell Report 

Super High Frequency 

Special Handling for Operations Purposes 
Short-Range Air Defense 

(1) Special Intelligence; (2) Special Instructions 
Security and Investigative Activities 

Senior Imagery Advisory Board 

Strategic Imagery Analysis Detachment 

Strategic Intelligence Architecture Program 

Special Intelligence Brief 


(1) Subject Indicator Code (NATO message code); 
(2) System Integration Configuration 


SIGINT Control and Analysis Module 
Specific Intelligence Collection Requirement 


(1) Secondary Imagery Dissemination; 
(2) Subscriber Identification 


Selective Imagery Dissemination (System) 
Single Integrated Data Base 

Single Integrated Damage Assessment Code 
Strategic Imagery Detachment Pacific 
Secondary Imagery Dissemination System 
Space Intelligence Element 

Special Interrogation Facility 
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SIFR 
Sig 
SIGCEN 
SIG-I 
SIGINT 
SIGSEC 
SIGSUM 
SI 

STR 

SIL 

SIM 


SIMIR 

SIMM 

SIMNET 

SIMO 

SIMP 

SIMS SOUTHCOM 
SINCGARS 


SINET 
SINTER 
SIO 


SIOP 
SIORI 
SIPE 
SIPRNET 
SIR 


SIRADS 
SIRCS 
SIREP 
SIRVES 


SIS 


SISOCS 
SISR 
SISS 


SISUM 
SIT 
SITAS 
SITDEV 
SITMAP 


Special Intelligence Functional Requirement 
Signal 

U.S. Army Signal Center 

Senior Interagency Group for Intelligence 
Signals Intelligence 

Signals Security 

SIGINT Summary 

Statement of Intelligence Interest 

Special Imagery Interpretation Report 
Systems Integration Laboratory 


(1) Sensor Interface Module; 
(2) Systems Integration Management 


USSTRATCOM IDHS Monthly Integration Review 
Single Inline Memory Module 

Single Channel Ground/Airborne Radio Sub-Systems 
SIM Office 

Space Intelligence Master Plan 

Intelligence Management System 


(1) Single Integrated Channel Ground and Airborne Radio 
Subsystems; (2) Single Channel Ground-to-Air Radio System 


Strategic Intelligence Network 
SIGINT/IMINT Interaction 


(1) Senior Intelligence Officer; (2) Space Intelligence Officer; 
(3) Ship’s Intelligence Officer 


Single Integrated Operational Plan 
Self-Initiated Operational Readiness Inspection 
Strategic Intelligence Processing Element 
Secret Internet Protocol Router Network 


(1) Shuttle Imaging Radar; (2) Specific Information Require- 
ments; (3) Spectrum Interferance Resolution 


Shared Imagery Repository and Dissemination System 
Shipborne Intermediate-Range Combat System 
Sensitive Information Report 


SIGINT Requirements Validation and Evaluation Subcommittee 
(of SIGINT Committee) 


(1) Significant Indications Summary; (2) Space Intelligence 
System; (3) Special Intelligence Support; (4) Selective Inquiry 
System; (5) Special Information System 


Army Logistics/Maintenance Depot Data Network 
SIGINT Security Regulation 


(1) Survivable Intelligence Support to SIOP; (2) Subcommittee 
on Information Systems Security of the NSTISSC 


Sensitive Information Summary 
Specialized Investigations Team 

Strategic Industrial Target Analysis Systems 
Situation Development 

Situation Map 
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SITREP 
SITS 
SITSUM 
SITTP 


SIW 

SJA 

SJCS 
SKCATL 
SKE 
SKYLINK 


SKYNET 
SL 

SLA 
SLAM 
SLAR 
SLAT 
SLBM 
SLC 
SLCM 


SLDCOM 
SLED 
SLEP 
SLF 
SLFCS 
SLGR 
SLIP 
SLMM 
SLO 
SLOC 
SLOC(S) 
SLR 

SLS 


Situation Report 
Secondary Imagery Transmission System 
Situation Summary 


(US)STRATCOM Intelligence Tactics, Techniques, and 
Procedures for Strategic Operations 


Strategic Intelligence Wing 

Staff Judge Advocate 

Secretary, Joint Chiefs of Staff 

South Korea Conventional Air Target List 
Station-Keeping Equipment 


Communications System Provided by the Diplomatic 
Telecommunications System 


United Kingdom Military Communications Satellite 
Sea Level 

Special U.S. Liaison Advisor 

Standoff Land Attack Missile (Navy) 

Side-Looking Airborne Radar 

Surface-Launched Air-Targeted 
Submarine-Launched Ballistic Missile 

Space Launch Complex 


(1) Submarine-Launched Cruise Missile; 
(2) Sea-Launched Cruise Missile 


Satellite Launch Dispenser Communications 

Safe Low-Energy Detonators 

Service Life Extension Program 

Super Low Frequency 

Survivable Low Frequency Communications System 
Small Lightweight Global Positioning System Receiver 
Serial Line Interface Protocol 

U.S. Submarine-Launched Mobile Mine 

Space Liaison Officer 

Sea Lines of Communication 

Sea Line(s) of Communication 

Side-Looking Radar 

Space Launch Squadrons 

Submerged-Launched Surface-to-Surface Missile 
Space Launch Vehicle 


(1) Memorandum by the Secretary, JCS; (2) Statute Mile; 
(3) Service Member; (4) Security Monitor; (5) Smart Modules 


Submarine Movement Advisory Authority 
Space/Missile Analyst NCO 

Space/Missile Analyst NCO 

Secure Mobile Antijam Reliable Tactical Terminal 
Survivable Mobile Command Center 

Strategic Mission Data Preparation System 
Subject Matter Expert 
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Significant Military Exercise Brief 
Space/Missile Event Office 

Standard Mail Guard 

Senior Military Intelligence Officers’ Conference 
Soviet (FSU) Military Liaison Mission 


(1) Spatial Model Matching; 
(2) Special Mission Mandatory Modification 


(1) Support to Military Operations; (2) Senior METOC Officer; 
(3) Special Mission Optional Modification 


Strategic Missile Order of Battle 

Special Missions Operational Test and Evaluation Center 
Soviet Military Power (the publication) 

Space Mission Payload Assessment System 

Sources, Methods, and Rationale 

Stand-Alone Analysis Subsystems 

Single Mail Transfer Protocol 

Secure Mobile Unit 

(1) Soviet Naval Aviation; (2) System Network Architecture 
Soviet (FSU) Nuclear Artillery Projectile 

Selected Non-Communist Countries DIPP 

Strategic Nuclear Delivery Vehicles 

Secret/NOFORN 

(1) Short-Range Nuclear Forces; (2) Secret NOFORN 
Soviet (FSU) Naval Infantry 

Special National Intelligence Estimate 

Soviet (FSU) Naval Imagery Panel 

Special Nuclear Materials 

Security and Network Management Segment 

Special Naval Operations 

Signal-to-Noise 

Shared Network Server 

SIGINT Numerical Tasking Register 

Special Operations 

Special Operations/Low Intensity Conflict 


(1) Special Operations Aviation; (2) Special Operations Area; 
(3) Speed of Advance 


(1) Special Operations Aviation Battalion; 
(2) Special Operations Aviation Brigade 


(1) Special Operations Aviation Command; (2) Special Opera- 
tions Aviation Company; (3) Special Operations Acquisition 
Center 


Special Operations Aviation Detachment 

Special Operations Automated Data System 
Deputy for Acquisition and Acquisition Executive 
Special Operations Aviation Group 


(1) Special Operations Aviation Regiment; 
(2) Special Operations Analytical Reports 
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SOARS 
SOB 
SOC 


SOCACOM 
SOCC 


SOCCE 


SOCCENT 


SOCCMO 
SOCCS 
SOCCT 
SOCDSS 
SOCET 
SOCEUR 
SOCJIC 


SOCKOR 
SOC-K 
SOCLANT 
SOCLITE 
SOCOM 
SOCOORD 
SOCOS 
SOCPAC 
SOCRATES 


SOCSIDS 


SOCSO 
SOCSOUTH 
SOD 
SODARS 
SOEAID 
SOF 

SOF-IV 

SOF C4I 


SOF-MOSS 
SOFA 
SOFATS 
SOFCOM 
SOF EW 
SOFPAC 
SOFI 


Satellite On-Board Attack Reporting System 
Space Order of Battle 


(1) Special Operations Command; (2) Special Operations Capable; 
(3) Sector Operations Center; (4) Special Operations Craft 


Special Operations Command-Atlantic Command 


(1) Sector Operational Control Center; (2) Special Operations 
Control Center 


(1) Special Operations Command Communications Element; 
(2) Special Operations Command and Control Element 


(1) Special Operations Command Center; (2) Special Operations 
Command Component, CENTCOM 


Special Operations Command Collection Management Office 
Special Operations Combat Control Squadron 

Special Operations Combat Control Team 

Special Operations Command Deployable Support Set 
Special Operations Command Extraction Tool 

Special Operations Command, Europe 


United States Special Operations Command Joint Intelligence 
Center 


Special Operations Command, Korea 

Special Operations Command, Korea 

Special Operations Command, Atlantic 
Special Operations Command Laptop 

Special Operations Command 

Special Operations Coordination Element 
Special Operations Command Operating Staff 
Special Operations Command, Pacific 


Special Operations Command Research, Analysis, and Threat 
Evaluation System 


Special Operations Command - Secondary Imagery 
Dissemination System 


Special Operations Command, South 

Special Operations Command, South 

Special Operations Detachment 

Special Operations Debriefing and Retrieval System 
Special Operations Executive Aide 

Special Operations Forces 

Special Operations Forces-Intelligence Vehicle 


Special Operations Forces Command, Control, 
Communications, Computers, and Intelligence 


SOF Modular Remote Sensing System 

Status of Forces Agreement 

Special Operations Forces Aircrew Training System 
Special Operations Forces Command 

Special Operations Forces Enhanced Weapons 
Special Operating Forces, Pacific 

Special Operations Forces Improvements 
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SOF IRIS 


SOFIST 


SOFLAM 
SOFPARS 
SOF PLD 
SOFPREP 


SOF PSA 
SOFSA 
SOFTACS 
SOG 

SOH 
SOHFRAD 
SOHI 

SOI 


SOIC 


SOICS 
SOIF 
SOIN 
SOINT 
SOIPS 
SOIS 
SOISUM 
SOIT 
SOIWSD 
SOJ 
SOJTF 
SOLANT 
SOLARS 
SOLE 
SOLIS 
SOLL 
SOLOG 
SOMA 
SOME 
SOMOB 
SOMPF 
SOMS 
SON 
SONAR 
SONET 


Special Operations Forces Imagery Receiver and Intelligence 
System 


Foreign Instrumentation Signals Requirement 
(a collection management software application) 


Special Operations Forces Laser Acquisition Marker 
Special Operations Forces Planning and Rehearsal System 
Special Operations Forces Protection Laser Defense 


Special Operations Forces Planning, Rehearsal and Execution 
Preparation 


Special Operations Forces Power Supply Assembly 

Special Operations Forces Support Activity 

Special Operations Forces Tactical Assured Connectivity System 
Special Operations Group 

SOF Offensive Handgun 

Special Operations HF Radio 

Seminar on Human Intelligence 


(1) Signal Operating Instructions; (2) Signal of Interest; 
(3) Space Object Identification 


(1) Space Operational Intelligence Center; 
(2) Senior Official of the Intelligence Community; 
(3) Special Operations Intelligence Center 


Special Operations Improved Cryptographic System 
Special Operational Intelligence Folders 

Special Operations Intelligence Notes 

Staff Officer Intelligence 

Special Operations Imagery Production System 
Special Operations Intelligence System 

Space Object Identification Summary 

Seminar on International Terrorism 

Special Operations Information Warfare Support Demonstration 
(1) Sea of Japan; (2) Stand-Off Jamming 

Special Operations Joint Task Force 

South Atlantic 

SAC On-Line Analysis and Retrieval System 
Special Operations Liasion Element 

SIGINT On-Line Intelligence (or Information) System 
Special Operations Low Level 

Special Operations Logistics System 

Status of Mission Agreement 

Satellite Orbit Mission Evaluation 

Strategic Offensive Missile Order of Battle 

Special Operations Mission Planning Folder 

Special Operations Media System 

Statement of Need 

Sound Navigation and Ranging 

Synchronous Optical Network 


190 


Example: Factor 4b? + 16db + 16d?. 


4b? + 16db + 16d? — (2b + 4d) (2b +4 4d) 
— (2b + 4d)? 
= [2(b + 2d)]2 
— 22 (b + 2d)? 


To prove the factoring: 
(2b + 4d)? = 


(2b)? + 2(2b) (4d) + (4d)? 


= Ab? 4+ 16db + 16d? 


Note that 4 (that is, 2?) may be removed before factoring the rest of the 


expression—this often simplifies computation. 


4(b2 + 4bd + 4d?) — 4(b + 2d)2 


b. Square of Difference of Two Numbers. 
The square of the difference of two numbers 
equals the square of the first, minus twice the 
product of the first and second, plus the square 
of the second. For example, (a — b)? = a? — 
2ab + b?. The factors of a? — 2ab + 6? are (a 
— b) (a — b) or (a — b)?. This relationship 
is shown pictorially in figure 14. The area of the 
large rectangle formed by the four small rec- 
tangles is a?. The areas of the four smaller rec- 
tangles are shown on the illustration. The 
area of the upper left-hand rectangle is (a — 
b)2. It is also equal to the area of the large rec- 
tangle minus the areas of the other three rec- 
tangles, or a2 — b (a — b) — b (a — db) — B?. 
This can be further simplified as follows: 

a?— b (a— b) —b (a — db) — b? 
a? — 2b (a — b) — b? 

a* — 2ab + 2b2 — b? 

a? — 2ab + b? 


(a-b)* = 0? -20b +b? 


TM684-20 
Figure 14. Square of difference of two numbers. 
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Therefore, (a — b)? = a? — 2ab + b?, and (a — 
b) and (a — b) are factors of a? — 2ab + b?, 
Thus, the factors of the square of one number, 
minus twice the product of the first and the 
second, plus the square of the second are the 
square of the difference of the two numbers. 


Example: 

Factor 9b? — 12bd + 4d?. 

9b? — 12bd + 4d? = (3b — 2d) (3b — 2d) 
= (3b — 2d)? 
To prove the factoring: 


(3b — 2d)? = (3b)? — 2 (3b) (2d) + (2d)? 
= 9b? — 12bd + 4d? 


58. Factors of Difference of Two Squares 


The product of the sum and difference of two 
numbers is equal to the difference of their 
squares. Thus, (a + b) (a—b) = a? — b?, To 
factor the difference of two squares, extract the 
square roots, then write the sum of the roots 
as one factor and the difference of the roots as 
the other factor. Thus, the factors of a? — b? 
are (a + b) (a— b). 


Example: 
Factor 422 — 9y?. 
4x? — 9y? = (2% + 3y) (2x — 3y) 


To prove the factoring: 


(2x + 3y) (2% — 3y) 
= (2%)? + (2x) (8y) — (2x) (8y) — (8y)? 
= 442—9y? 
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SONI 
SONMET 
SOO 

SOP 
SOPE 
SOPEO 
SOPIF 
SOPM 
SOPPC 
SOPPREP 


SOPS 


SOR 
SORD 
SORDAC 


SORFMS 
SORS 


SORTIEALOT 
SORTIC 
SORTS 

SOS 


SOSC 
SOSS 
SOSST 
SOST 
SOSTI 
SOSOS 
SOT-A 
SOTA 
SOTAS 
SOT-B 
SOTF 


SOTSE 
SOTVS 
SOTW 
SOUTHAM 
SOUTHCOM 
SOVPACFLT 
SOW 
SOW/TE 
SOWG 


Seminar on National Intelligence 

Special Operations Naval Mobile Environmental Teams 

Space Operations Officer 

(1) Standard Operating Procedure(s); (2) Senior Officer Present 
Special Operations Planning Exercise 

Special Operations Program Executive Officer 

Special Operations Photographic Interpretation Facility 

Special Operations Program Manager 

Special Operations Photo Processing Cell 


Special Operation Forces Planning, Rehearsal, and 
Execution System 


(1) Space Operations Squadron; (2) Special Operations Power 
Sources 


(1) Specific Orders and Requests; (2) Statement of Requirements 
System Operational Requirements Document 


Special Operations Research, Development and Acquisition 
Center 


Special Operations Radio Frequency Management System 


(1) Specific Order or Requests; (2) SIGINT Overhead Recon- 
naissance Subcommittee 


Sortie Allotment 
Seminar on Reconnaissance and Technical Information Collection 
Status of Resources and Training System 


(1) International Distress Signal (2) Squadron Officers’ School; 
(3) Special Operations Squadron 


Special Operations Support Command 

Satellite Ocean Surveillance System 

Special Operations Small Secure Transceiver 
Special Operations Special Technology 
Seminar on Scientific and Technical Intelligence 
U.S. Sound Surveillance System 

Special or Support Operations Team-Alpha 
SIGINT Operational Tasking Authority 
Standoff Target Acquisition System 

Special or Support Operations Team-Bravo 


(1) Special Operations Task Force; 
(2) Security Operations Training Facility 


Special Operations Theater Support Element 
Special Operations Tactical Video System 

Special Operations Training Wing 

South America 

Southern Command 

Soviet Pacific Fleet 

(1) Statement of Work; (2) Special Operations Wing 
Special Operations Weather/Technical Element 
Special Operations Working Group 
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SOWT 

SP 

SPA 
SPACDEFENSE 


SPACC 
SPACEAF 
SPACECOM 
SPACING 
SPAD 
SPADATS 
SPADCCS 
SPADOC 
SPADVOS 
SPAF 
SPAIS 
SPAN 
SPATS 
SPB 

SPC 

SPCL 
SPD 
SPEAR 


SPEC 

Spec Nav 
SPECAT 
SPECBOATRON 
SPECBOATUNIT 
Spectre 
SPECWAR 
SPETSNAZ 
SPF 

SPG 

SPIES 

SPIN 

SPINS 
SPINTCOM 
SPIREP 
SPIRES 
SPIRIT 
SPK 

SPO 

SPOC 
SPOD 


Special Operations Weather Team 
(1) Self-Propelled; (2) Shore Patrol; (3) Security Police 


(1) Special PSYOP Analysis; (2) Special PSYOP Assessment 
Space Defense and Operations/Anti-Satellite (ASAT) Missile 


System 
Space Command Center 
Space Air Force (14 AF) 


Space Command (See AFSPACECOM and USSPACECOM) 


Space Processing and Collection Internals Group 
Special Advisor 

Space Detection and Tracking System 

Space Defense Command and Control System 
Space Defense Operations Center 

Spaceborne Direct View Optical Scanner 

Special Airfield File 

South Pacific Air Intelligence System 

Security Policy Automation Network 

Strategic Posture and Aerospace Threat Summary 
Special Projects Branch (NATO) 

SIGINT Processing Center 

Special Purpose Communications Link 

Strategic Posture Display 


(1) Signal Processing, Evaluation, Alert and Reporting; 
(2) SOF Personal Equipment Advanced Requirements 


Counterterrorism Database 

Special Navy Program 

Special Category (Pneumatic Tube Message Precedence) 
Special Boat Squadron 

Special Boat Unit 

AC-130 H/U Gunship 

Special Warfare 

Soviet (FSU) Special Purpose Forces 

(1) Special Purpose Forces; (2) Single Point of Failure 
(1) Self-Propelled Gun; (2) Softcopy Products Group 
Special Insertion and Extraction System 

Space Intelligence Notes 

Special Instructions 

Special Intelligence Communications (Network) 

Spot Intelligence Report 

Special Intelligence Reports 

Special Purpose Integrated Remote Intelligence Terminal 
Single Point Key(ing) 

Special Project Officer 

Space Operations Center 

Sea Ports of Debarkation 


192 


SPOE 
SPOT 
SPOTREP 
SPP 

SPR 
SPRAA 
SPS 

SPS 

SPSS 

SPT 
SPTCONF 
SPTD 
SPTG 
SPTREQ 
SQ 

SQD 
SQDN 
SQL 

SQN 

SR 


SRBM 
SRF 
SRHIT 
SRIG 
SRIS 
SROC 
SRIG 
SRJOIC 
SRAM 
SRAMII 


SRAM-T 
SRB 
SRBM 
SRC 
SRCU 
SRD 


SRF 


SRFTL 
SRI 
SRIG 


Sea Ports of Embarkation 

Satellite Pour l’ Observation de la Terre (French) 
Spot Report 

Shared Production Program 

Strategic Petroleum Reserve 

Strategic Plans and Research Analysis Agency 
Scratch Pad Store 

Special PSYOP Study 

Secured Packet Switched Service 

Support 

Support Confirmation 

Supported 

Supporting 

Support Request 

(1) Square; (2) Squadron 

Squad 

Squadron 

(1) Standard Query Language; (2) Structured Query Language 
Squadron 


(1) Special Reconnaissance; (2) Short Range; 
(3) Southern Region; (4) Senior 


Short-Range Ballistic Missile 

SIGINT Readiness Facility 

Small Radar-Homing Intercept Technology (BMD Missile) 
Surveillance, Reconnaissance, and Intelligence Group 
Surface Range Imaging System 

Southern Region Operations Center 

Surveillance, Reconnaissance, and Intelligence Group 
Southern Region Joint Operations Intelligence Center 

U.S. Short-Range Attack Missile 


U.S. Short-Range Attack Missile 
(XAGM-131A; formerly AASM) 


Short Range Attack Missile - Tactical 
Senior Review Board 

Short-Range Ballistic Missile 
Strategic Reconnaissance Center 
SINCGARS Remote Control Unit 


(1) System Requirements Document; 
(2) Special Research Detachment (U.S. Army) 


(1) Strategic Rocket Forces (USSR); (2) Strategic Reserve 
Forces; (3) Secure Reserve Force (U.S.); (4) Selected Reserve 
Force; (5) SIGINT Readiness Facility; (6) SPIRIT Remote 
Facility (TROJAN) 


Secure Reserve Force Target List 
Surveillance, Reconnaissance and Intelligence 
Surveillance/Reconnaissance Intelligence Group 
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SRINF 
SRJOIC 
SRMIS 
SRO 
SROE 
SRP 
SRR 


SRS 


SRSG 
SRT 
SRW 
SRWG 
SS 
SSA 


SSAN 


SSB 


SSB 
SSBN 
SSBSC 
SSC 


SSCC 
SSCI 
SSD 
SSE 
SSES 
SSF 
SSG 


SSGN 
SSI 


SSIXS 
SSJ 
SSLP 
SSLSM 
SSM 
SSM/I 
SSM/T 
SSMA 
SSME 


Short-Range, Intermediate-Range Nuclear Forces 

Southern Region Joint Operational Intelligence Center 
Southern Region Maritime Intelligence Summary 

Sensitive Reconnaissance Operations 

Standing Rules of Engagement 

(1) Sealift Readiness Program; (2) SIOP Reconnaissance Plan 


(1) Survival, Recovery and Reconstitution; 
(2) Security Requirements Review 


(1) Strategic Reconnaissance Squadron; 
(2) Software Requirements Specification 


Special Representative to the Secretary-General 

(1) Strategic Relocatable Target; (2) Standard Remote Terminals 
Strategic Reconnaissance Wing 

Standing Requirements Working Group 

Attack Submarine 


(1) Security Supporting Assistance; (2) Diesel-Powered Auxil- 
iary Submarine; (3) Special Support Activity; (4) SIGINT 
Support Activity; (5) Soviet (FSU) Strategic Aviation 


(1) Social Security Account Number; 
(2) Nuclear-Powered Auxiliary Submarine 


(1) Ballistic Missile Submarine; 
(2) Standard Software Base; (3) Single Sideband 


Ballistic Missile Submarine 
Nuclear-Powered Ballistic Missile Submarine 
Single Sideband, Suppress Carrier 


(1) Coastal Submarine; (2) Space Surveillance Center; 
(3) Surface Support Craft 


Special Security Communications Center 

Senate Select Committee on Intelligence 

Strategic Studies Detachment 

Special Security Element 

Ships Signal Exploitation Space 

(1) Software Support Facility; (2) Special Service Force 


(1) Cruise Missile Attack Submarine; 
(2) Special Security Group 


Nuclear-Powered Cruise Missile Attack Submarine 


(1) Specialty Skill Identifier; 
(2) Safety, Security and Intelligence 


Submarine Satellite Information Exchange Subsystem 
Self-Screening Jamming 

Transport Submarine 

Single-Source Logistics Support Manager 

(1) Surface-to-Surface Missile; (2) Midget Submarine 
Sensor System Microwave Imager 

Sensor System Microwave/Temperature 

Spread Spectrum Multiple Access 

Spread Spectrum Modulation Equipment 
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SSMO 
SSMOB 
SSMP 
SSN 


SSO 
SSO-INT 
SSP 


SSP-S 
SSQ 
SSQN 
SSR 


SSS 


SSSP 
SST 


SSTO 

SSTS 

SSUS 

ST 

S&T 

S&TI 

ST&E 

STA 
STACCS 
STAMIS 
STAMP 
STAMPS 
STANAG 
STANAVFORLANT 
STAN-EVAL 
STANS 


STAP 
STAR 


STARC 
STARS 
STAR-T 
START 


SIGINT Support to Military Operations 
Surface-to-Surface Missile Order of Battle 
Security System Management Plan 


(1) Nuclear-Powered Attack Submarine; 
(2) Social Security Number; 
(3) Space Surveillance Network 


(1) Special Security Office; (2) Special Security Office(r) 
Senior Staff Officer-Intelligence (Canadian) 


(1) SIGINT Support Plan; (2) Scheduled Strike Program 
(NATO); (3) Single-Shot Probability of Damage; 
(4) Single-Source Processor; (5) SIOP Support Program 


Single Source Processor-SIGINT 
Auxiliary Submarine, Communications 
Nuclear-Powered Auxiliary Submarine, Communications 


(1) Radar Picket Submarine; (2) Secondary Surveillance Radar; 
(3) Special Security SSRS Representative SIGINT Surveillance 
and Reporting System 


(1) Staff Summary Sheet; (2) Systems Science and Software; 
(3) System Support Segment; (4) Special Support Section 


Single-Source SIGINT Processor 


(1) Training Submarine; (2) System Specific Threat; 

(3) Supersonic Transport; (4) Single Subscriber Terminal; 
(5) Sate Secure Transport; (6) Strategic Support Team; 
(7) Space Support Team 


Single-Stage-To-Orbit 

Space Surveillance and Tracking System 
Spin-Stabilized Upper Stage 

(1) SEAL Team; (2) Strategic Task; (3) Short Tons 
Scientific and Technical 

Scientific and Technical Intelligence 

Security Test and Evaluation 

Surveillance and Target Acquisition 

Standard Theater Army Command and Control System 
Standard Army Management Information System 
SOUTHCOM Topographic Augmentation Program 
Stand-Alone Message Processing System 
Standardization Agreement (NATO) 

Standing Naval Force, Atlantic (NATO) 
Standardization and Evaluation 


(1) Soviet Tactical Nuclear Study; 
(2) Space Target Analysis and Networking System 


Science and Technology Advisory Panel 


(1) Surface-to-Air Recovery; 
(2) System Threat Assessment Report 


State Area Command 

Surveillance, Target Acquisition & Reporting System 

SHF Tri-Band Advanced Range Extension Tactical Terminal 
Strategic Arms Reduction Talks/Treaty 
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STARTEX 
STASS 
STATDM 
Static RI 
STATS 
STATSIONAR 
STC 


STCFE 
STD 
STEL 
STEP 
STEPS 
STEPS II 
STG 
STEL 
S&TI 
STIC 


STICS 
STIFF 
STIISP 


STINT 

STIR 
STITEUR 
STK 

STO 

STOL 
STON 
STOPS 
STOVL 

STP 

Str 

STRAM 
STRAT 
STRATCOM 
STRATJIC 
STRATLAT 
STRATMAS 
STRATPAT 
STRED 


STRIKFORSOUTH 


S-TRED 
STRUM 


Start Date of an Exercise 

Submarine-Towed Array Surveillance System 
Statistical Time Division Multiplex 

Static Infrared Workstation 

Strategic Target Analysis and Tracking System 
USSR/Russian COMSAT System 


(1) Sensitivity Time Control; (2) Short Time Constant (ECCM); 
(3) SHAPE Technical Center 


Science and Technology Center Far East 

(1) SIGINT Technical Data; (2) Standard 

Stanford Telecommunications 

Standardized Technical Entry Point 

Scientific and Technical ELINT Processing System 
Scientific and Technical ELINT Processing System II 
Special Tactical Group 

Secure Telephone 

Scientific and Technical Intelligence 


(1) Scientific and Technical Intelligence Committee; 
(2) Scientific and Technical Intelligence Center 


Scalable Transportable Intelligence Communications System 
Strategic Intelligence Forecast File 


Scientific and Technical Intelligence Information Services 
Program 


Science and Technology (S&T) Intelligence 
Scientific and Technical Intelligence Register 
Scientific and Technical Information Team, Europe 
(1) Satellite Took Kit; (2) Strike 

Science and Technology Objectives 

Short Takeoff and Landing 

Short Ton 

Stand-Off Optical System 

Short Takeoff, Vertical Landing 

(1) Space Test Program; (2) Site Transition Plan 
Strength 

Static Random Access Memory 

Strategic 

Strategic Command 

USSTRATCOM Joint Intelligence Center 
Strategic Command Liaison Assistance Team 
Strategic Message Analysis Server 

Strategic Planning and Analysis Tool 


Standard-Tactical Receive Equipment Display STRICOM Simu- 
lations, Training, and Instrumentation Command 


Strike Force South 
Standard Tactical Receive Equipment Display 
Standard Technical Reporting Using Modules 
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STS (1) Special Training Standard; (2) Special Tactics Squadron; 
(3) Subcommittee on Telecommunications Security of the 


NSTISSC 

STT (1) Small Tactical Terminal; (2) Special Tactics Teams; 
(3) Shore Targeting Terminal 

STU Secure Telephone Unit (STU I & IID 

STU-III Secure Telephone Unit III 

STUR Secure Telephone Unit/Remote 

STVD Southern Theater of Military Operations (FSU) 

STW Strike Warfare 

STWC Strike Warfare Commander 

STX Situational Training Exercise 

SUAWACS Soviet (FSU) AWACS 

SUBACS Submarine Advanced Combat System 

SUBLANT Submarine Forces, Atlantic 

SUBOPAUTH Submarine Operating Authority 

SUBORD Subordinate 

SUBPAC Submarine Forces, Pacific 

SUCCESS Secure UHF Computer Controlled Equipment Subsystems 

SUG SAFE Users Group 

SUM (1) Surface-to-Underwater Missile; (2) Structural Usage Monitor 

SUMS Structural Usage Monitor System 

SUPCOM Support Command 

SUPINTREP Supplementary Intelligence Report 

SUPIR (1) Supplemental Photographic Interpretation Report; 
(2) Supplemental Phase Interpretation Report 

SUPNAVFOR Supporting Naval Force 

SUPPLOT Supplemental Plot 

SUPREMS Supplemental Preliminary Mission Summary 

SUPT Superintendent 

SURAN Southeastern Universities 

SURFSHIP Surface Ship 

SURFWARDEVGRU Surface Warfare Development Group 

SURTASS Surveillance Towed Array Sonar System (U.S.) 

SURV Surveillance 

SUSLAK Special U.S. Liaison Activity Korea 

SUSLO Special U.S. Liaison Officer 

SV (1) Secure Voice; (2) Special View 

SVC Service 

SVCN Secure Voice Conferencing Network 

SVD Soviet Sniper Rifle 

SVGA Super Video Graphics Adapter 

SVIP Secure Voice Improvement Program 

SVOD Soviet Aircraft Navigation and Landing System 

SVS Secure Voice System 

SVTC Secure Voice Teleconferencing 
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SVTS Secure Video Teleconferencing System 


SW (1) Short Wave; (2) Surface Warfare; (3) Software; 
(4) Strategic Wing 
S&W Surveillance and Warning 
SWA (1) Southwest Asia; (2) Southwest Africa; (3) Standoff 


Weapons Assembly; (4) Senior Warning Analyst; (5) Senior 
Weather Analyst; (6) Secure Work Area 


SWADII Southwest Asia Defense Information Infrastructure 

SWAL Shallow-Water Attack Craft, Light 

SWAM Shallow-Water Attack Craft, Medium 

SWAT SOCRATES WS/LAN Analysis Testbed 

SWB Southwest Border 

SWC (1) Special Warfare Center (U.S. Army); (2) Special Warfare 


Craft; (3) Strategic Warfare Center; (4) Strategic Warning Cen- 
ter; (5) Space Warfare Center 


S&WC Surveillance and Warning Center/Control 

SWCL Special Warfare Craft, Light 

SWCM Special Warfare Craft, Medium 

SWCS Special Warfare Center and School 

SWE Sweden 

SWHQ Static War Headquarters 

SWI Special Weather Intelligence 

SWIR Short Wave Infrared 

SWIRTERCAT SWIR Terrain Categorization 

SWIS Survivable Wartime Intelligence System 

SWO (1) Special Weapons Officer; (2) Staff Weather Officer; 
(3) Senior Watch Officer 

SWORD Submarine Warfare Operations Research Department 

SWP Standing Warning Program 

SWPS Space & Weapons Systems SIGINT Working Group 

SWR Southwest Region 

SWRS Slow-Walker Reporting System 

SWSC Space Warning Systems Center 

SWTMO SW Theater of Military Operations 

SYBASE A Collection Requirements Database 

SYDET Sympathetic Detonator 

SYDP Six-Year Defense Plan 

SYG Secretary General 

SYNCOM Synchronous Communications Satellite 

SYRACUSE Systeme de Radio Communication Utilisant un Satellite 

SYRUP System Resource Utilization Package 

SYS System(s) 

SYSADM System Administrator 

SYSADMIN Systems Administration Technical Assistant 

SYSCON Systems Control 

SYSOPR System Operator 
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T&A 
TAA 


TAACOM 
TAB 
TABNR 
TABS 
TAC 


TACAC-D 
TACAIR 
TACAMO 


TACAN 
TACAWS 
TACC 


TACC(A) 
TACCIMS 


TACCP 
TACCS 


TACCSIMS 


TACCS-K 
TACCTA 
TAC-D 
TACE 


TACELINT 
TACFAST 
TACFIRE 

TACIES 
TACINTEL 

TACIT RAINBOW 


(1) Tank; (2) Training; (3) Transmitter 
1.54 Megabits per Second Throughput 
Technology Transfer 

44.3 Megabits per Second Throughput 


(1) Traffic Analysis; (2) Tank Army; (3) Terrain Avoidance; 
(4) Theater Army; (5) Target Acquisition; (6) Target Analysis 


Transcription and Analysis 


(1) Tactical Air Army (FSU); (2) Total Army Analysis; 
(3) Tactical Assembly Area; (4) Theatre Army Area 


Theater Army Area Command 

(1) Target Acquisition Battery; (2) Theatre Air Base 
Table Number 

Threat Assement Briefing System 


(1) Tactical Air Command; (2) Terrain Analysis Center (U.S. 
Army); (3) Tactical Access Controller; (4) Tri-Service Tactical 
Digital Communication System; (5) Technology Assessment 
Center; (6) Terminal Access Control; (7) Tactical Command Post 


Technical Control and Analysis Center-Division 
Tactical Air 


(1) U.S. Air Relay Communication System; 
(2) Take Charge and Move Out 


Ultrahigh-Frequency Tactical Air Navigation 
The Army Combined Arms Weapons System 


(1) Tactical Air Control Center; (2) Tanker Airlift Control Cen- 
ter; (3) Theater Army Communications Command 


Tactical Air Control Center (A float) 


(1) Theater Army Command and Control Information Manage- 
ment System; (2) Tactical Command and Control Information 
Management System 


Tactical Command Post 


(1) Tactical Airborne Command and Control and Surveillance; 
(2) Tactical Air Control Center System 


Theater Area Command and Control Information 
Management System 


Tactical Automated Command and Control Systems-Korea 
Tactical Commander’s Terrain Analysis 
Tactical Deception 


(1) Technical Analysis Cost Estimate; 
(2) Tactical Air Coordination Element 


Tactical Electronic Intelligence (Report) 
Tactical Forward Analysis Support Terminal 
Tactical Artillery Fire Control 

Tactical Imagery Exploitation System 
Tactical Intelligence 

Anti-Radiation Missile 


199 


TACM 
TACO 
TACO-2 
TACOMM 
TACOMSIM 
TACON 
TACOPS 
TACP 
TACRECCE 
TACREP 
TACRON 
TACS 


TACS/TADS 
TACSAM 
TACSAT 
TACSATCOM 
TACSIM 
TACTAS 
TACTASS 
TACTED 
TACTEL 
TACTERM 
TACW 
TACWINGSLANT 
TAD 

TADIL 
TADIL-J 
TADIX-B 
TADIXS 
TADIXS-B 
TADS 


TADSS 
TADMS 
TAE 
TAF 
TAFIC 
TAFIES 
TAFHS 
TAFLC 
TAFSM 
TAG 


TAGS 


Tactical Amphibious Collection Management 
Tactical Command Post 

Tactical Communications-Two 
Tactical Communications 

Tactical Communications Simulator 
Tactical Control 

Tactical Air Combat Operations Staff 
Tactical Air Control Party 

Tactical Reconnaissance 

Tactical Report 

Tactical Air Control Squadron 


(1) Tactical Air Control System; (2) Technology Acquisition 
Coordination Subcommittee; (3) Theater Air Control System 


Tactical Air Control System/Tacticai Air Defense System 
Tactical Surface-to-Air Missile 

Tactical Satellite 

Tactical Satellite Communications 

Tactical Simulation (Simulator) 

Tactical Towed Array System (U.S. Surface Warship) 
Tactical Towed-Array Surveillance System (USN) 
Tactical Trunk Encryption Device 

Tactical Telecommunications 

Tactical Terminal 

Tactical Air Control Wing 

Tactical Wings Atlantic 

(1) Temporary Additional Duty; (2) Theater Air Defense 
Tactical Data Information Link 

Tactical Digital Interface Link-Joint 

Tactical Data Exchange System-B 

Tactical Data Information Exchange Subsystem 

Tactical Data Information Exchange System Broadcast 


(1) Tactical Air Defense System; 
(2) Target Acquisition and Designation System 


Training Aids, Devices, Simulations and Simulators 

TRS ASARS-2 Data Manipulation System 

Transportable Applications Executive 

Tactical Air Forces 

Tactical Air Forces Intelligence Center 

Tactical Air Force Intelligence Exploitation System 
Tactical Air Forces Integrated Information System 

Tactical Air Force Limited Operational Capabilities Europe 
Tactical Fire Support Model 


(1) Target Actions Group; (2) The Adjutant General; 
(3) Theater Army Group; (4) Target Aimpoint Graphic; 
(5) TEMPEST Advisory Group 


Theater Air Ground System 
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59. Factors of Trinomials 


a. Trinomials Such as x? + x(a + b) + ab. The factors of a trinomial consisting of the square 
of the common term, the product of the common term and the algebraic sum of the unlike terms, 
and the product of the unlike terms are two binomials that have one term in common and the other 
term unlike. Thus, the factors of «* + «(a + b) + ab are (x + a) (x + b) where z is the common 
term, and a and 0 are the unlike terms. As proof, the product of (x + a) (x + 6b) is x? + wa + 
xb -+ 2b + ab. By factoring the two terms which have a common factor, z, the original trinomial 
v2+ 2 (a+ b) + ab is obtained. 


Example: Factor 9r? + 6r(s + t) + 4st. 


9r? + Gr (s +t) + 48st = (8r + 2s) (8r + 2¢) 

To prove the factoring: 

(37 + 28) (87 + 2t)= (3r)? + (37) (2s) + (3r) (2t) + (2s) (2t) 
= 9r?2 + 6Grs +6rt + 4st 
= 97? + 6Gr(s + t) + 4st 


b. Trinomials Such as x? + 6% + 8. To 
factor a trinomial of the form «? + 6x + 8, x? 
— 6x + 8, x7 + 6x — 8, or 22? — 62 — 8, much 
of the work is done by trial and error. The 
problem is to find two factors of the final term 
which, when added together, will give the 
coefficient of the middle term. Taking the first 
of the trinomials above, the factors of 8 are 
8-land4- 2. Sincee44+2=6and84+1=—9, 
the factors that will be used are 4 and 2. With 
regards to signs, if the sign of the final term 
is positive, the signs of the two factors are alike 
and will be the same as the sign of the middle 
term. Thus, the factors «? + 62 + 8 are (x 
+ 4) and (x + 2), and the factors of 7* — 6x 
+ 8 are (2 — 4) and (x — 2). If the sign of 
the final term is negative, however, the signs 
containing the two terms of each binomial 
factor are unlike; the larger factor will take 
the sign of the middle term. For example, the 
factors of 2? +. 2% — 8 are (x + 4) and (x1— 2), 
and the factors of x2 — 2x — 8 are (x — 4) 
and (x + 2). 

Example 1: Factor y? + 12y + 32. 

y? + 12y +32 = (y +8)(y + 4) 

Example 2: Factor 22 — 11z + 30. 

22?—11z+ 30 = (2 — 6) (z— 5) 

Example 3: Factor r? + 4r — 12. 

r? + 4r —12 = (r + 6)(r— 2) 

Example 4: Factor s? — s — 20. 

sg? — s — 20 = (s — 5)(s + 4) 


c. Trinomials Such as 6a? — 11a — 10. The 
procedure used to factor trinomials of this type 
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is an extension of the procedure described in 
b above and as shown in the example below. 
Factor 6a? — 1la — 10. 
Find two numbers that, when 
multiplied together, form the 
left-hand term, 6a?. 
(6a) (a) = 6a? 
(2a) (8a) = 6a? 
Find two numbers that, when 
multiplied together, form the 
right-hand term, —10. 
(10) (—1) = —10 
(5)(—2) = —10 
(—10)(1) = —10 
(—5)(2) = —10 
By trial and error, set up two 
binomial expressions contain- 
ing factors from step 1 in the 
left-hand term and factors from 
step 2 in the right-hand term. 
The proper selection of factors 
should give the middle term of 
the trinomial when the binom- 
ials are multiplied. 
(2a + 5) (3a — 2) (first trial) 
6a? + 15a — 4a — 10 = 6a? 
+ 11a — 10 (multiplying out) 
The middle term obtained does 
not match the middle term of 
the given trinomial. The num- 
erical value is correct, but the 
sign is wrong. Make a second 


Example: 
Step 1. 


Step 2. 


Step 3. 


AGO 558A 


TAH 
TAI 
TAISS 
TALM 
TALO 
TALON 
TAOS 
TALP 
TAMPS 


TANGO 
TAO 
TAOC 
TAOR 
TAP 
TAPA 
TAPCOMP 
TAPS 
TAR 
TARBUL 
TARDEV 
TARE 
TAREX 
TARM 
TARPS 
TARRRS 
TARS 
TAS 


TASE 
TASES 
TASM 
TASMO 
TASO 
TASOC 
TASOSC 
TASS 


TAT 


TATERS 
TAV 
TAVR 
TAW 


Tactical Aviation Headquarters 

Target Areas of Interest 

Telecommunication and Automated Information Systems Security 
Tactical Air-Launched Missile 

Tactical Airlift Liaison Officer 

Theater Applicatiaon-Launch on Notice 

Thrust-Assisted Orbiter System 

Total Army Linguist Program 


(1) Threat Avoidance Mission Planning System; 
(2) Tactical Aircraft Mission Planning System 


Tactical Air, Naval, Ground Operations 

Tactical Air Operations 

Tactical Air Operations Center 

Tactical Area of Responsibility 

(1) Terrain Analysis Program; (2) Theater Analysis and Planning 
Target Analysis Pacific Area 

Targeting and Analysis Program Computers 

Technical Analysis Processing System 

Terrain Avoidance Radar 

Target Bulletin 

Target Development 

Telegraph Automation Relay Equipment 

Target Exploitation 

Tactical Antiradiation Missile 

Tactical Air Reconnaissance Pod System (USN) 
Tactical Air Reconnaissance Results Reporting System 
Tactical Air Reconnaissance System 


(1) Tactical Airlift Squadron; (2) Traffic Analysis Survey; 
(3) Terminal Access System; (4) True Air Speed; (5) Timeline 
Analysis System; (6) Temporal Analysis System 


Tactical Air Support Element 

Tactical Airborne Signals Exploitation System 
Tactical Air-to-Surface Missile 

Tactical Air Support of Maritime Operations 
Terminal Area Security Officer 

Theater Army Special Operations Command 

Theater Army Special Operations Support Command 


(1) Towed Array Surveillance System; (2) Official News Agency 
of the FSU; (3) Tactical Air Support Squadron; (4) Tactical 
Automatic Switching System 


(1) Terrorist Action Team; (2) Tactical Analysis Team; 
(3) Target Area Tactics 


TROJAN Air Transportable Electronic Reconnaissance System 
(1) Total Asset Visibility; (2) Trans-Atmospheric Vehicle 
Territorial and Army Volunteer Reserve 

Tactical Airlift Wing 
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TAWC 
TAWDS 
TAXIS-A 
TB 

TBA 
TBD 
TBM 


TBP 
TC 
TC3 
TCA 


TCAC 
TCAC-C 
TCAC PIP 
TCAE 


TCAE C/D/B 
TC-AIMS II 


TCB 
TCC 
TCCC 
TCCE/CA 
TCCS 
TCD 
TCICA 
TCIM 
TCJ2 
TCM 
TCMS 
TCO 


TCOS 
TCP 


TCP/IP 
TCR 
TCS 
TCSEC 
TCT 


TCU 


Tactical Air Warfare Center 

Transportable Automated Weather Distribution System 
Tactical Data Information Exchange Subsystem A 

(1) Tank Battalion; (2) Tuberculosis 

To Be Announced 

To Be Determined 


(1) Tactical Ballistic Missile; (2) Theater Battle Management; 
(3) Theater Ballistic Missile 


To be published 
(1) Tank Company; (2) Transportation Corps; (3) Transport Cradles 
Theater Command, Control, and Communications 


(1) Theater Collection Assets; 
(2) Theater Communications Architecture; 
(3) Tactical Communication Augmentation 


Technical Control and Analysis Center 
Technical Control and Analysis Center - Corps 
Technical Control and Analysis Center-Product 


(1) Technical Control and Analysis Element; 
(2) Tactical Control and Analysis Element 


Technical Control and Analysis Element Corps/Division/Brigade 


Transportation Coordinator Automated Information For Move- 
ments Systems II 


Trusted Computing Base 

(1) Telecommunications Center; (2) Tactical Command Center 
Theater Communications Control Center 

Theater Contingency Communications Equipment, Central Area 
Theater Command and Control System 

Time Compliance Data 

Theater Counterintelligence Coordinating Authority 

Tactical Communications Interface Module 

TRANSCOM J2 

Tactical Cruise Missile 

Tactical Communications Management System 


(1) Test Control Officer; (2) Telecommunications Control 
Officer; (3) Telecommunications Contracting Office 


Tactical Combat Operations System 


(1) Technological Coordinating Paper; (2) Tactical 
Cryptologic Program; (3) Transmission Control Protocol; 
(4) Traditional CINC Programs 


Transmission Control Protocol/Internet Protocol 
Time Critical Requirements 

(1) Tactical Computer System; (2) Test/Crisis Service 
DOD Trusted Computer System Evaluation Criteria 


(1) Tactical Commanders Terminal; 
(2) Tactical Computer Terminal(s) 


Tactical Computer Unit 
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TD 


TDA 


TDAD 
TDAR 
TDC 


TDD 
TDDP 
TDDS 


TDES 
TDF 
TDFD 
TDI 


TDM 
TDMA 
TDOA 
TDP 


TDRSS 
TDS 


TDSS 
TDT 

TDY 

TE 

T&E 

TEA 
TEAMS 
TEARR 
TEB 

TEC 
TECCE 
TECH 
TECHELINT 
TECHINT 
TECHLIB 
TECHSUM 
TECRAS 
TED 
TEDB 
TEDS 
TEG 


(1) Tank Destroyer; (2) Tank Division; (3) Time Dominant 
(imagery); (4) Tactical Deception; (5) Training Detachment; 
(6) Target Designator; (7) Transfer Device 


(1) Table of Distribution and Allowances; 
(2) Target Damage Assessment; (3) Tactical Decision Aids 


Training Development and Analysis Directorate 
Tactical Defense Alert Radar 


(1) Tactical Digital Computer; 
(2) Theater Deployable Communications 


Target DBZ Designator 
Tactical Defense Dissemination Program 


(1) Tactical Defense/Data Dissemination System; 
(2) TRAP Data Dissemination System 


Theater Document Exploitation System 
(1) Tactical Data Facsimile; (2) Tactical Digital Facsimile 
Time Delay Firing Device 


(1) Target Data Inventory; (2) Target Data Inventory; 
(3) ETIBS Datalink Interface 


Time Division Multiplex 
Time Division Multiple Access 
Time Difference of Arrival 


(1) Threat Display & Projection; (2) Tactical Display Program- 
mer; (3) Tactical Data Processor 


Tracking and Data Relay Satellite System 


(1) Target Data Sheet; (2) Training Device System; 
(3) Target Development System 


Theater Display Support System 

Tactical Data Terminal 

Temporary Duty 

(1) Tactical Exploitation; (2) Table of Equipment 
Test & Evaluation 

Tactical Exploitation Assessment 

Trend and Error Analysis Methodology System 
Time, Elevation, Azimuth, Range, Range Rate 
Tactical Exploitation Battalion 

Topographic Engineering Center 

Tactical Exploitation Collection and Coordination Element 
Technical 

Technical ELINT 

Technical Intelligence 

Technical Library 

Technical Summary 

Technical Reconnaissance and Surveillance 
Trunk Encryption Device 

Technical ELINT Data Base 

Tactical Expendable Drone System 

Tactical Exploitation Group (JSIPS) 
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TEK 

TEL 
TELAR 
TELCON 
TELECOM 
TELEFAC 
TELINT 
TELNET 
TEMP 
TEMPEST 


TENCAP 
TEOC 
TEP 


TEPP 
TERCAT 
TERCOM 
TEREC 


TERPES 


TERS 


TES 
TESAR 
TESS 
TET 
TEWS 
TEXAS 
TF 
TFAS 
TFC 
TFCICA 
TFCC 
TFJ2 
TFM 
TFR 
TFS 


TFT 
TE/TA 
TFU 
TFW 
TFWC 


Traffic Encryption Key 
Transporter-Erector-Launcher 
Transporter-Erector-Launcher and Radar 
Telephone Conversation 

Telecommunications 

Telecommunications Facilities Vulnerability Study 
Telemetry Intelligence 

Telecommunications Network 

Test and Evaluation Master Plan 


(1) Unclassified Name for Compromising Emanations; 
(2) Compromising Electronic Emission Control Program; 
(3) Transient Electromagnetic Pulse Emanations 


Tactical Exploitation of National Capabilities 
Technical Objective Camera 


(1) Tactical ELINT Processor; 
(2) TEMPEST Endorsement Program 


Tomahawk Employment Planning Package 
Terrain Categorization 
Terrain Contour Matching 


(1) Tactical Electronic Reconnaissance; 
(2) Tactical ELINT Receiver 


Tactical Electronic Reconnaissance Processing and Evaluation 
System 


(1) Tactical Electronic Reconnaissance System; 
(2) Tactical ELINT Reporting System; 
(3) Tactical Event Reporting System 


(1) Tactical Electronic Squadron; (2) Tactical Event System 
Tactical Endurance Synthetic Aperture Radar 
Tactical Engagement Simulation System 
Transportable Electronic Tower 

Tactical Electronic Warfare System 

Tactical Exchange Automation System 

(1) Task Force; (2) Transaction Format 

Task Force Able Sentry 

Tactical Fusion Center 

Task Force CI Coordinating Authority 
Tactical Flag Command Center 

Task Force Director of Intelligence 

Trusted Facility Manual 

Terrain Following Radar 


(1) Tactical Fighter Squadron; (2) Terrain and Feature Server; 
(3) Traffic Flow Security 


(1) Tri-Band Field Terminal; (2) Tactical Facsimile Terminal 
Terrian Following/Terrain Avoidance 

Tactical Forecast Unit 

Tactical Fighter Wing 

Tactical Fighter Weapons Center 
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TG (1) Task Group; (2) Training Group 


T&G Tracking and Guidance 
TGA Target Analysis 
TGCF Tactical Ground Control Facility 
TGIF Transportable/Tactical Ground Intercept Facility 
TGPF Transportable Ground Processing Facility 
TGS (1) Transportable Ground Station; (2) Turkish General Staff 
TGT Target 
TGTINT Targeting Intelligence 
TGTINFOREP Target Information Report 
TGW Terminal-Guidance Warhead 
THAAD Theater High-Altitude Area Defense 
THAAD/GBR Theater High-Altitude Area Defense/Ground Based Radar 
THEC Theater HUMINT Exploitation Center 
THMT Tactical High Mobility Terminal 
THREATCON JCS Terrorist Threat Condition 
THz Terahertz 
TI (1) Technical Intelligence (TECHINT); 
(2) Target Intelligence; (3) Transition Increment 
TI/TTR Target [llumination/Target Tracking Radar 
TIA Target Implications Annex 
TIAP Theater Intelligence Architecture Program 
TIAPCO TIAP Communications Overlay 
TIARA Tactical Intelligence and Related Activities 
TIARRA Target Identification And Recognition Radar 
TIAS Target Identification & Acquisition System 
TIB Target Intelligence Branch 
TIBS Tactical Information Broadcast System 
TIC (1) Theater Intelligence Center; (2) Technical Information Center 
TICANA Tactical Imagery Communications and Network Alternatives 
TICC Tactical Information Communications Center 
TICON Tight Control 
TID Theater Intelligence Digest 
TIDL Tactical Imagery Data Link 
TIDY Teletype Integrated Display System 
TIEC Theater Imagery Exploitation Capability 
TIES Tactical Information Exchange System 
TIF(S) Theater Interrogation Facility(ies) 
TIFA Theater Intelligence Fusion Architecture 
TIFF Tagged Image File Format 
TIG Tactical Intelligence Group 
TIHB Target Intelligence Handbook 
TUF Tactical Imagery Interpretation Facility 
TIMS Text and Image Information Management System 
TILO Transportation Intelligence Liaison Officer 
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TIM 
TIM-DIS 
TIMS 


TIO 
TIP 


TIPE 
TIPI 

TIPP 
TIPS 


TIR 
TIROS 
TIROS-N 
TIRS 
TIRSAG 


TIRSS 
TIS 


TISD 
TISEO 
TISL 
TISO 
TISP 
TISS 
TITF 


Target Intelligence Material 
Time & Distance 


(1) Tactical Information Management System; 
(2) TFCC Information Management System 


Target Intelligence Officer 


(1) Target Intelligence Package; (2) Theater Intelligence Plan; 
(3) Tracking and Impact Prediction; (4) Tactical Imagery Pro- 
gram 


Tactical Intelligence Product Enhancement 
Tactical Information Processing and Interpretation System 
Target Intelligence Production Plan 


(1) Terrorist Incident Profile System; (2) Tactical Intelligence 
Processing System; (3) Target Intelligence Packages 


Terminal Imaging Radar 

Television Infrared Observation Satellite 
Television Infrared Observation Satellite-National 
Thermal Infrared Scanner 


Tactical Intelligence, Reconnaissance, Surveillance Action 
Group 


Theater Intelligence, Reconnaissance & Surveillance Study 


(1) Tactical Intelligence Squadron; (2) Thermal Imaging Sight; 
(3) Tactical Input Segment 


Tactical (Air Forces) Integrated Situation Display 

Target Identification System, Electro-Optical 

Target Identification System, Laser 

Theater Intelligence Support Officer 

Transition Implementation Support Plan 

Tactical Intelligence Support Staff 

Theater Intelligence Training Facility 

ETIBS Interface Unit 

Tactical Jamming System 

Talent-Keyhole 

Tank 

Tanker 

Tomahawk Land Attack Missile 

Transporter-Launcher and Radar 

(1) Telecommunication Link Controller; (2) Teleconferencing 
(1) TACINTEL Link Control Facility; (2) Teleconferencing 
Target Location Error 

Top-Level Specification 

TACAMO Logistics Support Team 


(1) Tactical Missile; (2) Threat Manager; (3) Target Material; 
(4) Landsat Thematic Mapper; (5) Technical Manual; (6) Team 
Materials; (7) Team 


Theater of Military Action 
Technical Management Board 
Tactical Target Materials Change Notice 
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TMD (1) Theater Missile Defense; (2) Tactical Map Depot 
TMDE Test Measurement and Diagnostic Equipment 
TMD/GBR Theater Missile Defense/Ground-Based Radar 
TMET Transportable Medium Earth Terminal 
TMFU Theater METOC Forecasting Unit 
TMMRS Trojan Mobile Remote Receiver System 
TMO (1) Technical Management Office; 
(2) Theater of Military Operations 
TMP Training Management Plan 
TMPC Theater Mission Planning Center 
TMPG Target Materials Producers Group 
TMPO Target Materials Program Office 
TMPS Theater Mission Planning System 
TMRG Terrain-Masked Radar Graphics 
TMSR Tactical Meteorological Satellite Receiver 
TMS Target Materials Squadron 
TMT Target Marking Technologies 
TMUG Target Materials Users Group 
TMWG Target Materials Working Group 
TMWS Target Materials Workstation 
TNAPS+ Tactical Network Analysis and Planning System Plus 
TNET Teletraining Network 
TNF Theater Nuclear Forces 
Tng Training 
TNI Trusted Network Interpretation 
TNIEG Trusted Network Interpretation Environment Guideline 
TNK Tanker 
TNL Target Nomination List 
TNT Tunnel Neutralization Team 
TNO Theater Nuclear Option 
T/O Take Off 
TO&E Tables of Organization and Equipment 
TOA (1) Total Obligational Authority; (2) Time of Arrival; 
(3) Transportation Operation Agency; (4) Time of Attack; 
(5) Transfer of Authority; (6) Table of Organic Allowance 
TOC (1) Tactical Operations Center; 
(2) Theater of Operations Command 
TOE (1) Table of Organization and Equipment; (2) Time of Entry 
TOF Time of Flight 
TOPCAT Tactical Operations Planner for Collection, Analysis, and Tasking 
TOPINS Theater Operational Intelligence System 
TOPO Topographic 
TOPS Tactical Operations Support 
TOR (1) Terms of Reference; (2) Tactical Operations Room; 
(3) Tentative Operational Requirement; (4) Time of Receipt 
TORP Torpedo 
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TORPCM 
TOS 
TOSP 
TOSS 


TOT 
TOVS 
TOW 
T/P 
TPA 
TPAS 
TPC 


TPCS 
TPEP 


TPF 
TPFD 
TPFDD 
TPFD(L) 
TPI 

TPL 
TPN 
TPP 

TPS 


TPSD 


TPU 

TPV 

TQL 

TQM 

TR 

TR 

TRA 

TRAC 
TRADOC 
TRAINS 
TRAM 
TRANSCOM 
TRANSEC 
TRANSIT 
TRANSNAT 
TRAP 


TRAP-I 


Torpedo Countermeasures & Deception 
(1) Tactical Ocean Surveillance; (2) Theater Operating System 
Tailored Ocean Surveillance Product 


(1) Tactical Operations Support System; 
(2) Technical Oriented Support System 


(1) Time over Target; (2) Time of Transmission 

TIROS Operational Vertical Sounder 

Tube-Launched Optically-Tracked Wire-Guided Missile 
Terminal/Printer 

Theater Production Assets 

Target Planning and Scheduling 


(1) Tactical Pilotage Chart; (2) Tempest Personal Computer; 
(3) Two-Person Control 


Team Portable COMINT System 


(1) TEREC Portable Exploitation Processor; 
(2) Trusted Products Evaluation Program 


Topographic Production Facility 
Time-Phased Force Deployment 
Time-Phased Force Deployment Data 
Time-Phased Force Deployment (List) 
Two-Person Integrity 

Time-Phased Line 

Tactical Packet Network 

Thermal Powerplant 


(1) Thermal Protection System; 
(2) Telecommunications Prioritization System 


(1) Theater Planning Support Division (J-5); 
(2) Theater Planning Support Document 


Troop Programs Units 

Terrain Perspective Viewing 

Total Quality Leadership 

Total Quality Management 

Transmit-Receive 

(1) Tank Regiment; (2) Transportation Request 
Temporary Restricted Areas 

(1) Tactical Radar Correlator; (2) TRADOC Analysis Center 
U.S. Army Training and Doctrine Command 
Interactive Video Teletraining System 

Target Recognition and Attack-Multisensor 
Transportation Command 

Transmission Security 

Navy Navigation Satellite System 
Transnational 


(1) Threat Research and Analysis Program; (2) TRE and Related 
Applications; (3) Terrorist Research and Analysis Project; 
(4) Tactical Related Applications 


TRAP-Improved 
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TRAPS TRE & Related Applications 


TRB Technical Review Board 

TRDL Tactical Reconnaissance Data Link 

TRE Tactical Receive Equipment 

TRED Tactical Receive Equipment Display 

TREDS (1) Tactical Reconnaissance Exploitation Demonstration Sys- 
tem; (2) Tactical Receive Equipment (TRE) Display System 

TREE Transient Radiation Effects on Electronics 

TRF Topographic Readiness Facility 

TRICOMS Triad Computer System 

TRI-MEF Tri-Marine Expeditionary Force 

TRI-MEFO Tri-Marine Expeditionary Force Order 

TRITAC Tri-Service Tactical Communications System 

TRI-TAC (1) U.S. Joint Tactical Communications Program; 
(2) Tri-Service Tactical Communications 

TRIES Tactical Radar Imagery Exploitation System 

TRIGS TR-1 Ground Station 

TRIMSS TRANSCOM Imagery Management Support System 

TRITAF Tactical Air Forces of TAC, USAFE and PACAF 

TRIX(S) Tactical Reconnaissance Intelligence Exchange System 

TRL Target Recommendation List 

TRML USAFE Target Reference Material List 

TRN (1) Target Reference Number; (2) Target Reference Point 

TROFA Temporary Remote Operating Facility, Airborne (NSA) 

TROJAN Name of Technical Training System 

TROJAN SPIRIT ae Special Purpose Integrated Remote Intelligence Termi- 
na 

TROKA Third ROK Army 

TROPO Tropospheric Scatter Radio 

TROSCOM United States Army Troop Support Command 

TRP (1) Target Reporting Parameters; (2) Theater Response Package 

Trp Troops 

TRRIP (1) Theater Rapid Response Intelligence Package; 


(2) Tactical Rapid Reaction Intelligence 


TRS (1) Tactical Reconnaissance Squadron; (2) Tactical Reconnais- 
sance System; (3) Trunked Radio System; 
(4) Telecommunications Service Request 


TRSS Tactical Remote Sensor System 

TRT TEREC Remote Terminal 

TRUS Tilting Wing/Rotor UAV System 

TRV Tank Recovery Vehicle 

TRW Tactical Reconnaissance Wing 

TS (1) Top Secret; (2) Transaction Services; 
(3) Target Spotting; (3) TROJAN SPIRIT 

TSAR Transmission Security Analysis Report 

TSART Test Support and Analysis Report Terminal 

TSB PSYOP Tactical Support Battalion 
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TSC 


TSC2 
TSCA 
TSCE 
TSCIF 


TSCIXS 
TSCM 
TSCO 
TSCR 
TSCS 
TS/SCI 
TSCSI 
TSCW 
TSDS 
TSE 
TSEC 
TSF 
TSG 
TSIT 
TSK 
TSM 
TSMA 
TSOC 
TSOR 
TSP 


TSR 
TSRS 
TSS 


TSSAM 
TSSR 
TSSS (TS3) 


TSSTM 
TST 


(1) Tactical Support Center; (2) Top Secret Control; 
(3) Technical Support Center; (4) Tactical Support Company; 
(5) TROJAN Switching Center; (6) Training Support Center 


Tactical/Strategic Command & Control 
Time-Sensitive Collection Actions 
Time-Sensitive Collection Emphasis 


Tactical/Temporary Sensitive Compartmented 
Information Facility 


Tactical Support Center Information Exchange System 
Technical Surveillance Countermeasures 

Top Secret Control Officer 

Time-Sensitive Collection Requirement 
Transportable Satellite Communications System 
Top Secret/Sensitive Compartmented Information 
Temporary Surface Cryptologic Support Installation 
Top Secret Codeword 

Tactical SIGINT Data Support 

Target Support Element 

Telecommuncations Security 

Technical Support Facility 

Threat Steering Group 

Technical Service Intelligence Team 

Transmission Security Key 

Threat Spectrum Model 

Theater of Strategic/Military Action 

Theater Support Operations Cell 

Technical Standards of Readiness 


(1) Transshipment Point; (2) Training Support Base; 
(3) Tactical Sensor Planner 


(1) Time-Sensitive Requirement; (2) Telecommunications 
Support Request; (3) Trans-Siberian Railroad 


Tactical Support Reconnaissance System 


(1) Telecommunications Security System; 
(2) Time-Sharing System; (3) Target Summary Sheets; 
(4) Target Selection Standards 


Tri-Service Standoff Attack Missile 
Tropo Satellite Support Radio 


(1) Tactical Simulator Study Support; 
(2) Time-Sensitive Support System 


Tactical SIGINT Systems Training Module 


(1) Tactical Surveillance Technology; (2) Theater Support Team; 
(3) Tactical Support Team 


TRANSCOM Situation Transportation Analysis Review 
Target Support/Target Materials 

Temporary Secure Working Area 

Technical Support Working Group Of IG/T 

(1) Technology Transfer; (2) Target Track 
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trial with the signs in the 
binomials changed. 

(2a — 5) (8a + 2) 

6a? — 15a + 4a — 10 = 60? 


—ila—10 


Since the second trial results in 
the correct trinomial, the factors 
of 6a? — 1la — 10 are (2a — 5) 
and (8a + 2). 

Note. The method of trial and error 
used above may not work in every 
case. Other arrangements of factors 


and signs must be tried until the cor- 
rect results are obtained. 


Step 4. 


60. Factors of Two Cubes 


a. Sum of Two Cubes. The factors of the 
sum of two cubes, such as 23 + y?, are (x + y) 
and (x? — xy + y?). In this case, the bincmial 
is an expression of the sum of the primes times 
the sum of the squares of the primes minus the 
product of the primes. This is seen readily by 
dividing 7? + y3 by x + y. 


Thus, 

a ty at 
a+ y/a + ¥? 

xe +. xy 

— xy 

— xy — zy? 

cy + y8 
ry + ¥ 


Example 1: Factor 2? + 8. 
z+ 8 = (2+ 2) (2? — 2z + 4) 


To prove the factoring: 


2 —2z +4 
2+ 2/28 +8 
a + 222 
—22? 
—222 — 4z 
4z + 8 
42 + 8 


AGO 558A 


Example 2: 


Factor 73 + 12523. 
rs + 12543 = (r + 5x) (7? —5rax + 25 2?) 


To prove the factoring: 


r? — 5re + 2522 
r+ 5a/r? + 12523 
rs +t 5rty 
— brea 
— brea — 25ra2 


25ra? + 12523 
25ra2 + 12523 


b. Difference of Two Cubes. The factors of 
the difference of two cubes, such as x? — y’, 
are (x — y) (x? + xy + y*). These factors are 
an expression of the difference of the primes 
times the sum of the squares plus the product 
of the primes. As in the sum of two cubes, 


. factoring can be proved by dividing the product 


by the binomial factor. 


Example 1: Factor a? — 63. 
a’ — b§ = (a — b) (a? + ab + 


b2) 
To prove the factoring: 
az +ab + b2 
a b/ a8 b3 
a? — a’b 
azb 
ab — ab? 
ab? — b% 
ab2 — b8 


Example 2: Factor z? — 27. 
2 — 27 = (e— 3) (2+ 32+ 9) 


To prove the factoring: 


2 + 38 +49 
z2— 3/2 — 27 
zs — 32? 
322 
322 — 92 
9z — 27 
9z — 27 
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TT&C Telemetry Tracking and Command 


TTAC Technology Transfer Analysis Center 
TTADB Tactical Terrain Analysis Data Base 
TTAP Telemetry Technical Analysis Position 
TIBT Threshold Test Ban Treaty 
TTC (1) Transportation Terminal Command; 

(2) Tactical Telephone Central 
TTD Tactical Terrain Data 
TTG Technical Training Group 
TTI Tactical Target Illustration 
TTIC Technology Transfer Intelligence Committee 
TIM Tactical Target Materials 
TIMC Tactical Target Materials Catalogue 
TIMP Tactical Target Materials Program 
TTMPD Tactical Target Material Production Document 
TIP Tactics, Techniques, and Procedures 
TTPI Trust Territory of the Pacific Islands 
TTR Target Tracking Radar 
TTSB Theater Tactical Selection Board 
TTU (1) Transportation Terminal Unit; (2) Tape Transport Unit 
TTY (1) Teletypewriter; (2) Teletype 
TU Task Unit 
TUDE Teletype User Display Equipment 
TUHTKP Time Urgent Hard Target Kill Potential 
TUSA Third U.S. Army 
TUT Tactical User’s Terminal 
TUV Task Unit Van 
TV (1) Television; (2) Theater of War (FSU); (3) Target Vulnerability 
TVA Target Value Analysis 
TVD Theater of Military Operations (FSU) 
TVITS Tactical Video Imagery Transmission System 
TVSSC TACCIMS VTC Support System 
TW Targeting and Weaponeering 
TW/AA Tactical Warning/Attack Assessment 
TWAC Tactical Weather Analysis Center 
TWCS (1) Tomahawk Weapon Control System; 

(2) Tactical Warfare Control System 
TWG (1) Threat Working Group; (2) Technology Working Group 
TWI Training With Industry 
TWRL Two-Way Radio Link 
TWS/IPS Topographic Workstation/Imagery Processing System 
TWT Traveling Wave Tube 
TWTA Traveling Wave Tube Amplifier 
TYC Tactical Message Central 
TX (1) Technology Exploitation; (2) Transmission 
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ee 


CG E..G le -G SG aS Eee Se are eG. 6 GC GE. GS. Se. GG. a.ese. Gre Ere: eare.a 


Unclassified 


(1) Designator for a Military Reconnaissance Aircraft; 
(2) AF Reconnaissance Aircraft 


User Agent 

nified Action Armed Forces 

nited Arab Emirates 
nderwater-to-Air-Missile 

SIS Architecture Migration Plan 

niversal Aerial Refueling Receptical 

NIX Advanced Tracking Prototype 

nmanned Aerial Vehicle 

nmanned Aerial Vehicle-Close Range 
nmanned Aerial Vehicle-Endurance 

nmanned Aerial Vehiclee HUNTER 

nmanned Aerial Vehicle Joint Program Office 
nmanned Aerial Vehicle-Maneuver 

nmanned Aerial Vehicle-Short Range 
nderwater Breathing Apparatus 

nassigned Bit Rate 

nder Construction 

SIS Customer Advisory Board 
LTRA-Compact Camera 

niversal Communications Gateway 

SAFE Command Intelligence Brief 
SAREUR Combat Intelligence Readiness Facility 
niform Code of Military Justice 

nified Command Plan 

eputy USCINCSPACE 

conomic and Customs Union of Central Africa 


O-E eo Gea 6. ea Crea ee a EC era Se evenS Grae 


res 


nited Democratic Front 
SAREUR Daily Intelligence Report 
nderwater Demolition Team 


nit Equipment 

nion of Central African States 

SAREUR Exploitation Center 

1) Unidentified Flying Object; (2) UHF Follow-On Satellites 
nfunded Requirements 


Gree Gy Ge 


— 


nderwater Guided Missile 
nattended Ground Sensors 


Ge aS 


Itra High Frequency 
(1) Unidentified; (2) Unit of Issue 
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NAAF 
NAMIR 
NAVEM 
NC 
NCIVPOL 
NCLAS 
NDERSEC 
NDHA 
N-DMT 


(1) USAREUR Interrogation Center; 
(2) Unit Identification Code 


USAREUR Imagery Exploitation System 

ser Interface Requirements 

nique Interswitch Rekeying Key 

ser Interface System 

niversal Joint Task List 

nited Kingdom 

nited Kingdom Air Defense Ground Environment 
nited Kingdom Air Defense Ground Environment 
nited Kingdom Air Forces 

nited Kingdom Land Forces 

nknown 

nit Local Area Network 

niversal Location Area Network Architecture 

Itra Large Crude Carrier 

nit-Level Circuit Switch 

Itra Low Frequency 

SAREUR Liaison Office 

nmanned Launch Vehicle 

nit Manning Document 

nconventional Military Forces (NATO) 

SAREUR Modernized Imagery Exploitation System 
nconventional Military Operations 

nintentional Modulation on Pulse 

nited Nations 

nified Action Armed Forces 

nited Nations Assistance Mission for Rwanda 
nited Nations Angola Verification Mission 

nited Nations Command 

nited Nations Civilian Police 

nclassified 

nder Secretary 

nited Nations Department of Humanitarian Affairs 
nited Nations Disaster Management Team 

nited Nations Disengagement Observer Force 
nited Nations Development Program 

nited Nations Emergency Forces 

nited Nations Educational, Scientific & Cultural Organization 
nited Nations Peacekeeping Force in Cyprus 
nited Nations General Assembly 

nited Nations High Commissioner for Refugees 
nited Nations Headquarters 

nited Nations Childrens’ Fund 

nited Nations Interim Force in Lebanon 


Gd? GG het. Gh iG Gy GGG Gh. Gy. 6. G3) (eG) Ge Ge eee Gh ae a eae. 6. Gre GG) eet eaue 
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NIKOM 
NITA 
NITAF 
NITAS 


NITREP 
NITSITREP 
NIX 


NMIH 
NMO 
NMOGIP 
NOMIG 
NOMIL 
NOMUR 
NOSOM 
NMSC 
NODIR 
NPROFOR 
NPP 
NSAT 
NSC 


&S 

S MLO 
S/AIA 

SA 
SAABMDA 
SAADASCH 
SACAPOC 


U 


U 
U 


U 
U 


C 
U 
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nited Nations Iraq-Kuwait Observer Mission 


National Union for the Total Independence of Angola 


nified Task Force 
nited International Antisubmarine Warfare Exercise 


(Joint U.S.-Latin American Naval Exercise) 


nit Report 
nit Situation Report 


Orginally UNICS, for Uniplex Information and 


omputing System 

nited Nations Mission in Haiti 

nited Nations Military Observers 

nited Nations Military Observer Group in India and Pakistan 
nited Nations Mission in Georgia 

nited Nations Observer Mission in Liberia 

nited Nations Mission for Uganda-Rwanda 

nited Nations Operations in Somalia 


nited Nations Military Staff Committee 
nless Otherwise Directed 

nited Nations Protection Force 

N Peace Plan 

nsatisfactory 

nited Nations Security Council 

nited Nations Truce Supervision Organization 
niversal Query Language 

nited Nations Refugee Fund 

nited Nations Relief & Works Agency 
sing Organization 


nited Press International 
ser Partnership Program 


(1) Uninterruptible Power Supply; 
(2) Universal Polar Stereographic 


Reconnaissance Aircraft (U.S. Air Force) 


ac CeCe Gere Se 


= 


ov ae ane on 


rban Area Boundary File 

rban Population File 

ser Requirements Document 

nderway Replenishment Group 

ser Readout Simulator 

nited States 

nified and Specified (Archaic, now Unified) Commands 
.S. Military Liaison Office 

SEUCOM/ACE Interface Architecture 


1) U.S. Army; (2) United States of America 


nited States Army Advanced Ballistic Missile Defense Agency 
.S. Army Air Defense Artillery School 


.S. Army Civil Affairs and Psychological Operations 
ommand 
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SACC 
SACE 
SACID 
SACSLA 
SACOM 
SAEIS 
SAF 
SAFE 
SAFE/CC 
SAFINTEL 
SAFISA 
SAFJ 
SAFK 
SAFLANT 
SAFR 
SAFRED 
SAFSO 
SAFSOC 
SAFSOS 
SAFSS 
SAFTAC 


SAFWTC 
SAIA 
SAICE 
SAIC 
SAICS 
SAID 
SAITA 
SAINSCOM 
SAISC 
SAISD 
SAITAC 
SAITFG 
SAJFKWCS 
SAKA 
SAOG 
SAR 
SARAK 
SARC 
SARCENT 
SARCO 
SAREUR 
SARJ 
SARLANT 
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U 
U 
U 
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U 
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U 
U 
U 
U 
U 
U 
U 
U 
U 
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U 
U 
U 
U 
U 
U 
U 
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.S. Army Communications Command 

.S. Army Corps of Engineers 

.S. Army Criminal Investigative Division Command 
nited States Army Communications Security Logistics Agency 
.S. Atlantic Command 

nited States Army Electronic Intelligence & Security 
.S. Air Force 

.S. Air Forces, Europe 

ommander, U.S. Air Forces Europe 

nited States Air Force Intelligence 

.S. Army Force Integration Support Agency 

. Air Forces, Japan 

. Air Forces, Korea 

. Air Force, Atlantic 

. Air Force Reserve 

. Air Force Readiness Command 

. Air Force Southern Command 


. Air Force Special Operations Command 
.S. Air Force Special Operations School 
nited States Air Force Security Service 


(1) U.S. Air Force Technical Applications Center; 
(2) U.S. Air Force Tactical Air Command 


.S. Air Force Weapons and Tactics Center 

.S. Army Intelligence Agency 

.S. Army Intelligence Center, Europe 

.S. Army Intelligence Center 

.S. Army Intelligence Center and School 

.S. Agency for International Development 

nited States Army Imagery Interpretation Agency 
.S. Army Intelligence and Security Command 

.S. Army Information Systems Command 

.S. Intelligence School, Fort Devens 

.S. Army Intelligence Threat Analysis Center 
nited States Army Intelligence Threats & Forecasts Group 
.S. Army John F. Kennedy Special Warfare Center and School 
. Army Kwajalein Atoll 

. Army Operational Group 

Army Reserve 

. Army Alaska 

. Army Reserve Command 

. Army Forces, Central Command 

. Army Commercial Communications Office 

. Army, Europe 

. Army, Japan 


. Army, Atlantic 
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SARPAC 

SARSO 
SARSOC 
SARSPACE 
SARSPACECOM 
SASAALA 
SASACDA 


SASACDSA 


SASAE 
SASAPAC 
SASASA 
SASASSA 
SASATCOMA 
SASATEC 
SASEXC 
SASFC 
SASOA 
SASOC 
SASOF 
SASOSC 
SASSDC 
SASSG 
SATAC 
SATACOM 
SATC 

SATEC 
SATSC 

SB 

SC 

SCENTAF 
SCENTCOM 
SCG 

SCG INT 
SCGNET 
SCINCACOM 
SCINCARRED 


SCINCCENT 
SCINCEUR 
SCINCFOR 
SCINCLANT 
SCINCMEAFSA 


SCINCPAC 


Cc 


.S. Army, Pacific 
1) U.S. Army, South; (2) U.S. Army Forces, South 
.S. Army Reserve, Special Operations Command 


— 


.S. Army Space Command 
.S. Army Space Command 
S Army Security Assistance Agency Latin America 


nited States Army Security Agency Combat 
evelopment Activity 


(cma il wos Ut ear a cael eae Pi cl exc 


nited States Army Security Agency Command Data 
ystems Activity 


n 


nited States Army Security Agency, Europe 

nited States Army Security Agency, Pacific 

nited States Army Security Agency Systems Activity 

nited States Army Security Agency Signal Security Activity 
nited States Army Satellite Communications Agency 

nited States Army Security Agency Test & Evaluation Center 
nited States Army Services Exploitation Center 

.S. Army Special Forces Command 

. Army School of the Americas 

. Army, Special Operations Command 

. Army, Special Operations Forces 

. Army Special Operations Support Command 

. Army Space and Strategic Defense Command 

. Army Special Security Group 


. Army Terrain Analysis Center 

.S. Army Tank Command 

nited States Air Target Chart 

.S. Army Topographic Engineering Center 
.S. Army Training Support Center 

pper Sideband 

1) Under Secretaries Committee; (2) United States Code 
.S. Air Forces Central Command 

.S. Central Command 

.S. Coast Guard 

.S. Coast Guard Intelligence 


Co ee ereaVG- C4 eee. e-ore CGC eravG Grae GC. eG ae 


.S. Communications Grid Network 
Commander in Chief, U.S. Atlantic Command 


Commander in Chief, United States Army Forces, 
Readiness Command 


Commander in Chief, U.S. Central Command 
Commander in Chief, U.S. European Command 

United States Commander in Chief, US Forces Command 
Commander in Chief, U.S. Atlantic Command 


United States Commander in Chief Middle East, Southern Asia, 
& Africa South of the Sahara 


Commander in Chief, U.S. Pacific Command 
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SCINCPACFLT 
SCINCRED 
SCINCSO 
SCINCSOC 
SCINCSOINT 
SCINCSPACE 
SCINSTRAT 
SCINCTRANS 
SCMA 

SCOB 
SCOMEASTLANT 
SCS 


SD 
SD(A&T) 
SD(P) 

SDA 

SDAO 

SDE 

SDR 
SELEMNORAD 
SEMB 
SEUCOM 

SFI 

SFK 

SFORAZ 
SFORCARIB 
SFORDOMREP 
SFORSCOM 
SFORSOM 

SG 

SGS 

SI 

SIA 

SIS 


SIC 

SILO 

SIS 

SJTF 
SLANTCOM 
SLO 

SM 

SMAAG 
SMARCENT 


Commander in Chief, U.S. Pacific Fleet 


United States Commander in Chief, US Readiness Command 


Commander in Chief, U.S. Southern Command 


Commander in Chief, U.S. Special Operations Command 
Commander in Chief, U.S. Special Operations Intelligence 


Commander in Chief, U.S. Space Command 
Commander in Chief, Strategic Command 


Commander in Chief, U.S. Transportation Command 
United States Court of Military Appeals 

United States Command Berlin 

U.S. Commander, Eastern Atlantic 


System; (3) U.S. Cryptologic System 
nder Secretary of Defense 

nder Secretary of Defense (Acquisition & Technology) 
nder Secretary of Defense for Policy 
.S. Department of Agriculture 

.S. Defense Attache Office 

ndesired Signal Data Emanations 
nited States Defense Representative 
.S. Element NORAD 

nited States Embassy 

.S. European Command 

. Forces, Japan 

. Forces, Korea 

. Forces, Azores 

. Forces, Caribbean 

. Forces, Dominican Republic 


. Forces Command 

.S. Forces, Somalia 
nited States Government 
.S. Geological Survey 
.S. Intelligence 

.S. Information Agency 


(1) U.S. Information Service (USIA abroad); 
(2) U.S. Imagery System 

U.S. Intelligence Community 

U.S. Imagery Liaison Officer 

(1) U.S. Information Service; (2) U.S. Imagery System 
nited States Joint Task Force 

.S. Atlantic Command 

nited States Liaison Officer 

nderwater-to-Surface Missile 


.S. Military Assistance Advisory Group 


U 
U 
U 
U 
U 
U.S. Marine Forces Central Command 
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(1) U.S. Customs Service; (2) Unified Soils Classification 


MARDEZLANT 
MARFORK 
MARFORLANT 
MC 

MILGP 


NAVAK 
NAVCENT 
NAVEUR 
NAVFORJAPAN 
NAVFORKOREA 


S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
S 
SNAVSO 
S 
S 
S 


SO 

SODC 

SOMC 
SOUTHAF 
SOS 

SP&FO 
SPACOM 

SR 
SREDCOM 
SREPMILCOMUN 
SRNMC 

SS 

SSID 

SSIS 
SSOCOM 
SSOCPAC 
SSOUTHAF 
SSOUTHCOM 
SSPACECOM 
SSR 


GC Gre EG eG ea Ge ee eae Ge Cr eVviG CG Ce 4. C- GC GC. EG Ce Clee Cee aa Ee 


SSS 
SSTRATCOM 
STRANSCOM 
STS 


(ao i aoe ae an! 


. Maritime Defense Zone, Atlantic 

. Marine Forces, Korea 

. Marine Forces, Atlantic 

. Marine Corps 

. Military Group 

. Military Liaison Mission 

. Military Observer Group-Washington 


. Marshal Service 


= 
Y >; 


. Military Training Mission 

Navy 

. Navy Alaska 

. Naval Forces, Central Command 

. Naval Forces, Europe 

. Naval Forces, Japan (also USNAVFORJ) 

. Naval Forces, Korea (also USNAVFORK) 
. Naval Forces, Southern Command 

. Naval Institute 

. Naval Reserve 

. Naval Ship 

) United Service Organization; (2) Unit Security Officer 


= 


.S. Office of Defense Cooperation 

.S. Office of Military Cooperation 

nited States Southern Command Air Forces 

SAF Special Operations School 

.S. Property and Fiscal Officer 

.S. Pacific Command 

nit Status Report 

.S. Readiness Command 

nited States Representative, UN Military Staff Committee 
nited States Representative To NATO Military Committee 
) User Support System; (2) U.S. Ship 

. Signals Intelligence Directive 


= 


. Signals Intelligence System 

. Special Operations Command 

. Special Operations Command Pacific 
. Southern Command Air Forces 

. Southern Command 


Cece CO Cre eS ‘GC ea laerG CS Gre ea CG EVGA CVG ey Gh eee erie eo ere GE 
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. Space Command 


(1) Union of Soviet Socialist Republics (now FSU); 
(2) Union of Soviet Sovereign Republics 


(1) U.S. SIGINT System; (2) U.S. Secret Service 
U.S. Strategic Command 


U.S. Transportation Command 
UHF Satellite Terminal System 
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U.S. Message Text Formats; (2) U.S. Message Text Formatter 


CVG GUC. CNGeG! GN GNGh Gy Gre, 


Undersea Warfare 

Under-Secretary General 

Users’ Terminal 

USAFE Tactical Air Intelligence Network 

USAFE Tactical Air Intelligence System 

(1) Unit Type Code; (2) Universal Coordinated Time 
USCENTCOM Transportable Communications Backbone 
USAREUR Transportable Host 

USAREUR Tactical Intelligence Center 

Universal Transverse Mercator (Grid) 

Utility Tactical Transport Aircraft System 

Ultra Violet 

(1) Unconventional Warfare; (2) Underwater 

Itra Wide Band 

nconventional Warfare Operational Area 


U 
U 
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Vv 


V-22 OSPREY 
VA 

VAAP 

VAB 

VAC 

VAN 

VAR 

VAX 

VBR 

VCA 
VCINCNORAD 
VCICS 

VCR 

VCS 


VCSA 
VDL 
VDP 
VDS 
VDT 
VDU 
VDV 
veh 
VERT 
VF 
VFR 
VGA 
VGK 
VGW 
VHF 
VHS 
VHSIC 
vic 
VICE 
VID 
VIDINT 
VIDS 
VIN 
VIP 


VISINT 
VISTA 


Joint Advanced Vertical-Lift Aircraft (Formerly JVX) 
Veterans Administration 

Vulnerability Analysis and Assistance Program 
French Front Armored Vehicle 

Volts, Alternating Current 

Value-Added Networks 

Variable 

Virtual Address Extension 

Variable Bit Rate 

Virginia Contracting Activity 

Vice Commander in Chief, NORAD 

Vice Chairman, Joint Chiefs of Staff 

Video Cassette Recorder 


(1) Video Conference Server; (2) VLAN Common Server; 
(3) Voice Communications Services 


Vice Chief of Staff, Army 

Video Down Link 

Video Disk Player 

Variable Depth Sonar 

Video Display Terminal 

(1) Video Display Unit (TV Monitor); (2) Video Docking Unit 
Soviet (FSU) Airborne Forces 
Vehicle 

Vertical 

Voice Frequency 

Visual Flight Rules 

Virtual Graphics Array 

Supreme High Command (FSU) 
Variable-Geometry Wing 

Very High Frequency 

Video Home System 

Very High Speed Integrated Circuit 
Vicinity 

Voice Interceptor Comprehensive Evaluation 
Visual Identification (Canadian) 
Video Intelligence 

Visually Integrated Display System 
Vehicle Identification Number 


(1) Very Important Person; (2) Variable Incentive Payment; 
(3) Visual Input Processor 


Visual Intelligence 
Very Intelligent Surveillance & Target Acquisition 
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Example 3: Factor 64s? — 216t3. 


64s — 2163 = (4s — 6t) (16s? +24st +36¢?) 


To prove the factoring: 


16s? + 24 st 
4s — 6t/ 64s? 
64s? — 96st 
96s2¢ 


96s2t — 144st? 


+ 36¢? 


— 2168 


144st? — 216¢8 
144st? — 216¢° 


61. Review Problems—Factoring 

a. Factor: 
(1) 25 + 5 — 30 
(2) 8+ 4— 32 
(3) 9— 18+ 21 
(4) Tr — 21r + 35r 
(5) 10x” + 8y + 62 

b, Find the values of the indicated powers: 
(1) (Taxy>)? 
(2) (—2w')? 
(3) (8a2b4)2 
(4) (9a%x)§ 
(5) (—8bz4)3 

c. Find the value of each of the following: 
(1) v5? 
(2) V4? 
(3) Varbé 
(4) V36y?z4 


(5) Vi00a2b 
(6) \/16a? - 5? 
(7) W—27 
(8) W/—x9 
(9) W(—8)? 
(10) W/125a12y1526 
d. Factor: 
(1) 8a+6 
(2) 5a? + 15a 
(3) 10a? — 14%? —2% 
(4) 6azy + 9bzr — 12cz 
(5) m3 + m*% — 5mxz 
(6) 3a5 — 6a4db — 3a3b2 
(7) Try? — l4ry® + 21ry? 
(8) 12x2am + 14xa?m + 16xam? 


hogs Meee 
1 1 1 
(10) qoa — goer + 6" 


Section V. ALGEBRAIC FRACTIONS 


62. General 


Algebraic fractions play an important part 
in equations for electrical and electronic cir- 
cuits. These fractions can be added, subtracted, 
multiplied, and divided in the same manner as 
arithmetical fractions. 


63. Changing Signs of Fractions 


a. The sign preceding a fraction is the sign 
of the fraction. It refers to the fraction as a 
whole and not to either the numerator or the 
denominator. In addition, the numerator and 
denominator each has a sign. For example, in 
3a 


the fraction — 5p’ 


the sign of the fraction is 


32 


minus, the sign of the numerator is plus, and 
the sign of the denominator is plus. Any two 
of the three signs can be changed without 
changing the value of the fraction. 


3a —3a 3a 


Therefore, the sign of the fraction is not 
changed if the signs of both the numerator and 
the denominator are changed. Also, the sign of 
the fraction must be changed if the sign of 
either the numerator or denominator, but not 
both, is changed. 


_ b. If the numerator or denominator is a poly- 
nomial, the sign of each term should be changed, 
not just the first sign. For example, 
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VORTAC 
VP 


VPCN 
VPF 
VPH 
VPK 
VPN 
VQ 
VR 
VRD 
VRBM 
VRHS 
VRIT 
VSAT 


VSO 

VSS 
V/STOL 
VSWING 
VT 


Video Information Exchange System 
Very Local Area Network 

Vertical Launch and Recovery 

Very Large Crude Carrier 

Very Large Data Storage 

Very Low Frequency 

Vertical Launch System 

Very Large-Scale Integration 

Virtual Memory 

Vector Product Format 

Marine Tactical Electronic Warfare Squadron 
Marine Tactical Reconnaissance Squadron 


(1) Marine Observation Squadron; 
(2) Tactical Operations Squadron 


Advanced Development Model 
Virtual Memory System 
Vulnerability Number 
Validation Office 
Vertical/Oblique 

Voice of America 

Voice Communications 
Vertical On-Board Delivery 
Volume 

Very High Frequency Omnidirectional Range 
Collocated VOR and TACAN 


(1) Patrol Aircraft (Navy); (2) U.S. Naval Patrol Squadron; 
(3) Maritime Patrol Squadron 


Virtual Personal Communications Networking 
Vector Product Format 

Video Phase History 

Military Industrial Commission (FSU) 

Voice Product Net 

U.S. Naval Fleet Air Reconnaissance Squadron 
Virtual Reality 

Virtual Retinal Display 

Variable-Range Ballistic Missile 

VIDMAR Robotic Hoist System 

Volume Reduced Imagery Transmission 


(1) Very Small Aperture Satellite Terminal; 
(2) Very Small Aperture Terminals 


Vault Security Officer 

VIDMAR STAK System 

Vertical/Short Takeoff & Landing 
Anti-Submarine Wing 

(1) Variable Time (Fuse); (2) Video Terminal 
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VTA 
VTB 
VTC 
VTOL 
VTR 
VTS 
VTIT 
VULREP 
VVS 


Military Transport Aviation (FSU) 

Video Telebroadcasting 

(1) Video Teleconferencing; (2) Video Telegraph 
Vertical Takeoff and Landing 

Tracked Recovery Vehicle 

Vandenberg Tracking Station 

Video Teletraining 

Vulnerability Report 

FSU Air Forces 


222 


Ww 


WwW 


WABNRES 
WAC 
WADS 
WAG 
W-CIOC 
WAM 
WAN 
WARC 
WARLOG 
WARM 
WAS 
WASAS 
WASHFAX 
WASP 
WARSIM 
WASS 
WASSO 
WATCHCON 
WATS 
WAWS 

WB 

WBIS 
WBMS 
WBST 

WC 

WCCS 
WCG 
WDCS 

WE 

WEBE 
WECON 
WEFAX 
WES 
WESS 
WESTLANT 
WESTPAC/WPAC 
WESTLCF 
WETM 
WEU 

WFC 


(1) A W prefix to any ship type designates it as subordinated to a 


quasi-military force; (2) Watt 
WWMCCS Airborne Resources 


(1) World Aeronautical Chart; (2) World Area Code 


West Air Defense Sector 
World Area Grid 


Wartime Combined Intelligence Operations Center 


WWMCCS ADP Modernization 
Wide-Area Network 

World Administrative Radio Conference 
Wartime Logistics 

Wartime Reserve Mode 

Wide-Area Search 


Weekly All-Source Algerian Situation Report 


Washington Area Secure Facsimile System 
War Air Service Program 

War Simulation 

Wide-Area Surveillance System 
WWMCCS ADP System Security Officer 
Watch Condition 

Wide Area Telecommunications System 
Washington Area Wideband System 
Wideband 

Wideband Intercept System 

Wideband Measurement System 
Wideband Subscriber Terminals 

(1) Weather Center; (2) Weapon Control 
Wing Command and Control System 
Workstation Computer Graphics 
Weapons Data Correlation System 
Weather Element 

Western European Basic Encyclopedia 
Weather Control 

Weather Facsimile 

WWMCCS Entry System 

Weather Environmental Support System 
Western Atlantic Area (NATO) 

Western Pacific 

WES Teleconferencing System 

Cadre Weather Team 

West European Union 

World Food Council 
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WEFOV 
WEP 

WG 

WGS 

WH 

WHCA 

WHD 

WHO 

WHQ 

WHSR 

WIA 

WIC 

WICP 

WICs 
WIDARSURV 
WIFC 

WIG 

WIMS 

WIN 


WINCO 
WINCS 
WINE 
WINK 
WINTEX 
WIP 

WIR 

WIS 


WISE 
WISP 


WISS 
WMD 
WMTR 
WN 
WNA 
WN/WNINTEL 
WNY 
WO 
W/OAP 
WOC 
WORM 
WP 
WPAC 


Wide Field of View 

World Food Program 

(1) Wing; (2) Working Group 

World Geodetic System 

White House 

White House Communications Agency 
Western Hemisphere Defense 

World Health Organization 

War Headquarters 

White House Situation Room 

Wounded in Action 

Worldwide Intelligence Conference 

Wing Initial Communications Package 
Worldwide Intelligence Communications System 
Wide-Area Surveillance 

Wallops Island Flight Center 
Wing-in-Ground Effect 

Warning and Indications Monitoring System 


(1) WWMCCS Intercomputer Network; 
(2) WWMCCS Interconnected Network 


Warning Intelligence Non-Commissioned Officer 
WWNMCCS Information Network Communications System 
Warning and Indications in Europe 

Warning in Korea 

Winter Exercise 

Weekly Intelligence Production Listing 

Weekly Intelligence Review 


(1) Weekly Intelligence Summary; (2) WWMCCS Information 
System; (3) Weaponeering Information Sheet 


Warning Indicators System Europe 


(1) Warning Improvement Study Plan; (2) Wartime Information 
Security Program; (3) Worldwide Intelligence Support Program 


WESTCOM Intelligence Support System 

(1) Western Military District; (2) Weapons of Mass Destruction 
Wester Missile Test Range 

Warning-Intelligence Sources and Methods Involved 
Would Not Answer 

Warning Notice-Intelligence Sources and Methods Involved 
Washington Navy Yard 

(1) Washington Office; (2) Warrant Officer 

With Offset Aim Point 

Wing Operations Center 

Write Once/Read Many 

(1) Warsaw Pact; (2) Word Processing 

West PAC 
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WPC 


WPM 
Wpn 
WPNS 
WPNVG 
WPRS 
WR 

WRA 
WRM 
WRMS 
WRNC 
WRS 
WRSA 
WRSK 
WS 
WSAP 
WSEP 
WSI 
WSI/L 
WSMC 
WSMR 
WSS 
WSSIC 
WT 
WTO 
WVRD 
WWABNCP 
WWCT 
WWDMS 
WWHFIBSN 
WWIMS 
WWMCCS 
WWSVCS 
WWW 
WX 
WXFCST 


(1) Warsaw Pact Countries; (2) Word Processing Center; 
(3) World Peace Council 


Words Per Minute 

Weapon 

Weapons 

Waterproof Night Vision Goggles 

War Powers Reporting System 

(1) Weapon Radius; (2) Western Range 

Weapon Release Authority 

War Reserve Materiel 

War Reserve Materiel Stocks 

Washington National Records Center 

(1) Weapons Recommendation Sheet; (2) War Reserve Stocks 
War Reserve Stocks for Allies 

War Readiness Spares Kits 

(1) Workstation; (2) Weather Squadron; (3) Weapons School 
Weapons System Acquisition Program 

Weapon System Evaluation Program 

Weapons School of Intelligence 

War Supporting Industries and Logistics 

Western Space and Missile Center 

White Sands Missile Range 

Workfile Support System 

Weapon and Space Systems Intelligence Committee 
World Target Mosaic 

Warsaw Treaty Organization 

World Vision Relief and Development, Inc. 
Worldwide Airborne Command Post 

Worldwide Color TV 

WWMCCS Data Base Management System 
Worldwide High Frequency Interlocking Base Station Network 
Worldwide Warning Indicator Monitoring System 
Worldwide Military Command and Control System(s) 
Worldwide Secure Voice Conferencing System 
Worldwide Web 

Weather 


Weather Forecast 
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xX 


XDM/X Model 


Xfer 
XIDB 
XMIT 
XMTR 
XO 
XOI 
XOIN 
XOIX 
XP 
XRL 
XTR 
XVII ABC 


Experimental Development Model/Exploratory 
Development Model 


Transfer 

Extended Integrated Database 
Transmit 

Transmitter 

Executive Officer 

USAFE Director of Intelligence 
USAFE Combat Operations Division 
USAFE Plans & Systems Division 
Director(ate) of Plans 

X-Ray Laser 

Transmitter 

XVIII Airborne Corps 
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YAG Yttrium Aluminum Garnet 
YAGE Experimental Service Craft 
YAM Missile Support Craft 
YAMM Missile Support Barge 

YC Open Barge 

YCF Car Barge 

YCK Lighter Open Cargo 

YCV Lighter Aircraft Transport 
YD Floating Crane 

YDG Deperming/Degaussing Barge 
YDT Diving Tender 

YE Ammunition Lighter 

YEN Ammunition Barge 

YF Covered Lighter 

YFB Ferry 

YFDB Large Floating Drydock 
YFDL Small Floating Drydock 
YFDM Medium Floating Drydock 
YFL Launch 

YEN Covered Barge 

YFNB Large Covered Barge 
YFND Drydock Companion Barge 
YFP Floating Power Barge 

YFR Refrigerated Lighter 
YFRN Refrigerated Barge 

YFU Harbor Utility Transport 
YG Garbage Lighter 

YGN Garbage Barge 

YGS Survey Craft 

YGT Target Service Craft 
YGTN Target Barge 

YH Ambulance Craft 

YM Dredge 

YMN Non-Self-Propelled Dredge 
YNC Net Cargo Craft 

YNG Gate Craft 

YO Fuel Lighter 

YON Fuel Barge 

YOS Oil Storage Barge 

YOSR Nuclear Waste Disposal Barge 
YOSS Submersible Oil Storage Barge 
YPD Floating Pile Driver 

YPL Barracks Barge 
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YPT 
YR 
yr 
YRC 
YRD 
YRG 
YRRN 
YRS 
YSR 
YSS 
YTB 
YTL 
YTM 
YTR 
YTS 
YVS 
YW 
YWN 
YXR 
YXT 


Torpedo Retriever 
Floating Workshop Barge 
Year 

Cable Tender 

Auxiliary Repair Dock 
Tank Cleaning Craft 
Radiological Repair Barge 
Salvage Craft 

Sludge Removal Craft 
Service Submersible 
Large Harbor Tug 

Small Harbor Tug 
Medium Harbor Tug 
Fireboat 

Sail Training Craft 
Seaplane Service Craft 
Water Lighter 

Water Barge 

Hulk or Relic 

Training Craft 
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Zulu Time (Greenwich Mean Time) 
Zero-Based Budget 

Zone of Fire 

Zero Gravity 

Zone of the Interior 


(1) Zone of the Interior Consumers’ Network; 
(2) Zone of Interior Communication Network 


Zone of Separation 

Soviet (FSU) Antiaircraft Machinegun 
Soviet (FSU) Self-Propelled Antiaircraft Gun 
Soviet (FSU) Towed Antiaircraft Gun 
Greenwich Mean Time 


229 


CODES FOR GEOPOLITICAL AREAS 


Abkhazia 

Adriatic Sea 

Aegean Sea 
Afghanistan 

Albania 

Algeria 

American Samoa 
Andaman Islands 
Andorra 

Angola 

Anguilla 

Annobon (Pagulu) 
Antarctica 

Antigua and Barbuda 
Arabian Peninsula 
Arabian Sea 

Arctic Ocean 
Argentina 

Armenia 

Aruba 

Ashmore and Cartier Islands 
Asia 

Atlantic Ocean 
Atlantic Ocean, North 
Atlantic Ocean, South 
Australia 

Austria 

Azerbaijan 

Azores Islands 
Bahamas 

Bahrain 

Baker Island 
Balearic Islands 
Baltic Sea 
Bangladesh 
Barbados 


Barents Sea 
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c. If the numerator or denominator is in factored form, change only the sign of one of the factors, 


not both. Thus, 


64, Changing Form of Algebraic Fractions 


(y— x) (%— 2y) 
a+y ; 


In algebra, as in arithmetic, any fraction can be changed to an equivalent fraction by multiply- 
ing or dividing both the numerator and denominator by the same term or number except zero. 
This will not change the value of the fraction. For example, to change the fraction ? to a fraction 
with 10 as its denominator, multiply both the numerator and the denominator by 2. Thus, 


Similarly, to change the fraction ; to a fraction with yz as its denominator, the denominator is 


changed to yz by multiplying by z; the numerator also is multiplied by z to become xz. Thus, 


Example 1: Change ; 4 


ae 


3 to a fraction with a? — 9 as its denominator. 


4 __ 4° (a+3) 


a—3” (a—8) (a+3) 
_, 4(a + 3) 
~ @—g 
Example 2: Change a to a fraction with 1877r2s as its denominator. 
4r—3 (4r—3)°3rrs _ 3ars(4r — 3) 
6r 6r° 3rrs 184r2g 


65. Reducing Fractions to-Lowest Terms 


As in arithmetic, when the numerator and 
denominator of a fraction have no common 
factor other than 1, the fraction is said to be 


in its lowest terms, The fraction ©, ; and 


; + ; therefore, are in their lowest terms 


since the numerator and denominator of each 
fraction have no other factor except 1. The 


fractions Ls and 3a are not in their lowest 


12 9a? 
terms. The fraction - can be reduced to its 
lowest term by dividing both the numerator 
and denominator by 6. Similarly, the fraction 


AGO 558A 


631960 © - 62 -3 


By 1 eer 
1By! can be reduced to 3y by dividing the num- 


erator and denominator by 5y. Thus, to reduce 
a fraction to its lowest terms, factor the num- 
erator and denominator into prime factors and 
cancel the factors common to both (since they 


are equal to +). 


Example 1: Reduce sn to lowest terms. 
by _ 2y(8) _ 3 


By? 2y(4y) 4 


2 
Example 2: Reduce al to lowest terms. 


xab2 
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Bassas Da India 

Belarus 

Belgium 

Belize 

Benin 

Bering Sea 

Bering Strait 

Bermuda 

Bhutan 

Black Sea 

Bolivia 

Bosnia and Herzegovina 
Botswana 

Bouvet Island 

Brazil 

British Indian Ocean Territory 
British Virgin Islands 
Brunei 

Bulgaria 

Burkina Faso (formerly Upper Volta) 
Burma 

Burundi 

Belarus 

Cabinda 

Cambodia (now Kampuchea) 
Cameroon 

Canada 

Canary Islands 

Cape Verde 

Caribbean Islands 
Caribbean Sea 

Caroline Islands 

Caspian Sea 

Cayman Islands 

Central African Republic 
Central America 

Chad 

Chile 

China (Peoples Republic of) 
Christmas Island 
Chukchi Sea 
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BS 
BO 
BE 
BH 
BN 
5D 
SR 
BD 
BT 
8B 
BL 
BK 
BC 
BV 
BR 
10 
VI 
BX 
BU 
UV 
BM 
BY 
BO 
VK 
CB 
CM 
CA 
ZZ 
CV 
N5 
1X 
ZL 
8C 
CJ 
CT 
N4 
CD 
Cl 
CH 
KT 
5C 


Clipperton Island 
Cocos (Keeling Islands) 
Colombia 
Comoros 

Congo 

Cook Islands 
Coral Sea Islands 
Corsica 

Costa Rica 

Crete 

Croatia 

Cuba 

Cyprus 
Czechoslovakia (former) 
Czech Republic 
Denmark 

Diego Garcia 
Djibouti 
Dominica 
Dominican Republic 
Easter Island 
Eastern Europe 
Ecuador 

Egypt 

El Salvador 
Elobey, Islas de 
Equatorial Guinea 
Eritrea 

Estonia 

Ethiopia 

Europa Island 
Falkland Islands 
Faroe Islands 

Fiji 

Finland 

France 

French Guiana 


French Polynesia 


French Southern and Antarctic Lands 


Gabon 


Gambia 


IP 
CK 
CO 
CN 
CF 
CW 
CR 
VP 
CS 
VJ 
HR 
CU 
CY 
CZ 
EZ 
DA 
YL 
DJ 
DO 
DR 
XZ 
E5 
EC 
EG 
ES 
YU 
EK 
ER 
EN 
ET 
EU 
FK 
FO 
FJ 
Fl 
FR 
FG 
FP 
FS 
GB 
GA 


Gaza Strip 
Georgia 


Germany 


Germany, Democratic Republic of (former) 


Germany, Federal Republic of 
Ghana 

Gibraltar 

Glorioso Islands 
Greece 

Greenland 

Grenada 
Guadeloupe 

Guam 

Guatemala 

Guernsey 

Guinea 
Guinea-Bissau 

Gulf of Mexico 
Guyana 

Haiti 

Heard Island and McDonald Islands 
Holy See 

Honduras 

Hong Kong 
Howland Island 
Hungary 

Iceland 

India 

Indian Ocean 

Indian Ocean Islands 
Indonesia 

Tran 

Iraq 

Iraq/Saudi Arabia Neutral Zone 
Ireland 

Israel 

Italy 

Ivory Coast 

Jamaica 

Jan Mayen 


Japan 
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Japan, Sea of 

Jarvis Island 

Jersey 

Johnston Atoll 

Jordan 

Juan De Nova Island 

Juan Fernandez Archipelago 
Kampuchea (formerly Cambodia) 
Kazakhstan 

Kenya 

Kingman Reef 

Kiribati 

Korea, Democratic Peoples Republic of (North Korea) 
Korea, Republic of (South Korea) 
Kuwait 

Kyrgyzstan 

Lakshadweep Islands (Laccadive Islands) 
Laos 

Latin America 

Latvia 

Lebanon 

Lesotho 

Liberia 

Libya 

Liechtenstein 

Lithuania 

Luxembourg 

Macau 

Macedonia 

Madagascar 

Madeira Islands 

Malawi 

Malaysia 

Maldives 

Mali 

Malta 

Man, Isle of 

Marshall Islands 

Marshall Islands, Republic of 


Martinique 


Mauritania 
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Mauritius 

Mayotte 

Mediterranean, Eastern 
Mediterranean, Western 
Mediterranean Sea 
Mexico 

Micronesia, Federated States of 
Middle East 

Midway Islands 

Moldova 

Monaco 

Mongolia 

Montenegro 

Montserrat 

Morocco 

Mozambique 

Namibia 

NATO Countries 

Nauru 

Navassa Island 

Nepal 

Netherlands 

Netherlands Antilles 

New Caledonia 

New Hebrides (now Vanuatu) 
New Zealand 

Nicaragua 

Nicobar Island 

Niger 

Nigeria 

Niue 

Norfolk Island 

North Africa 

North Africa and Middle East 
Northern Island 

Northern Mariana Islands 


Norway 


Norwegian Sea 
Okhotsk, Sea of 
Okinawa 


Oman 
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ZZK Z222 
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Zz 


Zz 


Pacific Islands (Palau), Trust Territory of the 


Pacific Ocean 
Pacific Ocean Islands 
Pacific Ocean, North 
Pacific Ocean, South 
Pakistan 

Palmyra Atoll 
Panama 

Papua New Guinea 
Paracel Islands 
Paraguay 

Pemba Island 
Persian Gulf 

Peru 

Philippines 

Pitcairn Islands 
Poland 

Portugal 

Puerto Rico 

Qatar 

Red Sea 

Reunion 

Romania 

Russia 

Rwanda 

Sala y Gomez Island 
San Ambrosio, Isla 
San Felix, Isla 

San Marino 

Sao Tome and Principe 
Sardinia (Sardegna) 
Saudi Arabia 
Senegal 

Serbia 

Seychelles 

Sierra Leone 
Singapore 

Slovak Republic 
Slovenia 

Socotra 


Solomon Islands 
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PS 
ZI 
al 
3A 
4A 
PK 
LQ 
PM 
PP 
PF 
PA 
PB 
6P 
PE 
RP 
PC 
PL 
PO 
RQ 
QA 
6E 
RE 
RO 
RS 
RW 
WC 
YX 
YK 
SM 
TP 
SD 
SA 
SG 
SR 
SE 
SL 
SN 
LO 
SI 
SJ 
BP 


Somalia 

South Africa 

South America 

South Asia 

South China Sea 
Southeast Asia 

South Orkney Islands 
South Shetland Islands 
Southwest Asia 
Spain 

Spratly Islands 

Sri Lanka 


St. Christopher (Kitts) and Nevis 


St. Helena 
St. Lucia 


St. Pierre and Miquelon 


St. Vincent and the Grenadines 


Sub-Saharan Africa 
Sudan 

Suriname 

Svalbard 
Swaziland 

Sweden 
Switzerland 

Syria 

Taiwan 

Tajikistan 

Tanzania 

Thailand 

Togo 

Tokelau 

Tonga 

Trinidad and Tobago 
Tromelin Island 
Tunisia 

Turkey 
Turkmenistan 
Turks and Caicos Islands 
Tuvalu 

Uganda 

Ukraine 
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nion of Soviet Socialist Republics 
nited Arab Emirates 
nited Kingdom 


nited Nations 


nited States (Miscellaneous Pacific Islands) 
pper Volta (now Burkina Faso) 


ruguay 


U 
U 
U 
U 
United States 
U 
U 
U 
U 


zbekistan 

Vanuatu (formerly New Hebrides) 
Vatican City (Holy See) 
Venezuela 

Vietnam 

Virgin Islands 

Wake Island 

Wallis and Futuna 

Walvis Baai 

West Bank 

Western Europe 

Western Sahara 

Western Samoa 

Worldwide 

Yellow Sea 

Yemen 

Yemen Arab Republic (North Yemen, arch.) 
Yemen, Peoples Democratic Republic of (South Yemen, arch) 
Yugoslavia (former) 

Zaire 

Zambia 

Zanzibar 


Zimbabwe 
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GEOPOLITICAL AREAS BY CODE 


Arabian Peninsula 
South Asia 

Southeast Asia 
Southwest Asia 
Atlantic Ocean, North 
Gulf of Mexico 
Caribbean Sea 
Atlantic Ocean, South 
Pacific Ocean, North 
Sea of Japan 

Sea of Okhotsk 

South China Sea 
Yellow Sea 

Pacific Ocean, South 
Arctic Ocean 

Barents Sea 

Chukchi Sea 

Bering Sea 
Norwegian Sea 
Bering Strait 

Indian Ocean 

Red Sea 

Persian Gulf 

Arabian Sea 

Baltic Sea 

Caspian Sea 

Adriatic Sea 
Mediterranean, Eastern 
Mediterranean, Western 
Aegean Sea 

Asia 

Aruba 

Abkhazia 

Antigua and Barbuda 
Afghanistan 

Algeria 

Albania 

Armenia 

Andorra 


Angola 
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AQ 
AR 
AS 
AT 
AU 
AV 
AY 
AZ 
BA 
BB 
BC 
BD 
BE 
BF 
BG 
BH 
BI 
BK 
BM 
BN 
BO 
BP 
BQ 
BR 
BS 
BT 
BU 
BV 
BX 
BY 
CA 
CB 
CD 
CE 
CF 
CG 
CH 
CI 
CJ 
CK 
CM 


American Samoa 
Argentina 
Australia 
Ashmore and Cartier Islands 
Austria 

Anguilla 
Antarctica 
Azores Islands 
Bahrain 
Barbados 
Botswana 
Bermuda 
Belgium 
Bahamas 
Bangladesh 
Belize 

Balearic Islands 
Bosnia and Herzegovina 
Burma 

Benin 

Belarus 

Solomon Islands 
Navassa Island 
Brazil 

Bassas Da India 
Bhutan 

Bulgaria 

Bouvet Island 
Brunei 

Burundi 


Canada 


Kampuchea (formerly Cambodia) 


Chad 

Sri Lanka 

Congo 

Zaire 

China (Peoples Republic offi 
Chile 

Cayman Islands 

Cocos (Keeling Islands) 


Cameroon 
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a? — b 


2 
Example 3: Reduce ———-; to lowest terms. 


4a + 4b 
a—b? (a+b) (a—b) a—b 
4a + 4b 4(a + bd) ~~ 4 
; 2a? + 4ab + 2b? 
Example 4: Reduce eae ray aa + 2b to lowest terms. 
2a? + 4ab + 2b? = 2 (ad) (a+b) a+b _ ace 
2a + 2b 2(a + b) i 7 


66. Finding Lowest Common Denominator 


The lowest common denominator (LCD) of 
two or more fractions is the smallest term or 
number that is divisible by each of the de- 
nominators. Inspect to find this term or num- 
ber, divide the LCD by the denominator of each 
fraction, and multiply both the numerator and 
denominator by the quotient. For example, 


when changing the fvactiona = and 2 to frac- 


3 
tions which have an LCD, inspection shows that 
15 is the smallest number which is divisible by 


both 3 and 5. Thus, the fractions 2 and 2 be- 


10,50 is 4ey 
come 75 and iB: Similarly, the LCD of 3a? and 


ra is 12a7b because this is the smallest term 
that is divisible by both 3a? and 4ab. Thus, the 
.. 4% 6z 16axyb 18za 
fraction ar and 4ab become oot and ae 
respectively. When fractions have factors with 
exponents in the denominators, the highest 
power of each distinct factor is used to form 
the LCD. For example, consider the problem 
of finding the LCD of fractions having the fol- 
lowing denominators: «yz, x?y3z2, y4z3, a2y4, 
The LCD is x*y*z3 because x3, y+, and z? are the 
highest powers of x, y, and z in any one denomi- 
nator. 


Example: Change aie and a to equivalent fractions 
having an LCD. 
Step 1. Factor each denominator into its prime factors: 
3a 3a 
a®#— b? ~ (a+b) (a—b) 
4b 4b 


a? — ab — 2b? ~ (a + b) (a — 2b) 


Step 2. 
LCD: 


Step 3. 


The lowest common multiple of the denominators is the 


(a + b) (a— 6) (a— 2b) 


Divide the LCD by the denominators: 


(a+b) (a—b) (a— 2b) = (a+b) (a— bd) = a— 2d 
(a+b) (a—b) (a—2b) + (a+b) (a— 2b) =a—b 


Step 4. Change 


Gib aint a fraction having (a + 6) 


(a — b) (a — 2b) as its denominator: 


3a 


3a (a — 2b) 


(a+b) (a—b)~ (a+b) (a—b) (a—2b) 
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CN 
CO 
CQ 
CR 
Cs 
CT 
CU 
CV 
CW 
CY 
CZ 
DA 
DJ 
DO 
DQ 
DR 
ES 
E6 
EC 
EG 
El 
EK 
EN 
ER 
ES 
ET 
EU 
EZ 
Fl 
F7 
F8 
F9 
FK 
FG 
FI 
FJ 
FM 
FO 
FP 
FQ 
FR 


Comoros 

Colombia 

Northern Mariana Islands 
Coral Sea Islands 

Costa Rica 

Central African Republic 
Cuba 

Cape Verde 

Cook Islands 

Cyprus 

Czechoslovakia 
Denmark 

Djibouti 

Dominica 

Jarvis Island 

Dominican Republic 
Eastern Europe 

Western Europe 
Ecuador 

Egypt 

Ireland 

Equatorial Guinea 
Estonia 

Eritrea 

El Salvador 

Ethiopia 

Europa Island 

Czech Republic 

North Africa 
Sub-Saharan Africa 
Middle East 

North Africa and Middle East 
Falkland Islands 

French Guiana 

Finland 

Fiji 

Micronesia, Federated States of 
Faroe Islands 

French Polynesia 

Baker Island 


France 
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FS 
GA 
GB 
GC 
GE 
GG 
GH 
Gl 
GJ 
GK 
GL 
GM 
GO 
GP 
GQ 
GR 
GT 
GV 
GY 
GZ 
HA 
HK 
HM 
HO 
HQ 
HR 
HU 
IC 
ID 
IM 
IN 
IO 
IP 
IQ 
IR 
IS 
IT 
IV 
Iy 
IZ 
JA 
JE 


French Southern and Antarctic Lands 
Gambia 

Gabon 

Germany, Democratic Republic of (arch.) 
Germany, Federal Republic of 
Georgia 

Ghana 

Gibraltar 

Grenada 

Guernsey 

Greenland 

Germany 

Glorioso Islands 

Guadeloupe 

Guam 

Greece 

Guatemala 

Guinea 

Guyana 

Gaza Strip 

Haiti 

Hong Kong 

Heard Island and McDonald Islands 
Honduras 

Howland Island 

Croatia 

Hungary 

Iceland 

Indonesia 

Man, Isle of 

India 

British Indian Ocean Territory 
Clipperton Island 


United States (Miscellaneous Pacific Islands) 


Tran 

Israel 

Italy 

Ivory Coast 

Iraq/Saudi Arabia Neutral Zone 
Iraq 

Japan 


Jersey 
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JM 
JN 
JO 
JQ 
JU 
KE 
KG 
KN 
KQ 
KR 
KS 
KT 
KU 
KZ 
L7 
LA 
LD 
LE 
LG 
LH 
BI 
LO 
LQ 
LS 
LE 
LU 
LY 
MA 
MB 
MC 
MD 
MF 
MG 
MH 
MI 
MK 
ML 
MN 
MO 
MP 


MQ 


Jamaica 

Jan Mayen 

Jordan 

Johnston Atoll 

Juan De Nova Island 
Kenya 

Kyrgyzstan 

Korea, Democratic Peoples Republic of (North Korea) 
Kingman Reef 
Kiribati 

Korea, Republic of (South Korea) 
Christmas Island 
Kuwait 

Kazakhstan 

Latin America 

Laos 

Lakshadweep Islands (Laccadive Islands) 
Lebanon 

Latvia 

Lithuania 

Liberia 

Slovak Republic 
Palmyra Atoll 
Liechtenstein 
Lesotho 
Luxembourg 

Libya 

Madagascar 
Martinique 

Macau 

Moldova 

Mayotte 

Mongolia 
Montserrat 

Malawi 

Macedonia 

Mali 

Monaco 

Morocco 


Mauritius 


Midway Islands 
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Mauritania 
Malta 

Oman 

Maldives 
Montenegro 
Mexico 
Malaysia 
Mozambique 
NATO countries 
Central America 
Caribbean Islands 
New Caledonia 
Niue 

Norfolk Island 
Niger 


Vanuatu (formerly New Hebrides) 
Nigeria 

Netherlands 

Norway 

Nepal 

Nauru 

Suriname 

Netherlands Antilles 


Nicaragua 


New Zealand 

Paraguay 

Pemba Island 

Pitcairn Islands 

Peru 

Paracel Islands 

Spratly Islands 

Pakistan 

Poland 

Panama 

Portugal 

Papua New Guinea 

Trust Territory of the Pacific Islands (Palau) 
Guinea-Bissau 

Qatar 

Reunion 

Marshall Islands, Republic of 
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Romania 
Philippines 
Puerto Rico 
Russia 
Rwanda 

South America 
Saudi Arabia 


St. Pierre and Miquelon 


St. Christopher (Kitts) and Nevis 


Sardinia (Sardegna) 
Seychelles 

South Africa 
Senegal 

St. Helena 
Slovenia 

Socotra 

Sierra Leone 

San Marino 
Singapore 

Somalia 

Spain 

Serbia 

St. Lucia 

Sudan 

Svalbard 

Sweden 

Syria 

Switzerland 

United Arab Emirates 
Trinidad & Tobago 
Tromelin Island 
Thailand 

Tajikistan 

Turks and Caicos Islands 
Tokelau 

Tonga 

Togo 

Sao Tome and Principe 
Tunisia 

Turkey 


Tuvalu 
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Taiwan 


Turkmenistan 


Uganda 

United Kingdom 

United Nations 

Ukraine 

Union of Soviet Socialist Republics 
United States 

urkina Faso (formerly Upper Volta) 


ow 


Uruguay 
Uzbekistan 


Pacific Ocean Islands 


Indian Ocean Islands 
St. Vincent and the Grenadines 
Madeira Islands 
Venezuela 

Marshall Islands 
British Virgin Islands 
Crete 

Cabinda 

Vietnam 

Corsica 

Virgin Islands 

Vatican City (Holy See) 
Worldwide 

Namibia 

Sala y Gomez Island 
West Bank 

Wallis and Futuna 
South Orkney Islands 
South Shetland Islands 
Western Sahara 
Northern Island 

Wake Island 

Western Samoa 
Swaziland 

Okinawa 

Easter Island 

Walvis Baai 

Yemen Arab Republic (North Yemen, arch.) 
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YK 
YL 
YM 
YO 
YR 
YS 
YU 
YV 
YX 
YZ 
Z7 
Z8 
Z9 
ZA 
ZI 
ZL 
ZQ 
ZY 
ZZ 


San Felix, Isla 

Diego Garcia 

Yemen 

Yugoslavia 

Annobon (Pagulu) 

Yemen, Peoples Democratic Republic of (South Yemen, arch.) 
Eloby, Islas de 

Juan Fernandez Archipelago 
San Ambrosio, Isla 

Nicobar Island 

Pacific Ocean 

Atlantic Ocean 
Mediterranean Sea 

Zambia 

Zimbabwe 

Caroline Islands 

Andaman Islands 

Zanzibar 


Canary Islands 
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4b . , : 
Step 5. Change) (a — 2b) nt a fraction having (a +5) 


(a — b) (a — 2b) as its denominator. 


4b _ 4b(a — b) 
(a+b) (a—2b) ~ (a+) (a—b) (a—2b) 


3a Baa 2b) 
Step 6. Therefore, Poe ee (a+b) (a—b) (a— 2b) 
4D 4b(a — b) 


and 7 — ab — 6 = (ab) (a—b) (a—2b) 


67. Addition and Subtraction of Algebraic Fractions 


a. Addition. The addition of algebraic fractions is similar to the corresponding operation in 
arithmetic. To add two or more fractions having a common denominator, add the numerators and 
place the result over the common denominator. If the fractions have different denominators, con- 
vert them to fractions with an LCD. The sum of the fractions is equal to the algebraic sum of the 
numerators divided by the LCD. Simplify the numerator and reduce the result to its lowest terms. 
If possible, factor or combine for further simplification. 


22 2y 
and —“—. 
e+y c—Yy 
The LCD is (x + y) (« — y). Therefore, 
2% + 2y hae (w — ) 4 2y("% + ¥) 
ety ' a—y” («+y)(tx—y) ° (4+ y) (2 — y) 
_ 2u(%—y) + 2y(z% + y) 
~ (x + y) (x — y) 
_ 20% — 2ay-+ 2ey-+ 2y? 
a (a+ y)(z —y) 
2x2 +. Qy? 
(a + y)(%@ — y) 
_ 2(x? + y*) 


Bed — yz 


Example: Find the sum of 


b. Subtraction. To subtract two fractions having a common denominator, subtract the numerator 
of the subtrahend from the numerator of the minuend and place the result over the common de- 
nominator. If the denominators are different, find the LCD and subtract, as shown below. 


go from ee. eee 

w+ 62 — 16 v2 + Te — 18° 

The LCD is (a — 2) (x + 8) (a + 9). Therefore, 
9 8 

e2+7¢—18 2? + 6¢—16 

= 9(x% + 8) 8(% + 9) 

~ (#—2)(@4+8)(4+9) (we —2) (x + 8) (449) 

_ 9(%@ +8) —8(z7+ 9) 

~~ (% —2)(% + 8)(% + 9) 

_ __ 9% + K% — 8x — fP 

~~ (%@— 2) (% + 8) (% + 9) 

x 


~ (e— 2) (a + 8) (@ +9) 


Example: Subtract 
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PREFACE 


1. Scope 


As directed in Joint Publication (JP) 1, Doctrine for the Armed Forces of the United 
States, the DOD Dictionary of Military and Associated Terms [Short title: DOD 
Dictionary] sets forth standard US military and associated terminology to encompass the 
joint activity of the Armed Forces of the United States. These military and associated 
terms, together with their definitions, constitute approved Department of Defense (DOD) 
terminology for general use by all DOD components. 


2. Purpose 


This document supplements standard English-language dictionaries and standardizes 
military and associated terminology to improve communication and mutual understanding 
within DOD with other US Government departments and agencies and among the United 
States and its allies. 


3. Application 


This document applies to the Office of the Secretary of Defense, the Services, the Joint 
Staff (JS), combatant commands, DOD agencies, and all other DOD components. It is the 
primary terminology source when preparing correspondence, to include policy, strategy, 
doctrine, and planning documents. Criteria for inclusion of terminology in the DOD 
Dictionary is enumerated in Department of Defense Instruction (DODI) 5025.12, 
Standardization of Military and Associated Terminology, and Chairman of the Joint Chiefs 
of Staff Instruction (CJCSI) 5705.01, Standardization of Military and Associated 
Terminology. 


4. Format 

The primary parts of the DOD Dictionary are: 

a. Explanatory notes. 

b. Terms and definitions. 

c. Shortened word forms (abbreviations, acronyms, and initialisms). 

d. Summary of changes. 
5. DOD Dictionary Online Availability and Update Schedule 

Joint Staff, J-7, does not print copies of the DOD Dictionary. The DOD Dictionary is 
accessible online in PDF format on the JEL [Joint Electronic Library] (Internet) at 
http://www.jcs.mil/Doctrine/DOD-Terminology/ and as a searchable database and PDF on 


the JEL+ [Joint Electronic Library Plus] on NIPRNET [Non-classified Internet Protocol 
Router Network] at https://jdeis.js.mil/jdeis/ (common access card required) and SIPRNET 


Preface 


[SECRET Internet Protocol Router Network] https://jdeis.js.smil.mil/jdeis/index.jsp. The 
contents of the DOD Dictionary are updated as necessary, to include terminology additions, 
modifications, or deletions, in accordance with CJCSI 5705.01, Standardization of Military 
and Associated Terminology. 


6. Terminology Repository for DOD (Office of the Secretary of Defense/Joint Staff) 
Issuances 


This document is supplemented by the Terminology Repository for DOD (Office of the 
Secretary of Defense [OSD]/JS) Issuances (Terminology Repository) (For Official Use Only). 
Over the last 65 years, specific and technical DOD terms and definitions established in senior 
policy document glossaries reside outside of the DOD Dictionary and not subject to joint 
doctrine terminology criteria for general and universal usage listed in CJCSI 5705.01. The 
25,000+ policy term Terminology Repository provides awareness on those specific or 
descriptive terms in defense documents (policy, strategy, planning, doctrine, etc.) that support 
the foundation of the 2,500+ doctrine term DOD Dictionary. Its creation is the primary step in 
deconflicting terminology nuances within organizational documents that may impact joint 
doctrine. 


7. Department of Defense Term and Definition Approach 


After consulting DODI 5025.12, Standardization of Military and Associated 
Terminology, and CJCSI 5705.01 for term and definition criteria, proponents of new or 
existing terms will first review the DOD Dictionary and then access the Terminology 
Repository before defaulting to commonly used, English-language dictionaries in creating 
new DOD terms and definitions. The repository iscommon access’ card-enabled and 
located at http://www.jcs.mil/Doctrine/DOD-Terminology-Program/. 


8. Citation 


Per JP 1, and for reference purposes in official DOD materials, this document will be 
listed as: Office of the Chairman of the Joint Chiefs of Staff, “DOD Dictionary of Military 
and Associated Terms,” as amended. For all other documentation, this will be cited as: 
Office of the Chairman of the Joint Chiefs of Staff, DOD Dictionary of Military and 
Associated Terms, (Washington DC: The Joint Staff, date), page # if necessary. 
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EXPLANATORY NOTES 


1. Updates and Terminology Actions 


a. Per guidance in CJCSI 5705.01, Standardization of Military and Associated 
Terminology, terminology actions for the DOD Dictionary (additions; modifications; 
revalidations, to include those parts of a JP or issuance/directive policy revision process; 
or deletions) are supported using one of the following five methods: 


(1) DOD terminology proposed from JPs; 


(2) DOD terminology directed by the Secretary of Defense, the Deputy Secretary 
of Defense, or Chairman of the Joint Chiefs of Staff (CJCS) via specific memorandum; 


(3) DOD terminology proposed from DOD (Office of the Secretary of Defense 
[OSD] and CJCS) issuances; 


(4) Terminology in Allied Administrative Publication-6, NATO Glossary of 
Terms and Definitions (English and French), (reference i) and “NATOTerm,” the official 
NATO Terminology Database, may be proposed for inclusion in the DOD Dictionary with 
the appropriate DOD issuance or JP as the source document; and/or 


(5) Approved administrative changes/updates by the DOD Terminologist. 


b. Per guidance in CJCSI 5705.01, any DOD Dictionary term and definition, where the 
identified proponent is an OSD/JS issuance that remains in the document as part of an 
organizational change or other revision process must be revalidated or modified as a part of 
the revision process. Proponents of terms and definitions that do not follow this process will 
result in automatic removal from the DOD Dictionary and movement to the Terminology 
Repository of DOD (OSD/JS) Issuances. Any terms identified for removal from OSD/JS 
issuances will subsequently be removed from the DOD Dictionary and automatically placed 
in the Terminology Repository of DOD (OSD/JS) Issuances. 


2. Terminology Categorization (Policy and Joint Doctrine) 


a. Military Terminology. Standardized military and associated terminology forms the 
foundation of joint doctrine. It enables the joint force to organize, plan, train, and execute 
operations with a common language that is clearly articulated and universally understood. 
Since 1948, military terms have been codified in the DOD Dictionary. Although different in 
purpose, policy documents also require standardized terminology. While some policy terms 
are included in the DOD Dictionary, the bulk are codified in the Terminology Repository of 
DOD (OSD/JS) Issuances. Policy terms may form the basis of doctrinal terms, further 
describe doctrinal concepts, or temporarily fill gaps in joint doctrine until adopted as extant 
practice. If included in the DOD Dictionary, policy terms will conform to the CJCSI 5705.01 
and standing operating procedure guidelines. 


b. Policy and Joint Doctrine. Policy directs and assigns tasks, prescribes desired 
capabilities, and provides guidance for ensuring the Armed Forces of the United States are 
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prepared to perform their assigned roles. Implicitly, policy can create new roles and 
requirements for new capabilities. Joint doctrine enhances the operational effectiveness of 
the Armed Forces by providing official advice and standardized terminology on topics 
relevant to the employment of military forces. Although joint doctrine is neither policy nor 
strategy, it serves to make United States policy and strategy effective in the application of US 
military power. Terminology developed within policy and joint doctrine serves different 
purposes. The terminology required to support the employment of forces (doctrinal terms) 
may not be optimal for policy developers, whose purpose may be to illuminate resource or 
requirement documents. Terminology developed for DOD policy is not limited by the 
constraints imposed on doctrine terminology. Policy definitions may provide the basis for the 
doctrinal terms. Doctrinal terms cannot be in conflict with the law, regulation, or policy. 


c. Strategic Effect Terms. Departments and agencies normally define mission task 
terms (n - deterrence, stabilization, etc.) instead of strategic effect terms (v) to avoid confusion 
within and between mission areas and levels of engagement. For strategic effect terms, the 
standard dictionary definition often applies. The following is a lengthy but not whole 
inclusive list of strategic effect terms: advance, assure, coerce, compete, compel, contain, 
deceive, defeat, degrade, delay, delegitimize, deny, destroy, deter, discredit, disable, 
discourage, disrupt, divert, engage, enhance, integrate, isolate, kill, maintain, manage, 
neutralize, prevent, protect, stabilize, suppress, synchronize. 


3. Terminology Definition Development 


The DOD Dictionary is designed to supplement common English-language dictionaries 
with standard terminology for military and associated use. After reviewing policy for criteria 
and the DOD Dictionary for existence, developers must consult the Terminology Repository 
before defaulting to commonly used, English-language dictionaries as a starting point in 
creating new DOD Dictionary terms and definitions. A definition should address the meaning 
of the term only and should not contain doctrinal or procedural information (i.e., it should 
focus on describing “what” a term is and not “how” or “why” it is used). If additional text 
is desired to elaborate on a definition, that information should be provided in the text of the 
publication. Accordingly, the following CJCSI 5705.01, Standardization of Military and 
Associated Terminology, and standing operating procedure criteria are used to determine the 
acceptability of terminology for inclusion in the DOD Dictionary: 


a. The term in a standard, commonly accepted dictionary is inadequate for DOD use. 


b. The term is not a standard dictionary definition with non-definitional text added. 
Example: capability - The ability to complete a task or execute a course of action under 
specified conditions and level of performance. 


c. The term is not self-defining. Example: bomber aircraft — An aircraft that is capable 
of delivery bombs. 


d. The term is not a policy term that competes or overrides a doctrinal term in the 
DOD Dictionary. 
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e. The proposed term follows established procedures in this issuance. Verification 
must be provided that the DOD Terminologist approved; otherwise, the term will only be 
reflected in the Terminology Repository. 


f. Reflects extant DOD capabilities and practices. 


g. Of general military or associated significance. Technical or highly specialized 
terms may be included if they can be defined in easily understood language and if their 
inclusion is of general military or associated significance. 


h. Terms for weaponry are limited to generic weapon systems. 


i. Are not to consist of or contain shortened word forms (e.g., abbreviations, 
acronyms, or initialisms). 


j. Must be UNCLASSIFIED (including shortened word forms) and marked as such if 
in controlled (e.g., FOUO) or classified documents. 


k. Are not prowords, code words, brevity words, or NATO [North Atlantic Treaty 
Organization]-only terms. 


l. Are not Service-specific or functionality-specific unless they are commonly 
employed in US joint force operations. 


m. An approved joint term with similar definition does not exist. 


n. Must be consistent with US law, treaties, international agreements, and executive 
orders. 


o. Noun terms should be in singular form. 

p. With few exceptions, should be general terms, not proper names. 

q. Cross reference entries (i.e., ‘also called’ terms) will not have a separate entry. 
Example: ‘Universal Time’ is also called ‘ZULU time,’ but no separate entry for ‘ZULU 
time’. 

r. Terms must appear and be used in the body of the document, not just in its glossary. 


s. Proposed entries should be written as a definition and not as a description. 


See CJCSI 5705.01, Standardization of Military and Associated Terminology, Enclosure 
C, Definition Writing Guide, for specific guidance that should be followed when 
developing terms and definitions intended for inclusion in the DOD Dictionary. 


4. Shortened Word Forms (Abbreviations, Acronyms, and Initialisms) 


The DOD Dictionary includes shortened word forms (abbreviations, acronyms, and 
initialisms) for DOD and associated military terms. Shortened word forms in the DOD 
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Dictionary are solely derived from currently approved JP glossaries and not centrally 
managed by the DOD Terminology Program for the joint force. Although all are shortened 
versions of a word or phrase, typically by a series of letters, there is a difference. 


a. An abbreviation is a shortened form of a word or phrase pronounced as a word (e.g., 
SecDef). 


b. An acronym is a shortened form of a phrase of words, where the letters of the 
acronym stand for the terms of its meaning and is also read as a word (e.g., ASAP [as soon 
as possible]). 


c. An initialism is a shortened form of a word or phrase that is not spoken as a word; 
each letter is spoken separately (e.g., DOD). 


d. Parenthesis Use After Definitions 


(1) The term associated with an abbreviation, acronym, or initialism is referred 
to as the definition (e.g., the initialism definition for FOUO is ‘for official use only’). In 
some cases, there may be another abbreviation, acronym, or initialism in parenthesis 
following the definition. If the term is associated with a specific organization, the 
definition will include this tag in parenthesis showing it is an organizational-specific term. 
For example: ACE -- aviation combat element (USMC) or AFNORTHWEST -- Allied 
Forces North West Europe (NATO). 


(2) There should only be a DOD Dictionary-approved abbreviation, acronym, or 
initialism in the parenthesis. 


e. Other Criteria for Shortened Word Forms 


The list below is not an exhaustive list of criteria for shortened word forms but is 
provided as general guidance for organizations in their creation and management. 
Shortened word forms reflect those used in individual joint doctrine publications. 
Additional detail on shortened word form construction and guidance may be found in 
organizational standard operating procedures. Avoid overuse of shortened word forms. 


(1) Must be unclassified and marked as such if in controlled or classified 
documents. This means a glossary has to be marked unclassified to have the terms and 
definitions considered for inclusion in the DOD Dictionary or Terminology Repository. 


(2) Must be more than one letter. 


(3) Should avoid duplicating existing shortened word forms and must only have 
one meaning within a single document. 


(4) Should generally use capital letters. 


(5) Should only be created when needed and commonly used. All terms do not 
need a shortened word form. 
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(6) Establish in a document only when the term is used more than once within 
the body. 


(7) Should not be used to create other shortened word forms (e.g., “Director, 
NRO?” does not establish “DNRO,” regardless if “NRO” was established earlier in the text). 


(8) Should not be established as part of another shortened word form for use later 
in the text (e.g., if “C-2X” is being established using “counterintelligence and human 
intelligence staff element,” the definition cannot be written as “counterintelligence [CI] 
and human intelligence [HUMINT] staff element” to establish CI and HUMINT for later 
use). 


5. Terminology Repository for Department of Defense (Office of the Secretary of 
Defense/Joint Staff) Issuances 


The Terminology Repository was established to provide awareness on specific and 
technical policy terms and definitions that reside outside the DOD Dictionary (universal and 
general terms). The Terminology Repository supports the foundation that the DOD Dictionary 
is the primary terminology source. When accessing joint publications or policy, strategy, and 
planning documents, users should review both the DOD Dictionary and the Terminology 
Repository to develop a full understanding of how a term may be described, defined, or used 
to proceed accordingly. It is also recommended that all glossary developers also use the criteria 
enumerated in paragraph 2 in maintaining terms and definitions. Like the DOD Dictionary, 
the Terminology Repository is unclassified and uncontrolled. Unlike the DOD Dictionary, the 
Terminology Repository is not meant to capture or track shortened word forms such as 
abbreviations, acronyms, or initialisms. The Terminology Repository can be found on the 
Terminology Program webpage at http://www. jcs.mil/Doctrine/DOD-Terminology-Program/. 
The Terminology Repository is updated from policy document glossaries that received new 
issuance dates and submitted by offices of primary responsibility (OPRs). Issuance OPRs 
populate and transmit new issuance-completed glossary content using the DOD Terminology 
Glossary Transmit Form found on the Joint Electronic Library. Update/change glossary 
modified terms are submitted individually in the form under the same procedures. 


68. Multiplication and Division of Algebraic Fractions 


a. Multiplication. The process of multiplication of algebraic fractions is the same as in arith- 
metic. The product of two or more fractions is the product of the numerators divided by the 
product of the denominators. The operation may be simplified by dividing common factors in the 
numerator and denominator by the same factor. 
6a2b 21x2y 
tz Y Saat ° 
The first numerator and the second denominator are divisible by 6a2b; the first de- 
nominator and the second numerator are divisible by 7x. Therefore: 

1 Bry 


Example 1: Multiply 


a end rd 


1 4 
Example 2: Multiply oy 2a by set. 
a2 + 2ab-+ b? a? —2ab4 0? (a+ b)(a+5b) , (a—b)(a—bd) 
a—b a+b os a—b atb 

1 1 

_ fat) (a + b)La—by (a — 5) 

7 1 1 

= (a+ b)(a— bd) 

= a? — b2 


b. Division. To divide algebraic fractions, multiply the dividend by the reciprocal of the 
divisor. Thus, to divide by x, multiply by the reciprocal of x, that is . In other words, invert the 


divisor and proceed as in multiplication. 


Tea, 22 + 26 a? — Bb? 
Example 1: Divide a mrere ee by 9a 6" 
2a+2b . a—b? 2a+42b . 2a—6 
a—3 ° 2a—6 a—s8 a? — b? 


Z2—z—6 2@+2z2—12 
2 — 25 by 2—2z—20° 
w@—2z2—-6  @4+2—12 #2%—2z2—6 | #&—2z—20 
22 — 25 “ g@—z—207 22— 25 gt z2—12 
1 1 sf 
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Example 2: Divide 


_ #42 
~~ 2+5 
36 AGO 558A 
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Intentionally Blank 


TERMS AND DEFINITIONS 
A 


acceptability — The plan review criterion for assessing whether the contemplated course 
of action is proportional, worth the cost, consistent with the law of war, and is 
militarily and politically supportable. See also adequacy; feasibility. (JP 5-0) 


access — In counterintelligence and intelligence use, a. a way or means of approach to 
identify a target; or b. exploitable proximity to or ability to approach an individual, 
facility, or information that enables target to carry out the intended mission. (JP 2-01.2) 


accompanying supplies — Unit supplies that deploy with forces. (JP 4-01.5) 


accountability — The obligation imposed by law or lawful order or regulation on an officer 
or other person for keeping accurate record of property, documents, or funds. (JP 1) 


acoustic intelligence — Intelligence derived from the collection and processing of acoustic 
phenomena. (JP 2-0) 


acquisition and cross-servicing agreement — Agreement, negotiated on a bilateral basis 
with countries or international organizations, that allow United States forces to 
exchange most common types of support, including food, fuel, transportation, 
ammunition, and equipment. Also called ACSA. See also cross-servicing. (JP 3-16) 


action phase — In amphibious operations, the period of time between the arrival of the 
landing forces of the amphibious force in the operational area and the accomplishment 
of their mission. See also amphibious force; amphibious operation; landing force; 
mission. (JP 3-02) 


activation — Order to active duty (other than for training) in the federal service. See also 
active duty; federal service. (JP 4-05) 


active defense — The employment of limited offensive action and counterattacks to deny 
a contested area or position to the enemy. See also passive defense. (JP 3-60) 


active duty — Full-time duty in the active military service of the United States, including 
active duty or full-time training duty in the Reserve Component. See also active duty 
for training; inactive duty training. (JP 4-05) 


active duty for training — A tour of active duty that is used for training members of the 
Reserve Component to provide trained units and qualified persons to fill the needs of 
the Armed Forces of the United States in time of war or national emergency and such 
other times as the national security requires. (JP 4-05) 


Active Guard and Reserve — National Guard and Reserve members who are on 
voluntary active duty providing full-time support to National Guard, Reserve, and 
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Active Component organizations for the purpose of organizing, administering, 
recruiting, instructing, or training the Reserve Components. (CJCSM 3150.13) 


activity — 1. A unit, organization, or installation performing a function or mission. 2. A 
function, mission, action, or collection of actions. (JP 3-0) 


activity-based intelligence — An analytic method applied to structured data from multiple 
sources, to discover objects, relationships, or behaviors by resolving significant 
activity. Also call ABI. (JP 2-03) 


act of mercy — In personnel recovery, assistance rendered to evaders by an individual or 
elements of the local population who sympathize or empathize with the evaders’ cause 
or plight. See also evader; evasion; recovery; recovery operations. (JP 3-50) 


acute radiation dose — Total ionizing radiation dose received at one time and over a 
period so short that biological recovery cannot occur. (JP 3-11) 


acute radiation syndrome — An acute illness caused by irradiation of the body by a high 
dose of penetrating radiation in a very short period of time. Also called ARS. (JP 3-11) 


adequacy — The plan review criterion for assessing whether the scope and concept of 
planned operations can accomplish the assigned mission and comply with the planning 
guidance provided. See also acceptability; feasibility. (JP 5-0) 


administrative contracting officer — Contracting officer whose primary duties involve 
contract administration. Also called ACO. See also contracting officer; procuring 
contracting officer. (JP 4-10) 


administrative control — Direction or exercise of authority over subordinate or other 
organizations in respect to administration and support. Also called ADCON. (JP 1) 


administrative loading — A loading method that gives primary consideration to 
achieving maximum utilization of troop and cargo space without regard to tactical 
considerations. Also called commercial loading. (JP 3-02) 


adversary — A party acknowledged as potentially hostile to a friendly party and against 
which the use of force may be envisaged. (JP 3-0) 


adversary template — A model based on an adversary’s known or postulated preferred 
methods of operation illustrating the disposition and activity of adversary forces and 
assets conducting a particular operation unconstrained by the impact of the operational 
environment. (JP 2-01.3) 


aerial port — An airfield that has been designated for the sustained air movement of personnel 
and materiel, as well as an authorized port for entrance into or departure from the country 
where located. See also port of debarkation; port of embarkation. (JP 3-36) 
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aeromedical evacuation — The movement of patients under medical supervision to and 
between medical treatment facilities by air transportation. Also called AE. (JP 4-02) 


aeromedical evacuation control team — A core team assigned to a component-numbered 
Air Force air operations center air mobility division that provides operational 
planning, scheduling, and execution of theater aeromedical evacuation missions and 
positioning of aeromedical evacuation ground forces. Also called AECT. See also 
aeromedical evacuation; air mobility division. (JP 3-36) 


aerospace defense — Defensive measures designed to destroy or nullify attacking enemy 
aircraft and missiles and also negate hostile space systems. See also air defense; 
space defense. (JP 3-27) 


afloat pre-positioning force — Ships maintained in full operational status to pre-position 
military equipment and supplies afloat in support of combatant commanders’ operation 
plans. Also called APF. See also maritime pre-positioning ships. (JP 3-36) 


afloat pre-positioning operations — Pre-positioning of ships, preloaded with equipment 
and supplies that provides for an alternative to land-based programs. See also 
operation. (JP 4-01.6) 


agency — In intelligence usage, an organization or individual that collects and/or processes 
information. Also called collection agency. See also agent; intelligence process; 
source. (JP 2-01) 


agent — In intelligence usage, one who is authorized or instructed to obtain or to assist in 
obtaining information for intelligence or counterintelligence purposes. (JP 2-01.2) 


aimpoint — 1. A point associated with a target and assigned for a specific weapon impact. 
2. A prominent radar-significant feature used to assist an aircrew in navigating and 
delivering their weapons. See also desired point of impact. (JP 3-60) 


air and missile defense — Direct [active and passive] defensive actions taken to destroy, 
nullify, or reduce the effectiveness of hostile air and ballistic missile threats against 
friendly forces and assets. Also called AMD. (JP 3-01) 


air apportionment — The determination and assignment of the total expected effort by 
percentage and/or by priority that should be devoted to the various air operations for 
a given period of time. (JP 3-0) 


air assault — The movement of friendly assault forces by rotary-wing or tiltrotor aircraft 
to engage and destroy enemy forces or to seize and hold key terrain.. See also assault. 
(JP 3-18) 


air assault force — A force composed primarily of ground and rotary-wing air units 
organized, equipped, and trained for air assault operations. (JP 3-18) 
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air assault operation — An operation in which assault forces, using the mobility of rotary- 
wing or tiltrotor aircraft and the total integration of available fires, maneuver under 
the control of a ground or air maneuver commander to engage enemy forces or to seize 
and hold key terrain. (JP 3-18) 


airborne — 1. In relation to personnel, troops especially trained to effect, following 
transport by air, an assault debarkation, either by parachuting or touchdown. 2. In 
relation to equipment, pieces of equipment that have been especially designed for use 
by airborne troops during or after an assault debarkation, as well as some aeronautical 
equipment used to accomplish a particular mission. 3. When applied to materiel, items 
that form an integral part of the aircraft. 4. The state of an aircraft, from the instant it 
becomes entirely sustained by air until it ceases to be so sustained. (JP 3-36) 


airborne alert — A state of aircraft readiness wherein combat-equipped aircraft are 
airborne and ready for immediate action to reduce reaction time and to increase 
survivability. See also combat air patrol; ground alert. (JP 3-01) 


airborne assault — The use of airborne forces to parachute into an objective area to attack 
and eliminate armed resistance and secure designated objectives. (JP 3-18) 


airborne early warning — The detection of enemy air or surface units by radar or other 
equipment carried in an airborne vehicle, and the transmitting of a warning to friendly 
units. (JP 3-52) 


airborne mission coordinator — The designated individual that serves as an airborne 
extension of the component commander or supported commander responsible for the 
personnel recovery mission. Also called AMC. See also combat search and rescue; 
personnel recovery coordination cell. (JP 3-50) 


airborne operation — An operation involving the air movement into an objective area of 
combat forces and their logistic support for execution of a tactical, operational, or 
strategic mission. See also assault; assault phase. (JP 3-18) 


air corridor — A restricted air route of travel specified for use by friendly aircraft and 
established for the purpose of preventing friendly aircraft from being fired on by 
friendly forces. (JP 3-52) 


aircraft carrier — A warship designed to support and operate aircraft, engage in attacks 
on targets afloat or ashore, and engage in sustained operations in support of other 
forces. (JP 3-32) 


air defense — Defensive measures designed to destroy attacking enemy aircraft or 
aerodynamic missiles, or to nullify or reduce the effectiveness of such attack. Also 
called AD. See also aerospace defense. (JP 3-01) 


air defense area — 1. overseas — A specifically defined airspace for which air defense 


must be planned and provided. 2. United States — Airspace of defined dimensions 
designated by the appropriate agency within which the ready control of airborne 
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vehicles is required in the interest of national security during an air defense 
emergency. (JP 3-01) 


air defense artillery — Weapons and equipment for actively combating air targets from 
the ground. Also called ADA. (JP 3-01) 


air defense identification zone — Airspace of defined dimensions within which the ready 
identification, location, and control of airborne vehicles are required. (JP 3-52) 


air defense region — A geographical subdivision of an air defense area. (JP 3-01) 
air defense sector — A geographical subdivision of an air defense region. (JP 3-01) 


air defense warning condition — An air defense waming given in the form of a color 
code corresponding to the degree of air raid probability with yellow standing for when 
an attack by hostile aircraft or missiles is probable; red for when an attack by hostile 
aircraft or missiles is imminent or is in progress; and white for when an attack by 
hostile aircraft or missiles is improbable. Also called ADWC. (JP 3-01) 


air domain — The atmosphere, beginning at the Earth’s surface, extending to the altitude 
where its effects upon operations become negligible. (JP 3-30) 


airdrop — The unloading of personnel or materiel from aircraft in flight. See also air 
movement. (JP 3-36) 


air expeditionary task force — A deployed numbered air force or command echelon 
immediately subordinate to a numbered air force provided as the United States Air Force 
component command committed to a joint operation. Also called AETF. (JP 3-30) 


Air Force special operations forces — Those Active Component and Reserve Component 
Air Force forces designated by the Secretary of Defense that are specifically organized, 
trained, and equipped to conduct and support special operations. Also called AFSOF. 
(JP 3-05) 


airhead line — A line denoting the limits of the objective area for an airborne assault. See 
also assault phase; objective area. (JP 3-18) 


air interdiction — Air operations conducted to divert, disrupt, delay, or destroy the 
enemy’s military surface capabilities before it can be brought to bear effectively 
against friendly forces, or to otherwise achieve objectives that are conducted at such 
distances from friendly forces that detailed integration of each air mission with the fire 
and movement of friendly forces is not required. Also called AI. (JP 3-03) 


airland — Movement by air and disembarkment, or unloading, on the ground after the 
aircraft has landed or while an aircraft is hovering. See also air movement. (JP 3-36) 
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airland operation — An operation involving movement by air with a designated 
destination for further ground deployment of units and personnel and/or further ground 
distribution of supplies. See also airland. (JP 3-36) 


air liaison officer — The senior tactical air control party member attached to a ground unit 
who functions as the primary advisor to the ground commander on air power. Also 
called ALO. (JP 3-09.3) 


airlift control team — A core team within the joint air operations center with intratheater 
airlift functional expertise to plan, coordinate, manage, and execute intratheater airlift 
operations in support of the joint force air component commander. Also called ALCT. 
See also air operations center; air mobility division; intratheater airlift. (JP 3-36) 


airlift mission commander — A commander designated in the implementing directive for 
airlift operations.. See also joint force air component commander. (JP 3-36) 


airlift requirement — The total number of passengers and/or weight/cubic displacement 
of cargo required to be carried by air for a specific task. (JP 3-36) 


air mobility — The rapid movement of personnel, materiel, and forces to and from, or within, 
a theater by air. See also air refueling. (JP 3-36) 


Air Mobility Command — The Air Force component command of the United States 
Transportation Command. Also called AMC. (JP 3-36) 


air mobility control team — A core team within the joint air operations center that directs 
or redirects air mobility forces in response to requirements changes, higher priorities, 
or immediate execution requirements. Also called AMCT. See also air operations 
center; air mobility; air mobility division. (JP 3-36) 


air mobility division — Located in the joint air operations center to plan, coordinate, task, 
and execute the air mobility mission consisting of the air mobility control team, airlift 
control team, air refueling control team, and aeromedical evacuation control team. 
Also called AMD. See also air mobility; joint air operations center. (JP 3-36) 


air mobility liaison officer — A rated United States Air Force mobility air forces officer 
selected, trained, and equipped to assess, train, advise, and assist with mobility air 
forces and ground force integration for air movement and sustainment. Also called 
AMLO. (JP 3-36) 


air movement — Air transport of units, personnel, supplies, and equipment, including 
airdrops and air landings. See also airdrop; airland. (JP 3-36) 


air operations center — The senior agency of the Air Force component commander that 
provides command and control of Air Force air and space operations and coordinates 
with other components and Services. Also called AOC. (JP 3-30) 
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air refueling — The refueling of an aircraft in flight by another aircraft. Also called AR. 
(JP 3-36) 


air route — The navigable airspace between two points, identified to the extent necessary 
for the application of flight rules. (JP 3-52) 


air sovereignty — A nation’s inherent right to exercise absolute control and authority over 
the airspace above its territory. (JP 3-27) 


airspace control — Capabilities and procedures used to increase operational effectiveness 
by promoting the safe, efficient, and flexible use of airspace. (JP 3-52) 


airspace control area — Airspace that is laterally defined by the boundaries of the 
operational area and may be subdivided into sectors. (JP 3-01) 


airspace control authority — The commander designated to assume overall responsibility 
for the operation of the airspace control system in the airspace control area. Also 
called ACA. See also airspace control; airspace control area; airspace control 
system; control; operation. (JP 3-52) 


airspace control order — An order implementing the airspace control plan that provides 
the details of the approved requests for airspace coordinating measures. Also called 
ACO. (JP 3-52) 


airspace control plan — The document approved by the joint force commander that 
provides specific planning guidance and procedures for the airspace control system 
for the joint force operational area. Also called ACP. See also airspace control 
system; joint force commander. (JP 3-52) 


airspace control procedures — Rules, mechanisms, and directions that facilitate the 
control and use of airspace of specified dimensions. See also airspace control 
authority; airspace control order; airspace control plan. (JP 3-52) 


airspace control system — An arrangement of those organizations, personnel, policies, 
procedures, and facilities required to perform airspace control functions. Also called 
ACS. (JP 3-52) 


airspace coordinating measures — Measures employed to facilitate the efficient use of 
airspace to accomplish missions and simultaneously provide safeguards for friendly 
forces. Also called ACMs. See also airspace control area; airspace coordination 
area; high-density airspace control zone; weapons engagement zone. (JP 3-52) 


airspace coordination area — A three-dimensional block of airspace in a target area, 
established by the appropriate commander, in which friendly aircraft are reasonably 
safe from friendly surface fires. Also called ACA. (JP 3-09.3) 


airspace management — The coordination, integration, and regulation of the use of 
airspace of defined dimensions. (JP 3-52) 
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air superiority — That degree of control of the air by one force that permits the conduct 
of its operations at a given time and place without prohibitive interference from air 
and missile threats. (JP 3-01) 


air support control section — In amphibious operations, the section of the Navy tactical 
air control center designated to coordinate, control, and integrate all direct-support 
aircraft and assault-support operations. Also called ASCS. (JP 3-02) 


air support operations center — The principal air control agency of the theater air control 
system responsible for the direction and control of air operations directly supporting 
the ground combat element. Also called ASOC. See also close air support; 
operation; Navy tactical air control center. (JP 3-09.3) 


air support request — A means to request preplanned and immediate close air support, 
air interdiction, air reconnaissance, surveillance, escort, helicopter airlift, and other 
aircraft missions. Also called AIRSUPREQ. (JP 3-30) 


air supremacy — That degree of control of the air wherein the opposing force is incapable of 
effective interference within the operational area using air and missile threats. (JP 3-01) 


air tasking order — A method used to task and disseminate to components, subordinate 
units, and command and control agencies projected sorties, capabilities, and/or forces to 
targets and specific missions. Also called ATO. (JP 3-30) 


air terminal — A facility on an airfield that functions as an air transportation hub and 
accommodates the loading and unloading of airlift aircraft and the in-transit 
processing of traffic. (JP 3-36) 


air traffic control section — In amphibious operations, the section of the Navy tactical 
air control center designed to provide initial safe passage, radar control, and 
surveillance for close air support aircraft in the operational area. Also called ATCS. 
(JP 3-02) 


alert order — 1. A planning directive normally associated with a crisis, issued by the 
Chairman of the Joint Chiefs of Staff, on behalf of the President or Secretary of 
Defense, that provides essential planning guidance and directs the development, 
adaptation, or refinement of a plan/order after the directing authority approves a 
military course of action. 2. A planning directive that provides essential planning 
guidance, directs the initiation of planning after the directing authority approves a 
military course of action, but does not authorize execution. Also called ALERTORD. 
See also course of action. (JP 5-0) 


alliance — The relationship that results from a formal agreement between two or more 
nations for broad, long-term objectives that further the common interests of the 
members. See also multinational. (JP 3-0) 

Allied System for Geospatial Intelligence — A partnership between five nations (United 


States and allied partners Australia, Canada, New Zealand, and the United Kingdom) 
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to advance the geospatial intelligence mission with a common analytic environment 
to provide a common geospatial intelligence picture. Also called ASG. (JP 2-03) 


allocation — 1. Distribution of limited forces and resources for employment among 
competing requirements. 2. The temporary transfer of forces to meet the operational 
demand of combatant commanders, including rotational requirements and requests for 
capabilities or forces (unit or individual) in response to crisis or emergent 
contingencies. See also apportionment. (JP 5-0) 


allocation request —A daily message that provides an estimate of the total air effort, 
identifies any excess and joint force general support aircraft sorties, and identifies 
unfilled air requirements for preplanned missions. Also called ALLOREQ. (JP 3-30) 


allowable cabin load — The maximum payload that can be carried on an individual sortie. 
Also called ACL. (JP 3-36) 


all-source intelligence — 1. Intelligence products and/or organizations and activities that 
incorporate all sources of information in the production of finished intelligence. 2. In 
intelligence collection, a phrase that indicates that in the satisfaction of intelligence 
requirements, all collection, processing, exploitation, and reporting systems and 
resources are identified for possible use and those most capable are tasked. See also 
intelligence. (JP 2-0) 


amphibian — A small craft, propelled by propellers and wheels or by air cushions for the 
purpose of moving on both land and water. (JP 4-01.6) 


amphibious advance force — A temporary support force assigned to the amphibious force 
that conducts shaping operations in the amphibious objective area or operational area 
prior to the arrival of the amphibious force. (JP 3-02) 


amphibious air traffic control center — The centralized air traffic control agency on an 
amphibious warfare ship responsible for operational control of aircraft departing from 
and recovering on the ship and tactical control of airborne helicopters in support of 
amphibious assaults. Also called AATCC. (JP 3-02) 


amphibious assault — A type of amphibious operation that involves establishing a force 
on a hostile or potentially hostile shore. See also assault; assault phase. (JP 3-02) 


amphibious assault vehicle launching area — An area, in the vicinity of and to seaward 
of the line of departure, to which landing ships proceed and launch amphibious assault 
vehicles. (JP 3-02) 


amphibious breaching — The conduct of a deliberate breaching operation specifically 
planned to overcome antilanding defenses to conduct amphibious operations. (JP 3-02) 


amphibious bulk liquid transfer system — Hose-reel system providing capability to 
deliver fuel and/or water from ship to shore. Also called ABLTS. (JP 4-01.6) 


tS 


69. Review Problems—Algebraic Fractions 


a. Changing Signs of Fractions. Solve for 
the unknown. 


eng a 
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b. Equivalent Fractions. Supply missing 
terms. 
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4E2 , 
(6) Change zr into an equivalent frac- 
tion of which the denominator is 2]? R. 
(7) Change aa into an equivalent frac- 
3rf c 
tion of which the denominator is 2/7? R. 
c. Lowest Common Denominator. Reduce to 
equivalent fractions having an LCD. 
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AGO 558A 


i 4 
(6) 55 Be— 10 
ite ee 
(7) c?@— d?’ c—d 
d. Addition and Subtraction of Fractions. 
Perform the indicated operations. 


ai+=4i 


+4 (r — 2) (r + 5) 
r2 + 2r — 15 


v2 4. 2r — 15 


e. Multiplication and Division of Fractions. 
Perform the indicated operations. 
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amphibious construction battalion — A permanently commissioned naval unit, 
subordinate to the commander, naval beach group, designed to provide an 
administrative unit from which personnel and equipment are formed in tactical 
elements and made available to appropriate commanders to operate causeways, 
transfer barges, warping tugs, and assault bulk fuel systems and to meet salvage 
requirements of the naval beach party. Also called PHIBCB. (JP 3-02) 


amphibious defense zone — The area encompassing the amphibious objective area and 
the adjoining airspace required by accompanying naval forces for the purpose of air 
defense. Also called an ADZ. (JP 3-02) 


amphibious demonstration — A type of amphibious operation conducted for the purpose 
of deceiving the enemy by a show of force with the expectation of deluding the enemy 
into following an unfavorable course of action. (JP 3-02) 


amphibious force — An amphibious task force and a landing force together with other 
forces that are trained, organized, and equipped for amphibious operations. Also 
called AF. See also amphibious operation; amphibious task force; landing force. 
(JP 3-02) 


amphibious objective area — A geographical area of sufficient size for conducting 
necessary sea, air, and land operations and within which is located the objective(s) to 
be secured by the amphibious force. Also called AOA. See also amphibious force; 
mission. (JP 3-02) 


amphibious operation — A military operation launched from the sea by an amphibious 
force to conduct landing force operations within the littorals. Also called PHIBOP. 
See also amphibious force; landing force; mission; operation. (JP 3-02) 


amphibious raid — A type of amphibious operation involving swift incursion into, or 
temporary occupation of, an objective area followed by a planned withdrawal. See 
also amphibious operation. (JP 3-02) 


amphibious ready group — A Navy task organization formed to conduct amphibious 
operations, commanded by an amphibious squadron commander. Also called ARG. 
(JP 3-02) 


amphibious squadron — A tactical and administrative organization composed of 
amphibious warfare ships used to transport troops and their equipment for an 
amphibious operation. Also called PHIBRON. (JP 3-02) 


amphibious task force — A Navy task organization formed to conduct amphibious 
operations. Also called ATF. See also amphibious force; amphibious operation; 
landing force. (JP 3-02) 


amphibious vehicle — A wheeled or tracked vehicle capable of operating on both land 
and water. See also landing craft. (JP 3-02) 
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amphibious vehicle availability table — A tabulation of the type and number of 
amphibious vehicles available primarily for assault landings and for support of other 
elements of the operation. (JP 3-02) 


amphibious vehicle employment plan — A plan showing, in tabular form, the planned 
employment of amphibious vehicles during landing operations, to include initial 
movement to the beach. (JP 3-02) 


amphibious warfare ship — A combatant ship having organic capability to embark, land, 
and support landing forces in amphibious operations and which has characteristics 
enabling long-duration operations on the high seas. (JP 3-02) 


amphibious withdrawal — A type of amphibious operation involving the extraction of 
forces by sea in ships or craft from a hostile or potentially hostile shore. See also 
amphibious operation. (JP 3-02) 


analysis and production — In intelligence usage, the conversion of processed information 
into intelligence through the integration, evaluation, analysis, and interpretation of all 
source data and the preparation of intelligence products in support of known or 
anticipated user requirements. See also intelligence process. (JP 2-01) 


antiaccess — Action, activity, or capability, usually long-range, designed to prevent an 
advancing enemy force from entering an operational area. Also called A2. (JP 3-0) 


Antideficiency Act violations — The incurring of obligations or the making of expenditure 
(outlays) in violation of appropriation law as to purpose, time, and amounts as specified 
in the defense appropriation or appropriations of funds. (JP 3-80) 


antiradiation missile — A missile which homes passively on a radiation source. Also 
called ARM. See also guided missile. (JP 3-01) 


antisubmarine warfare — Operations conducted with the intention of denying the enemy 
the effective use of submarines. Also called ASW. (JP 3-32) 


antiterrorism — Defensive measures used to reduce the vulnerability of individuals and 
property to terrorist acts, to include rapid containment by local military and civilian 
forces. Also called AT. See also counterterrorism; terrorism. (JP 3-26) 


anti-vehicle land mine — A mine designed to immobilize or destroy a vehicle. Also 
called AVL. (JP 3-15) 


application — 1. The system or problem to which a computer is applied. 2. In the 
intelligence context, the direct extraction and tailoring of information from an existing 
foundation of intelligence and near real time reporting. (JP 2-0) 


apportionment — The quantities of force capabilities and resources provided for planning 


purposes only, but not necessarily an identification of the actual forces that may be 
allocated for use when a plan transitions to execution. See also allocation. (JP 5-0) 


i? 


Terms and Definitions 


approach schedule — In amphibious operations, a schedule that indicates, for each 
scheduled wave, the time of departure from the rendezvous area, from the line of 
departure and from other control points, and the time of arrival at the beach. (JP 3-02) 


apron — A defined area on an airfield intended to accommodate aircraft for purposes of 
loading or unloading passengers or cargo, refueling, parking, or maintenance. (JP 3-34) 


area air defense commander — The component commander with the preponderance of 
air defense capability and the required command, control, and communications 
capabilities who is assigned by the joint force commander to plan and execute 
integrated air defense operations. Also called AADC. (JP 3-01) 


area damage control — Measures taken before, during, and/or after a hostile action or 
natural or manmade disasters to reduce the probability of damage and minimize its 
effects. Also called ADC. (JP 3-10) 


area denial — Action, activity, or capability, usually short-range, designed to limit an enemy 
force’s freedom of action within an operational area. Also called AD. (JP 3-0) 


area of influence — A geographical area wherein a commander is directly capable of 
influencing operations by maneuver or fire support systems normally under the 
commander’s command or control. (JP 3-0) 


area of interest — That area of concern to the commander, including the area of influence, 
areas adjacent thereto, and extending into enemy territory. Also called AOI. See also 
area of influence. (JP 3-0) 


area of operations — An operational area defined by a commander for land and maritime 
forces that should be large enough to accomplish their missions and protect their 
forces. Also called AO. See also area of responsibility; joint operations area; joint 
special operations area. (JP 3-0) 


area of responsibility — The geographical area associated with a combatant command 
within which a geographic combatant commander has authority to plan and conduct 
operations. Also called AOR. See also combatant command. (JP 1) 


area search — Visual reconnaissance of limited or defined areas. (JP 3-50) 


Armed Forces of the United States — A term used to denote collectively all components 
of the Army, Marine Corps, Navy, Air Force, and Coast Guard (when mobilized under 
Title 10, United States Code, to augment the Navy). (JP 1) 


arming — As applied to explosives, weapons, and ammunition, the changing from a safe 
condition to a state of readiness for initiation. (JP 3-15) 


Army air-ground system — The Army system which provides for interface between 
Army and tactical air support agencies of other Services in the planning, evaluating, 
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processing, and coordinating of air support requirements and operations. Also called 
AAGS. (JP 3-09.3) 


Army corps — An echelon of command and tactical formations that employs divisions, 
multifunctional brigades, and functional brigades to achieve objectives on land. (JP 3-31) 


Army division — An echelon of command and tactical formation that employs brigade 
combat teams, multifunctional brigades, and functional brigades to achieve objectives 
on land. (JP 3-31) 


Army Service component command — Command responsible for recommendations to 
the joint force commander on the allocation and employment of Army forces within a 
combatant command. Also called ASCC. (JP 3-31) 


Army special operations forces — Those Active Component and Reserve Component 
Army forces designated by the Secretary of Defense that are specifically organized, 
trained, and equipped to conduct and support special operations. Also called ARSOF. 
(JP 3-05) 


Army support area — At all echelons, an area designated to facilitate the positioning, 
employment, and protection of sustainment assets; and where the majority of 
sustaining operations occur. (JP 3-31) 


arrival zone — In counterdrug operations, the area in or adjacent to the United States where 
smuggling concludes and domestic distribution begins (by air, an airstrip; by sea, an 
offload point on land or transfer to small boats). See also transit zone. (JP 3-07.4) 


ascent phase — That portion of the flight of a ballistic missile or space vehicle that begins 
after powered flight and ends just prior to apogee. (JP 3-01) 


assault — 1. In an amphibious operation, the period of time between the arrival of the 
major assault forces of the amphibious task force in the objective area and the 
accomplishment of the amphibious task force mission. (JP 3-02) 2. To make a short, 
violent, but well-ordered attack against a local objective, such as a gun emplacement, 
a fort, ora machine gun nest. (JP 3-18) 3. A phase of an airborne operation beginning 
with delivery by air of the assault echelon of the force into the objective area and 
extending through attack of assault objectives and consolidation of the initial airhead. 
See also assault phase. (JP 3-18) 


assault breaching — A part of amphibious breaching in support of an amphibious assault 
involving a fire support mission using precision-guided munitions to neutralize mines 
and obstacles in the surf zone and on the beach. (JP 3-02) 


assault craft unit — A permanently commissioned naval organization, subordinate to the 


commander, naval beach group, that contains landing craft and crews necessary to 
provide lighterage required in an amphibious operation. Also called ACU. (JP 3-02) 


19 


Terms and Definitions 


assault echelon — In amphibious operations, the element of a force comprised of tailored 
units and aircraft assigned to conduct the initial assault on the operational area. Also 
called AE. See also amphibious operation. (JP 3-02) 


assault follow-on echelon — In amphibious operations, that echelon of the assault troops, 
vehicles, aircraft, equipment, and supplies that, though not needed to initiate the 
assault, is required to support and sustain the assault. Also called AFOE. (JP 3-02) 


assault phase — In an airborne operation, a phase beginning with delivery by air of the 
assault echelon of the force into the objective area and extending through attack of 
assault objectives and consolidation of the initial airhead. See also assault. (JP 3-18) 


assault schedule — In amphibious operations, a schedule that provides the formation, 
composition, and timing of waves landing over the beach. (JP 3-02) 


assessment — 1. A continuous process that measures the overall effectiveness of 
employing capabilities during military operations. 2. Determination of the progress 
toward accomplishing a task, creating a condition, or achieving an objective. 3. 
Analysis of the security, effectiveness, and potential of an existing or planned 
intelligence activity. 4. Judgment of the motives, qualifications, and characteristics of 
present or prospective employees or “agents.” (JP 3-0) 


assessment agent — The organization responsible for conducting an assessment of an approved 
publication. Also called AA. (CJCSM 5120.01) 


asset validation — In intelligence use, the process used to determine the asset 
authenticity, reliability, utility, suitability, and degree of control the case officer or 
others have. (JP 2-01.2) 


asset visibility — Provides users with information on the location, movement, status and 
identity of units, personnel, equipment, and supplies. Also called AV. (JP 3-35) 


assign — 1. To place units or personnel in an organization where such placement is 
relatively permanent, and/or where such organization controls and administers the 
units or personnel for the primary function, or greater portion of the functions, of the 
unit or personnel. 2. To detail individuals to specific duties or functions where such 
duties or functions are primary and/or relatively permanent. See also attach. (JP 3-0) 


assumption — A specific supposition of the operational environment that is assumed to be 
true, in the absence of positive proof, essential for the continuation of planning. (JP 5-0) 


atmospheric environment — The envelope of air surrounding the Earth, including its 
interfaces and interactions with the Earth’s solid or liquid surface. (JP 3-59) 


attach — 1. The placement of units or personnel in an organization where such placement 


is relatively temporary. 2. The detailing of individuals to specific functions where 
such functions are secondary or relatively temporary. See also assign. (JP 3-0) 
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attack group — A subordinate task organization of the Navy forces of an amphibious task 
force composed of amphibious warfare ships and supporting naval units designated to 
transport, protect, land, and initially support a landing group. (JP 3-02) 


attack heading — 1. The interceptor heading during the attack phase that will achieve the 
desired track-crossing angle. 2. The assigned magnetic compass heading to be flown 
by aircraft during the delivery phase of an air strike. (JP 3-09.3) 


attack position — The last position occupied by the assault echelon before crossing the 
line of departure. (JP 3-09.3) 


audience — In public affairs, a broadly-defined group that contains stakeholders and/or 
publics relevant to military operations. (JP 3-61) 


authentication — 1. A security measure designed to protect a communications system 
against acceptance of a fraudulent transmission or simulation by establishing the 
validity of a transmission, message, or originator. 2. A means of identifying 
individuals and verifying their eligibility to receive specific categories of information. 
3. Evidence by proper signature or seal that a document is genuine and official. 4. In 
personnel recovery missions, the process whereby the identity of an isolated person is 
confirmed. See also evader; evasion; recovery operations; security. (JP 3-50) 


authorized departure — A procedure, short of ordered departure, by which mission 
employees or dependents or both, are permitted to leave post in advance of normal 
rotation when the national interests or imminent threat to life require it. (JP 3-68) 


Automated Repatriation Reporting System — A Defense Manpower Data Center 
system used to track the status of noncombatant evacuees after they have arrived in an 
initial safe haven in the United States. (JP 3-68) 


automatic identification technology — A suite of technologies enabling the automatic 
capture of data, thereby enhancing the ability to identify, track, document, and control 
assets (e.g., materiel), deploying and redeploying forces, equipment, personnel, and 
sustainment cargo. Also called AIT. (JP 4-09) 


autonomous operation — In air defense, the mode of operation assumed by a unit after it 
has lost all communications with higher echelons forcing the unit commander to 
assume full responsibility for control of weapons and engagement of hostile targets. 
(JP 3-01) 


avenue of approach — An air or ground route of an attacking force of a given size leading 
to its objective or to key terrain in its path. Also called AA. (JP 2-01.3) 


aviation medicine — The special field of medicine that is related to the biological and 
psychological problems of flight. (JP 4-02) 
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Intentionally Blank 


PB 


B 


backfill — Reserve Component units and individuals recalled to replace deploying active 
units and/or individuals in the continental United States and outside the continental 
United States. See also Reserve Component. (JP 4-05) 


bale cubic capacity — The space available for cargo measured in cubic feet to the inside 
of the cargo battens, on the frames, and to the underside of the beams. (JP 3-36) 


ballistic missile — Any missile that does not rely upon aerodynamic surfaces to produce 
lift and consequently follows a ballistic trajectory when thrust is terminated. Also 
called BM. See also guided missile. (JP 3-01) 


barrier — A coordinated series of natural or man-made obstacles designed or employed 
to channel, direct, restrict, delay, or stop the movement of an opposing force and to 
impose additional losses in personnel, time, and equipment on the opposing force. 
(JP 3-15) 


barrier combat air patrol — One or more divisions or elements of fighter aircraft 
employed between a force and an objective area as a barrier across the probable 
direction of enemy attack. See also combat air patrol. (JP 3-01) 


barrier, obstacle, and mine warfare plan — A comprehensive, coordinated plan that 
includes responsibilities; general location of unspecified and specific barriers, 
obstacles, and minefields; special instructions; limitations; coordination; and 
completion times; and may designate locations of obstacle zones or belts. (JP 3-15) 


base — 1. A locality from which operations are projected or supported. 2. An area or 
locality containing installations which provide logistics or other support. 3. Home 
airfield or home carrier. See also facility. (JP 4-0) 


base boundary — A line that delineates the surface area of a base for the purpose of 
facilitating coordination and deconfliction of operations between adjacent units, 
formations, or areas. (JP 3-10) 


base cluster —A collection of bases, geographically grouped for mutual protection and ease 
of command and control. (JP 3-10) 


base cluster operations center — A command and control facility that serves as the base 
cluster commander’s focal point for defense and security of the base cluster. Also 
called BCOC. (JP 3-10) 


base defense —The local military measures, both normal and emergency, required to nullify 


or reduce the effectiveness of enemy attacks on, or sabotage of, a base to ensure the 
maximum capacity of its facilities is available to United States forces. (JP 3-10) 
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base defense operations center — A command and control facility established by the base 
commander to serve as the focal point for base security and defense. Also called 
BDOC. (JP 3-10) 


base defense zone — An air defense zone established around an air base and limited to the 
engagement envelope of short-range air defense weapons systems defending that base. 
(JP 3-52) 


base development — The acquisition, development, expansion, improvement, 
construction and/or replacement of the facilities and resources of a location to support 
forces. (JP 3-34) 


baseline costs — The continuing annual costs of military operations funded by the 
operations and maintenance and military personnel appropriations. (JP 3-80) 


base operating support — Directly assisting, maintaining, supplying, and distributing 
support of forces at the operating location. Also called BOS. (JP 4-0) 


base operating support-integrator — The designated Service component or joint task 
force commander assigned to synchronize all sustainment functions for a contingency 
base. Also called BOS-I. (JP 4-0) 


base plan — A type of operation plan that describes the concept of operations, major forces, 
sustainment concept, and anticipated timelines for completing the mission without 
annexes or time-phased force and deployment data. Also called BPLAN. (JP 5-0) 


base support installation — A Department of Defense Service or agency installation 
within the United States and its territories tasked to serve as a base for military forces 
engaged in either homeland defense or conducting defense support of civil authorities. 
Also called BSI. (JP 3-28) 


basic encyclopedia — A compilation of identified installations and physical areas of 
potential significance as objectives for attack. (JP 2-01) 


basic load — The quantity of supplies required to be on hand within, and moved by a unit 
or formation, expressed according to the wartime organization of the unit or formation 
and maintained at the prescribed levels. (JP 4-09) 


battalion landing team — 1. In an amphibious operation, an infantry battalion normally 
reinforced by necessary combat and service elements. 2. The basic unit for planning 
an assault landing. Also called BLT. (JP 3-02) 


battle damage assessment — The estimate of damage composed of physical and 
functional damage assessment, as well as target system assessment, resulting from the 
application of lethal or nonlethal military force. Also called BDA. See also combat 
assessment. (JP 3-0) 
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battle damage repair — Essential repair, which may be improvised, carried out rapidly 
in a hostile environment in order to return damaged or disabled equipment to 
temporary service. (JP 4-09) 


battlefield coordination detachment — An Army liaison located in the air operations center 
that provides selected operational functions between the Army forces and the air 
component commander. Also called BCD. See also air operations center. (JP 3-03) 


battle injury — Damage or harm sustained by personnel during or as a result of battle 
conditions. Also called BI. (JP 4-02) 


battle management — The management of activities within the operational environment based 
on the commands, direction, and guidance given by appropriate authority. (JP 3-01) 


battle rhythm — A deliberate, daily schedule of command, staff, and unit activities intended 
to maximize use of time and synchronize staff actions. (JP 3-33) 


beach — 1. The area extending from the shoreline inland to a marked change in 
physiographic form or material or to the line of permanent vegetation (coastline). 2. 
In amphibious operations, that portion of the shoreline designated for landing of a 
tactical organization. (JP 3-02) 


beachhead — A designated area on a hostile or potentially hostile shore that, when seized 
and held, ensures the continuous landing of troops and materiel and provides 
maneuver space requisite for subsequent projected operations ashore. (JP 3-02) 


beachmaster unit — A commissioned naval unit of the naval beach group designed to 
provide to the shore party a Navy component known as a beach party, which is capable 
of supporting the amphibious landing of one division (reinforced). Also called BMU. 
See also beach party; naval beach group; shore party. (JP 4-01.6) 


beach party — The Navy component of the landing force support party under the tactical 
control of the landing force support party commander. See also beachmaster unit; 
shore party. (JP 3-02) 


beach support area — In amphibious operations, the area to the rear of a landing force, 
or elements thereof, that contains the facilities for the unloading of troops and materiel 
and the support of the forces ashore. Also called BSA. (JP 3-02) 


begin morning civil twilight — The period of time at which the sun is halfway between 
beginning morning and nautical twilight and sunrise, when there is enough light to see 
objects clearly with the unaided eye. (JP 2-01.3) 


begin morning nautical twilight — The start of that period where, in good conditions and 
in the absence of other illumination, the sun is 12 degrees below the eastern horizon 
and enough light is available to identify the general outlines of ground objects and 
conduct limited military operations. (JP 3-09.3) 
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Section VI. EXPONENTS AND RADICALS 


70. General 


Chapter 4 presents exponents and roots con- 
sisting only of whole numbers. However, to use 
exponents and radicals to solve many equations 
and formulas, a knowledge of additional opera- 
tions is required. 


71. Fractional Exponents 


a. General, A fractional exponent is merely 
another way of expressing the root of a number. 
For example, the cube root of x usually is writ- 
ten W/x; however, it also can be written 2!. 
Similarly, \/2 also can be written 2?. 


b. Application. Fractional exponents have a 
practical value in simplifying algebraic prob- 
lems. They follow the same rules as exponents 


that consist of integers, and can be added, sub- 
tracted, multiplied, or divided in the same way; 
thus 
a-a=—at++—al=a,andat:at-at= 
@t+it+tinmwa@—a. 


In other words, a? is one of two equal factors of 
a or the square root of a, and a? is two of three 
equal factors of a or the square cube root of a; 
therefore, a! = \/a and ai = W/a?. 

c. Changing from Radical Form to Exponen- 
tial Form. To change a radical expression to 
exponential form, remove the radical sign and 
annex a fractional exponent to the radicand 
(number under the radical sign). The numera- 
tor of the fractional exponent is the power of 
the radicand, and the denominator is the index 
of the root. 


Example 1: Change ¥/a? to exponential form and simplify. 
1 


Wa? = (a?)4 


Multiplying exponents and simplifying: 


1 2 1 


i 2.41 2 1 
(@)4*=a 4=at= a= Va 


Therefore, w/a? = \/a 
Example 2: Change ¥/8a76 to exponential form and simplify. 


1 1 1 1 
¥/B8azb3 — /23a2b3 — (28a2b3)3 — o° 3g 3 y 3 


d. Changing from Exponential Form to 
Radical Form. To change an expression with a 
fraction exponent to a radical form, make the 
base of the fractional exponent the radicand, 
the numerator of the exponent the power of 
the radicand, and the denominator of the ex- 
ponent the index of the rout. 


Example 1: Change 4? to radical form. 


4} — V4 
Example 2: Change 3? to radical form. 
3? = W/3? = W/9 


Example 3: Change (5ab)? to radical form. 
(5a2b)? = W/(5a2b)? 
= V/25a1b2 
72. Simplification of Radicals 


a. Removing a Factor from the Radicand. 
The form in which a radical expression is writ- 
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ten may be changed without altering its numeri- 
cal value. Sometimes there is a question as to 
what actually is the simplest form for an ex- 
pression. For instance, consider the simplifica- 
tion of an expression such as \/1250: \/1250 = 
\/2.54 = 5%\/2 = 25\/2. The expression 25\/2 
usually is accepted as being simpler than 
\/1250. As a general rule, the fewer the factors 
under the radical sign, the simpler the expres- 
sion. Thus, a radicand may be separated into 
two factors, one of which is the greater power 
whose root can be taken. The root of this factor 
may then be written as the coefficient of a radi- 
cal of which the other factor is the radicand. 


Example 1: Simplify \/50. 
50 = \/25.2 
— \/25. \/2 
=5\/2 
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biological agent — A microorganism (or a toxin derived from it) that causes disease in 
personnel, plants, or animals or causes the deterioration of materiel. See also chemical 
agent. (JP 3-11) 


biological hazard — An organism, or substance derived from an organism, that poses a 
threat to human or animal health. (JP 3-11) 


biometrics — The process of recognizing an individual based on measurable anatomical, 
physiological, and behavioral characteristics. (JP 2-0) 


biometrics-enabled intelligence — The intelligence derived from the processing of 
biologic identity data and other all-source for information concerning persons of 
interest. Also called BEI. (JP 2-0) 


biosurveillance — The process to gather, integrate, interpret, and communicate essential 
information related to all-hazards, threats, or disease activity affecting human, animal, 
or plant health to achieve early detection and warning, contribute to overall situational 
awareness of the health aspects of an incident, and to enable better decision making at 
all levels. (JP 4-02) 


blister agent — A chemical agent that injures the eyes and lungs, and burns or blisters the 
skin. Also called vesicant agent. (JP 3-11) 


blood agent — A chemical compound, including the cyanide group, that affects bodily 
functions by preventing the normal utilization of oxygen by body tissues. (JP 3-11) 


blood chit — A small sheet of material depicting an American flag and a statement in 
several languages to the effect that anyone assisting the bearer to safety will be 
rewarded. See also evasion aid. (JP 3-50) 


board — An organized group of individuals within a headquarters, appointed and tasked 
by the commander (or other authority), that meets with the purpose of gaining 
guidance or decision. (JP 3-33) 


boat group — The basic organization of landing craft. (JP 3-02) 


boat lane — A lane for amphibious assault landing craft, which extends from the line of 
departure to the beach. (JP 3-02) 


boat space — The space and weight factor used in planning for one person with individual 
equipment to determine overall ship-to-shore movement requirements for boats, 
landing craft, and amphibious vehicles. (JP 3-02) 


bona fides — 1. In personnel recovery, the use of verbal or visual communication by 
individuals who are unknown to one another, to establish their authenticity, sincerity, 
honesty, and truthfulness. See also evasion; recovery; recovery operations. (JP 3-50) 
2. The lack of fraud or deceit: a determination that a person is who he/she says he/she is. 
(JP 2-01.2) 
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boost phase — That portion of the flight of a ballistic missile or space vehicle during 
which the booster and sustainer engines operate. See also midcourse phase; terminal 
phase. (JP 3-01) 


bottom mine — A mine with negative buoyancy that remains on the seabed. See also 
mine. (JP 3-15) 


boundary — A line that delineates surface areas for the purpose of facilitating 
coordination and deconfliction of operations between adjacent units, formations, or 
areas. (JP 3-0) 


branch — 1. A subdivision of any organization. 2. A geographically separate unit of an 
activity, which performs all or part of the primary functions of the parent activity on 
a smaller scale. 3. An arm or service of the Army. 4. The contingency options built 
into the base plan used for changing the mission, orientation, or direction of movement 
of a force to aid success of the operation based on anticipated events, opportunities, or 
disruptions caused by enemy actions and reactions. See also sequel. (JP 5-0) 


breakbulk ship — A ship with conventional holds for stowage of breakbulk cargo and a 
limited number of containers, below or above deck, and equipped with cargo-handling 
gear. (JP 4-09) 


brevity code — A code word, which provides no security, that serves the sole purpose of 
shortening of messages rather than the concealment of their content. (JP 3-09.3) 


brigade combat team — A combined arms team that forms the basic building block of 
the Army’s tactical formations. Also called BCT. (JP 3-31) 


broken stowage — The space lost in the holds of a vessel because of the contour of the 
ship, dunnage, ladders, stanchions, and the shape of the cargo. (JP 3-02) 


broken stowage factor — A factor applied to the available space for embarkation, due to 
the loss between boxes, between vehicles, around stanchions, and over cargo, that will 
vary depending on the type and size of vehicles, type and size of general cargo, 
training and experience of loading personnel, type of loading, method of stowage, and 
configuration of compartments. (JP 3-02) 


buddy aid — Acute medical care (first aid) provided by a nonmedical Service member to 
another person. (JP 4-02) 


buffer zone — 1. A defined area controlled by a peace operations force from which 
disputing or belligerent forces have been excluded. Also called area of separation in 
some United Nations operations. Also called BZ. See also line of demarcation; 
peace operations. (JP 3-07.3) 2. A designated area used for safety in military 
operations. (JP 3-01) 


building system — A structure assembled from manufactured components designed to 
provide a specific building configuration. (JP 3-34) 
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bulk cargo — That which is generally shipped in volume where the transportation 
conveyance is the only external container; such as liquids, ore, or grain. (JP 4-01.5) 


bulk petroleum product — A liquid petroleum product transported by various means and 
stored in tanks or containers having an individual fill capacity greater than 208 liters. 


(JP 4-03) 
bulk storage — 1. Storage in a warehouse of supplies and equipment in large quantities, 


usually in original containers, as distinguished from bin storage. 2. Storage of liquids, 
such as petroleum products in tanks, as distinguished from drum or packaged storage. 


(JP 4-03) 
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cache — A source of subsistence and supplies, typically containing items such as food, 
water, medical items, and/or communications equipment, packaged to prevent damage 
from exposure and hidden in isolated locations by such methods as_ burial, 
concealment, and/or submersion, to support isolated personnel. See also evader; 
evasion; recovery; recovery operations. (JP 3-50) 


call sign — Any combination of characters or pronounceable words, which identifies a 
communication facility, a command, an authority, an activity, or a unit; used primarily 
for establishing and maintaining communications. Also called CS. (JP 3-50) 


campaign — A series of related operations aimed at achieving strategic and operational 
objectives within a given time and space. See also campaign plan. (JP 5-0) 


campaign plan — A joint operation plan for a series of related major operations aimed at 
achieving strategic or operational objectives within a given time and space. See also 
campaign. (JP 5-0) 


canalize — To restrict operations to a narrow zone by use of existing or reinforcing 
obstacles or by fire or bombing. (JP 3-15) 


candidate target list — A list of entities submitted by component commanders, appropriate 
agencies, or the joint force commander’s staff for further development and inclusion on 
the joint target list, restricted target list, or the no-strike list. Also called CTL. See also 
joint integrated prioritized target list; target; target nomination list. (JP 3-60) 


capstone joint publication — The top joint publication in the hierarchy of joint publications 
that links joint doctrine to national strategy and the contributions of other United States 
Government departments and agencies, multinational partners, and reinforces policy for 
command and control. See also joint publication; keystone joint publications. 
(CJCSM 5120.01) 


cargo increment number — A seven-character alphanumeric field that uniquely describes 
a non-unit-cargo entry (line) in the Joint Operation Planning and Execution System 
time-phased force and deployment data. (JP 3-35) 


carrier air wing — Two or more aircraft squadrons formed under one commander for 
administrative and tactical control of operations from a carrier. Also called CVW. 
(JP 3-32) 


carrier control zone — The airspace within a circular limit defined by 5 miles horizontal 
radius from the carrier, extending upward from the surface to and including 2,500 feet 
unless otherwise designated for special operations, and is under the cognizance of the 
air officer during visual meteorological conditions. (JP 3-52) 


carrier strike group — A standing naval task group consisting of a carrier, embarked air 
wing, surface combatants, and submarines as assigned in direct support, operating in 
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mutual support with the task of destroying hostile submarine, surface, and air forces 
within the group’s assigned operational area and striking at targets along hostile shore 
lines or projecting power inland. Also called CSG. (JP 3-32) 


case fatality rate — As it applies to trauma, a calculation used to measure the lethality of 
combat operations for those who are wounded, which compares the number of 
personnel killed in action and died of wounds to those wounded in action. (JP 4-02) 


case officer — A professional employee of an intelligence or counterintelligence 
organization, who provides directions for an agent operation and/or handling 
intelligence assets. (JP 2-01.2) 


casualty — Any person who is lost to the organization by having been declared dead, duty 
status — whereabouts unknown, missing, ill, or injured. (JP 4-02) 


casualty evacuation — The unregulated movement of casualties that can include 
movement both to and between medical treatment facilities. Also called CASEVAC. 
See also casualty; evacuation; medical treatment facility. (JP 4-02) 


casualty rate — The number of casualties per 1,000 population at risk. (DODI 8620.04) 


casualty receiving and treatment ship — In amphibious operations, a ship designated to 
receive, provide treatment for, and transfer casualties. Also called CRTS. (JP 3-02) 


catastrophic event — Any natural or man-made incident, including terrorism, which 
results in extraordinary levels of mass casualties, damage, or disruption severely 
affecting the population, infrastructure, environment, economy, national morale, 
and/or government functions. (JP 3-28) 


causeway — A craft similar in design to a barge, but longer and narrower, designed to 
assist in the discharge and transport of cargo from vessels. (JP 4-01.6) 


causeway launching area — An area located near the line of departure but clear of the 
approach lanes to an area located in the inner transport area. (JP 3-02) 


C-day — The unnamed day on which a deployment operation commences or is to 
commence. (JP 5-0) 


cell — A subordinate organization formed around a specific process, capability, or activity 
within a designated larger organization of a headquarters. (JP 3-33) 


center — An enduring, functional organization, with a supporting staff, designed to 
perform a joint function within a headquarters. (JP 3-33) 


center of gravity — The source of power that provides moral or physical strength, freedom 
of action, or will to act. Also called COG. See also decisive point. (JP 5-0) 
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central control officer — The officer, embarked in the central control ship, designated by 
the amphibious task force commander for the overall coordination of the waterborne 
ship-to-shore movement. Also called CCO. (JP 3-02) 


centralized control — 1. In air defense, the control mode whereby a higher echelon makes 
direct target assignments to fire units. (JP 3-01) 2. In joint air operations, placing 
within one commander the responsibility and authority for planning, directing, and 
coordinating a military operation or group/category of operations. See also 
decentralized control. (JP 3-30) 


chaff — Radar confusion reflectors, consisting of thin, narrow metallic strips of various 
lengths and frequency responses, which are used to reflect echoes for confusion 
purposes. (JP 3-85) 


chain of command — The succession of commanding officers from a superior to a 
subordinate through which command is exercised. Also called command channel. (JP 
1) 


Chairman of the Joint Chiefs of Staff instruction — A document containing Chairman of 
the Joint Chiefs of Staff policy that does not involve the employment of forces and is 
applicable to the Joint Staff, Services, National Guard Bureau, defense agencies, and 
combatant commands and may be informational to other agencies. Also called CJCSI. 
See also Chairman of the Joint Chiefs of Staff manual. (CJCSM 5120.01) 


Chairman of the Joint Chiefs of Staff manual — A document containing procedures for 
performing specific tasks that do not involve the employment of forces and is applicable to 
the Joint Staff, Services, National Guard Bureau, defense agencies, and combatant 
commands and may be informational to other agencies. Also called CJCSM. See also 
Chairman of the Joint Chiefs of Staff instruction. (CJCSM 5120.01) 


chalk number — The number given to a complete aircraft load and to the transporting 
carrier. (JP 3-36) 


change detection — An image enhancement technique that compares two images of the 
same area from different time periods and eliminates identical picture elements in 
order to leave the signatures that have undergone change. (JP 2-03) 


channel airlift — Airlift provided for movement of sustainment cargo, scheduled either 
regularly or depending upon volume of workload, between designated ports of 
embarkation and ports of debarkation over validated contingency or distribution 
routes. (JP 3-36) 


chemical agent — A chemical substance that is intended for use in military operations to 


kill, seriously injure, or incapacitate mainly through its physiological effects. See also 
chemical warfare; riot control agent. (JP 3-11) 
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chemical, biological, radiological, and nuclear defense — Measures taken to minimize 
or negate the vulnerabilities to, and/or effects of, a chemical, biological, radiological, 
or nuclear hazard or incident. Also called CBRN defense. (JP 3-11) 


chemical, biological, radiological, and nuclear environment — An _ operational 
environment that includes chemical, biological, radiological, and nuclear threats and 
hazards and their potential resulting effects. Also called CBRN environment. (JP 3-11) 


chemical, biological, radiological, and nuclear hazard — Chemical, biological, 
radiological, and nuclear elements that could create adverse effects due to an accidental 
or deliberate release and dissemination. Also called CBRN hazard. (JP 3-11) 


chemical, biological, radiological, and nuclear response — In countering weapons of mass 
destruction, the activities to attribute responsibility for an event, minimize effects, sustain 
operations, and support follow on actions. Also called CBRN response. (JP 3-40) 


chemical, biological, radiological, or nuclear incident — Any occurrence, resulting from 
the use of chemical, biological, radiological, and nuclear weapons and devices; the 
emergence of secondary hazards arising from friendly actions; or the release of toxic 
industrial materials or biological organisms and substances into the environment, 
involving the emergence of chemical, biological, radiological, and nuclear hazards. 
(JP 3-11) 


chemical hazard — Any chemical manufactured, used, transported, or stored that can 
cause death or other harm through toxic properties of those materials, including 
chemical agents and chemical weapons prohibited under the Chemical Weapons 
Convention as well as toxic industrial chemicals. (JP 3-11) 


chemical warfare — All aspects of military operations involving the employment of lethal 
and incapacitating chemical munitions/agents and the warning and protective 
measures associated with such offensive operations. Also called CW. See also 
chemical agent; chemical weapon; riot control agent. (JP 3-11) 


chemical weapon — Together or separately, (a) a toxic chemical and its precursors, except 
when intended for a purpose not prohibited under the Chemical Weapons Convention; 
(b) a munition or device, specifically designed to cause death or other harm through 
toxic properties of those chemicals specified in (a), above, which would be released 
as a result of the employment of such munition or device; (c) any equipment 
specifically designed for use directly in connection with the employment of munitions 
or devices specified in (b), above. See also chemical agent; chemical warfare; riot 
control agent. (JP 3-11) 


chief of fires — The senior organic fires Army staff officer at division and higher 
headquarters level who advises the commander on the best use of available fire support 
resources, provides input to necessary orders, and develops and implements the fire 
support plan. (JP 3-09) 
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chief of mission — The principal officer in charge of a diplomatic facility of the United 
States, including any individual temporarily assigned to be in charge of such a facility. 
Also called COM. (JP 3-08) 


chief of staff — The senior or principal member or head of a staff who acts as the controlling 
member of a staff for purposes of the coordination of its work or to exercise command 
in another’s name. Also called COS. (JP 3-33) 


civil administration — An administration established by a foreign government in friendly 
territory, under an agreement with the government of the area concerned, to exercise 
certain authority normally the function of the local government or in hostile territory, 
occupied by United States forces, where a foreign government exercises executive, 
legislative, and judicial authority until an indigenous civil government can be established. 
(JP 3-05) 


civil affairs — Designated Active Component and Reserve Component forces and units 
organized, trained, and equipped specifically to conduct civil affairs operations and to 
support civil-military operations. Also called CA. See also civil-military operations. 
(JP 3-57) 


civil affairs operations — Actions planned, coordinated, executed, and assessed to enhance 
awareness of, and manage the interaction with, the civil component of the operational 
environment; identify and mitigate underlying causes of instability within civil society; 
and/or involve the application of functional specialty skills normally the responsibility 
of civil government. Also called CAO. (JP 3-57) 


civil augmentation program — Standing, long-term external support contracts designed to 
augment Service logistics capabilities with contracted support in both preplanned and 
short-notice contingencies. Also called CAP. See also contingency; external support 
contract. (JP 4-10) 


civil authorities — Those elected and appointed officers and employees who constitute the 
government of the United States, the governments of the 50 states, the District of 
Columbia, the Commonwealth of Puerto Rico, the United States Virgin Islands, Guam, 
insular areas, and political subdivisions thereof. (JP 3-28) 


civil authority information support — The use of military information support operations 
capabilities to conduct public information dissemination activities to support national 
security or disaster relief operations within the United States and its territories in support 
of a lead federal agency. Also called CAIS. (JP 3-13.2) 


civil emergency — Any occasion or instance for which, in the determination of the 
President, federal assistance is needed to supplement state and local efforts and 
capabilities to save lives and to protect property and public health and safety or to lessen 
or avert the threat of a catastrophe in any part of the United States. (JP 3-28) 
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civil information — Relevant data relating to the civil areas, structures, capabilities, 
organizations, people, and events of the civil component of the operational environment 
used to support the situational awareness of the supported commander. (JP 3-57) 


civil information management — Process whereby data relating to the civil component 
of the operational environment is gathered, collated, processed, analyzed, produced 
into information products, and disseminated. Also called CIM. (JP 3-57) 


civil-military medicine — A discipline within operational medicine comprising public 
health and medical issues that involve a civil-military interface (foreign or domestic), 
including medical defense support of civil authorities, medical elements of security 
cooperation activities, and medical civil-military operations. (JP 4-02) 


civil-military operations — Activities of a commander performed by designated military 
forces that establish, maintain, influence, or exploit relations between military forces and 
indigenous populations and institutions by directly supporting the achievement of 
objectives relating to the reestablishment or maintenance of stability within a region or 
host nation. Also called CMO. See also civil affairs; operation. (JP 3-57) 


civil-military operations center — An organization, normally comprised of civil affairs, 
established to plan and facilitate coordination of activities of the Armed Forces of the 
United States within indigenous populations and institutions, the private sector, 
international organizations, nongovernmental organizations, multinational forces, and 
other governmental agencies in support of the commander. Also called CMOC. See 
also civil-military operations; operation. (JP 3-57) 


civil-military team — A temporary organization of civilian and military personnel task- 
organized to provide an optimal mix of capabilities and expertise to accomplish 
specific operational and planning tasks. (JP 3-57) 


civil reconnaissance — A targeted, planned, and coordinated observation and evaluation 
of specific civil aspects of the environment such as areas, structures, capabilities, 
organizations, people, or events. Also called CR. (JP 3-57) 


Civil Reserve Air Fleet — A program in which the Department of Defense contracts for 
the services of specific aircraft, owned by a United States entity or citizen, during 
national emergencies and defense-oriented situations when expanded civil 
augmentation of military airlift activity is required. Also called CRAF. See also 
reserve. (JP 3-36) 


civil search and rescue — Search and/or rescue operations and associated civilian services 
provided to assist persons in potential or actual distress and protect property in a 
nonhostile environment. Also called civil SAR. (JP 3-50) 


clandestine — Any activity or operation sponsored or conducted by governmental 
departments or agencies with the intent to assure secrecy and concealment. (JP 2-01.2) 
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clandestine operation — An operation sponsored or conducted by governmental 
departments or agencies in such a way as to assure secrecy or concealment. See also 
covert operation; overt operation. (JP 3-05) 


classes of supply — The ten categories into which supplies are grouped to facilitate supply 
management and planning. I. Rations and gratuitous issue of health, morale, and 
welfare items. II. Clothing, individual equipment, tentage, tool sets, and 
administrative and housekeeping supplies and equipment. III. Petroleum, oils, and 
lubricants. IV. Construction materials. V. Ammunition. VI. Personal demand items. 
VII. Major end items, including tanks, helicopters, and radios. VII. Medical. IX. 
Repair parts and components for equipment maintenance. X. Nonstandard items to 
support nonmilitary programs such as agriculture and economic development. See 
also petroleum, oils, and lubricants. (JP 4-09) 


classification — The determination that official information requires, in the interests of 
national security, a specific degree of protection against unauthorized disclosure, coupled 
with a designation signifying that such a determination has been made. (JP 2-01.2) 


classified information — Official information that has been determined to require, in the 
interests of national security, protection against unauthorized disclosure and which has 
been so designated. (JP 2-01.2) 


clearance capacity — An estimate expressed in agreed upon units of cargo measurement 
per day of the cargo or people that may be transported inland from a beach or port 
over the available means of inland communication, including roads, railroads, airlift, 
and inland waterways. See also throughput capacity. (JP 4-01.5) 


clearance decontamination — The final level of decontamination that provides the 
decontamination of equipment and personnel to a level that allows unrestricted 
transportation, maintenance, employment, and disposal. (JP 3-11) 


clearing operation — An operation designed to clear or neutralize all mines and obstacles 
from a route or area. (JP 3-15) 


climate change — Variations in average weather conditions that persist over multiple 
decades or longer that encompass increases and decreases in temperature, shifts in 
precipitation, and changing risk of certain types of severe weather events. 
(DODD 4715.21) 


close air support — Air action by aircraft against hostile targets that are in close proximity 
to friendly forces and that require detailed integration of each air mission with the fire 
and movement of those forces. Also called CAS. See also air interdiction. (JP 3-09.3) 


close-range ballistic missile — A land-based ballistic missile with a range capability up 
to 300 nautical miles. (JP 3-01) 


close support — The action of the supporting force against targets or objectives that are 
sufficiently near the supported force as to require detailed integration or coordination 
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Example 2: Simplify ¥/82a76®. 
1 
¥/32a7bs = (25a7b8)4 


=ea = = = 


= 2424a4a4b4 
= 2a WY 2a°b3 


b. Rationalizing Denominator. Rationalizing 
a denominator containing a radical means to 
eliminate the radical in the denominator. For 


example, to rationalize the expression—==, first 


w/2 
change the denominator into an expression 
having a fractional exponent; thus, ate = 1 : 

ya 8 


then multiply the denominator by a number 
that will make its exponent equal to 1. This 
operation eliminates the radical sign below the 
line. In this case, 2! is such a factor; thus 
2) - 23 — 2! — 2. Such multiplication can be per- 
formed without changing the value of the frac- 
tion if the numerator also is multiplied by the 
1,2 2 a 
2: 23 


“™ Q3+4 —~ Q° 
Finally, changing the numerator into radical 
3/O Ww 
a as 
denominator, multiply both the numerator and 
the denominator by a number that will make the 
exponent in the denominator equal to 1; then 
simplify the radicand in the numerator. The 
examples below illustrate the method of ration- 
alizing a few different types of denominators. 


same number; thus 


form, Therefore, to rationalize a 


Example 1: Rationalize 


3 
5 5 
1 1 37 3? 7/35 
eo a a 
37 37 37 
: . 1 
Example 2: Rationalize —, 
p VB 
First simplify \/8. 
V8 = VF-2=W2 =2 - 23 
1 1 23 V2 
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Example 3: Rationalize Jt 
Here the square root in the de- 
nominator is being multiplied by 
itself, making the number a per- 
fect square. 


ee OI AO Ri 
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c. Practical Application. The processes of 
the simplication of radicals and rationalization 
of denominators are useful when computing 
decimals. It is necessary to know, however, 
that \/2 = 1.414, \/3 = 1.782, etc. For example, 


consider the problem of evaluating —) One way 


V2 
of evaluating this problem is to divide 1 by 
1.414. This evaluation is a long-division problem 


of some length, however. A much more simple 


way is to rationalize—thus = = V2 and 
V2 2 


dividing 1.414 by 2 gives the result, 0.707. 


73. Addition and Subtraction of Radicals 


As discussed in paragraph 27b, terms that 
are alike in all respects, except for their co- 
efficients, are called similar terms. Similarly, 
radicals that have the same index and the same 
radicand and differ only in their coefficients are 
called similar radicals. For example, —5\/3, 
2\/3, and \/8 are similar radicals. Similar 
radicals may be added or subtracted in the same 
way that similar terms are added and sub- 
tracted. However, if the radicands are not alike 
and cannot be reduced to a common radicand, 
they are dissimilar and addition and subtrac- 
tion can only be indicated; thus to add or sub- 
tract radicals, reduce them to their simplest 
form, then combine similar radicals, and indi- 
cate the addition or subtraction of dissimilar 
radicals. 
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of the supporting action. See also direct support; general support; mutual support; 
support. (JP 3-31) 


close support area — Those parts of the ocean operating areas nearest to, but not 
necessarily in, the objective area. (JP 3-02) 


closure — In transportation, the process of a unit’s arriving at a specified location. 
(JP 4-01.5) 


code word — 1. A word that has been assigned a classification and a classified meaning 
to safeguard intentions and information regarding a classified plan or operation. 2. A 
cryptonym used to identify sensitive intelligence data. (JP 3-50) 


collateral damage — A form of collateral effect that causes unintentional or incidental injury 
or damage to persons or objects that would not be lawful military targets in the 
circumstances ruling at the time. (JP 3-60) 


collateral effect — Unintentional or incidental effect to objects that would not be lawful 
military targets in the circumstances ruling at the time. (JP 3-60) 


collection — In intelligence usage, the acquisition of information and the provision of this 
information to processing elements. See also intelligence process. (JP 2-01) 


collection agency — Any individual, organization, or unit that has access to sources of 
information and the capability of collecting information from them. See also agency. 
(JP 2-01) 


collection asset — A collection system, platform, or capability that is supporting, assigned, 
or attached to a particular commander. See also collection. (JP 2-01) 


collection management — In intelligence usage, the process of converting intelligence 
requirements into collection requirements, establishing priorities, tasking or 
coordinating with appropriate collection sources or agencies, monitoring results, and 
retasking, as required. See also collection; collection requirement; collection 
requirements management; intelligence; intelligence process. (JP 2-0) 


collection manager — An individual with responsibility for the timely and efficient 
tasking of organic collection resources and the development of requirements for 
theater and national assets that could satisfy specific information needs in support of 
the mission. Also called CM. See also collection. (JP 2-01) 


collection operations management — The authoritative direction, scheduling, and 
control of specific collection operations and associated processing, exploitation, and 
reporting resources. Also called COM. See also collection management; collection 
requirements management. (JP 2-0) 


collection plan — A systematic scheme to optimize the employment of all available 
collection capabilities and associated processing, exploitation, and dissemination 
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resources to satisfy specific information requirements. See also information 
requirements; intelligence process. (JP 2-0) 


collection planning — A continuous process that coordinates and integrates the efforts of 
all collection units and agencies. See also collection. (JP 2-0) 


collection posture — The current status of collection assets and resources to satisfy 
identified information requirements. (JP 2-0) 


collection requirement — A valid need to close a specific gap in intelligence holdings in 
direct response to a request for information. (JP 2-0) 


collection requirements management — The authoritative development and control of 
collection, processing, exploitation, and/or reporting requirements that normally result 
in either the direct tasking of requirements to units over which the commander has 
authority, or the generation of tasking requests to collection management authorities 
at a higher, lower, or lateral echelon to accomplish the collection mission. Also called 
CRM. _ See also collection; collection management; collection operations 
management. (JP 2-0) 


collection requirements matrix — A worksheet that compiles collection requirements to 
inform the initial integrated collection planning efforts and links priority intelligence 
requirements, their associated essential elements of information, and related indicators 
to supporting specific information requirements. Also called CRMx. (JP 2-01) 


collection resource — A collection system, platform, or capability that is not supporting, 
assigned, or attached to a specific unit or echelon which must be requested and 
coordinated through the chain of command. See also collection management. (JP 2-01) 


collection strategy — An analytical approach used by collection managers to determine which 
intelligence disciplines can be applied to satisfy information requirements. (JP 2-0) 


collective protection — The protection provided to a group of individuals that permits 
relaxation of individual chemical, biological, radiological, and nuclear protection. 
Also called COLPRO. (JP 3-11) 


colored beach — That portion of usable coastline sufficient for the assault landing of a 
regimental landing team or similar-sized unit. See also numbered beach. (JP 3-02) 


combat air patrol — An aircraft patrol provided over an objective area, the force 
protected, the critical area of a combat zone, or in an air defense area, for the purpose 
of intercepting and destroying hostile aircraft before they reach their targets. Also 
called CAP. See also airborne alert; barrier combat air patrol; rescue combat air 
patrol. (JP 3-01) 


combat and operational stress — The expected and predictable emotional, intellectual, 


physical, and/or behavioral reactions of an individual who has been exposed to 
stressful events in military operations. (JP 4-02) 
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combat and operational stress control — Programs developed and actions taken by 
military leadership to prevent, identify, and manage adverse combat and operational 
stress reactions in units; optimize mission performance; conserve fighting strength; 
prevent or minimize adverse effects of combat and operational stress on members’ 
physical, psychological, intellectual, and social health; and to return the unit or Service 
member to duty expeditiously. Also called COSC. (JP 4-02) 


combatant command — A unified or specified command with a broad continuing mission 
under a single commander established and so designated by the President, through the 
Secretary of Defense and with the advice and assistance of the Chairman of the Joint 
Chiefs of Staff. Also called CCMD. See also specified combatant command; 
unified command. (JP 1) 


combatant command chaplain — The senior chaplain assigned to the staff of, or 
designated by, the combatant commander to provide advice on religion, ethical, and 
moral issues and morale of assigned personnel and to coordinate religious ministries 
within the combatant commander’s area of responsibility. (JP 3-0) 


combatant command (command authority) — Nontransferable command authority, 
which cannot be delegated, of a combatant commander to perform those functions of 
command over assigned forces involving organizing and employing commands and 
forces; assigning tasks; designating objectives; and giving authoritative direction over all 
aspects of military operations, joint training, and logistics necessary to accomplish the 
missions assigned to the command. Also called COCOM. See also combatant 
command; combatant commander; operational control; tactical control. (JP 1) 


combatant commander — A commander of one of the unified or specified combatant 
commands established by the President. Also called CCDR. See also combatant 
command; specified combatant command; unified command. (JP 3-0) 


combatant commander logistics procurement support board — A _ combatant 
commander-level joint board established to ensure contracting support and other 
sources of support are properly synchronized across the entire area of responsibility. 
Also called CLPSB. See also joint requirements review board; joint contracting 
support board. (JP 4-10) 


combatant command support agent — The Secretary of a Military Department to whom 
the Secretary of Defense or the Deputy Secretary of Defense has assigned 
administrative and logistical support of the headquarters of a combatant command, 
United States Element, North American Aerospace Defense Command, or subordinate 
unified command. The nature and scope of the combatant command support agent 
responsibilities, functions, and authorities shall be prescribed at the time of assignment 
or in keeping with existing agreements and practices, and they shall remain in effect 
until the Secretary of Defense or the Deputy Secretary of Defense revokes, supersedes, 
or modifies them. (DODD 5100.03) 
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combat assessment — The determination of the overall effectiveness of force employment 
during military operations. Also called CA. See also battle damage assessment; 
munitions effectiveness assessment; reattack recommendation. (JP 3-60) 


combat camera — Specially-trained expeditionary forces from Service-designated units 
capable of providing high-quality directed visual information during military 
operations. Also called COMCAM. See also visual information. (JP 3-61) 


combat cargo officer — A Marine Corps embarkation/mobility officer permanently assigned 
to amphibious warfare ships or naval staffs as an adviser to, and representative of, the 
naval commander in matters pertaining to embarkation and debarkation of troops and their 
supplies and equipment. See also embarkation officer. (JP 3-02) 


combat engineering — Engineering capabilities and activities that directly support the 
maneuver of land combat forces that require close and integrated support. (JP 3-34) 


combat identification — The process of attaining an accurate characterization of detected 
objects in the operational environment sufficient to support an engagement decision. 
Also called CID. (JP 3-09) 


combat information — Unevaluated data, gathered by or provided directly to the tactical 
commander which, due to its highly perishable nature or the criticality of the situation, 
cannot be processed into tactical intelligence in time to satisfy the user’s tactical 
intelligence requirements. (JP 2-01) 


combating terrorism —Actions, including antiterrorism and counterterrorism, taken to 
oppose terrorism throughout the competition continuum. Also called CbT. See also 
antiterrorism; counterterrorism. (JP 3-26) 


combat lifesaver — Nonmedical Department of Defense person who has received additional 
trauma training and equipment, providing enhanced medical treatment beyond self- 
aid/buddy aid. (JP 4-02) 


combat loading — The arrangement of personnel and the stowage of equipment and 
supplies in a manner designed to conform to the anticipated tactical operation of the 
organization embarked. (JP 3-02) 


combat organizational loading — A method of loading by which a unit with its equipment 
and initial supplies is loaded into a single ship, together with other units, in such a 
manner as to be available for unloading in a predetermined order. (JP 3-02) 


combat power — The total means of destructive and/or disruptive force that a military 
unit/formation can apply against the opponent at a given time. (JP 3-0) 


combat search and rescue — The tactics, techniques, and procedures performed by forces 


to effect the recovery of isolated personnel during combat. Also called CSAR. See also 
search and rescue. (JP 3-50) 
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combat service support — The essential capabilities, functions, activities, and tasks 
necessary to sustain all elements of all operating forces in theater at all levels of warfare. 
Also called CSS. See also combat support. (JP 4-0) 


combat service support area — An area ashore that is organized to contain the necessary 
supplies, equipment, installations, and elements to provide the landing force with 
combat service support throughout the operation. Also called CSSA. (JP 3-02) 


combat spread loading — A method of combat loading by which some of the troops, 
equipment, and initial supplies of a unit are loaded in one ship and the remainder are 
loaded in one or more others. (JP 3-02) 


combat support — Fire support and operational assistance provided to combat elements. 
Also called CS. See also combat service support. (JP 4-0) 


combat support agency — A Department of Defense agency so designated by Congress or 
the Secretary of Defense that supports military combat operations. Also called CSA. 
(JP 5-0) 


combat surveillance — A continuous, all-weather, day-and-night, systematic watch over the 
battle area in order to provide timely information for tactical combat operations. (JP 3-01) 


combat unit loading — A method of loading by which all or a part of a combat unit, such 
as an assault battalion landing team, is completely loaded in a single ship, with essential 
combat equipment and supplies, in such a manner as to be immediately available to 
support the tactical plan upon debarkation and to provide a maximum of flexibility to 
meet possible changes in the tactical plan. (JP 3-02) 


combined — A term identifying two or more forces or agencies of two or more allies 
operating together. See also joint. (JP 3-16) 


combined arms team — The full integration and application of two or more arms or 
elements of one Service into an operation. (JP 3-18) 


command — 1. The authority that a commander in the armed forces lawfully exercises over 
subordinates by virtue of rank or assignment. 2. An order given by a commander; that is, 
the will of the commander expressed for the purpose of bringing about a particular action. 
3. A unit or units, an organization, or an area under the command of one individual. See 
also combatant command; combatant command (command authority). (JP 1) 


command and control — The exercise of authority and direction by a properly designated 
commander over assigned and attached forces in the accomplishment of the mission. 
Also called C2. (JP 1) 


command and control system — The facilities, equipment, communications, procedures, 


and personnel essential for a commander to plan, direct, and control operations of forces 
pursuant to the missions assigned. (JP 6-0) 
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command chaplain — The senior chaplain assigned to or designated by a commander of a 
staff, command, or unit. (JP 3-0) 


commander, amphibious task force — The Navy officer designated in the initiating directive 
as the commander of the amphibious task force. Also called CATF. See also 
amphibious operation; amphibious task force; commander, landing force. (JP 3-02) 


commander, landing force — The officer designated in the initiating directive as the 
commander of the landing force for an amphibious operation. Also called CLF. See 
also amphibious operation; commander, amphibious task force; landing force. 
(JP 3-02) 


commander’s communication synchronization — A process to coordinate and 
synchronize narratives, themes, messages, images, operations, and actions to ensure 
their integrity and consistency to the lowest tactical level across all relevant 
communication activities. Also called CCS. (JP 3-61) 


commander’s critical information requirement — An information requirement identified 
by the commander as being critical to facilitating timely decision making. Also called 
CCIR. See also information requirements; intelligence; priority intelligence 
requirement. (JP 3-0) 


commander’s estimate — The commander’s initial assessment in which options are 
provided in a concise statement that defines who, what, when, where, why, and how the 
course of action will be implemented. (JP 5-0) 


commander’s intent — A clear and concise expression of the purpose of the operation and 
the desired military end state that supports mission command, provides focus to the staff, 
and helps subordinate and supporting commanders act to achieve the commander’s 
desired results without further orders, even when the operation does not unfold as 
planned. See also assessment; end state. (JP 3-0) 


commander’s required delivery date — The original date relative to C-day, specified by 
the combatant commander for arrival of forces or cargo at the destination; shown in the 
time-phased force and deployment data to assess the impact of later arrival. (JP 5-0) 


command information — Communication by a military organization directed to the 
internal audience that creates an awareness of the organization’s goals, informs them of 
significant developments affecting them and the organization, increases their 
effectiveness as ambassadors of the organization, and keeps them informed about what 
is going on in the organization. Also called internal information. See also command; 
public affairs. (JP 3-61) 


commanding officer of troops — On a ship that has embarked units, a designated 
officer (usually the senior embarking unit commander) who is responsible for the 
administration, discipline, and training of all embarked units. Also called COT. 
(JP 3-02) 
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command net — A communications network that connects an echelon of command 
with some or all of its subordinate echelons for the purpose of command and 
control. (JP 3-09.3) 


command relationships — The interrelated responsibilities between commanders, as well 
as the operational authority exercised by commanders in the chain of command; defined 
further as combatant command (command authority), operational control, tactical 
control, or support. See also chain of command; combatant command (command 
authority); command; operational control; support; tactical control. (JP 1) 


command-sponsored dependent — A dependent entitled to travel to overseas commands 
at government expense and endorsed by the appropriate military commander to be 
present in a dependent’s status. (JP 3-68) 


commit — The process of assigning one or more aircraft or surface-to-air missile units to 
prepare to engage an entity, prior to authorizing such engagement. (JP 3-01) 


commodity loading —A method of loading in which various types of cargoes are loaded 
together, such as ammunition, rations, or boxed vehicles, in order that each commodity 
can be discharged without disturbing the others. See also combat loading. (JP 3-02) 


commonality — A quality that applies to materiel or systems: (1) possessing like and 
interchangeable characteristics enabling each to be utilized, or operated and maintained, 
by personnel trained on the others without additional specialized training; (2) having 
interchangeable repair parts and/or components; and (3) applies to consumable items 
interchangeably equivalent without adjustment. (JP 6-0) 


common item — 1. Any item of materiel that is required for use by more than one activity. 
2. A term loosely used to denote any consumable item except repair parts or other 
technical items. 3. Any item of materiel that is procured for, owned by (Service stock), 
or used by any Military Department of the Department of Defense and is also required 
to be furnished to a recipient country under the grant-aid Military Assistance Program. 
4. Readily available commercial items. 5. Items used by two or more Military Services 
of similar manufacture or fabrication that may vary between the Services as to color or 
shape (as vehicles or clothing). 6. Any part or component that is required in the 
assembly of two or more complete end-items. (JP 4-01.5) 


common operational picture — A single identical display of relevant information shared 
by more than one command that facilitates collaborative planning and assists all 
echelons to achieve situational awareness. Also called COP. (JP 3-0) 


common servicing — Functions performed by one Service in support of another for which 
reimbursement is not required. (JP 3-34) 


common tactical picture — An accurate and complete display of relevant tactical data that 


integrates tactical information from the multi-tactical data link network, ground 
network, intelligence network, and sensor networks. Also called CTP. (JP 3-01) 
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common use — Services, materiel, or facilities provided by a Department of Defense agency 
or a Military Department on a common basis for two or more Department of Defense 
agencies, elements, or other organizations as directed. (JP 4-01.5) 


common-user airlift service — The common-user transportation service provided by air 
mobility forces. (JP 3-36) 


common-user item — An item of an interchangeable nature that is in common use by two 
or more nations or Services of a nation. (JP 4-0) 


common-user land transportation — Point-to-point land transportation service operated 
by a single Service for common use by two or more Services. Also called CULT. 
(JP 4-01.5) 


common-user logistics — Materiel or service support shared with or provided by two 
or more Services, Department of Defense agencies, or multinational partners to 
another Service, Department of Defense agency, non-Department of Defense 
agency, and/or multinational partner in an operation. Also called CUL. See also 
common use. (JP 4-09) 


common-user ocean terminal — A military installation, part of a military installation, or a 
commercial facility operated under contract or arrangement by the Military Surface 
Deployment and Distribution Command that regularly provides for two or more 
Services terminal functions of receipt, transit storage or staging, processing, and loading 
and unloading of passengers or cargo aboard ships. (JP 3-36) 


common-user sealift — The common-user transportation services provided by the Military 
Sealift Command. See also Military Sealift Command; transportation component 
command. (JP 3-36) 


common-user transportation — Transportation and transportation services available to two 
or more Department of Defense components and, as authorized, non-Department of 
Defense organizations, at the same time. See also common use. (JP 3-36) 


communications intelligence — Technical information and intelligence derived from 
foreign communications by other than the intended recipients. Also called COMINT. 
(JP 2-0) 


communications network — An organization of stations capable of intercommunications, 
but not necessarily on the same channel. Also called COMNET. (JP 6-0) 


communications security — Actions designed to deny unauthorized persons 
information of value by safeguarding access to, or observation of, equipment, 
material, and documents with regard to the possession and study of 
telecommunications or to purposely mislead unauthorized persons in their 
interpretation of the results of such possession and study. Also called COMSEC. 
(JP 6-0) 


43 


Terms and Definitions 


communications security material — All documents, devices, equipment, apparatus, and 
cryptomaterial used in establishing or maintaining secure communications. (JP 4-01.6) 


community engagement — Public affairs activities that support the relationship between 
military and civilian communities. (JP 3-61) 


competing observable — Within military deception, any observable that contradicts the 
deception story, casts doubt on, or diminishes the impact of one or more required or 
supporting observables. (JP 3-13.4) 


completeness —The plan review criterion for assessing whether operation plans incorporate 
major operations and tasks to be accomplished and to what degree they include forces 
required, deployment concept, employment concept, sustainment concept, time estimates 
for achieving objectives, description of the military end state, mission success criteria, 
and mission transition criteria. (JP 5-0) 


complex catastrophe — Any natural or man-made incident, including cyberspace attack, 
power grid failure, and terrorism, which results in cascading failures of multiple, 
interdependent, critical, life-sustaining infrastructure sectors and caused extraordinary 
levels of mass casualties, damage, or disruption severely affecting the population, 
environment, economy, public health, national morale, response efforts, and/or 
government functions. (JP 3-28) 


component — 1. One of the subordinate organizations that constitute a joint force. (JP 1) 
2. In logistics, a part or combination of parts having a specific function, which can be 
installed or replaced only as an entity. See also functional component command; 
Service component command. (JP 4-0) 


component-owned container — A 20- or 40-foot International Organization for 
Standardization container procured and owned by a single Department of Defense 
component. Also called Service-unique container. (JP 4-09) 


composite warfare commander — An officer to whom the officer in tactical command 
of a naval task organization may delegate authority to conduct some or all of the 
offensive and defensive functions of the force. Also called CWC. (JP 3-32) 


compromise — The known or suspected exposure of clandestine personnel, installations, 
or other assets or of classified information or material, to an unauthorized person. 
(JP 2-01.2) 


concept of intelligence operations — Within the Department of Defense, a verbal or 
graphic statement, in broad outline, of an intelligence directorate’s assumptions or 
intent in regard to intelligence support of an operation or series of operations. See also 
concept of operations. (JP 2-0) 


concept of logistics support — A verbal or graphic statement, in a broad outline, of how 


a commander intends to support and integrate with a concept of operations in an 
operation or campaign. Also called COLS. (JP 4-0) 
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concept of operations — A verbal or graphic statement that clearly and concisely 
expresses what the commander intends to accomplish and how it will be done using 
available resources. Also called CONOPS. (JP 5-0) 


concept plan — An operation plan in an abbreviated format that may require considerable 
expansion or alteration to convert it into a complete operation plan or operation order. 
Also called CONPLAN. See also operation plan. (JP 5-0) 


condition — 1. Those variables of an operational environment or situation in which a unit, 
system, or individual is expected to operate and may affect performance. 2. A physical 
or behavioral state of a system that is required for the achievement of an objective. 
See also joint mission-essential tasks. (JP 3-0) 


conduits — Within military deception, information or intelligence gateways to the deception 
target, such as foreign intelligence entities, intelligence collection platforms, open- 
source intelligence, and foreign and domestic news media. (JP 3-13.4) 


configuration management — A discipline applying technical and administrative 
direction and surveillance to: (1) identify and document the functional and physical 
characteristics of a configuration item, (2) control changes to those characteristics, and 
(3) record and report changes to processing and implementation status. (JP 6-0) 


conflict prevention — A peace operation employing complementary diplomatic, civil, 
and, when necessary, military means to monitor and identify the causes of conflict and 
take timely action to prevent the occurrence, escalation, or resumption of hostilities. 
(JP 3-07.3) 


consolidation area — The portion of the land commander’s operational area that may be 
designated to facilitate freedom of action, consolidate gains, and set conditions to 
transition to follow on forces or other legitimate authorities. (JP 3-31) 


constellation — A system consisting of a number of like satellites acting in concert to 
perform a specific mission. See also Global Positioning System. (JP 3-14) 


constraint — In the context of planning, a requirement placed on the command by a higher 
command that dictates an action, thus restricting freedom of action. See also limitation; 
restraint. (JP 5-0) 


consumer — A person or agency that uses information or intelligence produced by either its 
own staff or other agencies. (JP 2-01) 


consumption rate — The average quantity of an item consumed or expended during a given 
time interval, expressed in quantities by the most appropriate unit of measurement per 
applicable stated basis. (JP 4-05) 


contact mine — A mine detonated by physical contact. See also mine. (JP 3-15) 
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Example 1: Perform the indicated operations. 
4\/6 — 5\/6 — \/6 + 10\/6 = 8\/6 
Example 2: Add. 
\/48a + Js + \/8a = 4/80 + 41/380 + \3a 
_ 16 
“38 
Example 3: Perform the indicated operations. 
W167? — rv/4r + Wédr® = W/(4ry? — rar + Wry? 
2 1 3 
= (4r)& — 4(4r)3 +. (4r)9 
= W4r — r¥/4r + W4r 
Example 4: Perform the indicated operations. 
9/2 3 
Nicoll ewes W/36 — a — v4 
ave +//2 YR = 26+. /= 2 VEE 
= 26 + 2Ve— ve 


= 26 + 3/6 — 6 
— 4/6 


3a 


74. Multiplication of Radicals 


a. Radicals With Same Indexes. Radicals can be multiplied and combined under the same radi- 
cal sign even though they differ in value, provided the index of the radicals are the same. To 
multiply a radical expression when radicals are of the same order, first multiply the coefficients, 
then multiply the radicands, and then simplify, if possible. For example, 2\/3 - 3\/5 = 6\/15. If 
the radicand is a perfect square, simplify the result by extracting the square root. Remember 
that there are two square roots, one positive and one negative; thus, 6\/3 - 4\/3 = 24\/9 = 24(+ 
3) =: +72. When polynomial expressions, either or both of which involve radicals, are to be mul- 
tiplied, proceed in the same manner as with literal polynominal expressions (par. 48). For example, 


(V8 + 25) xX (V3 — 25) = 


VB + 2/5 
V3 — 2/5 
V9 + 2/15 
— 2\/15 — 4/25 
V9 — 4\/25 = +38 — 4(+5) 
= 3 +20 or —3 +20 
= +17 or +23 


Example 1: Multiply 2 3/8a, 5 ¥/4a, and 3 ¥/18a. 
2¥/38a-50/4a- 8 VWI8a=—2-5-3- W8a- 4a - W186 
= 80 ¥/216a* 
= 80: 6a 
= 180a 
Example 2: Multiply W/8# and ¥/4?s. 
WBE - W/4t?s = W832i s 
=W2-2--t-s 
= 2t Wits 
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contact point — 1. In land warfare, a point on the terrain, easily identifiable, where two or 
more units are required to make contact. (JP 3-50) 2. In air operations, the position at 
which a mission leader makes radio contact with an air control agency. (JP 3-09.3) 3. 
In personnel recovery, a location where isolated personnel can establish contact with 
recovery forces. Also called CP. See also control point. (JP 3-50) 


contact procedure — Predesignated actions taken by isolated personnel and recovery 
forces that permit link-up between the two parties in hostile territory. See also evader. 
(JP 3-50) 


container — An article of transport equipment that meets American National Standards 
Institute/International Organization for Standardization standards that is designed to 
facilitate and optimize the carriage of goods by one or more modes of transportation 
without intermediate handling of the contents. (JP 4-01) 


container control officer — A designated official (E-6 or above or civilian equivalent) 
within a command, installation, or activity who is responsible for control, reporting, 
use, and maintenance of all Department of Defense-owned and -controlled 
intermodal containers and equipment from the time received until dispatched. Also 
called CCO. (JP 4-09) 


container-handling equipment — Items of materials-handling equipment required to 
specifically receive, maneuver, and dispatch International Organization for 
Standardization containers. Also called CHE. (JP 4-09) 


container management — Planning, organizing, directing, and executing functions and 
responsibilities required to provide effective use of Department of Defense- and Military 
Department-owned, -leased, or -controlled International Organization for 
Standardization containers. (JP 4-09) 


containership — A ship, usually without shipboard-installed cranes for loading/off- 
loading containers, specially constructed and equipped to carry only containers 
without associated equipment, in all available cargo spaces, either below or above 
deck. (JP 4-09) 


contaminated human remains — Human remains of personnel which have absorbed or 
upon which have been deposited radioactive material, or biological or chemical agents. 
See also mortuary affairs. (JP 4-0) 


contamination — 1. The deposit, absorption, or adsorption of radioactive material or of 
biological or chemical agents on or by structures, areas, personnel, or objects. Also 
called fallout radiation. 2. Food and/or water made unfit for consumption by humans 
or animals because of the presence of environmental chemicals, radioactive elements, 
bacteria or organisms, the byproduct of the growth of bacteria or organisms, or the 
decomposing material or waste in the food or water. (JP 3-11) 


contamination avoidance — Individual and/or unit measures taken to reduce the effects of 
chemical, biological, radiological, and nuclear hazards. (JP 3-11) 
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contamination control — A combination of preparatory and responsive measures 
designed to limit the vulnerability of forces to chemical, biological, radiological, 
nuclear, and toxic industrial hazards and to avoid, contain, control exposure to, and, 
where possible, neutralize them. See also biological agent; chemical agent; 
contamination. (JP 3-11) 


contamination mitigation — The planning and actions taken to prepare for, respond to, and 
recover from contamination associated with all chemical, biological, radiological, and 
nuclear threats and hazards to continue military operations. (JP 3-11) 


contiguous zone — 1. A maritime zone adjacent to the territorial sea that may not extend 
beyond 24 nautical miles from the baselines from which the breadth of the territorial sea 
is measured. 2. The zone of the ocean extending 3-12 nautical miles from the United 
States coastline. (JP 3-32) 


continental United States — United States territory, including the adjacent territorial waters, 
located within North America between Canada and Mexico. Also called CONUS. (JP 1) 


contingency — A situation requiring military operations in response to natural disasters, 
terrorists, subversives, or as otherwise directed by appropriate authority to protect 
United States interests. (JP 5-0) 


contingency basing — The life-cycle process to plan; design; construct; operate; manage; 
and transition, transfer, or close a non-enduring location supporting a combatant 
commander’s requirement. (JP 4-04) 


contingency contract administration services — A subset of contingency contracting that 
includes efforts to ensure supplies, services, and construction are delivered in 
accordance with the terms and conditions of the contract through delegated contracting 
authority. Also called CCAS. (JP 4-10) 


contingency contracting — The process of obtaining goods, services, and construction via 
contracting means in support of contingency operations. See also contingency. 
(JP 4-10) 


contingency contracting officer — A military or emergency-essential government civilian 
contracting officer in a position that is intended to provide contracting services in a 
deployed environment. (JP 4-10) 


contingency engineering management organization — An organization formed by the 
combatant commander, or subordinate commander to augment their staffs with 
additional Service engineering expertise for planning and construction management. 
See also combat engineering; contingency; geospatial engineering. (JP 3-34) 


contingency location — A non-enduring location outside of the United States that supports 


and sustains operations during contingencies or other operations and is categorized by 
mission life-cycle requirements as initial, temporary, or semipermanent. (JP 4-04) 
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contingency operation — A military operation that is either designated by the Secretary of 
Defense as a contingency operation or becomes a contingency operation as a matter of 
law (Title 10, United States Code, Section 101[a][13]). See also contingency; 
operation. (JP 1) 


contingency plan — A branch of a campaign plan that is planned based on hypothetical 
situations for designated threats, catastrophic events, and contingent missions outside of 
crisis conditions. See also joint planning. (JP 5-0) 


contingency zip Code — A temporary unique postal code assigned by the Military Postal 
Service Agency to assist in routing and sorting mail to a contingency post office for the 
tactical use of the Armed Forces of the United States on a temporary basis. (JP 1-0) 


continuity of operations — The degree or state of being continuous in the conduct of 
functions, tasks, or duties necessary to accomplish a military action or mission in 
carrying out the national military strategy. Also called COOP. (JP 3-0) 


contracting officer — A Service member or Department of Defense civilian with the legal 
authority to enter into, administer, modify, and/or terminate contracts. (JP 4-10) 


contracting officer’s representative — An individual designated in writing by the 
contracting officer to perform specific technical or administrative functions. Also 
called COR. (JP 4-10) 


contracting support — The planning, coordination, and execution of contracting 
authority to legally bind contractors in support of military operations. (JP 4-10) 


contractor management — The oversight and integration of contractor personnel and 
associated equipment in support of military operations. (JP 4-10) 


contractor personnel accountability — The process of identifying, capturing, and 
recording the personally identifiable information and assigned primary duty location of 
an individual contractor employee through the use of a designated database. (JP 4-10) 


contractors authorized to accompany the force — Contractor employees and all tiers of 
subcontractor employees who are authorized to accompany the force in applicable 
contingency operations outside of the United States and have afforded such status 
through the issuance of a letter of authorization. Also called CAAF. (JP 4-10) 


contract support integration — The planning, coordination, and synchronization of 
contracted support in military operations. (JP 4-10) 


control — 1. Authority that may be less than full command exercised by a commander over 
part of the activities of subordinate or other organizations. (JP 1) 2. In mapping, 
charting, and photogrammetry, a collective term for a system of marks or objects on the 
Earth or on a map or a photograph, whose positions or elevations (or both) have been or 
will be determined. (JP 2-03) 3. Physical or psychological pressures exerted with the 
intent to assure that an agent or group will respond as directed. (JP 3-0) 4. In 


48 


Terms and Definitions 


intelligence usage, an indicator governing the distribution and use of documents, 
information, or material. See also administrative control; operational control; 
tactical control. (JP 2-01) 


control area — A controlled airspace extending upwards from a specified limit above the 
Earth. See also control zone. (JP 3-02) 


control group — Personnel and ships designated to control the surface ship-to-shore 
movement. (JP 3-02) 


controlled information — 1. Information conveyed to an adversary in a deception operation 
to evoke desired appreciations. 2. Information and indicators deliberately conveyed or 
denied to foreign targets to evoke invalid official estimates that result in foreign official 
actions advantageous to United States interests and objectives. (JP 2-01.2) 


controlled substance — A drug or other substance, or immediate precursor, included in 
Schedule I, II, II, IV, or V of the Controlled Substances Act. (JP 3-07.4) 


controlled technical services — The controlled use of technology to enhance 
counterintelligence and human intelligence activities. Also called CTS. (JP 2-01.2) 


control point — 1. A position along a route of march at which personnel are stationed to give 
information and instructions for the regulation of supply or traffic. 2. A position marked 
by coordinates (latitude, longitude), a buoy, boat, aircraft, electronic device, conspicuous 
terrain feature, or other identifiable object, which is given a name or number and used as 
an aid to navigation or control of ships, boats, or aircraft. 3. In marking mosaics, a point 
located by ground survey with which a corresponding point on a photograph is matched 
as acheck. Also called CP. (JP 3-09.3) 


control zone — A controlled airspace extending upwards from the surface of the Earth to a 
specified upper limit. See also control area. (JP 3-52) 


conventional forces — 1. Those forces capable of conducting operations using nonnuclear 
weapons. 2. Those forces other than designated special operations forces. Also called 
CF. (JP 3-05) 


convoy — 1. A number of merchant ships and/or naval auxiliaries usually escorted by 
warships and/or aircraft—or a single merchant ship or naval auxiliary under surface 
escort—assembled and organized for the purpose of passage together. 2. A group of 
vehicles organized for the purpose of control and orderly movement with or without 
escort protection that moves over the same route at the same time and under one 
commander. (JP 3-02) 


convoy escort — 1. A naval ship(s) or aircraft in company with a convoy and responsible 


for its protection. 2. An escort to protect a convoy of vehicles from being scattered, 
destroyed, or captured. (JP 4-01.5) 
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cooperative security location — A facility located outside the United States and its 
territories with little or no permanent United States presence that is maintained by 
periodic Service, contractor, or host nation support. Also called CSL. See also forward 
operating site; main operating base. (JP 4-04) 


coordinated fire line — A line beyond which conventional surface-to-surface direct fire and 
indirect fire support means may fire at any time within the boundaries of the establishing 
headquarters without additional coordination but does not eliminate the responsibility 
to coordinate the airspace required to conduct the mission. Also called CFL. See also 
fire support. (JP 3-09) 


coordinating agency — An agency that supports the incident management mission by 
providing the leadership, staff, expertise, and authorities to implement critical and 
specific aspects of the response. (JP 3-28) 


coordinating altitude — An airspace coordinating measure that uses altitude to separate 
users and as the transition between different airspace control elements. Also called CA. 
(JP 3-52) 


coordinating authority — The commander or individual who has the authority to require 
consultation between the specific functions or activities involving forces of two or more 
Services, joint force components, or forces of the same Service or agencies, but does not 
have the authority to compel agreement. (JP 1) 


coordinating review authority — In joint doctrine development and maintenance, an agency 
appointed by the Joint Staff, a Service, a combatant command, or a combat support agency 
to coordinate with and assist the lead agent, primary review authority, Joint Staff doctrine 
sponsor, and assessment agent. Also called CRA. See also joint doctrine; joint 
publication; lead agent; primary review authority. (CJCSM 5120.01) 


coordination level — A procedural method to separate fixed- and rotary-wing aircraft by 
determining an altitude below which fixed-wing aircraft normally will not fly. Also 
called CL. (JP 3-52) 


cost-type contract — A contract that provides for payment to the contractor of allowable 
costs, to the extent prescribed in the contract, incurred in performance of the contract. 
(JP 4-10) 


counterair — A mission at the theater level that integrates offensive and defensive 
operations to attain and maintain a desired degree of control of the air and protection by 
neutralizing or destroying enemy aircraft and missiles, both before and after launch. See 
also air superiority; mission; offensive counterair. (JP 3-01) 


counterdeception — Efforts to negate, neutralize, diminish the effects of, or gain advantage 
from a foreign deception operation. (JP 3-13.4) 


counterdrug — Those active measures taken to detect, monitor, and counter the production, 
trafficking, and use of illicit drugs. Also called CD. (JP 3-07.4) 
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counterdrug activities — Those measures taken to detect, interdict, disrupt, or curtail any 
activity that is reasonably related to illicit drug trafficking. (JP 3-07.4) 


counterdrug operational support — Support to host nations and drug law enforcement 
agencies involving military personnel and their associated equipment, provided by the 
geographic combatant commanders from forces assigned to them or made available to 
them by the Services for this purpose. See also counterdrug operations. (JP 3-07.4) 


counterdrug operations — Civil or military actions taken to reduce or eliminate illicit drug 
trafficking. See also counterdrug; counterdrug operational support. (JP 3-07.4) 


counterespionage — That aspect of counterintelligence designed to detect, destroy, 
neutralize, exploit, or prevent espionage activities through identification, penetration, 
manipulation, deception, and repression of individuals, groups, or organizations 
conducting or suspected of conducting espionage activities. (JP 2-01.2) 


counterfire — Fire intended to destroy or neutralize enemy weapons. (JP 3-09) 


counterguerrilla operations — Activities conducted by security forces against the armed 
paramilitary wing of an insurgency. (JP 3-24) 


countering threat networks — The aggregation of activities across the Department of 
Defense and United States Government departments and agencies that identifies and 
neutralizes, degrades, disrupts, or defeats designated threat networks. Also called 
CTN. (JP 3-25) 


countering weapons of mass destruction — Efforts against actors of concern to curtail the 
conceptualization, development, possession, proliferation, use, and effects of weapons 
of mass destruction, related expertise, materials, technologies, and means of delivery. 
Also called CWMD. (JP 3-40) 


counterinsurgency — Comprehensive civilian and military efforts designed to 
simultaneously defeat and contain insurgency and address its root causes. Also called 
COIN. (JP 3-24) 


counterintelligence — Information gathered and activities conducted to identify, deceive, 
exploit, disrupt, or protect against espionage, other intelligence activities, sabotage, or 
assassinations conducted for or on behalf of foreign powers, organizations or persons or 
their agents, or international terrorist organizations or activities. Also called CI. See 
also counterespionage; security. (JP 2-01.2) 


counterintelligence activities — One or more of the five functions of counterintelligence: 
operations, investigations, collection, analysis and production, and functional 
services. See also analysis and production; collection; counterintelligence; 
operation. (JP 2-01.2) 


counterintelligence investigations — Formal investigative activities undertaken to 
determine whether a particular person is acting for or on behalf of, or an event is related 
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to, a foreign power engaged in spying or committing espionage, sabotage, treason, 
sedition, subversion, assassinations, or international terrorist activities, and to determine 
actions required to neutralize such acts. See also counterintelligence. (JP 2-01.2) 


counterintelligence operational tasking authority — The levying of counterintelligence 
requirements specific to military activities and operations. Also called CIOTA. See 
also counterintelligence. (JP 2-01.2) 


counterintelligence operations — Proactive activities designed to identify, exploit, 
neutralize, or deter foreign intelligence collection and terrorist activities directed against 
the United States. See also counterintelligence; operation. (JP 2-01.2) 


counterintelligence production — The creation of finished intelligence products 
incorporating counterintelligence analysis in response to known or anticipated customer 
counterintelligence concerns. See also counterintelligence. (JP 2-01.2) 


counterintelligence support — Conducting counterintelligence activities to protect against 
espionage and other foreign intelligence activities, sabotage, international terrorist 
activities, or assassinations conducted for or on behalf of foreign powers, organizations, 
or persons. See also counterintelligence. (JP 2-01.2) 


countermeasures — That form of military science that, by the employment of devices 
and/or techniques, has as its objective the impairment of the operational effectiveness 
of enemy activity. See also electromagnetic warfare. (JP 3-85) 


countermobility operations — The construction of obstacles and emplacement of 
minefields to delay, disrupt, and destroy the enemy by reinforcement of the terrain. See 
also minefield; operation; target acquisition. (JP 3-34) 


counterproliferation — Those actions taken to reduce the risks posed by extant weapons of 
mass destruction to the United States, allies, and partners. See also nonproliferation. 
(JP 3-40) 


countersurveillance — All measures, active or passive, taken to counteract hostile 
surveillance. See also surveillance. (JP3-26) 


counterterrorism —Activities and operations taken to neutralize terrorists and their 
organizations and networks to render them incapable of using violence to instill fear and 
coerce governments or societies to achieve their goals. Also called CT. See also 
antiterrorism; combating terrorism; terrorism. (JP 3-26) 


counter threat finance — Activities conducted to deny, disrupt, destroy, or defeat the 
generation, storage, movement, and use of assets to fund activities that support an 
adversary’s ability to negatively affect United States interests. Also called CTF. 
(JP 3-05) 


country team — The senior, in-country, United States coordinating and supervising body, 
headed by the chief of the United States diplomatic mission, and composed of the senior 
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member of each represented United States department or agency, as desired by the chief 
of the United States diplomatic mission. Also called CT. (JP 3-07.4) 


courier — A messenger (usually a commissioned or warrant officer) responsible for the 
secure physical transmission and delivery of documents and material. (JP 2-01) 


course of action — 1. Any sequence of activities that an individual or unit may follow. 2. 
A scheme developed to accomplish a mission. Also called COA. (JP 5-0) 


cover — In intelligence usage, the concealment of true identity or organizational affiliation 
with assertion of false information as part of, or in support of, official duties to carry out 
authorized activities and lawful operations. (JP 2-01.2) 


covert operation — An action of activity that is planned and executed to conceal the identity 
of, or permit plausible deniability by, the sponsor. See also clandestine operation; 
overt operation. (JP 3-05) 


crisis — An incident or situation involving a threat to the United States, its citizens, military 
forces, or vital interests that develops rapidly and creates a condition of such diplomatic, 
economic, or military importance that commitment of military forces and resources is 
contemplated to achieve national objectives. (JP 3-0) 


crisis management — Measures, normally executed under federal law, to identify, acquire, 
and plan the use of resources needed to anticipate, prevent, and/or resolve a threat or an 
act of terrorism. (JP 3-28) 


critical asset — A specific entity that is of such extraordinary importance that its 
incapacitation or destruction would have a very serious, debilitating effect on the ability 
of a nation to continue to function effectively. (JP 3-26) 


critical asset list — A prioritized list of assets or areas, normally identified by phase of the 
operation and approved by the joint force commander, that should be defended against 
air and missile threats. Also called CAL. (JP 3-01) 


critical capability — A means that is considered a crucial enabler for a center of gravity to 
function as such and is essential to the accomplishment of the specified or assumed 
objective(s). (JP 5-0) 


critical information — Specific facts about friendly intentions, capabilities, and activities 
needed by adversaries for them to plan and act effectively so as to guarantee failure or 
unacceptable consequences for friendly mission accomplishment. (JP 2-0) 


critical infrastructure and key resources — The infrastructure and assets vital to a nation’s 
security, governance, public health and safety, economy, and public confidence. Also 
called CI/KR. (JP 3-27) 
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critical infrastructure protection — Actions taken to prevent, remediate, or mitigate the 
man-made or natural risks to critical infrastructure and key assets. Also called CIP. See 
also defense critical infrastructure. (JP 3-28) 


critical intelligence — Intelligence that is crucial and requires the immediate attention of 
the commander. (JP 2-0) 


critical item list — A prioritized list identifying supply items and weapon systems that assist 
Service and Defense Logistics Agency selection of supply items and systems for 
production surge planning, or in operational situations, used by the combatant 
commander and/or subordinate joint force commander to cross-level critical supply 
items between Service components. (JP 4-05) 


criticality assessment — An assessment that identifies key assets and infrastructure that 
support Department of Defense missions, units, or activities and are deemed mission- 
critical by military commanders or civilian agency managers. (JP 3-26) 


critical joint duty assignment billet — An essential position for an officer trained in and 
oriented towards joint matters. (JP 1-0) 


critical requirement — An essential condition, resource, and means for a critical capability 
to be fully operational. (JP 5-0) 


critical target element — A feature or part of a target that enables it to perform its primary 
function and, if effectively engaged, should create a significant effect on that target. Also 
called CTE. (JP 3-60) 


critical vulnerability — An aspect of a critical requirement which is deficient or vulnerable 
to direct or indirect attack that will create decisive or significant effects. (JP 5-0) 


cross-leveling —At the theater strategic and operational levels, it is the process of diverting 
en route or in-theater materiel from one military element to meet the higher priority of 
another within the combatant commander’s directive authority for logistics. (JP 4-0) 


cross-loading — The distribution of leaders, key weapons, personnel, and key equipment 
among the aircraft, vessels, or vehicles of a formation to aid rapid assembly of units at 
the drop zone or landing zone or preclude the total loss of command and control or unit 
effectiveness if an aircraft, vessel, or vehicle is lost. (JP 3-36) 


cross-servicing — A subset of common-user logistics in which a function is performed by 
one Service in support of another Service and for which reimbursement is required from 
the Service receiving support. See also acquisition and cross-servicing agreement; 
common-user logistics. (JP 3-16) 


cruise missile — A guided and powered missile that flies at constant speed for the majority 
of its route and relies upon aerodynamic forces for lift. Also called CM. (JP 3-01) 
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culminating point — The point at which a force no longer has the capability to continue its 
form of operations, offense or defense. (JP 5-0) 


current force — The actual force structure and/or manning available to meet present 
contingencies. See also force. (JP 5-0) 


custody — 1. The responsibility for the control of, transfer and movement of, access to, and 
maintenance of accountability for weapons and components. 2. Temporary restraint of 
a person. 3. The detention of a person by lawful authority or process. (JP 3-63) 


customer direct — A materiel acquisition and distribution method that requires vendor 
delivery directly to the customer. Also called CD. (JP 4-09) 


customer wait time — The total elapsed time between issuance of a customer order and 
satisfaction of that order. Also called CWT. (JP 4-09) 


cyberspace — A global domain within the information environment consisting of the 
interdependent networks of information technology infrastructures and resident data, 
including the Internet, telecommunications networks, computer systems, and embedded 
processors and controllers. (JP 3-12) 


cyberspace attack — Actions taken in cyberspace that create noticeable denial effects (i.e., 
degradation, disruption, or destruction) in cyberspace or manipulation that leads to 
denial that appears in a physical domain, and is considered a form of fires. (JP 3-12) 


cyberspace capability — A device or computer program, including any combination of 
software, firmware, or hardware, designed to create an effect in or through cyberspace. 
(JP 3-12) 


cyberspace defense — Actions taken within protected cyberspace to defeat specific threats 
that have breached or are threatening to breach cyberspace security measures and 
include actions to detect, characterize, counter, and mitigate threats, including malware 
or the unauthorized activities of users, and to restore the system to a secure 
configuration. (JP 3-12) 


cyberspace exploitation — Actions taken in cyberspace to gain intelligence, maneuver, 
collect information, or perform other enabling actions required to prepare for future 
military operations. (JP 3-12) 


cyberspace operations — The employment of cyberspace capabilities where the primary 
purpose is to achieve objectives in or through cyberspace. Also called CO. (JP 3-0) 


cyberspace security — Actions taken within protected cyberspace to prevent unauthorized 
access to, exploitation of, or damage to computers, electronic communications systems, 
and other information technology, including platform information technology, as well 
as the information contained therein, to ensure its availability, integrity, authentication, 
confidentiality, and nonrepudiation. (JP 3-12) 


eye) 


b. Radicals With Different Indexes. To 
multiply radicals when the indexes are different, 
first express them as radicals with a common 
index (or common fractional exponent) and 
proceed as in a above. The common index is 
the lowest common multiple of the indexes of 
the original radicals. 


Example 1: Multiply \/2 - w4. 
V2 > WE = V2 - Ve 
aor 5 


4 
- 28 


. 26 
1 
—2-2%or2 w2 
Example 2: Multiply 8/42 - ¥/823. 


75. Division of Radicals 


a. Monomial Radical Expressions. The di- 
vision of radicals is essentially the opposite of 
multiplication. When radicals are of the same 
order, the division of two radicals may be ex- 
pressed under one radical sign—for example, 


a = J+ = V2. When radicals are of 


different orders, they must be-expressed as 
radicals having the same index or be changed 
to fractional exponents. 


Divide \/15 by V/5. 
VI6 fe 
Y2e—- (2-8 
VB Tie 


Example 1: 


Example 2: Divide W/x*y by Wy’. 
VEY 78 
wy Vv ¥ 
8 x5 
= Vv 
— Zz 3/ 4:2 
y 
Example 8: Divide \/35 by \/15. 
Vs 8B 
Vi5 «VV i216 
ee A 
a 3 
1 
=3 21 
Example 4: Divide \/4ab W/2ab bys8/4ab!. 
/4ab “/2ab ~8/4aby*7(2ab)* 
6/4a5 a ~\¥4a5b38 
= 6 64a5b8 - Aazb2 
ae 4a5b3 
= W/64b? 
L 
= 2%? or (2%b2)6 
= 2/b 


b. Binomial Expressions With Radical in 
Divisor. When the divisor is a binomial in 
which one or more of the terms contains a 
square root, division is performed by first 
rationalizing the divisor. Multiply the num- 
erator and denominator of the fraction by the 
denominator with the sign between the terms 
changed ; then simplify the numerator and the 
denominator. 


Example 1: Divide 3 by 4 + \/6. 


AGO 558A 


3 4— 6 

4+v6 4— 6 

3(4 — V6) 
16 — 6 

3 

7 (4— V8 


4 


Terms and Definitions 


cyberspace superiority — The degree of dominance in cyberspace by one force that permits 
the secure, reliable conduct of operations by that force and its related land, air, maritime, 
and space forces at a given time and place without prohibitive interference. (JP 3-12) 
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damage assessment — 1. The determination of the effect of engagements on targets. 2. A 
determination of the effect of a compromise of classified information on national 
security. (JP 3-60) 


damage criteria — The critical levels of various weapons effects required to create specified 
levels of damage. (JP 3-60) 


dangerous cargo — Cargo that is subject to special regulations for its transport because of 
its dangerous properties. (JP 4-01.5) 


data element — 1. A basic unit of information built on standard structures having a unique 
meaning and distinct units or values. 2. In electronic recordkeeping, a combination of 
characters or bytes referring to one separate item of information. (JP 1-0) 


datum (geodetic) — 1. A reference surface consisting of five quantities: the latitude and 
longitude of an initial point, the azimuth of a line from that point, and the parameters of 
the reference ellipsoid. 2. The mathematical model of the Earth used to calculate the 
coordinates on any map. Different nations use different datum for printing coordinates 
on their maps. (JP 2-03) 


D-day — The unnamed day on which a particular operation commences or is to commence. 
(JP 3-02) 


debarkation — The unloading of troops, equipment, or supplies from a ship or aircraft. 
(JP 3-02) 


debarkation schedule — A schedule that provides for the timely and orderly debarkation 
of troops and equipment and emergency supplies for the waterborne ship-to-shore 
movement. (JP 3-02) 


decedent effects — Personal effects found on human remains. Also called DE. (JP 4-0) 


decentralized control — In air defense, the normal mode whereby a higher echelon 
monitors unit actions, making direct target assignments to units only when necessary to 
ensure proper fire distribution or to prevent engagement of friendly aircraft. See also 
centralized control. (JP 3-01) 


decentralized execution — Delegation of execution authority to subordinate commanders. 
(JP 3-30) 


deception action — A collection of related deception events that form a major component 
of a deception operation. (JP 3-13.4) 


deception concept — The deception course of action forwarded to the Chairman of the 


Joint Chiefs of Staff for review as part of the combatant commander’s strategic 
concept. (JP 3-13.4) 
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deception event — A deception means executed at a specific time and location in support 
of a deception operation. (JP 3-13.4) 


deception goal — Commander’s statement of the purpose of military deception as it 
contributes to the successful accomplishment of the assigned mission. (JP 3-13.4) 


deception means — Methods, resources, and techniques that can be used to convey 
information to the deception target. (JP 3-13.4) 


deception objective — The desired result of a deception operation expressed in terms of 
what the adversary is to do or not to do at the critical time and/or location. (JP 3-13.4) 


deception story — A scenario that outlines the friendly actions that will be portrayed to 
cause the deception target to adopt the desired perception. (JP 3-13.4) 


deception target — The adversary decision maker with the authority to make the decision 
that will achieve the deception objective. (JP 3-13.4) 


decision — In an estimate of the situation, a clear and concise statement of the line of action 
intended to be followed by the commander as the one most favorable to the successful 
accomplishment of the assigned mission. (JP 5-0) 


decision point — A point in space and the latest time when the commander or staff anticipates 
making a key decision concerning a specific course of action. See also course of action; 
decision support template; target area of interest. (JP 5-0) 


decision support template — A combined intelligence and operations graphic based on the 
results of wargaming that depicts decision points, timelines associated with movement 
of forces and the flow of the operation, and other key items of information required to 
execute a specific friendly course of action. Also called DST. See also course of 
action; decision point. (JP 2-01.3) 


decisive point — Key terrain, key event, critical factor, or function that, when acted upon, 
enables commanders to gain a marked advantage over an enemy or contribute materially 
to achieving success. See also center of gravity. (JP 5-0) 


decompression — In personnel recovery, the process of normalizing psychological and 
behavioral reactions that recovered isolated personnel experienced or are currently 
experiencing as a result of their isolation and recovery. (JP 3-50) 


decontamination — The process of making any person, object, or area safe by destroying, 
neutralizing, making harmless, or absorbing and removing chemical or biological agents 
or by removing radioactive material clinging to or around it. (JP 3-11) 


decoy — An imitation in any sense of a person, object, or phenomenon that is intended to 


deceive enemy surveillance devices or mislead enemy evaluation. Also called dummy. 
(JP 3-13.4) 
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defended asset list — A listing of those assets from the critical asset list prioritized by the 
joint force commander to be defended with the resources available. Also called DAL. 
(JP 3-01) 


defense coordinating element — Staff and military liaison officers who assist the defense 
coordinating officer in facilitating coordination and support to activated emergency 
support functions. Also called DCE. (JP 3-28) 


defense coordinating officer — Department of Defense single point of contact for domestic 
emergencies who is assigned to a joint field office to process requirements for military 
support; forward mission assignments through proper channels to the appropriate 
military organizations; and assign military liaisons, as appropriate, to activated 
emergency support functions. Also called DCO. (JP 3-28) 


defense critical infrastructure — Department of Defense and non-Department of Defense 
networked assets and facilities essential to project, support, and sustain military forces 
and operations worldwide. Also called DCI. (JP 3-27) 


defense human intelligence executor — The senior Department of Defense intelligence 
official as designated by the head of each of the Department of Defense components 
who are authorized to conduct human intelligence and related intelligence activities. 
Also called DHE. (JP 2-01.2) 


defense industrial base — The Department of Defense, government, and private sector 
worldwide industrial complex with capabilities to perform research and development 
and design, produce, and maintain military weapon systems, subsystems, components, 
or parts to meet military requirements. Also called DIB. (JP 3-27) 


Defense Information Systems Network — The integrated network, centrally managed 
and configured by the Defense Information Systems Agency, to provide dedicated, 
point-to-point, switched voice and data, imagery, and video teleconferencing services 
for all Department of Defense activities. Also called DISN. (JP 6-0) 


defense institution building — Security cooperation conducted to establish or reform the 
capacity and capabilities of a partner nation’s defense institutions at the 
ministerial/department, military staff, and service headquarters levels. Also called DIB. 
(JP 3-20) 


Defense Switched Network — The component of the Defense Communications System 
that handles Department of Defense voice, data, and video communications. Also called 
DSN. (JP 6-0) 


Defense Transportation System — That portion of the worldwide transportation 


infrastructure that supports Department of Defense transportation needs. Also called 
DTS. See also common-user transportation; transportation system. (JP 4-01) 
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defensive counterair — All defensive measures designed to neutralize or destroy enemy 
forces attempting to penetrate or attack through friendly airspace. Also called DCA. 
See also counterair; offensive counterair. (JP 3-01) 


defensive cyberspace operations — Missions to preserve the ability to utilize blue 
cyberspace capabilities and protect data, networks, cyberspace-enabled devices, and 
other designated systems by defeating on-going or imminent malicious cyberspace 
activity. Also called DCO. (JP 3-12) 


defensive cyberspace operations-internal defensive measures — Operations in which 
authorized defense actions occur within the defended portion of cyberspace. Also called 
DCO-IDM. (JP 3-12) 


defensive cyberspace operations-response actions — Operations that are part of a 
defensive cyberspace operations mission that are taken external to the defended network 
or portion of cyberspace without the permission of the owner of the affected system. 
Also called DCO-RA. (JP 3-12) 


defensive minefield — 1. In naval mine warfare, a minefield laid in international waters or 
international straits with the declared intention of controlling shipping in defense of sea 
communications. 2. In land mine warfare, a minefield laid in accordance with an 
established plan to prevent a penetration between positions and to strengthen the defense 
of the positions themselves. See also minefield. (JP 3-15) 


defensive space control — Active and passive measures taken to protect friendly space 
capabilities from attack, interference, or unintentional hazards. Also called DSC. 
(JP 3-14) 


defilade — 1. Protection from hostile observation and fire provided by an obstacle such as a 
hill, ridge, or bank. 2. A vertical distance by which a position is concealed from enemy 
observation. 3. To shield from enemy fire or observation by using natural or artificial 
obstacles. (JP 3-09) 


definitive care — Care rendered to conclusively manage a patient’s condition, such as full 
range of preventive, curative acute, convalescent, restorative, and rehabilitative medical 
care. (JP 4-02) 


degaussing — The process whereby a ship’s magnetic field is reduced by the use of 
electromagnetic coils, permanent magnets, or other means. (JP 3-15) 


delayed entry program — A program under which an individual may enlist in a Reserve 
Component of a Service and specify a future reporting date for entry on active duty that 
would coincide with availability of training spaces and with personal plans. Also called 
DEP. See also active duty. (JP 4-05) 


delegation of authority — The action by which a commander assigns part of his or her 
authority, commensurate with the assigned task, to a subordinate commander. (JP 1) 
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demobilization — 1. The process of transitioning a conflict or wartime military 
establishment and defense-based civilian economy to a peacetime configuration while 
maintaining national security and economic vitality. 2. The process necessary to release 
from active duty, or federal service, units and Reserve Component members who were 
ordered to active duty or called to federal service. See also mobilization. (JP 4-05) 


demonstration — In military deception, a show of force similar to a feint without actual 
contact with the adversary, in an area where a decision is not sought that is made to 
deceive an adversary. (JP 3-13.4) 


denial measure — An action to hinder or deny the enemy the use of territory, personnel, 
or facilities to include destruction, removal, contamination, or erection of obstructions. 
(JP 3-15) 


denied area — An area under enemy or unfriendly control in which friendly forces cannot 
expect to operate successfully within existing operational constraints and force 
capabilities. (JP 3-05) 


Department of Defense civilian — A federal civilian employee of the Department of 
Defense directly hired and paid from appropriated or nonappropriated funds, under 
permanent or temporary appointment. (JP 1-0) 


Department of Defense components — The Office of the Secretary of Defense, the Military 
Departments, the Chairman of the Joint Chiefs of Staff and the Joint Staff, the combatant 
commands, the Office of the Inspector General of the Department of Defense, the 
Department of Defense agencies, Department of Defense fieldactivities, and all other 
organizational entities in the Department of Defense. (JP 1) 


Department of Defense construction agent — United States Army Corps of Engineers, 
Naval Facilities Engineering Command, or other such approved Department of Defense 
activity, that is assigned design or execution responsibilities associated with military 
construction programs, facilities support, or civil engineering support to the combatant 
commanders in contingency operations. See also contingency operation. (JP 3-34) 


Department of Defense information network — The set of information capabilities and 
associated processes for collecting, processing, storing, disseminating, and managing 
information on demand to warfighters, policy makers, and support personnel, whether 
interconnected or stand-alone. Also called DODIN. (JP 6-0) 


Department of Defense information network operations — Operations to secure, 
configure, operate, extend, maintain, and sustain Department of Defense cyberspace to 
create and preserve the confidentiality, availability, and integrity of the Department of 
Defense information network. Also called DODIN operations. (JP 3-12) 


Department of Defense Intelligence Information System — The combination of 


Department of Defense personnel, procedures, equipment, computer programs, and 
supporting communications that support the timely and comprehensive preparation and 
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presentation of intelligence and information to military commanders and national-level 
decision makers. Also called DODIIS. (JP 2-0) 


Department of Defense support to counterdrug operations — Support provided by the 
Department of Defense to law enforcement agencies to detect, monitor, and counter 
the production, trafficking, and use of illicit drugs. See also counterdrug operations. 
(JP 3-07.4) 


departure airfield — An airfield on which troops and/or materiel are enplaned for flight. 
(JP 3-36) 


departure point — A navigational check point used by aircraft as a marker for setting 
course. (JP 3-36) 


dependents — An employee’s spouse; children who are unmarried and under age 21 years 
or who, regardless of age, are physically or mentally incapable of self-support; 
dependent parents, including step and legally adoptive parents of the employee’s 
spouse; and dependent brothers and sisters, including step and legally adoptive 
brothers and sisters of the employee’s spouse who are unmarried and under 21 years 
of age or who, regardless of age, are physically or mentally incapable of self-support. 
(JP 3-68) 


deployment — The movement of forces into and out of an operational area. See also 
deployment order; deployment planning; prepare to deploy order. (JP 3-35) 


deployment health surveillance — The regular or repeated collection, analysis, archiving, 
interpretation, and distribution of health-related data used for monitoring the health of a 
population or of individuals, and for intervening in a timely manner to prevent, treat, or 
control the occurrence of disease or injury, which includes occupational and 
environmental health surveillance and medical surveillance subcomponents. (JP 4-02) 


deployment order — 1. A directive for the deployments of forces for operations or 
exercises. 2. A directive from the Secretary of Defense, issued by the Chairman of the 
Joint Chiefs of Staff, that authorizes the transfer of forces between combatant 
commanders, Services, and Department of Defense agencies and specifies the 
authorities the gaining combatant commander will exercise over the specific forces to 
be transferred. Also called DEPORD. See also deployment; deployment planning; 
prepare to deploy order. (JP 5-0) 


deployment planning — Operational planning directed toward the movement of forces and 
sustainment resources from their original locations to a specific operational area to 
conduct operations contemplated in a given plan. See also deployment; deployment 
order; prepare to deploy order. (JP 5-0) 


depot — 1. supply—An activity for the receipt, classification, storage, accounting, issue, 
maintenance, procurement, manufacture, assembly, research, salvage, or disposal of 
material. 2. personnel—An activity for the reception, processing, training, assignment, 
and forwarding of personnel replacements. (JP 4-0) 
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desired mean point of impact — A point designated as the center for impact of multiple 
weapons or area munitions to create a desired effect on a mobile, transportable, or area 
target and normally defined by grid reference or geolocation. (JP 3-60) 


desired perception — In military deception, what the deception target must believe for it to 
make the decision that will achieve the deception objective. (JP 3-13.4) 


desired point of impact — A precise point associated with a target and assigned as the 
impact point for a single unitary weapon to create a desired effect. Also called DPI. 
See also aimpoint. (JP 3-60) 


detainee — Any person captured, detained, or otherwise under the control of Department of 
Defense personnel. (JP 3-63) 


detainee collection point — A facility or other location where detainees are assembled for 
subsequent movement to a detainee holding area. Also called DCP. (JP 3-63) 


detainee debriefing — The process of using direct questions to elicit intelligence 
information from a cooperative detainee to satisfy intelligence requirements. 
(JP 2-01.2) 


detainee holding area — A facility or other location where detainees are administratively 
processed and provided custodial care pending disposition and subsequent release, 
transfer, or movement to a theater detention facility. Also called DHA. (JP 3-63) 


detainee operations — A broad term that encompasses the capture, initial detention and 
screening, transportation, treatment and protection, housing, transfer, and release of the 
wide range of persons who could be categorized as detainees. (JP 3-63) 


detection — 1. In tactical operations, the perception of an object of possible military interest 
but unconfirmed by recognition. 2. In surveillance, the determination and transmission 
by a surveillance system that an event has occurred. 3. In arms control, the first step in 
the process of ascertaining the occurrence of a violation of an arms control agreement. 
4. In chemical, biological, radiological, and nuclear environments, the act of locating 
chemical, biological, radiological, and nuclear hazards by use of chemical, biological, 
radiological, and nuclear detectors or monitoring and/or survey teams. See also hazard. 
(JP 3-11) 


deterrence — The prevention of action by the existence of a credible threat of 
unacceptable counteraction and/or belief that the cost of action outweighs the 
perceived benefits. (JP 3-0) 


direct action — Short-duration strikes and other small-scale offensive actions conducted as 
a special operation in hostile, denied, or diplomatically sensitive environments and 
which employ specialized military capabilities to seize, destroy, capture, exploit, 
recover, or damage designated targets. Also called DA. See also special operations; 
special operations forces. (JP 3-05) 
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direct air support center — The principal air control agency of the United States Marine 
Corps air command and control system responsible for the direction and control of air 
operations directly supporting the ground combat element. Also called DASC. See also 
Marine air command and control system; tactical air operations center. (JP 3-09.3) 


directed energy — An umbrella term covering technologies that relate to the production of 
a beam of concentrated electromagnetic energy or atomic or subatomic particles. Also 
called DE. See also directed-energy weapon. (JP 3-85) 


directed-energy warfare — Military action involving the use of directed-energy weapons, 
devices, and countermeasures. See also directed energy; directed-energy weapon; 
electromagnetic warfare. (JP 3-85) 


directed-energy weapon — A weapon or system that uses directed energy to incapacitate, 
damage, or destroy enemy equipment, facilities, and/or personnel. See also directed 
energy. (JP 3-85) 


direct fire — Fire delivered on a target using the target itself as a point of aim for either the 
weapon or the director. (JP 3-09.3) 


direction finding — A procedure for obtaining bearings of radio frequency emitters by using 
a highly directional antenna and a display unit on an intercept receiver or ancillary 
equipment. Also called DF. (JP 3-85) 


directive authority for cyberspace operations — The authority to issue orders and 
directives to all Department of Defense components to execute global Department of 
Defense information network operations and defensive cyberspace operations internal 
defensive measures. Also called DACO. (JP 3-12) 


directive authority for logistics — Combatant commander authority to issue directives to 
subordinate commanders to ensure the effective execution of approved operation plans, 
optimize the use or reallocation of available resources, and prevent or eliminate redundant 
facilities and/or overlapping functions among the Service component commands. Also 
called DAFL. See also combatant command (command authority); logistics. (JP 1) 


direct liaison authorized — That authority granted by a commander (any level) to a 
subordinate to directly consult or coordinate an action with a command or agency within 
or outside of the granting command. Also called DIRLAUTH. (JP 1) 


director of mobility forces —The designated agent for all air mobility issues in the area of 
responsibility or joint operations area exercising coordinating authority between the air 
operations center (or appropriate theater command and control node), the 618th Air 
Operations Center (Tanker Airlift Control Center), and the joint deployment and 
distribution operations center or joint movement center, to expedite the resolution of air 
mobility issues. Also called DIRMOBFOR. See also air operations center; 
coordinating authority. (JP 3-36) 
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direct support — A mission requiring a force to support another specific force and 
authorizing it to answer directly to the supported force’s request for assistance. Also 
called DS. See also close support; general support; mission; mutual support; 
support. (JP 3-09.3) 


disaster assistance response team — A team deployed by the United States Agency for 
International Development, if a large-scale, urgent, and/or extended response is 
necessary, to provide specialists to assist the chief of mission and the United States 
Agency for International Development mission (where present) with the management 
of the United States Government response to a disaster. Also called DART. See also 
foreign disaster; foreign disaster relief. (JP 3-08) 


disease and nonbattle injury — All illnesses and injuries not resulting from hostile action 
or terrorist activity or caused by conflict. Also called DNBI. (JP 4-02) 


dislocated civilian — A broad term primarily used by the Department of Defense that 
includes a displaced person, an evacuee, an internally displaced person, a migrant, a 
refugee, or a Stateless person. Also called DC. See also displaced person; evacuee; 
internally displaced person; migrant; stateless person. (JP 3-29) 


dispersal — Relocation of forces for the purpose of increasing survivability. (JP 3-01) 


dispersion — 1. The spreading or separating of troops, materiel, establishments, or activities, 
which are usually concentrated in limited areas to reduce vulnerability. (JP 5-0) 2. In 
chemical and biological operations, the dissemination of agents in liquid or aerosol 
form. (JP 3-41) 3. In airdrop operations, the scatter of personnel and/or cargo on the 
drop zone. (JP 3-36) 4. In naval control of shipping, the reberthing of a ship in the 
periphery of the port area or in the vicinity of the port for its own protection to minimize 
the risk of damage from attack. (JP 3-36) 


displaced person — A broad term used to refer to internally and externally displaced persons 
collectively. See also evacuee. (JP 3-29) 


display — In military deception, a static portrayal of an activity, force, or equipment 
intended to deceive the adversary’s visual observation. (JP 3-13.4) 


dissemination — In intelligence usage, the delivery of intelligence to users in a suitable 
form. See also intelligence process. (JP 2-01) 


distant retirement area — In amphibious operations, the sea area located to seaward of the 
landing area to which assault ships may retire and operate in the event of adverse 
weather or to prevent concentration of ships in the landing area. See also amphibious 
operation; landing area. (JP 3-02) 


distressed person — An individual who requires search and rescue assistance to remove 
he or she from life-threatening or isolating circumstances in a permissive environment. 
(JP 3-50) 
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distribution — 1. The arrangement of troops for any purpose, such as a battle, march, or 
maneuver. 2. A planned pattern of projectiles about a point. 3. A planned spread of fire 
to cover a desired frontage or depth. 4. An official delivery of anything, such as orders 
or supplies. 5. The operational process of synchronizing all elements of the logistic 
system to deliver the “right things” to the “right place” at the “right time” to support the 
geographic combatant commander. 6. The process of assigning military personnel to 
activities, units, or billets. (JP 4-0) 


distribution manager — The executive agent for managing distribution within the 
combatant commander’s area of responsibility. See also area of responsibility; 
distribution. (JP 4-09) 


distribution pipeline — Continuum or channel through which the Department of Defense 
conducts distribution operations, representing the end-to-end flow of resources from 
supplier to consumer and, in some cases, back to the supplier in retrograde activities. 
See also distribution. (JP 4-09) 


distribution plan — A reporting system comprising reports, updates, and information 
systems feeds that articulate the requirements of the theater distribution system to the 
strategic and operational resources assigned responsibility for support to the theater. See 
also distribution; distribution system; theater distribution; theater distribution 
system. (JP 4-09) 


distribution point — A point at which supplies and/or ammunition, obtained from 
supporting supply points by a division or other unit, are broken down for distribution to 
subordinate units. (JP 4-09) 


distribution system — That complex of facilities, installations, methods, and procedures 
designed to receive, store, maintain, distribute, and control the flow of military materiel 
between the point of receipt into the military system and the point of issue to using 
activities and units. (JP 4-09) 


diversion — 1. The act of drawing the attention and forces of an enemy from the point of 
the principal operation; an attack, alarm, or feint that diverts attention. 2. A change 
made in a prescribed route for operational or tactical reasons that does not constitute a 
change of destination. 3. A rerouting of cargo or passengers to a new transshipment 
point or destination or on a different mode of transportation prior to arrival at ultimate 
destination. 4. In naval mine warfare, a route or channel bypassing a dangerous area by 
connecting one channel to another or it may branch from a channel and rejoin it on the 
other side of the danger. See also demonstration. (JP 3-03) 


domestic emergencies — Civil defense emergencies, civil disturbances, major disasters, or 
natural disasters affecting the public welfare and occurring within the United States and 
its territories. See also natural disaster. (JP 3-27) 


domestic intelligence — Intelligence relating to activities or conditions within the United 
States that threaten internal security and that might require the employment of troops; 
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and intelligence relating to activities of individuals or agencies potentially or actually 
dangerous to the security of the Department of Defense. (JP 3-08) 


dominant user — The Service or multinational partner who is the principal consumer of a 
particular common-user logistics supply or service within a joint or multinational 
operation and will normally act as the lead Service to provide this particular common- 
user logistics supply or service to other Service components, multinational partners, 
other governmental agencies, or nongovernmental agencies as directed by the 
combatant commander. See also common-user logistics; lead Service or agency for 
common-user logistics. (JP 4-0) 


double agent — Agent in contact with two opposing intelligence services, only one of 
which is aware of the double contact or quasi-intelligence services. Also called DA. 
(JP 2-01.2) 


drop zone — A specific area upon which airborne troops, equipment, or supplies are 
airdropped. Also called DZ. (JP 3-36) 


drug interdiction — A continuum of events focused on interrupting illicit drugs smuggled 
by air, sea, or land. See also counterdrug operations. (JP 3-07.4) 


dual-role tanker — An aircraft that can carry support personnel, supplies, and equipment 
for the deploying force while escorting and/or refueling combat aircraft to the area of 
responsibility. See also air refueling. (JP 3-36) 


dwell time — The length of time a target is expected to remain in one location. (JP 3-60) 


dynamic targeting — Targeting that prosecutes targets identified too late or not selected for 
action in time to be included in deliberate targeting. (JP 3-60) 


dynamic threat assessment — An intelligence assessment developed by the Defense 
Intelligence Agency that details the threat, capabilities, and intentions of adversaries in 
each of the priority plans in the Joint Strategic Capabilities Plan. Also called DTA. 
(JP 2-0) 
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earliest arrival date — A day, relative to C-day, that is specified as the earliest date when 
a unit, resupply shipment, or replacement personnel can be accepted at a port of 
debarkation during a deployment. Also called EAD. See also latest arrival date. 
(JP 3-35) 


early warning — Early notification of the launch or approach of unknown weapons or 
weapons carriers. Also called EW. (JP 3-01) 


economy of force — The judicious employment and distribution of forces so as to expend 
the minimum essential combat power on secondary efforts to allocate the maximum 
possible combat power on primary efforts. (JP 3-0) 


E-day — The day landing force personnel, supplies, and equipment begin to embark aboard 
amphibious warfare or commercial ships. (JP 3-02) 


effect — 1. The physical or behavioral state of a system that results from an action, a set of 
actions, or another effect. 2. The result, outcome, or consequence of an action. 3. A 
change to a condition, behavior, or degree of freedom. (JP 3-0) 


electromagnetic attack — Division of electromagnetic warfare involving the use of 
electromagnetic energy, directed energy, or antiradiation weapons to attack personnel, 
facilities, or equipment with the intent of degrading, neutralizing, or destroying enemy 
combat capability and is considered a form of fires. Also called EA. See also 
electromagnetic protection; electromagnetic support; electromagnetic warfare. 
(JP 3-85) 


electromagnetic battle management — The dynamic monitoring, assessing, planning, and 
directing of operations in the electromagnetic spectrum in support of the commander’s 
concept of the operation. Also called EMBM. (JP 3-85) 


electromagnetic battle management system — The facilities, equipment, software, 
communications, procedures, and personnel essential for a commander to plan, direct, 
monitor, and assess operations in the electromagnetic spectrum. (JP 3-85) 


electromagnetic compatibility — The ability of systems, equipment, and devices that use 
the electromagnetic spectrum to operate in their intended environments without causing 
or suffering unacceptable or unintentional degradation because of electromagnetic 
radiation or response. Also called EMC. See also electromagnetic spectrum 
management; electromagnetic warfare. (JP 3-85) 


electromagnetic environment — The resulting product of the power and time distribution, 
in various frequency ranges, of the radiated or conducted electromagnetic emission 
levels encountered by a military force, system, or platform when performing its assigned 
mission in its intended operational environment. Also called EME. (JP 3-85) 
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electromagnetic environmental effects — The impact of the electromagnetic environment 
upon the operational capability of military forces, equipment, systems, and platforms. 
Also called E3. (JP 3-85) 


electromagnetic hardening — Action taken to protect personnel, facilities, and/or 
equipment by blanking, filtering, attenuating, grounding, bonding, and/or shielding 
against undesirable effects of electromagnetic energy. See also electromagnetic 
warfare. (JP 3-85) 


electromagnetic interference — Any electromagnetic disturbance, induced intentionally or 
unintentionally, that interrupts, obstructs, or otherwise degrades or limits the effective 
performance of electromagnetic spectrum-dependent systems and electrical equipment. 
Also called EMI. (JP 3-13.1) 


electromagnetic intrusion — The intentional insertion of electromagnetic energy into 
transmission paths in any manner, with the objective of deceiving operators or of 
causing confusion. See also electromagnetic warfare. (JP 3-85) 


electromagnetic jamming — The deliberate radiation, reradiation, or reflection of 
electromagnetic energy for the purpose of preventing or reducing an enemy’s effective 
use of the electromagnetic spectrum, with the intent of degrading or neutralizing the 
enemy’s combat capability. See also electromagnetic spectrum management; 
electromagnetic warfare. (JP 3-85) 


electromagnetic masking — The controlled radiation of electromagnetic energy on friendly 
frequencies in a manner to protect the emissions of friendly communications and 
electronic systems against enemy electromagnetic support measures/signals intelligence 
without significantly degrading the operation of friendly systems. (JP 3-85) 


electromagnetic probing — Intentional radiation designed to be introduced into the 
devices or systems of an adversary for the purpose of learning the functions and 
operational capabilities of the devices or systems. (JP 3-85) 


electromagnetic protection — Division of electromagnetic warfare involving actions 
taken to protect personnel, facilities, and equipment from any effects of friendly or 
enemy use of the electromagnetic spectrum that degrade, neutralize, or destroy 
friendly combat capability. Also called EP. See also electromagnetic attack; 
electromagnetic support; electromagnetic warfare. (JP 3-85) 


electromagnetic pulse — A strong burst of electromagnetic radiation caused by a nuclear 
explosion, energy weapon, or by natural phenomenon, that may couple with electrical 
or electronic systems to produce damaging current and voltage surges. Also called 
EMP. (JP 3-3-85) 


electromagnetic radiation hazards —Transmitter or antenna installation that generates or 


increases electromagnetic radiation in the vicinity of ordnance, personnel, or fueling 
operations in excess of established safe levels. (JP 3-85) 


70 


Terms and Definitions 


electromagnetic reconnaissance — The detection, location, identification, and evaluation 
of foreign electromagnetic radiations. See also reconnaissance. (JP 3-85) 


electromagnetic security — The protection resulting from all measures designed to deny 
unauthorized persons information of value that might be derived from their interception 
and study of noncommunications electromagnetic radiations (e.g., radar). (JP 3-85) 


electromagnetic spectrum management — The operational, engineering, and 
administrative procedures to plan and coordinate operations within the electromagnetic 
operational environment. (JP 3-85) 


electromagnetic spectrum operations — Coordinated military actions to exploit, attack, 
protect, and manage the electromagnetic environment. Also called EMSO. (JP 3-85) 


electromagnetic spectrum superiority — That degree of control in the electromagnetic 
spectrum that permits the conduct of operations at a given time and place without 
prohibitive interference, while affecting the threat’s ability to do the same. (JP 3-85) 


electromagnetic support — Division of electromagnetic warfare involving actions tasked 
by, or under direct control of, an operational commander to search for, intercept, 
identify, and locate or localize sources of intentional and unintentional radiated 
electromagnetic energy for the purpose of immediate threat recognition, targeting, 
planning and conduct of future operations. Also called ES. See also electromagnetic 
attack; electromagnetic protection; electromagnetic warfare. (JP 3-85) 


electromagnetic vulnerability — The characteristics of a system that cause it to suffer a 
definite degradation (incapability to perform the designated mission) as a result of 
having been subjected to a certain level of electromagnetic environmental effects. Also 
called EMV. (JP 3-85) 


electromagnetic warfare — Military action involving the use of electromagnetic and 
directed energy to control the electromagnetic spectrum or to attack the enemy. Also 
called EW. See also directed energy; electromagnetic attack; electromagnetic 
protection; electromagnetic support. (JP 3-85) 


electromagnetic warfare frequency deconfliction — Actions taken to integrate those 
frequencies used by electromagnetic warfare systems into the overall frequency 
deconfliction process. See also electromagnetic warfare. (JP 3-85) 


electromagnetic warfare reprogramming — The deliberate alteration or modification of 
electromagnetic warfare or target sensing systems, or the tactics and procedures that 
employ them, in response to validated changes in equipment, tactics, or the 
electromagnetic environment. See also electromagnetic warfare. (JP 3-85) 


electronic intelligence — Technical and geolocation intelligence derived from foreign 
noncommunications electromagnetic radiations emanating from other than nuclear 
detonations or radioactive sources. Also called ELINT. See also electromagnetic 
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warfare; foreign instrumentation signals intelligence; intelligence; signals 
intelligence. (JP 3-85) 


electro-optical-infrared countermeasure — A device or technique employing electro- 
optical-infrared materials or technology that is intended to impair the effectiveness of 
enemy activity, particularly with respect to precision-guided weapons and sensor 
systems. Also called EO-IR CM. (JP 3-85) 


element — An organization formed around a specific function within a designated 
directorate of a headquarters. (JP 3-33) 


elevated causeway system — An elevated causeway pier that provides a means of delivering 
containers, certain vehicles, and bulk cargo ashore without the lighterage contending 
with the surf zone. Also called ELCAS. See also causeway. (JP 4-01.6) 


elicitation — In intelligence usage, the acquisition of information from a person or group in 
a manner that does not disclose the intent of the interview or conversation. (JP 2-0) 


embarkation — The process of putting personnel and/or vehicles and their associated stores 
and equipment into ships and/or aircraft. (JP 3-02) 


embarkation area — An area ashore, including a group of embarkation points, in which 
final preparations for embarkation are completed and through which assigned personnel 
and loads for craft and ships are called forward to embark. See also mounting area. 
(JP 3-02) 


embarkation element — A temporary administrative formation of personnel with supplies 
and equipment embarking or to be embarked (combat loaded) aboard the ships of one 
transport element. (JP 3-02) 


embarkation group — A temporary administrative formation of personnel with supplies 
and equipment embarking or to be embarked (combat loaded) aboard the ships of one 
transport element group. (JP 3-02) 


embarkation officer — An officer on the staff of units of the landing force who advises the 
commander thereof on matters pertaining to embarkation planning and loading ships. 
See also combat cargo officer. (JP 3-02) 


embarkation order — An order specifying dates, times, routes, loading diagrams, and 
methods of movement to shipside or aircraft for troops and their equipment. (JP 3-02) 


embarkation organization — A temporary administrative formation of personnel with 
supplies and equipment embarking or to be embarked aboard ships. See also 
embarkation team. (JP 3-02) 


embarkation phase — In amphibious operations, the phase that encompasses the orderly 
assembly of personnel and materiel and their subsequent loading aboard ships and/or 


te: 


Terms and Definitions 


aircraft in a sequence designed to meet the requirements of the landing force concept of 
operations ashore. (JP 3-02) 


embarkation plans — The plans prepared by the landing force and appropriate subordinate 
commanders containing instructions and information concerning the organization for 
embarkation, assignment to shipping, supplies and equipment to be embarked, location 
and assignment of embarkation areas, control and communication arrangements, 
movement schedules and embarkation sequence, and additional pertinent instructions 
relating to the embarkation of the landing force. (JP 3-02) 


embarkation team — A temporary administrative formation of all personnel with supplies 
and equipment embarking or to be embarked (combat loaded) aboard one ship. See also 
embarkation organization. (JP 3-02) 


embarkation unit — A temporary administrative formation of personnel with supplies and 
equipment embarking or to be embarked (combat loaded) aboard the ships of one 
transport unit, which is dissolved upon completion of the embarkation. (JP 3-02) 


emergency action committee — An organization established at a foreign service post by 
the chief of mission or principal officer for the purpose of directing and coordinating the 
post’s response to contingencies. Also called EAC. (JP 3-68) 


emergency-essential employee — A Department of Defense civilian whose assigned duties 
meet all the criteria prescribed in law per Title 10, United States Code, Section 1580. 
See also evacuation. (JP 1-0) 


emergency locator beacon — A generic term for all radio beacons used for emergency 
locating purposes. See also personal locator beacon. (JP 3-50) 


emergency operations center — A temporary or permanent facility where the coordination 
of information and resources to support domestic incident management activities 
normally takes place. Also called EOC. (JP 3-41) 


emergency preparedness — Measures taken in advance of an emergency to reduce the loss 
of life and property and to protect a nation’s institutions from all types of hazards 
through a comprehensive emergency management program of preparedness, mitigation, 
response, and recovery. Also called EP. (JP 3-28) 


emergency preparedness liaison officer — A senior reserve officer who represents their 
Service at the appropriate joint field office conducting planning and coordination 
responsibilities in support of civil authorities. Also called EPLO. (JP 3-28) 


emergency repair — The least amount of immediate repair to damaged facilities necessary 
for the facilities to support the mission. See also facility substitutes. (JP 3-34) 


emergency support functions — Government and certain private-sector capabilities 


grouped into an organizational structure to provide the support, resources, program 
implementation, and services that are most likely to be needed to save lives, protect 
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property and the environment, restore essential services and critical infrastructure, and 
help victims and communities return to normal, when feasible, following domestic 
incidents. Also called ESFs. (JP 3-28) 


emission control — The selective and controlled use of electromagnetic, acoustic, or other 
emitters to optimize command and control capabilities while minimizing, for operations 
security: a. detection by enemy sensors, b. mutual interference among friendly systems, 
and/or c. enemy interference with the ability to execute a military deception plan. Also 
called EMCON. See also electromagnetic warfare. (JP 3-85) 


emission security — Actions designed to deny unauthorized persons information of value 
as a result of intercept and analysis of compromising emanations from cryptographic 
equipment and telecommunications systems. See also communications security. 
(JP 6-0) 


employment — The strategic, operational, or tactical use of forces. (JP 5-0) 


end evening civil twilight — The point in time when the sun has dropped 6 degrees beneath 
the western horizon, and is the instant at which there is no longer sufficient light to see 
objects with the unaided eye. Also called EECT. (JP 2-01.3) 


end item — A final combination of end products, component parts, and/or materials that is 
ready for its intended use. (JP 4-02) 


end of evening nautical twilight — The point in time when the sun has dropped 12 degrees 
below the western horizon, and is the instant of last available daylight for the visual 
control of limited military operations. Also called EENT. (JP 2-01.3) 


end state — The set of required conditions that defines achievement of the commander’s 
objectives. (JP 3-0) 


end-to-end — A term that describes joint distribution operations boundaries, which begin at 
the point of origin and terminate at the geographic combatant commander’s designated 
point of need within a desired operational area, including the return of forces and 
materiel. (JP 4-09) 


enduring location — A main operating base, forward operating site, or cooperative security 
location designated by the Department of Defense for strategic access and use to support 
United States security interests for the foreseeable future. Also called EL. (JP 4-04) 


engage — 1. In air and missile defense, a fire control order used to direct or authorize units 
and/or weapon systems to attack a designated target. See also cease engagement; hold 
fire. (JP 3-01) 2. To bring the enemy under fire. (JP 3-09.3) 


engagement — 1. An attack against an air or missile threat. (JP 3-01) 2. A tactical conflict, 


usually between opposing lower echelons maneuver forces. See also battle; campaign. 
(JP 3-0) 
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engagement authority — An authority vested with a joint force commander that may be 
delegated to a subordinate commander, that permits an engagement decision. (JP 3-01) 


engage on remote — Use of nonorganic sensor or ballistic missile defense system track data 
to launch weapon and complete engagement. Also called EOR. (JP 3-01) 


engineer support plan — An appendix to the logistics annex or separate annex of an 
operation plan that identifies the minimum essential engineering services and 
construction requirements required to support the commitment of military forces. Also 
called ESP. See also operation plan. (JP 3-34) 


en route care — Care provided during transport to optimize patient outcomes. Also called 
ERC. See also evacuation. (JP 4-02) 


entity — Within the context of targeting, a term used to describe facilities, individuals, 
virtual (nontangible) things, equipment, or organizations. (JP 3-60) 


environmental baseline survey — A multi-disciplinary site survey conducted prior to or in 
the initial stage of an operational deployment. Also called EBS. See also general 
engineering. (JP 3-34) 


environmental considerations — The spectrum of environmental media, resources, or 
programs that may affect the planning and execution of military operations. (JP 3-34) 


equipment — In logistics, all nonexpendable items needed to outfit or equip an individual 
or organization. See also component; supplies. (JP 4-0) 


escapee — Any person who has been physically captured by the enemy and succeeds in 
getting free. (JP 3-50) 


essential care — Medical treatment provided to manage the casualty throughout the roles of 
care, which includes all care and treatment to either return the patient to duty (within 
the theater evacuation policy), or begin initial treatment required for optimization of 
outcome, and/or stabilization to ensure the patient can tolerate evacuation. See also en 
route care; first responder; forward resuscitative care; theater. (JP 4-02) 


essential elements of information — The most critical information requirements regarding 
the adversary and the environment needed by the commander by a particular time to 
relate with other available information and intelligence in order to assist in reaching a 
logical decision. Also called EEIs. (JP 2-0) 


essential task — A specified or implied task an organization must perform to accomplish 
the mission. See also implied task; specified task. (JP 5-0) 


establishing directive — An order issued to specify the purpose of the support relationship. 
(JP 3-02) 
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Section Vil. IMAGINARY AND COMPLEX NUMBERS 
77. Imaginary Numbers 


a. Indicated Square Root of Negative Num- 


bers. 


(1) 


AGO B58A 


In the study of roots to this point, only 
the roots of positive numbers have 
been considered. Sometimes a nega- 
tive expression will appear under the 
radical. Such an expression originally 
was given the designation imaginary 
number to distinguish it from real 
numbers. In electricity and electron- 
ics, however, so-called imaginary num- 
bers are used for real physical calcula- 
tions—-the reactance of a large capaci- 


(2) 


tor or inductor must be calculated by 
using this type of number. 

In multiplication, when a real number 
is multiplied by itself the result is al- 
ways positive. For example, +5 - +5 
= 25, and —5 - —5 — 25. Therefore, 
any number raised to a power having 
an ‘even exponent will be positive be- 
cause like signs are being multiplied. 
However, this is not true for the in- 
terpretation of an expression such as 
\/—5. Any negative number can be 
regarded as the product of a positive 
number of the same absolute value and 
—1, and the square root of a negative 
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estimate — 1. An analysis of a foreign situation, development, or trend that identifies its 
major elements, interprets the significance, and appraises the future possibilities and the 
prospective results of the various actions that might be taken. 2. An appraisal of the 
capabilities, vulnerabilities, and potential courses of action of a foreign nation or 
combination of nations in consequence of a specific national plan, policy, decision, or 
contemplated course of action. 3. An analysis of an actual or contemplated clandestine 
operation in relation to the situation in which it is or would be conducted to identify and 
appraise such factors as available as well as needed assets and potential obstacles, 
accomplishments, and consequences. See also intelligence estimate. (JP 5-0) 


estimative intelligence — Intelligence that identifies, describes, and forecasts adversary 
capabilities and the implications for planning and executing military operations. 
(JP 2-0) 


evacuation — 1. Removal of a patient by any of a variety of transport means from a theater 
of military operation, or between health services capabilities, for the purpose of 
preventing further illness or injury, providing additional care, or providing disposition 
of patients from the military health care system. (JP 4-02) 2. The clearance of 
personnel, animals, or materiel from a given locality. (JP 3-68) 3. The controlled 
process of collecting, classifying, and shipping unserviceable or abandoned materiel, 
United States or foreign, to appropriate reclamation, maintenance, technical 
intelligence, or disposal facilities. (JP 4-09) 4. The ordered or authorized departure of 
noncombatant evacuees from a specific area to another in the same or different countries 
by Department of State, Department of Defense, or appropriate military commander. 
See also evacuee; noncombatant evacuation operation. (JP 3-68) 


evacuee — A civilian removed from a place of residence by military direction for reasons of 
personal security or the requirements of the military situation. See also displaced 
person. (JP 3-57) 


evader — Any person isolated in hostile or unfriendly territory who eludes capture. 
(JP 3-50) 


evaluation — In intelligence usage, appraisal of an item of information in terms of 
credibility, reliability, pertinence, and accuracy. (JP 2-01) 


evaluation and feedback — In intelligence usage, continuous assessment of intelligence 
operations throughout the intelligence process to ensure that the commander’s 
intelligence requirements are being met. See intelligence process. (JP 2-01) 


evasion — The process whereby isolated personnel avoid capture with the goal of 
successfully returning to areas under friendly control. (JP 3-50) 


evasion aid — In personnel recovery, any piece of information or equipment designed to 


assist an individual in avoiding capture. See also blood chit; evasion; evasion chart; 
pointee-talkee; recovery; recovery operations. (JP 3-50) 
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evasion chart — A special map or chart designed as an evasion aid. Also called EVC. See 
also evasion; evasion aid. (JP 3-50) 


evasion plan of action — A course of action, developed prior to executing a combat mission, 
that is intended to improve a potential isolated person’s chances of successful evasion 
and recovery by providing the recovery forces with an additional source of information 
that can increase the predictability of the evader’s action and movement. Also called 
EPA. See also course of action; evader; evasion. (JP 3-50) 


event matrix — A cross-referenced description of the indicators and activity expected to 
occur in each named area of interest. See also activity; area of interest; indicator. 
(JP 2-01.3) 


event template — A guide for collection planning that depicts the named areas of interest 
where activity, or its lack of activity, will indicate which course of action the adversary 
has adopted. See also activity; area of interest; collection planning; course of action. 
(JP 2-01.3) 


exclusion zone — A zone established by a sanctioning body to prohibit specific activities in 
a specific geographic area to persuade nations or groups to modify their behavior to 
meet the desires of the sanctioning body or face continued imposition of sanctions, or 
use or threat of force. (JP 3-0) 


exclusive economic zone — A maritime zone adjacent to the territorial sea that may not 
extend beyond 200 nautical miles from the baselines from which the breadth of the 
territorial sea is measured. Also called EEZ. (JP 3-15) 


execute order — 1. An order issued by the Chairman of the Joint Chiefs of Staff, at the 
direction of the Secretary of Defense, to implement a decision by the President to initiate 
military operations. 2. An order to initiate military operations as directed. Also called 
EXORD. (JP 5-0) 


executive agent — A term used to indicate a delegation of authority by the Secretary of 
Defense or Deputy Secretary of Defense to a subordinate to act on behalf of the Secretary 
of Defense. Also called EA. (JP 1) 


exercise — A military maneuver or simulated wartime operation involving planning, 
preparation, and execution that is carried out for the purpose of training and evaluation. 
See also maneuver. (JP 3-0) 


exfiltration — The removal of personnel or units from areas under enemy control by 
stealth, deception, surprise, or clandestine means. See also special operations; 
unconventional warfare. (JP 3-50) 


expeditionary force — An armed force organized to achieve a specific objective in a foreign 
country. (JP 3-0) 
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expendable supplies — Supplies that are consumed in use, such as ammunition, paint, fuel, 
cleaning and preserving materials, surgical dressings, drugs, medicines, etc., or that lose 
their identity, such as spare parts, etc., and may be dropped from stock record accounts 
when it is issued or used. (JP 4-02) 


exploitation — 1. Taking full advantage of success in military operations, following up 
initial gains, and making permanent the temporary effects already created. 2. Taking 
full advantage of any information that has come to hand for tactical, operational, or 
strategic purposes. 3. An offensive operation that usually follows a successful attack 
and is designed to disorganize the enemy in depth. See also attack. (JP 2-01.3) 


explosive cargo — Cargo such as artillery ammunition, bombs, depth charges, demolition 
material, rockets, and missiles. (JP 4-01.5) 


explosive hazard — 1. Any material posing a potential threat that contains an explosive 
component such as unexploded explosive ordnance, booby traps, improvised explosive 
devices, captured enemy ammunition, and bulk explosives. (JP 3-15) 2. In explosive 
ordnance disposal, a condition where danger exists because explosives are present that 
may react in a mishap with potential unacceptable effects to people, property, 
operational capability, or the environment. Also called EH. (JP 3-42) 


explosive ordnance — All munitions and improvised or clandestine explosive devices, 
containing explosives, propellants, nuclear fission or fusion materials, and biological 
and chemical agents. (JP 3-42) 


explosive ordnance disposal — 1. The detection, identification, on-site evaluation, 
rendering safe, recovery, and final disposal of unexploded explosive ordnance. 2. The 
organizations engaged in such activities. Also called EOD. (JP 3-42) 


explosive ordnance disposal incident — The suspected or detected presence of unexploded 
Pp P p p p 
or damaged explosive ordnance that constitutes a hazard to operations, installations, 
personnel, or material and requires explosive ordnance disposal procedures. (JP 3-42) 


explosive ordnance disposal procedures — Any particular course or mode of action taken 
by qualified explosive ordnance disposal personnel to detect and/or locate, access, 
identify, triage, diagnose, stabilize, render safe or neutralize, recover, exploit, and 
dispose of ordnance, explosives, or any hazardous material associated with an explosive 
ordnance disposal incident. (JP 3-42) 


explosive ordnance disposal unit — Personnel with special training and equipment who 
render explosive ordnance safe, make intelligence reports on such ordnance, and 
supervise the safe removal thereof. (JP 3-42) 


explosives safety munitions risk management — A systematic approach that integrates 
risk analysis into operational planning, military training exercises, and contingency 
operations with the goal of identifying potentially adverse consequences associated with 
munitions operations, risk reduction alternatives, and risk acceptance criteria for senior 
officials to make the risk decision. (CJCSI 4360.01A) 
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external audience — In public affairs, all people who are not United States military 
members, Department of Defense civilian employees, and their immediate families. See 
also internal audience; public. (JP 3-61) 


external support contract — Contract awarded by contracting organizations whose 
contracting authority does not derive directly from the theater support contracting 
head(s) of a contracting activity or from systems support contracting authorities. See 
also systems support contract; theater support contract. (JP 4-10) 


io 
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facility — A real property entity consisting of one or more of the following: a building, a 
structure, a utility system, pavement, and underlying land. (JP 3-34) 


facility substitutes — Items such as tents and prepackaged structures requisitioned through 
the supply system that may be used to substitute for constructed facilities. (JP 3-34) 


family readiness — The state of being prepared to effectively navigate the challenges of 
daily living experienced in the unique context of military service, to include: mobility 
and financial readiness, mobilization and deployment readiness, and personal and 
family life readiness. (DODI 1342.22) 


feasibility — The plan review criterion for assessing whether the assigned mission can be 
accomplished using available resources within the time contemplated by the plan. See 
also acceptability; adequacy. (JP 5-0) 


feasibility assessment — A basic target analysis that provides an initial determination of the 
viability of a proposed target for special operations forces employment. Also called FA. 
(JP 3-05) 


federal military forces — Army, Navy, Marine Corps, and Air Force personnel (including 
Reserve Component personnel) on federal active duty. (JP 3-28) 


federal service — A term applied to National Guard members and units when called to 
active duty to serve the United States Government under Article I, Section 8 and Article 
II, Section 2 of the Constitution and Title 10, United States Code, Sections 12401 to 
12408. See also active duty; Reserve Component. (JP 4-05) 


feint — In military deception, an offensive action involving contact with the adversary 
conducted for the purpose of deceiving the adversary as to the location and/or time of 
the actual main offensive action. (JP 3-13.4) 


field army — An echelon of command that employs multiple corps, divisions, 
multifunctional brigades, and functional brigades to achieve objectives on land. 
(JP 3-31) 


field artillery — Equipment, supplies, ammunition, and personnel involved in the use of 
cannon, rocket, or surface-to-surface missile launchers. Also called FA. (JP 3-09) 


fighter engagement zone — In air defense, that airspace of defined dimensions within 
which the responsibility for engagement of air threats normally rests with fighter 
aircraft. Also called FEZ. (JP 3-01) 


fighter escort — An offensive counterair operation providing dedicated protection sorties 
by air-to-air capable fighters in support of other offensive air and air support missions 
over enemy territory, or in a defensive counterair role to protect high value airborne 
assets. (JP 3-01) 


81 


Terms and Definitions 


fighter sweep — An offensive mission by fighter aircraft to seek out and destroy enemy 
aircraft or targets of opportunity in a designated area. (JP 3-01) 


final governing standards — A comprehensive set of country-specific substantive 
environmental provisions, typically technical limitations on effluent, discharges, etc., or 
a specific management practice. Also called FGSs. (JP 3-34) 


final protective fire — An immediately available, prearranged barrier of fire designed to 
impede enemy movement across defensive lines or areas. Also called FPF. (JP 3-09.3) 


finance support — A financial management function to provide financial advice and 
recommendations, pay support, disbursing support, establishment of local depository 
accounts, essential accounting support, and support of the procurement process. See 
also financial management. (JP 3-80) 


financial management — The combination of the two core functions of resource 
management and finance support. Also called FM. See also finance support; resource 
management. (JP 3-80) 


fire direction center — That element of a command post, consisting of gunnery and 
communications personnel and equipment, by means of which the commander exercises 
fire direction and/or fire control. Also called FDC. (JP 3-09.3) 


fires — The use of weapon systems or other actions to create specific lethal or nonlethal 
effects on a target. (JP 3-09) 


fire support — Fires that directly support land, maritime, amphibious, space, cyberspace, 
and special operations forces to engage enemy forces, combat formations, and facilities 
in pursuit of tactical and operational objectives. See also fires. (JP 3-09) 


fire support area — An appropriate maneuver area assigned to fire support ships by the 
naval force commander from which they can deliver gunfire support to an amphibious 
operation. Also called FSA. See also amphibious operation; fire support. (JP 3-09) 


fire support coordination — The planning and executing of fire so targets are adequately 
covered by a suitable weapon or group of weapons. (JP 3-09) 


fire support coordination center — A single site in which centralized communications 
facilities and personnel incident to the coordination of all forms of fire support for Marine 
forces are located. Also called FSCC. See also fire support; fire support 
coordination; support; supporting arms coordination center. (JP 3-09) 


fire support coordination line — A fire support coordination measure established by the 
land or amphibious force commander to support common objectives within an area of 
operation, beyond which all fires must be coordinated with affected commanders prior 
to engagement and, short of the line, all fires must be coordinated with the establishing 
commander prior to engagement. Also called FSCL. See also fires; fire support. 
(JP 3-09) 
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fire support coordination measure — A measure employed by commanders to facilitate 
the rapid engagement of targets and simultaneously provide safeguards for friendly 
forces. Also called FSCM. See also fire support coordination. (JP 3-0) 


fire support coordinator — 1. The officer in charge of the fire support coordination center. 
Also called FSC. 2. The brigade combat team’s organic fires battalion commander. 
Also called FSCOORD. (JP 3-09) 


fire support element — That section of the tactical operations center at every echelon above 
company responsible for targeting coordination and for integrating fires under the 
control or in support of the force. See also fire support; force; support. (JP 3-09) 


fire support officer — The field artillery officer, from the operational to tactical level, 
responsible for advising the supported commander or assisting the senior fires officer of 
the organization on fires functions and fire support. Also called FSO. See also field 
artillery; fire support; support. (JP 3-09) 


fire support station — An exact location at sea within a fire support area from which a fire 
support ship delivers fire. Also called FSS. (JP 3-02) 


fire support team — A field artillery team provided for each maneuver company/troop and 
selected units to plan and coordinate all supporting fires available to the unit, including 
mortars, field artillery, naval surface fire support, and close air support integration. Also 
called FIST. See also close air support; field artillery; fire support; support. 
(JP 3-09.3) 


first responder — Anyone who provides initial and immediate treatment to self or others. 
See also essential care; evacuation. (JP 4-02) 


fixed port — Terminals with an improved network of cargo-handling facilities designed for 
the transfer of freight. See also maritime terminal. (JP 4-01.5) 


fixed-price contract — A type of contract that generally provides for a firm price or, under 
appropriate circumstances, may provide for an adjustable price for the supplies or 
services being procured. (JP 4-10) 


flame field expedient — Simple, handmade device used to produce flame or illumination. 
Also called FFE. (JP 3-15) 


flash burn — A burn caused by excessive exposure (of bare skin) to thermal radiation. 
(JP 3-41) 


flatrack — Portable, open-topped, open-sided units that fit into existing below-deck 


container cell guides and provide a capability for container ships to carry oversized 
cargo and wheeled and tracked vehicles. (JP 4-09) 
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fleet — An organization of ships, aircraft, Marine Corps forces, and shore-based fleet 
activities under a commander who may exercise operational, as well as administrative, 
control. See also numbered fleet. (JP 3-32) 


Fleet Marine Force — A balanced force of combined arms comprising land, air, and service 
elements of the United States Marine Corps, which is an integral part of a United States 
fleet and has the responsibility to man, train, and equip the Marine operating force. Also 
called FMF. (JP 4-02) 


flight — 1. In Navy and Marine Corps usage, a specified group of aircraft usually conducting 
acommon mission. 2. The basic tactical unit in the Air Force, consisting of four or more 
aircraft in two or more elements. 3. A single aircraft airborne on a nonoperational 
mission. (JP 3-30) 


flight deck — 1. In certain airplanes, an elevated compartment occupied by the crew for 
operating the airplane in flight. 2. The upper deck of an aircraft carrier that serves as a 
runway. 3. The deck of an air-capable ship, amphibious assault ship, or aircraft carrier 
used to launch and recover aircraft. (JP 3-02) 


floating craft company — A company-sized unit made up of various watercraft teams such 
as tugs, barges, and barge cranes. (JP 4-01.6) 


floating dump — Emergency supplies preloaded in landing craft, amphibious vehicles, or 
in landing ships that are located in the vicinity of the appropriate control officer, who 
directs their landing as requested by the troop commander concerned. (JP 3-02) 


fly-in echelon — Airlifted forces and equipment (typically associated with the use of pre- 
positioned assets), to include flight ferry aircraft and aviation support equipment, needed 
to support operations. (JP 3-02) 


follow-up — In amphibious operations, the reinforcements and stores carried on ships and 
aircraft (not originally part of the amphibious force) that are off-loaded after the assault 
and assault follow-on echelons have been landed. See also amphibious operation; 
assault; assault follow-on echelon. (JP 3-02) 


follow-up shipping — Ships not originally a part of the amphibious task force but which 
deliver troops and supplies to the objective area after the action phase has begun. 
(JP 3-02) 


food and water risk assessment — A program conducted under specific circumstances by 
veterinary or public health personnel to assess food operations to identify and mitigate 
risk from intentional and unintentional contamination. Also called FWRA. (JP 4-02) 


footprint — 1. The area on the surface of the earth within a satellite’s transmitter or sensor 


field of view. 2. The amount of personnel, spares, resources, and capabilities physically 
present and occupying space at a deployed location. (JP 4-01.5) 
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force — 1. An aggregation of military personnel, weapon systems, equipment, and necessary 
support, or combination thereof. 2. A major subdivision of a fleet. (JP 1) 


force/activity designator — Number used in conjunction with urgency of need designators 
to establish a matrix of priorities used for supply requisitions. Also called F/AD. See 
also force. (JP 4-09) 


force beddown — The provision of expedient facilities for troop support to provide a 
platform for the projection of force. See also facility substitutes. (JP 3-34) 


force closure — The point in time when a supported commander determines that sufficient 
personnel and equipment resources are in the assigned operational area to carry out 
assigned tasks. See also closure; force. (JP 3-35) 


force health protection — Measures to promote, improve, or conserve the behavioral and 
physical well-being of Service members to enable a healthy and fit force, prevent injury 
and illness, and protect the force from health hazards. Also called FHP. See also force; 
protection. (JP 4-02) 


force module — A grouping of combat, combat support, and combat service support forces, 
with their accompanying supplies and the required nonunit resupply and personnel 
necessary to sustain forces for a minimum of 30 days. Also called FM. (JP 4-01.5) 


force planning —1. Planning associated with the creation and maintenance of military 
capabilities by the Military Departments, Services, United States Special Operations 
Command, and United States Cyber Command. 2. In the context of joint planning, it is 
an element of plan development where the supported combatant command, in 
coordination with its supporting and subordinate commands, determines force 
requirements to accomplish an assigned mission. (JP 5-0) 


force projection — The ability to project the military instrument of national power from the 
United States or another theater, in response to requirements for military operations. 
See also force. (JP 3-0) 


force protection — Preventive measures taken to mitigate hostile actions against 
Department of Defense personnel (to include family members), resources, facilities, and 
critical information. Also called FP. See also force; force protection condition; 
protection. (JP 3-0) 


force protection condition — A Chairman of the Joint Chiefs of Staff-approved standard 
for identification of and recommended responses to terrorist threats against United 
States personnel and facilities. Also called FPCON. See also antiterrorism; force 
protection. (JP 3-26) 


force protection detachment — A _ counterintelligence element that provides 


counterintelligence support to transiting and assigned ships, personnel, and aircraft in 
regions of elevated threat. Also called FPD. (JP 2-01.2) 
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number can be written as the square root of a positive number times \/—1; thus, \/—9 = 
V9 V—I = 38/—1, with \/—I being the imaginary number. Most mathematics texts 
represent the imaginary number \/—1 by the letter i. However, the letter J or i means 
current in electrical formulas; therefore, the letter 7, commonly called the operator j, is 
used in electronics. 


Example 1: \/—386 = \/(—1)36 = V— 1 - 36 =/—1-6=f6 
Example 2: JZ? = V—-I)2@ = V—1- V@=V—1:°-2= 52 
Example 3: —\/—9a? = —\/(—1)9e = —/—1 - \/9a? = —\/—1 - 8a = — 78a 
b. Powers of Operator j. Imaginary numbers follow the fundamental laws of addition, subtrac- 
tion, multiplication, and division. They also ean be raised to a power; thus, 7? = 7? - 7 = —1(j) = 
—~j, and j4 = j? - 72 = —1(—1)-= 1. The values of the powers of j are obtained as follows: 
fat-j 
Pa=j-j-j=V—1:vV—1- VY—I = —1\/—I = —j; and 
PHT G- GF =V—I : | »Y—! ‘“V-— =—l -—1 = 1; but 
Po=J 9-9-9 -G=H"R+-7=7'=~V—I, and the whole cycle starts over again. Therefore, j4 
can be eliminated as many times as it is contained in an expression, reducing the quantity to /, 7?, 
or 7? and getting its value from the following: 


j=j=v—1 
f=—1 
e=—j 
fi=1 


Example 1: Simplify 7%. 
j= pt j=jov—I 
Example 2: Simplify 727. 
jt = 7A -p=P-P=—j=—/—1 


c. Addition and Subtraction of Imaginary Numbers. These numbers may be added or subtracted 
in the same manner that any algebraic expression is added or subtracted (par. 44). First change 
the expression to the j form; then treat the j as any other letter in an algebraic expression. 


Example 1: Add \/—25, \/—36, and \/—9. 
V—25 + /—36 + V—9 = 75 +16 + 78 = 714 
Example 2: Add 6/—2 + 5\/—8 + 8 /—I8. 
6/—2 + 5/—B + 8/—18 = V2 + VB + PVE 
= j/2 + 7(5 + 2)/249(8 - 8)V2 
= (J + 71 4 4)V/2 
= iE 
Example 8; Subtract \/\—64 from \/—36. 
V—36 — VE = f#§ —F = —F* 
Example 4: Subtract 4,/—8 from 6\/—I8. 
6\/—18 — 4,/—B = 7(6 - 3)\/2 — 7(4- 2) V2 
z= (718 — 78)\/2 
= fn /Z 
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force protection working group — Cross-functional working group whose purpose is to 
conduct risk assessment and risk management and to recommend mitigating measures 
to the commander. Also called FPWG. (JP 3-10) 


force requirement number — An alphanumeric code used to uniquely identify force entries 
in a given operation plan time-phased force and deployment data. (JP 3-35) 


force sequencing — The phased introduction of forces into and out of the operational area. 
(JP 3-68) 


force sourcing — The identification of the actual units, their origins, ports of embarkation, 
and movement characteristics to satisfy the time-phased force requirements of a 
supported commander. (JP 5-0) 


force tracking — The process of gathering and maintaining information on the location, 
status, and predicted movement of each element of a unit including the unit’s command 
element, personnel, and unit-related supplies and equipment while in transit to the 
specified operational area. (JP 3-35) 


force visibility — The current and accurate status of forces, their current mission, future 
missions, location, mission priority, and readiness status. (JP 3-35) 


forcible entry — Seizing and holding of a military lodgment in the face of armed opposition 
or forcing access into a denied area to allow movement and maneuver to accomplish the 
mission. See also lodgment. (JP 3-18) 


foreign assistance — Assistance to foreign nations ranging from the sale of military 
equipment and support for foreign internal defense to donations of food and medical 
supplies to aid survivors of natural and man-made disasters that may be provided 
through development assistance, humanitarian assistance, and security assistance. See 
also domestic emergencies; foreign disaster; foreign humanitarian assistance; 
security assistance. (JP 3-0) 


foreign disaster — A calamitous situation or event that occurs naturally or through human 
activities, which threatens or inflicts human suffering on a scale that may warrant 
emergency relief assistance from the United States Government or from foreign 
partners. See also foreign disaster relief. (JP 3-29) 


foreign disaster relief — Assistance that can be used immediately to alleviate the suffering 
of foreign disaster victims that normally includes services and commodities, as well as 
the rescue and evacuation of victims; the provision and transportation of food, water, 
clothing, medicines, beds, bedding, and temporary shelter; the furnishing of medical 
equipment and medical and technical personnel; and making repairs to essential 
services. Also called FDR. See also foreign disaster. (JP 3-29) 


foreign humanitarian assistance — Department of Defense activities conducted outside 


the United States and its territories to directly relieve or reduce human suffering, disease, 
hunger, or privation. Also called FHA. See also foreign assistance. (JP 3-29) 
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foreign instrumentation signals intelligence — A subcategory of signals intelligence 
consisting of technical information and intelligence derived from the intercept of foreign 
electromagnetic emissions associated with the testing and operational deployment of 
non-United States aerospace, surface, and subsurface systems. Also called FISINT. 
See also signals intelligence. (JP 2-01) 


foreign intelligence — Information relating to capabilities, intentions, and activities of 
foreign governments or elements thereof, foreign organizations, or foreign persons, or 
international terrorist activities. See also intelligence. (JP 2-0) 


foreign intelligence entity — Any known or suspected foreign organization, person, or 
group (public, private, or governmental) that conducts intelligence activities to acquire 
United States information, block or impair United States intelligence collection, 
influence United States policy, or disrupts United States systems and programs. The 
term includes foreign intelligence and security services and international terrorists. (JP 
2-01.2) 


foreign internal defense — Participation by civilian agencies and military forces of a 
government or international organizations in any of the programs and activities 
undertaken by a host nation government to free and protect its society from subversion, 
lawlessness, insurgency, terrorism, and other threats to its security. Also called FID. 
(JP 3-22) 


foreign military sales — That portion of United States security assistance for sales programs 
that require agreements/contracts between the United States Government and an 
authorized recipient government or international organization for defense articles and 
services to be provided to the recipient for current stocks or new procurements under 
Department of Defense-managed contracts, regardless of the source of financing. Also 
called FMS. (JP 3-20) 


foreign national — Any person other than a United States citizen, United States permanent 
or temporary legal resident alien, or person in United States custody. (JP 1-0) 


foreign nation support — Civil and/or military assistance rendered to a nation when 
operating outside its national boundaries during military operations based on 
agreements mutually concluded between nations or on behalf of intergovernmental 
organizations. See also host-nation support. (JP 3-80) 


foreign service national — Foreign nationals who provide clerical, administrative, 
technical, fiscal, and other support at foreign service posts abroad and are not citizens 
of the United States. (JP 3-68) 


forensic-enabled intelligence — The intelligence resulting from the integration of 
scientifically examined materials and other information to establish full 
characterization, attribution, and the linkage of events, locations, items, signatures, 
nefarious intent, and persons of interest. Also called FEI. (JP 2-0) 
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forward air controller — An officer (aviator/pilot) member of the tactical air control party 
who, from a forward ground or airborne position, controls aircraft in close air support 
of ground troops. Also called FAC. See also close air support. (JP 3-09.3) 


forward air controller (airborne) — A specifically trained and qualified aviation officer, 
normally an airborne extension of the tactical air control party, who exercises control 
from the air of aircraft engaged in close air support of ground troops. Also called 
FAC(A). (JP 3-09.3) 


forward arming and refueling point — A temporary facility, organized, equipped, and 
deployed, to provide fuel and ammunition necessary for the employment of aviation 
maneuver units in combat. Also called FARP. (JP 3-09.3) 


forward aviation combat engineering — A mobility operation in which engineers perform 
tasks in support of forward aviation ground facilities. See also combat engineering; 
reconnaissance. (JP 3-34) 


forward edge of the battle area — The foremost limits of a series of areas in which ground 
combat units are deployed to coordinate fire support, the positioning of forces, or the 
maneuver of units, excluding areas in which covering or screening forces are operating. 
Also called FEBA. (JP 3-09.3) 


forward line of own troops — A line that indicates the most forward positions of friendly 
forces in any kind of military operation at a specific time. Also called FLOT. 
(JP 3-03) 


forward-looking infrared — An airborne, electro-optical, thermal imaging device that 
detects far-infrared energy, converts the energy into an electronic signal, and provides a 
visible image for day or night viewing. Also called FLIR. (JP 3-09.3) 


forward observer — An individual operating with front line troops trained to adjust ground 
or naval gunfire and pass back battlefield information. Also called FO. See also 
forward air controller; spotter. (JP 3-09) 


forward operating base — An airfield used to support tactical operations without 
establishing full support facilities. Also called FOB. (JP 3-09.3) 


forward operating site — A scalable location outside the United States and its territories 
intended for rotational use by operating forces. Also called FOS. See also cooperative 
security location; main operating base. (JP 4-04) 


forward presence — Maintaining forward-deployed or stationed forces overseas to 
demonstrate national resolve, strengthen alliances, dissuade potential adversaries, and 
enhance the ability to respond quickly to contingencies. (JP 3-32) 


forward resuscitative care — Care provided as close to the point of injury as possible based 


on current operational requirements to attain stabilization, achieve the most efficient use 
of lifesaving and limb-saving medical treatment, and provide essential care so the 
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patient can tolerate evacuation, which is known as Role 2 care in the North Atlantic 
Treaty Organization doctrine. Also called FRC. See also essential care; evacuation; 
medical treatment facility. (JP 4-02) 


foundation geospatial intelligence data — The base data providing context and a 
framework for display and visualization of the environment, which consists of: features, 
elevation, controlled imagery base, geodetic sciences, geographic names and 
boundaries, aeronautical, maritime, digital point positioning database, and human 
geography. (JP 2-03) 


463L system — A material handling system that consists of military and civilian aircraft 
cargo restraint rail systems, aircraft pallets, nets, tie down, coupling devices, facilities, 
handling equipment, procedures, and other components designed to efficiently 
accomplish the air logistics and aerial delivery mission. (JP 4-09) 


fragmentary order — An abbreviated operation order issued as needed to change or modify 
an order or to execute a branch or sequel. Also called FRAGORD. (JP 5-0) 


freedom of navigation operations — Operations conducted to protect United States 
navigation, overflight, and related interests on, under, and over the seas. (JP 3-0) 


free-fire area — A specific region into which any weapon system may fire without additional 
coordination with the establishing headquarters. Also called FFA. (JP 3-09) 


free mail — Personal correspondence, from a member of the Armed Forces of the United 
States or designated civilian, that weighs less than 16 ounces, to include audio and video 
recorded media, mailed without postage from a Secretary of Defense-approved zone. 
(JP 1-0) 


frequency deconfliction — A systematic management procedure to coordinate the use of 
the electromagnetic spectrum for operations, communications, and _ intelligence 
functions. See also electromagnetic spectrum management; electromagnetic 
warfare. (JP 3-85) 


friendly — A contact positively identified as a friend using identification, friend or foe and 
other techniques. (JP 3-01) 


friendly force information requirement — Information the commander and staff need to 
understand the status of friendly force and supporting capabilities. Also called FFIR. 
(JP 3-0) 


friendly force tracking — The process of fixing, observing, and reporting the location and 
movement of friendly forces. Also called FFT. (JP 3-09) 


frustrated cargo — Any shipment of supplies and/or equipment which, while en route to 


destination, is stopped prior to receipt and for which further disposition instructions 
must be obtained. (JP 4-01.5) 
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full mobilization — Expansion of the active Armed Forces of the United States resulting 
from action by Congress and the President to mobilize, for the duration of the emergency 
plus six months, all Reserve Component units and individuals in the existing approved 
force structure, as well as all retired military personnel, and the resources needed for 
their support to meet the requirements of a war or other national emergency involving 
an external threat to the national security. (JP 4-05) 


full-spectrum superiority — The cumulative effect of dominance in the air, land, maritime, 
and space domains; electromagnetic spectrum; and information environment (which 
includes cyberspace) that permits the conduct of joint operations without effective 
opposition or prohibitive interference. (JP 3-0) 


function — The broad, general, and enduring role for which an organization is designed, 
equipped, and trained. (JP 1) 


functional component command — A command normally, but not necessarily, composed 
of forces of two or more Military Departments which may be established across the range 
of military operations to perform particular operational missions that may be of short 
duration or may extend over a period of time. See also component; Service component 
command. (JP 1) 


functional damage assessment — The estimate of the effect of military force to degrade or 
destroy the functional or operational capability of the target to perform its intended 
mission and on the level of success in achieving operational objectives established 
against the target. See also damage assessment; target. (JP 3-60) 


fusion — In intelligence usage, the process of managing information to conduct all-source 
analysis and derive a complete assessment of activity. (JP 2-0) 
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general agency agreement — A contract between the Maritime Administration and a 
steamship company which, as general agent, exercises administrative control over a 
government-owned ship for employment by the Military Sealift Command. See also 
Military Sealift Command. (JP 3-02) 


general cargo — Cargo that is suitable for loading in general, nonspecialized stowage areas 
or standard shipping containers (e.g., boxes, barrels, bales, crates, packages, bundles, 
and pallets). (JP 4-09) 


general engineering — Those engineering capabilities and activities, other than combat 
engineering, that provide infrastructure and modify, maintain, or protect the physical 
environment. Also called GE. (JP 3-34) 


general military intelligence — Intelligence concerning the military capabilities of foreign 
countries or organizations, or topics affecting potential United States or multinational 
military operations. Also called GMI. See also intelligence. (JP 2-0) 


general support — 1. Support given to the supported force as a whole and not to any 
particular subdivision thereof. See also close support; direct support; mutual 
support; support. 2. A tactical artillery mission. Also called GS. See also direct 
support; general support-reinforcing. (JP 3-09.3) 


general support-reinforcing — The artillery mission of supporting the force as a whole and 
of providing reinforcing fires for other artillery units. (JP 3-09.3) 


general unloading period — In amphibious operations, that part of the ship-to-shore 
movement in which unloading is primarily logistic in character and emphasizes speed 
and volume of unloading operations. See also initial unloading period. (JP 3-02) 


geographic coordinates — The quantities of latitude and longitude which define the position 
of a point on the surface of the Earth with respect to the reference ellipsoid. (JP 2-03) 


geospatial engineering — Those engineering capabilities and activities that contribute to a 
clear understanding of the physical environment by providing geospatial information and 
services to commanders and staffs. See also geospatial information and services. 
(JP 3-34) 


geospatial information — Information that identifies the geographic location and 
characteristics of natural or constructed features and boundaries on the Earth, including: 
Statistical data and information derived from, among other things, remote sensing, 
mapping, and surveying technologies; and mapping, charting, geodetic data and related 
products. (JP 2-03) 


geospatial information and services — The collection, information extraction, 


storage, dissemination, and exploitation of geodetic, geomagnetic, imagery, 
gravimetric, aeronautical, topographic, hydrographic, littoral, cultural, and 
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toponymic data accurately referenced to a precise location on the Earth’s surface. 
Also called GI&S. (JP 2-03) 


geospatial intelligence — The exploitation and analysis of imagery and geospatial 
information to describe, assess, and visually depict physical features and geographically 
referenced activities on the Earth. Geospatial intelligence consists of imagery, imagery 
intelligence, and geospatial information. Also called GEOINT. (JP 2-03) 


geospatial-intelligence base for contingency operations — A mobile visualization tool 
that provides access to geospatial data where networks or infrastructure have been 
damaged or do not exist. Also called GIBCO. (JP 3-68) 


geospatial intelligence operations — The tasks, activities, and events to collect, manage, 
analyze, generate, visualize, and provide imagery, imagery intelligence, and geospatial 
information necessary to support national and defense missions and international 
arrangements. Also called GEOINT operations. (JP 2-03) 


Global Air Transportation Execution System — The Air Mobility Command’s aerial port 
operations and management information system designed to support automated cargo 
and passenger processing, the reporting of in-transit visibility data to the Global 
Transportation Network, and billing to Air Mobility Command’s financial management 
directorate. Also called GATES. See also Air Mobility Command. (JP 3-36) 


global campaign plan — Primary means by which the Chairman of the Joint Chiefs of Staff 
or designated combatant commander arranges for unity of effort and purpose and 
through which they guide the planning, integration, and coordination of joint operations 
across combatant command areas of responsibility and functional responsibilities. Also 
called GCP. (JP 5-0) 


Global Combat Support System-Joint — The primary information technology application 
used to provide automation support to the joint logistician. Also called GCSS-J. 
(JP 4-0) 


Global Command and Control System — A deployable system supporting forces for joint 
and multinational operations across the range of military operations with compatible, 
interoperable, and integrated communications systems. Also called GCCS. See also 
command and control; command and control system. (JP 6-0) 


Global Decision Support System — The command and control system employed by 
mobility air forces that provides schedules, arrival and/or departure information, and 
status data to support in-transit visibility of mobility airlift and air refueling aircraft and 
aircrews. Also called GDSS. See also Air Mobility Command; in-transit visibility. 
(JP 3-36) 


global distribution — The process that coordinates and synchronizes fulfillment of joint 


force requirements from point of origin to point of employment. See also distribution. 
(JP 4-09) 
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global distribution of materiel — The process of providing materiel from the source of 
supply to its point of consumption or use on a worldwide basis. See also global 
distribution. (JP 4-09) 


global force management — Processes that align force assignment, apportionment, and 
allocation methodologies in support of strategic guidance. Also call GFM. (JP 3-35) 


global integration framework — Strategic framework that integrates joint force actions, 
provides initial crisis options, and identifies potential senior leader decisions based on 
the global response to a priority challenge. Also called GIF. (JP 5-0) 


global maritime partnership — An approach to cooperation among maritime nations with 
a shared stake in international commerce, safety, security, and freedom of the seas. 
(JP 3-32) 


global missile defense — Missile defense operations, activities, or actions that affect more 
than one combatant command and require synchronization among the affected 
commands to deter and prevent attacks, destroy enemy missiles, or nullify or reduce the 
effectiveness of an attack. Also called global MD. (JP 3-01) 


Global Patient Movement Requirements Center — A joint activity reporting directly to 
the Commander, United States Transportation Command, which provides medical 
regulating and aeromedical evacuation scheduling for the continental United States and 
intertheater operations, provides support to the theater patient movement requirements 
centers, and coordinates with supporting resource providers to identify available assets 
and communicates transport to bed plans to the appropriate transportation agency for 
execution. Also called GPMRC. See also medical treatment facility. (JP 4-02) 


Global Positioning System — A satellite-based radio navigation system operated by the 
Department of Defense to provide all military, civil, and commercial users with precise 
positioning, navigation, and timing. Also called GPS. (JP 3-14) 


global transportation management — The integrated process to satisfy transportation 
requirements using the Defense Transportation System to meet national security 
objectives. Also called GTM. See also Defense Transportation System. (JP 4-01) 


go/no-go — A critical point at which a decision to proceed or not must be made. (JP 3-02) 
governance — The state’s ability to serve the citizens through the rules, processes, and 
behavior by which interests are articulated, resources are managed, and power is 


exercised in a society. (JP 3-24) 


ground alert — That status in which aircraft on the ground/deck are fully serviced and 
armed, with combat crews in readiness to take off within a specified period of time after 
receipt of a mission order. See also airborne alert. (JP 3-01) 
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ground-based interceptor — A fixed-based, surface-to-air missile for defense against long- 
range ballistic missiles using an exo-atmospheric hit-to-kill interception of the targeted 
reentry vehicle in the midcourse phase of flight. (JP 3-01) 


ground-based midcourse defense — A surface-to-air ballistic missile defense system for 
exo-atmospheric midcourse phase interception of long-range ballistic missiles using the 
ground-based interceptors. Also called GMD. (JP 3-01) 


group — A long-standing functional organization that is formed to support a broad function 
within a headquarters. (JP 3-33) 


guarded frequencies — A list of time-oriented, enemy frequencies that are currently being 
exploited for combat information and intelligence or jammed after the commander has 
weighed the potential operational gain against the loss of the technical information. See 
also electromagnetic warfare. (JP 3-85) 


guerrilla force — A group of irregular, predominantly indigenous personnel organized 
along military lines to conduct military and paramilitary operations in enemy-held, 
hostile, or denied territory. (JP 3-05) 


guided missile — An unmanned vehicle moving above the surface of the Earth whose 
trajectory or flight path is capable of being altered by an external or internal mechanism. 
See also ballistic missile. (JP 3-01) 


gun-target line — An imaginary straight line from gun to target. Also called GTL. 
(JP 3-09.3) 
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half-life — The time required for the activity of a given radioactive species to decrease to 
half of its initial value due to radioactive decay. (JP 3-11) 


hasty breach — The creation of lanes through enemy minefields by expedient methods such 
as blasting with demolitions, pushing rollers or disabled vehicles through the minefields 
when the time factor does not permit detailed reconnaissance, deliberate breaching, or 
bypassing the obstacle. (JP 3-15) 


hazard — A condition with the potential to cause injury, illness, or death of personnel; 
damage to or loss of equipment or property; or mission degradation. See also injury. 
(JP 3-33) 


hazardous cargo — Cargo that includes not only large bulk-type categories, such as 
explosives; pyrotechnics; petroleum, oils, and lubricants; compressed gases; and 
corrosives and batteries, but lesser-quantity materials like super-tropical bleach 
(oxiderizer), pesticides, poisons, medicines, and specialized medical chemicals and 
medical waste that can be loaded as cargo. (JP 3-02) 


hazards of electromagnetic radiation to fuels — The potential hazard that is created when 
volatile combustibles, such as fuel, are exposed to electromagnetic fields of sufficient 
energy to cause ignition. Also called HERF. (JP 3-02) 


hazards of electromagnetic radiation to ordnance — The danger of accidental actuation of 
electro-explosive devices or otherwise electrically activating ordnance because of radio 
frequency electromagnetic fields. Also called HERO. See also ordnance. (JP 3-02) 


head of a contracting activity — The official who has overall responsibility for managing 
the contracting activity. Also called HCA. (JP 4-10) 


head-up display — A display of flight, navigation, attack, or other information 
superimposed upon the pilot’s forward field of view. See also flight. (JP 3-09.3) 


health care provider — Any member of the Armed Forces, civilian employee of the 
Department of Defense, or personal services contract employee under Title 10, United 
States Code, Section 1091 authorized by the Department of Defense to perform health 
care functions. Also called DOD health care provider. (JP 4-02) 


health service support — All services performed, provided, or arranged to promote, 
improve, conserve, or restore the mental or physical well-being of personnel. Also 
called HSS. (JP 4-02) 


health surveillance — The regular or repeated collection, analysis, and interpretation of 
health-related data and the dissemination of information to monitor the health of a 
population and to identify potential health risks, thereby enabling timely interventions 
to prevent, treat, reduce, or control disease and injury, which includes occupational and 
environmental health surveillance and medical surveillance subcomponents. (JP 4-02) 
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d. Multiplication of Simple Imaginary Numbers. When multiplying two imaginary numbers,. 
remember that 72 — —1, j? = —j, and j# = 1 (b above); then, proceed as with any problem in 
multiplication (par. 45). 


Example 1: Multiply \/—I6 and \/— 
V—I6 :-/—4 = jf - P= 7B = (—1)8 = — 
Example 2: Multiply \/—8I, \/—25, and \/—49. 
VBI + BB + VAG = 79 fo - jt = 5315 = (—7) 315 — —J315 


e. Division of Single Imaginary Numbers. In the division of two simple imaginary numbers, 
when both the dividend and divisor contain operator 7, divide both by 7 and proceed as with ordi-. 
nary integers. If a 7 remains in the denominator, the denominator must be rationalized because 
the j represents a radical expression. To rationalize, multiply both the numerator and denomi- 


nator by the imaginary number. 


Example 1: Divide \/—100 by \/—16. 
1 
—100 ee 4 10 — 23 
—16 KA ‘ 
1 
Example 2: Divide 12 by \/—6. 
2 _ 12 _ 12 - IV6 — _ F126 _§2/O 3 2/E 
V6 jG HO-iVE~—36 aie 
Example 3: Divide \/—3 by \/—4 
1 
Vey ee ae 
V— 72. 2 2 
1 
Example 4: Divide 6 by j. 


6_ 6, j_ 76 _ _76 
ane leew miner © 


78. Complex Numbers 


a. Operations With Complex Numbers. A 
complex number is a real number united to an 
imaginary number by a plus or minus sign; 
thus, 10 — 75, « + jy, and R + jx are complex 
numbers. Complex numbers are of great im- 
portance in alternating-current electricity in 
which many problems would be difficult to solve 
without their use. A complex number expressed 
in the form x + jy may be considered a bi- 


nomial; thus, the addition, subtraction, multi- 
plication, and division of complex numbers are 
reduced to the corresponding operations with 
binomials in which one term is real and the 
other imaginary. 

b. Addition and Subtraction of Complex 
Numbers. To add or subtract complex numbers, 
first combine the real parts, then combine the 
imaginary parts, and write the results as a 
binomial with the appropriate sign separating 
the real and imaginary terms. 


Example 1: Add 3 + j5 and 5 — j. 
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(8+ 95) +(5—j) =849545—F 
=8+74 
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health threat — A composite of ongoing or potential enemy actions; adverse environmental, 
occupational, and geographic and meteorological conditions; endemic diseases; and 
employment of chemical, biological, radiological, or nuclear weapons (to include 
weapons of mass destruction) that have the potential to affect the short- or long-term 
health (including psychological impact) of personnel. (JP 4-02) 


heavy-lift cargo — 1. Any single cargo lift, weighing over 5 long tons, and to be handled 
aboard ship. 2. In Marine Corps usage, individual units of cargo that exceed 800 pounds 
in weight or 100 cubic feet in volume. (JP 4-01.5) 


heavy-lift ship — A ship specially designed and capable of loading and unloading heavy 
and bulky items and has booms of sufficient capacity to accommodate a single lift of 
100 tons. (JP 3-36) 


height of burst — The vertical distance from the Earth’s surface or target to the point of 
burst. Also called HOB. (JP 3-41) 


H-hour — 1. The specific hour on D-day at which a particular operation commences. 
(JP 5-0) 2. In amphibious operations, the time the first landing craft or amphibious 
vehicle of the waterborne wave lands or is scheduled to land on the beach and, in some 
cases, the commencement of countermine breaching operations. (JP 3-02) 


high-altitude bombing — Horizontal bombing with the height of release over 15,000 feet. 
(JP 3-09.3) 


high-altitude missile engagement zone — In air and missile defense, that airspace of 
defined dimensions within which the responsibility for engagement of air and missile 
threats normally rests with high-altitude surface-to-air missiles. Also called HIMEZ. 
(JP 3-01) 


high-density airspace control zone — Airspace designated in an airspace control plan or 
airspace control order in which there is a concentrated employment of numerous and 
varied weapons and airspace users. Also called HIDACZ. (JP 3-52) 


high-payoff target — A target whose loss to the enemy will significantly contribute to the 
success of the friendly course of action. Also called HPT. See also high-value target; 
target. (JP 3-60) 


high-risk personnel — Personnel who, by their grade, assignment, symbolic value, or 
relative isolation, are likely to be attractive or accessible terrorist targets. Also called 
HRP. See also antiterrorism. (JP 3-26) 

high seas — The open ocean area that is over 200 nautical miles from shore. (JP 3-32) 

high-value airborne asset protection — A defensive counterair mission using fighter 


escorts that defend airborne national assets which are so important that the loss of even 
one could seriously impact United States warfighting capabilities or provide the enemy 
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with significant propaganda value. Also called HVAA protection. See also defensive 
counterair. (JP 3-01) 


high-value target — A target the enemy commander requires for the successful completion 
of the mission. Also called HVT. See also high-payoff target; target. (JP 3-60) 


homeland — The physical region that includes the continental United States, Alaska, 
Hawaii, United States territories, and surrounding territorial waters and airspace. 
(JP 3-28) 


homeland defense — The protection of United States sovereignty, territory, domestic 
population, and critical infrastructure against external threats and aggression or other 
threats as directed by the President. Also called HD. (JP 3-27) 


homeland security — A concerted national effort to prevent terrorist attacks within the 
United States; reduce America’s vulnerability to terrorism, major disasters, and other 
emergencies; and minimize the damage and recover from attacks, major disasters, and 
other emergencies that occur. Also called HS. (JP 3-27) 


home station — The permanent location of active duty units and Reserve Component units. 
See also active duty; Reserve Component. (JP 4-05) 


homing — The technique whereby a mobile station directs itself, or is directed, towards a 
source of primary or reflected energy, or to a specified point. (JP 3-50) 


homing adaptor — A device, when used with an aircraft radio receiver, that produces aural 
and/or visual signals indicating the direction of a transmitting radio station with respect 
to the heading of the aircraft. (JP 3-50) 


horizontal stowage — The lateral distribution of unit equipment or categories of supplies 
so they can be unloaded simultaneously from two or more holds. (JP 3-02) 


hostage rescue — A personnel recovery method used to recover isolated personnel who are 
specifically designated as hostages. Also called HR. (JP 3-50) 


hostile act — An attack or other use of force against the United States, United States forces, 
or other designated persons or property to preclude or impede the mission and/or duties 
of United States forces, including the recovery of United States personnel or vital United 
States Government property. (JP 3-28) 


hostile environment — Operational environment in which host government forces, whether 
opposed to or receptive to operations that a unit intends to conduct, do not have control 
of the territory and population in the intended operational area. (JP 3-0) 


hostile intent — The threat of imminent use of force against the United States, United States 
forces, or other designated persons or property. (JP 3-01) 
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host nation — A nation which receives forces and/or supplies from allied nations and/or 
North Atlantic Treaty Organization to be located on, to operate in, or to transit through 
its territory. Also called HN. (JP 3-57) 


host-nation support — Civil and/or military assistance rendered by a nation to foreign 
forces within its territory during peacetime, crises or emergencies, or war based on 
agreements mutually concluded between nations. Also called HNS. See also host 
nation. (JP 4-0) 


hub — An organization that sorts and distributes inbound cargo from wholesale supply 
sources (airlifted, sealifted, and ground transportable) and/or from within the theater. 
See also hub and spoke distribution; spoke. (JP 4-09) 


hub and spoke distribution — A physical distribution system, in which a major port serves 
as a central point from which cargo is moved to and from several radiating points to 
increase transportation efficiencies and in-transit visibility. See also distribution; 
distribution system; hub; in-transit visibility; spoke. (JP 4-09) 


human factors — The physical, cultural, psychological, and behavioral attributes of an 
individual or group that influence perceptions, understanding, and interactions. 
(JP 2-0) 


human intelligence — A category of intelligence derived from information collected and 
provided by human sources. Also called HUMINT. (JP 2-0) 


humanitarian and civic assistance — Assistance to the local populace, specifically 
authorized by Title 10, United States Code, Section 401, and funded under separate 
authorities, provided by predominantly United States forces in conjunction with military 
operations. Also called HCA. See also foreign humanitarian assistance. (JP 3-29) 


humanitarian assistance coordination center — A temporary center established by a 
geographic combatant commander to assist with interagency coordination and planning 
during the early planning and coordination stages of foreign humanitarian assistance 
operations. Also called HACC. See also foreign humanitarian assistance; 
interagency coordination. (JP 3-29) 


humanitarian demining assistance — The activities related to the furnishing of education, 
training, and technical assistance with respect to explosive safety, the detection and 
clearance of land mines, unexploded explosive ordnance, and other explosive remnants 
of war. (JP 3-29) 


humanitarian mine action — Activities that strive to reduce the social, economic, and 
environmental impact of land mines, unexploded ordnance, and small arms ammunition. 
Also called HMA. (JP 3-15) 


humanitarian operations center — An international and interagency body that coordinates 


the overall relief strategy and unity of effort among all participants in a large foreign 
humanitarian assistance operation. Also called HOC. See also operation. (JP 3-29) 
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hydrographic reconnaissance — Reconnaissance of an area of water to determine depths; 
beach gradients; the nature of the bottom; and the location of coral reefs, rocks, shoals, 
and man-made obstacles. (JP 3-02) 


hygiene services — The provision of personal hygiene facilities and waste collection, and 
the cleaning, repair, replacement, and return of individual clothing and equipment items 
in a deployed environment. (JP 4-0) 


hyperspectral imagery — Term used to describe the imagery derived from subdividing the 


electromagnetic spectrum into very narrow bandwidths allowing images useful in 
precise terrain or target analysis to be formed. Also called HSI. (JP 2-03) 
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identification — 1. The process of determining the friendly or hostile character of an 
unknown detected contact. 2. In arms control, the process of determining which nation 
is responsible for the detected violations of any arms control measure. 3. In ground 
combat operations, discrimination between recognizable objects as being friendly or 
enemy, or the name that belongs to the object as a member of a class. Also called ID. 
(JP 3-01) 


identification, friend or foe — A device that emits a signal positively identifying it as a 
friendly. Also called IFF. See also air defense. (JP 3-52) 


identification maneuver — A maneuver performed for identification purposes. (JP 3-52) 


identity intelligence — The intelligence resulting from the processing of identity attributes 
concerming individuals, groups, networks, or populations of interest. Also called 12. 
(JP 2-0) 


imagery — A likeness or presentation of any natural or man-made feature or related object 
or activity, and the positional data acquired at the same time the likeness or 
representation was acquired, including: products produced by space-based national 
intelligence reconnaissance systems; and likeness and presentations produced by 
satellites, airborne platforms, unmanned aerial vehicles, or other similar means (except 
that such term does not include handheld or clandestine photography taken by or on 
behalf of human intelligence collection organizations). (JP 2-03) 


imagery exploitation — The cycle of processing, using, interpreting, mensuration and/or 
manipulating imagery, and any assembly or consolidation of the results for 
dissemination. (JP 2-03) 


imagery intelligence — The technical, geographic, and intelligence information derived 
through the interpretation or analysis of imagery and collateral materials. Also called 
IMINT. See also intelligence. (JP 2-03) 


immediate air support — Air support to meet specific requests that arise during the course 
of a battle and cannot be planned in advance. (JP 3-09.3) 


immediate decontamination — Decontamination carried out by individuals immediately 
upon becoming contaminated to save lives, minimize casualties, and limit the spread of 
contamination. Also called emergency decontamination. See also contamination; 
decontamination. (JP 3-11) 


immediate response — Any form of immediate action taken in the United States and 
territories to save lives, prevent human suffering, or mitigate great property damage in 
response to a request for assistance from a civil authority, under imminently serious 
conditions when time does not permit approval from a higher authority. (JP 3-28) 
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implementation — Procedures governing the mobilization of the force and the deployment, 
employment, and sustainment of military operations in response to execute orders issued 
by the Secretary of Defense. (JP 5-0) 


implied task — In the context of planning, a task derived during mission analysis that an 
organization must perform or prepare to perform to accomplish a specified task or the 
mission, but which is not stated in the higher headquarters order. See also essential 
task; specified task. (JP 5-0) 


improvised explosive device — A weapon that is fabricated or emplaced in an 
unconventional manner incorporating destructive, lethal, noxious, pyrotechnic, or 
incendiary chemicals. Also called IED. (JP 3-15.1) 


improvised nuclear device — A device incorporating fissile materials designed or 
constructed outside of an official government agency that has, appears to have, or is 
claimed to be a nuclear weapon that is no longer in the control of a competent authority 
or custodian or has been modified from its designated firing sequence. Also call IND. 
(JP 3-42) 


inactive duty training — Authorized training performed by a member of a Reserve 
Component not on active duty or active duty for training and consisting of regularly 
scheduled unit training assemblies, additional training assemblies, periods of appropriate 
duty or equivalent training, and any special additional duties authorized for Reserve 
Component personnel by the Secretary concerned, and performed by them in connection 
with the prescribed activities of the organization in which they are assigned with or 
without pay. See also active duty for training. (JP 1) 


incapacitating agent — A chemical agent, which produces temporary disabling conditions 
that can be physical or mental and persist for hours or days after exposure to the agent 
has ceased. (JP 3-11) 


incident — An occurrence, caused by either human action or natural phenomena, that 
requires action to prevent or minimize loss of life or damage to, loss of, or other risks to 
property, information, and/or natural resources. See also information operations. 
(JP 3-28) 


incident awareness and assessment — The processing, analysis, and dissemination of 
information collected or acquired through the authorized use of intelligence, 
surveillance, and reconnaissance, and other intelligence, intelligence-related, and/or 
non-intelligence capabilities, during defense support of civil authorities and National 
Guard domestic operations. Also called IAA. (JP 3-28) 


incident command system — A standardized on-scene emergency management construct 


designed to aid in the management of resources during incidents. Also called ICS. 
(JP 3-28) 
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incident management — A national comprehensive approach to preventing, preparing for, 
responding to, and recovering from terrorist attacks, major disasters, and other 
emergencies. (JP 3-28) 


incremental costs — Costs additional to the Service appropriations that would not have been 
incurred absent support of the contingency operation. See also financial management. 
(JP 3-80) 


indications — In intelligence usage, information in various degrees of evaluation, all of 
which bear on the intention of a potential enemy to adopt or reject a course of action. 
(JP 2-0) 


indicator — 1. In intelligence usage, an item of information which reflects the intention or 
capability of an adversary to adopt or reject a course of action. (JP 2-0) 2. In operations 
security usage, data derived from friendly detectable actions and open-source 
information that an adversary can interpret and piece together to reach conclusions or 
estimates of friendly intentions, capabilities, or activities. (JP 3-13.3) 3. In the context 
of assessment, a specific piece of information that infers the condition, state, or existence 
of something, and provides a reliable means to ascertain performance or effectiveness. 
(JP 5-0) 


indigenous populations and institutions — The societal framework of an operational 
environment including citizens; legal and illegal immigrants; dislocated civilians; and 
governmental, tribal, ethnic, religious, commercial, and private organizations and 
entities. Also called IPI. (JP 3-57) 


individual mobilization augmentee — An individual reservist attending drills who receives 
training and is preassigned to an Active Component organization, a Selective Service 
System, or a Federal Emergency Management Agency billet that must be filled on, or 
shortly after, mobilization. Also called IMA. (JP 4-05) 


individual protective equipment — The personal clothing and equipment provided to all 
military, government civilians, and contractors authorized to accompany the force 
required to protect an individual from chemical, biological, and radiological hazards and 
some nuclear hazards. Also called IPE. (JP 3-11) 


Individual Ready Reserve — A manpower pool consisting of individuals who have had 
some training or who have served previously in the Active Component or in the Selected 
Reserve and may have some period of their military service obligation remaining. Also 
called IRR. See also Selected Reserve. (JP 4-05) 


industrial mobilization — The transformation of industry from its peacetime activity to the 
industrial program necessary to support the national military objectives. See also 
mobilization. (JP 4-05) 


industrial preparedness — The state of preparedness of industry to produce essential 
materiel to support the national military objectives. (JP 4-05) 
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industrial preparedness program — Plans, actions, or measures for the transformation of 
the industrial base, both government-owned and civilian-owned, from its peacetime 
activity to the emergency program necessary to support the national military objectives. 
(JP 4-05) 


influence mine — A mine actuated by the effect of a target on some physical condition in 
the vicinity of the mine or on radiations emanating from the mine. See also mine. 
(JP 3-15) 


influence sweep — A sweep designed to produce an influence similar to that produced by a 
ship and thus actuate mines. (JP 3-15) 


information environment — The aggregate of individuals, organizations, and systems that 
collect, process, disseminate, or act on information. (JP 3-13) 


information exchange requirement — An exchange of information that is essential to 
command and control, enabling the situational needs of the joint task force and 
component commanders’ to support force employment and decision making. Also 
called TER. (JP 3-33) 


information management — The function of managing an organization’s information 
resources for the handling of data and information acquired by one or many different 
systems, individuals, and organizations in a way that optimizes access by all who have 
a share in that data or a right to that information. Also called IM. (JP 3-0) 


information operations — The integrated employment, during military operations, of 
information-related capabilities in concert with other lines of operation to influence, 
disrupt, corrupt, or usurp the decision-making of adversaries and potential adversaries 
while protecting our own. Also called IO. See also electromagnetic warfare; military 
deception; military information support operations; operations security. (JP 3-13) 


information operations force — A force consisting of units, staff elements, individual 
military professionals in the Active and Reserve Components, and DOD civilian 
employees who conduct or directly support the integration of information-related 
capabilities against adversaries and potential adversaries during military operations as 
well as those who train these professionals. Also called IO force. (DODD 3600.01) 


information operations intelligence integration — The integration of intelligence 
disciplines and analytic methods to characterize and forecast, identify vulnerabilities, 
determine effects, and assess the information environment. Also called IOI. (JP 3-13) 


information-related capability — A tool, technique, or activity employed within a 
dimension of the information environment that can be used to create effects and 
operationally desirable conditions. Also called IRC. (JP 3-13) 


information report — A report used to forward raw information collected to fulfill 
intelligence requirements. (JP 2-01) 
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information requirements — In intelligence usage, those items of information regarding 
the adversary and other relevant aspects of the operational environment that need to be 
collected and processed in order to meet the intelligence requirements of a commander. 
Also called IR. See also priority intelligence requirement. (JP 2-0) 


information superiority — The operational advantage derived from the ability to collect, 
process, and disseminate an uninterrupted flow of information while exploiting or 
denying an adversary’s ability to do the same. See also information operations. 
(JP 3-13) 


infrared imagery — That imagery produced as a result of sensing electromagnetic 
radiations emitted or reflected from a given target surface in the infrared portion of the 
electromagnetic spectrum (approximately 0.72 to 1,000 microns). (JP 2-03) 


infrared pointer — A low-power laser device operating in the near infrared light spectrum 
that is visible with light-amplifying, night-vision devices. (JP 3-09.3) 


initial contingency location — A locale occupied by a force in immediate response to a 
contingency operation and characterized by austere infrastructure and limited services 
with little or no external support except through Service-organic capabilities. (JP 4-04) 


initial reception point — In personnel recovery, a secure area or facility under friendly control 
where initial reception of recovered isolated personnel can safely take place. (JP 3-50) 


initial unloading period — In amphibious operations, that part of the ship-to-shore movement 
in which unloading is primarily tactical in character and must be instantly responsive to 
landing force requirements. See also general unloading period. (JP 3-02) 


initiating directive — An order to a subordinate commander to conduct military operations 
as directed. Also called ID. (JP 3-18) 


injury — 1. A term comprising such conditions as fractures, wounds, sprains, strains, 
dislocations, concussions, and compressions. 2. Conditions resulting from extremes of 
temperature or prolonged exposure. 3. Acute poisonings (except those due to 
contaminated food) resulting from exposure to a toxic or poisonous substance. See also 
casualty. (JP 4-02) 


inland petroleum distribution system — A multi-product system consisting of both 
commercially available and military standard petroleum equipment that can be 
assembled by military personnel and, when assembled into an integrated petroleum 
distribution system, provides the military with the capability required to support an 
operational force with bulk fuels. Also called IPDS. (JP 4-03) 


inner transport area — In amphibious operations, an area as close to the landing beach as 
depth of water, navigational hazards, boat traffic, and enemy action permit, to which 
transports may move to expedite unloading. See also outer transport area; transport 
area. (JP 3-02) 
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Example 2: Add 6 + \/—25 and 8\/—I6_ 
(6 + \/—25) + (8/—16)= 6 + 75 + (8 - 74) 
=6+4+ 75 + 732 


Example 3: Add 8 + \/—I2 and 9 + \/—%5. 
(8 + V—I2) + (9 4+ V—75) = 8 4 J2\V/3 + 9+ HVS 
=17+ 778 
Example 4: Subtract 7 — 76 from 3 — 72. 
(3 — j2) — (7 — j6) = 3 —j2—7+ 76 
=-—44 74 


Example 5: Subtract 2 — 3\/—4 from 10 + \/—4. 
(10 + /—4) — (2 —3V/—4) = (10 + j2) — (2 — 76) 
= 10+ 72—24 796 
=8+4 78 or 8(1+4+ 7) 


Example 6: Subtract 3 + 7\/—24 from 5 + 3\/—6. 
(5 + 3\/—6) — (3 + T1/—24) = 5 + 786 — [8 + I(T + 2)/6) 
=5 + j3/6—3 —jl4/6 
—2—jl1/6 


ce. Multiplication of Complex Numbers. As in addition and subtraction, when complex numbers 
are multiplied they are treated as ordinary binomials. Remember, however, that 72 = —1. 


Example 1: Multiply 3 — j6 by 4 + j2. 
3 — j6 
4 + 92 
12 — 724 
+j6 — 7712 


= 712 — 718 — (—1) 012 
—jie—pi2 7? ay) 


= 12 — 7184 12 
= 24 — j18 


Example 2: Multiply 8 —.\/—5 by —2 + ./—6. 


8—jV5 
—2 + 5V6 
—16 + j2\/5 + j8\/6 — j2/380 = —16 + j2\/5 + j8\/6 — (—1) 30° 
= —16 + j2\/5 + j8V/6 + \/30 
= —16 + \/30 + j(2\/5 + 86) 


d. Division of Complex Numbers. When dividing complex numbers, the denominator of the 
expression in its fractional form must first be rationalized (par. 74). To obtain a real number as 
a divisor, multiply both the numerator and denominator by the complex number of the denomi- 
nator with its sign changed (called the conjugate of the complex number). In carrying out the 
multiplication, the radical expression is eliminated. Since 72 — —1, the sign of the coefficient of 
j* is changed; the complex number thus becemes a real number to combine with the other real 
number in the denominator. 
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instrument meteorological conditions — Meteorological conditions expressed in terms of 
visibility, distance from cloud, and ceiling, less than minimums specified for visual 
meteorological conditions. (JP 3-02) 


instruments of national power — All of the means available to the government in its pursuit 
of national objectives. They are expressed as diplomatic, economic, informational and 
military. (JP 1) 


in support of — Assisting or protecting another formation, unit, or organization while 
remaining under original control. (JP 1) 


insurgency — The organized use of subversion and violence to seize, nullify, or challenge 
political control of a region. Insurgency can also refer to the group itself. (JP 3-24) 


integrated air and missile defense — The integration of capabilities and overlapping 
operations to defend the homeland and United States national interests, protect the joint 
force, and enable freedom of action by negating an enemy’s ability to create adverse 
effects from their air and missile capabilities. Also called IAMD. (JP 3-01) 


integrated consumable item support — A decision support system that takes time-phased 
force and deployment data and calculates the ability of the Defense Logistics Agency to 
support those plans. Also called ICIS. (JP 4-03) 


Integrated Data Environment/Global Transportation Network Convergence — The in- 
transit visibility system of record providing expanded common integrated data and 
application services enabling a common logistics picture, distribution visibility, and 
materiel asset/in-transit visibility for distribution solutions. Also called IGC. (JP 4-09) 


integrated financial operations — The integration, synchronization, prioritization, and 
targeting of fiscal resources and capabilities across United States departments and 
agencies, multinational partners, and nongovernmental organizations against an 
adversary and in support of the population. Also called IFO. (JP 3-80) 


integrated logistic support — A composite of all the support considerations necessary to 
assure the effective and economical support of a system for its life cycle. (JP 4-01.5) 


integrated materiel management — The exercise of total Department of Defense-level 
management responsibility for a federal supply group or class, commodity, or item for 
a single agency, which normally includes computation of requirements, funding, 
budgeting, storing, issuing, cataloging, standardizing, and procuring functions. Also 
called IMM. (JP 4-09) 


integrated staff — A staff in which one officer only is appointed to each post on the 
establishment of the headquarters, irrespective of nationality and Service. See also 
multinational staff; joint staff. (JP 3-16) 


integration — 1. In force protection, the synchronized transfer of units into an operational 
commander’s force prior to mission execution. (JP 1) 2. The arrangement of military 
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forces and their actions to create a force that operates by engaging as a whole. (JP 1) 3. 
In photography, a process by which the average radar picture seen on several scans of 
the time base may be obtained on a print, or the process by which several photographic 
images are combined into a single image. (JP 1) 4. In intelligence usage, the application 
of the intelligence to appropriate missions, tasks, and functions. See also force 
protection. (JP 2-01) 


intelligence — 1. The product resulting from the collection, processing, integration, 
evaluation, analysis, and interpretation of available information conceming foreign 
nations, hostile or potentially hostile forces or elements, or areas of actual or potential 
operations. 2. The activities that result in the product. 3. The organizations engaged in 
such _ activities. See also acoustic intelligence; all-source intelligence; 
communications intelligence; critical intelligence; domestic intelligence; electronic 
intelligence; foreign intelligence; foreign instrumentation signals intelligence; 
general military intelligence; imagery intelligence; joint intelligence; measurement 
and signature intelligence; medical intelligence; national intelligence; open-source 
intelligence; operational intelligence; scientific and technical intelligence; strategic 
intelligence; tactical intelligence; target intelligence; technical intelligence. 
(JP 2-0) 


intelligence asset — Any resource utilized by an intelligence organization for an operational 
support role. (JP 2-0) 


intelligence community — All departments or agencies of a government that are concerned 
with intelligence activity, either in an oversight, managerial, support, or participatory 
role. Also called IC. (JP 2-0) 


intelligence discipline — A well-defined area of intelligence planning, collection, 
processing, exploitation, analysis, and reporting using a specific category of technical 
or human resources. See also counterintelligence; human intelligence; imagery 
intelligence; intelligence; measurement and signature intelligence; open-source 
intelligence; signals intelligence; technical intelligence. (JP 2-0) 


intelligence estimate — The appraisal, expressed in writing or orally, of available 
intelligence relating to a specific situation or condition with a view to determining the 
courses of action open to the enemy or adversary and the order of probability of their 
adoption. (JP 2-0) 


intelligence federation — An agreement in which a combatant command joint intelligence 
operations center receives intelligence support from other joint intelligence centers, 
Service intelligence organizations, reserve organizations, and national agencies. 
(JP 2-01) 


intelligence information report — A formatted message utilized as the primary vehicle for 


providing human intelligence information to the customer via automated intelligence 
community databases. Also called IIR. (JP 2-01.2) 
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intelligence interrogation — The systematic process of using approved interrogation 
approaches to question a captured or detained person to obtain reliable information to 
satisfy intelligence requirements, consistent with applicable law. (JP 2-01.2) 


intelligence mission management — A systematic process by an intelligence staff to 
proactively and continuously formulate and revise command intelligence requirements 
and track the resulting information through the processing, exploitation, and 
dissemination process to satisfy user requirements. Also called IMM. (JP 2-01) 


intelligence operations — The variety of intelligence and counterintelligence tasks that are 
carried out by various intelligence organizations and activities within the intelligence 
process. See also analysis and production; collection; dissemination; evaluation 
and feedback; planning and direction; processing and exploitation. (JP 2-01) 


intelligence planning — The intelligence component of the Adaptive Planning and 
Execution system, which coordinates and integrates all available Defense Intelligence 
Enterprise capabilities to meet combatant commander intelligence requirements. Also 
called IP. (JP 2-0) 


intelligence preparation of the battlespace — The analytical methodologies employed by 
the Services or joint force component commands to reduce uncertainties concerning the 
enemy, environment, time, and terrain. Also called IPB. See also joint intelligence 
preparation of the operational environment. (JP 2-01.3) 


intelligence process — The process by which information is converted into intelligence and 
made available to users, consisting of the six interrelated intelligence operations: 
planning and direction, collection, processing and exploitation, analysis and production, 
dissemination and integration, and evaluation and feedback. See also analysis and 
production; collection; dissemination; evaluation and feedback; intelligence; 
planning and direction; processing and exploitation. (JP 2-01) 


intelligence production — The integration, evaluation, analysis, and interpretation of 
information from single or multiple sources into finished intelligence for known or 
anticipated military and related national security consumer requirements. (JP 2-0) 


intelligence report — A specific report of information, usually on a single item, made at 
any level of command in tactical operations and disseminated as rapidly as possible in 
keeping with the timeliness of the information. (JP 2-01) 


intelligence reporting — Intelligence information prepared by the collector and transmitted 
to one or more intelligence-producing components. (JP 2-01.2) 


intelligence requirement — 1. Any subject, general or specific, upon which there is a need 
for the collection of information, or the production of intelligence. 2. A requirement for 
intelligence to fill a gap in the command’s knowledge or understanding of the 
operational environment or threat forces. Also called IR. See also intelligence; 
priority intelligence requirement. (JP 2-0) 
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intelligence source — The means or system that can be used to observe and record 
information relating to the condition, situation, or activities of a targeted location, 
organization, or individual. See also intelligence; source. (JP 2-0) 


intelligence, surveillance, and reconnaissance — 1. An integrated operations and 
intelligence activity that synchronizes and integrates the planning and operation of 
sensors, assets, and processing, exploitation, and dissemination systems in direct 
support of current and future operations. 2. The organizations or assets conducting such 
activities. Also called ISR. See also intelligence; intelligence, surveillance, and 
reconnaissance visualization; reconnaissance; surveillance. (JP 2-01) 


intelligence, surveillance, and reconnaissance visualization — The capability to 
graphically display the current and future locations of intelligence, surveillance, and 
reconnaissance sensors, their projected platform tracks, vulnerability to threat 
capabilities and meteorological and oceanographic phenomena, fields of regard, tasked 
collection targets, and products to provide a basis for dynamic retasking and time- 
sensitive decision making. Also called ISR visualization. See also intelligence; 
intelligence, surveillance, and reconnaissance; reconnaissance; surveillance. 
(JP 2-01) 


intelligence system — Any formal or informal system to manage data gathering, to obtain 
and process the data, to interpret the data, and to provide reasoned judgments to decision 
makers as a basis for action. (JP 2-01) 


interagency — Of or pertaining to United States Government agencies and departments, 
including the Department of Defense. See also interagency coordination. (JP 3-08) 


interagency coordination — Within the context of Department of Defense involvement, 
the coordination that occurs between elements of Department of Defense and 
participating United States Government departments and agencies for the purpose of 
achieving an objective. (JP 3-0) 


intercontinental ballistic missile — A long-range ballistic missile with a range capability 
greater than 3,000 nautical miles. Also called ICBM. (JP 3-01) 


interdiction — 1. An action to divert, disrupt, delay, or destroy the enemy’s military surface 
capability before it can be used effectively against friendly forces, or to achieve enemy 
objectives. 2. In support of law enforcement, activities conducted to divert, disrupt, 
delay, intercept, board, detain, or destroy, under lawful authority, vessels, vehicles, 
aircraft, people, cargo, and money. See also air interdiction. (JP 3-03) 


intermediate-range ballistic missile — A ballistic missile with a range capability from 
1,500 to 3,000 nautical miles. Also called IRBM. (JP 3-01) 


intermediate staging base — A tailorable, temporary location used for staging forces, 


sustainment, and/or extraction into and out of an operational area. Also called ISB. See 
also base; staging base. (JP 3-35) 
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intermodal — Type of international freight system that permits transshipping among sea, 
highway, rail, and air modes of transportation through use of American National 
Standards Institute and International Organization for Standardization containers, line- 
haul assets, and handling equipment. (JP 4-09) 


internal audience — In public affairs, United States military members and Department of 
Defense civilian employees and their immediate families. See also external audience; 
public. (JP 3-61) 


internal defense and development — The full range of measures taken by a nation to 
promote its growth and to protect itself from subversion, lawlessness, insurgency, 
terrorism, and other threats to its security. Also called IDAD. See also foreign internal 
defense. (JP 3-22) 


internally displaced person — Any person who has been forced or obliged to flee or to 
leave their home or places of habitual residence, in particular, as a result of or to avoid 
the effects of armed conflict, situations of generalized violence, violations of human 
rights, or natural or human-made disasters and who has not crossed an internationally 
recognized state border. Also called IDP. (JP 3-29) 


internal security — The state of law and order prevailing within a nation. (JP 3-08) 


international chemical, biological, radiological, and nuclear response — United States 
Government activity that assists foreign governments in responding to the effects from 
an intentional or accidental chemical, biological, radiological, and nuclear incident on 
foreign territory. Also called ICBRN-R. (JP 3-41) 


international military education and training — Formal or informal instruction provided 
to foreign military students, units, and forces on a nonreimbursable (grant) basis by 
offices or employees of the United States, contract technicians, and contractors, and the 
instruction may include correspondence courses; technical, educational, or 
informational publications; and media of all kinds. Also called IMET. See also United 
States Military Service funded foreign training. (JP 3-20) 


interoperability — 1. The ability to act together coherently, effectively, and efficiently to 
achieve tactical, operational, and strategic objectives. (JP 3-0) 2. The condition 
achieved among communications-electronics systems or items of communications- 
electronics equipment when information or services can be exchanged directly and 
satisfactorily between them and/or their users. (JP 6-0) 


interorganizational cooperation — The interaction that occurs among elements of the 
Department of Defense; participating United States Government departments and 
agencies; state, territorial, local, and tribal agencies; foreign military forces and 
government agencies; international organizations; nongovernmental organizations; and 
the private sector. (JP 3-08) 
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interpretation — A part of the analysis and production phase in the intelligence process in 
which the significance of information is judged in relation to the current body of 
knowledge. See also intelligence process. (JP 2-01) 


inter-Service support — Action by one Service or element thereof to provide logistics 
and/or administrative support to another Service or element thereof. See also support. 
(JP 4-0) 


intertheater airlift — The common-user airlift linking theaters to the continental United 
States and to other theaters, as well as the airlift within the continental United States. 
See also intratheater airlift. (JP 3-36) 


intertheater patient movement — Moving patients between, into, and out of the different 
theaters of the geographic combatant commands and into the continental United States 
or another supporting theater. See also en route care; evacuation; intratheater 
patient movement. (JP 4-02) 


in-transit visibility —The ability to track the identity, status, and location of Department of 
Defense units, and non-unit cargo (excluding bulk petroleum, oils, and lubricants), and 
passengers, patients, and personal property from origin to consignee or destination. Also 
called ITV. (JP 3-36) 


intratheater airlift — Airlift conducted within a theater with forces assigned to a combatant 
commander or attached to a subordinate joint force commander. See also intertheater 
airlift. (JP 3-36) 


intratheater patient movement — Moving patients within the theater of a combatant 
command or within the continental United States. See also en route care; evacuation; 
intertheater patient movement. (JP 4-02) 


inventory control — That phase of military logistics that includes managing, cataloging, 
requirements determinations, procurement, distribution, overhaul, and disposal of 
materiel. Also called inventory management; materiel control; materiel 
management; supply management. (JP 4-09) 


inventory control point — An organizational unit or activity within a Department of 
Defense supply system that is assigned the primary responsibility for the materiel 
inventory management of a group of items either for a particular Service or for the 
Defense Department as a whole. Also called ICP. (JP 4-09) 


ionizing radiation — Particulate (alpha, beta, and neutron) and electromagnetic (X-ray and 
gamma) radiation of sufficient energy to displace electrons from atoms, producing ions. 
(JP 3-11) 


irregular warfare — A violent struggle among state and non-state actors for legitimacy and 
influence over the relevant population(s). Also called TW. (JP 1) 
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isolated personnel — United States military, Department of Defense civilians and 
contractor personnel (and others designated by the President or Secretary of Defense) 
who are separated from their unit (as an individual or a group) while participating in a 
United States sponsored military activity or mission and are, or may be, in a situation 
where they must survive, evade, resist, or escape. See also combat search and rescue; 
search and rescue. (JP 3-50) 


isolated personnel report — A Department of Defense form containing information 
designed to facilitate the identification and authentication of an isolated person by a 
recovery force. Also called ISOPREP. See also authentication; evader. (JP 3-50) 


item manager — An individual within the organization of an inventory control point or 


other such organization assigned management responsibility for one or more specific 
items of materiel. (JP 4-09) 
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joint — Connotes activities, operations, organizations, etc., in which elements of two or 
more Military Departments participate. (JP 1) 


joint air component coordination element — A general term for the liaison element that 
serves as the direct representative of the joint force air component commander for joint 
air operations. Also called JACCE. (JP 3-30) 


joint air-ground integration center — A staff organization designed to enhance joint 
collaborative efforts to deconflict joint air-ground assets in the division’s airspace. Also 
called JAGIC. (JP 3-09.3) 


joint air operations — Air operations performed with air capabilities/forces made available 
by components in support of the joint force commander’s operation or campaign 
objectives, or in support of other components of the joint force. (JP 3-30) 


joint air operations center — A jointly staffed facility established for planning, directing, 
and executing joint air operations in support of the joint force commander’s operation 
or campaign objectives. Also called JAOC. See also joint air operations. (JP 3-30) 


joint air operations plan — A plan for a connected series of joint air operations to achieve 
the joint force commander’s objectives within a given time and joint operational area. 
Also called JAOP. See also joint air operations. (JP 3-30) 


joint base — In base defense operations, a locality from which operations of two or more of 
the Military Departments are projected or supported and which is manned by significant 
elements of two or more Military Departments or in which significant elements of two 
or more Military Departments are located. See also base. (JP 3-10) 


joint captured materiel exploitation center — An element responsible for deriving 
intelligence information from captured enemy materiel. It is normally subordinate to 
the intelligence directorate of a joint staff. Also called JCMEC. (JP 2-01) 


joint civil-military operations task force — A joint task force composed of civil-military 
operations units from more than one Service. Also called JCMOTF. See also civil- 
military operations; joint task force. (JP 3-57) 


joint combined exchange training — A program conducted within a host nation to fulfill 
United States forces training requirements and at the same time exchange the sharing of 
skills between United States forces and host nation counterparts. Also called JCET. (JP 
3-05) 


joint communications network — The aggregation of the joint multichannel trunking and 


switching system and the joint command and control communications system(s) in a 
theater. Also called JCN. (JP 6-0) 
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joint contracting support board — A board established to coordinate and deconflict 
common contracting actions in the designated operational area. Also called JCSB. See 
also combatant commander logistics procurement support board; joint 
requirements review board. (JP 4-10) 


joint counterintelligence unit — An organization composed of Service and Department of 
Defense agency counterintelligence personnel that is formed under the authority of the 
Secretary of Defense, assigned to a combatant commander, and focused on strategic and 
operational counterintelligence missions. Also called JCIU. (JP 2-01.2) 


joint data network operations officer — The joint task force operations directorate officer 
responsible to the commander for integrating data from supporting components into a 
common database used to generate the common tactical picture. Also called JDNO. 
(JP 3-01) 


joint deployable intelligence support system — A transportable workstation and 
communications suite that electronically extends a joint intelligence center to a joint 
task force or other tactical user. Also called JDISS. (JP 2-0) 


joint deployment and distribution enterprise — The complex of equipment, procedures, 
doctrine, leaders, technical connectivity, information, shared knowledge, organizations, 
facilities, training, and materiel necessary to conduct joint distribution operations. Also 
called JDDE. (JP 4-0) 


joint deployment and distribution operations center — A combatant command 
movement control organization designed to synchronize and optimize national and 
theater multimodal resources for deployment, distribution, and sustainment, Also called 
JDDOC. (JP 4-09) 


joint desired point of impact — A unique, alpha-numeric-coded precise aimpoint 
associated with a target to achieve an explicit weaponeering objective and identified by 
a three-dimensional (latitude, longitude, elevation) mensurated coordinate. Also called 
JDPI. See also aimpoint; desired point of impact. (JP 3-60) 


joint distribution — The operational process of synchronizing all elements of the joint 
logistics system using the joint deployment and distribution enterprise for end-to-end 
movement of forces and materiel from point of origin to the designated point of need. 
(JP 4-09) 


joint doctrine — Fundamental principles that guide the employment of United States 
military forces in coordinated action toward a common objective and may include terms, 
tactics, techniques, and procedures. See also Chairman of the Joint Chiefs of Staff 
instruction; Chairman of the Joint Chiefs of Staff manual; joint publication; 
multinational doctrine. (CJCSI 5120.02) 


joint doctrine development community — The Chairman of the Joint Chiefs of Staff; Joint 


Staff; combatant commands; Services; National Guard Bureau; combat support agencies; 
National Defense University; United States Element, North American Aerospace Defense 
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Command; and Chairman of the Joint Chiefs of Staff-controlled activities. Also called 
JDDC. (CJCSI 5120.02) 


Joint Doctrine Development System — The system of lead agents, Joint Staff doctrine 
sponsors, primary review authorities, coordinating review authorities, technical review 
authorities, assessment agents, Joint Doctrine Planning Conferences, procedures, and the 
hierarchical framework designed to initiate, develop, approve, and maintain joint 
publications. See also joint doctrine; joint doctrine development community. 
(CJCSI 5120.02) 


Joint Doctrine Planning Conference — A forum convened semiannually to address and 
vote on project proposals; discuss key joint doctrinal and operational issues; discuss 
potential changes to the joint doctrine development process; keep up to date on the status 
of the joint publication projects and emerging publications; and keep abreast of other 
initiatives of interest to the members. Also called JDPC. See also joint doctrine; joint 
publication; joint test publication. (CJCSM 5120.01) 


joint document exploitation center — An element, normally subordinate to the intelligence 
directorate of a joint staff, responsible for deriving intelligence information from 
captured documents including all forms of electronic data and other forms of stored 
textual and graphic information. Also called JDEC. See also intelligence. 
(JP 2-01) 


joint electromagnetic spectrum operations — Military actions undertaken by a joint force 
to exploit, attack, protect, and manage the electromagnetic environment. Also called 
JEMSO. (JP 3-85) 


joint engagement zone — In air and missile defense, that airspace of defined dimensions 
within which multiple air and missile defense systems (surface-to-air missiles and 
aircraft) are simultaneously employed to engage air and missile threats. Also called 
JEZ. (JP 3-01) 


joint facilities utilization board — A joint board that evaluates and reconciles component 
requests for real estate, use of existing facilities, inter-Service support, and construction 
to ensure compliance with Joint Civil-Military Engineering Board priorities. Also 
called JFUB. (JP 3-34) 


joint field office — A temporary multiagency coordination center established at the incident 
site to provide a central location for coordination of federal, state, local, tribal, 
nongovernmental, and private-sector organizations with primary responsibility for 
incident oversight, direction, or assistance to effectively coordinate protection, 
prevention, preparedness, response, and recovery actions. Also called JFO. (JP 3-28) 


joint fires — Fires delivered during the employment of forces from two or more components 
in coordinated action to produce desired effects in support of a common objective. See 
also fires. (JP 3-0) 
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Example 1: Divide 3 + j4 by 1 + 7. 


—_—_  - —_ 


— 3+j— 74. 
a a 
_ 38+j— (i—1)4 
~ 1— (—1) 
—38+i3+4 
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ee f -1 
a3 eg > 
Example 2: Divide 6 by 3 + \/—2. 
_ 6 _ 6 ,8-f/F 
84+ VF 84+ h/2 8—jVE 
__ 6(8 — f2) 
(3,+ 7V2) (8 — 7V2) 
__18 — j6\/2 
9 — 72 
_ 18 — j6/2 
a ll 
79. Review Problems—Imaginary and Complex d. Multiply. 


‘Numbers 


a. Simplify the radical, using operator j. 


(1) 4+ -V—BI by 2+ /—49 
(2) 2+ 2\/—2 by 8 + 38/3 


(1) V—75” (3) 2— j3 by 2 + 93 
(2) V—28 (4) (2 — 98)? 
ane eee (5) (4 + #2 + 78 + 54) 
ay a (6) 4— 97 by 8 + 72 
(6) Ve (1) f tig by f-+i9 
(6) yea (8) 1448 by! — iE 
b, Add. (9) 8 — 718 by 11 — j12 


(1) —47 + 717 and 63 + 792 


(10) 5 +./—I6 by 7 —\V—8I 


(2) 27 —j1l and 14 —j11 e. Divide. 
(3) 123 — 7114 and —62 —j137 (1) Lby 3 + j2 
(4) 44 + 717 and —j7 (2)6+4 jbyj 


(5) 6 + 710 and j1 
(6) 14+ j15 and —16 — 762 

. Subtract. 
(1) —69 + 7432 from 710 + 761 
(2) 14— j121 from 73 — 77 
(3) 84— j62 from 62 — 747 
(4) —74 — j20 from 81 — j81 
(5) —87 — 77 from 82 + 716 
(6) —9 + j from —j7 


Ls) 


AGO 558A 


(3) 2+ 73 by 3 — 74 

(4) 44+ V—Sby 2—V—I 
(5) 2+ jy by x — jy 

(6) 10 by 1 + 72 

(7) 3by1—j 

(8) 3+ /—25 by 4—\/—4 
(9) 6 — j2 by 4— j7 

(10) 1+ jE byI1—jE 
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joint fires element — An optional staff element that provides recommendations to the 
operations directorate to accomplish fires planning and synchronization. Also called 
JFE. See also fire support; joint fires. (JP 3-60) 


joint fires observer — A certified and qualified Service member who requests, controls, and 
adjusts surface-to-surface fires; provides targeting information in support of close air 
support; and performs terminal guidance operations. Also called JFO. (JP 3-09.3) 


joint fire support — Joint fires that assist air, land, maritime, and special operations forces 
to move, maneuver, and control territory, populations, airspace, and key waters. See 
also fire support; joint fires. (JP 3-0) 


joint force — A force composed of elements, assigned or attached, of two or more Military 
Departments operating under a single joint force commander. See also joint force 
commander. (JP 3-0) 


joint force air component commander — The commander within a unified command, 
subordinate unified command, or joint task force responsible to the establishing 
commander for recommending the proper employment of assigned, attached, and/or 
made available for tasking air forces; planning and coordinating air operations; or 
accomplishing such operational missions as may be assigned. Also called JFACC. See 
also joint force commander. (JP 3-0) 


joint force chaplain — The military chaplain designated by the joint force commander to 
serve as the senior chaplain for the joint force. Also called the JFCH. (JP 3-0) 


joint force commander — A general term applied to a combatant commander, subunified 
commander, or joint task force commander authorized to exercise combatant command 
(command authority) or operational control over a joint force. Also called JFC. See 
also joint force. (JP 1) 


joint force land component commander — The commander within a unified command, 
subordinate unified command, or joint task force responsible to the establishing 
commander for recommending the proper employment of assigned, attached, and/or 
made available for tasking land forces; planning and coordinating land operations; or 
accomplishing such operational missions as may be assigned. Also called JELCC. See 
also joint force commander. (JP 3-31) 


joint force maritime component commander — The commander within a unified 
command, subordinate unified command, or joint task force responsible to the 
establishing commander for recommending the proper employment of assigned, 
attached, and/or made available for tasking maritime forces and assets; planning and 
coordinating maritime operations; or accomplishing such operational missions as may 
be assigned. Also called JFMCC. See also joint force commander. (JP 3-0) 


joint force special operations component commander — The commander within a unified 


command, subordinate unified command, or joint task force responsible to the 
establishing commander for recommending the proper employment of assigned, 
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attached, and/or made available for tasking special operations forces and assets; 
planning and coordinating special operations; or accomplishing such operational 
missions as may be assigned. Also called JESOCC. See also joint force commander. 
(JP 3-0) 


joint force surgeon — A Department of Defense medical department officer appointed by 
the joint force commander to serve as the joint force special staff officer to establish, 
monitor, or evaluate joint force health services support. Also called JFS. See also 
health service support; joint force. (JP 4-02) 


joint functions — Related capabilities and activities placed into seven basic groups of 
command and control, information, intelligence, fires, movement and maneuver, 
protection, and sustainment to help joint force commanders synchronize, integrate, and 
direct joint operations. (JP 3-0) 


joint individual augmentee — An unfunded, temporary duty position (or member filling an 
unfunded, temporary duty position) identified on a joint manning document by a 
supported combatant commander to augment headquarters operations during 
contingencies. Also called JIA. (JP 4-05) 


joint integrated prioritized target list — A prioritized list of targets approved by the joint 
force commander. Also called JIPTL. See also target. (JP 3-60) 


joint intelligence — Intelligence produced by elements of more than one Service of the same 
nation. (JP 2-0) 


joint intelligence architecture — A dynamic, flexible structure that consists of the Defense 
Joint Intelligence Operations Center, combatant command joint intelligence operations 
centers, and subordinate joint task force intelligence operations centers or joint 
intelligence support elements to provide national, theater, and tactical commanders with 
the full range of intelligence required for planning and conducting operations. See also 
intelligence. (JP 2-0) 


joint intelligence operations center — An interdependent, operational intelligence 
organization at the Department of Defense, combatant command, or joint task force (if 
established) level, that is integrated with national intelligence centers, and capable of 
accessing all sources of intelligence impacting military operations planning, execution, 
and assessment. Also called JIOC. (JP 2-0) 


joint intelligence preparation of the operational environment — The analytical process 
used by joint intelligence organizations to produce intelligence estimates and other 
intelligence products in support of the joint force commander’s decision-making 
process. Also called JIPOE. (JP 2-01.3) 


joint intelligence support element — A subordinate joint force element whose focus is on 
intelligence support for joint operations, providing the joint force commander, joint 
staff, and components with the complete enemy and adversary situation. Also called 
JISE. See also intelligence; joint force; joint operations. (JP 2-01) 
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joint interagency coordination group — A staff group that establishes regular, timely, and 
collaborative working relationships between civilian and military operational planners. 
Also called JIACG. (JP 3-08) 


joint interface control officer — The senior interface control officer for multi-tactical data 
link networks in the joint force who is responsible for development and validation of 
the architecture, joint interoperability and management of the multi-tactical data link 
networks, and overseeing operations of a joint interface control cell. Also called JICO. 
(JP 3-01) 


joint interrogation and debriefing center — Physical location for the exploitation of 
intelligence information from detainees and other sources. Also called JIDC. See also 
intelligence. (JP 2-01.2) 


joint interrogation operations — 1. Activities conducted by a joint or interagency 
organization to extract information for intelligence purposes from detainees. 2. 
Activities conducted in support of law enforcement efforts to adjudicate enemy 
combatants who are believed to have committed crimes against United States persons 
or property. Also called JIO. (JP 2-01) 


joint land operations —Land operations performed across the range of military operations 
with land forces made available by Service components in support of the joint force 
commander’s operation or campaign objectives or in support of other components of 
the joint force. (JP 3-31) 


joint land operations plan — A joint force land component commander’s plan for a 
connected series of joint land operations to achieve objectives within a given time and 
operational area. Also called JLOP. (JP 3-31) 


joint logistics — The coordinated use, synchronization, and sharing of two or more Military 
Departments’ logistics resources to support the joint force. See also logistics. (JP 4-0) 


joint logistics enterprise — A multitiered matrix of key global logistics providers 
cooperating and structured to achieve a unity of effort without jeopardizing the integrity 
of their own organizational missions and goals. Also called JLEnt. (JP 4-0) 


joint logistics operations center — The current operations division within the logistics 
directorate of a joint staff, which monitors crises, exercises, and interagency actions and 
works acquisition and cross-servicing agreements as well as international logistics. 
Also called JLOC. See also logistics. (JP 4-01) 


joint logistics over-the-shore commander — The commander selected by the joint force 
commander and tasked to organize the efforts of all elements participating in 
accomplishing the joint logistics over-the-shore mission. See also joint logistics over- 
the-shore operations. (JP 4-01.6) 


joint logistics over-the-shore operations — Operations in which Navy and Army logistics 
over-the-shore forces conduct logistics over-the-shore operations together under a joint 
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force commander. Also called JLOTS operations. See also joint logistics; logistics 
over-the-shore operations. (JP 4-01.6) 


joint manpower program — The policies, processes, and systems used in the determination 
and prioritization within and among joint Service manpower requirements. Also called 
JMP. (JP 1-0) 


joint meteorological and oceanographic officer — Officer designated to provide direct 
meteorological and oceanographic support to a joint force commander. Also called 
JMO. (JP 3-59) 


joint mission-essential task — A mission task selected by a joint force commander deemed 
essential to mission accomplishment and defined using the common language of the 
Universal Joint Task List in terms of task, condition, and standard. Also called JMET. 
See also condition, universal joint task list. (JP 3-33) 


joint mortuary affairs office — Plans and executes all mortuary affairs programs within a 
theater. Also called JMAO. See also mortuary affairs; personal effects. (JP 4-0) 


joint network operations control center — An element of the communications system 
directorate of a joint staff established as the single control agency for the management 
and direction of the joint force communications system. Also called JNCC. (JP 6-0) 


joint operations — Military actions conducted by joint forces and those Service forces 
employed in specified command relationships with each other, which of themselves, do 
not establish joint forces. (JP 3-0) 


joint operations area — An area of land, sea, and airspace, defined by a geographic 
combatant commander or subordinate unified commander, in which a joint force 
commander (normally a joint task force commander) conducts military operations to 
accomplish a specific mission. Also called JOA. See also area of responsibility; joint 
special operations area. (JP 3-0) 


joint operations area forecast — The official baseline meteorological and oceanographic 
forecast for operational planning and mission execution within the joint operations area. 
Also called JOAF. (JP 3-59) 


joint operations center — A jointly manned facility of a joint force commander’s 
headquarters established to plan, monitor, and guide the execution of the commander’s 
decisions. Also called JOC. (JP 3-41) 


joint patient movement requirements center — A joint activity established to coordinate 
the joint patient movement requirements function for a joint force operating within an 
operational area. Also called JEMRC. See also health service support; joint force 
surgeon; joint operations area; medical treatment facility. (JP 4-02) 


joint personnel accountability reconciliation and reporting — A data repository 
developed and implemented by the Defense Manpower Data Center that consumes and 
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reconciles data from existing Service deployment systems. Also called JPARR. 
(JP 1-0) 


joint personnel processing center — A center established in an operational area by the 
appropriate joint force commander to in-process and out-process personnel upon their 
arrival in and departure from the theater. Also called JPPC. (JP 1-0) 


joint personnel recovery center — The primary joint force organization responsible for 
planning and coordinating personnel recovery for military operations within the 
assigned operational area. Also called JPRC. See also combat search and rescue; 
search and rescue. (JP 3-50) 


joint personnel training and tracking activity — The continental United States center 
established to facilitate the reception, accountability, processing, training, and onward 
movement of individual augmentees preparing for overseas movement to support a joint 
military operation. Also called JPTTA. (JP 1-0) 


joint planning — Planning activities associated with military operations by combatant 
commanders and their subordinate commanders. See also joint planning process. 
(JP 5-0) 


joint planning and execution community — Those headquarters, commands, and agencies 
involved in the training, preparation, mobilization, deployment, employment, support, 
sustainment, redeployment, and demobilization of military forces assigned or 
committed to a joint operation. Also called JPEC. (JP 5-0) 


joint planning group — A planning organization consisting of designated representatives 
of the joint force headquarters principal and special staff sections, joint force 
components (Service and/or functional), and other supporting organizations or agencies 
as deemed necessary by the joint force commander. Also called JPG. See also joint 
planning. (JP 5-0) 


joint planning process — An orderly, analytical process that consists of a logical set of steps 
to analyze a mission, select the best course of action, and produce a campaign or joint 
operation plan or order. Also called JPP. See also joint planning. (JP 5-0) 


Joint Public Affairs Support Element — A deployable unit assigned to assist a joint force 
commander in developing and training public affairs forces in joint, interagency, and 
multinational environments. Also called JPASE. (JP 3-61) 


joint publication — A compilation of agreed-to fundamental principles, considerations, and 
guidance on a particular topic, approved by the Chairman of the Joint Chiefs of Staff or 
authorized designee, that guides the employment of a joint force toward a common objective. 
Also called JP. See also Chairman of the Joint Chiefs of Staff instruction; 
Chairman of the Joint Chiefs of Staff manual; joint doctrine. (CJCSI 5120.02) 


joint reception coordination center — An organization that, when established, ensures that 
Department of Defense personnel and noncombatant evacuees receive adequate 
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assistance and support for an orderly and expedient debarkation, movement to final 
destination in the United States, and appropriate follow-on assistance at the final 
destination. Also called JRCC. (JP 3-68) 


joint reception, staging, onward movement, and integration — A phase of joint force 
projection occurring in the operational area during which arriving personnel, equipment, 
and materiel transition into forces capable of meeting operational requirements. Also 
called JRSOI. See also integration; joint force; reception; staging. (JP 3-35) 


joint requirements review board — The subordinate joint force commander’s established 
board to review, validate, approve, and prioritize selected Service and special operations 
forces component contract support requests. Also called JRRB. See also combatant 
commander logistics procurement support board; joint contracting support 
board. (JP 4-10) 


joint restricted frequency list — A time and geographically oriented listing of TABOO, 
PROTECTED, and GUARDED functions, nets, and frequencies and limited to the 
minimum number of frequencies necessary for friendly forces to accomplish objectives. 
Also called JRFL. See also electromagnetic warfare; guarded frequencies; 
protected frequencies; TABOO frequencies. (JP 3-85) 


joint security area — A specific area to facilitate protection of joint bases and their 
connecting lines of communications that support joint operations. Also called JSA. 
(JP 3-10) 


joint security coordination center — A joint operations center tailored to assist the joint 
security coordinator in meeting the security requirements in the joint operational area. 
Also called JSCC. (JP 3-10) 


joint security coordinator — The officer responsible for coordinating the overall security 
of the operational area in accordance with joint force commander directives and 
priorities. Also called JSC. (JP 3-10) 


joint servicing — That function performed by a jointly staffed and financed activity in 
support of two or more Services. (JP 3-05) 


joint special operations air component — A task-organized unit that provides command 
and control functions for all special operations forces aviation units under the 
operational command of the joint special operations air component commander. Also 
called JSOAC., (JP 3-05) 


joint special operations air component commander — The commander within a joint 
force special operations command responsible for planning and executing joint special 
operations air activities. Also called JSOACC. (JP 3-05) 


joint special operations area — An area of land, sea, and airspace assigned by a joint force 


commander to the commander of a joint special operations force to conduct special 
operations activities. Also called JSOA. (JP 3-0) 
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joint special operations task force — A joint task force composed of special operations 
units from more than one Service, formed to carry out a specific special operation or 
prosecute special operations in support of a combatant command campaign or other 
operations. Also called JSOTF. (JP 3-05) 


joint staff — 1. The staff of a commander of a unified or specified command, 
subordinate unified command, joint task force, or subordinate functional component 
(when a functional component command will employ forces from more than one 
Military Department), that includes members from the several Services comprising 
the force. 
2. (capitalized as Joint Staff) The staff under the Chairman of the Joint Chiefs of Staff that 
assists the Chairman and the other members of the Joint Chiefs of Staff in carrying out 
their responsibilities. Also called JS. (JP 1) 


Joint Staff doctrine sponsor — A Joint Staff directorate assigned to coordinate a joint 
doctrine project with the Joint Staff. Also called JSDS. See also joint doctrine. 
(CJCSM 5120.01) 


Joint Strategic Planning System — One of the primary means by which the Chairman of 
the Joint Chiefs of Staff, in consultation with the other members of the Joint Chiefs of 
Staff and the combatant commanders, carries out the statutory responsibilities to assist 
the President and Secretary of Defense in providing strategic direction to the Armed 
Forces. Also called JSPS. (JP 5-0) 


joint table of distribution — A manpower document that identifies the positions and 
enumerates the spaces that have been approved for each organizational element of a joint 
activity for a specific fiscal year (authorization year) and those accepted for the four 
subsequent fiscal years (program years). Also called JTD. See also joint manpower 
program. (JP 1-0) 


joint targeting coordination board — A group formed by the joint force commander to 
accomplish broad targeting oversight functions that may include, but are not limited to, 
coordinating targeting information; providing targeting guidance, synchronization, and 
priorities; and approving the joint integrated prioritized target list. Also called JTCB. 
See also joint integrated prioritized target list; targeting. (JP 3-60) 


joint target list — A consolidated list of validated targets of military significance without 
restrictions within a joint force commander’s operational area. Also called JTL. See 
also joint; target. (JP 3-60) 


joint task force — A joint force that is constituted and so designated by the Secretary of 
Defense, a combatant commander, a subunified commander, or an existing joint task 
force commander. Also called JTF. (JP 1) 


Joint Task Force-Civil Support — A standing joint task force established to plan and 
integrate Department of Defense support to the designated lead federal agency for 
domestic chemical, biological, radiological, nuclear, and high-yield explosives 
consequence management operations. Also called JTF-CS. (JP 3-41) 
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joint terminal attack controller — A qualified (certified) Service member who, from a 
forward position, directs the action of combat aircraft engaged in close air support and 
other offensive air operations. Also called JTAC. See also terminal attack control. 
(JP 3-09.3) 


Joint Transportation Board — The body that prioritizes common-user transportation 
resources assigned or available to the Department of Defense on behalf of the Chairman 
of the Joint Chiefs of Staff. Also called JTB. See also common-user transportation. 
(JP 4-01) 


joint urban operations — Joint operations planned and conducted on, or against objectives 
within a topographical complex and its adjacent natural terrain, where man-made 
construction or the density of population are the dominant features. Also called JUOs. 
See also joint operations. (JP 3-06) 


Joint Worldwide Intelligence Communications System — The sensitive compartmented 
information portion of the Defense Information Systems Network, which incorporates 
advanced networking technologies that permit point-to-point or multipoint information 
exchange involving voice, text, graphics, data, and video teleconferencing. Also called 
JWICS. (JP 2-0) 


judge advocate —An officer of the Judge Advocate General’s Corps of the Army, Air Force, 
or Navy, or officers of the Marine Corps or Coast Guard designated as a judge advocate. 
Also called JA. (JP 3-84) 


jumpmaster — The assigned airborne-qualified individual who controls paratroops from 
the time they enter the aircraft until they exit. (JP 3-36) 
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key position — A civilian position, public or private (designated by the employer and 
approved by the Secretary concerned), that cannot be vacated during war or national 
emergency. (JP 1-0) 


keystone joint publications — Joint publications that establish the doctrinal foundation for a 
series of joint publications in the hierarchy of joint publications. See also capstone joint 
publication; joint publication. (CJCSM 5120.01) 


key terrain — Any locality, or area, the seizure or retention of which affords a marked 
advantage to either combatant. (JP 2-01.3) 


kill box — A three-dimensional permissive fire support coordination measure with an 


associated airspace coordinating measure used to facilitate the integration of fires. 
(JP 3-09) 
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80. General 


An equation is a statement of equality be- 
tween two expressions. For example, x + y = 
12, 83a + 5 = 20, and 3 - 9 = 27 are equations; 
therefore, all expressions separated by the 
equality sign.are equations, whether the expres- 
sions are algebraic or arithmetical. The expres- 
sion to the left of the equality sign is called the 
left-hand member of the equation; the expres- 
sion to the right of the equality sign is called 
the right-hand member. Finding the values of 
the unknown quantities of an algebraic equation 
is known as solving the equation, and the 
answer is called the solution. If only one un- 
known is involved, the solution is also called the 
root, 


81. Solving Simple Equations 


a. Adding Same Quantity to Both Members 
of Equation. Equal quantities may be added to 
both sides of an equation without changing the 
equality. 


Example 1: Solve the equation xy — 4 = 
7 for x. 


Example 2: Solve the equation x — 7 = 14 
for 2. 
at—T=14 
e—T+7=1447 
a” = 21 


b. Subtracting Same Quantity From Both 
Members of Equation. Equal quantities may be 
subtracted from both sides of an equation. 


Example 1: Solve the equation x + 2 = 5 


for x. 

e+2=—5 

ce+2—2—-5—2 
x=838 
Example 2: Solve the equation « + 5 = 12 

for x. 

e+5= 12 

x=T7 


ce, Multiplying Both Members of Equation by 
Same Quantity. Both sides of an equation can 
be multiplied by the same quantity. 
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Example 1: Solve the equation = 5 for z. 
x 
3 = 5 
x 
a ‘T= 5 + 8 
x = 15 
Example 2: Solve the equation 3 + 7 = 
4 for z. 
Multiply both sides of the equa- 
tion by 9. 
4 , 
Zz Zz 
(F-4) +a) =4°9 
32 +2 = 36 
4z = 36 
z—9 


d. Dividing Both Members of Equation by 
Same Quantity. Both sides of an equation may 
be divided by the same quantity. 


Example 1: Solve the equation 3x = 12 for x. 


8x — 12 
3a 12 
8 
y= 
Example 2: Solve the equation PV = RT for 
T. 
PV = RT 
PV RT 
rk ~~ -— 
PV. 
SR 


82. Solving More Difficult Equations 


a. Transposition. The process of adding to or 
subtracting from both members of an equation 
(par. 81a and b) can be shortened by shifting a 
term or terms from one side of the equation to 
the other and changing the signs. This opera- 
tion is called transposition. 

Example 1: Solve the equation 6x + 4 = 7 — 

16 for x. 

64 +4=27— 16 
6x — x — —16— 4 
52 — —20 
x ——4 
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land control operations — The employment of land forces, supported by maritime and air 
forces (as appropriate) to control vital land areas. See also sea control operations. 
(JP 3-31) 


land domain — The area of the Earth’s surface ending at the high water mark and 
overlapping with the maritime domain in the landward segment of the littorals. 
(JP 3-31) 


land forces — Personnel, weapon systems, vehicles, and support elements operating on land 
to accomplish assigned missions and tasks. (JP 3-31) 


landing area — 1. That part of the operational area within which are conducted the landing 
operations of an amphibious force. 2. In airborne operations, the general area used for 
landing troops and materiel either by airdrop or air landing. 3. Any specially prepared 
or selected surface of land, water, or deck designated or used for takeoff and landing of 
aircraft. See also amphibious force; landing beach; landing force. 
(JP 3-02) 


landing area diagram — A graphic means of showing the beach designations, boat lanes, 
organization of the line of departure, scheduled waves, landing ship area, transport areas, 
and the fire support areas in the immediate vicinity of the boat lanes. (JP 3-02) 


landing beach — That portion of a shoreline required for the landing of an amphibious force. 
(JP 3-02) 


landing craft — A craft employed in amphibious operations specifically designed for 
carrying troops and their equipment and for beaching, unloading, retracting, and 
resupply operations. (JP 3-02) 


landing craft and amphibious vehicle assignment table — A table showing the 
assignment of personnel and materiel to each landing craft and amphibious vehicle and 
the assignment of the landing craft and amphibious vehicles to waves for the ship-to- 
shore movement. (JP 3-02) 


landing craft availability table — A tabulation of the type and number of landing craft that 
will be available from each ship of the transport group. (JP 3-02) 


landing diagram — A graphic means of illustrating the plan for the ship-to-shore 
movement. (JP 3-02) 


landing force — A Marine Corps or Army task organization, which is part of the amphibious 
force, formed to conduct amphibious operations. Also called LF. See also amphibious 
force; amphibious operation; amphibious task force; task organization. (JP 3-02) 


landing force operational reserve material — Package of contingency supplies pre- 
positioned and maintained onboard selected amphibious warfare ships to enhance 


127 


Terms and Definitions 


reaction time and provide support for the embarked landing force in contingencies. Also 
called LFORM. (JP 3-02) 


landing force support party — A temporary landing force organization composed of Navy 
and landing force elements that facilitates the ship-to-shore movement and provides 
initial combat support and combat service support to the landing force. Also called 
LFSP. See also combat service support; combat support; landing force; ship-to- 
shore movement. (JP 3-02) 


landing group — In amphibious operations, a subordinate task organization of the landing 
force capable of conducting landing operations, under a single tactical command, 
against a position or group of positions. (JP 3-02) 


landing plan — In amphibious operations, a collective term referring to all individually 
prepared amphibious task force and landing force documents that, taken together, 
present, in detail, all instructions for execution of the ship-to-shore movement. (JP 3-02) 


landing sequence table — A document that incorporates the detailed plans for ship-to-shore 
movement of nonscheduled units. (JP 3-02) 


landing site — 1. A site within a landing zone containing one or more landing points. See 
also airfield. 2. In amphibious operations, a continuous segment of coastline over which 
troops, equipment, and supplies can be landed by surface means. (JP 3-02) 


laser-guided weapon — A weapon that uses a seeker to detect laser energy reflected from a 
laser-marked/designated target and provides guidance commands to a control system that 
guides the weapon to the target. Also called LGW. (JP 3-09) 


laser rangefinder — A device that uses laser energy for determining the distance from the 
device to a place or object. (JP 3-09) 


laser seeker — A device based on a direction-sensitive receiver that detects the energy 
reflected from a laser-designated target and defines the direction of the target relative to 
the receiver. See also laser-guided weapon. (JP 3-09.3) 


laser spot — The area on a surface illuminated by a laser. See also spot. (JP 3-09) 


laser spot tracker — A device that locks on to the reflected energy from a laser-marked or 
designated target and defines the direction of the target relative to itself. Also called 
LST. (JP 3-09) 


laser target designator — A device that emits a beam of laser energy that is used to mark a 
specific place or object. Also called LTD. See also target. (JP 3-09) 


latest arrival date — A day, relative to C-Day, that is specified by the supported combatant 
commander as the latest date when a unit, resupply shipment, or replacement personnel 
can arrive at the port of debarkation and support the concept of operations. Also called 
LAD. (JP 3-35) 
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launch area denied — The geographic area from which an enemy targeting a designated 
defended area cannot launch a ballistic missile without it being engaged by the ballistic 
missile defenses. Also called LAD. (JP 3-01) 


launch on remote — Use of nonorganic sensor data or ballistic missile defense system track 
to launch a weapon, with additional data provided by a different sensor(s) to complete 
the engagement. Also called LOR. (JP 3-01) 


law enforcement agency — Any of a number of agencies (outside the Department of 
Defense) chartered and empowered to enforce United States laws in a state or territory 
(or political subdivision) of the United States, a federally recognized Native American 
tribe or Alaskan Native Village, or within the borders of a host nation. Also called LEA. 
(JP 3-28) 


law of armed conflict — See law of war. (JP 3-84) 


law of war — That part of international law that regulates the conduct of armed hostilities. 
Also called the law of armed conflict. See also rules of engagement. (JP 3-84) 


lead — In intelligence usage, a person with potential for exploitation, warranting additional 
assessment, contact, and/or development. (JP 2-01.2) 


lead agency — The United States Government agency designated to coordinate the 
interagency oversight of the day-to-day conduct of an ongoing operation. (JP 3-08) 


lead agent — 1. An individual Service, combatant command, or Joint Staff directorate assigned 
to author, develop, and maintain a joint publication. (CJCSM 5120.01) 2. In medical 
materiel management, the designated unit or organization to coordinate or execute day- 
to-day conduct of an ongoing operation or function. Also called LA. (JP 4-02) 


lead aircraft — The airbome aircraft designated to exercise command of other aircraft within 
the flight. (JP 3-09.3) 


lead federal agency — The federal agency that leads and coordinates the overall federal 
response to an emergency. Also called LFA. (JP 3-41) 


lead nation — The nation with the will, capability, competence, and influence to provide 
the essential elements of political consultation and military leadership to coordinate the 
planning, mounting, and execution of a multinational operation. Also called LN. See 
also multinational force. (JP 3-16) 


lead Service or agency for common-user logistics — A Service component or Department 
of Defense agency that is responsible for execution of common-user item or service 
support in a specific combatant command or multinational operation as defined in the 
combatant or subordinate joint force commander’s operation plan, operation order, 
and/or directives. See also common-user logistics. (JP 4-0) 
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letter of assist — A contractual document issued by the United Nations to a government 


authorizing it to provide goods or services to a peacekeeping operation. Also called 
LOA. See also peacekeeping. (JP 3-80) 


letter of authorization — A document issued by the procuring contracting officer or 


designee that authorizes contractor personnel authorized to accompany the force to 
travel to, from, and within an operational area and outlines authorized government 
support authorizations within the operational area, as agreed to under the terms and 
conditions of the contract. Also called LOA. (JP 4-10) 


level of detail — Within the current joint planning and execution system, movement 


characteristics for both personnel and cargo are described at six distinct levels of detail. 
Levels I, V, and VI describe personnel and Levels I through IV and VI for cargo. Levels 
I through IV are coded and visible in the Joint Operation Planning and Execution System 
automated data processing. Levels V and VI are used by Joint Operation Planning and 
Execution System automated data processing feeder systems. a. level I - personnel: 
expressed as total number of passengers by unit line number. Cargo: expressed in total 
short tons, total measurement tons, total square feet, and total thousands of barrels by 
unit line number. Petroleum, oils, and lubricants is expressed by thousands of barrels 
by unit line number. b. level II - cargo: expressed by short tons and measurement tons 
of bulk, oversize, outsize, and non-air transportable cargo by unit line number. Also 
square feet for vehicles and non self-deployable aircraft and boats by unit line number. 
c. level III - cargo: detail by cargo category code expressed as short tons and 
measurement tons as well as square feet associated to that cargo category code for an 
individual unit line number. d. level IV - cargo: detail for individual dimensional data 
expressed in length, width, and height in number of inches, and weight/volume in short 
tons/measurement tons, along with a cargo description. Each cargo item is associated 
with a cargo category code and a unit line number). e. level V - personnel: any general 
summarization/aggregation of level VI detail in distribution and deployment. f. level 
VI - personnel: detail expressed by name, Service, military occupational specialty and 
unique identification number. Cargo: detail expressed by association to a transportation 
control number or single tracking number or item of equipment to include federal stock 
number/national stock number and/or requisition number. Nested cargo, cargo that is 
contained within another equipment item, may similarly be identified. Also called 
JOPES level of detail. (CJCSM 3122.01A) 


leverage — In the context of planning, a relative advantage in combat power and/or other 


circumstances against the enemy or adversary across any variable within or impacting 
the operational environment sufficient to exploit that advantage. See also operational 
art; operational design. (JP 5-0) 


L-hour — 1. The specific hour on C-day at which a deployment operation commences or is 
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to commence. (JP 5-0) 2. In amphibious operations, the time at which the first 
helicopter or tiltrotor aircraft of the airborne ship-to-shore movement wave touches 
down or is scheduled to touch down in a landing zone. (JP 3-02) 
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life cycle — The total phases through which an item passes from the time it is initially 
developed until the time it is either consumed in use or disposed of as being excess to 
all known materiel requirements. (JP 4-02) 


lighterage — The process in which small craft are used to transport cargo or personnel from 
ship-to-shore using amphibians, landing craft, discharge lighters, causeways, and 
barges. (JP 4-01.6) 


limitation — An action required or prohibited by higher authority, such as a constraint or a 
restraint, and other restrictions that limit the commander’s freedom of action, such as 
diplomatic agreements, rules of engagement, political and economic conditions in 
affected countries, and host nation issues. See also constraint; restraint. (JP 5-0) 


limiting factor — A factor or condition that, either temporarily or permanently, impedes 
mission accomplishment. (JP 5-0) 


line of communications — A route, either land, water, and/or air, that connects an operating 
military force with a base of operations and along which supplies and military forces 
move. Also called LOC. (JP 2-01.3) 


line of demarcation — A line defining the boundary of a buffer zone used to establish the 
forward limits of disputing or belligerent forces after each phase of disengagement or 
withdrawal has been completed. See also buffer zone; peace operations. (JP 3-07.3) 


line of departure — 1. In land warfare, a line designated to coordinate the departure of 
attack elements. Also called LD. (JP 3-31) 2. In amphibious operations, a suitably 
marked offshore coordinating line, which is located at the seaward end of a boat lane, 
to assist in the landing of landing craft and amphibious vehicles on designated beaches 
at the scheduled times. Also called LOD. (JP 3-02) 


line of effort — In the context of planning, using the purpose (cause and effect) to focus 
efforts toward establishing operational and strategic conditions by linking multiple tasks 
and missions. Also called LOE. (JP 5-0) 


line of operation — A line that defines the interior or exterior orientation of the force in 
relation to the enemy or that connects actions on nodes and/or decisive points related in 
time and space to an objective(s). Also called LOO. (JP 5-0) 


link — 1. A behavioral, physical, or functional relationship between nodes. 2. In 
communications, a general term used to indicate the existence of communications 
facilities between two points. 3. A maritime route, other than a coastal or transit route, 
that connects any two or more routes together. See also node. (JP 3-0) 


listening watch — A continuous receiver watch established for the reception of 


communication addressed to, or of interest to, the unit maintaining the watch, with 
complete log optional. (JP 3-50) 
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littoral — The littoral comprises two segments of operational environment: 1. Seaward: the 
area from the open ocean to the shore, which must be controlled to support operations 
ashore. 2. Landward: the area inland from the shore that can be supported and defended 
directly from the sea. (JP 2-01.3) 


loading plan — All of the individually prepared documents which, taken together, present, 
in detail, all instructions for the arrangement of personnel and the loading of equipment 
for one or more units or other special grouping of personnel or material moving by 
highway, water, rail, or air transportation. (JP 3-02) 


load signal — In personnel recovery, a visual signal displayed in a covert manner to indicate 
the presence of an individual or object at a given location. See also evasion; recovery 
operations. (JP 3-50) 


locate — In personnel recovery, the task where actions are taken to precisely find and 
authenticate the identity of isolated personnel. (JP 3-50) 


lodgment — A designated area in a hostile or potentially hostile operational area that, when 
seized and held, makes the continuous landing of troops and materiel possible and 
provides maneuver space for subsequent operations. (JP 3-18) 


logistics — Planning and executing the movement and support of forces. (JP 4-0) 


logistics over-the-shore operation area — That geographic area required to conduct a 
logistics over-the-shore operation. Also called LOA. See also logistics over-the-shore 
operations. (JP 4-01.6) 


logistics over-the-shore operations — The loading and unloading of ships without the 
benefit of deep draft-capable, fixed port facilities; or as a means of moving forces closer 
to tactical assembly areas dependent on threat force capabilities. Also called LOTS 
operations. See also joint logistics over-the-shore operations. (JP 4-01.6) 


logistics supportability analysis — Combatant command internal assessment for the Joint 
Strategic Campaign Plan on capabilities and shortfalls of key logistic capabilities 
required to execute and sustain the concept of support conducted on all level three and 
four plans with the time phased force deployment data. Also called LSA. (JP 4-0) 


low-altitude missile engagement zone — In air and missile defense, that airspace of defined 
dimensions within which the responsibility for engagement of air and missile threats 
normally rests with low- to medium-altitude surface-to-air missiles. Also called 
LOMEZ. (JP 3-01) 


low-level transit route — A temporary corridor of defined dimensions established in the 


forward area to minimize the risk to friendly aircraft from friendly air defenses or 
surface forces. Also called LLTR. (JP 3-52) 
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low-visibility operations — Sensitive actions or activities wherein the diplomatic-military 
restrictions inherent in covert and clandestine operations are either not necessary or 
not feasible. (JP 3-05) 
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magnetic mine — A mine that responds to the magnetic field of a target. (JP 3-15) 


mail embargo — A temporary shutdown or redirection of mail flow to or from a specific 
location. (JP 1-0) 


main operating base — A facility outside the United States and its territories with 
permanently stationed operating forces and robust infrastructure. Also called MOB. 
See also cooperative security location; forward operating site. (JP 4-04) 


main supply route — The route or routes designated within an operational area upon which 
the bulk of traffic flows in support of military operations. Also called MSR. 
(JP 4-01.5) 


maintenance — 1. All action, including inspection, testing, servicing, classification as to 
serviceability, repair, rebuilding, and reclamation, taken to retain materiel in a 
serviceable condition or to restore it to serviceability. 2. All supply and repair action 
taken to keep a force in condition to carry out its mission. 3. The routine recurring work 
required to keep a facility in such condition that it may be continuously used at its 
original or designed capacity and efficiency for its intended purpose. (JP 4-0) 


major force — A military organization comprised of major combat elements and associated 
combat support, combat service support, and sustainment increments. (JP 5-0) 


major operation — 1. A series of tactical actions (battles, engagements, strikes) conducted 
by combat forces, coordinated in time and place, to achieve strategic or operational 
objectives in an operational area. 2. For noncombat operations, a reference to the 
relative size and scope of a military operation. See also operation. (JP 3-0) 


maneuver — 1. A movement to place ships, aircraft, or land forces in a position of advantage 
over the enemy. 2. A tactical exercise carried out at sea, in the air, on the ground, or on 
a map in imitation of war. 3. The operation of a ship, aircraft, or vehicle to cause it to 
perform desired movements. 4. Employment of forces in the operational area, through 
movement in combination with fires and information, to achieve a position of advantage 
in respect to the enemy. See also mission; operation. (JP 3-0) 


manpower management — The means of manpower control to ensure the most efficient 
and economical use of available manpower. (JP 1-0) 


manpower requirements — Human resources needed to accomplish specified workloads 
of organizations. (JP 1-0) 


Marine air command and control system — A system that provides the aviation combat 
element commander with the means to command, coordinate, and control all air 
operations within an assigned sector and to coordinate air operations with other 
Services. Also called MACCS. See also direct air support center; tactical air 
operations center. (JP 3-09.3) 


ibs bs 


Example 2: Solve the equation 54 — 7 = 


Qa + 2 for a. sa 8: et the equation aaer + 
ba —7=2a+2 p74 ea 
546 — 2a = 247 2 - 2 4 
8a = 9 @—2' ¢+4-%7—3 
a=838 2(¢+4)+2(4—2) 4 
b. Equations With Fractions. In solving a - oe ae . 4) ‘ m ri 3 
fractional equation, first find the LCD and Grpa Ty =s35 
multiply both members of the equation, term by a rere - a 


term; then perform the operations in paragraph 


81 ur a above. (x —2)(x+ 4)” x—38 


(4x + 4) (2 — 8) = 4(@ — 2) (x + 4) 


. ce | a Ax? — 84 — 12 = 4(a2? + 27 — 8) 
Example 1: Solve the equation pte = 10 dx? — Se — 12 — 4a? 4+ Br — 32 
for x. Me? — Aa® — 8x — 8x. = —82 4+ 12 
3 tz = 10 162 = 20 
20.5 41 
Set 2F _ 10 t=jg=q=l7 
5a an 10 w= iF 
- 83. Written Equations 
= Many practical problems are stated in words 
_ and must be translated into symbols before the 
‘ c—1 rules of algebra can be applied. There are no 
Example 2: Solve the equation —>—— = 8 specific rules for the translation of a written 
+2 for x. problem into an equation of numbers, signs, and 
past symbols. The following general suggestions may 
7 = 384+ 2 be helpful in developing equations: 
a. From the worded statement of the prob- 
t—1 = 342 lem, select the unknown quantity (or one of the 
2 1 unknown quantities) and represent it by a let- 
1{#—1) = 2(3 + 2) ter, such as x. Write the expression, stating 
e—1=—64+4 2% exactly what x represents and the units in 
a—22=641 which it is measured. 
<a b. If there is more than one unknown quan- 
tity in the problem, try to represent each un- 
c= —T 


known in terms of the first unknown. 


Example 1: In simple problems, an equation may be written by an 
almost direct translation into algebraic symbols; thus, 
Seven times a certain voltage diminished by 3 
ees es oS ees 


T E ae 3 
gives the same result as the voltage increased by 75, 
ee ee oO OO” 


ae + 75. 
Solving the equation: 
TE—3 —E4+ 75 
1E—E= 7543 
6E = 78 
E = 13 
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Marine special operations forces — Those Active Component Marine Corps forces 
designated by the Secretary of Defense that are specifically organized, trained, and 
equipped to conduct and support special operations. Also called MARSOF. (JP 3-05) 


Marine tactical air command center — The principal United States Marine Corps air 
command and control agency from which air operations and air defense warning 
functions are directed. Also called Marine TACC. (JP 3-09.3) 


Maritime Administration Ready Reserve Force — The surge sealift assets owned and 
operated by the United States Department of Transportation/Maritime Administration 
and Military Sealift Command (in contingency), crewed by civilian mariners. Also 
called MARAD RRF. See also National Defense Reserve Fleet. (JP 4-01.6) 


maritime domain — The oceans, seas, bays, estuaries, islands, coastal areas, and the 
airspace above these, including the littorals. (JP 3-32) 


maritime domain awareness — The effective understanding of anything associated with 
the maritime domain that could impact the security, safety, economy, or environment of 
anation. Also called MDA. (JP 3-32) 


maritime environment — The environment corresponding to the oceans, seas, bays, 
estuaries, islands, coastal areas, including the littorals and their sub-surface features, and 
interfaces and interactions with the atmosphere. (JP 3-59) 


maritime forces — Forces that operate on, under, or above the sea to gain or exploit 
command of the sea, sea control, or sea denial and/or to project power from the sea. 
(JP 3-32) 


maritime interception operations — Efforts to monitor, query, and board merchant vessels 
in international waters to enforce sanctions against other nations such as those in support 
of United Nations Security Council Resolutions and/or prevent the transport of restricted 
goods. Also called MIO. (JP 3-03) 


maritime power projection — Power projection in and from the maritime environment, 
including a broad spectrum of offensive military operations to destroy enemy forces or 
logistic support or to prevent enemy forces from approaching within enemy weapons’ 
range of friendly forces. (JP 3-32) 


maritime pre-positioning force operation — A rapid deployment and assembly of a 
Marine expeditionary force in a secure area using a combination of intertheater airlift 
and forward-deployed maritime pre-positioning ships. Also called MPF operation. 
See also maritime pre-positioning ships. (JP 4-01.6) 


maritime pre-positioning ships — Civilian-crewed, Military Sealift Command-chartered 
ships that are usually forward-deployed and loaded with pre-positioned equipment and 
up to 30 days of supplies to support Marine expeditionary brigades. Also called MPSs. 
See also Navy cargo handling battalion. (JP 3-02) 
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maritime security operations — Those operations to protect maritime sovereignty and 
resources and to counter maritime-related terrorism, weapons proliferation, 
transnational crime, piracy, environmental destruction, and illegal seaborne migration. 
Also called MSO. (JP 3-32) 


Maritime Security Program —A program authorized in the Maritime Security Act of 2003 
requiring the Secretary of Transportation, in consultation with the Secretary of Defense, 
to establish a fleet of active, commercially viable, militarily useful, privately owned 
vessels to meet national defense and other security requirements. Also called MSP. (JP 
3-36) 


maritime superiority — That degree of dominance of one force over another that permits 
the conduct of maritime operations by the former and its related land, maritime, and air 
forces at a given time and place without prohibitive interference by the opposing force. 
(JP 3-32) 


maritime supremacy — That degree of maritime superiority wherein an opposing force is 
incapable of effective interference. (JP 3-32) 


maritime terminal — A facility for berthing ships simultaneously at piers, quays, and/or 
working anchorages. Also called water terminal. (JP 4-01.5) 


marking — To maintain contact on a target from such a position that the marking unit has 
an immediate offensive capability. (JP 3-09.3) 


marshalling — 1. The process by which units participating in an amphibious or airborne 
operation group together or assemble when feasible or move to temporary camps in the 
vicinity of embarkation points, complete preparations for combat, or prepare for 
loading. 2. The process of assembling, holding, and organizing supplies and/or 
equipment, especially vehicles of transportation, for onward movement. See also 
staging area. (JP 3-36) 


marshalling area — A location in the vicinity of a reception terminal or pre-positioned 
equipment storage site where arriving unit personnel, equipment, materiel, and 
accompanying supplies are reassembled, returned to the control of the unit commander, 
and prepared for onward movement. See also marshalling. (JP 3-35) 


mass atrocity response operations — Military activities conducted to prevent or halt mass 
atrocities. Also called MARO. (JP 3-07.3) 


mass casualty — Any number of human casualties produced across a period of time that 
exceeds available medical support capabilities. See also casualty. (JP 4-02) 


massed fire — 1. The fire of the batteries of two or more ships directed against a single 


target. 2. Fire from a number of weapons directed at a single target point or small area. 
(JP 3-02) 
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master — The commander of a United States Naval Ship, a commercial ship, or a 
government-owned general agency agreement ship operated for the Military Sealift 
Command by a civilian company to transport Department of Defense cargo. (JP 3-02) 


master air attack plan — A plan that contains key information that forms the foundation 
of the joint air tasking order. Also called MAAP. See also target. (JP 3-60) 


materials handling equipment — Equipment used at air, ground, and sea ports to handle 
large cargo. Also called MHE. (JP 4-01.5) 


materiel — All items necessary to equip, operate, maintain, and support military activities 
without distinction as to its application for administrative or combat purposes. See also 
equipment; personal property. (JP 4-0) 


materiel inventory objective — The quantity of an item required to be on hand and on order 
on M-day to equip, provide a materiel pipeline, and sustain the approved United States 
force structure and those Allied forces designated for United States materiel support, 
through the period prescribed for war materiel planning purposes. (JP 4-09) 


materiel planning — A subset of logistics planning consisting of the four-step process of: 
a. requirements definition. Requirements for significant items are calculated at item- 
level detail to support sustainability planning and analysis. b. apportionment. Items 
are apportioned to the combatant commanders based on a global scenario to avoid 
sourcing of items to multiple theaters. c. sourcing. Sourcing is the matching of 
available capabilities on a given date against item requirements to support sustainability 
analysis and the identification of locations to support transportation planning. d. 
documentation. Sourced item requirements are translated into movement requirements 
and documented in the Joint Operation Planning and Execution System database for 
transportation feasibility analysis. (JP 4-09) 


materiel release order — An order issued by an accountable supply system manager 
directing a nonaccountable activity within the same supply distribution complex to 
release and ship materiel. Also called MRO. (JP 4-09) 


materiel requirements — Those quantities of items of equipment and supplies necessary to 
equip, provide a materiel pipeline, and sustain a Service, formation, organization, or unit 
in the fulfillment of its purposes or tasks during a specified period. (JP 4-09) 


maximum ordinate — In artillery and naval gunfire support, the height of the highest point 
in the trajectory of a projectile above the horizontal plane passing through its origin. 
Also called vertex height and MAXORD. (JP 3-09.3) 


measurement and signature intelligence — Information produced by quantitative and 
qualitative analysis of physical attributes of targets and events to characterize, locate, 
and identify targets and events, and derived from specialized, technically derived 
measurements of physical phenomenon intrinsic to an object or event. Also called 
MASINT. See also intelligence; scientific and technical intelligence. (JP 2-0) 
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Measurement and Signature Intelligence Requirements System — A system for the 
management of theater and national measurement and signature intelligence collection 
requirements, providing automated tools for users in support of submission, review, and 
validation of measurement and signature intelligence nominations of requirements to be 
tasked for national and Department of Defense measurement and signature intelligence 
collection, production, and exploitation resources. Also called MRS. See also 
measurement and signature intelligence. (JP 2-01) 


measurement ton — The unit of volumetric measurement of equipment associated with 
surface-delivered cargo equal to the total cubic feet divided by 40. Also called MTON. 
(JP 4-01.5) 


measure of effectiveness — An indicator used to measure a current system state, with 
change indicated by comparing multiple observations over time. Also called MOE. 
See also combat assessment; mission. (JP 5-0) 


measure of performance — An indicator used to measure a friendly action that is tied to 
measuring task accomplishment. Also called MOP. (JP 5-0) 


mechanical sweep — In naval mine warfare, any sweep used with the object of physically 
contacting the mine or its appendages. (JP 3-15) 


media operations center — A facility established by the commander to serve as the focal 
point for the interface between the military and the media during the conduct of military 
operations. Also called MOC. (JP 3-61) 


media pool — A limited number of news media who represent a larger number of news 
media organizations for purposes of news gathering and sharing of material during a 
specified activity. See also public affairs. (JP 3-61) 


medical civil-military operations — All military health- and veterinary-related activities in 
support of a commander that establish, enhance, maintain or influence relations between 
the force and host nation, multinational governmental and nongovernmental civilian 
organizations and authorities, and the civilian populace to facilitate military operations, 
achieve United States operational objectives, and positively impact the health, 
agriculture, and economic sectors. Also called MCMO. (JP 4-02) 


medical intelligence — That category of intelligence resulting from collection, evaluation, 
analysis, and interpretation of foreign medical, bio-scientific, and environmental 
information that is of interest to strategic planning and to military medical planning and 
operations for the conservation of the fighting strength of friendly forces and the 
formation of assessments of foreign medical capabilities in both military and civilian 
sectors. Also called MEDINT. See also intelligence. (JP 2-01) 


medical intelligence preparation of the operational environment — A systematic 
continuing process, used by the National Center for Medical Intelligence, that analyzes 
information on medical and disease threats, enemy capabilities, terrain, weather, local 
medical infrastructure, potential humanitarian and dislocated civilian situations, 
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transportation issues, and political, religious and social issues for all types of operations. 
Also called MIPOE. (JP 4-02) 


medical logistics support — Class VIII medical supplies (medical material to include 
medical peculiar repair parts used to sustain the health service support system), optical 
fabrication, medical equipment maintenance, blood storage and distribution, and 
medical gases. Also called MEDLOG support. (JP 4-02) 


medical regulating — The actions and coordination necessary to arrange for the movement 
of patients through the roles of care and to match patients with a medical treatment 
facility that has the necessary health service support capabilities and available bed space. 
See also health service support; medical treatment facility. (JP 4-02) 


medical surveillance — The ongoing, systematic collection, analysis, and interpretation of 
data derived from instances of medical care or medical evaluation, and the reporting of 
population-based information for characterizing and countering threats to a population’s 
health, well-being, and performance. See also surveillance. (JP 4-02) 


medical treatment facility — A facility established for the purpose of furnishing medical 
and/or dental care to eligible individuals. Also called MTF. (JP 4-02) 


medical treatment protocol — Directive issued by competent military authority that 
delineate the circumstances and limitations under which United States medical forces 
will initiate medical care and support to those individuals that are not Department of 
Defense health care beneficiaries or designated eligible for care in a military medical 
treatment facility by the Secretary of Defense. (JP 4-02) 


medium-range ballistic missile — A ballistic missile with a range capability from about 
600 to 1,500 nautical miles. Also called MRBM. (JP 3-01) 


mensuration — The process of measurement of a feature or location on the Earth to 
determine an absolute latitude, longitude, and elevation. (JP 3-60) 


message — 1. Any thought or idea expressed briefly in a plain or secret language and 
prepared in a form suitable for transmission by any means of communication. (JP 6-0) 
2. A narrowly focused communication directed at a specific audience to support a 
specific theme. Also called MSG. (JP 3-61) 


meteorological and oceanographic — A term used to convey all environmental factors, 
from the sub-bottom of the Earth’s oceans through maritime, land areas, airspace, 
ionosphere, and outward into space. Also called METOC. (JP 3-59) 


meteorological and oceanographic assessment — The assimilation of climatology, current 
and predictive meteorological and oceanographic conditions, and knowledge on 
limiting thresholds for friendly and adversary military capabilities; tactics, techniques, 
and procedures; mission profiles; and weapon systems into a tailored product for 
planning and decision-making processes. (JP 3-59) 
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meteorological and oceanographic data -— Measurements or observations of 
meteorological and oceanographic variables. (JP 3-59) 


meteorological and oceanographic information — Actionable information to include 
meteorological, climatological, oceanographic, and space environment observations, 
analyses, prognostic data or products, and meteorological and oceanographic effects. 
(JP 3-59) 


meteorology — The study dealing with the phenomena of the atmosphere including the 
physics, chemistry, and dynamics extending to the effects of the atmosphere on the 
Earth’s surface and the oceans. (JP 3-59) 


midcourse phase — That portion of the flight of a ballistic missile between the boost phase 
and the terminal phase. See also boost phase; terminal phase. (JP 3-01) 


migrant — A person who belongs to a normally migratory culture who may cross national 
boundaries or has fled their native country for economic reasons rather than fear of 
political or ethnic persecution. (JP 3-29) 


military assistance advisory group — A joint Service group, normally under the military 
command of a commander of a unified command and representing the Secretary of 
Defense, which primarily administers the United States military assistance planning and 
programming in the host nation. (JP 3-22) 


military construction — Any construction, alteration, development, conversion, or 
extension of any kind carried out with respect to a military installation. Also called 
MILCON. (JP 3-34) 


military deception — Actions executed to deliberately mislead adversary military, 
paramilitary, or violent extremist organization decision makers, thereby causing the 
adversary to take specific actions (or inactions) that will contribute to the 
accomplishment of the friendly mission. Also called MILDEC. (JP 3-13.4) 


Military Department — One of the departments within the Department of Defense created 
by the National Security Act of 1947, which are the Department of the Army, the 
Department of the Navy, and the Department of the Air Force. Also called MILDEP. 
(JP 1) 


military engagement — Routine contact and interaction between individuals or elements of 
the Armed Forces of the United States and those of another nation’s armed forces, or 
foreign and domestic civilian authorities or agencies to build trust and confidence, share 
information, coordinate mutual activities, and maintain influence. (JP 3-0) 


military government — The supreme authority the military exercises by force or agreement 
over the lands, property, and indigenous populations and institutions of domestic, allied, 
neutral, or enemy territory, therefore, substituting sovereign authority under rule of law 
for the previously established government. (JP 3-57) 
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Military Health System — Provides direction, resources, health care providers, and other 
means necessary to foster, protect, sustain, and restore health to Service members and 
other beneficiaries. Also called MHS. (JP 4-02) 


military information support operations — Planned operations to convey selected 
information and indicators to foreign audiences to influence their emotions, motives, 
objective reasoning, and ultimately the behavior of foreign governments, organizations, 
groups, and individuals in a manner favorable to the originator’s objectives. Also called 
MISO. (JP 3-13.2) 


Military Intelligence Board — A decision-making forum which formulates Department of 
Defense intelligence policy and programming priorities. Also called MIB. See also 
intelligence. (JP 2-0) 


military intervention — The deliberate act of a nation or a group of nations to introduce its 
military forces into the course of an existing controversy. (JP 3-0) 


military occupation — A condition in which territory is under the effective control of a 
foreign armed force. (JP 3-31) 


Military Postal Service — The command, organization, personnel, and facilities established 
to provide a means for the delivery of mail to and from the Department of Defense, 
members of the Armed Forces of the United States, and other authorized agencies and 
individuals. Also called MPS. (JP 1-0) 


military post office — A branch of a designated United States-based post office established 
by United States Postal Service authority and operated by one of the Services. Also 
called MPO. (JP 1-0) 


Military Sealift Command —A major command of the United States Navy reporting to 
Commander, Fleet Forces Command, and the United States Transportation Command’s 
component command responsible for designated common-user sealift transportation 
services to deploy, employ, sustain, and redeploy United States forces on a global basis. 
Also called MSC. See also transportation component command. (JP 3-36) 


military source operations — The collection, from, by and/or via humans, of foreign and 
military and military-related intelligence. (JP 2-01.2) 


military standard requisitioning and issue procedure — A uniform procedure established 
by the Department of Defense for use within the Department of Defense to govern 
requisition and issue of materiel within standardized priorities. Also called 
MILSTRIP. (JP 4-01) 


military standard transportation and movement procedures — Uniform and standard 
transportation data, documentation, and control procedures applicable to all cargo 
movements in the Department of Defense transportation system. Also called 
MILSTAMP. (JP 4-01.5) 
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military technician — A Federal civilian employee providing full-time support to a 
National Guard, Reserve, or Active Component organization for administration, 
training, and maintenance of the Selected Reserve. Also called MILTECH. 
(CJCSM 3150.13) 


mine — 1.In land mine warfare, a munition placed under, on or near the ground or other 
surface area and designed to be exploded by the presence, proximity or contact of a 
person or vehicle. 2. In naval mine warfare, an explosive device laid in the water with 
the intention of damaging or sinking ships or of deterring shipping from entering an 
area. See also mine warfare. (JP 3-15) 


mine countermeasures — All methods for preventing or reducing damage or danger from 
mines. Also called MCM. (JP 3-15) 


minefield — 1. In land warfare, an area of ground containing mines emplaced with or 
without a pattern. 2. In naval warfare, an area of water containing mines emplaced with 
or without a pattern. See also mine; mine warfare. (JP 3-15) 


minefield record — A complete written record of all pertinent information concerning a 
minefield, submitted on a standard form by the officer in charge of the emplacement 
operations. (JP 3-15) 


minefield report — An oral, electronic, or written communication concerning mining 
activities (friendly or enemy) submitted in a standard format by the fastest secure means 
available. (JP 3-15) 


minehunting — Employment of air, surface, or subsurface sensor and neutralization 
systems to locate and dispose of individual mines in a known field, or to verify the 
presence or absence of mines in a given area. See also minesweeping. (JP 3-15) 


minesweeping — The technique of clearing mines using either mechanical sweeping to 
remove, disturb, or otherwise neutralize the mine; explosive sweeping to cause 
sympathetic detonations, damage, or displace the mine; or influence sweeping to 
produce either the acoustic or magnetic influence required to detonate the mine. See 
also minehunting. (JP 3-15) 


mine warfare — The strategic, operational, and tactical use of mines and mine 
countermeasures either by emplacing mines to degrade the enemy’s capabilities to wage 
land, air, and maritime warfare or by countering of enemy-emplaced mines to permit 
friendly maneuver or use of selected land or sea areas. Also called MIW. (JP 3-15) 


minimize — A condition wherein normal message and telephone traffic is drastically 
reduced so messages connected with an actual or simulated emergency shall not be 
delayed. (JP 6-0) 


minimum force — Those minimum actions, including the use of armed force, sufficient to 


bring a situation under control or to defend against a hostile act or hostile intent, where 
the firing of weapons is to be considered as a means of last resort. (JP 3-07.3) 
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minimum-risk route — A temporary corridor of defined dimensions recommended for use 
by high-speed, fixed-wing aircraft that presents the minimum known hazards to low- 
flying aircraft transiting the combat zone. Also called MRR. (JP 3-52) 


missile defense — Defensive measures designed to destroy attacking enemy missiles, or to 
nullify or reduce the effectiveness of such attack. Also called MD. (JP 3-01) 


missile engagement zone — In air and missile defense, that airspace of defined dimensions 
within which the responsibility for engagement of air and missile threats normally rests 
with surface-to-air missile systems. Also called MEZ. (JP 3-01) 


mission — 1. The task, together with the purpose, that clearly indicates the action to be taken 
and the reason therefore. (JP 3-0) 2. In common usage, especially when applied to 
lower military units, a duty assigned to an individual or unit; a task. (JP 3-0) 3. The 
dispatching of one or more aircraft to accomplish one particular task. (JP 3-30) 


mission assignment — The vehicle used by the Department of Homeland 
Security/Emergency Preparedness and Response/Federal Emergency Management 
Agency to support federal operations in a declared Stafford Act major disaster or 
emergency declaration that orders immediate, short-term emergency response 
assistance when an applicable state or local government is overwhelmed by the event 
and lacks the capability to perform, or contract for, the necessary work. (JP 3-28) 


mission assurance — A process to protect or ensure the continued function and resilience 
of capabilities and assets, including personnel, equipment, facilities, networks, 
information and information systems, infrastructure, and supply chains, critical to the 
execution of Department of Defense mission-essential functions. Also called MA. (JP 
3-26) 


mission command — The conduct of military operations through decentralized execution 
based upon mission-type orders. (JP 3-31) 


mission-oriented protective posture — A flexible system of protection against chemical, 
biological, radiological, and nuclear contamination in which personnel are required to 
wear only that protective clothing and equipment appropriate to the threat level, work 
rate imposed by the mission, temperature, and humidity. Also called MOPP. See also 
mission-oriented protective posture gear. (JP 3-11) 


mission-oriented protective posture gear — Military term for individual protective 
equipment, including suit, boots, gloves, mask with hood, first aid treatments, and 
decontamination kits, issued to authorized personnel. Also called MOPP gear. See 
also decontamination; mission-oriented protective posture. (JP 3-11) 


mission statement — A short sentence or paragraph that describes the organization’s 


essential task(s), purpose, and action containing the elements of who, what, when, 
where, and why. See also mission. (JP 5-0) 
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mission type order — 1. An order issued to a lower unit that includes the accomplishment 
of the total mission assigned to the higher headquarters. 2. An order to a unit to perform 
a mission without specifying how it is to be accomplished. (JP 3-50) 


mobile security force — A highly mobile and dedicated security force with the capability 
to defeat Level I and II threats in a joint security area. Also called MSF. (JP 3-10) 


mobility — A quality or capability of military forces which permits them to move from place 
to place while retaining the ability to fulfill their primary mission. (JP 3-36) 


mobility air forces — Air components and Service components that are assigned and/or 
routinely exercise command authority over air mobility operations. Also called MAF. 
(JP 3-36) 


mobility corridor — Areas that are relatively free of obstacles where a force will be 
canalized due to terrain restrictions allowing military forces to capitalize on the 
principles of mass and speed. (JP 2-01.3) 


mobilization — 1. The process of assembling and organizing national resources to support 
national objectives in time of war or other emergencies. See also industrial 
mobilization. 2. The process by which the Armed Forces of the United States, or part 
of them, are brought to a state of readiness for war or other national emergency. Also 
called MOB. (JP 4-05) 


mobilization base — The total of all resources available, or that can be made available, to 
meet foreseeable wartime needs. (JP 4-05) 


mobilization site — The designated location where a Reserve Component unit or individual 
mobilizes or moves after mobilization for further processing, training, and employment. 
See also mobilization; mobilization station; Reserve Component. (JP 4-05) 


mobilization station — The designated military installation to which a Reserve Component 
unit or individual is moved for further processing, organizing, equipping, training, and 
employment and from which the unit or individual may move to an aerial port of 
embarkation or seaport of embarkation. See also mobilization; mobilization site; 
Reserve Component. (JP 4-05) 


mode of transport — One of, or a combination of, the following modes used for a 
movement: a. inland surface transportation (rail, road, and inland waterway); b. sea 
transport (coastal and ocean); c. air transportation; and d. pipelines. (JP 4-09) 


Modernized Integrated Database — The national-level repository for the general military 
intelligence available to the entire Department of Defense Intelligence Information 
System community and, through Global Command and Control System integrated 
imagery and intelligence, to tactical units. Also called MIDB. (JP 2-01) 


modified combined obstacle overlay — A joint intelligence preparation of the operational 
environment product used to portray the militarily significant aspects of the operational 
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Check: 7(138) — 3 = 18 4+ 75 
91— 3 = 184 75 
88 = 88 
Example 2: A triangle has a perimeter of 30 inches. The longest side is 
7 inches longer than the shortest side, and the third side is 5 
inches longer than the shortest side. Find the length of the 
three sides. 
Let « = length of shortest side. 
x + 7 = length of longest side. 
x + 5 = length of third side. 
w+ (x+5) + (+7) =30 
Solving the equation: 
a+2+5+2+7=30 


3x2 + 12 = 30 
82 = 80 — 12 
32 = 18 


x = 6 = shortest side. 
6+ 5 = 11 = third side. 
6 + 7 = 18 = longest side. 


Substitute y = 9 in the first equation 
and solve for x: 
e+y=1Torz+9=17 


84. Simultaneous Equations 


a. Definition. Simultaneous equations are 
two or more equations satisfied by the same sets 


of values of the unknown quantities. They are Transpose : 
used to solve a problem with two or more un- x=17—9 
known quantities. t= 

b. Example. Assume that the sum of two (2) Addition. 
numbers is 17, and that three times the first t+y=17 


number less two times the second number is 
equal to 6. What are the numbers? In setting 
up equations for this problem, let x equal the 
first number and y equal the second number. 
The first equation is x + y = 17, and the second 
equation is 83x — 2y = 6. This problem can be 
solved in three ways: by substitution, by addi- 
tion, or by subtraction. All three methods are 
explained below. 
(1) Substitution. 
e+y—1%orz=—17—y 
Substitute  — 17 — y in the second 
equation: 
38a — 2y =6 
3(17 — y) — 2y = 6 
Remove the parentheses: 
51 — 38y —2y =6 


Transpose: 

—5y —6— 51 
—5y — —45 
By = 45 
y=9 


50 


32 — 2y —6 
Before adding, change the y in the 
first equation to 2y so that the y terms 
drop out when added; thus, the first 
equation must be multiplied by 2. 


22 + = 34 
382 —2y¥ = 6 
5x = 40 

z= 8 


Substitute x = 8 in the first equation 
and solve for y: 
e+y=17Tor8+y=17 
y=9 


(3) Subtraction. 


Before subtracting, multiply the first 
equation by 3 so that the x terms drop 
out when subtracted. 

3a + 3y = 51 

32 — 2y — 6 
Subtract the second equation from the 
first equation: 
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environment, such as obstacles restricting military movement, key geography, and 
military objectives. Also called MCOO. See also joint intelligence preparation of 
the operational environment. (JP 2-01.3) 


moored mine — A contact or influence-operated mine of positive buoyancy held below the 
surface by a mooring attached to a sinker or anchor on the bottom. See also mine. 
(JP 3-15) 


morale, welfare, and recreation — The merging of multiple unconnected disciplines into 
programs that improve unit readiness; promote fitness; build unit morale and cohesion; 
enhance quality of life; and provide recreational, social, and other support services. Also 
called MWR. (JP 1-0) 


mortuary affairs — Provides for the search, recovery, identification, preparation, and 
disposition of human remains of persons for whom the Services are responsible by status 
and executive order. Also called MA. See also joint mortuary affairs office. 
(JP 4-0) 


mounting —1. All preparations made in anticipation of an operation, including assembly in 
the mounting area; preparation and maintenance within the mounting area; movement 
to loading points; and subsequent embarkation into ships, craft, or aircraft if applicable. 
2. A carriage or stand upon which a weapon is placed. (JP 3-02) 


mounting area — A general locality where assigned forces of an amphibious or airborne 
operation, with their equipment, are assembled, prepared, and loaded in ships and/or 
aircraft preparatory to an assault. See also embarkation area. (JP 3-02) 


movement control — The planning, routing, scheduling, and control of personnel and cargo 
movements over lines of communications; includes maintaining in-transit visibility of 
forces and material through the deployment and/or redeployment process. See also line 
of communications; movement control teams; non-unit cargo; non-unit-related 
personnel. (JP 4-01.5) 


movement control team — An Army team used to decentralize the execution of movement 
responsibilities on an area basis or at key transportation nodes. Also called MCT. 
(JP 4-09) 


movement data — Those essential elements of information to schedule lift, obtain 
transportation assets, manage movement of forces, and report in-transit visibility of 
movements and associated forces (people, equipment, and supplies). (JP 4-09) 


movement group — Those ships and embarked units that load out and proceed to 
rendezvous in the objective area. (JP 3-02) 


movement phase — In amphibious operations, the period during which various elements of 
the amphibious force move from points of embarkation or forward-deployed locations 
to the objective area. See also amphibious force; amphibious operation. (JP 3-02) 
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movement plan — In amphibious operations, the naval plan providing for the movement of 
the amphibious task force to the objective area. See also amphibious operation; 
amphibious task force. (JP 3-02) 


movement requirement — A stated movement mode and time-phased need for the 
transport of units, personnel, and/or materiel from a specified origin to a specified 
destination. (JP 4-09) 


movement schedule — A timetable developed to monitor or track the movement of a 
separate entity, whether it is a force requirement, cargo or personnel increment, or lift 
asset, that reflects the assignment of specific lift resources, shows a flow and workload 
at each location, and supports plan implementation. (JP 4-09) 


movement table — A table giving detailed instructions or data for a move. (JP 4-09) 


movement to contact — A form of the offense designed to develop the situation and to 
establish or regain contact. (JP 3-50) 


multinational — Between two or more forces or agencies of two or more nations or coalition 
partners. See also alliance. (JP 5-0) 


multinational doctrine — The agreed-upon fundamental principles that guide the 
employment of forces of two or more nations in coordinated action toward a common 
objective. See also joint doctrine. (JP 3-16) 


multinational force — A force composed of military elements of nations who have formed 
an alliance or coalition for some specific purpose. Also called MNF. See also 
multinational force commander; multinational operations. (JP 1) 


multinational force commander — A general term applied to a commander who exercises 
command authority over a military force composed of elements from two or more 
nations. Also called MNFC. See also multinational force. (JP 3-16) 


multinational integrated logistic unit — An organization resulting when two or more 
nations agree to provide logistics assets to a multinational logistic force under the 
operational control of a multinational commander for the logistic support of a 
multinational force. Also called MILU. See also multinational. (JP 3-16) 


multinational logistics — Any coordinated logistic activity involving two or more nations 
supporting a multinational force conducting military operations under the auspices of 
an alliance or coalition, including those conducted under United Nations mandate. Also 
called MNL. See also logistics; multinational. (JP 3-16) 


multinational operations — A collective term to describe military actions conducted by 


forces of two or more nations, usually undertaken within the structure of a coalition or 
alliance. See also alliance. (JP 3-16) 
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multinational staff — A staff composed of personnel of two or more nations within the 
structure of a coalition or alliance. See also integrated staff; joint staff. (JP 3-16) 


munition — A complete device charged with explosives; propellants; pyrotechnics; 
initiating composition; or chemical, biological, radiological, or nuclear material for use 
in operations including demolitions. (JP 3-42) 


munitions effectiveness assessment — The assessment of the military force applied in 
terms of the weapon system and munitions effectiveness to determine and recommend 
any required changes to the methodology, tactics, weapon system, munitions, fusing, 
and/or weapon delivery parameters to increase force effectiveness. Also called MEA. 
See also assessment; battle damage assessment. (JP 2-01) 


mutual support — That support which units render each other against an enemy, because 


of their assigned tasks, their position relative to each other and to the enemy, and their 
inherent capabilities. See also close support; direct support; support. (JP 3-31) 
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named area of interest — The geospatial area or systems node or link against which 
information that will satisfy a specific information requirement can be collected, usually 
to capture indications of adversary courses of action. Also called NAI. See also area 
of interest. (JP 2-01.3) 


narcoterrorism — Terrorism that is linked to illicit drug trafficking. (JP 3-07.4) 


National Capital Region — A geographic area encompassing the District of Columbia and 
11 local jurisdictions in the State of Maryland and the Commonwealth of Virginia. Also 
called NCR. (JP 3-28) 


National Defense Reserve Fleet — 1. Including the Maritime Administration Ready 
Reserve Force, a fleet composed of ships acquired and maintained by the Maritime 
Administration for use in mobilization or emergency. 2. Less the Maritime 
Administration Ready Reserve Force, a fleet composed of the older dry cargo ships, 
tankers, troop transports, and other assets in Maritime Administration’s custody that are 
maintained at a relatively low level of readiness. Also called NDRF. See also 
Maritime Administration Ready Reserve Force. (JP 3-36) 


National Detainee Reporting Center — The national-level center that accounts for all 
persons who pass through the care, custody, and control of the Department of Defense 
and that obtains and stores information concerning detainees and their confiscated 
personal property. Also called NDRC. (JP 3-63) 


National Disaster Medical System — A federally coordinated medical system, augmenting 
the United States’ medical response capability to assist state, local, and tribal authorities 
in dealing with medical impacts during major peacetime disasters. Also called NDMS. 
(JP 3-41) 


national emergency — A condition declared by the President or Congress by virtue of 
powers previously vested in them that authorize certain emergency actions to be 
undertaken in the national interest. See also mobilization. (JP 3-28) 


National Incident Management System — A national crisis response system that provides 
a consistent, nationwide approach for federal, state, local, and tribal governments; the 
private sector; and nongovernmental organizations to work effectively and efficiently 
together to prepare for, respond to, and recover from domestic incidents, regardless of 
cause, size, or complexity. Also called NIMS. (JP 3-41) 


national intelligence — All intelligence that pertains to more than one agency and involves 
threats to the United States, its people, property, or interests; the development, 
proliferation, or use of weapons of mass destruction; or any other matter bearing on 
United States national or homeland security. (JP 2-01) 
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National Military Command System — The priority component of the Global Command 
and Control System designed to support the President, Secretary of Defense, and Joint 
Chiefs of Staff in the exercise of their responsibilities. Also called NMCS. (JP 6-0) 


national military strategy — A document approved by the Chairman of the Joint Chiefs of 
Staff for distributing and applying military power to attain national security strategy and 
Defense Strategic Guidance objectives. Also called NMS. See also national security 
strategy; strategy; theater strategy. (JP 1) 


national operations center — The primary national hub for domestic incident management 
operational coordination and shared situational awareness. Also called NOC. (JP 3-28) 


national preparedness — Actions taken to plan, organize, equip, train, and exercise to build 
and sustain the capabilities necessary to prevent, protect against, mitigate the effects of, 
respond to, and recover from those threats that pose the greatest risk to the security of 
the nation. (JP 3-27) 


national security — A collective term encompassing both national defense and foreign 
relations of the United States with the purpose of gaining: a. A military or defense 
advantage over any foreign nation or group of nations; b. A favorable foreign relations 
position; or c. A defense posture capable of successfully resisting hostile or destructive 
action from within or without, overt or covert. See also security. (JP 1) 


National Security Council — A governmental body specifically designed to assist the 
President in integrating all spheres of national security policy. Also called NSC. (JP 1) 


national security interests — The foundation for the development of valid national 
objectives that define United States goals or purposes. (JP 1) 


national security space — The space-related systems, services, capabilities, and associated 
information networks of the Department of Defense and the national intelligence 
community, or other space-related systems that the Secretary of Defense may designate 
as national security space systems in coordination with the system owner, that support 
United States national security and enable defense and intelligence operations during 
times of peace, crisis, or conflict. (DODD 3100.10) 


national security strategy — A document approved by the President of the United States 
for developing, applying, and coordinating the instruments of national power to achieve 
objectives that contribute to national security. Also called NSS. See also national 
military strategy; strategy; theater strategy. (JP 1) 


national shipping authority — The organization within each Allied government 
responsible in time of war for the direction of its own merchant shipping. Also called 
NSA. (JP 3-36) 


national special security event — A designated event that, by virtue of its political, 


economic, social, or religious significance, may be the target of terrorism or other 
criminal activity. Also called NSSE. (JP 3-28) 
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national stock number — The 13-digit number that identifies a stock item consisting of the 
4-digit federal supply classification code plus the 9-digit national item identification 
number and arranged as follows: 9999-00-999-9999. Also called NSN. (JP 4-09) 


national support element — Any national organization or activity that supports national 
forces that are a part of a multinational force. See also multinational force; support. 
(JP 1) 


National System for Geospatial Intelligence — The combination of technology, policies, 
capabilities, doctrine, activities, people, data, and organizations necessary to produce 
geospatial intelligence in an integrated, multi-intelligence environment. Also called 
NSG. (JP 2-03) 


natural disaster — A situation that poses significant danger to life and property that results 
from a natural cause. See also domestic emergencies. (JP 3-29) 


naval advanced logistic support site — An overseas location used as the primary 
transshipment point in the theater of operations for logistic support. Also called NALSS. 
See also naval forward logistic site; support; theater of operations. (JP 3-35) 


naval beach group — A permanently organized naval command within an amphibious 
force, composed of a commander and staff, a beachmaster unit, an amphibious 
construction battalion, and assault craft units, designed to provide an administrative 
group from which required naval tactical components may be made available to the 
amphibious task force commander and to the amphibious landing force commander. 
Also called NBG. See also shore party. (JP 3-02) 


naval construction force — The combined construction units of the Navy that are part of 
the operating forces and represent the Navy’s capability for advanced base construction. 
Also called NCF. (JP 3-34) 


naval forward logistic site — An overseas location, with port and airfield facilities nearby, 
which provides logistic support to naval forces within the theater of operations during 
major contingency and wartime periods. Also called NFLS. See also naval advanced 
logistic support site; staging. (JP 3-35) 


naval gunfire support — Fire provided by Navy surface gun systems in support of a unit or 
units tasked with achieving the commander’s objectives. Also called NGFS. See also 
naval surface fire support. (JP 3-09) 


naval operation — 1. A naval action (or the performance of a naval mission) that may be 
strategic, operational, tactical, logistic, or training. 2. The process of carrying on or 
training for naval combat to gain the objectives of any battle or campaign. 
(JP 3-32) 


naval special warfare — A naval warfare specialty that conducts special operations with an 


emphasis on maritime, coastal, and riverine environments using small, flexible, mobile 
units operating under, on, and from the sea. Also called NSW. (JP 3-05) 
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naval special warfare group — A Navy echelon III major command to which most naval 
special warfare forces are assigned. (JP 3-05) 


naval special warfare task group — A provisional naval special warfare organization that 
plans, conducts, and supports special operations in support of fleet commanders and 
joint force special operations component commanders. Also called NSWTG. 
(JP 3-05) 


naval special warfare task unit — A provisional subordinate unit of a naval special warfare 
task group. Also called NSWTU. See also naval special warfare task group. 
(JP 3-05) 


naval surface fire support — Fire provided by Navy surface gun and missile systems in 
support of a unit or units. Also called NSFS. See also fire support. (JP 3-09.3) 


navigation warfare — Deliberate defensive and offensive action to assure and prevent 
positioning, navigation, and timing information through coordinated employment of 
space, cyberspace, and electromagnetic warfare operations. Also called NAVWAR. (JP 
3-14) 


Navy cargo-handling battalion — A mobile logistic support unit that is organized, trained, 
and equipped to: a. load and off-load Navy and Marine Corps cargo carried in maritime 
pre-positioning ships and merchant breakbulk or container ships in all environments, b. 
operate an associated temporary ocean cargo terminal, c. load and off-load Navy and 
Marine Corps cargo carried in military-controlled aircraft, and d. operate an associated 
expeditionary air cargo terminal. Also called NCHB. See also maritime pre- 
positioning ships. (JP 3-02) 


Navy expeditionary logistics support group — A Navy Reserve command organized and 
staffed to provide a wide range of supply and transportation support critical for 
peacetime support, crisis response, humanitarian, and combat service support missions. 
Also called NAVELSG. (JP 4-01.6) 


Navy special operations forces — Those Active Component and Reserve Component Navy 
forces designated by the Secretary of Defense that are specifically organized, trained, and 
equipped to conduct and support special operations. Also called NAVSOF. (JP 3-05) 


Navy support element — The maritime pre-positioning force element that is tasked to 
conduct the off-load and ship-to-shore movement of maritime pre-positioned equipment 
and/or supplies. Also called NSE. (JP 3-02) 


Navy tactical air control center — The principal air operations installation (ship-based) 
from which all aircraft and air warning functions of tactical air operations are controlled. 
Also called Navy TACC. (JP 3-09.3) 


Navy-unique fleet essential aircraft — Combatant commander-controlled airlift deemed 


essential in support of naval operations’ transportation requirements. Also called 
NUFEA. (JP 3-36) 
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need to know — A criterion used in security procedures that requires the custodians of 
classified information to establish, prior to disclosure, that the intended recipient must 
have access to the information to perform his or her official duties. (JP 2-01.2) 


negation — In space operations, measures to deceive, disrupt, degrade, deny, or destroy 
space systems. See also space control. (JP 3-14) 


nerve agent — A potentially lethal chemical agent that interferes with the transmission of 
nerve impulses. (JP 3-11) 


net explosive weight — The actual weight in pounds of explosive mixtures or compounds, 
including the trinitrotoluene equivalent of energetic material, that is used in 
determination of explosive limits and explosive quantity data arcs. Also called NEW. 
(JP 4-09) 


networked munitions — Remotely controlled, interconnected, weapons systems designed 
to provide rapidly emplaced ground-based countermobility and protection capability 
through scalable application of lethal and nonlethal means. (JP 3-15) 


network engagement — Interactions with friendly, neutral, and threat networks, conducted 
continuously and simultaneously at the tactical, operational, and strategic levels, to help 
achieve the commander’s objectives within an operational area. (JP 3-25) 


neutral — In combat and combat support operations, an identity applied to a track whose 
characteristics, behavior, origin, or nationality indicate that it is neither supporting nor 
opposing friendly forces. See also suspect; unknown. (JP 3-0) 


neutrality — In international law, the attitude of impartiality during periods of war adopted 
by third states toward a belligerent and subsequently recognized by the belligerent, 
which creates rights and duties between the impartial states and the belligerent. 
(JP 3-0) 


neutralize — 1. As pertains to military operations, to render ineffective or unusable. 2. To 
render enemy personnel or materiel incapable of interfering with a particular operation. 
3. To render safe mines, bombs, missiles, and booby traps. 4. To make harmless 
anything contaminated with a chemical agent. (JP 3-0) 


night-vision device — Any electro-optical device used to detect visible and infrared energy 
and provide a visible image. Also called NVD. See also forward-looking infrared; 
night-vision goggle. (JP 3-09.3) 


night-vision goggle — An electro-optical, image-intensifying device that detects visible and 
near-infrared energy, intensifies the energy, and provides a visible image for night 
viewing. Also called NVG. See also night-vision device. (JP 3-09.3) 


node — 1. A location in a mobility system where a movement requirement is originated, 


processed for onward movement, or terminated. (JP 3-36) 2. In communications and 
computer systems, the physical location that provides terminating, switching, and 
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gateway access services to support information exchange. (JP 6-0) 3. An element of a 
system that represents a person, place, or physical thing. (JP 3-0) 


no-fire area — An area designated by the appropriate commander into which fires or their 
effects are prohibited. Also called NFA. See also fires. (JP 3-09.3) 


nonappropriated funds — Funds generated by Department of Defense personnel and their 
dependents used to augment funds appropriated by Congress to provide comprehensive, 
morale-building welfare, religious, educational, and recreational programs. Also called 
NAF. (JP 1-0) 


nonbattle injury — A person who becomes a casualty due to circumstances not directly 
attributable to hostile action or terrorist activity. Also called NBI. (JP 4-02) 


noncombatant evacuation operation — An operation whereby noncombatant evacuees are 
evacuated from a threatened area abroad, which includes areas facing actual or potential 
danger from natural or manmade disaster, civil unrest, imminent or actual terrorist 
activities, hostilities, and similar circumstances, that is carried out with the assistance of 
the Department of Defense. Also called NEO. See also evacuation; noncombatant 
evacuees; operation; safe haven. (JP 3-68) 


noncombatant evacuation operation tracking system — An automated data processing 
hardware and software package that has the capability to provide evacuee in-transit 
visibility to combatant commanders and senior leadership during the conduct of a 
noncombatant evacuation operation. Also called NTS. (JP 3-68) 


noncombatant evacuees — 1. United States citizens who may be ordered to evacuate by 
competent authority, and who are civilian employees of all agencies of the United States 
Government and their dependents, excepting dependents who are residents in the 
country concerned of their own volition; military personnel of the Armed Forces of the 
United States specifically designated for evacuation as noncombatants; and dependents 
of members of the Armed Forces of the United States. 2. United States citizens and 
non-United States citizens who may be authorized or assisted to evacuate by competent 
authority, and who are civilian employees of United States Government agencies and 
their dependents who are residents in the country concerned of their own volition, but 
express the willingness to be evacuated; private United States citizens and their 
dependents; military personnel of the Armed Forces of the United States and their 
dependents; and designated personnel, including dependents of persons ordered to 
evacuate, as prescribed by the Department of State. See also noncombatant 
evacuation operation. (JP 3-68) 


nonconventional assisted recovery — _ Personnel recovery conducted by 
indigenous/surrogate personnel that are trained, supported, and led by special operations 
forces, unconventional warfare ground and maritime forces, or other government 
agencies’ personnel that have been specifically trained and directed to establish and 
operate indigenous or surrogate infrastructures. Also called NAR. (JP 3-50) 
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nongovernmental organization — A private, self-governing, not-for-profit organization 
dedicated to alleviating human suffering; and/or promoting education, health care, 
economic development, environmental protection, human rights, and conflict 
resolution; and/or encouraging the establishment of democratic institutions and civil 
society. Also called NGO. (JP 3-08) 


nonlethal reference point — A point that designates the intended target for creating 
nonlethal effects, which may not be a precise physical location and is considered an 
aimpoint for databasing. Also called NLRP. (JP 3-60) 


nonlethal weapon — A weapon, device, or munition that is explicitly designed and primarily 
employed to incapacitate personnel or materiel immediately, while minimizing fatalities, 
permanent injury to personnel, and undesired damage to property in the target area or 
environment. Also called NLW. (JP 3-09) 


nonpersistent agent — A chemical agent that, when released, dissipates and/or loses its 
ability to cause casualties after 10 to 15 minutes. (JP 3-11) 


nonpersistent mine — Mine that remains active for a predetermined period of time until 
self-destruction, self-neutralization, or self-deactivation renders the mine inactive. 
(JP 3-15) 


nonproliferation — Actions to prevent the acquisition of weapons of mass destruction by 
dissuading or impeding access to, or distribution of, sensitive technologies, material, 
and expertise. See also counterproliferation. (JP 3-40) 


nonscheduled units — Units of the landing force held in readiness for landing during the 
initial unloading period but not included in either scheduled or on-call waves. 
(JP 3-02) 


non-unit cargo — All equipment and supplies requiring transportation to an operational 
area, other than those identified as the equipment or accompanying supplies of a specific 
unit. (JP 4-01.5). 


non-unit-related personnel — All personnel requiring transportation to or from an 
operational area, other than those assigned to a specific unit. Also called NURP. 
(JP 1-0) 


no-strike list — A list of objects or entities characterized as protected from the effects of 
military operations under international law and/or rules of engagement. Also called 
NSL. See also law of armed conflict. (JP 3-60) 


not mission capable, supply — Material condition indicating that systems and equipment 
are not capable of performing any of their assigned missions because of maintenance 


work stoppage due to a supply shortage. Also called NMCS. (JP 4-09) 


nuclear hazard — Dangers associated with the blast, thermal, and radiation effects from 
nuclear explosion. (JP 3-11) 


ie 


+ 38y — 51 
—3 + 2y = —6 
y=9 
Substitute y = 9 in the first equation 
and solve for x: Refer to (1) and (2) 
above. 


c. Additional Examples. If the coefficients of 
the unknowns differ (for example, 3x and 2 and 
2y and 4y), multiply one or both equations to 
establish equal coefficients for one of the un- 
knowns (2 or y). 


Example 1: Solve for x and y if 3% + 2y = 
Tand « + 4y = 9. 
82 + 2y¥=7 
zx+4y=—9 
Multiply the first equation by 2 
so that 2y will become 4y: 


6x2 + 4y = 14 
xa+4y= 9 


Subtract the second equation 
from the first equation: 
6x + = 14 


C= 


Solve for y by substituting x = 
1 in either equation. 


Example 2: Solve for x and y if 2x + 3y = 
24 and 8% — 4y = 2. 
2x4 + 3y = 24 
3a —4y = 2 


Multiply the first equation by 4 
to change 3y to 12y; multiply the 
second equation by 3 to change 
4y to 12y; then add the two 


equations: 
8x + Ky = 96 
9x —12y%= 6 
17x = 102 
x=—6 


Solve for y by substituting z = 
6 in either equation. 


85. Solving Formulas 


a. The Formula. A formula is a rule or law 
that states a scientific relationship. It can be 
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expressed in an equation by using letters, 
symbols, and constant terms. For example, a 
formula in electricity (par. 184) states that the 
voltage across any part of a circuit is equal to 
the product of the current and resistance of that 
part of the circuit. In formula form, this is 
expressed as FE — IR, where F is the voltage or 
difference in potential expressed in volts, J is the 
current expressed in amperes, and R is the 
resistance expressed in ohms. 


b. Solving the Formula. To solve a formula, 
perform the same operations on both members 
of an equation until the desired unknown can be 
isolated in one member of the equation. If the 
numerical values for some variables are given, 
substitute in the formula and solve for the un- 
known as in any other equation. 


Example 1: Solve the formula T = 
tp 4) a) for D. 
12(D — d) 
l 


12D — 12d 
l 


Multiply both sides by /: 
Tl = 12D — 12d 


Transpose and change signs: 
12D = Tl 4+ 12d 
Divide both sides by 12: 
MED _ a +e vad 
we Ma 


——+d 
es Di 


T= 


T= 


Example 2: Given the formula for electri- 
cal power, P = [?R, find the 
value of P in watts when J = 
15.4 amperes and R = 25.7 ohms. 

P=fR 
Substituting the given numerical 
values for J and R: 

P = (15.4)? & 25.7 


= 237.16 « 25.7 
= 6,095 watts 
Example 3: Given the formula for the total 
resistance of two resistors in 
parallel, 
R, = ia a solve for Rp in 
ohms when 
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nuclear incident — An unexpected incident involving a nuclear weapon, facility, or 
component, but not constituting a nuclear weapon(s) accident, resulting in any of the 
following: a. an increase in the possibility of explosion or radioactive contamination; b. 
errors committed in the assembly, testing, loading, or transportation of equipment, 
and/or the malfunctioning of equipment and materiel which could lead to an 
unintentional operation of all or part of the weapon arming and/or firing sequence, or 
which could lead to a substantial change in yield, or increased dud probability; and c. 
any act of God, unfavorable environment, or condition resulting in damage to the 
weapon, facility, or component. (JP 3-41) 


nuisance minefield — A minefield laid to delay and disorganize the enemy and to hinder 
the use of an area or route. See also minefield. (JP 3-15) 


numbered beach — In amphibious operations, a subdivision of a colored beach designated 
for the assault landing of a battalion landing team, or similar-sized unit, when landed as 
part of a larger force. (JP 3-02) 


numbered fleet — A major tactical unit of the Navy immediately subordinate to a major 


fleet command and comprising various task forces, elements, groups, and units for the 
purpose of prosecuting specific naval operations. See also fleet. (JP 3-32) 
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object-based production — The intelligence communities’ framework for organizing and 
sharing information, relating data from all sources to known objects (e.g., units, people, 
locations, or events). Also called OBP. (JP 2-03) 


objective — 1. The clearly defined, decisive, and attainable goal toward which an operation 
is directed. 2. The specific goal of the action taken which is essential to the 
commander’s plan. See also target. (JP 5-0) 


objective area — A geographical area, defined by competent authority, within which is 
located an objective to be captured or reached by the military forces. Also called OA. 
(JP 3-06) 


observable — In military deception, the detectable result of the combination of an indicator 
within an adversary’s conduit intended to cause action or inaction by the deception 
target. (JP 3-13.4) 


obstacle — Any natural or man-made obstruction designed or employed to disrupt, fix, turn, 
or block the movement of an opposing force, and to impose additional losses in 
personnel, time, and equipment on the opposing force. (JP 3-15) 


obstacle belt — A brigade-level command and control measure, normally depicted 
graphically, to show where within an obstacle zone the ground tactical commander 
plans to limit friendly obstacle employment and focus the defense. See also obstacle. 
(JP 3-15) 


obstacle clearing — The total elimination or neutralization of obstacles. (JP 3-15) 


obstacle restricted areas — A command and control measure used to limit the type or 
number of obstacles within an area. See also obstacle. (JP 3-15) 


obstacle zone — A division-level command and control measure to designate specific land 
areas where lower echelons are allowed to employ tactical obstacles. See also obstacle. 
(JP 3-15) 


oceanography — The study of the sea, embracing and integrating all knowledge pertaining 
to the sea and its physical boundaries, the chemistry and physics of seawater, and marine 
biology. (JP 3-59) 


offensive counterair — Offensive operations to destroy or neutralize enemy aircraft, 
missiles, launch platforms, and their supporting structures and systems both before and 
after launch, and as close to their source as possible. Also called OCA. See also 
counterair; defensive counterair; operation. (JP 3-01) 


offensive counterair attack operations — Offensive action by any part of the joint force in 
support of the offensive counterair mission against surface targets which contribute to 
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the enemy’s air and missile capabilities. Also called OCA attack operations. See also 
counterair; offensive counterair. (JP 3-01) 


offensive counterintelligence operation — A counterintelligence activity conducted to 
support Department of Defense and national intelligence, operational, and contingency 
requirements, using a formally-recruited asset or notional persona, to develop 
information on, and provide information, materials, or equipment to, a foreign 
intelligence entity to penetrate the foreign intelligence entity or exploit, disrupt, or 
manipulate the target in order to counter terrorism, espionage, or other clandestine 
intelligence activities that threaten the security of the Department of Defense or the 
United States. Also called OFCO. (JP 2-01.2) 


offensive cyberspace operations — Missions intended to project power in and through 
cyberspace. Also called OCO. (JP 3-12) 


offensive space control — Offensive operations conducted for space negation. Also called 
OSC. (JP 3-14) 


office — An enduring organization that is formed around a specific function within a 
headquarters to coordinate and manage support requirements. (JP 3-33) 


officer in tactical command — In maritime usage, the senior officer present eligible to 
assume command, or the officer to whom the senior officer has delegated tactical 
command. Also called OTC. (JP 3-32) 


official information — Information that is owned by, produced for or by, or is subject to the 
control of the United States Government. (JP 3-61) 


offset costs — Costs for which funds have been appropriated that may not be incurred as a 
result of a contingency operation. See also contingency operation. (JP 3-80) 


offshore bulk fuel system — The system used for transferring fuel from points offshore to 
reception facilities on the beach. Also called OBFS. See also amphibious bulk liquid 
transfer system; offshore petroleum discharge system. (JP 4-01.6) 


offshore petroleum discharge system — Provides bulk transfer of petroleum directly from 
an offshore tanker to a beach termination unit located immediately inland from the high 
watermark. Also called OPDS. See also facility; petroleum, oils, and lubricants; 
single-anchor leg mooring. (JP 4-03) 


on-call — 1. A term used to signify that a prearranged concentration, air strike, or final 
protective fire may be called for. 2. Preplanned, identified force or materiel 
requirements without designated time-phase and destination information. (JP 3-01) 


on-call target — Planned target upon which fires or other actions are determined using 
deliberate targeting and triggered, when detected or located, using dynamic targeting. 
See also dynamic targeting; on-call; operational area; planned target; target. 
(JP 3-60) 
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on hand — The quantity of an item that is physically available in a storage location and 
contained in the accountable property book records of an issuing activity. (JP 4-09) 


on-scene commander — 1. An individual in the immediate vicinity of an isolating event 
who temporarily assumes command of the incident. 2. The federal officer designated 
to direct federal crisis and consequence management efforts at the scene of a terrorist or 
weapons of mass destruction incident. Also called OSC. (JP 3-50) 


on-station time — The time an aircraft can remain on station, which may be determined by 
endurance or orders. (JP 3-50) 


open ocean — Ocean limit defined as greater than 12 nautical miles from shore. See also 
contiguous zone. (JP 3-32) 


open-source information — Information that any member of the public could lawfully 
obtain by request or observation as well as other unclassified information that has 
limited public distribution or access. (JP 2-0) 


open-source intelligence — Relevant information derived from the systematic collection, 
processing, and analysis of publicly available information in response to known or 
anticipated intelligence requirements. Also called OSINT. See also intelligence. 
(JP 2-0) 


operating stocks — Fuel required to sustain daily operations and ensure fuel availability to 
support United States military forces worldwide. Also called OS. (JP 4-03) 


operation — 1. A sequence of tactical actions with a common purpose or unifying theme. 
(JP 1) 2. A military action or the carrying out of a strategic, operational, tactical, service, 
training, or administrative military mission. (JP 3-0) 


operational access — The ability to project military force into an operational area with 
sufficient freedom of action to accomplish the mission. (JP 3-0) 


operational approach — A broad description of the mission, operational concepts, tasks, 
and actions required to accomplish the mission. (JP 5-0) 


operational area — An overarching term encompassing more descriptive terms (such as 
area of responsibility and joint operations area) for geographic areas in which military 
operations are conducted. Also called OA. See also amphibious objective area; area 
of operations; area of responsibility; joint operations area; joint special operations 
area; theater of operations; theater of war. (JP 3-0) 


operational art — The cognitive approach by commanders and staffs—supported by their 
skill, knowledge, experience, creativity, and judgment—to develop strategies, 
campaigns, and operations to organize and employ military forces by integrating ends, 
ways, and means. (JP 3-0) 
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operational characteristics — Those military characteristics that pertain primarily to the 
functions to be performed by equipment, either alone or in conjunction with other 
equipment; e.g., for electronic equipment, operational characteristics include such items as 
frequency coverage, channeling, type of modulation, and character of emission. (JP 5-0) 


operational contract support — The process of planning for and obtaining supplies, 
services, and construction from commercial sources in support of combatant 
commander-directed operations. Also called OCS. (JP 4-10) 


operational contract support integration cell — A cell established to coordinate and 
integrate operational contract support actions across all primary and special staffs for an 
operational area. Also called OCSIC. (JP 4-10) 


operational control — The authority to perform those functions of command over 
subordinate forces involving organizing and employing commands and forces, assigning 
tasks, designating objectives, and giving authoritative direction necessary to accomplish 
the mission. Also called OPCON. See also combatant command; combatant 
command (command authority); tactical control. (JP 1) 


operational control authority — The naval commander responsible within a specified 
geographical area for the naval control of all merchant shipping under Allied naval 
control. Also called OCA. (JP 3-15) 


operational data — Information created by, used in, or used in support of a military 
operation by the headquarters, its components, and operating forces that supports 
planning, analysis, and assessment of friendly, adversary, and enemy activity. (JP 6-0) 


operational decontamination — Decontamination carried out by an individual and/or a 
unit, restricted to specific parts of operationally essential equipment, materiel, and/or 
working areas, to minimize contact and transfer hazards and to sustain operations. See 
also decontamination; immediate decontamination; thorough decontamination. 
(JP 3-11) 


operational design — The conception and construction of the framework that underpins 
planning. See also campaign; major operation. (JP 5-0) 


operational energy — The energy required for training, moving, and sustaining military 
forces and weapons platforms for military operations. (JP 4-0) 


operational environment — A composite of the conditions, circumstances, and influences 
that affect the employment of capabilities and bear on the decisions of the commander. 
Also called OE. (JP 3-0) 


operational exposure guidance — The maximum amount of nuclear/external ionizing 
radiation that the commander considers a unit may be permitted to receive while 
performing a particular mission or missions. Also called OEG. See also radiation 
exposure status. (JP 3-11) 
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operational intelligence — Intelligence that is required for planning and conducting 
campaigns and major operations to accomplish strategic objectives within theaters or 
operational areas. See also intelligence; strategic intelligence; tactical intelligence. 
(JP 2-0) 


operational level of warfare — The level of warfare at which campaigns and major 
operations are planned, conducted, and sustained to achieve strategic objectives within 
theaters or other operational areas. See also strategic level of warfare; tactical level 
of warfare. (JP 3-0) 


operational necessity — A mission associated with war or peacetime operations in which 
the consequences of an action justify the risk of loss of aircraft and crew. See also 
mission. (JP 3-02) 


operational pause — A temporary halt in operations. (JP 5-0) 


operational preparation of the environment — The conduct of activities in likely or 
potential operational areas to set conditions for mission execution. Also called OPE. 
(JP 3-05) 


operational reach — The distance and duration across which a force can successfully 
employ military capabilities. (JP 3-0) 


operational readiness — The capability of a unit/formation, ship, weapon system, or 
equipment to perform the missions or functions for which it is organized or designed. 
Also called OR. (JP 1-0) 


operational support airlift — Airlift movements of high-priority passengers and cargo with 
time, place, or mission-sensitive requirements. Also called OSA. (JP 3-36) 


operation and maintenance — Maintenance and repair of real property, operation of 
utilities, and provision of other services such as refuse collection and disposal, 
entomology, snow removal, and ice alleviation. Also called O&M. (JP 3-34) 


operation assessment —1. A continuous process that measures the overall effectiveness of 
employing capabilities during military operations to achieve stated objectives. 2. 
Determination of the progress toward accomplishing a task, creating an effect, changing 
a condition, or achieving an objective. (JP 5-0) 


operation order — A directive issued by a commander to subordinate commanders for the 
purpose of effecting the coordinated execution of an operation. Also called OPORD. 
(JP 5-0) 


operation plan — A complete and detailed plan containing a full description of the concept 


of operations, all annexes applicable to the plan, and a time-phased force and 
deployment list. Also called OPLAN. See also operation order. (JP 5-0) 
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operations research — The analytical study of military problems undertaken to provide 
responsible commanders and staff agencies with a scientific basis for decision on action 
to improve military operations. Also called operational research; operations 
analysis. (JP 3-31) 


operations security — A capability that identifies and controls critical information, 
indicators of friendly force actions attendant to military operations, and incorporates 
countermeasures to reduce the risk of an adversary exploiting vulnerabilities. Also 
called OPSEC. See also operations security indicators; operations security 
measures; operations security planning guidance; operations security 
vulnerability. (JP 3-13.3) 


operations security assessment — An evaluative process to determine the likelihood that 
critical information can be protected from the adversary’s intelligence. (JP 3-13.3) 


operations security countermeasures — Methods and means to gain and maintain essential 
secrecy about critical information. (JP 3-13.3) 


operations security indicators — Friendly detectable actions and open-source information 
that can be interpreted or pieced together by an adversary to derive critical information. 
(JP 3-13.3) 


operations security planning guidance — Guidance that defines the critical information 
requiring protection from the adversary and outlines provisional measures to ensure 
secrecy. (JP 3-13.3) 


operations security survey — A collection effort by a team of subject matter experts to 
reproduce the intelligence image projected by a specific operation or function simulating 
hostile intelligence processes. (JP 3-13.3) 


operations security vulnerability — A condition in which friendly actions provide 
operations security indicators that may be obtained and accurately evaluated by an 
adversary in time to provide a basis for effective adversary decision making. (JP 3-13.3) 


operations support element — An element that conducts all administrative, operations 
support, and services support functions within the counterintelligence and human 
intelligence staff element of an intelligence directorate. Also called OSE. (JP 2-01.2) 


ordered departure — 1. A procedure by which the number of United States Government 
personnel, their dependents, or both are reduced at a foreign service post. 2. Mandatory 
departure of some or all categories of personnel and dependents to designated safe 
havens as directed by the Department of State, with the implementation of the theater 
evacuation plan. (JP 3-68) 


order of battle — The identification, strength, command structure, and disposition of the 


personnel, units, and equipment of any military force. Also called OB; OOB. 
(JP 2-01.3) 
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ordnance — Explosives, chemicals, pyrotechnics, and similar stores, e.g., bombs, guns and 
ammunition, flares, smoke, or napalm. (JP 3-15) 


organic — Assigned to and forming an essential part of a military organization as listed in its 
table of organization for the Army, Air Force, and Marine Corps, and are assigned to the 
operating forces for the Navy. (JP 1) 


organization for combat — In amphibious operations, task organization of landing force 
units for combat, involving combinations of command, ground and aviation combat, 
combat support, and combat service support units, for accomplishment of missions 
ashore. See also amphibious operation; task organization. (JP 3-02) 


organization for embarkation — In amphibious operations, an organization consisting of 
temporary landing force task organizations established by the commander, landing 
force, and a temporary organization of Navy forces established by the commander, 
amphibious task force, for the purpose of simplifying planning and facilitating the 
execution of embarkation. See also amphibious operation; embarkation; landing 
force; task organization. (JP 3-02) 


organization for landing — In amphibious operations, the specific tactical grouping of the 
landing force for the assault. (JP 3-02) 


Organized Crime and Drug Enforcement Task Force — The network of regional task 
forces that coordinates federal law enforcement efforts to combat the national and 
international organizations that cultivate, process, and distribute illicit drugs. Also 
called OCDETF. (JP 3-07.4) 


originating medical treatment facility — A medical facility that initially transfers a patient 
to another medical facility. (JP 4-02) 


originator — The command by whose authority a message is sent, which includes the 
responsibility for the functions of the drafter and the releasing officer. (JP 2-01) 


oscillating mine — A hydrostatically controlled mine that maintains a pre-set depth below 
the surface of the water independent of the rise and fall of the tide. See also mine. 
(JP 3-15) 


outer transport area — In amphibious operations, an area inside the antisubmarine screen 
to which assault transports proceed initially after arrival in the objective area. See also 
inner transport area; transport area. (JP 3-02) 


outsized cargo — A single item that exceeds 1,000 inches long by 117 inches wide by 105 
inches high in any one dimension. See also oversized cargo. (JP 4-01.6) 


overhead persistent infrared — 1. Those systems originally developed to detect and track 


foreign intercontinental ballistic missile systems. (JP 3-14) 2. Within geospatial 
intelligence, a capability that provides on-demand, persistent, global, and/or localized 
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coverage of high- to low-intensity infrared events to detect energy radiation from 
various tactical to strategic objects. Also called OPIR. (JP 2-03) 


overpressure — The pressure resulting from the blast wave of an explosion referred to as 
“positive” when it exceeds atmospheric pressure and “negative” during the passage of 
the wave when resulting pressures are less than atmospheric pressure. (JP 3-11) 


Overseas Environmental Baseline Guidance Document — A set of objective criteria and 
management practices developed by the Department of Defense to protect human health 
and the environment. Also called OEBGD. (JP 3-34) 


oversized cargo — 1. Large items of specific equipment such as a barge; side loadable 
warping tug; causeway section, powered; or causeway section, nonpowered that require 
transport by sea. 2. Air cargo exceeding the usable dimension of a 463L pallet loaded 
to the design height of 96 inches but equal to or less than 1,000 inches in length, 117 
inches in width, and 105 inches in height. See also outsized cargo. (JP 3-36) 


over-the-horizon amphibious operation — An operation launched from beyond visual and 
radar range of the shoreline. (JP 3-02) 


overt — Activities that are openly acknowledged by, or are readily attributable to, the United 
States Government, including those designated to acquire information through legal and 
open means without concealment through the use of observation, elicitation, or from 
knowledgeable human sources. (JP 2-01.2) 


overt operation — An operation conducted openly, without concealment. See also 
clandestine operation; covert operation. (JP 2-01.2) 
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parallel chains of command — In amphibious operations, a parallel system of command, 
responding to the interrelationship of participating forces, wherein corresponding 
commanders are established at each subordinate level of all components to facilitate 
coordinated planning for, and execution of, the amphibious operation. (JP 3-02) 


paramilitary forces — Armed forces or groups distinct from the conventional armed forces 
of any country, but resembling them in organization, equipment, training, or mission. 
(JP 3-24) 


partial mobilization — Expansion of the active Armed Forces of the United States resulting 
from action by Congress (up to full mobilization) or by the President (not more than 
1,000,000 for not more than 24 consecutive months) to mobilize Ready Reserve 
component units, individual reservists, and the resources needed for their support to 
meet the requirements of a war or other national emergency involving an external threat 
to the national security. (JP 4-05) 


partner nation — 1. A nation that the United States works with in a specific situation or 
operation. (JP 1) 2. In security cooperation, a nation with which the Department of 
Defense conducts security cooperation activities. Also called PN. (JP 3-20) 


passage of lines — An operation in which a force moves forward or rearward through 
another force’s combat positions with the intention of moving into or out of contact with 
the enemy. (JP 3-18) 


passive defense — Measures taken to reduce the probability of and to minimize the effects 
of damage caused by hostile action without the intention of taking the initiative. See 
also active defense. (JP 3-60) 


pathway defeat — Activities to dissuade, deter, delay, disrupt, destroy, deny, and assure to 
complicate conceptualization, development, production, and proliferation of weapons 
of mass destruction. (JP 3-40) 


patient movement — The act or process of moving a sick, injured, wounded, or other person 
to obtain medical and/or dental care or treatment, which include medical regulating, 
patient evacuation, and en route medical care. Also called PM. See also patient 
movement items; patient movement requirements center. (JP 4-02) 


patient movement items — The medical equipment and supplies required to support 
patients during aeromedical evacuation, which is part of a standardized list of approved 
safe-to-fly equipment. Also called PMIs. (JP 4-02) 


patient movement policy — Command decision establishing the maximum number of days 


that patients may be held within the command for treatment. See also evacuation. 
(JP 4-02) 


165 


R, = 40 ohms and R, — 60 llz—11 _ 
ohms. <2) AE Oo, ee 22 
Rs a (5) 8R + (2R—4) = 6R — 10(R —2) 
meay bz 342 
Substitute the given numerical (6) aoe 22 = 3 — 14 
values for R, and R.: 5(2—2) 
40 x 60 (7) —(5a + 15) — 52 + 21 — 5 
“r= 40-4 60 11 13, 17y¥+4 , 19¥+3 
_ 2,400 3) tt 
~ 100 
1 , 5y—25 
= 24 ohms 287 + Uk 
86. Review Problems—Equations (9) tee — 6X,+2= a 


a. Solve for the unknown quantity in each of 
the following: 


(1) y+ 12= 15 


(10) (ex —1)(@#+1) 4+ 2(1—2) = 4a (2e 
+1) — 8x(x2 — 2) 


| d. Solve the following sets of simultaneous 
(2) 374 linear equations: 
(3) 0.688 = 53.55 (1) 5a —2y = 10 
3a — ¥= q 


(4) 47x — 17 = 235 — 37x 


ies =—14 (2) 6a + 15b = 69 
ON Oy ear eae 6a— 6b = 14 
(6) z+ y= 8 (3) x—3y=—17 
84+ 2y= 1 2x2 + 6y = 50 
(7) a—3b= 0 (4) 6% — 8y = 20 
5a — 4b = 11 382 + 2y = —14 
(8) Ta¢—5y = 1 (5) —4n-+ y= 18 
5+ y=—19 82 — By — —29 
(9) 4m—2n = 2 _-: 
8m + n= 14 (6) ay + 2 — BB _ 39 
(10) 8r— 9s = 15 ae 
6r — 7s = 41 3118 + 62 = 108 


b. Solve the following formulas for the quan- 9 
tity indicated : (7) er y=1 
(1) Fd — Wh ford 


(2) v? = vo? + 2gh for g prea 
8) Fa=—“ a fora a,b _ 
(3) 7 (8) sty =1 
__D°N G4 be 
_ 22.5 Bil 5 , 2 
c. Solve the following linear equations for the Byte kes 1 
unknown quantity : ry = 8 
(1) 7(22—6) —8 = 10z + 10 (10) Solve for r and s: 
(2) 10(a— 2) —10(2— x) = 4x — 40 (a — b)r+ (a+ b)s = a? — b? 
(3) 9.8a — 9.4 = 6.8a + .6 (a + b)r— (a—b)s = 2ab 


52 AGO 558A 


Terms and Definitions 


patient movement requirements center — 1. A joint activity that coordinates patient 
movement by functionally merging of joint medical regulating processes, Services’ 
medical regulating processes, and patient movement evacuation requirements planning 
(transport to bed plan). 2. Term used to represent any theater, joint, or the Global Patient 
Movement Requirements Center function. Also called PMRC. (JP 4-02) 


peace building — Stability actions that strengthen and rebuild a society’s institutions, 
infrastructure, and civic life to avoid a relapse into conflict. Also called PB. See also 
peace enforcement; peacekeeping; peacemaking; peace operations. (JP 3-07.3) 


peace enforcement — Application of military force, or the threat of its use, normally 
pursuant to international authorization, to compel compliance with resolutions or 
sanctions designed to maintain or restore peace and order. See also peace building; 
peacekeeping; peacemaking; peace operations. (JP 3-07.3) 


peacekeeping — Military operations undertaken, with the consent of all major parties to a 
dispute, designed to monitor and facilitate implementation of an agreement (cease fire, 
truce, or other such agreement) and support diplomatic efforts to reach a long-term 
political settlement. See also peace building; peace enforcement; peacemaking; 
peace operations. (JP 3-07.3) 


peacemaking — The process of diplomacy, mediation, negotiation, or other forms of 
peaceful settlements that arranges an end to a dispute and resolves issues that led to it. 
Also called PM. See also peace building; peace enforcement; peacekeeping; peace 
operations. 
(JP 3-07.3) 


peace operations — Multiagency and multinational crisis response and limited contingency 
operations involving all instruments of national power with military missions to contain 
conflict, redress the peace, and shape the environment to support reconciliation and 
rebuilding and facilitate the transition to legitimate governance. Also called PO. See 
also peace building; peace enforcement; peacekeeping; and peacemaking. 
(JP 3-07.3) 


permissive environment — Operational environment in which host nation military and law 
enforcement agencies have control, as well as the intent and capability to assist 
operations that a unit intends to conduct. (JP 3-0) 


persistent agent — A chemical agent that, when released, remains able to cause casualties 
for more than 24 hours to several days or weeks. (JP 3-11) 


persistent mine — A land mine, other than nuclear or chemical, that is not designed to self- 
destruct; is designed to be emplaced by hand or mechanical means; and can be buried 
or surface emplaced. (JP 3-15) 


personal effects — All privately owned moveable, personal property of an individual. Also 
called PE. See also mortuary affairs; personal property. (JP 4-0) 
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personal locator beacon — An emergency device carried by individuals, to assist locating 
during personnel recovery. Also called PLB. See also emergency locator beacon. 
(JP 3-50) 


personal property — Property of any kind or any interest therein, except real property; 
military-issued equipment/gear; records of the United States Government; and naval 
vessels of the following categories: aircraft carriers, surface combatants, and 
submarines. (JP 4-0) 


personal protective equipment — Mission-specific protective clothing and equipment 
provided to shield or isolate selected personnel from a particular chemical, biological, 
radiological, and some nuclear hazards. Also called PPE. See also individual 
protective equipment. (JP 3-11) 


personal staff — Aides and staff officers handling special matters over which the 
commander wishes to exercise close personal control. (JP 3-33) 


person authorized to direct disposition of human remains — A person, usually primary 
next of kin, who is authorized to direct disposition of human remains. Also called 
PADD. See also mortuary affairs. (JP 4-0) 


personnel — Individuals required in either a military or civilian capacity to accomplish the 
assigned mission. (JP 1-0) 


personnel accountability — The process to identify, capture, and record the personal 
identification information of an individual usually through the use of a database. (JP 1- 
0) 


personnel recovery — The sum of military, diplomatic, and civil efforts to prepare for and 
execute the recovery and reintegration of isolated personnel. Also called PR. See also 
combat search and rescue; evasion; personnel; recovery; search and rescue. 
(JP 3-50) 


personnel recovery coordination cell — The primary joint force component organization 
responsible for coordinating and controlling component personnel recovery missions. 
Also called PRCC. (JP 3-50) 


personnel recovery reference product — A reference document for personnel recovery 
containing specific information on a particular country or region of interest. Also called 
PRRP. (JP 3-50) 


personnel services support — Service-provided sustainment activities that support a 
Service member during both exercises and operations. Also called PSS. (JP 1-0) 


petroleum, oils, and lubricants — A broad term that includes all petroleum and associated 
products used by the Armed Forces. Also called POL. (JP 4-01.6) 
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phase — In planning, a definitive stage of a campaign or operation during which a large 
portion of the forces and capabilities are involved in similar or mutually supporting 
activities for a common purpose. (JP 5-0) 


phase line — An easily identified feature in the operational area utilized for control and 
coordination of military operations. Also called PL. (JP 3-09) 


phony minefield — An area free of live mines used to simulate a minefield, or section of a 
minefield, with the object of deceiving the enemy. See also minefield. (JP 3-15) 


physical characteristics — Those military characteristics of equipment that are primarily 
physical in nature. (JP 3-60) 


physical damage assessment — The estimate of the quantitative extent of physical damage 
to a target resulting from the application of military force. See also battle damage 
assessment. (JP 3-60) 


physical security — That part of security concerned with physical measures designed to 
safeguard personnel; to prevent unauthorized access to equipment, installations, 
material, and documents; and to safeguard them against espionage, sabotage, damage, 
and theft. See also communications security; security. (JP 3-0) 


placement — An individual’s proximity to information of intelligence interest. (JP 2-01.2) 


planned target — Target that is known to exist in the operational environment, upon which 
actions are planned using deliberate targeting, creating effects which support 
commander’s objectives. There are two subcategories of planned targets: scheduled and 
on-call. See also on-call target; operational area; scheduled target; target. 
(JP 3-60) 


planning and direction — In intelligence usage, the determination of intelligence 
requirements, development of appropriate intelligence architecture, preparation of a 
collection plan, and issuance of orders and requests to information collection agencies. 
See also intelligence process. (JP 2-01) 


planning factor — A multiplier used in planning to estimate the amount and type of effort 
involved in a contemplated operation. (JP 5-0) 


planning factors database — Databases created and maintained by the Services for the 
purpose of identifying all geospatial intelligence requirements for emerging and existing 
forces and systems. Also called PFDB. See also geospatial information and services. 
(JP 2-03) 


planning order — A planning directive that provides essential planning guidance and 


directs the development, adaptation, or refinement of a plan/order. Also called 
PLANORD. (JP 5-0) 
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planning phase — In amphibious operations, the phase normally denoted by the period 
extending from the issuance of the initiating directive up to the embarkation phase. See 
also amphibious operation. (JP 3-02) 


planning team — A functional element within a headquarters established to solve problems 
related to a specific task or requirement, and which dissolves upon completion of the 
assigned task. (JP 3-33) 


point defense — The defense or protection of special vital elements and installations; e.g., 
command and control facilities or air bases. (JP 3-52) 


pointee-talkee — A language aid containing selected phrases in English opposite a 
translation in a foreign language used by pointing to appropriate phrases. See also 
evasion aid. (JP 3-50) 


point of employment — In distribution operations, a physical location designated by the 
commander at the tactical level where force employment, emplacement, or commodity 
consumption occurs. (JP 4-09) 


point of need — In distribution operations, a physical location within a desired operational 
area designated by the geographic combatant commander or subordinate commander as 
a receiving point for forces or materiel, for subsequent use or consumption. (JP 4-09) 


point of origin — In distribution operations, the beginning point of a deployment, 
redeployment, or movement where forces or materiel are located. (JP 4-09) 


polar orbit — A satellite orbit that passes over the North and South Poles on each orbit, has 
an angle of inclination relative to the equator of 90 degrees, and eventually passes over 
all points on the Earth. (JP 3-14) 


population at risk — The strength in personnel of a given force structure in terms of which 
casualty rates are stated. Also called PAR. (JP 4-02) 


port complex — One or more port areas in which activities are geographically linked either 
because these areas are dependent on a common inland transport system or because they 
constitute a common initial destination for convoys. (JP 4-01.5) 


port of debarkation — The geographic point at which cargo or personnel are discharged. 
Also called POD. See also port of embarkation. (JP 4-0) 


port of embarkation — The geographic point in a routing scheme from which cargo or 
personnel depart. Also called POE. See also port of debarkation. (JP 3-36) 


port operations group — A task-organized unit, located at the seaport of embarkation 
and/or debarkation that assists and provides support in the loading and/or unloading and 
staging of personnel, supplies, and equipment from shipping. Also called POG. See 
also landing force support party; task organization. (JP 3-35) 
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port security —The safeguarding of vessels, harbors, ports, waterfront facilities, and cargo 
from internal threats such as destruction, loss, or injury from sabotage or other subversive 
acts, accidents, thefts, or other causes of similar nature. See also physical security; 
security. (JP 3-10) 


port support activity — A tailorable support organization composed of mobilization station 
assets that ensures the equipment of the deploying units is ready to load. Also called 
PSA. See also support. (JP 3-35) 


positive control — A method of airspace control that relies on positive identification, 
tracking, and direction of aircraft within an airspace, conducted with electronic means 
by an agency having the authority and responsibility therein. (JP 3-52) 


positive identification — An identification derived from observation and analysis of target 
characteristics including visual recognition, electronic support systems, non- 
cooperative target recognition techniques, identification friend or foe systems, or other 
physics-based identification techniques. Also called PID. (JP 3-01) 


post-contract award oversight — The non-acquisition function to monitor and report 
contract execution as it relates to unit-mission readiness. (JP 4-10) 


post-launch abort — Deliberate action taken post-separation to cause a precision munition 
to miss its target. Also called PLA. (JP 3-09.3) 


precipitation static — Charged precipitation particles that strike antennas and gradually 
charge the antenna, which ultimately discharges across the insulator, causing a burst of 
static. Also called P-STATIC. (JP 3-85) 


precise time and time interval — A reference value of time and time interval (frequency). 
Also called PTTI. (JP 3-59) 


precision-guided munition — A guided weapon intended to destroy a point target and 
minimize collateral damage. Also called PGM, smart weapon, smart munition. 
(JP 3-03) 


preferred forces — Specific units that are identified to provide assumptions essential for 
continued planning and assessing the feasibility of a plan. (JP 5-0) 


prelanding operations — Operations conducted by the amphibious force upon its arrival in 
the amphibious objective area or operational area and prior to H-hour and/or L-hour. 
(JP 3-02) 


prepare to deploy order — An order to a force provider to have a unit ready and to deploy 
within a specified response time. Also called PTDO. (JP 5-0) 


preplanned air support — Air support in accordance with a program, planned in advance 
of operations. (JP 3-09.3) 
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pre-position — To place military units, equipment, or supplies at or near the point of planned 
use, or at a designated location, to reduce reaction time and to ensure timely support of 
a specific force during initial phases of an operation. (JP 4-0) 


pre-positioned war reserve stock — The assets that are designated to satisfy the pre- 
positioned war reserve materiel requirement. Also called PWRS. (JP 4-03) 


Presidential Reserve Call-up — Provision of a public law (Title 10, United States Code, 
Section 12304) that provides the President a means to activate, without a declaration of 
national emergency, not more than 200,000 members of the Selected Reserve and the 
Individual Ready Reserve (of whom not more than 30,000 may be members of the 
Individual Ready Reserve) for not more than 365 days to meet the requirements of any 
operational mission, other than for disaster relief or to suppress insurrection. Also called 
PRC. See also Individual Ready Reserve; mobilization; Selected Reserve. 
(JP 4-05) 


pressure mine — 1. In land mine warfare, a mine having a fuze that responds to the direct 
pressure of a target. 2. In naval mine warfare, a mine having a circuit that responds to 
the hydrodynamic pressure field of a target. See also mine. (JP 3-15) 


prevention of mutual interference — In submarine operations, procedures established to 
prevent submerged collisions between friendly submarines; between submarines and 
friendly, surface ship-towed bodies and arrays; and between submarines, unmanned 
systems, and any other hazards to submerged navigation. Also called PMI. (JP 3-32) 


preventive maintenance — Care and service of equipment and facilities in satisfactory 
operating condition by systematic inspection, detection, and correction of incipient 
failures either before they occur or before they develop into major defects. (JP 4-02) 


preventive medicine — The anticipation, communication, prediction, identification, 
prevention, education, risk assessment, and control of communicable diseases; illnesses; 
and exposure to endemic, occupational, and environmental threats. Also called 
PVNTMED. (JP 4-02) 


primary agency — The federal department or agency assigned primary responsibility for 
managing and coordinating a specific emergency support function in the National 
Response Framework. (JP 3-28) 


primary control officer — In amphibious operations, the officer embarked in a primary 
control ship assigned to control the movement of landing craft, amphibious vehicles, 
and landing ships to and from a colored beach. Also called PCO. (JP 3-02) 


primary control ship — In amphibious operations, a ship of the task force designated to 
provide support for the primary control officer and a combat information center control 
team for a colored beach. Also called PCS. (JP 3-02) 

primary review authority — The organization that is assigned by the lead agent to perform the 


actions and coordination necessary to develop and maintain the assigned publication under 
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the cognizance of the lead agent. Also called PRA. See also joint publication; lead 
agent. (CJCSM 5120.01) 


prime contract — A contract or contractual action entered into by the United States 
Government to obtain supplies, materials, equipment, or services of any kind. (JP 4-10) 


prime vendor — A contracting process that provides commercial products to regionally 
grouped military and federal customers from commercial distributors using electronic 
commerce. Also called PV. See also distribution system. (JP 4-09) 


principal federal official — The federal official designated by the Secretary of Homeland 
Security to act as his/her representative locally to oversee, coordinate, and execute the 
Secretary’s incident management responsibilities under Homeland Security Presidential 
Directive 5. Also called PFO. (JP 3-41) 


principal officer — The officer in charge of a diplomatic mission, consular office, or other 
foreign service post, such as a United States liaison office. (JP 3-08) 


priority designator — A two-digit issue and priority code placed in military standard 
requisitioning and issue procedure requisitions to provide a means of assigning relative 
rankings to competing demands placed on the Department of Defense supply system. 
Also called PD. (JP 4-01) 


priority intelligence requirement — An intelligence requirement that the commander and 
staff need to understand the threat and other aspects of the operational environment. Also 
called PIR. See also information requirements; intelligence; intelligence process; 
intelligence requirement. (JP 2-01) 


prisoner of war — A detained person (as defined in Articles 4 and 5 of the Geneva 
Convention Relative to the Treatment of Prisoners of War of August 12, 1949) who, 
while engaged in combat under orders of his or her government, is captured by the 
armed forces of the enemy. Also called POW. (JP 3-50) 


private sector — An umbrella term that may be applied to any or all of the nonpublic or 
commercial individuals and businesses, specified nonprofit organizations, most of 
academia and other scholastic institutions, and selected nongovernmental organizations. 
(JP 3-57) 


privity of contract — The legal relationship that exists between two contracting parties. 
(JP 4-10) 


probability of damage — The probability that damage will occur to a target expressed as a 
percentage or as adecimal. Also called PD. (JP 3-60) 


procedural control — A method of airspace control which relies on a combination of 
previously agreed and promulgated orders and procedures. (JP 3-52) 
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procedural identification — An identification based on observation and analysis of target 
behaviors including location and trajectory, as well as compliance with airspace control 
measures. (JP 3-01) 


procedures — Standard, detailed steps that prescribe how to perform specific tasks. See 
also tactics; techniques. (CJCSM 5120.01) 


procedure word — A word or phrase limited to radio telephone procedure used to facilitate 
communication by conveying information in a condensed standard form. Also called 
proword. (JP 3-09.3) 


processing — A system of operations designed to convert raw data into useful information. 
(JP 2-0) 


processing and exploitation — In intelligence usage, the conversion of collected 
information into forms suitable to the production of intelligence. See also intelligence 
process. (JP 2-01) 


process owner — The head of a Department of Defense component assigned a responsibility 
by the Secretary of Defense when process improvement involves more than one Service 
or Department of Defense component. (JP 4-0) 


procurement lead time — The interval in time between the initiation of procurement action 
and receipt of the products or services purchased as the result of such actions. (JP 4-10) 


procuring contracting officer — A contracting officer who initiates and signs the contract. 
Also called PCO. See also administrative contracting officer; contracting officer. 
(JP 4-10) 


production base — The total national industrial production capacity available for the 
manufacture of items to meet materiel requirements. (JP 4-05) 


production requirement — An intelligence requirement that cannot be met by current 
analytical products resulting in tasking to produce a new product that can meet this 
intelligence requirement. Also called PR. (JP 2-0) 


production requirements matrix — A compilation of prioritized combatant command all- 
source intelligence analysis and production requirements that support all phases of a 
plan. Also called PRMx. (JP 2-01) 


prolonged field care — The continued delivery of medical care prior to patient movement 
beyond the holding capability of that role of care. (JP 4-02) 


prompt radiation — The radiation, essentially neutrons and gamma rays, resulting from a 


nuclear burst and emitted from the fireball within one minute after burst. See also 
residual radiation. (JP 3-11) 
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proof — In mine warfare, to verify that a breached lane is free of live mines by passing a 
mine roller or other mine-resistant vehicle through as the lead vehicle. (JP 3-15) 


protected emblems — The red cross, red crescent, and other symbols that designate that 
persons, places, or equipment so marked have a protected status under the law of war. 
(JP 3-60) 


protected frequencies — Friendly, generally time-oriented, frequencies used for a particular 
operation, identified and protected to prevent them from being inadvertently jammed by 
friendly forces while active electromagnetic warfare operations are directed against 
hostile forces. See also electromagnetic warfare. (JP 3-85) 


protected persons/places —Persons (such as enemy prisoners of war) and places (such as 
hospitals) that enjoy special protections under the law of war and which may or may not 
be marked with protected emblems. (JP 3-84) 


protection — Preservation of the effectiveness and survivability of mission-related military 
and nonmilitary personnel, equipment, facilities, information, and infrastructure 
deployed or located within or outside the boundaries of a given operational area. See 
also mission-oriented protective posture. (JP 3-0) 


protection of shipping — The use of proportionate force, when necessary for the protection 
of United States flag vessels and aircraft, United States citizens (whether embarked in 
United States or foreign vessels), and their property against unlawful violence. 
(JP 3-0) 


protective clothing — Clothing especially designed, fabricated, or treated to protect 
personnel against hazards. (JP 3-11) 


protective minefield — 1. In land mine warfare, a minefield employed to assist a unit in its 
local, close-in protection. 2. In naval mine warfare, a minefield emplaced in friendly 
territorial waters to protect ports, harbors, anchorages, coasts, and coastal routes. See 
also minefield. (JP 3-15) 


provincial reconstruction team — A civil-military team designated to improve stability in 
a given area by helping build the legitimacy and effectiveness of a host nation local or 
provincial government in providing security to its citizens and delivering essential 
government services. Also called PRT. (JP 3-57) 


public — In public affairs, a segment of the population with common attributes to which a 
military force can tailor its communication. See also external audience; internal 
audience. (JP 3-61) 


public affairs — Communication activities with external and internal audiences. Also called 
PA. See also command information; public information. (JP 3-61) 


public affairs assessment — An analysis of the news media and public environments to 
evaluate the degree of understanding about strategic and operational objectives and 
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military activities and to identify levels of public support. See also assessment; public 
affairs. (JP 3-61) 


public affairs guidance — Constraints and restraints established by proper authority 
regarding public communication activities. Also called PAG. See also public affairs. 
(JP 3-61) 


public information — Within public affairs, information of a military nature, the 


dissemination of which is consistent with security and approved for public release. 
(JP 3-61) 
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e. Solve the following problems: 

(1) Three times a voltage (E') diminished 
by 2 is equal to that voltage. What is 
the voltage? 

(2) The sum of two resistances in series is 
R ohms. One resistance is 20 ohms. 
Give the algebraic expression for the 
other. 


(8) If a certain voltage (£) is tripled and 
the result is diminished by 220 volts, 
the remainder is equal to the original 
voltage. What is the voltage? 

(4) When two resistors are connected in 
series, the total resistance (R) is the 
sum of the two resistances. If one re- 
sistor is 25 ohms and the total resist- 


ance is 100 ohms, what is the value of 
the other resistor? 

(5) The current (J) from a battery is 
divided among three circuits. The first 
circuit draws 20 milliamperes more 
than the second circuit, and the second 
circuit draws 20 milliamperes more 
than the third circuit. If the total cur- 
rent drawn is 240 milliamperes, what 
is the current in each circuit? 


(6) Solving by the formula J = z, how 


\much current (/) does an electric cir- 
cuit having a resistance (R) of 20 
ohms take if the voltage (EF) is 110 
volts? 


Section IX. QUADRATIC EQUATIONS 


87. General 


A quadratic equation is one which can be re- 
duced to the form az? + bx + c = 0 where a, b, 
and c are known and z is the unknown quantity. 
In other words, a quadratic equation contains 
the square of the.unknown quantity, such as x?, 
but no higher power. For example, 32? + 5” — 
2 = 0 and 2? — 4x + 3 = 0 are quadratic equa- 
tions. The form az? + bx + c == 0 is called the 
general quadratic equation. 


88. Pure Quadratic Equations 


A pure quadratic equation is obtained from 
the genera] quadratic equation when 0 is equal 
to zero and the middle term (bx) does not ap- 
pear. The equation then becomes az? + ¢ = 0. 
The pure quadratic equation has two roots that 
are equal in absolute value but have opposite 
signs. As discussed in paragraph 49, all num- 
bers have two square roots. The equation 7? — 
386 = 0 is a pure quadratic equation since there 
are two numbers which, when substituted for 
x, will satisfy the equation. Thus (+6)? — 36 = 
0 since 86 — 36 = 0; also, (6)? — 36 = 0 
since 36 — 36 = 0. Therefore, x = +6. 


Example: Solve the equation x? — 5 = 20 
for x. 
av?—5 = 20 
v2 — 25 
x= +5 
AGO 558A 


Check: 
(+5)? —5 = 20 
25 —5 — 20 
20 = 20 


89. Solution by Factoring 


a. Quadratic equations are found in many 
applications of even the simplest nature. For 
example, suppose that a sheet of metal is to be 
cut so that it has an area of 30 square inches, 
and that the length of the piece will be 1 inch 
longer than the width. With x representing the 
unknown width and x + 1 the unknown length, 
a(x + 1) equals the area; therefore, the equa- 
tion that must bé satisfied is x(x -+ 1) = 30. 
By performing the indicated multiplication and 
subtracting 30 from each side, the equation now 
can be written in the form of a quadratic equa- 
tion, as x2 + x —30—0. 

b. To solve this equation, factor the left-hand 
side into the equivalent equation: (# — 5) (a + 
6) = 0. The product of two factors is zero if 
either of the factors is zero (par. 53). Thus, 
each factor is set equal to zero and solved for 
the unknown. The equation is satisfied if « — 
5=—0orx=5. Note that the equation also is 
satisfied if « + 6 — 0. This illustrates an im- 
portant fact concerning quadratic equations: 
Every quadratic equation has two solutions. 
Only one solution, however, may be appropriate 
when quadratic equations are used to solve 
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Intentionally Blank 
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Q 


Q-route — A system of preplanned shipping lanes in mined or potentially mined waters 
used to minimize the area the mine countermeasures commander has to keep clear of 
mines in order to provide safe passage for friendly shipping. (JP 3-15) 


quadruple container — A 57.5 inches x 96 inches x 96 inches container box with a metal 
frame, pallet base, and International Organization for Standardization corner fittings; 
four of these boxes can be lashed together to form a 20-foot American National 
Standards Institute or International Organization for Standardization intermodal 
container. Also called QUADCON. (JP 4-09) 
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Intentionally Blank 
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R 


radiation dose — The total amount of ionizing radiation absorbed by material or tissues. 
(JP 3-11) 


radiation dose rate — Measurement of radiation dose per unit of time. (JP 3-11) 


radiation exposure status — Criteria to assist the commander in measuring unit exposure 
to radiation based on total past cumulative dose, normally expressed in centigray. Also 
called RES. (JP 3-11) 


radio frequency countermeasures — Any device or technique employing radio frequency 
materials or technology that is intended to impair the effectiveness of enemy activity, 
particularly with respect to precision guided weapons and sensor systems. Also called 
RF CM. (JP 3-85) 


radiological dispersal device — An improvised assembly or process, other than a nuclear 
explosive device, designed to disseminate radioactive material to cause destruction, 
damage, or injury. Also called RDD. (JP 3-11) 


radiological exposure device — A radioactive source placed to cause injury or death. Also 
called RED. (JP 3-11) 


radiological hazard — Ionizing radiation that can cause damage, injury, or destruction from 
either external irradiation or due to radiation from radioactive materials within the body. 
(JP 3-11) 


raid — An operation to temporarily seize an area to secure information, confuse an enemy, 
capture personnel or equipment, or to destroy a capability culminating with a planned 
withdrawal. (JP 3-0) 


railhead — A point on a railway where loads are transferred between trains and other means 
of transport. (JP 4-09) 


Rangers — Rapidly deployable airborne light infantry organized and trained to conduct 
highly complex joint direct action operations in coordination with or in support of other 


special operations units of all Services. (JP 3-05) 


rationalization — Any action that increases the effectiveness of allied forces through more 
efficient or effective use of defense resources committed to the alliance. (JP 3-16) 


reachback — The process of obtaining products, services, and applications, or forces, or 
equipment, or material from organizations that are not forward deployed. (JP 3-30) 


readiness — The ability of military forces to fight and meet the demands of assigned 
missions. See also national military strategy. (JP 1) 
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Ready Reserve — The Selected Reserve and Individual Ready Reserve liable for active duty 
as prescribed by law (Title 10, United States Code, Sections 10142, 12301, and 12302). 
See also active duty; Individual Ready Reserve; Selected Reserve. (JP 4-05) 


Realistic Military Training — Department of Defense training conducted off federal 
property utilizing private or non-federal public property and _ infrastructure. 
(DODI 1322.28) 


real property — Lands, buildings, structures, utilities systems, improvements, and 
appurtenances, thereto that includes equipment attached to and made part of buildings 
and structures, but not movable equipment. (JP 3-34) 


reattack recommendation — An assessment, derived from the results of battle damage 
assessment and munitions effectiveness assessment, providing the commander 
systematic advice on reattack of a target. Also called RR. See also assessment; battle 
damage assessment; munitions effectiveness assessment; target. (JP 3-60) 


receiving ship — The ship in a replenishment unit that receives the rig(s). (JP 4-03) 


reception — 1. All ground arrangements connected with the delivery and disposition of air 
or sea drops. 2. Arrangements to welcome and provide secure quarters or transportation 
for defectors, escapees, evaders, or incoming agents. 3. The process of receiving, off- 
loading, marshalling, accounting for, and transporting of personnel, equipment, and 
materiel from the strategic and/or intratheater deployment phase to a sea, air, or surface 
transportation point of debarkation to the marshalling area. (JP 3-35) 


recognition — 1. The determination by any means of the individuality of persons, or of 
objects such as aircraft, ships, or tanks, or of phenomena such as communications- 
electronics patterns. 2. In ground combat operations, the determination that an object is 
similar within a category of something already known. (JP 3-01) 


recognition signal — Any prearranged signal by which individuals or units may identify 
each other. (JP 3-50) 


reconnaissance — A mission undertaken to obtain, by visual observation or other detection 
methods, information about the activities and resources of an enemy or adversary, or to 
secure data concerning the meteorological, hydrographic, or geographic characteristics 
of a particular area. (JP 2-0) 


reconstitution — 1. Actions taken to rapidly restore functionality to an acceptable level for 
a particular mission, operation, or contingency after severe degradation. (JP 3-14) 2. 
Those actions, including regeneration and reorganization, commanders plan and 
implement to restore units to a desired level of combat effectiveness commensurate with 
mission requirements and available resources. (JP 3-02) 3. In maritime pre-positioning 
force operations, the methodical approach to restore the maritime pre-positioned 
equipment and supplies aboard the maritime pre-positioning ships squadron to full 
mission-capable status. (JP 3-02) 
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recovery — 1. In air (aviation) operations, that phase of a mission that involves the return of 
an aircraft to a land base or platform afloat. (JP 3-52) 2. The retrieval of a mine from 
the location where emplaced. (JP 3-15) 3. In personnel recovery, actions taken to 
physically gain custody of isolated personnel and return them to friendly control. 
(JP 3-50) 4. Actions taken to extricate damaged or disabled equipment for return to 
friendly control or repair at another location. See also evader; evasion. (JP 3-34) 


recovery and reconstitution — 1. Those actions taken by one nation prior to, during, and 
following an attack by an enemy nation to minimize the effects of the attack, rehabilitate 
the national economy, provide for the welfare of the populace, and maximize the combat 
potential of remaining forces and supporting activities. 2. Those actions taken by a 
military force during or after operational employment to restore its combat capability to 
full operational readiness. See also recovery. (JP 3-35) 


recovery mechanism — An indigenous or surrogate infrastructure that is specifically 
developed, trained, and directed by United States forces to contact, authenticate, 
support, move, and exfiltrate designated isolated personnel from uncertain or hostile 
areas back to friendly control. Also called RM. (JP 3-50) 


recovery operations — Operations conducted to search for, locate, identify, recover, and 
return isolated personnel, human remains, sensitive equipment, or items critical to 
national security. (JP 3-50) 


recovery site — In personnel recovery, an area from which isolated personnel can be 
recovered. See also escapee; evader; evasion. (JP 3-50) 


recovery team — In personnel recovery, designated United States or United States-directed 
forces, that are specifically trained to operate in conjunction with indigenous or 
surrogate forces, and are tasked to contact, authenticate, support, move, and exfiltrate 
isolated personnel. Also called RT. (JP 3-50) 


recovery vehicle — In personnel recovery, the vehicle on which isolated personnel are 
boarded and transported from the recovery site. (JP 3-50) 


redeployment — The transfer or rotation of forces and materiel to support another 
commander’s operational requirements, or to return personnel, equipment, and materiel 
to the home and/or demobilization stations for reintegration and/or out-processing. See 
also deployment. (JP 3-35) 


red team — An organizational element comprised of trained and educated members that 
provide an independent capability to fully explore alternatives in plans and operations 
in the context of the operational environment and from the perspective of adversaries 
and others. (JP 2-0) 


reduced operating status — Military Sealift Command ships withdrawn from full operating 


status because of decreased operational requirements. Also called ROS. See also 
Military Sealift Command. (JP 3-36) 
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reduction — The creation of lanes through a minefield or obstacle to allow passage of the 
attacking ground force. (JP 3-15) 


refraction — The process by which the direction of a wave is changed when moving into 
shallow water at an angle to the bathymetric contours. (JP 4-01.6) 


regimental landing team — A task organization for landing composed of an infantry 
regiment reinforced by those elements that are required for initiation of its combat 
function ashore. Also called RLT. (JP 3-02) 


regional air defense commander — Commander, subordinate to the area air defense 
commander, who is responsible for air and missile defenses in the assigned region and 
exercises authorities as delegated by the area air defense commander. Also called 
RADC. (JP 3-01) 


regional response coordination center — A standing facility that is activated to coordinate 
regional response efforts until a joint field office is established and/or the principal 
federal official or coordinating officer can assume their National Response Framework 
coordination responsibilities. Also called RRCC. (JP 3-28) 


regional security officer — A security officer responsible to the chief of mission 
(ambassador) for security functions of all United States embassies and consulates in a 
given country or group of adjacent countries. Also called RSO. (JP 3-10) 


rehabilitative care — Therapy that provides evaluations and treatment programs using 
exercises, massage, or electrical therapeutic treatment to restore, reinforce, or enhance 
motor performance and restores patients to functional health allowing for their return to 
duty or discharge from the Service. Also called restorative care. See also patient 
movement policy; theater. (JP 4-02) 


rehearsal phase — In amphibious operations, the period after embarkation and prior to the 
action phase during which the prospective operation is practiced. See also amphibious 
operation. (JP 3-02) 


reinforcing obstacles — Those obstacles specifically constructed, emplaced, or detonated 
through military effort and designed to strengthen existing terrain to disrupt, fix, turn, 
or block enemy movement. See also obstacle. (JP 3-15) 


reintegrate — In personnel recovery, the task of providing medical care and psychological 
decompression to allow the conduct of appropriate debriefings to ultimately return 
recovered personnel back to duty and their family. (JP 3-50) 


release altitude — Altitude of an aircraft above the ground at the time of ordnance release. 
(JP 3-09.3) 


relief in place — An operation in which, by direction of higher authority, all or part of a unit 
is replaced in an area by the incoming unit and the responsibilities of the replaced 
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elements for the mission and the assigned zone of operations are transferred to the 
incoming unit. (JP 3-07.3) 


religious advisement — The practice of informing the commander on the impact of religion 
on operations, to include, but not limited to, worship, rituals, customs, and practices of 
United States military personnel, international forces, and the indigenous population, as 
well as the impact of military operations on the religious and humanitarian dynamics in 
the operational area. (JP 3-0) 


religious affairs — The combination of religious support and religious advisement. 
(JP 3-0) 


religious discrimination — The unlawful limits on religious expression; punishment for 
religious beliefs or lack of belief; or the compulsion to express opinions or beliefs 
contrary to religious beliefs of established religions. (JP 3-0) 


religious support — Chaplain-facilitated free exercise of religion through worship, religious 
and pastoral counseling services, ceremonial honors for the fallen, crisis intervention, 
and advice to the commander on ethical and moral issues and morale. Also called RS. 
(JP 3-0) 


religious support team — A team comprising at least one chaplain and one enlisted 
religious affairs person. Also called RST. (JP 3-0) 


remain-behind equipment — Unit equipment left by deploying forces at their bases when 
they deploy. (JP 4-05) 


render safe procedures — The portion of the explosive ordnance disposal procedures 
involving the application of special explosive ordnance disposal methods and tools to 
provide for the interruption of functions or separation of essential components of 
unexploded explosive ordnance to prevent an unacceptable detonation. (JP 3-42) 


rendezvous area — In an amphibious operation, the area in which the landing craft and 
amphibious vehicles rendezvous to form waves after being loaded and prior to 
movement to the line of departure. (JP 3-02) 


repair cycle — The stages through which a repairable item passes from the time of its 
removal or replacement until it is reinstalled or placed in stock in a serviceable 
condition. (JP 4-09) 


repatriation — 1. The procedure whereby American citizens and their families are officially 
processed back into the United States subsequent to an evacuation. See also evacuation. 
(JP 3-68) 2. The release and return of enemy prisoners of war to their own country in 
accordance with the 1949 Geneva Convention Relative to the Treatment of Prisoners of 
War. (JP 1-0) 
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replacement in kind — The provision of material and services for a logistic exchange of 
materials and services of equal value between the governments of eligible countries. 
Also called RIK. (JP 3-80) 


reportable incident — Any suspected or alleged violation of Department of Defense policy 
or of other related orders, policies, procedures or applicable law, for which there is 
credible information. (JP 3-63) 


request for assistance — A request based on mission requirements and expressed in terms 
of desired outcome formally asking the Department of Defense to provide assistance 
within the United States or United States territories to a local, state, tribal, or other 
federal agency. Also called RFA. (JP 3-28) 


request for information — 1. Any specific time-sensitive ad hoc requirement for 
intelligence information or products to support an ongoing crisis or operation not 
necessarily related to standing requirements or scheduled intelligence production. 2. A 
term used by the National Security Agency/Central Security Service to state ad hoc 
signals intelligence requirements. Also called RFI. See also intelligence. (JP 2-0) 


requirements approval — The process of consolidating, validating, approving, and 
prioritizing contract support requests. (JP 4-10) 


requirements development — The process of defining specific contract support 
requirements and capturing these requirements in procurement-ready contract support 
requirements packages. (JP 4-10) 


requirements management — All activities necessary to develop and approve contract 
support requirements, along with the associated post-contract award oversight 
functions, in support of combatant commander-directed operations. (JP 4-10) 


requiring activity — A military or other designated supported organization that identifies 
the need for contracted support during military operations. See also supported unit. 
(JP 4-10) 


rescue combat air patrol — An aircraft patrol provided over that portion of an objective 
area in which recovery operations are being conducted for the purpose of intercepting 
and destroying hostile aircraft. Also called RESCAP. See also combat air patrol. 
(JP 3-50) 


rescue coordination center — A unit, recognized by International Civil Aviation 
Organization, International Maritime Organization, or other cognizant international 
body, responsible for promoting efficient organization of search and rescue services and 
coordinating the conduct of search and rescue operations within a search and rescue 
region. Also called RCC. (JP 3-50) 


reserve — 1. Portion of a body of troops that is kept to the rear or withheld from action at 


the beginning of an engagement to be available for a decisive movement. 2. Members 
of the uniformed Services who are not in active service but who are subject to call to 
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active duty. 3. Portion of an appropriation or contract authorization held or set aside for 
future operations or contingencies and, in respect to which, administrative authorization 
to incur commitments or obligations has been withheld. (JP 4-05) 


Reserve Component — The Armed Forces of the United States Reserve Component 
consists of the Army National Guard of the United States, the Army Reserve, the Navy 
Reserve, the Marine Corps Reserve, the Air National Guard of the United States, the 
Air Force Reserve, and the Coast Guard Reserve. Also called RC. See also 
component; reserve. (JP 4-05) 


reserved obstacles — Those demolition obstacles that are deemed critical to the plan for 
which the authority to detonate is reserved by the designating commander. See also 
obstacle. (JP 3-15) 


reset — A set of actions to restore equipment to a desired level of combat capability 
commensurate with a unit’s future mission. (JP 4-0) 


resettled person — A refugee or an internally displaced person wishing to return somewhere 
other than his or her previous home or land within the country or area of original 
displacement. (JP 3-29) 


residual forces — Undeployed United States forces that have an immediate combat potential 
for continued military operations and that have been deliberately withheld from 
utilization. (JP 4-09) 


residual radiation — Nuclear radiation caused by fallout, artificial dispersion of radioactive 
material, or irradiation that results from a nuclear explosion and persists longer than one 
minute after burst. See also contamination; prompt radiation. (JP 3-11) 


resistance movement — An organized effort by some portion of the civil population of a 
country to resist the legally established government or an occupying power and to 
disrupt civil order and stability. (JP 3-05) 


resource management — A financial management function that provides advice and 
guidance to the commander to develop command resource requirements. Also called 
RM. See also financial management. (JP 3-80) 


resources — The forces, materiel, and other assets or capabilities apportioned or allocated 
to the commander of a unified or specified command. (JP 1) 


restraint — In the context of planning, a requirement placed on the command by a higher 
command that prohibits an action, thus restricting freedom of action. See also 
constraint; limitation. (JP 5-0) 


restricted area — 1. An area (land, sea, or air) in which there are special restrictive measures 
employed to prevent or minimize interference between friendly forces. 2. An area under 
military jurisdiction in which special security measures are employed to prevent 
unauthorized entry. See also restricted areas (air). (JP 3-34) 
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actual problems. The quadratic equation only 
gives two possible solutions—the actual solution 
must be determined by referring to the facts in 
the original problem. 


Example 1: Solve the equation x2 — 2x = 


0 for x. 
x2?— 227 —0 
Factoring: 
z(x—2) =0 
z2—0 
or xz—2-—0 
z—2 


Thus, 0 or 2 are the roots of the 
equation x? — 2z = 0. 


Example 2: Solve the equation 222 — 32 — 


5 = 0 for 2. 

2a? — 32 —5—0 
Factoring: 

(2% — 5) (a +1) = 0 
so e+1=0 
and *=—l 
or 2x —5—0 

2a = 5 

d aS or 2 1 
or a fo) 
Thus, —1 and 25 are the roots 
of the equation 2%? — 3x —5 = 
0. 


90. Solution by Completing the Square 


In solving quadratic equations, the method of 
factoring described in paragraph 89 usually is 
best if the factors are immediately apparent by 
inspection. When the values of the unknown are 
not.whole numbers or rational fractions, a quad- 
ratic equation can be solved more easily by the 
method of completing the square. This method 
also is used to derive the quadratic formula 
(par. 91). For example, to solve the equation 
2x? — x — 2 = 0 by completing the square, pro- 
ceed as follows: 

a. Transpose all terms involving x to the 
left-hand side of the equation and all other 
terms to the right-hand side. The equation is 
now in the form 222 — x = 2, or 2? — 14% = 1. 
When using this method, the coefficient of the 
squared term must be unity (one). 


b. Add a number to both sides of the equa- 
tion so that the left-hand side will be a perfect 
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trinomial square. To determine this number, 
divide the coefficient of the middle term (—14) 
by 2 and square the resulting number. 

1 


7 eee 
x gr =1 


‘1 1 1 
c. Replace the trinomial square on the left- 
hand side of the equation with the square of a 
binomial. 
1 17 
(x — a” = 16 
d. Extract the square root of both sides of 
the equation. 


‘Yo +V17 
scale? Yoamaine” 
Thus, r= ,=vil 


91. The General Quadratic Equation 


a. General, Another method of solving quad- 
ratic equations consists of substitution in a 
formula derived from the general quadratic 
equation (b below). The general quadratic equa- 
tion is in the form az? + ba + ¢ = 0, and any 
quadratic equation can be written in this form 
(par. 87). Thus, in the equation 272 + 5r — 
3 —0,a=2,b = 5, and c = —3. Similarly, in 


the equation 9x2 — 25 = 0, a = 9, b = 0, and 


c = —25. 


b. Deriving Formula for Solving any Quad- 
ratic Equation. Since the general quadratic 
equation, az? + bx + c = 0, represents any 
quadratic equation, the roots of this equation 
will represent the roots of any quadratic equa- 
tion; then, if the general quadratic equation is 
solved for the unknown values, the roots ob- 
tained will serve as a formula for finding the 
roots of any quadratic equation. The formula is 
derived from the general form by the method of 
completing the square; thus, given the general 
equation az? + bx + ¢ = 0, proceed as follows: 


(1) Divide through by the coefficient a. 


(2) Subtract the term £ from both sides 


of the equation. 


AGO 558A 


Terms and Definitions 


restricted areas (air) — Designated areas established by appropriate authority over which 
flight of aircraft is restricted. See also restricted area. (JP 3-52) 


restricted operations zone — Airspace reserved for specific activities in which the 
operations of one or more airspace users is restricted. Also called ROZ. (JP 3-52) 


restricted reporting — Reporting option that allows sexual assault victims to confidentially 
disclose the assault to specified individuals and receive medical treatment and 
counseling without triggering an official investigation. (JP 1-0) 


restricted target — A valid target that has specific restrictions placed on the actions 
authorized against it due to operational considerations. See also target. (JP 3-60) 


restricted target list — A list of restricted targets nominated by elements of the joint force 
and approved by the joint force commander or directed by higher authorities. Also 
called RTL. See also restricted target; target. (JP 3-60) 


restrictive fire area — A location in which specific restrictions are imposed and into which 
fires that exceed those restrictions will not be delivered without coordination with the 
establishing headquarters. Also called RFA. See also fires. (JP 3-09) 


restrictive fire line — A specific boundary established between converging, friendly surface 
forces that prohibits fires or their effects from crossing. Also called RFL. See also fires. 
(JP 3-09) 


resupply — The act of replenishing stocks to maintain required levels of supply. (JP 4-09) 


resuscitative care — Advanced emergency medical treatment required to prevent 
immediate loss of life or limb and to attain stabilization to ensure the patient could 
tolerate evacuation. (JP 4-02) 


retained personnel — Detainees who fall into one of the following categories: a. Designated 
enemy medical personnel and medical staff administrators who are exclusively engaged 
in either the search for, collection, transport, or treatment of the wounded or sick, or the 
prevention of disease; b. Staff of National Red Cross and Red Crescent Societies and 
that of other volunteer aid societies, duly recognized and authorized by their 
governments to assist medical service personnel of their own armed forces, provided 
they are exclusively engaged in the search for, or the collection, transport or treatment 
of wounded or sick, or in the prevention of disease, and provided that the staff of such 
societies are subject to military laws and regulations; c. Chaplains attached to enemy 
armed forces. Also called RP. See also personnel. (JP 3-63) 


Retired Reserve — All reserve members who receive retirement pay on the basis of their 
active duty and/or reserve service; those members who are otherwise eligible for 
retirement pay but have not reached age 60 and who have not elected discharge and are 
not voluntary members of the Ready Reserve or Standby Reserve. See also active duty; 
Ready Reserve; Standby Reserve. (JP 4-05) 
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retrograde — The process for the movement of non-unit equipment and materiel from a 
forward location to a reset (replenishment, repair, or recapitalization) program or to 
another directed area of operations to replenish unit stocks, or to satisfy stock 
requirements. (JP 4-09) 


returnee — A displaced person who has returned voluntarily to his or her former place of 
residence. (JP 3-29) 


return to base — An order to proceed to the point indicated by the displayed information or 
by verbal communication. Also called RTB. (JP 3-01) 


revolving fund account — An account authorized by specific provisions of law to finance 
a continuing cycle of business-type operations, and which are authorized to incur 
obligations and expenditures that generate receipts. (JP 3-80) 


riot control agent — Any chemical, not listed in a schedule of the Convention on the 
Prohibition of the Development, Production, Stockpiling and Use of Chemical Weapons 
and on their Destruction that can produce rapidly in humans sensory irritation or 
disabling physical effects that disappear within a short time following termination of 
exposure. Also called RCA. See also chemical warfare. (JP 3-11) 


rising mine — In naval mine warfare, a mine having positive buoyancy, which is released 
from a sinker by a ship influence or by a timing device. (JP 3-15) 


risk assessment — The identification and assessment of hazards (first two steps of risk 
management process). (JP 3-26) 


risk management — The process to identify, assess, and control risks and make decisions 
that balance risk cost with mission benefits. Also called RM. (JP 3-0) 


riverine operations — Operations conducted by forces organized to cope with the unique 
characteristics of a riverine area and/or to achieve or maintain control of the riverine 
area. (JP 3-32) 


role specialist nation — A nation that has agreed to assume responsibility for providing a 
particular class of supply or service for all or part of the multinational force. Also called 
RSN. See also lead nation; multinational force. (JP 3-16) 


roles of medical care — The characterization of health support for the distribution of 
medical resources and capabilities. a. Role 1. Provides medical treatment, initial trauma 
care, and forward resuscitation, not including surgical care. Also known as unit-level 
medical care. b. Role 2. Provides medical treatment, advanced trauma management, 
emergency surgery, and resuscitative care. c. Role 3. Provides emergency and specialty 
surgery, intensive care, medical specialty care, and extended holding capacity and 
capability augmented by robust ancillary support. d. Role 4. Provides the full range of 
preventive, acute, restorative, curative, rehabilitative, and convalescent care found in 
United States base hospitals and robust overseas facilities. (JP 4-02) 
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roll-on/roll-off discharge facility — A platform made up of causeway sections that provide 
a means of embarking and disembarking vehicles from a roll-on and roll-off ship at sea 
to lighterage. Also called RRDF. See also facility; lighterage. (JP 4-01.6) 


rough terrain container handler — A piece of materials handling equipment used to pick 
up and move containers. Also called RTCH. (JP 4-01.6) 


rules of engagement — Directives issued by competent military authority that delineate the 
circumstances and limitations under which United States forces will initiate and/or 
continue combat engagement with other forces encountered. Also called ROE. See 
also law of war. (JP 3-84) 


ruse — In military deception, an action designed to deceive the adversary, usually involving 


the deliberate exposure of false information to the adversary’s intelligence collection 
system. (JP 3-13.4) 
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safe haven — 1. Designated area(s) to which noncombatant evacuees of the United States 
Government’s responsibility and commercial vehicles and materiel may be evacuated 
during a domestic or other valid emergency. (JP 3-68) 2. A protected body of water or 
the well deck of an amphibious ship used by small craft operating offshore for refuge 
from storms or heavy seas. (JP 4-01.6) 


safing — As applied to weapons and ammunition, the changing from a state of readiness for 
initiation to a safe condition. Also called de-arming. (JP 3-09.3) 


salvage — 1. Property that has some value in excess of its basic material content but is in 
such condition that it has no reasonable prospect of use for any purpose as a unit and its 
repair or rehabilitation for use as a unit is clearly impractical. 2. The saving or rescuing 
of condemned, discarded, or abandoned property, and of materials contained therein, 
for reuse, refabrication, or scrapping. (JP 4-0) 


sanction enforcement — Operations that employ coercive measures to control the 
movement of certain types of designated items into or out of a nation or specified area. 
(JP 3-0) 


scheduled target — Planned target upon which fires or other actions are scheduled for 
prosecution at a specified time. See also planned target; target. (JP 3-60) 


schedule of fire — Groups or series of fires that are fired in a definite sequence according 
to a definite program. (JP 3-09) 


scheme of fires — The detailed, logical sequence of targets and fire support events to find 
and engage targets to support the commander’s objectives. (JP 3-09) 


scheme of maneuver — The central expression of the commander’s concept for operations 
that governs the development of supporting plans or annexes of how arrayed forces will 
accomplish the mission. (JP 5-0) 


scientific and technical intelligence — The product resulting from the collection, 
evaluation, analysis, and interpretation of foreign scientific and technical information 
that covers: a. foreign developments in basic and applied research and in applied 
engineering techniques; and b. scientific and technical characteristics, capabilities, and 
limitations of all foreign military systems, weapons, weapon systems, and materiel; the 
research and development related thereto; and the production methods employed for 
their manufacture. Also called S&TI. See also intelligence; technical intelligence. 
(JP 2-01) 


screening — In intelligence, the evaluation of an individual or a group of individuals to 
determine their potential to answer collection requirements or to identify individuals 
who match a predetermined source profile coupled with the process of identifying and 
assessing the areas of knowledge, cooperation, and possible approach techniques for an 
individual who has information of intelligence value. (JP 2-01.2) 
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sea areas — Areas in the amphibious objective area designated for the stationing of 
amphibious task force ships. See also amphibious objective area; fire support area; 
inner transport area; sea echelon area. (JP 3-02) 


seabasing — The deployment, assembly, command, projection, reconstitution, sustainment, 
and re-employment of joint power from the sea without reliance on land bases within 
the operational area. See also amphibious operation. (JP 3-02) 


sea control operations — The employment of forces to destroy enemy naval forces, 
suppress enemy sea commerce, protect vital sea lanes, and establish local military 
superiority in vital sea areas. See also land control operations. (JP 3-32) 


sea echelon — A portion of the amphibious warfare ships or other ships that withdraws from 
or remains out of the transport area during an amphibious landing and operates in 
designated areas to seaward in an on-call or unscheduled status. (JP 3-02) 


sea echelon area — In amphibious operations, an area to seaward of a transport area from 
which ships are phased into the transport area and to which ships withdraw from the 
transport area. (JP 3-02) 


sea echelon plan — In amphibious operations, the distribution plan for amphibious shipping 
in the transport area to minimize losses due to enemy attack and to reduce the area to be 
swept of mines. See also amphibious operation. (JP 3-02) 


SEAL delivery vehicle team — United States Navy forces organized, trained, and equipped 
to conduct special operations with SEAL delivery vehicles, dry deck shelters, and other 
submersibles. (JP 3-05) 


sealift enhancement features — Special equipment and modifications that adapt merchant- 
type dry cargo ships and tankers to specific military missions. Also called SEFs. See 
also Military Sealift Command; Ready Reserve. (JP 3-36) 


SEAL team — United States Navy forces organized, trained, and equipped to conduct 
special operations with an emphasis on maritime, coastal, and riverine environments. 
(JP 3-05) 


search — A systematic reconnaissance of a defined area, so that all parts of the area have 
passed within visibility. (JP 3-50) 


search and rescue — The use of aircraft, surface craft, submarines, and specialized rescue 
teams and equipment to search for and rescue distressed persons on land or at sea in a 
permissive environment. Also called SAR. See also combat search and rescue; 
isolated personnel; joint personnel recovery center; personnel recovery 
coordination cell. (JP 3-50) 


search and rescue numerical encryption grid — A predesignated ten-letter word without 


repeated letters used exclusively by recovery forces or isolated personnel to encrypt 
numerical data such as position, time, and/or headings in a covert manner. (JP 3-50) 
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search and rescue point — A predesignated specific location, relative to which isolated 
personnel provide their position to recovery forces. Also called SARDOT. (JP 3-50) 


search and rescue region — An area of defined dimensions, recognized by the International 
Civil Aviation Organization, International Maritime Organization, or other cognizant 
international body, and associated with a rescue coordination center within which search 
and rescue services are provided. (JP 3-50) 


sea state — A scale that categorizes the force of progressively higher seas by wave height. 
(JP 4-01.6) 


secondary loads — Unit equipment, supplies, and major end items that are transported in 
the beds of organic vehicles. (JP 3-02) 


section — A subdivision of an office, installation, territory, works, or organization; 
especially a major subdivision of a staff. (JP 3-33) 


sector air defense commander — Commander, subordinate to an area/regional air defense 
commander, who is responsible for air and missile defenses in the assigned sector, and 
exercises authorities delegated by the area/regional air defense commander. Also called 
SADC. (JP 3-01) 


security — 1. Measures taken by a military unit, activity, or installation to protect itself 
against all acts designed to, or which may, impair its effectiveness. (JP 3-10) 2. A 
condition that results from the establishment and maintenance of protective measures 
that ensure a state of inviolability from hostile acts or influences. (JP 3-10) 3. With 
respect to classified matter, the condition that prevents unauthorized persons from 
having access to official information that is safeguarded in the interests of national 
security. See also national security. (JP 2-0) 


security assistance — Group of programs authorized by the Foreign Assistance Act of 1961, 
as amended; the Arms Export Control Act of 1976, as amended; or other related statutes 
by which the United States provides defense articles, military training, and other 
defense-related services by grant, lease, loan, credit, or cash sales in furtherance of 
national policies and objectives, and those that are funded and authorized through the 
Department of State to be administered by Department of Defense/Defense Security 
Cooperation Agency are considered part of security cooperation. Also called SA. See 
also security cooperation. (JP 3-20) 


security clearance — An administrative determination by competent authority that an 
individual is eligible for access to classified information. (JP 1-0) 


security cooperation — All Department of Defense interactions with foreign security 
establishments to build security relationships that promote specific United States 
security interests, develop allied and partner nation military and security capabilities for 
self-defense and multinational operations, and provide United States forces with 
peacetime and contingency access to allied and partner nations. Also called SC. See 
also security assistance. (JP 3-20) 


191 


Terms and Definitions 


security cooperation organization — A Department of Defense element that is part of the 
United States diplomatic mission located in a foreign country to carry out security 
assistance and cooperation management functions under the supervision and 
coordination authority of the senior defense official/defense attaché. Also called SCO. 
(JP 3-20) 


security force assistance — The Department of Defense activities that support the 
development of the capacity and capability of foreign security forces and their 
supporting institutions. Also called SFA. (JP 3-20) 


security forces — Duly constituted military, paramilitary, police, and constabulary forces 
of a state. (JP 3-22) 


security review — The process of reviewing information and products prior to public release 
to ensure the material will not jeopardize ongoing or future operations. See also 
security. (JP 3-61) 


security sector reform — A comprehensive set of programs and activities undertaken by a 
host nation to improve the way it provides safety, security, and justice. Also called SSR. 
(JP 3-07) 


security service — Entity or component of a foreign government charged with responsibility 
for counterespionage or internal security functions. (JP 2-01.2) 


segregation — In detainee operations, the removal of a detainee from other detainees and 
their environment for legitimate purposes unrelated to interrogation, such as when 
necessary for the movement, health, safety, and/or security of the detainee, the detention 
facility, or its personnel. (JP 3-63) 


seize — To employ combat forces to occupy physically and to control a designated area. 
(JP 3-18) 


seizures — In counterdrug operations, includes drugs and conveyances seized by law 
enforcement authorities and drug-related assets confiscated based on evidence that they 
have been derived from or used in illicit narcotics activities. See also counterdrug 
operations; law enforcement agency. (JP 3-07.4) 


Selected Reserve — Those units and individuals within the Ready Reserve designated by 
their respective Services and approved by the Joint Chiefs of Staff as so essential to 
initial wartime missions that they have priority over all other reserves. See also Ready 
Reserve. (JP 4-05) 


selective identification feature — A capability that, when added to the basic identification 
friend or foe system, provides the means to transmit, receive, and display selected coded 
replies. (JP 3-52) 


selective loading — The arrangement and stowage of equipment and supplies aboard ship 
in a manner designed to facilitate issues to units. (JP 3-02) 
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selective off-loading — The capability to access and off-load vehicles, supplies, and 
equipment without having to conduct a major reconfiguration or total off-load, which is 
influenced by the number and types of ships allocated and the space made available for 
the embarkation of the landing force. (JP 3-02) 


selective unloading — In an amphibious operation, the controlled unloading from 
amphibious warfare ships, and movement ashore, of specific items of cargo at the 
request of the landing force commander. (JP 3-02) 


semipermanent contingency location — A contingency location that provides support for 
a prolonged contingency operation and characterized by enhanced infrastructure and 
support services consistent with sustained operations. (JP 4-04) 


senior airfield authority —An individual designated by the joint force commander 
responsible for the control, operation, and maintenance of an airfield, to include the 
runways, associated taxiways, parking ramps, land, and facilities whose proximity 
directly affects airfield operations. Also called SAA. (JP 3-36) 


senior contracting official — The staff official designated by a Service head of a contracting 
activity to execute theater support contracting authority for a specific command and/or 
operational area. Also called SCO. (JP 4-10) 


senior meteorological and oceanographic officer — Meteorological and oceanographic 
officer responsible for assisting the combatant commander and staff in developing and 
executing operational meteorological and oceanographic service concepts in support of 
a designated joint force. Also called SMO. See also meteorological and 
oceanographic. (JP 3-59) 


sensitive — An agency, installation, person, position, document, material, or activity 
requiring special protection from disclosure that could cause embarrassment, 
compromise, or threat to the security of the sponsoring power. (JP 2-01) 


sensitive compartmented information — All information and materials bearing special 
community controls indicating restricted handling within present and future community 
intelligence collection programs and their end products for which community systems 
of compartmentation have been or will be formally established. Also called SCI. 
(JP 2-01) 


sensitive compartmented information facility — An accredited area, room, group of 
rooms, or installation where sensitive compartmented information may be stored, used, 
discussed, and/or electronically processed, where procedural and physical measures 
prevent the free access of persons unless they have been formally indoctrinated for the 
particular sensitive compartmented information authorized for use or storage within the 
sensitive compartmented information facility. Also called SCIF. See also sensitive 
compartmented information. (JP 2-01) 
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sensitive site —A geographically limited area that contains, but is not limited to, adversary 
information systems, war crimes sites, critical government facilities, and areas suspected 
of containing high-value targets. (JP 3-31) 


sequel — The subsequent operation or phase based on the possible outcomes of the current 
operation or phase. See also branch. (JP 5-0) 


serial — 1. An element or a group of elements within a series that is given a numerical or 
alphabetical designation for convenience in planning, scheduling, and control. 2. A 
group of people, vehicles, equipment, or supplies used in airborne, air assault, 
amphibious operations, and convoys. (JP 3-02) 


serial assignment table — A table that is used in amphibious operations and shows the serial 
number, the title of the unit, and the approximate number of personnel; the material, 
vehicles, or equipment in the serial; the number and type of landing craft and/or 
amphibious vehicles required to boat the serial; and the ship on which the serial is 
embarked. (JP 3-02) 


Service-common — Equipment, material, supplies, and services including base operating 
support adopted by a Service to support its own forces and those assigned to the 
combatant commands. See also special operations-peculiar. (JP 3-05) 


Service component command — A command consisting of the Service component 
commander and all those Service forces, such as individuals, units, detachments, 
organizations, and installations under that command, including the support forces that 
have been assigned to a combatant command or further assigned to a subordinate unified 
command or joint task force. See also component; functional component command. 
(JP 1) 


Service-organic transportation asset — Transportation asset that is assigned to a Military 
Department. (JP 4-01) 


Service-unique container — Any 20- or 40-foot International Organization for 
Standardization container procured or leased by a Service to meet Service-unique 
requirements. See also component-owned container. (JP 4-09) 


sexual assault forensic examination kit — The medical and forensic examination kit used 
to ensure controlled procedures and safekeeping of any bodily specimens in a sexual 
assault case. Also called SAFE kit. (JP 1-0) 


Sexual Assault Prevention and Response Program — A Department of Defense program 
for the Military Departments and Department of Defense components that establishes 
sexual assault prevention and response policies to be implemented worldwide. Also 
called SAPR Program. (JP 1-0) 


sexual assault response coordinator — The single point of contact at an installation or 


within a geographic area who overseas sexual assault awareness, prevention, and 
response. Also called SARC. (JP 1-0) 
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shelter — An International Organization for Standardization container outfitted with live- or 
work-in capability. (JP 4-09) 


shielding — 1. Material of suitable thickness and physical characteristics used to protect 
personnel from radiation during the manufacture, handling, and transportation of 
fissionable and radioactive materials. 2. Obstructions that tend to protect personnel or 
materials from the effects of a nuclear explosion. (JP 3-11) 


ship-to-shore movement — That portion of the action phase of an amphibious operation 
that includes the deployment of the landing force from ships to designated landing areas. 
(JP 3-02) 


shoot-look-shoot — A firing doctrine in which the result of the first intercept attempt is 
assessed prior to the launch of a subsequent interceptor. Also called SLS. (JP 3-01) 


shore fire control party — A specially trained unit that controls naval gunfire in support of 
troops ashore. Also called SFCP. (JP 3-09) 


shore party — A task organization of the landing force, formed for the purpose of 
facilitating the landing and movement off the beaches of troops, equipment, and 
supplies; for the evacuation from the beaches of casualties and enemy prisoners of war; 
and for facilitating the beaching, retraction, and salvaging of landing ships and craft. 
Also called beach group. See also beachmaster unit; beach party; naval beach 
group. (JP 3-02) 


shortfall — The lack of forces, equipment, personnel, materiel, or capability, reflected as 
the difference between the resources identified as a plan requirement and those 
quantities identified as apportioned for planning that would adversely affect the 
command’s ability to accomplish its mission. (JP 5-0) 


short-range air defense engagement zone — In air and missile defense, that airspace of 
defined dimensions within which the responsibility for engagement of air and missile 
threats normally rests with short-range air defense weapons, and may be established 
within a low- or high-altitude missile engagement zone. Also called SHORADEZ. 
(JP 3-01) 


short-range ballistic missile — A ballistic missile with a range capability between 300-600 
nautical miles. Also called SRBM. (JP 3-01) 


show of force — An operation planned to demonstrate United States resolve that involves 
increased visibility of United States deployed forces in an attempt to defuse a specific 
situation that, if allowed to continue, may be detrimental to United States interests or 
national objectives. (JP 3-0) 


signal operating instructions — A series of orders issued for technical control and 


coordination of the signal communication activities of a command. Also called SOI. 
(JP 6-0) 
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This operation prepares the equation by factoring (par. 89) can be used only occa- 
for the addition of a quantity to both sionally. However, any quadratic equation can 
sides of the equation that will make be solved by the method of completing the 
the left-hand side a perfect square.  S4auare (par. 90)—the method used to derive the 
This quantity is obtained by dividing quadratic formula (par. 91). This method is 
the coefficient of the x term by 2, and unnecessary, however, when the values for a, 5, 
squaring the quotient. Since the tae and c for any quadratic equation can be substi- 


. _ —b + VP — tae 
efficient of the x term is 2 , the quan- tuted in the formula 2 = 2a 
tity to be added to both sides of the Example 1; Solve the equation 2z% —6z + 3 
equation is ey, or sa ; = 0 by using the quadratic formula. 
be 2x? — 64 +3=0 
(3) Add —— to both sides of the equation. a-—2;b=—-6;c=3 
4a? 
ba b2 b2 C Substituting in the formula: 
m+ Gg + tat = tat ~ a i. =e 
a 
(4) Factor the left-hand side of the equa- _ (6) +. AGG 
tion, and add the fraction on the right- a (6) = VI — OE + 
hand side. 6+ VB 
b b? — 4ac = 
(f+ 50) =a 4 
2a 4a? 348 
(5) Take the square root of both sides of =z 


the equation. 34 5 3— 5 
24 4 Ve Thus, « = 5 ort = —_ 
2a 2a 343 
Check: « = ig = 
(6) Subtract -2. from both sides of the 


equation. 2 = ae = 2.866 
= _ oO ie sad Vb? — 4ac ° ° . . 4 
2a 2a Substituting in the equation: 
(7) Collect the terms on the right-hand 2(2.366)? — 6(2.366) + 3 = 0 
side of the equation. 11.20 — 14.204 3=0 
re —b + \/b? — dae 14.20 —- 14.20 = 0 
2a 
This equation is known as the quad- — s—vs 
ratic formula. The two roots of any 
quadratic equation can be obtained by a = B12 634 
substituting in the formula the par- 2 
ticular values of a, b, and c. Substituting in the equation: 
2(.634)2 — 6(.684) +3=—0 
92. Solution by the Quadratic Formula 2(.40) —3.80+38=0 
In practical problems, pure quadratic equa- 3.80 — 3.80 = 0 


tions. (par. 88) are seldom found, and solution 
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signals intelligence — 1. A category of intelligence comprising either individually or in 
combination all communications intelligence, electronic intelligence, and foreign 
instrumentation signals intelligence, however transmitted. 2. Intelligence derived from 
communications, electronic, and foreign instrumentation signals. Also called SIGINT. 
See also communications intelligence; electronic intelligence; foreign 
instrumentation signals intelligence; intelligence. (JP 2-0) 


signals intelligence operational tasking authority — A military commander’s authority to 
operationally direct and levy signals intelligence requirements on designated signals 
intelligence resources; includes authority to deploy and redeploy all or part of the signals 
intelligence resources for which signals intelligence operational tasking authority has 
been delegated. Also called SOTA. (JP 2-01) 


significant wave height — The average height of the third of waves observed during a given 
period of time. See also surf zone. (JP 4-01.6) 


simultaneous engagement — The concurrent engagement of hostile targets by combination 
of interceptor aircraft and surface-to-air missiles. (JP 3-01) 


single-anchor leg mooring — A mooring facility dedicated to the offshore petroleum 
discharge system, which permits a tanker to remain on station and pump in much higher 
sea states than is possible with a spread moor. Also called SALM. See also offshore 
petroleum discharge system. (JP 4-01.6) 


single manager— A Military Department or agency designated by the Secretary of Defense 
to manage specified commodities or common service activities on a Department of 
Defense-wide basis. (JP 4-01) 


single port manager — The transportation component, designated by the Department of 
Defense through the United States Transportation Command, responsible for 
management of all common-user aerial and seaports worldwide. Also called SPM. See 
also transportation component command. (JP 4-01.5) 


single-service manager — A Service component commander who is assigned the 
responsibility and delegated the authority to coordinate and/or perform specified 
personnel support or personnel service support functions in the theater of operations. 
See also component. (JP 1-0) 


site exploitation — A series of activities to recognize, collect, process, preserve, and analyze 
information, personnel, and/or materiel found during the conduct of operations. Also 
called SE. (JP 3-31) 


situation report — A report giving the situation in the area of a reporting unit or formation. 
Also called SITREP. (JP 3-50) 


situation template — A depiction of assumed adversary dispositions, based on that 
adversary’s preferred method of operations and the impact of the operational 
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environment if the adversary should adopt a particular course of action. See also 
adversary template; course of action. (JP 2-01.3) 


sociocultural analysis — The analysis of adversaries and other relevant actors that integrates 
concepts, knowledge, and understanding of societies, populations, and other groups of 
people, including their activities, relationships, and perspectives across time and space 
at varying scales. Also called SCA. (JP 2-0) 


sociocultural factors — The social, cultural, and behavioral factors characterizing the 
relationships and activities of the population of a specific region or operational 
environment. (JP 2-01.3) 


solatium — Monetary compensation given in areas where it is culturally appropriate to 
alleviate grief, suffering, and anxiety resulting from injuries, death, and property loss 
with a monetary payment. (JP 3-80) 


sortie — In air operations, an operational flight by one aircraft. (JP 3-30) 


sortie allotment message — The means by which the joint force commander allots excess 
sorties to meet requirements of subordinate commanders that are expressed in their air 
employment and/or allocation plan. Also called SORTIEALOT. (JP 3-30) 


source — 1. A person, thing, or activity from which information is obtained. 2. In 
clandestine activities, a person (agent), normally a foreign national, in the employ of an 
intelligence activity for intelligence purposes. 3. In interrogation activities, any person 
who furnishes information, either with or without the knowledge that the information is 
being used for intelligence purposes. See also agent; collection agency. (JP 2-01) 


source management — The process to register and monitor the use of sources involved in 
counterintelligence and human intelligence operations to protect the security of the 
operations and avoid conflicts among operational elements. (JP 2-01.2) 


source registry — A source record or catalogue of leads and sources acquired by collectors 
and centralized for management, coordination, and deconfliction of source operations. 
(JP 2-01.2) 


source zone — In counterdrug operations, an identified geographic area for growing and/or 
the primary processing of the agricultural/synthetic components for illicit drugs, and 
where the trafficking process begins. (JP 3-07.4) 


space asset — Equipment that is an individual part of a space system, which is or can be 
placed in space or directly supports space activity terrestrially. (JP 3-14) 


space assignment — An assignment to the individual Military Departments/Services by the 
appropriate transportation operating agency of movement capability, which completely 
or partially satisfies the stated requirements of the Military Departments/Services for 
the operating month and that has been accepted by them without the necessity for 
referral to the Joint Transportation Board for allocation. (JP 4-01) 
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space capability — 1. The ability of a space asset to accomplish a mission. 2. The ability 
of a terrestrial-based asset to accomplish a mission in or through space. 3. The ability 
of a space asset to contribute to a mission from seabed to the space domain. See also 
space asset. (JP 3-14) 


space control — Operations to ensure freedom of action in space for the United States and 
its allies and deny a threat freedom of action in space. See also combat service support; 
combat support; negation. (JP 3-14) 


space coordinating authority — The responsibility to plan, integrate, and coordinate space 
operations. Also called SCA. (JP 3-14) 


space domain — The area surrounding Earth at altitudes of greater than or equal to 100 
kilometers above mean sea level. (JP 3-14) 


space environment — The environment corresponding to the space domain, where 
electromagnetic radiation, charged particles, and electric and magnetic fields are the 
dominant physical influences, and that encompasses the Earth’s ionosphere and 
magnetosphere, interplanetary space, and the solar atmosphere. (JP 3-59) 


space forces —The space and terrestrial systems, equipment, facilities, organizations, and 
personnel, or combination thereof, necessary to conduct space operations. See also 
national security. (JP 3-14) 


space situational awareness — The requisite foundational, current, and predictive 
knowledge and characterization of space objects and the operational environment upon 
which space operations depend. Also called SSA. (JP 3-14) 


space superiority — The degree of control in space of one force over any others that permits 
the conduct of its operations at a given time and place without prohibitive interference 
from terrestrial or space-based threats. (JP 3-14) 


space weather — The conditions and phenomena in space and specifically in the near-Earth 
environment that may affect space assets or space operations. See also space asset. 
(JP 3-59) 


special access program — A sensitive acquisition, intelligence, or operations and support 
program, that imposes need-to-know and access controls beyond those normally 
provided for access to classified information. Also called SAP. (JP 3-05) 


special cargo — Cargo that requires special handling or protection, such as pyrotechnics, 
detonators, watches, and precision instruments. (JP 4-01.5) 


special forces — United States Army forces organized, trained, and equipped to conduct 


special operations with an emphasis on unconventional warfare capabilities. Also called 
SF. (JP 3-05) 
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special forces group — The largest Army combat element for special operations consisting 
of command and control, special forces battalions, and a support battalion capable of 
long-duration missions. Also called SFG. (JP 3-05) 


specialization — An arrangement within an alliance wherein a member or group of members 
most suited by virtue of technical skills, location, or other qualifications assume(s) 
greater responsibility for a specific task or significant portion thereof for one or more 
other members. (JP 3-16) 


special mission unit — A generic term to represent an organization composed of operations 
and support personnel that is task-organized to perform highly classified activities. Also 
called SMU. (JP 3-05) 


special operations — Activities or actions requiring unique modes of employment, tactical 
techniques, equipment, and training often conducted in hostile, denied, or politically 
sensitive environments. (JP 3-05) 


special operations command and control element — A special operations element that is 
the focal point for the synchronization of special operations forces activities with 
conventional forces activities. Also called SOCCE. See also command and control; 
joint force special operations component commander; special operations; special 
operations forces. (JP 3-05) 


special operations forces — Those Active and Reserve Component forces of the Services 
designated by the Secretary of Defense and specifically organized, trained, and 
equipped to conduct and support special operations. Also called SOF. See also Air 
Force special operations forces; Army special operations forces; Navy special 
operations forces. (JP 3-05) 


special operations joint task force — A modular, tailorable, and scalable organization 
composed of forces from two or more Military Departments designed to provide 
command and control of integrated, capable, and enabled joint special operations forces, 
normally commanded by a flag or general officer. Also called SOJTF. (JP 3-05) 


special operations liaison element — A team provided by the joint force special operations 
component commander to coordinate, deconflict, and synchronize special operations air, 
surface, and subsurface operations with conventional air operations. Also called 
SOLE. See also joint force air component commander; joint force special 
operations component commander; special operations. (JP 3-05) 


special operations-peculiar — Equipment, material, supplies, and services required for 
special operations missions for which there is no Service-common requirement. See 
also Service-common; special operations. (JP 3-05) 


special operations task force — A scalable unit, normally of battalion size, in charge of the 
special operations element, organized around the nucleus of special operations forces 
and support elements. Also called SOTF. (JP 3-05) 
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special operations weather team — A task-organized team of Air Force special-tactics 
personnel, organized, trained, and equipped to collect critical environmental 
information from data-sparse areas. Also called SOWT. (JP 3-05) 


special reconnaissance — Reconnaissance and surveillance actions conducted as a special 
operation in hostile, denied, or diplomatically and/or politically sensitive 
environments to collect or verify information of strategic or operational significance, 
employing military capabilities not normally found in conventional forces. Also 
called SR. (JP 3-05) 


special tactics team — An Air Force task-organized element of special tactics that may 
include combat control, pararescue, tactical air control party, and special operations 
weather personnel. Also called STT. See also combat search and rescue; special 
operations; special operations forces; terminal attack control. (JP 3-05) 


specified combatant command — A command, normally composed of forces from a single 
Military Department, that has a broad, continuing mission, normally functional, and is 
established and so designated by the President through the Secretary of Defense with the 
advice and assistance of the Chairman of the Joint Chiefs of Staff. (JP 1) 


specified task — In the context of planning, a task that is specifically assigned to an 
organization by its higher headquarters. See also essential task; implied task. (JP 5-0) 


split-mission oriented protective posture — The concept of maintaining heightened 
protective posture only in those areas (or zones) that are contaminated, allowing 
personnel in uncontaminated areas to continue to operate in a reduced posture. Also 
called split-MOPP. (JP 3-11) 


spoke — The portion of the hub and spoke distribution system that refers to transportation 
mode operators responsible for scheduled delivery to a customer of the “hub”. See also 
distribution; distribution system; hub; hub and spoke distribution. (JP 4-09) 


spot — 1. To determine by observation, deviations of ordnance from the target for the 
purpose of supplying necessary information for the adjustment of fire. 2. To place ina 
proper location. 3. An approved shipboard helicopter landing site. See also ordnance. 
(JP 3-02) 


spot net — Radio communication net used by a spotter in calling fire. (JP 3-09.3) 


spot report — A concise narrative report of essential information covering events or 
conditions that may have an immediate and significant effect on current planning and 
operations that is afforded the most expeditious means of transmission consistent with 
requisite security. Also called SPOTREP. (Note: In reconnaissance and surveillance 
usage, spot report is not to be used.) (JP 3-09.3) 


spotter — A trained individual positioned to observe and report results of naval gunfire to 
the firing agency and who may also designate targets. (JP 3-09) 


200 


Terms and Definitions 


spreader bar — A device specially designed to permit the lifting and handling of containers 
or vehicles and breakbulk cargo. (JP 4-01.6) 


squadron — 1. An organization consisting of two or more divisions of ships or two or 
more divisions (Navy) or flights of aircraft. 2. The basic administrative aviation unit 
of the Army, Navy, Marine Corps, and Air Force. 3. Battalion-sized ground or 
aviation units. (JP 3-32) 


stability activities — Various military missions, tasks, and activities conducted outside the 
United States in coordination with other instruments of national power to maintain or 
reestablish a safe and secure environment and provide essential governmental services, 
emergency infrastructure reconstruction, and humanitarian relief. (JP 3-0) 


stabilized patient — A patient whose airway is secured, hemorrhage is controlled, shock 
treated, and fractures are immobilized. (JP 4-02) 


stable patient — A patient for whom no inflight medical intervention is expected but the 
potential for medical intervention exists. (JP 4-02) 


staff estimate — A continual evaluation of how factors in a staff section’s functional area 
support and impact the planning and execution of the mission. (JP 5-0) 


staff judge advocate — A judge advocate so designated in the Army, Air Force, or Marine 
Corps, and the principal legal advisor of a Navy, Coast Guard, or joint force command 
who is a judge advocate. Also called SJA. (JP 3-84) 


staging — Assembling, holding, and organizing arriving personnel, equipment, and 
sustaining materiel in preparation for onward movement. See also staging area. 
(JP 3-35) 


staging area — 1. Airborne — A general locality between the mounting area and the objective 
of an airborme expedition through which the expedition, or parts thereof, pass after 
mounting, for refueling; regrouping; and/or exercise, inspection, and redistribution of 
troops. (JP 3-35) 2. Other movements — A general locality established for the 
concentration of troop units and transient personnel between movements over the lines 
of communications. (JP 3-35) 3. In amphibious operations, one or more intervening 
ports for refueling, logistic support, emergency repairs, or final rehearsals. Also called 
SA. See also airborne; marshalling; staging. (JP 3-02) 


staging base — 1. An advanced naval base for the anchoring, fueling, and refitting of 
transports and cargo ships and for replenishment of mobile service squadrons. (JP 3-36) 
2. A landing and takeoff area with minimum servicing, supply, and shelter provided for 
the temporary occupancy of military aircraft during the course of movement from one 
location to another. (JP 3-18) 


stakeholder — In public affairs, an individual or group that is directly impacted by military 


operations, actions, and/or outcomes, and whose interests positively or negatively 
motivate them toward action. (JP 3-61) 
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standardization — The process by which the Department of Defense achieves the closest 
practicable cooperation among the Services and Department of Defense agencies for the 
most efficient use of research, development, and production resources, and agrees to 
adopt on the broadest possible basis the use of: a. common or compatible operational, 
administrative, and logistic procedures; b. common or compatible technical procedures 
and criteria; c. common, compatible, or interchangeable supplies, components, 
weapons, or equipment; and d. common or compatible tactical doctrine with 
corresponding organizational compatibility. (JP 4-02) 


standard operating procedure — A set of instructions applicable to those features of 
operations that lend themselves to a definite or standardized procedure without loss of 
effectiveness. Also called SOP; standing operating procedure. (JP 3-31) 


standard use Army aircraft flight route — Route established below the coordination level 
to facilitate the movement of Army aviation assets; it is normally located in the corps 
through brigade rear areas of operation and does not require approval by the airspace 
control authority. Also called SAAFR. (JP 3-52) 


Standby Reserve — Those units and members of the Reserve Component (other than those 
in the Ready Reserve or Retired Reserve) who are liable for active duty only, as provided 
in Title 10, United States Code, Sections 10151, 12301, and 12306. See also active 
duty; Ready Reserve; Reserve Component; Retired Reserve. (JP 4-05) 


standing rules for the use of force — Preapproved directives to guide United States forces 
on the use of force during various operations. Also called SRUF. (JP 3-28) 


stateless person — A person who is not considered as a national by any state under the 
operation of its law. See also dislocated civilian; displaced person; evacuee. 
(JP 3-29) 


station time — In air transport operations, the time at which crews, passengers, and cargo 
are to be on board and ready for the flight. (JP 3-36) 


status-of-forces agreement — A bilateral or multilateral agreement that defines the legal 
position of a visiting military force deployed in the territory of a friendly state. Also 
called SOFA. (JP 3-16) 


sterilizer — In mine warfare, a device included in mines to render the mine permanently 
inoperative on expiration of a pre-determined time after laying. (JP 3-15) 


stop-loss — Presidential authority under Title 10, United States Code, Section 12305, to 
suspend laws relating to promotion, retirement, or separation of any member of the 
Armed Forces of the United States determined essential to the national security of the 
United States, to include reservists if serving on active duty under Title 10, United States 
Code, authorities for Presidential Reserve Call-up, partial mobilization, or full 
mobilization. See also mobilization; partial mobilization; Presidential Reserve 
Call-up. (JP 4-05) 
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stowage — The placement of cargo into a hold or compartment or on a deck of a ship in such 
a way as to prevent damage from load shifts while the ship is underway. (JP 3-02) 


stowage factor — The number that expresses the space, in cubic feet, occupied by a long 
ton of any commodity as prepared for shipment, including all crating or packaging. 
(JP 3-36) 


stowage plan — A completed stowage diagram showing what materiel has been loaded and 
its stowage location in each hold, between-deck compartment, or other space in a ship, 
including deck space. (JP 4-01.5) 


strategic direction — The strategy and intent of the President, Secretary of Defense, and 
Chairman of the Joint Chiefs of Staff in pursuit of national interests. (JP 5-0) 


strategic estimate — The broad range of strategic factors that influence the commander’s 
understanding of the operational environment and the determination of missions, 
objectives, and courses of action. See also estimate. (JP 5-0) 


strategic guidance — The written products by which the President, Secretary of Defense, 
and Chairman of the Joint Chiefs of Staff provide strategic direction. (JP 5-0) 


strategic intelligence — Intelligence required for the formation of policy and military plans 
at national and international levels. See also intelligence; operational intelligence; 
tactical intelligence. (JP 2-01.2) 


strategic level of warfare — The level of warfare at which a nation, often as a member of a 
group of nations, determines national or multinational (alliance or coalition) strategic 
security objectives and guidance, then develops and uses national resources to achieve 
those objectives. See also operational level of warfare; tactical level of warfare. 
(JP 3-0) 


strategic mobility — The capability to deploy and sustain military forces worldwide in 
support of national strategy. (JP 4-01) 


strategic sealift — The afloat pre-positioning and ocean movement of military materiel in 
support of United States and multinational forces. (JP 4-01.5) 


strategy — A prudent idea or set of ideas for employing the instruments of national power 
in a synchronized and integrated fashion to achieve theater, national, and/or 
multinational objectives. (JP 3-0) 


strike — An attack to damage or destroy an objective or a capability. (JP 3-0) 


strike coordination and reconnaissance — A mission flown for the purpose of detecting 
targets and coordinating or performing attack or reconnaissance on those targets. Also 
called SCAR. (JP 3-03) 
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structured observation management — The framework for normalizing how geospatial 
intelligence observations from sensors and sources is captured, organized, and shared. 
Also called SOM. (JP 2-03) 


stuffing — Packing of cargo into a container. See also unstuffing. (JP 4-09) 


submarine operating authority — The naval commander exercising operational control of 
submarines. Also called SUBOPAUTH. (JP 3-32) 


subordinate campaign plan — A combatant command-prepared plan that satisfies the 
requirements under a Department of Defense campaign plan, which, depending upon 
the circumstances, transitions to a supported or supporting plan in execution. (JP 5-0) 


subordinate command — A command consisting of the commander and all those 
individuals, units, detachments, organizations, or installations that have been placed 
under the command by the authority establishing the subordinate command. (JP 1) 


subordinate unified command — A command established by commanders of unified 
commands, when so authorized by the Secretary of Defense through the Chairman of the 
Joint Chiefs of Staff, to conduct operations on a continuing basis in accordance with the 
criteria set forth for unified commands. See also functional component command; 
operational control; subordinate command; unified command. (JP 1) 


subsidiary landing — In an amphibious operation, a landing usually made outside the 
designated landing area. (JP 3-02) 


subversion — Actions designed to undermine the military, economic, psychological, or 
political strength or morale of a governing authority. See also unconventional warfare. 
(JP 3-24) 


supercargo — Personnel that accompany cargo on board a ship for the purpose of 
accomplishing en route maintenance and security. (JP 4-01.5) 


supplies — In logistics, all materiel and items used in the equipment, support, and 
maintenance of military forces. See also component; equipment. (JP 4-0) 


supply — The procurement, distribution, maintenance while in storage, and salvage of 
supplies, including the determination of kind and quantity of supplies. a. producer 
phase—That phase of military supply that extends from determination of procurement 
schedules to acceptance of finished supplies by the Services. b. consumer phase— 
That phase of military supply that extends from receipt of finished supplies by the 
Services through issue for use or consumption. (JP 4-0) 


supply chain — The linked activities associated with providing materiel from a raw materiel 


stage to an end user as a finished product. See also supply; supply chain risk 
management. (JP 4-09) 
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supply chain risk management — A cross-functional approach to procuring, producing, 
and delivering products and services to customers. Also called SCRM. See also 
supply; supply chain. (JP 4-09) 


supply support activity — Activities assigned a Department of Defense activity address 
code and that have a supply support mission. Also called SSA. (JP 4-09) 


support — The action of a force that aids, protects, complements, or sustains another force 
in accordance with a directive requiring such action. 2. A unit that helps another unit in 
battle. 3. An element of a command that assists, protects, or supplies other forces in 
combat. See also close support; direct support; general support; inter-Service 
support; mutual support. (JP 1) 


supported commander — 1. The commander having primary responsibility for all aspects 
of a task assigned by Chairman of the Joint Chiefs of Staff Instruction 3110.01J, (U) 
2015 Joint Strategic Capabilities Plan (JSCP), or other joint planning authority. 2. In 
the context of joint planning, the commander who prepares operation plans or operation 
orders in response to requirements of the Chairman of the Joint Chiefs of Staff. 3. In 
the context of a support command relationship, the commander who receives assistance 
from another commander’s force or capabilities, and who is responsible for ensuring 
that the supporting commander understands the assistance required. See also support; 
supporting commander. (JP 3-0) 


supported unit — As related to contracted support, an organization that is the recipient, but 
not necessarily the requester, of contracted support. See also requiring activity. 
(JP 4-10) 


supporting arms — Weapons and weapons systems of all types employed to support forces 
by indirect or direct fire. (JP 3-02) 


supporting arms coordination center — A single location on board an amphibious warfare 
ship in which all communication facilities incident to the coordination of fire support of 
the artillery, air, and naval gunfire are centralized. Also called SACC. See also fire 
support coordination center. (JP 3-09.3) 


supporting commander — 1. A commander who provides augmentation forces or other 
support to a supported commander or who develops a supporting plan. 2. In the context 
of a support command relationship, the commander who aids, protects, complements, 
or sustains another commander’s force and who is responsible for providing the 
assistance required by the supported commander. See also support; supported 
commander. (JP 3-0) 


supporting fire — Fire delivered by supporting units to assist or protect a unit in combat. 
(JP 3-09) 


supporting operations — In amphibious operations, those operations conducted by forces 


other than those conducted by the amphibious force. See also amphibious force; 
amphibious operation. (JP 3-02) 
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Example 2: Solve the equation 3x? + 52 — 2 
= 0 by using the quadratic formula. 


82? + 54 —2=—0 
a—3;b—5;¢——2 
Substituting in the formula: 


eo — et Ve — 400 
~ 2a 

ee wt —() 3) 
- (2) (3) 
_—5+7 
~ 6 


Thus, x = ; or x = —2. 


Check: 2 = 


Substituting in the equation: 


(ys) —8 


$42 _2=0 
x= —2 
Substituting in the equation: 
3(—2)2 + 5(—2) —2=0 
12— 10—2=0 
12— 12=—0 


93.. Character of the Roots 
a. The values for unknowns that are not 


56 


whole numbers or rational fractions are called 
irrational roots. A rational number is a number 
which can be expressed as the ratio of two 
integers. For example, 9, i, 3 and \/16 are 
rational numbers. Any whole number is rational 
since it is the quotient of itself and unity; thus, 
9 = 2. Numbers such as z and ; are often 
referred to as rational fractions. A radical is 
rational if it can be expressed as the quotient of 
two whole numbers. Thus 1/16 is rational since 
Vi6é=4= ‘ . A number such as \/3 which 
eannot be written as the ratio of two whole 
numbers is called irrational. Rational and irra- 
tional numbers, taken together, make up the 
system of real numbers. Any number, such as 
3 + \/3, which contains a radical sign that can- 
not be removed also is considered irrational. 
Roots of quadratic equations are real if a minus 
sign does not occur under a radical. For exam- 
ple, x = 5 is a real root—roots such as x = 


SE or x= ive are real, but irrational. 
b. One important fact to be remembered 
when using the quadratic formula is that the 
expression under the radical sign, b? — 4ac, 
must be regarded as a whole before the square 
root can be taken. The quantity b? — 4ac is 
called the discriminant of the quadratic equa- 
tion. Many things can be learned about a quad- 
ratic equation merely by inspecting the dis- 
criminant. If the value of the discriminant is 
positive, real roots will be obtained when the 
equation is solved.. These roots are either ra- 
tional or irrational—rational when the dis- 
criminant is a perfect square, irrational when 
it is not. The roots are-equal only when the 
value of 6? — 4ac is zero. When b? — 4ac is 
negative, the square root will be that of a nega- 
tive number and the roots will be imaginary. 
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supporting plan — An operation plan prepared by a supporting commander, a subordinate 
commander, or an agency to satisfy the requests or requirements of the supported 
commander’s plan. See also supported commander; supporting commander. 
(JP 5-0) 


suppression — Temporary or transient degradation by an opposing force of the performance 
of a weapons system below the level needed to fulfill its mission objectives. (JP 3-01) 


suppression of enemy air defenses — Activity that neutralizes, destroys, or temporarily 
degrades surface-based enemy air defenses by destructive and/or disruptive means. 
Also called SEAD. See also electromagnetic warfare. (JP 3-01) 


surface action group — A temporary or standing organization of combatant ships, other 
than carriers, tailored for a specific tactical mission. Also called SAG. See group; 
mission. (JP 3-32) 


surface combatant — A ship designed to engage in attacks against airborne, surface, 
subsurface, and shore targets. (JP 3-32) 


surface warfare — That portion of maritime warfare in which operations are conducted to 
destroy or neutralize enemy naval surface forces and merchant vessels. Also called 
SUW. (JP 3-32) 


surf line — The point offshore where waves and swells are affected by the underwater 
surface and become breakers. (JP 4-01.6) 


surf zone — The area of water from the surf line to the beach. See also surf line. 
(JP 4-01.6) 


surveillance — The systematic observation of aerospace, cyberspace, surface, or subsurface 
areas, places, persons, or things by visual, aural, electronic, photographic, or other 
means. (JP 3-0) 


survivability — All aspects of protecting personnel, weapons, and supplies while 
simultaneously deceiving the enemy. (JP 3-34) 


survival, evasion, resistance, and escape — Actions performed by isolated personnel 
designed to ensure their health, mobility, safety, and honor in anticipation of or 
preparation for their return to friendly control. Also called SERE. (JP 3-50) 


suspect — 1. In counterdrug operations, a track of interest where correlating information 
actually ties the track of interest to alleged illicit drug operations. See also counterdrug 
operations; track of interest. 2. An identity applied to a track that is potentially hostile 
because of its characteristics, behavior, origin, or nationality. See also assumed friend; 
neutral; unknown. (JP 3-07.4) 


sustainment — The provision of logistics and personnel services required to maintain and 
prolong operations until successful mission accomplishment. (JP 3-0) 
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sustainment, restoration, and modernization — The fuels asset sustainment program 
within Defense Logistics Agency Energy that provides a long-term process to cost- 
effectively sustain, restore, and modernize fuel facilities. Also called SRM. (JP 4-03) 


synchronization — 1. The arrangement of military actions in time, space, and purpose to 
produce maximum relative combat power at a decisive place and time. 2. In the 
intelligence context, application of intelligence sources and methods in concert with the 
operation plan to answer intelligence requirements in time to influence the decisions 
they support. (JP 2-0) 


synthesis — In intelligence usage, the examining and combining of processed information 
with other information and intelligence for final interpretation. (JP 2-0) 


system — A functionally, physically, and/or behaviorally related group of regularly 
interacting or interdependent elements; that group of elements forming a unified whole. 
(JP 3-0) 


systems support contract — A prearranged contract awarded by a Military Department and 
the United States Special Operations Command program management office that 
provides fielding, technical, and maintenance support for selected military weapon and 
other systems. See also external support contract; theater support contract. 
(JP 4-10) 
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Intentionally Blank 
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table of allowance — An equipment allowance document that prescribes basic allowances 
of organizational equipment and provides the control to develop, revise, or change 
equipment authorization inventory data. Also called TOA. (JP 4-09) 


TABOO frequencies — Any friendly frequency of such importance that it must never be 
deliberately jammed or interfered with by friendly forces including international 
distress, safety, and controller frequencies. See also electromagnetic warfare. 
(JP 3-85) 


tactical air control party — A subordinate operational component of a tactical air control 
system designed to provide air liaison to land forces and for the control of aircraft. Also 
called TACP. (JP 3-09.3) 


tactical air coordinator (airborne) — An aircrew member who coordinates, from an 
aircraft, the actions of other aircraft engaged in air support of ground or sea forces. Also 
called TAC(A). See also forward observer. (JP 3-09.3) 


tactical air direction center — An air operations installation, under the overall control of 
the Navy tactical air control center or the Marine tactical air command center, from which 
aircraft and air warning service functions of tactical air operations in support of 
amphibious operations are directed. Also called TADC. (JP 3-09.3) 


tactical air operations center — The principal air control agency of the United States 
Marine Corps air command and control system responsible for airspace control and 
management. Also called TAOC. (JP 3-09.3) 


tactical assembly area — An area that is generally out of the reach of light artillery and the 
location where units make final preparations (pre-combat checks and inspections) and 
rest, prior to moving to the line of departure. See also line of departure. (JP 3-35) 


tactical combat casualty care — A set of trauma management guidelines focused on the 
most common causes of preventable deaths resulting from hostile action or terrorist 
activity. Also called TCCC. (JP 4-02) 


tactical combat force — A rapidly deployable, air-ground, mobile combat unit with 
appropriate combat support and combat service support assets assigned to, and capable 
of, defeating Level III threats, including combined arms. Also called TCF. (JP 3-10) 


tactical control — The authority over forces that is limited to the detailed direction and 
control of movements or maneuvers within the operational area necessary to accomplish 
missions or tasks assigned. Also called TACON. See also combatant command; 
combatant command (command authority); operational control. (JP 1) 


tactical data link — A Joint Staff-approved, standardized communication link used for 
the transmission of digital information via a single or multiple network architecture 
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and multiple communication media for exchange of tactical information. Also called 
TDL. (JP 6-0) 


tactical exploitation of national capabilities — Congressionally mandated program to 
improve the combat effectiveness of the Services through more effective military use of 
national programs. Also called TENCAP. (JP 2-01) 


tactical intelligence — Intelligence required for the planning and conduct of tactical 
operations. See also intelligence. (JP 2-01.2) 


tactical level of warfare — The level of warfare at which battles and engagements are 
planned and executed to achieve military objectives assigned to tactical units or task 
forces. See also operational level of warfare; strategic level of warfare. (JP 3-0) 


tactical-logistical group — Representatives designated by troop commanders to assist 
Navy control officers aboard control ships in the ship-to-shore movement of troops, 
equipment, and supplies. Also called TACLOG group. (JP 3-02) 


tactical minefield — A minefield that is employed to directly attack enemy maneuver as 
part of a formation obstacle plan and is laid to delay, channel, or break up an enemy 
advance, giving the defending element a positional advantage over the attacker. 
(JP 3-15) 


tactical obstacle — An obstacle employed to disrupt enemy formations, to turn them into a 
desired area, to fix them in position under direct and indirect fires, or to block enemy 
penetrations. (JP 3-15) 


tactical questioning — The field-expedient initial questioning for information of immediate 
tactical value of a captured or detained person at or near the point of capture and before 
the individual is placed in a detention facility. Also called TQ. (JP 3-63) 


tactical recovery of aircraft and personnel — A Marine Corps mission performed by an 
assigned and briefed aircrew for the specific purpose of the recovery of personnel, 
equipment, and/or aircraft when the tactical situation precludes search and rescue assets 
from responding and when survivors and their location have been confirmed. Also 
called TRAP. (JP 3-50) 


tactical reserve — A part of a force held under the control of the commander as a 
maneuvering force to influence future action. (JP 3-02) 


tactics — The employment and ordered arrangement of forces in relation to each other. See 
also procedures; techniques. (CJCSM 5120.01) 


target — An entity or object that performs a function for the threat considered for possible 
engagement or other action. See also objective area. (JP 3-60) 
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target acquisition — The detection, identification, and location of a target in sufficient detail 
to permit the effective employment of capabilities that create the required effects. Also 
called TA. See also target analysis. (JP 3-60) 


target analysis — An examination of potential targets to determine military importance, 
priority of engagement, and capabilities required to create a desired effect. See also 
target acquisition. (JP 3-60) 


target area of interest — The geographical area where high-value targets can be acquired 
and engaged by friendly forces. Also called TAI. See also area of interest; high-value 
target; target. (JP 2-01.3) 


target audience — An individual or group selected for influence. Also called TA. (JP 3-13) 


target component — A set of targets within a target system performing a similar function. 
See also target. (JP 3-60) 


target development — The systematic examination of potential target systems—and their 
components, individual targets, and even elements of targets—to determine the 
necessary type and duration of the action that must be exerted on each target to create 
an effect that is consistent with the commander’s specific objectives. (JP 3-60) 


targeteer — An individual who has completed requisite training and guides the joint 
targeting cycle in their current duties. (JP 3-60) 


target element — A specific feature or part of a target that enables it to function and, which 
if engaged, may create specific effects on that target. (JP 3-60) 


target folder — A folder, hardcopy or electronic, containing target intelligence and related 
materials prepared for planning and executing action against a specific target. See also 
target. (JP 3-60) 


target information center — The agency or activity responsible for collecting, displaying, 
evaluating, and disseminating information pertaining to potential targets. Also called 
TIC. See also target. (JP 3-02) 


targeting — The process of selecting and prioritizing targets and matching the appropriate 
response to them, considering operational requirements and capabilities. See also joint 
targeting coordination board; target. (JP 3-0) 


target intelligence — Intelligence that portrays and locates the components of a target or 
target complex and indicates its vulnerability and relative importance. See also target. 
(JP 3-60) 


target location error — The difference between the coordinates generated for a target and 
the actual location of the target. Also called TLE. (JP 3-09.3) 
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target materials — Graphic, textual, tabular, digital, video, or other presentations of target 
intelligence, primarily designed to support operations against designated targets by one 
or more weapon(s) systems. See also Air Target Materials Program. (JP 3-60) 


target nomination list — A prioritized list of targets drawn from the joint target list, or 
restricted target list, and nominated by component commanders, appropriate agencies, 
or the joint force commander’s staff for inclusion on the joint integrated prioritized 
target list. Also called TNL. See also candidate target list; joint integrated 
prioritized target list; target. (JP 3-60) 


target of opportunity — 1. A target identified too late, or not selected for action in time, to 
be included in deliberate targeting that, when detected or located, meets criteria specific 
to achieving objectives and is processed using dynamic targeting. 2. A target visible to 
a surface or air sensor or observer, which is within range of available weapons and 
against which fire has not been scheduled or requested. See also dynamic targeting; 
target; unanticipated target; unscheduled target. (JP 3-60) 


target reference point — A predetermined point of reference, normally a permanent 
structure or terrain feature that can be used when describing a target location. Also 
called TRP. (JP 3-09.3) 


target system — All the targets situated in a particular geographic area and functionally 
related or a group of targets that are so related that their destruction will produce some 
particular effect desired by the attacker. See also target. (JP 3-60) 


target system analysis — An all-source examination of potential target systems to 
determine relevance to stated objectives, military importance, and priority of attack. 
Also called TSA. (JP 3-60) 


target system assessment — The broad assessment of the overall impact and effectiveness 
of military force applied against the operation of an enemy target system, significant 
subdivisions of the system, or total combat effectiveness relative to the operational 
objectives established. See also target system. (JP 3-60) 


target system component — A related group of entities within a target system that perform 
or contribute toward a similar function. (JP 3-60) 


task — A clearly defined action or activity specifically assigned to an individual or 
organization that must be done as it is imposed by an appropriate authority. (JP 1) 


task element — A component of a naval task unit organized by the commander of a task 
unit or higher authority. (JP 3-32) 


task force — A component of a fleet organized by the commander of a task fleet or higher 
authority for the accomplishment of a specific task or tasks. Also called TF. (JP 3-32) 


task force counterintelligence coordinating authority —An individual in a joint force 
intelligence directorate, counterintelligence and human intelligence staff element, joint 
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task force configuration that coordinates counterintelligence activities with other 
supporting counterintelligence organizations and agencies to _ ensure full 
counterintelligence coverage of the task force operational area. Also called TFCICA. See 
also counterintelligence; counterintelligence activities; joint task force. (JP 2-01.2) 


task group — A component of a naval task force organized by the commander of a task 
force or higher authority. Also called TG. (JP 3-32) 


task order — Order for services placed against an established contract. See also civil 
augmentation program. (JP 4-10) 


task organization — An organization that assigns to responsible commanders the means 
with which to accomplish their assigned tasks in any planned action. (JP 3-33) 


task unit — A component of a naval task group organized by the commander of a task group 
or higher authority. Also called TU. (JP 3-32) 


tear line — A physical line on an intelligence message or document separating categories of 
information that have been approved for foreign disclosure and release. (JP 2-0) 


technical analysis — In imagery interpretation, the precise description of details appearing 
on imagery. (JP 2-03) 


technical assistance — The providing of advice, assistance, and training pertaining to the 
installation, operation, and maintenance of equipment. (JP 3-22) 


technical intelligence — Intelligence derived from the collection, processing, analysis, and 
exploitation of data and information pertaining to foreign equipment and materiel for 
the purposes of preventing technological surprise, assessing foreign scientific and 
technical capabilities, and developing countermeasures designed to neutralize an 
adversary’s technological advantages. Also called TECHINT. See also exploitation; 
intelligence. (JP 2-0) 


technical nuclear forensics — The collection, analysis and evaluation of pre-detonation 
(intact) and post-detonation (exploded) radiological or nuclear materials, devices, and 
debris, as well as the immediate effects created by a nuclear detonation. (JP 3-41) 


technical review authority — An organization tasked to provide specialized technical or 
administrative expertise to the lead agent, primary review authority, Joint Staff doctrine 
sponsor, or coordinating review authority for publications. Also called TRA. See also 
coordinating review authority; joint publication; primary review authority. 
(CJCSM 5120.01) 


technical surveillance countermeasures — Techniques to detect, neutralize, and exploit 
technical surveillance technologies and hazards that permit the unauthorized access to 
or removal of information. Also called TSCM. See also counterintelligence. 
(JP 2-01.2) 
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techniques — Non-prescriptive ways or methods used to perform missions, functions, or 
tasks. See also procedures; tactics. (CJCSM 5120.01) 


telecommunications — Any transmission, emission, or reception of various forms of 
information by wire, radio, visual, or other electromagnetic systems. (JP 6-0) 


telemedicine — Rapid access to shared and remote medical expertise by means of 
telecommunications and information technologies to deliver health services and 
exchange health information for the purpose of improving patient care. (JP 4-02) 


temporary contingency location — A locale that provides near-term support for a 
contingency operation and characterized by expedient infrastructure and support 
services that have been expanded beyond Service-organic capabilities. (JP 4-04) 


temporary interment — A site for the purpose of: a. the interment of the human remains if 
the circumstances permit or b. the reburial of human remains exhumed from an 
emergency interment. See also mortuary affairs. (JP 4-0) 


terminal — A facility designed to transfer cargo from one means of conveyance to another. 
See also facility. (JP 4-01.6) 


terminal attack control — The authority to control the maneuver of and grant weapons 
release clearance to attacking aircraft. Also called TAC. See also joint terminal attack 
controller. (JP 3-09.3) 


terminal control — 1. A type of air control with the authority to direct aircraft to maneuver 
into a position to deliver ordnance, passengers, or cargo to a specific location or target. 
2. Any electronic, mechanical, or visual control given to aircraft to facilitate target 
acquisition and resolution. See also terminal guidance. (JP 3-09.3) 


terminal guidance — 1. The guidance applied to a guided missile between midcourse 
guidance and arrival in the vicinity of the target. 2. Electronic, mechanical, visual, or 
other assistance given an aircraft pilot to facilitate arrival at, operation within or over, 
landing upon, or departure from an air landing or airdrop facility. See also terminal 
control. (JP 3-03) 


terminal guidance operations — Actions using electronic, mechanical, voice, or visual 
communications that provide approaching aircraft and/or weapons additional 
information regarding a specific target location. Also called TGO. (JP 3-09) 


terminal operations — The reception, processing, and staging of passengers; the receipt, 
transit, storage, and marshalling of cargo; the loading and unloading of modes of 
transport conveyances; and the manifesting and forwarding of cargo and passengers to 
destination. See also operation; terminal. (JP 4-01.5) 


terminal phase — That portion of the flight of a ballistic missile that begins when the 
warhead or payload reenters the atmosphere and ends when the warhead or payload 


214 


Terms and Definitions 


detonates, releases its submunitions, or impacts. See also boost phase; midcourse 
phase. (JP 3-01) 


termination criteria — The specified standards approved by the President and/or the 
Secretary of Defense that must be met before a military operation can be concluded. 
(JP 3-0) 


terrain analysis — The collection, analysis, evaluation, and interpretation of geographic 
information on the natural and man-made features of the terrain, combined with other 
relevant factors, to predict the effect of the terrain on military operations. (JP 2-03) 


terrain avoidance system — A system that provides the pilot or navigator of an aircraft 
with a situation display of the ground or obstacles so that the pilot can maneuver the 
aircraft to avoid the obstruction. (JP 3-50) 


terrain flight — Flight close to the Earth’s surface during which airspeed, height, and/or 
altitude are adapted to the contours and cover of the ground to avoid enemy detection 
and fire. Also called contour flight; low-level flight; nap-of-the-Earth flight. 
(JP 3-09.3) 


terrorism — The unlawful use of violence or threat of violence, often motivated by religious, 
political, or other ideological beliefs, to instill fear and coerce individuals, governments 
or societies in pursuit of terrorist goals.. See also antiterrorism; combating terrorism; 
counterterrorism; force protection condition. (JP 3-26) 


terrorism threat level — A Department of Defense intelligence threat assessment of the 
level of terrorist threat faced by United States personnel and interests in a foreign 
nation; the levels are expressed as LOW, MODERATE, SIGNIFICANT, and 
HIGH. (JP 3-26) 


theater — The geographical area for which a commander of a geographic combatant 
command has been assigned responsibility. (JP 1) 


theater antisubmarine warfare commander — A Navy commander assigned to develop 
plans and direct assigned and attached assets for the conduct of antisubmarine warfare 
within an operational area. Also called TASWC. (JP 3-32) 


theater Army — An echelon of command designated as the Army Service component 
command responsible for recommendations of allocation and employment of Army 
forces to the geographic combatant commander. Also called TA. (JP 3-31) 


theater-assigned transportation assets — Transportation assets that are assigned under the 
combatant command (command authority) of a geographic combatant commander. See 
also combatant command (command authority). (JP 4-01) 


theater detainee reporting center — The field operating agency of the National Detainee 
Reporting Center responsible for maintaining information on all detainees and their 
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personal property within a theater of operations or assigned area of operations. Also 
called TDRC. (JP 3-63) 


theater distribution — The flow of personnel, equipment, and materiel within theater to 
meet the geographic combatant commander’s missions. Also called TD. See also 
distribution; theater; theater distribution system. (JP 4-09) 


theater distribution system — The four independent and mutually supported networks 
within an area of responsibility to meet the geographic combatant commander’s 
requirements: the physical network, the financial network, the information network, and 
the communications network. See also distribution; distribution plan; distribution 
system; theater; theater distribution. (JP 4-01) 


theater hospitalization capability — Essential care and health service support capabilities 
to either return the patient to duty and/or stabilization to ensure the patient can tolerate 
evacuation to a definitive care facility outside the theater, which is known as Role 3 in 
North Atlantic Treaty Organization doctrine. (JP 4-02) 


theater of operations — An operational area defined by the geographic combatant 
commander for the conduct or support of specific military operations. Also called TO. 
See also theater of war. (JP 3-0) 


theater of war — Defined by the President, Secretary of Defense, or the geographic 
combatant commander as the area of air, land, and water that is, or may become, directly 
involved in the conduct of major operations and campaigns involving combat. See also 
area of responsibility; theater of operations. (JP 3-0) 


theater special operations command — A subordinate unified command established by a 
combatant commander to plan, coordinate, conduct, and support joint special 
operations. Also called TSOC. See also special operations. (JP 3-05) 


theater strategy — An overarching construct outlining a combatant commander’s vision for 
integrating and synchronizing military activities and operations with the other 
instruments of national power to achieve national strategic objectives. See also national 
military strategy; national security strategy; strategy. (JP 3-0) 


theater support contract — A type of contract awarded by contingency contracting officers 
in the operational area serving under the direct contracting authority of the Service 
component, United States Special Operations Command, or designated joint head of a 
contracting activity for the operation. See also external support contract; systems 
support contract. (JP 4-10) 


thermal crossover — The natural phenomenon that normally occurs twice daily when 


temperature conditions are such that there is a loss of contrast between two adjacent 
objects on infrared imagery. (JP 3-09.3) 
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thermal radiation — 1. The heat and light produced by a nuclear explosion. 2. 
Electromagnetic radiations emitted from a heat or light source as a consequence of its 
temperature. (JP 3-41) 


third-country national — A non-United States citizen who is working in, but not a resident 
of, the nation in which the United States is conducting operations. Also called TCN. 
(JP 4-10) 


thorough decontamination — Decontamination carried out by a unit to reduce 
contamination on personnel, equipment, materiel, and/or working areas equal to natural 
background or to the lowest possible levels, to permit the partial or total removal of 
individual protective equipment and to maintain operations with minimum degradation. 
See also immediate decontamination; operational decontamination. (JP 3-11) 


threat analysis — In antiterrorism, a continual process of compiling and examining all 
available information concerning activities by terrorist groups which could target a 
facility. See also antiterrorism. (JP 3-26) 


threat assessment — In antiterrorism, examining the capabilities, intentions, and activities, 
past and present, of terrorist organizations, as well as the security environment within 
which friendly forces operate to determine the level of threat. (JP 3-26) 


threat warning — The urgent communication and acknowledgement of time-critical 
information essential for the preservation of life and/or vital resources. (JP 2-01) 


throughput — 1. In transportation, the average quantity of cargo and passengers that can 
pass through a port on a daily basis from arrival at the port to loading onto a ship or 
plane, or from the discharge from a ship or plane to the exit (clearance) from the port 
complex. (JP 4-01.5) 2. In patient movement and care, the maximum number of 
patients (stable or stabilized) by category, that can be received at the airport, staged, 
transported, and received at the proper hospital within any 24-hour period. (JP 4-02) 


throughput capacity — The estimated capacity of a port or an anchorage to clear cargo 
and/or passengers in 24 hours usually expressed in tons for cargo, but may be expressed 
in any agreed upon unit of measurement. See also clearance capacity. (JP 4-01.5) 


time-definite delivery — The consistent delivery of requested logistics support at a time and 
destination specified by the receiving activity. Also called TDD. (JP 4-09) 


time of flight — In artillery, mortar, and naval gunfire support, the time in seconds from the 
instant a weapon is fired, launched, or released from the delivery vehicle or weapons 


system to the instant it strikes or detonates. (JP 3-09) 


time on target — The actual time at which munitions impact the target. Also called TOT. 
(JP 3-09.3) 
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time-phased force and deployment data — The time-phased force, non-unit cargo, and 
personnel data combined with movement data for the operation plan, operation order, 
or ongoing rotation of forces. Also called TPFDD. (JP 5-0) 


times — The Chairman of the Joint Chiefs of Staff coordinates the proposed dates and times 
with the commanders of the appropriate unified and specified commands, as well as any 
recommended changes to when specified operations are to occur (C-, D-, M-days end 
at 2400 hours Universal Time [Zulu time] and are assumed to be 24 hours long for 
planning). (JP 5-0) 


time-sensitive target — A joint force commander-validated target or set of targets requiring 
immediate response because it is a highly lucrative, fleeting target of opportunity or it 
poses (or will soon pose) a danger to friendly forces. Also called TST. (JP 3-60) 


time to target — The number of minutes and seconds to elapse before aircraft ordnance 
impacts on target. Also called TTT. (JP 3-09.3) 


tophandler — A device specially designed to permit the lifting and handling of containers 
from the top with rough terrain container handlers. See also container. (JP 4-01.6) 


topographic map — A map that presents the vertical position of features in measurable form 
as well as their horizontal positions. (JP 2-03) 


total mobilization — Expansion of the active Armed Forces of the United States resulting 
from action by Congress and the President to organize and/or generate additional units 
or personnel beyond the existing force structure, and the resources needed for their 
support, to meet the total requirements of a war or other national emergency involving 
an external threat to the national security. (JP 4-05) 


toxic industrial biological — Any biological material manufactured, used, transported, or 
stored by industrial, medical, or commercial processes which could pose an infectious 
or toxic threat. Also called TIB. (JP 3-11) 


toxic industrial chemical — A chemical developed or manufactured for use in industrial 
operations or research by industry, government, or academia that poses a hazard. Also 
called TIC. (JP 3-11) 


toxic industrial material — A generic term for toxic, chemical, biological, or radioactive 
substances in solid, liquid, aerosolized, or gaseous form that may be used, or stored for 
use, for industrial, commercial, medical, military, or domestic purposes. Also called 
TIM. (JP 3-11) 


toxic industrial radiological — Any radiological material manufactured, used, transported, 
or stored by industrial, medical, or commercial processes. Also called TIR. (JP 3-11) 


track — 1. A series of related contacts displayed on a data display console or other display 


device. 2. To display or record the successive positions of a moving object. 3. To lock 
onto a point of radiation and obtain guidance therefrom. 4. To keep a gun properly 
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aimed, or to point continuously a target-locating instrument at a moving target. 5. The 
actual path of an aircraft above or a ship on the surface of the Earth. 6. One of the two 
endless belts on which a full-track or half-track vehicle runs. 7. A metal part forming a 
path for a moving object such as the track around the inside of a vehicle for moving a 
mounted machine gun. (JP 3-01) 


track correlation — Correlating track information for identification purposes using all 
available data. (JP 3-01) 


tracking — Precise and continuous position-finding of targets by radar, optical, or other 
means. (JP 3-07.4) 


track management — Defined set of procedures whereby the commander ensures accurate 
friendly and enemy unit and/or platform locations and a dissemination procedure for 
filtering, combining, and passing that information to higher, adjacent, and subordinate 
commanders. (JP 3-01) 


track of interest — In counterdrug operations, contacts that meet the initial identification 
criteria applicable in the area where the contacts are detected. Also called TOI. See 
also suspect. (JP 3-07.4) 


tradecraft — 1. Specialized methods and equipment used in the organization and activity 
of intelligence organizations, especially techniques and methods for handling 
communications with agents. 2. Operational practices and skills used in the 
performance of intelligence related duties. (JP 2-01.2) 


traffic management — The direction, control, and supervision of all functions incident to 
the procurement and use of freight and passenger transportation services. (JP 4-09) 


training aid — Any item developed or procured with the primary intent that it shall assist in 
training and the process of learning. (JP 3-80) 


training and readiness oversight — The authority that combatant commanders may 
exercise over assigned Reserve Component forces when not on active duty or when on 
active duty for training. Also called TRO. See also combatant commander. (JP 1) 


transient forces — Forces that pass or stage through, or base temporarily within, the 
operational area of another command but are not under its operational control. See also 
force. (JP 1) 


transitional military authority — Temporary military government exercising the functions 
of civil administration in the absence of a legitimate civil authority. (JP 3-07) 


transit zone —In illicit trafficking, the path taken by smugglers between the source and the 
arrival zones, and does not include distribution. See also arrival zone. (JP 3-07.4) 
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transmission security — Actions designed to protect communications from interception and 
exploitation by means other than cryptoanalysis. Also called TRANSEC. See also 
communications security. (JP 6-0) 


transnational threat — Any activity, individual, or group not tied to a particular country or 
region that operates across international boundaries and threatens United States national 
security or interests. (JP 3-26) 


transport area — In amphibious operations, an area assigned to a transport organization for 
the purpose of debarking troops and equipment. See also inner transport area; outer 
transport area. (JP 3-02) 


transportation component command — A major command of its parent Service under 
United States Transportation Command, which includes Air Force Air Mobility 
Command, Navy Military Sealift Command, and Army Military Surface Deployment 
and Distribution Command. Also called TCC. (JP 4-01.6) 


transportation feasibility — A determination that the available lift capability exists to move 
forces, equipment, and supplies from the point of origin to the port of debarkation within 
the commander’s timeline. See also operation plan. (JP 4-09) 


transportation feasible — A determination made by the supported commander that a draft 
operation plan can be supported with the identified or assumed transportation 
capabilities. (JP 5-0) 


transportation priorities — Indicators assigned to eligible traffic that establish its 
movement precedence. (JP 4-09) 


transportation system — All the land, water, and air routes and transportation assets 
conducting movement of United States forces and their supplies during military 
operations. (JP 4-01) 


transport group — An element that directly deploys and supports the landing of the landing 
force and is functionally designated as a transport group in the amphibious task force 
organization. (JP 3-02) 


transshipment point — A location where material is transferred between vehicles. 
(JP 4-01.5) 


troop space cargo — Cargo, such as sea or barracks bags, bedding rolls or hammocks, locker 
trunks, and office equipment, normally stowed in an accessible place, as well as normal 
hand-carried combat equipment and weapons to be carried ashore by the assault troops. 
(JP 3-02) 


turnaround — The length of time between arriving at a point and being ready to depart from 
that point. (JP 4-01.5) 
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turning movement — A variation of the envelopment in which the attacking force passes 
around or over the enemy’s principal defensive positions to secure objectives deep in 
the enemy’s rear to force the enemy to abandon his position or divert major forces to 
meet the threat. (JP 3-06) 
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unanticipated target — A target of opportunity that was unknown or not expected to exist 
in the operational environment. See also operational area; target; target of 
opportunity. (JP 3-60) 


unauthorized commitment — An agreement that is not binding solely because the United 
States Government representative who made it lacked the authority to enter into that 
agreement on behalf of the United States Government. (JP 4-10) 


uncertain environment — Operational environment in which host government forces, 
whether opposed to or receptive to operations that a unit intends to conduct, do not have 
totally effective control of the territory and population in the intended operational area. 
(JP 3-0) 


unconventional assisted recovery — Nonconventional assisted recovery conducted by 
special operations forces. Also called UAR. See also evader; recovery. (JP 3-50) 


unconventional assisted recovery coordination cell — A compartmented special 
operations forces cell, established to coordinate, synchronize, and deconflict 
nonconventional assisted recovery operations within the operational area assigned to the 
joint force commander. Also called UARCC. See also joint operations center; joint 
personnel recovery center; special operations forces; unconventional assisted 
recovery. (JP 3-50) 


unconventional warfare — Activities conducted to enable a resistance movement or 
insurgency to coerce, disrupt, or overthrow a government or occupying power by 
operating through or with an underground, auxiliary, and guerrilla force in a denied area. 
Also called UW. (JP 3-05) 


undersea warfare — Military operations conducted to establish and maintain control of the 
undersea portion of a maritime operational area. Also called USW. See also 
antisubmarine warfare; mine warfare. (JP 3-32) 


underwater demolition — The destruction or neutralization of underwater obstacles that is 
normally accomplished by underwater demolition teams. (JP 3-34) 


underwater demolition team — A group of officers and enlisted specially trained and 
equipped to accomplish the destruction or neutralization of underwater obstacles and 
associated tasks. (JP 3-34) 


unexploded explosive ordnance — Explosive ordnance that has been primed, fused, armed 
or otherwise prepared for action, and that has been fired, dropped, launched, projected, 
or placed in such a manner as to constitute a hazard to operations, installations, 
personnel, or material and remains unexploded either by malfunction or design or for 
any other cause. Also called UXO. See also explosive ordnance. (JP 3-42) 
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unified action — The synchronization, coordination, and/or integration of the activities of 
governmental and nongovernmental entities with military operations to achieve unity of 
effort. (JP 1) 


unified command — A command with a broad continuing mission under a single 
commander and composed of significant assigned components of two or more Military 
Departments that is established and so designated by the President, through the Secretary 
of Defense with the advice and assistance of the Chairman of the Joint Chiefs of Staff. See 
also combatant command; subordinate unified command. (JP 1) 


Unified Command Plan — The document, approved by the President, that sets forth basic 
guidance to all unified combatant commanders; establishes their missions, 
responsibilities, and force structure; delineates the general geographical area of 
responsibility for geographic combatant commanders; and specifies functional 
responsibilities for functional combatant commanders. Also called UCP. See also 
combatant command; combatant commander. (JP 1) 


unified geospatial-intelligence operations — The collaborative and coordinated process to 
assess, align, and execute geospatial intelligence across the National System for 
Geospatial Intelligence and its partner organizations. Also called UGO. (JP 2-03) 


uniformed services — The Army, Navy, Air Force, Marine Corps, Coast Guard, Space 
Force, National Oceanic and Atmospheric Administration, and Public Health Services. 
See also Military Department. (JP 1-0) 


unit — 1. Any military element whose structure is prescribed by competent authority. 2. An 
organization title of a subdivision of a group in a task force.(JP 3-33) 


United States — Includes the land area, internal waters, territorial sea, and airspace of the 
United States, including a. United States territories; and b. Other areas over which the 
United States Government has complete jurisdiction and control or has exclusive 
authority or defense responsibility. (JP 1) 


United States message text format — A program designed to enhance joint and combined 
combat effectiveness through standardization of message formats, data elements, and 
information exchange procedures. Also called USMTF. (JP 3-50) 


United States Naval Ship —A public vessel of the United States that is in the custody of the 
Navy and operated by the Military Sealift Command with a civil service crew or operated 
by a commercial company under contract to the Military Sealift Command with a 
merchant marine crew. Also called USNS. See also Military Sealift Command. (JP 
3-36) 


United States person — A United States citizen; an alien known by the concerned 
intelligence agency to be a permanent resident alien; an unincorporated association 
substantially composed of United States citizens or permanent resident aliens; or a 
corporation incorporated in the United States, except for those directed and controlled 
by a foreign government or governments. (JP 2-01.2) 
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United States Transportation Command patient movement requirements center — A 
United States Transportation Command activity responsible for intratheater patient 
movement management (medical regulating and aeromedical evacuation scheduling), 
the development of theater-level patient movement plans and schedules, the monitoring 
and execution in concert with the Global Patient Movement Requirements Center. Also 
called TPMRC. (JP 4-02) 


unit line number — A seven-character alphanumeric code that describes a unique increment 
of a unit deployment, i.e., advance party, main body, equipment by sea and air, reception 
team, or trail party, in the time-phased force and deployment data. Also called ULN. 
(JP 3-35) 


unit movement data — A unit equipment and/or supply listing containing corresponding 
transportability data. Also called UMD. (JP 3-35) 


unit type code — A Joint Chiefs of Staff-developed and -assigned code, consisting of five 
characters that uniquely identify a “type unit.” Also called UTC. (JP 3-35) 


unity of command — The operation of all forces under a single responsible commander 
who has the requisite authority to direct and employ those forces in pursuit of a common 
purpose. (JP 3-0) 


unity of effort — Coordination and cooperation toward common objectives, even if the 
participants are not necessarily part of the same command or organization, which is the 
product of successful unified action. (JP 1) 


Universal Joint Task List — A menu of tasks that may be selected by a joint force 
commander to accomplish the assigned mission. Also called UJTL. (JP 3-33) 


Universal Time — A measure of time that conforms, within a close approximation, to the 
mean diurnal rotation of the Earth and serves as the basis of civil timekeeping. Also 
called ZULU time. (JP 5-0) 


unknown — 1. A code meaning “information not available.” 2. An unidentified target. An 
aircraft or ship that has not been determined to be hostile, friendly, or neutral using 
identification friend or foe and other techniques, but that must be tracked by air defense 
or naval engagement systems. 3. An identity applied to an evaluated track that has not 
been identified. See also assumed friend; friend; neutral; suspect. (JP 3-01) 


unmanned aircraft — An aircraft that does not carry a human operator and is capable of 
flight with or without human remote control. Also called UA. (JP 3-30) 


unmanned aircraft system — That system whose components include the necessary 


equipment, network, and personnel to control an unmanned aircraft. Also called UAS. 
(JP 3-30) 
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CHAPTER 6 
GRAPHS 


Section |. BASIC CHARACTERISTICS OF GRAPHS 


95. General 


A graph is a pictorial representation of the 
relation between two or more quantities. In 
many instances, problems are more clearly 
understood when solved graphically than when 
solved by other methods. Numerical data taken 
from an experiment or calculations derived 
from a formula require interpretation, and a 
curve on a graph depicting such data will pro- 
vide a picture that shows at a glance how one 
factor or function depends on another. 


96. The Number Line 


a. In figure 15, on a straight line of indeter- 
minate length, a point 0 has been chosen from 
which to measure distances. The point 0 is 
called the origin. A unit of measurement also 
has been chosen, and positive and negative in- 
tegers have been marked off and labeled. The 
usual choice for a positive direction is shown 
by the arrow. On the number line, Z; corre- 
sponds to —4, Z. corresponds to 34, and Z3 
corresponds to 5.2. 


b. Consider a number «x as corresponding to 
a point a distance of x units from 0. If z is 
positive, the point will be in the direction of 
the arrow from 0; if x is negative, the point 
will be in the opposite direction from 0. The 
relative size of two numbers is indicated graph- 
ically by the relative positions on the number 


-6 -5 -4-3 -2 -I +142 +3 +4 «+5 +6 


Zz Zz 823 


oO 1 2 
whbbe——5 «UNIT OF MEASUREMENT 
TM6B4-21 
Figure 15. The number line. 
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line of points corresponding to the two num- 
bers. For example, if x is greater than w, the 
point corresponding to 2x will be to the right 
of the point corresponding to w; if z is less 
than w, the point corresponding to x will be to 
the left of the point corresponding to w. The 
number of units from the origin to the point 
representing a certain number, regardless of 
direction, is the absolute value (par. 35) of the 
number. 


97. Rectangular Coordinates 


a. In the preceding paragraph, a relation- 
ship was given between numbers and points 
on a straight line. A similar relationship can 
be established between a pair of numbers and 
a point on a plane. In figure 16, two number 
lines are drawn perpendicular to each other 
at their origins for form a set of axes. The 
horizontal axis is commonly called the x avis; 


Y AXIS 


X AXIS 


J 
D(5,-2) 


TM68 4-22 
Figure 16. Rectangular coordinates. 
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unrestricted reporting — A process that a Service member uses to disclose, without 
requesting confidentiality or restricted reporting, that he or she is the victim of a sexual 
assault. (JP 1-0) 


unscheduled target — A target of opportunity that is known to exist in the operational 
environment. See also operational area; target; target of opportunity. (JP 3-60) 


unstable patient — A patient whose physiological status is in fluctuation and for whom 
emergent, treatment, and/or surgical intervention are anticipated during treatment or 
evacuation, and the patient’s rapidly changing status and requirements are beyond the 
standard en route care capability and requires medical/surgical augmentation. (JP 4-02) 


unstuffing — The removal of cargo from a container. Also called stripping. (JP 4-09) 


use of force policy — Policy guidance issued by the Commandant, United States Coast 
Guard, on the use of force and weapons. (JP 3-03) 


226 


Vv 


validate — Execution procedure used by combatant command components, supporting 
combatant commanders, and providing organizations to confirm to the supported 
commander and United States Transportation Command that all the information records 
in a time-phased force and deployment data not only are error-free for automation 
purposes, but also accurately reflect the current status, attributes, and availability of units 
and requirements. (JP 5-0) 


validation — 1. A process associated with the collection and production of intelligence that 
confirms that an intelligence collection or production requirement is sufficiently 
important to justify the dedication of intelligence resources, does not duplicate an 
existing requirement, and has not been previously satisfied. (JP 2-01) 2. A part of target 
development that ensures all candidate targets meet the objectives and criteria outlined 
in the commander’s guidance and ensures compliance with the law of war and rules of 
engagement. (JP 3-60) 3. In the context of time-phased force and deployment data 
validation, it is an execution procedure whereby all the information records in the time- 
phased force and deployment data are confirmed error-free and accurately reflect the 
current status, attributes, and availability of units and requirements. (JP 3-35) 4. A 
global force management procedure for assessing combatant command requirements to 
determine viability, for sourcing, with respect to risk and prioritization between 
competing needs and the nature of the requirement. See also time-phased force and 
deployment data; verification. (JP 3-35) 


vehicle-borne improvised explosive device — A device placed or fabricated in an 
improvised manner on a vehicle incorporating destructive, lethal, noxious, pyrotechnic, 
or incendiary chemicals and designed to destroy, incapacitate, harass, or distract. Also 
called VBIED. (JP 3-10) 


vehicle cargo — Wheeled or tracked equipment, including weapons, that require certain 
deck space, head room, and other definite clearance. (JP 3-36) 


verification — 1. In arms control, any action, including inspection, detection, and 
identification, taken to ascertain compliance with agreed measures. (JP 3-41) 2. In 
computer modeling and simulation, the process of determining that a model or 
simulation implementation accurately represents the developer’s conceptual description 
and specifications. See also configuration management; validation. (JP 3-85) 


vertical stowage — A method of stowage in depth within a single compartment by which 
loaded items are continually accessible for unloading and the unloading can be 
completed without corresponding changes or prior unloading of other cargo. (JP 3-02) 


vetting — A part of target development that assesses the accuracy of the supporting 
intelligence to targeting. (JP 3-60) 
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visual information — Various visual media with or without sound that generally includes 
still and motion photography, audio video recording, graphic arts, and visual 
presentations. Also called VI. (JP 3-61) 


Voluntary Intermodal Sealift Agreement — An agreement that provides the Department 
of Defense with assured access to United States flag assets, both vessel capacity and 
intermodal systems, to meet Department of Defense contingency requirements. Also 
called VISA. See also intermodal. (JP 3-36) 


voluntary tanker agreement —An agreement established by the Maritime Administration 
to provide for United States commercial tanker owners and operators to voluntarily make 
their vessels available to satisfy Department of Defense contingency requirements. Also 
called VTA. (JP 3-36) 


vulnerability — 1. The susceptibility of a nation or military force to any action by any means 
through which its war potential or combat effectiveness may be reduced or its will to 
fight diminished. (JP 3-01) 2. The characteristics of a system that can cause it to be 
degraded (incapability to perform the designated function or mission) as a result of being 
subjected to a certain level of effects in an unnatural (man-made) hostile environment. 
(JP 3-60) 3. In information operations, a weakness in information system security 
design, procedures, implementation, or internal controls that could be exploited to gain 
unauthorized access to information or an information system. See also information 
operations. (JP 3-13) 


vulnerability assessment — A Department of Defense, command, or unit-level evaluation 


to determine the vulnerability of an installation, unit, exercise, port, ship, residence, 
facility, or other site to a physical or cyberspace threat. (JP 3-26) 
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walk-in — An unsolicited contact who provides information. (JP 2-01.2) 


warden system — An informal method of communication used to pass information to 
United States citizens living in affected areas overseas during emergencies. See also 
noncombatant evacuation operation. (JP 3-68) 


warning intelligence — Those intelligence activities intended to detect and report time- 
sensitive intelligence information on foreign developments that forewarn of hostile 
actions or intention against United States entities, partners, or interests. (JP 2-0) 


warning order — 1. A preliminary notice of an order or action that is to follow. 2. A 
planning directive that initiates the development and evaluation of military courses of 
action by a commander. Also called WARNORD. (JP 5-0) 


wartime reserve modes — Characteristics and operating procedures of sensor, 
communications, navigation aids, threat recognition, weapons, and countermeasures 
systems that will contribute to military effectiveness if unknown to, or misunderstood 
by, opposing commanders before they are used but could be exploited or neutralized if 
known in advance. Also called WARMs. (JP 3-85) 


Washington Liaison Group — An organization consisting of members of Department of 
State and Department of Defense, chaired by a representative of Department of State, 
which has basic responsibility for the coordination and implementation of plans for the 
protection and evacuation in emergencies of persons abroad for whom the Secretaries 
of State or Defense are responsible. Also called WLG. (JP 3-68) 


waterspace management — The allocation of waterspace in terms of antisubmarine warfare 
attack procedures to permit the rapid and effective engagement of hostile submarines 
while preventing inadvertent attacks on friendly submarines. Also called WSM. 
(JP 3-32) 


wave — A formation of forces, including landing craft, amphibious vehicles, or aircraft, 
required to beach or land about the same time. (JP 3-02) 


weaponeer — An individual who has completed requisite training to determine the means 
required to create a desired effect on a given target. (JP 3-60) 


weaponeering — The process of determining the specific means required to create a desired 
effect on a given target. (JP 3-60) 


weapon engagement zone — In air and missile defense, airspace of defined dimensions 
within which the responsibility for engagement of air threats normally rests with a 
particular weapon system. Also called WEZ. (JP 3-01) 


weapons control status — An air and missile defense control measure declared for a 
particular area and time by an area air defense commander, or delegated subordinate 
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commander, based on the rules of engagement that establish the conditions under which 
fighters and surface air defense weapons are permitted to engage threats. Also call 
WCS. (JP 3-01) 


weapons free zone — An air defense zone established for the protection of key assets or 
facilities, other than air bases, where weapon systems may be fired at any target not 
positively recognized as friendly. (JP 3-01) 


weapons of mass destruction — Chemical, biological, radiological, or nuclear weapons 
capable of a high order of destruction or causing mass casualties, excluding the means 
of transporting or propelling the weapon where such means is a separable and divisible 
part from the weapon. Also called WMD. See also special operations. (JP 3-40) 


weapons of mass destruction defeat — Activities designed to control, defeat, disable, and 
dispose of extant weapons of mass destruction and the ability to stockpile, transfer, or 
employ weapons of mass destruction. Also called WMD defeat. (JP 3-40) 


weapons readiness state — The degree of readiness of air defense weapons which can 
become airborne or be launched to carry out an assigned task, and normally expressed 
in numbers of weapons and numbers of minutes. (JP 3-01) 


weapons release authority — The authority originating from the President to engage or 
direct engagement of ballistic missile threats using the ground-based midcourse defense 
system. Also call WRA. (JP 3-01) 


weapons technical intelligence — A subcategory of technical intelligence derived from the 
technical and forensic collection and exploitation of improvised explosive devices, 
associated components, improvised weapons, and other systems. Also called WTI. 
(JP 3-15.1) 


weapon system — A combination of one or more weapons with all related equipment, 
materials, services, personnel, and means of delivery and deployment (if applicable) 
required for self-sufficiency. (JP 3-0) 


wellness — Force health protection program that consolidates and incorporates physical and 
mental fitness, health promotion, and environmental and occupational health. See also 
force health protection. (JP 4-02) 


wing — 1. An Air Force unit composed normally of one primary mission group and the 
necessary supporting organizations. 2. A fleet air wing is the basic organizational and 
administrative unit for naval-, land-, and tender-based aviation. 3. A balanced Marine 
Corps task organization of aircraft groups and squadrons, together with appropriate 
command, air control, administrative, service, and maintenance units. 4. A flank unit; 
that part of a military force to the right or left of the main body. (JP 3-09.3) 


witting — A term of intelligence art that indicates that one is not only aware of a fact or 


piece of information but also aware of its connection to intelligence activities. 
(JP 2-01.2) 
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wounded warrior programs — A system of support and advocacy to guide and assist the 
wounded, ill, and injured Service members and family or designated caregiver through 
treatment, rehabilitation, return to duty, or military retirement into the civilian 
community. Each Military Department has a unique wounded warrior program that 
addresses its Service members' needs. (DODI 6025.22) 


working capital fund — A revolving fund established to finance inventories of supplies and 
other stores, or to provide working capital for industrial-type activities. (JP 3-80) 


working group — An enduring or ad hoc organization within a headquarters consisting of 


a core functional group and other staff and component representatives whose purpose is 
to provide analysis on the specific function to users. Also called WG. (JP 3-33) 
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the vertical axis is commonly called the y avis. 
Any point on the plane can be located with 
reference to the two axes: It must lie a certain 
number of units to the left (negative) or to 
the right (positive) of the y axis; and it must 
lie a certain number of units above (positive) 
or below (negative) the x-axis. To locate a 
point with reference to the set of axes, it is 
necessary only to know the x value and the y 
value of the point. These two values are known 
as the coordinates of the point. The x value, 
called the abscissa, is written first; the y value, 
called the ordinate, follows. The two numbers 
are separated by a comma and are usually in- 
closed in parentheses. Thus, in figure 16, the 
correct notation for the coordinates at point A 
is (8,5), because the x value is 3 and the y 
value 5. 


b. The axes divide the graph into four sec- 
tions, or quadrants, identified by the Roman 
numerals I, II, III, and IV in figure 16. The 
signs of the abscissa and the ordinate in each 
of the quadrants are given in the chart below. 


Quadrant Abscissa Ordinate 
I + 4 
II — + 
Il — —_ 
IV ce = 


98. Plotting Points 


The procedure for locating points by their 
coordinates is called plotting the points. To 
plot the point D (5, —2) in figure 16, for ex- 
ample, erect a perpendicular on the x axis five 
units to the right of the y axis; then erect a 
perpendicular to the y axis two units below the 


a axis; the point of intersection of these two 
perpendiculars is the point D (5,—2). 


99. Review Problems—Plotting Points 
a. Plot each of the following points and state 
the quadrant, if any, in which each lies: 
(1) (4,2) 
(2) (4,—2) 
(3) (—1,3) 
(4) (6,—1) 
(5) (3,0) 
(6) (0,—8) 
(7) (—15,—27) 
(8) (33,43) 
(9) (5.6,—6.5) 
b. Plot the points in the following chart and 


connect them by straight segments in the order 
of increasing values of x: 


18 18 | 32 


c. Plot the points in the following chart and 
sketch a smooth curve passing through them 
in the order of increasing values of x: 
aoiiveg 


0 
—37 | —8 


8 


1 2 


7 7 


3 


17 


x“ —1 


5 


] 


d. If y = 2x — 8, plot the points for which 
x — 4, 2,1, 0, —1, —2, and —4 after finding 
the corresponding values of y. 

e. Draw the triangle of which the vertices 
are (—2,6), (3,2), and (0,—8). 

f. Draw the quadrilateral of which the ver- 
tices, connected in the order given, are (1,3), 
(—3,4), (—2,—5), and (3,—2). 


Section Il. GRAPHING EQUATIONS 


100. Graphing Linear Equations 


a. General. An equation in the first degree 
in two unknowns is called a linear equation 
since its graph is a straight line. For example, 
a+y=5, 2x + y = 12, and x — 6y = 6 are 
linear equations. An equation is said to be of 
the first degree in two unknowns if only the 
first power of either unknown is involved and 
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if neither of the unknowns appears in a denomi- 
nator. 


b. Plotting Graphs of Linear Equations. 
(1) The first step in plotting the graph of 
a linear equation (or of any other 
equation or formula) is to set up a 
table of values for both unknowns that 
will satisfy the equation. In the equa- 
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Z, 
zone of action — A tactical subdivision of a larger area. (JP 3-09) 


zone of fire — An area into which a designated ground unit or fire support ship delivers, or 
is prepared to deliver, fire support. Also called ZF. (JP 3-09) 
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SHORTENED WORD FORMS 
(ABBREVIATIONS, ACRONYMS, AND INITIALISMS) 


Solely derived from currently approved JP glossaries. 
For more information, see “Explanatory Notes.” 


A 

Al director of manpower, personnel, and services (USAF) 

A2 antiaccess 

A-2 intelligence staff officer (USAF) 

A-3 operations directorate (COMAFFOR staff); operations 
staff officer (USAF) 

A4 director of logistics, engineering, and force protection 
(USAF) 

A-5 plans directorate (COMAFFOR staff) 

A-6 communications staff officer (USAF) 

AA assessment agent; avenue of approach 

AA&E arms, ammunition, and explosives 

AAA antiaircraft artillery 

AAC activity address code 

AACG arrival airfield control group 

AADC area air defense commander 

AADP area air defense plan 

AAFES Army and Air Force Exchange Service 

AAFS amphibious assault fuel system 

AAG aeronautical assignment group 

AAGS Army air-ground system 

AAM air-to-air missile 

AAMDC Army air and missile defense command 

AAP Allied administrative publication 

AAR after action report; after action review; air-to-air refueling 
area 

AATCC amphibious air traffic control center 

AAV amphibious assault vehicle 

AB air base 

ABCANZ American, British, Canadian, Australian, and New Zealand 

ABCT armored brigade combat team 

ABFC advanced base functional component 

ABFDS aerial bulk fuel delivery system 

ABI activity-based intelligence 

ABLTS amphibious bulk liquid transfer system 

ABO air base opening 

ABP air battle plan 

A/C aircraft 

AC Active Component 

ACA airspace control authority; airspace coordination area 


2a0 


Shortened Word Forms 


ACAMS 
ACC 
ACCE 
ACD 
ACE 
ACEOI 


ACL 
ACM 
ACO 
ACOS 
ACP 
ACS 
ACSA 
ACT 
ACU 


ADS 
ADUSD(TP) 


ADVON 


ADWC 
ADZ 
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Army Container Asset Management System 

air component commander; area coordination center 

air component coordination element 

automated cargo documentation 

aviation combat element (USMC) 

automated communications-electronics operating 
instructions 

allowable cabin load 

airspace coordinating measure 

administrative contracting officer; airspace control order 

assistant chief of staff 

airspace control plan; Allied communications publication 

airspace control system 

acquisition and cross-servicing agreement 

advance civilian team 

assault craft unit 

air defense; area denial 

air defense artillery; Antideficiency Act 

arrival/departure airfield control group 

air defense artillery fire control officer 

air defense airspace management 

air defense airspace management/brigade aviation element 

area damage control 

administrative control 

air defense coordination section 

air defense measure 

active duty for operational support 

Army doctrine publication; automated data processing 

airfield damage repair 

Army doctrine reference publication 

air defense sector; authoritative data source 

Assistant Deputy Under Secretary of Defense, 
Transportation Policy 

advanced echelon 

air defense warning condition 

amphibious defense zone 

aeromedical evacuation; assault echelon 

Arms Export Control Act 

aeromedical evacuation control team 

air expeditionary force 

aeromedical evacuation liaison team 

allied explosive ordnance disposal publication 

Automated Explosive Ordnance Disposal Publication 
System 

aeromedical evacuation operations team 

aeromedical evacuation support cell 


AETF 
AF 
AF/A2 


AF/A3M-CVAM 


AFATDS 
AFB 
AFCAP 
AFCEC 
AFDA 
AFDD 
AFE 
AFFOR 
AFH 
AFHSB 
AFI 
AFIC 
AFJI 
AFLE 
AFMAN 
AFME 
AFMES 
AFMS 
AFNORTH 
AFNWC 
AFOE 
AFOSI 


AFOSIMAN 


AFPD 
AFRC 
AFRCC 
AFRRI 
AFRTS 
AFSB 
AFSMO 
AFSOAE 
AFSOC 
AFSOF 
AFSPC 
AFTRANS 
AFTTP 
AFTTP(I) 
AGILE 
AGL 

AGO 


Shortened Word Forms 


air expeditionary task force 

Air Force; Air Force (form); amphibious force 

Deputy Chief of Staff of the Air Force for Intelligence, 
Surveillance, and Reconnaissance 

Chief of the United States Air Force Special Air Missions 
Division 

Advanced Field Artillery Tactical Data System 

Air Force base 

Air Force Contract Augmentation Program 

Air Force Civil Engineer Center 

Air Force doctrine annex 

Air Force doctrine document 

Armed Forces Entertainment 

Air Force forces 

Air Force handbook 

Armed Forces Health Surveillance Branch (DHA) 

Air Force instruction 

Five Eyes Air Force Interoperability Council 

Air Force joint instruction 

Air Force liaison element 

Air Force manual 

Armed Forces Medical Examiner 

Armed Forces Medical Examiner System 

Air Force Medical Service 

Air Force North 

Air Force Nuclear Weapons Center 

assault follow-on echelon 

Air Force Office of Special Investigations 

Air Force Office of Special Investigations manual 

Air Force policy directive 

Air Force Reserve Command 

Air Force Rescue Coordination Center 

Armed Forces Radiobiology Research Institute 

American Forces Radio and Television Service 

afloat forward staging base; Army field support brigade 

Air Force Spectrum Management Office 

Air Force special operations air element 

Air Force Special Operations Command 

Air Force special operations forces 

Air Force Space Command 

Air Forces Transportation 

Air Force tactics, techniques, and procedures 

Air Force tactics, techniques, and procedures (instruction) 

Advanced Global Intelligence Learning Environment 

above ground level 

Australian Geospatial-Intelligence Organisation 
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AGS 
AGT 


AIDPMO 


AIP 
AIRCOR 
AIRSUPREQ 
AIS 

AIT 


AJBPO 
AJD 
AJODWG 
AJP 
AKRCC 
ALARA 
ALCF 
ALCOM 
ALCT 
ALD 
ALEP 
ALERTORD 
ALLOREQ 
ALO 
ALOC 
ALSA 
ALT 
ALTRV 
AM 

AMC 
AMCC 
AMC/CC 
AMCM 
AMC/SGXM 
AMCT 
AMD 
AMDC 
AMedP 
AMETL 
AMLO 
AMOC 
AMOG 
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authorized government support; aviation ground support 


Automated Global Force Management Tool 
attack helicopter 

alert holding area 

antihandling device 

acquisition instruction; air interdiction 


Army Intermodal and Distribution Platform Management 


Office 
aeronautical information publication 
air corridor 
air support request 
automated information system 
automatic identification technology 
annual joint assessment 
area joint blood program office 
Allied joint doctrine 
Allied Joint Operations Doctrine Working Group 
Allied joint publication 
Alaska Rescue Coordination Center 
as low as reasonably achievable 
airlift control flight 
United States Alaskan Command 
airlift control team 
available-to-load date 
amphibious lift enhancement program 
alert order 
allocation request 
air liaison officer 
air line of communications 
Air Land Sea Application (Center) 
acquisition, logistics, and technology 
altitude reservation 
amplitude modulation 
airborne mission coordinator; Air Mobility Command 
allied movement coordination center 
Commander, Air Mobility Command 
airborne mine countermeasures 
Air Mobility Command/Command Surgeon’s Office 
air mobility control team 
air and missile defense; air mobility division 
air and missile defense commander 
Allied medical publication 
agency mission-essential task list 
air mobility liaison officer 
Air and Marine Operations Center (DHS) 
air mobility operations group 


AMOS 
AMOW 
AMP 
AMP-PAT 
AMPS 
AMS 
AMS-TAC 
AMT 

amu 

AMX 
ANG 
ANGLICO 
ANR 


ANSI 
AN/VRC 
ANW2 
AO 
AOA 
AOC 
AOD 
AODB 
AOF 
AOG 
AOI 
AOR 
AOS 
AOTR 
AP 
APAN 


Shortened Word Forms 


air mobility operations squadron 

air mobility operations wing 

analysis of mobility platform 

analysis of mobility platform suite of port analysis tools 

Automated Mail Postal System 

air mobility squadron 

Automated Manifesting System-Tactical 

aerial mail terminal 

atomic mass unit 

air mobility express 

Air National Guard 

air-naval gunfire liaison company 

Alaskan North American Aerospace Defense Command 
Region 

American National Standards Institute 

Army Navy vehicle radio communications 

Adaptive Networking Wideband Waveform 

action officer; air officer; area of operations 

amphibious objective area 

air operations center 

air operations directive 

air operations database 

azimuth of fire 

Army Operations Group 

area of interest 

area of responsibility 

aircraft on station 

aviation operational threat response 

antipersonnel 

All Partners Access Network 

airfield pavement evaluation 

Adaptive Planning and Execution 

afloat pre-positioning force 

Animal and Plant Health Inspection Service (USDA) 

antipersonnel land mine 

Army post office 

aerial port of debarkation 

aerial port of embarkation 

Army pre-positioned stocks 

Army pre-positioned stocks-3 

aircraft attack position target designation 

air refueling; Army regulation 

air Reserve Components; American Red Cross 

United States Army Central Command 

United States Army Armament Research, Development, 
and Engineering Center 
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Shortened Word Forms 


ARFOR 
ARG 
ARM 
ARNG 
ARS 
ARSOAD 
ARSOF 
ARSST 
ASAT 
ASBP 
ASBPO 
ASC 
ASCC 


ASCOPE 


ASCS 
ASD(GSA) 


ASD(HA) 
ASD(HD&ASA) 


ASD(HD&GS) 
ASD(NID) 
ASD(OEPP) 


ASD(RA) 
ASD(S) 
ASD(SO/LIC) 


ASD(SO/LIC&IC) 


ASG 
ASIC 
ASLT 
ASM 
ASMO 
ASOC 
ASOG 
ASOS 
ASP 
ASPR 
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Army forces 

amphibious ready group 

air reference measure 

Army National Guard 

acute radiation syndrome 

Army special operations aviation detachment 

Army special operations forces 

Army space support team 

antisatellite 

Armed Services Blood Program 

Armed Services Blood Program Office 

Army Sustainment Command 

Army Service component command; Army Service 
component commander 

areas, structures, capabilities, organizations, people, and 
events 

air support control section 

Assistant Secretary of Defense for Global Strategic 
Affairs 

Assistant Secretary of Defense (Health Affairs) 

Assistant Secretary of Defense (Homeland Defense and 
Americas’ Security Affairs) 

Assistant Secretary of Defense for Homeland Defense 
and Global Security 

Assistant Secretary of Defense (Networks and Information 
Integration) 

Assistant Secretary of Defense for Operational Energy 
Plans and Programs 

Assistant Secretary of Defense (Reserve Affairs) 

Assistant Secretary of Defense for Sustainment 

Assistant Secretary of Defense for Special Operations/Low- 
Intensity Conflict 

Assistant Secretary of Defense for Special Operations 
and Low-Intensity Conflict and Interdependent 
Capabilities 

Allied System for Geospatial Intelligence 

Air and Space Interoperability Council 

air support liaison team; assault support landing table 

air-to-surface missile; Army Spectrum Manager 

Army Spectrum Management Office 

air support operations center 

air support operations group 

air support operations squadron 

Allied spectrum publication 

Office of Assistant Secretary for Preparedness and 
Response (DHHS) 


ASW 
ASWC 
AT 
ATACMS 
ATB 
ATC 
ATCM 
ATCS 
ATF 


ATI 
ATO 
ATOC 
ATP 
ATSD(PA) 


ATSDR 

ATTP 

AU 

AUF 
AUSCANNZUKUS 


AV 
AVC 


AVL 
AVS 
AWACS 
AWG 
AWNIS 
AXO 


Shortened Word Forms 


antisubmarine warfare 

antisubmarine warfare commander 

antiterrorism 

Army Tactical Missile System 

articulated tug barge 

air traffic control 

air traffic control measure 

air traffic control section 

amphibious task force; Bureau of Alcohol, Tobacco, 
Firearms, and Explosives (DOJ) 

asset target interaction 

air tasking order; antiterrorism officer 

air terminal operations center 

Allied tactical publication; Army techniques publication 

Assistant to the Secretary of Defense for Public 
Affairs 

Agency for Toxic Substances and Disease Registry (DHHS) 

Army tactics, techniques, and procedures 

African Union 

airborne use of force 

Australia, Canada, New Zealand, United Kingdom, 
United States 

asset visibility 

Bureau of Arms Control, Verification, and Compliance 
(DOS) 

anti-vehicle land mine 

asset validation system 

Airborne Warning and Control System 

Asymmetric Warfare Group (USA) 

Allied Worldwide Navigational Information System 

abandoned explosive ordnance 
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(2) 


tion x + y = 5, for example, it is 
apparent that there are a number of 
values for x and y that. will satisfy the 
equation. For any number assigned 
to x, there is a corresponding number 
for y which will satisfy the equation. 
Consider that 4 and —4 will be the 
maximum plus and minus values for x. 
Using the values 4, 3, 2, 1, 0, —-1, —2, 
—8, and —4 for x, the equation is 
solved for y at each value of x. These 
are arranged in tabular form as 
shown on figure 17. 

Each of these pairs of values gives a 
point on a graph. Consider each of 
the corresponding points as coordi- 
nates—the value of x the abscissa and 
the value of y the ordinate. The line 
joining these points (fig. 17) is the 
graph of the equation x + y = 5. Note 
that the coordinates for any two 
points are sufficient to determine its 
graph. Therefore, plotting the coordi- 
nates for any two points is sufficient 
to determine the graph of a first de- 
gree equation. Plotting a third point, 
however, will serve as a check, for if 
the three points are not on the same 
straight line, one of them is in error. 


x+y25 


[x |e] sf2]1 loli fe-st4 
ly] jefals|s|el7lels| 
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Figure 17. Graph of linear equation. 


101. Graphical Solution of Simultaneous Linear 
Equations 


a. When two independent linear equations 
contain the same two related unknowns, there 
will be an unlimited number of solutions for 
each equation. However, there can be only one 
set of values that will satisfy both equations. 
Determining the one set of values is known as 
the simultaneous solution of the two independ- 
ent equations. 


b. Graphically, the two equations can be 
solved simultaneously by plotting them on the 
same graph and locating their point of inter- 
section (if there is one). For example, consider 
the graphical solution of the equations 3x — 2y 
= 0 and 8x + 2y = 6. Selecting 6 and —6 as 
the maximum plus and minus values for x and 
using x = 4 as a checkpoint, the coordinates for 
both equations are determined. For the equa- 
tion 32 — 2y = 0, these coordinates are (6,9), 
(4,6), and (—6,—9); for the equation 3” + 
2y = 6, (6,—6), (4,—8), and (—6,12). These 
coordinates are plotted on an axis and a line 
is drawn joining the plotted points of each 
equation (fig. 18). The graphs of the two in- 
dependent linear equation cross at point P, 
where « = 1 and y = 1.5. To check the graph- 
ical solution of the equations, substitute these 
values for x and y in the original equations. 
Since they satisfy both equation, the graphical 
solution is correct. 


ce. If two dependent equations are plotted on 
a graph, their lines will coincide. For example, 
the equations x + y = 4 and 2% + 2y = 8 


3X+ 226 


Figure 18. Graphical solution of simultaneous 
linear equations. 
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BAE 
BAH 
BALS 
BAS 
bbl 
BCC 
BCD 
BCG 
BCL 
BCOC 
BCT 
BD 
BDA 
BDAREP 
BDE 
BDOC 
BDS 
BEAR 


BEB 
BEI 
BEST 
BEWL 
BI 
BIA 
BICES 


BIFS 
BIS 
BLCP 
BLOS 
BLT 
BM 
BMD 
BMET 
BMU 
BN 
BOC 
BOG 
BOS 
BOS-I 
BOT 
BP 
BPA 


B 


brigade aviation element 

basic allowance for housing 

berthing and loading schedule 

basic allowance for subsistence 

barrel (42 US gallons) 

battle control center 

battlefield coordination detachment (USA) 

beach control group 

battlefield coordination line 

base cluster operations center 

brigade combat team 

barge derrick 

battle damage assessment 

battle damage assessment report 

brigade 

base defense operations center 

BeiDou Navigation Satellite System 

base expeditionary airfield resources (USAF); basic 
expeditionary airfield resources 

brigade engineer battalion 

biometrics-enabled intelligence 

border enforcement security task force 

biometric-enabled watchlist 

battlefield illumination; battle injury 

behavioral influences analysis 

battlefield information collection and exploitation system 
(NATO) 

Border Intelligence Fusion Section (DHS) 

Bureau of Industry and Security (DOC) 

beach lighterage control point 

beyond line-of-sight 

battalion landing team 

ballistic missile; beach module 

ballistic missile defense 

biomedical electronics technician 

beachmaster unit 

battalion 

bomb on coordinate 

beach operations group 

base operating support 

base operating support-integrator 

bomb on target 

battle position 

blanket purchase agreement 
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Shortened Word Forms 


BPC 
BPG 
BPLAN 
BPT 
BSA 
BSB 
BSC 
BSI 
BSZ 
BT 
BTC 
BTU 
BIWC 
BVR 
BZ 
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building partnership capacity 
beach party group 

base plan 

beach party team 

beach support area 

brigade support battalion 
behavioral science consultant 
base support installation 

base security zone 
bathythermograph 

blood transshipment center 
beach termination unit 
Biological and Toxin Weapons Convention 
beyond visual range 

buffer zone 


CAC 
CACOM 


CAF 


CAG 
CAGO 
CAIS 
CAL 
CALICS 


CAMOC 
CAMPS 
CANR 


CANUS 
CAO 


CAP 


CAPM 
CAPT 
CARVER 


CAS 
CASEVAC 
CAT 
CATF 
CBCP 
CBEC 
CBG 
CBIRF 


C 


Celsius 

command and control 

command and control chemical, biological, radiological, 
and nuclear response element 

coalition Intelligence Directorate counterintelligence 
and human intelligence staff element 

civil affairs; combat assessment; coordinating altitude; 
credibility assessment 

combat aviation advisor; command arrangement 
agreement 

contractors authorized to accompany the force 

commander’s assessment board 

common access card 

civil affairs command 

Canadian air division 

combat air forces; Conflict Assessment Framework 
(USAID) 

civil affairs group 

contractor-acquired, government-owned 

civil authority information support 

critical asset list 

communication, authentication, location, intentions, 
condition, and situation 

Caribbean Air and Marine Operations Center 

Consolidated Air Mobility Planning System 

Canadian North American Aerospace Defense Command 
Region 

Canada-United States 

civil affairs operations; 
controlled asset operation 

Civil Air Patrol; civil assistance plan; civil augmentation 
program; combat air patrol 

credibility assessment program manager 

civil affairs planning team 

criticality, accessibility, recuperability, vulnerability, 
effect, and recognizability 

close air support 

casualty evacuation 

category; civil affairs team; crisis action team 

commander, amphibious task force 

Customs and Border Clearance Program (DOD) 

Contingency Basing Executive Council 

coalition building guide 

Chemical-Biological Incident Response Force 
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Shortened Word Forms 


CBMU 
CBP 


CBR 
CBRN 
CBRNE 


CbT 
CC 
CCA 


CCAS 
CCATT 
CCC 
CCD 
CCDB 
CCDR 
CCEB 
CCG 
CCICA 
CCIF 
CCIR 
CCLI 
CCMD 
CCMF 
CCcO 


CCORB 
CCP 


ccs 


CCW 


CD 

CDC 

CDE 

CDI 

CDIO 
CDIPO 

CDM 

CDO 
CDRAFNORTH 
CDRJSOTF 
CDRNORAD 
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construction battalion maintenance unit 
capabilities-based planning; Customs and Border 
Protection (DHS) 
chemical, biological, and radiological 
chemical, biological, radiological, and nuclear 
chemical, biological, radiological, nuclear, and high-yield 
explosives (USA/NGB/USCG) 
combating terrorism 
component commander; critical capability 
Chairman of the Joint Chiefs of Staff-controlled activity; 
contract construction agent; country container authority 
contingency contract administration services 
critical care air transport team 
coalition coordination center 
camouflage, concealment, and deception 
consolidated counterdrug database 
combatant commander 
Combined Communications-Electronics Board 
combat communications group 
command counterintelligence coordinating authority 
Combatant Commander Initiative Fund 
commander’s critical information requirement 
commerce control list item 
combatant command 
Cyber Combat Mission Force 
central control officer; container 
control officer 
commander’s contract oversight review board 
combatant command campaign 
plan; consolidation 
and containerization point 
commander’s communication 
synchronization; core capability set 
1980 United Nations Convention on Conventional 
Weapons 
counterdrug; customer direct 
Centers for Disease Control and Prevention (DHHS) 
collateral damage estimation 
cargo disposition instructions 
collateral duty intelligence officer 
counterdrug intelligence preparation for operations 
collateral damage methodology 
commander, detainee operations 
Commander, Air Force North 
commander, joint special operations task force 
Commander, North American Aerospace Defense Command 


CDRSOJTF 
CDRTSOC 
CDRUSAFRICOM 
CDRUSARNORTH 
CDRUSCENTCOM 
CDRUSCYBERCOM 
CDRUSELEMNORAD 


CDRUSEUCOM 
CDRUSINDOPACOM 
CDRUSNORTHCOM 
CDRUSSOCOM 
CDRUSSOUTHCOM 
CDRUSSPACECOM 
CDRUSSTRATCOM 
CDRUSTRANSCOM 
CDS 


C-E 

CE 

CEB 

CEHC 
CEMA 
CEMIRT 
CENTRIXS 


CEP 
CERFP 


CERP 
CERT 


CEW 
CEWCC 
CEXC 
CF 

CFA 
CFB 
CFE-DM 


CFL 
CFLCC 
CFPM 
CFR 
CFSCC 


Shortened Word Forms 


commander, special operations joint task force 

commander, theater special operations command 

Commander, United States Africa Command 

Commander, United States Army, North 

Commander, United States Central Command 

Commander, United States Cyber Command 

Commander, United States Element, North American 
Aerospace Defense Command 

Commander, United States European Command 

Commander, United States Indo-Pacific Command 

Commander, United States Northern Command 

Commander, United States Special Operations Command 

Commander, United States Southern Command 

Commander, United States Space Command 

Commander, United States Strategic Command 

Commander, United States Transportation Command 

Chief of Defence Staff (Canada); command disablement 
system; container delivery system 

communications-electronics 

circular error; command element (USMC) 

combat engineer battalion 

Counter Explosive Hazards Center (USA) 

cyberspace electromagnetic activities (USA) 

civil engineer maintenance, inspection, and repair team 

Combined Enterprise Regional Information Exchange 
System 

Chairman’s Exercise Program 

chemical, biological, radiological, nuclear, and high-yield 
explosives enhanced response force package 

Commanders’ Emergency Response Program 

contingency 
engineering response team 

civilian expeditionary workforce 

combined electronic warfare coordination cell 

combined explosives exploitation cell 

carrier-furnished; causeway ferry; conventional forces 

critical factors analysis 

Canadian forces base 

Center for Excellence in Disaster Management and 
Humanitarian Assistance (USINDOPACOM) 

coordinated fire line 

coalition forces land component commander 

causeway ferry power module 

Code of Federal Regulations 

Combined Forces Space Component Command 

(USSPACECOM) 


Zak 


Shortened Word Forms 


CFST 
CG 
CG-652 


CGCIS 
CGDEFOR 
CGICC 
CGIS 
CGTTP 
CHCSS 
CHD 
CHE 

Cl 

CIA 
CIB 


CICA 
CICR 
CID 
CIE 


CIEA 
C-IED 
C-IEDTF 
CI/KR 
CIL 
CIM 
CIMIC 
CIO 
CIOC 
CIOTA 
CIP 
CIRT 
CISAR 
CITE 
CITP 
CIVMAR 
CJ-4 
CJCS 
CJCSI 
CJCSM 
CJE 
CJEODC 
CJFC 
CJLOTS 
CJOC 


Zaz 


coalition forces support team 
Coast Guard; commanding general 
Coast Guard Spectrum Management and 
Telecommunications Policy Division 
Coast Guard Counterintelligence Service 
Coast Guard defense force 
Coast Guard Intelligence Coordination Center 
United States Coast Guard Investigative Service 
Coast Guard tactics, techniques, and procedures 
Chief, Central Security Service 
counterintelligence and human intelligence detachment 
cargo-handling equipment; container handling equipment 
counterintelligence 
Central Intelligence Agency 
Common Interactive 
Broadcast; controlled image base 
counterintelligence coordinating authority 
counterintelligence collection requirement 
combat identification 
collaborative information environment; cultural 
intelligence element 
classification, identification, and engagement area 
counter-improvised explosive device 
counter-improvised explosive device task force 
critical infrastructure and key resources 
critical information list 
civil information management 
civil-military cooperation 
chief information officer 
counterintelligence operations cell 
counterintelligence operational tasking authority 
critical infrastructure protection 
Collaborative Issue Resolution Tool 
catastrophic incident search and rescue 
computer intrusion technical exploitation 
counter-improvised explosive device targeting program 
civil service mariner 
combined-joint logistic office 
Chairman of the Joint Chiefs of Staff 
Chairman of the Joint Chiefs of Staff instruction 
Chairman of the Joint Chiefs of Staff manual 
component joint data networks operations officer equivalent 
combined joint explosive ordnance disposal cell 
combined joint force commander 
combined joint logistics over-the-shore 
Canadian Joint Operations Command 


CJSART 
CJSMPT 
CJSOTF 
CJTF 


C-JWICS 


CL 
CLA 


CLB 
CLF 
CLIA 
CLIP 
CLML 
CLPSB 
CLR 
CLS 
CLZ 


CM 


cm 
CMA 
CMAA 
CMC 


CMCB 
CMCC 
CMDO 
CME 
CMF 
CMM 
CMO 
CMOC 
CMOS 


CMP 
CMPF 
CMSE 
CMST 
CMT 
CNBG 
CNGB 
CNGBI 
CNMF 


Shortened Word Forms 


Criminal Justice Sector Assessment Rating Tool 

Coalition Joint Spectrum Management Planning Tool 

combined joint special operations task force 

combined joint task force (NATO); commander, joint 
task force 

Containerized Joint Worldwide Intelligence 
Communications System 

contingency location; coordination level 

critical logistics asset; landing craft, air cushion launch 
area 

combat logistics battalion 

combat logistics force; commander, landing force 

Clinical Laboratory Improvement Amendments of 1988 

Clinical Laboratory Improvement Program 

contingency location master list 

combatant commander logistics procurement support board 

combat logistics regiment 

contractor logistics support 

landing craft, air cushion landing 
zone 


combination module; cruise missile 

centimeter(s) 

collection management authority 

cooperative military airlift agreement 

Commandant of the Marine Corps; Office of Civilian- 
Military Cooperation (USAID) 

civil-military coordination board 

combined movement coordination center 

command military deception officer 

civil-military engagement 

Cyber Mission Force 

Office of Conflict Management and Mitigation (USAID) 

civil-military operations 

civil-military operations center 

cargo movement operations system; Cargo Movement 
Operations System (USAF) 

contractor management plan 

commander, maritime pre-positioning force 

civil-military support element 

consequence Management support team 

combat mission team 

commander, naval beach group 

Chief, National Guard Bureau 

Chief, National Guard Bureau instruction 

Cyber National Mission Force 
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Shortened Word Forms 


CNMF-HQ 
CNMI 
CNO 
CNR 

CO 

COA 
COB 
COC 
CoC 
COCO 
COCOM 
COD 
COE 
COF 
COG 
COI 
COIC 


COIN 
CO-IPE 
COLDS 
COLISEUM 


COLPRO 

COLS 

COM 
COMAFFOR 
COMAFSOAC 
COMALOC 
COMARFOR 
COMCAM 
COMDTINST 
COMFLTCYBERCOM 
COMINT 
COMMARFOR 
COMNAVFOR 
COMNET 
COMPACAF 
COMPASS 
COMSC 
COMSCINST 
COMSEC 
COMSUBLANT 
COMSUBPAC 
COMUSNAVNORTH 
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Cyber National Mission Force-Headquarters 

Commonwealth of the Northern Mariana Islands 

Chief of Naval Operations 

combat net radio 

cyberspace operations 

course of action 

contingency operating base 

combat operations center 

Code of Conduct 

contractor-owned, contractor-operated 

combatant command (command authority) 

combat operations division 

concept of employment 

conduct of fire 

center of gravity; continuity of government 

community of interest 

Counter-Improvised Explosive Device Operations/ 
Intelligence Integration Center (JIEDDO) 

counterinsurgency 

cyberspace operations-integrated planning element 

cargo offload and discharge system 

community on-line intelligence system for end-users and 
managers 

collective protection 

concept of logistics support 

chief of mission; collection operations management 

commander, Air Force forces 

commander, Air Force special operations air component 

commercial air line of communications 

commander, Army forces 

combat camera 

Commandant instruction (USCG) 

Commander, Fleet Cyber Command 

communications intelligence 

commander, Marine Corps forces 

commander, Navy forces 

communications network 

Commander, Pacific Air Forces 

Computerized Movement Planning and Status System 

Commander, Military Sealift Command 

Commander, Military Sealift Command instruction 

communications security 

Commander Submarine Force, United States Atlantic Fleet 

Commander Submarine Force, United States Pacific Fleet 

Commander, United States Naval Forces, Northern 
Command 


COMUSPACFLT 
CONOPS 
CONPLAN 
CONR 


CONUS 
COOP 
COP 
COR 
CORIVRON 
COs 
COSC 
COTP 
COTS 
CP 
CPA 
CPD 
CPF 
CPG 
CPO 
CPT 
CR 


CRA 


CRAF 
C-RAM 
CRC 


CRE 
CREstT 
CREW 


CRF 
CRG 
CRM 


CRMx 
CRSP 
CRT 


CRTS 
CRW 
CS 
CS&C 
CSA 


Shortened Word Forms 


Commander, United States Pacific Fleet 

concept of operations 

concept plan; operation plan in concept format 

continental United States North American Aerospace 
Defense Command Region 

continental United States 

continuity of operations 

common operational picture 

contracting officer’s representative 

coastal riverine squadron 

chief of staff 

combat and operational stress control 

captain of the port 

commercial off-the-shelf 

command post; contact point 

campaign plan assessment 

combat plans division 

Cyber Protection Force 

Contingency Planning Guidance 

chief petty officer 

cyberspace protection team 

civil reconnaissance; contingency response; critical 
requirement 

continuing resolution authority; coordinating review 
authority 

Civil Reserve Air Fleet 

counter-rocket, artillery, mortar 

coastal riverine company; 
control and reporting center; crisis reaction center 

contingency response element 

Casualty Rate Estimation Tool 

counter radio-controlled improvised explosive device 
electronic warfare 

coastal riverine force; contingency response force 

contingency response group 

collection requirements management; comment 
resolution matrix 

collection requirements matrix 

centralized receiving and shipping point 

chemical, biological, radiological, nuclear, and high-yield 
explosives response team; contingency response team 

casualty receiving and treatment ship 

contingency response wing 

combat support 

Office of Cybersecurity and Communications (DHS) 

combat support agency 
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Figure 19. Graph of dependent simultaneous 
linear equations. 


are dependent, since they can be reduced to 
identical forms. Selecting the same plus and 
minus values for x and the same checkpoint as 
in b above, the coordinates for both equations 
are found to be (6,—2), (4,0), and (—6,10). 
Plotted on a graph, both equations form a sin- 
gle line (fig. 19). 

d. Simultaneous equations that have no com- 
mon solution are called inconsistent. No solu- 
tion is possible for the equations x + y = 3 
and x + y = 5, because there are no values for 
x and y which, when added together to make 3, 
will also equal 5. Using 6 and —6 as maximum 
plus and minus values for x, and using x = 4 
as a checkpoint, the coordinates for equation 
x + y = 8 are found to be (6,—3), (4,—1), 
and (—6,9); the coordinates for x + y = 5 
are (6,—1), (4,1), and (—6,11). Plotted on a 
graph, these equations form parallel lines (fig. 
20). 


102. Graphing Quadratic Equations 


a. The Dependent Variable. In graphing a 
quadratic equation, only two values, or points, 
for plotting the equation can be obtained by 
finding the roots of the equation (par. 88). 
These values do not give a complete picture 
of the equation. To get a continuous graph, a 
dependent variable is introduced. This vari- 
able, usually identified by the letter y, gets its 
name from the fact that it depends on another 
quantity for its value. For example, in the 
equation y = x? — 6x + 5, the value of y de- 
pends on the value of x; therefore, y is a de- 
pendent variable. The quantity on which y de- 
pends is called the independent variable. A 
more accurate designation for the dependent 
variable is f(z), meaning function of x. Using 
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Figure 20. Graph of inconsistent simultaneous 
linear equations. 


this designation, the equation given above 
would be written f(x) = x? — 6a + 5. If the 
independent variable in the equation were z, 
the equation would be written f(z) = 
2 — 62 + 5. 


b. Graphical Solution of Quadratic Equa- 
tions. In the original equation f(x) = 
x? — 6x + 5, different values are substituted 
for the unknown to find the corresponding 
values of the function; thus if x equals —1, the 
equation becomes f(—1) = (—1)? — 6(—1) + 
5 = 12; if x equals zero, the equation becomes 
f(0) =~ 0—0-45 = 5; if x equals 1, the equa- 
tions becomes f(1) = (1)? — 6(1) + 5 = 0, 
etc. Compile a table of enough values to make it 
possible to plot the equation, as shown in figure 
21. The graph of the function crosses the x- 
axis at two points, 1 and 5, which give a graph- 
ical solution of the equation «? — 64 +5 = 0. 
The equation also may be solved by factoring, 
as follows: 

(«— 1) (« —5) = 0 
x—1=—0Oandx—5=0 
x=landzx=5 
Thus, the solutions or the roots of the equation 
are obtained when f(x) = 0. These roots repre- 
sent the points where the graph of f(z) = 

x? — 6x + 5 crosses the z-axis. 


c. Properties of Functions. In addition to 
the original equation, f(a) = x? — 6x + 5, con- 
sider three equations that differ in one respect 
—their constant terms are not the same. For 
example: 

f(x) = z?—67 +8 
f(z) =2z?—674+9 
f(x) = «x? — 62 4+ 12 
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Shortened Word Forms 


CSAR 
CSC 
CSCS 
CSE 
CSEL 


CSG 
CSL 
CSNP 
CSO 
CSP 
CSPOC 
CSS 
CSSA 
CSSAMO 
CSSB 
CSSP 
CST 
CSTO 
CSW 
CT 
CTBT 
CTF 
CTF IAMD 
CTFP 
CTIP 
CTITF 
CTL 
CTN 
CTP 
CTR 
CTS 


CTU 
C-UAS 
CUI 
CUL 
CULT 
CV 
CVE 
CVS 
CVT 
CVW 
CW 
CWA 
CWC 
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combat search and rescue 
convoy support center 
country-specific security cooperation section 
contingency support element 
command senior enlisted 
leader 
carrier strike group; cryptologic services group 
cooperative security location 
causeway section, nonpowered 
Bureau of Conflict and Stabilization Operations (DOS) 
campaign support plan; career sea pay 
Combined Space Operations Center (USSPACECOM) 
Central Security Service (NSA); combat service support 
combat service support area 
combat service support automation management office 
combat sustainment support battalion 
cybersecurity service provider 
combat support team 
combined space tasking order 
coordinate seeking weapons 
computed tomography; counterterrorism 
Comprehensive Nuclear Test-Ban Treaty 
commander, task force; counter threat finance 
commander, task force integrated air and missile defense 
Combating Terrorism Fellowship Program 
combating trafficking in persons 
Counter-Terrorism Implementation Task Force (UN) 
candidate target list 
countering threat networks 
common tactical picture 
cooperative threat reduction 
commodity tracking system; Contingency Tracking 
System; controlled technical services 
commander, task unit 
counter-unmanned aircraft system 
controlled unclassified information 
common-user logistics 
common-user land transportation 
critical vulnerability 
countering violent extremism 
commercial vendor services 
criticality-vulnerability-threat 
carrier air wing 
chemical warfare; continuous wave 
chemical warfare agent 
Chemical Weapons Convention; composite warfare 


CWG 
CWMD 
CWP 
CWT 
CZTE 


Shortened Word Forms 


commander 
counterdeception working group 
countering weapons of mass destruction 
causeway pier 
customer wait time 
combat zone tax exclusion 


2o7 


Shortened Word Forms 


Intentionally Blank 
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D&F 
D&M 

D3A 

DA 

DAADC 
DACAS 
DACG 

DACO 

DAF 

DAFL 

DAL 

DALIS 

DAO 

DART 

DASC 
DASD(CN&GT) 


DASD(Log) 
DASD(SO/CT) 


DATT 
DAWIA 
DBIDS 
DBSMC 
DC3 

DC 


DCA 
DCAA 
DCAPES 


DCCC 
DCE 
DCGS 
DCGS-A 
DCGS-MC 
DCHA 


DCHC 
DCI 
D/CIA 
DCID 
DCIP 
DCISE 


D 


determinations and findings 

detection and monitoring 

decide, detect, deliver, and assess 

Department of the Army; direct action; double agent 

deputy area air defense commander 

digitally aided close air support 

departure airfield control group 

directive authority for cyberspace operations 

Department of the Air Force 

directive authority for logistics 

defended asset list 

Disaster Assistance Logistics Information System 

defense attaché office 

disaster assistance response team 

direct air support center 

Deputy Assistant Secretary of Defense for 
Counternarcotics and Global Threats 

Deputy Assistant Secretary of Defense (Logistics) 

Deputy Assistant Secretary of Defense for Special 
Operations and Combating Terrorism 

defense attaché 

Defense Acquisition Workforce Improvement Act 

Defense Biometric Identification System 

Defense Business Systems Management Committee 

Department of Defense Cyber Crime Center 

Deputies Committee; directed communication; dislocated 
civilian 

defense cooperation agreement; defensive counterair 

Defense Contract Audit Agency 

Deliberate and Crisis Action Planning and Execution 
Segments 

Defense Collection Coordination Center (DIA) 

defense coordinating element 

distributed common ground/surface system 

distributed common ground system-Army 

distributed common ground/surface system Marine Corps 

Bureau for Democracy, Conflict, and Humanitarian 
Assistance (USAID) 

Defense Counterintelligence and Human Intelligence Center 

defense critical infrastructure 

Director, Central Intelligence Agency 

Director of Central Intelligence directive 

Defense Critical Infrastructure Program 

Defense Industrial Base Collaborative Information 
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Shortened Word Forms 


DCJTF 
DCM 


DCMA 
DCME 
DCO 


DCO-IDM 


DCO-RA 
DCP 
DCR 


DCRF 


DCS 
DCTC 
DD 
DDA 
DDE 
DDM 
DDOC 


DDR 
DDS 
DDSBn 
DDSM 
DDST 
DDXxX 
DE 
DEA 
DEERS 
DEPORD 
DepSecDef 
DERP 
DES 
DF 
DFARS 
DFAS 
DFBA 
DFC 
DFE 
DFRIF 
DFU 
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Sharing Environment 

deputy commander, joint task force 

defense collection manager; deputy chief of mission; 
directed communication model 

Defense Contract Management Agency 

Defense Collection Management Enterprise 

defense coordinating officer; defensive cyberspace 
operations 

defensive cyberspace operations-internal defensive 
measures 

defensive cyberspace operations-response actions 

data collection plan; detainee collection point 

doctrine, organization, training, materiel, leadership 
and education, personnel, facilities, and policy 
change recommendation 

defense chemical, biological, radiological, and nuclear 
response force 

Defense Collaboration Services 

Defense Combating Terrorism Center (DIA) 

Department of Defense (form) 

deputy development advisor 

Defense Logistics Agency distribution expeditionary 

Defense Logistics Agency Distribution Mapping 

Deployment and Distribution Operations Center 
(USTRANSCOM) 

disarmament, demobilization, and reintegration 

Deployable Disbursing System 

deployment and distribution support battalion 

Defense Distinguished Service Medal 

deployment and distribution support team 

Defense Logistics Agency distribution expeditionary 

decedent effects; directed energy 

Drug Enforcement Administration (DOJ) 

Defense Enrollment Eligibility Reporting System 

deployment order 

Deputy Secretary of Defense 

Defense Environmental Restoration Program 

deception event schedule 

dangerous fallout; direction finding 

Defense Federal Acquisition Regulation Supplement 

Defense Finance and Accounting Service 

Defense Forensics and Biometrics Agency 

detention facility commander 

Defense Intelligence Agency forward element 

Defense Freight Railway Interchange Fleet 

dry filter unit 


DGT 

DHA 

DHE 
DHE-M 
DHHS 
DHM 

DHP 

DHS 

DI 

DIA 

DIAP 

DIB 

DIE 

DIFC 
DIMOC 
DINFOS 
DIO 

DIRI 
DIRINT 
DIRLAUTH 
DIRMOBFOR 
DIRNSA 
DIRSPACEFOR 
DISA 

DISN 

DISO 

DISR 


DJ-7 
DJS 
DLA 
DLD 
DLEA 
DLM 
DLMS 
DM 
DMA 
DMDC 
DMSM 
DMT 
DMZ 
DNA 
DNBI 
DNC 
DNDO 
DNI 


Shortened Word Forms 


designated ground target 

Defense Health Agency; detainee holding area 

defense human intelligence executor 

Defense Human Intelligence Enterprise-manual 

Department of Health and Human Services 

defense human intelligence manager 

Defense Health Program 

Department of Homeland Security 

Defense Intelligence Agency (DIA) Directorate for Analysis 

Defense Intelligence Agency 

Defense Intelligence Analysis Program 

defense industrial base; defense institution building 

deception intelligence estimate 

Defence Intelligence Fusion Centre 

Defense Imagery Management Operations Center 

Defense Information School 

defense intelligence officer 

Defense Institution Reform Initiative 

Director of Intelligence (USMC) 

direct liaison authorized 

director of mobility forces 

Director, National Security Agency 

director of space forces (USSF) 

Defense Information Systems Agency 

Defense Information Systems Network 

deception in support of operations security 

Department of Defense Information Technology 
Standards Registry 

Director, Joint Force Development 

Director, Joint Staff 

Defense Logistics Agency 

digital liaison detachment 

drug law enforcement agency 

defense logistics manual 

Defense Logistics Management System 

docking module 

Defense Media Activity 

Defense Manpower Data Center 

Defense Meritorious Service Medal 

disaster management team (UN) 

demilitarized zone 

deoxyribonucleic acid 

disease and nonbattle injury 

digital nautical chart 

Domestic Nuclear Detection Office (DHS) 

Director of National Intelligence 
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Shortened Word Forms 


DNWS 

DOC 

DOD 

DODD 
DODFMR 
DODI 

DODIIS 
DODIN 
DODM 
DODS-CWMD 


DOE 
DOEHRS-IH 


DOI 

DOJ 

DOL 
DOMEX 
DON 

DOS 

DOT 
DOTMLPF 


DOTMLPF-P 


DOWG 
DOX-T 
DP 
DPA 
DPAA 


DPAS 
DPC 
DPG 
dpi 
DPI 
DPIP 
DPM 
DPO 
DPPDB 
DR 
DRL 
DRO 
DRP 
DRRS 
DRRS-S 
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Defense Nuclear Weapons School 

Department of Commerce 

Department of Defense 

Department of Defense directive 

Department of Defense Financial Management Regulation 

Department of Defense instruction 

Department of Defense Intelligence Information System 

Department of Defense information network 

Department of Defense manual 

Department of Defense Strategy for Countering Weapons 
of Mass Destruction 

Department of Energy 

Defense Occupational and Environmental Health 
Readiness System — Industrial Hygiene 

Department of the Interior 

Department of Justice 

Department of Labor 

document and media exploitation 

Department of the Navy 

days of supply; Department of State 

Department of Transportation 

doctrine, organization, training, materiel, leadership and 
education, personnel, and facilities 

doctrine, organization, training, materiel, leadership and 
education, personnel, facilities, and policy 

deception operations working group 

direct operational exchange-tactical 

decisive point; displaced person 

danger pay allowance 

Defense Prisoner of War/Missing in Action Accounting 
Agency 

Defense Priorities and Allocation System 

deception planning cell Defense Pricing and Contracting 

Defense Planning Guidance 

dots per inch 

desired point of impact 

departing initial point 

dissemination program manager 

Defense Press Office; distribution process owner 

digital point positioning database 

disaster relief 

Bureau of Democracy, Human Rights, and Labor (DOS) 

departmental requirements officer 

digital reference point 

Defense Readiness Reporting System 

Defense Readiness Reporting System-Strategic 


Shortened Word Forms 


DRS detainee reporting system 

DRT directed readiness table 

DS direct support 

DSC defensive space control; dual-status commander 

DSCA Defense Security Cooperation Agency; defense support 
of civil authorities 

DSE direct support element 

DSF deployable specialized force; District Stability 
Framework (USAID) 

DSM decision support matrix 

DSN Defense Switched Network 

DSO Defense Spectrum Organization (DISA) 

DSPD defense support to public diplomacy 

DSR defense strategy review 

DSRSG Deputy Special Representative of the Secretary-General 

DSS/ALOC direct support system/air line of communications 

DSSM Defense Superior Service Medal 

DSSR Department of State Standardized Regulation 

DST decision support template; Defense Logistics Agency 
support team; district support team 

DTA dynamic threat assessment 

DTD Deployable Training Division 

DTED digital terrain elevation data 

DTG date-time group 

D/TAD detect/track/identify 

DTIRP Defense Treaty Inspection Readiness Program 

DTL deployable team leader 

DTM directive-type memorandum 

DTO drug trafficking organization 

DTPA diethylenetriaminepentaacetic acid 

DTR Defense Transportation Regulations 

DTRA Defense Threat Reduction Agency 

DTS Defense Transportation System; Defense Travel System 

DTSA Defense Technology Security Administration 

DURC dual-use research of concern 

DVD digital video disc 

DVIDS Defense Video and Imagery Distribution System 

DWAS Defense Working Capital Accounting System 

DWT deadweight tonnage 

DZ drop zone 

DZST drop zone support team 
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Shortened Word Forms 


Intentionally Blank 
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EAC 
EACA 
EAD 
EADRCC 
EADRU 
EADS 
EAF 
EAP 
EAPC 
EBS 
ECC 
ECHO 


ECM 


ECOSOC 
ECS 


EDA 


EDI 
EDTA 
EEE 

EEI 

EEO 

EER 

EEZ 

EFT 

eGPL 

EH 

EHCC 
EHDB 
EHSA 
EJPME 
EL 
ELCAS 
ELCAS(M) 
ELINT 
ELIST 


E 


Eighteenth Air Force 
enhanced 
electromagnetic environmental effects 
electromagnetic attack; executive 
agent 
emergency action committee 
electromagnetic attack control authority 
earliest arrival date 
Euro-Atlantic Disaster Response Coordination Centre 
Euro-Atlantic disaster response unit 
Eastern Air Defense Sector 
expeditionary airfield 
emergency action plan 
Euro-Atlantic Partnership Council 
environmental baseline survey 
engineer coordination cell; evacuation control center 
European Commission Directorate General for 
Humanitarian Aid and Civil Protection 
electromagnetic countermeasures; electronic 
countermeasures 
Economic and Social Council (UN) 
environmental condition study; expeditionary combat 
support 
excess 
defense articles 
electronic data interchange 
ethylenediaminetetraacetic acid 
emergency and extraordinary expense 
essential element of information 
equal employment opportunity 
enlisted employee review 
exclusive economic zone 
electronic funds transfer 
Enhanced Geospatial Product Library (USAF) 
explosive hazard 
explosive hazards coordination cell 
explosive hazard database 
environmental health site assessment 
enlisted joint professional military education 
enduring location 
elevated causeway system 
elevated causeway system (modular) 
electronic intelligence 
enhanced logistics intratheater support tool 
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#(x) 


(+1, 12) 


(7, 12) 


f(x) =x? 6x45 
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Figure 21. Graph of function of quadratic equation. 


The graphs of the four corresponding functions 
have interesting properties and can be studied 
more advantageously when plotted on the same 
graph, as shown in figure 22. 
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(1) 


(2) 


The function of «2 — 6x7 + 5 crosses 
the horizontal or z-axis at two points, 
1 and 5. These points indicate that 
the roots of the equation are x = 1 
and x = 5. To compare this informa- 
tion with the discussion on quadratic 
equations in chapter 5, the discrimi- 
nant of the equation must be investi- 
gated. The discriminate of 
xv? — 6% + 5 is (b?. — 4ac) = 
(386 —4-1- 5) = 36 — 20 = 16. 
Referring to the summary of the 
character of roots in paragraph 93, 
the roots are real and rational. To 
prove this, substitute the value of the 
discriminant in the quadratic formula. 
_ —b + Vb? — 4ac 

_ 2a 

_ —(—6) + Vi6 

= 2 

— ots = 5or 7 > 4 

Thus, the discriminant is a perfect 
square and the roots are real and ra- 
tional. - 


aia | 


The function of «? — ox + 8 crosses 
the horizontal axis at 2 and 4, indicat- 
ing that the roots are x = 2 and x = 4. 
Calculating the discriminant, 


(3) 


(4) 


x 


(b? — 4ac) = (86 —4:-2-2) = 
36 — 32 = 4. Thus, the discriminant 
is a perfect square and will give real 
and rational roots. 


The function of x? — 6% + 9 touches 
the x-axis at only one point, 3. Thus, 
both roots of the equation are x = 3. 
Calculating the discriminant, 
(b? — dac) = (86 —4- 9) = 0, which 
indicates that the roots are real and 
equal. Check the graph of this equa- 
tion (fig. 22); it will be seen that the 
curve just touches the x-axis at one 
point. Thus, the root « = 3 must be 
counted twice and may be called a 
double root. 


The equation f(x) — x2 — 6% + 12 
has a discriminant equal to (36 — 4 - 
12) or —12. Solving for the roots of 
this equation, 


6 + Y—12 
=—3._ = 3+ V—3. 


This is imaginary, but the meaning 
becomes apparent when the graph of 
the function of the equation is in- 
spected. The plot does not cross the 
x-axis and, therefore, both roots must 
be imaginary. 


d. Minimum Value of a Quadratic. 


(1) 


The minimum value of a quadratic 
: : —b 
function will occur at x = re when 
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Shortened Word Forms 


ELML 
ELOS 
ELT 
EM 
EMAC 
EMBM 
EMC 
EMCON 
EMD 
EME 
EMEDS 
EMF 
EMI 
EMIO 
EMP 
EMRE 
EMS 
EMSCA 
EMSO 
EMSOC 
EMT 


EMU 
ENAO 
EO 

EOB 
EOC 
EOCA 
EOD 
EODB 
EODESU 
EODGRU 
EODIMS 


EODMU 
EODMU-1 
EODT&T 
EODTEU 
EODTIC 


EO-IR 
EO-IR CM 
EP 


EPA 
EPBS 
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enduring location master list 

extended line-of-sight 

emergency locator transmitter 

electromagnetic; emergency management 

emergency management assistance compact 

electromagnetic battle management 

electromagnetic compatibility 

emission control 

expeditionary military information support detachment 

electromagnetic environment 

expeditionary medical support 

expeditionary medical facility 

electromagnetic interference 

expanded maritime interception operations 

electromagnetic pulse 

Expeditionary Medicine Requirements Estimator 

electromagnetic spectrum 

electromagnetic spectrum coordinating authority 

electromagnetic spectrum operations 

electromagnetic spectrum operations cell (USMC) 

expeditionary military 
information support team 

expeditionary medical unit 

emergency nuclear airlift operations 

electro-optical; executive order 

electromagnetic order of battle 

emergency operations center 

explosive ordnance clearance agent 

explosive ordnance disposal 

explosive ordnance disposal bulletin 

explosive ordnance disposal expeditionary support unit 

explosive ordnance disposal group (USN) 

Explosive Ordnance Disposal Information Management 
System 

explosive ordnance disposal mobile unit 

explosive ordnance disposal mobile unit one 

explosive ordnance disposal technology and training 

explosive ordnance disposal training and evaluation unit 

Explosive Ordnance Disposal Technical Information 
Centre (NATO) 

electro-optical-infrared 

electro-optical-infrared countermeasure 

electromagnetic protection; emergency preparedness; 
excess property 

Environmental Protection Agency; evasion plan of action 

expeditionary prime base engineer emergency force 


EPF 
EPH 
EPIC 
EPIRB 
EPLO 
EPU 
EPW 
ERC 
ERDC 
ERG 
ERIMP 
ERPSS 
ERSG 
ERT 


ERU 
ERW 
ES 
ESB 
ESC 
ESCS 
ESD 
ESEO 
ESF 
ESG 
ESGR 
ESO 


ESORTS 
ESP 
ESR 
EST 

ET 

ETF 
ETM 
ETO 

EU 
Europol 


EVC 
EVE 

EV WHS 
EW 
EWC 
EWCA 


Shortened Word Forms 


squadron 
expeditionary fast transport 
emergency planning handbook 
E] Paso Intelligence Center 
emergency position-indicating radio beacon 
emergency preparedness liaison officer 
expeditionary port unit 
enemy prisoner of war 
en route care; expeditionary railway center 
Engineer Research and Development Center 
Emergency Response Guidebook 
En Route Infrastructure Master Plan (USTRANSCOM) 
En Route Patient Staging System 
executive representative of the Secretary-General 
engineer 
reconnaissance team 
emergency response unit 
explosive remnants of war 
electromagnetic support; expeditionary salvage 
engineer support battalion; expeditionary sea base 
expeditionary sustainment command 
environmental site closure survey 
expeditionary transfer dock 
environmental science and engineering officer 
Economic Support Fund; emergency support function 
executive steering group; expeditionary strike group 
Employer Support of the Guard and Reserve 
Expeditionary Support 
Organization (DFAS) 
Enhanced Status of Resources and Training System 
engineer support plan; Estimating Supplies Program 
external supported recovery 
embarked security team 
electronics technician 
electronic target folder 
essential tasks matrix 
Emergency Transportation Operations (DOT) 
European Union 
European Union Agency for Law Enforcement 
Cooperation 
evasion chart 
equal value exchange 
Enhanced View Web Hosting Service 
electromagnetic warfare 
electronic warfare cell 
electronic warfare control authority 
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Shortened Word Forms 


EWCC 
EWO 
EXORD 
EXU-1 
EZ 
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electromagnetic warfare coordination cell 
electromagnetic warfare officer 

execute order 

Expeditionary Exploitation Unit One 
exchange zone 


F2T2EA 
F3EAD 
FA 

FAA 


FAC 
FAC(A) 
FACT 


F/AD 
FAD 
FADM 
FAH 
FAO 
FAR 
FARC 
FARP 
FAS 
FAST 
FB 
FBI 
FC 
FCA 
FCC 


FCE 
FCO 
FCP 
FCP-CWMD 


FCT 
FD 

FDA 
FDC 
FDO 


FDPMU 
FDR 

FE 

FEA 
FEBA 
FEC 


FECC 


F 


find, fix, track, target, engage, and assess 

find, fix, finish, exploit, analyze, and disseminate 

field artillery 

Federal Aviation Administration (DOT); Foreign 
Assistance Act 

forward air controller 

forward air controller (airborne) 

field advance civilian team; field assessment and 
coordination team 

force/activity designator 

forward area detachment 

force allocation decision matrix 

final attack heading; foreign affairs handbook 

Food and Agriculture Organization (UN) 

Federal Acquisition Regulation; formal assessment report 

flyaway recompression chamber 

forward arming and refueling point 

Foreign Agricultural Service (USDA) 

fleet antiterrorism security team 

forward boundary 

Federal Bureau of Investigation (DOJ) 

final coordination; fires cell (USA); floating causeway 

Foreign Claims Act 

federal coordinating 
center 

forward command element 

federal coordinating officer 

functional campaign plan 

Functional Campaign Plan for Countering Weapons of 
Mass Destruction 

firepower control team 

first draft; from temporary duty (USMC) 

Food and Drug Administration (DHHS) 

fire direction center 

flexible deterrent option; foreign 
disclosure officer 

forward-deployable preventive medicine unit 

foreign disaster relief 

fires element 

front-end analysis 

forward edge of the battle area 

facilities engineering command; fires and effects 
coordinator 

fires and effects coordination center (USMC) 
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Shortened Word Forms 


FEI 
FEMA 
FEP 
FEPP 
FES 
FEST 
FEZ 
FFA 
FFC 
FFCC 
FFE 
FFIR 
FFP 
FFT 
FGS 
FHA 
FHP 
FHWA 
FID 
FIE 
FIOP 
FISINT 
FIST 
FLIR 
FLITE 
FLN 
FLO/FLO 
FLOT 
FM 


FMA 

FMF 

FMS 

FMTS 
FMV 

FN 

FOB 
FORCE 
FORSCOM 
FOS 


FOUO 
FOV 
FP 
FPCON 
FPD 
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forensic-enabled intelligence 

Federal Emergency Management Agency (DHS) 

foreign excess property 

foreign excess personal property 

fire emergency services 

foreign emergency support team 

fighter engagement zone 

free-fire area 

force fires coordinator 

force fires coordination center (USMC) 

field force engineeringt 

friendly force information requirement 

fresh frozen plasma; Office of Food for Peace (USAID) 

friendly force tracking 

final governing standard; Force Generation Service (UN) 

foreign humanitarian assistance 

force health protection 

Federal Highway Administration (DOT) 

foreign internal defense 

foreign intelligence entity 

federal interagency operational plan 

foreign instrumentation signals intelligence 

fire support team (USA); fleet intelligence support team 

forward-looking infrared 

federal legal information through electronics 

Front de Libération Nationale 

float-on/float-off 

forward line of own troops 

field manual (USA); financial management; frequency 
management; frequency modulation 

foreign materiel acquisition 

Fleet Marine Force (USN); foreign military financing 

foreign military sales 

Fourth Estate Manpower Tracking System 

full-motion video 

foreign nation 

forward operating base 

fuels operational readiness capability equipment (USAF) 

United States Army Forces Command 

forward observer system; forward operating site; full 
operational status 

for official use only 

field of view 

firing point; force protection; force provider 

force protection condition 

force protection detachment; foreign post differential 


FPE 
FPF 
FPO 
FPS 
FPWG 
FRA 
FRAGORD 
FRC 
FRO 
FSA 
FSC 
FSCC 
FSCL 
FSCM 
FSCOORD 
FSEM 
FSF 
FSO 
FSP 
FSS 
FSSP 
FST 
FSW 
ft 
FIM 
FIN 
FTO 
FW 
FWA 
FWRA 
FXL 
FY 
FY1 
FY2 
FY3 
FY4 
FY5 
FYDP 


Shortened Word Forms 


force provider expeditionary (USA) 
final protective fire 

fleet post office 

Federal Protective Service (DHS) 
force protection working group 
Federal Railroad Administration (DOT) 
fragmentary order 

forward resuscitative care 

flexible response option 

fire support area 

fire support coordinator (USMC) 
fire support coordination center (USMC) 
fire support coordination line 

fire support coordination measure 
fire support coordinator (USA) 

fire support execution matrix 
foreign security forces 

fire support officer 

functional support plan 

fast sealift ship; fire support station 
fuel system supply point 

fire support task 

feet of seawater 

feet; foot 

free text message 

force tracking number 

foreign terrorist organization 
fixed-wing 

fraud, waste, and abuse 

food and water risk assessment 
forensic exploitation laboratory 
fiscal year 

current fiscal year 

budget year 

program year 

out year 

out year 

Future Years Defense Program 
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Shortened Word Forms 


Intentionally Blank 


272 


G-1 


G-4 


G-6 


G-7 


GA 

GABA 
GAFS 
GAMSS 
GAO 

GAP CITE 


GARS 
GAT 
GATES 
GB 
GBS 
GC 


GCCC 


G 


Army component manpower or personnel staff officer 
(Army division or higher staff); assistant chief of staff, 
personnel/personnel staff section (USMC) 

Army Deputy Chief of Staff for Intelligence; Army 
component intelligence staff officer (Army division or 
higher staff); assistant chief of staff, 
intelligence/intelligence staff section (USMC) 

Army counterintelligence and human intelligence staff 
element 

Army or Marine Corps component operations staff 
officer (Army division or higher staff, Marine Corps 
brigade or higher staff); assistant chief of staff, 
operations 

Army or Marine Corps component logistics staff officer 
(Army division or higher staff, Marine Corps brigade or 
higher staff); assistant chief of staff, logistics/logistics 
staff section (USMC) 

assistant chief of staff, plans (USA); assistant chief of 
staff, plans/plans staff section (USMC) 

Army component command, control, communications, 
and computer systems staff officer (Army division or 
higher staff); assistant chief of staff, 
communications/communications system staff section 
(USMC) 

Army component information operations staff officer; 
assistant chief of staff, information 
engagement/information operations staff section 
(USMC) 

tabun 

gamma-aminobutyric acid 

General Accounting and Finance System 

Global Air Mobility Support System 

Government Accountability Office 

Global Adaptive Planning Collaborative 
Information Technology Environment 

Global Area Reference System 

governmental assistance team 

Global Air Transportation Execution System 

sarin 

Global Broadcast Service 

general counsel; Geneva Convention Relative to the 
Protection of Civilian Persons in Time of War 


global contingency construction contract 
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Shortened Word Forms 


GCCMAC 


GCCS 
GCCS-A 
GCCS-I3 


GCCS-J 
GCE 

GCI 
GCM 
GC-MS 
GCP 
GCSC 
GCSMAC 


GCSS 
GCSS-J 
GD 

GDP 
GDSS 
GE 
GENTEXT 
GEO 
GEOINT 
GEOREF 
GETM 
GETS 


GFE 
GFM 
GFMAP 
GFMB 
GFMIG 
GFP 
GI&S 
GIBCO 
GICNT 
GIF 
GIMS 
GIS 

GL 
GLD 
GLINT 
GLO 
GLOC 
GLONASS 
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Global Contingency Construction Multiple Award 
Contract (USN) 

Global Command and Control System 

Global Command and Control System-Army 

Global Command and Control System-Integrated 
Imagery and Intelligence 

Global Command and Control System-Joint 

ground combat element (USMC) 

ground control intercept 

global container manager 

gas chromatography-mass spectrometry 

global campaign plan 

global contingency service contract 

Global Contingency Services Multiple Award Contract 
(USN) 

Global Command Support System 

Global Combat Support System-Joint 

soman 

global defense posture 

Global Decision Support System 

general engineering 

general text 

geosynchronous Earth orbit 

geospatial intelligence 

geographic reference 

Geospatially Enabled Target Materials (NGA) 

Geospatial Intelligence Enterprise Tasking, Processing, 
Exploitation, and Dissemination Services 

government-furnished equipment 

global force management 

Global Force Management Allocation Plan 

Global Force Management Board 

Global Force Management Implementation Guidance 

government-furnished property 

geospatial information and services 

geospatial-intelligence base for contingency operations 

Global Initiative to Combat Nuclear Terrorism 

global integration framework 

Geospatial Intelligence Information Management Services 

geographic information system 

government-leased 

ground liaison detachment 

gated laser intensifier 

ground liaison officer 

ground line of communications 

Global Navigation Satellite System 


GLTD 
GMD 
GME 
GMI 
GMLRS 


GMSC 
GNSS 
GNZ 
GO 
GO/FO 
GPC 
GPE 
GPEC 
GPM 
GPMRC 
GPOI 
GPS 
GPW 


GRG 
GROOVE 


GS 

GSA 
GSORTS 
GSR 
GTAS 
GTL 

GT™ 
G-TSCMIS 


GWS 


GWS Sea 


Shortened Word Forms 


ground laser target designator 

ground-based midcourse defense 

global mobility enterprise 

general military intelligence 

Global Positioning System Multiple Launch Rocket 
System 

Global Mission Support Center (USSOCOM) 

global navigation satellite system 

Geospatial Intelligence New Zealand 

government-owned 

general officer/flag officer 

geospatial planning cell; government purchase card 

geospatial intelligence preparation of the environment 

Global Posture Executive Council 

gallons per minute; global pallet manager 

Global Patient Movement Requirements Center 

Global Peace Operations Initiative 

Global Positioning System 

Geneva Convention Relative to the Treatment of 
Prisoners of War 

gridded reference graphic 

Geospatial Requirements One-Stop Visualization 
Environment 

general service; general support 

General Services Administration 

Global Status of Resources and Training System 

ground surveillance radar 

ground-to-air signals 

gun-target line 

global transportation management 

Global Theater Security Cooperation Management 
Information System 

Geneva Convention for the Amelioration of the 
Condition of the Wounded and Sick in Armed Forces 
in the Field 

Geneva Convention for the Amelioration of the 
Condition of the Wounded, Sick, and Shipwrecked 
Members of the Armed Forces at Sea 


Z/a 


(2) 
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f(x) 


t(x)=x*- 6x+12 
f(x)=x*-6x4+9 
£(x)=x®- 6x48 
£(X)=x% 6x45 


£(X) 2x?-6x4+5 


X oy [2[3]4[5{6]7 
f(x) -3-4-3]o|5 [iz 


£(x)=x?-6x48 


[ x [Joi [e[s[4[s]6]7] 
f(xis[8 [3 ]o [jo] 3] fis} 
£(X)= X?-6X+9 
|x |-Jofi f2[3f4[s]e]7] 
ifooisto [afi fo-ila}a he 
f(x) =x?-6x+12 


| x [fol f2[3]a[s[e[7} 
foolisfi2/7 [4[3 [4 [7 fiefs} 


Figure 22. Properties of functions. 


the general quadratic equation 
ax? + be +c = y (par. 91) defines 
the coefficients a and b. This relation 
can be checked by calculating the 
value of x at which the minimum 
value of the function 22 — 6x + 5 
occurs and comparing this calculated 
value with the plot of the equation 
(fig. 21 or 22). Thus, 
(-—6) 6 

"=a —— aq) “2 = % 
and the minimum value of the func- 
tion z? — 6x + 5 occurs at x = 3. 
Checking the graph verifies this state- 
ment. The minimum value of the 
functions x? — 6% + 8, 2? — 6x 4+ 9, 
and x? — 6x + 12 also occurs at x = 3. 


To find the value of the function 
at the minimum point, substitute for 
—bd 


x. The minimum occurs at x = a? 


therefore, substitute > for x in the 
function of the general quadratic 
equation. 


f(x) 


TM684-28 
= av?+br+e 
—b\2 —_b 
_ Bw b2 _ vb? 2b? 
~~ 4a 2a apne 4a 4a 
—p2 
~ “da St 


Thus, to find the value of the function 
f(x) = 2? — 6x + 5 at the minimum 
point: 
—p? cos 
—9+5=—4 

This method can be used to find the 
minimum value of the function if the 
value of x at which the minimum oc- 
curs is not known. However if it is 
known that the minimum value occurs 
at x = 3, merely substitute this value 
for x in the original equation. 


f(z) = #?7—6e4+5 
— 9—6:°345 
= 144—18 
f(z)min — —4 
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Shortened Word Forms 


Intentionally Blank 


276 


HEVR 
HEWSweb 
HEF 

HEP 
HHQ 
HHR 
HW 
HIDACZ 
HIFLD 
HIMARS 
HIMEZ 
HIU 
HIV 
HMA 
HMCS 
HMIRS 
HN 
HNA 
HNC 
HNCC 
HNS 
HNSCC 


H 


holding area; humanitarian assistance 

human intelligence analysis cell 

humanitarian assistance coordination center 

humanitarian assistance program 

humanitarian assistance survey team 

humanitarian coordinator 

head of a contracting activity; humanitarian and civic 
assistance 

harbormaster command and control center 

human intelligence collection requirement 

homeland defense 

harbor defense commander; helicopter direction center 

Humanitarian Assistance, Disaster Relief, and Mine 
Action (DSCA); humanitarian demining 

humanitarian daily ration 

Humanitarian Demining Training Center 

high explosives 

high-altitude electromagnetic pulse 

highly elliptical orbit 

hazards of electromagnetic radiation to fuels 

hazards of electromagnetic radiation to ordnance 

hazards of electromagnetic radiation to personnel 

high-explosive violent reaction 

Humanitarian Early Warning Service 

high frequency 

hostile fire pay 

higher headquarters 

hand-held radio 

health and welfare 

high-density airspace control zone 

homeland infrastructure foundation-level data 

High Mobility Artillery Rocket System 

high-altitude missile engagement zone 

Humanitarian Information Unit (DOS) 

human immunodeficiency virus 

humanitarian mine action 

helmet-mounted cueing system 

Hazardous Material Information Resource System 

host nation 

host-nation agreement 

host-nation coordination 

host nation coordination center 

host-nation support 

host-nation support coordination cell 
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Shortened Word Forms 


HNSF 
HOB 
HOC 


HOD 
HOM 

HPT 

HQ 
HQCOMDT 
HQMC 

HR 

HRB 

HRC 

HRF 

HRI 

HRP 

HRT 

HS 

HSC 

HSI 


HSIN 
HSM 
HSPD 
HSS 
HST 
HSV 
HTH 
HUD 
HUMINT 
HVA 
HVAA 
HVCDS 
HVE 
HVT 
HW 
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host-nation security forces 

height of burst 

human intelligence operations cell; humanitarian 
operations center 

head of delegation 

head of mission 

high-payoff target 

headquarters 

headquarters commandant 

Headquarters, United States Marine Corps 

helicopter request; hostage rescue 

high-risk billet 

high-risk-of-capture 

homeland response force 

high risk of isolation 

high-risk personnel 

health response team 

homeland security 

Homeland Security Council 

hyperspectral imagery; Office of Homeland Security 
Investigations (DHS) 

Homeland Security Information Network (DHS) 

humanitarian service medal 

homeland security Presidential directive 

health service support 

high-speed transport 

high-speed vessel 

high-test hypochlorite 

Department of Housing and Urban Development 

human intelligence 

high-value asset 

high-value airborne asset 

high-velocity container delivery system 

homegrown violent extremist 

high-value target 

hazardous waste 


ICC 


ICD 
ICDS 
ICE 
ICF 
ICIS 
ICITAP 


ICJ 

ICM 

ICODES 

ICP 
ICPO-INTERPOL 


ICRC 


I 


interservice (USAF) 

identity intelligence 

identity intelligence support packet 

Intelligence and Information Warfare Directorate (USA) 

Office of Intelligence and Analysis (DHS) 

individual augmentee; information assurance 

incident awareness and assessment 

integrated air defense system 

inertially aided munition 

integrated air and missile defense 

International Aeronautical and Maritime Search and 
Rescue 

incident action plan; integrated assessment and planning 

Interagency Partnership Program 

International Assistance System 

Inter-Agency Standing Committee (UN) 

in accordance with 

infantry brigade combat team 

integrated border enforcement team 

Integrated Booking System; integrated broadcast service 

incident commander; intelligence community 

Interagency Conflict Assessment Framework (DOS) 

improved chemical agent monitor 

International Civil Aviation Organization 

intercontinental ballistic missile 

international chemical, biological, radiological, and 
nuclear response 

Intelligence Coordination Center (USCG); International 
Criminal Court 

intelligence community directive 

improved container delivery system 

Immigration and Customs Enforcement (DHS) 

intelligence contingency funds 

integrated consumable item support 

International Criminal Investigative Training Assistance 
Program (DOJ) 

International Court of Justice 

image city map 

Integrated Computerized Deployment System 

integrated contingency plan; intertheater communications 
security package; inventory control point 

International Criminal Police Organization-International 
Police 

International Committee of the Red Cross 
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Shortened Word Forms 


ICS 


ICU 
ICVA 
ICW 
ID 
IDAD 
IDENT 
IDF 
IDL 
IDP 


IDSRS 
IED 
TEM 
IER 
IFF 
IFO 
IFRC 


IG 
IGC 


IGL 
THS 
TIP 


IIR 
IJSTO 
ILAB 
ILOC 
IM 
IMA 
IMAAC 


IMAT 
IMDG 
IMET 
IMINT 
IMM 
IMO 


IMP 


IMT 
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incident command system; integrated country strategy; 
intelligence community standard; interim contractor 
support 

intensive care unit 

International Council of Voluntary Agencies 

in coordination with 

identification; identifier; initiating directive 

internal defense and development 

Automated Biometric Identification System (DHS) 

indirect fire 

initialization data load; integrated distribution lane 

imagery derived product; imminent danger pay; 
internally displaced person 

Integrated Defense Source Registration System 

improvised explosive device 

installation emergency management 

information exchange requirement 

identification, friend or foe 

integrated financial operations; intermediate fuel oil 

International Federation of Red Cross and Red Crescent 
Societies 

inspector general 

Integrated Data Environment/Global Transportation 
Network Convergence 

intelligence gain/loss 

international health specialist 

Bureau of International Information Programs (DOS); 
interagency implementation plan 

intelligence information report 

integrated joint special technical operations 

Bureau of International Labor Affairs (DOL) 

integrated line of communications 

information management; intermediate module 

individual mobilization augmentee 

Interagency Modeling and Atmospheric Assessment 
Center 

incident management assistance team 

international maritime dangerous goods (UN) 

international military education and training 

imagery intelligence 

integrated materiel management 

information management officer; International Maritime 
Organization 

information management plan; inventory management 
plan 

incident management team 


INCLE 


IND 
INFLTREP 
INL 


INLS 

INR 

INS 
INSARAG 
INSCOM 
InterAction 
IO 

IOCB 
IOII 

IOM 

IOSS 
IOWG 

IP 


IPB 
IPC 
IPDP 
IPDS 
IPE 
IPG 
IPI 
IPR 
IPT 
IR 


IRA 
IRBM 
IRC 
TROM 
IRR 
IRTPA 
IS 

ISA 


ISAF 
ISB 
ISDDC 


ISE 
ISG 


Shortened Word Forms 


International Narcotics Control and Law Enforcement 
(DOS) 

improvised nuclear device 

inflight report 

Bureau of International Narcotics and Law Enforcement 
Affairs (DOS) 

improved Navy lighterage system 

Bureau of Intelligence and Research (DOS) 

inertial navigation system 

International Search and Rescue Advisory Group 

United States Army Intelligence and Security Command 

American Council for Voluntary International Action 

information operations 

information operations coordination board 

information operations intelligence integration 

International Organization for Migration 

Interagency Operations Security Support Staff 

information operations working group 

initial point; integrated policy (USAF); intelligence 
planning; Internet protocol 

intelligence preparation of the battlespace 

interagency planning cell; interagency policy committee 

inland petroleum distribution plan 

inland petroleum distribution system (USA) 

individual protective equipment; integrated planning element 

isolated personnel guidance 

indigenous populations and institutions 

in-progress review 

intelligence planning team 

information requirement; infrared; intelligence 
requirement 

Provisional Irish Republican Army 

intermediate-range ballistic missile 

information-related capability; Internet relay chat 

infrared operations manager 

Individual Ready Reserve 

Intelligence Reform and Terrorism Prevention Act 

information system 

individual Service augmentee; international 
standardization agreement 

International Security Assistance Force 

intermediate staging base 

Integrated Mission Support for Surface Deployment and 
Distribution Cargo 

information sharing environment 

isolated Soldier guidance 
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Shortened Word Forms 


ISIL 
ISIR 
ISN 


ISO 
ISOPAK 
ISOPREP 
ISP 

ISPR 

ISR 

ISRD 
ISRLO 


1/T 

IT 
ITA 
ITF 
ITO 
ITU 
ITV 
ITW/AA 
IVA 
TW 
IWC 
IWG 
IWW 
TWWS 
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Islamic State of Iraq and the Levant 

identify, separate, influence, and renunciation 

Bureau of International Security and Nonproliferation 
(DOS); internment serial number 

International Organization for Standardization 

International Organization for Standardization package 

isolated personnel report 

Internet service provider 

intelligence support to personnel recovery 

intelligence, surveillance, and reconnaissance 

intelligence, surveillance, and reconnaissance division 

intelligence, surveillance, and reconnaissance liaison 
officer (USAF) 

interpreter and translator 

information system technician; information technology 

International Trade Administration (DOC) 

integrated task force; intelligence task force (DIA) 

installation transportation officer 

International Telecommunications Union 

in-transit visibility 

integrated tactical warning and attack assessment 

intermediate volatility agent 

irregular warfare 

information operations warfare commander 

intelligence working group 

inland waterway 

inland waterway system 


J 


J-1 manpower and personnel directorate of a joint staff 

J-2 intelligence directorate of a joint staff 

J-2E joint force exploitation staff element 

J-2X joint force counterintelligence and human intelligence 
staff element 

J-3 operations directorate of a joint staff 

J-4 logistics directorate of a joint staff 

J-5 plans directorate of a joint staff 

J-6 communications system directorate of a joint staff 

J-7 engineering staff section of a joint staff; operational plans 


and interoperability directorate of a joint staff; training 
and education directorate of a joint staff; training 
directorate of a joint staff 
J-8 force structure, resource, and assessment directorate of a 
joint staff; resource management and financial support 
directorate of a joint staff 
J-9 civil-military operations/interagency cooperation 
directorate of a joint staff; civil-military operations 
directorate/interagency operations directorate of a joint 
staff; civil-military operations directorate of a joint staff 


J-31 Joint Force Coordinator (Joint Staff) 

J-35 future operations cell 

J-39 DDGO Joint Staff, Deputy Director for Global Operations 

JA judge advocate 

JAARS Joint After-Action Reporting System 

JA/ATT joint airborne and air transportability training 

JAC joint analysis center 

JACCE joint air component coordination element 

JACE joint air coordination element 

JACS joint automated communication-electronics operating 
instructions system 

JADOC Joint Air Defense Operations Center (NORAD) 

JADOCS Joint Automated Deep Operations Coordination System 

JAG judge advocate general 

JAGIC joint air-ground integration center 

JAMMS Joint Asset Movement Management System 

JAOC joint air operations center 

JAOP joint air operations plan 

JARN joint air request net 

JASSM joint air-to-surface standoff missile 

JAT joint assessment team 

JBPO joint blood program office 

JCA joint capability area 

JCASO Joint Contingency Acquisition Support Office (DLA) 
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Shortened Word Forms 


JCC 


JCCA 
JCCC 


JCCSE 


JCEOI 
JCET 
JCEWR 


JCEWS 
JCISA 
JCIU 
JCM 
JCMA 
JCMB 
JCMEB 
JCMEC 


JCMO 
JCMOTF 
JCMS 
JON 


JCRM 
JCS 
JCSB 
JCSE 


JDAB 
JDAM 
JDAT 
JDB 
JDD 
JDDAS 
JDDC 


JDDE 
JDDOC 
JDDT 
JDEC 
JDEIS 


JDET 
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joint collaboration cell; joint contracting center; joint 
cyberspace center 

joint combat capability assessment 

Joint Combat Camera Center; joint communications 
control center 

Joint Continental United States Communications Support 
Environment 

joint communications-electronics operating instructions 

joint combined exchange training 

joint coordination of electromagnetic warfare 
reprogramming 

joint force commander’s electronic warfare staff 

Joint Command Information Systems Activity 

joint counterintelligence unit 

Joint Container Management 

joint communications security monitoring activity 

joint collection management board 

joint civil-military engineering board 

joint captured materiel exploitation center; Joint Captured 
Materiel Exploitation Center (DIA) 

joint communications security management office 

joint civil-military operations task force 

Joint Construction Management System 

joint communications network; joint communications 
node 

Joint Capabilities Requirements Manager 

Joint Chiefs of Staff 

joint contracting support board 

joint communications support element; Joint 
Communications Support Element (USTRANSCOM) 

Joint Doctrine Analysis Branch 

Joint Direct Attack Munition 

joint deployable analysis team 

Joint Doctrine Branch 

joint doctrine distribution 

Joint Doctrine Development and Assessment Schedule 

Joint Deployment and Distribution Coordinator 
(USTRANSCOM); joint doctrine development 
community 

joint deployment and distribution enterprise 

joint deployment and distribution operations center 

Joint Doctrine Development Tool 

joint document exploitation center 

Joint Doctrine, Education, and Training Electronic 
Information System 

joint distribution enabling team 


JDIGS 
JDISS 
JDN 
JDNC 
JDNO 
JDOMS 
JDPC 
JDPI 
JDPO 
JDTC 
JECC 
JED 
JEDD 
JEFF 
JEL 
JEL+ 
JEMB 
JEMSO 
JEMSOC 
JENM 
JEODOC 
JEODTF 
JEP 
JEPAC 


JEPES 
JET 


JETS 
JEWC 
JEWCS 
JEZ 
JFACC 
JFAST 
JFC 

JFCC 
JFCC-GS 
JFCC-IMD 


JFCC-ISR 
JECC NW 
JFCC Space 


JFCH 


Shortened Word Forms 


Joint Digital Information Gathering System 

joint deployable intelligence support system 

joint data network; joint doctrine note 

joint data network operations cell 

joint data network operations officer 

Joint Director of Military Support 

Joint Doctrine Planning Conference 

joint desired point of impact 

joint deployment process owner 

Joint Deployment Training Center 

Joint Enabling Capabilities Command (USTRANSCOM) 

Joint Education and Doctrine 

Joint Education and Doctrine Division 

Joint Expeditionary Forensic Facility (USA) 

Joint Electronic Library 

Joint Electronic Library Plus 

joint environmental management board 

joint electromagnetic spectrum operations 

joint electromagnetic spectrum operations cell 

joint enterprise network manager 

joint explosives ordnance disposal operations center 

joint explosives ordnance disposal task force 

Joint Exercise Program 

Joint Electromagnetic Preparedness for Advanced Combat 
(USSTRATCOM) 

Joint Engineer Planning and Execution System 

joint expeditionary team; Joint Operation Planning and 
Execution System editing tool 

joint equipment, tactical, and space 

Joint Electromagnetic Warfare Center (USSTRATCOM) 

joint electronic warfare core staff (NATO) 

joint engagement zone 

joint force air component commander 

Joint Flow and Analysis System for Transportation 

joint force commander 

joint functional component command 

Joint Functional Component Command for Global Strike 

Joint Functional Component Command for Integrated 
Missile Defense 

Joint Functional Component Command for Intelligence, 
Surveillance, and Reconnaissance (USSTRATCOM) 

Joint Functional Component Command for Network 
Warfare 

Joint Functional Component Command for Space 
(USSTRATCOM) 

joint force chaplain 
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(3) Note that in all cases where the word b. Plot the graphs of the following sets of 
minimum is used, the word maximum simultaneous equations: 
is applicable if the equation y =f (x) (1) 2¢ + 8y = 12 
is such that its graph has a maximum 


instead of a minimum. If the equation a sea 
were f(x) = 8 + 62 — 2?, the minus (2)e¢+y=9 
sign preceding the term x? would in- ba + y=17 
dicate that the curve has a maximum. (3) 2 + 5y — 22 
e. Practical Application. The methods of 3x — 2y = —2 
analysis presented in ¢ and d above can be used (4) 83a —2y —0 
for some very important relationships in ap- a — by = 18 
plied electricity and electronics. It may be used, 
for example, to find the load resistance of a (5) 6x + 2y = 12 
circuit in terms of the circuit components nec- dy + 2y = 10 
essary to obtain maximum power transfer (6) «—2y=—0 
(par. 216). y=—1+2 
103. Review Problems—Graphs c. Find the roots of the following quadratic 
Ge Plot dhe graph: of the following linea edue tions to the nearest tenth by plotting their 
equations: graphs: 
(1) 22—Bay (1) y®— 2y—2=0 
(3) y= be Oe 
(4) 82 + 2y = 18 (4) #?—2x+2=0 
(5) 5a — 5y = 20 (5) 2—5e% +3=—0 
(6) 8a +y+14=0 (6) 10 —3%—22=—0 
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Shortened Word Forms 


JFE 
JFHQ 
JFHQ-C 
JFHQ-DODIN 


JFHQ-NCR 
JFHQ-State 
JFLCC 
JEM 

JFMC 
JFMCC 
JFMO 

JFO 

JFP 

JFRG II 
JFRR 

JES 

JFSA 
JFSCC 


JFSOCC 
JFTR 
JFUB 

JG 
JGWE 
JHNS 
JHSV 
JIA 
JIACG 
JIATF 
JIATF-S 
JIATF-W 
JIC 

JICC 
JICO 
JIDC 
JIDO 
JIEE 
JIEP 
JIMB 
JIMPP 
JIO 

JIOC 
JIOCPAC 
JIOC-SOUTH 
JIOC-TRANS 
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joint fires element 

joint force headquarters 

joint force headquarters-cyberspace 

Joint Force Headquarters-Department of Defense 
Information Network (USCYBERCOM) 

Joint Force Headquarters-National Capital Region 

joint force headquarters-state 

joint force land component commander 

joint functional manager 

joint fleet mail center 

joint force maritime component commander 

joint frequency management office 

joint field office; joint fires observer 

joint force provider; Joint Frequency Panel (MCEB) 

joint force requirements generator II 

Joint Force Readiness Review 

joint force surgeon 

Joint Force Sufficiency Assessment 

Joint Force Space Component Commander 
(USSTRATCOM) 

joint force special operations component commander 

joint Federal travel regulations 

joint facilities utilization board 

joint guide 

joint global warning enterprise 

Joint Hometown News Service 

joint high-speed vessel 

joint individual augmentation; joint individual augmentee 

joint interagency coordination group 

joint interagency task force 

Joint Interagency Task Force-South 

Joint Interagency Task Force-West 

joint information center 

joint interface control cell 

joint interface control officer 

joint interrogation and debriefing center 

Joint Improvised-Threat Defeat Organization (DTRA) 

Joint Information Exchange Environment 

joint intelligence estimate for planning 

joint information management board 

joint industrial mobilization planning process 

joint interrogation operations 

joint intelligence operations center 

Joint Intelligence Operations Center, Pacific 

Joint Intelligence Operations Center, South 

Joint Intelligence Operations Center—Transportation 


JIOWC 
JIPCL 
JIPOE 
JIPTL 
JIS 
JISE 
JIVU 
JKnIFE 


JLB 
JLCC 


JLE 
JLEnt 
JLLIS 
JLLP 
JLOA 
JLOC 
JLOP 
JLOTS 
JLRC 
JLSB 
JLSE 
JLSG 
JMAA 
JMAC 
JMAO 
JMAR 
JMAT 
JMC 
JMCG 
JMD 
JMEEL 
JMEM 
JMET 
JMETL 
JMIC 
JMICS 


JMIE 
JMIP 
JMISTF 
JMITC 
JMMT 
JMO 


Shortened Word Forms 


(USTRANSCOM) 

Joint Information Operations Warfare Center 

joint integrated prioritized collection list 

joint intelligence preparation of the operational environment 

joint integrated prioritized target list 

joint information system 

joint intelligence support element 

Joint Intelligence Virtual University 

Joint Improvised Explosive Device Defeat Organization 
Knowledge and Information Fusion Exchange 

joint logistics board 

joint lighterage control center; joint logistics coordination 
center 

joint logistics environment 

joint logistics enterprise 

Joint Lessons Learned Information System 

Joint Lessons Learned Program 

joint logistics over-the-shore operation area 

joint logistics operations center 

joint land operations plan 

joint logistics over-the-shore 

joint logistics readiness center 

joint line of communications security board 

joint legal support element 

joint logistic support group 

joint mission assurance assessment 

Joint Mortuary Affairs Center (USA) 

joint mortuary affairs office 

joint medical asset repository 

joint medical analysis tool 

joint movement center 

joint movement control group 

joint manning document 

joint mission-essential equipment list 

Joint Munitions Effectiveness Manual 

joint mission-essential task 

joint mission-essential task list 

joint modular intermodal container 

Joint Worldwide Intelligence Communications System 
mobile integrated communications system 

joint maritime information element 

joint military intelligence program 

joint military information support task force 

Joint Military Intelligence Training Center 

joint military mail terminal 

joint maritime operations; joint meteorological and 
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Shortened Word Forms 


JMOC 
JMP 
JMPA 
JMPAB 
JMPS 
JMPT 
JMRR 
JMTCA 
JMUA 
JMWG 
JNCC 
JNMS 
JNSC 


JNWC 
JOA 
JOAF 
JOC 
JOCC 
JOERAD 


JOG 
JOPC 
JOPES 
JOPG 
JOPPA 
JOSAC 
JOSE 
JOTC 
JP 

JP4 
JP5S 
JP8 
JPAC 


JPADS 
JPAG 
JPARR 
JPASE 


JPAT 
JPC 

JPEC 
JPED 
JPEG 
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oceanographic officer; joint munitions office 

joint medical operations center 

joint manpower program 

joint military postal activity 

Joint Materiel Priorities and Allocation Board 

Joint Mission Planning System 

Joint Medical Planning Tool 

Joint Monthly Readiness Review 

joint munitions transportation coordinating activity 

Joint Meritorious Unit Award 

joint medical working group 

joint network operations control center 

joint network management system 

Joint Navigation Warfare Center Navigation Warfare 
Support Cell 

Joint Navigation Warfare Center 

joint operations area 

joint operations area forecast 

joint operations center 

joint operations command center 

joint spectrum center ordnance electromagnetic 
environmental effects risk assessment database 

joint operations graphic 

Joint Overhead Persistent Infrared Center 

Joint Operation Planning and Execution System 

joint operations planning group 

joint operation planning process for air 

joint operational support airlift center 

Joint Operations Security Support Element (Joint Staff) 

joint operations tasking center 

joint publication 

jet propulsion fuel, type 4 

jet propulsion fuel, type 5 

jet propulsion fuel, type 8 

joint planning augmentation cell; Joint POW/MIA 
Accounting Command 

joint precision airdrop system 

Joint Planning Advisory Group 

joint personnel accountability reconciliation and reporting 

joint public affairs support element; Joint Public Affairs 
Support Element (USTRANSCOM) 

joint planning and advisory team 

joint postal cell 

joint planning and execution community 

joint personal effects depot 

Joint Photographic Experts Group 


JPERSTAT 
JPG 

JPME 
JPMRC 
JPN 

JPO 

JPOC 


JPP 
JPPA 
JPPC 
JPRA 
JPRC 
JPSE 
JPTTA 
JRC 
JRCC 
JRERP 
JRFL 
JRIC 
JRIP 
JROC 
JRRB 
JRS 
JRSOI 
JRTC 
JS 
JSA 
JSAM 
JSAP 
JSC 
JSCC 
JSCM 
JSDS 
JSETS 


JSF 
JSHO 
JSIR 
JSME 
JSO 
JSOA 
JSOAC 


JSOACC 
JSOC 


Shortened Word Forms 


joint personnel status and casualty report 

joint planning group 

joint professional military education 

joint patient movement requirements center 

joint planning network 

joint petroleum office; Joint Program Office 

joint personnel operations center; joint planning 
orientation course 

joint planning process 

joint planning process for air 

joint personnel processing center 

Joint Personnel Recovery Agency 

joint personnel recovery center 

Joint Planning Support Element (USTRANSCOM) 

joint personnel training and tracking activity 

joint reconnaissance center 

joint reception coordination center 

Joint Radiological Emergency Response Plan 

joint restricted frequency list 

joint reserve intelligence center 

Joint Reserve Intelligence Program 

Joint Requirements Oversight Council 

joint requirements review board 

joint reporting structure 

joint reception, staging, onward movement, and integration 

joint readiness training center 

Joint Staff 

joint security area 

Joint Service Achievement Medal 

Joint Staff action processing 

joint security coordinator; Joint Spectrum Center (DISA) 

joint security coordination center 

Joint Service Commendation Medal 

Joint Staff doctrine sponsor 

Joint Search and Rescue Satellite-Aided Tracking 
Electronic Tracking System 

joint support force 

joint shipboard helicopter operations 

joint spectrum interference resolution 

joint spectrum management element 

joint security operations 

joint special operations area 

joint special operations air component; joint special 
operations aviation component 

joint special operations air component commander 

joint special operations command 
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Shortened Word Forms 


JSOTF 
JSOU 
JSPA 
JSPOC 
JSPS 
JSR 
JSTARS 
JSTO 
JT&E 
JTA 
JTAC 
JTAIC 
JTAR 
JTB 
JTCB 
JTCC 
JTCG/ME 


JTCOIC 


JTD 

JTF 
JTF-AK 
JTFCEM 
JTF-CM 
JTF-CS 
JTF-E 
JTF-GNO 
JTF-HD 
JTF-I 
JTF-MAO 
JTF-N 
JTF-PO 
JTF-SD 
JTF-State 
JTF-W 
JTIDS 
JTL 
JTLM 
JTMD 


JTMS 
JTP 
JTR 
JTS 
JTSCC 
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joint special operations task force 

Joint Special Operations University 

joint satellite communications panel administrator 

Joint Space Operations Center 

Joint Strategic Planning System 

joint strategy review 

Joint Surveillance Target Attack Radar System 

joint space tasking order 

joint test and evaluation 

joint technical architecture 

joint terminal attack controller 

Joint Technical Analysis and Integration Cell (USA) 

joint tactical air strike request 

Joint Transportation Board 

joint targeting coordination board 

joint transportation coordination center 

Joint Technical Coordinating Group for Munitions 
Effectiveness 

Joint Training Counter-Improvised Explosive Device 
Operations Integration Center 

joint table of distribution 

joint task force 

Joint Task Force-Alaska 

joint task force contingency engineering management 

joint task force - consequence management 

Joint Task Force-Civil Support 

Joint Task Force-East (DHS); joint task force-elimination 

Joint Task Force-Global Network Operations 

Joint Task Force-Homeland Defense 

Joint Task Force-Investigations (DHS) 

joint task force - mortuary affairs office 

Joint Task Force-North 

joint task force-port opening 

Joint Task Force-Space Defense (USSPACECOM) 

joint task force-state 

Joint Task Force-West (DHS) 

Joint Tactical Information Distribution System 

joint target list 

joint theater logistics management 

joint table of mobilization and distribution; Joint 
Terminology Master Database 

joint theater movement staff; joint training master schedule 

joint test publication; joint training plan 

Joint Travel Regulations 

Joint Training System 

joint theater support contracting command 


Shortened Word Forms 


JTTF joint terrorism task force 

JTWG joint targeting working group 

JU Joint Tactical Information Distribution System unit 
JUH-MTF Joint User Handbook-Message Text Formats 

JUIC joint unit identification code 

JUO joint urban operation 

JUON joint urgent operational need 

JVB joint visitors bureau 

JWAC Joint Warfare Analysis Center 

JWG joint working group 

JWICS Joint Worldwide Intelligence Communications System 


20k 


Shortened Word Forms 


Intentionally Blank 
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K 


thousand 

Kurtz-above band 
kilobits per second 
kilogram(s) 

catastrophic kill 

key leader engagement 
kilometer 

kilometers per hour 
tactical location identifier 
knowledge sharing 
kiloton(s); knot (nautical miles per hour) 
Kurtz-under band 
kilowatt 
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LA 
LAD 
LAN 
LARC 
LARC-V 
LASH 
LAV 

Ib 

Ibs. 

LC 
LCAC 
LCADS 
LCC 


LCE 
LCM 


LCO 
LCP 
LCS 
LCU 
LD 
LDA 
LDF 
LDO 
LDR 
LE 
LEA 
LEC 
LED 
LEDET 
LEGAT 
LEIP 
LEMP 
LEO 
LEP 
L-EWE 
LF 
LFA 
LFOC 
LFORM 
LFSP 
LG 
LGB 


L 


lead agent; legal adviser 

latest arrival date; launch area denied 

local area network 

lighter, amphibious resupply, cargo 

lighter, amphibious resupply, cargo, 5 ton 

lighter aboard ship 

light armored vehicle 

pound 

pounds 

legal counsel 

landing craft, air cushion 

low-cost aerial delivery system 

amphibious command ship; land component commander; 
lighterage control center 

logistics combat element (USMC) 

landing craft, mechanized; letter-class mail; life-cycle 
management 

landing craft air cushion control officer 

lighterage control point 

landing craft air cushion control ship 

landing craft, utility 

light damage; line of departure 

limited depository account 

local defense force 

laser designator operator 

low data rate 

law enforcement; low-order explosives 

law enforcement agency 

lead environmental component 

light emitting diode 

law enforcement detachment (USCG) 

legal attaché 

Law Enforcement Intelligence Program (USCG) 

low-altitude electromagnetic pulse 

law enforcement operations; low Earth orbit 

law enforcement professional 

land-electronic warfare element 

landing force 

lead federal agency 

landing force operations center 

landing force operational reserve material 

landing force support party 

deputy chief of staff for logistics 

laser-guided bomb 
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CHAPTER 7 
POWERS OF 10 


104. General 


The technique of using powers of 10 can 
greatly simplify mathematical calculations. A 
number containing many zeros to the right or 
to the left of the decimal point can be dealt with 
much more readily when put in the form of 
powers of 10. For example, .0000037 x 
.000021 can be handled more easily when put 
in the form 3.7 « 10-6 « 2.1 « 10-5. 


105. Table of Powers of 10 


The table below gives some of the values of 
the powers of 10. In a whole number, the ex- 
ponent is positive and equals the number of 
zeros following the 1; in decimals, the exponent 
is negative and equals one more than the num- 
ber of zeros immediately following the decimal 
point. 


450,000 + 763,000 


106. Expressing Numbers in Scientific Notation 


Any number written as the product of an 
integral power of 10 and a number between 
1 and 10 is said to be expressed in scientific 
notation. 


Example 1: 81,000,000 = 8.1 « 10,000,000 — 
8.1 x 10’ 


Example 2: 600,000,000 = 6 x 100,000,000 
= 6.x 10° 


Example 3: .000,000,000,9 = 9 x .000,000,- 
000,1 = 9 x 10 —0 


107. Addition and Subtraction of Numbers in 
Scientific Notation 


Numbers expressed in scientific notation can 
only be added or subtracted if the powers of 10 
are the same. For example, 3 « 10° can be added 
to 2 « 10° to get 5 x 105; however, 3 « 108 
cannot be added to 2 105 because the powers 
of 10 are not the same. The number 3 x 108 
can be changed to 30 « 105, however, and it 
can then be added to 2 x 105 to obtain 32 « 105. , 
The answers to problems solved by using scien- 
tific notation can be left in the exponential 
form. In the examples below, however, the an- 
swers are converted to the decimal form to aid 
in understanding this technique. 


45 x 104 4+ 76.3 x 104 
121.3 x 104 
1,213,000 


ol ll 


Example 2: Add .000,068,25 and .000,007,54. 


.000,068,25 + .000,007,54 = 


= 6825 x 10-8 + 754 x 10-8 
= 7579 x 10-8 
= .000,075,79 


Example 3: Subtract .000,004,33 from .000,05. 


.000,05 — .000,004,33 = 


= 5000 x 10-§ — 433 x 10-8 
= 4567 x 10-* 
= .000,045,67 


Number Power of 10 Number Power of 10 

.000001 10—6 1 100 
.00001 10—5 10 101 
-0001 10—4 ! 100 102 
.001 10-3 1,000 103 
.01 10—2 10,000 104 
a 10—1 100,000 105 

1,000,000 106 

Example 1: Add 450,000 and 763,000. 
AGO 558A 
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Shortened Word Forms 


LGM 
LGW 
LHA 
LHD 
LIDAR 
LIMDIS 
LIPS 
LJDAM 
LL 
LLLTV 
LLTR 
LM 
LMARS 
LMSR 
LN 

LNI 
LNO 
LOA 


LOAC 
LOAL 
LOBL 
LOC 
LOD 
LOE 
LOG 
LOGCAP 
LOI 
LO/LO 
LOMEZ 
LOO 
LOR 
LO/RO 
LOS 
LOTS 
LOX 
LPD 
LPI 
LRC 
LRF 
LRN 
LRO 
LRP 
LRST 
LRT 
LSA 
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laser-guided missile; loop group multiplexer 

laser-guided weapon 

amphibious assault ship (general purpose) 

amphibious assault ship (multipurpose) 

light detection and ranging 

limited distribution 

Logistics Information Processing System 

laser-guided joint direct attack munition 

lessons learned 

low-light level television 

low-level transit route 

light maneuver 

Logistics Metrics Analysis Reporting System 

large, medium-speed roll-on/roll-off 

lead nation; local national 

Library of National Intelligence 

liaison officer 

letter of assist; letter of authorization; letter of offer and 
acceptance; logistics over-the-shore operation area 

law of armed conflict 

lock-on after launch 

lock-on before launch 

line of communications 

line of departure 

letter of evaluation; line of effort 

logistics 

Logistics Civil Augmentation Program (USA) 

letter of instruction 

lift-on/lift-off 

low-altitude missile engagement zone 

line of operation 

launch on remote 

lift-on/roll-off 

line of sight 

logistics over-the-shore 

liquid oxygen 

amphibious transport dock; low probability of detection 

low probability of intercept 

logistics readiness center 

laser range finder 

Laboratory Response Network (DHHS) 

lighterage repair officer 

load and roll pallet 

long-range surveillance team 

logistics response time 

logistics support analysis; logistics supportability analysis 


LSC 
LSCC 
LSD 
LSS 


LSSS 
LST 
LSV 
LT 
LTD 
LTF 
LTIOV 
LTL 
LZ 


Shortened Word Forms 


lead Service for contracting 

lead Service for contracting coordination 

dock landing ship 

laser spot search; logistics support system; low, slow, and 
small 

logistics support, supplies, and services 

laser spot tracker 

logistics support vessel 

long ton 

laser target designator 

logistics task force 

latest time information is of value 

laser-to-target line 

landing zone 
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Shortened Word Forms 


Intentionally Blank 
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MAGTF 

MAJCOM 

MANPADS 

MAOC-N 

MARAD 

MARAD RRF 
MARCORLOGCOM 
MARDIV 

MARFOR 

MARFOR NORTHCOM 
MARFOR STRATCOM 
MARINCEN 

Marine TACC 

MARLE 

MARO 

MARPOL 


MARS 
MARSOC 
MARSOF 
MARTS 
MAS 
MASA 
MASF 
MASINT 
MASLO 
MAST 
MAW 


M 


million 

cubic meter(s) 

monitoring and evaluation 

mission assurance; mortuary affairs 

mission assurance assessment 

master air attack plan 

mobility assault company 

multinational acquisition and contracting board 

Marine air command and control system 

Marine air control group 

mortuary affairs collection point 

mortuary affairs contaminated remains mitigation site 

Marine air control squadron 

mobility air forces 

Marine aircraft group; maritime assessment group; 
military assignment group 

Marine air-ground task force (USMC) 

major command (USAF) 

man-portable air defense system 

Maritime Analysis and Operations Center-Narcotics 

Maritime Administration 

Maritime Administration Ready Reserve Force 

Marine Corps Logistics Command 

Marine division 

Marine forces 

Marine Forces Northern Command 

Marine Forces Strategic Command 

Maritime Intelligence Center 

Marine tactical air command center 

Marine liaison element 

mass atrocity response operations 

International Convention for the Prevention of Pollution 
from Ships 

Military Auxiliary Radio System 

Marine Special Operations Command 

Marine special operations forces 

Mortuary Affairs Reporting and Tracking System 

maritime air support 

mutual airlift support agreement 

mobile aeromedical staging facility 

measurement and signature intelligence 

measurement and signature intelligence liaison officer 

mobile ashore support terminal 

Marine aircraft wing 
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Shortened Word Forms 


MAXORD 
Mbps 
MC 


MC4EB 
MCA 


MCAG 
MCAS 
MCAST 
MCAT 
MCB 
MCC 


MCCC 
MCCDC 
MCCE 
MCD 
MCDP 
MCEB 
MCESG 
MC/FI 
MCI 
MCIA 
MCIO 
MCIOC 
MCIP 


MCISRE 


MCM 


MCMC 
MCMO 
MCMOPS 
MCMREP 
MCMRON 
MCO 


MCOO 
MCRP 
MCS 
MCSB 
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maximum ordinate 

megabytes per second 

Military Committee (NATO); mission-critical; mobile 
communications 

Military Command, Control, Communications, and 
Computers Executive Board 

mail control activity; military civic action; movement 
control agency 

maritime civil affairs group 

Marine Corps air station 

maritime civil affairs and security training 

maritime civil affairs team 

movement control battalion 

military coordinating committee; military 
counterintelligence collections; mission control center; 
mobility control center; movement control center 

Marine Corps component command 

Marine Corps Combat Development Command 

Movement Coordination Centre Europe 

medical crew director 

Marine Corps doctrinal publication 

Military Communications-Electronics Board 

Marine Corps Embassy Security Group 

mass casualty/fatality incident 

multinational communications integration 

Marine Corps Intelligence Activity 

military criminal investigative organization 

Marine Corps Information Operations Center 

Marine Corps interim publication; military customs 

inspection program 

Marine Corps Intelligence, Surveillance, and 
Reconnaissance Enterprise 

maneuver control measure; Manual for Courts-Martial; 
military committee memorandum (memorandum issued in 
the name of the Chairman); mine countermeasures 

mine countermeasures commander 

medical civil-military operations 

mine countermeasures operations 

mine countermeasure report 

mine countermeasures squadron 

major combat operation; Mapping Customer Operations 
(Defense Logistics Agency); Marine Corps order 

modified combined obstacle overlay 

Marine Corps reference publication 

modular causeway system 

Marine Cryptologic Support Battalion 


MCSFR 
MCT 
MCTB 
MCTOG 
MCTP 
MCWL 
MCWP 
MCX 
MD 
MDA 
MDBS 
MDCO 
MDDOC 


MDIOC 


MDM 
MDMA 
MDO 
MDRO 
MDS 


MDSS II 


MDSU 
MEA 
MEB 


ME/C 

MEDCC 
MEDCOM 
MEDCOM (DS) 
MEDEVAC 
MEDINT 
MEDLOG 
MEDLOG support 
MEDNEO 

MEF 

MEJA 

MEO 

MEP 

MESF 

MESFC 

MESO 

MET 
METCON 


Shortened Word Forms 


Marine Corps Security Forces Regiment 

movement control team 

Military Committee Terminology Board 

Marine Corps Tactics and Operations Group 

Marine Corps tactical publication 

Marine Corps Warfighting Laboratory 

Marine Corps warfighting publication 

Marine Corps Exchange 

missile defense; moderate damage 

maritime domain awareness; Missile Defense Agency 

medical detachment, blood support 

Military Department counterintelligence organization 

Marine air-ground task force deployment and distribution 
operations center 

Missile Defense Integration and Operations Center 
(MDA) 

maritime defense measure 

methylenedioxymethamphetamine 

military deception officer 

mission disaster response officer 

Message Dissemination Subsystem; mobile diving and 
salvage 

Marine Air-Ground Task Force Deployment Support 
System II 

mobile diving and salvage unit 

munitions effectiveness assessment 

maneuver enhancement brigade; Marine expeditionary 
brigade 

medical examiner and/or coroner 

medical coordination cell 

US Army Medical Command 

medical command (deployment support) (USA) 

medical evacuation 

medical intelligence 

medical logistics 

medical logistics support 

medical noncombatant evacuation operation 

Marine expeditionary force 

Military Extraterritorial Jurisdiction Act 

medium Earth orbit; military equal opportunity 

mobile electric power 

maritime expeditionary security force 

maritime expeditionary security force commander 

maritime expeditionary security operations 

mobile environmental team 

control of meteorological information (roughly translated 


301 


Shortened Word Forms 


METL 
METOC 
METSAT 
METT-T 


METT-TC 


MEU 
MEZ 
MF 
MFC 
MFE 
MFO 
MGRS 
MGW 
MHD 
MHE 
MHS 
MHz 
MI 
MIA 
MIB 
MIC 
MIDAS 
MIDB 


MIFC 
MILAIR 
MILALOC 
MILCO 
MILCON 
MILDEC 
MILDEP 
MILSATCOM 
MILSPEC 
MILSTAMP 
MIL-STD 
MILSTRAP 


MILSTRIP 
MILTECH 
MILU 
MIMP 
MIO 
MIOC 
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from French) 

mission-essential task list 

meteorological and oceanographic 

meteorological satellite 

mission, enemy, terrain and weather, troops and support 
available-time available 

mission, enemy, terrain and weather, troops and support 
available-time available and civil considerations (USA) 

Marine expeditionary unit 

missile engagement zone 

mobile facility 

multinational force commander 

mobile field exchange 

multinational force and observers 

military grid reference system 

maximum gross weight 

maritime homeland defense 

materials handling equipment 

maritime homeland security; Military Health System 

megahertz 

military intelligence; movement instructions 

missing in action 

Military Intelligence Board 

Multinational Interoperability Council 

model for intertheater deployment by air and sea 

modernized integrated database; modernized intelligence 
database 

maritime intelligence fusion center (USCG) 

military airlift 

military air line of communications 

minelike contact 

military construction 

military deception 

Military Department 

military satellite communications 

military specification 

military standard transportation and movement procedures 

military standard 

military standard transaction reporting and accounting 
procedure 

military standard requisitioning and issue procedure 

military technician 

multinational integrated logistic unit 

Mobilization Information Management Plan 

maritime interception operations 

maritime interception operations commander 


MIP 
MIPOE 


MIPR 
MIR 
MIRCS 
MIS 
MISG 
MISO 
MISREP 
MIST 


MISTF 
MITAM 
MIW 
MIWC 
MIWG 
MJLC 
M-Kill 
MLA 
MLEA 
MLEM 
MLG 
MLI 
MLMC 
MLP 
MLRS 
MLS 
MLSA 
MLT 
MLW 
MMAC 
MMG 
MMIM 
MMS 
MMT 
MNC 
MNCC 
MNEODCC 
MNF 
MNFACC 
MNFC 
MNFLCC 
MNEMCC 
MNESOCC 
MNJLC 


Shortened Word Forms 


military intelligence program 

medical intelligence preparation of the operational 
environment 

military interdepartmental purchase request 

multisensor imagery reconnaissance 

mobile integrated remains collection system 

military information support 

military information support group 

military information support operations 

mission report 

mechanism of injury, injury type, signs, treatment; military 
information support team 

military information support task force 

mission tasking matrix 

mine warfare 

mine warfare commander 

multinational interoperability working group 

multinational joint logistics center 

mobility kill 

mission load allowance 

Maritime Law Enforcement Academy 

Maritime Law Enforcement Manual 

Marine logistics group 

munitions list item 

medical logistics management center 

mobile landing platform 

multiple launch rocket system 

multilevel security 

mutual logistics support agreement 

military liaison team 

mean low water 

military mine action center 

Department of Defense Master Mobilization Guide 

Modeled Meteorological Information Manager 

marine mammal system 

military mail terminal 

multinational corporation 

multinational coordination center 

multinational explosives ordnance disposal control center 

multinational force 

multinational force air component commander 

multinational force commander 

multinational force land component commander 

multinational force maritime component commander 

multinational force special operations component commander 

multinational joint logistics component 
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Shortened Word Forms 


MNL 
MNLC 
MNTF 
MOA 
MOB 
MOBREP 


MOC 
MOD 
Mod 
MODA 
MOE 
MOEI 
MOG 
MOGAS 
MOMAT 
MOP 
MOPP 
MOS 
MOTR 
MOU 
MOVREP 
MP 

MPA 
MPAT 


MPE/S 
MPF 
MPFUB 
mph 
MPICE 
MPNTP 
MPO 
MPP 
MPR 
MPS 


MPSA 
MPSRON 
MPTk 
MR 
MRAT 
MRBM 
MRI 
MRO 
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master net list; multinational logistics 

multinational logistic center 

multinational task force 

memorandum of agreement 

main operating base; mobilization 

military manpower mobilization and accession status 
report; mobilization report 

maritime operations center; media operations center 

ministry of defense; modification 

model 

ministry of defense advisor 

measure of effectiveness 

measure of effectiveness indicator 

maximum (aircraft) on ground 

motor gasoline 

mobility matting 

measure of performance; memorandum of policy 

mission-oriented protective posture 

military occupational specialty 

maritime operational threat response 

memorandum of understanding 

movement report 

military police (USA and USMC); multinational publication 

maritime patrol aircraft; mission planning agent 

military patient administration team; Multinational Planning 
Augmentation Team 

maritime pre-positioning equipment and supplies 

maritime pre-positioning force 

maritime pre-positioning force utility boat 

miles per hour 

measuring progress in conflict environments 

Master Positioning Navigation and Timing Plan 

military post office 

maritime procedural publication 

maritime patrol and reconnaissance 

maritime pre-positioning ship; Military Planning Service 
(UN); Military Postal Service 

Military Postal Service Agency 

maritime pre-positioning ships squadron 

Medical Planners’ Toolkit 

milliradian 

medical radiobiology advisory team 

medium-range ballistic missile 

magnetic resonance imaging 

mass rescue operation; materiel release order; medical 
regulating office; medical regulating officer 


MRR 
MRS 


MRT 
MRX 
MS 
MSA 
MSC 
MSCA 
MSCAT 
MSCO 
MSD 
MSE 
MSF 
MSG 
MSGID 
MSI 
MSIC 
MSL 
MSO 


MSOC 
MSOG 
MSOR 
MSP 
MSR 
MSRP 
MSRT 
MSST 


MST 
MTAB 
MTAC 
MT Bn 
MTCR 
mtDNA 
MTF 


MTFP 
MTN 
MTO 
MTON 
MTP 
MTS 
MTT 


Shortened Word Forms 


Marine Raider Regiment; minimum-risk route 

measurement and signature intelligence (MASINT) 
requirements system 

maintenance recovery team 

mission readiness exercise 

Microsoft 

Maritime Security Act 

major subordinate command; Military Sealift Command 

military support to civilian authorities 

maritime security center augment team 

Military Sealift Command Office 

mobile security division 

mission support element 

mission support force; mobile security force 

Marine security guard; message 

message identification 

modified surface index 

Missile and Space Intelligence Center 

mean sea level; military shipping label 

map support office; maritime security operations; military 
source operation; military strategic objective; military 
support operations 

Marine special operations company 

Multinational Strategy and Operations Group 

Marine Special Operations Regiment 

Maritime Security Program; mission support plan 

main supply route; mission support request 

mission strategic resource plan 

Maritime Security Response Team (USCG) 

Marine space support team; maritime safety and security 

team 

mission support team 

Military Technical Acceptance Board 

Multiple Threat Alert Center (DON) 

motor transport battalion 

Missile Technology Control Regime 

mitochondrial deoxyribonucleic acid 

medical treatment facility; military information support 
operations task force 

mission-tailored force package 

multi-tactical data link network 

mission type order 

measurement ton 

mission tasking packet 

Marine tactical system; Movement Tracking System 

mobile training team 
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108. Multiplication of Numbers in Scientific Notation 


The general rules covering the multiplication of radicals (par. 74) also apply in the multiplica- 
tion of numbers that are expressed in scientific notation. 


Example 1: Multiply 100,000 by 1,000. 
100,000 « 1,000 = 105 x 10? = 105+3 = 108 = 100,000,000 
Example 2: Multiply 25,000 by 5,000. 
25,000 x 5,000 = 2.5 x 10!'« 5 x 10° = 2.5 x 5 & 104+3 
= 12. x 10° 
= 125,000,060 
Example 3: Multiply 1,800, .000015, 300, and .0048. 
1,800 x .000015 x 300 « .0048 
= 13x 10x«15x 105 x3 x 10? x 4.8 x 10-3 
= 18x15 3x 48 x 103-5+2-3 
= 38.88 x 10-% 
= .03888 


109. Division of Numbers in Scientific Notatior 


The general rules covering the division of radicals (par. 75) also apply in the division of num- 
bers that are expressed in scientific notation. 


Example 1: Divide 75,000 by .0005. 
15000 TE XU 18 90st = 15 $10? = 150,000,000 
Example 2: Divide 14,400,000 by 1,200,000. 
14,400,000 144 x 105 144 
1,200,000 ~ 12x 10° ~ 127 
Example 3: Divide 98,100 by .0025, 180, and 1,090,000. 
98,100 
.0025 « 180 x 1,090,000 
_ 9.81 « 104 
~ 2.5 & 10-3 « 1.8 « 10? x 1.09 x 106 
_ 9.81 x 104 
~ 2.5 X 1.8 x 1.09 «x 10—3+2+6 
_ 9.81 x 104 
~~ 4,905 « 105 
= 2 


110. Finding the Power or Root of a Number in Scientific Notation 
The general rules covering powers and roots (pars. 71 and 72) also apply to numbers expressed 
in scientific notation. 
Example 1: Find the square root of 144,000,000. 
¥/144,000,000 = v/144 x 10° 
= 12 x 103 
= 12,000 
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major theater war 

mobile utilities support equipment 
merchant vessel 

Missile Warning Center (USSPACECOM) 
military working dog 
mobilization working group 
morale, welfare, and recreation 
Marine wing support detachment 
Marine wing support group 
Marine wing support squadron 
modular warping tug 


N-2 


N-6 
NA5SCRO 
NAC 
NAD 83 
NADR 


NAEC-ENG 
NAF 

NAI 

NALC 
NALE 
NALSS 
NAMS 
NAR 


NARAC 


NARP 
NAS 
NASA 
NASIC 
NATO 
NATOPS 


NAVAIDS 

NAVAIR 
NAVCYBERFOR 
NAVELSG 
NAVEODTECHDIV 


NAVFAC 
NAVFACENGCOM 
NAVFAC EXWC 


NAVFOR 
NAVMED 
NAVMTO 
NAVOCEANO 
NAVSAT 
NAVSCOLEOD 
NAVSEA 
NAVSEAINST 


N 


Director of Naval Intelligence; Navy component 
intelligence staff officer 

Director of Naval Communications Networks 

non-Article 5 crisis response operation (NATO) 

North Atlantic Council (NATO) 

North American Datum 1983 

nonproliferation, antiterrorism, demining, and related 
programs 

Naval Air Engineering Center - Engineering 

nonappropriated funds; numbered air force 

named area of interest 

Navy ammunition logistics code 

naval and amphibious liaison element 

naval advanced logistic support site 

National Air Mobility System 

nonconventional assisted recovery; notice of ammunition 
reclassification 

national atmospheric release advisory capability; 
National Atmospheric Release Advisory Center (DOE) 

Nuclear Weapon Accident Response Procedures 

naval air station 

National Aeronautics and Space Administration 

National Air and Space Intelligence Center 

North Atlantic Treaty Organization 

Naval Air Training and Operating Procedures 
Standardization 

navigational aids 

Naval Air Systems Command 

Navy Cyber Forces 

Navy expeditionary logistics support group 

Naval Explosives Ordnance Disposal Technology 

Division 

Naval Facilities Engineering Command 

Naval Facilities Engineering Command 

Naval Facilities Engineering and Expeditionary Warfare 

Center 

Navy forces 

Navy medicine 

Navy Material Transportation Office 

Naval Oceanographic Office 

navigation satellite 

Naval School Explosive Ordnance Disposal 

Naval Sea Systems Command 

Naval Sea Systems Command instruction 
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Shortened Word Forms 


NAVSOC 


NAVSOF 
NAVSPACECOM 
NAVSPECWARCOM 
NAVSUP 
NAVWAR 
NAWCAD 

Navy TACC 

NBC 

NBG 

NBI 

NBVC 

NC2 

NC3 

NCAGS 

NCAPS 

NCB 

NCC 


NCCS 
NCDC 
NCES 
NCESGR 


NCF 
NCG 
NCH 


NCHB 
NCIJTF-AG 


NCIS 
NCIX 
NCL 


NCMI 
NCMP 
NCO 
NCOIC 
NCOS 
NCP 


NCPC 
NCR 
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Naval Satellite Operations Center; naval special 

operations command 

Navy special operations forces 

Naval Space Command 

Naval Special Warfare Command 

Naval Supply Systems Command 

navigation warfare 

Naval Air Warfare Center, Aircraft Division 

Navy tactical air control center 

nuclear, biological, and chemical 

naval beach group 

nonbattle injury 

Naval Base Ventura County Agency 

nuclear command and control 

nuclear command, control, and communications 

naval cooperation and guidance for shipping 

naval coordination and protection of shipping 

noncompliant boarding 

Navy component command; Navy component 

commander 

Nuclear Command and Control System 

National Climatic Data Center 

Net-Centric Enterprise Services 

National Committee of Employer Support for the Guard 
and Reserve 

naval construction force 

naval construction group 

natural and cultural resources and historic properties 
(DOT) 

Navy cargo-handling battalion 

National Cyber Investigative Joint Task Force-Analytical 

Group (DOD) 

Naval Criminal Investigative Service 

National Counterintelligence Executive 

National System for Geospatial-Intelligence Consolidated 

Library 

National Center for Medical Intelligence 

Navy Capabilities and Mobilization Plan 

noncombat operations; noncommissioned officer 

noncommissioned officer in charge 

naval control of shipping 

National Oil and Hazardous Substances Pollution 
Contingency Plan 

National Counterproliferation Center 

National Capital Region (US); National Security 

Agency/Central Security Service representative; naval 


NCRCC 


NCRDEF 
NCR-IADS 
NCS 


NCSC 
NCSD 
NCTC 
NDAA 
NDAF 
NDB 
NDCS 
NDDOC 


NDHQ 
NDIC 
NDMS 
NDP 
NDPC 
NDRC 
NDRE 
NDS 
NDSF 
NDT 
NDU 


Shortened Word Forms 


construction regiment 

National Capital Region Coordination Center; United 

States Northern Command Rescue Coordination Center 

national cryptologic representative defense 

National Capital Region-Integrated Air Defense System 

National Clandestine Service; National Communications 

System; net control station 

National Counterintelligence and Security Center 

National Cyber Security Division (DHS) 

National Counterterrorism Center (DNI) 

national defense authorization act 

Navy, Defense Logistics Agency, Air Force 

nondirectional beacon 

National Drug Control Strategy 

North American Aerospace Defense Command and 
United States Northern Command Deployment and 
Distribution Operations Cell 

National Defence Headquarters, Canada 

National Defense Intelligence College 

National Disaster Medical System (DHHS) 

national disclosure policy 

National Disclosure Policy Committee 

National Detainee Reporting Center 

National Defense Reserve Fleet 

national defense strategy 

National Defense Sealift Fund 

nuclear disablement team 

National Defense University 

Northeast Asia 

naval embarked advisory team; nuclear employment 
augmentation team 

National Economic Council 

Navy Expeditionary Combat Command 

Navy Expeditionary Intelligence Command 

Navy expeditionary logistics regiment 

noncombatant evacuation operation 

noncombatant evacuation operation coordination center 

National Exercise Program 

National Environmental Policy Act 

National Exploitation System 

nuclear emergency support team (DOE) 

Naval Network Warfare Command 

net explosive weight 

no-fire area 

numbered fleet commander 

Naval Facilities Expeditionary Logistics Center 
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Shortened Word Forms 


NFESC 
NFI 
NFIB 
NFIP 
NFLS 
NG 
NGA 
NGB 
NGB-OC 
NGCC 
NGCDP 
NGCDP-State 
NGCSP 
NGDS 


NGFS 
NGIC 
NG-IFOG 
NG JFHQ-State 
NGLO 
NGO 
NGP 
NHMD 
NIC 
NICC 
NICCL 
NICCP 
NIH 

NIL 

NIM 
NIMS 
NIOC 
NIP 

NIPF 
NIPRNET 
NISP 
NIST 

NIT 

NITF 
NJOIC 
NJTTF 
NKOCC 
NLRP 
NLT 
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Naval Facilities Engineering Service Center 

national foreign intelligence 

National Foreign Intelligence Board 

National Flood Insurance Program (FEMA) 

naval forward logistic site 

National Guard 

National Geospatial-Intelligence Agency 

National Guard Bureau 

National Guard Bureau-Office of the Chaplain 

National Guard Coordination Center 

National Guard Counterdrug Program 

National Guard Counterdrug Program-state 

National Guard Counterdrug Support Program 

Net-Centric Geospatial-Intelligence Discovery Services; 
Next Generation Delivery Service 

naval gunfire support 

National Ground Intelligence Center 

National Guard Interoperability Field Operations Guide 

National Guard joint force headquarters-state 

naval gunfire liaison officer 

nongovernmental organization 

National Geospatial-Intelligence Agency Program 

National Human Intelligence Manager directive 

National Intelligence Council 

National Intelligence Coordination Center 

National Incident Communications Conference Line 

National Interdiction Command and Control Plan 

National Institutes of Health (DHHS) 

National Information Library 

national intelligence manager 

National Incident Management System 

Navy Information Operations Command 

National Intelligence Program 

National Intelligence Priorities Framework 

Non-classified Internet Protocol Router Network 

national intelligence support plan 

National Institute of Standards and Technology 

nuclear incident team 

national imagery transmission format 

National Joint Operations and Intelligence Center 

National Joint Terrorism Task Force (FBI) 

non-kinetic operations coordination cell (USAF) 

nonlethal reference point 

not later than 

nonlethal weapon 

nautical mile 


NMA 
NMAWC 
NMC 
NMCB 
NMCC 
NMCS 


NMCSO 
NMEC 
NMIC 
NMIO 
NMIST 
NMO 
NMS 
NMSA 


NMSC 
NMS-CO 
NMS-CWMD 


NMSP-WOT 
NMT 

NNSA 
NNWC 
NOAA 
NOACT 
NOC 


Shortened Word Forms 


non-mailable article 

Naval Mine and Anti-Submarine Warfare Command 

Navy Munitions Command 

naval mobile construction battalion 

National Military Command Center 

National Military Command System; not mission capable, 

supply 

Navy and Marine Corps spectrum office 

National Media Exploitation Center 

National Maritime Intelligence Center 

National Maritime Intelligence-Integration Office 

National Military Intelligence Support Team (DIA) 

National Measurement and Signature Intelligence Office 

national military strategy 

North Atlantic Treaty Organization (NATO) Mutual 

Support Act 

Navy and Marine Corps Spectrum Center 

National Military Strategy for Cyberspace Operations 

National Military Strategy to Combat Weapons of Mass 

Destruction 

National Military Strategic Plan for the War on Terrorism 

national mission team 

National Nuclear Security Administration (DOE) 

Naval Network Warfare Command 

National Oceanic and Atmospheric Administration (DOC) 

Navy overseas air cargo terminal 

National Geospatial-Intelligence Agency Operation 
Center; National Operations Center (DHS); network 
operations center 

nap-of-the-Earth 

not releasable to foreign nationals 

next of kin 

Naval Operational Logistics Support Center 

Navy Oceanographic Mine Warfare Center 

contractors not authorized to accompany the force 

North American Aerospace Defense Command 

network operations and security center 

Navy Ordnance Safety and Security Activity 

notice to airmen 

national planning framework 

National Protection and Programs Directorate (DHS) 

National Park Service; nonprior service 

Nonproliferation Treaty 

nuclear/radiological advisory team 

National Response Center (USCG); non-unit-related cargo 

Naval Reserve cargo-handling battalion 
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Shortened Word Forms 


NSABB 
NSA/CSS 
NSARC 
NSAT 


NSAWC 
NSC 
NSC/DC 
NSC/IPC 
NSC/PC 
NSCS 
NSD 
NSDD 
NSDM 
NSE 
NS/EP 
NSF 
NSEFS 
NSG 
NSHS 
NSL 
NSMS 
NSN 
NSOC 
NSP 
NSPA 


NSPD 
NSPI 
NSPM 
NSS 


NSSE 
NST 


NSTAC 
NSTS 
NSW 
NSWCDD 
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National Response Framework 

notional requirements generator 

National Reconnaissance Office 

non-unit-related personnel 

near real time 

National Security Agency; national shipping authority; 
North Atlantic Treaty Organization (NATO) 
Standardization Agency 

National Science Advisory Board for Biosecurity (NIH) 

National Security Agency/Central Security Service 

National Search and Rescue Committee 

United States Northern Command situational awareness 
team 

Naval Strike and Air Warfare Center 

National Security Council 

National Security Council/Deputies Committee 

National Security Council/interagency policy committee 

National Security Council/Principals Committee 

National Security Council System 

National Security Directive; National Security Division (FBI) 

national security decision directive 

national security decision memorandum 

national support element; Navy support element 

national security and emergency preparedness 

national security forces; National Strike Force (USCG) 

naval surface fire support 

National System for Geospatial Intelligence 

National Strategy for Homeland Security 

no-strike list 

National Strategy for Maritime Security 

national stock number 

National Security Operations Center 

National Search and Rescue Plan 

North Atlantic Treaty Organization Support and 
Procurement Agency 

national security Presidential directive 

National Strategy for Pandemic Influenza 

national security Presidential memorandum 

National Search and Rescue Supplement; national security 
strategy; national security system 

national special security event 

National Geospatial-Intelligence Agency support team; 

national support team 

National Security Telecommunications Advisory Committee 

National Secure Telephone System 

naval special warfare 

Naval Surface Warfare Center Dahlgren Division 


NSWC IHEODTD 


NSWTF 
NSWTG 
NSWTU 
NTA 
NTACS 
NTIA 


Shortened Word Forms 


Naval Surface Warfare Center, Indian Head Explosive 
Ordnance Disposal Technology Division 

naval special warfare task force 

naval special warfare task group 

naval special warfare task unit 

nontraditional agent 

Navy tactical air control system 

National Telecommunications and Information 

Administration (DOC) 

Navy tactical reference publication 

noncombatant evacuation operation tracking system 

National Transportation Safety Board 

Navy tactics, techniques, and procedures 

non-unit-related cargo 

nuclear detonation 

Navy-unique fleet essential aircraft 

non-unit-related personnel 

night-vision device 

National Geospatial-Intelligence Agency voluntary 
deployment team 

night-vision goggle 

National Voluntary Organizations Active in Disaster 

Navy Warfare Development Command 

Navy warfare publication 

National Weather Service 

New Zealand 


A Be 


Shortened Word Forms 


Intentionally Blank 
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IMC 
1NCD 

O&l 

O&M 

OA 

OAE 

OAF 

OAFME 

OAI 

OAM 

OAP 

OAS 

OASD 
OASD(NII/CIO) 


OASD(RA) 
OAU 

OB 

OB 

OBA 


OBFS 
OBIM 
OBP 
OCA 
OCBD 
OCCA 
OCDETF 
OCHA 
OCIE 
OCJCS 
OCO 
OCONUS 
OCP 
OCS 
OCSIC 
OCU 
ODC 
ODCSLOG 
ODNI 
OE 
OE&AS 
OEBGD 
OEC 


O 


general announcing system 

1st Naval Construction Division 

operations and intelligence 

operation and maintenance 

objective area; operational area 

operational area evaluation 

Operation ALLIED FORCE 

Office of the Armed Forces Medical Examiner 

oceanographic area of interest 

Office of Air and Marine (DHS) 

offset aimpoint 

offensive air support; Organization of American States 

Office of the Assistant Secretary of Defense 

Office of the Assistant Secretary of Defense (Networks 
and Information Integration/Chief Information Officer) 

Office of the Assistant Secretary of Defense (Reserve Affairs) 

Organization of African Unity 

outboard 

order of battle; overcome by 

Office of Biotechnology Activities (NIH); oxygen 
breathing apparatus 

offshore bulk fuel system 

Office of Biometric Identity Management (DHS) 

object-based production 

offensive counterair; operational control authority 

Office of Capacity Building and Development (USDA) 

ocean cargo clearance authority 

Organized Crime and Drug Enforcement Task Force 

Office for the Coordination of Humanitarian Affairs 

organizational clothing and individual equipment 

Office of the Chairman of the Joint Chiefs of Staff 

offensive cyberspace operations; offload control officer 

outside the continental United States 

operational capability package 

operational contract support 

operational contract support integration cell 

offload control unit 

Office of Defense Cooperation 

Office of the Deputy Chief of Staff for Logistics (USA) 

Office of the Director of National Intelligence 

operational environment 

organization for embarkation and assignment to shipping 

Overseas Environmental Baseline Guidance Document 

Office of Emergency Communications (DHS) 
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Example 2: 


Find the cube root of .000,008. 


¥7.000,008 = W/8 X 10-* 
=- 2x 10-7 
= .02 
Example 3: Square 15,000. 
(15,000)? = (15 x 10%)2 
= 225 x 106 
== 225,000,000 
Example 4: Find the square root of (160,000)8. 
¥%/160,000? = (160,000) 3/2 
= (16 & 10+)3/2 
= 64 x 108 
= 64,000,000 
Example 5: Find the square root of seta 000" 
/ 86,900 _ /8.69 X 104 
V 3,560,000 — V 3.56 x 108 
= \/2.44 x 10 
= 1.56 x 10-1 


111. Review Problems—Powers of 10 


In the following problems, leave the answer 


in powers of ten: 


a. Convert the following numbers to powers 


of 10 and add: 
(1) 1,245,000 + 368,000 
(2) 79,000 + 421,000 
(3) .000,007,66 + .000,054 


b. Convert the following numbers to powers 


of 10 and subtract: 
(1) 333,400 — 22,500 
(2) .000,068 — .000,049° 
(3) .000,004,89 — .000,000,398° 


ce. Convert the following numbers to powers 


of 10 and multiply: 
(1) 446,000 x 200 


AGO 558A 


156 


(2) 7,700 x .008,2 
(3) .000,096. x .000,33 
(4) .003,66 x 4,000,000 
d. Convert the following numbers to powers 
of 10 and divide: 
(1) 668,000 — 4,000 
(2) 88,445,000 — .000,55 
(3) .000,963 — .000,009 
(4) .006,93 -- 21 
e. Convert the following numbers to powers 
of 10 and perform the indicated operations: 
(1) ¥/64,000,000 
(2) ¥/.000,169 
(3) .003% 
(4) 27,0002/8 
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Shortened Word Forms 


OECD 
OEF 
OEG 


OEH 
OER 

OES 
OFAC 
OFCO 
OFDA 
OHDACA 
OHDM 


OI 
OIA 


OIC 
OICC 
OIF 
OIIL 
OIR 
OJT 
OLEM 
OMA 
OMB 
OMC 
OMSPH 
ONDCP 
ONE 
ONI 
OOB 
OODA 
OOS 
OP 
OPC 
OPCON 
OPDAT 


OPDEC 
OPDS 


OPDS-Future 


OPDS-L 
OPE 
OPELINT 
OPEO 
OPFOR 
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Organisation for Economic Co-operation and Development 

Operation ENDURING FREEDOM 

operational experts group; operational exposure guidance; 
operations security executive group 

occupational and environmental health 

officer evaluation report 

office of emergency services 

Office of Foreign Assets Control (Treasury) 

offensive counterintelligence operation 

Office of United States Foreign Disaster Assistance (USAID) 

Overseas Humanitarian, Disaster, and Civic Aid (DSCA) 

Office of Humanitarian Assistance, Disaster Relief, and 
Mine Action 

operating instruction; operational interest 

Office of Insular Affairs (DOI); Office of International 
Affairs (Treasury) 

officer in charge 

officer in charge of construction 

Operation IRAQI FREEDOM 

Office of Intelligence and Investigative Liaison (CBP) 

other intelligence requirements 

on-the-job training 

Office of Land and Emergency Management (EPA) 

Office of Military Affairs (CIA and USAID) 

Office of Management and Budget 

office of military cooperation 

Office of Medicine, Science, and Public Health (DHHS) 

Office of National Drug Control Policy 

Operation NOBLE EAGLE 

Office of Naval Intelligence 

order of battle 

observe, orient, decide, act 

out of service 

observation post; ordnance publication 

Ocean Prediction Center (DOC) 

operational control 

Office of Overseas Prosecutorial Development, 
Assistance, and Training (DOJ) 

operational deception 

offshore petroleum discharge system (USN) 

offshore petroleum discharge system-future (USN) 

offshore petroleum discharge system-legacy (USN) 

operational preparation of the environment 

operational electronic intelligence 

Office of Preparedness and Emergency Operations (DHHS) 

opposing force; opposition force 


OPG 
OPGEN 
OPIR 
OPLAN 
OPLAW 
OPM 
OPMG 
OPNAV 
OPNAVINST 
OPORD 
OPP 
OPR 
OPREP 
OPROJ 
OPS 
OPSDEPS 
OPSEC 
OPSTK 
OPT 
OPTAR 
OPTASK 


OPTASK AMPHIB 
OPTASK COMM 
OPTASKLINK 


OPTEMPO 
OR 
ORBAT 
ORD 
ORM 
ORP 
ORS 
ORSA 
OS 
OSA 
OSC 


OSCE 
OSD 
OSD/DMDPO 


OSE 
OSEI 
OSINT 
OSM 
OSOCC 
OSR 


Shortened Word Forms 


operations planning group 

operation general matter 

overhead persistent infrared 

operation plan 

operational law 

Office of Personnel Management 

Office of the Provost Marshal General 

Office of the Chief of Naval Operations 

Chief of Naval Operations instruction 

operation order 

off-load preparation party; orderwire patch panel 

office of primary responsibility 

operational report 

operational project 

operational project stock 

Service Operations Deputies 

operations security 

operational stock 

operational planning team 

operating target 

operational tasking (message); operation task 

operational tasking amphibious message 

operational tasking communication (message) (USN) 

operations task link 

operating tempo 

operational readiness 

order of battle 

Office of Research and Development (EPA) 

operational risk management 

ocean reception point 

operationally responsive space 

operations research and systems analysis 

operating stocks; operating system 

operational support airlift 

offensive space control; on-scene commander; on-site 
commander; Open Source Center (CIA) 

Organization for Security and Cooperation in Europe 

Office of the Secretary of Defense 

Office of the Secretary of Defense, Defense Military 
Deception Program Office 

operations support element 

operational significant event imagery 

open-source information; open-source intelligence 

Office of Spectrum Management (NTIA) 

on-site operations coordination center 

on-station report 


ol? 


Shortened Word Forms 


OT&E 
OTA 

OTC 
OTERA 
OTH 

OTI 

OUB 

OUSD 
OUSD(A&S) 


OUSD(C) 
OUSD(C/CFO) 


OUSD(I) 
OUSD(P) 
OVM 
Ows 
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operational test and evaluation 

Office of Technical Assistance (Treasury) 

officer in tactical command; over the counter 

organize, train, equip, rebuild/build, and advise 

over the horizon 

Office of Transition Initiatives (USAID) 

offshore petroleum discharge system utility boat 

Office of the Under Secretary of Defense 

Office of the Under Secretary of Defense for Acquisition 
and Sustainment 

Office of the Under Secretary of Defense (Comptroller) 

Office of the Under Secretary of Defense 
(Comptroller/Chief Financial Officer) 

Office of the Under Secretary of Defense (Intelligence) 

Office of the Under Secretary of Defense for Policy 

Operation VIGILANT MARINER 

operational weather squadron 


P 
PA 


PACAF 
PAD 
PADD 
PAG 
PALCON 
PAM 
PaM 
PAO 
PAR 
PARS 
PAWS 
PAX 
PB 
PB4T 
PBA 
PBIED 
PBOS 
PBR 
PC 


PC&S 
PCA 
PCASS 
PCC 


PCO 
PCOF 
PCRTS 
PCS 
PCTC 
PD 


PDA 
PDAL 

PDC 

PDD 

PDF 

PDSS 

PDT 
PDUSD(A&S) 


P 


publication 

physician assistant; primary agency; probability of arrival; 
public affairs 

Pacific Air Forces 

patient administration director 

person authorized to direct disposition of human remains 

public affairs guidance 

pallet container 

preventive and aerospace medicine 

passage material 

public affairs office; public affairs officer 

population at risk 

Personnel Accountability Reporting System 

phased array warning system 

passengers; public affairs plans 

peace building 

planning board for training 

performance-based agreement; production base analysis 

person-borne improvised explosive device 

Planning Board for Ocean Shipping 

program and budget review 

patrol craft; preliminary coordination; Principals 
Committee 

post, camp, and station 

Posse Comitatus Act 

Preliminary Credibility Assessment Screening System 

police contributing country; policy coordination 
committee 

primary control officer; procuring contracting officer 

Patient Condition Occurrence Frequency 

primary casualty receiving and treatment ship 

permanent change of station; primary control ship 

pure car and truck carrier 

position description; priority designator; probability of 
damage; probability of detection; program directive 

preliminary damage assessment 

prioritized defended asset list 

Pacific Disaster Center 

Presidential decision directive 

portable data file 

predeployment site survey 

partnership development team 

Principal Deputy Under Secretary of Defense for 
Acquisition and Sustainment 
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Shortened Word Forms 


PDUSD(P&R) 
PE 


PECC 
PED 

PEO 

PEP 
PERMA 
PERMREP 
PERSCO 
PFA 
PFDB 
PFG 

PFO 

PfP 

PGI 

PGM 
PHEO 
PHIBCB 
PHIBOP 
PHIBRON 
PHIT 

PI 


Pi 
PI&ID 
PIAB 
PIC 
PID 
PII 
PIO 
PIR 
PIREP 
PIRT 
PISA 
PIT 
PIU 
PJ 

PK 
PKB 
PKO 
PKSOI 
PL 
PLA 
PLAD 
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Principal Deputy Under Secretary of Defense (Personnel and 
Readiness) 

personal effects; preparation of the environment; program 
element 

patient evacuation coordination cell 

processing, exploitation, and dissemination 

peace enforcement operations; program executive office 

personnel exchange program 

planning, embarkation, rehearsal, movement, and action 

permanent representative (NATO) 

personnel support for contingency operations 

primary federal agency 

planning factors database 

Preferred Force Generation 

principal federal official 

Partnership for Peace (NATO) 

procedures, guidance, and information 

precision-guided munition 

public health emergency officer 

amphibious construction battalion 

amphibious operation 

amphibious squadron 

port handling/in-land transportation 

pandemic influenza; point of impact; purposeful 
interference 

probability of incapacitation 

pandemic influenza and infectious disease 

President’s Intelligence Advisory Board 

payment in cash 

plan identification number; positive identification 

pre-incident indicators 

public information officer 

priority intelligence requirement 

pilot report 

purposeful interference response team 

post isolation support activity 

platform information technology 

patient isolation unit 

pararescue jumper 

probability of kill 

purple kill box 

peacekeeping operations 

Peacekeeping and Stability Operations Institute 

phase line 

post-launch abort 

plain language address directory 


PLANORD 
PLB 

PLS 

PLT 

PM 


PMA 
PMC 
PMCF 
PME 
PMESII 


PMGM 
PMI 
PMI-ATS 
PMITS 
PMO 


PMR 
PMRC 
PN 
PNA 
PNAF 
PNT 
PO 
POA 
POB 
POC 
POCD 
POD 


POE 
POES 
POF 
POG 
POI 

POL 
POLAD 
POLCAP 
POLMIL 
POM 
PORTSIM 
POS 
POTUS 
POV 


Shortened Word Forms 


planning order 

personal locator beacon 

palletized load system 

platoon 

Bureau of Political-Military Affairs (DOS); patient 
movement; peacemaking; preventive medicine; program 
Management; program manager; provost marshal 

political/military assessment 

passenger, mail, and cargo; private military company 

post maintenance check flight 

professional military education 

political, military, economic, social, information, and 
infrastructure 

program manager’s guidance memorandum 

patient movement item; prevention of mutual interference 

Patient Movement Items-Asset Tracking System 

Patient Movement Item Tracking System 

production management office(r); program management 
office 

patient movement request; patient movement requirement 

patient movement requirements center 

partner nation 

postal net alert 

prime nuclear airlift force 

positioning, navigation, and timing 

peace operations; petty officer 

plan of action 

persons on board 

point of contact 

port operations cargo detachment 

plan of the day; port of debarkation; probability of 
detection 

port of embarkation; port of entry 

polar operational environment satellite 

priority of fires 

port operations group; psychological operations group 

person of interest; point of injury 

petroleum, oils, and lubricants 

policy advisor; political advisor 

bulk petroleum capabilities report 

political-military 

program objective memorandum 

port simulation model 

point of sale; Point-of-Service; probability of success 

President of the United States 

privately owned vehicle 
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Shortened Word Forms 


POW 
POW/MIA 
PPAG 
PPBE 
PPD 
PPE 
PPF 
PPLI 
PPTO 
PPW 
PR 


PRA 
PRAP 
PRC 


PRCC 


PRCS 
PRD 
PRDO 
PREPO 


PREREP 
PREF 

PRG 

Prime BEEF 
PRISM 


PRM 
PRMS 
PRMx 
PROVORG 
prowords 
PRP 
PRRP 
PRT 
PRTF 

PS 

PSA 


PSC 
PSD 
PSI 
psi 
PSO 


i 


prisoner of war 

prisoner of war/missing in action 

proposed public affairs guidance 

Planning, Programming, Budgeting, and Execution 

Presidential policy directive 

personal protective equipment 

personnel processing file 

precise participant location and identification 

petroleum pipeline and terminal operating 

patient protective wrap 

personnel recovery; Phoenix Raven; preliminary review; 
production requirement; program review 

patient reception area; primary review authority 

Personnel Reliability Assurance Program 

populace and resources control; Presidential Reserve Call- 
up; primary receiving center 

personnel recovery coordination cell; personnel recovery 
coordination center 

personnel recovery coordination section 

personnel readiness division; Presidential review directive 

personnel recovery duty officer 

pre-positioned force, equipment, or supplies; pre- 
positioning 

pre-arrival report 

pulse repetition frequency 

personnel recovery guidance 

prime base engineer emergency force 

Planning Tool for Resource, Integration, Synchronization, 
and Management 

Bureau of Population, Refugees, and Migration (DOS) 

personnel recovery mission software 

production requirements matrix 

providing organization 

procedure words 

Personnel Retrieval and Processing 

personnel recovery reference product 

patient reception team; provincial reconstruction team 

personnel recovery task force 

port security 

port support activity; primary staff assistant; principal staff 
assistant 

private security contractor 

port security detachment 

Proliferation Security Initiative 

pounds per square inch 

peace support operations (NATO); post security officer 


PSS 
PSS-SOF 
P-STATIC 
PSU 
PSYOP 
PTDO 
PTL 

PTM 
PTTI 
Pu-239 
Pu-240 

PV 
PVNTMED 
PVT 
PWCS 
PWG 
PWRM 
PWRR 
PWRS 


PWT 


Shortened Word Forms 


personnel services support 

Precision Strike Suite-Special Operations Forces 

precipitation static 

port security unit 

psychological operations (forces) 

prepare to deploy order 

pointer-to-target line 

personnel transport module 

precise time and time interval 

plutonium-239 

plutonium-240 

prime vendor 

preventive medicine 

positioning, velocity, and timing 

port, waterways, and coastal security 

protection working group 

pre-positioned war reserve materiel 

pre-positioned war reserve requirements 

petroleum war reserve stocks; pre-positioned war reserve 
stock 

precision weapons team 


a 


Shortened Word Forms 


Intentionally Blank 
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QA 
QAR 

QAT 

Qc 

QDR 
QHDA 

QIP 

QM 

QOL 

QRE 

QRP 

Qs 

QSTAG 
QUADCON 


Q 


quality assurance 

quality assurance representative 

quality assurance team 

quality control 

quadrennial defense review 

qualified hazardous duty area 

quick impact project 

quartermaster 

quality of life 

quick reaction force; quick response force 
quick response posture 

quality surveillance 

quadripartite standardization agreement 
quadruple container 
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CHAPTER 8 
LOGARITHMS 


112. General 


Many lengthy mathematical operations may 
be accomplished more easily through the use of 
logarithms. With logarithms (also called logs), 
multiplication of numbers is reduced to a simple 
process of addition, division becomes a process 
of subtraction, raising a number to a power 
becomes simple multiplication, and extraction 
of roots is done by simple division. 


113. Definition 


The logarithm of a given number is the 
power to which another number (called the 
base) must be raised to equal the given number. 
The word “logarithm” has the same meaning 
as the word “exponent.” 


Find the logarithm of 1,000 to 
the base 10. 

From the definition, the loga- 
rithm of a number (1,000) is the 
power (xz) to which another 
number called the base (10) 
must be raised to equal the given 
number (1,000). 

Thus, 107 = 1,000. Since 10? = 


Example: 


1,000, then: 
107 — 103 and by inspec- 
tion: 
x= 8 


Therefore, the logarithm of 
1,000 to the base 10 equals 3 or 
logic 1,000 = 3. 


114. Types of Logarithms 


a. Common Logarithms. Common _ loga- 
rithms use the number 10 as a base. They are 
so universally used that the 10 usually is 
omitted; the answer in paragraph 113 could 
be log 1,000 = 3. Some values of common loga- 
rithms are included in the table below. The 
common logarithm of any number between 
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these values consists of the logarithm of the 
smaller number plus a decimal. For example, 
the log of a number between 100 and 1,000, 
such as 157, consists of the log of the smaller 
number (10) plus a decimal. The log of 157 
is 2.1959. 


log 1 =0 log .1 =—l 
log 10 =1 log 01 = —2 
log 100 =2 log .001 = —3 
log 1,000 = 3 log .0001 =-—4 
log 10,000 = 4 


b. Natural Logarithms. Natural logarithms 
are based upon the irrational number e, and are 
written both as log, and In. Natural loga- 
rithms are used in special applications and as 
such are not explained further in this text. 


115. Parts of Logarithms 


a. Logarithms are divided into two parts, 
the integral and the decimal. The integral part 
is known as the characteristic, and the decimal 
part is called the mantissa. 

(1) The characteristic of any number is 
one less than the number of digits to 
the left of the decimal point. Thus, the 
characteristic for the number 3 is 1 — 
1 or zero, since there is one number 
to the left of the decimal point. The 
characteristic for 30, with two num- 
bers to the left of the decimal point, 
is 2— 1 or 1. Similarly, the character- 
istic for 300 is 2, and the characteris- 
tic for 3,000 is 3. The characteristic of 
the log of a decimal is negative and is 
based upon the position of the first 
rational number to the right of the 
decimal point. If there are no num- 
bers to the left of the decimal point, 
the characteristic is negative. In the 
number .327, for example, the first 
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RCA 
RCAT 
RCC 
RCD 
RCEM 
RCIED 
RCM 
RCMP 
RCO 
RCP 
RCT 
RDCFP 
RDCTFP 


RDD 
RDO 
RDT&E 
REA 
REAC/TS 
RED 


RED HORSE 


REF 
REPOL 


R 


research and development 

rest and recuperation 

reconstruction and stabilization 

rapid response planning process 

response action; risk analysis 

readiness assessment system - output tool 

routine aerial distribution 

radio battalion 

regional air defense commander 

radiological control team 

Royal Air Force (UK) 

raised angle marker; random antiterrorism measure; 
rockets, artillery, and mortars 

regional air movement control center 

Radiological Assistance Program (DOE) 

readiness assessment system-output tool 

refine, adapt, terminate, execute 

reimbursable budget authority 

red blood cell 

Reserve Component; resident coordinator (UN) 

riot control agent 

Rapid Course of Action Analysis Tool 

regional contracting center; rescue coordination center 

regional collection detachment 

regional contingency engineering management 

radio-controlled improvised explosive device 

Rules for Courts-Martial 

Royal Canadian Mounted Police 

regional contracting office 

regional campaign plan 

regimental combat team; rescue coordination team (USN) 

Regional Defense Counterterrorism Fellowship Program 

Regional Defense Combating Terrorism Fellowship 
Program 

radiological dispersal device; required delivery date 

request for deployment order 

research, development, test, and evaluation 

Rapid Environmental Impact Assessment 

radiation emergency assistance center/training site (DOE) 

radiological exposure device 

rapid engineer deployable heavy operational repair 
squadron engineer 

Rapid Equipping Force (USA) 

bulk petroleum contingency report 


ool 
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REPUNIT 
RES 
RESCAP 
RESCORT 
RESPROD 
RF 
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reporting unit 

radiation exposure status 

rescue combat air patrol 

rescue escort 

responsible production 

radio frequency; reserve force 

request for assistance; restrictive fire area 

request for capabilities; revision final coordination 

radio frequency countermeasures 

revision first draft 

request for feedback; request for forces 

radio frequency interference; request for information 

radio frequency identification 

restrictive fire line 

request for proposal 

request for service; request for sourcing; request for 
support 

remote geospatial intelligence services 

Rhesus 

Rhesus (D antigen) 

rigid hull inflatable boat 

regional interface control officer 

replacement in kind 

regimental landing team 

ramp module; records management; recovery 
mechanism; resource; management; risk management 

rescue mission commander 

religious ministry professional 

response management team 

Regional Narcotics Interagency Fusion Cell 
(USCENTCOM) 

rehearsal of concept 

rules of engagement 

resident officer in charge of construction 

Republic of Korea 

restriction of movement; rough order of magnitude 

range of military operations 

remain overnight 

roll-on/roll-off 

reduced operating status 

Reserve Officer Training Corps 

reverse osmosis water purification unit 

restricted operations zone 

red phosphorus; religious program specialist; retained 
personnel 

rocket-propelled grenade 


RSN 
RSO 


RSOF 
RSOI 
RSS 
RSSC 
RSSC-LO 
RST 
RSTA 
RT 
RTB 
RTCC 
RTCH 
RTD 
RTF 
RTL 
RTSO 
RUF 
RV 
RW 
RWR 
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revolutions per minute 

rendezvous and proximity operations 

rapid port opening element 

rapid query tool 

reattack recommendation 

regional response coordination center 

roll-on/roll-off discharge facility 

rapid response force; Ready Reserve Force 

remote replication system 

religious support 

regional service center; rescue sub-center 

retrograde support element 

recovery support function 

rationalization, standardization, and interoperability 

role specialist nation 

reception, staging, and onward movement; regional 
security officer; remote split operations 

routing and safety of flight 

reception, staging, onward movement, and integration 

really simple syndication 

regional space support center 

regional space support center liaison officer 

religious support team 

reconnaissance, surveillance, and target acquisition 

recovery team; rough terrain 

return to base 

rough terrain container crane 

rough terrain container handler 

returned to duty 

return to force 

restricted target list 

real-time spectrum operations 

rules for the use of force 

rendezvous 

rotary-wing 

radar warning receiver 
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618 AOC (TACC) 


S&R 
S&T 
S&TI 
S-1 


S-2 


S-3 


SA 
SAA 
SAAFR 
SAAM 
SAC 


SACC 
SACEUR 
SACT 
SADC 
SADL 
SADO 
SAFE 


SAG 
SALM 
SALT 
SAM 
SAO 
SAP 
SAPO 
SAPR 
SAR 


SARC 
SARDOT 
SARIR 
SAROPS 
SARREQ 
SARSAT 
SARSIT 


S 


618th Air Operations Center (Tanker Airlift Control 
Center) 

search and recovery 

science and technology; scientific and technical 

scientific and technical intelligence 

battalion or brigade manpower and personnel staff 
officer; personnel officer/personnel office (USMC) 

battalion or brigade intelligence staff officer (USA); 
intelligence officer/intelligence office (USMC) 

battalion or brigade operations staff officer (USA); 
operations and training officer/operations and training 
office (USMC) 

security assistance; situational awareness; staging area 

senior airfield authority 

standard use Army aircraft flight route 

special assignment airlift mission 

special actions cell; Strategic Airlift Capability; supporting 
arms coordinator 

supporting arms coordination center (USMC) 

Supreme Allied Commander, Europe (NATO) 

Supreme Allied Commander Transformation 

sector air defense commander 

situation awareness data link 

senior air defense officer 

secure analyst file environment; selected area for evasion; 
sexual assault forensic examination 

surface action group 

single-anchor leg mooring 

supporting arms liaison team 

surface-to-air missile 

security assistance office; security assistance officer 

special access program 

subarea petroleum office 

sexual assault prevention and response 

satellite access request; search and rescue; special access 
requirement; suspicious activity report; synthetic 
aperture radar 

sexual assault response coordinator 

search and rescue point 

search and rescue incident report 

Search and Rescue Optimal Planning System 

search and rescue request 

search and rescue satellite-aided tracking 

search and rescue situation summary report 


ook 
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SATCOM 
SAWG 
SBACP 
SBCT 
SBU 

SC 

SCA 


SCAR 
SCC 


SCC-WMD 


SCF(US) 
SCG 
SCHBT 
SCI 
SCIF 
SCL 
SCM 
SCO 


SCP 
SCRM 
S/CRS 


SCT 

S/CT 

SD 

SDA 

SDB 
SDDC 
SDDCTEA 


SDF 

SDO 

SDOB 
SDO/DATT 
SDP 
SDP&M 
SDZ 

SE 

SEA 

Seabee 
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satellite communications 

strategic assessment working group 

Southern Border and Approaches Campaign Plan (DHS) 

Stryker brigade combat team 

sensitive but unclassified 

security cooperation 

sociocultural analysis; space coordinating authority; 
support to civil administration 

strike coordination and reconnaissance 

Service component command; service cryptologic 
component; Service cyberspace component; shipping 
coordination center 

United States Strategic Command Center for Combating 
Weapons of Mass Destruction 

Save the Children Federation (United States) 

Security Cooperation Guidance 

shape, clear, hold, build, and transition 

sensitive compartmented information 

sensitive compartmented information facility 

standard conventional load 

security countermeasure; Service container manager 

secondary control officer; security cooperation 
organization; senior contracting official; state 
coordinating officer 

security cooperation plan; service control point 

supply chain risk management 

Office of the Coordinator for Reconstruction and 
Stabilization (DOS) 

shipping coordination team 

Office of the Coordinator for Counterterrorism (DOS) 

severe damage; strategy division 

senior development advisor 

Satellite Communications Database; small diameter bomb 

Military Surface Deployment and Distribution Command 

Military Surface Deployment and Distribution Command 
Transportation Engineering Agency 

self defense force 

senior defense official; ship’s debarkation officer 

Secretary of Defense Orders Book 

senior defense official/defense attaché 

strategic distribution plan 

sustainment distribution planning and management 

self-defense zone 

site exploitation; spherical error 

ships’ bunkers easy acquisition; Southeast Asia 

Navy construction engineer 


SEAD 

SEC 
SECAF 
SECARMY 
SecDef 
SECDHS 
SECHS 
SECNAV 
SECNAVINST 
SECOMP 
SECSTATE 
SECTRANS 
SEF 

SEL 
SELEC 
SEMA 
SEPLO 
SERE 

SES 

SEW 
SEWOC 


SF 

SFA 
SFAF 
SFAT 
SFC 
SFCP 
SFG 
SFMS 
SFODB 
SFOR 
SG 

SGS 
SGXM 
SHAPE 
SHF 
SHORAD 
SHORADEZ 
SI 

SIC 
SICO 
SIDO 
SIF 
SIGCON 
SIGINT 
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suppression of enemy air defenses 

submarine element coordinator 

Secretary of the Air Force 

Secretary of the Army 

Secretary of Defense 

Secretary of the Department of Homeland Security 

Secretary of Homeland Security 

Secretary of the Navy 

Secretary of the Navy instruction 

secure en route communications package 

Secretary of State 

Secretary of Transportation 

sealift enhancement feature 

senior enlisted leader 

Southeast European Law Enforcement Center 

special electronic mission aircraft 

state emergency preparedness liaison officer 

survival, evasion, resistance, and escape 

senior executive service 

shared early warning 

signals intelligence/electronic warfare operations centre 
(NATO) 

special forces; standard form 

security force assistance 

standard frequency action format 

spectrum flyaway team 

single-fuel concept 

shore fire control party 

special forces group 

special forces medical sergeant 

Special Forces Operational Detachment-Bravo 

Stabilization Force 

steering group; surgeon general 

strategic guidance statement 

Headquarters, Air Mobility Command/Surgeon 

Supreme Headquarters Allied Powers, Europe 

super-high frequency 

short-range air defense 

short-range air defense engagement zone 

United States Strategic Command strategic instruction 

supporting intelligence center 

sector interface control officer 

senior intelligence duty officer 

selective identification feature 

signature control 

signals intelligence 


fe 
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SIM 
SIMLM 
SINCGARS 
SIO 

SIOC 
SIPRNET 
SIR 


SITREP 
SIV 

SJA 
SJFHQ(CE) 
SJFHQ-E 
SJOA 

SJS 

SLA 

SLBM 
SLCM 
SLCP 


SLO 
SLOC 
SLRP 
SLS 
SLWT 
SM 
SMB 
SMC 
SMCA 
SMCM 
SME 
SMO 


SMRC 
SMS 
SMU 
SMWDC 
SN 

SNA 
SNCO 
SNF 
SOA 


SOAGS 


SO-ATP 
SOC 
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system impact message 

single integrated medical logistics manager 

single-channel ground and airborne radio system 

senior intelligence officer 

Strategic Information and Operations Center (FBI) 

SECRET Internet Protocol Router Network 

specific information requirement; Strategic Military 
Intelligence Review 

situation report 

special interest vessel 

staff judge advocate 

standing joint force headquarters (core element) 

standing joint force headquarters — elimination 

space joint operating area 

Secretary, Joint Staff 

special leave accrual 

submarine-launched ballistic missile 

sea-launched cruise missile 

ship lighterage control point; ship’s loading characteristics 
pamphlet 

space liaison officer 

sea line of communications 

survey, liaison, and reconnaissance party 

shoot-look-shoot 

side loadable warping tug 

spectrum management; standard missile 

spectrum management branch 

search and rescue mission coordinator 

single manager for conventional ammunition 

surface mine countermeasures 

subject matter expert 

senior meteorological and oceanographic officer; strategic 
mobility office(r) 

Specialized Medical Response Capabilities 

Single Mobility System 

special mission unit 

Surface and Mine Warfighting Development Center 

serial number 

social network analysis 

staff noncommissioned officer 

strategic nuclear forces 

special operations aviation (USA); sustained operations 
ashore 

special operations air-ground system 

special operations-advanced tactical practitioner 

special operations commander 


SOCCE 
SOCCET 
SOC-FWD 
SOCM 
SOCNORTH 
SOCPAC 
SOD 

SOE 

SOF 

SOFA 
SOF-CF 
SOFLE 
SOG 

SOI 

SOIC 
SOJTF 
SOLE 
SOLO 
SOM 
SOMA 
SOMARDS 


SOMARDS NT 


SOP 


SORTIEALOT 


SORTS 
SOSB 
SOSI 
SOST 
SOTA 
SOTF 
SOW 

SP 

SPD 

SPE 
SPECAT 
SPG 

SPI 

SPINS 
SPM 
SPMAGTF 
SPOD 
SPOE 
SPOT 
SPOTREP 


Shortened Word Forms 


special operations command and control element 

special operations critical care evacuation team 

special operations command-forward 

special operations combat medic 

United States Special Operations Command, North 

Special Operations Command Pacific 

special operations division 

special operations executive 

special operations forces 

status-of-forces agreement 

special operations forces-conventional forces 

special operations forces liaison element 

special operations group 

signal operating instructions 

senior officer of the intelligence community 

special operations joint task force 

special operations liaison element 

special operations liaison officer 

structured observation management 

status-of-mission agreement 

Standard Operation and Maintenance Army Research and 
Development System 

Standard Operation and Maintenance Army Research and 
Development System Non-Technical 

standard operating procedure 

sortie allotment message 

Status of Resources and Training System 

special operations support battalion 

space object surveillance and identification 

special operations support team 

signals intelligence operational tasking authority 

special operations task force 

standoff weapon; statement of work 

security police 

space policy directive 

senior procurement executive 

special category 

Strategic Planning Guidance 

sensor point of interest; special investigative (USAF) 

special instructions 

service postal manager; single port manager 

special purpose Marine air-ground task force 

seaport of debarkation 

seaport of embarkation 

Synchronized Predeployment and Operational Tracker 

spot report 
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rational] number is in the first decimal] 
place and the characteristic is —1; 
in the number .03, the first rational 
number is in the second decimal place 
and the characteristic is —2. Simi- 
larly, the characteristic for .003 is —3, 
and the characteristic for .0003 is 
—4, 

(2) The mantissa is always the same for 
a given sequence of integers, regard- 
less of where the decimal point ap- 
pears among them. Thus, the man- 
tissa is the same for 1570, 157, 15.7, 
1.57, .157, and .0157, and the logs of 
these numbers differ only in respect 
to their characteristics. Their loga- 
rithms, respectively, are 3.1959, 
2.1959, 1.1959, 0.1959, —1.1959 and 
—2.1959. 


b. The mantissa is always positive—even 
when the characteristic is negative. This fact 
poses a problem of notation, and also compli- 
cates the addition and subtracticn of loga- 
rithms. 

(1) In the notation of logarithms, to say 
that log .157 is —1.1959 is not strictly 
true, for what we mean to say is —1 
plus .1959. To overcome this problem, 
the minus sign is generally written 
above the characteristic, and is made 
long enough to cover the entire nega- 
tive portion of the logarithm. More 
properly, therefore, log .157 is writ- 
ten 1.1959. 

(2) In the addition and subtraction of 
logarithms, the complication can be 
removed by expressing the negative 
characteristic in a positive manner; 
more precisely, by adding a large 
enough number to the characteristic 
and by subtracting the same number 
from the entire logarithm. Thus, the 
log of .157 is written 9.1959-10, and 
the log of .0157 is written 8.1959—10. 


116. Finding a Logarithm 


A table of common logarithms is given in 
appendix III. Note, however, that the table 
contains only the mantissas of logarithms. The 
characteristic must be obtained, in each in- 


AGO 558A 


stance, by following the rules given in para- 
graph 115a(1). 
Example 1: Find the logarithm of 333. 
Determine the characteristic of 
333. The characteristic is 3 —1, 
or 2. 
Determine the mantissa of 333. 
In the table of common loga- 
rithms, look down the N col- 
umn for the number 33. The 
mantissa for 333 is in this 
horizontal row in the column 
headed by the number 3. The 
mantissa is .5224. 
Log 333 = 2.5224. 


Example 2: Find the logarithm of .127. 


Determine the characteristic of 
.127. The characteristic is —1 


Determine the mantissa of .127. 
In the table of common loga- 
rithms, look down the N col- 
umn for 12. The mantissa for 
127 is in this horizontal row 
in the column headed by the 
number 7. The mantissa is 
1038. 


Log .127 = 9.1088—10. 


117. Logarithmic Interpolation 


The table of common logarithms given in 
appendix III is adequate if the given number 
has three or less integers. If it has four or 
more integers, however, it is necessary to in- 
terpolate—that is, to find the proportional part 
of the difference between the logarithms shown 
in the table. 


Example 1: Find the logarithm of 2.369. 

Step 1. The characteristic of 2.369 is 0. 
Since the mantissa for this num- 
ber cannot be found in the table, 
it is necessary to interpolate. 
Look for the mantissas of the 
numbers next lower and higher 
than 2869. The mantissa of the 
number 23860 is 3729 and the 
mantissa of the number 2370 is 
3147, Since 2369 lies between 
2360 and 2370, the mantissa of 
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SPP 


STANAG 
STAR 
STARS 
START 
S-Team 
STEP 
STO 
STON 
STS 

STT 

STU 
STW 
STWC 
SUBOPAUTH 
SUC 
SUPP 
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Security and Prosperity Partnership of North America; State 


Partnership Program 
special reconnaissance 
short-range ballistic missile 
Seabee readiness group 
sustainment, restoration, and modernization 
standing rules of engagement 
search and rescue region 
special representative of the Secretary-General 
standing rules for the use of force 
steamship 


security sector assistance; software support activity; space 
situational awareness; special support activity (NSA); 


supply support activity 
single side band 
ballistic missile submarine (nuclear-powered) 
small scale contingency; special security center 
shipper’s service control office 
space support element 
standing signal instruction 
surface-to-surface missile 
Social Security number 
special security office(r) 
single-service postal manager 
security sector reform 
Selective Service System 
special support team (National Security Agency) 
stability, security, transition, and reconstruction 
space support working group 
short ton; strike team 
standardization agreement (NATO) 
sensitive target approval and review 
Standard Accounting and Reporting System 
Strategic Arms Reduction Treaty 
staff augmentation team 
standardized tactical entry point 
special technical operations 
short ton 
special tactics squadron 
special tactics team 
secure telephone unit 
strike warfare 
strike warfare commander 
submarine operating authority 
situation update code 
supplement 


SUPPO 
SUROBS 
SUST BDE 
SUW 
SUWC 
SVC 

SW 

SWO 
SWPC 
SXXI 
SXXI-O 
SYG 
SYSCOM 
SZ 
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supply officer 

surf observation 
sustainment brigade 

surface warfare 

surface warfare commander 
stored value card 

shallow water 

staff weather officer 

Space Weather Prediction Center 
SPECTRUM XXI 
SPECTRUM XXI-Online 
Secretary-General (UN) 
systems command 

surf zone 
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2-D 
2E 
2LM 
2X 
3-D 
T&E 
T2 
TA 


TAA 
TAACOM 
TAAMDCOORD 
TAC 

TAC(A) 
TACAIR 
TACAN 

TACC 

TAC-D 
TACLOG 
TACO 

TACON 
TACOPDAT 
TACP 

TACRON 
T-ACS 

TACS 

TACSAT 

TACT 

TAD 


TADC 
TAF 
TAFT 
TAG 
TAGS 
T-AH 
TAI 
TAIS 
T-AKR 
TAMP 
TAO 
TAOC 
TAR 
TARWI 


T 


two-dimensional 

Role 2 enhanced 

Role 2 light maneuver 

counterintelligence and human intelligence staff element 

three-dimensional 

test and evaluation 

technology transfer 

target acquisition; target audience; technical arrangement; 
theater Army 

tactical assembly area; target audience analysis 

theater Army area command 

theater Army air and missile defense coordinator 

terminal attack control 

tactical air coordinator (airborne) 

tactical air 

tactical air navigation 

tanker airlift control center 

tactical deception 

tactical-logistical 

theater allied contracting office 

tactical control 

tactical operational data 

tactical air control party 

tactical air control squadron 

auxiliary crane ship 

tactical air control system; theater air control system 

tactical satellite 

tactical aviation control team 

tactical air direction; temporary additional duty (non-unit- 
related personnel); theater air defense 

tactical air direction center 

tactical air force 

technical assistance field team 

technical assistance group; the adjutant general 

theater air-ground system 

hospital ship 

target area of interest 

Tactical Airspace Integration System 

fast logistics ship 

Transitional Assistance Management Program 

tactical air officer 

tactical air operations center (USMC) 

tactical air request 

target weather and intelligence 
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TASWC 
TAT 

TATC 
T-AVB 
TBC 

TBM 
TBMCS 
TBMD 

TB MED 
TB(X) 

TC 

TCA 
TC-AIMS II 


TCC 


TCCC 
TCCET 
TCCT 
TCEM 
TCF 
TCM 
TCMD 
TCN 
TCO 


TCPED 


TEC 
TECHCON 
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theater antisubmarine warfare commander 

tactical analysis team; technical assistance team 

tactical air traffic control 

aviation logistics support ship 

theater business clearance 

theater ballistic missile 

theater battle management core system 

theater ballistic missile defense 

technical bulletin medical 

transportation brigade (expeditionary) 

training circular 

traditional combatant commander activity 

Transportation Coordinator’s Automated Information for 
Movement System II 

transportation component command; troop contributing 
country 

tactical combat casualty care 

tactical critical care evacuation team 

tactical critical care transport 

theater contingency engineering management 

tactical combat force 

theater construction manager; theater container manager 

transportation control and movement document 

third-country national; transportation control number 

termination contracting officer; transnational criminal 
organization 

tasking, collection, processing, exploitation, and 
dissemination 

theater communications system 

United States Transportation Command, Office of the 
Command Surgeon 

theater consolidation and shipping point 

temporary duty (USMC); theater distribution; tie down 

target development cell 

theater distribution campaign plan 

time-definite delivery 

theater detention facility 

tactical data link 

tactical data network; target development nomination 

theater distribution plan 

transportation discrepancy report 

theater detainee reporting center 

temporary duty 

Transportation Engineering Agency 

theater engineer command 

technical control 


Shortened Word Forms 


TECHELINT technical electronic intelligence 

TECHINT technical intelligence 

TEDAC Terrorist Explosive Device Analytical Center (FBI) 
TEL transporter-erector-launcher 

TEMPER tent extendible modular personnel 

TENCAP tactical exploitation of national capabilities program 
TEO team embarkation officer 

TEP theater engagement plan 

TERCOM terrain contour matching 

T-ESD expeditionary transfer dock 

TET targeting effects team 

TETK TeleEngineering Toolkit 

TEU technical escort unit; twenty-foot equivalent unit 
TEWLS Theater Enterprise Wide Logistics System 

TF task force 

TFC threat finance cell 

TFCICA task force counterintelligence coordinating authority 
TFE tactical field exchange; threat finance exploitation 
TFF total force fitness 

TFI threat finance intelligence 

TFMS-M Transportation Financial Management System-Military 
TG task group; technical guide 

TGM terminally guided munitions 

TGO terminal guidance operations 

THAAD Terminal High Altitude Area Defense 

THOC theater head of contracting 

THT tactical human intelligence team 

THX theater express 

TI threat identification 

TIA theater intelligence assessment 

TIB theater intelligence brigade; toxic industrial biological 
TIC target information center; toxic industrial chemical 
TIDE Terrorist Identities Datamart Environment 

TIM toxic industrial material 

TIO target intelligence officer 

TIP target intelligence package; trafficking in persons 
TIR toxic industrial radiological 

TJAG the judge advocate general 

T-JTB theater-joint transportation board 

TLA theater logistics analysis 

TLAM Tomahawk land-attack missile 

TLAMM theater lead agent for medical materiel 

TLE target location error 

TLM target list management; topographic line map 

TLO theater logistics overview 

™ target materials; technical manual 
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Shortened Word Forms 


TMAO 


TMD 
TMEP 
TMIP 
TMM 
TMO 


TO 
TO&E 
TOA 
TOC 
TOD 
TOI 
TOPINT 
TOR 
TOS 
TOT 


TPS 


TQ 
TRA 
TRAC2ES 


TRADOC 
Trans BDE 
Trans Det RPO 
TRANSEC 
TRAP 


TRIADS 


TRICON 
TRO 
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theater mortuary affairs office; theater mortuary affairs 
officer 

theater missile defense 

theater mortuary evacuation point 

theater medical information program 

transregional, multi-domain, and multifunctional 

target mensuration only; traffic management office; 
transportation management office 

type, model, and/or series 

time-phased force and deployment data management tool 

theater network operations control center 

target nomination list 

technical order; theater of operations 

table of organization and equipment 

table of allowance; transfer of authority 

tactical operations center; transnational organized crime 

tactical ocean data 

track of interest 

technical operational intelligence 

term of reference 

time on station 

time on target 

transportation priority 

theater provided equipment 

tasking, processing, exploitation, and dissemination; 
theater personal effects depot 

time-phased force and deployment data 

time-phased force and deployment list 

United States Transportation Command patient movement 
requirements center 

theater posture plan 

transportation protective service 

tactical petroleum terminal 

tactical questioning 

technical review authority 

United States Transportation Command Regulating and 
Command and Control Evacuation System 

United States Army Training and Doctrine Command 

transportation brigade 

transportation detachment rapid port opening 

transmission security 

tactical recovery of aircraft and personnel (USMC); tactical 
related applications 

Tri-Wall Aerial Distribution System 

triple container 

training and readiness oversight 


Shortened Word Forms 


tropospheric scatter 

target reference point 

time-sensitive; top secret 

target system analysis; Transportation Security 
Administration (DHS) 

theater security cooperation; theater support command; 
theater sustainment command (USA) 

temporary sensitive compartmented information facility 

technical surveillance countermeasures 

theater security cooperation plan 

target sorting message 

tactical special operations command; theater special 
operations command 

target sensing system 

transitional security sector assistance 

terminal support team; time-sensitive target 

temporary secure working area 

telemetry, tracking, and commanding 

Technical Training Acceptance Board 

transportation tracking account number 

tactical terrain data 

tagging, tracking, and locating 

transportation tracking number 

tactics, techniques, and procedures; trailer transfer point 

time to target 

transportation terminal unit 

targeted update; task unit 

type unit characteristics file 

television 

threat warning and assessment 

Transportation Working Capital Fund 

tactical water distribution system 

type commander 
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U-233 
U-235 
UA 

UAR 
UARCC 
UAS 
UAV 
UCMJ 
UCP 
UCT 
UDL 
UEWR 
UFAC 
UFC 
UFO 
UGA 
UGIRH 
UGO 

UH 

UHF 

UIC 

UJT 
UJTL 
UK 

ULN 
ULSD 
UMCC 
UMCM 
UMD 
UMMIPS 
UMO 
UMS 

UN 
UNCLOS 
UN CMCoord 
UNCT 
UND 
UNDAC 
UNDFS 
UNDP 
UNDPKO 
UNEP 
UNHAS 
UNHCHR 


U 


uranium-233 

uranium-235 

unmanned aircraft 

unconventional assisted recovery 

unconventional assisted recovery coordination cell 
unmanned aircraft system 

unmanned aerial vehicle 

Uniform Code of Military Justice 

Unified Command Plan 

underwater construction team 

unit deployment list 

upgraded early warning radar 

Underground Facilities Analysis Center 

Unified Facilities Criteria 

ultrahigh frequency follow-on 

ungoverned area 

Urban Generic Information Requirements Handbook 
unified geospatial-intelligence operations 

utility helicopter 

ultrahigh frequency 

unit identification code 

universal joint task 

Universal Joint Task List 

United Kingdom 

unit line number 

ultra-low sulfur diesel 

unit movement control center 

underwater mine countermeasures 

unit movement data 

Uniform Material Movement and Issue Priority System 
unit movement officer 

unmanned system 

United Nations 

United Nations Convention on the Law of the Sea 
United Nations humanitarian civil-military coordination 
United Nations country team 

urgency of need designator 

United Nations Disaster Assessment and Coordination 
United Nations Department of Field Support 

United Nations Development Programme 

United Nations Department of Peacekeeping Operations 
United Nations Environment Programme 

United Nations Humanitarian Air Service 

United Nations High Commissioner for Human Rights 
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Step 2. 


Step 3. 


Step 4. 


Example 2: 
Step 1. 


Step 2. 


2369 must lie between .8729 and 
3147, This may be written: 


log 2360 = .3729 
log 2369 = .8729 + x 
log 2370 = .3747 


Set up the proportions. The dif- 
ference between 2369 and 2360 
is 9. The difference between 
2370 and 2360 is 10. Therefore, 


9 

To of 
the difference between these 
two, Let the difference between 
the mantissa of 2369 and 2360 


equal x. The difference between 
3147 and .8729 is .0018. The 


the desired mantissa is 


fio ig 
proportion is o7g- 
Solve the problem. 
9  _& 
10 ~ .0018 
10x = .0162 
x = .0016 


Since the value of x is .0016, the 
mantissa of 2369 is .8729 + 
.0016 or .8745. Therefore, log 
2.3869 = 0.3748. 
Find the logarithm of .017234. 
The characteristic of .017234 is 
—2 or 8. —10. The 
numbers in the table lower and 
higher than 17234 are 17200 and 
17300. The mantissa of 17200 
is .2355; the mantissa of 17300 
is .2880. The difference between 
17234 and 17200 is 34; the dif- 
ference between 17300 and 
17200 is 100; the difference be- 
tween .2380 and .2355 is .0025. 
This may be written: 

log 17200 = .2355 

log 17234 = .2355 + « 

log 17300 — .2380 
Let the difference between the 
mantissas of 17234 and 17200 
equal x. The equation is as fol- 
lows: 


34 x 
100.0025 
100z = .0850 

x = .00085 = .0009 


Step 3. 


Since the value of «x is .0009, the 
mantissa of 17234 is .2855 + 
.0009 or .2364. Therefore, log 
.017234 — 8.2364—10. 


118. Reading Antilogarithms 


The process of finding the antilogarithm (also 
called antilog), consists of determining the 
number from which the logarithm was derived. 
This process is essentially the reverse of finding 


the logarithm (par. 116). 


Consequently, the 


location of the decimal point is determined 
from the characteristic, and the numerical 
value of the number is determined from the 


mantissa. 


Example 1: 
Step 1. 


Step 2. 


Step 3. 


Example 2: 
Step 1. 


Step 2. 


Step 3. 


Find the antilog of 1.8954. 


Since the characteristic of the 
logarithm is 1, there will be two 
digits to the left of the decimal 
point in the number. 


Look in the table for the ane 
tissa, .8954. The number given 
for .8954 is 786. 


Count off two digits from the 
left and insert the decimal point. 
The antilog of 1.8954 is 78.6. 


Find the antilog of 7.0828—10. 
Since the characteristic of the 
logarithm is —8, the first sig- 
nificant figure will be in the 
third decimal place. 

Look for the mantissa .0828 in 
the table. The number given for 
.0828 is 121. 

Add two zeros to the right of the 
decimal point and before the 
first significant figure. Thus, 
the antilog of 7.0828—10 is 
.0021. 


119. Antilogarithmic Interpolation 


If the mantissa of a logarithm does not ap- 
pear in the table, it is necessary to interpolate. 


Example 1: 
Step 1. 


Step 2. 


Find the antilog of 2.7654. 
Since the characteristic of the 
logarithm is 2, there will be 
three digits to the left of the 
decimal point in the number. 
The mantissa in the table lower 
than .7654 is .7649. The num- 
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Shortened Word Forms 


UNHCR 
UNHQ 
UNICEF 
UNITAF 
UNMEM 
UNO 
UNOCHA 


UNODC 
UNOSOM 
UNPA 
UNPROFOR 
UNSC 
UNSCR 
UNSG 
UON 

URL 

URN 
US&R 
USA 
USACE 
USACFSC 


USACHPPM 


USACIDC 
USAEDS 
USAF 
USAFE 
USAFR 
USAFRICOM 
USAFSOS 
USAID 
USAMC 
USAMMA 
USAMRICD 


USAMRITID 
USAMRMC 
USANCA 
USAPHC 


USAR 
USARCENT 
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United Nations High Commissioner for Refugees 

United Nations Headquarters 

United Nations Children’s Fund 

unified task force 

United Nations military expert on mission 

unit number 

United Nations Office for the Coordination of 
Humanitarian Affairs 

United Nations Office on Drugs and Crime 

United Nations Operations in Somalia 

United Nations Participation Act 

United Nations protection force 

United Nations Security Council 

United Nations Security Council resolution 

United Nations Secretary-General 

urgent operational need 

uniform resource locater 

unit reference number 

urban search and rescue 

United States Army 

United States Army Corps of Engineers 

United States Army Community and Family Support 
Center 

United States Army Center for Health Promotion and 
Preventive Medicine 

United States Army Criminal Investigation Command 

United States Atomic Energy Detection System 

United States Air Force 

United States Air Forces in Europe 

United States Air Force Reserve 

United States Africa Command 

United States Air Force Special Operations School 

United States Agency for International Development 

United States Army Materiel Command 

United States Army Medical Materiel Agency 

United States Army Medical Research Institute of Chemical 
Defense 

United States Army Medical Research Institute of Infectious 
Diseases 

United States Army Medical Research and Materiel 
Command 

United States Army Nuclear and Countering Weapons of 
Mass Destruction Agency 

United States Army Public Health Center 

United States Army Reserve 

United States Army, Central Command 


USARDECOM 


USAREUR 
USARNORTH 
USARPAC 
USARSO 


USASMDC/ARSTRAT 


USASOC 
US BICES 


US BICES-X 


USC 
USCENTCOM 
USCG 

USCGR 

USCIS 

USCS 
USCYBERCOM 
USDA 
USD(A&S) 


USDAO 
USD(C) 

USD(I) 

USD(P) 
USD(P&R) 
USELEMNORAD 


USERID 
USERRA 


USEUCOM 
USFF 
USFK 

USG 

USGS 
USINDOPACOM 
USIP 
USLO 
USMC 
USMCR 
USMILGP 
USML 
USMOG 


Shortened Word Forms 


United States Army Research, Development, and 
Engineering Command 

United States Army, European Command 

United States Army, North 

United States Army, Pacific Command 

United States Army, Southern Command 

United States Army Space and Missile Defense 
Command/Army Forces Strategic Command 

United States Army Special Operations Command 

United States Battlefield Information Collection and 
Exploitation System 

United States Battlefield Information Collection and 
Exploitation System Extended 

United States Code; universal service contract 

United States Central Command 

United States Coast Guard 

United States Coast Guard Reserve 

United States Citizenship and Immigration Services 

United States Cryptologic System 

United States Cyber Command 

United States Department of Agriculture 

Under Secretary of Defense for Acquisition and 
Sustainment 

United States defense attaché office 

Under Secretary of Defense (Comptroller) 

Under Secretary of Defense for Intelligence 

Under Secretary of Defense for Policy 

Under Secretary of Defense for Personnel and Readiness 

United States Element, North American Aerospace 
Defense Command 

user identification 

Uniformed Services Employment and Reemployment 
Rights Act 

United States European Command 

United States Fleet Forces Command 

United States Forces, Korea 

Under-Secretary-General; United States Government 

United States Geological Survey 

United States Indo-Pacific Command 

United States Institute of Peace 

United States liaison office 

United States Marine Corps 

United States Marine Corps Reserve 

United States military group 

United States Munitions List 

United States Military Observer Group 
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Shortened Word Forms 


USMOG-W 
USMS 

USMTF 

USN 

USNAVSO 
USNMR 

USNO 
USNORTHCOM 
USNR 

USNS 

USPHS 

USPS 

USSF 
USSOCOM 
USSOUTHCOM 
USSPACECOM 
USSS 
USSTRATCOM 
USTRANSCOM 
USUN 

USW 

UTC 

UIM 

UTO 

UUV 

UW 

UXO 
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United States Military Observer Group - Washington 


United States Marshals Service 

United States message text format 

United States Navy 

US Naval Forces Southern Command 
United States national military representative 
United States Naval Observatory 

United States Northern Command 

United States Navy Reserve 

United States Naval Ship 

United States Public Health Service (DHHS) 
United States Postal Service 

United States Space Force 

United States Special Operations Command 
United States Southern Command 

United States Space Command 

United States Secret Service (DHS) 

United States Strategic Command 

United States Transportation Command 
United States Mission to the United Nations 
undersea warfare 

Coordinated Universal Time; unit type code 
universal transverse mercator 

unit table of organization 


unmanned underwater vehicle; unmanned underwater vessel 


unconventional warfare 


unexploded explosive ordnance; unexploded ordnance 


VIPPSA 
VIRIN 
VIRS 
VISA 
VISION ID 
VLF 
VMap 
VMAQ 
VMD 
VMF 
VMI 


VTC 
VTOL 
VTOL-UAS 


Vv 


Department of Veterans Affairs; victim advocate 
vulnerability assessment and assistance program 
vehicle-borne improvised explosive device 

visit, board, search, and seizure 

Vice Chairman of the Joint Chiefs of Staff 
video downlink 

vertical error; violent extremism 

Venezuelan equine encephalitis 

violent extremist organization 

visual flight rules 

validating flight surgeon 

very high frequency 

visual information 

visual identification 

very important person 

very important personnel protection support activity 
visual information record identification number 
verbally initiated release system 

Voluntary Intermodal Sealift Agreement 

visual information professional identifier 

very low frequency 

vector map 

Marine tactical electronic warfare squadron 
volume median diameter 

variable message format 

vendor managed inventory 

vertical onboard delivery 

virtual prime vendor 

very shallow water 

voluntary tanker agreement 

video teleconferencing 

vertical takeoff and landing 

vertical takeoff and landing unmanned aircraft system 
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Shortened Word Forms 


Intentionally Blank 
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WADS 
WAI 
WAN 
WANGO 
WARMs 
WARNORD 
WARP 
WAS 
WASP 
WB 
WBGTI 
WBIED 
WCE 
WwcoO 
WCSs 
WDCO 
Web SM 
WEBVLIPS 
WETM 
WEU 
WEZ 
WFP 
WG 
WGS 
WGS 84 
WHNS 
WHO 
WIA 
WIE 
WIT 
WLG 
WMD 
WMD-CST 
WMO 
WMP 
WOC 
WOD 
WOT 
WP 
WPB 
WPR 
WRA 


WRAIR 


W 


Western Air Defense Sector 

weather area of interest 

wide-area network 

World Association of Non-Governmental Organizations 

wartime reserve modes 

warning order 

web-based access and retrieval portal 

wide area surveillance 

war air service program 

wideband 

wet bulb globe temperature index 

waterborne improvised explosive device 

weapons of mass destruction coordination element 

World Customs Organization 

weapons control status 

well deck control officer 

Web Scheduling and Movement 

Web Visual Logistics Information Processing System 

weather team 

Western European Union 

weapon engagement zone 

World Food Programme (UN) 

working group 

Wideband Global Satellite Communications 

World Geodetic System 1984 

wartime host-nation support 

World Health Organization (UN) 

wounded in action 

Wales Initiative Fund 

weapons intelligence team 

Washington Liaison Group 

weapons of mass destruction 

weapons of mass destruction-civil support team 

World Meteorological Organization 

Air Force War and Mobilization Plan 

wing operations center (USAF) 

wind-over deck 

war on terrorism 

white phosphorous; working party 

Coast Guard patrol boat 

War Powers Resolution 

Office of Weapons Removal and Abatement (DOS); 
weapons release authority 

Walter Reed Army Institute of Research 


Jok 


Shortened Word Forms 


WRM 
WRS 
WRSA 
WS 
WSESRB 
WSM 
WSR 
WSV 
WT 
WTI 
WWII 
WwWwx 
wx 


ao2 


war reserve materiel 

war reserve stock 

war reserve stocks for allies 
weather squadron 

Weapon System Explosive Safety Review Board 
waterspace Management 
weapon system reliability 
weapons system video 
warping tug 

weapons technical intelligence 
World War II 

worldwide express 

weather 


X 


XCDS extracted container delivery system 

XCVR transceiver 

XMPP extensible messaging and presence protocol 
XO executive officer 


oo 


Shortened Word Forms 


Intentionally Blank 
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year 


Boo 


Step 3. 


Step 4. 


Step 5. 


Step 6. 


Example 2: 
Step 1. 


Step 2. 


Step 3. 


Step 4. 


AGO 558A 


ber with .7649 as a mantissa is 
582. 


The mantissa higher than .7654 
is .7657. The number with .7657 
as a mantissa is 583. 

Set up the proportions. The dif- 
ference between .7654 and .7649 
is .0005; the difference between 
.7657 and .7649 is .0008. The 


: . . .0005 
proportional difference is 0008 
or 2, The difference between 


583 and 582 is 1. This can be 
written: 

antilog .7649 = 582 

antilog .7654 = 582 + «x 

antilog .7657 = 583 
Let x equal the difference be- 
tween the number represented 
by the mantissa .7654 and the 
number 582. The equation is as 
follows: 


5 _ 2 
ae | 
8x 5 
a2 — .625 


The number is 582 + .625. Since 
there are three digits to the left 
of the decimal point, the antilog 
of 2.7654 is 582.625. 


Find the antilog of 6.7166—10. 
Since the characteristic of the 
logarithm is —4, the first ra- 
tional number will be in the 
fourth decimal place. 

The mantissa in the table lower 
than .8166 is .8162; the number 
with .8162 as a mnatissa is 655. 
The mantissa in the table higher 
than .8166 is .8169; the number 
with .8169 as a mantissa is 656. 
The difference between .8162 
and .8166 is .0004; the difference 
between .8169 and _ .8162 is 
.0007. The proportional dif- 
ference is _ or <. The dif- 
ference between 656 and 655 is 
1. This may be written: 


Step 5. 


Step 6. 


antilog .8162 = 655 

antilog .8166 = 655 + x 

antilog .8169 = 656 
Let x equal the difference be- 
tween the number represented 
by the mantissa .8166 and the 
number 655. The equation is as 
follows: 


4 _ 2 
4 
Tx a4 
x= 57 


The number is 655 + .57. Since 
the first rational figure is in the 
fourth decimal place, the antilog 
of 6.7166—10 is .00065557. 


120. Addition and Subtraction of Logarithms 


Logarithms 


are added and subtracted arith- 


metically. Since every mantissa is positive 
(par. 115b), however, every negative charac- 
teristic should be expressed as a posiitve (par. 


115d). 
Example 1: 


Example 2: 


Example 3: 


Example 4: 


Add the logarithms 3.7493 and 
2.4036. 
3.7493 
+2.4036 
_ 6.1529 


Add the logarithms 3.4287 and 
6.3982. 
3.4287 
+4,3982—10 
7.8269—10 
Add the logarithms 8.9324—10, 
7.2812—10, 5.41388—10, and 
9.9918—10. 
8.9324—10 
7.2812—10 
5.4138—10 
+ 9.9918—10 
31.6192—40 
— (30 —30) 
1.6192—10 
Subtract the logarithm 9.1245 
from the logarithm 6.3058. 
To subtract a larger logarithm 
from a smaller logarithm, add 
10 or a multiple of 10 to the 
smaller logarithm, and subtract 
the same number from the loga- 
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Z 


ZF zone of fire 
ZULU time zone indicator for Universal Time 


oor 


Shortened Word Forms 
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SUMMARY OF CHANGES 


1. Supersession 


a. This document supersedes the DOD Dictionary as of December 2020. The terms 
and definitions in the DOD Dictionary will be updated, per approval and according to 
policy, by modification, deletion, or addition, or remain per revalidation, in accordance 


with DODI 5025.12 and CJCSI 5705.01. 


b. Shortened word forms (i.e., abbreviations, acronyms, and initialisms) in the DOD 
Dictionary are solely derived from currently approved JP glossaries and not centrally 
managed by the DOD Terminology Program for the joint force. As of November 2019, 
those shortened word forms not currently found in active JPs are in the process of being 


removed. 
c. Record of Updates: 


January 2021: JP 3-36 


2. Terms Removed or Replaced as of January 2021 


Terms Removed or Replaced 
Term Action Source Rationale 
air refueling control team Removed JP 3-17 JP cancelled 
airfield Removed JP 3-17 JP cancelled 
airhead Removed JP 3-17 JP cancelled 
airlift capability Removed JP 3-17 JP cancelled 
combat control team Removed JP 3-17 JP cancelled 
common operating environment Removed | JP 4-01.2 JP cancelled 
drop altitude Removed JP 3-17 JP cancelled 
Effective United States-controlled ships Removed | JP 4-01.2 JP cancelled 
free drop Removed JP 3-17 JP cancelled 
free fall Removed JP 3-17 JP cancelled 
high velocity drop Removed JP 3-17 JP cancelled 
landing zone Removed JP 3-17 JP cancelled 
low velocity drop Removed JP 3-17 JP cancelled 
Military Sealift Command force Removed | JP 4-01.2 JP cancelled 
multipoint refueling system Removed JP 3-17 JP cancelled 
rapid global mobility Removed JP 3-17 JP cancelled 
sea barge Removed JP 4-01.2 JP cancelled 
seaport Removed JP 4-01.2 JP cancelled 
strategic sealift shipping Removed | JP 4-01.2 JP cancelled 
unit aircraft Removed JP 3-17 JP cancelled 
United States-controlled shipping Removed | JP 4-01.2 JP cancelled 


Figure 1. Terms Removed or Replaced 
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Summary of Changes 


3. Terms Added or Modified as of January 2021 


Terms Added or Modified 

Term Action Source 
afloat pre-positioning force Modified JP 3-36 
airland Modified JP 3-36 
airlift mission commander Modified JP 3-36 
air mobility Modified JP 3-36 
chalk number Modified JP 3-36 
common-user airlift service Modified JP 3-36 
common-user sealift Modified JP 3-36 
common-user transportation Modified JP 3-36 
director of mobility forces Modified JP 3-36 
dispersion Modified JP 3-36 
in-transit visibility Modified JP 3-36 
intratheater airlift Modified JP 3-36 
Maritime Security Program Modified JP 3-36 
Military Sealift Command Modified JP 3-36 
mobility air forces Modified JP 3-36 
National Defense Reserve Fleet Modified JP 3-36 
Navy-unique fleet essential aircraft Modified JP 3-36 
senior airfield authority Modified JP 3-36 
staging base Modified JP 3-36 
United States Naval Ship Modified JP 3-36 
voluntary tanker agreement Modified JP 3-36 

Figure 2. Terms Added or Modified 
4. Proponency Changes as of January 2021 
Proponency Changes 
Term Previous Source New Source 

aerial port JP 3-17 JP 3-36 
aeromedical evacuation control team JP 3-17 JP 3-36 
Air Mobility Command JP 3-17 JP 3-36 
air mobility control team JP 3-17 JP 3-36 
air mobility division JP 3-17 JP 3-36 
air mobility liaison officer JP 3-17 JP 3-36 
air movement JP 3-17 JP 3-36 
air refueling JP 3-17 JP 3-36 
air terminal JP 3-17 JP 3-36 
airborne JP 3-17 JP 3-36 
airdrop JP 3-17 JP 3-36 
airland operation JP 3-17 JP 3-36 
airlift control team JP 3-17 JP 3-36 
airlift requirement JP 3-17 JP 3-36 
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Summary of Changes 


allowable cabin load JP 3-17 JP 3-36 
bale cubic capacity JP 4-01.2 JP 3-36 
channel airlift JP 3-17 JP 3-36 
Civil Reserve Air Fleet JP 3-17 JP 3-36 
common-user ocean terminal JP 4-01.2 JP 3-36 
cross-loading JP 3-17 JP 3-36 
departure airfield JP 3-17 JP 3-36 
departure point JP 3-17 JP 3-36 
drop zone JP 3-17 JP 3-36 
dual-role tanker JP 3-17 JP 3-36 
Global Air Transportation Execution System JP 3-17 JP 3-36 
Global Decision Support System JP 3-17 JP 3-36 
heavy-lift ship JP 4-01.2 JP 3-36 
intertheater airlift JP 3-17 JP 3-36 
jumpmaster JP 3-17 JP 3-36 
marshalling JP 3-17 JP 3-36 
mobility JP 3-17 JP 3-36 
national shipping authority JP 4-01.2 JP 3-36 
node JP 3-17 JP 3-36 
operational support airlift JP 3-17 JP 3-36 
oversized cargo JP 3-17 JP 3-36 
port of embarkation JP 4-01.2 JP 3-36 
reduced operating status JP 4-01.2 JP 3-36 
sealift enhancement features JP 4-01.2 JP 3-36 
station time JP 3-17 JP 3-36 
stowage factor JP 4-01.2 JP 3-36 
vehicle cargo JP 4-01.2 JP 3-36 
Voluntary Intermodal Sealift Agreement JP 4-01.2 JP 3-36 


Figure 3. Proponency Changes 
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Example 5: 


rithm by writing that number 
with a minus sign to the right 
of the logarithm. The number 
chosen for this purpose should 
be the least that will cause the 
smaller logarithm to exceed the 
larger. 

16.3058—10 
— 9.1245 

7.1813—10 

Subtract the logarithm 3.7980— 
10 from 2.8686. When subtract- 
ing a negative logarithm from 
a positive logarithm, where that 
part of the characteristic of the 
negative logarithm to the left of 
the mantissa is larger than the 
characteristic of the positive 
logarithm, add 10 or a multiple 
of 10 to the characteristic of the 
positive logarithm, and subtract 
that same amount from the 
right of the positive logarithm. 
12.8686—10 

3.7980—10 

9.0706 


121. Multiplication by Use of Logarithms 


The legarithm of the product of two numbers 
is equal to the sum of the logarithms of the 
numbers. Thus, log (2 «x 6) = log 2 + log 6; 
and log (12 « 8) = log 12 + log 8. 
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Example 1: 


Multiply 68.2 by 40.8 by using 
logarithms. 

log (68.2 x 40.8) = log 68.2 + 
log 40.8. 


log 68.2 = 1.8338 
leg 40.8 = 1.6107 
log (68.2 « 40.8) = 3.4445 
antilog .4440 = 278 
antilog .4445 = 278 + «& 
antilog .4455 = 279 
5 _ &t 
157 1 
ba — 5 
x= 383 
antilog .4445 — 2783 
68.2 x 40.8 = 2,783 
Example 2: Find the product of 2.11 and 


41.3 by using logarithms. 


log (2.11 * 41.3) — log 2.11 + 


log 41.3. 
log 2.11 = 0.8243 
log 41.3 = 1.6160 
log (2.11 & 41.3) = 1.9403 
antilog .9400 = 871 
antilog .9403 = 8714 x 
antilog .9405 = 872 
3. 
5 1 
5x = 8 
x— 6 
antilog 1.9403 = 87.16 
2.11 < 41.38 = 87.16 


122. Division by Use of Logarithms 


The logarithm of the quotient of two num- 
bers is equal to the difference between the loga- 
rithms of the numbers. Thus, log (75 — 83) = 
log 75 — log 838, and log (8 ~ 2) = log 8 
— log 2. 

Example 1: Divide 785 by 329 by using loga- 


rithms. 
log (785 ~- 329) = log 785 — 
log 329. 
log 785 = 2.8949 
log 329 = 2.5172 
log (785 -—— 329) = 0.3777 
antilog 3766 = 238 
antilog 3777 — 2384 «x 
antilog 3784 — 239 
ll & 
187 1 
18x = 11 
x= .611 
antilog 0.3777 = 2.386 
785 —— 329 = 2.386 


Example 2: Find the value of 3 by using 


logarithms. 

log 2 = log 3 — log 7. 

log 3 = 0.4771 

log 7 = 0.8451 

Since the logarithm of 7 is 
greater than the logarithm of 3, 
it is necessary to add 10. ______ 
—10 to the logarithm of 3 before 
subtracting the logarithm of 7. 
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NATIONAL SECURITY AGENCY 


CENTRAL SECURITY SERVICE 
FORT GEORGE G. MEADE, MARYLAND 20755-6000 


FOIA Case: 61649A 
15 April 2011 


This responds to your Freedom of Information Act (FOIA) request of 
30 April 2010 for the “SIGINT Reporter’s Style and Usage Manual.” A copy of 
your request is enclosed. Your request has been processed under the FOIA 
and the document you requested is enclosed. Certain information, however, 
has been deleted from the enclosure. 


Some of the information deleted from the document was found to be 
currently and properly classified in accordance with Executive Order 13526. 
This information meets the criteria for classification as set forth in 
Subparagraph (c) of Section 1.4 and remains classified SECRET as provided in 
Section 1.2 of the Executive Order. The information is classified because its 
disclosure could reasonably be expected to cause serious damage to the 
national security. Because the information is currently and properly classified, 
it is exempt from disclosure pursuant to the first exemption of the FOIA 
(S U.S.C. Section 552(b)(1)). 


In addition, this Agency is authorized by various statutes to protect 
certain information concerning its activities. We have determined that such 
information exists in this document. Accordingly, those portions are exempt 
from disclosure pursuant to the third exemption of the FOIA which provides for 
the withholding of information specifically protected from disclosure by statute. 
The specific statutes applicable in this case are Title 18 U.S. Code 798; Title 50 
U.S. Code 403-1(i); and Section 6, Public Law 86-36 (50 U.S. Code 402 note). 


The Initial Denial Authority for NSA information is the Deputy Associate 
Director for Policy and Records, Diane M. Janosek. Since these deletions may 
be construed as a partial denial of your request, you are hereby advised of this 
Agency’s appeal procedures. Any person denied access to information may file 
an appeal to the NSA/CSS Freedom of Information Act Appeal Authority. The 
appeal must be postmarked no later than 60 calendar days from the date of the 
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initial denial letter. The appeal shall be in writing addressed to the NSA/CSS 
FOIA Appeal Authority (DJP4), National Security Agency, 9800 Savage Road 
STE 6248, Fort George G. Meade, MD 20755-6248. The appeal shall reference 
the initial denial of access and shall contain, in sufficient detail and 
particularity, the grounds upon which the requester believes release of the 
information is required. The NSA/CSS Appeal Authority will endeavor to 
respond to the appeal within 20 working days after receipt, absent any unusual 
circumstances. 


Costs assessable to you total $26.25. This fee represents the cost of 
duplication of 275 pages (with no cost for the first 100 pages). Costs are 
computed in accordance with DoD Regulation 5400.7-R, which assesses 
$44.00 per hour for search and review and $.15 per page for duplication. 


Please remit to the FOIA office (see below for address) a check or money 
order made payable to the Treasurer of the United States in the amount of 
$26.25. Please include the number assigned to your case on any 
correspondence to assure that your account is properly credited. If we do not 
receive payment within 30 days of the date of this letter, we will close any other 
cases you have pending with this agency. We will not process any future FOIA 
requests you submit until past-due fees have been paid. Payment of fees for 
your request should be sent to National Security Agency, FOIA Office (DJP4), 
9800 Savage Road STE 6248, Ft. George G. Meade, MD 20755-6348. 


Should you have any questions, the telephone number of the FOIA office 
is 301-688-6527. 


Sincerely, 


PAMELA N. PHILLIPS 
Chief 
FOIA/PA Office 
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a, an... 

(U) Use "a" before consonant sounds, including the aspirated "h": a historic moment, a 1-year term, a united stand, a KGB agent. 
(U) Use “an" before vowel sounds or a silent "h": an energy crisis, an honorable man, an 800-pound gorilla, an NSA regulation. 
abbreviations... 

(U) See Appendix 1 for a complete discussion of abbreviations and acronyms. 
abeam... 

(U) Means “at right angles to an axis or path." 

aboard... 

(U) A single word, often referring to a vehicle that carries passengers, such as a train. 
(U) See the entry for on board. {b) (3)-P.L. 86-36 
03-24-2011, FOIA Case #61649 
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abound... 

(U) Usually followed by "in" or "with." 

about, approximately... 

(U) About is preferred in general and informal contexts. Approximately is common in technical and reference works. 


(U) Do not use either term (or estimated or nearly) if precise figures are given. POOR: During the attack, about 304 were killed. 
GOOD: During the attack, 304 were killed. 


(U) If you are not sure of the number, round it off: During the attack, about 300 were killed. 
absolute adjectives... 


(U) According to purists, a few adjectives have no comparative or superlative modifiers. These include eternal, fatal, incessant, 
maximum, minimum, optimum, complete, perfect, and unique. 


(U) In fact, most adjectives cannot be compared because their meaning is too technical or specific, or they name a quality that 
cannot exist in degrees. Examples are diocesan, antinomian, aquatic, graven, and electromagnetic. 


(U) Adjectives expressing qualities are never compared when used in their strict sense. When used in a modified or figurative 
sense, however, they have been and can be compared. 


(U) Actually, respectable writers have used qualifiers through the centuries for many of the so-called absolutes. The U.S. 
Constitution, for example, includes the phrase “to form a more perfect union." Here "more" is used to mean "more nearly." 


(U) Therefore, if you are using these adjectives in a figurative or modified sense, go ahead and modify: Sandy has a more 
complete understanding of Hegelian philosophy than anyone else | know. If you are using them in a literal sense, do not modify: 
There are no perfect humans. 

(U) See the entry for unique. 

absolute phrases... 


(U) An absolute phrase--often used to provide details--is one that is independent of the main clause of a sentence. EXAMPLE: 


“(b) (3)-P.L. 86-36 


aaa sani 
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Their ship having sailed, we went home. 

(U) The absolute phrase generally contains either a present or past participle. The subject of the absolute phrase and the subject 
of the sentence are always different. The absolute phrase sometimes consists of a prepositional phrase without the preposition: 
He ran to her, [with] a bouquet of flowers in his hand, and asked her to marry him. 


(U) Be careful to distinguish between the absolute phrase, which is standard English, and the dangling modifier, which is not 
acceptable. 


(U) See the entry for dangling modifier. 

abstract noun... 

(U) Abstract nouns refer to actions, concepts, events, qualities, or states. Examples include hour, love, and joke. 
(U) See the entry for concrete nouns. 


accent marks... 


(U) Since most of our word-processing systems cannot make accent marks, type the word without the mark(S#REt} emigre, 
attache. 


accept... 


(U) Accept means "receive with consent" or “approve of": He accepted the nomination. He could not accept the situation. It should 
never be confused with the verb "except". 


acronyms... 


(U) See Appendix 1 for a complete discussion of abbreviations and acronyms. 


act, action... 


(U) An act is the deed accomplished by an action. Example: John Hinkley committed an act of murder by the action of shooting 
singer John Lennon. 


(b) (3)-P.L. 86-36 
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acting president... 


(U) Capitalize both words when used as part of the title of a national-level figure: Acting President John Doe. Use lowercase 
letters in ali other instances: Jane Doe, the acting president of the Garden Club, left for Brazil today. 


active voice... 


(U) While the active voice tends to be shorter and more direct, there are good reasons to use the passive voice. Do not use a 
hard-and-fast rule ("Avoid the passive voice") but consider each case carefully before deciding which to use. 


(U) See the entry for passive voice. 

activity... 

(U) Do not use phrases such as exercise activity or weather activity. Say exercise or weather. 
(U) See the entries for condition and situation. 

adjectives... 


(U) Use adjectives sparingly in SIGINT reporting. Avoid phrases like "audible sounds" and “radical terrorists" that add nothing to 
the reader's comprehension. Use adjectives only when they add something significant to the meaning of the statement. 


e Adjectives that precede the nouns they modify are attributive adjectives. 

e Adjectives that follow the verb be or a linking verb are predicate adjectives. 

e Appositive adjectives may precede or follow the noun. 
(U) See the entries for appositive and attributive; see the comma entry for guidance on punctuating a series of adjectives. 
advance, advancement... 
(U) Advance, as a noun, carries the sense of forward movement. 


(U) Advancement implies the existence and action of an agent or outside force. 
(b) (3)-P.L. 86-36 
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adverbs... 


(U) Adverbs can modify verbs, adjectives, or other adverbs. An adverb may appear before or after the word it modifies, sometimes 
with several intervening words: He ran quickly. She suddenly changed course. | wanted to present the gift formally. 


(U) Sometimes an adverb is placed between the auxiliary and main verbs: Theresa had barely avoided crashing into the wall. 
(U) To avoid an awkward split, make sure that the adverb adds something useful to the sentence. If not, take it out: Bill was 
[really] working hard at the job. Avoid awkward splits, but do not avoid splits at all costs. If a sentence reads better or is clearer 
with the verb split, then split the verb. 

(U) See the entries for flat adverbs, -ly adverbs and split infinitive. 


adverse... 


(U) Adverse means "unfavorable" and most often applies to non-human conditions: adverse circumstances, adverse weather. It is 
usually an attributive adjective. 


(U) See the entry for averse. 

advice, advise... 

(U) Advice is a noun; advise is a verb. 

adviser, advisor... 

(U) Both are correct. For standardization, use the general term adviser rather than the legal term advisor. 
affect... 


(U) Use affect only as a verb. It usually means "influence": Her speech affected the election. It also can mean "put on": He 
affected a dignified manner. 


(U) Also see the entry for effect. 


age... . (b)(3)-P.L. 86-36 


log 3 

log 7 

log (3 ~ 7) 
antilog .6314 
antilog .6320 
antilog .6325 
6 

11 

1llx 

x 

antilog 9.6320—10 
38-7 


10.4771—10 
0.8451 

9.6320—10 

428 

428 + 2 

429 

x 

1 

6 

55 

42855 
42855 
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123. Finding the Power of a Number by Loga- 


rithms 


The logarithm of a number raised to a power 
is equal to the logarithm of the number multi- 


plied by the power. 


Example 1: Evaluate (18.7)3. 


log (18.7)? = 


antilog .8149 
antilog .8154 
antilog .8156 


antilog 3.8154 
(18.7)3 


3 log 18.7 

3X 1.2718 

3.8154 

653 

653 + x 

654 

5 

a | 

5 

am 7 
= 6537 

6,537 
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Example 2: Evaluate (.08625)4. 


log (.03625)4 
log 3620 
log 3625 
log 3630 


log (.03625)4 
(Subtract) 
antilog .2355 


antilog .2372 
antilog .2380 


AGO 558A 


4 log .08625 
5587 
5587 + x 
5599 
5 x 
10 ~ .0012 
x = .0006 
4 (8.5593—10) 
34.2372—40 
30.0000-—30 
4,2372—10 
172 
172 + x 
173 
17 x 
25 1 
252 17 
wv .68 = .7 


antilog 4.2372—10 = .000001727 


(.03625 


Example 3: Evaluate ( 
log (2.13)! 


antilog .2175 
antilog .2189 
antilog .2201 


antilog 0.2189 
(2.13)3 


124. Finding the Root of 
rithms 


The logarithm of the 


)4 = .000001727 


2.13)8. 

= $ log 2.13 
xX 0.8284 
0.2189 

165 

165 + « 
166 
x 


1 
14 


5 
1.655 
1.655 


a Number by Loga- 


root of a number is 


equal to the logarithm of the number divided 


by the root. 


Example 1: Evaluate 34987. 


log ~/34987 


log 34900 
log 34987 
log 35000 
87 

100 

100x 

x 


antilog .1335 
antilog .1360 
antilog .1367 
25 

32 

32% 

x 

antilog 1.1360 
W/34987 


__ log 34987 
~ 4 
= .6428 
5428 + 2 
5441 
pe 
.0013 
1131 
.0011 
4.5439 

4 
1.185975 = 1.1360 
186 
186 + « 
137 
x 
1 
25 
.78 
13.678 
13.678 


I oi | 


ll 
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Example 2: Evaluate v/76.24. 


log ¥/76.24 


log 7620 
log 7624 
log '7630 


4 


10 


log 76.24 
3 

.8820 

8820 + 2 

.8825 

Pager arh 

~~ ,0005 


73 


pocrp!e ang pags Yanual: A (U//FORO} Page 6 of 21 


(U) Since age is a measurement of time, use numerals. Include hyphens when expressing age as an adjective before a noun (a 
5-year-old boy) or as a substitute for a noun (the race is for 5-year-olds). 


(U) When used as an adjective, but not before a noun, omit the hyphens: The girl is 5 years old. 

(U) To express age ranges, add an "s": The suspect is in his 30s. 

agree... 

(U) With a person, to a proposal, on a pian. 

aid, aide... 

(U) Aid is assistance; an aide is a person who gives assistance to another. 

air base... 

(U) Two words. (Compare to military base and naval base). 

aircraft... 

(U) Do not abbreviate the generic types of aircraft in serialized reports. Use fighter, not "ftr"; bomber, not "bmbr’. 

(U) In keeping with modern journalistic style, capitalize only the first letter of aircraft nicknames: F-15 (Eagle)... ~~ (yy4) 
(b)(3)-P.L. 86-36 

aircraft designator... 


Always use the true designator (and when it is known the specific version, ¢.g., MiG-23E) in the title and lead of a 
serialized report. In a short report, use only the true designator. 


«sein a report of four or more paragraphs, use the true designator in the lead. In the body, include the true designator 
and, if one exists, the ASCC nickname, e.g., [I-62 (Classic) on first reference. Afterwards use either the designator or the 
nickname, but be consistent. 


(U) Using the popular name for Western aircraft (e.g., F-15 Eagle, F-1 Mirage) is optional. 


(b)(3)-P.L. 86-36 
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(U) Add an "s" to form the plural (MiG-21s, II-62s, F-15s). 

air-launched cruise missile... 

(U) Abbreviate as ALCM. Avoid the redundant ALCM missile. 

airline... 

(U) A single word when referring to a transportation company, e.g., Alitalia Airlines. 
airport... 

(U) One word; capitalize it when it is part of a proper name: Berlin Airport. 
air-to-air missile... 

(U) Abbreviate as AAM. Do not use the word "missile" after the abbreviation. 
air-to-surface missile... 

(U) Abbreviate as ASM. Avoid the redundant ASM missile. 

airway... 


(U) One word. Defined in JCS Pub 1-02 as “A control area or portion thereof established in the form of a corridor marked with 
radio navigational aids" and in Jane's Aerospace Dictionary as "An air route provided with ground organization." 


ALFA... 

(U) Phonetic spelling of the letter "a." 

alias, a.k.a... 

Use periods and lower-case letters (a.k.a., not AKA) 


(b)(3)-P.L. 86-36 
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allege, alleged, alleging... 


(U) No "d" before the "g"; use these forms to describe what has not been proven to be the case, e.g., alleged murderer (who is a 
real, not alleged, suspect). 


(U) If a murder is known to have occurred, it is a real murder, not an alleged murder. 

all of... 

(U) All of is usual before personal pronouns: all of them. Either all or all of may be used before nouns. 

all ready... 

(U) In the two-word form it means "prepared": The units are all ready to deploy. The all often can be deleted. 

(U) Also see the entry for already. 

all right... 

(U) In serialized reports, use the two-word form: Everything is all right. 

all together... 

(U) Use the two-word form to indicate that the members of a group performed or underwent an action collectively. 


(U) The two-word form is correct whenever the sentence can be rephrased and still make sense. The prisoners were confined all 
together could be stated as All the prisoners were confined together. 


(U) Also see the entry for altogether. 
allude, allusion... 


(U) Usually means "refer to something indirectly," but also has the meaning “mention in passing." It is not synonymous with "refer" 
because an allusion is an indirect mention whereas a reference is a direct one. 


(U) Also see the entries for elude and illusion. 
(b)(3)-P.L. 86-36 
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ally... 

(U) When ally is used with to, it is usually followed by a verb in the past tense or a past participle. 
({U) When ally is used with with, a greater variety of tenses appears. 

a lot... 

(U) Do not use in serialized reports. 

already... 

(U) As a single word, it means "previously." She had already left. 

(U) See the entry for all ready. 

alternate, alternately... 


(U) The idea here is that things occur in successive turns: My wife and | alternate picking up the mail, i.e., she goes one day and | 
go the next. 


(U) Be cautious in using alternate as an adjective; it may confuse the reader. In a phrase such as the alternate plan, the reader 
may assume you are using a series of plans, one after the other. If you mean one choice from a set, use alternative. 


(U) Also see the entry for alternative. 
alternative, alternatively... 
(U) The central idea behind the use of alternative is that of a choice of one among a set of possibilities. 


(U) Traditionalists argue that no more than two alternatives can exist, but in actual usage writers have been referring to three or 
more alternatives for well over a century without confusing readers. 


(U) See the entry for alternate. 


altitude... 
(b)(3)-P.L. 86-36 
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(U) Express altitudes in meters: 500 meters. Write out the word for meters before using the abbreviation, which is a lowercase 
“m": 500 m. 


altogether... 

(U) Altogether is a single word meaning "wholly, entirely, thoroughly": That law is altogether unnecessary. 

(U) Also see the entry for ali together. 

always... 

(U) Always means "on every occasion” or "forever." Do not use always when you mean "usually" or “habitually." 
ambassador... 


(U) Capitalize when referring to a specific ambassador: Ambassador John Doe; the Zendian Ambassador. Do not capitalize when 
used alone: The ambassador arrived yesterday. 


ambiguity... 


(U) Ambiguity is the actual or potential uncertainty of meaning that occurs when a word, phrase, or sentence can be understood in 
more than one way. 


(U) In serialized reports, be as clear as possible in using words and phrases. 

amid... 

(U) Do not use amidst. Amid stresses being surrounded: a house amid the trees. 

(U) If you are referring to a location separating specific objects, use between: between the skyscrapers. 
(U) See the entries for among and between. 

amok... 


(U) Malay word; avoid it (and its variant form amuck). --" (b)3)-P.L. 86-36 
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among... 


(U) Among refers to being surrounded, or approximately so, by persons or objects that are individual and separable. It is usually 
followed by a plural or collective noun: living among the poor, living among the Bedouins. 


(U) Among always refers to three or more. Pronouns following among are in the accusative case: There were several spies 
among them. 


(U) Also see the entries for amid and between. 


amount of... 


(U) Amount of is followed by singular mass nouns or by plural count nouns representing an aggregate. Amount usually takes a 
singular verb: The amount of money on hand was less than $100. 


(U) Also see the entries for collective nouns and number of. 
amplitude modulation... 

(U) Abbreviate as AM (capital letters and no periods). 
and... 


(U) Although there is nothing wrong grammatically with using and at the beginning of a sentence, do not do so in serialized 
reports. 


(U) Do not use a comma before and in a complex sentence unless it serves to connect independent clauses. WRONG: He 
walked during the early morning hours, and wrote during the afternoon. RIGHT: He walked during the moming hours and wrote 
during the afternoon. She did her research in the morning, and she did her interviews in the afternoon. 

NOTE: (U) Some consider the comma optional when joining short independent ciauses: He ran and | walked. 


(U) Also see the entry for but and the box for comma. 


and/or... 
~(0)(3)-P.L. 86-36 


[ee 572010 
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(U) A term used since 1853 in legal and commercial documents. Avoid it in SIGINT. Instead of "the ambassador and/or the charge 
d'affaires,” say "the ambassador, the charge d'affaires, or both." 


(U) See the entry for slant, slash, virgule. 

Anglo... 

(U) Always capitalized. Use a hyphen when the word that follows is also capitalized: Anglo-Saxon. 
annual... 


(U) This means “yearly” or “once a year." Since an event cannot be described as annual until it has been held in at least 2 
successive years, avoid the term first annual. 


another... 

(U) Some commentators argue that another refers to an additional element that in some way duplicates a previously stated 
quantity: Eight women passed, and another eight failed. They claim that it is incorrect to say Eight women passed, and another 
six failed since "six" does not duplicate "eight." 


(U) In fact, most people will understand very clearly what you say, regardless of the numbers involved, since another refers to the 
noun in the phrase, not the number. 


ante... 
(U) Prefix meaning "before"; usually not followed by a hyphen. Do not confuse it with the prefix anti. 
antecedent... 


(U) The word or word group a pronoun refers to: Smith stopped at the base before returning to his home. (Smith is the antecedent 
for "his".) Bear in mind that a pronoun has an affinity for the nearest noun. 


(U) To avoid confusion, make sure the antecedent is clear. In the following example, the antecedent is not clear: Smith conferred 
with Jones every day when he was in Berlin. (Who was in Berlin?) 


(U) Also see the entry for notional agreement. 
(b)(3)-P.L. 86-36 
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antenna... 
(U) An antenna field has antennas. Insects have antennae. 
anti... 


(U) Prefix meaning “against.” Use a hyphen only to avoid doubling the "i" or to precede proper nouns: anti-inflation, anti-Semitic; 
but antiaircraft artillery. 


anticipate... 


(U) Anticipate means “expect and prepare for something” or “look forward to": General Jorel anticipated the enemy's flanking 
movement by shifting his forces to the west. She is anticipating a visit with her son. 


(U) See the entry for expect. 

anxious... 

(U) One of the major shibboleths in American usage is the alleged difference between anxious and eager. Purists contend that 
anxious suggests strong interest or desire, but only in a negative or unpleasant sense. For maximum clarity, they say, use anxious 
about something you would rather avoid: Lew is anxious about going to the dentist. The purists’ claim, however, is not valid. 

(U) The objection to anxious in the sense of "eager or desirous" appeared in the U.S. in the early 20th century. This sense was 
identified as an error in spite of its use by authors such as Byron, Melville, Carroll, Dickens, Thoreau, Kipling, and Henry Adams. 
Anxious in the sense of "eager" has been traced back to at least the early 18th century. 


(U) As Merriam-Webster notes, "Anyone who says that careful writers do not use anxious in its 'eager' sense has simply not 
examined the available evidence." 


(U) See the entry for eager. 
any... 
(U) Any as a pronoun may be singular or plural. According to Merriam-Webster, the forms are used equally. 


(U) As an adjective, any with a singular noun may be referred to by a plural pronoun: Any employee can ask about their status. 


(b)(3)-P.L. 86-36 
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This is an example of notional agreement. 

(U) See the entries for notional agreement and for they, their, them. 

any and its compounds... 

(U) Anyhow, anything, and anywhere are always single words: Anything you say may be used against you. 
(U) Any rate is always two words: at any rate. 

(U) Also see the individual entries for anybody, anyone, any other, and anyway. 

anybody... 


(U) Use as one word when referring to people: Anybody can help. Anybody takes a singular verb and is referred to by a singular 
pronoun. 


(U) Use two words when referring to inanimate objects: Any body of water can be polluted. 

anyone... 

(U) Anyone takes a singular verb and is referred to by a singular pronoun. 

(U) Use anyone as one word as an indefinite reference: Anyone may aiterd the concert. 

(U) Use two words when the emphasis is on singling out one member of a group: Any one of them may be guilty. 
any other... 

(U) Use any other when comparing things of the same class: This book is better than any other on Russian history. 
(U) Use any by itself when referring to things of different classes: | enjoy a symphony more than any play. 
anyway... 

(U) A single word when an adverb: He left anyway. When used as a noun, it is two words: Finish any way you can. 


(b)(3)-P.L. 86-36 
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NOTE: (U) Use the two-word form if you can substitute the phrase "whatever way" for any way. 

apostrophe... 

(U) Use an apostrophe to form the possessive of most nouns: the boy's hat, the boss's pen. See the entry for possessives. 
(U) Use the apostrophe to form contractions: she'll, don't. See the entry for contractions. 


(U) Use the apostrophe in certain constructions to show the subject of the gerund: There was little hope of the Party's accepting 
the compromise. 


(U) See the entry for gerund. 
appendix... 


(U) For the sake of standardization, use the plural form appendixes in a serialized report. The alternate form appendices is equally 
common in general use. 


appositives... 


(U) Appositives are nouns or pronouns placed near other nouns or pronouns to identify, explain, or supplement the meaning: John 
Doe, Minister of Trade. 


(U) Set off non-essential appositives within a sentence with a pair of commas: Jane Doe, the Minister of Foreign Affairs, arrived in 
Metropolis today. Omit the commas if the appositive is essential: Voyager photographed the planet Saturn. 


(U) If a non-essential appositive disrupts clear writing because it results in a confusing series of commas, it is better to rephrase it 
as an essential appositive. In a list of ministers, for example, change John Doe, Minister of Trade, Jane Roe, Minister of Finance, 
Jim Zoe, Minister of Culture, etc., to Trade Minister John Doe, Finance Minister Jane Roe, Culture Minister Jim Zoe, etc. 


(U) The names of countries serve as appositives when they follow a city name and should be set off with a pair of commas when 
they fall within a sentence: Paris, France, is my favorite city. 


(U) An appositive pronoun agrees in case with its antecedent. 


(U) Also see the entries for nonrestrictive elements and restrictive elements. 
(b)(3)-P.L. 86-36 


74 


10x 


antilog 0.6274 
VWY76.24 


oll ll 


.0020 
.0002 
1.8822 


3 


0.6274 
4.24 
4.24 


Example 3: Evaluate ¥Y.0073573. 


log W0073B73 — 108 0078573 


II 


3 

log 73500 = .8663 
log 73573 = .8663 + x 

log 73600 = .8669 

73 x 

100 — .0006 

100x = .0438 

x — .0004 


-_ 7.8667—10 

ao 3 
The quotient of 7.8667—-10 di- 
vided by 3 is 2.6222—3}. By 
adding 20.0000—20 to 7.8667— 
10, the sum, 27.8667—30, can be 
divided by 3 and the quotient 
will be a workable logarithm. 


a7 seer = 9.2889—10 
antilog .2878 = 194 
antilog .2889 = 1944 2 
antilog .2900 = 195 
ll 
22 ~ 1 
22% = 11 
Lo= 
antilog 9.2889—10 — .1945 
¥/.0073573 = .1945 


125. Cologarithms 


The cologarith.:s of a number is the loga- 
rithm of the reciprocal of the number. For ex- 


ample, colog N = log - However, 


log N= log 1— log N 
= 0—log N 
log a — —logN 
Therefore, colog N = log + = — log N. Thus 


the cologarithm of a number is the logarithm 


log .0073573 = 17.8667—10 of the number subtracted from the logarithm 
add 20.0000—20 of 1 (0.0000 or, to avoid a negative mantissa, 
27.8667—30 10.0000—10). 
Example 1: Evaluate the cologarithm of 373. 
1 
colog 373 = log 373 
log 1 = 10.0000—10 
log 873 = 2.5717 
colog 373 = 7.4283—10 
: 2.37 
Example 2: Evaluate 361° 


2.37 
log 361 ~ log 2.37 — log 3.61 


= log 2.37 + colog 3.61 


log 1 = 10.0000—10 

log 3.61 = 0.5575 
colog 3.61 = 9.4425—10 

log 2.37 = 0.3747 
9.8172—-10 

antilog 9.8172—10 = .65643 
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appraise... 
(U) The verb appraise means "evaluate." Do not confuse it with apprise. 
appreciate... 


(U) Means "recognize the value of": | appreciate your help. Do not use it to mean “understand.” POOR: | appreciate your position. 
IMPROVED: | understand your position. 


(U) In a commercial context appreciate means “increase in value": My house's value appreciated eight percent last year. 
apprise... 


(U) A fancy way to say "inform, advise, tell, or give notice." Use it sparingly and do not confuse it with apprize, which means 
“value" or "appreciate." 


(U) See the entry for ornate words. 
approximately... 


(U) Generally used in technical or reference works rather than general writing. 


“= {b)(4 
(U) See the entry for about. RPL 86-36 


. F - (b)(3)-P.L. 86-36 
arbitrary unit designator... 


(U#BOO}- 


The abbreviation is AUD. 


(ers Do not use an AUD as a noun, however, when describing an activity or event. After identifying the "Independent 
Missile Air Regiment (NN321)," refer to it as the regiment or the Independent Missile Air Regiment, never as "NN321." 


area, in the area of... 
(U) Avoid in the area of when you mean “conceming" or "regarding." POOR: There are several new laws in the area of banking. 


(b)(3)-P.L. 86-36 
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IMPROVED: There are several new laws concerning banking: 

around... 

(U) Less commonly used than either about or approximately, but not wrong. In serialized reports, however, stick to about. 
(U) See the entries for about and approximately. 

as... 


(U) As is a conjunction used to introduce a clause. When introducing a causal relation, as is preceded by a comma: Rick won't be 
coming, as we didn't invite him. 


(U) Omit the comma when showing a time relation: Rick was preparing dinner as Leslie drove home from work. 
(U) See the entry for like. 

as a result of... 

(U) Instead, use because. 

as...as... 


(U) In positive comparisons, as is followed by a second as: She is as clever as her adversary. A pronoun used in this construction 
should be in the same case as the compared person or item: Alice is as bright as she. It surprised Laverne as much as me. 


(U) In a comparison involving the combination as . . . as and than, be sure to keep the second as: Tony is as charming as, or 
more charming than, his brother. 


(U) The first as may be replaced by so in negative contexts, in questions, and in clauses introduced by "if": If he is so poor as that, 
why don't you help him? 


(U) Also see the entry for as early as. 


ASCC designators... 
(b) (3)-P.L. 86-36 
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(U/FOVO}Applied to aircraft and missiles designed in the USSR and China. Each begins with a particular letter according to the 
following pattem: 


e air-to-air missiles - A: Aphid (AA-8) 
e air-to-surface missiles - K: Kingfish (AS-6) 
« bombers - B: Badger (TU-16) 
e fighters - F: Flogger (MiG-23) 
e surface-to-air missiles - G: Gremlin (SA-14) 
(U) In keeping with modern journalistic style, capitalize only the first letter of an ASCC designator. Example:, Flogger. 
(U) See the entries for aircraft designator and weapon systems. 
as early as... 
(U) Considered wordy in some contexts: Delivery began as early as July 1987. instead say: Delivery began in July 1987. 
as if... 
(U) Often followed by a verb in the subjunctive mood: as if he were cold. 
(U) See the entry for as though. 
ask... 
(U) Both infinitives and clauses follow forms of the verb ask: Diane asked to use the phone. Alice asked that | leave her. 
(U) See the entry for request. 
as of... 


(U) An established American idiom normally found in financial reports. Alternatives before a date include on, after, in, or since 


(b) (3)-P.L. 86-36 
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rather than as of. Objections to as of have been chiefly British. 
asset... 


(U) Generally used in a financial sense or to describe a personal quality: The house was their only asset. A sense of humor is a 
great asset. 


(U) The term assets, when referring to military units or equipment, is specialized usage at this time. Use it only in contexts that are 
clear. 


assure... 
(U) Assure applies to persons and has the sense of setting a person's mind at rest: He assured the leader of his loyalty. 


(U) Also see the entries for ensure and insure. 


as though... 

(U) Often followed by a verb in the subjunctive mood: as though | were not there. 
(U) See the entry for as if. 

as to whether... 


(U) Whether is sufficient, but as to whether, although certainly less common, is not wrong. It is merely a question of personal taste 
or style. 


(U) In serialized reports, use whether by itself. 
as well as... 
(U) Acceptable as a comparative: Dan did as well as Carol. 


(U) In the sense of “in addition to," it does not have the conjunctive force of “and.” Consequently, singular subjects remain 
singular: The challenger, as well as the incumbent, has pledged to increase funding for the school system. 


(b) (3)-P.L. 86-36 
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NOTE: (U) In sentences where the emphasis is on the subject rather than on both elements, as in the example above, use a pair 
of commas to set off the as well as construction. Otherwise omit the commas. 


as yet... 

(U) Now or yet is a better choice. 

at the present time, at this point in time... 
(U) Use now. See point in time. 

attribution... 


(U) See the complete entry for attributions. Also see intelligence source identifier, target signals information, and SIGINT product 
information. 


attributive... 


(U) An adjective that describes a modifier directly in front of the word it modifies. Nouns, adjectives, and adverbs can function as 
attributives. 


(U) Examples of attributives include loan shark, chemistry book, gold watch, white shirt, early arrival, and sad fate. 
AUD... 

(U) See the entry for arbitrary unit designator. 

authority... 


{U) In situations not otherwise covered in USSID CR1400, its annexes, or this document, the authority for usage in SIGINT 
serialized reports is Webster's Dictionary of English Usage, published by Merriam-Webster in 1989. 


(U) If none of these sources provide the answer to your question, consult the GPO Style Manual. If that does not answer the 
question, consult a good college handbook, such as the Harbrace College Handbook. 


(b) (3)-P.L. 86-36 
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authoritarian... 


(U) Avoid it, as its applicability and accuracy depend on the political philosophy of the writer and reader. They may not agree on 
what is an authoritarian state. 


(U) See the entry for totalitarian. 

average... 

(U) In mathematics, the result of dividing the sum of a series of quantities by the number of quantities. 

(U) Average means customary, usual, or ordinary when used in contexts outside mathematics: the average worker. 
(U) See the entries for mean, median, and norm. 

averse... 


(U) Averse means "reluctant" or "opposed," often with a sense of distaste or repugnance: He is averse to change. She was averse 
to his entreaties. It is used only rarely as an attributive adjective. 


(U) See the entry for adverse. 
awhile, a while... 
(U) For many commentators, awhile is a single word when used as an adverb: We rested awhile. After a preposition, they say, 


use the article "a" and the noun "while": The changes will not take effect for a while. I'll be back in a while. Follow this distinction in 
serialized reports. 
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(U) When introducing an adverbial phrase expressing the reason for the action denoted by a non-linking verb, purists use only 
because of: He hesitated because of fear. 


(U) See the entries for due to and owing to for another view of this issue. 
behalf... 


(U) Usage writers through the years have said that in your behalf (or in behalf of) means "in your interest” or “for your benefit"; on 
your behalf (or on behalf of) means “as your agent" or "representing you." 


(U) Writers since William Shakespeare, however, have used them interchangeably without confusion. So can you. 
believe... 


(U) Don't use believe in reporting unless attribution can be included. We rarely know what our target "believes." Never say "We 
believe..." in an analyst comment. 


beside, besides... 
(U) Each of these words can express opposite meanings when they are used as prepositions. Only besides is an adverb. 
(U) Beside can mean either "next to" or "apart from": Lois sat beside Benjamin. His remarks were beside the point. 


(U) Besides means either "in addition to" or "except for": Norm had few friends besides us. Something besides smog was the 
cause. (Smog was one of two or more causes. If smog is not a cause, say "Something other than smog was the cause.") 


better than... 
(U) Use better than to compare things in terms of quality: Her novel is better than his. 


(U) Use more than when expressing things in terms of quantity: The lake is more than 2 miles across. (Better than in the sense of 
“more than" is a speech idiom only.) 


(U) See the entry for superlative of two. 


between... (b) (3)-P.L. 86-36 
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(U) A preposition used to introduce two items (between the devil and the deep blue sea), to indicate the area bounded by several 
points (the area between Boston, Manchester, and Portland), or to express the relationships of several items considered one pair 
at a time (negotiations between the Party and Solidarity and the Church). 


(U) Always pair the word between with the word "and" in ranges and relationships: between 8 and 12 September; between the 
house and the bam. 


(U) Between is a preposition and following pronouns must be in the accusative case: between you and me; not a dime between 
them. 


between each, between every... 

(U) Between each or between every, followed by a singular noun, is a standard English idiom dating back to Shakespeare. When 
you use a phrase such as between each (or every) skyscraper, what you really are saying is between each (or every) skyscraper 
and the next one. This is a form of elision, which is quite acceptable in English. 

biannual... 

(U) Means twice a year or semiannual. For clarity's sake, say "twice a year." 

biennial... 

(U) To avoid confusion, say instead "every 2 years." 

billion... 

(U) Use figures with billion or million in all except casual uses: a billion dollars; His net worth is $1.7 billion. 

(U) See entries at million and trillion. 

bimonthly... 


(U) To avoid confusion, say instead “every 2 months" or “every other month." 


biweekly... (b) (3)-P.L. 86-36 
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(U) To avoid confusion, say instead “every 2 weeks" or “every other week." 
blatant... 


(U) While blatant may mean merely “conspicuous,” it is also used for behavior that attracts disapproving attention: a blatant lie, a 
blatant error. 


(U) See the entry for flagrant. 

bloc... 

(U) A political alliance of people, groups, or nations: Communist Bloc, Slavic Bloc. 
boat... 


(U) In nautical contexts in SIGINT reports, do not call a ship a boat. As a general guideline, a boat will go on a ship, but not vice 
versa. Lifeboats go on cruise ships. Submarines are boats. 


(U) Most of the literate public, however, uses the term boat to refer to any floating contrivance of any size. Such use is standard in 
general contexts, but not appropriate in SIGINT reports. 


(U) See the entries for ship and vessel. 

bomb... 

(U) Do not use the terms A-bomb or H-bomb. Spell out the words. Do not capitalize atomic bomb, hydrogen bomb, etc. 
bort... 

(U) The side number on an aircraft. Explain what it is when you first use it. 

both... 

(U) Both children means “the two" children. Omit both when there is no confusion. 


(U) The phrase both of must be kept before a pronoun in the accusative case: both of them. The preposition "of" is optional before 
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a plural noun: both of the speeches or both speeches. 


(U) Use of both for the possessive form rather than both of their: POOR: He knew both of their names. GOOD: She knew the 
names of both. 


both... and... 


(U) Make sure that the sequence of words following and has the same structure as that following both: POOR: | gave money both 
to Jane and Barbara. GOOD: | gave money to both Jane and Barbara or | gave money both to Jane and to Barbara. 


(U) See the entry for parallelism. 
bottom line... 


(U) Originally business jargon, bottom line has become standard in the senses of "primary consideration" and "summary." Its 
meaning is clear. 


boycott... 

(U) A boycott is a refusal, usually by an organized group, to buy or use a product or service. 
(U) Also see the entries for embargo and quarantine. 

brackets... 


(U) When including one set of brackets or parentheses within another, be sure that the number of opening and closing brackets is 
the same. 


(U) Parentheses, or round brackets, often include explanations, afterthoughts, references, or other information. Brackets, or 
square brackets, often enclose information attributable to someone other than the author and are rare in serialized reports. See 
Parentheses. 

BRAVO... 


(U) Phonetic spelling of the letter “b." (b) (3)-P.b. 86-36 


a 5/7/2010 


126. Computation by Logarithms 


In performing logarithmic computations, follow the principles given in paragraphs 117 through 
125. When negative quantities are involved (in multiplication and division), disregard the minus 
sign when making logarithmic calculations. After calculating the antilog, the sign is determined 
in accordance with the algebraic law of signs for multiplication and division. 
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Example 1: Evaluate 


log (94.7)2 


log (.00789) 
log (94.7)? + log (.00789) 
log (3.71)3 


log (.845) 
log (3.71)? + log (.345) 
log (94.7)2 (.00789) 


log (3.71)3 (.345) 


3 /(94.7)2 (.00789) 
(3.71)? (.345) 


antilog .2012 


Example 2: Evaluate 


8 /(94.7)? (00789) 
V (8.71)3 (345) ° 


2 log 94.7 
2X 1.9763 
3.9526 
7.8971—10 
11.8497—-10 = 1.8497 
3 log 3.71 
3 x 0.5694 
1.7082 
9.5378—10 
11.2460—10 = 1.2460 
1.8497 
1.2460 
0.6037 
0.6037 
3 
= .2012 
= 1.5892 


Ho WT ae ea 
| 


II 


*/ (6.484:2 7.667 


(12.35)? 3/3007 _ 


log (6.484)? = 


log ¥/7.667 = 


log (6.484)2 + log ¥/7.667 


log (12.35)? 


log ¥/3007 


log (12.3” 2 + log ¥/3007 


log (6.484)? 9/7.667 = 
log (12.85)? ¥/3007 = 


2 log 6.484 
2 x 0.8118 
1.6236 
log 7.667 

3 
0.8846 

3 
0.2949 
1.6236 + .2949 
1.9185 
2 log 12.35 
2X 1.0917 
2.1834 
log 3007 
3 
3.4782 
3 

1.1594 
2.1834 + 1.1594 
3.3428 
11.9185—10 
3.3428 
8.5757—10 


75 
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brevity... 
(U) In reports, present the SIGINT facts, their significance, and related information in a concise but complete form. 


(U) Short words and phrases can be as clear as or clearer than long ones.Use short forms whenever there will be no confusion to 
the reader. 


(U) Choose words and phrases that will convey the exact meaning, however, even if they are longer than a word or phrase with a 
more general meaning. 


bring... 
(U) Use bring to indicate movement toward the speaker: Bring me a cup of tea, please. 


(U) Use either bring or take when the direction of movement is unknown or irrelevant to the writer or reader: She brought presents 
to the children or She took presents to the children. 


(U) Also see the entry for take. 
British pounds... 


(U) Use this phrase, as pounds sterling may not be clear to some readers. Render it as follows: 50 British pounds (U.S. $ 
equivalent). Never use the abbreviation "Ibs" for British pounds. 


bulk... 


(U) Do not use bulk when speaking of people. POOR: The bulk of the team stayed to celebrate. GOOD: Most of the team stayed 
to celebrate. 


(U) See the entry for balance. 
bullet format... 


(U) Use a bullet format to make lists easier to read. Do not capitalize the first word of a bullet unless you are making a complete 
sentence. Punctuate bullets as you would narrative. 


(b) (3)-P.L. 86-36 
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bureaucratese... 
(U) Bureaucratese is a pejorative, non-technical term for the language style commonly associated with bureaucrats. 


(U) Avoid bureaucratic style whenever possible. It is the mark of the timid writer. What is bureaucratic style? Robert Claiborne 
identified the four main principles of bureaucratic style as: 


« never use a short word where a long one will do; 

e never use one word where you can use three; 

e use abstract and general terms rather than concrete and specific ones; and 
e avoid flat statements by hedging and qualifying. 


(U) Bureaucratese speaks in passive voice and buzzwords, and it carefully avoids assigning responsibility for any action or 
decision. It will bore or put to sleep most readers. Don't use it unless you have no other way to communicate. 


burgeoning... 


(U) Avoid this word. in the figurative sense of "rapid and flourishing growth," it has been standard since the late 1930s, but it is 
pretentious and, in SIGINT, rarely useful. 


bushels... 

(U) Use numbers with bushels: 5,000 bushels of wheat. 

but... 

(U) Most writers consider “but" and "however" to be redundant when placed close together, but some accept them in the same 
clause when there are several intervening words: But the army went on the attack, however. In serialized reports, use either "but" 
or “however," not both. . 

(U) When "but" is used as a conjunction, the case of the following noun or pronoun is determined by the construction it is in. As a 
general rule, use of the nominative case is more common in literature than in general writing: “There is none but he, whose being | 


do fear." (Shakespeare, Macbeth). 
(b) (3)-P.L. 86-36 
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(U) When used as a preposition, but is always followed by the objective case: No one but him will help us. 

(U) But is usually preceded by a comma, not followed by one: George wanted to play checkers, but Bernie wanted to play chess. 
Acomma after "but" is acceptable if it is one of a pair setting off a parenthetical clause: But, as the ambassador noted in his 
response, General Zog had lied to him. 

(U) Also see the entry for and. 

buzzword... 


(U) Buzzword is an informal term for a word used to impress rather than inform. It is particularly associated with government, 
business, and scientific jargon. 


(U) Avoid buzzwords in serialized reports. 

Bw... 

(U) This abbreviation for biological warfare must be expanded on first reference. 

by means of... 

(U) Use by in most cases, but be careful. Sometimes you may want a longer form that cannot be interpreted ambiguously. 
(Merriam-Webster's New Collegiate Dictionary (10th edition) lists almost a dozen different meanings for by.) Remember that 
shorter is not always clearer. 


by the time... 


(U) Use when in most cases. 
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Cc 


C? or C2... 


(U) Symbol for command and control. 


C3 or C3... 


(U) Symbol for command, control, and communications, not "command and control communications." Use it only after expanding 
the term since there is a chance the reader will not know precisely what is meant. 


(U) The definition is: an integrated system of doctrine, procedures, organizational structure, personnel, equipment, facilities, and 
communications that provides authorities at all levels with timely and adequate data to plan, direct, and control their activities. 


cadre... 
({U) A group or core around which a larger organization can be built. The plural form is cadres. 
(U) Cadre also can refer to an individual member of the cadre. 


calendar... 
(b) (3)-P.L. 86-36 
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(U) As a rule, use the standard Gregorian calendar for all dates. If you are quoting a particular date that is significant in another 
calendar system, however, place the Gregorian date in parentheses immediately after the other calendar date: We will attack on 
12 Ramadan (18 March). 


(U) See the entry for ordinal date. 
can... 


(U) The verb can means “is able to": | can do that. Can also expresses the sense of "possibility": In the 20th century, you can 
marry the woman you love without her father's approval. 


(U) Can in the sense of "permission" was defined by Noah Webster's 1828 dictionary as “free from any restraint of moral, civil, or 
ee Obligation, or from any positive prohibition.” It expresses "permission" by not prohibiting: You can walk on the grass in this 
(U) The use of can to request permission is a feature of speech rather than edited prose. 

(U) See the entry for may. 

cancel, cancel out... 

(U) Cancel means “erase” or “delete": Cancel my order. 

(U) Cancel out means “neutralize” or "offset": Paul's experience cancels out the lack of formal! education. 

cancellations... 

cannot... 

(U) Cannot is one word when used in the sense “be unable to": | cannot go. 


(U) Use two words when you want to emphasize the choice of a negative: | can go or | can not go. 


capable, capability... 
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(U) Say it can, not “it is capable of" or "it has the capability to." 

capital, capitol... 

(U) A building in which a legislative body meets is called the capitol. Use capital at all other times. 
capitalization... 

(U) See the complete entry for capitalization. 

caption... 

(U) In American usage, caption may refer either to a heading over or to a legend under a picture, graph, or chart. 
NOTE: (U) Caption comes from the verb capere, meaning "seize," not from the noun caput, which means "head." 
(U) See the entry for etymological fallacy. 

carat... 

(U) A unit of weight for precious stones. See the entry for karat. 

Cardinal... 


(U) Place the title before the name: Cardinal Richard Roe. The old form (Richard Cardinal Roe) is used only for signatures and 
formal introductions. It is the ecclesiastical equivalent of “William, Duke of Norfolk.” Don't use the old form in serialized reports. 


careen, career... 
(U) In American usage, these verbs are interchangeable. 
case... 


(U) Modern English has cases for nouns and pronouns. Generally, case does not affect the spelling of a noun except for the 
genitive (or possessive) form. 
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(U) Personal pronouns take different forms in three cases: nominative (or subjective), accusative (or objective), and genitive (or 
possessive). The genitive form depends on whether the pronoun is used before a noun or independently. 


(U) See the entries for genitive and nominative. 
casualties... 


(U) In military terms, casualties means the total number of dead, wounded, missing, and captured. Do not use casualties when 
referring to only one of these categories. 


catalog, catalogue... 

(U) The GPO Style Manual gives the "-og" ending for catalog, dialog, epilog, monolog, prolog, and travelog. But according to 
Merriam-Webster, the "-logue" ending is more common for all except catalog, for which the forms are equally valid. The American 
Heritage Dictionary finds catalogue more common. For consistency use the "-logue" ending for all these words. 

cathedral... 

(U) See the entry for church. 

CBRN... 


(U) This abbreviation for chemical, biological, radiological, and nuclear (usually used in the phrase "CBRN terrorism") must be 
expanded on first reference. 


CBW... 
(U) This abbreviation for chemical and biological warfare must be expanded on first reference. 
caveat... 


(U/HP@YQ) A caveat is a warning or caution. It is a generic term in SIGINT for compartmentation markings, security control 
markings, SIGINT exchange designators, and validity markers. 


Celsius... 
(b) (3)-P.L. 86-36 
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(U) The correct term for the metric temperature scale, which is the only one that should be used in serialized reports. Use 
numerals to express temperature, except for zero. Spell out “minus” when temperatures are below zero: minus 15 Celsius. Do not 
add the word “degrees" if Celsius is used. 

center... 

(U) In American usage, center is used primarily with on or around: The dispute centers on due process rights. 

(U) Purists argue that center means "to be gathered at a point" and should not be used with around. They call for replacing center 
around with "revolve around." Center around, however, is a standard idiom, even if less common than center on, and is 
acceptable. 

centigrade... 

(U) Use Celsius instead. 

certain... 

(U) Although it appears to be an absolute term, it is often modified by adverbs: fairly certain that, nothing is more certain than. 

(U) See the entry for absolute adjectives. 


chair and its compounds... 


(U) Chairman has been used since 1654 and can be used to refer to both men and women. Chairwoman appeared as early as 
1699 but is used less frequently. 


(U) Chair has been used as a noun since 1658 and is the standard neutral term in parliamentary procedure: Please address your 
remarks to the chair. The chair rules the motion out of order. 


(U) The modern gender-neutral term chairperson was first coined in 1971. Although intended to be gender-neutral, it is used 
chiefly when no name is associated with the office or when a woman holds the office, according to Merriam-Webster. 


(U) When the official title of a position is chairman, do not substitute a gender-neutral term. 


(U) See entries for gender and -person. 
(b) (3)-P.L. 86-36 
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character... 
(U) Avoid the phrase in character. It is usually unnecessary padding. 
characterized by... 


(U) This phrase can be used imprecisely: the activity was characterized by . . . . Instead, consider using “included” or "consisted 
of.” : 


CHARLIE... 
Phonetic spelling of the letter "c.” 
chop... 


(U) Do not use this acronym for “change of operational control" or any of its derivatives (like outchop) in a serialized report. It is 
the jargon of a limited group and is not understood by the general reader. 


church... 


(U) Capitalize when it is part of the name of a building or organization (St. Bernadette Church) or when it refers to a church as an 
institution (the Presbyterian Church). 


(U) Use lowercase when referring to a type of building: The church burned down yesterday. 
circa... 


(U) A Latin word. Instead, use around. Do not use circa with dates. Instead, use by or about: POOR: The troops should be in 
place circa 15 July. GOOD: The troops should be in place about 15 July. 


circumlocution... 

(U) A wordy and indirect way of saying something, often used to soften a thing or situation. Phrases such as "precipitation activity" 
rather than "rain “and "went to his eternal reward" rather than "died" are examples of circumlocution, which is a form of 
periphrasis. 


(b) (3)-P.L. 86-36 
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circumstances... 
(U) You may use either in these circumstances or under these circumstances. Both are standard. 


(U) The notion that in these circumstances is the only correct form is an etymological fallacy. Under these circumstances has 
been used since 1665, nearly 200 years before the first recorded use of in these circumstances. 


(U) See the entry for etymological fallacy. 

clarity... 

(U) Clarity means saying precisely what we intend. It is the most important factor in writing serialized reports. 
classification... 

(U) Ensure that reports are classified properly. Classify the title, each paragraph, and each footnote of a report according to its 
content. In electrical reports, include the Overall Classification Line, but do not enter an overall classification statement in the 
TEXT Line. 

(U) See the entry for overall classification statement. 

clause... 


(U) In language, a clause is a sentence or sentence-like construction included as part of another sentence. There are three types 
of clauses: 


e the main clause, which is the principal clause of a sentence 

e coordinate clauses, which consist of two main clauses linked by a coordinating conjunction 

e the subordinate clause, which serves as a noun, adjective, or adverb in the sentence 
cliche... 


(U) A cliche is whatever word or phrase the writer or reader has seen often enough to find annoying. Sometimes cliches can be 
omitted or replaced, sometimes not. 


(b) (3)-P.L. 86-36 


log _‘/ (6.484)? 7.667 _ 


(12.35 )2 ¥/3007 


antilog 9.6439—10 


38.5757—40 


4 


9.6439—10 
4405 


127. Review Problems—Logarithms 


a. Find the logarithms of the following num- 


bers to the base 10: 
(1) 785 
(2) 3.57 
(3) .0845 
(4) .000476 
(5) 49.6 
(6) 273.5 
(7) 760.1 
(8) 7.234 
(9) .009875 
(10) .00005254 


bv. Find the antilogs of the following loga- 


rithms: 
(1) 4.8457 
(2) 2.4330 
(3) 9.5453—10 
(4) 6.8299—10 
(5) 0.6010 
(6) 2.5690 
(7) 5.43848—10 
(8) 5.6994 
(9) 0.2018 
(10) 4.5872—10 


c.. Using logarithms, find the products of 
the following to four significant figures: 


(1) 6.93 xX 23.7 
(2) 186 x 215 

(3) 64.3 x 21.4 
(4) .089 x .076 
(5) 185 x 42.3 


d. Using logarithms, find the quotients of 
the following to four significant figures: 


(1) 148 ~ 297 
251 
(2) $48 


76 


(3) 14.9 ~ 37.4 

(4) 47.38 — 63.29 
1.06 

(5) 235 


. Using logarithms, evaluate the following: 
(1) (.0293)4 
(2) (1.756)? 

(3) (7.953)8 
(4) (69.37)? 
(5) (27.98)2 
(6) ¥.01325 
(7) W815 
(8) \/7698 

(9) W/8.942 

(10) ¥/.0000799i1 


f. Using logarithms, compute the following: 


3.8 x 2.6 
(1) —“F3 


(2) */SEXaS 

Vo 0157 

44.1 X 1.82 

(3) 30.97 sc 32 

(4) 8521 YEE 
\/46.82 X 6.230 


(5) (an). 


3 / (57.20)? 
(6) f GLB 
(7) / 08152 < 1.958 
vy 95.27 
8531 8 /518.2 
(8) / Sa97 61.52 
(9) 48.19 x \/56.02 
431.6 x ¥/46.25 x \/16.34 
/ 008150 X 08582 


10 eve ee Eee 
ae 01234 x ¥/09156 
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(U) One way to look at a cliche is to ask yourself if it has a definite meaning in the sentence. If it doesn't, then omit it from your 
report. If a cliche is the best way to express an idea, use it. 


close proximity... (b) (1) 
(eb) (3)-50 USC 403 


(U) Use near or in proximity to unless you are trying to distinguish among degrees of proximity. LBS Reke SO=28 


codeword... 


(U//FOEVQ) A word used with a classification to indicate that the material so classified was derived through a sensitive source or 
method, constitutes a particular type of sensitive compartmented information, or is accorded a limited distribution. 


code word... 


(U/fPFEUQ) The two-word form is used to designate the operations, plans, or activities of military, diplomatic, intelligence, or other 
organizations. 


(U) Avoid using the expressions “cover word" or "cover term" for code word. They are not equivalent terms. 
(U) See the entry for cover name, cover number. 
cohort... 


(U) A cohort originally was a subdivision of a Roman legion. Its English meaning was extended to "group” or "band," in both 
singular and plural forms, and then was extended to individual members of the group. 


(U) The use of cohort to refer to an individual companion has become well-established in American usage in the last 50 years. No 


one will be confused if you use it in this sense. 
(b) (3)-P.L. 86-36 


ee ed soi 
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collateral... 
(U) See the completeentry for collateral. 
collective noun... 


(U) A collective noun that names and treats a group as a single unit takes a singular verb and a singular pronoun: The team is 
winning. The battalion is adding to its arsenal. 


(U) The plural form is more common in British usage: The cabinet are committed to the policy. 


(U) When members of the group act individually, use a plural verb and pronoun: The couple say their vows tomorrow. (Each 
person will say vows.) 


(U) Also see the entries for amount of, data, number of, and majority. 

colloquialism... 

(U) A term used to describe ordinary speech or the informal use of a language. It is widely assumed to be a pejorative term, 
especially among usage commentators, but actually does not carry any negative meaning. It has been replaced in most current 
dictionaries and handbooks by "informal." 


co-locate, co-location... 


(U//FGYEO) A traffic analysis term defined in the Glossary of Traffic Analytic Terminology, originally published in 1985 and updated 
in 1989. The correct spelling includes a hyphen. 


(U/AFQ@UO) Note carefully the distinction between co-locate, which means "the physical placement of two or more units in a 
specific location," and “collocate,” which means “set or arrange two or more items in a pattern, especially side-by-side.” The latter 
spelling and sense are associated primarily with linguistic theory and are not appropriate to SIGINT. 

colon... 

(U) Use a colon to: 


e introduce a quotation - E. B. White writes of his annual surge of interest in gardening: "We are hooked . . . .” 


(6)43)-P. tn 86-36 


ee sroi0 
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* separate clauses when the second clause explains, restates, or summarizes the first - The result is the same: 
everyone loses. 


e introduce a list of items - To lose weight, give up only three items: breakfast, lunch, and dinner. 
« lead into a final appositive - | purchased some of the works of Tiffany's studio: stained-glass windows. 


(U) The first word after a colon generally is not capitalized. Unless it is part of the quotation, place the colon outside quotation 
marks. 


combined... 

(U) Military exercises or training involving two or more nations: a combined French-Norwegian exercise. 
(U) See the entry for joint. 

COMINT... 


(U/AF@Y6E}+COMINT is technical and intelligence information derived from the intercept of foreign communications by other than 
the intended recipients. It does not include the monitoring of foreign public media. 


(U/-@N6) COMINT includes intercept and analysis in the fields of traffic analysis, cryptanalysis, and direction finding. 
comma... 

(U) See the complete entry for comma. 

command and control... 

(U) See the entry for C? or C2. 

<eiiinand: control, and communications... 


(U) See the entry for C? or C3. 
(b) (3)-P.L. 86-36 
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commence... 
(U) Consider start, begin, or open rather than the more formal commence. 
common... 


(U) Common describes the relationship of two or more members of a group to something else: common understanding, a 
common interest in zoology. ; 


(U) See the entry for mutual. 
communication... 
(U) Use the singular form to reference one message: a communication from the president. 


(U) Use the plural form to reference several messages or to indicate the overall system used to send and receive messages: 
Satellite communications are the way of the future. 


communications exercise... 


(U/fFOS) An exercise in which only the communications elements participate, either in or near the garrison or deployed to field 
locations. There is generally no scenario. 


(U//FOUSC} Always spell out the phrase in full the first time you use it in a report. In subsequent references, use either "the 
exercise" or the abbreviation "COMEX." 


communism, communist... 
(U) Use lowercase for the word communism. 


(U) Capitalize communist when referring to the political party or to individuals who are members of it: Communist Party. He is a 
Communist. 


(U) Use lowercase for communist in all other situations: a communist government; he has communist leanings. 


compare... 
{b) (3)-P.L. 86-36 
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(U) When compare is used as an active verb, follow the standard rule: 
« To express similarities between different kinds of things, use "compare to": He compared her to a summer day. 


e To express both differences and similarities between like things, use "compare with": The press compared the 
President's budget with that of the Congress. 


e When compared is used as a detached past participle, either with or to is acceptable: This year's ratio of sales to 
costs, compared to [or with] last year's, is much improved. 


(U) Also see the entry for contrast. 
comparison of adjectives... 


(U) The comparative form of most adjectives that are gradable {i.e., can be seen as having varying levels) is formed by adding the 
suffix -er; the superlative form by adding -est. 


(U) Longer adjectives often add "more" and "most" as pre-modifiers. Some adjectives can take either form of comparison. 
(U) For irregular forms, such as good/better/best, consult the dictionary for the proper form. 
compartmentation markings... 


(U/AFOttE}) Use compartmentation markings to ensure that sensitive material is kept within special channels and to restrict the 
material to those cleared for that level of information. 


ersf__| There are two compartments in general use in serialized reports: TALENT KEYHOLE and COMINT. The COMINT 
compartment is further divided into several categories. 


(U#FOVO) Compartmentation markings generally follow the classification and precede any special handling caveats or security 
control markings. 

, : ; (b) (1) 
(U) See the entries for caveat and for security control markings. () (3)-P.L. 86-36 


complement... 


(b) (3) =P. L.. 86-36 
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(U) A noun or verb denoting "completeness" or "the process of supplementing something": The ship has a complement of 220 
men. The scarf complements her dress. 


compose... 

(U) The traditional rule is “the parts compose the whole." If your emphasis is on the parts, use compose: Forty-nine provinces 
compose Poland or, in the passive voice, Poland is composed of 49 provinces. (NOTE: “Consists of" often can replace the 
passive form is composed of.) 

(U) See the entries for comprise and constitute. 


comprise... 


(U) The traditional rule is “the whole comprises the parts.” If the emphasis is on the whole, use comprise: The Union comprises 50 
States. The unit comprises five types of aircraft. 


(U) Although the passive voice form is comprised of has been used for more than a century, it has been criticized by many usage 
writers. Use it with care in SIGINT. 


(U) See the entries for compose, constitute, and include. 
concept... 


(U) Avoid “the concept of." It is not necessary. POOR: The concept of SIGINT reporting permits users . . . . IMPROVED: SIGINT 
reporting permits users... . 


concrete noun... 


(U) In grammar a concrete noun refers to a touchable or observable person or thing: boy, tree, factory, clock. Some nouns can be 
both concrete and abstract, such as "industry." 


(U) See the entry for abstract noun. 
condition... 
(U) Avoid as part of a two-word form: weather conditions, famine conditions. The word condition (or its counterparts activity and 


(b) (3)-P.L. 86-36 
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Situation) rarely adds anything useful to the phrase. 

(U) Also see the entries for activity and situation. 

conjunctions... 

(U) Use and, but, or, nor, for, so, and yet to connect words, phrases, and clauses of equal grammatical rank.. 


(U) Use subordinating conjunctions to connect a dependent clause to a main clause: When they shut the plant down, they acted 
as if nothing were wrong. 


connected with, in connection with... 
(U) Sometimes too wordy. Instead, try about, concerning, in, or with. 
connote... 


(U) Means “suggest or imply something beyond the explicit meaning": The word "bachelor" connotes a carefree lifestyle. Connote 
indicates what we associate with the word "bachelor." 


(U) See the entry for denote. 
consensus... 


(U) Purists argue that consensus of opinion is a redundancy, saying you can't have a consensus of anything but opinion. This is 
not true as consensus has been used of other things for at least 150 years. 


(U) The phrase was not discussed in usage books until the 1940s, at which time most commentators began claiming it was a 
redundancy despite the evidence covering more than 100 years of usage. According to Merriam-Webster, James Bennett (editor 
of the New York Herald from 1867 to 1918) probably is the source of the opinion that consensus of opinion is a redundancy. 
(U) Nevertheless, if you use consensus by itself when you mean consensus of opinion, everyone will understand what you mean. 


(U) Avoid general consensus because the phrase isn't clear about whether you mean "general agreement, with some dissenting 
individuals," or “agreement on genera! principles, with some disagreement on details." 


(b) (3)-P.L. 86-36 


ree } sn2010 
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conservative... 

(U) Because this political term has different meanings, even to those who call themselves conservatives, avoid using it ina 
serialized report to describe political movements unless you are quoting directly. The same approach is true for liberal, moderate, 
reactionary, etc. 

(U) It is acceptable to use the adjective conservative to mean "marked by moderation or caution”: a conservative estimate. 


considerable number of... 


(U) Can be vague and wordy. Instead of a considerable number of, say many, most, nearly a hundred, or some other specific term 
whenever possible. 


constitute... 


(U) Constitute is preferred over either compose or comprise when the sense is "form" or “make up": Twelve ordinary citizens 
constitute a jury. 


(U) Even so, it is forma! and often unnecessary. Replace it with a simpler form, such as "form" or "make up": Twelve ordinary 
citizens make up a jury. 


(U) See the entries for compose and colapres: 

consul... 

(U) A consul is an officer in the foreign service of a country. 

consul general... 

(U) Two words. Capitalize when used as a title. The plural form is consuls general. The place is a consulate general. 
consumer, customer, user... 


(U) People or organizations that receive serialized SIGINT reports to support their missions. The preferred term today is 
intelligence user. 
(b) (3)-P.L. 86-36 
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contact... 

(U) Contact has been used as a verb since at least 1834 and in its modern, transitive sense since the 1920s. Part of the traditional 
disparagement of contact as a verb no doubt is due to a general animosity among writers toward the business community and all 
things associated with it, even though the alleged origin in business jargon is open to question. 


(U) Most usage commentators and all dictionaries now accept it as standard, though Merriam-Webster reports many college 
handbooks still disapprove. 


See the entry for nouns as verbs. 

context... 

(U) The words that precede or follow a word or phrase and which may have some effect on its meaning. 

continual, continuous... 

(U) Continual has been used since the 14th century in the meaning “continuing indefinitely in time without interruption.” Although 
many good writers continue to use it in that sense, continual today most often means “steady or frequent repetition in which no 
end is reached": The merger has been the source of continual litigation. Dancing requires continual practice. 

(U) Continuous means "without interruption between the beginning and the end, unbroken": All she saw was a continuous stretch 
of desert. Rain fell continuously through the night. This sense has been used since the 1830s. Only continuous may be used in 
referring to “physical continuation," its original sense in the 17th century. 

contractions... 

(U) Do not use contractions in serialized reports. 


contrast... 


(U) To express differences between like things when no similarities exist, use in contrast to (or with): In contrast to [or with] 
Shakespeare's plays, my plays are badly written. In contrast to is more common in American usage. 


(U) See the entry for compare. 


(b) (3)-P.L. 86-36 
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convention... 


(U) Grammatically, convention is an informal agreement to do things ina particular way. Many things in English are conventions, 
such as spelling, writing left-to-right, and marking possession with an apostrophe. 


(U) Conventions are not the same as rules of grammar and can reflect national preference (as in spelling) or house style (as in 
punctuation). 


coordinates... 


(UJFOUQ) Use leading zeros in geographic coordinates: Gotham City (0001N 00001W). Express coordinates in degrees and 
minutes. When significant, add seconds to the coordinates. 


(U/AFOUQ) Use four digits (or six if adding seconds) followed by an uppercase "N" or "S" for latitude: 1234N 123456S. Use five 
digits (or seven if adding seconds) followed by an uppercase "E" or "W" for longitude: 12345E 1234567W. 


(U) Do not use coordinates in the title of a serialized report. 
(UAFEYO) In a report of three paragraphs or fewer, add coordinates immediately after the first use of a placename. Do not use 

o coordinates in the lead of a report of four or more paragraphs. Consider alternate forms to reference location in a lead, such as 20 
km south of Capital City. 
(U#FEUS) When first referring to a placename in the report body, include coordinates in parentheses immediately after the name 
or in a footnote: Metropolis (1234N 12345E) Bomb Range, if the coordinates refer to the city; Metropolis Bomb Range (1234N 
12345E), if the coordinates refer to the bomb range. 


(U/AFEUC) Use a footnote when the coordinates are not essential for understanding the report. If you use a footnote, include both 
placename and coordinates. If there are many coordinates, consider placing them in an appendix. 


(U/FOUS) Coordinates are not required for capitals and other cities well-known to the average reader: Tokyo and Munich. 


(UAFOYS) If the coordinates are unavailable or unknown, place the word "unlocated" in parentheses right after the name: 
Smallville (untocated), Anyland. 


(U) See the entry for latitude, longitude. 


(b) (3)-P.L. 86-36 


CHAPTER 9 


PLANE GEOMETRY 


128. Introduction 


Plane geometry is that part of geometry 
which deals with plane figures. In electronics, 
as in many other fields, it is necessary to know 
how tc deal with areas of common plane figures. 
This chapter presents the formulas for finding 
the areas of triangles, quadrilaterals (plane 
figures having four sides and four angles), and 
circles. No effort has been made to cover the 
entire field of geometry. Only those principles 
and proofs are presented that are of value in 
practical work. 


129. Definitions 


a. Lines. A line has length, but no width 
or thickness. What is drawn on paper and 
called a line has thickness and breadth because 
of the material used to draw it—however, this 
mark only represents the actual line. 


b. Angles. An angle, such as ABC in A, fig- 
ure 23, is formed by the intersection of two 
lines. An angle, therefore, is the measure of 
the difference in direction of two straight lines 
that meet. The lines which form the angle, AB 
or BC, are called the sides of the angle, and the 
point of meeting, B, the vertex. The symbol 
Z is used to indicate angles. Angles usually are 
measured in degrees. A complete circle or rota- 
tion consists of 360 degrees. The symbol ° is 
used to indicate degrees; it is written to the 
right and slightly above the number. For ex- 
ample, 30 degrees is written 30°. Each degree 
consists of 60 minutes, and each minute is 
further broken down into 60 seconds. The sym- 
bol ’ is used to indicate minutes; the symbol ” 
indicates seconds. For example, 20 minutes is 
written 20’; 15 seconds is written 15”. 

(1) When one straight liné is perpendicu- 
lar to another straight line, the angle 
formed is a right angle (90°) (B, fig. 
23). 
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Figure 28. Angles. 


Two right angles, added together, 
form a straight angle. A _ straight 
angle, therefore, is an angle of 180°. 
Any angle less than a right angle is 
an acute angle (C, fig. 23). 

Any angle greater than a right angle 
and less than 180° is an obtuse angle 
(D, fig. 23). 

Two angles whose sum is one right 
angle are called complementary angles 
(E, fig. 23). 

Two angles whose sum is a straight 


angle are called supplementary angles 
(F, fig. 23). 
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copyright... 


(U) The use of copyrighted material in serialized reports generally falls under the “fair use" provisions of copyright law. Extensive 
quotation or use of copyrighted material may require consultation with the Office of General Counsel. 


corps... 


(U/FOYO} Capitalize when part of a name: the VI Corps. Use Roman numerals to designate an army corps: Ill Corps. Use arabic 
numerals to identify an air defense corps: 5th Air Defense Corps. 


(U/H-@¥@) Place the country name, if included, between the number and the word corps: VII Zendian Corps. 
corrections... 

(U) See the entry for recall/revisions. 

council, counsel... 

(U) A council is a deliberative body. Use counsel in all other senses. 

councilor, counselor... 

(U) A councilor is a member of a deliberative body, such as a city council. 

(U) A counselor is one who advises other persons. Lawyers are often referred to as counselors. 

couple... 

(U) In American English, couple is used as an adjective before plural nouns or number words: "The first couple chapters are pretty 
esa Ne B. White). This construction is common in speech and general prose, but not in formal writing. Avoid it in serialized 


(U) See the entry for collective noun. 


courtesy titles... (b) (3)-B.L. 86-36 
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(U) Do not use Mr., Mrs., Miss, or Ms. in a SIGINT serialized report. Avoid Dr., Rev., and similar titles unless they are absolutely 
necessary to the report. (b)(1) 

(b)(3)-P.L. 86-36 
cover name, cover number... tb)(3)-P.L. 86-36 


e coo A word. or number used to conceal the identity of a person, place, or thing. The term is a two-word form. 


i ec ae 
le a ee ee 


(U) See the entry for code word. 


cover term... 
cover word... (b)(1) 

(b)(3)-50 USC 403 
(U) The expression cover word is not a valid SIGINT term. SPAS Preis 
credibility... 


(U) Credibility is basic to SIGINT reporting and is very fragile. A reader who finds inflated and unsupported statements, or poorly 
worded and confusing ones, will be very skeptical of SIGINT in the future and may even ignore it. 


(U) Ensure that what you say is true, clear, and presented in a tone appropriate to the information. Distinguish SIGINT facts from 
collateral information. Indicate clearly what is analytic comment or opinion and what is fact. 


creeping nounism... 


(U) An outgrowth of bureaucratese that is marked by stringing together two or three "fancy" nouns where one simple noun will do. 
Examples are precipitation activity for rain, exercise activity for exercise, and resource allocation constraints for budget cuts. 


(b) (3) -P.L. 86-36 
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criteria... 


(U) A plural form of the Greek word criterion. It has been used as a singular in English since the 1940s, but has drawn far more 
criticism than its counterparts agenda, data, candelabra, and stamina, which also are plural forms and are used in English as 
singulars. 


(U) To avoid controversy, use criteria only in a piural sense. Use criterion in the singular. (b)(1) 
(b)(3)-P.L. 86-36 


cross-references... 
(U) Do not cross-reference another report in the text. Always place it in a footnote. 


<ere__| In the cross-reference, give the reader some reason why he should look at the referenced report. Avoid a "naked" 
cross-reference, i.e. one that consists of nothing more than a serial and date-time-group: POOR: See 2/00/12345-95 270123Z 
JUN 95. GOOD: For a discussion of Zendian efforts to develop an amphibious landing capability, see 2/00/12345-95 270123Z 
JUN 95. 


currency... 
(U) See the entry for money. 
currently... 


(U) Like “presently,” currently can be unnecessary. Omit it when it will not affect the meaning of the sentence: We are [currently] 
reviewing the facts. 


curriculum... 

(U) The more frequent plural form is curricula, but curriculums is also standard. 
CW... 

(U) This abbreviation for chemical warfare must be expanded on first reference. 


Czech... 


(b) (3) -P.L. 86-36 
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(U) Use Czech only to refer to the language, the ethnic group, or the Czech Republic. 
Czechoslovak... 


(U) Acceptable as the adjectival form for the Czech and Slovak Federal Republic. With the breakup of Czechoslovakia, this 
adjective is useful only in historical contexts. 


Czechoslovakia... 
(U) Acceptable as the shortened form of the Czech and Slovak Federal Republic. Include this name only in historical contexts. 


(U) The successor states to Czechoslovakia are the Czech Republic and the Slovak Republic (or Slovakia). 
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daily... 
(U) See the entry for basis. 
dam... 
(U) Capitalize when part of a name: Hoover Dam. 
dangling modifier... 
(U) A dangling modifier modifies what is implied but not actually stated in a sentence: Reading the story, the ending surprised me. 
The implied subject of the modifier is "1," which is not stated--thus the modifier dangles. Correct it by revising the sentence so that 


the intended subject is stated: Reading the story, | was surprised by the ending. 


(U) A very common form of dangling modifier, as in the example above, is a participial phrase at the beginning of a sentence-- 
known as a dangling participle. But clauses, infinitives, and appositives can also dangle. 


dash... 


(b) (3) -P.L. 86-36 
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(U) Use a dash to: 
« emphasize explanations, including appositives and definitions 
e emphasize a contrast 
¢ mark a sudden break or change in thought 
e set off a final clause that summarizes a series of ideas. 


(U) In electrical reports the dash consists of a pair of hyphens. Do not put a space before or after the dash. Be sure to place the 
word{S#REtyin dashes next to or near the words they explain: Rick's idea--a stupid one--was voted down. 


data, datum... 

(U) The English word data is derived from the plural form of the Latin word datum. It is used in ways unrelated to its Latin 
ancestor. Unlike the plural of most count nouns, like "criteria" or "women," data cannot be modified by cardinal numbers. You can't 
say five data or two hundred data. 


(U) Data, when used in the sense of an abstract mass noun (like "information"), takes a singular verb, modifiers, and pronoun: 
The data is clear, and it is consistent. (The earliest citation of data with a singular verb is from 1902.) 


(U) When data takes on the sense of a plural noun, use a plural verb, modifiers, and pronoun: The data have been collected, and 
they are ready for analysis. 


(U) Contrary to popular belief, the English word data is not related to the English count noun datum, which has its own meaning 
and plural form (datums). Merriam-Webster notes that all citations of datum prior to the mid-1960s were in the "learned media." 
The appearance since then of datum in the popular press, they speculate, may be due to the insistence of many newspaper 
editors that data is a plural only. 

(U) See the entry for etymological fallacy. 

data base... 


(U) Two words. (b) (3)-P.L. 86-36 
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data systems... 

(U) When a generic description of a data system is not enough to differentiate between similar systems in a serialized report, use 
the cover name (e.g., SWAMP, MARKHAM). In such cases, give a narrative description and place the cover name (in capital 
letters) in parentheses right after the first use. In subsequent references the cover name may be used by itself. Also use a cover 
name when convention has made it commonplace. 

date... 


(U) In serialized reports enter dates in day-month-year order only: 1 January 1995. Spell out the month in the narrative; in tables 
abbreviate the month using the first three letters: Jan, Feb, etc. 


(U) When the month has been established, it is acceptable to refer to the date by the day only: again on the 27th; the next day. 
Include the month whenever its omission might confuse the reader. 


(U) If all dates are in the current year, include the year only on the first reference. Always include the year as part of the date when 
it differs from the base year of the report. 


(U) Do not use expressions like today, tomorrow, yesterday, or next week unless you are giving an exact quote. In that case 
provide the calendar date in parentheses immediately after: Tomorrow (15 April) we will attack from the west. 


(U) For date ranges, choose either from 8 to 12 June or between 8 and 12 June. Usea hyphen only in tables of data. 
(U) Dates in serialized reports do not take leading zeros: 4 July, not 04 July. 

(U) Also see the entries for ordinal date and time. 

day of the week... 


(U) Abbreviate only in a tabular format. Use the first three letters: Mon., Tue, etc. Include the day of the week only when it 
provides necessary information. 


DDIs...(UFOUO) 


| 


‘(b) (3)-P.L. 86-36 
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dearth... 
; (b) (3)~P.L. 86-36 
(U) Means a "scarcity" or “shortage." 
decade... 
(U) In narrative text, always express a year or decade in four digits: 1990 or the 1990s, not 90 or the 90s. 
(U) Do not use an apostrophe when referring to decades: the 1990s, not the 1990's. 


(U) Use the two-digit form only in listings or when citing a date-time-group (DTG): For more information on the Pridgian coup, see 
2/00/123-95 121234Z JAN 95. 


decimals... 


(U) Use a period and numerals to indicate decimal amounts. Extend the decimal no more than two places in most reports. Adjust 
the figures in a listing so that they line up on the decimal points. 


decimate... 
(U) Originally meant "killing every tenth man as a punishment for cowardice or mutiny.” Although usage since 1663 has expanded 


its meaning to “the destruction in any way of a large proportion of anything reckoned by number," it is not a synonym for "destroy" 
or "smash": WRONG: The town was decimated by the tornado. RIGHT: The town was smashed by the tornado. 


(U) For the greatest accuracy, use decimate only with people: Famine decimated the population. (Not the land.) Do not use it with 
percentages other than one-tenth: WRONG: Famine decimated 37 percent of the population. 
(b} (3) -P.L. 86-36 


Style and U Manual: D (U7FEve)} 
pocrp: “se4teia Page 5 of 12 


(U) See the entry for etymological fallacy. 

deduce, deduct... 

(U) Deduce means "reach a conclusion by reasoning" or “trace the origin of something." 

(U) Deduct carries the idea of "subtracting something from," as in deduct the total expenses from the total income. 

(U) The noun deduction applies to both verb forms. 

defense... 

(U) Use the American spelling, which is an "s," not a "c." 

(U) See the entry for spelling. 

definitely... 

(U) Avoid using this word unless you are strongly emphasizing a fact. In most cases, just state the fact. 

DELTA... 

(U) Phonetic spelling of the letter “d." 

demolish, destroy... 

(U) Both mean "do away with something.” Purists say completely demolished and totally destroyed are redundant because 
demolished and destroyed are absolutes. This is inconsistent because even purists accept partially destroyed and partially 
demolished. Go ahead and use the modifiers without fear. 

denote... 


(U) it means “mark or signify directly." Denote is used to indicate the thing a word names or the act it affirms: The word bachelor 
denotes an unmarried man. 


(U) See the entry for connote. (b) (3)-P.L. 86-36 
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depatt... 


(U) Use a following preposition whenever amplifying or explaining: He will depart. He will depart from the train station. He will 
depart on Tuesday. 


deprecate, depreciate... 

(U) Deprecate originally meant “protest against." Today deprecate is used in the sense of “belittle" or "mildly disparage." 
(U) Depreciate originally meant "reduce in value.” Depreciate is used only as a financial term. 

desert, dessert... 

(U) Desert has one 's," just like the word "sand." Dessert has an extra "s," just as a meal may have something extra. 
NOTE: (U) In the phrase just deserts, the word deserts is related to the verb "deserve" and is spelled with one ‘“s." 
desktop publishing (DTP)... 

(U) A method of producing documents with embedded graphics and various fonts using a computer software package. 


(U) Documents prepared using a DTP package should follow the principles of good design: effective use of white space, 
consistency, and restraint. The object is to make it easier to read--not a dazzling, pyrotechnic showcase of your skills. 


(U) For serialized reports, follow the guidance in the Desktop Publishing Standards for SIGINT Reporting manual. 
destroy... 

(U) See the entry for demolish. 

dialogue... 

(U) A dialogue is not restricted to two. The Greek dia means "through, across, or apart," not "two." 


(U) It is used most often in relation to "two," but also can have the meaning “an exchange of ideas and opinions" without reference 
to numbers. Thus, there can be a dialogue among several persons or parties. 


(b) (3)-P.L. 86-36 


130. Basic Principles of Geometric Construction 


a. Reproducing Angles. To draw an angle 
equal to a given angle BAC (fig. 24)— 

(1) Draw a line, A’C’. 

(2) With A as the center, use a compass 
to strike an arc that cuts the sides of 
the given angle at X and Y. Using the 
same radius, strike a similar arc, 
X’Y’, on the line, A’C’. 

(83) Measure the opening of the given 
angle by setting one point of the com- 
pass at Y and the other at X. With 
the compass at this distance and with 
Y’ as the center, strike an arc as 
shown in figure 24. This will cut the 
first are at point X’. 

(4) Draw a line, A’B’, through X’. The 
new angle, B’A’C’, is the same size as 


angle BAC. 
¥ ) x' 8 
rae a ae 
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Figure 24. Reproducing an angle. 


b. Finding the Midpoint of a Straight Line 
Segment. To find the midpoint of any straight 
line segment, such as AB in figure 25— 


(1) Use a radius greater than half the 
length of AB. Using point A as the 
center, draw arcs CD and C’D’. With 
point B as the center, and using the 
same radius, draw ares EF and E’F’. 


(2) Draw a straight line to connect the 
points where the arcs intersect. Point 
X, where this line intersects AB, is 
the midpoint of straight line segment 
AB. 


c. Constructing a Perpendicular. To con- 
struct a perpendicular to a straight line at a 
given point— 

(1) On the straight line, such as AB in 
figure 26, mark point P at which the 
perpendicular is to be constructed. 

(2) Set a compass for a radius less than 
the shorter of the two segments, AP 


78 
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Figure 25. Bisecting a straight line segment. 


or PB. With P as a center, draw arcs, 
cutting line AB at points X and Y. 

(3) Set the compass for a radius greater 
than PX. With X as a center, draw an 
are above point P (fig. 26). Keep the 
compass at the same setting and, with 
Y as a center, draw another arc in- 
tersecting the one drawn with X as 
a center. (The two ares may be 
drawn to intersect below point P in- 
stead of above.) 

(4) Draw a straight line from the point 
where the two arcs intersect to point 
P. The line is perpendicular to AB. 

(5) To construct the perpendicular bi- 
sector of a straight line segment, first 
find the midpoint of the line segment 
(b above), and construct the perpen- 
dicular at that point. 


A Xx Y 8 
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Figure 26. Constructing a perpendicular to a straight 
line at a point on the line. 


d. Constructing a Perpendicular to a Straight 
Line from a Point Not on the Line. To draw a 
perpendicular to a straight line from a point 
outside the line, such as point P in figure 27— 

(1) With point P as the center, draw an 
are cutting line AB at points X and Y. 
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(U) See the entry for etymological fallacy. 
dictionary... 


(U) See the complete entry for dictionary. 


different from/than/to... 

(U) Things are different from each other: Her opinion is different from his. Even better, replace “is different from" with the phrase 
“differs from": Her opinion differs from his. The earliest recorded use of different from was in Shakespeare's Comedy of Errors in 
1593. 


(U) Different than is attested back to 1644. Today it is primarily American usage, especially when a clause follows "than": Gloria 
knew that things were different than they were when she was a child. 


(U) In serialized reports, use different than only to compare differences: All three copies differ from the original, but the third is 
more different than the others. 


(U) Different to is primarily British usage and dates back to 1603. 

dilemma... 

(U) Dilemma originally was a rhetorical term for an argument presenting alternatives against an opponent, each of which was 
conclusive against him. it then was applied to a choice involving mutually exclusive alternatives or to the state of mind of a person 


making such a choice. 


(U) By the middle of the 17th century, the word was also being applied to a choice between two unpleasant alternatives: He faced 
the dilemma of going to jail or becoming an informer. 


(U) Today dilemma is most often used in instances in which the alternatives are not expressed or implied: "man's dilemma in 
society" (E.B. White). As such, it functions as a synonym for "predicament" or "problem" and in this sense is standard English. 


dimensions... 


(U) See the entry for measurement. 
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directions and regions... 


(U) Capitalize the names of regions and their derivatives: Eastern Europe, the Far East, Western press. Use lowercase to refer to 
direction: He went east. Hungary is south of Poland. 


See the box for capitalization. 

disassociate, dissociate... 

(U) Both forms go back to the early 17th century and are equally legitimate when talking about people. 
(U) in nonpersonal senses, dissociate is preferable. 

disc, disk... 

(U) Use disc in special terms, such as videodisc. For most purposes, use disk. 

discourse markers... 


(U) A discourse marker is a tiny word or phrase that does not clearly contribute to the grammar or meaning of a sentence. Such 
markers are very common in speech, but not appropriate in writing. 


(U) The discourse marker helps us adjust our speech to our audience, allowing us to shift the conversation, rephrase, start over, 
and hesitate based on the feedback we receive from the listener(S//REb). 


(U) Some of the most common markers in speech are well, ! mean, and you know. 

discreet, discrete... 

(U) Discreet means "prudent”: Al was not very discreet. 

(U) Discrete means "separate": There were four discrete events in the exercise. 

disinterested... 

(U) Disinterested entered the language in the early 17th century with the meaning "unconcerned" or "having no interest in.” In less 


(b) (3)-P.L. 86-36 
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than a century it picked up a second meaning of "having no personal stake in the outcome." Both uses are common today, despite 
the efforts of language purists. In the 20th century, disinterested has picked up a third meaning of “having lost interest in." 


(U) If you use disinterested to mean "impartial"--the sense that most usage pundits prefer, though the noun “disinterest” means 
_ “lack of interest,” not “impartiality"--make sure the context makes this clear. A disinterested opinion is clear; disinterested in the 
outcome is not clear. 


(U) If you use disinterested in its oldest sense, some people will be confused and some will be sure you are wrong. In SIGINT 
reporting, therefore, use it to mean "impartial" only. 


(U) See the entry for uninterested. 
dissemination... 


(U) The provision of information to intelligence users outside the SIGINT community. Serialized reports are the most common 
form of dissemination, but any method used to get information to an intelligence user qualifies as dissemination. This includes 
telephone conversations, conferences, technical reports, and briefings. 


(U) Dissemination of U.S. identities by any means--serialized report, telephone call, informal briefing--is prohibited without the 
approval of the DDO or his designee. Contact P0522 if a user asks for a U.S. identity. 


distance... 

(U) See the entry for measurement. 

distinct, distinctive... 

(U) Distinct means "clearly defined" or “sharply distinguished from other things": The warbler is not a distinct species. 

(U) Distinctive refers to an attribute that enables us to distinguish one thing from another: The warbler has a distinctive song. 
distribution... 

(U) See the complete entry for distribution. 


ditto marks... E (b) (3)-P.L. 86-36 
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(U) Do not use them in SIGINT reporting. 
divided usage... 


(U) Usage is divided when two or more forms exist, both of which are in reputable use at the same level of language. The forms 
may differ as to pronunciation (advertisement), spelling (defense, defence), or verb forms (dived, dove). 


(U) The point about divided usage is that both forms are acceptable, even though one of these forms may be preferable to a 
particular reader or listener. Some usage issues are no more than divided usage. 


dollars... 


(U) To express U.S. currency, simply use the dollar sign ($) before the amount: $5,000. You need not add "U.S." before the dollar 
sign. 


double genitive... 

(U) The double genitive occurs when the "of" and the "-'s" forms are used together: a friend of my father's. 
(U) Use it to indicate that more than one of the entities in question belongs to the object of "of." 

double negative... 


(U) Although a double negative can be used in certain circumstances--such as using one negative word or statement to qualify the 
meaning of another (e.g., the U.S. cannot just do nothing)--it is best to avoid using it. 


(U) See the entry for hardly. 
doubling final consonants... 
(U) See the entry for spelling. 
doubt if... 


(U) Although some commentators would label doubt if as informal, most find it interchangeable with "doubt that" or “doubt 
whether." 


“(b) (3)-P.L. 86-36 
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doubt that, doubt whether... 

(U) The traditional rule says to use doubt that or doubtful that to express complete rejection of a statement: | doubt that she will 
come. It is doubtful that he studied. When used with a negative, it means complete acceptance of the statement: | do not doubt 
that she is right. 


(U) When the intention is to express genuine uncertainty, use doubt whether or doubtful whether: | doubt whether he knew the 
answer. It is doubtful whether she will come. 


(U) The problem with the traditional rules, of course, is that they require absolute clarity in the context or clairvoyance on the 
reader's part to know whether disbelief or uncertainty is meant. As a practical matter, the choice among doubt if, doubt that, and 
doubt whether is a personal one unless the context indicates clearly whether disbelief or uncertainty is meant. 

(U) See the entry for doubt if. 

dozen... 

(U) When a number is part of the phrase, use dozen: John Doe has four dozen suits. 

(U) When there is no number, use the plural form: Police confiscated dozens of rifles. 

drone... 

(U) A drone is a pilotiess vehicle used as a target or for reconnaissance. oI a -P.L. 86-36 


drop shadow... 


(U) In desktop publishing, a shadow that usually extends around the side or sides of a frame to make the frame stand out more 
clearly. The most common drop shadow extends from the bottom and right sides. 


(U) In preparing a DTP-formatted report, use the same drop shadow pattern throughout the report. 


(b) (3)-P.L. 86-36 
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each... 


(U) When pronoun each is followed by an "of" phrase and serves as the subject of a sentence, it generally takes a singular verb 
and pronoun: Each of the boys has played his best. 


(U) When each follows a plural subject, however, the verb and following pronouns remain in the plural: The boys each have their 
own tasks. 


(U) See the entries for between each, between every and for notional agreement. 


each and every... 
(U) This idiom is used for emphasis and takes a singular verb and pronoun: Each and every player knows his role. 
each other... 


(U) Traditionalists argue that each other refers only to two and "one another" to more than two. In fact the terms are 
interchangeable and have been for many centuries. The old distributive for two, as opposed to several, was either, not "each." 


eager... 
(b) (3) -P.L. 86-36 
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(U) For maximum clarity, purists say, use eager only about something you want to happen: | am eager to leave on my vacation. 


(U) The "traditional" rule, in American usage, is that eager implies positive whereas anxious implies unpleasant or negative. But 
see the entry for anxious for a discussion of this point. 


East European, Eastern Europe... 

(U) Use Eastern Europe to refer to the region. 

(U) East European is an adjective and modifies a noun or pronoun: East European economics. 

ecology, environment... 

(U) Ecology is a branch of science concerned with the relationship between organisms and their environment. 

(U) Environment refers to the factors or conditions that affect an organism. 

economic, economical... 

(U) Economic means “having to do with business or trade." 

(U) Economical means “thrifty.” 

editing... 

(U) As William Zinsser puts it in On Writing Well, "What a good editor brings to a piece of writing is an objective eye ...." As an 
editor, ensure that the reporter's words and style express the story clearly and logically. Do not allow something in a report that 
you do not understand, because the user may not understand it either. 

(UAFOvOF It is the editor's responsibility to make sure that a serialized report follows the standards expressed in USSID CR1400 
and its annexes, the SIGINT Reporter's Style & Usage Manual, the U.S. Identities in SIGINT manual, and other guidance from 
P05 and the management chain. When specific instructions exist, the editor must see to it that reporters in that organization follow 


the instructions. 


(U) Good editors never substitute their words for those of the reporter, except to correct minor errors in grammar. Even then, a 
good editor will discuss changes with the reporter and explain why certain changes need to be made. This is important because 


(b) (3)-P.L. 86-36 
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the change may affect a point that the reporter is making elsewhere in the report. 

(U) The mortal sin of editing is going beyond changes in style or structure and tampering with a report's content. Editors who 
believe that the content is not correct or complete must go back to the reporter and discuss the issue. Editors who on their own 
change the content and thrust of a report are exceeding their authority. The report's content is the responsibility of the reporter, 
not the editor. 


(U) Reporters and editors are a team and should work together to produce the best report possible. Look on each other as 
partners, not antagonists. 


-ee ending... 
(U) Use the -ee ending to refer to: 
e one who receives or is directly affected by an act (e.g., appointee) 
e aperson with a specific condition (e.g., amputee) 
¢ aperson performing some action (e.g., escapee) 
effect... 
(U) As a noun, effect means "result": The effect was to block the advance. 


(U) As a verb, effect means “bring about" or "produce": They implemented a plan to effect savings. Avoid using "effect" as a verb; 
it is often misused (see “affect") and is usually redundant (e.g. "effecting change" vs. "changing’). 


(U) See the entry for affect. 

effectively... 

(U) Effectively means "with effect": She spoke effectively about the issue. 

(U) Use in effect to mean "more or less": The matter was dealt with, in effect, on Monday. 


effectuate... 
(b) (3)-P.L. 86-36 
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(U) Do not use. It is a word for formal and legalistic contexts. 


e.g. ... 


(U) Abbreviation for the Latin exempli gratia. Use it to introduce one or more examples, generally in parenthetical entries. In the 
middle of a sentence, it is usually set off by a pair of commas. 


either... 


(U) Either may be used as a pronoun, an adjective, or a conjunction. As a pronoun, it dates back to the year 1000 and is rarely 
used of more than two: Either can do the job. 


(U) Either as an adjective dates back to the time of King Alfred (9th century). While it is less common than "each" or "both," it is 
still used by writers and is common in speech. ACCEPTABLE: Broil the fish on either side. MORE COMMON: Broil the fish on 
each side or Broil the fish on both sides. 


(U) When either is used as a conjunction, it may be used to refer to more than two: The President ordered a change in policy 
without consulting either supporters, journalists, scholars, or critics. 


either ... or... 


(U) The nouns or phrases that follow these words must be equivalent: Either John or Jane will go. Lynn had to decide either to 
stay with Edward or to go to the party alone. 


(U) When ail the elements in an either . . . or construction are singular, the verb is singular. When one is singular and the other is 
plural, the verb agrees with the nearer element: Either he or his teammates are going. Better yet, rewrite the sentence to avoid 
such a construction: If he goes, his teammates won't go. 

(U) Use the same pattern for constructions with neither . . . nor. 

(U) See the entry for parallelism. 

elder, eldest... 


(U) Use elder and eldest when referring to peopte. In comparisons elder is followed by of: the elder of the brothers. 


(b) (3)-P.L. 86-36 
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(U) See the entries for older, oldest and for superlative of two. 
elegant variation... 


(U) A term coined by H. W. Fowler to describe the use of a synonym merely to avoid using the same word twice in a sentence or a 
short piece of text. Avoid the syndrome. 


ELINT... 
6{__|Do not include an ISI in the TAG line of an ELINT report unless you can determine the source of the signal involved. 


tS{___ operational ELINT includes information on emitter deployment, use of the system, activity schedules, tactics, | & W, and 
force composition. : oe : 


: “(b)(1) 
+e{__Jechnical ELINT is information about the characteristics of the emitter: frequency range, pulse width, etc. (OSPR ee-3e 


(U) See the entry for requirements. 
ellipsis... 


(U) In punctuation, use an ellipsis to indicate that part of a quoted work has been omitted. An ellipsis consists of three spaced 
dots. Always leave a space before and after the ellipsis, especially in the middle of a sentence: To learn a language, learn... a 
few everyday sentences. 


(U) When what you omit falls at the end of the sentence, add a period after the final space: Lincoln said, “Fourscore and seven 
years ago, our fathers brought forth... ." 


(U) If the omission falls after the end of a complete sentence, add the ellipsis mark after the period: Sally remained silent. . . . Phil 
then left. 


(U) Grammatically, ellipsis is the omission of part of a phrase or sentence. Sentence adverbs are an example of grammatical 
ellipsis. 


(U) See the entries for hopefully and for sentence adverb. 


elude... 
(b) (3)-P.L. 86-36 


A x 7 8 
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Figure 27. Constructing a perpendicular to a straight 
line from a point not on the line. 


(2) Using a radius greater than one-half 
the distance between X and Y and, 
with points X and Y as centers, draw 
ares that intersect. 

(3) Draw a straight line from point P, 
through the point where the two arcs 
intersect, to line AB. The line is per- 
pendicular to AB. 

e. Finding the Center of a Circle. 

{1) Draw any two chords, such as AB 
and AC in figure 28. 

(2) Construct the perpendicular bisector 
of each chord (c above). Point X, 
where the two perpendicular bisectors 
meet, is the center of the circle. 


CG 
OX as 
A \ 
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Figure 28. Finding the center of a circle. 


f. Bisecting an Angle. Any angle, such as 
angle CAB in figure 29, can be divided into two 
equal angles. An angle, thus divided, is said 
to be bisected. To bisect an angle— 

(1) Using A as a center, draw an arc 
cutting the sides of angle CAB at X 
and Y. 

(2) With X and Y as centers, draw inter- 
secting arcs. 

(3) Draw a straight line from A through 
the point where the arcs intersect. 
The line divides angles CAB into two 
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Figure 29. Bisecting an angle. 


equal angles and is called the bisector 
of angle CAB. 


131. Triangles 


a. General. A triangle is a plane figure 
bounded by three straight lines. There are 
several different kinds of triangles. 

(1) An equilateral triangle (A, fig. 30) 
has three equal sides and three equal 
angles; each angle equals 60°. 

(2) An isosceles triangle has two equal 


ALTITUDE 
~ 
>” 
~ 
és 


ALTITUDE 
——s=s— 
| 
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Figure 30. Triangles. 
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(U) Means "escape" or "avoid." Do not confuse it with "allude." 


(U) See the entry for allude, allusion. 
email... 


(U) Shortened term for electronic mail. The spelling without the hyphen is becoming more common and is preferred, but the 
alternative form e-mail is also correct. 


embargo... 

(U) An embargo is a government order prohibiting trade. 

(U) See the entries for boycott and quarantine. 

embark... 

(U) Do not use it in serialized reports to mean "start" or "begin." 


(U) in naval jargon it has a specialized meaning, which may not be clear to all readers. If you are using embark in that context, 
explain its meaning in a footnote. 


embassy... 


(U) Capitalize embassy when it is used with the name of a nation: the Zendian Embassy. Use lowercase when embassy appears 
alone: | will visit the embassy tomorrow. 


(U) See the entry for ambassador. 

emigrant, emigrate... 

(U) One who leaves a country emigrates and is an emigrant. 
(U) See immigrant, immigrate. 


emigre... 
(b) (3)-P.L. 86-36 


ee sa 
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(U) A political term used to refer to someone who is forced to leave a country for political reasons. 
(b) (3)-P.L. 86-36 
emphasis... 


(U) Emphasis means force or prominence. In serialized reports, emphasize the most important SIGINT facts and their significance 
by summarizing them in the lead of the report. 


enciphered... 


ended, ending... 


(U) Either ended or ending may be used when speaking of a period that ended in the past: the week ended (or ending) 26 
February. 


enhance... 


(U) Considered by some to be overused, it usually has a thing or quality as its object. Try improve, strengthen, increase, or 
another more specific word. 


en route... 
(U) A French phrase meaning "on the way." Both one- and two-word forms are in use, but the two-word form is more common. 


(U) In SIGINT it should always be used with the preposition "to" or "from": The aircraft was en route to (or from) Berlin. Always use 
the two-word form. 


ensure... 
(U) Ensure means “make an outcome certain" or "make something secure from harm": ensure a nation’s security. 


(U) See the entries for assure and insure. 
(b) (3) -P.L. 86-36 
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entitled... 
(U) Its more current meaning is "a right to do or have something": She was entitled to the promotion. 


(U) The sense of "titled" or “named” is the older sense and goes back about 500 years. It is standard English, although less 
common in this sense today in American English: The book was entitled “Russian Policy in North Africa." 


equal... 


(U) Some commentators consider equal an adjective without comparative forms and object to the phrase more equal. In fact, 
equal has been compared since the 17th century. 


(U) The idiom more equal has the common meaning of "more nearly equal" and is standard English. Use it freely. 
equally as... 


(U) An idiomatic phrase like “just as” or "every bit as." It is more common in speech than in writing and adds emphasis to the 
comparison involved. "Equally" or "as" can replace equally as in many, if not most, uses. 


(U) Because many people regard the phrase as redundant in all contexts, avoid it in serialized reports. 
equipment designators... 


(U//FOUS6} Include a description (in the text or in a footnote) the first time that you reference a piece of unfamiliar equipment by 
number: Zendia ordered 200 XYZ-31 radios (UHF 6-channel voice radio) for the Presidential Guard. 


(U) Also see the entries for aircraft designators, ships, and weapon systems. 

equitable... 

(U) In today's world, the adjective equitable carries the meaning of "fairness to all concerned." 
(U) See the entry for equal. 


escalate (b) (3)-P.L. 86~36 


ee sao 
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(U) Although some consider it a fancy word for "raise" or "increase," it is now used figuratively to indicate a continuing and 
undesirable expansion in stages, with each stage provoking a further expansion. Its figurative sense is quite clear and causes no 
confusion. Use it freely. 

especially... 

(U) Use especially in the sense of "pre-eminently" or "particularly": He is especially qualified. Tact is important, especially now. 
essential phrases and clauses... 


(U) See the entry for restrictive elements. 


etal.... 
(U) Abbreviation of the Latin et alia, meaning "and others." Avoid it in serialized reports. 
etc. ... 


(U) Abbreviation for the Latin et cetera, meaning "and others of the same kind." Use it primarily within parenthetical expressions: 
Eat different kinds of vegetables (peas, carrots, etc.) every day. 


(U) Do not use it at the end of a list introduced by "such as" or "for example." 

(U) Do not use it with "and": WRONG: peas, carrots, and etc. RIGHT: peas, carrots, etc. 
etymology... 

(U) The study of the history of words or a statement about the origin and history of a word. 
etymological fallacy... 


(U) A term describing the insistence that a word in present-day English derived from a foreign word must have the same meaning 
as the foreign word or must be limited in some way. 


(U) An example is the word "dilapidated." Author Ambrose Bierce asserted that it should apply only to rundown stone structures 
because the Latin root word lapis means "stone." He asserted that "dilapidated" should not apply to structures made of other 


(b) (3)-P.L. 86-36 
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materials, such as wood. This approach is nonsense. 

(U) The etymological approach is applied selectively by its adherents. For example, few of them object to "December" being used 
for the twelfth month, even though its Latin root is ten, or to "manure" being used to mean "dung," when its root originally was a 
French verb meaning “work the land by hand.” 


(U) Don't fall into the trap of thinking that the foreign root or spelling of a word must control the English meaning and usage. It just 
isn't true. 


EURCOM... 

(U) Now out of date. Instead, use East European. 
euro... 

(U) Do not capitalize. 

even... 


(U) If a sentence containing the adverb even is complex enough to cause confusion when it is read silently, put even directly in 
front of the word or phrase it modifies. This will help ensure clarity. 


eventuate... 

(U) Do not use this word in serialized reports. 

every and its compounds... 

(U) Every, everybody, and everyone are singular and take a singular verb. Everybody and everyone are single words when used 
in a collective sense: Everybody is playing a role. Everyone learns to read. Use two words when referring to each individual item: 
Every body of water is polluted. Every one of the clues was worthless. 

(U) Usage is divided on whether a pronoun referring to an indefinite pronoun like everyone or everybody should be in the 


masculine singular (per the 18th century grammarians), or in the plural (an option dating back to Chaucer): Everybody did their 
best. Everybody did his best. 


(b) (3)-P.L. 86-36 
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(U) See the entries for gender and for notional agreement. 
everyplace, everywhere... 


(U) Use everywhere rather than the informal everyplace as an adverb: Everywhere | go, | see him. Everywhere need not be 
followed by "that." 


(U) Every place is acceptable in two-word form: Lorraine searched in every place he had suggested. 
evidence... 

(U) As a verb, it is a very formal way of saying "show" or "exhibit." Avoid it in your reports. 

evince... 

(U) Avoid this very formal word. 

exactness... 


(U) Exactness means using the word that will most correctly convey our meaning. It combines literal meaning (denotation), implied 
meaning (connotation), and degree of specificity. This allows the reader to grasp the intended meaning quickly and easily. 


See the entries for brevity and clarity. 
except... 


(U) As a preposition, it means "with the exclusion of," and a following pronoun takes the accusative case: They invited everyone 
except me. 


(U) As a conjunction, it means “if it were not for the fact that": He would buy the suit, except that it costs too much. 


(U) As a verb it means "leave out" or "exclude": The new laws except juveniles. Chances are this construction is not one you will 
need in serialized reports. 


See the entry for accept. 
(b) (3)-P.L. 86-36 
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exchange designator... 


exercise... 
(U) An exercise is military activity conducted to evaluate either training for war or concepts for the conduct of war. 


(U) Even when limited to a single service, training may have homogeneous, interdependent communications support or a scenario 
simulating wartime or combat conditions. Control is usually at division level or higher, but may be at a lower level. 


(U) An exercise includes ail joint and combined activities regardless of control echelon. Contrast with training. 

: (b) (1) 
exercise names... (b) (3)-P.L. 86-36 
(U) See the entries for code words and for cover name, cover number. 


expect... 


(U) To expect is to look forward to the occurrence of something. It does not include the idea of preparation: We expect a record 
crowd. 


(U) See the entry for anticipate. 
expletive... 
(U) See the entry for obscenity. 


EYES ONLY... 


ane 


(b) (3)-P.L. 86-36 
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fact... 


(U) A fact is a record of something that has taken place. Merriam-Webster offers several definitions, one of which is "a piece of 
information presented as having objective reality." 


(U) In a serialized report, include all the relevant facts, even those that tend to refute your main points. 
fact is, fact that... 


(U) Phrases such as the fact is, the fact that, and in point of fact are used as transitions, but they can be eliminated more often 
than not. 


e Acceptable: In point of fact, production improved because the factory solved several problems. 
e Better: Production improved because the factory solved several problems. 
e Acceptable: The fact that Rome fell as a result of moral decay is clear. 


Better: That Rome fell because of moral decay is clear. SE ae Geaek 
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factory names... 


(U) Translate the descriptive portion of the name, but leave the honorific in the original language: the Przyjazn Cotton Mill (not the 
Friendship Cotton Mill). 


(U) See the entry for names. 
Fahrenheit... 


(U) Do not use Fahrenheit temperatures in a serialized report except in a direct quotation. To convert to Celsius, subtract 32 from 
the Fahrenheit figure, multiply the result by 5, and then divide by 9. 


familiar... 
(U) Familiar with something; familiar to someone. Don't forget the “i” in the last syllable. 
farther, farthest... 


(U) Use farther when measuring distance: He walked farther into the woods. Use farther or farthest as an adjective only when 
literal or figurative distance is involved: The farthest target was 300 meters away. 


(U) See the entry for further. 

fateful... 

(U) Fateful means “affecting one's destiny or future." 
feel bad, feel badly... 


(U) The controversy over feel bad and feel badly goes back more than 100 years and is not likely to be resolved soon. The 
decision to use one form or the other may be based on any one of the following theories: 


(U) Some differentiate based on physical or mental state. Feel bad is used to refer to physical health; feel badly is used to refer to 
one's emotional state. 


(U) Some follow the recommendations of 19th century handbooks to use badly after feel; some follow 20th century handbooks 
(b) (3)-P.L. 86-36 


sides and two equal angles. The equal 
angles are opposite the equal sides. 


(8) A right triangle (B, fig. 30) has one 
right angle. 


(4) An oblique triangle (C and D, fig. 30) 
is one that does not contain a right 
angle. Thus, all except right triangles 
are oblique triangles. 


b. Base. The base of a triangle is the side 
on which the triangle is supposed to stand. 
However, any side of a triangle may be used 
as the base. 


c. Altitude. The altitude is the perpendicular 
line distance from the vertex of the triangle 
to the base or the base extended. In B, figure 
30, the altitude of a right triangle is shown, in 
C, figure 30, the altitude of an acute triangle, 
and in D, figure 30, the altitude of an obtuse 
triangle. Note that in an obtuse triangle, it is 
necessary to extend the base of the triangle to 
find the altitude. 


d. Area. The area of a triangle is the entire 
surface within the perimeter. 


e. Hypotenuse. The side opposite the right 
angle of any right triangle is the hypotenuse 
(B, fig. 30). 


132. Law of Angles of Any Triangle 


The sum of the angles of any triangle is 
equal to 180°. When given any two of three 
angles of a tridngle, the third angle can be 
found by subtracting the sum of the given 
angles from 180° 


Example 1: 


If two angles of a triangle are 90° and 45°, 
what is the size of the third angle? 

90° + 45° = 135° 

180° — 135° = 45° 

Therefore, the third angle is 45°. 


80 


Example 2: 


Angle A of triangle ABC is 100°; angle B is 
30°. What is the size of angle C? 


ZA+ 4B + /C = 180° 


ZA = 100° 
ZB = 30° 
ZA+ ZB = 130° 
ZC = 180° — 130° 
ZC = 50° 


133. Law of Right Triangles 


a. The Pythagorean Theorem. This theorem, 
which applies to any right triangle, states that 
the square of the hypotenuse is equal to the 
sum of the squares of the other two sides. The 
Pythagorean theorem is of prime importance 
in trigonometry (ch. 10) since the value of one 
side of a right triangle can be found if the 
other two sides are known. Thus, in figure 31: 


c—a?-+ bor 25 — 16+4 9 
a? = c? — b? or 16 = 25 — 9 
b? = c2? — a? or 9 = 25 — 16 
Example 1: Find the hypotenuse of a right 


triangle if the sides are 3 and 4 
inches long, respectively. 


9+16=25 


TM684-37 


Figure 31. The Pythagorean theorem. 


AGO 558A 


DO crple andUsage Mapual: F (U/FFORO} Page 3 of 11 


that tell you to use bad. 


(U) Some argue that feel is a linking verb and must be followed by an adjective, not an adverb. But that isn't true. Several adverbs 
can qualify the degree or way of feeling: feel strongly about an issue, feel differently about a person. 


(U) Usage supports all these positions. According to Merriam-Webster, although most school handbooks call for feel bad, most 
dictionaries and general usage books consider the expressions standard and interchangeable. 


(U) Also see the entries for good and well. 
feminine... 


(U) In grammar, a term denoting gender. In English, words based on feminine gender are restricted to personal pronouns, some 
nouns (é.g., “doe" as opposed to "buck"), and nouns with certain suffix endings. 


(U) See the entry for gender. 
fewer... 
(U) Use fewer with plural nouns or with things that can be counted: fewer children, fewer of the boys. 


(U) Do not use fewer than to measure time, distance, or money, however: Less than (not fewer than) 4 hours remain until faunch 
time. Doris has less than $100. 


(U) See the entry for less. 

fewer than two... 

(U) The idiomatic construction fewer than two always takes a plural verb: Fewer than two runners have finished the race. 
(U) See the entry for more than one. 

field training exercise... 


(U/FEYO) An exercise in which troops deploy to field locations, normally within the framework of a scenario. Abbreviate it as 
FTX. 


(b) (3) -P.L. 86-36 
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fighter-bomber... 

(U) An aircraft that can function in either of two modes. Takes a hyphen. 

figuratively... 

(U) Figuratively means "expressed in a symbolic way" rather than in an exact sense. Example: It was raining cats and dogs. 
(U) See the entry for literally. 

finalize... 


(U) The earliest citation for finalize, according to Merriam-Webster, is Australian and dates back to 1922. The word reached the 
U.S. by 1927 and now is standard throughout the English-speaking world, primarily in business and official contexts. 


(U) Finalize received heavy criticism from mid-20th century usage commentators, probably because of its origin in business and 
eminent writing. Although it is standard, its use does annoy purists. Consider alternatives like complete, finish, conclude, or 
(U) See the entry for -ize. 

first, firstly... 

(U) Use first, not "firstly," in a sequence. First can function as an adjective or an adverb. 

(U) See the entry for ordinal numbers. 

first person... 


(U) Do not use “first person” phrasing in SIGINT reports. Do not state in a conclusion or comment, for example, that "we believe" 
or "we think." 


first two, two first... 


(U) The older construction is two first, which goes back to the 14th century. It appears much less often in 20th century prose. 


(b) (3)-P.L. 86-36 
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(U) First two dates back to the 16th century and is the modem idiom: The first two gospels are attributed to Matthew and Mark. 
FISINT... 

(U/AFOUO) FISINT (foreign instrumentation signals intelligence) is derived from electromagnetic emissions associated with the 
testing and operational deployment of non-U.S. aerospace, surface, and subsurface systems that may have either military or 
civilian application. It includes, but is not limited to, intercept and analysis of the signals from telemetry, beaconry, electronic 
interrogators, and video data links. 


flagrant... 


(U) Flagrant emphasizes wrong or evil that is glaring or notorious, and it carries a heavier moral censure than blatant. Therefore, 
one who willfully violates a pledge commits a flagrant act. 


(U) When it means merely "conspicuous," it is interchangeable with blatant: a flagrant (or blatant) example. 

(U) See the entry for blatant. 

flammable... 

(U) In American English, use flammable to describe a substance that will burn. Something that will not burn is nonflammable. 


(U) Use inflammable to describe figuratively a situation or temperament that is subject to sudden escalation: The politics of the 
Middle East are inflammable. 


flat adverbs.... 


(U) A flat adverb has the same form as its related adjective: e.g., "hard," in He hit the ball hard, and "sure," as in You sure fooled 
me. 


(U) Flat adverbs were common until Middle English, but began to be replaced in the 18th century due to the influence of 
grammarians of that time. Today most flat adverbs also have an “-ly" form, which is applicable in some cases while the flat adverb 
fits in others. 


(U) The controversy over flat adverbs arises from the fact that in Latin the same word could not be used as an adjective and an 
adverb. Early grammarians simply imposed the Latin grammar structure on English, creating a great deal of confusion about what 


(b) (3)-P.L. 86-36 
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was or was not "correct" in English grammar. 
flaunt... 
(U) To flaunt is to “exhibit ostentatiously" or "show off": She flaunted her diamonds. 


(U) Since the 1940s, flaunt has frequently been used in the sense of “treat with contemptuous disregard." Even though this sense 
is very widespread, it draws the wrath of nearly all usage writers. Avoid it in SIGINT. 


(U) See the entry for flout. 

fleet... 

(U) Capitalize when it is part of a name: The Sixth Fleet left yesterday. 
flounder... 

(U) As a verb, flounder means "move clumsily" or "flop about." 

(U) See the entry for founder. 

flout... 

(U) Flout means "defy openly" or "treat with contemptuous disregard": She flouted the rules. 
(U) See the entry for flaunt. 

FNU... 

(U) Do not use this abbreviation for “first name unknown." 

f.o.b. ... 


(U) See the entry for free on board. tb) (3)-P.L. 86-36 
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following... 

(U) Well-established as a preposition but disliked by some, who prefer "after": She spoke following (or after) dinner. 
(U) Following is often a counterpart to the preposition “during”: during the war, following the war. 

FOLLOW-UP... 

(U) See the complete entry for follow-up. 

font... 


(U) A term used in publishing to refer to type styles, weights, and sizes. When preparing a report using DTP techniques, use the 
fonts outlined in the Desktop Publishing Standards for SIGINT Reporting manual published by P05. 


footer... 

(U) Use footers in DTP-formatted reports to show the overall! classification and the page number. 

footnotes... 

(U) See the complete entry for footnotes. 

forced, forceful, forcible... 

(U) Forced means "resulting from or compelled by an outside agent or situation": a forced march, a forced landing. 
(U) Forceful is used figuratively to describe something that suggests strength: forceful speech. 

(U) Forcible applies to actions accomplished by means of actual physical force: a forcible arrest. 

forego, forgo... 


(U) Forego means "go before": the foregoing item. 


(by (Sy =$PsLs . 86-36 
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(U) Forgo means “do without": forgo the appointment. 
foreign phrases and words... 
(U//F@U6) Keep the use of foreign words and phrases to a minimum. Few of our readers are linguists. 


(U) Where the capability exists, as in DTP-formatted reports, italicize any foreign word or phrase that may not be known to the 
average reader. Commonly recognized terms that need not be italicized include, but are not limited to: 


ad hoc 

attache 
blitzkrieg 

bona fide 
charge d'affaires 
communique 
coup d'etat 

de facto 
demarche 
detente 

fait accompli 
junta 

laissez faire 

per se 

persona non grata 
rapprochement 
versus 

vis-a-vis 


@eeevssessgesesg#eeee#eeevr#s#8 8 ¢ 8 @ 


former... 


(U) Former refers to the first of two people or things. It is used less often than latter because of the distance between former and 
its referent. If more than two are involved, use the first, the second, etc. 


(U) Remember that former is a convenience for the writer, not the reader. Do not use it if there is any chance that the reader will 
be confused. 


{b) (3)-P.L. 86-36 
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(U) Also see the entries for last, latest and for latter. 

fortuitous, fortunate... 

(U) Fortuitous refers to something that happens by chance. A fortuitous event may be positive or negative. 

(U) Fortunate means "unforeseen and positive.” 

founder... 

(U) It means "bog down, become disabled, or sink": The ship floundered for hours in the heavy seas, then foundered. 
(U) See the entry for flounder. 

FOXTROT... 

(U) Phonetic spelling of the letter "f." 

fractions... 


(U) If you must use fractions in text, spell out the amount, using hyphens between the words: two-thirds, one-eighth, two-thirds of 
the crowd. 


(U) Whenever possible, convert fractions to a decimal form, especially when giving specific measurements: a 2.625 meter 
diameter pipe, a 1.7 kg warhead. 


free on board... 


(U) Use a footnote to explain free on board: The seller agrees to put the merchandise on a means of transportation at no charge, 
but transportation costs from that point must be paid by the buyer. 


(U) The abbreviation is f.0.b. Use it with periods, which is the common form of the abbreviation. You might confuse the reader if 
the periods are omitted. 


FROG... 


(b) (3)-P.L. 86-36 
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(U/FOUG) The acronym for "Free Rocket Over Ground." Ina report that generically discusses missiles and artillery, it might be 
appropriate to expand FROG. 


(U) Do not refer to a FROG as a missile. Avoid the redundant FROG rocket. 


(U) Although the acronym FROG spells an English word, it does not take periods. Your reader is not likely to confuse it with the 
amphibian. Capitalize all letters in FROG. 


from... through... 


(U) Use from... through to provide a precise and inclusive date or time range: from 0800Z through 0940Z, from 15 May through 
26 May. 


from... to... 


(U) Always use from . . . to when expressing a non-inclusive range: from 20 to 26 May, from here to eternity, from noon to 
midnight. 


(U) Do not use a hyphen between dates or use "and" with from. WRONG: from 7-10 July; from 7 and 10 July. 
(U) See the entry for between . . . and. 

further... 

(U) Use further to express an extension of time or degree: Mimi will look further into the mystery. 


(U) In general prose further is also beginning to replace farther as an adverb when spatial, temporal, or metaphysical distance is 
involved, although many usage books continue to recommend farther. 


(U) Use further in the sense of additional: Further efforts will not yield better results. 
(U) See the entry for farther. 
fuse, fuze... 


(U) Use fuze to discuss a military detonation device. To describe all detonating devices other than those in a projectile, torpedo, 
(b) (3)-P.L. 86-36 
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or bomb, use fuse. 
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gage, gauge... 

(U) A gauge is a “standard of measurement" or "an instrument used to measure something." 

(U) The word gage, which is not likely to appear in SIGINT, means a “security” or "pledge." 

gender... 

(U) When talking about a specific person, use a term appropriate to that person: chairman Jones, chairwoman Doe. 


(U) Use neutral terms when talking about mixed groups or persons whose identity has not been established: members of the 
Assembly, rather than Assemblymen; a member of Congress rather than a Congressman. 


(U) Do not change an official title to a neutral term. if the official title is "Party Chairman," use that term; don't say "Party 
Chairperson." 


(U) For pronouns, the problem is different. Modern English does not have gender-neutral pronouns for people. 


(U) When a pronoun must be used and the gender of its antecedent is not known or can refer to persons of either sex, there are 
four three choices the writer can make, all of which are acceptable in SIGINT serialized reports. 


(b) (3)-P.L. 86-36 


Example 2: 


Example 8: 


Example 4: 


AGO 558A 


631960 © -67 ~6 


ce? = a? + B? 
ce — 94 16 
ce = 25 
= V2 
= 5 inches 


The hypotenuse of a right tri- 
angle is 13 inches long and one 
side is 5 inches long. Find the 
length of the other side. 


ce = a? + B? 

132 = 524 b? 

b? = 169 — 25 

b2 = 144 

b = V/144_ 

b = 12 inches 

Given the right triangle ABC 


(fig. 31), find c if a = 7 and 


b = 6. 9.22 
c? = at? + Bb? V/85.00 00 
c2 — 49 + 86 81 

2 — 85 182 400 
ies 364 
c¢ = \/85 1842 3600 
e = 9.22— 3684 
Given the right triangle ABC 
(fig. 31), find b if a = 9 and 
e = 12. 7.93 
b? — c2 — a? /63.00 00 
b= 14481 aT 

b? — 63 1341 

b = 63 1583 5900 
b = 7.938-+ 4749 


Example 5: Given the right triangle ABC 
(fig. 31), find a if b = 6 and 


c = 13. 11.5 8 
\/O1 33.00 00 
ee ee : 33.00 00 
a?—169—36 21 33 
21 
a’? = 133 225 1200 
= 1125 
a =V133 5808 7500 
@ = 1158+ 6909 


b. Special Right Triangles. The two right 
triangles in examples 1 and 2 of a above are 
special right triangles with sides that have 
whole numbers. These triangles are called the 
3-4-5 right triangle and the 5-12-13 right tri- 
angle, although their sides may also be mul- 
tiples of these numbers. For example, a tri- 
angle having sides of 6, 8, and 10 inches is also 
a 3-4-5 right triangle, because its sides are 
multiples of 3, 4, and 5. When determining the 
unknown side of a right triangle, the process 
is greatly simplified if the triangle is a 3-4-5 
or 5-12-13 right triangle. In these cases, the 
unknown side can often be determined by in- 
spection. 


Example 1: The hypotenuse of a right tri- 
angle is 15 inches long, and one 
side is 12 inches long. Find the 
other side. 


Since 15 and 12 can be divided 
by 3 to give 5 and 4, the tri- 
angle is a 3-4-5 right tri- 
angle. The third side, there- 
fore, is equal to 3 times 3, or 


81 
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1. Use the plural pronoun: Everyone hopes they will win the contest. 

2. Place the whole sentence in the plural: All people hope they will win the contest. 

3. Rewrite the sentence and eliminate the personal pronoun: Everyone hopes to win the contest. 
(U) See the entries for chair and its compounds, notional agreement, -person, and they, their, them. 
general secretary... 


(U) Capitalize when used as a formal title before a name or when referring to a national-level office: General Secretary 
Gorbachev; the Genera! Secretary is here. 


generalities... 


(U) Use a specific number rather than terms such as "most" or “some.” Try to quantify, if possible, terms such as "extensive" and 
“significant” when they precede the word “number.” 


(U) Avoid generalities as often as possible, but remember that there are times when a general word will be more appropriate than 
a specific one. 


(U) See the entry for majority. 


generic terms... (b)(3)-P.L. 86-36 


(U/AFOUVO) Consult the U.S. Identities in SIGINT manual for complete guidance. 
genitive... 
(U) The genitive case is used in English primarily to show possession: my son. 


(U) Only pronouns have specific genitive forms, always without an apostrophe. 


(b) (3)-P.L. 86-36 
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(U) See the entry for case. 
geographic coordinates... 

(U) See the entry for coordinates. 
geographic references: cities... 


(U/FOUS) Mention a city and country pair together once in each report, usually the first mention in the text. It is not necessary to 
repeat the country each subsequent time you use the city name. Examples: ort-de-Paix, Haiti; Akita, Japan. 


(U//FOVO) Country names are not required to be paired with well-known capitals and other cities well-known to the average 
reader, such as Tokyo and Munich. If there is any chance that the reader could be confused, then the country must be given. 
Ensure that the country name is included in the report at least one time, either in the title or the text, even in the case of a capital 
or well-know city. Examples: ' ... meetings will be held in France in August at the Place de Concorde in Paris' ‘the European 
leaders gathered in Vaduz, Liechtenstein; Windhoek, Namibia. 

(U) See entries for coordinates, and geographic references: regions. 

geographic references: regions... 


(U/FFOUS) Regional references require the country or countries be specified at least once. Examples: the Great Rift Valley, 
Kenya; Provence, France. 


(U//FE¥VO) Regions that cross national boundaries should always be identified to specify the country or countries invoived. 
Examples: the Sahara Desert area in Algeria; the Indian Ocean territorial waters of Somalia and Kenya; the Alps of France, 
Switzerland, and Italy. 

(U) See entries for coordinates, and geographic references: cities. 


gerund... 


(U) A gerund is a verb form that functions as a noun and ends in “-ing." It may take an object (running a hotel) or a complement 
(being a hero). It may serve as a subject (Eating is fun), object (He taught skiing,) or predicate noun (Seeing is believing). 


(U) The subject of a gerund usually is in the possessive form: | don't approve of their drinking. When the subject of a gerund is 


(b) (3)-P.L. 86-36 
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stressed, however, use the accusative case: | don't approve of them drinking. 


(U) See the entry for participle. 


get, got... 


(U) The use of got with a past participle--as in He got drunk--was condemned by 19th century grammarians, who suggested 
“was,” "were," or "became" instead. Sometimes making the substitution will change the meaning of the sentence, so be careful. 


(U) The phrase have got to is common in speech, but replace it in writing with "have to" or "must": ORAL: | have got to win. 
WRITTEN: | must win or | have to win. 


(U) In writing, do not use get or get to in place of "start" or "begin." WRONG: When | get to thinking about it, | get confused. 
RIGHT: When | start thinking about it, | get confused. 


go and... 


(U) Most commonly a speech idiom used to emphasize a following verb: Go and find your brother. The construction dates back to 
the 13th century. Among the authors who have used it are Johnson, Byron, Austen, Carroll, and Frost. 


(U) Although it is acceptable in speech and general writing, it is not used in formal writing. Avoid it in serialized reports. 
go-between... 

(U) Hyphenate it when used as a noun meaning "messenger" or "intermediary." 

GOLF... 

(U) Phonetic spelling of the letter “g." 

good... 


(U) Good used after a linking verb such as be, feel, or sound is most often an adjective: The apple tastes good. | feel good today. 
The new stereo sounds good. Use it after the verb "feel" to indicate good health or good spirits. 


(U) Good has been used as an adverb since the 13th century, but today occurs mostly in speech, where it is used for emphasis. 


(b) (3)-P.L. 86-36 
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(U) See the entry for well. 

goodwill... 

(U) Goodwill is a single word when it describes a business asset or when it is used as an adjective: a goodwill gesture. 
(U) As two words, it indicates kindness or friendliness: Peace to men of good will. 

government... 


(U) Government, as a political term, refers to an established system of political administration. In American usage, it takes a 
singular verb; in British usage, it takes a plural verb. 


(U) See the entry for regime. 
government of words... 


(U) Refers to the way one word requires another to take a particular form. In English, it applies mostly to pronouns which, as 
objects of a verb or preposition, must be in the accusative (or objective) case: a friend to me; send them to her. 


grammar... 

(U) The study of classes of words, their inflection, and their relationship in a sentence. Grammar allows the writer to communicate 
specific meanings to a reader through a shared understanding of the way a language works. The first English grammar was 
written by William Bullokar in 1586. 

(U) Current English grammar is derived from the grammatical structure of Latin. Early grammarians simply applied grammatical 
terms and forms of Latin to English. Many so-called usage problems arose from the attempt to fit English forms into a Latin 
context. 


(U) Grammar may be approached either as prescriptive (i.e., how one should or should not use the language) or descriptive (how 
people actually use the language). These different approaches also account for many usage issues. 


(U) See the entry for rules of grammar. 


graphic... (b) (3)-P.L. 86-36 
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(U) Generic term for a picture, table, or chart used ina serialized report. Do not include graphics just because they are available. 
Use them when they will enhance the reader's understanding. 


(U) Graphics are produced more easily when using DTP methods. 

gray, grey... 

(U) Americans prefer gray. 

ground attack training... 

(U) Not hyphenated. 

group... 

(U) Group takes singular verbs and pronouns when acting as or considered as a unit: The group is reviewing its position. 


(U) Use the plural forms when describing the actions of the individuals who make up the group: The group were divided in their 
sympathies. 


(U) See the entry for notional agreement. 


guerrilla... 


(U) Preferred spelling. The alternate spelling is guerilla. 
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hackneyed phrases... 
(U) Be sparing in the use of phrases such as "conducted operations" and “likely scenario." 
half... 


(U) When haif, as a noun or adjective, is followed by a singular noun, it takes a singular verb: Half of the poison was left in the 
container. If followed by a plural noun, it takes a plural verb: Half of the boys have arrived. 


(U) The proper phrases in writing are a half, half a, or half an: a half-dollar, half an hour. Do not use “a half a" or "a half an," which 
are oral idioms only. 


(U) After verbs such as cut, break, and foid, use half: cut in half. Some commentators still recommend "halves" (cut in halves), but 
it is used less frequently. 


hard copy... 


(U) Two words when used as a noun: That document is available in hard copy. Hyphenate when it is used attributively to modify 
another noun: Prepare a hard-copy report on this subject. 


(b) (3)-P.L. 86-36 
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(U) See the entries for hard-copy report and serialization block. (b}) (3)-P.L. 86-36 


hard-copy report... 


hardly... 

(U) It is not true that hardly has the force of a negative. If you think it does, then try substituting a real negative in the following 
sentence: | hardly studied at all. A true negative, such as | didn't study at all, does not have the same meaning. Hardly 
approaches a negative, but it is not the same as one. 


(U) Purists argue that we should avoid using hardly with a negative because that produces a double negative. In fact, hardly with 
a negative produces a weaker negative, not a double negative. 


(U) Phrases like can't hardly and don't hardly are a feature of speech. These phrases appear in writing only in fictional speech or 
first-person narration. 


hardly... when... 


(U) When hardly is followed by a clause, use when or before instead of "than": We were hardly asleep when (or before) the shots 
rang out. 


hassle... 
(b) (3)-P.L. 86-36 
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(U) Hassle as a verb or noun is common in general prose but not acceptable in SIGINT serialized reports. 
head-on... 


(U) Hyphenate as both an adjective and an adverb. It means “facing forward" and usually is used to describe an attack in which 
two parties are heading toward each other. 


header... 


(U) A header appears at the top of each page of a hard-copy report and includes the classification, compartmentation markings, 
and serialization block. 


headings... 


(U) Use section headings in the report body to distinguish clearly what information each section provides. Section headings can 
appear whenever a report contains four or more paragraphs, but generally appear only in lengthy reports. 


(U) The heading title "Summary" is acceptable in the "CONTENTS" section but omit it in the text. 


(U) Use the heading "DETAILS" to separate the body from the lead/summary. Within the body of the report, use specific section 
headings (or subtitles) that accurately describe the information. 


headquarters... 


(U) Always plural in form, but usually takes a singular verb: Company headquarters has given the bivouac dates to the battalion 
commander. The correct abbreviation is HQ, not HQS or Hq or Has. 


helicopter... 

(U) Treat helicopters just like other aircraft. See the entry for aircraft. 

hemisphere... 

(U) Capitalize only when referring to a specific geographic area: Northern Hemisphere. 


(b) (3)-P.L. 86-36 
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henceforth... 

(U) Use from now on. 

he or she... 

(U) Do not use the phrase he or she in serialized reports. See the entry for gender. 

her... 

(U) Use it or its when referring to ships or nations. Her is British usage. 

hertz... 

(U) The international unit of frequency measurement. It equals one cycle per second. Under the provisions of the Systeme 
Internationale (SI), which we popularly call the “metric system," the abbreviation for hertz, like other abbreviations based on 
proper names, is capitalized (Hz). 


(U) Under the SI, the abbreviations for prefixes mega (M), giga (G), and tera (T) are always capitalized. Thus the correct 
abbreviation for megahertz is MHz and for gigahertz is GHz, but kilohertz is KHz and millihertz is mHz. 


(U) See Abbreviations & Acronyms for information on how and when to abbreviate SI measurements. 
high, highly... 
(U) Use high for literal and figurative distance up: aims high, rose high. 


(U) Highly denotes position on a scale and is used as an intensifier before adjectives and participles: highly placed, highly 
successful. 


highlighted by... 
(U) Thought by many to be overused, although there is no proof of that. 


(U) See the entry for characterized by. 
{b) (3)-P.L. 86-36 
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his or her... 

(U) Avoid the phrase his or her in SIGINT reports. See the entry for gender. 

historic, historical... 

(U) Historic means “famous in history" or “having considerable importance": The battle of Hastings was a historic event. 


(U) Historical means "belonging to history" or "based on history." Use historical when you refer generally to events of the past, 
whether important or not: She provided a historical review of serfdom. 


NOTE: (U) Use "a" before historic and historical since each begins with an aspirated "h": a historic battle, a historical character. 
home base, home port... 

(U) Two words. 

home in on... 

(U) The phrase home in on is correct. "Hone in on" is a nonstandard variant. 

hopefully... 

(U) The earliest attested use of hopefully as a sentence adverb dates to 1932, but it didn't become popular until the early 1960s. It 
drew loud and heavy criticism in the mid-1960s and continued as a major issue until the late 1970s, when most commentators 
ended their opposition. 


(U) If you use it, understand that you will raise the hackles of purists. Hopefully bothers them because it is an adverb, yet is 
commonly used without an adjective or verb to modify: Hopefully, the decision will be made soon. 


(U) In grammatical terms, hopefully is an ellipsis (for "speaking hopefully") used as a sentence adverb--a type of construction that 
has been good English since at least the 16th century--and is paralleled by such adverbs as realistically, frankly, truthfully, and 
regrettably: Frankly, my dear, | don't give a darn. Truthfully, the purists are ideologues. 


(U) See the entry for sentence adverb. 


(b) (3)-P.L. 86-36 
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9 inches. The answer can be 
checked by the Pythagorean 
theorem. 


Example 2: The two sides of a triangle are 
10 and 24 feet long. Find the 
length of the hypotenuse. 

Dividing 10 and 24 by 2 gives 
5 and 12, the two sides of a 
5-12-13 right triangle. There- 
fore, the hypotenuse is 2 times 
13, or 26 inches. 


134, Area of Any Triangle 

The area of any triangle is equal to one-half 
the product of its base and altitude. The for- 
mula for finding the area is A = oh where 6b 
is the base of the triangle and h is the altitude. 


Example 1: 


What is the area of a triangle with a base of 15 
inches and an altitude of 10 inches? 


bh 

2 

_ 15 x 10 

~ 2 

150 

~ 2 

= 175 square inches 


A= 


Example 2: 


Find the area of a right triangle if the base 
measures 7 feet and the hypotenuse 25 feet. 


c? — b? = a? 
a? = 252 — 7? — 625 — 49 


a? — 576 
a = \/576 = 24 feet altitude 
A= 

_ 7x 24 _ 168 

F 2 ~ 2 

= 84 square feet 


82 


135. Quadrilaterals 


A quadrilateral is a plane figure bounded by 
four straight lines. 

a. A parallelogram (A, fig. 32) is a quadrilat- 
eral having both pairs of opposite sides parallel. 


b. A rectangle (B, fig. 32) is a parallelogram 
that has four right angles. 


c. A square (C, fig. 32) is a rectangle, all 
four sides of which are equal. 


d. A trapezoid (D, fig. 32) is a quadrilateral 
with two sides (called bases) parallel and un- 
equal. 


136. Area of Any Parallelogram 


The area of any parallelogram is equa! to the 
product of the base by the altitude. The for- 
mula for finding the area is A — bh where b 
is the base and h is the height or altitude. 


Example 1: Find the area of a square, each 
side of which is 15 inches. 


A = bh 
15 x 15 
= 225 square inches 


Example 2; What is the area of a rectangle 
with a base of 12 inches and an 
altitude of 7 inches? 


A = bh 
= 84 square inches 


137. Area of Trapezoid 


The area of a trapezoid is determined by 
multiplying one-half the sum of the bases by 
the altitude of the trapezoid. 


Thus, A — (7 .s ~p. 


AGO 558A 
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HOTEL... 

(U) Phonetic spelling of the letter "h.” 

however... 

(U) When followed by a comma, however is equivalent to "yet" or "nevertheless": However, the battle was not a total loss. 


(U) When however is not followed by a comma, it takes the meaning "in whatever way": However he tried, he could not make it 
work, Ellen will finish the race, however difficult it may be. 


(U) Most writers consider but and however to be redundant when placed side by side, but many accept them when they are 
separated by several words: But the death of General Zog and the loss of the high ground did not mean final defeat, however. 


(U) Be sure to enclose however within a pair of commas when it separates two parts of a single independent clause: His choice, 
however, was the wrong one. 


(U) Use a semicolon and comma when two independent clauses are involved: Lynnette said she loved me; however, it was a lie. 
human... 

(U) This noun has been standard for 450 years, even though (for some strange reason) many writers prefer "human being." 
hyphen... 

(U) See thecomplete entry for hyphen for rules on when to hyphenate words. 

hyphenate... 


(U) Used more often as a verb than "hyphen." 
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lL... 
(U) Do not use | as the object of a preposition. WRONG: between you and |. RIGHT: between you and me. 
(U) See the entry for first person. 
idea that... 


(U) Try not to use the idea that, which can make a sentence wordy. ACCEPTABLE: The idea that space travel is near excites me. 
IMPROVED: That space travel is near excites me. 


idiom... 


(U) An idiom is an expression in language that is peculiar to itself either grammatically or in meaning. An example is "hit the roof," 
which has nothing to do with striking the top of a building, but rather means "react with great anger to some event or situation." 
Many of the criticisms and objections made by usage commentators are attempts to correct idioms, especially those originating in 
the United States. 


(U) Idioms are not subject to logical analysis, however, and the criticisms are not valid. Idiomatic phrases are quite normal and 
acceptable in English. Don't let purists tell you otherwise. 
(b) (3)-P.L. 86-36 
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i.e. ... 


(U) Abbreviation for the Latin id est, which means "that is." Use it sparingly, and only in parenthetical statements: Only one 
baseball team, i.e. the New York Yankees, has participated in more than 25 World Series competitions. 


(U) Add a comma after i.e. only if the sense of the sentence requires one. The comma is not always necessary. 
if... 

(U) If is irreplaceable in conditional statements: If he apologizes, I'll accept. 

(U) If is preferred to “whether" when doubt or uncertainty is involved: Ask her if she will come. 


(U) Either if or whether can be used to introduce a noun clause. The idea that if is not correct in such cases arose in 1762, but has 
never reflected actual usage or the views of most grammarians. Only a few commentators today consider if wrong. 


(U) Use whether rather than if when infinitives identify alternatives: Fred didn't know whether to make dinner or go out for pizza. 
(U) See the entry for whether. 

illegal, illegitimate, illicit... 

(U) An illegal action violates a law or rule. 

(U) An illicit action may or may not be illegal, but in some sense is not permitted by custom or community standards. 

(U) Use illegitimate for things that violate the rules of evidence or logic: an illegitimate conclusion. 

illusion... 

(U) An unreal or false impression: The administration tried to create the illusion of prosperity. 

(U) See the entry for allude, allusion. 


imagery... 
gery (b) (3)-P.L. 86-36 
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(U) The phrase according to imagery is acceptable in a serialized report. Ensure that appropriate caveats and markings are 
placed on reports that include imagery. 


immigrant, immigrate... 

(U) One who enters a country immigrates and is an immigrant. 

(U) See emigrate, emigrant. 

impact... 

(U) Contrary to the popular belief that the noun impact became a verb in the mid-20th century, impact was a verb in English 
before it was a noun. The earliest citation for it as a verb dates back to 1601. Figurative use of the verb began in literary circles 


after World War Il, and it became very popular after 1970 in business and government circles. 


(U) As a verb, impact now is standard, although you need not use it. Alternative choices include, but are not limited to, affect, hurt, 
and delay. 


impassable, impassible... 

(U) Impassable means "incapable of being crossed or traversed." 

(U) Impassible means "incapable of suffering or experiencing pain." 

impeach... 

(U) Impeach means “make an accusation against" or “charge with an offense." Many people, however, think it means "remove 
from office." {f you use impeach in a serialized report, make sure the context allows the reader to know which sense you are 
using. 

implicit comparative... 

(U) A term used to identify a small group of words that were comparatives in Latin and function the same way in English. They are 


not true English comparatives because they cannot be used with "than." They include major, minor, inferior, superior, junior, and 
senior. 
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imply... 
(U) Imply means "state something indirectly." Authors and facts imply. It is from the Latin "implicare" meaning “fold in." 


(U) Imply used with a personal subject to express the sense of "hint" was considered offensive in the late 19th and early 20th 
centuries and now is rarely used in print. EXAMPLE: What are you implying by that? 


(U) See the entry for infer. 

important, importantly... 

(U) Either more important or more importantly may be used as a sentence modifier. 

impracticable, impractical... 

(U) Impracticable means "not capable of being done": Living on Mars is impracticable without life-support systems. 

(U) Impractical means "not sensible or prudent," whether it can be done or not: Searching for oii beneath Manhattan is impractical. 
in, into... 

(U) In shows location and can be used with some verbs of motion: She is in the office. Go jump in the lake! 


(U) into shows direction or movement and gives prominence to the entrance: She is going into the office. The ship sailed into the 
harbor. 


in accordance with... 

(U) Use this phrase sparingly. It can be replaced by phrases like in line with, in keeping with, etc. 
inasmuch as... 

(U) A lengthier way of saying since, as, or because. 


. . (b) (3)-P.L. 86-36 
inception... 
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(U) Try start, beginning, or introduction, or use a verb. 
incident... 


(U) An incident is a minor occurrence or an event of only momentary significance: A border incident occurred when a small patrol 
moved into the neutral zone for 15 minutes. 


(U) Do not use incident to describe a major catastrophe or conflict. Invasions and earthquakes are not incidents. 

include... 

(U) A list of items after the verb include may consist of one item, several items, or all items. Fowler points out that "with include 
there is no presumption (though it is often the fact) that all or even most of the components are mentioned”: His auto collection 
includes a 1952 MG. 


(U) When all items are given, some commentators recommend using "comprise": Janet's collection comprises an MG, a Corvette, 
and a Ferrari. But include is not wrong in such cases. 


(U) See compose and comprise. 

in conjunction with... 

{U) Often can be replaced by with. 

incredible, incredulous... 

(U) Incredible means "unbelievable": an incredible story. 

(U) Incredulous means "skeptical" or “expressing disbelief." Only people can be incredulous. 
indefinitely... 

(U) It means “for a long time," not "forever." Do not use the modifier "more or less" with indefinitely. 


indentation... 
(b) (3)-P.L. 86-36 
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(U) In serialized reports, begin a paragraph or footnote in the sixth space from the left margin. (If your software uses proportional 
spacing and that will make a difference, begin .5 inch from the left margin.) 


(U) Begin each line of a separate COMMENT paragraph in the sixth space so that the COMMENT stands out more clearly from 
the report body. 


(U) You may also place the report lead within wider margins, in hard copy, to differentiate it from the report body. 
(U/FEUG) See USSID CR1400 and the Desktop Publishing Standards for SIGINT Reporting manual for additional instructions. 
index... 


(U) For standardization, use the plural form indexes, which is a linguistic term, rather than the equally valid form indices, which is 
used in mathematical senses. 


INDIA... 

(U) Phonetic spelling of the letter "i." 

indiscreet, indiscrete... 

(U) The adjective indiscreet means "lacking prudence." Its noun is indiscretion. 

(U) The adjective indiscrete means "not divisible into distinct parts." Its noun form is indiscreteness. 
individual... 


(U) As a noun meaning “a person," use it to distinguish one person from a group: the individual's right to dissent from the majority 
view. 


(U) When the contrast is not evident, it almost always carries the sense of one person considered separately: Each individual is 
responsible. 


(U) Do not use it as a general substitute for "person." POOR: Two individuals were hurt. BETTER: Two persons were hurt. 


. (U) See the entry for person. 
(b) (3)-P.L. 86-36 
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infer... 


(U) Infer has three main uses. The first dates back to 1528, and it means “draw a conclusion from a set of facts or evidence." It is 
always done by the reader or listener, never by a speaker or writer. The second sense of infer first appeared in 1533 and means 
the same as “imply.” It is never used with a human subject. (Both these meanings have been traced to Thomas More.) The third 
use is that of infer with a personal subject and is known as "personal infer..” It first appeared in 1896. 


(U) The controversy over infer and imply began in 1917 but did not become extensive until after World War II. The issue began 
with an injunction against the use in speech of infer with a personal subject, where it had the meaning "hint" or "suggest." It may 
have replaced imply, which in that sense is considered offensive. 


(U) According to Merriam-Webster, the objection to "personal infer’ was social, since "personal infer" was associated with the 
speech of uncultured persons. 


(U) Dictionaries did not support the distinction that critics were trying to make. This led many commentators to distrust the 
dictionaries. But dictionaries are based on written works, and Merriam-Webster notes only one written use of “personal infer" 
prior to the 1950s. 


(U) What commentators object to is chiefly an oral use, not a written one. Nevertheless, many writers have taken to heart the 
distinction drawn by the commentators, and the 1533 sense of infer, while standard, is now infrequent. 


(U) See the entry for imply. 
infinitive... 


(U) The infinitive is the simple form of the verb and may be used as a noun or modifier. The preposition "to" occurs often with the 
infinitive, but the preposition is not part of it. 


(U) The assumption that “to" is part of the infinitive dates back to the 18th century and has given us two usage controversies. 
See the entries for split infinitive and for try and, try to. 


ingenious, ingenuous... 
(U) Ingenious means "clever" or “skillful.” 


TH 4 1 . { -P.L. 86-36 
(U) Ingenuous means "innocent" or "naive." ie ih 
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initials... 


(U) Leave a space between the initials of a person's name: J. F. Kennedy, C. S. Lewis. Omit the space when listing a country 
name or an organization: U.S., USSR, WHO, NASA. 


(U) See Appendix 1 for further guidance. 

injuries... 

(U) They are “suffered” or "sustained." Better yet: was injured. 
in lieu of... 

(U) Instead, try instead. 

in order to... 


(U) To can sometimes be a simpler altemative, but be careful that the sense and emphasis of the sentence or phrase are not 
affected. 


inquire, inquiry... 

(U) Use the American spelling. Enquire is British. 

in regard to... 

(U) Use “about" or "concerning" whenever doing so improves the sentence. NOTE: (U) "In regards to" is an oral use. 
inside, inside of... 

(U) Use inside to indicate position or location: inside the house. 


(U) Inside of is commonly used with time, but can be replaced by "within" or "less than": | will be there inside of an hour or | will be 
there within an hour (or in less than an hour). 


(b) (3)-B.L. 86-36 


= 

end 
bad 

ino 


TM684-38 


Figure 82. Quadrilaterals. 


Example: Find the area of a trapezoid the 
bases of which are 16 and 10 
inches long and the altitude is 
8 inches. 

_ {B+b 
ea (ae r 

_ {16 + 10 

= (Ae* )e 

4 
26 
= gk $ 
= 104 square inches 
138. Circles 


a. General. A circle is a plane figure bounded 
by a closed curve, every point of which is equi- 
distant from the center. 


b. Circumference. The circumference is the 
curved line that bounds a circle (A, fig. 33). 


c. Chord. A chord is a straight line drawn 
through a circle and terminated at its intersec- 
tions with the circumference (B, fig. 33). 


AGO 558A 


d. Diameter. The diameter of a circle is a 
chord that passes through the center of the 
circle (A, fig. 33). 


e. Radius. The radius of a circle is a straight 
line from the center to a point on the circum- 
ference (A, fig. 33). All radii of the same circle 
are of equal length, one-half of the diameter. 


f. Arc. An arc is any part of the circumfer- 
ence of a circle. 


g. Segment. A segment is that area of a 
circle bounded by a chord and the arc subtended 
by that chord (C, fig. 33). 


h. Sector. A sector is the area between an 
arc and two radii drawn to the ends of the arc 
(C, fig. 33). 


i. Tangent. A tangent is a straight line that 
touches the circumference of a circle at only 
one point and is perpendicular to the radius 
drawn to the point of contact (B, fig. 33). This 


D 
TM684- 39 


Figure 38. Cireles. 
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insofar as... 

(U) Try as far as. 

in spite of... 

(U) Whenever possible use "despite," which means the same and is shorter. 
instances... 

(U) Instead of in many instances, consider "frequently" or "often" as alternatives. 
insure... 

(U) In serialized reports, use insure to mean “protect against financial loss." 

(U) See entries for assure and ensure. 

intelligence source identifier... 

(U) See the entry for ISI. 

intense, intensive... 

(U) The adjective intense describes an inherent characteristic that is extreme in degree: the intense heat of the sun. 


(U) Intensive carries the special meaning of "concentrated" and tends to connote something applied from the outside: intensive 
study. 


intensives... 


(U) An intensive is a word or phrase used to emphasize the meaning of other words. Adjectives and adverbs used as intensives 
include much, very, too, slightly, and extremely. 


(U) Do not overuse intensives; overuse reduces the impact. 


(b) (3)-P.L. 86-36 
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inter-, intra-... 

(U) The prefix inter- means “between or among two or more things": intergalactic occurs between (or among) galaxies. 
(U) Intra- means "within one specific thing": intragalactic means within a single galaxy. 

inter alia... 

(U) A Latin phrase meaning "among others." Use the English phrase. 

intercept... 

(U) Avoid using this word in serialized reports to refer to message traffic. 

interesting... 


(U) Avoid the phrase it is interesting to note. Your reader may not agree with your assessment of what is interesting. Simply 
provide the fact and let the reader decide what is, or isn't, interesting. 


Internet, internet... 

(U) a shortened form of the word internetwork; "internetwork” is now not used at all. 

(U) When using the word to refer to the collection of global, public networks and gateways using the TCP/IP protocols to 
communicate, capitalize Internet as a proper noun or adjective. When referring generically to any group of interconnected 
networks (the original meaning), use lower case. INTERNET (all caps) is not correct. 


interpolation... 


(U) Interpolation is the insertion of material into a text. Use parentheses to indicate the interpolation of material in electrical or 
hard-copy reports: When the President (of Zendia) arrived, President Smith greeted her warmly. 


(U) When inserting information in quoted material, use a double set of parentheses: Prime Minister Lakitch threatened that her 
government would "annex the province ((of Usagia)) immediately." 


(b) (3) -P.L. 86-36 


1 U qual: : 
pocrm”* and | 1328 Ylapual 1 (UAFE8O) Page 11 of 13 


in the event that... 

(U) Use if or in case whenever possible. 
in the month of... 

(U) Generally use in or during. 
involve... 


(U) Sometimes misused. Rephrase the sentence to eliminate it, or replace involve with another word or phrase whenever 
possible. 


e COMMON: The attack involved an aircraft flying at 5000 meters. 
e IMPROVED: In the attack, the aircraft flew at 5000 meters. 
e COMMON: the deployments involved helicopters. 
e IMPROVED: the deployments by helicopters. 
irregardless... 


(U) Not accepted in formal English despite its existence in speech (and occasionally in edited prose) for at least 80 years. It 
continues to be roundly condemned by almost all usage commentators as a sign of ignorance. 


(U) In serialized reports, use regardless. See the entry for regardless. 
irregular verbs... 


(U) Irregular verbs are those whose past and past participle forms do not take the standard ending -d or -ed. Many irregular verbs 
also change the middle vowel in the past and past participle: sing, sang, sung. 


(U) Consult the Merriam-Webster dictionaries for proper forms of irregular verbs. 


irrespective... (b) (3)-P.L. 86-36 
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(U) Irrespective of means "without consideration of other factors": Irrespective of our competitor's plans, we will develop this new 


product. "(b)(3)-P.L. 86-36 


IS... 


ee 

teHsf include an ISI on all serialized reports except: 
De 
ee 

(U/AFOY6) See USSID 315 for further guidance. 

island... 

(U) Capitalize as part of a name: Hawaiian Islands. 

isle... 

(U) Valid only when it is part of a name: the Isle of Man. Otherwise use island. 

it... 

(U) Use it rather than "she" in reference to a ship or nation. 

(U) Also see the entry for its, it's. 

(b) (3) -P.L. 86-36 


italics... 


(U) In a DTP-formatted report, use italics for ship names, uncommon foreign words, names of reference works, etc.: USS 
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Nautilus, Pravda. 

(U) tn traditional formats without an italics capability, enclose the name of a ship in quotation marks: "USS Nautilus." 

its, it's... 

(U) Its is the possessive form of the pronoun it. Use its rather than "their" to refer to a corporation as a single entity: Jones & Sons 
gave its employees a bonus. Gargantuan Motor Corporation presented a new contract to its employees. The use of "their" in 


such contexts is a feature of speech. 


(VU) It's is a contraction of the phrase “it is" or "it has." Do not use it to show possession. Generally speaking, do not use the 
contraction in serialized reports. 


-ize... 


(U) Purists hate the formation of verbs by adding -ize to a noun, a practice which goes back to at least 1591. Noah Webster was 
criticized for including demoralize, deputize, and Americanize in his 1828 dictionary. Jeopardize was attacked in 1869 
(commentators suggested using “jeopard” instead) almost as vociferously as finalize is attacked today. In 1988, reports Merriam- 
Webster, one usage book suggested avoiding "theorize" as it was "pretentious and unnecessary jargon." Theorize has been used 
since 1638 by many respected writers. 


(U) When a verb ends in -ize and adds something useful to your sentence, use it freely. If it doesn't say something useful, avoid it. 


NOTE: (U) The British typically spell this suffix -ise. 
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J 
jargon... 
(U) The special vocabulary and idioms of a particular class or occupational group. To non-members of the group, the words and 
syntax can be confusing because they do not follow standard English. Since clarity is the most important principle in SIGINT 


reporting, use SIGINT jargon sparingly. 


(U) If the meaning of a SIGINT word or phrase may be unfamiliar to some readers, include an explanation either in the text or in a 
footnote. 


jihad... 
(U) Preferred transliteration of the Arabic word for “holy war." 
joint... 


(U) Military training or exercises in which elements of more than one service of the same nation participate. When not all of the 
services are involved, specify which ones are participating: joint Army-Navy. 


(U) Distinguish joint from combined, which means more than one nation participates: a combined French-Danish exercise. 
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journalese... 


(U) A general, non-technical pejorative term for the way in which journalists write or are thought to write. Language purists look 
down on journalese as bad writing, preferring a literary style over the immediacy of journalese. 


(U) Journalese is a term often used to describe newspapers and magazines that are more interested in "popular" themes (such as 
gossip, sports, social events, and sensational stories) rather than in-depth stories and complex events. Such newspapers and 
magazines generally are aimed at a less-educated audience. 


(U) SIGINT reporters should be wary of some pitfalls of journalese: unnecessary and excessive modifiers, cliches, word inflation 
or inaccurate use, sensationalism, and the injection of comment or opinion without identifying it as such. 


journalism... 

(U) Journalism, at its best and most serious, is a writing style in which the writer provides a clear, direct presentation of the facts 
or the occurrences and clearly identifies what is interpretation. Active verbs, short paragraphs, and a “semi-literary" style are 
characteristics of journalism. 


(U) In journalism, unlike literature, the emphasis is on presentation of the important facts at the beginning of the article, with lesser 
facts and full details following. 


(U) Serious journalism is directed at a literate audience and includes newspapers like The New York Times and the Wail Street 
Journal and magazines like National Review and The Nation. 


judgment, judgement... 


(U) In serialized reports, do not insert an "e" after the "g." Stick with the more common American spelling, although judgement is a 
valid alternative. 


judicial, judicious... 
(U) Judicial refers to legal judgments or issues: a judicial decree, a judicial decision. 
(U) Judicious refers to the mental faculty of sound judgment: a judicious approach to the problem. 


julian date... 
(b) (3)-P.L. 86-36 
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(U) See the entry for ordinal date. 
JULIETT... 

(U) Phonetic spelling for the letter "j." 
junta... 


(U) A small group holding state power after a coup d'etat. A junta ordinarily consists of military officers, but it may include civilians 
as well. 


justification... 


(U) Refers to the vertical alignment of text in a report. Most DTP packages provide automatic justification of text for both left and 
right margins. 


(U) When automatic justification is not possible, use left justification. 
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karat... 

(U) A unit of fineness for gold. Do not mistake it for carat, a unit of weight for precious stones. 
KILO... 

(U) Phonetic spelling for the letter "k." 

kilogram... 

(U) Abbreviated as "kg." Always use numbers when expressing a weight in kilograms: 500 kg. 
(U) A kilogram equals 2.2 pounds. A metric ton equals 1,000 kg. 

kilohertz... 

(U) A unit of measurement that equals 1,000 hertz. The abbreviation is kHz. 


(U) See the entry for hertz. 
(bj) (3) -P.L. 86-36 
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kilometer... 

(U) Equals approximately five-eighths (.625) of a mile. In serialized reports, use kilometers (abbreviated km) for distance and 
kilometers per hour (kph) for speed: The unit moved 25 km to the west. The aircraft flew at a computed average ground speed of 
650 kph. 

(U) Kilometer may be pronounced with the stress on either the first or second syllable. 


(U) See the entries for knot and nautical mile for how to report ship speeds and distances. See the entry for Mach for how to 
report certain aircraft speeds. 


kind of... 


(U) An idiom ordinarily used in speech as a modifier. In writing, replace it with "somewhat" or "rather" when it serves as a modifier. 
ORAL: The story is kind of weird. WRITTEN: The story is rather weird. 


(U) In writing, use a kind of, which means “a species of,” rather than "kind of a," which is an oral idiom and is used much less 
frequently: ORAL: He is kind of a human shield. WRITTEN: He is a kind of human shield. 


kind(s) of thing... 


(U) The general rule for American English is to use this kind of thing (or that kind of thing) when speaking of only one kind of thing 
and to use these kinds of things (or those kinds of things) when speaking of two or more kinds of things. 


(U) The idiom these kind of (or those kind of) followed by a plural noun is well-established in British usage, but less so in American 
usage. Americans should not use it in serialized reports. 


knot... 


(U) A unit of speed equivalent to 1 nautical mile per hour. Ship speeds are in knots. Do not use the redundant phrase "knots per 
hour." For distances, use nautical miles. 


(U) See the entries for kilometer, nautical mile, and Mach. 


know-how... 
(b) (3)-P.L. 86-36 


point is called the point of tangency or the point 
of contact. 


j. Concentric Circles. Concentric circles are 
circles having a common center (D, fig. 33). 


k. Pi(x). The Greek letter z is used to repre- 
sent the relationship of the circumference of 
any circle to its diameter. Roughly, it equals 


2. More approximately, it equals 3.1416. In 


many applications, it is rounded off to 3.14. 


139. Circumference of Any Circle 


The circumference of any circle is z times 
the diameter; therefore, C = 7D. 


Example 1: Find the circumference of a 


circle if the diameter is 64 
inches. 
C = rD 

3.14 x 6.5 


= 20.42 inches 


Example 2: Find the diameter of a circular 
tank having a circumference of 
31} inches. 
When the circumference of a 
circle is given, the diameter is 
calculated by dividing the cir- 


cumference by z — D = c. 
pee 
T 
_ 3815 
~ 3.1416 


= 10.03 inches 


140. Area of Any Circle 
a. The area of any circle is equal to z multi- 
plied by the radius squared; therefore, @ = 7??. 
Example 1: Find the area of a circle having 
a diameter of 5 feet 6 inches. 
A=dar 
5.5)? 
a 
(2.75)? 


3.14 < 7.56 
23.76 square feet 


Example 2: What is the diameter of a circle 
the area of which is 78.54 square 
rods? 


84 


A= rrandr= 2 
D\2 
4=+(3) 
aD? 
aan Ss 
Transposing : 
p: — 44 
p_ /B 
2 
D- ‘A 
wv 
Substituting and solving for D: 
2 /78.54 
is 3.1416 
D= W25 
D=2x5 
D = 10rods 


b. The area of any circle also is equal to one- 
half the product of the circumference and the 
radius. 

Example: If the diameter of a circle is 10 
inches, and the circumference of 
the circle is 31.416 inches, what 
is the area of the circle? 

A = 3Cr 

r = 3#Dorr=5 
A = }(81.416 x 5) 
157.08 

2 
78.54 square inches 


141. Area of Ring 


A ring is the area between the circumfer- 
ences of two concentric circles. The area of a 
ring may be found by subtracting the area of 
the small circle from the area of the large circle. 
If FR is the radius of the large circle and r is the 
radius of the small circle, a simplified formula 
for the area of the ring can be developed as 
follows: 


Area of ring = area of large circle — area of 
small circle 
= rR? — rr 
= a(R2—?r?) 
By factoring (R? — 7?) into (R + r) (R — 1), 
the formula also can be written: 
A = r(R+7r)(R—?r) 


AGO 558A 
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(U) Means a kind of practical knowledge and skill that allows one to solve problems and get things done. It is most useful in 
contexts concerning business and technology. Always include the hyphen. 


kudos... 


(U) Although it looks plural, the Greek word kudos is etymologically singular and takes a singular verb when it is used as a mass 
noun, like “glory” or "prestige": Kudos is due her for her efforts. This is the common literary use of the word. 


(U) In the 1920s, kudos came to be understood in English as a plural count noun: The boss gave kudos to everyone who had 
helped on the project. In the 1950s, the single count noun kudo appeared as a back formation from kudos: Rhonda received a 
kudo for her fine work. 


(U) In general prose, the singular noun kudo and the plural count noun kudos have become quite common, but these forms have 
not become part of literature. 7 
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L 
laissez faire... 
(VU) Two words. Does not need to be italicized in hard-copy reports. 
landscape orientation... 


(U) Landscape or horizontal orientation means that the page width is greater than its length. It is often used in hard-copy reports 
for charts and for order-of-battle information. 


(U) See portrait orientation. 
language... 


(U) Although there are some grammarians and others who hold that language is unchanging and that written language is the best 
form, this view has never been held by most writers and scholars. 


(U) In 1952, the National Council of Teachers of English issued a statement outlining five precepts about language, precepts that 
have been acknowledged at least as far back as Samuel Johnson. 


e language changes constantly 
(b) (3)-P.L. 86-36 
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e change is normal 
e spoken language is the language 
e correctness rests upon usage 
e all usage is relative 
(U) See the entry on usage for further discussion. 
last, latest... 
(U) Latest means the “most recent" in a series: Did you hear the latest story?. 
(U) Last refers to the final element in a series: Last of the Mohicans. Be careful not to use it to mean “most recent" unless the 
context makes the meaning very clear. POOR: The last weather forecast said it would rain tomorrow. IMPROVED: The latest 


weather forecast said it would rain tomorrow. 


(U) When modifying a noun denoting time (week, night, etc.), the idiom requires last, even though the meaning is "most recent": 
last night, last week. 


latitude, longitude... 
(U) Express the coordinates for latitude and longitude in degrees and minutes (and, when appropriate, in seconds). 


(U) For most coordinates, report latitude in four digits and longitude in five digits, using leading zeros as needed: Gotham City 
(0001N 00001W). 


(U) See the entry for coordinates. 
latter... 


(U) Latter is used more frequently than former because the referent is much closer. While most often used with two items,-latter 
can be used with a series of three or more, especially in general prose. 


(U) Remember that former and fatter are conveniences for the writer, not the reader. Omit them and repeat the original words or 


(b) (3) -P.L. 86-36 
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phrases, where necessary, to prevent any confusion on the part of readers. 


lay... 


(U) Means "put" or "place." The verb forms fay, laid, and laid are transitive, meaning that they take a direct object: We laid the 
table for four. 


(U) See the entry for lie. 

lead, led... 

(U) The past tense of the verb lead is “led,” not “lead." 
leaders... 


(U) Leaders are a series of spaced periods used to guide the reader's eye across a page. They are used most often in tables and 
in a table of contents. 


leave... 


(U) Leave means "go out of" or "go away from." Purists argue that leave alone is acceptable only in the sense of leaving someone 
in solitude: They left him alone in the wildemess. 


(U) Nevertheless, few people will be confused if you use leave alone to mean “refrain from disturbing or interfering": Leave me 
alone. 


(U) See the entry for let. 


left... 
(U) Capitalize it when referring to the group of people who profess leftist political views. Note, however, that "leftist" is not 
capitalized. 
(U) See the entry for right. 
(b) (3)-P.L. 86-36 
left turn... 
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(U) Use left turn, not “left-hand turn." 
lend... 


(U) In SIGINT, use lend as a verb. Lend is required in figurative uses: “Friends! Romans! Countrymen! Lend me your ears." See 
the entry for loan. 


NOTE: (U) Lend has been used as a noun since the end of the 16th century, though not in ordinary American English. 
less... 


(U) Use less to answer the question "How much?" and fewer to answer the question "How many?" Use less before a noun of 
mass: less wheat. 


(U) Use less than before a noun denoting a measurement of time, money, or distance: less than 3 hours; less than $100.00; less 
than 5 kilometers. 


(U) See the entry for fewer. 
let... 


(U) Let means “allow or permit* something: Let the games begin. It also means “not disturbing or interfering with someone or 
something": Let him go. 


(U) See the entry for leave. 

levels of usage... 

(U) Most grammars and usage books use terms like formal, informal, and substandard or illiterate to describe levels of usage. 
Usually the standards are placed in a best, acceptable, bad sequence, thus encouraging use of the longest or hardest word or 
phrase as the best. The result is often pompous or unintelligible writing. 

(U) In serialized reports, use words, idioms, and phrases that are appropriate to the subject and context and that express clearly 


what you want to say. More often than not, a short or easy word or phrase is better than a long one, but remember that clarity is 
more important than conciseness. 


(b) (3)-P.L. 86-36 
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liaise... 

(U) Common in British English. In American writing it is uncommon, but it is not wrong. If you use it, be ready for negative 
comments from purists and others who dislike the verb, even though there is no valid reason, grammatical or otherwise, for 
avoiding it. 

liaison... 

(U) An “i* on each side of the “a.” 

liberal... 

(U) Avoid this political term. See the entry for conservative. 

lie... | 


(U) Lie is a verb with two meanings. One meaning is "recline" or “be situated," and the verb forms are lie, lay, lain: His jacket had 
lain on the chair all day. Tony lay on the beach, soaking up the sunshine. 


(U) In the sense of making false statements, the verb forms are lie, lied, lied: The Defense Minister had lied before. 

(U) See the entry for lay. 

lighted, lit... 

(U) An example of divided usage. Both forms are acceptable as forms of the past tense or past participle of the verb light. 


(U) When used as an adjective, lighted is the more common form: a lighted candle. Lit is generally part of a combined form: 
moonlit sky. 


like... 

(U) As a preposition, like is used to compare one thing to another: Like her colleagues, Laverne was above reproach. When like 
is a preposition, a pronoun or noun following like must be in the accusative case: Her daughter looks like her. Be certain the 
things you are comparing are parallel. 


(b) (3)-P.L. 86-36 
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(U) In the 19th century, a number of commentators claimed that like cannot be used as a conjunction. (NOTE: Neither 
grammarians nor lexicographers accepted this theory until after the First World War.) That theory, however, is a myth not 
supported by the historical evidence. 

(U) Like has been used as a conjunction since the late 14th century. Among the authors who have used like in this way are 
Chaucer and Shakespeare, although it did not become common until the 19th century, when it was used by Keats, Bronte, 
Thackeray, Dickens, Kipling, and Shaw, among others. in the 20th century, writers such as Churchill, Eliot, Shirer, Sandburg, 
Faulkner, Christie, H.G. Wells, and Lewis also have used conjunction like. 


(U) Like as a conjunction may be primarily a spoken form, but it is standard in literature as well. Ignore the purists who try to tell 
you otherwise. 


(U) See the entry for as. 

likeable... 

(U) In SIGINT, spell it with an "e," but likable is a valid alternative. 

likely... 

(U) Likely as an adverb is most often preceded by a qualifying word, such as "quite" or "very": She will most likely arrive today. 
(U) No qualifier is needed when likely is an adjective: That's a likely story. 

likewise... 


(U) Likewise is an adverb, not a conjunction, and cannot replace a connective such as "and": He risked his life and likewise his 
honor. 


LIMA... 
(U) Phonetic spelling of the letter "I." 


limited... 


(U) Instead of a limited number, try a few. 
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linking verb... 
(U) A linking verb is one that functions chiefly as a connector of a subject to a modifier: He was ill. 
liter... 


(U) Equal to about 34 fluid ounces or 1.06 liquid quarts. Since it is a measurement, always use figures: 2 liters. Always capitalize 
the abbreviation for liter (L). 


(U) In serialized reports, give liquid measurements in liters unless you are quoting. In such cases, give the liter measurement 
immediately after the original form: "500 fritzels ((250 liters))." 


literally... 


(U) Literally means "in a manner precisely fitting the words": Paul was literally alone and penniless. It is not correct to say "He was 
literally breathing fire" unless you are referring to a dragon. 


(U) See the entry for figuratively. 

LNU... 

(U) Do not use this abbreviation for “last name unknown." Spell out the phrase. 
loan... 


(U) In SIGINT reporting, use loan only as a noun. While its use as a verb is standard and has been traced back to at least the 16th 
century, it fell out of use in British English after the 17th century. 


(U) The verb loan now is chiefly American and part of general discourse, including literature, but not elevated discourse. It is used 
as a verb only in the literal sense. For figurative expressions you must use lend. 


(U) See the entry for lend. 
local time... 


(U) Use ZULU time, not local time, in serialized reports unless focal time is important to the intelligence fact. If using loca! time, 


(b) (3)-P.L. 86-36 
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place the ZULU time in parentheses right after: Attack at 0500 (02002). 

(U) See the entry for time. 

-log, -logue... 

(U) See the entry for catalog, catalogue. 

long function word... 

(U) A grammatical term for a single word that can replace an entire phrase: e.g., “while” rather than "during the time that." 
loosen, unloosen... 

(U) Loosen means "make less tight something that binds or restricts." 

(U) Unloosen means "set free from ail restriction." 

lots, a lot... 

(U) These expressions are common in general prose but not in formal writing. Avoid them in serialized reports. 
lowercase... 

(U) A single word as an adjective or noun. In printing it means small letters rather than capitals. 

-ly adverbs... 

(U) Do not put a hyphen between an adverb ending in -ly and a following adjective: newly elected president. 


(U) Adverbs ending in -ly are preferred when the adverb precedes the verb or participle it modifies: The attacking aircraft quickly 
descended for a bombing run. 


(U) Also see the entry for flat adverbs. 


(b) C3) +P ie 86-36 
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Find the area of a ring having 
an inside diameter of 8 inches 
and an outside diameter of 12 
inches. 

A a(R + r)(R — 1) 
3.14(6 + 4)(6 — 4) 
3.14 x 10 x 2 

62.8 square inches 


Example: 


| 


142. Review Problems—Plane Geometry 
a. Find the area of a rectangle having a base 
of 12 inches and an altitude of 8 inches. 


b. What is the area of a square, each side of 
which is 6 inches? 


c. Find the area of a triangle of which the 
altitude is 5 inches and the base is 10 inches. 


d. Find the area of a triangle having an alti- 
tude of 15 inches and a base of 2 inches. 


e. What is the hypotenuse of a right triangle 
the sides of which are 12 and 8 inches? 


f. Find the third side of a right triangle if 
one side is 7 inches and the hypotenuse is 9 
inches. 


g. Identify the following figures, give the 
formulas, and solve for the required quantity. 


; 
Q) Ly "FIND AREA 


je—_ 12° 


(2) FIND AREA 


(3) FIND AREA AND 
CIRCUMFERENCE 


—— 
° ts acts 
(—— 
TM684-40 


AGO 558A 


h. What are the perimeters of the following 
figures? 


60° 60° 
i-INCH 
A 
go° 90° 
3/4 INCH 
90° 90° 
1-172 INCH B 


1-3/4 INCHES 


TM684-4} 


i. Find the area of the largest circle that can 
be cut from a square piece of sheet metal with 
sides of 10 inches. 


j. If the height of an antenna is 80 feet, how 
far from its top is an object on the ground 60 
feet from the base of the pole? 


85 
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Mach... 


(U) Equals the speed of sound. A plane traveling at Mach 1 would be traveling at the speed of sound (about 1200 kph/750 mph at 
sea level, about 1060 kph/660 mph at 30,000 feet above sea level). Mach 2 is twice the speed of sound, etc. 


(U) Use decimals for speeds in Mach: e.g., Mach 1.6. Capitalize the "M." Do not abbreviate Mach. 

(U) See the entry for speed. 

majority... 

(U) Majority takes a singular verb when it refers to a group as a unit: A majority of the team is going out for pizza. 


(U) Use a plural verb when majority refers to what each individual or part of the group is doing: The majority of the team live west 
of Elm Street. In many cases, “most” can be substituted for majority when a plural sense is meant. 


(U) A majority, which is more than 50%, is always a "plurality," but the reverse is not always true. 


(U) See the entries for collective noun and plurality. ere ae ee ee 
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make preparations for... 

(U) Instead, try "prepare for," which is shorter. 
-man... 

(U) See the entry for gender. 

manner... 

(U) Replace phrases such as in a clever manner or in an awkward manner with simple adverbs, such as "cleverly" or "awkwardly." 
march route... 

(U) Two words. 

marshal... 

(U) As a verb, it means "arrange" or "place in order." 
martial... 


(U) Means “pertaining to military affairs or to war." Rule by military authorities over a civilian population is martial law, not "marshal 
law." 


masterful, masterly... 


(U) Masterful often indicates "strong-willed and domineering" and in that context should be used only of people: Attila the Hun 
was a masterful person. 


(U) Masterly often refers to the things that people produce or create: a masterly piece of film criticism. 


(U) Although H. W. Fowler tried to create a distinction between masterful and masterly in the sense of "skillful" or "expert," both 
appear in standard prose in that sense: a masterful writer, a masterly sense of English. 


(b) (3)-P.L. 86-36 
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material, materiel... 

(U) Material is what something is composed of or can be made of (such as cloth). 

(U) Materiel refers to the equipment, apparatus, and supplies of an organization. 

materialize... 

(U) Means "assume material form” or "take effective shape”: If our plans materialize, we will succeed. 


(U) Although many writers use materialize in the sense of "happen" or "come into existence," a number of commentators think 
such use is wrong. Try to avoid it in SIGINT reports. 


maximum... 


(U) In writing, maximum generally is considered an absolute that should not be modified by a comparative or superlative. (The 
same is true for minimum.) 


(U) Do not use the phrase the maximum amount because a maximum is an amount. POOR: The maximum amount | will pay is 
$500. IMPROVED: The maximum ! will pay is $500. 


(U) See absolute adjectives. 
may... 


(U) Use may to indicate uncertainty about something or to indicate a formal grant of, or request for, permission: May | speak? It 
may rain tomorrow. 


(U) See the entry for can. 
may possibly... 
(U) Use may or possibly, not both: It may be true. It is possibly true. 


MD, M.D. ... 


Docryy! a Fes yes: M (UTFORO} Page 4 of 12 


(U) Distinguish between MD without periods (which stands for military district) and M.D. with periods (which means doctor of 
medicine). M.D. rarely is appropriate in SIGINT reports. 


me... 

(U) Use me as the object of verbs and prepositions: Fred hit me. Let's keep this between you and me. 
meager... 

(U) Use the American spelling. 

mean... 


(U) Use mean to designate a number that is equidistant from two extremes. if a week's high temperatures are 48, 70, 68, 66, 74, 
63, and 65, the mean high temperature is 61. (The average is 65.) 


(U) See the entries for average, median, and norm. 
meantime, meanwhile... 


(U) Both words can be used as nouns or adverbs, but the most common practice is to use meantime as a noun and meanwhile as 
an adverb. 


(U) When used as nouns, meantime and meanwhile often follow a preposition: In the meantime, we waited. Meanwhile as an 
adverb often begins a sentence: Meanwhile, we waited. 


measurement... 

(U) See the complete entry for measurement. 

media... 

(U) The English noun media has been used as a singular count noun since the 1920s. Its use as a singular is less common than 


as a plural in referring to television, radio, and the press, but either form is acceptable. Do not use "medium," however, to refer to 
a means of communication. (See the entry for medium.) 


(b) (3)-P.L. 86-36 
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(U) Media takes a singular or piural verb and modifiers depending on the context: What media allows us to reach the most 
customers? The media were on hand for the committee session. 


median... 


(U) The median is the middle value in a distribution, above and below which lie an equal number of points. If a week's high 
temperatures are 48, 70, 68, 66, 74, 63, and 65, the median is 66 (three higher values and three lower ones). 


(U) See the entries for average, median, and norm. 

medium... 

(U) Use medium and mediums only to refer to people who claim to be able to speak with the dead. 
(U) See the entry for media. 

megahertz... 

(U) Always abbreviated as MHz. Under the SI system, the prefix "mega" is always abbreviated as “M." 
(U) See the entry for hertz. 

memento... 

(U) A memento is a keepsake. See the entry for momento. 

memorandum... 

(U) Use either memorandums or memoranda. Both forms are valid. 

meridian... 


(U) Use numerals and lowercase: 47th meridian west. 


mete... (b) (3)-P.L. 86-36 
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(U) It means "distribute as if by measurement" or "give out": mete out punishment. 
meter... 


(U) Always use figures with the word meter: a 7-meter limit. Leave a space between the number and the abbreviation: 500 m, not 
500m. The American spelling is meter. 


metric system... 

(U) The popular name for the Systeme Intemationale (SI) decimal-based system used to measure length, weight, volume, etc. 
According to a Washington Post article (27 August 1994), the only countries that have not converted officially to the metric system 
are the U.S., the Bahamas, Liberia, and Burma. 


(U) When quoting measurements in traffic that are in a form other than metric, include the metric equivalent in parentheses 
immediately after the original measurement: 5 miles (8 km). (U) Abbreviate common metric terms without expansion. 


(U) See Abbreviations & Acronyms for guidance on how to abbreviate metric measurements. 

MiG... 

(U) In SIGINT reports, the "i" is in lowercase, and the plural is formed by adding an "s": MiGs, MiG-25s. 

might possibly... 

(U) Use might or possibly, not both. 

mighty... 

(U) Standard as an adverbial intensifier: a mighty fine day. Its use dates back to the 13th century, and it was in common use in the 
17th, 18th, and 19th centuries. Today it is most common in southern and midwest American usage, but it is not limited to those 


areas. 


(U) While not appropriate for the most formal contexts, mighty appears regularly in newspaper and magazine writing. Use mighty 
in serialized reports whenever it is appropriate. 


MIKE... (b) (3)-P.L. 86-36 
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(U) Phonetic spelling of the letter "m." 
mile... 


(U) Assume statute mile unless nautical mile is specified. Use figures with miles: 23 miles, 7 miles. To convert miles to kilometers, 
multiply by 1.609. 


(U) See the box for measurement. 

military rank... 

(U) Capitalize and abbreviate a military rank only when it is used before a full name: Gen. John J. Pershing. Do not abbreviate 
when only the last name is given: General Pershing, Sergeant York. Use commonly-recognized abbreviations for rank, not 


service-specific ones. 


(U) Capitalize a rank used in place of a name only when the rank is higher than general: the Commander in Chief; the Field 
Marshal. 


(U) Express foreign ranks in standard English form: Major General Zog (not General-Major Zog). There is no need to place the 
equivalent U.S. rank in parentheses after the foreign rank. 


military terminology... 


(U) Use everyday English to convey ideas. If military terminology must be used, ensure that all recipients will understand the 
terminology. If in doubt, explain the term in a footnote. 


military units... 
(U) See the complete entry for military units. 
militate... 


(U) It means "influence" and goes back to at least 1642. The proper expression is militate against, not "mitigate against": The 
resources we have militate against attacking on the western flank. 


(U) See the entry for mitigate. (b) (3)-P.L. 86-36 
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millimeter... 
(U) Abbreviate as mm when preceded by a numeral. Hyphenate in a compound modifier: a 57-mm antiaircraft gun. 
million... 


(U) Use figures with million, billion, or trillion in all but indefinite cases; spell out the words million, billion, and trillion: He owns 
about a million acres. She won 5 million dollars. 


(U) In serialized reports, use the form "$7 million" when giving money equivalents: Prime Minister Merriam allegedly diverted 21 
million drebecks ($7 million) to his own bank accounts. 


(U) See the entries for money, number, billion, and trillion. 

miniature... 

(U) It means “a reduced version of something that normally has a larger size": a miniature golf course. 

(U) Do not use miniature to describe something that is small and for which there is no standard size, such as a rug. 
minimize... 

(U) A term meaning "make as small as possible" or "play down the effect of." 


(U) Purists argue that only the first sense is valid and that minimize is therefore an absolute. The second sense, however, has 
been around for more than a century and is standard. 


(U) Expressions such as greatly minimized are more common in speech than in writing, but are not wrong. 

minimum... 

(U) See the entry for maximum. 

miniscule... 

(U) A variant spelling of minuscule. It first appeared in writing at the end of the 19th century. Modern usage commentators 


(b) (3)-P.L. 86-36 
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consider it an error, even though it has been in widespread use for more than 50 years and appears in edited prose at least as 
often as, if not more often than, minuscule. 


(U) Since it remains controversial, use minuscule. 
MIRV... 


(U/A-@U6} Abbreviation for "multiple independently targetabie re-entry vehicle." Use the verb forms MIRVed and MIRVing to 
discuss the application of this concept to missiles. 


mishap... 


(U) The attempt of some commentators to associate mishap with triviality is a recent phenomenon. From Shakespeare to modem 
journalism, mishap has been used for either serious or trivial occurrences, but always unfortunate for the person who is involved. 


(U) In modem usage, mishap is used to describe an unfortunate accident of a trivial nature or to downplay the seriousness of an 
accident. 


misplaced modifiers... 
(U) See the box. 
missile... 


(U) A missile is an unmanned, self-propelled weapon whose flight path or trajectory can be controlled. A missile may be 
aerodynamic or ballistic. Distinguish it from a “rocket,” which is a self-propelled vehicle whose trajectory or flight path cannot be 
controlled. 

(U) See the entries for Ms! and for weapon system designator. 

mitigate... 

(U) It means “alleviate” or "moderate": The accused offered several mitigating circumstances in his defense. 


(U) See the entry for militate. 
(b) (3)-P.L. 86-36 
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mobile... 

(U) Use mobile to describe something that moves frequently or is designed for easy transport: mobile home, mobile HQ. 
(U) See the entry for movable. 

MOD... 


(U) Since it can mean either the Minister of Defense or the Ministry of Defense, do not use this abbreviation without expanding it 
first. Do not use it in a serialized report to represent both terms. 


momento... 


(U) According to Merriam-Webster, momento is a rare variant spelling of "memento" that was first noted in 1853. Momento also is 
Italian for “one minute.” 


(U) Because it is uncommon in general use, avoid it in SIGINT reports. Use memento instead. 

money... 

(U//FQUQ) See Standard Worldwide Currency Names and Abbreviations for in-depth currency and conversion information. 
(U) Include U.S. dollar equivalents in parentheses after the foreign currency: 48.1 million zloty ($2,000). 


(U) Note the exchange rate in a footnote only when the currency is undergoing significant daily fluctuations or some other 
extraordinary condition exists. 


(U) When knowledge of the conversion rate is important, place the information, including the date and source of the quoted rate, 
in a footnote: (A) (U) Based on a rate of 24049 zloty to $1, cited in The Washington Post, 2 December 1994. 


(U) If black market rates are important to the SIGINT story, indicate that in the footnote. 


(U) When the same term is used to denote currency in more than one country (e.g., dollar, pound, franc), indicate which currency 
is involved: British pounds, Lebanese pounds; French francs, Swiss francs. 


+ H “ " 
(U) Do not capitalize “euro. ELSE Sea 


k. How many square feet of lumber are l. A metal plate is in the shape of an equi- 
needed to build 10 boxes 18 inches by 16 inches lateral triangle. If the altitude is 14 inches, 
by 9 inches? what is the perimeter? 


86 AGO 558A 
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more than one... 


(U) The idiom more than one generally modifies a singular noun, which in turn takes a singular verb: More than one student has 
failed the exam. 


{U) Use a plural verb when the modified noun requires the plural: More than one of the recruits are from Maryland. 
(U) See the entry for fewer than two. 
mosque... 


(U) A mosque is a building used by Muslims for public worship. Capitalize mosque when it is part of the name of a specific 
building: Aya Sofia Mosque. Do not capitalize it when referring to a building: Abd al-Hamid will meet us in front of the mosque. 


mostly... 
(U) Use mostly to refer the largest number of a group: They arrested mostly students. 
movable... 


(U) Use movable to describe something that can be moved but is not designed for transport: a movable wall, a movable 
sculpture. The variant spelling is moveable. 


(U) See the entry for mobile. 
mph... 
(U) Use mph for "miles per hour" only when quoting from text. It always follows a number. 


(U) Unless you are quoting, report speed in metric form (kph) in serialized reports: The aircraft flew at a computed average ground 
speed of 880 kph. (not 550 mph) 


(U) If you are quoting, however, insert the metric equivalent in a double set of parentheses immediately after the quoted figure: 
General Zog noted, “the new tank's top speed is nearly 50 mph ((80 kph)), even under the worst conditions." 


Ms... 
(b) (3)-P.L. 86-36 
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(U) A courtesy title used to refer to or address a woman, irrespective of marital status. While it is now standard in general use, do 
not use Ms. (or any other courtesy titles) in serialized reports. 


(U) See the entry for courtesy titles. 
Ms... 
(U) Use the abbreviation Msi as part of a unit designator only after first spefling out the word missile. 


(U) Use it sparingly in a short report that mentions only one unit, but freely in listings and narrative reports that repeatedly refer to 
missile units: 5th MsI Regt. Otherwise, spell out missile. 


must... 

(U) Use must or have to, not "got to" or "have got to," which are oral idioms. 

mutual... 

(U) Mutual in the sense of "common" or "shared" has been used by writers since Shakespeare. The first objection to this sense 
was from Robert Baker in 1770 who objected to the phrases mutual benefactor and mutual friend, even though they were used by 
many writers. Most commentators in the 19th and 20th centuries have followed Baker's theory even though writers have not. 

(U) Mutual often does mean "reciprocal" or describes the relation between two people or things: a mutual dislike, mutual arms 
reduction. But mutual in the sense of "common" is clear and well-entrenched usage, not likely to confuse any reader. There is no 
valid reason to object to phrases such as mutual friend. 


(U) See the entry for common. 
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nadir... 
(U) The lowest point. its antonym is zenith. 
names of enterprises... 


(U) For the names of factories and other enterprises, translate the descriptive portion of the name but leave the actual name in the 
original language: the Przyjan Cotton Mill, not the Friendship Cotton Mill. When possible, italicize the actual name in a report. 


(U) See the entry for foreign phrases and words. 
names, personal... 


(U) In a report title, the official title or rank and the last name usually are sufficient: Zendian President Doe impeached rather than 
Zendian President John J. Doe Impeached. 


(U) When referencing a person for the first time in text, always include the first name (and title) if known: Interior Minister John 
Doe or Jane Doe, Minister of Defense. In subsequent references, you may use the title, the last name, or both: Doe, Minister Doe, 
or the Minister. 


(6) (3)=P. L,. 86=36 


Doc rile aap 4B Yagual: N (UFO). Page 2 of 10 


(U) Capitalize only the first letter of a person's name in a SIGINT serialized report: Clark Kent, not CLARK KENT. Do not use 
courtesy titles in SIGINT reports. 


(U) See the entry for titles. 

NATO designators... 

(U) See aircraft designator, ASCC designator, and weapon systems. 

nautical mile... 

(U) Abbreviate it as nm whenever it follows a number. Since it is a measurement, always use figures: 5 nm, not five nautical miles. 
(U) See the entries for measurement and mile. 

NBC... 

(U) This abbreviation for nuclear, biological (see BW and CBW), and chemical (see CW) must be expanded on first reference. Do 
not use "bacteriological" instead of "biological" unless the reference is to protective gear used by the military; NIPF topics do not 
use the term "bacteriological." 

near, nearly... 


(U) Near in the sense of “almost, nearly” dates back to about 1200. It is an example of a flat adverb and sounds somewhat old- 
fashioned, but is not an error. In SIGINT reporting, however, use the more common adverbial form nearly. 


(U) See the entry for flat adverbs. 
necessity... 


(U) The common idioms are the necessity of and the necessity for: | do not see the necessity of lying. | do not see the necessity 
for lying. Although necessity can sometimes be followed by an infinitive, try to avoid such use in SIGINT. 


NOTE: (U) The distinction between the nouns need and necessity is that necessity intensifies the sense of urgency to the point of 
denying that the particular need can be ignored. For example, cash is a need in order to buy things, but cash is a necessity when 
the store will not take checks or credit cards. 

(b) (3)-P.L. 86-36 


Docr yy!” *Seaes Vat N OPO Page 3 of 10 


needless to say... 


(U) A standard English idiom, generally used to emphasize that a statement is self-evident or provide a smooth transition between 
sentences or paragraphs. Use it in serialized reports only when necessary. 


negative modifiers... 


(U) When possible, avoid weakening a statement with unnecessary modifiers such as undisclosed, unspecified, unidentified, and 
so on. Emphasize the facts rather than lack of facts (unless the lack of facts is what is important). 


(U) On the other hand, don't try to hide the fact that we do not know something. Save the reader a phone cail by letting him know 
in the text of the report, an analyst comment, or a footnote that there is no additional information. 


(U) See the entries for negative reporting and for NFI. 

negative reporting... 

(U) Unless the lack of information is itself significant or a user has requested such reports, do not issue negative reports 
(sometimes referred to as an NTR (nothing to report)). Even when reporting negative data, try to present it in positive terms: A 
communications stand-down is under way in the Zendian Army rather than There have been no Zendian Army communications 
for 4 days. 

neither... 


(U) When neither serves as the negative counterpart of either, it takes a singular verb, especially when used by itself: Neither is 
coming. 


(U) Neither followed by "of" and a plural noun or pronoun may take a singular or plural verb: Neither of the doctors was in. Neither 
of them were on time. 


(U) A pronoun with neither as an antecedent, therefore, may be singular or plural: Neither of the doctors is likely to reveal her (or 
their) identity. 


(U) See the entry for notional agreement. 


neither ... nor... (b) (3)-P.L. 86-36 
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(U) See the entry for either... or. 
neologism... 


(U) A term used to identify a new word (or phrase) or a new sense of a word (or phrase). The Oxford Companion to the English 
Language identifies neologisms as falling into the following classes: 


e compounding (e.g., couch potato) 
e derivation (yuppie, from “young urban professional") 
e shifted meaning (political spin) 


extended function (necklace as a verb) 


abbreviation (GIGO) 


e back-formation (dis from disrespect) 


borrowing (glasnost) 


e root-creation (Kodak, Xerox) 


(U) Examples from the last 50 years include acronym, gremlin, cosmonaut, paramedic, Eurodollar, quasar, boat people, junk food, 
gridlock, and golden parachute. 


(U) While neologisms are part of normal language change and with frequent use become part of the everyday language, clarity is 
the most important principle in writing reports. Do not use recent or uncommon neologisms, especially those that could cause 
confusion, just as you would avoid using colloquial language. 


NFI... 
(U) Don't use this abbreviation, which can mean either "no further information" or “not further identified." Instead use unidentified, 


unlocated, unknown, etc. Be careful to distinguish between what you, the analyst, do not know and, for instance, something that 
the traffic indicates the communicant does not know. 


{b) (3)-P.L. 86-36 
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nm... 

(U) See the entry for nautica! mile. 

no... or... 

(U) When no introduces a compound phrase, connect the elements with or: She has no money or credit cards. 
nobody... 


(U) Nobody is an example of notional agreement. As an indefinite pronoun, it generally takes a singular verb: Nobody wants to go 
to jail. ; 


(U) A pronoun with nobody as the antecedent, however, may be either singular or plural: Nobody thinks his (or their) dog is 
worthless. 


(U) See the entry for notional agreement. 


NOFORN... 


(U) NOFORN is the acronym for Not Releasable to Foreign Nationals. It is a security control marking used to alert the reader that 
the information must be kept within U.S. channels only. 


(U) Add the NOFORN caveat to the overall classification line of any report that contains NOFORN information and to the 
paragraph marking of each paragraph that contains NOFORN data. Abbreviate it as "NF" in paragraph markings. 


(U) When a paragraph contains NOFORN and either REL or EYES ONLY information, the NOFORN takes precedence and 
should be used in the paragraph marking. The same principle holds when one paragraph in a report is NOFORN and another is 
REL or EYES ONLY. Use NOFORN in the overall classification. 

nominative... 

(U) A noun or pronoun that is the subject of a sentence or serves as a predicate noun or pronoun is in the nominative case. 


(U) Only pronouns have specific forms for the nominative case. 


| sn2oi0 
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(U) See the entry for case. 
nonaligned nations... 


(U) A political term referring to nations that did not belong openly to Western or Soviet alliances or blocs. India and Egypt were 
examples of nonaligned nations. 


(U) With the collapse of the USSR and the Eastern Bloc, this term has lost its meaning. Use it carefully. 

none, no one... 

(U) Another example of notional agreement. None takes a singular verb when it is used in the sense of "no single one": None of 
the seats was in the right place. If the sense is “two or more," use a plural verb: None of the consultants agree on the right 
method. (NOTE: The earliest recorded use of none with a plural verb is from King Alfred the Great, A.D. 888) 

(U) The myth that none takes only a singular verb arose in the late 19th century and is based on incorrect etymology. None is not 
a contraction of "no one," but rather is based on the old English word nan, which in turn was formed from ne “not” and an “one.” 
The Old English nan was inflected for both singular and plural. 


(U) The two-word form is always singular and normally is used to emphasize: | tried four different diets, no one of which was 
helpful. 


(U) See the entry for notional agreement. 
nonessential phrases and clauses... 


(U) See the entry for nonrestrictive elements. 


nonrestrictive elements... 


(U) Nonrestrictive elements are words, phrases, and clauses that are not necessary to the meaning of the sentence and may be 
omitted. 


e My wife, Lestie, is a wonderful person. (Leslie is a nonrestrictive appositive.) 


e Farmers, using pesticides and fertilizers, try to enhance crop growth. (Using pesticides and fertilizers is a nonrestrictive 


(b) (3)-P.L. 86-36 
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phrase.) 


e My daughter, who is studying international relations, will graduate in May. (Who Is studying international relations is a 
nonrestrictive clause.) 


(U) Use a pair of commas to set off nonrestrictive elements in the middle of a sentence. 

(U) See the entries for appositives, comma, restrictive elements, that, and which. 

nonstandard... 

(U) A term used by lexicographers to describe grammatical forms and constructions--often regionalisms--that are not 
characteristic of educated native speakers. Merriam-Webster's Third distinguishes between nonstandard and substandard, using 


substandard as an indicator of social status. 


(U) When reference works simply use nonstandard as a substitute for substandard, illiterate, or other pejorative terms, regard the 
label with some skepticism. 


nor... 


(U) Nor is sometimes used incorrectly for "or" in negative expressions when parallelism is called for. WRONG: He cannot eat nor 
sleep. IMPROVED: He cannot eat or sleep. He can neither eat nor sleep. He cannot eat nor can he sleep. 


(U) See the entries for either... or, neither. . . nor, or and parallelism. 
norm... 


(U) Use norm to indicate a standard or model regarded as typical for a specific group: The child was below the norm for his age in 
reading comprehension. 


(U) See the entries for average, mean, and median. 
not further identified... 
(U) Use this phrase or a similar parenthetical remark rather than a footnote to tell the reader that you have no further information. 


Do not use the abbreviation NFI. 
(b) (3)-P.L. 86-36 
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notional agreement... 

(U) Notional agreement refers to agreement of a verb with its subject or of a pronoun with its antecedent based on the notion of 
number or meaning. This meaning is the one that the expression has to the writer or speaker. It contrasts with what may be called 
formal or school-grammar agreement in which only form determines singular or plural agreement. 

(U) Notional agreement is a relatively recent discovery, according to Merriam-Webster, but it explains why so many expressions in 
English do not follow the formal grammar we learned in school. Most school grammars are based on the work of 18th century 
grammarians, who never caught on to notional agreement, which is a feature of English rather than Latin, and who tried to correct 
its forms. The conflict between notional and formal agreement is behind many usage issues. 

not only ... but also... 


(U) Use not only . . . but also when you mean both of the things specified: She wanted not only to graduate but also to go on to 
graduate school. Make sure that the elements following not only and but also are parallel. 


(U) The word also is optional in this construction and is often omitted in short constructions: Society is not only multifaceted but 
often contradictory. 


(U) When you mean either of two things but not both, you do not need only or also: The winner was not Nancy but Kristin. 
(U) See the entry for parallelism. 
nouns as verbs... 


(U) English nouns have been adapted for use as verbs for several centuries. Examples include progress, experience, and head. 
There is no grammatical reason to avoid such use, despite the claims of some recent commentators on usage. 


(U) See the entry for contact. 
NOVEMBER... 
(U) Phonetic spelling of the letter "n.” 


nucleus... 
(b) (3)-P.L. 86-36 
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TRIGONOMETRY 


Section |. BASIC TRIGONOMETRIC THEORY 


143. introduction 


a. Definition. Trigonometry deals with the 
relationships between the sides and angles of 
triangles. It uses the theories of basic mathe- 
matics—the numbers of arithmetic, the equa- 
tions of algebra, and the theorems of geometry 
—to aid in the measurement of the sides and 
angles of triangles. 


b. Application. The ability to use angles and 
their trigonometric relationships in electrical 
calculations is especially important in the study 
of alternating current (ac). Most effects of ac 
circuit components can be studied or described 
only in terms of the part of a cycle by which 
a current lags behind a corresponding voltage, 
or vice versa. A large percentage of the prob- 
lems relating to the analysis of ac circuits and 
communication networks involves the solution 
of the right triangle in some form. Certain 
facts about right triangles are familiar (ch 9) 
—namely, that the square of the hypotenuse is 
equal to the sum of the squares of the other 
two sides (c? = a? + b?), that the sum of the 
acute angles of a right triangle is 90°, and that 
the sum of the interior angles of any triangle 
is 180°. However, it would be impossible to 
solve certain problems with only this informa- 
tion. After learning other relationships be- 
tween the sides and angles of triangles, it will 
be found that trigonometry is an easy and ac- 
curate method of solving many problems in ac 
electricity (ch 15). 


144. Trigonometric Functions 


a. General. Trigonometry is based on the 
six trigonometric functions involved in the 
study of the right angle. If the value of one 
quantity depends on the value of a second quan- 
tity, the first quantity is said to be a function 
of the second. The six trigonometric functions 
—sine (sin), cosine (cos), tangent (tan), co- 


AGO 558A 


tangent (cot), secant (sec), and cosecant (csc) 
—are derived from the ratios of the sides of a 
right triangle to each other. 


b. The Right Triangle. Figure 34 shows a 
right triangle, with the angles labeled A, B, 
and C; C is the right angle. The sides of the 
triangle are labeled a, b, and c, with the side 
opposite each angle given the same letter as 
the angle. The following are the trigonometric 
ratios of the sides of a triangle: 


ie __ opposite side 


~ hypotenuse 
adjacent side 
cos = 
hypotenuse 
__ opposite side 
os ~ adjacent side 
adjacent side 
cot = 
opposite side 
___ hypotenuse 
sts “adjacent side 
7 hypotenuse 


~ opposite side 


c. Angle A. Refer again to figure 34. Using 
the acute angle A, a is the opposite side, b is 
the adjacent side, and c, which is the side oppo- 
site the right angle, is the hypotenuse. There- 
fore, 


sin A = % 
c 
soe: > a8 
c 
tan A =F 
ot ae 
a 
see A =F 
esc A = © 
a 


87 
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(U) The plural form is nuclei. 

nuils... 

(U) Use leading nulls only in time entries between 0001 and 0959 and in geographic coordinates. 
number... 

(U) Do not use the abbreviation for number (No.) in serialized reports. 

number of... 

(U) A number of is followed by plural nouns and takes a plural verb: A number of persons were selected. 
(U) The number of takes a singular verb: The number of winners is tiny. 

(U) See the entries for amount of and collective noun. 

numerals... 


(U) There are two sets or systems used for numbers in English: arabic numerals and roman numerals. Of these the arabic system 
is by far the more common. Unless otherwise specified in USSID CR1400, the rules for the use of arabic numerals are: 


(U) Spell out: 
e numbers one through nine 


e any number that begins a sentence (Reword the sentence to avoid cumbersome expressions like five thousand three 
hundred fifty-seven.) 


(U) Use numerals to: 
« express numbers greater than nine 


e refer to a page or a figure in a report 


(b) (3) -P. Ls. 86-36 
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« indicate the number of a FOLLOW-UP 

e refer to the true unit designator of a military unit other than an Army corps: 3rd Army (but V! Corps) 

e express units of time, money, and measurement (exception: zero degrees Celsius) 

e cite specific part numbers or nomenclature of pieces of equipment, such as "fiber optic strand 6" 
(U) Special rules are: 


e when four or more numbers appear to the left of the decimal, use a comma to separate them into groups of three, counting 
from right to left (exception: years in a date) 


e extend decimal numbers no more than two places to the right in most reports 

e when a number is part of a unit modifier, include a hyphen: 5-year term, 10-km race, two-word form 

e when two or more numbers appear in a sentence in reference to the same thing and one of them is 10 or more, use figures 
for all numbers referring to the same thing: Among them the four men had received 9 tickets for drunk driving and 23 for 


reckless driving 


(U) See the entries for ordinal numbers and roman numerals. 
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oasis... 
(U) The plural form is oases. 
obligate, oblige... 


(U) Use either form when the constraint is external: | am obliged (or obligated) to pay the bill. The subtle difference here is that 
obliged implies constraint applied by physical force or by circumstances whereas obligated implies an obligation to someone else- 
-i.e., you have promised or contracted to do it. 


(U) Use oblige when the constraint is in one’s mind: | feel obliged to apply to an Ivy league school. 

(U) In the 20th century, obliged has displaced obligated in the sense of “put under a debt of gratitude": | am obliged to you. 
obscenity... 

(U) Never include obscenities in a report. If an obscenity is part of a quote, replace it with the phrase ((expletive deleted)). 


"of" phrases... 
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(U) Often can be eliminated to cut down on wordiness. For example, instead of rules of the Party, try Party rules; for Minister of 
Defense, try Defense Minister. 


(U) See the entry for prepositional phrases. 
off... 


(U) In modern writing, do not use of or from after off. POOR: He stepped off of (or off from) the train. IMPROVED: He stepped off 
the train. 


(U) The idiom off of is speech and has been in use since the 16th century. 

(U) Modern citations for off from are very rare, although the phrase was used by older writers such as Milton, Swift, and Defoe. 
off-load... 

(U) In general, use “unload.” Off-load has a very specific meaning relating to the center of gravity of a vehicle. 

OK, O.K., okay... 

(U) Do not use any of these forms in SIGINT, even though they are acceptable in general prose. 

older, oldest... 

(U) Applies to either persons or things. See the entry for elder, eldest and for superlative of two. 

on... 

(U) Do not use on before a date unless its absence would lead to confusion: He will be inaugurated 20 January. 


(U) Do use on to avoid any suggestion that a date is the object of a transitive verb: The Assembly postponed on 22 July its debate 
on price increases. 


(U) See the entry for onto. 
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(U) Generally, include the hyphen in compound form adjectives: run-on sentence, head-on attack. 
on board... 


(U) Two words. it means “carried on" or “situated on" something: The shipment is on board the freighter. The runner is on board 
second base. 


(U) If you want to specify that what is carried is on a passenger vehicle, such as a train or plane, use aboard: Pau! will travel to 
Jamaica aboard a cruise ship. The conductor cried out, "All aboard!" 


(U) See the entry for aboard. 

one of those who... 

(U) This is another example of notional agreement. In 1770, Robert Baker developed the theory that the verb in the clause 
following one of those who should be in the plural because the relative pronoun relates to the object of the preposition of: She is 
one of those women who always complain about their job. Since who relates to "women," in this example, it should take a plural 
verb. 

(U) The practice Baker and his followers have tried to correct has been around since at least the 10th century. Many writers 
through the centuries have used the singular verb: “one of those who is not only at peace within himself . . ." (Joseph Addison). 
Usage commentators argue this is correct because in these cases the writer is emphasizing the singular pronoun one. 


(U) Merriam-Webster files show that both forms are in regular use and that the plural verb is more common. Which form you use, 
they suggest, depends on whether you are emphasizing the pronoun or the plural antecedent. Both are standard. 


(U) When a restriction is put on one, however, the clause has a singular verb: She is the only one of those women who does not 
complain about her job. 


onetime, one-time, one time... 
(U) Onetime as a single word means "former": He is a onetime champion. 
(U) When used as a modifier meaning that something occurred only once, it is hyphenated: It was a one-time event. 


(U) In all other cases use two words: They fired one time. 


(b) (3)-P.L. 86-36 
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ongoing... 


(U) The earliest citation of ongoing as an adjective was back in 1877. It did not become popular, however, until the 1950s and has 
remained in widespread use since then. 


(U) Most newly popular words are derided by usage commentators as vogue words, but there is no objective reason for not 
using ongoing in your writing. 


(U) If you do wish to replace the adjective ongoing, use the adjective "continuing" rather than the adverb "currently." 
online... 


(U) In communications, it pertains to the operation of a functional unit when under the direct control of its associated system, or to 
equipment that is connected to a system and is in operation. 


(U) In computer technology, the state or condition of a device or equipment that is under the direct control of another device, or 
the status of a device that is functional and ready for service. 


(U) The spelling without the hyphen is becoming more common and is preferred, but the alternative form on-line is also correct. 
only... 


(U) When used as an adverb, only should be placed with care to avoid ambiguity. Generally, it should precede the word or words 
it modifies. Note the differences in the following examples: 


e Only Sally works here. (No one else works here.) 
e Sally only works here. (Sally does nothing here but work.) 
e Saily works only here. (Sally does not work anywhere else.) 


(U) In speech, the placement of only is less precise because stress and intonation make clear the meaning. In writing, follow the 
above practice. 


(U) See the entry for misplaced modifiers for additional examples. 
(b) (3)-P.L. 86-36 
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onto, on to... 


(U) As a single word, onto implies that the motion toward a position was initiated from an outside point: He wandered onto the 
highway (from a point off the highway). On does not indicate where the motion began: He wandered on the path. 


(U) Use the two-word form when on is an adverb associated with a verb: Let's move on to a new subject. 

operations... 

(U) Use it to describe military activities that accomplish specific missions, such as patrols, paradrops, airlifts, etc. 

(U) See exercise and training. 

opine... 

(U) Opine has been used as an English verb since the 15th century, but today is most common in very formal usage. It 
emphasizes that what is being reported is, in fact, just an opinion. Said, stated, thought, and heid the opinion are options, 
depending on the context. 


opinion... 


(U) Something is an opinion when our experience or the verified report of the experience of others is not sufficient to exclude 
reasonable doubt. 


(U) In reporting, the emphasis should be on objectivity. If you must inject an opinion, do so in an analyst comment. 
or... 


(U) Use or between compound words or phrases that follow a negative: He cannot eat or sleep. She cannot remember where she 
left her book or when she last had it. 


(U) See the entry for nor. 
oral... 


(U) Use oral only to refer to spoken words: Some schools still require that students pass an oral examination. 


(b) (3)-P.L. 86~36 
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(U) See the entry for verbal. 

order of presentation... 

(U) The order in which information is presented in a SIGINT report is the order in which they register in the mind of the reader. For 
this reason it is important to place the essential facts and their significance at the beginning of the report in the title and the report 
lead. To do otherwise risks having the busy reader say "why bother with this?" 


(U) In the body of the report, present the material in a logical order that allows the reader to understand how the story or event 
developed. This may or may not be chronological order. 


(U) Sometimes the body of the report has to present information in such a way that the most significant facts come at the end. 
This is acceptable as long as the report title and lead contain the important facts and conclusions. 


order of battle... 


(U) Order of battle refers to the strength, identification, command structure, and disposition of the personnel, units, and equipment 
of a military service. Hyphenate it as an adjective: order-of-battle data. 


ordinal date... 


(U) The ordinal date (often referred to erroneously as the julian date) is a number, usually in three-digit form, representing the day 
of the year: 1 January is 001, 1 February is 032, 11 March is 070, etc. Adjust the ordinal dates in leap years. 


(U//FEY¥O} In serialized reports, the ordinal date is the last required field in the report Identification and Accounting Line (for 
example, XXMMENP01FO096123 would be on reports published on 3 May). 


ordinal numbers... 


(U) Use an ordinal number to indicate a position in a series: first base, second base, third base. Spell out ordinals for the numbers 
1 through 9 and use numerals for those greater than nine: fifth on the list, 50th wedding anniversary. 


(U) Do not add the -ly suffix to ordinals. Use first, second, third, etc. Do not use firstly, secondly, thirdly, etc. 


(U) In true unit designators, use figures except for an Army Corps: 33rd Mountain Division, 8th Army, VI Army Corps. 


(b) (3)-P.L. 86-36 
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NOTE: (U) The standard abbreviated forms for second and third are 2nd and 3rd. The 1984 edition of the GPO Style Manual uses 
2d and 3d, but does not give any reason for this usage. Foliow the Chicago Manual of Style, almost all other sources, and 
common usage in using 2nd and 3rd. 

(U) See the entry for numerals. 

ordinance, ordnance... 

(U) An ordinance is a statute passed by a nonsovereign legislature. 

(U) Ordnance refers to military supplies, i.e., ammunition and weapons. 

organizations... 

(U) Capitalize the full name of an organization: the Ministry of Agriculture, the Smallville Town Council. 

(U) Capitalize the shortened form only if it is a national-level body: the Ministry, but: the town council. 

(U) See the entry for capitalization. 

orient, orientate... 

(U) American English uses orient. British English prefers orientate. 

originator line... 

(U) See point-of-contact line. 


ornate words... 


(U) Pass over words like apprise, citizenry, eschew, and opine in favor of simpler ones whenever appropriate. Use them only for 
emphasis, and then only rarely. 


OSCAR... 


(U) Phonetic spelling of the letter “o." (b) (3)-P.L. 86-36 


poc ty! sya gus! 0 (UNFOvOL eee 
out, out of... 
(U) Out is more often used in expressions such as walk out the door or look out the window. 

_ (U) Use out of with nouns designating places or things thought to be containing or surrounding: Rick was glad to get out of jail. 

outside... 
(U) When used as a noun, outside is followed by "of": the outside of the box. 
(U) When used as an adjective or adverb, the of is omitted: an outside chance; he went outside. 
(U) When used as a preposition, outside normally is not followed by "of": Norm left it outside the house. 
overall... 
(U) Overall is a single word whether used as an adjective or an adverb: Overall, they succeeded; an overall increase in results. 
overall classification statement... 


(U) in serialized reports, use individual paragraph markings, placed within parentheses, rather than an overall classification 
statement. 


(U) An overail classification statement is not the same thing as the overall classification line, which comes after the Distribution 
Line. 


(U) In past reports, the overall classification statement appeared in the TEXT Line portion of a serialized report, usually within a 
double set of parentheses. 


(U) Direct questions about the proper classification of serialized reports to your organization's classification advisory officer, 
P0521 (963-1911), or PO5/SAO (963-5463). 


overstatement... 


(U) Overstatement is a mark of the inexperienced writer. It can damage credibility very quickly. Make certain you are providing the 
facts, not inflating your assessments. 


{b) (3)-P.L. 86-36 


d. Angle B. Using the acute angle B in fig- Functions of angle B: 
ure 34, b is the opposite side, a is the adjacent 


b 4 
side, and c is the hypotenuse. Therefore, an BS 5 
a 3 
sin B= 8 cos B = e¢ 5 
b 4 
cos B= 4 tan B=T=3 
a 3 
eot B= =H 
tan Be 2 ae 
a sec B = £ = 7 
eo0t B= = i 
b c 5 
; esc B= So A 
sec B= — 
a 
B 
esc B= ; 


e. Angle C. Right angle C is the angle which 
establishes the relationship between the other 
sides and other angles and thus may be called a c 
a constant. Although it is possible to obtain 
functions for angle C, they are not covered 
here because they are not needed in sclving 
problems of this type. 


c A 
: b 
Example: TM684-42 


Determine the values of the trigonometric func- Figure di: Peiponomeudd farotionn:of the 
tions of a right triangle with sides as follows: right triangle. 
a=3,b=—4,c=5 (fig. 35). 


tev) 


Functions of angle A: 


a 3 
sin A = 7 = 65 
b 4 
cos A = 768 
a 3 3 5 
tan A p=} b — 4 
b 4 
eot A = = = 3 
c 5 
sec A = > =4 : P 
TMG684-43 
, ee ee 
o ~~ qa 8 Figure 85. Right triangle with sides known. 
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(U) See the entry for credibility. 
overuse... 


(U) This is a charge made against many common words, such as stated. Rarely, however, do the critics offer any evidence to 
show that the word in question actually is used too often. More often than not, the critic simply orders you to take his word for it. 


(U) If someone suggests that a word or phrase you have chosen is overused, ask for the evidence that backs up the claim. 
owing to... 


(U) The controversy over owing to began in the 18th century when some objected to the use of the present (or active) participle in 
the sense of "owed" or "due," which was thought to be proper only for the past (or passive) participle. 


(U) While the argument raged on the active-passive issue, owing to crept into standard use as a preposition and is now 
grammatically impeccable. 


(U) See the entries for because of and due to. 


Oxford comma... 


(U) Another term for serial comma, derived from the house style at Oxford University. The style mandates the use of a comma 
before and in a series of three or more items. 
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page numbers... 
(U) On hard-copy reports, place the page number at the bottom of the page, but above the classification. There is no need to 
center the page number between a pair of hyphens. Use lowercase roman numerals for introductory pages such as a table of 
contents or preface. 


(U) Do not number pages of an appendix separately. When referring the reader to another page, do not capitalize "page": e.g., 
See the figure on page 6. 


pair... 
(U) Use a singular verb when pair refers to a set of two items as a single unit: This pair of lamps is on sale. Use a plural verb 
when referring to the two members of the set as individuals: The pair of them work well together. The pair are saying their 


wedding vows tomorrow. 


{U) After a numeral other than “one,” pair can be either singular or plural, although the plural is more common now: Imelda bought 
six pairs (or pair) of shoes. 


PAPA... 
(b) (3)-B.L. 86-36 
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(U) Phonetic spelling for the letter "p." 
paragraph... 


(U) Keep paragraphs short, especially in a 2-column format. Newspapers rarely have more than two or three sentences in a 
paragraph. Long paragraphs tend to be more difficult to read. 


(U) Magazines and journals of opinion tend to allow longer paragraphs that range from 100 to 200 words. This would suit a one- 
column format more readily than a two-column format. Use your best judgment. 


parallel... 

(U) Capitalize when referring to specific geographic lines, as in 38th Parallel. 
(U) See the entry for coordinates. 

parallelism... 


(U) Readers can more easily absorb a series of words, phrases, or clauses in a sentence or paragraph when they are expressed 
in grammatically equal (parallel) form. 


Poor: He went running, for a bike ride, and to swim. 
Improved: He went running, biking, and swimming. 


(U) Make sure that each element in the pair or series is grammatically the same. POOR: Betty liked to watch Paul dance and his 
singing. IMPROVED: Betty liked to watch Paul dance and listen to him sing or Betty liked Paul's dancing and singing. 


(U) When the series consists of lengthy or complex phrases or clauses, repeating the preposition or conjunction that introduces 
them often ensures clarity: The new auto line is marked by months of careful planning, by continuous surveys of the market, and 
by close attention to quality during construction. 


(U) Make the elements of each bullet item in a series parallel in structure, (all nouns, all infinitives, etc.). For example, We need to 
follow this procedure: : 


e discuss the goals (b) (3)-P.L. 86-36 
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e plan the steps to be taken 

¢ organize a working group 

e implement the program 
parameter... 
(U) Parameter originally was a specific term used in mathematics to describe a characteristic element. It is often confused with 
“perimeter,” which means a boundary line or the area immediately inside the boundary. Before deciding which to use, think about 
whether you mean a trait, a factor, a criterion, or a boundary or limited area. See perimeter. 


parenthesis... 


(U) The plural form is parentheses. A set of parentheses consists of an opening parenthesis and a closing parenthesis. Use a set 
of parentheses to: 


e establish an abbreviation or acronym: air defense exercise (ADX) 
e include coordinates in a report: Gotham City (0001N 00001W) 
e set off parenthetical material: Zendian Freedom Movement (a Maoist guerrilla group founded by Jokiz Blog in 1992) 
e refer the reader to an appendix or figure: Exports have nearly doubled since 1988 (see figure 2). 
e set off paragraph classification: eeod . rs een 86-36 
e set off analytic comments within or at the end of a paragraph: (COMMENT: This is an analytic comment.) 
(U) Use a double set of parentheses to: 
e enclose expanded security control markings or a warning statement 
e indicate an interpolation in quoted material 


(U) Punctuation: (b) (3)-P.L. 86-36 
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e place a comma after the closing parenthesis, not before 
e place a period after the closing parenthesis when referencing a figure or chart 


e place a period after the closing parenthesis when the phrase in parenthesis is dependent on the surrounding material: The 
table shows increased spending (by 50 percent). 


e place a period after the closing parenthesis when the material inside is not a complete sentence (such as this fragment). (A 
complete, independent parenthetical sentence, however, takes a period before the closing parenthesis.) 


(U) See brackets. 

part... 

(U) Replace on the part of with “by" or "among" whenever it improves the sentence. 

partially, partly... 

(U) Use partially to mean "to a degree" when referring to a condition or process: partially frozen. 

(U) Use partly when referring to a part as opposed to the whole, especially of physical objects: The building is partly brick. 


(U) Partly is also more common before a clause or phrase offered by way of explanation: Our defeat occurred partly because 
General Doe's forces executed an unanticipated flanking maneuver. 


participle... 


(U) Present participies, all of which end in "-ing," and past participles, most of which end in *-d" or “-ed," are forms of the verb in 
that they are used with auxiliary verbs to make compound forms: As | was saying, you have delayed enough. 


(U) Both participles may function as an adjective: a shining light, a boiled egg. Participles used as adjectives generally precede 
the noun they modify, identify a "permanent" condition, and may take an object or be modified by an adverb. 


(U) Present participles also may function as nouns. (See the entry for gerund.) 


parts of speech... 
“(b) (3)-PB.L. 86-36 
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(U) Parts of speech are categories created by grammarians for use in analyzing a language. The number of categories in English 
has ranged from four to nine through the years, with eight as the accepted number (although not always the same eight) since the 
late 18th century. 

(U) The categories we use are not based on English but rather are taken from Latin grammar, in English they actually describe 
word functions, not categories, since English words can function as more than one part of speech. (In Latin, a word functions as 
only one part of speech.) 


(U) Many usage "problems" arise from the insistence by some grammarians and purists on trying to restrict English words to 
absolute Latin categories. 


party... 
(U) The use of party as a synonym for “person" has been traced back to the 15th century and remains standard today. It became 
a usage issue in the 19th century when the term was associated with shopkeepers and tradesmen. Its use was considered an 
indication of lower social class, and some commentators of the time argued against its use in formal writing. Their argument is 
spurious. 
(U) Party as a term in legal usage goes back to at least the 13th century: He was indicted as a party to the conspiracy. 
(U) See the entry for political parties and philosophies. 
passive voice... 
(U) Do not make a fetish of avoiding the passive voice. There are a number of very good reasons to use it: 
1. When the actor is not known: "Their business was robbed.” 
2. When the actor is unimportant and the result is what counts. "The MiG-21 was hit by ground fire." 
3. When the relative value of actor and patient are greatly different: "A bus ran over Bob” vs. "Bob was run over by a bus." 
4. To avoid ambiguity: (compare the titles"Officer Kills Man With Knife" and “Man With Knife Killed By Officer’). 
(U) See the entries for active voice and bureaucratese. 
pass-over point... 
(U) A point on the earth's surface that an aircraft flies over. Although the chances are slim that it could be confused with the 


(b) (3)-P.L. 86-36 
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Jewish holiday "Passover," use a hyphen to prevent confusion. (b} (3}-P.L. 86-36 
pastime... 


{U) It is a single word and only takes one “t" when referring to something that amuses and serves to make time pass agreeably: 
Baseball is the national pastime. But: It is past time to fix this. 


PODG... 


peaceable, peaceful... 
(b) (3) -P.L. 86-36 
(U) Use peaceable, which means "disposed toward peace," to describe people. 

(U) Use peaceful, which generally means "characterized by peace," to describe actions and things. 


(U) Although peaceable and peaceful have been used synonymously since the 14th century, the above meanings are the most 
common today. 


pendant, pennant... 
(U) Use the American form pennant number rather than the British form pendant number. 
(U) Do not use a pennant number to refer to a ship unless you do not know the ship's name or hull number. 


(U) See ships and ship names. (b} (3)-P.L. 86-36 


poc rye ang sage, Manual: P (U/FOROL, Page 7 of 22 


people... 


(U) Use people to refer to a large group collectively and indefinitely: Many people were killed or injured. In modern usage, people 
can be used with any plural number: Six people were injured. Over 50,000 people were there. 


(U) When referring as a collective noun to a single race or nation, people takes a plural verb: The American people are united. 
When referring to two or more distinct political or cultural entities, use peoples: the peoples of Africa. 


(U) The possessive forms are people's, in the singular, and peoples’, in the plural: the People's Republic of China, the Slavic 
peoples' history. 


(U) See the entries for person and personnel. 


per... 
(U) Use per freely in statistics and units of measurement: miles per hour, barrels per day. 

(U) Use it sparingly to mean “in accordance with," as in per the Minister's instructions. 

perceive... 

(U) Originally perceive meant only “become aware of something as it really is,” i.e. external observation: Karen perceived the 
nature of my brewing method. Its newer use deals with the mental conception or interpretation of what something is, regardless of 
reality: Washington was perceived as hostile toward the new government of Zendia. The newer usage is usually in the passive 


voice. 


percent, per cent... 


(U) The one-word form is more common in American use, but either form is correct. Since it is a measurement, always use 
figures: 18 percent, 2 percent. 


(U) Percent takes a singular verb when standing alone or when a singular word follows “of": The teacher said 60 percent was a 
failing grade. Only 5 percent of the membership was present. 


(U) Use a plural verb when a plural word follows "of": Only 15 percent of the members were there. 


(b) (3)-P.L. 86-36 
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(U) When giving a range, you need not repeat the word percent after each figure: He estimates 35 to 45 percent of the electorate 
will not vote. 


percentage... 
(U) When preceded by the article “the,” percentage takes a singular verb: The percentage of failures is down. 


(U) When preceded by the article "a," it takes a singular or plural verb, depending on the noun in the "of" phrase that follows: A 
large percentage of the students have failed the exam. A large percentage of the crop has spoiled. 


peremptory... 
(U) It means "putting an end to debate or action”: a peremptory command. 
(U) See the entry for preemptory. 
perfect... 
(U) The idea that perfect is an absolute adjective originated in 1795. Perfect, however, has been used in both comparative and 
‘ superlative forms since the 14th century, including the preamble to the Constitution. In such cases, what is being stated is that the 
“thing being described" has more of the characteristics of what is perfect than "some other thing." The comparative or superlative 
form is quite acceptable except when perfect is used in its most literal sense. 


perimeter... 


(U) the boundary line or the area immediately inside the boundary (synonyms: margin, border); a line enclosing a plane area; the 
size of something as given by the distance around it. See parameter. 


period... 
(U) Use a period: 
e at the end of a declarative sentence 


e after the initials of a person's name 
(b) (3)-P.L. 86-36 
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e when omission of the period might confuse the reader after an abbreviation or acronym (e.g., c.o.d.). If the reader would not 
be confused, the period is not needed. 


e in the abbreviation U.S. 
e with decimals 


(U) Always place the period within quotation marks. If a sentence ends with an abbreviation that takes a period, do not add a 
second period: Prime Minister Renee spoke to each of the delegates from the U.S. 


(U) See the entry for initials and Appendix 1 on abbreviations. 

period (of time)... 

(U) Avoid using period in expressions of time. Instead of during the period from 7 to 15 October, just say from 7 to 15 October. 
perishability... 


(U) Perishable information is information that is of limited or no value to users of intelligence after a particular date, usually one 
that is very near. Issue perishable information at a higher priority than non-perishable data. 


(U) An example of perishable information is knowledge that two nations will sign a secret treaty on trade on December 1. Isolating 
the information on November 28 means getting a report to users very quickly so that they can prepare their response or take 
some action. If the information about the treaty is isolated on October 1, however, it is not perishable. Users will have ample time 
to act. 


(U) Be aware that perishable information is useful to more than high-level officials. Also, even though it may be too late to take 
any action, the information may still be valuable to some users. Don't avoid reporting useful information simply because a date 
has gone by. 

person... 


(U) Use person when speaking of an individual or of a specific and relatively small number of individuals: Three persons were 
killed. In the second sense (a relatively small number), people is equally valid: Three people were killed. 


(U) See the entries at people and personnel. 
(b) (3)-P.L. 86-36 


145. Reciprocal Relations of Trigonometric Func- 146. Functions of Complementary Angles 


tions 
a. The function of an acute angle is equal to 


From the definitions of the six trigonometric the cofunction of its complementary angle. 
functions (par. 144), the reciprocal relations | Apply the definitions of the trigonometric func- 
(listed below) can be determined. The cosecant, tions (par. 144) to angles A and B to obtain the 
secant, and cotangent should always be thought following relations: 


of as the reciprocals of the sine, cosine, and sin B = b oe 
tangent, respectively. ~ Ee 
a 1 1 tan B = b = cot A 
sin A=-— = —- = — % 
c c esc A c 
@ sec B = a7 se A 
ee eee a ,; 
cos tHe Gs eek cos B= ~ = sin A 
b 
e 1 1 cot B= ; = tan A 
tan A=>=>7Ft= 
b b cot A Cc 
5 esc B= 5 = sec A 
esc A=* = = ar b. With angle B equal to 90° — A, these re- 
e - . lations may be written: 
P 1 1 sin (90° — A) = cosA 
sec A= 5 =%4~wa tan (90° — A) = cotA 
c sec (90° — A) = esc A 
b 1 1 cos (90° — A) = sinA 
Che = a ana cot (90° — A) = tan A 


o}R 


esc (90° — A) = secA 


147. Solving for Unknown Functions 


If one trigonometric function of a right triangle is known, the other trigonometric functions can 
be determined. This is done by using the Pythagorean theorem (par. 133). 


Example 1: Given the right triangle ABC (fig. 23): side a is 4; side C 


is 9. Since sin A = * find the other trigonometric func- 
tions of angle A. 
gin A = 5; also, sin A = =. 
c 9 
Therefore, a = 4,c=9 
be 4 ‘ 8.06 
=ct*—t 
65.00 00 

b? = 81 — 16 64 

1606 10000 

o 

ee 9636 
b = 65 
b = 8.06 
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-person... 


(U) Avoid coined words such as chairperson and spokesperson when describing known individuals. Instead, use chairman, 
spokesman, etc., if referring to a man, or chairwoman, spokeswoman, etc., if referring to a woman. 


(U) Wherever possible use a neutral word, such as leader or firefighter, to refer to someone whose sex is not known or to mixed 
groups. 


(U) When speaking of a specific office, use the official title of the office. Use chairperson or similar words only when it is the formal 
title for the office. 


(U) See the entries for gender and chair_and its compounds. 


personal names... 
(U) See the entry for names, personal. 
personnel... 


(U) A collective term for a group of people or for an administrative group concemed with a group of people: the personnel 
department. 


(U) Avoid using a number directly before the word personnel. POOR: Six personnel were injured. IMPROVED: Six people were 
injured. 


(U) A number is acceptable, however, when another qualifying word modifies personnel: Fifty armed forces personnel tested the 
new weapon. 


(U) See entries for people and person. 
phone... 


(U) “cell phone” vs. "mobile phone": It is true that most mobile phones now do not use cell technology and that therefore "mobile 
phone" is more accurate. It is also true that most Americans call all mobile phones "cell phones" now, and our Commonwealth 
partners tend to stick with "mobile." Some target countries use one term, and some the other. Decide whether this is really an 
issue in your reporting before you ask for arbitration; is it just a matter of translation, or is it an indicator of the type of technology, 


(6b) (3)-P. be 86-36 
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and, if the latter, does it make a difference to your intelligence product? 

placename... 

(U) Placename has been spelled in several forms: one-word, two-word, and hyphenated. Merriam-Webster's form is hyphenated, 
both as a noun and as an adjective. GPO says in rule 6.8 to "print solid two nouns that form a third," especially when the prefixed 
noun consists of one syllable. What do you do? 

(U) English language trends show that most compound words move from two-word to one-word form, sometimes going through 
the: hyphenated stage, sometimes not. in the interest of standardization in SIGINT reporting and as an exception to the general! 
instructions on spelling, therefore, follow the GPO rule and use the one-word form. 

(U) For placenames themselves, follow the spelling given in the NSA Standard Placename Tetragraph List (SPNTL). If the 
placename is not listed in the SPNTL and a U.S. Board of Geographic Names (BGN) transliteration system applies, use the 
spelling in the BGN gazetteer. If the placename is not listed in the gazetteer, check with E312 (963-5585). 


In cases where a special SIGINT transliteration system must be used to transliterate a non-roman alphabet, consult the proper 
annex of USSID 406 for the correct method of transliterating the name. 


(U) See the entries for coordinates and for latitude, longitude. 

plaintext, plain text... 

(U) Use the one-word form as an adjective: plaintext message. 

(U) Use the two-word form as a noun (as in "cipher text"): What is the underlying plain text? 
plough, plow... 

(U) Americans use ptow. Plough is chiefly British. 

plurality... 


(U) Use plurality to signify the highest number of votes received, but only when that number is less than half of the total vote. 
(NOTE: in 1960, Kennedy won a plurality of the popular vote and a majority of the electoral college vote.) 


(b} (3)-P.L. 86-36 
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(U) Also see the entry for majority. 

plurals... 

(U) Form most plurals as outlined in the Merriam-Webster dictionaries. if the dictionary doesn't provide the answer, check the 
GPO Style Manual. Keep in mind that two plural forms, in some cases, are equally valid. When that is the case, use the one listed 
first in the dictionary. 

(U) In forming the plural of compound terms, the significant word takes the plural form: brothers-in-law, attorneys general, judge 
advocate generals. (The addition of an “s" to the last word in a compound term (e.g., attorney generals) is a feature of speech, 
not writing.) 


(U) To follow modern style in serialized SIGINT reports, append an "s" to form the plural of all acronyms and decades: SAMs, the 
1990s. 


(U) For proper nouns, do not change a final y to ies: Germany, Germanys; Reilly, the Reillys. Exception: the Rockies. 

plus addressees... 

(U) See the box for distribution. 

point in time... 

(U) Although many people think this phrase was born in the Watergate hearings of the 1970s, it has been around since the late 
19th century. It is wordy, and generally you will do better to use either "point" or "time" by itself when writing of past events or 
"now" when speaking of a current event. 


point-of-contact line... 


(U) Add a point-of-contact line to every serialized report. In an electrical report, piace it after the text and any footnotes. In a hard- 
copy report, place it on the distribution page. 


(U) The point-of-contact entry is a service to the reader and should be the person who can answer questions about the report. It 
need not be the author. It is not intended to be, nor should it serve as, a means of providing a "byline" or credit for analysts, 
linguists, or transcribers. 


(b) (3)-P.L. 86-36 
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(U) Place the flag "POC:" at the left margin. Beginning in the 10th space, list the organization designator, the name, and the NSTS 
telephone number on one line and the STU-IIi numbers (if needed) on a second line. If more than one line is necessary, begin 
each line in the 10th space. 


NOTE: (U/fFOUG}Field stations will enter the site SIGAD, NSTS number, and a STU-IIf number (only from the Defense Switched 
Network). Do not provide a name or internal designator. 


(U) Provide only one organization or name unless the report is the combined product of two organizations whose areas of 
expertise are so diverse that no one person can answer all possible questions. In such cases, list two names and indicate the 
area of expertise for each. 

NOTE: (U) Field stations may list numbers for a day shop (including day-shift hours in ZULU time) and a watch. 

political parties and philosophies... 


(U) Capitalize the name of the party and the word party when they are used together: the Communist Party. Capitalize party when 
it stands for a specific political party: The Party controls the country. 


(U) Capitalize Communist, Socialist, etc., when referring to individuals who are members of a specific political party. 


(U) Use lowercase to refer to the political philosophy or to someone who advocates a philosophy without being a member of a 
specific party: communism, socialism, capitalism, socialist, capitalist. 


pope... 


(U) Capitalize when used before a name or when referring to a specific pope: Pope Pius XII. The Pope will visit France and Spain 
soon. 


(U) Use lowercase for other references: Only males may be elected pope in the Roman Catholic Church. 
(U) Use lowercase for all related words such as papal, patriarch, and pontiff. 
port... 


(U) Nautical term. From the helmsman's point of view, the left side, as opposed to starboard, the right side. 


(b) (3)-P.L. 86-36 
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portrait orientation... 
(U) Portrait orientation refers to a page that is longer than it is wide. Most narratives are in portrait orientation. 


(U) Also see the entry for landscape orientation. 


possessives... 
(U) To form the possessive of: 
e most nouns, add an apostrophe and an "s": my aunt's pen 


e common nouns ending in “s,“ add an apostrophe and an 's": That is the boss's pen 


compound words, make only the last word possessive: the Attorney General's brief 


* amulti-syllable word ending in an "s" or "z" sound and followed by a word beginning with an “s" or "z" sound, add only the 
apostrophe: for convenience’ sake 


e plural words ending in "s," add only an apostrophe: the boys’ team, the Joneses' new car 
(U) Do not use an apostrophe: 
e with personal pronouns: ours, yours, his, hers, its, theirs 
e after the names of states, countries, or other organized bodies ending in "s": League of Nations mandate 


e after words that are used as descriptives rather than possessives: states rights, writers guide. Do use the apostrophe if the 
intent is clearly possessive: The state's right to levy income taxes is based on the state constitution. 


(U) See the entries for apostrophe and double genitive. 
possible, possibly... 


(U) Possible is an adjective and modifies nouns, but the usage “a possible scenario“ is a SIGINT idiom that has no parallel in 
ordinary English. In everyday English, no one would say "The baby swallowed a possible penny," but reporters often write that a 
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military unit “conducted a possibie exercise." It is argued that this usage has the advantage of brevity and is well understood by 
the customer. This is true, but other considerations may override the argument; for years now, reporting classes have instructed 
analysts to write reports in a more "journalistic" style that is less stilted and closer to standard English. This is partly to get 
reporters to hone their communications skills, to enable them convey more accurate information and to present different aspects 
of a report to different audiences with ease. For instance, journalistic style would use "The unit conducted what may have been an 
exercise” or "The unit may have conducted an exercise." Note the difference in nuance here: the first sentence conveys certainty 
that the unit conducted something and uncertainty about what that something was; the second conveys a lack of certainty about 
what the unit was doing. 


(U) Possibly is an adverb modifying verbs, adjectives, and other adverbs. Do not use it to modify nouns. Instead of "a possible 


regiment," use “a unit, possibly a regiment." ee 
) 


(U) The same guidance applies to probable and probably. Also see the entry for validity marker. STS Ra SSE 


pound... 


(U) Always use figures when using pound as a measurement of weight. To convert to kilograms, multiply the number of pounds 
by .453. 


(U) Always report weights in metric terms unless you are quoting directly. Do not use the abbreviation for pound in a serialized 
report. See the box for measurements. 


(U) Do not abbreviate pound when speaking of a unit of currency, such as pounds sterling or Lebanese pounds. 
(U) See the entry for money. 
pounds sterling... 


(U) Do not use this phrase in serialized reports. Instead use British pounds. 
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practicable, practical... 


(U) Something practicable can be put into effect. Something practical is that which is sensible and worthwhile. !t might be 
practicable to bicycle from Baltimore to Phoenix, but it would not be practical if you had to be there tomorrow morning. 


practically... 

(U) Practically in the sense of "nearly," "almost," or “all but" has been in use since the mid-18th century. Although it is quite 
standard in this sense, some usage commentators have objected to it because other words can do the job as well. You may use it 
if you wish. John had practically (or nearly or almost or all but) finished the test when the bell rang. 

precipitate, precipitately... 


(U) Use these words primarily to identify rash, overhasty human actions: The precipitate commitment of his entire reserve force 
was a major error by General Zog. 


precipitous, precipitously... 


(U) Although used primarily in the sense of physical steepness, these words can be used in a figurative sense to demonstrate a 
sudden or abrupt change: a precipitous decline in sales. 


predicate... 


(U) Predicate in the sense of "base upon" or "establish" has been in use since at least 1766. George Washington, William James, 
and Reinhold Niebuhr, among others, have used it. It also has the older meaning of "affirm" or “attribute." 


predominant(ly), predominate(ly)... 
(U) The adjective/adverb is predominant/predominantly. 


(U) Predominate is a verb, but has been appearing increasingly as an adjective, a confusing usage that should not appear in 
SIGINT reporting. Stick with predominant and predominantly. 


preemptory... 


(U) Preemptory means "displacing something." The verb preempt generally carries the meaning of one thing taking precedence 
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over or taking the place of another: The President's speech preempted normal television programming. 
(U) See the entry for peremptory. 
prefix... 


(VU) Most prefixes form a single word without hyphens. When you use two prefixes with one base word in a sentence, you may write the base 
word only once, after the second prefix. But follow both prefixes with a hyphen: two- and four-year colleges; pre- and post-war eras. 


(U) See the box on hyphens. 
prepositional phrases... 


(U) Often the culprit in wordy prose. Rewording the sentence usually solves the problem. Instead of John Doe, the Minister of 
Agriculture in Zendia, complained about the problems of the Committee on Livestock, try rewording it as Zendian Agriculture 
Minister John Doe complained about the Livestock Committee's problems. 


prepositions... 


(U) The alleged rule about ending sentences with a preposition was invented in 1672 by English writer John Dryden, who 
criticized such usage by Shakespeare, Ben Jonson, and others. Dryden apparently developed this rule because such a 
construction was not possible in Latin. 


(U) Although many people were taught in grammar school and high school that this "rule" existed, nearly all respected 
commentators and dictionaries have noted that, as H. W. Fowler put it, this is a “cherished superstition." Such beliefs die hard, 
however, and purists will insist today that the “rule" is true. 


(U) Merriam-Webster notes that this construction, known as the postponed preposition, was a regular feature of some 
constructions in Old English and is required by various constructions (such as the restrictive clause introduced by that) even 
today. 

(U) Usage shows that in speech the natural placement of the preposition often comes at the end of the sentence. The same is 
true in questions. There is no valid grammatical reason to move it elsewhere in writing. Use it without fear, despite the howls of 
purists. : 


prescribe... (b) (3)-P.L. 86-36 
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(U) It means set down as a rule or guide. In a medical sense, it means order or recommend the use of a drug or other treatment. 
(U) See the entry for proscribe. 
prescriptive grammar... 


(U) A term for an account that sets out rules for how a grammar should be used. Such a grammar establishes an arbitrary 
“correct" form and often does not take into account changes and variations in language. 


(U) See proscriptive grammar. 
presently... 


(U) Use it with a present tense verb when you mean "now": The unit is presently deployed on the Zendian border. This use has 
been standard since 1485. Ignore those usage commentators who warn against it. 


(U) Use it with a future tense verb when you mean "soon": | will be with you presently. 
president... 


(U) Capitalize when used before a name or referring to a specific president at the national level; President Lincoln; the President 
signed the crime bill. 


(U) Use lowercase letters in other circumstances. 

preventative, preventive... 

(U) Both forms have been in reputable use for more than 300 years, but preventive is much more common. 
previous to... 


(U) A compound preposition used since the 18th century. The preposition "before" is a more common choice, but previous to can 
be used for variety. 


(U) See the entry for prior to. Gee este 
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principal, principle... 


(U) anes is a noun only, meaning a basic and fundamental truth, law, doctrine, or standard: principles of economics, moral 
principles. 


(U) Principal as a noun refers to one holding high position (especially the head of a school) or to a sum of money: The principal 
spoke to the students. Lynn reduced the principal on her mortgage to less than $10,000. 


(U) Principal as an adjective means “chief" or "most important": The principal causes of business failure are inadequate cash 
reserves and poor record-keeping. 


(b) (3)-P.L. 86-36 
principal components... 


prior to... 

(U) Generally used in formal or impersonal contexts. In less formal writing, use the preposition before. 
(U) See the entry for previous to. 

probable, probably... 

(U) Follow the guidance outlined in the entry for possible, possibly. Also see the entry for validity words. 
product... 


(U) SIGINT product is the foreign intelligence information derived from signals intelligence processing in response to stated or 
implied requirements. 


(U) SIGINT product is disseminated to intelligence users primarily in written serialized reports, but can be disseminated in audio, 
written, or visual form. 


(b). (3) Pele 86-36 


, 4 8.06 
sin A =9 cot A = 7 ag 
8.06 9 
cos A ="9. sec A = 206 -- 
4 9 
tan A = 306 esc A = ri 


Example 2: Given the right triangle ABC (fig. 28): side A is \/3; side 


b is 7. Since tan A = M8 or+-v3, find the other trig- 


onometric functions of angle A. 
Tan A = Fi also, tan A = V8 = ve 


Therefore, 
a= \/3,b=7 
c2 = a®t+ b? 
ce = 3+ 49 
c= 52 
¢e = V52 
(i —— V4 -/18 
“CC = 2\/13 
: V3 7 
sin A = —“— cot A = —= 
: 2/8 VB 
i pe es _ 2/3 
ee TS sec A = 7 
tan A = v3 esc A = 2/18 
qT V3 


148. Solving for Sides and Trigonometric Functions When One Side and One Function Are Given 


When one side and one function of an angle of a right triangle are given, the two other sides and 
the remaining trigonometric functions of the given angle can be found. These are determined by 
use of the Pythagorean theorem. 


Example 1: Given the right triangle ABC (fig. 34): if the hypotenuse 
is 30 inches and sec A = 5, solve for sides a and b and the 
trigonometric functions of angle A. 


Sec A = £3 also, see A = =; but see A = 5 or 2. 
30 5 
Therefore, 571 
5b = 30 
b = 6 inches 
a? = c2—~ b2 
a? = 900 — 36 
a? = 864 
a= 864 
a= 144 V6 


a = 12/6 inches, b = 6 inches, c = 30 inches 
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profanity... 
(U) See the entry for obscenity. 
pronouns... 


(U) Pronouns that are the subject of a verb or clause should be in the nominative case: |, you, he, she, we, they. He and | met to 
discuss the situation. 


(U) Pronouns that are the object of a verb or preposition should be in the accusative (also called objective) case: me, him, her, 
us, them. Janet turned the matter over to us. Place the bottle between him and me. 


(U) Remember that in addition to personal pronouns, we have relative pronouns, reflexive pronouns, indefinite pronouns, and 
demonstrative pronouns. All but indefinite pronouns require an antecedent. 


(U) See the entries for antecedent, gender, notional agreement, their and they, their, them. 


propellant, propellent... 

(U) The preferred spelling, whether noun or adjective, is propellant. 

(U) According to Merriam-Webster, recent evidence for the alternate spelling propellent is primarily British. 
proscribe... 

(U) Means “condemn" or "prohibit." 

proscriptive grammar... 


(U) A term for a rule that forbids a particular use of language on the grounds that it is incorrect or undesirable. Many such rules 
are based on factors other than correct or historical usage. Some of these factors are social status, etymology, level of education, 
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and personal likes. 
proved, proven... 


(U) As a generai rule, use proved for the past participle and proven for the adjective. Both forms are acceptable in either situation, 
but the general rule shows the more common use. 


(U) The regular form proved is the preferred form of the past participle: He has proved his point. It can also be used as an 
adjective meaning "successfully tested or demonstrated": a proved theory. 


(U) Proven is descended from Scottish English and comes to us from legal usage: The charges were not proven. When used as 
an adjective, proven has the meaning "tested by time": a proven remedy, a proven talent. 


provided, providing... 


(U) When used as a conjunction meaning “on the condition that," use provided rather than providing. While either form is correct, 
provided is the more common. 


proximity... 


(U) Generally sufficient by itself. Do not use the idiom in close proximity unless you are trying to distinguish among various 
degrees of proximity. 


punctuation... 


(U) We use punctuation in writing to make what we say clear to the reader. Consider how difficult it is to understand any lengthy 
piece of writing that is not punctuated. It takes several readings to be confident that you know just what the writer was trying to 
say. 


(U) Punctuation in written work tends to serve the same purpose as pauses, inflection, body language, and emphasis in speech. 
The Oxford Companion to the English Language notes that until the 18th century punctuation was closely related to spoken 
delivery, but now is more often based on grammatical structure. 


(U) While many people think that punctuation is based on rules of grammar, it actually represents a style choice by printing 
houses. Many forms of punctuation have become standard, even though described by different terms (period versus full stop), but 
differences still exist. For example, American publishers generally place the comma and period inside quotation marks; British 
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publishers place them outside quotation marks. 


(U) Think of punctuation as a courtesy to your readers, designed to help them understand what you are saying when they cannot 
use your body language or voice to help interpret your meaning. 


(U) See the specific entries for apostrophe, colon, comma, dash, ellipsis, hyphen, parenthesis, period, quotation marks, and 
semicolon. 


purist... 


(U) A term used to describe those who believe they hold the proper knowledge and view of what is "correct English" and "correct 
grammar" and who try to impose those forms and beliefs on everyone else. Purists decry the state of current usage and bemoan 
the future of the English language. 


(U) The true purist develops "rules" based on propriety, taste, education level, and personal preference, while disregarding the 
evidence of literature (except to correct it) and general writing, ignoring the historical development of English, and refusing to 
accept anything new in usage or vocabulary. 


(U) In most cases language purists are neither scholars nor great writers. Many are people drilled in particular rules or practices 
during their schooling who have not kept up with the latest findings about language. While some hold positions in journalism or in 
academic fields other than English, a large number do not. 


(U) Perhaps Harry Shaw said it best in Errors in English: "A purist seems to feel that man was made for language and refuses to 
acknowledge that language was not only made for man but that it is determined and shaped by his use--and nothing else." 
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qualifiers... 

(U) See the entry for validity marker. 

quarantine... 

(U) The verb quarantine has the meaning "isolate politically or economically." 
(U) See the entries for boycott and embargo. 

quart... 


(U) Use metric measurements in SIGINT reports unless you are quoting directly. Multiply the number of quarts by .946 to get the 
equivalent in liters. 


QUEBEC... 


(U) Phonetic spelling of the letter “q." 
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question... 


(U) When preceded by a qualifier like “littie" or "no," question often is followed by a clause beginning with that, but that, or but 
what. All three forms are standard. There is no question but that Julius will be pleased. 


quick, quickly... 

(U) Quick has been used as an adverb since the year 1300 and appears as such in the works of authors such as Shakespeare 
and Milton. Nowadays such use is more likely in speech than in writing and almost always follows the verb it modifies: Come 
quick! 


(U) Quickly is more common in writing and may precede or follow the verb it modifies: The murderer quickly left the scene of the 
crime or The murderer left the scene of the crime quickly. 


(U) See the entry for flat adverbs. 

quid pro quo... 

(U) A Latin phrase meaning "an equal exchange." Use it sparingly in SIGINT serialized reports. It does not need to be italicized. 
quotation, quote... 


(U) In most cases, the noun quotation is a better choice in SIGINT reporting than the noun quote, which appears in more informal 
or casual uses. 


quotation marks... 


(U) Quotation marks may be single or double. The American convention is to use the double quotation marks (". . .") as the 
. Standard and to use single quotation marks ('. . . ') only when quoting within a quotation. 


(U) Use quotation marks: 
e to indicate the exact words of a speaker or writer: The sign said, "Repent! The end is near!" 


e to suggest irony: It was a “lucky” break. 
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to introduce an unfamiliar term: Fred was diagnosed as a chronic “somnambulist." 


e in an electrical report, to indicate a foreign term: Gorbachev introduced the concept of “glasnost.” (But: Use italics rather 
than quotation marks for foreign words or phrases whenever possible.) 


(U) When using quotation marks, place other punctuation marks as follows: 
e Commas and periods go inside quotation marks. 
e The colon and semicolon appear outside quotation marks. 


e The question mark, dash, and exclamation point go inside the quotation marks when they apply to the quoted matter ("What 
is truth?") and outside when they do not (Have you read Poe's "The Raven"?) 


NOTE: (U) The common American practices regarding punctuation do not necessarily match those of the Second-Party nations. 
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radar names... 


(U) See the entry for ELINT. 
RADINT... 
(U) RADINT is a form of collateral and consists of intelligence information collected by U.S. or Allied Forces radar. 


(U) Do not confuse RADINT, such as COBRA SHOE, with ELINT. 
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railroad, railway... 


(U) In American English, railroad is more common when referring to the transportation system, but either is correct. In American 
English, railway is more likely to refer to a set of tracks. 


raise, rise... 

(U) Raise takes an object; rise doesn't: She raised her hand. The moon rises. 

range... 

(U) Express ranges as follows: 0800Z to 1200Z, 10 percent to 20 percent, or 5 June 1986 to 8 July 1988. 


(U) When using pairs of prepositions to express ranges, express them as “from x to y” or "between x and y": from 1983 to 1991, 
between June and November. 


NOTE: (U) When giving dates, you may omit the month and year after the first element if they are the same as in the final 
element: 10 to 12 September 1988, 5 June to 15 August 1990. 


rare, scarce... 


(U) Both mean "uncommon," but scarce carries the additional implication of insufficient quantity: rare books, scarce grain 
reserves. 


rarely ever... 


(U) An established colloquial idiom, in use since at least 1694. The more common form in print, however, is rarely if ever, which 
dates to 1756. 


(U) In the idiom rarely if ever, the if ever sometimes is set off by a pair of commas. Other phrases are hardly ever and rarely or 
never. All are standard. 


ratio... 
(U) Always use figures when expressing a ratio: The odds were 50 to 1. The teacher-student ratio was 1:12. The measure was 


approved by a 90 to 3 vote. 
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reason... 


(U) Although in use since the 17th century, the phrase the reason is because is routinely condemned by teachers and language 
purists as a redundancy. They do so by defining because as “for the reason that,” an argument that has been traced to Robert 
Baker in 1770. 


(U) In fact, the meaning assigned out of context by the critics to because in this construction is no more valid than the meaning 
“the fact that" or just "that." What the purists are doing is defining the word because in a way guaranteed to support their 
objection. 


({U) The objection made by purists is also inconsistent with their approach to similar phrases. Many of the same people who object 
vociferously to the reason is because have no hesitation about using it is because, which introduces the same kind of grammatical 
construction but is rarely criticized. 


(U) Merriam-Webster notes three things about this construction. First, there are usually intervening words between the reason and 
is because. Second, the phrase is not one avoided by good writers. Third, the reason that (the suggested alternative) occurs in 
print about twice as often as the reason is because. in speech, the ratio is reversed. 


(U) If you use the reason is because--you certainly don't have to--you will be in the company of authors such as Bacon, Swift, 
Faulkner, Frost, and E.B. White. Nevertheless, it can be dropped, in many cases, without changing the meaning of the sentence: 
[The reason] they have difficulty with physics [is] because they have no interest in it. The choice--keeping or dropping the phrase-- 
is yours. 

reason why... 

(U) The idiom the reason why goes back to 1225, according to Merriam-Webster, and has been used by writers such as Swift, 
Johnson, Dickinson, Carroll, Shaw, and Thurber. Like the reason is because, it is condemned by some teachers and language 
purists. 

(U) The theory that the reason why is incorrect is a 20th century American one, and it doesn't hold water. Use it freely. 
rebellion... 

(U) Rebeliion is the defiance of authority in general or open (but unorganized) disobedience. In the political sense, rebeltion 
usually is applied to an open, armed, and organized insurrection against authority that fails to achieve its aims: Shays's Rebellion, 
Whiskey Rebellion. 
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(U) See the entry for revolt, revolution. 

rebut... 

(U) To rebut means “set forth counterarguments against an assertion.” 

(U) See the entry for refute. 

recall / revision... 

(U/FFOYQ) In August 2005, the Director of National Intelligence issued orders for all members of the Intelligence Community to 
comply with new community-wide standards when they correct or cancel a report. Much of the new requirement mirrors the 
process that NSA/CSS has used for many years. In fact, the new process, which went into effect on 1 January 2006, is based on 
the original NSA/CSS one. 

(U/AFGUO} The new process did, however, require several changes: 

« (U/FOEYO} The term "REVISION" is now used instead of "CORRECTION," and "RECALL" is now used instead of 
"CANCELLATION" except in the SERIAL line of all product reports. Our legacy systems require the continued use of the 
terms "CORRECTION" or "CANCELLATION’” in the SERIAL line. 

e (U/FOUC) The new terms are added as the first words of the title (or subject) of all recalled/revised reports. 


e (U/EOUO) The explanatory paragraphs that we have long used must now use the new terms. The wording otherwise 
remains the same. 


e (U/7FFOUS} There are now various categories of revisions and recalls, which are explained in the working aid "SIGINT 
Reporters' Guide to Revisions and Recalls". 


reciprocal... 


(U) Applies to the relationship between two or more members of a group, with the added sense of an exchange of goods or 
favors: reciprocal trade agreement. 


(U) See the entry for mutual. 
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Example 2: Given the right triangle ABC (fig. 34) : solve for sides b and 
c and the trigonometric functions of angle A when side a 


is 21.2 inches and sin A = 4 


qT 
Sin A = ©; also, sin a = ole but sin A = 4, 
c c 7 
Therefore, 2S 
c 7 
4e — 148.4 
c = 37.1 inches 
b2 = c?— a 
b2 = 1876.41 — 449.44 
b? = 926.97 
b = \/926.97 
b = 80.4 inches, a = 21.2 inches, c = 37.1 inches 
: 21.2 4 30.4 7.6 
SA a7. — 7 col A = 519 = & 
30.4 37.1 
cosA = 371 sec A = 304 
212 53 2 874 oe 
en4 = 304 — 78 S319 4 
149. Constructing an Acute Angle of Right Tri- Step 4. Join A and B, thus forming the 
angle When One Trigonometric Function right triangle ABC (B, fig. 36). 
is; Known Step 5. Tan A = i; therefore, A is the 
required angle. Measuring angle 
When the trigonometric function of an acute A with a protractor shows it to 
angle is given, the angle may be constructed 
geometrically. Use the definition given for the 8 
given function. 
Example: Construct the acute angle A of 
right triangle ABC if tan A = 4. 
be ° = . 8 
Step 1. Let a = 1 unit and b — 4 units. } 7 aa | 
Step 2. Erect perpendicular lines AC ‘ oe = c 
and BC. Use cross-sectional eames 
paper if available. TM684- 44 
Step 3. Measure off 1 unit along BC and Figure 36. Constructing an angle when one 
4 units along AC (A, fig. 36). funetion is known. 
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reconnaissance... 


(U) Two n's and s's. Avoid abbreviating it as "Recon" except as part of a unit designator in a listing or in a narrative report where it 
occurs repeatedly. Also avoid the abbreviation “recce," which is chiefly British. The verb form of reconnaissance is reconnoiter. 


recur, reoccur... 


(U) The verb recur (and the noun recurrence) can suggest a periodic or frequent repetition as well as the simpler notion of 
“happening again." 


(U) Reoccur teils you that something happened again without implying anything about the number of occurrences. 
(U) In SIGINT reporting, use recur and recurrence. 
Red... 
(U) Capitalize as part of a title: Red Army Faction, Red Cross. Do not refer to Communists as "Reds" except in direct quotes. 
redundancy... 
(U) Merriam-Webster distinguishes between two kinds of redundancies: useful and wordy. Useful redundancy is much more 
prevalent in speech than in writing, and it often involves adverbs and prepositions: And both return back to their chairs 
(Shakespeare, Richard Il); . . . begin with a true and authentic story (Thackeray). 
(U) A grammar written by Lindley Murray in 1795 first expressed the notion that redundant words should be taken out of writing. 
Writers and grammarians since then have argued over the validity of Murray's precept. Journalists and school grammars tend to 
follow Murray; writers very often do not. 

' (U) Some writers and usage commentators argue that there are times when redundancy is needed for reinforcement or emphasis 
and that in such cases being concise is not the ultimate goal. They would also argue that redundancy limits the chance of error in 
communication. In the words of Bergen Evans, "In writing, as in conversation, an economical use of words is not always what we 


want." 


(U) Redundancy is rarely useful in serialized reports, but don't be afraid to use it if necessary to ensure your reader's 
understanding. Redundancy is not a crime. 


(b) (3) -P.L. 86-36 
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(U) See the entry on wordiness for a discussion of wordy redundancy. 
reference of pronouns... 


(U) See the entry for antecedent. 


reference works... 


(U) Cite freely, either in text or as a footnote, any unclassified reference works used as a collateral source. In a footnote, include 
enough information to identify the work: Saying What You Mean, Robert Claiborne; 1986, W. W. Norton, p. 392. 


(U) Identify a U.S. media source only when citing factual material: According to The New York Times (UNCLASSIFIED) of 26 
February, the new Prime Minister is not a native-bom citizen. 


(U) Do not cite editorial or columnist opinions from U.S. press. Doing so violates Operations Directorate policy. 

(U) For guidance on citing the identity of Second Party press, see the U.S. Identities in SIGINT manual, published by P052. 

(U) See the entry for collateral. 

referendum... 

(U) Referenda is more common, but referendums is equally acceptable as a plural form. 

refute... 

(U) To refute means “prove or show your opponent's assertion to be false or invalid." This sense is not in dispute. 

(U) In the 20th century, however, it also has taken on the sense "deny the truth or accuracy of." This sense is very common today 
and appears most often in journalism, where it is used to record the denials made by those accused of illegal or unethical 
behavior. Most usage commentators think the sense erroneous. 


regard... 


(U) The proper form in writing is in regard to. The form in regards to is generally restricted to speech. 


(b}) (3)-P.L. 86-36 


Doc rp ahisqes Yapual: R (UFOS) Page 7 of 13 


(U) In regard to, with regard to, regarding, or as regards are all acceptable, but in regard to is preferred. 
regardless... 

(U) Regardless means "in spite of": Regardless of the efforts of the players, the team lost. 

(U) See the entry for irregardless. 

regime... 

(U) Regime is a synonym for a political system, not an administrative system: a fascist regime. 


(U) Regime is often used in a pejorative sense to denote a government that the speaker or writer disapproves of: the Pinochet 
regime, the Castro regime. Use the term with caution. 


(U) See the entry for government. 
regions... 


(U) See the entry for directions and regions. 


(b) (3)-P.L. 86436 


(U) See the entry for security control markings. 
releasability statement... 


(U) Expand in the "TEXT:" line of an electrical serialized report any releasability entry used in the report as a security control 
marking. 


(U) If the report must remain within U.S. channels, place the label NOT RELEASABLE TO FOREIGN NATIONALS ahead of other 
security control markings except the expanded ORCON statement. 


(b) (3)-P.L. 86-36 
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religious titles... 
(U) Capitalize a religious title used before or in place of a name: “Rabbi O'Leary," she said, "the Archbishop has arrived." 


(U) Use lowercase when the title is used generically: The pope appoints all bishops in the Roman Catholic Church. Also see the 
entries for cardinal and pope. 


reoccur... 

(U) See the entry for recur, reoccur. 

repel, repulse... 

(U) Both mean “drive back” or "drive off," but only repel is used in the sense of "causing distaste": His eating habits repelled us. 
repetition of words... 


(U) Repetition may help hoid a passage together, emphasize an idea, or simply avoid a hunt for multiple synonyms; it also may be 
needed to introduce a series of parallel phrases or clauses. If you must repeat a name or title, do so. Repetition is not an error. 


(U) Unnecessary repetition, however, is of two types. Reuse of the same word several times when another will not affect the 
understanding of the sentence is one. Don't bore your reader. Use of the same base word in two senses is another. POOR: My 
marks showed a marked improvement. IMPROVED: My grades showed a marked improvement or My marks improved 
significantly. 


(U) See the entry for elegant variation. 


report... 
(U) See the entries for serialized report, SIGINT report, and technical report. 
represents... 


(U) A formal word that often can be replaced by "is": This represents the first time; this is the first time. Where possible, replace 
represents with “is" or some other active verb. 


(b) (3)-P.L. 86-36 
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request... 


(U) Use either a noun or a nounal clause introduced by "that" after the verb request: She requested more time. She requested that 
| not speak to her again. 


(U) Avoid using request immediately before the infinitive. Use the verb ask instead. AWKWARD: He requested to go sailing with 
us. IMPROVED: He asked to go sailing with us. 


(U) See the entry for ask. 
requirements... 


(U) Requirements are statements of the need for intelligence information levied on the U.S. SIGINT System by intelligence users. 
Each report must note the requirements it satisfies. Current requirements are in the National SIGINT Requirements List (NSRL). 


(U) There are two kinds of requirements. Bridging requirements list general areas of strategic interest, either by geography or by 
subject. Standing requirements identify specific areas of interest by target and topic. 


(U) List requirements after the prosign “REQS:" in the form 0x0000, where the first number is the priority, the letter or letters 
indicate the source (R for COMINT; RF for FISINT; RT for technical ELINT; and RD for operational ELINT), and the last several 
numbers identify the specific requirement. 


(U) Do not include leading zeros as part of the specific requirement.The correct form is, for example, 3R123, not 3R0123; 2RF15, 
not 2RFOO15. 


(U) Padded bridging requirements take the form OR9000. The padded NATO requirement takes the form ORNOO00. Other padded 
requirements take the form 0x0000, where x is the source letter or letters. 


restive, restless... 
(U) Restive implies either "resistance to some sort of restraint” or "impatience under restriction or restraint." 
(U) Restless means "unable to keep motionless or still." 


restrictive elements... (b) (3)-P.L. 86-36 
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(U) Restrictive elements are words, phrases, and clauses that follow and restrict the meaning of the words they modify: 
« The word poobah comes from the name of a character in the Mikado. (Poobah is a restrictive appositive.) 
« The two presidents most widely known are Washington and Lincoln. (Most widely known is a restrictive phrase.) 
e We are going to convict and punish those who break the law. (Who break the law is a restrictive clause.) 


(U) Do not use commas to set off restrictive elements--sometimes called essential elements--in a sentence. 


resultant... 
(U) Instead, use the more natural form resulting. 
revenge... 


(U) Suggests malice or resentment rather than justice and is used to indicate a real or imagined attack against oneself: ". . . the 
hope of revenging himself on me was a strong inducement. . .” (Jane Austen, Pride and Prejudice). 


revert back... 


(U) Used much less frequently in edited prose than revert. As a speech idiom, it can be considered an example of useful 
redundancy. 


revolt, revolution... 
(U) A revolt is widespread opposition to current standards. Politically, it refers to an armed attempt to change authority. 


(U) A revolution is a radical alteration in a system or in social conditions. In the political sense, it is the overthrow by open and 
organized armed force of an established government and its replacement by another. 
(U) See the entry for rebellion. 


right... 


(b) (3)-P.L. 86-36 


pocr#y” and 78485 Manual: R (U/fFObe} Page 11 of 13 


(U) Capitalize when referring to the group of people professing "right-wing" political views: the Right. 


(U) Be vary careful in assigning terms such as Right and Left to political movements. Such applications may be misunderstood or 
incorrectly applied. As a rule, use them only in direct quotations. 


(U) See the entry for left. 

right turn... 

(U) Use right turn, not right-hand turn. 

right-of-way... 

(U) Always include the hyphens. The plural form is rights-of-way. 

ring, ringed... 

(U) Use ring or ringed when you mean "surrounded": Police ringed the warehouse. 

river... 

(U) Capitalize when part of a name: the Nile River. But: cruising down the river on a Sunday afternoon. 
rocket... 

(U) A self-propelled vehicle whose trajectory or course, while in flight, cannot be controlled. 
(U) See the entry for missile. 

Romania... | 

(U) Not Rumania or Roumania. 

roman numerals... 


(b) (3)-P.L. 86-36 
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(U) In the traditional outline format, roman numerals indicated the major headings when one or more of the headings contained 
subheadings: 


|. Summary 
ll. First Event 
A. First Item 
B. Second Item 
Ill. Second Event 
A. First Item 
B. Second Item 
C. Third Item 
IV. Conclusions 
A. Conclusion 1 
B. Conclusion 2 


(U) In modern reporting, avoid the outline format in favor of clear subtitles. 
(U) Use uppercase roman numerals in the TUD of an army corps: VII Corps. 


(U) Use lowercase roman numerals in a hard-copy report for the page numbers of the CONTENTS and PREFACE, if any. 


roundtable... 


(U) For the sake of standardization and consistency in SIGINT writing, use the one-word form: The peace talks were held up until 
all sides agreed to engage in a roundtable discussion. 


rules of grammar... 
(U) The following is taken from Writing With A Purpose, by James McCrimmon: 
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"Contrary to popular belief, the rules of grammar do not determine how the language should be spoken and written. Grammar . . . 
follows the general scientific method of reporting not what ought to be but what is. . . If the rule does not fit the facts, or if it ceases 
to fit them, it must be revised or discarded. . . . What most people mean by ‘rules of grammar’ are statements about preferred 
usage. . . . There is likely to be a usage gap between what people think standard usage is and what it has in fact become. . . . The 
rules of grammar, then, are not “Thou shalt not's'; they say, ‘This is how it is done.' They are explanations of conventions that 
have grown up between writers and readers. . .. The conventions of usage should serve, not be served by, the writer's purpose. A 
[reporter] whose main thought is to get his spelling, punctuation, and grammatical forms ‘correct’ is in no condition to 
communicate. . . . memorizing the conventions of usage is at best a poor substitute for working with them.” 


Russian... 


(U) Use only to refer to the citizens, language, and special characteristics of the Russian Republic: Laverne speaks Russian well. 
Have you tried this Russian food? Who is the new Russian ambassador? 
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SALT... 
(U) Abbreviation for Strategic Arms Limitation Talks. Need not be expanded. Avoid the redundant phrase SALT talks. 
same... 


(U) Same has been in continuous use as a pronoun since the 14th century, usually in the expression the same: I'll have the same. 
it is most common in business contexts but also appears in literature. 


same as... 
(U) This adverbial phrase, while less common in writing than either “as” or "just as," is standard. 
sans-serif... 


(U) A type style without small horizontal strokes at the top and bottom of each letter. Generally used with larger point sizes, as in 
titles or headings. 


satisfy... 
(b) (3)-P.L. 86-36 


be an angle of approximately 
14°. 


150. Common Trigonometric Functions 


a. General. There are two special-case right 
triangles that are commonly used in solving 
mathematical problems. These are the right 
isosceles triangle (par. 131a) with equal acute 
angles of 45° (fig. 37) and the right triangle 
with acute angles of 30° and 60°. The func- 
tions of these angles are tabulated in appendix 
III. 


b. Trigonometric Functions of 45°. Draw 
the right triangle ABC (fig. 37) with angle A 
equal to 45°. Because the acute angles of a 
right triangle are complementary, angle A plus 
angle B equals 90°. Thus, angle B is also 45°. 
Since sides opposite equal angles are equal, side 
a is equal to side b. 


Let a = land db = 1. 


c= @ + 02 
e’?]—-1441 
c= 2 


Vi yz 2 = 2 
cos wea J Maa 
tan ae = 1 
cot 45° =F = 1 
sec 45° = ME 


V2 
esc 45° = ve = v2 


c. Trigonometric Functions of 30° and 60°. 
Draw the equilateral triangle ABX (fig. 38). 
The angles of any equilateral triangle are 60° 
and the sides are equal (par. 13la). Drop a 
perpendicular BC to the center of the base AX. 
Right angles ACB and BCX are formed by the 
perpendicular and the base. The angles ABC 
and XBC are 30° angles. Since the sides of the 
equilateral triangle are equal, the perpendicular 
bisecting the base makes the base AC of the 
right triangle ABC one-half the length of the 
base AX of the equilateral triangle. Thus, the 
side opposite the right angle in a right triangle 


92 


c A 
TM684-45 


Figure 37. Right isosceles triangle—trigonometric 
functions of 45°. 


is twice the length of the side opposite the 30° 
angle. 
Letb=1lande = 2. 


a2 = c2 — h2 
a—4—]1 
a — 3 
a= 
Poe. ee 6 
sin 60 =-"5 = 3V8 
ey 
cos 60 =2 
tan 60° = V3 _ yg 
et coat. VB Ve _iag 
VB VB 38 3 
sec 60° =2 = 2 
o_ 2 _ VB _ 23 _ 2 
esc 60 8 es 3 = 3v3 
sin 30° = 5 
jc Ve od 
cos 30° = -5 = 3V3 
1 1 WZ v1 
tan 30° — —-~ — —-~- *+== ~*~ =:5\8 
VB V3 V3 3 3 V3 
cot 30° - V3 _ VB 
o_ 2 , V8 _ a3 _ 2 
sec 30 =e 8 = 3V3 
ese 30° = = = 2 
AGO 558A 


Doc rye ay pees Yanual: S (UFOROy Page 2 of 24 


(U) Has been used in a sense synonymous with "convince" since at least 1520. Be careful of the context, however, or you may 
get some ambiguous statements: The family was satisfied that Rick had been murdered. 


scan... 


(U) Scan has two senses. The older is "examine thoroughly and carefully." The newer (dating back to the 1920s) and more usual 
sense today is “glance through or look over quickly.” 


(U) The easiest way to ensure that the sense is clear is to use an appropriate adverb with scan: Eileen thoroughly scanned the 
material. Mimi quickly scanned the text. 


scarce... 
(U) See the entry for rare, scarce. 
scotch... 


(U) The verb scotch originally meant "disable," not "destroy." Although some usage writers still contend that “disable” is the only 
acceptable meaning, the current meaning is "put an end to": Lew scotched the rumors about his resignation. 


Scotch, Scottish, Scots... 

(U) Use Scottish for people, Scotch for things: the Scottish children, Scotch pine. 

(U) Use Scots in referring to law or language: Scots words and phrases. 

Scud... 

(U) A missile, not a rocket: Scud missile. See the entry for missile. 

season... 

(U) Lowercase the seasons and their derivatives unless part of a proper name: this summer, Summer Olympics. 


seasonable, seasonal... 
(b) (3)-P.L. 86-36 
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(U) Seasonable means “what is appropriate to the time of the year" or "timely": seasonable clothing. Its antonym is unseasonable: 
unseasonable weather. 


(U) Seasonal means "dependent on or controlled by the season of the year": a seasonal increase in vacation travel, seasonal 
migration. 


secretary general... 


(U) No hyphen. Capitalize when it precedes a name (former UN Secretary General U Thant) or when it refers to a particular 
individual at the national or intemational level (The Secretary General is here). 


section headings... 
(U) See the entry for headings. 
secure... 


(U) Use enciphered rather than secure when describing communications. The term secure describes the vulnerability of a signal 
to cryptologic attack. 


(U) An enciphered signal is always enciphered, but whether it is secure depends on the cipher used. 
security control markings... 
(U) Words or phrases added to restrict the dissemination of a serialized report. At this time there are five such markings: 
e« ORCON - Dissemination and Extraction of Information Controtled by Originator 
e NOFORN - Not Releasable to Foreign Nationals 
e PROPIN - Proprietary Information Involved 
e REL - Releasabie to (name of the countries) 
e EYES ONLY - (used only on electrical reports in place of REL due to existing software limitations) 


(b) (3)-P.L. 86-36 
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(U) The marking PROPIN generally comes from collateral that is being used in a serialized report. 
see where... 


(U) The idiom see where is used to introduce a noun clause serving as the object of the verb. It is considered a characteristic of 
informal speech and writing. Avoid it in serialized reports. 


seldom if ever, seldom or never... 


(U) Both idioms are in common use in the 20th century, according to Merriam-Webster. The idiom seldom ever, which has been 
around since about A.D. 1000, today is more frequently used in speech than in writing. 


self... 


(U) When self is a prefix added to another word, use a hyphen: self-defense, self-confessed. When seif is the root word, omit the 
hyphen: selfless, selfsame. 


semantics... 


(U) The study of meaning. In general usage, semantics refers to the meanings of words, including their denotations, implications, 
connotations, and ambiguities. 


semi... 


(U) Use a hyphen after the prefix only to avoid doubling a vowel, especially "i," or tripling a consonant: semi-invalid, but semifinal; 
shell-like, but shellfish. 


semiannual... 
(U) For clarity's sake, say twice a year. See the entry for biannual. 
semicolon... 


(U) Use a semicolon to link independent clauses not linked by and, but, or, nor, for, so, or yet: The package was due last week; it 
arrived today. Use the semicolon sparingly in this situation. 


(b) (3)-P.L. 86-36 
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(U) Use a semicolon to separate a series of items which themselves contain commas: Important figures in American literature 
include James Fenimore Cooper, author of the Leatherstocking Tales; Walt Whitman, author of Leaves of Grass; and Sinclair 
Lewis, author of Main Street. 


(U) Make sure that the semicolon is used between elements of equal grammatical rank. Do not use a semicolon to separate a 
clause from a phrase. 


(U) Place the semicolon outside quotation marks. 

sentence... 

(U) Sometimes the easiest way to solve a problem in a sentence is to get rid of the problem element. Ask yourself if the word or 
phrase or clause is necessary. Often you will find it isn't. Make every element--and every sentence--fill some useful function or get 
rid of it. Write with nouns and active verbs, not adjectives and adverbs. 

(U) Do not follow blindly advice such as “Keep sentences short." Doing so often results in choppy writing. Avoid numerous 
complex clauses, but do vary the sentence length and structure to create a readabie report. When a sentence does go on and on, 
try cutting it into two or more sentences. 

sentence adverb... 

(U) An adverb or adverbial phrase connected to an entire sentence rather than to a single element. The sentence adverb 
commonly expresses an attitude of the writer or speaker and permits the writer or speaker to express in a single word or phrase 
what would otherwise take a much longer form: Basically, Samantha is the most extroverted of my cousin's children. Hopefully, | 
will win this week's lottery. 


(U) Sentence adverbs most often come at the beginning but may appear in other parts of the sentence as well: “This is one of the 
words that turn up, predictably, in the sports pages." (Harper Dictionary of Contemporary Usage, 1985, 2nd edition.) 


(U) See the entry for hopefully. 
sequence of tenses... 
(U) See the entry for verb tens 


serial number... (b) (3)-P.L. 86-36 
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Serial numbers are assigned to NSA reports on a one-up annual basis according to the PDDG issuing the report . 
Every serial includes the classification level, the PDDG of the originator, and a one-up annual number, as in the following 
examples: ; 


- “(b) (1) 
af 12500, 19 (b) (3)-P.L. 86-36 
S /50085-09 
E/O0/10466-09 


e 100/10023-10 (b).(3)-P.L. 86-36 


° za I}! 33-10 


neem 


serialization block... 


(U) Place a serialization block on all hard-copy and video reports. 


(U/AFOVO) Consult USSID CR1400, section 10, and the Desktop Publishing Standards for SIGINT Reporting manual! for the 
format and placement of the serialization block on cover sheets and internal pages of hard-copy reports. 


(U/FOYUG} USSID CR1400, section 11, contains full instructions on the format and placement of the serialization block in video 
serialized reports. 


serialized reports... 

(U) The primary means by which we provide foreign intelligence information to intelligence users, most of whom are not part of 
the SIGINT community. A report can be in electrical, hard-copy, video, or digital form, depending on the information's nature and 
perishability. 


(USFEYOQ) The USSID CR14xx series (primarily USSID CR1400) governs the preparation and format of SIGINT serialized 
reports. 


(U) See the entries for dissemination, product, SIGINT production information, target signals information, and technical report. 


series... 
(b) (3)-P.L. 86-36 
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(U) See the comma entry for guidance on punctuation of items in a series. 

serif... 

(U) A type style that has small horizontal strokes at the top and bottom of letters. This style is more suitable to text than sans-serif. 
serve, service... 

(U) Use serve for "supply goods or services to": Our firm serves customers throughout New England. 

(U) Use service for "repair or maintain": Mr. Handyman will service your appliances at the lowest price in town. 

set, sit... 

(U) Persons or things sit: Janet is sitting on the deck. The exceptions to this rule are jelly, plaster, and concrete. All these set. 


(U) The sun and hens either sit or set, depending on the context: the sun sets in the west or the sun is sitting on the horizon; the 
hens are setting on their eggs. 


(U) When you mean "place,” use set: The children set their books on the table when they came home from school. 
sexism... 

(U) See the entry for gender. 

shall... 


(U) The traditional rule for shall is to use it for the simple future in the first person: | shall go, we shall win. This continues to be the 
rule in British English, but has long been modified in American, Irish, and Scottish English. 


(U) The “rule” was first stated in the 17th century by John Wallis in a grammar written in Latin for foreigners. But the "rule" did not 


reflect the general practice of his times or of earlier times. Merriam-Webster's evidence shows that shall and will have been used 
interchangeably since Middle English to express the simple future by writers ranging from Chaucer to Samuel Johnson to Byron. 


(U) In modern American usage, there is no real distinction between shall and will in expressing the future except that will is more 
common: | will leave tomorrow. 


(b) (3)-P.L. 86-36 
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(U) Nevertheless, there are some constructions where shalt is more appropriate than will. Use shall: 
e with pronouns of all persons to express determination: We shall overcome. You shall use good English in SIGINT reports. 
e in laws, resolutions, and directives: All employees. shall begin work at 8 a.m. and remain until 5 p.m. 
e in questions that ask for an opinion, a preference, or a decision: Shall we stay or leave? 

(U) See the entries for should, will, and would. 

she... 

(U) Do not use this pronoun to refer to ships or nations. Use "it" instead. 

s/he, {GHREt)he... 


(U) These are artificial forms intended to eliminate the gender-neutral problem in English. According to Merriam-Webster, s/he is 
chiefly American and (@//REthe is primarily British. 


(U) Their use has been limited primarily to specialized journals in the fields of English language and linguistics. Both forms are 
unpronounceabie, which works against their use becoming widespread. 


(U) In serialized reports, avoid both forms. See the entry for gender. 

ships... 

“(C/REL}LOn first reference to ships of a foreign navy, give as much information as possible in the following order: 
e country (unless already established) 
e vessel class and type 
® pennant number 


e the ship name (see next entry) 
(b) (3)-P.L. 86-36 
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e hull number (in parentheses) 


~GAREL) Example: Zendian Kilo-class patrol submarine 135 Zigzag (Hull 345). In subsequent references, use the name or hull 
number, or if necessary the pennant number, but be consistent. 


+GHREL) On first reference to merchant ships, provide the following: 


country of flagging 


type of vessel 


name of ship (see next entry) 


gross tonnage (in parentheses) 


+GHREL) Example: The Zendian-flagged roll-on/roll-off ship Sea Horse (13,500 GT). In subsequent references, use the name 
only. If the ownership or chartering of a merchant ship is significant, include it in the body of the report. 


(U//FO¥O)Refer to ships and submarines of the U.S. Navy or Coast Guard by vessel type and name. If additional information is 
necessary, place that information in a footnote. 


aaa er ee 


(U) See boat and ship names. (b) (1) 


(b) (3)-P.L. 86-36 
ship names... 


(U) in reports, italicize the name of a ship whenever possible. When italics are not possible, enclose the name in a pair of double 
quotation marks: "USS Nautilus,” the "Flying Dutchman." Do not italicize a ship class: Delta-class, not Delta-class. 


(U) In keeping with current journalistic style, capitalize only the first letter of the ship name or of a class of ships: USS Nautilus, 
Delta-class. 


(U//F6U6) For naval vessels, use the spelling given in Jane's Fighting Ships. For merchant vessels, use the spelling given in 
Lloyd's Registry. For vessels not listed in either Jane's or Lloyd's, spell the name as intercepted, using the annexes of USSID 406 
if a special SIGINT transliteration system exists. Otherwise use standard BGN transliteration. 


(b) (3)-P.L. 86-36 


Docr ple aH yees Yanual: S (W/HOBS} Page 10 of 24 


(U) Refer to a ship as “it,” not “she.” 
short title... 
(U) This term is sometimes used to refer to the report serial. 
should... 
(U) Use should: 
e as an auxiliary to express a mild sense of obligation: | should go. We should help the needy. 
e in all three persons in a conditional clause: If you should decide to go, call me. 
e to indicate some doubt or uncertainty about what is being said: My sister should be home for Christmas. 
(U) Also see the entries for shall, will, and would. 
should of... 
(U) The correct written expression is should have. Should of is an oral idiom. 
{sic]... 
(U) "Sic" is the Latin for "thus" and is used after a printed word or passage to indicate that it exactly reproduces the original and 
that the author realizes it may be perceived as an error. Ex. "We realized it would have a severe affect [sic] on the situation.” 
Brackets rather than parentheses are used because the expression is that of the reporter and not of the original speaker. Ex. "The 
president said, 'l am proud to introduce the Prime Minister of India [sic], Benazir Bhutto." It can also be expressed as "The 


president introduced Benazir Bhutto as the Prime Minister of India (Ms. Bhutto is in fact the Prime Minister of Pakistan)." 


(U) In serialized reports, avoid [sic] and use a footnote instead. This will prevent the problem of the reader not knowing whether 
[sic] was in the original or inserted by the reporter. 


SIGAD... 
(U/FEVQ) Expands to SIGINT Activity Designator and is used to identify elements of the SIGINT system. USSID_ SP0200 


86-36 


(b) (3) -P Ly 
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promulgates the SIGINT Address Book (SAB), which contains a full record of active SIGADs and PDDGs. To view a sorted PDDG 
or SIGAD list, check the S111 PDDG Listing. 


(U/fPOUG) SIGADs appear in the FM and TO lines of electrical reports and electrical PRECIS, and in the DISTRIBUTION section 
of hard-copy and video reports. 


(U) See the entry for PDDG. 
SIGINT... 


(U) SIGINT (signals intelligence) is intelligence information derived from signals intercept comprising, either individually or in 
combination, all COMINT, ELINT, and FISINT, however transmitted. 


SIGINTese... 


(U) Try to avoid terms such as "co-located" in serialized reports. You are reporting to people outside the SIGINT community who 
might not understand the special meaning of the word. Stick with standard American English as much as possible. 


(U) If you must use a term with a specialized SIGINT meaning that will not be familiar to your readers, explain the term in the text 
or, preferably, in a footnote. 

(b) (1) 
SIGINT product... (b) (3)-50 USC 403 

(bj (3)-P.L. 86-36 


(U) See the entries for product and for serialized reports. 


SIGINT production information (SPI)... 


{b) (3) -P.L. 86-36 


TM684-46 


Figure 38. Equilateral right triangle—trigonometric 
functions of a right triangle with angles of 30° and 60° 


151. Solving for Sides of 45°-45°-90° or 30°-60°-90° Triangles When One Side Is Given 


In special cases, right triangles can be solved when only one side is given. These are the 45°- 
45°-90° isosceles triangle and the 30°-60°-90° triangle. 


Example 1: Solve for the unknown sides of right triangle ABC if angle 
A = 60° and b = 4 inches. 


Tan 60° = 7 = ve however, tan 60° = \/3. 
Therefore, 
a@_ v3 
re | 
a = 4\/8 inches 
b 4 1 
Cos 60° = — = —; however, cos 60° = = 
Cc c 2 
Therefore, 
41 
67 2 


c = 8 inches 
Thus, a = 4/3 inches, b = 4 inches, c = 8 inches. 


Example 2: Solve for the unknown sides of right triangle ABC if angle 
A = 45° and c = 6 inches. 


Sin 45° = % — &, however, sin 45° = va 


ce” 6’ 
Therefore; 
a_ v2 
6. 2 
2a = 6\/2 
a= 3\/2 
Cos 45° = 2 — e. however, cos 45° = wee 
c 6 2 
Therefore, 
6 v2 
6~ 2 
2b 6\/2 


b = 8\/2 inches 
Thus, a = 3/2 inches, b = 3\/2 inches, c = 6 inches. 
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SIGINT report... 

(U) See the entry for serialized reports. 

similar... 

(U) One thing is similar to another in a particular way. Two or more things are similar in certain ways. 
simplicity... 


(U) Simplicity is natural, direct expression. it allows the reader to understand, without struggle, what we are saying. Obstacles to 
simplicity are ornate words, jargon, passive voice, etc. 


(U) See the entry for wordiness. 
sink, sank, sunk... 


(U) Both sank and sunk are used as the past tense of sink. Sank is more common, but sunk is not rare. In serialized reports, use 
sank. 


situation... 


’ (U) The general rule is to eliminate the word situation from coined phrases like weather situation and emergency situation. This is 
a greater concern in British English than in American English. 


(U) Although a crisis situation is not quite the same as a crisis, readers will understand what you mean if you use the word crisis 
by itself. 


(U) The phrase no-win situation, however, describes a complex idea in just a few words and is a common American idiom. Use it 
freely. 


skeptic, skeptical... 
(U) Skeptic and skeptical are the forms in American usage. The British spelling is sceptic, sceptical. 


(b) (3)-P.L. 86-36 
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slant, slash, virgule... 


(U) Avoid the use of a slant between terms in serialized reports. A coined term such as day/night training, for example, is not 
clear. Instead use one of the following: day or night training, day and night training, day training or night training or both. 


(U) See the entry for and/or. 
slow, slowly... 
(U) Slow may be used as an adjective or adverb. Slowly is only an adverb. 


(U) Slow was used as an adverb by Shakespeare and Swift, among others, but generally has a more restricted range of 
applications. 


(U) Use slow after a verb of action or motion: The war moves slow if it moves at all (Robert Frost). Slow also can be used in 
hyphenated compounds with present participles: slow-moving vehicles. 


(U) Slowly can precede or follow a verb and is more widely used in edited prose. Slowly also modifies participial adjectives: The 
slowly moving cars crept past the scene of the accident. 


(U) See the entry for flat adverbs. 
so-called... 


(U) The use of quotation marks following so-called is not an error, but it is unnecessary: so-called friends, not so-called "friends." 
Omit the quotation marks. 


some... 
(U) Some is usually an indefinite pronoun or an adjective: Some arrived late. Some people are extroverts. 


(U) Notional agreement determines whether pronoun some takes a singular or plural verb in the expression some of: Some of 
them were already here. Some of the news is not fit to print. 


(U) See the entry for notional agreement. 
(b) (3)-P.L. 86-36 
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some and its compounds... 


(U) Somebody, someone, someplace, someway, somewhat, and somewhere are written as one word. Someday is a single word 
when used as an adverb. 


(U) For a discussion on the use of pronouns to refer to a compound form of an indefinite pronoun, like some, see the discussion at 
every and its compounds and the entry for notional agreement. 


sometime, some time... 


(U) As an adjective it is a single word, the original meaning of which is "former": a sometime cook, a sometime champion. Its 
newer meaning, dating back to the 1930s, is “occasional”: a sometime thing. 


(U) As an adverb it is a single word, meaning “at an unspecified or indefinite time": My parents left sometime yesterday on their 
trip to Paris and London. 


(U) The noun phrase is written as two words: She needed some time alone. An easy way to determine if sometime should be 
one word or two is to insert the word "quite" before some. If the passage still makes. sense, use the two-word form. 


sortie... 
(U) A military term meaning "an operational flight by one aircraft." Make sure that your meaning is clear. 
e The aircraft flew six sorties during the exercise. (One aircraft flew six different times.) 
« Six aircraft flew sorties during the exercise. (Six aircraft flew one time each.) 
e Six bombers flew a total of 35 sorties. (The number of sorties per aircraft is unknown or insignificant.) 
sort of... 
(U) A common speech idiom. In written work, it appears most often in fictional speech or light prose. 
(U) See the entry for kind of. 


Soviet... : (b) (3)-P.L. 86-36 
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(U) An adjective pertaining to the former USSR and its elements. Do not use it to represent individuals. In today's world, always 
use it with the adjective "former": the former Soviet Rocket Forces, the former Soviet leadership. 


Soviet Union... 


(U) Acceptable in all references for the Union of Soviet Socialist Republics. USSR is also acceptable. The collapse of the Soviet 
Union has made these terms obsolete except for historical reference. 


(U) No single term has evolved as of this writing to refer collectively to the group of republics formed out of the former Soviet 
Union, but consider something like "the successor states to the USSR." 


spacecratt... 
(U) The plural is also spacecraft. 
spacing... 


(U) As a general rule, leave a single space between the elements in a prosign line and after each punctuation mark in text. Do not 
leave spaces, however, on either side of a dash or hyphen. 


(U) In DTP formatting, spacing is more important because of proportional spacing and automatic justification features. 


(U) Skipping a fine after each paragraph is now the rule for the text of all reports. Skip two lines, however, before a subtitle and 
one line after. 


(U) See the entry for indentation. 
special... 


(U) As an adjective, special is often used euphemistically by NATO to refer to nuclear weapons or intelligence operations. Thus, 
avoid phrases such as special weapons shipments and special intelligence reports. 


(U) Others which should be used carefully are special purpose, which can refer to SPETSNAZ, and its U.S. equivalent special 
operations. 


special characters... Heianicee ns. aes 
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(U) See the entry for symbols. 


SPECIAL FOLLOW-UP... 


ane 


(U) No series closure is necessary for SPECIAL FOLLOW-UPs. 
specially... 
(U) Use specially when referring to a particular purpose: specially trained troops. 


(U) See the entry for especially. 


A (b) (1) 
species... (b) (3)-P.L. 86-36 


(U) This word is spelled the same in both singular and plural. 


SPECTRE... 


a 
ee 


speed... 

(U) Report speed in kilometers per hour (kph), Mach (aircraft only), or knots (ships only). Use figures because speed is a 
measurement: The Mirage flew at a speed of 650 kph. The XY-53 tank has a top speed of 90 kph. Hyphenate the adjectival form: 
a 10-knot wind. 


(U) Do not use traditional English measurements (e.g., miles per hour) or other nonmetric forms unless you are quoting directly. In 
such cases, include the metric equivalent in parentheses: 50 mph (80 kph) winds. 


(pb) (3) +P .L. 86-36 
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spelled, spelt... 

(U) An example of divided usage. Spelled is more common in American usage, spelt in British usage. 
spelling... 

(U) See the complete entry for spelling. 

spilled, spilt... 

(U) Divided usage. Spilled is American; spilt is British. 

split infinitive... 


(U) The construction in which an adverb comes between the preposition "to" and the infinitive is called a split infinitive. In the 
ancient languages of Latin and Greek, the infinitive was a single word and thus could not be split. 


(U) In English the infinitive is also a single word, even though many think of it as a two-word form including the preposition "to." 
Split infinitives have been traced back to the 14th century, but did not become an object of criticism until the mid-19th century. 


(U) The split infinitive is not a grammatical error, but it is often unnecessary. Much of the time the adverb does not add anything 
useful to the sentence. For example, there is no real difference between “to understand” and "to truly understand." Even so, the 
split infinitive is no longer a major issue among grammarians. 


(U) The best way to change a split infinitive is to delete the adverb unless it adds something useful to the sentence. 
UNNECESSARY: Phil wanted to [really] understand my reasons for dropping out of school. USEFUL: We expect to more than 
triple our sales this year. 


(U) Another way is to move the adverb to another position, particularly when emphasizing the adverb: Roger vowed to serve his 
country loyally. Do not avoid splits at all costs, but do avoid awkward or useless ones. 


(U) If a split infinitive comes in a sentence after a negative, particularly "never" or "not," do not "split the infinitive": | intended 
never to return, but Paula said not to go. 


spokesperson... (b) (3)-P.L. 86-36 
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(U) See gender and -person. 
standard English... 


(U) As defined by Merriam-Webster, standard English is "the language of business, literature, and journalism. It has evolved over 
the centuries as the means by which speakers of diverse dialects of English can communicate effectively with each other." 


(U) When most usage commentators use the term, they tend to identify as standard English only those forms, words, and 
expressions of English that they personally agree with. Therefore, look on it with caution, just like the term "careful writer." 


(U) See the entries for style and usage. 

starboard... 

(U) Nautical term. From the helmsman’'s point of view, the right side, as opposed to port, the left side. 

State... 

(U) It has been an article of faith since at least 1870 among some usage commentators that the verb state is overused. The 
editors at Merriam-Webster, however, have little evidence of such overuse. Their records show only that state is used “to imply a 


formal, precise, or emphatic declaration or report.” 


(U) There are, of course, many alternatives for the writer. You can use Say, assert, comment, demand, deciare, or other verbs 
whenever you wish to vary your word choice. But there is no valid reason to avoid using state. 


statute mile... 


(U) Measures 5,280 feet and is used for land measurements. Since it is a measurement, always use figures. The word statute is 
assumed--and thus may be omitted--when referring to land measurements. 


(U) Convert statute miles to kilometers in serialized reports. To convert to kilometers, multiply miles by 1.6 (5 miles X 1.6 = 8 km). 
To convert to approximate nautical miles, multiply by .869. 


(U) Use miles in serialized reports only when quoting directly. After miles place the metric equivalent: 50 miles (80 km). 


(U) See the entries for mile and nautical mile. 
(b) (3)-P.L. 86-36 
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strait... 


(U) Capitalize when it is part of a proper name: the Bering Strait. The term is singular unless there is more than one passageway: 
the Danish Straits. 


(U) Do not add the word strait after the Bosporus, the Dardenelles, the Kattegat, and the Skaggerak. All are preceded by "the": the 
Dardenelles. 


style... 

(U) See the complete entry for style. 
sub... 

(U) Never acceptable in serialized reports as a shortened form of the word “submarine.” 
subheading... 


(U) A minor subject heading in the text of a report. Also referred to as a subtitle. Use subheadings in a lengthy report to fvelp the 
reader's comprehension. 


(U) Begin each subheading at the left margin. Skip one line before a subheading and one line after. Capitalize the initial letter of 
each word. Do not underline the words or insert any unnecessary spaces. 


subject/topic component... 


(b) (3)-P.L. 86-36 
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(U/AFOUO) If you need a new component, forward the request for the new component to P0521, OPS #1, 963-1911s. Include in 
the request your proposed element and a definition. 


subjunctive... (b) (3)-P.L. 86-36 
(U) Although pundits have been proclaiming the death of the subjunctive for more than a century, it still exists in written English. 


(U) Use the subjunctive mood in "if clauses" for “speculation or conditions contrary to fact": If it were to rain, it would ruin my 
plans. | would not do that if | were you. 


(U) Since if," “as if," and “as though" do not always introduce a "hypothetical or unreal condition," the subjunctive is not 
necessarily required after these terms: | do not know if he was a carpenter or a cardiologist. 


(U) Use the subjunctive to express doubts or wishes: | wish it were true. | doubt if more money would be the answer. 
submarine... 

(U) Do not use the abbreviation “sub" for this word. See the entries for ships and ship names. 

subordination... 

(U) Unless military unit subordination is essential to understanding the report, put it in a footnote. 

subsequent to... 

(U) Normally used in very formal writing. It usually can be replaced by "after," but be cautious. Subsequent to can imply that 
something not only follows but also in some way grows out of or is closely connected to what precedes it: Subsequent to Mary's 
appointment as supervisor, office morale improved greatly. 

substandard... 


(U) In most dictionaries, substandard refers only to speech patterns and is an indicator of social status, not correctness. 


(U) In much usage commentary, substandard is applied to words and constructions that do not accord with the commentator's 
notion of good English. 


(b) (3)-P.L. 86-36 
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(U) See the entry for nonstandard. 
such... 


(U) Such has been used as a pronoun since the time of King Alfred the Great. It is standard English, but is more common in 
writing than in speech. 


such as... 


(U) When introducing examples, such as usually follows a comma: Fred prefers team sports, such as baseball, football, and 
basketball. 


suitable... 

(U) Most commonly followed by the preposition "for" and less often by “to.” 

superlative of two... 

(U) One of the great shibboleths of modern purists. The "rule" against using the superlative when dealing with two was created in 
the mid- to late 18th century and has never reflected actual usage. It serves no useful purpose since no one will misunderstand 
the sentence no matter which form you use. Consider the following examples: Who is the older of the two? Who is the oldest of 
the two? Both forms are clear. 

(U) According to Merriam-Webster, writers since the time of Shakespeare have used both the superlative and comparative in 
comparing two things. The superlative seems to be most likely when the judgment, measurement, or characteristic denoted by the 
adjective or adverb is the primary point being considered: "dinghy, dingey. The first is best" (H. W. Fowler). 


(U) The comparative is required only when it is followed by “than”: Janet is smarter than Lynn. In any other construction, either 
the comparative or superlative form may be used without confusing the reader. 


superscript... 


(U) Use superscript numbers as footnote indicators whenever possible. Place the superscript number immediately after the item it 
references. 


(U) Begin the footnote with the superscript number, then indicate the abbreviated classification, and enter the actual footnote. 


(b) (3)-P.L. 86-36 


152. Calculations Involving Angles 


a. Addition. To add angles, arrange the degrees, minutes, and seconds in separate columns and 
add each column separately. If the sum of the seconds column is 60 or more, subtract 60 or a multi- 
ple of 60 from that column, and add 1 minute or the same multiple of 1 minute to the minutes 
column. If the sum of the minutes column is 60 or more, subtract 60 from that column and add 
1° to the degree column. 


Example 1: Add 20° 40’ 25”, 8° 35’ 5”, and 30° 58’ 51”. 
20° 40’ 25” 
8° 35’ 5” 
30° 58’ 51” 
58° 183’ 81” 
Subtract 60” from 81” and add 1’ to 133’. 


58° 183’ 81” 
+ 1 —60” 
58° 134’ 21” 
Subtract 120’ from 134’ and add 2° to 58°. 
58° =—s-« 184’ 21” 
+ 2° —120’ 
60° 14 21” 


Example 2: Add 15° 44’ 36” and 12° 38’ 35”. 
15° 44’ 36” 
12° 38’ 35” 
27° 82’ 71” = 27° 83’ 11” = 28° 23’ 11”. 


b. Subtraction. To subtract angles, arrange the degrees, minutes, and seconds in separate col- 
umns with the larger angle on top. Then, subtract the individual columns. If the upper number 
in a column is too small to allow subtraction, one unit must be taken away from the preceding 
column and 60 units added to the insufficient number to make subtraction possible. 


Example 1: Subtract 14° 51’ 30” from 86° 45’ 10”. 
86° 45’ 10” 
—14° 51’ 30” 


Subtraction cannot be performed in either the seconds or 
minutes columns. Subtract 1’ from 45’ leaving 44’, and add 
60” to 10” for a total of 70”. 

86° 44’ 70” 
—14° 51’ 30” 


Subtraction still cannot be performed in the minutes col- 
umn. Subtract 1° from 86°, leaving 85°, and add 60’ to 44’ 
for a total of 104’. 
85° 104’ 70” 
—14° 51’ 30” 
71° ~=53/ 40” 
Example 2: Subtract 10° 35’ 42” from 19° 20’ 20”. 
19° 20’ 20” 
—10° 35’ 42” 
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(U) See the box for footnotes. 
sure, surely... 


(U) Both are used as adverbs. Sure is used as an intensifier, particularly of verbs, when the writer expects the reader to agree: 
Paul sure is in a bad mood today. 


(U) Surely is used as an intensifier in more formal contexts, often with a more speculative or hopeful tone: That approach will 
surely lead to a solution. 


surveil... 


(U) A back-formation, dating to 1949, from the noun surveillance. The verb form has been recognized as early as Merriam- 
Webster's 8th New Collegiate Dictionary (1979 edition) and the American Heritage Dictionary (1982). 


(U) Like most new words, surveil draws criticism and writers are urged to avoid it. The real question, however, is whether it fills a 
unique need. Is there another word that conveys the same meaning? 


(U) Since the suggested verb alternatives (watch, observe, note) do not convey quite the same idea of something more than 
passive watching, surveil seems to be a worthwhile addition. Go ahead and use it, but be prepared for the howls of purists. 


suspended hyphens... 


(U) See the box on hyphens. 


sustain... 

(U) Since 1866, when the first objection was noted, some commentators have criticized sustain in the sense of "suffer or 
undergo." This sense of sustain, however, has been traced back to the early 1400s and was included in the dictionaries of Samuel 
Johnson and Noah Webster. It is standard. 

symbols... 

(U) The following list comprises the only symbols authorized for inclusion in the text of SIGINT reports: 


e A@ 
(b) (3)-P.L. 86-36 
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Apostrophe ' 
Colon : 

Comma , 

Number Symbol # 
Dash - 

Dollar Symbol $ 
Exclamation Point ! 
Parentheses () 
Period . 

Quotation Mark * 
Semicolon ; 
Slant / 

Question Mark ? 
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(U) Word processing capabilities and unique character sets may be available to reporters; the ability to create a word such as 
Attaché or 10% does not mean it can be used in end product reports. Punctuation or symbols included on some keyboards or 


instruments may not be used; spell out the word or use an abbreviation instead. 


(U) For clarity, the following list includes some, but not all, of the prohibited symbols: 


Ampersand & 
Plus + 
Asterisk * 


Percent sign % (see percent, per cent) 


Tilde ~ 
Accent grave 6 


(U//FOEUE}-Webding, Wingding, Dingbats, Bookshelf symbol, or any other font to include Arabic, Greek, Cyrillic, Chinese, Korean, 
Hebrew, and diacritical marks to include umlauts, accents, and circumflexes, may not be used in SIGINT end product reporting. 


synagogue... 


(U) Capitalize only when it is part of a name: Beth Israel Synagogue, but the synagogue. 


(U) See the entry for church. 


ier anes) 
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(U) SIGINT Reporter's Style & Usage Manual 


Return to the Table of Contents 


T 


b) (1) 
(b) (3)-P.L. 86-36 


table... 

(U) Because the verb "to table" means opposite things to U.S. and to Second Party readers, do not use in SIGINT reporting. U.S. 
usage indicates a delay or postponement (“this agenda item was tabled until the next meeting pending further investigation“) while 
British and Commonwealth usage is the converse - ("the committee tabled the new proposal during the negotiations over the 
border demarcation"). Suitable alternatives include "delayed," “set aside," “postponed discussion" - or, if you are a Second Party 
reporter, "brought up for discussion,” “laid out," or "presented." 

table of contents... 

(U) Use a table of contents for lengthy, hard-copy reports. They rarely are needed on electrical or video reports. 


(U) Use the modern label "CONTENTS’ rather than "TABLE OF CONTENTS." Otherwise follow the guidance in USSID CR1400 
and in the Desktop Publishing Standards for SIGINT Reporting manual. 


tabular material... 
(U) When making a table as a graphic element in a serialized report, follow the principles of good layout and design. 
(U) Place the caption above the table and the classification, if needed, in double parentheses below the table and any footnotes. 


(b) (3)-P.L. 86-36 
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(U) Use abbreviations as needed to make the material fit the format, but expand the abbreviations in a footnote or appendix. 
(U) See USSID CR1400 and the Desktop Publishing Standards for SIGINT Reporting manual. (b) (3)-P.L. 86-36 
TAGs... 


(U) See the entries for ISI, subject/topic component, and principal component for more specific guidance. 
take... 
(U) Use take when the movement is away from the speaker: Take your money and get out of here. 


(U) Use either take or bring when the direction of movement is unknown or unrelated to the speaker: She brought him to the 
doctor's office or She took him to the doctor's office. 


(U) See the entry for bring. 
TANGO... 


(b) (3)-P.L. 86-36 


1 : 
Doc rye and LU s9es, Mapual T (U/FORE) Page 3 of 14 


(U) Phonetic spelling for the letter “t.” Pr reve parse 


target digraphs... 


en 


(U) See the entry for TIS. 

target signals information... - 

(U) Do not include TSI in a serialized report unless the TSI is of intelligence value to all the recipients, which is not usually the 
case. Generally, TS! appears in tailored reports with a limited distribution. 


(U) See the entry for SIGINT production information. (b) (3)-P.L. 86-36 
Technical Identification System... 
(U) See the entry for TiS. 


technical report... 


pe 
[Seger ee, 


(U) SIGINT technical reports are not intended to be--and should not be--another way of doing all-source analysis and passing that 
to intelligence users. That is not within NSA's charter. 


(b) (3) -P.L. 86-36 
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technical weapons... as 

{b) (3)-50 USC 403 

{b) (3)-P.L. 86-36 
telephone... 
(U) "cell phone" vs. "mobile phone’: It is true that most mobile phones now do not use cell technology and that therefore "mobile 
phone" is more accurate. It is also true that most Americans call all mobile phones “cell phones" now, and our Commonwealth 
partners tend to stick with “mobile.” Some target countries use one term, and some the other. Decide whether this is really an 


issue in your reporting before you ask for arbitration; is it just a matter of translation, or is it an indicator of the type of technology, 
and, if the latter, does it make a difference to your intelligence product? 


temperature... 


(U) Report temperature in Celsius and use figures for all readings except zero. Use the word "minus" rather than a minus sign to 
indicate temperatures below zero: The low was minus 20 C. "Degrees" is not needed except after “Zero." 


(U) Place a capital "C" after a number; spell out Celsius when no number is used and in the phrase “zero degrees Celsius.". 
tend to... 

(U) Tend to in the sense of “pay attention to" is standard American usage: Tend to your own business. 

tense... 

(U) See the entry for verb tense. 

text... 


(U) The text of a report includes a summary statement or paragraph, known as the lead; full details of the activity and any analytic 
comments, known as the body; and any footnotes. 


(U) The text is normally written in narrative style, but when a formatted or mixed format approach is more useful to the reader, go 
ahead and use that style. 


than... (b) (3)-P.L. 86-36 
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(U) Use the nominative case after than when than serves as a conjunction introducing the second element of an unequal 
comparison: Pauline is a better athlete than I. 


(U) When used as a preposition, than often follows "more" or “better,” and a following element is in the accusative: He disliked no 
one more than her. She liked him better than me. (NOTE: Than has been used as a preposition since the 16th century.) 


that... 


(U) That as a relative pronoun may refer to either persons or things. Use that to introduce a restrictive clause when the sentence 
sounds or looks awkward without it. 


(U) Although there are no hard-and-fast rules about when to omit that, you may omit it after forms of the verbs believe, hope, say, 
and think: | believe [that] you are correct. | hope [that] you will join us. The President said [that] he will sign the bill. You also may 
omit that when it serves as the object of the verb in a relative clause: He is a man [that] ! know well. Eileen is the candidate [that] | 
support. 
(U) It is easier to state when you must use that: 

e when a time element comes between the verb and the dependent clause 

e when the dependent clause comes at the beginning of the sentence 

« when the dependent clause comes after certain verbs, such as assert, declare, estimate, point out, and propose 

e before dependent clauses beginning with conjunctions such as after, because, before, until, and while 

« at the beginning of each of a series of parallel clauses 


e in appositive clauses after nouns like wish, desire, and belief 


(U) Keep in mind that including that is not always necessary, but never wrong. Omitting that when it should be there can confuse 
the reader. 


their... 


(U) Their is a possessive pronoun and normally has a plural antecedent: They went to their jobs every morning. The plural 


: (b) (3)-P.L. 86-36 
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antecedent is sometimes implicit rather than explicit, as with collective nouns or compounds like everyone and everybody: The 
couple said their vows. Everybody should pick up their hat and coat. 


(U) Also see the entries for gender, notional agreement, and they, their, them. 
there is, there are... 


(U) Begin sentences with these expressions sparingly, not because there is anything wrong with them grammatically, but rather 
because many people object to them as wordy. 


(U) In this structure, there is an "anticipatory subject," a very old and very common form in English. In most cases, the proper verb 
form is determined by the number of the following true subject: There is a time for all things. There are many people here. 


they, their, them... 

(U) These pronouns have been used as common-gender pronouns at least since Chaucer to refer to persons of either sex or of 
unknown sex: Every one of them demonstrated their musical skill. This is based on the principle of “notional agreement” and the 
lack of sexual identification in the plural pronouns. 

(U) When used with singular nouns such as person, human being, and fool, these pronouns function as a common-number 
pronoun when the singular noun to which they refer stands for and includes any or all, even if gender is obvious: No man takes a 
job expecting to be fired, but sometimes they do get fired. Any fool can show their ignorance in public. Both uses are standard. 
(U) See the entries for gender, notional agreement, and their. 

they're... 

(U) Do nat use this contraction in serialized reports. 


think... 


(U) Avoid this verb in serialized reports unless quoting directly. We rarely know what a target “thinks.” Also, do not say “we think" 
in a comment or in the conclusions of a report. Just state the comment or conclusions. 


Third World... 


(b) (3)-P.L. 86-36 
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(U) Refers to the economically developing nations of Africa, Asia, and Latin America. These countries are also known as “less 
developed countries" (LDCs). ; 


(U) Do not confuse this political term with the political term non-aligned, which with the collapse of the former USSR now may be 
obsolete. 


threesome... 
(U) Generally used as a golf term. Avoid it in serialized reports. 
thus, thusly... 


(U) Thusly is more common than thus when the adverb follows the verb and precedes a colon. Pau! directed him thusly: "Go 
straight about 2 miles, then turn left." More common than either thus or thusly is a phrase such as "in this way" or "as follows." 


(U) Thusly is not wrong, but it is uncommon. It is a distinct adverb used in a distinct way. If you prefer not to use it, try one of the 
more common expressions. 


till... 


(U) Both till and until are acceptable. Till is the older form and has been traced back to the 9th century. Till is less common at the 
beginning of a sentence or clause, but can be used in such constructions. Do not use the variant spelling ‘til. 


(U) See the entry for until. 

time... 

(U) Use ZULU time in all reports: 13452, 0800Z. In the Universal Time System, which is the basis for ZULU time, both 0000 and 
2400 are valid. You can use either form at your discretion. (NOTE: modern computer systems tend to require the use of 0000 
rather than 2400.) 

(U) The phrase ALL TIMES ZULU may precede the summary of a report containing a large number of time entries to avoid adding 
the designator "Z," which is always capitalized, to every time entry. If you are not using the phrase ALL TIMES ZULU, add the "2" 
to each time entry: Bombing runs occurred at 0815Z, 08272, 0840Z, and 0858Z. 


(U) Do not use a hyphen to express time ranges except in listings. Phrases like during the 0800 ZULU hour are acceptable, but 


(b) (3)-P.L. 86-36 


Subtraction cannot be performed in either the minutes or 
seconds columns. Therefore, change 19° 20’ 20” to 18° 79’ 


80” and subtract. 
18° 79’ 80” 

—10° 35’ 42” 
8° 44’ 38” 


c. Multiplication. To multiply an angle by a given number, multiply each column by the num- 
ber. If the answer in the seconds or minutes column is greater than 60, reduce as in the addition 


of angles (a above). 


Hxample 1: Multiply 15° 21’ 40” by 3. 


15° 21’ 40” 
3 


45° 63’ 120” = 45° 65’ 0” = 46° & 
Example 2: Multiply 12° 14’ 36” by 5. 


12° 14’ 36” 
5 


60° 70’ 180” = 60° 73’ = 61° 13’ 


d. Division. To divide an angle by a given 
number, divide each column by the number (be- 
ginning with the degrees column). Change the 
remainder in degrees, if any, into minutes and 
add it to the minutes column; then, perform 
division on the numbers in the minutes column. 
Change the remainder in minutes, if any, to 
seconds and add it to the seconds column; then, 
perform division on the numbers in the seconds 
column. 


Example 1: Divide 71° 22’ 21” by 3. 


BP ay ore 
69 

"Be = 120° 
142’ 
141’ 

V’ — 60” 

81” 

81” 


Example 2: Divide 166° 17’ 36” by 6. 
27° 42’ 56” 
¥/166° 17 36” 


162° 
4° — 240’ 
257’ 
252’ 
B= 300” 
336” 
336” 


AGO 558A 


153. Review Problems—Basic Trigonometry 
Note. In the following problems, angle C is the right 
angle and equals 90°. 
a. Find the third side of each of the follow- 
ing right triangles ABC, if two sides are: 
(1) a=5,b=7 
(2) b = 18,c=19 
(3) a = 17,¢ = 48 
(4) a = 3b 
(5) a = 2m,c=m?4+1 
b. Given the right triangle ABC, solve for 
the trigonometric functions of angle A in each 
of the following cases: 


(1) sin A=<= 
(2) tan A == 
(3) cos 4-8 
(4) ese A = 2.4 

1 
i ae ee 
(5) co 7 
(6) sec A = 22 


c. Solve each of the right triangles (ABC) 
for the two unknown sides: 
(1) sin A=5,a=11 
3 


(2) tan A= 7,b=22 


95 
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avoid indefinite ones, such as during the morning ZULU hours. Express time in the shortest possible form, avoiding phrases like 
“during the period from" and “time frame." 


(U//F@¥O) Enter local time when it has intelligence value to the reader. Such entries are particularly useful in local support efforts 
and can include itineraries of officials and events occurring at unexpected times. If you include local time in a report, place the 
ZULU time immediately after within a pair of parentheses or, if many times are given, in a footnote with a statement such as “all 
local times are ZULU plus four." 

{b) (1) 
(U) See the entry for date. (b} (3)-P.L. 86-36 


times less... 

(U) Some people object to the phrase “ten times less" and similar wordings on the grounds that times in mathematics is used to 
compare a greater amount to a lesser one. This objection is an attempt to apply mathematical logic to the understanding of 
language. 


(U) In language, however, there is no confusion about what is meant, and phrases like this one are perfectly acceptable and 
readily understood. 


TIS... 


Styleand Usage Manual’ T a 
Docr ye Bay aes Manual: T (UTFOCey— ape oiu 


(U/FOUE}Analysts and reporters who seek additions, changes, or deletions to TIS-approved standards must work through their 
Group representative. Contact P0521 if you do not know who that is. 


title... 


(U) Some intelligence users base their decision on whether to read a report solely on the title. Make yours count. Use the title to 
get your reader's attention. 


(U) The title should contain the most important SIGINT fact and, if possible, its significance. Keep it accurate, specific, short 
(preferably no more than two lines), and in the active voice. Include a date or time only when it is both well-defined and important 
to the intelligence fact. 


(U) Most titles are in headline or telegraphic style: i.e., they omit articles, connectives, and other words not necessary for 
understanding. EXAMPLE: Pandora Declares Independence; Asks U.S. Military Aid. 


(U) Capitalize only the first letter of significant words: Doe Elected Speaker of the National Assembly; General Zog Calls for Calm 
after Earthquake. 


(U) Remember to place the abbreviated classification of the title at the end in parentheses. Base the classification on the 
information in the title, not on the overall classification of the report, even though they may coincide. 


(U) In titles, use punctuation as follows: 
« acomma to represent "and" 
e asemicolon to represent an "end of thought" 
e acolon to represent "equals" 
title after a name... 
(U) Capitalize only national-level titles (Cabinet-level or above) that appear after a name: Jane Doe, Minister of Defense. 


(U) Lowercase and set off with commas most other titles that appear after a name: John Doe, the deputy assistant minister of 
culture, arrived yesterday. 


(b) (3)-P.L. 86-36 
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(U) See the entries for courtesy titles, military rank, and religious titles. 

title before a name... 

(U) Capitalize a formal title appearing before a name: President Jane Doe, Assistant Secretary John Jones. 

(U) Do not capitalize a title that serves primarily ae an occupational designator: astronaut John Doe. 

(U) Capitalize the word acting in Acting President, but not elect or designate: President-elect. 

(U) See the entries for courtesy titles, military rank, and religious titles. 

title caption... 

(U/FOUSYA title caption is a short preface assigned by NSA or one of its SIGINT partners for general subject matter. Title 
captions are optional on serialized reports. The proper format for title captions is target/ topic, with no more than two targets listed 


in alphabetical order and separated by a hyphen. Example: France-ltaly: Trade Negotiations. 


(U/FOW9) The group-level staffs will assign all title captions. Outside normal duty hours, the SRO in NSOC will assign temporary 
captions if a need exists. 


title slug... 

.(U/A-@Y0) A short, coined title preface assigned by NSA for a specified event or activity of short duration, or to a very specific and 
narrowly-defined topic. Use a title slug to tie several reports together or to alert the intelligence user to a subject of specific 
interest. 


(U/A-GVE) Title slugs should be no more than a few words to identify the subject of the report. EXAMPLES: Black Plague 
Epidemic, Valkyrian Invasion, Zendian Crisis, Widget Import Negotiations. 


(U) Slugs are not required on serialized reports, but once established should be used on all reports related to that slug. The 
group-level staffs will establish all title slugs during normal duty hours. Outside normal duty hours, the SRO in NSOC will assign 
temporary title slugs. 


(U) Capitalize only the initial letter of significant words in a title slug. 
(b) (3) -P.L. 86-36 
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ton... 


(U) A metric ton equals 1,000 kilograms or about 2,200 pounds. List metric tons in a serialized report. Abbreviate it as MT after a 
first reference, especially in listings. Apbreviate gross tons as "GT." 


(U) A short ton equals 2,000 pounds or .91 metric tons. A long ton, also known as a British ton, equals 2,240 pounds or 1.02 
metric tons. 


too... 

(U) In the sense of "also," it is set off by commas: This, too, shall pass. 

(U) The use of too at the beginning of a sentence or a clause is correct, but it is not common. 

total... 

(U) Use the phrase a total of at the beginning of a sentence or when its omission might confuse the reader: A total of 1,534 
people participated. Three aircraft flew a total of seven sorties. In most cases, just use the actual number within the sentence: 


There were 350 T-72 tanks at Fort Merriam, 250 at Fort Webster, and 225 at Fort Oxford. The aircraft flew four sorties. 


(U) The adjective total is used for emphasis with nouns such as “annihilation” or “destruction.” It can be omitted, but be aware 
that the sentence will not have quite the same rhythm. 


totalitarian... 

(U) Avoid. See the entry for authoritarian. 

toward, towards... 

(U) Divided usage. Toward is American; towards is chiefly British. 
trademark... 


(U) A one-word form designating a sign or name secured by legal registration and used to distinguish one product from another. 
Capitalize the initial letter of a trademark: Xerox, Pontiac, Windows. 


(b) (3)-P.L. 86-36 
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(U) Many words that originated as trademarks have now passed into English as part of the common vocabulary. Such words are 
not capitalized: e.g., aspirin, kerosene, nylon. 


(U) Some trademark names are used as verbs. In such cases, the trademark is capitalized while the verb form is not: e.g., Xerox 
(name), xerox (verb). 


traffic... 

(U) Add the letter “k" before the "-ed" and “-ing" verb forms and before the "-er" in the noun "trafficker." 
training... 

(U) Training is military activity associated with developing or increasing individual or unit combat efficiency. 


(U) See exercise and operations. 


transit... 


(U) While some commentators suggest avoiding transit as a verb, there is no objective reason for doing so. It has been a verb 
since the 15th century. 


transition... 

(U) A word or phrase used at the end or beginning of a sentence or paragraph to increase the readability or flow of a report. 
Words and phrases such as meanwhile, therefore, in other activity, and the next day serve as aids to the reader.. Use them, but 
don't force them. 


transliteration... 


(U/FE¥O} Transliterate, in accordance with the guidelines in USSID 406, foreign words and names used in a serialized report. 
For most (but not all) languages, use the Board on Geographic Names transliteration system for that language. 


(U) Also see the entries for foreign phrases and words and for placename. 


trillion... 


(b) (3)-P.L. 86-36 
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(U) When listing large amounts, always spell out trillion rather than writing out the numerical form: U.S. $5 trillion, not U.S. 
$5,000,000,000,000. 


true unit designator... 

(U) The abbreviation TUD is acceptable in listings, but expand it on the first reference in text. 
(U) See the entry for arbitrary unit designator. 

try and, try to... 


(U) Try and has been in use since the 17th century and may be older than try to. It has been common in print for about 150 years. 
The use of and between two verbs when "to" might be expected has been traced back to the 13th century. 


(U) The basis for the objection to try and is the assumption that try must be followed by the infinitive form, which supposedly 
includes the preposition to. But to is not part of the infinitive form. (See the entries for infinitive and split infinitive.) Infinitives are 
used in many constructions without to, usually following verbs like go, come, and try (e.g., go play outside). 


(U) Try and appears in fixed form and is always followed by the infinitive: Try and join us for lunch. Among the authors who have 
used try and are Austen, Dickens, Thackery, Melville, Eliot, Twain, Fitzgerald, and White. 


(U) If you inflect try or insert an adverb, however, you must use try to: He is trying to behave. You must try never to treat others 
badly. A negative may precede try and, but a negative after try requires to: Don't try and cheat me. Try not to cheat her. 


(U) Try and is more informal than try to and appears more often in speech and casual writing, but it is not wrong. For very formal 
writing, use try to. 


TUD... 

(U) See true unit designator. 

type, type of... 

(U) Many handbook writers object to the use of type as an attributive modifier (e.g., a summary type report) on the grounds that 


type is a noun and should not be used as an adjective. However, attributive nouns (such as apple in apple pie) are common in 
English and there is no grammatical reason why type should not be used in this way. (See the entry for attributive.) 


(b) (3)-P.L. 86-36 
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(U) Strangely, the use of a hyphen in technical and general contexts makes this kind of structure more acceptable to most usage 
commentators: a summary-type report. The construction is more common in speech and in technical and business usage than in 
academic or general prose. ; 


(U) Most commentators recommend using type of in place of the attributive type in writing. Type of is most appropriate when 
reference is made to a well-defined or sharply distinct category: This type of sentence contains a compound verb. Make sure that 
type of is necessary to the sentence. It often can be omitted. 

(U) See entries for kind of and sort of. 


type size... 


(U) Always given in points. In printing there are 72 points per inch. For DTP-formatted reports, the standards for titles, text, 
footnotes, and other parts of a report are listed in the Desktop Publishing Standards for SIGINT Reporting manual. 
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UA, UNID... 


(U) In serialized reports, use the common SIGINT abbreviations for unidentified (UA and UNID) only in a listing. In narrative text 
and footnotes, always spell out unidentified. 


UK, United Kingdom... 


(U) Use the abbreviation for the United Kingdom either as a noun or adjective: The UK participated in the exercise; UK policy. In 
most cases, use British for the adjective rather than UK. 


(U) In tities and ordinary text, it is sometimes better to spell out United Kingdom as a noun: Zendian President Doe to Visit United 
Kingdom. 


un-... 
(U) Add a hyphen when it precedes a capitalized word: un-American. 
“un" words... 


(U) Avoid indiscriminately using negative terms such as undisclosed, unspecified, unknown, unlocated, etc. 


(b) (3)-P.L. 86-36 
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(U) See negative modifiers. 

unaware, unawares... 

(U) Unaware is most often an adjective, but also can function as an adverb. Unawares is solely an adverb. 

(U) Both forms have been used as adverbs since the 1600s, but unaware is far more common in adverbial uses. 

under secretary... 

(U) The GPO Style Manual and older editions of the Merriam-Webster dictionaries list under secretary as a two-word form, which 
is how it appears in the United States Government Manual. This title, however, is shifting to a one-word form in general use. The 
Merriam-Webster Collegiate Dictionary,10th edition (published in 1993), lists undersecretary as one word. For serialized reports, 


however, continue using the two-word form. 


(U) Capitalize this title only when it is used before a name: Under Secretary Jane Doe, but Jane Doe, the under secretary for 
natural resources. 


(U) When under secretary is preceded by a modifier, such as "deputy" or "assistant," keep it as a two-word form: Deputy Under 
Secretary Glenn Burny. 


under way... 
(U) One word when used as an adjective: underway replenishment. Two words as an adverb: We are under way. 


NOTE: (U) Merriam-Webster reports an increasing tendency over the last 20 years to print under way as a single word, but finds 
the two-word form still more common as of 1989. 


unequivocally... 
(U) Avoid the form unequivocably, which is nonstandard. The standard form is unequivocally. 
UNIFORM... 


)-P.L. 86-3 
(U) Phonetic spelling for the letter "u." MEP Rane aoe 
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uninterested... 


(U) The original meaning of uninterested in the 17th century was “unbiased.” This meaning was replaced by the modern sense 
“lacking any interest in," which first appeared in 1771. 


(U) Avoid using it in its original sense of "impartial" or "unbiased," where it has been replaced by disinterested. 
(U) See the entry for disinterested. 
unique... 


(U) Purists tell us that unique means “having no like or equal" and that it cannot be modified by adverbs of degree. The evidence 
shows, however, that unique has been so modified for more than 150 years in speech and general prose by authors such as 
Charlotte Bronte, Lewis Carroll, and Arthur Miller. 


(U) There are four senses in use today, the least common of which is the original sense of “the only one, single": Is that a unique 
copy? 


(U) The use approved by purists is the second sense of “having no like or equal": It was a unique performance. In this sense, 
unique can be modified by adverbs such as "almost," “nearly,” and "practically": a curious, almost unique turn of affairs (New 
Yorker, August 1983). 


(U) In the third sense, unique is used with "to" and has the meaning “distinctly characteristic" or "peculiar": a condition unique to 
winter exercises. 


(U) The fourth sense, and most controversial one, is the sense of "unusual, "distinctive," or "rare." It is the one most often modified 
by adverbs: an extremely unique approach to the problem. It often means not only "standing alone” but also “having unusual 
excellence." 


(U) Many writers and editors (but by no means all) strongly disapprove of unique in the sense of "unusual," even though such 
usage is quite common in general prose and very common in speech. For that reason it is probably better to avoid using it, but it is 
not wrong. 


(U) Editors who revise passages where unique is modified by an adverb should not delete the adverb but rather should replace 
unique with an uncontroversial synonym, such as “rare" or "unusual." 


(b) (3)-P.L. 86-36 


d. Solve each of the following right triangles 


4 
a eS a0 (ABC) for the unknown sides: 
(4) csc A= 2c = 375 A= 80a 10 

a (2) B= 45°,b = 7 
(5) cot A = 3,4 = 10 (3) A = 60°,c = 8 

9 (4) B= 30°,a— 9 
(6) sec A = re b = 18.4 (5) B = 60°, ¢ = 25 


Section Il. NATURAL TRIGONOMETRIC FUNCTIONS 
154. Tables and Their Uses 


For convenience in computing, trigonometric functions are arranged in tables similar to the 
tables of logarithms. The ratios themselves are called natural sines, cosines, tangents, cotangents, 
etc. The tables in appendix III give the sines and cosines, the tangents and cotangents, and the 
secants and cosecants of the angles from 0° to 90°. Angles less than 45° are read down the page; 
the degrees are at the top of the page and the minutes are on the left. Angles greater than 45° 
are read up the page; the degrees are at the bottom of the page and the minutes are on the right. 
As with logarithms, it is necessary to interpolate to find the function of an angle which does not 
reduce to an integral number of minutes. When working with the sine and tangent, which are 
increasing in size from 0° to 90°, it is necessary to add in interpolation. When working with the 
cosine and cotangent, which are decreasing in size from 0° to 90°, it is necessary to subtract. 


155. Finding the Function of an Angle From the Table 


To find the function of an angle from the table, proceed much the same as with the table of log- 
arithms. This is illustrated by the following examples: 


a. When an Angle Is Given in the Table. 
Example 1: Find the cosine of 44° 27’ 


Step 1. Turn to the table of sines and cosines. 

Step 2. Locate the 44° column at the top of the page. 
Step 3. Locate the 27’ at the left of the page. 

Step 4. Read .71386 in the column headed Cosin. 
Step 5. Cos 44° 27’ = .71386. 

Example 2: Fine the tangent of 86° 18’. 

Step 1. Turn to the table of tangents and cotangents. 
Step 2. Locate the 86° column at the bottom of the page. 
Step 3. Locate the 18’ at the right of the page. 

Step 4. Read 15.4638 in the column headed Tang. 
Step 5. Tan 86° 18’ — 15.4638. 


b. When an Angle Is Not Given in the Table. 
Example 1: Find the sine of 32° 46’ 36”. 


sin 32° 46’ = .54122 
sin 32° 46’ 36” = .54122 + 2x 
sin 32° 47’ = .54146 
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United Nations... 


(U) Do not use any periods in the abbreviation UN. Be sure to add a hyphen when appending UN to another word, such as a UN- 
sponsored relief mission. 


(U) Always use uppercase letters for acronyms for UN organizations: UNICEF. 
United States... 


(U) May be spelled out in full or abbreviated as either a noun or adjective: the United States, the U.S.; United States policy, U.S. 
policy. The full spelling is more common as a noun, the abbreviation more common as an adjective. 


(U) For consistency with past practice, use periods. Do not insert a space between the letters. of the abbreviation. 
unknown... 


(U) Enclose unknown in a pair of parentheses when it is used after a noun: Zendia instructed Ambassador Zod to purchase up to 
20 tons of raw materials for “sivle" (unknown). 


(U) Avoid the abbreviation "UNK" except in listings. 

unlocated... 

(U) Enclose unlocated in a pair of parentheses when it is used after a placename: Metropolis (unlocated). 
(U) Avoid the abbreviation "U/L" except in listings. 

until... 


(U) Both till and until are acceptable. Until is a more recent word, dating back only to the 12th century. Until is more formal than till, 
and it is more likely at the beginning of a sentence or clause. 


(U) See the entry for till. 


up... 


poc rye ang. Usage, Manual: U (U/FOR6) Page 5 of 7 


(U) The idiomatic particle up follows many verbs, such as bring, hurry, rise, and climb. Some commentators consider up to be 
unnecessary in most of these combinations and recommend dropping “up." 


(U) The "savings" to you and the reader will be all of two letters and one space. Don't worry about it; let "up" fall where it wilt 
idiomatically. 


upcoming... 


(U) Formed in the same way as ongoing, upcoming has never been as widely disparaged by usage commentators. As is the case 
with ongoing, there is no objective reason to avoid using the word. It is standard. 


uppercase... 

(U) One word. Another way of saying capital letters. ee ere 
usage... 

(U) See the complete entry for usage. 


user... 


(U) Generally paired with the word "intelligence" in the phrase intelligence user. It is the preferred designator for the recipient of 
serialized reports. 


(U) See consumer, customer, user. 


user letters... 


‘(b) (3)-P.L. 86-36 


: (b) (1) 
Doc He ag ass Vanual: U (UFORO), (b) (3)-P.L. 86-36 Page 6 of 7 
(b)(1) 
U.S. persons... (b)(3)-P.L. 86-36 


tere |us. persons may be identified by name or personal identifier in serialized reports only in life-threatening situations 
or when their inclusion has been approved by the DDO or the DDO's designee. 


Tors Senior officials in the executive branch of the U.S. government may be identified by title if that title is necessary to 
understand or assess the intelligence information. Use only those titles listed in the most recent edition of the United States 
Government Manual. 
(U) In ail other cases, use a generic term such as U.S. person, U.S. official, or U.S. company. The identities of those identified in 
generic terms (such as U.S. person) may not be disseminated in any form (i.e., written or oral) to users except in response to 


specific requests, and even then only with the approval of the DDO or the DDO's designee. Refer any request for a U.S. identity 
to P0522 (963-3968s). 


USSID SP0018... 
(U/FOUO}This USSID defines who is a U.S. person for collection, processing, reporting, and dissemination purposes. 
USSR... 


(U) Acceptable in all references for Soviet Union or Union of Soviet Socialist Republics. This term is now obsolete except as a 
historical reference and generally should be preceded by the adjective "former": the former USSR. 


utilize... 

(U) Utilize is a distinct word that suggests a deliberate decision to employ someone or something for a practical purpose. It often 
implies making productive something that had not been productive before or finding a new use for something. in serialized 
reports, however, it is rarely used in these specific senses. 


(U) Utilize suffers from two "sins": it is two syllables longer than use and it ends in -ize (see -ize). As a result, it draws the wrath of 
many usage commentators, who see it as wordy and pretentious. 


{b) (3)-P.L. 86-36 


S : 
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(U) As in many usage issues, it is easier to go along than try and overcome strongly held, though erroneous, opinions. Therefore, 
follow the cliche: don't use utilize; utilize use. 


UTM Grids... 


(U) If required by the intelligence user, include UTM (Universal Transverse Mercator) grids along with geographic coordinates. List 
the grid or site number after the coordinates and separated by a space. Do not include spaces, hyphens, or decimal points within 
the UTM coordinates. 


(U) When the practice better serves the user, list the UTM grids before the geographic coordinates. 
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validity... 


(UFOUS) In SIGINT reports, use validity words (possibly, probably, etc.) to express ideas that are not known to be complete, 
accurate, and reliable. 


« When information has been established beyond a doubt, state the fact. 

e When there is evidence almost sufficient to permit certainty, use words like probably, likely, and evidently. 

e When the evidence is less complete, use possibly, may, or might. 

e When there is little evidence, but it points to valid information, use words like suggests, tenuous, or suspected. 
(U) See possible, possibly. 


validity marker... 


cea een, 


(b) (3)-P.L. 86-36 
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various of... 


(U) Various is sometimes used as a pronoun and is followed by of. The usage dates back to at least 1877, and many purists have 
condemned it, claiming that tuming the adjective various into a pronoun is not acceptable. The purists, however, do not expiain 
why various differs from adjectives like several, some, all, many, few, and certain, all of which are used as pronouns. 

(U) If you use various as a pronoun, you can be sure that some of your readers will regard it as a mistake, even though it isn't. 


verb... 


(U) Verbs are the most important words in the sentence. Use them carefully and precisely. Put your verbs in the active voice to 
make them carry the strength of your report. 


(U) Try not to use passive voice, which weakens a sentence, more often than necessary. Remember, however, that passive voice 
is sometimes the proper choice. 


(U) See the entries for notional agreement, split infinitive, active voice, passive voice, and verb tense. 
(b) (3)-P.L. 86-36 
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verbal... 


(U) The definition of verbal in the dictionaries of Samuel Johnson (1755) and Noah Webster (1828) was "spoken, not written.” This 
sense has been traced back to at least 1591, about 35 years earlier than the synonymous sense of oral. 


(U) The first objection to this sense, based on the etymology of verbal, was raised in 1881--almost 400 years after the sense was 
established. Most modern commentators prefer oral in this sense over verbal, usually arguing that the multiple meanings of verbal 
can be confusing. 
(U) Verbal in the sense of "spoken" has been used by Pepys, Fielding, Swift, and Dickens, among others, and its use is rarely 
ambiguous or confusing. If you see that a particular context may be ambiguous, you may use oral instead, but such instances 
probably will be rare. 
(U) See the entries for oral and for etymological fallacy. 
verbal noun... 
(U) See the entry for gerund. 
verb tense... 
(U) In a SIGINT report, tense should be based on three factors: 

e when the traffic was transmitted (b) (3)-B.L. 86-36 

e what it says 


« when the reader will see the-report. 


a a Don't say a meeting will occur on 7 November if it is already 7 November or later. On the other hand, don't say a meeting 
was held on 7 November if the traffic was intercepted on 3 November and you are writing and issuing the report on 4 November. 


(U) Avoid distorting the facts or confusing the reader by using improper time sequence or by shifting tense unnecessarily in a 
sentence or paragraph. 


+d | In titles, use present or future tense (or the infinitive) rather than past tense: Zendia Elects Doe (not Doe Elected In 


(b) (3)-P.L. 86-36 
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Zendia), or Zendian President Will Visit (or To Visit) France. 

versus... 

(U) Do not abbreviate versus in a sentence. The abbreviation "vs." is acceptable in listings. 
very... 

(U) Use sparingly. Like most intensifiers, it loses force when used too often. 

vessel... 

(U) See the entries for boat and ships. 

vice... 

(U) Avoid it as a synonym for "not" or "instead of." 


(U) Vice is a separate word in titles or ranks: vice president, vice admiral. Capitalize it when it is part of the formal title of a 
national-level figure: Vice President Jane Doe left today on a trip to Asia. But: John Doe, the vice chairman of the committee, 
resigned. 


vicinity... 

(U) Use near rather than in the vicinity of. Restrict its use to locations rather than to degree or amount. 
VICTOR... 

(U) Phonetic spelling of the letter "v." 

virgule... 

(U) Printer's term for slash or slant. See the entry for slant, slash. 

vis-a-vis... 


(b) (3)-P.L. 86-36 
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(U) Always include the hyphens. !t need not be italicized as a foreign word. 
voice... 

(U) See the entries for active voice and passive voice. 

voluntarism, volunteerism... 


(U) Voluntarism first appeared in print in 1838. It is the older term and has two senses: first, the principle of doing something by 
relying on voluntary action; second, a belief in the supremacy of the will. Today voluntarism is used mainly in its second sense. 


(U) The first sense is more often conveyed by the term volunteerism, which has been traced back to 1844. It is now standard in 
most new dictionary editions. 
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-ward, -wards... 
(U) In American English, use the suffix form -ward for adjectives and adverbs: a backward glance; move forward. 
(U) British English omits the "s" for the adjective and includes the "s" for the adverb. 


(U) There is no need to use the construction "to the” before the adverb. POOR: Columbus sailed to the westward. BETTER: 
Columbus sailed westward. 


warn... 


(U) The use of warn as an intransitive verb is common and acceptable in American English, particularly if the warning is intended 
generally rather than to a specific individual or group: The President warned against an unrealistic view of the world. 


warning statements... 


(U) Warning statements precede the text of the report and provide specific cautions regarding the sensitivity and releasability of 
the information. 


Warsaw Pact... (b} (3)-P.L. 86-36 


sin 32° 46’ 36” 32’ 47’ 


—32° 46’ —32° 46’ 
86” V a 60” 
ratio = 36 = 6 = 3 
60 10 5 
54146 — .54122 = .00024 
ratio = z 
00024 
3. 
5 ~ .00024 
52 = .00072 
x = .000144 


sin 32° 46’ 36” — .54122 + .000144 = 54136 
Example 2: Find the tangent of 56° 43’ 27”. 


tan 56° 43’ — 152332 
tan 56° 43’ 27” — 1.52332 + x 
tan 56° 44’ = 1.52429 

27 9 x 

60 °” 30 = 700097 

202 — .00873 


x = .000436 or .00044 
tan 56° 43’ 27” = 1.52332 + .00044 — 1.52376 


156. Finding an Angle When the Trigonometric Function Is Given 


The procedure for using the table to find an angle corresponding to a function is similar to that 


of logarithms. This is illustrated in the examples in a and b below. 


a. When the Function Is Given in the Table. 
Example: Find the value of angle A if sine A = .27284. 


Step 1. Find .27284 in the Sine column of the Sines and Cosines 
table. 
Step 2. Reading 15° at the top of the column and 50’ in the minutes 


column on the left, angle A = 15° 50’. 


b. When the Function Is Not Given in the Table. 


Example 1: Find the value of angle A when sine A = .78112. 
.78098 = sin 51° 21’ 
.78112 = sin 51° 21’ + « 
-78116 = sin 51° 22’ 


78112 78116 
—.78098 —.78098 
.00014 .00018 


.00014 14 7 


51° 22’ — 51° 21’ = 1’ 60” 
tio = & 
ratio = 
a _ 
9 60 
9x = 420 
x= 47 

angle A = 51° 21’ 47” 
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(U) Now disbanded; avoid the term except in a historical context. 
way, ways... 


(U) Both are standard in American English. Ways as a synonym for way has been traced back to 1588. Although it occurs 
regularly in speech and writing, most commentators look on ways as more colloquial than way. 


weapon system designators... 


(U) See the entry for ASCC designator. 

weather activity or conditions... (b) (3)-P.L. 86-36 
(U) The word weather usually will suffice without any qualifying words, such as condition or activity. 

(U) See the entry for bad weather. 

Webster's... 


(U) Originally used to identify dictionaries based on Noah Webster's American Dictionary of the English Language, it is now a 
generic term for American dictionaries and related works. 


(U) For serialized reports, the authority for spelling ordinary words is Merriam-Webster's Collegiate Dictionary, 10th edition, or for 
older or less common words Webster's Third New International Dictionary, published in 1961. Both are products of Merriam- 
Webster of Springfield, Massachusetts. When variant spellings are listed, use the first one given. 


(U) Other dictionaries using the generic "Webster's," such as Webster's New World Dictionary, are not considered authoritative for 
serialized reports. 


well... (b}) (3)-P.L. 86-36 


qual: Page 3 of 7 
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(U) "Weill" is both an adjective and an adverb. Use it freely after a linking verb. The idiom "feel well’ always refers to physical 
health. 


(U) "Well" at the beginning of a sentence (Well, | don't think so) considered informal and more characteristic of speech than of 
writing. Do not use in SIGINT reporting. 


when... 

(U) Avoid using the phrase is when (or is where) if you are giving a definition. Such use was common among grammarians in the 
18th and 19th centuries, but has fallen out of use today. The phrase is acceptable in other contexts. AVOID: A “fudge factor" is 
when you leave some room for error. ACCEPTABLE: That is when Brutus kills himself. 

where... 


(U) Where often follows see, forget, tell, hear, find, read, and remember in informal speech and writing. The phrases are not part 
of formal writing. Avoid them in serialized reports. 


wherever... 
(U) One word, no double e. 
whether... 


(U) Used to introduce a noun clause; generally used in more formal contexts than "if," especially when alternatives exist that are 
expressed using the infinitive: Carol could not decide whether to join Lorraine for dinner or return home. 


(U) See the entry for if. 

whether or not... 

(U) When a clause beginning with whether serves as the subject of the sentence or as the object of a verb or preposition, the "or 
not" may be omitted: Whether to accept the nomination was not an issue. Beatrice did not know whether to accept Lucien'‘s 
proposal. 


(U) Retain the “or not" when the clause functions as an adverb: Whether he won the prize or not, Roger always gave his best 
effort. 


(b) (3)-P.L. 86-36 
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which... 


(U) In modern English, which may be used to introduce both restrictive and non-restrictive clauses. It is the only acceptable 
choice for non-restrictive clauses. Use which to refer to things. 


(U) See the entries for nonrestrictive elements, restrictive elements, and that. 
while... 


(U) The use of while in senses unrelated to time has been established since the time of Shakespeare: While Alice may have little 
money, she is very happy. It is rarely ambiguous. 


WHISKEY... 
(U) Phonetic spelling of the fetter "w. 
who, whom... 
(U) Use who and whom, and the less common pronouns whoever and whomever, to refer to either humans or animals. 
(U) Who is correct when the pronoun is the subject of a sentence or clause: 
« Who is responsible for the error? 
e The man who wanted to buy the house is here. (Who is the subject of "wanted.") 


e The Prime Minister, who Patricia said would arrive tomorrow, will meet with the President Thursday. (Who is the subject of 
“would arrive.") 


(U) When the pronoun is the object of a verb or preposition, use whom: 
e To whom should | mail this? 
e The man whom we had met left Metropolis yesterday. (Whom is the object of "had met.") 


(U) When who or whom introduces a parenthetical clause within a sentence, set the clause within a pair of commas. 


(b) (3)-P.L. 86-36 
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who's... 

(U) Avoid the contraction for “who is" in serialized reports. 

whose... 

(U) Whose is a possessive form and refers to either persons or things. It has been traced back to the 14th century. 


(U) Among the writers who have used whose for things are Wycliff, Shakespeare, Milton, Pope, Lewis, and Updike. The theory 
that whose applies only to persons is a superstition. 


will... 


(U) Use will to describe the simple future in all persons: | will go tomorrow. Also use will in questions that ask for a prediction: Will 
Bob win the lottery? 


(U) See the entries for shall, should, and would. 


WNINTEL... 


(U) This abbreviated form is no longer a valid security control marking. Do not use it or its expansion, Waming Notice, Intelligence 
Sources or Methods Involved. 


words... 


(U) Words have no meanings in themselves; they have meanings in relation to people and in particular contexts. The word "dog” 
conjures up many different images to people, depending on whether you have one as a pet or know of a particular breed. 


(U) Choose words with care. More often than not, use short words rather than long ones. They are easier to read, but don't 
blindly pick the "common" word or the shortest word. Pick the right word to convey the meaning. Be specific. 


wordiness... 
(U) Wordiness is common in SIGINT because of: 


e the problems in putting translations into succinct, idiomatic English 
(b) (3)-P.L. 86-36 
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e the hedging and qualifying around the SIGINT facts 

e the need to provide subordinations and amplifying data, such as coordinates 

e the excessive use of passive voice in SIGINT reporting 
(U) In general, omit “unnecessary” words. The problem, of course, is determining which words are “unnecessary.” Delete words 
when doing so improves and clarifies the sentence. When longer words or phrases suit the rhythm of a sentence better than 


short ones, feel free to use the longer word or phrase. 


(U) Modern grammar and journalism put a premium on brevity, sometimes at the expense of clarity, style, and rhythm. But 
remember, briefer is not always better or clearer. 


(U) Don't get caught in the trap of counting letters, syllables, or words, even though conciseness must be one of your goals. Write 
in the best way to convey information clearly to the reader. The two goals may coincide, and most often do, but the second goal is 
more important. 
word order... 


(U) Normal word order in an English sentence is subject, verb, object. Generally, words that appear outside normal order receive 
greater emphasis. 


(U) As a rule, place modifiers near the words they modify. In English this is most often before the modified word, as with 
adjectives. Take care that any modifiers separated from the word they modify are not misleading. MURKY: Last year the firm was 
able to obtain discounts on the products it buys with little opposition. IMPROVED: Last year the firm was able to obtain, with little 
Opposition, discounts on the products it buys. 

work havoc, wreak havoc... 

(U) Wreak havoc is the more common idiom, but work havoc (generally in the form wrought havoc) also is standard. 
worthwhile... 


(U) Worthwhile originated as a two-word phrase. It began to be used as a hyphenated, attributive adjective early in the 20th 
century, but the solid form is now the choice in all contexts. 


(b) (3)-P.L. 86-36 
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(U) Use worthwhile when you need a very general word of approval, but a more specific adjective is a better choice most of the 
time. 


would... 

(U) Use would with pronouns of ail persons to express habitual action: In the summer we would spend hours by the seashore. 
Aiso use would to form the conditional past tense or to express a wish: If | had not left the stadium early, | would have been 
caught in traffic. Helen wishes her parents would understand her dilemma. 


NOTE: (U) Do not use would in an "if" clause at the beginning of a sentence. WRONG: If he would have gone, he would have 
succeeded. RIGHT: If he had gone, he would have succeeded. 


(U) See the entries for shall, should, and will. 
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X-ray... 


(U) Divided usage. GPO uses x-ray; Merriam-Webster capitalizes the noun but not the verb. The American Heritage Dictionary 
prefers lower case, but notes both. 


(U) For standardization, use X-ray for the noun and x-ray for the verb. 
XRAY... 


(U) Phonetic spelling of the letter “x.” 
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YANKEE... 

(U) Phonetic spelling of the letter “y." 

yard... 

(U) Convert this unit of length to meters in serialized reports. To convert to meters, multiply the number of yards by .91. 
year... 


(U) In the narrative of a serialized report, express the year in four digits only: 1991, not 91 or *91. Two-digit forms are acceptable 
when expressing the year only in: 


e referencing DTGs in the prosign lines of FOLLOW-UP reports, corrections, and cancellations 
e referencing in a footnote the DTG of a cross-reference 
« listings 


(U) When giving a range or series of dates within a single year, place the year after the last element only: from 28 May to 16 July 


pocrp!: ang pags Manual: Y (U/FE8O, Page 2 of 2 


1990; on 28 May, 5 June, 11 June, and 26 June 1991. 

(U) Always include the year when it is not the current year: from 16 December 1992 to 8 January 1993. 

(U) See the entries for date and decade. 

yet... 

(U) May be used as a conjunction meaning "nevertheless": The play was not the best | have seen, yet | enjoyed the music. 
Yugoslav... 

(U) Not Yugoslavian. The language spoken by the majority of “Yugoslavs" is Serbo-Croatian. Yugoslav is now most appropriate in 


a historical sense due to the secessions of Slovenia, Croatia, Macedonia, and Bosnia and Herzegovina from the Socialist Federal 
Republic of Yugoslavia, which is now dissolved. 
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Z... 


(U) Append the letter "Z" (always capitalized) to ali ZULU time entries in a serialized report unless you are using the phrase ALL 
TIMES ZULU at the beginning of the report. 


(U) See the entry for time. 

zeal... 

(U) You can have zeal "for doing" something or zeal "to do" something. 
zenith... 

(U) Refers to the highest point. Its antonym is nadir. 

zero... 


(b) (3)-P.L. 86-36 
(U) The plural form is zeros. 


Example 2: Find the value of angle A when cot A = .33820. 


.338848 = cot 71° 18’ 
383820 = cot 71° 18 + x 
.20816 = cot 71° 19’ 
28 ar: 
32 °* 3 = 60 
8x = 420 
x= 53 
angle A = 71° 18’ 53” 


157. Solving a Right Triangle When an Acute Angle and the Hypotenuse Are Given 


To solve for the unknowns in a right triangle when an acute angle and the hypotenuse are given. 
proceed as in a and b below. In both examples, angle C is the right angle; therefore, angle C = 90°. 


Example 1: Find the unknown sides a and 0, and the value of angle B 
in right triangle ABC (fig. 39) if angle A is 33° 15’ and the 
hypotenuse, c is 9 inches. 

ZA+ ZB + ZC = 180° 
ZB = 180° — /A — £C 


ZB = 180° — 383° 15’ — 90° 
ZB = 56° 45’ 
sin A = © 
c 
sin 33° 15’ — 7 
a@ = 9sin 33° 15’ 
a = 9X 54829 — 4.93461 
a = 4.93461 
tea 2 
c 
cos 338° 15’ = 2 
b = 9cos 33° 15’ 
b = 9 X .83629 
b = 7.52661 
Therefore, ZA = 33° 15’ a@ = 4,93461 inches 
ZB = 56° 45’ b = 7.52661 inches 
ZC = 90° c = 9 inches 


c= 
9 INCHES 


A 
b TM684-47 


Figure 39. Solving a right triangle when an acute 
angle (83° 15’) and the hypotenuse are given. 
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zloty... 
(U) The Polish national currency is spelled the same whether it is singular or plural. 
ZULU... 


(U) Phonetic spelling of the letter “z." 
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Abbreviations and Acronyms 
(U) An abbreviation is a shortened form of a word or phrase used in place of the whole. 


(U) An acronym is a new word formed from the initial letter or letters of each of the successive parts or major parts of a 
compound term, e.g. radar (from RAdio Detection And Ranging). 


(U) Use an abbreviation or acronym: 

« to shorten a report without losing clarity 

« to avoid distracting the reader by needless spelling of repetitious words or phrases 

« to keep the meaning from being lost in long technical or organizational terminology. 
(U) Unless the abbreviation or acronym is readily recognized by the average reader (not just the usual recipients of the report), 
spell out the term in the title and the first time it is used in the body. How does one know when an abbreviation or acronym is 


commonly recognized? While there is no hard-and-fast rule, the following principles apply: 


a. The abbreviation or acronym must have one primary meaning. This does not mean that an abbreviation may not 
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stand for more than one thing; only that one meaning comes to mind for most people. 


e An abbreviation that meets the test is CPA, which most people understand to mean Certified Public Accountant, 
although it can also stand for critical-path analysis. 


e An abbreviation that fails the test is CAP, which can be interpreted as Civil Air Patrol, Combat Air Patrol, or 
Common Agricultural Policy. 


b. The term must be known and understood by the average reader. Even if a term is recognizable in context, do not 
use it if the average reader is not likely to understand it. Spell out (the first time it is used) any term that cannot be 
understood. Thus, ASAP is acceptable and CAGS is not, as in the following examples: 

e Deliver the package ASAP. 

e The aircraft flew at a computed average ground speed (CAGS) of 785 kph. 


(U) Commonly recognized abbreviations and acronyms may be used in titles. When in doubt, use the full spelling of the term. 


(U) Ten Rules for Abbreviations and Acronyms 
1. (U) Use an abbreviation or acronym when it is better known than the expansion: 
laser, radar, sonar, USSR, VASCAR 


2. (U) Use abbreviations for common weights and measures only with figures: (NOTE: The abbreviations of units of measure are 
identical in the singular and piural. Do not add an "s" to the abbreviation.) 


e 1kg, 12 0z, 8 km, 500 bbl, 6 gal 
e Measure the distance in kilometers. 
e | need a gallon of milk, please. 
(U) Spell out uncommon measurements, such as hectare and pascal. The measurement decibel often is abbreviated as "dB" in 


technical reports. Be sure your readers will recognize it. If in doubt, spel! it out. 
(b) (3)-P.L. 86-36 
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(U) The International System of Units (SI) used by scientists around the world is roughly equivalent to what is popularly called the 
metric system. All SI units are written in lowercase style when spelled in full. Abbreviations within this system are lowercase 
except for those derived from proper names. (The exception to this rule is the abbreviation for liter (L), which is always 
capitalized.) Thus, the abbreviations for hertz and pascal are capitalized and those for meter and candela are not. 


Hz (hertz), Pa (pascal), m (meter), cd (candela) 
NOTE: Always capitalize the following SI prefix abbreviations: 
mega (M), giga (G), tera (T), peta (P), and exa (E) 


(U) Omit internal and terminal punctuation in units of measure in accordance with the practice adopted by national and 
intemational technical groups. (e.g. Btu, GHz) 


3. (U) Spell out the names of countries, except for the USSR, U.S., PRC, and UK. Use the abbreviations as either nouns or 
modifiers (e.g., Yeltsin to Visit UK; U.S. administration, PRC delegation). Do not abbreviate placename prefixes except those 
beginning with "Saint" (St/Ste.). 


4. (U) Abbreviate civil, religious, and military titles only when the full name is used. (Gen. Ulysses S. Grant, but General Grant). If 
the title itself is modified, spell out the title (e.g., Very Reverend Elmer Gantry). 


5. (U) Use abbreviations of Latin origin (such as e.g. and i.e.) only in parenthetical references and footnotes. The abbreviation etc. 
(et cetera) is acceptable in text. 


6. (U) Insert a space after the period in the initials of a personal name: U. S. Grant, G. Washington. In other abbreviations with 
internal periods, do not include a space after the period: N.Y., a.m., U.S. 


7. (U) Do not expand designators of aircraft and other equipment (especially military equipment), even though they may contain 
an acronym or abbreviation of a personal or corporate name. 


examples: MiG-21, ZSU-23, DC-10, UNIVAC, SA-8, IBM PC _ 


8. (U) Use periods when an abbreviation or acronym might cause confusion for the reader. With the shift in serialized reports to 
uppercase and lowercase letters, very few abbreviations will cause confusion. Thus, most abbreviations will not require periods. 


9. (U) In serialized reports, follow the guidance in the GPO Style Manual for the proper form of standard abbreviations and 
acronyms not listed below. If the abbreviation or acronym is not listed in GPO, consult the Merriam-Webster dictionaries. If neither 
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of these sources provides a standard form and the Office of Primary Concem has not created one, follow the rules in the GPO 
Style Manual on creating abbreviations and acronyms.When a coined word or symbol is formed from only the first letter of each 
word, use uppercase letters (e.g. MIRV); when proper names are used in shortened form and more than the first letter of each 
word is used, use uppercase and lowercase (e.g. Conrail, Aramco). 


10. (U) Use the indefinite article "a" before abbreviations and acronyms that when spoken begin with a consonant sound or an 
aspirated "h’: 


examples: a NATO exercise, a JCS memo, a Conrail ad 
(U) Use the indefinite article "an" before abbreviations and acronyms that when spoken begin with a vowel sound or a silent "h’: 
examples: an AWACS flight, an ETA of 0800Z, an HF signal 


(U) Commonly-Recognized Abbreviations & Acronyms 


antiaircraft artillery 


CC 
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facsimile 


C2 
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Joint Chiefs of Staff 
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TCP/IP Transmission Control Protocol/Internet Protocol 
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Example 2: Solve for the unknown sides a and b, and the value of angle B in right 
triangle ABC (fig. 40) if angle A is 24° 35’ 36” and the hypotenuse, c, 
is 12 inches. 


ZB = 180° — 4A — LCE 


ZB = 180° — 24° 35’ 36” — 90° 
ZB = 65° 24’ 24” 
sin A = % 
c 
; ° , (1 a 
sin 24° 35’ 36” — 2 
a@ = 12 sin 24° 35’ 36” 
sin 24° 35’ = .41602 
sin 24° 35’ 36” — .41602 + 2x 
sin 24° 36’ = .41628 
36 ee 2 
60 °* 5 = (00026 
5a = .00078 
x = .00016 
sin 24° 35’ 36” = .41602 + .00016 = .41618 
a= 12x .41618 
a= 4.99416 
cosA = 2 
c 
, Pe a b 
cos 24° 35’ 36” = °r) 
b = 12 cos 24° 35’ 36” 
cos 24° 35/ = .90936 
cos 24° 35’ 36” = .90936 — zx 
cos 24° 36’ = .90924 
36 3 x 
60 5 ~ (00012 
5x = .00036 
x .00007 


cos 24° 35’ 36” — .90936 — .00007 = .90929 
b = 12 X .90929 


b = 10.91148 
Therefore, /A = 24° 35’ 36” a = 4.99416 inches 
ZB = 65° 24 24” b = 10.91148 inches 
ZC = 90° c = 12 inches 
B 
c= 
i2 INCHES 
.a 
b TM684-48 


Figure 40. Solving a right triangle when an acute angle 
(24°35'36"") and the hypotenuse are given. 
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Historical Information 


(U/FEYQ)Some of the manual's more discursive descriptivist entries, which may interest readers from a theoretical or historical 
standpoint, have been moved to this section of the manual. 


dictionary... 

(U) See complete historical entry for dictionary 

parameter... 

(U) Parameter originally was a specific term used in mathematics to describe a characteristic element. It moved into general use 
in the mid-20th century, generally in the plural form, expressing the sense of "limits" or "boundaries": All of the options presented 
are within the design parameters. 

(U) Possible substitutes, if you don't like the word parameter, are range, factor, and criterion. 

spelling... 

(U) in Van Winkle's Retum, Kenneth Wilson observes that "spelling is mostly a neuromuscular skill in the development of which 


practice helps, but for which certain innate equipment is the main requirement." His point is that the aptitude for spelling is like that 
for any skill--practice will help anyone improve, but some people will always do better than others. That's why spelling bees 
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always end up with a winner. 


(U) "Correct" spelling is a product of the era of printing and dictionaries. lt developed, as the Oxford Companion to the English 
Language notes, "by a social consensus and not through the recommendation of an Academy or other institution." It was not until 
the time of Shakespeare that anyone even thought about creating standard spelling rules. Printers in the 17th century began the 
trend toward consistency when varied spacing material made the need for justification less of a factor in the spelling of a word. 
The arrival of large dictionaries in the 18th century, according to Merriam-Webster, increased the trend toward uniformity. 
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158. Solving a Right Triangle When an Acute Angle and the Adjacent Side Are Given 


To solve a right triangle when an acute angle and the adjacent side are given, proceed as shown 
in the example below. Angle C is the right angle. 


Example: Find the unknown sides a and c and the value of angle B in the right tri- 
angle ABC (fig. 41) if angle A is 37° 42’ 42” and the side adjacent to 
angle A is 8 inches. 


ZB = 180° — 90° — 37° 42’ 42” 
ZB = 52° 17’ 18” 

eos A = — 
c 

cos 37° 42’ 42” — 8 


ec (cos 37° 42’ 42”) = 8 


cos 37° 42’ = .79122 
cos 37° 42’ 42” — .79122 — x 
cos 387° 43’ = .79105 
a or at = se 
60 10 .00017 
10% = .00119 
zx = .00012 
cos 87° 42’ 42” — .79122 — .00012 = .79110 
-79110e = 8 
a 8 
.79110 
ce = 10.11 
a 
tan A = 7 


tan 37° 42’ 42” — 


oo|& 


@ =: 8tan37° 42’ 42” 
tan 87° 42’ = = .77289 
tan 87° 42’ 42” — 77289 + x 
tan 87° 43’ = = _.77385 
42 7 x 
60 °** 10 — 700046 
10x = .00322 
2 = .00032 


tan 37° 42’42” — .77289 + .00032 — .77321 
a= 8 X .T73821 


a@ =: 6.18568 

Therefore, /A = 37° 42’ 42” a = 6.18568 inches 
ZB = 52° 17 18” b = 8 inches 
2C-= 90° ¢ = 10.11 inches 
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THIRTY YEARS OF TROPOSCATTER COMMUNICATIONS* 
Luo Zhengbin 
ee Shijiazhuang Communications Laboratory 
Ad “This paper reviews the troposcatter 
communication advances for the past thirty 
years or so, summarizes China's achievements in 
this field, and discusses the possible trends 
for future developments. 
I. Development Outside of China 
: . 
a From the late 1940's, there was a great increase in the 
i) interest in beyond the horizon troposcatter communications, and 
‘ . 
re large amounts of experimental and theoretical studies have been 
oo made. In the early fifties, the knowledge of the characteristics 
_ and regularities in beyond the horizon troposcatter communication 
advanced a great deal. In 1955, ITT Corporation of the United 
a States established the world's first troposcatter communication- 
s link between Nutley, N.Y. and Southampton, Canada, marking the 
oe beginning period of its application. From that time on, it became 
® a reliable means of communication and was improved continuously for 
a the next thirty years. |. During this thirty-year period, its 
Se development can be divided to three stages. 
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The mid-fifties to mid-sixties marked the first stage: rapid 
development and application of analog troposcatter communication. 
This method could provide a large single communication distance, 
and a large communication capacity (240 channels - 300 analog voice 
= channels). It could also be used to establish communication 
networks rapidly and economically in sparsely populated, 
geographically complicated and hard-to-reach areas. As a result, 
it attracted a lot of interest from various countries. In the 
short period of ten years, the communication links established by 
daa Western countries reached 130 thousand kilometers, and the Soviet 


ra 


é Union established scatter radio wave links with a total length of 
mo over 100 thousand kilometers between fixed stations. In addition 

to the fixed stations, the Western countries and the Soviet Union 
ae have manufactured and maintained some mobile units. 

During this time, the US, UK, Japan, France and the Soviet 
Union quickly established standards and systematic production for 
troposcatter communication facilities (both fixed and mobile 
stations). The working frequency band of these units varied from 
350 MHz to 5000 MHz; the power of transmission from 1 Watt - 100 
kilowatts; the diameter of the antenna from 2.4 - 40 meters; the 
Capacity from 4 - 300 channels; the noise temperature of the low 
2 noise amplifier may reach 70°K - 150°K; and the units used the 
- anti-fading diversity recaption technology and low threshold 
a demodulation technique. 


At the same time, a large amount of experimental and 
theoretical studies on troposcatter propagation was going on to 


improve engineering design. 


The mid-sixties to the mid-seventies represented the second 
stage. The growth of troposcatter communication links increased at 
a slower rate. Even though there were thousands of kilometers of 
scatter communication channels being put in service every year, 
there were some main channels replaced by short-range (within the 
visual horizon/distance) radio wave relay stations and satellite 


2 


voles 


telecommunication. This was due to the scatter communication 
capacity no longer satisfying the communication demand. In 
addition, the Western countries and the Soviet Union completed most 
of the scatter communication network. The more important factor is 
that the development of satellite communications was rapid, and 
many countries turned their attention to establishing.satellite 
communications. As both research and later application would 
indicate, however, neither satellite communication nor microwave 
short-range communication could completely replace troposcatter 
communication. 


Regardless of the slower rate of troposcatter application, the 
development of its technology did not stop. On the one hand, 
analog communication facilities were being improved using the 
integrated circuit and making it smaller,.and on the other hand, a 
great research effort was made in digital troposcatter 
communication. After studies of more than ten different digital 
modulation/demodulation techniques, more satisfying data and more 
efficient code and demodulation techniques were found. The 
theoretical and experimental studies of this type of system were 
finished in the mid-seventies. Research using iterative code to 
improve its capability and to enlarge its communication capacity 
also made some impact. A transmitting speed of approximately 
1x1012 bits/sec of digital scatter communications equipment was put 
in use. 


From the mid-seventies on marked the third stage. From then 
on, not only was a lot of attention given to troposcatter 
communication by the military, but civilian communication also 
established a large number of channels. First of all, this was due 
to the fact that troposcatter communication cannot be replaced by 
satellite communication and microwave short-range relays 
(repeaters). Foreign specialists feel that, ina nuclear war, it 
can withstand more destruction than satellite or microwave short- 
range repeater communication, and will be one of the few remaining 
communication methods that the military can use. In military use, 
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mobile units are even more useful. To increase military mobility, 
it is necessary to reduce the amount of equipment and technical 
support personnel. The short-range radio wave relay stations will 
eventually be replaced by improved radio-relay/scatter stations. 


From the commercial standpoint, troposcatter communication has 
the characteristic of the long-range (beyond the horizon) relay, 
and fills the void between satellite and short-range microwave 
repeater systems. It can be used economically in sparsely 
populated desert areas, marsh lands, high altitude and frigid 
regions, and is suitable for developing countries. Since the 
seventies, some developing countries have already used it to 
establish internal communication stations. In addition, since the 


development of off-shore oil drilling, it becomes a strong 


competitor in communications between the land stations and oil- 
drilling platforms. The distance between off-shore oil fields and 
the shore is usually beyond the short-range and within 300 
kilometers. At present, the possible methods of multi-channel 
communications are undersea cable, troposcatter, and satellite 
communications. Undersea cable not only requires expensive 
installation, but also may be damaged by working ships in the area, 
and as a result, is rarely used. Comparison between satellite and 
troposcatter communications, according to the European North Sea 
Oil Field Communication Cost Analysis shows: the cost per voice 
channel for leasing the former is 3200 British Pounds and for the 
latter 1690 British Pounds, nearly twice as much. Besides, 
troposcatter communication can provide spare channels, and, 
therefore, has higher reliability. As a result, troposcatter was 
used as the main source of communication at the British North Sea 
Oil Field. 


In conclusion, in the late seventies, research for a new 
generation of digital and analog troposcatter communication 
equipment has been successful in the US, UK, and the Soviet Union, 
and it has made wide applications. Tables 1 - 3 reflect the latest 
standards and technical capabilities for the new generation of 
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scatter communication equipment. Some of the new technologies are: 
highly efficient and long-lasting Klystron, evaporation-cooled 
radio frequency power amplifier, programmable frequency 
synthesizer, low noise amplifier cooled by semiconductor, the 
Signal amplifying stage of the micro integrated circuit, micro 
circuit parts and LSI, self-adjusting distortion, decisive feedback 
self-adapting technique, correction encoding/decoding technique, 
scatter station remote control technique, long focus dual feedback 
antennas; high efficiency feedback speaker; angle diversity 
technique, and installation with accurate and fast alignment, etc. 


Table 1 


Major Characteristics of 
English Marconi Mobile-type/Troposcatter/Communication System 


Items and Their Characteristic Values 


1. Working frequency: 4.4~5.0 GHz ; 
2. Frequency separation: 100 kHz 

3. Frequency stability: 1x1078/day, 1x1077/month 
4. Distance of single transmission: 50~250 km 
5. Receiver noise factor: 4.5 dB 

6. Diversity method: angle, space or frequency diversity 
7. Diversity depth: 2 or 4 times 

8. Summation method: use the highest ratio 


9. Transmitting power: 1 kW (air cooled) 
10. Antenna diameter: 4.5 m 
11. Digital: 

baud: 256, 512, 1024 or 2048 kb/sec 

channel baud: 16 kb/s Pe max «1073 

service channel: 2 channels (16 kb/s) 

monitor channel: 16 kb/s 

modem: 4PSK [Coherent scattering demodulation] 

encoding: separation correction code 
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12. Analog type 
voice capacity: 12~ 300 channels 
service channel: 300~ 2700 kHz 
monitor channel: 3/12 kHz 
mo/dem tech: FM/PPL [expansion unknown] lower threshold 
threshold noise ratio: 6 dB 
13. Environmental conditions 
Operating temperature: -30~+52°0C 
relative humidity: 40°C, 95% 
height: 3600 m 
14. Installation time: 3 man-hours 


Major Characteristics of 
Table 2 American AN/TRC-170 Digital Troposcatter Communication System 


Model Type v-1 v-2 v-3 
Working Frequency 4.5~5.0 GHz 
Frequency separation 100 kHz 
Reference clock Rb 
Receiver noise factor 3.0 dB (semi-conductor GaAs FET [Field 


Effect Transistor] amplifier) 


Frequency band occupation 3.5 or 7.0 MHz 

Transmission Baud 128, 256, 512, 1024, 1356 or 2048 kb/s 

No. of voice | 32 kb/s 7 15 = 30 45 60 

Channel 16 kb/s 715 30 60 90 120 

Single transm. distance 320 km 160 km 

No. transmitter & power 2/6.6kW 1/2kW, 0.65kW 

Diversity and depth method 4 amplitude/ j 2 amplitude 
frequency 

No. of antennae & diameter 2 prs, 15' 2 prs/9.5' 

antenna gain 44.5 GB 40.5 dB 

total weight 12000 lb 6000 lb 5000 lb 

Interstation US Military 32/16/ kb/s per voice channel 

service channel service: 16kb/s; commanding:4x2 kb/s 

working temperature ~46°C ~ +520C, suitable for tropical use 

Height 3000 m 


manufacturer Raytheon Co., Equipment Division 
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b= 8 INCHES 


Figure 41. Solving a right triangle when an acute angle 
and the adjacent side are given. 


159. Solving a Right Triangle When Hypotenuse and One Side Are Given 


Given the hypotenuse and one other side of a right triangle, solve for the unknown angles and 


side as illustrated in the example below. 


Example: 


Find the unknown angles A and B, and side c of right tri- 


angle ABC (fig. 42) if the hypotenuse is 12 inches and the 
side opposite angle A is 8 inches. 


b? 
b2 
b2 
b2 


@: 
= 
nN 
| 


sin A 


sin A=. 


angle A 
ZB 
ZB 
ZB 
Therefore, 


| 


AGO 558A 


.66653 — sin 41° 48’ 
= sin 41° 48 4+ «& 
.66675 — sin 41° 49’ 


14 _ 

22 ~~ ~—S«60 

22% — 840 
840 

t= 3 = 38 


.66667 = sin 41° 48’ 38” 
41° 48’ 38” 

180° — £C — 4A 

180° — 90° — 41° 48’ 38” 


48° 11’ 22” 

ZA = 41° 48’ 38” a = 8 inches 
ZB = 48° 11’ 22” b = 8.94 inches 
ZC = 90° ce = 12 inches 


101 


ve atavaty 
Nels 


mT 


Tabi: 3 


Major Characteristics of AMTA, AMID, AMIW Series Scatter Communication System 


Items AMTA Series 


AMTD Series 


AMIW Series 


Operating Frequency 0.75~0.96 GHz 1.7*2.7 GHz 4.4~5.0 GHz 


Frequency stability 


Frequency separation 
Receiver noise factor 
Receiver threshold 


Diversity method 
polarization, 
frequency, or 
their combin- 
ations 


Channel bandwidth any bandwidth 
up to a max. 


of 10 MHz 


Modulation method 
Demodulation method 


FDM-FM 
lower threshold 
demodulation 


Service channel 
Transmitter power 
Working temperature 
Rel. humidity 


0.3~12kHz 
1.10kW 

-18~+55°C 
95% 


Height 


Manufacturer 


Since a troposcatter communications facility satisfies the 


requirements of high accuracy, 


attending personnel, the communication capacity for digital-type 
equipment has reached or has even surpassed that of the analog 
type, and the mobile stations coexist with the radio wave line-of- 
sight communication. This provides a great future for the 
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twice the data - 


TDM -4PSK 
mating filter 
digital demod. 


192 kb/s 


0~+50°C 
90% at 25° 


Aydin (USA) 


reduced size and requires no 


+1x10710/day 


4.5~4.0 

P= ior 

E,/No = 15 dB 

space, angle, frequency di- 
versity or their combinations 


TDM-4PSK 
self- 
adjusting 
feedback 
equalizing 
coherent 
scattering 
demodulation 


192 kb/s 
2.10kW 
0~+50°C 

90% at 25°C 


4500 m 


Aydin, GTE 
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application of troposcatter communication in both military and 
civilian areas. 


II. Development in China 


Since the late fifties, we began the measurements of 
troposcatter transmission and research in this area, and gathered a 
large volume of data in northern and eastern China. According to 
these data, our Wave Communication Research Department has 
established a system for scatter transmission loss and circuit- 
design computation. 


Our research in troposcatter communication started in the 
early sixties. Due to the limitation of instrument quality, we 
first made a vacuum tube FM analog frequency transmitter in the 
meter-range with a capacity of 12 channels, followed by one in the 
‘centimeter-range with 60 channels. . Since the late sixties, we have 
also engaged in the developmemt work on digital troposcatter 
communication equipment. In the early eighties, we successfully 
made long-range stationary transmitters and short-range mobile-type 
transmitters, both of which are the relatively advanced digital 
type. Both use in-band frequency diversity, highly efficient time- 
frequency-phase modulated signals; and coherent scattering, and 
difference coherent scattering, respectively; time-sharing multi- 
user discrete convolution coding and decoding techniques to. send 
telegram and data signals. With the exception of power amplifier 
devices, transistor and solid state integrated circuits were used. 
This equipment, with standard and automated design, has a high 
flexibility and can be easily and widely adapted for different 
requirements. They are highly capable and are easy to use. In 
1982, a foreign specialist in the area visited our facility and 
commented that whatever standard their products can reach, we can 
reach them also if we can get the quality and technical standards 
and electronic elements together with production facilities and 


quality control. This agrees with our own estimation after 
visiting other countries. | 
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Our vast geographic area is complex. The long coastline with 
many islands, sparsely populated desert and frigid northwestern 
regions, and the mountainous terrain in the southeast are all 
Suitable for using troposcatter communication. Since the late 
sixties, our industry has gradually established some regional 
troposcatter communication links. Its superiority. has been 
established. However, regardless of its potential, compared to 
foreign applications and usage, it is still in the beginning stages 
in our country. The fields where we need it are wide: 
communications in off-shore oil drilling, electricity distribution 
control, oil and gas transportation control, newly operated mines, 
as well as military communication. Following the constant 
development of the Four-Modernization Plan, we need more research 
and development in troposcatter communication facilities and to 


establish even more communication links. 


III. Brief Outlook of Future Development 


Combining the opinions of many specialists, the future 
development of troposcatter communication will lie in the direction 
of: 

1) During the transition from analog to digital type of 
communication, using newly developed digital troposcatter 
transmitting equipment to gradually replace the analog scatter 


communication channels. 


2) Finding the best communication signal and self-adapting 
communication method, in order to increase channel frequency and 


baud efficiency and develop its utmost potential. 


3) Using the best combination of modulation and coding 
techniques to study the low capacity mobile station with only one 
pair of antennas and one set of transmitters in order to reduce the 


cost and increase its mobility. 
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4) Allowing the troposcatter “to gradually replace the 
existing short-range radio wave relay stations. 


5) Improving the components, making them smaller. Using 
micro components, semiconductor frequency power amplifier reaching 
into the kilowatt range and mountable on antennas. This would 
greatly reduce the volume and the weight of the equipment. 


6) Increasing its anti-distortion ability and its ease of 
being hidden. For example: use a self-adjusting transmitting power 
system; decrease constant transmitting power; use small angle with 
definite orientation, automatically changing its working 
requirements; use pre-determined signals transmitted over a_ short 
period of time; develop special antenna which can be easily 
hidden. 


7) Develop remote control troposcatter communication; for 
example, use troposcatter communication equipment to remote control 
some automated set-ups. 


8) Increase its civilian use, especially in the area of 
communication for off-shore oil platforms, distribution of 
electricity, transportation of oil and gas, mines, and radio and 
television transmissions. 


IV. Conclusion 


In developing the troposcatter resource, we have accomplished 
a great deal in spite of our late start. This is exemplified by 
the use of new digital troposcatter communication. However, to 
broaden the application is not an easy task. Just like other 
electronic products, only wide usage among various departments can 
then speed up its development, thereby reducing its cost. More 
importantly, it can then be improved upon and its economical 
benefit be realized. Therefore, each area of Research, 
Development, Production, Users and Educators must cooperate to the 


10 


ag a tig Fl a Be re a eB Me eR og ee ee a A 


‘e@ 


e 


! 
ai 


eae. 
ates 
ANE 


Fa 
ay 


Mee, eet 


wee 
ate 
-* 8 


+, T 


a 
ar’ 
“ 
@ 

*) 
“ 


fullest extent, since each is an individual link in a long 
for the Modernization Plan. 
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Various publications dealing with Foreign Signal Intelligence and equipment 


Signals intelligence by alliances, nations and industries 


https://en.wikipedia.org/wiki/Signals intelligence by alliances, nations and industries 


List of communications and reconnaissance equipment of the British Army 


https://en.wikipedia.org/wiki/List_of_ communications _and_reconnaissance equipment of the British_Army 


Equipment of the Russian Ground Forces 


https://en.wikipedia.org/wiki/List_of equipment_of the Russian Ground Forces 


Military signal vehicles of Russia 


Soviet Signals Intelligence (SIGINT) 


https://openresearch-repository.anu.edu.au/bitstream/ 
1885/216501/1/047_soviet_signals intelligence sigint_canberra_papers_on strategy_and_ defence desmond. 


List of equipment of the People's Liberation Army Ground Force 


https://en.wikipedia.org/wiki/List_of equipment_of the People%27s Liberation Army Ground Force 


The Chinese People’s Liberation Army Signals Intelligence and Cyber Reconnaissance Infrastructure 


https://project2049.net/wp-content/uploads/2018/05/pla_third_department_sigint_cyber_stokes lin_hsiao.pdf 


A Survey of Technologies and Capabilities on China’s Military Outposts in the South China Sea 
ELECTRONIC WARFARE AND SIGNALS INTELLIGENCE 


https://www.jhuapl.edu/Content/documents/EWandSIGINT. pdf 


SIGINT, EW, and EIW in the Korean People’s Army: an Overview of Development and Organization 


https://apcss.org/Publications/Edited%20Volumes/BytesAndBullets/CH13.pdf 


Signals Intelligence (SIGINT) In South Korea 


https://openresearch-repository.anu.edu.au/bitstream/ 


1885/216560/1/110 signals intelligence (sigint) in south Korea Desmond Ball P100.pdf 
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Figure 42. Solving a right triangle, when the 


hypotenuse and one side are given. 


160. Solving a Right Triangle When Two Sides Are Given 


When two sides of a right triangle are given, solve for the unknown angles and the hypote- 
nuse as shown in the example below. 


Example: Find the unknown angles A and B and side ¢ in right tri- 
angle ABC (fig. 43) if side a is 8 inches and side b is 10 


inches. 
ce = @ + bb? 
ce = 64 +4 100 
c2 — 164 
c= 164 
ec = 12.8 
tan Ar-_ . 

8 
tan A = 0 


-19972 = tan 38° 39’ 
.80000 = tan 38° 39’ + & 
.80020 = tan 38° 40’ 


28 7 x 
48 °* 12 — 60 
122 = 420 

x = 385 


.80000 — tan 38° 39’ 35” 
angle A = 38° 39’ 35” 
ZB = 180° — /C — /A 


ZB = 180° — 90° — 88° 39’ 35” 
ZB = 51° 20’ 25” 
Therefore, A = 38° 39’ 35” a = 8 inches 
ZB = 51° 20’ 25” b = 10 inches 
7£C =. 90° c = 12.8 inches 
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ABSTRACT 


READING THE ENEMY’S MAIL: ORIGINS AND DEVELOPMENT OF U.S. 
ARMY TACTICAL RADIO INTLLIGENCE IN WORLD WAR II, 
EUROPEAN THEATER OF OPERATIONS by MAJ Jeffrey S. 
Harley, USA, 166 pages. 


This thesis traces the development of American radio 
intelligence at the operational and tactical levels from its 
beginnings in World War I through the end of World War II. 
It shows that signals intelligence is useful to the tactical 
and operational level commander. The study recommends the 
Army rethink signal intelligence support to the various 
echelons, primarily through changes to tables of 
organization and equipment. 


The thesis covers the initial appearance of radio 
intelligence units on the battlefields of France in the 
first world war, identifying specific instances where radio 
intelligence played a role in a command decision. It also 
looks at training and doctrine in the period between the two 
world wars. The thesis also covers the organization, 
doctrine, and training of radio intelligence units as they 
prepared for combat. It provides a glimpse into the 
intelligence support provided to the corps, army, and army 
group commanders during World War II through examination of 
actual intercept operations. Where possible the study 
compares and contrasts German radio intelligence units and 
operations with their American counterparts. 
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CHAPTER ONE 


INTRODUCTION 


In late August 1914 the majority of the German Arny 
attacked into Belgium and Northern France. Left to defend 
the eastern front was General Max von Prittwitz and the 
German Eighth Army. Two Russian armies, the First under 
General Pavel K. Rennenkampf and the Second under General 
Aleksandr Samsonov in the north and south respectively, 
attacked into German territory. Failing to halt the Russian 
First Army, General von Prittwitz contemplated evacuating 
East Prussia, withdrawing across the Vistula River. The 
Kaiser consequently replaced him with General Paul von 
Hindenburg. 

Von Hindenburg adopted a plan to entrap and destroy 
Samsonov’s Second Army. Leaving a screen to confront 
Rennenkampf’s army, von Hindenburg began to concentrate his 
forces in the south. Five days later he halted, then 
encircled and destroyed the Second Army near Tannenberg. 
The Second Army broke and lost nearly 125,000 men and 500 
guns from 26 to 31 August. Von Hindenburg then turned his 
attention to the north, concentrated against the First Army, 
and drove it out of East Prussia. In this campaign, the 
Germans lost about 10,000 men while inflicting losses that 
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Oe a 


a= 


8 
INCHES . 


A 
b= 10 INCHES 
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Figure 48. Solving a right triangle when two 
sides are given. 


161. Solving a 30°~60°-90° Triangle When One Side Is Given 


In a 30°-60°-90° triangle, the side opposite the 30° angle is equal to one-half the hypote- 
nuse. Refer to paragraph 150c for the derivation of the trigonometric functions. Solve for the 
unknown sides as shown in the example below. 


Example: Find the unknown sides b and c of 30°-60°-90° triangle 
ABC (fig. 44) if the side opposite the 60° angle is 6 inches. 


_ 


sin 60° = VS ; also, sin 60° = 2s 
v3 _ 6 
2 ° c¢ 
V8e = 12 
pane. 
V3 


ee : ‘ oe 12 Vs 
Eliminate \/3 in the denominator by multiplying —= by ~—: 
V3 ° V3 


tan 60° = aes tan 60° — % — & 
1 b b 

v3 _ 6 

1 b 

3b = 6 


» - & VE _ SVB _ V3 _ og 


b = 2\/8 = 2 X 1.7821 = 3.4642 


Therefore, a = 6 inches 
b = 3.4642 inches 
c¢ = 6.9284 inches 
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exceeded 250,000 for the Russians. General von Hindenburg 
fought a brilliant defensive campaign using aggressive 
offensive tactics. The United States Army still uses the 
Battle of Tannenberg as an example of achieving a defensive 
goal through use of aggressive offensive tactics.* The 
Battle of Tannenberg also illustrates the importance of 
radio intelligence in operational maneuver. Without prior 
knowledge of the enemy’s intentions, it is doubtful General 
von Hindenburg would have lbeen willing to take the risks 
that he did.? 

The purpose of this paper is to examine the 
influence of radio intelligence at the army, corps, and army 
group level in World War II. How was radio intelligence 
used at the operational and tactical levels during World War 
II? How did American radio intelligence compare to German 
units and operations? What lessons did we learn, and what 
is the effect of those lessons on today’s forces? 

At every echelon, division, corps, and theater army, 
there are military intelligence (MI) units with the sole 
purpose of providing signals intelligence support to the 
commander. One Combat Electronic Warfare and Intelligence 
(CEWIL) battalion directly supports a division; two MI 
battalions (the Technical Exploitation and the Aerial 
Exploitation) support a corps; and two MI Battalions 


(SIGINT) support theater armies worldwide. The roots of 


these units can be found in the radio intelligence and 
signal service companies from World War II. 

No classified material was used in the thesis. 

While simplifying research, classification problems arose in 
an unexpected arena. It appears that few operational 
records (those with actual intercept logs, message contents, 
etc.) were saved after the war. Two units, after writing 
their after action reports, destroyed their operational logs 
because of security reasons, but also to reduce the amount 
of baggage to take home. This created a gap in tracing how 
any intercepted material became intelligence briefed to a 
commander. 

Adding to this gap was the lack of discussion 
concerning signals intelligence in World War II until the 
late 1970’s. People directly involved with radio 
intelligence, whether with ULTRA or at the operational 
level, kept quiet for over 30 years. In his book, Brigadier 
General Oscar Koch, Patton’s G-2, mentions the use of radio 
intelligence several times during the North African 
campaign. After that there is nothing written that 
indicates his use of radio intelligence during the western 
European canpaigns.® 

Worse than the lack of material concerning American 
radio intelligence is the lack of material, in English, 
concerning German radio intelligence. I had to rely on two 


sources for information on the Germans.* Wherever possible 


I have attempted to compare German operations to American 
operations. 

All of the sources used can be found in the Combined 
Arms Research Library (CARL), Bell Hall, at Fort 
Leavenworth, Kansas. The bibliography identifies the file 
numbers of the government documents used which may not be 
easily available to the general public. The books cited in 
the bibliography can be found in, or readily obtained by, 
most libraries. 

ULTRA will not be discussed in any great detail 
within this paper, as it has been covered extensively 
elsewhere. Those interested in ULTRA, its use at the army 
group and army level, and the Special Liaison Units (SLUs) 
are invited to read Colonel Gribble’s excellent study. * 

Leaders have always sought knowledge about their 
enemy. Sun Tzu’s admonition to "know thy enemy and know 
thyself; in a hundred battles you will never be in peril"* 
remains as true today as it did thousands of years ago. 
Before the advent of radio, commanders relied mostly on 
spies or their own troops for inteli ‘gence concerning the 
enemy and his location. The telegraph gave senior 
commanders the ability to provide orders over g.eater 
distances and control several theaters, but it could not be 
effectively used at the operational and tactical level. 
Radio, as technology progressed and systems became smaller, 


began to be used to control armies and corps. In World War 


I, several nations incorporated radio communications into 
their maneuvers. Today it is impossible to envision 
deploying any type of force without some type of radio 
communication back to its parent headquarters. 

This paper begins the story of radio intelligence 
from its inception in World War I, then covers its 
development during the inter-war period from 1919 to 1938. 
Chapter two discusses the state of doctrine, organization, 
and training of American radio intelligence companies at the 
outbreak of World War II. Chapter three looks at how units 
modified the doctrine based on their wartime experience. 
Chapter four provides an overview of actual radio 
intelligence operations by looking at two radio intelligence 
units, one at army level, the other at corps. Chapter five 
contains the analysis and any conclusions or lessons that 
can be applied to today’s army. Before looking at the wits 
and their contribution in World War II, it is necessary to 
begin at the start of radio interception and its usage by a 


commander: the Battle of Tannenberg. 


World War I (1914-1918) 
Germany 
The story behind Hindenburg’s bold moves lies in the 
intelligence he received from radio intercept. When war 
broke out, the Germans had no fixed organization for 
intercepting foreign army radio traffic. The German 
telegraph field regulations foresaw the possibility of 
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listening in on foreign traffic when their own radio traffic 
was dormant. Telegraph troops could gain insight into the 
situation of the other side through eavesdropping on non- 
German communications. In reality this was never done in 
peacetime, and when the war broke out, nobody thought of 
undertaking the task. 

The Russians used the radio to communicate between 
the armies and corps. Wire was their primary means of 
communication, but the advance into Prussia stretched their 
resources to the breaking point. The movement of the two 
Russian armies crossed the Masurian lakes region, separating 
them by 40 miles. The two armies could only comnunicate 
with each other by radio. Radios were fairly new and were 
just becoming integrated into military organizations.” 

On 20 August 1914, Rennenkampf radioed to Samsonov 
that he was halting his advance for three days so that his 
supply trains could catch up. German airplane and cavalry 
reconnaissance confirmed the intercepted message.*® To avoid 
delays and errors inherent in encrypting and decrypting 


messages, Samsonov had the orders to his corps, detailing 


their dispositions and lines of march for the next day, 25 
August 1917, transmitted in clear text. That day, the 
Germans also intercepted Rennenkampf’s orders to his army 
that gave his marching distances and objectives. 


Ren. \enkampf’s message showed that the Germans did not have 


to worry about their rear, while they massed for their 


attack on Samsonov’s Second Army.® No military commander 
had been granted such an intelligence coup since MG 
McClellan captured a copy of General Lee’s crders prior to 
the Battle of Antietam in 1862.7° 

At that time there were two large radio stations in 
East Prussia, Kénigsberg and Thorn. Entirely on their own 
initiative, a few operators began to listen to Russian radio 
traffic during lulls. The radio station at the German 
fortress of Kénigsberg intercepted several of these messages 
through sheer chance. No one knew what to do with the first 
few intercepted radio messages, because there was no 
regulation stating what should be done. The Russian 
operational orders given to Hindenburg prior to Tannenberg 
were forwarded solely on the personal initiative of the 
Thorn radio station chief.** They disclosed the intentions 
of the Russian forces moving into East Prussia in such 
detail that Hindenburg gained an unprecedented knowledge of 
enemy intentions. 

After Tannenberg, the German High Command, Oberste 
Heersleitung (OHL), established radio intercept posts. Both 
Austrian and German intercept stations were able to keep 
their forces current on Russian plans for the remainder of 
the war. Wilhelm Flicke estimated that in view of the 


existing force ratios, it was impossible for the Austro- 


German offensive in 1915 to succeed as it did without access 


to Russian intentions. By September 1915, the war in the 
east became deadlocked across a 950-mile front.?? 

In the west it was a different story. The Germans 
did not appreciate the lessons learned against the Russians. 
The German plan envisioned advancing through Belgiun, 
thrusting towards Paris. Once the attack began, the Germans 
started using radio to control and monitor their forces. 
Because of the lack of radio intercept experience before the 
war, little communications security (COMSEC), if any, was 
practiced. Call signs and frequencies did not change, and 
radio stations within the same organization used the same 
letter as the beginning of their call sign.** 

The French had built their own intercept service. 
Because of German mistakes, it became easy for the French to 
develop the German’s order of battle, track their forces as 
they moved, and determine their intent. The payoff came at 
the Battle of the Marne, where the French halted the German 


attack.+* 


United States 

When the United States entered the war in 1917, it 
was inevitable that its services wculd become involved in 
radio intelligence. In 1916, a mobile direction finding and 
intercept van accompanied General John J. "Blackjack" 
Pershing during the Mexican punitive expedition against 
Pancho Villa. The three mobile “radio tractors" were used 
to monitor Mexican government communications. ** 
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The American Expeditionary Forces (AEF) in France 
fielded two units with the same name, the Radio Intelligence 
Section. One section belonged to the Radio Intelligence 
Section, General Staff, commonly known then as "G-2, A-6." 
It concerned itself primarily with attacking German codes 
and ciphers. The other section was the Radio Intelligence 
Section, Signal Corps, later referred to as Radio Section of 
the Radio Division, Signal Corps. This section performed 
“ae intercept and goniometric (direction finding) 
functions.** 

The AEF organized the Radio Division of the Office 
of the Chief Signal Officer on 17 October 1917. It wrote 
the operating regulations, and determined radio call signs, 
frequency allocation, and radio net assignments. The 
division also published circulars and instructions for radio 
operations and the training of personnel. The radio section 
within the radio division was also responsible for the radio 
intercept stations. This section worked very closely with 
the radio intelligence section of the General Staff, G-2.*” 

The radio section began the war with two officers 
and 53 enlisted men. By the end of the war their strength 
was 12 officers and 402 soldiers. Training for the most 
part was conducted at French schools. The AEF established 
its first radio intercept station at Souilly on 8 December 


1917, collocated with the headquarters of the 2d French Army. 


The first wire intercept station deployed in February 1918 
with the ist U.S. Division in the St. Mihiel salient.** 

The Signal Corps opened the radio intercept station 
at Souilly with one sergealt and eight men of the Second 
Field Signal Battalion. Maintaining twenty-four hour 
coverage, the station intercepted 393 messages by the end of 
the month.*” In December 1917, 54 men arrived from the 
United States for assignment to the radio intelligence 
section of the Signal Corps. After undergoing a five week 
training program, only 15 of the men were actually assigned 
to radio intercept duties. The others were assigned to wire 
intercept, an activity that usually provided more 
information in the static trench warfare.?° 

The radio intelligence section was also responsible 
for wire intercept operations. he first wire intercept 
station was established in February 1918 with the lst U.S. 
Division in the St. Mihiel salient.?* The wire intercept 
service was usually a dangerous job. Soldiers had to go 
into no-man’s land to install their search wires, near or in 
direct contact with the enemy’s wires. Artillery fire from 
both sides often created breaks in the lines, thus requiring 
teams to go back into no-man’s land for repair.?? 

Radio intercept, on the other hand, was neither 
hazardous nor readily transparent to the enemy. One could 
be some distance behind the front lines and still be 


effective. By October 1918 both the First and Second US 
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Army headquarters fielded radio intercept stations.?° From 
the date the first intercept was received at General 
Headquarters, messages came in so fast that G-2 personnel 
were unable to handle them all and it became necessary to 
increase the section. The G-2, A-6 section obtained 
additional ;seople from all available sources: divisions, 
replacement depots, Washington, DC, and so forth. They 
searched for those who knew German, but they encountered 
much difficulty. The growth of the G-2 section stimulated 
the Signal Corps to assign additional personnel to 
interception work. By the time the AEF took over its 
section of the lines, there was considerable experience in 
radio intelligence. ?* 

The Signal Corps radio intelligence section 
performed the technical work of observing the eneny’s 
communications. Radio-goniometric stations located enemy 
radio stations by bearings. These stations measured, within 
approximately two degrees, the direction the enemy’s signals 
came from. The intersection of these lines from three or 
more radio-goniometric stations produced a fix, from which 
an accurate location could be obtained.?* The primary duty 
of the goniometric stations was to daily locate all -enemy 
stations and determine the divisional, corps, and army nets. 
By locating the stations, and determining their relationship 


through net protocol, the enemy’s order of battle could be 


developed. ** 


A 
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Figure 44. Solving a 80°-60°-90° triangle when 
one side is given. 


162. Solving a 45°-45°-90° Triangle When One Side ls Given 


In a 45°-45°-90° triangle, the sides opposite the equal angles are equal. Refer to paragraph 
1506 for the derivation of the trigonometric functions. Solve for the unknown sides as shown in 
the example below. 


Example: Find the unknown sides a, b, and ¢ of 45°-45°—90° triangle 
ABC (fig. 45) if the side opposite acute angle A is 5 inches. 


; See oe ; _@_5 
sin 45 Sg aS eG 

i _54 

V2 ¢ 

ec = 5/2 

e = 5 x 1.4142 = 7.0710 

eee _@%@_5 
tan 45° = 7? also, tan A = b= > 

i ee 

1” b 

[ob = 5] 


Therefore, a = 5 inches 
b = 5 inches 
¢ = 7.071 inches 
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Intercept stations along the army front listened 
continuously for enemy radio messages. These stations were 
directly connected with wire to the G-2, A-6, and 
intercepted messages were telegraphed in directly for 
decoding and interpretation. 7?” 

During the St. Mihiel operation, radio intelligence 
played a key role in American operations. Late in the 
evening of 24 August 1918, the radio intercept service 
intercepted and relayed a German message to the AEF’s G-2, 
A~6, where it was immediately deciphered. The message 
ordered an attack to begin at 0100 the following morning. A 
warning reached the American lines 30 minutes before the 
attack began. Later the AEF G-2 began a study of enemy 
communications within the St. Mihiel salient to detect any 
changes in organization or procedure that might reveal the 
enemy’s intentions. On 8 September they spotted a change. 
The activity of enemy radio stations increased for the next 
three days, leading the Americans to believe that the 
Germans were wary of a surprise attack and were withdrawing 
from the salient. On 11 September, the day before the AEF 
attacked, reports received from goniometric stations 
disclosed that all enemy radio stations were in their normal 
locations and in operation, the enemy had not withdrawn. In 
spite of all other indications, the G-2, based on 
information provided by the radio section, could positively 


show that the enemy remained within the salient.?* The 
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radio intelligence officer (G-2, A-6) of the AEF wrote as 
follows to the effectiveness of American direction finding 
during the St. Mihiel drive: 

Just before the American attack on the St. 

Mihiel Salient there were many indications that the 
enemy had withdrawn and the advisability of 
advancing the infantry without artillery preparation 
was seriously considered. The final decision to 
make the attack as originally planned was based on 
the evidence of the goniometric service that the 
enemy radio stations were still active in their old 
locations. ?* 

Beginning with unplanned, uncoordinated occasional 
radio intercepts at the Battle of Tannenberg, the usefulness 
of radio intercept came to be recognized by all the powers 
in the conflict. The World War I achievements of German 
radio intelligence, initially improvised and later 
systematically developed, made it appear necessary for the 
Reichswehr to utilize this experience and, in spite of all 
restrictions, to provide such facilities as would encourage 
and promote this activity.?° 

Not all countries would heed this lesson from the 
war to end all wars. A recommendation from LTC Frank 
Moorman, Chief of the G-2, A~-6 section, stated that 

There should be organized and maintained at all 

times a complete unit of the Radio Intelligence 
Section which should serve as a training school for 
officers and men and permit of experiments for 
improvement of this service. The necessary Signal 
Corps personnel should be provided and work actually 


conducted on a small scale, along the lines 
contemplated during a state of war.?* 
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inter-war period (1918-1933) 


Germany 


After Versailles, Germany remembered the lesson 
learned at Tannenberg. The military clauses of the 
Versailles Treaty provided that the seven infantry and three 
cavalry divisions of the Reichswehr, whose strength was 
limited to 100,000 men, would be allowed seven divisional 
signal battalions, each comprising two companies, one of 
which was to include an intercept platoon. In addition, the 
Germans were permitted to assign signal personnel to 
schools, garrisons, and headquarters and to maintain twelve 
major military radio stations at military district 
headquarters.*? The treaty did not, however, provide for 
any communication intelligence units.?? 

Realizing that intelligence was of particular 
importance to an army restricted in strength and equipment, 
the German military leaders decided that the radio 
intelligence operations initiated during World War I should 
be continued and further developed. These activities were 
given the official designation Intercept Service.** During 
the second half of 1921 the officers in charge of the 
stations received specific orders to monitor certain foreign 
radio channeis. The stations in Muenster, Hanover, Kassel, 
Stuttgart, Nuernberg, and Munich intercepted British and 
French traffic, while those in Stettin, Breslau, Dresden, 


Frankfurt an der Oder, and Kénigsberg observed primarily 
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Polish, Russian, and Czechoslovak traffic. The advisor to 
the senior signal officer on the staff of the corps 
headquarters in Berlin and Kassel was in control of 
communication intelligence operations. These two officers 
reported directly to the Signal Inspectorate of the 
Reichswehr Ministry whenever they obtained information of 
special interest.?* 

At first the Germans merely intended to gather 
information about foreign military procedures as a basis for 
traffic analysis, including such elements as frequencies, 
callsigns, operating signals, radio procedures, and 
equipment. Only later did their analysis begin to develop 
order of battle data by evaluating radio station 
relationships. No provisions had yet been made for text 
analysis, i.e., the translation of foreign language messages 
to plain text and the solution of encrypted ones. ** 

In 1925 the Intercept Service established six 
intercept stations at Kénigsberg, Frankfurt an der Oder, 
Breslau, Stuttgart, Muenster, and Munich. The personnel 
strength of each station was one officer, three 
noncommissioned officers, fifteen male and five female radio 
operators, and three translators. The stations were 
generally equipped with sensitive receivers covering a 
frequency range of from 100 to 3000 kilocycles (kc). The 


intercept operations were to be kept completely separate 
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from those of the radio stations, and they were located in 
aifferent buildings.*7’ 

Each intercept station was to cover certain 
countries in established priority ratings. An area which 
was given top priority was covered by at least two stations, 
which exchanged their results. Interception was no longer . 
confined to military traffic, but was extended to all radio 
communications, except naval, for which the German Navy had 
established its own communication intelligence agency. The 
army became more and more interested in diplomatic radio 
traffic, since it provided the only material for the 
analysis of difficult cryptosystems.** 

The Germans continued to place emphasis on the 
observation of the radio traffic of foreign armies for the 
purpose of ascertaining their organization, strength, and 
distribution of forces. In this connection the observation 
of foreign maneuvers assumed great significance, and 
direction finding training was stressed to develop a 
detailed picture of troop maneuvers.-. The Intercept Service 
observed the British maneuvers in the Rhineland in 1928, 
Czech and Polish maneuvers in 1929, and French maneuvers : 
from 1930 onwards. Flicke observed that the intercept 
results from some of the exercises were more comprehensive 


than the reports of the military attaches and agents 


employed. >? 


After 1928 German signal experts focused on short- 
wave traffic. They studied the effectiveness of short waves 
at all hours of the day and night, as well as under 
different weather conditions. From 1930 they plotted medium 
wave transmitting stations operating between 1000 and 3000 
ke. In 1931 automatic high-speed reception was introduced 
employing wax disk, tape, and other sound recorders. *° 

The observation of maneuvers from fixed baselines 
led to the idea of using mobile equipment for intercept 
operations. In 1930 the Germans began to develop special 
trucks for radio receiving, direction finding, and 
evaluation units. The signal unit of the Artillery School 
tested the new equipment. The tests proved that intercept 
units could keep up with the fast-moving action of a meeting 
engagement, provided the necessary communications for 
relaying the results could be established. Directing this 
work was first the Cipher Center and then the Main Intercept 


Post, a new command organized around 1936.** 


United States 

In the United States the intercept service which 
supported the combat forces in France quickly disbanded 
after the war. Of the 80 men who served in the radio 
intelligence section of the G-2, only five remained on 
active duty by 2 January 1919.*7 However, the volume of 
intercepts of foreign diplomatic messages grew considerably, 
and so did American collection operations. Throughout the 
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inter-war period the State Department, Army Signal Corps, 
and Navy Department each had separate intercept and 
cryptoanalytic facilities. In 1929 Henry L. Stimson, 
Secretary of State, withdrew funding for his department’s 
intercept activities, stating "Gentlemen do not read each 
other’s mail."*? 

In addition to expanding their individual service 
intelligence efforts, the War Department and the State 
Department also co-operated to form the nation’s first 
peacetime cryptological organization, the Black Chamber. In 
May 1919, the director of the Military Intelligence Division 
(MID) sent a memo to the Army Chief of Staff proposing a 
permanent organization to break codes and ciphers. The memo 
recommended funding of $100,000 annually, with the State 
Department supplying $40,000 and the Army $69,000. Both 


organizations approved the plan, and by July 1919 State 
Department funds began flowing to the new organization. The 
War Department began funding the Black Chamber in June 
1921.** 

Initially, the Slack Chamber made several nctable 
successes, the most well known being its breaking of the 
Japanese diplomatic code. During the 1921 Washington Naval 
Conference, the Black Chamber provided daily solutions to 
Japanese messages detailing their positions on the talks. 
Forearmed with this information, the American negotiators 


could take a tougher stand to get the results desired. 
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Despite its successes, the Black Chamber only received the 
full $100,000 in 1920. The following year the War 
Department reduced its contribution from $60,000 to $10,000, 
claiming it only provided information useful to the State 
Department. By 1929 hardly any War Department funds went to 
the Black Chamber. ** 

Besides funding problems, the Black Chamber also ran 
into intercept problems. During World War I, the Signal 
Corps operated radio intercept stations and commercial cable 
companies gave the government copies of all messages passing 
through their offices. In 1920 the Signal Corps closed its 
last main wartime intercept station in Maine. This, coupled 
with demobilization of the radio units in France, led to no 
intercept capability in the army, whether strategic or 
tactical. Later legislation passed in the 1920s made it 
illegal to provide copies of messages to secondary sources, 
thus completely drying up the source of material for the 
Black Chamber. ** 

However, the problems of the Black Chamber led to a 
study of possible alternatives. In April 1929 the army’s 
chief of staff agreed with the suggestion to place all 
cryptological activities under the Chief Signal Officer. 

The new Signal Intelligence Service (SIS) had five 
objectives: code compilation, code and cipher solution, 
radio intercept, goniometry (direction finding), and secret 


inks. Soon after the creation of the SIS, the Signal Corps 
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established six foreign interception stations.*” As 
tensions increased in Europe, the SIS would be one of the 
first organizations to increase its strength. Early 1939 
saw the creation of the Second Signal battalion to command 
the radio intercept companies and platoons involved in 


strategic communications intelligence activities. ** 
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CHAPTER TWO 


ORGANIZATION AND DOCTRINE 


As mentioned in the previous chapter, the Chief 
Signal Officer was responsible for all codes and cipher work 
in the army. Army Regulation 105-5, dated 10 May 1929, 
formally established the Signal Intelligence Service. The 
1930’s saw the Signal Corps assume responsibility for 
conducting signals intelligence within the War Department. 
In this period, the Signa2 Corps emphasized strategic level 
intercept, mainly intercept and decoding of Japanese 
communications. Both the Navy and the Army focused their 
efforts in this direction. By 1935 the Army’s Signal 
Intelligence Service (SIS), under the leadership of William 
F. Friedman, broke the Angooki Taipu A, or Type A cipher 
machine used by Japanese naval attaches. In September 1940 
the SIS solved the newer Type B cipher machine, code-named 
PURPLE.*® Neglected during this period was radio 
intelligence support in the field. The manning, training, 
and equipping of tactical radio intelligence companies would 
not get well under way until late in World War II. [In 


contrast, the strategic SIS functions had been highly 


organized and effective from the very start of the war.%° 


90° 45° 


A 
- b T™M684-53 


Figure 45. Solving a 45°-45°-90° triangle when one 
side is given. 


163. Angles of Elevation and Depression 


When an object is higher than the observer’s 
eye, the angle between the horizontal and the 
line of sight to the object is called the angle of 
elevation (A, fig. 46). When an object is lower 
than the observer’s eye, the angle between the 
line of sight to the object and the horizontal is 
called the angle of depression (B, fig. 46). 


Example: 


A television antenna mast is 450 feet high (fig. 
47). Find to the nearest second the angle of 
elevation to its top at a point 200 feet from the 
base of the mast. 


tan A = ; 

450 
tan A = 200 
tan A = 2.2500 


2.2496 = tan 66° 2’ 
2.2500 = tan 66° 2’ + 2 
2.2513 = tan 66° 3’ 


4A & 
17 ~—S*—«é6O: 
17x = 240 
zxzwo- 14 


2.2500 — tan 66° 2’ 14” 
A = 66° 2’ 14” 
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Figure 46. Angles of elevation and depression. 


164. Review Problems—Natural Trigonometric 
Functions: 
a. Find the sine, cosine, tangent, and co- 
tangent of the following angles: 
(1) 1° 30’ 
(2) 15° 25’ 
(3) 32° 10’ 
(4) 36° 39’ 
(5) 44° 59” 
(6) 44° 59’ 45” 
(7) 35° 12’ 15” 
(8) 54° 27’ 32” 
(9) 48° 25’ 37” 
(10) 67° 33’ 42” 
b. Solve for the values of the following angles 
in degrees, minutes and seconds: 
(1) sin A = .25737 
(2) cot A = .43279 
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The wartime activities of the SIS would be carried 
out at the War Department, General Headquarters, and at 
Headquarters of Field Armies levels.°* From its beginning 
until 1939, the SIS had been an activity focused solely at 
the War Department level, little had been done to develop or 
improve SIS capabilities at tne general headquarters or 
field army levels.*? This neglect would leave the Signal 
Corps ill-prepared to perform one of its wartime functions: 
providing radio intelligence to the field commander. 

In October 1939 the Third Radio Intelligence 
Company, one of the first tactically oriented radio 
intelligence units, was activated at Fort Monmouth. A cadre 
of eleven men, plus one recruit and an officer, formed the 
nucleus of the company. By November the company reached 
full strength and began an intensive four week training 
program. The problems the unit faced in training would 


beset new units throughout the war.*°? 


izati 1 Doctri ~- 1940 
At the beginning of World War II, Table of 
Organization (T/O) 77 and Field Manual (FM) 11-20 provided 
the organization and operations of the radio intelligence 
company. The radio intelligence company was an organic part 
of the army and GHQ signal service. As such, it functioned 
under the command of the chief signal officer. Besides 
supporting an army or GHQ, a radio intelligence company 


doctrinally could also be empleyed in support of American 
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coastal or other frontier defenses, or within the zone of 
the interior (continental United States) .** 
The primary duties of the radio intelligence company 
were to: 
- Establish, operate, and maintain radio stations 
to obtain signals intelligence by intercepting, and locating 


through direction finding, enemy radio stations; 


- Obtain information relating to signal security 


by intercepting friendly radio transmissions; and, 


~ Obtain information on unauthorized radio 


stations through intercept and direction finding. 


Additional duties were to 


~ Install, operate, and maintain the company’s 


wire system; 


- Promptly transmit all signal intelligence and 


information to the army or GHQ headquarters; and, 


- Recommend actions to be taken or procedures to 


be followed to improve friendly signal security.** 


Organization 


A radio intellivyence ccmpany had to be capable of 


operating 20 intercept stations on a 24-hour schedule under 


war conditions. Four intercept stations made one intercept 


section. Each operations platoon had one section, and the 


company headquarters platoon had two. Each company also had 


12 direction finding stations to operate on an army frontage 


of approximately 35 miles. Again, stations were grouped by 
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fours into a position finding section, one section per 
operating platoon. Each operating platoon had three 
sections: the intercept section, the control section, and 


the position finding (direction finding) section.** 


Signal Radio intelligence 
Company Organization 
(crea 1840) 


Headquarters 
Platoon 


Operating 
Platoon (x3) 


Control 
Section 


Intercept 
Section 


intercept Position 
Section Finding 
Section 


Figure 1. Doctrinal Signal Radio Intelligence Company organization 
(Source: FM 11-20, page 44) 


The platoon leader, through the control section, 
assigned missions to the intercept and direction finding 
sections. The plotting team received the lines of bearing 
(LOBs) from the direction finding stations, and plotted the 
data on a map to determine the location of the transmitter. 
The wire team installed the wire and telephones to the DF 
stations and an administration team which assembled and 


forwarded the collected data to the proper recipients. 
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The intercept section of the operating platoons ran 
24 hour missions. Each section had a chief and two shifts 
with four radio operators each, a total of nine men. Its 
mission was to conduct search and guard missions. To 
search, a radio operator constantly rolled through the 
frequency spectrum looking for enemy or unknown 
transmissions. A guard mission required an operator to keep 
his receiver on one frequency at all times. The operator 
maintained a constant watch on this frequency, copied or 
recorded all transmissions, and passed the collected data to 
the control section. *” 

The position finding section received missions and 
targets from the control section. This section operated the 
direction finding equipment and reported azimuths (lines of 
bearings) back to the control section. The position finding 
section consisted of a section chief, assistant section 
chief, and four DF teams. A team chief and three radio 


operators comprised one DF team.*® 


Doctrine 

FM 11-20 identified how the operations of the radio 
intelligence company would be effected in varying degrees by 
tactical operations. When the supported force was in an 
assembly area, or conducting a march where enemy contact is 
not expected, the intercept and control section were used. 
The focus would be more on friendly signal security, 
specifically cryptographic security, than on interception of 
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enemy communications. During movement to contact and the 
meeting engagement, the radio intelligence company would 
first deploy the intercept sections to monitor eneny 
transmissions, and if the situation permitted, establish the 
direction finding operations. If DF operations could be 
initiated, then one platoon would establish the initial 
baseline, and the other two platoons would leapfrog and 
establish subsequent baselines. In this manner the company 
provided continuous direction finding support.*? 

In a stabilized or @efensive situation, where little 
movement was expected, all elements of the RI company were 
‘deployed and operated. The intercept teams in the 
headquarters platoon would provide friendly SIGSEC and guard 
specific enemy frequencies. The intercept sections from the 
operating platcons conducted search cperations to obtain 
additional intelligence. Direction finding operations were 
“conducted since movement of enemy stations could indicate a 
change in the enemy’s posture, dispositions, or intent.*° 

The radio intelligence company would also support 
offensive operations. In a limited attack, the company’s 
intercept teams were to move as far forward towards the 
front as possible and continue with normal operations. Ina 
large scale offensive, the company could weight the main 
effort by providing two or more platoons in primary support. 
By using the leapfrogyging method described above, continuous 


collection operations could be maintained through successive 
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displacements. If the friendly attack was successful, the 
enemy’s wire system would be disrupted and he would be 
forced to use his radios to control his forces. Intercept 
and DF operations assumed greater importance during these 
exploitation and pursuit operations. ** 

The radio intelligence company would be required to 
cover an army’s frontage in a stabilized situation. This 
roughly equated to a frontage of 20 to 25 miles with a depth 
of 20 miles. Doctrinally, the operating platoons were to be 
normally established within 3000 yards of the front line. 

At this distance the length of the platoon’s DF baseline did 
not exceed ten miles from end to end. If the platoon 
established itself farther back from the front line, then 
the baseline length grew longer. For example, if the 
platoon was seven to twelve miles behind the front, the DF 
baseline would extend 20 to 25 miles.¢? 

American staff officers learned to place 
instructions pertaining to the radio intelligence company in 
paragraph 3 of the signal annex or intelligence annex, in 
operational orders, or conveyed by messages. The messages 
containing the missions cr results desired would be 
transmitted to the signal intelligence service of the 
headquarters to which the company was assigned. The company 
commander would determine how the company organized and 
assigned missions to produce the desired results. He was 


expected to be familiar with the general situation, 
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disposition of friendly forces from army to division level, 
the signal system, and any other pertinent data necessary to 
perform the mission. A key contact would be the signal 
intelligence service, which was to maintain close contact 


with the supported G-2. 


poctri ic izati -- Post 1940 

As the Army gained experience in conducting signal 
intelligence operations, it began to change its pre-war 
doctrine. By 1945 the duties of the radio intelligence 
company at army level were simplified to obtaining 
intelligence by intercepting enemy communications, and 
obtaining information on unauthorized radio stations. It 
also became apparent that signal intelligence units did not 
have the resources to do both missions simultaneously, thus 
placing more importance on the signal officers and G-2 to 
use these resources wisely. ‘%? 

Also at the army level was a Signal Intelligence 
subsection of the Signal Section, Army Headquarters.** The 
subsection generally consisted of administrative, radio 
intelligence, security, and solution subgroups. The radio 
intelligence subgroup recommended actions to all subordinate 
radio intelligence units to ensure optimum employment of 
assets. The solution subgroup did not perform original 
cryptanalysis, but concentrated instead on deciphering 
messages with solutions provided by the War Department’s 
Signal Intelligence Service.** 
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As the war progressed, the need for a radio 
intercept capability to support corps and division 
commanders became evident. Initially the table of 
organization and equipment for a signal company assigned one 
radio intercept platoon per division. However, the practice 
did not fit with the theory. During the Third Army’s 1943 
maneuvers in Tennessee, both participating divisions, the 
85th and the 93rd, had their own RI platoon. From a signals 
intelligence standpoint, the maiieuvers were a disaster. 

One Signal Cerps observer, Colonel Gillette, stated 
that the radio intelligence platoons were trained as far as 
possible considering their lack of equipment. Practically 
no intercept or direction finding work was done during the 
exercise. Instead, the signal company commanders used the 
RI personnel to form additional wire sections. Colonel 
Gillette observed that both platoons were of little or no 
value without equipment. ** 

Each RI platoon only had two pieces of DF equipment, 
obsolete SCR-26s, instead of the ten intercept receivers 
and three direction finders required. Lack of equipment was 
so sever that the 85th Signal Company horrowed one SCR-206 
and used their own funds to buy the second.*” The G-2 of 
the 85th Division stated that the RI platoon had done 
absolutely nothing and that even if they had had equipment, 


he considered radio intercept unnecessary. 
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The radio intercept platoon of the 29th Signal 
Company, 29th Infantry Division, encountered other problems. 
The table of organization did not identify the owner of 
equipment by section, consequently the various sections and 
platoons struggled for the new equipment when it arrived. 
The signal company also did not understand the mission of 
the radio platoon, since it was incompatible with the 
company’s overall mission of providing commimieweions for 
the division. The platoon had to retain all personnel 
assigned to it, since incoming personnel were assigned to a 
signal division and not necessarily to intercept work. 

The problems suffered by the radio intelligence 
platoons of the 29th, 85th, and 93rd Signal Companies were 
indicative of the problems of trying to provide intercept 
and direction finding support to echelons below army level. 
It became impossible to operate a radio intelligence 
activity as part of a divisional signal company because of 
the divergence of their respective missions. In mid~1943 
the Signal Corps switched to T/O&E 11-500, under which 
Signal Service companies would be organized to provide radio 
intelligence to a corps commander. T/O&E 11-500 provided 54 
cellular organizations that could be combined into a 
composite unit to satisfy a theater’s requirements. By the 
end of the war, the number of teams included in this T/0 


increased to 116. Under the cellular concept, teams cr 
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sections could be added or subtracted as needed, thus 
eliminating duplication in some of the older I/0’s.%* 

By 1945 a doctrinal shift took place in the Signal 
Corps regarding radio intelligence. Prior to the war, 
doctrine provided for radio intelligence support at army and 
higher echelons. Shortly after the war began, the army 
recognized the need for radio intelligence support at corps 
level. FM 11-22 rewrote doctrine by including two radio 
intelligence platoons in the corps signal battalion to 
perform signal intelligence functions. The corps directly 
controlled the platoons’ operations. The G~2 was 
responsible for signal intelligence activities within the 
corps. The corps’ signal officer had the responsiblity for 
the technical training and tactical employment of all signal 
units. %? 

Also contained within the corps’ signal battalion 
was the traffic analysis section. This section worked with 
the corps G~2, signal officer, and the army intelligence 
service to analyze enemy communications. The information 
from the radio intelligence platoons would be evaluated by 
this section and the intelligence provided to the G-2. The 
section wouid be concerned with lower echelon enemy 
comnunications.7° 

In Europe, the Signal Corps organized Signal Service 
companies to provide radio intelligence support to a corps. 


The nucleus of these companies came from the radio 
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Figure 47. Finding the angle of elevation to top of 


an antenna mast. . 


(3) cos A — .94000 
(4) tan A = 47237 
(5) cot A = 1.17529 
(6) cos A = .36243 
(7) sin A = 87778 
(8) tan A = .67676 
(9) tan A = 1.29000 
(10) cot A = .79553 


c. Solve for the following (angle C — 90°): 
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(1) Angle A in right triangle ABC when 
a= 19 and ec = 27. 


(2) Side a in right triangle ABC when A 
= 37° 15’ andec = 17. . 

(8) Side e in right triangle ABC when A 
= 42° 37’ 15” and a = 22. 


(4) Side B in right triangle ABC when 
A = 87° 45’ 42” and c = 25, 


(5) Side ¢ in right triangle ABC when 
A = 14° 35’ and b = 12. 


(6) Angle A in right triangle ABC when 
b=Tandec = 12. 


(7) Side a in right triangle ABC when 
A = 47° 22’ 52” and b = 81. 


(8) Side 6 in right triangle ABC when 
A = 56° 31’ 25” and a = 25. 


(9) Angle A in right triangle ABC when 
a= 17 and bd = 28. 


(10) Side 6 in right triangle ABC when 
A=T° 82’ 54” anda = 17. 

(11) Side ¢ in right triangle ABC when 
a= 15 and b = 27. 


(12) Angle A in right triangle ABC when 
a—= 15 and b = 27. 


d. Solve the following problems: 


(1) Over a distance of 300 feet, the angle 
of elevation of a road is 8° 24’ 30”. 
What is the rise in feet? 


(2) The angle of elevation to the top of 
an antenna mast is 34° 17 50”. If 
the distance from the transit to the 
center of the mast is 110 feet, how 
high is the mast? The transit is 5 feet 
high. 


(3) If a ladder 15 feet long just touches 
the top of a wall and subtends an 
angle of 35° 24’ 16” with the ground, 
how far is the lower end of the ladder 
from the wall and how high is the 
wall? 


(4) A captive balloon is anchored by 950 
feet of cable. A man observes that the 
angle of elevation from his point of 
observation to the bottom of the bal- 
loon is 16° 47’ 12”. How far is he 
from the balloon anchor? 


(5) An excavation is 33 feet wide. The 
angle of depression from the top of 
one side to the bottom of the other 
side is 19° 34’ 24”, How deep is the 
excavation ? 


(6) The angle of elevation from a given 
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intelligence platoons in the divisional signal companies. 
The platoon from the 29th Division became the 3250th Signal 
Service Company assigned to V Corps. Other similiar units 
formed within the European Theater of Operations were the 
3251st, 2253rd, 3254th, 3255th, 3256th and 3259th Signal 
Service Companies. 

The 3254th provides an example of the general 
organization of the signal service compariy. It was composed 
of a company headquarters team, two platoon headquarters 
teams, one radio intelligence platoon traffic analysis unit, 
two radio intercept teams, one radio direction finder team, 
plus the ancillary mess, message center, teletype and 
maintenance teams. The composition of the teams under T/O&E 
21-500 gave the unit an authorized strength of eight | 
officers and 121 enlisted men, with the initial cadre 
reassigned from the 59th Signal Battalion. The company 
fielded three platoons, one headquarters platoon, one 
communications platoon, and one radio intelligence 


platoon. 7* 


Trains 
fhe training of US Army tactical radio intelligence 
units in 1940 was not as complete or efficient as desired. 
AS men were called up and units activated, schools began 
without complete programs of instruction. Captain W.D. 
Hamlin, 3rd Radio Intelligence Company commander, remarked 
that the training program at Fort Monmouth, New Jersey, 
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began with an intensive four-week program based on a Signal 
Corps School pamphlet. After finishing this training, the 
company began morse code training with instructors resorting 
to loudspeakers to relay the information. Later code 
recorders and transmitters arrived, greatly facilitating 
training. 7? 

In early 1940 the 3rd Radio Intelligence Company 
began receiving its equipment and started training on radio 
operating, radio intercept, and direction finding 
principles. The unit suffered from not enough space to 
establish nets for direction finding operations, lack of 
targets for intercept operations, and lack of transport to 
move into the field. By March 1940 only 65% of the men 
could copy morse code by hand at a rate greater than eight 
words per minute (wpm). When they reached 12 wpm, training 
began cn using typewriters to copy traffic. Other units 
would face the same problems later, as the mobilization pace 
increased and the United States went to war.7® 

The 116th Radio Intelligence Company, activated at 
Camp Crowder, Missouri on 18 May 1942, began with a cadre of 
14 soldiers and one officer. The cadre came from the 125th 
Radio Intelligence Company at Fort fawié, Washington, The 
signal corps often had to transfer trained personnel from 
one unit to a new one, a case of robbing Peter to pay Paul. 
The 116th was to be at full strength, equipped, trained, and 


ready to go overseas 77 days after activation. It would be, 
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however, over a year before the company deployed overseas, 


and over two years before it saw action in Europe.”* 


The 116th was not the only radio intelligence unit 


created or formed during the buildup. cCadres for the 113th, 


114th, and 115th Radio Intelligence Companies arrived at 


Camp Crowder in June 1942. Nor was the 116th immune from 


providing personnel to serve as cadre for other units. In 


1943 the company provided the cadre for the 34th Signal 


Construction Battalion.7* 


From May to October 1942, the 116th assisted in the 


building of Camp Crowder, conducted refresher basic 


training, and pulled a fair share of post police details. 


In June a typical day consisted of calisthenics in the 


morning, an hour’s drill, and then fatigue details for the 


remainder of the day. In July some of the personnel were 


able to begin attending code school. In October the last 


large group of personnel arrived for the 116th and basic 


training began all over again.7* 


Refresher basic training consisted of classes in 


first aid, map reading, military courtesy, and many other 
subjects. Every Friday the unit stood inspection. Each 
soldier’s weapon had to be cleaned, the walls and floors 


scrubbed, and windows washed before a pass would be issued. 


Basic training culminated in a week long bivouac, a test of 


endurance and basic book learning. Of the 250 men who 


started the bivouac, only 84 completed the entire week of 
training.77” 

After the unit finished their basic training, the 
men attended the Midwestern Signal Corps School to learn 
morse code. Their goal was 25 words per minute with a 
typewriter. Those who dropped out early usually wound up 
becoming the unit’s cooks, mechanics, drivers, wire men, 
etc. After completing the code school in the spring of 
1943, the unit established its own code school to maintain 
the skills gained. During a pass in review, Ma‘jor General 
Ben Lear, the Second US Army commander, remarked that the 
116th was the best looking unit on the parade field. The 
soldiers consoled themselves saying, "Even if we can’t do 
anything else, we aan sure parade."”*° In May 1943, the 
116th finally left Camp Crowder for Fort Du Pont in 
Delaware.7® 

The 114th Radio Intelligence Company was activated 
at Camp Crowder, Missouri, on 13 July 1942. The initial 
group of personnel stayed with the 116th until their 
barracks area could be completed. The company received 
basic training as a unit after the men arrived from the 
induction center in late October 1942. Those soldiers who 
were to be trained as intercept operators attended the 13 
week school to learn basic morse code. After code training, 
they returned to their unit. It then became a unit 


responsibility to train its persormel in radio intelligence 
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work. Classes conducted by the 114th consisted of receiver, 


transmitter, and antenna familiarization; code maintenance; 


and intercept operations.*®° 


The problems with training of radio intelligence 


units became noticeable during the 1943 summer maneuvers. 


One observer to the Second Army’s maneuver in Tennessee felt 
the 113th Radio Intelligence Company was very well trained 


while the opposing company, the 114th, was not. Both units 


formed and trained at Camp Crowder. The rationale given for 


the state of the 114th’s training was the poor quality of 


personnel.** The 129th and 118th Signal Radio Intelligence 


Companies participated in the next series of Second Army 


maneuvers. From the observer’s comments, both units 


appeared to be well trained and attempted to follow the 


doctrinal employment outlined in FM 11-20.%? 


Radio intelligence units came under the control of 


the Signal Intelligence Division, Office of the Chief Signal 


Officer, for training purposes upon their arrival in the 


European Theater of Operations (ETO). The purpose of the 


training was to familiarize intercept and direction finding 


operators with the type of traffic they would encounter on 


the continent. This training took between two and four 


months to complete.?° 


The training began by teaching operators how to 


recognize German signals. The requirement for intercept 


operators was to identify the country of origin within 30 
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seconds after signal acquisition. Then the operators 
learned the tactical traffic they were to intercept. 
Initially, the instructors used simulated German radio nets 
to teach techniques and procedures. After demonstrating 
proficiency, the operators copied, under close instructor 
supervision, assigned specific German transmitters. The 
instructers corrected any errors made and assessed the 
operators’ state of training. This training in England gave 
most radio intercept and direction finding operators their 
first taste of actual intercept operations. After 
completion of the training cycle, the radio intelligence 
unit was normally assigned to an army or army group. ** 

A typical training intercept operation in the United 
Kingdom had approximately 20 receivers in one room. The 
companies rotated in four shifts to maximize both personnel 
training and intercept volume. The intercept operators 
usually copied in pencil, because they found they had to 
keep one hand free to "coax" the receiver. Equipment, both 
German and American, tended to wander off the dialed 
frequency. Operators discovered that the speed of German 
transmissions rarely exceeded 15 words per minute.®* 

While in England, administrative and tactical 
control of a radio intelligence company rested with the army 
or army group to which it was assigned. The “trick chief" 
(non-commissioned officer in charge of the intercept shift) 


had some means of communication with the intelligence 
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personnel. The intelligence personnel provided the tactical 
direction and nominated targets for the radio targets to 
intercept. Normally the enemy units targeted were at army 
level or below, with the principle effort at division level. 
The main purpose of setting up the radio intelligence 
companies in England was to begin developing a order of 
battle database on the German units they could expect to 
face once the invasion began. ** 

While training in England, the signal intelligence 
units cculd intercept intelligence information that became 
of some value later in the war. For example, in April 1944, 
the 118th Radio Intelligence Company began intercepting 
German traffic for practice. Their copy revealed German 
troop movements to and along the Atlantic Wall. The 
intercept also showed certain radio characteristics 
(callsigns, types of codes used, etc.) which were later used 
in identifying and locating German units in the field.®7” 

After their arrival in England, the 114th spent 
ks in conditioning their men before 
placing their intercept and direction finding personnel in 
the SIS training. After completing the course, they 
established procedures to conduct a controlled intercept 
mission. It became a practice within the company to 
interchange intercept and direction finding operators so 
they could gain a better appreciation of one another’s 


job.?° 
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Training of the newly created corps level signal 
service companies presented a new problem. Some, like the 
3250th, had already been trained as the radio intelligence 
platoon of the 29th Division. Others, like the 3254th, had 
to begin their training program from scratch and rely on 
transfers from other units to provide the initial expertise. 

The origin of the 3250th can be traced to the 29th 
Signal Company’s radio intelligence platoon in late 1942. 
The division and the company deployed from the United States 
to England in October 1942. Little intelligence work was 
done as the division conducted basic training for the last 
three months of the year. However, the radio intelligence 
platoon managed to get five operators trained by sending 
them to the 121st Radio Intelligence Company for temporary 
duty. Upon their return, they began training other 
operators within the company. In January 1943, the platoon 
set up a small intercept station, mainly directed towards 
raising code speed and training in procedure and types of 
traffic used by the Germans. The training suffered a 
setback when three of their five trained operators were 
transferred from the radio intelligence platoon to radio 
operations section of the signal company. They received 
replacements from Camp Crowder, but the state of their 
training was low.*? 

The platoon made contact with SIS in London and 


arranged for a courier between the two sites. The platoon 
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provided SIS with copies of the traffic it intercepted, 


logs, and summary reports. This arrangement provided the 


platoon with first-hand, low-threat training, giving it an 


opportunity to fix and refine its procedures and improve the 


skills of its personnel. The 3250th was formally activated 


on 14 April 1944. From activation until its arrival in 


France, the 3250th participated in landing exercises, 


trained drivers in convoy movements, waterproofed equipment, 


prepared for the invasion of the Continent, and conducted 


collection operations whenever possible. °° 


The route taken by the 3254th is completely 


different from that of the 3250th. The 3254th activation 


occured five days after the 3250th’s, 19 April 1944, but it 


did not have the luxury of already existing as a unit prior 


to activation. The personnel from the 3254th came from the 


50th Signal Battalion initially, with additional teams and 


personnel coming from army level signal radio intelligence 


companies already in theater. By 9 June the company finally 


came together as a whole, just seven weeks after activation 


and four weeks after receipt of the alert order for overseas 


movement. ?* 


The training program established by the 3254th for 


the few weeks it remained in England concentrated on non- 


vadio intelligence skills. The program was eight weeks 


long, and consisted of classes in teletype operation, 


message center procedure, and switchboard installation and 
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operation. They sent their intercept and direction finding 
operators on temporary duty to the 114th, 12ist, and 137th 
Radio Intelligence Companies to gain experience on the 
German target.*®? For the majority of these operators, it 
would be refresher training, since they had just left 
similiar units. 

The radio intelligence units had specific comments 
about training received prior to D-day. In the spring of 
1944, the Office of the Chief Signal Officer, Army Ground 
Forces, War Department, sent a questionnaire to radio 
intelligence units asking about equipment, tables of 
organization, training, and operations. Overall, commanders 
of the radio intelligence companies felt the training they 
received prior to arrival in the theater was inadequate. 

Too much time was spent on tactical training, too much "spit 
and polish," not enough time was spent on technical 


training.?° 


Doctri ic izati a il F 
Before the war, Germany had three types of signal 
intelligence units. Static radio intercept stations had 
been in existence since the 1920s. Radio intercept 
companies were attached to the army~level signal battalions. 
Divisions had radio intercept platoons as authorized by the 
Versailles Treaty (see chapter 1). Knowledge they gained 
from the Russian and North African fronts early in the war 
led the Germans to centralize their intercept operations to 
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(7) 


(8) 


point to the top of a tower is 17° 37’ 
15”. Moving back 40 feet in a direct 
line, the angle of elevation from this 
point to the top of the tower is 15° 
35’ 20”. Find the height of the tower. 
To determine the height of a tower, 
two sights are taken on a straight line 
perpendicular to the tower. If the 
distance between the points of obser- 
vation is 60 feet and the angles of ele- 
vation are 32° 30’ 15” and 28° 15’ 30”, 
respectively, what is the height of the 
tower? 

From a point in an open field a man 
sights on two mileposts along the side 
of a highway. The angles formed by 
an imaginary line perpendicular to 
the highway and the sights on the 
mileposts are 33° 20’ and 39° 17’ 30”. 
How far is the man from the closest 
point on the highway? 


(9) An airplane is flying between two 
towns at an altitude of 5,000 feet. 
Measured with respect to the horizon- 
tal, at a given moment, the angle to 
the outskirts of one town is 50° 26’ 
14”, while the angle to the outskirts 
of the other town is 64° 44’ 12”. How 
far apart, in a direct line, are the two 
towns? 

(10) A radio antenna on top of a building 
is 10 feet high. The angle of elevation 
to the base of the pole is 37° 17’ 20”; 
the angle of elevation to the top of the 
antenna is 40° 30’ 15”. How high is 
the building? 

(11) In a 45°-45°-90° right triangle the 
hypotenuse is 2 inches long. Find the 
length of the other two sides. 

(12) In a 30°-60°-90° right triangle the 
hypotenuse is 6 inches long. Find the 
length of the other two sides. 


Section Ill. TRIGONOMETRIC LAWS 


165. Solving Oblique Triangles 


An oblique triangle is one in which one of 
the angles is a right angle. The formulas in 
this section are used primarily to solve oblique 
triangles, but may also be used to solve right 


triangles. In the solution of triangles by trig- ‘. 


onometric laws, the four following cases arise: 


a. When any side and any two. angles are 


given. 


b. When any two sides and the angle opposite 
one of them are given. 
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c. When any two sides and the angle in- 
cluded between them are given. 


d. When the three sides are given. 
166. Law of Sines 


In any triangle, the sides are proportional 
to the sines of the opposite angles. 


sin A” sinB” sinC’ 
a. Two Angles and One Side Given. 


Example: Solve for the unknowns in oblique triangle ABC (fig. 48) when 


angle A = 35° 

site angle A is 
£6-= 
£C = 
LO = 


b sin A = 


47’ 36”, angle B = 68° 42’ 27”, and the side oppo- 
15 inches. 
180° — 4A — ZB 
180° — 35° 47’ 36” — 68° 42’ 27” 
75° 29’ 57” 
b 


~ gin B 


asin B 


_ asinB 


sin A 


15 sin 68° 42’ 27” 


sin 35° 47’ 36” 
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increase efficiency. By fall 1942, short-range signal 
intelligence companies, composed of the divisions’ intercept 
platoons were formed and attached to the army level signal 
regiments. In 1943 the Germans formed signal intelligence 
battalions and regiments. °%* 

Based on further experience and tests in 1944, the 
Germans further expanded the short-range signal intelligence 
units by forming signal intelligence teams to support a 
division. They also formed corps evaluation units to 
control and guide these teams and perform rudimentary 
cryptanalysis on low grade enciphered traffic.*°* 

At the army group level, a signal reconnaissance 
regiment (Nachrichtenaufklaegsrungsregiment) was attached 
under the command of the signal officer. These regiments 
generally consisted of two battalions, each battlion having 
one long-range signal intelligence company (Fernauf- 
kKlaerungskompanie) and one or two short-range signal 
intelligence companies (Nahaufklaerungskompanien). The 
number of short-range companies varied between battalions. 
The army group attached short-range companies to subordinate 
armies, which then sub-attached platoons down to subordinate 
corps. The long-range company remained under regimental 
control, intercepting strategic level traffic, while the 
other units collected operational and tactical intelligence 


that had immediate use to a maneuver commander. ?*° 
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Monitoring the Allied build-up to establish the 
center of troop concentrations and movement in Great Britain 
became the main mission of the long-range reconnaissance 
companies in the west. After the Normandy invasion began, 
the long-range units continued to monitor the British Isles 
and then shifted their focus to monitoring Allied traffic 
along the French coast. Short-range units, on the other 
hand, concentrated on units in contact with German forces, 
focusing mainly on artillery and armored unit nets.°7 

This emphasis on collecting tactical material 
necessitated unique methods of dissemination. Security 
meant little to the Germans if it prevented a ground 
commander from receiving timely warnings of impending Allied 
attacks or bombings. If an urgent clear-text message was 
intercepted, the division’s signal intelligence tean 
immediately provided the information to its G-2 and corps 
evaluation unit simultaneously. Messages, whether 
transmitted in the clear or encoded, intercepted by the 
long- or short-range companies weré sent to their 
battalion’s evaluation center. If the message could not be 
solved at this level, it was sent to the regiment’s 
evaluation center. A broadcast transmitter at evaluation 
centers sped the reporting process. At army group and lower 
levels, a radio set was dedicated to this broadcast channel. 
If a specific German unit was mentioned in an Allied 


message, that unit would be notified through the broadcast, 
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usually within two hours after intercept. Other urgent 
messages sent through the broadcast included those 
identifying bombing and artillery targets, Allied troop 
movements and locations clcse to German lines, and any 
report revealino knowledge of German maneuver plans. ** 

The Germans concentrated their signal intelligence 
efforts to obtain information from which they could gain 
quick and operationally useful results. They did not 
establish a network to obtain material comparable to Allied 
ULTRA intercepts. For example, in 1944 coverage of the 
Washington-Algiers and Southern England-Algiers links was 
dropped after a few days because no messages were passed in 
the clear. The Germans did have some success breaking into 
higher echelon traffic, but their effort paled compared to 


the Allies.®?? 
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CHAPTER THREE 
WARTIME OPERATIONS 


A message intercepted in Italy at 1525A, 26 January 
1944 reported: "Heavy vehicular traffic in both directions 
on S. VITTORE - CERVARO road. Route is completely packed. 
Worthwhile target for artillery."*°° 
Action taken: message relayed to corps artillery, 
which warned its flash and sound battalions to be on the 
alert for German artillery batteries capable of firing on 
this road. American artillery fired on the German gun 
positions with a minimum of delay after the Germans began 
firing. The 36th Division sent MPs to the traffic block, 
and the corps traffic control section took steps to improve 
traffic control along the road.?°* 
Another intercepted message, this time at 1633A on 
27 January 1944 reported: 
K~8 occupied by enemy. The 11 Co which was put 
in is reduced to 10 men. Tank attack. 9 Co is 250 
meters N of Hill 389. Heavy losses. I intend to 
attack at 1890 with the 10 Co from Hill 290 to the 
9 Co on Hill 389 and assume the defensive on this 
line. Urgently request arty fire on Hill 389 and 
on high ridge W of Hill 290. According to PW 
statement enemy strengths at Hills 290 and 389 is 2 


battalions. Request immediate answer. Signed: 
ZELLNER. 7°? 
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This action took place in the sector of the French 
Corps in Italy. Americans warned their G-2 about the 
message as socn as it was received. What might have been a 
dangerous German counterattack against the exposed French 
flank instead turned into a German defeat. The II 
Battalion, 134th Infantry Regiment was nearly wiped out, and 
the French took over 100 prisoners of war.*°? 

The two messages above provide an indication of the 
immediate feedback a radio intelligence unit could provide 
to a commander. But the importance of radio intelligence 
laid in the mundane, rountine, day-to-day operations. The 
capabilities of radio intelligence units, as a combat 
intelligence agency, were identification of enemy units, 
location of enemy units, movements of enemy units, and eneny 
intentions.7°* In other words, the bulk of intercept 
supported the development of order of battle databases, 
providing enemy unit information and locations to the G~2 
team for incorporation with other intelligence into a 
report. 

The Signal Intelligence Division, Office of the 
Chief Signal Officer (OCSigO), ETOUSA, handled the signal . 
intelligerice activities of the First US Army Group (later to 
be redesignated as Twelveth Army Group) until late December 
1943. These activities included obtaining approval of 
T/O&ES for the Army Group Signal Intelligence Service, the 


signal intelligence service organization for the corps, and 
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establishing combined signal intelligence and Y Service (the 
British radio intelligence organization) policies.7°* As 
mentioned in the previous chapter, OCSigO, ETOUSA also 
controlled the training of arriving radio intelligence units 
until their assignment to an army or corps. 

Two signal intelligence units, the 114th and 116th 
Radio Intelligence Companies, remained under 12th Army Group 
control throughout the war. Others, as they entered the 
theater, would work at the group level before going to their 
assigned army or corps. Organizationally, the 3146th Signal 
Service Group provided direct control over their operations, 
as well as all other signal units belonging to the 12th Arny 
Group. By May 1945, a signal service battalion, the 3906th 
would control all radio intelligence units.?°* 

The radio intelligence company at the army level 
generally was twice the size of the corps units. Under T/O 
11-77, dated 1 April 1942, the company had a total strength 
of 259; 8 officers and 251 enlisted men.*°” Besides 
conducting its own intercept and direction finding 
operations, the army radio intelligence company coordinated 
the work among the subordinate corps units. There were few 
major differences in operational procedures between corps 


and army level units. 


Intercept Operations 
The normal army level radio intercept section 


consisted of the operations officer, a warrant officer, and 
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four intercept sections (tricks) of 25 men each.7°* Each 
trick had a non-commissioned officer in charge, known as the 
"trick chief," and a varying amount of operators manning 
intercept positions depending on the traffic level, time, 
and current situation. The trick chief controlled the 
collection, checked frequencies, and acted as a liaison 
between the radio operators and the traffic analysis 
section. The average working day within Third Army’s RI 
units had tricks manning eight intercept positions fron. 
0001-0080 and fifteen intercept positions from 0800-1600 and 
1606-2400 hours. The trick not on duty for the day normally 
pulled the guard and other fatigue details that day.*°°? 
Other units modified procedures to suit their needs. 
For example, the 3250th manned five. twelve, and twelve 
positions for their three shifts. Observing that the 
majority of their intercept came during daylight hours, the 
3250th determined that asymetrical manning made better use 
of their personnel. This allowed each operator to have one 
day off every seven or eight days, thus reducing burnout.?*° 
To ensure good copy of key message, the trick chief 
couid assign two operators to cover the same traffic. This 
was referred to as "double banking." During times of heavy 
radio activity, the trick chief might agsign two radio 
operators to conduct random search operations. These 
operators scanned the frequency spectrum until they heard an 


enemy net. They then passed the callsigns and frequency to 
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another operator to copy the message, while they resumed 
their search mission.*7?* 

Although originally organized similiarly, after 
deployment each corps’ signal service company developed its 
own unique organization and methods of operation. The 
signal service companies were organized from existing 
resources in theater to provide SIGINT support to corps. 
Each new company had their own analytic personnel as part of 
its table of organization. This differed from the army’s 
radio intelligence companies, which had analysts attached 
from the SIS. Another difference between the army and corps 
units was the need ‘to copy German voice traffic. The close 
proximity of corps units to the front required operators to 
copy German voice traffic. Voice traffic was low in volume, 
and often did not carry much of tactical intelligence 
importance to the corps. In the 3255th Company, voice 
collection operators came from the intercept section, while 


in the 3256th they came from the analysis section.*7*? 


Directi Findi ti 
Generally, each company had two or three direction 
finding teams, depending on the situation. The size of the 
army ’s radio intelligence company allowed it to operate 
three direction finding outstations. Baseline lengths 
ranged from 40 miles when controlled with wire to 60 miles 


with radio control. One DF team always co~located with the 
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- modified the procedure by laying wire from the DF team to 


company’s intercept section. This ensured an azimuth would 
be provided for traffic analysts to use in their reports.7*° 

Wire remained a constant problem for RI units. Use 
of wire limited the length of a direction finding baseline. 
Wire also could be cut and interrupt DF operations. RI 
units had to keep wire teams avalible to lay, recover, and 
repair wire to the outstations. The 3250th’s company log 
noted that, on 27 July 1944, they had to replace one half 
mile of wire chewed up by British tanks.*** In August the 
company laid 143 miles of wire and the company was not even 
authorized a wire tean.?7* 

Units used differing methods to control direction 
finding operations. The 3253rd placed a DF person in the 
intercept trucks to act as liaison between the intercept and 
DF sections. The 3254th used an intercept operator to 
"pipe" signals to the colocated DF station, which then 
relayed it to the other outlying stations.*** 

Within the 3250th the TA section supervised the 
control of direction finding. The best method was "direct" 
wire control, but the time and amount of wire needed to set 


up the net was too extensive to be practical. The company 


the nearest telephone, thus reducing the amount of time and 
wire needed. This allowed the company to call the DF 
outstations through the regular army telephone system. A 


drawback to the "indirect" was lack of control over the 
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intermediate wire and switches. Any problem along the line 
interferred with assigning missions and obtaining DF 
results. In February 1945, with the more sensitive DF sets, 
the company decided to try the direct method again, this 
time using radios. Modelled after the procedures used by 
the 113th RI Company, this system had the advantage of being 
more flexible and rapid than using telephone.**7 

Direction finding had many problems throughout the 
war. OQutmoded equipment and a reliance on wire to pass 
instructions stand out as the two major preblems faced by 
units. In Normandy the 3254th’s DF team operated with fair 
results as long as their positions were close to the eneny. 
But after the breakout, the DF team had difficultly keeping 
up with the rapid pursuit pace set by the combat units.77* 
The equipment used during this period was the SCR-503, man- 
portable piece of equipment that weighed over 600 pounds.*7?? 
Finally, the 3254th secured new equipment, a SCR~555 
modified with an improved antenna loop. With the use of 
improved equipment and combined outstations, DF became more 
productive in support of VIII Corps.7?° 

The 3250th operated a maximum of three direction 
finders at any one time during their operations on the 
continent. Initially the company located the DF teams based 
on terrain and propogation considerations, but they found 
this did not provide adequate security for the men and 


equipment. In late August 1944 they began placing the teams 
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Therefore, 


sin 68° 42’ = .93169 
sin 68° 42’ 27” — .93169 + zx 


sin 68° 43’ = .93180 
at or eee = eet 

60 20 .00011 

20x = .00099 


x = .000049 = .00005 
sin 68° 42’ 27” 93169 + .00005 = .93174 


sin 35° 47’ = .58472 
sin 35° 47 36” — .58472 + «x 
sin 35° 48’ = .58496 
36 4 8 
60 5 .00024 
52 = .00072 
x = .00014 
sin 35° 47° 36” — .58472 + .00014 = .58486 
15 x .93174 
58486 
13.97610 
58486 
= 23.89 
a2 Ne 
~ gin? 
asin C 
asin C 
sin A 
15 sin 75° 29’ 57” 
sin 35° 47’ 36” 
sin 75° 29’ = .96807 
sin 75° 29’ 57” — .96807 + «x 
sin 75° 30’ = .96815 
57 19 x 
60 ** 20 = 700008 
20x = .00152 


x = .000076 = .00008 
sin 75° 29’ 57” = .96807 + .00008 = .96815 


_ 15 X_.96815 

~ 58486 

_ 14.52225 

~ 58486 

= 24.83 
LA = 35° 47° 36” a = 15 inches 
ZB = 68° 42’ 27” b = 23.89 inches 
ZC = 75° 29’ 57” c = 24.83 inches 
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with other troops, usually with a divisional signal company. 
In some instances DF teams might be placed with adjacent 
corps for a short time.*?* 

The first DF set used by the 3250th was the SCR~-503, 
which the unit found to have poor sensitivity. Later they 
used the SCR-206, which they modified by twisting wire 
around the DF loop antennaas to increase the sensitivity. 

In December 1944 the FUSA SIS detachment issued them a 
German direction finder, the TP(LM) 6/315. Comparison tests 
by the company showed the German DF set had greater 
sensitivity than American DF equipment. By February the 
3250th used three DF sets, two German and one British in 
their operations.*?? 

Despite the probiems, the units overcame the 
obstacles. Third Army’s SIS detachment remarked that 
direction finding results from the signal services companies 
were uniformly good during the Battle of the Bulge, the 
Clearing of the Saar-Moselle triangle, and the battle of the 


Rhine.*7°> 


Traffic aAnalvsi 
Units commonly divided the traffic analysis section 
into two main groups: traffic analysis and cryptanalysis 
departments. The section had four basic functions: 
~-Analysis and processing of traffic/identification 
of enemy radio nets; 
-~-Cryptanalysis of low grade enemy ciphers; 
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--Determination of German order of battle (OB) and 
maintaining files on units, personalities, code names, and 
other necessary data; and, 

--Compilation of statistics on technical aspects to 
aid in identification and analysis of traffic.*7* 

The TA platoon also plotted the DF bearings from its 
outstations. Whenever possible one person tasked the 
outstations and acted as a DF analyst. He maintained an 
overlay of enemy locations; previous day’s bearing’s, cuts, 
and fixes; and other pertinent information. If the unit 
obtained a large number of bearings on a specific eneny 
unit, a special overlay could be made charting that unit’s 
movements. *?*% 

The traffic analysis platoon also prepared a daily 
report that went to higher and adjacent units. The report 
contained items dealing with: 

--Intelligence Summary (brief); 

~-Decoded niessages and Translations; 

--Technical Summary of Nets Heard; 

--Message Count/Set Allocation [tasking]; 

-~Direction Finding Bearings; and, 

--Code Identificationss and Cipher Keys.*7* 

At the army level, they found it necessary to 
establish a special section within the TA section to conduct 
coordination among corps, flanking armies, and higher SIS 


sections. Information travelled up and down this channel, 
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sharing technical information concerning codes and ciphers, 
patterns of traffic, and other non-tactical information 
dealing with the enemy. The cryptanalytic section at army 
was larger than at corps. Third Army established teletype 
links between the corps’ service companies and the 118th RI 
Company to pass low-grade encrypted traffic for the army RI 
unit to break. This was often faster than trying to have 
the corps try to decipher traffic; it allowed the corps 
units to concentrate on intercept and DF operations. The 
army RI company could interpet intelligence on a wider 
basis, since it had data flowing in from several units. The 
118th could coordinate radio intelligence matters with 12th 
Army Group or even SIS, ETOUSA.*7?7 

The 3250th TA section maintained liaison with the V 
Corps G-2 and the 113th RI Company at First Army through 
direct phone links and daily visits. They provided their 
daily report to the G-2 in the morning and a review of the 
day’s events in the evening. Anything of immediate tactical 
value was sent to the G-2 at once. All results from traffic 
analysis, cryptanalysis, and DF were fused with known OB 
data and provided to the G~-2 for inclusion in his daily 
activity report.7?° 

In return, the V Corps G-2 provided every piece of 
enemy radio equipment and any captured documents pertaining 
to radio, codes, ciphers, callsigns, or frequencies to the 


RI officer for examination. The radio intelligence unit 
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also interviewed signal prisoners of war to gain additional 


insight into enemy communications procedures.*?° 


Monitoring Allied Net 


The monitoring of friendly nets within Third Army 
began within twenty-four hours after becoming operational. 
It had a dual purpose: monitor units for security 
violations, and correct net and radio procedures. The 
resources for the mission were not available, nor did any RI 
unit receive training for this mission. Within First and 
Third Armies, the RI companies made four receivers and 
operators ‘available for the monitoring mission. The 
subordinate corps’ companies had to make two receivers with 
operators available for this mission within their own 
units.7?° 

Generally, Third Army assigned these missions for 
three to five days. The units reported serious violations 
immediately by phone or direct teletype to the Signal 
Intelligence Service, which in turn notified the unit 
concerned. Later, special units (Signal Information and 
Monitoring (SIAM) Companies) would be established to perform 
this function,*** but the mission would never be totally 
removed from the radio intelligence or signal service 
company’s inventory until after V-E Day.7?7? A detachment 
from the 3103rd Signal Service Battalion was attached to the 
3250th in January 1945 to do the friendly monitoring 
work.*7° 
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Unit Case Studies 
3250th Signal Service Company (RI) 

The V Corps activated its provisional Signal Radio 
Intelligence Company on the 14th of March, 1944 at Brockley 
Camp, near Bristol, England. Personnel came from many other 
signal units. The old radio intelligence platoon from the 
29th Infantry Division formed the core of the company. 
Personnel also came from the 118th and 124th RI Companies, 
the 56th Signal Battalion, and other sources to fill the 
table of organization. On 14 April, the company officially 
became the 3250th Signal Service Company (RI). By the first 
of May, it had almost reached full strength.*>* 

The company had little time to prepare itself for 
the upcoming invasion. In less than six weeks they formed 
and organized a corps radio intelligence company with only 
25 percent of the enlisted men and one officer trained in 
intercept work. They drew 100 percent of their equipment, 
distributed it among the various sections, trained their 
people in the nomenclature, maintenance, and use of their 
equipment, and conducted operational intercept missions for 
almost a month. They also waterproofed their vehicles, 
participated in FABIUS I, the practice landing exercise for 
the invasion of Normandy, and trained in motor convoy 
movements. By 14 May the company began preparing for their 


movement into France.*>* 
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Prior to D-Day, the company divided itself into two 
operational detachments. The operational detachment, 
Detachment A, contained 2 complete functional radio 


intelligence section, with 5 officers and 75 men. 


Detachment B had the rest of the company, consisting of 3 
officers and 50 soldiers. The company also had to provide a 
small detachment, or marching party, to go aboard the USS 
ANCON, the headquarters ship for V Corps. This party came 
from Detachment A. The mission of the marching party was to 
monitor V Corps radio nets for radio silence and later pass 
information collected from front line units to the corps 
headquarters.7°* | 

Detachment A embarked on board Landing Ship Tank 
(LST) 134 on 3 June, set sail on 5 June, and arrived off the 
coast of Normandy on the morning of 6 June. The invasion 
planners initially scheduled the 3250th Signal Service 
Company to land on the beach at H+950 minutes (almost 16 
hours after the invasion began} in the first wave of the 
second tide after the invasion began. This would have put 
them on the beach around 2200 on 6 June. Instead they ended 
up spending the night of D-Day aboard ship under enemy air 
raids. They finally began disembarking in three groups at 
1700 on D+1, almost 19 hours after their original landing 
time.*>7 

The first group landed without experiencing any 


problems and proceeded to the vehicle transit area. The 
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corps headquarters directed the company to establish its 
first site within 100 yards of the corps command post. This 
site was within one-haif mile of enemy lines and came under 
sniper fire.+7* 

The second group’s landing did not go as smoothly as 
the first group’s. Their landing craft struck a sandbar 
about 150 yards from shore and they were told to drive to 
shore. One truck hit a shell hole about five yards from 
shore and required a tractor to pull it to shore. The radio 
truck’s motor died short of shore, but another truck pulled 
it to shore. The wire truck stalled halfway to shore, 
forcing the men to swim the rest of the way. A DF truck 
sank after leaving the landing craft. The men saved some of 
the equipment floating around them, loaded it onto another 
ferry, and never saw it gain. The second group, soggy and 
missing two trucks, finally joined the first group the next 
morning.?°>? 

The third group left the LST at 2100 hours. By 2200 
they had grounded, but could not land, as their boat was 
directly over a submerged mine field. Forced to reverse and 
try again, they grounded on another sandbar at 2215. They 
refused to disembark based on their judgment of the depth of 
the surrounding water, having observed the sunken boats 
nearby. The group finally landed on the beach by 2230, 


rejoining the company that night.**° 
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The marching party loaded on the USS ANCON on 24 May 
and trained for their mission until they set sail. Their 
convoy left England on the fifth of June, arriving off the 
French coast around midnight. The detachment began 
monitoring the V Corps radio nets to enforce radio silence 
prior to the landings. At 0630 on the sixth, they began 
monitoring traffic from the lst and 29th Infantry Divisions, 
and provided the corps headquarters information on the 
progress of the assault. This mission continued until late 
on 7 June, when they were released to rejoin the company.**? 

Detachment B consisted of the personnel, motor, 
mess, and supply sections, and portions of the radio repair, 
intercept, message center, radio, and direction finding 
sections. The detachment embarked on board the USS CLARA 
BARTON on 12 June and disembarked on 17 June, joining the 
forward detachment near Bernesq.**? 

In its after action report, V Corps praised the 
efforts of the 3250th. The company provided accurate 
information of enemy units, their strength, order of battle, 
and intentions. It also provided information on the 
progress of Allied units from enemy sources (reconnaissance 
patrol nets) which was faster than status reports through 
normal channels. The report goes on further to state that 

On numerous occaSions, units of V Corps were 

able to advance with a minimum of resistance by 
knowing in advance enemy intentions and 
dispositions. In Normandy, by close liaison with 


the Corps Artillery, it was possible to eliminate a 
number of enemy artillery observers. When the 
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breaking out from the Normandy Beachhead was in 
progress, the company was able to give advance 
notice of the German intention to split the First 
and Third Armies at MORTAIN, France. Before the 
SIEGFRIED Line, in Octeber, the movement of a 
German Panzer division to the Corps front. was 
reported well in advance. On the occasion of the 
German "ARDENNES" offensive, the up-to-the-minute 
location, movement, and intentions of the northern 
German spearhead was reported.?** 
114th Signal Radio Intelligence Company 
The 114th RI Company arrived in France to support 
12th Army Group on 17 August 1944, two years and one month 
after its activation at Camp Crowder.*** Unfortunately, 
little of the company’s operational records survived, being 
destroyed due to the secrecy of the work. The report files 
by the 114th are mostly of a technical nature, with little 
operational information.?** 
The 114th did try the leapfrog method of moving, but felt it 
did not work for them. The requirement for a messenger 
service between the forward and rear sites and additional 
wire circuits exceeded the benefits gained. Instead, the | 
114th could tear down operations in an hour, move to the new 
site, and reinstall equipment to resume the mission 90 
minutes after arriving at the new location. Including 
travel time, the company accomplished its movement generally 
within 18 hours.+*$* 
The amount of traffic intercepted by the 114th 


ranged between 6,000 to 7,000 messages per month.**” 


Between June 1944 and V~E Day, the 114th intercepted about 
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55,000 messages. From its arrival on the continent to the 
end of the war, it provided over 7,750 items of locational 
information obtained through direction finding operations 
(summarized in Table 1). The totals for October, November, 
and December, when the front was relatively static, are much 
higher than the other months. This indicates that DF could 
provide a great deal of locational information if the 
outstations had time to establish themselves and lay wire to 
their control. The times when the unit displaced forward 
more often (August-September and January through May) show 
the difficulty of establishing a baseline that relied on 


wire for its tasking and reporting.*** 
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fable 1. Direction finding results for 124th Signal Radio 
Intelligence Company ~ August 1944 to April 1945. 
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Figure 48. Solving an oblique triangle by the law of 
sines when two angles and a side are given. 


b. Two Sides and One Angle Given. 


Example: Find the unknowns in oblique triangle ABC (fig. 49) when angle 
A = 58° 35’ 40”, the side opposite angle A is 10 inches, and the 
side opposite angle B is 12 inches. 


a ob 
sin A” sin B 
asinB — b sin A 


sin B = 5 sin A — A 
. 12 sin 53° 35’ 40” 
sin B= 
10 
sin 58° 35’ = .80472 
sin 538° 35’ 40” — .80472 + 7 
sin 53° 36’ = .80489 
M0 optic ae 
60 3.00017 
82 = .00034 
= .00011 
sin 538° 35’ 40” — .80472 + .00011 = .80483 
6 
: 12 x_.80483 
sin B = ge 
5 
sinB = oe 


sin B = .965796 — .96580 
.96578 = sin 74° 58’ 
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113th Signal Radio Intelligence Company 


The Army activated the 113th at Camp Crowder on 15 


June 1942, with the initial cadre coming from the 125th RI 
Company. In 1943 the company went on maneuvers with the 
81st Infantry Division. After the exercise the company was 
assigned to the Eastern Defense Command and moved to 
Hollywood, Florida, to carry out missions assigned by the 
Office of the Chief Signal Officer, Washington, D.C. There 
the unit established an intercept station and installed a 
310 mile direction finding baseline. After completing the 
assigned missions, the 113th went to the United Kingdon, 
arrving on 16 December 1943.7*? 

While in England, the unit’s operators underwent 
training by SSD ETOUSA on German army procedures. In the 
United States they had concentrated their training on high 
speed commercial and special German diplomatic traffic. 
This proved useless in the operational and tactical 
environment in Europe. After completing the SSD training, 
they moved near Colyton, Devonshire, and established an 
intercept site at Beer Head. Here the company intercepted 
medium and low grade German traffic. The British Army 
provided an experienced sergeant to assist the operators. 
On 8 June they dismantled the site, and arrived in Normandy 
on 13 June to support First US Army.?*° 

For the first few weeks in France, the company 


worked out the "bugs" in their systems and procedures. 


62 


! | 
FS 


Since they copied the German radio traffic by hand, there 
was no need for typewriters in their intercept shelters. 
They also found they did not use the recorders. They 
removed the equipment to make more room for control and 
intercept personnel in the shelters.*%* 

The 113th also modified doctrinal procedures for 
conducting DF operations. Initially they used wire to 
control the DF baseline as outlined in the FM. However, 
during the rapid movement across France after the breakout, 
they found wire could not keep up with the DF sections. 
Their wire teams worked as long as 19 hours a day after the 
St. Lo breakthrough because of the extensive requirements 
for DF. They then began using radio to control the baseline 


and to collect the data from the sections.?%? 


Observations 
The Third Army’s SIS detachment made the following 
observations after the war concerning radio intelligence 
activities: 

a. Training of operators, particularily in voice 
interception, was inadequate. Many of the attempts at VHF 
interception failed to poor language skills as well as to 
equipment problems. The army had not considered voice 
interception to be a primary function of signal intelligence 
units. The majority of the military communications 
worldwide prior to the war relied on continuous wave and 
morse code. VHF radio had just begun to he fielded and was 
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not in widespread military use. It was futile to take 
intercept radio operators trained in morse code and expect 
them to understand the intricacies of foreign military 
jargon.**°? 

b. Direction finding equipment was not suitable, 
especially for fast paced operations. The direction finding 
equipment worked well enough, but it could have been better. 
The equipment fielded was not mobile enough, especially at 
the corps level where they were much closer to the front. 
Receiver sensitivity was also a problem.*** 

c. The wire teams at corps signal units were 
inadequate and inhibited operations. A wire team was needed 
at both corps and army level to maintain the lines from the 
control section to the DF teams. However, lack of a wire 
team actually improved the responsiveness of DF operations. 
Some units solved the problem by using radio to control the 
DF operation. Though new procedures had to be developed, 
non-authorized equipment gained, and additional ciphers 
created, the use of radio allowed for faster tasking and 
return of bearings. This, in turn, provided the analysts a 


better opportunity to identify and locate German units.?*5 
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CHAPTER FOUR 


INTELLIGENCE OPERATIONS 


As mentioned in the previous chapter, American units 
conducted radio intercept operations prior to their arrival 
on the continent. During the six weeks prior to the 
invasion, RI units intercepted practice traffic, which also 
provided order of battle intelligence. The units developed 
data on unique radio characteristics that would assist them 
in identifying German units and analyzing messages.**%* 

The two case histories discussed below provide a 
snapshot of intercept collection results from army and corps 
level radio intelligence units. Unfortunately, most RI 
units destroyed their operational records after the war, 
mainly because of the secrecy involved in their work, but 


also to reduce their baggage for the trip home. 


Third United States Army 
Prior to its activation on 1 August 1944, the Third 
US Army’s radio intelligence companies were already 
operating in France. On 15 July the 118th Signal Radio 
Intelligence Company arrived in France and began operations. 
The 3254th Signal Service Company arrived on 29 June and 


supported VIII Corps headquarters.**°7 
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The bulk of intelligence intercept came from German 
armored forces, the Panzer (Pz) and Panzergrenadier (PzGndr) 
divisions. The major units TUSA radio intelligence units 
followed were the Panzer Lehr, 11th Pz, 2d Pz, and the 17th 
SS PzGndr divisions. TUSA units also intercepted the 2d SS 
Pz, 9th SS Pz, 10th SS Pz, 21ist Pz, 3rd PzGndr, 15th PzGnadr, 
265th Infantry, 266th Infantry, 272d Infantry, 348th 
Infantry, and 553rd Infantry divisions, just to name a few. 

On D-Day reconnaissance traffic from the 21st Pz 
Division indicated that the unit was committed in the Caen 
sector. Other intelligence gleaned before the breakout 
indicated that the 2d SS Pz Division (Das Reich) had no 
shortage of ammunition. After the combined VII and VIII 
Corps breakout attack on 27 July, intercept from German 
reconnaissance units provided American forces with a 
detailed description of Allied gains. Intercepts on the 
31st of July and lst of August revealed a need for artillery 
ammunition in the 2d SS Pz Division. It was also determined 
that the division’s headquarters were located at Montbray. 
Five days later the 2d SS Pz Division fell back to Le Menil 
Toye and began radio coordination with 2d Pz Division.7%° 

As the Falaise pocket began to develop in August, 
radio intelligence identified that the majority of the 
Panzer units were on the left flank of TUSA, instead of in 
the front. As the noose began to tighten, radio 


intelligence provided the first indications of eastward 
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movement of units caught within the pocket. On 15 August 
direction finding results established movement of the Panzer 
Lehr’s reconnaissance elements to the east. In fact, 
throughout August DF tracked the movement of the Panzer Lehr 
from Falaise-Argentan across the Seine River, north of Paris 
until it moved out of the Third Army’s sector.**? 

For four days at the end of August, captured 
documents allowed TUSA units to read the 9th Pz Division’s 
traffic. The 3254th, working directly for Third Army while 
VIII Corps was involved in the Brittany Peninsula, collected 
most of the intercept. Information gained from these 
intercepts were the locations of divisional supply 
headquarters, ammunition and fuel dumps, and division 
headquarters. Intercept also revealed the existence of 
various Kampfgruppen (combat group) and the temporary 
subordination of elements of the 48th Infantry Division to 
the 9th Pz.7*° 

On 30 August intercept provided the first 
indications of German reinforcement to France from Italy. 
Direction finding located the 3rd PzGndr Division 
reconnaissance elements in the vicinity of Nancy. The 3ra 
PzGndr supplied many interesting nuggets of information for 
analysts to work on. As the 3rd moved into its positions, 
their reconnaissance elements reported the locations of 
neighboring units, their command posts, and their main line 


of resistance. On the 20th of September, traffic from the 
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3rd PzGndr gave the indications of an upcouing German 
counterattack near Pourncy.*** 

September saw intercept continue much the same as 
before. German units, pressed hard by Patton’s advance 
continued to retreat eastward. This deprived them of the 
opportunity to use wire, thus they had to rely on radio to 
coordinate their forces. Radio intelligence identified 
additional unit command posts, highlighted planned 
counterattacks, and noted the Germans’ escape gap near 
Nancy. The highpoint came late in the month. The 3254th 
intercepted a reconnaissance report announcing a planned 
counterattack by Battalion "Schneider" in the vicinity of 
Foret de Gremmercy early on the morning of the 29th. The 
next day, the intercepted reconnaissance reports stated the 
counterattack had been repulised.*%? 

In October came the first indications that the front 
was beginning to stabilize. Across the Third Army’s front 
radio activity was low. The first part of November also 
reflected low radio activity along the Moselle front. This 
enemy communications activity appears to have been pretty 
much routine, with the analysts maintaining continuity on 
the German formations to their front. During November the 
TUSA units noticed movement of German units along their 
front. The 21st Pz began moving northward, Panzer Lehr had 


withdrawn from the area, and contact had been lost with the 


3rd PzGndr Division.**? 


The lull in German radio activity, and therefore in 
radio intercept, can be attributed to three primary factors. 
First the Germans had withdrawn, for the most part, back 
onto friendly soil. Here they utilized wire for the 
majority of their communications. Second, forward movement 
slowed and Allied attacks diminished as the logistical 
lifelines became longer. Finally, Hitler began planning his 
Ardennes counteroffensive, Wacht am Rhine (Watch on the 
Rhine). Orders to units were couriered and staff officers 
were forbidden to transmit anything regarding the operation 
over the radio. Hitler imposed strict radio silence over 
the entire counteroffensive operation. 

After the German attack on i6 December, the focus of 
Third Army’s intercept effort shifted northward. TUSA units 
intercepted the Panzer Lehr, 3rd PzGndr, and 5th Parachute 
(Pent) divisions, and located them through direction finding 
efforts. The attack brought the Germans back onto the air 
again. For example, the 5th Pcht transmitted in the clear 
continually as they reported on progress made and the status 
of American counterattacks.*** 

The defeat of the German advance, and their 
subsequent withdrawal, helped.the month of January to be one 
of the more productive ones from a radio intelligence 
standpoint. Five divisions, the 3rd PzGndr, Panzer Lehr, 2d 
SS Pz,21 Pz, and 17th PzGndr, were identified and lacated 


through SIGINT. Prisoner of war reports had previously 
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indicated that the 2d SS Pz (Das Reich) had been transferred 
to the Eastern front, but radio intercept located elements 
of the division and warned the advancing units.*** As 
German units pulled back, analysis coupled with direction 
finding allowed TUSA to stay abreast of German army 
movements. The radio intelligence companies tracked the 
Panzer Lehr to Bitburg and the 11 Pz Division to 
Saarburg.7%* 

The activity level began to drop once again towards 
the latter part of February. The Third Army SIS attributed 
this to the gradual disintegration of the German 
communications systems, and the introduction of hastily 
formed units with little or no radio equipment. The 
majority of usable intelligence came in fragments. Items 
reported in March included the reappearance of a railroad 
gun, the status of bridges across the Rhine River at Mainz, 
and the commitment of flak units in a artillery role vice 


one of air defense.7*7 


In April radio intercept began picking up German 
units in contact with Soviet forces, as the two fronts 
converged. The analysts tracked these units closely as well 
since they had the capability of shifting towards the west. 
After the Battle of the Buige, the Allies learned not to 
take Hitler for granted.**® 

Of particular note was the interception of the 


"Bavarian Freedom Movement." As the Americans began closing 
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in, a group of Germans began broadcasting from the Munich 
area. They provided many items of importance to the Allies 
and Germans in the American held sector. Some of these 
included surrender instructions to other forces, the 
location of obstacles along the autobahns and highways, 
where Japanese diplomats assembled prior to fleeing Germany, 
and news about Hitler’s death. After the end of the war the 
Third Army’s radio intelligence units focused mainly on 
monitoring the surrender nets and watching for illicit or 


illegal radio transmissions.**? 


3254th Si Ls ; 

The 3254th supported VIII Corps for the most of the 
European campaigns. For one brief period, from mid-August 
to mid-September 1944, the company worked directly for Third 
Army while VIII Corps was involved in the clearing of the 
Brittany Peninsula. From 16 September to 4 October it was 
assigned to the Ninth US Army (NUSA). After 4 October, the 
3254th reverted under VIII Corps control for the remainder 
of the war.*7° 

Information collected in July consisted mostly of 
reconnaissance patrol and artillery activity within the 2d 
SS Pz Division (Das Reich). There were also a few reports 
detailing some German supply problems and depot locations. 
The little amount of radio intercept gained stemmed chiefly 
from the static nature of the fighting in July. The 
Americans were busy working their way through the hedgerows. 
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ZC = 180° — 58° 35’ 40” — 74° 58’ 17” 
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Figure 49. Solving an oblique triangle by the law of 
sines when two sides and an angle are given. 


167. Law of Cosines 


In any triangle, the square of any side equals the sum of the squares of the other two sides minus 
twice the product of these two sides times the cosine of the angle between them. 
Thus, a? = 6? + c? — 2bc cos A 
b2 = a® -+- c? — 2ac cos B 
c = a? + b? — 2ab cos C 
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The Germans could use wire to handle the majority of their 
communications requirements.*7* 

In August VIII Corps, in conjunction with VII Corps, 
broke through at St. Lo. When VIII Corps began the siege of 
Brest, the 3254th began working directly for TUSA. Using 
captured cipher keys, the company decoded the majority of 
the 9th Pz Division’s communications at the end of August. 
Intelligence gleaned from this source included command post 
locations, fuel and ammunition supply points, and proposed 
lines of resistance.*7? 

The first half of September offered few intelligence 
highlights. After being assigned to the Ninth US Army on 
the 14th, the 3254th began picking up the 3rd PzGnéer 
Division as it entered the area of operations. The company \ 
could easily track the movement of the 3rd PzGndr through 


the latter’s reconnaissance patrol nets. The radio 


operators could follow the battle’s progress around Nancy 
through the 3rd PzGndr. They intercepted reports on road 
status within the sector, locations of German and American 
units, and resupply routes.?7* 

In October VIII Corps moved into Belguim on a front 
extending from St. Vith in tne north to the Belgian- 
Luxembourg border, then onto Arlon in the south. Here the 
3254th rejoined the corps. Intercept activity across the 
corps front was extremely low. Most traffic intercepted 


consisted of patrol activity, as the major German 
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headquarters again returned to landline communications when 
they were in their fixed fortifications. Activity remained 
low through November as well. But December 16th found the 
3254th and the rest of VIII Corps directly in front of the 
German 5th and 6th Panzer Armies.*7* 

Between the 1st and 16th of December it appeared 
that the Germans would remain behind their fortifications 
and wait for the inevitable Allied push. The 3254th had 
little indication of the impending attack through radio 
intercept. The Germans effectively employed radio security 
as they massed their forces. The company moved twice in the 
next ten days.*7* 

The 3254th knew of Patton and the Third Army’s 
arrival to relieve Bastogne from the 15th Parachute Regiment 
of the 5th Parachute Division. On the 25th they intercepted 
messages reporting American tanks moving north from Arlon. 
The next day, the messages were frantically appealing for 
help as the regiment had been badly mauled by elements of 
the US III Corps.*7* 


In January the VIII Corps and the rest of the Allied 


armies pushed the German forces out of the "bulge." Radio 
activity remained high throughout the month as the Germans 
withdrew from Belgium. Radio intercept highlights included 
reconnaissance patrols from the 3rd PzGndr again, which 
conveniently reported all their observations on the progress 


of the battle. The 3rd PzGndr also unknowingly provided 


73 


information on proposed lines of resistance, command posts, 
and depot areas. On 30 January the company intercepted 
traffic from the 2d SS Pz Division (Das Reich) that 
indicated their movement to the Russian front.*77” 

For the rest of the war radio intercept would 
provide Americans with the same type of intelligence 
described above. German forces were reeling under the 
American onslaught and had little time to establish secure 
wire communications. They were forced to rely on radios to 
coordinate their forces as best they could. Americans knew 
of impending counterattacks, which were then repulsed. 

The 3254th provided a great deal of intelligence 
Support to VIII Corps and TUSA. Appendix A contains a 
summary of intercept by type of traffic, the maximum 
positions manned, and the number of DF shots (bearings) per 
month. The short intelligence history written by the 
company indicates their operational focus was on 


identifying, locating, and tracking major German units. 


German Intelligence 

As brought forth in earlier chapters, the Americans 
and their allies were not the only ones practicing signal 
intelligence operations. The Germans realized the 
importance of SIGINT soon after the end of World War I. 
They understood that SIGINT could be a combat force 
multiplier, especially when the Versailles Treaty limited 
their armed forces to just 100,000 personnel. 
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A German prisoner of war, Oskar Bitzer of the 2d 
Company of the 256th Signal Battalion, 256th Infantry 
Division, stated the Americans were careless in their signal 
procedures, and that all regiments of the 79th US Infantry 
Division were identified through interception. Based on 
information gained from the messages, the Germans repelled 
an attack by the 79th in early December in the Hagenau 
Forest, north of Strasbourg. The Americans revealed the time 
and place of the attack, and the Germans took appropriate 
defensive countermeasures, movement of their troops and 
concentrating their artillery fire on the 79th Infantry 
Division.*7* 

For the Germans, the most important source of 
intelligence came from signals intelligence. Most of their 
success came from intercepting low echelon traffic-~-armored 
and artillery nets passing operational traffic. Just as we 
exploited this level of communications, so to did the 
Giurmans capitalize on our mistakes. artillery nets were 
given high priority. The Germans noticed that our call 
signs often remained the same for a unit over a significant 
period of time.*7®? 

The loss of German air reconnaissance forces led 
them to build up their signals intelligence effort in the 
west. Radic intelligence accounted for approximately 60 
percent of all intelligence the Germans received on the 


western front.7**° 
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As stated before, the Germans utilized a broadcast 
net, or radio warning service, to disseminate intelligence 
information to subordinate units. To prevent the 
dissemination of radio intelligence to unauthorized parties, 
the Germans used three different cryptographic systems; one 
for army group and armies, one for corps, and the third for 
divisions.*** The importance of this net cannot be 
overstated. For example, the Germans knew of the attack at 
St. Lo prior to its execution. On 18 July, Signal Battalion 
13 reported that a new front line net had begun operations 
in the area surrounding St. Lo. Based on the reduction of 
artillery traffic in the north, and increased radio traffic 
in the south, the German Seventh Army G-2 deduced a major 
attack in vicinity of St. Lo would take place. The events 
of 25-26 July certainly bore cut his prediction.**? 

Prior to the Allied invasion of France, the success 
of signal intelligence was limited. This was due mainly to 
secure Allied communications while in the United Kingdon. 
Yet a major focus of the German long-range reconnaissance 
intercert battalions was coverage of tactical exercises. By 
monitoring a ground exercise in Great Britain in 1943, the 
Germans gained the following information: 

a. The division’s task was to destroy an enemy 


objective 20 kilometers inland from the beach. 
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b. The breath of the landing was 15 kilometers. 
Each brigade making the landing had a frontage of seven 


kilometers. 


c. They knew the units participating in the 
exercise and their schedule for the three day battle.7*** 
The same team that intercepted this information also 
intercepted data concerning US Army maneuvers, exercises 
"Royal" and "Dry Run," and their locations.?** 

The G-2s of German units drew almost 60 percent of 
their intelligence from radio intercept after the invasion 
began. The other forty percent came from other sources -- 
air reconnaissance, human reports, etc. As their retreat 
progressed from the Normandy beaches to the West Wail, 
signals intelligence came to play an ever increasing 
role.*°* 

Signal Bettalion 13 supported the Fifteenth Army. 
One specific example of the intelligence they gained from 
American radios follows. On 13 June they intercepted an 
order for an bombing mission that targeted German infantry 
assembly positions and armored vehicles in a forest west of 
Giverville. They also intercepted orders for bombing 
missions against German infantry and armor at Courbeville, 
Sannerville, and Colombelles. The battalion broadcasted 
this intelligence to all divisions and corps within the 
German Fifteenth Army, especialiy those in which the troops 


concerned were mentioned. The information also was sent up 
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their chain to the intelligence officer of the Fifteenth 
Army by both telephone and telegraph.?°* 

An entry by the chief intelligence officer for the 
Fifteenth Army showed that this method worked well. He 
wrote: 

As a group, enemy messages intercepted by 

Western Theater Command and Signal Intelligence 
Battalion 13 allow an accurate estimate of the 
situation, especially in the combat zone west of 
the river Orne. Information on our movements is 
often more quickly obtained from intercepted 
messages than by our own reports.**7 

In the spring of 1944 German radio intelligence in 
France and Italy detected a shift in Allied concentrations 
away from the Mediterranean. One case showed an American 
airborne unit, possibly the 82nd Airborne Division, in 
southern Italy for quite a while, then it disappeared. A 
few weeks later intercept of an unidentified net in England 
allowed the Germans to relocate the unit prior to the 
invasion.*** 

An internal evaluation prepared after the Allied 
invasion showed that the Germans had identified 
approximately 95 percent of the units involved in the 
Normandy invasion while they were in the British Isles. 
Locator cards contained precise information on Allied units, 
their communication structure, and their involvement in 


exercises. However, the Germans did not get any indications 


of when the cross-channel invasion would take place. The 
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Allies achieved surprise on 6 June through the imposition of 
radio silence.?*? 

General Albert Praun stated that the German 
communication intelligence organization had prepared for the 
Allied invasion. Technical data on Allied communications 
(ciphers, codes, call signs, etc.) had been distributed to 
all units. This made it possible to transfer coverage of 
units rapidly as only the updates to existing technical data 
base had to be transferred.*°° 

The Allies mounted a deception operation, Operation 
"Fortitude", to cover the Normandy landings. The German 
high command believed that a second, the main, Allied 
landing would take place north around Calais. To defend 
against that possibility, the German reserves and the 
Fifteenth Army were not committed against the Normandy 
beachhead. Information gained from radio intercept did not 
support that conclusion. The chief of the control center of 
Communication Intelligence West believed Normandy was the 
main effort. A comparison of units identified on the 
beaches compared with those previously identified in England 
led to his conclusion.**°* Between D-Day and 25 June, 
communications intelligence had correctly identified the 
First US Army, four corps, and 15 divisions or parts of 
divisions. The order of battie correctly listed the 10ist 
and 82nd Airborne, and the 90th Infantry Divisions under the 


control VIII Corps.?°? 


The German radio intelligence structure had other 
successes. A few days after the invasion, the Allies 
created an impression of a second airborne landing by 
dropping parachute dummies. Radio intelligence determined 
this to be a ruse due to the lack of radio traffic from the 
supposed landing zone.*”®* The breaking of a logistics code : 
gave the Germans exact figures of men and materiel brought 
into the British Second Army bridgehead.*** 

Other results of radio intercept had a more 
immediate tactical impact. On 14 June, German radio 
reconnaissance intercepted traffic from the US XIX Corps 
that indicated they were moving and would attack the next 
day. They did, and the attack was halted by a stubborn 
German defense. Messages intercepted on an aerial 
reconnaissance net identified a major push in the Caen 
area.*?* On 16 March an Allied plane located a large 
concentration of German vehicles between Nonweiler and 
Eisen. The report giving the location and requesting air 
support was intercepted by the 256th Signal Battalion. They 
broadcast the information to the unit, which then moved to 
new cover before the air attack began.*** 

As the Germans withdrew to the West Wall, they could 
track the progress of Allied units through their 
communications. The Third US Army could easily be observed 
because messages were transmitted in a very careless manner. 


At the opposite end of the spectrum, the Seventh US Army was 
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the most difficult for the Germans to observe. General 
Praun attributed this to the battle hardiness of the army 
from its time in North Africa and Sicily. The Seventh Army 
had trained its operators to such a high degree of radio 
Giscipline that any intelligence results were kept to a 
minimum.?°7 

Once the lines were stabilized along the West Wall, 
the Germans transferred five radio intelligence companies 
from the eastern front to the west. These units provided an 
increase in long-range intercept because of their experience 
against the Soviets. The additionai collection assets 
allowed the Germans the opportunity to break American field 
ciphers quicker. Key targets were the daily status reports 
provided by headquarters to their superiors. Many units 
transmitted these reports at the same time every day, from 
the same station, in the same format. The regular, 
repetitive nature of the messages eased the solving of new 
ciphers soon after they were introduced. Collecting these 
messages also identified the Allied order of battle.*°® 

German radio intelligence monitored Allied 
communications prior to the Ardennes counteroffensive. They 
observed that the Allies had no indications of the attack, 
or that German troops had massed. German radio intelligence 


units reported the American units holding the Ardennes had 


not fortified their positions. They also identified the 
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fact there was no reserves immediately available for a 
counterattack.7*? 

After the Germans launched their offensive, 
intercept provided information that may have changed the 
outcome had the Germans had the resources to exploit the 
situation. Shortly after the attack began, the Germans 
intercepted a new military police net in the First US Army 
zone. The Germans determined that MP units were positioned 
along two major north-south French highways, and that 
checkpoints had been established to facilitate the northward 
movement. of American forces from the south. The Germans 
located 22 of the 35 checkpoints used by the Americans. 

They also broke the cipher used by the MPs. The information 
intercepted contained data on the composition of the units, 
their advance guards, speed of march, column lengths, time 
of departure and arrival, and number of vehicles. The radio 
intelligence unit estimated it intercepted almost 90 percent 
of the MP broadcasts and ascertained with almost 100 percent 
accuracy the units that had itineraries. This gave the 
German commander a complete picture of what was happening on 
his left flank, which allowed him to shift forces to 
sidestep the main thrust of the counterattack.7°° 

German radio intelligence efforts focused on lower 
echelons where immediate results could be obtained. The 
ciphers and codes used by Allied tactical formations were 


often simple and easily broken by German cryptanalysts. 
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Bitzer, the German prisoner of war, told his interrogators 
that it was possible to decode two-letter messages from the 
3rd Cavalry Group within an hour. He also stated that the 
code names used for unit commanders were well known in the 
intercept business, and a manual for intercept operators 
containing this information had been published.?°* 

Two other prisoners of war, from the Signal 
Intercept Team of the 18th Volksgrenadier Division, provided 
insights into the operation of German radio intelligence. 
According to them, a 1944 OKW order stated that one 
intercept team was to be assigned to each division. The 
team had a team leader, two interpreters with some signal 
knowledge, and two to three radio operators. The team did 
not have any DF equipment, which they found to he 
disadvantage. They kept a journal to record intercepted 
messages. Daily a list of the messages, plus copies of the 
message text, were sent to the KAST (Korps Auswerte Staffel 
--corps evaluation s* aff).7°? 

The KAST for 66 Corps directed that all two-letter 
groups be reported immediately by phone, and that five- 
letter group messages be recorded and delivered daily via 
courier at 1400. The KAST then passed the messages it could 
decipher to Signal Reconnaissance Battalion 13. The KAST 
also provided the teams with frequencies, call signs, and 


the possible unit identifications that were to be copied by 


the intercept teams.7°° 


The team also searched the spectrum looking for 


additional frequencies and clear text messages. Until the 


end of November the only messages received in clear text 


came from an S~-3 of a reconnaissance unit using code names 


"Brownie," "Dan," and "Smitty." They assumed these reports 


dealt with strength, but they did not know the content of 


the messages. The amount of messages intercepted prior to 


the beginning of the Ardennes offensive varied, but the team 


estimated an average of 20 per day was reasonable. of 


these, 30 to 40 percent were uncoded messages. 7°* 


On the 16th of December the team found it impossible 


to report intercepted two-letter traffic. Communications 


links with the corps became very difficult due to the rapid 


movement of the German advance. The team did notice 


American security procedures became lax, most messages were 


sent in the clear. Some of the messages they remember 


intercepting were: 


~-Request permission to withdraw line Manderfeld- 
Andler. 

--Position untenable, enemy armor NW and S of 
position. 

~~Destroy safe, bring back map 1:100,000.7°° 


On 19 December, near St. Vith, the team intercepted 


messages concerning the fighting around the town; the 


positions of German armor, assault guns, and infantry; 


artillery reports; and requests for close air and artillery 


support. 


With German communications being weak, the team 


could provide their commander with reports of progress of 
their own troops as well.7°* 

In summary, both prisoners of war were surprised at 
the relative long time between frequency changes and the 
number of repeated messages. The "say again" messages 
provided German interceptors additional opportunities to 
copy the message. They also noticed that when speed was 
essential, American radio operators often sent in the clear. 
They felt they were not hampered in their work by US 
security precautions or operating procedures, and that 
German radio traffic was more secure than American 


traffic.7°7 


German Codes/Ciphers 

Before the Allied invasion of France, the German 
communication system was fairly well fixed, using a known 
and systemic method of assigning call signs. With the aid 
of a captured cail sign book, the Allies could easily 
identify intercepted nets and develop the order of battle. 
Radio intelligence units operating in England intercepted a 
great deal of coastal and slightly inland comnunications. 
These communications employed the medium and low grade 
cerafflic.? =" 


The low grade enciphered traffic used the 


Heeresignaltafel ,Army Signal list), or HST for short. The 


HST code was fairly well structured. It used a fixed list 
of 500 trigrams set against basic vocabulary that were 
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suited to the needs of various units. The HST code could be 
changed periodically as the need arose.?°°? 

Other low grade German tactical codes used when the 
Allies invaded were the T/L and NI codes. These were used 
from division forward, and apparently were very easy to 
break. Many of the messages contained their unit locations, 
thus lessening the importance of direction finding. ?7*° 

Some German units manning permanent fortifications 
along the coast used another type of three letter code. 

This code employed many more trigrams than the HST code, and 
was changed monthly. This made it more secure than the HST 
code. 77+ 

After the invasion some of the codes began to 
disappear, particularly tl.e one used by units along the 
coast. Noticed by intelligence units during the invasion 
was a propensity for German units to use a changing 
monoalphabetic system (one for one exchange) to encipher 
portions of a message. For example, the city of PARIS might 
be encoded as XUTSW in an otherwise clear text message. The 
use of this simple code became associated with certain 
units, particularly the 21st Panzer (Pz) Division.?7?? 

Early in June 1944 the Allies began receiving hints 
of a new German code called Rasterschluessel. In August 
they began intercepting random messages in this code. They 
also became aware of the enemy’s irtention to begin 


randomizing call sign selection as opposed to following a 
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fixed and systematic method. Any change in call sign 
allocation or codes would make it more difficult to make 
unit identifications, establish net continuity, and track 
enemy movements. 77> 

The changes in codes and call sign assignments meant 
the Allied traffic analysts had to work harder to identify a 
unit. Analytic procedures shifted towards identifying nets 
based on many pieces of scattered information. Known 
personalities and place names transmitted in the clear, 
types of codes used, no change in call signs, and signal 
security violations are just a few of the types of 
information an analyst used. Some of this information could 
be gained through interrogation of prisoners of war, 
especially signal troops. Other bits of the puzzle would 
fall in place only after long hours sperit on intercept, 
recording, and analyzing patterns.7?** 

The changes brought forth increased demands for more 
detailed records. Some of the files maintained by the 
analysts were personality files, unit composition and 
organization files, types of codes used, and historical DF 
information (to include composite data). All would be used 
to corroborate identifications. *** 

What type of code was used could sometimes identify 
the type of unit transmitting a signal. For example, German 
artillery employed simple letter substitution for numbers 


when passing map coordinates. The artillery for the 17th SS 
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Panzergrenadier (PzGndr) Division (Goetz von Berlichingen) 
often used plain language inserts in their enciphered 
communications. ?7* 

Throughout the war the HST code was fairly common, 
with some units relying on it more than others. This also 
assisted the analyst in his job. The Panzer Lehr Division, 
3rd Pz Division, and the 116th Pz Division all used the HST 
with their own unique variant, thus producing easily 
identifiable unit characteristics. Surprisingly, German 
infantry divisions were unproductive for the most part from 
a radio intelligence standpoint. The reason given for this 
was their lack of mobility allowed them to rely on wire to a 
greater extent.?77 

Other codes intercepted by American radio 
intelligence units were a bigram code used by V-1 launching 
sites, a "Jargon" code consisting entirely of place names, 
and a simple transposition box used by the 2d Pz Division 
(Das Reich). Together these codes, and the intelligence 
gained, made only a small portion of the intercept work.: In 
the end, it would be the normal method of maintaining net 
continuity through intercept and DF that made radio 
intelligence work a valuable tool for the ground 


commander. 7*® 


Observations 
The 3254th had three criticisms of operations in 
Europe. They believed corps ievel RI units should have been 
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giving medium grade cipher keys. Apparently the Army had a 
regulation prohibiting corps level units from using this 
material. Often there was a time lag of 24-28 hours from 
the intercept of medium grade messages to the message 
processing. The 3254th cited their work at the end of 
August as an example of the benefit of having corps level 
units process medium grade messages. The company also 
recommended a G-2 representative be trained to handle medium 
grade messages. 7?*® 

The second criticism concerned the G-2. The unit 
felt that technical iuformation was overlooked because no 
one at G-2 had signal intercept expertise. Technical 
information dealt with call signs, frequencies, cipher type, 
message and group lengths, and other characteristics used to 
identify an enemy unit. Many times an enemy unit, once a 
sufficient technical data base had been developed, was 
identified from’ technical charactertics without having to 
decipher the message. The recommendation that a signal 
intelligence officer be assigned or attached to the G-2 had 
merit as it would ensure someone in the G-2 possessed 
technical signal intercept knowledge. The duties would 
include lia.sing between the G-2 and the signal intercept 
unit; processing captured enemy signal documents that came 
into the corps; and identifying prisoners of war who might 
have knowledge of signals, communications, or intelligence 


techniques. 77° 
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The third recommendation deait with the signal 
service company organization. The lack of a TO&E wire team 
meant the unit had tc use intercept and DF operators to lay 
and recover wire between positions. Also noted was the 
cipher systems provide for use by corps signal intelligence 
companies were inadequate because of the time it took to 
encode and decode messages. They recommended cipher 
machines be used to speed the process of reporting 
intelligence to the commander.7??+ 

The Third Army SIS detachment made the following 
observations on radio intelligence activities: 

a. Army and corps level RI units should work on 
messages of a higher grade. The SIS detachment felt the 
same as the 3254th. Often perishable intelligence 
infcrmation in a message of medium or high grade did not 
make its way to a subordinate commander in time. The two 
intelligence units noted above highlight that information 
processed and passed to either the corps o. the army G-2. 
What is not seen is the information that :'7 have been 
useful to a corps commander but was decodec too late to be 
of any use.777 

The Third Army felt the corps’ primaxy mission 
should concentrate on plain-text and low grade cipher, with 
a secondary mission focused on medium grade traffic. The 
army level signal intelligence unit would then primarily 


concentrate on medium grade messages with a secondary 
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mission of breaking low grade traffic. Their opinion was 
that low grade traffic was of immediate value to a corps, of 
some utility to an army, but of no immediate importance to 
an army group. Likewise, medium grade traffic was of prime 
importance to an army commander. 7??? 

b. Another suggestion was to organize all signal 
intelligence organizations within an army into a battalion. 
The size of the companies would remain close to what they 
currently were, but it would allow the army level signal 
intelligence organization to manage resources across the 
board. It would allow the shifting of personnel and/or 
equipment as warranted by the tactical situation. It would 
also give the signal units the ability to cross-level and 
ensure an equitable distribution of experienced 
personnel .77* 

c. One major criticism made by the Third Army SIS 
was that an officer in the G-2 section needed to be trained 
in signal intelligence matters. They found that the officer 
in charge of the army or corps radio intelligence unit had 
to personally pass on intelligence and assist in the 
evaluation process. This took the OIC away from his duties 
at his unit.?7*° 

This was one area that had been addressed before the 
war, yet nothing was done. Captain Garland C. Black, later 
to become be a brigadier general and assigned as the signal 


officer for 12th Army Group in 1945, wrote of the need for a 


91 


ZB 180° — 56° 45’ 24” — 46° 48’ 57” 


ZB 76° 25’ 39” 
Therefore, /A — 46° 48 57” a = 6 inches 
ZB = 76° 25’ 39” b = 8 inches 
ZC = 56° 45’ 24” c = 6.882 inches 
c 
8 INCHES 6 INCHES 
A B 
TM684-58 


Figure 50. Solving an oblique triangle by the law of 
cosines when an angle and two sides are given. 


168. Law of Tangents 

a—b __ tan 4(A — B) 
a+b tan (A + B) 
any two sides and A and B are the angles opposite these sides. 


The law of tangents is expressed by the formula ‘where a and b are 


Example: Find the unknowns in oblique triangle ABC (fig. 51) when two sides of the 
triangle are 9 and 11 inches, respectively, and angle C, the angle included 
between these two sides, is 40° 40’ 40”. 
ZA + ZB + ZC = 180° 
ZA + ZB + 40° 40’ 40” = 180° 
ZA + ZB = 180° — 40° 40’ 40” 
ZA + ZB = 189° 19’ 20” 
139° 19’ 20” 


4(A + B) = 5 
3(A + B) = 69° 39° 40” 
a—b _ tan 3(A — B) 
a+b tan 3#(A + B) 
11 — 9 2 _ tan 3(A — B) 
11 + 9 ** 20 — tan 69° 39” 40” 


20 tan 4(A — B) = 2 tan 69° 39’ 40” 
10 tan 3(A — B) = tan 69° 39’ 40” 
tan 69° 39’ 40” 


tan 69° 39 — 2.69612 
tan 69° 39° 40” — 2.69612 + x 
tan 69° 40’ — 2.69853 
40 2 _ _# 
60 °' 3 = (00241 
3x — .00482 
x2 = .00161 


tan 69° 39’ 40” 2.69612 + .00161 = 2.69773 
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G~2 Signals Team in 1936 in the Signal Corps Bulletin. He 
recognized the unique nature of the information that could 
be provided by the signal company to the G-2. The previous 
war proved that the Signal Corps had a direct relation to 
military intelligence, and that it would be logical for the 
two staff officers, the G-2 and Signal Officer, to be joined 
together as a team. This would facilitate efficient staff 


cooperation and collaboration. 77* 
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CHAPTER FIVE 


CONCLUSION AND ANALYSIS 


Radio intelligence, or signals intelligence, evolved 
from World War:I to the end of World War II as technology 
and its applications evolved. The arrival of the internal 
combustion engine and its revolution of modern warfare made 
radio a necessity. As combat forces became mechanized, 
their range, speed, and span of control grew proportionally. 
Radio became the mechanism to control these forces. German 
blitzkrieg tactics became the archetype of modern warfare. 

As moire nations used radio to control their forces, 
radio intelligence grew in importance. Nations learned from 
World War I the value of signal intercept. Here was a 
fountain of information that allowed a commander to peer 
into the mind of another commander. For the first time 
enemy intentions could be divined through the regular 
intercept, decoding, and reading of the opponent’s messages. 

In World War I radio intelligence remained at the 
theater army level. The First Army established an 
organization within the G-2 section to direct, coordinate, 
and interpret the results from the Signal Corps intercept 
activities. Publication of FM 11-20 in 1940 solidified the 
placement of radio inteliigence units at a theater army, at 
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a general headquarters, or at the war department staff. 
Radio intelligence made a significant contribution to the 
effort in World War II. The Army recognized the importance 
when they created additional radio intelligence companies to 
provide direct support to a corps commander. As the war 
progressed, the Army realized radio intelligence had a place 
within the tactical and operational spheres of command. 
Initially, armies and army groups had signal radio 
intelligence companies assigned. Later 12th Army Group 
created signal service companies from TO&E 11-500 in 


response to a support requirement at the corps level. 


Analysis 

The initial employment of radio intelligence at 
corps, army, and army group levels successfully exploited 
low level German cryptographic systems. American analysts 
could readily identify German units through call sign 
analysis and radio procedures (traffic analysis), and could 
obtain locations from the contents of the messages. This 
furnished essential order of battle information to 
intelligence officers.?77 

Radio intelligence, as developed in the European 
Theater of Operations (ETO), required a high degree of 
coordination between the corps, army, and army group 
intercept units. This coordination requirement was 
unforeseen by doctrine developers before the war. The 


initial concept of signal intelligence had one radio 
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intelligence company supporting a theater army. The 
extensive use of radios in mechanized forces, particularly 
in the Panzer and mobile artillery units, gave commanders 
and intelligence officers a unique capability to track 
uncommitted enemy forces. Radio intelligence identified and 
forecasted the commitment of German reserves at threatened 
points before any other source of combat intelligence. A 
secondary benefit derived from the interception of German 
reconnaissance patrol communications. This information 
frequently detailed American positions, thus providing the 
corps and army commanders information of friendly movements 
before situation reports were received through normal 
distribution chamnels.??* 

While a key source of combat information, radio 
intelligence was net the Oracle of Delphi. There were, and 
are, severai limitations of radio intelligence. Radio 
intelligence could be deceived through dummy traffic. While 
there axe few known cases of German attempts to deceive 
American intelligence through dummy nets, the Allies proved 
this could be successful. As part of Operation "Fortitude" 
before the invasion of Europe, the Allies created a separate 
radio net in England. This gave the Germans the impression 
that another army group, with Patton as its commander, would 
invade France at Pas de Calais.??° . 

Radio intelligence required a sustained effort. 


Results depended on a firm technical groundwork that had to 
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be maintained even as the enemy changed procedures. Without 
knowledge of frequencies, call signs, codes, message 
protocols, and other technical details, intercept operators 
wandered aimlessly through the frequency spectrum searching 
for enemy transmissions. Only with proper technical data 
could their efforts be channeled against units posing the 
greatest threat to American formations. 

Success came only from exploitation of enemy 
weaknesses in communications and cryptography. Some German 
units had weak radio security procedures. These were the 
easiest to exploit and gain intelligence. The 3rd 
PanzerGrenadier Division provided an excellent example of 
lax security and the infomnation gained through radio 
intelligence. Others had an excellent signal security 
program, making American analysts work harder to develop 
combat information. 

Similarly, General Praun believed that the German 
signal intelligence scored its greatest successes through 
Allied communication blunders. Radio discipline taught in 
the States deteriorated while American units were stationed 
in the United Kingdom. During the later stages of the war, 
discipline remained inconsistent throughout the army. The 
Germans believed Third Army units were by far the most lax, 
while the Fifteenth’s had excellent radio security. Other 


units fell between those two extremes. The higher echelon 
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nets were secure; most of the German successes came at the 
expense of insufficiently disciplined lower echelon nets.?7° 

Until January 1945 the Germans selected their call 
signs and frequencies in a systematic method. This enabled 
analysts to maintain continuity on German units by 
predicting with some degree of accuracy the new frequencies 
and call signs. When a random selection method was 
introduced, the changes caused a considerable reorientation 
of effort. One operational change was the increased use of 
direction finders as part of traffic analysis and target 
continuity. The success of the Allies’ February offensive, 
and the rapid disorganization of German forces in March and 
April 1945, lessened the effects of the German signal 
changes than if they had been made earlier in 1944.79? 

Another limitation of radio intelligence was its 
complete dependence on the cooperation of the enemy to 
transmit. Intelligence results were low when the volume of 
traffic intercepted diminished for any reason, such as 
atmospheric disturbance, local noise, a retreating front, or 
radio silence. The German counteroffensive through the 
Ardennes illustrated this limitation. Both ULTRA and army 
radio intelligence units did not provide indications of the 
attack. Most of the traffic intercepted by RI units was 
more of an administrative and routine nature; nothing 


suggested two Panzer armies were being readied for a strike. 
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The primary benefit of radio intelligence was the 
order of battle information provided to support the all- 
source intelligence effort. It allowed intelligence staffs 
to develop the situation within their areas of operations 
and influence. It supported the G-2’s intelligence and 
warning mission by providing early warning of eneny 
movements. By analyzing and fusing SIGINT with other the 
sources of intelligence, the G-2 staff could acquire and 
nominate targets to the G-3, fire support officer and the 
commander. Employed on a common sense basis, radio 
intelligence gleaned every bit of intelligence from a unit’s 
transmissions. This included the positions of his 
transmitters, the volume of traffic, net procedures, and 
message content. 7??? 

Two important developments occurred in the 
employment of radio intelligence in the ETO. The first 
development was the inclusion of an evaluation, or analysis, 
group as an organic part of radio intelligence companies. 
This group processed the traffic, deciphered what messages 
they could, and determined the order of battle. Their 
daily activity report went to their G-2. The addition of 
the evaluation group was a change in doctrine and practice 
as first employed in Italy and transferred later to 
France, 7°° 

The second development was the creation of the corps 


signal service companies to provide radie intelligence 
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support. Their results, besides going directly to their G- 
2, went to the radio intelligence company at army level. 
This expanded the pool of intercept availiable to army and 
army group analysts. Technical coordination among all 
echelons of radio intelligence support resulted in a highly 
effective organization throughout the theater.?° 

During the Battle of the Bulge, signals intelligence 
played a key role in allowing senior Allied commanders to 
assess German intentions. Signal Security Detachment D 
concluded that messages from 13 German divisionai formations 
in and near the Bulge were read. These formations 
represented the bulk of the armored and mechanized forces 
available to Hitler an the western front The intelligence 
gained from their messages not only indicated their future 
activities, but also provided the G-2 with reliable 
information at a time wnen other intelligence sources were 
unproductive. 775 

Because of its perceived reliability, and because 
other sources of information were closed to them, the 
Germans paid more attention to radio intelligence training 
than did the Americans. The German intelligence officer and 
his commander wanted intelligence that provided an immediate 
tactical advantage. Radio intelligence previded this more 
than any other source. Botn Generals Praunm and Kesselring 
estimated that aluwost 95 percent of German intelligence came 


from signals intercept by the close of the war.?°¢ 
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Direction finding was not so important early in the 
Normandy invasion and subsequent campaign. Radio 
intelligence units had not received adequate training on 
deployment and employment of DF equipment. Early DF 
equipment weighed over 300 pounds. Systems developed as the 
war progressed weighed over one-half ton. The army used 
trucks to transport the systems, but DF equipment in World 
War II never became truly portable. 

When the Germans began changing their cryptographic 
systems in late 1944 to the Rasterschluessel, American 
analysts lost access to the information contained within the 
intercepted messages. This placed a greater burden on the 
traffic analysts and increased interest on information that 
could be obtained through direction finding. During the 
expansion of the Remagen bridgehead, the 113th RI company, 
supporting First US Army, tracked the movement and 
commitment of the Panzer Lehr and 341st Assault Gun Brigade 
through direction finding efforts. The army began to focus 
its attention on equipment, deployment, and employment 
Gifficulties of DF systems.?°7 

Within the ETO army signal officers solved DF 
problems in a variety of methods. One solution mounted SCR- 
291 radio sets, an air traffic control radio, on trucks for 
DF purposes. ‘The antenna sensitivity apparently was better 
than those of the current DF systems in use. However one 


major drawback to the SCR-291 was that it did not go below 
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1500 kilocycles; units still needed another system to cover 
the lower portion of the frequency spectrum. American RI 
units used British, or even captured German, vehicular 
mounted DF systems whenever they conld. Units also became 
adept at developing field expedient methods to improve 
system capability. The Army Service Forces sent a team to 
Europe modify DF sets based on homemade fixes developed by 
RI units in Italy.?>* 

Captain Stuart Martin, Signal Corps, believed two DF 
systems were sufficient for a corps radio intelligence unit. 
The small size of the sianal service companies, generally 
around 120 men, did not support manning four or five 
outstations. The narrow corps frontage did not support 
operating an extended DF baseline. Knowing whether traffic 
originated from its immediate front satisfied the majority 
of the corps DF requirements. Traffic analysis would then 
help learn which enemy was in front of the corps.7?°° 

Direction finding could not provide locations to a 
degree accurate snough for directing artillery fire. 
Instead, with proper technique and analysis, it might have 
been possible to determine locavion to a four to five square 
kilometer circular error of probability. However, the army 
G-2 would know which units were astride his lines of 


operation, which units were the enemy’s reserve, and how 


those units were moving.?*° 
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Conclusions 

Though the U.S. Army understood the importance of 
radio intelligence, it was not the most important source of 
combat intelligence. The G-2 at the 12th Army Group listed 
SIGINT as the third most productive source of information 
after enemy prisoners of war (EPW) and aerial 
reconnaissance. Several factors explain why. Radio 
intelligence was a new source of combat information. Staff 
intelligence officers at all levels did not know how to 
incorporate it with the other sources. EPW interrogation 
was a more traditional source of intelligence. The G-2 had 
someone he could see and interrogate. He could then 
determine the validity of the information he received. The 
Same goes for aerial reconnaissance. Though technologically 
new, it had the advantage of providing a physical product 
that the G-2 could touch and see. He could look at the 
photo and make his own decisions about the information it 
contained. 

Radio intelligence provided no physical product in 
the traditional method of collection. Intelligence staff 
officers had to rely on the word of operators that what was 
written down was what the enemy transmitted. He could not 
physically touch, see, or smell the enemy’s transmission. 
The newness of radio intercept put off many customers. 
Secretary of State Henry Stimson shut down his department’s 


collection and decoding operations with his statement that 
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gentlemen do not read each other’s mail. Intelligence 
officers were also averse to radio intelligence. The 85th 
Division’s G-2 stated that he considered radio intelligence 
entirely unnecessary. During the war, radio intelligence 
became an important part of all-source intelligence. Either 
the G-2’s staff learned to interpret the information or, 
more often than not, the SRI company sent a liaison officer 
to help interpret results and write future collection 
requirements. 

During the western European campaigns radio 
intelligence did not need to be the primary source of combat 
information. Allied air supremacy allowed them to use 
aerial reconnaissaice almost at will. The Allies were on 
the offensive and had greater opportunities to take German 
prisoners. Radio intelligence contributed to all-source 
intelligence and increased the confidence factor in the 
overall product. It could alert intelligence officers to 
impending German actions, which could then be confirmed by 
aerial reconnaissance. Conversely other sources could also 
provide tipoffs to radio collectors. This allowed analysts 
to figure out the enemy’s intentions and capabilities, 
especially the Panzer and PanzerGrenadier units. 

The Germans relied on SIGINT to a greater degree 
than the Americans. Their air reconnaissance was of limited 
value due to the overwhelming Allied air superiority. The 


Germans also had less of an opportunity to take prisoners as 


103 


they were on the defensive awaiting Allied attacks. They 
emphasized tactical collection to increase their chances of 


survival. They developed the broadcast system to warn their 


frontline units of impending air, artillery, or ground 
attacks. Their use of radio intelligence increased their 
combat power by minimizing direct losses through Allied 
actions. 

Today the Army needs to respond to technological 
advances just as it needed to fifty years ago. Radios are 
smaller because of microchips and solid-state circuitry, and 
can be found throughout all levels of command. They 
communicate farther, faster, and more secure than their 
ancestors did. Enciphering devices are readily available as 
well. A small computer can generate algorithms for ciphers 
that can provide security during the critical period of any 
operation before they are broken. An investment in research 
and development is required to keep abreast of technological 
advances and to discover weaknesses to exploit. 

The Army must take another look at how SIGINT 
support is provided to the various echelons. Gone are the 
days when simple codes, like the HST, can be broken and read 
at corps level or lower. Tactical requirements are now 
target acquisition and situation development. Direction 
finding and traffic analysis fulfill this requirement. It 
is doubtful if there is a future for cryptanalysts and 


linguists at the tactical echelons in the future. Instead 
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the corps will have to place a greater reliance on theater 
and national assets providing the opposing commander’s 
intentions. 

Downsizing of the armed forces presents another 
challenge. Before World War II the Army’s SIGINT capability 
consisted of seven stations intercepting diplomatic traffic. 
As the Army increased in size, it used TO&E 11-77 to build 
tactical radio intelligence companies to support field 
armies, but it was not enough. Using a celluar table of 
organization, TO&E 11-500, the Army created companies 
tailored specifically for certain missions. These companies 
were not only signal service companies, but they were 
construction companies, wire companies, and so forth. 

A smaller army today may need the ability of celluar 
military intelligence organizations to create a force 
structure capable of meeting future challenges. Analysts, 
linguists, collection operators are among the many military 
occupational skills that can be organized into smaller cells 
with specific functions. For example, two analytic platoons 
could be created and maintained by a corps headquarters with 
two divisions assigned. In peacetime the two platoons 
provide direct support to the corps and its subordinate 
divisions. When a division deploys to a "hot-spot," one 
anaytic platoon goes with it and continues to provide 
dedicated support. This could reduce the number of platoons 


required by one. 
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Theater and national level intelligence assets must 
assume the intelligence burden that once belonged within the 
purview of the corps and division G-2. A clear 
understanding of tactical and operational requirements is 


necessary to provide those commanders with the support they 


need. These organizations will not only fulfill strategic 
requirements, but they must push down intelligence to the 
appropriate level. 

To protect the grand "left hook" maneuver during 
Desert Storm, tactical MI units at the corps level and below 
could not move close enough to the Iraqi border to collect 
information and develop their order of battle databases. 
Instead, these commanders and their staff relied on 
collection assets and analysts several levels removed to 
provide the answers to thei priority intelligence 
requirements. Without leaving the continental United 
States, some national intelligence agencies provided support 
directly to the corps, divisions, and brigades in the field. 
Other agencies flew support teams into the theater to assist 
the command in interpreting information and stating 
requirements. Desert Storm provided a glimpse of the future 
of intelligence within the Army. The lesson learned from 
Desert Storm is the same as the lesson learned fifty years 
ago: Intelligence delayed or never received is intelligence 


wasted. 
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Therefore, {A = 84° 45’ 30” a = 11 inches 
ZLB =54° 33’ 50” b = 9 inches 
ZC = 40° 40’ 40” c = 7.2 inches 


B 
TM684- 59 


Figure 51. Solving an oblique triangle by the law of 
tangents when an angle and two sides are given. 


169. Finding an Angle When Three Sides Are Given 


The following formulas are used to find the angles of a triangle when three sides of the triangle 


are given: 
sin }A = oe sae 
sin go = /E= SEHD 
sin 4C = (sate is 8) 


In these formulas, a, b, and c are the sides of the triangle, and s = 3}(a+ b+). 


Example: Find the angles of an oblique triangle if a = 5 inches, b = 8 
inches, and c = 11 inches. 


s=hs(a+b4c) 


s = 4(54+8411) 
s = 4(24) 
s = 12 
Py gale (Cs 


: — /(iz2 — 8)012 — 11 
sin 3A = V Fadi. 


: may <a 28 
si G4 = 4/ 9g — 3/ @ 
sin 34 = 1/0454545 
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sin 44 = .21819 


.21303 = sin 12° 18’ 
.21319 = sin 12° 18° + « 
21331 = sin 12° 19’ 
16 4 2 
23 °* 7 = 60 
Tx = 240 
x= 34 


21319 = sin 12° 18’ 34” 
4A = 12° 18’ 34” 


LA 24° 36’ 68” or 24° 37’ 8” 
sin 4B = ere (is — 6) 

‘ /(iz — 5) (12 — Ii) 
sin 1B = Vo By) 
sin = /O) 

eT 
sin 3B = 55 
sin 4B = \/.1272727 
sin 4B = .35675 
385674 = sin 20° 54’ 
385675 = sin 20° 54’ + x 
35701 = sin 20° 55’ 
de 
27°—s«'6 
27x = 60 
x= 2 
35675 = sin 20° 54’ 2” 
4B = 20° 54’ 2” 
ZB = 40° 108 4” or 41° 48’ 4” 
ZC = 180° — 4A — /B 
ZC = 180° — 24 ° 87’ 8” — 41° 48’ 4” 
ZC = 180° — 66° 25’ 12” 
ZC = 118° 34’ 48” 


Therefore, ZA = 24° 37’ 8” 
ZB = 41° 48’ 4” 
ZC = 118° 34’ 48” 


170. Finding the Area of a Triangle When Two Sides and the Included Angle Are Given 


The formula for finding the area of a triangle when two sides and the included angle are given 
is S = 4 ab sin C where S is the area of the triangle, a and 6 are the given sides, and C is the in- 
cluded angle. 


Example: Find the area of oblique triangle ABC (fig. 52) when two 
sides are 7 and 8 inches, respectively, and the included angle 
is 50° 50’ 50”. 


S = jabsinC 
S= 1x7 x8 sin 50° 50’ 50” 
sin 50° 50’ = .77531 


sin 50° 50’ 50” = .77531 + 2 
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APPENDIX A 


3250TH SIGNAL SERVICE COMPANY 


RESULTS OF INTERCEPT 


The following charts provide an indication of the 
amount of intercept collected by a corps signal service 
company. The data is taken from the 3250th’s company 
journal where a clerk wrote down the day’s totals. There 
was no indication of the type of traffic, enemy units 
copied, or importance of the intercept as it related to V 


Corps maneuvers. 
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Figure 2. 3250th Signal Service Company intercept 
results for July 1944 (Source: SRH-228). 
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fhe low level of DF bearings at the beginning of the 
month can be attributed to the problems the 3250th had with 
getting wire to the DF outstations, and the use of landline 
communiations by the Germans. The number of DF bearings 
increases at the end of the month as Operation COBRA kicks 
in. and the Allies begin the breakout. The Germans were 
dislodged from their fixed positions and were forced to use 


the radio to control their forces. 
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Figure 3. 3250th Signal Service Company intercept results for 
August 1944 (Source: SRH-228) 


The August message counts remain relatively high as 


the Germans were forced back from the Normandy area. The 
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Allied pursuit was in high gear. DF bearings were low 


because of the rapid forward movement of the corps. 


outstations would reach their position, only to find they 


were out of range of the enemy signals again. 
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Figure 4. 3250th Signal Service Company intercept results for 


The results for January remained consistently high 
for the first three weeks. The Allies had begun their 
counterattacks to reduce the Bulge salient. Because the 
Germans were on the offensive, they had to rely again on 
radio to control their forces. In their positions behind 
the West Wall they used landline again as the main means of 


communication. The number of nets intercepted remained 


fairly constant throughout the month. This can be 
attributed to the narrow focus of the company to collect 


against those units within the salient. 
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SIGNAL RADIO INTELLIGENCE COMPANIES 


APPENDIX B 


TABLES OF ORGANIZATION - 


The following pages provide a quick overview of how 


the organization of a radio intelligence company evolved 


between 1918 and 1942. 


Table 
Table 
Tale 
Table 
Table 
Table 


of Organization 232 ~-1918 . 
of Organization 211W --1925 . 
of Organization 211W --1930 . 
of Organization 11-77 --1939. 
of Organization 11-77 --1940. 


of Organization 11-77 -~1942. 
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sin 50° 51’ = .77550 


50. 5 

60 * 6 — (00019 
6x — .00095 
x2 = .00016 


sin 50° 50’ 50” = .77531 + .00016 — .77547 
= 4x78 .17547 = 21.71316 
S = 21.71316 square inches 


\ 


8 INCHES 7 INCHES 


A B 
TM684-60 


Figure 52. Solving for the area of an oblique triangle 
when two sides and the included angle are given. 


171. Finding the Area of a Triangle When Two Angles and a Side Are Given 


The formula for finding the area of a triangle when two angles and a side are given is S = 
a? sin B sin C 
2 sin A 

given side. 


where S is the area of the triangle, B and C are the given angles, and a is the 


Example: Find the area of oblique triangle ABC (fig. 53) when the two 
angles are 38° 42’ 48” and 68° 52’ 42” and the side is 10 inches. 


ZA = 180° — sB— /C 
ZA = 180° — 38° 42’ 48” — 68° 52’ 42” 
ZA = 180° — 107° 35’ 30” 
ZA = 72° 24’ 30” 
S= a? sin B sin C 
-_ 2 sin A 
s- 10? sin 88° 42’ 48” sin 68° 52’ 42” 
- 2 sin 72° 24’ 30” 
sin 38° 42’ = .62524 
sin 38° 42’ 48” — .62524 + «x 
sin 38° 43’ = .62547 
48 4 & 
60 * 5 — 00023 
5a = .00092 
sin 38° 42’ 48” — .62524 + .00018 = .62542 
sin 68° 52’ = .93274 
sin 68° 52’ 42” — .98274 + xz 
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APPENDIX C 


DIRECTION FINDING EQUIPMENT 


The following information came from Signal Corps 


Technical Information Letter no. 37, December 1944.7 


Loop Antenna DF Systems 
There were two types of DF antennas used in Arny, 
the Loop and Adcock. The loop equipment was used for short 
range, weighed less, and was used in small bulk application. 
For a loop to operate satisfactory, it needed to be within a 
distance of tansmitter where can receive majority of the 
ground wave. The three loop DF antenna systems in use were: 
a. SCR-206-(): a simple loop employing aural null 
indicating the bearing. 
(1) Frequency range: 0.2mc to 18.0mc.* 
(2) Weight: approx 300 pounds of all equipment 
(includes power source). 
(3) Consisted of a 15 inch loop with an azimuth 


scale mounted on top of receiver. 


2United States Army Service Forces, Officer of the Chief Signal 


Officer, "Direction Finders." Signal Corps Technical Information Letter 37 
(December 1944): 7-10. 


2One megacycle (mc) equals 1000 kilocycles (kc). 
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b. SCR-503-(): a crossed loop employing crossed- 
pointer meter indication of bearing. 

(1) Frequency Range: 0.1imc to 3.0mc 

(2) Weight: 300 pounds for each; 600 pounds total 
for system. 

(3) Conisted of two separate units, each one a 
complete DF system. One unit covered the range of 0.1imc to 
1.0mc, other covered the range of 1,0 to 3.0mc. Each unit 
had two 8 inch loops crossed at 90 degree angle, with an 
azimuth scale mounted on twin channel receiver. Outputs of 
each channel fed to one movement of a dual movement meter. 
The loops were rotated until the two movements aligned on a 
center line, thus indicating the bearing. 

c. SCR~504-(): Hand portable DF/homing set 

(1) Frequency range: 

(2) Weight: of DF equip - 26 pounds; weight of 
entire package - 80 pounds. 

(3) Consisted of radio receiver and small single 
loop antenna housed in a suitcase. It was designed to mask 
the true nature of equipment. It did not have an azimuth 
indicator since used it was used more as a homing device. 
The operator then rotated the set by hand until "null" is 


heard. 


Adcock Antenna DF Systems 
The Adcock direction finding units employed an 
antenna system that was not susceptible to large 
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polarization errors. It could obtain signals where loop 
would not work (i.e., further towards rear). The Adcock 
antenna was extremely bulky. The following are Adcock 
antenna DF systems: 
dad. SCR-255-(): a rotatable H-Adcock DF 

(1) Frequency range: .34mc to 30mc. 

(2) Weight: 1200 pounds when set up for operation. 

(3) Antenna consisted of a rotable H Adcock system 
with a 24 foot dipole spacing feeding into a National NC-100 
receiver. The antenna, receiver, and two 6 volt storage 
batteries, and a louspeaker, were mounted on top of a 15 
foot wooden tower. The operator rotated the antenna through 
remote mechanical controls. 

e. SCR~551-(): a rotatable elevated H-Adcock DF. 

It provided left and right cathrode ray indication of 
bearing. 

(1) Frequency range: 2.0 to 20.0mc 

(2) Weight: 1200 pounds when set up for operation. 

(3) Consisted of an elevated H Adcock antenna with 
receiver, indicator, and operator’s position mounted on top 
of 15 foot wooden tower. The operator’s position was 
enclosed in a circular plywood shelter. The system operated 
on a switched cardiod principle. The indication of bearing, 


or azimuth, was obtained when two vertical traces on a 


cathrode ray tube were of equal amplitude (height). 


f. SCR-555-() and SCR-556-(}: "twin systems" 

(1) Frequency range: 555: 18.0-65.G6mc; 556: 65.0- 
156.0mc. 

(2) Weight: unspecified in the article. 

(3) Both systems were a rotatable H-Adcock on a 14 
foot wooden tower. The antenna was connected to a receiver 
and an indicator located at base of tower in a plywood 
shelter. The operator’s position was located on the ground 
within the shelter. The equipment operated on a switched 
cardiod principle, with the indication of bearing obtained 
when the needle of a zero center type meter is in the zero 
position. 

g. SCR~291-(): crossed U-Adcock antennas that 
provided instantenous bearing. It was used primarily for 
aircraft navigation, though some sets were issued to RI 
units. 

(1) Frequency range: 1.5 - 10.0mc, that could be 
extended to 20mc if properly employed. 

(2) Weight: 4000 pounds 

(3) The input from the antenna fed into a 
radiogoniometer. The output of goniometer went to a 
receiver where it was amplified and detected. The pesiver 
output fed into deflecting ray coils of a cathrode ray tube 
(spinning at same speed as goniometer). This caused a 
“Propeller trace" on Cathrode ray tube screen. The edge of 


the tube was graduated from 0 to 360 degrees. The operator 
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read the strongest spike in the propeller to determine the 
bearing. 
h. SCR-502-(): crossed U Adcock; it also provided 
instantenous bearing on a cathrode ray tube. 
(1) Frequency range: 1.5 to 30.0mc 
(2) Weight:5000 pounds. 
_(3) Very similar to SCR-291, but it had a larger 


antenna array to cover increased frequency range. 


Accessories 

The Loop Assembly AS-4()/GR was an attachment that, 
when attached to a receiver in freq range of 1.2 to 20.0mc., 
provided left-right indication of bearing on a double “magic 
eye" tube. The AS-4 has four 9-inch loops, an 
omnidirectional antenna, and a control box with azimuth 
scale. The loop covering the desired frequency range was 
mounted on the control box, which was connected to the 
receiver. The equipment was then ready to function. It 
weighed 80 pounds with its carrying case and four loops. 

The use of the Loop Antenna Kit AS-169()/GR with the 
AS-4 assembly increased the frequency range to 0.075 - 
20.0mc. The AS~-169 had 4 additional loops to cover the 


0.073 to 1.2mc range, and weighed just over 20 pounds with 


its carrying case and four loops. 


APPENDIX D 


UNIT CITATION AND CAMPAIGN PARTICIPATION™* 


113th Signal Radio Intelligence Battalion [First Army] 


Campaigns: Ardennes-Alsace 


113th Signal Radio Intelligence Company [First Arny] 


Campaigns: Central Europe, Normandy, Northern 
France, Rhineland 


Meritorious Unit Citation: 6 June - 6 August 1944, 
General Orders No. 22, 
HQs lst US Army, dated 8 
February 1945. 


Occupation: 2 May - 30 September 1945 Germany 


il4th Signal Radio Intelligence Company [12th Army Group] 


Campaigns: Ardennes~Alsace, Central Europe, 
Northern France, Rhineland 


Occupation: 2 May - 27 December 1945 Germany 


116th Signal. Radio Intelligence Company [12th Army Group] 


Campaigns: Ardennes-Alsace, Central Europe, 
Northern France, Rhineland 


Occupation: 2 May ~ 27 December 1945 Germany 


“Source: Department of the Army Pamphlet 672-1. Unit Citation 
and Campaign Participation Register. Washington, DC; July 1961. 
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117th Signal Radio Intelligence Company [Seventh Arny] 


Campaigns: Ardennes-Alsace, Central Europe, 
Rhineland, Rome-Arno, Southern France, 
Tunisia 


Meritorious Unit Citation: 1 January ~ 31 March 
1945, General Orders No. 
389, HQs 7th US Army, 
dated 10 August 1945. 


Assault Landing: Southern France, 15-16 August 


1944, War Department General 
Orders No. 70~45. 


118th Signal Radio Intelligence Company [Third Army] 


Campaigns: Ardennes-Alsace, Central Europe, 
Normandy, Northern France, Rhineland 


Meritorious Unit Citation: 1 August - 19 November 
1944, General Orders No. 
102, HQs 3rd US Army, 
dated 3 December 1944. 


Occupation: 2 May - 27 December 1945 Germany 


i2ist Signal Radio Intelligence Company [ETOUSA COMMZ?]} 
Campaigns: Central Europe, Rhineland 
Meritorious Unit Citation: i June - 31 July 1944, 
General Orders No. 28, 
HQs Communication Zone, 
European Theater of 
Operations, dated 11 
March 1945. 


Occupation: 2 May - 15 August 1945 Germanv 


124th Signal Radar (Radio?) Intelligence Company [ETOUSA 
COMMZ? } 


Campaigns: Central Europe, Rhineland 
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Meritorious Unit Citation: 1 January ~ 31 duly 1944, 
General Orders No. 28, 


HQs Communication Zone, 
European Theater of 
Operations, dated 11 
March 1945. 


Occupation: 2 May - 15 August 1945 Germany 


129th Signal Radio Intelligence Company [6th Army Group] 


Campaigns: Ardennes~Alsace, Central Europe, 
Rhineland 


Occupation: 2 May - 31 October 1945 Germany 


135th Signal Radio Intelligence Company [12th Army Group™] 


Campaigns: Central Europe, Rhineland 


Occupation: 5 July - 31 October 1945 Germany 


137th Signal Radio Intelligence Company [Ninth Arny] 


Campaigns: Ardennes-Alsace, Central Europe, 
Northern France, Rhineland 


Meritorious Unit Citation: 1 April ~- 18 August 1944, 
General Orders No. 34, 


HQs, Communication Zone, 
European Theater of 
Operations, dated i7 
March 1945. 


3250th Signal Service Company [V Corps] 


Campaigns: Ardennes-~Alsace, Central Europe, 
Normandy, Northern France, Rhineland 


“The 135th SRI was under the 12th Army group for training before 
assignment to the Fifteenth Army. The war ended before the 135th 
transferred to their new headquarters. 
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Assault Landing: Normandy, 6~7 June 1944, War 
Department General Orders 70-45. 


3251st Signal Service Company [VII Corps] 


Campaigns: Ardennes~Alsace, Central Europe, 
Normandy, Northern France, Rhineland 


Meritorious Unit Citation: 6 June - 6 August 1944, 
General Orders No. 3, HQs 
VII Corps, dated 20 
January 1945. 


Occupation: 2 May - 5 July 1945 Germany 


325400 Sional Service Company [XIX Corps] 


Campaigns: Ardennes-Alsace, Central Europe, 
Normandy, Northern France, Rhineland 


Occupation: 2 May - 30 October 1945 Germany 


3253rd_ Signal Service Company [XV Corps] 
Campaigns: Ardennes-Alsace, Central Europe, 
Normandy, Northern France, Rhineland, 
Rome-Arno 


Occupation: 2 May ~ 3 September 1945 Germany 


3254th Signal Service Company [VIII Corps] 


Campaigns: Ardennes-Alsace, Central Europe, 
-Normandy, Northern France, Rhineland 


Occupation: 2 May ~ 3 September 1945 Germany 


3255th Signal Service Company [XII Corps] 


Campaigns: Ardennes~Alsace, Central Europe, 
Northern France, Rhineland, North 
Apennines, Po Valley 
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Ss = 


Bin 68° 53’ 
42 


60 OF 


sin 68° 53’ 
sin 72° 24’ 


sin 72° 24’ 30” 


sin 72° 25’ 
30 


60 2 


sin 72° 24’ 30” 


II 


a 
10 
10x 
x 
42” 


Ho MM a 


1 


2x 
x 


93285 
x 
00011 
00077 


000077 or .00008 
.93274 + .00008 = .93282 


.95319 
95319 + 2 
.95328 


dla 
-00009 
00009 


.000045 or .00005 
95319 + .00005 = .95324 
100 x .62542 x .93282 


11.4858—10 or 1.4858 


= 9.7962—10 


= 9.9698—10 


9.9791—10 + .0001 = 9.9792—10 


2X .953824 
_ 50 x .62542 x .93282 
.95324 
= log 50 + log .62542 + log .93282 — log .95324 
log 50 = 1.6990 
log .62500 = 9.7959—10 
log .62542 = 9.7959—10 + x 
log .62600 = 9.7966—10 
42  « 
100 ~ .0007 
100xz = .0294 
x = .000294 or .0003 
log .62542 = 9.7959—10 + .0003 
log .93200 = 9.9694—10 
log .93282 = 9.9694—10 + 2 
log .98300 = 9.9699—10 
82k 
100 ~ .0005 
100x = .0410 
x = .00041 or .0004 
log .98282 = 9.9694—10 + .0004 
log .95300 — 9.9791—10 
log .953824 = 9.9791—10 + «x 
log .95400 = 9.9795—10 
24  & 
100 ~ + .0004 
100~ = .0096 
x = .000096 or .0001 
log .95324 = 
1.6990 + 9.7962—10 + 9.9698—10 — 9.9792—10 
1.6990 
9.7962—10 
-+- 9.9698—10 
21.4650—20 
— 9.9792—10 
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Occupation: 2 May - 31 October 1945 Germany 


3256th Signal Service Company [XX Corps] 
Campaigns: Ardennes~Alsace, Central Europe, 
Northern France (as the Signal Service 
Radio Intelligence Company), Rhineland 


Occupation: 2 May - 14 August 1945 Germary 


3257th Signal Service Company [XVI Corps] 
Campaigns: Central Europe, Rhineland 


Occupation: 2 May - 31 October 1945 Germany 


3258th Signal Service Company [XIII Corps] 


Campaigns: Ardennes-Alsace, Central Europe, 
Rhineland 


Occupation: 2 May ~- 31 October 1945 Germany 


3289th Signal Service Company [III Corps] 
Campaigns: Central Europe, Rhineland 


Occupation: 20 May ~ 14 August 1945 Germany 


3260th Signal Service Company [VI Corps] 


Campaigns: Ardennes~Alsace, Central Europe, 
Rhineland 


326i,st Signal Service Company [XXI Corps‘ 
Campaigns: Central Europe, Rhineland 


Cccupation: 2 May - 14 August 1945 Germany 
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3262nd Signal Service Company [XXII Corps] 
Campaigns: Central Europe, Rhineland 


Occupation: 2 May - 5 July 1945 Germany 


3263rd Signal Service Company [XXIII Corps] 
Campaigns: Central Europe 


Occupation: 2 May - 30 October 1945 Germany 


Signal Security Detachment D [12th Army Group] 
Occupation: 2 May - 30 September 1945 Germany 


3201st Signal. Intelligence Service Detachment [6th Arny 
Group] 


Campaigns: Ardennes~Alsace, Central Europe, 
Rhineland, Southern France 


Occupation: 2 May - 31 October 1945 Germany 
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APPENDIX E 


SEQUENCE OF COLLECTION OPERATIONS 


A typical sequence as identified in FM 11~20 (1940 
version) of operations would be as follows: 

a. Initially the intercept operators are furnished 
copies of friendly callsigns and frequencies in the bands 
they are to search. This allows quick identification of a 
signal as either friendly or enemy. 

b. As an example, an operator is assigned to 
search the 3000-4000 kilocycle (kc) band, and hears an enemy 


station on a frequency of 3600 kc. He then notifies the 


control chief and begins to copy the message. 

c. The control chief then verifies that the 
station at 3600 kc is an enemy transmitter. He must decide 
whether to continue with the copy or to drop coverage. (For 
the purpose of this sequence, the station is to be copied 
and located through 2irection finding.) 

a. The control chief provides the four direction 
finding stations the frequency, callsign, mode of 
transmission, and any other data needed to recognize the 
signal and obtain an azimuth. 

e. The four DF operators tune their receivers to 


the proper frequency, identify the signal, and determine the 


245 


line of bearing from their location to the transmitter. If 
possible, the intercept operator puts the signal on the 
telephone wire to make it easier for the DF operators to 
identify the transmission. Once they obtain the line of 
bearing, the DF stations report the azimuth back to the 
control section. 

f. The plotter at the control section corrects the 
azimuths with each station’s calibration” chart, plots the 
revised azimuths, and determines the coordinates of the 
transmitter’. 

g. The platoon leader sends the information, 
either by calling or by message, to the company 
headquarters. One copy of the message is then forwarded up 
channels. The second copy is retained for the consolidated 


log. 


“Calibration charts were required regardless of where the DF site 
was located. These charts contained the corrections in degrees which 
should be added or subtracted from the observed azimuth to obtain the 
true azimuth. A minimum of two charts would be prepared, one below 4000 
kc and one above. After accurately oriented the DF station and locating 
it on a map, a target transmitter is sent towards the front of the 
sector that is to be covered. The target transmitter transmits at given 
frequencies for about five minutes from sites easily located on the map. 
The differences from the map azimuths (from the DF site to the 
transmitter location) and the observed azimuths (the line of bearing 
obtained through DF) are plotted on a chart. For greater accuracy, and 
if time permits, the target transmitter transmits on several frequencies 
at each location, and then repeats the process at different times. 
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APPENDIX F 


RADIO INTELLIGENCE EQUIPMENT 


The Signal Corps used the following radio monitoring 
sets for radio intelligence: 

a. The SCR-243 and -244 were low-, middle-, and 
high-frequecy intercept receivers. Frequency ranges were 
100 kilocycles (kc) to 20 megacycles (mc). 

b. The SCR-607, 612, ~613, -614, and -616 were 
receivers for frequencies ranging from 15kc to 600mc. They 
were used to collect continuous wave (CW), AM and FM types 
of signals. 

c. The SCR-558 was a combined intercept and DF 
assembly. It consisted of aSCR-206 and SCR-504, intercept 
receiver SCR~612, and communication radio SCR~284. The 
whole assembly fit within one vehicle. 

d. The AN/VRD-1 was a larger assembly, embracing 
the direction finding SCR-503, intercept receivers SCR-612 
and 613, and radio beacon RC-163. The whole assembly took 


two vehicles, each carrying an SCR-510 to communicate with 


the other. 


COMSEC 
COMMZ 
DF 
ETO 


ETOUSA 


GHQ 


ocsSigo 


Panzer 


Panzer 


RI 


SHAEF 


SIGINT 
SIGSEC 
SIs 
SRI 
T/O 


TO&E 


Grenadier 


APPENDIX G 


GLOSSARY 


Communications Security 
Communication Zone 

Direction Finding 

European Theater of Operations 


European Theater of Operations, United 
States Army 


General Headquarters 

Office of the Chief Signal Officer. 
Generally used at the army group level 
and above. 

German armored unit. 


German mechanized or motorized infantry 
unit 


Radio Intelligence. Radio intellgience 
and signal intelligence are 
interchangable terms. 


Supreme Headquarters, Allied 
Expeditionary Force 


Signals Intelligence 

Signal Security 

Signal Intelligence Service 
Signal Radio Intelligence 
Table of Organization 


Table of Organization and Equipment 
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Trick 


Trick Chief 


Slang term for the intercept section or 
shift. For example, the first 
interception section in the intercept 
platoon would be known as the "First 
Trick." Schedules would be developed, 
with each trick conducting intercept 
operations at a designated period. 


Term representing the Non-commissioned 
Officer in Charge (NCOIC) of a 
designated intercept section, or trick. 
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172. Finding the Area of Triangle When Three Sides Are Given 
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Example: 


Find the area of an oblique triangle when the sides are 8, 
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173. Review Problems—Trigonometric Laws 


a. In an oblique triangle ABC, angle A = 
42° 15’ 12”, angle B = 75° 28’ 10”, and side b 
measures 21 inches. Solve the triangle for 
angle C and side a. 


b. In an oblique triangle ABC, angle C = 
52° 30’, side b = 45 inches, and side c = 38 
inches. Solve for angle B. 


c. In an oblique triangle ABC, sides a, b, and 
c opposite angles A, B, and C have lengths of 
9, 16, and 21 inches, respectively. Find the 
three angles of the triangle. 


d. In an oblique triangle where a and b are 
any two sides and A and B are the angles oppo- 
site these sides, angle C = 57° 20’ 45”, a = 


AGO 558A 


9.73 inches, and b = 6.47 inches. Find angles 
A and B. 


e. The three sides of a triangle are 40, 37, 
and 13 inches, respectively. Find the area of 
the triangle. 


f. Two sides of an oblique triangle measure 
12 and 18 feet, respectively. The angle between 
the two sides is 115°. Find the area of the 
triangle. 


g. In a triangle ABC, angle A = 30° and 
angle B = 60°. The side opposite angle C = 
16 inches. Find the area of the triangle. 


h. In an oblique triangle ABC, angle C = 
62° 50’. The side opposite angle A measures 
9.65 inches, and the side opposite angle B meas- 
ures 17.85 inches, Find angles A and B and 
the length of the side opposite angle C. 
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CHAPTER 11 
RADIANS 


174. Angular Measurement Using Radians 


a. Definition. A radian is a unit of angular 
measurement equal to that angle which, when 
its vertex is upon the center of a circle, inter- 
cepts an arc that is equal in length to the radius 
of the circle. Thus, in figure 54, central angle 
AOB is equal to 1 radian because are AB is 
equal to radius OA. 

(1) The system that makes use of the 
radian is called the natural system of 
angular measurement because it has 
no arbitrary unit, such as the degree, 
but is founded upon the observation 
that the absolute size of any angle is 
the ratio of its arc to the radius of 
that arc. Where the arc and radius 
are equal, the ratio is 1, and this unit 
is the radian. 

(2) The natural system of angular meas- 
urement—also called the circular sys- 
tem and the radian system—is used 


(™ RADIAN 


| Ss 
TM684-62 


Figure 54. The radian or circular system of 
measurement. 
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extensively in electrical formulas 


(part IT). 


b. Finding Any Angle. To find any angle, 
such as angle AOC in figure 54, when the length 
of arc AB is known, determine the number of 
times that radius r will go into arc length ABC, 
thus determining the number of radians in the 
angle. 


Thus, 
arc 
radius 
or, if angle AOC is denoted by the Greek letter 
6 (Theta) and arc ABC by s, 


Ss 3 
6= a4 radians 


Angle = 


A circle has a radius of 6 inches. 
Find the angle subtended at the 
center of the circle by an arc 9 
inches in length. 


Example: 


é= 


Qlo z][® 


= 1.5 radians 


c. Finding Length of Arc. To find the length 
of an arc intercepted by a central angle when 
the radius of the circle and the number of 
radians in the angle are known, use the formula 
in b above in the form— 

s = ré 
A circle has a radius of 5 feet. 
How long is the are intercepted 
by a central angle of 1.5 
radians? 

s= 76 

= 7.5 feet 


Example: 
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Historian’s Introduction 


The volume at hand, Dr. George F. Howe’s American Signals Intelligence in Northwest Africa 
and Western Europe is important professional reading for those interested in cryptologic history or 
in World War II. 


The first historian for the National Security Agency was Captain Thomas Dyer, USN, who had 
made significant contributions in cryptanalysis during the war. When Dyer retired in 1954, NSA 
decided to hire a professional historian as his replacement. That was Dr. George F. Howe. 


Dr. Howe was born in Vermont in 1901, and received his Ph.D. from Harvard in 1926. He was a 
professor of history at the University of Cincinnati for the next two decades. In 1945 he joined the 
research and writing staff of the Army’s Historical Division. While in that position, he wrote 
Northwest Africa: Seizing the Initiative in the West, published in 1957 as part of the official series 
on World War II, commonly known to historians as the “Army’s green books.” 


At NSA Dr. Howe supervised a small staff in preparing a number of specialized histories as well 
as a general study of the Armed Forces Security Agency, NSA’s predecessor. Dr. Howe retired in 1971, 
although he was called back to assist part-time with several history projects. He passed away in 1988. 


It is fitting that, for his own major project at NSA, Dr. Howe chose to write about signals 
intelligence support in North Africa (and Western Europe), drawing on the expertise developed for 
the “green books” and adding to it a dimension he could not write about for unclassified publication 
in the 1950s. 


Dr. Howe’s book deals primarily with organizational matters for providing SIGINT support in 
combat. Thus, the reader will not find stories of high-level cryptanalysis underlying big decisions by 
famous leaders. In my estimation, by concentrating on the less flashy aspects of wartime support in 
favor of the background work, Dr. Howe has again added a dimension of great worth to our knowledge 
of SIGINT and of the war. 


The study of World War II SIGINT has concentrated, by and large, on ULTRA, the exploitation 
of high-grade cryptographic systems used by Germany and Japan, and the use of ULTRA material by 
senior wartime decision makers. This effort unquestionably is important for understanding the 
decisions and events of that terrible era, but the overwhelming focus on this aspect has resulted in a 
slightly skewed understanding. 


The production of ULTRA and its effective use depended on a strong and well-organized structure 
working in conjunction with now-legendary cryptanalysts. Since the distribution of ULTRA was 
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limited to a small number of officers and civilian leaders, the bulk of SIGINT support to the war- 
fighter came from tactical SIGINT units working at or near the front lines. 


Dr. Howe has restored to us essential details about the organization, maintenance, deployment, 
and service of the military cryptologic units that undergirded the ULTRA effort and supported 
combat forces directly. 


This is an important subject for understanding what happened in World War II and for studying 
the principles of SIGINT organization today. 


Dr. Howe’s book was released in part in the late 1980s as a “Special Research History,” an early 
NSA method of declassifying documents and studies. That was a time when much of the SIGINT 
story, even from World War II, was still classified; thus, significant portions were blanked out. It is a 
pleasure now to be able to present an unexpurgated version of this fine history. 


David A. Hatch 


NSA Historian 
2010 


Dr. Howe receiving an award in 1982 
from Ms. Ann Caracristi, then the deputy director of NSA 
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Foreword 


It is most fitting that the first volume of the chronological history series to be published is one 
written by Dr. George F. Howe, who directed and shaped the cryptologic history program during its 
first fifteen years. In addition, as many readers know, before he came to NSA, Dr. Howe had written, 
among other histories, the volume on Northwest Africa in the official series, The U.S. Army in World 
War II. 


Working part time in the years since his retirement, Dr. Howe has produced a comprehensive 
history of U.S. Army SIGINT operations in North Africa and Europe in World War II. A distinctive 
feature of this history is the manner in which SIGINT activities are presented in the context of 
military operations and military strategy. Dr. Howe performed most of the research for this work 
before NSA’s archives were established, which means he had a monumental task simply locating 
some of the cryptologic records for this work. 


The Agency has been fortunate to have such an experienced and distinguished scholar writing this 
important chapter in the history of American cryptologic operations. 


Vincent J. Wilson, Jr. 


Chief, Cryptologic History Publications and Staff 


[1980] 


Page xi 


Author’s Note 


The completion of this cryptologic history in its present form has been accomplished by the 
efforts of many persons. Of those with whom the author has worked directly and to whom much 
credit for substance and form is due, he gratefully acknowledges the contributions by members 
of the NSA History and Publications Staff — Vincent J. Wilson, Jr., Chief; Henry Schorreck, 
Historian; Priscilla Pitts, Editor; Jean Hall, Secretary; and Linda Dinan, an ex-member; as well as 
Charles White Eagle, cartographer; and Wallace Winkler, Ray Schmidt, and E. Dale Marston, 
in their role as historical researchers. 


George F. Howe 
3 June 1980 
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Introduction 


Production of signal intelligence during World 
War II for use by American armed forces was a 
process more elaborate than the creation of a set of 
oriental rugs. Looking back today, patterns are 
recognizable but variations abound. The interde- 
pendence of different participants in production is 
as evident as that of the shepherds, spinners, loom- 
makers, dyers, and weavers, whose common 
product, like SIGINT, might end up in an office 
with a parquet floor under a handsome chandelier 
or in the tent of a nomad, or in something in be- 
tween those extremes. But in any setting, it would 
be highly prized. 


During World War II, Americans preferred the 
term “communications intelligence” (COMINT) as 
a near equivalent to the British term “signal 
intelligence,” but they accepted the abbreviation, 
SIGINT, and used it. After World War II, the 
United States armed forces distinguished elec- 
tronic intelligence (ELINT) from COMINT, and for 
several years reserved control over ELINT matters 
from the province of the U.S. Communication 
Intelligence Board. When that segregation ended, 
the term SIGINT soon displaced COMINT in gen- 
eral practice. Without wishing to predate American 
use of the term “SIGINT” instead of COMINT, I 
have used it in this account of events in World War 
II. 


American and British units, both together and 
separately, produced SIGINT used by the armed 
forces of both countries, either separately or in 
combined actions. Each country had a SIGINT or- 
ganization with a center at its capital and 
tributary stations elsewhere in the country and 
overseas throughout the world. The British had a 
unified organization and three separate Service 
organizations. The Americans had no unified orga- 
nization; each Service had its own and coordinated 


with each of the other’s. In the overseas theaters 
they had centers in rear areas and mobile units in 
combat zones. The latter could be teams, parties, 
platoons, sections, detachments, companies, or 
groups — anywhere from 3 to more than 200 men. 
The ground and air components of the U.S. Army 
developed related but distinctive operations and 
units. 


A theater’s Signal Intelligence Service (SIS) 
provided tactical SIGINT to commanders. 
Dissemination was subject to security regulations 
appropriate for a product of high value and precar- 
ious availability. Enemy communications from 
which tactical SIGINT was derived were those 
passed between low and intermediate levels of 
command in low-grade or medium-grade crypto- 
graphic systems, or in plain language. When enemy 
communications at high military levels and in high- 
grade cryptographic systems could be read, the 
product — special intelligence — took form after 
elaborate processing at the British center in Eng- 
land; it was forwarded under stringent controls to 
eligible recipients, including commanders in the 
theaters of operations. Thus, there was a dual 
Allied SIGINT operation-production and dissemi- 
nation of tactical intelligence (“Y”) and special 
intelligence (“Ultra” or “U”). 


This narrative, while noting the existence and 
relevance of special intelligence, makes no attempt 
to explain the methods of its production, or to 
show with any precision how it applied to particu- 
lar operations. Instead, the history centers on 
American production and use of tactical SIGINT 
(“Y”), as accomplished in the western Mediterra- 
nean and European Theaters of Operation, U.S. 
Army. It treats Ultra marginally, as it had tactical 
applications. 
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Radio communications among American com- 
bat units were monitored by the enemy for the 
same purposes that the Americans were served by 
radio surveillance of the Germans. American traffic 
was also monitored by Americans for two 
purposes: to detect and correct communications 
insecurities that the Germans could exploit, and to 
keep track of advance American elements in order 
to keep American commanders continuously and 
currently informed of their positions, situations, 
and intentions. This history does not deal with 
those operations beyond indicating their claims on 
radio intercept sources. 


Some information about the German Army 
field SIGINT service is included here. The war was 
a competition not only between the operators of 
guns, tanks, aircraft, and other weapons, but be- 
tween the operators of radio receivers, radio 
direction finders, and the facilities available to in- 
telligence analysts. Since it is axiomatic that 
SIGINT emerges from defective COMSEC, in- 
stances of German SIGINT success are likely to be 
examples of American COMSEC failures. To that 
extent only, is American COMSEC a part of this ac- 
count. 


The Mediterranean theater was only one of 
many in a conflict often described as “global” in 
scope and “total” in depth. Military application of 
technology was accelerated during the conflict. It 
may be helpful to cite some of the relatively new 
and distinctive features of World War — features 
which have become less striking in the light of later 
and newer developments. Between World Wars I 
and II, aviation, called “air” or “air power,” had 
become transformed. It relied, however, on single 
and multimotored propeller aircraft; jet-powered 
planes were being used, but not widely, as the 
hostilities ended. Missile systems had been suffi- 
ciently developed by the Germans to be used in 
warfare, but they had not perfected accurate deliv- 
ery systems. Rockets were widely used by ground, 
sea, and air forces. The bombsight was sufficiently 
refined to achieve fair accuracy from great heights. 
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The role of “air” made the acquisition and defense 
of airfields essential. 


During World War II, automotive transporta- 
tion largely supplanted that by animals; animals 
were still being used, but primarily as pack animals 
in mountainous terrain. The newer vehicles rolled 
on either tires or “tracks.” They ranged from small 
cars and motorcycles to massive, heavily armored 
tanks equipped with thick armor, 150-mm 
long-barreled guns, as well as lighter weapons. Ar- 
tillery was adapted to the new kinds of targets. 
Shells could be armor-piercing, incendiary, high 
explosive, white phosphorus, smoke, or high veloc- 
ity. The “proximity fuse” caused detonation with 
maximum effect. Bombs, like artillery shells, varied 
in character as well as in size. Napalm and flame- 
throwers were used against sheltered positions. 
Radar and sonar were widely used. Beacon signals 
assisted ships and aircraft in navigation. Radio di- 
rection finding (DF) — goniometry — was a reversing 
of that procedure. 


To offset the military control of ports by hostile 
forces, the Allies developed the means and the 
methods necessary to land men, weapons, supplies, 
trucks, and even armored vehicles through surf and 
across beaches. 


Naval ships bore on their decks small aircraft 
for reconnaissance and for directing naval gunfire 
on shore targets. Carriers with flight and hangar 
decks were used as floating bases for fighter and 
bomber aircraft. 


The control of numerous dispersed units — 
ground, air, surface, and submarine — required 
extensive facilities for radiotelegraph and radio- 
telephone communications. 


In Northwest Africa, during 1942-1943, Ameri- 
can “commanders began to realize as never before 
the potentialities of mobile radio, radiotelephone, 
carrier telephone, and teletype, to say nothing of 
the immense possibilities of radar, radio intelli- 
gence, radio countermeasures, propaganda, and so 


on. Commanders began to take for granted facili- 
ties undreamed of in any previous conflict. They 
expected to be able to communicate at any time 
with subordinates, even in moving vehicles widely 
scattered over a mobile front. They expected to be 
able to talk with headquarters however distant. In 
fact, they began to demand facilities not yet 
developed.”! 


Technology to meet the COMSEC requirements 
produced, among other devices, high-speed, auto- 
matic Morse telegraphy and _ non-Morse 
radioprinters. For security, communicators 
employed cipher machines and telephone “scram- 
blers.” The communications traffic of both sides 
became voluminous; each sought successfully to 
derive SIGINT from the other’s signals. 


Note 

1. George E. Thompson, Dixie R. Harris, Pau- 
line M. Oakes, Delaney Terrett, The Signal Corps: 
The Test. (Office of the Chief, Military History, 
1957), 381. 
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Part One 


The Mediterranean Area 


AREA 


i 
pizerts & 


SICILY 
ry h 


ALGERIA 


30 


Page 6 


175. The Relation Between Degrees and Radians 


a. General. It is often necessary to convert an angle from degrees to radians or from radians 
to degrees. If the angle is one complete revolution, the arc is one complete circumference of a 
circle; thus, it is 2 times the radius. Therefore, the angle is equal to 2z7r divided by r—that is, 2x 
radians (x = 3.1416). 


Therefore, 
1 revolution — 22 radians 
also 1 revolution = 360° 
Thus, 27radians = 360° 
Lradian = 200° 180° _ 57 o9578¢ 
2a ra 
and since 860° — 2 = radians 
Gly fee A, CR 
1° = 360 ~ 180 = 0.017453 radians 


To change radians to degrees, accurate to seconds, use figures accurate to at least five decimal 
places. 


b. Changing Degrees to Radians and Radians to Degrees. 


Example 1: Change 2.74 radians to degrees, minutes, and seconds. 


1 radian = 57.29578° 
2.74 radians = 2.74(57.29578) 


= 156.99044° 
1° = 60’ 
.99044° = .99044(60)’ 
= 59.4264’ 
4264’ — .4264(60)” 
— 25.5” 


2.74 radians — 156° 59’ 25.5” 


Example 2: Change 57° 15’ 18” to radians. 


Step 1. Change the minutes and seconds to decimals of a degree: 

1’ = 60” 
prc. AB 
te = 60 
= 32’ 

, _ 153 

15.37 = 7 

= .255° 


57° 15’ 18” = 57.255° 


Step 2. Change to radians: 
1° = .017453 radian 
57.255° 57.255 (.017453) 
.99927 radian 


II 
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Chapter 1 


Situation Report 


Early Conditions 


American SIGINT operations during World 
War II were conducted by separate Service Crypto- 
logic Agencies. Both in their Washington centers 
and in the field, the Army and Navy went largely 
separate ways. In the Army, moreover, cryptologic 
activities followed divergent lines for ground and 
air forces. Different and somewhat separate organi- 
zations were developed to serve the needs of ground 
and air commanders. 


The U.S. Army had produced and applied 
SIGINT in France during World War I. Signal 
Corps units had then engaged in radio intercep- 
tions and goniometry, a term more frequently 
expressed later as direction finding (DF) or posi- 
tion finding. The intercepted material and “fixes” in 
1917-1918 were delivered to G-2, American Expedi- 
tionary Force, for exploitation. 


Between World Wars, the Army and Navy each 
supported a small and slowly growing group of 
radio intelligence units and analysts, in each case 
placing them within the communications segment 
of that service. The material intercepted and the in- 
telligence derived were for the most part from 
diplomatic communications. Foreign armies and 
navies in the 1920s and 1930s were distant from 
the United States, and diplomatic communications 
were therefore much more readily intercepted. 
Diplomatic intelligence was welcome at high pol- 
icy-making levels. The Army and the Department 
of State cooperated in producing such information 
in connection with the Conference on the 
Limitation of Naval Armaments in Washington in 
1921, and persevered in such an effort until stopped 
by orders of the secretary of state in 1929. A new 
effort to prepare to utilize SIGINT in wartime took 
place most secretly in the next decade.1 


In the U.S. Navy communications exchanged 
during grand maneuvers of the Japanese fleet were 
made the basis of traffic analysis that, as a test, 
demonstrated how much intelligence could be as- 
certained without reading the contents of messages. 
It was sufficiently successful to convince Navy lead- 
ers that their small communications intelligence 
effort should be expanded and supported. 


In the twenties and thirties, the Army had 
worked on Japanese communications to develop 
technical competence and to help U.S. policy mak- 
ers become sufficiently informed about Japanese 
political and military intentions. Japanese cryptog- 
raphy made use of machine encipherment of 
diplomatic messages. The cryptanalysts of the U.S. 
Army and Navy successfully devised counterparts 
to the main Japanese enciphering device and 
quickly read much Japanese traffic that the senders 
believed to be completely protected. 


German naval operations in the Atlantic were 
closely directed from the homeland. Submarines 
reported daily, or more often, and received specific 
instructions by radio. Even before the U.S. became 
a belligerent, the nation provided war material 
essential to the British. After Hitler and Mussolini 
declared war against the United States, it became 
more than ever vital that German sea warfare be 
checkmated. Toward that goal, the United States 
Navy and the Royal Navy cooperated in exploiting 
German naval communications. 


By presidential order in 1942, the two service 
SIGINT organizations, usually calling their pro- 
ducts COMINT, collaborated with the Federal 
Bureau of Investigation (FBI) only and kept other 
U.S. agencies (such as the Federal Communica- 
tions Commission) from engaging in production 
operations. 
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The British developed a unified SIGINT agency 
known as the Government Code and Cypher School 
(GCCS), which was ready when war came in 1939 
to begin joint-service operations at a preselected 
site near London. Each of the British armed ser- 
vices had its own intelligence system to which 
SIGINT contributed Information. 


During the war, the United States Army and 
Navy separately entered into several specific agree- 
ments with the London Signal Intelligence Board 
and its instrumentality, the GCCS. In all matters of 
SIGINT policy, GCCS could present a single British 
position, while SIGINT officials of the U.S. Army or 
Navy usually could not. 


As the war continued, changes in methods of 
warfare and developments in enemy cryptography 
brought about endless modifications of the organi- 
zation and operations of the SIGINT producers. 
Not only technical adjustments but also adminis- 
trative arrangements were prompted by new 
experience. In the U.S. Army, the Signal Corps’ Sig- 
nal Intelligence Service (SIS) in mid-1943 became 
the Signal Security Agency; both were under the 
supervision of the Military Intelligence Division 
(G-2), War Department. On 15 May 1942, Colonel 
Carter W. Clarke of G-2 was designated as G-2’s 
representative to supervise the SIGINT operations 
of the War Department and to manage the han- 
dling and dissemination of all the special material 
produced. He was at the same time made G-2 Liai- 
son Officer with the Department of State, 
Department of the Navy, FBI, Federal Communica- 
tions Commission, Office of the Coordinator of 
Information, and Office of Facts and Figures. When 
the Signal Intelligence Service became the Signal 
Security Agency, G-2 exercised direct operational 
control and disseminated SIGINT products through 
a Special Branch, G-2. Ultimately, in September 
1945 as the Army Security Agency, the SIGINT 
organization, was transferred from the Signal Corps 
and incorporated into the Military Intelligence Ser- 
vice. 


Before Pearl Harbor, to reduce overlapping ef- 
fort by Army and Navy producers of diplomatic 
SIGINT, the two armed services alternated 
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responsibility daily. On 25 January 1942 Colonel 
Frank W. Bullock, Chief, Signal Intelligence 
Service, and Commander John R. Redman, Com- 
manding Officer, OP-20-G (the SIGINT element of 
the Office of Naval Communications), agreed orally 
that the Army would process all diplomatic traffic 
and would furnish to the Navy intelligence service 
translations of all messages of interest to the Navy. 
The Army expanded its SIGINT establishment to 
cope with the traffic of enemy ground and air forces 
as well as diplomatic material. 


OP-20-G remained in the Office of Naval Com- 
munications throughout the war, expanding 
tremendously and disseminating its products 
through combat intelligence officers at various 
headquarters. Its contribution to Allied triumph in 
the Battle of the Atlantic against German subma- 
rines, and in the campaigns in Pacific Ocean areas, 
would be hard to exaggerate. 


Brigadier General Carter W. Clarke 
(Photograph courtesy of the 
Department of Army) 


The Army Signal Corps in 1938 had a single 
radio intelligence company and five small radio in- 
tercept detachments of signal companies in Texas, 
California, the Canal Zone, Hawaiian Islands, and 


the Philippines. A Second Signal Service Company 
was activated early in 1938. Fort Monmouth, New 
Jersey, was the site of the original training center. 
Under a Headquarters, SIS, that acquired in 1942 
the property of a girls’ school at Arlington Hall, Vir- 
ginia, the Second Signal Service Battalion (as it 
became in April 1942) and its detachments pro- 
vided the organizational framework for cryptologic 
work. The cryptologic school, first at Fort Mon- 
mouth, and after October 1942 at Vint Hill Farms, 
near Warrenton, Virginia, tried to train communi- 
cators, intercept operators, and analysts in various 
types of cryptologic operations. The number of be- 
ginners who finished the forty-eight-week course 
was reduced by an endless drain of men either 
bound for Officers’ Candidate School, sent to fill 
spaces in divisional units, or transferred for 
inability to keep up with the training. 


Radio intelligence companies were organic to 
the staff of a general headquarters of a field army. 
Radio intelligence platoons were similarly part of 
the tables of organization of divisional signal com- 
panies until October 1943. Then these platoons 
were shifted from divisional signal companies to 
the signal battalions of the various corps. While 
these units conducted the monitoring of American 
communications in the interests of security, they 
were drawn more and more into surveillance of 
enemy communications for intelligence. 


The high-grade cryptographic systems under 
exploitation by the Army’s SIGINT organization 
when the U.S. entered the war were Japanese only. 
The expectation then was that intercept stations in 
forward areas would collect such material and send 
it to a Washington center or a theater center for 
analysis. Under Army organization, a theater of op- 
erations was expected to determine its requirements 
and control the means of satisfying them, after they 
had been obtained. In the Zone of the Interior, men 
were to be trained, organized, equipped, and 
“shipped out.” In the theaters to which they went, it 
was believed that more training and seasoning 
would make them fully productive. There was no 
system in 1941 for the rapid, secure dissemination 
of SIGINT produced at any center to distant 


commanders in the field. For that and for many 
other aspects of producing and disseminating SI- 
GINT, the U.S. Army (Signal Corps and Military 
Intelligence Service) sought illumination in the ex- 
perience of its British ally. 


In 1942 the Signal Intelligence Service sent 
some partly trained personnel to the United King- 
dom for advanced training. At that juncture, the 
American SIS drew no distinction between the re- 
sources and protection required in producing what 
the British called “Special Intelligence” (SI) or 
Ultra and those needed for what they called “Y” (or 
“Yorker”). The British derived Ultra from crypto- 
graphic systems of high grade (when they could 
read such systems) and distributed it directly from 
London via radio links, exclusively for that pur- 
pose, connecting GCCS with Special Liaison Units 
(SLUs) at certain headquarters. The officer in 
charge of an SLU conveyed special intelligence 
face-to-face to a few eligible individuals and pro- 
tected all materials in accordance with extremely 
exacting security rules. The contents and the appli- 
cation of SI to current operations were guarded so 
thoroughly because of the extraordinary value at- 
tributed to it and the readiness with which a 
disclosure could bring about crippling crypto- 
graphic changes by the enemy. It is probable that 
even SI was unknown to more than a few score of- 
ficers in any theater. 


The British had achieved, in special intelli- 
gence, a source into which they had had to pour 
prodigious intellectual effort and substantial mon- 
etary outlay. The American participation in either 
producing or receiving Ultra was, therefore, always 
on terms to which the British agreed, an agreement 
that might have been affected by pride of posses- 
sion but certainly was controlled by concern for 
continuation in the future. It was only when Allied 
victory in Tunisia was at hand that the American 
participation in special intelligence became the 
subject of a formal, written agreement.? 


“Y,” on the other hand, was produced in the 
field as well as at GCCS from traffic in crypto- 
graphic systems of medium or low grade, or in 
plain language. It consisted largely of messages 
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between lower echelons of command and between 
ground stations and aircraft in flight. “Y” also uti- 
lized information from DF “cuts” and “fixes” and 
from the externals of messages. The British called 
that “Wireless Telegraph Intelligence” (WTI). The 
American term for it was traffic intelligence. 


“Y” (or traffic intelligence) helped to identify 
the enemy links of greatest merit for surveillance 
and to furnish cryptanalysts with clues to subject 
matter by identifying the sender, receiver, and time 
of transmission. From “Y” alone the information 
about enemy movements and order of battle was 
often enough to guide command decisions. Know- 
ing exactly where a specific enemy formation was 
stationed could sometimes be of more benefit to a 
commander than the substance of the very message 
that had revealed the location. 


At the time Operation TORCH - the Allied in- 
vasion of French North Africa — was being planned, 
two other terms in use by British producers were 
“Y-Inference” and “Fusion.” The former was a kind 
of traffic intelligence that amounted to interpreta- 
tions of messages in the light of probabilities. The 
latter, as used at Bletchley Park (the main British 
SIGINT center), meant comparing “Y” with SI to 
insure that the interpretation of the former was 
consonant with the substance of the latter. But the 
word “Fusion” was also employed to mean collating 
several varieties of intelligence information, such 
as “Y,” interrogations of prisoners of war, interpre- 
tation of photographic reconnaissance pictures, 
and reports from agents. 


Early British Experience with Field SIGINT 


From September 1939 to November 1942, the 
Mediterranean area was the scene of many actions 
of the first phase of World War II. The British and 
Italian navies contended for control of the Mediter- 
ranean-Suez route. British forces ousted the Italians 
from Ethiopia and defeated them in Libya. Then 
German forces augmented the Italians to recover 
Libya, gained control of the Balkan countries, and 
drove the British out of mainland Greece and Crete. 
The German Air Force disputed with the Royal 
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Navy the use of the Mediterranean route to Egypt 
or to Malta. But Malta remained in British hands, 
while the British successfully defended Egypt in re- 
turn for extensive use of that country as a British 
base. 


By October 1942 a German-Italian Panzer 
Army, Afrika, was threatening Egypt from posi- 
tions in Egypt’s Western Desert while the British 
Eighth Army, partly armed with American tanks 
and supported by Royal Air Force (RAF) and Royal 
Navy units, was preparing to drive the Axis out of 
the country altogether. 


At the western end of the Mediterranean, Gi- 
braltar remained the British possession, as it had 
been for more than 200 years. From airfields in 
Sicily and southern Italy near Foggia, as well as 
mainland Greece and Crete, German Air Force 
units had made the surface of the entire Mediterra- 
nean extremely dangerous for British ships. 
German and Italian submarines heightened the 
risks and caused the total tonnage of sunken ships 
to mount alarmingly. 


SIGINT confirmed in May 1942 that bombing 
of Malta by day had been rendered too costly to be 
continued and that the German Air Force would re- 
sort to night bombing only. Despite the failure to 
subdue and occupy Malta, the Axis high command 
allowed Field Marshal Rommel to drive into Egypt, 
threatening Cairo and the Nile Delta. During the 
campaign he lost his advanced SIGINT unit at a 
time when British SIGINT was strongly supporting 
the ground and air forces in his path. At General 
Headquarters, Middle East, in Cairo, the direct link 
between GCCS at Bletchley Park and the principal 
Army and RAF intelligence officers in the theater 
was active, beginning in March 1941. At 
Headquarters, Western Desert Air Force (WDAF) 
at Gambut, the commander and his principal intel- 
ligence officer were recipients of special intelligence 
which, whenever security would not thus be com- 
promised, became the basis for tactical air action. 
After July 1942 a source of SI in the Western Des- 
ert itself was exploited at Heliopolis; there the RAF 
installed a miniature version of one of GCCS’s divi- 
sions to process incoming material near a Special 


Liaison Unit. A special communications link to 
Headquarters, Eighth Army, was then used often to 
supplement the SI from London on which Army 
and Air Staffs relied. General Claude Auchinleck 
was Said to have attributed to this forward auxiliary 
SIGINT service his success in stopping Rommel 
from getting as far as Cairo. 


From late February to late May 1942, preceding 
the Axis thrust into Egypt, British Eighth Army had 
its “Y” units at army and corps headquarters. (Divi- 
sion headquarters had been obliged to move too 
frequently for efficient SIGINT production there.) 
They divided intercept coverage. At Corps, the 
units exploited all immediately readable traffic. At 
Army, and at a military base near Heliopolis, crypt- 
analysts and traffic analysts derived more results 
from the material transmitted in cryptographic sys- 
tems of greater difficulty. The base unit furnished 
not only such decrypts but technical data of help to 
analysts further forward. After the Germans began 
their attack into Egypt in 1942, they provided so 
much more traffic that British cryptanalytic suc- 
cesses were facilitated. 


In May 1942 a dramatic demonstration of what 
“Y” could do for the Eighth Army occurred. When 
Rommel was preparing to attack from the Gazala 
area, SIGINT provided an interpretation of the en- 
emy’s dispositions and probable intentions. It was 
based on the correlation of readable messages in 
low and medium-grade systems with compromises 
of enemy code names, with DF fixes, reconstruc- 
tion of enemy nets, and data gleaned from 
interrogating prisoners of war. The Eighth Army’s 
operations officer, like most British commanders 
then, was inclined to discount Army SIGINT unless 
it took the form of a readable message text disclos- 
ing significant information. Compared with SIGINT 
from deductions, he preferred to trust inferences 
derived from other forms of intelligence. After the 
attack came, and the interpretations by the 
SIGINT staff had been wholly confirmed while that 
from other intelligence was shown to have been in- 
correct, the validity of SIGINT was more readily 
accepted than before. Information from other 
sources about pending British operations and about 


Axis situations thereafter became much more fully 
available to the SIGINT staff, thus further improv- 
ing the quality of its output. 


By October 1942 the British Eighth Army was 
receiving strong field SIGINT (“Y”) support as well 
as SI. The fruits of experience were being har- 
vested. Deficiencies in training, in equipment, in 
selecting sites, and in operating secure, SIGINT 
communications facilities had all been reduced. In- 
tercept control by the SIGINT unit near Army 
headquarters was recognized to be the most satis- 
factory. That all intercept of low-powered German 
tactical traffic had to be accomplished at points 
within 100 miles of the transmitters was clearly re- 
alized. The value of secure circuits used exclusively 
for SIGINT communications between field units 
and a fixed station at base, and between field sta- 
tions and commanders, had become apparent. 


Doubtless it was Ultra more than “Y” which en- 
abled General Montgomery, before his first big 
battle at Alam Halfa, to tell his officers what he ex- 
pected Rommel to attempt; it was a prophecy of 
such accuracy as to gain even more credit for 
Eighth Army’s intelligence service in the future.3 


German Army and Air Force SIGINT Organi- 
zations 

While the Allies prepared for SIGINT 
production in the field in French North Africa, the 
Germans who were to confront them there relied 
for similar services upon the abilities of a SIGINT 
organization that primarily had been directed 
against Soviet targets on the Eastern Front and 
only secondarily against the British forces in the 
eastern Mediterranean region. 


The German Army had begun the formation of 
a SIGINT service during the 1920s by establishing 
then, and in the next decade, several fixed intercept 
stations at sites within Germany. Under control 
from a center in Berlin, they were able to monitor 
military traffic from the low countries, France, the 
British Isles, and the Soviet Union. The Russo- 
Finnish War offered ample opportunity to develop 
German ability to read Soviet cryptographic 
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systems. During the interval preceding the German 
invasion of western Europe in 1940, field SIGINT 
regiments (KONAs) had been formed for army 
group and army commands from personnel taken 
from the fixed stations, plus linguists and mathe- 
maticians who had been drafted as reinforcements. 
In the months between the collapse of France and 
the invasion of the Soviet Union in June 1941, the 
German SIGINT structure expanded rapidly.4 


From 1941 to 1944, the German Army SIGINT 
Service operated centers in Berlin and Zossen. All 
were under policy control of the Field Army’s 
Chief of Intelligence. KONA 4 and KONA 7 (an 
abbreviation of “Kommandateur Nachrichten 
Aufklaerung”) were intercept and processing units 
attached to regional headquarters in Greece and 
Italy, respectively. A unit known as Fernaufklaer- 
ung Kompanie 621 (FAK 621) was a forward 
intercept and analytic unit operating under KONA 
4 with the Deutsche Afrika Korps (DAK) in the 
Western Desert of Egypt. Not before Rommel’s 
German-Italian Panzer Army, Afrika, began its 
retreat westward across Libya to Tunisia and only 
when the Fifth Panzer Army assumed command of 
the Axis forces in Tunisia was KONA 7 organized in 
1943 and assigned to Oberbefehlshaber Sued 
(Kesselring). FAK 621 while in Tunisia came under 
control of KONA 7 and obtained technical support 
from KONA 7’s “Evaluation Unit” at Rocca di Papa. 
The latter contained about 150 men in sections 
concerned with cryptography, cryptanalysis, and 
the elements of traffic analysis, direction finding, 
and intelligence. The German Air Force put a 
SIGINT unit in Sicily at Marsala or Taormina 
which cooperated with the Army SIGINT service. 


FAK 621, when commanded in the Western 
Desert by Captain Alfred Seebohm, included spe- 
cialists in the cryptosystems used by the British, 
men who had been used during the campaign of 
1940 that ended with the French surrender. Their 
work in North Africa was aided by the capture, dur- 
ing the invasion of France, of at least one British 
War Office code, and also for a time much 
strengthened by the detailed communications to 
Washington from the U.S. Army Attaché in Cairo. 
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These communications were transmitted in a U.S. 
system that the Germans could readily solve. 


During the summer of 1942, at just about the 
time the Allies decided to invade French North Af- 
rica, FAK 621 was attacked and overrun by British 
Forces. Captain Alfred Seebohm, the commanding 
officer, was fatally wounded. About one-third of its 
authorized strength of seven officers and 300 en- 
listed men was lost. Their excellent receivers and 
direction finders had been used effectively to pro- 
duce intelligence reports on British order of battle, 
plans, morale, and tactical dispositions — reports 
on which Rommel could and did rely. FAK621’s 
captured files identified British systems which the 
Germans had analyzed and exploited, causing Brit- 
ish communications changes that henceforth 
deprived the Panzer Army, Afrika, of most of the 
SIGINT on which it had been able to rely. The cap- 
tured records also included German ciphers and 
radio schedules, which, of course, they had to 
change. There was no evidence that British special 
intelligence had yet been compromised; the British 
“Y” service also continued to provide information 
of important value to the Eighth Army as it pre- 
pared for the battles that ended the German-Italian 
threat to Egypt. Remnants of FAK 621 and rein- 
forcements were placed under command of a 
Captain Habel and reequipped for service in Tuni- 
sia.5 


German intercept units covered the British 
Eighth Army from Italy and the British First Army 
from Sicily, while the fixed German Army station at 
Montpellier continued to monitor French commu- 
nications, including the XIX Corps d’ Armee in 
Tunisia. Three direction-finder nets, controlled 
from Gabes, Taormina or Marsala, and Rocca di 
Papa and connected by combined wire and radio 
channels, functioned during the main battles in 
Tunisia. Intercept material could be sent to 
Oberbefehlshaber Sued (O.B. Sued) that way, or by 
courier planes that ran every other day from 
Bizerte and every day from Sicily. In the last days of 
the Tunisian campaign, after the Allies had gained 
air superiority, SIGINT became the main reliance 
of the Axis command. 


When the German Air Force transferred Luft- 
flotte 2 from the Eastern Front tothe Mediterranean, 
with headquarters in Sicily, its two main divisions, 
Fliegerkorps II at Messina and Fliegerkorps X at 
Heraklion, were given SIGINT services. Until Op- 
eration TORCH, during a period of almost two 
years, they operated against the Royal Navy, the 
Royal Air Force, and the British Eighth Army. The 
German-Italian Panzer Army, Afrika, which pushed 
its way across the Western Desert into Egypt after 
the fall of Tobruk in June 1942, became highly 
dependent upon the support of the German Air 
Force. Rommel’s defeat at E] Alamein and long re- 
treat to Tunisia gave his forces some respite from 
the RAF until the Allies gained air superiority there 
in April 1943. 


The German Air Force SIGINT service came 
from units of varying size that were placed with 
operating units at Mediterranean bases. The 
Luftwaffe had created its SIGINT agency, Chi/ 
Stelle, OB dL, in 1937 and worked on air traffic 
there thereafter. It had a fixed station within 
Germany at Oberhaching known as W-Leit 13 
which monitored French and British traffic from 
Africa. Luftwaffe SIGINT South with units at Ath- 
ens and a fixed station near Athens, was augmented 
when Field Marshal Kesselring took up his air and 
theater commands as O.B. Sued. 


The German Air Force units each made their 
own evaluations of what they had intercepted and 
deciphered. Deciphered messages were sent imme- 
diately to higher SIGINT headquarters, to other 
SIGINT organizations, and to the flying units, 
where the air intelligence officer made an ultimate 
evaluation. Luftflotte 2 had in Taormina an Evalu- 
ation Company (W-Leit 2) attached. During 1943 
several outstations to intercept HF communica- 
tions were established under W-Leit 2. Like British 
Army traffic in northern Africa, RAF operational 
communications also ceased to be readable in 
1943, obliging W-Leit 2 to rely on traffic analysis, 
tracking of flying routes, interception of radiotele- 
phone traffic, and radar intelligence (RADINT). 


At the end of the campaign in Tunisia, when the 
invasion of Sicily was in preparation, and when the 


surrender of Italy was the subject of highly secret, 
clandestine negotiations, W - Leit 2 departed 
Taormina a few days ahead of the Allied parachute 
and beach landings farther south. It set up at Fra- 
scati to remain there almost a year before being 
bombed out. 


U.S. Preparations for SIGINT Service in the 
West 

Special intelligence produced by the U.S. before 
the Japanese attack had gone under the designa- 
tion of MAGIC. Precautions taken to shield it were 
somewhat akin in spirit to those that the British 
used for their special intelligence. Expanded use of 
SIGINT in the wartime production of U.S. military 
intelligence for field commanders required suitable 
innovations in handling SIGINT products. 
On 18 January 1942 Mr. Alfred McCormack was 
appointed special assistant to the secretary of war 
to devise methods that would serve all require- 
ments. On the basis of his recommendations, the 
Military Intelligence Service (MIS) of the War De- 
partment acquired a Special Branch, headed by 
Colonel Carter W. Clarke, GSC. As a new lieutenant 
colonel, McCormack became its deputy chief. The 
Special Branch handled all SIGINT, and produced 
a daily “MAGIC Summary,” which at first largely 
pertained to diplomatic communications. 


The Signal Corps organization for producing 
SIGINT, known by several successive titles — in- 
cluding Signal Intelligence Service (SIS) and Signal 
Security Agency (SSA) — served the Special Branch, 
MIS, as a “customer.” MIS was attached to, but not 
a part of, the War Department General Staff. It was 
controlled by the assistant chief of staff, G-2, and 
provided intelligence to the General Staff, the Army 
ground forces, Army air forces, Army service forces, 
overseas theaters of operations, and certain federal 
agencies. The chief signal officer came under the 
command of the commanding general, Army Ser- 
vice Forces. Thus the Signal Intelligence Service/ 
Signal Security Agency and its theater counterparts 
were not directly under the assistant chief of staff, 
G-2 (intelligence) until very late in World War II. 
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In the last status, it was renamed the Army Security 
Agency, effective 15 September 1945. 


The U.S. Army contingent in Europe began 
with a Special Observers Group first stationed in 
the United Kingdom in May 1941 (before Pearl 
Harbor). On 3 January 1942 that staff was 
superseded by a larger Headquarters, U.S. Army 
Forces in the British Isles (USAFBI). On 8 June 
1942 that was replaced by Headquarters, European 
Theater of Operations, U.S. Army (ETOUSA). 
ETOUSA was to control preparations for ground 
and air operations of the Allied central 
strategic undertaking — invasion across the English 
Channel and penetration as far as the heart of Nazi 
Germany. 


The U.S. Army intended to provide in the the- 
ater a signal intelligence service that would come 


abreast of British capabilities already derived from 
two years of actual war experience. It was in the 
best interests of both Allies that the Americans 
learn as soon as possible to produce and apply tac- 
tical SIGINT. Soon after Pearl Harbor, the 
Americans sought detailed knowledge of British or- 
ganization and methods through observation of 
operations in the United Kingdom. The U.S. Army 
staff element through which those attempts were 
first funneled was the SIS officer (First Lieutenant 
R. J. Doney), Signal Section, HQ, USAFBI. 


One platoon of an intercept unit, 122d Signal 
Radio Intelligence (SRI) Company moved from the 
United States to Northern Ireland and by 15 May 
1942 was attempting to collect German traffic 
from that location. Several young officers visited 
British Army SIGINT stations. Captain Harold 


Brigadier General Carter W. Clarke presenting the Distinguished Service Cross to Colonel 
Alfred McCormack in November 1946, for exceptional service to the War Department while 
serving in the Military Intelligence Service 
(Photograph courtesy of the Department of Army) 
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McD. Brown investigated the British Army “Y” Ser- 
vice, wrote a lucid report, and submitted it on 10 
July 1942.6 Others studied the situation at fixed 
and mobile “Y” stations. At the British SIGINT cen- 
ter at Bletchley Park, about forty miles outside 
London, Captain Solomon Kullback and Captain 
Roy D. Johnson observed British procedures for 
decrypting systems used by several countries. 


Certain discoveries by the observers were star- 
tling. They amounted to recognition of a whole 
repertoire of methods employed by the German 
communicators to camouflage radio links — both 
transmitter and receiver — as well as to encrypt the 
substance of messages. Successful intercept opera- 
tions were dependent upon effective direction by 
specialists to radio targets identified through the 
application of what the British called “Wireless 
Telegraph Intelligence” (WTI). It determined the 
identity of stations in radio links and nets by ana- 
lyzing the externals of messages, and it assisted 
cryptanalysts in other ways to ascertain the identi- 
ties of senders and receivers. Already the British 
“Y” Service had developed TINA (to identify radio 
operators by their “fist,” i.e., sending characteris- 
tics) and radio fingerprinting (to identify 
transmitters by distinguishable traits of their sig- 
nals), as well as DF as adjuncts of analysis. It was 
obvious that the training of American radio inter- 
cept operators had to be brought up to date by 
enough exposure to live German traffic. Another 


Captain Solomon Kullback 
(Photograph from NSA History Collection) 


discovery by early Amer- ican observers was that 
the RAF had to monitor and read much more than 
communications between aircraft in flight and ter- 
minals on the ground. It had to extend the scope of 
coverage to include ground links, navigation aids, 
air transportation, air rescue service, and others. 


In August 1942 Lieutenant Colonel George A. 
Bicher, SigC, became the first director, Signal Intel- 
ligence Division, (SID) Signal Section, Headquarters, 
ETOUSA. After establishment of the Headquarters, 
Services of Supply, ETOUSA, his division passed 
like the whole office of the chief signal officer to the 
jurisdiction of that headquarters. SIS, ETOUSA, 
was an operating organization under the theater 
SIGINT staff element (SID). 


Colonel Bicher’s mission became manifold. He 
supervised and conducted all SIGINT production 
activities within the theater, in close contact with 
G-2, ETOUSA, and acted as an advisor to that ele- 
ment on technical matters. He supervised a special 
War Department SIGINT production unit cooper- 
ating with GCCS in the latter part of the war, but 
did not supervise the representatives of Special 
Branch, MIS, War Department, who had been sta- 
tioned in the U.K. He had normal liaison with U.S. 
Army “Y” Service in other theaters, cooperated with 
GCCS on technical matters of mutual interest, and 
supervised liaison activities of the representatives 
from the Signal Security Agency, GCCS, and the 
London SIGINT Board. He furnished that Agency 
with technical infor-mation concerning SIGINT 
operations in the European theater. For a while he 
represented the Army Signal Corps during early ef- 
forts of the U.S. Army Air Forces to build an Air 
Intelligence Service, but in 1944, the Signal Corps 
yielded to the determination of the U.S.A.A.F. to 
control separately the SIGINT operations on which 
it relied, and Colonel Bicher’s responsibilities were 
correspondingly reduced. 


In the summer of 1942, the SIGINT duties of 
SID, ETOUSA, were chiefly those of planning the 
expansion of SIS, ETOUSA, and of conducting liai- 
son with War Office and Air Ministry concerning 
assignments and itineraries of American observers 
on temporary duty. SIS, ETOUSA, established 
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Colonel George A. Bicher (Photograph 
courtesy of the Department of Army) 


security and intelligence branches, and grew from 
four officers and three enlisted men on 4 August 
1942 to fourteen officers and fifteen enlisted men 
on 10 September. Four days later, two lieutenants 
were detailed to a two-week course at the RAF Sta- 
tion at Newbold Revel for “computors” (the British 
word for traffic analysts), thus beginning the train- 
ing that led to establishment in January 1943 of the 
Air Intelligence Section, SIS, ETOUSA. Throughout 
the war signal security was also an area of respon- 
sibility for SIS, ETOUSA. It involved the 
development of signal operating instructions for 
the theater, distribution of and accounting for cryp- 
tographic machines and material, security 
monitoring of American communications, and re- 
lated training. 


The War Department eventually approved 
plans for theater training of 100 SIGINT officers 
and 400 enlisted men. Authorized personnel began 
arriving before a table of organization had been ap- 
proved. But the planning and preparations in 1942 
to meet the requirements of an American compo- 
nent of an Allied force invading Europe to establish 
a bridgehead across the channel were suddenly 
submerged by the demands of Operation TORCH 
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in French North Africa. Mediterranean require- 
ments took precedence for more than a year. 


The Call of the Mediterranean 


The Allies were committed to defeating the Axis 
not by attacks at the edges of the territories they 
controlled but by thrusting at the heart of the 
strongest, Nazi Germany, as soon as that became 
practicable. In 1942, however, they agreed that at- 
tacking Germany itself was not practicable, so they 
began “closing the ring” around the Third Reich. As 
a prelude to regaining control of the western Med- 
iterranean, they concluded that they had enough 
forces to seize the area along Africa’s northern 
coast, and that Allied seapower could maintain the 
long lines of communication from home bases to 
overseas combat areas there. The Axis lines, though 
shorter, would involve rail, sea, and air transport. 
The combat troops of each side would therefore 
meet at the periphery of possible effectiveness. 


The Allied strategic decision to occupy French 
North Africa greatly altered the course of the war, 
but the extent to which it would affect the ultimate 
cross-Channel attack was reinforced by subsequent 
choices.. During the remainder of 1942 and the first 
part of 1943, the Mediterranean became the major 
theater of Allied initiative. That it was intended to 
be so only temporarily was reflected in the arrange- 
ment to include North Africa and the western half 
of the Mediterranean within the European Theater 
of Operations, U.S. Army (ETOUSA). The boundar- 
ies of the European theater were extended to 
include that area on 18 August 1942.7 


Following the decision of the Allies at 
Casablanca in January 1943 that Sicily would be 
occupied next, after Tunisia had been won, a new 
North African Theater of Operations, U.S. Army 
(NATOUSA), was established on 4 February. Gen- 
eral Eisenhower then relinquished his position as 
commanding general, ETOUSA, to Lieutenant 
General Jacob Devers and became commanding 
general, NATOUSA, as well as commander in chief, 
Allied Force. The new theater included the Iberian 
and Italian peninsulas and adjacent waters, but no 
part of European France. 


c. Expressing Angles in Radians as Multiples 
of x. It is often convenient to express angles 
in radians as multiples of z. Since 360° = 27 
radians, 90° = 3} radians, 40° = jr radians, 
etc. It is necessary only to multiply the degrees 


by 


Tr 


180 
Example: 


to change to radians. 


Express 135° in radians as a 
multiple of . 


Gos aes 
135° = 185 (555) 


= 47 radians 
176. Review Problems—Radians 


a. Find the angle 6 for the following arc 
lengths and radii: 
(1) r = 5 inches, s = 2 inches. 
(2) r = 8 feet, s = 12 feet. 
(3) 7 = .8 miles, s = 6.4 miles. 
(4) 7 = 27 meters, s = 75 meters 


b. Find the are lengths for the following 
angles and radii: 


122 


of x: 


(1) ¢6=5 radians, r= 7 inches 
(2) 6= 8 radians, r = 2.2 feet 
(8) 6= 2.1 radians, r = 9 miles 
(4) ¢6= .08 radians, r = .066 inch 


. Express the following angles in radians: 


(1) 30° 

(2) 263° 12’ 

(3) 158° 33’ 

(4) 336° 24’ 22” 


. Express the following angles in degrees: 


(1) .8 radians 
(2) 25 radians 
(3) 3.45 radians 
(4) 32 radians 


. Express the following angles as multiples 


(1) 30° 
(2) 60° 
(3) 225° 
(4) 720° 
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For Operation TORCH, an “Allied Force Head- 
quarters” under General Eisenhower originated in 
the United Kingdom in August 1942, used Gibraltar 
briefly for an advance command post, and moved 
on 25 November 1942 from London to Algiers. In 
1944 Headquarters, AFHQ, moved to Caserta, 
Italy. Under successive commanders, Anglo-Amer- 
ican forces and associated forces of other nations 
engaged in campaigns in French North Africa, Sic- 
ily, the Italian peninsula — from Calabria to the Po 
Valley and the Alps — and on major islands like 
Sardinia and Corsica. AFHQ mounted Operation 
DRAGOON, the invasion of southern France, in 
August 1944. 


Before the hostilities in the Mediterranean area 
ended on 2 May 1945, U.S. Army and Army Air 
Forces had been participants in eight Mediterra- 
nean campaigns. The official designations of these 
campaigns are as follows:8 


Algeria-French Morocco Anzio 

Tunisia Rome-Arno 
Sicily North Apennines 
Naples-Foggia Po Valley 


The Allied and American theater organization 
in the Mediterranean underwent major changes. In 
December 1943 AFHQ’s responsibilities were ex- 
tended to include operations in Greece, the Balkans, 
or Turkey, and in the same month General Eisen- 
hower was designated to command the invasion 
across the English Channel. He relinquished both 
Allied and U.S. Army commands in the Mediterra- 
nean. On 8 January 1944 General Sir Henry 
Maitland Wilson succeeded him as Allied com- 
mander in chief, Mediterranean Theater. The 
eastern Mediterranean, where British forces had 
been engaged for so long, ceased to be separate. 
General Wilson’s principal sea, ground, and air 
commanders were British officers. The British be- 
came executive agent for the Combined Chiefs of 
Staff in the whole theater, replacing the Americans 
in the western Mediterranean. Maitland Wilson’s 
deputy as Allied commander became General De- 
vers, who also succeeded General Eisenhower as 
commanding general, NATOUSA. Headquarters, 
NATOUSA, was expanded. At the time of the 


changes, General Sir Harold Alexander com- 
manded Allied ground forces in Sicily and Italy; 
eventually he succeeded Wilson as Supreme Allied 
Commander, Mediterranean Theater (SACMED), a 
title established on 9 March 1944. In that capacity 
he received the German surrender in Italy in May 
1945. 


About one month after General Wilson took 
command, and in view of the possibility of an Allied 
invasion of southern France, NATOUSA’s bound- 
aries were enlarged to include the southern part of 
France. The invading forces would be organized 
and Operation DRAGOON would begin, as a re- 
sponsibility of AFHQ. But when the invaders had 
penetrated far enough to require unified control, 
their activities would come under control of Gen- 
eral Eisenhower’s Supreme Head-quarters, Allied 
Expeditionary Forces (SHAEF); their administra- 
tion and logistical support would pass to ETOUSA. 
In fact, SHAEF assumed operational control on 15 
September 1944 of the forces that had participated 
in Operation DRAGOON. HQ, ETOUSA, took over 
the line of communications behind those forces on 
20 November 1944. All NATOUSA/MTOUSA units 
in southern France were officially reassigned to 
ETOUSA. The Mediterranean Theater, having 
mounted the invasion, had its northern boundary 
once more changed and thereafter employed di- 
minished resources in northern Italy and in 
wide-ranging air operations from bases in Italy. 


These organizational aspects of the war in the 
Mediterranean area underlay the circumstances of 
the SIGINT effort. The conditions of combat affect- 
ing the performance of SIGINT units are treated as 
the narrative proceeds. 


Notes 

1. See the description by G. Raynor Thompson and 
Dixie R. Harris The Signal Corps; The Outcome (Wash- 
ington, D.C., 1966), 328ff. 

2. See Chapter XI. 

3. “Ultra at Eighth Army and 21 Army Group,” a re- 
port by Brigadier E. T. Williams, 5 Oct 1945. 

4. General Albert Praun, German Radio Intelli- 
gence, and European Axis Signal Intelligence in World 
War IT as Revealed by “TICOM” Investigations and by 
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Other Prisoner of War Interrogations and Captured 
Material, Principally German, 9 vols. Prepared under 
the Direction of the Chief, Army Security Agency, 1 May 
1946. NSA Archives. A61-136 X56-48-3 S-3424-3430. 

5. General Albert Praun, German Radio Intelli- 
gence, 51-72, tells the story of FAK 621, placing the 
capture at El] Alamein instead, as stated in the GCCS 
History, Vol. XI, 237, of Bardia. David Irving, The Trail 
of the Fox, 234, emphasizes the extent of the deprivation 
which the capture caused Rommel to suffer. Anthony 
Cave Brown, Bodyguard of Lies, 102 ff. gives details of 
the capture, when Rommel’s main forces were far away 
to the south. 

6. British ‘YY Service (Land and Air), Copy in AHS 
A52-20, Box 34/2, Folder M42/002. 

7. See map, R. G. Ruppenthal, Logistical Support of 
the Armies, I, 112. 

8. AR675-5-1; Army Pamphlet 672-1, 6 Jul 1961. 


Page 18 


Chapter 2 
Beginnings in Northwest Africa 


Planning SIGINT Service in Operation TORCH 


U.S. Army preparations for Operation TORCH 
were permeated by haste and improvisation, in 
part because the planning elicited conflicting stra- 
tegic concepts that took time to reconcile, and in 
part because the participants in that planning were 
in two clusters on opposite sides of the Atlantic 
Ocean. American resources were being stretched to 
the limit. Critical decisions on which a whole series 
of actions depended were delayed or changed dur- 
ing the planning process. Ultimately, insistence by 
the U.S. Joint Chiefs of Staff (JCS) on gaining a 
base on the Atlantic coast of Morocco and entering 
Tunisia from Algeria produced an amphibious as- 
sault in three areas of French North Africa in the 
vicinities of Casablanca, Oran, and Algiers. Subse- 
quent seizure of Bizerte and Tunis in northern 
Tunisia was to be sought by pushing ground, sea, 
and air forces along the coast from Algiers east- 
ward. Success would depend to a large degree on 
the response of French forces stationed in Mo- 
rocco, Algeria, and Tunisia to an Allied invitation to 
join in expelling all vestiges of Axis power from Af- 
rica.4 


Operation TORCH was to be executed by three 
task forces. The Western Task Force, mounted in 
the United States, would cross the Atlantic and 
launch its assault directly upon arrival, weather 
permitting. The Center Task Force and the Eastern 
Assault Force, transported from the United King- 
dom, would pass through the Straits of Gibraltar 
and simultaneously attack and occupy Oran and 
Algiers. From the latter the Eastern Task Force, re- 
inforced by British troops and commanded by a 
British general, would advance as rapidly as possi- 
ble upon Bizerte and Tunis. Since French military 
forces in the African colonies were believed to be 
more amenable to American than British appeals 


for cooperation, Operation TORCH was to be made 
as American as was feasible in 1942. The com- 
mander in chief, Allied Force, was American. In the 
amphibious phase, commanders of all three invad- 
ing forces were American. But the British Army 
supplied some of the troops needed in the Eastern 
Assault Force, and provided the commander as 
well as most of the troops of the Eastern Task Force 
which subsequently invaded Tunisia. The Royal 
Navy conducted the naval operations near Oran 
and Algiers; the U.S. Navy furnished the sea forces 
near Casablanca. Royal Air Force (RAF) and U.S. 
Army Air Force units provided air support during 
landings and during the overland advance into Tu- 
nisia. 


Preparations to provide “Y” service in Opera- 
tion TORCH reflected the same considerations that 
affected planning and preparing for other aspects 
of the undertaking. Underlying them was the con- 
tinual adaptation of the means and methods of 
production to changes validated by experience. In 
the United States and United Kingdom, field per- 
sonnel were being trained for inclusion in Signal 
Radio Intelligence companies, detachments of 
which were to go to the Casablanca and Oran areas 
with the Western and Center Task Forces. The Brit- 
ish provided units for the production of “Y” for 
elements of the Eastern Task Force. 


Army “Y” intercept and exploitation teams for 
the three major segments of Operation TORCH 
were divided into echelons that would move to ob- 
jectives intwosuccessive convoys. Their equip- ment 
was loaded in follow-up transports that were 
crowded to the limit. At Arzew, near Oran, the 
American Radio Intelligence (RI) detachment 
landed, completely separated from its equipment 
and from G-2, on 10 November 1942. The main 
body arrived on 21 November, having lost 
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all equipment on a freighter torpedoed en route. At 
Algiers, the two parts of 100 Special Wireless Sec- 
tion (Type B) landed on 12 and 15 November. With 
46 Wireless Intelligence Section, they moved to- 
ward Tunisia, attached to the principal ground 
force organization — Headquarters, British 78 Divi- 
sion, at first, and after 8 December 1942, 
Headquarters, V Corps. At Casablanca, as at Oran, 
French resistance ceased before the somewhat pre- 
pared radio intercept and exploitation detachment 
could make any significant contribution. The inter- 
cept operators were inadequately directed and 
insufficiently trained. They lacked DF equipment 
and lacked guidance concerning French or Armi- 
stice-Commission communications links that 
would be most profitable to cover. While they were 
getting established, they could do little that yielded 
real results. 


The “Y” units of the RAF participating in Oper- 
ation TORCH were to be, first of all, a small team of 
radio and radio telephone monitors stationed on 
Gibraltar known as 351 Wireless Unit (WU). A sec- 
ond group, 380 WU, would land at Algiers and 
remain nearby. The third, 381 WU, would land at 
Algiers but would move into Tunisia with the East- 
ern Task Force, monitoring voice traffic. 


When France had surrendered to the Nazis in 
June 1940, many small French naval units came 
over to the United Kingdom and brought with them 
their code and cipher documents. The British 
GCCS arranged to sort the documents out and to 
match them with appropriate links, and thereafter 
maintained a small exploitation unit. Vichy author- 
ities continued to use the same codes while 
depending for security upon novel encipherments. 


In the United States, late in 1938 the Signal In- 
telligence Service had begun work on the diplomatic 
systems of the Germans and of various Romance 
language countries. In July 1942 an attack on 
French meteorological traffic, as broadcast from 
North Africa and metropolitan France, began in 
preparation for Operation TORCH. Within a month 
solutions became available by teletype or courier to 


the director, Weather Central Division, USAAF, 
and they continued until American troops had cap- 
tured the stations broadcasting from French North 
Africa.? 


In planning for “Y” service to support ground 
force commanders advancing into Tunisia, Allied 
commanders took as a model arrangements devel- 
oped by the British Army in the Western Desert. At 
Allied Force Headquarters, the staff structure 
would parallel that of General Headquarters 
(GHQ), Middle East, in Cairo. Each would have a 
General Staff Intelligence (Signals) Section and a 
General Staff Signals (Intelligence) Section within 
its respective major staff divisions. The latter would 
supervise the operations of field radio intercept 
units; their material would be analyzed by associ- 
ated intelligence personnel for the extraction of 
“spot” items of tactical intelligence, and to obtain 
wireless telegraph intelligence (WTI). Mobile SI- 
GINT units similar to those then at work in the 
Eighth Army would be allocated to Headquarters, 
British First Army (Eastern Task Force), and to the 
Corps headquarters under that Army’s command. 
The British SIGINT units would produce cryptana- 
lytic results. 


In Morocco, American Signal Radio Intelli- 
gence (RI) units near Casablanca and Oran might 
be used to keep Spanish armed forces under radio 
surveillance. It was reasoned that if the seizure of 
French North Africa from Axis control were suc- 
cessful, and if subsequently Libya fell to 
Anglo-American forces, no other campaigns in the 
Mediterranean might occur before the assault 
across the English Channel. At the time Operation 
TORCH was planned, some such operation in 
Western Europe was thought likely in 1943. Com- 
mitment of SIGINT resources to the Mediterranean 
area seemed only temporary and subject to the 
need to prepare them for later service elsewhere. 


Once the decision to execute Operation TORCH 
had been made, the British set about arranging for 
the provision of special intelligence (SI) to the 
planners and commanders. Wing Commander F. 
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W. Winterbotham, who held the main responsibil- 
ity for the methods of dissemination, has described 
from memory the indoctrination in London of the 
principal American officers: Lieutenant General 
Dwight Eisenhower, commander in Chief, Allied 
Force; Major General W. Bedell Smith, his chief of 
staff; Major General Mark W. Clark, his deputy; 
Major General Carl Spaatz, USAAF, his principal 
American air officer; and Colonel Palmer Dixon, 
A-2, USAAF, who had been attached to the British 
Air Ministry.3 Measures taken during the planning 
phase included organizing a Special Liaison Unit 
(SLU) to accompany Eisenhower to Gibraltar on 
the eve of the landings in French North Africa, and 
another to be with Major General Kenneth Ander- 
son, General Officer Commanding (GOC), British 
First Army/Eastern Task Force, during the advance 
of his headquarters through Algiers to Tunisia. 
When AFHQ moved to Algiers, SI would be avail- 
able to the commander in chief and to his principal 
naval (Admiral Sir Andrew B. Cunningham) and 
air (General Spaatz and Air Vice Marshal William 
Welch) commanders. Given a continuation of pro- 
ductive capabilities at GCCS during to operations 
in Morocco and Algeria, the commanders would be 
able to know what opposition to expect. In the race 
eastward to secure Tunisia, they might see benefit 
from foreknow-ledge of German countermeasures. 


The Army intelligence officers at GCCS were 
more concerned with utilizing SI than with provid- 
ing “Y.” In the field since 1940, production and 
application of “Y” by British SIGINT units had pro- 
gressed rather independently beyond what was 
fully appreciated at Bletchley Park during the sum- 
mer of 1942. The plans to provide SI to commanders 
in Northwest Africa were adequate, even if ar- 
rangements to collect and transmit German raw 
traffic in high-C grade cryptographic systems to 
GCCS were not. Planning for producing and han- 
dling tactical SIGINT in Tunisia simply paralleled 
the structure of GHQ, Middle East, and British 
Eighth Army, but allowed a key SIGINT slot at First 
Army Headquarters to remain unfilled until after 
the race for Tunis in December had been lost to the 
enemy. 
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Training which might have made American “Y” 
units in Northwest Africa better prepared to oper- 
ate effectively after the unavoidable period of 
initiation, suffered from one serious deprivation: 
only for a very short period before American units 
embarked from the U.K. was a British “Y” officer 
with field experience brought into the training pro- 
gram in London. Technical documents and data 
necessary to guide intercept and to expedite solu- 
tion and exploitation during the first stage of the 
invasion were lacking. The units themselves were 
newly organized. No unit with British First Army 
was ready to cope with Italian Army communica- 
tions. In short, “Y” service in the invasion of 
northern Africa was organized for a quick victory or 
a prolonged campaign. 


The principal intelligence officer of General 
Eisenhower's Allied Force Headquarters was Brig- 
adier E.E. Mockler-Ferryman, British Army. The 
chief air intelligence officer was Group Captain R. 
H. Humphreys, RAF, who began work on that as- 
signment in September 1942 at Norfolk House. 
While keeping track of German Air Force inten- 
tions and of indications of awareness of Allied 
intentions, in the Mediterranean, he also had to 
prepare for efficiently and safely exploiting special 
intelligence pertaining to air matters there. 


The Navy, Army, and Air branches of the Intel- 
ligence Division, AFHQ, had to cooperate closely to 
be effective. Headquarters, XII U.S. Air Force, 
under Major General James H. Doolittle, was to be 
provided with special intelligence at Oran. Head- 
quarters, Eastern Air Command at Algiers, under 
Air Marshal William Welch, was to receive parallel 
service and was to insure that the RAF 242 Group, 
providing close support to the Eastern Task Force, 
was sufficiently in the picture. Production and dis- 
semination of “Y” by the Air Ministry and units in 
the theater would be controlled separately. A Spe- 
cial Liaison Unit at Headquarters, AFHQ, would 
handle SI. 


The special intelligence segment of G-2, AFHQ, 
while engaged in the necessary preparations, 


included, besides the chief air intelligence officer, 
one man each from the Air Ministry, the Fighter 
Command, the Fusion Party at GCCS, the Head- 
quarters, Eastern Air Command, and Headquarters, 
RAF 242 Group, and two from Headquarters, XII 
Air Force. Four British Army and two Royal Navy 
intelligence officers were also indoctrinated for 
Special Intelligence. 


On the enemy side, German Army strategic in- 
telligence continued to falter and to cause reliance 
to a greater degree, perhaps, on German agents. 
Within the United Kingdom, British control of 
those agents was surprisingly thorough, and per- 
haps as complete as claimed in a postwar report.4 
Whatever the reasons, the preparations for Opera- 
tion TORCH were completed and the landings 
began without interference. 


Early in the war the basic book of a German Air 
Force code in use by reconnaissance and combat 
aircraft was captured by the British.5 That docu- 
ment went through three editions, each consisting 
of 1,000 three-digit groups arranged, like the Ger- 
man Army’s counterpart, by subject matter and 
equated with words, phrases, numbers, and an al- 
phabet with variants. In messages, the code was 
enciphered by daily sheets of 500 digital groups. In 
the Mediterranean area the German Air Force used 
other codes for special purposes and for relatively 
brief periods. Probably because of suspicion that 
the system had become readable by the Allies, the 
volume of traffic transmitted in it during opera- 
tional flights dwindled. 


Operation TORCH 


The enemy realized that the Allies were prepar- 
ing an operation for which Gibraltar appeared to be 
a staging point. Allied special intelligence indicated 
that the enemy was alerted at least to that extent. 
The TORCH convoys were not only observed® 
passing the Strait of Gibraltar but some deck car- 
goes indicated that they were bound for beach 
landings rather than simply the resupply of Malta. 
Once they had entered the Mediterranean, it 


became obvious that they were not heading for a 
second attempt to take Dakar. German fighters and 
short-range bombers (JU-87s) were concentrated 
at fields in Sicily and Sardinia for attacks on the Al- 
lied ships when they came within suitable range. 


The Allied convoys made their southward turns 
toward Oran and Algiers unobserved after dark. 
The Western Naval Task Force arrived off the At- 
lantic coast of Morocco before the lights ashore 
were extinguished, indicating the degree of sur- 
prise. All three task forces thus began their landings 
without German or Italian resistance. 


German intercepts furnished the Axis with in- 
formation on the Allied landings and their progress. 
The Allied landing parties used radios of various 
types. One was the American SCR-299, a truck- 
and-trailer-borne equipment which turned out to 
have a transmitting range, with a whip antenna 
only, of more than 2,000 miles. Whether from 
SCR-299s or other radios, Allied signals from the 
Mediterranean were clearly heard in the vicinity of 
Bergen, Norway, and in the Netherlands, at Ger- 
man intercept stations. Soon the messages were 
recognized to contain terms like those in traffic that 
had been collected during the Dieppe raid, and as 
time passed, Americans could be heard reporting 
the absence of determined opposition by the 
French. 


The French Navy headquarters at Toulon re- 
ceived reports from Dakar, presumably tele- phoned 
to Dakar from Rabat or Casablanca, on the course 
of the invasion ashore in Morocco. French mes- 
sages from Dakar to Toulon describing the course 
of the invasion were intercepted by U.S. Navy RI 
units. These reports gave a running account of the 
action. A report made about 2200 hours on 8 No- 
vember 1942 gave the situation from 0800 to 2000 
hours: 


First, the dissidence in Morocco had 
been suppressed. Heavy bombard- 
ment of Casablanca harbor had 
produced serious losses. Strong 
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forces landing at Safi and Fedala had 
been strongly resisted, and at all 


points Morocco was being resolutely 
defended. 


Second, off Arzew and west of Oran, 
numerous enemy had landed. Two 
enemy craft had been sunk, and one 
French destroyer and one French tor- 
pedo boat had been lost. 


Second, at Oran the general attack in 
great strength was still being 
resisted. AA batteries were still oper- 
ating. A destroyer and a torpedo boat 
had tried to return to Toulon unsuc- 


cessfully. 


Third, everywhere else the situation 
remained the same, with no clash in 
Tunisia. 7 


Third, at Algiers, troops landed dur- General Nogues reported to Vichy from Fez on 
ing severe sea and air attacks had 9 November 1942 what the situation was as of 1830 
been able to encircle the city because hours: 


of disaffection among troops at Blida 
airfield. Most of Algiers is occupied 
by British and Americans. 


Fourth, no attacks had been made in 
Tunisia. 


Fifth, except for the case at Blida air- 
field, troops and populace have 
shown perfect loyalty and it is under- 
stood that order continues in France. 


During the next evening, the situation at 1300 
hours was again reported from Dakar to Toulon: 


First, Port Lyautey had been occu- 
pied by invaders with tanks. Three 
columns were attacking Casablanca 
from Fedala, combining tanks with 
other forces. American PT boats had 
been sunk by AA guns and dispatch 
boats, and 76 prisoners had been 
taken. The French battleship Jean 
Bart had been struck on 8 November 
by six naval shells and one air bomb, 
but was still firing. The French Navy 
had suffered serious losses in aircraft 
and ships. French personnel who had 
been repatriated to Casablanca by 
steamer from Dakar just before the 
invasion had arrived in time. 
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1. In Morocco. Our mobile forces are 
in close contact with troops that have 
landed at three points. Landings 
there are continuing. The maneuver 
against Casablanca pointed out in 
my preceding telegram is continuing. 
Our forces which are strongly pressed 
are making a stand east of the city. 
The situation remains very serious. 


2. I have not yet been able to meet 
General Boisseau, who is now encir- 
cled by the enemy, whose troops are 
at the gates of the city, but I am still 
in close telephonic communication 
with him. Tomorrow four columns 
will converge on Oran from the direc- 
tions of Ain Temouchent and other 
interior points. 


3. Near Algiers fighting continues. 


4. Nothing has occurred in the south- 
ern region. 


5. General Juin is at Algiers. In Mo- 
rocco, enemy forces are growing 
hourly. They have overwhelming su- 
periority, especially in armament I 
call attention to the magnificent atti- 
tude of the troops, honorable and 


loyal to the orders of the Marshal. 
For instance, one town was occupied 
by the enemy, was retaken yesterday 
by the 1st RTM, then lost that evening 
and retaken during the night, lost 
again this morning and recaptured 
this afternoon, thereby obliging the 
enemy to halt debarkation farther 
south. The native population is deeply 
impressed by the news from Algeria, 
which is beginning to be circulated in 
spite of our precautions... 


decision was adapted to the necessity 
of the moment. I executed the order 
received and commanded that firing 
cease in the course of the evening, 
and that the Americans be notified. 


Admiral Michelier agreed with me 
that it was no longer possible to make 
any effective resistance. 


At 1500 I went to meet the Com- 
mander-in-Chief of the forces landed 
at Fedala to discuss with him the con- 


ditions under which hostilities would 
cease. I have just received a liaison 
agent from Admiral Darlan, who in- 


On 11 November 1942, from Rabat to Vichy 
(No. 1370-1372), Nogues sent a report “For Mar- 
shal Petain, Chief of State” as follows: 


Yesterday, November 10, about 1400 
by way of. , then again about 1630 
via Oran, a telephone message came 
to me from Admiral Darlan, who in 
your name ordered suspension of 
hostilities for the whole of North Af- 
rica. In spite of the apparent 
authenticity of this last message, 
transmitted by General Boisseau 
himself, I waited for the written con- 
firmation which had, at the same 
time, been promised me. It came to 
me about 9 o’clock by Commander 
Dorange ... and later by coded tele- 
gram. 


Since no communication from the 
Government had reached me, and the 
substance of the radiogram had been 
communicated to me only at about 
three o’clock, I never doubted that 
this order conformed to your direc- 
tive. 


The situation having deteriorated 
gravely during the day, with Port Ly- 
autey captured, the road _ to 
Marrakech opened, and Casablanca 
threatened by a general offensive, my 


formed me of the terms accepted by 
the Americans at Algiers: strict 
neutrality in the politics and admin- 
istration of the three countries, 
maintained by military armament. 


I shall report to you the result of the 
parleys at Fedala. 


That report was made on 12 November 1942 in 
Rabat-to-Vichy, No. 1374: 


The conference proceeded in a very 
much eased atmosphere. After the 
American general had paid a tribute 
to our bravery, he presented a plan of 
agreement that had been drafted in 
Washington and whose terms were 
more... than the Franco-German ar- 
mistice agreement. I observed that 
this text did not correspond at all to 
the circumstances which were antici- 
pated in the agreements...at Algiers, 
and that before recognizing these 
terms, it was necessary to reach an 
understanding on points of most im- 
portance to a settlement, with regard 
to French sovereignty and to reten- 
tion by French authorities of enough 
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military forces to fulfill the French 
mission. 


It was agreed that the country’s mili- 
tary and political administration 
would remain strictly un-changed 
and that French forces would imme- 
diately resume their stations; that 
the Americans could use our ports, 
our airdromes, and our means of 
communication; that since the Amer- 
icans are using Morocco as a base for 
a drive to the eastward, these various 
facilities would continue to be oper- 
ated and protected by the usual 
French personnel; that the use of 
these facilities would be regulated by 
direct contacts between the manager 
of French military transportation 
and his American counterpart. 


It was further decided that the con- 
ferees having agreed that relations 
would be resumed on a basis of mu- 
tual confidence, these terms would be 
subject to conformity with conclu- 
sion of the Algiers agreement. 


[My translation differs slightly from that of 
French Diplomatic No. 55235, 12 November. Note: 
Patton and Colonel Hobart Gay, his CIS, remem- 
bered the conference as one in which Patton took 
the initiative in declaring the alternate terms 
drafted in Washington as inappropriate. One set 
assumed French acceptance without resistance and 
with immediate participation in the war against the 
Axis as a belligerent. The other set assumed resis- 
tance to the point of a surrender abject because of 
being destroyed and overwhelmed by force. The ac- 
tual circumstances fell in between. The French quit 
before they were beaten but took a neutral position 
rather than adopting the course of a belligerent. 
The “much eased atmosphere” may well have sum- 
marized the Patton toast in champagne and the 
luncheon that brought Hewitt and Michelier as well 
as Nogues and Patton to the same table. ] 
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If Allied plans had led to enhanced radio inter- 
cept coverage from Gibraltar, Malta, and Egypt 
during the TORCH landings, the Axis traffic then 
collected might temporarily have been more open 
to analysis, and SIGINT on Axis countermeasures 
might have been ampler. One can only surmise. 
But even so, the G-2 Section, AFHQ, advance com- 
mand post at Gibraltar was able to combine 
information that came via London or directly from 
the three task forces and from agents at key points, 
so that it yielded a fairly clear understanding of the 
military and political situation in French North Af- 
rica during the first phase of Operation TORCH. 


By diverting to Tunisia reinforcements that had 
been assembled in southern Italy for transit to 
Field Marshal Rommel’s command in Libya, the 
Axis quickly built up a German Corps in Tunisia, 
and then a Fifth Panzer Army Headquarters that 
controlled both German and Italian Corps. In Tuni- 
sia enemy battle groups (Kampfgruppen) and task 
forces, rather than divisions, would do the ground 
fighting. Only the 10th Panzer Division staff func- 
tioned as a normal divisional headquarters. German 
divisions were likely to vary widely in numbers of 
personnel and to be commanded by colonels rather 
than by general officers. Allied regiments and com- 
bat commands were likewise temporarily split and 
deployed in task forces specifically directed by 
army and corps commanders. 


Axis field SIGINT was able to exploit the inse- 
cure communications of British and American 
battalions and regiments (or armored combat com- 
mands) during the critical days in December near 
Tunis. That information, for example, contributed 
to the failure of the Allies at first to get past Te- 
bourba and Djedeida into Tunis and later to gain 
control of a key topographic feature known as 
“Longstop Hill.” 


Before the landings, German communications 
showed no evidence that the Allied intentions 
were recognized. Italian and Vichy French 
SIGINT likewise revealed no threat to the 
landing forces. Special intelligence provided 


CHAPTER 12 
VECTORS 


177. Plane Vectors 


a. A line segment used to represent a quan- 
tity that has direction as well as magnitude is 


called a vector. The length of a vector is pro- 
portionate to the magnitude, and the arrow, or 


head, of the vector indicates the direction of 
the quantity represented. 


b. The quantity represented by a vector is 
called a vector quantity. This is the directed 
magnitude itself. Electrical quantities, such as 
current and voltage, are vector quantities in 
ac circuits (par. 194). 


Example: An airplane is flying northeast 
at 120 miles per hour. Its speed 
is represented on figure 55 by 
line OA. The direction in which 
the airplane is traveling is rep- 
resented by the direction of the 
line. 


178. Vector Notation 


Because a vector quantity has direction as 
well as magnitude, the methods of denoting a 
vector are different from_the methods of de- 
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Figure 55. The velocity of an airplane described 
by a vector. 
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noting a scaler quantity. A vector may he de- 
noted by two letters, the first indicating the 
origin, or initial point, and the other indicating 
the head or terminal point. For example, a 
vector may be represented by the letters AB, 
indicating that the quantity went from A to 
B. A small arrow sometimes is placed over the 


> 

letters for emphasis; for example, AB. Another 
method of notation is A /é, where A represents 
the magnitude of the quantity, and /é repre- 
sents the angle the vector makes with some 
reference line. For example, if line OE in figure 
55 were used as the reference line, vector OA 
could be represented by the notation 120/45°, 
where 120 represents the magnitude of the 
quantity, and /45° represents the direction 
with respect to line OH. With respect to line 
ON, vector OA, would be represented by the 
notation 120 /—45°. 


179. Addition of Vectors, Parallelogram Method 


The addition of vectors by the parallelogram 
method is shown in figure 56. To add vector 
OA to OC, draw a vector OC with its initial 
point located at the initial point of vector OA, 
and complete the parallelogram with these 
vectors forming two sides. The diagonal] vector 
OB, with its initial point at the same initial 
point of OA and OC and its terminal point at 
the opposite vertex of the parallelogram, is the 
sum of OA and OC. Thus, two vectors (OA and 
OC) acting simultaneously on a point or object 
may be replaced by a single vector called the 
resultant (OB). The resultant vector will pro- 
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Figure 56. Adding vectors, parallelogram method. 
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the reassurances assignable to silence. After the 
landings, special intelligence quickly disclosed to 
AFHQ that the Germans were pressing Vichy to op- 
pose the Allies and to admit German forces. Next it 
reported the German seizure of Tunisian airfields 
near Bizerte and Tunis for air transport of German 
and Italian forces, and the German intention to 
consolidate the two areas into one bridgehead. 
That elements of Panzer Regiment 104 had been 
ordered from Italy to Tunisia, that German antiair- 
craft units would defend the air fields, and that a 
Colonel Lederer was given command there were all 
made known through special intelligence to AFHQ 
and to the British commander of British First 
Army. General Nehring’s transfer from the German 
Afrika Corps to relieve Lederer and be subordi- 
nated to O. B. Sued (Kesselring) was next added to 
the important information provided through Ultra. 


If the occupation of Tunisia by Allied forces, 
with whom the resident French could join, were to 
be successful, the Allied command knew that it 
would have to be accomplished by getting there in 
strength faster than the Axis command could rein- 
force the bridgehead. Although the Allies gained 
control of ports and airfields between Algiers and 
Tunisia, they could not provide sufficient air sup- 
port or quite enough coordinated assault forces on 
the ground. German and Italian forces, including 
armored and aviation units, used sea transport and 
port facilities so effectively that they won the race. 


That situation was understood by the Allied 
command on the basis of special intelligence and 
some “Y” intelligence, but the means of thwarting 
Axis intentions were unavailable. Before the end of 
November, General Eisenhower knew that the Ger- 
mans had accumulated enough strength in the 
Tunisian bridgehead to start extending along the 
coast southward beyond Sfax and Gabes and south- 
westward to Gafsa and Tozeur. 


The reconnaissance spearhead of the Eastern 
Task Force (known as “Blade Force”) got within 
about ten miles of Tunis before first being checked. 
When enough Allied strength had _ been 


concentrated for a sustainable effort, the enemy 
ground and air units demonstrated the superiority 
of their coordinated tactics. Near Tebourba the Al- 
lies were thrown back toward Medjez el Bab in a 
decisive engagement. German interception of com- 
munications among Allied units on the tank 
frequency band elicited without difficulty “some 
very useful information.” Then and later, chatter 
between American fighter pilots disclosed takeoffs 
and approaches by Allied aircraft.8 


Axis reaction, besides establishing what they 
called their “bridgehead,” consisted principally of 
air bombing of ports, ships, airfields and troop con- 
voys along the coast from Algiers to Tabarka. Until 
radars were installed and working, “Y” furnished 
the needed warning. An RAF “Y” unit at Gibraltar, 
where Luftwaffe signals were not well heard, moved 
to Algiers, and thence to Bone, where the signals 
came in strongly. At G-2, AFHQ, one officer was so 
knowledgeable about the German Air Force that he 
could quickly recognize in tactical messages evi- 
dence showing the nature of any formation on its 
way to deliver an attack. The principal air intelli- 
gence officer had previously been in command of 
the RAF party in a division at Bletchley Park. 


The Allied force remained concerned lest the 
Germans should somehow use Spain to control the 
Strait of Gibraltar, and thus cut Allied lines of sup- 
ply and reinforcement. Near Oran, British 55 
Wireless Section (headed by Captain Hugh Skillen) 
worked with a detachment of the U.S. 128th Signal 
RI Company on French and Spanish traffic. 
They used nine or ten positions to watch for indica- 
tions that Spanish forces were mobilizing, or that 
Spanish radio circuits were carrying German mes- 
sages. The three 122d Signal RI Company 
detachments originally with the Western Task 
Force, reinforced on 18 November 1942 by the rest 
of the unit, also engaged in monitoring for evidence 
of hostile reaction in Spanish Morocco, or at 
airports in southern Spain, southern France, Ma- 
jorca, Sardinia, Corsica, western Algeria, all French 
Morocco, and French colonies to the south. The 
two units, one under G-2, Western Task Force, 
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and the other under G-2, Center Task Force, ex- 
changed products and technical information. 


Looking back in 1943 on what lessons might be 
learned from Operation TORCH, the SIGINT per- 
sonnel advised that only a small reconnaissance 
detachment of any independent SIGINT unit 
should come ashore with the assault forces, that 
two officers and three enlisted men would be 
enough. Their mission should be to make detailed 
plans for the most effective use of the operating 
units that should come on follow-up convoys with 
full equipment. The small detachment could expe- 
dite the preparations absolutely necessary for work 
to start.9 On the other hand, the intercept platoons 
of a divisional signal company (as then constituted) 
were needed in an assault. They would not be at a 
loss, as would the other type of unit, for support fa- 
cilities and personnel. 


Even before the Allied thrust toward Tunis and 
Bizerte came to a halt in December, the Axis sought 
to protect a coastal corridor southward to the 
boundary between Tunisia and Libya and south- 
westward toward Gafsa. In the hill-studded zone 
between the great ridges (the Eastern and Western 
Dorsals), the Allies either disputed Axis efforts or 
established blocking stations. They appeared to the 
Axis leaders, however, to be in a position to strike 
offensively southeastward from Gafsa to Gabes in 
strength whenever such a maneuver became op- 
portune. 


Tunisia: Organization for the Second Phase 


By 6 January 1943 Allied “Y” units were prepar- 
ing to move eastward in conjunction with 
Headquarters, British First Army, Headquarters, 
U.S. II Corps, and later, Headquarters, British V 
Corps, which had not yet arrived in Tunisia. Head- 
quarters, First Army, at Constantine, would have 
with it a British team. On 15 January British 55 
Wireless Intelligence (under Captain Hugh Skillen) 
and the U.S. 128th Signal RI Company (under ist 
Lieutenant Shannon D. Brown) moved from the 
Oran area to a site in Dernaia Pass near Tebessa at 
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the Algerian border, to join Head-quarters, 
II Corps. In support of the U.S. Twelfth Air Force, 
the British 380 Wireless Unit and the U. S. 122d 
Signal RI Co., which arrived at Boufarik in January, 
would cooperate closely. Before the end of January, 
the U.S. 849th Signal Intelligence Service (SIS) 
Battalion would bring 33 officers and 192 enlisted 
men to the Algiers area, where they would train 
with an experienced British field SIGINT team.1° 


At AFHQ the coordination of “Y” operations 
was supervised by a “Y” Northwest Africa (YNA) 
Committee; Lieutenant Colonel Harold G. Hayes, 
chief american SIGINT officer, Signal Division, 
AFHAQ, was the chairman. The other members rep- 
resented ground, sea, and air “Y” organizations, 
and with one exception were British officers. The 
Signal Intelligence Section of the Intelligence Divi- 
sion (SIGS I, G-2), AFHQ, was headed by British 
Lieutenant Colonel Forrer. 


The section’s mission was to handle all SIGINT 
matters for G-2, including the organization and 
control of fixed and mobile “Y” units, liaison on “Y” 
matters with the War Office in London and other 
commands in the Mediterran-ean, and liaison with 
all the “Y” services of the Allies in the theater. Dis- 
tribution and security of “Y” information and 
preliminary examination of captured signal equip- 
ment and signal documents were also _ its 
responsibilities. 


Control of forward intercept operations from 
First Army’s Headquarters near Constantine was 
difficult to correlate, while collection there could 
not match that in Libya because of the intervening 
150 miles or so of mountainous terrain. Coordina- 
tion at First Army Headquarters of all the DF 
operations was ineffective until the campaign was 
almost over. From First Army, weekly predictions 
of callsign changes were distributed to intercept 
units that lacked the necessary documents and 
technical data. They might thus avoid intercepting 
traffic of concern primarily to Eighth Army, or re- 
constructing codes already broken. But the 
organizational paralleling in Tunisia of SIGINT 


resources used in the Western Desert did not yield 
comparable SIGINT service. Production in Tunisia 
was to disappoint the British for several months, 
and the American novices in SIGINT production 
were unavoidably affected. At the same time, the 
Germans retreating ahead of Eighth Army and in 
Tunisia in January 1943 adopted new methods of 
improving their own communications security. 
Daily changes of the encipherment of the three-let- 
ter codes, insertion of sections in Playfair cipher to 
complicate, a message in three-letter codes, and 
frequent shuffling of the code names of units — all 
increased the difficulties for Allied analysts in the 
field. 


The SIGINT Section of British First Army is- 
sued daily and weekly summaries based on “Y,” 
and after its activation late in February 1943, 18 
Army Group began combining material from both 
First and Eighth Armies in a Daily Summary. The 
field sections of First Army sent daily decrypts to 
SIGS I, G-2, AFHQ and to the staff SIGINT officers 
at 18 Army Group and First Army. 


British Eighth Army’s daily intelligence sum- 
mary included material attributed specifically to 
“Yorker,” but others — Army Group, “AFHQ- in- 
the-Field,” and G-2, AFHQ — were less explicit. 
Information gained from “reliable sources,” for ex- 
ample, constituted one paragraph. Although no 
references were made to special intelligence, the 
estimates of enemy intentions in AFHQ’s Weekly 
Intelligence Summary were stated with a confi- 
dence which reflected sources of the highest 
reliability. 


Early field intercept operations by teams asso- 
ciated with British First Army were, for the most 
part, not well guided. Lacking basic technical data 
about enemy radio nets, First Army’s intercept op- 
erators covered some of the same links copied by 
SIGINT units with Montgomery’s British Eighth 
Army, and an unusually high proportion was found 
to be German Air Force traffic. Exploitation also 
produced redundancy, as First Army personnel 
tried to solve codes previously broken at Eighth 


Army. At the same time, First Army was not pre- 
pared to exploit Italian traffic until late in the 
Tunisian campaign, after personnel from the Mid- 
dle East Command had been transferred to 18 
Army Group. Radio direction-finding operations in 
Tunisia were not effective until First Army began to 
coordinate them very late in the campaign. 


General Kenneth Anderson’s principal SIGINT 
officer did not arrive at Headquarters, First Army, 
in Constantine until January 1943, and then found 
himself at least 150 miles from the fighting front at 
a place where it was impossible to intercept enough 
pertinent traffic. Despite the semi-aridity of wide 
areas in Tunisia, the terrain there differed greatly 
from the Libyan desert. Mountain chains and clus- 
ters of hills not only forced the ground forces to 
employ different tactics, but also seemed to inter- 
fere with good radio reception. Moreover, the Axis 
forces used unfamiliar gridded maps and “target 
points” to indicate their positions; until such maps 
were captured, the bases for the indicators re- 
mained unknown. 


As a further restraint on the application of “Y” 
to operations, many intelligence officers of corps 
and divisions in First Army neither appreciated the 
useful potentialities of “Y” nor realized how much 
more effective it could be if all “Y” efforts and the 
results obtained in the whole First Army area were 
shared. General Alexander, however, brought to 
the staff of 18 Army Group in late February as his 
principal SIGINT Officer the man who had held a 
similar position on the staff of British Eighth Army 
and who knew the benefits of pooled “Y” informa- 
tion. Alexander also caused 101 Wireless Intelligence 
Company to be flown to Tunisia from Headquar- 
ters, British X Corps, then in reserve. Thereafter, 
the SIGINT efforts of both Eighth and First Army 
were better coordinated. 


Action during January 1943 
When the U.S. II Corps moved to the Tebessa 


area in January 1943, the ground forces in its com- 
mand consisted primarily of the mobile 1st Armored 
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Division, reinforced by elements of the ist Infantry 
Division and the 34th Division. Eventually those 
entire divisions and the 9th Infantry Division were 
to be assigned to II Corps, but the beginnings were 
smaller. French troops of the XIX Corps, com- 
manded by General Louis M. Koeltz, were stationed 
in January at various points along the Eastern Dor- 
sal, the mountain barrier that separated the eastern 
coastal plain from the higher ground and moun- 
tains of the Tunisian interior. Axis troops sought 
possession of the openings where roads through 
the Eastern Dorsal connected the interior with 
Kairouan, Sousse, or Sfax. French, British, and 
American troops were interspersed within the II 
Corps area. 


The Axis high command, Italy's Comando Su- 
premo, advised by the German theater commander, 
Oberbefehlshaber Sued (Field Marshal Albert Kes- 
selring), intended to maintain an overland route 
from Tunisian ports to Field Marshal Rommel’s 
German-Italian Panzer Army, Afrika, then retreat- 
ing westward across Tripolitania. The Allies, after 
first planning to use the U.S. II Corps to break 
through to the coast at Sfax (Operation SATIN), 
and to cut the Tunisian line of supply to Rommel, 
abandoned that plan during consultations at the 
Casablanca Conference. The British Eighth Army’s 
pursuit of Rommel’s command, the Allies rea- 
soned, would leave the latter free to send veteran 
German armored units against the unseasoned 
U.S. II Corps in an area of Axis air superiority. Gen- 
eral Eisenhower therefore directed II Corps to 
concentrate the ist U.S. Armored Division on the 
southern flank, able to move in strength against 
any Axis thrust. 


German tactical SIGINT was efficient. Ameri- 
can troops were to discover that fact repeatedly as 
their own “Y” service kept improving. It was none- 
theless possible for Allied radio deception to lead 
the enemy to believe that he was facing a much 
larger force than was actually the case, perhaps al- 
most twice as large. Allied SIGINT kept a daily 
watch on enemy reports of Allied order of battle 
and observed the discrepancies between those 


Page 30 


reports and the actualities. The enemy SIGINT 
units could by DF spot Army and Corps headquar- 
ters, and by traffic analysis generally infer the 
divisions in each corps. They could recognize the 
appearance of new formations in corps' nets with- 
out being able to appraise their strengths, and 
sometimes they could determine the components 
of divisions. 


German SIGINT, supplementing captured doc- 
uments, interrogations of prisoners, agents’ reports, 
and photographic reconnaissance, left the Axis 
commanders still unable to estimate Allied inten- 
tions in the area between Gabes and Sfax. They 
correctly concluded that the Americans on the 
south wing intended in January 1943 to cut the 
coastal corridor and to seize Sfax, but they did not 
recognize before the end of the month that the 
project had been abandoned. They seem to have 
been uncertain about the strength of American 
forces there, and to have been pleasantly surprised 
by the successes they achieved in February between 
Faid Pass in the Eastern Dorsal and Kasserine Pass 
in the Western Dorsal. They would doubtless have 
been appalled by the accuracy with which the Allies 
usually understood the Axis situation and plans. 


After El Alamein, Rommel recommended that 
all German forces leave Africa, but since such dras- 
tic action was not countenanced by Hitler, he 
continued falling back into Tunisia, where he might 
use the old French fortified Mareth Position, or a 
naturally strong one near Gabes, to block the ad- 
vanceof British Eighth Army. General Montgomery’s 
forces would be far from his Middle East base. 
Tripoli would be a demolished port. At Mareth the 
odds against the Axis army would therefore be re- 
duced. 


General Jirgen von Arnim, commanding the 
Fifth Panzer Army, thinned his defenses in the 
north and created task forces able to dislodge the 
French from the passes, including that at Faid. The 
French were able to draw reinforcements from the 
American elements at various points. The U.S. II 
Corps, as SATIN Force, had been scheduled 


to control the ist Armored, ist Infantry, and 34th 
Divisions. By committing elements of those divi- 
sions as reinforcements elsewhere, First Army kept 
postponing the kind of concentration in Central 
Tunisia that General Eisenhower had prescribed. 


South of Faid, the Eastern Dorsal swings south- 
westerly. With other adjacent mountains it provides 
the northerly edge of another east-west corridor, 
bounded on the south by extensive areas of marsh 
and salt lakes (chotts). From Gabes a highway in 
that corridor links the coastal zone with the oasis of 
Gafsa and communities west of it, while from Gafsa 
roads and railroad thread many valleys eastward 
and northeastward in the ridge-strewn region of 
Central Tunisia. Allied and Axis concern about vul- 
nerability applied to the Gabes-Gafsa route, as well 
as to passes farther north near Faid and Fondouk. 


On 3 January 1943, while the Allies were work- 
ing out their plans and arrangements for the sequel 
to the discontinued Operation TORCH, the Axis 
forces seized and occupied the pass at Fondouk, 
through which major roads went northwestward 
and southwestward into the regions held by scat- 
tered British, French and American forces. As a 
sort of offset, on 11 January French units obtained 
control of two gaps farther north, between the 
coastal plain of the Kairouan area and the Oussel- 
tia Valley. They were dislodged about ten days later 
by a German task force that included a number of 
the very heavy “Tiger” tanks, a force which pushed 
down the valley from the north and cut off French 
defenders on the eastern heights. Units from three 
different U.S. divisions were brought into the area 
in circumstances that revealed the deficiencies of 
Allied command and control in the field and 
brought about successive measures to improve it. 


II Corps, after Operation SATIN was cancelled, 
planned to retake Fondouk in an American-French 
attack on 23 January, but the Ousseltia Valley bat- 
tle made cancellation of the Fondouk operation 
necessary. 


II Corps then planned to occupy Maknassy and 
the gap east of it through which ran a railroad and 
a highway connecting Gafsa and Sfax. As two task 
forces moved on Maknassy, the enemy launched an 
operation against Faid Pass and Faid Village. The 
French defenders held out valiantly for two days. 
Attempts by U.S. II Corps failed either to relieve 
them or to regain the pass from the enemy. IT Corps 
called off the attack at Maknassy; instead, it placed 
sufficient elements of the ist Armored Division 
(and attached infantry) near enough to the passes 
from Fondouk to Maknassy to contain any incur- 
sions through them by Axis columns. Although the 
elements of II Corps were not concentrated on the 
southern flank, their mobility was expected to re- 
sult in a swift concentration whenever that was 
required. 


The enemy, because of the need to control the 
rear of the Mareth Position and the narrows north 
of Gabes (often called either the “Chott Position” or 
the “Wadi Akarit Line”), redrew the boundary be- 
tween the areas of Rommel’s and von Arnim’s 
commands on 2 February 1943 so that both Sfax 
and Gafsa were within the former’s area of respon- 
sibility. 


Special intelligence confirmed the interpreta- 
tion of Axis intentions that went into the Weekly 
Intelligence Summaries from G-2, AFHQ. An order 
issued by O.B. Sued on 24 January 1943 made clear 
what was in store. The enemy expected Allied at- 
tacks against both the Bizerte-Tunis bridgehead 
and the Sfax-Gabes corridor. Von Arnim’s com- 
mand, while parrying such thrusts in the north, 
was to refrain from any large offensive operations 
that would tie down his reserves. At the southern 
extreme, while the Mareth Position was being oc- 
cupied and developed, a mobile force would be 
built around Headquarters, 21st Panzer Division. 
To gain initiative for the Axis forces, a mobile bat- 
tle group under cover of the Mareth Position would 
drive toward the Allied base at Tebessa, doing so 
before the Allied forces could launch the flanking 
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attack on Gabes about which the Germans ex- 
pressed great apprehension. 


At the end of January 1943, the Allies recog- 
nized that the enemy was already regrouping his 
forces in Tunisia in order to form a mobile striking 
reserve. Its mission would be to counterattack any 
Allied effort to break through to the coast of eastern 
Tunisia. Meanwhile, by local operations, the enemy 
would try to prevent the Allies from concentrating 
for a major offensive against any of the more vul- 
nerable Axis positions. To achieve the best results, 
the enemy might place some elements of Rommel’s 
command at the disposal of von Arnim. Ultimately, 
the Axis forces would strike at the Allied line of 
communications in eastern Algeria, both to isolate 
the garrisons in south central Tunisia and to pre- 
vent direct contact between the Allied Force in 
Tunisia and the British Eighth Army. The bases for 
that estimate were said to be recent Axis advances 
west of Sfax through Faid Pass toward Faid and 
Sidi bou Zid, and farther south toward El Guettar.14 


Notes 


1. See George F. Howe, Northwest Africa: Seizing 
the Initiative in the West, passim. (Washington, D.C., 
1957) 

2. The Western Task Force received weather reports 
by message up to the eve of the assault landings. On 10 
November 1942 Headquarters, USAAF, commended the 
Signal Intelligence Service (SIS) for that contribution. 
Secret Annual Report for FY 1943, Cryptanalysis Branch, 
SSS; see also AFHQ G-2 Intelligence Reports Nos. 8 (26 
Oct 42) to 14 (6 Nov 1942). 

3. Winterbotham, The ULTRA Secret, 90-91. 

4. See J. C. Masterman, The Double-Cross System in 
the War of 1939 to 1945. (Yale University Press, 1972). 

5. It was known as the Aukatafel, an abbreviation of 
Aufklaerungs und Kampfllieger Tafel, Land and Sea. 

6. Special Intelligence disclosed that Kesselring’s 
command was insistent that his air units needed rein- 
forcement by long-range reconnaissance aircraft and 
that such planes were shifted from Norway, to the bene- 
fit of Murmansk convoys, and from Bordeaux, so that 
the TORCH convoys were not observed while in the At- 
lantic en route to the Strait of Gibraltar. The planners 
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were able to route the convoys in the light of that intelli- 
gence. Colonel Alfred McCormack reported that he had 
learned of this accomplishment while visiting the U.K. in 
1943. NSA Hist Coll., Book No.9, 3-5. 

7. Paraphrase of messages in L-921 TL No. I, Allied 
Communication Intelligence and the Battle of the At- 
lantic, 6 Vols., Vol. II, Part D., App. II to Chap. XII, 
228-251; Part A, App. B. 

8. Captain Sidney L. Jackson, Tactical Communi- 
cations, 91, citing information gained during 
interrogation later of a German pilot. 

9. Operation TORCH, Lessons Learned in Chief Sig- 
nal Officer, AFHQ, para 16. Copy on AFHQ Microfilm 
Reel 1G. 

10. Msg, Forrer for Lycett, MI 8, 061214Z Jan 1943. 
No. 4393. 

11. AFHQ G-2 Intelligence Report No. 23, 1 February 
1943 (Reel 23A). Special Intelligence reflected those in- 
tentions but suggested that they were not solid. 
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Chapter 3 


Axis Initiative in February 1943 


Axis Plans — Allied Expectations 

Less than a week later, after Faid Pass had in- 
deed been taken and held by Axis troops despite 
counterattacks by II Corps, the Allied estimate was 
confirmed and expanded. The Axis forces were now 
expected to try to contain as much as possible of 
the Allied force in the north and to improve their 
hold on mountain passes in the Eastern Dorsal, in 
order to avoid either an Allied penetration of the 
bridgehead or an Allied turning of the “Tunis posi- 
tion.” The Axis mobile striking force could be 
expected to move into areas from which to threaten 
Sbeitla and perhaps Maktar farther north. The ob- 
jective of Axis operations still further south would 
be to strengthen the defense of Gabes. Lastly, work 
on the Mareth Position would be pushed in order to 
contain a frontal attack there by British Eighth 
Army. New defensive works southwest of the exist- 
ing ones would be designed to prevent infiltration 
or a wide turning movement. The activities of II 
Corps had stimulated greatly increased Axis air ac- 
tivity, particularly in the areas near Faid and Sened 
villages.1 


Early in February, possibly from their own SI- 
GINT operations, the Axis high command learned 
that the U.S. II Corps had abandoned its plan to ex- 
ecute Operation SATIN (the offensive across the 
Eastern Dorsal and the coastal plain to seize the 
port of Sfax and to cut the land communications 
between northeastern and southern Tunisia). SI- 
GINT later disclosed that the Axis leadership 
realized that the “American Army” did not intend, 
for the time being, to continue its advance. Allied 
SIGINT showed that the Axis command had de- 
cided, in consequence, on 11 February 1943 to 
modify its own concept of operations.? 


Further SIGINT disclosure to the Allies of Axis 
intentions led to an appraisal of where, if not when, 


the enemy could be expected to strike. The enemy 
would try to capture the Ousseltia plain and passes 
west of it, moving into the valley from the north 
and east; he might also make one direct westward 
thrust from Kairouan, and another, as flanking 
support, from Faid. Besides maintaining the Axis 
hold on Faid Pass he would endeavor to increase 
his control of the heights southwestward between 
Faid and Gafsa. Ultimately he would advance to 
Sidi bou Zid. If that did not precede the drive across 
the Ousseltia plain, it might occur at the same time 
or be coupled instead with an advance upon Gafsa. 
The great enemy interest in controlling Gafsa 
seemed likely to induce a direct attack there soon 
and even before that, an attempt to establish a de- 
fensive ring around it while Axis mobile forces were 
being strengthened.3 


These deductions by Allied intelligence con- 
cerning Axis intentions, however correct, were 
reached without knowledge of the conflicting views 
and ambitions among the enemy. General von 
Arnim and Field Marshal Rommel disagreed over 
priorities and objectives. Each had uses to which he 
wished to commit, under his own command, the 
mobile 10th, 15th and 21st Panzer Divisions. 


Rommel’s mood fluctuated between pessimism 
and hopefulness. Once he himself had seen the di- 
lapidated condition of the “Mareth Line,” his doubts 
about its strength were confirmed. He concluded 
that successive spoiling attacks against both Allied 
armies must be made, if only to gain time. While 
von Arnim’s command sent one battle group to 
take Sidi bou Zid, he would send another to take 
the oases at Gafsa and Tozeur. But if he were to 
press on afterward into Algeria to strike the Allied 
base at Tebessa, he would need the 10th Panzer Di- 
vision too. The attacks which opened on 14 February 
were intended only to drive the Allies back from the 
Eastern Dorsal and from Gafsa. Exploitation 
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thereafter would depend upon prospects indicated 
during the first stage. Rommel and von Arnim had 
conflicting plans for subsequent operations. The 
former wanted to destroy Tebessa and perhaps to 
threaten farther north the long line of communica- 
tions of the British First Army. The latter wanted to 
expand the northern bridgehead. Each would need 
the 10th Panzer Division for his attack. The arbiter 
had to be Kesselring. Ultimate authorization had to 
be gained from the Comando Supremo in Rome. 


Presumably concerned about the signs of enemy 
interest in taking Gafsa, II Corps on 12 February 
queried First Army about the Axis intention to de- 
fend the Mareth Position. First Army replied that 
apparently “Rommel intends to defend the Mareth 
Line” and to develop delaying positions in front of 
it to provide more time for strengthening the de- 
fenses.4 Late that day, Colonel B. A. Dickson, G-2, 
II Corps, relayed from the II Corps “Y” unit to the 
commanding officer at Gafsa word that an Axis 
unit, ARKO 104, had been sound-ranging Allied 
Gafsa guns that morning. ARKO 104 was known 
normally to operate with a division or a divisional 
task force, one that included the Ramcke Brigade of 
Rommel’s Afrika Korps (DAK). 


(During February and March 1943, ARKO 104 
was using a code designated among the Allies as 
APE 20, consisting of 400 groups alphabetically ar- 
ranged against numerical groups from 001 to 400. 
An encoded text was enciphered by using ten letter- 
for-number equivalents that changed daily. 
Plaintext messages were enciphered in a separate, 
daily changed, randomly mixed alphabet.) 


On 13 February 1943 the Allies were expecting 
Axis action; they were uncertain chiefly about the 
routes of attack and the strength of enemy forces. 
The main thrust might be made either west of Kai- 
rouan or west of Sfax. If Fifth Panzer Army supplied 
the major striking force that would certainly in- 
volve the 10th Panzer Division. If it struck near 
Pichon, certain II Corps units might move north to 
reinforce Combat Command B, ist U.S. Armored 
Division. If the 10th Panzer Division moved south 
to penetrate the Faid area, Combat Command B 
could release troops via Sbeitla to reinforce Combat 
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Command A, already deployed according to II 
Corps orders in the vicinity of Sidi bou Zid. 


Advance Headquarters, First Army, advised II 
Corps and other subordinate commands on 13 Feb- 
ruary that reliable sources reported (wrongly) that 
only a few days earlier Rommel had undergone an 
operation at the Civil Hospital in Tunis.5 


Allied Reversals, 14-17 February 1943 


At first light on 14 February 1943, one column 
of armored and mobile German troops came 
through Faid Pass to encircle defending forces on a 
hill rising from the rolling desert while another 
crossed the Eastern Dorsal farther south to isolate 
forces on the other hills near Sidi bou Zid. Those 
columns were elements of Battle Group Ziegler, 
Fifth Panzer Army. Before dark they had driven 
Combat Command A, ist U.S. Armored Division, 
out of Sidi bou Zid and had marooned American 
troops on the nearby hills. 


Kampfgruppe DAK, a mixed German and Ital- 
ian Battle Group controlled by the Head-quarters, 
German Afrika Korps, approached the town of 
Gafsa cautiously, and prepared to attack only after 
being reinforced by part of Group Ziegler. During 
the night of 15/16 February the Allied garrison 
withdrew in haste, and many civilians evacuated 
Gafsa. The next day the enemy marched in unop- 
posed. 


Throughout the first day of the attack, Colonel 
B. A. Dickson, G-2, II Corps, was unable to deter- 
mine that any captured troops were from von 
Armin’s 10th Panzer Divison: “As the 10th Panzer 
Division does not seem to have moved south, the 
tanks engaged in the Sidi bou Zid area and to the 
south appear to be from either or both the Panzer 
Battalion 190 and the 21st Panzer Division (of von 
Arnim’s mobile reserve). Late report gives 
prisoner of war identification from the 21st Panzer 
Division.” The report that Mark VI (Tiger) tanks 
were near Faid, if it could have been confirmed, 
would have established participation by Panzer 
Battalion 501, which, like 10th Panzer Division, 
was under Fifth Panzer Army command.® 
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Figure 57. Resolution of three vectors. 


duce the same effect on the object as the joint 
action of the two vectors. 


180. Addition of More Than Two Vectors 


a. In determining the resultant (par. 179) of 
vectors when more than two quantities are 
represented, proceed as follows: 


(1) Find the resultant of two of the vector 
quantities, 

(2) Determine the final resultant between 
the third quantity and the resultant 
obtained from (1), above. 


b. Assume three forces U, V, and W are act- 
ing on point O as shown in A, figure 57. Force 
U exerts 150 pounds at an angle of 60°, V 
exerts 100 pounds at an angle of 135°, and W 
exerts 150 pounds at an angle of 260°. Find 
the resultant of forces on point O. 


(1) The resultant of any two vectors, such 
as U and W, are determined graph- 
ically by the line R, (B, fig. 57). To 
solve this problem first draw the vec- 
tors to scale at the designated angles; 
then construct the parallelogram 
OUTW with adjacent sides WT and 
UT. The resultant R; of OW and OU 
will be the diagonal OT. 

(2) Combine the resultant R, with force 
V, then construct another parallelo- 
gram to scale as in (1), above. The 
final resultant R. is similarly deter- 
mined by the line SO (C, fig. 57). 


TM684-183 


Figure 58. Horizontal and vertical components 
of vector. 
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On 14 February 1943, however, German prison- 
ers taken near one of the hills were positively 
identified as being from infantry and artillery units 
of the 10th Panzer Division; at least part of that for- 
mation had indeed moved south to make the 
attack. Two German reconnaissance units and ele- 
ments of the Italian Centauro Division had also 
been identified, probably by SIGINT, in the force 
moving along the roads approaching Gafsa from 
the northeast and southeast. 


The weakly armed French troops that once had 
defended the eastern passes without being relieved 
in time by mobile, well-armed Americans, now had 
their counterparts among the American forward el- 
ements stationed on the isolated hills near Sidi bou 
Zid. Unable themselves to oppose the enemy effec- 
tively, they became bait, luring a would-be relieving 
force into an attack in which it was outmatched. 


Intelligence might have identified that first Axis 
attack of February 14 for what it was, a main effort 
rather than a diversion. But the surprise applied 
not only to the weight of the Axis attack but also to 
the tactics that they employed and to the accuracy 
of their tank and artillery fire. Moreover, although 
the skill and power of Axis air support of ground 
troops were not new, the strength in this instance 
greatly exceeded that which the Allies had experi- 
enced during recent battles. 


The British 55 Wireless Intelligence Section, 
under Captain Hugh Skillen, provided G-2, II 
Corps, with certain unit identifications and some 
information concerning enemy movements. The 
enemy had an observation post on Djebel Orbata, 
southeast of Gafsa, connected with a German artil- 
lery unit. On 15 February Captain Skillen warned 
that the artillery unit was preparing to move to- 
ward Gafsa. On 16 February he followed movements 
by the German 58o0th7 and 33d Reconnaissance 
Units (RU). The former moved to the vicinity of 
Sened Station and sent elements into Gafsa. The 
latter went farther north. 


On 17 February Group Ziegler advanced slowly 
toward Sbeitla from Sidi bou Zid. The 1st U.S. Ar- 
mored Division was then deployed for only a 


delaying action at Sbeitla. The enemy had learned 
that from his own SIGINT service. Elements (33d 
RU) of the 21st Panzer Division reconnoitered in 
force along the roads from Gafsa to Feriana, The- 
lepte, and Kasserine. 


After relinquishing Sbeitla, the Allies pulled 
back west and northwest to the farther side of the 
Western Dorsal. The main body of II Corps re- 
treated through Kasserine Pass from Sbeitla and 
Feriana. Other routes to the west were defended in 
an atmosphere of emergency and improvisation. 


The seizure of Sidi bou Zid had been accom- 
plished by elements of the Fifth Panzer Army. The 
associated attack to take Gafsa brought forces 
under Rommel (Kampfgruppe DAK) into the area 
between Maknassy and Sened Station. On 15 Feb- 
ruary the abandonment of Gafsa without a fight 
surprised Rommel. He sent in a garrison the next 
day and reconnoitered toward Feriana, while the 
decision was reached for Fifth Panzer Army to push 
from Sidi bou Zid to Sbeitla, using primarily the 
21st Panzer Division. For his planned attacks in the 
Fondouk area and toward Bedja and Medjez el Bab 
farther north, von Arnim wished to move the entire 
1oth Panzer Division northeastward as soon as 
Sbeitla had fallen. Rommel, on the other hand, 
having concluded that the American troops were 
much less formidable than he had supposed, 
awaited the results of the attack on Sbeitla and of 
the successful reconnaissance in force that he sent 
to Feriana and Thelepte airfield. He then proposed, 
on 18 February, that he drive through the Western 
Dorsal to Tebessa. 


Through Kasserine Pass 

Over von Arnin’s objections, Rommel was au- 
thorized by Kesselring to use both the 21st and 10th 
Panzer Divisions and the German-Italian mobile 
and armored units under the Deutsches Afrika 
Korps for a thrust through the mountains to the 
valleys beyond. Comando Supremo did not accept 
the choice of Tebessa (across the Algerian border) 
but instead designated Le Kef (well to the north in 
Tunisia) as Rommel’s objective. Success there 
would disrupt Allied operations then in progress 


Page 37 


and, by threatening the First Army’s vital line of 
communication, might either cause that command 
to pull back from the bridgehead boundary, or so 
weaken the Allied defenses there that von Arnim 
could press forward successfully. Fifth Panzer 
Army could itself help Rommel’s thrust by drop- 
ping paratroops near Le Kef, sending a force by sea 
to Tabarka from which to threaten British First Ar- 
my’s northern flank and rear and by holding Allied 
troops along the bridgehead line. 


Very early on 19 February 1943, five days after 
the initial Axis assault on Sidi bou Zid, Rommel 
started his main attack into Kasserine Pass. During 
the afternoon of 20 February 1943, the II Corps’ “Y” 
unit reported a request by the 33d Reconnaissance 
Unit for maps of the Tebessa-Bone area.? German 
infantry had already been reported to be holding 
various heights along the pass and their objective 
was presumed to be Tebessa. When the Axis force 
in the pass emerged, one portion did head toward 
Tebessa to block any Allied attacks on the western 
flank of the main body. The other portion took the 
other branch of a road junction within the pass and 
headed northward toward Thala on the way to Le 
Kef, as ordered by Comando Supremo. 


For the next two days they probed, struck, and 
almost broke through Allied defenses hastily estab- 
lished near Thala, as reinforcements streamed 
toward what the Allies had learned from special in- 
telligence would be the critical spot. 1° 


During the night of 21/22 February, a liaison 
officer at 18 Army Group relayed to II Corps a re- 
port that the enemy armored columns were going 
to withdraw through Kasserine Pass, beginning 
that same night.14 The actual withdrawal occurred 
twenty-four hours later, after Rommel, conferring 
with Kesselring near the town of Kasserine, per- 
suaded the latter that the attacking force must pull 
out. 


Discouraged by indications that the Allied de- 
fense was becoming stronger rather than weaker, 
and mindful of the necessity of gaining time to 
strengthen the Mareth Position by attacks on the 
van of British Eighth Army far to the southeast, 
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Rommel had concluded that he must break off the 
whole operation toward Le Kef. He was authorized 
late on 22 February to retire through Kasserine 
Pass and was directed to leave one garrison at 
Gafsa and others at key points between the West- 
ern and Eastern Dorsals.12 


Back through Feriana and Gafsa to Gabes, back 
past Kasserine and Sbeitla to Sidi bou Zid, Faid, 
and Maknassy, and through the mountains to the 
Sfax-Gabes corridor, most of the enemy withdrew. 
What had begun as a testing of U.S. II Corps had 
grown into a deep penetration. It ended simply as a 
disorganizing attack. 


AFHQ-in-the-Field (General Eisenhower’s for- 
ward Command Post) reported that German 
armored forces were still in the area between Thala 
and Kasserine Pass on 22 February [Stott en Group 
and Panzer Grenadier Regiment Afrika (from Pan- 
zer Army Afrika) and II Battalion, 69th Panzer 
Grenadier Regiment (from 10th Panzer Division) 
were identified]. Next day, “Y” identified the 
334th Mobile Battalion as having moved to the vi- 
cinity of Thelepte. A German-Italian order of battle, 
compiled at that time from SIGINT and other 
sources, listed the locations of all but three German 
units. 


For several months, a former headquarters se- 
curity detachment under Rommel’s command had 
functioned as a motorized reconnaissance unit, the 
Kampfstab Oberbefehlshaber, abbreviated as the 
KASTA O.B. In the February operations it was 
working with Panzer Grenadier Regiment Afrika. 
“Y” sources were able to identify and track it as it 
reported by radio in a readable system.13 


Advance First Army kept providing “Y” of con- 
cern to II Corps. By noon on 24 February 1943, 
they were advising that Panzer Grenadier Regi- 
ment Afrika and Group Stotten would return to the 
DAK. The 10th Panzer Division was going to an 
area from which it might renew an attack in the 
Ousseltia valley. The 33d R.U. and Centauro Divi- 
sion, possibly reinforced by more German troops, 
would defend Gafsa. The 2ist Panzer Division 


would stop near Blida (Sbeitla) or Faid village. The 
next day, Advance First Army relayed a report from 
Eighth Army “Y” that Group Stotten expected to 
have reached its parent regiment on the 27th of 
February. 


A letter found near Thala, presumably on a Ger- 
man casualty, and dated 22 February 1943, included 
the sentence: “Yesterday we were again visited by 
General Rommel, who is commanding here.”14 The 
Allies circulated that bit of intelligence. 


Another trophy of the Faid-Kasserine Pass op- 
erations was a German code book found under the 
seat of an immobilized tank about five miles south 
of Sbiba. It contained the order of battle of the 21st 
Panzer Division, confirming information previ- 
ously obtained, and was passed by the Acting G-2, 
34th Division, to the II Corps SIGINT unit on 28 
February 1943.15 


On the other side of the picture — communica- 
tions security — American units were less than 
perfect. When the 34th Reconnaissance Troop 
neared Sbiba, north of Sbeitla, its commanding of- 
ficer reported in the clear that he had arrived north 
of the town; enemy artillery soon fell there. The 
Troop quickly moved to the south, and he again re- 
ported in the clear where he was. Enemy fire 
shifted at once to that area. 


Recapitulation 

Neither the Axis nor the Allied commands had 
begun the February battles with a correct view of its 
enemy’s strength or intentions. The surprise on 14 
February was not the attack itself but, as in the later 
cross-channel attack into Normandy, the site of the 
main effort. The logical operation for the Axis to at- 
tempt had seemed so apparent that a general 
officer commanding British First Army’s line of 
communications wrote out an argument for it in 
the form of an imaginary intelligence appreciation 
that Rommel might have presented to high com- 
mand. The AFHQ intelligence estimates also 
showed an accurate appraisal, or foreknowledge, of 
the time but not the point of main attack.1© 


Nor did AFHQ realize the clumsiness of Axis 
command relationships. Rommel was using mobile 
and armored elements from the German- Italian 
Panzer Army. Von Arnim was committing, among 
other troops, the 21st Panzer Division, which Rom- 
mel had previously sent ahead into Tunisia but 
which had had to be re-equipped with tanks upon 
arrival. After von Arnim succeeded in the initial ac- 
tion at Sidi bou Zid, he was to release them to 
Rommel’s control so that Rommel might be strong 
enough to take Gafsa. Axis forces met no resistance 
in taking Gafsa, which the Americans and French 
had abandoned. The American counterattack to re- 
take Sidi bou Zid failed; II Corps then abandoned 
Sheitla and Feriana, as well as the airfield at The- 
lepte, offering nothing more than rear-guard 
actions. At that stage things were going so well for 
the Axis forces that Rommel persuaded Kesselring 
to approve the use of all mobile Axis divisions in a 
drive to Tebessa. Von Arnim, who opposed a proj- 
ect that would absorb elements of his command to 
which conflicting missions had already been as- 
signed, was slow in releasing the 10th Panzer 
Division. The high command changed Rommel’s 
objective from Tebessa to Le Kef in hopes of so 
threatening British First Army’s line of communi- 
cations that their forces would have to pull back 
westward and thus allow the Tunisian bridgehead 
to expand at least to include certain north-south 
roads. 


Rommel’s drive through Kasserine Pass, though 
slower than he thought satisfactory, did cause a 
quick American exodus from Tebessa. The blocking 
forces that Rommel had sent toward Tebessa and 
elsewhere left him too weak and too far behind 
schedule to push through Thala to Le Kef. At all 
times he was looking over his shoulder toward the 
Mareth Position near the Tripolitanian border, 
where he felt that he must be able to launch a spoil- 
ing attack against Montgomery’s pursuing forces. 
He may have become aware that his actual 
objective, Thala, was recognized and that Allied 
preparations there would greatly strengthen the re- 
sistance he would receive if he kept on. He obtained 
authority to end the operation and withdraw, but 
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some of his opponents found it hard to believe that 
the Axis attack was really over. 


Two Opposing Army Groups 

As the Axis forces were preparing to exploit 
their successes against the Americans of II Corps, 
the Allies were completing a reorganization that es- 
tablished 18 Army Group under General Sir Harold 
Alexander. Operations of the British First and 
Eighth Armies, French XIX Corps, and U.S. II 
Corps would be coordinated by that headquarters 
at Constantine in eastern Algeria. Alexander actu- 
ally assumed command late on 19 February 1943. 
His staff, though Anglo-American, consisted pre- 
dominantly of British Army officers who had 
participated in victories over the German-Italian 
Panzer Army, Afrika, while serving in GHQ, Middle 
East, or in the Eighth Army. His principal intelli- 
gence officer was Brigadier T. S. Airey; the chief 
signal officer was Major General W.R.C. Penney. 
(Both men brought abilities to their jobs that later 
carried them upward, during and after World War 
II. Brigadier Airey was to participate with General 
Lyman L. Lemnitzer in negotiating the surrender of 
German forces in Italy in 1945. Both men were later 
to hold important positions in the NATO military 
establishment.) 


Upon activation, Headquarters, 18 Army Group, 
assumed control of the SIGINT operations of First 
and Eighth Armies. The functions covered by “con- 
trol” were specified in a memorandum from G-2, 
AFHQ, to Brigadier Airey, on “Intelligence Proce- 
dure,” dated 10 February 1943. The objective was 
to coordinate the production and interchange of 
pertinent information, both military intelligence 
and technical “Y” data (WTI). SIGINT from the 
armies would go to 18 Army Group, which would 
send a daily summary of “Y” activities, as well as 
supplementary reports, to the SIGINT Subsection 
of G-2, AFHQ. The latter would forward through 18 
Army Group any technical information, documents 
and the like to the two armies. 


As long as 101 Special Wireless Section (flown 
with equipment from X Corps in Eighth Army re- 
serve) and 40 Wireless Intelligence Section (“this 
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‘Y unit”) were not placed under control of either 
the First or the Eighth Army SIGINT staff but re- 
mained at Constantine among the vans and trailers 
at Alexander’s headquarters, they would receive di- 
rection from 18 Army Group’s SIGINT subsection. 


To insure AFHQ’s proper control of theater SI- 
GINT operations, all moves of “Y” units were to be 
reported to G-2, AFHQ; and all communications on 
“Y” matters with MI 8, War Office in London, or MI 
8, Mideast in Cairo, were to be conducted through 
G-2, AFHQ. When necessary, 18 Army Group 
would look to AFHQ for an advisor on communica- 
tions security matters. On all matters of personnel, 
it was later agreed, First Army could continue to 
deal directly with AFHQ. An SLU at Headquarters, 
18 Army Group, handled the special intelligence 
available to General Alexander. 


When the Axis thrust toward Le Kef in Febru- 
ary ended, Axis forces were also redeployed and 
reorganized. On 23 February 1943 the Axis estab- 
lished Headquarters, Army Group Afrika, at Sbeitla 
and put Field Marshal Rommel in command until 
he left Africa on 9 March 1943. He was then suc- 
ceeded by General Jirgen von Arnim, who, in turn 
was succeeded in the command of Fifth Panzer 
Army by General Gustav von Vaerst. What had 
been termed the German-Italian Panzer Army, Af- 
rika became the Italian First Army under General 
Giovanni Messe, who exercised nominal command 
over the remnants of the German Afrika Corps 
(DAK) through a German deputy. 


General Alexander used a lull in central and 
northern Tunisia to sort out the units of different 
nationalities, to get them into defined sectors, and 
by reinforcement, resupply, and other necessary 
measures to have them ready for offensives by mid- 
March. U.S. Corps acquired Major General George 
S. Patton, Jr. as its new commander on 6 March 
1943. Major General Omar Bradley was his deputy 
and, by prearrangement, his successor about one 
month later, when Patton began devoting himself 
to the impending campaign in Sicily. 


The adversaries in Tunisia had certain major 
actions to execute. For the Axis, time was essential 


to acquire resources sufficient to thwart the Allied 
offensive in the making. To gain time, during which 
the fortified lines at Mareth and Wadi Akarit might 
be rendered stronger, the Italian First Army, while 
still controlled by Rommel, sought to blunt the 
British Eighth Army’s spearhead near Medenine. It 
was reasoned that by falling on the advance ele- 
ments with strong mobile forces and perhaps with 
surprise, Rommel might deliver an effective spoil- 
ing attack. The corridor between northern and 
southern Tunisia had to be kept open, whether to 
maintain Italian First Army or to permit with- 
drawal from the Mareth to the Wadi Akarit position, 
and thence into the main bridgehead. To keep the 
Allies from attacking the rear of the southern Axis 
defensive positions or disrupting the line of com- 
munications in the corridor or accumulating 
superior strength at critical points along the perim- 
eter of the bridgehead, the much reduced 10th, 15th 
and 21st Panzer Divisions (or their mobile ele- 
ments) were to be used as much as possible as a 
mobile reserve from which to make limited attacks 
that would keep the Allies off balance. 


The Allies correlated all other operations with 
Montgomery’s effort to get past the Mareth Posi- 
tion. Corps was to seize and defend Gafsa, holding 
it as a base of supplies for Eighth Army to use when 
it came north. U.S. II Corps was to recover Thelepte 
airfield and establish others from which to furnish 
air support to Eighth Army. II Corps was to draw 
Axis reserves from the path of Eighth Army, weak- 
ening the opposition at the Mareth position and 
Chott position. The French XIX Corps, after rearm- 
ing, was to defend routes through the mountain 
passes on the southern flank of British First Army. 
The latter was to prepare for a renewed drive into 
the Axis bridgehead to begin after Eighth Army had 
succeeded in coming north as far as the enemy’s 
Enfidaville Line. 


The Intelligence Section, 18 Army Group, which 
was responsible for coordinating all intelligence ac- 
tivities of the First and Eighth Armies, did not 
collate intelligence but provided up-to-date 
information of the enemy derived from AFHQ, re- 
garding the broad picture, and from the armies, 


regarding the battle picture. Into that information 
went the SI of its own SIGINT unit. Both armies 
furnished daily situation reports by wire to AFHQ 
and 18 Army Group, and issued written intelligence 
summaries giving detailed information not in- 
cluded in the daily message. 


Captured documents and reports of interroga- 
tion of prisoners of war were handled similarly. The 
prisoners taken by First Army were passed back to 
the Allied POW camp at Constantine, while those 
taken by Eighth Army in southern Tunisia were 
evacuated through its line of communications to 
Egypt, until the Army had moved up the coastal 
corridor to Enfidaville. U.S. II Corps obtained “Y” 
from the British 55 Wireless Intelligence Section 
under Captain Hugh Skillen, and Detachment A, 
Intelligence Branch, 849th Signal Intelligence Ser- 
vice, working together on the low-level German 
Army traffic intercepted by the 128th Signal Radio 
Intelligence Company. These units were attached 
to Headquarters, II Corps. Most of the intercepted 
traffic was in three-letter or jargon codes, enci- 
phered by transposition or simple substitution 
systems. G-2, II Corps, received spot SIGINT from 
a liaison officer at Headquarters, 18 Army Group, 
and daily summaries from 18 Army Group and 
AFHQ-in-the-Field. The tactical SIGINT came 
from a few enemy units whose messages were 
being read quickly, and from traffic analysis. The 
10th Panzer Division used a reciprocal system in 
which code groups were identified by cipher groups 
during stated periods of perhaps six days before a 
new table of cipher groups became effective. 


Identification of Axis units at known locations 
was imperfect but helpful. The II Corps SIGINT 
unit, known as “Snoopy,” kept track of the German 
580th Reconnaissance Unit, the artillery unit 
ARKO 104, and the mobile “KASTA O.B.,” men- 
tioned above. 

Notes 

1. AFHQ G-2 Intelligence Report, No. 24, 6 Feb 
1943. 

2. CX/MSS2118/T13 deciphered on 14 Feb 1943, 
while the attack began, cited in GCCS Air and Military 
History, IV, 308. 
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3. Ibid., No. 25, 15 Feb 1943. G-2, AFHQ deduced 
from Ultra that the main attack would be that west of 
Kairouan, while that at Faid would be a feint. See Eisen- 
hower Diary, V, A-236. That error led to the relief of 
Brigadier Mockler-Ferryman by Brigadier Kenneth 
Strong. 

4. Ibid., No. 16. 

5. II Corps G-2 Jnl for 13 Feb 1943, item No. 34. 

6. II Corps G-2 Periodic Report for 0001 - 2400A, 14 
Feb 1943. 

7. The 580th Reconnaissance Unit from February 
through March 1943 used a code designated as Rabbit 
42, or WSW, because that was its code group for zero. 
The alphabetical sequence of code groups and equiva- 
lents each ran in the same direction, like most but not all 
German field codes; in some, the equivalents were al- 
phabetically in a reverse sequence. 

To obtain greater security, users of those German 
codes and others like them periodically slid the equiva- 
lents so that the last part of the alphabet came before the 
first part. A few code groups might be omitted or some 
new groups inserted, having the effect of site ring the 
new interval between code groups and former equiva- 
lents. Occasionally, blocks of equivalents were shifted by 
randomly scrambling the alphabetical sequence. 
Changes like those were readily made at set times, in ad- 
dition to the regular changes made at periodic intervals 
of one or more months. The 10th Motorcycle Battalion, 
for example, slid one group per day, or more than one 
after three such daily changes, and altered the sequence 
of equivalents as well. 

8. CX/MSS/2140/T11. 

g. The basic code used by the 33d Reconnaissance 
Unit had been captured. It was found to contain 482 
code groups taken from the German Army Signals Table 
(HST) with 482 meanings, both in alphabetical se- 
quence. The code groups, however, were organized to 
provide equivalents for numbers, compass directions, 
thrust line references, map scales, times, light signals, 
radio procedures, indicators, place names, tactical 
terms, and then the main body of general subjects for 
communication. 

10. CX/MSS/2140/T11, cited in GCCS Air and Mili- 
tary History, IV,312. 
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11. Telephone call, General Porter to Colonel Hon- 
eycutt, 2240/21 Feb 1943, in II Corps G-2 Jnl, 21 Feb 
1943, no. 73. 

12. CX/MSS/2161/T11; 2172/T20. 

13. AFHQ-in-the-Field, G-2 Report No. 109, 25 Feb 
1943. 

14. AFHQ-in-the-Field, G-2 Report No. 111, 27 Feb 
1943. 

15. Memo for G-2 II Corps, from Acting G-2, 34 Div 
(Lieutenant Colonel Hubert H. DesMarais), 28 Feb 
1943. 

16. A contemporary record is an excerpt from the 
unpublished version of General Eisenhower's War Diary 
kept by Captain Butcher, as follows: 

An explanation of the defeat, as seen 
by Ike, lies in a misinterpretation 
of radio messages we regularly 
intercept from the enemy. This source 
is known as Ultra. It happens that 
our G-2, Brigadier Mockler-Ferry- 
man, relies heavily upon this source. 
It has frequently disclosed excellent 
information as to the intentions of 
the Axis. However, the interpretation 
placed by G-2 on the messages deal- 
ing with the place of attack — an 
attack that has been expected several 
days — led Mockler-Ferryman to be- 
lieve a feint would be made where the 
attack actually occurred through Sidi 
bou Zid, and that the real and heavy 
attack would come farther north. Our 
reconnaissance and air observations 
plainly showed the massing of tanks 
and troops, presumably for attack, in 
the Sidi bou Zid area, but did not 
show considerable additional forces, 
particularly tanks, which had been 
cleverly hidden. Basing his judgment 
on the reliability of Ultra, Mocker- 
Ferryman was confident the main 
attack would come to the north. As a 
result, General Anderson kept in re- 
serve approximately half of the First 
Armored Division to meet an attack 
that never came. The result was that 


the other half of the First Armored Di- 
vision was chewed up _ by 
overwhelming forces, particularly by 
Mark VI tanks (Tigers). 


Now we are told by General Paget 
that Mockler-Ferryman had been re- 
leased by him for lack of imagination. 
He said he was surprised Mock had 
been assigned to TORCH. He suggests 
sending as his relief another British 
G-2 [Brigadier Kenneth Strong] 
whom he describes as knowing how 
Germans think and act, as he was for 
a considerable time Military Attache 
in Berlin. 


General Paget left this morning in 
[sic] route to the U.K. and is to handle 
with Sir Alan Brooke (the C.I.G.S.) 
the replacement of Mock in such a 
manner that he will not be discred- 
ited. His error was simply a 
misinterpretation of the meaning of 
the intercepted German messages. 
However, Ike insists we need a G-2 
who is never satisfied with his infor- 
mation, one who procures it with 
spies, reconnaissance, and any 
means available. Ike thinks Mock re- 
lied too heavily upon one source of 
information - the intercepts. [See ex- 
cerpt version in Ronald Lewin, 
ULTRA Goes to War, 273-4.] 
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Chapter 4 


The March Offensives 


Expectations 


The enemy thinned out his positions in cen- 
tral Tunisia in order to attack in the north at the 
beginning of March 1943. On 2 March, 18 Army 
Group passed on a report from the Allied defend- 
ers that twenty-five Axis tanks were lying 
abandoned in front of their positions after a half- 
hearted attack by two battalions from the 47th 
Grenadier Regiment and one from Regiment 
Barenthin. Another Axis drive along the road 
through Sedjenane was only partly successful 
and quite costly. On 3 March these attacks were 
renewed without understandable objectives and 
were interpreted as possibly “the execution of 
rigid orders no longer applicable to the present 
situation.” Of thirty tanks immobilized at one 
point, and others elsewhere, at least twenty were 
demolished. 


The Allies took advantage of the situation to 
retake Pichon, where the enemy was either too 
weak or too surprised to put up serious opposi- 
tion, and took no steps to recover it. 


When the Axis attack at Medenine began on 6 
March, as expected by Eighth Army, the enemy 
simply dug in along the roads in the northern sec- 
tor where he recently had been stopped. “Y” 
disclosed that he was sending an infantry/artil- 
lery battle group from the north to central Tunisia. 
One more Axis offensive in the far north, near 
Tamera, began on 8 March, while in the extreme 
south, at Medenine, Rommel broke off his spoil- 
ing attack after having sacrificed about one- fourth 
of his tank strength to no purpose.” 


One illustration of the way in which field SI- 
GINT could be turned to account so impressed a 
German SIGINT officer that he remembered it 


with relish after the war. During a conference at 
Headquarters, O.B. Sued, a current message re- 
porting to the Eighth Army command that a 
heavy traffic jam had developed in a certain wadi 
was intercepted and read. Although the exact lo- 
cation of the wadi was uncertain, its general 
position could be guessed. Air reconnaissance 
was therefore ordered at once. Even before the 
enemy conference was over, the commanders 
there had received a further report that the vehi- 
cle-filled valley had been bombed.3 


In March the enemy sent his mobile armored 
divisions to an area from which they could pro- 
tect the rear of the Mareth Position and also 
threaten the Allied southern flank in the vicinity 
of Faid and Maknassy. An Allied force in the Ous- 
seltia valley discovered that it had become an 
extensive “no-man’s land,” where only patrols 
were likely to be met.4 


Believing that Rommel was still in command, 
Alexander concluded that another attack around 
Feriana was likely; it would be a characteristic at- 
tempt to anticipate the expected Allied attack on 
Gafsa, and to spoil it. But when “Y” showed on 15 
March that the 580th Reconnaissance Unit had 
moved to Gafsa, the probabilities changed; the 
2ist Panzer Division was thought more likely to 
operate offensively in the vicinity of either the 
Maknassy-Gafsa or Gabes-Gafsa roads than on 
the Feriana plain. Patrols toward Gafsa showed 
that the enemy there was aware of the imminent 
threat to Gafsa being prepared by II Corps.5 


The Italian Centauro Division evacuated 
Gafsa before the U.S. 1st Infantry Division attack- 
ed it; the German 580th Reconnaissance Unit 
acted only as a rear guard.© The enemy was 
therefore believed to be shifting to stronger 
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positions near E] Guettar and between Sened and 
Sened Station, positions that were blocking the 
roads leading from Gafsa via El Guettar to Gabes 
and from Gafsa via Maknassy and Mezzouna to 
Gabes. While accepting the possibility of a counter- 
attack, General Alexander’s Intelligence Section 
thought it unlikely that another thrust would come 
through Faid, since concentrating for that attack 
would leave the defense of the southern Gafsa- 
Gabes route almost wholly to the Centauro Division, 
a risk believed to be “incon-ceivable.”7 


The German-Italian Panzer Army, Afrika, 
awaited Montgomery’s attack on the Mareth Posi- 
tion, uncertain for about one week when it would 
begin. Then, on both 13 and 14 March, a British 
battalion sent the same message to subordinate 
units: “Remember to observe radio silence until 
2200 hours, 16 March.” That brought about a 
timely alert to the Axis commanders in Africa via 
O.B. Sued, based on German SIGINT. 


II Corps Attacks: Gafsa, Maknassy, and El 
Guettar 


The area of the offensive operation in March 
planned by U.S. II Corps was drenched by down- 
pours of heavy spring rains beginning on 14 March 
and continuing for three days. Combat Command 
B, ist Armored Division, moved through it to block 
the road from Sidi bou Zid to Gafsa, while the main 
body of the ist Armored Division got into position 
northeast of the town for an attack through Sened 
and Sened Station to Maknassy. To avoid being 
mired, that operation had to wait until the night of 
20/21 March. 


The 580th Reconnaissance Unit was traced by 
“Y” from a screening position east of El Guettar to 
the Maknassy road, where it opposed the advance 
of the 1st Armored Division beyond Sened and then 
beyond Maknassy. The latter was evacuated during 
the night of 21/22 March. 


The Germans intercepted an Allied report in 
the clear that observers could see German soldiers 
digging in at a certain site. Without delay, that led 
to better concealment. Another Allied report, that 
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observers could see the sun flashing off the wind- 
shields of German vehicles, caused the enemy to 
correct his defective camouflage. 


On the other hand, reports by enemy recon- 
naissance of the movements of II Corps elements 
were intercepted and read by Allied SIGINT per- 
sonnel as Allied advances toward and east of El 
Guettar began on 21 March. 


The enemy sought to offset his weakness in 
numbers by using every advantage of position. He 
pulled back, while offering little or no resistance, to 
rugged hills where he had the advantage not only of 
good observation but of protected bases of fire. He 
placed his antipersonnel mines most effectively. IT 
Corps expected intervention, at least by the 21st 
Panzer Division, as soon as the weather allowed 
mobile operations. Until 22 March 1943, II Corps’ 
mission of drawing off forces otherwise available to 
oppose British Eighth Army at Mareth had not 
been realized. As the enemy calculated the risk that 
II Corps might break through into the coastal cor- 
ridor, however, he was bound to forestall that 
danger, if he could, by counterattack. 


After occupying Maknassy on the morning of 
22 March, the ist Armored Division might have 
pressed on a few more miles into the hills to seize 
the highway and railroad pass in the mountains 
east of that town. Had their mission called for it, 
they would have done so. Had intelligence been 
able to warn them that the pass was weakly held by 
a mixed force (chiefly Italian) but that German re- 
inforcements were being rushed there from further 
north, the division would have saved itself from 
many adverse consequences by pushing ahead on 
22 March. Instead, for lack of reasons to keep mov- 
ing for the third straight day, into an area 
inadequately reconnoitered, they waited to make 
the attack until night, and almost, but not quite, ob- 
tained control during the following day. 


On 22 March 1943 General Alexander altered 
the II Corps’ mission by requiring seizure of the 
Maknassy Pass in preparation for sending armored 


This, then, is the resolution of all 
three forces U, V, and W acting on 
point O. 


181. Components of a Vector 


a. A vector may be resolved into components 
along any two specified directions. If the di- 
rections of the components are chosen so that 
they are at right angles to each other, the com- 
ponents are called rectangular components. 


b. By placing the initial point of a vector at 
the origin of the X and Y axes, the rectangular 
components are readily obtained either graph- 
ically or by computation. In figure 58, a vector 
with a magnitude of 5 and a direction of 53° 6’ 
is shown broken down into a horizontal compo- 
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nent of 3 and a vertical component of 4. This 
is done by using the sine and cosine function 
as follows: 


sin 53° 6 — BA 
5 
79968 = 3a 
BA = 5 X .79968 
= 4 (approx) 
cos 538° 6 = OB 
5 
60042 — & 
OB = 5 x .60042 
= 8 (approx) 
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raiding forces through it. Up to that time, the only 
evidence of possible enemy reaction had been 
heavy wireless activity by the 10th Panzer Division 
which was understood to be moving south after re- 
fitting.9 


East of Maknassy, other Axis reinforcements 
arrived to defend the pass under the command of 
Colonel Rudolf Lang, one of General von Arnim’s 
troubleshooters. The Allies learned about his pres- 
ence and identified his German tank and infantry 
units from “Y.” When not in the pass itself, Colonel 
Lang directed operations from a headquarters dis- 
covered by Allied intelligence to be two miles south 
of Mezzouna. Tiger tanks later joined his force, 
which enabled him to counterattack strongly on 28 
March. 


On 22 March, a 10th Panzer Division Battle 
Group, including about fifty tanks, made two at- 
tacks against the ist Infantry Division’s positions 
along the Gafsa-Gabes road on the other side of the 
mountains from Maknassy. 


After shelling Allied observation points with ar- 
tillery and smoke shells, German infantry and 
tanks, both medium and heavy, assaulted twice, 
and Stukas also dive-bombed during the intermis- 
sion. The attack failed to dislodge the Allies, who 
remained under further air bombing through the 
ensuing night, when Gafsa also was bombed. Al- 
though the Axis forces then went back to the 
defensive, they continued successfully to block any 
further advance eastward by II Corps. The U.S. 9th 
Infantry Division vainly tried to get control of cer- 
tain southern mountains from which the enemy 
could spot all American movement. Despite this 
disadvantage, a U.S. armored force tried to push 
toward Gabes through mine fields and antitank 
fire, and it too lost its best chance. 


The enemy’s last counterattack against the Al- 
lied threat along the El Guettar-Gabes road came 
on the night of 25/26 March. He then tried what he 
had failed to accomplish in daylight three days be- 
fore, and after breaking off the first attempt about 


0200, he resumed his offensive in the afternoon. 
Allied intelligence concluded that the 10th Panzer 
Division Battle Group had failed to make any prog- 
ress, although he had committed all his reserves to 
prevent an incursion by II Corps into the coastal 
corridor. As soon as it became apparent that the 
enemy, after leaving the Mareth Line, would make 
another stand at the Chott position (Wadi Akarit), 
General Alexander directed that II Corps press to- 
ward the rear of the Gabes position. Stabilizing the 
II Corps pressure east of Maknassy and stepping up 
threats at passes further north, he called for action 
by the ist Infantry and 9th Infantry Divisions in the 
E] Guettar area, to open the way eastward for an 
American mobile armored force. 


The Germans and Italians on the heights along 
the Maknassy road to Gabes thwarted those infan- 
try operations. Behind minefields and barbed wire 
positions, their antitank guns, artillery, mortars 
and machine guns, all aided by excellent observa- 
tion points, were too strong for the Americans to 
penetrate. The II Corps SIGINT unit identified ele- 
ments of the enemy’s battle group and ascertained 
that on 31 March Germans were complaining of de- 
sertion by Italians. Other messages showed that the 
blocking force expected to move into the coastal 
corridor before very long. 


By then, General Alexander had revised the 
mission of II Corps once more. An armored Com- 
bat Command under Colonel C.C. Benson, 1st 
Armored Division, was ordered to plunge ahead 
without waiting for the infantry to open the way. 
The Eighth Army’s attempt to break through the 
enemy's main line of resistance at the Chott posi- 
tion would be aided by the II Corps’ drive against 
the enemy’s flank and rear, if additional Axis forces 
were thus drawn from the path of the Eighth Army. 


The enemy apparently recognized a danger and 
did send the mobile elements of 21st Panzer Divi- 
sion to reinforce the 10th Panzer Division Battle 
Group. Axis air attacks in the II Corps area of attack 
multiplied. The II Corps column, known as “Ben- 
son Force,” could not get through on 30 March. 
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They almost made it on 31 March but thereafter 
were stopped until the enemy rear guard had 
slipped away on 8 April. Contributing to the failure 
of Benson Force was a deplorable lack of secure 
communications on its command net. Unit desig- 
nations, locations, plans and intentions were given 
freely in clear text.1° 


On 2 April, by 18 Army Group orders, II Corps 
went back to the plan that the infantry should open 
the way through the successive defiles on the Gabes 
road until Benson Force could press through with- 
out such losses from antitank fire as it had 
experienced during three successive days. 


The II Corps SIGINT unit ascertained where 
Axis ammunition dumps were located. It listed 
artillery units and their operational weapons, es- 
tablished unit identifications, and interpreted 
miscellaneous indications of enemy movements. 
When an Allied reconnaissance team captured a 
motorcycle from the German 580th Reconnaiss- 
ance Unit, and the latter planned to get it back on 4 
April, “Snoopy” was able to pass the warning.14 


On 2 April a code list of the 21st Panzer Divi- 
sion was captured, showing that it had incorporated 
a Marsch Battalion, redesignated as IV Battalion, 
104B Infantry Regiment. 


The Enemy Retreat to the Bridgehead 


Air observers noted a thinning out of the enemy 
forces near Maknassy beginning on 4 April. On 5 
and 6 April, the roads running northeast and north 
from the El Guettar area began bearing long col- 
umns of Axis trucks, tanks, and guns. Allied air 
then gave them some of the same kind of treatment 
that Axis air had been meting out to Allied vehicles 
and men for so long. 


On 6 April II Corps met tank and artillery fire 
near El Guettar from a rear guard. At that time the 
enemy was pulling northward from the Chott Posi- 
tion, too, and to hasten his departure, General 
Alexander ordered II Corps to provide maximum 
aid to Eighth Army. General Patton furnished it in 
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the form of a lunging drive along the Gabes road by 
Benson Force. Once within Eighth Army’s zone, 
Benson Force was ordered back before encounter- 
ing Axis opposition, although many enemy troops 
had surrendered to it. At Maknassy Pass, the 
enemy pulled out after dark on 8 April, as did 
enemy units in the area north of it as far as Faid 
Pass. During 9 April Allied forces went through the 
undefended passes after lifting mines. The next 
day, an American armored column went through a 
minor gap (between Maknassy and Faid Passes) to 
the eastern edge of the Eastern Dorsal, then north- 
ward as far as Fondouk Pass; it then retraced its 
route as far as Faid Pass and returned westward 
through that defile to rejoin the 1st Armored Divi- 
sion. 


The enemy, meanwhile, had been moving north 
in the coastal corridor toward his next defensive 
position, the “Enfidaville Line,” thus evacuating the 
small, shallow ports of Sfax and Sousse and the 
many airfields and other facilities near Kairouan. 
On occasion, when communications difficulties de- 
nied to Field Marshal Kesselring the periodic 
situation reports from Tunisia that would have 
helped to keep his headquarters abreast of devel- 
opments, German SIGINT then supplied him with 
information derived from deciphering Allied re- 
ports of Axis locations. Concentrated henceforth 
within the bridgehead, the enemy sought reinforce- 
ment and resupply. If he could not outstrip the 
Allies in those activities in April as he had in No- 
vember and December, he would lose his African 
bridgehead entirely. If he could not hold it, despite 
the nearness of his Sicilian and Italian bases, how 
could the Axis expect to escape ultimate defeat? 


While U.S. II Corps began its efforts in mid- 
March to draw as much as possible of the Axis 
reserves from the path of Eighth Army, the condi- 
tion of Allied field SIGINT units was being reviewed 
by the “Y” Northwest Africa (YNA) Committee. 
American participation remained in substance that 
of an auxiliary, or client, of the British “Y” organi- 
zation. With the U.S. II Corps, Captain Skillen’s 
British 55 Wireless Intelligence Section was 


reinforced by ten Americans in Detachment “A,” 
849th SIS. The 128th Signal RI Company that 
provided field intercept was not yet fully manned 
or fully equipped, though much had been done to 
replace its vehicles and equipment, lost at sea off 
Oran. 


Other U.S. SIGINT personnel arrived in the Al- 
giers area only a short time before the March 
operations. The YNA Committee agreed that none 
of the American units was ready to operate inde- 
pendently. 


When II Corps shifted in mid-April from cen- 
tral Tunisia to the northern sector for the Allied 
offensive against the bridgehead, Detachment “A,” 
84oth SIS, and the 128th Signal RI Company were 
sufficiently experienced to act more independently, 
but the “Y” intelligence provided by 55 WI Section, 
with which Detachment “A” was working, was lim- 
ited. Air reconnaissance reports and interrogations 
of Axis prisoners probably continued to contribute 
more than field SIGINT to Allied intelligence until 
the enemy suddenly surrendered, less than one 
month after the offensive in the north began. 


As for intelligence from medium-grade sys- 
tems, by the time British Eighth Army had reached 
Tunisia, it had put a thousand miles between it and 
the British base at Heliopolis. Getting intercepted 
traffic back to the fixed SIGINT processing station 
there took so long that the effort appeared to have 
foundered. The need for high-speed communica- 
tions channels exclusively for SIGINT was shown 
to be imperative. As the last phase of the campaign 
in Tunisia proceeded, a field processing facility was 
established there. 
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Chapter 5 


The Final Phase in Tunisia 


Summary 


The U.S. II Corps moved in April 1943 from 
central to northern Tunisia to occupy a sector on 
the northern wing of First Army. The main assault 
was to be delivered on their right by British V and 
IX Corps, supported by most of the Allied aviation. 
British Eighth Army released divisions to First 
Army for commitment as part of a powerful ar- 
mored and infantry thrust on a relatively narrow 
front. Lieutenant General Omar Bradley, now com- 
manding II Corps, operated directly under 18 Army 
Group, which expected him to play much the same 
role in respect to the First Army’s attack that Pat- 
ton’s II Corps had been assigned when Eighth 
Army faced the Mareth and Chott positions. In 
short, II Corps was to push hard enough to pin 
down as many enemy forces as it could while the 
main effort broke through. After Tunis had fallen to 
British First Army, it would send elements to join II 
Corps in seizing Bizerte. 


The campaign did not work out that way. II 
Corps had a French component at the extreme 
north, the U.S. 9th Infantry Division in the center, 
and the ist Infantry Division at the south. As the 
front developed, the 34th Division went into line 
near the center, and the infantry of the 1st Armored 
Division attacked among the hills on the extreme 
south flank, next to British V Corps. The armored 
elements of the ist Armored Division, except for 
small-unit operations in support of infantry, re- 
mained in reserve until they could be committed on 
terrain better suited to armored offensives than 
was the zone of steep-sided hills and narrow deffies 
where the infantry struggled. The attack advanced 
slowly until the tired enemy lost whole groups of 
mutually reinforcing hills at the same time, and 
then fell back to defend other such groups. Once 
the way had been cleared, II Corps made rapid 
progress, first to cut all connections by land 


between Tunis and Bizerte, and next to envelop 
and occupy Bizerte and its valuable port. That oc- 
curred on the same day that British troops entered 
Tunis. 


The Attack Begins 


At 1400, 15 April 1943, the II Corps Command 
Post (CP) opened about two miles from Bedja after 
the Corps moved, by divisions, from central Tuni- 
sia. At 1800, 19 April, II Corps assumed control of 
its area. 


The 128th Signal RI Company established itself 
in vans nearby with nine sets monitoring medium 
frequency (MF) and two sets monitoring very high 
frequency (VHF) voice transmissions. For DF they 
had a SCR-255 at hand and, about ten miles out on 
the diverging roads from Bedja to Mateur and from 
Bedja to Medjez el Bab, two SCR-200s with semi- 
portable loop antennas. They used a telephone line 
to Headquarters, II Corps (G-2) and were in touch 
with Headquarters, First Army, by radioona_ two- 
hour schedule. During the advance by II Corps 
from 24 April to 11 May 1943, through the moun- 
tains, across the Tine River Valley, and over the last 
hilly barriers to the coast, the company intercepted 
a total of 2,766 messages on about 50 different fre- 
quencies. 


The analysts were soon able to produce useful 
SIGINT: 55 Wireless Intelligence Section identified 
and located V Battalion, 90th Armored Regiment, 
and sought recognizable signals from the 580th 
Reconnaissance Unit. The VHF radiotelephone 
used by elements of Regiment Barenthin was heard 
reporting that the Allied line facing them had been 
reinforced and seemed to be moving toward an at- 
tack. The voice traffic of that unit could be heard 
thereafter at distances of fifteen to twenty miles. In 
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time, they could read traffic of the dismounted 10th 
Motorcycle Battalion (operating as an infantry 
unit), which transmitted in a system involving re- 
setting a code by sliding. The meanings of an 
alphabetically arranged code, in which all digits 
were in the “W,” were slid one group daily in the 
Heeressignaltafel (HST), the basic German Army 
book of codes. At intervals, the daily shifting was 
augmented by random rearrangement of blocks of 
code meanings from that of the HST. Captain Skil- 
len’s unit could also read traffic on a link between 
Headquarters, ARKO 104 and one of its batteries, 
plus traffic of the 580th R.U., of I Battalion, 43d 
FLAK Regiment and Regiment Barenthin. 


Before the Allied attack opened on 23 April, the 
Corps “Y” unit gave G-2 a series of items. On 19 
April, about an hour after intercepting a report that 
showed which areas had been covered by night pa- 
trols during the preceding night, the unit furnished 
a translation to G-2, II Corps.2 Another report 
showed that the ration strength of the 3rd Com- 
pany, II Barenthin Regiment, was less than 194, 
plus one horse and four mules, and that effectives 
were less than 10 officers, 33 NCOs and 105 en- 
listed men. 


II Corps was not yet sufficiently familiar with 
the terrain ahead of it when its attack began. SI- 
GINT identifications of the order of battle and 
positions of the foe were therefore the more impor- 
tant. Air reconnaissance by bombers on their return 
from bombing targets well within the bridgehead 
contributed information that was “fragmentary 
and scanty.” At first, requests of the XII Air Sup- 
port Command, to which II Corps looked for aerial 
reconnaissance, had to be submitted via British 
First Army headquarters in time for a committee 
that met daily at 1900 hours. The committee then 
decided what requests would be accepted for exe- 
cution the next day. Spot requests were made 
through air-liaison parties with the division head- 
quarters. For the first two days all requests from II 
Corps were rejected; on the third day, weather pre- 
cluded air reconnaissance. 
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At the beginning of the Allied attack, a captured 
set of code lists showed the composition of various 
enemy formations.3 


The daily G-2 reports from AFHQ-in-the-Field, 
beginning on 25 April 1943, contained an annex in 
which units and locations were identified. The in- 
formation was largely attributed to interrogation of 
prisoners and interpretation of captured maps and 
documents. 


First Army furnished a daily “Y” Summary to 
the three SIGINT sections with V Corps, IX Corps, 
and adjacent U.S. II Corps, summaries in which 
identifications, locations, and activities of the Axis 
forces facing each of them were made available.4 


From readable Barenthin traffic, “Snoopy” re- 
ported on 26 April that I/Barenthin was moving 
that night. On 27 April the “Y” unit reported at 
0200 hours the enemy’s quiet withdrawal from Hill 
407 but not from Hill 473. Troops from the former 
became company reserves in a sheltered ravine 
exit. Other shifts were noted in advance of evacua- 
tion, and the enemy’s situation on various hills was 
ascertained by SIGINT. 


On 27 April 1943 First Army informed II Corps 
that German military leave to Europe, even under 
compassionate conditions, was no longer permit- 
ted. Presumably that came from Ultra. The enemy 
was obviously becoming desperate. 


The End in Tunisia 


On 2 May 1943 almost all reports to II Corps 
from the 9th, 34th, ist Infantry, and ist Armored 
Divisions showed that the stubborn Axis forces fac- 
ing them either had already withdrawn, were 
withdrawing, or had become scattered and inac- 
tive. Early next morning, the 1st Armored Division 
ran the thirty miles to take Mateur. On 3 May there 
was further “Y” evidence that elements of the 
Barenthin Regiment were pulling back generally 
south and east of Mateur. Meanwhile, British V 
Corps was grinding down the 7th Panzer Regiment, 


the 10th Panzer Division, and other enemy forma- 
tions opposing the main British assault toward 
Tunis. 


II Corps moved its Command Post eastward on 
3 May 1943, as the ist Armored Division attacked 
out of the narrow valleys onto the plain, and 
pressed northeastward into Mateur. At the same 
time, the ist Infantry Division attacked eastward 
toward the enemy’s improvised line on the far side 
of the Tine River Valley. One armored force thrust 
through extremely rough terrain to a point of van- 
tage above the coastal plain southeast of Bizerte 
while other II Corps troops encircled Bizerte’s 
closer landward approaches. A British mobile re- 
connaissance unit coming along the road from 
Tunis toward Bizerte found Americans already sol- 
idly established and German forces scattered in 
separate, disorganized, and surrendering seg- 
ments. Both Tunis and Bizerte were occupied by 
the Allies on the same day, cutting the Axis forces 
off from support by sea. Soon, more or less immo- 
bilized for lack of motor fuel, the enemy facing the 
Eighth Army south of Tunis was attacked from the 
rear and forced to surrender. 


The end of the Battle for Bizerte brought praise 
from II Corps, G-2 for the “Y” service that it had re- 
ceived. Some SIGINT had been derived from the 
traffic of enemy formations that had formerly oper- 
ated within the II Corps area in central Tunisia but 
which, in northern Tunisia, faced British V or IX 
Corps. The SIGINT unit quickly discovered the 
vulnerability of the VHF communications of Regi- 
ment Barenthin and exploited it fully; timely 
SIGINT information enabled the ist and 34th Divi- 
sions to benefit materially, and II Corps to sense 
the trends.5 


Perhaps because American officers were un- 
aware of how much intelligence the Allies gained 
from enemy radio signals, they could not recognize 
the need for adequate communications security. 


Itis shocking, reported one divisional 
signal officer, to find the number of 


officers who have no idea what this 
term (signal security) means. Offi- 
cers are prone to discuss all plans, 
present and future, over the tele- 
phone. Names of commanders and 
units are frequently mentioned... Ra- 
diotelephone was used to a great 
extent. Signal security was violated 
extensively. Codes and ciphers were 
available but no use was made of 
them. For some unknown reason tele- 
phone directory names are used as 
addresses over the air [Monitoring] 
gleaned the information that one unit 
was in danger of being cut off and 
that artillery and mortar fire of the 
enemy was extremely accurate. Our 
reconnaissance troop always tele- 
phoned when it started out...and 
when it was returning... 


At the end of the campaign in Italy, one cap- 
tured German general said, during an interrogation 
(as translated): 


I recollect especially the interception 
of wireless messages sent in clear by 
U.S. units in Tunisia. The enemy sit- 
uation became known to us by this 
means right down to the setting of 
detonators in mine fields and the mi- 
nutest changes inside enemy units.” 


“Why are you not observing the truce which has 
been in effect since 1200 hours?” Thus on 9 May 
1942 Headquarters, Fifth Panzer Army, queried its 
subordinate division commanders according to ra- 
dioed orders in normal form, using correct callsigns 
and the right frequencies. It was in fact an instance 
of Allied radio deception, recalled by the army’s 
chief SIGINT officer during an interrogation four 
years later. If it was ineffective, because of detec- 
tion and exposure, it may have been that surrender 
superseded any truce. 
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German SIGINT became more valuable to Ger- 
man commanders as reports of air observations 
dwindled, either because of weather conditions or 
because of Allied air supremacy. When the interroga- 
tion of Allied prisoners of war yielded scanty 
results, German SIGINT provided information 
from men as yet uncaptured. As Axis commands in 
Tunisia failed to provide information on which 
Kesselring’s headquarters in Italy could base its pe- 
riodic reports to Hitler’s headquarters, SIGINT 
provided an alternative source of information. 
From the intercepted reports by Allied field com- 
manders in Tunisia to higher headquarters there, 
German SIGINT enabled O.B. Sued in Italy to de- 
termine the Axis situation in various parts of 
Tunisia. 


The end was a quick collapse. In the bridgehead 
the Axis forces fared no better than farther south in 
respect to supplies of ammunition, fuel, food, and 
ordnance. Their routes of resupply from Italy were 
less varied and the Tunisian terminals fewer than 
had been the case before the concentration. Tuni- 
sian airfields used by the Luftwaffe either for 
combat operations or air transport were less widely 
dispersed and correspondingly more vulnerable to 
Allied air attack. Protection of ports, airfields and 
sea approaches diminished. Ultra furnished ad- 
vance notice of Axis shipments. By sea and air the 
Allies cut down the tonnages brought to Tunisia, 
more than offsetting the shortened routes of over- 
land delivery. Despite the rapidly deteriorating 
situation, the Fuehrer allowed no substantial evac- 
uation, even of highly valued specialists, until too 
late. FAK 621 was captured. Left to become Allied 
prisoners of war were Italian troops that might 
have defended Sicily, and German commanders 
and veteran troops that could later have strength- 
ened the defense of continental Europe. 


Notes 

1. Captain Sidney L. Jackson, Tactical Communi- 
cations in North Africa, 145, OCMH, DA, records. See 
also G.R. Thompson and others, The Signal Corps: The 
Test (Washington, D.C. 1957), 386. 

2. II Corps G-2 Jnl, 15, 19 Apr 1943. 
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4. GSO I (S), First Army “YO” Summary, 2245/24 
Apr 1943, (No. 314) in n Corps, G-2 Jnl, 25 Apr 1943, No. 
21. 

5. Annex C to II Corps G-2, Battle for Bizerte, 13 May 
1943. 

6. 34th Division, Lessons Learned, Signal Officer, 
para on “Signal Security.” 

7. CSDIC/BP/No. 297 on Microfilm Reel, Source, 
Boehme. 

8. Interrogation Report No. 5929 (Col. Ludwig 
Karn), 27 Feb 1946. IF-204. 
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PART Il 
APPLICATIONS OF MATHEMATICAL PRINCIPLES TO COMMON 
COMMUNICATIONS-ELECTRONICS PROBLEMS 


CHAPTER 13 
INTRODUCTION 
182. Series Circuits 1 _ Cs 4 Cy 
ho en : : C,~ CC CC. 
In a series circuit, electrical energy is sup- 

plied to a number of devices in series; that is i a Ci_+ Cz 

the same current passes through each device C Ci C2 

in completing its path to the source of supply. C= C,Co 
Figure 59 shows a resistance, an inductor, and OS? ie SEG 


a capacitor connected in series with a voltage 
source. 


a. The current is the same in all parts of a 
series circuit. 


b. The total voltage drop (#,) in a series 
circuit is equal to the sum of the voltage drops 
across individual loads: 


BE.—E,+ H,+Eh3+... 


c. The total resistance (R,) of a series circuit 
is equal to the sum of all individual resistance: 


R,=R,+ R.2+R3+... 


d. The total inductance L; of a series circuit 
is equal to the sum-of the individual induct- 
ances: 

Le = Ly + Le + Leg + eee 


e. The reciprocal of the total capacitance 
(C,) is equal to the sum of the reciprocals of 
the separate capacitances. The total capacitance 
is also less than the capacitance of any one of 
the capacitors, and is expressed as follows: 

1 1 1 1 

6 > 60. G, 
If only two capacitances are in series, a simpli- 
fied formula can be derived by combining frac- 
tions over an LCD, and taking the reciprocal: 


126 


If two or more capacitors of equal value are 
placed in series, the total capacitance is equal 
to the value of one capacitor (c) divided by the 
number of capacitors used (n): 


C; — c 
n 
This equation can be derived as follows (assum- 
ing 3 equal-value capacitors) : 
1 1 1 1 
C= GE Gy, 1 
1 
Cr 
i 
Cr 


+ 
al 

a3 
OQ] 


wl Ale Ale 


C= 


VOLTAGE 
| SOURCE 


c TM684-7! 


Figure 59. Example of a series circuit. 
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Chapter 6 


From Africa to Europe 


Decisions in 1943 


The conclusion of hostilities in Tunisia cleared 
the way for future Allied operations. Seizure of Sic- 
ily was to be next, as decided in the preceding 
January during the Allied conference near Casa- 
blanca. Components of the Allied force for the 
Sicilian operation had been selected, and final 
plans and preparations occupied the next month 
and a half. At Quebec another Allied conference 
produced a decision to invade southern Italy as 
soon as Sicily had been secured, with the goal of 
liberating Rome. Surrender by the Italian govern- 
ment to the Allies was expected to precede the 
second invasion. Forcing a withdrawal of German 
forces up the Italian peninsula to the Po Valley or 
the Alps was also thought to be not only possible 
but probable. 


For the invasion of Sicily (Operation HUSKY), 
American ground forces were to be known as the 
U.S. Seventh Army under Lieutenant General 
George S. Patton, Jr., acommand consisting of U.S. 
II Corps under Major General Omar Bradley and, 
as circumstances developed, a U.S. Provisional 
Corps under Major General Geoffrey Keyes. The 
British Eighth Army, under General Sir Bernard 
Montgomery, was expected to land at the southeast 
corner of Sicily and attack generally north along the 
coast, past Mt. Etna, to Messina. The Seventh Army 
was to cover his western flank and sweep up the 
western part of Sicily and gain the harbor of Pal- 
ermo near its northwest corner, before pushing 
north of Mt. Etna to Messina. 


Controlling both armies was Headquarters, 15 
Army Group, under the command of General Sir 
Harold Alexander, the ground force commander of 
the Allied Force. At that stage of the war in the 
Mediterranean area, British confidence in the 


performance of American troops, whatever their 
potentialities, had not yet been fully established. 


The decisions to attack Sicily and mainland 
Italy confronted SIGINT planners with overlapping 
problems. They had to provide adequate “Y” service 
for the Seventh Army in Sicily and the Fifth Army 
in Italy, as well as for the Twelfth Air Force and for 
the commander, U.S. Naval Forces in North Afri- 
can waters, supporting the two armies. They had 
also to develop the level of competence of American 
“Y” units. A brief review of the SIGINT situation at 
this point may be useful. 


The technical aspects of U.S. tactical SIGINT 
production remained for more than a year under 
the impediment of a NATOUSA security policy 
which obligated intelligence personnel to withhold 
from intercept personnel even the technical crypto- 
logic information and intelligence requirements 
underlying their tasks. Instead, the intercept oper- 
ators received daily assignments to cover specified 
frequencies and callsigns while SIS personnel su- 
pervised in order to ensure proper coverage. The 
production of “Y” by American SIGINT personnel 
had begun in Northwest Africa with field training; 
it required from three to five months for a unit to be 
able to perform well. That period was one of tute- 
lage, while the more experienced British “Y” 
organization did what could be done to expedite 
the process. At the same time, all production of “Y” 
required endless adjustments and innovations by 
the British themselves to cope with the enemy’s in- 
genuity in providing security for his radio 
communications and to surmount technical diffi- 
culties in collection. For the British, especially in 
the first months of campaigning with the Ameri- 
cans, it was tempting to continue improving their 
own SIGINT organization and to use Americans in 
a contributory role rather than to devote the 
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necessary British resources to train Americans 
until they might act in a coordinate role. However 
strong the temptation, it could not wholly prevail 
against the determination of the U.S. Army to ac- 
quire the competence appropriate for its longer-run 
interests. 


While American SIGINT personnel learned 
how to produce “Y” effectively in field conditions, 
American field commanders and staff officers had 
to discover for themselves the solid merit of 
SIGINT. Like their British counterparts, the Amer- 
ican field commanders were skeptical of its validity 
and careless about using what they got. In Tunisia 
they had to be shown. In Sicily American ground 
troops got along without much “Y” until the last few 
days. In Italy the U.S. Fifth Army and Twelfth Air 
Force began to make full use of “Y.” On the Anzio 
Beachhead, “Y,” like Ultra, played a major role. 


For the British “Y” organization, once they had 
accepted the determination of their American allies 
to develop a tactical SIGINT service, the immediate 
goal was to insure that the overall Allied “Y” service 
operated efficiently; a second goal, to expedite 
training of the Americans. Partially trained Ameri- 
cans either had a few more experienced British 
personnel with them on temporary duty, or they 
“double-banked” with a whole British unit. Inter- 
cept operations were conducted at forward sites to 
provide more effective coverage as soon as that be- 
came practicable. 


At AFHQ, as we have seen, the “Y” North Africa 
Committee became the instrument for coordinat- 
ing activities and agreeing on policy. Meeting in 
March 1943 and semimonthly thereafter, it dealt 
with preparations for Sicily and Italy. The original 
chairman was Colonel Harold G. Hayes. The four 
British members varied, but each represented his 
armed service in the Signals Intelligence Section of 
G-2, AFHQ.1 
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French Aid 


In French North Africa a French SIGINT orga- 
nization had operated clandestinely before 
Operat-ion TORCH, in spite of the presence of Ger- 
man and Italian armistice commissioners. The 
location of the French unit had been known to the 
British. After the French in North Africa joined the 
Allies as belligerents, their SIGINT unit cooper- 
ated. By April 1943 about twenty-five intercept 
operators and analysts were engaged in collecting 
and analyzing traffic from German Air Force and 
Italian networks. Both raw traffic and analytic re- 
sults came to AFHQ. 


After French forces reoccupied Corsica, a de- 
tachment of the French “Y” service operated for a 
time at Calvi. Collaboration between British and 
French SIGINT producers focused on the German 
Air Force. The British gave to the French SIGINT 
chief (Commandant Black) a full set of the German 
Air Force codes known at GCCS as the “Orchestra” 
series. He was also told that the Allies in the Medi- 
terranean area were benefiting from a SIGINT 
service based upon a greatly extended intercept 
cover directly from the UK, but that participation in 
it could not be broadened to include the French. 
The disclosures may well have allayed French sus- 
picions that they were being denied knowledge of 
matters about which they should be informed.? 


Beginnings of the 849th Signal Intelligence 
Service 


The first two United States “Y” units in the 
Mediterranean area, like the other combat troops 
in Operation TORCH, came from two geographi- 
cally separate sources. The 122d Signal Radio 
Intel- ligence (SRI) Company with the Western 
Task Force crossed the Atlantic directly to the west- 
ern coast of Morocco. The 128th SRI Company was 
sent from the UK to Oran, Morocco, as part of the 
Center Task Force. At Casablanca and Oran, de- 
tachments of each company were in the first or 
second convoy to arrive; the remainder of each 
company followed before the end of November 


1942. With each detachment and each company as 
a whole were intelligence personnel detached from 
another American SIGINT unit, or, in the case of 
the 128th SRI Company, the British 55 Wireless In- 
telligence Section (WIS), consisting of three officers 
and twenty-two of other ranks. All were assigned to 
the Allied force. They were under the staff supervi- 
sion of its chief SIGINT officer, the head of a 
SIGINT section in the Signals Division, AFHQ. 


After the landings had succeeded and the 
French in Northwest Africa had joined the Allies in 
fighting the Axis forces there, the immediate objec- 
tive of the Allied “Y” Service was to assist in the 
swift seizure of Tunisia. The 849th Signal Intelli- 
gence Service (SIS) was activated to provide 
American Army elements of the Allied Force with a 
field SIGINT center and with teams of intelligence 
personnel working with intercept operators of SRI 
companies. The teams would be attached to ground 
commanders (Army and Corps) and air command- 
ers (Numbered Air Force or Air Support Command). 


Compared to the United States, Iceland, or 
Northern Ireland, England was a better place for 
intercepting live German Army and Air Force radio 
traffic and for learning the intricacies of effective 
coverage. The work could be done in tents, huts, or 
vehicles adapted for the purpose, but actual, rather 
than simulated, ground combat conditions in the 
West were to be experienced in 1943 in the Medi- 
terranean area only. Before it could be known how 
extensive and prolonged the campaigns there 
would be, ETOUSA sent more personnel to Algeria 
to become the basis of an American “Y” Service, 
while others went there directly from the United 
States. When NATOUSA was activated on 3 Feb- 
ruary 1943, the 849th SIS became the theater 
equivalent there of SIS, ETOUSA, in the UK. The 
latter could not avoid thinking of the diversion of 
its SIGINT personnel to the Mediterranean area as 
a drain instead of a seasoning process, but the ex- 
perience gained was to be turned to account in 
preparing for the campaigns in western Europe. 


The 849th SIS was activated at Fort Devens, 
Massachusetts, on 2 December 1942 with a strength 
of sixteen officers and 102 enlisted men. On 14 Jan- 
uary 1943 the new unit, under Captain Richard L, 
Downing, embarked for Algiers, where it arrived on 
1 February 1943. Meanwhile, another group of in- 
telligence analysts, trained at Vint Hill Farms 
Station and Arlington Hall Station of the Signal Se- 
curity Agency, was formed on 8 November 1942 as 
Signal Intelligence Detachment 9251-A and shipped 
to the United Kingdom for advanced training in 
SIS, ETOUSA. After that training was completed, it 
moved to Algiers, arriving there on 20 February 
1943. Its strength was then fourteen officers and 
seventy-seven enlisted men. It provided much of 
the original personnel of the Intelligence Branch, 
84oth SIS. 


Men like Major Herrick F. Bearce, who had 
come to Morocco with the Western Task Force, 
Major Millard F. Rada, who had been in London 
with Signal Intelligence Division (SID), ETOUSA, 
and Captain Richard J. Doney, who had been there 


Captain Richard L. Downing, 1942 
(Photograph courtesy of the 
Department of Army) 
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in the original SIGINT Section, AFHQ, were al- 
ready in Africa when NATOUSA was established 
and before the 849th SIS arrived. They and a few 
other officers were assigned to the 849th SIS. 


In the United States, when the 849th SIS was 
being planned, it had been expected that it would 
become an AFHQ staff element. The table of orga- 
nization and the special list of equipment for which 
War Department approval was obtained were 
based on the belief that direct support would be re- 
ceived from Allied headquarters units. Instead, it 
was sent to operate in the field at Hammam Mel- 
ouane, about thirty miles from Algiers, without the 
necessary “housekeeping” personnel and equip- 
ment. Major Rada became its commanding officer. 


Like SIS, ETOUSA, the 849th was responsible 
for communications security, as well as communi- 
cations intelligence, among United States Army 
organizations. Part of its mission was thus distribu- 
tion and accounting for cryptologic systems, 
equipment, and material, and the security monitor- 
ing of their use. 


The site taken by the 849th SIS at Hamman 
Melouane included buildings previously used by 
the French. At first, the electric power supply that 
had met French requirements with a thirty-kilo- 
watt transformer gave much trouble. Fuses blew 
and had to be repaired rather than replaced. Circuit 
breakers separated. Insulation burned. Until the 
supply could be increased, it was necessary to es- 
tablish a rotating schedule for the use of power for 
light in offices, mess halls, kitchens, day-rooms and 
quarters, and for operating the photographic labo- 
ratory and the communications equipment. An 
auxiliary five-kilowatt generator was found and a 
certain amount of rewiring lessened the inconve- 
niences. Not until June 1944 did the 849th obtain 
two new diesel-powered, thirty-kilowatt genera- 
tors. After a move to Italy, two more generators 
were added. 


Communications technicians in the 849th SIS 
installed telephone and radio connections, 
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and organized a message center which linked the 
Intelligence Branch at Headquarters with its de- 
tachments by radio and teleprinter. A captured 
German fifty-watt transmitter was first used with a 
U.S. Army receiver. In August 1943 an SCR-188, 
then one of the Army’s better receivers, was in- 
stalled, enabling the communicators to use a wider 
range of frequencies and more power, and, when 
replacement parts were needed, to obtain them 
more rapidly. Later a 500-watt transmitter came 
into service. 


Headquarters, 849th SIS, had executive, ad- 
ministrative, and “overhead” personnel. The two 
main operating elements were the Intelligence and 
[Communications] Security Branches. A third ele- 
ment was the Enemy Equipment Intelligence 
Service, which included a Laboratory and Analysis 
Section, Editing and Publications Section, and two 
field detachments. The Intelligence Branch was su- 
pervised by the SIGINT Section, Signal Office, 
AFHQ (Lieutenant Colonel Harold G. Hayes), 
through Headquarters, 849th SIS, which furnished 
its products to G-2, AFHQ, through the same chan- 
nel. The Telephone Monitoring Section of the 
Security Branch was also in direct touch with the 
Signal Office, AFHQ. 


In February 1943 the new Intelligence Branch, 
849th SIS, consisted of sections concerned with 
traffic analysis and cryptanalysis (“solution”), all 
working on low-grade German Army and Air Force 
traffic collected by the SRI companies as they ar- 
rived and set up their apparatus. A unit known for 
a while as the “Fusion Section” coordinated inter- 
cept and exploitation tasks, controlling intercept 
with information gained from a variety of intelli- 
gence sources. By May 1943 the changed nature of 
its work was reflected in a new designation, Re- 
cords and Research Section. For almost a year 
more, it maintained records on German Air Force 
order of battle, compiled in the main from special 
intelligence and supplied via SID, ETOUSA, in 
London. 


Detachments and Detachments 


The Intelligence Branch, 849th SIS, created 
eight detachments. They were allocated, in associa- 
tion with parts of the four SRI companies that came 
to the Mediterranean, to Army and Army Air 
Forces commands. The 128th SRI Company, after 
participating in Operation TORCH, moved to Tuni- 
sia from the Oran area in January 1943. The 122d 
SRI Company, also in Operation TORCH, left the 
Atlantic Moroccan coast in January 1943 for train- 
ing near Algiers. The 123d SRI Company arrived in 
Algeria directly from the United States in March 
1943. Like the 122d, it served the Twelfth Air Force. 
The fourth SRI Company to arrive in Africa was the 
117th, which came by sea directly from the United 
States to Oran, and thence to Boufarik, Algeria, on 
30 March 1943. 


Three detachments of the 849th SIS and two 
SRI companies were trained in North Africa to pro- 
duce air tactical SIGINT. Detachment “D,” formed 
in February 1943, and Detachment “F,” formed in 
July 1943, worked with parties from the 122d and 
123d SRI Companies on German Air Force 
low-security radio and VHF radiotelephone 
communications. Detachment “G,” the third, was 
organized in July 1943 to process encrypted weather 
reports intercepted by a segment of the 122d SRI 
Company, and to pass them to intelligence units of 
the American tactical (Twelfth) and strategic (Fif- 
teenth) Air Forces from a station near Foggia, Italy. 
Detachments “D” and “E” (VI Corps) both partici- 
pated in the campaigns at Anzio and in southern 
France. Detachment “F” was involved, with the 
123d SRI Company, in the formation of the 9th 
Radio Squadron, Mobile, USAAF.3 


Comparable to German low-level ground force 
communications intelligence was that from Ger- 
man Air Force units. Aircraft-to-aircraft in flight, 
ground nets supplying navigational aids to aircraft 
in flight, messages passed point-to-point dealing 
with aircraft movements, reports by pilots of ship 
sightings, traffic on the enemy’s safety service (res- 
cue) nets, and miscellaneous items, when 


correlated, became the means of recognizing take- 
offs, air bases, and aircraft in flight on long-range 
bombing missions. Analysts developed competence 
gradually, aided by the instructions furnished by 
experienced analysts of 329 Wing, Royal Air Force, 
stationed near Algiers. Beginning in March 1943 
they got their intercepted material from the 123d 
Signal RI Company. At Headquarters, 849th SIS, 
all but one section of the Intelligence Branch 
worked on low-grade German air traffic. 


The practice of German air-reconnaissance pi- 
lots of radioing detailed reports when they observed 
Allied shipping or land convoys enabled Allied 
monitors to take bearings on the transmissions. 
Several reconnaissance planes were intercepted 
and shot down before the practice of reporting di- 
rectly from aircraft was stopped. Later, at Anzio, 
the interception of such reports made it possible to 
warn ships, ground installations, and even artillery 
spotter planes to expect German air attacks. Occa- 
sionally, German ground controllers were heard 
vectoring fighters for attacks on Allied aircraft in 
flight, thus allowing a flash warning to be passed to 
the intended victims. 


German communications were mostly plain 
language intermixed with jargon codes. An experi- 
enced monitor could tell whether the transmission 
was coming from a ground station (characterized 
by a lack of motor noise), a fighter aircraft (which 
employed standardized procedures and frequen- 
cies and was characterized by a larger number of 
voices during combat and by stereotyped orders 
concerning altitude and course), a reconnaissance 
aircraft (which made references to weather), or a 
training flight (which contained instructor’s ma- 
neuver commands). 


During flight, either aircraft were heard report- 
ing their own positions, or they made it possible to 
locate them by taking DF bearings on their trans- 
missions. Allied intercept operators were often able 
to report the number, type, position, altitude, 
course, and mission of an enemy formation and the 
fact that it had reported seeing Allied aircraft. Voice 
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traffic among the German pilots could be heard 
well before Allied radar scopes disclosed their posi- 
tion. The extent to which SIGINT successes were 
masked from the beneficiaries by attribution to 
radar or other sources of intelligence was to leave 
largely unappreciated the actual role of SIGINT 
teams. 


In June 1944 two detachments with Army com- 
mands were reorganized and_ redesignated. 
Detachment “A,” with Headquarters, Fifth Army, 
became the 3200th SIS Detachment (Type A), 
working with intercept operators from the 128th 
SRI Company. Its authorized strength under the 
new T/O rose from three officers and eighteen en- 
listed men to five officers and thirty-eight enlisted 
men. Detachment “E,” with VI Corps, became the 
3201st SIS Detachment (Type B), with a strength of 
three officers and eighteen enlisted men. In its new 
status it accompanied VI Corps into the Seventh 
Army under General Alexander Patch as that com- 
mand made ready for Operation DRAGOON. A 
third unit, Detachment “B” (five officers and 
twenty-six enlisted men) and the 117th SRI Com- 
pany in 1944 became the Seventh Army’s 
Headquarters “Y” section but underwent no unit 
redesignation. 


In May 1943 a new phase in the field training of 
American “Y” units began. The intelligence per- 
sonnel at headquarters were distributed elsewhere. 
The original Solution Section and part of the Traf- 
fic Analysis Section were assigned to a new 
Detachment “F,” 849th SIS. The men moved from 
Hammam Melouane to Boufarik, Algeria, in order 
to train with RAF “Y” service experts. The other 
part of the Traffic Analysis Section moved to Con- 
stantine in eastern Algeria to work with a party 
from the 122d SRI Company, which was engaged 
for a short period in attempting to intercept high- 
grade traffic for transmission to Arlington Hall in 
Washington for processing. They also collected 
German and Italian encrypted weather reports. 


At the end of the month, as plans for developing 
SIGINT capabilities that were commensurate with 
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American Army and Army Air Force undertakings 
in the Mediterranean seemed to promise success, 
they received a severe jolt. As far back as 10 Febru- 
ary 1943, the War Department had been asked to 
authorize and man a pool of SIGINT personnel in 
the Mediterranean, a group able to process German 
and Italian military communications by radiotele- 
graph and radiotelephone. It was planned that 
analysts would reach the Mediterranean after a pe- 
riod of suitable training in the UK The 849th SIS 
would manage their use. When they arrived, how- 
ever, the specified requirements had been 
disregarded. The Signal Security Agency had had 
no opportunity to screen the officers and men se- 
lected. Proficiency in German or Italian languages 
had not been assured. 


The Signal Security Agency had not been able 
earlier in 1943 to meet a requisition from the chief 
SIGINT officer, AFHQ. He had been given officers 
trained in Japanese, French, and Spanish, and me- 
teorological SIGINT, whom he was ready to have 
returned to the United States for assignments 
where they could be better used, and to keep only 
two officers who knew German. 


Detachment “H” was the last to be created. 
Most of its members had come to Northwest Africa 
in September 1943 after passing a short course in 
the analysis of low-grade German Army systems. 
They then began a few months of training in Sicily 
before moving to Italy (near Caserta) in December, 
with a detachment of the 128th SRI Company and, 
temporarily, Detachment “A,” 849th SIS. From 
January 1944 to the end of the war, Detachment 
“H” was the SIGINT unit with Headquarters, II 
Corps, being redesignated in February 1945 as the 
3915th Signal Service Company (RI). 


These items pertaining to the union of detach- 
ments of the 849th SIS and detachments of the SRI 
companies demonstrate that in the Mediterranean 
area production of tactical SIGINT was accom- 
plished by improvising suitable units. To look 
ahead, the operations in which those teams of in- 
tercept and intelligence specialists were to 


participate demanded flexibility in organization. 
The campaigns included five major amphibious as- 
saults. They extended from southern Tunisia to 
northern Italy and southern France. Air operations 
from the bases in Italy ranged far into southeastern 
Europe. The SIGINT team went through interme- 
diate and advanced training under combat 
conditions and then into full production. The ad- 
ministrative processes of the U.S. Army called for 
standardized organization determined by adequate 
operational tests. In 1944 and 1945, certain new 
designations for modified tables of organization 
were applied in the theater. 


An important consequence of the establish- 
ment in 1944 of Corps Signal Service Companies 
(RI) was the termination of the dual chain of com- 
mand over SIGINT teams when two types of 
detachment interceptors and analysts were united. 
Under NATOUSA policy, SRI intercept operators 
had been denied access to technical SIGINT infor- 
mation, including the information governing 
selection of their intercept assignments. They re- 
ceived daily assignments to cover specified callsigns 
and frequencies; the SIS personnel had supervised 
intercept activities to insure correct coverage. After 
the merger, the barrier between the two types was 
abandoned. That was a major change for the 3915th 
Signal Service Company with II Corps, and in the 
3916th with the IV Corps (under General Willis D. 
Crittenberger) in northern Italy. IV Corps had been 
served by the British 100 Special Wireless Section 
and a detachment from the 128th SRI Company 
until the new 3916th was formed; the British stayed 
on until April 1945, while the American analysts 
became expert. Since the central effort to change 
organization was that of ETOUSA, the subject will 
be taken up in more detail in that portion of this 
history. 


During the westward movement of British 
Eighth Army across Libya into Tunisia after the 
Battle of E] Alamein, the lengthening distance from 
the advancing SIGINT units with the Army Head- 
quarters, the three Army Corps, and the Western 
Desert Air Force, to the base SIGINT center back 


in Egypt affected production adversely. On 20 Feb- 
ruary 1943 the shift of Eighth Army’s subordination 
from GHQ, Middle East, to the new Headquarters, 
18 Army Group, Allied Force, required adjustments 
in the SIGINT structure. When Eighth Army was 
selected to make the main effort in Sicily with a 
five-division assault, that also prompted adjust- 
ments. Once it was decided in July 1943 that, after 
Sicily, the Allied force would invade southern Italy, 
the prospect for Allied operations in the Balkans or 
eastern Mediterranean areas diminished greatly. 
Some British SIGINT resources in the Middle East 
had already been used in Tunisia and Sicily; in 
order to be well employed, others had to be brought 
west. 


To cope with SIGINT production from Italian 
traffic, British Army and RAF sections that had 
worked in the Western Desert on Italian Army 
communications were flown into Tunisia. There 
they supplemented what a cooperating French “Y” 
organization was able to provide. 


With General Alexander at Headquarters, 18 
Army Group, at Ain Beida were British 40 WIS and 
107 Special Wireless Section, operating in vans. 


The 122d SRI Company moved to Constantine 
on 28 March 1943, relinquishing its quarters at Bo- 
ufarik to the 117th SRI Company, which shifted 
eastward from Oran. In May the 122d moved via 
Bone, to La Marsa, near Tunis; the 117th shifted 
from Boufarik to Bedja; and the 123d SRI Com- 
pany, with Detachment “F,” 849th SIS, then moved 
to Boufarik. 


Within a week after the Axis surrender in Tuni- 
sia, a small British intercept unit began operating 
at Fort du Kebir, three miles from Bizerte. Soon el- 
ements of two U.S. intercept companies occupied 
adjacent sites. At Bone the Royal Navy and at La 
Marsa the RAF developed stations for producing 
field SIGINT. SIGINT communications from Biz- 
erte to Algiers, for relay to London and Washington, 
enabled the Americans to pass intercepted enemy 
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traffic in high-grade and medium-grade systems 
for processing at national centers. 


It was not long before U.S. participation in pro- 
ducing special intelligence from German 
communications was covered by an Anglo-Ameri- 
can agreement, causing American intercept 
resources in Tunisia or Algeria to be turned to 
other targets. 


SIGINT before Operation HUSKY 


For a while after the Axis surrender in Tunisia, 
a dearth of enemy high-level radio communica- 
tions seemed to confirm an apprehension that on 
the continent such traffic would be carried by wire. 
Production of special intelligence like that accom- 
plished while the German Army and Air Force 
commanders in Africa kept in radio touch with 
their superiors in Europe seemed likely to have 
come to an end. Happily for the Allies those fore- 
bodings were shown to be false during preparations 
for, and the actual defense of, Sicily. Both the Ger- 
man Air Force and the German Army on the 
mainland resumed the kind of radio traffic from 
which special intelligence of great value to the Al- 
lies could be extracted. 


Special intelligence on the buildup of Axis 
forces in Sicily was carefully sought and studied. 
The transfer to Sicily of German troops from the 
mainland was observed in some detail. The divi- 
sions, tanks, guns, and vehicles became known, 
and their disposition was inferred. The calculation 
set the total at about 45,000 German ground 
troops and over 100 German tanks, most numer- 
ous in eastern Sicily. Attempts by the Allies to 
mislead the enemy so that he prepared for an at- 
tack elsewhere were only partly successful. In the 
event, the main cause of tactical surprise at the 
time of the landings was to be like that experienced 
later in Normandy: the onset of stormy weather 
while the convoys were en route. 


The concentration of Allied vessels in the ports 
from Oran to Tripoli did not go unnoticed or 
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unopposed by the enemy. One of the objectives of 
Allied “Y” service was to anticipate German air at- 
tacks on the coastal convoys and the ships moored 
in ports behind barriers of mines, under concealing 
smoke, and within a screen of antiaircraft artillery. 
When a German aircraft shadowed an Allied coastal 
convoy (if so ordered by its controller), it emitted 
homing signals which guided attacking planes to 
the target for action after dark. Interception of 
enemy reports and homing signals might, however, 
lead to a disrupting Allied air operation before the 
vessels could be struck. Enemy submarines also 
preyed on convoys between Algiers and Bizerte and 
had to be watched. The Lac de Bizerte was a high- 
priority target for German bombers, especially 
during the first week of July 1943 — a target pro- 
tected by antiaircraft guns and Allied fighters, with 
the assistance of radar and SIGINT to furnish spe- 
cific warnings. 


In June a German reconnaissance plane re- 
ported seeing a certain number of vessels at Bizerte. 
Both British and American intercept operators cop- 
ied the report, but the British and American 
decrypts differed. The former translated the mes- 
sage as reporting forty-six ships, twelve under 
steam, while the latter construed it to be fifty-eight 
under steam. 


The Mediterranean Air Command and the 
Northwest African Air Forces in May 1943 set up a 
command post at La Marsa to control all air opera- 
tions against Sicily and mainland Italy relevant to 
Operation HUSKY. The Chief Intelligence Officer, 
(Group Captain R. H. Humphreys), Mediterranean 
Air Command (MAC), organized his division into 
sections making use of special intelligence or “Y,” 
and sited them adjacent to a Special Liaison Unit. 
The SLU worked twenty-four hours per day and 
gave direct service from the Air Ministry, Bletchley 
Park, and Headquarters, Mediterranean Air Com- 
mand, in Algiers. One American officer worked 
with four British officers in the section handling SI 
on the German Air Force.4 In a separate area for 
combat intelligence, three American officers dealt 
with “Y” and collateral non-SIGINT material. In a 


nearby trailer, one American and one RAF officer 
handled target intelligence. 


The Combat Intelligence Section was in close 
touch with Headquarters, Northwest African Air 
Forces (NWAAF), at Constantine, which relayed 
data from its elements to La Marsa. At La Marsa 
Airfield, the photographic interpretation unit pro- 
vided information gained from reconnaissance 
missions which were recommended, in the light of 
intelligence and operational requirements, as nec- 
essary. “Y” information came to the section directly 
from the “Y” unit at La Marsa. 


The Target Intelligence Section of the Com- 
mand Post was in touch with its counterpart at 
Headquarters, Northwest African Air Forces 
(NWAAF), and with the Photographic Recon-nais- 
sance Unit at LaMarsa. Its dossiers were assembled 
to meet the requirements of either strategic or tac- 
tical bombing missions, as indicated by general 
policy, by SI, or by other sources. When SI indi- 
cated that intended targets had already been 
sufficiently bombed, changes were made the next 
day. The guidance provided through these arrange- 
ments, and the execution of the missions which 
they supported, damaged severely the German Air 
Force in Sicily and Italy. 


“Force 141,” the planners for Operation HUSKY, 
provided for “Y” service to ground and air com- 
mands from command ships during the landings 
and from units ashore during subsequent inland 
penetration. 


To provide field SIGINT to American ground 
troops of the U.S. Seventh Army in Sicily, the 
American SIGINT units that had been training in 
Tunisia set up three detachments of intercept oper- 
ators, each with a section of analysts. As Signal 
Intelligence Officer, Major Herrick F. Bearce, who 
had been in Tunisia attached to the “Y” unit sup- 
porting II Corps, was attached for Operation 
HUSKY to the Signal Section, Seventh Army. The 
three groups of analysts were to be Detachment 
“A,” 849th SIS (with Headquarters, Seventh Army), 


52 Wireless Intelligence Section and Detachment 
“B,” 849th SIS (with II Corps), and Detachment 
“E,” 849th SIS (with 3rd Infantry Division, Rein- 
forced). About 10 officers and 310 enlisted intercept 
operators and analysts were involved in those prep- 
arations. 


Small advance parties, equipped with transmit- 
ter-receivers, a special cipher system, and one 
3/4-ton truck for each party, were prepared for 
landings with the three segments of the American 
assault force. The remainder would continue work- 
ing in the Bizerte area until the beachhead extended 
about ten miles inland and would then move to Sic- 
ily. There they were to take up their tasks at sites to 
which the advance parties would guide them. 


Those plans were never executed, although by 
20 June all were ready. A little later the advance 
parties embarked. The main body never heard 
from them again until near the end of the invasion. 
Not until 9 August did the main body arrive in Pal- 
ermo; the next day two detachments joined 
Headquarters, Seventh Army, near San Stefano; 
the third went to Headquarters, II Corps. 


First Lieutenant Herrick F. Bearce, 1941 
(Photograph courtesy of 
the Department of Army) 
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“Y” service for Allied air controllers during the 
landings was to be supplied by one unit with each 
invading army. They would have to await the estab- 
lishment of Sector Operations Rooms before their 
information could be applied, so they were as- 
signed to the D+ 5 follow-up convoy from Tunis. 
Two RAF SIGINT units were designated to join 
RAF 211 Group and the XII Air Support Command, 
respectively. The RAF 380 Wireless Unit was or- 
dered to form and equip one self-contained, mobile 
radiotelephone team large enough to cover two HF 
and four VHF channels and to operate two DF ve- 
hicles (HF and VHF). They were to work at 
Headquarters, XII Air Support Command. Enemy 
use of radiotelephone communications in Sicily, 
however, yielded little material for Allied “Y” pro- 
duction compared to later developments in Italy. 


For British ground forces, General Harold Alex- 
ander’s Headquarters, 15 Army Group, acquired a 
British “Y” unit at Bizerte before the invasion, and 
General Montgomery’s Eighth Army Headquarters 
had a similar one. The two Corps used in the 
assault, 13th and 30th, each also had field ““Y” units 
of standard organization. The intermediate field 
SIGINT processing center, known as the 7th Intel- 
ligence School, which provided analytic support 
during the invasion of Sicily, discovered that inter- 
ception from Tunisia was unsatisfactory. It met 
that situation by working on traffic collected by for- 
ward elements and sent back by airbag until an 
analytic unit could be shifted from Tunisia to Sic- 
ily.5 


“J” Service 


When the British Eighth Army came into Tuni- 
sia and some of its innovations became known at 
AFHQ, they were thought to be worth adopting. 
One example was a “J” Service, a monitoring of the 
communications of Eighth Army nets for two pur- 
poses. The “J” units could report accurate 
information swiftly to the intelligence and opera- 
tions staff divisions at Army and Corps levels. They 
could also detect breaches of communication secu- 
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rity and report them through Corps to the offending 
divisions for correction and discipline. 


The Combined Signal Board, North Africa, on 
26 March 1943, favored such an activity for the 
Fifth Army, then training in eastern Morocco. Brig- 
adier General Lowell Rooks, G-3, AFHQ, directed 
the chief signal officer to form an “American Staff 
Information Intercept Organ-ization” from Fifth 
Army personnel, which would commence training 
by 19 April 1943.6 AFHQ also ordered two British 
officers on 29 May 1943 to provide “J” Service to 
U.S. Seventh Army during Operation HUSKY. They 
were attached to Head-quarters, I Armored Corps, 
Reinforced, and placed under control of the Corps 
G-2. The RI platoons of divisional signal companies 
did the monitoring, under control of Division G-2. 
They caught many examples of insecurity.7 


The mobile forward “Phantom Teams” of ob- 
servers provided information of great value, despite 
occasional inaccuracies, on the locations, situa- 
tions, and intentions of the individual units in 
combat. Corps headquarters rarely reported the 
exact locations of individual units, so the “Phan- 
tom” reports to higher headquarters filled a gap in 
information. Moreover, their reports arrived in a 
more timely way. Because the reports described a 
unit’s situation without the benefit of a bigger pic- 
ture, they tended to be less “balanced” than they 
might otherwise have been. Their reports of Allied 
intentions were obtained usually at a level too low 
to be reliable. But whatever the shortcomings, Al- 
lied commanders found invaluable the information 
about units of the different corps on their flanks, 
information which thus became available to them 
via Army headquarters. Allied commanders seemed 
to be reticent about passing information directly to 
flank and higher echelons. 


Invading Sicily 


Defense of Sicily came under command of Gen- 
eral Alfredo Guzzoni on 30 May 1943, a few weeks 
before the attack. As commanding general, Italian 
Sixth Army, he controlled four Italian and two 


183. Parallel Circuits 


Figure 60 is an example of a simple parallel 
circuit, with two resistors connected in parallel 
across a generator. As indicated by the arrows, 
the current from the generator separates into 
two parts, each resistor receiving a part of the 
total current. The larger fraction of current 
flows through the branch of less resistance, and 
the smaller fraction of current flows through 
the branch of greater resistance. The two parts 
of the current join again upon leaving the re- 
sistors. 


a. The total current (/,) in a parallel circuit 
is the sum of the currents in the separate 
branches: 


Lal, +I,+173 + er 


b. The voltage (#) across each branch of a 
parallel circuit is the same: 


E, = Ey = Ez ......... 


c. The reciprocal of the total resistance (R;) 
of all resistors in a parallel circuit is equal to 
the sum of the reciprocals of the separate re- 
sistance. The total resistance is also less than 
the resistance of any one of the resistors, and 
is expressed as follows: 

1 1 1 1 

R, = R, + Rs + R, Se ee 
If only two resistors are in parallel, a simplified 
formula can be derived for the total resistance 


as for total capacitance in a series circuit (par. 


182e): ox 

eer Tee2 

sae ae 

If two or more resistors of the same value are 
placed in parallel, the total resistance is equal 
to the value of one resistor (FR) divided by the 
number of resistors used (7), as for capaci- 
tances, in series (par. 182e) : 

R, = x 


nN 
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Figure 60. Example of a parallel circuit. 


e 


d. The reciprocal of the total inductance 
(L,) in a parallel circuit is equal to the sum of 
the reciprocals of the separate inductances, as 
with resistances (c above): 

1] 1 1 1 
he Tt plas Vy 
The rules covering the calculation of resistances 
in parallel (c above) also apply to inductances 
in parallel. 

e. The total capacitance in a parallel circuit 
is equal to the sum of the individual capaci- 
tances, as for resistances and inductances in 
series (par. 182c and d): 


C,=C, +C,+C3+.... 
The rules covering the calculation of resistances 
and inductances in series also apply to capaci- 
tances in parallel. 


184. Series-Parallel Circuit 


A series-parallel circuit is simply a combina- 
tion of a series circuit and a parallel circuit. 
The rules covering series circuits (par. 182) 
apply to the series portion of the circuit, and 
the rules covering parallel circuits (par. 183) 
apply to the parallel portion of the circuit. The 
examples given in chapters 14 through 18 more 
clearly illustrate the various types of circuits. 


127 


German mobile divisions, the second of which, the 
Herman Goering Panzer Division, crossed to Sicily 
in June. General Guzzoni had also under his com- 
mand six coastal defense divisions and lesser 
formations of Italian reservists. A German general 
with a small staff and a communications unit was 
liaison officer from O.B. Sued. The Sicilian popu- 
lace was weary of the war and expected the Allies to 
win it. The island was short of food and transporta- 
tion. 


General Guzzoni’s headquarters were at Enna, 
a central hill town southwest of Mt. Etna. The Ital- 
ian XII Corps was responsible for the western, and 
the XVI Corps for the eastern, part of the island. At 
German insistence he split the armored elements 
into two major parts which were close enough to 
oppose Allied attacks wherever they began. 


Although coastal defenses were spread rather 
thinly, three maritime areas were much more 
strongly prepared than others to deny access to 
ports. Under the command of the Italian Navy, 
clusters of coast artillery, antiaircraft guns, mobile 
batteries, motor torpedo boats, mine fields and 
special troops protected areas adjacent to Trapani 
on the west coast, Syracuse-Augusta on the south- 
east coast and Messina-Reggio on the Straits of 
Messina at the northeast corner. Having thus 
obliged the Allies to land over beaches, the defend- 
ers intended to delay by coastal defense forces and 
air bombardment the establishment of deep Allied 
beachheads. During the delay, mobile and armored 
columns would move to deliver overpowering 
counterattacks and to force withdrawal. If the Al- 
lies instead retained their beachheads, seized and 
captured a good port, they could be expected to 
grow stronger and become too powerful to be dis- 
lodged. The Axis forces would then face the choice 
of defeat by capture or defeat by withdrawal. 


The Allied Force established an advance com- 
mand post on Malta, where General Eisenhower 
and his principal ground and sea commanders and 
their staffs kept their fingers on the push buttons. 


The headquarters of Air Vice Marshal Arthur Ted- 
der, his air commander, remained in Tunis. 


Two enormous naval task forces of warships, 
transports, landing craft, minesweepers, and other 
vessels conveyed the assault forces from African 
ports through seas that became stormy and rough 
but then abated during the transit. The Eastern 
Naval Task Force, under Vice Admiral Sir Bertram 
Ramsay, RN, carried the British Eighth Army of 
five divisions; about 250,000 men were aboard 
nearly 800 ships with 715 landing craft. The West- 
ern Naval Task Force, commanded by Vice Admiral 
Henry Kent Hewitt, USN, carried General Patton’s 
Seventh Army; about 228,000 men were aboard 
550 ships and 1,100 landing craft. Both armies in- 
cluded airborne troops to be dropped inland at key 
points to impede counterattacks and protect 
bridges from demolition. 


Under General Alexander’s Headquarters, 15 
Army Group, the Allies entrusted the main effort to 
General Montgomery’s experienced Army. Its ini- 
tial goal was to capture an air base near Cape 
Pachino and the ports of Syracuse and Augusta, 
which were well prepared to oppose attacks by sea 
and air but less strongly organized against ground 
attack. 


The key to Syracuse was a_ bridge 
(Ponte Grande) on the main coastal highway which 
extended over a canal and the wide, deep Anapo 
River, just south of the city near the head of the 
harbor. About 200 British airborne troops were 
dropped on a peninsula southeast of Syracuse. 
Eight officers and sixty-five enlisted men got to the 
bridge, removed the demolition charges, set up de- 
fenses against Italian counterattack, and held out 
for hours against infantry, artillery and tanks until 
relieved by advance elements of the British 5 Infan- 
try Division. Only nineteen men survived. Their 
sacrifice enabled the Eighth Army to enter Syra- 
cuse before midnight of 10 July and to turn back 
German counterattacks later. By 14 July British 
troops and ordnance were being unloaded from 
transports in Syracuse harbor. The Eighth Army 
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pushed north to the Catania plain, but there it was 
held to a slow advance at great cost. 


The U.S. Seventh Army (Patton) had divided its 
assault forces into three elements which were 
headed for more than forty miles of coast — near Li- 
cata, on the west, Gela, in the center, and Scoglitti, 
on the east. Twenty miles farther east, the British 
beach landings took place. General Patton’s first 
mission was to protect the western flank of the 
Eighth Army in a beachhead that extended far 
enough inland to encompass enemy airstrips and 
all positions from which the ships and beaches 
could be shelled. Reinforcements and resupply 
would have to come ashore over the beaches; no 
ports of consequence would be available. Like the 
Eighth Army’s assault landings, those of the Sev- 
enth Army would benefit from naval gunfire. In 
fact, they were to find it invaluable. 


Allied planes had previously bombed all but 
two or three of Sicily’s airfields and seaplane , bases 
out of service, and had forced aircraft to take refuge 
from them at airfields on Sardinia and near Foggia. 
Those airfields also had been hard hit. The enemy 
was understood to have in Italy 600 bombers and 
850 fighters. Northwest African Air Forces had 
about 3,680 aircraft. At first, the Allied fighters 
were used mostly to escort bombers that were 
striking enemy targets rather than to maintain 
combat air patrols over the armadas or to intervene 
quickly as enemy bombers approached. Requests 
by the commander of the Western Naval Task 
Force for air support had to be relayed through Ad- 
miral Cun-ningham on Malta to Headquarters, 
Mediterranean Air Command, in Tunis, whence or- 
ders went to aircraft that might be available. 


HMS Largs was the command ship for the 
Eighth Army and its supporting air. The air “Y” unit 
aboard the ship had arranged with No. 10 Field 
Unit (RAF) on Malta to perform an essential ser- 
vice. At Malta all radio information and radar plots 
pertaining to the invasion were to be filtered from 
the normal welter of traffic and broadcast to Largs 
at half-hour intervals. The transmissions were 
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given the codename CLATTER; they were helpful. 
The eleven positions on Largs could not, like the 
many receivers at Malta, monitor the numerous 
frequencies on which important information was 
passed; the Malta arrangement was turned to the 
advantage of all three services as material came in. 


The Largs unit had borrowed from 10 Field 
Unit a noncommissioned officer who was adept in 
German Air Force traffic in order to avoid having to 
rely on a specialist in the very different German E- 
Boat traffic who had been officially assigned. From 
13 to 15 July, the “Y” unit on Largs passed data to 
the RAF Senior Controller on HMS Bulolo and re- 
layed some information to the XII Air Support 
Command (ASC) near Licata. 


Near beaches where certain American units had 
landed, an American minesweeper engaged in in- 
tercept on an involuntary one-time basis. A carrier 
pigeon landed on the ship, and an alert sailor ob- 
tained the message, which was in Italian. In it, a 
division commander was reporting to his superior 
that the Allied forces were “overwhelming,” and 
that they were unloading material, undisturbed, 
from hundreds of anchored ships. Upon receiving 
this bit of “intercept,” Admiral Kirk determined 
that it was not too highly classified to share. He had 
it broadcast over the ship’s loudspeaker system to 
all hands.9 


The arrival of paratroopers of the 82d Airborne 
Division during the night of 9/10 July 1943 alerted 
General Guzzoni that the attack had begun. He 
telephoned warnings to subordinate commanders. 
The commanding general of the Herman Goering 
Panzer Division (General Conrath) lost his wire 
communications with XV I Corps (General Rossi) 
and the Sixth Italian Army before his reconnais- 
sance patrols could report encountering Allied 
paratroopers. A radio message from Kesselring’s 
Headquarters at Frascati informed him that a 
major attack was in progress. 


The American forces were unable to maintain 
their schedule for inland advance. The troops 


ashore dispersed coastal defenders and seized nu- 
merous key points, but the beaches became a 
confused mess of broached landing craft and disor- 
ganized material. Antitank guns and tanks to 
combat counterattacking armored columns were 
too few. Only the most determined resistance by in- 
fantry units, with the aid of naval gunfire, turned 
back the enemy — in one case when the enemy was 
close to the beach. At one stage on 11 July the Ger- 
man defenders believed that their SIGINT had 
intercepted an Allied order for the U.S. 1st Infantry 
Division to return to the ships. The enemy came 
perilously close to sweeping along the Gela beaches 
and giving that division no choice in the matter. 


Enemy air struck mainly at the landing opera- 
tions off Gela on 11 July but also struck farther east. 
That night was very calm and clear, ideal for a sec- 
ond Allied airborne operation. It was equally suited 
to a heavy bombing attack by the Luftwaffe against 
the tired and jittery troops on land and the flotillas 
offshore. Unfortunately for the Allied airborne op- 
eration, its route of approach took its planes and 
gliders over Allied ships and antiaircraft batteries 
where they were not expected, where they were not 
identified, and where they drew fire of the kind ap- 
propriate for the enemy bombers which had just 
preceded them. 


On D+ 2, however, when Kesselring flew from 
Frascati to consult General Guzzoni at Enna, the 
Allies were ashore to stay. Syracuse and Augusta 
had either fallen or been encircled. Airfields had 
become available to Allied aircraft. The U.S. Sev- 
enth Army faced a mountainous area through 
which General Guzzoni was shifting forces east- 
ward, trying to stop Patton’s advance and to 
reinforce the opposition to the Eighth Army. Kes- 
selring concluded that delaying tactics alone 
remained feasible and so reported by radio to Hit- 
ler. The next day Hitler ordered such a defense, and 
on 14 July approved Kesselring’s decision to send 
more German reinforcements. A German XIV 
Corps headquarters under the capable General 
Hans Hube, plus two more German divisions (4 


Parachute Division and 29 Panzer Grenadier Divi- 
sion), and certain corps units were soon en route. 


That night, Allied bombers destroyed Guzzoni’s 
headquarters at Enna. He moved it to Randazzo, on 
the northern side of Mt. Etna, where General Hube 
also set up Headquarters, XIV Corps. All available 
mobile troops in western Sicily were called east- 
ward to thwart the Allied plans. 


Orders from General Alexander for the next 
phase of the Sicilian operations came to the com- 
mander of the Seventh Army on 13 or 14 July. 
While one corps of Eighth Army drove north along 
the east coast to take Catania and another corps 
moved via Enna and along the western slopes of 
Mt. Etna to the northern coast, Seventh Army was 
merely to engage those enemy forces that might 
otherwise oppose Eighth Army, but it was not to get 
tied down in a battle in southwestern Sicily. 


Allies Push — Enemy Pulls Out 


General Patton sent a “reconnaissance in force” 
that, aided by air bombing and naval gunfire, took 
Porto Empedocle on 16 July and Agrigento on the 
next day. He then persuaded General Alexander to 
approve offensive plans for the capture of Palermo. 
At the same time, the German high command 
(OKW) directed that the defense of Sicily be con- 
ducted in such a way that the three German 
divisions [Herman Goering Panzer (which ab- 
sorbed 1 Parachute Division), 29 Panzer Grenadier, 
and 15 Panzer Grenadier)] could be removed from 
Sicily. General Guzzoni concurred in General 
Hube’s program to accomplish that and planned to 
withdraw his Italian formations at the same time. 
Fitting nicely into that scheme was the change in 
Eighth Army’s plan of attack. 


After finding progress across the Catania plain 
slow and costly, General Montgomery persuaded 
General Alexander to approve a shift of Eighth Ar- 
my’s main effort to the west of Mt. Etna, what he 
called a “left hook around the enemy’s defense 
line.” It took his main effort away from tank terrain 
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into mountains, and far from the seaboard where 
he could, had he wished, have been assisted by 
naval gunfire; the new route would be beyond its 
range. The time required to get set for the new plan 
provided an opportunity for the opposing 29th 
Panzer Grenadier Division, as well as the para- 
troops, to be well deployed, and for the plans and 
means of German evacuation to be prepared. 


Before Eighth Army’s revised attack started, 
Seventh Army had entered Enna on 20 July and 
Palermo on 22 July; soon afterward it swept up all 
organized opposition in western Sicily, Trapani in- 
cluded. Though the port of Palermo was a handy 
target for enemy bombers and was cluttered with 
the results of German demolitions, it soon relieved 
the Seventh Army of dependence on southern 
beaches and miles of trucking for reinforcements 
or supplies. 


Seventh Army was next brought into the re- 
vised Allied attack as a “prime spearhead” along the 
western and northern slopes of Mt. Etna. Beside 
the Canadians in the Eighth Army (moving via 
Leon-forte and Adrano) was to be the U.S. ist In- 
fantry Division (heading for Petralia and Troina). 
Along the northern coastal road were to be the U.S. 
45th and 3d Infantry Divisions. To expedite the ad- 
vance toward Messina by Seventh Army, U.S. 
Naval Task Force 88, under Rear Admiral L. A. Da- 
vidson, on 31 July 1943 began operations out of 
Palermo. While defending Palermo, it also fur- 
nished naval gunfire on request to troops fighting 
along the coast, provided transport and fire sup- 
port for naval end runs around enemy defense 
positions, and ferried troops in order to relieve the 
burden on the coastal road. (Two cruisers and five 
destroyers were the escort and fire-support ships at 
the outset.) On 1 August the U.S. 9th Infantry Divi- 
sion arrived off Palermo in transports from Oran, 
and, after waiting out a heavy German dawn bomb- 
ing attack on the city and harbor, landed and 
headed for the Troina area. 


On 3 August the evacuation of Italian troops 
across the Strait of Messina began; on 10 August, 
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the parallel German program (Operation Lehr- 
gang) started. Special intelligence released on 6 
August disclosed major aspects of the German pro- 
gram and the orders to practice ferrying. On 8 
August more SI gave Kesselring’s report of two 
days earlier that the Germans would withdraw 
across the strait by stages which had already begun 
and would continue through 12 August. General 
Hube had set successive main lines of resistance 
and had fixed the times to pull back from one to the 
next. 


Seventh Army tried three end runs to cut off use 
of the northern coastal road for retreat by the 29th 
Panzer Grenadier Division. The first, on the night 
of 7/8 August around San Fratello, where the U.S. 
3d Infantry Division had been stopped for five 
days, was fairly successful. The enemy was not cut 
off. He pulled back eastward, probably as much be- 
cause of the loss of Troina, at the inland end of that 
line of resistance, as because of an unhinging at San 
Fratello. The second, on 10/11 August, to Brolo, 
was less satisfactory. The enemy learned from his 
own SIGINT that it was in progress, and sent 
bombers against the Allied ships. The troops that 
had gone ashore unopposed were later attacked 
from both east and west, and were also bombed by 
friendly aircraft. The troops inland with which they 
were to link up were not close enough. The Brolo 
operation was unable to check the eastward with- 
drawal by the enemy during the night of 11/12 
August; indeed it may have speeded up the retreat. 


The third end run, on a larger scale and includ- 
ing paratroops was intended to overtake the enemy. 
He was then probably already in Italy across the 
Strait of Messina. 


The occupation of Sicily was already complete 
when the principal U.S. Army officer in charge of 
communications security received examples of vio- 
lations during the operation, examples taken from 
intercepted German reports that were graded as SI. 
Those American messages disclosed military infor- 
mation of significance. They revealed the 
participating commands, certain intended 


operations, places, times, and other details to the 
enemy. The route by which they had come to the 
knowledge of the officer commanding the Signal 
Security Agency precluded uninhibited use. It was 
a case of security impeding security.1° 


In the hotel in Taormina which had housed part 
of the German Air Force command in Sicily, re- 
cords of its Horchdienst (Listening Service) 
covering a few days preceding the Allied assault 
landings, were found by Allied intelligence. A daily 
air situation report for the twenty-four hours be- 
fore 0700 showed the efficiency and limitation of 
the German SIGINT service.1! 


Some Results 


After the severe defeat in Tunisia, the Axis co- 
alition began to collapse. The Italian Army had lost 
so large a portion of its best troops there that Hitler 
proffered five German divisions for the defense of 
Italian soil. Two of them were already in Italy en 
route to Tunisia. Instead of three more, Mussolini 
agreed in mid-May 1943 that one more would be 
acceptable, but he required that all three in Italy be 
under Italian tactical control. He did not then think 
it prudent to have too many German troops in Fas- 
cist Italy. 


By the time he had changed his mind and was 
ready to accept more, Hitler had recognized that 
the Italians might eject Mussolini from power and 
seek a separate peace, so the matter remained un- 
certain even when Mussolini was indeed 
overthrown. 


The Allies occupied Sicily as a step toward ac- 
complishing Mussolini’s downfall and “knock Italy 
out of the war.” What ensued after I] Duce’s incar- 
ceration was foreseeable. The Badoglio government 
first sought to reach an armistice or peace between 
the Axis partners and the Allies. Hitler would have 
none of that. Under various plausible pretexts, Ger- 
man divisions moved into northern Italy without 
either the consent or the resistance of the Italians, 
and while preserving the amenities with their 


Italian brothers-in-arms, all but invested Rome in 
the guise of protecting it from Allied invasion. The 
Badoglio government, recognizing that Italy’s in- 
terests demanded peace, then entered into 
clandestine negotiations with the Allies. The Allies, 
on 20 July 1943, had finally decided to move into 
the Italian peninsula from Sicily and Africa, em- 
ploying the British Eighth Army, the new U.S. Fifth 
Army, and naval and air components that had just 
participated in the Sicilian landings. Whether the 
Allies would receive active assistance from the Ital- 
ian Army or passive resistance, or might even have 
to rescue them from German reprisals, remained in 
doubt. After Mussolini’s fall, more than six weeks 
passed before Allied troops first entered the Italian 
peninsula. 


While the occupation of Sicily was progressing 
successfully and other operations against the Ital- 
ian mainland were in prospect, it was apparent that 
some British “Y” units in the Mediterranean should 
be shifted to sites where they could be used more 
efficiently. By the time the invasion of southern 
Italy began, the strategic situation of the Middle 
East was more thoroughly altered. The Western 
Desert and Northwest Africa, as separate fronts, 
had merged. Northwest Africa was the base from 
which the campaign in Italy would be sustained. 
Intercept stations in Tunisia had to shift to Sicily or 
the Italian peninsula to be effective against weak 
and fading signals. “Y” resources in the Middle East 
needed pruning. If unified control of air and sea 
operations in the Mediterranean could be estab- 
lished, control of “Y” activities would seem to 
require parallel treatment. For the RAF “Y” organi- 
zation, that would involve termination of one Wing, 
transfer of its personnel to other “Y” units or to 
other duties, and only a temporary prolongation of 
British involvement in “Y” service to the U.S. 
Twelfth Air Force. 


Thus, while the Americans were nearly ready to 
meet the “Y” requirements of their ground and air 
forces in the Mediterranean area, the British were 
obliged to consolidate their Mediterranean “Y” re- 
sources, and to squeeze out unneeded, experienced 
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personnel for employment in western Europe or in 
the Pacific. 


Major Millard E. Rada, the commanding officer 
of the 849th SIS, went in July 1943 to GHQ Middle 
East for more information about British “Y” opera- 
tions. He learned there what was done with German 
Army and German Air Force double Playfair enci- 
pherment and with Italian traffic in various systems 
and noted that AFHQ was better equipped for voice 
monitoring than was the British theater.12 
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Chapter 7 


Salerno to Rome 


Preliminaries 


The third major amphibious assault in the 
Mediterranean area, that at the Gulf of Salerno, 
was much smaller than that at Sicily. It did not go 
wholly “according to plan,” as the saying goes, and 
one might well ask, “What plan?” Not that it was 
unplanned, but, because the planning was subject 
to so many contingencies, it bristled with amend- 
ments of alterations of changes. Before the invasion 
of Sicily, the nearest that Allied leaders could come 
to an agreement on the next operation in the West 
was to charge General Eisenhower with drafting a 
plan for reaching certain conflicting goals. They 
would then review the plan and decide later what 
should be tried. 


The operation that followed Sicily, they pre- 
scribed, must eliminate Italy as an adversary and 
tie down as many German divisions as possible, yet 
enable the Allies to make a cross-Channel attack in 
great strength beginning in May 1944. Part of that 
strength would have to be drawn from the Allied 
forces in the Mediterranean. Moreover, sealift and 
covering naval ships from the Mediterranean would 
be required for both a November 1943 amphibious 
assault in Burma, and a May 1944 invasion of 
France. The planners of AFHQ concluded, when 
Operation HUSKY (Sicily) was about to start, that 
its sequel would be governed by the rapidity with 
which the Allies succeeded in Sicily. General Eisen- 
hower advised the Combined Chiefs of Staff (CCS) 
that he could certainly expect to cross the Strait of 
Messina and crawl through Calabria and that he 
might be able to enter Italy farther north at the Gulf 
of Salerno. 


The Combined Chiefs of Staff believed he should 
plan to seize Naples, and when Mussolini fell from 
power on 25 July 1943, they approved an attack at 


Salerno with the resources already at the disposal 
of the Allied force. At Quebec in mid-August 1943 
they confirmed that project, with the knowledge 
that the government of Marshal Badoglio was mak- 
ing overtures to the Allies for an armistice. Such a 
document was ultimately signed at Cassibele, Sic- 
ily, on 3 September 1943.1 The decision at Quebec 
was followed by orders to British Eighth Army to 
cross the Strait of Messina and advance into Cal- 
abria as soon as possible in August. 


In Africa and Sicily the Allied force accumu- 
lated men, ordnance, vehicles, and supplies for 
Operation AVALANCHE, which was scheduled to 
begin with beach landings on the Gulf of Salerno at 
0330 hours, 9 September 1943. 


The enemy was aware of the preparations but 
not of Allied uncertainties concerning destination, 
participants, and detailed plans that persisted as 
long as the role of the Italians remained in doubt. 
The Germans had already prepared plans for the 
military seizure of Italy as they had done for the 
military occupation of “Unoccupied France,” al- 
most one year earlier. While negotiations between 
the Badoglio government and the Allies were in 
progress, the German forces in Italy moved to posi- 
tions enabling them to assume complete military 
control. The next question for the Allies was 
whether they could, in conjunction with Italians 
who would gain control of Rome, oblige the Ger- 
mans either to pull back north of that city or be cut 
off in southern Italy. Until the last moment, such 
an operation was seriously contemplated. Ameri- 
can airborne troops, they reasoned, could land on a 
Rome airfield that would be protected by Italian 
troops during their arrival, and be followed by sea- 
borne reinforcements and support. All was kept in 
readiness to the last minute, but that airborne proj- 
ect was abandoned as was an airdrop previously 
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planned — one designed to prevent troops in the 
Naples area from moving south to reinforce the de- 
fenders at Salerno. 


The enemy did his best to shatter Allied prepa- 
rations for embarkation at Bizerte. On the nights of 
17 and 18 August, large bombing raids inflicted 
substantial damage there, and on the night of 6/7 
September an even larger attack occurred. As the 
convoys heading for Salerno moved along the 
northern coast of Sicily, they too fought off persis- 
tent air assaults. 


The Eighth Army’s postponement of departure 
for several days gave the enemy forces in Italy more 
time to prepare for the landings. And the end of a 
period of radio silence tipped the enemy off, but 
Eighth Army troops encountered only token resis- 
tance when they came ashore on the peninsula on 
3 September. A few days later, in trying to run 
along the coast to block retreat, they had the mis- 
fortune to approach the shore just as a German 
column was rolling by. The column stopped, swung 
into action, and inflicted considerable damage 
among the boats before resuming its withdrawal. 


At the Gulf of Salerno, early on 9 September 
1943, the Fifth Army intended to land 55,000 
troops, using about 450 ships, and 250 landing 
craft, to establish a beachhead and to bring in 
115,000 more men for an advance to Rome. On 
some of the approaching ships men heard the BBC 
announcement of the Italian surrender on 8 Sep- 
tember 1943, inducing a wave of misplaced 
optimism. Despite the many reasons for believing 
the invasion was expected by the Germans, Fifth 
Army planned to begin its landings at first light 
without preparation fire from the ships, lest the 
bombardment eliminate surprise. 


A few hours earlier the king of Italy, his pre- 
mier, Marshal Badoglio, and his chief of the 
Comando Supremo, General Ambrosio, barely es- 
caped from Rome. The German plans for seizing 
military control and disarming Italian forces went 
into effect. The 2d Parachute Division and 3d 
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Panzer Grenadier Division in the vicinity of Rome 
acted under orders of General Karl Student to dis- 
arm the Italian troops. As the Italian field 
commanders pulled back toward Tivoli, Germans 
occupied the headquarters and captured many Ital- 
ian generals and other officers. Hitler expected all 
Italians to be treated as prisoners of war. Kessel- 
ring, who doubted that the Italians would defect 
from the Axis, was mainly concerned with the need 
to get unimpeded access to Rome at once for Gen- 
eral Heinrich von Vietinghoffs German Tenth 
Army in the south, and was willing to allow his for- 
mer allies to stack their arms and disperse. Rome 
he agreed to treat as an “open city.” 


For a day or so, an Allied airborne attack there 
was a Subject of some anxiety, but the lines to Ger- 
man troops in southern Italy remained open. The 
Italian people, deprived of leadership — either po- 
litical or military — made little difficulty for the 
Germans. 


In accordance with the armistice terms, ele- 
ments of the Italian Navy tried to sail to an Allied 
port. Many succeeded but almost fifty combat ves- 
sels were destroyed in Italian ports, or by air 
attacks while en route. German forces also over- 
came Italian bases in the Aegean Islands. Certain 
captured Italian officers were handed over to the 
new puppet government, headed by Mussolini, 
after his rescue on 12 September. They were then 
put to death. 


Operation AVALANCHE 


For Operation AVALANCHE at Salerno, the Al- 
lied Force used the American Fifth Army in its first 
campaign. The first American troops to go ashore 
were the Fifth’s 36th Division. That division was 
part of a large array, neither wholly American nor 
wholly new to amphibious operations. Unlike the 
dispersed beaches of Sicily, the Gulf of Salerno 
faced a crescent strip of sand at the edge of a rolling 
alluvial plain enclosed within swiftly rising hills in 
a vast amphitheater. The streams that meandered 
through the plain, especially the Sele River and its 
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PROBLEMS IN DC ELECTRICITY 


185. General across a resistance reads 65 


ee P volts (fig. 61). An ammeter 
In circuits using constant-value dc _ elec- F : 
ics : . (current measuring device) con- 
tricity, only the effects of the resistance in the : ; 
bo ok ane j nected in series reads 5.3 am- 
circuit are significant, because inductance and . 
P : peres, What is the value of the 
capacitance depend on varying current or volt- ; : 
: : ‘ resistance in ohms? 
age. Consequently, the examples given in this 


chapter involve only resistances. BE = 6,/=538,R=? 
et El 
186. Ohm's Law ~ 
a. An important relationship between cur- fae 65. 
rent (1), voltage (FE), and resistance (R) in a 5.3 
circuit is given by Ohm’s law which states that = 12.26 or 12.3 ohms. 


the current in an electrical circuit varies di- 
rectly as the voltage and inversely as the resist- 
ance. Expressed in a formula, the relationship 
is: 


E=65 VOLTS 


_E 

~ R 
The formula may also appear in the following 
forms: 


E=I1R 
E 
R=7F 


b. The following example illustrates Ohm’s 
law: 


Example: Solve the following problem: I*5.3 AMPERES 
A voltmeter (voltage measur- TM684-70 
ing device) connected directly Figure 61. Simple circuit with unknown resistance. 


187. Solving Series Circuits 


The following example illustrates the method of using Ohm’s law and the principles of series 
cireuits (par. 182) to solve series dc circuits. 


Example: Solve the following problem: 
Resistors R,, R., and Rg are connected in series across a 
110-volt generator (fig. 62). If resistor R,; — 6.5 ohms, 
resistor R, = 10.3 ohms, and resistor Rz = 7.6 ohms, what 
is the total current in the circuit? What is the voltage drop 
across each resistance? 
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tributary, the Calore, were too deep and wide to 
cross except by bridges. Fields and orchards 
crowded the plain, but most dwellings were on 
higher ground around the edges. 


The attacking force was opposed by the 16th 
Panzer Division, deployed a few days earlier in time 
to get set for an invasion from the sea. Although 
thinly spread, they had prepared strong points to 
cover the approaches, beaches, and exits with ma- 
chine gun and artillery fire and had mined the sea 
approaches and mined and wired the beaches 
themselves. Tank traps and batteries of mobile an- 
titank guns would limit Allied armored support for 
an infantry that might succeed in getting off the 
beach. Antiaircraft gun positions were made ready. 
German tanks would move to danger points above 
the beaches. 


Against those preparations, the Allies sent an 
Anglo-American naval force commanded by Vice 
Admiral Henry Kent Hewitt, veteran of Operations 
TORCH and HUSKY, who was aboard the USS 
Ancon. His armada divided into two Anglo-Ameri- 
can attack forces, of which the northern had a 
Royal Navy commander and the southern, an 
American. 


The U.S. Fifth Army, under Lieutenant General 
Mark Wayne Clark, consisted of the British 10 
Corps, under Lieutenant General Sir Richard Mc- 
Creery, and the U.S. VI Corps, under Major General 
E. J. Dawley. Three battalions (ast, 2d, and 4th of 
U.S. Rangers) and a British Commando Unit 
formed a part of 10 Corps, which contained the 
British 46th, 56th, and (in reserve) 7th Armoured 
Divisions. General Dawley had the American 36th 
and 45th Divisions in the assault and the 3d Infan- 
try Division in reserve. In Sicily, the 82d Airborne 
Division waited in Army reserve. 


The landings were to be supported by both car- 
rier-based and land-based aircraft. Two fleet 
carriers of the Royal Navy and five small carriers 
would endeavor to protect the ships; the XII Air 
Support Command (Brigadier General E. J. House, 


USAF) of the Northwest African Air Forces would 
provide tactical air support in the battle ashore. Al- 
lied fighters from Sicilian airfields could operate 
over Salerno for only about twenty minutes before 
turning back with just enough fuel to get home. An 
Italian airfield at Montecorvino near the inland 
edge of the 10 Corps’ sector was therefore a major 
D-Day objective. 


The goal of Operation AVALANCHE was to oc- 
cupy the small harbor at Salerno, the Salerno plain, 
the airfield at Montecorvino, and the road and 
railroad center at Battipaglia, nearby. In the steep- 
sided mountains between the Gulf of Salerno and 
the Bay of Naples to the north, the Allied Force in- 
tended to occupy the passes and adjacent heights. 
Firmly ashore, the Fifth Army would wheel left 
through those passes and over roads farther inland 
to capture Naples. After clearing the port at Naples 
of the expected demolitions, Fifth Army would 
bring in the reinforcements and supplies necessary 
to reach planned totals of 225,000 troops, 34,000 
vehicles, and 118,000 tons of material. 


A beachhead line to be reached, if possible on 
D-Day, ran along the hills ringing the plain. It em- 
braced Vietri and Salerno on the north, Battipaglia, 
Eboli, Persano, and Ponte Sele in the center, Ag- 
ropoli, Paestum, Capaccio, Albanella, and Altavilla, 
with an adjacent Hill 424, in the southern sector. 


Like other amphibious assaults, AVALANCHE 
might have begun a race to establish stronger 
forces at key inland points. Instead, the 16th Panzer 
Division was there to greet the landing craft of the 
Italian surrender on on their way in, and to subject 
the troops of VI Corps and 10 Corps to a harsh re- 
ception. Next, it became a struggle to occupy and 
hold, or if driven away, to return and hold, key 
areas while opposing reinforcements approached. 
Lastly, it was a contest to strike weary troops, 
dispersed at various vulnerable points on the flanks 
or along the corps’ boundary, with stronger troops 
concentrated to attain superiority in numbers and 
fire power. 
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On 9 September 1943 the Fifth Army got ashore 
despite the preparations to stop them en route or 
on the beaches. The enemy used his prepared posi- 
tions plus his mobile tanks and artillery batteries in 
such a way as to make impossible any deep inland 
penetration. At the extreme left, a force of U.S. 
Rangers and British Commandos developed a sep- 
arate beachhead on the steep-sided Sorrento 
peninsula, and got control of certain passes through 
the heights. At the right, elements of the 36th Divi- 
sion got to Paestum and Capacclo. But in both 10 
Corps and VI Corps zones, the advance was not 
deep, and retention was possible only because the 
enemy’s tanks had been neutralized or destroyed 
by naval gunfire, by two battalions of field artillery 
carried to the dunes by amphibious trucks (Dukws), 
and by resolute infantry armed with bazookas and 
grenades. 


The British 10 Corps landings were preceded by 
shelling and rocket fire on the beaches south of the 
port city of Salerno. Their landings may thus have 
been less disrupted than those of VI Corps, but the 
enemy fought hard to hold them from access to the 
Salerno-Naples routes. 


General von Vietinghoff, commanding the Ger- 
man Tenth Army, had two related missions. He had 
to hold the way north open for the 26th Panzer and 
29th Panzer Grenadier Divisions in Calabria. He 
had also to stop Allied Fifth Army where it could 
later be destroyed, as soon as he could assemble su- 
perior strength. He called back the two mobile 
divisions from Calabria, where they had been ob- 
structing the advance of British Eighth Army, and 
he summoned from the Naples area the Hermann 
Goering Panzer and 15th Panzer Grenadier Divi- 
sions. They and other formations moved toward 
the passes leading to the Salerno plain. Part of the 
29th Panzer Grenadier Division was near enough 
on 9 September to begin assuming positions on the 
battle line before daylight. So Vietinghoff that night 
brought to the northern sector various units facing 
VI Corps. Fuel shortages slowed the movements of 
the 29th Panzer Grenadier Division, which strag- 
gled in during the next two days. The effect was to 
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minimize opposition to General Dawley’s VI Corps 
on the second day (D+ 1). 


On 10 September 1943 Dawley brought in his 
floating reserve, while the leading troops on the 
right reached the hills, and in the center started a 
push to Ponte Sele. The next day, the 36th Division 
extended its hold to all heights from Agropoli on 
the extreme right to Hill 424, near Altavilla. At the 
same time, the 45th Division took over the left sec- 
tor of the Corps zone, which was enlarged northward 
beyond the Sele River. The narrowing of the British 
10 Corps zone permitted stronger British thrusts to 
take Montecorvino and Battipaglia and was an ad- 
justment to the presence of more of the enemy in 
that zone. Salerno and Montecorvino were taken, 
but enemy artillery fire denied their use to shipping 
and aircraft. Around Battipaglia the battle surged 
in and out of the town. 


By the night of 11/12 September, the situation 
looked favorable to the Allies. They were ashore to 
stay. The enemy’s reinforcements might make an 
advance to Naples more difficult but did not seem 
to have brought about more than local counterat- 
tacks. Vietinghoff, however, did have a chance to 
strike back before the British Eighth Army arrived 
near enough to draw German formations away 
from Salerno. On 12 September he showed growing 
power in action after action. 


To help provide effective air support during the 
amphibious phase of Operation AVALANCHE, SI- 
GINT parties were placed aboard the headquarters 
ship, USS Ancon, and two British vessels, H.M.S. 
Euryalus and H.M.S. Palomares. Ancon was 
equipped with an elaborate system of telephones, 
teleprinters, and pneumatic tubes between the of- 
fices of various commanders, the staff operations 
rooms, and message centers. An RAF flight lieuten- 
ant and three Royal Navy seamen radio operators 
were reinforced by a voice intercept team consist- 
ing of an American ist lieutenant, an RAF sergeant 
interpreter, and three American enlisted men. The 
four Americans were from Detachment “B,’ 849th 
SIS. All were fluent in German but only the officer 


and the interpreter were familiar with German Air 
Force voice communications during combat opera- 
tions, and the latter had been obtained luckily at 
the last moment before embarkation, as an ex- 
change with the party on Palomares. 


At Salerno the RAF adopted a method of dis- 
tributing SIGINT that had proved successful during 
the invasion of Sicily — a broadcast from Malta of 
pertinent SIGINT based on the much wider inter- 
cept coverage possible at the fixed station in Malta. 
This time, the material that came via Royal Navy 
channels was slow in arriving. The broadcasts were 
not heard distinctly. After the first three days, the 
unit therefore turned to a parallel broadcast from 
RAF 329 Wing at La Marsa, Tunisia which could be 
heard fairly well. The wide intercept coverage at La 
Marsa that supported production of SIGINT en- 
abled that station to advise, through the unit on 
Ancon, the commanders at Salerno concerning the 
state of German Air Force units within striking dis- 
tance. As Allied countermeasures weakened enemy 
air, SIGINT picked up a report to a higher head- 
quarters by the German command at the Foggia 
airfield that a considerable number of JU-88s and 
DO-217s were there. Soon Allied bombers hit that 
target, and commanders at Salerno realized that 
the diminished German air activity would not soon 
revive. 


“Y” from Ancon was a means of offsetting the 
Germans’ misuse of the same frequency employed 
by the Allied Fighter Director Officer. Their “phony” 
air raid warnings could be counteracted by prompt 
recognition. 


The team from Detachment “D,” 849th SIS, had 
two receivers that had to be manned continuously. 
Contrary to expectation, they found that even night 
bomber pilots broke radio silence when over the 
target area and, even during the last stage of an ap- 
proach to it, kept asking if the target had been 
sighted. Radar frequently noted an approaching 
flight, but voice intercept confirmed the nature of 
the enemy formation. Moreover, radio interference 


from transmissions on the command ship affected 
radar more than it did the SIGINT radio receivers. 


Voice intercept materially helped the air 
defense of the ships and beachhead. The communi- 
cations of fighters, fighter bombers, bombers, and 
reconnaissance aircraft became readily distinguish- 
able. The fighter pilots talked the most, even though 
obviously aware that they might be heard. Before 
combat with Allied aircraft, the leader of the forma- 
tion gave orders to the other pilots, usually prefacing 
the orders with word of sighting an Allied plane 
that might be entirely unaware of being seen. That 
enabled the Allied listeners to pass a warning to the 
endangered Allied pilot. Frequently the German 
pilot, upon seeing an Allied plane, would report his 
own altitude and that of the one observed. In re- 
porting to controllers or other aircraft in flight 
where a pilot was, he also sometimes used a Ger- 
man grid system known to the SIGINT team, at 
other times a visible landmark which the team 
learned to recognize. The pilots used callsigns that 
permitted a close estimate of the size of a forma- 
tion. 


A German pilot having engine trouble usually 
reported that he was turning back to base; such an 
aircraft was therefore often vulnerable. When fight- 
ers reported that they had dropped their extra 
gasoline tanks, Allied aircraft could be warned that 
the enemy aircraft might become more maneuver- 
able in any impending encounter. If a pilot reported 
that his gasoline supply was down to a certain level, 
that often indicated that he was going to turn back 
to base with an amount calculated to get him there. 
If verbal air reconnaissance reports were heard, the 
information was presumably to be used by a forma- 
tion perhaps already airborne, and if no such 
reports were heard, it might indicate a night bomb- 
ing to come. The talk between bomber pilots about 
their targets occasionally disclosed how thoroughly 
informed the enemy was about shipping, as in the 
case of USS Ancon and later, H.M.S. Palomares, 
which controlled the carrier aircraft committed to 
supporting Operation AVALANCHE. Once the “Y” 
party had learned which callsigns and frequencies 
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to watch, it could give about twenty minutes ad- 
vance warning of a bombing attack on the ships. 
For about five days, the alerts brought response 
from Royal Navy Sea fires and other aircraft. Then, 
as the Allied planes were “worn down,” the enemy 
began getting through to target shipping and the 
warnings went to ships’ skippers.? 


Elements of three incoming German divisions 
had been committed at Salerno by 12 September. 
For a time it looked, before that day began, as if the 
Germans might have decided to withdraw, having 
lost the race. British 10 Corps had gotten the enemy 
out of the town of Salerno and its port and off the 
airfield at Montecorvino, even though both re- 
mained under enemy artillery fire and were 
unusable. VI Corps had almost reached Ponte Sele, 
and held Altavilla and Hill 424. But on 12 Septem- 
ber the course of the battle reversed. The enemy’s 
reinforcements drove both 10 Corps and VI Corps 
units from their more advanced positions. As an 
offset to those setbacks, the U.S. Rangers on the 10 
Corps flank near Castella Mare opened to the 
enemy a disturbing possibility of an Allied advance 
on Naples along the coast. U.S. engineers com- 
pleted the preparation of air landing strips near 
Paestum and Salerno. During that night, in antici- 
pation of enemy pressure in the zone between 10 
Corps and VI Corps, General Dawley shifted battal- 
ions of the 36th Division to that flank. 


General Clark, while on the Ancon, was in touch 
with GCCS via Admiralty channels and thereafter 
via a Special Liaison Unit with the Fifth Army CP 
ashore. Special intelligence was thus available be- 
fore and during the landings. Information 
concerning the German strength in Italy was 
known, though German intentions there were ob- 
scure, perhaps because they were not definite until 
the Allies had been ashore more than a month. In- 
telligence showing the tactical disposition of the 
German ground formations that might oppose the 
landings was late in arriving. Cryptanalytic difficul- 
ties delayed a report from GCCS until the morning 
of 10 September, identifying general locations of 
some elements of the German Tenth Army. After 


Page 80 


Kesselring's first situation report to OKW had been 
sent at 2200 hours on 9 September, GCCS could 
send its import to General Alexander only a little 
more than one day later. Subsequent SI gave ad- 
vance notice of enemy reinforcements and their 
disposition and of the tactical plans for counterat- 
tacks. 


For the first two days, the German Air Force 
provided a relatively moderate resistance to the in- 
vasion. Bombing of the ships suddenly increased 
on the night of 11/12 September, when eighty-five 
hits by rockets and radio-controlled glider bombs 
occurred. During the afternoon of 12 September, 
General Dawley began strengthening his left flank 
by shifting all of the 45th Division north of the Sele 
River, leaving the 36th Division with thirty-five 
miles of front to cover. That afternoon, both Gen- 
eral Clark and General House moved their 
command posts ashore. Ancon, known to be a spe- 
cial target of German bombers, was released only 
to be recalled when almost at Algiers and was then 
kept at Salerno until 19 September. Navy planes 
began using an airstrip near Paestum. While those 
actions on 12 September may have been based on 
Allied confidence that Fifth Army was ashore to 
stay, on 13 September the enemy’s success in block- 
ing Allied seizure of inland objectives, and in 
launching counterattacks that regained lost ground, 
led Vietinghoff to believe that the Allied invasion 
had stalled before gaining a firm lodgment. Partly 
on the basis of German SIGINT, he actually be- 
lieved for a time that the Allies were preparing to 
pull out. How else could one explain the gap he had 
recognized between British 10 Corps and U.S. VI 
Corps? He therefore prepared his strongest coun- 
terattack to exploit that avenue to the beaches. 


The enemy had enough new power on 13 Sep- 
tember to frustrate Allied attempts to regain Hill 
424 and Altavilla. His main effort was a heavy ar- 
mored counterattack down the center near the Sele 
River. After almost wiping out American infantry 
in its path, his tanks ran onto a salient bounded by 
the Sele and Calore Rivers at their junction, per- 
haps expecting to use a bridge there that had been 


demolished. Facing that narrowing area were two 
battalions of field artillery and other elements of 
the 45th Division. Converging fire struck the tanks 
as they reversed their course. 


The night of 13/14 September was a time of in- 
tense effort by Fifth Army. Aware of the German 
intentions and tactical plan, the Fifth Army’s Staff 
Information and Monitoring Company (SIAM) 
Service intercepted a message early that morning 
in the 45th Division's traffic that said: “Fifth Army 
expects a coordinated attack this morning, possibly 
northwest from Albanella or south from Persano.”3 
The Allied command brought over Fifth Army’s re- 
serve, the 82d Airborne, in three sections. The first 
were dropped that night. The second came by air, 
and the third by sea on the 15th. The 3d Infantry 
Division was alerted for transfer from Sicily by 18 
September. General Alexander killed an idea that 
General Clark had discussed with Admiral Hewitt 
as a possible maneuver, should the enemy’s success 
require it. That was to shift by sea the troops of one 
corps into the zone being defended by the other. 
Instead, he encouraged the Fifth Army in its plan to 
give up some ground for the purpose of establish- 
ing a shorter and stronger defense line and to put 
into the line as reinforcements not only the newly 
arrived paratroopers but also all available service 
troops. They were to reinforce 10 Corps right and 
the VI Corps left, where the enemy’s attack was ul- 
timately contained. In part that was accomplished 
by stalwart resistance at the Allied defense line. 
The enemy’s maneuvers could not have suffered 
from learning, from a 36th Division message sent 
in the clear at 1120 hours: “CUB need 57mm ammo 
at once.”4 In part successful defense came from 
heavy naval gunfire and from stepped-up air bomb- 
ing further inland on concentrations of enemy 
armor and troops. Particularly in the area near Bat- 
tipaglia and Eboli, the enemy found it costly to 
mount his thrusts. At the beaches and above the 
ships the air superiority of the Allied force was un- 
mistakable. 


By 15 September the enemy had accomplished 
the first of Vietinghoffs missions, and had 


concluded that any opportunity to drive the invad- 

ers off the beachhead had gone. While the German 
high command weighed the merits of defending 
south of Rome or farther north, the German Tenth 
Army began a slow withdrawal, hinging on the 
passes at the base of the Sorrento peninsula. It re- 
treated to the northern bank of the Volturno, 
relinquishing Naples and the surrounding area to 
the Allies. 


Enemy air attacks on the ships offshore, some 
of them over the horizon from the beachhead, came 
to a climax on 15 September with the crippling of 
H.M.S. Warspite. That battleship had been sent, in 
response to Admiral Hewitt’s request, to provide 
naval gunfire far inland and had contributed some 
fifteen-inch shells to the devastating cascade near 
Altavilla. Radio-controlled glider bombs, however, 
scored two hits and two near misses that required 
that the battleship be towed back to Malta. 


The “Y” parties on Ancon and Palomares were 
convinced that the glider bombs were being 
dropped from a higher altitude during lower-level 
diversionary attacks by other aircraft. When alerted, 
the Allies put aircraft still higher to terminate the 
practice. The next day they brought down two of 
the German bombers, and that success coincided 
with a general diminution in enemy air activity. He 
no longer could seriously affect the Allied 
operations ashore by interfering with the ships. 


On 21 September the U.S. 34th Division began 
landing over the Salerno beaches rather than in the 
port of Naples as originally scheduled. A week later, 
as a storm suspended operations at the beaches for 
several days, the invaders found the enemy never- 
theless releasing his hold on the passes and moving 
north. Naples was entered on 1 October by Fifth 
Army advance elements, while the Allies also 
gained control of Foggia. On 14 October unloading 
shifted from Salerno beaches to Naples. Mean- 
while, the Fifth Army reached the south bank of the 
Volturno River. 
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Enemy Strategy 


Kesselring believed that the Allies could be held 
south of Rome indefinitely by using the topo- 
graphic features and by building a series of major 
defense lines, of which the first would run across 
the peninsula through Mignano, ninety miles south 
of Rome, and the second, through Cassino, about 
twelve miles closer to the city. 


Enemy tactics in the mountainous terrain made 
astute use of the limited road net, the vulnerability 
of stream crossings, and the advantages of ground 
observation points and sheltered artillery posi- 
tions. Allied mobility was negated by mines, 
demolitions, and prepared fields of fire that obliged 
the attacking troops to make wide swings around 
road blocks, to construct their own bridges, and to 
engage in endless outflanking maneuvers on foot 
before a stretch of narrow road could be opened for 
vehicles. 


As the Allies were about to cross the Volturno, 
the Badoglio government formally declared war 
against Nazi Germany. Italy became a cobelliger- 
ent, not an ally. 


German troops on Sardinia were meanwhile 
moved to Corsica, and thence to Leghorn, while the 
battles in the south were in progress. They were 
then marched to the area southeast of Rome to re- 
inforce the opposition to the British Eighth Army. 


In the light of special intelligence, the Allies had 
begun operations in Italy expecting that the enemy 
would quickly relinquish the peninsula as far as the 
northern Apennines but would hold there ina _pre- 
pared defense line shielding the Po Valley. 
Resistance in the south to gain time enough for 
construction in the north could be expected. The 
Allied objective at first was to liberate Rome, and 
they doubted that the Germans would make a 
stand south of that city. When they did just that, 
doubts emerged that the liberation of Rome would 
be worth the costs, but those doubts passed, and 


Page 82 


eventually it began to seem desirable to establish 
Allied control of the Po Valley. 


Three weeks after landing on the Salerno 
beaches, the Fifth Army was in Naples. One week 
later it had reached the Volturno River. According 
to the schedule of withdrawal to a strengthened 
line of prepared defenses, the Germans pulled back 
from the Volturno toward the “Gustav Line” along 
the Garigliano-Rapido Rivers. It took the Allies sev- 
eral more weeks to break past an intermediate 
“Winter Line” and to advance through prominent 
hills and higher mountains. Hitler, after his initial 
uncertainty about a proper point at which to stop 
an Allied advance, on 4 October 1943 reached the 
conclusion that Kesselring, the optimist, had been 
right while Rommel, less hopeful, had been mis- 
taken. The Germans would defend south of Rome, 
and continue to hold that political prize. Instead of 
entrusting the top command in Italy to his Army 
field marshal, he would give it to his Air Force field 
marshal. Army Group B in northern Italy was dis- 
solved in November 1943. Its divisions passed to 
Kesselring’s command. The Germans reasoned 
that only in the air would Allied superiority persist, 
and possibly that situation might also be reversed. 


Tactical SIGINT Service 


The first SIGINT teams with Fifth Army, during 
the amphibious assault, were provisional units 
placed on command ships to support air defense. 
On the second day of the invasion, the regular VI 
Corps unit came by LST from Sicily. It consisted of 
Detachment “E,” 849th SIS, and about one-third, 
known as Detachment “R,” of the 128th SRI Com- 
pany. At the beach on 11 November that LST was 
hit by a shell that injured two men of the intercept 
company. The VI Corps unit covered medium-fre- 
quency nets between lower echelons, on which the 
traffic was about equally three-letter (T/L) codes 
and plain text, and between middle levels of com- 
mand, in Playfair ciphers. The daily SIGINT report 
to VI Corps G-2 was sparse and insignificant until 
the action reached the area between Naples and the 
Voltumo River. Certain units could then be heard 


and their messages read, particularly the Engineer 
Battalion of the Herman Goering Panzer Division, 
the Reconnaissance and Artillery units of the 26th 
Panzer Division, and the Reconnaissance Battalion 
of the 3d Panzer Grenadier Division. 


The Fifth Army had “Y” sections operating with 
army headquarters and each corps headquarters 
after Naples had been taken. On 16 October 1943 
an Army Group “Y” Section attached to Fifth Army 
began DF operations. Colonel Edwin B. Howard, 
G-2, Fifth Army, reported then that the SIGINT 
service was well set up, and was producing a large 
amount of information quickly and accurately.5 


When the campaigns in Italy began, German 
Army low-level traffic was increasingly transmitted 
on VHF links. In Africa, almost all of it had been on 
MF/HF (1-4 MHz). British experience there showed 
that an intercept unit was needed at Army head- 
quarters level to maintain MF/HF coverage of 
enemy links that Corps units either could not hear 
or lacked enough resources to cover while monitor- 
ing targets of higher priority. The Army headquarters 
also needed an intelligence unit to guide collection, 
process the traffic collected, and interpret to G-2 
the SIGINT obtained. But in Italy, as VHF traffic 
expanded and MF/HF traffic shrank, that arrange- 
ment had to be altered. 


Since VHF transmissions were low-powered 
and line-of-sight, they could be heard usually only 
at forward sites by units working for Corps head- 
quarters. Instead of reading current messages, the 
Army-level SIGINT units developed research, fil- 
ing, and record-keeping techniques by which they 
reexamined traffic and logs in order to assist the 
work of the corps units. 


Those changes attributable to alterations in 
communications technology were further encour- 
aged in 1944 by new German signal security 
procedures. The resort to frequent and randomized 
callsign changes and the substitution in medium- 
grade traffic of Rasterschluessel (“Raster”) for 
Playfair further complicated the situation. 


Fifth Army tactical SIGINT was thought to be 
best obtained and used at the corps level by com- 
bining SRI detachments of 2 officers and 90 to 100 
enlisted men with SIS detachments of three officers 
and fifteen enlisted men. The latter directed the in- 
tercept coverage, including search. The operators 
manned from eight to ten positions, normally 
enough to cover a corps front and to communicate 
by radio with an army detachment. The SIS ele- 
ment analyzed and interpreted the traffic. Its men 
were trained to recognize enemy networks, to 
break simple codes and ciphers and to translate 
and/or interpret decrypts. The senior SIS officer 
reported results to the corps G-2 either in daily 
morning reports or, if more urgent, by wired tele- 
phone. 


For the first stage of the campaign from Salerno 
to Cassino, the Fifth Army Headquarters “Y” unit 
consisted of a detachment (3 officers and 115 en- 
listed men) from the 117th SRI Company teamed 
with the British 44 WTI Section (four officers and 
sixteen other ranks). In January 1944, after an 
overlapping period, they were relieved by the Head- 
quarters Detachment, 128th SRI Company (Captain 
Shannon D. Brown, CO, one other officer, and 119 
enlisted men) teamed with Detachment “A,” 849th 
SIS (three officers and eighteen enlisted men). That 
combination remained the Fifth Army “Y” unit to 
the end of the war. 


The VI Corps “Y” Unit, as we have seen, was a 
similar combination — a small detachment (“E”) of 
849th SIS (2d Lieutenant Sidney Reisberg) teamed 
with another detachment of the 128th SRI Com- 


pany. 


The II Corps “Y” Unit brought together a third 
detachment of the 128th SRI company (Lieutenant 
Francis H. Smith) and Detachment “H” of the 
849th SIS. (Headquarters, II Corps, took command 
on 18 November 1943 of a sector of the Fifth Ar- 
my’s front.) 


British 10 Corps was served by a British Special 
WTI Section and attached WTI Section. 
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Overlapping coverage by the army and corps 
units occurred by design. Either for speedier ser- 
vice on certain matters to the Army G-2, or for 
guaranteeing hearability, or for the coordination 
and control of all corps-level units, some duplica- 
tion seemed desirable. The army unit studied the 
summaries and technical reports by corps units, 
conducted research on enemy codes and ciphers, 
engaged in traffic analysis, distributed results to 
the corps units, and kept them from repeatedly du- 
plicating part of each other’s efforts. 


After AFHQ had assigned the 128th SRI Com- 
pany to Fifth Army, AFHQ retained no control over 
it. The 849th SIS detachments, on the contrary, al- 
though attached to the Fifth Army and completely 
under its operational control, remained under the 
administrative control of the 849th SIS at AFHQ. 
The detachments of the 128th SRI Company with 
the VI Corps and II Corps were only semi-indepen- 
dent, for they operated under corps G-2 control 
and received routine administation from corps 
headquarters, but they remained under Headquar- 
ters, 128th SRI Company (at Fifth Army) for 
matters involving personnel and equipment. An 
SIS officer assigned to G-2, Fifth Army, coordi- 
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849th SIS Mediterranean 
Theater 428th SRD, 

2 1/2-ton camouflaged 
intercept van 
(Photograph from the 
NSA History Collection) 


nated the operations of the Corps and Army “Y” 
units. 


Headquarters, 15 Army Group, coordinated 
Fifth Army, Eighth Army, and 15 Army Group “Y” 
operations. The flow of technical information from 
research sections at Army Group aided the opera- 
tions of Fifth Army sections immeasurably, in the 
judgment of the Signal Officer, Fifth Army.® Direc- 
tion finding in Italy was accomplished at army 
level. While each corps “Y” unit in Fifth Army had 
one apparatus of British make, and found useful 
the single line bearings thus obtainable, it found 
that it could not manage DF nets. The 15 Army 
Group furnished the personnel for it to the two 
armies. On the Fifth Army front, three mobile DF 
teams in one net concentrated on enemy division 
and regimental traffic. After the DF data were pro- 
cessed at Army Headquarters, G-2, Fifth Army, 
sent the finished product to corps SIGINT units 
and corps G-2 sections. 


Fifth Army controlled one SIGINT communica- 
tions net; the Army unit itself, within a SIGINT net 
controlled by 15 Army Group, passed intelligence 
reports, technical information, and essential ad- 
ministrative messages. In the SIGINT section at 


G-2, a daily “Y” report, segregated from intelligence 
gained in other ways, was prepared. When the 
codeword PEARL (for low-grade decrypts) and 
CIRO-PEARL (for medium-grade decrypts) went 
into effect, G-2 had a “PEARL Section.” Its daily in- 
telligence reports tagged items for CIRO-PEARL, 
and in the case of the results of traffic analysis and 
direction finding, as THUMB 1 or THUMB 2, re- 
spectively. 


Headquarters, Fifth Army, responding to in- 
structions from AFHQ, created the 668o9th Staff 
Information and Monitoring Company (SIAM), 
Provisional, which performed the functions of what 
the British Eighth Army had termed its “J” Service. 
Radio intercept operators in three corps and four 
divisional platoons monitored communications 
among Fifth Army units to detect violations of sig- 
nal security that might benefit the enemy and to 
keep close watch on the positions, circumstances 
and intended actions of units at the front line. Their 
reports were intended to keep division, corps and 
army headquarters immediately aware of events at 
lower echelons and, at the same time, to keep the 
latter abreast of developments among the units on 
their flanks. 


At the end of the war in Italy, the SIAM Service 
was appraised as efficient, desirable and “consider- 
able,” and if kept fully mobile, worth maintaining 
at one platoon plus one additional liaison officer 
with each division.7 


The ability of the VI Corps “Y” unit to monitor 
communications of the Hermann Goering Division 
Engineers yielded early reports of demolitions and 
thus showed the pattern of German delaying tactics 
to be expected as the Fifth Army moved north. On 
12 October the 3d Panzer Grenadier Division was 
identified as coming into the enemy line at the 
Volturno River. Its ability implied that it might be 
about to cover a withdrawal rather than to rein- 
force a longer stand at the river. By 15 October 
coordinates of the enemy’s main line of resistance 
had been determined. The entire German Tenth 
Army had pulled back to that line, conforming to a 


schedule of withdrawal that gave time for the 
strengthening of the so-called “Gustav Line” along 
the Garigliano-Rapido Rivers and at Cassino. 
The 3d Panzer Grenadier Division had relieved the 
16th Panzer Division so that the latter could be 
sent, at Kesselring’s insistence, to face the British 
Eighth Army on the Adriatic side of the Allied ad- 
vance. The relief had the effect of interrupting 
certain defense preparations at the Volturno and of 
weakening the opposition to be met by the U.S. 3d, 
34th, and 45th Divisions as they crossed the 
Volturno and pushed up to the “Winter Line.” 


Another example of the merit of SIGINT in 
yielding intelligence from the area behind the ene- 
my’s main line came on 29 October 1943. The 
enemy was using a highway bridge at Mignano to 
move north. Allied bombers struck that morning 
with uncertain effect and were held available for a 
second attack. The VI Corps unit learned by noon 
from the Hermann Goering Division Engineers 
that the bridge was no longer usable, and that Ger- 
man road traffic had been rerouted. Early that 
afternoon the alternate bridge was also bombed out 
of service. 


The American “Y” units in Italy moved in trucks 
and vans. Between 1943 and 1945 Detachment “A,” 
849th SIS, with the Fifth Army used a large trailer 
which had been modified by cutting out windows 
and a side door. The walls held shelves and maps. 
Along the sides were tables, a packing case con- 
verted into a desk with drawers, and a file cabinet. 
Gooseneck lamps, two electric fans, typewriters, 
telephone, teleprinter, and an M-209 converter 
formed part of the equipment used by the analysts 
and reporting personnel. Other detachments of the 
849th SIS and those of the 128th SRI Company 
used two 2-1/2-ton trucks with solid walls and 
camouflaged canvas roofs at heights enabling men 
to stand under them. The vehicles would be parked 
rear-to-rear, connected by a platform to which a set 
of steps could be attached. Receivers were put on 
shelves and tables across the front and along the 
sides. Antenna lines and power and communica- 
tion cables came in through openings. Each truck 
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had an exhaust fan for ventilation. Some had 
screens over windows. Tents were pitched beside 
them. 


One or more of the intercept units mounted an 
H-shaped antenna on a rotatable shaft running 
vertically through the roof, turned by a wheel at the 
base. Calibration of the circle was marked on the 
ceiling. 


When an intercept unit could occupy a dwell- 
ing, it set up shop in relative comfort among a swirl 
of wires coupling the receivers with the antennas 
outside. 


Early in 1944 the 849th resumed extensive pro- 
cessing and research at its headquarters in Algeria. 
The field center developed only after many of the 
personnel had gained experience working with SI- 
GINT units in Tunisia, Sicily, and Italy. 


The Intelligence Branch 849th SIS was ready to 
undertake work on German Army and Air Force 
medium-grade (Playfair and double-Playfair) com- 
munications when months of preparation came to 
fruition in February 1944. A new Solution Section 
for that purpose then began operations. The prepa- 
rations for it began with training in the United 
Kingdom of analysts who spent several months 
there becoming expert in Playfair analysis after 
preliminary analytic training in the United States. 
The first such group (three officers and twelve en- 
listed men) arrived in Algeria in July 1943. It was 
promptly added to a party from Detachment “B,” 
849th SIS (four officers and twenty-four enlisted 
men) and from the 117th SRI Company (two offi- 
cers and ninety-seven enlisted men), all of whom 
went to Santa Flavia, Sicily, to develop their skills 
in covering the communications links on which 
medium-grade German Army traffic was being 
passed. 


The second group (five officers and twenty-six 
enlisted men) reached North Africa in November 
1943. In the following February part of that group 
(three officers and twelve enlisted men) 
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was assigned to the new Solution Section. Almost 
immediately afterwards, the cryptanalysts who had 
been with Detachment “B” at Santa Flavia, Sicily, 
returned to work in the new unit. The table of orga- 
nization (T/O) of the Solution Section contained 
“slots” for six officers and eighteen enlisted men for 
the rest of the war, and although the turnover of 
personnel was considerable, at the end of the Play- 
fair period in November 1944, nine of the original 
thirteen enlisted men were still on duty there. 


The Solution Section tried to analyze traffic in 
medium-grade cryptographic systems with the 
benefit of all obtainable collateral and allthe _ col- 
laboration available from other analysts. To 
anagram Playfair, an analyst needed familiarity 
with the usual addressees, signatures, routine for- 
mats, personalities, and other recurrent 
probabilities. Of secondary value were the fre- 
quency and combinations of bigrams. The British 
center for such work in the Mediterranean in 1944 
was a Special Intelligence Company at Bari, Italy. 
Duplication of effort was reduced to a minimum, in 
part because of the slower delivery of traffic to the 
Solution Section. By the time the Solution Section 
could work on it, 7 SI Company had either broken 
the ciphers for that period or had turned to subse- 
quent messages, leaving earlier ones unread. The 
Ameri-can output was normally available from five 
to seven days after the time of interception. 


The Intelligence Branch had a Laboratory Sec- 
tion with both photographic and chemical units. 
The latter tested for the presence of secret inks, 
working in Sicily and Salerno with the Censorship, 
and later with the CIC and the OSS. When the 
needed photographic equipment finally arrived, 
the photographic unit was able to assist others at 
AFHQ as well as the 840th SIS. 


In January 1944 the Intelligence Branch estab- 
lished a new Traffic Analysis Section of sixteen 
enlisted men, who had come to North Africa after a 
training period in the U.K. The section controlled 
the intercept operations of a station (at L’ile Rousse, 
Corsica) that collected German Army traffic from 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Step 5. 


Check: 


Find the total resistance in the circuit. 
R, = Rk, +R.4+ Rs 

= 65+ 10.3 + 7.6 

— 24.4 ohms total resistance 


Find the total current in the circuit. 
E= IR 
110 = 
24.4] = 110 
I = 4.508 amperes total current 
Find the voltage drop across R,. 
E = IR 
= 4,508(6.5) 
= 29.302 volts across R, 


Find the voltage drop across R.,. 
E= IR 
= 4,508(10.3) 
= 46.482 volts across R, 
Find the voltage drop across Rs. 
E = IR 
= 4.508(7.6) 
=: 34.261 volts across Rs 


34.261 + 46.432 + 29.303 — 109.996 or 110 volts. 


| 


Rt 
6.5 OHMS 


Ho R2 
VOLTS 10.3 OHMS 


R3 . 
7.6 OHMS TM684-72 


Figure 62. Series circuit with unknown current, 


188. Solving Parallel Circuits 


The following example illustrates the method of using Ohms’ law and the principles of parallel 
circuits (par. 183) to solve parallel de circuits. 


AGO 558A 


631960 O -62 ~9 


Example: 


Solve the following problem: 

In figure 63, a resistor of 200 ohms (F,), a resistor of 600 
ohms (R,), and an unknown resistor (R3) are connected in 
parallel across a source of emf. The voltage across R, is 40 
volts. The current through the resistor of unknown value 
(R3) is 0.40 ampere. Find (a) the value of Rz, (b) the total 
resistance of the circuit, and (c) the total current, in the 
circuit. 
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849th SIS Mediterranean Theater, interior of van showing DF controls and Hallicrafter receiv- 
er and Panoramoscope used by Detachment “D” (Photograph from NSA History Collection) 


northern Italy and southern France. The personnel 
of that station consisted of American intercept op- 
erators and traffic analysts who had previously 
been at Santa Flavia, Sicily, in the same group from 
which the cryptanalysts were to be taken for the 
new Solution Section of the 849th SIS in February 
1944. Another detachment of the 117th SRI Com- 
pany, one that had been working in Italy, rejoined 
the company in Corsica. The station there was then 
manned by 5 officers, 1 warrant officer, and 201 en- 
listed men of the 117th, plus 4 officers and 32 
enlisted men attached from other units. 


Intercepted traffic went daily by air to Hamman 
Melouane. 


There the new Traffic Analysis Section exam- 
ined traffic logs for repeats, transmissions, 
references in plain text, names of communicators, 
and other clues of value in reconstructing nets. The 
unit maintained files and researched callsign allo- 
cations. When predictable systems of allocation 
were replaced by random assignments, the Traffic 
Analysis Section focused on identifications by other 
means in order to assist forward detachments. 
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Both the Traffic Analysis Section and a new Co- 
ordination Section assisted the Solution Section. 
The former issued weekly reports on German 
ground radio networks and filed data on the Italian 
and Balkan nets in which the Solution Section was 
interested. The latter compiled data on order of 
battle, personalities, codenames, map references, 
and other matters relevant to Playfair traffic from 
Italy, the Balkans, and southern France. 


About the same time that the other general 
command organization in the Mediterranean was 
changed, making it primarily a British responsibil- 
ity, the RAF “Y” structure in that theater was 
altered. On 14 January 1944 Headquarters, RAF 
276 Wing moved from Heliopolis, Egypt, to Con- 
versano, Italy, and assumed control of all British 
RAF “Y” Units in the theater. It took over the “Y” 
broadcasts. Headquarters, RAF 329 Wing, which 
had been created to control such activities in the 
Western Mediterranean, became simply a person- 
nelpoolforassignmentstodutyinthe Mediterranean 
or elsewhere. The ten subordinate RAF SIGINT 
Field Units were renumbered; some were to move 
up the peninsula as the front shifted, while others 
were to remain at Conversano and Caserta. At Con- 
versano with Field Units 2 and 3 was Detachment 
“F,” 849th SIS, and a party of intercept operators 
from the 123d SRI Company. 


During the months of long-range bombing 
from bases near Foggia, such missions were ac- 
companied by airborne voice interception teams. 
The logs of their collection efforts were studied in 
July 1944 for evidence of patterns in the defensive 
operations of the German Air Force; the study re- 
produced a fairly complete picture. 


Locations and callsigns of the German controls 
were identified. From radar and visual observation 
posts, and from shadowing aircraft, it was noted 
that reports of the positions of Allied bombers were 
passed to a central controller, who relayed that in- 
formation to fighter controllers. The latter got 
fighters airborne, assembled in formation, into and 
out of an attack, and then back on the ground. Also, 
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if large numbers of Allied bombers and escorting 
fighters were reported to be approaching a target 
along several different routes, the controller would 
often confine himself to relaying observation re- 
ports leaving the choice of actual defensive tactics 
to the leaders of fighter groups. 


It was also noted from these studies that as the 
Allies repeatedly attacked certain targets, they elic- 
ited German responses according to a regular 
pattern. SIGINT showed also that on several occa- 
sions the enemy had become aware of the Allied 
objective as early as two hours before the bombers 
arrived in the target area. On the other hand, when 
the enemy remained uncertain which of more than 
one possible target was to be bombed, he put fight- 
ers up to oppose more than one. Consequently, the 
Allies took a course that threatened several places, 
leaving the actual target in doubt as long as possi- 
ble, and making a sharp turn to that place at the 
last minute. These feints successfully confused and 
delayed the enemy’s response.8 


Eventually studying the logs ceased to identify 
fighter units or to determine where specific fighter 
units were based, since the resort to frequent and 
random callsign changes prevented timely access 
to reliable data. It was, however, possible to calcu- 
late the numbers of enemy aircraft involved. Also, 
in the course of an Allied bombing mission, an air- 
borne intercept operator could sometimes warn the 
leader of the formation that enemy fighters were 
approaching or that an intense antiaircraft barrage 
could be avoided by a change of course. 


In the “Winter Line” 


By 4 November 1943, having crossed both the 
lower and upper stretches of the Volturno River, 
the Allied force had reached the “Winter Line,” 
which ran near several major Allied objectives. The 
advance took them through and over mountainous 
terrain, along dirt roads that the enemy had mined, 
and across streams where the enemy had demol- 
ished the bridges not previously wrecked by Allied 
air or artillery. Air support at that stage took the 


form of prearranged missions rather than attacks 
on targets of opportunity in front of Allied infantry. 
Fifth Army became exhausted during the first 
phase of its efforts to break through the “Winter 
Line.” It broke off the attack in mid-November 
when the enemy was almost as tired. 


It was possible for “Y” produced by VI Corps SI- 
GINT unit to inform G-2 that elements of the 26th 
Panzer Division were reinforcing the 29th Panzer 
Grenadier Division in front of the U.S. 45th Divi- 
sion on 6 November. Three weeks later, the 26th 
Panzer Division was reported to be moving east to 
relieve the 16th Panzer Division on the Eighth 
Army front. 


Both Allied armies girded themselves to renew 
the offensive. The U.S. ist Armored Division ar- 
rived during November. A French Expeditionary 
Corps came, too. In the east, British Eighth Army 
sought to reach Avezzano, where it would threaten 
the Rome area from one direction. In the western 
zone, after getting through the “Winter Line,” Fifth 
Army was to cross the Garigliano and Rapido Riv- 
ers and push generally northwestward along the 
Liri-Sacco River valley and Highway No.6. When 
Frosinone, about fifty miles south of Rome, had 
been taken, Fifth Army, it was thought, might make 
an amphibious landing at Anzio-Nettuno, thus 
threatening the enemy’s flank and rear and hasten- 
ing the Fifth Army’s progress to Rome. 


The attack by the Eighth Army fell short of its 
objective. The Fifth Army was also unsuccessful. 
The end of 1943 found it still south of the Garigli- 
ano and Rapido Rivers facing about two more 
weeks of slogging battles before it could even 
launch a crossing. The projected Anzio “end-run” 
had been necessarily shelved by the delay. 


The “Y” units in Italy found that certain Ger- 
man divisions and lesser units were particularly 
valuable sources. The more mobile they were, the 
more likely they were to communicate by radio in 
simple systems involving minimal complication in 
encipherment. The basic codes stayed the same 


and all changes were quickly followed. The VI 
Corps SIGINT Unit faced some of the same forma- 
tion successively between Salerno and the Volturno, 
again at the “Winter Line” and once more at Anzio. 
The Hermann Goering Division (especially its En- 
gineer Battalion), the reconnaissance units of the 
26th Panzer Division and 3d Panzer Grenadier Di- 
vision, and the former’s 93d Artillery Regiment-all 
proved to be valuable sources in action beyond the 
Volturno, as did the 764th Heavy Artillery Battal- 
ion. During the relatively gradual approach to the 
“Winter Line,” they found few plain language trans- 
missions on MF/HF but much more at lower 
echelons on VHF, both voice and radio. From bat- 
talions of the 26th Panzer Grenadier Division they 
obtained more and more. Then, at the “Winter 
Line” itself, during the stalemate in December and 
January, even though the enemy used wirelines to 
a greater extent, much material could be taken 
from MF/HF and VHF radio nets. Later, at Anzio 
they found the 764th Heavy Artillery Battalion and 
the 3d Panzer Division’s Artillery Regiment each 
using its own type of letter-code on MF/HF nets, 
and the 65th Infantry and 4th Parachute Division, 
each with VHF nets differing from the other’s. To 
the communications of German parachute divi- 
sions the Allied SIGINT producers felt greatly 
indebted. 


The 15th Panzer Grenadier Division, which the 
U.S. II Corps Unit faced during the winter and the 
VI Corps fought during the breakout in May 1944, 
transmitted on MF/HF and used chiefly three-let- 
ter code; it was a generous source of | SIGINT. 
During the Allied offensive of 11 May 1944 until the 
breakout, the II Corps “Y” Unit derived much of its 
material from the 71st and 94th Grenadier Divi- 
sions, particularly the latter’s 267th Grenadier 
Regiment, which passed voluminous amounts of 
traffic in long, nonalphabetic, jargon code. Other 
elements of the two divisions indulged in much 
plain language and three-letter code on VHF links. 


During the cold, rainy winter campaign of 


1943-44, both sides were reinforced. By January, 
the German Tenth Army of fifteen divisions 
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(so-called) along the Gustav Line faced the 
eighteen Allied divisions of the U.S. Fifth and the 
British Eighth Armies. Fifth Army included the 
U.S. VI Corps and II Corps, British 10 Corps, and 
the French Expeditionary Corps, while Eighth 
Army had British, U.S., and Polish divisions. The 
Fifth Army advanced to the Garigliano-Rapido Riv- 
er’s southern bank along both sides of Highway No. 
6. There the Allied advance again stopped. Succes- 
sive attempts to open the way into the Liri River 
valley for exploitation by American armor were fi- 
nally abandoned after the enemy had held on 
stubbornly to his dominating position at Cassino 
through March. British Eighth Army, after being 
checked short of Pescara, took over the eastern part 
of the Fifth Army front at Cassino. 


Operation SHINGLE at Anzio 


Among Allied resources were sealift and navy 
escort for amphibious landings behind the enemy’s 
main line of resistance. Such an attack at Anzio, in 
the western coast about twenty miles from the 
Alban Hills and thirty-five miles southwest of 
Rome, remained under consideration for many 
weeks. 


The first plan of an Anzio operation called for a 
thrust toward the Alban Hills from the west in co- 
ordination with another from the south. It was 
reasoned that it might force the enemy to withdraw 
beyond Rome. The next plan entertained for a week 
in December 1943 was to draw German forces away 
from the Gustav Line to the Anzio beachhead and 
thus to facilitate the long-sought breakthrough. 
Failure to take Frosinone caused the first plan to be 
dropped. Inability to move far enough and fast 
enough, after breaching the Gustav Line, to estab- 
lish mutually supporting drives by II Corps and VI 
Corps (at Anzio) caused the second plan to die. 
Since the sealift for an operation at Anzio was sub- 
ject to the higher priority of a cross-Channel attack, 
for which many LSTs would have to leave the Med- 
iterranean early in 1944, the chance to expedite the 
liberation of Rome via Anzio seemed to be slipping 
away as the new year approached. 
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By decisions in December 1943 and the follow- 
ing month, command in the Mediterranean area 
shifted from General Eisenhower to General Sir 
Henry Maitland Wilson. The British high com- 
mand assumed the degree of responsibility 
previously held by the U.S. Joint Chiefs of Staff. 
The prime minister strove successfuly to bring 
about a two-division assault landing at Anzio in 
January 1944, at a time when, he hoped, the enemy 
might have to divert formations from the Cassino 
front in order to prevent the Anzio force from cut- 
ting the German line of communications to Rome. 


Operation SHINGLE was executed by U.S. VI 
Corps under General John P. Lucas, who had re- 
lieved General Ernest J. Dawley as its commander 
on 20 September, just after the critical days at 
Salerno had ended in victory. The landings at Anzio 
were scheduled for 22 January, with British 1 In- 
fantry Division on the northerly side and the 
experienced U.S. 3d Division, plus Rangers and 
others, on the right, or southerly side. After re- 
hearsals near Naples, the landing force would 
embark there to make a surprise, night attack. 


Kesselring was alerted by German SIGINT to 
the fact that the Allies were about to make such an 
attack somewhere, but he lacked air reconnais- 
sance reports to suggest the probable place. Admiral 
Canaris, then head of the Abwehr (counterintelli- 
gence organization), on a visit to Kesselring’s 
headquarters, assured Kesselring that no indica- 
tion of such an operation in the near future had 
been ob- served. On 18 January Kesselring ordered 
two veteran divisions (29th and 90th Panzer Gren- 
adier) and Headquarters, I Parachute Corps, to 
move from the Rome area to the mouth of the Liri 
River valley, there to relieve and reinforce the Ger- 
man troops facing the Fifth Army. On that same 
day, rehearsals for the Anzio landings turned out to 
be a sad fiasco; many Dukws and other craft, and 
the valuable, self-propelled 105mm guns that they 
otherwise would have borne ashore at Anzio, were 
lost. 


At 0200 hours on 22 January 1944, 40,000 
men and 5,200 vehicles started to land at Anzio 
Beach from 242 transport vessels and landing craft, 
escorted by minesweepers, destroyers, and other 
combat ships totaling 112. Tactical air support 
came from both British and American components 
of the Mediterranean Allied Air Force. The land- 
ings were not strongly opposed on the ground; by 
midnight the transports were 90 percent unloaded. 
Every three to four hours, however, German bomb- 
ers struck. 


General Lucas was expected to move his com- 
mand inland as far and as rapidly as he could 
without becoming vulnerable to counterattacks. He 
would have to depend on daily convoys along the 
coast to maintain his force. Everything would be 
unloaded at a small port and on an exposed beach 
under bombing from the air and shelling from ar- 
tillery. As the beachhead pushed inland, the line 
kept lengthening. To put the beach out of range of 
field guns and provide adequate area for dispersal, 
the line had to be long and thinly held. He doubted 
the possibility of penetrating far enough to inter- 
rupt completely the enemy’s line of supply leading 
to the Gustav Line farther south. 


“Y” Service during the First Phase at Anzio 


The main opposition on D-Day came from 
mines in the lanes of approach and from mines 
planted in the sandy beaches, supplemented by ar- 
tillery able to reach some of the shipping, and by 
aircraft that broke through Allied fighter defenses 
to hit beaches and some of the ships. During the 
next two days, the air attacks increased in strength 
and frequency and sought particularly to disrupt 
the influx of material. On D+ 3, despite bad weather 
that afflicted all unloading except within the small 
port of Anzio, enemy air pressed its program of cur- 
tailing the growth of VI Corps ashore while German 
troops assembled to contain the beachhead. Delib- 
erate, savage German air attacks on illuminated 
hospital ships embittered the invading troops. 


Generals Alexander and Clark came from Na- 
ples during D-Day to observe the action. General 
Alexander came back three days later to check on 
the progress toward the distant Alban Hills. He 
seemed then to approve the decision by General 
Lucas not to send raiding columns into the growing 
assemblage of German forces but to insure reten- 
tion of his beachhead base against the threat that 
rapid German reinforcement was forging. 


To cope with German Air Force attacks, the 
Twelfth Air Force had provided a considerable 
Fighter Control Squadron for the assault force and 
had put fighter-director teams on ships, as at 
Salerno. They found plenty to do. The results were 
mixed. On the ships, the fighter-director team on 
H.M.S. Royal Ulsterman was not kept informed of 
the movements by friendly aircraft, and the team 
on LST 305 specialized in defense by night fighters. 
The “Y” party with the latter was equipped to inter- 
cept traffic on VHF, inaudible during the periods 
from dusk to dawn when the control party was on 
duty, and audible only when the controllers were 
off. On USS Biscayne, the flagship, a fighter-direc- 
tor party kept in touch with others ashore. On the 
destroyer escort Frederick C. Davis, which pro- 
vided protection for follow-up convoys, a “Y” team 
that had served on it as an air-warning unit before 
Operation SHINGLE, was able during the Anzio 
operation to earn a warm commendation, particu- 
larly mentioning T/5 Eric Marx of the 849th SIS.9 


The small team from Detachment “D,” 849th 
SIS, that went ashore on D-Day consisted of Lieu- 
tenant Pierre de St. Phalle and four enlisted men. 
They worked with the 82d Fighter Control 
Squadron.1° The main body of Detachment “D” 
came later from Naples. The team first operated 
from its vehicle beside the road from Nettuno to 
Littoria. On 31 January 1944 it shifted to a site near 
a water tower north of the prominent Villa Bor- 
ghese and placed an antenna where DF reception 
was better. Dependent for rations on the 82d 
Fighter Control Squadron, the team aptly named 
that unit GRUBSTAKE for coded calls. Keeping in 
close touch with GRUBSTAKE, reinforced by three 
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DF operators and better equipped, the unit gained 
experience and reported important information for 
all Air “Y” service. 


The team tested different methods and found 
some worth describing. By attaching loudspeakers 
to both receivers, the duty officer was free to tele- 
phone information at once to fighter control while 
the intercept operator controlled the set. The two 
receivers could be tuned to catch traffic transmit- 
ted on alternate frequencies. The DF set was also 
connected to a loud speaker; directional bearings 
were determined by the yield at the speaker rather 
than by using earphones and a carrier indicator. 
That arrangement improved the DF results. 


When the unit began getting data from POW 
interrogations and documents that revealed the 
identities of many German units, their locations, 
types of aircraft, and state of training, its produc- 
tion improved correspondingly. 


The “Y” detachment was able to aid the air 
warning service in determining the need for an air 
raid alert. It passed warnings to probable early tar- 
gets of enemy air attacks as shown in radioed 
reports of enemy air observations. 


From Landing to Stalemate 


Although General Lucas, the VI Corps com- 
mander, was eventually relieved, as his predecessor 
at Salerno had been, his decision to consolidate his 
hold on the Anzio beachhead before sending a col- 
umn charging the enemy's line of communications 
seems today to have been the wiser course. The 
enemy reacted to the Anzio landings with amazing 
speed and power. General Clark and presumably 
General Lucas had known from special intelligence 
that the Germans had been preparing, by reorgani- 
zation and reinforcement, to counterattack near 
Cassino and that no major German formation was 
in a position from which it could counterattack at 
Anzio before the VI Corps was well ashore. They 


learned, however, during the morning of D+ 1, that 
the enemy was moving quickly to challenge them. 


Kesselring concluded that his line farther south 
could hold without the reinforcements that had just 
begun to take their places there. Headquarters, XIV 
Panzer Corps resumed the control of divisions it 
had assigned to the I Parachute Corps. That com- 
mand, directly under Kesselring, was shifted to 
control other troops being sent to Anzio. 


The enemy sent “pick-up” formations from the 
Rome area, called back others from the Liri-Sacco 
valley, brought one division from the Adriatic side 
and others, more slowly, from the Balkans and 
southern France. To control the buildup and launch 
the counterattack, Headquarters, German Four- 
teenth Army (General Eberhard von Mackensen) 
was summoned from Verona. By 25 January 1944 
he was in charge at a command post near Rome. 
Four days after the landings had begun, elements 
of eight German divisions were already in place and 
five more divisions were en route. Special intelli- 
gence kept General Lucas aware in detail of the 
German regrouping. 


VI Corps was ready on 30 January to expand 
the beachhead by attacking near the flanks. First, 
General Lucas sought to take Campoleone on the 
left and next, Cisterna, on the right. Campoleone 
was taken at considerable cost. The enemy, ready 
for the other thrust, ambushed and decimated the 
Rangers and checked the 3d Infantry Division 
short of Cisterna. The enemy’s line had almost bro- 
ken by the time VI Corps broke off the attack on 1 
February and reorganized to meet the coming se- 
ries of local German counterattacks and a German 
effort to drive the Allies back to the sea. 


The Allied offensive began just before Kessel- 
ring believed his own forces could start their push. 
On 3 February Fifth Army learned from SIGINT 
how he had planned his main counterattack, and 
that he had hoped (in vain) to start it two days 
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849th SIS Mediterranean Theater (3916th Signal Service Company) intercept van with double 
bank of receivers (BG 342 and BC 344) and the S-36 (VHF) in the middle 
(Photograph from the NSA History Collection) 


earlier.14 Only on 15 February, however, did the 
suspense end and the big attack begin. It had be- 
come apparent that the enemy was concentrating 
near Aprilia for a drive from the northwest on a 
narrow front. Attacks elsewhere would be local and 
diversionary. 


By that time, VI Corps had about 350 tanks and 
498 guns, and had established a good system of re- 
supply. Although medium tanks could not operate 
effectively on the semisaturated marshland and 
mud between the roads, immobilized tanks could 
supplement field artillery. Assembled enemy troops 
would find little shelter anywhere from concentra- 
tions of Allied artillery fire. 


The German thrust down the main road be- 
tween Albano and Anzio on 16 February drove a 
gap between British and American troops. Next 
day, a heavier ground and air attack exploited that 
gap. Overrunning the 2d Battalion, 157th Infantry, 
45th Division, they caused the desperate battalion 
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commander, under orders to hold at all costs, to 
warn the regimental commander of his plight. The 
tactical information that he radioed was quickly 
read by German SIGINT personnel and exploited 
by the attacking forces.12 The enemy’s attack was 
weakened by Allied artillery and checked by deter- 
mined infantry. It came to a faltering stop on 20 
February, still short of the “final beachhead line.” If 
it represented the strongest drive that the enemy 
could mount, the Allies were at Anzio to stay. 


Detachment “E,” 849th SIS (nineteen person- 
nel) and an element (seventy-nine personnel) from 
the 128th SRI Company, as the VI Corps “Y” Unit, 
were at Anzio. Its advance party, carrying three 
VHF receivers, landed on D-Day. The remainder 
came ashore with Headquarters, VI Corps, on D+ 
5. As the enemy formations moved to face VI 
Corps, the “Y” team strove to identify and locate 
them. Differing characteristics of the communica- 
tions procedures of divisions and artillery units 
made that problem easier to solve. 


During General von Mackensen’s preliminary 
attacks, a German battle group on 8 February 1944 
was supposed to secure a mound known as Hill 72 
and to join the enemy’s thrust at Aprilia. SIGINT 
disclosed that the battle group was too weak and 
that it was staying on Hill 72, thus exposing the left 
flank of the enemy’s attack for the defenders to take 
advantage of. 


When a noon message on 15 February 1944 re- 
vealed that the 29th Panzer Grenadier Regiment 
had come into the line at Carroceto next to the 
809th Infantry Regiment, it tipped off VI Corps to 
the imminence of a stronger enemy offensive there. 
On 20 February, the last day of that attack, the VI 
Corps Unit decrypted orders sent to the 105th 
FLAK Regiment to fire, between 1720 and 1750 
hours, a total of 2,600 rounds on Allied troop con- 
centrations along certain routes of approach. G-2 
thus warned the troops at least one hour in advance 
of the shelling. 


During the German counterattack, Major Gen- 
eral L. K. Truscott, Jr., commanding general, 3d 
Infantry Division, became General Lucas’s deputy 
commander. After it ended on 22 February, he re- 
lieved General Lucas as commanding general, U.S. 
VI Corps. 


General von Mackensen made one more at- 
tempt. On 22 February 1944 he began regroup- ing 
for it, and SI disclosed that it would come on the 
other flank, along the axis of the Cisterna-Nettuno 
road. By the time it could be started, on 29 Febru- 
ary, General Truscott knew what enemy forces 
would be committed and had regrouped his own 
formations. Allied air support was also primed. for 
it. By the second day, the enemy knew that this 
counterattack would also fail. As skies cleared on 2 
March, Allied bombers struck behind his lines and 
Allied ground troops dispersed all attempts to pen- 
etrate the beachhead. Kesselring had already 
decided to go on the defensive both at Anzio and 
the Gustav Line. 


In March 1944, since the Allies had found 
themselves unable to break through near Cassino 
and the enemy had proved himself unable to crush 
the Allied forces at Anzio, the situation on both 
fronts was a stalemate. That condition lasted more 
than two months, until 11 May. The opposing forces 
sparred and jabbed. The Allies reinforced the Fifth 
and Eighth Armies, regrouped, accumulated fire 
power, wore down the German Air Force, and by 
extensive training got ready for the May offen- 
sive.13 


During the long stalemate, as before it, enemy 
artillery fire struck endlessly at targets throughout 
the beachhead. Protection was achieved by digging 
in, by camouflage and smoke. “Anzio Annie,” nick- 
name for any of the colossal railroad guns fired by 
the enemy, dropped shells from great distances. 
Detachment “E,” 849th SIS developed some special 
methods for coping with German artillery fire. It 
compiled detailed records of each German artillery 
group, the location and alternate location of its bat- 
teries, each fire mission and the rounds fired. Voice 
frequencies were continually watched. All radioed 
reports were tabulated in order to verify the num- 
ber of rounds fired and the ammunition still on 
hand. Enemy reports of Allied counterbattery fire 
were used as correction data for Allied guns, and as 
SIGINT stalked the positions of certain enemy bat- 
teries, they were ultimately broken up by hits and 
forced displacements. 


The Liberation of Rome — 4 June 1944 


The spring offensive for which the “Allied 
Armies in Italy” had been preparing was scheduled 
to start when it might have the effect of keeping 
forces in southern France away from the forthcom- 
ing cross-Channel attack. On the southern front, 
General Alexander’s attack began with an unprece- 
dented artillery preparation an hour before 
mid-night on 11 May 1944. On the Anzio front, the 
Allied offensive was timed to begin several days 
later, after reserves available to Kesselring might 
have been committed to holding the Gustav Line. 
Subsequent success in breaking out from the Anzio 
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beachhead might then, by threatening to block the 
long, motorized lines of communications to Ger- 
man Tenth Army, contribute to the progress of the 
southern attack. 


The Allies had extended the Eighth Army to 
cover a wider front from the Adriatic southwest- 
ward. It faced the hitherto impregnable 
Cassino- Monte Cassino section of the Gustav Line 
and the adjacent Liri River Valley. Fifth Army’s 
French Ex- peditionary Corps, greatly enlarged to 
almost 100,000 men, was now ready to break into 
other mountainous parts of the enemy's defense 
system. From the Tyrrhenian Sea inland to the 
Minturno area was U.S. II Corps, consisting of the 
88th and 85th Divisions; in II Corps reserve was 
the 36th Division. In the Anzio beachhead under VI 
Corps were British 1 and 5 Divisions, U.S. 1st Ar- 
mored, 3d Infantry, 34th and 45th Divisions, and 
ist Special Service Forces. 


The enemy’s Fourteenth Army at Anzio in- 
cluded two corps headquarters controlling eight 
divisions to contain the Allied forces and guard the 
coast north of Anzio. The German Tenth Army had 
two corps and ten divisions. In reserve were the fa- 
miliar 26th Panzer and 29th Panzer Grenadier 
Divisions, the 90th Panzer Grenadier Division and, 
in the Leghorn area, the Hermann Goering Panzer 
Parachute Division. 


Allied air superiority amounted to a ten-to-one 
advantage in aircraft. The German Air Force could 
manage only weak and infrequent strikes at the 
port of Naples and at the shipping off Anzio, while 
Mediterranean Allied Air Force (MAAF) had ren- 
dered the railroads unreliable south of Florence, 
and so had forced extensive resort to trucks. Along 
the coast Allied bombers struck enemy ships and 
ports. 


The French Expeditionary Corps overcame des- 
perate resistance in the mountains west of the 
lower Garigliano and immediately south of the Liri 
valley during the first eight days of the May offen- 
sive and broke through the Gustav Line. It helped 
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both the Eighth Army on its right and the U.S. II 
Corps on its left. The latter also drove through the 
Gustav Line and captured Formia, Gaeta and Itri. 
Tactically, Allied success reflected accurate intelli- 
gence concerning the locations of enemy strong 
points, their artillery observation points, and the 
best routes for Allied penetration and encircle- 
ment. Strategically, the offensive quickly drew 
miscellaneous units to confront II Corps, after one 
German division there had been demolished, and 
attracted the 26th Panzer Division to try to stop the 
French Expeditionary Corps. 


The enemy made a determined stand at Fico 
because of its importance in a defense line extend- 
ing northeastward to Ponte Corvo, the next set of 
defenses beyond the Gustav Line. The French took 
Pico on 22 May. They had then advanced so far be- 
yond the Eighth Army in the Liri-Sacco Valley that, 
for atime, General Alexander weighed the merits of 
swinging the Fifth Army northward to reach that 
valley. Despite heavy casualties, Eighth Army began 
crumbling the defenses it faced; so Fifth Army con- 
tinued generally northwestward along the 
Tyrrhenian coast. 


On 24 May II Corps was able to drive the Ger- 
mans out of Terracina, where Highway No.7 ran 
along a narrow shelf between mountains and sea. 
That made it possible to link the two segments of 
Fifth Army by overland communications. And it 
enabled II Corps to bring more of its forces by land 
to join the 36th Division, which had gone to Anzio 
by sea, and to assume responsibility about one 
week later for pursuit of the enemy along Highway 
No. 6 to Rome. 


By the time the Allied breakout from Anzio 
beachhead had begun on 23 May, the enemy was 
trying to bring the German Tenth Army back to the 
last prepared belt of defense south of Rome, that 
extending between Ardea near the coast to Avel- 
lano. It was not as strong as the Gustav Line had 
been but, south of the Alban Hills between Velletri 
and Campoleone Station, it was most formidable. 


Step 1. Find the voltage across Rs. 
ey = Hs Be 
Since the voltage across R, is 40 volts, the voltage across 
Ry is also 40 volts. 
Step 2. Find the resistance of R;. 


Rg = 


= A 
= 100 ohms 
Step 3. Find the total resistance of the three resistors. 
1 1 1 1 
R,~ R, + R, + Ry 


1 1 1 
R, ~ 200 * 600 * 100 
1 3 1 6 
R, — 600 + 600 * 600 
1 _ 10 
R, ~~ +600 
10R, = 600 
_ 600 
™ 10 
= 60 ohms 
Step 4. Find the line current in the ¢ircuit. 


I, = jp 


= 0.667 ampere 


R1=200 OHMS 


R2=600 OHMS 


TM684-74 


Figure 63. Parallel circuit with three resistances, 
one unknown. 


189. Solving Series-Parallel Circuits 


A simple series-parallel circuit, with series-connected resistors R, and R; connected in paral- 
lel with resistor R, and the combination connected in series with resistors R, and R;, is shown 
in A, figure 64. The following example uses B through D, figure 64, to illustrate the method of 
solving series-parallel de circuits. 
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On 23 May 1944 General Truscott sent the ist 
Armored Division, on the left, and the 3d Infantry 
Division, on the right, across the sector of the 
beachhead line held by the 34th Division, that be- 
tween Carano and Conca. The objective was to take 
Cisterna, block Highway No.7 between Cisterna 
and Velletri, and control the approaches to the gap 
north of Cisterna between the Alban Hills and the 
Lepini Mountains. Cori, northeast of Cisterna, and 
Velletri, northwest of it, were to be separated by 
further advances toward Valmontone in the valley 
and to Artena, on the southern edge of the gap. Al- 
though Cisterna was strongly defended, it was 
isolated and captured, while Cori, and beyond it Gi- 
ulianello, were taken. 


The enemy’s counterattacks were scattered and 
weakened by heavy Allied air attacks on jammed 
roads and by other factors that denied him oppor- 
tunity to coordinate his efforts. During the fluid 
battle, Allied SIGINT was the main means of locat- 
ing enemy units, though air reconnaissance noted 
concentrations and interrogation of prisoners 
yielded identifications. The enemy at one time was 
desperately trying to bring in armored reinforce- 
ments on the same roads that broken units were 
using to move in the opposite direction. 


As Combat Command B, ist Armored Division, 
headed for Cori on 24 May, a message sent by the 
German 105th FLAK Regiment divulged the loca- 
tion of a strong antitank barrier of mines and guns 
in the planned path of approach. Warning came in 
time to reroute the American force, which success- 
fully eliminated the position and forced large 
numbers of enemy troops to surrender. 


SIGINT also disclosed the enemy’s reactions to 
Allied progress. An element of the German 715th 
Division reported at 0910 hours an Allied break- 
through near Cisterna on 24 May and its own 
withdrawal northward to Bassiano. At 1608 an- 
other report described the Allies as again attacking 
Cisterna from the direction of Privorno. Later that 
day the 105th FLAK Regiment reported that the 


Genzano-Velletri road, close to the Alban Hills, was 
impassable because of bomb craters.14 


On 26 May General Clark stopped VI Corps 
short of its original objective and switched the axis 
of its attack, sending it along the southwestern 
fringe of the Alban Hills to hit the enemy’s pre- 
pared main line of resistance between Velletri and 
Campoleone Station. II Corps was made responsi- 
ble for the Allied line from the Lepini Mountains to 
Velletri, on the right of VI Corps. 


Arrival of the Hermann Goering Artillery Regi- 
ment was noted on 26 May, and by 280150 Fifth 
Army reported that DF bearings on a Hermann Go- 
ering Panzer Regiment showed it to be moving 
along Highway No. 6; other PEARL items indicated 
that the main body of that division was in the val- 
ley, west of Valmontone. It held the 3d Infantry 
Division away from Highway No. 6 for several days. 


Velletri was located on heights and approach- 
able by draws that cut into terraced hillsides. 
Taking it was a job for infantry, not armor, and was 
unsuccessfully attempted by the ist Armored Divi- 
sion for several days before they handed it over to 
the 36th Division and shifted to the attack on the 
Campoleone section of the enemy’s line. Lanuvio 
and Velletri held after Ardea and Artena both suc- 
cumbed on 30 May. During the night of 30/31 May, 
the 36th Division climbed up Mt. Artemisio, where 
the enemy had depended for defense on the terrain, 
after shifting troops to other points where they 
were even more needed. Elements of the 36th Divi- 
sion moved over the hills and blocked the roads 
from Nemi and Genzano to Velletri as well as cut- 
ting Velletri off from Valmon tone. The Americans 
withstood a counterattack on 1 June and then took 
Velletri, while the enemy’s last bastion, at Lanuvio, 
held out one more day. 


During 31 May “Y” units were able to report the 
locations, and reduced strengths, of elements of the 
105th FLAK Regiment, the 93d Artillery Regiment, 
and the 33d Artillery Regiment. By DF they located 
the command posts of the 334 Division, ist 
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Parachute Division, 15th and 26th Panzer Division, 
115th Regiment, a tank regiment of the 26th Panzer 
Division, and a battle group based on the 67th Reg- 
iment. It was obvious that the enemy’s forces had 
been configured into improvised aggregations at 
various points, and that the retreat by large units 
behind stalwart rear-guard actions resulted in nei- 
ther a rout nor a wholly orderly retreat. That night, 
German units were heard calling for artillery fire on 
designated areas and reporting where they thought 
the Allies would next strike.15 


The German SIGINT service also supplied in- 
formation of immediate tactical value to its 
commanders. One instance that impressed them 
enough to be remembered vividly in detail involved 
the French Expeditionary Corps. Its role in break- 
ing through the Gustav Line was outstanding. Its 
drive through mountains toward the German line 
of communications in the Liri-Sacco Valley showed 
remarkable skill in adapting tactics and organiza- 
tion to the situations that arose. But on 31 May, 
French units in the vicinity of Gorga transmitted, in 
the clear, messages which enabled the Germans to 
avoid a critical situation. Higher German head- 
quarters had believed that Allied forces were then 
in the vicinity of Carbineto. A German divisional 
intercept team learned from French messages that 
the 2d Tabor of Goums had already cleared Monte 
Pilocco and was going to Gorga for the night. 


Gorga was so situated that it would have blocked 
German retreat in that whole sector. If the French 
had carried out their plan and had taken advantage 
of the favorable terrain, they could have disrupted 
German motor transport on the Via Casilina. The 
headquarters of the 29th Panzer Grenadier Divi- 
sion at Villa Magna would have had to surrender or 
run the gauntlet at great cost. The Germans instead 
were able to concentrate in time a force in Gorga 
that held the place for two more days while all other 
German units succeeded in getting out.1© 


On 2 June SIGINT showed that the German 


Army ration dump at Frascati would close that 
night; two nights later, the next issue of rations 
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would be at a dump four kilometers north of Brac- 
ciano, well beyond Rome.17 


On the first three days of June 1944, the Fifth 
Army advanced its line to the edge of Rome from 
the southeast and east. Highways No.5, 6, and 7 
and intermediate shorter roads through the sub- 
urbs of Rome were the scene of stubborn defensive 
measures to gain enough time for German Four- 
teenth and Tenth Armies to pass through or around 
the city. Into Rome went the ist Armored Division 
(from VI Corps), an element (Task Force Howze) of 
that division operating with the ist Special Service 
Force (from II Corps), and elements of the 88th Di- 
vision. The welcoming crowd did what German 
troops could not accomplish: they forced the tanks 
and other vehicles to stop. 


The city escaped any significant combat as the 
Germans pulled out and allowed Allied seizure in- 
tact of bridges across the Tiber. The Allied troops 
that entered on 4 June were followed by more, but 
none was allowed to linger. The enemy had to be 
pursued and pressed before he could reorganize, 
reequip, and construct another intricate defensive 
line. 


On 6 June 1944 came the Normandy landings, 
executed in part by troops, commanders, naval 
forces, and airmen seasoned in the Mediterranean 
or trained in the light of the campaigns there. In the 
ensuing campaigns in western Europe, not only 
they but the SIGINT organization that served them 
would reflect lessons learned in the Mediterran- 
ean. 
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Chapter 8 


The Final Months in the Mediterranean Theater 


Pursuit to the Arno and Beyond 


The German strategy of resolutely defending 
successive belts of prepared positions across Italy 
south of Rome enabled the enemy to absorb Allied 
offensive power while inflicting heavy losses. It 
used up Allied resources that might have been used 
elsewhere, perhaps more injuriously. The same 
could be said, however, about the German divisions 
that remained in Italy instead of providing in 
France the defense in depth that might have turned 
the scale in the invasion of Normandy. The concept 
of the defensive line sustained the mistaken notion 
that battles were for territory rather than for the 
destruction of hostile firepower. On Hitler’s spe- 
cific orders, place after place was held “at all costs”; 
the resulting action became more brittle than elas- 
tic. Once the Gustav-Hitler Line was pierced 
anywhere by strong forces, the whole line was 
threatened, and the formations had to pull back to, 
or through, the next line south of Rome. No matter 
how well executed, the retreat and rear-guard ac- 
tions were inevitably costly. 


Four of the German divisions emerged from the 
Allied offensive below Rome as mere shells. Seven 
others were drastically depleted. On 5 June 1944 
both the German Tenth and Fourteenth Armies 
were weak and in retreat. A persistent, ruthless Al- 
lied pursuit could then have harried them swiftly to 
the outposts of the incomplete “Gothic Line” across 
Italy, north of the Arno River and through the 
Apennines to the Adriatic near Pesaro. Allied pur- 
suit was neither strong nor quick, while the 
opportunity was most promising, but German rein- 
forcements, including four new divisions, were 
speedily moved to northern Italy from the Balkans, 
Denmark, Holland, and Germany. Fourteenth 
Army received a new commander, General Joachim 
Lemuelson, on 6 June, in place of General von 


Mackensen. Kesselring intended to delay the Allied 
advance at every advantageous intermediate posi- 
tion so that the Allies would, at best, reach a belt of 
defenses north of the Arno too late to break through 
the Po Valley before winter. 


For a few weeks it remained uncertain whether 
Alexander’s 15 Army Group would be allowed to re- 
main at full strength until its adversaries in Italy 
had surrendered. An alternative claim upon some 
of the resources at his disposal would be an Allied 
amphibious invasion in southern France. That op- 
eration had been included among understandings 
between the Allies and Stalin; it had been a goal of 
the militant French at least since 1942 and perhaps 
since 1940. As a method of facilitating the success 
of Operation OVERLORD, the earliest possible in- 
vasion of southern France would be more than two 
months too late. As a contribution to Allied success 
in overcoming Germany, it might be argued that 
pushing all German forces from southern France 
into northern Europe would not accomplish any- 
thing more valuable than would defeating 
completely all German forces that could be drawn 
into northern Italy. Advocates of a campaign in 
southern France, to include the capture of Mar- 
seilles, finally prevailed at about the same time that 
the Germans were able to arrest the Allied pursuit 
north of Rome. The U.S. Seventh Army, com- 
manded by General Alexander Patch, would land in 
southern France — Operation DRAGOON. 


Transfers from the U.S. Fifth Army to the U.S. 
Seventh Army, for participation in Operation 
DRAGOON, took away from 15 Army Group the 
U.S. VI Corps of three divisions, the French Corps 
of four divisions, plus many nondivisional Ameri- 
can units. In Italy IV Corps took over from VI Corps 
on 11 June 1944. The French left a month later. 
Many of General Alexander’s supporting air 
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formations were switched to support of Seventh 
Army. Thus, at the same time that Kesselring’s 
Army Group C was being replenished, the Allied 
force opposing him was reduced. After Hitler 
learned of the Allied reorganization, and in the face 
of crumbling German defense on both Eastern and 
Western Fronts, he withheld some of the reinforc- 
ing divisions promised to Kesselring. Eventually 
both the U.S. Fifth Army and British Eighth Army 
were strengthened in time for the final push to the 
floor of the Po Valley. 


At first the Allied pursuit in June 1944 was led 
by the French Corps. After the French were with- 
drawn to embark for their return to France, Fifth 
Army moved up to the Arno River, with U.S. IV 
Corps along the west coast, U.S. II Corps further 
east, and, British Corps on the eastern wing. An- 
cona and Leghorn were captured on 18/19 July as 
valuable ports to support the renewed Allied drive. 
British Eighth Army successfully masked the swift 
shifting of the bulk of its strength to the Adriatic 
sector. Instead of making the main effort directly 
north of Florence through the Futa Pass and along 
the Florence-Bologna highway No. 65), 15 Army 
Group struck along the Adriatic coast. Eighth Army 
broke through the Gothic Line, took Rimini on 4 
September but stopped short of Ravenna. After 
Kesselring had moved troops eastward from the 
center of his line, in order to hold the Eighth Army, 
the Fifth Army on 10 September-began its attack; it 
started as the pursuit of a withdrawing enemy. On 
13 September, however, the Americans reached the 
main German defenses and fought a hard battle. 
Near Firenzuola, II Corps found a way to outflank a 
key pass on Highway 65 and thus to start working 
down through the northern mountains toward Bo- 
logna at their base. On 27 October, when Kesselring 
rushed troops to check that attack short of Bologna, 
Eighth Army resumed its advance. On 4 December 
it finally captured Ravenna, but it had reached an 
area of streams, marshes and lakes fed by the rains 
and snows of winter, where the roads were often 
causeways. The terrain was reminiscent of the 
Anzio beachhead in those respects. 
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Italian Fascist forces fighting for Mussolini’s 
government on the side of the Germans tried in the 
Senio Valley during Christmas week to duplicate 
the contemporaneous Ardennes offensive, on a 
smaller scale. It was a feeble effort. 


From January through March 1945, stalemate 
along a static front prevailed among the ground 
troops. On both sides, important changes in com- 
mand occurred. Kesselring went to Germany to 
direct the final defense. Vietinghoff moved up to 
become Oberbefehlshaber Sudouest, commanding 
Army Group C. Lieutenant General Traugott suc- 
ceeded him in command of German Tenth Army. 
From AFHQ at Caserta, Field Marshal Sir Henry 
Maitland Wilson went to Washington to take up 
the mission there of the late Field Marshal Sir John 
Dill in the Combined Chiefs of Staff. General Alex- 
ander succeeded him as Supreme Allied 
Commander, Mediterranean Theater, and General 
Clark left U.S. Fifth Army to succeed Alexander as 
commanding general, 15 Army Group. General Ol- 
iver Leese turned over British Eighth Army to 
Lieutenant General R. C. McCreery in order to 
move to Burma. To command the Fifth Army, Lieu- 
tenant General Lucian Truscott was brought back 
from U.S. VI Corps, then in France. 


The I Canadian Corps and its two divisions left 
Eighth Army for western Europe to join the First 
Canadian Army in the 21st Army Group. Fifth 
Army gained the new U.S. 92d Division and the 
specially trained U.S. 10th Mountain Division. 


Po Valley and Surrender 


The renewed Allied drive through German de- 
fenses shielding the Po Valley opened on 2 April 
1945 with diversionary operations on the two 
coastal wings. A week later, preceded by an ex- 
tremely heavy artillery and air bombardment, the 
Eighth Army headed for Ferrara and Bologna. On 
14 April Fifth Army attacked on a relatively narrow 
front along mountain streams and over adjacent 
heights, to approach Bologna from the south and 
southwest. In turn, each army shared the benefits 


of Allied air supremacy in support of its offensive. 
By nightfall on 20 April both Fifth and Eighth 
Armies had come to the valley floor, where mobil- 
ity and armor could begin to play decisive roles. 


The enemy had not been permitted by the high- 
est command to develop strong defenses along the 
northern bank of the Po River and in the foothills of 
the Italian Alps. Since Allied bombers had de- 
stroyed all bridges across the Po, the enemy had to 
lay pontoons, to use boats and ferries, and after 
crossing, to develop defenses hastily that might 
have been better built if done during the previous 
winter. To reach the river he had to cross terrain 
that furnished little shelter from air observation 
and harassment. He was already short of fuel. 
Heavy vehicles and weapons had to be abandoned 
on the south bank. Moreover, the extensive road 
net in the valley offered the Allies an opportunity to 
separate the German forces into segments, and to 
cut them up further until their remaining forces 
were fragmented and their resistance uncoordi- 
nated. Hundreds of road blocks hampered retreat. 
Allied fighter-bombers and Italian partisans sup- 
plemented the guns of Allied ground units. 


During the last ten days of April, as Eighth 
Army unhinged the last German defense line and 
both armies closed in at Bologna, Allied armored 
units began their deep penetrations, shattering 
German control of many towns at the centers of 
road nets. Part of the enemy got across the Po, 
leaving tanks and about 50,000 prisoners behind. 
As the Germans moved toward the mountains in 
the north, Allied forces also crossed the river in 
time to intercept and capture many more. 


For several months, beginning before Kessel- 
ring had goneto Germany, highly secret negotiations 
for surrender in Italy had been conducted on neu- 
tral ground by representatives of AFHQ and certain 
German commanders in Italy who could see no 
benefit to be gained by further sacrifices. On 29 
April, at Caserta, the surrender was signed, to be ef- 
fective at noon on 2 May 1945. By that time, Hitler 
was dead; surrender to the Anglo-American Allies, 


the Russians, and the French would end all hostili- 
ties in Europe in less than a week. 


Negotiating the German surrender in Italy was 
not easy. On the Allied side, one impediment was 
the suspicion of the Soviet Union that the Anglo- 
Americans would make a_ separate peace 
detrimental to Soviet interests. Having yielded to 
opportunism in the Nazi-Soviet Pact of 1938 and 
having been willing to meet von Ribbentrop to dis- 
cuss an accommodation in 1943, they could fear a 
similar opportunism on the part of the Allies. 


On the German side, the main difficulty arose 
from the divisions among them and from the inten- 
tion of some officials to extract advantage from the 
way the cease-fire eventually came. The German 
Army and Luftwaffe officers were burdened by a 
personal oath to Der Fuehrer. The initiative and 
momentum of negotiations was maintained by an 
SS general directly under Himmler, a regional 
commander who saw no point in continuing a 
hopeless struggle in Italy. He was sustained by a 
German diplomat, Dr. Rudolph Rahn. Lesser offi- 
cers and officials brought them into touch with 
American and British representatives in Switzer- 
land. The train of negotiations began on 25 February 
1945 and ended about two months later, on 29 
April 1945, after the Allied offensive into the Po 
Valley had succeeded. 


First, the negotiators on each side had to dem- 
onstrate their good faith. Then they had to insure 
that terms once agreed upon by representatives 
would be executed by the principals. At that point 
in a series of meetings, when unwillingness to ac- 
cept the personal risks of ending the war in Italy 
seemed to have been overcome, the Combined 
Chiefs of Staff (CCS) in Washington, responding to 
a Soviet protest, on 20 April 1945 ordered termina- 
tion of all contacts. 


A week later the CCS had been persuaded to re- 
verse that order; soon arrangements had been 
completed for emissaries of General Heinrich von 
Vietinghoff, the principal German commander in 
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Italy, to be taken to Caserta to complete and sign a 
document of surrender in the presence of a Soviet 
general. That transaction occurred on 28-29 April 
1945. The time for all hostilities to end was set at 
1400 hours, 2 May. That would allow enough time 
for the German envoys to return from Caserta via a 
French airfield, then by ground transport across 
Switzerland into Austria, and thence to Bolzano in 
Italy. Italian partisans and German police were 
avoided only to find that at Headquarters, O.B. Su- 
douest, and among the German Army commanders, 
an unwillingness to issue the necessary ceasefire 
orders persisted. Even after Hitler was known to 
have killed himself and the end had come for Nazi 
Germany, turmoil in Italy persisted. The orders did 
go out in time, but the instrument of surrender was 
not officially validated until later that afternoon. 


On 4 May 1945 German and Allied staff officers 
began spelling out the processes of pacification. 
Two days later, in southwestern Germany Army 
Group G, facing General Devers’ 6th Army Group, 
surrendered. 


After the surrender in Italy, General von Viet- 
inghoff and some of his principal subordinates 
were interrogated about the role of SIGINT in their 
experience of command. They pointed out that they 
had been obliged to rely more and more on it 
because of the drying up of their other sources of 
intelligence. SIGINT provided data on activities in 
rear areas from which they might judge what the 
nature of future Allied operations would be SIGINT 
became the chief means of learning about rein- 
forcements or reliefs by fresh Allied divisions. The 
communicators of Allied divisions had characteris- 
tic transmission traits. In view of the many different 
nationalities of the formations in British Eighth 
Army, reflected in languages, dialects, and to radio 
transmitters, it was easy to distinguish them. Traf- 
fic analysis showed the components of the Allied 
corps. 


The communications among military police 


controlling highway traffic revealed Allied troop 
movements. Messages defining bomb _ lines 
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disclosed places where streams were about to be 
crossed, or where other operations were impend- 
ing. 


During battles and pursuits, communications 
repeatedly revealed to German SIGINT teams the 
names of Allied officers and military units, artillery 
targets, bombing targets, and local tactical inten- 
tions. Bombing missions were compromised again 
and again in time to avoid damage by timely warn- 
ing. If Allied aircraft were heard reporting that they 
had sighted concentrations of German tanks, the 
tank regiment was quickly warned. The generals 
were happy to say that in three-months’ time, only 
one tank of the 26th Panzer Regiment had been to- 
tally destroyed in an air attack. Whenever Allied 
bombers took off, German SIGINT furnished a 
general warning even before the target of the mis- 
sion had been identified. Radio silences were 
considered to be indications of pending Allied of- 
fensive action. 


German SIGINT was never acknowledged as 
such by the staff officers who used it. They adopted 
such euphemisms as “Reliable Source,” or cover- 
names like “Ludwig Meldung” or “Otto Meldung,” 
whenever they referred to it. A rough appraisal 
rated the reliability of German SIGINT as 75 per- 
cent. 


The SIGINT to which these interrogations and 
replies applied was tactical, not strategic. A Ger- 
man Army in Italy assigned the equivalent of a 
small Allied “Y” unit to most divisions. The German 
Supreme Command had ordered the inclusion of 
such a unit in every Army division, specifying that 
it consist of a noncommissioned officer in charge 
(NCOIC), two linguists, and three intercept opera- 
tors. Equipment was to consist of one fixed and two 
pack receivers, reference books, and maps. The 
unit was expected to keep logs and, by traffic anal- 
ysis, to reconstruct Allied networks. Its reports 
went to a corps unit able to provide competent in- 
terpretation. 


An Alsatian who had served in the German Af- 
rika Korps as an interpreter was captured after 
serving in the SIGINT unit of the 29th Panzer 
Grenadier Division in Italy. He described the divi- 
sional intercept unit as operating four receivers in 
a radio vehicle at a site three or four kilometers for- 
ward of the division staff, with which it was 
connected by telephone. 


Southern France: Operation DRAGOON 


The protracted efforts of 15 Army Group in 
northern Italy, before achieving victory there, could 
be attributed to the weakening transfers from the 
Fifth to the Seventh Army for the invasion of south- 
ern France in August 1944. That operation, and 
certain beneficial consequences that offset the ar- 
rested development of the opportunities in Italy, 
are summarized below. It should also be noted that 
until a few days before the landings, the prime min- 
ister persisted in efforts to reverse the decision to 
invade southern France, and he never became rec- 
onciled to it. 


The southern invasion began shortly after Al- 
lied forces, far to the north, broke out of the 
hedgerow country in Normandy and began their 
swift advance across France. The troops of the U.S. 
Seventh Army came ashore on 15 August 1944 on 
portions of the coast between Toulon and Cannes, 
near the Gulf of Frejus. There the valley of the Ar- 
gens River led inland, a natural invasion route to 
the two primary target areas — the coastal cities of 
Toulon and Marseilles and the inland valley of the 
Rhone River. 


As the invasion forces approached southern 
France, the German radars that might have indi- 
cated their positions were jammed by transmitters 
of the ist Signal Service Platoon (Special). The unit 
had spent several months on Corsica, identifying 
the sites of all German radars along the coast of 
mainland Europe and preparing for the critical oc- 
casion.? 


After silencing German gun positions on is- 
lands and headlands, the Western Naval Task 
Force brought the troops of three divisions and cer- 
tain special units to a series of beaches in bays and 
coves. The assault troops soon gained control of a 
beachhead extending inland about fifteen miles. 


The German Army defenders were organized as 
seven infantry divisions. After the Germans be- 
came convinced that southern France was about to 
be invaded, one armored division started there 
from the vicinity of Bordeaux while the Allied con- 
voys were at sea. Four of the German infantry 
divisions were stationed between Spain and the 
delta of the Rhone. One garrisoned Marseilles and 
another, Toulon. One held the area where the as- 
sault landings occurred. The coastal defenses 
resembled those that had recently been overcome 
in Normandy, but the tidal strip was much shorter 
because of the steeper pitch of the Mediterranean 
coastal shelf. Another difference was the ingenuity 
of the enemy in disguising gun positions as villas 
and other innocent structures. Perhaps not so dif- 
ferent as it was surprising was the quantity of 
mines, moored offshore and buried in the earth 
near the water’s edge. 


German Navy forces were not great. They occu- 
pied the French naval base at Toulon. One 
submarine moored there tried unsuccessfully, 
while escaping, to attack a large Allied ship. Two 
corvettes tried to reach Marseilles on the night of 
16/17 August but were sunk. Several small and 
speedy boats from that area and from the vicinity of 
Genoa made nuisance raids but accomplished lit- 
tle. From an old French battleship, perhaps one 
scuttled when the Germans moved into unoccupied 
France in Novem-ber 1942, a turret of great 340- 
mm guns had been transferred to a cape south of 
Toulon and installed in a casemated position. It 
was adjacent to elaborate underground facilities for 
its crew and ammunition, and for defenders man- 
ning other guns emplaced nearby. 


The German Air Force, greatly reduced and 
endlessly harried by Allied air formations, 
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AGO 558A 


Example: 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Step 5. 


Step 6. 


.Find the current through each resistance and the voltage 


drop across each resistance in A, figure 64. 
Since R, and Rg are in series, their total resistance is the 
sum (B, fig. 64) of the two resistances. 
Ri; = Ry + Rg 
= 5 + 15 
= 20 ohms 
R.3 is in parallel with R,. Find the total resistance of the 
combination (C, fig. 64). 


1 1 1 
Rua Ras Pes 
1 1 1 
Resa ~ 20 * 36 
1 3 2 
Rosa 60 ae 60 
i 2 8 
*% Ress 60 
5Re.3.4 = 60 
60 
Ro 3.4 = "5B 


Rosa = 12 ohms 
R,,R23,4 and Rs are in series. Their total resistance is the 
sum (D, fig. 64) of the resistances. 
Riesas = Rit Ros4+ Fs 
= 8+12+410 
= 25 ohms 
Find the total current sent through these resistances by 
a voltage of 100 volts. 


i 


~ 25° 
= 4 amperes 
Find the voltage drop across R23\4. 
Ess = TRo3.4 
= 48 volts 
Analyze the parallel circuit. 
The voltage across R,; is 48 volts. Find the current. 
1-2 
R, 
_ 48 
~ 30 
= 1.6 amperes 
The voltage across R, and R; also is 48 volts, and the re- 
sistance R.3 is 20 ohms. Find the current. 


Be = 


= 2.4 amperes (J, = Is) 


131 


could assemble strength enough for a few attacks, 
generally at dusk. But for two previous weeks, Al- 
lied planes had struck several coastal areas, masking 
their actual choice of one for the assault, while 
damaging and destroying enemy defenses in them 
all. The results of such repeated bombings were 
supplemented by a final strike at the beachhead 
just before the landing craft approached on 15 Au- 
gust 1944. Perhaps 30,000 enemy troops were near 
the assault areas, and they were dazed and dispir- 
ited. The much larger number that might have been 
sent in as reinforcements could not be moved over 
destroyed bridges and disrupted roads or railroads 
with sufficient speed to equal the rate of Allied 
buildup. Allied air support from escort carriers and 
Corsican airfields was supplemented by new air- 
strips in the beachhead area. 


Operation DRAGOON was a triumph attribut- 
able to the application of experience during 
planning, organization, training, and execution. 
Participants in earlier amphibious assaults were to 
be found at all levels, from commanders to GIs and 
able seamen. Vice Admiral Henry Kent Hewitt, 
USN, had been a naval task force commander in 
TORCH, HUSKY, and AVALANCHE. Lieutenant 
General Alexander Patch had commanded in the 
Pacific. Major General L. K. Truscott, Jr., had ac- 
companied the Dieppe Raid by British Commandos 
and since then had had commands in TORCH, 
HUSKY, AVALANCHE, and SHINGLE. The 34, 
36th and 45th Divisions had each been in one or 
more such assaults, and were veterans of tough 
battles ashore. Training under conditions resem- 
bling those in southern France had taken place in 
the Naples area. Moreover, after certain prelimi- 
nary diversions and deceptions before daylight, 
the assault landings began in daylight. H-hour was 
0800 hours. And unlike earlier Mediterranean op- 
erations of the same type, they were preceded by 
heavy naval bombardment, as well as by air 

bombing. The success was no accident. Even an 
airborne force was dropped, for the most part, 
where it was needed. 


On a misty morning, the troops approached the 
beaches through mine-swept lanes to find their in- 
land objectives covered with clouds of dust and 
smoke. The left wing of VI Corps was the 3d Infan- 
try Division, commanded by Major General John 
W. O’Daniel. Two of its regimental combat teams 
went ashore on opposite sides of a cape south of St. 
Tropez. Resistance was weak. Before noon the divi- 
sion CP was ashore. By nightfall, advance elements 
were about six miles inland. At midnight the in- 
flow, in round figures, amounted to 16,000 men, 
2,150 vehicles, and 225 tons of supplies. 


In the center of the assault was the 45th Divi- 
sion, commanded by Major General William W. 
Eagles, which landed smoothly without opposition 
at points along three miles of sandy beach. Land 
mines gave some trouble there, but before D-Day 
had ended, thousands more men and vehicles had 
landed. The troops overcame opposition at villages 
inland, and cleared the way for the division com- 
mander in the morning and the VI Corps 
commander in the afternoon to establish head- 
quarters ashore. 


The 36th Division, under command of Major 
General John F. Dahlquist, came in nearest to the 
Gulf of Frejus as the right wing. St. Raphael, on the 
northern shore of the Gulf, was a major objective. 
Despite the preparation fire and bombing, the in- 
vaders met considerable opposition. The plan 
called for eliminating enemy gun positions that 
covered the Gulf so that the waters could then be 
swept free of mines, after which assault troops 
would land during the afternoon of D-Day. The 
schedule could not be met. The earlier landings 
were accomplished in part by switching one regi- 
mental combat team (RCT) to a portion of the 
beach being used by a second RCT and in part, 
aided by naval gunfire, by clearing the enemy from 
headlands and high ground along the coast. The 
available beaches served for landing some 30,000 
men and 5,000 vehicles during the first three 
days, but only then could the sheltered beach at the 
head of the Gulf of Frejas be used. 
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Late on D+1, General Patch was satisfied that 
the beachhead was firmly held. The French II corps 
under General De Lattre de Tassigny was then 
coming ashore despite an enemy air attack. An- 
other French Corps would soon arrive. Patch’s 
Head-quarters, Seventh Army, left the USS Catoc- 
tin to occupy a villa near St. Tropez. 


During the next two weeks the invaders gained 
control of the French coast from the border of 
Spain to that of Italy. Cannes and Nice were occu- 
pied by 30 August. A 1st Airborne Task Force in the 
hills and along the Var River, and a screening naval 
force offshore, protected the beachhead from pos- 
sible depradations originating in northern Italy. On 
the western flank, French forces ashore and Allied 
naval units cleared the enemy from small ports and 
protecting islands. But the main objectives of the 
invasion were to gain two great ports — Toulon and 
Marseilles — and to press the German Nineteenth 
Army northward up the Rhone Valley, and perhaps 
destroy it. 


In planning tactics, General Patch was able to 
disregard the risk of an enemy attack along an ex- 
tended flank because from Special Intelligence, he 
knew that the Nineteenth Army had been ordered 
to retreat to the German lines much farther north. 
About two days after the landings began, Hitler or- 
dered the withdrawal. On 17 August 1944, within 
five hours of their transmission, the orders convey- 
ing the decision had been decrypted and provided 
to SHAEF. General Patch thereupon sent a block- 
ing force far ahead of the pursuing main body. 


The 3d Division alone attacked up the Rhone 
valley while the 45th Division protected its east 
flank, and while the 36th Division and an armored 
task force tried, by a longer route, to block the Ger- 
man retreat at defiles near Montelimar or Livron. 
The attempted encirclement used a route through 
Sisteron and Aspres to the Drome River, which 
could be followed westward to the Rhone. Part of 
the 36th Division did not turn west but continued 
over the divide into the Isere River valley as far as 
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Grenoble. Although part of the German forces 
avoided capture, about 57,000 men did not. 


The French, moving westward from the bridge- 
head, encircled Toulon and began to invest 
Marseilles, while a naval force sought to open the 
way into Toulon harbor, past the islands and head- 
lands on which German defenders remained. For 
about one week their 340-mm battery and some of 
the other guns defied the shells of Allied ships and 
the renewed Allied air bombing. On 26 August re- 
sistance there ended. Two days later, affected in 
part by news of the liberation of Paris and in part 
by the obvious strength of the Allied invading force, 
the enemy at Toulon and Marseilles surrendered. 
Remaining pockets of enemy in the coastal area 
were soon eliminated. 


As early as 3 September, use of the port at Mar- 
seilles began while the demolitions were being 
cleared and repairs effected. In case Marseilles had 
held out longer or had been left unusable for too 
long a period, the Allies had cleared the mines at 
another port, Port de Bouc, some twenty miles west 
of Marseilles, and had opened a canal from that 
point to the Rhone River at Arles. By 25 September 
the captured beachhead was no longer needed; un- 
loadings there had totaled more than 320,000 
men, 68,000 vehicles, nearly 500,000 tons of sup- 
plies and large amounts of gasoline. (At the end of 
hostilities in Europe, through the port of Mar- 
seilles, supplemented by Toulon and Port de Bouc, 
905,000 more men and over four million tons of 
cargo had moved inland.) 


The arrival of French I Corps resulted in estab- 
lishinga French Army “B,” temporarilysubordinated 
to the U.S. Seventh Army but soon superseded by a 
French First Army which, like U.S. Seventh Army, 
came under the control of 6th Army Group. The 
latter, having moved from Bastia, on 15 September 
1944 assumed control at Lyon under Supreme 
Headquarters, Allied Expeditionary Forces. Sev- 
enth Army was then already in contact with the 
U.S. Third Army, first at Sombernon on 11 Septem- 


ber, and later at other points. On 21 September, XV 
Corps shifted from Third to Seventh Army control. 


The tactical SIGINT service available to Sev- 
enth Army in the course of its invasion of southern 
France was inconsiderable by comparison with 
what came later. The VI Corps SIGINT unit con- 
sisted of the newly designated 3201st SIS 
Detach-ment (three officers and eighteen enlisted 
men) formerly known as Detachment “E,” 849th 
SIS, in combination with Detachment “B,” 117th 
SRI Company (3 officers and 105 enlisted men), 
and under command of Lieutenant Frederick V. 
Betts. The intercept operators had been working 
since March at a station on Corsica covering enemy 
traffic from southern France. The intelligence per- 
sonnel had been preparing since June for the shift 
from Italy to France. They all sailed from Naples di- 
vided among three transports of the D+ 5 convoy. 
Assembling at St. Tropez, they moved 180 miles in- 
land on 24 August to Aspres. A week later they were 
in Charnacles, and by 9 September were in the vi- 
cinity of Besancon when VI Corps, with all of 
Seventh Army, came under control of SHAEF. 


The SIGINT unit at General Patch”s Head- 
quarters, Seventh Army, consisted of five officers 
and twenty-six enlisted men. Detachment “B,” 
849th SIS, was combined with Detachment “A,” 
117th SRI Company (3 officers and about 143 en- 
listed men), and commanded by Captain Edward J. 
Heinen. The unit moved from Corsica, where it had 
been training with Lieutenant Bett’s detachment, 
to St. Tropez on the night of 30/31 August 1944. 
Three days later it moved almost 240 miles to the 
vicinity of Grenoble; by 20 September it was at Ve- 
soul. 


Relatively little use was made of tactical SI- 
GINT during the landings and inland advance of 
Seventh Army, because of the fluid nature of the 
rapid advance, as the enemy withdrew. More im- 
portant to Seventh Army’s pursuit was the 
monitoring of communications among its own for- 
ward units. 


The 3151st Staff Information and Monitoring 
Company (SIAM), commanded by Captain Rein- 
ardo R. Perez, was an instrument for control by 
Seventh Army G-3 rather than for producing signal 
intelligence information for G-2. Fifth Army had 
had such a provisional unit from which it trans- 
ferred all but a cadre to form the 3151st SIAM. After 
activation at Cecina, Italy, on 18 July 1944, the new 
unit assembled the personnel needed for its pla- 
toons. Besides a headquarters platoon, it consisted 
of platoons for each of two corps (U.S. VI and 
French II) and four divisions, supplemented by 
several liaison officers. Actual strength was 14 offi- 
cers and 225 enlisted men.3 


The platoons monitored all radio nets within 
Seventh Army for adherence to radio and crypto- 
graphic security instructions, but their main 
function became that of conveying to commanders 
the substance of messages passed at lower echelons 
that showed American positions, situations, and 
intentions. Instead of relying on periodic reports 
and other messages specifically intended to keep 
higher headquarters informed, the commanders 
benefited from what amounted to SIGINT about 
their own units. And from the SIAM company’s 
own radio nets the platoons copied, for their com- 
manders, all tactical messages of consequence; the 
system was thus a means of prompt lateral as well 
as vertical movement of information. When enemy 
SIGINT was heard, it was, of course, passed to G-2 
via its SIGINT Section. During a pursuit like that by 
Seventh Army from southern France to Alsace, the 
SIAM company served its purpose so well as to 
draw observers from Third Army and 12th Army 
Group to see how that was accomplished. 


One of the liaison detachments of the 3151st 
SIAM Company first reported that Seventh Army 
and Third Army reconnaissance units, the first 
from southern France and the other from Nor- 
mandy, had made contact near Sombernon on 11 
September 1944. 
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When XV Corps was transferred from Third 
Army to Seventh Army, it obtained a new SIAM li- 
aison team on 29 September.4 


After AFHQ had mounted Operation DRA- 
GOON, the U.S. Seventh Army moved under 
SHAFF operational control and a little later under 
the administrative and logistical services of the Eu- 
ropean Theater of Operations, U.S. Army. As_ we 
have noted earlier in this history, the Mediterra- 
nean Theater shrank within a boundary that ceased 
to include southern France. The route through 
Marseilles and Toulon became that over which a 
tremendous volume of reinforcements and sup- 
plies reached the fighting front in eastern France 
and in Germany. 


The Mediterranean became the secondary the- 
ater, as the Americans at least had expected. The 
cross-Channel invasion and the campaign in west- 
ern Europe was executed by much larger forces 
using means and methods tested in the Mediter- 
ran-ean. Those campaigns were a culmination of 
Allied experience. 


By 7 September 1945 two increments of the 
84oth SIS had already returned to Fort Monmouth, 
N.J., from the Mediterranean Theater of Opera- 
tions. One had been allocated to reinforcing the 2d 
Signal Service Battalion; the other was scheduled 
to augment the 3126th Signal Service Company 
(RI) for duty in the Pacific — events there made 
such deployment unnecessary. Both groups re- 
mained in the 849th SIS until its deactivation later 
that year. 


Notes 

1. AFHQ Interrogation Report, Microfilm Reel 98-1; 
AFHQ Intell Notes, No. 68, No.1 02, on Reel 26A. 

2. The unit had previously prepared for operations 
to retake Kiska Island in the Aleutians, and after that ep- 
isode moved to the Mediterranean. From Corsica it 
returned to the U.S. for redeployment to the Central Pa- 
cific. History of the SSA in WW II, Vol. X, 62-3. 
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3. Fifth Army organized the 3326th SIAM Company 
around a cadre from its provisional unit in September 
1944. 

4. Historical Record Report, 3151st SIAM Co., 20 
Aug 1944. 
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Chapter 9 


The Forming of Signal Intelligence Service, ETOUSA 


Derivation and Beginnings 


The formation of SIS, ETOUSA, reflected both 
the early organizational concept of the SIS, War 
Department, and the experience gained overseas, 
particularly in the Mediterranean. When the United 
States became a belligerent in December 1941, both 
Army and Navy SIGINT centers in Washington op- 
erated in buildings of World War I vintage situated 
on lower Constitution Avenue and backing on Po- 
tomac Park. (Both structures survived until after 
the Korean conflict.) To cope with wartime require- 
ments, each center moved to larger quarters which 
could be better segregated from non-SIGINT per- 
sonnel of the same armed service. Each acquired a 
girls’ private school: the Army — Arlington Hall in 
Virginia; the Navy — Mt. Vernon Seminary in the 
District of Columbia. This narrative treats Army 
(and Army Air Forces) SIGINT production in 
ETOUSA, leaving Navy SIGINT operations for sep- 
arate consideration. 


The interception and processing of most non- 
military communications, on which both Army and 
Navy had largely trained their SIGINT specialists 
before Pearl Harbor was attacked, were relin- 
quished by the Navy to the Army altogether for the 
duration of the war. The Navy devoted its growing 
resources to the war at sea. When the war began, 
the Army SIS had six intercept units at fixed sta- 
tions; it added a seventh (Vint Hill Farms Station 
near Warrenton, Virginia) in 1942, and five others 
before the war ended. Until 1943 those stations 
were unable to produce enough raw traffic for ana- 
lysts to reach early solutions. As more stations and 
positions were added, radio and wire links to the 
Washington center were unable to deliver the swol- 
len quantities; much raw traffic came by mail, 
reaching Washington from one to three months 
after it had been collected. IBM runs at Arlington 


Hall had to be deferred until the mail brought mes- 
sages missing from series that had been partly 
transmitted electrically. Whenever a cryptosystem 
became readable, much back traffic became subject 
to exploitation. By 1943 it became apparent that 
tactical SIGINT had to be produced, as in World 
War I, by mobile units along the front in combat 
areas, and by processing centers in the theaters. 


The Signal Intelligence Service, ETOUSA, was 
an American counterpart to the British “Y” Service, 
a part of the U.S. Army Forces in the European 
Theater concerned with producing and distributing 
what the Army then called “radio intelligence.” Its 
origins and organizational history reflected the 
tumultuous circumstances of expansion and reor- 
ganization of the U.S. Army in 1942-43. An 
important contribution to its operations was made 
by the British participation in training Americans 
to cope with the methods of German communica- 
tors of World War II, methods that had not been 
used during the prewar period. 


As early as May 1941, before the Japanese at- 
tack on Pearl Harbor, the U.S. Army established a 
Special Observers Group in the United Kingdom. 
After the United States had become a belligerent, 
the observers were succeeded on 3 January 1942 by 
a Headquarters, U.S. Army Forces, in the British 
Isles (USAFBID), with a broad staff. In the Signal 
Section of that staff, the SIGINT service officer was 
ist Lieutenant R. J. Doney. Besides Captain 
Solomon Kullback at Bletchley Park, four young of- 
ficers were student observers concerned with 
interception methods at fixed and mobile British 
Army and Royal Air Force stations. The Air Minis- 
try agreed to train some American officers in the 
analysis of machine ciphers. The War Office 
considered the ways in which American radio 
intelligence units brought to the area might be 
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assisted to engage in operational training in the 
light of British experience. At Carrickfergus, North- 
ern Ireland, a platoon of the 122d RI Company, 
under ist Lieutenant Shannon D. Brown and 2d 
Lieutenant James B. Hubbard, manned an inter- 
cept station beginning on 15 May 1942.1 


As we saw in Chapter I, the Army SIGINT effort 
was supervised by and responded to the Military 
Intelligence Service. That relationship prevailed in 
the theaters. When other sources of military intelli- 
gence dried up or became ambivalent and vague, 
the intelligence requirements placed on SIGINT 
became the more urgent. 


The relationship of the War Department to 
ETOUSA (or other theaters of operations) affected 
the ways in which SIS, ETOUSA, was able to func- 
tion. General Eisenhower, as commanding general, 
ETOUSA, received missions from the chief of staff 
of the Army, missions for the execution of which 
his own staff determined requirements of men and 
material. If possible, “Washington” met the re- 
quirements, though not without considerable 
transatlantic negotiation and inevitable delay. 


In Washington the Army SIS claimed person- 
nel, got them trained, and assigned them to duty 
with Signal Corps units. Once these troops arrived 
in an overseas theater, they remained under the 
command and control of the theater commander as 
exercised through the theater chain of command. 
When the Army’s chief signal officer or his repre- 
sentative visited ETOUSA, he was primarily 
concerned with technical matters. If the solution of 
problems required a departure from ETOUSA or- 
ders and regulations, such exceptions had to be 
authorized by the theater command. If differences 
arose between SIGINT and non-SIGINT unit com- 
manders, they were resolved at higher levels in the 
theater chain of command. 


In ETOUSA, the commanding general allocated 
resources to Army and Army Group, or to the Ser- 
vices of Supply. The components of the theater SIS 
could, however, be attached for rations and supply 
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rather than assigned to a field command and could 
thus remain under the operational control of the 
director, SIS, ETOUSA, who exercised that control 
in meeting the requirements of the theater military 
intelligence service. 


Who was the director, SIS, ETOUSA? “Under 
another hat,” as the saying went, he was the direc- 
tor, Signal Intelligence Division, Office of the Chief 
Signal Officer, ETOUSA, namely, Colonel George 
A. Bicher. He was responsible for both SIGINT and 
COMSEC operations, including training, organiza- 
tion of units, production, and administration. He 
had operational control of all SIGINT producing 
units in ETOUSA and all SIGINT personnel en- 
gaged in training in the UK.? He was advisor to the 
assistant chief of staff, G-2, ETOUSA, on all techni- 
cal aspects of SIGINT production, but he exercised 
no supervision over personnel of the Special 
Branch, Military Intelligence Service (MIS) who 
were sent to the theater for detached service and 
grouped in the MIS, War Department, London 
Branch. Their duties were kept entirely separate 
and supervised by Lieutenant Colonel Telford Tay- 
lor. Colonel Bicher did have technical and 
administrative supervision of the work of the Sig- 
nal Security Agency liaison officers, successively 
Captain John N. Seaman, Captain Walter J. Fried, 
and finally Mr. Albert W. Small. 


From 1942 to 1944, SID, ETOUSA, had to plan 
for the future and to cope with problems of the 
present. While cryptanalysts and traffic analysts 
were being trained in Britain to deal with German 
cryptosystems, intercept operators were trained 
there also in techniques of major effectiveness 
against German military communications. Tables 
of organization and equipment appropriate for the 
theater had to be established by formulating rec- 
ommendations to “Washington” for approval there. 


In June 1942 the Army liaison officers con- 
cerned with SIS matters were engaged primarily 
dealing with branches of British Military Intelli- 
gence and the Air Ministry to arrange itineraries 
and assignments of American observers on 


temporary duty in the U.K. Exchanges of SIS 
reports with the British “Y” Service led to the for- 
mulation of American Signal Operating Instructions 
for the European Theater and to adoption of cryp- 
tographic security measures.3 


Lieutenant Colonel George A. Bicher reached 
London to assume the duties of director, SIS, 
ETOUSA, in August 1942. The 124th Signal Radio 
Intelligence (SRI) Company, arriving directly from 
the U.S. in September, set up a training station at 
Tidworth in Hampshire at the end of November 
1942 with eighteen receiving sets; a little later it es- 
tablished a DF station.4 In the following March it 


began to use a direct teletypewriter circuit with 
Headquarters, SIS, ETOUSA, in London for inter- 
cept control and the transmission of live German 
Air Force traffic for cryptanalysis. Analysts who 
had been partly trained at Bletchley were at the 
London terminal to guide training in both Army 
and Air “Y” production. 


On 20 March 1943, SID, ETOUSA was still only 
a provisional unit of thirty-four officers and fifty- 
eight enlisted men. The chief signal officer then 
recommended to the Operations Division (OPD) 
War Department that its authorized strength be 46 
officers and 207 enlisted men, using equipment 
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Brigadier General Telford Taylor, 1946 
(Photograph courtesy of 
the Department of Army) 


prescribed by the CG, ETOUSA, and organized in 
conformity with a table of organization originating 
at SIS, ETOUSA, but reviewed and modified at 
Headquarters, Signal Security Service.5 


The structure of SID, ETOUSA, consisted 
eventually of a Headquarters Section, a (communi- 
cations) Security Branch, an Intelligence Branch, 
and a Training Section. The Security Branch con- 
tained sections concerned with the compilation, 
distribution, and accounting of field codes, with 
maintenance of cipher machines, and with the 
protection of communications security. The Intelli- 
gence Branch was divided in sections concerned, 
respectively, with identifying enemy equipment, 
with coordinating signal intelligence, and with per- 
forming traffic analysis, cryptanalysis, and 
laboratory work on secret inks. 


A related, later activity of the Signal Security 
Agency was the conduct of radio-countermeasures 
(RCM), such as jamming and deceptive radio com- 
munications traffic. In January 1944, the 3103d 
Signal Service Battalion (31 officers and 708 en- 
listed men) crossed the Atlantic to the UK Aided 
there by an experienced British signals officer, the 
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unit operated in its specialized way while attached 
to SHAEF.® 


Until 1 February 1943, both the Security Branch 
(Major Paul E. Neff) and the Intelligence Branch 
(Major Charles L. Allen) of SID, ETOUSA, worked 
under the same roof at 20 Grosvenor Square, Lon- 
don. On that day, the Intelligence Branch began 
operating at 59 Weymouth Street. As mentioned 
above, in the following month the Intelligence 
Branch was directly connected by teletypewriter 
with the 124th SRI Company at Tidworth. Analysts 
working on live German traffic previously fur- 
nished by GCCS in time could use material attained 
from American interception and could develop the 
correlation of analysis with intercept control. 


The Air Intelligence Section of the Intelligence 
Branch was drawn by the character of its target 
communications into closer association with RAF 
SIGINT operations. American officers who learned 
RAF methods at Newbold Revel, Rugby, as early as 
September 1942, and at the RAF intercept station 
at Cheadle, applied their experience in January 
1943 in organizing an Air Intelligence Section, and 
in training others to work on intercepted traffic 
provided by the RAF and by the American unit at 
Tidworth. In June 1943 the Air Intelligence Section 
began training in interception and analysis of 
“voice” (British term “R/T”) communications. At 
first they worked from taped recordings; then two 
men were accepted at an RAF intercept station at 
Kingsdown to learn from live German intercept. 


From those beginnings, the Air Intelligence 
Section went on with the training of certain USAAF 
units that had been designated as the 926th RI 
Platoon, the 951st RI Company, and the RI Pla- 
toons of the 417th and 418th Signal Companies, 
Aviation. Those units obtained instruction not only 
in London but at a station of the U.S. Eighth Air 
Force at Tean, adjacent to Cheadle, where the Air 
Intelligence Section placed a detachment. 
Coordinating with the RAF unit at Cheadle, the 
Americans avoided duplication, sought production 
that was complementary, and eventually provided 
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Figure 64. Solving a series-parallel circuit. 


190. Solving More Complex Electrical Problems 
by Using Kirchhoff’s Laws 


a. General. The more complex series- 
parallel problems are often more readily 
solved by using Kirchhoff’s laws. A full treat- 
ment of the electrical phenomena embodied 
in Kirchhoff’s laws is not within the scope of 
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this manual. For a complete treatment of elec- 
trical theory on this subject, see TM 11-661. 
The basic principles of Kirchhoff’s laws are 
as follows: 
(1) The algebraic sum of the currents at 
any junction of conductors is zero. 
(2) The algebraic sum of the electromo- 
tive forces and voltage drops around 
a closed circuit is zero. 


b. Understanding Kirchhoff’s Laws. The 
first of Kirchhoff’s laws simply means that 
there is just as much current flowing away 
from a point as there is flowing to it. The 
second law simply means that the voltage 
source is equal to the sum of the voltage drops 
around any closed circuit. For example, start- 
ing at point X (fig. 65) and going around the 
circuit clockwise, the following equation is 
obtained : 

E — IR, — IR, — IR, — 0 
Substituting the values of resistance as indi- 
cated in the figure, the equation becomes: 

37 — 131 — 91 — 11] = 0 
Collecting like terms and solving for I gives: 

37 — 331 = 0 
33I = 37 

= -1.121 amperes 
To prove that this is correct, use Ohm’s law 
as follows: 


be | 


E, = IR, = 1.121 * 13 = 14.58 volts 
E, = IR, = 1.121 x 9 = 10.09 volts 
E, = IRg = 1.121 * 11 = 12.33 volts 
EB, = IR; = 1.121 x 33 = 387.00 volts 


Thus, the sum of the voltage drops equals the 
applied voltage and the second law is verified. 


c. Solving Series-Parallel Circuits Using 
Kirchhoff’s Laws. Problems involving series- 
parallel circuits are readily solved by using 
Kirchhoff’s laws and simultaneous: equations 
(par. 84). The example below illustrates such 
a problem. 
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Figure 65. Example of Kirchhoff’s second law. 
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a Cheadle-American broadcast of technical SI- 
GINT.7 


The steps by which USAAF SIGINT operations 
had diverged from those of U.S. Army ground 
forces became apparent by January 1944. In April 
1944, after a temporary designation as “American 
Central Organization, Section 3,” the 926th RI Pla- 
toon and 951st RI Company were reorganized with 
a table of organization and troop basis, as the 3d 
USAAF Radio Squadron, Mobile. In May that unit 
moved from Tean to Uxbridge to be near Head- 
quarters, Ninth Air Force. The Air Intelligence 
Section, SID, ETOUSA ceased to control the 
USAAF Radio Intelligence Units. 


From 1942 to 1944, the Signal Intelligence Ser- 
vice, ETOUSA, kept growing. Its activities consisted 
at first of beginning training while achieving effi- 
cient organization. Matters of liaison and 
administration led to the training of more and 
more individuals and units in interception, pro- 
cessing, and the derivation of intelligence. The 
need to train men for service in NATOUSA was 
for a time allowed to inhibit the production of cur- 
rent SIGINT in connection with the training. In 
October 1942, while the 3d Platoon, 122d SRI Com- 
pany was at Tidworth, it was redesignated as the 
128th SRI Company and became a cadre of that 
new unit later sent to the Mediterranean. The 124th 
SRI Company arrived in England in September 
1942 for extended training; it also contributed to 
other units formed there in 1944. 


Another group paused in the UK for training 
before continuing to Algiers to join the 849th 
SIGINT Service in the Mediterranean. 


In February 1943 SIS ETOUSA began issuing 
SIGINT bulletins, summaries, and periodic ETO- 
RIG reports of T/A operations that went not only to 
CG, ETOUSA, but also to Allied Force Headquar- 
ters, GCHQ (Military Wing) and to Washington 
(SPSIS).8 


The American Army SIGINT personnel sta- 
tioned in ETOUSA and subject to the administrative 
responsibilities of Colonel Bicher as Director, SIS, 
ETOUSA, increased in the latter part of 1943 with 
the arrival of men assigned to the “Special Project 
Group” concerned with learning how to produce 
Ultra. Their status is treated in Chapter 11. 


Planning in the Theater 


Before the decision in July 1942 to invade 
Northwest Africa during the ensuing autumn, all 
planning by American SIGINT officers for opera- 
tions in the West had looked toward the 
requirements of forces that would be attacking 
across the English Channel. A tentative plan called 


Lieutenant Paul E. Neff, 1941 
(Photograph courtesy of 
the Department of Army) 


for training in the UK of more than twenty-three 
radio intelligence units. Any cross-Channel inva- 
sion was deferred in order to execute a series of 
campaigns in the Mediterranean area, but such an 
undertaking never ceased to be primary in Ameri- 
can thinking. Although the opportunity to become 
capable of a successful invasion was hampered, it 
was not forfeited. When plans for limited attacks in 
1943 had been shelved and May 1944 had been set 


Page 117 


as the date for an all-out attack, planning entered a 
new phase. 


Until General Eisenhower arrived in the U.K. in 
January 1944 to assume command, all planning 
and preparations had to remain tentative. Thereaf- 
ter the pace of plans and preparations accelerated 
until the invasion began on 6 June 1944. The previ- 
ous concepts were superseded by the judgments of 
those who would actually command. General Sir 
Bernard Montgomery was designated to command 
all Allied ground forces in the field during the as- 
sault landings and the subsequent acquisition of an 
Allied lodgment in France. He insisted, as he had 
before invading Sicily, that the initial landing forces 
should be more widely dispersed and thus gain a 
wider choice of areas for penetration. The resulting 
plan provided for simultaneous amphibious 
operations by the troops of four different corps 
under the control of two armies, with other corps to 
come ashore subsequently. The British Second 
Army (Dempsey) would attack on the left opposite 
Caen, and the U.S. First Army (Bradley) would land 
farther north (on Omaha and Utah Beaches) to cut 
off and then seize Cherbourg. Each corps would 
commit two divisions and special units on D-Day 
and reinforce them with a third division soon after- 
ward. Then a third corps with stronger, armored 
elements would land. 


As the bridgehead in Normandy expanded, the 
Canadian First Army (Crerar) and the U.S. Third 
Army (Patton) would cross to Normandy, there to 
control several more corps that would eventually 
be engaged in exploiting a break-out near the base 
of the Normandy peninsula. At the time the U.S. 
Third Army became active, General Bradley would 
activate a Headquarters, 12th Army Group, and re- 
linquish his direct command of First Army to 
Lieutenant General Courtney Hodges. Similarly, 
General Montgomery’s command over the British 
and Canadian armies would be exercised through a 
Headquarters, 21 Army Group. He would continue 
to be responsible for coordinating the operations 
of the two army groups until General Eisenhower, 
as Supreme Commander, Allied Expeditionary 
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Forces, assumed direct command of the army 
groups, as well as of the Allied air forces. 


After the Normandy landings had succeeded, 
landing craft needed for an amphibious assault in 
southern France would be salvaged and transferred 
to the Mediterranean. That invasion (Operation 
DRAGOON) was to bring the U.S. Seventh Army 
(Patch) into southeastern France and to open a new 
line of supply from Marseilles and adjacent smaller 
ports to the combat zone. The Seventh Army would 
contain a French army corps. It was to be rein- 
forced by another, and thereafter both would be 
controlled by Headquarters, French First Army (De 
Lattre de Tassigny). Both the U.S. and French 
armies would then come under a 6th Army Group 
(Devers), itself, like the other two army groups, 
under SHAEF (Eisenhower). 


The planning in London for the invasion of 
Normandy recognized that additional corps head- 
quarters and more American divisions would be 
provided by the U.S. and would be placed under 
command of the U.S. Ninth Army (Simpson) in 
time to participate in any prolonged campaign to 
effect unconditional surrender. 


By the winter of 1943-1944, Anglo-American 
collaboration in SIGINT had progressed from ten- 
tative, pre-Pearl Harbor beginnings to solid 
cooperation. In respect to special intelligence, the 
U.S. remained more a client than a full partner, 
though it contributed to production. In the produc- 
tion of tactical SIGINT (British term “Y”), American 
determination to achieve parallel competence using 
American personnel was unmistakable. To get that 
far as quickly as possible, the benefits of British 
experience were pursued and freely offered. A The- 
ater “Y” service thus developed within the general 
framework of collaboration between the SIGINT 
establishments of the two countries. The British ac- 
cepted not only leading American analyst but a 
stream of trainees. Beginning on 10 January 1943, 
some of the trainee officers became in turn instruc- 
tors of Americans more recently arrived in the UK, 


either en route to the Mediterranean area or ear- 
marked for SIS, ETOUSA. 


The decisions concerning the chain of com- 
mand among U.S. Army ground forces in the 
invasion seem to have been reached during the first 
weeks after Eisenhower’s arrival in the United 
Kingdom. On the scene were Bradley and Hodges. 
Bradley's Headquarters, FUSA, had already been 
established on 20 October 1943 at Bristol, where 
it replaced Headquarters, U.S. V Corps. The latter 
went to Taunton. VII Corps at the same time 
settled at Braemore, near Salisbury. XIX Corps 
Headquarters arrived at Warminster on 14 January 
1944. Hodges was promoted to lieutenant general 
and officially transferred to FUSA as Bradley’s 
deputy on 26 March 1944. On that day, having been 
summoned from Sicily two months earlier, Patton 
became officially CG, Third U.S. Army (TUSA). 


On the FUSA staff were thirty-eight officers 
who had served at one time under Bradley (as CG, 
U.S. II Corps) in the Mediterranean area, supple- 
mented by many more who had come directly from 
the U.S. 


Patton persuaded General Devers, as CG, NA- 
TOUSA, to release from the Seventh Army staff in 
Sicily fifteen officers who had served there with 
him, and who thus came to the new TUSA. Late in 
January 1944, the Queen Mary brought from the 
U.S. thirteen officers and twenty-six enlisted men 
for Headquarters, TUSA. The staff was located at 
Knutsford, near Chester, about five-hours’ drive 
from London, and grew to exceed 1,000 by the end 
of March. 


While planning was being done in the London 
area, the Headquarters, SOS, under the Deputy, 
CG, ETOUSA (Major General John C. H. Lee) was 
at Cheltenham, near which many of the service 
units for the two U.S. Armies prepared for the inva- 
sion. In London a small ist U.S. Army Group 
(FUSAG) headquarters engaged in planning and 
preparation that included the eventual use of SI- 


GINT services provided by means that are described 
below.9 


The Invasion Begins 


For weeks representatives of both American 
Army staffs remained in London for detailed plan- 
ning. On 2 June 1944, Bradley’s Advance CP was 
established aboard the USS Augusta, the same ship 
from which General Patton had gone ashore to take 
command of the Western Task Force in Morocco 
(on 8 November 1942). FUSA troops were then ei- 
ther already on the ships that would take them 
across the Channel, or en route to ports of 
embarkation. V Corps (Gerow), VII Corps (Collins), 
and after them XIX Corps (Corlett) — including two 
armored divisions — were FUSA’s principal subor- 
dinate commands. VIII Corps (Middleton) from 
TUSA was temporarily attached to FUSA, and 
would go into action in Normandy on 15 June to 
hold the western section of the American line while 
VII Corps invested and overcame Cherbourg. That 
city surrendered on 26 June, after which VII Corps 
(with extraordinary speed) came into the line east 
of VIII Corps, and the First Army’s push southward 
began. 


TUSA’s other three corps — XV (Haislip), XX 
(Walker), and XII (Cook) — as well as many sepa- 
rate units that comprised Army troops, next moved 
to Normandy. They brought the total American 
strength ashore by the end of August 1944 to more 
than 1,000,000. An advance echelon of Headquar- 
ters, TUSA, opened south of Salisbury on 29 June 
and by 4 July began crossing to Normandy. There 
they set up near the road-center of Valognes. The 
rear echelon of Headquarters, FUSA, was not far 
away. Bradley moved his command echelon from 
Grandcamps-les-Bains near Omaha Beach to a 
point inland near Vouilly on 2 July. In Normandy, 
TUSA welcomed opportunities for its units to be- 
come seasoned in combat in operations being 
controlled by FUSA. When the time came for a 
breakout, their better performance would reflect 
the earlier combat experience. 
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The First U.S. Army Group (FUSAG) had been 
first activated on 19 October 1943 in London in ac- 
cordance with HQ, ETOUSA, General Order No. 
74, dated 16 October 1943. 


The structure known as First U.S. Army Group 
was removed from that designation and trans- 
ferred on 14 July 1944 by HQ, ETOUSA, General 
Order No. 73, to a new organization, the 12th Army 
Group. All units and personnel passed to the new 
command. The old command, FUSAG, supposedly 
under Patton, remained as a phantom in order to 
induce the enemy to believe that the main attacking 
forces, under FUSAG control, were still in the UK 
awaiting the favorable moment for what would be 
the primary assault across the channel. With the 
same purpose in mind, the presence of General 
Patton in Normandy and the fact that he com- 
manded TUSA were kept as secret as he would 
allow until after TUSA had begun to fight as such. 


On 1 August 1944 TUSA went into action. On 
that day, headquarters, 12th Army Group took 
command of both FUSA and TUSA, as authorized 
on 25 July by the Supreme Allied Commander. At 
the same time, 12th Army Group remained under 
the overall operational control of General Sir Ber- 
nard Montgomery until the Supreme Commander 
was ready to assume direct control of Allied ground 
forces. That occurred on 1 September 1944. 


FUSAG was officially deactivated on 18 October 
1944. Back in 1943, when that headquarters began 
functioning as a planning group, its Signal Section 
contained a “Security and Countermeasure Branch” 
with the responsibility “to coordinate all signal se- 
curity and signal intelligence matters within the 
First U.S. Army Group, including armies and the 
Zone of Communications. It will also coordinate 
these matters with SHAEF, SIS ETOUSA, Navy, 21 
Army Group, and other British Services...” The 
same individual officer represented FUSAG and 
SID, ETOUSA for SIGINT planning. 
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The Structure of SIS, ETOUSA 


The initial concept on which planners in 
FUSAG, ETOUSA, and the War Department fo- 
cused their concern called for providing each U.S. 
army with two signal construction battalions and 
one large signal information and monitoring 
(SIAM) company, and, for each of the seven corps, 
a signal service battalion that would contain one 
radio intelligence company. A program for issuing 
cipher machines and all other items of secure com- 
munications systems for the dissemination of 
SIGINT was also a feature of the planning. The 
planners contemplated establishing an army group 
SIGINT service as well as a SIGINT service in each 
army and corps. The War Department withheld ap- 
proval from any project to create an army group 
SIS paralleling that at the theater headquarters, 
just as it objected to having the Headquarters, 
FUSAG, duplicate the scope of tasks performed at 
HQ, ETOUSA, and HQ, SOS, ETOUSA. 


The 12th Army Group Headquarters was _ thus 
given instead an attached Signal Security Detach- 
ment “D” (SSD “D”) of the Signal Intelligence 
Division, Office of the Chief Signal Officer, SOS, 
ETOUSA. The Army Group staff itself had rela- 
tively small SIGINT and COMSEC groups, as well 
as two Signal Radio Intelligence Companies among 
its Special Troops.1° 


With which type of ground combat unit should 
tactical SIGINT units be placed? How self-suffi- 
cient should they be? How mobile? How large? 
What equipment would they need? What kinds of 
specialization, and in what proportions, would be 
required? The answers to such questions could be 
provided on the basis of certain known factors, but 
since the enemy’s communications and crypto- 
graphic, technologies would not remain static, 
even current experience might be insufficient. 
Adaptability might also become essential. 


At first, after Pearl Harbor, the Signal Corps 
had planned to place radio intelligence (RI) pla- 
toons in each division’s signal company, and a 


small RI company in each corps signal battalion. 
For armies, there would be large signal RI compa- 
nies. Processing centers (in Washington and 
perhaps at a theater headquarters) would reinforce 
field processing at an army group level. By the time 
the SIS, ETOUSA, was being prepared, experience 
in the Mediterranean had given abundant demon- 
stration that forward RI units were necessary but, 
if held at division level, were subject to excessively 
frequent displacement that curtailed their produc- 
tiveness. If held near an army headquarters, they 
were too far in the rear for effective intercept of 
much important tactical traffic. The preferred level 
was therefore the corps. 


The representatives of ETOUSA, 12th Army 
Group, FUSA and TUSA in the UK, and of the Sig- 
nal Corps and OPD in Washington, participated in 
a prolonged effort to determine how SIS, ETOUSA, 
would be manned. The two armies (FUSA and 
TUSA) each intended to have an army SIS as well 
as an information service. As D-Day drew nearer 
without a decision, the theater commander autho- 
rized FUSA to establish three provisional signal 
service companies (RI) for the three corps: V 
(Gerow), VII (Collins), and XIX (Corlett). Then, in 
April 1944, the War Department gave final official 
approval to the activation of two successive groups 
of seven such units.14 


SIS, ETOUSA, was therefore to provide one tac- 
tical SIGINT company for service with each corps. 
It would be assigned to an Army and attached to a 
corps but remain under the operational control of 
SID, ETOUSA. The unit would be mobile, moving 
when corps headquarters moved, and have its own 
communications, administration, mess, and main- 
tenance elements. It should have its own 
direction-finding capabilities, technical library, and 
maps. It would include analysts who could read 
simple codes and ciphers, understand German, an- 
alyze traffic, recognize items of operational 
intelligence that deserved to be passed at once to a 
corps G-2, and provide good control of intercept 
operations in accordance with directions from 
Corps and Army. 


The personnel for those companies were to be 
found, as far as possible, within ETOUSA. Cadres 
were taken from the larger SRI companies that had 
been activated earlier in the war, or even before it. 
To the cadres were added intercept operators from 
the RI platoons in division signal units and in the 
signal service battalions assigned to corps. Com- 
municators came from the same sources. Men for 
nontechnical duties in SIGINT companies were 
found in a variety of other units — men to drive 
trucks and keep them operating, for example. Some 
came from Replacement Depots. Two types of SIS 
detachments (to perform traffic analysis) were at- 
tached to RI companies, after being trained at SID, 
ETOUSA. For the larger SRI companies — to be 
with Army, Army Group, and ETOUSA/SHAEF — 
the SIS detachments each contained three officers 
and twenty-nine enlisted men. For the corps signal 
service companies (RI), each such element con- 
sisted of one officer and fourteen enlisted men. 
Between March and 18 July 1944, five of the larger 
and seven of the smaller detachments had been 
provided. 


The demand for intercept operators in ETOUSA 
extended to two other activities besides SIGINT. 
The first — security monitoring of friendly commu- 
nications for the purpose of detecting vulnerabilities 
and disclosures — was to be provided by signal se- 
curity detachments. The second — substantive 
monitoring of friendly communications as well as 
direct reporting from unit commanders by radio to 
provide current information to G-3 operations offi- 
cers for purposes of control — was a task for which 
so-called SIAM (“Staff Information and Monitor- 
ing” or “Signal Intelligence [or information] and 
Monitoring”) companies were established. The 
British in the Mediterranean had developed what 
they termed a “J” service, performed by teams that 
kept forward friendly forces under close surveil- 
lance by radio monitoring and liaison. In Africa, 
Sicily, and Italy such operations had served a valid 
purpose. During a war of movement by a widely 
dispersed command, especially such as the U.S. 
Third Army was to conduct in Brittany and north- 
ern France, the exercise of control could be greatly 
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helped by thus keeping track of subordinate and 
flanking units. 


When it learned that the War Department 
could not supply a SIAM company for several 
months, the Third Army, on its own, organized 
what it called its Army Information Service (AIS) 
before the break-out from Normandy. It obtained 
personnel for this effort from the 6th Cavalry 
Group (Mecz). As the U.S. Seventh Army moved 
into the southern segment of the Allied line, its 
SIAM company of numerous platoons was ob- 
served by several officers from First and Third 
Army and from 12th Army Group. The latter had 
proposed that a SIAM Company for each Army be 
established according to a table of organization and 
equipment (TO&E) that the War Department ap- 
proved. 


The SIAM companies (3322d, 3323d, and 
3325th), which totaled between 490 and 500 offi- 
cers and enlisted men, were to operate with each 
corps in platoons of varying size. (The TO&E 11- 
875, 10 May 1944, authorized up to 12 officers and 
700 enlisted men.) The 3324th SIAM Company 
was organized late in the war in the United States 
and did not see action. Its original complement 
consisted of personnel from a mechanized cavalry 
reconnaissance squadron. The three companies 
formed in the ETOUSA went into a three-month 
training program in the UK, after being drawn pri- 
marily from former cavalry squadrons. 


During the first week of the invasion, SIAM re- 
ports from forward elements of Bradley’s U.S. First 
Army were intercepted by SRI companies working 
for Headquarters, ETOUSA, and were decrypted; it 
was beneficial practice for units soon to be in Nor- 
mandy, working there on the radio communications 
of a stubborn foe. 


Only traffic in plain text or low-grade crypto- 
graphic systems would be examined at the corps 
SIGINT company for intelligence; all messages in 
medium-grade systems were to be processed in 
units at army or army group headquarters. In 
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March 1943 during training in the UK, SID, 
ETOUSA, London, began to analyze low- and me- 
dium-grade German systems in traffic copied by 
British intercept units, to be supplemented by sim- 
ilar material which American intercept operators in 
southern England were learning to collect. After 
the invasion, those units were to be moved to the 
continent for operations with the U.S. armies and 
army groups. 


SIS, ETOUSA, intended to link the scattered 
tactical SIGINT units in at least one SIGINT com- 
munications net, by which technical SIGINT data 
would be pooled to an appropriate extent. In any 
event, RI companies were expected to cover enemy 
activities in areas adjacent to their respective corps 
zones and be responsible for giving and receiving 
technical SIGINT information wherever it had 
originated. 


The standard large signal RI company under 
Table of Organization 11-77, dated 11 April 1942, as 
modified in January 1944, consisted of 13 officers, 
1 warrant officer, and 309 enlisted men. By TO&E 
11-500, of 11 September 1944, the authorized 
strength was reduced to 10 officers, 1 warrant offi- 
cer, and 268 enlisted men. Experience in the 
Mediterranean Theater showed that the large SRI 
company might remain administratively a unit, but 
in operations would be split into detachments. In 
ETOUSA, the principal problem for the large com- 
panies was the loss by transfer of officers and men 
to serve as cadres for the new corps companies. 


The standard signal service company (RI) to 
work with a corps headquarters consisted of 8 offi- 
cers and 121 enlisted men, under TO&E 11-500, 
dated 1 July 1943. It was organized into one com- 
pany and two platoon headquarters (an intercept 
platoon and an intelligence platoon), a T/A unit, 
and eight teams. Of the eight teams, two were for 
intercept, one for D/F, three for communications 
(message center, teletype, and mobile radio), one 
for motor maintenance, and one for the mess. That 
organization turned out to need adaptation to ac- 
tual operating conditions. The three headquarters 


elements were combined into one by several of the 
signal service companies (RI), who thus found a 
more prudent use for manpower. One serious defi- 
ciency was the absence of a guard unit. The corps 
companies were often far enough forward to be vul- 
nerable to sabotage and, on occasion, as during the 
Ardennes offensive in December 1944-January 
1945, to being overrun. The two or three direction- 
finding teams of three men each kept a lonely vigil. 
Sabotage of wirelines in some areas was persistent, 
in one instance being attributed to “friendly agents 
(French cows),” but in another to the kind of enemy 
who booby-trapped each loose end of a severed 
wire. 


The allocation of personnel under the TO&E, as 
amended on 22 September 1944, was as follows: 


Company Headquarters 11 

2 Platoon Headquarters 5 (each) 
T/A Unit 14 

2 Intercept Teams 31 (each) 
D/F Team 4 
Message Center Team 15 
Teletypewriter Team 4 

Mobile Radio Team 5 

Motor Maintenance 2 

Mess 6 


SSD “D” was a provisional organization, an ad- 
vance element of SIS, ETOUSA, attached for 
administrative purposes to Headquarters, 12th 
Army Group. The 114th and 118th SRI Companies, 
however, were assigned (not attached) to 12th 
Army Group. SSD “D” exercised direct operational 
control over the two companies, which were under 
administrative subordination to a 3900th Signal 
Service Battalion of a 3146th Signal Service Group, 
consisting of Special Troops, 12th Army Group. 
Whenever administrative requirements clashed 
with operational tasks, the usual compromise ar- 
rangements curtailed the SIGINT operations. 


In addition to housekeeping chores and routine 
military activities, the men of the two intercept 
companies at HQ, 12th Army Group, were expected 


by the administrative officers to “sparkle” in all 
ways — uniforms, weapons, quarters, vehicles, 
equipment, and bearing — and to perform their 
military duties strictly according to regulations. 
Even when a tactical situation had the men work- 
ing under great pressure in adverse field conditions, 
when the requirements of SIGINT production were 
simply incompatible with “sparkling” appearance, 
the former were obliged to yield to the latter. 


In the Mediterranean, the 849th SIS also suf- 
fered from administrative vulnerabilities, primarily 
because it was converted from a theater headquar- 
ters unit to a field unit. At first it lacked a suitable 
table of equipment or other authorization for the 
means of meeting fundamental requirements. 
There, moreover, the SRI companies were broken 
into detachments, several of which lacked stable 
administrative support. 


Signal Security Detachment “D” under Lieuten- 
ant Colonel C. L. Allen started in September 1944 
with 24 officers and 147 enlisted men. It arrived at 
the end of hostilities with a strength and organiza- 
tion largely unchanged. Its 25 officers and 133 
enlisted men were grouped as follows (as of 15 
April 1945):12 

During the preinvasion period of preparations, 
SSD “D” briefed the SIGINT sections of the FUSA 
and TUSA staffs thoroughly on what was expected 
of them. They were to coordinate communications 
security and communications intelligence activities 
within their respective armies. They were to per- 
form cryptanalysis on medium-grade traffic using 
keys ascertained by research at higher headquar- 
ters. They were to get intelligence information into 
the hands of intelligence sections through intelli- 
gence channels of 12th Army Group. From the 
corps RI units the Army SIS could expect spot re- 
ports bytelephone untila COMINT communications 
network by secure radioteletype could be estab- 
lished. They could expect from corps units daily 
activity reports timed to fit into the production of 
intelligence summaries, and they could expect, by 
courier mail, copies of the raw material inter- 
cepted.13 
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Final Stage of Training in the United King- 
dom 


All the mobile field units of SIS, ETOUSA, real- 
ized during their organization and training in the 
UK that they must make certain essential prepara- 
tions while there if they were to be properly 
equipped to operate successfully. They adapted the 
vehicles that were to serve as their operating vans, 
got their receivers, typewriters, and other equip- 
ment suitably mounted and stowed, and did what 
they could to be ready for action in any kind of 
weather. 


Experience with live German military traffic de- 
veloped their ability to pierce the veil of enemy 
COMSEC practices by search and surveillance and 
to identify the more fruitful nets, aided by DF. They 
found that there were few shortcuts to competence. 
Once they faced the enemy at closer ranges, they 
would have to accumulate more technical data per- 
taining to enemy units in the area and to use the 
assistance that could be derived from technical 
data pooled at higher levels of command. They 
would discover that interception of VHF voice com- 
munications in ample quantity came only during 
combat operations and from sites close to the front. 


The training of SIGINT units in the UK was 
based on experience in NATOUSA. There it had 
been ascertained that the primary sources for 
meeting corps needs were enemy reports of air re- 
connaissance and of army-air cooperation, or from 
communications between enemy panzer units and 
armored reconnaissance, artillery, and other enemy 
units opposite the corps front. Intercept operations 
yielded logs and raw traffic in three-letter (T/L) 
code, jargon code, and a mixture of code with plain 
language. That material, as it stood, could not be 
used by G-2; it had to be processed by traffic ana- 
lysts and interpreted by men who could recognize 
the significance of detailed items. 


The SIS, ETOUSA, prepared an Intercept Oper- 


ators’ Guide issued on 26 August 1943.14 It was a 
twenty-one-page document that dealt with both 
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German and Italian communications procedures. 
It emphasized the dependence of a great number of 
highly trained personnel on the way in which an in- 
tercept operator performed his tasks and on the 
activities of a “trick chief” in getting results. As the 
men of the RI units settled down in the UK to prac- 
tice for the first time on live German traffic, this 
guide was available to convey knowledge that ear- 
lier had been orally provided by British officers. 


The types of radio working were outlined: 
Point-to-point, in which double callsign procedure 
was used between two stations employing one fre- 
quency; “kreis,” or circle, in which three or more 
stations operated in the same fashion; “linie,” in 
which two important stations used the same call- 
sign and the same frequency, thus concealing in 
which direction the traffic was flowing; and “netz- 
verkehr,” in which the intercept operators’ task was 
rendered much more difficult because each station 
had its own receiving frequency, to which its set 
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was always tuned, but a transmitter which could 
use the frequency of the station to which it wished 
to communicate. Intercommunication of such a net 
was therefore possible between several stations at 
the same time, and the same intercept operator 
could never hear traffic passing both ways between 
two stations. The last type of communications net 
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was the “stern” or star, found most common among 
German Air Force stations. In such nets, a control 
station worked with two or more outstations using 
the same frequency. Each outstation had its own 
callsign, but the control station had none, respond- 
ing to calls from an outstation that used its own. 
Sometimes there was relaying by control, and 
sometimes direct communications between outsta- 
tions. In the German Army, star nets were often 
used, especially by divisions and lower units. 


In the interests of camouflaging their commu- 
nications, the Germans had also contrived some 
variations on the five standard varieties of net. For 
American intercept operators, who had had little or 
no experience with such camouflage, the training 
experience in the UK was essential. 


The value of the parallel material concerning 
Italian Army and Air Force communications was 
lessened by the Italian armistice after the Allied tri- 
umph in Sicily. 


The training of traffic analysts in what the Brit- 
ish called wireless telegraph intelligence was for 
some officers quite new as they began it in the UK. 
One such officer had never seen a radio log when he 
reached England in August 1943 for three months 
of training that would be spent, for the most part, 
at Bletchley Park. He learned how to reconstruct 
the nets of a German infantry division that was sta- 
tioned in the vicinity of Le Havre, combining 


intercept data from operators’ logs 
with information gained from cap- 
tured documents. Among his early 
discoveries was the inadequacy of 
American provision for DF of enemy 
signals. Unable to take cross-bear- 
ings for a “fix,” they had only line 
bearings and signal strength as 
guides to the enemy’s location. 
(Since goniometry had been so 
prominent a part of radio intelli- 
gence during World War I, the 
deficiency in 1943 seemed hard to 
explain.) He was also introduced to 
the methods by which his British instructors ana- 
lyzed the changing callsign system of German 
Army and German Air Force communicators!5 and 
thus anticipated the alterations. 


Enlisted 


Assignment of the SRI Companies 


A month before the invasion of Normandy, 
eight of the larger signal RI companies were sta- 
tioned in the United Kingdom. They had arrived 
over a considerable period by different routes. The 
two which were to work in behalf of SHAEF/HQ, 
ETOUSA, were the earliest. The 124th SRI Com- 
pany (Captain William R. Dindinger) crossed the 
North Atlantic in September 1942 and moved at 
once to southern England, where it began learning 
how to collect live German traffic. In August 1943 it 
obtained an SIS Detachment of analysts (four offi- 
cers and twenty-two enlisted men) and became a 
theater RI unit. The 12ist SRI Company, com- 
manded by Captain Alvin L. Burke, reached the UK 
in December 1943 after having been stationed for 
more than a year in Iceland. (Had it been assigned 
to XII Corps, it might have felt at home with the 
code designator of that headquarters, “Iceberg.”) It 
was assigned to HQ, ETOUSA, and controlled by 
SID, ETOUSA, like the 124th. 


The 121st, under Captain Cletus Beard as its 
new CO, trained at Lymington, housed in a girls’ 
school called Elmer’s Court. There it had direct 
telephone connection with SIS, ETOUSA, in 
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London as it began intercepting live traffic from the 
continent. It fitted out an intercept room with 
thirty-six positions, carefully organized and engi- 
neered, and connected with a good antenna system. 
Not scheduled to go to the continent until late in 
the autumn, it had plenty of time to make itself mo- 
bile. It prepared several 2-1/2-ton trucks to carry 
wooden huts high enough to permit standing under 
the roofs, equipped with windows along one side 
only so that they could be parked closely in pairs, 
under camouflage nets, with light in each. Entry 
was at the rear. The trucks were equipped with 
heaters, fans, lights, and accommodations for the 
equipment used by the various types of specialists. 
Seven huts each carried five intercept positions and 
seven “fishpole” antennas. Another hut housed the 
message center. Commercial power was used when 
available; at other times the unit’s own generators 
were put to work. A control truck contained a 
power distribution panel which was connected by 
cables to the different huts. Another was the T/A 
vehicle. Other trucks or semitrailers were adapted 
for signal supply, signal repair, and DF operations. 
Those vehicles were accompanied by many that 
were used for purposes less directly engaged in SI- 
GINT operations. 


Into Action 


The 114th SRI Company (under Captain Lynn- 
ford S. Wilson), assigned to Headquarters, 12th 
Army Group, was not fully trained at the time of the 
invasion in June. Like the 116th SRI Company, it 
was scheduled for transit to France in August, 
when 12th Army Group could use it there. By that 
time the company would be ready. The 116th, com- 
manded by Captain Edward S. Barley, rode to 
Omaha Beach on the SS Robert S. Peary and de- 
barked with some difficulty via barge on 9-10 
August 1944. In its sixty vehicles, the unit moved to 
an assembly near Periers. The 114th arrived there 
on 19 August. 


The 113th SRI Company, commanded by Cap- 


tain Charles J. Schauers, was the first of the larger 
companies to reach the continent. It had arrived in 
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the UK in December 1943 at a strength of 3 officers 
and 190 enlisted men and had begun its training at 
Perham Downs in Wiltshire. There it was joined by 
detachments from SID, ETOUSA, and from the 
124th SRI Company for training. Among the lec- 
tures heard by the unit was one given on 10 
February by an SID, ETOUSA, officer (Lieutenant 
Mendel) who had recently observed SIGINT opera- 
tions in Italy. Late in March, assigned to FUSA, the 
113th moved to a station in Devon. By the time the 
113th went to Normandy, it had grown to 15 offi- 
cers, 280 enlisted men, and 19 attached. Its SIS 
platoon (under ist Lieutenant Bayard H. Hale) 
joined the unit the next day. With the 113th as a li- 
aison unit were one officer and fourteen other 
ranks from the British 53 Wireless Intelligence Sec- 
tion, men who remained with the 113th until 17 
September 1944. In two echelons the 113th reached 
Cricqueville, Normandy, on 14 June 1944. Two of- 
ficers and three enlisted men from SIS, FUSA, were 
attached to the 113th SRI Company at that time. 


TUSA placed its Army SIS under Captain (later 
Major) Charles W. Flint as SIGINT officer. His 
SIGINT Section included Lieutenants E. A. Devine, 
Orsen A. Dalton, and Deverton Carpenter. In May 
the 118th SRI Company was assigned to TUSA. One 
Corps Signal Service Company (RI), the 3254th, 
had already been activated on 16 April and three 
more were later assembled to complete the first 
block of seven corps companies. Captain Flint was 
also concerned with forming the Third Army’s In- 
formation Service. 


While HQ, TUSA waited for commitment in 
Normandy, Captain Flint obtained a large van and 
got it fitted out with desks, two teletypewriters, and 
other communications facilities to serve as the 
Third Army SIS operations center. To that van 
came intercept material from the 118th SRI Com- 
pany (which reached Normandy on 15 July 1944), 
from the corps RI companies, and from the AIS. 
The van was therefore kept within the G-2/G-3 
area. 


Example: 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Step 5. 


Step 6. 


AGO 558A 


Solve for the current in each branch of the circuit shown 
in figure 66. 


Assume a direction for the current flow in each branch, as 
shown in the figure. (It will be shown that the direction 
assumed does not affect the accuracy of the result.) Accord- 
ing to Kirchhoff’s first law, the current J, flowing through 
the 6-ohm resistor plus the current 7, flowing through the 
7- and 8-ohm resistors equals the current J, + I, flowing 
through the remainder of the circuit, which includes the 
5-ohm resistor. 


Considering the first part of the circuit, from point B 
through the generator and around the circuit back te point 
B through the 6-ohm resistor, the application of Kirchhoff’s 
second law yields the following equation: 
10—5 (, +1.) — 61, = 0 
10 — 5], —5I, — 61, = 0 
10 —11J, — 5J, = 0 (equation 1). 


Considering the path from’ point B through the generator 
and through points A, X, and Y back to B, the application 
of Kirchhoff’s second law yields the following equation: 


10—5 Ud, +12) — Tl, — 81, =0 
10 — 5], — 5I, = TI, — 8I, =0 
10 — 5J; — 20J, = 0 (equation 2). 


Using the methods of solving simultaneous equations de- 
scribed in paragraph 116, solve for J, by multiplying equa- 
tion 1 by 4 and subtracting equation 2 from the new equa- 
tion: 

40 — 44], — 201, = 0 

10 — 5], — 20/, = 0 

30 — 39], =0 

— 391, = —30 
I, = 0.769 ampere 


Solve for J, by substituting the value of 7, in either equa- 
tion 1 or equation 2, or by eliminating 7, in solving the 
simultaneous..equations. Substituting J, in equation 2 
yields the following: 


10 — 5(0.769) — 20J, = 0 
10 — 3.845 — 20/, = 0 
— 20], = —6.155 
I, = 0.308 ampere 


The current in the left-hand side of the circuit is J, + I, 
or 1.077 amperes. 


133 


The 137th SRI Company, commanded by Cap- 
tain Michael F. Mishley, was assigned to HQ, U.S. 
Ninth Army (NUSA), on 17 April 1944. When the 
landings in Normandy began, the unit was not yet 
fully organized. The cadre was at Dartford, where, 
as men arrived and training proceeded, the inter- 
cept operators discovered how extensively they 
needed to adapt their earlier training if they were to 
cope successfully with actual conditions. In partic- 
ular, they were impressed with the importance of 
good direction finding to production. Even though 
an SCR-291 was not on their authorized table of 
equipment, they managed to acquire one and to de- 
velop the techniques for its use. The 137th was an 
energetic unit which benefited from opportunity to 
salvage items of discarded equipment and take 
what it would need to France. In August, the ana- 
lytic element (three officers and twenty-seven 
enlisted men) which had been training in London 
at SID, ETOUSA, reported for duty. Two more en- 
listed men came later. 


Three SRI Companies followed Headquarters, 
12th Army Group to France: the 116th on 8 August, 
the 114th on 11 August, and the 137th (which later 
went to Ninth Army) on 3 September. All three op- 
erated near the advance tactical segment of HQ, 
12th AG. That meant successively near Periers, 
Laval, and Verdun. 


By October 1944, SHAEF was ready to use on 
the continent the capabilities of the 121st and the 
124th SRI Companies. Their intercept targets were 
strategic traffic in high-grade cryptographic sys- 
tems; with some initial trial and error they found 
good sites at Pont-au-Mousson and St. Quentin. 


When Headquarters, 12th Army Group, be- 
came operational near Periers, Normandy, on 1 
August 1944, SSD “D” had not yet left the UK. It 
was not until 11 August that SSD “D” began 
working directly with the 114th and 116th SRI Com- 
panies at Periers, and started exercising technical 
control over other elements of SIS, ETOUSA. In the 
interval, U.S. SIGINT units obtained needed tech- 
nical information from British 21 Army Group and 


by means of a special broadcast from the UK ar- 
ranged by SID, ETOUSA. 


By the time the pursuit across France was about 
to enter a “September pause,” SSD “D” had devel- 
oped closer relations with G-2, 12th Army Group 
TAC, at Laval and had established satisfactory con- 
trol of the American SRI units. It was in steady 
communication with First Army’s 113th SRI Com- 
pany and Third Army”s 118th SRI Company. On 17 
September the 113th went “on its own” in Belgium, 
where a British SIGINT detachment (one officer 
and fourteen other ranks) that had been working 
with the company for the previous six months, re- 
turned to its parent organization. The 3254th 
Signal Service Company (RI) worked at Headquar- 
ters, Third Army, while VII Corps was in Brittany 
but in October left Verdun to rejoin the VII Corps 
at Houffalize in the Ardennes. 


The last of the large SRI Companies of SIS, 
ETOUSA, to reach France in 1944 was the 117th. 
That unit, commanded by Captain Edward J. 
Heinen, had seen long service in the Mediterra- 
nean and, with a Detachment “A,” provided tactical 
SIGINT support to HQ, U.S. Seventh Army, and 
HQ, VI Corps, respectively, in Operation 
DRAGOON. The 117th and its Detachment “A” 
were reorganized at the end of 1944, months after 
6th Army Group had been activated, and after Sev- 
enth Army had chased a German command from 
the Riviera to the upper Moselle. The Detachment, 
still commanded by ist Lieutenant Frederick V. 
Betts, became the 326o0th Signal Service Company 
(RI) attached to VI Corps. The 117th SRI Company 
under Captain Heinen remained with HQ, Seventh 
Army, and both came within SIS, ETOUSA. 


The 129th SRI Company had been earmarked 
for assignment to the U.S. Fifteenth Army where it 
might be activated at a much later date. Instead of 
gaining readiness during the wait, the 129th was 
depleted in order to obtain enough SIGINT person- 
nel for the three Corps RI companies going to 
Ninth Army. Successive transfers left the 129th 
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much reduced before it had an opportunity to serve 
on the continent as a unit. 


Early Days for the Corps Signal Service Com- 
panies (RID 


The pattern of organization and training in the 
United Kingdom for the first corps RI companies, 
those that served with FUSA and TUSA, was com- 
mon to them all but not identical. The new 3250th, 
3251st, 3252d, and 3254th were formed in 
southern England for duty with the V, VII, XIX, 
and VIII Corps, respectively. They were destined to 
participate in the struggle to gain a firm lodgment 
in Normandy and to break out of confinement 
there into other parts of France. After activation in 
April, the cadres were drawn from the older, larger 
SRI companies and stationed at Tidworth on the 
Wiltshire Downs, or at Lyme Regis, or Burton 
Bradstock, Dorsetshire, closer to the English Chan- 
nel where the German communications on the 
continent could be better heard. There they re- 
ceived a stream of newly reassigned personnel, 
drew equipment, and exerted extraordinary energy 
in learning their jobs and reducing their discom- 
forts. 


Detached service or temporary duty enabled 
some personnel to benefit from training elsewhere 
with more experienced men whose units had in 
turn gained from instruction by certain American 
and British officers, who had had SIGINT 
experience in the Mediterranean Theater. The 
commanding officer and usually at least one other 
officer were taken from one of the larger SRI units. 
The team of traffic analysts were trained at SID, 
ETOUSA, before joining the unit near the end of 
the period preceding transfer to France. By that 
time, the intercept operators of the unit were pre- 
sumably able to provide live traffic suitable for 
analysis. 


Communicators who had been combed from 
other Signal Corps units worked at acquiring 
greater speed with accuracy. An extraordinary ef- 
fort was devoted to scrounging lumber and other 
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materials and in constructing and mounting huts 
on 2-1/2-ton trucks, as mobile operations rooms. 
Carpentry furnished them with counters, shelves, 
and chairs or benches at which to work. Engineer- 
ing mounted sets, antenna connections, power 
lines, lights and fans. When the time came to move 
to France, the vehicles had to be prepared for 
shipment, and the sensitive equipment had to be 
stowed in ways that prevented damage from rough 
handling. 


The SIGINT units of FUSA moved to Nor- 
mandy early in the attack. The 3250th Signal 
Service Company (RI), commanded by Captain Lee 
Brownfield, followed V Corps Headquarters inland 
from Omaha Beach and set up shop with its twelve 
receivers in bivouac near the village of Bernesque. 
Closer to the front it placed two DF teams. For a 
while, two of the receivers were used to monitor V 
Corps’ own communications for security. 


The 3251st divided into two detachments that 
went to Utah Beach by different routes. The first 
embarked at Cardiff in the Liberty ship Ezra 
Weston and sailed on 2 June in a convoy that drove 
off submarine attacks at sea only to be struck by 
coastal artillery while waiting for two days offshore. 
One man in the unit was killed, another seriously 
wounded, and a British liaison officer had to be 
hospitalized before returning to duty about three 
weeks later. When the detachment went ashore, 
the personnel were landed at one point and the 
vehicles — except for five that were unloaded and 
lost in deep water — came ashore far from the men. 
The men marched on foot to bivouac near St. Mére 
Eglise where the vehicles and equipment joined 
them the next day. The second detachment crossed 
from Weymouth to Utah Beach without misfor- 
tune, and the company, commanded by Captain 
Glenn E. Prahl, was in business on 13 June, serving 
VII Corps and FUSA. 


At the same time, the 3252d company, under 
the command of Captain Alfred Jones,1© crossed 
the Channel to Omaha Beach and staged through a 
XIX Corps assembly area near Longeville to 


bivouac near Castilly on 15 June. There it remained 
until 18 July, without much success for the first two 
weeks. 


The 3254th company, commanded by Captain 
Robert L. Hord, Jr., crossed to Utah Beach from 29 
June to 2 July and began operations at a site near 
St. Sauveur le Vicomte in support of VIII Corps. It 
moved to La Haye du Puits on 11 July and to Cout- 
ances on 30 July as the campaign progressed. 
Attached were a British sergeant plus two officers 
and five enlisted men from SIS, ETOUSA, and rep- 
resentatives of the 118th SRI Company (with TUSA) 
and of SIS, FUSAG (soon to become 12th Army 
Group). 


The 3254th Signal Service Company (RI) with 
VII corps was originally activated by TUSA, and 
like that corps expected to serve HQ, TUSA, in 
France. Circumstances altered that project, as we 
shall later see. 


Another TUSA Corps was the XV, commanded 
by Major General Wade Haislip. Its Signal Service 
Company (RI) was the 3253d, commanded by Cap- 
tain Emory L. Jones and organized on 25 April 
1944. It trained until 8 June at Wincham Hall, 
Cheshire and then moved to quarters at Burton 
Bradstock, Dorsetshire, just vacated by the 3251st. 
On 10 July the 3253d arrived, from Southampton, 
off Omaha Beach. It pushed inland to Senonville 
on 12-13 July. During the next week, the unit’s 5 
officers and 116 enlisted men got their equipment 
in working order, found their targets, and on 19 
July began twenty-four-hours-per-day coverage 
and daily reporting to SIS, ETOUSA. 


At that juncture, HQ, TUSA was not yet “opera- 
tional.” Operation COBRA by FUSA was about one 
week away from its overpowering start. 


In England the XII Corps (Major General 
Gilbert Cook) and its 3255th Signal Service Com- 
pany (RI) were scheduled to follow XV Corps and 
the 3253d. (XII Corps was inclined to emphasize at 
the end of the war that that was the only time 


they followed XV Corps; at other times they be- 
lieved that XII Corps was parallel and slightly 
ahead until XV Corps had left TUSA altogether to 
come under HQ, Seventh Army, on 29 September 
1944.) The 3255th drew its commanding officer, ist 
Lieutenant (later Captain) Walter M. Drozdiak, 
from the 12ist SRI Company and other officers 
from that and the 118th SRI Company. Of the eight 
officers, one came from SID, ETOUSA, one from 
the 93d Signal Battalion that served XII Corps, and 
three from replacement units. Filling out the 
company’s authorized strength was a slow process. 
In order to expedite the acquisition of necessary 
skills, some of the intercept and DF operators were 
placed temporarily with other units — for example, 
the 124th SRI Company and the 3253d Signal 
Service Company (RI) — which had stations near 
the coast. For the last few weeks the 3255th was 
itself stationed with 121st SRI Company at Elmer’s 
Court near Lymington. 


An advance party of HQ, XII Corps, reached 
Utah Beach on 23 July 1944 and procured a site in 
an apple orchard near Quettetot for the main body. 
The XII Corps had been made responsible for 
TUSA’s part in receiving from the United States 
and forwarding to Normandy the numerous ele- 
ments (divisional and army troops) that were to 
serve under General Patton’s command. After 
TUSA was committed to battle at the end of July, 
XII Corps waited for the word to move. On 12 Au- 
gust 1944 General Patton ordered them to move to 
the vicinity of Le Mans, and there to regroup for at- 
tack to the eastward. 


On that day also, the 3255th Signal Service 
Company (RI) reached Normandy and joined the 
thousands of American vehicles streaming through 
destroyed towns to its assembly area. On 15 August 
it went into bivouac four miles east of Le Mans and 
got in touch with the 118th SRI Company. With the 
code-designator “Sombrero,” the 3255th soon 
began galloping to the Meuse and Moselle Rivers 
in Lorraine. 
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Traffic analysts (U.S. Seventh Army) working in a van in France, 1944 
(Photograph from NSA History Collection) 


The 3256th Signal Service Company (RID), which 
was commanded by Captain Robert L. Braden, was 
being prepared for operational duty in England 
from 5 May to the end of July 1944. It was assigned 
to TUSA and attached to XX Corps (Major General 
Walton H. Walker) and stationed at Perham Downs, 
Wiltshire. Between 4 and 7 August, a few days 
ahead of the 3255th, the unit moved to Normandy 
in echelons. There it shifted several times before 
settling at Courville-sur-Eure to begin intercept 
and DF operations on 17 August. Three days later it 
filed its first Intelligence Summary (ISUM). The 
unit was able to produce quantities of order of bat- 
tle information and to maintain continuous 
operations by leap-frogging echelons during the in- 
cessant advances by XX Corps. 


As noted above, during the summer of 1944 the 
War Department authorized HQ, ETOUSA, to 
activate a second set of seven Signal Service Com- 
panies (RI) for duty with Corps. The 3257th was 
activated by Ninth Army and attached to the XVI 
Corps at Dartford on 25 August 1944; the 3258th, 
at the same time and place to XIII Corps, and the 
3259th, about two months later to III Corps. 
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The 3257th started out with a cadre of fifteen 
enlisted men taken from the 121st, 124th, and 129th 
SRI Companies. A first sergeant and thirty-four en- 
listed men from a replacement depot reported in 
on 27 August. A week later, five 2nd lieutenants, 
one of whom was to be the intercept and radiotele- 
phone officer, arrived. More enlisted men reported 
during September. On 4 October the DF officer 
checked in. Not until 9 October was the CO, ist 
Lieutenant Nicholas T. Lampos, assigned to the 
3257th. At the end of October the unit had reached 
the authorized strength of 8 officers and 120 en- 
listed men. During the first week of December 
1944, the 3257th moved up the Seine estuary to 
Rouen en route to an action station in Holland. 


The 3258th Signal Service Company (RI) went 
through a somewhat similar experience. SIS, 
ETOUSA, assigned to it eight enlisted intercept op- 
erators from the 121st and 129th SRI Companies 
and, from its own staff, one officer and seven less- 
experienced intercept men. The remainder of the 
company came for the most part from replacement 
depots. The lieutenant and enlisted men of the T/A 
unit were selected and trained at SID, ETOUSA. 


Familiarity with German language was the primary 
qualification. At Avon Tyrell, the bulk of the com- 
pany accumulated vehicles and equipment and 
trained the men who straggled in. 


The 3258th operated eighteen positions in ve- 
hicles and had two vans for analysts. The latter 
arrived from London in October and trained more 
of the company to work on traffic analysis, T/L 
codes, and “Fusion” work. The unit reached Rouen 
on 25 November 1944 and moved to Forges-les- 
Eaux to await travel orders. Three weeks of further 
training there, including work in DF, helped to 
raise the level of competence before this unit, too, 
moved to Wijnansrade, Holland. 


HQ, III Corps, commanded by Major General 
John Millikin, was ready for operations long before 
the 3259th Signal Service Company (RID), under ist 
Lieutenant Harold McCannel, was in shape to per- 
form in combat. The III Corps had gone under 
TUSA instead of Ninth Army before the Ardennes 
offensive; it transferred to First Army from Third 
Army in February 1945. During the operations in 
Luxembourg in January 1945, III Corps was given 
the 3253d, during its temporary release by XV 
Corps, but returned that unit to XV Corps and em- 
ployed the 3259th instead, beginning on 26 
February 1945. The 3259th was at Mulartshoette, 
Germany, and III Corps was en route to the Rema- 
gen bridge. 


The 326oth Signal Service Company (RI) was 
so constituted, as we have seen above in connection 
with the 117th SRI Company, while in the field with 
VI Corps in the Seventh Army zone. As Detachment 
“A,” 117th SRI Company, it had plenty of experi- 
enced men, and as the 326oth it had only to induct 
others into the kinds of work provided by the Ger- 
man forces opposing VI Corps. 


Three other corps SIGINT units that had been 
formed in the UK, beginning in November were 
sent to the continent before the end of hostitilities. 
The 3261st Signal Service Company (RI) — acti- 
vated on 9 November 1944 and trained at Dartford 


— crossed to Le Havre on 28 February 1945, and 
moved on 8 March 1945 to a site in Baronville, Lor- 
raine to support the XXI Corps, U.S. Seventh Army. 
It was commanded by Captain Falk Schilling. Dur- 
ing the same month, the 3262d (ist Lieutenant 
Fred T. O’Day) started working with HQ, FUSA, as 
it encircled the Ruhr, and served with the XVII 
(Airborne) Corps while it mopped up the encircled 
area. The 3263d, commanded by ist Lieutenant Al- 
bert W. Litschgi, reached its authorized strength in 
January 1945. It had collected officers and men 
from the 121st and 124th SRI Companies, from HQ, 
ETOUSA, from the radio platoons of the 67th and 
94th Signal Battalions, and from replacement de- 
pots. Before hostilities ceased, it had reported to 
HQ, TUSA, for duty, and on 1 May 1945 was at 
Bammersdorf, Germany. 


The relationship of corps to specific army com- 
mands resembled that of divisions to certain corps 
commands. While nothing was fixed, certain units 
tended to stay under the same commanders. The 
US. First Army, for example, at various times con- 
trolled seven different corps: III, V, VII, VIII, XV, 
XVIII, and XIX. Of them, V and VII Corps stayed 
throughout, from invasion to surrender — though 
the commanding general, V Corps (Gerow) moved 
up to command the Fifteenth Army. 


The U.S. Third Army, before 5 May 1945, com- 
manded five different corps: III, VIII, XII, XV, XX. 
It released XV Corps to Seventh Army, III Corps to 
First Army, and VII Corps (for three different peri- 
ods) to First or Ninth Army. Third Army commanded 
XII and XX Corps throughout hostilities and got 
back III Corps. Fifth U.S. Army in Italy com- 
manded II, IV, and VI Corps, but released VI Corps 
as the original American component of Seventh 
Army. When the French Corps in Seventh Army 
was reinforced by another French Corps and came 
under French First Army, the U.S. Seventh Army 
added the new XXI Corps to VI Corps and then on 
29 September 1944 added XV Corps from TUSA to 
the other two. The 3253d Signal Service Company 
(RI) moved with XV Corps to U.S. Seventh Army. 
Thus VI, XV, and XXI Corps remained under 
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Seventh Army until the surrender and acquired ad- 
ditional divisions for certain operations. 


Ninth Army commanded VIII Corps for three 
weeks in October 1944 and then exchanged it for 
XIX Corps from First Army, and took command of 
the new XIII and XVI Corps. XIII, XVI, and XIX 
Corps remained under Ninth Army “for the 
duration.” 


Fifteenth Army did not exist until 6 January 
1945, and its two corps (XXII and XXIII) began 
their service in April 1945 along the Rhine protect- 
ing the river crossing and rear areas. XVIII Corps 
served with First Army, and then with British Sec- 
ond Army at the end. Certain divisions tended to 
remain under one of the corps either on the line or 
in reserve, but the general experience provided a 
kaleidoscopic shifting of divisions. 


In the field after August 1944, the structure of 
SIS, ETOUSA, was as follows: 


3d Radio Squadron Mobile and Its Detach- 
ments 


While SIS, ETOUSA, took form in the United 
Kingdom, the U.S. Ninth Air Force (Brereton) 
included a Signal Intelligence Service of its own in 
its preparations to conduct tactical air operations 
during the invasion. General Lewis Brereton’s 
headquarters moved to Ascot, England, during the 
autumn of 1943 from its location in Egypt, took 
over certain elements from the Eighth Air Force, 
and received a stream of reinforcements. By June 
1944 its strength was about 170,000. It included 
the IX and XIX Tactical Air Commands and later 
the XXIX (Provisional) as well as other compo- 
nents of a “numbered” air force. 


Tactical support was to be provided by IX 
TAC (Brigadier General Elwood Quesada) to the 
U.S. First Army, XIX TAC (Brigadier General Otto 
Weyland) to the Third U.S. Army, and XXIX-TAC 
(Provisional), (Brigadier General Richard Nugent) 
to the Ninth U.S. Army. The tactical air commands 
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placed their headquarters close to the army head- 
quarters and during the invasion formed closely 
cooperative teams. Ninth Air Force came under 
General Carl Spaatz’s U.S. Strategic Air Forces for 
administration and under Headquarters, Allied Ex- 
peditionary Air Force, for operational control. 


Officers of AEAF, USSTAF, and Ninth Air Force 
submitted to the War Department a program for 
building an SIS during the spring of 1944 by aug- 
menting the basic unit in the UK. Specialists sent 
from the United States and other personnel already 
in the theater would provide the manpower. Ger- 
man linguists and communicators were in heavy 
demand. On 20 March 1944 the Ninth Air Force 
redesignated the 951st Signal Radio Intelligence 
Company (Aviation) as the 3d AAF Radio Squad- 
ron, Mobile (G). Major (later Lieutenant Colonel) 
Harry R. Turkel, at that time the SIGINT Officer on 
General Brereton’s staff, became also the 
commanding officer, 3d RSM. Like the large SRI 
Companies in the Mediterranean Theater, the 3d 
RSM (540 officers and men) was reorganized 
during April into three field detachments for “voice” 
and one for CW radio. They were to provide “Y” 
service based on the intercept of German Air 
Force radiotelegraph, radioteleprinter, and radio- 
telephone traffic to the A-2 and the Tactical Air 
Commands of the Ninth Air Force. 


Detachment “A” under Captain Brinson dealt 
with intercepted traffic other than “voice” commu- 
nications, kinds normal for heavy, multimotored 
German aircraft, and ground bases, and processed 
it primarily for intelligence of strategic quality: 
order of battle, the scale of enemy offensive opera- 
tions (bombers, nightfighters, transports, and 
reconnaissance), condition of enemy airfields, flak 
units, and enemy reconnaissance reports. The out- 
put produced by Detachment “A” was used by A-2, 
Ninth Air Force, usually in twice-daily briefings of 
the commander. 


Detachment “B” under Captain (later Major) H. 
T. Silverstein, a former PW Interrogation Officer 
(understood by his unit to be a product of Harvard 


University’s graduate school) consisted of seven of- 
ficers and seventy-two airmen when it was activated 
in April and attached to IX TAC. Most of the per- 
sonnel had been working as a unit while on detached 
service from the 414th Signal Company (Aviation), 
and responded quickly to reorganization and 
training. [IX TAC further attached Detach-ment “B” 
to the 70th Fighter Wing, near whose headquarters 
the unit soon moved and with which it landed in 
Normandy in June. 


Detachment “C” was to work with XIX TAC. 
When it was activated on 20 April 1944, one officer 
(2d Lieutenant Kurt Heinrich) and three airmen 
were taken from Detachment “B” as the cadre; the 
remainder of the unit had to be constructed from 
the augmentation personnel obtained in May. 
Being attached to the 100th Fighter Wing, Detach- 
ment “C” moved near the headquarters of that 
command and scrounged for equipment, vehicles, 
supplies, and personnel. 


Services of Supply ETOUSA 
SIGNAL SECURITY DETACHMENT “D,” SIGNAL INTELLIGENCE DIVISION 


Signal Radio Intelligence Company 
114th 
116th 
113th 
118th 
117th 
137th 
129th 
121st 
124th 


Signal Service Company (RI) 
3250th 
3251st 
3252nd 
3253rd 
3254th 
3255th 
3256th 
3257th 
3258th 
3259th 
3260th 
3261sSt 
3262nd 
3263rd 
3264th 


Assigned or Attached to: 
HQ, 12th Army Group 
HQ, 12th Army Group 
HQ, FUSA 
HQ, TUSA 
HQ, SUSA 
HQ, NUSA 
HQ, Fifteenth Army 
ETOUSA 
ETOUSA 


Assigned or Attached to: 
HQ, V Corps 
HQ, VII Corps 
HQ, XIX Corps 
HQ, XV Corps 
HQ, VIII Corps* 
HQ, XII Corps 
HQ, XX Corps?7 
HQ, XVI Corps 
HQ, XIII Corps 
HQ, III Corps 
HQ, VI Corps 
HQ, XXI Corps 
HQ, XVIII Corps (Airborne)* 
HQ, TUSA 
SSD “D” 


*The SIGINT unit was attached at another time to a different corps. 
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Detachments “B” and “C” were primarily 
trained to intercept “voice” traffic, translate and 
interpret it, and forward it to officers engaged in air 
operations. Partly trained men were placed in RAF 
schools, where they worked on live traffic. The RAF 
also helped find vehicles (trucks or vans) to make 
the detachments mobile. Each unit had a van for 
intercept operations, another for intelligence oper- 
ations, a third for direction finding, another for 
electric power generation, and others for commu- 
nications and storage, plus trucks for the transport 
of men and their housekeeping requirements. The 
intercept, direction finding, and intelligence vans 
were connected by telephones. The intelligence van 
had wire communications with the Wing A-2 and 
the Fighter Director Center. Its radio receiver mon- 
itored intelligence broadcasts from Cheadle or 
other rear area transmitters. 


Detachment “D” was created somewhat later 
and crossed the English Channel to Utah Beach on 
an LST late in October 1944, en route to a site near 
Paris. After gaining experience while occupying a 
station recently evacuated by a German SIGINT 
unit, Detachment “D” moved through the 
Ardennes area to a location near the Belgium- 
Netherlands border, where it supported XXTX TAC 
(Provisional) in its operations with U.S. Ninth 
Army. 


Meanwhile, Detachments “B” and “C” had par- 
ticipated in the assault operations in Normandy. 
The German Air Force fought energetically to resist 
the invasion. Detachment “B” landed on Omaha 
Beach on 9 June 1944 and was directed by an MP 
along the route of approach of an armored attack- 
ing force — an action which led, in part, to this unit 
suffering a fatal casualty there on its first day. It 
was extricated after some delay. That was an abrupt 
introduction to conditions often experienced later. 
The unit was soon able to pass to the Fighter 
Director Center of IX TAC the purport of orders 
given from German ground stations or from a for- 
mation leader’s plane to the other aircraft of a 
Luftwaffe formation as it approached an area of 
combat. 
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Detachments “B” and “C” were able to report 
the location and altitudes of German aircraft and 
their positions during times when they reported 
observing American planes. The units could alert 
the center to the situations of enemy aircraft that 
had been damaged or were experiencing other dif- 
ficulties that made them vulnerable. The 
detachments could transmit the substance of 
intercepted enemy reports of damage from Allied 
attacks and give warnings of enemy maneuvers to 
attempt retaliation. Various German air attacks on 
the Normandy beachhead were thwarted by timely 
Allied countermeasures taken with benefit of fore- 
knowledge from SIGINT. Unescorted American 
bombers (from bases in the UK) toward which 
enemy aircraft were moving to attack, were warned 
in time to avoid the impending contact, or were 
given fighter protection. 


A Detachment “E” was primarily used for com- 
munications, for the exchange of information 
among the detachments, and for passing along 
information obtained from broadcasts from Eng- 
land. Its radioteletype channel to A-2, Ninth TAC, 
during the latter part of the Battle of the Bulge was 
to be of particular value, enhanced by the failure of 
landlines that would otherwise have carried much 
of that traffic. 


SIGINT was used defensively when the German 
Air Force gained a reprieve from Allied offensive 
air operations during Operation COBRA. Exploita- 
tion of the breakthrough then involved the 
commitment of American fighters and fighter- 
bombers to operations with American tanks and 
infantry against ground targets. In Normandy 
“armored column cover” was shown to be effective; 
an air-support party in an American tank in each 
column kept in touch by radiotelephone with 
pilots of aircraft overhead, whose observations 
could influence the action on the ground and who 
could themselves attack suitable targets instead of 
waiting for the tanks. 


By 25 August 1944, as Paris was being liberated, 
air intelligence based on SIGINT enabled the Ninth 


Air Force to plaster German air bases in two major 
areas. 


The 3d RSM in France followed the pattern for 
which it had trained in England. At Headquarters, 
Ninth Air Force, Lieutenant Colonel Turkel and 
Major Edward Hitchcock conducted briefings twice 
daily. Their information was useful to the target 
intelligence and operations sections. A daily appre- 
ciation or situation report was sent to other Air 
headquarters, to SHAEF, and to the British Air 
Ministry. At the tactical air commands, the dual 
control over the RSM detachments by the intelli- 
gence and signals officers could create considerable 
friction, as at the IX TAC, or relatively little because 
of good teamwork, as at the XIX and XXIX TACS. 


Colonel Turkel sought through interrogations 
of prisoners of war and alert searches of battlefield 
areas to gain cryptographic information that could 
be employed in producing “Y.” He had considerable 
success. Even before the liberation of Paris, he had 
learned that his counterpart, a German SIGINT 
unit whose target was the Ninth Air Force, was the 
third battalion of a SIGINT regiment commanded 
by a Colonel Von Eick, located at La Celie St. Cloud 
in a chateau. After the site had been evacuated by 
the Germans, Headquarters, 3d RSM, found it was 
just what they wanted until the unit shifted by 
stages into Germany at Nuremberg. 


The detachments of the 3d RSM(G) kept a_sta- 
tistical score of the German aircraft destroyed, 
probably destroyed, or damaged in operations to 
which their SIGINT had contributed.18 


When the U.S. Seventh Army invaded France 
from the south, supported by XII Tactical Air Com- 
mand, the latter, as we have seen, obtained SIGINT 
“Y” Service from a detachment of the 849th SIS. As 
those units came under ETOUSA, the 3d RSM(G) 
contributed intelligence reports and daily “Y” sum- 
maries to A-2, XII TAC, and brought it into the 3d 
RSM communications net. 


The Signal Intelligence Service, ETOUSA, thus 
consisted of several different kinds of field units: 
large signal radio intelligence companies, moder- 
ate signal service companies (radio intelligence), 
detachments of the 3d Radio Squadron, Mobile, 
operating under army, army group, and theater 
headquarters. They carried out operations in inter- 
ception, traffic analysis, direction finding, and the 
production of signal intelligence from radio mes- 
sages in cryptographic systems of low and medium 
grades, or plain text, or voice. 


The American products were the equivalent of 
what the British ally called “Y” Intelligence; “U,” 
or Ultra, was separately produced and distributed. 
As described in Chapter XI, producing it was al- 
most a British monopoly, shared with Americans 
when sharing became a necessity. Under Colonel 
Bicher’s administrative control, a select few Ameri- 
cans arrived in England for apprenticeship in 
interception, machine processing, and cryptanaly- 
sis of German Army and Air Force communications 
enciphered by the Enigma machine. More is said 
about them in Chapter XI. 
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Figure 66. Solving series-parallel circuits, using 
Kirchhoff’s laws. 


d: Direction of Current Flow. If the direc- 
tion of current flow is assumed incorrectly, 
the computed value for the current will have 
a negative sign; however, the magnitude of 
the current will be the same. Therefore, to 
correct the error, simply reverse the assumed 
direction of current flow on the diagram. 

e. Facts to Remember When Working Prob- 
lems. The solution of problems involving 
series-parallel circuits by the above method 
‘normally is relatively simple. The important 
facts to remember when working such prob- 
lems are: 

(1) Assume any direction of current flow 
in the beginning. 

(2) Take any path around any portion 
of the circuit, as long as the path is 
a complete circuit. 

(3) Observe the polarities of the circuit, 
both voltage sources and voltage 
drops. 

(4) Be sure to have as many equations as 
there are unknowns. 


191. De Power 


In de circuits, the amount of power absorbed 
by a resistor or the resistance of a circuit is 
easily determined by Joule’s law: 


P = [?R, where: 

P = power absorbed in watts 

I = total current in amperes 

R. = total resistance of the circuit in ohms 
Since the voltage drop (#) across a resistor 


(R) is equal to IR, the formula above may also 
be written: P= IR x I =EI. 
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Example 1: Find the power consumed in a 
50-ohm resistor when a current 
of 5 amperes flows through it. 

P= PR 
= 52 x 50 
1,250 watts 


Example 2: Find the power delivered by a 
12-volt battery when the cur- 
rent drain is 6 amperes. 

P= El 
= 12x 6 
= 72 watts 


192. Review Problems—Dc Electricity 


a. (1) The resistance of a tungsten lamp is 
20 ohms when the lamp is cold. What current 
will the lamp draw the instant it is placed 
across a 110-volt line? (2) When the lamp is 
glowing at full brilliancy, its resistance rises 
to 84 ohms. What is the final steady current 
of the lamp? 


b. An adjustable resistor has a minimum 
setting of 14 ohms and a maximum setting of 
50 ohms. (1) What ranges of resistance can 
be covered with two of these resistors con- 
nected in series? (2) What ranges of resist- 
ance can be covered with two of these resistors 
connected in parallel? 


c. When a 6,500-ohm resistance is con- 
nected into the plate circuit of a radio tube, 
the plate current is 34 milliamperes. (1) What 
is the voltage drop across the 6,500-ohm re- 
sistance? (2) How much power is consumed 
by the resistor? 


d. Three resistors of 20 ohms, 30 ohms, and 
50 ohms, respectively, are connected in series. 
The current through R, (20 ohms) is 0.8 am- 
pere. (1) What is the current through R, 
(50 ohms)? (2) What is the voltage across 
R,. (30 ohms)? (3) What is the total voltage 
drop across the three resistors? 


e. A divided circuit has three branches of 
5, 10, and 20 ohms resistance, respectively. 
(1) What is the joint conductance of the three 
branches? (Conductance is the reciprocal of 
resistance.) (2) What is the joint resistance? 
(3) A current of 20 amperes flows in the 5- 
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Chapter 10 


A Summary Version of the Campaigns in ETOUSA 


In broad outline, the chronology of the war in the European Theater ran as follows: 


Invasion and Buildup in Normandy 

Breakout 

Driving the Germans across the Seine 

Liberation of Paris 

Pursuit to Belgium-Luxembourg-Lorraine 

From French Riviera to Contact with TUSA 

Liberation of Brittany 

Through the Westwall to the Rhine 

Enemy Counteroffensives in Ardennes 
and Northern Alsace 16 December 

From the Rhine to the Surrenders 


6 June to 24 July 1944 

25 to 31 July 1944 

1 August to 25 August 1944 

25 August 1944 

26 August to 14 September 1944 
15 August to 11 September 1944 
2 August to 28 September 1944 
15 September to 21 March 1945 


1944 to 25 January 1945 
7 March to 11 May 1945 


Within those broader subdivisions, certain key features deserve identification: 


Surrender of Cherbourg 

Surrender of Brest 

Defeat at Arnhem 

Opening the Scheldt as far as Antwerp 
Railhead at Liege 

Surrender of Aachen 

Surrender of Metz 

Liberation of Strasbourg 

Crossing at Remagen (FUSA) 

French Forces Enter Germany 


Rhine Crossing Begun: 
TUSA 
Seventh Army 
Ninth Army and 21 AG 


Encirclement and Control of the Ruhr Area 


Penetration and Overrunning of Germany 
from Coast to Contacts with the Russians, 
and with Fifth Army, along the Elbe-Mulde 
Rivers, in Czechoslovakia, Austria, and 
the Brenner Pass 


26 June 1944 

21 September 1944 
17-26 September 1944 
8 November 1944 

18 September 1944 

21 October 1944 

22 November 1944 

23 November 1944 

7 March 1945 

19 March 1945 


23 March 1945 
26 March 1945 
24 March 1945 


28 March to 18 April 1945 


24 March to 7 May 1945 
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CROSS CHANNEL PLAN OF ATTACK 
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The cross-Channel attack that began on 6 June 
1944 consisted of amphibious landings on miles of 
beaches edging the Contentin peninsula of Nor- 
mandy on its northern boundary and of airborne 
drops farther inland. The beaches for U.S. landings 
(Omaha and Utah) extended from the Orne River 
to the east of the vicinity of Quineville in the west. 
The British went in east of the Orne, heading for 
Caen. The Americans invaded on either side of the 
Vire River mouth, heading for St. Lo, Periers, and 
Cherbourg. Allied ground forces were heavily sup- 
ported by air and sea bombardment. After getting a 
firm hold on the beaches and adjacent interior 
areas, the Allies constructed two artificial ports 
through which they poured in troops and material. 
Inland they pushed the enemy back from an area 
that became fairly congested with reinforcements, 
including headquarters of several army corps and 
of a third U.S. army, more and more divisions, 
Army and corps nondivisional units, small air- 
strips, and accumulations of vehicles and supplies 
for a push down the peninsula into France. 


Cherbourg fell to the attacks of the U.S. VII 
Corps on 26 June. Caen and St. Lo were not taken 
for many more weeks. In Normandy the newer di- 
visions got their first experience of bitter combat in 
terrain that enabled each side to exact heavy casu- 
alties from the other. The bocage (hedgerow) 
country and the wide stretches of marsh through 
which the Allies had to advance denied them the 
benefits expected from armored vehicles until new 
tactics were devised to make them effective in such 
terrain. 


When the invasion began, plans called for the 
early capture of Caen and the employment of ar- 
mored forces on suitable ground south and east of 
Caen. When Caen long eluded seizure and then fell, 
the plans were changed to make it a pivot on which 
the Allied line would swing until it was facing east. 
As the U.S. First Army (FUSA) swung, Third U.S. 
Army (TUSA) would emerge on the west to press 
into Brittany and seize its important ports, so that 
the Allies would not thereafter have to depend on 
artificial ports and beaches to bring in supplies. 


Part of TUSA romped through Brittany until Ger- 
man troops had concentrated in several ports, 
where they put up stubborn resistance. All TUSA 
except VIII Corps pivoted east and northeast along 
with FUSA. Partial encirclements in the Argentan- 
Falaise pocket and again east of the lower Seine 
followed exhausting battles, from which German 
units escaped in disarray too great to make a stand 
short of Belgium and Lorraine. 


The Allies pursued a beaten enemy heading for 
his Westwall (Siegfried Line). But within Germany 
extraordinary efforts sent screening forces to posi- 
tions in front of the Westwall. The Allies could not 
deliver enough gasoline to keep all four Allied 
armies going. Delays in September enabled the 
German screens to be strengthened and the re- 
treating forces to be so deployed that, when 
advances were attempted again, the Allies found 
water barriers well manned and the going slow and 
costly. The Germans held onto ports along the 
Channel, but other troops that had been stationed 
near them to oppose an Allied invasion from the 
sea were able to pull back into Holland. While 
Antwerp fell to the Allies on 4 September, the 
Scheldt estuary remained under control by 
German troops until 8 November. 


Allied strategy called for the main effort to pen- 
etrate Germany to be made north of the Ruhr in 
sufficient strength to bring about disruption of the 
German war effort. The absence of Antwerp as a 
supply port prevented execution of that plan before 
winter. At a time when the enemy's weakness 
might facilitate an entry farther south by Patton’s 
Third Army, or by Hodges’ First Army, striking at 
the Westwall en route to the Cologne plain, General 
Eisenhower directed that such attempts be made. 


In September the Allied Airborne Army, in 
conjunction with British ground troops, tried to 
seize bridges over the Waal and lower Rhine at Ni- 
jmegen and Arnhem. The paratroopers landed in 
some instances directly among an unsuspected 
German armored corps which was too strong to be 
overcome. The armored column trying to reach 


Page 139 


Arnhem was stopped short of its goal. The opera- 
tion failed. 


Neither FUSA nor TUSA gained enough ground 
in subsequent battles to occupy advantageous posi- 
tions for renewed offensives, and the costs were 
very high. The Third Army’s operations in conjunc- 
tion with the Seventh Army (newly arrived from 
the south) did arrest an attempted German coun- 
ter-offensive that was intended to separate them 
and to force American westward withdrawal. The 
First Army’s losses were matched by those it in- 
flicted on its opponents. Despite punishing air 
attacks, the Germans were able to shift divisions 
from one section of the front to another, and to 
bring up supplies and reinforcements from sources 
nearer than those of the American armies. Only the 
U.S. Seventh Army, supported from Marseilles, 
seemed relatively well provided during the winter. 


Another German counteroffensive was being 
planned that autumn. Despite the known Russian 
preparations to renew their attack in the east (an 
operation that the Red Army actually started on 12 
January 1945), Hitler committed to a winter attack 
in the Ardennes much of the new manpower and 
equipment that the Eastern Front required. Be- 
cause of the conditions for an enemy attack in the 
Ardennes were so unpromising, the Allies, running 
short of manpower, accepted the risk of defending 
there by a thin force. They concentrated stronger 
forces to attack east of Aachen. Hitler chose the Ar- 
dennes area in an attempt to penetrate beyond the 
Meuse River far enough to regain control at Ant- 
werp. He lacked sufficient strength, and he 
succeeded only in stopping current Allied attacks 
elsewhere. It cost him irreplaceable men and weap- 
ons. 


As the German Ardennes counteroffensive pe- 
tered out, another butsmallerGermancounterattack 
began in northern Alsace. Just as the Ardennes 
penetration put a strain on the Anglo-American as- 
sociation in arms, that in Alsace, with its threat to 
Strasbourg, brought about distrust and irritation 
between the Anglo-Americans and the French. 
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Before the end of January, the German attack there 
had been contained. Next, the Allies eliminated a 
German salient at Colmar. 


The Allied forces moving into Western Europe 
via Normandy included, as previously noted, the 
British Second and the U.S. First Armies, each with 
two corps at the outset and more immediately af- 
terward. Commanding ground force operations 
during the landings and subsequent expansion in- 
land was the commanding general, 21 Army Group, 
acting as Allied ground forces commander. In gen- 
eral control of the operations of ground, air, and 
naval forces was the supreme commander, AEF. 
On 1 September he assumed field command of 
ground troops. SHAEF Main stayed in England 
while both an advance CP and a forward CP went to 
France. SHAEF Forward, first organized near 
Portsmouth, crossed the Channel in successive seg- 
ments beginning 28 August and occupied a school 
at Jullouville, near Granville, on Normandy’s 
western coast. Communications with the army 
groups were not good. Two weeks after opening 
there, SHAEF Forward began moving to Versailles, 
where it officially started operating on 20 Septem- 
ber. On 19 September a SHAEF Advance opened at 
Gueux, about seven miles northwest of Reims, 
where it was ensconced on the grounds of an ath- 
letic club. By 5 October 1944 SHAEF Main had 
transferred to Versailles from Bushy Park, leaving a 
SHAEFF Rear in London. In the following February, 
SHAEF Advance moved from Gueux into Reims, to 
which SHAEF Forward also moved from Versailles, 
opening there on 20 February. The supreme com- 
mander had places at which to confer with his 
commanders near the cities of Luxembourg and 
Spa, but they were places of convenience and secu- 
rity, not staffed for other purposes. 


Before SHAEF Forward left Normandy for Ver- 
sailles, the Headquarters, 12th Army Group had 
assembled in Normandy at Valognes and moved to 
Versailles. The 12th Army Group kept a tactical 
headquarters at Laval, forward of the main head- 
quarters, one which displaced several times as the 
campaigns moved into Germany. Signal Security 


Detachment “D,” SID, ETOUSA, operated in prox- 
imity to the 12th AG TAC Headquarters. 


The SIGINT Division, OCSigO, ETOUSA sent 
a forward detachment to Valognes with Head- 
quarters, Communications Zone, SOS, ETOUSA 
which remained there until 10 September. It then 
moved with Headquarters, COMZ to Paris, fol- 
lowed there in October by the rest of the staff. In 
Paris, Colonel Bicher and his staff of forty-one offi- 
cers were quartered at 124, Boulevard 
Maurice-Barres. 


In February 1945 the Allies began several at- 
tacks intended to reach the Rhine. Although the 
main Allied effort remained that to be undertaken 
in the north, where Field Marshal Montgomery was 
getting ready for a large set-piece attack to cross 
the Rhine north of Duisberg, all along the front Al- 
lied attacks began. The enemy kept many bridges 
intact across the Rhine for use in case he was 
driven back, but he remained to make his main de- 
fensive efforts west of the river. In consequence, 
the Allies maneuvered to cut off access to the 
bridges, and succeeded in destroying or capturing 
thousands upon thousands of Germans. Most 
bridges over the Rhine had been blown up by the 
time Allied ground reconnaissance could observe 
them. But on 7 March, while the mopping-up west 
of the Rhine was in full cry, a unit of III Corps, 
FUSA, found a boarded-over railroad bridge at 
Remagen that had not yet been blown. The defend- 
ers were barely prevented for several days from 
demolishing it. Vehicles, including light and me- 
dium tanks, antiaircraft and assault guns, and 
more and more infantry, kept crossing while the 
shaky bridge came under attack by artillery and air- 
craft. But other bridges and ferries were also put in 
operation near Remagen. When the bridge finally 
collapsed under shelling and bombing, the enemy 
had been pushed well back, and the supplementary 
bridges permitted building up a bridgehead large 
enough for FUSA to use as a base. When the other 
Allied armies were ready to cross the Rhine else- 
where, the enemy’s losses west of the river had 
deprived him of the means to maintain another line 


of defense between the Rhine and Berlin. One last 
major effort was made to protect the Ruhr; else- 
where the defenders were outnumbered and 
outmaneuvered. 


A large force was encircled within the Ruhr and 
held there, separated and compressed, until over 
300,000 surrendered. Elsewhere, as various Allied 
corps fanned out from their bridgeheads, they met 
sharp opposition at many scattered points but no 
concerted resistance of a regional dimension. The 
enemy tried without important success to reorga- 
nize and set up rallying points. The Allies, 
discovering the hideous and disgraceful prison 
camps and capturing V-2 rockets not yet fired, saw 
also the enormous destruction inflicted by Allied 
bombers. As the guns ceased firing, the turmoil of 
war became quieter but no less disruptive. Violence 
lay close to the surface of a suffering Europe. 


Page 141 


THIS PAGE INTENTIONALLY LEFT BLANK 


Page 142 


Chapter 11 


Aspects of Collaboration in Special Intelligence 


Beginnings 


Anglo-American collaboration in special intelli- 
gence came somewhat later than that in other 
forms of SIGINT. All collaboration in intelligence 
was based, one must remember, on mutual advan- 
tage rather than on altruism. As it progressed, 
confidence grew, but neither country released any- 
thing to the other unless the action would benefit 
itself either directly or indirectly by the uses to 
which the other would put the assistance. When 
the likelihood of war applied primarily to the Japa- 
nese Empire, U.S.-British exchanges of information 
on Japan in the cryptologic field went further than 
in other areas. Benefits had always to be balanced 
against risks, and while the U.S. remained a non- 
belligerent, Britain seemingly viewed US. security 
secondary to the protection required for special in- 
telligence. 


The United States moved toward belligerency 
by stages. Before the surrender by France in 1940, 
the U.S. was a neutral hoping to escape the conflict. 
Gradually it faced the prospect that not only France 
but Great Britain would succumb to Nazi German 
dominance unless the U.S. became an “arsenal of 
democracy” and furnished Churchill the tools 
which he needed to “finish the war.” Delivery of the 
material made in America led to protection of con- 
voys by units of the U.S. Navy along with the Royal 
Canadian Navy as far as a “chop” line in mid-Atlan- 
tic. The formula for American action became “all 
aid short of war.” By 1941 the U.S. government had 
given the Nazi fuehrer occasion for declaring war 
against the U.S. had he needed an excuse. He 
would do so, though, only if more advantageous to 
him than refraining. Preparedness for war in the 
United States lagged far behind the requirements 
of readiness to meet such an action. 


Steps in that direction included staff talks in the 
Washington area at which, in the supposition that 
the U.S. had gone to war, a grand strategy and cer- 
tain major preparatory measures were agreed. 


For the British, World War II had its phases 
too. While deprived of support by Belgium and 
France in 1940, and while acquiring Fascist Italy as 
a declared adversary, the British “stood alone,” 
awaiting a probable invasion by the Germans. By 
surviving German bombing attacks, the British dis- 
couraged the invaders and diverted them to a vast 
attack on the Soviet Union in June 1941. As the 
Germans became enmeshed in a winter offensive 
there, the Japanese seized an opportunity (that 
may have seemed to be fleeting) to benefit from the 
involvement of the British, French, and Dutch as 
well as the United States in the European conflict. 
Pearl Harbor was quickly followed by Japanese tri- 
umphs in a selected part of the British and Dutch 
empires and by Japanese threats to isolate Austra- 
lia and New Zealand. When Hitler and Mussolini 
declared war against the United States — while 
Japan withheld parallel action against the Soviet 
Union — the alignments of World War II were es- 
tablished. 


During the stages of change in the war situation 
of the future Anglo-American Allies, certain factors 
that affected collaboration in special intelligence 
appeared. The producers of SIGINT in both gov- 
ernments were contributors to general intelligence 
used in connection with foreign policy, ground, air, 
and sea operations of the armed services, and vari- 
ous forms of warfare included within the concept 
of “total war” that then prevailed. The army and air 
forces of the United States had one SIGINT 
organization, although the air components tended 
to become independent as the war continued. 
The U.S. Navy Department had a second SIGINT 
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organization. Among the British, the Foreign Of- 
fice, Admiralty, War Office, and Air Ministry kept 
their principal SIGINT producers under one um- 
brella, the GCCS; the latter distinguished sharply 
between special intelligence and “Y” intelligence. 
Different authorities controlled the two. 


In the United States the same authorities, di- 
vided between army and navy organizations, 
controlled production of SIGINT of all grades. The 
Army’s Signal Intelligence Service (later Signal Se- 
curity Agency) tried to meet the requirements of 
the Military Intelligence Service. In the Navy, OP- 
20-G became part of an extensive reorganization in 
the months after the Pearl Harbor attack. OP-20-G 
tried to enhance its services to those engaged in the 
Battle of the Atlantic, while devoting most of its 
growing resources to Japanese matters. 


The initiative to effect Anglo-American collabo- 
ration in SIGINT was taken by the British 
government through its ambassador in Washing- 
ton, Lord Lothian, who in July 1940 suggested to 
President Franklin Roosevelt certain exchanges of 
broad and general scope. Churchill, who had been 
prime minister for about two months of a country 
left alone to face grave danger, offered to exchange 
certain British scientific and technological accom- 
plishments that had military application in return 
for access to American industrial productivity, par- 
ticularly in the field of ultra-shortwave radio 
emitters. While not requiring any other quid pro 
quo, the proposal expressed a hope that the U.S. 
government would exchange scientific and techni- 
cal information as well as allowing British 
procurement of military equipment. 


On 11 July 1940 the cabinet adopted a position 
expressed by Secretary of War Henry L. Stimson 
(in which Secretary of the Navy Frank Knox con- 
curred), that the U.S. government 


Give all information possible to the 
British to aid them in their present 
struggle, and furnish them such ma- 
terial assistance as will not interfere 
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seriously with our own defense prep- 
arations.2 


Secretary Stimson advocated that any British 
procurement arising from the agreement to ex- 
change information be subject to approval by the 
U.S. Army or Navy Departments, in order to insure 
that it would not interfere with American programs 
of procurement. 


The exchanges began, after the arrival of a Brit- 
ish technical mission headed by Sir Henry Tizard, 
at a session on 28 August 1940. The representatives 
of the U. S. Army had been authorized to furnish 
not only “technical information on munitions, de- 
vices, or processes of manufacture owned by the 
U.S. Government,” but also “cryptanalytic informa- 
tion,” not, however, to include any information 
about our own codes, ciphers, and methods of 
cryptography. Intelligence gained abroad could be 
given to the British, but U.S. patent rights and 
trade secrets were to be protected.3 


The president sought to obtain American mili- 
tary assessment of the British ability to withstand 
the Axis powers in addition to the counsel being 
provided him by Colonel William D. Donovan. In 
August 1940 Brigadier General George V. Strong, 
chief, War Plans Division; Brigadier General Delos 
Emmons, USAAF; and Rear Admiral Robert Ghor- 
mley, assistant chief of Naval Operations, went to 
England (at about the same time that the Tizard 
mission was in Washington) to observe and to dis- 
cuss ways of assisting each other. Their soundings 
continued while, at home, Army and Navy SIGINT 
officials considered the possibility of exchanging 
cryptologic technical information and SIGINT 
products with the British government. 


From London, General Strong, by cable of 5 
September 1940, asked the chief of staff if the Army 
would agree to a full exchange with the British of 
German, Italian and Japanese code and 
cryptographic information. The U.S. Navy (Captain 
L. F. Safford, Chief, OP-20-G) was unwilling to 
exchange more than intercepts; the U.S. Army, on 


the other hand, responded favorably to General 
Strong’s query, though not to a continuous ex- 
change of intercepts. By January 1941 contacts 
between GCCS and both G-2, SIS and OP-20-G 
were in progress, under the canopy of the Tizard 
mission and by an authorization to the National 
Defense Research Committee to deal with crypto- 
logic exchanges. 


Captain 
Laurance F. 
Safford, USN 
(Photograph 
from the 
NSA History 
Collection) 


Actual exchanges of information with respect to 
cryptanalysis were somewhat gingerly approached. 
The British were then beginning to produce 
SIGINT from high-level communications of the 
German Air Force and Army, but their successes 
were limited, hard won, and often required ampli- 
fication from other sources. German submarine 
communications enciphered by an Enigma ma- 
chine presented analytic problems of immense 
difficulty, soon to be increased, on which the effort 
was intense. GCCS was working also on Abwehr 
(German Secret Intelligence) traffic and on inter- 
mediate cryptosystems of the German, Italian, 
Japanese, and other governments, and achieving 
important successes. 


In the United States, while the navy worked on 
a Japanese naval attaché system, the Army SIS in 
the summer of 1940 was nearing the end of an 
arduous eighteen-month quest for an electrome- 
chanical analog device able to decipher the highest 
level cryptosystem used in Japanese diplomatic 


communications. Having in 1939 displaced a 
system previously known in Washington as RED, 
the new one was labeled PURPLE. Early in October 
1940 came the first deciphering successes with “the 
PURPLE machine.” A wiring diagram, technical 
data, and a considerable body of intercepted traffic 
were thereupon delivered by agreement to the navy 
cryptanalysts for use on work in progress on the 
same target. Secure navy engineering facilities then 
constructed six PURPLE machines, of which three 
went to the army, one to GCCS, and two to the 


navy. 


As part of the exchanges in the cryptologic field, 
the British agreed to receive at GCCS two U.S. 
Army and two U.S. Navy cryptologists who would 
escort the PURPLE machine that the U. S. was 
giving to the British. They crossed the Atlantic from 
Halifax on a British warship. Representatives from 
each SIGINT organization, each a reserve officer, 
were designated. The Navy Department sent Lieu- 
tenant Robert Weeks and Ensign Prescott Currier; 
the Army had planned to send its leading expert, 
Lieutenant Colonel William F. Friedman, but 
illness caused his orders to be revoked, and Captain 
Abraham Sinkov thus became the senior Army offi- 
cer, accompanied by Lieutenant Leo Rosen. At 
GCCS, where special machines to rapidly test ana- 
lysts’ ideas were in use, the American gift could be 
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appreciated. Washington officials expected these 
officers to discover and learn all that they could to 
benefit the work to be done at home. 


Captain Abraham Sinkov 
(Photograph from the NSA History 
Collection) 


Captain Sinkov’s report described how GCCS 
was organized and how its output was facilitated by 
interception, direction finding (DF), and technical 
radio intelligence (called by the British, Wireless 
Technical Intelligence or WTI). Both Army and 
Navy officers had observed much that was outside 
the realm of special intelligence; they knew only of 
the existence of special intelligence and were 
pledged not to reveal its existence except to specif- 
ically named individuals.4 


The ability of the analysts at GCCS to read Ger- 
man communications enciphered in some of the 
cryptosystems that used the Enigma machine was 
sufficient in 1940 to promise that the limited de- 
fenses of the United Kingdom would be used with 
maximum effectiveness against any invasion across 
the Channel. Broader successes in the coming 
months could be expected at GCCS. The products, 
special intelligence, were kept utterly secret by 
elaborate security precautions. Awareness by the 
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Germans could deprive the British of what 
amounted to a “secret weapon” essential to their 
survival. 


When OP-20-G started trying to read German 
naval Enigma traffic early in 1941, considerable 
progress would have been facilitated by sharing the 
lessons of experience already learned at Bletchley 
Park. Technical SIGINT collaboration then was 
confined to “Y” intelligence. Intelligence provided 
by the Admiralty to the Navy Department may have 
included some SI in a disguised form. As late as Au- 
gust 1941, when Commander A. G. Denniston, then 
head of GCCS, conferred in Washington with offi- 
cers of the U.S. Navy and U.S. Army SIGINT 
organizations,5 he could not fail to observe how far 
from a consolidated, unrestricted commitment of 
American resources to preparedness still prevailed. 
The division of American public opinion over the 
right course of the United States concerning the 
war in Europe remained deep and emotional. 
Prominent were not only a “Committee to Defend 
America by Aiding the Allies” but also an “America 
First” committee. 


Probably at the time of Commander Dennis- 
ton’s visit if not earlier, OP-20-G received from 
GCCS diagrams of wirings and wheels of an Enigma 
machine and descriptions of the wheel movements 
during encipherments. Such material was sub- 
jected to preliminary research by Mrs. Agnes P. 
Driscoll and others, but was allowed to drop out of 
sight.© Methods of solution that had worked on 
lower-grade systems could not be applied success- 
fully. They were much too slow. Machine processing 
was required to cope effectively with such complex 
machine encipherings, a fact realized slowly at OP- 
20-G. 


Although the U.S. Navy had been participating 
with the Royal Canadian Navy and the Royal Navy 
in protecting transatlantic convoys long before the 
attack on Pearl Harbor, German submarines in 
January 1942 commenced a campaign of sinkings 
along the eastern seaboard which the U.S. Navy 
was not able to oppose effectively. When the means 


ohm branch; find the current in each of the 
other branches. (4) Find the combined cur- 
rent. 


f. A parallel circuit has branches with re- 
sistances of 1, 3, 10, 20, and 50 ohms, respec- 
tively. (1) What is the conductance of each 
branch? (2) What is the conductance of the 
combination? (3) What is the resistance of 
the combination ? 

g. Three resistors R, (36 ohms), R, (42 
ohms) and Rs; are connected in series with a 
generator. An ammeter inserted in the circuit 


between R, and R, reads 2.4 amperes, and a 
voltmeter across R, reads 41 volts. (1) What 
is the resistance of R3? (2) What is the volt- 
age across R,? (3) What is the voltage across 
R,? (4) What is the voltage across the gen- 
erator? 


h. Find the total resistance of: (1) circuit 
A when 2; = 6 ohms, Ry = 9 ohms, Rz = 17 
ohms, R, = 5 ohms, R; = 11 ohms; (2) cir- 
cuit a when R, = 12 ohms, R, = 25 ohms, R; 
= 19 ohms, R, = 8 ohms, R; = 12 ohms. (3) 
circuit B; (4) circuit C. 


1. A 10-ohm resistor is connected in series 
with a 15-ohm resistor. (1) What voltage 
must be placed across the two resistors to 
send a current of 5 amperes through it? (2) 
What would the voltage be across each re- 
sistor? 


j. (1) What voltage is required to force a 
current of 10 amperes through a parallel com- 
bination of three branches having resistances 
of 15.3 ohms, 1.3 ohms, and 10.5 ohms, re- 
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spectively? (2) What will the current be in 
each branch? (38) What is the voltage drop 
across each branch? 


k. A generator has an output voltage of 
110 volts. (1) What current is flowing in a 
wire of 0.02 ohm connected across the termi- 
nals? (2) What current will flow if an in- 
candescent lamp of 484 ohms is also connected 
across the generator? 
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Left to right: Alistair G. Denniston, Director, 
GCCS; Professor E. R. Vincent; and Brigadier 
John H. Tiltman in London, 1942 
(Photograph from the NSA History 
Collection) 


of retaliation had been sufficiently increased 
through better information about the enemy's situ- 
ation and centralized control of our shipping and 
escorts, the Germans found the campaign too 
costly and returned to other areas of the Atlantic. 


Commander Rodger Winn, a sagacious British 
barrister turned Royal Navy Reserve officer, visited 
the United States in the summer of 1942 and suc- 
ceeded in persuading navy authorities to institute a 
system of escorted convoys from the Caribbean to 
northern ports and to link that system with the 
convoys to European destinations. He also con- 
vinced navy authorities that something akin to the 
Operational Intelligence Centre (OIC) in the Admi- 
ralty, would strengthen American anti-submarine 
operations. The British OIC was soon visited by 
Lieutenant Commander Kenneth Knowles, who 
was to become the officer-in-charge of parallel ac- 
tivities in Main Navy, Washington. His unit, under 
a successively modified administrative organiza- 
tion, was the Atlantic Section, Combat Intelligence 
Division, U.S. Fleet (F-21) and eventually, a unit of 
the Tenth Fleet (FX).7 Its submarine tracking room 


used intelligence from all sources, and could advise 
the convoy and routing unit of the submarine situ- 
ation affecting a convoy’s course. 


U.S. Navy Attempts to Produce Special Intelli- 
gence 


Collaboration in the production of special intel- 
ligence tends to be focused on the invention and 
manufacture of high-speed machines for use by 
army, navy, and GCCS analysts. Some of the books 
published about how Ultra intelligence was used to 
win the war leave the impression that, on both 
sides of the Atlantic, men of genius conceived of 
mechanisms that enabled decryption to be per- 
formed by tenders of machines analogous, perhaps, 
to the shift in textile manufacture from hand-weav- 
ing to factory output. Instead of being watchers of 
bobbins, the analysts acted more like musicians 
whose instruments provided music when properly 
played, but which otherwise yielded only noise. 


Several types of a machine usually called a 
“bombe” emerged during the war from the work of 
men who applied electromechanical technology 
that was then novel. The British in 1939 acquired 
from Polish and French collaborating cryptologists 
the prototype of a bombe,8 and went on to devise 
their own. The Enigma in use from 1939 to 1941 
had three wheels, or rotors, and could be addition- 
ally elaborated so that the paths of a maze of wiring 
between the same plaintext letter and its final ci- 
pher equivalent could differ several thousand 
times. The bombe enabled the analysts to discover 
the way in which the controls of the sending and re- 
ceiving Enigmas had been set for an enciphered 
message to be converted to plaintext German. 
It was possible for an enciphered message to be 
a reencipherment necessitating a second decipher- 
ing with special keys available to limited recipients. 


The three-wheeled Enigma was partially re- 
placed on 1 February 1942 by a fourth-wheel 
version for some German naval communications. 
When the four wheels were used, GCCS lost the 
ability to decipher most Atlantic submarine traffic 
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for at least nine months in that year. The intelli- 
gence shared by the British Admiralty with the 
Navy Department with respect to protecting con- 
voys and weakening the German submarine 
offensives abruptly declined in quality. Certain 
navy authorities, unaware of the reasons, con- 
cluded that the British were not meeting the 
obligations that they had assumed for full 
reciprocity in exchanges of cryptologic techniques. 
If the American cryptologists started as junior part- 
ners in producing SIGINT (other than Japanese), 
they intended to become equally competent by 
catching up. The material given to OP-20-G, 
including samples of plaintext messages with data 
about the Enigma, had been so quietly provided 
and so secretly retained there, that British action 
was probably unknown to the complainers. 


The U.S. Army SIGINT organization in the 
throes of rapid growth, particularly in 1942, in- 
tended to acquire competence to produce SIGINT 
from all kinds of encrypted communications. It 


could not acquire German military traffic of suffi- 
cient quality and quantity for efficient processing 
from its own intercept stations, and it expected rec- 
iprocity — from GCCS for American contributions 
since 1940 concerning Japanese SIGINT -— to in- 
clude all kinds of material concerning German 
communications. Those expectations were for a 
time disappointed. The Military Intelligence Divi- 
sion, War Department, headed in 1942 by Major 
General George V. Strong, concluded that it was 
not being given all the SIGINT to which it was enti- 
tled and that it could not allow a condition 
of dependence on GCCS to persist indefinitely. No 
U. S. Army forces were even scheduled for opera- 
tions against the Germans until the decision in July 
1942 to seize French North Africa as a base for fu- 
ture operations in the Mediterranean region. The 
first landings there could not be made until the fol- 
lowing November. During Allied discussions in 
1942 of a cross-Channel attack to establish a sec- 
ond front in Western Europe to aid the Soviet 
struggle on the Eastern Front, and during 
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Bombe deck at OP-20-G, May 1945 
(Photograph from the NSA History Collection) 
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the planning for Operation TORCH in Northwest 
Africa, the necessary intelligence was for the most 
part of British origin. During the Casablanca Con- 
ference in January 1943, the same situation 
persisted. 


In 1942 the U.S. Navy Department’s pressure 
on the British authorities led, finally, to an accom- 
modation. Colonel John Tiltman, BA, asatemporary 
representative of GCCS in Washington, convinced 
his superiors in the U.K. that the U.S. Navy’s “Y” 
authorities were determined to develop the ability 
to produce special intelligence to offset the British 
failure to furnish it. He was authorized to explain 
that the Royal Navy itself was being denied the 
kind of German naval intelligence that had 
once been available and that GCCS had not been 
able to produce it since the advent of the four- 
wheeled Enigma for Atlantic submarine 
communications. The closest possible collabora- 
tion by the British in producing and using “Y” 
intelligence could be expected, but recovery of spe- 
cial intelligence of first-rate quality, as before, 
seemed likely to depend upon a successful develop- 
ment of a high-speed bombe. GCCS had obtained 
authorization to exchange information about such 
a development, and would supply one bombe to 
OP-20-G. 


By arrangement, two U.S. Navy officers, Lieu- 
tenant R. B. Ely and Lieutenant Junior Grade J. J. 
Eachus, went in June to GCCS in part to observe 
how the British made use of an expert analytical 
research group and, in part, to learn all that they 
could about the processing of naval Enigma traffic. 
Lieutenant Commander Howard T. Engstrom and 
others concerned with rapid analytical machines 
(RAMs) prepared the two visitors for their trip. Ely 
returned in August, Eachus in October, after hav- 
ing stayed to see tests of the British devices then 
under development. Those tests and others that 
followed were discouraging. 


OP-20-G began a project, after Navy Depart- 
ment approval on 10 September 1942, to develop 
and then manufacture a device designed to operate 


at high speeds and to discover Enigma settings by 
testing possible cribs. That was to be the navy’s 
bombe for the four-wheeled Enigma. As outlined 
by Commander Joseph Wenger a week earlier, the 
project would cost $2,000,000 (already available 
at the Bureau of Ships) and take about five months 
from the first model to reach a production rate of 
about one per day. Operating them would eventu- 
ally require 30,000 square feet of space and 500 
operators. (The exact total number to be fabricated 
was left for later determination. It was once set at 
96, then increased to 112, plus more to be shipped 
to the UK for GCCS.) The Navy’s contract with the 


Commander Joseph Wenger 
(Photograph from the NSA History 
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National Cash Register Corporation of Dayton, 
Ohio, was surrounded by extraordinary security 
controls and given the highest priority and prece- 
dence in obtaining essential materials, after an 
appeal to President Roosevelt by Admiral Ernest 
King. Lieutenant Commander Ralph Meader, USN, 
was placed in charge of what was designated the 
Naval Computing Machine Laboratory at the Day- 
ton plant. Joseph R. Desch of NCR Corporation 
was the contractor's principal engineer involved. 
Waves were sent to Dayton to assist in assembling 
and testing the first models. While the work there 
advanced, a special building for bombe operations 
was prepared at the Naval Communications Annex 
in Washington. 
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By June 1943 production models were available 
for tests which they passed well. Output reached 
four or more per week, and analytic operations 
were maintained in Dayton until September. Com- 
mander B. F. Roeder, USN, was put in charge of a 
new special unit of OP-20-G to process Enigma 
traffic and to disseminate results. Quarters for the 
Waves who would run the bombes were con- 
structed across the street from the compound of 
the Naval Communications Annex in Washington. 
In September the bombes began working there as 
the transfer from Dayton became gradually com- 
plete. When the daily keys in German naval traffic 
had been ascertained, the bombes became 
available for other tasks, some of which GCCS re- 
quested. 


The terms of collaboration in special intelli- 
gence by OP-20-G and GCCS were recorded in a 
written agreement negotiated in Washington for 
GCCS by Sir Edward Travis, its head, and reported 
to his superior by Commander J. N. Wenger, USN, 
on 1 October 1942. It was signed the next day. The 
British consented to full exchange of intercepts, 
keys, “menus,” cribs, and all technical data applica- 
ble to German Navy and, in particular, German 
U-boat communications. The United States 
undertook to match the British primary responsi- 
bility for German naval SIGINT by assuming 
parallel responsibilities for the Japanese naval 
SIGINT problem. OP-20-G would send to GCCS 
the Japanese material intercepted at American sta- 
tions and all American recoveries of cipher keys 
and codes to help GCCS retain its capabilities in 
Japanese SIGINT production. 


In developing and using analytical equipment, 
GCCS would respond to requests for technical as- 
sistance and would send to OP-20-G certain 
technical personnel to obtain information about 
the American high-speed project. GCCS would also 
obtain certain items of special equipment that were 
manufactured in the United States. 


By the collaboration thus defined, the intelli- 
gence needs of both the Navy Department and the 
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Admiralty would be served. The arrangements 
might be expected to benefit the Allied protection 
of transatlantic convoys over the new sea lanes for 
supply and reinforcement of the Allied campaigns 
in the Mediteranean area. 


U.S. Army Preparations to Produce Special 
Intelligence 


While the Navy bombe project was in the devel- 
oping stage, the Army too became restive at what 
seemed to be a withholding of reciprocal assistance 
by the British at GCCS. In May 1942 Major Solo- 
mon Kullback began a visit of several months at 
GCCS. He studied the cryptanalytic methods used 
at GCCS for treating a wide range of enemy crypto- 
graphic systems. Though he was shown operations 
in progress on Enigma traffic, it was not done in a 
way that enabled him to become an expert at that 
as he did with other cryptosystems. 


Probably before the navy actually launched its 
bombe project, the army SIS had decided to design 
a bombe that used relay switching instead of the ro- 
tary type to be employed in British and U.S. Navy 
versions. On 30 September 1942 the Army Signal 
Corps contracted with Bell Telephone Laboratories 
(BTL) to produce a test sample. Its subunits would 
be a single-frame apparatus analogous in its opera- 
tions to those of a German three-wheeled Enigma. 
By November 1942 BTL could demonstrate suc- 
cessfully the sample model. BTL then undertook to 
complete 144 frames. To the uninitiated this bombe 
looked like metal shelving stocked with the insides 
of radio receiver sets in an orderly and intercon- 
nected arrangement. 


In the winter of 1942-1943, GCCS had as a 
bombe building project one that involved ulti- 
mately choosing one of two methods for coping 
with encipherments from a four-wheeled Enigma. 
The U.S. Navy had another. The U.S. Army was 
well along on developing its bombe applicable to a 
three-wheeled Enigma. Officials of SIS and OP- 
20-G conferred in January 1943 on the progress 
made thus far with the Army’s apparatus, and the 


possibility of incorporating certain features in its 
further development. At that time, seventy-two 
frames (or half the total number) were expected to 
be ready early in April 1943. 


Pursuant to the agreement with the Navy in 
October 1942, GCCS sent one of its leading cryptol- 
ogists, Dr. Alan M. Turing, to the United States in 
December 1942. He had been closely concerned 
with the devices for machine processing that had 
been developed by GCCS. On 21 December he was 
escorted to the Naval Computing Machine Labora- 
tory by several officials of OP-20-G and by Major 
Geoffrey Stevens, the British SIGINT Liaison Offi- 
cer stationed by agreement at Arlington Hall 
Station.. The navy bombe as it then stood was of 
uncertain merit as he saw it, though he may have 
reconsidered and thought better of it later on. 


When Dr. Turing’s authorization to visit the 
Bell Telephone Laboratories and observe Army 
cryptologic projects there was sought from a junior 
American officer, he was suspected of trying to slip 
in somewhat clandestinely. His request was 


Dr. Alan M. Turing, British cryptologist 
(Photograph from the NSA History 
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refused until the issue of his eligibility had worked 
its way through official suspicion at various levels 
to become the subject of correspondence between 
General Marshall and Field Marshal Sir John 
Dill, the head of the British Joint Staff Mission in 
Washington. On 5 February 1943 he and Major 
Stevens were finally received at BTL and were 
shown the army bombe and other devices then 
under development.9 


During the Anglo-American discussion preced- 
ing Dr. Turing’s visit to BTL, some U.S. Army 
SIGINT officials expressed doubt that the British 
had been exchanging cryptologic materials with 
complete reciprocity, as agreed. When the army 
identified materials allegedly withheld, the British 
insisted that they had all indeed been released 
to the American cryptanalysts who had come to 
GCCS. The British maintained that, to fulfill their 
part of a “full and free exchange,” they did not have 
to allow such materials to be used in Washington. 
The correspondence with Sir John Dill induced 
General Marshall’s deputy to acknowledge that 
sending “us” the Enigma materials wanted by the 
U.S. Army did indeed involve an increased hazard 
of compromise that need not be incurred. Instead, 
he conceded that arrangements should remain as 
they then were.1° 


The British concluded that at the Bell Tele- 
phone Laboratories the U.S. Army was 
experimenting with what they believed to be a 
more efficient development of the same “high- 
speed analyzer” that had been shown at GCCS to 
several American officers. The prime minister had 
authorized this disclosure during their visit to 
GCCS in April-May 1941, and at later dates to Brig- 
adier General Frank Stoner and Lieutenant Colonel 
George Bicher of Headquarters, ETOUSA. Major 
Solomon Kullback and Captain Roy D. Johnson of 
the SIS had subsequently worked at GCCS on the 
Enigma cryptanalytic problem, and had learned of 
the more recent developments. In the eyes of the 
British, the experiments at BTL should have been 
disclosed to them without waiting for ultimate suc- 
cess. 
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The Turing episode is important as an indicator 
of the U.S. Army’s degree of self-confidence and the 
British appraisal of a proper partnership. Dr. Tur- 
ing was a young mathematical genius whose 
doctorate had been won at Princeton University in 
1938, after two years of leave from his Fellowship 
at King’s College, Cambridge University. He had 
then declined the opportunity to work with the fa- 
mous mathematician, John von Neumann, at 
Princeton as an assistant in order to resume the 
role of a Cambridge don. He had already produced, 
before the war, a paper with ideas concerning an 
electronic machine which could calculate automat- 
ically — a paper read widely among mathematicians 
because of its demonstration that some problems 
were not mathematically solvable even though 
mathematically stated. 


GCCS had recruited him very soon after the war 
began, and at Bletchley Park he was known as “the 
Prof.” because of his abstracted ways; he had 
shown various practical qualities too. They ranged 
from padlocking and chaining his tea mug to a ra- 
diator in his office to devising electromechanical 
means for sifting the cryptographic variables in 
enemy encipherments. 


The records do not show whether the method 
by which his access to the Bell Telephone Laborato- 
ries as first sought was really intended to avoid 
drawing attention from those who ought to have 
been approached for approval. It was not the only 
time that Turing relied for necessary credentials on 
administrative channels which ignored require- 
ments or took too much for granted. While the 
obstacles to his visit were being removed, he 
seemed to have found time to visit Princeton and to 
have enjoyed access to food more nourishing than 
Britain’s wartime rationing permitted at home. 


The main consequence of the episode was un- 
doubtedly the demonstration that, when taken to 
the highest army level, the specifics of collabora- 
tion in cryptologic matters would follow the view of 
GCCS and not of G-2. Moreover, in spite of the na- 
vy’s intention to protect its highest COMSEC 
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system, the decision was made by the chief of staff 
of the Army to allow Turing to see such a cipher 
machine under development. In the discussion, 
General Marshall set a precedent for accepting the 
British view that all unnecessary risks of a compro- 
mise by transmitting SIGINT materials out of the 
United Kingdom should be avoided. 


When, a few weeks later, the U.S. Army tried to 
obtain Ultra materials from the British comparable 
to what had already been released to the U.S. Na- 
vy’s OP-20-G, the British declined. GCCS, supported 
by the Chiefs of Staff Committee, then insisted that 
its SIGINT collaboration with the U.S. Navy, in- 
cluding some SI, had been necessary in order to 
fight the German Navy in the Atlantic. 


The U.S. Army — GCCS Agreement in May 
1943 


The availability of enough of the new army’s 
rapid analytical machines (RAMs) for SIS work on 
German Army and Air Force Enigma communica- 
tions could be foreseen in February 1943. Mr. 
Friedman on 8 February then advised Colonel W. 
P. Corderman, commanding officer at Arlington 
Hall, that the SIS could by 1 April 1943 begin as- 
sembling and installing “our E-solving machinery” 
and could expect to be operating soon afterward. 
Needed then would be trained operators, traffic, 
and traffic-intelligence materials, and certain spe- 
cial information and complex special procedures 
already developed at GCCS. Special cryptographic 
equipment for use in fully secure communications 
channels would also be required. While some Ger- 
man Army Enigma traffic was being intercepted in 
1942-43 at Vint Hill Farms Station, or at an Army 
intercept station in Newfoundland and another in 
Iceland, the amount was small and the reliability of 
interception was inadequate for regular work. Brit- 
ish intercepts would be essential to the program at 
Arlington Hall Station. 


The British position in January 1943 at the time 
of the “Turing affair” had been that there should be 
no “exploitation” in the U.S. of vitally Top Secret 


traffic unless the British became convinced, as in 
the case of German submarine communications, 
that such exploitation in the United States was nec- 
essary. Colonel Tiltman persevered in upholding 
that position in conversations with Mr. Friedman. 
The latter insisted that the U.S. Army apparatus 
bore no external or internal resemblance to the 
British bombes or associated equipment and as- 
serted that it was capable of solving several other 
types of cryptographic traffic problems. He pro- 
posed to expand U.S. interception of Enigma 
communications in Northwest Africa and to estab- 
lish new Washington-Algiers telecommunications 
cryptochannels.14 


The U.S. Army proposal to the British on 23 
February 1943 meant that a second center for pro- 
ducing some German Army and Air Force Ultra 
would be established in the Washington area. 
Enigma traffic that had been intercepted by Amer- 
ican and British operators, and then analyzed and 
interpreted, would require transatlantic communi- 
cations for delivery of special intelligence from the 
U.S. to destinations in the theaters of war. 
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At that time, the Allies controlled no part of the 
European continent, and neither partner was ready 
to risk an Allied attempt to invade across the Eng- 
lish Channel for lack of sufficient strength to 
remain. The British could still consider the United 
States to be a junior partner whose potentialities 
remained uncertain in the light of current events in 
Tunisia. They quite naturally recoiled from the 
prospect of relinquishing control over an instru- 
ment of war that they had produced and on which 
they depended so heavily. U.S. Army authorities 
knew that special intelligence was available to 
Americans at Allied Force Headquarters at Algiers 
and at ETOUSA in England, and would continue to 
be available to them on the principle of the “need- 
to-know.” It was the ability to decrypt Enigma 
traffic independently that, in the long run, they be- 
lieved they must acquire. They appreciated that the 
security of Ultra was fragile but believed that the 
risk in producing it in the U.S. was not too great. 


Earlier agreements to exchange traffic with the 
British (and, as of 15 January 1943, with the Cana- 
dians) were bringing material of solid benefit to the 
U.S. Army. The traffic was chiefly diplomatic and 
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Japanese Army communications. At British sites, 
communications originating in neutral and Ger- 
man-dominated countries in Europe could be 
copied when no American station could hear them. 
In Canada, Australia, and British India, Japanese 
Army material copied by the British and furnished 
in the exchanges amounted to about thirty percent 
of that available to American analysts. The amount 
of duplication did not exceed what was warranted 
in order to eliminate garbles and to verify doubtful 
information.12 


The attitudes of individuals at lower levels _ of 
the chain of command were more nationalistic 
than that of those near the top. When Captain Ed- 
ward G. Hastings, RN, discussed the American 
request with Colonel Carter Clarke and Colonel 
Corderman, for example, his remarks could be 
treated as more or less an ultimatum — the Ameri- 
cans should withdraw their proposal or 
Anglo-American collaboration in SIGINT might 
cease. Cooler heads, in particular Lieutenant Colo- 
nel Telford Taylor of G-2, recognized that 
collaboration would not be allowed to founder if 
the issue were to be taken high enough. He also be- 
lieved that the current British position would 
eventually soften so that American capabilities 
could later be expanded gradually under arrange- 
ments that would then be agreeable. 


Consultations in London, in which the British 
Chiefs of Staff Committee was asked to consider a 
British reply to the U.S. Army proposal, and in 
which the U.S. military attaché and the principal 
U.S. SIGINT officer in London, Colonel George A. 
Bicher, participated, produced an “unshakable an- 
swer” from the British. American participation in 
the United Kingdom would be welcome; no exploi- 
tation of Enigma traffic performed in the United 
States would be accepted. The British were able to 
find support for their position in the words of Gen- 
eral Marshall’s letter at the time of the “Turing 
affair.” 


During the negotiations, the U.S. SIGINT 
officer at Allied Force Headquarters in Algiers, 
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Lieutenant Colonel Harold G. Hayes, was asked to 
report whether SI went from GCCS to AFHQ in Al- 
giers and, if so, whether it came to him. He replied 
that the “Y” Service in which he was engaged was 
quite separate, that SI went directly to General 
Eisenhower's chief of intelligence at AFHQ via a 
special radio link and that Hayes himself could not 
prudently even inquire about SI until he knew the 
substance of any agreement about it between GCCS 
and the SIS, Washington. 


Brigadier General Harold G. Hayes, 1955 
(Photograph from the NSA History 
Collection) 


The Americans wished to avoid an ultimatum 
from either ally to the other, but they insisted that 
the U.S. Army must become capable of producing 
SIGINT from German Army and German Air Force 
Enigma communications. Again the issue was 
resolved by negotiations in Washington in which 
Sir Edward Travis, head of GCCS, came to an 
understanding with Colonel W. P. Corderman, Sig 
C., in terms that were supplemented by arrange- 
ments satisfactory to the Special Branch, G-2, War 
Department. The agreement was signed by Travis 
and Corderman on 17 May 1943. It conformed 
closely to a draft approved by the British Chiefs of 
Staff Committee and offered to General Marshall 
by Sir John Dill. General Marshall thus overruled 
General Strong's insistence on terms enabling the 
U.S. Army, forthwith, to start developing at home 


(with the assistance of GCCS) its own ability to pro- 
duce SI. He acceded instead to the British agreement 
to receive a U.S. Army unit in the UK for training 
and production there that would be supervised by 
GCCS and for delivery of SI to the War Department 
by secure Britsh communications channels. 


The new agreement distinguished between the 
American and the British names for the same 
things as follows: 


U.S. British 


Special Intelligence A Special Intelligence 
Special Intelligence B 
TA Intelligence 


“Y” Intelligence 
“Y” Intelligence 


Brigadier General W. Preston Corderman, 


1954 
(Photograph from the NSA History Collection) 


The two organizations, GCCS and SIS, agreed 
to exchange completely all information concerning 
the detection, identification, and interception of 
signals from, and the solution of codes and ciphers 
used by, the military and air forces of the Axis pow- 
ers, including the German Abwehr. The U.S. Army 
assumed as its main responsibility the reading of 
Japanese Army and Air Force codes and ciphers. 


The British assumed as their main responsibility 
the reading of the codes and ciphers of German and 
Italian Army and Air Forces. Both countries 
agreed that special security regulations should 
apply to intelligence derived from enemy high- 
grade codes and ciphers. In that connection, both 
agreed to use their most secure cryptographic 
systems for the transmission of decodes and tech- 
nical cryptanalytic data. 


British or U.S. military or air commanders in 
chief would receive all the special intelligence 
necessary for the conduct of operations — obtaining 
it from either British or U.S. centers as mutually 
agreed. To insure dissemination of that sort, liaison 
officers were to be appointed and authorized to see 
all decodes. Distribution of SI would be held to a 
minimum and would be confined to those who 
needed the intelligence for the proper discharge of 
their duties. The same security regulations would 
govern all recipients of Special Intelligence A. 
Until modified by mutual agreement, the 
regulations in force in theaters of war where British 
forces were already operating would govern. Spe- 
cial Intelligence A was not to be intermingled with 
general intelligence from other sources unless that 
became imperative, and then all must be handled 
as if it were special intelligence A. Under no 
circumstances could special intelligence be 
transmitted in a cryptographic system that could be 
read by anyone except an authorized recipient. 
Special intelligence B was to become the basis for 
action, documents, or telegrams only when a 
different source could be presumed, and transmis- 
sionswereto bein “absolutelysecure” cryptosystems. 


In Washington and London intelligence liaison 
officers of the two allies were to have access to all 
special intelligence and were to be free to select and 
forward whatever they deemed necessary. 


Cooperation and coordination in “Y” between 
the U.S. Signal Intelligence Service and the British 
“Y” Service, at all levels, were also to prevail. Each 
was obligated to inform the other of the employ- 
ment and scope of its “Y” effort in Allied theaters. 
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It was agreed that research into new technical 
methods of attack on German Enigma communi- 
cations would continue to be conducted in 
Washington. 


US. liaison officers at GCCS would select mes- 
sages and summaries that they believed should be 
sent over existing British secure channels, either to 
G-2, Washington or to theater commanders.13 U.S. 
liaison officers in the War Office and Air Ministry 
would continue, as in the past, to handle SIGINT 
relevant to order of battle. 


AUS. party in Great Britain would work at in- 
dependently solving Enigma keys but would avoid 
duplication of effort. They would be furnished with 
British machines and be given instruction in all 
processing and would conduct complete processing 
to the extent they desired. Their decodes would be 
passed to Bletchley Park for emendation, 
translation, and distribution. Members of that 
American party would not be transferred elsewhere 
except for urgent reasons. Distribution of Allied 
special intelligence would be through specially 
trained British units at the headquarters of com- 
manders-in-chief. If the commander-in-chief was 
an American, an American liaison officer would be 
attached to the unit “to overcome difficulties that 
may arise in regard to a difference in language.” 
Ultimate control over matters of security and all 
dissemination of special intelligence was to be re- 
tained by the Director, GCCS.14 


The 17 May 1943 agreement was forwarded to 
the chief of staff, U.S. Army, by General Strong on 
10 June 1943 with a recommendation that it be ap- 
proved. On 15 June 1943 it was approved by the 
secretary of war. 


On 23 July 1943 Colonel Bicher, the chief, SIS, 
ETOUSA, received from Washington the program 
for executing that part of the 17 May agreement 
that provided for a U.S. Army SIS contingent to 
learn how to produce SI in the UK. 
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After resolving matters with the Army, Com- 
manders Travis and Wenger, along with other 
officers of OP-20-G, discussed the progress made 
on the two types of bombe for the four-wheeled 
Enigma that GCCS had under development and 
testing, and the situation in the United States, 
where the Naval Computing Machine Laboratory at 
Dayton, Ohio, already had a production model 
soon to be manufactured. On 18 May 1943 the 
British faced an uncertain performance by 
their new bombes in either version, while the 
Americans were confident that their machines 
worked well and would be in full production before 
the end of June. 


In those circumstances it was agreed that 
the British would allocate tasks and provide mate- 
rials to OP-20-G in the form previously shown, and 
that the Americans would keep GCCS informed of 
the number of operative bombes available and 
would, of course, return to the British all results as 
soon as possible.15 


Sir Edward Travis 
(Photograph courtesy of William F. Friedman 
Collection, George C. Marshall Library) 
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The Friedman, McCormack, and Taylor Mis- 
sion — April to June 1943 


Even before the agreement had been con- 
cluded, Mr. William F. Friedman of SIS, now 
recovered in health but no longer in uniform, made 
a long visit to GCCS and to London. Lieutenant 
Colonel Alfred McCormack and Major Telford Tay- 
lor, from the Special Branch, G-2, accompanied 
him to England, arriving on 25 April 1943. 
In London they began by consulting Lieutenant 
Colonel George Bicher at Headquarters, ETOUSA, 
before he left for consultations in Washington. 
The dual nature of their positions in Army organi- 
zation was reflected in courtesy calls on the 
assistant chief of staff, G-2, and the chief signal 
officer, ETOUSA. Their professional interest led 
them quickly to sessions with the deputy 
director, GCCS (Travis), and his superior officer 
(Sir Stewart Menzies), the chief, Secret Intelligence 
Service at the latter’s office. There they learned that 
the British authorities expected them to proceed 
with their mission of observation without regard to 
the current controversy. 


The three men often stayed together during 
their seven-week visit, but occasionally separated 
and compared notes afterward. Their movements 
took them not only to SIGINT stations in London 
and GCCS at Bletchley Park (BP) but to several 
outstations. Almost at once they went to Tidworth 
to see a U.S. Army SIGINT company in training. 
They sampled the SIGINT establishments at 
“Berkeley Street” and “BP,” then devoted several 
weeks to thorough examinations of the systematic 
operations at each. It was soon apparent to 
them that U.S. intelligence officials in Washington 
had an inadequate understanding of the 
complexities of the British effort. Reports by earlier 
American visitors had not been studied widely 
enough. The British liaison officer may have 
been supposed to provide a full and intelligible pic- 
ture to the responsible U.S. intelligence officials but 
had not. Whatever the reasons, Colonel McCor- 
mack set out to rectify deficiencies by 
industrious recording of observations on his own 


visits. All three tried to convey to their superiors 
(Colonel Carter Clarke of the Special Branch and 
Colonel W. Preston Corderman, CO, Arlington 
Hall) by carefully drafted messages, facts that they 
were convinced those officials at home should be 
taking into account in the negotiations over an 
GCCS agreement. 


The main problems to be met in accordance 
with the terms of agreement would be 


(1) how could the the U.S. Army improve its 
ability to produce special intelligence; 


(2) how could Anglo-American technical col- 
laboration in producing SIGINT be enhanced; 


(3) how could intelligence liaison officers sta- 
tioned in the United Kingdom satisfy the 
intelli-gence requirements of the army; and 


(4) how should American participation in dis- 
seminating special intelligence to field commands 
be established? 


All Americans who were “in the Ultra picture” 
agreed that the U.S. Army must ultimately learn 
how to produce special intelligence for its own 
needs but in doing so ought not to hamper current 
production. 


The three visitors were amazed by what the 
British had accomplished in the way of 
organization and expansion. Comparing their views 
of British production one evening, McCormack 
said: “It's not good. It’s superb But it isn’t 
military.” The others agreed that at BP consider- 
ations of rank and grade were ignored in favor of 
“the best man for the job,” of candor in technical 
cooperation, and of acceptance of personal eccen- 
tricities. 


To Colonel Carter Clarke, Colonel McCormack 
cabled (in the spirit of BP):16 
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If Corderman wants his people to 
learn what makes this operation tick 
he had better send them over to learn 
it, because they never on God’s green 
earth will learn it from anything that 
Arlington will be able to do in any 
foreseeable future. 


The visitors discovered from the questions and 
instructions that came back to them while in Lon- 
don that their painstaking cabled reports were not 
convincing in Washington. Their superiors might 
not have been impressed by figures such as the 
many receiving sets within the United Kingdom 
alone by which Enigma intercept material was ob- 
tained, or the sixty-seven bombes already in 
operation of which forty-six were running twenty- 
four-hours per day on German Army and Air Force 
(three-wheeled Enigma) traffic. They might not 
have found noteworthy the estimate in May 1943 
that 1,650 to 1,700 persons were at work on crypt- 
analysis and intelligence analysis of Enigma traffic, 
in addition to many more concerned with intercep- 
tion, special communications, and delivery. But if 
they ever understood the steps involved in process- 
ing Enigma, producing cribs, setting up machines 
for operations to verify the correspondence of let- 
ters, testing the arrangements, studying possibilities 
indicated by the machines, and deriving an under- 
standable text from possible combinations, 
translating the text into intelligence, feeding the in- 
telligence back into the general pot in order to 
relate it to logs and other data from traffic analysis 
in a search for more cribs, and other actions — then 
they might have been more agreeable with the con- 
clusion of Colonel McCormack’s message cited 
above. They might also have accepted his opinion 
that there was no likelihood that Arlington Hall 
soon could provide any significant amount of timely 
intelligence by working on the problems of Enigma 
keys that GCCS would define each day. 


As McCormack noted, GCCS was both a pro- 
ducer of SIGINT information and an organization 
directly involved in supplying combat intelligence 
to field commanders. Although watch officers of 
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each armed service selected items to go to their 
ministries (Admiralty, War Office, and Air Minis- 
try) for treatment in the output of finished 
intelligence, GCCS itself sent any Ultra item rele- 
vant to a field commander’s current operations to 
that commander by a direct communications sys- 
tem which GCCS controlled for that purpose. It 
sent appropriate items directly to Brigadier Sir 
Stewart Menzies, who quickly passed deserving 
items on to the prime minister. 


Among the features of the British SIGINT oper- 
ation that Colonel McCormack found of primary 
interest was the effort, within the security frame- 
work, to disseminate to that person all SIGINT 
affecting an individual’s duty performance. Avail- 
ability of SIGINT was not confined to the service 
with the greatest interest but extended to all three 
whenever their representatives in the Watch Room 
wished to have an item. Moreover, he could find no 
reason to believe that any items just went to British 
commanders when U.S./UK commanders were 
jointly involved. General Eisenhower, for example, 
was receiving anything pertinent to his area of 
command, and that information went also to Gen- 
eral Sir Harold Alexander, his principal field 
commander. 


Next in size to GCCS at Bletchley Park was CDR 
Denniston’s station in London known as “Berkeley 
Street,” where almost 250 persons were engaged in 
producing diplomatic intelligence. Everything re- 
leased from Berkeley Street went to the Foreign 
Office and to the service ministries, while liaison 
officials from other government agencies selected 
what their chiefs might want. Items for Washing- 
ton, New Delhi, Melbourne, and Cairo were 
distributed through GCCS; diplomatic intelligence 
based on SIGINT went to British diplomatic recip- 
ients through a system controlled by the Chief, SIS, 
rather than over standard diplomatic communica- 
tions channels. 


McCormack’s visits included the MI6’s estab- 
lishment at St. Albans devoted to training men and 
managing counterintelligence operations. There he 


found a small party (largely recruited from Ameri- 
can academic faculties) from the U.S. Office of 
Strategic Services. They were apparently at an early 
stage, of their preparations for the eventual inva- 
sion of the continent across the Channel. 


Mr. Friedman, Colonel McCormack, and Major 
Taylor saw at Berkeley Street the PURPLE machine 
that had crossed the Atlantic in 1941 and another 
one — bigger and not so dependable — that British 
engineers had since fabricated. From the point of 
view of U.S. intelligence, Berkeley Street might in 
the long run prove to be a source of greater value 
than Bletchley Park’s. 


While Mr. Friedman was at Bletchley Park, 
news came by radio of the Allied captures of Bizerte 
and Tunis on 8 May 1943, and on 18 May came 
word of the Corderman-Travis agreement reached 
in Washington. On 20 May he was for the first time 
shown Bletchley Park’s bombe operations. 


The visit to the U.K. by Mr. Friedman and Col- 
onel McCormack ended on 12 June 1943 but Major 
Taylor remained to execute certain terms of the 17 
May agreement that were of great concern to the 
Special Branch, MIS. He was to be the first of the 
intelligence (as distinguished from SIGINT techni- 
cal) liaison officers at Bletchley Park. He was also 
to be officer-in-charge of others to come from the 
U.S. for similar G-2 duties, or to be inducted into 
one of the Special Liaison Units (SLU) for distribu- 
tion of SI to commanders in the field. 


Collaboration under the Army’s 17 May 
Agreement 


Under the terms of the new agreement, one or 
more U.S. representatives would review the daily 
output of Ultra material at Berkeley Street, another 
station at Ryder Street, and Bletchley Park in order 
to select items of value for American intelligence. 


The “Yellow Project,” as Arlington Hall’s early 
work on Enigma had been called, was transformed 
by the new agreement. Captain (later Major) Roy 


D. Johnson, who prepared from November to April 
at GCCS17 to meet the responsibilities of opera- 
tions officer of an Enigma analytic unit under 
Lieutenant Colonel Frank W. Rowlett, instead went 
back to England in October as officer in charge of 
an overseas Signal Security Detachment. The new 
“Operation BEECHNUT,” as authorized in July, 
sent officers and enlisted men from Arlington Hall 
and Vint Hill Farms Stations for duty in three such 
detachments plus one headquarters unit that to- 
gether became the Special Project Branch of the 
Signal Intelligence Division, ETOUSA. They in- 
cluded intercept operators, machine processors, 
and cryptanalysts. Major William P. Bundy became 
the operations officer of the Branch. The three Sig- 
nal Security Detachments were numbered 6811, 
6812, and 6813 and were separated of necessity.18 
The intercept unit went to a site on the heath near 
Bexley in Kent and set up a station known as “Santa 
Fe.” By dint of hard work they responded to train- 
ing that enabled them before June 1944 to count 
about 100 reliable operators in the unit. In the lat- 
ter part of 1944 they were the subject of a 
commendatory letter from a British consumer. The 
second detachment had working quarters at East- 
cote but were housed at Harrow-on-the Hill, seven 
miles away, until they could get a camp built, in 
part by their own labor. The analytical group began 
arriving in September and were taken in at Bletch- 
ley Park, where an individual’s progress determined 
his transfer from training to operational work. The 
branch was slow in grasping the opportunity 
opened for it in July, largely because of the neces- 
sity of obtaining G-2 clearances before shipment 
from the U.S. and also because of the unexpected 
amount of transportation and housekeeping duties 
that their separate sites required. It was in March 
1944 or later that the Special Project Branch could 
begin to look confidently toward its objective. At its 
peak strength, it numbered about 36 officers and 
400 enlisted men, of whom some had been found 
in the theater. 


The intercept operators of the 6811th Signal Se- 


curity Detachment were at first inattentive to the 
wisdom of fully recording German communicators’ 
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chatter. An example of what could result from 
alertness was reported later by Albert Small,19 the 
SSA liaison officer at Bletchley Park. A traffic ana- 
lyst noted in a log that one German operator, at a 
time of callsign changes, had asked another if a cer- 
tain callsign was that of an individual with a 
well-known long and distinctive name. The man 
had been a sergeant, and could have been pro- 
moted to lieutenant. Trying his name as a crib ina 
signature, Bletchley Park soon broke the key for 
that day’s transmissions. 


U.S. cryptanalysts who went to GCCS to learn 
the ways in which work was organized and the 
methods by which results were attained found 
themselves engulfed in British nicknames and 
slang by which cryptosystems, analytic operations, 
processes, and units were identified. It illustrated 
the epigram about the British and the Americans as 
peoples who were separated by the same language. 
Foreign cryptographic systems, for example, were 
classified for identification in categories named by 
fish, flowers, animals, birds and insects, rather 
than by letter-and-number symbols, as they were at 
home. Colors were also used, as they had been in 
Washington. 


Rapid analytical machines and auxiliary pro- 
cessing devices acquired distinctive names on 
which much ingenuity was expanded. The “bombe” 
— for which the Poles are credited with providing 
the name that the British and Americans retained — 
was made more efficient by using a “Duenna” in the 
latter part of the war. Resort to electronics rather 
than electromechanical operations produced for 
GCCS both a “Giant” and ultimately a “Colossus.” 


American visitors had to recognize the mean- 
ings of “blist,” “cillies,” and “Uncle Dudley,” as well 
as “Duddery,” and scores of other terms that served 
as oral shorthand. Such inventiveness was inher- 
ent, apparently, in the mental equipment needed 
in producing SIGINT. Machines devised by the 
Americans at home accumulated a roster of eso- 
teric designators. 
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One comprehends the extent to which the use 
of special terms at GCCS amounted in effect to a 
code upon reading the following sample: 


The only Air key still defying us is 
GNAT (Fliegerkorps X). LILY, which 
has no Uncle, is difficult enough 
without one; for FIREFLY we are 
largely dependent upon cillies, and 
for GLOWWORM on re-encodements 
from FIREFLY. FIREFLY does not 
seem to be using his large store of Un- 
cles but we do not know yet about 
GLOWWORM. There is fairly good 
evidence since the fifth that WASP, 
who started without his, has now put 
it on his best crib frequencies, and we 
may be in for trouble. JAGUAR, a 
heavy user of D and of Uhr, has got 
stuck for the last day or two At the 
end of the month most of the [Army] 
keys in use were compromised, with 
the result that PEEWIT, the Supply 
key, decoded a lot of operational 
traffic as well, and also PULLET, the 
Y key.... 


At “Berkeley Street,” Taylor served until re- 
lieved late in July 1943 by a civilian, Mr. Roger 
Randolph. Captain Bancroft Littlefield followed 
Mr. Randolph in December, and about one year 
later, Captain Lewis T. Stone, Jr., took over from 
Captain Littlefield. At “Ryder Street,” Major W. L. 
Calfee acted as U.S. SIGINT Liaison Officer. 


The American Ultra officers who came to 
Bletchley Park for similar duties were the nucleus 
of a unit in Hut 3 that came to be designated at 
Bletchley Park as “3-US.” Major Samuel McKee 
joined Taylor in selecting the first of a stream of 
“CX/MSS items” (Ultra) for transmission to Wash- 
ington, always via British secure communications 
channels. The first messages were sent on 27 Au- 
gust 1943. 


Principles of selection rested more on trial and 
error than on doctrine. Guidance from Washington 
was minimal. Almost at once, Taylor and McKee 
recognized that Ultra messages provided far better 
data on German Army and Air Force order of battle 
than the materials two U.S. liaison officers, as- 
signed to duty at the War Office and the Air 
Ministry, had been obtaining from other types of 
SIGINT material. Their selections in Hut 3 soon 
overloaded the available British secure communi- 
cation circuits and had to be restricted. 


In Washington, where the MAGIC Daily Sum- 
mary became so important to the conduct of the 
war, a narrowly distributed Military and Naval 
Supplement was used as the vehicle for SI. On 1 
July 1944 it was replaced by a daily MAGIC Euro- 
pean Summary prepared by the German Military 
Reports Branch of MIS. About ninety percent was 
based on special intelligence. 


The five or more U.S. officers in Hut 3 were led 
by Major F. W. Hilles, while Taylor (promoted to 
lieutenant colonel) and McKee worked on arrange- 
ments for training American Special Security 
Officers in disseminating Ultra to U.S. command- 
ers. The recruitment was done in Washington 
where the training there was preliminary; training 
at GCCS was the main, final stage, and chiefly 
accomplished in “3-US." All personnel were 
accounted for as the strength of “MIS, War Depart- 
ment, London Branch.”2° 


Several of the future Special Security Represen- 
tatives completed their training by visits to the 
Mediterranean area commands where Special Liai- 
son Units (SLUs) were functioning. The first visitor, 
Captain John F. B. Runnals, went to Algiers, La 
Marsa, Bari, and Caserta in November-December 
1943 not long after the liberation of Naples. At 
AFHQ in Algiers he found the principal British 
Special Security Officer (SSO) in the theater, Lieu- 
tenant Colonel Robert Gore-Brown, from whom he 
obtained an explanation of the functions of nine 
SLUs in NATOUSA, six others in Egypt and the 
Near East, and a special communications network 


extending from “Windy Ridge” in the United King- 
dom to Gibraltar, Algiers, La Marsa, Taranto, Bari, 
Foggia, Caserta, and Bastia. Further forward he as- 
certained the organization of SLU activities. 


In April, when Major Lewis F. Powell, Jr., 
began his trip to the Mediterranean area, he carried 
instructions (from the chief of staff, Army) for cer- 
tain U.S. air and army officers governing the 
protection and use of special intelligence. He was 
also to observe the SLU system as employed by the 
Mediterranean Allied Air Force and constituent 
commands. 


The personnel of MIS, War Department, Lon- 
don Branch were of three categories: Advisors, 
Special Security Representatives (SSRs), and Spe- 
cial Security Officers (SSOs). The first type worked 
in Hut 3, Bletchley Park, or in a London British 
SIGINT station. The second and third types were to 
be assigned to the headquarters of U.S. command- 
ers, as members of Special Liaison Units controlled 
by the British. They would work in offices, vans, or 
possibly briefly in tents, near a Special Communi- 
cations Unit (SCU) of British RAF noncommissioned 
and enlisted communicators. The SCU in its own 
vehicle would be using a “Type X” machine - a 
cryptographic system that was reserved for the pro- 
tection of special intelligence, in radio (or undersea 
cable) channels. 


The SSRs were expected to be closely associated 
with the chief of intelligence, chief of staff, and 
commanding officer of a headquarters. The SSOs, 
depending on the preference of the SSR, would 
work for him, or with him. The SCUs kept in touch 
with the central station in the UK and delivered de- 
ciphered messages to an SSO. If the message was 
urgent, it would be taken at once to the SSR for ac- 
tion; otherwise, it would be handled as the others 
delivered at stated times, or used in daily briefings 
and summaries. The SSO office or van could be 
used as an Ultra library where officers “on the list” 
could consult files and maps showing information 
from SI. The maps not only presented enemy order 
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of battle but the enemy’s beliefs concerning the dis- 
position of Allied forces. 


During the planning to invade Normandy, the 
planners benefited from available special intelli- 
gence. The Eighth and Ninth Air Forces, then 
engaged in preinvasion bombing, also found Ultra 
useful in choosing targets and escorting the bomb- 
ers. The tactical air commands that would support 
the armies prepared to make use of SI. Later forty- 
three American officers were assigned to Special 
Liaison Units. U.S. Army officers who served as 
special security representatives in the European 
Theater are listed below opposite the command 
headquarters to which they were accredited. 


Future SSRs visiting in Algiers saw the segre- 
gated operational areas of the SLV and the SCV on 
the top floor of a hotel used as Allied Headquarters. 
They observed the receipt of Ultra messages from 
GCCS, their conversion into plain text, and the 
making of copies for delivery to persons on the 
Ultra list. They learned that record copies were 
filed and retained for certain periods, while others 
were recovered and destroyed after being read. 
SSRs read the messages and observed how they 
were used as sources of strategic or tactical 
intelligence. The pattern of briefings, mapping, 
summaries, and spot alerting was noted. They were 
told of the variety of security problems, including 
those arising from the association of officers 


Special Security Representatives, USA, European Theater 


ETOUSA 
SHAEF 
U.S. 13th Army Group 


U.S. First Army 
U.S. Third Army 


U.S. Seventh Army 

U.S. Ninth Army 

US. Fifteenth Army 

6th Army Group and ist TACAF (Prov.) 
U.S. Strategic Air Force 

Eighth Air Force 

Ninth Air Force 


IX Tactical Air Command 
XII Tactical Air Command 
XIX Tactical Air Command 


XXIX Tactical Air Command 


ist Technical Air Force 


Page 162 


Captain Edmund H. Kellogg 
Lieutenant Colonel Edward K. Thompson (A-2) 
Lieutenant Colonel Charles R. Murname, 
Lieutenant Colonel Samuel I. Orr, Jr. 
Lieutenant Colonel Adolph G. Rosengarten 
Major William D. Hobenthal 
Lieutenant Colonel Melvin Helfers 
Captain George C. Church 
Major Donald S. Bussey 
Major Loftus E. Becker 
Captain W. T. Carnahan 
Major Warner W. Gardener 
Major Lewis F. Powell, Jr. 
Major Anselm E. M. Talbert 
Lieutenant Colonel John W. Griggs, 
Major Edward C. Hitchkock 
ist Lieutenant Robert S. Whitlow 
ist Lieutenant Frank B. Coffman 
Major Lucius A. Buck 
Lieutenant Colonel James D. Fellers 
ist Lieutenant Robert S. Morris, Jr. 
Major Leo J. Nelson 
Major Harry M. Grove 
Lieutenant Colonel John W. Griggs 
Captain Langdon van Norden 
Lieutenant Colonel Leslie E. Rood 
Major Warrack Wallace 


uninformed about “Y,” or unaware of SI, with those 
on the Ultra list, and the necessity of persuading 
commanders not to take military action traceable 
only to special intelligence. Those who visited in 
early 1944, or after the liberation of Rome, were 
able to note the circumstances and methods of SI 
service at 15th Army Group (Allied Armies in Italy), 
Mediterranean Allied Air Force, and U.S. Fifth 
Army. 


Before the invasion of Normandy and while still 
in the UK, many SSRs had learned their way 
around the headquarters with which they would be 
associated in France. At the headquarters of U.S. 
Army or Air Force commands to which SLUs were 
provided, the presence of officers and enlisted men 
in British uniforms naturally aroused some atten- 
tion, for they were conspicuously different from 
others. Their places of work were usually less 
prominent. Curiosity about them was deflected in 
some cases by imaginative titles for their units or, 
in the case of individuals, by the nature of their 
supposed specializations. On an intelligence staff a 
man would have had to be dull indeed not to recog- 
nize that a colleague with seemingly superlative 
powers of deduction might possibly have a special 
source of information. Awareness irritated some of 
the intelligence staff who were not on the ST list, 
and aroused envy in others, but most shelved their 
concern. 


The term “special intelligence” was inclusive. 
Codewords like MAGIC and Ultra were preceded 
and followed by others. The War Department is- 
sued several successive Secret security directives 
for the protection of SIGINT with the titles: “Secu- 
rity of Radio Intercept Intelligence,” then “Security 
of RABID Intelligence,” then “Security of ULTRA 
DEXTER Intelligence within the European, North 
African, and Middle East Theaters of Operations.”21 


On 24 August 1944 SHAEF issued revised in- 
structions for protecting SIGINT of all grades. 
Besides specifying that American and British secu- 
rity practices were to be uniform and to follow 
certain methods, those instructions distinguished 


between crypt intelligence and traffic intelligence 
and assigned codewords as follows: 


CIRO-PEARL -— for medium-grade codes and ci- 
phers. 


PEARL - for low-grade codes and ciphers. 


THUMB 11 — for traffic analysis, excluding direc- 
tion finding. 


THUMB 2 — for DF and other technical aids. 


The regulation covered handling, and defined 
the recipients of different types of SIGINT. 


To quote from a study prepared after the war, 
“Synthesis of Experiences in the Use of Ultra Intel- 
ligence by U.S. Army Field Commands in _ the 
European Theater of Operations,”23 concerning se- 
curity measures: 


Most of the representatives found 
that substantial security was rather 
easily attained and that perfect secu- 
rity was an impossibility. The 
representative’s most difficult job 
was to make certain that recipients 
did not make direct operational use 
of Ultra without appropriate cover. 
Charged with responsibility for suc- 
cess or failure in battle, any 
commander would find that the temp- 
tation to employ Ultra improperly 
was well-nigh irresistible at times. 
Even daily security reminders by the 
representative and periodic direc- 
tives from higher authority were 
tried and found somewhat inade- 
quate... 


There was no method by which the 
representative could censor all tacti- 
cal orders and discussions, but, by 
monitoring summaries, apprecia- 
tions, and publications based on 
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other intelligence sources, he could 
largely safeguard against a written 
break of Ultra security. Physical se- 
curity and the protection of Ultra 
signals presented no serious prob- 
lems... 


The reliable guiding influence of 
Ultra in working with other intelli- 
gence outweighed its value as a 
separate and distinct source of oper- 
ational information. Its normal 
function was to enable the represen- 
tative and his recipients to select the 
correct information from the huge 
mass of prisoner of war, agent, 
(ground) reconnaissance “Y,” and 
photographic (reconnaissance) re- 
ports. Ultra was the guide and censor 
to conclusions arrived at by other in- 
telligence: at the same time the latter 
was a secure vehicle by which Uitra 
could be disseminated under cover.74 


The representatives, who worked and lived with 
Ultra in the field, were aware that it often had a di- 
rect operational value; one stated: 


It was important to protect Source, 
but it was also important to get the 
last bit of exploitation, the ultimate, 
from Ultra consistent with Security. 


U.S. officers in Hut 3 selected the items to be 
passed directly to any of the U.S. commanders or to 
be used by the Intelligence Division of his staff in 
preparing briefings and summaries. At the com- 
mands, the way in which the items were used 
depended on the commander's attitude and the 
personalities of those directly involved. An intelli- 
gence briefing early each day could be considered 
normal. Ultra, if its role as the source could be 
masked, might furnish some of the information. If 
not, or perhaps in any case, a separate briefing to 
officers “on the list” could precede or follow 
the regular intelligence briefing. At some 
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headquarters, such as that of General Jacob De- 
vers, CG, 6th Army Group, it was given in the SSO’s 
own small office with maps that showed Ultra data. 
At General Bradley’s 12th Army Group the Ultra 
unit, disguised by the title “Estimates and Appreci- 
ation Group,” gave its own separate briefing in a 
trailer adjacent to that of the G-2. 


Some SSRs served also as the “Y” officer in a 
staff SIGINT unit. Their knowledge of current Ultra 
enabled them to guide the work on “Y” material 
and in reports or oral briefings to avoid whatever 
had to be treated separately. 


Not all commanders held Ultra in the same re- 
gard, at least when first apprised. General Mark 
Clark’s disdain in 1942, during the planning for Op- 
eration TORCH, has been described in books by 
Winterbotham and Lewin.25 General Patton’s dis- 
like of the restraints for security reasons on his 
movement into advanced areas, such as his flight as 
a passenger (with his dog, Willie) on a bombing 
raid over Germany, cooled his interest. 


Later Collaboration between OP-20-G and 
GCCS 


The basic agreement covering the respective re- 
sponsibilities of OP-20-G and GCCS mentioned 
above had been signed in October 1942. It was a 
preface to assumption by OP-20-G of a positive 
role in producing SI. During December 1942 GCCS 
recovered the ability to read submarine Enigma 
traffic, now enciphered by the four-wheeled ver- 
sion of the machine. While having SI again 
applicable to U-boat activities was a great advan- 
tage, the German Navy’s counterpart to GCCS, 
known as the B-Dienst, was able in the spring of 
1943 to read enough of the Allied communications 
pertaining to the convoys so that German sinkings 
were disastrous. The Allies executed a communica- 
tions change, the submarines then lost that 
advantage, and in May 1943 so many more of the 
U-boats were sunk as to induce a transfer of sub- 
marine offensive efforts to a different area of the 
Atlantic. 


The German Navy renewed the submarine of- 
fensive in August 1943. The new U-boats with fresh 
crews were expected to score heavily with their re- 
cently developed, acoustically guided torpe- does. 
ST had alerted the Allies to the plans and to the new 
weapon. Allied ships nullified the torpedo by tow- 
ing a device that drew a torpedo away from the 
target ship. On occasion, when more than one U- 
boat was engaged in an attack, one was probably 
struck by an acoustic torpedo fired by the other. 
The Allies at that time were enabled by SI to direct 
allied aircraft to rendezvous points assigned to Ger- 
man submarines refueling at sea from surface or 
underwater tankers. Destruction of such supply 
ships greatly restricted the range of a submarine’s 
voyage or obliged it to deplete the fuel of a sister 
ship. Aircraft from small escort carriers which pro- 
tected a convoy often were able to drive attacking 
submarines underwater, or to damage them with 
depth charges. 


By 1944 OP-20-G was feeding SIGINT to F-21 
(Atlantic Section, Combat Intelligence Division, 
U.S. Fleet) the Operational Intelligence Center, Ad- 
miralty, and to Ottawa. Eventually the British 
would agree that the Americans were bearing the 
major share of the SI load in the Atlantic and carry- 
ing it satisfactorily. 


Special Intelligence in the Invasion of Nor- 
mandy, June 1944 


Special intelligence relating to the probable op- 
position to the Allied invasion of Normandy enabled 
the planners to know that the enemy had a fair idea 
of the general region but not of the exact places 
where the attacks would be made. The Germans 
had diverse calculations of time as well as place, so 
that the Allies could expect them to remain de- 
ployed to meet a wide range of possibilities. The 
enemy was generous enough to provide data two 
weeks before the invasion in messages showing the 
disposition of German forces in the Cotentin penin- 
sula, including recent strengthening there, and the 
chain of command under Field Marshal Erwin 
Rommel as commander-in-chief, Army Group B. 


Special intelligence afforded the Allied command a 
good understanding of what the enemy expected. 
As early as 10 January 1944, German Army Intelli- 
gence was aware of the First U.S. Army Group 
(FUSAG) and connected it with the expectation of a 
cross-Channel attack in the vicinity of Calais. 


The Allies, partly from special intelligence and 
partly from other sources, knew that at the time of 
the invasion OB West controlled Army Group B 
and Army Group H; that is, four Armies and a 
Panzer Group West, comprising sixteen opera- 
tional corps in all. 


The Allies knew that Rommel’s intention was to 
defeat the invasion at the beachheads and that his 
panzer divisions were to be held in readiness to 
move to the actual beachheads as soon as each was 
disclosed. Only one panzer division’s location was 
not established; the 2d Panzer Division in Brittany 
might be near enough to reach the battlefield in 
Normandy during the critical early days. Allied air 
plans to “isolate the battlefield” by bombing were 
intended to keep out of the battle any German ar- 
mored unit from Rommel’s mobile reserve. 


The strategic plans of the enemy were supple- 
mented by what was learned on the eve of the 
invasion, for on 30 May 1944 the main cryptosys- 
tem in use by Rommel’s Army Group B in an area 
extending from the Netherlands to southwestern 
France became readable at GCCS.26 


During the week of the invasion, the volume of 
traffic encrypted on relatively few keys enabled the 
analysts at GCCS to recover three of the four main 
army keys for 9 June 1944. On that day, intercepts 
at British stations alone were about 17,000 in num- 
bers, but the successes gave no promise of reading 
current German Army traffic; German Air Force 
traffic was more available. An early illustration of 
the operational use of special intelligence by the 
Ninth Tactical Air Command, supporting U.S. First 
Army (FUSA) in Normandy, can be mentioned 
here. 
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A German FW-190 pilot was captured and in- 
terrogated at a wing headquarters of the Ninth 
TAC. He stated that his unit was based near a town 
which he called Essay. The Wing A-2, who knew of 
an enemy airfield at Lessay but not of a place called 
Essay, recommended the bombing of Lessay. 


At Headquarters, Ninth TAC, where special in- 
telligence was received, the SSO recalled a German 
message that had mentioned fighter-group landing 
grounds at Essay and Lonrai, information not yet 
included in general intelligence. He also knew from 
other special intelligence that the field at Lessay 
had been trenched, ploughed, and abandoned. So 
he advised that the wing not bomb Lessay and that 
the area described by the PW be reconnoitered. 
That mission yielded photographs of three landing 
strips — Essay, Lonrai, and a previously unknown 
one at Barville. The next day all three fields were 
successfully struck. 27 


As Major Taylor had foreseen during the nego- 
tiations early in 1943, U.S. acceptance then of 
British restrictive conditions governing the produc- 
tion of Ultra was followed by gradual British 
accommodation to U.S. needs. Before the Nazi sur- 
render ended hostilities in Europe, the Signal 
Security Agency had sent enough persons for pro- 
longed training in production of SI at GCCS to 
operate independently elsewhere. When the war 
shifted to the Pacific and to Japanese communica- 
tions, where the U.S. had the primary responsibility 
for SIGINT, U.S. production of relevant special in- 
telligence reflected the prowess of Arlington Hall 
and OP-20-G and their forward centers. Aware of 
the situations of Japanese forces on various islands 
and atolls, Admiral Nimitz and General MacArthur 
advanced upon the home islands leaving thousands 
of Japanese soldiers and airmen stranded and far 
from the battle zone. 


In this general chapter concerning British- 
American collaboration in special intelligence, we 
have anticipated the conclusion in Europe of a con- 
flict that we now again consider in somewhat 
greater detail. We have been describing Ultra 
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matters and now return to PEARL and THUMB; 
that is, we leave special intelligence to resume at- 
tention to tactical SIGINT. 
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Chapter 12 


From Normandy to the Seine 


General Considerations 


The SIGINT material presented in the following 
pages illustrates the way in which SIS, ETOUSA, 
contributed to the victory over Germany in West- 
ern Europe. The samples are illustrative; they are 
far from being comprehensive. To indicate the de- 
gree of reliability of terms of intelligence, those 
from SIGINT included in the daily intelligence 
summary (ISUM) by G-2, 12th Army Group, were 
tagged as CIRO-PEARL, PEARL, or THUMB. Most 
messages were not disseminated intact except as 
technical material; their significance for operations 
was ex-tracted and reported. Signal Security De- 
tachment “D” (SSD “D”) received an average of 
almost 900 intercepted messages per month in me- 
dium-grade crytographic systems, from which it 
derived timely intelligence information. Many 
more messages in lower-grade systems swelled the 
voluminous total. When a verbatim translated 
message was supplied to G-2, its form might over- 
come an American com- mander’s skepticism, but 
most “Y” SIGINT came from combinations of 
several enemy messages which required interpreta- 
tion of their meanings in light of information from 
other sources. Though the value of SIGINT is not 
now demonstrable by quantitative analysis alone, 
certain important types of SIGINT information 
may be recognized. 


SIGINT in medium-grade cryptographic sys- 
tems (CIRO-PEARL) provided information that, 
within a few hours after interception, yielded order 
of battle intelligence. Enemy reports showed the lo- 
cations of command posts, main lines of resistance, 
outerguard lines of resistance during retreats, 
boundaries of unit areas, identifications of neigh- 
boring units and of the points of contact between 
them. From rear areas came data on the locations 
of dumps of fuel, rations and supplies, medical 


dressing stations, repair shops, replacement and 
training units, billeting areas, and unit lines of 
communications. Large-scale movements of troops 
for substantial distances could be followed in 
SIGINT. From enemy divisions in combat zones 
came standard periodic situation reports and field 
orders from operations officers, standard situation 
reports by German intelligence officers, and 
reconnaissance reports by air, ground, or artillery 
units — the latter concerned both Allied expendi- 
tures of artillery ammunition and targets for 
German guns. The bulk of reconnaissance report- 
ing was done in low-grade PEARL systems rather 
than in CIRO-PEARL, but sometimes a report was 
encrypted in the latter. 


On 9 August 1944 Signal Security Detachment 
“D” arrived for duty at Headquarters, 12th Army 
Group, in Normandy, which it assumed on the 11th, 
working directly with the 114th and 116th SRI Com- 
panies. Until much later, communications with SIS 
units had to be by radio. A radio broadcast of tech- 
nical matters was established. Conferences with 
SIGINT representatives of 21st Army Group and 
Ninth Army coordinated intercept and communi- 
cations arrangements. 


Beginning on 1 September 1944, the Intelli- 
gence Branch, SSD “D,” began publishing what 
were labeled SIGINT Summaries (SIGISUMS) and 
SIGINT Technical Summaries (SIGITSUMs) — the 
latter separately disseminating cryptologic techni- 
cal intelligence. On 1 November 1944 the technical 
summaries were redesignated as “WHAMs” and 
245 “WHAMs” were published. (The meaning of 
the acronym “WHAM” is unknown to the author.) 
The SIGISUMs contained medium-grade items 
(CIRO-PEARL) and appeared only as often as the 
material warranted — 157 of them were published. 
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The two series from SSD “D” at Army Group 
level were based on the material intercepted near 
the front by the RI companies of the Corps, farther 
back by SIGINT units near Army and 12th Army 
Group Headquarters. The RI companies each pro- 
duced a Daily Activity Report (DAR) containing an 
intelligence summary, decodes and translations, 
technical summary of nets heard, a message count 
and allocation of positions, DF bearings, code 
“idents,” and cipher values. 


The 12th Army Group G-2’s daily intelligence 
summary was distributed by teletype with opera- 
tional priority to the following headquarters: 


SHAEF Main 

6th Army Group 

21 Army Group (Main) 
Eighth Air Force 

FUSA (Command) 

TUSA (Main) 

U.S. Ninth Army (Main) 
U.S. Fifteenth Army (Forward) 
12th Army Group (Main) 
12th Army Group TAC 
First Allied Airborne Army 
Com[munications] Z[one] 
ASCZ 

Ninth Air Force (Advance) 


Static combat operations along defensive lines 
with patrols, skirmishes, artillery harassment, and 
air bombings were reflected in SIGINT production 
and enemy signal security. Wire traffic became pro- 
portionately much higher than radio traffic. 
COMSEC practices were observed more carefully 
by the communicators. Tactical radio intercepts, 
however, yielded “Y” of solid merit in establishing 
order of battle and in warning of incoming artillery 
fire or air bombing. Radio intelligence on both 
sides reflected static combat conditions; what was 
sauce for the goose was sauce for the gander. 


In fast-changing situations, radio was necessar- 


ily used in greater proportion. Radiotelephone was 
used more and more frequently in all situations as 
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the war continued. The need to use codes and ci- 
phers increased, and certainly applied to “voice” 
communications. The greater volume of traffic as- 
sisted the analysts. Lapses in COMSEC practices by 
one side benefited the other. Voice codes required 
a special vocabulary around which messages could 
be framed. Unfamiliarity with the vocabulary 
caused much spelling out and resorting to plain 
text in messages of otherwise unnecessary length. 
Sinners in that type of communications were 
mainly controllers of road traffic, the MPs, and 
high-ranking officers who used radio as a direct, 
personal means of communication, disregarding 
the adverse possibilities. Messages that should 
have been classified Top Secret were thus transmit- 
ted not only to the intended recipient but also to an 
enemy who could understand them. At the end of 
the war, captured documents showed that the 
enemy gained his most valuable tactical intelli- 
gence from the violation of regulations by Allied 
communicators and commanders. 


Tactical SIGINT was welcomed by command- 
ers especially when it disclosed in time that the 
enemy was preparing an artillery mission or an at- 
tack on any given area. It was highly valued if it 
revealed that an enemy unit within reach lacked ei- 
ther fuel for its vehicles or important types of 
ammunition, so that it could be attacked in the 
most effective manner. Such SIGINT information 
was produced often enough to justify great effort. 
But by far the bulk of SIGINT that mattered to 
ground forces consisted of identifications and DF 
fixes. Data from interrogating prisoners of war or 
from captured documents about enemy order of 
battle and the fighting status of enemy units were 
checked against tactical SIGINT. 


Air and ground reconnaissance spotted assem- 
bly or movement by enemy forces; SIGINT often 
identified them and sometimes learned the effects 
of artillery fire or air attacks upon them. Although 
SIGINT remained limited by the enemy’s resort to 
wire communications or radio silence and was sub- 
ject to radio deception practices, the range of radio 
collection extended to rear areas and thus to sources 


out of reach by ground, and often by air, reconnais- 
sance. 


On astatic front, American “Y” units were sub- 
ject to certain disadvantages in serving the corps 
commands. Unless they could use wire communi- 
cations between a forward intercept unit and a 
processing center, all medium-grade enemy traffic 
had to be carried back by courier and then ana- 
lyzed; the resulting intelligence reached forward 
fighting units after a delay which often deprived 
that intelligence of any usefulness. Protecting 
retransmission via radio by hand-operated crypto- 
systems among numerous communicators was not 
a practical method. 


The prohibition against cryptanalysis on me- 
dium-grade intercepts at a corps RI unit (even 
though the unit held in its files pertinent, captured 
medium-grade cipher documents) meant that such 
intercepted material had to go back to an army or 
army group headquarters for analysis. When inter- 
cepted material contained intelligence information 
pertinent to the situation of units of the very corps 
whose RI company did the intercepting, and the 
products came back after a lapse of twenty-four to 
forty-eight hours, the opportunity within that corps 
and its neighbors to know and to act in time had 
usually vanished. 


The exploitation of captured cipher keys that 
were used in medium-grade systems by the 9th 
Panzer Division, was so beneficial to Third Army 
that the 3254th Signal Service Company (RI) could 
not be reconciled to the wisdom of the prevailing 
arrangements. That unit was able, from intercepted 
medium-grade traffic, to trace the 9th Panzer Divi- 
sion during the pursuit across central France. The 
SIGINT identified adjacent German units, located 
command posts, supply dumps, roads being used, 
and revealed which units were suffering shortages 
of fuel and ammunition. 


The 3250th Signal Service Company (RI) sup- 
porting V Corps in Normandy was asked on 2 July 
1944 by corps staff to request the Germans to 


accept a brief cease-fire in order to return to the 
German lines six captured German nurses. It took 
only about fifteen minutes calling on 2743 kilocy- 
cles to get an answer. A conversation first in 
German and then in English ensued. After over- 
coming much suspicion and obstinacy, Captain 
Brownfield and Captain Jetter of the intercept unit 
induced the Germans to meet and escort the nurses 
across No-Man’s Land. 


That unit was able in Normandy to give to the 
corps G-2 data on the enemy’s planned main line of 
resistance (MLR), approximate sites of headquar- 
ters, movements of enemy units, probable sites of 
observation posts, and enemy reports on the com- 
bat efficiency of various German units facing V 
Corps. 


Like others bivouacked in woods and villages in 
Normandy, the 3250th came under air bombing 
and artillery bombardment that encouraged the 
digging of slit trenches, the camouflaging of worn 
paths visible from the air, and attention to other 
measures of security. The men collected aban- 
doned weapons from the beaches or other places to 
be able to defend themselves if necessary, for they 
then had no organic security guards or regular 
stock of weapons and ammunition. 


In those first weeks, the SIGINT units had to 
improvise and adapt ways to keep their radios and 
other equipment working because of the lack of re- 
placement parts and in order to raise their level of 
comfort a few millimeters. When a few men were 
caught by an air raid while bathing, they were de- 
scribed as unbelievably incongruous, peering out of 
slit trenches while wearing helmets and nothing 
else. 


The Breakout 


The U.S. VIII Corps headquarters became oper- 
ational in Normandy under command of First U.S. 
Army on 15 June 1944. It first cleared German 
troops out of an area extending to the western 
coast. It then faced the German main line 
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of defense across Normandy in its westernmost 
segment while VIII Corps was capturing Cher- 
bourg. An Allied attack along that line from 4 to 19 
July 1944 quickly demonstrated the skill and 
strength of the enemy in the hedgerow country. 
Later operations further educated the VIII Corps 
divisions (79th, 82d, and goth). 


After the XIX Corps occupied St. Lo on 18 July, 
and after the British attack of 18-21 July got 
possession of Caen and absorbed the reserves of 
Panzer Group West, the initiative passed to U.S. 
First Army. In an attempt (Operation COBRA) to 
break through the enemy line near the center and 
to open the way down the west coast of Normandy, 
First Army committed the V, XIX, VII, and VIII 
Corps. The first stage was a colossal carpet bomb- 
ing south of St. Lo. Next an infantry push by part of 
VII Corps, followed by armored and motorized 
forces also under VII Corps, smashed the scattered 
parts of German formations before they could be 
reorganized. Additional offensive efforts prevented 
the German Seventh Army from ever reestablish- 
ing a solid defense line to stop a deep penetration. 
The enemy reinforcements brought from elsewhere 
had to be committed piecemeal. They were chewed 


up. 


At the same time, the attempt to cut off with- 
drawal by Germans being pushed southward by 
VIII Corps did not succeed. On 28 July, however, 
when retreating Germans turned eastward rather 
than southward, the U.S. 2d Armored Division 
awaited them in blocking positions. In the battles 
that night, the Americans killed perhaps 1,000 and 
captured about 4,000. Some German troops 
slipped through, others veered off to the south and 
escaped. The latter included General Choltitz and 
his headquarters, LXXXIV Corps. He was thus 
saved to be in command in Paris a few weeks later, 
and possibly to have been instrumental in its being 
undestroyed when liberated. 


How did the 2d Armored Division command 


know that they could expect the enemy to turn 
east? 
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Even earlier, on the afternoon of Operation CO- 
BRA’s first day, when the VII Corps infantry had 
moved well into the bombed area and had begun to 
meet serious resistance, and when the VIII Corps 
armored divisions were poised for commitment, 
how was it possible to decide whether the enemy 
had been smashed or had simply withdrawn his 
own armored forces into positions from which to 
fall on the flanks of any deep American thrusts? 
Had the panzer units been bombed or were they 
biding their time? Major General J. Lawton Collins, 
CG, VIII Corps, took the risk — in the absence of 
intelligence from SIGINT or other sources — that 
the Germans were able to pounce; he ordered his 
own armor to attack before the enemy might reor- 
ganize. American combat commands found a 
complete gap through which attacking forces could 
enlarge the breakthrough. Although VIII Corps was 
not able to cut off the enemy’s western flank in time 
to encircle the defending units there, it did threaten 
such an operation. The enemy chose to strike 
southeastward rather than to go south along the 
western coast of Normandy far enough to slip 
around the American spearheads. His southeast- 
ward movement enabled superior U.S. forces to 
defeat him in meeting engagements. 


The 3254th Signal Service Company (RI) served 
with VIII Corps in July and early August 1944. Be- 
fore the American attack (COBRA) opened with the 
tremendous carpet bombing of 25 July 1944 near 
St. Lo, the volume of enemy traffic facing VIII 
Corps in the northwestern segment of the Allied 
line was low. On 27 July, as ground forces pushed 
through the bomb-torn area, and while armored 
spearheads with tactical air cover exploited the 
openings made by infantry-artillery operations, 
enemy traffic increased greatly. The enemy’s zone 
of defense had been ripped apart. The German II 
Parachute Corps and LXXXIV Corps were sepa- 
rated. Wire lines had been broken. Radio 
communications between the disorganized ele- 
ments of enemy divisions and corps furnished 
abundant material for U.S. SIGINT operations. 
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Highly useful to VIII Corps were intercepted re- 
ports from reconnaissance patrols and artillery 
units of the 2d SS Panzer Division (“Das Reich”). As 
those reports described American gains, such as 
the occupation of Cambernon by the 1st Infantry 
Division and the advance on Cerences by Combat 
Command “B” (CCB), 2d Armored Division from 
the northeast on 28 July, and by CCB, 4th Armored 
Division from the north (Coutances) the next day, 
Allied seizure of the route southward along the 
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coast to Avranches began to seem imminent to 
both American and German commands. 


By 31 July remnants of the 2d SS Panzer Divi- 
sion were heard and located, while that division’s 
headquarters was placed at Montbray. The enemy 
was apparently drifting away from VIII Corps. 
Other intercepted messages spotted the locations 
of dumps of mines, mortar shells, and fuel. On 1 
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August enemy shortages of ammunition were re- 
ported. 


VIII Corps passed to control by General Patton 
as commander of Third Army (instead of deputy 
commander, First Army), officially on 1 August. On 
that day Avranches fell to the Allies. The breakout 
would next be exploited. 


Circling the Enemy’s Southern Flank 


For the next four days, while the Allies widened 
the western corridor and secured their avenue into 
Brittany from attacks from any direction, the enemy 
groped for means of closing the original gap that 
had been opened by VII Corps on 26 July, and had 
been held open since then by the ever-increasing 
strength of the Allies in that area. At the same time, 
the enemy swung the separate parts of a line of re- 
sistance away from the west coast southeastward 
rather than trying to restore control at Avranches, 
and thus risking another breakthrough farther east. 
The Third Army, instead of being used wholly in 
Brittany, sent VII Corps there and directed XV 
Corps southward to outflank the enemy in Nor- 
mandy, and then eastward in large bounds to 
Laval. Northwest of XV Corps, the ist Infantry Di- 
vision and 3d Armored Division moved against the 
stronger German forces facing them to close a gap 
between VII Corps and the columns of XV Corps 
racing east of Mayenne. 


At that juncture the enemy tried to push an ar- 
mored counterattack from the vicinity of Mortain, 
which First Army had occupied on 3 August, west- 
ward to Avranches. On the very evening that the 
Allies finally took the town of Vire, farther north, 
the Germans barely managed under Allied pres- 
sure to mount a counterattack that took Mortain 
and pressed a few miles west on either side of it. 
Some evidence that an attack was impending had 
come through tactical SIGINT. The 2d SS Panzer 
Division showed interest on 5 August in obtaining 
data about the area surrounding Le Mesnil Tove, a 
village held by the VIII Corps. That division also set 
up liaison with the 2d Panzer Division, whose 
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artillery regiment was described as moving by road 
toward Mortain. 


The German attack began about midnight and 
hit elements of the 9th and 30th Divisions. The lat- 
ter had barely arrived, after days of hard battle 
north of Vire and a long march to Mortain, when 
the enemy overran them. Not all of them, for the 
120th Infantry’s 2d Battalion held out for several 
days atop a critical hill, remaining there until the 
enemy withdrew. And others also fought back 
stub-bornly. The attack ran out of steam as VIII 
Corps contained it with reinforcements on the 
ground and especially in the air. 


Regimental and division commanders seem to 
have been surprised by the attack. Perhaps General 
Collins, CG, VIII Corps, and General Courtney 
Hodges, CG, First Army, were surprised. At 12th 
Army Group, even though that headquarters was 
newly operational and its tactical SIGINT units 
were not yet well established, the attack should 
have been no surprise. Radio communications 
from which special intelligence was being derived 
passed daily between Hitler’s headquarters and 
Field Marshal von Kluge, C-in-C, West. Hitler 
ordered the attack on 2 August. Kluge’s staff 
prepared the plans, which required further 
exchanges between OKW and OB West. The fact 
that Kluge started the attack on 6 August, despite 
Hitler’s wish that it be postponed until it could be 
much heavier, might have surprised 12th Army 
Group enough to prevent it from alerting subordi- 
nate commanders. Kluge and his principal 
commanders were convinced that they could never 
assemble the necessary attacking units under the 
kind of pressure already being exerted by American 
ground and air forces, unless they did so by the 
night of 6/7 August. Indeed, the 116th Panzer Divi- 
sion was then so engaged that its commander failed 
to pull out of line the elements that he was expected 
to provide for the initial attack. Panzer Group 
Eberbach was sent through rough hilly country be- 
cause of its forest cover from air attacks rather than 
farther south through flat, open plains. Movement 
was all but suspended by day in order to minimize 
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the consequences of Allied domination of the air. 
Even had the Germans regained Avranches, their 
ability to retain it, and by further attacks to exploit 
a breakthrough separating the Americans on the 
south from their base in the north, was doubted by 
some enemy commanders, who favored prompt 
withdrawal across the Seine River. 


General Hodges probably got the warning; 
General Patton certainly did. 


The XV Corps (Haislip) under Third Army had 
started moving eastward along the enemy’s south- 
ern flank in Normandy. During the night of 6/7 
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August 1944, Patton noted in his diary the receipt 
from “a secret source”? of a “rumor” that the enemy 
intended to counterattack toward Avranches. He 
was inclined to credit other indications, perhaps 
from the same type of source, that the real purpose 
of a counterattack would be to cover a general Ger- 
man retreat beyond the Seine River. But he held 
two divisions in positions where they could, if 
necessary, contribute to containing a German coun- 
terattack. 


The actual fighting in Normandy during the 


second week of August departed from the original 
expectations. Instead of sending the Third Army 
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into Brittany and building up forces west of the 
Seine for perhaps a conclusive campaign to be 
fought in northern France, the Allied command 
employed the larger part of Third Army in a sudden 
encircling movement around the enemy's southern 
flank. The revised objective was to prevent him 
from retreating across the Seine, or if not success- 
ful in that, to drive him across northern France into 
his Fatherland. 


Allied maneuvers risked enemy concentration 
and counterattacks that could separate the Third 
Army and part of the First Army from their bases in 
northern Normandy. Allied superiority in numbers 
and weapons, and particularly Allied mastery of the 
air, enabled the Allies to forestall such a concentra- 
tion. The German attack toward Avranches near 
Mortain on 6/7 August was meant to have been fol- 
lowed by a second and much stronger thrust which 
the German High Command (OKW) would have 
preferred to begin on 11 August. Its designated 
commander wanted to wait until 20 August so that 
certain preparations could be completed. 


The proposed operation had to be abandoned 
before 20 August because of a more pressing need 
to hit the western flank of the XV Corps, near Alen- 
con, where the American line had temporarily left a 
gap of about twenty-five miles. But that attack in 
turn could not be adequately manned because of 
Canadian penetrations of the German line near 
Falaise — an intrusion that had to be contained by 
switching German forces from Alencon. Pressure 
on many other parts of the enemy line around the 
pocket was unremitting. Shortening the line could 
not provide enough troops for a strong counterat- 
tack. 


Apparently 12th Army Group believed that the 
enemy had started to withdraw across the Seine 
when only some of the mere shards of destroyed 
German units were being sent there. Actually, 
though German commanders in the field grew 
deeply apprehensive about being kept in the Fal- 
aise pocket too long to save their commands from 
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capture or annihilation, Hitler would not authorize 
withdrawal until several days later. 


SIGINT from the 2d SS Panzer Division and 
from remnants of the Panzer Lehr Division dis- 
closed that they had moved east of Falaise on 11 
August. The 21st Panzer Division, another fruitful 
source of tactical SIGINT, was one of the main 
enemy units covering retreat to the Seine. Its re- 
connaissance patrols on 16 August reported in 
detail the situation observed at the southern edge 
of the all-important opening. The division set up a 
defensive line among wooden hills east of the Ar- 
gentan-Falaise road through which marching 
German columns could move at night. 


During the battles to hold the pocket open at its 
eastern end, the 9th Panzer Division was overrun 
west of Argentan. By 27 August, captured crypto- 
graphic material was being used by the Allies to 
read the communications of that headquarters as it 
escaped across northern France.3 


SIGINT from the 9th Panzer Division disclosed 
the composition of that command, successive loca- 
tions of supply headquarters, data on successive 
main lines of resistance, and times when artillery 
support was unavailable to one of its major ele- 
ments, so that the pursuers could readily force a 
further retreat. 


SIGINT and the Capture of Brest 


The Ninth Army took from Third Army the mis- 
sion of reducing Brest and at least containing the 
other French coastal fortresses in Brittany held by 
the Germans. When a Special Security Representa- 
tive (SSR) joined Headquarters, Ninth Army near 
Rennes, he soon realized from special intelligence 
that estimates of enemy strength in Brest, based on 
other sources of intelligence, were seriously lower 
(perhaps as much as 50 percent) than they should 
be. Within a week, having captured Brest, the 
Ninth Army’s count of prisoners of war confirmed 
those SIGINT calculations. Thereafter, General 
Simpson was most receptive to Ultra.4 
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q. Find the total resistance in the circuit below when a current of .5 amperes flows through 
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At another juncture, when the “Colmar pocket” 
was to be reduced, special intelligence (as we shall 
see) corrected exaggerated estimates of the strength 
of the defenders. SIGINT worked both ways. 


Notes 

1. History of the Intelligence Branch, SSD “D,” 15-16. 

2. Blumenson, ed., Patton Papers, IT, 503. 

3. Tech Hist. 3254th SigServCo (RD). 

4. Synthesis of Experiences in the Use of Ultra Intel- 
ligence by U.S. Army Field Commands in the European 
Theater of Operations. USA SSG, History Files (Book 
No. 53), 28. 
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Chapter 13 


To the Westwall 


Pursuit in the North 


The complete defeat of the enemy in Normandy 
produced a situation in which the questions be- 
came: how much could he extricate from the 
so-called “pocket” west of the gap between 
Argentan and Falaise; and having saved what he 
could, where would he cross the Seine River; and 
where would he be able to establish a new line of 
defense? Haislip’s XV Corps went to the Seine and 
wrested a bridgehead on the far side at Mantes- 
Gassicourt. Corlett’s XTX Corps joined in an attempt 
to establish a second encirclement along the Seine, 
but most of the enemy was able to shift northward 
toward the Seine estuary and to cross there to the 
eastern bank. Once across, they moved along the 
coast. Other shattered German forces crossed the 
upper Seine and for a time may have thought that 
they could defend along such a river line as the 
Aisne-Marne or the Somme in conjunction with the 
German units that had crossed the lower Seine. 


On 15 August 1944 the Seventh Army’s invasion 
of southern France began, and during the remain- 
der of the month, German occupation troops as 
well as combat forces withdrew from most of 
France. They continued to defend German posses- 
sion of ports in Brittany and along the Channel. 
Unable to withstand Allied pursuit, the enemy ap- 
peared to be fleeing into the shelter of his fortified 
Westwall — that zone of pillboxes, obstacles, and 
barriers near the German border. 


U.S. First Army moved along the Seine on the 
right of 21 Army Group and sped through northern 
France into Belgium and Luxembourg. XIX Corps 
on the left was next to the British. VII Corps was on 
the right, passing through places with names 
familiar to veterans of World War I. V Corps was 
involved in the liberation of Paris and then moved 


through the city and toward that part of the West- 
wall south of Aachen. The columns moved rapidly 
in long daily jumps, with skirmishes and small en- 
counters but few substantial battles. As they 
reached Belgium, the VII Corps and V Corps then 
shifted so that the latter came up beside the XIX 
Corps, while the VII Corps crossed the Meuse and 
passed eastward in country that, in late December 
1944, became the northern edge of the German Ar- 
dennes salient. The enemy’s hasty retreat across 
France led to overconfidence among the Allies. 
They believed that the Germans were so demoral- 
ized and so weakened that they would not fight 
until within the Westwall, and that even there they 
would be readily overcome. 


The pursuit in the north enabled American 
troops to head off and to capture or destroy 
thousands of the enemy and their vehicles in the re- 
nowned “Mons pocket,” where bitter fighting in 
World War I had also taken place. Yet along the 
Scheldt, the Albert Canal, and the Meuse River, 
forces sent from Germany manned a line through 
which the retreating enemy passed to reorganize 
in its shelter, or along which they were able to take 
up positions because of the carelessness of Allied 
com-manders. Weary but exultant over the rapid 
advance that brought about the seizure of Brussels 
and Antwerp, those commanders neglected to con- 
trol the bridges over the Albert Canal. All crossings 
were then blown up by the Germans. That costly 
mistake could have been attributed to inadvertence 
but another, of greater proportion, was the failure 
to interrupt the escape of enemy troops across the 
watery area between Antwerp and the coast. In a 
ferrying operation that took several days, thou- 
sands of the enemy slipped across the Scheldt and 
kept on behind the German line to join its defend- 
ers. At the same time, the enemy in effect extended 
his defense line onto Walcheren Island, and denied 
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the use of the captured port of Antwerp to the Allies 
until they could gain control of the banks along the 
lengthy channel so that Allied ships could pass. It 
took until 8 November 1944 to clear the enemy 
from the sites menacing the Scheldt. 


The enemy was able to thwart an Allied air- 
borne and ground operation to gain the Rhine 
bridge at Arnhem. While the plan was risky almost 
to the point of being foolhardy, it was apparently 
bad luck that brought German panzer forces into 
the area where Allied gliders and parachute troops 
later descended, and inflexibility that caused the 
operation to proceed in spite of SIGINT warnings 
of the German forces there. German forces were 
able to oppose Allied movements and thus to over- 
come the men who had succeeded in seizing the 
Arnhem bridge and to regain control of it before Al- 
lied reinforcements could arrive to consolidate a 
defense and retain possession. German Air Force 
units also struck Allied troops concentrated at the 
nearby Driel railroad station to whom, for lack of 
any communications, no warning could be con- 
veyed by a SIGINT detachment that had learned of 
the impending operation about three hours before 
it began. 


In the end, the enemy’s new main line of de- 
fense could be neither outflanked nor swiftly 
pierced. It took months more to reach the Rhine. 


Although the main effort by the Allies remained 
that of breaching or circumventing the Westwall 
for a crossing of the lower Rhine, followed by the 
capture of the Ruhr’s industrial complex, and then 
by a drive eastward across Germany’s northern 
plains and northward to seize her ports, no such at- 
tempts could be made until Antwerp was operating 
as an Allied supply base. That could not begin until 
the port was rehabilitated and made accessible 
from the sea, conditions achieved during Novem- 
ber 1944. Though Field Marshal Montgomery (as 
he became by promotion on 1 September 1944) be- 
lieved that under his command the Allied ground 
forces could accomplish the early defeat of Ger- 
many by a relatively narrow invasion that carried to 
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Berlin (and others supported that view), General 
Eisenhower believed that the enemy must be kept 
under strong pressure at many points without wait- 
ing for the mounting of such a spearhead attack as 
Montgomery advocated. 


In October and November 1944, therefore, the 
U.S. Ninth Army moved its headquarters to Maas- 
tricht, Holland, and, as part of Bradley’s 12th Army 
Group, launched attacks to push through the West- 
wall toward Cologne. With U.S. First Army (FUSA), 
it shared some the the hardest combat of World 
War II in reaching the Roor River valley trying to 
control the dams that could flood the area, and to 
break through to the east. Those efforts were not 
successful. The city of Aachen was captured. The 
Westwall zone was thus entered without being 
pierced. The battles inflicted heavy losses on both 
sides. 


The detachment of the 3d RSM with the Ninth 
TAC became so alert to the sounds of radio tele- 
phones in German aircraft that they were able to 
recognize the noise of carrier waves when a pilot 
turned on his set even though he refrained from 
speaking. Their direction finders could pinpoint 
the aircraft and fighter-controllers were thus en- 
abled to vector aircraft to vantage points for attacks. 
Claims to twelve victories were based on radio in- 
telligence of this sort. 


The enemy was known to have an uncommitted 
reserve from which a counterattack could be ex- 
pected unless these divisions were used instead to 
stop the Allies in a resumed offensive. Preliminar- 
ies to a renewed U.S. effort to get control of the 
Roer dams, and thus to be able to retain bridging 
over the Roor once it had been crossed, began dur- 
ing the first week in December. U.S. First Army was 
about to strike again when on 16 December 1944 
the enemy launched what Allied reporters called 
the “Battle of the Bulge.” 


During the pursuit, the Corps RI companies 
had found their arrangements for mobility put to a 
test that showed them to be generally effective. 


They moved by echelon so that intercept coverage 
could be continuous even during a move, and they 
were able to spot some of the enemy units, the tem- 
porary locations of CPs and supply or ammunition 
dumps, and the state of potential opponents. To 
achieve good direction finding usually required 
stops longer than proved practicable. The arrange- 
ments for consulting maps within a truckborne hut 
left something to be desired. 


When a gasoline shortage required interruption 
of the Allied pursuit, FUSA was aware that enemy 
opposition was not far away. Their delaying road 
blocks and mines, blown bridges, and other harass- 
ing actions were about to be superseded by a firmer 
defense. The enemy was not going to rely on the 
shelter of the Westwall’s semifortified positions as 
the site of his first shift from retreat to static de- 
fense operations. He was going to oppose the Allies 
in all approaches to the Westwall. 


By 16 September 1944 the 3251st Signal Service 
Company (RI) with VII Corps was able to occupy a 
site across the German border at Korne- 
limuenster, where it worked for the next month. 
The 3252d company with XIX Corps, which moved 
eight times in September, settled at the end of the 
month at St. Pieter and remained there until 13 
October. It then moved to Heerlen, east of 
Maastricht, where it remained for more than two 
months. 


Haislip’s XV Corps, which had gained and held 
the bridgehead over the Seine at Mantes- Gassi- 
court through which part of FUSA crossed in 
pursuit, was transferred temporarily from Third to 
First Army. When it reverted to Third Army and 
moved toward the Moselle, its RI company, the 
3253d, moved on 9 September to Lusigny, south- 
east of Troyes, and shortly afterward, in a series of 
shorter moves, went another 150 miles to the upper 
Moselle valley. On 29 September 1944, when XV 
Corps left Patton’s Third Army for General Alexan- 
der Patch’s Seventh Army, the 3253d entered the 
Seventh Army’s SIS together with the 117th SRI 
Company and its Detachment “A,” which later 


became the basis of the 326oth Signal Service 
Company (RI) while operating with VI Corps. 


The 3254th, attached to VIII Corps, Third 
Army, left that command temporarily in Brittany 
and worked directly under Signal Security Detach- 
ment “D” (SSD “D”) at Mangiennes near Verdun. 
Early in October VII Corps turned its responsibil- 
ity in Brittany over to others and moved to plug a 
gap in the Allied line in the Ardennes area. The 
3254th left Verdun and found a site at Houffalize 
from which to serve VIII Corps under FUSA until, 
on 20 December, it moved with VIII Corps to Third 
Army control during the Ardennes campaign. 


The 113th Signal Radio Intelligence Company 
with FUSA moved successively to Huy on the 
Meuse, to Jalhay, Limbourg, and Battice, Belgium, 
while Headquarters, FUSA set up at Spa. The 118th 
SRI Company with Third Army stayed near Verdun 
as long as the campaign toward the Saar was re- 
strained by supply problems and by the departure 
of XV Corps to join Seventh Army farther south. 
The 117th SRI Company, already with Seventh 
Army, reached a site near Vesoul on 20 September 
and moved to the Epinal area on 2 October. In Sep- 
tember 1944 the 137th SRI Company, which had 
been assigned to HQ, Ninth Army, moved to the vi- 
cinity of Verdun and operated there and at 
Hollenfells, Luxembourg, under direction of SSD 
“D” until the Ninth Army was in a position to use its 
capabilities. When HQ, Ninth Army, opened at 
Maastricht on 15 October 1944, the 137th SRI Com- 
pany set up at Valkenberg, Holland. 


The Ninth Army was originally scheduled to 
control the XIII, XVI, and XII Corps. On 25 No- 
vember 1944 the 3258th, attached to XIII Corps, 
began its move to Kerkrade, Holland, and a week 
later, the 3257th took a similar route to join XVI 
Corps at Heerlen the III Corps, however, went to 
Third Army without a SIGINT company of its own. 
The XIX Corps then came under Ninth Army, tak- 
ing the 3252d with it. XII Corps had to borrow the 
3256th from XX Corps during the Ardennes cam- 
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paign, and only late in February 1945 got the 
3250th to keep. 


The 114th and 116th SRI Companies, assigned 
to 12th Army Group, were among the units using 
the Verdun area early in September. On 10 October 
1944 the 116th shifted from Verdun to Bettem- 
bourg, Luxembourg, where it stayed until 20 
February 1945. It did not pull back during the ene- 
my’s thrust through the Ardennes. On 8 November 
the 114th — after a month at Walferdange, Luxem- 
bourg — moved to Verviers, Belgium. 


The 121st and 124th SRI Companies, trained for 
higher grade interception and analysis in the direct 
service of SID, ETOUSA, and SHAEF, came from 
England later. As we have seen above, the 121st op- 
erated at St. Quentin, France, from December to 
March, and the 124th at a site near Congy, France, 
through the winter. It was sent to Pont-a-Mousson, 
under HQ, 6th Army Group, on 4 March 1945 for 
the remainder of the war. 


Pursuit to the Moselle River 


The speed of the Allied pursuit to the edge of 
Holland was surpassed by that of the Allied drive 
farther south across the Meuse to the Moselle River 
en route to the Saar basin. The opposition there 
was weak. But neither Allied advance could main- 
tain the pace as distances from the supply ports 
lengthened. By 4 September a condition that, at 
various times in World War II, would affect armies 
and air forces on both sides brought the advance 
toward the Moselle to a temporary stop. Shortage 
of motor fuel obliged the Supreme Command to re- 
sort to allocations. To give enough to 21 Army 
Group, supported by FUSA on its flank, none at all 
was given to Third Army (TUSA) for a few days and 
after that only reduced amounts which restricted 
TUSA’s operations. The enforced pause in Septem- 
ber allowed the enemy to bring forward important 
strength, so that crossing the Moselle became 
much more difficult than it might have been a few 
days earlier. The enemy even tried to launch a 
strong counterattack that would forestall the 
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linking up of Seventh Army with Third Army. He 
was frustrated by conditions that had induced him 
to make successive commitments piecemeal rather 
than to deploy overwhelming strength. His inten- 
tions were observed in SIGINT, as well as in other 
sources of intelligence, enabling the Allies to take 
effective countermeasures. 


Two major developments changed the situa- 
tion. Allied strategy for the future made the 
campaign toward the Saar a secondary effort. The 
main drive was to be that bound for the Ruhr, con- 
ducted by Montgomery’s 21 Army Group, to which 
the U.S. First Army would provide flank protection. 
The Ninth Army was to come in between First and 
Third Armies. Since supplies were still brought to 
both Montgomery’s 21 and Bradley’s 12th Army 
Groups from ports far to the rear, the resources for 
delivery were insufficient to keep all offensives 
going. The pause from 1 to 5 September was re- 
peated at the Moselle bridgehead from about 9 
October to 8 November, though it was more a slow- 
down than a complete stoppage. The enemy was 
subjected to limited attacks instead of being given 
the usual indications that an opponent had gone 
over to defense, such as barbed wire, mines, and 
entrenchments, lest he release a portion of his 
forces from that part of the front to strengthen an- 
other. Patton instructed his corps commanders to 
continue making limited attacks, to keep a good 
line of departure for a renewal of the offensive, and 
to set up outposts and mobile reserves. Artillery 
batteries were to be ready to strike all roads likely 
to be used by the enemy. 


As XX Corps headed toward Metz, running out 
of gasoline before its first objectives at the Moselle 
were attained, the 3256th Signal Service Company 
(RI), during the night of 3/4 September 1944, 
picked up an order from an enemy commander to 
a Reconnaissance Patrol Schellwitz to keep High- 
way 18 under observation. Later, by DF operations, 
the section of the road being patrolled was ascer- 
tained to be northeast of Longuyon and north of 
Longwy. XX Corps sent its own armored reconnais- 


sance unit there and captured several prisoners 
from Patrol Schellwitz. 


By September 1944 the 3256th Signal Service 
Company (RI), working with XII Corps, was at 
Nancy after completing a drive across France from 
Orleans. There Third Army traded blows with 
strengthened German forces until, after hard fight- 
ing east of Nancy, it could resume its advance in 
November. 


While XII and XX Corps had been moving from 
the Meuse to the Moselle, XV Corps returned to 
Third Army command, after a period under U.S. 
First Army. The French and American divisions 
that were to be under XV Corps control moved to 
the southern flank of Third Army and fought their 
way to the Moselle at Epinal and south of it. Gen- 
eral Patton noted in his papers on 16 September: 


I sent XV Corps against Epinal yes- 
terday. On a corpse we found an 
order to attack Eddy [XII Corps] in 
the flank today. They won’t do it 
now... 


XV Corps crossed near Epinal and prepared to con- 
tinue generally northeastward as Third Army’s 
southern wing. 


He noted in his diary on 18 September: 


We got a message that two columns 
of infantry and tanks were attacking 
Luneville. ... I told XV Corps to move 
out on its objective. 


Luneville was on the northeastern edge of a great 
bend in the upper Moselle. XV Corps contributed 
to quelling the German counterattack that was in- 
tended to move on Nancy from Luneville as a base. 
Twice XV Corps had been in position to frustrate 
the enemy’s main expectation of stopping the Third 
Army. But he persisted. 


On 21 September Patton wrote: 


For the last three days we have had 
as bitter and protracted fighting as I 
have ever encountered. .. . The Huns 
are desperate and are attacking at 
half a dozen places.... 


The enemy was trying by counterattacks to re- 
establish firm connection between the German 
First and Fifth Panzer Armies in the Nancy area. 
He pressed hardest at one stage against the twelve- 
mile front of the 35th Division in XII Corps, which 
on 30 September was overextended after four days 
of seesaw combat. Perhaps through German SI- 
GINT, enemy artillery was led that afternoon to 
drop a shell just outside the command post of the 
320th Infantry at Bioncourt, where the XII Corps 
commander, the Third Army Chief of Staff, two di- 
vision commanders, and three regimental 
commanders had begun a conference on the situa- 
tion. Should the line be shortened or should the 
armored reserve be used? Several men were killed 
or wounded by the shell, including aides who had 
begun serving with General Eddy during the cam- 
paign in North Africa. After doing what they could 
to bring relief to the wounded, the XII Corps con- 
ferees agreed to pull the 35th Division back to 
shorter lines. 


General Patton flew up from his headquarters 
at Verdun to Nancy in forty-five minutes and re- 
versed the decision; instead, he committed elements 
of the 6th Armored Division available to XII Corps 
and arranged for release of another infantry regi- 
ment from XX Corps if necessary. The attack next 
morning found the enemy even worse off than the 
Americans; the German counterattack against the 
35th Division was thrown back from ground previ- 
ously taken. By noon the 6th Armored Division 
held Chateau Salins; the 35th Division held the 
Foret de Gemecy. On 15 November the 3255th Sig- 
nal Service Company (RI) moved into Chateau 
Salins. 


Crossing the Moselle began with sharp battles, 


either on the western side where the terrain was fa- 
vorable or at the river itself, where high ground on 
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the east bank dominated the crossing site. XII 
Corps crossed both north and south of Nancy and 
sent armored forces to envelop a considerable area 
east of it. Enemy forces within the hilly, often for- 
ested, area of envelopment were reinforced. 
German counterattacks continued for many days, 
even after Nancy itself had been vacated, so that 
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possession of the crossings was insecure for a pe- 
riod much longer than might have been foreseen. 


Near Metz, XX Corps had to overcome strongly 
fortified positions in areas outlying the city on all 
sides. It also had to cope with mobile and armored 
defenders, so that even after gaining and enlarging 


a bridgehead, it was found necessary to meet re- 
peated German counterattacks. Wooded heights 
and forested areas interspersed by rolling farm 
land on clay soil provided opportunities for limited 
maneuver. The rains that autumn were so heavy 
and prolonged that rivers flooded their banks. The 
defense of the city of Metz persisted until surrender 
of the city on 22 November 1944. Isolated outlying 
forts remained in the possession of their garrisons 
until, one after another, they decided to quit. The 
last surrender came on 13 December. 


Improvement in Enemy Cryptography 


Before the invasion of Normandy, the German 
system of assigning callsigns was known. It had 
been learned partly from a captured callsign book 
and partly from reconstruction based on traffic 
analysis. Identifications of terminals were then 
easy and dependable. 


The medium-grade cryptosystems in 1943-44 
were either non-Indicator or Playfair, while low- 
grade systems were usually three-letter (T/L) using 
the HeeresSignalTafel (HST) as either a one-part 
or two-part code. Abundant experience with such 
systems in the Mediterranean had been turned to 
account in the training of ETOUSA SIGINT ana- 
lysts. Some enemy divisions, like the 21st Panzer 
Division, introduced complicating features in the 
use of T/L codes. That command inserted for all 
place-names a frequently changing monoalpha- 
betic substitution system. 


As German defense of the approaches to the 
Rhineland stiffened in September, the reorganiza- 
tion and rehabilitation of German Army units 
brought with it the resort to new methods of insur- 
ing security of their communications. The Allies 
learned well in advance that on 1 November 1944, 
callsigns would no longer be assigned by older 
systems. In fact, they then became randomized. 
The use of German “E” and “F” callsign books 
continued, but much less systematically. The new 
variations, however, tended to become habitual 
with different units, which could thus be identified. 


Examples were the 10th SS Panzer Division, 130th 
Panzer Lehr Division, and the 3d Panzer Grenadier 
Division. 


In February 1945, before the Rhine had been 
crossed by Allied forces, the German communica- 
tors began replacing their non-Indicator 
cryptosystems with a much more secure 
“Rasterschluessel.” Presumably as control docu- 
ments could be provided, the new system displaced 
Playfair systems and thus materially altered the 
work of reading medium-grade traffic. Captured 
“Raster” grilles were occasionally available for use 
in decipherment. 


German communications nets had to be identi- 
fied after 1 November 1944 by scattered bits of 
typical procedure, references in plain language to 
known persons or places, types of code used, negli- 
gent resort to fixed callsigns, patterns discovered 
(over a period) in the use of frequencies, and by de- 
crypts. Traffic intelligence of that description 
required much more recording and detailed analy- 
sis of data than had been necessary before the 
randomizing of callsigns. During operations of 
such fluidity as the pursuit across France and the 
ebb and flow of forces in the Ardennes, it became 
necessary to collect and analyze data not only on 
units being faced but also on others likely to be in 
opposition because of sudden moves. Wanted were 
maps, means of understanding references in traffic 
to German map grids, and data gathered by other 
corps or armies. That caused Third Army’s SIS to 
establish a research section to act in liaison with 
counterparts at corps, other armies, and army 
group levels. 


When the boundaries of Allied army zones or 
corps areas were shifted, a corps signal service 
company (RI) was likely to begin covering an 
enemy command that, while new to it, had previ- 
ously been covered by another U.S. RI company. 
From army or army group SIGINT units, the 
needed collateral could thereupon be sought and 
quickly applied. 
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In August 1944 the movements of the 9th Pan- 
zer Division were followed by U.S. SIGINT units 
because the non-Indicator cipher keys used by that 
command had been captured. Other captured doc- 
uments expedited the processing of intercepted 
traffic, especially when code names for persons, 
units, and even some types of war material were 
copied for the first time. When enemy communica- 
tors changed frequencies every three days, captured 
tables of frequency allocations proved highly useful 
to the SIGINT analysts. Captured prisoners from 
time to time helped to identify the most useful fre- 
quencies and links. 


The communications changes adopted after 1 
November 1944 by the German Army on the West- 
ern Front produced so much difficulty for U.S. 
tactical radio intelligence units that, first at the 
SHAEF level and then on 10 December 1944 at 12th 
Army Group, conferences of SIGINT representa- 
tives sought to pool their experiences. Attending 
the SSD “D” conference were representatives from 
G-2, 12th Army Group; SSD “D”; the Signal Intelli- 
gence Services of First, Third, and Ninth U.S. 
Armies; each SRI company, and each signal service 
company (RI). The conferees on 10 December 1944 
agreed to use various methods developed among 
the units for meeting certain problems. These in- 
cluded methods of approach in traffic analysis, of 
exchanging results of T/A, and of reporting 
continuities discovered in the enemy’s allocation of 
frequency groups. Captured signal documents were 
to be speedily reported and disseminated. Ways of 
controlling DF securely by radio — since wire lines 
had been found vulnerable to enemy artillery and 
even to friendly agents — were adopted. An 
acceptable approach to VHF intercept was tenta- 
tively reached, while the methods being used on 
three-letter codes were judged worth continuing. 
In view of the enemy’s changes, and because SID, 
ETOUSA, had an advance detachment operating 
on the continent, the routing and processing of raw 
intercept was modified. Only non-Indicator traffic 
was to be considered medium-grade henceforth. 
Decoded medium-grade material would in the 
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future be sent to First, Third, and Ninth Army SIS 
officers instead of G-2, ETOUSA. 


Early in October 1944, while Third Army was 
gathering strength and awaiting the signal to re- 
sume the offensive, the 3256th Signal Service 
Company (RI) heard an unidentified artillery net 
for the first time. It was given a serial number and 
passed a series of “routine” reports from 15 to 23 
October that were associated with that number. 
The reports mentioned personalities, gave mileages 
covered, fuel consumed each day — nothing that 
seemed striking. But on 24 October all that changed. 
First the net transmitted a series of coordinates. 
Then it exchanged visibility reports. About two 
hours later, at 0040 hours, came the following: 
Ready. First shot. Time and percussion fuze. . . . 
Then a long dash. About thirty seconds later the 
first round of a monster 280-mm shell could be 
heard passing overhead. It landed near the XX 
Corps CP in Conflans-Jarny. The mystery was 
solved.? 


The huge railroad gun became as famous as 
“Anzio Annie” had become. Radio surveillance en- 
abled the SIGINT unit to give a report of almost 
every firing and to warn when the gun was being 
loaded. XX Corps artillery, alerted by direct wire, 
could correlate its sound-flash data. Direction find- 
ing on the enemy observers' reports, and a study of 
the coordinates, helped locate the gun. Its target 
became predictable — whether Conflans-Jarny, 
Nancy, Pont-a-Mousson, or elsewhere within its 
great range. The two-hour interval to load and aim 
provided time to take suitable protective measures. 
It had not yet been destroyed when the enemy 
resorted to his new, randomized callsign alloca- 
tions and began using “Rasterschluessel.” The last 
intercepted traffic from the enemy net came on 20 
November 1944. 


It was not the only such gun employed by the 
enemy but the first in Northern Europe in World 
War II. Another hit near Headquarters, SSD “D,” 
in Luxembourg City on 28 October. The veterans of 
World War I could remember “Big Bertha,” the 


CHAPTER 15 
PROBLEMS IN AC ELECTRICITY 


193. General 


In circuits using ac electricity!, the current 
is affected by inductance and capacitance as 
well as resistance. In addition, certain com- 
binations of these loads will produce unusual 
effects, such as resonance (par. 202), not ex- 
perienced in dc circuits. These phenomena are 
used extensively in electrical and electronic 
circuits. Consequently, problems in ac elec- 
tricity are more complex than corresponding 
problems in dc electricity. 


194, Application of Vectors and Trigonometry 
in Solving Ac Circuit Problems 


a. As discussed in chapter 12, a vector is 
a line whose length and direction represent 
accurately a given quantity; the quantity thus 
represented is a vector quantity. Because the 
magnitude of ac currents and voltages varies 
from instant to instant, the magnitude is a 
function of time, and the current and voltage 
can be expressed as vectors: The length of the 
vector represents the magnitude of the cur- 
rent or voltage, and the direction represents 
its relationship in time to another vector (b 
below). 


b. When a circuit contains inductance or 
capacitance, the current in the circuit is not 
in phase with the voltage that produces it. 
In other words, the instant the voltage is zero, 
the current that it produces has a value other 
than zero, or when the voltage is at its maxi- 
mum, the current has a value different from its 
maximum value. The current is said to lead 
the voltage if the current reaches its maximum 
before the voltage maximum occurs; the cur- 
rent is said to lag the voltage if the current 


1 This chapter is limited to the application of mathe- 
matics to single-phase, sinusoidal ac. The electrical 
phenomena of this type of ac are treated briefly. See 
TM 11-681 for a complete treatment of single-phase, 
sinusoidal ac. 
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Figure 67. Vector representation of leading and 
lagging current. 


reaches its maximum after the voltage maxi- 
mum occurs. The relationship between cur- 
rent and voltage-can be represented by vectors, 
with one vector representing current, another 
voltage, and with the angle between them in- 
dicating the amount of lag or lead. Figure 67 
shows a vector representation of leading and 
lagging current. The angle is called the phase 
angle. 


ce. The voltage drop across a resistor also 
may be represented by a vector having the 
same direction as the vector representing the 
current flowing through the resistor. In other 
words, the voltage acrcess the resistor and the 
current flowing through it are in phase. 


d. The voltage drop across a capacitor may 
be represented by a vector making an angle 
of 90° with the vector representing the cur- 
rent flowing through the capacitor. In a 
purely capacitive circuit, the current will lead 
the applied voltage by an angle of 90°. 


e. The voltage drop across an inductor may 
be represented by a vector making an angle of 
90° with the vector representing the current 
flowing through the inductance. In a purely in- 
ductive circuit, the current will lag the applied 
voltage by an angle of 90°. 
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weapon that struck Paris, including a church filled 
with people at prayer. 


Seventh Army 


The invasion of southern France, Operation 
DRAGOON, succeeded so well during the first two 
days of landings that the enemy appeared to be 
pulling back. From special intelligence, the Allies 
learned that German ground troops were abandon- 
ing southern and southwestern France and were 
returning to defend the Fatherland. The Ninth Air 
Force’s Signal Intelligence Service soon detected so 
much radio traffic at airdromes near Bordeaux, 
Dijon, and Bourges that they concluded the Ger- 
mans were evacuating their upper-grade officers by 
air from those places. In three days’ time, succes- 
sive Allied air sweeps found it possible to destroy 
thirty German transport aircraft.3 


General Patch had to decide whether to push 
steadily after the enemy’s rear units or to attempt 
to outflank his main body and try to cut off the re- 
treat. If he tried the latter maneuver, he risked an 
attack on his own right flank from enemy forces in 
the Maritime Alps. His own line of communica- 
tions to the beaches might thus be cut. 


From SIGINT there was no indication of any- 
thing but a defensive attitude on his flank. The 
Seventh Army’s unloading plans were modified to 
rush vehicles and fuel ashore in order to reinforce 
the pursuing “Task Force Butler” by sending the 
36th Division deep in the enemy’s rear. 


Knowing from SIGINT that the enemy was un- 
aware of the character of the U.S. forces there, and 
that he believed that only guerrilla forces were 
gnawing at German lines of communication, Sev- 
enth Army withheld from the war correspondents 
any information about “Task Force Butler” — its ex- 
istence or its operation.4 


At Montelimar Seventh Army established a 
strong road block across the German XIX Army’s 
route of escape. Only by abandoning their heavy 


equipment could the Germans extricate personnel 
from the trap after a hard and costly battle. 


The U.S. Seventh Army moved into the front 
south of Third Army, sealing off the area east of Be- 
sancon as far as the Franco-Swiss border. Under 
6th Army Group (Devers), both U. S. Seventh Army 
and French First Army prepared to push into 
Alsace and southern Germany. Effective 29 Sep- 
tember 1944, XV Corps was transferred from Third 
to Seventh Army, from 12th to 6th Army Group. In 
part, that action was based on the fact that Seventh 
Army was being well supplied through Marseilles 
instead of being short of men and ammunition like 
Third Army, which was supplied from Normandy. 
The transfer of XV Corps seemed to make a re- 
newed offensive by Third Army less likely to succeed 
in seizing Sarreguemines. 


Third Army Reaches the Westwall 


On 2 November 1944 Third Army was autho- 
rized to resume its offensive of about sixty miles 
across Lorraine to the Westwall, starting a week 
later, at a time when the U.S. First and Ninth 
Armies would be attacking, too. When the ten-divi- 
sion attack opened on 8 November, with fire from 
more than 400 guns, the data gleaned by special in- 
telligence and other sources enabled the shelling 
and supporting air (later in the day) to strike at all 
known enemy command posts. Enemy radio soon 
confirmed that the enemy’s loss of control before 
the ground attack began had been drastic. The 
weather cleared enough in mid-morning to let the 
supporting planes see the targets and work ahead 
of the advancing ground troops. For the next few 
weeks it rained almost every day, and often all day 
and night. There were many streams between the 
Moselle valley and the Saar basin-the Meurthe, the 
Seille, the Nied, and the Saar Rivers — so that any 
repetition of the far-ranging armored columns of 
the previous August were rendered wholly 
impossible. The Saar River, normally about fifty 
feet wide, was swollen to 300. Tributaries backed 
up and overflowed their banks. As at Anzio a year 
earlier, even tracked vehicles struggled with the 
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mud, and heavy ones, like the tanks, were held to 
the roads. 


XX Corps and XII Corps slugged their way 
nonetheless to the edge of the Westwall and by 14 
December had begun to penetrate it. Discourage- 
ment then became widespread. All things 
considered, Third Army was probably not strong 
enough for the mission. Although its commander 
was able to drive about in Saarlautern on the 14th, 
that city was not behind the fortified zone but 
within it. A few days later, on 20 December, Third 
Army was being drawn away to the Ardennes sec- 
tor, about 100 miles to the north. 


To reinforce the Germans facing the Third and 
Seventh Armies, the veteran 3d Panzer Grenadier 
Division, in almost full strength, was shifted from 
the Italian front. It became for Third Army the 
principal source of low-grade traffic conveying tac- 
tical intelligence. Three other divisions shared that 
function: the 116th Panzer Division, the 2d SS Pan- 
zer Division, and the 15th Panzer Grenadier 
Division. The ist Panzer Artillery Corps supple- 
mented the intercepted material from these four 
divisions. When Third Army was attacking near 
Nancy and Metz, reconnaissance units of the 3rd 
Panzer Grenadier Division not only reported their 
observations of American movements but also gave 
away the identities and locations of opposing Ger- 
man units. 


Some SIGINT indicated that in November three 
German divisions were pulling out of the line facing 
Third Army. They were the 130th Panzer Lehr, 11th 
Panzer, and 21st Panzer Divisions. When the Third 
Army turned north in December to take command 
of operations along the south limits of the German 
salient in the Ardennes, they soon picked up re- 
ports there by the 130th Panzer Lehr Division's 
reconnaissance units. The 116th Panzer Division, 
another familiar enemy unit, also turned out to be 
west of Bastogne. A great battle lay ahead. 
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Chapter 14 


The Ardennes Offensive, 
16 December 1944 — 20 January 1945 


Situation at the Outset 


On 15 December 1944 the Allies were still trying 
to reach the Rhine below Cologne. East of Jilich 
and Duren the U.S. Ninth and First Armies had just 
renewed their efforts. Farther south, the Third 
Army had established bridgeheads across the Saar 
River and was preparing to exploit them in pene- 
trating the Westwall there. The Seventh Army and 
the French First Army of the Allied 6th Army 
Group had reached the French bank of the upper 
Rhine, and had liberated Strasbourg and other por- 
tions of Alsace. 


At one wide segment of its front, First Army 
had assigned responsibility to VIII Corps, which 
lacked the troops for continuous close coverage. 
Outposts, artillery units, and mobile infantry and 
tanks were so disposed that an enemy incursion 
would be observed, resisted, and contained. That 
segment of the front was in the Ardennes facing a 
mountainous area of Germany known as the Eifel. 


The Ardennes area, mostly in Belgium and Lux- 
embourg, but extending also to the fringes of 
France, lay between the Our River, a tributary of 
the Moselle on the east, and the Meuse River on the 
west. It was a region of hills, plateaus, and steep- 
sided river valleys, strewn with forests. Among 
innumerable hamlets and villages were a few small 
towns. A network of paved roads, supplemented by 
many dirt roads, connected the towns. During rain 
or melting snow, heavy vehicles — even if tracked — 
had to use the roads, which had to be endlessly 
repaired. In some villages, the roads narrowed to a 
single lane between rows of buildings. In many, 
they descended into ravines, crossed bridges, and 
climbed up fairly steep grades on the far side. 


In general the good roads were more readily 
used when going north or south. For movement 
east or west, impediments were more frequent. Al- 
though the German invasion of France in 1940 
came through the Ardennes, that had been done in 
the spring. An offensive across that area in winter 
was bound to be so much more difficult that the 
likelihood was discredited by the Allies. The heights 
could be expected to receive the first inhibiting 
snows in December. Yet before daylight on 16 De- 
cember 1944, a heavy artillery and rocket 
bombardment ushered in just such a German at- 
tack. For several hours the dimensions of the 
offensive forces were not recognized locally. It was 
thought probable that the attack was intended to 
draw off U. S. divisions attacking farther north 
rather than to continue far into the rear of the Al- 
lied Western Front. 


The German attack was a surprise as to both 
place and strength, though the Sixth Panzer Army 
was known to be available for a blow somewhere. 
That German troops had been withdrawn from 
their counterattacks against Third Army, east of 
Metz and Nancy, and moved northward was known. 
SIGINT had identified some of those movements. 
But the assembly east of the Ardennes of some 20 
divisions, of which 5 were panzer divisions, armed 
with about 500 medium tanks and 1,900 guns and 
rocket-throwers, was unsuspected. Drastic security 
measures and perhaps radio deception had brought 
about the surprise. It enabled the attack to begin 
against an unreinforced VIII Corps and part of the 
VI Corps, although at the cost of inadequate recon- 
naissance and preparation by German battalion 
commanders, who began with probing tactics. 
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The surprise was, by definition, an “intelligence 
failure,” so that besides subjecting Allied strategy 
to assessment, it prompted investigation of evi- 
dence that the attack had been coming, and a 
review of the way that that evidence had been inter- 
preted. The surprise in the Ardennes was believed 
to resemble — though on a far greater scale — the 
failure to foresee the German offensive that in Feb- 
ruary 1943 had carried Rommel’s command 
through Kasserine Pass. On 13 December 1944 
SHAEF had warned that unless the concentration 
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of German Army divisions opposite U.S. First Army 
soon dispersed, a relieving attack should be ex- 
pected. Special intelligence from the German Air 
Force indicated that an operation was in prepara- 
tion but not where it would be delivered, and it 
gave no indication that German air units would be 
used except, in accordance with known Luftwaffe 
policy, to defend Germany from Allied invasion by 
counterattack rather than to furnish close support 
in a ground offensive. 


In August, September, and November, the Jap- 
anese ambassador in Berlin had reported to Tokyo 
that Hitler intended to return to the offensive be- 
fore the end of November — and SIGINT had so 
informed SHAEF. The Allies watched for indica- 
tions that the necessary forces were being organized 
and made ready. Such evidence was inconclusive, 
in part because the use of new covernames for 
major German commands prevented firm interpre- 
tation. Reviews of special intelligence that were 
made when hindsight enabled an analyst to discard 
irrelevant material exonerated the interpreters 
while revealing certain limitations to which special 
intelligence itself was subject.? 


The German offensive consisted of three armies, 
the Sixth Panzer Army on the north, the Fifth Pan- 
zer Army in the middle, and the Seventh Army on 
the south. The last was to widen the area brought 
under German control but not to go beyond the 
Meuse River. The other two armies were expected 
to strike out for the Meuse, which so angled north- 
eastward across their paths as to make the distance 
to be covered by the Sixth Panzer Army to reach 
Liege considerably shorter than that to be traversed 
by the Fifth Panzer Army in reaching Dinant and 
Namur. Huy was at the boundary between the two 
army zones. In 1940 German screening task forces 
had reached the bridges at the Meuse in about 
twenty-four hours. In 1944 a spearhead armored 
force got only part way there before it ran out of 
fuel, then was cut off from its resupply, and had to 
be rescued. The whole pace of the attack fell so far 
behind plans that the Allies were able to quickly 
bring in enough reinforcements to confine the 
enemy within a narrowing salient that never quite 
got to the Meuse. 


The northern part of the seventy-mile front at 
the start overlapped from VIII Corps’ area into part 
of V Corps’ area — both in FUSA’s zone. Around 
Monschau and Elsenborn, in the Schnee Eifel, V 
Corps stalled the attack. That caused the Sixth Pan- 
zer Army, which was expected to make the main 
effort on the shorter axis of attack, to lose access to 
some needed west routes and thus to clutter the 


roads farther south. One characteristic of the Ar- 
dennes campaign was the monumental _ traffic 
jams. While the bad weather precluded Allied air 
support, the stalled columns simply lost time, but 
in good weather Allied air attacks cost the enemy 
men and vehicles as well. The offensive had been 
timed to start under several successive days of bad 
weather, but sunny skies intervened at critical 
stages, and Allied planes risked low ceilings on 
other days. The rain provided morning fogs and 
wet ground. Then snow covered the ground and 
froze briefly before thawing into seas of mire. 


The stalwart protection of the northern 
shoulder of the salient had its counterpart at the 
south, where Seventh Army had only limited 
success. In the Fifth Panzer Army’s zone, St. Vith 
and especially Bastogne, were important road cen- 
ters. The U.S. 7th Armored Division was sent 
southward from Ninth Army in time to stiffen the 
defense around St. Vith, which parried enemy ef- 
forts for a week. Though St. Vith eventually fell to 
the Germans, Bastogne was reinforced by armor 
and the 101st Airborne Infantry Division. Although 
the town was gradually encircled, its screen of de- 
fenders held until a corridor was opened on 26 
December 1944 to connect it with Patton’s ap- 
proaching Third Army on the south. The roads 
radiating from Bastogne could be connected by de- 
tours around the perimeter defenses, but only with 
severe disadvantage to the Germans. Though Fifth 
Panzer Army did make better progress than its 
northern associate, the Sixth, it could not cross the 
Meuse. 


The Enemy Is Contained and Pushed Back 


While the reinforced U.S. First Army built up a 
firm barrier against northward penetration and 
expansion of the German-held salient, the Third 
Army was making a spectacular ninety-degree shift 
of its axis of attack in Lorraine. Two corps (XII and 
III) left the Saar River front to others and moved 
north in fierce combat into the flank of the German 
Seventh Army and, beyond that, of the Fifth Panzer 
Army. As noted above, one armored column opened 
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a corridor into Bastogne’s defensive perimeter, a 
corridor that was never closed thereafter in spite of 
assiduous and costly German attempts. 


At the outset the enemy committed about 
200,000 men, including paratroops dropped on 17 
December, and as the attack broke through and 
moved westward, he used three more armored and 
eight more infantry divisions. The Americans fac- 
ing the initial attack numbered about 83,000 and 
had 240 tanks, 180 tank destroyers, and 390 guns. 
The Allied forces used to contain the enemy and to 
drive him out of the salient rose, however, to 26 di- 
visions (of which 8 were armored) and to more 
than 4,000 guns. Later it was calculated that 
1,255,000 Allied artillery rounds had been fired in 
the campaign. The air support provided by Allied 
and German air forces was substantial. Occasion- 
ally, the Luftwaffe harrassed Bastogne and other 
battlefields. The Allies provided vital air transport 
not only to the beleaguered defenders there but 
also at other points, and achieved even greater suc- 
cess in eliminating their Luftwaffe opponents. The 
enemy did make an air raid on airfields in Belgium 
on 1 January 1945 that destroyed many Allied air- 
craft on the ground. 


Before the German attack (Operation Jeremy), 
special intelligence indicated that airfields used by 
the Ninth TAC would be subjected to heavy attack. 
When other sources also provided such indications, 
the commanding general, Ninth TAC, maintained 
his purely offensive policy, protecting his units by 
launching Allied neutralizing attacks on enemy air- 
fields. In this instance, the warnings from SI 
persuaded him to send up alert flights at dawn, and 
to assign combat pilots to antiaircraft units around 
his airfields in order to aid in enemy aircraft recog- 
nition in case the Germans attacked. 


At two of the Ninth TAC airfields, early on New 
Year’s Day when the German aircraft did come 
over, they found Allied planes already in the air 
ready to engage them while other planes took off to 
join the fray. American casualties there were small; 
German losses were sizeable. 
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SIGINT Coverage during the Ardennes Cam- 
paign 


The SIGINT units of SIS, ETOUSA, that con- 
tributed military intelligence during the battles in 
the Ardennes were numerous and well placed. The 
121st Signal RI Company, one of the units serving 
HQ, 12th Army Group, had more than twenty-five 
positions at St. Quentin, France, trained on links 
between the battle area and various points in Ger- 
many. The 113th SRI Company with First Army, the 
118th with Third Army, and the Signal Service 
Companies with the various corps found ample 
traffic from which they derived extremely valuable 
data on order of battle and on the locations of the 
mobile enemy formations. 


VIII Corps and First Army (at Spa) had been 
served by the 3254th Signal Service Company (RI) 
from a site near Houffalize. The static nature of the 
front there had allowed the enemy before his attack 
to rely on wire communications rather than radio, 
but enough radio had been heard to identify vari- 
ous German divisions and artillery commands in 
the Westwall and in rear areas east of the Eifel. On 
18 December, with other means of communica- 
tions unavailable, Captain Robert L. Hord, the 
unit’s commander, went to the Corps’ CP for orders 
and found that he had about two hours to pack up 
and get out. As the unit started for Neufchateau, 
the sound of small arms firing could be heard close 
behind. From Neufchateau the unit was sent far- 
ther southwest and settled at Villiers from 21 
December to 7 January. 


It then moved to Les Fosses, near Namur, and 
on 22 January began a shift eastward that brought 
it to Hachiville in northern Luxembourg for several 
weeks. 


The 3251st with VII Corps had moved in a se- 
ries of bounds across France and Belgium, reaching 
Kornelimunster, Germany, on 16 September. The 
site there was vulnerable to enemy air attack and 
artillery bombardment, which drove the unit back 
to Raeren, Belgium, on 17 October after losing 


several vehicles, some equipment, and personal 
possessions. On 2 December, however, the 325ist 
occupied a hill at Stolberg, Germany, east of 
Aachen. When VII Corps prepared to counterat- 
tack from the northern side of the Ardennes salient, 
the 3251st moved via Havelenge, Belgium, and Vil- 
lers le Bouillet, west of Liége, to Lee Avins. As 
VII Corps progressed, the unit moved with it and 
by 5 February was again at Stolberg. 


Captain Lee Brownsfield’s 3250th Signal Ser- 
vice Company (RI), with V Corps in the Monschau 
area, kept its twelve positions and three direction 
finders covering the communications of Sixth 
SS Panzer Army units facing V Corps but sent a de- 
tachment (one officer, six enlisted intercept 
operators, and one traffic analyst) to cooperate in 
covering the spearheads penetrating westward to- 
ward the First Army’s rear area. A second special 
team tested the desirability of placing a VHF inter- 
cept unit where it could cover German voice traffic, 
but concluded that the volume would not justify 
that action. 


When the Third Army, with its XII Corps on the 
east and III Corps on the west, started its dramatic 
northward thrust into the southern flank of the Ar- 
dennes salient to relieve the eastern elements of 
VIII Corps, the Third Army SIS with the 118th SRI 
Company and two corps SIGINT companies formed 
part of the forces so deployed. On 23 December 
1944 Captain Walter Drozdiak’s 3255th Signal Ser- 
vice Company (RI) moved north on a long, cold 
night for 140 miles from Saaralbe to Luxemborg 
City in support of XII Corps. There the unit found 
such pressure upon the signal units that its own 
men put in the wire connections between the oper- 
ating vans and the Corps and Army G-2 Sections. 


On 30-31 December 1944, the 3256th Company 
(Captain Robert L. Braden), normally supporting 
XX Corps, moved to the aid of III Corps, whose SI- 
GINT company had not yet been sufficiently trained 
to be sent over from the UK. The 3256th occupied 
a site at Eischen, Luxembourg, and got its first sat- 


isfactory intelligence data on 5 January 1945. It 
identified and located various enemy divisions. 


The volume of enemy radio traffic swelled rap- 
idly during the first incursion and during the 
ensuing battles. German reconnaissance units re- 
ported what they were observing, naming hamlets 
and villages among which they were moving. Battle 
groups identified their positions and named adja- 
cent units. The locations of command posts, dumps 
of supplies and ammunition, and even lines of at- 
tack were spelled out or were indicated by DF. 
During periods in which air reconnaissance was re- 
stricted by weather conditions, tactical SIGINT was 
often the only reliable instrument for determining 
what forces faced an U.S. command. Reports of 
their condition enabled U.S. commanders to know 
how those forces stood with respect to strength, 
mobility, and ammunition. As the westward move- 
ment slowed down and innumerable engagements 
occurred behind the leading divisions, and during 
the turmoil surrounding the slow withdrawal, the 
usual sources of intelligence became more 
plentiful: contact, prisoners, deserters, captured 
documents, and photographic reconnaissance. Yet 
SIGINT traced the retreating enemy divisions and 
clarified the enemy's intentions.3 


Three detachments of the 3d Radio Squadron, 
Mobile (RSM), were caught up by the ebb and flow 
of combat in the Ardennes campaign. Detachment 
“B” under Major H. T. Silverstein was supplying 
SIGINT service to the Ninth Tactical Air Force 
from a site near Verviers and west of Monschau, in 
the direct path of the German Sixth Panzer Army. 
When Detachment “B” withdrew a few miles south- 
ward to Jalhay on 17 December, it entered a scene 
of great confusion as some troops pulled back and 
reinforcements came up, while German planes 
dropped flares and bombs. The next day it was sent 
to join Detachment “D” at Fouron-St. Pierre near 
the Belgium-Netherlands border. For a few days 
the two units jointly supported the IX and XIX Tac- 
tical Air Commands and U.S. Eighth Air Force. 
While the operational echelon of Detachment “B” 
stayed with Detachment “D,” the rest of 
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Detachment “B” moved over the icy roads via 
Charleroi to Thuin near the Belgium-France bor- 
der. 


During the Ardennes attack, SIGINT provided 
important intelligence in both quantity and quality. 
Messages for thirteen enemy commands of divi- 
sional strength and armored and mobile units were 
read by U.S. SIGINT units. They provided G-2 with 
reliable information at a time when other sources 
of intelligence were either lacking or relatively 
slight. 


On 16 December 1944 CIRO-PEARL messages 
originating at the headquarters of Wehrkreis VI, in 
Muenster, provided information concerning the re- 
placements and supply services to Sixth Panzer 
Army. They gave the positions of the Abteilung II 
(MOT), Headquarters, VI A.K., one regiment and 
three battalions of Panzer Grenadier replacements, 
a field battalion, and a reconnaissance unit. 


A few items may be noted here. In ISUM No. 
136 for the period ending at 1800 hours, 17 Decem- 
ber 1944, the German 116th Reconnaissance 
Battalion mentioned three small communities — 
hamlets or villages — west of Dasburg, where the 
116th Panzer Division went after crossing the Our 
River via a usable bridge. The report indicated that 
the enemy would be trying to cross the high, north- 
south ridge that separated the Our and Clerf Rivers, 
slipping between two defensive positions manned 
by the U.S. 28th Division. By the next afternoon, as 
shown in ISUM No. 137, that same German recon- 
naissance unit was reporting on an area nearer 
Houffalize, at Sassel and Tavigny, rather than 
heading toward Bastogne. 


The enemy got heavy bridging across the Our 
River very late on 16 December and could then 
send Mark V Panther tanks, stronger than the 
American Shermans, to reinforce the spearheads. 
The SIGINT pertaining to the 17th Panzer Grena- 
dier Division and the 10th SS Panzer Division 
showed that both were out of the operation at first, 
although perhaps available for later commitment 
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to exploit hoped-for early successes. The latter unit 
was held near Bonn in OKW reserve. 


The 10th SS Panzer Division had eluded encir- 
clement west of the Seine in August and was largely 
responsible for defeating the Allied airborne opera- 
tion near Arnhem in September. Its infantry units 
had participated in the defense against Ninth Ar- 
my’s November attacks north of Aachen while the 
rest of the division went back to Ruurlo, Holland, 
for refitting. A succession of messages beginning 
on 13 December 1944 disclosed that part of the di- 
vision would be moved by railroad from Elten to 
Rheindahlen, would then be reunited with the rest, 
and would be committed to battle farther south 
than Aachen. From 17 December on, the loadings 
and dispatches from Elten were heard, concluding 
with: 


Everything with the exception of Flak 
(IV/SS PZ AR 10) rear echelon has en- 
trained. To depart during the evening: 


SS PZ Regt 10 (Less 8 Co) 
SS PZ AA 10 

1 Kp/SS BZ Pi Btl 10 

1,2 Batt/IV/SS PZ AR 10 
13 Kp/SS PGR 21 

13, 14 Kpn/SS PGR 22 
IIT/SS PGR 22 


Three trains have already left. The re- 
mainder loading tonight and leaving 
early 19 Dec. 


But lack of fuel then made impossible the em- 
ployment of the 100th Panzer Division in a way 
that had been envisaged earlier. 


At the outset of the Ardennes attack, the inex- 
perienced U.S. 106th Division, with the 14th Cavalry 
Group attached, held a key section of the American 
front in the Schnee Eifel northeast of St. Vith. 
Among the small villages, enemy reconnaissance 
had discovered not only that the defenses were 
lightly manned by green troops but also 


that a certain gap could be used to penetrate to a 
crossroads in the rear. On the morning of 16 De- 
cember two regiments of the 18th Volksgrenadier 
Division, reinforced by a tank destroyer battalion 
and 40 mobile assault guns, pushed into an area 
held by avery much smaller force. At the village of 
Weckerath, fewer than two troops of the U.S. 14th 
Cavalry Group stood in the path. While they held 
their positions against attack, enemy units also by- 
passed them. Shortly before noon it was obvious 
that they must pull back or be overrun. Colonel 
Mark Devine, CO, 14th Cavalry Group, authorized 
immediate withdrawal, and they came back in var- 
ious vehicles, with guns blazing, through a gauntlet 
of enemy riflemen on both sides of the road. Be- 
hind them violent artillery shelling suddenly 
dropped on Weckerath. They had moved not a 
minute too soon to avoid it. Records of the 106th 
Division and the 14th Cavalry Group for that period 
did not survive to explain the timing of their move. 


At the southern end of the attacking front, the 
U.S. 28th Division was overpowered more slowly, 
while the 4th Infantry and 9th Armored Divisions 
fell back but still contained the attacking German 
Seventh Army. 


Examples of SIGINT during the Enemy’s Ad- 
vance 


Upon recognizing that the attack was a major 
offensive, the Allied Supreme Command and the 
U.S. First Army Command reinforced the defend- 
ers. At the northern shoulder, V Corps was able 
quickly to strengthen the 9th Infantry Division by 
elements of the ist Infantry Division. First Army 
later sent the whole ist and 2d Infantry Divisions to 
hold the shoulder west of the 9th Division. Ninth 
Army on 17 December released from its reserve the 
7th Armored Division, which headed for St. Vith, 
and the 30th Infantry Division, which moved to an 
area farther west. There the latter joined the 82d 
Airborne and 3d Armored Divisions under Head- 
quarters XVIII (Airborne) Corps — released from 
SHAEF Reserve. Major General Matthew Ridgway 


took command of an XVIII Corps sector on the 
north rim on 19 December. 


From the south, the 4th Armored Division, the 
6th Armored Division, and the 35th Infantry Divi- 
sion in Third Army’s III Corps began pressing from 
Arlon toward Bastogne, while the XIII Corps came 
up via Luxemborg City between the XII Corps and 
the Our River. More reserves were put at Third Ar- 
my’s disposal. Into the Bastogne perimeter, the 
101st Airborne Division moved during the night of 
18 December. 


While the enemy was trying to get to the Meuse 
by making the main effort along the northern zone 
of attack, his advance units were contending with 
road blocks, blown bridges, and traffic congestion 
as well as with U.S. forces that made movement 
costly and slow. Occasionally Allied aircraft slipped 
below the clouds and verified the location and na- 
ture of enemy columns on the roads or strafed and 
bombed in close tactical support of ground troops. 


The attacking and the containing forces both 
operated in a large area and were subject to consid- 
erable uncertainty about their military situations. 
By 21 December small armored task forces from 
the U.S. 3d Armored Division were moving in the 
area along the northern bank of the Ourthe River, 
northwest of Houffalize. One of them was “Task 
Force Hogan,” which on that day was cut off from 
the 3d Armored Division by enemy forces at Sam- 
ree, Beffe, and along the roads between Dochamps 
and Hotton. Isolated for several days, the men dis- 
armed their vehicles and escaped on foot during 
the night of 24/25 December. 


Reconnaissance elements of the German 116th 
Panzer Division were heard reporting during 23 
December 1944 as follows: 


1200: Apparently 20 tanks at Mar- 
couray (P4482), possibly out of gas... 
Bridge at Marcourt (P4285) blown. 
Locality free of the enemy. The Regt 
is to block the road Beffe (P4385) 
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Marcourt in the area of 560 (Inf Div); 
blocking had already been begun by 
8/GR 1130/560 Inf. Diu. 


1245: Strong enemy infantry attack 
with tanks from NY (P3990) repulsed. 
Enemy is attacking Melines. 


1310: Enemy attack on Melines 
re-pulsed. Further strong enemy 
pressure. 


1340: Relief of PGR 60 will be taken 
care of by I/GR (560 Inf Div). CO to 
report personally at PGR 60. 


1400: Marcourt free of the enemy. 
Bridge blown at Marcourt. Ostensi- 
bly 20 to 30 enemy tanks are there. 
Roads have been blocked, tanks have 
been ordered to surrender.4 


Among the corps SIGINT units newly arrived 
within effective range of interceptions from the 
battle area was the 3258th Signal Service Company 
(RI) attached to XIII Corps, Ninth Army. From a 
site in Holland (Kerkrade on 29 December 1944), it 
tied in with the Ninth Army’s 137th SRI Company 
and with the XIX Corps’ 325d Signal Service Com- 
pany (RI) in covering the Ardennes area as well as 
that area north of Aachen within the Ninth Army’s 
zone. The 3258th produced SIGINT from the com- 
munications of the 103d Reconnaissance Battalion 
of the 3d Panzer Grenadier Division, the 146th 
Panzer Artillery Regiment of the 116th Panzer Divi- 
sion, and the 130th Panzer Lehr Division. 


The 103d Panzer Lehr Division, whose low and 
medium-grade traffic was readable, had been or- 
dered on 22 December (ISUM No. 142) by von 
Manteuffel, Fifth Panzer Army commander, to 
hurry its advance elements on beyond Bastogne to 
St. Hubert. The Third Army’s attack against the 
southern flank of the salient was beginning that 
day, and St. Hubert must be held. ISUM No. 144 
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shows that it was in German hands by 1400 hours 
on 23 December. 


On 23 December, with General von Manteuffel 
himself in the van, the 130th Panzer Lehr Division 
moved upon Rochefort via St. Hubert, south of it. 
As a major road center, control of Rochefort was 
essential to the successful support of the forces car- 
rying the German offensive farther west to Dinant 
and Namur. It had been occupied by the U. S. 84th 
Division about one day earlier, and the enemy’s ap- 
proach was expected in view of the SIGINT given 
below: 


1308: Div Ia to CG, 130 PZ Lehr Diu: 


The Oberbefehlshaber AOK 5 [CG, 
Fifth Panzer Army] has again or- 
dered a quick thrust to St. Hubert 
(GSGS 4042/P 3161). 


OFENRORHR is to proceed to Geri- 
mont (P4258). 


1725: Div la to CG, 130 PZ Lehr Div: 


Fourth U.S. Armored Division is ad- 
vancing along line: Remagne (P3956) 
— St. Hubert (P3161). Schluesselblime 
[codename for IV/pz AR 130] to take 
up the line: Remagne (P3936)-Moircy 
(P3858)-Vesqueville (P3259)-St. Hu- 
bert (P3161), leaving protection on 
the flank. From there advance to- 
ward Rochefort (P2<Y76) with 
advance Bn. 


On 23 December 1944, farther north, another 
generous German source of SIGINT, the 116th Pan- 
zer Division, provided its intentions and dispositions 
for an approach march to attack Hotton: 


The Division is to launch an attack on 
Hotton (GSGS 4042/P3687) and will 
pull out during the night of 23/24 De- 
cember leaving protecting forces. 


f. In a circuit that contains inductance, ca- 
pacitance, and resistance, the current will lead 
or lag the applied voltage by a phase angle of 


less than 90°. 


g. The example below illustrates the use 
of vectors in the solution of a typical ac cir- 
cuit problem. Paragraphs 199 through 201 
give a more detailed coverage of problems of 


this type. 
Example: 


In a series circuit (fig. 68), the 
voltage drop across the capaci- 
tor (E¢-) is 10 volts, the voltage 
drop across the inductance 
(Z,) is 50 volts, and the voltage 
drop across the resistance (Ez) 
is 30 volts. Determine the mag- 
nitude of the applied voltage. 
By what phase angle (A) does 
the current lead or lag the ap- 
plied voltage in the circuit? 


Cc 
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Figure 68. An ac series circuit containing inductance, 
capacitance, and resistance. 


Step 1. 


Step 2. 


Step 3. 


140 


The vector diagram for this cir- © 


cuit is shown in figure 69. Ina 
series circuit, the same current 
flows through each element. 
Draw the vector representing 
the current (J) in a horizontal 
position. The angles of all vec- 
tors representing voltage drops 
are given with respect to the 
current. 


Draw the vector EF, represent- 
ing the voltage drop across the 
inductance, at an angle of 90° 
with the vector J. 


Draw the vector Evy, represent- 
ing the voltage drop across the 
capacitor, at a angle of —90° 
with the vector J. 


E,-Ec=Ex 
50-10=40 
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Figure 69. A vector diagram of an ac series circuit 
containing inductance, capacitance, and resistance. 


Step 4. 


Step 5. 


Step 6. 


Step 7. 


The vector Ep, representing the 
voltage drop across the resis- 
tor, has the same direction as 
the vector I. 


The vector sum of these voltage 
drops is equal to the applied 
voltage. 
Along the horizontal: 

E, = 0, Ec = 0, Er = 30 
Along the vertical: 

E, = 50, Ep = —10, E, = 0 


. Adding the horizontal and ver- 


tical voltage drops, respec- 
tively : 
E, + Eo + Er =0+ 0+ 30 
= 30 
E, + Ec + Er = 50 + 
(—10) + 0= 40 


Because the vectors form a 
right triangle, with the applied 
voltage E as the hypotenuse 
and HF, and Ey as the sides 
(fig. 69), the law of right tri- 
angles (par. 183) can be used 
to solve for one of the quantities 
when the other two are known. 
From this law, the relationship 
between EZ, Ep, and Ey is ex- 
pressed by the formula 

E = VE? + EY. 
VEg + EF 

V (30)? + (40)? 

\/900 + 1600 


\/2500 
50 volts 


E 
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As protecting forces the following 
will remain in the present MLR: 

a Bn of PGR 156 

a Bn of GR 1130 (560 Inf Div) 

2 Assault Gun companies 

1 Heavy Howitzer Battery with suffi- 
cient ammo all to be under command 
of CO Bn/PGR 156. 


The following will pull out at last 
light: 

PZ Regt 16 

PGR 60 

PGR 156 

3/PZ PI Bn 675 

I/PZ AR 146 (less Heavy How Bat- 


tery) 


Distribution of these units in the con- 
voy to be: 
A. Gruppe Bayer (Oberst.) 

PZ Regt 16 

PGR 60 

PZ AR 146 

3/PZ PI Bn 675 
B. Gruppe Gro/Iman (Maj. PGR 156) 

PGR 156 (less 1/PGR 156) 

III/PZ AR 146 (Less 1 Heavy How 
Battery) 

Route of March: 


Beffe (P4385)-Dochamps (P4984)- 
Samree (P5082)-Laroche (P4580). 
Further orders to be issued there. 


Order of March: 
Gruppe BAYER 
Gruppe GROLLMAN 
CO is at fwd Div CPo 


with other records showing what actually occurred 
there. 


The route of march given in this intercepted 
order leads away from Hotton, to a river crossing at 
Laroche. The 116th Panzer Division was already 
across the Ourthe River the day indicated in the 
SIGINT for its movement across. The division did 
not turn up the southwestern bank of the Ourthe at 
Laroche to attack Hotton for a second time. Per- 
haps the discrepancy is one of dating the order; 
perhaps it is a case also of reversing the order of vil- 
lages on the route of march. 


On 24 December 1944, reconnoitering ele- 
ments of the 130th Panzer Lehr Division sent in the 
following reports: 


0925: Attack toward Rochefort 
(P2177) gaining slowly on the ground. 


1000: Send vehicles only north of 
Bastogne (P5558). Roads south of 
Bastogne may be impassable. 


1045: Bridge at Rochefort blown. 


1005: Main dressing station in St. 
Hubert at cathedral. 


1110: Fighting against strong enemy 
resistance. Rochefort is taken; the ex- 
isting bridges have been blown. Send 
bridging column forward. 


1147: Set up advanced PW cage at Ro- 
chefort. 


13(X): Our own bombing attack on 
Bastogne was observed today at 0930 
hours. 


On 21 December 1944, the 116th Panzer Divi- 
sion with infantry from the 560th Volks-grenadier 
Division had been unable to take Hotton against a 
stubborn American defense of the bridge there. The 
piece of SIGINT given above cannot be reconciled 


1550: About 1530 hours our own 
bombing attack and low flying attack 
took place at Bastogne. 
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1635: Large formation of Air Force 
observed over Bastogne. 


178 enemy [Allied] transport planes 
are dropping supplies of all kinds. 


On 24 December, the 116th Panzer Division had 
orders to pierce the American line east of Marche, 
to press through that gap, to take Marche, and then 
to make contact with the 2d Panzer Division in the 
vicinity of Ciney. Ciney was near the western edge 
of the Allied forces containing the German salient 
on the north. Elements of the U.S. 2d Armored Di- 
vision were drawn there on 24 December by reports 
that enemy tanks had been seen in the area. The 
116th Panzer Division did break through the Amer- 
ican line by stealth and threatened to cut the 
highway between Botton and Marche, but could 
not join the 2d Panzer Division in operations to ex- 
tend the apex of the German salient. 


Tactical SIGINT production developed with ex- 
perience. During December 1944 and January 
1945, DF benefited from various modifications of 
means and methods. A better apparatus became 
available. Mobile DF units could be operated in 
truck-borne huts. DF operations could be 
controlled by radio instead of wire lines subject to 
endless breakage or outage for other reasons. But 
the use of one-time pads impeded the speed needed 
if many DF operations were to succeed. Aside from 
that, which was not an insuperable difficulty, units 
found that their radios had to be set at a different 
frequency for DF links than for other communica- 
tions, and that the changeover took as much as half 
an hour. 


The lonely DF outstations were sometimes 
shelled or bombed and could not be secured against 
an enemy infiltrating patrol. Some of the main sites 
needed guards. One of the units welcomed the as- 
signment of several Belgian soliders to that duty. 
Police guard dogs gave some DF units a greater 
sense of security. Keeping the DF teams supplied 
became a drain when vehicles were scarce. 
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Several SIGINT units contributed personnel to 
teams testing the productivity of VHF monitoring. 
For ground forces, the tests usually disclosed that 
the results were not worth the effort. For SIGINT 
production among air units, intercepted VHF 
(“voice”) traffic was prevalent and useful in 
ETOUSA as in Italy. 


Air-ground cooperation was highly valued in 
both First and Third Armies. The latter had been 
obliged at first to share its own needs with those of 
the forces investing Brest, but eventually it received 
ample attention by the Nineteenth TAC. FUSA 
learned to appreciate the Ninth TAC under General 
Quesada long before December 1944 and owed its 
escape from having the army’s headquarters at Spa 
overrun, to the willingness of Ninth TAC fighter- 
bombers to follow an American artillery spotter 
plane down through the cloud ceiling where they 
then knocked out an armored column only two 
miles from Spa. Other supporting aircraft flew im- 
provised support when the skies were closed above 
all airfields except those at the outer limits of fuel 
ranges. 


In air-ground support, U.S. voice traffic en- 
abled tankers on the ground and crews of supporting 
aircraft to cope jointly with enemy targets by call- 
ing on or alerting each other. 


Special Intelligence 


On the fifth day of the offensive, SI provided a 
message (from a German Air Force headquarters) 
reporting that the Ardennes drive would continue 
with the Sixth Panzer Army heading for the Meuse 
sector while the Fifth Panzer Army pushed on to- 
ward Marche. One element of the Sixth Panzer 
Army would advance northwestward via Elsenborn 
and another would continue its operation to cap- 
ture St. Vith. The German Seventh Army, at first 
moving in a southwesterly direction, would con- 
tinue its attack toward Arlon.5 


By then the radio silence and the cover and de- 
ception plans by which the preparations for the 


attack had been so well masked had been replaced 
by the standard system of unit periodic reports and 
daily air liaison officer reports. Since radio had re- 
placed wire communications and since Allied 
intercept units were well placed for audibility, they 
collected large volumes of messages. Special intelli- 
gence provided much more detailed and accurate 
deductions about order of battle, aided by identifi- 
cations from prisoners taken in combat. 


Allied bombers kept striking at choke points in 
the road and railroad systems by which the Ger- 
mans were resupplied with fuel, ammunition, and 
other required items. Stores, accumulated in the 
area from which the operation was launched, had 
to be drawn down because of the delays in trans- 
portation from points farther within Germany. 
Bomb damage to communications systems inter- 
fered with arranging detours or other adjustments 
after a destructive raid. Special intelligence not 
only helped determine the best targets but also 
made known the effects of Allied attacks upon the 
stocks held by tactical units facing battle with Al- 
lied forces.© 


Some of the special intelligence took a long 
time to decrypt, especially when it was transmitted 
not by Enigma but by nonmorse radio teletype- 
writer links. The enemy had quickly recognized 
that his offensive had achieved surprise and that its 
dimensions had been successfully concealed from 
the Allies until they analyzed the events of the sec- 
ond day. The enemy had concluded correctly that, 
as local Allied reserves were being used up, the Al- 
lies would have to weaken their forces adjacent to 
the zone of attack in order to find other reserves of 
any strength. Some SI showed the Allies what the 
Germans believed to be Allied intentions as well as 
what the Germans themselves planned to do to op- 
pose Allied maneuvers. Thus the 12th Army Group 
was not surprised by the German Air Force at- 
tempts on 17/18 December to strike columns of 
Allied reinforcements moving from the Aachen and 
Maastricht areas toward the northern flank of the 
German Sixth Panzer Army. Similarly, the Allies 
early became aware that the Germans knew that a 


U.S. force (the U.S. Third Army) was concentrating 
with a view towards approaching Bastogne from 
the south, and that the German Fifth Panzer or 
Seventh Army intended to get there first. Also in 
January after the German advance had stalled, the 
Allied command learned from SI that the Germans 
interpreted Allied measures as showing no inten- 
tion of creating another Falaise, or Mons Pocket, in 
which the bulk of the German forces might be 
caught. When the offensive was abandoned, the 
panzer divisions were indeed pulled out success- 
fully with only some rear-guard fighting; they were 
being preserved for subsequent availability else- 
where. 


The Allied commanders knew in advance, 
through SI that on 22 January 1945 the Sixth Pan- 
zer Army would be withdrawn and that the Fifth 
Panzer Army would remain in command of the 
whole sector. Sixth Panzer Army took under com- 
mand certain additional armored corps and 
divisions.” 


The Allied command was naturally interested 
in knowing as soon as possible where the with- 
drawn troops were again to be committed. Would 
they join the counteroffensive then being attempted 
in the Saar area; would they reinforce the Aachen 
sector; or would they perhaps be transferred to the 
Eastern Front? The latter proved to be the case. 


Examples of “Y” SIGINT as the Attackers 
Withdrew 


As the attack from the south by Third Army ad- 
vanced toward the southern perimeter around 
Bastogne, despite fierce resistance from 23 to 26 
December 1944, SIGINT noted the collapse of ele- 
ments of the 5 Parachute Division which were in its 
path. That force reported on 25 December that 
lacking reserves, bazooka and antitank ammuni- 
tion, and contact with neighboring German units 
on the left, it was going to withdraw. It requested 
support from German artillery and from a bicycle 
platoon. (ISUM No. 144) 
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After the relief of Bastogne on 26 December 
1944, the ist SS Panzer Division attempted to close 
the corridor into the perimeter by attacking west- 
ward. On 6 January 1945 its intelligence officer 
submitted a situation report as the day began: 


Enemy picture in front of our sector: 
Last night there was no prevailing se- 
curity. Firm enemy _ strongpoints 
established as far as 500 meters south 
of church at Lutrebois (GSGS 4042/ 
P564529) and from sector near Latan- 
nerie Mill (P572508) around Villers 
La Bonne Eau (P574503). 


Presumably enemy has no intentions 
of attacking for the present in front of 
our sector. Our reconnaissance unit 
was able to advance through a break 
in the line west of PT 475 (umD to the 
south on road “T” at PT 406 (AQMD and 
from there to the west via Schloss 
Losange (P556526) without making 
direct contact with the enemy. To the 
east and west of the road there were 
several unguarded vehicles with 
heavy machine guns and large cali- 
bre machine guns. 


At the present there is enemy rifle 
and arty fire as heretofore. The west- 
ern edge of Villers La Bonne Eau was 
found to be mined. Query: How is sit- 
uation at Ischpelt (P65)-Donkholz 
(P6453)? 


During the first week of January, radio intelli- 
gence on enemy reconnaissance near Flamierge 
and Flamizoulle alerted the defenders of Bastogne 
to the German intention to attack the city soon 
from the west. One enemy attack there was struck 
on the flank at the very outset by an armored force 
from Third Army — more by luck than intention ac- 
cording to General Patton — so that it failed. 
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By 7 January 1945 indications, even though 
slight, that the enemy was about to retreat were 
recognized (ISUM No. 157). Soon more evidence 
appeared, though all German divisions were 
ordered to maintain radio silence beginning 8 Jan- 
uary (ISUM No. 160). On 19 January Panzer Lehr 
Division was heard ordering all its mobile supply 
columns to return to Germany, and on 20 January 
it became evident that the division would try to 
establish itself along the skyline ridge west of the 
Our River that it had crossed in the first stage of the 
attack (ISUMs No. 170-174). 


These selections from CIRO-PEARL SIGINT 
produced at Army and more particularly at 12th 
Army Group (by SSD “D”) were greatly outnum- 
bered by the voluminous PEARL and THUMB 
messages read at the lower echelons.® 


One of the tank regiments of the ist SS Panzer 
Division filed a typical report on fuel and ammuni- 
tion on 12 January 1945, as the Ardennes offensive 
was slowly going into reverse. It included the _ fol- 
lowing: 


Otto fuel allocation: 
Received from Army 10 cubic meters 
Consumption 10 cbm. 
Supply on hand 1cbm. 
Supply of diesel fuel 0.5 cbm. 
Motor oil 3.8 cbm. 
Utility oil 0.4 cbm. 
Grease 400 kgms. 


Ammo expenditure, 8-12 January: 
Pistol cartridges (SMK) 4,500 rounds 


Pistol cartridges (7.65 rom) 200 rds. 
Flare cartridges (type 41) 20 rds. 
Signal cartridges (red) 10 rds. 
Signal cartridges (green) 10 rds. 


Smoke cartridges (orange) 


Urgent need for repaired tank and for sal- 
vage missions: 


Otto (required): 
1 Abt cbm. 
501 (Heavy Tiger) bn 8 cbm. 
Diesel (required): 
1SS PGR 3 cbm. 


Per order: GRUHLE (Hstuf) 


As the enemy began to withdraw farther east, 
the 3255th Signal Service Company (RI) adopted a 
practice that it maintained almost to the end of the 
war, that of installing a forward intercept team at a 
site where it could be protected by a division CP, 
and might use a divisional communications line for 
wire traffic. Lieutenant Blaine Heinzelman, the 
unit’s intercept officer, with twelve intercept oper- 
ators and one teletype operator, on 13 January 
1945 moved to the vicinity of Merzig near the CP of 
the 80th Infantry Division; there he found audibil- 
ity much improved. A direct teletype link connected 
the forward van with the T/A Section. Two daily 
courier runs made it possible for the intercept ma- 
terial to appear in the Daily Activity Report. On 25 
January 1945 the forward unit shifted from Merzig 
to Wiltz. 


The “Battle of the Bulge” was over. 


Notes 

1. That situation in the Ardennes was in some re- 
spects to be paralleled in North Korea as described by 
S.L.A. Marshall, The River and the Gauntlet (New York: 
William Morrow, 1953), 385. 

2. That seems to be the import of an unofficial ap- 
preciation prepared by GCCS and called “Indications of 
German Offensive,” 13 Jan 1945, which was sent to G-2, 
and A-2, War Department. Copy in NSA Hist. Coll. 

3. Two series of SIGINT reports produced by SSD 
“D” illustrate the form of SIGINT items originating dur- 
ing the Ardennes campaign. Some overlapping appears, 
as one shows what items HQ, 12th AG used in its Intelli- 
gence Summaries after receipt from SSD “D,” and the 
other indicates what SSD “D” sent as SIGINT technical 


data to the SRI Companies with the First, Third, and 
Ninth U.S. Armies. (The record copy is an archive of the 
USASA, seen by the author at Arlington Hall Station in 
1974.) 

4. That message was believed to report the tactical 
envelopment of “Task Force Hogan,” part of the 33d Ar- 
mored Regiment, U.S. 3d Armored Division. The tanks 
had to be wrecked and abandoned, but the personnel got 
back to American lines. 

5. CX/MSS (Series 2) 405/T86. 

6. CX/MSS (Series 2) 416/T58 and T34; CX/MSS 
(Series 2) 419/T89 and 420/T16; CX/MSS (Series 2) 
429/T100 and T113. 

7. CX/MSS (Series 2) 436/T60; 437/T100. 

8. SSD “D” described radio intelligence operations 
during the Ardennes campaign as reaching an all-time 
high volume of intercept and fruitful output. 
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Chapter 15 


Winter and Spring Battles, 1944-1945 


Through the Westwall to the Rhine 


The U.S. Ninth Army remained under control 
of 21 Army Group from the end of the operations in 
the Ardennes until the encirclement of the Ruhr 
the following April. Until the main Allied crossing 
of the Rhine in March 1945, the Ninth Army’s 137th 
SRI Company stayed at Valkenberg, Holland. The 
XII Corps moved to the Ninth Army zone and was 
joined by the 3258th Signal Service Company (RI) 
which came from Forges les Eaux near Rouen. It 
was stationed at Kerkrade on 29 December 1944. 
On 24 December the XVI Corps’ 3257th Signal 
Service Company put its main station where the 
3252d had been at Heerlen, northwest of Aachen. 
The 137th SRI Company with Headquarters, Ninth 
Army, and the experienced 3252d Signal Service 
Company (RI) at Muensterbusch serving the XIX 
Corps (now commanded by Major General R. S. 
McLain) were able to help the newly arrived 3258th 
and 3257th get into production quickly despite the 
enemy’s new cryptic callsign system and the 
previously unfamiliar enemy units facing the Ninth 
Army. On 27 January 1945, the 3257th sent a VHF 
detachment to work with British SIGINT personnel 
(104 WI Section) at Beek, closer to the front. 


In Third Army, the 3256th Signal Service 
Company (RI) had served temporarily with Mil- 
likin’s III Corps during the Ardennes battles. When 
III Corps was transferred to First U.S. Army, the 
32590th Signal Service Company (RI) came to III 
Corps, and took up work at Muhlartshuette; the 
3256th went back to Major General Walton Walk- 
er’s XX Corps in Third Army, in accordance with 
preinvasion plans. 


First Army’s 113th SRI Company had been in 
Limbourg when the Ardennes attack began, and on 
18 December 1944 had moved westward ahead of 


the German offensive. By 18 January 1945 it was 
back at the old stand in Limbourg. The 3262d Sig- 
nal Service Company (RI), destined for support of 
the XIII Corps in U.S. Fifteenth Army, went to the 
113th SRI Company for field training in the area 
west of the Rhine where Fifteenth Army would 
eventually take over from First Army. The 3262d 
therefore was available when FUSA crossed the 
Rhine and built its bridgehead to keep the bridge- 
head’s northern flank under radio surveillance. 


Even before the enemy had been forced to 
abandon his offensive in the Ardennes, he com- 
menced on 1 January 1945 a smaller drive in 
northern Alsace. When that thrust between the U.S 
Seventh Army and French First Army had been 
contained, the Allied Supreme Command insisted 
that the enemy’s large new bridgehead on the west- 
ern bank of the Rhine — the so-called “Colmar 
pocket” — had to be eliminated. To accomplish that, 
General Eisenhower was prepared to strengthen 
the 6th Army Group by various divisions from a 
new SHAEF Reserve, and to have both the U.S. 
Seventh Army and the French First Army commit- 
ted to the operation. 


Persistent reports by agents persuaded 6th 
Army Group that the enemy kept large German 
forces either there or across the Rhine available for 
reinforcement. SHAEF, on the other hand, received 
contradictory reports from SI. In the end, that 
SIGINT induced 6th Army Group to commit only 
one Corps, the XXI (Milburn), from U.S. Seventh 
Army along with the French. The salient was 
eliminated expeditiously. The Seventh Army was 
thus free in January to make better preparations 
for and to expedite its next operation in the Saar 
area. That offensive went well. 
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Initially overcautious, 6th Army Group then be- 
came overconfident. Justifiably exulting over its 
victories in March, it concluded that the German 
First and Seventh Armies had been decimated and 
practically eliminated from the war. SI offset the 
intelligence sources on which such overoptimism 
was founded. SIGINT indicated that the two Ger- 
man armies would live to fight again. In fact, new 
German lines of resistance were organized rather 
quickly in the path of 6th Army Group’s advance, 
which was deterred but not stopped. 


After the enemy had been checked and pushed 
back in the Ardennes and after the smaller attempt 
in Alsace had also failed, the Allies faced the rigors 
of a winter more severe than most. The Seventh 
Army, as the northern command under 6th Army 
Group, had taken over part of the front previously 
held by Third Army when that command switched 
to the Ardennes. In February Third Army did not 
return to its former zone but remained east of Lux- 
embourg. While it cleared a triangle between the 
Saar River and the Moselle, captured Trier, and 
drove the enemy from the Prum River valley and 
Bitburg, it found the going hard and slow until 
March. 


The German units that faced U.S. Third Army 
in the Moselle-Saar triangle in March 1945 seemed 
to be deficient in secure radio communications, for 
lack of either radio equipment or trained commu- 
nicators. Frequent intercepts consisted of reports 
in plain language by units that felt obliged to re- 
treat in order to escape encirclement. The reports 
often specified the route to be taken in withdrawal. 
The tactical situation became fluid enough for 
radio intelligence companies with one of the Amer- 
ican armies to collect traffic from German units 
opposing one of the other U.S. armies along the 
west bank of the Rhine. 


Farther north, the U.S. First Army resumed its 
advance toward the Cologne plain, while 21 Army 
Group, with U.S. Ninth Army protecting its right 
flank, prepared an elaborate operation to cross the 
Rhine, as the main Allied offensive effort. There the 
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Allies planned to acquire a bridgehead large enough 
to become the base for a subsequent drive across 
Germany. 


Rather suddenly, the Allied operation farther 
south gained complete control over the Rhineland 
and the Palatinate and reached the western bank 
of the Rhine River. The First Army near Bonn, the 
Third Army near Coblenz, and the Seventh Army 
near Worms pierced German defenses and envel- 
oped great numbers of the enemy before they could 
retire across Rhine bridges that were being pre- 
served for such use. Once the Westwall had been 
penetrated, the enemy might have withdrawn to 
the far bank of the Rhine and there deployed for a 
stalwart defense behind that helpful barrier. In- 
stead, large numbers were caught before they could 
cross, thus making the defense of the Ruhr and the 
main areas of Germany that much weaker. 


The Bridge at Remagen 


SIGINT kept FUSA aware that the enemy ex- 
pected to use some bridges for withdrawal and then 
to demolish them. On the morning of 7 March 
1945, elements of Millikin’s III Corps were able to 
cross a tributary of the Rhine, the Ahr River, and to 
move down its valley to the great, historic stream. 
Early in the afternoon they found that the Remagen 
railroad bridge, which had been boarded over for 
motor vehicles and marching troops, was intact. 
American troops seized the bridge in a sharp 
skirmish before it could be blown. By nightfall 
American tanks and armored infantry had rushed 
across. During the night, tank destroyers, more in- 
fantry, artillery, and antiaircraft units hurried over 
to take positions in the bridgehead. Thereafter, 
despite successive counterattacks, observed artil- 
lery fire, and repeated air attacks, they held the 
whole bridgehead, and the bridge itself survived for 
a week. Supplementary ferries and pontoon bridges 
were available when the railroad bridge collapsed, 
and the enemy was eventually pushed back until 
out of artillery range. 


Before the main Allied crossing by 21 Army 
Group had begun, the First Army’s Remagen 
bridgehead had been extended along the Rhine 
about forty miles opposite an area also controlled 
by FUSA. The bridgehead enclosed a section of the 
autobahn between Frankfurt and Cologne and pro- 
vided an ample base area for a major attack against 
the Ruhr. 


During the defense and expansion of the Rema- 
gen bridgehead, SIGINT identified approaching 
German units and alerted the Americans to their 
impending counterattacks. At one point, on 12 
March, SIGINT intercepted a communication to 
the U.S. commander from the German commander 
near Honnef, where U.S. artillery fire was falling on 
a monastery. The Germans obtained a suspension 
of two hours in order to evacuate some 300 chil- 
dren who had been sheltered there. 


Samples of Special Intelligence in March 1945 


As Allied columns pressed northward along the 
Lohn River toward Marburg, retreating enemy 
forces gathered to form centers of opposition far- 
ther north. 


It was still dark one night when word came to 
one of the forward airfields from Headquarters, 
Ninth TAC, to send an observer at daylight to check 
the area near Marburg. The pilot returned from 
that flight with a report that in the woods there was 
a huge concentration of German motor vehicles. A 
squadron of Allied fighter-bombers in the vicinity 
was redirected to the target; before darkness re- 
turned, perhaps as many as 400 tanks, armored 
cars, and trucks had been demolished. 


What had triggered the action? SIGINT! A Ger- 
man message reported the fact that the vehicles 
were there awaiting fuel for their next move. De- 
crypted quickly, the word was passed to the chief of 
staff and A-2, Ninth TAC. An air reconnaissance 
flight had, as usual, masked the actual source of the 
intelligence. 


Special intelligence disclosed that the German 
OB West one day in March 1945 had refused a re- 
quest from Army Group H to allocate to him all the 
ammunition being produced by two specified facto- 
ries in the northern sector of the German defensive 
front. In declining, he explained that all the me- 
dium caliber field howitzer ammunition for the 
Western Front came from those two producers. Al- 
though their existence had been known to Allied 
intelligence, their importance had gone unrecog- 
nized. They had never been struck. 


When the SSO, Headquarters, Ninth Air Force 
called the message to the attention of the director 
of operations, he decided at once that the factories 
should be bombed without delay. Within a few 
hours, they had been destroyed in a bombing attack 
that also hit two or more similar targets near 
them.3 


German Collapse 


The Third and Seventh Armies crossed the 
Rhine much farther south than the First Army. By 
24 March 1945, with the river behind them, Allied 
forces broke through all defenders and encircled 
the Ruhr. The Allied high command adjusted to the 
circumstances by switching the main effort from 21 
Army Group to 12th Army Group. The Ninth Army 
on the north and First Army on the south pressed 
enemy forces back into the Ruhr and extended 
their efforts to the east until, at Lippstadt, they 
were in contact. At that stage, Ninth Army reverted 
from 21 Army Group’s to 12th Army Group’s con- 
trol and completed the reduction of the Ruhr’s 
defenses until a dispirited German force, estimated 
at about 300,000 — unable either to break out or to 
be relieved from outside — surrendered. 


Meanwhile the several corps of First Army and 
Third Army under General Bradley's command and 
of U.S. Seventh and French First Army under Gen- 
eral Devers’ 6th Army Group command, suppressed 
uncoordinated German resistance as they overran 
much of Germany. 
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Once they had crossed the Rhine, U.S SIGINT 
companies began hearing transmissions from Ger- 
man units that were facing the Russians on the 
Eastern Front. Since such mobile units might shift 
to face the Allies — in the end some of them did so 
shift — it seemed important to keep tabs on their 
whereabouts. 


In southern Germany a “Bavarian Freedom 
Movement” arose as an organized resistance to the 
Nazi structure which had dominated that region. 
They got control of a radio broadcasting transmit- 
ter by which they could inform the U.S. Third 
Army, as it approached, of both political and mili- 
tary conditions. They seized control of some towns, 
which they reported were ready for Allied occupa- 
tion, and they informed listeners that the citizens 
and some of the armed forces at Linz were ready to 
surrender. They alerted the invaders to the fact that 
military control of the area had been assumed by 
the German Air Force. They described the removal 
of roadblocks on Bavarian highways. They even 
broadcast instructions to the distant German garri- 
sons that had been holding French Atlantic coastal 
ports to surrender them to the Allies. 


To some SIGINT units, conditions in Germany 
seemed to resemble those encountered in France 
during the previous summer, except that there 
were no cheering civilian throngs. Moreover, there 
were many sharp contrasts between wrecked Ger- 
man towns or disheartening prison camps, on the 
one hand, and other seemingly untouched areas of 
Germany that reflected the promise of spring in ra- 
diant April weather. 


Some U.S. SIGINT units with the armies and 
corps moved across Germany to Austria or Czecho- 
slovakia. In southwestern Germany, north of 
Switzerland, the French began to express their na- 
tionalism in relations with the Anglo-American 
Allies. From Italy, radio traffic brought word of the 
earlier surrenders there and of contacts between 
Fifth Army and Third Army patrols in Alpine 
passes. 
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After the German surrender, SIGINT units 
were used to monitor communications for evidence 
of resistance to Allied occupation. Such evidence 
was lacking. Other army SIGINT units started pre- 
paring to participate in the campaigns to effect 
surrender by Japan. Before that could occur, the 
Japanese joined the Germans in accepting defeat. 


Notes 

1. HQ, FUSA, Sitreps No. 550 (071200A to (072400A 
March 1945) to No. 560; G-2 Jnl and File, SENECA 
DAR’s; III Corps G-2 Periodic Reports, especially Annex 
1 to No. 92, 12 March 1945. 

2. Synthesis of Experiences in the Use of Ultra Intel- 
ligence by U.S. Army Field Commanders in the 
European Theater of Operations. USA SSG, History 
Files (Book No. 53), 25 

3. Ibid., 27. 


Step 8. The formula for determining 
angle A which the vector repre- 
senting the applied voltage 
makes with the vector J (fig. 

P Ey 

69) istan A = Ep’ 
Ex 
tan A = Er 

_ 40 4 

= 30 or 3 

= 1.83333 

A = 58° 7’ 48” 
Step 9. The circuit is predominately in- 


ductive; therefore, the current 
lags the applied voltage by a 
phase angle of 53° 7’ 48”. 


195. Ohm's Law Applied to Ac Circuits 


Because of the effects of inductance and ca- 
pacitance in ac circuits, Ohm’s law (par. 186) 
must be modified to take these added effects 
into consideration. 


a. If the circuit contains a combination of 
resistance and inductive reactance (par. 196) 
or capacitive reactance (par. 197), or both, 
the overall effect is called impedance (par. 
198), and Ohm’s law is modified to read: 

E 


l=7% 


where J is the current in amperes, EF the ac 
voltage in volts, and Z the impedance in ohms. 
This formula may also be written: 


E— 1Z 
E 
Seale & 


b. If the circuit contains reactances only, 
the formulas become: 


E 
=x 
EB 1X 

E 
eae & 


where X is the total reactance (par. 198a) of 
the circuit in ohms. 


e. If the circuit contains resistance only, 
the formula is the same as in a de circuit (par. 
186). 


d, The application of these formulas in solv- 
ing ac circuit problems is covered in para- 
graphs 196 through 203. 
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196. Inductive Reactance 


Inductance enables an electric circuit to 
build up a voltage by electromagnetic induc- 
tion whenever the current strength changes. 
The induced voltage always opposes the ap- 
plied voltage and thus retards the change in 
the current. Inductive reactance is the effect 
of inductance expressed in ohms. The formula 
for finding inductive reactance is: 


XL —_ 2rfL 


where X, is the inductive reactance in ohms, 
L is the inductance in henrys, and f is the fre- 
quency in cps. 


Example 1: Determine the inductive reac- 
tance of a coil if the ac in the 
circuit has a frequency of 100 
eps, and the inductance of the 
coil is 0.0386 henry. 

X, 2rfL 

2x 3.14 x 100 « .036 

628 x .036 

22.608 ohms 


Example 2: If a coil with an inductance of 
0.2 henry and negligible resist- 
ance is connected across the 
terminals of a 220-volt, 60-cycle 
ac generator, how much current 
will flow through the coil? 


Step 1. Find the inductive reactance of 
the coil. 
X, = 2xfL 
= 2x 3.14 x 60 x 2 
= 376.8 x .2 
= 75.36 ohms 
Step 2. Find the amount of current 
that will flow through the coil. 
E 
ne 
_ 220 
~ 75.386 


= 2.92 amperes 


197. Capacitive Reactance 


Capacitance enables a capacitor to retain an 
electric charge which opposes any changes in 
the voltage of the circuit in which the capaci- 
tor is connected. Capacitive reactance is the 
effect of the capacitance expressed in ohms. 
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Chapter 16 


Some General Considerations 


The end of hostilities in Europe and the Far 
East brought on a period of speedy demobilization. 
Overseas theaters of operations engaged in the 
transitional activities of shrinkage in numbers and 
planning for a future dominated by considerations 
of relief and rehabilitation, on the one hand, and 
political reorganization, on the other. The Signal 
Intelligence Service, ETOUSA, ceased to exist. On 
15 September 1945, the Signal Security Agency 
passed administratively from the Signal Corps to 
become part of the Military Intelligence Service, 
War Department. It became the Army Security 
Agency. The resources for producing radio intelli- 
gence for the army in Europe were soon placed 
under command of a regional authority, Army Se- 
curity Agency, Europe (ASAE). 


Colonel George Bicher returned to the United 
States and Colonel Earl F. Cooke became the _ first 
chief, ASAE. His headquarters were not in London 
or Paris, but in the American Zone of occupied Ger- 
many, at Frankfurt. The numerous SIGINT units 
that had served in the Army in the North African, 
Mediterranean, or European Theaters of Opera- 
tions, U.S. Army, were either disbanded or reduced 
as part of the general demobilization. Personnel 
that had started from Europe through the United 
States en route to service against Japan were soon 
out of uniform. 


Through all the months before some degree of 
stability could prevail, one of the principal efforts 
was to ascertain from the experience in the West 
whatever lessons it provided for the future. 


After hostilities in Europe had ceased, and 
while the lessons learned were under study, G-2, 
12th Army Group, tried by questionnaire to dis- 
cover the relative value to commanders of different 
kinds of intelligence. Divisions and corps staffs 


were not asked about signal intelligence as such, 
though if they had been asked they might well have 
answered as they did. Their most fruitful source, 
they all agreed, was interrogation of prisoners of 
war. Corps officers gave the “Phantom” (or SIAM) 
teams high credit for swift transmission of 
important, current information which could be 
used in preparing G-2 operational reports. At the 
army level, the most constant, profitable sources of 
information about the enemy were declared to be 
prisoners, tactical reconnaissance, and photo- 
graphic reconnaissance. Next in value came 
SIGINT, supplemented by agents’ reports and cap- 
tured enemy documents. 


This judgment corresponded with that of Brit- 
ish forces in the Mediterranean, where field 
commanders had remained for a long time skepti- 
cal of SIGINT’s validity, let alone its relative value. 
Disdain for special intelligence may have been 
great among other commanders; for example, Ad- 
miral Kelly Turner, testifying in the postwar 
investigation of the Pearl Harbor attack, referred to 
“droppings from these despatches” marked Magic 
or Ultra.1 In part the failure of SIGINT to attain 
prestige arose from the masking (for security 
reasons) of its actual yield, i.e., the requirement 
that some other explanation be available to the 
enemy for any action taken by an Allied com- 
mander. That policy insured another explanation 
also for all Allied commanders who were not 
sufficiently “in the know.” 


But until ground operations at night became 
preponderant, air reconnaissance and _ photo- 
graphic interpretation (assuming adequate air 
strength) were bound to be the preferred sources of 
intelligence for activities behind the enemy lines. 
Tactical reconnaissance and prisoners taken by 
patrols (if sufficient in numbers and sufficiently 
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dispersed) could well exceed the information about 
the enemy’s front that emerged from radio inter- 
ception in advance combat areas. 


None of the published judgments applied to 
strategic SIGINT — to SI — whose dissemination 
was so carefully restricted and whose existence was 
so well concealed that any questionnaire was not 
practicable. 


Commanders in the field (as we have seen in 
chapter 12) received special intelligence through 
the Special Security Representative (or Officer) sys- 
tem. The Special Liaison Units (SLU) consisted of 
intelligence officers and enlisted communicators 
who followed strict security rules in using a special 
SIGINT communications cryptosystem that con- 
nected them with London. To quote from a study? 
prepared after the war concerning security mea- 
sures: 


Most of the representatives found 
that substantial security was rather 
easily attained and that perfect secu- 
rity was an impossibility. The 
representative’s most difficult job 
was to make certain that recipients 
did not make direct operational use 
of Ultra without appropriate cover. 
Charged with responsibility for 
success or failure in battle, any com- 


break of Ultra security. Pbysical se- 
curity and the protection of Ultra 
signals presented no serious prob- 
lems 


The reliable guiding influence of 
Ultra in working with other intelli- 
gence outweighed its value as a 
separate and distinct source of oper- 
ational information. Its normal 
function was to enable the represen- 
tative and his recipients to select the 
correct information from the huge 
mass of P/W, agent, [ground] recon- 
naissance, “Y,” and photographic 
[reconnaissance] reports. Ultra was 
the guide and censor to conclusions 
arrived at by other intelligence; at 
the same time the latter was a secure 
vehicle by which Ultra could be dis- 
seminated under cover. 


The representatives, who worked and 
lived with Ultra in the field, were 
aware tbat it often had a direct oper- 
ational value; one stated: ‘It was 
important to protect Source, but it 
was also important to get the last bit 
of exploitation, the ultimate, from 
Ultra consistent with security. 


mander would find the temptation to 
employ Ultra improperly was well- 
nigh irresistable [sic] at times. Even 
daily security reminders by the rep- 
resentative and periodic directives 
from higher authority were tried and 
found somewhat inadequate... 


There was no method by which the 
representative could censor all tacti- 
cal orders and discussions, but, by 
monitoring summaries, apprecia- 
tions, and publications based on 
other intelligence sources, he could 
largely safeguard against a written 
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The 12th Army Group’s official, final, after-ac- 
tion report (Vol. III, 119, 157) said of signal 
intelligence that it had been 


... of material value to the Armies 
and at times has provided them with 
very vital information. The existing 
arrangements for providing signal 
intelligence have been adequate and 
satisfactory.... While not directly a 
part of the G-2 Section, the signal in- 
telligence service largely functioned 
as such. This agency was of invalu- 
able service in not only producing a 
steady flow of combat intelligence 


but also in its effective dissemination 
of such information. Through its 
radio intelligence activities the unit 
repeatedly produced enemy informa- 
tion at critical periods that was not 
obtainable from other sources, and 
often of decisive moment tactically. 


In Italy captured German intelligence officers 
responded to interrogations with an approximation 
of the relative value to them of different sources of 
intelligence. They distinguished between two 
periods — first, the more or less static situations in 
the North Apennines before the final Allied spring 
offensive in 1945, and, second, the maneuvering 
after that attack began. During the first situation, 
they attributed their indebtedness to Allied prison- 
ers of war at fifty to sixty percent, to radio 
intelligence at twenty-five to thirty percent, to air 
reconnaissance, ten percent, and to agents at five to 
ten percent. Once the attack began, the reliance on 
SIGINT rose to a level between sixty-five and 
ninety percent, on prisoners to twenty percent or 
less, and on air reconnaissance, much less. Infor- 
mation from agents dried up as defeat impended. 


In Western Europe, where Allied command of 
the air persisted, the enemy fell back into the 
Fatherland. While he was being driven from occu- 
pied countries, the Allies could gain important 
tactical information from friendly civilians either 
directly or through their assistance to Allied agents 
and escapees. The enemy, on the contrary, had to 
depend as he did in Italy on his signal intelligence 
operations to a greater and greater degree. Once he 
was in Germany, the relations with the populace 
were reversed, but the enemy’s failure to reestab- 
lish a line of defense and stabilize operations there 
deprived him of much benefit. He remained in 
great need of SIGINT, as did the Allied forces. 


The SIGINT that came to the Pentagon from 
GCCS or SID, ETOUSA, was valued according to 
its relevance to matters of Allied strategy. The 
Magic European Summary seems not to have been 
analyzed for its bearing on impending problems of 


manpower and supply. Shortages of artillery am- 
munition of certain types occurred. Preparations 
for the winter campaigning in 1944-1945 were not 
begun until too late to escape serious consequences. 
The Army reserves available to SHAEF during that 
winter were barely adequate for the wide front 
strategy. To reinforce some understrength units 
both Americans and British “cannibalized” other 
units. 


The British forces in Western Europe and the 
Mediterranean area were more closely supervised 
from London by the British War Cabinet and min- 
istries than were U.S. forces from Washington. 
There the prevailing doctrine was the primary 
discretionary authority and responsibility of Gen- 
eral Eisenhower and his main American 
subordinates. That policy was reflected in the use 
made of SIGINT. Advisory information from 
Washington was relevant to strategic rather than 
tactical matters. Setbacks brought about reviews of 
events and searches for explanations, but in 
general, operations were designed by those respon- 
sible for execution. 


The German attack beginning 16 December 
1944 in the Ardennes caught the Allies by surprise. 
As soon as the size of the operation was understood 
and the material intercepted in recent weeks was 
reexamined, many indications in SIGINT could be 
recognized. But they were not conclusive. With 
them was related material that could be construed, 
like SIGINT prefiguring the threat that was indeed 
executed, as a threat to attack elsewhere. The 
evidence as to time was more compelling than that 
concerning place. One conclusion to be drawn from 
the situation was the inadvisability of deducing 
anything from the mere absence of SIGINT, for the 
enemys elaborate methods of cloaking his 
concentration of forces as an extensive rest and re- 
fitting operation, and his imposition of radio 
silence, had deprived the Allies of a basis for accu- 
rate appraisal. 


The preparations observed during the previous 
three months suggested that the enemy could 
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counterattack, but the recent depletion of both 
FUSA and TUSA made an enemy operation of that 
sort obviously unnecessary to stop either of them. 
The logic of the situation had seemed to favor the 
erroneous conclusion that the Germans were get- 
ting ready to apply maximum power against a 
renewed Allied drive toward the Rhine. 


Allied air reconnaissance over the area in which 
the Germans concentrated forces and supplies pre- 
paratory to the attack yielded numerous indicators 
of a prospective attack. It is possible that the re- 
ports were retained by air intelligence, and not 
included in what 12th Army Group or First Army 
intelligence was digesting, but at SHAFF their pur- 
port was not unavailable, nor was it ignored. The 
interpretation of such material by G-2, First Army, 
was clear the enemy had the ability to counterat- 
tack but need not be expected to hit the weakly held 
line in the Ardennes in December because that 
would be so illogical. 


The enemy’s SIGINT gave him — in view of the 
insecurity of U.S. communications — a far better 
appreciation of the status of Allied forces and plans 
than the Allies had obtained about the Germans. 
But once the offensive toward the Meuse had 
begun, special intelligence kept the Allied com- 
mand informed of what the Germans knew about 
Allied deployment, movements, and intentions, 
and of what the Germans were planning to do. 


On 29 December 1944 special intelligence from 
an estimate by German Military Intelligence, For- 
eign Armies West, of 21 December went to top 
Allied commanders. It stated that 


There is no discernible systematic 
formation of major groups of Allied 
offensive forces against the flank of 
the German salient. On the contrary 
the Allies are endeavoring along the 
whole front to contain the German 
attacks and halt them east of the 
Meuse. 
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By 12 January 1945 the Allies learned through 
SI that the same German intelligence organization 
had by 6 January concluded that in the Ardennes 


Eisenhower now considers the de- 
struction of Army Group B to be his 
sole task. To this end he is bringing 
up every formation that can possibly 
be spared, while shelving completely 
all other plans. 


The enemy noted, as SI reported, that the Allies 
did not feel strong enough to try to cut across the 
base of the Ardennes salient to trap the Germans to 
the west of it, but instead attacked from the flanks 
much farther east, toward Houffalize. The Ger- 
mans had evidently expected that effort to occur 
earlier than it did. 


Special intelligence showed that German Air 
Force units were moving to airfields from which to 
oppose the main Allied Rhine crossing, north of the 
Ruhr, and to curtail Allied air operations farther 
east. SI revealed to the Allies the German efforts to 
retaliate against American capture of the Remagen 
bridge and the adjacent bridgehead that developed 
immediately after the seizure on 7 March. Each 
step by the German Air Force to bomb the bridge, 
the bridgehead, or the pontoon bridges in the area, 
was known in advance through special intelligence. 


As these illustrations show, SI often had imme- 
diate value for tactical air operations, but it 
remained primarily significant for its bearing on 
strategy. 


The number of Americans involved in produc- 
ing and disseminating SIGINT in the West 
eventually could be counted in thousands. At the 
centers in the Washington area, in England, and on 
the European continent as well as in the mobile 
SIGINT companies and detachments in the field 
with combat commands, the total grew with each 
year of the war. It took considerable time for them 
to attain a satisfactory level of performance, a fact 
that exerted no little influence on officials 


responsible for preparedness in the postwar years. 
It had been about two years after the Japanese at- 
tack on Pearl Harbor before the U.S. Army and 
Army Air Forces began to produce efficiently their 
own SIGINT of the types known as “Y.” 


The lessons of World War I had not been turned 
to account. It took prodigious efforts to catch up to 
the requirements for SIGINT. Without the shelter 
of the British and the benefit of their experience in 
World War II, American attempts to build a 
SIGINT service in the West could not have gone as 
far as they did during the two years that it took to 
get under way. The U.S. Navy had, at most, a kernel 
of its wartime SIGINT organization when Pearl 
Harbor occurred. Thus the subsequent innovations 
and performance of Op-20-G showed what it might 
do again if an enemy could be held off, perhaps for 
less than two years but nonetheless for a 
substantial period. 


One lesson learned in World War II was the 
necessity of technical continuity in producing 
SIGINT — a necessity which grew even greater as 
the technology of communications continued to 
evolve new forms in profusion. 


The ignorance and skepticism about SIGINT 
among commanders early in the war — a condition 
observed in British as well as U.S. commanders — 
diminished with respect to radio intelligence before 
hostilities ended. Except at very high levels of 
command, officers were unaware of the contribu- 
tions made by special intelligence. Even among top 
commanders, occasional overreliance on SIGINT 
may have been responsible for adverse conse- 
quences. If SIGINT as a source has high value, it 
also has limitations, particularly when the absence 
of SIGINT about a subject could be interpreted as 
showing the nonexistence of the subject. Moreover, 
the need to protect SIGINT from disclosure kept it 
from receiving credit to which it was entitled. In 
fact, considerations of security were responsible 
not only for barriers to compromise but also for 
conditions unfavorable to efficient production. 


A history of SIGINT in the European and Med- 
iterranean Theaters in World War II needs to be 
considered in full awareness of what was happen- 
ing at the same time in other theaters. Presumably 
the part played by SIGINT in the deliberations, 
positions, negotiations, and decisions of Anglo- 
American planners and the Combined Chiefs of 
Staff will clarify the existing accounts of Allied stra- 
tegic agreements. 


There is a temptation to believe that SIGINT 
provided the best intelligence, especially strategic 
intelligence, and that intelligence controlled the 
course of combat. Surprise helps the side which 
attains it to win battles, either as defenders, like the 
U.S. at Midway, or as the German attackers at the 
outset of the Ardennes campaign in December 
1944. But that offensive failed to reach its objective; 
it squandered resources to no avail. SIGINT may 
permit surprise, but the ultimate outcome depends 
on relative strengths and tactics. 


For subsequent wars, the experience gained 
during World War II may be less applicable with 
every year that passes, but one may assume that 
parallel problems in modified forms will arise. 
Success in meeting them will be more likely if those 
who must cope with them know what happened 
“the last time.” 


Notes 

1. Vice Admiral George C. Dyer, The Amphibians 
Came to Conquer.... 2 vols, Washington, D.C.: Supt of 
Docs., 1969, I, 187. 

2. Synthesis of Experiences in the Use of ULTRA In- 
telligence by U.S. Army Field Commands in the 
European Theater of Operations, USA SSG History 
Files (Book No. 53), 24-5. 

3. The italics are my own and emphasize the role of 
SI at Army and Army Group headquarters. 
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Appendix A 
Agreement between the War Department and G.C.&C.S. 


May 17, 1943 


Agreement between British Government Code and Cipher School and U.S. War Department 
concerning cooperation in matters relating to: 


U.S. British 
Special Intelligence A Special Intelligence 
Special Intelligence B Y Intelligence 
T A Intelligence Y Inference 


A distinction is made in nomenclature and procedure in handling intelligence derived from the 
solution of enemy high grade and that obtained from low grade codes and ciphers. The preservation of 
secrecy in regard to either category is a matter of great concern to both countries and if the highest 
degree of security is to be maintained, it is essential that the same methods should be pursued by both 
countries at every level and in every area concerned, since a leakage at any one point would jeopardize 
intelligence from these sources not in one area only but in all theaters of war and for all services. 


This agreement is limited to the traffic specifically designated herein. It does not cover traffic 
emanating from non-service enemy or neutral sources. These subjects will be covered by future nego- 
tiations between Director, G.C.&C.S. and A. C. of S., G-2, War Department. 


(1) Both the U.S. and British agree to exchange completely all information concerning the detec- 
tion, identification and interception of signals from, and the solution of codes and ciphers used by, the 


Military and Air forces of the Axis powers, including secret services (Abwehr). 


(2) The U.S. will assume as a main responsibility the reading of Japanese Military and Air codes 
and ciphers. 


(3) The British will assume as a main responsibility the reading of German and Italian Military and 
Air codes and ciphers. 


(4) Both countries agree that special security regulations shall apply to Intelligence obtained from 
decoding telegrams in enemy high grade codes and ciphers. 


(5) Both countries agree to use their most secure codes and ciphers for transmission of the decodes 
of enemy signals and transmission of technical cryptanalytic data. 


(6) British or U.S. Commanders-in-Chief, Military or Air, will receive all Special Intelligence neces- 
sary to them for the conduct of their operations from either British or U.S. centers as may be mutually 
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agreed. Liaison officers will be appointed as desired for facilitating this. They will be given full access 
to all decodes. 


(7) The distribution of intelligence from the sources in question will be governed by the fundamen- 
tal principle that distribution will be restricted to the minimum and will therefore be confined solely to 
those who require to receive the intelligence for the proper discharge of their duties. 


(8) All recipients of Special Intelligence A, whether British or American officers, shall be bound by 
the same regulations, the regulations [Appendix (B)] now in force in the theaters of war where British 
forces are operating to be accepted at the present time. If at a later date either country wishes to mod- 
ify them in the light of further experience then this may be done by mutual agreement. 


(9) The extension to officers of a knowledge of the existence of such intelligence shall be confined 
to as limited a number as possible and restricted to the levels of command in conformity with the above 
mentioned regulations. Great stress is laid on the principle that Special Intelligence A should not be 
intermingled in reports with general intelligence from other sources. If, however, it becomes impera- 
tive to do so, the whole must be treated as Special Intelligence A and given the same strictly limited 
distribution. Under no circumstances is it permissible to pass Special Intelligence A in a code or cipher 
which can be read by other than the authorized recipients. 


(10) Although Special Intelligence B is not subject to the same stringent regulations as Special 
Intelligence A, since the two are closely connected, it is essential to maintain a high degree of secrecy 
in the handling of Special Intelligence B also. In any action taken upon such intelligence and in any 
documents or telegrams based upon it, it is essential that its origin be disguised and that the codes or 
ciphers used for its dissemination be absolutely secure. 


(11) All intelligence available from decodes shall be made available to Liaison Officers, and if they 
deem necessary it will be exchanged between London and Washington. These Liaison Officers will be 
specially appointed and given full facilities for this purpose. 


(12) British and U.S. will notify one another without delay, giving full particulars, when either has 
information from any source indicating the compromise of any code or cipher used by the other. Ac- 
tion on such information will be most carefully considered in order not to compromise the source and 
if possible mutual agreement in such action will be sought. 


(13) Cooperation between and coordination of U.S. Signal Intelligence Service and British “Y” 
Service must take place at all levels, technical information being exchanged mutually at the same level 
and each country to agree not to lower the classification of such information or the intelligence derived 
from it below that level without mutual agreement. 


(14) Each country shall inform the other of the employment and scope in each joint theater of war 
of their Signal Intelligence (Y) units in the field. 


Page 216 


The formula for finding capacitive reactance 
is: 

i 

2nfC 

where Xz, is the capacitive reactance, C is the 


capacitance expressed in farads, and f is the 
frequency in cycles per second. 


Xo = 


Example: A 110-volt, 60-cycle ac genera- 
tor is connected in series with 
a l1-microfarad (10-* farad) 
capacitance. What is the ca- 
pacitive reactance of the cir- 
cuit? 
1 
Xo = 9G 
oa 1 
“ 2x 8.14 x 60 x 10-4 
=e 106 
™~ 6.28 « 60 
_ 1,000,000 

376.8 


= 2,653 ohms 


198. Impedance 


a. The impedance of a circuit is the circuit’s 
total opposition to the flow of current. In a 
de circuit, the opposition consists of resistance 
alone. In an ac circuit, the opposition consists 
of resistance and reactance (X). Inductive 
and capacitive reactances can be combined, but 
because their effects in the circuit are exactly 
opposite—inductive reactance causes the cur- 
rent to lag the voltage by 90° and capacitive 
reactance causes the current to lead the volt- 


age by 90°—they are combined by subtraction: 

X=X | Ao Xe or 

X= Xo — X, (subtracting the smaller 
from the larger) 


b. Resistance and reactance cannot be added 
directly, but they can be considered as two 
vectors acting at right angles to each other. 
Thus, the relation between resistance, reac- 
tance, and impedance may be illustrated by 
a right triangle (fig. 70). Since these quanti- 
ties may be related to the sides of a right tri- 
angle, the formula for finding the impedance 
of a circuit is: 


2 R?4+ XorZ = VR? + X? 
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Figure 70. The resistance-reactance-impedance triangle. 


where Z is the impedance in ohms, RF is the 
resistance in ohms, and X is the reactance in 
ohms. 


Example 1: A 110-volt, 60-cycle ac gener- 
ator is connected in series with 
a 1-microfarad capacitance and 
a 1,000-ohm resistance. The 
capacitive reactance of the cir- 
cuit is 2,650 ohms. What is the 
impedance of the circuit? 
Z = VRF+ XC? 
= /(1000)? + (2650)? 
= (1108)? + (2:65 x 108)? 
= /10* + 7.023 x 10* 
= \/8.023 x 108 
= 2.83 x 103 
= 2,830 ohms 
Example 2: A 300-volt, variable-frequency 
ac generator is connected in 
series with an inductive reac- 
tance of 300 ohms, a capacitive 
reactance of 100 ohms, and a 
resistance of 100 ohms. What 
is the impedance of the circuit? 
Z = VR P+ (X, — Xe)? 
= \/(100)2 + (300 — 100)? 
»/(100)? + (200)2 
V (102)? + (2 x 108)? 
= V10!+ 4X 104 
= V5 X 104 
2.236 < 102 
= 223.6 ohms 
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(15) This agreement or the appendices thereto may be supplemented or modified from time to time 
governing any special feature for which either party wishes to make special provision. 


(16) Definitions: 

(a) Y Service or Signal Intelligence Service. The British, U.S. Army, and the U.S. Navy 
services concerned with intercepting, decoding, interpreting, classifying and dissemination of enemy 
(and neutral) communications, and the use of D/F and other specialized apparatus for establishing lo- 
cations and identities of enemy transmitters. 


(b) Special Intelligence A. Certain ciphers are placed in a special category, owing to their 
importance and difficulty of solution. The intelligence derived from these ciphers is known as Special 
Intelligence A. Such material is treated with most stringent security measures. Special Intelligence A is 
confined to a very strictly limited number of the most highly placed officers and is mainly of strategi- 
cal importance. 


(c) Special Intelligence B. Intelligence derived from the solution of lower grade ciphers. 
Such ciphers may under certain circumstances be upgraded to the “Special A” class. The dissemination 
of Special Intelligence B is wider though always treated as British Most Secret-U.S. Secret. Special 
Intelligence B may be used tactically. 


Appendix (A) 


Special Provisions Regarding Work on German Machine Ciphers 


(U) Since it is believed unnecessary and impracticable to duplicate work on German machine 
ciphers and in view of the large number of personnel required and the unavoidable extra risk to the 
security of the source involved, agreement which follows has been arrived at. This agreement provides 
that: 


(a) All desired intelligence from this source will be made available to the War Department in Wash- 
ington. 


(b) U.S. personnel will obtain experience by engaging in the solution of this type of cipher in Great 
Britain. 


(c) Research into new methods of attack will be made in Washington. 

(d) Transmission of Intelligence to Commanders-in-Chief in the field will be accomplished by 
special routes and staffs who will maintain a watch over the use of the intelligence to guard against 
compromise of the source. 

(1) U.S. liaison officers will be appointed at G.C.&C.S. to examine messages and summaries and 


select those desired for transmittal to Washington for G-2 or the Theater Commanders. All decoded 
material will be made available to those officers. Decodes giving information regarding Order of Battle 
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will be handled as at present, i.e., through U.S. liaison officers in War Office and Air Ministry, respec- 
tively. 


(2) Decodes or summaries to be passed to Washington through existing British channels. 


(3) U.S. party to effect independent solution of keys will be established in Great Britain, but so 
coordinated by mutual agreement to avoid duplication. This party will cooperate with the British in 
regard to tasks and will be given every assistance for instruction of personnel. They will be furnished 
with British machines. Decodes from this section will be passed to Bletchley Park for emendation, 
translation and distribution, but U.S. party will conduct complete processing, including emendation 
and translation to such an extent as they desire. 


(4) Formulas will be supplied by Great Britain for use on machines now at Arlington Hall. 


(5) U.S. to undertake research for finding a new method for solution and to be rendered every 
assistance by the British for this purpose. 


(6) In conformity with British policy, U.S. personnel engaged in solution work in Great Britain 
will not be transferred elsewhere except for very urgent reasons. 


(7) Special Intelligence from this source will be passed to Commanders-in-Chief in the field 
through the Special British units provided for this purpose. The officer in command of these units will 
have direct access to the Commander-in-Chief and advise as necessary on the security aspect of 
handling and using this intelligence. Where an American officer is Commander-in-Chief, an American 
officer, properly trained and indoctrinated at Bletchley Park, will be attached to the unit to advise and 
act as liaison officer to overcome difficulties that may arise in regard to differences in language. 


(8) The Director of the G.C.&C.S. will have the final decision when matters of security are in- 
volved in intelligence items (gossip) and as to what is passed to Commander-in-Chief in the field. 


Appendix (B) British Security Regulations for Special Intelligence 
Part I Coordination of Routing, Security and Use of Special Intelligence 


1) SPECIAL INTELLIGENCE is the agreed name for the highly secret information obtained by 
cryptographic means from enemy high grade ciphers. 


2) Lower grade cryptographic material classed in general as “Y” Intelligence, is not included in the 
definition of SPECIAL INTELLIGENCE. 


Part I to be Destroyed by Fire when Read 
Part I 
1) ALL SPECIAL INTELLIGENCE emanating from the United Kingdom and transmitted to Com- 
mands abroad will receive the prefix “Ultra.” 
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ALL SPECIAL INTELLIGENCE emanating from centres other than the United Kingdom and trans- 
mitted either to United Kingdom or to another Command abroad, is to receive the prefix specially 
allotted to each producing centre as follows: 


DELHI Prefix SIRDAR 
WASHINGTON Prefix ZYMOTIC 
MELBOURNE Prefix ZYMOTIC 
KILINDINI Prefix ZYMOTIC 
MIDDLE EAST Prefix SWELL 


3) SPECIAL INTELLIGENCE produced by U.S.A. centres either in U.S.A. or elsewhere if transmit- 
ted over British routes either to the United Kingdom or to the British Commands overseas, is to receive 
the prefix of the Command or centre through which it is distributed. 


4) Where it is necessary for SPECIAL INTELLIGENCE to be transmitted between Commands or 
centres other than the United Kingdom, special routes and ciphers are to be arranged and approved by 
London. 


Part II 

ULTRA (see Para. 1) above) information can be regarded as reliable and action can be taken on 
it, but experience has shown that the following security regulations are vital to the preservation of this 
source. The Commander-in-Chief is held personally responsible for ensuring that they are scrupulously 
adhered to: 


(1) The utmost secrecy is to be used in dealing with ULTRA information. Attention is called to 
the fact that if from any document that might fall into the hands of the enemy or from any message 
that the enemy might intercept, from any word that might be revealed by a prisoner of war, or from 
any ill-considered notion based upon it, the enemy were to suspect the existence of the ULTRA source, 
that source would probably forever be lost to our cause. 


(2) This loss would vitally affect operations on all fronts, not only the particular front on which 
the source had been compromised. 


(3) Commanding Officers of those Commands authorized to receive ULTRA information, i.e., 
normally only General and Air Officers commanding Armies and Air Forces, are to be instructed that 
ULTRA messages are for them, their personal representative, and their Senior Intelligence and 
Operations Staff Officer only, and are not to be seen by, read to, or discussed with any other person. 
ULTRA messages are to be destroyed by fire immediately [once] action has been taken on them. No 
records of Intelligence based on ULTRA information may be kept except at the H.Q. of the Com- 
mander-in-Chief. 


(4) When ULTRA information is to be used by the Commander of an Army or an Air Force as 


a basis for action to be taken by a subordinate command, the information must be translated, when 
passed to the subordinate command, into terms of an operational order, so worded that if captured or 
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intercepted by the enemy the origin of the information could not be traced back to the ULTRA source, 
e.g., orders must never contain the precise time, date or place of an enemy operation revealed by 
ULTRA. Such orders based on ULTRA information if transmitted by WIT must be encoded only in au- 
thorized ciphers. Under no circumstances whatever is it permissible to transmit ULTRA information 
as such to lower formations. 


(5) In general, if any action is to be taken based upon ULTRA information, the local 
Commander is to ensure that such action cannot be traced back by the enemy to the reception of 
ULTRA intelligence alone. A momentary tactical advantage is not sufficient ground for taking any risk 
of compromising the source. No action may be taken against specific sea or land targets revealed by 
ULTRA unless appropriate air or land reconnaissance has also been undertaken. Names of enemy 
ships revealed by ULTRA sources may never be quoted. 


(6) The utmost care is to be taken in briefing pilots for an operation based on ULTRA informa- 
tion that only such details are given them as might have been obtained by other means, such as air 
reconnaissance, and only such as are essential to the success of the operations. 


(7) No reference to ULTRA information is to be made in any summary whatsoever, however 
limited the circulation. No discussion of it is permissible except between the senior officers who are im- 
mediately concerned with the action to be taken upon it. 


(8) If it is necessary to ask questions, or make comments on ULTRA material, whether on matters 
of Intelligence, Operations, Routing or Security, such messages are to be transmitted only over the 
special channel and in the special ciphers provided for ULTRA traffic. 


(9) Recipients of ULTRA may not under any circumstances carry on their persons outside their 
Headquarters, ULTRA messages which have been delivered to them. 


ist March 1943 
(Sgd.) GEO V. STRONG 
Major General 
A.C. of S., G-2 
(Sgd.) E. W. TRAVIS 
D.D.(S) 
G.C.&C.S. 
15 June 1943 


Approved for the U.S. War Department. 
By order of the Secretary of War. 


(Sgd) JOSEPH T. McNARNEY, 


Lieutenant General, U.S. Army, 
Deputy Chief of Staff 
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Appendix B 


War Department 
The Adjutant General’s Office 
Washington 
AG 311.23 (320-43)OB-S-B-M CJM/reh-2B 939 Pentagon 


March 26, 1943 
SUBJECT: I intercept Directive 


TO: Commander-in-Chief, 
Southwestern Pacific Area; 
Commanding Generals, 
North African Theater of Operations; 
European Theater of Operations. 


1. In order to coordinate within the War Department the intercept of certain foreign radio 
transmissions it is essential that the signal radio intelligence companies and detachments now under 
your Command, and those that may come under your Command in the future, receive through the 
Signal Intelligence Service of your headquarters such directives as may be issued by the War 
Department. The detailed assignment of specific missions to those units will be made by your Signal 
Intelligence Service and may be changed from time to time by them, as changing circumstances may 
dictate. In addition to the above, a reasonable number of monitoring missions for security purposes 
may be assigned at your discretion. 


2. The Chief Signal Officer, acting for the War Department, is authorized to communicate directly 
with the Signal Intelligence Service at your headquarters on matters pertaining to the specific mission, 
circuits to be covered, known frequencies, form of recording material, copying of station logs, methods 
of forwarding traffic, etc. The Chief Signal Officer is also authorized to furnish directly to the Signal 
Intelligence Service such manuals and pertinent literature as will assist these units in accomplishing 
their missions. 


3. To meet the requirements of actual or impending hostile action within your theater, you are 
authorized to modify this directive. However, in the interest of overall coordination of radio and signal 
intelligence operations, you will promptly advise the War Department of your general plan of 
operation involving the interception of foreign radio transmissions. The Chief Signal Officer is autho- 
rized to communicate directly with you and with the Signal Intelligence Service regarding these plans. 


4. Copies of all material intercepted by these units will be forwarded as soon as practicable and by 
the most expeditious means direct to the Chief Signal Officer, SPSIS, War Department, Washington, 
D.C. An important mission of these units is to intercept material desired by the War Department and 
to forward it to the Chief Signal Officer by the most expeditious means available. 
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5. You will furnish the officer in charge of your Signal Intelligence Service with a copy of this 
directive. 


By order of the Secretary of War: 


(Sgd) L.M. Banknight 
Adjutant General 


Copy Furnished: 
Chief Signal Officer 
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Appendix C 


Headquarters 
European Theater of Operations 
United States Army 
RFP/RFL/fls 
AG 311.5 MSIG 27 July 1943 


SUBJECT: Operational Control of Signal Intelligence and Radio Intelligence Units. 


TO: Commanding Generals 
SOS, ETOUSA; 
Eighth Air Force; 
V Corps; 
Iceland Base Command 


1. In order to coordinate the interception of enemy radio transmissions within this theater, author- 
itative operational control of all Signal Intelligence and Radio Intelligence units and activities in this 
command is vested in the Chief Signal Officer, SOS, ETOUSA, who will detail the assignment of 
specific missions to such units in accordance with War Department letter AG 311.3 (3-20-43) OB-S-B- 
M, dated 26 March 1943, subject: “Intercept Directive.” 


2. Air Force and Ground Force Signal Intelligence and Radio Intelligence units normally will be 
assigned missions of paramount importance to their respective services. All missions will be 
coordinated by the Chief Signal Officer, SOS, ETOUSA, to avoid duplication, insofar as it is possible, 
by units of our own forces and those of our allies. 


3. For security reasons, intelligence resulting from such intercept activities will be given special 
handling in accordance with directives subsequently issued by this headquarters. 


4. Monitoring of friendly radio traffic to detect violations of signal security, and the initiation of 
corrective measures, is a function of the Signal Intelligence Service (par 6f, FM 11-35). The activities of 
the various signal intelligence services in this respect will be coordinated by directives issued by the 
Chief Signal Officer, SOS, ETOUSA. This does not preclude the use of any regularly authorized T/BA 
equipment, or personnel, by any unit to monitor its own networks as an additional supervisory 
measure. 


5. Personnel assigned to Signal Intelligence or Radio Intelligence units or detachments have been 
specially trained for the duties to which they are assigned. This training includes the imparting of 
considerable secret information to assist in the accomplishment of their mission. Due to this 
specialized training, and for security reasons, such personnel will not be assigned without prior 
reference to the Chief, Signal Officer, SOS, ETOUSA, and without the specific approval of the Theater 
Commander. Unit commanders desiring reassignment of Signal Intelligence or Radio Intelligence per- 
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sonnel will submit requests, through channels, to this headquarters and will clearly indicate the 
reasons for requesting reassignment. 


6. It is desired that the contents of this directive be published to such of your subordinate units as 
may be concerned. 


By command of Lieutenant General Devers 


RICHARD P. FISK, 
Lt. Colonel, AGD, 
Assistant Adjutant General 


DISTRIBUTION: 
Each Addressee (2) 
CIS, ETOUSA (4) 
G-2, ETOUSA (4) 
G-3, ETOUSA (1) 
AG Personnel (2) 
AG Records (1) 
Signal (2) 
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Appendix D 
War Department 
The Adjutant General’s Office 
Washington 


AG320.2(9Jul 1948)PO-M-SPCAS 29 July 1943 


SUBJECT: Special Cryptanalytic Project in Signal Intelligence Service, 
European Theater of Operations, United States Army 
TO: Commanding General 
European Theater of Operations. 
United States Army, 
c/o Postmaster, New York, NY 


1. The authorized grades and strengths, Signal Intelligence Service, European Theater of 
Operations, United States Army are rescinded effective at once and the following allotment is 


substituted therefor: 


a. Officers: SIS ETOUSA (Signal Corps) 


Col. Lt. Col. Major Capt. ist Lt. 2nd Lt. Total 
1 4 10 19 25 26 85 
b. SIS ETOUSA 
Signal Corps 
Grades 
Mstr ist Tech Staff Tech Sgt Tech Cpl Tech PFC Pvt Total 
120 22 2 43 13 90 5 14 75 78 454 


c. The above allottment includes an increase for a Special Cryptanalytic Section as follows: 


(1) Officers: Signal Corps 


Lt. Col, Maj. Capt. ist Lt 2ndLt Total 
1 2 5 15 36 591 
(2) Signal Corps 
Grades 
1 2 3 4 5 6 7 
Mstr ist Tech Staff Tech Sgt Tech Cpl Tech PFC Pvt _ Total 
3 -- 8 2 18 2 31 4 76 60 45 247 
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d. Personnel will be requisitioned and assigned as indicated in attached Table of Distribution, Tab 
B. Personnel selected need not hold the grades indicated but must be able to perform the duties 
indicated by the Specification Serial Number. Personnel selected will be shipped in their present grades 
and ratings. No attempt will be made to promote personnel merely to fill a vacancy. 


e. A minimum of twenty-five percent of the officer personnel and ten percent of the enlisted 
personnel will be furnished from 2nd Signal Service Battalion, Arlington Hall Station and will be highly 
qualified technicians. The remaining percentages will be procured by the Chief Signal Officer and given 
initial training in the Signal Security Service at Vint Hill Station, Warrenton, Virginia. 


f. A group of key personnel consisting of about ten officers and ten enlisted men will be shipped to 
arrive at ETOUSA not later than 1 August 1943. Fifty percent of the cryptanalytic group should arrive 
not later than 1 September 1943, and the remainder in suitable increments so that the full strength will 
be reached by 1 December 1943. 


g. None of the personnel assigned to this unit will be reassigned to duties which will take them into 
the combat zone. 


h. All personnel provided will be investigated and cleared by G-2 prior to assignment to such 
duties. 


i. It will be the responsibility of the Chief Signal Officer to implement this authorization by requisi- 
tioning for the necessary personnel from the Adjutant General under the priorities assigned ETOUSA 
and providing necessary housing and training prior to shipment and to coordinate all activities in the 
preparation of this unit with Assignment Chief of Staff, G-2, War Department General Staff; Movement 
Branch, Mobilization Division, Army Service Forces, and Director, Stock Control Division, Army 
Service Forces. 


j. Equipment and facilities for this Cryptanalytic Unit will be provided as indicated in the attached 
Special Table of Equipment, Tab C. 


2. The following allotment of authorized grades and strengths is made to Headquarters, European 
Theater of Operations, United States Army, for a Special Intercept Detachment: 


a. Officers: (Signal Corps) 


Capt ist Lt 2nd Lt Total 
1 2 3 6 
b. Headquarters, ETOUSA Intercept Detachment 
Signal Corps 
Grades 
1 2 3 4 5 6 7 


Mstrist Tech StaffTech Sgt Tech Cpl Tech PFC Pvt _ Total 
a “4 3 3 10 — 35 2 62 34 28 180 
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199. Solving Ac Circuits Having Resistance and Inductance 


a. Series Cireuits. The following examples illustrate the method of solving series ac circuits 
having resistance and inductance (called series RL circuits) by using the principles described 
in paragraphs 193 through 198. 


Example 1: An ac circuit with a resistance of 1,000 ohms and an in- 
ductance of 5 henrys is connected in series with a generator 
(fig. 71). The voltage drop across the resistance is 51.5 
volts, and the voltage drop across the inductance is 97 volts. 
Find the applied voltage in the circuit. If the impedance 
of the circuit is 2,132 ohms, what is the phase angle by 
which the current lags the applied voltage? 

Step 1. The vector diagram for this circuit is shown in figure 77. 
In an ac series circuit, the same current flows through all 
parts of the circuit—in this case, 0.051 ampere. Draw the 
vector Ep to represent the voltage. drop across the resist- 
ance. Draw the vector E, to represent the voltage drop 
across the inductance. 

Step 2. The vector sum of these voltage drops is equal to the applied 
voltage. Adding the horizontal and vertical voltage drops, 
respectively : 

E, + Er, = 04 515 = 515 
E,+ Ee, = 97+0= 97 

Step 3. Find the applied voltage as follows: 
Ee = E, + Ee 

(97)? + (51.5)? 

9409 + 2652.25 


12061.25 
E /12061.25 
109.8 or approx 110 volts 
Step 4. Find the phase angle by which the current lags the applied 
voltage. 
cos A = z (for series circuit) 
_ 1000 
~ 2132 
= 0.46904 
A = 62° 1’ 19” 
L 
5 HENRYS EL 
97 VOLTS 
R 
1,000 
OHMS 
ER 
51.5 VOLTS 
TM68 4-86 TM684-87 
Figure 71, An ac series circu.t containing inductance Figure 72. Ac series circuit containing inductance and 
and resistance. resistance, vector diagram. 
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c. Personnel will be requisitioned and assigned as indicated in the attached Table of Distribution, 
Tab D. Personnel selected need not hold the grades indicated but must be qualified to perform the 
duties indicated by the Specification Serial Number. Personnel selected will be shipped in their pres- 
ent grades and ratings. No attempt will be made to promote personnel merely to fill a vacancy. 

d. An advance party of the special Radio Intercept Unit consisting of two officers and four enlisted 
men, will be shipped to arrive at ETOUSA not later than 1 August 1943, to assist in the details of 
obtaining and preparing a suitable location for the radio reception site. 


e. None of the personnel assigned to this unit will be reassigned to duties which will take them into 
the combat zone. 


f. Equipment for this Special Intercept Unit will be provided as indicated in the attached Special 
Table of Equipment, Tab E. 


g. This Unit will operate directly under SIS ETOUSA in accordance with directives issued by the 
War Department. 


h. See sub-paragraph h, paragraph 1 above. 
i. See sub-paragraph i, paragraph 1 above. 
By Order of the Secretary of War 


(s) A. C. KELLY 
Adjutant General 
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Appendix E 


Headquarters 
European Theater of Operations 
United States Army 
APO887 
AG 322.88 OPGC APo887 8 Feb 1944 


Subject: Organization of Field Detachments for Signal Intelligence Division 


To: Commanding General, CBS, SOS, ETOUSA, APO 887 
Commanding Officer, EBS, SOS, ETOUSA, APO 517. 


1. Letter this headquarters, AG 322/88 OPA, subject: “Formation of Field Detachments for Sig In- 
telligence Div,” 28 Jan 1944, is rescinded. 


2. The following units are provisionally organized, effective 1 Feb 1944, at stations indicated: 


Unit Location APO 
6811th Signal Security Detachment Hall Place, Bexley, Kent. 887 
6812th Signal Security Detachment Eastcote, Middlesex. 517 
6813th Signal Security Detachment Bletchley, Bucks. 128 


3. Personnel for units will be furnished by the Chief Signal Officer, this headquarters. 

a. 6811th Sig Security Det will have an authorized strength of six (6) officers and one-hundred- 
eighty enlisted men. 

b. 6812th Sig Security Det will have an authorized strength of five officers and one-hundred- 

twenty enlisted men. 

c. 6813th Sig Security Det will have an authorized strength of twenty five (25) officers and 
one- hundred-twenty enlisted men. 
d. No additional grades are authorized for overhead of units. 


4. Units will be assigned to HQ ETOUSA, and will be attached to Base Section wherein they are sta- 
tioned for supply and administration. 


5. Necessary equipment will be requisitioned through normal channels. 


6. Final and initial rosters and reports of change, as required by AR 345-800 and AR 345-900 will 
be submitted to the CG SOS, APO 871, for the 91st MRU. 


By command of General Eisenhower: 
RICHARD P. FISK, 
Lt. Colonel, A.G.D., 
Assistant Adjutant General 


DISTRIBUTION: D plus Progress, SOS, APO 871 
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Appendix F 


Headquarters 
European Theater of Operations 
United States Army 
RBL/CRH/cwh 
APO 887 
AG 322 OpSC 7 February 1945 


SUBJECT: Operational Control and Technical Direction of Signal Intelligence and Signal Radio 
Intelligence Units. 


TO: Commanding Generals: 
US Strategic Air Forces in Europe 
Each Army Group 
Each Army 


1. Letter, this headquarters, file AG 322 OpSIG, subject as above, dated 5 April 1944, is rescinded 
and will be destroyed in accordance with the provisions of AR 380-5, dated 15 March 1944. A 
certificate of destruction will be rendered thereon and submitted to this headquarters. 


2. In order to coordinate the interception of enemy radio transmissions, authoritative operational 
control of all signal intelligence and signal radio intelligence units and activities in this theater, other 
than those specifically assigned to function with 6th Army Group, 12th Army Group or Air Staff, 
Supreme Headquarters, Allied Expeditionary Force, is vested in the Chief Signal Officer, this head- 
quarters, who will detail the assignment of specific missions to such units in accordance with War 
Department letter, file AG 311.3 (3-30-43)OB-S-B-M, subject: “Intercept Directive,” dated 26 March 
1943. 


3. Operational control of units within 6th Army Group, 12th Army Group or Air Staff, Supreme 
Headquarters, Allied Expeditionary Force, will be decentralized to the headquarters to which the 
various signal intelligence and signal radio intelligence units are assigned. The Chief Signal Officer, this 
headquarters, will exercise technical direction of these units through signal intelligence channels, i-e., 
determine general US policy with respect to methods of procedure, principles of operation and use of 
these units, and effect coordination including the exchange between these various units of technical 
information required to assist the accomplishment of their missions at their respective levels. For this 
purpose, the Chief Signal Officer, this headquarters, is authorized to communicate directly through 
signal intelligence channels with the various units concerned. 


4. For security reasons, intelligence resulting from such intercept activities will be given special 
handling in accordance with current directives. 


5. Monitoring of friendly radio traffic to detect violations of signal security, and the initiation of 
correct measures, is a function of the Signal Intelligence Service (par 6f, FM 11-35). The activities of the 


Page 231 


various signal intelligence services in this respect will be coordinated by directives issued by the Chief 
Signal Officer, this headquarters. This does not preclude the use of any regularly authorized T/BA 
equipment, or personnel, by any unit to monitor its own networks as an additional supervisory 
measure. 


6. Personnel assigned to signal intelligence or signal radio intelligence units or detachments have 
been specifically trained for the duties to which they are assigned. This training includes the imparting 
of considerable secret information to assist in the accomplishment of their mission. Due to this 
specialized training, and for security reasons, such personnel will not be reassigned without prior 
reference to the Chief Signal Officer, this headquarters, and without specific approval of the Theater 
Commander. Under no conditions will such personnel be reassigned to jobs in which there is any 
possibility of capture. Unit commanders desiring reassignment of signal intelligence or signal radio 
intelligence personnel will submit requests, through channels, to this headquarters and will clearly 
indicate the reasons for requesting reassignment. 


7. It is desired that the contents of this directive be published to such of your subordinate units as 
may be concerned. 


By command of General Eisenhower: 


R. B. LOVETT 
Brigadier General, USA 
Adjutant General 
DISTRIBUTION: 
Each addressee (2) 
Deputy Supreme Comdr, Air Staff, 
Supreme Hq, AEF (2) 
Supreme Hq, AEF (2) 
Each Air Force (2) 
G1 (1) 
G-2 (1) 
G-3 (OPO-AGH) (4) 
AAO (1) 
C/Sig o (SID) (50) 
AG Mil Pers (1) 
AG RelInforcement (1) 
AG Opns (1) 
AG Records (1) 
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Appendix G 
U. S. Navy Department Agreement with the Admiralty 


Op-20-G/jac October 1, 1942 
MEMORANDUM FOR OP-20: 


Subject: Collaboration of U.S. and British Radio Intelligence Organizations on Japanese 
and German Projects. 


1. After thorough discussion of U.S. and British radio intelligence problems in the Pacific and in the 
Atlantic, Commander Travis, R.N., has made the following proposals which, I understand, have the 
approval of the Admiralty: 


Japanese 

(a) The British to abandon naval cryptanalysis at Kilindini and retain there only an exploitation 
unit which will read traffic from recoveries supplied by other units, and supply to these other units any 
code or other recoveries obtained in the course of this reading. 

(b) The British to disband the British-Australian naval unit at Melbourne and turn over to the 
U.S. unit there such personnel as the U.S. may desire, except Commander Nave, who is to be recalled. 
Requests by the U.S. for any particular individuals from Kilindini or Melbourne will be entertained by 
the British. The future status of the diplomatic party at Melbourne will depend upon wishes of the 
Australian Government and the senior naval and military authorities in that area which the Admiralty 
will ascertain. 

(c) Upon execution of the foregoing, OPNAV to assume responsibility for passing naval recov- 
eries and pertinent naval information to the Admiralty (G.C.& C.S.) for transmittal to C.inC. Eastern 
Fleet and Kilindini. 


(d) Pursuant to (c) above, OPNAV to pass to the Admiralty (G.C. & C.S.) (4) radio intelligence 
from Japanese naval communications, indicating major strategic moves in any area and any details 
bearing upon operations in the Indian Ocean Area; (2) all Japanese naval code and cipher key recov- 
eries. 

(e) In addition to the foregoing, OPNAV to pass to G.C. & C.S., by pouch, as much Japanese 
intercepted raw naval traffic as practicable. 


German 

(a) The British to provide technical assistance, if desired, in the development of analytical 
machinery required. 

(b) The British agree in principle to full collaboration upon the German submarine and naval 
cryptanalysis problems, including exchange of intercepted traffic, keys, menus, cribs, and such other 
pertinent technical information as may be necessary. 
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Miscellaneous 

(a) The U.S. to undertake certain work on Italian naval systems; traffic, and such pertinent in- 
formation as may be available to be supplied by the British. 

(b) The British to obtain certain items of special analytical equipment developed by the U.S. 

(c) The British to send certain technical personnel to OP-20-G to obtain information concern- 
ing new U.S. high-speed analytical equipment and the technique employed in certain phases of U.S. 
work. 


2. The result of the foregoing will be that the British will withdraw from active work in the Pacific 
Area and leave to the U.S. the general direction and control of the combined effort against Japanese. 
They plan to maintain a research unit at G.C. & C.S. so as not to lose touch with the Japanese problem. 
They have acceded to U.S. desires with regard to work on the German submarine and naval problem 
but, in effect, will be the coordinating head in the Atlantic theatre as the U.S. will be in the Pacific. 


3. The foregoing appears to be a logical set-up for the reason that the U.S. has the primary facilities 
and experience in the Pacific, and the traffic is much more accessible to the U.S. there; whereas, the 
British occupy the corresponding position in the Atlantic. While providing for a logical division of labor 
on this basis, this plan will, at the same time, provide the necessary backup for the safety of each party 
concerned. 


4. The primary concern of the British over U.S. entry into the German field is on the question of 
security. The British treat German material on a far higher plane than any other which they handle. 
The situation with regard to German communications is quite different from that which is found in the 
Japanese, in that the ramifications of the major system used are very great, and any disclosures which 
are made will affect the entire effort in every field. It must be realized that since the outbreak of war 
the British success has literally been their life blood. Before going into the work, the U.S. must be 
prepared to accept their standards of security and do everything within its power to insure compliance 
therewith. Not only will the safety of the British empire be at stake but, as U.S. efforts in the European 
theatre become more active, the future of the U.S. may also be at stake. 


5. In concluding the discussions it was pointed out to Commander Travis that any agreement made 
by the U.S. must be subject to such change as circumstances and developments require in the interest 
of national safety. 


Respectfully, 
/s/J. N. Wenger 
10/1/42 
Seen by D. N. C. 
CAPT. Zacharias 
ADM Cooke 
/s/J.N. W. 
Approved and accepted 


by D. N. C., CAPT. Holden 10/2/42 
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Appendix H 
Part 1 


American Embassy 
Office of the Military Attaché 
1, Grosvenor Square, W. 1, 
London, England 


23 May 1945 
MEMORANDUM FOR COLONEL TAYLOR: 
Subject: Report of Lt. Col. Murnane and Lt. Col. Orr on Use of Ultra at 12th Army Group 


...3. At 12th Army Group, a special section was established for the handling of Ultra which was 
designated as the Estimates and Appreciations Group with a staff consisting of the attached officers 
and one senior member of the G-2 Section. The function of this group was to collate Ultra intelligence 
with intelligence from all other sources and to formulate, under the direction of the A.C. of S., G-2, 
estimates of the enemy situation and capabilities. The specific duties of the attached officers were to 
receive and register all Ultra messages from the SLU, post a current situation map, conduct two daily 
briefings for the Commanding General and other staff members, dispatch signals to subordinate 
armies, record all order of battle information, and maintain a topical reference index of more general- 
ized Ultra information. 


4. The functions of the Estimates and Appreciations Group were performed entirely within one 
room to which admittance was limited to indoctrinated personnel only. Such personnel had full access 
to all Ultra messages which were divided into folders according to content, such as Order of Battle, 
Supply, Operations and Intentions, Air, Enemy Estimates of Allied Intentions, etc. Removal of Ultra 
material from this room was strictly forbidden. A large scale map of the western front was maintained 
showing the complete Allied and enemy situation. The posting of this map was the responsibility of the 
attached officers. Because of its constant use by the A. C. of S., G-2, it was found desirable to locate this 
room adjoining his office. Under strict field conditions a special trailer was used for Ultra material and 
served in substantially the same manner as the above described room. 


5. In the early phases of the campaign, one daily briefing on Ultra was conducted at which the 
Commanding General, his staff, and all other indoctrinated personnel were briefed in the Ultra room 
or trailer. However, it became apparent that the presence of a large group at this briefing tended to 
limit discussion by the Commanding General and his staff. To alleviate this problem, the system of 
conducting two daily briefings was adopted, the first for general officers only, and the second for all 
other indoctrinated personnel. 
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6. The General Officer’s briefing was conducted at 0945 hours, immediately following the G-2, G-3 
open briefing in the War Room, and was regularly attended by the following officers of 12th Army 
Group: 


General Bradley, CG 

Major General Allen, C of S 

Brigadier General O'Hare, G-1 

Brigadier General Sibert, G-2 

Brigadier General Kibler, G-3 

Brigadier General Moses, G-4 

Colonel Standish, Chief Intelligence Branch 
and of the 9th Air Force: 

Lieutenant General Vandenberg, CG 

Brigadier General Lee, Deputy to CG for Ops. 

Colonel Hughes, Director of Intelligence 


The presentation of Ultra material was made in the Ultra room by the attached officers and was based 
on information received during the previous twenty-four-hour period. Upon conclusion of the presen- 
tation the A.C. of S., G-2 or the Chief of Intelligence Branch highlighted enemy intentions or capabilities 
as revealed by Ultra or open sources, such as tactical reconnaissance, P/W interrogation, etc. Upon 
conclusion of the presentation a discussion customarily followed in which the CG expressed his views 
on the current situation and reviewed operational plans under consideration, and invited discussion 
from his staff. The briefing normally covered all pertinent information on the GAF, its operations and 
intentions, and in the discussion following, General Vandenberg and his staff consulted with General 
Bradley on plans for tactical air support, or target programs such as lines of interdiction or enemy sup- 
ply installations. Thereupon the needs of the ground forces were announced and appropriate air 
support or tactical bombing agreed upon. 


7. The second briefing conducted at 1130 hours for all other indoctrinated personnel was less 
formal and more in the nature of a discussion or forum. Present at this briefing were: G-2 air, G-3 air, 
Deputy G-2, Deputy G-3, Chief Order of Battle Branch, Chief Terrain and Defense Branch, Chief Sup- 
ply and Transportation Branch, personnel from G-3 Special Plans (Cover plan), and the signal 
intelligence officer. Ultra information was again presented by the attached officers, and comments 
invited as to interpretation placed on particular messages. On this occasion the chief of the Intelligence 
Branch reviewed the current G-2 estimate of the enemy situation and capabilities and invited 
comments from the branch chiefs on matters pertaining to their special interests. 


8. In addition to attending the 1130 briefing the branch chiefs frequently visited the room through- 
out the day to review the messages in detail and to discuss with the Ultra staff messages of special 
interest. For example, the Chief of the Order of Battle Branch daily reviewed all messages and 
discussed with the Ultra staff new open identifications, P/W interrogation, troop movements, strengths 
of units, etc. Thus the chief, OB was in a position to guide the interpretation of open sources, control 
of the tenor of periodic intelligence summaries, and safeguard against dissemination of reports con- 
trary to Ultra information. His close association with both sources permitted prompt blending of Ultra 


Page 236 


Step 5. 


Example 2: 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Step 5. 


Step 6. 


Step 7. 


Therefore, the current lags the applied voltage by a phase 
angle of 62° 1’ 19”. 


A 110-volt, 60-cycle ac generator is connected in a series 
circuit to a load consisting of an inductance of 3 henrys 
and a resistance of 10,000 ohms (A, fig. 73). 
Find the inductive reactance of the circuit. 
X, = 2rfl 
2x 3.14 «x 60 « 3 
6.28 « 180 
1130.4 
= 1,130 ohms (approx) 
Find the impedance of the circuit. 
Z = VR X2 
\/ (10,000)? + (1130)? 
100,000,000 + 1,276,900 
101,276,900 
10,063.64 
= 10,064 ohms (approx) 
Find the effective current in the circuit. (The effective 
value is the equivalent heating value of an alternating cur- 
rent as compared to a direct current. It is also called the 
root-mean-square (rms) value.) 
1-2 
A 
_ _110 
™ 10,065 
= 0.0109 ampere 


In a series circuit, the same current flows through all parts 
of the circuit. Therefore, the current through both the 
inductance and the resistance is 0.0109 ampere. 
Find the voltage drop across the inductance. 
E, = I x L 
= 0.0109 « 1130 
= 12.317 
= 12 volts (approx) 
Find the voltage drop across the resistance. 
Er, = IR 
= 0.0109 « 10,000 
= 109 volts 
Find the total voltage in the circuit. In an ac series circuit, 
voltage drops are added vectorially (B, fig. 73). 
E? = E24 Ee 
(12)2 + (109)2 
144 +. 11,881 
12,025 
V12,025 
109.6 
110 volts (approx) 
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into open intelligence as soon as sufficient evidence from non-Ultra sources justified release of Ultra. 
Conversely, the Ultra staff was in constant touch with all relevant open sources. 


g. Within the Ultra room a special map was posted portraying the disposition of Allied forces as 
known to the enemy and revealed by Ultra in enemy estimates of Allied dispositions and intentions. 
This map was posted by officers of G-3 Special Plans. In addition to aiding them in formulating cover 
plans it provided a ready means of determining which Allied units had been identified by the enemy 
and consequently which units could be released to the press. 


10. All order of battle information as revealed by Ultra was recorded under appropriate unit head- 
ings such as Army Group, Army, Corps, Division or smaller units. This index was absolutely essential 
in correctly evaluating the Ultra material, in preparation of estimates, in servicing the army com- 
mands, and as a ready reference for the chief of the OB Branch. In addition to this, a topical index was 
maintained of such other messages as appeared to require subsequent reference. 


11. Another principal function of the attached officers was to provide regular signals to the Armies 
of such information received at Army Group which had not been directly dispatched to Armies. Nor- 
mally, routing from War Station provided armies with the essential information in their spheres of 
interest; but, it is highly desirable that Army Group send signals to Armies containing extracts from 
various messages of general interest not bearing directly on a given army front. The volume of traffic 
to Armies from Army Group must be tempered by the capacity of the signals unit at Army level, other- 
wise the Army channels might easily become overtaxed with this material to the impairment of the flow 
of current information from War Station. 


12. Weekly Ultra summaries were dispatched to the Armies over the SLU link expressing the cur- 
rent opinion of G-2 based on Ultra and open sources. The summaries were prepared by the Chief of the 
Intelligence Branch with the assistance of the attached officers in formulating the views contained 
therein. 


13. With the exception of one or two isolated instances of minor security violations which in no way 
impaired the source, the security record at 12th Army Group was excellent. This, in a large measure, 
can be attributed to the method employed for handling Ultra. As previously stated, all Ultra material 
was confined to a single room or trailer where all briefings, conferences involving Ultra, or preparation 
of Ultra documents were accomplished, an indoctrinated officer was present in this room 24 hours a 
day. As messages were received they were listed by date and number in a register and fastened in the 
appropriate folder according to subject matter, where it remained for forty-eight hours. After a 
message had remained in a folder for 48 hours it was removed, checked against the register, and 
burned. By this means an accurate check was made on the receipt and destruction of each individual 
message. The personnel of the 12th Army Group were keenly sensitive to the security necessary for 
safeguarding this source. The prevalence of this attitude is the best safeguard against security viola- 
tions and undoubtedly accounts for the record achieved. 
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Appendix H 
Part 2 


American Embassy 
Office of the Military Attaché 
1, Grosvenor Square, W.1, 
London, England 


21 May 1945 
MEMORANDUM FOR COLONEL TAYLOR 
Subject: Report on Ultra Intelligence at First U.S. Army 


1. The undersigned reported to the C.G. of First U.S. Army at Bristol, England on 15 May 1944 and 
remained with the command as a member of the G-2 Section during the campaigns of Normandy, 
North France and Germany. D.S. terminated at Weimar on 11 May 1945, when the undersigned re- 
turned to his parent organization. This report is based upon his experiences during that period... 


....4. Preinvasion. Most of the information which formed the intelligence for Operation “Nep- 
tune” was gathered and evaluated by the British. It involved terrain, hydrography and enemy defenses. 
In order of battle alone Ultra made possible correct evaluation of agents’ reports. We knew what we 
would meet and that our cover plan was working. 


The main job at Army level was, therefore, (1) organizing and training for the campaign, (2) dis- 
semination of intelligence and advising the commander and the troops by estimates of the enemy’s 
capabilities to react to our attack. 


In connection with the latter, much work went into the preparation of charts showing just when 
and where and in what strength the known enemy armored divisions could, under the most favorable 
conditions, launch coordinated and piecemeal attacks against our beachheads. Fortunately, the predic- 
tions proved false but the charts had sufficient verisimilitude to make the writer believe his chances of 
surviving the invasion were about nil. 


5. The Battle of Normandy. (6 June to 24 July 1944). Our operations were in two phases; first, 
to land and secure the beachhead and secondly to expand it to support the build-up of troops, supplies 
and air facilities for the break-out, which marked the beginning of the Battle of Northern France. 


Intelligence for the landing was, in effect, done before D-Day. In an amphibious operation control 
must be decentralized so far that all the commander can do is to start it in motion and hope for the 
best. While it had originally been estimated that certainly piecemeal and possibly coordinated attacks 
to destroy the beachhead could be made late on D-Day by two enemy armored divisions, and by an in- 
fantry and four armored divisions on D plus 6, with corresponding variations between these dates, 
actually by D plus 9 (15 June 1944) only fourteen nominal divisions were in the “Neptune” area. No 
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piecemeal or coordinated counterattack had materialized but it was estimated that ten more divisions 
could arrive by 22 June 1944. 


What had happened was that (a) air cooperation had restricted large scale enemy movement to 
darkness, (b) the airborne troops had ruptured his chain of command, and (c) the courage and dash of 
our assault troops prevented the enemy from “getting set” and compelled a piecemeal commitment of 
his reserves as they arrived on the battle field. 


Therefore, the essentials of intelligence were (1) to watch for the movement of the expected _ di- 
visions, (2) explain the untidy enemy O.B. map based on identifications resulting from piecemeal 
commitment, and (3) explain the evolution of the chain of command into an orderly pattern. These 
tasks remained the same throughout the battle but the details varied with each phase. They were di- 
rected to the sole question when and where would the enemy counterattack. 


By 19 June 1944, the Cotentin Peninsula was cut. The immediate problem was, therefore, the de- 
fense plans for Cherbourg and the extent of its supplies. There were not many Allied divisions ashore 
then, and the balance between the troops needed for a quick reduction of the port and those to hold the 
lines against the expected German counterattack was as delicate as it was important. 


By 29 June Cherbourg was ours and the peninsula was cleared. We had a major, though damaged, 
port and our beachhead was reasonably secure. The occasion was signalized by your reporter changing 
his socks, shirt and underclothes for the first time since 6 June. The first phase had ended. 


The second phase is associated with “hedgerow” fighting. Opposing First Army was Seventh Ger- 
man Army with LXXXIV Corps of five divisions and II Para Corps of four divisions. In the rear areas 
were known to be four infantry and one armored division, while Pz Gruppe West, with IT SS Pz Corps 
and 9 and 10 SS Pz Divs, was known to be moving west and was expected momentarily against the Brit- 
ish on our left. Still remaining in Brittany were three divisions. First German Army in SW France could 
spare the 11 Pz Div and Nineteenth Army on the Mediterranean, the 9 Pz Div, but neither was believed 
capable of sending up more infantry divisions. Only in the Pas de Calais, Holland and Germany itself 
were reserves available. 


Here, then, was the issue. While we were slowly and gradually fighting our way out of the “Bocage” 
into terrain favorable for armor, would the enemy bring in enough forces either successfully to rope off 
the beachhead or even to mount a counterattack, thus setting us back indefinitely, if not destroying us? 


Equally effective were two quite different factors. First was [the deception] Operation “Fortitude,” 
and the second was the American divisions who got their battle training and the American soldiers who 
died in the hedgerows of Normandy. The G-2 estimate of 10 July 1944 said “No sooner do his reinforce- 
ments arrive than they are thrown into combat, not through choice but immediate necessity.” The 
search for information was obviously directed to points throwing light on the issue. 


6. The Battle of Northern France. (25 July to 14 September 1944). After an intense bombard- 
ment by heavy bombers, on 25 July, VII Corps, with three divisions abreast, attacked in a SW direction 
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between St. Lo and Perriers. The purpose initially was to pocket the German LXXXIV Corps which was 
defending on the western portion of the Cotentin Peninsula. The larger mission was to destroy the Ger- 
man Armies west of the Seine and secure the “lodgement area.” The attack had been postponed several 
days on account of the weather and we had helplessly watched IT Para and LXXXIV Corps get _pre- 
pared for it by bringing in pz Lehr from the east, 5 Para Div from Brittany and pull 353 Division out 
of line into reserve. 


By the 28th it was apparent that LXXXTV Corps was in pretty much of a rout. On that day, we spoke 
of the La See or the Selune Rivers as lines behind which the enemy would defend. On 1 August the gen- 
eral line, not connected with an obstacle, of Trouville-Falaise-Mortain-Rennes was suggested. Our 
armor had shaken loose. 


It was obvious that the enemy needed two things: (4) an obstacle to get behind and (2) fresh forces. 
It was mobile warfare, and so our problem was to ascertain how the enemy would meet these two re- 
quirements and, of course, to watch above all things the flanks of our spearheads. For the first time, 
two other factors appeared: morale, for it was hoped that the July “putsch” would have repercussions 
among the troops, and secondly, supply, for fuel and ammunition are the critical items of mobile war- 
fare. 


Of obstacles, there were none short of a line through Dreux, Chartres and Orleans, with the flanks 
anchored on the Seine and the Loire. For troops there was, in whole or in part, the Fifteenth Army in 
the Pas de Calais. While “Fortitude” was still “selling,” its appeal had dropped off and five divisions 
came down between 25 July and 8 August. Therefore, the Germans took the very long chance of at- 
tempting to push us back into the beachhead by attacking from Mortain westward toward Avranche. 
With all the forces he could muster under XLVII Pz (2 Pz, 2 SS and 17 SS, Lehr and 116) he made the 
attempt between the 8-11 August, while LXXXIV Corps tried to extend and stabilize the line south- 
ward. The effort failed and the east flank of our spearhead was secure. The stage was set for the debacle 
which followed. 


No useful purpose will be served by elaborating on the Argentan-Falaise Pocket, the fall of Paris 
and the Mons Pocket. They were great victories but credit for them must go to the commanders and 
the troops. Of the enemy it may be said, to quote from the After-Action Report (which I wrote, so it’s 
no plagiarism) that the weight and speed of our attacks were appreciated “too little and too late” and, 
therefore, the divisions the enemy sent to stop us only became engulfed in our offensive. It mattered 
not what we did, provided we did something. As was stated before, intelligence is unimportant when 
you are winning and even though we were reading the enemy’s mind, it mattered not for he did not 
have the means to carry out his intentions. The Battle of North France ended on 14 September when, 
reaching the Siegfried Line, we ran out of gas. 


7. The Battle of Germany. (15 September 1944 to 9 May 1945). In the current perspective, the 
highwater mark of the campaign is the Ardennes offensive, for had it not occurred we might be still 
fighting on the Rhine River. I shall, therefore, divide it into three phases: first, events leading up to the 
Ardennes; second, the Ardennes offensive; and finally, its aftermath. 


Page 241 


By 15 September it was apparent that the enemy would attempt, at any rate, to defend the West 
Wall, using remnants of the battered divisions from France, L. of C. [line of communications] and ad- 
ministrative troops. For our part, the problem was to get up fuel, ammo, and supplies. It was not until 
early October that we were able to undertake even limited objective offensives to breach the West Wall, 
while the German had well used the time to set his own house in order. By the middle of October, we 
had expended our offensive powers and surrounded Aachen, but achieved no great breakthrough. After 
the fall of Aachen, the German remained on the passive defense on our front, but in later October he 
was capable of launching a medium scale diversionary attack on the exposed east flank of Second Brit- 
ish Army NW of Venlo. The wave of optimism of September was gone; the seventy battalions that he 
combed out after the fall of France had made themselves felt. On 12 November, G-2 estimate said, in 
part, “It is now a race against time. Can the enemy complete his dispositions for his offensive prior to 
the launching of our attack? With the approach of winter in the east, it is believed the enemy will stake 
all on an offensive in the west.” 


I have recited the events historically as being the easiest means of showing in what direction our in- 
telligence efforts were bent. We reached the West Wall, optimistic but logistically broke. We watched 
the enemy recuperate at a slightly faster rate than we could get up our supplies. We watched the mas- 
ter hand of von Rundstedt deftly deploy his forces and his reserves, bringing up battalions from the 
replacment army, giving some ground on the south, but always keeping in balance. 


On 16 November, First Army launched a large scale attack which it was hoped would carry through 
to the Rhine. The fighting that followed was probably as bitter, as long drawn out, and on as large a 
scale as has occurred in this war. On 10 December 1944, the perhaps too famous and certainly much 
discussed Estimate No. 37 was published. The real intent of it was to warn that, despite the fighting 
that had taken place during the previous three weeks, Sixth PZ Army west of the Rhine was uncommit- 
ted and, therefore, available for a counteroffensive. This counteroffensive, it predicted, would most 
probably occur after our major forces had crossed the Roor River. It is beyond the scope of this report 
to examine the validity of the “ex post facto” constructions placed on it, that it intended to warn against 
the large scale offensive that actually occurred. 


That the Ardennes Offensive, which was very costly, could have been foreseen is submitted for the 
following reasons: (a) the enemy was defending on an artificial line with a major obstacle, the Rhine, 
astride his supply lines, (b) the German doctrine is an active defense, (c) the German situation, in the 
big picture, was so desperate that he could afford to take the longest chances and, (d) finally, the effect 
of our overwhelming air superiority was minimized by choosing a time when daylight was shortest, and 
the weather most likely to be bad. While the enemy had no cover plan to mislead us, his counterintel- 
ligence was superb and merits very careful study. Some clues came from open sources but were not 
heeded as no clue came from Ultra. Once it was appreciated that a real offensive with strategic objec- 
tives like Antwerp and Liege was under way, the tide swung precipitously from general optimism based 
on the long-term hopelessness of Germany's strategic position to calamity and woe, involving the im- 
minent arrival of divisions believed to be in the East (as well as invented ones), and new secret 
weapons. The problem was to keep the record accurate and straight. 
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The details of the offensive I need not go into. Suffice it to say that it was an unpleasant experience. 
I cannot pass without remarking on the superb courage and fortitude of the American soldier. Between 
19 December 1944 and 11 January, we published twenty-three G-2 estimates of the situation, the last 
one stating that the enemy’s offensive power on First Army’s front was spent and, in fact, he had barely 
sufficient divisions for a counterattacking reserve. 


By the beginning of February, it was becoming more and more apparent that the enemy had shot 
his bolt. With a major disaster in the East and Southeast requiring the transfer there of 6 SS Pz Army, 
and with his reserves of manpower and his stocks of material gone, particularly his fuel, it was doubted 
if he could put up more, than a strained defense of the West Wall. 


With what little there was the enemy did a magnificent job of regrouping and regaining his balance, 
and his intelligence was aided by his excellent “Y.” However, while the plans were good, there was very 
little with which to execute them, and the enemy, in effect, wilted before the drives of all the Allied 
Armies in the West, and by the end of the first week of March his forces west of the Rhine were split 
into bridgeheads defending the critical crossings. 


The Remagen Bridge (7 March 1945) was a piece of luck, to be sure, but it required a skillful and 
well-trained army to exploit it. That it was a matter of life and death to the enemy was self-evident and 
the intelligence effort was directed to the question of where, when and with what would he counterat- 
tack, and by what other means would he attempt to destroy it. For the remainder of the month our 
efforts were directed to expanding the bridgehead and to building up within it sufficient supplies to be 
able to exploit it. 


The Ruhr Pocket was created 1 April and has been described by captured German generals as the 
greatest single defeat that the German Army has ever suffered. The burning question, of course, was to 
determine the when, where, and the with-what of the German plan to open it up. Had we actually 
known how many enemy troops (315,000 PW’s were taken) were contained in the pocket, we might 
well have left more troops to reduce it at the expense of the corps which turned east (about the middle 
of April) and started to work-over the Hartz Mountains. 


With the Ruhr pocket closed, the end was obvious. River lines there were to the east, such as the 
Weser-Werra line, the Saale and the Elbe. But the German was then beaten. He was totally lacking the 
means of executing any plan. 


The end came as an anti-climax. We (First Army) had lost our three corps, and were in the process 
of turning over the army and service troops, preparatory to return to the U.S.A. for probable employ- 
ment in the Orient. The Isum of 062400 B May 1945 read: “For the first time in eleven months there 
is no contact with the enemy. The victory which was won on Omaha and Utah Beaches reached its cli- 
max. Today belongs to the men of this Army who fought and conquered the enemy from Normandy to 
the Elbe. There is no enemy situation to report, for there is no longer an enemy to defeat.” 


8. In the three preceding sections I have sketched at strategic level the actions of First U.S. Army 
and the German reactions. It was required because intelligence is important only as it bears on the 
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success of our operations. Without this history, it would be impossible to explain or determine the use 
and effect of Ultra, for the test is: did the signals sent out at the time resolve or confuse the issues as 
we saw them? 


The most important question in combat intelligence is where. In the main, Ultra furnished the an- 
swer. Certainly it was invaluable in separating the true from the false out of all the information that 
came in. Without it, we would have been pretty much in the dark and our actions might have been de- 
termined by the caution or aggressiveness of the commander. But to have relied on it alone would have 
been foolhardy, not only because by blending the intelligence from all agencies can the real picture be 
obtained, but also because at Army level the tactical is frequently more important than the strategic, 
which is the proper field of Ultra. Therefore, the answer to . . . [what] effect ... Ultra had on the opera- 
tions of First U.S. Army is to be found in the history of Ultra, rather than in this report. In the main, 
Ultra did resolve the issues. 


g. The first objective of my job, as I see it now, was to be able to present to the commander a clear 
and accurate picture of the enemy situation as it affected his command. It is therefore, a matter of re- 
cord keeping and presentation. But both the G-2 and I “grew with the job” and the record of my trials 
may prove helpful to someone else at some other time. 


Initially, the G-2 presented the signals, unsorted, unedited and without comment, to the C.G. and 
the CIS twice daily. Later I was permitted to see them after everyone else. By keeping records and by 
plotting a map, I was able to show the G-2 that a good deal of valuable intelligence had been over- 
looked. Gradually I was allowed first to sort and then to edit and by the beginning of the Ardennes 
offensive, the material was assembled and written up twice daily with a summary of whether the situ- 
ation had changed and why. This write-up was then read to the C.G. by the G-2 and, of course, the maps 
in the general’s office were kept posted. No briefing was ever done directly by the Ultra representative. 


The equally important objective of informing the troops was accomplished by G-2 estimates of the 
situation. As the situation changed, I would write “appreciations” based on Ultra for the G-2 and, as 
time passed and the information was covered by other sources, the intelligence would be put out in the 
open estimate. 


At tactical level a more difficult situation arises as the desire to take immediate action on a target 
disclosed by source can so easily result in a breach of security. This tendency increased toward the end, 
possibly due to the indifference of the commander to intelligence generally. It was also found to be very 
dangerous even to hint to the corps to expect enemy action, where the only knowledge of it came from 
Ultra, for the Corps’ G-2s [were]... insistent on the source of the information. 


A further difficulty is the tendency to highlight the dramatic, particularly as, when there is no real 
change in the situation, the G-2 feels he must say something at the daily conference. Another was the 
fact that other readers, for lack of something better to do, would frequently grab a seemingly impor- 
tant signal and rush it to the G-2 without giving it the thought and study it required. Ultra is something 
which must be “read, marked, learned and inwardly digested.” If a signal is not understandable, it must 
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not be dismissed as unimportant. Ultra must be presented not for what it says but for what it means to 
the command which receives it. 


10. Security. The security of Ultra at First U.S. Army was not good. Initially there was much cu- 
riosity as to the nature of SLUs work and my connection with it, particularly as two of the assigned 
members of the G-2 Section had the inevitable curiosity of all professional newspapermen. Itis — sub- 
mitted that the situation created by having an SLU present in the section should be faced, and it be 
explained that its work is secret, rather than to pretend that it is not there... 


11. Conclusion. Throughout the job I have felt great discomfort over the fact that I was serving 
two masters: one was the C.G. of First U.S. Army through his G-2 by reason of my detached service 
there, and the other was my parent organization. An example of this difficulty is clearly presented in 
the problem of security. Is Ultra given to the command subject to the rules and regulations;... or is it 
the responsibility of the command of which I am a part to see that the rules are obeyed; am I not part 
of the command and Special Branch’s watchdog? 


Again, is it my responsibility and duty to see that the best use is being made of Ultra and that the 
greatest advantage is being taken of the intelligence derived from it. When I raised this point, I was told 
I was criticizing the command. 


If I have learnt anything in the Army it is that the first duty of a superior (whether it be a supreme 
commander or a squad leader) to a subordinate is to give clear orders. When all the major circum- 
stances cannot be foreseen, then the duty of the superior is to find them out and make his will known, 
just as it is ultimately, by imposing his will on the enemy, that the commander defeats him. 


ADOLPH G. ROSENGARTEN, JR. 
Lieutentant Colonel, Info 
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Figure 73. Ac series circuit having inductance and 
resistance, schematic and vector diagrams. 


Step 8. Find the phase angle by which the current lags the applied 
voltage. 

R 
cos A = Zz 

__ 10,000 

™ 10,065 

= 0.99354 
A = 6° 31’ 


b. Parallel Circuits. The following examples illustrate the method of solving parallel RL cir- 
cuits by using the principles described in paragraphs 193 through 198. 


Example 1: An ac circuit has an inductance and resistance connected 
in parallel (fig. 74). The current flowing through the in- 
ductance is 0.0584 ampere, and the current flowing through 
the resistance is 0.11 ampere. What is the total current 
in the circuit? If the impedance of the circuit is 884 ohms, 
what is the phase angle by which the line current lags the 
applied voltage? 

Step 1. The vector diagram for this circuit is shown in figure 75. 
In a parallel circuit the voltage drop across each inductance 
or resistance is the same—in this circuit, 110 volts. Draw 
the vector J, to represent the current through the resistor. 
Draw the vector J]; to represent the current through the 
inductance. 
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Appendix H 
Part 3 


American Embassy 
Office of the Military Attaché 
1, Grosvenor Square, W.1, 
London, England 


28 May 1945 
MEMORANDUM FOR COLONEL TAYLOR 
Subject: Ultra and the Third Army 


1. Ultra Specialists 
Major (later Lt. Col.) Melvin C. Helfers was Ultra specialist with 3rd Army from 6 June 1944 until 
he was hospitalized about 12 March 1945. 


Major Warrack Wallace assisted Lt. Col. Helfers for a month in 1944, leaving the UK for France on 
16 June and returning to the UK on 20 September. 


Lt. Col. Samuel M. Orr, Jr., of the Ultra staff at 12th U.S. Army Group served as temporary replace- 
ment for Lt. Col. Helfers when the latter was hospitalized, and remained there for about a week until 
relieved by the undersigned. 


The undersigned officer (Capt. George C. Church) reported to 3rd Army on 18 March and remained 
there until the SLU received orders to close on 15 May 1945. 


2. Officers in Ultra Picture 

General George S. Patton, Jr., Commanding General 
Major General Hobart R. Gay, Chief of Staff 

Colonel Paul D. Harkens, Deputy Chief of Staff 
Brigadier General Halley G. Maddox, G-3 

Colonel Oscar W. Koch, G-2 

Colonel Harold M. Forde, G-2 Executive Officer 
Colonel Robert S. Allen, Assistant G-2 

Major Charles W. Flint, Signals Security Officer 


3. Duties of Ultra Specialist 

The interpretation of Ultra to the staff officers as listed above involved the keeping of a situation 
map combining Ultra and open sources, a regular morning briefing of these officers, and conferences 
with Colonel Koch and other staff officers at irregular times with the arrival of operationally impor- 
tant items of Ultra. 
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The Ultra briefing took place every morning (except when cancelled for lack of material) at approx- 
imately 0900 hours, immediately preceding the open briefing in the War Room. The special briefing 
was held either in General Gay’s or Colonel Harkens’ office, and was regularly attended by all officers 
in the Ultra picture, with the exception of Colonel Forde, who never attended during the term of duty 
of the undersigned, and Major Flint, whose interest was limited to items involving Signals Security. 


Close contact was kept with the G-2 situation room, and situation reports from open sources were 
constantly checked for supporting and expanding information. 


Since the Special Briefing was not held in the office of the Ultra specialist, the situation map was 
necessarily portable and was kept by the undersigned on a large folding map board. 


Officer billets for 3rd Army HQ staff were often located at a considerable distance from the HQ. To 
facilitate the handling of high priority items arriving during the night and the preparation of the map 
with current items for the special briefing, the undersigned found it necessary to live in the office, 
rather than in the billet provided. 


The special briefing was also always attended either by General Weyland and/or Colonel Brown of 
XIX TAC. It had been customary during the campaign for Major Grove (Ultra recipient at XIX TAC) to 
give occasional talks on the GAF at the special briefing, in addition to his work at his own command. 
During these last two months, however, the XIX TAC HQ was usually located at some distance from 
the 3rd Army, and it was possible only once for him to attend. 


4. Role of Ultra in 3rd Army 

(a) General: The undersigned arrived at the 3rd Army when the liquidation of the German 
forces west of the Rhine had already reached an advanced stage. The Rhine was crossed within a week, 
and at no time during these last two months of the war was the 3rd Army front stabilized for more than 
a few days. The German generals were conducting a war with means that were hopelessly inadequate, 
and many of their orders were only in effect “for the record.” Orders for the preparation of defense lines 
were usually outdated by the time they reached us, with the line already pierced at many points or com- 
pletely overrun. Orders for the commitment of new divisions were shorn of their normal significance 
because the divisions at best were ill provided with heavy weapons, and the piecemeal employment of 
units as they arrived at various points of the rapidly moving front led to a speedy frittering away of such 
new divisions as actually did arrive. German order of battle had become a tangle of miscellaneous re- 
placement and training units, whose command relationships were no sooner established than they 
were destroyed by our farther advances. German resistance had degenerated into sporadic, if fanatic, 
defense of individual towns or strong points, and such counterattacks as were actually mounted never 
assumed serious proportions. 


Under these conditions, the value of Ultra (as of intelligence generally) had undoubtedly suffered 


a decline from the time when the enemy had sufficient forces at his disposal to make his intentions of 
decisive importance. 
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During this period, however, Ultra continued to be of great value in foreshadowing or confirming 
the identifications made by actual contact and in providing an insight into the intentions and opera- 
tions of the German commanders. 


During the previous period (from D-Day until his own term of duty) the undersigned can give only 
general impressions based on conversations with Lt. Col. Helfers, which were necessarily very limited 
because they were held in the ward room of the hospital at Luxembourg, and discussions with mem- 
bers of SLU. It appears that initially no special briefing was held, and that Ultra information was passed 
only to the G-2, orally or by written report. The German attack towards Avranches seems to have been 
the time when the value of Ultra became apparent and the custom of holding a special briefing each 
morning was instituted. Relations with members of the G-2 section not in the Ultra picture were also 
a problem at the start, but these straightened themselves out once the positions of the SLU and the 
Ultra recipient were thoroughly established with the Commanding General and his staff. 


By the time the undersigned arrived at 3rd Army, these problems had all been smoothed out. There 
were no administrative difficulties, our position was accepted without question if not without curios- 
ity, and all G-2 agencies including the situation room, the photo interpretation section, the order of 
battle section, and the prisoner of war section, were extremely cooperative in providing information 
without receiving anything in direct return. 


(b) Detailed: The fact that the special briefing from Ultra each morning was attended and care- 
fully followed by the Commanding General and his staff ensured that Ultra intelligence was fully 
considered in the operational plans of the 3rd Army. It is beside the point that German capabilities at 
the end were not of sufficient seriousness to cause any change in these plans. 


There was only one considerable German counterattack on 3rd Army front during the undersigned 
officer’s term of duty. It occurred when the German 11th Army attempted to concentrate forces in the 
vicinity of Muehlhausen for a thrust to the southeast, at a time when the 3rd Army extended well to the 
east. Ultra provided valuable indications and identifications of this build-up, completing information 
from open sources. No change of 3rd Army plans was involved, since sufficient forces were available 
on the spot to cope with the threat. The Germans also planned a build-up for the Passau-Linz area, but 
this never fully developed owing to immobility of German formations and the complete collapse of Ger- 
man resistance. 


One of the most valuable single contributions from Ultra during the two month period witnessed 
by the undersigned was provided during the closing days of the war, when we were notified by the 7th 
US Army that Army Group G had surrendered. The line specified in the surrender negotiations ran well 
up into Czechoslovakia, and therefore seemed to indicate that a considerable sector of the 3rd Army 
front was concerned in the surrender. From Ultra information, however, we were able to determine 
that Army Group G included only the German 19th and ist Armies, that the right boundary of the Ger- 
man ist Army lay in the area just east of Linz, and that the line specified in the surrender negotiations 
was apparently the boundary reported in Ultra between C-in-C West and Army Group South, rather 
than an Army Group G boundary. We therefore concluded that the surrender affected only a small sec- 
tor of our front, which proved to be the case. 
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Operational aspects of Ultra were fully considered. The same cannot, however, be said for the order 
of battle information provided by Ultra. Most of the detailed work on German order of battle was done 
by a Captain Gerber who headed the order of battle team at 3rd U.S. Army. Ultra was not available to 
Captain Gerber. The issue of his indoctrination was raised with Colonel Koch by the undersigned, as it 
had been by Lt. Col. Helfers and Lt. Col. Orr, but Col. Koch felt that it was inadvisable and insecure to 
increase the list of those in the Ultra picture, and that our information should be reserved for use as a 
check on information produced and compiled exclusively from open sources. The situation in this re- 
spect must have varied at different headquarters, depending on the officers who produced the detailed 
analyses of German OIE, but it seems clear that if any considerable use is to be made of Ultra O/B at 
Army level (even though only as a guide and check), the officer producing the detailed analyses of O/B 
should be in the Ultra picture. 


There was no real necessity for the indoctrination of Col. Forde, the G-2 Executive Officer, whose 
activities were almost exclusively administrative and who never attended the special briefings. 


5. Security 

Physical security at 3rd Army was satisfactory for the period during which the undersigned was on 
duty there. The SLU was invariably provided with two office rooms, one for the WT section and one for 
the decyphering and encyphering, and if there was no lock on the door of the latter, it was fitted with 
hasp and padlock. The Ultra specialist was assigned to a separate office near the G-2, was provided with 
a safe, and the map kept from Ultra sources was fitted with hasp and padlock. Ultra papers were han- 
dled very carefully by the entire staff and no reports based on Ultra were retained by anyone other than 
SLU or the Ultra recipient for more than a few hours. 


Material received by the undersigned called in few cases for any direct action. During the German 
build-up in the Muehlhausen area already referred to, Colonel Allen occasionally talked in general 
terms to the G-2 of the US Corps concerned, and was able to base his interest in the area on informa- 
tion provided by open sources. In one instance, during the Battle of France, there had been some 
indiscretion. On that occasion, a warning of German air attack on the HQ area provided by Ultra was 
passed on to AA and other units without sufficient cover. 


One serious instance involving Ultra security arose while the undersigned was with 3rd Army. Col. 
Allen was captured by the enemy on 7 April, while on a mission which involved the investigation of cap- 
tured German installations. The circumstances were not entirely clear. In the opinion of the 
undersigned, the episode resulted from a succession of slight errors in judgment which added up to a 
tragedy involving loss of life and limb. The mission originally assigned to Colonel Allen, while fairly far 
forward, was in an area behind our lines and the mission was not in itself dangerous. Colonel Allen 
after completing this mission seems to have entrusted himself and his party to another officer who was 
presumably familiar with the situation, and this officer led the entire group further forward than was 
safe. It is, however, certain that the security of Ultra was preserved, since Col. Allen was safely installed 
in a hospital located immediately in the path of our advance and, with the cooperation of a helpful Aus- 
trian doctor, was held there until the arrival of our troops. He was never subjected to interrogation. 
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In general, all officers in the Ultra picture at 3rd Army were conscious of their responsibilities in 
connection with security. General Patton expressed his complete agreement with the reasons underlin- 
ing the need for Ultra security, as set forth in the memorandum circulated by Group Captain 
Winterbotham. 


6. Summary 

The undersigned officer received complete cooperation and every consideration while on duty at 
the 3rd Army, both from those in the Ultra picture and others with whom daily contact was necessary. 
Material presented at the briefing was followed with interest and appreciation, and as indicated above, 
the only respect in which improvement could have been desired was in the greater use of order of bat- 
tle information. 


GEORGE C. CHURCH 
Captain, CAC 
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Appendix H 
Part 4 


American Embassy 
Office of the Military Attaché 
1, Grosvenor Square, W. 1, 
London, England 


27 May 1945 
MEMORANDUM FOR COLONEL TAYLOR 
Subject: Use of Ultra by Ninth U.S. Army 
....2. Method of Using Ultra. 


Within the G-2 Section, Ninth Army, the undersigned was known as SLU Liaison Officer. At all 
times he maintained a separate office, entrance to which was restricted to indoctrinated personnel. The 
method of operation was as follows: 


a. SLU deliveries were made four times daily, at approximately 0730, 1030, 1630 and 2230. At 
all times during operations, ZZZZ and ZZZZZ signals were delivered as soon as ready. In addition, dur- 
ing certain phases, the undersigned would instruct the SLU on certain types of messages (e.g., relating 
to a particular area) to be delivered immediately regardless of priority. 


b. Briefing notes were prepared early in the morning and about 0845, the G-2 was briefed. The 
undersigned attended the open briefing at 0015, and thereafter went to the Commanding General’s of- 
fice where he briefed the General and the indoctrinated members of his staff. A portable Ultra map was 
used for this purpose. Capt. Van Norden, Ultra recipient at XXIX Tactical Air Command, attended both 
briefings and briefed on the air situation at the latter. 


c. During the remainder of the day, Ultra material was processed as received (i. e., read by the 
undersigned and appropriate notes made). In addition, the undersigned read all papers passing 
through the situation room (where a special box was maintained for him) and consulted with all mem- 
bers of the G-2 Section on the current situation. 


d. The undersigned participated in the writing of all G-2 estimates and usually wrote or out- 
lined the “Reserves” paragraph of the daily periodic. 


e. Daily liaison was maintained with Capt. Van Norden of XXIX TAC, and more frequent meet- 
ings were held when the situation required. A number of visits were exchanged with the Ultra recipients 
at First U.S. Army and IX TAC, as well as with Twelfth and Twenty-First Army Groups, depending 
upon Ninth Army's subordination. 
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f. The undersigned also consulted daily with the “Y” group at Ninth Army (none of whom were 
indoctrinated) and the IPW personnel attached to the Army. 


g. The objectives sought to be accomplished were as follows: 


(1) To give the Commanding General and all indoctrinated members of the staff a clear picture 
of the open situation as it was affected by Ultra, together with a clear understanding of how each item 
could be used without loss of security. 


(2) To give unindoctrinated members of the staff and the corps staffs as much of the situation 
in the light of Ultra as could be accomplished with appropriate cover, and to kill, so far as possible, 
open items of information known through the Ultra source to be in error. It was not always possible to 
“float” Ultra items, but it was possible to minimize errors from open sources. 


3. Security. 


The security consciousness of indoctrinated members of the command was in general good. This 
was due in part to the fact that following the first Ultra briefing, the Commanding General, of his own 
accord, made a brief talk emphasizing the need for such security in the strongest terms. 


There were no breaches of security which the undersigned regarded as appropriate for reporting to 
Col. Taylor. On two or three occasions it was necessary to reprimand the G-2, (Col. Bixel) for indiscrete 
questions. It was also necessary on three occasions to speak in the strongest terms to Lt. Col. Abbott 
(head of Operational Intelligence for the greater part of the time) because of his attempts to include 
Ultra material in estimates without appropriate cover. In no case were these items seen by unauthor- 
ized persons, and the talks ultimately accomplished their purpose. Each incident was fully discussed 
with Capt. Vineyard, who commanded the SLU unit at Ninth Army. 


4. Factors Found to be Helpful. 


Ninth Army went into the field with a G-2 Section which had had no prior operational experience. 
In addition, there were personnel difficulties within the organization that led to inefficiency. These 
were solved in part, as late as 23 February 1945, by the relief and replacement of the G-2. In the vari- 
ous situations arising from these facts, the small degree of independence retained by the undersigned 
by reason of the fact that he was on DS and not assigned was invaluable. This status was also valuable 
in dealing with security problems. It is doubted whether an assigned officer could adequately handle 
such problems. 


The unfailing accuracy and helpfulness of the staff at Bletchley Park was of immeasurable value in 
the field, since it enabled the Ultra recipient to speak with confidence and authority. This was supple- 
mented in practice by signals and personal conferences with indoctrinated personnel at Twelfth and 
Twenty-First Army Group (depending upon Ninth Army’s subordination) who were untiring in com- 
plying with requests and volunteering additional material. Thanks to this high degree of cooperation, 
the undersigned experienced no difficulty with the general principles of selection which denied certain 
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types of material to Armies. It is believed that in general, where such items were material to the mis- 
sion of Ninth Army, they were passed on at the request of, or by, one of the Army Groups. 


The training received at Bletchley Park and the experience gained from a visit to the Mediterranean 
Theater proved fully adequate. 


5. Principal Difficulties and Recommendations. 


The primary difficulty experienced in the field was in no way attributable to any deficiencies in the 
Ultra organization. In order to piece Ultra into the open picture, it is necessary to have a relatively ac- 
curate open picture. It was found that an inexperienced G-2 Section was unable to provide such a 
picture, and consequently it was necessary to build up the open picture from basic open sources, per- 
suade the G-2 Section to recognize the validity of this open picture, and finally to float Ultra against 
this perspective. 


It is relatively easy to keep indoctrinated personnel advised on the enemy situation as it appears 
from all sources, including Ultra. It is more difficult to accomplish the same end with respect to non- 
indoctrinated personnel at one’s own headquarters and still more difficult to do so with respect to 
Corps staffs. In order to accomplish the last, the Ultra recipient must establish his position within the 
G-2 Section so that he can (a) veto or amend incorrect passages in publications sent to Corps prepared 
by unindoctrinated members of the staff, and (b) publish appreciations or estimates to advise the 
Corps of the true picture, with appropriate cover. Forms of appreciations and periodic reports pre- 
scribed by American manuals are not as well adapted to this task as the more informal type of 
discussion used by the British. The task is basically simple: to review the enemy situation using all bits 
of open information known to be correct (from Ultra, or otherwise) and filling in bits of Ultra informa- 
tion by way of speculation or reasoning. At Ninth Army, experience gained from work with Twenty 
First Army Group led to the publication of a series of so-called “Notes on the Enemy” prepared by the 
Ultra recipient. These were published as annexes to Periodic Reports or as Spot Intelligence Reports, 
and by means of them the Corps were kept currently advised of the enemy situation, including such 
Ultra items as would be “floated” by this means. There is attached to the ribbon copy as an example the 
series of these “Notes” published in this manner by Ninth U.S. Army during preparations for the Rhine 
crossing and the advance toward Berlin 


6. Conclusion. 

Ninth Army relied heavily upon Ultra intelligence, and, when the service was withdrawn, all indoc- 
trinated personnel expressed complete confidence in the material and appreciation of its value to the 
Army's operations. Although there are details that can be improved, one may say that the Ultra orga- 


nization as a whole was of material assistance to the Army throughout the period of its operation. 


LOFTUS E. BECKER 
Major, F.A. 
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Figure 74. Anac parallel cireuit containing inductance Figure 75. Ae parallel circuit containing inductance 
and resistance. and resistance, vector diagram. 


Step 2. The horizontal and vertical currents, respectively are: 
Ip = 0.11 ampere 
I, = 0.0584 ampere 


Step 3. Find the total current as follows: 
B= 124 1,2 

(0.0584)? + (0.11)2 

0.0034 + .0121 

0.0155 

\/0.0155 

0.1245 ampere 


Step 4. Find the phase angle by which the line current lags the 
applied voltage. 


cos A = Z (for parallel circuit) 


_. 884 
™~ 1,000 
0.88400 
A 27° 52’ 438” 
Step 5. Thus, the line current lags the appliea voltage by a phase 
angle of 27° 52’ 43”. 


Example 2: A 110-volt, 60-cycle ac generator is connected in a parallel 
circuit to a load consisting of an inductance of 3 henrys 
and a resistance of 10,000 ohms (A, fig. 76). 


Step 1. Find the inductive reactance of the circuit. 
Xr 2rfL 

2x 3.14 x 60 x3 

6.28 x 180 

1130.4 

1130 ohms (approx) 


Step 2. Find the impedance of the circuit. 
g — —PXn __ 
= 10,000 « 1130 
~ -»f (10,000)? + (1130)? 
104 x 1.13 « 108 
\/ (104)? + (1.13 X 108)? 
1.13 « 10° 

V108 + 1.277 Xx 108 
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Appendix H 
Part 5 


American Embassy 
Office of the Military Attaché 
1, Grosvenor Square, W. 1, 
London, England 


30 May 1945 
MEMORANDUM FOR COLONEL TAYLOR 


Subject: Ultra and Its Use by XIX TAC 


The following is a report of this officer’s service as Ultra recipient with XIX TAC, from 16 June 1944 
to 16 May 1945. 


1. Historical. 
Upon completion of training at the Park the undersigned was assigned to XIX TAC and reported 
on 16 June 1944 to Col. Joseph Cella, A-2, at Aldermaston... 


On 1 Aug 44, XIX TAC commenced active air operations in cooperation with 3rd Army. Shortly 
after this, demands on General Weyland’s time made it necessary to brief him periodically but not at a 
given hour daily. He continued to be kept up to date on Ultra, but gave added responsibility to his staff 
with regard to operational details. Col. Cella continued with his daily briefings and studies, and took 
whatever action was necessary as a result of Ultra information. Both continued to receive immediately 
any Ultra signal (and its interpretation by the writer) which had operational significance and where 
time was a factor. 


At the time of the formation of the ist Allied Airborne Army, Col. Cella left to become its director 
of intelligence, and was succeeded by Col. Charles Hallett as A-2 of XIX TAC. He was immediately in- 
doctrinated and continued to receive Ultra in the same manner and made the same studies as Col. 
Cella. Shortly after that, his executive A-2, Lt. Col. Walter E. Bligh, was indoctrinated and was briefed 
with Col. Hallett. The last officer to be indoctrinated was Col. Roger E. Browne, Chief of Staff, at Etain 
in the latter part of October 1944. Indoctrination in the field was given either by Lt. Col. McKee, or the 
Senior SLU officer, and the writer. 


The two A-2 officers continued to receive daily Ultra intelligence, and the General and his Chief of 
Staff, to receive periodic briefings, plus all Ultra intelligence of immediate operational significance. 


This service was continued until the writer left the Command on 16 May 1945. 


2. Methods of Handling Ultra. 
A. Service to Indoctrinated Officers. 
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At the beginning of service as Ultra recipient at XIX TAC the writer adopted a standard form of pre- 

sentation in which the information was arranged under the following headings: 

1. GAF Intentions 

2. GAF Operations 

3. Indications of GAF Capabilities 

4. Damage Reports 

5. Potential Targets 

6. GAF Order of Battle and Changes 

7. Special Information (Japanese Military Attaché reports when received, German apprecia- 
tions of Allied activities, GAF reports and descriptions of new aircraft, compilations by higher 
commands, etc.) 

8. Ground Force Information 


This sequence was found satisfactory to all customers, and was continued, although the method of 
presentation varied with circumstances. 


In the beginning, a written report, as above, was presented to General Weyland, preceded by a brief 
of one page, when possible, covering the significant information in any or all of the above categories. 


This was accomplished by a portable map, and any questions developing from the information were 
answered. The same method was followed for Col. Cella. 


After active air operations commenced and Gen. Weyland was briefed at irregular but frequent in- 
tervals, the briefing became more and more a verbal one, but the writer continued to make a written 
report, both because Col. Cella and Col. Hallett preferred it, and because the writer desired to be sure 
of including all items of significance in an overall briefing. 


In addition to the daily reports, the writer offered, during the middle of the move across France, a 
resumé of Ultra information, showing the recent changes in the enemy picture, and concluding with an 
estimate of GAF capabilities. 


This was well received, with a request that the same type of report be submitted periodically, at 
least as often as significant changes in the GAF situation occurred. 


About the same time, a request from Gen. Patton’s Chief of Staff came through Lt. Col. Melvin Helf- 
ers, Ultra recipient at 3rd Army, that a verbal presentation of Ultra information on the GAF be given 
to Gen. Patton and his staff at the regular Ultra briefing, along the same lines as the written resume. 
This request was complied with, and was continued periodically whenever the 3rd Army and XIX TAC 
Headquarters were together. It was the custom of Gen. Weyland and Col. Browne to attend the regu- 
lar morning Ultra briefing of Gen. Patton and his staff, given by Lt. Col. Helfers and his successor, Capt. 
Church, during these times. It should be stated here that both generals and staffs were extremely at- 
tentive listeners, and gave the most serious consideration to Ultra information. This interest was 
indicated by the concentration of attention during the briefing, as it was the rule to ask no questions 
during the verbal presentation, but afterward many intelligent questions were asked and opinions 
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requested, based on the material at hand. It afforded the writer the greatest satisfaction to observe the 
influence of source information on the conduct of operations. 


B. Field Conditions Affecting Handling of Ultra. 

During the summer campaign and until October, when the Command moved into buildings in 
Etain, the Headquarters was in the field, in tents. The writer was assigned a command post tent for 
working, and later it was used also as living quarters, largely to maintain security and facilitate deliv- 
ery of signals at odd hours. Working space and facilities were at a premium under these conditions, 
making it necessary to prepare portable maps and other presentation aids that would be at the same 
time effective and secure. During these times both generals and the A-2 were briefed in the privacy of 
their office vans. Supplies were not plentiful, and it was necessary to make use of expedients which fell 
short of being completely satisfactory to the writer. 


When the command moved into buildings, this recipient was assigned an office which could be se- 
curely locked, and from then on much better presentations could be made. A permanent situation map, 
order of battle charts and maps, potential targets charts, and other displays were set up. These visual 
aids were effective in building up intelligence from Ultra signals. It then became the habit of the indoc- 
trinated officers to come to these offices, and a much clearer picture could be given. 


Under these conditions the daily written report was no longer necessary, and the signals were di- 
vided into the categories, and in the same sequence as before mentioned. Interpretive comments were 
written on the signals themselves. 


It became the habit of Col. Hallett in particular to come in daily, and digest the information, with 
the maps and charts before him, prior to the staff conference, when operational plans were laid. At all 
times, signals having possible immediate operational significance were brought to all of the indoctri- 
nated officers available as soon as they were received; most often to Col. Hallett, who was responsible 
for either tying in, or developing Ultra intelligence into open source intelligence. 


As to important messages received at night, a working procedure with Gen. Weyland was agreed on 
at the beginning. Gen. Weyland stated that he wanted to be awakened at once for any information that 
he could DO something about, and it was left to the writer's judgment and experience. 


It was the same for Col. Hallett, and the procedure was satisfactory and became standard. 


C. SLU-Recipient Procedure. 

The XIX TAC used the 3rd Army SLU as long as the two headquarters were together. Depending 
on varying conditions, receipts of signals averaged twice daily, with high priority messages being deliv- 
ered as received. With the breakthrough from St. Lo, 3rd Army HQ, and its SLU moved ahead to 
maintain communications with its forward elements, and XIX T AC HQ was forced to separate from 
them for the same reason; fighter groups could not have advance fields prepared as fast as the army 
moved forward, and there was the same necessity for maintaining communications with them. There- 
fore it was necessary for the writer to go by road to the nearest SLU. During this period the writer was 
serviced by various other SLU’s, those with IX TAC, IX Air Force, 12th Army Group. For one period, 
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when XIX TAC HQ was in the Foret de Marchenoir south of Chateaudun, the nearest SLU was at Ver- 
sailles. The writer moved from the HQ to Versailles where he could prepare the information, and made 
a daily trip of 96 miles, and return, to present the Ultra picture. 


This necessitated 8 hours on the road, in addition to a full-time period of preparing and interpret- 
ing Ultra receipts. Use of Ultra information under these conditions was limited. 


When the Command rejoined the 3rd Army HQ at Etein in October, normal relations with its SLU 
were resumed. 


Except for very brief and infrequent intervals, when 3rd Army moved forward a day or so in ad- 
vance of XIX TAC, the necessary time element on delivery of signals was observed. XIX TAC received 
its own SLU in March 1945 at Luxembourg; the SLU and this recipient were given adjoining offices. 
This is the ideal situation, messages being delivered frequently during the day, and any corruptions 
could be straightened out at once by consultation with the recipient. 


All SLUs were highly cooperative. Relations were cordial, and every effort was made to render spe- 
cial assistance to this recipient under the special circumstances related. 


3. Security. 

Maintenance of security at XIX TAC was not a problem. The writer secured permission to have his 
presence explained at the outset in the following manner: Col. Cella called the officers of the A-2 Sec- 
tion together and stated that the writer had had special training with British Intelligence; that they had 
developed through longer experience in the war many sources and methods of interpretation; that 
their results were excellent. They had agreed to share them with our Army and Air Forces by training 
American officers for assignment to various commands. But they maintained a higher security stan- 
dard, and this officer therefore would work directly with the A.C. of A.S., A-2. His work would be Top 
Secret and would not be discussed. 


This statement satisfied the natural curiosity, and the writer's direct contact with the A-2 as intel- 
ligence liaison with the British was accepted without further comment. 


4. Operational Use of Ultra. 

Use of Ultra signals at XIX TAC are indicated by the headings under which the writer presented the 
material. They are so obvious that detailed discussion is not believed necessary. A comparison of inten- 
tions with the enemy scope of operations proved very useful in establishment of actual capabilities. 


Damage reports were scanned for confirmation of results and claims, and were more than once the 
deciding factor in determining whether a repeat operation was necessary. When Patton’s open flank 
was along the Loire River, and XIX T AC was assigned the job of protecting that extended open flank, 
Ultra knowledge of enemy locations and movements was of great value. 


Order of battle information was of equal value in determining enemy capabilities. 


Page 260 


At all times, Ultra proved an excellent means of confirming or completing intelligence from other 
sources, influencing the decision to take operational action. There were times when Ultra information 
was of such immediate value that the shortest possible steps were taken to translate it into open source 
intelligence so that operational action could be taken at once. A good example was the signal received 
early one morning (late March or early April) that the enemy had a strong concentration of M/T ina 
woods near Marburg. This was immediately passed to the Chief of Staff and the A-2, who ordered a vi- 
sual reconnaissance to include this area. The recce pilot returned immediately with a report that a huge 
concentration was there; a squadron of fighter-bombers was in the vicinity and was redirected to the 
attack. They achieved excellent results, and throughout that day, as the enemy attempted to get out, 
successive waves were directed against them. At the close of the day, claims amounted to some 400 
plus M/T, tanks and armored vehicles destroyed. 


Another example of direct results obtained through Ultra information was at the time Gen. Patton 
was preparing to attack through the Siegfried Line. Air-Ground plans included an attack on enemy Bat- 
tle HQ at the proper moment in advance, to disrupt communications and direction of defense. 


A careful collection of Battle HQ locations was made, confirmation and pinpoint locations were 
confirmed by photo and P/W interrogation. The attacks were successfully made. Enemy signals citing 


damages were received, confirming the decisive influence of the information. 


HARRY M. GROVE 
Major, AC 
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Step 3. 


Step 4. 


Step 5. 


Step 6. 


Step 7. 


Step 8. 


1.13 x 107 


~ \/100 x 10° + 1.277 x 108 
_ 1.13 «& 107 
~ \/101.277 x 10° 
1.13 ~« 107 
10.07 « 108 
= .1123 « 104 
= 1123 ohms (approx) 
Find the line current in the circuit. 
ae 
~ Z 
_ 110 
~~ 1123 
= 0.09795 ampere 
Find the current flowing through the inductance. 
1,-£ 
L— xX; 
110 
1130 
= .09734 
= 0.0973 ampere (approx) 


Find the current flowing through the resistance. 
1-4 
. R 
110 
10,000 


= 0.011 ampere 


Find the total current in the circuit. In an ac parallel cir- 
cuit, the currents through the separate parts of the circuit 
are added vectorially (B, fig. 76). 
I? 1,2 + 1,2 
(0.097)? + (0.011)? 
(9.7 « 10-2)2 + (1.1 x 10-2)? 
94.09 x 10-4 + 1.21 x 10 
95.38 x 10-+ 
\/95.3 X 10-4 
9.8 x 10-2 
.098 ampere (approx) 


II 


I, 


Ho UW tt Te 


In a parallel circuit, the voltage drop across one element 
would be the same as the voltage drop across another ele- 
ment in parallel with it. Thus, the voltage drop across 
both the inductance and the resistance is 110 volts. 


Find the phase angle by which the line current lags the 
applied voltage. 


Z 
cos A = R 
_ _1123 
™ 10,000 
= 0.11230 
A = 83° 33’ 52” 
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Foreword 


This book is part of the Army historical community’s commemoration of 
the fiftieth anniversary of World War II. American victory in that conflict 
was brought about not only by the valor of our fighting men and the immen- 
sity of our productive capacity, but also by the availability of superb military 
intelligence. Much of this intelligence came from the ability of our armed 
forces to intercept and decipher the most secret communications of their 
adversaries. For many years security considerations prevented any public 
mention of these successes in the official histories. Now much of the story 
can be told. To preserve the memory of the Army’s role in this intelligence 
war, the U.S. Army Center of Military History has joined with the History 
Office, U. S. Army Intelligence and Security Command (INSCOM), to pub- 
lish this collection of documents on Army signals intelligence in World War 
Il. INSCOM carries on the heritage of the Army’s World War II Signal 
Security Agency, which by breaking the Japanese diplomatic ciphers and 
military codes helped speed the way of our forces to victory. 

The book is intended both for an Army audience and for the general 
public—including those World War II veterans who participated in the sig- 
nals intelligence war and who for so many years were constrained to keep 
their contributions secret. The security barriers have now been lifted, and 
the Army is proud to acknowledge those contributions. 


HAROLD W. NELSON CHARLES F. SCANLON 
Brigadier General, USA Major General, USA 
Chief of Military History Commanding General 


U.S. Army Intelligence and 
Security Command 


ili 


Preface 


The Army’s contributions to the success of the American communica- 
tions intelligence—COMINT—effort in World War II are not widely 
known. This volume represents a modest attempt to close this information 
gap. The core of the book consists of World War II-era documents generat- 
ed by various cryptologic organizations of the U.S. Army. Originally, most 
of these documents were highly classified. As a result of initiatives under- 
taken in the 1970s, they have now been released to the National Archives 
and Records Administration in the form of Special Research Histories after 
declassification by the National Security Agency. The documents included 
necessarily represent only a small fraction of the material that is now in the 
public domain. It is hoped that the publication of this book will help to alert 
the public to the existence of this relatively unexplored mass of historical 
documentation. Although these materials are being increasingly used by 
professional historians, only two collections of these documents have yet 
been published. In 1977, the Department of Defense released a multivolume 
compilation entitled The “Magic” Background of Pearl Harbor; more 
recently, Dr. Ronald Spector has edited Listening to the Enemy: Key 
Documents on the Role of Communications Intelligence in the War with 
Japan. We can assure the reader that the present volume does not exhaust 
the possibilities of further exploiting this largely untapped source. 

The documents themselves consist for the most part of official histories 
and government memoranda. For the sake of variety, we have also included 
one highly unofficial history and examples of intelligence reports and inter- 
cepted messages. Some of the documents have been rather heavily sanitized 
before release, as is indicated by the [text withheld] notations liberally 
sprinkled through them. It should be pointed out that the declassification/ 
Sanitization process went on for a number of years (and is still continuing), 
and that guidelines as to the releasability of material have changed during 
this period. As a result, the careful reader will note certain inconsistencies. 
The editors of this volume have made no attempt to reverse any of the origi- 
nal declassification decisions. They have, however, not hesitated to abridge 
documents that were overly long or treated subjects repetitively. The editors 
have also chosen to eliminate those portions of documents that had been so 


heavily sanitized as to render them less than intelligible. Those who are 
curious about what we may have omitted may check the original documents 
at the National Archives and Records Administration. It should be noted 
that most typographic mistakes in the originals have been retained. 

No book comes into existence without some type of collaborative 
process going on, and this one is no exception. We would like to begin by 
thanking Col. James H. P. Kelsey, Deputy Chief of Staff, Operations, U.S. 
Army Intelligence and Security Command, for the unfailing support he has 
provided to the History Office in all of its projects. The manuscript itself 
was prepared and proofread by Ms. Diane L. Hamm, the History Office 
writer-editor. John Elsberg of the U.S. Army Center of Military History did 
much to enhance the final product through astute editing and wise counsel. 
John Greenwood, Chief of the Center of Military History’s Field and 
International Division, made arrangements for an earlier version of the 
introductory essay to be presented at the 1990 Army Historians Conference. 
John Birmingham designed and formatted the final product, working close- 
ly with the authors and the editorial staff. Finally, we would be remiss if we 
did not thank the numerous declassification specialists at the National 
Security Agency whose dedicated work made the publication of this book 
ultimately possible. 


Fort Belvoir, Virginia JAMES L. GILBERT 
JOHN P. FINNEGAN 
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resistance, schematic and vector diagrams. 


200. Solving Ac Circuits Having Resistance and Capacitance 


a, Series Circuits. The following examples illustrate the method of solving series ac circuits 
having resistance and capacitance (called series RC circuits) by using the principles described 
in paragraphs 193 through 198. 


Example 1: An ac generator in a series circuit is connected to a load 
consisting of a capacitance and a resistance (fig. 77). The 
voltage drop across the capacitance is 103 volts, and the 
voltage drop across the resistance is 39 volts. What is the 
applied voltage in the circuit? If the impedance of the 
circuit is 2,840 ohms, what is the phase angle by which 
the current leads the applied voltage? 

Step 1. The vector diagram for this circuit is shown in figure 78. 
In a series circuit, the same current flows through all parts 
of the circuit—in this case, 0.039 ampere. Draw the vector 
E, to represent the voltage drop across the resistance. Draw 
the vector E, to represent the voltage drop across the 
capacitance. 

Step 2. The vector sum of these voltage drops is equal to the applied 
voltage. Adding the horizontal and vertical voltage drops, 
respectively : 
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U.S. ARMY 
SIGNALS INTELLIGENCE 
IN WORLD WAR II 


CHAPTER I 


U.S. Army Signals Intelligence in 
World War II: An Overview 
by John P. Finnegan 


The United States Army entered World War II with an effective, func- 
tioning organization for the production of communications intelligence— 
COMINT. This was the Signal Intelligence Service (SIS) of the Army 
Signal Corps. The SIS had been formed in 1930 to consolidate all Army 
cryptologic functions under the Signal Corps. It was a unified organization 
responsible for producing the Army’s own codes and cipher devices and for 
attempting to decrypt the communications of America’s potential adver- 
saries, Previously, the cryptanalytic function had been carried out by the 
War Department's Military Intelligence Division through a clandestine ele- 
ment based in New York, headed by Herbert O. Yardley, and funded with 
State Department support. However, this had been discontinued in 1929, 
partially as a result of Secretary of State Henry L. Stimson’s conviction that 
“Gentlemen do not read each other’s mail.” | 

The SIS was an organization shaped by its first chief, the legendary 
William F. Friedman. Friedman, who had previously served as the Signal 
Corps’ code and cipher consultant, quickly recruited a small but extremely 
talented civilian staff. Even after a military officer was placed in charge of 
the SIS in 1935, Friedman continued to exercise a wide influence. During 
the period before World War II, the SIS published a series of influential 
studies on cryptology and pioneered the development of machine ciphers of 
unparalleled sophistication and security to safeguard Army communica- 
tions. It also implemented training courses to educate reserve officers in 
cryptology, thus setting up a limited mobilization base for wartime expan- 
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sion. Another accomplishment was the establishment of a network of radio 
intercept stations, something which the Army had never attempted in peace- 
time; Yardley’s earlier cryptanalytic efforts had depended on the coopera- 
tion of friendly cable companies to provide the raw material. ° 

The greatest prewar accomplishment of SIS, however, was its success in 
deciphering the machine cipher used by the Japanese Foreign Office for its 
most secret messages. Through purely cryptanalytic methods, the SIS was 
able to build an analog of this machine and read Japanese dispatches as 
quickly as the intended recipients. As a result, the Army became privy to 
the thought processes that guided Japanese diplomacy. The secret break- 
through was shared with SIS’s Navy counterpart, OP—20-G, and later with 
the British. Otherwise, it was closely held. Decrypts of enciphered Japanese 
messages, code-named MAGIC, were passed on to a tightly restricted group 
of individuals in the War and Navy Departments and further disseminated to 
top policymakers (the Secretaries of War, Navy, and State, the President’s 
military adviser, and the President himself). * 

Unfortunately, MAGIC could not ward off Pearl Harbor. The high-level 
communications of the Japanese Foreign Office did not carry the details of 
Japanese military planning. Consular traffic that did contain military intelli- 
gence indicators traveled in less secure systems, but it could not be translat- 
ed in a timely fashion because of other priorities. Moreover, the very secre- 
cy with which MAGIC was handled impaired its utility. A few upper-level 
officials received tantalizing snippets of information from critical messages, 
but the material itself was never subject to detailed exploitation and analysis 
over the long haul. As Friedman would later put it, “each message repre- 
sented only a single frame, so to speak, in a long motion picture film.”** But 
no one had ever been in a position to watch the whole movie. 

The shock of the Pearl Harbor attack immediately led to the adoption of 
a more systematic approach to handling diplomatic intercepts. A first step 
was taken when the Secretary of War, Henry L. Stimson, directed that a 
Special Section be formed within the Military Intelligence Division’s Far 
Eastern Section. (The head of the Far Eastern Section had previously func- 
tioned as the sole conduit of MAGIC.) Following an outside study conducted 
at Stimson's direction by a Chicago attorney, Alfred McCormack, the sec- 
tion was expanded to the status of a Special Branch within the Military 
Intelligence Service that was created as the operating arm of the Military 
Intelligence Division in March 1942, The Special Branch was headed by 
Col, (later Brig. Gen.) Carter Clarke; McCormack himself accepted a 
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colonel’s commission and became Clarke’s deputy. This organizational 
innovation for the first time allowed sufficient numbers of analysts access to 
COMINT in ways that would allow them to use it in its entirety to build up 
an intelligence picture. °* 

Meanwhile, the Signal Intelligence Service was conducting a rapid 
expansion. In March 1942 the Military Intelligence Division (MID) recom- 
mended to the Chief Signal Officer that SIS move from its existing quarters 
in the Munitions Building in downtown Washington to new quarters that 
would provide greater security. MID also suggested that primary monitoring 
stations be established, one on each coast. At the time, the seven small 
existing stations manned by the 2d Signal Service Company—the SIS col- 
lection unit—were not well positioned for wartime needs; the station near- 
est to the scene of action, Fort McKinley in the Philippines, had already 
been overrun by the Japanese Army.° 

Under wartime conditions, these steps were taken with alacrity. In June 
1942 the first Army elements took possession of Arlington Hall, a former 
women’s junior college just outside Washington. That same month, person- 
nel from the 2d Signal Service Battalion (as the intercept arm of the SIS 
was now designated) began operations at Vint Hill Farms in Warrenton, 
Virginia, which had been selected as the site for Monitoring Station Number 
1. A second major field station was soon set up at Two Rock Ranch near 
Petaluma, California. In the meantime, SIS itself was redesignated. The 
term “Signal Intelligence” was thought to be too provocative; SIS first 
became the Signal Security Division, then the Signal Security Service; and 
achieved its final wartime designation as the Signal Security Agency (SSA) 
in the summer of 1943.7 

The Signal Corps’ cryptologic organization recruited a largely civilian 
work force and began a process of rapid expansion. The original buildings 
at Arlington Hall were quickly outgrown. In the winter of 1942 and the 
spring of 1943, two large temporary buildings were hastily constructed at 
Arlington Hall to handle the overflow. Meanwhile, the agency moved in 
new directions even as it grew. In the spring of 1942 liaison with the British 
introduced it to the new and promising art of traffic analysis, through which 
intelligence could be derived from the externals of a message even if the 
message itself could not be decrypted. In June 1942 the agency was given 
exclusive responsibility for exploiting foreign diplomatic communications, 
a mission previously shared with the Navy. It also dispatched a small 
detachment to Australia and sent one of Friedman’s top cryptologists, Col. 


6 SIGNALS INTELLIGENCE 


Abraham Sinkov, to command it. This would become the American nucleus 
of a completely independent COMINT effort conducted in support of 
General Douglas MacArthur’s Southwest Pacific Area by Central Bureau 
Brisbane, a combined U.S.-Australian operation headed by Brig. Gen. 
Spencer Akin, MacArthur’s signal officer and a former chief of SIS. * 

However, there were still large deficiencies in the Army’s COMINT 
effort. The effort remained fragmented with intelligence production and col- 
lection in separate compartments. The Special Branch of the Military 
Intelligence Service, responsible for COMINT evaluation, had no associa- 
tion with the cryptanalysts at Arlington Hall. The latter group worked for 
the Signal Corps, which itself was only one component of the Army Service 
Forces. As a result, McCormack commented, a situation existed in which 
the Military Intelligence Service was “simply taking in what the Signal 
Corps catches and turns in, leaving with the Signal Corps the responsibility 
for determining how much it will catch and turn in, and from what sources.” 
And the Signal Security Agency itself did not monopolize COMINT collec- 
tion, since tactical signals intelligence units in the field worked for the sup- 
ported commanders, not SSA. "" 

Moreover, the Army’s COMINT effort was hampered by a severe short- 
age of personnel throughout the whole system. This created bottlenecks 
within the Special Branch and the Signal Security Agency. Part of the prob- 
lem resulted from military regulations. The Secretary of War had decreed 
that no officer under 28 years old could be in Washington after 31 January 
1942. Additionally, the Army was reluctant to offer direct commissions to 
qualified civilians. The Civil Service Commission was equally obstructive. 
McCormack noted rather sourly that it seemed “unable to distinguish an 
intelligence organization from an office that routes and stamps papers, and 
therefore forces on us an organization chart that calls for quotas of morons 
and semimorons., .. .” The Signal Security Agency, with much larger per- 
sonnel requirements, was even more vulnerable to such practices, and it was 
hampered by the low priority given to it as a component of Army Service 
Forces. Paradoxically, the importance of its work, which might have been 
used to justify a higher personnel priority, was too secret to divulge. |' 

Even more frustrating was the slow progress made by SSA in actually 
breaking any military codes. As previously noted, Japanese cryptosystems 
worked on principles entirely different from those used in Japanese diplo- 
matic communications. The Japanese Army used bulky reenciphered codes, 
not a cipher machine. Cryptanalytic continuity was lacking. The Navy had 
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been able to monitor traffic produced by Japanese naval exercises in the 
1930s, but the Army had never encountered Japanese military nets until 
Bataan. As a result, SSA analysts at Arlington Hall were not able to make 
an entry into a single Japanese Army system until April 1943, when SSA 
and MacArthur’s Central Bureau Brisbane made an almost simultaneous 
breakthrough. The first usable intelligence was not derived from exploita- 
tion of this Japanese Water Transport code until June 1943. " 

The Army was equally frustrated in its attempt to work on German mili- 
tary systems. In April 1942, SSA had suggested to the British that it be 
allowed to work on the Enigma cipher machine used in high-level commu- 
nications of the German armed forces. It was generally understood that the 
Government Code and Cypher School (the main British cryptanalytic center 
at Bletchley Park) had achieved some success in this field. However, the 
British rebuffed the Army’s efforts either to secure Enigma decrypts or to 
work on the Enigma problem. This studied lack of cooperation—justified 
by the British on grounds of security and economy of effort—became even 
more grating when the Army became aware that the British were willing to 
share high-level COMINT with the U.S. Navy to meet the operational needs 
of fighting the U-boat war. "' 

Finally, America’s first exposure to actual land combat in the Tunisia 
campaign that followed Operation TORCH revealed major deficiencies in 
the structure of the Army’s tactical signals intelligence organization. When 
the Army entered World War II, it was envisaged that only two types of tac- 
tical COMINT units would be needed: radio intelligence platoons organic to 
the divisional signal companies and signal radio intelligence companies 
assigned on a basis of one per field army. Since it was assumed that analysis 
and translation would be accomplished by small radio intelligence staffs at 
theater or field army level, as had been the case in World War I, no analytic 
personnel were included in these units. “* 

The test of combat quickly demonstrated the unsuitability of this struc- 
ture. The divisional platoons, in exposed positions near the front, were in 
too great a danger of being overrun to practice effectively their specialty; 
the signal radio intelligence companies, as organized, were too large and 
unwieldy to be used to support a corps, which had no dedicated communi- 
cations intelligence support but which seemed to be the level of command 
most in need of it. Central processing proved to be impracticable, and the 
staffs at army level were too limited to handle the volume of exploitable 
COMINT. At the same time, the communications practices of the European 
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members of the Axis (but not the Japanese) presented large volumes of 
material sent in clear or in low-level codes susceptible to timely forward 
exploitation. The Army was initially forced to turn to the British to bolster 
its units with analytic personnel. Later, a numbered theater intelligence ser- 
vice, the 849th Signal Intelligence Service, was formed to support 
American COMINT units in the North African Theater of Operations. "° 

In short, the Army’s successes in the COMINT field up to the midpoint 
of the war were limited. Its continuing triumphs in the field of diplomatic 
communications had not been matched by corresponding success against 
the military systems in use by its major adversaries. The Army’s COMINT 
effort had been hampered by its own organizational deficiencies and lack of 
priorities. The Army had been rebuffed by the British in its attempt to 
obtain access to German COMINT; it had been largely baffled by the 
Japanese military systems. Commenting on the situation in early January 
1944, McCormack concluded morosely that “except for whatever the Navy 
has been able to do, we have achieved no corresponding victory over the 
Japanese. To date, in the field of radio intelligence, we have met largely 
with failure.” '° 

McCormack’s dissatisfaction at the beginning of 1944 was understand- 
able. A resistive personnel system had created bottlenecks within both 
Arlington Hall and the Special Branch. Arlington Hall’s initial breakthrough 
against Japanese codes in the summer of 1943 had created “a critical need 
for at least 2,000 [additional] persons. . .”, but it had taken six months to 
begin “the lengthy and difficult job of recruiting such personnel. . . .” In the 
meantime, 200,000 unread Japanese messages had piled up. '’ 

But McCormack drew too dark a picture. Already the situation was 
becoming brighter. Mid-1943 had been a watershed in the Army’s final suc- 
cessful exploitation of communications intelligence. Two major develop- 
ments took place at this time. The first was Arlington Hall’s success in 
breaking and exploiting the Japanese Water Transport codes. This proved to 
be a springboard for the exploitation of other Japanese military systems. 
The Signal Security Agency, now steadily expanding, was able to throw 
masses of personnel and batteries of IBM machines against the Japanese 
military cryptosystems. The capture of codes by troops in the field 
enhanced the ongoing efforts of cryptanalysts. Soon after McCormack’s 
pessimistic evaluation, Arlington Hall had thus mastered the main Japanese 
Army code, a breakthrough that produced a wealth of intelligence. 

The second development was of equal importance. In mid-1943 the 
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British finally decided to take the United States Army into their confidence 
and reveal the full story of their success against the Enigma and other high- 
grade German systems. This was accomplished by a liaison visit to London 
by a joint Special Branch-SSA team: McCormack, Friedman, and Lt. Col. 
Telford Taylor of the Special Branch. All barriers to free exchange suddenly 
fell. American cryptanalysts were allowed to work at Bletchley Park, a 
Special Branch liaison officer in London supervised the dispatch of perti- 
nent traffic to MID in Washington, and Arlington Hall was given a share of 
research on the Enigma problem. In turn, the United States agreed to adopt 
and implement stringent British security practices on the transmission of 
COMINT to the field. " 

The new availability of COMINT from both American and British 
sources created for the first time the problem of dissemination to the field. 
The problem was solved by the creation of a system of Special Security 
Officers (SSOs) along the pattern already established by the British. The 
SSOs would serve as representatives of Special Branch to the major 
American commands in the field, functioning as transmitters, guardians, 
and interpreters of ULTRA, as high-level COMINT was now called. The 
first three SSOs were sent to the Pacific in December 1943. Shortly there- 
after, the British agreed to allow American SSOs to support the American 
commanders in the European and North African—Mediterranean—Middle 
East Theaters. (Previously, the British Special Liaison Unit system had han- 
dled all such dissemination of COMINT.) A subsequent decision to release 
ULTRA down to the field army and numbered air force level resulted in an 
even greater expansion of the Special Security Officer system. By August 
1944 the SSO system had been allotted 172 officers and 65 enlisted com- 
munications personnel. *’ 

The new importance and availability of COMINT led to changes in the 
organizational structure that produced it. By mid-1944 Special Branch was 
as large as all other branches in the Military Intelligence Service’s 
Intelligence Group combined. But this created a situation in which a large 
portion of the War Department’s intelligence organization labored blind- 
folded, producing estimates without access to what was now the Army’s 
single most important intelligence source. This was an obviously less than 
desirable situation, and it led to a reorganization of MID and its operating 
arm. Rather awkwardly, this took place just at the time of the Normandy 
invasion. Special Branch, as such, was broken up; its members dispersed 
through the rest of the Military Intelligence Service. (A smaller Special 
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Step 1. 


ER 
39 VOLTS 


Ec 
1 
‘ 03 VOLTS 
1,000 
OHMS 
TM684-88 


Find the applied voltage as follows: 
E? E,? + ER 

(103)? + (39)2 

(1.03 ~« 102)? + (3.9 x 10)? 

1.061 x 104 + 15.2 « 102 

106.1 « 10? + 15.2 « 10? 

121.3 x 102 : 

121.38 x 10? 

11.01 x 10 

110.1 volts 


Find the phase angle by which the current leads the applied 
voltage. 


cos A= 


_ 1000 
~~ 2840 
0.35211 

= 69° 24’ 
Thus, the current leads the applied voltage by a phase angle 
of 69° 24’. 


A 110-volt, 60-cycle ac generator is connected in a series 
circhit to a load consisting of a 2-microfarad capacitor and 
a 10,000-ohm resistor (A, fig. 79). 

Find the capacitive reactance of the circuit. 


1 
Xe = S576 


1 
~ 23.14 x 60 x 2 x 10-5 
1 


“~ 758.6 xX 10-6 
1 

~~ 4.5386 x 10-4 

104 
7.536 

10,000 

7.536 
= 1,327 ohms (approx) 


Figure 78. Ac series circuit containing capacitance 
and resistance, vector diagram. 
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Branch entity continued to supervise dissemination of COMINT to the field.) *' 

A few months later, the artificial barriers that had separated collectors of 
COMINT from evaluators also fell. The fact that the Signal Security 
Agency was just a small part of the Signal Corps had disturbed War 
Department intelligence officers ever since 1942. By 1944 the SSA had 
become the Military Intelligence Division’s most important single source, 
furnishing it with 70 percent of its diplomatic intelligence and 80 percent of 
its information on the Japanese military. This made the existing situation 
even more unsatisfactory. In August 1944 Assistant Secretary of War John 
J. McCloy wrote pointedly to Lt. Gen. Joseph McNarney, the Army Deputy 
Chief of Staff, that “I do not believe it is good practice to have the MIS by 
general directive and the establishment of general policies to attempt to cre- 
ate a workable intelligence organization in the low echelons of Army 
Service Forces as they are now attempting to do.” The Signal Corps clung 
tenaciously to SSA, but in the end it was forced to back down. On 15 
December 1944, the Military Intelligence Division was given operational 
control over the Signal Security Agency, leaving the Chief Signal Officer 
responsible only for the agency’s administration. ** 

Meanwhile, SSA continued to expand. By the summer of 1944 5,100 
civilians and 2,000 military personnel were on duty at Arlington Hall. The 
intercept facilities of the 2d Signal Service Battalion, SSA’s collection arm, 
were also built up. In the spring of 1944 new fixed stations were established 
at New Delhi, India; Asmara, Eritrea; Fairbanks and Amchitka, Alaska; and 
Fort Shafter, Hawaii. In the fall the steady advance of American forces 
allowed another field station to be established on the island of Guam. The 
battalion also took over “listening posts” at Bellmore, New York, and 
Resada, California, that had been previously operated by the Office of 
Strategic Services (OSS). The OSS had used the facilities to track Axis propa- 
ganda broadcasts; SSA converted them to security monitoring stations. * 

At the tactical level Army signals intelligence was strengthened by the 
creation of new types of units. As previously noted, the Army’s experience 
in conducting the COMINT war in North Africa and later in the 
Mediterranean had demonstrated deficiencies in the existing organization of 
field assets. Divisional signal radio platoons had proven unsatisfactory; the 
existing signal radio intelligence companies were cumbersome and could 
function effectively only when supplemented by analytic and linguist per- 
sonnel from a theater-level signal intelligence service. The War 
Department’s initial reaction had been to move radio intelligence platoons 
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up to the corps signal battalion. However, this measure only jammed a small 
number of intelligence personnel into a larger unit performing an unrelated 
function, resulting in obvious security and operational disadvantages. In the 
northern European theater, a happier solution was found. Small signal ser- 
vice companies, numbered in a sequence beginning with 3250, were formed 
from existing resources in theater to provide COMINT support to each 
corps. These units contained their own analytical personnel. The large sig- 
nal radio intelligence companies continued to operate at army, army group, 
and theater level. * 

In the Far East, because of the nature of the target and the tactical cir- 
cumstances, the structure of the Army's tactical signals intelligence organi- 
zation followed a different pattern. The Japanese target array offered little 
opportunity for local exploitation, and large Army formations were not 
fielded until the Philippine campaign of late 1944. Consequently, the four 
signal radio intelligence companies in the Southwest Pacific Area operated 
as collection arms for MacArthur’s Central Bureau Brisbane rather than 
supporting the army commanders. In the Pacific Ocean Area two signal 
radio intelligence companies worked in similar fashion on high-level codes for 
Arlington Hall. * 

In addition, the Army Air Forces (AAF) created its own specialized 
intercept units to carry out a mission previously performed by signals intel- 
ligence units of the ground Army. In 1944 the AAF organized radio 
squadrons, mobile, to support each numbered air force. These large, battal- 
ion-size units, which included AAF intelligence analysts, were capable of 
operating in separate detachments and conducting intercept against both 
continuous-wave (Morse) and voice transmissions. ” 

By 1945, then, the Army had largely perfected its structure for collect- 
ing, evaluating, and disseminating communications intelligence. In this 
field, however, the Army never acted as an autonomous player. MIS and 
SSA were partners in a vast combined effort in which responsibilities were 
largely divided along theater and target lines, with the British focusing on 
the German problem, and the Americans on the Japanese. However, the 
U.S. Army was deeply involved in all theaters: American SSOs furnished 
intelligence derived by Bletchley Park to the American commanders they 
supported in Europe, and Army personnel were at three of the four great 
Allied production centers. The Army controlled Arlington Hall; Central 
Bureau Brisbane continued as a combined U.S.-Australian effort; and the 
Army had a foothold at Bletchley Park. Only the Wireless Experimental 
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Center at Bombay, India, remained a purely British operation. * 

Despite these steady improvements, the Army’s COMINT arrangements 
were still less than satisfactory in three areas. SSA was still under the 
administrative control of the Chief Signal Officer, and this took its toll on 
any claim for resources. The fact that Col. Preston W. Corderman, who 
commanded 10,000 men and women in his dual capacity as chief of SSA 
and commander of the 2d Signal Service Battalion, did not receive a 
brigadier general’s star until June 1945 reveals something of the dimensions 
of the problem. ” 

Second, the Army’s strategic and tactical signals intelligence assets 
were still not coordinated properly. Tactical COMINT units were trained by 
Army Ground Forces, not SSA, and they functioned under the direction of 
theater and numbered air force commanders, not SSA, despite the fact that 
this division of labor did not reflect the reality that the communications 
intelligence process was a seamless web. As one contemporary evaluation 
put it, “radio intelligence operations, their availability for interception, the 
cryptographic systems used, and the usefulness of the results derived there- 
from, all have no relation to the considerations which are determinative in 
assigning command responsibility for combat operations against enemy 
forces.” “’ 

Finally, cooperation between Army and Navy COMINT operations had 
been slow to arrive, despite the fact that OP—20-—G, the Navy equivalent of 
SSA, was headquartered in another requisitioned junior college just a few 
miles away from Arlington Hall. An Army-Navy Communications 
Intelligence Coordinating Committee (ANCICC) had been set up in early 
1944, but had not been able to effect coordination all that well. The Navy 
had different uses for COMINT than the Army, and its security practices 
were more stringent. Navy hesitancy at sharing naval COMINT had been so 
great that McCormack at one time had toyed with the idea of terminating all 
cooperation between the two services. In February 1945, however, the two 
service chiefs (Army Chief of Staff General George C. Marshall and Navy 
Commander in Chief and Chief of Naval Operations Admiral Ernest W. 
King) had agreed to set up a high-level Army-Navy Communications 
Intelligence Board to finally coordinate a joint effort. *! 

The new head of MID, Maj. Gen, Clayton Bissell, took this Navy initia- 
tive as an opportunity to resolve what he perceived as the remaining diffi- 
culties of Army signals intelligence organization. He protested that “the 
Army cannot participate on an inter-service project of this sort as long as its 
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own signal intelligence activities remain as decentralized as they now are.” ” 

This bureaucratic ploy spurred the War Department to thoughts of reor- 
ganization. After consulting theater commanders in the Far East, the Army 
created a single unified signals intelligence organization on 15 September 
1945. The Army Security Agency established that day was to control “all 
signals intelligence and security establishments, units, and personnel” and 
to function under direct control of the Military Intelligence Division. The 
U.S. Army thus attained the integrated COMINT organization its intelli- 
gence chiefs had so long desired—thirteen days after the world war that had 
called it into being had finally come to an end. * 
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CHAPTER II 


The Road to Pearl Harbor 


These documents trace the evolution of U.S. Army signals intelligence 
in the period prior to United States involvement in World War II. SRH 29, 
A Brief History of the Signal Intelligence Service, was written by William 
F. Friedman, the organization’s first head. It sketches the beginnings of 
Army signals intelligence in World War I, provides an unflattering account 
of Herbert O. Yardley’s Black Chamber organization, the legendary crypt- 
analytic unit secretly funded by the State and War Departments, and goes 
on to explain the reasons for transferring the function from Military 
Intelligence to the Signal Corps in 1929. SRH 134, Expansion of the 
Signal Intelligence Service, was also written by Friedman. It charts the 
growing pains of this organization after 1930, and discusses how the efforts 
of Friedman and his team resulted in the breaking of the Japanese diplo- 
matic machine cipher, codenamed PURPLE. 

The actual intercept of communications was performed by specially 
trained Signal Corps personnel. After 1938, these were brought together in 
a unique unit, the 2d Signal Service Company. The establishment of this 
unit is documented in an excerpt from SRH 135, History of the Second 
Signal Service Battalion, 1939-45. 

The success of the SIS in breaking PURPLE was shared with the 
Navy’s corresponding cryptologic unit, OP-20-G, but was otherwise close- 
ly held. The intelligence product obtained from decrypted Japanese diplo- 
matic communications was assigned the codename MAGIC. and dissemi- 
nated to only a small group of top officials. One of the most important mes- 
sages contained in Japanese diplomatic traffic is reproduced from The 
Magic Background of Pearl Harbor, Volume IV, Appendix (Washington, 
D.C.: Department of Defense, 1977), p. A-89. However, the stringent secu- 
rity measures surrounding MAGIC impaired effective and sustained evalu- 


18 SIGNALS INTELLIGENCE 


ation of the material. The excerpt from SRH 115, U.S. Army Investigations 
Into the Handling of Certain Communications Prior to the Attack on Pearl 
Harbor, 1944-1945, shows the impact of this policy of tight compartmenta- 
tion on the War Department military intelligence organization. 


From SRH 029, William F. Friedman, the first head of the Signals 
Intelligence Service, was America’s foremost cryptologist. Born in Czarist 
Russia to Jewish parents, Friedman was brought to the United States by his 
family as a very young child. He was originally trained as a geneticist, but 
his energies were soon diverted to the exotic field of cryptology when he 
was hired by the eccentric philanthropist George Fabyan to work at 
Fabyan’s private “think-tank”—Riverbank Laboratories at Geneva, Illinois. 
Fabyan had a theory that Shakespeare's plays had actually been written by 
Sir Francis Bacon, and that this could be proved by deciphering a hidden 
cipher that Bacon had scattered throughout the plays. Fabyan was wrong— 
as Friedman convincingly demonstrated many years later, no such cipher 
existed—hut his enthusiasms led Friedman on to a brilliant career. In 1942, 
Friedman wrote this succinct account of the origins of the Army's World 
War IT signals intelligence organization. As can be seen from the text, his 
bitterness against his great colleague and rival, Herbert O. Yardley, contin- 
ued to run deep. 


A BRIEF HISTORY OF THE SIGNAL INTELLIGENCE SERVICE 


|, Prior to June 1917 no department of the Government conducted cryptanalyt- 
ic activities whatsoever. From June 1916 to about May 1918 a considerable 
amount of work along these lines was conducted purely as a patriotic enterprise at 
his own expense by Mr, George Fabyan, whose Riverbank Laboratories at Geneva, 
Illinois, organized a small group of fairly well-trained cryptanalysts to work upon 
such codes and ciphers as were forwarded by the War, Navy, State, and Justice 
Departments, The undersigned directed the cryptanalytic operations and training at 
the Riverbank Laboratories from the time of the inception of this work until its 
close thereat in 1919, except for a period of a year when he was Ist Lieut., MID, 
serving at GHQ-AEF in the German code solving section. 

2. In June 1917 the cryptanalytic activities of the War Department were initiat- 
ed by Colonel Van Deman, G-2, with the commissioning of H.O. Yardley as Ist 
Lieut., MID. Yardley, who had been a telegrapher at the State Department and had 
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taken some interest in cryptography, was given two civilian employees to assist 
him. The work grew rapidly and by the autumn of 1917 the increased staff was 
organized as a section designated as MI-8, which was subdivided into 6 subsec- 
tions with duties as indicated very briefly below: 

(1) Code and cipher solution subsection. - This subsection was what would 
now be called the cryptanalytic subsection. It was the largest of the subsections of 
MI-8 and performed the cryptanalytic work not only for the War Department hur 
also for all other Government departments, including Navy, State, Justice, and the 
two censorships—Cable and Postal, which were then separate organizations. 

(2) Code and cipher compilation subsection. - Despite the fact that under 
Army regulations the compilation and revision of codes was a function of the 
Chief Signal Officer, compilation activities under the Signal Corps were apparently 
in a moribund state. Information having been received that the Germans possessed 
copies of the War Department Telegraph Code, MI-8 deemed it advisable to estab- 
lish a code compilation subsection, and that subsection produced several codes 
such as Military Intelligence Codes No. 5 and No. 9, small pocket codes for secret 
agents, and the like. 

(3) Training subsection. - In addition to training its own personnel MI-8 
trained the majority of the personnel sent overseas for cryptanalytic duties with 
field forces, both AEF and Siberia. 

(4) Secret inks subsection. - A laboratory was established for the prepara- 
tion of invisible inks for use by our own agents. It also examined letters for secret 
ink writing and an average of over 2000 letters per week were examined for the 
military and postal censorship from July 1, 1918 to February 1, 1919. 

(5) Shorthand subsection. - This subsection was organized to handle texts 
in various shorthand systems, especially German, which had to be deciphered. 

(6) Communications subsection. - This was established in MI-8 for han- 
dling messages to and from military attaches and intelligence officers serving 
abroad. In a period of 9 months it sent and received about 25,000 such messages, 
practically all in code. 

3. At the height of its development, which was reached in November 1918, 
MI-8 was, for those days, a rather large unit, consisting of 18 officers, 24 civilian 
cryptographers and cryptanalysts, and 109 typists and stenographers. The time had 
come for the establishment of a definite policy for the future. Now, the guiding 
heads of Military Intelligence at that time fully recognized the high importance and 
value of the services rendered by the cryptanalytic bureau, because they had been 
in positions where the products of the daily activity of the bureau came directly to 
notice and they could not fail to note the influence and bearing which the work 
had, not only upon the military and naval but also upon the diplomatic, political, 
and economic phases of the conduct of the war. They therefore had practical expe- 
rience in the matter and could bring the weight of their position of influence and 
their actual experience to bear upon those in charge of the purse strings, with the 
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Find the impedance of the circuit. 
Z= VR XZ 
(10,000)? + (13827)? 
V (104)? + (1.327 x 103)? 
V108 + 1-761 X 108 
V100 x 10° + 1.761 x 10° 
/101.761 « 106 
10.088 « 108 
10,088 ohms (approx) 


Find the current in the circuit. 
E 
La 7 
110 
10,088 


= 0.0109 ampere (approx) 


In a series circuit, the same current flows through all parts 
of the circuit; therefore, the current through both the ca- 
pacitance and the resistance is 0.0109 ampere. 


Find the voltage drop across the capacitance. 
Ec 1X¢ 

0.0109 x 1827 

14.46 

14 volts 


Find the voltage drop across the resistance. 
Ep IR 

0.0109 «x 10,000 

109 volts 


Find the total voltage in the circuit (B, fig. 79). 
E? E,? + E¢* 

(109)? + (14)? 

(1.09 « 102)2 + (1.4 x 10)? 

1.1881 « 104 + 1.96 « 10? 

118.81 « 102 + 1.96 x 10? 

120.77 « 10? 

V120-7T x 10 

10.99 x 10 

109.9 or 110 volts 


Find the phase angle by which the current leads the applied 
voltage. 


| 


= 0.991178 
= 0.99118 
= 7° 37 
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result that they were able to obtain funds sufficient to keep a fairly large organiza- 
tion intact for a year or two. An annual appropriation of $100,000 was recom- 
mended in a G-2 study dated May 16, 1919 [text withheld] to be used as follows: 


Rett, Ligbt; and BEAE scceasaaacvgssassescevecessdeces svesbisvsdecstassaaceananpsairjeoeipveniaces $3,900 
RETCTEnGE BOOKS. 5 -scanutismindvarniceeeition mareeKaio ue 100 

PETS Onels: MMSE saiayaceesisracaasssisaibaeruddtasarasecaateithteesbvaaness 6,000 

10 code and cipher experts @ $3,000 each ............ 30,000 

15 code and cipher experts @ $2,000 each............ 30,000 

25 clerks. 51-200 SACHS. diccatssiceddedeesesuanccconecentvanes 30,000 

SEOLAL , sscssssssevessassvees $100,000 


The item for “rent, light, and heat” is explainable when it is noted that the 
bureau was to be moved from Washington with a view to hiding its existence. Of 
the $100,000 recommended, the State Department was to provide $40,000 and 
$60,000 was to be provided for expenditure by the A.C. of S, G-2 on “confidential 
memoranda” against funds pertaining to “Contingency Military Intelligence 
Division”—that is, by vouchers not subject to review by the Comptroller General. 
The paper containing the recommendations made by the A.C. of S, G-2 to the 
Chief of Staff was “OK-ed” and initialled by Acting Secretary of State Polk on 
May 17, 1919, and on May 19 it was approved by the Secretary of War over the 
signature of General March, Chief of Staff. The plan was put into effect, the 
bureau was installed in a private house at 22 East 38th Street, New York City, and 
all personnel together with existing records were moved thereto. 

4, It is important to note that at that time no provision whatsoever was made 
for radio intercept as a source of raw material for cryptanalysis. A few words on 
this subject may not be amiss. Radio intercept of fixed station material in the U.S. 
by the Army during our active participation in the last war was rather fragmentary. 
The work was, of course, a responsibility of the Signal Corps, but radio communi- 
cations could hardly compete with cable and wire communications as a source of 
raw material because not only did the large governments use cable in preference to 
radio, but also radio as a means of communication between widely separated fixed 
stations was then in its infancy. The Signal Corps did, however, have what was 
called “mobile tractor” units stationed on the southern border, [text withheld] and 
in late 1918 one large intercept station was established at Houlton, Maine, for the 
purpose of copying trans-Atlantic radio. The large intercept stations maintained by 
the Signal Corps in the AEF did furnish a large quantity of diplomatic traffic which 
was forwarded as raw material to G-2 in Washington, but as soon as the war was 
over all these sources of intercept material were abandoned. [text withheld] 
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This was, of course, true to a certain extent but was not by any means the 
whole truth. At any rate by 1929 the flow of messages furnished G-2 had dwindled 
to a mere trickle. In about the year 1926 the intercept stations of the Coast Guard 
submitted to me informally a few radio intercepts of what appeared to be Japanese 
code messages, but these were only sporadic occasional intercepts of transmissions 
in the Far East. They were usually fragmentary and afforded very poor material. 
Such as they were, however, these occasional messages were turned over to G-2. 
There were, therefore, clear indications that if a serious attempt were made to 
obtain this material better copy could be obtained. However, no pressure was 
brought on the Signal Corps to set up a regular intercept service, and aside from a 
few relatively weak efforts to establish an intercept station in the Philippine 
Department there was no real intercept service until after 1929, when responsibili- 
ty for cryptanalysis was transferred from G-2 to the Signal Corps. How this came 
to pass will soon be detailed. 

5. As indicated Par. 3 above, the $100,000 appropriation set up in 1919 took 
care of the bureau for the FY 1920, that is from July 1, 1919 to June 30, 1920, but 
when in June 1920 it came time to set up the budget for FY 1921, the purse strings 
were already beginning to be pulled tighter. Many of the “old-timers” in G-2 had 
gone to other assignments; those remaining and the newcomers in G-2 apparently 
had neither the background nor the influence to press the matter. The appropriation 
was at once cut in half, that is, to $50,000, of which the State Department share 
still continued to be $40,000. The theory was, evidently, that since the work done 
by the bureau was primarily, if not solely, for and of interest to the State 
Department, all or nearly all of the funds should be provided by that department. 
The War Department overlooked some very important points in the situation— 
points which will be brought up and emphasized later in this summary. In order not 
to break the continuity of the history at this point, it will be stated merely that year 
by year the funds provided for the maintenance and operation of the bureau 
became more and more constricted until by the autumn of 1929 the following tabu- 
lation, based upon a letter dated July 17, 1929 from Major O.S. Albright, G-2 to 
the Chief Signal Officer (General Gibbs), shows how the bureau had been permit- 
ted to deteriorate: 


FROME ccna csncetaadadieas hed ance ctaveas bata rceed pisarsreeha hr eiateena ae $3,000 
Books, postage, travel, transportation, MISC. ...........:-ceseeeseeteeeeereeee 2d 0) 
Persongel: (CHR CMArGISY hic: serzesavecss creek treancdsacciusrenn rds nantoiasiee 7,500 
L Codes anil SI PHEMER PULL ses uecsasacsvasnseriaiysiseets sectoieraeyOPOOU 
1 translator (Jap ij asisinccassinsecinscosasceeascscasascvedaisssaasanciveasseodad OO) 
Ls SECEOUBLY pict cecastesaxidesancsyy sedrrgoharsandevaewessebseecetheanerses 1,800 
DCE ADTIISE sa casnsnsssursasezazcustied ounce tiacaaaensinneniaviitled 1,600 
LGIBER-EVDISE zeez ssn jaacarasazed occsereaa trees ruaaeasacaannpns eee 1,320 


Petal se wstcacccsceassiesvese 29, 00M) 
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In the foregoing total appropriation of $25,000 the State Department furnished 
$15,000, the War Department $10,000. The activities of the bureau had by this 
time become so reduced that it was sending in only occasional translations of a few 
Japanese [text withheld] diplomatic messages. No research whatsoever was con- 
ducted in cryptanalysis: there were no training activities, no intercept, no code 
compilation, no secret ink work. The personnel consisted of six persons all told 
and 37 1/2% of the total payroll went to one man, who had little interest other than 
to continue as long as possible to maintain himself in the sinecure into which he 
had been permitted to establish himself. 

6. In the summer of 1929 Major O.S. Albright, Signal Corps, had been 
assigned to G-2 to serve on the Staff of the A.C. of S., G-2 to supervise and coordi- 
nate such of the cryptographic and cryptanalytic activities of the War Department 
as remained. After a careful study of the situation and an appraisal of how the 
existing cryptanalytic bureau was and was not serving the functions for which it 
had been intended, Major Albright came to the conclusion that the entire picture 
was wrong. He felt that the product (“bulletin”) which the bureau was turning out 
every few days was indeed of primary interest for its own sake to the State 
Department and while the War Department had only a secondary interest in the 
“bulletin” for the information it gave, the primary interest of the War Department 
in cryptanalytic studies in peace time was that it was intended to provide a means 
for training of personnel for immediate war-time effectiveness. Major Albright 
found that not only was there very little if any training being conducted but also 
that all the persons in the bureau, except for one clerk receiving the least pay, were 
“getting along in years’—their potential usefulness for possible war time service 
practically nil. Moreover, the bureau was now hidden away in a public office 
building in New York (under cover of the “Code Compilation Company” for 
alleged purposes of security) and far away from direct supervision of anybody con- 
nected with the War Department or of G-2, so that nobody knew what was going 
on, how the office was administered, etc. Yardley devoted most of his time to two 
or three private enterprises (commercial code compilation, real estate brokerage, 
consultant in code matters to commercial firms) and he was having a “field day” at 
Government expense. There were, in addition, several other weighty factors which 
motivated Major Albright in preparing a G-2 study [text withheld] recommending 
that the bureau be taken out of G-2 and its functions transferred to the Signal 
Corps, chief among which was the desirability, if not necessity, of placing a/l cryp- 
tographic and cryptanalytic work of the War Deparment under one agency, rather 
than distributing it among three (The Adjutant General, for printing, storage, issue, 
and accounting of codes; The Chief Signal Officer, for compiling codes and 
ciphers; Military Intelligence for solution of codes and ciphers). A memorandum 
on the same subject was prepared by Lieut. Col. W.K. Wilson of the War Plans and 
Training Section of G-2, and is also attached hereto [text withheld] The reasons 
given in Major Albright’s study and in Col. Wilson’s memorandum were apparent- 
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ly deemed valid by the Chief of Staff, for Major Albright’s recommendations were 
approved in April 1929 and steps were soon initiated by G-2 and the Chief Signal 
Officer to put them into effect. The recommendations carried with them merely the 
wording of a changes to be made in AR 105-5, specifying the duties of the Chief 
Signal Officer, these duties being enlarged to include the printing, storage, distribu- 
tion, and accounting of codes and “in time of war the interception of enemy radio 
and wire traffic, the goniometric location of enemy radio stations, the solution of 
intercepted enemy code and cipher messages, and laboratory arrangements for the 
employment and detection of secret inks.” 

7. However, before anything could be done actually to transfer the activity a 
new and very disturbing factor entered into the picture. In March 1929 a new 
administration took office, in which Mr. Stimson became Secretary of State. For a 
few weeks no “bulletins” from the cryptanalytic bureau in New York were given 
him, the intention being to “go slow” until he had become sufficiently well orient- 
ed in the duties of his office to warrant bringing to his attention the highly secret 
activities engaged in by War and State Departments by means of funds provided in 
large part by the latter Department. Early in May 1929, however, the time was 
deemed ripe for this measure, but it was with some trepidation that a few transla- 
tions of Japanese code messages were placed on Mr. Stimson’s desk. His reaction 
was violent and his action drastic. Upon learning how the material was obtained, 
he characterized the activity as being highly unethical and declared that it would 
cease immediately, so far as the State Department was concerned. To put teeth into 
his decision he gave instructions that the necessary funds of the State Department 
would be withdrawn ar once. It was only after considerable pressure by the A. C, 
of S., G-2 that he was dissuaded from this course, which might have had serious 
consequences by suddenly throwing out of employment the six people concerned, 
at a time of severe economic depression. For these workers had only special train- 
ing in a field wholely useless to commercial, industrial, shipping or banking firms, 
or to other government departments, or to educational institutions. An arrangement 
was therefore made to close the office immediately so far as active work was con- 
cerned but to keep the personnel on the payroll for the time necessary to wind up 
affairs, and get the files in shape ready to turn over to the Signal Corps. This took a 
couple of months, and at the end of June 1929 the employees were given three 
months* pay in advance in a lump sum, to tide them over the period in which they 
might be jobless. Since they had been paid out of “confidential funds” they had no 
civil service status and no retirement benefits; moreover, they were ineligible for 
transfer to other Government positions. The danger was, of course, that their dis- 
satisfaction with what must have appeared to them as highhanded, arbitrary action 
on the part of a new official, and that their helplessness in the serious personal situ- 
ation created for them by his drastic action might lead them to indiscretions which 
might prove most embarrassing to the Government and have serious consequences 
upon national defense. It turned out that whatever their private feelings, all the dis- 
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charged personnel, except the chief beneficiary of the old regime, remained loyal 
and did the best they could to find jobs. 

8. In October 1929 I was sent to New York to take over the boxed up records 
and files and to oversee their transportation to Washington. The cryptanalytic 
activities, research, and training now being under the Chief Signal Officer, steps 
were taken to reorganize the bureau and its work. The funds available were, of 
course, very slim—only what remained of the War Department's contribution of 
$10,000 for the FY 1930 was available, because the remainder of the State 
Department’s share of $15,000, as indicated above, had already been withdrawn by 
the State Department. An offer of employment was made to Mrs. Wilson, the 
Japanese expert with Yardley, but she was unable to accept, since it involved mov- 
ing to Washington and she had a husband and child in New York. Another employ- 
ee, Mr. Victor Weisskopf, had a business in New York and refused to move to 
Washington. The female clerical employees were deemed unsuitable for our pur- 
poses and, moreover, having no Civil Service status they could not be taken on by 
transfer. An offer of temporary employment was made to Yardley but he refused 
the tender. Instead, he proceeded secretly to prepare a book which first appeared in 
the form of articles in the the Saturday Evening Post and which in much expanded 
form later appeared under the title The American Black Chamber. The book and 
articles were highly sensational and made damaging disclosures concerning the 
most secret activities ever conducted by the Government. Before the appearance of 
the articles and book, however, he had taken certain steps to protect himself from 
possible prosecution for his disclosures, among which was to resign his commis- 
sion as major in the Military Intelligence Reserve. Of course, had the authorities 
understood the real purpose of his resignation they might have prevented it so as to 
retain some hold on him. But being in ignorance of the real motives and deeming it 
just an act of pique, the resignation was accepted. The unfortunate consequences 
attendant upon the publication of the book need no elaboration herein. Suffice it to 
say that [text withheld] our precarious relations with Japan were brought to a boil- 
ing point when about 30,000 copies of the Japanese translation of The American 
Black Chamber were sold in Tokyo in a period of less than a month (perhaps the 
book was subsidized by the Japanese Government itself), The bad odor into which 
all cryptanalysts and cryptanalytic activities fell, as a result of the difficulties 
which the publicity given the matter by Yardley’s disclosures occasioned high goy- 
ernment officials, had a bad effect upon the attempted reorganization of the crypt- 
analytic bureau by the Chief Signal Officer. Funds were hard to get, and State 
Department support was lacking, if not in the other direction altogether. The most 
serious consequences of Yardley’s disclosures, however, came 10 years later and 
their effects can hardly be estimated. I refer here to the jolt which his book gave the 
Japanese cryptographers, leading them out of their blissful ignorance and causing 
them to develop really complex methods which are now giving us many difficulties. 
The same is true probably as regards the German and Italian cryptographers—their 
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education has been entirely at Uncle Sam's expense and the final consequences of 
Yardley’s work can not yet be foreseen. They may well turn out to be disastrous. 

9. However, the Chief Signal Officer proceeded, energetically as possible 
under the circumstances, to carry out the mission assigned him. The code and 
cipher solving section was placed under the War Plans and Training Division since 
the compilation section was already there. A rather detailed directive which was 
prepared by G-2 and approved by the Secretary of War (Exhibit 4), became the 
guiding plan of the reorganized service, which was now named the Signal 
Intelligence Service. Its personnel consisting of myself and one or two clerks soon 
was augmented by a half dozen more employees. Training literature and courses 
were prepared and put into good usage at once. A great deal was done in expand- 
ing our cryptographic work also, by preparing reserve editions of existing codes, 
compiling new codes and ciphers, developing cipher apparatus, and so on. 
Cryptanalytic work was put on a firm basis of research and training, with emphasis 
on the latter, for there existed no intercept service and the raw material could not 
be obtained [text withheld] Hence an intercept service now was organized and 
grew very slowly. All phases of signal intelligence were unified under one service 
and taken under study and action. Moreover, cooperation with the Navy in the 
work was also initiated. How the activity has expanded since then requires no 
comment at this time. However, a few words about relations with the Navy are per- 
tinent. 

10. Cryptanalytic activities in our Navy Department were practically non-exis- 
tent until after the close of the last war, during which, as was noted above, whatev- 
er problems they had in cryptanalysis were referred to MI-8. But in 1921 the Navy, 
recognizing the important role which cryptanalysis was bound to play in the future, 
began building up a large unit in the Navy Department, with echelons afloat. 
Whereas the Army placed emphasis upon civilian training, the Navy placed 
emphasis upon officer training; and for each dollar the Army was able to obtain for 
cryptanalytic and cryptographic work the Navy was able to obtain three to five dol- 
lars, until by 1939, as far as concerned numbers of officers and civilian personnel 
engaged in these activities, amount of equipment on hand, and funds available for 
research, the Navy had considerably outstripped the Army. However, it may be 
said, with some justifiable pride perhaps, that while they were ahead of us in quan- 
tity we were ahead in quality, for all the important developments in both the cryp- 
tographic and cryptanalytic fields must be credited to Army personnel. At first, 
cooperation between the two services was intermittent and at times very indiffer- 
ent—the usual mutual suspicions and jealousies pervaded our relationships. But, 
happily, for the past three to five years cooperation has been much more whole- 
hearted, with the result that it may now be said without reserve that, as regards their 
cryptographic and cryptanalytic activities, cooperation between the Army and Navy 
is so close as to be the same as though they were under one head. This, of course, is 
as it should be and must be in order to gain the desired result from such activities. 
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11. It would be of utmost value to the winning of this war if the Government 
were now in a position to read the codes and ciphers of all the foreign powers 
whose actions and probable intentions are of interest and importance in our prose- 
cution of the war. /t could have been in this fortunate position had it given to crypt- 
analytic studies the attention which it deserves during peace time and had provided 
funds for their continuity on a scale sufficient for the purpose for which they are 
intended. The matter can be summarized very succinctly in this statement: Actual 
or physical warfare is intermittent, but mental, that is, cryptanalytic warfare is con- 
tinuous. ... 


June 29, 1942 William F. Friedman, 
Head Cryptanalyst. 


From SRH 134. This official history, written by Friedman in 1945, traces 
the history of the SIS from its modest beginnings through its triumph in 
decrypting the Japanese diplomatic machine cipher system. It should be 
noted that Friedman had no doubt that the activities in which the Signal 
Intelligence Service was engaged were quite illegal. 


EXPANSION OF THE SIGNAL INTELLIGENCE SERVICE 
FROM 1930 TO 7 DECEMBER 1941 


As a result of War Department General Staff action it was directed by the 
Secretary of War, on 5 April 1929, “That the Signal Corps be charged with the 
duties pertaining to the solution of enemy codes and ciphers and the detection of 
secret inks in War, in addition to those duties with which they are now charged per- 
taining to the compilation of codes and ciphers required by the Army and to the 
interception of enemy radio and wire traffic in war.” 


ok as 


.. .he Signal Intelligence Service was to be organized primarily on the basis of 
training for war, rather than for active operation for enemy interception and solu- 
tion of the communications of foreign governments or armies. However, it was also 
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stated that if information of present or immediate value to G-2 should be intercept- 
ed and solved, such information would be acceptable to G-2, but it was to be clear- 
ly recognized and regarded as a by-product of the training work, and not as the 
fruit of the functioning of the Signal Intelligence Service in peacetime. 

But in addition to this foregoing reason for the emphasis on training, there was 
another important reason. Because of the rigidity of our laws regarding intercep- 
tion of communications, the activities of the Signal Intelligence Service had to par- 
take of the nature of a clandestine activity, since it was illegal to intercept mes- 
sages, and the penalties for divulging even the existence of a message were severe. 
The law did not exempt anyone from its penalties, and therefore, the War 
Department and all the people connected with the work of interception and solu- 
tion of the communications of foreign governments realized the necessity for keep- 
ing the activity secret. By emphasizing the training aspects of its activities, it was 
thought that the illegal nature of some of the work of the Signal Intelligence 
Service (interception and solution of foreign communications) could be more easi- 
ly defended if word of these activities should “leak out.” The foregoing reason for 
secrecy was, of course, to be added to another important reason for keeping the 
activity secret - namely, the requirement to keep from foreign governments the 
extent of our success with their communications, and even the fact that we were 
successful in reading any of such communications. Under such circumstances, 
therefore, it was only to be expected that the normal channels for obtaining of 
funds for such an activity would be made somewhat difficult and they were. Up to 
this time, it must be understood, the War Department support for the solution activ- 
ities came from Military Intelligence Division Contingent Funds, which are not 
subject to review by the Controller General. 

For one reason or another, none of the six persons who had been working in 
the old MI-8 Section when the Chief Signal Officer took over the solution activi- 
ties from G-2 could be added to the staff of the Signal Intelligence Service, which 
then consisted of one cryptanalyst, (P-5, $4,600) and one clerk-typist (CAF-3, 
$1,620). A whole new organization had therefore to be built-up with the very 
scanty funds ($6,666.68) that remained from the original War Department contri- 
bution of $10,000 for the rest of the fiscal year 1930. Therefore, to begin with, the 
real establishment of a permanent Signal Intelligence Service had to await the 
availability, to the Chief Signal Officer, of funds specifically for the purpose; and 
then, of course, the long period of training required to produce cryptographic and 
cryptanalytic skill was another factor that resulted in what may appear to be a 
rather slow development, in addition to the usual lack of funds. 

However, the hiring of new personnel did not have to await the availability of 
funds, for until the Chief Signal Officer was able to include in his own estimates 
the specific funds necessary for the support of the Signal Intelligence Service, he 
could draw by allotment upon the funds available to the Assistant Chief of Staff, 
G-2. These, however, amounted to only $10,000 per annum. The sum of $6,666.68 
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was allotted by the Assistant Chief of Staff, G-2, to the Chief Signal Officer for the 
payment of personnel engaged in code and cipher work on 16 December 1929 for 
the balance of the fiscal year 1929, 

On 4 January 1930 the Secretary of War was requested by the Chief Signal 
Officer to authorize the employment of four junior cryptanalysts (P-1, $2,000 per 
annum). Since the G-2 funds ($10,000 per annum) were available to the Chief 
Signal Officer the FY 1930 and 1931, this request was approved quite promptly; 
three persons were obtained from Civil Service rosters of eligibles in scientific 
pursuits (junior mathematicians, etc.) and appointed. An additional person was 
obtained by Schedule “A” or excepted appointment for the position of Japanese 
translator (SP-5, $1,800 per annum) because no Civil Service roster of eligibles 
was available for selection. On 2 September 1930 an additional person (SP-5, 
$1,800 per annum) was appointed, making the original staff of the Signal 
Intelligence Service a total of seven persons by the end of 1930. Except for one or 
two changes in personnel and the addition of one or two clerk-typists, the technical 
staff was not augmented until July 1938. In 1936 and 1937 a cryptanalyst was sent 
to each of the Panama Canal and Hawaiian Departments to work as advanced ech- 
elons of the Signal Intelligence Service, and these two persons’ positions were 
filled by two additional candidates selected from Civil Service rosters. However, 
by the end of 1938 both cryptanalysts who had been sent to overseas stations were 
back in Washington, for the experiment was not a success, and we badly needed 
them here. What could one lone cryptanalyst do in Panama or Hawaii? 

The years 1931 to 1936 were particularly trying ones - promotions were out 
of the question, and further expansion was greatly handicapped by the program 
of economy imposed upon the War Department during the depression. Several 
examples may be cited to illustrate our attempts to expand the Signal Intelligence 
Service over the years 1931-1938 and the more or less fruitless results thereof. 

On 14 October 1931 the Chief Signal Officer requested approval of a project to 
include four additional positions in the Signal Intelligence Service, involving an 
increase of $7,240 in his estimates for salaries for the fiscal year 1934. As inclo- 
sures, the Chief Signal Officer submitted schedules showing the number of people 
engaged in Signal Intelligence work in fiscal years 1928-1931 and projecting the 
numbers estimated by 1934. The request for the four additional positions was “not 
favorably considered at this time” by the Adjutant General. The reason given was 
the necessity for holding estimates to a minimum for the fiscal years 1934: “It is 
not contemplated outhorizing new projects unless current or prospective funds are 
available.” 

Again in 1932 an attempt was made to attain urgently needed personnel, with 
no favorable results. It was stated that the need for expanding the code produc- 
tion program was urgent. In addition to the code compilation duties of the sec- 
tion, there were those of conducting research in solution as well as certain 
administrative duties in connection with correspondence courses, reserve officer 
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instructional training courses, and the regular administrative activities concerned 
in the use, distribution and improvement in code and cipher communication by 
the Army, the development of cipher apparatus, methods of secret intercommuni- 
cation between the Army and Navy, the development of radio intercept and radio 
direction-finding methods, work in secret inks, etc. The assistance of G-2 was 
sought at the time, since it was thought that in view of the interest registered in 
the work of the Signal Intelligence Section on the part of the Assistant Chief of 
Staff, G-2, and the Chief of Staff, it would be the psychological moment to take 
the matter up once more in the hope that means might be found to add to the per- 
sonnel of the section, and thus enable it to carry on in an effective manner. 
Whether or not the support of the Assistant Chief of Staff, G-2, was obtained, the 
available record does not disclose; however, even if this support was forthcom- 
ing, the attempt remained fruitless. 

In 1936, the Chief of the Signal Intelligence Service recommended that the 
time had come to organize the Signal Intelligence activities if the Chief Signal 
Officer upon a more extensive basis, “in order that personnel for efficient opera- 
tion may be available when the situation will require their services.” It was also 
considered essential to provice opportunities for advancement for the personnel 
already employed, in order that a restricted field might be attractive to them. 
Otherwise, the Signal Intelligence Service would “become merely a training 
ground for other departments.” 

A five-year expansion program was recommended, which would increase the 
total personnel to 21 by 1942, with a total budget of $54,660. 

Various obstacles impeded the immediate approval of this plan. In the first 
place, in order to be able to keep our trained personnel, long-overdue promotions 
were very necessary; but any proposal for an increase in the salaries of the person- 
nel in the Signal Intelligence Service was held to be objectionable. 

(For several years, owing principally to measures of economy imposed by the 
President and Congress, it had not been possible to provide administrative promo- 
tions for any Signal Corps employees. In addition, the President had directed that 
no promotions were to be included in the 1937 budget.) 

A second obstacle was that the personnel and equipment assigned to the 
Signal Intelligence Service fully occupied its available space, and because of the 
critical shortage of office and storage space in the District of Columbia, no addi- 
tional space was likely to be secured for the expansion of that organization. It 
was suggested that additions to the existing force would overcrowd the area and 
be detrimental to health and comfort as well as impair the performance of their 
duties. 

This request for personnel was not approved and the four additional positions 
had to be deleted from the estimates. One of the contributory factors which 
brought about this deletion was the lack of support from representatives of G-2. 
Assurance had been obtained from G-2 on advance that it would cooperate in 
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Figure 79. Ac series circuit having capacitance and 
resistance, schematic and vector diagrams. 


b. Parallel Circuits. The following examples illustrate the method of solving parallel RC cir- 
cuits by using the principles described in paragraphs 193 through 198. 


Example 1: An ac circuit has a capacitance and resistance connected 
in parallel (fig. 80). The current flowing through the ca- 
pacitance is 0.0415 ampere, and the current flowing through 
the resistance is 0.11 ampere. What is the total current 
in the circuit? If the impedance of the circuit is 938 ohms, 
what is the phase angle by which the current leads the 
applied voltage? 


Step 1. The vector diagram for this circuit is shown in figure 81. 
In a parallel circuit, the voltage drop across each capaci- 
tance or resistance is the same—in this case, 110 volts. 
Draw the vector J, to represent the current through the 
resistor. Draw the vector J¢ to represent the current 
through the capacitance. 
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Figure 80. An ac parallel circuit containing Figure 81. Ac parallel circuit containing capacitance 
capacitance and resistance. and resistance, vector diagram. 
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defense of the item, but its representatives “failed to appear at the hearing when 
held.” Note the following extract from a very interesting memorandum dated 18 
February 1936, to the Chief Signal Officer, again requesting an increase in person- 
nel for the Signal Intelligence Service: 


“9, Under the date of March 20, 1935, the Chief Signal 
Officer requested authority to present in connection with the 
1937 estimates, a requirement for two (2) assistant cryptograph- 
ic clerks at $1,620 per annum, and two (2) junior cryptanalysts 
at $2,000 per annum. The War Department approved the inclu- 
sion of this additional personnel in the Signal Corps estimates. 
The limiting figure, designated by the War Department under 
date of August 5, 1935, for Project #1, “Personnel”, of the 
Signal Corps estimates to be submitted to the Bureau of the 
Budget, was reduced to such a point as to necessitate the dele- 
tion of these four positions from fiscal year 1937 estimates, One 
of the contributory factors in the necessity for this deletion was, 
no doubt, the lack of support by representatives from the 
Assistant Chief of Staff, G-2, whose assurance of cooperation in 
defense of this attempt had been obtained in advance, but who 
failed to appear at the hearing when held.” 


At that time it was the opinion of Major W. S. Rumbough, Officer in Charge 
of the War Plans and Training Division, of which the Signal Intelligence Section 
was a part, that such “a serious shortage of trained personnel exists in the Signal 
Intelligence Service,” that it could not “fully perform its peace-time mission."If 
this shortage should “be allowed to continue, no Signal Intelligence Service wor- 
thy of the name will be available during the early phase of an emergency when 
the most valuable results should be expected from this agency.” 

The memorandum of 18 February 1936 recommended that if funds in the 
amount of $7,240 accrue by savings, under Project #1, fiscal year 1937, that 
these savings be used for the employment of two Assistant cryptographic clerks 
at $1,620, and two junior cryptanalysts at $2,000, to be obtained and trained in 
this office as soon as possible; alternatively, that if no such savings can be fore- 
seen, funds be diverted from other projects and allocated to Project #1, fiscal 
year 1937, for the foregoing purpose. But, as already noted, the attempt was 
fruitless. 

It may be stated that about this same time, in May 1936, whereas the Signal 
Intelligence Service had a total of some seven or eight people, the Navy had 
some forty, and even the small unit at the United States Coast Guard had seven 
people. [text withheld] All attempts to increase the complement of seven people 
comprising the staff of the Signal Intelligence Service were more or less fruitless 
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until the fiscal year 1938, when four more positions were finally authorized. No 
doubt one of the factors which led to the final approval of the repeated requests 
for expansion was the recognition on the part of the high authorities of the War 
Department of the importance of the work being done. A program of code com- 
pilation was being vigorously pursued under severe handicaps; new codes and 
ciphers were being prepared, printed and placed in storage with two, and some- 
times three or more editions in reserve to meet all contingencies. (It is necessary 
to note that in 1933 the duties formerly assigned to the Adjutant General in con- 
nection with the printing, distribution, and accounting for codes, were transferred 
to the Chief Signal Officer,) thus integrating all cryptographic work in the Army 
within one organization—the Signal Intelligence Service under the Chief Signal 
Officer.) 

Very important progress in research and development of new cryptographic 
apparatus and devices was being made: and a high-speed, electrical, crypto- 
graphic machine of highest security had been invented and developed by our 
chief cryptanalyst—this machine being far in advance of anything that had hith- 
erto been known. Moreover, this machine was going into practical usage for 
secret intercommunication among War Department and the Commanders of 
overseas departments. An intercept service was being organised to provide the 
raw material for the cryptanalytic training activities, the first station to be estab- 
lished being that at Fort Monmouth, New Jersey, with additional stations being 
contemplated in the overseas departments. On the cryptanalytic side much 
progress had already been made, and by 1934 the training program had reached 
the stage where actual solutions of current Japanese diplomatic messages were 
being achieved daily. It is, however, a commentary on the peculiar situation 
which existed to state that so fearful was the Chief Signal Officer that news of 
the “illegal” activities of the Signal Intelligence Service might leak out, that 
these solutions were not issued as “bulletins” or distributed to anybody. 
Occasionally, one would be shown to the Chief Signal Officer, and it is possible 
that he would show a translation to the Assistant Chief of Staff, G-2, but it is 
doubtful if dissemination went any farther than that. When important visitors 
from the War Department were brought by the Chief Signal Officer to the quar- 
ters occupied by the Signal Intelligence Service for inspection or other official 
business, it was important to emphasize that such solution work as was being 
accomplished was only a by-product and part of the training being conducted, 
and that no use was made of the product. It was not until 2 March 1935 that 
“publication” of the bulletin was started, and G-2 began receiving on a more or 
less regular schedule the translations of Japanese diplomatic messages resulting 
from the “training.” What distribution or dissemination G-2 made is, of course, 
not known to me, except by indirect evidence. 

It was not until 1939 that any considerable increase in funds for the Signal 
Intelligence Service was provided, as is shown by the following letter: 
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September 27 1939 


“SUBJECT: Signal Intelligence Service 
“TO: The Chief Signal Officer 

“1. You are authorized to employ the following designated additional civilian 
personnel from October 1, 1939, at the annual salaries indicated. 


1 Principal Cryptanalyst @ $5,600. ...........-ccseccscssseosceseessesssssssnseessee $5,600 
2 Associate Cryptatialysts G $3,200 ...ccoistsseosasesssoesasseosssosersscscsancenss 6,400 
2 Research Analysts @ $3;200 iscccecsscscedcoscsvsssdsavessacssedsencrsacsesseeneasess 6,400 
2 Assistant Cryptanalysts @ $2,600 ........-.ccccscsseceesescessesseseceseeessnees *5,200 
Zunior Cryptarialysts @ 32-000) «:ssssccssstsseceevenasscceeevcnasrereseuencenseesccte 4,000 
2 Cryptanalytic Aides @ $1,800. secsscsssscesovvsgssasavesssvsessaavepssssaccassseesseg SOOO 
4 Principal Translators: @ $2,300 sisiccsssssctcccccpspaceonenesessenvencosapsecasaiaaie 9,200 
b incited Clerks Gt Be GOO 52 sista Sersvexyisawnesieavasiuvieevearesnaternnmewtinenee 
1 Principal Stenographer @ $1,800 ........ccccscssesscsssessccesssssssaseessacesees 1,800 
3 Cryptographic Clerks Gi S L800 isin i ccnnersacinanivnncesrnssecneen 5,400 
| Senior Tabulating MachineOperator @ $1,800 ......ccecesseeeeeerees 1,800 
3 Assistant CryptographicClerk @ $1,620 o.ccccccecseeeseceneeteeseeeees 4,860 
2 Tabulating Machine Operators @ 1,620 ....cccceceeeeseeseeeeeteeeseeeeee D240 


“2. It is desired that you establish and operate a monitoring station at Fort 
Hunt, Virginia, and purchase such of the following listed equipment as may be 
necessary and procurable within the funds allotted: 


10 Radio Sets, SCR 243 (or equivalent) @$260 wo... eee esceeeeeee $2,600 
29 Radio Sets, SCR 244 (or equivalent) @$195 vec ceeeseeeeeeeeeeneee O95 
Le. Recorders (BE LP @ SU IOD. ccoscsccavspauscossazscceveescsaveasaxvatvernsvern 23,400 
12 Recording Equipment Tape @ $2,000 .0....cceceeeeeeeeteeteseeeeeees 24,000 
9 Diversity Antennae @ $3,000 ..........cccsssssssssssssssesecssesesersosseeseee2 OOO 
14 Diversity Receiving Equipment @ $1,400 occ eceeseeeeeseeee 19,600 

OEADS cesccseszntes $102,255 


“3. The authorized strength of the Second Signal Service Company is 
increased by the addition of the following listed personnel. The authorized 
strengths of Signal units from which these men are transferred are reduced by the 
corresponding grades and specialist ratings. The allotment of enlisted men to the 
Signal Corps is increased by twenty-six privates (grade 7). No increase in grades 
above grade 7 or in specialist ratings will be made until such time as additional 
grades and ratings become available (probably Nov. 8, 1939). 

| Master Sergeant 

| Technical Sergeant 

| Staff Sergeant 

| Private Ist Class, spec. Ist class 

6 Private Ist Class, spec. 2d class 
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6 Private Ist Class, spec. 3d class 

6 Private Ist Class, spec. 4th class 

4 Private Ist Class, spec. 5th class 

“4. It is desired that you submit the name of and other pertinent data concern- 
ing a Regular Army Officer to be assigned as assistant to the officer in charge, 
Signal Intelligence Service, and the names of and other pertinent data concerning 
nine Reserve Officers for active duty under the provisions of the Thomason Act. 

“5. Funds in the amount of $41,050 from the Administrative Reserve Signal 
Service of the Army and in the amount of $50,000 from the reserve now in an unal- 
lotted status, subject only to direction of the Secretary of War, will be released to 
you for the salaries of these civilian employees, for the purchase of additional 
equipment, and for the expenses incident to operation of the Signal Intelligence 
Service. The balance necessary for the purchase of equipment will not be available 
for obligation until the total deficiency of $175,405, required for the expansion of 
the Signal Intelligence Service has been covered by Congressional appropriations. 

“6. You will make necessary arrangements in collaboration with A.C. of S$. G-2 
to obtain Civil Service exemptions required, 

“By Order of the Secretary of War: 


/s/ WILLIAM W. DICK 
Adjutant General” 


The total number of additional personnel for the Signal Intelligence Service in 
Washington authorized by the foregoing letter was twenty-six; with the original 
staff of nineteen people, the Signal Intelligence Service staff was to be forty-five 
persons. Steps were immediately taken to hire the new personel, have them cleared, 
and to start them in training - a rather lengthy process. Special dispensation had to 
be obtained from the Civil Service Commission to hire these trainees outside the 
Civil Service regulations, because no rosters of eligibles in cryptographic or crypt- 
analytic work existed. In order to obtain the support necessary for such an unusual 
procedure the Secretary of War requested approval by the President on 26 October 
1939 to have the Civil Service regulations suspended so as to permit the employ- 
ment by the Signal Intelligence Service of not more than twenty-six persons on a 
temporary basis until 30 June 1940. Through the intervention of the White House, 
the approval requested was obtained. 

The unfavourable way in which the war in Europe was progressing so far as 
concerned Britain, led to desires to expand the Signal Intelligence Service even 
more, and as fast as possible. The urgency for cryptographic production to meet the 
needs of a large United States Army in case the United States became a belligerent 
was apparent; the output of the cryptanalytic staff was impressive enough to G-2 to 
warrant further increase of that staff. By September 1940 the Signal Intelligence 
Service, without the help of any other staff, had succeeded in a most momentous 
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achievement. [text withheld] - the solution of the Japanese diplomatic machine 
designated by them as the “B Machine” and by us as the “Purple.” Texts of high- 
est strategic and diplomatic import were being furnished G-2 daily, the value of 
which was recognized by the Assistant Chief of Staff, G-2, the Chief of Staff, the 
Secretary of War, and the President. The conduct of our difficult negotiations with 
the Japanese in regard to the situation in the Pacific was no doubt being guided 
from day to day by means of the solutions furnished the War Department, the State 
Department, and the President. 

On 16 October 1940 the Chief Signal Officer requested of the Assistant Chief of 
Staff, G-2, authorization for two further expansions of the Signal Intelligence 
Service, one of which, to begin | January 1941, would involve appointment of forty- 
eight additional civilian employees at annual salaries totaling $85,580, half of which 
($42,790) would have to be provided during the fiscal year 1941, then already in 
progress. No funds for this purpose were available to the Chief Signal Officer, but 
this expansion was approved by the Acting Assistant Chief of Staff, G-2, with the 
concurrence of the Assistant Chief of Staff, War Plans Division, on the very next day. 

The second request, made on 16 October 1940, was for expansion involving 
employment of forty-two other employees, who were to begin work on | July 
1941. This plan was approved in principle by Brigadier General Sherman Miles, 
Assistant Chief of Staff, G-2, on 17 October 1940, but its carrying out was post- 
poned until the time for the preparation of the budget for fiscal year 1942. The 
paragraph is of interest: 

“3. The complete expansion of the Signal Intelligence Service to 
place it on a wartime basis beginning July 1, 1941, as recom- 
mended in paragraph Ic and inclosure of the basic letter, is not 
essential at the present time. The recommendation, however, is 
for funds to enable this expansion to be begun on July 1, 1941. 
The uncertainty of the future and the necessity in any contemplat- 
ed expansion of this service to make provision for a time lag inci- 
dent to selection and training of new personnel make it necessary 
to provide for an increase in personnel far in advance. It is rec- 
ommended, therefore, that funds be made available in the fiscal 
year 1942 budget to provide for total expansion of the Signal 
Intelligence Service. If conditions develop prior to | July 1941, 
which make this additional expansion unnecessary. the funds 
need not be expended.” 

The letter from the Chief Signal Officer to the Assistant Chief of Staff, G-2, on 
16 October 1940, contemplated an expanded Signal Intelligence Service for fiscal 
year 1942 amounting to 127 persons. The pressure of events was such that the full 
program must have been approved, for on 7 December 1941, instead of having 
only eighty-five people, as would have been the case had only the first increment 
been approved, the strength of the Signal Intelligence Service was as follows: 
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Washington Field Total 
Officers 44 1 45 
Warrant Officers - - - 
Enlisted 28 149 177 
Civilian 109 - 109 
Total 18] 150 331 


The staff was organised as shown in the accompanying chart, with the follow- 
ing sections and personnel: 


Officers Civilian Total 
Administrative 2 2 4 
Personnel v 6 8 
Cryptanalytic 
Japanese 10 24 34 
German ] 15 16 
Cryptographic 16 10 26 
Laboratory 4 - 4 
Communications 5 2 7 
Tabulating (IBM) ] 15 16 
“Trainees” in classes ~ 22 22 
Total 44 109 153 


.. .The nineteen people in professional grades also include Japanese transla- 
tors; only a few expert cryptanalysts were therefore on hand among those nine- 
teen. 

The necessity for producing codes and ciphers has already been mentioned and 
the staff of 26 persons was hardly adequate for the large volume of work to be 
done. The production of our electric cipher machines (Sigaba) was under way and 
there were multitudinous details to be dealt with in that project above: the prepara- 
tion of instructional manuals for the maintenance and operation of the machine, the 
elaboration of keying arrangements; the elaboration of what shall go into spare 
parts kits, etc. Also, the plans for the production of Converter M-209 were under 
way— a very large project in itself. Besides all this, keys and control tapes for the 
electric Converter M134A had to be prepared on a current basis, to maintain secu- 
rity of current communications; strips and key lists for the widely distributed Strip 
Cipher Device M-138A had to be prepared in large quantities; constant liaison with 
the Navy Cryptographic Division, for the production and distribution of crypto- 
graphic material for joint communication required much time, etc. Also, plans for 
the production of an automatic teletype encipherment system invented by Signal 
Intelligence Service personnel were being brought to fruition. 
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The ever-expanding requirements of traffic for the cryptanalytic staff meant 
expansion in the facilities and personnel of the Second Signal Service Company. 
Seven monitor stations were in operation by 7 December 1941: 

| - Fort Hancock, New Jersey 

2 - Fort Scott, Presidio of San Francisco 

3 - Fort Sam Houston, Texas 

4 - Post of Corozal, Panama Canal Department 

5 - Fort Shafter, T. H. 

6 - Fort McKinley, P. I. 

7 - Fort Hunt, Virginia 
Also, of course, a good portion of our traffic came from the United States Navy, 
which had a large station at Bainbridge Island, Washington, and another at Bar 
Harbor, Maine. The mere recording and indexing of the large volume of messages 
constituted a task of no small proportions. 

Hence, even with the large expansion of the Signal Intelligence Service there 
was much more to do than hands to do with. Consider what was done in the field 
of solving and translating Japanese diplomatic messages alone. By a special agree- 
ment between the Chief Signal Officer and the Director of Naval Communications, 
all work on Japanese diplomatic traffic was divided up between the Army and 
Navy on the basis that Army would process all messages of even date (cryptolog- 
ic), Navy, all of odd date - with full exchange of technical data and results. Thus, 
in collaboration with the Navy and with a total of only 34 persons, the Signal 
Intelligence Service was attempting to decode, decipher, and translate its half of 
the traffic for which the Japanese must themselves have had several hundred per- 
sons, and the Japanese, of course, did not have to translate the material, a job 
which was quite difficult for us because of linguistic difficulties and paucity of 
qualified translators. Moreover, the Japanese had the necessary keys; we had to 
solve them, and in many cases solution had to await the accumulation of traffic - it 
could not always be done with a single message, so that occasion delays in solution 
were inevitable from the very nature of the systems involved. Also, another factor 
had to be taken into account: the time required to forward the intercept traffic to 
Washington. Lacking facilities and personnel to prepare all the traffic, encipher it, 
and transmit it to Washington, some of it had to await shipment by air mail, and 
this factor alone occasioned delays. As has been aptly said by General Miles: “The 
astonishing thing, gentlemen, is not that these messages were delayed, but that they 
were able to do it at all. It was a marvelous piece of work.” 


WILLIAM F, FRIEDMAN 

Director of Communications Research 
Prepared on 
4 December 1945 
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From SRH 135. Army success in signals intelligence operations prior to 
World War Il was dependent not only on the core of skilled cryptanalysts at 
SIS headquarters, but on the men who manned what we now call the “front 
end” of the system: the Signal Corps intercept operators. The Army’s Chief 
Signal Officer, Major General Joseph O. Mauborgne, describes the Army's 
existing intercept organization and suggests a way to improve it in this 1938 
letter. The 2d Signal Service Company he proposed was activated on 1 
January 1939, 


WAR DEPARTMENT 
Office of the Chief Signal Officer 
Washington 
OCSigO-320.3-RID September 2, 1938 


SUBJECT: Signal Intelligence 
TO: The Adjutant General 


1. The Signal Intelligence Service in Washington depends for the material with 
which it works, upon Signal Intelligence Detachments in Hawaii, Panama, Ninth 
Corps Area and Eighth Corps Area. These signal intelligence detachments are parts 
of the Signal Service Companies located in the same corps area or department. There 
has been ordered set up as part of the Tenth Signal Service Company in the 
Philippine Department, a signal intelligence detachment of 10 men. In addition, so 
important has the War Department considered the work of the Signal Intelligence 
Service, it has been thought essential to detach 17 men from the Provisional Radio 
Intelligence Company at Fort Monmouth, New Jersey, and have this detachment act 
as a signal intelligence detachment. This last is done even at the risk of crippling the 
important tactical activities of the Provisional Radio Intelligence Company (to be 
designated as the Ist Radio Intelligence Company as of November |, 1938). 

2. Whereas the results achieved by the Signal Intelligence Service in 
Washington are treated with utmost in care and secrecy, equal measures of secrecy 
are not taken with the personnel of the signal intelligence detachments in the field. 
The personnel of the signal intelligence detachments cannot long be unaware of the 
nature of the work in which they are engaged and the ultimate secrecy of the sys- 
tem as a whole depends just as much upon them as upon the personnel in 
Washington. At present the choice of signal intelligence detachment personnel is 
left to the corps area and department signal officers and there is no doubt that they 
exercise every possible precaution. However, in the present form of organization 
much is entirely out of their hands and beyond the control of the Chief Signal 
Officer. For example, a skilled member of the signal intelligence detachment in 
Hawaii is returned to the mainland. Unless he is in Grade 4 or above he is reduced 
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to the grade of private and returned for haphazard assignment by the normal 
process. Even if he is eventually reassigned to a signal intelligence detachment on 
the mainland, he must begin afresh in the grade of private and work himself up. 
Knowledge of this actuates many to separate from the service; every such man sep- 
arated from the service carries with him a fairly accurate knowledge of the work 
upon which the Signal Intelligence Service is embarked and he constitutes just one 
more threat to the secrecy of the work. He is a far greater threat when separated 
from the service since he is no longer under military surveillance. 

3. The haphazard movement of the enlisted personnel engaged in signal intelli- 
gence work also makes their training more difficult and lessens the effectiveness of 
the Signal Intelligence Service. The useful member of the signal intelligence 
detachment must be first of all an excellent radio operator and beyond that must 
acquire skill and experience peculiar ro signal intelligence work: the acquisition of 
this skill and experience requires from six months to a year under competent 
instruction. At present, it is not possible to surely retain trained men: indeed it is 
not even possible to surely retain competent instructing personnel. 

4. The remedy to this situation is a signal service company, detachments of 
which are stationed in the various corps areas and departments as required. The 
personnel could then be transferred from detachment to detachment without loss of 
grade or rating and control over the personnel would be increased. To minimize the 
number of highly skilled personnel separating from the service, the grades and rat- 
ings of the company should be considerably higher on the average than ts normal 
in the Army. After many years of experience, the Navy Department adopted just 
the form of organization here recommended. Obviously, the ideal cannot be 
achieved by mere statement. However, a great step forward in the secrecy of signal 
intelligence work and in the training of signal intelligence enlisted personnel can 
be taken by organizing the several signal intelligence detachments into a signal ser- 
vice company. This can be done without request for any additional men, grades, 
rating, housing, transportation or equipment. 

5. It is therefore recommended that there be organized the 2d Signal Service 
Company. The personnel necessary are to be obtained by withdrawing from the 
various service companies the signal intelligence detachments of which are now 
part of them and by a temporary decrease in the Ist Radio Intelligence Company. 
(It is proposed not to alter the Tables of Organization of the Radio Intelligence 
Company, but merely to leave vacant such grades and ratings as are taken to make 
up the 2nd Signal Service Company: when increases in signal intelligence person- 
nel are granted the Radio Intelligence Company will be permitted to regain its 
table of organization strength.) Inclosure No. |, Table of Organization of the 2nd 
Signal Service Company, shows the strength, grades and ratings of the proposed 
company. Inclosure No. 2 shows the men, grades and ratings taken from the vari- 
ous companies in order to constitute the Signal Intelligence Company. It will be 
seen that the organization of the Signal Intelligence Company requires no addition- 
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al men, grades or ratings from outside the Signal Corps itself. The matter of hous- 
ing will not be concerned since the detachments are already housed. No additional 
transportation or equipment will be required because of the organization of the 
company. The company will be commanded by the officer in charge of the Signal 
Intelligence Detachment at Fort Monmouth. Detachments of the company will be 
stationed in the various corps areas and departments just as they are now: they will 
be attached to the local organization for rations and quarters (the same organiza- 
tions with which they are now rationed and quartered): their work will be super- 
vised by the corps area or department signal officer concerned, except in the case 
of the detachment now at Fort Monmouth which will be supervised by the com- 
manding officer of the company. 

6. It is intended that the 2d Signal Service Company shall function under gen- 
eral instructions issued by the Chief Signal Officer. Plans for its expansion in time 
of war and its use in war will be recommended by the Chief Signal Officer for 
inclusion in the several colored war plans, and the mobilization plan. 


/s/ J.0. MAUBORGNE 

/t/ J.0. MAUBORGNE 

Major General 

Chief Signal Officer of the Army 


From The “Magic” Background of Pearl Harbor, Volume lV, Appendix 
(Washington, D.C.: Department of Defense, 1977), p. A-89. 


The Japanese government dispatched this diplomatic communication to 
its envoys in Washington, Special Envoy Saburo Kurusu and Ambassador 
Admiral Kichisaburo Nomura, on 22 November 1941. It was intercepted and 
translated by the Army's Signal Intelligence Service on the same day. In the 
aftermath of Pearl Harbor, its language took on a new ominousness. 


FROM: Tokyo 

TO: Washington 

November 22, 1941 (Urgent) 
#812 

To both your Ambassadors. 

It is awfully hard for us to consider changing the date we set in my #736a. You 
should know this, however, I know you are working hard. Stick to your fixed poli- 
cy and do your very best. Spare no efforts and try to bring about the solution we 
desire. There are reasons beyond your ability to guess why we wanted to settle 
Japanese-American relations by the 25th, but if within the next three or four days 


Step 2. The vector sum of the currents through the separate parts 
of the circuit will be equal to the total current. Adding 
the horizontal and vertical currents, respectively: 

Ie + Ip = 90 + 11 = 111 

Ie + Ip = .0415 + 0 = .0415 
Step 3. Find the total current as follows: 

P Io? + Ip? 

(.0145)2 + (.11)? 

(1.45 « 10-2)2 4 (11 x 10-2)? 

2.1 x 10-4 + 121 x 10-4 

123.1 x 10-4 

123.1 X 10-4 

11.1 « 10-2 

-111 ampere 


Step 4. Find the phase angle by which the current leads the applied 


— 


HH WW We ue al 


Zz 
R 
938 
1,000 
= .93800 
A = 20° 17’ 6” 

Step 5. Thus, the current leads the applied voltage by a phase 

angle of 20° 17’ 6”. 


Example 2: A 110-volt, 60-cycle ac generator is connected to a load 
consisting of a 2-microfarad capacitance and a 10,000-ohm 
resistance in parallel (A, fig. 82). 

Step 1. Find the capacitance reactance of the circuit. 


1 
Xe = 3776 


Q 
° 
a 
nN 
II 


1 
—~ 2x 3.14 x 60 x 2 x 10-* 
] 
= 7.536 x 10-4 
104 
7.536 
10,000 
7.536 
= 1,327 ohms 
Step 2. Find the impedance of the circuit. 
Z- RX¢ 
2 10,000 x 1827 
~~ \/(10,000)? + (1327)? 
= 104 x 1.327 x 103 
~ \/(104)? $ (1.327 x 108)? 
= 1.827 x 107 
~ 108+ 1-76 x 108 
- 1.327 « 107 
~~ \/100 x 10° + 1.76 x 10® 


152 AGO 558A 
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you can finish your conversations with the Americans; if the signing can be com- 
pleted by the 29th (let me write it out for you—twenty-ninth); if the pertinent notes 
can be exchanged, if we can get an understanding with Great Britain and the 
Netherlands; and in short if everything can be finished, we have decided to wait 
until that date. This time we mean it, that the deadline absolutely cannot be 
changed. After that things are automatically going to happen. Please take this into 
your careful consideration and work harder than you ever have before. This, for the 
present, is for the information of you two Ambassadors alone. 


oe 
Trans. 11/22/41 (S) 
ARMY 6710 25138 


From SRH 115. This excerpt from hearings held by the Army on the roots of 
the intelligence failure that led to Pearl Harbor demonstrates all too vividly 
the feeble resources of the Military Intelligence Division on the eve of war. It 
also shows how tightly “Magic” was held: Brigadier General Hayes W. 
Kroner, the head of MID’s Intelligence Branch in 1941, was unaware of its 
existence. This is the transcript of an interview of Kroner conducted in 
September 1944 by Colonel Carter W. Clarke, Deputy Chief of the Military 
Intelligence Service. The General Miles mentioned in the text was the hap- 
less Brigadier General Sherman A. Miles, Assistant Chief of Staff, G-2, at 
the time of the Pearl Harbor attack. “Minxler,” whom Kroner describes as 
the individual who furnished mysterious source materials to one of Kroner's 
subordinates, was actually Colonel Rex A. Minckler, Chief of the Signal 
Intelligence Service at the time. 


Place: Room 2C637 Pentagon Building, Washington, D.C. 
Date: 13 September 1944 
Time: 1430-1510 


Present: Brigadier General Hayes A, Kroner 
Colonel Carter W. Clarke 
Lt. Col. E.W. Gibson 
Brigadier General Hayes A. Kroner, having been sworn and warned of his 
rights by Colonel Carter W. Clarke, gave the following sworn testimony: 
Col. Clarke: — Will you state your name, rank and station. 
Gen. Kroner: Hayes A. Kroner, Brigadier General. Station Rio de Janeiro, 
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Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen, Kroner: 


Col. Clarke: 


Gen. Kroner: 


Military Attache. 

When did you first come on duty in G-2, Department General 
Staff? 

About the first of March 1941, 

What were your duties at that time? 

I was assigned to the British Empire Section of the Intelligence 
Branch, G-2 but before taking up those duties I 

was sent to England for a period of observation of the war. I 
returned from England early in June, about the middle of June 
1941, and took up my duties of Chief of the British Empire 
Section, G-2 at that time. 

How long did you continue on that duty? 

Approximately one month. 

And then what did you do? 

About the middle of July I was informed by the retiring Chief of 
the Intelligence Branch, Col. C. H. Mason, that he was leaving G- 
2 and that he had been instructed to turn the Branch over to me as 
next senior officer. I immediately took over charge of the Branch 
and for the next several months was acting in charge and later on | 
was appointed Chief of the Branch. To the best of my memory it 
was about September 17 that an order was issued by the Executive 
Officer, G-2 appointing me as the Chief of the Intelligence 
Branch, which position | held until sometime in the month of 
December, when General Lee became Acting Assistant Chief of 
Staff, G-2 and I was then verbally relieved from Chief of 
Intelligence Branch and made Deputy to General Lee. 

What did the Intelligence Branch consist of principally? 

I found the Intelligence Branch, in July *41, to consist of a very 
smal] Administrative Section and of several geographic sections 
and an Air Section. The Administrative Section was in process of 
transition. Because of the impact of the war and more information 
coming into G-2, there was a greater need for proper handling and 
dissemination of that information. The only geographic section of 
G-2 which appeared to be expanding at that time was the Latin 
American Section. By the 10th of October—teferring here to the 
official chart on record—the Intelligence Branch consisted of a 
headquarters or the Administrative Section, Contact Section, 
Situation Section, Dissemination Section, and the Air and geo- 
graphic sections composed of the following: Air Section, British 
Empire Section, Western European Section, Central European 
Section, Eastern European Section, Southern European Section, 
Far East Section, and the Latin American Section. The several 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 
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European sections had been set up to deal with the increased infor- 
mation coming in from the European war and, together with the 
British Empire Section, it was considered adequate to handle the 
war in Europe. The Latin American Section was expanding for 
obvious reasons of hemisphere defense. The Far Eastern Section at 
this time had not undergone any material change, so far as I] can 
remember, for several months. This organization, with a few 
changes, continued during my tenure of office as Chief of the 
Branch... 

I understand you to say then that you were Chief of the 
Intelligence Group from about July through Pearl Harbor, 
December 7? 

Yes. 

During that time was there any recommendation made—first let 
me ask you this—who was the Chief of the Far Eastern Section? 
Col. R. S. Bratton. 

During that time was there any recommendation made to you as 
Chief of the Group for any increase in personnel or expansion of 
its intelligence gathering activities? 

Not any to give me any trouble - there was some minor increase of 
a clerk or two and perhaps one officer, I don’t remember, but noth- 
ing in the line of expansion as I have referred to in the European 
Section. I would say this further, that one of their Far 

East experts.Col. Pettigrew, was taken from the Far Eastern 
Section at the time to assist in the reorganization of the 
Headquarters dissemination, so that I had very close to me at that 
time an experienced Far East officer on my staff. 

Who was that? 

Pettigrew. It was, I think, worthy of note just here that Col. Betts, 
who was the Chief of the Situation subsection, whom | called my 
G-2-G-3 officer on my own staff, Col. Pettigrew being so-called 
G-1-G-4 officer, together with my own experience in the Far East. 
that with Col. Bratton it was a fairly good team of Far East trained 
officers at the head of the Intelligence Group. 

Was there any action taken by the Chief of the Far Eastern Group 
that would lead you to think that any difficulties or hostilities were 
expected in the Orient that would affect the United States? 

None specifically as to direct threat in regard 

to time or date or place. Japanese possible lines of action were 
often discussed, as you might expect among officers as closely 
allied as the ones I mentioned above with Far East training and 
influence. I left the evaluation of information pertaining to the Far 
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Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


East and its interpretation initially to Col. Bratton, and in that 
over-all sense to Col. Betts. 

What was your chief source of information with regard to the Far 
East? 

Military Attache reports and translations of books and journals 
which were received from various sources, so far as | was aware. 
You had no secret intelligence service? 

No. 

Was any attempt made to create any during the time that you were 
in charge? 

Yes. | remember the time—lI don’t remember exactly—but | 
remember an instance which was partially fulfilled, 1 believe, that 
a former Far East trained officer, who | think was retired and liv- 
ing in California, Captain or Major W, C. Clear, was brought into 
G-2 and given secret briefing by Gen, Miles, to the best of my 
knowledge, and sent out to the Far East, I think to Singapore, in 
order to initiate some secret intelligence, of which I have no 
detailed knowledge. 


* * + 


Did you have access to a source of information which we know as 
Top Secret or the British known as Most Secret? 

Meaning communications information? 

Signal intelligence. 

No, none whatever. 

You mean you didn’t get it or your Branch didn’t get it? 

I personally as Chief of the Branch did not get it. | was 

aware that something, which later I found out to be of this nature, 
existed, but | was given to understand, particularly by Col. Bratton 
and Col. Pettigrew, who sometimes handled the matter for Col. 
Bratton, that he received information from Col. Minxler, whom | 
knew to be in the Signal Corps, which perhaps had to do with 
Japanese troop movements, which he by long custom and by 
General Miles special desire, was to handle himself directly with 
Gen. Miles. 

Then you don’t know what Col. Bratton did with this stuff other 
than give it to Gen. Miles? 

No official information. | frequently remember seeing him leave 
his office with several parcels under his arm and be gone for some 
hours, but I felt it was my duty to follow the established procedure 
which was apparently pleasing to my chief, and [ didn’t question 
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Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 
Col, Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 


Lt. Col. Gibson: 
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the procedure. 

During the time that you were Chief of the Intelligence Group you 
never had access or never saw any of this material yourself? 

When did you first see it? 

I only saw the material, which later I learned was called material, 
when I used to receive it from Minkler’s hands when Bratton was 
absent, and lock it up in my safe and give it to Bratton without 
sorting it out. In other words, I understood, without any specific 
orders from Gen. Miles, that he wished it handled that way and 
therefore I did not violate that procedure. 

Do you know if any estimates were written in the Far East Section 
based on this material or any prognostications, forecasts, or predic 
tions? 

I do not. 

If any had been made you would have seen them, wouldn’t you, as 
the Chief? 

I think so because estimates were accustomed to being made, not 
only at regular intervals, but also special estimates from time to 
time would be made, the Far Eastern part of which was always 
prepared initially in the Far East, held by Col. Bratton or under his 
direction brought into Col. Betts, who revised it and fitted it in 
with information from other geographic sections. | assumed that 
the Chief of the Far Eastern Section used all the information at his 
disposal to make a complete estimate and as accurate an estimate 
as possible. 

Did there exist anything like a central evaluating section where all 
information came in and was there melted into one estimate or 
report or summary? 

No. There was a trend toward that at the end of the year but we 
didn’t get anywhere with it. It was just in the planning stage. 


| would like to ask you one more question. In any estimate from 
the time you took over the Intelligence Group up to and including 
Pearl Harbor, was there ever any prediction or forecast made of a 
possible attack on Pearl Harbor? 

None to my knowledge. [ have in mind the last estimate that was 
made before Pearl Harbor, which was an estimate covering a 
future period from December | to sometime in 1942. 

Did you consider it a capability of the Japanese to successfully 
attack Pearl Harbor with bombers? 
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Gen. Kroner: 
Col. Clarke: 
Gen. Kroner: 


Col. Clarke: 


Gen. Kroner: 
Col. Clarke: 


No, The matter was discussed - 

Did you identify this document? 

Yes. | identified it - this is the document to which I referred - IB 
159, November 29, 1941. This particular estimate was considered 
by the whole division, not only the Intelligence Group but by 
General Miles himself, as perhaps the most important we had ever 
gotten out. That importance lay not in so much the danger that we 
saw from Japan, although danger in that field was pretty thorough 
ly discussed, but primarily because Gen. Miles wished to focus 
War Department thought on the defeat that could be administered 
to the Nazi powers. In the preparation of the estimate each geo- 
graphic section in the Intelligence Branch prepared its part. 
Colonel! - now Brigadier General - Thomas J. Betts put the several 
estimates together and did what we called “polish them up.” He 
and I discussed the lines of action and the capabilities of all the 
warring powers and especially of each potential enemy to the 
U.S.A., and I took them to Gen. Miles where they were finally 
altered to suit him or approved. This particular estimate does not 
include in the lines of action open to Japan, an attack on Pearl 
Harbor, and | remember that so distinctly because when the word 
came through the radio on that fateful Sunday, December 7, that 
Japan had attacked Pearl Harbor, I was sitting in my office in the 
Munitions Building reading from this paper the Japanese capabili- 
ties. Therefore from my point of view, I feel that Japan's potential 
capability against Pearl Harbor was left from this estimate because 
neither Col. Betts nor I had any information which would lead us 
to believe that they were capable of or planned to do so. 

I would like to ask one final question again just to reiterate the fact 
that you personally had no knowledge of what Col. Bratton did 
with this most secret material or to whom he showed it? 

That is correct, except to Gen, Miles. 

And you don’t know what Miles did with it. 


CHAPTER III 
Accepting the Challenge 


The technical success of American cryptanalysts could not prevent the 
Pearl Harbor debacle: the intercepted Japanese diplomatic communications 
had not contained the details of Japanese military planning. In the aftermath 
of Pearl Harbor, American policymakers realized that some better way had 
to be found to produce finished intelligence from COMINT intercepts. 
Secretary of War Henry L. Stimson called upon the services of the distin- 
guished Chicago lawyer Alfred W. McCormack to solve the problem. 
McCormack recommended the establishment of a Special Branch within the 
Military Intelligence Service to handle highly sensitive signals intelligence. 
This proposal was adopted, and McCormack was commissioned as a 
colonel and became deputy head of the new organization. McCormack tells 
the story of the inception of the Special Branch in SRH 116, Origin, 
Functions and Problems of the Special Branch. The excerpt from SRH 141, 
Papers from the Personal Files of Alfred McCormack, Colonel AUS, 
Special Branch, G-2, Military Intelligence Division, War Department, 
Volume II, details some of the problems surrounding the effort. 
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From SRH 116. Writing in 1943 to his superior, Colonel Carter W. Clarke, 
the Chief of Special Branch, Colonel Alfred McCormack describes the orga- 
nization they both had helped to shape. 


ORIGIN, FUNCTIONS AND PROBLEMS 
OF 
THE SPECIAL BRANCH, M.LS. 


April 15, 1943. 


MEMORANDUM FOR COLONEL CARTER W. CLARKE: 
Subject: Origin, Functions and Problems of the 
Special Branch, M.LS. 

Following our recent discussions, I am putting down in this 
memorandum what seem to be the important facts relating to the Special Branch, in 
the hope of clarifying the problems now confronting us. 

A. Responsibilities of War Department for Intelligence Derived from 
Cryptanalysis. 

The outstanding feature of “black chamber” activities in the United States is 
that they are performed almost exclusively by the armed services and that the great 
bulk of the work is done by the Army. The F.B.I. and the Coast Guard operate in 
certain limited fields. The Navy confines itself exclusively to naval traffic. The 
Army is responsible not only for military and M/A traffic but for the large residual 
field that is loosely called “diplomatic,” which includes the great bulk of the impor- 
tant traffic over commercial, official and semi-official radio networks throughout 
the world. 

[text withheld] From the standpoint of the Army the present U.S. arrangements 
are the most desirable, especially in time of war. The Army is not dependent upon 
the State Department, [text withheld] for its information about all the complicated 
cross-currents of political and economic diplomacy and for the enormous amount 
of intelligence that is found in foreign official messages. On the contrary, the State 
Department is dependent upon the Army, which now controls the sources and 
determines the order of priority in which those sources will be exploited. 

The continuation of Army-Navy control over such sources is important for the 
immediate necessities of war, and it is at least equally important for the long-range 
future. The availablility of important intelligence from cryptanalytic sources, dur- 
ing the critical 18 months prior to December 7, 1941, was due solely to the fact that 
the Army and the Navy, in the face of difficulties and even legal prohibitions, were 
able to maintain skeleton organizations in this field, in preparation for the day when 
they would be vital to the national defense. The armed services are the safest repos- 
itories of cryptanalytic material and activities, since they can operate with greater 
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secrecy and with a longer-range viewpoint than can the political agencies of the 
Government. The chances of continued cryptanalytic progress after the war are 
believed to be better if control of the field remains in the armed services than if the 
non-military fields are taken over by a civilian agency. 

However, control involves responsibilities, and in case of the diplomatic traffic 
it involves specific commitments to the President and to the State Department to 
get as much usable intelligence as possible out of the material. 

B. Handling of Intercept Intelligence Prior to the War. 

When this country declared war, both the intercept work and the cryptanalytic 
work in the diplomatic field were divided between the Army and the Navy, though 
actually most of the work was being done by the Army. The combined intercept 
and cryptanalytic facilities of the Army and Navy had produced some 7,000 
decrypted and translated messages in the 6 months before Pearl Harbor, or an aver- 
age of about 300 per week, of which only 1,561 were considered of enough signifi- 
cance to be filed for future reference. The responsibility for bringing important 
messages to the attention of the Secretary of War and the top officers of the Army 
was vested in the Chief of the Far Eastern Section, M.I.S. O.N.I. served the 
President, the Secretary of the Navy and the top officers of the Navy. 

In M.L.S. the material was handled as follows: Each day’s batch of messages 
was examined by the Chief of the Far Eastern Section. Those not considered 
important were put aside for burning. Those that were thought important were cir- 
culated to the Secretary of War, the Chief of Staff, the Assistant Chief of Staff, 
Op.D., and the Assistant Chief of Staff, G-2. One copy of each circulated item was 
put into a locked file; the other copies were burned after they had been returned by 
the readers. No personnel were assigned to a continuous study of the material; 
hence very little could be done to put any of it together in connected form. The 
Chief of the Far Eastern Section, M.1.S., having as such a full-time job and limited 
personnel, could do no more with the messages than carry the important facts in 
his head. 

C. Decision of the Secretary of War Concerning Exploitation of Cryptanalytic 
Field. 

When the sudden attack on Pearl Harbor occurred, it became apparent that the 
event had been clearly foreshadowed in the Japanese traffic of 1941. The Secretary 
of War, and no doubt others, than concluded that the traffic had not been given suf- 
ficiently close attention, and that some agency should be set up to deal with crypt- 
analytic intelligence in a more thorough-going fashion than previously had been 
thought necessary. The Secretary decided that the job ought to be undertaken by a 
lawyer having a special type of competence and training, such as may be acquired 
in the handling and presentation of large cases involving complicated facts. 

After consulting with the Assistant Secretary, Mr. McCloy, about possible can- 
didates, the Secretary authorized Mr. McCloy to offer this assignment to me, my 
experience over a number of years having been along the indicated lines. The mat- 
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ter was put up to me early in January, 1942, and after some discussion I agreed to 
undertake the job, resigned from my law firm, and took office as a Special 
Assistant to the Secretary on January 19, 1942. 

On that day I received my instructions from Mr. Stimson. Briefly, they were 
that I was to study the problem and determine what had to be done in order to 
expand the cryptanalytic operations to meet the requirements of war, and to make 
sure that all possible useful intelligence was derived from the cryptanalytic materi- 
al. Both the Secretary and Mr. McCloy emphasized the need for close and continu- 
ous study of intelligence derived from cryptanalytic activities and of piecing such 
intelligence together in connected form. 

For two months I studied the back materials, investigated production facilities, 
had numerous conferences with Mr. McCloy, General Lee and others interested, 
and made recommendations as to what should be done and how the work should 
be handled. The details are no longer of any importance. Everyone agreed that 
there was a very large job to be done. 

D. Organization of M.1.S. Section to Handle Intercepts. 

Shortly after I started work, there was set up in the Far Eastern Branch of 
M.I.S. a section which was to follow and report upon the cryptanalytic material. It 
soon became apparent that there were at least two fundamental differences of opin- 
ion between the officer chosen to head that section and myself. 

First, I disagreed with the notion that any reserve officer, or any civilian who 
had been graduated from college, was qualified to handle cryptanalytic intelli- 
gence. It seemed to me that the job could be done effectively only by persons with 
very special qualifications; that the most careful selection of personnel was neces- 
sary, and that only individuals of first-rate ability and suitable training should be 
taken into the work. 

Second, I disagreed with the method that was adopted for reporting the inter- 
cept material, which was to take what looked interesting and to pass it along in 
paraphrased form, without any attempt either to check or evaluate the information 
or to supplement it by collateral intelligence. It seemed to me that the Secretary, 
the Chief of Staff and the others to whom reports were made were entitled to have 
every item carefully checked, evaluated and supplemented by all possible sources 
of intelligence, and that their time should not be wasted in reading odd and 
unchecked bits of information not related to attendant circumstances and given 
their proper value. Further, it appeared to me that the daily reporting of current 
messages was only one part of the job; and that the real job was to dig into the 
material, study it in the light of outside information, follow up leads that it gave, 
and bring out of it the intelligence that did not appear on the surface. 

E. Organization of Special Branch. 

My investigations of the intercept and cryptanalytic problems brought me in 
contact with you, and we had many discussions on the subject and some discus- 
sions with General Strong. His thinking was along the same lines as ours and he 
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approved of our conclusions. The upshot was that the M.I.S. section in charge of 
cryptanalytic activities was made the Special Branch, with you as its Chief. We 
moved into common quarters and worked together, your staff (part of M.LS.) and 
my staff (part of the Secretary’s office) being made into a single working unit as 
fully as if they were all part of the same agency. You concentrated on pushing the 
expansion of the intercept facilities, on setting up a workable system of priorities, 
and on the many technical problems that were encountered, You were fully famil- 
iar with those problems and had arrived at the same conclusions that I was reach- 
ing, with respect to the necessity for a great expansion of the intercept facilities 
and for an attack on the cryptanalytic problems on a much broader basis. You were 
largely instrumental in inducing the Signal Corps to embark upon the program that 
it is now carrying to completion, involving the acquisition and development of 
Arlington Hall, the location at Vint Hill of one of the largest intercept stations in 
the world, the expansion of facilities at Two Rocks, California, and elsewhere, and 
a personnel program reasonably adapted to requirements of a war-time job. 

Meanwhile, I concentrated on recruiting a suitable staff and on the problems 
involved in getting intelligence out of the intercepts and devising methods of 
checking, evaluating and reporting it and of keeping track of it by suitable files and 
indexes. General Strong and you felt that it was desirable for me to go into the 
Army, and I was commissioned in June, Thereafter the Special Branch absorbed 
the staff that the Secretary’s office had assigned to me. 

F. Work of the Special Branch, 


Ook 


It seems fair to say that we have a good organization of people well above the 
average level of competence, who work full steam and on the whole have given a 
good account of themselves. Our so-called “Magic Summary” appears to be 
accepted as a satisfactory job of reporting. At the Navy’s request a copy now goes 
to the Secretary of the Navy, and at the State Department’s request copies now go 
to the Secretary of State and to the Assistant Secretary of State who follows crypt- 
analytic intelligence. 

A great deal of our work does not get into the “Magic Summary.” I think we 
probably do more work in deciding what to exclude from the Summary than we do 
on items that are put into it. We try to avoid reporting more details, and we consid- 
er that those to whom we report should not be bothered by material which, if prop- 
erly checked and studied, would be found to be of no value. 

A lot of our work, from the reporting angle, consists in feeding information to 
the M.I.S. geographical sections, to other agencies of the Department, and to out- 
side agencies. We employ one officer full-time in verifying Order of Battle infor- 
mation and reporting such information to the O/B sections and the Air Branch of 
M.I.S. When security considerations permit, we pass on economic information to 
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the B.E.W. We are constantly called upon for information by those in the State 
Department who have access to our material, and we employ one officer full time 
in serving the State Department and getting necessary information from them. We 
prepare periodical reports on South American information for the Coordinator of 
Inter-American Affairs. When information is of a sort that the Assistant Chief of 
Staff, G-2, should bring to the attention of other agencies, such as the O.S.S. or the 
O.W.1., we prepare reports or paraphrases for his signature. 

The whole body of intelligence which flows out of intercept material, into the 
various sources that have been mentioned, adds up to a considerable amount. This 
memorandum will not attempt to evaluate it, as compared with other sources of 
intelligence, but it may be worth while to mention a number of examples of impor- 
tant intelligence material, with which the readers of the “Magic Summary” will be 
familiar: 

a. Practically the only good information about the relations between Japan 
and Russia has come from the intercept material. Much of it has not been obvious 
on the face of the material, but has required a great deal of study and collateral 
research in order to piece it together. (At a time when almost everyone expected 
Japan to attack Russia, and when M.I.S. went on record as predicting such an 
attack at an early date, we had concluded from the intercept material that Japan had 
no intention of attacking Russia, but wanted to keep out of war with Russia at all 
costs.) 

b. The best information about the attitude and intentions [text withheld] 
following the African invasion, came from that source. 

c. That source has also yielded, in addition to considerable information not 
otherwise obtainable about Japan, the most accurate and dependable information 
about the relations between the Japanese Government and its Axis partners and 
about trade between Axis Europe and the Far East. [text withheld] 

Many other examples of lesser importance, but of the same general type, might 
be given. 

It would take a lot of space to give a good picture of what might be called the 
“detail intelligence” that we get, of its present value and of the future value that it 
may have as it gradually builds up facts. Perhaps the picture can best be given by 
the following illustrations: 

The nature of the materials bearing on the Far East is such that the most astute 
person, even if an expert on the Far East and possessed of a photographic memory, 
would derive few connected impressions—and very little usable information— 
from merely reading the messages from day to day. They must be pieced together 
by the most painstaking and laborious process, involving collateral investigation, 
often of minute points. The work is very difficult, but the rewards in the way of 
intelligence are substantial. For example: 

As you know, we are in possession today of enough information about 
Japanese shipping to and from Indo-China and Thailand so that we have a pretty 
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clear picture of the movement of supplies on those runs and of the problems that 
Japan is encountering in getting raw materials out of those areas and keeping them 
supplied with the minimum of essential imports. Our information has been put 
together from an infinite number of scraps of fact. As you recall, the material on 
this subject was not at first very promising. It looked hopeless to make any con- 
nected sense out of the garbled texts, incomprehensible ship names, abbreviations 
and alphabetical designations, and the inconsistent tonnage figures, loading reports 
and ship schedules, especially because in many cases the key messages had not 
been intercepted. 

Finally, however, by struggling with the S.S.D. translators, doing research on 
Japanese merchant vessels, gradually identifying ship names, eliminating duplica- 
tions of cargo information, checking ship tonnages and schedules and, in general, 
applying what might be called high class detective methods, we built up a picture 
that is clear and substantially complete in its principal parts. Having built up that 
picture, it is now possible for us to follow the pertinent messages from week to 
week and to understand what they mean, Had the job not been done, the current 
messages would be largely incomprehensible. 

Since Japanese shipping has been selected as an illustration of the piecing 
together of incomprehensible bits of intelligence into a connected whole, it is inter- 
esting to note that we arrived at several conclusions about Japanese shipping which 
made it necessary to change previously accepted figures. For instance, we estab- 
lished that the Japanese have been employing at least 450,000 tons of merchant 
shipping in the South Pacific, whereas the J.I.C., apparently with the approval of 
the Navy, recently published a study which showed that only 300,000 tons of ship- 
ping were employed in moving goods to and from that area. We brought our find- 
ings to the attention of O.N.I., whose people first explained them away. A few days 
ago, however, we were advised informally by O.N.,I. that they now agree with our 
findings and that, while they do not want to revise their published figures at pre- 
sent, they will make the corrections when they next issue a report. 

This little story has a pertinent moral. Until we gave them the above and cer- 
tain other findings on Japanese merchant shipping, the O.N.I. people were polite 
and cooperative, but they stopped short of giving us their own secret information. 
But, when we brought them to our office and explained what we were trying to do 
and how far we had progressed, they offered to put at our disposal all their own 
information on the same subject. Since that time, which was last fall, they have 
prepared for our special use and delivered to us each morning a summary of all 
information received on the previous day about merchant shipping in the Far East, 
from sources other than our own material. 

From this daily report, pieced together with our other material, we are building 
up a wealth of evidence on the movements of Japanese vessels and cargoes. We 
have hopes that the time is not far distant when we will have the whole picture of 
Japanese shipping and water-borne trade reconstructed to a point where its main 
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outlines will be clear and many if not most of the important details will be known. 

The above is given as a sample of the work that we are trying to do; and while 
this memorandum is not intended as an analysis of S.S.D. traffic, present or poten- 
tial, it may be worth while to carry the story just a little further: 

Japanese shipping is only one of the important subjects on which the intercepts 
are gradually building up connected and definitive information, not obtainable 
from any other source. Referring only to the Far East, it is our hope that over the 
next year, if the same kind of material keeps coming in and if sufficiently painstak- 
ing work is done on it, we will have the Far Eastern picture—except perhaps for 
the East Indies—pretty well reconstructed in its economic and political aspects and 
be able to make increasingly accurate diagnoses of Japanese capabilities, difficul- 
ties and plans. 

The story of the Dutch East Indies 1s buried, we think, in the water transporta- 
tion traffic of the Japanese Army. The cryptanalysts at Arlington Hall think they 
have solved the cryptographic system in which this traffic is sent and that in 1, 2 or 
3 months they will have built up code values to a point where the traffic will be 
completely readable. If that should prove to be true, then the East Indies will be 
opened up from the intelligence standpoint and the geographical coverage of the 
Far East will be complete. 

G. Increase in Volume of S.S.D. Material. 

Meanwhile, coverage is being extended, new systems are being solved and 
translation and processing facilities are being built up. [text withheld] In the 6 
months before Pearl Harbor almost all the traffic produced was Japanese, with a 
scattering of German [text withheld] messages. A large volume from many sources 
is now handled, and language coverage has increased [text withheld] 

The recent solutions of the German Key Word Code and the Japanese M/A 
Code represented substantial progress in cryptanalytic work; and the expected 
solution of at least one of the highest grade Japanese military ciphers—and possi- 
bly of the whole Japanese military system—will, if it occurs, be an event of major 
importance from the intelligence angle. 

Intercept coverage has been extended by the development of 3 large fixed 
monitoring stations, giving approximately global coverage for what is broadly 
described as “diplomatic” traffic, and by field radio intelligence companies. Not 
only do the new stations permit more intercept facilities to be used, but the better 
antenna installations and better equipment make it possible to listen to circuits at 
times when previously they could not be heard. For example, until completion of a 
recent installation at Vint Hill, the Berlin [text withheld] circuit could be listened 
to for an average of perhaps one or two hours per day, Now it is estimated that the 
good listening hours have increased to 8 to 10 hours per day, and possibly more. 
When the Fairbanks station—the only one that can listen to traffic between Tokyo 
and [text withheld] —gets new antennas, as it will when the spring weather comes, 
the amount of traffic intercepted from those circuits should increase from a mere 
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driblet to a substantial volume. 

During the month of March we received 4,500 deciphered messages from 
Arlington Hall. This was still only a fraction of the available material. as may be 
shown very readily by the figures for the messages [text withheld] during March. 


Total 

Japanese Army and weather traffic 91,596 
Other traffic 22.489 
114,085 


The bottleneck—by reason of which this Branch received only 4,500 messages 
from Arlington Hall in March, as compared with our 22,000 (excluding Japanese 
military) [text withheld] lies in the processing and translating facilities of 
Arlington Hall, which are largely a problem of civilian personnel. They had 105 
civilians on December 7, 1941; they had 1,754 on February |, 1943 (the last date 
when we obtained exact figures). They now have over 2,300 and their T/O calls for 
3,683 by June 30, 1943. It is estimated that—apart from the problem of Japanese 
military tarffic—the volume of S.S.D. material coming into the Special Branch 
will at least double by the end of June. It will continue to increase as the successive 
bottlenecks are eliminated. More traffic will be intercepted; more will be decoded: 
more will be translated. Leaving out of account the Japanese Army traffic, the total 
volume could easily increase four-fold by the end of the year. 

This increase of material emphasizes our manpower problem. But the problem 
exists independently of the question of volume,and the factors involved in long- 
term planning are much more important than merely the question of handling a 
certain number of intelligence items per day. 

H. Basic Factors in the Problem of Cryptanalytic Intelligence. 

Certain considerations that are fundamental to our problems may be men- 
tioned: 

a. An effective intelligence agency—especially one that must deal with 
such difficult material as decrypted intercepts—cannot be built up by writing a T/O 
and filling the places with what personnel happens to be available. To do the work 
well, a man must have not only a broad education and background of information, 
but must have more than his share of astuteness, skepticism and desire to solve 
puzzling problems; and he must have a capacity for laborious detail work that very 
few people have. As you know, we have had 2 cases of men who proved incapable 
of doing our work, though both of them had had fairly successful careers in civil 
life. Not only were they able to produce nothing by their own efforts, but they used 
up so much time of others working in the office, and made so many mistakes that it 
took time to correct, that we found our net efficiency increased by taking them 
entirely off the work and inventing jobs to keep them busy until they could be 
assigned elsewhere. 
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b. One principal reason why exceptionally qualified personnel are required 
in the intelligence agency that deals with cryptanalytic material is that such an 
agency cannot afford to make mistakes, because it tends to become a focal point in 
intelligence activities. There are several reasons for this: 

(1) Intelligence from intercepts, where the material is first-hand 
and of dependable origin, is the most reliable information and frequently the first 
to arrive. Hence it is looked to as a primary source of high-grade intelligence. 

(2) Much of the intercept material consists of odd pieces of infor- 
mation and sometimes no more than a clue, which can be understood or followed 
up only in the light of information that must be obtained from other sources. Hence 
the processors of intercept intelligence tend to draw into themselves—and must 
draw into themselves to be effective—the intelligence output of other agencies. 
This they must put together with what they have; and if their own information is 
good they are likely to come out with more accurate and better evaluated informa- 
tion than is elsewhere available. We see this constantly in comparing our informa- 
tion on various topics with information put out by the B,E.W., O.S.S., J.C. and 
other agencies. 

(3) Because they must constantly seek information from outside 
sources, those who deal with intercept intelligence have an opportunity to learn 
what the good sources of information are on a wide variety of subjects. In view of 
the multiplicity of intelligence agencies and would-be intelligence agencies in 
Washington, the large amount of duplication of work, and the penchant of certain 
agencies to bring forth a stream of classified reports that are inaccurate and, in 
many instances, not much more than irresponsible guesswork, this is a very impor- 
tant point. (For instance, though the Joint Intelligence Committee is among the 
least of the sinners in this respect, I think it fair to say that its Weekly Summaries 
in the past two months have contained a number of inaccuracies and some posi- 
lively erroneous or misleading information, which this Branch, at least, would 
never have put out under any circumstances.) 

c. The guiding consideration in the internal arrangements of the organiza- 
tion that handles cryptanalytic material, and in its methods of dealing with outside 
persons and agencies, is the consideration of security. One lapse of security is all 
that is necessary to dry up a radio intercept source. Therefore, both on the officer 
level and below, only persons of the greatest good sense and discretion should be 
employed on this work. This consideration is basic, since intercept information 
involves a different kind of secrecy than does most other classified information. It 
will make no difference a year from now how much the enemy knows about our 
present troop dispositions, about the present whereabouts of our naval forces or 
about other similar facts that now are closely guarded secrets. But it will make a 
lot of difference one year from now—and possibly many years from now— 
whether the enemy has learned that in April 1942 we were reading his most secret 
codes, Not present secrecy, not merely secrecy until the battle is over, but perma- 


ACCEPTING THE CHALLENGE 57 


nent secrecy of this operation is what we should strive for. That may be too much 
to hope for in a democracy; but if it is possible to attain or approach it we should 
try to do so. 

d. An essential job of the Special Branch, which must be done if it is to 
produce this maximum usable intelligence, is to establish intercept priorities, keep 
them constantly in tune with intelligence requirements and see to it that those who 
operate the intercept stations shall understand and follow them. Only a small frac- 
tion of the world’s radio traffic can be listened to, with the facilities that are at 
hand or obtainable. To deal with the priority problem there must be a continuous 
appraisal of materials coming from the various circuits, of the probable intelli- 
gence value of what might come from other circuits and of the week to week 
necessities from an intelligence angle. The whole question is infinitely complicated 
and time-consuming, as witness the fact that you and Col. Taylor and I spent many 
days on the last priority directive. But it is an absolutely essential job to be done. 
With Col. Taylor going to London we will have to find some other man to spend a 
good part of his time on the intercept priority problem. 

e. Another essential job is to establish cryptanalytic priorities and keep 
track of cryptanalytic projects. Cryptanalysts are scarce and their time must be 
used to best advantage. This requires a degree of liaison that we have not yet been 
able to realize, from lack of man-power. This problem, moreover, is closely inter- 
woven with the intercept priority problem. If you are to put the cryptanalysts on a 
new project when they have finished the one that they are now working on, you 
must devote a part of your intercept facilities to the building up of a large volume 
of traffic in the as yet unreadable code, so that when the time comes to tackle it the 
cryptanalysts may have enough materials to do the job. 

f. Still another essential function of the Special Branch is to supply the 
cryptanalysts with leads and clues, and with intelligence in general. The art of 
cryptography has outstripped cryptanalysis, to a point where high level codes and 
ciphers are no longer broken by cryptanalytic methods alone, even though modern 
machinery is capable of almost miraculous performance in the analysis and synthe- 
sis of cryptographs. Today it is collateral intelligence which solves high-grade 
cryptographic systems. While that intelligence can come from a number of 
sources, in the nature of things the best source is the intelligence organization that 
struggles day by day with the cryptanalytic output and is familiar with what the 
cryptanalysts are trying to do and what their needs are. From the long term stand- 
point the Special Branch’s function as a feeder of intelligence to Arlington Hall ts 
hardly less important than its function of getting intelligence out of what Arlington 
Hall produces. We have done a lot of work along this line; but we would be doing 
a great deal more if we had more help. 

g. The experience of the Special Branch has proved that astute people 
working on the special materials have opportunities to furnish intelligence that 
leads directly to the solution of codes. Lt. Littlefield, for example, is directly 
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responsible for the recent solution of the cryptographic system used by the 
Germans in communicating from Berlin to agents in South Africa. From his study 
of other intercept material he came to the conclusion that a certain class of unread- 
able radio traffic was being beamed to South Africa, although the intercept people, 
including those of the Coast Guard, were positive that it was being beamed to 
South America. He insisted on this position, and informed the cryptanalysts what 
he thought the messages might deal with; and they applied probable meanings to 
the messages that they had. The solution of the code followed very quickly, and the 
contents of the messages proved that Lt. Littlefield’s guesses had been correct. 

h. Intercept coverage and cryptanalytic work has one very important pur- 
pose that is sometimes lost sight of, in addition to the job of getting intelligence 
out of the messages. That purpose might be described as protective monitoring. 
This has many phases, of which the following are illustrations: 

(1) We get from S.S.D. a large volume of samplings of [text with- 
held] traffic, some of which has to do with ship movements, deliveries of airplanes 
and munitions, assignments of military personnel, placing of orders in the United 
States, and other subjects having military aspects. Almost none of this material is 
ever reported by us. Nevertheless we follow it very closely, in order to make sure 
that it does not become a source of valuable information to the enemy... [text with- 
held] It is our practice to check each item of information to determine whether it is 
one that the enemy could not get from other sources, whether, if it is, the informa- 
tion is of importance and, if it is important, whether the degree of importance war- 
rants taking some action. Generally our conclusions have been negative; but in one 
or two instances General Strong’s attention has been called to such a problem and he has 
alerted those dealing with [text withheld] to the dangers involved in giving certain infor- 
mation and in doing business in such manner as to require too much use of the radio. 

(2) Another aspect of “protective monitoring” is to keep on the 
alert for any evidence that the enemy is reading our own codes or the codes of 
other nations. Since everybody appreciates that codes will be changed or aban- 
doned if the users discover that other countries are reading them—and since, there- 
fore, everybody tries to be very careful about transmitting information from inter- 
cept sources—the most meticuluous “detective work” is required in dealing with 
this problem. 


(3) Still another aspect of this subject is to keep track of the 
enemy's sources of information and to keep posted about what he knows. Prior to 
the landings in North Africa, attention was directed to all available traffic that 
might reveal the enemy's knowledge, and it was examined with great care with 
that in mind. The cutting down of Axis code communications by Chile and later by 
Argentina was brought about by our State Department because they knew from 
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intercepts what kind of information the enemy was getting, knew how much pres- 
sure on the two countries was justified by the facts, and knew, finally, what ace 
they had in the hole in case they should be forced to use it. The location by [text 
withheld] intercept activities, of enemy agents who were sending valuable informa- 
tion to Berlin and Rome, has enabled them to deal with the problem in some 
instances in a different way, viz.. by buying up the agents and getting control over 
the Axis source. There are several places in the world today where the problems of 
Axis communications are a live and important issue. 

i. U.S. operations in the field of cryptanalytic intelligence are relatively 
limited. For various reasons, including the piety of the State Department and the 
fact that our Army was starved for funds prior to the war, we entered the war with 
relatively little experience in cryptanalytic matters, and with even less experience 
in dealing with intelligence from intercept sources. This is certainly true as com- 
pared with the British, and we have reason to suppose that the Germans—and to 
suspect that the Russians—were also far ahead of us. While we have made 
progress, we have a long way to go. Large as it is, our S.S.D. operation is on a 
much smaller scale than the various comparable operations of the British. This is 
also true of the intelligence side of the picture; and so long as it remains true, we 
will continue to be at a disadvantage 
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m. There is one aspect of our relations with the British in intelligence mat- 
ters that has struck me very forcefully. Our intelligence agencies in Washington 
appear to spend a lot of their time keeping information secret from one another, in 
competing for credit and in beating one another into print. All of them have some 
liaison or other with the British intelligence agencies; and for some reason they are 
freer in giving information to the British than to one another, The British do not 
keep their information in water-tight compartments, nor do their various agencies 
seem to care who gets the credit. They are so set up that their intelligence is put 
together and evaluated; and the job is done promptly. This gives them a great 
advantage over us in intelligence matters. 

n. We have had enough to do with the British to have discovered that there 
is a considerable amount of intelligence which they withhold from us, not especial- 
ly by design, but because we do not ask for it. Sometimes it is not asked for 
because nobody knows it exists. Recently, for example, we have discovered that 
certain intercept information about Continental Europe, which does not flow regu- 
larly into any American channels, is available to us at the Embassy, merely because 
we deal with cryptanalytic material and have established a certain amount of confi- 
dence in our judgement and discretion. If Major Heneman, who has pursued this 
contact, were not encumbered with a large burden of other work, and could spend 
half his time at the Embassy, I am confident that he could bring into the United 
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A = 82° 26’ 37” 


201. Solving Ac Circuits Having Resistance, Inductance, and Capacitance 


a. Series Circuits. The following examples illustrate the method of solving series ac circuits 
having resistnace, inductance, and capacitance (called series RLC circuits) by using the prin- 
ciples described in paragraphs 193 through 198. 


Example 1: A 300-volt, 60-cycle ac generator is connected in series 
with a 6-ohm resistance, an 8-ohm inductive reactance, and 
a 16-ohm capacitive reactance (fig. 83). Find (1) the 
resultant reactive voltage, (2) the current flowing in the 
circuit, and (3) the voltage drops across the resistance, 
the inductance, and the capacitance. (4) Check the solu- 
tion by vectorially adding F’,, Ec, and Ex. The result should 
equal the applied voltage. (5) Find the phase angle by 
which the current leads or lags the applied voltage. 

Step 1. The vector diagram for this circuit is shown in figure 84. 
Since FE, and FE; are 180° out of phase, their vector sum 


EL 
8I 
| 
R 
6 OHMS Ex | Eo~ Ev ® Ex 
61 | 162-81=81 
! 
e | 
XL 1 Be Cw os; 
8B OHMS 
Xe 
16 OHMS TM684-94 === TM684-95 
Figure 83. An ac series circuit containing resistance, Figure 84. Ac series circuit containing resistance, in- 
inductive reactance, and capacitance reactance. ductive reactance, and capacitive reactance vector 
diagram. 
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States channels of intelligence a substantial amount of valuable information that 
either does not get into those channels at present or gets into them too late to be of 
the greatest value. 

o. A fairly important problem that we have—one that will grow with the 
volume of traffic—is the problem of increasing the proportion of Arlington Hall 
intercepts which are at least scanned for their intelligence content. The problem 
exists in all languages covered, but it is particularly acute in the Japanese. Because 
of the shortage of cryptanalysts and translators, not all decipherable messages can 
be deciphered, and not all that are deciphered can be translated. There is a scan- 
ning and selecting process at both the cryptanalytic and the translation stages. This 
is done by the cryptanalysts and translators themselves; and on the whole they do a 
good job. However, to insure that no useful intelligence is missed, the organization 
handling the intelligence should participate in the process of selection and should 
continually educate the cryptanalysts and translators in the week to week intelli- 
gence needs. This is done in the British Black Chamber organization, and it is done 
in the Navy organization. We have assigned Capt. Ervin as liaison with Arlington 
Hall, and he will be able to do this to some extent. However, there are so many 
liaison requirements that an additional officer will have to be provided before long, 
if we want to be sure that the work is done thoroughly. In addition, there is a spe- 
cific need for a man familiar with the Japanese language, to deal with Japanese 
translators. We have such a man, Dr. Creel, who because he is also a Chinese 
scholar can help the translators on one of their most difficult problems, which is to 
identify Chinese names from their Japanese Kana versions. He has already helped 
them a great deal. But, until we get some additional personnel, he cannot take 
much time away from the day to day job of handling Far Eastern material. 

p. The WT/I field, and the relations of the Special Branch and Arlington 
Hall’s work in this field, are matters that are now under study, and I mention the 
subject only for the record. WT/I—the derivation of intelligence from radio traffic 
by all means short of cryptanalysis- [text withheld] It has, of course, numerous 
applications in the field; and it is of special importance to the Navy. Arlington Hall 
has been experimenting with Japanese Army traffic from the WT/I angle: and the 
prospects for deriving intelligence from it look promising. But the development of 
this work, to judge from what I have seen of it thus far, is going to require a close 
liaison with the military intelligence and, from our standpoint, the full time of at 
least one man.... 

I. Personnel Situation of the Special Branch—Officers and Civilians. 

In the foregoing somewhat discursive remarks, which by no means cover the 
whole subject, I have tried to show that our problems have many sides, that the 
field of cryptanalytic intelligence is important, and that there are great opportuni- 
ties in this field if we are prepared to seize them. 

Whether or not the objectives that we have in mind are sound, I think the prob- 
lems at least are of some real importance to the country. The adage that knowledge 
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is power is nowhere truer than in the field of international relations, especially dur- 
ing a war and in preparation for peace. We are gaining knowledge and experience 
in many parts of the world, some of it rather expensively; but we still have a lot to 
learn. In the field of intercept intelligence we have at hand, in my opinion, one of 
the greatest potential sources of information; but we are not making the most of it. 
We need to raise our sights. 

The above statement of our problems may indicate why the present manpower 
of the Special Branch is not adequate to do the job that we want to do. A quick pic- 
ture of our manpower (excluding you and myself) may be given as follows: 


Total officers 30 
Civilians comparable to officers g) 
39 


Deductions must be taken for: 
Officers who work in the Cryptographic 

Security Section and Radio Communications 

Section (transferred from C.1.G.) who 

have nothing to do with S.S.D. material 
Officers who do purely administrative 

work, which is very heavy because of 

security requirements and the large 

volume of paper work that passes over your desk 3 
Officers about to be transferred to 

Ground Forces (2) and to London (1) 3 
Mr. Bingham, who has enlisted and 

is about to be inducted in the Army 


wn 


Balance 27 


To get the net working forces on the 
intelligence job, certain additional 
deductions of men on special assign- 
ments must be taken, as follows: 

Major McKee (Order of Battle specialist) 

Capt. Berle (Liaison with the State 
Dept.) 

Capt. Calfee (Only technically assigned 
to the Branch, doing most of his work 
for AIS... .) 

Capt. Ervin (in training at Arlington 
Hall, to be a liaison officer with 


that organization) 

Mr, Randolph (about to commence train- 
ing at Arlington Hall, to work on 
WT/I material) 

Lt. McCluney (temporarily spending 
full time on personnel work) 

Lt. Wilkinson (just relieved as 
Security Officer and engaged in 
training his successor) 


Present net working force on intelligence 
material 
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20 


According to their work and the parts of these 20 men are assigned as follows, 


the world that they keep track of: 

Editing “Magic Summary” and studies 

Reading and routing collateral intel- 
ligence material from regular sources 

Biographical Section 

Far East 

Near East 

Eastern Europe 

Central and Western Europe 

Southern Europe and Africa 

Latin America 


= 


jI— Nw eK DAN— 


RS 
io 


Considering the volume of material that we have to handle and the job that we 
are trying to do on it, the figures above speak for themselves. 


* * 


Alfred McCormack, 
Colonel, G.S.C. 
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From SRH 141-2. /n a moment of discouragement about the Army's relative 
lack of success in exploiting Japanese military (as opposed to diplomatic) 
communications, McCormack wrote this memorandum to his immediate 
superior. Like a great many of his memoranda, it dealt with personnel. The 
B Branch of MIS, mentioned in the correspondence, handled Japanese mili- 
tary decrypts; A Branch handled diplomatic materials; C Branch, the 
German intercepts provided by the British. lronically enough, at the time he 
wrote, SSA and Special Branch were on the verge of a definitive break- 
through in deriving intelligence from Japanese Army messages. 


3 Jan 44. 


MEMORANDUM FOR COLONEL CLARKE: 

Subject: Personnel Problem of B 

Section, Special Branch. 

|. This attempts to state the problem of getting intelligence out of the Japanese 
Army material, specifically from the standpoint of personnel requirements. 

2. The United States entered the war completely unprepared to deal with 
Japanese Army cryptography; we were not then reading, and had never seriously 
attempted to read, any high-level Japanese Army cipher system. (For that matter we 
had never tried to read the German military systems either). 

3. The first break into a high level Japanese system occurred some time in 
March or April 43, when the Wireless Experimental Center at New Delhi got into 
the [text withheld] water transport) system. By that time enough was known about 
the high level systems of the Japanese Army to permit a decision as to the order in 
which they should be worked on and the division of the work among the 4 large 
cryptanalytic units (Arlington Hall, the GC&CS in England, the WEC in India and 
the Central Bureau at Brisbane). Arlington Hall by agreement was made the direct- 
ing center of Japanese Army cryptanalytic activities; and in dividing up the work it 
assumed the primary burden of the bookbreaking job on [text withheld] 

4. As of April there was no American experience in intelligence work on 
Japanese high level decodes. In a study written up in that month we expressed con- 
fidence in the ability of the Special Branch to handle the material that was expected 
to flow in after a couple of months, though we did say that a transfer of personnel 
from other work would be required, and that our other work would be impaired, 
unless personnel could be recruited promptly and trained. 

5. Not until the middle of June did we get approval for additional personnel. By 
that time our work had expanded far beyond the new allotment of 20 officers; we 
were given additional jobs to do, faster than new personnel could be recruited; and 
we were not able to put adequate personnel on the JA work. 
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6. Having no experience to guide us, both Arlington Hall and ourselves had 
under-estimated the difficulties that the Japanese systems would present: specifi- 
cally (it now seems to me), both had underestimated the amount of intelligence and 
research work that would have to be done in order to build up the water transport 
codebook and get intelligence out of the messages. Both organizations, therefore, 
were unprepared for the job that this material presented. 

7. By June, it was clear that, in order to capitalize on the opportunities present- 
ed by [text withheld] and other systems then in process of solution, Arlington Hall 
would have to increase its personnel by a minimum of 2,000 people. Studies 
designed to present the problem to the appropriate authorities were commenced, 
By August a request for the necessary personnel, accompanied by a T/O and man- 
ning tables, had been submitted. It appeared on the face of the study that a critical 
situation existed. Nevertheless, 4 months passed without effective action being 
taken; and only within the last few days has Arlington Hall received the authority 
necessary to commence recruiting. 

8. In other words, 6 months after a critical need for at least 2,000 persons was 
obvious to anyone familiar with the problem, the lengthy and difficult job of 
recruiting such personnel is just being started. 

9. Meanwhile, upwards of 200,000 Japanese Army messages (in [text with- 
held] and other partially solved systems) have piled up on the shelves at Arlington 
Hall, unread. These messages would be readable if the necessary personnel were 
available. Most of them will never be read, because the priority of current traffic, 
the increase of readable current material at a rate faster than the recruitment of per- 
sonnel, and the sheer necessity of moving forward from one period of a system to 
another, in order to preserve cryptographic continuity, will make it impossible ever 
to allocate personnel to decipher and translate any substantial portion of these mes- 
sages. 

10. How much priceless intelligence is locked up in these unexploited and 
unexploitable messages is anybody’s guess. It is anybody’s guess, also, how much 
information of operational importance has been lost, because when the opportunity 
came along we were not ready for it. 


77. One thing is sure. If every limitation of personnel allotments were 
removed, and the Special Branch were allowed to recruit (as the British GC&CS 
do) qualified personnel from wherever they might be found (officers, enlisted men 
and women and civilians), it would still be impossible, even within the next year, 
to find and train the number of qualified persons necessary to keep up with the 
ever-increasing opportunities which the Japanese Army traffic will probably present. 

78. The writer would sum up the situation presented by the Japanese Army 
traffic as follows: 
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a. In our exploitation of this field we are far behind where we should be, or 
where we might have been had the job been seen in its true proportions and been 
given the necessary priorities in manpower and facilities. 

b. We have arrived, nevertheless, at a point where an opportunity is pre- 
sented to increase our Japanese intelligence a thousandfold. 

c. If we act vigorously, giving this job the kind of priority that the British 
have given their work on German “E,” we have the chance of getting into Japanese 
Army cryptography so deeply that we can never be dislodged from it by changes in 
systems or by devices employed by the enemy. 

d. If we act vigorously, at the very least we can open up sources of intelli- 
gence that will certainly be of great importance, and might even be of decisive 
importance, in the Pacific war. 

e. Except for the matter of I1.B.M. machines at Arlington Hall, the problem 
reduces itself almost wholly to one of obtaining qualified personnel, when they are 
needed and not 6 months later. 

f. If we go on the way we have gone to date, we shall continue to miss 
opportunity after opportunity, and at the end we shall have paid for the lost oppor- 
tunities in lives and wasted resources. 

79. The foregoing appears to confirm the opinion that you have expressed, that 
Arlington Hall’s increase of personnel should be raised from 2,000 to 5,000, amd 
that it should be allowed to go forward to recruit 5,000 qualified persons as 
promptly as possible. When the Wireless Experimental Center in India, with a 
much more limited mission, already employs 5,000 personnel and is moving to 
increase that number as rapidly as personnel can be found, an increase of at least 
5,000 persons for Arlington Hall would seem to be indicated. 

80. An increase of personnel for B Section of the Special Branch from 55 to 
280 officers and from 22 to 120 enlisted women or equivalent personnel is a drop 
in the bucket alongside of the Arlington Hall requirements. It is, moreover, no 
over-estimate of the requirements, if the British organization is to be taken as a 
model. Hut 3 at B.P., an intelligence section dealing with high-level German traffic 
solely from the current operational standpoint, had 328 persons working in May; 
and this is exclusive of administrative personnel. In the two principal sections deal- 
ing with the longer-term aspects of German military traffic there were 257 persons 
and 179 persons (again exclusive of administrative personnel), or a total in the 3 
operations of 764 persons. This total is exclusive of a Tabulating Section of 239 
persons, and takes no account of personnel on the intelligence side of the operation 
at the War Office and the Air Ministry. The Special Branch must perform not only 
the functions performed at B.P. but a number of those performed by the Service 
Ministries in London. 

81. This situation is a challenge to the War Department to tackle a new kind of 
job, one not easy to understand and not easy to fit into a familiar pattern of organi- 
zation, and one that requires considerable imagination and a particular type of personnel. 
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82. It is also an intellectual challenge to the United States Command. The vic- 
tory of the British over the Germans in the radio intelligence field is a great intel- 
lectual victory of one leader and one people over another. The Germans have been 
outwitted at every turn; their most secret military communications are read every 
day: their most elaborate security precautions count for nothing. Why were the 
British able to get to the “Scharnhorst” and sink her? Simply because they were 
able to arrange their tactical dispositions and deception measures in the light of 
knowledge, derived from reading messages in what the Germans still consider an 
unbreakable cipher, of the vessel’s precise mission, the nature of its escort and the 
exact time when the battle convoy was going to leave Lopphovet. 

83. Except for whatever our Navy has been able to do, we have achieved no 
corresponding victory over the Japanese. To date, in the field of radio intelligence, 
we have met largely with failure. 

84. The chances for victory, however, lie before us; the only question is 
whether we have the vision to see them and the imagination and energy necessary 
to seize them. 


Alfred McCormack, Colonel, General Staff 
Deputy Chief, Special Branch, MID 


CHAPTER IV 


Training the Force 


The very large signals intelligence effort mounted by the U.S. Army in 
World War Il demanded masses of trained personnel. For most of World 
War II, officer and enlisted cryptologic personnel were trained at Vint Hill 
Farms in Warrenton, Virginia, which was also the site of the Signal Security 
Agency's Monitoring Station Number |. The “Official Story” of officer 
training is contained in the excerpt from SRH 358, History of the Training 
Division, Signal Security Agency. A more informal account of the human 
side of the training process as it affected enlisted ranks can be found in the 
“Third Battle of Manassas,” an unpublished manuscript prepared by some 
of the trainees. 
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From SRH 358. An excerpt from the History of Training Division, Signal 
Security Agency, discusses the training of cryptologic officers at Vint Hill 
Farms Station during World War II. Indicative of the fact that the Agency 
(and the Army) reflected all too well the prejudices of the time is the fact 
that all officers selected not only had to be mentally and physically fit, but 
also “of the white race.” 


CHAPTER IV 


HISTORY OF SCHOOLING OF COMMISSIONED OFFICERS 
IN THE VINT HILL FARMS SCHOOL 
VINT HILL FARMS STATION 
WARRENTON, VIRGINIA, 17 March 1941 to 1 January 1945 


* = + 


10 March 1942 to 5 October 1942 

On 10 March 1942, the training of commissioned officers was initiated in the 
Cryptographic Division, Fort Monmouth, New Jersey. The Cryptographic Division 
was then a part of and under the supervision of the Enlisted Men’s Department, 
Signal Corps School, Fort Monmouth, New Jersey, and had been organized primar- 
ily to train enlisted men in cryptanalytics and linguistics. The training of commis- 
sioned officers was initiated primarily because of the need in various Signal Corps 
and Army Air Forces units and installations for personnel qualified as Message 
Center Officers, Cryptographic, MOS 0224. It was certain that emphasis in such 
training should be placed on cryptography and, therefore, that a school organized to 
teach cryptanalysis would apparently not be the proper place to give such instruc- 
tion. However, the Cryptographic Division was the only Signal Corps school then 
existent which could not only teach the operational phases of War Department sys- 
tems but could also demonstrate to the students by cryptanalytic methods, their 
weaknesses and thus emphasize to them their responsibility for the security of such 
systems. 

On 10 March 1942, a group of seventeen officers, assigned to the Signal Corps, 
were placed in such training and fifteen were graduated after a period of approxi- 
mately ten weeks. All of the group graduated were transferred to the Army Air 
Forces for cryptographic security duties. Additional officers were assigned for 
training from both the Signal Corps and the Army Air Forces from that date until 5 
October 1942, so that the average number graduated per month during that period 
amounted to ten, of which approximately 50 per cent were assigned to duty with 
the Army Air Forces and the remainder to duty with the Signal Corps. 
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Since the commissioned training during this period dealt with relatively small 
classes, only two commissioned instructors were needed and these were provided 
from officers assigned to the Staff and Faculty, Signal Corps School. The instruc- 
tors were required to be trained as Cryptanalytic Officers, General, MOS 9600, 
with special additional training in the operation and analysis of War Department 
systems. 

All commissioned students were required to have an AGCT grade of 130 or 
better, an analytical mind, and preferably a college education. All had to be cleared 
under the provisions of classified AGO letters pertaining to the clearance of per- 
sonnel for cryptographic duties. Due to the fact that almost all position vacancies 
were in Overseas units or installations, composed of or operated by white troops, 
all officers had to be of the white race and physically qualified for overseas ser- 
vice, 

The problems encountered in this phase of the training conducted by the 
Cryptographic Division were relatively few and based primarily on the difficulty in 
obtaining current and pertinent instructional material and on the difficulties created 
in the scheduling of training on classified material by reason of the delays incurred 
in obtaining cryptographic clearances. As the student body increased, the further 
problem of finding adequate classroom space was created. No additional space was 
available at Fort Monmouth, and as a consequence, the school was placed on a two 
shift basis. 

No reports have been received criticizing the adequacy of the training given 
commissioned officers during this period, but it can be properly acknowledged that 
by reason of the speed-up created by the demands for trained officers, the training 
was at best weak because the theoretical and technical phases had to be empha- 
sized at the expense of practical application, and as in most types of school training 
given to commissioned officers, little or no opportunity was allowed to them to 
gain experience in the administration and handling of troops. 

Enlisted overhead for the Cryptographic Division during this period were 
assigned to the Second Signal Service Company, Washington, D.C. and on 
detached service with the 15th Signal Service Regiment, Fort Monmouth, N.J. 


5 October 1942 to date 


During the summer of 1942, negotiations were initiated to determine the feasi- 
bility of moving the Cryptographic Division to some location near Washington, 
D.C. This was deemed advisable in order that closer liaison could be obtained with 
the Signal Security Agency, so that more current cryptanalytic information could 
be obtained, and so that more physical space would be available for both commis- 
sioned and enlisted training. 

On 5 October 1942, pursuant to authority contained in paragraph 2, S.O. #272, 
Hq. Fort Monmouth, N. J., dated 4 October 1942, all overhead and student person- 


is the difference between the two. E, is greater than E_,; 
thus, the resultant reactive voltage, Ex, is 16J — 8] = 8. 


Step 2. Find the current flowing in the circuit. 
E? E,? + BX? 
E? (IR)? + (1X)? 
(300)? (62)? + (87)? 
(3 x 107)? (67)? + (87)? 
9 x 104 36/2 + 64/2 
9x 104 100/2 
9 x 104 1022 
V9 x 104 10272 
3 x 10? 107 
300 107 
I 30 amperes 


Step 3. Find the voltage drop across the resistance. 
Ep 
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180 volts 


Step 4, Find the voltage drop across the inductance. 
E, IX, 

30 x 8 

240 volts 


Step 5. Find the voltage drop across the capacitance. 
Eo IX¢ 

30 « 16 

480 volts 


Step 6. Find the resultant reactive voltage. 
Ey = E,—E, 

480 — 240 

240 volts 


Step 7. Vectorially add the voltages in the circuit. The result 
should equal the applied voltage. 
EB? = E+E 
(180)? + (240)? 
(1.8 x 102)2 + (2.4 « 102)2 
3.24 < 104+ 5.76 x 104 
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9x 104 

E V9 x 104 
3 x 102 
300 volts 

Step 8. Find the phase angle by which the current leads or lags 
the applied voltage in the circuit. 
Xi— Xe 

tan A = a a 
_8 
“~~ 6 
= 1.33333 


A= 53° 7 48”. 
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nel then assigned for duty to the Cryptographic Division were transferred from 
Fort Monmouth to Vint Hill Farms Station, Warrenton, Virginia, a Class IV instal- 
lation. At Vint Hill Farms Station, the name of the school was changed to the 
Signal Corps Cryptographic School. The transfer of the school, although well 
intended, was unfortunate at the time, due to the fact that Vint Hill Farms Station 
was then only in the initial stages of construction and certainly not, at that time, a 
proper place for the operation of a special service school. Due to the size of the 
student body and the initial lack of classroom facilities, it was necessary, until all 
of the present school buildings were completed in April of 1943, to operate the 
school on two shifts, which necessarily resulted in cutting down the effectiveness 
of the instruction given, However, once the physical facilities were completed they 
were entirely adequate except in rare cases when it has been necessary to turn 
down unanticipated training demands. 

During the remaining part of 1942 and during 1943, the courses of instruction 
given to commissioned officers were increased to qualify officers in the following 
military occupational specialties: 


Message Center Officer, Cryptographic MOS 0224 
Cryptanalytic Officer, General MOS 9600 
Cryptanalytic Officer, Translator MOS 9604 
Cryptanalytic Officer, Traffic Analyst MOS 9605 


In January of 1944, a section was added to the school to instruct officers (as 
well as enlisted men) in the installation, maintenance and repair of cryptographic 
equipment and to qualify officers with the following military occupational specialty: 

Cryptographic Equipment Maintenance & Repair Officer MOS 9600. 

In May 1944, pursuant to directive of the Chief Signal Officer, instruction of 
Message Center Officers, Cryptographic, MOS 0224, was made the responsibility 
of the Eastern Signal Corps School, Fort Monmouth, N. J., and was discontinued 
by the Signal Corps Cryptographic School. 

In June 1944, it was recommended by the Chief Signal Officer and approved 
by the Commanding General, ASF, that the school henceforth be known as the 
Vint Hill Farms School. 

During the period under discussion, all commissioned overhead for the school 
have been assigned to and furnished by the Signal Security Agency, and all enlist- 
ed overhead have been assigned to and furnished by Detachment, Second Signal 
Service Battalion, Vint Hill Farms Station. No Table of Organization has been cre- 
ated for this purpose, but commissioned grades and enlisted grades and ratings 
have been allotted, such allotment being related directly to the training demands 
and thus increasing and decreasing as the training demands increased or decreased. 
This has resulted in a desirable flexibility of overhead and has proven entirely ade- 
quate to serve the training demands of the school. All overhead, though being fur- 
nished by the organizations indicated, have with few exceptions been graduates of 
the Vint Hill Farms School. All commissioned overhead with few exceptions have 
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been either enlisted students or overhead in the Vint Hill Farms School prior to 
their being commissioned. 

The primary problems in all the courses given by the Vint Hill Farms School 
have been to provide sufficient personnel to meet theater demands and to keep the 
courses Current in a constantly changing field. The first of these two problems is an 
unsolved one. Although it is believed that sufficient commissioned personnel have 
been trained to met theater demands prior to this date, it has been primarily a result 
of fortunate assignment of officers to the courses given. At no time has adequate 
information been forthcoming from higher headquarters on which a reasonably 
accurate estimate of future training demands could be based. When it is considered 
that all of the courses given by the Vint Hill Farms School must differ in the funda- 
mentals thereof, dependent upon the theater in which the student is to be assigned, 
the problem in making a reasonably accurate estimate is self-evident, but by the 
same token, it is also self-evident that a bad guess would result in an excess of offi- 
cers being trained for one theater and an insufficient number trained for another. 
The problem of keeping the courses current has been met by constant and close 
liaison with Signal Security Agency and by requesting through the Signal Security 
Agency, reports from the theaters pertaining to the adequacy or inadequacy of the 
training being given. 

The methods of instruction have varied with the different courses. Originally, 
when adequate time was available, emphasis was placed on individual study. 
However, as demands for commissioned personnel increased, it was necessary to 
speed up the courses. Lectures, demonstrations and individual and team solution 
have been the principal methods of instruction used in cryptanalytic and traffic 
analytic courses. Lectures and independent study have been the principal methods 
of instruction used in language subjects. Lectures, demonstrations, independent 
study and coach-and-pupil-method have been the principal methods of instruction 
used in the cryptographic equipment maintenance courses. 

Adequate commissioned student personnel have been available for training 
and with the exception of those officers on detached service from their units, all 
student officers have been assigned to the OSCRP, Advanced Radio 
Communications School, Arlington Hall Station, Virginia and placed by such orga- 
nization on temporary duty at the Vint Hill Farms School. The mental qualifica- 
tions and educational background of all officers sent to the Vint Hill Farms School 
for training have been adequate. In general, they have been required to have an 
AGCT grade in Groups I or II if college graduates, and in Group I if high school 
graduates. Also, all officers were required to possess analytical ability. With few 
exceptions, drop-outs have been caused by the lack of analytical ability, an ability 
which cannot be readily pre-determined but will reveal or fail to reveal itself only 
during the course of instruction. 

With the exception of the normal field and technical manuals used for general 
military training, all training has been based on special texts, documents, devices, 
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charts, mock-ups, etc., prepared either by Signal Security Agency or by the instruc- 
tional overhead of the school. This situation has been necessitated by the fact that 
almost all technical instruction is of highly classified nature and that it is not 
intended that information pertinent thereto be available to the army at large. 


** 


The present organizational status of the Vint Hill Farms School is that it is a special 
service school operated under the direction of the Chief Signal Officer for training 
personnel of the army in cryptanalytic, traffic analytic and cryptographic equip- 
ment maintenance subjects. The Commanding Officer, Vint Hill Farms Station is 
also Commandant of the Vint Hill Farms School. The Director of Training of Vint 
Hill Farms Station is directly in charge of training in the school. The school 
receives technical information and aid from the Signal Security Agency, and the 
Commandant of the school is responsible to the Chief Signal Officer, through the 
Commanding Officer, Signal Security Agency, for the adequacy of the training 
conducted, 


a oe 


From The Third Battle of Manassas. This highly unofficial history of the 
training of Army enlisted signals intelligence specialists conveys a good 
sense of the flavor of training camp life in World War II. Lambros D. 
Callimahos, the “flute-playing, Esperanto-speaking, Egyptian-born Greek” 
lieutenant mentioned in the text, went on to a distinguished professional 
career in the National Security Agency. In an introduction he wrote to the 
original manuscript, Callimahos commented that “Sometimes it is a bit 
catty, sometimes biting in its remarks; nevertheless this history is a lot more 
honest than other histories | have read labeled ‘official’ .” 


THE THIRD BATTLE OF MANASSAS 


* 
THEY FELL OUT IN FRONT OF THE ORDERLY ROOM 


At eight o’clock on the morning of 5 October 1942, approximately 250 specu- 
lative enlisted men and three officers, each with a baloney-as-usual box lunch, 
assembled along the Jersey Central siding in Fort Monmouth, N.J. A coach train 
backed in from the direction of Eatontown and stopped with the baggage car near 
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the general site of the mountainous pile of foot lockers and barracks bags. A detail 
consisting of about fifty strong “volunteers” was picked to stow the mountain on 
the train. This done, the men got aboard under the guidance of Lts. J. T. Guernsey, 
W. P. Bundy, and R. L. Markland and waved goodbye to about thirty fellow stu- 
dents who were left behind, some to pack up the school supplies for forwarding, 
others to carry the school banner to OCS. During the entire embarkation proce- 
dure, the Post Band played familiar airs and cheered the School on to new adven- 
tures—or were they just celebrating the departure of the “geniuses” who, in some 
companies, drew no KP or detail? 

The destination of the movement was, except to knowing few, only a subject 
for rumor. Stories were current of Arlington Hall and other comfortable places in 
or near Washington; another version had it that the future home of the school 
would be an old estate in Virginia with a mansion house....After traveling over the 
rails of most of the lines in the east and south for about ten hours and finally end- 
ing up behind a Southern Railway locomotive with a bright green shell around the 
boiler, the men and officers arrived in Warrenton, Virginia, where they were met by a 
diverse collection of trucks and conveyances and most of the Warrenton populace. 


* 


The trip from Warrenton to the new home was, for some, a sightseeing tour; 
for those jammed into the front of the trucks, it was a period of slow suffocation 
inside raincoats. It had rained most of the afternoon and was still drizzling. The 
sight that greeted the men upon arrival was one of mud and desolation; and the 
grim discovery that straddle trenches served for latrines dropped the “campustry” 
majors to even lower depths. Morning brought a more cheerful outlook, because 
the sun was bright and the leaves were green. When it was realized that eating or wash- 
ing required, for most men, a trip across the post, the cheerfulness evaporated again. 

Although, at the time, few people knew it, Company “B” already existed on 
paper and included the “Schoolboys,” 25 “linguists” of questionable proficiency, 
and three untutored non-coms, “Lil Abner” Hodges, “Louie” Fragassi, and 
“Repulsive” Ahearn. These diamonds-in-the-rough were somewhat doubtful as to 
how to handle the “new fellers” who were “pretty much like ordinary people— 
smart, but kinda mad”. Lt. Nixdorff, he of the long chin, was company comman- 
der, in a remote sort of way. The “first sergeant”....had a pat solution for every dif- 
ficulty: “You'll have to make your own provisions for that.” When Lt. Marion 
became Company Commander a month later, nobody knew the difference. 

Company administration was strictly a hit or miss affair. Paper work consisted 
of a detail roster that included everybody. There was only one copy of this and 
Jones, who had it, could never be found. As a consequence, the efforts of Hodges 
and Co. to control goofing off were largely nullified. Reveille, also handled by Li’l 
Abner, was an indeterminate proceeding. It was held under blackout conditions 
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where “Barrack so-and-so all presnnnneraccounted FOR!!! was a mere formality— 
except that Ahearn’s report from the one-holer generally agreed with the facts. 

The Orderly Room was a clapboard shack at the main gate that looked like a 
tool shed (and was). With the detail situation very much out of control, a clerk was 
needed to get out additional lists of names. A private named Griffin, who was more 
at home with a typewriter than a shovel, volunteered, and genuine administration 
got a definite, if modest, start. A week or so later, the Orderly Room moved to a 
leaking tent behind Barracks 10, which at the time was only a pile of prefabrication 
in the rain. When it was at last put together (at a cost rumored to be $3,030 without 
steps and screens), the company headquarters moved inside and Lt. Guernsey took 
over as CO. In less than a month, a telephone had been installed and the Company 
had established communication with the rest of the Post, proving that the Signal 
Corps could do the job if the customers would just be patient. The tent became a 
telephone booth outside of which long lines of patrons formed at odd hours of the 
night and morning. 

Shortly afterwards, a group of officers and “non-com material”...left to start 
“C” Company (later Hq. and Hq. Co.), whose original function was basic training 
for an assortment of illiterates, ex-convicts, gittar players and spare parts who had 
shipped in when nobody was looking. Hodges’ bunch moved over, too. 

In those days the immediate ambition of every student was to get in one day a 
week of school, The company was growing: classes were filled and were run in 
shifts. Life was mostly detail—chopping trees, digging post holes, laying side- 
walks, and cleaning the (outdoor) latrines. Life centered around those woodsy 
chapels: while the dry and shining bowls in the regular latrines remained unblem- 
ished, men from “B” and “C” companies shared a common interest in an incredible 
twenty-holer on the corner across from Barracks |. There they would meditate 
amid the fragrance, the “C” men eating candy or munching an orange, the “B” men 
reading Tristan and Isolde or a volume of T, S. Elliot. . . . 

Having been specially selected at processing centers because of superior men- 
tal and educational qualifications, the men were put to work at digging and moving 
logs. One count showed forty three years of college in one ditch (8 EM); the post- 
holes were likewise “educated.” Products of the lumbering activities were classi- 
fied into (a) logs, (b) branches, (c) trimmings. On odd days the log poles and brush 
would be moved to one side of the area “to make way” for further developments; 
on even days they would be moved back again “to make way” for still other devel- 
opments. This went on until all concerned ran out of developments. It was then 
decided to burn the brush piles and carry out the logs. Those who goofed off got a 
week’s KP—which was in many ways a relief... .. 

During this rugged period while construction was still in progress, casualties 
were not uncommon. The uncharted maze of trenches, later used as ditches in 
which to lay sewer and water pipes, probably taking the largest toll. Somehow 
there seemed to be very little cooperation between the engineers digging the 
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trenches and throwing up the breast works and the other combatants on night oper- 
ations. While on a special mission one warm October night, Afflerbach, clad in Gl 
undies, walked into a thirteen foot ditch but relaxed (or was relaxed) enough to 
suffer nothing worse than mortification. On the other hand, the same ditch was 
responsible for a wrenched leg and three broken ribs from two other victims that 
same night. . . .After that, extreme caution was observed by the personnel of the 
Company; anything that looked like a ditch was avoided, and the dim morning 
hours found dozens of men gingerly stepping over the shadows of trees. 

Social life on the Post was somewhat suppressed by the lack of facilities. Over 
in “A” area there was a barracks that had been converted into a day room, mail 
room, library, special services office and PX. The latter consisted of a twelve-foot 
counter and three shelves, mostly empty; besides, it was nearly a mile away. 
Dinner invitation extended by the Warrenton folk (that was before the native 
money-grabbers made a mockery of “Southern hospitality”) generally had to be 
declined: eleven miles each way was a long walk, even for the Signal Corps. When 
Sgt. Parker tried to organize an orchestra, the response to first call consisted of five 
trombonists and two xylophone players. It was several months before a combina- 
tion with the customary assortment of instruments could be gotten together. 


* Oe 


When Griffin was away or ill, Owens took reveille with an intonation that added to 
the Owens legend. In Hodges’ day, the vocal side of reveille had been nothing 
more exciting than a succession of strange noises in a Kentucky twang. When 
Griffin came along, he enlivened the proceedings with a haughty “reh-PORHT!!” 
and a battery of announcements and involved instructions proclaimed in his best 
theatrical manner. Against this professional competion, Owens staked his bid for 
fame on an unmelodious “RE-E-E-E-E-E-E—-PORT™” delivered in a droning 
monotone. With the Griffin-Owens team running things, the men could depend on 
a reveille in harmony with the dizzy events of the later hours. 

About this time, Lt. Volm, deciding that it was time for recreation and beautifi- 
cation, began the Area Cleanup Project. Lt. Kunzman became sidewalk engineer 
and used for his theory of construction “straight logs, only straight logs.” This 
meant that logs would be toted in for the walk one day and out the next—for 
longer and straighter ones. Again big brush piles burned in the middle of the “sta- 
dium.” Lts. Guernsey and Vultee would stand about the huge fires warming their 
hands (?), saying “more branches on this side,” and, “more twigs over there. . . . 
let’s get a move on.” 

Danny Volm was a skillful “improviser.” When the sidewalks needed gravel 
and it was not forthcoming from the engineers, he would stroll up to the main gate, 
and, as the trucks approached with gravel for the Colonel’s walks, would swing 
aboard and holler, “Down this way” and bring them to the company area. In this 
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manner several hundred tons of shale were obtained for a 220 yard race track that 
ran around the area between the barracks and divided Goldbrick Park in half. It 
was boycotted by everybody: Afflerbach tried to use it, but recognized the disad- 
vantages of ostracism in time. Later it was removed, as painfully as it had been 
built. 

The Day Room began to shape up under Volm technique. Huge slabs of 
masonite for the new white barracks in “C” company disappeared, only to reappear 
on the walls of the day-room, neatly squared off with lathes gathered in the same 
manner... . 

Inspections were frequent. On Saturdays the inspection party followed a trans- 
posed route among the barracks in an attempt to catch the boys warming their 
hands around the stoves instead of standing by their bunks. . . .This “hit-em-where- 
they-ain’t looking” strategy worked occasionally, particulary in Barracks | (the 
goat: Kilgore), Captain Guernsey was a no-haircut gigger, especially when the bar- 
ber shortage was acute. Homer Baker got it for “dust in ear’—lint from an OD 
towel, it was. Lt. Vultee specialized in upper bunk gigs where you could get an 
eye-level view of the wrinkles in the bottom sheet. Lt. Kunzman who usually 
inspected with him, however, specialized in lower bunk “gigs” which were more in 
line with his qualifications. . . .Lt, Volm liked to look for food which he ate (except 
Biern’s beer-cheese), leaving a gig slip in gratitude. At foot-locker inspections, the 
barracks leader was required to wriggle around in the airspace above the ceiling 
vents in a nothing-up-here-but-us-chickens act. All kinds of junk were discovered: 
radios, a crate of oranges, satchels, volumes of poetry in limp leather, and 
Wilhelmy’s six-month file of the New York Times. (This practice was ended when 
somebody fell through the ceiling). Epps was caught with an axe in his footlocker; 
Jurgens had silverware in his overcoat; Oppenheimer had an aspirin under his bed. 

Cold days also bred disease. One after the other, barracks came down with 
measles or allied bugs that led to bigger quarantines. Finally the whole Post was 
put in a quarantine based on the following principles: 

1. That men living off the Post were immune. 

That the germs distinguished between enlisted and commissioned personnel. 

That the men ceased to be carriers every third day but became dangerous again 

on the fourth (the issuance of passes on Mon.-Thu.-Sun., etc., was based on 

this principle). 

4. That short periods of immunity occurred in a scheduled manner (this permitted 
operation of the PX on a shift basis). 

5. That contact was dangerous in training activities but harmless while on detail. 


ws 
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ADMINSTRATION FOR ALL CONCERNED 


It wasn’t until three or four days after our arrival at Vint Hill that the adminis- 
tration overhead took up duties in the barn in the now “B” Company area....Lt. 
Guernsey opened his office in the rear east room of the barn. Of course, the school 
had to have a phone so immediately one was supplied (a crank-type affair). There 
was a trunk line—to one place, Post Headquarters in the big house—but to get 
there it went across the floor of the office, down the hall and over the fields. If you 
had business with other than Sgts. Enright and Jones you had to go for a hike. 
After all, it was only a little less than a mile over to the orderly room at the present 
site of the main gate. Besides, if it was Lt. Nixdorff you were looking for, he 
wasn’t there!! 

One of the big jobs which had to be done again was the roster of EM in school 
who were eligible to be T/5s. Of course, we had made a roster before we left Ft. 
Monmouth; what happened to that nobody knew. Anyway, on October 27th the 
post-hole diggers got their rank. By that time, it was time to move and the school 
set up headquarters in the telephone building, except that Reproduction, Supply 
and Plans & Training stayed in the (unheated and dimly lighted) attic of the barn. 
Those were the days of easy ratings. Radio personnel were changing stripes as fre- 
quently as they changed underwear. Then it was learned that all the overhead were 
to become at least T/Ss, so up to AHS went a list of men recommended for promo- 
tion, Everybody was put on the list but SNAFU—only about one-half of the men 
recommended were promoted. 

There was a gnashing of teeth and much weeping and wailing—and no chap- 
lain to issue TS slips. (Sgt. Bruce “I have a few ah-nowns-ments, fel-lows” Parker 
acted as a sort of chaplain, but he was busy most of the time figuring out schedules 
for the “Green Dragon’—a converted auto trailer which linked the camp with the 
outside world.) It took almost two weeks to arrange to have the other EM in over- 
head promoted to T/4; after that, there was rank all over the place. 

During the latter part of November the office of the school was moved across 
the post to the present school supply building. Three space heaters (the regular 
quota for heating buildings in the Sunny South) were installed. It was hard at first 
for the Warrenton Commandos—Lt. Guernsey, Sgt. Kane, and Sgt. Hawes—to 
adjust themselves to the vagaries of the temperature in this new office. After they 
stood around the stove for two hours, the icicles would melt and they could slowly 
work back to their desks and get administration underway. By noon the building 
would be so hot to stand, while the atmosphere would be blue from the smoking of 
the stoves and the Commandos, 
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... Sunday classes were scheduled on alternate week-ends for all personnel from 
0800 to 1645 during January through April 1943. Target practice with a knife was 
furnished by Lt. Mann in the main office, the target being the then present calendar 
month. However, instruction was not of the best for he couldn’t hit the target as 
often as the students, 

In the early part of April it was decided to have post headquarters and the 
school together, And for the fifth time the administrative staff was packing up and 
bossing a bemused bunch of men who were wandering through the bushes with 
typewriters, file drawers and in-baskets. Now though, it was clear that progress had 
been made: for the first time, the school headquarters looked like an office and was 
uncluttered with dirty stencils, crates, mess tables and student officers. 


OK 


..the desk in front of Afflerbach is not occupied but it is reserved, Perplexed 
student officers spend days at this desk filling out multitudes of forms, screaming 
they had already filled them out at Arlington. After the first day they become 
hoarse, the second day they give their occupations for the last five years in answer 
to an inquiry about their grandparents’ dates of birth, and on the third day they are 
veteran student officers. Lt. Callimahos is over in the other corner but is heard 
from all the time. His byline: “Don’t you know how to report to an officer????".... 

It was during this period that the output of memorandums reached its peak. 
Although Capt. Guernsey and Lt. Vultee were only four feet apart, they found it 
necessary to carry on communications by indirect discourse. The Lt. would jot 
down notes to be typed by Sgt. Doering who would route them through Sets. 
Jurgens and Kane up to the Captain, each Sgt. retaining a copy for file. Memos for 
general distribution were written by the officers, including Lt. Callimahos, and 
were sent down to Reproduction for ditto-ing, while over in the corner Sgt. Kane 
kept up an envious grumble about the days back in Monmouth when he put out all 
the notices. 

When the paper shortage began to be felt, economy was effected by substitut- 
ing buckslips for individual copies. As the practice grew, magazines, bulletins, and 
other printed matter came to be circulated by this means, “FYI” and “Note and ini- 
tial below.” Eighty-page copies of Tactical and Technical Trends would be sent out 
to thirty-odd people in six different buildings “to be returned promptly.” Instead, 
they would disappear. Sgt. Doering, who used to be a statistician, got out the calcu- 
lator and some probability tables and estimated that buck-slips issued in May could 
not, the way things were, be expected back before the middle of November. 
Runners were sent out to find the missing buck slips, but no luck. The device of 
including breezy comment (e.g. “Pages will not be dog-eared”) was tried, without 
success. Finally, Lt. Vultee blasted out with his famous memo on “Bucking of 
Buck Slips” in which negligent “buckees” were charged with retarding the war 
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effort and were warned that “such impedition will not be tolerated.” Everybody 
reached for his dictionary and awaited the next dispatch. . . . 


* * 


. ..as Rosh Hashana approached. . . .Almost the entire student body exhibited reli- 
gious fervor and a sudden desire to attend services. For this, of course, a three-day 
pass was necessary. 

Equinoctially, these “Passover passes” (the term applied to both Passover and 
Yom Kippur) brought on righteous indignation in some quarters because “They get 
off at Christmas or New Year’s, too, and that ain’t fair!” The other quarters said 
“Yes” and went on pass anyway... . 

...the Room 31 gang. .. .had started a map in the second stall of the latrine 
down the hall from the office, a map which included some of the prominent per- 
sonalities of the period. Irritated (no doubt, by the misuse of government property), 
Owens issued a notice to “all EM” warning them that “anyone found guilty of 
writing on, marking or in any way maliciously defacing any wall, partition or other 
part of the school buildings will be subject to severe disciplinary action.” 

Though the map grew and grew, Owens couldn’t catch anybody. As its reputa- 
tion spread, visitors from other buildings and even the Company came over to see 
the newest “terrain features.” 

Captain Guernsey regularly passed by the officers” stall in order to keep 


abreast of developments. . . . 
eB 


The Legal Department moved in shortly afterwards and immediately took over. . . 
.They seemed to regard the school headquarters as intruders. Business was brisk. 
One day somebody who said he was a representative of Armour & Co. called up 
and insisted that Lt. Pratt had some chickens for sale at his farm. The “Legal 
Eagle” explained that this was an army post, that, anyway, we were using all the 
chickens we could handle. .. . 


OR te 


The Chief Clerk has also always had a secondary function—that of a combination 
John Anthony—Ma Perkins—medicine man for the soul. At least once a day he 
received a wailing visitor with a long story of a check that had to be cashed, a tele- 
phone call for a life-or-death matter, bonds that had to be bought, or “I want to see 
Lt. Kunssssman.” The EM long ago learned that the simple story is not always the 
best. There was. . .the lads who felt all right in the morning but now were a little 
sick, and would like to go to the dispensary, please—passing the PX on the way, of 
course. Then there were the delinquents sweating out an interview with the Captain 


Step 9. The circuit is predominantly capacitive; therefore, the cur- 
rent leads the applied voltage by a phase angle of 53° 7’ 48”. 


Example 2: A 60-cycle ac generator is connected in series with a 10-ohm 
resistance, a 12-ohm inductive reactance, and a 20-ohm 
capacitive reactance (A, fig. 85). The current flowing 
through the circuit is 19 amperes. (1) Find the voltage 
drop across each circuit element. (2) Find the total volt- 
age. (8) Find the phase angle between the current and 
the applied voltage. 


Step 1. Find the voltage drop across the resistance. 
Er, = IR 
= 190 volts 
Step 2. Find the voltage drop across the inductance. 
E L= 1X L 
= 19x 12 
= 228 volts 
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Figure 85. An ac series circuit having inductance, capacitance, 
and resistance, schematic and vector diagrams. 
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or the Executive Officer and who stood around for fifteen minutes to a half an 
hour, gazing aimlessly at the ceiling and getting out of people’s way while main- 
taining a pre-execution look of “No, | won't take an eye bandage.” And there were 
the potential OCS men who had been told to report to the Chief Clerk about their 
applications. They marched down the halls, silently counting cadence; executed a 
smart column left; and, coming to attention at the Chief Clerk’s desk, they were 
ready to reel off the general orders, the position of the soldier, or a fifty word essay 
on “Why I want to be an Officer.” When they were asked merely to sign their 
name three times, their relief was so evident they’d have let out a scream (if they 
hadn’t been OCS men). 

In addition, the Chief Clerk is often kept quite busy with a security problem 
peculiar only to School Section “A.” Room 36, adjacent to his desk, is the secret 
classrooms of all secret classrooms, and the subjects taught there are verboten to 
all outsiders. Unfortunately, the human voice carries; and when Lt. Pratt lectures, 
the windows rattle in the Big House a half mile away. This keeps the Chief Clerk 
busy with phone calls from the main gate, as the guards are quite interested in his 
course, and frequently request repeats on certain paragraphs they missed while 
checking trucks out of camp... . 


+k + 


EDUCATION IN DARKEST VIRGINIA 


* OK 


Just at chow time Thursday evening, October 8th, three large commercial vans 
pulled in to camp with all the worldly possessions of the school that had been left 
at Monmouth. In addition to the stationer’s supplies and personal materials of the 
students, they had all the furniture, twelve tons of IBM paper, the IBM machines 
and a three-ton safe. The draft-dodging that went on that night when a detail was 
needed to unload has never been equalled by any of the “Zoot Suit Clan.” The 
materials were for the most part put in the left of the barn, and the overflow in the 
firehouse. By eleven PM everything was unloaded but the safe, which was strictly 
an “Everybody-boss-nobody-do-anything” job. The situation finally got to the 
point where Lt. Bundy and Lt. Markland gave up and Afflerbach first laid claim to 
an SSN for safe moving. 

Sometime during the following week, school was started with two four hour 
shifts in the left of the barn, two small rooms on the ground floor, and a barracks. 
During the formative period of the school most of the overhead either drew their 
materials and continued their studies or were busy pushing details preparing the 
buildings. Sgt. Frick did neither but instead went to Washington every night and 
came in just in time for noon chow. .. . 

As soon as lights were available for evening study, a night study hall, optional 
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to all students, was instituted. The roster for the supervision of the hall was 
arranged so that one so-called senior instructor and one junior were on each night. 
This probably became as confused as the army has ever known, with such arrange- 
ments as the following prevailing. One night Sgt. Netherton was the person who 
actually served, but he was doing it for Bailey, who was supposed to have done it 
for Hurst, who was supposed to replace Afflerbach, who had originally been 
scheduled for that night. .. . 

By November the school quarters had been moved to what later became HQ 
Company’s mess hall. The heating arrangement in the mess hall was poor enough 
with the best of attention, but to make matters worse, Cpl. Symmes was put in 
charge of building the fires. 

A less apt person for the job could not have been found in all the school. For 
instance: one cold Sunday, Symmes was the only person in Barracks 1, and though 
his bunk was next to the stove, he let the fire go out and went to the latrine to fin- 
ish his usual Sunday bundle of letters. 


* ok & 


In the company by this time things had become well enough organized to 
attempt a fire drill and gave the twelve Assistant Fire Marshals some practice. 
Everything went very smoothly until Lt. Mann noticed that Sgt. Bailey had 
allowed his quarantine men to fall out with the rest of the company and proceeded 
to inform Bailey that he was in error. To this he received the philosophical reply, 
“Sir, fire recognizes neither race, creed, or color.” This little episode may have 
been the beginning of the Lt. Mann-Sgt. Bailey feud which lasted for the duration 
of Bailey's stay at Vint Hill. 

On December 13 school was moved to “E” Bldg. No. 1, the first time on the 
Manassas front that decent quarters were available. There now was allocated one 
officer instructor to each room in addition to the NCO in charge of the room, and 
in this arrangement, it seemed that Lt. Mann and Sgt. Bailey were just naturally a 
team (either by accident or design). Their feud continued, and in addition a race 
sprung up between them over the progress made. Bailey never was very coopera- 
tive in his suggestions to Lt. Mann (Bailey was more advanced) and one time he 
nearly laughed himself into hysterics after looking over Lt. Mann’s problem, 
glancing out the window as if viewing the weather prospects, making a few point- 
ed observations with a knowing inflection, and watching Lt. Mann swallow the 
bait and madly try to follow the “clue” which was entirely false. Sgt. Bailey went 
racing down the hall fairly shouting, “Boy, did I foul Mann up! He’ll be there the 
rest of the winter.” 


OK OK 
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In the spring of “43, the going about camp really got tough, with mud about a 
foot deep every turn one took. By this time the mess hall was open (Christmas din- 
ner was the first meal served in it), and the school shift was the conventional A 
shift from 0645 to 1245; B shift from 1380 to 1900. The first shift was marched to 
and from school by T/Sgt Van Cleaf, on detached service from the Air Force some- 
where out in Washington State, and the second shift by Sgt. Afflerbach. Every 
morning there was the problem of finding a route to school that involved no swim- 
ming to cross the road in front of the E buildings. This problem and the routes 
finally chosen confused Van Cleaf who missed the turn, went out the main gate, 
marched down the road (all of this in total darkness), and arrived at school twenty 
minutes late. Afflerbach, having the noonday sun to maneuver by, did nothing 
worse than lose a few people when they slipped off the foot bridge over the mud in 
front of “E” Bldg. 2. 

With the coming of spring came a great influx of students and the need for 
more instructors. As a breaking-in course, the embryonic professors were first 
given the test of showing their ability with the students in Room 31....No one ever 
was complete master of Room 31, because the Schwartz boys, Duke (of latrine 
map fame), and Smitty (Lou) were just invincible. Many are the times that their 
stories have held up before Capt. Guerney’s questioning, though everyone knew 
they had been in Warrenton long before noon that Saturday. Tarpley and Hodge, 
rather than face Room 31, chose to become warrant officers and take part in the 
invasion of Sicily. 

During this phase of the campaign, military training was strictly a hit or miss 
afair supposed to take place during the shift that the men were not in school. What 
with the large number of men on detail and the “goof off’s.” very few were out at 
any one formation. To counteract the rise in goofing off, Griffin and Afflerbach 
cooked up a surprise roll call one morning and found that the absentees just about 
balanced the presentees. Before the inevitable three days KP, the boys admitted 
that they had been (1) in the barracks, (2) in the bushes, (3) in the PX, (4) in “A” 
Company asleep and unnoticed because of “A” Company’s 24-hour schedule, 

In May 1943, enough buildings became available to discontinue the two shift 
basis and also to crack the tradition of the thirteen day week. The training program 
now was held in the afternoon as the finish of a day and utilized the Kunzman 
Memorial Obstacle course, the Nason grape vine hang-on-or-get-wet-course, and 
Sgt. Neuwoehner’s tick-infested “creep and crawl” course. 

After the demise of Ephron, Clark, Latham, Lehr and Schier, Gramann and 
Chapman, with Sgt. Nelson as boss, took over the paper grading department and 
worked madly trying to make at least thirty new problems per day in addition to 
going over hundreds of papers. With 147 square feet of map behind them, this 
“General Staff’ was masterminded by the excitable, fluet-playing, Esperanto- 
speaking, Egyptian-born Greek, Lt. Callimahos who simultaneously prepared 
problems, practiced Morse Code, worked on inventions, played chess, and listened 
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in on other sections’ conversation. Despite a sharp intellect, the Lt. had a gullible 
streak that was exploited by his buddies whenever the situation was ripe (as it usu- 
ally was)... 

The rest of the summer of 1943 was quiet. Gus Uhl went to Canada just long 
enough to get a service ribbon and then returned; Corry set a new beer record in 
the 130 pound class and added acrobatics performed on the railing around the PX; 
Palmer's room of cripples were all either declared fit or sent home to find jobs, 
thus freeing him for active duty; and Lamke (Bks. 13 all present or accounted 
FOO-URP!”) was quietly bitching away in the library, able assisted by Oscar 
Briggs. Bershas and Wiggin transferred their efforts from the language field, prob- 
ably to fill the gap left when Oppenheimer went to the Southwest Pacific. 


ae oe 


Besides other school equipment, a complete staff of able officers was around at 
all times. Some made the complete cycle of student, instructor, company executive 
officer, and back to student....”Big” Bundy and Lt. “Little” Bundy conspired 
together with some message center problems that seemed to be always planned for 
the coldest and most uncomfortable day of the month; and although they’ve been 
gone for nearly two years, there still stands on the main gate road the buggy little 
shack they immortalized as “THQ”—a monument to their work. 

Autumn of 1943 brought big things and a lot of new instructors. Jungle Jim 
Metcalf took on instructorial duties above and beyondthe call of malaria control; 
Elgin and Braswell were salvaged from the Room 31 gang; and the Atamian- 
Marburger combine was the result of random selection. The “quickie” course came 
bouncing off the press (really from the pens of Lt. Callimahos and Gerlach) and 
the first experiment at force feeding was under way. Very few chokings or strangu- 
lations were reported. 

At the first anniversary at Vint Hill approached, plans were made for a celebra- 
tion of those who had made the initial trek and were still hanging around. The din- 
ner was held at the Robert E. Lee, one of several outposts of Greek civilization in 
Warrenton, on the evening of October 5, 1943. Seventeen of the twenty eligibles 
enjoyed the spaghetti dinner and then returned to Room 318 for coffee (and bour- 
bon, with poker). Sgt. Krueger and Owens, as usual, financed the game and fin- 
ished by paying off Cpl. Bill Hewitt’s wedding expenses. Bill Doering demonstrat- 
ed a journalistic flair by writing his first full length novel, “Your Life at Vint Hill,” 
. ..a Memorial which gave rise to the Old Bastards Club. 


* 


By May, the school had dwindled to the point where each instructor had his 
own student; many of the Warrenton Commandos saw fit not to plant a garden; and 


84 SIGNALS INTELLIGENCE 


everyone was trying to get in a couple of extra courses that would help hold 
stripes. Came the “bust” in ASTP, and then the horde. Every available room 
(School Section “B” was even declared bankrupt) and spot was utilized for classes, 
with “The Dome” Rosskopf having the misfortune to draw the Salt Mines (Supply 
Building) where the tar on the roof melted and spattered freely. He finally got a 
helper in Les Olin, but Olin decided if he could stand tar he could stand another 
substance and went to OCS.... 

On July 4th, (ah, what a day for fireworks!) the first class of WACs came to 
School Section “A,” and what a change in the EM!! Students no longer had to be 
reminded to shave, and it is said that the sale of Kreml quadrupled at the PX. The 
one sad note in the coming of the WACSs, other than the loss of one perfectly good 
latrine by the EM, was that, after many long hours of planning and master-mind- 
ing, Afflerbach was at the last moment informed that a more stable and experi- 
enced man would be required to master the co-eds and that Sgt. Nelson would fit 
exactly (as long as his didn’t find out), 

The WAC occupation can be divided roughly (or perhaps gently) into three 
periods: (1) the Nelson or pioneering period; (2) the Ramsey-Snyder or achieve- 
ment period; and (3) the Palmer or decadent period. During the first of these, the 
personnel of the group exhibited a timidity, seriousness, and lack of humor for 
which Nelson claimed credit but which probably reflected the newness of their sit- 
uation; for although the natives looked upon them with interest and curiosity, they 
treated them with formality and restraint. During this period of plain living and 
high thinking, the first personalities to emerge and take definite shape (uh huh!!) 
were those of Mary Jane, the heroine, and Sue the siren. The classroom held an 
odor variously interpreted as (a) Chanel Number 7 and Tabu, and (b) GI soap and 
honest sweat. Toward the end of the period a feud with the guards resulted in a 
marching formation that was practically all road guides. 

During the second period the group became more self-assured, both in their 
work and in their social relations. During breaks they mingled with the male stu- 
dents, who began to accept them, and their fears regarding the apparent abnormali- 
ty of the male behavior were quelled as the sheep’s clothing gradually disappeared. 
As the girls attacked their work with more confidence, Summerhalter and Morris 
became adept at substituting charm for achievement. McMann showed a certain 
athletic prowess while werstling during breaks, and sedate M/Sgt. Filipezak was 
occasionally moved to execute trapeze antics on the railing outside the door near 
the classroom. 

There is no positive proof that Sgt. Palmer’s presence caused the period of 
decadence, but it is unfortunately true that many of the brighter flourishes occurred 
during his brief regime. The trouble was that AR’s and SSAR’s (School Section 
“A” Regulations) had never envisaged the entry of females into the school, so that 
many of the little incidents had to pass unregulated. For example, what could be 
done when Ginny Blakemore began to put up her hair during class, or when 
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Summerhalter showed up with curlers in her hair? Both continued working, so not 
even the crime of loafing could be pinned on them. And the cigarette holders near- 
ly a foot long —- strictly not GI, but apparently not contrary to the rules. 

Bell got closer to the borderline when she impaled a marshmallow on a pencil, 
then toasted it over a match, but she was ahead of the rest of the class and had 
earned the right to an eccentricity or two. Sgt. Palmer felt that much of the trouble 
was really the fault of Sgt. Nelson, for everything he (Palmer) did was wither 
approved by a chorus of “That’s just what Sgt. Nelson said”, or disapproved by the 
accusing reminder that “Sgt. Nelson never spoke to us like that.” The story had a 
happy ending, though, for on his birthday the girls sang “Happy Birthday, Sgt. 
Palmer”, and have him some cigarettes, candy, and aspirin—the latter to remember 
them by, they said. 

As the second year staggered to a close, the Old Bastards held a second meet- 
ing, again putting out a memorial of the occasion. . . .Although both Bastards and 
bourbon were scarcer, the party demonstrated that the aging members had lost 
none of the capacity for celebration. They wondered if they (or anyone) would be 
around for a Third Anniversary. It didn’t seem likely, but then as Lt. Neuwoehner 
used to say, “We'll never touch Palau and Halmahera!” 


* *k * 


CHAPTER V 
Cracking the Codes 


The principal Army cryptanalytic center in World War II was located on 
the grounds of a former women’s junior college at Arlington Hall Station in 
Arlington, Virginia. The main school building housed the headquarters of 
the Signal Intelligence Service (later redesignated as the Signal Security 
Agency); operational personnel worked in two large and unlovely tempo- 
rary buildings run up in ninety days in 1942 and 1943. By the time the war 
came to an end, 5,000 civilians and 2,000 military personnel were working 
around the clock to decrypt Japanese military, diplomatic, and other mes- 
sages. The excerpt from SRH 349, Achievements of the Signal Security 
Agency in World War II, gives some details of their accomplishments. A 
message reproduced from SRH 280, An Exhibit of the Important Types of 
Intelligence Recovered through Reading Japanese Cryptograms, demon- 
strates that solution of Japanese codes and ciphers could even produce 
important intelligence dividends on the war in Europe. 

Other Army cryptanalysts were located at Bletchley Park, the headquar- 
ters of the Government Code and Cypher School (the British signals intelli- 
gence organization); with field units; and at General Douglas MacArthur's 
Central Bureau, an Allied cryptologic unit originally headquartered in 
Brisbane, Australia. A short history of Central Bureau can be found in the 
excerpt from A Brief History of the G-2 Section, GHQ, SWPA and Affiliated 
Units: Introduction to the Intelligence Series (General Headquarters, Far East 
Command, Military Intelligence Section, General Staff), pp. 66-69. 
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From SRH 349. Beginning in 1942, the Signal Intelligence Service was 
repeatedly reorganized and redesignated, finally becoming the Signal 
Security Agency, a designation which obscured its major mission. 


THE ACHIEVEMENTS OF THE SIGNAL SECURITY AGENCY 
IN WORLD WAR II 


I, BUILDING THE ORGANIZATION 


The Signal Security Agency (SSA) owed its existence in World War II to the 
basic fact that valuable information may be derived by intercepting communica- 
lions and reducing them to intelligible form. This fact has two aspects: efforts must 
be made to protect our own communications against examination by the enemy, 
while at the same time steps must be taken to derive as much information as possi- 
ble from enemy communications. The SSA had primary responsibility for both 
these phases, 


* # 


In spite of greatly limited funds, the SIS was able in the years prior to World 
War II to lay securely the foundations upon which wartime expansion of the SSA 
was built... . 

Activity of the SIS consisted of continuation of existing code production pro- 
jects: establishment of a training program by which a small group of expert civilian 
cryptanalysts was produced, and another small group of officers, both Regular and 
Reserve, were trained in the varied phases of signal intelligence; development of 
intercept facilities to provide material for the cryptanalysts: and, toward the end of 
the period, the reestablishment, as a practical operation, of solution of current 
diplomatic traffic. In addition, time was found to do much planning for war and to 
carry on research and development in cryptographic and cryptanalytic techniques, 
All of this work was done by a very small staff: Only seven persons from 1930 to 
1936—by the outbreak of the War in Europe there were only nineteen. 

Thereafter, a series of expansions resulted in the following strength on the day 
of the Pearl Harbor Attack: 


Category In Washington In the Field Total 
Officers 44 l 45 
Warrant Officers 0 () 0 
Enlisted Men 28 149 177 
Civilians 109 0 109 
Total 181 150 331 
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Actual operating strength was somewhat less, since 22 of the civilians were still 
undergoing training and had as yet made no contribution to the work. A compari- 
son of these figures with the strength of V-J Day (14 August 1945) will show the 
tremendous proportions reached by the wartime expansions: 


Category In Arlington —_ In the Field Total 
Officers 661 116 777 
Warrant Officers 4 11 15 
Enlisted Men 565 2139 2704 
Enlisted Women 957 257 1214 
Civilians 5661 0 5661 
Total 7848 2523 10,371 


These figures do not include, of course, the more than 17,000 officers and enlisted 
personnel engaged in signal intelligence activities under overseas theater comman- 
ders, nor do they give any adequate indication of the turnover of personnel in the 
Military District of Washington: by the end of the War more than 18,000 numbered 
badges had been issued to all categories of personnel at Arlington Hall (headquar- 
ters of the SSA) alone. To recruit such a staff and to maintain it despite the many 
influences which tended to dissipate and to lower strength were tasks requiring 
strenuous efforts. 

The recruitment program was faced not only by obstacles which also beset 
other wartime agencies, such as the manpower shortage and the need for speed, but 
also by many problems peculiar to the SSA, most of the activities of which had no 
counterpart outside the Government from which to draw personnel, Many of its 
operations required persons of the highest intelligence, possessed of rare skills not 
easily definable, often demanding, as in the case of the language experts, years of 
study to produce proficiency. Messages in more than [text withheld] languages had 
to be translated, yet in only a few instances were competent linguists easily obtain- 
able. This problem was most acute in the case of Japanese, both because a knowl- 
edge of Japanese is rare in this country and because the volume of material to be 
translated was so great [text withheld] The only recourse was to train personnel 
from the very beginning: ultimately, for example, 428 Japanese translators were 
trained in this way. The same method proved to be the only solution for supplying 
competent cryptanalysts: both by the use of training manuals in military cryptogra- 
phy and cryptanalysis and by apprentice training in operating units, the small num- 
ber of competent cryptanalysts available in 1941 was gradually expanded, but the 
supply was never equal to the demand. 

Moreover, the SSA was called upon to train large numbers of personnel for 
ultimate assignment to overseas units maintained by theater commanders. This 
training was given not only in formal courses designed to produce officers and 
men qualified in the various cryptographic and cryptanalytic specialties but also by 


Step 3. Find the voltage drop across the capacitance. 


Ec = [X¢ 
= 380 volts 
Step 4. Find the resultant reactive voltage. 
Ey — Ec — E, 
= 380 — 228 
= 152 volts 
Step 5. Find the total voltage in the circuit. 


Ek = E,2 + Ex2 
(190)2 + (152)2 
(1.9 & 102)2 + (1.52 ~« 102)2 
3.61 & 104 + 2.31 x« 104 
5.92 « 104 
5.92 & 104 
2.43 «102 
243 volts 
Step 6. Find the phase angle by which the current leads the applied 
voltage in the circuit. Since the capacitive reactance is 
greater and cancels the inductive reactance, the circuit is 
capacitive and the current leads the applied voltage by the 
phase angle A. 
Xc—Xz 
tan A = a. 
20 — 12 
10 
_ 38 
~ 10 
= .80000 
= 88° 39’ 35” 


E 


A 


b. Parallel Circuits. The following example illustrates the method of solving parallel ac cir- 
cuits having resistance, inductance, and capacitance (called parallel RLC circuits) by using the 
principles described in paragraphs 193 through 198. 


Example: <A parallel circuit has a 300-volt input, a 150-ohm resist- 
ance, a 125-ohm inductive reactance, and a 100-ohm capaci- 
tive reactance (A, fig. 86). 
Step 1. Since this is a parallel circuit, the same voltage is impressed 
across the inductance, the resistance, and the capacitance. 
Thus, the voltage across each of them is 300 volts. 
Step 2. Find the current flowing through the resistor. 
I R= E 
R 


_ 300 
~ 150 
= 2 amperes 
Step 3. Find the current flowing through the inductance. 
ia 
LL x; 

300 

125 

2.4 amperes 


| 
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participation in the day-to-day activity of operating units. Much was done also to 
coordinate training of signal intelligence and radio intelligence units being trained 
elsewhere in order to keep them abreast of the latest technical developments. In 
this connection it will be well to digress long enough to point out the trend exhibit- 
ed during the War of breaking down the centralized authority of the SSA by setting 
up independent signal intelligence units under theater commanders. Such a change 
was motivated no doubt by a feeling that it would be necessary to maintain signal 
intelligence units close to military operations. Yet the experience of the War 
showed that modern electrical communications are so speedy that distance is no 
longer a factor that need be considered. Examples will be cited. . .of messages 
transmitted many thousands of miles, promptly read and translated, and sent back 
to the proper commander in time for action. 

Morale problems were particularly acute, for in addition to those encountered 
by other wartime agencies, involving living conditions, health, fatigue, and the 
like, the SSA had a number peculiar to itself. Chief among these was the mixed 
character of the personnel. Officers, enlisted personnel, and civilians worked side 
by side, and in each of these groups there were both men and women, A small unit 
composed of personnel from several of these groups might contain people having 
varying degrees of prestige and receiving different pay and privileges, yet perform- 
ing exactly the same type of service. . . .Moreover, there seemed to be no correla- 
tion between a category of personnel on the one hand and competence and 
achievement on the other. Brilliant work was done by individuals in all categories. 
Had it been possible to operate the SSA entirely with military personnel, or entire- 
ly with civilians, some friction might have been avoided, but an SSA made up only 
of military, or only of civilians, would have lost immeasurably the contributions of 
the other group. As it was, military personnel had to be stationed with the SSA for 
both operational and training purposes while having civilian employees made it 
possible to use the services of many not qualified for military duty. 

Another factor not particularly conducive to the maintenance of high morale 
was the necessity of maintaining complete silence concerning every phase of one’s 
work. Moreover, many of the operations involved nothing but drudgery and con- 
siderations of security prevented the individual employee in many cases from get- 
ting a clear understanding of how his or her work contributed to the war effort. 

Continuous efforts were made to maintain morale at a high level by bettering 
conditions of work and furnishing employees with aid in the solution of their per- 
sonal problems. While the rate of separations of civilian employees (4 per cent a 
month) seemed high, it was found to be actually lower than that of other compara- 
ble wartime agencies in Washington. Indeed, giving due consideration to the inher- 
ent difficulties, morale in the SSA was really high. 

Early in the War space in the Munitions Building, where the SIS had been 
located from its founding, grew so crowded that larger quarters had to be secured 
elsewhere. At first it was expected that the SIS would be housed in the Pentagon, 
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then nearing completion, but before such a move was effected, plans were laid for 
moving the SIS to a site of its own, preferably outside Washington. The SIS would 
thus have room for expansion, be relatively better protected from the danger of 
enemy bombing, and could maintain its security with greater ease if not forced to 
share a building with other War Department agencies. 

The site ultimately chosen after examination of several possibilities was the 
premises of Arlington Hall Junior College in Arlington, Virginia. This location was 
close enough to the Pentagon, was not too far from the Eastern Primary 
Monitoring Station then being planned at Vint Hill Farms, near Warrenton, and in 
addition made possible the utilization of the housing facilities in the Washington 
area for quarters for personnel and dependents. 

The property was acquired by court action for $650,000, with $40,000 addi- 
tional for furnishings, and the War Department assumed possession on 14 June 
1942. Arlington Hall Station was established as a Class IV installation under the 
Chief Signal Officer on 25 June 1942. Immediately units of the SIS began to move 
into the former school building, now the Headquarters Building, Arlington Hall 
Station, and by 24 August 1942 all of the SIS was at Arlington Hall, the move hav- 
ing consumated without interruption of operations. 

Construction began almost immediately on projects designed to convert certain 
of the existing buildings to military purposes, and by September the program of 
new construction was in full swing. Besides many smaller buildings, two very 
large semi-permanent buildings were erected for operations. The first was complet- 
ed in less than three months time; the second, erected in winter months, took a lit- 
tle longer, but after May 1943 all operating units were housed in the two opera- 
tions buildings. Other construction provided barracks and mess halls for enlisted 
personnel, a station dispensary, theater, post exchange, and other service buildings: 
a motor pool, a fire house and warehouses. The final construction was completed 
by 1944: while many units have had to work in crowded conditions, adequate 
space was supplied for all operations. One of the important ancillary structures was 
a cafeteria, completed early in 1943 and enlarged in 1944, which ultimately pro- 
vided service around the clock. . . . 

The Post was made secure by establishment of a guard detachment and the 
erection of a double steel fence provided with an alarm system. Another fence was 
erected around each operations building entrance to which was limited to autho- 
rized personnel. Distinctive badges were issued to all categories of personnel and 
had to be worn at all times. . . .Access to the Post was forbidden to visitors except 
on official business, and efforts were constantly maintained to indoctrinate all per- 
sonnel in the necessity of maintaining the physical and operational security of the 
Agency, 

The SIS had been prior to the War a field service under the Chief Signal 
Officer. Though located physically in Washington, it was not a part of the Office of 
the Chief Signal Officer but was administered at first through its War Plans and 
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Training Division and later through its Operations Branch. With the coming of 
war, however, reorganizations were made by the Chief Signal Officer which result- 
ed in a series of changes of name. The old name of Signal Intelligence Service 
(SIS), which had existed since 1930, was abandoned for Signal Intelligence 
Division (SID), and in rapid succession, this became the Signal Security Branch 
(SSB), the Signal Security Service (SSS), and, finally, on | July 1943, the Signal 
Security Agency (SSA), a name which remained unchanged until the cessation of 
hostilities. After the organization of the Army Communications Service within the 
Office of the Chief Signal Officer, the SIS-SSA, by whatever name it was called, 
was always a part of the Army Communications Service. 

The need for enlisted personnel was met by increasing the strength of the 
Second Signal Service Battalion. This Battalion had been created as a company on 
| January 1939 to supply personnel for the various intercept stations then in exis- 
tence. Later it furnished a convenient military unit to which enlisted personnel 
employed in the Military District of Washington and elsewhere for other types of 
signal intelligence activity could be assigned. In November 1942 the post of 
Commanding Officer of the Battalion was united with that of the Commanding 
Officer, Signal Security Agency: in this way it was possible to effect unified con- 
trol of all SSA enlisted personnel wherever stationed. The Battalion had detach- 
ments not only at Arlington Hall Station but all over the world wherever it became 
desirable to conduct any intercept activity. The Battalion did not, of course, include 
signal intelligence personnel directly under the control of theater commanders. 
While the Battalion embodied many unorthodox features—its maximum strength, 
for example, surpassed 5,000 officers and men and at the end of the War it was 
commanded by a Brigadier General—it effectively solved the problem of how to 
administer the amazingly complex activities performed by enlisted personnel 
working for the SSA. 


It has already been noted that the SSA was administratively and functionally a 
part of the Signal Corps, but G-2 exercised staff supervision and control. While 
channels were erected whereby G-2 could exercise this control without at every 
step going through the Office of the Chief Signal Officer, nevertheless the SSA 
was primarily a Signal Corps agency, its personnel were Signal Corps employees, 
and for purposes of supply it relied on Signal Corps facilities. 

Since it was increasingly felt by G-2 that the SSA was the most important 
source of intelligence, even closer control was required and therefore, on 
10 December 1944, there came a change. The SSA was removed from the Signal 
Corps for operational control, which was now assumed by G-2, but administrative 
control was still retained by the Signal Corps. This cleavage of control was by no 
means clearcut and sharply defined: the line of division was not straight, since the 
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organization was pragmatic rather than theoretical, but in the main the differentia- 
tion thereafter was operational control exercised by G-2, administrative control 
maintained by the Signal Corps. 

Divided control, such as this was, however, proved far from satisfactory in 
practice and was ended on 15 September 1945 by transfer of administrative control 
also to G-2, with the change of name from Signal Security Agency to Army 
Security Agency (ASA). This had the effect of associating the organization more 
closely with G-2, the user of one of the two chief products, but it will necessitate 
that in the future liaison be constantly maintained with the Signal Corps so that not 
only an adequate supply of trained personnel may be available for the communica- 
tions side of its activity but also the increasingly closer relationship between signal 
intelligence and signal security may be maintained by the closest cooperation. 
Moreover, it also resulted in once more consolidating all responsibility for signal 
intelligence and signal security in a single organization, since the units formerly 
under the control of theater commanders were now made a part of the ASA. 

As will be abundantly clear from specific references in the two following 
chapters, the SSA had the incalculable advantage of collaboration with the corre- 
sponding units of the United States Navy (OP-20-G and OP-20-K). Liaison with 
the Navy had long been in progress before the War but throughout the conflict it 
constantly increased in both the cryptographic and cryptanalytic fields. For some 
years before the: War the Army and the Navy had been collaborating [text with- 
held] but the Office of Naval Communications, being pressed for personnel and 
facilities needed by units at work on enemy traffic [text withheld] asked the SIS to 
take over more and more work. . . .Early in the next year the first SIS mission was 
sent to England to establish the basis for liaison and in the summer the SIS and 
GCCS first exchanged permanent liaison officers, a relationship ever since main- 
tained. Special missions have, however, also been sent and received from time to 
time. Intercommunications by radio, cable, and mail, have constantly maintained. 
Frequent agreements have been made to avoid unnecessary duplication of effort: 
the chief of these was reached in 1943 whereby the British assumed primary 
responsibility for signal intelligence operations for the War in Europe, the SSA, for 
those for the War in the Pacific, though neither Agency abandoned work in the 
field of the other's responsibility. This exchange of information has been broadest 
in cryptanalytic activity: considerations of security have limited cooperation in 
cryptographic compilation and development to work on systems used in combined 
British and American operations. . . . [text withheld] 

The SSA provided trained personnel for and collaborated with U.S. Army 
Signal Intelligence Services in all theaters: Mediterrean Theater of Operations, 
European Theater of Operations, Southwest Pacific Area, China-Burma-India 
Theater, Central Pacific Area, etc. Collaboration between the SSA and the Central 
Bureau, Brisbane (CBB), began with the founding of the latter organization by 
joint action of the Royal Australian Army and the United States Army in the spring 
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of 1942, As will be later seen, this cooperative effort was maintained by constant inter- 
communication, particularly in the case of the Japanese Army cryptanalytic problem. 


* KOK 


Il. THE PRODUCTION OF INFORMATION 


Modern intelligence services are able to derive information useful for military 
purposes from many sources but the most fruitful and most authentic is the 
enemy’s message traffic and the communication system over which it is transmit- 
ted. Indeed, though messages differ in value, experience has proved that there are 
no messages, no matter how insignificant in content, which have potentially no 
intelligence value. Therefore, the cryptanalytic attack had to be made not only 
upon the purely military traffic transmitted by enemy forces but also upon diplo- 
matic, commercial, and private messages as well. Even plain-text messages could 
not be neglected, but the largest part of the intercepted traffic was, of course, in 
cryptographic form and required cryptanalytic treatment before it could be read. 


While some of the techniques used by the SSA were not strictly cryptanalytic 
in character, e.g. traffic analysis, secret ink solution, and exploitation of telephonic 
communications, the production of information involved, in general, the following 
steps: 

. Interception of traffic in large volume; 

. Traffic analysis of intercepted messages; 

. Solution of the cryptographic systems used; 

. Decryptographing of messages sent in solved or partially solved systems; 

. Translation of such texts as were in foreign languages, and 

Publication of the texts in a form useful to the Military Intelligence Service. 
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A. INTERCEPTION 


No cryptanalytic attack upon the communications of a foreign government can 
hope to be successful unless an adequate supply of intercepted material is available 
for study; nor can proper measures for safeguarding our own communications be 
taken without constant monitoring of the traffic sent out by American stations. Ii 
therefore became necessary to establish facilities for the interception of radio traf- 
fic in large volume. 

Prior to the war there were seven fixed intercept stations located as follows: 
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No. | Fort Hancock, New Jersey 

No. 2 Presidio of San Francisco, California 

No. 3 Fort Sam Houston, Texas 

No. 4 Corozal, Panama Canal Zone 

No. 5 Fort Shafter, Territory of Hawaii 

No. 6 Fort McKinley, Philippine Islands 

No. 7 Fort Hunt, Virginia 

Constant efforts during the War expanded these facilities greatly. In the end 
there were eleven fixed stations, many of which were far larger than any operating 
in 1941, These eleven, which were found sufficient to supply the necessary volume 
of traffic, were distributed as follows: 

No. 1 Vint Hill Farms, Warrenton, Virginia 

No. 2Two Rock Ranch, Petaluma, California 

No. 3 Indian Creek Station, Miami Beach, Florida 

No. 4 [text withheld] 

No. 5 Fort Shafter, Territory of Hawaii 

No. 6 Amchitka, Aleutian Islands 

No. 7 Fairbanks, Alaska 

No. 8 [text withheld] 

No. 9 Bellmore, Long Island 

No. 10 Tarzana, California 

No. 11 Guam 

The three largest stations (at Vint Hill, Two Rock, and Fort Shafter) were 
equipped with elaborate arrays of high-directivity antennas for all-round coverage. 
These stations had been located so as to make easy the electrical forwarding of the 
intercepted traffic to Arlington Hall and the largest portion possible of intercept 
missions was assigned to them. The supplementary stations, particularly those at 
[text withheld] Amchitka, Fairbanks, and [text withheld] were located so as to 
intercept signals which could not be copied at the larger stations, and in general 
they had antenna systems beamed al specific targets of sectors. The stations at 
Bellmore and Tarzana were assigned the task of monitoring United States traffic 
for security purposes. Considerable assistance was rendered to the intercept facili- 
ties of the SSA, particularly in the period before the SSA’s own intercept facilities 
were fully developed, by radio intelligence companies stationed on the West Coast 
and in the Pacific Area. 

Among the new items of equipment developed during the War for use at inter- 
cept stations were “multicouplers,” which allow the signal from one antenna to be 
coupled to several receivers; a “Hellschreiber Facsimile Recorder,” for copying 
signals of this German system; and a “Time Delay Device,” which accomplished a 
delay of from three to ten seconds between the time a signal is received and the 
lime it is necessary to copy it, making it possible to start a recorder to take down 
the entire transmission for later transcription. 
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Intercept activity was coordinated and controlled by staff units at Arlington 
Hall which supplied the stations with technical advice. Speedy transmission from 
the intercept stations was effected chiefly by special teletype lines, which came 
more and more to take precedence over other means such as cable and air mail. 
From four teletype lines in operation on 7 December 1941, the number of such 
lines grew until on V-J Day there were forty-six. The amount of money paid for 
monthly rental of land-line teletype facilities alone reached in August 1945 the 
large sum of $58,918.02 but this figure does not include the cost of radio-teletype 
facilities, paid for by the Army Communications Service, for which no data are 
available to the SSA. Average monthly volume also constantly grew: 

December 1943 279,034 messages 

February 1943 46,865 messages 

July 1945 381,590 messages 

August 1945 289,802 messages 
Arrangements were also made for obtaining traffic from radio intelligence units 
operating in theaters of war; from the Navy; from the several offices of the Chief 
Cable Censor; [text withheld] 


B. TRAFFIC ANALYSIS 


Traffic analysis, a procedure which first arose from attempts to reconstruct 
enemy communications networks and their characteristics with the aim of improv- 
ing intercept facilities, became highly useful also for two other purposes: (1) 
Through study of the external features of the messages as distinct from the text 
itself, together with direction finding, by which it is possible to locate the site of 
unknown radio stations, traffic analysts were able to provide cryptanalysts with 
much useful information not otherwise obtainable; (2) Statistical study of the fluc- 
tuations in the volume of traffic passing in each circuit, and inferences drawn 
therefrom, became an important source of military intelligence. Traffic analysis 
can be carried on, of course, independently of successful cryptanalysis: useful 
information can be derived by traffic analysis even before a message is readable, 
but when the two techniques are combined, each is aided by the other. 

While traffic analysis had been used to a limited extent in World War 1, the 
British were the first to develop the science extensively in World War II. The 
beginnings of traffic analysis in the SIS date from April 1942. A mission was sent 
to England to gather information and upon its return it was possible to set up traffic 
analysis as an integral part of the SIS. As a result of this mission, efforts of the 
SSA in traffic analysis were to be concentrated on traffic in the Pacific theater, 
leaving to GCCS the primary responsibility for that in the European, a logical 
arrangement arising from geographical considerations. 

The initial problem in traffic analysis for the SSA was the solution of the code 
numbers used to indicate message center place names occurring in Japanese mili- 
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tary messages, and the first success was achieved in September 1942. By the fol- 
lowing June nearly all of the twelve main systems had been reconstructed, permit- 
ting accurate location and mapping of radio stations and circuits. Four distinct 
major military networks were identified, those used by the Imperial GHQ in 
Tokyo, the Southern Field Force, the Water Transport organization, and the Army 
Air Force. The adequacy of the techniques used was proved when, on | April 
1944, the Japanese introduced a completely new place-name code which was 
almost wholly solved within a month, about half of the names being identified 
within 48 hours. Technical assistance given the intercept stations was responsible, 
at least in part, for the rapid increase in volume of Japanese military intercepts. 

Contributions of traffic analysis to military intelligence began with the location 
of military message centers attached to unit headquarters. The identification of nets 
and unit organization revealed troop locations and chains of command, thus giving 
highly important information concerning the Japanese Order of Battle. Traffic flow 
analysis—the study of variations in traffic volume and patterns of station activi- 
ty—gave indications of impending enemy activity. Convoys were detected and fol- 
lowed merely by studying the changes in the pattern of communications in the 
Water Transport code between various seaports along the route. Analogous studies 
of patterns in Air Force and Army Administrative codes led to detection of aircraft 
and troop movements. Analysis of communications between field units and their 
home depots indicated the location of almost all divisions south of Manchuria. The 
movement of a unit in the field could be detected from its home depot traffic, or 
through readdressed messages, or by messages addressed to the unit code name in 
lieu of a specific message-center location. Finally insight into the general content 
of diverse classes of messages, gained through traffic analysis, aided in establish- 
ing priorities in handling the thousands of messages received daily. Though publi- 
cation of daily and weekly traffic analysis bulletins began in September 1942, the 
greatest emphasis on the intelligence aspect of traffic analysis came in late 1944 
and 1945. Where deceptive measures are not employed, traffic analysis can yield a 
very large amount of fairly reliable intelligence; where deception is effectively 
practiced, deductions from traffic analysis must be used with extreme care. Since, 
however, there was currently no evidence that the Japanese engaged in deceptive 
communication measures (a fact which was confirmed after V-J Day), valuable 
results from traffic analysis were frequently obtained. 


C. CRYPTANALYSIS 


Cryptanalytic procedures are never stereotyped and permit no easy description, 
... [text withheld] Too much emphasis cannot be placed upon the need for crypt- 
analytic continuity, ... [text withheld] It is characteristic of most cryptographers 
that they tend to introduce new cryptographic features and elements in a conserva- 
tive manner. Thus, a new system will frequently not represent a radical departure 
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from its predecessor but will, rather, be merely a refinement and improvement of 
what went before. 

Since this is likely to be so, the cryptanalyst who can start his study of a new 
system with a good acquaintance with the cryptographic character of the one just 
made obsolete, and of others used concurrently by the same government, will be at 
a great advantage. The basic factor underlying all successful cryptanalysis, howev- 
er, is constant watchfulness for significant details which may provide an entry: one 
or another of the operations mentioned above may reveal the nature of the system 
but the surest method is statistical analysis. 

In World War I and for many years thereafter, such statistical analysis was 
dependent upon hand methods alone. The cryptanalyst or his clerical assistants 
were forced to make frequency counts or other statistical tabulations of the units or 
text (letters or digits), taken either singly or in groups, by hand. Not only did the 
process involve an immense amount of drudgery but it was also easily subject to 
serious error. The eye had to keep the place in a meaningless text while the hand 
made the necessary indications on the charts. Naturally, the work, to be depend- 
able, had to be painstakingly accurate: the result was that it was time-consuming. 

Even under the conditions of World War I, when the volume of intercepted 
traffic was relatively low, this was already a problem of most serious proportions. 
As a consequence, steps were taken during the period of peace to find adequate 
solutions to the problem. The most significant trend in cryptanalytic research and 
development during World War II has been, in fact, the extent to which machinery 
has been used to speed up hand methods and also to perform operations which, 
because of their magnitude, could never have been attempted without such apparatus. 

A very large measure of the success of the SSA in cryptanalysis must be attrib- 
uted directly to this fact. The enormous increase in the volume of intercepted trat- 
fic would alone have made hand methods wholly inadequate to accomplish the 
task set us in this War. Fortunately, none of the enemy nations seems to have real- 
ized the possibility of developing such machinery and the necessity of protecting 
their cryptographic systems against attack by such means, or if they did, as was 
true in the case of the Germans, the realization was not too clear and insufficient 
emphasis was placed upon the development of mechanical and electrical analytical 
equipment. The SSA, on the other hand, has had to keep constantly in mind, while 
developing cryptographic systems for our own use. . . , the possibility that other 
nations might also make, during the war or later, similar advances in machine 
crypltanalytic techniques and to prepare against that contingency. Thus, any new 
development in cryptanalytic techniques has the immediate effect of causing a con- 
verse development in cryptographic techniques, and vice versa. This is the funda- 
mental reason why all research and development in both fields must be carried on 
within a single organization. [text withheld] Several types of machinery have been 
used. The first of these is standard tabulating machinery, including machines avail- 
able on the open market as well as machinery of the same general type modified or 
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developed expressly for the SSA. The method involves the recording of data on a 
card in which holes are punched by means of a key-punch machine and the pro- 
cessing of decks of such cards by a number of other machines. [text withheld] 
While few, if any, cryptanalytic units have failed to make extensive use of these 
machines, by far the greatest employment of them has been in the solution of the 
Japanese Army systems. Indeed, the solution and processing of any significant 
quantity of the hundreds of thousands of messages in those systems would have 
been impossible without these machines. An indication of the growth of the use of 
tabulating machines of this type by the SSA in the fact that whereas only 13 
machines and 21 operators were at work at the outbreak of the War, 407 machines 
had been installed at the peak in April-May 1945, involving a total of 1275 persons 
as operators and supervisors. The monthly rental for these machines reached a 
peak in June 1945 of $60,982. 

In addition to standard and specialized tabulating machinery, another important 
category of machines was that generally referred to as Rapid Analytical Machinery 
(RAM). Machines of this category usually employ vacuum tubes, relays, electronic 
circuits, and photoelectrical principles. A number of different types, designed with- 
in the SSA for specific operations, were developed and constructed by the SSA 
itself or in cooperation with several contractors, and set up at Arlington Hall 
Station, One cryptanalytic machine, costing almost a million dollars, was basically 
homologous to an automatic telephone exchange capable of serving a city of about 
18,000 subscribers, and the SSA had two such machines. These two machines 
were capable of performing operations which, if done by hand methods, would 
have required over 200,000 people. A second cryptanalytic machine, specifically 
designed to perform a certain type of test by means of electrical relays, served as 
the equivalent of 6,000 cryptanalysts; and an improved machine of the same gener- 
al nature, but using vacuum tubes and electronic principles rather than relays, is 
now almost completed. It is expected to operate at least 500 times faster than the 
relay type and can be estimated to be equivalent to having 3,000,000 people at 
work. In the development and construction of these highly specialized cryptanalyt- 
ic machines the SSA expended several million dollars, but it could hardly have 
operated without them. 


D. SOLUTIONS 


Cryptographic systems have grown in complexity very greatly since World 
War I, and in a brief report such as this it is impossible to give more than an 
inkling of the length to which many foreign governments have gone in improving 
their methods. Larger and more scientifically constructed codes were introduced; 
complex radio procedures and superencipherment systems were added; and intri- 
cate cipher machines were developed. By the year 1939, when the outbreak of war 
in Europe caused the first substantial expansion of the SIS since 1930, cryptanalyt- 


158 


3 AMPERES 


Xe 
100 OHMS 


TH 
2.4 AMPERES 


Ir 
2 AMPERES 


Bs tm684-101 


Figure 86. Ac parallel circuit having inductance, capacitance, 
and resistance, schematic and vector diagrams. 


Step 4. Find the current flowing through the capacitor. 


Ice = 


= 8 amperes 


Step 5. Find the total current in the circuit (B, fig. 86). 


i 


1? — 


I, 


Ie —T, 

38 —2.4 

.6 ampere 

Ip? + Ix? 

(2)? + (.6)? 
4 + .36 

4.36 

Ji56 

2.0889 

2.089 amperes 


AGO 558A 


100 SIGNALS INTELLIGENCE 


ical attack was being centered in accordance with directives from G-2 [text with- 
held] . . .all systems thus far studied were entirely diplomatic in character; indeed, 
little traffic of other categories was then being intercepted. Work proceeded along 
these lines, effecting solutions which will be discussed in greater detail a little 
later, but so far as cryptanalysis is concerned, this was the situation existing on the 
day of the Pearl Harbor attack. [text withheld] 

(1) Japanese Diplomatic and Military Attache Traffic. The first diplomatic 
systems to receive attention in the SIS were the Japanese, and from 1933 to 1941 
eleven such systems were studied and solved. For the most part they were not 
greatly advanced in cryptography from those solved before 1930, but in two 
machine ciphers, the earlier of which had appeared by 1932, the Japanese demon- 
strated that they had read with profit The American Black Chamber, in which 
Herbert O. Yardley, formerly an officer of the Military Intelligence Division, indis- 
creetly revealed to the world American successes in solving foreign cryptographic 
systems, 

The machine ciphers presented cryptanalytic problems of greater difficulty, 
involving not only the reconstruction of a complicated machine but also thereafter 
the day-to-day recovery of a great number of keys. The second of these machines, 
introduced in 1938, was much more complex than the first and required almost two 
years of concentrated study to solve: its solution by the SSA; unassisted by any 
other cryptanalytic organization, represented an achievement of first magnitude 
and importance. It is now known that the German organizations attempted the feat 
and failed, [text withheld] The remarkable feature of this solution was that a 
machine capable of deciphering the Japanese messages was reconstructed wholly 
by analysis: the SSA has never seen one of the Japanese machines. The importance 
of this solution can hardly be over-estimated. 

General Marshall, in his now famous first letter to Governor Dewey dated 
25 September 1944, and disclosed in the Joint Congressional Hearing in the Pearl 
Harbor disaster, stated that “our main basic of information regarding Hitler’s inten- 
tions in Europe is obtained from Baron Oshima’s messages from Berlin reporting 
his interviews with Hitler and other officials to the Japanese Government.”. . . 

In addition to this machine, which remained in current use until the end of the 
War because knowledge of its solution was fortunately kept secret during the War, 
the Japanese also began to use for diplomatic purposes a variety of other high- 
security systems based on intricate cryptographic principles. [text withheld] The 
result was that the best efforts of a large staff of the ablest experts working contin- 
uously on this problem were necessary to solve the diplomatic and military attache 
systems. Solution was, even so, effected in nearly all cases, providing a very large 
volume of translated messages giving significant information as to the intentions of 
the Japanese, conditions in the Far East, and also of conditions in Europe. Indeed, 
it has been said that the Japanese military attaches were the best secret agents of 
the United Nations on conditions inside occupied Europe. 
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The value of the intercepted Japanese diplomatic and military attache traffic 
for intelligence purposes can best be illustrated by representative translations, but 
of the many thousands of messages which appeared in the SSA Bulletin, only a 


a. Berlin to Tokyo, . . .translated 4 December 1943, sent in the [text with- 
held] (military attache system). . . .The full text, too long for reproduction here, is a 
report of a visit made in the fall of 1943 by a subordinate of Baron Oshima to the 
German western fortifications. The military information contained in this message 
was of incalculable advantage to the planning of the invasion of France. . . . 

b. Berlin (Oshima) to Tokyo, . . .translated 12 August 1944, sent in the 
[text withheld] (diplomatic) system. This message. . .has been described by offi- 
cers in MIS as “worth all the expenses of maintaining the SSA.” The text describes 
conversations with the head of the Todt organization, Albert Speer, in which the 
latter revealed to the Japanese, and, thus to us, highly important information con- 
cerning the production of munitions in Germany. .. . 

c. Hanoi to Tokyo, . . .translated | February 1945, sent in the [text with- 
held] (diplomatic) system. This message is important because it reveals that the 
Japanese were interested in obtaining uranium. .. . 

d. Moscow (Sato) to Tokyo, . . .translated 30 July 1945, sent in the [text 
withheld] (diplomatic) systems. This three-part message, the translation of which 
was available to President Truman during the Potsdam Conference, reveals the 
activity of Sato, Japanese Ambassador to Moscow, at the time of the conference. . . 
It will have been noted that while two of these four messages were translated 
within two days after they were transmitted, another took about ten days and the 
fourth nearly a month for translation. Delays of this kind may be attributed to a 
number of factors. [text withheld] Secondly, a sharp rise in the volume of inter- 
cepts may create a backlog of unprocessed messages which may take several days 
to eliminate. Thirdly, there is the question of translation: in the case of Japanese 
texts, for example, in spite of the great efforts made to train competent Japanese 
translators there never were enough of these to keep up at all times with the pro- 
duction of the cryptanalysts. To prevent highly important messages containing 
information demanding immediate action by MIS from being laid aside until the 
information was too late to be useful, a policy was adopted of scanning the mes- 
sages as they became readable in order to sort them according to the degree of 
urgency. In spite of these difficulties, however, it frequently happened that mes- 
sages were intercepted, decoded, translated, and placed in the hands of MIS before 
their addressees might be presumed to have read them. A conspicuous instance of 
this kind was the famous message by which the Japanese transmitted through the 
Swiss Government their intention to accept the surrender terms. The fact that the 
Japanese had accepted the Allied terms was known in the MIS several hours before 
the Swiss Minister was able to give the message to the State Department. 

(2) Japanese Army and Air Force Traffic. The following paragraph is quoted 
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from a communique which appeared in The New York Times on 4 September 
1943: Wewak: Our strongly escorted medium bombers attacked an enemy convoy 
of five cargo ships and two destroyers which arrived during the night with rein- 
forcements and supplies for the enemy garrison. Coming in at masthead height, our 
bombers scored direct hits with 1,000-pound bombs on three freight transports, 
each of 7,000 tons, sinking them. In addition, one of the escorting warships and a 
1,000-ton cargo ship sustained direct hits and were left ablaze. Numerous small 
harbor craft were destroyed by strafing. Intense anti-aircraft barrages were encoun- 
tered and barrage balloons from ship and shore were employed in an endeavor to 
halt our low-level attacks. Thirty-five fighters flown in from the rear bases to pro- 
tect the convoy were intercepted in the air. Twelve of these were downed with 
eight others probably destroyed and five damaged. Three of our bombers and one 
fighter were lost. 

Note that in the entire communique there is no explanation of the method by 
which the American commander in the New Guinea area learned of the presence of 
the convoy at Wewak: the impression is given, as indeed was intended, that the 
good fortune of the bombing mission in finding the convoy solely was the result of 
chance. Yet this was not so. A message had been intercepted and read by the SSA 
(on 20 August, nearly two weeks ahead of time) which foretold to the Japanese at 
Wewak the arrival there of the the convoy on the first or second: , . . ,.The message 
in its English form was forwarded speedily to MIS and thence by radio to the prop- 
er commander for his use. This instance is, of course, only one of many which 
could be adduced to show how in an age of radio communications the necessity of 
forwarding an intercepted text thousands of miles to a control agency for decipher- 
ment and its return when made readable causes little more delay than would have 
taken place had the cryptanalysts been at work at the points of interception. 

In order to prevent the Japanese commander at Wewak from suspecting the 
truth, precautions were taken, in accordance with rigid regulations, to provide an 
additional source of the information which he would naturally suppose to be the 
only one, namely, reconnaissance planes were sent over Wewak. On many occa- 
sions, in fact, American commanders were in possession of valuable information 
provided by the SSA which they could not use because to do so would have run 
the risk of revealing to the Japanese the fact that their secret communications were 
being read by us. The ability to continue reading the traffic as a whole was often a 
military objective of greater importance than that involved in the successful com- 
pletion of a specific mission. 

The bombing of the convoy at Wewak, as just described, is a good example of 
the effect of the translation of an isolated message—only the third part of a three- 
part message had been translated in time—but many messages, which individually 
are less striking, when taken together and coordinated by MIS, permit the accom- 
plishment of even more spectacular results. The following paragraph is taken from 
a memorandum prepared by an officer in MIS (27 March 1945): 
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Use of Ultra (= SSA) Information for Attack on Japanese Troop Convoy 

1. Information received. ULTRA traffic on and shortly after 2 April 1944 
revealed Japanese plans to send a large convoy, designated as the “TAKE” 
Convoy. to Halmahera and New Guinea. The convoy, consisting of nine merchant 
vessels and about twelve escorts, sailed from Shanghai for the south in the latter 
part of April, carrying 12,874 troops of the 32nd Division, about 8,170 troops of 
the 35th Division, with equipment and other military supplies. Messages furnished 
the identity of the ships and full details about the troops and cargo loaded on each 
ship. Traffic analysis disclosed the approximate date the convoy was scheduled to 
leave Shanghai for Manila and provided current information on the convoy’s 
approximate position on its trip from Shanghai to Manila. Before the departure 
from Manila on | May, messages revealed the following information: 

a, scheduled noon positions for each day from 2 May to 9 May; 

b. an outline of an alternate route to be followed only on receipt of 
special instructions; 

c. a plan to divide the convoy into two groups on 7 May to a point 
N of Halmahera, one part (presumably the 35th Division ships) scheduled to go on 
to Manckwari, and the other part presumably (32nd Division ships)scheduled to go 
on to Wasile on Halmahera. 

2. Action taken. Information on the composition, loadings, movements of 
the TAKE Convoy was forwarded to the appropriate field commands, as it became 
available. 

3. Operational results. On 26 April the convoy was attacked by submarine 
at a point 30 m. W of Laoag (NW Luzon) and one ship was sunk. On 6 May the 
convoy was again attacked by submarine 100 m. NW of Menado and three addi- 
tional ships were sunk. About 4,000 troops together with ordnance and other sup- 
plies were lost as a result of those sinkings, including the Commanding Officer and 
2,700 troops (substantially all) of the 220th Infantry Regiment of the 35th 
Division. Two Japanese divisions, both critically needed as reinforcements, were 
thus decimated and their effectiveness seriously reduced. Both divisions have since 
been met in combat. The above information concerning operational results also 
was received from Ultra sources. 

4. Ultra material used. Preparation of the intelligence dispatched to the 
field commands required the examination and integration of a large number of sep- 
arate and frequenctly fragmentary messages and traffic analysis. 

The fact that the two examples already chosen were both concerned with the 
sinking of convoys should not be allowed to give the impression that this was the 
only phase in which intelligence was derived from Japanese Army messages. To 
quote again from the report already cited as prepared by an MIS officer: 

A 28 May (1944) message, available | June, mentioned supplies needed by the 
18th (Japanese) Army (controlling operations in eastern New Guinea) which must 
arrive at Wewak by the end of June in order to be of use in “the attack on Aitape.” 
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In a 24 June message, available shortly thereafter, the Southern Army stated that 
the 18th Army would attack Aitape. Various other fragmentary messages, all show- 
ing that an attack on Aitape was planned, were also received. On 25 June there 
became available a 20 June message from the 18th Army reporting that it was 
planning an all-out attack against the U.S. Aitape perimeter, to begin about 10 July 
and giving the detailed dispositions of each division under the command of the 
Army, plus the planned operations of each division in the attack. Total strength of 
the forces involved was stated in the message to be about 20,000. . . . All of (this) 
information was made available to the Commander-in-Chief, Southwest Pacific 
Area, before the date of the planned attack. . .. The Japanese attack was made on 
schedule and was completely defeated with heavy losses to the Japanese. 

The examples just given show how the product of the Japanese Army cryptan- 
alytic projects was of the greatest value in military operations in the Pacific area. 
We must now turn to the steps by which the product was made possible. Before the 
War attempts by the SIS to solve the secret communications systems of the 
Japanese Army had, for lack of sufficient traffic and cryptanalytic personnel, been 
fruitless. [text withheld] Immediately after the attack on Pearl Harbor more SIS 
personnel were assigned to the Japanese Army problems, but little could be done 
except to sort and file the traffic. Thus, cryptanalytic continuity was broken for a 
time. [text withheld] Cipher solution may be compared roughly to the operation of 
demolishing a building by undermining its substructure and causing the building to 
collapse suddenly; code solution is more like a mining operation, the ore is taken 
out of the mine bit by bit. 

By the autumn of 1942, however, traffic sources had been established and 
more personnel had been obtained, so that considerable attention could be given to 
these problems. [text withheld] This historical method, though seemingly a long 
way round, was really the only recourse and it was fully justified by the results, By 
January 1943 progress had been made beyond the period of [text withheld] and at 
the same time encouraging results were being achieved in the recovery of code 
groups for addresses, which had previously seemed so hopeless a problem. [text 
withheld] In April 1943 the first break into a current system (that was used by the 
Japanese Army Water Transport organization was made possible [text withheld]. In 
this instance the entering wedge was simultaneously discovered (almost in the very 
same hour) by personnel of the SSA at Arlington Hall and of the CBB in Australia. 
It was most successfully exploited as the result of the constant collaboration main- 
tained by daily intercommunications between the two organizations. 

The result of this initial solution was a reorganization of facilities within the 
SSA leading to considerable expansion in personnel and services devoted to the 
Japanese Army problem. Ultimately, the number at work on these problems 
exceeded that of personnel at work on all other cryptanalytic problems combined, 
and yet there never were enough trained workers to carry out fully all phases 
which needed to be done: the man-power situation was such at the time that the 
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demand for personnel was always greater than the supply, and even when the 
needs were temporarily filled there always was some delay between the time new 
personnel reported tor duty and the time they were ready to participate effectively 
in actual operations, because preliminary training was usually essential. 

By early June 1943, two months after the initial break into the system, transla- 
tion of Water Transport messages were being forwarded to MIS. Thereafter, until 
almost the end of the War, the Water Transport system provided not only a broad 
picture of the Japanese Army shipping organization and activities but also, from 
time to time, information regarding specific operational movements of which the 
logistics problems were discussed in Water Transport messages. To quote once 
more from General Marshall’s letter to Governor Dewey: 

“Operations in the Pacific are largely guided by the information we obtained of 
Japanese deployments. We know their strength in various garrisons, the rations and 
other stores continuing available to them, and what is of vast importance, we check 
their fleet movements and the movements of their convoys. The heavy losses 
reported from time to time which they sustain by reason of our submarine action 
largely results from the fact that we know the sailing dates and the routes of their 
convoys and can notify our submarines to lie in wait at the proper point. The cur- 
rent raids by Admiral Halsey’s carrier forces on Japanese shipping in Manila Bay 
and elsewhere were largely based on timing of the known movements of Japanese 
convoys, two of which were caught, as anticipated, in his destructive attacks.” 

Although undoubtedly General Marshall included in this tribute to the signal 
intelligence services the very outstanding contribution from the signal intelligence 
service of the Navy, for fleet movements are mentioned, the bulk, however, of the 
information of the type cited came from the SSA. 

Solution of the main Ground system was effected by a series of discoveries 
that began in May 1943 and culminated in decipherment of messages in September 
of that year. Also, by the summer of 1943, solution of the address system had 
reached a point where the addresses of current intercepts were readable. 
Reconstruction of the address code books, which had hitherto been carried on 
exclusively by a British organization in India, known as the Wireless Experimental 
Center (WEC), was now undertaken at Arlington Hall. 

The order of battle intelligence derived from daily lists of the addresses of 
Japanese Army units was a useful adjunct to the text of the messages and even sup- 
plied knowledge of military operations in periods when the messages themselves 
were not readable. Thereafter, despite repeated changes and innovations made by 
the Japanese in their cryptographic systems, solution was continuous, though on 
occasion it was temporarily delayed. The knowledge of Japanese cryptographic 
practices and previous solution of the basic code book permitted the reading of 
periods which, from a cryptanalytic point of view, were as difficult as the systems 
encountered at the time of Pearl Harbor attack, systems which had then been con- 
sidered hopeless of success. 
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Two major technical problems which had to be solved in 1944 were the intro- 
duction by the Japanese on | August of a new cryptographic practice which dis- 
guised the system indicators and a radical shortening of the life of one of the key- 
ing elements used in the Administrative systems. The uncovering of the disguise in 
the case of each system indicator was, of course, a prerequisite to the subdivision of 
intercepted messages into their respective systems preparatory to any other steps 
toward solving or reading the messages. Though the introduction of this feature 
might have been a major cryptanalytic disaster, it fortunately turned out to be only 
a nuisance, because it was at first effected by an insecure method, and speedy solu- 
tion was therefore possible. Subsequently the Japanese modified the method to the 
point where, had it been used initially, solution would have been almost impossible. 
With continuity of solution, however, aided by information from cryptographic 
instruction messages and captured materials, this handicap was overcome. 

The problem presented by shorter intervals (five days instead of three weeks) 
between changes of keys, was essentially one of carrying on analysis of one of the 
steps of encipherment with only about a fourth of the traffic previously available, 
was eventually solved by a combination of methods, namely, very careful correla- 
tion of every piece of intercepted traffic, the use of tabulating machinery, which 
enabled a tremendously large number of operations to be made in a short time, and 
the use of photoelectric equipment to exploit phenomena resulting from messages 
with identical or nearly identical text but cryptographed with different keys. 

Once the Japanese began to suffer military reverses, their cryptographic materi- 
als were frequently captured and these soon came to play a vital role in solution. 
Especially important was the capture of the basic code books, or of the key books 
which the Japanese could not easily replace with new editions and which therefore 
were occasionally continued in effect for some time after their capture. The com- 
plete reconstruction of such code books and key books would have been a long and 
painstaking task which would have resulted in delays in production of intelligence 
and possibly also in some diminution of its reliability. Yet the continued capture of 
such materials was not an unmixed blessing, since whenever a capture was known 
or even suspected, the Japanese naturally changed as many of their other crypto- 
graphic materials as possible. 

Thanks to the care with which information obtained from the translated mes- 
sages was used by field commanders, the Japanese seem never to have suspected 
the possibility of cryptanalytic compromise but, as they began to realize that Allied 
Forces were able to anticipate their plans, they attributed our success to espionage 
activities. The following extracts are taken from a message, intercepted and read by 
the SSA, which was sent from Pinrang to Piru (RIYA Communications Officer) on 
18 December 1944, . . 


seek OK 
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*,.. there are substantial indications that the enemy has understood our 
important plans in the Burma and Philippine areas, Therefore, we are inclined to be 
somewhat doubtful about the codes now in use (and) each unit commander must 
multiply his alertness toward counter-espionage . . .. This is an order. Furthermore, 
you should exert your best efforts towards overcoming the deficiencies in the 
counter-espionage set-up, and towards perfecting it. If you fail to do this, troubles 
will arise, and you must take resolute action in facing them, without a thought for 
yourself.” 

Because of actual or suspected compromise, however, changes were made so 
frequently and complications so often introduced in the Ground systems that analy- 
sis became more and more difficult. By the end of the War the Ground problem 
reached the point where the time required for solution made the production of cur- 
rent translations seemingly impossible. The general intelligence value and the spe- 
cial cryptanalytic interest of the problem, however, warranted studies of the last 
unsolved period of the highest-echelon Japanese Ground Force system, for which 
no captured material or special cryptographic intelligence were available. These 
studies, successfully carried out during the final months of 1945, demonstrated that 
the development of cryptanalytic attacks had kept pace with the ever-increasing 
complexity of Japanese cryptographic procedures. 

On the other hand, no compromises or suspected compromises took place in 
the case of the Water Transport systems, and in the latter, the Japanese moved in an 
orderly fashion to make their periodic changes. Consequently, the cryptanalysts 
were less hampered by frequent or sudden changes and a fair proportion of the 
messages in each key book were read currently. Had no compromises been made 
in the ground systems, the same success might have been experienced. Therefore, 
it is a moot question whether compromised material gave an overall advantage or not. 

For lack of sufficient personnel and because of the special interest of GCCS in 
the air systems, the SSA did not concern itself to any considerable extent with 
those systems until late in 1944. Thereafter, more and more attention was devoted 
to the air problem and the SSA eventually made large contributions to current solu- 
tion. 

After some early compromises in 1944 the Japanese signals systems were read 
from time to time. The cryptography used was such that, with the limited volume 
of traffic, solution would have been extremely difficult without a compromised 
code book, but fortunately at different times several successive editions of the sig- 
nals code books were captured, along with the key books for a number of periods. 
The text of these systems, which discussed call-sign frequencies, and methods of 
handling traffic, was of special interest primarily to our traffic analysts. 

While the study of low-echelon Japanese systems was never considered a pri- 
mary responsibility of the SSA, reports from field agencies were examined here 
and their contents served as a guide in the training of military personnel destined 
for field agencies. The SSA did actively participate in the solution of the low-eche- 
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lon air system known as “BULBUL.” but only as a support for the cryptanalytic 
unit in the India-Burma Theater. 

The impression has already been given that had more personnel been made 
available and at at an earlier date, solution of Japanese military communications 
might have been expanded and expedited. Yet it should be pointed out that had all 
the U.S, Army personnel working on the Japanese Army problems, not only at 
Arlington Hall Station but also in the Central Bureau at Brisbane, in the Hawaiian 
Islands, and in the India-Burma Theater, been grouped together at one center and 
solution activities thus been concentrated, considerable unnecessary duplication, 
especially in the field of translation, would have been eliminated. On the other 
hand it must be admitted that had such a consolidation taken place problems of 
administration would have been greatly increased but the advantages gained by the 
increase of trained workers all applying their efforts in a coordinated attack would 
have outweighed by far any administrative difficulties. As it was, where circum- 
stances permitted, duplication was eliminated and, considering the great distance 
between the agencies concerned, cooperation and coordination effected by the 
interchange of mail and telegraphic communications was good. 

In retrospect, it may be noted that in the signal intelligence field the conse- 
quences of lack of continuity and unpreparedness for effective operation immedi- 
ately upon the outbreak of hostilities are nowhere more clearly demonstrated than 
in the case of the Japanese Army high-echelon secret communications. It is a fact 
that, during the entire period from 7 December 1941 to the summer of 1943, none 
of these communications was being read. Had this been otherwise, the military sil- 
uation might have been quite different. To judge purely by the disastrous effect that 
the solutions obtained by us after the autumn of 1943 had upon Japanese opera- 
tions, it is legitimate to think that the important early Japanese penetrations to the 
south might have met with greater obstacles and that as a result the War in the 
Pacific might have been terminated many months earlier. If an adequate staff of 
cryptanalysis had been engaged in studying Japanese Army traffic continuously 
from 1939, when the systems were solvable with comparative ease, complete con- 
tinuity could have been maintained from the very outset of the War. After 1939 the 
systems became more difficult but never more difficult than they were in 1945 
when, because of the possession of a background of knowledge and experience 
built from successful reading of earlier periods, they were solved. 


* * 


(4) German Army and Air Force Traffic. It has already been noted that a logi- 
cal division of work between the British and the U.S. Governments resulted in con- 
centration of the SSA on solution of Japanese diplomatic communications and 
Japanese military traffic in the Pacific theater, leaving the exploitation of German 
and Italian military traffic in the European theater the primary responsibility of the 
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British. [text withheld] In the tense days of early 1942, however, the advisability of 
insuring against the contingency that the British organization working on enemy 
communications might be put out of operation by enemy action led to the estab- 
lishment of an SSA unit to serve as a back-up. Though the SSA played the minor 
role in the work on German Army and Air Force and Italian Army and Air Force 
traffic, nevertheless it made noteworthy contributions. 

The German Armed Forces employed two basic types of cipher machines. One 
of them, a modification of a commercial machine known as the Enigma, produced 
cryptograms of a very high order of security, but faulty usage, Teutonic love of 
order, and addiction to stereotyped modes of expression made it possible for the 
British to solve a very large portion of all the messages transmitted, yielding intel- 
ligence of the highest value. In this work the SSA served as a cooperating and 
assisting echelon, contributing new ideas, techniques, and machinery. As a result 
of excellent coordination of basic research and development with practical opera- 
tions, SSA engineers invented and built an electronic solution machine far in 
advance of anything hitherto known for solving messages in the most complicated 
form of the Enigma machine as used by the Germans. 

In addition to the foregoing, specialy selected messages were sent from 
England to Arlington Hall for study and solution by SSA special machinery. The 
necessity for speed brought into use special communication channels and there 
were cases wherein the answer to a specific problem was obtained by the SSA, 
wired back and in the hands of the GCCS cryptanalysts within 90 or sometimes as 
few as 60 minutes. 


The German Armed Forces also used a series of complex cipher machines for 
enciphering teleprinter communications among their highest echelons. Here again 
the SSA collaborated with [text withheld] in inventing and designing new machin- 
ery as well as in testing new techniques and procedures. Two machines in particu- 
lar, invented, designed, and built either entirely at Arlington Hall Station, or by an 
outside contractor working under the direction of SSA engineers, [text with- 
held]...were successfully employed [text withheld] In addition to making an impor- 
tant contribution to the victory in Europe, the experience the SSA gained in such 
collaboration will, of course, be very useful to the U.S. Army in future research in 
this field. 

Mention must also be made of our contribution in the signal intelligence opera- 
tions in the Mediterranean Theater. Here again the SSA furnished key and basical- 
ly-trained personnel for Signal Corps units working in collaboration [text with- 
held] on both German and secret communications. 


* 


Step 6. Find the impedance of the circuit. 
Z4=7> 


= 143.6 
= 144 ohms (approx) 


Step 7. Find the phase angle by which the current leads the applied 
voltage. Since this is a parallel circuit in which the induc- 
tive reactance is greater than the capacitive reactance, 
the circuit is capacitive and the current leads the applied 


voltage. 
Z 
cos A = R 
_ 144 
— 150 
= .96000 
A = 16° 15’ 38” 


202. Resonance 


In a series or parallel ac circuit containing inductance and capacitance, a condition known 
as resonance exists when the inductive reactance equals the capacitive reactance. This condi- 
tion occurs at a specfiic frequency called the resonant frequency. A formula for finding the 
resonant frequency is derived by equating the formulas for inductive reactance and capacitive 
reactance, as follows: 


XxX, = do 
1 

anf L = FG 

4n?f2LC = 1 

1 

ito ale 
pees 1 

_ 2rr/LC 


where f, is the resonant frequency. 
Example: Find the resonant frequency of a circuit containing a 4- 
millihenry inductance and a 40-micromicrofarad capacitor 
in series with a variable frequency ac source. 


f= 1 
~ Qan\/LE 
1 


6.28\/4 k 10-3 x 4 «k 10-1"! 
1 


6.28 x 4x 10-7 
10° 
25.12 
__ 10,000,070 
25.12 
= 398,000 cps or 398 kilocycles (kc). 
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(8) Commercial Code Traffic. Exploitation of the information to be obtained 
from decoding traffic [text withheld] in public commercial codes was carried on 
more or less continuously after early 1943. This activity was at first confined large- 
ly to codes in the chief languages of Europe but was ultimately extended to include 
also a group of Japanese commercial codes which provided a rich mine of militari- 
ly useful information concerning conditions in the Far East. 

(9) Special Problems. In addition to the traffic already described, the SSA had to 
face a number of other special problems requiring other techniques. 

These included the transcription of shorthand documents; the solution of open 
codes, a type of cryptography in which a secret text is hidden within an ostensibly 
harmless message; the transcription and translation of “scrambled speech,” that is, 
telephonic and radiotelephonic conversations in enciphered and unenciphered form 
in foreign languages; and the solution of secret ink messages. The last named type 
involved much work for the Office of Censorship as well as for MIS. In this field 
the SSA technicians accomplished feats not duplicated elsewhere: the recovery of 
printing on documents which had been printed by use of inks soluble in water, In 
the case of two documents very valuable code materials were recovered for the 
Navy: one involved a German, the other a Japanese code book. 


E. SOME GENERAL REMARKS 


The remarkable success which the cryptanalytic units obtained must not be 
allowed to create the impression that any of the tasks was accomplished without 
skill, training, patience, vigilance, and mental labor of the most exhausting kind. A 
description of the essential features of a solved cryptographic system may often 
seem simple and it may be imagined therefore that solution was easy, but this is 
rarely the case. Frequently, a simple cryptographic trick may be as difficult to 
detect as one of the more complex varieties; in cryptanalysis the effect of some 
minor complicating factor, inserted solely to prevent solution, may prove to be a 
serious stumbling block, though occasionally it may also prove to serve in the end 
as the entering wedge leading to solution. 

The time and effort needed for solution, of course, vary with the system. A 
simple substitution cipher may require only a few minutes’ work by a single ana- 
lyst; other systems may be so difficult that the entire efforts of a number of persons 
working for many months are needed. Of the two basic types of cryptography, 
codes and ciphers, reconstruction of the former is, as has already been noted, a 
slow, laborious process, each code group having to be identified singly, and the 
larger the code, the longer the time needed; solution of a difficult cipher may take 
equally long but success is instantaneous rather than gradual—at one moment the 
cipher is unsolved, the next it is solved. The reconstruction of a cipher machine is, 
of course a very long process, but when this is finished, the keys used in each day’s 
traffic may still have to be solved as they appear. For this reason, even when the 
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machine has been reconstructed, reading of current traffic may be delayed until 
enough traffic all in the same specific key has been received to permit solution, 

Systems differ so greatly that a counting of solved systems is no adequate indi- 
cation either of the volume of work accomplished, or of the brilliance of the 
achievement of the cryptanalysts. During the War a group never numbering more 
than twenty, and for a long time many fewer, succeeded in making readable 
approximately twenty-five systems. In the same period a group of about eighty 
persons were needed for the solution of a single system. For this reason the effi- 
ciency of the two groups cannot be evaluated in terms of the number of systems 
solved. 
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.. .By August 1945, however, the traffic [text withheld] had been studied and 
translations were currently being prepared in large volume. The number of these 
translations is really the best gauge of the cryptanalytic achievements of the SSA, 
since they are the final products of the cryptanalysts, assisted by the combined 
efforts of intercept operators, clerks, translators, editors, typists, and proofread- 
ers,...Factors causing fluctuation of volume were complex: it is not always possible 
to explain declines, but on occasion the introduction of new cryptographic tech- 
niques had the effect of slowing up production temporarily until solution was 
achieved. 

After cryptanalysis the messages in almost every instance still had to be trans- 
lated—a small percentage of the messages are transmitted by their originators in 
English—and after the translations were prepared in draft form, they had to be 
checked for diction, accuracy, and format, and then typed for reproduction by the 
“Ditto” process. “Master copies” of the translations were then once more proofread 
for accuracy of typing and the required number of copies prepared. Following this, 
they were forwarded at frequent intervals during the 24 hours to MIS. In certain 
cases, where urgency required it, forwarding was either by special courier or by 
electrical means, over special cryptographic circuits. 

Even then, the task of the SSA was not finished, for it was necessary that the 
daily “SSA Bulletin” of translations be read carefully by personnel whose duty it 
was to compile therefrom voluminous information which would, in turn, be useful 
to the cryptanalysts working in other problems. Thus the fruits of the labors of one 
working unit could be at the disposal of any others that might need it. In this con- 
nection it may be stated that the free exchange of information and results among 
the traffic analysis units, the cryptanalytic units, the translation and “bulletin” 
units, the communications-security units, and so on, is absolutely vital to success 
in the whole cryptologic field. 


* KK 
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From A Brief History of the G-2 Section, GHOQ, SWPA. In the aftermath of 
World War II, the G-2 section of U.S. Armed Forces, Far East, commanded 
by General of the Army Douglas MacArthur, devoted some of its energies to 
preparing histories of its successes in the war in the Pacific. Included in A 
Brief History of the G-2 Section, GHQ, SWPA and Affiliated Units: 
Introduction to the Intelligence Series was a short history of MacArthur's 
own World War Il COMINT organization, a collaborator—and rival—of 
Arlington Hall. 


CENTRAL BUREAU (CB) 


Central Bureau, a combined Australian-American organization, was activated on 
15 April 1942 under the command of Colonel Joe R. Sherr, one of the officers 
evacuated from Bataan. From its inception until the end of the war, the Bureau 
operated under the direction of Major General S.B. Akin, Chief Signal Officer of 
the Southwest Pacific Area, who was largely responsible for its establishment and 
technical development. 

The first contingent of American signals intelligence personnel to reach 
Australia after the outbreak of war consisted of six officers and eight enlisted men 
who comprised the 837th Signal Service Detachment. These men left the United 
States on 16 April 1942 on the last scheduled Clipper flight to Hawaii. As all regu- 
lar runs from Honolulu to Auckland, New Zealand, had been discontinued, they 
had to “sweat out” the remaining 7000 miles of their trip as space became available 
on USAAF and RAAF planes. From Sydney, they proceeded to Melbourne to join 
the GHQ established by General MacArthur. Within the next two months the 
American contingent was augmented by 1|2 additional enlisted men and 3 officers, 
including Major A. Sinkov who took over the command of the Detachment. 

The Australian Army component of Central Bureau was the Australian Special 
Wireless Group which had seen considerable service against the Germans in Africa 
and the Near East and which included some British personnel who had escaped 
from Singapore, The Australian Air Force component consisted of personnel 
assigned from Victoria Barracks, Melbourne. 

In the field at that time, Central Bureau maintained radio personnel as follows: 
AIF /Australian Imperial Forces/ - No. 51 W/T /Wireless Telegraphy/ Unit and the 
RAAF - No. | Wireless Unit. Attached to the latter as special instructors were three 
U.S. signal intelligence personnel (Lt. Howard W. Brown, Sgt. John J. Phelan, Sgt. 
Carl Card) who had been evacuated with Colonel Sherr from Bataan. 

The 837th Signal Service Detachment was deactivated in May 1943 and 
replaced by the Signal Intelligence Service (still a component of Central Bureau) 
under Col. Harold S. Doud, with Capt. Chester W. Ray as Commander of Troops. 
In the autumn of 1943, Colonel Sinkoy became Commanding Officer. SIS, and 


During the 1920s, Herbert O. Yardley 
headed the legendary “Black Chamber,” a 
secret cryptanalytic bureau jointly funded 
by the War and State Departments. Forced 
into retirement, he sought to recoup by 
writing a sensational exposé of American 
intelligence activities. (NSA) 


This brownstone house in New York City served as the headquarters for Yardley’s organization. 


(Louis Kruh) 


The brilliant cryptologist William 
F. Friedman became the first head 
of the Army’s Signal Intelligence 
Service (SIS). (George Marshall 
Foundation) 
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From 1929 to 1942, the headquarters of the Signal Intelligence Service was located in the 
Munitions Building, a large temporary structure built in World War I. (NARA) 
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A member of the 2d Signal Service Company 
operates a radio direction finder on Hawaii 
shortly before World War II. The company 
served as the collection arm of SIS. (C.T. 
Duval) 


The battleship Arizona sinks under Japanese attack at Pearl Harbor. The success of the 
Signal Intelligence Service in breaking the Japanese diplomatic machine cipher could not 
forestall a Japanese military surprise. (DAVA) 


The perceived American intelligence 
failure at Pearl Harbor led top Army 
leadership to find ways to better exploit 
the potentials of communications intel- 
ligence. Clockwise, Secretary of War 
Henry L. Stimson, Assistant Secretary 
of War John J. McCloy, Assistant 
Chief of Staff for Intelligence Maj. 
Gen. George V. Strong. (NARA) 


A graduation parade at Vint Hill Farms School in Warrenton, Virginia. Successful pros- 
ecution of the signals intelligence war demanded thousands of trained Army cryptologic 
specialists. (INSCOM) 


A Japanese language training course conducted at Arlington Hall Station, Virginia. 
(INSCOM) 


A former women’s junior college, Arlington Hall was taken over by the War 
Department in 1942 and became the new headquarters of the Signal Intelligence 
Service. (INSCOM) 


Staff heads of the Army 
Signal Security Agency 
pose for a group portrait at 
Arlington Hall Station in 
1944. (INSCOM) 


203. Ac Power 


a. In an ac circuit containing both resist- 
ance and reactance the only power actually 
dissipated is the power absorbed by the re- 
sistance of the circuit (b below). However, 
if the circuit contained reactance only, large 
amounts of power would still appear to be 
consumed because of the phase difference be- 
tween voltage and current. Consequently, in 
either case an ac generator supplying power 
to the circuit would receive less power from 
the circuit than it delivers to the circuit. The 
power which the generator delivers to the cir- 
cuit is called the apparent power and is equal 
to the product of the effective value of the 
voltage (Emax /\/2) and the effective value of 
the current (Imax /\/2). Therefore, 


E. I 
P (apparent power) — —™2% . -™% 
V2 V2 
pas Emax Tinax 
oA 2 


b. Apparent power is different from the 
actual power consumed by the load, which is 
called the average or true power and is the 
energy absorbed by the resistance of the cir- 
cuit. The average or true power is expressed 
by the formula P = EI cos 6, where 


E = effective value of the voltage across the 
circuit 

I = effective value of the current in the cir- 
cuit 

6 = phase angle between current and voltage 


c. Apparent power may also be expressed 
by the following formulas: 


P= EI 
P= IZ 

E2 
P=7F 


d. In a purely resistive circuit, average or 
true ac power also may be expressed by Joule’s 
law (P = [?R)as in the de case (par. 191). 


e. The following examples illustrate some 
of the above principles. 


Example 1: Find the power that an ac gen- 
erator must deliver to a circuit 
if the peak voltage is 230 volts 
and the peak current is 5 am- 
peres. 


— Emax Dinax 
2 


_ 230 x5 
> 2 
= 575 watts. 

Example 2: Find the average power con- 
sumed in a circuit if the effec- 
tive ac voltage is 115 volts, the 
effective current is 7 amperes, 
and the current leads the volt- 


age by 60°. 
P = EI cosé6 
= 115 x7 x cos 60° 
= 115x7Tx.5 
= 402.5 watts. 


204. Review Problems—Ac Electricity 


a. An alternator is connected to a 520-volt, 
60-cycle ac parallel circuit having a resistance 
of 96 ohms, an inductance of 249 millihenrys, 
and a capacity of 19.8 microfarads. (1) Find 
the inductive reactance of the circuit. (2) 
Find the capacitive reactance of the circuit. 
(3) Determine whether the current leads or 
lags the voltage. (4) Find the impedance of 
the circuit. (5) Determine the value of the 
current in the circuit. 


b. Determine the inductive reactance of a 
coil if the ac in the circuit has a frequency of 
60 cps, and the inductance of the coil is 0.025 
henry. 


c. A 110-volt, 25-cycle ac generator is con- 
nected in series with a 0.1-microfarad capaci- 
tance and a 2,000-ohm resistance. What is the 
capacitive reactance of the circuit? 


d. What is the value of the reactance of a 
circuit if the impedance Z = 100 ohms and 
the resistance R = 60 ohms? 


e. Find the resonant frequency of a. series 
RLC circuit if the inductance is 0.478 milli- 
henry and the capacitance is 256 micromicro- 
farads. 


f. A series RLC circuit consists of 6 ohms 
resistance, 8 ohms inductive reactance, and 
16 ohms capacitive reactance. (1) Find the 
current in the circuit. (2) Find the voltage 
drop across the resistance. (3) Find the volt- 
age drop across the capacitance. (4) Find the 
voltage drop across the inductance. 
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Army cryptanalysts at Arlington Hall Station work in an open bay in one of the large 
temporary buildings constructed to meet the needs of the Signal Security Agency’s 
growing work force. (INSCOM) 


Masses of calculating machines were used at Arlington Hall to process and exploit 
Japanese military traffic. (INSCOM) 
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Capt. I.W. Wolfe, Commander of Troops. 

Central Bureau expanded rapidly. Its strength in 1943 was well over a thousand 
men and women. Technical direction under General Akin was vested in three assis- 
tant directors who were the ranking officers of the three largest contingents: 
Colonel Sinkov for the Americans; Lt. Col. A.W. Sandford for the Australian 
Military Forces, and Wing Comdr. H. Roy Booth for the Royal Australian Air Force. 

The Bureau brought under a unified control personnel from the signal intelli- 
gence services of five nations. Included were the following military and naval 
forces: Army of the United States, Australian Imperial Forces, Australian Military 
Forces, Australian Women’s Auxiliary Service, British Army, Canadian Military 
Forces, Royal Air Force, Royal Australian Air Force, Royal Australian Navy, 
Royal Navy, United States Women’s Army Corps, Women’s Auxiliary Australian 
Air Force, United States Army. The United States Navy was not included. 

In order to avoid duplication, promote smooth inter-service relationships, and 
assure the maximum benefit from the pooling of resources and centralizing of con- 
trol, representatives of each of the 14 component services were detailed to work on 
all of the major problems. Personnel were placed where they could work most 
effectively regardless of nationality or the component to which they belonged. 
Before the war came to an end the personnel strength of Central Bureau was more 
than 4000 and there were detachments in all parts of the Southwest Pacific Area. 
Of this number about fifty per cent were American personnel. 

Since the work of Central Bureau was always closely connected with GHQ, the 
organization followed General MacArthur as he moved northward. This took the 
headquarters of Central Bureau from Melbourne to Brisbane (September 1942), to 
Hollandia (late summer 1944), to Leyte (October 1944), to San Miguel (Luzon) 
(May 1945), and to Tokyo (September 1945). The first move came in September 
1942, when GHQ was moved to Brisbane. In Brisbane the administrative control of 
the American contingent passed (February 1943) to USAFFE. Operational control, 
however, remained with GHQ throughout the war. 

In November 1945, its mission accomplished and a fine record of cooperative 
effort and notable achievement to its credit, Central Bureau was deactivated. 
General MacArthur commended the organization for its outstanding achievements 
and awarded the Legion of Merit to ten of its members. 


From SRH 280. This intercepted message from the Japanese Ambassador to 
Nazi Germany, Baron Oshima, contains useful technical information from 
inside the Third Reich, including data on German experiments with jet 
planes and rocket bombs. The Goebbels referred to was Joseph Goebbels, 
the infamous Nazi propaganda minister. 
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From: Berlin (Oshima) 

To: Tokyo 

26 July 1944 #756 

A 4 part message complete. 

Urgent. 

In recent statements made by GOEBBELS as well as some that appeared in the 
German newspapers and magazines, it is frankly admitted in their explanation of 
the European war situation that German weapons have to yield the palm to the 
enemy in both quality and quantity. However, at present the Germans are striving 
to improve the quality and increase the quantity of their weapons, and there are not 
a few people who say that in time Germany will be able to make up for her present 
technical inferiority *... .The Military and Naval Attaches have doubtless sent you 
detailed reports regarding this matter, but as I thought it would be necessary in 
order to get an estimate of the war situation in general, | am sending you merely 
the following outline regarding the new German weapons. Moreover, although 
quite a number of announcements have been made already with regard to this sub- 
ject, since there are some very important matters in this message relating to mili- 
tary affairs, | wish you would treat this message with particular care. 

|. Weapons connected with the Army: 

(a) Tanks: I have already sent you information regarding the Tiger and 
Panther Tanks, but it seems that they are placing especial emphasis on the produc- 
tion of Panthers in large quantities. 

(b) Assault Guns: This gun is primarily a weapon to be used for the smash- 
ing of the enemy’s pillbox machine gun bases in cooperation with the Infantry, but 
it is often used also in anti-tank warfare. This is one of the weapons concerning 
which the Germans are placing great emphasis at present so far as production in 
large quantity is concerned. It is an 88 millimeter gun (the same as the gun on the 
Tiger) and has a crew of four men. 

Part 2. 

(c) The Panther Terror:" This is a kind of rocket gun that can be used by 
two soldiers, and is a weapon for close-range fighting to be used against tanks. 

(d) The Panzer Fist:‘ This is the same kind of gun as the above, but it can 
be used by one person. 

(e) Trench Mortars: These weapons could hardly be called a new weapon 
today, but their size has been increased (up to 15 centimeters) and they are being 
used in large quantity. 

(f) Robot Tanks (Goliath):* This is a small-type tank controlled by radio 
waves, and it seems that its effectiveness depends on the configuration 
of the ground, 

(g) The establishing of artillery divisions with the self-propelled gun units acting 

as the main strength: The object of such a division is to concentrate the use of artillery. 

I wish that in paragraph (c) above you would amend the words Panther Terror 
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to read Panzer Terror. 
2. Weapons connected with the Navy: 

(a) A New Type Submarine (Very Secret): This new type submarine 
scarcely shows itself on the surface of the sea, and has long-range maneuverability. 
Alt present it is in process of construction and its effect will first be felt from about 
September, and by November or December it is said that greater results will be 
effected by its use in great quantity. 

Part 3. 

(b) Torpedo Boats: I have nothing to add to what I have already reported to 
you concerning these boats, 

(c) A Small-type Submarine (Very Secret): This is a submarine that has 
been improved one degree and seems to be a weapon that has two torpedoes to be 
ridden by one man. It is to be used in areas near the seashore. 

(d) Special Torpedo (Very Secret): This is a torpedo which by means of 
special equipment has been made almost 100% effective in hitting the mark, and 
its testing has already been completed. 

(e) The High Speed Boat:' This in itself is really not a new weapon, but a 
new type is being produced with a speed of 40 knots an hour, and having a Diesel 
engine. For this reason it has the special merit of not easily catching fire when 
damaged. It seems that the Germans are putting forth efforts to produce this boat in 
large quantity. 

(f) Special High Speed Boat (Very Secret): This is a high speed boat to 
which has been added the principle of radio wave control, and it seems that its 
explosive power is especially great. 

3. Weapons connected with the Air Force: 

(a) The German are adding substantial improvements to the speed, arma- 
ment, ammunition, and way the armor is put on, etc., in their various types of 
fighter and destroyer’ planes, and besides that they are of course placing special 
importance upon the production of these planes in great quantity. Furthermore, in 
the near future propellerless planes are also going to make their appearance, and it 
seems that these planes will have especially high speed (this last paragraph is very 
secret), 

(b) For the time being dive bombing has been suspended and as a substi- 
tute they are using ground attack planes (SCHLACHT FLIEGER). These planes 
cooperate with ground fighting, and considerable results have already been 
achieved in the destruction of enemy tanks (Captain RUUDERU alone, it has been 
announced, has destroyed more than 200 tanks). 

Part 4. 

(c) The main strenth of anti-aircraft guns lies in the 88 and LOS millimeter 
guns, it seems. However, 120 and 150 millimeter guns also are gradually being used 
in large quantity. Matching the improvement in shells the Germans are trying also to 
increase the power in their aircraft. Again it seems they are also using rocket guns. 
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(d) There has been a great deal of improvement in night fighters since last 
winter but in day-light air raids also special units, STORM GRUPPE, have recent- 
ly been organized (within 2 minutes | American four-motored plane—l0G— and 
—M—-). They will at an appropriate time be newly established and although it 
may not be possible to call them new weapons, in outline they serve as an indica- 
tion of the earnest efforts which Germany is puting forth in order to regain com- 
mand of the air. 

(e) Special Type Aircraft (Very Secret): It seems that a study is now being 
made with regard also to a bomber plane which will unite the rocket gun with the 
principle of radio wave operation. 

4. Equipment for Long Distance Bombardment (Very Secret): I have already 
described to you in various telegrams the V-1, and it seems that preparations have 
already been made for the use of a more effective weapon than this. It will have 
five times the effect of the weapons thus used in the past. And again it is said that 
they will have a weapon whose effect will extend to a square of more than | kilo- 
meter. However, it is not clear as yet just when both these weapons will be intro- 
duced. It is anticipated that with regard to these weapons there will be both sub- 
stantial developments and improvements made in their construction. 

5. The weapons in which the Anglo-Americans made particularly great 
progress in the past were first of all the direction finder and then radio wave 
weapons in general, but in both these spheres the Germans by special efforts seem 
gradually to be catching up with the enemy. It seems that in weapons connected 
with rockets, because of the fact that the Germans as usual have had longer experi- 
ence, Germany is temporarily in the lead. Again improvements and progress in 
explosives have been best indicated in the V-1 and it seems that this improvement 
has been very conspicuous. 


a- V.H. 1891. 

b - SCHRECK. 

c- The Kana spelling for this word is HJAASUTO, which is doubtless the 
German word for FAUST. 

d- WERFER. 

e - The Kana spelling for this word is GORIAATO. 

f - SCHNELL BOTE, 

g - ZERSTOERER. 


Inter 28 Jul 44 (1) Japanese 
Rec'd 29 Jul 44 
Trans 31 Jul 44 (1227-A) 


CHAPTER VI 


Producing Intelligence 


The decryption of encoded and enciphered enemy traffic was only the 
beginnings of the signals intelligence process. The messages had to be 
placed into a wider intelligence context. Until June 1944, when there was a 
general reorganization of the whole War Department intelligence structure, 
this was done by the members of the Special Branch, Military Intelligence 
Service. In the excerpts from SRH 185, War Experiences of Alfred 
McCormack, the father of the Special Branch gives an insider’s account of 
the infighting that went on within War Department intelligence. Unlike 
most of the other Special Research Histories released by the National 
Security Agency, this document was originally prepared after the war as an 
unclassifed study; the reader will note that McCormack does not mention 
that the Special Branch dealt with signals intelligence. 

The Special Branch not only exploited U.S. Army successes against 
Japanese diplomatic and later military communications, but also entered 
into an agreement to share signals intelligence with the British. As a result, 
after 1943, the United States was able to secure from the British the results 
of their unparalleled success in reading high-level German messages. See 
the excerpt from SRH 141-2. The type of intelligence windfall that resulted 
from this source is documented in the excerpt from SRH 005, Use of 
MX/CSS ULTRA by the War Department. 
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From SRH /85. /n these excerpts from his unpublished memoirs, 
McCormack tells all about the Special Branch—except what it actually did! 
“Cravath methods” refer to the highly selective and personalized recruit- 
ment procedures used by his old law firm. At the time he wrote this account, 
McCormack had returned to a successful law practice. After reentering 
civilian life in 1945, he had briefly served as the State Department's first 
Director of Intelligence and Research, However, he apparently encountered 
the same kinds of bureaucratic resistance to intelligence work at the State 
Department as he tells us he met in the War Department. 


31 July 1947 
WAR EXPERIENCE OF ALFRED McCORMACK 


Early in January 1942, McCormack was asked by McCloy to do a job in the 
War Department in connection with military intelligence, and he took office on 
January 19 as a Special Assistant to the Secretary of War. In March he submitted 
his recommendations to the Secretary and was given the job of putting them into 
effect. A special section was created by G-2 to assist in the work, and in May 1942, 
Colonel (later Brig. General) Carter W. Clarke, with whom McCormack had become 
acquainted and whom he strongly recommended, was made head of that section. 

Urged by the Assistant Chief of Staff G-2, General Strong, to go into the Army, 
McCormack at first declined but later concluded that his job could be done more 
effectively if he were an officer on the G-2 staff. He was commissioned as a 
Colonel on June 24, 1942, reversing roles with Clarke, who thereupon became 
Chief of a newly created “Special Branch” of G-2, with McCormack as Deputy Chief. 

From then until the end of the war McCormack and Clarke, whose talents were 
complementary, worked as a team. McCormack took charge of the research and 
intelligence work and the recruiting and training of personnel, while Clarke con- 
cerned himself with administration, security, relations with G-2 and outside organi- 
zations and innumerable problems involved in organizing and building up units of 
the Army whose work produced the raw materials of intelligence, and for which 
Clarke assumed a continually increasing responsibility as the war progressed. 
Clarke was also employed on a number of important missions for the War 
Department Staff. 

Both Clarke and McCormack considered G-2, as it existed in 1942, to be inade- 
quate for the intelligence job that the war required, and they sought to use the 
Special Branch as a means of building up a more effective intelligence organization 
in the War Department. 

The original assignment of Special Branch was the preparation of a daily intel- 
ligence report, but the work which that entailed provided many opportunities for 
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the production of useful intelligence, which the personnel of the Branch were 
quick to grasp. In August, 1942, McCormack, having established the form of the 
report and the methods to be used in the preparation, turned over the work to 
Henry W. Rigby, who had been a Cravath associate from 1937 to 1939, before 
going to the Providence firm of Tillinghast, Collins, & Tanner, and who had fol- 
lowed McCormack into the War Department in March 1942. Rigby’s immediate 
assistant until August, 1944, was a Cravath associate, Louis T. Stone, Jr... . 

McCormack used “Cravath methods” in the recruiting of personnel for the 
Special Branch, taking on only highly qualified persons. There were so many 
lawyers in the Special Branch that it used to be referred to humorously as “the best 
law office in Washington”. McCormack believed, and his experience confirmed, 
that lawyers as a class are better fitted for intelligence work of the type that must 
be done in the War Department, i.e., what the Army calls “strategic intelligence”, 
than is any other group in the community, because their training teaches them to 
deal with evidence, to be inquisitive and skeptical, to pursue an investigation 
through to a conclusion, to meet unfamiliar situations of fact and, most important, 
to do very detailed work without losing their sense of values. 

After freeing himself from responsibility for daily reporting, McCormack 
turned his attention to specific problems of intelligence, being convinced that 
intensive and exhaustive research work would furnish dependable answers to many 
questions on which G-2 at the time could do no better than speculate. Every job 
that was done revealed new opportunities and emphasized the need for more per- 
sonnel, and the results were good enough so that the personnel allotments were 
provided, though usually after long delays and much paper work. McCloy had an 
active interest in intelligence, followed the work of the Special Branch and helped 
out frequently; and the fight for personnel was made easier by high praise which 
the Branch received from time to time from General Marshall and other high offi- 
cials, and occasionally from the President. 

By the Fall of 1942 it was apparent to McCormack, and also to Clark, that G-2 
had no dependable current information about the war in Europe. The reason was a 
simple one, but nobody seemed to realize it. There was a military attache in 
London with a large staff. He sent reams of paper back to Washington, which he 
had gathered from the British intelligence agencies; but the British did not regard 
military attaches as being entitled to top level information and so what the attache 
office sent home was seldom more than could be published in the newspapers. It 
was solemnly studied in G-2, though there was in the organization an almost uni- 
versal suspicion of the British and a tendency to disagree with British conclusions, 
simply because they were British conclusions. Some of the G-2 “intelligence” on 
Europe was fantastic. For instance, at a time when the German Air Force had about 
5,000 operational planes of all categories, there were devout believers in G-2 in a 
rumor picked up by an attache in Roumania that the Germans had 10,000 spare air- 
planes hidden in the Black Forest. 
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One of the bothersome characteristics of G-2 was a certain supine attitude 
toward intelligence. Everybody knew the classical Army doctrine that the three 
steps in intelligence are collecting, evaluating and disseminating, but nobody 
seemed to give much thought to the fact that evaluation and dissemination are 
worthless if what is collected is worthless. The attitude was in part a reflection of 
the viewpoint of the G-2 colonels, who regarded it as their function to make pre- 
dictions. They operated in the manner of soothsayers. They showed no indication 
that their information might be inadequate. They seemed to think that they already 
knew enough to answer whatever questions might be put to them concerning the 
enemy countries. 

G-2 organization as a whole did not appear to know that there was a war on. 
Except for the fact that they were required by departmental order to work on 
Saturdays and that some of them had to appear Sunday morning for a meeting with 
the General, they operated their organizations just as they had in peace time, 
Promptly on the dot of 5 p.m. the whole organization went home. There was no 
special sense of hurry or urgency and the job that did not get done one day would 
go over to the next unless the job had a deadline. If the job had a deadline, it was 
turned out on that deadline and it was good or bad, depending on whether the time 
was sufficient to get the job done. 

The Special Branch had a different attitude toward hours. Every day’s work 
had to be done that day and if it was not done by 5 p.m. the personnel stayed on 
and finished it. The Branch was hardly ever closed before 11 p.m., and it opened 
very early in the morning because Clarke’s hour of arrival was never later than 7 
a.m. and he not infrequently got in at 6. McCormack never went home before 7 
and worked at night whenever there was any reason to do so. 

McCormack had an early experience which he never forgot. At 4:40 one after- 
noon he went to the Chief of the European Branch of G-2 to get some information, 
The campaign in North Africa was then under way and the information, though not 
of any vital significance, was pertinent to a job that might have been useful in con- 
nection with that campaign. The Colonel apologized for not being able to get the 
information until the following morning. It was a fixed rule of his branch, he said, 
that all personnel must start putting their papers away by 4:40 p.m., in order that 
their desks might be clear and might be inspected and the files locked by 5. 

In the two years of life of the Special Branch it grew in size from a dozen offi- 
cers and civilians to a total of 100 officers and 300 civilians and enlisted personnel 
in Washington, and 80 officers abroad, stationed with the field commands and at 
other key places, and it had been given a directing responsibility for the work of 
Army units outside of Washington numbering several thousands of persons. 

McCormack’s work in early 1943 had to do largely with the war in Europe. At 
that time the relations between the War Department and British intelligence organi- 
zations were conducted at the top level; there was no working liaison and no 
important flow of the raw materials of intelligence from the British organizations 
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to the War Department. In April, McCormack was sent to England as the represen- 
tative of the Assistant Chief of Staff G-2, to work out arrangements that would 
insure that the American field commands would be furnished promptly with all rel- 
evant British intelligence, and that the War Department would have access to 
British intelligence in all its aspects. 

McCormack spent two months making a study of the British Intelligence agen- 
cies and reporting his findings to Washington, with recommendations for methods 
of coordinating British and American intelligence work on the European war. He 
was greatly impressed by the work of the British intelligence agencies and the high 
quality of their personnel, and he learned many lessons from them which he 
applied later in G-2. He found that British intelligence had a first call on military 
and civilian personnel—a startling contrast to the United States, where intelligence 
had in general a low priority for personnel or no priority at all. 

McCormack and Lt. Col. (later Colonel) Telford Taylor, . . .who had accompa- 
nied him to England, worked out with the British a plan for coordinating British 
and American intelligence work for the German war and it was gradually put into 
effect as personnel were obtained. It involved establishing a unit of the Special 
Branch in England, headed by Colonel Taylor, converting certain British intelli- 
gence units into joint British-American units, and creating a new system of communi- 
cations for the transmission of operational intelligence to American commanders. 


* 


On his return from England in June, 1943 McCormack set up a new unit under 
Capt. (later Lt. Col.) William R. Perdue of the Cahill, Gordon firm and Lt. (later 
Major) John W. O’ Boyle, a Milwaukee lawyer, who had served as Judge 
Patterson's law clerk in the Circuit Court of Appeals and, before going into the 
Army, had held a number of important assignments in the Lend-Lease 
Administration. 

The purpose of the unit was to exploit Japanese intelligence material with pri- 
mary attention to the Japanese merchant marine. 

No two intelligence organizations among the Allies could agree at that time on 
the amount of Japanese shipping at the start of the war or the amount of tonnage 
that had been sunk, and there were estimates of Japan’s shipping position that var- 
ied by millions of tons. Clarke and McCormack were agreed that the Japanese 
merchant fleet was the primary military objective in the Pacific War and that the 
employment of that fleet was the best clue to the logistic problems of Japan and to 
her economic situation and military capabilities. Seeing an opportunity to do an 
important intelligence job in that field they requested, and after some months of 
delay obtained, 55 officers and 22 enlisted WAC’s for the Perdue-O’ Boyle unit. 

The job was complicated by language problems. Not only was much of the 
intelligence material in Japanese, but the pre-war ship lists were a riddle because 
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age of 300 volts, an inductive reactance of 75 
ohms, a capacitive reactance of 50 ohms, and 
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the Japanese had an annoying habit of giving the same name to a number of ships 
(42 ships in one instance) and an equally annoying habit of rendering a single ship 
name into the kana syllabary in several different ways. Experts in the Japanese lan- 
guage were needed, and there was a great shortage of them. Again applying 
“Cravath methods”, McCormack persuaded Harvard to release Professor Edwin O. 
Reischauer, its Director of Japanese Studies, and with Reischauer’s assistance 
recruited the best staff of Japanese linguists in Washington. 

The intelligence work on the Japanese merchant marine, which later became a 
joint Army-Navy operation under McCormack’s supervision, was slow in getting 
under way, because of the perpetual difficulty of getting personnel;, but it proved 
to be exceptionally successful and contributed largely to the effectiveness of the 
submarine war against Japan. The United States Strategic Bombing Survey found, 
when they went to Japan after the war, that the information on Japanese shipping 
that Washington had had during the last year of the war was far more detailed and 
accurate than anything that could have been put together in Tokyo at the same 
time. From 1943 to 1945, McCormack was a member of the Joint Army-Navy 
Assessment Committee, which had the responsibility of determining enemy ship- 
ping losses. 

The intelligence work on the Japanese merchant marine led into many other 
important subjects of Japanese intelligence. Techniques established in that work 
became applicable to other intelligence problems affecting Japan; and the applica- 
tion of those techniques accounted in large measure for the gradually increasing 
accuracy of American intelligence on the Japanese military and economic situation. 

The work led, almost necessarily, into work in the Japanese Order of Battle 
unit and a group was set up to do that work paralleling the work of the regular 
Japanese Order of Battle unit of G-2 and dividing the responsibility with it. 

The Special Branch reported directly to the A. C. of S, G-2, while the other 
intelligence units of G-2 were one echelon lower, under the Chief of the Military 
Intelligence Service. With some exceptions, they were organized on a geographic 
basis, and the geographical sub-sections had become highly compartmentalized. 
The Special Branch and the Order of Battle were strictly war products and con- 
fined their attention to intelligence that was relevant to the war, and mainly to 
intelligence of combat significance. The Geographical Branches, on the other 
hand, had taken their form and acquired their habits in peacetime. They attempted 
to cover the whole world of intelligence: and their contact with combat intelligence 
was often rather remote. 

In the upper echelons of G-2 there were some able officers, but most of the 
regular ones knew that their futures depended on their getting assignments in the 
field, and of those who were willing to remain, because they realized the impor- 
tance of good intelligence work, many became discouraged and obtained overseas 
jobs. Their replacements were often men with no better qualifications than that 
their shoulder insignia fitted the job; and thus from 1942 to 1944 a law of natural 
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selection worked against G-2 adversely. 

The discouragements that made able officers get out of G-2 were numerous. 
There was a lack of imaginative leadership on the “Colonel” level. There were 
jealousies and political fights within the organization, There was an undue empha- 
sis on rank and an attitude of unwillingness to give responsibility and credit to sub- 
ordinates. There was a certain feeling of remoteness from the war. But the greatest 
discouragement of all was the inability of able officers to get qualified personnel, 
and in a sufficient number, to do their jobs. 

Difficulties in getting personnel were partly due to a lack of recognition of the 
personnel needs of intelligence, and even a lack of appreciation of the importance 
of intelligence, on the part of the War Department General Staff; partly to the polit- 
ically motivated drive to keep the number of officers in Washington to a minimum; 
partly to the Army’s heavy-hand methods of handling personnel and partly to the 
stupidity of the Civil Service organization. 

Though intelligence work requires a higher order of ability, War Department 
intelligence had practically no personnel priorities until McCormack got some pri- 
orities established in 1944. Moreover, intelligence personnel were subject to 
sweeping orders from above, which came unannounced from above and invariably 
caused trouble. In one of his early efforts to get civilian personnel, McCormack 
and his staff had interviewed dozens of people and had selected some 15 or 20 
highly qualified ones. These were put through the long process of security clear- 
ance and Civil Service approval. Then, just as the clearances and approvals began 
to come through, a “personnel freeze” for the War Department General Staff was 
announced. No more persons could be hired until further notice. By the time the 
freeze was lifted practically all of the candidates (their security having been 
cleared and their Civil Service status established) had taken jobs with other agen- 
cies, and the recruiting of personnel for the vacant jobs had to be started anew. 

The civilian agencies of government were hiring personnel at somewhat inflat- 
ed salary scales, and under war-time conditions highly qualified persons could not 
be drawn from useful jobs in private life unless they were paid enough of a salary 
to support their families. But the G-2 salaries were very low. They were paid with 
one eye on the base pay scale of officers, and officers found it difficult to under- 
stand why a competent economist had to be paid $8,000, the base pay of a 
Brigadier-General. When McCormack went into G-2, the highest paid civilian in 
the Europe-Africa Branch of G-2 got $3,600 per year as salary. He was the 
“expert” in German economics; and it was only to be expected that he would be— 
as he was—unqualified for the job, 

The recruiting of officers was very difficult. They had to be of ranks that fitted 
into a Manning Table. They could not be taken from either combat units or special- 
ized schools. The Army had no OCS for intelligence personnel. Much of the work 
in McCormack’s unit was young men’s work, requiring much enthusiasm, long 
hours, and great physical and mental energy. So he tried to find bright young offi- 
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cers, and did find some very good ones. Then came an order forbidding the assign- 
ment in Washington of any more officers under 28 years of age, and somewhat 
later an order requiring all officers under 28 to be sent to the field. 

Enlisted personnel were not permitted in G-2, except for a number of men who 
served as guards at night and in similar jobs. To get an enlisted man it was neces- 
sary to have him commissioned; and McCormack was able to get that done in a 
few cases, but it was a difficult and time-consuming job. 

The most maddening difficulties came from the Civil Service, which could not 
understand why the war should interfere with its time-worn procedures. If G-2 
wanted to hire an indexer, it was necessary to prove to Civil Service, not only that 
the candidate was qualified, but that an indexer was really needed. Thus Civil 
Service examiners, many of whom were incapable of understanding what G-2 was 
doing or what its problems were, quite often turned down an application on the 
ground that the work was not necessary. 


ok 


Major General George B. Strong, the Assistant Chief of Staff G-2, attempted 
to give G-2 a vigorous and progressive administration. He encouraged and helped 
the Special Branch, and he recognized Colonel Lovell’s work by creating an Order 
of Battle Branch with Lovell as Chief and centering in it all work on enemy Order 
of Battle. He encouraged another Branch of G-2 which proved to be of great value 
in the war—the Topographic Branch, headed by Colonel S. P. Poole, a geographer 
from the University of Rochester. 

But General Strong was in failing health and was habituated to a system in 
which an officer must accomplish his results with the personnel given to him—an 
attitude that prevented him from seeing that what was needed in G-2 was a thor- 
ough shaking up. As one junior officer put it, the quickest way to reform G-2 was 
to kill off all officers above the rank of Major, and to throw in half of the Majors 
for good measure. 

The career of the Special Branch was largely shaped by the deficiencies of G- 
2, in that it had to take on job after job that G-2 should have been doing but was 
not doing. McCormack discovered, even before he went into the Army, that G-2 
had no biographical files for identification of foreign individuals. He proposed to 
the G-2 Chief of Intelligence that the latter set up a central name file, in which 
there would be assembled all information about persons figuring in G-2 intelli- 
gence material and for which a group of research workers would gather additional 
material from biographical sources. After some months, having got no action from 
G-2, McCormack decided to set up such files himself. 

He assigned a very competent woman. . .to do the job and, being unable at first 
to give her any assistants, gave her instead a call on the free time of stenographers. 
The unit grew steadily, as it proved the importance of foreign biographical infor- 
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mation. By 1944 it had become the “Who’s Who” branch, with a staff of over 180 
persons, headed by Lt. Col. Edward C. Lapping, now Managing Editor of the 
Chicago Herald-American, and it had become a primary source of information 
about foreign individuals, serving not only the War Department but all other gov- 
ernmental agencies requiring such information. 

McCormack tried to keep the Special Branch a flexible organization, so that, if 
a job of pressing importance came along, as many of the staff as were needed 
could be thrown into it. The G-2 organization, on the other hand, was rigidly orga- 
nized along lines of command, down to the highly compartmentalized geographi- 
cal “desks”, and there was no flow of personnel from one “desk” to another to 
meet emergencies. 

Late in 1943 Colonel Moses W. Pettigrew, Chief of the Far Eastern Branch, 
whom McCormack considers to be the ablest American intelligence officer on 
Japanese matters, was working up a Japanese Order of Battle, with the assistance 
of an able younger officer, Lt. Col. (later Colonel) Eric H. H. Svensson and a woe- 
fuly inadequate staff. Colonel Pettigrew had to do most of his work at night, as 
during the day his time was consumed in the administration of a cumbersome orga- 
nization, in routine assignments from his superiors, and in a largely fruitless effort 
to get competent personnel. In spite of the handicaps, Colonel Pettigrew laid the 
foundations for work on the Japanese Order of Battle and was the Army’s leading 
expert on the Japanese Army... . 

An experience of Colonel Pettigrew’s illustrates the difficulties that the able 
G-2 officers had to contend with. While he was building up his Order of Battle, a 
priceless intelligence document was captured and was translated in Australia—a 
Japanese Army Officer List of comparatively recent date. Here, if the list could be 
carded and the cards kept up to date with all information coming in about Japanese 
Army officers, was an extremely useful tool for Order of Battle intelligence. 
Pettigrew applied for personnel to do the job—two Japanese linguists and 6 typists. 
The application was turned down. Out of the hundreds of persons in G-2, no one 
could be spared for Pettigrew’s job. 

Pettigrew appealed to McCormack, who saw the importance of the job and 
said he would get it done somehow... . 


ook ok 


Early in 1944 the work of the Special Branch had grown and developed to a 
point where a much larger staff was required to take advantage of the intelligence 
opportunities that were clearly there. The personnel authorities, however, had set 
an overall ceiling on G-2 personnel in Washington, and it was ruled that no future 
additions of personnel for the Special Branch could be made except by transfer of 
jobs from the rest of G-2. There were so many vested interests in G-2 that the war 
would be over before any considerable number of persons could be obtained that 
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way; and so it looked as if many promising opportunities in intelligence opportuni- 
ties would have to be passed up. 

It was Clarke who at that point came to the rescue with a bright idea, as he 
often did. After all, it was Secretary Stimson who had brought McCormack to 
Washington and given him a job to do in intelligence. Two years had passed and 
the Secretary had not yet asked McCormack how he was coming along. It was high 
time for the Secretary to ask that question, and no doubt he would ask it if he 
learned that McCormack was in trouble. Clarke was right. The Secretary requested 
General Strong (who had requested him so to request) to have McCormack prepare 
a full report. McCormack did so, accompanying it with an urgent application for an 
increase of officers from 100 to 400 and of civilian personnel from 300 to some 
800, plus certain additions to personnel abroad. 

The result was appointment of a War Department Board to pass on the applica- 
tion. It consisted of McCloy, the Deputy Chief of Staff (General McNarney) and a 
number of other general officers. 

The Board heard evidence and argument and found that the personnel applied 
for could be profitably used. It granted the requested increase in the T/O, but it lim- 
ited the addition of new officers to 100 pending an investigation of the entire G-2 
organization, to determine what compensating personnel reductions could be made 
in other units. An investigation of G-2 by an Inspector General’s Board was then 
ordered, and Clarke and McCormack spent several weeks explaining their organi- 
zation and plans to the Board members. The Inspector General’s investigation 
resulted in recommendations which summed up to an abolition of the geographical 
organization of G-2 and the merger of those units and the Order of Battle Branch 
into the Special Branch. 

A new Board was then convened for the purpose of devising a suitable plan for 
the reorganization of G-2. The plan was adopted on or about April 1, 1944 and a 
new Assistant Chief of Staff, G-2, Major General Clayton Bissell, was directed to 
put it into effect. 

General Bissell thereupon appointed a Reorganization Committee to translate 
the plan into specific terms and promptly departed for a trip abroad, directing the 
Committee to have its recommendations ready on his return, The members of the 
Committee were either old-line G-2 officers or officers whom General Bissell 
brought in from the outside, most of them having no experience in intelligence. 

The plan of reorganization divided G-2 into a Policy Staff to advise the G-2 on 
weighty matters and the Military Intelligence Service to do the intelligence work. 
The Military Intelligence Service was in turn divided into a Director of 
Administration (to run the service organization), a Director of Information (to take 
charge of procurement of information and to run a variety of units engaged in that 
activity) and a Director of Intelligence to do the intelligence work and to provide 
intelligence for the War Department and the commands abroad. 

Under the Director of Intelligence there were to be a group of Area Specialists 
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without staffs, a Research Unit and a Reports Unit. The bulk of the organization 
was to be in the Research Unit, which was to be divided into the following 
Branches: Military, Political, Economic, Sociological, Topographic, Scientific, 
Who’s Who and Library. 

The Reorganization Committee was dominated by the old-line prejudice 
toward the Special Branch and made it a primary objective of their plan to ensure 
that the Special Branch would be broken up—"and good”. The plan distributed its 
personnel and functions among 53 separate branches, sections and sub-sections, 
and the literal provisions of the plan would also have destroyed its work. The key 
position in the new organization was that of Director of Intelligence, and a strenu- 
ous attempt was made to find a suitable regular officer for the post. 

The attempt was not successful and, largely through the efforts of Clarke, 
McCormack was appointed to the post. Clarke was appointed Deputy Chief of the 
Military Intelligence Service. Brigadier General Russ Osman, Regular Army offi- 
cer, Was appointed as Chief. General Osmun, who belonged to the Quartermaster 
Corps, was replaced some months later by Brig. General Paul E. Peabody, who had 
returned from service as Military Attache” in London. General Peabody gave 
Clarke and McCormack the fullest support and did much to help them get their 
jobs done, 

The reorganization was gradually put into effect in June, 1944, and it attained 
some newspaper fame by reason of the fact that the Sections doing German intelli- 
gence were moving their offices, and were without telephone connections, on the 
day of the Normandy invasion. That was of a piece with the rest of the 
Reorganization Committee’s work. It set up about as impracticable a scheme of 
organization as could be devised. It apportioned responsibilities among the 3 units 
under the Director of Intelligence in a manner calculated to render all three useless. 
It put into key positions a number of officers without a shadow of qualifications. 
All McCormack’s subordinates, down to the Branch Chiefs, were chosen for him 
and without consultation with him, and the personnel were distributed among the 
Branches according to the fancies of the Committee. 

McCormack tackled his new job with a determination to weed out all misfits 
and put every job in the hands of a person, officer or civilian, clearly qualified to 
do it. He started out on the day when he took office by demanding the removal of 
the Acting Supervisor of Reports, on the ground that he was incompetent and dan- 
gerous. With the support of Clarke, and by submitting his resignation in writing, 
McCormack got the officer removed before he had taken office. 

Then followed 4 months of agonizing efforts to make an organization out of 
the formless thing which the Committee had set up. 
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From SRH 141-2. This excerpt from another McCormack memorandum— 
again, dealing with personnel—discusses the background of the 1943 
British-War Department agreement that at last let the U.S. Army in on the 
ULTRA secret. 


23 October 1943, 


MEMORANDUM FOR MR. McCLOY (Through GENERAL STRONG): 
Subject: Personnel Situation of 
Special Branch, M.1.D. 


30. German “E”, The most important development affecting the Special 
Branch, since April, has been the opening up of the German “E” traffic. This has 
been the No. | source of military intelligence during the present war, from early 
1940 to date. The achievement of the British in this field has been without question 
the greatest feat in the history of cryptanalysis, and the preservation and increasing- 
ly successful exploitation of this source for three and a half years has been an 
amazing achievement in security. 

31. From the latter part of 1942 until May 1943, a controversy existed between 
the War Department and the British GC & CS, as a result of the refusal of the 
British to make this traffic available to the War Department in any way, and their 
unwillingness to consent to Arlington Hall’s entering the “E” field. An agreement 
between the War Department and the GC & CS was worked out by General Strong 
in May, pursuant to which this source of intelligence was to be opened up. The 
agreement called for (a) establishment of an American cryptanalytic unit in 
England, to work on “E™ in cooperation with the British, (b) assignment to 
Arlington Hall of a research job in the “E” field and (c) opening up of the traffic 
itself to the War department through liaison officers in England and the Special 
Branch in Washington, 

32. Because of the great risks involved in the dissemination of intelligence 
from “E™ sources, and the necessity of satisfying the British that our security 
arrangements are adequate—and the necessity also of persuading them to agree to 
our wishes as to what “E™ intelligence should be transmitted to Washington—it 
took from May to the end of August to work out details of the arrangements with 
the GC & CS in the “E” field. These call for 4 officers to sit on shifts in the so- 
called “Watch Room” at B.P., where the material comes in from the cryptanalysts 
and is emended, translated and disseminated (a) in original form to the Service 
Ministries by teletype (b) in the form of informational messages to commanders 
abroad and (c) in memoranda for the Ministries which gather up and present the 
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information that is not of sufficient importance or urgency to go through channels 
(a) and (b). 

33. In addition, one liaison officer is to sit in the War Office, at the point where “E” 
intelligence comes from B.P., and is put together with other intelligence into “apprecia- 
tions” for the War Office and commanders abroad. This officer (who is being taken 
from another liaison assignment with the War Office) is to advise our liaison officers at 
B.P. what additional or explanatory material should be sent to Washington. 

34, Attention is called to the fact that, under this arrangement, the War 
Department gets, for the first time, a basis for arriving at an independent judge- 
ment on British intelligence from “E” sources, which is the major part of British 
intelligence about the German Army and Air Force. Heretofore we have depended 
largely on the inferences and conclusions drawn by the British, and have had no 
means of checking their basis. We have been in the same position as those organi- 
zations and individuals within the British Government who are not “in the know,” 
i.e., the MS information has been either withheld or transmitted to us late, for secu- 
rity reasons; or it has been given in general terms and in round numbers; and often 
it has been impossible to distinguish between 100% verified information and infer- 
ences which, upon examination of the evidence, might turn out to be mere guesses. 

35. Under this arrangement we need no longer speculate about how much 
intelligence the British are giving us from their primary source. We now sit at the 
source itself and can watch it; or rather, we will be able to watch it when we get the 
necessary component of officers at B.P. 

36. The British Security channel to Washington is used for sending the “E” 
messages and paraphrases here, and gives us direct and speedy access to the intelli- 
gence derived from “E” and related cryptanalytic activities. The nature and impor- 
tance of this intelligence can be dealt with orally, and specimens of it can be fur- 
nished. Because of the unique security problem involved, it is undesirable to deal 
with them in a memorandum, 

37. The above arrangement also gives American officers a part in the determi- 
nation of what “E” intelligence shall be sent to American field commanders. The 
dissemination of “E” intelligence to the field is controlled at B.P., where represen- 
tatives of the 3 Service Ministries decide what their respective commanders should 
get, and in the past they have decided this for American commanders, without any 
American representative having a vote. Under the new arrangements our liaison 
officers at B.P. will be in a position to insist that “E” information that is sent, for 
example, to General Montgomery is also sent to General Clark, if it might have a 
bearing on his operations; and if the decision is adverse they can take the matter up 
through the appropriate channels. 

38. We agreed with the British to keep Lt. Col. Taylor's staff for the “E” opera- 
tion at B.P. to the minimum necessary to do the job; and the British have agreed 
with us that the minimum is 4 first-class officers at B.P. We now have one officer 
on duty, and Lt. Col. Taylor is temporarily spending most of his time at the same 
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work. One other officer has been assigned to the job, and will go as soon as orders 
and transportation can be obtained for him. Efforts are being made to find 2 others, 
properly qualified for the job. The liaison officer at the War Office has already been 
selected and will start working in the near future. 

39, Factors bearing on the determination of what reserves of manpower should 
be built up for the job at B.P. are (a) the desirability of rotating the officers and (b) 
that, when and if the need arises for American forces on a cross-channel or other 
operation to have special security officers to handle “E” intelligence for the com- 
manders, they will have to be men trained at B.P. and the Special Branch officers 
will be likely candidates. 


* ok kK 


From SRH 005. Excerpts from the Military Intelligence Service's European 
Summary of April 11, 1945 demonstrate the quality of intelligence about 
German capabilities and intentions that could be derived from ULTRA. 


EUROPEAN SUMMARY OF 11 APRIL 1945 
No. 45-101 Copy No._ 
By Auth. 


NOTE: No one, without express permission from the proper authorities, may 
disseminate the information reported in this Summary or communicate it to any 
other person. 

Those authorized to disseminate such information must employ only the most 
secure means, must take every precaution to avoid compromising the source, and 
must limit dissemination to the minimum number of secure and responsible persons 
who need the information in order to discharge their duties. 

No action is to be taken on information herein reported, regardless of tempo- 
rary advantage, if such action might have the effect of revealing the existence of 
the source to the enemy. 

The enemy knows that we attempt to exploit these sources. He does not know, 
and must not be permitted to learn, either the degree of our success or the particular 
sources with which we have been successful. 

1. Western Front: 

a. Reorganization of Armed Forces chain of command: An order issued by 
Hitler late on 7 April made sweeping changes in the organization of the chain of 
command in the West. Operational control of the Front is now divided between C- 
in-C West and “C-in-C Northwest,” command of the forces in the Ruhr pocket is 
separated under Army Group “B,” and those HQs, plus Naval Chief Command 
West, are subordinated directly to the OKW. In addition, a new command, “C-in-C 
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Netherlands,” has been set up in preparation for “the defense of Fortress Holland.” 
Hitler’s order prescribed the boundary between C-in-Cs West and Northwest as 
a line running eastward from Paderborn to Schoenebeck (7 m. SE of Magdeburg). 
Details of the reorganization directed by the order are in substance as follows: 
(1) Subordinated directly to the OKW 
(a) “C-in-C Northwest (Army Group *H’)” 
(b) Army Group “B” 
(c) C-in-C West 
(d) Naval Chief Command West 
(2) Subordinated to C-in-C Northwest: 
(a) “The former sphere of command of Operations Staff North Coast,” the 
staff of which is made available to C-in-C Northwest. 
(b) “C-in-C Netherlands, to whom the Twenty-fifth Army, Commander 
Armed Forces Netherlands, Admiral Netherlands, and GAF forces in Holland 
are subordinated.” C-in-C Netherlands “is personally responsible to Hitler for 
the defense of Fortress Holland; as soon as land communications to the Reich 
are cut, the (previously announced) comprehensive regulations regarding 
Fortresses will govern his relations with the Reich Commissar for Occupied 
Areas of the Netherlands.” 
(c) Armeegruppe Student 
(d) First Parachute Army 
(e) Wehrkreis XI 
(3) Subordinated to C-in-C West: 
(a) Army Group “G” (with the First and Seventh Armies) 
(b) Eleventh Army 
(c) Nineteenth Army 
(d) Wehrkreise V, VII, IX, and XIII. 
Subordinated to Army Group “B”: 
(a) Fifth Panzer Army 
(b) “Fifteenth Army (Armee Abt. von Luettwitz)” 
(c) All other units and personnel of all branches of the Armed Forces in 
the Army Group area (Ruhr pocket), 
(5) GAF tactical forces: The organization of GAF tactical forces employed in 
the West is to conform to the organization of the field army. A GAF command 
staff is to be linked with each of the ground commands (presumably Luftflotte 
Reich in the north and GAF Command West in the south. . .).In addition, all 
flying and Flak units supporting the field army are to be subordinated opera- 
tionally to C-in-Cs Northwest and West respectively. 
GAF support of Army Group “B” will be arranged specially. b. Location of 
HQs following the command reorganization: 
(1) C-in-C West moves southeast: On 28 March the HQ of C-in-C West 
was in a tunnel at Milseburg, 10 m. E of Fulda. .. .The next day Genobst. Jodl, 
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CHAPTER 16 
APPLICATIONS OF LOGARITHMS TO TRANSMISSION PROBLEMS 


205. The Transmission Unit 


When signal power is transmitted along a 
transmission line, there is a power loss or at- 
tenuation; if an amplifier is used in the cir- 
cuit, there may be a power gain. This loss or 
gain of power, resulting in a decrease or in- 
crease in the intensity of the signal, is meas- 
ured in terms of the decibel (db). The decibel 
is a measure of power ratio and is probably 
the most widely used unit in communications. 
The formula for measuring transmission loss 
or gain is: 


db = 10 logie 5 
2 


where a is the ratio of the two powers being 
2 


compared (par. 206). 


206. Converting Power Ratio to Decibels 


When converting a power ratio into its 
decibel expression, represent the larger power 
as P, and the smaller power as P2, regardless 
of whether the larger power is the input or 
output. Thus, the power ratio will always be 
greater than 1, and its logarithm will be a 
positive number. Prefix a plus sign to the 
answer if the power change is a gain (the 
power output greater than the power input); 
prefix a minus sign if the power change is a 
loss. 


Example 1: The input power to a transmis- 
sion line is 10 milliwatts, and 
the output power is 2.46 milli- 


watts. Express the power 
change in db. 
= Py 
db = 10 log P, 
10 
= 10 log 346 
= 10 X log 4.07 
= 10 x .6096 
= —6.096 
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Thus, the loss of the transmis- 
sion line is 6.096 db, since input 
is greater than output. 


Example 2: A repeater amplifier has an in- 
put power of 2 milliwatts and 
an output power of 400 watts. 
Calculate the power change. 


db = 10 log >= 


II 
~~ 
oO 
— 
] 
un} 


10 x log 200,000 

10 < 5.8010 

+53.01 

The gain of the repeater ampli- 
fier is 53.01 db, since output is 
greater than input. 
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207. Converting Decibels to Power Ratio 


To find the power ratio when the gain or 
loss is expressed in decibels, reverse the pro- 
cedure given in paragraph 206. If the number 
of decibels is positive, the circuit has a power 
gain and the output power is greater than the 
input power. If the number of decibels is 
negative, the circuit has a power loss and the 
output power is less than the input power. 
Insert the power change in decibels in the 
formula given in paragraph 200 and divide by 
10; then find the antilog of both sides of the 
equation (par, 118) to obtain the power ratio. 


Example i: A circuit is known to have a 
power change of +12 db. 
Find the power ratio. 


db = 10 log a 
2 
12 db = 10 log P. 
2 
See re 
12 = log P, 
AGO 558A 
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Chief of the OKW Operations Staff, stated that the area west of Ohrdruf (9 m. S of 
Gotha) was envisaged as an HQ location for C-in-C West “in case of need”. . . .On 
10 April, the following message was sent by an unidentified authority: 

“As of 0800 hrs on the 10th, the temporary battle HQ of C-in-C West is in 
Hirschau (40 m. E of Nuernberg and about 100 m. SSE of Ohrdruf). The final bat- 
tle HQ (special train D) will be reported later.” 


* OK 


c. Possible new commanders: Hitler’s order of the 7th did not identify the 
incumbents of the newly created posts, but slight suggestions are afforded by the 
language of the order and subsequent messages. Although Blaskowitz has been C- 
in-C Army Group “H” since February, the move of his HQ to western Holland 
seems inconsistent with his assumption of the command into which that Army 
Group has been merged, and is rather an indication that he may be the new “C-in-C 
Netherlands.” 

Genfldm. Busch, who has been CG Operations Staff North Coast, is a likely 
incumbent for “C-in-C Northwest.” Hitler’s order specified that this high command 
was to have subordinated to it “the former sphere of command of Operations Staff 
North Coast,” and on 8 April C-in-C West addressed to “C-in-C Northwest, via 
Operations Staff North Coast” an inquiry as to when command over Army Group 
“H,” including Armeegruppe Student and Wehrkreis XI, “can be taken over.” 

It is assumed that Genfldm. Kesselring continues as C-in-C West, Genfldm. 
Model as C-in-C Army Group “B” and Admiral Krancke as Naval Chief Command 
West. 

d. Harz sector: 

(1) Appearance of a new Army: On 9 April C-in-C West stated: 

“Hitler has ordered the Harz (Massif) as the assembly area for the Twelfth 

Army. The foremost division of the Twelfth Army is the 85th Inf Div. . . 

(portion missing). . . .Any intervention by C-in-C West, the Eleventh 

Army, or other staffs, is expressly forbidden. . . .” 

Note: The new Army is to assemble in the region which 
Wehrkreise LX and XI have been ordered to prepare for defense... . 

On 2 April Hitler stated that six divisions “being set up” were to assemble in 
the area Hannover - Northeim - Brunswick —which is just northeast of the Harz 
and which is now being overrun by the Allies. That order said that “the later tasks 
of this Army will be ordered at the proper time”... . 

On 26 March the cadre personnel of the 85th Inf Div, which is being set up anew 
inside Germany, were ordered to move from a troop training ground north of 
Wuerzburg to one just west of Berlin. 

(2) Units to be refitted on the edge of the battle zone: 

(a) Also on 9 April, C-in-C West subordinated the 394th Assault 
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Gun Bde, which was assembling just north of the Harz Massif, to the Eleventh 
Army. The order stated that the Bde was to be rested and refitted, and that guns 
were to be provided as quickly as possible. Until its “operational capacity” was 
restored, the Bde was, “within the scope of the Harz defense, to take over defen- 
sive and blocking tasks in its rest and refitting area.” 

(b) On the same day (the 9th) C-in-C West ordered that a battle group of 
the 9th Pz Div to be transferred to the area of Sangerhausen (20 m. E of 
Nordhausen) for “further rest and refitting.” While there, the battle group was also 
to “prepare for defense, take part in constructing blocking positions, and operate if 
the Allies attack.” 

(3) Kesselring order to the Eleventh Army on 7 April: 

(i) In order to gain time, the Eleventh Army, using no more forces 
than are necessary, must fight a battle of bitter delaying resistance on its western 
front, the rear of which rests on the Harz Massif and the mountainous country to 
the west. This gain of time will serve to make the strong sectors behind the Army’s 
front capable of defense and to develop the Harz Massif into a blocking Schwerpunkt 
of the first order. 

“(ii) It is of utmost importance for the Army, with all speed, to 
shift to its southern wing the forces which are to be economized on its front facing 
west. Then, driving toward Langelsalza and Gotha (respectively 10 and 20 m. SE 
of Muehlhausen), those forces can fall on the Allied flank with adequate striking 
power. 

“(iii) At the same time it is most important to take immediate 
countermeasures to forestall the possibility of the Army’s western front being 
rolled up from the north and south. This means that, on the north, all roads and 
tracks in the area Gronau - Alfeld and to the west (i.e., an area about 20 m. S of 
Hannover) must be rendered impassable with adequate defense; and, on the south, 
the Allies, as they feel their way northward from Muehlhausen, must be attacked 
on the flanks. Here the Eleventh Army’s conduct of operations must be adjusted to 
the utmost mobility and flexibility. 

“(iv) The area Nordhausen - Sonderhausen- Kelbra - Schmuecke 
Depression ((i.e., east and northeast of Muehlhausen)) must be turned into a firm 
defensive block. Farther west, local strongpoints such as Uslar, Hardegsen, 
Northeim, Adelebsen, Harste, Goettingen, Dransfeld and Witzenhausen ((all north- 
east and east of Kassel)) must be so strongly developed and adequately manned 
that they will hold firm under efficient Officers Commanding Local Operations. 
Because of the Allies’ well known by-passing tactics, the flanks of these places 
must be covered and adequately protected. Covering forces in effective strength, 
with patrols out to the sides to prevent surprises, must be in position at least | 1/2 
kilometers in front of blocking sectors. The Allies must be brought to a dead stop 
in this system of blocks.” 
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Note: By 10 April Allied troops had overrun the Gronau - Alfeld area and the 
local strongpoints above Kassel, thus rolling up the western front of the Eleventh 
Army from both the north and the south. 


* ok * 


For the Assistant Chief of Staff, G-2: 
CARTER W. CLARKE 
Brigadier General, GSC 
Deputy Chief, MIS 


Distribution: 


Within the War Department Outside the War Department 
Secretary of War The President 
Chief of Staff C of S to the 
CG, AAF Commander in Chief 
Deputy C of S C-in-C, U.S. Fleet 
Deputy Commander, AAF DDMI, BAS 
AC of S, G-2 


AC of S, OPD 
AC/AS, Intelligence 
AC/AS, Plans 
Deputy AC of S, G-2 
Chief, MIS 


CHAPTER VII 
Disseminating the Product 


The twin breakthroughs achieved by the Army in the field of signals 
intelligence in mid-1943—making an entry into Japanese military traffic 
and reaching an agreement with Bletchley Park to share the British 
COMINT take from German sources—made it possible for the first time to 
provide American field commanders with immediate intelligence of opera- 
tional use. This posed a major problem. How could this ultra-sensitive intel- 
ligence be disseminated in a timely fashion without risking compromise of 
the source which would undo the whole effort. The U.S. Army came up 
with the solution of adopting British security regulations and creating a 
Special Security Officer system under Special Branch to handle distribution 
of signals intelligence to the field. Specially picked and trained officers, 
operating under War Department control and utilizing a special communica- 
tions system, would serve as the conduits for high-grade COMINT— 
ULTRA, as it was now called. These officers would act both as security 
watchdogs and as guides to properly interpreting the material. 

In SRH 026, Marshall Letter to Eisenhower, the Army Chief of Staff 
explains the new security system to the Commander, European Theater of 
Operations. SRH 033. History of Operations of the Special Security 
Officers, provides a general overview. Excerpts from SRH 031, Trip 
Reports - ULTRA in the Mediterranean; SRH 022, ULTRA and the Seventh 
U.S. Army; and SRH 032, ULTRA in the Southwest Pacific Area, contain 
reports from individual Special Security Officers on conditions in the field. 
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From SRH 026. As a result of the agreement between the British and the War 
Department to share cryptologic intelligence, “Ultra” material could be sent 
to American field commanders under strict security provisions. In this letter, 
Army Chief of Staff George C. Marshall explains the arrangements to his 
principal subordinate in Europe, General Dwight D. Eisenhower. The securi- 
ty regulations of April 1944 to which Marshall refers introduced the TOP 
SECRET classification to the U.S. Army for the first time. 


WAR DEPARTMENT 
THE CHIEF OF STAFF 
Washington, D. C. 
March 15, 1944 


Dear Eisenhower: 

You are undoubtedly aware of the supreme importance which the War 
Department attaches to intelligence known as “Ultra.” This intelligence is secured 
by the British from reading German enciphered radio communications. 

The attached Tab sets forth the basis upon which German “Ultra” intelligence 
is made available to American field commands. Please give this matter your per- 
sonal attention, and take all necessary steps to insure that the security regulations 
governing the dissemination of “Ultra” intelligence are meticulously observed, The 
arrangements described in the attached Tab are to be fully carried out. 

Faithfully yours, 
/s/ G.C. MARSHALL 


General D.D. Eisenhower, 
Supreme Headquarters, 

Allied Expeditionary Force, 
London, England. 


1. A large volume of highly important military and air intelligence is derived 
by the British from reading German radio communications enciphered in high-level 
German cipher systems. This type of intelligence is known as “Ultra” intelligence. 

2, The basis upon which German Ultra intelligence is made available by the 
British to the US War Department and to American Field Commands in active the- 
alers is governed by an agreement made in June 1943 between the US War 
Department and the responsible British organization. 

3. The British organization which produces Ultra intelligence is the 
Government Code and Cipher School, the Director General of which is Brigadier 
Sir Stewart Menzies. 
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4. Administration of the agreement of June 1943 is controlled by the British 
[text withheld] through Brigadier Menzies, and by the US War Department through 
the A. C. of S., G-2. 

5. To carry out the agreement of June 1943, and to assist in and supervise the 
dissemination of Ultra intelligence to American Commands in the European 
Theater, a detachment of MID, the title of which is MID, War Department, 
London, has been detailed for service in the European Theater. This detachment is 
under the direct control of the A. C. of S., G-2, and the Commanding Officer of the 
detachment is the representative of the A. C. of S., G-2, on all matters relating to or 
affecting Ultra intelligence in the European Theater. 

6. Security regulations governing the dissemination and handling of Ultra 
intelligence within the European and Mediterranean Theaters have been approved 
by the US War Department [text withheld] and will become effective on 1 April 
1944, 

7. Under the agreement of June 1943 and the security regulations of | April 
1944, the basis of disseminating Ultra intelligence to American Commands in the 
European Theater is as follows: 

a. Ultra intelligence produced by G.C. & C.S. (including the component of 
the US Signal Corps at G.C. & C.S.) is disseminated to Field Commands only 
by means of special communications channels established and controlled by 
the Director General, G.C. & C.S. 

b. Communications between Field Commands which discuss or mention 
Ultra intelligence must be passed only over the above special communication 
channels. 

c. American officers participate at G.C. & C.S. in the selection of Ultra 
intelligence for dissemination to the Field Commands and in the preparation of 
the messages in which the Ultra intelligence is so disseminated. These officers 
are attached to MID, War Department, London. 

d. The receipt and distribution, at the Field Commands, of messages con- 
taining or relating to Ultra intelligence, is handled by Special Liaison Units 
furnished and controlled by the Director General, G.C. & C.S. The personnel 
of these units includes American officers attached to MID, War Department, 
London. 

e. The Special Liaison Units distribute Ultra intelligence messages only to 
officers at the Field Commands who are listed as entitled to receive Ultra intel- 
ligence. The eligibility of officers for listing as authorized Ultra intelligence 
recipients is governed by the security regulations of | April 1944. The Director 
General, G.C. & C.S., and the Commanding Officer of MID, War Department, 
London, administer the provisions of the agreement relating to admission of 
American officers in your theater to the list. 

f. One or more American officers assigned to MID, War Department, 
London, will be detailed to each American Field Command, which receives 
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Ultra intelligence. These officers will be subject to the administration and dis- 
cipline of the Command to which they are detailed. They will work under the 
control of the G-2 or A-2 of the Command as part of his staff. They will have 
had a period of training at G.C. & C.S., and, if possible, with operational com- 
mands in the Mediterranean Theater, and this training will be directed toward 
equipping them to use Ultra intelligence effectively and securely. Their prima- 
ry responsibility will be to evaluate Ultra intelligence, present it in useable 
form to the Commanding Officer and to such of his senior staff officers as are 
authorized Ultra recipients, assist in fusing Ultra intelligence with intelligence 
derived from other sources, and give advice in connection with making opera- 
tional use of Ultra intelligence in such fashion that the security of the source is 
not endangered. If at any time the flow of Ultra intelligence is not sufficient to 
occupy fully the time of these officers, they may be used for other related intel- 
ligence assignments. 

8. The Commanding Officer and the G-2’s and A-2’s of all American Field 
Commands in your theater, which receive Ultra intelligence, will take all steps nec- 
essary to insure that the requirements of this letter and of the security regulations 
of | April 1944, are fully carried out. In order to safeguard the continued availabil- 
ity of this enormously important source of intelligence, it is vital that these security 
regulations be meticulously observed, and that all personnel entitled to handle or 
receive Ultra intelligence take all possible precautions in connection with its han- 
dling and use. When operational action is taken on the basis of Ultra intelligence, 
the utmost care must be taken, by means of proper cover, to insure that the action 
does not reveal or in any way suggest that this source of intelligence is at our disposal. 

9. It is of particular importance that: 

a.Ultra intelligence be transmitted to the Field Commands only by those 
special channels mentioned in paragraphs 7a and b above, and that communi- 
cations discussing or mentioning Ultra intelligence be transmitted only by 
those channels. 

b.Ultra intelligence be discussed orally only with personnel of the field 
commands who are listed as authorized recipients of Ultra intelligence; and 

c. Full facilities and opportunity be extended to the MID, War Department, 

London, officers detailed to Field Commands in order to enable them to per- 

form their duties fully and effectively. The Commanding Officer, MID, War 

Department, London, and his principal assistants, will visit the Field 

Commands as occasion requires to consult with the G-2’s or A-2’s on methods 

of handling or using Ultra intelligence and on the scope and method of servic- 

ing Ultra intelligence from G.C. & C.S. to the field commands. 

10, The contents of this letter will be communicated to the Commanding 
Officers and G-2’s or A-2’s of all American Field Commands in your theater 
which receive Ultra intelligence. 
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From SRH 033. This document was prepared in 1945 as an introduction to 
the numerous individual activity reports prepared by Special Security 
Officers and Special Security Representatives assigned to the various the- 
aters. Selected reports are reproduced later in this chapter. 


HISTORY OF THE OPERATIONS OF 
SPECIAL SECURITY OFFICERS ATTACHED TO FIELD COMMANDS 
1943 - 1945 


1. The Special Security Officer (SSO) system was organized for the purpose of 
providing a means of rapid and secure dissemination of Ultra intelligence to operat- 
ing commands. The system was developed and put into operation by the old 
Special Branch, MID. At the time of the June 1944 reorganization of the Military 
Intelligence Service the functions of administering the SSO system were trans- 
ferred to the new Special Branch, although certain of the dissemination functions 
were retained by the Director of Intelligence, MIS. Moreover, all policy problems 
were retained under the direct control of the Deputy Chief, MIS. This division of 
authority did not prove wholly satisfactory. In February 1945 complete responsibil- 
ity for the administration of the SSO system was vested in the office of the Deputy 
Chief, MIS, where it still remains. 

2. This history is concerned with the development of the SSO system as a 
whole and will cover the entire period of its operation regardless of the place in the 
MIS organization where the functions may have been located. Because each theater 
of operation presented different problems, it was necessary to place a large measure 
of responsibility in the senior SSO in each theater (eventually his title was changed 
to Special Security Representative, abbreviated as SSR) for the supply of Ultra to 
commands operating in his area. A history of the operations within each theater is 
therefore of much greater value in attempting to evaluate the merits of the system. 
For this reason detailed histories by theater have been prepared and are attached 
hereto. The purpose of this introductory statement is to describe the steps which led 
up to the organization of the system and the manner in which the “home office” 
was operated in support of the separate theater organizations. 

3. The need for the field dissemination of Ultra did not become acute until 
1943. Arlington Hall did not make its first entry into mainline Japanese military 
systems until March of that year, and it was not until the fall of 1943 that any 
worthwhile intelligence of an operational nature was being produced from these 
military systems. High level diplomatic traffic had been available since 1941 but its 
value was strategic in nature and very seldom did anything of immediate tactical 
importance develop from this source. There were in existence during the period 
from 1941 to 1943 certain special channels of communication by means of which 
Ultra intelligence could be made available to various field commands. The Navy 
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had a direct Ultra channel to CINCPAC at Pearl Harbor, with an extension to the 
Commander, Seventh Fleet in Brisbane. General MacArthur had his own cryptana- 
lytic organization, Central Bureau Brisbane, which had special channels of com- 
munication to Signal Security Agency (Arlington Hall) [text withheld] There was 
no direct intelligence channel for Ultra from the Military Intelligence Service to 
any of these commands. 

4. German military Ultra in great volume and of the highest operational signif- 
icance was being produced by GCCS in London. The results were disseminated 
over a special Ultra intelligence channel maintained by British Special Liaison 
Units (known as the SLU organization). Throughout the North African campaign 
the SLU organization served key American officers with this intelligence in accord 
with British security practices. The Military Intelligence Service did not participate 
in this service, and as a matter of fact, was not completely aware of its existence 
until the summer of 1943. German military Ultra was never produced by Arlington 
Hall, the primary reason being that it was not possible to intercept German military 
traffic on the North American Continent. 

5. The first steps taken to unify the method of field dissemination of Ultra and 
to insure that all Ultra intelligence was made available to the appropriate opera- 
tional commands, was to come to an understanding with the British. In the spring 
of 1943 an agreement was entered into between G-2 and [text withheld] London 
[text withheld] providing for complete cooperation in the Ultra intelligence field. 
By the terms of this agreement, the British assumed primary responsibility for the 
production and exploitation of German military Ultra, and the United States Army 
agreed to devote its attention to the production and exploitation of Japanese mili- 
tary Ultra. Full exchange of the products of each service was provided, and the 
principle was established that each service, in cooperation with the other, would 
establish methods of dissemination to its own operational commands. [text with- 
held] The subject need not to be further discussed here other than to say that the 
British SLU organization [text withheld] was the pattern upon which the SSO sys- 
tem was developed for dissemination of Ultra to Pacific commands. 

6. The German problem having been solved in principle, attention was then 
directed to providing a system for the Pacific. The peculiar nature of Ultra intelli- 
gence required a system of dissemination which, in some respects, was contrary to 
established principles of command responsibility. The high level Japanese military 
cryptographic systems were of such difficulty that only a tremendous organization 
equipped with expensive and bulky electrical tabulating machinery could produce 
any results. Consequently, detailed items of immediate tactical significance to an 
Army commander in the field could be read at Arlington Hall, but could not be 
produced by an agency located in the theater and near the Army commander inter- 
ested. Therefore “combat intelligence” was being produced in Washington, some 
15,000 miles away from the front lines. To forward this intelligence through nor- 
mal command channels of communication and through every intermediate G-2 
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between the War Department General Staff and the combat commander concerned 
would delay its receipt and, in many cases, the particular message would lose all 
value by the time the commander finally received it. More important were the 
security considerations involved. Experience in World War I and the experience of 
the British in World War II had proved that wide dissemination of Ultra very often 
led to a compromise and complete loss of the source. The business of cracking 
codes is movie thriller stuff and the natural reaction of an uninitiated person is to 
make some comment about it to other responsible officers who would normally be 
supposed to be in on the secret. Careless talk by one uninformed person to another 
soon results in the “secret” being public information. To avoid these dangers, the 
British had adopted several rules of dissemination which had proved highly suc- 
cessful in maintaining the necessary security. They were: 

a. Ultra was never to be made available to anyone, from a commanding 
general down to the code clerk who sent the message, without first explaining to 
the recipient the security questions involved, and how even the most innocent com- 
ment might lead to loss of the entire source; 

b. Ultra would be disseminated only via special communication channels 
which would be used solely for that purpose. 

This would prevent a casual knowledge of Ultra on the part of personnel 
employed in communication centers, and would also enable complete control of 
dissemination within the theater of any messages transmitted over this channel; 

c. The special dissemination channels would be maintained by officers and 
enlisted men from a central organization and would be furnished only to com- 
mands which had actual need of Ultra intelligence. The local commander would 
therefore not have the authority to over-rule this personnel on any matters involv- 
ing security. 

d. Strict rules for the dissemination within the command, limiting the num- 
ber of officers authorized to see the intelligence, and the uses which could be made 
of it, would be prescribed by the central organization. 

7. The Pacific field dissemination system was devised in the summer of 1943 
on the basis of the principles outlined above. It was decided to designate the offi- 
cers who would maintain the special channels as Special Security Officers (SSO’s). 
SSO’s were to be assigned to the Military Intelligence Service and remain under 
the operational control of the A. C. of S., G-2, WDGS. They would be attached to 
the theater commander for purposes of administration and discipline and would 
disseminate Ultra in accord with rules announced in security regulations issued by 
the War Department. Authority was obtained from the Chief of Staff in the summer 
of 1943 to consult the theater commanders in the Pacific and to obtain their con- 
currence with this plan. The commanding generals of the Pacific Ocean Areas and 
the China-Burma-India (CBI) Theater readily concurred, but the Commander in 
Chief, Southwest Pacific Area, raised certain objections to the proposal on the 
ground that the SSO should be assigned outright to his command rather than 
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AGO 558A 


Find the antilog of both sides 
of the equation. 


15.85 of 15.9 


Since the number of decibels is 
given as positive, the circuit 
has a gain and its output power 
is 15.9 times its input power. 


A certain wire transmission 
circuit has a power change of 
—25 db. Calculate the power 
ratio. 


ie P, 
db = 10 log P, 
25 db = 10 log 
= Zz P, 
a ee 
2.5 = log P, 
Pi 
P, = 816.2 


Since the number of decibels 
has a minus sign, the circuit 
attenuates power. The output 
power is less than the input 
power by a ratio of 1 to 316.2. 


208. Review Problems—Transmission Problems 


a. A network has a loss of 16 decibels. What 
power ratio correspond to this loss? 


b. The input to a powerline 50 miles long 
is 210 milliwatts. The power delivered at the 
end of the line is 40 microwatts. What is the 
attenuation in decibels per mile? 

c. A power of 10 milliwatts is required to 
drive an audiofrequency (af) amplifier. The 
output ofthe amplifier is 120 milliwatts. What 
is the gain in decibels? 

d. What is the ratio of the output power to 
the input power if there is a power gain of 
14 decibels? 
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remain under the control of the War Department. Col. Carter W. Clarke, then Chief 
of Special Branch, was sent to Brisbane to confer personally with CINC, SWPA on 
this difference of opinion. As a result of this conference, General MacArthur con- 
curred in the original plan. 

8. The first War Department security regulations governing overseas dissemi- 
nation of signal intelligence were issued in October 1943. Following the British 
practice, two classifications were established: ULTRA DEXTER and DEXTER. 
Subsequently these terms were increased to three, as follows: ULTRA [text with- 
held] PEARL [text withheld] THUMB [text withheld]....The regulations governing 
Pearl and Thumb were subsequently revised, in conjunction with the Navy, and the 
single code word PINUP was adopted for all low level signal intelligence. 

9. The original Ultra Dexter regulations were implemented in the fall of 1943, 
when special security officers were sent to the following theater headquarters: 
Southwest Pacific Area, Brisbane (Major James Ashby, Jr.); China-Burma-India, 
New Delhi (Captain John F.B. Runnalls); Pacific Ocean Area, Fort Shafter, T.H. 
(Major Edwin E. Huddleson, Jr.), The original plan was to limit overseas dissemi- 
nation of Ultra to theater headquarters and to await recommendations from the spe- 
cial security officers before making provision for broader dissemination, It will be 
recalled that the operational situation in all three theaters in late 1943 and the first 
half of 1944 was not such as to require dissemination to subordinate operational 
commands. Accordingly, all three special security officers undertook to serve the 
respective theater commanders and their staffs. To accomplish this each officer 
carried with him his own set of cryptographic equipment (SIGABA) for the enci- 
phering and deciphering of Ultra messages. Special arrangements were set up to 
provide pouch service as well, and such material as the Diplomatic Summary was 
sent regularly by special Top Secret pouch. It should be noted that both radio and 
pouch communications were sent to the special security officer personally, Thus he 
received radio communications in enciphered form and did the actual deciphering 
himself. He was therefore the only person to see such messages in the clear, and 
showed it personally to the theater commander and other specified staff officers. 
At no point did the contents leave the control of the special security officer. Pouch 
material was delivered to him unopened, and he thereupon showed relevant materi- 
al to appropriate headquarters officers, retaining actual custody of it himself. This 
system proved both secure and efficient. Except for certain considerations peculiar 
to SWPA [text withheld] the special security system won the approval and confi- 
dence of theater officers concerned. 

10. Meanwhile, preparations were underway tor the establishment of a special 
security system to serve in ETO in connection with the expected invasion of the 
spring of 1944, A larger number of officers were recruited and sent to the ETO for 
training. . . .Accordingly there arose the need of a Table of Organization which 
would provide vacancies for enough special security officers to fill the needs of 
both the European and Japanese wars. In December 1943 a staff study was pre- 
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pared which described the special security requirements and stated the estimated 
personnel needs. Approval was thereupon given by the Adjutant General for a field 
quota of 80 officers, In July 1944 this quota was enlarged to 172 officers and 65 
enlisted men, a total which proved sufficient for the duration of the war. 

11. In the spring of 1944 sufficient information had become available, based 
on recommendations of special security officers and upon projected operational 
plans insofar as they were available to MIS, to permit a decision as to the extent to 
which Ultra should be disseminated below the level of theater headquarters. 
Accordingly, the regulations were rewritten (10 July 1944) to allow dissemination 
to the level of Army (or equivalent Air Force Formations) and to Corps level when 
the Corps was operating independently. In April and May of 1944, by way of 
preparation for the revised Ultra program, officers were recruited for SSO duty in 
the Pacific and Far East. The first group, numbering about 20, began a training 
period on 3 July 1944 and were sent overseas about | September 1944. This group 
included a full complement for CBI and a group of officers for SWPA. The train- 
ing course consisted of a week’s tour of ASA, two weeks’ training in the specific 
duties of the special security officer (study of regulations; lectures by returning 
officers familiar with the theater concerned; consultation with relevant sections of 
OPD; cryptographic security; communications, etc.) and from four to six weeks 
straight intelligence training, which included the Far Eastern Intelligence Course 
and selected reading of Ultra materials; where possible the officers spent from one 
to four weeks actually working on Ultra traffic as members of the various Ultra 
sections of MIS. The value of this latter aspect of training cannot be over empha- 
sized. This first group which went overseas have all testified to the importance of 
an adequate intelligence background. By and large, this group was well trained, but 
as the operational situation grew more active it became necessary to send addition- 
al special security officers on very short notice. In many cases such officers had to 
be dispatched with very little training or background in Ultra. If there were one les- 
son to be learned from experience in connection with the SSO program in the Far 
East, it is this: a large potential pool of security officers should be recruited early— 
as early as possible and long before they will actually be needed overseas. They 
should function as working members of MIS—this is the very best type of train- 
ing—and be available for overseas assignment as the need arises. The greatest sin- 
gle handicap in the past administration of the SSO system was the lack of ade- 
quately trained personnel to meet the suddenly increasing needs of the Pacific war. 
While it can be said that the program was carried out efficiently in the face of 
numerous obstacles, and that the sudden expansion in SSO requirements could not 
have been anticipated, the ultimate results could have been more satisfactory if we 
had had too many qualified personnel available rather than too few. Admitting that 
it is always difficult to obtain as many highly qualified officers as one would like, 
this phase of the problem should be given particular and immediate attention in the 
event that the need for an SSO organization should ever arise again. 
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12. The manner in which the SSO program was carried out in the respective 
theaters is fully explained in the individual histories.It remains only to discuss 
briefly the functioning of the home office. Before the G-2 reorganization of June 
1944, the administration of the overseas dissemination was handled by two officers 
in Special Branch. After the reorganization, when the SSO field quota expanded 
from 3 to some 65 officers in the Pacific and Far East, the administration was made 
the responsibility of the newly constituted Special Branch. A total of three officers 
were actually engaged in the administrative phase of the SSO program. These offi- 
cers were concermed with the following aspects of the SSO program: recruiting and 
training of SSO’s; review and revision of Ultra, Pearl, and Thumb regulations; 
handling of all administrative correspondence, by radio and pouch, between MIS 
and SSO’s overseas; liaison with interested sections of the intelligence group in 
connection with intelligence requests from SSO’s; coordination, where necessary, 
with ASA, OPD, OCS, the Navy, and with various other organizations of the War 
Department; all personnel problems, including promotions, travel orders, security 
clearances for both officers and enlisted men; a myriad of miscellaneous matters 
which cannot be conveniently catalogued but which arise in any unit of the size 
and scope of the SSO organization. While it is a matter of record that there was no 
serious breach of security throughout the war, and while theater officers have uni- 
formly testified to the quality of the service they received, it is submitted that a 
larger home office, more fully staffed both with officers and civilians, would be 
desirable “next time.” 

13. In January 1945 the functions of Special Branch were transferred to the 
Office of the Chief, MIS and placed under the direct supervision of the Deputy 
Chief. Inasmuch as the Special Branch program was under the direction of the 
Deputy Chief from the outset, this transfer proved more satisfactory, since it elimi- 
nated an extra step in the chain of command and simplified the matter of coordina- 
tion with the Director of Intelligence, a major part of the Special Branch job. 
Again the duties were performed by three officers, although this number was 
increased to five during the summer of 1945. There were no substantial changes in 
procedures as a result of the above mentioned transfer. 

14. Apart from personnel, the most important single factor in the efficient and 
secure operation of the SSO system, was the special communications channel, 
which worked magnificently and proved eminently satisfactory throughout the 
war. 
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From SRH 031. /n preparation for a future assignment as a Special Security 
Officer, an Air Corps lieutenant colonel went to the Mediterranean Theater 
of Operations to observe how the British had organized the distribution of 
Ultra material in that area. It should be remembered that Special Branch 
serviced air commanders as well as the ground Army. MAAF refers to 
Mediterranean Allied Air Forces; in today’s military parlance, it was a 
combined service operation rather than a joint one. 


24 June 1944 
SUBJECT: Report on Mediterranean Trip. 
TO: Commanding Officer, MIS, WD, London. 
FROM: Lt. Col. Leslie L. Rood, A.C. 


|. This is a report on my visit to the Mediterranean Theater of Operations in 
June 1944, to observe the use of air special intelligence. Because the London office 
is already familiar with the general functioning of the Mediterranean organization 
this report is only of a supplementary nature. 

2. Mediterranean Allied Air Forces, a joint British-American Command, is the 
supreme air headquarters of the Mediterranean Theater. It has a rear headquarters 
at Algiers and an advanced headquarters at Caserta. Under it are Strategic Air 
Force Tactical Air Force, and Coastal Command. 

The Strategic Air Force is an almost wholly American Unit, the 15th Air 
Force, operating from Bari. They have one British group of Wellingtons for night 
bombing. The 15th is an operational command in that it plans and directs missions. 

Tactical Air Force at Caserta, on the other hand, is a British-American 
Command that is not operational. It has under it (1) the 12th Tactical Air 
Command (American) which gives close support (fighter bombers) to the Sth 
Army, (2) Desert Air Force (British) which gives close support to the 8th Army, 
and (3) two wings, one of medium bombers and one of fighters, which operate at a 
greater distance behind the enemy lines. 

Coastal Command, with defensive, convoy and coastal missions, is spread out 
over the whole Mediterranean. Tactical and Strategic are in Italy. 

3. I departed from London on the evening of 26 May 1944 by sleeping car and 
arrived in Newquay, Cornwall, the next morning. I should have taken off from St. 
Mawegans that night, but due to engine trouble did not get off until the fourth night. 
The plane arrived at Casablanca the next morning and by evening | was in Algiers. 

I spent three days with MAAF (rear) and took off for Caserta on 4 June. For 
the succeeding three days I was there with MAAF (adv.) and TAF, On 8 June I 
went to Bari by courier plane to spend three days with the 15th Air Force and 
276th Wing. Returning to Caserta on the 11th I was unable to go forward to 12th 
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TAC at Rome until the 14th because they were disorganized by the rapid advance, 
When I did reach Rome I was able to stay with them for only two days because 
they again split into three echelons and moved on, 

On the evening of the 17th I left Rome; on the morning of the 18th I left 
Caserta; the next morning I departed from Algiers; after a delay of one day in 
Casablanca I took off for the U.K. and was in London on the evening of 21 June 
1944, 

4. The two MAAF special intelligence sections operate like miniature Air 
Ministries. At each headquarters the four or five officers processing the material 
are segregated in an out-of-the-way room where they do their work. Each officer 
has a specialty such as order of battle, “Y,” supplies, Balkans, or targets and as the 
expert on that subject, he writes part of the daily digest which is prepared for the 
generals. The senior officer of the group usually carries the digest around, so that 
he can answer any questions which arise. They write very few appreciations, nor 
do they have any direct connections with operations. Their prime purpose is to be 
completely familiar with the material so that they can interpret it to their opera- 
tional people. Secondarily, they compile a weekly order of battle which is pub- 
lished at several levels. MAAF (rear) also sends out a weekly supply summary at 
the highest level. 

5. The 15th Air Force at Bari impressed me as a very smoothly functioning 
organization and its ““A-2 Liaison Officer,” Major Murphy, as an able part of it. 
Each morning the staff meets with the A-3 (acting as the operational chief of staff) 
to plan the missions for the subsequent day. First the weather officer delimits the 
possible areas of operation by his forecast; the A-2 names the targets having priori- 
ty in that area; the damage analysis officer advises the A-3 to what extent the sug- 
gested targets have already been destroyed. Attention then being officially centered 
on several targets (the staff had already informally decided on these and spread the 
proper target charts before the meeting) the flak officer is called upon for the num- 
ber of minutes the ships will be in flak if approaches are made from certain 
angles.Major Murphy is then called upon for an estimate of where, how many, and 
what kind of enemy planes will be encountered. Along with the weather officer he 
stakes his reputation daily since both of their predictions are checked by the next 
evening. 

After quite a succession of direct questions by the A-3 and unequivocal 
answers by the staff, the A-3 fluently dictates a complete operations order. Each 
officer copies down the part pertaining to his responsibility and during the early 
afternoon submits the written annex to the finished order which is placed before 
the Commanding General for his approval. 

Because of his daily forecast, Major Murphy is known to most people as the 
order of battle expert but even more important is his servicing of senior officers 
with special intelligence. He separates from the general material that which might 
interest the senior officers, annotates it with brief notes when necessary, and then 


DISSEMINATING THE PRODUCT 147 


shows them the annotated material. He often has to do some verbal explaining and 
elaborating but he writes no digest. 

There was a time when special intelligence was important at Bari for its order 
of battle information, but now when the GAF puts up a maximum of 150 planes to 
protect the most important targets and none for lesser targets, raids are naturally 
planned with little regard for the possible opposition, 

The most valuable material, therefore, is that pertaining to targets, e.g. that a 
bridge was destroyed, that shipping on the Danube has been stopped or that dam- 
age to refineries has caused a gasoline shortage. Operations people take a very 
keen interest in anything which gives a clear cut statement of the damage done by 
their bombers the day before. With the increase in blind bombing this is even more 
true. 

Most of the intelligence at the 15th Air Force consists of target work, i.e. pho- 
tography, collating of agents reports and economic studies of objectives, and bomb 
damage analysis. There is a large target section staff at MAAF (adv.) which serves 
the 15th Air Force almost exclusively by preparing target charts and 15th Air 
Force also has a large target section which selects objectives and analyzes bomb 
damage. Since no one in the target section at Bari has special intelligence, Murphy 
helps them with his superior wisdom quite frequently. 

In attempting to summarize for me what special intelligence supplied to the 
whole intelligence organization at Bari, Murphy said that its primary contribution 
was a “negative influence.” Most of the information Murphy gets from special 
intelligence is also procured from photos, PW’s, pilots’ reports, and “Y,” but in 
them the good is mixed with the bad. Special intelligence tells Murphy and his 
superiors what not to rely on. Rarely does he get anything of pure operational 
value, something which causes him to rush into A-3 demanding that a mission be 
layed on, 

6. TAF’s functions are difficult to understand because of its intermediate role 
below the policy level of MAAF and yet above the target selection level of TAC 
and DAF. Its role is further complicated by its being an operational headquarters 
over its medium bomb wing but a non-operational headquarters over its close sup- 
port commands. 

It is primarily a coordinating command. Its greatest interest during my visit 
was in the progress of its campaign to choke off all supplies to the battle area. 
Special intelligence provided very good material on this subject. 

The segregation of special intelligence is not very noticeable here because only 
the chief intelligence officer, W/C Wiseman, and his assistant, Captain Austin, 
have it. Their knowledge is used through attendance at all planning conferences, 
some of which are at the highest level. They show selected material to the senior 
officers and do not write a digest. 

7, Discovering how Major Corning, at 12th Tactical Air Force, uses special 
intelligence was not easy. He keeps no records that one can analyze. He is the A-2 
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and the only person doing pure intelligence work so special intelligence is not 
neatly segregated for the visitor’s examination. Corning operates out of his shirt 
pocket, merges all sources in his mind, and is not given to pat statements about 
what part of his total knowledge is supplied by special intelligence. 

12th TAC, in supporting the 5th Army is meeting absolutely no enemy planes 
so naturally order of battle is forgotten. Likewise, the occasional damage reports 
on specific targets are of doubtful use because TAC attacks vast numbers of small 
targets each day such as motor transport, bridges, railway cuts and dumps. 

What is important is that special intelligence shows TAC very clearly that its 
primary mission, cutting the lines of communication and supply, has been success- 
fully accomplished. The German inability to defend has been caused to a great 
extent by the lack of supplies. 

In the fast moving situation prevailing during my visit special intelligence 
indications of where the enemy might make a stand was also of great value to TAC 
in deciding where to establish its airfields as it advanced. 

TAC’s intelligence set up is very simple. The broad plans of attack are made 
by Army: the target section is run by the Army and all TAC gets is a set of photos 
and a request for missions; there is no air order of battle; almost all the special 
intelligence coming through during my visit concerned the Army and was only of 
incidental interest to the A-2. The A-2 does the pure intelligence work and his 
eight subordinates are primarily engaged in compiling operations summaries, an 
A-3 job. 

8. My visit to the 276th Wing was valuable chiefly because I saw a complete 
“Y” organization operating under one roof, This organization functioning without 
the complicated refinements of Block F, was “Y for Children.” 

Special intelligence is used at 276 Wing solely as a guiding influence. It 
enables the senior officer to eliminate from the published reports many of the erro- 
neous conclusions which would result from dependence on “Y” alone. 
Unfortunately there is so little traffic to be picked up in the Mediterranean that 
their reports are comparatively unimportant. 

9. Seeing four levels of command in the field immediately following my visit 
to War Station and Air Ministry, the stair like decline of formality in handling spe- 
cial intelligence was very noticeable. At one extreme is an elaborate recording and 
weighing of every detail and at the other is the casual treatment at 12th TAC where 
the recipient skims through the pencil written pages of the day, tracing some out on 
the map, rereading some, ignoring others and in no case writing anything down. At 
MAAF (rear) quite a bit of indexing is done so that records will be available for 
appreciations and weekly summaries. At MAAF (advanced) only an order of battle 
index is maintained, and at the next lower level, TAF, the informality approaches 
that of TAC in that only an occasional note is made. The 15th, like its parallel com- 
mand, TAF, uses practically no records. 

10. It is also noticeable that each level of command endeavors to stand on ils 
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own feet rather than rely on appreciations and digests from superior commands. 
MAAF (rear) sends little to MAAF (advanced), MAAF (advanced) almost nothing 
to TAF, TAF nothing to TAC and naturally TAC can have no recipients. What little 
is sent is treated with not too much respect. Each level services its own generals 
without attempting to also service its lower echelons. 

Many of the recipients do see each other quite frequently to exchange views. 
Probably for this reason no great differences of opinion are evident. 

11. At War Station and the Air Ministry, I got the impression that intelligence 
was 75% special intelligence, 10% “Y,” 5% photographs, 5% PW, and 5% miscel- 
laneous. The figures varied somewhat but were usually definite. The people in the 
field don’t think much in terms of percentages and, if they did, the figures would 
vary tremendously from place to place because each headquarters looks to intelli- 
gence for a different type of information. Sometimes special intelligence can fill 
the need and sometimes it can’t. The usefulness of other sources varies also, 
depending on what the headquarters is interested in. 

For commands where few records are kept PW reports mean little because no 
report is complete within itself. Usually they are skimmed through. Agents reports 
are seldom read by the A-2 or the order of battle people but they are of some 
importance to target sections. “Y” in the Mediterranean is sketchy, but along with 
photo recce of airfields which is fairly good in the Med, does provide good cover 
for the special intelligence order of battle. 

Probably the most valuable source in the theater is photography. With the 
decline in interest of order of battle, targets are of comparatively more importance. 
The photo tells the pilot where the target is and within 24 hours of the attack pho- 
tos give fairly complete damage information. Special intelligence does, of course, 
enable one to exercise great wisdom in reading photos. 

12. Covering the use of special intelligence in the field does not present the 
problems which I understood it did. This is primarily so because receipt of the 
material does not usually point the way to an operational mission. The material 
provides background which enables commanders to make the correct decisions: it 
confirms or negates information from normal sources; it provides basic facts. None 
of these need cover. 

13. At both MAAF headquarters the groups of people processing special intel- 
ligence are wholly British. The senior intelligence officers under whom these peo- 
ple work, A/C Woolley and G/C Luard, each have American executive officers, but 
only Woolley’s executive, Major Tandler, handles special intelligence. Even he 
does no actual work with it. 

While in theory this use of British personnel alone to serve a joint British- 
American Command may be criticized, there is no practical solution. The British 
appear to be doing a good job and their long experience in work where knowledge 
of the past is invaluable would place any newly assigned American officer in a dis- 
tinctly subordinate position. In addition they already are overstaffed. 
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At TAF also the chief intelligence officer is British but this provides good bal- 
ance since the remainder of the staff is predominantly American. 
DETAILS: 

1. A helmet and gas mask are not needed in visiting Mediterranean headquar- 
ters. The only use for a helmet is as a wash basin at headquarters near the front and 
even there borrowing is expected. 

2. Arrangements for transportation take time and should therefore be initiated 
for the next hop as soon as one arrives at a station, 

3. Orders cut in London should authorize visits to all cities which must be 
reached by ATC, i.e. Algiers and Naples in June 1944. If orders mention only 
Algiers, more orders must be obtained to get on to Naples. Transportation beyond 
the ATC terminus is by courier plane or airfield hitch hiking for which no orders 
are necessary. 

4. Cotton uniforms may be purchased in Algiers at the PX. 


From SRH 022. The report of the Special Security Officer assigned to the 
Seventh Army, the American force that took part in the invasion of Southern 
France in August 1944. The “SCU/SLU link” refers to the British-operated 
Special Communications Unit/Special Liaison Unit that served as the con- 
duit for Ultra intelligence produced by the Government Code and Cypher 
School at Bletchley Park. 


ULTRA AND THE U.S. SEVENTH ARMY 
AMERICAN EMBASSY OFFICE OF THE MILITARY ATTACHE 
1, GROSVENOR SQUARE, W.1. 

LONDON, ENGLAND 


12 May 1945 


MEMORANDUM FOR COLONEL TAYLOR 
Subject: Ultra and U.S. Seventh Army 


|. Introduction: The following report summarizes the experience of the Seventh 
U.S. Army in the use of ultra intelligence between 16 August ‘44 and 8 May ‘45. 
The judgments, conclusions, and recommedations are not intended as generaliza- 
tions necessarily applicable to either air or other ground commands. 

2. Operations: The SCU/SLU link and ultra specialist joined the Seventh Army 
at Naples, and the station opened on D plus |, the 16th of August. It had been 
agreed with the G-2 that the job of the ultra specialist was to receive signals from 
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the SLU, process them, and post the information on a map. For the first few days 
of operations in South France, the only map available was a folding map which 
was shown periodically to the G-2. During this period the quality of ultra intelli- 
gence was usually high and in the rapidly moving situation was the primary source 
of tactical information. The G-2 decided, therefore, that an ultra war room was 
desirable, and henceforth the ultra specialist occupied a room in the CP adjacent to 
the G-2. Also during these early days the volume of ultra was so great that it was 
soon apparent to the G-2 that he could not personally brief his commander on the 
content. Accordingly, the responsibility for the briefing of all recipients devolved 
upon the ultra specialist. 

At no time during operations by the Seventh Army was there a formal briefing 
for all recipients. There can be little doubt that formal briefings are desirable for 
they permit a more careful preparation of the material. But the recipients were not 
amenable to the idea because it involved an additional commitment of time in their 
already busy day. Also, the demands of the tactical situation dictated that important 
ultra intelligence be disseminated to recipients without delay, and any other infor- 
mation was of insufficient importance to justify formal briefings. The typical 
method by which ultra reached the recipients was as follows: Each morning the 
G-2 was briefed on the messages received during the night. If in his judgment the 
information was important, the Commanding General and/or the Chief of Staff 
were called in and the briefing repeated. Throughout the day, usually after dinner 
and again after supper, the G-2 was briefed on later messages. Other recipients 
were briefed throughout the day whenever they found it convenient. At any time dur- 
ing the day or night an important message was passed to the G-2 without delay. In the 
absence of the G-2, the ultra specialist was authorized to call any message directly to 
the attention of other recipients if the information therein warranted such action. 

The ultra specialist was expected to be currently familiar with information 
from other sources, but at no time was it desired that his briefings include a merg- 
ing of ultra and other information. This distinction was closely drawn by the G-2, 
both for reasons of security and because the merger of all sources of information 
was accomplished in other ways. At the Seventh Army the chief of the order of 
battle section was a recipient and the “opening up” of ultra was his primary 
responsibility. Estimates of the enemy situation were prepared by still another offi- 
cer in the combat intelligence section, and ultra was injected into these estimates of 
enemy capabilities by informal consultation with the G-2. Target information 
derived from ultra provided no problem for it had been agreed between the G-2 
and the A-2 of XII Tactical Air Command, supporting the Seventh Army, that all 
ultra targets would be handled by the Air Force. With the order of battle, estimates, 
and targets provided for in the above manner, the remaining ultra required little or 
no correlation with other information. 

Attached hereto as Tab A is a statement of two instances in which ultra provid- 
ed intelligence of extreme tactical importance to the Seventh Army, All recipients 


CHAPTER 17 
MISCELLANEOUS ELECTRICAL PROBLEMS 


209. Efficiency 


Efficiency is the ratio of output to input and usually is expressed-in percent (ch. 2). Generators, 
motors, and other electrical devices often are rated according to their efficiency. To express 
efficiency in percent, write the ratio of output to input as a fraction, convert to a decimal, and then 
convert the decimal to a percent (par. 4). 

Example: What is the efficiency of a generator that has an output of 

60 kilowatts (kw) and an input of 75 kilowatts? 

__ Output 
™ Input 
_ 60 
~ 95 
= 0.80 
= 80% 


Efficiency 


210. Percent Overload 


Another application of percent is the overload rating of motors, generators, etc. In this 
application, the amount of power, that can be applied to or taken from an electrical device, 
above the rated output, is expressed as a percent of the rated output. 

Example 1: What is the percent of overload capacity of a generator that 
has a rated output of 500 watts and can provide a maximum 


of 550 watts? 
Overload = maximum power —rated power 
= 550 — 500 
= 50 watts 
Percent overload = Goi 
_ 50 
~~ §00 
= 10% 


Example 2: Find the maximum output of a generator that is rated at 
1,500 watts, and has a 10 percent overload capacity. 
0.10 « 1,500 = 150 watts 
1,500 + 150 — 1,650 watts maximum output. 
211. Tolerances 


A tolerance is an allowance for variations from the standard or specified value. In the manu- 
facture of resistors, for example, the resistance is permitted to be within a specified percentage 
of the standard value. This percentage is indicated in the color code of the resistors. 

Example: Find the possible low and high values of a 20,000-ohm 

resistor with a tolerance of +5 percent. 

0.05 x 20,000 — 1,000 ohms 

20,000 + 1,000 = 21,000 ohms (high value) 

20,000 — 1,000 = 19,000 ohms (low value) 
Therefore, since the tolerance is plus or minus 5%, the 
value of the resistor should be between 21,000 and 19,000 
ohms. 
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were genuinely interested in ultra and aware of the tremendous advantage provided 
by source. On one occasion the G-2 remarked, “You know, this just isn’t cricket.” 
Generally, ultra information is of primary value in a static or defensive situation; 
this is indeed true of all information and intelligence derived therefrom. In the 
attack and pursuit, intelligence has done its job during the planning phase of the 
operation, and subsequent information is usually outdated by the time it reaches 
the command. The examples in Tab A, however, cover both situations. 

3. Security: It is difficult to really know the security situation at a command, 
but it was evident that some recipients at Seventh Army were either not cognizant 
of or sufficiently impressed with the need for security in the use of ultra. There was 
little questioning the minimum security requirement that the nature of source must 
not be disclosed, but this understanding did not extend to an appreciation that 
information derived from source must be properly safeguarded and serve only as 
the basis for tactical orders when the information itself cannot be “opened up.” 
The greatest misunderstanding here was in the idea of “cover.” Recipients were 
inclined to believe that cover was an invention: the idea of cover as an indication 
from an actual but open source was alien to all but a few recipients. 

The security situation at Seventh Army was complicated by the fact the G-2 of 
VI Corps, and at the outset the Commanding General, were former recipients at a 
time when the Corps was operating at Anzio as a virtually independent task force. 
On a few known and probably on many unknown occasions the G-2 of Army 
passed on “hunches” to the G-2 of Corps; the latter was certainly aware of their 
origin but was not bound by security regulations. In this situation it is almost 
impossible to expect that a Corps G-2, formerly in the picture, will not receive 
ultra, thinly disguised; as the Army G-2 frequently stated, “You can deny member- 
ship in the Elks to a person, but once he has been an Elk and forfeits his member- 
ship he will still remember the initiation.” 

Generally speaking, however, the handling of ultra from an intelligence point 
of view by the G-2 was consistent with security regulations. The difficulties at the 
command were more directly traceable to the Commanding General and in the 
operational use of ultra. The reasons for this are manifest. Charged with responsi- 
bility for success or failure in the battle, the temptation to knowingly or unknow- 
ingly employ ultra improperly is well-nigh irresistible at times. This, considered 
along with the fact that the Commanding General is relatively isolated from daily 
security reminders by the ultra specialist appears to be the major cause of violations. 

. . Once the violation was observed, the facts in the case were obtained from 
the G-2 and reported to London. The G-2 was never told by the ultra specialist, 
although he probably guessed, that violations were being reported. 

4. Conclusions: The policy of a separate channel and the assigning of an ultra 
specialist to American commands is basically sound. If nothing else, the mere 
presence of a War Department representative has a salutary effect. For reasons of 
administration the SCU/SLU link might well become the responsibility of the spe- 


DISSEMINATING THE PRODUCT 15 


a) 


cialist. There is often a real question whether a particular security violation is the 
responsibility of the SLU or the specialist. Moreover the command is frequently 
confused in their administrative relations with the SLU, and are never certain 
whether they should deai with the SLU or with the specialist. There was never any 
difficulty of this kind at Seventh Army, but there is a real danger in the failure to 
provide unified control. 

There is much to recommend that all ultra matters be considered within the 
province of the Commanding General and his Chief of Staff, rather than as an 
instrumentality of the G-2. In the first place, the G-2 might then be subjected to 
controls which cannot be exercised under the present arrangement. Moreover, by 
attaching the ultra functions to the Chief of Staff’s office, the ultra specialist has 
direct access to the Chief of Staff and the Commanding General and thus can more 
carefully safeguard security at the point where it is most vulnerable. Also, by 
removing the ultra function from the G-2, security is improved by the mere fact 
that it is not automatically associated with intelligence. 

The reading and understanding of ultra security regulations is not sufficient to 
insure their inviolability. In addition to constant reminders by the ultra specialist, 
periodic warnings from high commanders seem desirable. The subject must be 
kept a live one at all times, and the interest of the War Department continuously 
impressed upon recipients. 

Regardless of what other persons are recipients at a command, it seems partic- 
ularly desirable that wherever possible the order of battle chief be included. At 
Seventh Army this occurred through accident; the personality involved was “in the 
picture” at a higher headquarters before joining Seventh Army and his status was 
continued. But this might well become standard practice, other considerations per- 
mitting, for the order of battle man is the key to opening up ultra and the prepara- 
tion of sound strength estimates. 

Finally, it is essential that well-grounded intelligence officers be assigned to 
commands, The proper interpretation of ultra is very often dependent upon a thor- 
ough familiarity with information derived from other sources, 


TAB A 


(1) Late on D plus 2, ultra information reached the Seventh Army which indi- 
cated that the enemy was withdrawing from south and southwest France. The 
Commander was faced with a major decision involving two factors: 

a. To what extent could the enemy be pursued and outflanked, considering 
the difficulty of supplying advance columns over a beach, and 

b. Would the enemy counter attack on the right flank, from the Maritime 
Alps, and so endanger rear communications, 

Ultra provided the answer to the second question, at least a sufficient answer 
to permit a calculated risk: there was no indication that the enemy would adopt an 
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attitude other than defensive on the flank. Accordingly, it was decided to pursue 
and all unloading priorities were altered, with the whole emphasis given to fuel 
and vehicles. Also, Task Force Butler, which had penetrated deep in the enemy 
rear, was reinforced with the 36th Diy. Together they established a road block at 
Montelimar in the Rhone Valley and cut the enemy escape route. The road block 
proved insufficient to destroy the 19th Army and they succeeded in fighting their 
way out, but all heavy equipment was lost in the process. 

It is also noteworthy that ultra guided public relations all through these open- 
ing days of the campaign, for it was clear from source that the enemy was not 
aware of the character of the forces operating in his rear. He apparently believed 
that there were only guerilla forces endangering his lines of communications; and 
so the existence and operations of Task Force Butler were not disclosed to the press. 

(2). . Shortly after the German Eifel offensive in mid-December, it became 
evident that that the enemy was preparing an offensive in the Saar-Palatinate, pos- 
sibly in conjunction with a coordinated attack out of the Colmar bridgehead and a 
crossing of the Rhine N. of Strassburg. German Air Force reconnaissance orders 
from ultra pin-pointed the possible crossing area but source was relatively quiet on 
the Colmar attack; open sources, however, clearly suggested the latter intention, 
But it was in the sector between Saarbrucken and the Rhine that ultra provided 
information necessary for a proper estimate of the situation and preparations to 
meet the attack when it came. During the critical days prior to the attack the Flivo 
with the German First Army was being read consistently, and enemy order of bat- 
tle and boundaries were throughly known. It was possible, therefore, to state with 
relative certainty that the main effort in the attack would be made west of the Hardt 
Mtns., with a secondary attack between the mountains and the Rhine. If there was 
ever an essential element of information this was it, for the passes through the 
Vosges Mtns. were a serious obstacle to the rapid movement of Seventh Army 
reserves. Based on this appreciation, the sector west of the Hardt Mtns. was rein- 
forced with the 2nd French Arm’d Div. and the 36th U.S. Inf. Div., both moving 
from the Rhine plain. It should be noted that up to the day of the attack, German 
intelligence failed to pick up these moves. 

When the attack was launched on | Jan., the German main effort collapsed 
completely. Their only success was in the sector of the secondary effort, in and 
East of the Hardt Mtns. This German offensive was properly appreciated and 
preparations made to successfully meet the threat. Lacking ultra it seems very 
doubtful whether the attack would have been repulsed, or whether other sources of 
information would have given advance warning. Open sources provided only the 
most meager evidence of an attack, and there was much opposing evidence sug- 
gesting precisely the opposite — a thinning out in the sector and movement of 
units away from the Saar-Palatinate to reinforce the North. 


** * 
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From SRH 032. This report was submitted by Major John H. Gunn, the 
Special Security Officer assigned to General Douglas MacArthur's 
Southwestern Pacific Area headquarters. As Gunn indicates, MacArthur ran 
his theater like a private fiefdom, and the members of his staff were not 
always happy to deal with people they regarded as interlopers from the War 
Department. 


WAR DEPARTMENT 
MILITARY INTELLIGENCE SERVICE 
Washington 25, D.C. 
23 October 1945 


MEMORANDUM FOR THE SPECIAL SECURITY OFFICER, MIS: 
SUBJECT: Report of Major John H. Gunn, 0-388247 


The undersigned officer departed Washington on 15 September 1944 for 
Brisbane, Australia. I reached Brisbane on the night of 22 September. At this time 
most of GHQ was in Hollandia, Dutch New Guinea, in the final stages of planning 
and preparation for the invasion of Leyte. The Leyte operation had been accelerat- 
ed and it was necessary that those SSO’s designated to serve the participating com- 
mands cut short their indoctrination course in Brisbane and proceed to Hollandia at 
an earlier date than planned. 

My principal duties in Hollandia were to assist Lt. Colonel Ashby, then Special 
Security Representative for the theater, at his headquarters. I had been introduced 
to Lt. General Sutherland, Chief of Staff, and it was indicated that I was to accom- 
pany the Advanced Echelon into Leyte and serve General MacArthur, General 
Sutherland, and appropriate G-2 and G-3 personnel. The acceleration of the date for 
the Leyte operation necessitated Ashby’s being absent several days while placing 
SSO’s at the subordinate commands. During this period the undersigned was left at 
GHQ. I was impressed with the fact that the people on the working level in the the- 
ater are, despite the idiocyncracies, jealousies and animosities of their superiors, an 
amazingly cooperative group. 

The Chief of Staff had indicated that there would be no room on the Command 
Ship for an SSO. As a result he referred Ashby and me to the G-3 section to make 
arrangement for transportation to Leyte in some other vessel in the Advance 
Echelon convoy. The G-2 officer in charge of the details of loading the G-2 section 
was to notify me of the proper time and means of departure. I am confident that this 
charge never again crossed this officer’s mind, for Ashby and I discovered the fol- 
lowing Saturday night that the G-2 convoy had loaded without any notice to our 
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office. In the improvision that was necessary I finally arranged to “hitch hike” to 
Leyte aboard a 6th Army convoy leaving the next day. 

The trip to Leyte was uneventful. I carried no classified material other than a 
black handbag filled with cryptographic material. This material I kept stored in a 
locked closet in the ship’s captain’s cabin, This seemed the most secure procedure 
aboard a vessel whose Commanding Officer kept 18 quarts of bourbon whiskey in 
his ship’s safe, and kept his top secret battle plans for several operations on top of 
the desk in his sleeping quarters. 

We arrived off Dulag at the southern portion of the invaded beach area three 
days after the initial landings. The usual confusion prevailed on the beach and | 
was al a loss to find a secure place to keep my cryptographic materials until I could 
find transportation to GHQ, then located at Tacloban, 20 miles north. Such trans- 
portation was not immediately available. After two rather unpleasant nights ashore, 
when minor but apparent enemy infiltrations of the beach position occurred, the 
undersigned decided that the most secure place for himself and the classified mate- 
rial was aboard a boat in the harbor. A problem like secure storage seems minor, 
but it is typical of the practical problems our system often poses. 

Upon arrival at GHQ I presented myself to the G-2 section and commenced 
operations. I was introduced to General MacArthur on the first day of my arrival 
and found him at all times as cordial and cooperative as possible. It is a matter of 
record that the same observation cannot be made of a number of his immediate 
subordinates. 

It took only a short while to comprehend the low state of security at the head- 
quarters. For example, no adequate safe accommodations existed, and the loose 
physical security of the headquarters was evidenced by the presence of innumer- 
able Filipinos who stalked in and out of the staff section area at random. As for the 
handling of Ultra, complete insecurity was a recurring malignancy. The details of 
numerous security violations involving our material that occurred during this peri- 
od have been reported to MIS. One fact was obvious—the main factor contributing 
to such incidents was a basic lack of appreciation of the value of our material, The 
principle of sacrificing tactical advantage to security was not even accorded lip 
service. It seems incredible that Ultra could be obtained and passed by a non-recip- 
ient to a non-authorized recipient over a radio relay telephone which was almost 
certainly being tapped by the Jap. This, and other occurrences as serious, if not as 
spectacular, are indicative of the security point of view of the persons designated to 
receive our material. 

Without going further in detail, there are certain conclusions that I have drawn 
with regard to the situation as it occurred on Leyte. 

First, General MacArthur has been oversold by his subordinates on the quality 
of the production of his theater agency, Central Bureau. For example, on one occa- 
sion General MacArthur expressed to me a desire to see more diplomatic material, 
as “T get all the other information anyway.” 
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Second, tactically, the Navy material was incomparably superior to Army pro- 
duction. For example, no Army material was operationally comparable to the Navy 
material describing the pending Japanese reinforcements in the Ormoc area. 

Third, there was no excuse for relaxing enforcement of our regulations to per- 
mil passage of Ultra down to Corps level. In no case can I recall seeing any Ultra 
appropriate for a Corps in its limited sphere of action, and I can imagine no case 
where a Corps, operating nonindependently, cannot be served by an operational order. 

Fourth, none of us, staff officers or SSO’s, dealing with Ultra, were adequately 
indoctrinated in the handling of this material in the field, and in the security prac- 
lices necessary to ensure its safety. The G-2 men lacked any adequate security 
indoctrination. In the future the indoctrination of appropriate personne! should be 
as integral a part of their intelligence training as the preparation of maps or sum- 
maries. The security qualification should be a strict exaction for the holding of a 
responsible intelligence position. It was not in GHQ, SWPA. Nor were the SSO’s 
adequately prepared for their job. Extensive training in the drafting of operational 
orders, as a security device, is one fundamental necessity in which no early SSO 
received any training whatsoever. The undersigned, without any previous experi- 
ence, drafted several such orders in efforts to present an acceptable substitute for 
an otherwise unwarranted dissemination. It would have been an infinitely more 
simple task had the undersigned even seen an operational order before he tried his 
hand at drafting one. Further, if the SSO is to work in an Intelligence Section, he 
should be thoroughly schooled in the G-2 duties he will perform. Camp Ritchie 
should furnish the best answer to this problem. 

Fifth, closer coordination between Army and Navy Ultra recipients and com- 
munications personnel is essential. Tales of the Navy “indiscretions” in SWPA are 
legion, but in a great measure they may be attributed to a lack of mutual under- 
standing and agreement. For example, Navy furniture shipped from Hollandia to 
Leyte was addressed to “the Ultra section.” and mess bills were addressed to Lt X, 
c/o the Ultra section. This came about in great measure because the Navy consid- 
ered “Ultra” as a classification, not a code word. Similarly, Navy acceptance of 
SSO personnel as participating counterparts aboard ships receiving Ultra is essen- 
tial to secure handling of the material - since Navy Ultra may obviously be used as 
the basis for Army directives to Army units. On such directives a trained SSO should 
be infinitely more authoritative, security wise, than a Navy communications man. 

On completion of the transfer of GHQ to Leyte, I was sent to the Office of the 
Deputy Special Security Representative in Brisbane. There is no need to include in 
this report any description of the organization and work of this office... . 


i 


JOHN H. GUNN 
Major, Inf. 


CHAPTER VIII 


The Politics of COMINT 


The motto of the great Army cryptologist William F. Friedman was 
“Knowledge Is Power.” The power derived from the ability to exploit high- 
level signals intelligence meant that access to and control of COMINT 
became a political football in various bureaucratic and partisan struggles for 
advantage. Within the Army, the Military Intelligence Service fought with 
the Signal Corps over control of the Signal Security Agency. Excerpts from 
SRH 141-1 2nd SRH 141-2 document the course of the dispute, which was 
finally resolved (more or less) in December 1944, when the Military 
Intelligence Service gained operational control over Arlington Hall. On 
another bureaucratic front, the Military Intelligence Service tried to take on 
the Navy, claiming that Navy cooperation in sharing signals intelligence 
was lacking. Another selection from SRH 141-2 reveals the extent of the 
problem and the fierceness of the rivalry. Finally, in SRH 043, Comments 
on the Dewey-Marshall Exchange, Colonel Carter Clarke, Chief, Special 
Branch, describes what happened when Army Chief of Staff General 
George Marshall tried to ensure that COMINT secrets would not be com- 
promised in the course of the 1944 presidential election contest between 
incumbent President Franklin D. Roosevelt and Republican challenger 
Governor Thomas E. Dewey of New York. 
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From SRH 141-1. Two months after joining Stimson’s staff to recommend 
better measures for handling signals intelligence, Alfred McCormack had 
become convinced that the Military Intelligence Division should be given 
overall control of all intercept activity. To help make his point about the 
importance of secret intelligence, he makes reference to two intercepted 
Japanese messages dealing with this subject, one from Japanese Foreign 
Minister Yosuke Matsuoka, and one from from his successor, Foreign 
Minister Shigenori Togo. 


March 1, 1942 


MEMORANDUM FOR: MR. McCLOY 
Subject: Signal Intelligence Service 


Here are noted down the points discussed with you, touching on the question 
whether it is sound organization to leave with the Signal Corps the job of collecting 
and selecting intelligence materiel of great importance, instead of lodging that 
responsibility with G-2 as a part of its over-all job of collecting and supplying intel- 
ligence: 

|. It appears to me to denote a rather negative conception of intelligence to 
have G-2 simply taking what the Signal Corps catches and tums in, leaving with 
the Signal Corps the responsibility for deciding how much it will catch and turn in, 
and from what sources. I am sure that the Signal Corps listens seriously to all sug- 
gestions from G-2, but the power of decision remains in the Signal Corps, and there 
is nobody in G-2 who has an affirmative responsibility for seeing to it from day to 
day that the material collected and processed (a) is all that possibly can be collected 
and processed and (b) ts derived from the sources that are at the time of greatest 
importance from G-2’s angle. Intelligence activities should be directed affirmative- 
ly and vigorously. Compare Minister Matsuoka’s direction that “our principal aim 
is to collect every possible bit of intelligence concerning the United States” (18846) 
and Minister Togo’s reference to the “absolute necessity of securing intelligence of 
this sort” (i.e., the sort not obtainable from newspapers and the radio; 27500), 

2. The men in G-2 who are working on the processing of intelligence are too 
remote from the collection of this material. Let us suppose that Col. Heard, [text 
withheld] decided [text withheld] or was instructed by his superiors, to gather in as 
much current material as possible on political conditions and diplomatic maneuver- 
ing in [text withheld]... .He would not get any such material from the source under 
suggestion, though the $.LS. has a lot of [text withheld] material on its shelves, all 
in its original form, which has never been tackled because of lack of personnel. If 
there were one officer in G-2 whose responsibility was to keep up to date on G-2’s 
needs and be ready at any moment to turn the S.L.S. to work wherever the heat was 
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on, and if that officer could give orders to the S.L.S., maybe in such a situation all 
hands not elsewhere essential would go to work on the [text withheld] material. At 
least, there would be an evaluation of relative needs, and a conclusion would be 
arrived at in the light of all the facts. Moreover, the real needs as to personnel, 
equipment and supervision would quickly become apparent if that sort of an evalu- 
ation had to be made once in a while. 

3, This is a situation in which an infinite number of little things are important. 
From the dim perceptions that I have obtained to date as to how an Army works 
(my past military observations having been from the bottom up), I have a notion 
that, if a good idea about a matter of detail should originate in one of the sections 
of G-2, affecting what should be done somewhere down in the ranks of the S.L.S., 
by the time it got up the G-2 command, over to the Chief Signal Officer and down 
through the appropriate channel, the impulse behind it might have become so 
attenuated as to be insufficient to actuate a full-grown adult. This is not meant crit- 
ically, since, as I have already told you, I have been impressed by the ability of all 
the officers that I have encountered to date. 

4. Under the present system of divided responsibility there is nobody in G-2 
who knows, or could know, what goes on at the various S.1.S. stations or what 
decisions made from day to day at those stations affect the content of intelligence 
coming from those sources. Do we know, for instance, that we might not have 
obtained a lot more Honolulu material except for some decision by the Signal 
Corps in routine matters, e.g., to shift an experienced operator elsewhere, to post- 
pone repairing a broken antenna, to use particular receiving apparatus for some 
other purpose, to run a station less than 24 hours a day, to shut it down for repairs 
when X might be heard, rather than when Y might be heard? These are minor 
items, but they might have an important effect on the content of intelligence. Yet in 
the nature of things the men responsible for intelligence could never know about 
them. 

5. As to items of major importance, it necessarily must be true that the S.LS. is 
in competition with the manifold other activities of the Signal Corps for money, 
supervisory direction and personnel. It seems illogical to keep one intelligence unit 
separate from all other intelligence units, and in competition with units not con- 
cemed with intelligence. The production of intelligence from this particular source 
ought not to compete for money, direction or personnel with anything except the 
production of intelligence from other sources. Then you could shift your money 
and personnel into the branch of intelligence which seemed most likely to be fruit- 
ful. As it is, it might be that the Signal Corps would be spending much too much 
time and money on the production of intelligence material from this source, in 
relation to the time and money spent on the production of intelligence from other 
sources. On the other hand, there is some ground for thinking that the Signal Corps 
is not spending nearly enough time and money on the production of the type of 
intelligence here under discussion. 


212. Transformer Relationships 


a. General. In a transformer, relationships exist between the currents, voltages, impedances, 
and number of turns of wire in the windings. These relationships are expressed by equations 
containing ratios involving these quantities. 


b. Relationship Between Voltage and Number of Turns. This relationship is expressed by the 
following equation: 
FE, _ 
N, NN, 
where E,, is the voltage across the primary winding, N, is the number of turns on the primary 
winding, E, is the voltage across the secondary winding, and N, is the number of turns on the 
secondary winding (fig. 87). The equation may also be written: 


E, _ Np 
EE,” WN, 
E,N, = EN, 
— EN. N, 
BE, = N, or E, N, 
EN. N 
Paap aacsk oki <3 prcelt 
E, = =e or B, ($2) 


The ratios N,/N, and N,/N, are called the turns ratios and may be expressed as a single factor. 


Example: Find the.voltage across the secondary winding. of a trans- 
former if the’ primary: voltage is 100 volts and the turns 
ratio from primary to secondary is 1 to 4. 


N 1 N 
Np +. Ne 
Noa oN 
N 
n= 8 (8) 
Pp Ny 
E, = 100 (4) 
= 400 volts 
PRIMARY SECONDARY 
WINDING WINDING 
Ep Np | Ng Es 
TM684-182 


Figure 87. Simple Transformer. 


c. Relationship Between Current and Number of Turns. This relationship is expressed by 
the following equation: 
T, __ Ne 
I, Ny 
where I, is the primary current, I, is the secondary current, and N, and N, the number of turns 
on the primary and secondary as before. The equation may be written: 


LN 5 = dN 
Ns N.\ 
= "yo 1x) 
IN. N. 
= pe 'p 
= N, or, 1,(¥) 
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6. Under the conditions which exist, it is necessary for the Signal Corps to 
make many choices which affect the content of the intelligence gathered. It must 
decide at each station what to listen to; and doubtless there would sometimes be a 
wide choice. Then it must frequently decide the importance of a particular item, in 
determining what risks may be taken in getting it to Washington promptly. The 
traffic that comes in is much greater than can be handled; and at each step in the 
process of putting the raw material into finished form there must be a selection of a 
small number of items out of a relatively large number of items. The average num- 
ber of items going into the mill each day is understood to be around 1,200. Of 
these, only 200 are read (by the junior officers in charge of the various sections) 
and only 60 go beyond the stage of reading. In a particular situation—such as the 
French situation as I have described it to you—we get out hardly more than a sam- 
ple of what goes in, and a mere fraction of a sample of what might go in. 
Consequently, the choices here are very important, especially since the material 
that comes out must be examined with two questions in mind, (1) whether it is 
valuable in itself and (2) whether it suggests that other material from the same 
source should be obtained for examination in larger quantities. 

7. The present division of functions appears to increase quite materially the 
number of persons familiar with this material or with the fact that it exists. 

Without having heard such arguments as there may be to the contrary, it 
appears to me that the organization would be sounder, and the job more effectively 
done as an intelligence job, if the S.L.S. were made a part of the General Staff, G-2. 


A. McC. 
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From SRH 141-2. The issue over whether the Signal Corps or the Military 
Intelligence Division should control SSA came a large step nearer resolution 
when Assistant Secretary of War John J. McCloy accepted McCormack’s 
arguments in favor of G-2 control. This memorandum was sent to Lieutenant 
General James J. McNarney, the Army's Deputy Chief of Staff. As deputy to 
Marshall, McNarney played a major role in Army reorganization. (To over- 
simplify, Marshall fought the war while McNarney ran the Army.) The 
Generals Ingles and Somervell mentioned in the memorandum were, respec- 
tively, Major General Harry C. Ingles, Chief Signal Officer; and Lieutenant 
General Brehon B. Somervell, Commanding General, Army Service Forces 
(ASF). During World War II, the Army Service Forces commanded all of the 
Army’s technical services, including the Signal Corps. 


22 August 1944 
MEMORANDUM FOR GENERAL McNARNEY: 

I have thought a great deal about the matter of transferring the Signal Security 
Agency to the Military Intelligence Service under the Assistant Chief of Staff, G-2. 
I have given it renewed consideration after the receipt of General Ingles’s memo- 
randum and General Somervell’s indorsement. 

1. It was my impression that the merits of this transfer were considered by the 
committee which was set up to go into the reorganization of G-2 and that we came 
to the conclusion that if the Assistant Chief of Staff felt that he needed this agency 
to render the proper service it should be given to him, Subsequently he delivered a 
memorandum to you which as I understand it was a proposed outline of the proce- 
dure to accomplish the transfer rather than any argument in favor of it. The memo- 
randa of General Somervell and General Ingles do not criticize the procedure out- 
lined but object to any transfer whatever. 

2. The chief stated objections in Ingles’s memorandum seem to be as follows: 

a. That the MIS is only a “staff” section and not an operating agency and 
that it is not “authorized” by Congress. 

b. That for some reason not clearly stated the Signal Corps will not be able 
to furnish the MIS the same communications facilities and services that it pro- 
vides for the SSA. 

c. That personnel engaged in operating communications facilities will not 
be able to make proper use of codes and ciphers if such codes and ciphers are 
supplied by the MIS rather than by the SSA. 

3. As to the first of these arguments, above, | do not agree that the MIS merely 
because it is under the supervision of the A.C. of S., G-2 is not an operating 
agency. In fact, I think it is, and should be. Its relegation to a minor role between 
World War I and II was a tragic mistake and certainly the Signal Corps was not 
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able to keep up any vigorous or broad system of communication intercept during 
this period. 

4. In my judgement one of the chief pillars of our national security system 
after the war must be an extensive intercept service. If we are to be a military 
power or, indeed, if we are to play an active role in world affairs, we cannot afford 
to leave this field entirely to the British and the Continental powers. It is one of the 
best sources of intelligence that there is and I would take it out of any existing ser- 
vice agency immediately in the hope and belief that it would develop into an orga- 
nization which would stand a better chance of perpetuation in peacetime. 

5. I think that the establishment of such a vigorous agency would be an attrac- 
tion to the Intelligence Service. The curse of our so-called Intelligence Service to 
date is the attachment to it of only those officers who have social acceptance and 
means enough to enable them to pursue a life of relative ease. If we try to put this 
thing now on ils proper level and scope it may be possible to create a real field of 
activity for ambitious and capable officers. I do not think that we will ever get any- 
where if we merely seek to maintain a system whereby direction comes from the 
MIS and operation lies in the Signal Corps. It ought all to be under one roof. The 
British have been more successful in this field than any other country, I think. 
Certainly our efforts to date have been most fragmentary as compared to theirs. 
They use the system that MIS would wish to follow and | think it is the most per- 
suasive example we have to look to. 

6. I do not follow the argument on codes and ciphers. Certainly they can be 
separated from the operation or communication facilities. In fact, such a separation 
now exists in the Signal Corps and I do not see how it would be more difficult for 
the MIS to turn over codes and ciphers to the users than it is for the SSA to do so now. 

7. I do not envisage that this transfer involves MIS responsibility for all Signal 
Corps training. Signal Corps will continue to provide signal training as before the 
proposed tranfer and the MIS will obtain personnel trained by the Signal Corps to 
the same extent that SSA now obtains such personnel and in the same manner that 
other components of the Army obtain such personnel. There will be certain highly 
specialized training in the Signal Intelligence which will be provided by the MIS 
but I think this is all to the good as it will give added emphasis to the intelligence 
aspects, which have been neglected heretofore. 

8. I do not believe that it is proposed to “tear to pieces” any existing organiza- 
tion but to transfer SSA to the MIS in its present form and thereby to effect a clos- 
er integration of its activities with those of the present MIS. 

9. I do not believe that it is good practice to have the MIS by general directive 
and the establishment of general policies to attempt to create a workable intelli- 
gence organization in the low echelons of the Army Service Forces as they are now 
attempting to do. If it has not already occurred, I am sure that there will be occa- 
sions when the MIS will seek to direct the SSA into certain activities or lines as to 
which, if the SSA is inclined to disagree, they may appeal to the higher levels of 
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the ASF. When this occurs, there is no one short of the Chief of Staff who can adju- 
dicate the point. 

10. Finally, I think that the argument that the present arrangement is successful 
because SSA furnishes the bulk of the information that the MIS has available is 
unsound because the total Intelligence available to the MIS really covers a much 
wider field and actually only a relatively small part of that intelligence is made 
available by SSA. Much of the most valuable work that the MIS have applied to 
the intercepts has come in the processing which that service has done on the materi- 
al furnished it. No part of the Signal Intelligence which MIS has available in rela- 
tion to European military matters is furnished by the SSA; no part of Naval Signal 
Intelligence is furnished by the SSA; and no part of the clandestine European field 
is supplied by SSA. About 70% of the diplomatic is and about 80% of Japanese 
military is. It is true that it provides the greatest amount of information obtained 
from any one source. 

11, In summary, I believe that the MIS should be given the opportunity of prov- 
ing that it can exploit this entire field to greater advantage. The enthusiasts are in 
the MIS; there is some great talent there, and I believe it is a source upon which a 
broad and effective Intelligence communication service can be erected after the 
war. The Chief of the Army Communications Services and the Chief Signal Officer 
are primarily interested in operating a signal communication service; they are not 
primarily concerned with Intelligence. I believe that the possibilities of greater 
accomplishment lie in the system advocated by the MIS than in a continuation of 
the existing system. I am not sure that MIS will take full advantage of all the possi- 
bilities but on balance I do believe that they would have a far better chance if they 
had full control. By such control there is a greater likelihood that we will come out 
of this war with an organization that can be maintained through the lean years of 
peace. I would be quite certain that if Signal budgets were cut and SSA were in the 
Signal Corps, the latter’s budget would go, if not first, at least before the regular 
communications appropriations were cut. We will need an organization to support 
it whose primary and sole objective is Intelligence. 

Of course, there is no merit to the argument that there is no statutory authority 
for the MIS. First, I think there is sufficient authority to meet any need and, second, 
when can the ASF complain about no statutory authority? 


/s/ JOHN J. McCLOY 
J.J. McC, 


* ok 
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From SRH 141-2. Jn this memorandum, the Special Branch takes on the U.S. 
Navy. 


WAR DEPARTMENT 
MILITARY INTELLIGENCE SERVICE 
WASHINGTON 


4 March 1944 


MEMORANDUM FOR GENERAL BISSELL: 
Subject: Army-Navy Agreement regarding Ultra. 


A. Background of Army-Navy Relations in Ultra field. 

1. Except for the Japanese Army material that recently has started to flow in, 
the Navy has had the full benefit of the work done by Arlington Hall and the 
Special Branch. It receives copies of the decoded diplomatic and related traffic. 
Through the “Magic” Summary it is furnished with all evaluations and studies 
made by Special Branch.When the British European sources were opened up, and 
the Military and Naval Supplement was established to report intelligence from 
those sources, arrangements were made to furnish this daily report to Cominch. 

2. Little or no cooperation was received from the Navy in return. It did furnish 
certain information about Japanese merchant shipping, and transmitted some Order 
of Battle information to G-2 through other channels . In general, however, the prin- 
ciple was applied that cooperation in the Ultra field would be restricted to the tech- 
nical and cryptanalytic level and would not extend to intelligence. Not once, during 
the entire period over which the Navy has been receiving the “Magic” Summary, 
has any agency of the Navy volunteered any information that might have been of 
aid on any of the subjects of study covered by the Summary, although on some of 
them (such as Axis blockade-running) the Navy has had considerable information 
at hand. 

3. When the Japanese Army source was opened up, it was decided not to fur- 
nish the traffic to the Navy without some arrangement for reciprocity. For almost a 
year Arlington Hall had worked on Japanese Army ciphers, had gradually solved 
them and applied itself to the tedious job of reconstructing code books, while Op 
20-G, exploiting a parallel source and being in possession of intelligence that 
would have been of great value to Arlington Hall, withheld this intelligence and 
restricted its liaison to the technical level. In the opinion of the writer, the non- 
cooperation of the Navy retarded the exploitation of Japanese Army sources by not 
less than 6-months and resulted in depriving both services of intelligence that 
would have been of important operational use. 

4. In spite of the Navy’s attitude, the writer did not feel justified in witholding 


Brig. Gen. Carter W. Clarke presents Col. Alfred W.McCormack with the Distinguished 
Service Medal at the end of World War II. The two men were the architects of the Special 
Branch, Military Intelligence Service, which evaluated and disseminated Army communi- 
cations intelligence. (NARA) 


German signal troops operate an 
Enigma cipher device in the field dur- 
ing World War II. The Enigma was 
used to encipher the communications 
of all three German armed services. 
(NARA) 


Headquarters of the British Government Code and Cypher School at Bletchley Park. 
Here, British cryptanalysts broke the secrets of the Enigma. (NSA) 


Col. Telford Tayor was appointed to head the London office of the Special Branch in 
1943. A prominent lawyer in civilian life, Taylor went on to become a military prosecu- 
tor. Here, Brigadier General Taylor, right front, is shown with his staff at the Nuremberg 
War Crimes Trials. (NARA) 


“ 


America’s top military commanders were able to base their plans on high-level intelligence 
derived from exploitation of enemy communications. Above, General Dwight D. Eisenhower 
addresses paratroopers. (NARA) 


General Douglas MacArthur, left, used 
signals intelligence to bypass superior 
Japanese forces in his island-hopping 
campaign. (NARA) 


To prosecute its war against the U-boat, the U.S. Navy effectively used cryptologic intelli- 
gence, but it was initially reluctant to share this source with the Army. (NARA) 


Army Chief of Staff General George C. 
Marshall meets with New York 
Governor Thomas E. Dewey in 1943. 
To prevent any compromise of crypto- 
logic secrets in the 1944 election cam- 
paign, Marshall sent a secret personal 
message to presidential candidate 
Dewey. (NARA) 


Example: Find the primary current in a transformer if the secondary 
current is 5 milliamperes and the turns ratio from primary 
to secondary is 20 to 1. 


Np 20 Ms _ 


Nooo or, N, = 0 
N, 
1, = 1) 


(1 
10-3 
4 


0.00100 
4 


= 0.00025 amperes, or, 0.25 milliamperes 


a 


d. Relationship Between Current and Voltage. By combining the relationships given in b 
and c above, a relationship can be derived between primary and secondary currents as follows: 


(from b above) 


Therefore, 


N, 
= Np (from ¢ above) 
I, N, 
7 (because both are equal to W 
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The equation may also be written: 
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Since voltage multiplied by current equals power, the last form of the equation states that the 
power absorbed by the primary winding is equal to the power delivered to the secondary winding. 
This is true in an ideal transformer which has no loss, and is essentially true in an actual trans- 
former which has very little loss; efficiencies of 98 percent are common in actual transformers. 


Example: Find the voltage across the secondary winding of a trans- 
former if the primary voltage is 150 volts, the primary 
current is 5 amperes, and the secondary current is 25 
amperes. 


E, = =e 


30 volts 
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World War II tactical signals intelli- 
gence units. Left: radio direction-find- 
ing personnel of the 21st Signal 
Service Company’s Radio Intercept 
Platoon in Newfoundland. Below: 
analysts of Signal Security Detachment 
“D” in England. (NARA, INSCOM) 


—_ .* 


Intercept personnel of the 128th Signal Radio Intelligence Company work out of a com- 
mandeered villa in the Mediterranean Theater of Operations. (INSCOM) 


A radio direction-finding site of the 126th Signal Radio Intelligence Company at 
Brisbane, Australia. (NARA) 


Army Chief of Staff General of the Army Dwight D. Eisenhower at Arlington Hall 
Station shortly after World War II. Other persons in the picture are, from left to right, 
Maj. Gen. Hoyt S. Vandenberg, Army Assistant Chief of Staff G—2; Brig. Gen. 
Preston W, Corderman, Chief, Army Security Agency; Col. Frank B. Rowlett; and 
William F. Friedman. (NSA) 
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from the Navy information, derived from Japanese Army traffic, which might be of 
value to Naval operational units. Therefore,with the approval of the A. C, of S., G- 
2, an arrangement was made for forwarding promptly to the Navy all information 
on which operational action might be taken, 

5. The Japanese Army traffic is exploited by British units in England and India 
and by an Allied unit in Australia, as well as by Arlington Hall. As the work of 
Special Branch on this material progressed, it became apparent that we were in a 
less favorable position to get intelligence out of it than were the British, because 
they had the benefit of the U.S. Navy traffic and intelligence, whereas we did not. 
Efforts were made, by personal conversations wlth representatives of the Navy, to 
bring an end to this disgraceful situation. Those efforts probably contributed to 
bringing about the Navy’s proposal for an exchange on the intelligence level. 
However, the success of Arlington Hall in opening up the Japanese Army sources 
was what probably brought the matter to a head. 

6. In the discussions involved in preparation of a written agreement, the Army 
was represented by the writer, Colonel McCormack and Major Perdue of the 
Special Branch. Following the first meeting, the Special Branch submitted a sim- 
ple agreement for an exchange of traffic and intelligence, along the lines of the 
agreement which exists between the A. C. of S, G-2, and the British GC&CS. This 
was not acceptable to the Navy, who insisted that liaison officers be exchanged and 
that various restrictions be put into the agreement, pursuant to which, in effect, 
either party might give or withold intelligence as it might see fit. 

7. The final draft of the agreement, as prepared by the Navy, was not accept- 
able to the officers representing the Army, without a statement by the Navy of the 
principles that would be applied in interpreting the agreement. Those principles 
were stated on several occasions by Captain Stone, and were generally to the effect 
that the restrictive provisions of the agreement were necessary to cover special 
cases, which might never arise; and that the basic principle would be cooperation 
to the fullest extent in furnishlng the Army with all the “Ultra” material that it 
might find of value. It was on the basis of such assurances that the agreement in its 
final form was submitted to the A. C. of S., G-2, with the recommendation that it 
be approved by the Chief of Staff. 

8. When the Special Branch appointed its liaison officer and he started to go 
through the Navy daily matarial, it was at once apparent that no one officer could 
sit in Op 20-G and make a final determination of what traffic might be of intelli- 
gence value to the Army; and that the arrangement would work effectively only If 
the liaison officer were permitted to select decoded traffic and forward it to the 
Special Branch without being required to demonstrate how and why it might be of 
value. The decodes are readily available on duplicate cards and can be handled 
conveniently by the various specialist groups within the Special Branch who may 
be working on the subjects to which they relate or might relate. 

9. The experience of the Navy's liaison officer with the Special Branch was 
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somewhat similar. He discussed the point with the Deputy Chief of the Branch, and 
was informed that an extra copy of all messages would be obtained for his exclu- 
sive use and that no restrictions would be put upon him in respect to what he might 
select; that if he cared to do so he might take all the traffic. 

10. A day or two after the Army liaison officer, Major Snow, had started to 
function, he was informed that there would be certain general restrictions upon 
what he might transmit to the Special Branch. Those restrictions were then embod- 
ied in a memorandum, a copy of which is annexed as TAB A. 

B. Proposed Restrictions. 

(i) U.S. Navy operational dispatches and reports. 

11. It is not clear just what this covers, but it appears to mean that we cannot 
receive the CINPCAC Bulletin, despite the fact that it is given to various British 
intelligence organizations, and despite the fact that one of the purposes of the 
agreement was to put an end to the situation in which the British were receiving 
material from the Navy which the Army did not receive. 

(11) Japanese fleet movements and locations. 

12. Major Snow was instructed to select and transmit to Special Branch only 
those items relating to the Japanese fleet as represented major concentrations or 
movements. Insofar as the fleet itself is concerned, the daily Summary received 
from Captain Smith-Hutton will probably be sufficient to supply all major concen- 
trations and changes. However, the Navy classifies hospital ships, tankers and aux- 
iliaries as part of the fleet. Our information covers these vessels also; and to deny 
us the correlating information is to impair the value of our own intelligence material. 

13. Moreover, communications dealing with the fleet, or elements of the fleet, 
may be of interest and value in a great many incidental ways; and no one can 
determine what value they may have until he has received and studied the material 
over a period of time. 

(iti) Japanese Naval Air items. 

14. No one dealing with Japanese Air intelligence can work simply on Army 
or simply on Navy material. An accurate picture of Japanese Air strength, disposi- 
tions, production, wastage, etc., can be obtained only by keeping up with both ser- 
vices. We do not intend to give the Navy Air material detailed processing, but we 
do want to have it at hand for the purpose of familiarizing ourselves with the type 
of material and spotting major pieces of information. 

(iv) OPTELS. 

15. The significance of this limitation is not understood. It is assumed that the 
OPTELS are received from the British Admiralty. If they bear any relationship to 
the Ultra problem in the Pacific they should be included in the exchange. 

C. Proposed scope of material to be released by Navy. 

16. Op 20-G’s memorandum (TAB A) provides that the material to be 
released to the Army “shall ih- clude only that which concerns the Japanese 
Army.” Apart from the well-proved principle that intelligence of value can often 
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be obtained from messages bearing no apparent relation to the subject of interest, 
the restrictlon is believed to be unsound, because the war against Japan is not being 
conducted by Navy against Navy and Army against Army. Where the U.S. Navy 
operates it is fighting the Japanese Navy and Army, and the U.S. Army is fighting 
the Japanese Army and Navy. The Army traffic and the Navy traffic are interrelat- 
ed parts of a sum total of Japanese military communications. They cannot be sepa- 
rated without losing an important part of their potential intelligence yield. 

D. Proper Interpretation of Agreement. 

17. There is only one sound basis for exchange of cryptanalytical intelligence, 
and that is to permit the consumer to determine what may be of value to him. This 
is the system under which the British operate, and it accounts in large measure for 
their success in this field. In the Watch Room at Bletchley Park, representatives of 
each of the 3 Services determine for themselves what may be of interest to the 
Ministry and field Commanders whom they represent. So much emphasis do the 
British put upon this point that, after all the operations of Bletchley Park have been 
completed, every piece of paper produced, in the way of transmitted messages, 
paraphrases or reports, is put through a so-called “Intelligence Exchange” where a 
representative of each Service checks the whole output, in order to make sure that 
his Service has not been omitted from the distribution list for any paper that it 
might find of interest. 

18. There may be special cases in which a particular message may be of such a 
dangerous character, from the angle of security, that the originating Service might 
not want to give it any circulation at all. Such cases are provided for by the last 
paragraph of the Army-Navy Agreement. Such cases, however, should be very rare. 

19. To be of value to the Special Branch, the liaison arrangement with the 
Navy must permit the liaison officer a wide discretion in the selection of material 
for transmission to the Special Branch. If only for the purpose of educating the per- 
sonnel of the Special Branch dealing with particular subjects, it is necessary at the 
outset that he select everything except items which are obviously too trivial or 
which have to do with very specialized subjects such as promotions of minor 
Naval Officers, from which the Special Branch would probably not obtain any- 
thing of intelligence value. This was the understanding under which the liaison 
arrangements were worked out and the arrangement recommended for approval. If 
the Navy is unwilling to commit Itself to this principle, then it is recommended that 
steps be taken to abrogate the agreement and return to the status quo. 

20. Restoration of the status quo would not be a desirable solution of the 
problem because it is certain that the adding up of Army and Navy radio intelli- 
gence would produce a sum total of intelligence greater than could be produced by 
the 2 organizations working separately. Such a solution at this time, however, 
would not hurt the Army as much as the Navy’s noncooperation has hurt us in the 
past, because we are rapidly getting to the point where we will have an indepen- 
dent basis for intelligence in the Pacific and the Far East, and at the present rate of 
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progress we could struggle along without the Navy’s cooperation. 

21. If the Navy is unwilling to accept the interpretation of the Agreement 
which we consider reasonable, and which was our basis for recommending it, then 
it is believed that all cooperation with the Navy in the radio intelligence field 
should be suspended. Specifically, it is recommended: 

a. That the Signal Security Agency no longer furnish intercepted Navy 
traffic to the Navy; 

b. That the service performed by the Signal Security Agency for Op 20-G, 
in collecting and transmitting weather traffic, be discontinued on 30 days’ 
notice; 

c. That exchange of traffic in the diplomatic field be suspended; and 

d. That the Special Branch discontinue furnishing the Navy with its reports 
and studies. 

E. European Intelligence. 

22. The Navy has never been willing to agree to any exchange of radio intelli- 
gence affecting the European Theater. It receives what is provided by the Special 
Branch, but it contributes nothing from its own sources or from the British Naval 
sources. Further than that, the Navy has refused to permit the British to furnish the 
War Department with any intelligence from British Naval sources. 

23.When the Navy first proposed to do business on the intelligence level, it 
was our impression that the agreement would be general, covering all theaters of 
operation. It developed, however, that the Navy was unwilling to agree to any 
exchange except for the material relating to Japan. It was suggested by the Navy 
negotiators, however, that once the first step had been taken and a suitable arrange- 
ment worked out for the Japanese traffic, an agreement covering other areas might 
also be worked out in due course. 

24. In view of the attitude now taken by the Navy, it is apparent that they will 
do business only when they have something to gain, and that there will be little 
prospect of extending the existing agreement to the European Theater. It is there- 
fore recommended, independently of whether a modus vivendi is arrived at for 
Japanese material, that Special Branch be instructed to discontinue furnishing to 
Cominch any intelligence relating to the European Theater. 

25. It is now apparent that the Navy proposes to do business at arm’s length. 
We should accept that attitude and act accordingly, giving the Navy nothing which 
our agreements do not require us to give and holding strictly to the letter of the 
agreements. After a year and a half of dealing with the Navy in this field, it is my 
conviction that you cannot do business with them in any other way, and that you 
will get more in the long run if you take this viewpoint. 


CARTER W. CLARKE 
Colonel, General Staff 
Chief, Special Branch, MID 
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From SRH 043. In the fall of 1944, Army Chief of Staff General George C. 
Marshall became concerned that the fact the United States had been reading 
enciphered Japanese traffic prior to the Pearl Harbor attack might be dis- 
closed in the course of political debate in the forthcoming presidential elec- 
tion campaign. He wrote a personal letter to Republican presidential candi- 
date Thomas E, Dewey urging him not to make any statements that might 
compromise American successes in cryptanalysis. Portions of this letter are 
quoted in the document SRH 349, which appears earlier in this volume. The 
letter was hand-carried to Dewey by Colonel Carter W. Clarke, Deputy 
Chief of the Military Intelligence Service and former head of the Special 
Branch. This is Clarke’s personal account of his unique mission. In the end, 
Dewey did not make any secrets public, but it took some persuading. 


STATEMENT FOR RECORD OF PARTICIPATION 
OF BRIG. GEN. CARTER W. CLARKE, GSC 
IN THE TRANSMITTAL OF LETTERS FROM 
GEN. GEORGE C. MARSHALL TO GOV. THOMAS E. DEWEY 
THE LATTER PART OF SEPTEMBER 1944 


ok ok 


In the forenoon of Monday, 25 September, I was asked by Maj. Gen. Clayton 
Bissell, A. C. of S., G-2, if | was known personally to Gov. Thomas E. Dewey, Lt. 
Gen. Hugh A. Drum, or any of Gov. Dewey's entourage or close associates. I stated 
that I did not know and, so far as I knew, was not known to any of these people. 
Gen. Bissell later informed me that I would be directed to take a letter to Gov. 
Dewey at Tulsa, Oklahoma, Goy. Dewey’s next stopping point on his trip east from 
the West Coast. Later in the day, in the office of Col. Frank McCarthy, Secretary of 
the General Staff, I was given the letter to read, to check for accuracy of technical 
details. Later in the day I was informed by Gen. Bissell that I should travel in civil- 
ian clothes and, if possible, make my contact with Gov. Dewey unknown to any 
other person, but that under no circumstances was I to disclose to anyone except 
Gov. Dewey my mission or the contents of the letter, nor was I to give the letter to 
Gov. Dewey unless we were the only two present in the room at the time. 

I left the Pentagon Building early in the afternoon of Monday, 25 September, 
and went home in order to get my civilian clothes out of storage and have them 
pressed in preparation for the trip. After dinner I returned to the Pentagon Building, 
where I received orders from Major Earman at 1942 EWT, Monday, 25 September. 
Went to airport and got off ground at 2040 EWT. Landed at St. Louis for fuel at 
2330 CWT. In air again 2400 CWT and landed in Tulsa at 0150 CWT. Slept in 
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Hotel de Gink. Up at 0700. Phoned Gen. Bissell at 0730. Went to Meyo Hotel, had 
breakfast and phoned Roger Randolph at 0820. Got haircut and shave and saw 
Roger Randolph at 0905. He contacted Mr. William Skelly, President of the Skelly 
Oil Company. Mr. Skelly was Gov. Dewey’s campaign manager and was handling 
all arrangements. Went to Mr. Skelly’s house and made arrangements to meet him 
in private hotel room in Tulsa Hotel. Met Mr. Skelly as agreed at 1600. He saw 
Gov. Dewey’s Secretary who came down twice to insist that he know who I was 
and what I wanted. No one knew anything about the case except that I had a letter 
that had to be delivered to Gov. Dewey personally and alone. Finally he said, “You 
must write down the name of the man who has sent you, seal it and give it to Gov. 
Dewey.” I did this, and after being gone 16 minutes, he returned and said Gov. 
Dewey would see me. 

I saw Gov. Dewey alone, delivered the letter and asked that | not read it aloud. 
Goy. Dewey opened the outer envelope and then said, “Well, Top Secret - that’s 
really top isn’t it?” He read the first two paragraphs and then stopped. He asked if 
I were a Regular Army officer. When I said yes he asked if I would give him my 
word of honor that I had been sent by Gen. Marshall. I said I would. He then said 
he did not want his lips sealed on things that he already knew about Pearl Harbor, 
about facts already in his possession or about facts which might later come into his 
possession from other sources but which, if they were contained in Gen. Marshall’s 
letter, could not be used because he had given his word on this letter, thereby seal- 
ing his lips. He said he would be glad to discuss this matter with me now. I told 
him I was merely a courier and was not authorized to enter into any discussion 
about what he knew about Pearl Harbor or about the contents of this letter. He then 
asked if I was authorized to say to him in the name of Gen. Marshall that if he read 
the letter through and then stated to me that he already had in his possession the 
identical information that was contained in the letter, that he would then be 
released from all obligations to keep silent. I said I had no such authority. He then 
said he could not conceive of Gen. Marshall and Adm. King being the only ones 
who knew about this letter. Furthermore he said he could not conceive of Gen. 
Marshall approaching an “opposition candidate” and making a proposition such as 
was apparently contained in that letter. He said “Marshall does not do things like 
that. I am confident that Franklin Roosevelt is behind this whole thing.” 

All this time the letter was lying face down in his lap. He then picked it up and 
said “Let me read those first two paragraphs again.” He started to read, then laid 
the letter down and said “I have not reread them because my eye caught the word 
“cryptograph.” Now if this letter merely tells me that we were reading certain 
Japanese codes before Pearl Harbor and that at least two of them are still in current 
use, there is no point in my reading the letter because I already know that.” He 
then said “That is the case and I know it, isn’t it?” I said, “Governor, I am merely a 
courier in this case.” He said, “Well I know it and Franklin Roosevelt knows all 
about it. He knew what was happening before Pearl Harbor and instead of being 
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reelected he ought to be impeached.” He then said “Would you like for me to 
phone Gen. Marshall and say to him what I have just said to you?” I said 
“Governor, this is a subject that should not, under any consideration whatsoever, 
be discussed or even mentioned over the telephone.” He handed me back the letter 
saying, “I shall be in Albany Thursday and I shall be glad to receive you or Gen. 
Marshall or anyone Gen. Marshall cares to send to discuss at length his crypto- 
graphic business or the whole Pearl Harbor mess.” He continued, “I can arrange it 
so the conference can be held in absolute secrecy.” I then put the letter back into 
the envelopes, thanked him for his courtesy in giving me so much of his time, and 
departed. I then left the hotel, went to the field, phoned Gen. Bissell. Took off at 
1815 CWT 26 September. 

I arrived at Washington airport at 2245 EWT 26 September. I phoned Gen. 
Bissell and asked if it was necessary for me to make my report that night. He said 
“No but be in the office early the next morning in order that we may report to the 
Chief of Staff.” 

About 0740 on the morning of 27 September, accompanied by Gen. Bissell, I 
made oral report to Gen. Marshall as indicated above, leaving with him at that 
time Gen. Marshall’s letter which I had taken with me to Tulsa and brought back 
on my return trip. 

Later in the day on Wednesday, 27 September, I was informed by Gen. Bissell 
that on the following morning I was to go to Albany to contact Gov. Dewey and to 
give him another letter which had been prepared by Gen. Marshall, At 1008 on 28 
September I took off from Washington airport and landed at Albany at 1205. Went 
by taxi direct to the State House. Arrived there at 1250. Contacted Gov. Dewey’s 
office and was put in touch with Miss Ross, his private secretary. She asked who | 
was and what I wanted. I told her that I was same individual who had contacted 
Gov. Dewey last Tuesday in Tulsa and that I was there at Gov. Dewey’s invitation 
with another letter and message for the Governor. She left to phone and in a few 
minutes came back saying that Gov. Dewey desired me to come right over to the 
Executive Mansion. I arrived there at 1330 and was taken directly to Gov. Dewey’s 
reception room. Present were Gov. Dewey and a man introduced as Mr. Elliott V. 
Bell, Superintendent of Banks, State of New York. I stated to Gov. Dewey that at 
Gen, Marshall’s direction and in accordance with Goy. Dewey’s invitation extended 
in Tulsa, I was there to present him a letter and message from Gen. Marshall and to 
answer any questions of a technical nature that the Governor might care to ask after 
a reading of the letter. Gov, Dewey asked if it were the same letter I had in Tulsa. I 
said no but that it was on the same subject and that the meat of the letter was the 
same. He then asked if I still had instructions to see him alone. I replied that I had. 
He next asked if I could leave the letter with him. I said no that I was to return the 
letter to Gen. Marshall. He asked if I were authorized to discuss the contents of the 
letter with him. I stated that I could discuss the technical features of the case freely 
and could answer any technical questions on the subject that he might care to ask. 


e. Relationship Between Impedance and Number of Turns. This relationship also can be 
derived from the relationships given in b and c above by dividing one by the other, as follows: 
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where Z, is the impedance of the primary winding and Z, is the impedance of the secondary winding 
in ohms. The equation may also be written: 


T= z.(5t) 


N,\?2 
Z, = (xt) 
Example: Find the impedance of the secondary winding of a trans- 


former if the impedance of the primary winding is 200 
ohms and the turns ratio from primary to secondary is 


5 to 1. 
N,_5 .. Ns _ 1 
N, 1° 'N, 7 6 
N,\2 
1 2 
= 200 (5) 
1 
= 200 x 35 
= 8 ohms 
213. Conductance reciprocal of the total resist- 


ance is equal to the sum of the 


Conductance is a measure of the ease with reciprocals of the individual 


which current flows in a circuit. It is given 


the symbol G and is equal to the reciprocal of neal ante: 
resistance: G = 1/R. The unit of conductance i _ ee at 
is the mho, which is the word ohm spelled back- Ry “a - 
wards. or G = Rt R, 
Example: Find the conductance of a cir- gui i i 
cuit consisting of a 4-ohm resis- ™~ 4 5 
tor in parallel with a 5-ohm re- cs .25 + .20 
sistor. In a parallel circuit, the — .45 mhos 


AGO 558A 167 


174 SIGNALS INTELLIGENCE 


Gov. Dewey then said that, in view of the circumstances, his own personal 
position, in view of what he already knew, to say nothing about what he might later 
learn, and particularly in view of his trusteeship, he had decided that he could not 
see me or anyone else alone, that he would not read a letter which he could not 
keep and which he could not show to and discuss with Mr. Bell, nor would he enter 
into any further discussion without Mr. Bell being present. He said he could not 
afford to read a letter he could not keep as he might later be charged with reading a 
letter different from the one he had really read. He said I might be curious to know 
whether or not he had a recording device in the room. I said “No, Governor, I am 
not curious; I merely assume that you have one.” He said “Well I haven't and I did 
not ever have one when I was District Attorney. I had one in my witness room, of 
course, but never in my own private office.” He next said, “Now Colonel, Mr. Bell 
is an American citizen and is just as patriotic as any member of the Administration. 
He already knows all the facts that I know in regard to Pearl Harbor and | certainly 
intend that he know the contents of the letter if I read it. If I keep the letter I shall 
put it in my vault and no one but Mr. Bell and myself shall know of its existence or 
of its contents and we shall discuss it only between ourselves, Furthermore I do not 
see what Gen. Marshall is so exercised about. There are at least 12 Senators that I 
can name for you right now if you desire that know all there is to be known about 
Pearl Harbor and about how we were reading certain Jap codes before Pearl 
Harbor and how it is claimed that we are still reading two of these same codes. You 
know, Colonel, this code business is the worst kept secret in Washington, but I for 
one want to say to you that I do not believe any such thing as that to be a fact.” 

I said, “Well, Governor, whether you believe it or not, it is a fact and I am will- 
ing to take an oath to that effect right here and now. Let me assure you that Gen. 
Marshall’s sole interest in this matter is to protect our most vital source of intelli- 
gence and to save the lives of thousands of troops that are certain to be sacrificed if 
security on these ciphers is blown and the Japanese change them.” I then said, 
“There are many other aspects of this case that I would like to tell you but I feel 
that you should read the letter first.” 

He sat silent for about three minutes then said, “Why don’t you phone Gen. 
Marshall and tell him that I will not discuss the matter with you unless Mr. Bell is 
present, nor receive the letter unless I can let Mr. Bell read it and then I keep it?” I 
said that I did not want to phone from the Executive Mansion but would go to a 
pay phone and call; that if 1 were unable to reach Gen. Marshall I would fly back 
to Washington at once, deliver Gov. Dewey’s message, and return to Albany 
tonight and be available to see him (Dewey) early tomorrow morning. He said, 
“Well I have a direct line in here and I have a line that goes through the switch- 
board and there is no tap on either of them unless O’Connor has just put one on. | 
have them checked several times a week so I feel that they are safe.” I asked who 
O’Connor was and he said he was the Democratic leader here in Albany. I said, 
“Well I prefer not to have the phone used in this case.” He said, “Oh hell, I'll 
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phone Marshall, I’ve talked to him before and this will be all right.” He then 
picked up the phone and put in a call to Gen. Marshall. While waiting for the call, 
which took about seven minutes, Gov. Dewey said, “If, as you say, the Japs are still 
using two of their codes that they used before Pearl Harbor, why in hell haven't 
they changed them, especially after what happened at Midway and the Coral Sea?” 
| explained the difference in the types of codes and ciphers used by the various Jap 
agencies, their distribution problems: and gave the reason we think the Japs have 
not changed these codes. He then asked why Gen. Marshall was so anxious to stop 
him from talking when everyone else in Washington knows the story and is talking 
about it, Just then the call was completed and he talked to Gen. Marshall in re the 
letter and about Mr. Bell, He then gave the phone to me, and Gen. Marshall autho- 
rized me to give the letter to Gov. Dewey, to leave it with him and to discuss the 
case technically in the presence of Mr. Bell. 

As | was opening the envelope Mr. Bell said, “Colonel, hundreds of people 
know all about the Midway affair and how most of our other successes in the 
Pacific have been due to our reading Jap naval codes. Everyone who has ever been 
out there knows about it and talks freely about it. Why not long ago at a dinner 
where a large number of people were present I talked to a naval commander who 
had been out there and had participated in nearly every engagement we have had. 
He said that they always knew where the Jap ships were and that our people were 
told by radio where to station their own ships to meet the Japs, and that all this 
information came from reading Jap codes.” 

Gov. Dewey said “Yes and I have lots more information about the pre Pearl 
Harbor messages you were reading.” He then took the letter and started to read. 

Mr. Bell said, “Tom, do you want me to read it over your shoulder?” Gov. 
Dewey said “No I'll hand it to you a page at a time.”” Gov. Dewey continued to 
read, then put the letter down and said, “Well I'll be damned if I believe the Japs 
are still using those two codes.” I again assured him that they were and that one of 
them was our life blood in intelligence. The letter was still in his lap when I said 
“Governor, I would like to repeat that I know that Gen. Marshall’s sole interest in 
this case is to preserve the only worthwhile source of intelligence that this nation 
has. You do not realize it but the War Department has 10,200 people working in 
the Signal Security Agency; the Navy Department has almost 6,000 in their 
Communications Annex, and both the Army and Navy each have several thousand 
in tactical field and fleet units engaged in signal intelligence work. 


* KO 


Gov. Dewey said “Yes, Gen. Marshall just said that we had over 10,000 on that 
work,” 

I then stated that Churchill considered this his secret weapon and that it had 
really saved England. I described how Churchill felt about security, how the Navy 
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prized it so highly and how difficult it had been to break down British resistance 
because of American lack of security consciousness. I quoted to him Churchill's 
reported statement about protecting this source, how that in order to protect the 
source the British had time and again permitted convoys to be attacked rather than 
divert them from their course and thus blow security. 

Gov. Dewey then picked up the letter and read some more. Then he put it 
down and said “Is this true about the OSS?” I said it was. He said “Well I don’t 
feel towards the OSS like most of the Army and Navy people I have talked to. I 
have a lot of my men in it and they are all damn good, excellent fellows in fact, 
and they tell me that we have no really trained intelligence personnel in either the 
Army or Navy. They say that in both the Army and Navy the officers are merely 
on temporary detail and that they then go to sea or back to a regiment or some- 
where, and that most of the officers of both services are woefully ignorant of world 
affairs. | suppose that may be the real reason for taking no action on the Pearl 
Harbor warnings they had—they could not interpret the warning.” 

Mr. Bell then said “Well it don’t account for them not doing anything about 
that message that gave them the warning that Japan was going to attack the United 
States—you know the one I mean—where they set the deadline for Kurusu for 
November 25 and then postponed it till November 29 saying to get done with their 
negotiations by that time or that things would automatically begin to happen. 
Anyone should have known that that meant they were going to attack the United 
States. That was just the time limit on sailing dates.” 

Gov. Dewey said “Yes that’s right.” Mr. Bell then said “Those messages you 
did not get till December 8 and after, why did it take so long for you to receive 
them?” I said “I do not know what you are referring to, but before Pearl Harbor all 
our traffic intercepted on the West Coast, Hawaii and elsewhere was sent in by air 
mail which of course delayed it.” 

Gov. Dewey then read the letter through and handed the last page to Mr. Bell. 
After Mr. Bell had finished reading, he handed the letter back to Gov. Dewey. 
After a minute or so Gov. Dewey said “Well, except for the matter of the two codes 
and the OSS, there is little in this letter that I did not already know. There is one 
point though, what in hell do Jap codes have to do with Eisenhower?” I explained 
the linkage with a general statement on the three types of ciphers used by G.A.F,, 
Abwehr, Clandestine, German Navy, Oshima’s visits and interviews, etc. He 
seemed satisfied. He then said “Colonel, I know a hell of a lot about this business. 
You probably know that some years ago when Stimson was Secretary of State he 
got very damn pure minded one day and stopped all such things as this. He after- 
wards denied that he had done it but said he was acting on orders from President 
Hoover. Well, as you know, the man who headed the cryptographic work of the 
Government was Yardley who was fired by Stimson. Yardley was a friend of mine 
in those days and I am the man who stopped Yardley from publishing his second 
book. I met him in a speakeasy one night and persuaded him against publishing the 
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book. He agreed provided that Mr. Stimson write him a letter of apology for the 
abusive manner in which Stimson had fired him. Stimson did, too.” 

1 did not comment on this other than to say I was quite familiar with the 
Yardley case. I then asked if there were any questions the Governor or Mr. Bell 
would like to ask. Gov. Dewey said “Not just now but I would like to discuss this 
case with Mr. Bell.” I got up to go out of the room into the hall but Gov. Dewey 
said “No you stay here, we will go across the hall.” I sat down and Mr. Bell said 
“Well, Governor, we have pledged ourselves not to discuss this letter with anyone 
else but just between ourselves but what about Colonel Clarke—who is he going to 
discuss it with?” Gov. Dewey said, “Oh he will of course report this conversation 
to Gen. Marshall—is that not correct?” Before I could reply Mr. Bell said “Yes but 
with who else?” Goy. Dewey said “Anyone else?” I said, “I shall report to my 
immediate superior, Major General Clayton Bissell, A. C. of S., G-2, War 
Department, and through him to Gen. Marshall and to no one else.” 

They then got up and left the room, leaving the letter on a stand by Gov, 
Dewey’s chair. They were gone about 22 minutes. When they returned Gov. 
Dewey said “Let me look over this letter again and read carefully a couple of para- 
graphs.” When he finished he said, “Well, Colonel, I do not believe that there are 
any questions I want to ask you nor do I care to have any discussion about the con- 
tents of the letter. Will you give me your full name, serial number, office location 
and phone number, and your residence address and phone number?” I did this and 
he thanked me and asked where I was staying. I told him I was flying back to 
Washington tonight and was going direct to the airport. I then asked him if he had 
any message that he wanted me to take to Gen. Marshall. He said “No, no mes- 
sage.” | thanked him for giving me so much of his time. He shook hands and said 
“Well I hope we meet again under more auspicious circumstances.” I said goodbye 
to him and to Mr, Bell and left for the airport at 1610. Next I phoned Gen. Bissell 
and to plane. In air at 1645. 

I arrived at Washington Airport 1855 and phoned Gen. Bissell advising him of 
my return and asking if it was desired that I make report that night. He answered in 
the contrary but directed me to be in the office early the following morning in 
order that we might make report to the Chief of Staff. Again about 0740 on Friday, 
29 September, accompanied by Gen. Bissell | made my second report to Gen. 
Marshall as indicated above. 


CHAPTER IX 


Tactical COMINT 


The Army signals intelligence effort was a divided one in World War II. 
At the national level, the Signal Security Agency provided high-level crypt- 
analysis. The intercept arm of the agency was the 2d Signal Service 
Battalion, which maintained large fixed intercept stations in a number of 
locations in the Continental United States and around the globe. However, 
in the field, theater commanders directed a separate tactical effort through 
theater-level signal intelligence services, which controlled a multitude of 
signal radio intelligence companies and (in Europe) smaller signal service 
companies. By the end of the war, numbered Army Air Forces also had 
their own signal intelligence elements in the form of Army Air Forces radio 
squadrons, mobile. The diversity and scope of the tactical effort is shown by 
the following excerpted documents: SRH 124, Operational History of the 
849th Signal Intelligence Service; SRH 048, Summation of Operational 
Activity, Signal Service Detachment “D”; SRH 042, Third Army Radio 
Intelligence History; and SRH 227, History of the 126th Signal Radio 
Intelligence Company. The excerpt from SRH 049, Technical Intelligence 
Transmitted Directly to G-2 12th Army Group, ETO From 14 August 1944 
to May 1945, contains one day’s intelligence “take” from tactical COMINT 
efforts in Europe. It demonstrates what could be gleaned from radio direc- 
tion-finding and the exploitation of low- and medium-level German ciphers. 
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From SRH /24. Excerpts from the official history of the Army's signal intel- 
ligence service in the Mediterranean Theater of Operations. The account 
shows the slow evolution of Army signals intelligence organization in the 
field as the result of lessons learned in actual combat operations. As a mat- 
ter of interest, the 849th Signal Intelligence Service was the only World War 
II theater signal intelligence service to be assigned a numerical designation. 


OPERATIONAL HISTORY 
of the 
849TH SIGNAL INTELLIGENCE SERVICE 


Mediterranean Theater of Operations 
United States Army 


ek 
PART I: BEGINNINGS 


GENERAL 


1. It was originally planned that all U.S. signal intelligence activities at AFHQ 
would be handled by a unit entitled Signal Intelligence Service, AFHQ, the com- 
manding officer of which would be a member of the Chief Signal Officer’s Staff. A 
T/O and an SLOE were submitted to the War Department on this basis. These were 
approved, but the unit was redesignated as the 849th Signal Intelligence Service, 
and it was decided that the unit would not constitute the Signal Intelligence 
Division of the Signal Section, but would work under that division in a separate 
location of its own at some distance from headquarters. Since there was no basis of 
experience in contemporary warfare on which to build, the original T/O merely 
represented a careful guess as to what the function of such an organization in an 
active theater of operations should be, and what personnel would be necessary to 
perform them. The organization, being unique, was not referred to in any T/BA: 
and the Special List of Equipment, which was its only basis for drawing supplies, 
would have been markedly inadequate in any case. The fact that it was not modi- 
fied in any way to conform to the change from a staff section to a field unit multi- 
plied this inadequacy. As a result, the unit set up in an isolated ravine in North 
Africa, without a telephone, a foot of field wire, a radio set, or a power unit, to 
mention only a few of the more obvious necessities. Many of these items would 
have been provided automatically for a staff section, but to procure (and keep) 
them for a field unit, entitled only to T/E and T/BA allowances has involved a com- 
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plicated and continual struggle. 

2. In order to take advantage of greater British experience in intelligence oper- 
ations, the 17 officers, and 90 EM called for in the Cryptanalytic and Radio 
Intelligence Sections of the Intelligence Branch were activated at Fort Dix on 
8 November 1942 as Signal Intelligence Detachment 9251-A, under the command 
of Capt. [text withheld]....The Detachment left for England on 24 November. It 
was only upon their arrival in Africa, three months later, that the members of this 
group learned that they were earmarked for the 849th SIS, of which they had never 
heard. On 2 December 1942 the 849th SIS was formally activated at Fort Devens, 
with Capt. [text withheld] in command. Assigned to it at this time were 16 officers 
and 102 EM, which, with the personnel of Detachment 9251-A made up the exact 
number called for on the T/O. Captain [text withheld] was under the impression 
that the personnel of Detachment 9251-A had also been assigned, and no evidence 
was available by which this impression could be corrected. The unit was therefore 
apparently up to full strength; but the C.O. was junior to Capt. [text withheld] who 
had originally been intended merely as a section head. In general, technical qualifi- 
cations and relative rank were so poorly adjusted that it was clear that one or the 
other would have to be disregarded unless additional officers were brought in at 
the top. The fact that the organization, including the detachment in England, con- 
tained only six officers above the grade of second lieutenant and none above the 
grade of captain, while the T/O called for a colonel, two lieutenant colonels, and 
seven majors suggested that this was very likely to happen. 

a. It did happen on 14 January 1943, when five officers from SIS, Western 
Task Force and three from SIS, AFHQ were assigned by NATOUSA orders to the 
849th SIS, which embarked from NYPE the same day. This group included Major 
[text withheld] Commanding, and Capt. [text withheld] selected as OIC, 
Intelligence Branch. Twenty seven enlisted men from the same sources were also 
assigned to the 849th SIS, a site was found at Hammam Melouane, and operations 
were begun on such a limited scale as was possible. On | February the main body 
of the 849th personnel arrived, and Capt. [text withheld] was designated OIC, 
Security Branch. On 20 February, Signal Intelligence Detachment 9251-A, less 
three officers and twelve men left in England for further training, arrived and was 
assigned to the 849th. The organization was now considerably above its authorized 
strength, particularly in officers; but in the midst of the general confusion this fact 
escaped unfavorable comment. The key position had been filled, the general shake- 
down process was well under way, and the organization was ready to begin full 
scale operation under the supervision of Colonel Harold G. Hayes, SIS officer, 
AFHQ. It must be confessed that the question of what these operations were to be 
still needed a good deal of clarification. 
b. Three major policy problems had to be faced: 
(1) Coordination with the [text withheld] whose intelligence and 
security organization does not parallel our own. 
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(2) Determination of the levels at which various SIS activities 
were to be carried on and the inter-echelon coordination of 
these activities. 

(3) Adaptation of radio intelligence organizations to the intelli- 
gence and security needs of the theater. In addition there were 
the continually developing problems of procuring and training 
personnel, procuring, modifying, and improvising equipment, 
selecting specific commitments and devising techniques to 
meet them, etc. 

3. After these three problems and those of supply had been solved to a degree 
which permitted operations to begin, another and more difficult problem became 
apparent as soon as the 849th SIS began to serve other headquarters. This was the 
non-acceptance by many commanding and staff officers of the benefits, intangible 
tho many were, resulting from an adequate signal intelligence program. 

a. The Intelligence Branch met this problem in the reluctance with which 
American tactical staffs first allowed Detachments of the Branch to operate in com- 
bat areas, where tactical information available to intercept and cryptanalysis was 
most abundant. It was believed that such an apprehension for the safety and security 
of signal intelligence operations was founded on a general ignorance within the then 
new American tactical staffs of the role which signal intelligence could play in com- 
bat operations and an unfortunate misconception in the same quarters of how the 
exploitation of German Army low-security radio traffic could best be accomplished. 
American tactical commands, unfamiliar with signal intelligence services, were not 
anxious for the information which signal intelligence could supply, and were at first 
skeptical of the validity of some of the information produced by the Detachments. 
Furthermore numerous serious security violations were at first made by tactical 
commands in handling signal intelligence information, illustrating the general lack 
of appreciation for signal intelligence methods in tactical commands. 

b. Unlike the [text withheld] in North Africa, whose staffs had become 
thoroughly familiar with tactical signal intelligence operations as a result of the 
desert campaigns, the new American staffs in Algeria and Tunisia had to be indoc- 
trinated with the manner and value of signal intelligence work, The critical period 
of “selling” signal intelligence to American staffs as an integral intelligence func- 
tion in forward areas occurred during the invasion of Sicily. Detachments “A” and 
“BE” of the Intelligence Branch were originally scheduled to go ashore in Sicily 
with the Headquarters Seventh Army and the reinforced 3rd Division (VI Corps), 
Detachment “A” to land as soon as a beachhead of 10 square miles had been 
secured, Detachment “E” to land within a few days after D-Day, Concern for the 
security of signal intelligence personnel and operations resulted in Seventh Army 
Headquarters holding the Detachments in North Africa until 7 August (D + 30), 
and the units did not land in Sicily until 10 August, one week before the end of the 
Sicilian campaign. With such a short period remaining for operations before the 
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conclusion of the campaign the achievements of American signal intelligence units 
in Sicily were obviously not impressive. The Detachments furnished valuable tacti- 
cal information throughout the short period; but their greatest contribution, which 
would have been possible in the early days of the campaign, when enemy strengths 
and dispositions were largely undetermined, was lost to the Allied effort. 

c. Gradually, however, American tactical commands developed greater 
appreciation for intercept intelligence and the problems involved inproducing such 
intelligence; and in time signal intelligence was considered at all times to be a 
dependable source of intelligence and under some conditions to be the best source 
of information concerning enemy tactical forces available to American Army and 
Air force tactical commands. That Detachments were in time allowed to operate in 
forward combat areas where tactical information was best intercepted is demon- 
strated by the fact that two Intelligence Branch Detachments landed at Anzio on D- 
Day and were scheduled to land in Southern France on D-Day but were held up 
until approximately D + 5 because of confusion in shipping schedules. 

d. Early, effective operations by the Security Branch were hindered 
through a failure of staff and unit officers to appreciate or even realize that all 
signal security efforts were directed at protecting them and their units from 
enemy action. It was this factor which made it impossible to correct quickly the 
uniformly low state of signal security training with which American troops 
entered North Africa. The general attitude towards signal security was that it 
consisted of a set of cumbersome regulations, and the reaction varied according 
to temperament. Many officers were frankly hostile, considering all SIS person- 
nel as parasitical non-combatants conspiring to complicate the jobs of honest 
fighting men. Others, having developed a philosophical resignation toward all 
regulations, were almost pathetically eager to comply with whatever was pub- 
lished;....In operations, the first reaction resulted in so many messages passed in 
clear and others so carelessly enciphered that it looked like a conspiracy to 
ignore as many security provisions as possible and in the second, resulted in an 
attitude which said in effect “put it in some sort of code, that is what the book 
says”. The idea that the enemy might use intercepted information with unfortu- 
nate results to themselves was almost entirely absent. It was only after the loss of 
much valuable time and intense missionary work that an understanding of the 
purpose of signal security was achieved. 

e. Time and further contact with the enemy brought changes in these atti- 
tudes. By the close of hostilities in the MTO the importance of signal intelli- 
gence was well accepted as an essential part of a complete military effort and the 
849th was being called upon to perform many functions in addition to its prima- 
ry mission. That all aspects of signal intelligence activities were eventually 
appreciated in Mediterranean Theater of Operations can best be illustrated by the 
70 letters of commendation and 42 awards received by approximately 400 indi- 
viduals of the 849th SIS. ... 


214. Energy Stored in an Inductance 


The amount of energy stored in an inductance is determined from the formula 
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L = inductance in henrys 
J 
P 


current in amperes 


energy in joules. 


Example: Find the energy stored in a coil if the inductance is 7 milli- 
henrys and the current is 3 milliamperes. Using scientific 
notation (par. 106), the energy in joules is: 
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= 381.5 x 10- joules. 


215. Delta-Wye Transformations 


a. A delta circuit consists of three resistors or other circuit components connected together 
to form the Greek letter delta (A). In a wye circuit, the resistors or other circuit components 
are connected together to form the letter Y: . Figure 88 shows an example of each type of circuit 
constructed of resistors. 


DELTA CIRCUIT WYE CIRCUIT 
TM684-82 


Figure 88. Delta and wye circuits. 


b. If the resistances are known for a delta circuit, they can be found for an equivalent wye 
circuit from the following equations: 
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4. Attached. . .is a table of personne! originally allotted to the 849th SIS. It is 
shown here with the caution that it proved inadequate for signal intelligence activi- 
ties in MTO and that at best can only be used as a guide in planning similar units 
since SIS functions appear to vary greatly from theater to theater. The scope of the 
849th early increased beyond the bounds of the T/O. The personnel problem how- 
ever was alleviated to a large extent by the assignment of an AFHQ Signal 
Intelligence pool of 27 officers and 284 enlisted men and an AFHQ Cryptographic 
pool of 29 officers and 323 enlisted men. While this appears to be a tremendous 
increase over the T/O, the 849th also took over the mission of those two pools, The 
additional personnel permitted the headquarters section to be augmented where 
needed and permitted a shifting of officers and men to meet the ever changing 
operational demands, all of which greatly increased the effectiveness of the 849th SIS. 


PART II: INTELLIGENCE BRANCH 
GENERAL FUNCTIONS 


1. Introduction. 

a. The basic duties of the Intelligence Branch were clear in principle from 
the date of activation of the 849th SIS: to derive intelligence from enemy radio 
transmissions. At that date, however, the multiple forms which Intelligence Branch 
functions would later assume and the many problems which were to be encoun- 
tered in fulfilling those duties could not be foreseen. 

b. Before the end of hostilities in Europe the Intelligence Branch would 
develop from a handful of personnel to a complex organization whose activities 
included: three Detachments fulfilling signal intelligence commitments at U.S. 
Corps (II, [V, VI) Headquarters, involving the interception and analysis of German 
Army low-security radio traffic; two similar Detachments fulfilling similar com- 
mitments at U.S. Army (Fifth, Seventh) Headquarters; one Detachment analyzing 
German Army medium-security traffic; two Detachments providing the 
Mediterranean Allied Air Forces with information derived from the analysis of 
German Air Force low-security and plain-language (voice) radio transmissions; 
one Detachment analyzing enciphered European weather broadcasts emanating 
from within enemy-held territories for the 12th and 15th U.S. Air Forces; one 
Detachment analyzing [text withheld] radio traffic and later providing the Office of 
Strategic Services with information from a study of clandestine radio traffic of 
enemy agents in Allied controlled territory; one Detachment providing the Civil 
Censorship Group of the Allied Control Commission with information from the 
analysis of secret inks and other types of unauthorized correspondence; and a 
Headquarters whose operations included, in addition to routine administrative 
functions, a continuous supply of technical intelligence and information to the 
Detachments in the field, research into the German communications systems, solu- 


TACTICAL COMINT 185 


tion of German Army medium-security traffic, a Communication Section to pro- 
vide all communications between the Headquarters 849th SIS and its Detachments 
and other Headquarters, and a Laboratory Section for reproducing important cap- 
tured documents and photographing materials of all kinds. 

c. When the Intelligence Branch began operations in North Africa during 
the winter of 1942-43 radio intercept and the cryptanalysis of enemy low- and 
medium-security radio traffic within an active theater of operations constituted an 
unexplored field for the new United States Army. Consequently, the growth of the 
Intelligence Branch was attended by many restrictive elements. [text withheld] It 
had been arranged to have several Signal Radio Intelligence Companies provide all 
American radio intercept facilities required within the theater, operating in con- 
junction with, but independent of, Intelligence Branch cryptanalytic Detachments; 
and it was not long before such an arrangement presented a number of shortcom- 
ings. Inadequacies in the 849th SIS T/O presented additional difficulties to the 
development of the Intelligence Branch; and the invariable insufficiency of train- 
ing of all newly-arrived personnel from the United States and London was another 
stumbling block to the proper expansion of the Intelligence Branch, Finally, the 
problem of equipping each newly organized detachment was complicated by grave 
inadequacies of the T/E of the 849th SIS. 

2. Cryptanalysis. 

a. In order to limit to a reasonable extent the scope of work to be per- 
formed by the Intelligence Branch, consideration being given to the number of per- 
sonnel available and to their state of training, it was planned originally that the 
work of the Branch would involve at first only the study of German Air Force low- 
security radio traffic. Such traffic consisted of radio activity of the German Air 
Forces operating throughout the western and central Mediterranean area, involving 
transmissions of both enemy aircraft and ground radio stations, [text withheld] 
With this type of traffic in mind the first operational unit created within the 
Intelligence Branch, eventually called Detachment “F”, was formed in February 
1943. Personnel of this Detachment underwent preliminary training [text withheld] 
near Algiers, and by the summer of 1943 were ready and able to assume an inde- 
pendent signal intelligence operational commitment, 

b. After the personnel of Detachment “F” had commenced their training 
and additional personnel were available to the Intelligence Branch consideration 
was given to another type of enemy radio traffic, German Army low-security traf- 
fic, most of which emanated at regimental level and below. This traffic consisted 
of [text withheld] jargon codes, simple substitution ciphers and transposition sys- 
tems, and was fairly easily broken also by elementary cryptanalysis when suffi- 
cient depth was encountered. At the end of February a small group of personnel 
was attached to [text withheld] United States [1 Corps in Tunisia to learn the tech- 
niques of analyzing such German Army low-security traffic. These people formed 
the basis of what later became Detachment “A”. As time went on additional 
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detachments were formed to perform the same type of cryptanalytic functions as 
Detachment “A”, and eventually there were five detachments exploiting such 
German Army low-security traffic: Detachment “A” at Headquarters Fifth Army, 
Detachment “B” at Headquarters Seventh Army, Detachment “E” at Headquarters 
U.S. VI Corps, Detachment “H” at Headquarters U.S. Il Corps, and the 3916th 
Signal Service Company at Headquarters U.S. [V Corps. 

c, During the summer of 1943 it became apparent that an additional crypt- 
analytic task could be undertaken by the Intelligence Branch. The Army Air Forces 
were in need of the information which could be derived from enciphered European 
meteorological radio transmissions giving vauable weather data over enemy-held 
territories. Work on this material was begun in July 1943 with the formation of 
Detachment “G”. International Business Machine equipment was obtained; tech- 
niques for breaking the traffic were evolved; and the latest meteorological observa- 
tions for enemy held territory were made available to tactical and strategic air 
forces in the Mediterranean area. 

d. In July 1943 a further development occurred when it was found possible 
to attempt the solution of German Army medium-security doubly-enciphered 
Playfair traffic. Personnel for this task, who had been trained in the solution of 
German Air Force medium-security traffic in London, arrived in the Mediterranean 
Theater in early July. These people, who became the nucleus of Detachment “B” 
and later of the Solution Section at the Headquarters, Intelligence Branch, enjoyed 
considerable success in their solution operations whenever traffic in sufficient 
depth was available. The greatest difficulty encountered in dealing with such traf- 
fic, emanating usually from enemy Divisional networks, was in finding suitable 
sites for its interception. 

e. The value of German Air Force voice traffic on Very High Frequencies 
(38-42 mcs), mostly plain language, had long been recognized, and in August 
1943 a detachment of German linguists was formed to exploit this source of intel- 
ligence, eventually becoming Detachment “D”. Personnel were assigned aboard 
the USS Ancon, and the group provided important intelligence of German Air 
Force activity during the landings at Salerno. Later the Detachment operated in 
the vicinity of Naples, on the Anzio beachhead, during the invasion of Southern 
France, and northward with the Allied forces throughout France and into 
Germany, working with Allied Tactical Air Commands and Fighter Wings. The 
same type of traffic was also exploited during more than a year’s period by two 
groups of three enlisted men of Detachment “D” aboard United States destroyers 
escorting Allied convoys throughout the Mediterranean area. After January 1944 
German linguists were used regularly in all Intelligence Branch Detachments 
serving Corps Headquarters to intercept German Army voice traffic on such Very 
High Frequencies (32-38 mes). 
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4, Laboratory Facilities. 

a. Communications Intelligence. A small section had originally been pro- 
vided at the Headquarters, Intelligence Branch for the collection and study of cap- 
tured enemy communications equipment. It was soon felt, however, that the sec- 
tion was unable to carry on its prescribed duties successfully as a subordinate part 
of the Intelligence Branch, and in June, 1944 the section was activated as the 
Enemy Equipment Intelligence Service. Having its own T/O and E, the new unit was 
assigned to the 849th SIS and removed from the control of the Intelligence Branch. . . , 

b. Laboratory Section—Photographic and Chemical. Photographic facili- 
ties provided by the original 849th SIS T/O and E proved inadequate to the tasks 
which later developed, and constant additions in personnel and equipment were 
necessary to meet constantly greater requirements. In addition to providing photo- 
graphic facilities for the 849th SIS the Laboratory Section was responsible for 
maintaining a laboratory to make chemical analysis of civilian and prisoner-of-war 
mail for secret ink and other unauthorized means of communication. Original esti- 
mates of personnel, equipment, and supplies necessary for the Chemical 
Subsection were similarly disproportionate to actual requirements, and a process of 
continuous growth was characteristic of that subsection also. 

c. Communications Section—From a small group of personnel who 
installed telephone and lighting facilities at Hammam Melougne in February 1943 
was gradually evolved a Communications Section. Although part of the 
Intelligence Branch the section provided communications facilities for the entire 
Headquarters, Intelligence Branch. In time the section expanded in size and opera- 
tions until it maintained radio and teletype links with most field units. 


MAJOR PROBLEMS ENCOUNTERED 


aK ok 


a. At the opening of operations in the Mediterranean Theater [text with- 
held] already had a number of signal intelligence units in the field properly trained 
for the interception and solution of German Army and Air Force low-security radio 
traffic. Plans for utilizing U.S. signal intelligence personnel had not been properly 
integrated with the British before the invasion of North Africa; but shortly after the 
formation of the 849th SIS and its arrival in North Africa [text withheld] it was 
recognized that American units would in time be able to contribute to the North 
African signal intelligence etfort. 


WO OOK 
2. U.S. Signal Radio Intelligence Companies. 
a. Four U.S. Signal Radio Intelligence Companies—the 117th, 122nd, 
123rd, and 128th- together with a number of intercept operators later assigned to 
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the 849th SIS itself provided intercept facilities for the several detachments of the 
Intelligence Branch. In a number of cases the SRI Companies were themselves 
split into detachments to provide facilities for new Intelligence Branch detach- 
ments formed to meet new commitments. All four SRI Companies were originally 
assigned to Allied Force Headquarters (AFHQ), and their operational activities 
were then directed by the American Signal Intelligence Officer of AFHQ. 

b. Of these four SRI Companies the 122nd and 128th arrived in North 
Africa with the invasion forces. The operators were inexperienced with the new 
types of traffic they were to intercept; and until late 1944 there was an insufficient 
number of trained operators to meet the minimum requirements of the individual 
Intelligence Branch detachments and monitoring tasks which were assigned by the 
Monitoring Section of the Security Branch, 849th SIS. 

c. Early in 1943 steps were taken to remedy the shortage of intercept oper- 
ators by securing the 117th and 123rd SRI companies to supplement the first two. 
Before these units arrived in North Africa several important months had passed, 
and more months of training were required to bring the operational efficiency of all 
units to a point where specific commitments were possible. 

d. A directive from the American Signal Intelligence Officer, AFHQ, made 
clear the fact that the Intelligence Branch Detachments working in conjunction 
with the SRI Companies were to direct the employment of sets and assign specific 
intercept missions. Experience proved, however, that although relations between 
the SRI Companies and the Detachments of the Intelligence Branch were on the 
whole satisfactory the degree of cooperation and efficiency obtained often depend- 
ed on purely personal relationships between the officers and men of the units in 
question and not on any clearly defined policy of command. The separation of 
intelligence and intercept sections, although possible in theory, in some cases pro- 
duced situations in which questions of policy and operational control were in open 
conflict. The fact that the Intelligence Branch Detachments had to be attached to 
the SRI Companies for rations, quarters, and administration produced other unsat- 
isfactory situations that hindered proper cooperation between the two types of units. 

e. A step toward remedying the situation was taken by the Army Air 
Forces after the assignment of the 122nd and 123rd SRI Companies to the 12th Air 
Force in November 1943. A plan was studied and later approved to provide a self- 
contained signal intelligence unit comprising both intelligence and intercept per- 
sonnel. On the basis of such reorganization the 123rd SRI Company was renamed 
the 9th AAF Radio Squadron Mobile (G) in March 1944; after a long delay intelli- 
gence personnel were obtained for this new Squadron from the U.S., and the 
Squadron began to function as a complete unit in December 1944. The 122nd SRI 
Company was never reorganized, and continued to operate in conjunction with the 
Intelligence Branch Detachment “G” until June 1945. 

f. A similar step in the right direction within the Army Ground Forces 
occurred when T/O’s and T/E’s were approved by the War Department in January 
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1945 for Corps Signal Service Companies, providing for self-sufficient organiza- 
tions which contained both intercept and intelligence personnel. Detachment “H” 
and a detachment of the 128th SRI Company which had been operating in conjunc- 
tion with Detachment “H” were combined to form the nucleus of one such Signal 
Service Company (3915th SS Co) in February 1945. ... 

g. Another critical handicap encountered as long as the SRI Companies 
and Intelligence Branch Detachments operated independently involved a theater 
policy concerning dissemination of signal intelligence information. According to 
theater regulations personnel of SRI Companies were not allowed access to techni- 
cal signal intelligence information and procedures that formed the basis for inter- 
cept set assignment. Consequently SRI personnel were given only specific fre- 
quency and callsign missions daily, and were not entitled to know the basis for 
such missions. Such an arrangement required additional signal intelligence person- 
nel on duty in intercept rooms supervising intercept activities to guarantee proper 
coverage. And in spite of such efforts many valuable minutes of intercept opera- 
tors’ lime were often wasted by copying worthless traffic before being noticed by 
signal intelligence personnel on duty in the intercept rooms. Both intelligence and 
intercept personnel resented the restriction; but as long as they existed under sepa- 
rate units nothing could be done. Intercept personnel were especially resentful of 
the fact that they were denied access to information which would increase the effi- 
ciency of their work. The situation was corrected only when the two types of per- 
sonnel were placed under one command, as in the case of the 3915th Signal 
Service Company; for then both intercept and intelligence personnel were allowed 
complete access to all pertinent signal intelligence data. 

3. Procurement and Training of Personnel. 

a. When the 849th SIS was activated it was expected that the Intelligence 
Branch would consist only of Signal Intelligence Detachment 9251-A; but, in fact, 
it was subsequently composed of several heterogeneous groups, each trained for 
different tasks. SID 9251-A, after preliminary training in cryptanalytic methods for 
a short period at Vint Hill Station, USA, embarked for SIS ETOUSA in November 
1942 for practical experience in processing traffic from both German Army and 
Air Force units. Of this group 14 officers and 77 enlisted men were sent to the 
849th SIS in February 1943, leaving 3 officers and 13 enlisted men in London 
(eventually to become nucleus of Solution Section, Headquarters Intelligence 
Branch) to deal operationally with German Air Force medium-security traffic. 

b. During January 1943 the intelligence members of the Western Task 
Force SIS Section consisting of 2 officers and 6 enlisted men having completed 
their duties in Morocco, had set up their headquarters at Hammam Melouane, near 
Algiers. One officer and one enlisted man from AFHQ joined them there, and with 
the arrival of the London group in February plans for training and operations in the 
theater were put into effect. 

c. The largest single increment of personnel became available when the 
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T/O for the Signal Intelligence Detachment, NATOUSA, was assigned to the 849th 
SIS in June 1943, Thanks to this pool additional personnel were subsequently 
available to fulfill the demands of new commitments as they arose. 

d, Constant additions to the Intelligence Branch were, however, required 
since that time. Throughout the history of the Branch it was a never-ending strug- 
gle to get adequately trained officers and enlisted men to perform the tasks 
required of the Branch. The process of obtaining personnel from the USA was 
almost always a slow and unsatisfactory one. Frequently men arriving in the the- 
ater proved to be totally unfit for the duties for which they were requested and 
hence could not be used. For example, a request was sent to Washington in 
February 1943 for immediate shipment of 10 officers trained in elementary crypt- 
analysis and, more important, with fluent knowledge of spoken and written 
German.The 10 officers arrived at the 849th SIS at the end of May 1943, after the 
close of the Tunisian Campaign; and of the ten officers only two had any knowl- 
edge of the German language. Another example of the inadequate training experi- 
enced by many people who were assigned to the 849th SIS was the case of person- 
nel of the Western Task Force, who had received only 10 days’ instruction in the 
problems of radio intelligence prior to the invasion of North Africa and who had 
been given no idea of the code and cipher material they might be called on to deal 
with. Consequently training of personnel was the most important single problem 
that faced the Intelligence Branch. No single increment arriving at the 849th SIS 
had had a sufficiently long training period under anything approaching operational 
conditions before entering the Mediterranean Theater. Personnel trained at SIS 
ETOUSA for a month or two benefitted greatly from instructions given there [text 
withheld] but the burden of forming detachments into units capable of assuming 
actual commitments rested entirely on the 849th SIS. Experience proved that most 
detachments required from three to five months’ experience under field conditions 
to be able to undertake successfully any operational commitment. 

e. It should be noted that too few senior officers with adequate training 
were available to the Intelligence Branch during the early days of the 849th SIS. 
The majority of officers competent to handle the technical problems of the various 
detachments were in the grade of Lieutenant and were consequently placed in a 
difficult position as regards efficient liaison with the operational staffs to which 
they were furnishing intelligence. Over a period of two years the situation gradual- 
ly adjusted itself; but it is felt that had the initial handicap not existed existed there 
would have been considerably smaller loss of valuable time and, perhaps, lives. 

4. Organization and Equipment of Field Detachments. 

a. As has been stated above, the original T/O and T/E of the 849th SIS 
were manifestly inadequate to meet the great expansion of the organization in the 
past two and one half years. This problem was especially evident when 
Detachments were formed for service in the field. The only possible way for 
detachments to start operations was by attaching them to other self-contained orga- 
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nizations, such as the SRI Companies, for rations, quarters, and administration. 
Because of the steady development of the Branch; grades and ratings were not 
allotted to the Detachments on any fixed basis; and equipment for the Detachments 
consisted of such supplies as were available to the 849th SIS as a whole and could 
be spared from other duties. Such supplies and equipment as were available were 
issued on memorandum receipts to the Detachments. Allocation of grades, ratings, 
supplies, and equipment to the Detachments was made by the Officer in Charge of 
the Intelligence Branch on the basis of what was hoped to be a fair distribution 
among the Intelligence Branch, Security Branch, and the 849th overhead. 

b. Such conditions were obviously unsatisfactory and unconducive to a 
proper spirit of morale among the Detachments. No definite grades and ratings 
could be counted upon with certainty within the Detachments, and Officers in 
Charge of the Detachments experienced difficulties from being in a subordinate 
administrative position to the Commanding Officers of the SRI Companies. 

c. Basic T/O’s for Signal Intelligence Service Detachments types A, B, C, 
D, and E were in existence since December 1943, but Theater regulations did not 
permit activation of any such detachments until June 1944, when an “A” type and 
a“B” type unit were activated as the 3200th and 3201st SIS Detachments assigned 
to the 849h SIS....The personnel for these new Detachments were obtained from 
the Intelligence Branch Detachments “A” and “E” respectively, and some gains in 
operational efficiency were noted from the reorganization. Great improvement was 
particularly noted with respect to grades and ratings, for with their own T/O’s at 
their disposal the officers commanding the new detachments were assured definite 
grades and ratings and could handle their own promotional problems. On the other 
hand such reorganization did not solve the basic problem of the relationship 
between the Detachments and the SRI Companies, for there was no provision with- 
in these new Detachments for intercept personnel; and consequently operations 
with independent SRI Companies were still necessary. 

d. The most satisfactory solution was reached when the T/O for Corps 
Signal Service Companies, approved by the War Department in January 1945, 
became available in the Mediterranean Theater. Two such units were activated as 
the 3915th and 3916th Signal Service Companies, and were assigned to the 849th 
SIS....The new companies, calling for both intelligence and intercept personnel 
under a single command, eliminated entirely the problems of grades and ratings, 
supplies and equipment, and operational control. 

e. In spite of the advances made by the activation of such units three 
Detachments of the Intelligence Branch- Detachments “D”, “F”, and “G*—could 
not be reorganized, and operated throughout their existence without benefit of spe- 
cial T/O’s, T/E’s, or administrative independence of the SRI Companies with 
whom they worked. 


* ok 
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From SRH 048. Once American forces had established themselves in 
France, Signal Security Detachment “D” served as the central command- 
and-control element for all signals intelligence operations conducted by 
General Omar Bradley's 12th Army Group. 


SUMMARY OF OPERATIONAL ACTIVITY OF SIGNAL SECURITY 
DETACHMENT “D”, COVERING THE PERIOD 


| SEPTEMBER 1944 TO | APRIL 1945 
|. PURPOSE 
a. This report is intended to summarize briefly the signal intelligence mission 
assigned to Signal Security Detachment “D” and actions taken by that Detachment 
in the accomplishment of that mission. Although the Detachment began field oper- 
ations as a unit in the middle of August 1944, 1 September was chosen as the start- 
ing point of this report since effective contacts with G-2 Section, 12th Army Group 
Tactical Headquarters, and with the signal radio intelligence units in the field were 
firmly established by that date. 
2. MISSION OF THE DETACHMENT 
a. The mission assigned to the Detachment was the procurement of Signal 
Intelligence from the solution of enemy (German) medium and low grade tactical 
codes and ciphers for the AC of S, G-2, 12th Army Group, the coordination and 
technical supervision of the Signal Radio Intelligence Companies and Signal 
Service Companies operating under units assigned to 12th Army Group, technical 
liaison with adjacent Army Group Signal Intelligence units and with those of high- 
er headquarters, and the coverage of clandestine radio traffic for study by the Radio 
Security Service (British) and as required by the AC of S, G-2, 12th Army Group. 
The latter mission, being somewhat separate and distinct from the provision of sig- 
nal intelligence, will not be covered in this report. 
b. The mission of the Detachment may be conveniently divided into four dis- 
tinct responsibilities: 
(1) To Signal Intelligence Division, Hq ETOUSA. 
(2) To G-2 Section, Tactical Headquarters, 12th Army Group. 
(3) To Signal Radio Intelligence and Signal Service Companies, 12th 
Army Group. 
(4) To flanking Army Groups (6th and 21). 
c. The manner in which the mission was carried out, will be described in the 
sections of the report which follow. 
3. SIGNAL INTELLIGENCE DIVISION, HEADQUARTERS ETOUSA 
a. Signal Security Detachment “D” was charged with the responsibility of 
enforcing the general signal intelligence policies of the War Department, Hq 
ETOUSA, and the 12th Army Group, among the Signal Radio Intelligence units of 
12th Army Group. 
b. In addition, the detachment provided the higher headquarters with the raw 
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material and finished productions of all signal radio intelligence organizations of 
12th Army Group. 

(1) All signal intelligence and technical data were forwarded to the Signal 
Intelligence Division, OCSigO, Hq ETOUSA. This commitment included trans- 
mission to that office of all technical reports published by the Intelligence Branch 
of the Detachment. . . .These reports were also disseminated to the Mediterranean 
Theater of Operations, to British signal intelligence agencies in the United 
Kingdom and to the War Department, Washington, D.C., through the Signal 
Intelligence Division, Hq ETOUSA. 

(2) Radiograms and teletype messages containing current information 
were prepared and transmitted at least twice daily. These messages reported all 
data collected by the Detachment in the course of its daily operations. 

(3) Captured documents, received from signal intelligence units of 12th 
Army Group were processed, studies published, and copies forwarded to Signal 
Intelligence Division, Hg ETOUSA, for permanent files. 

4. G-2 SECTION, TACTICAL HEADQUARTERS, 12TH ARMY GROUP 

a. Detachment “D” was charged with the responsibility of passing to the 
Assistant Chief of Staff, G-2, 12th Army Group, signal intelligence procured from 
the analysis of enemy low grade and medium grade (THUMB, PEARL and CIRO 
PEARL) tactical traffic. This was accomplished in two ways. 

(1) Direct telephone communication was available until 4 March 1945 
when, due to the tactical situation, the Detachment operated too far in advance of 
Tactical Headquarters to allow utilization of metallic telephone lines. However, 
radio or teletype (or both) links maintained constant communication from that date 
onwards, The appointment on 3 February 1945 of a liaison officer from the 
Detachment to G-2 Section also aided in the smooth flow and interpretation of sig- 
nal intelligence. 

(2) All pertinent technical reports published by the Detachment were trans- 
mitted daily to G-2 Section. These reports supplemented and enlarged upon the 
information already passed to G-2 Section by communications means described in 
paragraph a(1) above. 

b. A complete record of all signal intelligence, of immediate value only, trans- 
mitted to G-2 Section by telephone, radio or teletype has been maintained by the 
Intelligence Branch of Detachment “D”, but this record is too bulky for reproduc- 
tion and inclusion in this report. However, for the sake of completeness, an esti- 
mate of the quantity of timely information reported during the period under review 
may be derived from the following figures: 


No. of Items 
CIRO PEARL 1422 
PEARL 632 
THUMB 162 


Example: 


Find the equivalent resistances for a wye circuit if the 
resistances of a delta circuit are 10, 20, and 70 ohms. 


Let R, = 10 ohms, R, = 20 ohms, and R; = 70 ohms. 


R, 


R, 


Rik; 


R,+R,+ Rs; 


10 x 70 
10 + 20 + 70 
700 


— 100 


7 ohms 

R,R2 
R,+R2+ Rs 
10 « 20 

100 

2 ohms 

R.Rs 
R,+Rh.+ Rs; 


_ 20x 70 


100 


= 14 ohms 


c. If the resistances are known 
circuit from the following equations: 


AGO 558A 


Example: 


Find the equivalent resistance for a delta circuit if the 
resistances of a wye circuit are 10, 20, and 30 ohms. 


Let R, = 10 ohms, R, = 20 ohms, and R, = 30 ohms. 
RUA, + RR, +R, FR, 


R, 


R, 


for a wye circuit, they can be found for an equivalent delta 


Rk, = 
R, = 


R; = 


10 x 20 + 10 x 30 + 20 x 30 


200 + 300 + 600 


10 
1,100 


= “10 


110 ohms 


RR, + FR, +R,R, 


Ry 


1,100 


= 20 


R; = 


55 ohms 
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R, 
1,100 
30 
36.666 
36.67 ohms 
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RR, + RR, + RR, 
5 

RR, + RR. a RR, 
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ce 


169 
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c. It is not possible to evaluate the signal intelligence made available to G-2 
Section, either in the form of immediately applicable information (i.e., location of 
Division or Army ammunition, supply and fuel dumps, command posts, etc.), or in 
the form of confirmation of prisoner-of-war reports, large scale movements or 
intentions of major enemy formations and the appearance of new battle units in a 
given sector. As an approximation of the use made of the data received from 
Detachment “D”, the CIRO PEARL, PEARL and THUMB included in the daily 
G-2 ISUM. .. .The G-2 ISUM was sent by teletype, operational priority, to the fol- 
lowing headquarters: 

SHAEF Main 

6th Army Group 

21 Army Group (Main) 

8th Air Force 

First U S Army Command Headquarters 
Third U S Army Main 

Ninth U S Army Main 

Fifteenth U S Army Forward 

12th Army Group Main 

12th Army Group Tac 

Headquarters First Allied Airborne Army 
Com Z 

ASCZ 

Oth Air Force Advance 


d. It is of interest to note that an estimated 6,000 CIRO-PEARL messages were 
read during the seven-month period under discussion. Of these, 3238 messages 
from twenty-four different formations were published in CIRO-PEARL/SSDD 
reports, which were transmitted to G-2, 12th Army Group. It is of further interest 
that on the average either CIRO-PEARL, PEARL or THUMB material, or all 
three, were included in one out of every three G-2 ISUMS. 

5. SIGNAL RADIO INTELLIGENCE AND SIGNAL SECURITY COMPA- 
NIES 12TH ARMY GROUP 

a. The mission of Detachment “D” in connection with the signal radio intelli- 

gence units of 12th Army Group was subdivided into three categories: 
(1) Reporting of Signal Intelligence of Immediate Value to Army and 

Corps G-2’s 

(a) All technical signal intelligence of tactical value, particularly 
CIRO-PEARL, was transmitted daily by the most expeditious means to the Army 
Signal Radio Intelligence Companies. . . .contains intelligence extracted from tech- 
nical messages sent to the field units during a typical month. This intelligence was 
used in two different ways: 

(/) It was reported to Army and Corps G-2’s, 
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(2) It was employed as a basis for allocating intercept and direc- 
tion-finding coverage priorities. 

(b) The most convenient means of transmission of technical signal intelli- 
gence to the field units was radio, teletype and courier. Two radio broadcasts were 
made daily, one in the morning and one in the early evening to establish coverage 
priorities and to assist in the preparation of technical reports for the respective G-2 
Sections. Technical signal intelligence was also transmitted by the same means al 
any hour of the day or night when the urgency of the information so warranted. 

(2) Consolidation of Technical Material of all Field Units 

(a) All technical data from the signal radio intelligence units of 
12th Army Group were consolidated daily with those obtained by the two intercept 
units directly responsible to Detachment “D” and with data received from intercept 
units of the two flanking Army Groups (6th and 21). Items of immediate value 
were transmitted along with intelligence described in paragraph a preceding. In 
addition, all such data were published in greater detail in reports of the Intelligence 
Branch. . .and dispatched to the field units. 

(b) The daily publications of the Branch not only aided the field 
units in the normal execution of their missions, but provided the only means of 
maintaining technical continuity on enemy formations during the frequent moves 
of the field units. This was particularly true when Army and Corps fronts were rad- 
ically altered, resulting in an entirely new, and frequently unfamiliar, group of 
enemy units facing them. 

(3) Supervisory Control Over Operations of Signal Radio Intelligence 

Field Units 

(a) Policies concerning operations emanating from higher head- 
quarters, or those arising from within Detachment “D” from time to time, were dis- 
tributed and enforced. Aid in complying with the policies was provided in the form 
of directives, special technical reports, and by conferences at the Detachment head- 
quarters. Also frequent liaison visits to the field units were made by technical 
experts from the Intelligence Branch. 

6. FLANKING ARMY GROUPS 

Continuous liaison was maintained with 21 and 6th Army Group signal radio intel- 
ligence agencies both by personal visits and by radio teletype and telephone com- 
munications on a twenty-four hour basis. All technical reports published were 
exchanged with those two organizations. 
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From SRH 042. This account of signals intelligence operations in General 
George S. Patton's Third Army gives the reader a good feel for the “nuts 
and bolts” of World War II collection activities in the field. 


THIRD ARMY RADIO INTELLIGENCE HISTORY 
IN CAMPAIGN OF WESTERN EUROPE 


I. OPERATIONAL ORGANIZATION AND PROCEDURE OF RADIO INTELLI- 
GENCE AGENCIES. 
A. Organization of Signal Service Companies. 

(1) All signal service companies (corps signal radio intelligence compa- 
nies) were organized and equipped as prescribed by T/O & E 11-500, | July 1943, 
with an authorized strength of eight officers and one hundred twenty-one enlisted 
men. Several weeks after activation, the 3253rd, 3254th, 3255th, and the 3256th 
Signal Service Companies were moved to Wincham Hall, England (K-19), in order 
that these companies might collaborate on common problems of training and sup- 
ply. At a later date each signal service company was attached to a corps with whom 
it would work in the field, and as the various corps were committed in combat 
operations, the respective corps companies would accompany them remaining 
within a few miles of corps headquarters in order that close liaison could be effect- 
ed between the companies and the corps G-2. 

(a) After the usual training program in Burton Bradstock, England, the 
3253rd Signal Service Company left for Omaha Beach in France, arriving on 
12 July 1944. The company was attached to XV Corps and remained with Third 
Army until 21 September 1944 when it moved under the command of Seventh 
Army. 

(b) The 3254th Signal Service Company was activated at Marbury 
Hall, Cheshire, England (K-19) on 19 April 1944. The operations of the company 
were begun immediately after activation; however, it was not on an entire company 
basis until operations against the enemy on 2 July 1944. Prior to that time opera- 
tions consisted of a general training program as well as individual team operations, 
A few intercept positions were established in June at Lyme Regis, England, with 
the traffic analysis unit controlling the intercept of nets and preparing the intelli- 
gence reports. On June 29 the company arrived in France with the primary mission 
of supplying tactical intelligence to VIII Corps. 

(c) Effective 6 May 1944 the 3255th Signal Service Company was acti- 
vated at Marbury Hall, Cheshire, England. The unit has been with XII Corps since 
its activation except for brief periods in its early days when it was assigned to 
Army so that activities of the company as well as the remainder of the service com- 
panies could be controlled and correlated by Army headquarters. After completion 
of the training program the company was concentrated at Lymington, England (U- 
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71), and departed to Omaha Beach on 12 August 1944. Thus, the unit arrived in 
the combat zone ready to become operational on the ninty-eighth day after its acti- 
vation in the Communications Zone. 

(d) Activated on 5 May 1944 at Wingham Hall, Cheshire, Northwich, 
England, the 3250th Signal Service Company was engaged in a signal intelligence 
training and field program for the next three months until 7 August when the com- 
pany was committed at Courville-Sur-Huisine, France (T-08). Excepting for tem- 
porary attachment to II Corps during the Battle of the Bulge, the company has 
always serviced XX Corps. 

(e) The 3259th Signal Service Company came into existence on 
16 September 1944 under XIII Corps. Training in Ringwood and Lymington, 
Hants, and Dartford, Kent (Q-99) in England equipped the unit for its first action 
under II] Corps on the First U.S. Army front on 14 February 1945, and after the 
liquidation of the Ruhr Pocket, it was transferred with the II Corps to Third Army, 
where it remainded until the termination of the campaign. 

(f) At the cessation of hostilities on 8 May 1945, the following corps 
companies were with the Third Army: 3250th Signal Service Company under V 
Corps which was attached to Third Army for the last three weeks of the war; the 
3255th and 3256th Signal Service Companies which served under Third Army dur- 
ing practically the entire campaign with XII and XX Corps respectively: and the 
3259th Signal Service Company under III Corps. The 3254th Signal Service 
Company attached to VIII Corps also spent much time under this command, 
although during the last weeks of the war it was First Army. 

(2) 118th Signal Radio Intelligence Company, 
The 118th Signal Radio Intelligence Company was activated on 20 April 
1942 at Fort Sam Houston, Texas based on T/O 11/77 which was later superseded 
by T/O & E 11-500, 1 July 1943, as amended by Change No. 1, dated 
13 November 1943. After extensive training on maneuvers the company arrived in 
England in January 1944, At the direction of the Signal Officer, Headquarters 
European Theater of Operations United States Army, the intelligence company, 
later assigned to the Third Army, began intercepting German military traffic on 
26 April at Dartford, Kent, between London and the Channel. During the next six 
weeks the practice traffic of the enemy indicated certain troop movements to and 
along the Atlantic wall, and also revealed radio characteristics later used in identi- 
fying and locating German units in the field. On | June, the company, then serving 
21st Army Group, moved to a point on the English coast just across the Channel 
from the Cherbourg Peninsula where it covered enemy radio activity during the 
invasion and part of the build-up period gaining slight intelligence of operational 
value. On 15 July the unit arrived in France and proceeded to the vicinity of the 
Third Army headquarters to whom it supplied intelligence through the end of the 
campaign. 
B. Radio Intelligence Procedures. 
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(1) Operational Procedures. 

(a) Corps Level 

Although the signal service companies were originally organized 
along identical lines, each, after being committed, adopted new methods of proce- 
dure, and changed the basic organization to fit specific operational needs. This 
report is designed not only to show the original composition of these units, but also 
to point out their major differences. The companies included in this report are the 
3253rd, 3254th, 3255th, and 3256th Signal Service Companies; although the 325Sth 
and 3256th Companies were the only ones to be assigned to Third Army throughout the 
entire campaign, the others were on separate occasions under this command. 

Radio Intercept: The normal radio intercept section consisted of an intercept 
officer and from forty two to forty six operators who were divided into tricks com- 
posed of a trick chief (control chief) and a number of men determined by the traffic 
level of the current situation. The operators worked in HO 17’s and HO 27’s 
mounted on 2 1/2 ton trucks; the deployment of the trick chiefs varied with the 
company involved: The 3256th employed a trick chief for each truck but both the 
3253rd and 3254th Companies used one man to control an entire intercept shift. In 
the 3255th the use of an inter-communication system by which the IA section 
could contact the individual operators entirely eliminated the need for trick chiefs. 
The average working day for the intercept sections was divided into three shifts 
with their times and set allocations as follows: 0001-0800, eight sets; 0800-1600, 
15 sets; 1600-2400, fifteen sets. 

The functions of the trick chief, whether he was in charge of the entire shift or 
of a single truck, were to control the interception of nets, check frequencies, and in 
general to act as an intermediary between the radio operators and the IA section. 
The process of searching for nets was one which especially demanded control by a 
single source; the 3254th control was achieved by means of a home constructed 
monitoring board channeled to each operating position whereas the 3256th simply 
submitted a search list of known priorities to the individual operators; these were 
compiled by all radio intelligence sources by the IA Section on the second day of 
the German three day frequency cycle. This latter method greatly minimized the 
time spent in recording nets of no immediate value, and thus insured that the 
majority of enemy units actively engaged on the front in question would be cov- 
ered, As a further aid, lists of fixed call signs and peculiarities of procedure were 
also kept available at each set. 

In regard to the technical aspects of radio intelligence work, it was found that 
the super-pro receiver tended to supplant the SCR 342 and 344, having been 
adjudged as more adaptable to intercept requirements. Each truck was usually 
equipped with one high frequency set connected to an appropriate antenna. For 
both high and low frequency work, antennae of varying characteristics were exper- 
imented with by the individual companies: The horizontal directional type proved 
to be the most popular with the 3255th, but the 3253rd Company on the other hand 
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preferred the “L” shape antenna. 

Speaking in terms of general operating procedure it should be mentioned here 
that the interception of enemy traffic by those companies employing the leap frog 
method of moving was rarely interrupted. When the tactical situation warranted, 
advance parties to division and forward headquarters were sent out and the prox- 
imity to the enemy lines proved reasonably profitable as demonstrated by the 
extremely tactical low grade traffic intercepted by the 3255th and 3256th forward 
echelons. 

Since continuous wave interception was not the sole function of an intelligence 
agency, it was necessary to have on hand operators capable of copying German 
voice traffic; these radio telephony operators were part of the intercept personnel in 
the 3255th Company, but in the 3256th they were furnished by the IA Section. The 
type of traffic obtained by this source was comparatively low in volume, and that 
which was intercepted ordinarily proved to be of local tactical value. Radio tele- 
phony personnel were also employed in the VHF (very high frequency) experi- 
ments when small teams were sent up close to the front equipped with high fre- 
quency intercept sets. The results obtained in these cases, as well as in the attempts 
to intercept German voice traffic on the medium frequencies from similarly 
advanced positions, were fairly good in so far as the mechanics of interception 
were concerned, but the intelligence gained therefrom was not of far reaching 
value. 

Direction Finding: Operations of the direction finding teams in the signal ser- 
vice companies were for a long time hampered by technical difficulties involving 
equipment. The SCR 503 Receivers proved to be inadequate as long as the front 
remained fluid and even on a comparative static front the direction finding sites 
had to be relatively close to the enemy in order to obtain satisfactory results. Later 
in the campaign the equipment was supplemented and modified by individual com- 
panies, and as a result marked improvements were apparent. The final set used by 
the 3254th Company was an SCR 555 with an improved antenna loop and an SCR 
244 as a receiver, the latter giving a wider null but better reception. The 3256th 
Company utilized German equipment found at a signal depot in St. Menehould, 
France, but this too was effective only at short range. 

Generally, each company had two and some times three teams depending on 
the tactical situation; one was always located at the company site and the other or 
others at some forward position. The conditions of the roads, the availability of 
water and rations, the maintenance of radio and power equipment at the advanced 
locations, and the necessity of wire communication being installed for the most 
part by corps signal battalions—all these factors had a direct bearing on the effi- 
ciency of the direction finding platoon. 

Control of direction finding stations was accomplished by various methods. 
The 3253rd Company placed a direction finding man directly in the radio trucks 
and acted as a liaison between the intercept and the direction finding sections. The 
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3254th Company on the other hand set aside one operator whose duty it was to pipe 
signals to the local direction finding station for re-piping to the advanced sites. 

In spite of all the difficulties encountered direction finding results from the 
standpoint of signal service companies were uniformly good during the Battle of 
the Bulge, the cleaning out of the Saar-Moselle Triangle, and the Battle of the 
Rhine. Evidence derived from this source as a confirmation of the intelligence 
gained through other means consistently proved valuable. 

Traffic Analysis: The Traffic Analysis Section (IA Platoon) was commonly 
divided into two main groups, Traffic Analysis and Cryptanalysis Departments; 
originally the section had a complement of twelve men, but this number was later 
augmented by personnel from other platoons of the individual companies accord- 
ing to specific needs. Perhaps more appropriately referred to as the Intelligence 
and Coordination Team, the section had four principal functions: The analysis and 
processing of intercepted traffic and the identification of enemy radio nets; the 
cryptanalysis of enemy low grade codes and ciphers; the determining of German 
order of battle and the maintenance of the necessary files on enemy units, person- 
alities, code names, and other necessary data to achieve this end; lastly, the compil- 
ing of statistics on the technical aspects of the work to aid in the identification and 
analysis of the traffic. 

The Traffic Analysis Department usually consisted of four traffic analysts 
whose duties were reading logs and searching the files in order to identify the cur- 
rent enemy units. There was a man designated to keep order of battle information 
including personality files, breakdown of enemy units, situation maps, and all such 
pertinent information derived from G-2 reports, captured documents, and other 
reliable sources. One of the analysts coordinated the information obtained from 
analysis and direction finding for submission to the traffic analysis officer for final 
approval: that which was of immediate tactical importance was relayed to corps 
G-2 and subsequently the finished product was dispatched to all other interested 
agencies, 

Two translators and two cryptanalysts comprised the Cryptanalysis 
Department whose province was the breaking of all types of low grade traffic and 
the examination of all medium grade for possible compromises. When teletype 
communication was available, raw traffic (low grade) was exchanged with the 
other intelligence units of Third Army. In some cases the men of this department 
were called on to interrogate prisoners thought to be of importance to radio intelli- 
gence work, to serve as radio telephony operators, and to process captured docu- 
ments destined for higher headquarters. In this department as well as in traffic 
analysis it soon came about that each man, although trained for a specific position, 
became capable of handling a variety of duties. 

The plotting of direction finding bearings was usually done by some member 
of the Traffic Analysis Section, although it should be mentioned that much better 
results were obtained from assigning a certain man to that duty. Most of the com- 
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panies were restricted in their use of situation maps and overlays by the lack of 
space in the housing units. When the Traffic Analysis Section of the 3256th 
Company moved indoors, it was possible to exploit further the results of direction 
finding in connection with the order of battle picture. In this company the direction 
finding man, in addition to his primary duties, maintained an overlay on a 1:25000 
map showing the breakdown to battalion level of all enemy units on the corps 
front; this map also included the direction finding bearings of the preceding day as 
well as any additional information of the same kind extracted from reports of other 
radio intelligence units. When it was possible to obtain a large number of bearings 
from various sources on any specific unit, a special overlay of that formation’s area 
was made, thus affording a closer check on its movements. 

As a final comment all of the work done in evaluating intelligence gained from 
intercepted traffic was channeled to one principal destination, the daily activity 
report which served as a complete record of the day by day radio intelligence 
results. The form of the report was as follows: (I) Intelligence Summary; (II) 
Decodes and Translations; (II) Technical Summary of Nets Heard; ([V) Message 
Count and Set Allocation; (V) Direction Finding Bearings; (V1) Code Idents and 
Cipher Values. 

(b) Army Level 

The Radio Intelligence Company at Army level naturally differed 
in several respects from the corps’ agencies; approximately twice the size of the 
Signal Service Company, the Army unit had several additional functions, chief 
among which was the coordination of the work done at lower levels and the dis- 
semination of information thereto. 

Radio Intercept: Aside from the disparity in numbers between the intercept 
section of the Army company and that of the corps (the former maintaining some 
twenty two men on each shift) there were major differences in operational proce- 
dures. Certain minor points not mentioned before were common to intercept work 
at all echelons. 

During times of heavy radio activity it was found best to have at least two 
intercept operators on random search, who would scan the dial until an enemy net 
was heard. The frequency and call signs were then given to one of the other opera- 
tors and the search was continued for other nets. 

When an enemy net went off the air, or when the operator, for various reasons, 
could no longer hear the transmissions, the spot checking practice was used. This 
meant that the operator would go on search, returning to the frequency every fif- 
teen minutes. 

In order to ensure good copy of messages, important for the cryptanalytic 
work, nets were frequently double banked; since this meant the assigning of two or 
more operators to cover the same traffic, it was naturally more easily done at Army 
level, where more men were available. In any given case, the necessity of double 
banking was determined by the traffic analysis control man with the one exception, 
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that it was a standing rule to double bank all three letter traffic and plain text. 

In the case of voice transmission the handling of plain text in the Army compa- 
ny occasionally involved use of the dictaphone, the recording being sent to the 
Traffic Analysis Section. In certain urgent cases, the voice signal was piped by 
telephone directly to a translator in that section. 

When the Army agency initially went into operations, the intercept and direc- 
tion finding control man occupied different housing units and were linked by tele- 
phone. It was later decided that the work of these two sections could be better 
coordinated if their control chiefs operated in the same unit and simultaneously 
received directions from the Traffic Analysis Section. 

Direction Finding: The size of this section and the existence in the Army com- 
pany of a wire section to establish communications made it possible to operate as 
many as three outstations; later, radio control was used and proved more practica- 
ble than in the corps companies. As a general rule, the length of the base line 
between the outside stations was forty miles with land line communications, and 
sixty miles with radio. As already mentioned, it was found best to have the direc- 
tion finding control man work closely with the intercept trick chief, but aside from 
these points, the operational procedure involved in taking any given bearing did 
not differ greatly from the methods used by the signal service companies. 

Traffic Analysis: The traffic analysis section of the Army company also dif- 
fered in only a few respects from that at the lower level; of course, since this sec- 
tion was larger, being comprised of twenty nine men and three officers, it was pos- 
sible to extend the work of the various sub-sections to a finer point of detail and to 
act as a coordinator of the results obtained on the corps’ front. 

As this latter function became more and more important, il became necessary 
to create a special section in the Army radio intelligence company to act in liaison 
with corps, flanking armies, and Army group; information was thus routed more 
efficiently and expeditiously up and down the line. 

Security considerations, in many cases, made it impossible to send certain data 
down to corps level directly and one of the functions of the Army company was to 
see that the signal service units receiver whatever extracts and conclusions from 
this information it was possible to disseminate. To further this end and to accom- 
modate the large influx of the many different reports and documents, it was neces- 
sary at Army level to create another sub-section within the traffic analysis platoon 
known as the incoming documents section; the purpose of this miniature message 
center was to regulate the distribution of all incoming and outgoing material and to 
keep the necessary extensive files and records. 

In the matter of intercept and direction finding control, the techniques were the 
same as those used by the signal service companies, except that the Army compa- 
ny was naturally expected to concern itself with all corps’ fronts and even with 
some units close to the Army Zone of Advance in view of the possibility of sudden 
movement. The particular method of establishing control generally followed one of 
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those already outlined, that of distributing each day a list of the desirable frequen- 
cies and call signs to the control chiefs of the other sections. 

Since the cryptanalytic section at Army was larger than that at corps, it was 
soon found that in many cases rapid transmission of traffic intercepted at the lower 
level to this section accelerated the eventual breaking of it. A teletype net involv- 
ing Third Army radio intelligence agencies provided the necessary means of com- 
munication and proved fairly practical. 

In this, as in almost every case, the greater manpower in the Army traffic 
analysis section made possible much more detailed files and records of all kinds; 
as a result, intelligence could be interpreted on a wider basis. When the data at 
Army level itself was insufficient, the Army company was able to have recourse to 
Army group, or, in certain instances, to Signal Intelligence Division, European 
Theater of Operations United States Army. This was especially important when a 
signal service company suddenly found itself concerned with new German units 
because of a re-allocation of corps zones; in all probability, the Army company had 
already been intercepting traffic from these units, but if not, the above mentioned 
channels for obtaining information were open. It can be readily seen, therefore, 
that the Army Radio Intelligence Company was, in almost every respect, essential- 
ly a larger scale signal service company with far more extensive functions because 
of its size and position in the organization of a Field Army. 

(2) Communication Set-Up of Radio Intelligence Agencies. . . . 

Signal intelligence agencies employed most of the known means of 
communication. Each company Mobile Radio Team operated a sub-station of a net 
with the Army Radio Intelligence Company as control. The Army company itself 
had a lateral radio link with its corresponding unit in flanking armies, and of 
course was part of the Twelfth Army Group Radio Intelligence Net. 

In the signal service units radio contact with direction finding outstations did 
not prove to be quite as satisfactory (in comparison with wire lines) as at Army 
level. For communication within the companies themselves telephone naturally 
was used, but there were some variations in the details of its use; the 3255th 
Company and the 118th Signal Radio Intelligence Company had their systems so 
arranged that each individual operator and trick chief could communicate separate- 
ly with the traffic analysis section, but in the 3256th Company direct communica- 
tion existed only between the trick chiefs in each truck and the JA inter-communi- 
cation operator. 

A teletype net was operated for a long time involving the signal service com- 
panies, the Army company, and Third Army Signal Intelligence Service. The chief 
purpose here was the exchange of raw traffic, and, on several occasions, this means 
was employed to send traffic back to the company proper from advance teams. 
When the teletype lines were in good order, this was by far the quickest, easiest, 
and most secure manner of exchanging information. During certain periods there 
was a teletype line between Army group and the 118th Signal Radio Intelligence 
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Figure 89. Maximum power transfer. 


216. Maximum Power Transfer 


a. Quadratic equations (par. 87-94) are used in problems involving the transfer of power 
from a source to a load. Such a problem can be illustrated by referring to figure 89. In the figure, 
the battery voltage is given as E, the internal resistance of the battery as 1, the terminal voltage 
as V, and the load resistance as R. The total resistance of the circuit is (R + r). From Ohm’s 
law, E = 1(R +r), and the power delivered to the load is P = VI where V = E — Ir. 

b. The current through the circuit passes through the battery and drops the battery voltage 
to what is called the terminal voltage. Substituting for V in the power equation, P = (EF — Ir)I, 
or P = EI — [’r. A quadratic equation in J is obtained when the terms are rearranged. Thus, 
—Il*r + EI] — P = 0. This equation can be solved for maximum current by using the method 
for finding the minimum value as a quadratic (par. 91). In the equation —r/? + E] — P = 


— a Be tan 98 ; _—) _ 
fd), a = —r, b = E, and c = —P. Substituting in the equation J = oa’ Pas power == ree 


= =. This equation will give the current through the circuit when maximum power is de- 


livered. 


Example: If a 12-volt battery has an internal resistance of 3 ohms, 
find the current flowing in the circuit when maximum 
power is being delivered to the load. 

E 

2r 

12 
2x 3 
= 2 amperes 


I= 


c. If the value for current at maximum power transfer (=) is substituted in the original 


equation J/(k + r) = E, a relationship between the load resistance and the internal resistance 
of the battery for maximum power transfer can be derived as follows: 


W(R+r) = 8 
E 
S(R+r) = 2 


(R+r) = 2r (dividing by # and multiplying by 2r) 
R 2r— Tr 
R-—r 


Consequently, to obtain the maximum power transfer from the source to the load, the value of 
the load resistance must be equal to the internal resistance of the source. 
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Company over which raw traffic and items of technical information were transmitted, 

Telephone was naturally widely used. Both army and corps agencies communi- 
cated with their respective G-2 sections by this means and in addition the former 
always had a direct line to the Signal Intelligence Service Office at Army head- 
quarters. This latter circuit was supplemented by a direct teletype line to provide 
printed confirmation of any information relayed to G-2 by telephone. Telephone 
communications further existed between the Army company and Army group, 
flanking armies, and the signal service companies in Third Army. Whenever a tele- 
phone or teletype line passed through one or more switchboards, a jargon code was 
used, except in the teletype transmission of raw traffic, 

C. Captured Documents. 

From the beginning of the campaign in Normandy the importance of cap- 
tured documents to increase the value of radio intelligence information was ascer- 
tained. During the first few weeks after the initial landing, litthe was done in this 
direction because the static line prevented the capture of documents in any quanti- 
ty. After the St. Lo breakthrough advantage was taken of an increased number of 
captured documents which necessitated a system of distribution, so that this infor- 
mation could be expeditiously disseminated. Corps’ G-2 first analyzed any docu- 
ments in search of facts peculiar to its own work, then passed all signal documents 
on to the corps’ signal service companies for analysis. Any information of value 
was immediately extracted and the original document was sent to Army Signal 
Intelligence Service where it was photographically reproduced and distributed to 
service companies under Third Army Command, First, Seventh, and Ninth 
American Armies and Twelfth Army Group. Code names, code and cipher keys, 
frequency and call sign allocations, maps with encoded terrain features and place 
names, map coordinate codes and grid systems, and the German methods of signal 
intelligence operations constituted information of particular importance. Over three 
hundred signal intelligence documents requiring some eight hundred pages were 
reproduced and disseminated during the course of the campaign. To supplement 
this information signal intelligence notes were published and distributed when doc- 
uments received were particularly current or when only extracts from lengthy doc- 
uments were of value. Enemy units were often identified through code names con- 
tinued in documents, and encoded traffic was frequently easily read due to the cap- 
ture and dissemination of documents, diagrams, and German signal intelligence 
publications. During August in the early days of the campaign, intelligence compa- 
nies were able to follow the movement of the 9 Panzer Division from non-indicator 
cipher keys captured from this unit. Numerous examples could be cited to justify 
the work required in maintaining a small Documents Evaluation, Reproduction and 
Dissemination Section. 

D. Prisoner of War Interrogations, 

In order to obtain all available radio intelligence information PW interro- 

gations were made frequently. During the campaign the various PW cages were 
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visited at least once a week under ordinary circumstances. Arrangements were 
made with PW authorities that Signal Intelligence Service should be notified when 
routine screening indicated that a PW might possess information of signal intelli- 
gence value. In most instances the information obtained from PW’s had already 
been secured through other sources, however, any additional facts always served as 
a confirmation. Frequently PW’s were interrogated soon enough after capture to 
obtain detailed information on effective frequencies and call signs which otherwise 
was a difficult matter in view of the fact that they, excepting in most cases of recon- 
naissance traffic, were customarily changed every third day in the German army. 
Although valuable radio intelligence information was obtained from PW interroga- 
lion, its principal virtue lay in the security angle. German signal intelligence men, 
especially those from corps headquarters and higher, could always give information 
as to which of our code or cipher systems were being broken, what difficulties 
arose in the process, how long a system could be depended on for security, and 
what disposition was made of the intelligence gained. . . . 


* + 


From SRH 227. This is part of the official unit history of a signal radio 
intelligence company assigned to the Southwest Pacific Area, General 
Douglas MacArthur's theater of operations. It should be noted that unlike 
the situation in Europe, where tactical COMINT units concentrated their 
efforts on low-level traffic, the 126th Signal Radio Intelligence Company 
reported directly to Central Bureau, a high-level theater processing center. 
The information in the first sentence is actually incorrect: the unit's prede- 
cessor, the lst Radio Intelligence Company, was activated in 1938 and was 
not a provisional unit. 


OPERATIONAL HISTORY 
126TH SIGNAL RADIO INTELLIGENCE COMPANY 


February 1944 


The Ist Signal Radio Intelligence Company was activated at Fort Monmouth, 
New Jersey, in February 1941, having previously been known as the Ist Provisional 
Radio Intelligence Company. The operational set-up of the new company included 
three operating platoons, each of which was to be capable of operating indepen- 
dently on a combined intercept, direction finding, wire-laying mission. Operational 
training was begun with regular classes in International code, direction finding, 
plotting, and wire-laying. 206-C Direction Finders were set up under simulated 
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field conditions and bearings were taken on local stations, to familiarize the operat- 
ing teams with the methods of operation. 

In March 1941 the company moved to Fort Meade, Maryland, where training 
was continued. In June of the same year, the unit designation was changed to the 
121st Signal Radio Intelligence Company, The company participated in the North 
and South Carolina maneuvers during the period extending from September 
through the 6th December 1941. Intercept positions were set up in a 2-1/2 ton truck 
which also included a typewriter at each of the eight intercept positions. Back to 
back with the intercept truck was another 2-1/2 ton truck containing the plotting 
equipment. Goniometric wire lines were laid out to the four 206-C direction find- 
ers, which were the only DF’s in the company with the exception of the 504 equip- 
ment items, which were not used. The direction finders were generally spread over 
a base line of approximately 20 miles. Thus, at this stage, with limited equipment, 
the company was not using the three-operating-platoon set-up. The company 
worked at one time with the Red army, at another with the Blue army, intercepting 
“enemy” traffic, and locating “enemy” transmitters, for GHQ, in each case, The 
company also worked with the referees, monitoring all radio traffic for violations 
of signal security. 

Following maneuvers, the company returned to Fort Meade, Maryland. Shortly 
thereafter it moved again to Ft Bragg, North Carolina where it participated in day- 
to-day maneuvers with the field artillery, locating “enemy” transmitters, which 
were than “neutralized” by the artillery. 

Following the company’s return to Ft Meade, on the 25th of February 1942, 
one operating platoon of the 121st Signal Radio Intelligence Company was desig- 
nated as the First Operating Platoon. Ist Lt Menear was placed in command of the 
platoon over 45 enlisted men. The platoon left Ft Meade for Ft Dix, New Jersey, to 
await movement orders for an overseas destination. Its equipment included inter- 
cept receivers, the four 206-C direction finders, plotting equipment, wire and wire- 
laying equipment, and field range equipment for independent operations. 

On the Ist of March 1942 the First Operating Platoon sailed from the Brooklyn 
Port of Embarkation on the USATS URUGUAY. On board ship the platoon radio 
operators were placed in charge of the radio room and the signal bridge, and oper- 
ated the ship’s radio, blinkers, and signal flags. The ship arrived at Melbourne, 
Australia, on the 10th of April 1942. 

At Camp Pell, Melbourne, training in intercept and direction finding opera- 
tions was continued until the 6th of June. 

Meanwhile, on the 19th of May 1942, the platoon was redesignated, and 
became the First Operating Platoon, 126th Signal Radio Intelligence Company. 

On the 6th of June the platoon left Camp Pell and proceeded by motor convoy 
to Mt. Massadon, Victoria, the contemplated site for a permanent camp. The pla- 
toon set itself up for independent operation, performing its own house-keeping and 
cooking chores. Intercept facilities, consisting of three positions, were operated in 
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the van of a 1-1/2 ton truck. One direction finder, 206-C, was placed in operation 
atop Mt. Massadon, about 3/4 miles from the camp. On | July 1942, while still at 
this location, T/Sgt Messer of the 823rd Signal Service Company was attached to 
the platoon for temporary duty to instruct the platoon’s intercept operators in 
ROMAIJI and Japanese KANA telegraph code. 

On 10 July 1942, the platoon moved again by motor convoy to Townsville, 
Queensland, arriving there on 2 August 1942. Lt Menear was reported to Capt 
Brown, GHQ radio intelligence officer, who in turn assigned two GHQ officers, Lt 
Phelan and W/O Card, to establish a Japanese code school for the instruction of the 
platoon’s intercept operators. In addition, the platoon was assigned the mission of 
monitoring Allied Air Reconnaissance frequencies copying Allied clear and coded 
messages during the attacks on Guadalcanal and reporting by TTY to GHQ. The 
platoon’s 206-C direction finders were set up to work with the No | Wireless Unit, 
RAAF, which was operating in Townsville. The DF’s were located respectively at 
Townsville, Cairns, Charters Towers, and Cloncurry, and communicated with 
Townsville by wire. .. .Their mission was to work with the RAAF unit in securing 
bearings on enemy aircraft. However, the work was not wholly successful because 
of the long lines of communication and because the DF’s were not suited to long 
range work, nor to the rapid action required to obtain bearings on short aircraft 
transmissions. In addition, the DF operators were not trained to read Japanese 
code, and therefore could not distinguish readily between the various transmissions 
they were to pick up. 

On 15 November, the platoon travelled again, this time by rail to Brisbane, 
Queensland. M/Sgt Nurss, working under Capt Brown and GHQ, had preceded the 
platoon to arrange for the establishment of a radio station and antenna equipment. 
The platoon arrived in Brisbane on 18 November 1942 and immediately began 
work on a new operational site at Northgate. With the completion of a radio 
“shack” constructed by Australian workmen, and an antenna installation, using 6 
rhombic antennas, work was begun in intercept, covering Japanese Army and 
Diplomatic radio traffic. All traffic was turned over to Central Bureau, GHQ, for 
analysis. Capt Brown, and his officers, Lt Phelan and W/O Card directed the oper- 
ations of the platoon from this point on, using experience gained in and since the 
invasion of the Philippines to further the instruction and efforts of the platoon’s 
intercept operators. It was necessary to train more men as intercept operators. 
Consequently, all men, regardless of their previous assignments in the platoon 
were given training, and of these the best became intercept operators. No direction 
finding work was done during this period. 

The rainy season which followed shortly thereafter caused the site of the radio 
station to become inundated. On 10 January 1943 the platoon moved to Stafford, 
Brisbane, where it established an independent camp and a temporary radio station, 
the latter housed in two tents, and using simple antenna equipment. Work on a new 
GHQ radio station was begun at once, a short distance from campsite. Australian 
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workmen constructed the building. Grounded V-antennas were installed to cover 
directionally the arc from northwest through northeast of Brisbane. Fifteen anten- 
nas were set up for this purpose, arranged in groups of three, each group covering 
the same direction with spacing for diversity use if necessary. By the beginning of 
March the new radio station was in operation, continuing the work begun at 
Northgate. The amount of enemy traffic being copies by the First Operating 
Platoon, 126 Signal Radio Intelligence Company, was almost being doubled each month. 

In April 1943, the First Operating Platoon, all its personnel except Lt Menear, 
and all its equipment, were combined with the 126th Signal Radio Intelligence 
Company which had arrived in Brisbane on the 25th of March 1943. 

The 126th Signal Radio Intelligence Company had its origin at Camp Crowder, 
Missouri, where it was activated on the 14th of August 1942. Five officers, all sec- 
ond lieutenants, were present for duty with the company on the date of its activa- 
tion. By virtue of seniority, Lt Joe L. Thurston assumed command. . . .The strength 
of the organization on the date of its activation, was 5 officers, 0 warrant officers, 
and 85 enlisted men. 

The Table of Organization of the company included a group known only as the 
First Operating Platoon, which had already been activated. The whereabouts of the 
First Operating Platoon was not known or not revealed. However, its strength of | 
officer and 45 enlisted men was to be included as part of the strength of the 126th 
Signal Radio Intelligence Company, and it was believed that the two units would 
eventually be joined. 

The new company was placed under the Signal Corps Unit Training Center at 
Camp Crowder, for administration and preparation for active duty overseas. It was 
the function of the Unit Training Center to coordinate administration, training, and 
securing of personnel and equipment for newly activated SOS units at Camp Crowder. 

On the 19th August 1942, following movement of the company to its own area 
at Camp Crowder, operational training began. Full advantage was taken of special- 
ists’ schools available at the MidWestern Signal Corps School and the MidWestern 
Signal Corps Replacement Training Center at Camp Crowder. Chauffeurs and field 
linemen were sent to school for further training. All radio operators were enrolled 
for advanced training in International code, Joint Army and Navy Procedures, and 
net operations. 

Among the radio operators assigned to the company were twenty specialists, 
with knowledge of the Japanese Romaji characters and their code equivalents. 
These men had received their special training at Fort Monmouth, New Jersey, and 
had been assigned from there to join the company on the 19th August 1942. At that 
time there was no course of training at Camp Crowder suitable for specialists of 
this type. For the time being, therefore, they were entered with the other operators 
in the International code classes. 
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Four SCR-255 Direction Finders had been received by the company. These 
were set up in the field near camp and connected by goniometric wire lines for sev- 
eral days operation and practice. Tentative operating teams for the DF’s had been 
assigned for this work to learn as much as possbile about the equipment, and to use 
that knowledge in teaching others. All officers familiarized themselves with the 
equipment. Lt Dibos took charge of assembly and disassembly, and instruction in 
DF operation. The direction finders were then dismantled and prepared for crating. 

Additional supplies and operational equipment were received by the company 
during the remainder of the month of September. Lt Kuch was tentatively placed in 
charge of intercept training. A schedule was arranged whereby the twenty Japanese 
specialist operators were to work several hours each day on company receivers 
installed in one of the barracks, picking up and copying Japanese radio code trans- 
missions. This procedure was not too satisfactory due to weakness and unreliabili- 
ty of the signals. Therefore, training was later amplified to include copying of 
Japanese code from disc and tape recordings, made for the purpose by one of the 
operators. 

During all this period, activities of the company were centered around crating 
and preparing for overseas movement. In early October 1942, news was received 
of a short delay, due to supply shortages and changes in War Department plans. 
The company, however, remained alerted. 

One direction finder SCR-255 was uncrated and assembled near the camp. DF 
crews were assigned to work under the instruction of non-commissioned officers 
who had previous training, in assembling and disassembling the direction finder, as 
well as in operating. SCR-284 transmitters were installed, both as fixed and as 
mobile stations, and operators were trained to tune and operate these sets; 342-type 
receivers were used to intercept the transmission of the SCR-284’s for the practice 
of copying and guarding friendly transmissions. 

Lt Skinner was transferred from the company on the 21st of October 1942 due 
to a physical ailment; and Lt Hadd replaced him as Supply and Motor Transport 
officer. By oral assignment, Lt Dibos became Operations Officer, Lt Wilson was 
made Liaison and special services officer, Lt Swomley became Wire and Personnel 
Officer, and Lt Kuch was assigned as Intercept Officer. 

During November 1942 word was received of a further delay in overseas 
movement. Training continued through the use of Signal Corps specialists’ schools 
available on the Post. New intercept operators were being assigned to the company 
from time to time, and these were entered in new code and traffic classes, which 
were especially arranged for through the radio schools of the Replacement 
Training Center. Men who were not operators, but who were believed to have 
potentialities as such, were entered in beginners’ classes. Many of the men 
assigned to the company as specialists in certain types of work, were found to be 
inadequately trained. Consequently, eight men were selected to attend night classes 
in teletype operation; five men who had been assigned to the company as radio 
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repair men were sent to the repair section of the Signal Corps Replacement 
Training Center, to learn and work on maintenance of Signal Corps receivers and 
transmitters; and the wire platoon was assigned to practice pole-climbing, use of 
the compass and maps in nearby fields and woods, and use of hand and engine-dri- 
ven reels. 


* * * 


During early December crating was again speeded in anticipation of overseas 
movement. Training was continued spasmodically, due to the need for men to 
assist in packing and crating. The Unit Training Center began a new training pro- 
ject, in which it created an “army” headquarters, and two “corps” headquarters, 
with emphasis on message center work. All available intercept, telegraph, teletype, 
and switchboard operators of the 126th Signal Radio Intelligence Company were 
assigned to operate with other groups in the three headquarters’ message centers. 
Radio operators handled radio traffic between the headquarters, using International 
code. Several company receivers, operated by company personnel, were set up and 
used as army and corps intercept units, guarding the radio nets and copying all traf- 
fic. After the first week, however, orders were received to ship all company equip- 
ment to arrive at the San Francisco Port of Embarkation by | January 1943. On the 
23rd of December, the equipment was shipped in three box cars from Camp 
Crowder. 

At this time, twenty enlisted men were enrolled in a six weeks course of train- 
ing which included operation of the 206-D and SCR-255 direction finders, elemen- 
tary map reading, elementary maintenance of radio equipment, elementary 
trigonometry, elementary wave-propogation, and the technique of recording on 
cylinders and tapes. The men selected for this course were NCO’s of the operations 
section, nco’s in charge of direction finding teams, as well as direction finder oper- 
ators who showed potentialities for possible leadership of teams. 

During January 1943, the company remained alerted, although movement was 
again delayed. Toward the end of the month the company was given a final inspec- 
tion by a staff of officers and men from the Inspector General’s Department. 
During the last week in January, orders were received for personnel of the compa- 
ny to move to the port of embarkation, All men in school were withdrawn, Lts 
Wilson and Hadd were sent immediately to the port to act as liaison officers for 
personnel and supplies respectively, and to prepare for arrival of the main body of 
the company... . 

On the 3rd of February 1943, the company departed by railroad for the San 
Francisco Port of Embarkation, arriving there on the 6th. The company was 
assigned for a period of staging and physical “hardening” to quarters at Camp 
Stoneman. Then, on the 25th of February, with a strength of 6 officers, | warrant 
officer, and 203 enlisted men, the company boarded the USATS “President 
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Johnson” for shipment overseas. 

The company disembarked at Brisbane on the 23rd of March 1943, and marched to 
Camp Doomben, where casual quarters were assigned. During the third day at Camp 
Doomben, the company was visited by GHQ officer, Capt Howard M Brown, and by 
Ist Lt Menear. The latter was introduced as the commanding officer of the First 
Operating Platoon for which allowances had been made on the Table of Organization, 
and the location of which had until then been unknown to the company. . . . 


From SRH 049. This document was produced by the 12th Army Group's 
Signal Security Division “D”. The excerpt shows the results of one day's 
intercept of low-level German communications by Army tactical COMINT 
units. On November 11, 1944, intelligence was produced on three German 
divisions: the 15th Panzergrenadier Division; 17th SS Panzer Division; and 
116th Panzer Division. Intelligence came from exploitation of German mes- 
sages enciphered in medium-level cryptosystems (CIRO PEARL); low-level 
systems (PEARL); and radio direction-finding (THUMB). As can be seen 
from the text, CIRO PEARL messages were intercepted on November 6, but 
could not be decrypted and translated until November I]. The “cut” 
referred to in the final paragraph describes simultaneous bearings on an 
enemy radio station obtained by two separate radio direction finders. 


TECHNICAL SIGNAL INTELLIGENCE 
TRANSMITTED DIRECTLY TO G-2, 
12th ARMY GROUP, ETO 
FROM 14 AUGUST 1944 TO MAY 1945 


* ok *k 
ll NOV 44 
CIRO PEARL 
15PG DIV 6/11 1159 
To Ha 


Query whether tank specialists, who were recently sent here from 5 (PZ) 
Co are to be retrained to become Panzer Grenadiers. 
15 PG DIV 6/11 1219 
To 2 Co 
Send Rasterschluessel for course of instruction at FEB to FEB via registry. 
HORN 
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15 PG DIV 6/11 1417 
From actual strength status of 1 Nov 44 (with exception of the sick and 
wounded within the past 8 weeks, as well as designated Fahnenjunker 
(OCS candidates), 10 percent NCO’s and OR’s of the age groups 1906 and 
younger fit for general service are to be sent enroute to FELD ERS BN by 
7 Nov 44 at 1200 hrs in accordance with OKW order. Numbers of NCO’s 
and OR’s released to Feb is to be reported to IIb by 7 Nov at 2000 hrs. 
Written orders enroute. 
Ila 


15 PG DIV 6/11 1531 
SECRET - Report is to be made on Nov 10 as to whether there are experi- 
ences concerning rocket bombs having been shot down by pursuit planes. 

PEARL 

17 SS PZ DIV 
Msgs today were mainly concerned with the difficulties of an art grp 
NAGLER (17 SS PZ ART RGT) which was in position the morning of 9 
Nov in ALEMONT (U 9040). At 101410 the art group urgently informed 
its control station that Allied forces were advancing on BEAUX (U 9645), 
its present position, and requested immediate orders. At 101455 the group 
was told in answer to an inquiry that there were no munitions. At 101455 
the group was still in BEAUX impatiently awaiting orders. At 101506 it 
was told that SCHMIDT (poss CO 10/38 SS PGR) was cut off and was 
requested to hold its present position. Shortly afterwards, however, the 
group indicated it was moving NW near PONTOY (U 9447). 


116 PZ DIV 10/11 
Regt Bn of Art Regt 146 still at RATH (F 107531) 
116 PZ DIV 10/11 0345 


Barrels already dismounted. Ammo packed. Phone comms dismantled. 
Prime movers are in the btry position. Equipment loaded. Query - are we 
to prepare to fire again and is the OP to be reestablished. SCHWEIGER 


116 PZ DIV 10/11 
ENGELS (PZ AR 146) arrived with 4400 liters. 
THUMB 
116 PZ DIV 


D/F on supply elts of 116 PZ DIV confirm northward movement with cut 
on Art net at K 893742. 


Kk KK 


CHAPTER X 


Reshaping the Tools 


By 1945, there were growing pressures to rationalize the Army’s signals 
intelligence structure. A major step towards achieving this had already been 
taken in December 1944, when, as we have seen, the Military Intelligence 
Service assumed operational (but not administrative) control of the Signal 
Security Agency. Another initiative came about as the result of a belated 
Navy proposal to finally create an Army-Navy Communications 
Intelligence Board to coordinate the activities of the two service signals 
intelligence arms. Major General Clayton Bissell, the Army Assistant Chief 
of Staff for Intelligence, initially demurred, on grounds that the Army’s 
structure was too decentralized to allow for meaningful interservice collabo- 
ration. However, he then used the Navy approach as a wedge to establish 
centralized Army control over all its COMINT assets. His arguments in 
favor of this are set forth in the excerpt from SRH 169, Centralized Control 
of U.S. Army Signal Intelligence Activities. With the war in Japan coming 
to a close, all the theater commanders in the Pacific—even Douglas 
MacArthur—accepted implementation of the proposition once the fighting 
was over. On 15 September 1945, just thirteen days after the war in the 
Pacific had ended, the Army created the Army Security Agency, which 
would control all Army signals intelligence elements through a vertical 
command structure for the next 32 years. 


217. Review Problems—wMiscellaneous Electrical 
Problems 


a. A generator is rated at 2,000 watts with 
a maximum output of 2,100 watts. What is 
the percent of overload capacity? 

b. If the power input of a rotary converter 
is 48,000 watts and the power output is 37,300 
watts, what is the efficiency ? 


c. The output of a generator is increased 
from 2,560 watts to 2,944 watts. How much 
is the increase when expressed in percent? 
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d. A 12,000-chm resistance has a tolerance 
of plus or minus 5%. What is the maximum 
possible resistance? 


e. If the input of an electric motor is 860 
watts and the output is 746 watts, what is the 
efficiency of the motor? 


f. A generator is rated at 2,000 watts and 
has a 10% overload capacity. What is the 
maximum output of the generator? 


g. If the inductance L is 80 henrys and the 
energy P stored in the circuit is 100 joules, 
find the current J in amperes. 
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From SRH 169. The head of the War Department's Military Intelligence 
Division argues that all signals intelligence assets should be under his con- 
trol. His appeal was ultimately successful. 


CENTRALIZED CONTROL 
OF 
U.S. ARMY SIGNAL INTELLIGENCE ACTIVITIES 


* KK 


| June 1945 
MEMORANDUM FOR THE CHIEF OF STAFF 
SUBJECT: Centralized Control of Signal Intelligence Activities for War Against 
the Japanese 

1. On 8 May the War Department requested comments of the U.S. Army 
Theater Commanders in the Pacific and Far East on a proposal to place under the 
control of a single War Department agency all Army units and personnel engaged 
in signal intelligence activities for the war against the Japanese. . . . 

2. General Wedemeyer has advised of his “wholehearted approval” of this pro- 
posal. . . .General Sultan advises that he “concurs in the need for a central agency 
to coordinate” all U.S. signal intelligence activities but believes this can be accom- 
plished “without removing units and personnel from theater commanders’ control”, 
. . General MacArthur advises that he does not concur in the proposal because it 
would place such activities under the “absentee control” of an agency “many thou- 
sands of miles away”; would interfere with the “close association” which his head- 
quarters has had with such activities; would “disrupt an Allied agency which is 
now functioning most effectively” in his theater and would prevent signal intelli- 
gence results from being made available to the theater commander with the 
required speed... . 

3. Attached hereto is a memorandum which explains the facts and circum- 
stances pertinent to the proposed centralized War Department control. It is believed 
that such control is essential: 

a. To coordinate U.S, Army signal intelligence activities in the various the- 
aters and in the United States, eliminate duplication of effort and insure full 
exploitation of signal intelligence sources. 

b. To coordinate U.S. Army signal intelligence activities with those of the 
U.S. Navy and the British. 

c. To utilize most economically the limited Japanese linguistic and other 
specialized personnel available for this work. 

d. To provide full technical support for all advanced signal intelligence 
units. 
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e. To ensure maximum distribution and utilization of signal intelligence 
technical data and results regardless of place of production. 

4. The objections raised by General MacArthur are not considered valid. The 
world-wide nature of enemy radio interception and the total absence of any rela- 
tionship between Theater boundaries and the location of interception or solution of 
Japanese messages, makes it essential that the principal cryptanalytic center be at a 
geographic point where the machinery, facilities and skilled research personnel are 
located if the signal intelligence system is to produce the maximum intelligence of 
which it is capable. Control should be centralized at this same point which is the 
only location that has or can have access to all of the enemy radio traffic without 
prohibitive duplication of personnel and facilities. The principal cryptanalytic cen- 
ter is near Washington and must remain here because it would be totally impracti- 
cable to move the machinery and facilities to another site and secure effective 
results during the probable period of the Japanese war. Adequate communications 
exist to ensure not only fullest exploitation, but to guarantee almost instantaneous 
delivery of results to any Theater Headquarters. 

RECOMMENDATIONS 

5. It is recommended that: 

a. The proposed centralized control of the signal intelligence system be 
approved. 

b. The attached draft of cable to theater commanders concerned be dis- 
patched. 


CLAYTON BISSELL 
Major General, GSC 
Assistant Chief of Staff, G-2 


1. Circumstances leading to proposal 

1. The present recommendation for centralizing control of all U.S. Army signal 
intelligence activities for the war against Japan is a direct outgrowth of a proposal 
made by Admiral King on 14 February 1945 to establish an Army-Navy 
Communication Intelligence Board charged with coordinating the plans and opera- 
tions of the communications intelligence organizations of the Army and Navy. ... 

2. All signal intelligence activities of the Navy, including those conducted 
within theaters of operations, are under the direct operational control of the Navy 
Department in Washington. . . .In the Army, on the other hand, responsibility for 
signal intelligence activities is divided among the War Department and theaters of 
operations in the same manner as responsibility for the conduct of strictly combat 
operations against the enemy. Although this basic difference in the signal intelli- 


216 SIGNALS INTELLIGENCE 


gence organizations of the two Services made it unlikely that the proposed Army- 
Navy Board could function as effectively on the Army side as it could on the Navy 
side. . . , that fact was not considered an adequate ground for rejecting Admiral 
King’s proposal. .. .The proposal was therefore accepted by the Chief of Staff. .. . 

3. However, Admiral King’s proposal gave impetus to consideration by the 
Deputy Chief of Staff, the Military Intelligence Division and the Operations 
Division of the need for centralizing control of the Army’s signal intelligence 
activities for the war against the Japanese. This consideration led to the conclusion 
that the basic principles of command applicable to combat operations are entirely 
inapplicable to the highly technical and specialized activities involved in deriving 
intelligence from Japanese military radio communications, and that all such activi- 
ties should be placed under the control of a single War Department agency. .. . 

I1. Proposal to theaters and replies thereto 

4, Accordingly, after receipt of an independent suggestion from General Sultan 
as to the need for centralizing control of signal intelligence activities...and after 
obtaining the views of the Chief Signal Officer.,., the proposal now under consider- 
ation was presented for comment to the theater commanders concerned. . . . 

5. The comments received from the theater commanders have raised no con- 
siderations not previously taken into account by the War Department. General 
Wedemeyer’s approval of the proposal is based upon considerations similar to 
those which constituted the basis for the proposal. . . .General Sultan’s reply 
approves the basic idea of centralized control and suggests only a different proce- 
dure for putting it into effect. . ..General MacArthur’s reply. . .raises objections of 
the same nature as those which had previously been considered and rejected as 
invalid. . ..Those objections are discussed below. 

11 Basic reasons for proposal 

6. The basic reason for the present proposal is that Japanese radio communica- 
tions, their availability for interception, the cryptographic systems used, and the 
usefulness of the results derived therefrom, all have no relation to the considera- 
tions which are determinative in assigning command responsibility for combat 
operations against enemy forces, 

Availability of traffic for interception. 

7. There is no relation between the availability of Japanese military traffic for 
interception and the geographic organization of our Army for combat operations. 
Traffic of great intelligence value to one theater may be intercepted at a point thou- 
sands of miles from the theater. For example, more of the Japanese military traffic 
received by Signal Security Agency is now intercepted in California than at any 
other place. The most advantageous locations for intercepting Japanese military 
traffic originating in Manchuria, Korea and North China are in the vicinity of 
Manila, Guam and Adak; the intelligence derived from this traffic may be of oper- 
ational interest to any of the Far Eastern theaters, the Twentieth Air Force and the 
War Department. 
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Cryptanalysis 

8. The main Japanese cryptographic systems are used throughout the Japanese 
Army. [text withheld] High level Japanese systems can be solved with the use of 
large numbers of personnel and elaborate tabulating machinery. The degree of suc- 
cess depends directly upon the volume of traffic obtained; no one theater intercepts 
sufficient volume for continuous high level cryptanalaysis. Effective exploitation 
requires the pooling at one place of all available traffic from all available U.S. and 
Allied intercept facilities, regardless of their location. This place might be at 
almost any location in the world where adequate personnel and machinery could 
be assembled and to which adequate communication facilities exist for forwarding 
traffic. At present, the principal such cryptanalytic agency is Arlington Hall 
Station, Arlington, Virginia, operated by Signal Security Agency under the opera- 
tional command and control of G-2. 

9. Forward exploitation of traffic at or near the point of intercept is desirable 
only where (1) the current period of the cryptanalytic system has been solved at the 
central cryptanalytic center having all traffic available to it, and (2) communication 
facilities are not adequate to permit particular messages in the solved system to be 
transmitted as quickly to the central agency as they can be to a local exploitation 
center. Because of the almost instantaneous speed of electrical transmission, mere 
distance in itself has no bearing upon the adequacy of communications; they may 
be and often are better to a point thousands of miles from the point of intercept 
than they are to a point much nearer. 

10. The above basic considerations make it imperative that this work be under 
central direction and control. Any division of responsibility for this work among 
the War Department and theaters can have little if any relation to the practical 
problems involved, and necessarily results in duplication and inefficiency, without 
compensating advantages. 

Usefulness of results obtained. 

11. If it were attempted to divide interception and cryptanalysis of Japanese 
military traffic according to U.S. Army theater boundaries, the results obtained 
within each theater would have little if any relation to the combat operations con- 
ducted in that theater. From the cryptanalytic point of view each theater comman- 
der would be forced to exploit all traffic which he could get, regardless of its place 
of intercept or its value to his own operations, in order to read any traffic of prima- 
ry concern to him.This would necessitate each theater commander duplicating the 
entire effort of other theaters and the War Department, in order to produce results 
most of which would be of no greater value to his theater than to other theaters. 
For example, the Alaskan Defense Command and the China Theater might pro- 
duce results which would be of greatest value to the Southwest Pacific if that the- 
ater were to undertake operations on the coast of China or in the main Japanese 
islands. On the other hand, the Southwest Pacific might produce results most use- 
ful to U.S. Commanders in China for directing operations of Chinese forces from 
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the interior of China. Either theater might produce results of primary interest to the 
Twentieth Air Force or to the War Department. 
“Low level” signal intelligence. 

12. The foregoing comments are applicable chiefly to “high-level” signal intel- 
ligence activities, i.e., intercepting and reading Japanese messages transmitted in 
codes and ciphers having a high degree of security classification. Similar consider- 
ations are applicable to the important field of “low-level” signal intelligence, i.e., 
reading communications transmitted in low-grade codes and ciphers, or obtaining 
intelligence from the observation of radio traffic without reading the texts of the 
messages (traffic analysis). 

13. There are very few Japanese cryptographic systems which are “low level” 
and those low level systems which it has been found possible to exploit are used in 
widely separated areas. For example, the most productive low level Japanese sys- 
tem now being exploited is an air-ground system used by the Japanese throughout 
the Pacific and Far East. Most effective exploitation of that and similar low level 
systems is impossible without immediate and full exchange of current technical 
data and results among the various signal intelligence units throughout the Pacific 
and Far East. 

14. An additional important factor peculiarly applicable to the Japanese prob- 
lem is the need for close integration of the results of this low level work with the 
results obtained from the high level work done primarily by Signal Security 
Agency. Only by a close tie-in of results from all sources can complete and reliable 
intelligence be produced. 

15. For these reasons, a central agency is required in order to afford each unit 
working on this low level material the fullest technical support and to integrate the 
results of its work with the results obtained from other sources. 

IV. Objections raised by SWPA 

16. The principal objection raised by SWPA is to “absentee control” by an 
agency “many thousands of miles away,” with “such delays as to seriously reduce 
the value of the derived intelligence and in many cases render it completely use- 
less.” These objections ignore the basic nature of signal intelligence activities and 
reflect a desire for theater complete self-sufficiency which does not and cannot 
ever exist due to such limiting factors as critical machinery, trained cryptanalysts, 
linguists and skilled research personnel. 

17. The objection that the War Department agency is “many thousands of 
miles away” disregards the speed of modern electrical communications. This is 
strikingly illustrated by the fact that the Director of the British Government Code 
and Cipher School has recently advised the War Department that the British are 
greatly expanding their intercept facilities in India and Burma, but that they desire 
all of the traffic intercepted in those areas (which are as far from Washington as 
SWPA) to be exploited cryptanalytically only in London and Washington (with 
basic research on certain systems done in London and primary reading of current 


RESHAPING THE TOOLS 219 


messages done in Washington). The Director recommends against exploitation by 
the British personnel of the joint agency in SWPA. [text withheld] It recognizes 
that the important question is not at what location the exploitation is done so long 
as it is all done at one place. 

18. The degree to which all exploitation should be concentrated at a single cen- 
ter depends not on the location of that center but upon the availability of communi- 
cations between that agency and (1) all places of intercept and (2) all headquarters 
needing the derived intelligence. Experience has demonstrated that most Japanese 
military traffic now intercepted in the Pacific and Far East can be forwarded to 
Arlington Hall Station, decoded, translated, evaluated and disseminated to opera- 
tional headquarters more quickly than the same processes can be performed within 
any theater. 

19. It is not contemplated that all exploitation will be transferred to Arlington 
Hall. Before any exploitation now done in any theater is transferred either to 
another theater or to Arlington Hall Station, it will be determined exactly where 
such exploitation can be most effectively conducted. For example, such considera- 
tion might show that it would be desirable to forward recovered keys in certain 
systems to an exploitation center within a theater in order that traffic on specific 
circuits, known to carry material relating particularly to that theater’s operation, 
might be read more expeditiously. Only by centralized control, based on knowl- 
edge of all pertinent facts, plus the capabilities of respective theaters, can intercept 
and solution problems be most intelligently integrated or can the most effective 
results be produced. 

20. Centralized control of signal intelligence activities cannot properly be 
characterized as “absentee control.” The reason for placing the control in the War 
Department is to assure unified control which can be provided only by a War 
Department agency. Even under the existing organization, actual control of signal 
intelligence activities in SWPA is exercised from distances of 3,500 miles and the 
Navy controls Guam signal intelligence from Washington, 8,000 miles away. It is 
immaterial whether the distance is 100 miles or 10,000 miles, provided the control] 
of all activities is exercised by a single agency having authority to coordinate. 

21. The comment from SWPA further states that the proposal would “serve to 
disrupt an Allied agency that is now functioning most effectively.” The Allied 
agency referred to is the Central Bureau Brisbane, a joint U.S.-British organization 
under the control of the Chief Signal Officer, SWPA. Considered alone, this orga- 
nization is operated with a relatively high degree of efficiency. However, from the 
overall viewpoint its operations are wasteful, since they are uncoordinated with 
other much more extensive signal intelligence operations of both the U.S. Army 
and the British. The British have proposed that the principal cryptanalytic work of 
the SWPA agency, which is absorbing large numbers of skilled linguistic and tech- 
nical personnel, be transferred to Washington where the British believe the work 
can be done more effectively. There is no basis in the past or present relations of 
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either the War Department or SWPA with the British for the suggestion that the 
proposed centralized control will have anything other than a highly salutory effect 
upon cooperation with the British in the field of signal intelligence. The proposed 
creation of a British Theater in rear of the American zone of operations in the 
Pacific will further complicate the present unsatisfactory situation. 

22. Probably the most unfortunate single consequence of our present decentral- 
ized signal intelligence organization is the strong tendency, most marked in SWPA, 
for each theater to strive for self-sufficiency and to undertake tasks far beyond its 
capacity to perform. This has at times been carried to ridiculous lengths, and has 
resulted in (a) useless duplication of effort and waste of highly technical and spe- 
cialized personnel and machinery available only in limited numbers, and (b) 
neglect of opportunities on the part of theater signal intelligence organizations to 
derive intelligence of great and immediate tactical value from low level crypt- 
analysis and local traffic analysis. 

23. It is certain that centralization of control of signal intelligence activities, 
rather than reducing the amount of useful signal intelligence work done within the- 
aters of operations, will free personnel and units—now wasted on high level work 
beyond their capabilities—for greater concentration upon low level sources which 
can be best exploited locally and the possibilities of which have been grossly 
neglected. This will require the full backing and technical support of a central 
agency having authority (1) to coordinate the missions of all signal intelligence 
units including those engaged in low level work, (2) to ensure prompt interchange 
of technical data and results, and (3) to consolidate results from all sources for both 
technical and intelligence uses. 

V. Procedure for placing centralized control into effect 

24. Pursuant to a directive from the Deputy Chief of Staff dated December 10, 
1944..., operational command and control of the signal intelligence activities of the 
Signal Security Agency are vested in the A. C. of S., G-2, WDGS, who exercises 
such control through the Chief, Military Intelligence Service. This permits close 
working relations between the production of signal intelligence and its evaluation, 
research and dissemination through MIS Special Security Officers attached to the 
operational headquarters and all units requiring information from this source. 

25. The Signal Intelligence Units and personnel now under the command of 
theater commanders should be placed under the command of the Chief, Military 
Intelligence Service who will be in a position to integrate the activities of such 
units and personnel with activities of the Signal Security Agency and to direct all 
such activities in the light of intelligence requirements. The transfer of such units 
to be command of the Chief, Military Intelligence Service, will require no interrup- 
tion in the existing working arrangements. The only immediate operational effect 
of the transfer will be that the present Theater Signal Intelligence officers will 
report directly to the Chief, MIS thorugh the Signal Security Agency, with which 
they all now communicate directly on technical matters. 
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26. The Signal Intelligence Units and personnel transferred will, as in the case 
of the Navy’s Advanced Signal Intelligence Units and the Signal Security 
Agency’s fixed intercept stations, remain under theater commanders for adminis- 
tration and discipline. 


Appendixes 


CHAPTER 18 


218. Constructing and Reading Engineering 


Graphs 


a. Constructing Graphs. 


(1) Engineering graphs of operational or 


experimental data are constructed in 
the same manner as graphs of equa- 
tions (pars. 100-102). First a chart 
is compiled of the available data, and 
then the data is plotted on an axis. 
The independent variable (the vari- 
able to which values are assigned) 
usually is plotted on the x azis, and 
the dependent variable on the y axis. 
The scales on the axes should be as 
large as practicable and, at the same 
time, keep the graph within the space 
available. Sometimes it may be con- 
venient to choose a unit length for 
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(8) The plate current is then plotted 


against the plate voltage and the 
points joined by a smooth curve. The 
resulting graph (fig. 90) is a picture 
of the plate current-voltage charac- 
teristic of a 6J5 electron tube with 
a grid bias of —6 volts. 


b. Reading Graphs. The process of finding 
properties of a function by inspection of the 
graph representing it is called reading the 
graph. From a study of the graph in figure 
90, “certain information is evident and addi- 
tional information can be easily obtained. 
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(1) There is a gradual increase in the 


plate current of the 6J5 tube when 
the plate voltage is increased from 
120 to 158 volts. From 158 to 210 
volts, the current increase is fairly 


PLATE CURRENT (Ip) IN MILLIAMPERES 


(2) 


gz, | 120 | 140 | 158 | 170 | 180 | 190 | 200 


GRAPHICAL REPRESENTATION AND SOLUTION OF ELECTRICAL PROBLEMS 


the ordinate different from that of 
the abscissa. Before selecting the 
units on the axes, examine the table 
for the maximum and minimum 
values of the variables and then 
choose the units on the axes to fit 
these values in the space available 
for the graph. Number the points at 
uniform intervals along the length of 
each axis, and label each scale. 

As an example, an experiment is con- 
ducted to determine the plate current 
(I,) of a 6J5 electron tube at various 
values of plate voltage (E,) when the 
tube has a grid bias of —6 volts. The 
plate voltages applied range from 120 
to 235 volts. The information is tabu- 
lated as follows: 
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Figure 90. Graph showing plate current versus plate 
voltage characteristics of 6J5 electron tube with 
grid bias of —é volts. 
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CHRONOLOGY 


1917 - Formation of Code and Cipher Bureau within Military Inteiligence Section, 
War Department General Staff. 


1918 - Code and Cipher Bureau redesignated as MI-8. 


1919 - Herbert O. Yardley secretly employed by State and War Departments to 
operate clandestine cryptanalytic bureau. 


1920 - William F. Friedman hired by Signal Corps to compile codes. 


1921 - Yardley’s success in reading Japanese diplomatic code paves the way to 
major U.S. diplomatic victory at Washington Peace Conference. 


1929 - Yardley’s bureau discontinued; all Army cryptologic activity transferred to 
Signal Corps where William F, Friedman becomes first head of the Signal 
Intelligence Service (SIS). 


1931 - Yardley published The American Black Chamber, revealing secrets of U.S. 
cryptanalysis. 


1934 - Provisional Radio Intelligence Detachment organized at Fort Monmouth, 
N.J. 


1935 - Maj. Haskell Allison becomes first Army officer to head SIS. 


1938 - 2d Signal Service Company activated to serve as consolidated intercept arm 
for SIS. 


1940 - SIS team led by Friedman succeeds in breaking the Japanese PURPLE 
machine cipher by purely cryptanalytic methods. Decrypts, given the codename 


MAGIC, are given restricted dissemination to a few top policymakers, 


1941 - Pearl Harbor attack; U.S. enters World War II. 
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1942 - Special Branch of MIS organized. 


- SIS moves to Arlington Hall, is given mission of intercepting all diplomatic 
traffic, and is repeatedly redesignated. 

- major intercept stations established at Vint Hill Farms Station, Virginia, and 
Two Rock Ranch Station, California. 


1943 - SIS successor organization succeeds in solving first Japanese military (vice 
diplomatic) system and achieves final World War II designation as Signal Security 
Agency. 

- BRUSA agreement gives Army access to British ULTRA; agreement is 
made that Arlington Hall will serve as principle center for exploitation of Japanese 
military communications, and that SSA will participate in exploiting German prob- 
lem. 


- Military Intelligence Service (MIS) sets up Special Security Officer system 
to disseminate product to the theater commanders. 


1944 - Special Security Officer (SSO) system expanded to service field commands 
down to armies and numbered air forces. 


- Special Branch is dissolved to eliminate excessive compartmentation within 
MIS. American forces invade Normandy. 


- MIS is given operational control of SSA. 


1945 - Army-Navy Communications Intelligence Board created to direct all U.S. 
COMINT operations. 


- Army Security Agency created to centralize all Army COMINT assets. 


GLOSSARY 


The documents included in this collection necessarily contain a number of abbrevi- 
ations and acronyms (some now obsolete) as well as foreign terms that may be 


unfamiliar to the general reader. This is a brief guide. 


A-2 Air Force intelligence staff 

A-3 Air Force operations staff 

AAF Army Air Forces (U.S., World War II) 

Abt. Abteilung (German word for troops) 

A/C Air commodore (British and British Commonwealth Air Force 
rank equivalent to brigadier general) 

A.C. of S Assistant chief of staff 

AEF American Expeditionary Forces (World War I) 

AFHQ Allied Forces Headquarters (World War Il Mediterranean theater) 

AGCT Army General Classification Test 

AGO Adjutant General’s Office 

AIF Australian Imperial Forces 

AIS American Intelligence Service (a semi-autonomous branch of the 
Military Intelligence Service in World War II that dealt with 
Western Hemispheric affairs) 

Armeegruppe Army group 

AR Army regulation 

AS Air Staff 

ASA Anny Security Agency 

ASCZ Advanced Sector, Communications Zone 

ASF Army Service Forces 

ASTP Army Special Training Program (World War II program in which 
selected draftees were allowed to attend college under military 
auspices) 

ATC Air Transport Command 

AUS Army of the United States 

Bde. Brigade 

BEW Board of Economic Warfare 

B.P. Bletchley Park (World War I British COMINT headquarters) 

Btry. Battery 


C-in-C; CINC 
CINCPAC 


CIRO PEARL 


DDMI, BAS 


DEXTER 


Genfldm. 
Genobst. 
GHQ 


GI 
GSC; G.S.C, 
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Cryptanalysis 

Central Bureau, Brisbane 

China-Burma-India (theater) 

Commanding general 

Commander in Chief 

Commander-in-Chief, Pacific 

World War II code word assigned to product derived from analysis 
of medium-level codes and ciphers 

Commanding officer 

Communications intelligence 

Communications zone 

Command post 

Central War Time 

Desert Air Force 

Deputy Director of Military Intelligence, British Army Staff 
(Washington, D.C.) 

British term for lower-grade signals intelligence 

Direction finding (radio) 

Enigma 

Enlisted men 

European Theater of Operations 

European Theater of Operations, U.S. Army 

Eastern War Time 

Federal Bureau of Investigation 

Feld Ersatz Battalion (German field replacement battalion) 

German Air Force liaison officer attached to ground units 

Fiscal year 

For your information 

Military personnel staff section 

Military intelligence 

Military operations staff section 

Military supply staff section 

German Air Force 

Government Code and Cypher School (the World War II British 
COMINT organization headquartered at Bletchley Park) 

Generalfeldmarschal (German rank of Field Marshal, equivalent 
to General of the Army in U.S. rank) 

Generaloberst (German rank of colonel general, equivalent to 
general in the U.S. Army) 

General Headquarters 

Government issue 

General Staff Corps 


GLOSSARY 


Luftflotte 
M-134A 


M-134C 


MOS 

MS; MS/CXX 
MTO 
NATOUSA 
NCO 
NYPE 

O/B 

OCS 
OCSigO 
OD 

OIC 

OKW 


High frequency (radio communication) 

High frequency/direction-finding 

Designation of various types of truck-mounted shelters used to 
house mobile signals intelligence operations in World War II 

Intelligence and Analysis (section) 

Intelligence Bulletin 

International Business Machines 

Infantry 

Intelligence Summary 

Japanese Army 

Joint Intelligence Committee 

Japanese syllabary used for foreign terms 

Kitchen police 

German air fleet (equivalent to a U.S. numbered Air Force) 

Electromechanical cipher device invented by the Signal 
Intelligence Service in the 1930s 

Improved version of the M-134A used in World War II, familiarly 
known as the SIGABA 


‘Strip cipher device introduced by the Signal Intelligence Service 


Mechanical cipher device invented by the Swedish cryptologist 
Boris Hagelin and used to encipher U.S. Army tactical 
communications in World War I 

Mediterranean Allied Air Forces 

Code word assigned to decrypts of Japanese diplomatic 
communications 

Medium frequency (radio transmission) 

World War I cryptanalytic unit of Military Intelligence Division 

Military Intelligence Division, War Department General Staff 

World War II Military Intelligence Service 

Military occupational specialty 

British category of high-grade signals intelligence 

Mediterranean Theater of Operations 

North African Theater of Operations, U.S. Army 

Noncommissioned officer 

New York Port of Embarkation 

Order of Battle 

Officers Candidate School; Office of the Chief of Staff 

Office of the Chief Signal Officer (U.S. Army) 

Olive drab 

Officer in charge 

Oberkommando der Wehrmacht (the World War Il German 
Armed Forces High Command) 


RAM 
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Office of Naval Intelligence 

Observation post 

U.S. Navy cryptanalytic organization 

Operations Division (the U.S. Army’s central command 
organization in World War IT) 

Officers Signal Corps Replacement Pool 

Office of Strategic Services 

Office of War Information 

World War II code word assigned to product derived from analysis 
of low-level codes and ciphers 

Code name assigned by U.S. to advanced Japanese diplomatic 
machine cipher 

Prisoner of war 

Post exchange 

Royal Australian Air Force 

Rapid Analytical Machinery 


Rasterschuessel German transposition cipher device 


ROMAJI 
R/T 


Schwerpunkt 


SCR 
SCU 


SHAEF 


Use of English letters to transcribe Japanese words 

Radio/telephone 

German military term used to denote “vital point” for 
attack or defense 

Signal Corps radio 

Special Communications Unit (British units used as 
communications channels for ULTRA) 

Supreme Headquarters, Allied Expeditionary Forces 

Signal Intelligence Division 

World War II British term for signals intelligence 

Signal Intelligence Service 

Special Liaison Unit (British equivalent of Special Security Officer) 

“Situation normal—all fouled up” 

Special List of Equipment 

Special order 

Special Research History 

Signal Service 

Signal Security Agency 

Signal Security Branch 

Signal Security Division 

Special Security Officer 

Special Security Representative 

Signal Security Service 

Southwest Pacific Area (MacArthur’s World War Il command) 

Technical sergeant, fourth class 
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T/S 
TAC 
TAF 
T/BA 
T/E 
THQ 
THUMB 
T/O 
TOE 
ULTRA 


USAAF 
USAFFE 
USATS 
VHF 

V-J 

WAC 
Ww/C 


WD 
WDGS 
WEC 
Wehrkreis 


Technical sergeant, fifth class 

Tactical Air Command 

Tactical Air Force 

Table of basic allowances 

Table of equipment 

Headquarters hut at Vint Hill Farms School 

Code word assigned to product derived from radio direction finding 

Table of organization 

Table of organization and equipment 

World War I code word assigned to high-level signals intelligence 

product (originally ULTRA DEXTER) 

U.S. Army Air Forces 

U.S. Army Forces, Far East 

U.S. Army Transport Service 

Very high frequency (radio transmission) 

Victory over Japan 

Women’s Army Corps 

Wing commander (Royal Air Force - British Commonwealth 
rank, equivalent to a colonel!) 

War Department 

War Department General Staff 

Wireless Experimental Centre (India-based British COMINT element) 

Territorial division of World War Il German Home Army 

Warrant officer 

Wireless telegraphy (radio) 

Wireless telegraphy intelligence (early term for traffic intelligence) 

British term for low-level signals intelligence 


A DICTIONARY OF PEOPLE, 
PLACES, AND TERMS 


This is a list—by no means exhaustive—of some of the key people, places, and 
military and cryptologic terms that the reader may encounter in the documents. 


Arlington Hall - a converted girls’ school in Arlington, Virginia, which was taken 
over by the U.S. government in World War II to serve as the headquarters for the 


Signal Intelligence Service and its various successor organizations. 


base line - extent of area over which radio direction sets are dispersed. The longer 
the base line, the more accurate the bearings. 


Bissell, Clayton W. - Major General Bissell, an Army Air Forces officer, served as 
Army Assistant Chief of Staff for Intelligence from 1944 to 1945. 


Bletchley Park - British estate that served as the wartime home of the Government 
Code & Cypher School - the British cryptologic organization. 


bookbreaking - recovering the underlying “values”—i.e., meanings—of the vari- 
ous code groups within a single code. 


“buck slip” - referral form. 


Camp Ritchie - This National Guard installation located in the hills of Maryland 
was the site of the Army’s Military Intelligence Training Center in World War II. 


cipher - method of secret writing involving the transposition or substitution of indi- 
vidual letters or syllables in a message. 


Clark, Mark - General Mark Clark served as commander of the Fifth Army in the 
Mediterranean Theater of Operations, 


Clarke, Carter W. - Colonel (later Brigadier General) Carter Clarke served as 
Chief, Special Branch, Military Intelligence Service from 1942 to 1944. He later 


steady. From 210 to 225 volts, how- 219. Application of Graphs to Electrical Laws 
ever, the ingrease is sharper, but 


a. Example 1. 
flattens out slightly from 225 to 235 


(1) A variable resistance is connected 


volts. 


(2) To determine the plate voltage that 


must be applied to result in a plate 
current of 8.6 milliamperes, draw a 
horizontal line from the 8.6 point on 
the y axis to the curve (fig. 90). At 
the point where this horizontal line 
intercepts the curve, drop a vertical 


across a generator that maintains a 
potential of 120 volts (fig. 91). The 
problem is to plot the current as the 
resistance is varied in 2-ohm steps 
from 0 to 20 ohms. Ohm’s law, I = 


Z is used to obtain the coordinates. 


The voltage EF is constant, the resist- 
ance R is the independent variable, 


and the current J is the dependent 
variable; thus, current will be plotted 
against resistance, and the independ- 
ent variable, resistance, will be 
plotted along the x azis. The follow- 
ing chart is compiled: 


line to the x axis. The required plate 
voltage is 222 volts. Similarly, to 
obtain a plate current of 1.5 milli- 
amperes, a plate voltage of 150 volts 
must be applied. 
re | o | 2 | «4 | 6 | 8 | w | 2 4 | tw | is | 20 
I | 00 60 | 30 | 20 | 15 | 12 | 10 | 8.5 | 7.5 | 6.6 | 6 


(2) After a study of the table, it will be 
found that it is more convenient to 
use a much smaller unit of measure- 
ment on the x azis than on the y 
axis. Also, the entire graph falls in 
the first quadrant as all values are 
positive. The resulting graph (fig. 
92) is the current-resistance charac- 
teristic of the circuit. Note that the A 
current decreases as the resistance 
increases. The current for any value 
of the variable resistance can be 


found by reading the graph. TM684-104 


Figure 91. Series circuit showing variable resistance 

b. Example 2. connected across generator. 
(1) Figure 93 shows an ac series circuit 
with a coil having a fixed inductance 
connected across an ac generator 
that can be varied in frequency from 

100 to 1,000 cps in steps of 100 cycles. 

It is assumed that the effect of the 
inductance L is so much greater than 

the resistance of the coil that the 
effect of the resistance can be neg- 


lected. The problem is to plot induc- 


tive reactance X, in the formula 
X, = 2xfL. The frequency f is varied 
to determine the effect upon the in- 
ductive reactance. L is constant at 
0.04 henry, and 27 equals 6.28; thus, 
inductive reactance will be plotted 
against frequency, with the fre- 
quency plotted along the x axis. The 
following chart is compiled: 


f | 100 | 200 | 300 | 400 | 500 | 600 700 | 800 | 900 1,000 


x. | 254 | 502 | 75.4 | 100.5 | 125.5 | 150.7 | 1758 | 201.0 | 226.1 | 251.2 
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became Deputy Chief of the Military Intelligence Service, and went on to com- 
mand the Army Security Agency. 


Class IV Installation - in World War II, a base or camp controlled by a technical 
service, as opposed to Army Ground Forces. 


code - a method of secret writing involving the substitution of words and phrases 
in a message. 


code values - the meanings assigned to different words in a given code. 

collateral - intelligence derived from sources other than signals intelligence. 
colored warplans - U.S. Army warplans devised prior to World War II. Plans were 
aimed against individual enemy countries, each of which was assigned a different 
color code. The plan to defend against Japanese aggression was Plan Orange. 
compromise - a security breakdown uncovering a secret to the enemy. 

converter - pre-World War IT Army term for a machine cipher device. 

cover - deceptive information put out to hide the real source of signals intelligence. 
cryptanalysis - the science of breaking codes and ciphers. 

cryptographer - someone who composes codes and ciphers. 


cryptology - this term, invented by Friedman, embraces the wholefield of secret 
communications, to include cryptanalysis, cryptography, and intercept. 


depth - a cryptologic term referring to the existence of a sufficient number of mes- 
sages in the same code or cipher key. 


Fabyan, George - Eccentric philanthropist who founded Riverbank Laboratories 
and was responsible for the initiation of cryptologic studies in the United States. 


Fort Monmouth - A major Army Signal Corps installation in New Jersey. 


Friedman, William - Originally trained as a geneticist, Friedman became 
America’s foremost cryptologist after George Fabyan hired him to solve the 
alleged hidden cipher in Shakespeare’s plays that would prove the works to have 
been written by Sir Francis Bacon. He served as code compilation clerk for the 
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Signal Corps from 1920 to 1930, and was the first head of the Signal Intelligence 
Service. His major accomplishment was in leading the team that broke the 
Japanese machine cipher that the United States assigned the codename PURPLE, 
During World War II, he served as Director of Communications Research for the 
Signal Security Agency. 


“gig” - U.S. Army term for a demerit in an inspection. 
goniometric - having to do with radio direction-finding. 


grades - enlisted ranks. Before World War II, these went from Grade 7 (buck pri- 
vate) to Grade | (master sergeant). 


Halmahera - Island in the Moluccas. 


indoctrination - in intelligence, the procedure whereby selected individuals are 
instructed on the importance of the secret they will have access to and the need to 
avoid taking any actions that might result in compromise. 


intercept - in signals intelligence, the act of listening to broadcast communications. 
key; keying elements - elements applied to plaintext to produce a ciphered message. 


King, Ernest J. - Admiral (later Fleet Admiral) King served as Commander in 
Chief, United States Fleet and Chief of Naval Operations throughout World War II. 


Marshall, George Catlett - General (later General of the Army) Marshall served as 
Army Chief of Staff throughout World War II. 


McCloy, John J. - a prominent lawyer who served as Assistant Secretary of War 
during World War II. 


McCormack, Alfred - Colonel Alfred McCormack, a Wall Street lawyer in civilian 
life, was called into government service to analyze intelligence problems at the 
beginning of World War II. He served as deputy chief of the Special Branch until 
1944, and then became Director of Intelligence in a reorganized Military 
Intelligence Service. After World War Il, McCormack served briefly as the first 
head of the State Department’s Bureau of Intelligence and Research. 


McNarney, James J. - Lieutenant General McNarney served as Army Deputy Chief 
of Staff in World War II and was deeply involved in organizational issues. 
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Miles, Sherman - Major General Sherman Miles was the Army’s Assistant Chief of 
Staff for Intelligence at the time of the disastrous surprise at Pearl Harbor. 


Montgomery, Bernard - Field Marshal Montgomery commanded the British Eighth 
Army against Rommel in World War II and later went on to command the 21 Army 
Group under Eisenhower. 


non-indicator traffic - messages sent without any obvious indication of what partic- 
ular code or cipher key they have been enciphered in. 


null - radio direction-finding term. A “null” occurs when a radio station can no 
longer be heard, indicating that the antenna of the receiving set is directly aligned 
on a bearing pointing towards the emission source. 


overhead - personnel not assigned to an organized Army unit. 


period - time-frame in which a given code or cryptosystem was allowed to remain 
in use. Codes and ciphers were changed regularly to protect security. 


ratings - lower-ranking soldiers before World War II could acquire additional pay 
within their basic grade by demonstrating professional proficiency in technical 
specialties. 


reserve editions (codes) - new codes would be held in reserve to be issued in case 
existing codes had become compromised. 


Riverbank Laboratories - This “think tank” was founded by George Fabyan at 
Geneva, Illinois, to conduct research in a number of scientific fields, ultimately 
including cryptology. 


Scharnhorst - World War Il German battle cruiser sunk by British Navy as a result 
of successful exploitation of COMINT. 


system indicators - information at the beginning of a message telling the receiving 
operator what code or cipher the message has been transcribed in. 


Stimson, Henry L. - prominent statesman who served as Hoover's Secretary of 
State, where he abolished codebreaking activity, and later as President Franklin 
Roosevelt's Secretary of War, where he sponsored it. 


Strong, George V. - Major General Strong served as the Army’s Assistant Chief of 
Staff for Intelligence from 1942 to 1944. 
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superencipherment - enciphering a message already rendered into code. 


Taylor, Telford - Colonel (later Brigadier General) Telford Taylor, a lawyer in 
civilian life, was commissioned as an intelligence officer in World War IT and 
became the Military Intelligence Service’s chief liaison officer in Britain. After 
World War II, he became a military prosecutor in the war crimes trials at 
Nuremberg, Germany. 


transposition - a method of encipherment in which the order of letters is systemati- 
cally altered. 


Two Rocks - Two Rock Ranch near Petaluma, California, was the site of the Signal 
Security Agency’s main West Coast monitoring station in World War IT. 


Vint Hill Farms - This large estate near Warrenton, Virginia, became the World 
War II site of the Army’s cryptologic training school and Monitoring Station 
Number |. 


Yardley, Herbert O. - Major Yardley headed up MI-8, the Army’s cryptologic unit 
in World War I. He later headed up the so-called “Black Chamber” element that 
broke codes for the State Department and War Department in the 1920s. After 
being dismissed by Henry L. Stimson, he went on to write a sensational and dam- 
aging exposé of his activities. 
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Background 


What is Electronic Intelligence (ELINT)? ELINT is information 
derived primarily from electronic signals that do not contain 
speech or text (which are considered COMINT). 


It is divided into major branches. One branch is Technical 
ELINT (TechELINT), which describes the signal structure, 
emission characteristics, modes of operation, emitter functions, 
and weapons systems associations of such emitters as radars, 
beacons, jammers, and navigational signals. 


A main purpose of TechELINT is to obtain signal parameters 
which can define the capabilities and the role that the emitter 
plays in the larger system, such as a ground radar locating aircraft, 
and thus lead to the design of radar detection, countermeasure, 
or counterweapons equipment. The overall process, including 
operation of the countermeasures, is part of electronic warfare. 


Another major branch is Operational ELINT (OpELINT), which 
concentrates on locating specific ELINT targets and determining 
the operational patterns of the systems. Theseresults are commonly 
called Electronic Order of Battle (EOB). OpELINT also provides 
threat assessments, often referred to as “tactical ELINT.” OpELINT 
intelligence products support military operational planners and 
tactical military commanders on the battlefield. 


A former third major branch of ELINT is the collection, 
processing, and reporting of foreign telemetry signals intelligence 
(TELINT). TELINT is technical and intelligence information 
derived from the intercept, processing, and analysis of foreign 
telemetry. At one time Telemetry Intelligence was considered 
a branch of ELINT since TELINT (later to be called FISINT — 
Foreign Instrumentation Signals Intelligence) activities are closely 
related to TechELINT procedures and were conducted by all of 
the Department of Defense (DoD) military departments. TELINT 
is a critical source of performance information on foreign missiles 
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Figure 92. Graph showing current versus resistance curve for series circuit with 120-volt potential. 
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and space vehicles while they are being developed and tested. 
TELINT can also provide much operational information on foreign 
satellites and space vehicles. 


Electronic Intelligence (ELINT) at the National Security Agency 
(NSA) did not have an easy start. When NSA was formed in 1952, 
consideration was given to including ELINT as well as COMINT 
as part of NSA’s charter. It is widely believed that Lieutenant 
General Ralph Canine, USA, Director of NSA at that time, felt 
that managing the DoD COMINT efforts would be enough of a 
challenge for NSA. This attitude toward ELINT was shared by the 
DoD military departments — none wanted NSA to manage ELINT; 
each department was very content to manage its own interests in 
ELINT. 


Department of Defense ELINT, however, was as much in need 
of coordination and management as COMINT. In particular, the 
effort badly needed a cohesive signal analysis and processing 
effort. 
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Lieutenant General Ralph Canine, USA, 
first Director of NSA 
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The Start of Modern ELINT 


ELINT had its start in World War II with the invention and 
use of radar by the Allies and the Axis. The initial Allied ELINT 
efforts were started by the British; they are described in the book 
The Secret War by Dr. R. V. J ones. The US Army Air Forces had 
a keen interest in ELINT since most of the German radars at the 
time were used to target Allied bombers over Germany, and the air 
forces wanted to knowas much about them as possible —including 
how to evade, “jam,” or “spoof” the radars. 


During WWII the US military departments all used ELINT very 
effectively against German ground radars and against J apanese 
airborne, shipborne, and submarine radars. One of the early 1943 
Army Air Force ELINT missions was flown by a B-24 over Kiska 
Island in the Aleutian Islands to electronically map the J apanese 
radars then on the island. In 1944 large numbers of B-24s were 
outfitted with ELINT receivers, which were used to guide jamming 
of the German ground radars in Europe. 


Soon after WWII, the USAF in Europe (USAFE) embarked 
on an aggressive TechELINT and OpELINT program, including 
establishing a solid and expansive cooperative program with 
several NATO partners. 


In 1952 the US DoD set up the Army-Navy Electronics 
Evaluation Group (ANEEG) to be housed at the Navy’s Nebraska 
Avenue Naval Security Station (NSS) — by coincidence the 
headquarters of NSA at the time — staffed with about thirty people. 
The ANEEG had only informal coordinating collection powers, but 
it was both a centralized analysis point for processing and analysis 
of ELINT intercepts and a focal point for coordination of difficult 
ELINT analytic problems. 


In 1955, as ELINT processing problems grew, ANEEG was 
redesignated the National Technical Processing Center (NTPC), 
under the USAF Air Staff, and administratively was designated 
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Naval Security Station (NSS) at Nebraska Avenue in 
Washington, DC, home of the NTPC 


AFCIN-Z; it was housed in Building 20 at the Naval Security Station 
in Washington, DC. In addition to Army and Navy participation, 
the NTPC had key participants from the USAF and from the CIA. 
CIA at that time was operating the U-2 airborne reconnaissance 
program, and it led the integration of U-2 data into NIPC signal 
processing efforts. The U-2 had ELINT signal collection packages 
as well as photographic sensors. 


Direction for NSA to Manage DoD ELINT 


Starting in 1954, a number of presidential-level committees 
recommended that ELINT be brought under NSA’s purview. 
Both the Mark Clark Subcommittee of the Hoover Commission 
in 1954 and the William O. Baker Committee in 1957 made 
such a recommendation. Dr. Baker was a major influence in 
having US ELINT efforts managed by NSA. Strongly backed by 
President Eisenhower, the Baker Committee’s efforts culminated 
in the issuance of National Security Council Intelligence Directive 
(NSCID) No. 6, “Communications Intelligence and Electronics 
Intelligence,” in early 1958. 


NSCID No.6 gave NSA many 
ELINT powers. Within DoD it was 
implemented in early 1959 by an 
updated 1955 DoD Directive S-3115.2 
and focused DoD top management 
review within DDR&E, soon to be 
headed by Dr. Eugene Fubini, a staunch 
supporter of ELINT and of having NSA 
manage DoD ELINT. It gave NSA (with 
certain exceptions) “operational and 
technical control” of all US DoD ELINT 
activities. The directive made it quite 
clear that the Joint Chiefs of Staff, 
component commanders, and the 
military departments and services were 
Dr. William O. Baker __ ‘0 fully support these NSA-managed 
ELINT activities. 


ELINT Management Begins at NSA 


One of the first actions taken in response to the DoD ELINT 
directive in March of 1959 was to incorporate the National 
Technical Processing Center into the NSA Collection and Signal 
Analysis (COSA) organization as the “Non-communications Signals 
Analysis and Processing Division.” By 1959, NTPC had about 100 
people. This signal processing and analysis group formed the core 
of the NSA effort at that time. 


Some of the DoD military departments and combat commands 
were not greatly enthusiastic about NSA’s newresponsibilities, and 
as aresult many management problems and effective coordination 
procedures developed. The Strategic Air Command (SAC) was 
long accustomed to doing ELINT business “their way,” which was 
tailored to fulfill their mission. SAC soon developed a productive 
and cooperative set of arrangements with NSA. 


NSA Fort Meade complex in the 1960s 


SAC had an extremely active ELINT program using RB-47 
aircraft (the reconnaissance version of the B-47 bomber) to probe 
Soviet aircraft defenses in order to get information to protect SAC’s 
fleet of B-52 bombers. All of the SAC B-52s were soon protected 
with “radar warning receivers” based on ELINT information. 


In 1960, two major overseas 
ELINT processing centers 
became integral parts of the 
overall DoD ELINT structure 
NSA developed. These centers 
processed and analyzed data 
primarily from the US military 
departments’ ELINT collection 
assets. In 1974 the USAF Europe 
sponsored programs with 
NATO partners and was fully 
integrated into the NSA system. 
Later this effort was combined 
with the NSA engineering 
support office in Europe. 


Now-closed STONEHOUSE 


deep space TELINT facility 


NSA built and deployed — or sponsored — many ELINT and 
TELINT signal collection systems during the 1960s. A ring of 
sophisticated systems was developed and deployed in the TELINT 
area to gather information on the missile development and space 
activities of the Soviet Union. 


Since the early 1960s, NSA had been a participant in the NRO 
and US Navy-led GRAB and POPPY efforts to collect ELINT on 
Soviet air defense radar signals 
from an orbiting satellite. 
Intelligence from GRAB and 
POPPY provided the location 
and capabilities of Soviet radar 
sites and ocean surveillance 
information to the US Navy and 
for use by the USAF. This effort 
provided significant ELINT 
support to US forces throughout 
the war in Vietnam. 


One of NSA’s_ new ° 
responsibilities was to prepare : 
a National ELINT Plan (NEP) Early GRAB satellite for 
in coordination with the ELINT LINT signal collection from 
community at that time. The ground radars 
first plan was completed in 1963 
under NSA leadership with the participation of the US military 
departments, the J oint Chiefs of Staff (J CS), DIA, and CIA. Several 
plans followed. 


Another response by NSA related to the expansion of NSA 
ELINT responsibilities was the creation in 1967 of a special group 
called DAGER, the Director’s Advisory Group on ELINT and 
Reconnaissance. It was a small group headed by Mr. Charles Tevis, 
who originated the idea and was a strong proponent and technical 
leader of NSA’s stewardship of ELINT. 


In the late 1960s during the Vietnam War, ELINT played 
a major role: many military airplanes were outfitted with 
warning receivers and jamming equipment to counter the North 
Vietnamese antiaircraft guns and surface-to-air missile sites 
provided to North Vietnam by the Soviets. This radar warning 
and associated jamming equipment significantly reduced US 
aircraft losses. One of the key aircraft used was the Navy A-3 
SKYWARRIOR, which could be aircraft-carrier-based. When 
configured for electronic warfare, it was designated EA-3B. 


EA-3B ELINT and electronic warfare 
aircraft 


The EA-3B was particularly effective against the 
Soviet-built SA-2 surface-to-air missile systems which 
targeted US fighters and bombers over North Vietnam. 


The EA-3Bs remained in service until the early 1990s and 
served around the world as ELINT and electronic warfare aircraft; 
they were based on land and on carriers. The aircraft were used 
in the 1991 Gulf War and helped target Iraqi antiaircraft missile 
systems for allied air-to-ground missile destruction. 


Intheearly 1970s ajoint National Reconnaissance Organization 
(NRO) and NSA field ELINT processing center was opened. 
This joint effort added NSA’s expertise in signal processing 
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SA-2 “Guide- 

line” ground- 

to-air missile 
system 


and its reporting responsibilities to NRO activities, provided 
many collection and processing advantages, and improved timely 
reporting of NRO collection results. 


Expansion of NSA ELINT Responsibilities 


In 1971 the Collection and Signals Analysis organization, 
elements of the Research and Development organization, 
and other SIGINT operational elements merged to form the 
“Electronic Intelligence and Systems Management Group.” This 
group provided a good institutional base for NSA to manage 
ELINT, including collection activities and the development of new 
collection and processing systems for ELINT efforts. Similarly, 
it created a cohesive way to develop the ELINT portion of the 
Combined Cryptologic Program (CCP) program and budgets with 
the DoD military departments. One of the offices in the group 
concentrated on TechELINT, one on OpELINT, and one on 
TELINT. 


TELINT attained its status as a separate “INT” in 1971 with the 
publication of the revised DoD Directive 5100.20, which gave NSA 
its updated charter. TELINT activities were focused in the NSA 
organization as the Advanced Weapons and Space Systems Office 
within the new group. 


By the early 1970s NSA had completed a network of ground- 
based foreign telemetry collection facilities and worked with the 


DoD military departments and services to develop aircraft and 
shipborne TELINT signal collection facilities. 


National Security Council 
Intelligence Directive No.6 
was updated in 1972 and 
retitled “Signals Intelligence 
(SIGINT).” This directive 
gave NSA even more ELINT 
powers. Based on NSCID 
6 concepts, SIGINT within 
DoD had been implemented 
by Department of Defense 
Directive 5100.20, issued in 
1971 and commonly referred 
to as_ the “NSA Charter.” 
The DoD Directive charged 
NSA with the responsibility 
of managing SIGINT within 
DoD and specifically defined 
SIGINT as including COMINT, 
ELINT, and TELINT. As 
previously mentioned, the 
term TELINT has fallen into 
disuse and has been replaced : . 
by the term FISINT, which TELINT signal collection 
includes telemetry, missile and positions carly 29708 
satellite command signals, and 
beacons. 


During the Cold War years, NSA continued to sponsor — or 
participate with the DoD military departments, the National 
Reconnaissance Office, and the CIA in — the development of 
sophisticated signal collection equipment for target signals to keep 
pace with the ever-changing technology of those signals. 


Oneofthepremier ELINT datacollection platformsisamodified 
US Air Force RC-135U aircraft. The primary function of these 
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TechELINT specially configured aircraft is ELINT reconnaissance 
and surveillance. They collect, analyze, and sometimes locate 
foreign target electronic signals to help determine detailed 
operating characteristics and capabilities. They have been in 
operation, with a continuing series of advanced configurations, 
since 1964. 
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Figure 93. Series circuit showing inductance connected 
across ac generator. 


(2) Since all values are positive, the en- 
tire graph will lie in the first quad- 
rant. The resulting graph (fig. 94) 


INDUCTIVE REACTANCE (X_) IN OHMS 


500 
FRE 
IN CYCLES PER SECOND 


pictures the increase in the reactance 
of the inductor as operating frequen- 
cies are increased from 100 to 1,000 
cycles per second. 


220. Review Problems—Graphical Representa- 
tion and Solution of Electrical Problems 


a. The antenna resistance R in ohms varies 
as the height H in wavelengths of a horizontal 
half-wave antenna according to the values 
given in the chart below. Plot the curve of the 
antenna resistance against the antenna height. 
At what height is the resistance at a maxi- 
mum? 


600 
QUENCY (f) 
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Figure 94. Graph showing reactance of 0.4-henry inductor at frequencies from 100 to 1,000 eps. 


regia 


re | o | 3 | #7 | 9 


| 02, | o50 | 075 | 1.00 | 1.25 | 150 | (1.75 | 2.00 


ce | 6 | 7 | 3 | 68 


b. As the output current J, in milliamperes 
is varied by a full-wave rectifier voltage quad- 
rupler, the output voltage #, in volts changes 


| 46.5 | 420 | 2395 | 36.0 | 32.5 


z. | 292 | 305 | 317 | 330 | 350 


in accordance with the following data. . Plot 
the curve and determine the current at a volt- 
age of 380 volts. 


| 285 | 240 | 195 | 140 | 80 | 4.0 
| 370 | 390 | 415 | 448 | 488 | 515 


c. When two coils are arranged so that a 
change in current in one coil causes a voltage 
to be induced in the other, the coils are said 
to possess mutual inductance. Given the mutual 
inductance M in henrys for two coils S centi- 
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meters apart, plot the curve of the mutual 
inductance against the separation between the 
coils. What is the mutual inductance when the 
coils are separated by a distance of 7 centi- 
meters? 


175 


Another long-time ELINT collection platform is the US Army 
GUARDRAIL aircraft. This aircraft is configured to locate enemy 
fire control radars and thus provide OpELINT. The aircraft can fly 
near or over a battlefield and communicate directly with Army and 
Air Force units. The GUARDRAIL collection and related analysis 
and reporting efforts have served in conflicts starting with the 
Vietnam War through DESERT STORM in 1991. 
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RC12 GUARDRAIL COMINT and ELINT collection platform 


During the Cold War many technological advances were made 
in ELINT collection and analysis equipment. These advances made 
increased capabilities possible with more reliable configurations 
and by consuming less electrical power. As the “state-of-the-art” 
of foreign radar and other electronic equipment advanced, ELINT 
receivers had to keep pace. One such receiver, developed in the 
1970s for both ground site and airborne use, was the QRC-259. 
Some thirty to forty receiver systems were deployed and operated 
into the 1990s. 


NSA also continued to modernize and expand its ELINT 
signals processing and analysis equipment “positions.” The 
Agency likewise upgraded positions at selected field facilities with 
emphasis on more timely reporting of ELINT results. 


NSA also developed and operated special-purpose telemetry 
processing equipment, often computer-based, in the National 
Telemetry Processing Center (using the abbreviation NTPC). 
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QRC-259 ELINT signal receiver developed in the 1970s 


Different types of equipment sets were needed to process and 
analyze different forms of telemetry used by various telemetry 
transmission equipment. One example is RISSMAN, a special- 
purpose telemetry processing system used at NSA during the Cold 
War. 


RISSMAN, a special-purpose telemetry processor 


Cold War ELINT signals analysis equipment set operated 
at NSA 


Summary 


Starting in 1958, and working with other US and allied ELINT 
organizations, NSA technical and management initiatives and 
expertise have made significant intelligence gains for the United 
States and its allies. These gains provided vital intelligence 
information for use by electronic warfare equipment designers and 
operating personnel. They also provided critical information on 
foreign missiles and space vehicles that were a threat to the United 
States. NSA continues today in its role as the lead US organization 
for ELINT matters. 
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The Origins and Development of Royal Australian Naval Signals Intelligence In An Era of Imperial Defence 
1914 - 1945 


http://unsworks.unsw.edu.au/fapi/datastream/unsworks:4373/SOURCE1?view=true 


The Most Secret War 
Army Signals Intelligence In Vietnam 


https://archive.org/details/mostsecretwararmOOfort 


547 Signal Troop And The Army Security Agency 


http://oldspooksandspies.org/Reference/547_SIGNAL_TROOP_AND_ THE ARMY SECURITY AGENCY vers 8.pdf 
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10 February 2016 


This is in response to your letter dated 22 June 2015 and 
received in the National Reconnaissance Office (NRO) on 29 October 
2015. Pursuant to the provisions of Executive Order 13526, you 
appealed the NRO’s 12 June 2015 release determination in response to 
your request for Mandatory Declassification Review of “The SIGINT 
Satellite Story.” 


As the NRO Appellate Authority, I have determined that some of 
the information withheld in the initial 12 June 2015 release no longer 
requires protection. Much of this information that is now available 
for release relates to program declassification determinations that 
post-date the 12 June 2015 document release (please see the NRO public 
website at www.nro.gov for additional information in this regard). 

The newly-treated document, as included in this package, reflects 
these updates. 


With regard to information that is withheld in the revised 
treatment, I am upholding the initial determination that these 
portions of the document remain currently and properly classified 
under the provisions of Executive Order (E.0O.) 13526, Sections 1.4 (c) 
and 1.4(d). To the extent that the classified information in the 
responsive documents is over 25 years old, I have determined that it 
qualifies for continued classification under E.0O. 13526, Section 3.3 
(b) (1). In addition, the names of NRO or NSA employees and/or 
information related to NRO or NSA/CSS functions and activities remain 
exempt from public release in accordance with E.O. 13526, Section 
3.5(c). The withholding statutes in this case are Section 6, Public 
Law 86-35 (50 U.S. Code 3605) (NSA) and 10 U.S.C. § 424(NRO). 


Per E.O. 13526, Section 5.3(b) (3), and the Information Security 
Oversight Office Directive #1, you may appeal this decision to the 
Interagency Security Classification Appeals Panel (ISCAP). Your 
appeal should be addressed to: 


Executive Secretary, ISCAP 

c/o Information Security Oversight Office 
The National Archives Building 

700 Pennsylvania Avenue, NW, Room 100 
Washington, D.C. 20408 


If you have any questions, please call the Requester Service 
Center at 703-227-9326 and reference case number E16-0008. 


Sincerely, 


Stephen R. Glenn 
Director, Information 
Management Services Office 
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Ss | 0 | 2 | 4 | 6 


| 8s | w | 12 14 


M 0.051 | 0.049 | 0.041 


d. The vertical sag S in a powerline depends 
on the temperature 7. With the sag being 
measured in feet and the temperature in °F. 
the following data is available for a 400-foot- 


r | —#o | -#% | o 


20 
s | «6s | 7 | ww | 1 


0.033 | 


e. The values of current / in milliamperes 
obtained by applying E volts to a selenium 
rectifier plate is shown in the following chart. 


0.025 0.017 | 0.011 0.007 


span. Plot the vertical sag against the tem- 
perature. If the sag is not to exceed 8.1 feet, 
what is the maximum permissible tem- 
perature? 


so | 100 


| 76 78 | 80 | 82 


Plot the current against the voltage and de- 
termine the current when the voltage is 0.8 
volt. 


E | 15 | 13 | 11 | 0.9 | 07 | 
r | 100 | so | 60 4o | 20 | 
1,000,000 


f. Using the formula XC = ~3fC to de- 


termine the values of variables, plot a graph 
showing reactance XC of a circuit having a 
capacitance of 2 microfarads at frequencies 
f variable from 1,000 to 10,000 eps in 1,000- 
cycle steps. (27 = 6.28.) 


g. A circuit consists of a resistance of 5 
ohms connected across a source of variable 


176 


el aloe ane A aga alice as 


0 —.05 —1 | —2 | —3 —4 


potential. Using Ohm’s law, plot the current 
through the resistance against the voltage 
across the resistance as the voltage is varied 
from 0 to 120 volts in 10-volt steps. 


h. A variable resistance is connected across 
a generator that maintains a potential of 220 
volts. Plot the current through the resistance 
as the resistance is varied in 5-ohm steps from 
5 to 60 ohms. 
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To my dear wife, Bertha, whose strength and gentleness and thought- 
fulness have been my great joy in life. During the events described in the 
hook she sent me off to work happy and secure, looking forward to each 
day. And in the writing of this history, she is @gain doing that. This is for 
Bertha. 


David D. Bradburn 


To my wife, Theresa, and my daughters, Denise and Diane, who for 
over 35 years have accepted, without question, the strange hours, mysteri- 
ous trips, uninielligible telephone calls, and all the other incomprehensi- 
ble aspects of my behavior that have been'an everyday occurrence since I 
was assigned to the WS-117L Satellite System Office in Inglewood, 
California, in January 1958. Their support, with only meager knowledge 
of where I was or what I was doing most of the time, has made an absorb- 
ing and challenging program a most enjoyable and rewarding experience. 


John QO. Copley 


To my wife, Betty Jean, who worked with me putting in many extra 
hours during the early days of this program. She and my children, 
Stephen and Theresa, made many sacrifices and provided much needed 
support during the mid-1960s and early 1970s when my dedication to this 
program required long hours and extensiue travel. A special thanks to 
Dr. Louis Tordella, Deputy Director of NSA, without whose trust and sup- 
port many of the-accomplishments and successes would not have been 
possible. 


Raymond B. Potts 


My contribution to this book, which has been a pleasant cap on my 
NSA career, is dedicated to my dear wife, Jane, who gave so much love 
and support to me throughout all our years; this was in addition to the 
hard work demanded by her own career and our family, Peggy, David, 
and Cyndy, and all this wis done without getting back the satisfaction of 
knowing much of what my work was about. 
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This history was undertaken at the request of Jimmie D. Hill, who 
maintained a continuing interest and provided moral support and advice 
as the work went along. The real instigator was Col James C. 
Fitzpatrick, USAF (Retired), who suggested the idea and showed us how 
it was done for the preceding volumes on the CORONA, GAMBIT, and 
HEXAGON imaging systems. Also, Col Frederic C. E. “Fritz” Oder, an 
old boss on the WS-117L project, who had a major role in the earlier his- 
tories, gave his advice at every turn, which really helped in getting 
started. 


Early on, we decided to write a single volume that would cover all 
the SIGINT satellite projects up to 1975. This was around the time the 
writers were retiring or moving to new jobs out of the SIGINT satellite 
business. It was also the time the main SIGINT satellites were all in 
place, the early versions. So we were writing about an entire set of satel- 


lites and we were writing about our own experiences. We decided to orga- 


nize the book into introductory material, a series of project histories, and 
Some summary material. This plan let us show how each satellite came 
into being and then show how the whole set worked together. It also 
allowed for themes about management and results to be summarized at 
the end after the examples have been given. 


Our reader could be an NRO manager, a Congressional staff mem- 
ber, or a family member of a long-time NRO or NSA government SIGINT 
satellite project participant. We have tried to explain the usually threat- 
ening SIGINT business to the non-expert. We owe a big debt to R. Cargill 
Hall, of the Office of History, United States Air Force, for acting as our 
professional advisor on methods and as our constant reviewer and editor 
during the writing process. He gave us his valuable piece, “On Writing 
History,” and other references on clear writing. He also kept on his “non- 
SIGINT-expert” hat and kept challenging us to write for such people. If 
we have succeeded, it is Cargill Hall's digs in our ribs that we have to 
thank for it! 
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The team was organized with the help of ie of and 
Judy Colbert, Jane's secretary. We shared thegiEiZoffice for the first 
few weeks of the project and got well started. Then we moved the Los 
Angeles operation across the hall to offices in The Aerospace Corpora- 


tion, with the help and support of ASRRZREIOMMM ho was our senior 
administrator for the nearly five years of the project. BO 1an28 3-6) 


ities in The Aerospace Corporation. mving us help and encouragement 
when it was most needed. HA-MM was our secretary in the early 
days, and Eaeaaaeamm came in later as our secretary and team helper. 
Near the end of the project HQiEKgwas our word-processing expert and 
thus made another major contribution. GOMRRORIGMME -ook over as our 
secretary for the last two years of the project and. in spite of lots of 
changes going on in the company and in the industry generally, provided 
a serene place for us to'do our work, kept the project on track, and kept 
us paid and happy! 


Our technical editor jiaamam came on board for the last 
year of the project and was a professional from the start, so the other 
members could concentrate on getting the story together while RRR 
polished the results. 


Prebtaeyg © 13526 3.5(c) and senior designer 
invaluable support during the publication process. 


At NSA, we would like to thank some people whose invaluable sup- 
port made this history possible: 


VAdm William O. Studeman, USN, Director of the NSA, who pro- 
vided support from the start of this effort. 


VAdm John M. McConnell, USN, Director of the NSA, who continued 
that support. 
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SRESEE and then(aemeaeamemaes acted as our primary management author- 


ee 


ee i 
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George R. Cotter, NSA Senior Scientist, who provided senior staff 
support. : 


David W. Gaddy, NSA Chief of the Center for Cryptologic History, 
who provided frequent guidance and whose staff provided day-to-day 


support. : 


i 


David A. Hatch, NSA Director of the Center for Cryptologic History, 
. who replaced Dave Gaddy and continued the outstanding support. 


Henry F. Schorreck, NSA Historian, who provided valuable data. 


Thomas R. Johnson, NSA Historian, who provided valuable support. 


EO 13526 3.5(c) NSA 


Administration, who provided valuable support. 
ee = © 13526 3.5(c) ‘NSA Administration, who pro- . 
vided much needed support in sending and receiving controlled material, , | 
EO 13526 3.5(c) NSA Archives, who made a laborious search of 
the archives to obtain the photographs used in this history. 


OR SOMENS A. who provided the valuable RUFFER History Za 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4{c)<25Yrs 


NSA, who provided valuable assistance in gathering 


processing data, 


andiemeae NSA. the expert who provided all the data on the 
COMINT target development and mapping satellites. 


Dr. David vanKeiren, NRL Historian, who found and provided pho- 
tographs for Chapter 3. 


As the book went together, we interviewed many people, each of 
whom typically gave a morning or an afternoon for the purpose. Those 
People included the Directors of SAFSP now living: MGen John L. Martin, 
Jr, Gen Lew Allen, Jr., and BGen William G. King, Jr., all of whom gen- 
erously also acted as members of our review group (“Red Team”) in 
March 1994. We thank each of our interviewees separately for their time 

and the chance to renew old friendships: Joe Amato, George Barthel, 
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James V. Boone, Julian CaballercWBRCS iG Meme SPLE RT ap 

Robert E. Conley, George Cotter, eM McaeaaGmm (who participated by 
: mail) EO 13526 3.5{c), EO 13526 3.3(b}(1)>25Yrs, EO. 13526.1.4 Eugene G. Fubini 
BO Fae ee) Robert J. Hermann, Jimmie D. Hill, 


JEO 13526 3.5(c) “ MGen John G. 
Rai bery EO 13526 3.(c) MGen John B. Marks, John N. McMahon, 
013526 3.5(c), EO 13626 3.3(b)(1)>25Yrs LtCol John 
M. O'Connell, Col Frederic C. E. Oder, RRS 
EO 13526 3.5(c) 
EO 13526 3,5{c) 
EO 13526 3.5(c} 


Joe Amato, Julian Caballero, Bob Hermann, Jimmie Hill, John 


’ McMahon. and Bud Wheelon also came back to help on the Red Team in 
March 1994. 


RAdm Robert K. Geiger joined our Red Team in March 1994 and 
added a valuable dimension to our Navy story. 


Sanford Evans and Bob Gaylord of The Aerospace Corporation 
brought their insights to the Red Team in March 1994. 


We used a number of good histories, which are listed in the refer- 
ences. The ones that were especially useful were: 


* NSA in Space, April 1975, BYE-19385-75 (TS/B/TK/COMINT). 
This is an excellent history, giving many details and facts about 
all the projects for the same time period as our history. 


¢ RUFFER History, prepared by NSA, R321 Program Office, 
30 September 1990, NSA 86594-90. 


* History of the POPPY Satellite System, BYE-56105-78, thought- 
fully furnished to us by Jim Morgan of Program C. 
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CHAPTER 19 
BINARY NUMBERS 


221. Scope and Background 


a. This chapter serves as an introduction to 
the theory and arithmetic of binary numbers. 
It explains the difference between binary num- 
bers and the more conventional decimal num- 
bering system. 


b. Binary numbers are of primary interest 
to the electronic technician because of their 
use in digital computers and similar devices. 
These computers fundamentally depend on 
either a conducting or nonconducting state of 
vacuum tubes or transistors, or they may de- 
pend on the storage states of magnetic cores. 
Hence they are bistable; that is, they are in 
one of two stable conditions. 


c. The decimal numbering system uses 10 
digits, 0 through 9. A digital computer using 
the decimal system would be large and com- 
plex; hence the binary system was adapted 


and 1, of the binary system correspond to the 
bistable states discussed in b above. These two 
digits are called bits, a contraction of Binary 
digITS. 


222. Comparison Between Decimal and Binary 
Systems 


a. Decimal System. In the decimal system, 
the value of a number depends on the position 
of its digits. For example, in the decimal num- 
ber 63, the digit 3 represents 3; however, in 
63,444, the digit 3 represents 3,000; thus, - 
changing the place of a digit in a number 
changes the value of the digit. 

(1) As another example, decimal number 
825 means 8 x 10?-+2x10!'+5x 
10°. Ten (10) is considered the radix 
or base of the decimal] system. Posi- 
tional values for the equivalent 
powers of 10 are given in the follow- 


for digital computer use—the two digits, 0 ing chart: 
| | Hundred Ten | | | | 
Position Millions thousands thousands Thousands Hundreds Tens Units 
Value 1,000,000 100,000 10,000 1,000 100 10 1 
Power 106 105 104 103 102 10! 100 


(2) Again, using 63,444 as an example, 
the number can be analyzed as fol- 
lows: 

Position digit 


104, 


108 


102 


10° 


Power 


(3) Now multiply the position digit by 
the power (value) and add: 


6 x 104 = 60,000 
3 xX 108 = 3,000 
4x 10? — 400 
4x 10! = 40 
4X10 Ory = 4 4 

63,444 


AGO 558A 


631960 O ~62 -12 


b. Binary System. In place of 10, the binary 
system uses 2 as the base or radix. All powers 
are powers of 2. An expansion (multiplica- 
tion) of some of the powers of 2 follows: 


2— 1 
2= 2 
2— 4 
2— §8 
24 = 16 
23 — 32 
25 — 64 
27 — 128 
28 — 256, etc. 
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se aes BRO staff pitched in right from the start. Sharilyn Watts and 
: helped us find files for building our chronology. As we 

got going, |AOMRAZA IE) SAFSS Policy, was our main source of sup- 

port in Washington. When we needed to have a meeting or get some- 

thing done, we just asked {ff and it was done. Helping gl was Rg 

eS who prepared materials for our reviews and briefings. 

EO 13526 3.5{c) came on the scene during the last year, when we 


a big job. He made all that come together and helped to set the stage for 
some historic meetings. 


The writing was done in a matrix. Each writer wrote about what he 
knew best——for example, all processing by one author, all intelligence 
results by another. This led to chapters with multiple contributors. We 
hope this approach helps the book to be objective, even though we are 
writing as participants and not as historians going back to find out what 
happened. We started with the idea that NRO management was goud. 
We ended with the idea that the creation of the office of the DNRO was 
the defining event that led to the results. This came out of the work and 
was a consensus among those interviewed. 


Our approach was to read, collect information, interview widely, 
write, and ask some senior people—our Red team—to review the book. 
This was done in March 1994. On this team were the first four Directors 
of the NRO, Joseph V. Charyk, Brockway McMillan, Alexander H. Flax, 
and John L. McLucas, whom we had not previously interviewed. These 
four also came to a first-of-a-kind Round Table meeting on 26 May 1994 
at which Louis W. Tordella, the distinguished Deputy Director of NSA 
from 1958 to 1974, and Julian Caballero, the distinguished Director of 
CIA's Program B at the time of his retirement in 1993 and a veteran of 
the pO OM CME from 1965, also took part. This turned out to be 
the high point of the wark for the writing team and was well documented 
by video and still photography, thanks to the good work of iagmamemanaiay 

AEE IN 1 he NRO Video 
Productions Center. 


This has been a satisfying job, with many rewards in sharing experi- 
ences and in planning and carrying out the work. The authors hope this 
book will be of use and interest to all who can share it. 
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(1) The binary system operates like the 
decimal system. Use the number 
111111 as an example: 

(a) In the decimal system: 
111111 = 105 + 104 + 10% + 102 
+ 10! + 10° = 111,111. 


Position Sixty-four Thirty-two Sixteen 
Value 64 32 16 
Power 26 25 24 


223. Tabular Conversion of Decimal Numbers to 
Binary Numbers 


a. The following chart expresses the decimal 
numbers 0 through 10 in the binary system: 


Binary numbers 


Decimal 2 24 28 22 21 20 
numbers 

82 16 8 4 2 1 

0 0 0 0 0 0 0 

1 0 0 0 0 0 1 

2 0 0 0 0 1 0 

3 0 0 0 0 1 1 

4 0 0 0 1 0 0 

5 0 0 0 1 0 1 

6 0 0 0 1 1 0 

7 0 0 0 1 1 1 

8 0 0 1 0 0 0 

9 0 0 1 0 0 1 

10 0 0 1 0 1 0 


(1) If a power of 2 appears in the decimal 
number in the left column, place a 1 
in the column in which the power 
of two appears. If a power of 2 is 
not used, place a 0 in that column. 


(2) The decimal number 0 is equivalent 
to the binary number 0. Thus, a 0 
is required in the extreme right-hand 
position of the binary system. 

(3) The decimal number 2 equals 2!— 
place a 1 under 2! and a 0 under all 
other powers of 2. 

(4) The decimal number 3 equals 2! + 2°. 
Place a 1 in each of these columns 
and a 0 under all other powers of 2. 
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(b) In the binary system: 
111111 = 25 + 24 4+ 23 + 22 + 2! 
+ 2° — 63. 
(2) A portion of the positional values and 
equivalent powers used in the binary 
system is now given. 


Eight Four Two | Units 
8 4 2 | 1 
28 22 


(5) The decimal number 4 equals 2?. 
Place a 1 under 2? and a 0 under all 
other powers of 2. 

(6) The decimal number 5 equals 2? + 2°. 
Place a 1 under each of these powers 
of 2 and a 0 under all of the remain- 
ing powers. 

(7) Use the procedures outlined above to 
check the remaining values in the 
chart. 


b. Additional tabular conversions follow: 


Binary numbers 


Decimal 
numbers 


» 
oO 
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224. Nontabular Conversion of Decimal Num- 
bers to Binary Numbers 


The tabular conversion of decimal numbers 
to binary numbers is tedious and somewhat 
awkward. An easier method is to divide the 
decimal number by 2, and the answer again by 
two, continuing until you have a remainder of 
1. In the example below, 37 will be converted 
to its binary equivalent. Notice that through- 
out the operation all numbers will be either 
exactly divisible by 2 or will be divisible with 
a remainder of 1. If 2 divides evenly, place a 
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The way the United States perfected. 
and used space technology to solve intelli- 
gence problems is an important story; this 
remarkable technology helped ensure that 
the Cold War never turned “hot.” In paral- 
je] with the crucially important develop- 
ment of ballistic missiles for our defense, 
there was the equally urgent program to 
develop reconnaissance satellites to pro- 
vide advance warning of enemy military 
activity. Information about military, 
industrial, and political activities in the 
Soviet Union was the key to providing the 
United States with a survivable nuclear 
retaliatory force. The story of the photo 
reconnaissance satellites has been told in 
the three previous volumes in this series. 
This new story involves the challenge of 
collecting electronic signals being radiated 
from the Soviet Union using satellites in 
Earth orbit, some as high as geosynchro- 
nous altitude; sending those signals back 
to Earth; sorting and analyzing those sig- 
nals with computers and with people; and 
providing to our national leaders the infor- 
mation needed to give our country a valu- 
able advantage in confronting the threat of 
Soviet Communism during the most per- 
ilous times of the Cold War. The story now 
to be told is about the US 
SIGINT satellites. * 


* When an intercepted electronic signal is from the transmit- 
ter of a radar set. the information collected is called elec- 
tronic intelligence. or ELINT; when the intercepted signal 
is for wntten or spoken communications, the information 
collected is called communications intelligence, or COMINT; 
and when the intercepted signal is from telemetry, the 
information being collected is cailed telemetry intelligence. 


or TELINT. These three applications are collectively called 2 
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Early History 


During World War II, lookouts aboard 
surfaced German submarines used hand- 
held crystal-video radar receivers called 
ATHOS to detect pulses emitted by search 
radars on Allied warships and aircraft. 
This type of receiver consisted of a tuning 
coil and capacitor to select the approximate 
radio frequency to be received; a crystal 
diode, usually of silicon, that acted as a 
one-way gate, or rectifier, and produced an 
audible sound; and a simple amplifier that 
broadcast the “detected” sounds over a 
headset or loudspeaker. After the war, this 
same technology was adopted and applied © 
in the direction-finding systems of 
American warships and airplanes because 
of its simplicity, small size, and “wide- 
open” frequency-detection characteristics. 


Sputnik I, the world’s first artificial 
satellite, inaugurated the Space Age on 4 
October 1957. On 22 June 1960, another 
satellite, built by the US Naval Research 
Laboratory and containing an ATHOS-type 
receiver in low Earth orbit, became the 
first US military satellite designed to 
intercept signals from Soviet radars. This 


. marked the beginning of a concerted cam- 


paign by the United States to develop 


signals intelligence, or SIGINT. Prior to 1958 the term 
SIGINT was used to mean COMINT alone, and both were 
often written with only the first letter capitalized. In 1958. 
when ELINT was put under contro! of the National Security 
Agency, SIGINT came t mean both COMINT and ELINT. 
In the 1960s, TELINT came into use and was included 
under the term SIGINT. 
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satellites for signals intelligence (SIGINT) 
to listen to and record radar, communica- 
tions, and telemetry signals coming from 
the Soviet Union, and to transmit that 
data to US intelligence agencies. 


The SIGINT satellite history is part 
of the larger story of the use of reconnais- 
sance satellites by the United States to 
provide crucial early warning of a Soviet 
surprise attack on this country, and to 
attempt to solve the larger riddle of the 
Cold War-what was the Soviet Union up 
to? Predicting the quick appearance of 
long-range rockets armed with nuclear 
bombs, Arthur C. Clarke described the 
potential strategic nuclear dilemma as 
early as 1946: “A country’s armed forces 
can no longer defend it; the most they can 
promise is the destruction of the 
attacker.”? 


The problem foreseen by Clarke 
became a reality. Attacked with nuclear 
weapons, a country would have no time to 
mobilize its forces, much less to build new 
weapons for them. For the next 45 years, 
the secrecy of the Soviets, their explicit 
threats to the non-Communist world, and 
their eventual possession of nuclear 
weapons and intercontinental delivery sys- 
tems occupied the attention of every US 
President and dominated every major for- 
eign and domestic decision made by the 
United States. For American leaders, the” 
central question became: How do we pre- 
vent the Soviets from mounting a surprise 
nuclear attack against-us? Although 
Clarke had described both the nuclear 
dilemma and the potentials of satellites by 
1946, his writing remained obscure and 
was not influential at the time. 


Oe ee Fe 


Within the United States. a scientific 
and engineering team at the RAND 
Corporation contributed to the determina- 
tion that an Earth-orbiting satellite could 
be built that would have utility for recon- 
naissance. The RAND work culminated 
with a 1954 report, Project FEED BACK. 
that provided the rationale and the engi- 
neering calculations that prompted the 
United States to proceed with reconnais- 
sance satellite development programs. 
On the basis of the RAND studies and its 
own in-house work, the US Air Force in 
1955 issued contracts for development of 
military reconnaissance satellites, When 
- the Soviets launched Sputnik I in October 
1957, these projects were already in exis- 
tence, awaiting only the additional impe- 
tus that the Space Age would provide. 


After Sputnik, the Air Force recon- 
naissance satellite work, based in Los 
Angeles at the Air Force's Western 
Development Division (WDD), was acceler- 
ated and placed under a succession of dif- 
ferent management arrangements. It was 
placed first under the Advanced Research 
Projects Agency (ARPA), then under the 
Air Force Ballistic Missile Committee 
(AFBMC),* 4 and finally, in late 1960 at 
Presidential direction, under direct. man- 
agement of the Secretary of the Air Force. 
This decisive move resulted in clean, short 


* The ballistic missile programs.under development at the 
Air Force Ballistic Missile Division (AF BMD») in Los 
Angeles were conducted under 8 streamlined munage- 
ment process called the Gillette Procedures, which pro- 
vided for an Air Force Ballistic Missile Committee 
{AFBMC) and.an Office of the Secretary of Defense 
Ballistic Missile Commitcee (OSDBMC) to expedite pro- 
gram decisions. The Air Force reconnaissance satellite 
project, then called SAMOS, was briefly placed under 

* these Gillette Procedures and managed at the Air Force 
Secretaria! level through the AFBMC, which was cailed 
the BMC for Space when in session for these programs. 
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decision lines for these important projects. 
Within two years, by May 1962, this same 
central authority was extended to cover 
Navy and Central Intelligence Agency 
(CIA) satellite projects, when Under 
Secretary of the Air Force Joseph V. 
Charyk, reporting to the Secretary of 
Defense, became the first Director of the 
National Reconnaissance Office (NRO). 
The NRO would play a central, crucial role 
in satellite reconnaissance for the remain- 
der of the Cold War. 


Mission Requirements 


Considering the prospect of a nuclear 
war with the Soviet Union, United States 
leaders in the 1950s had to know two 
things. First, what were the Soviets doing 
in their strategic missile programs? They 
had already demonstrated a nuclear capa- 
bility with an atomic detonation in 1949 
and a fusion-weapon test in 1953. Could 
they launch a nuclear weapon on a rocket 
Over intercontinental distances? Second, 
how effective might Soviet defenses prove 
to be against US forces? Could the Soviets 
detect and shoot down US long-range 
bombers? And could the Soviets counter 
the developing US missile capability? 


Conventional intelligence sources in 
the 1950s collected bits of data on both of 
these concerns; spies, or human intelli- 
Bence. were effective in some areas but 
encountered significant problems because 
of the Strict security rules inside the 
Soviet Union. One early attempt to reach 
deep into the Soviet land mass was by Jim 

exler of the US Naval Research 
boratory (NRL). He pioneered work on 


i 


EO 13426 


EO 1.4.(c) 


PL 86-36/50 USC 3605 


and tests of intercepting radar signals 
using the Earth’s largest satellite, the 
Moon. He was successful in the late 1950s 
in collecting intercepts from Soviet MACMeEY 
{the NATO designator) early warn- 
ing radars on NRL's 60-foot parabolic 
reflector antenna in Maryland, and then, 
with better reception, on the National 
Radio Astronomy Observatory’s 150-foot 
reflector in West Virginia. He proposed 
building a 300-foot and, at one time, a 
600-foot “big dish” to collect weaker Soviet 
radars.> In the early 1960s NSA built a 
special antenna feed for and successfully 
tested the 1,000-foot-diameter antenna at 
Arecibo Ionospheric Observ 
Rico, interceptinghiam : 
signals.§ This technique aiso allowed 
radars to be located with an uncertainty of 
50 miles using multiple intercepts on sep- 
arate days. 


Listening to radio communications. or 
COMINT. was somewhat easier. The 
Soviets used short-wave radio bands 
extensively for communications, and the 
US military intercept stations, expanded 
from their World War II numbers, heard 
many Soviet-Union-wide operational mili- 
tary, industrial, and research networks. 
yielding some understanding of the Soviet 
threat. US strategic planners, though, 
needed more specific data on the exact 
locations and capabilities of Soviet mili- 
tary and industrial installations. 
Attempts to take pictures with balloon 
overflights proved generally unproductive, 
and conventional aircraft reconnaissance 
was limited to flights around the periph- 
ery of the Sino-Soviet bloc of states. For 
that reason, in November 1954 President 
Dwight D, Eisenhower approved development 
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of the U-2, a highly secret high-altitude 
reconnaissance aircraft, which was rapidly 
engineered and put into use in 1956. 


Eisenhower came to believe that the 
U-2 could overfly parts of Soviet airspace 
at will. But this would have represented a 
clear viclation of international law, unless 
the leaders concerned had agreed to such 
flights. On 21 July 1955, Eisenhower pro- 
posed to Soviet leader Nikita Khrushchev 
that the United States and the Soviet 
Union provide “facilities for aerial photog- 
raphy to the other country” and conduct 
mutually supervised reconnaissance over- 
flights.’ Before the day ended. Khrushchev 
rejected the plan, which came to be known 
as the Open Skies doctrine, as an 
American attempt to “accumulate target 
information.” Eisenhower said later, “We 
knew the Soviets wouldn't accept it, but we 
took a look and thought. it was a good 
move.”§ The Soviets were thus fore- 
warned of our U-2 flights and the ground- 
work was beginning to be laid for the use 


of reconnaissance satellites. Eleven 
months later Eisenhower approved the 
first U-2 overflight of the Soviet Union? 


Joseph V. Charyk 


Beginning with the first operational 
flight in July 1956, US analysts found in 
the U-2 data an extensive Soviet air- 
defense system being built to counter US 
strategic bombers and reconnaissance 
flights, including the U-2 itself. They also 
saw research and development (R&D) 
installations for long-range missile sys- 
tems and, eventually, operational missile 
sites. Soviet short-range missiles had 
already flown that same year. Soon, near 
Sary Shagan, U-2 cameras photographed 
what appeared to be Soviet antiballistic 
missile (ABM) R&D facilities. Because it 
had a great effect on major US resource 
decisions on its own ABM, intercontinental 
ballistic missile (ICBM), and countermea- 
sures techniques, the “ABM problem” 
became the US's top intelligence priority, 
and eventually became the main focus of 
effort for SIGINT satellites. 
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0 to the right of that quotient; if 2 does not 
divide evenly, place a 1 to the right of that 
quotient; repeat until further division by 2 is 
impossible. 


Example: 2/87 
2/18 
2/9 
2/4 
2/2 
2/1 

0 


on oore © 


Bit position 


Power value 
Multiply bit position times power value 
Add horizontally 

Total 


The binary number, 100101, is obtained by 
reading from bottom to top. This result may 
be checked against the tabular system of con- 
version (par. 257). 


225. Tabular Conversion of Binary Numbers to 
Decimal Numbers 


Using the binary number 1011010, the fol- 
lowing procedure illustrates one method of 
converting from binary numbers to decimal 
numbers: 


1 0 1 1 0 1 0 


nr a) > ar) 
64 0 14 8 #O 2 0 
6444+ 04164+8 +042 40 
90, 


The decimal equivalent, therefore, is 90. 


226. Nontabular Conversion of Binary Numbers 
to Decimal Numbers 


The following procedure illustrates an al- 
ternative method of coverting from binary 
numbers to decimal numbers—the same binary 
number, 1011010 is used: 


a. Start with the bit at the extreme left. 
(1) If the next bit to the right is a 0, 
double the leftmost bit. 
(2) However, if this next bit is a 1, double 
the leftmost bit and add 1. 
b. The complete conversion of 1011010 
follows: 
(1) At the first left bit, double 1 to get 2 
since the second bit from left is a 0. 


(2) At the second lift bit, double 2 and 
add 1 to get 5 since the third bit from 
left is a 1. 


(3) At the third left bit, double 5 and 
add 1 to get 11 since the fourth bit 
from the left is a 1. 


(4) At the fourth bit, double 11 to get 22 
since the fifth bit from the left is a 0. 


(5) At the fifth bit, double 22 and add 1 
to get 45 since the sixth bit is a 1. 


(6) At the sixth bit, double 45 to get 90 
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since the seventh bit is a 0. This is 
the answer and the end of the opera- 
tion. 


(7) Since the seventh bit is the last bit, no 
further operations are required. Re- 
member that no mathematical opera- 
tion is required for the extreme right- 
hand bit when converting by the 
nontabular method. 


227. Addition of Binary Numbers 


a. Addition in the binary system is similar 
to addition in the decimal system. The rules 
for binary addition follow: 


(1)0+0=0 

(2)0+1=1 

(3) 1 + 1 = 10, 0 with 1 to carry into 
the next place. This rule may be ex- 
panded further to include: 1 + 1 = 
11, or 1 with 1 to carry to the next 
place. 1 + 1+ 1+ 1 = 100, or 0 
with 10 to carry in the next place. 


b. The following example illustrates binary 
addition. 


Binary Decimal 
1101 13 
+ 1111 15 
11100 28 
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US reconnaissance satellites, the suc- 
cessors to the U-2s, were developed 
expressly to provide visual and electronic 
access to the Soviet Union. The very first 
SIGINT satellites, launched in 1960, were 
intended to detect and locate air defense 
radars, to determine the electronic order of 
battle (EOB, which listed the types and 
locations of Soviet defense system radars}, 
and thus to assist American bombers to 
pass through Soviet defenses to military 
targets in the event of war. The US 
Intelligence Board (USIB)* had not yet 
begun to issue formally documented 
requirements, but the US military and 
intelligence organizations perceived the 
nations of the world aligning themselves 
with one ar the other of the superpowers, 
each with its respective spheres of influ- 
ence. Thus. the US Air Force Strategic Air 
Command (SAC) wanted details on Sino- 
Soviet targets for attack, data on radars 
and antiaircraft weapons. technical infor- 
mation for design of electronic counter- 
Measures. and exact locations of Soviet 
defensive installations in order to plan 
their aircraft penetration routes. The US 
Navy wanted to determine the threat from 
Soviet surface ships and submarines, and 
the US Army and NATO commanders 
Were concerned about Soviet and Warsaw 
Pact air and ground forces. 


Another driving force in the early 
development of SIGINT satellites was the 
electronic and rocket engineer’s new 


ie United States Intelligence Board (USIB} was estab- 
ished by President Eisenhower on 15 September 1958 to 
*slablish priorities for US intelligence activities. It was 
chaired by the Director of Central Intelligence. with 
pe bhi from the Department of Defense. Department 
of Stave, the Federal Bureau of Investigation, and other 
Fovernment agencies. 
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technical ability to build more and more 
sophisticated intercept and recording 
equipment in lighter packages, place these 
packages in satellites that circled the 
Earth, and do really useful reconnaissance 
jobs for significant durations of time in the 
vacuum of space. Technology indeed 
moved rapidly in the 1950s. The transis- 
tor, which would replace the cumbersome 
electronic vacuum tube as an amplifier of 
weak signals, was invented at Bell 
Telephone Laboratories in 1948.'9 The 
first “junction transistor” appeared in 
1951. By 1960, solid-state electronics 
began revolutionizing radio and data pro- 
cessing, the two fields on which SIGINT 
was based. Electronic hardware suddenly 
could be designed and built in ever smaller 
sizes and operated on lower power and 
would produce much less heat during 
operation. These advances, coupled with 
the new advances toward long-range rock- 
éts for military purposes, provided both 
the technology and the lifting capability to 
make possible the design and launch of 
SIGINT satellites. , 


US military reconnaissance satellites, 
already well along in planning when 
Sputnik I was launched—and in some 
cases, even with hardware under develop- 
ment (the Air Force’s Advanced Recon- 
naissance System, Weapon System 117L 
[WS-117L] was an example)}—would num- 

‘ber among the pioneers of orbiting artifi- 
cial satellites. For its reconnaissance satel- 
lites, the Air Force developed a general 
operational requirement and very specific 
technical specifications based on intelli- 
gence data, as it did for all its weapons 
systems. Nevertheless, construction of 
WS-117L and the other early SIGINT 
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satellites turned on issues of what instru- 
ment might work, and, among those that 
did, which might be most useful as prelim- 
inary collectors of the needed data. At the 
time, ELINT seemed to be easier to try 
than COMINT, although COMINT was in 
the minds of some from the very begin- 
ning. Soon, feedback and crossfertilization 
networks developed among the groups 
building, using, and analyzing the ELINT 
data, from which new priorities would be 
set. The era of SIGINT satellites was 
starting and would enjoy many and varied 
forms and successes. The formal USIB 
requirements for the intelligence data 
these systems collected would come later. 


Imaging and Signals Intelligence 
Space Systems 


The major effort within the US satel- 
lite reconnaissance program in the 1960s 
and 1970s featured overhead visual imag- 
ing systems, which produced information 
not obtainable any other way. (CORONA, 
GAMBIT, and HEXAGON, the early film- 
based satellite systems, have already been 
well documented in this series of histo- 
ries.) But there were important intelli- 
gence questions that could not be answered 
with pictures alone. The first question 
involved determining the location and 
characteristics of Soviet radars that could 
detect American strategic bombers. The 
second involved the performance capabili- 
ties of Soviet missiles—ICBMs and ABM 
systems. These two problems led the list 
of reasons favoring SIGINT satellites that 
could listen to and record the signals of 
Soviet radars, radio communications, and 
telernetry svstems. 


6 The SIGINT Satellite Story 


A SIGINT satellite system had many 
of the same elements as an imaging satel- 
lite system, but with important differ- 
ences. Instead of a camera and film, a 
SIGINT satellite mounted antennas, 
receivers, and, sometimes, tape recorders. 
Instead of sending its information down on 
film in a reentry vehicle, a SIGINT satel- 
lite transmitted its findings by radio link 
in realtime or shortly after passing over 
the target area. On the ground, instead of 
a photo-processing laboratory, technicians 
used a SIGINT processing system, usually 
computerized and immensely complicated, 
to translate the raw electronic signals into 
intelligence listings and reports for release 
to analysts. The targets of the SIGINT 
systems were the actual radio signals radi- 
ated by Soviet transmitter equipment, 
which meant that the satellites had to be 
in the right place, looking in the nght 
direction, tuned to the right frequency, at 
the very time the Soviet transmitters were 
on the air. This was an entirely different 
game from the photo-collection business, 
but one with the potential to get different 
and extremely important information. A 
number of different types of SIGINT satel- 
lites were employed to gather this vital 
information. 


First launched on 22 June 1960 in a 
70-degree-inclined, circular orbit about 
500 miles above the Earth, the Navy’s 
POPPY satellites searched for the main 
beams of Soviet scanning radars and pro- 
vided wide-area coverage of and locations 
for radars on the surface of the Earth. 
POPPY satellites acted as “repeaters,” 
encoding each radar pulse as it was 
received and then retransmitting the pulse 
stream in realtime to US-manned ground 
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The SIGINT satellites most nearly 
like the photo satellites in their appear- 
ance and orbits were the WS-117L family, 
the Lockheed Agena-based low-orbiters _ 
called SAMOS F-1, 698BK, MULTIGROUP, 
and STRAWMAN. Starting with SAMOS 
F-1 on 31 January 1961, these satellites 
orbited at about 275 miles in 67-degree- 
inclined, circular orbits and searched for 
Soviet radars of all types, attempting to 
intercept the Soviet radars from high 
overhead and from a direction the Soviet 
radars were not “looking” (i.e., the “side- 
lobes” of the enemy radar antenna pat- 
terns), They operated by reading in and 
recording the radar information while over 
the Soviet Union. and reading out that data, 
by playback of onboard tape recorders, 
when they passed over the ground track- 
ing stations of the US Air Force Satellite 
Control] Facility (AFSCF) stations in 
California, New Hampshire, and Hawaii. 
These satellites. developed by the Air 
Force, were the first successful orbital col- 
lectors of the EOB for SAC. They provided 
ELINT technical performance details and 
locations of radars that could threaten our 
Strategic bomber forces. Phased out in 
1972, these low-altitude satellites were 
conceptual pioneers. succeeded by more 
Powerful vehicles in different Earth orbits. 


A variety of small electronic boxes 
were attached to the Agena SIGINT and 
Photographic satellites. These boxes, 
Sometimes with antennas of various 


sizes—special kinds of SIGINT collectors 
and experiments—were called AFTRACK 
payloads, due to their positioning on the 
aft.rack of the Agena launch vehicle. The 
first, named SOCTOP. designed to detect 
tracking of the host vehicle by Soviet 
radars, was launched on 10 August 1960 
on DISCOVERER 13, a CORONA photo 
mission that had a one-day mission life 
and was the first ta achieve successful 
reentry of a photo payload from orbit. 
From this beginning, a single day of opera- 
tion. came a succession of these small 
SIGINT payloads, for many different pur- 
poses, usually designed and flown on short 
notice for little cost. each remaining 
attached to the host satellite and usually 
operating for the life of the host satellite. 
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The launch rate of AFTRACK pay- 
loads peaked in the 1960s. By the 1970s. 
all the AFTRACK payloads were “vulnera- 


bility”-type payloads, used for detection of 
hostile radar activity. POMRSGM AG ase oe 
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remain motionless over one point above 
the Earth’s equator; and near-polar orbits, 
which would allow reconnaissance satel- 
lites to cover the whele Earth in successive 
passes as the Earth rotated beneath it. 
each pass occurring at the same local time 
of day on the ground.!! These near-polar, 
sun-synchronous orbits were chosen for 
the photo satellites so that the target 
areas could be viewed in sunlight. Low- 
orbiting SIGINT satellites, which did nat 
need to have their targets in sunlight. 
used lower inclination (about 67 degrees), 
non-repeating Earth orbits to get the best 
coverage of the target areas over a period 
of days or weeks. At the geosynchronous 
equatorial orbit (22.000 miles high). per- 
ceived by Clarke as the orbit most suitable 
for relaying of communications from one 
point on the Earth to another, SIGINT 
satellites became signal interceptors. 


EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 135: 


In 1945 Arthur C. Clarke described 
two key types of Earth satellite orbits: the 
high, geosynchronous orbits suitable for 
communications, where the satellite’s 
orbital motion coincided with the Earth’s 
rotation and would enable the satellite to 


* The term “geopositioning” here means “determining the 
location of a radar un the surface of the Earth.” One 
method is by geometric reconstruction using the direction 
of arrival of the signal at a single intercepting satellite. 
whose location and orientation must be accurately 

. known. The other method is “time difference of arrival” 
‘TDOA,, which depends upen knowing the exact location. 
but not the onentation, of two or more intercepting satel- 
lites.and determining the location by measuring the dif- 
ference in times of arrival of a particular signal as it 
takes different patns to the intercepting satellites and 
then to the receiving station. 
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By 1975, the US employed MAMBSIGINT 
low-orbiters. POPPY EO 13526 3.3(b)(1}>25Yrs. Eq 
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ectively, they rep- 
resented an extraordinary, complementary 
set of reconnaissance satellites. 


/SIGINT Data Processing and 
Exploitation 


Just as solid-state electronic technol- 
ogy changed the capabilities of SIGINT 
satellites dramatically, the computer revo- 
lution that began in the 1950s, and that is 
still underway, changed the capabilities of 
computer processing, almost day to day. 
The capability to process SIGINT informa- 
tion was especially powerful and quick to 
develop, because the SIGINT satellites col- 
lected electrical signals that, with proper 
coding, were in a form that computers 
could work on directly. From 1960 to 1975 
the multiplying effect of improved satellite 
collectors and improved computer proces- 
sors would provide a many-fold increase in 
operational capabilities. Developing the 
processing methodolagy was the key. (See 
Appendix A for a discussion of NSA’s role 
in computer evolution.) 


It is fairly easy for a trained photo 
analyst to recognize missiles and radar 
structures if the photograph is taken by a 
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properly focused camera with sufficient 
magnification on a clear day, with observ- 
able shadows. Likewise it is easy for the 
signals analyst or linguist to analyze an 
electronic signal if the signa) structure is 
known and the signal is collected by a 
properly tuned receiver with sufficient 
sensitivity and no interference. Unfortu- 
nately, the SIGINT analyst usually 
encounters noise interference, competing 
Signals on the same frequency, and little or 
no knowledge of the characteristics of any 
newly detected signal. Noise or interfer- 
ence impedes signal processing and analy- 
sis in much the same way as cloud cover 
impedes analysis of photo data. The 
denser the cloud cover in photographic 
data, or interference in SIGINT data. 
becomes, the more difficult it is to process 
or analyze the information: sometimes, 
analysis is impossible. 


Multiple electronic signals intercepted 
at the same time by SIGINT collectors 
appear much the same as multiple expo- 
sures on a photographic print. Or perhaps 
a better description would be multiple 
transparencies of different pictures 
stacked one on top of the other. Analysis of 
any one signal or picture is virtually 
impossible until the competing signals 
or overlapping pictures are separated out, 
or, as it ig termed by analysts, “deinterleaved.” 


Analysis of complex, structured sig- 
nals such as telemetry or multichannel 
communications requires 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c) 

ORK me aerehaems before the data can be 
analyzed or processed. This is very much 
like the adjustment process required to 

successfully view a television picture. The 
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proper channel must be selected, the hori- 
zontal synchronization must be estab- 

lished, and the vertical hold must be set to 
prevent the picture or frames from rolling. 


Eneryption of electronic data to dis- 
guis¢ their real information content intro- 
duces another major problem for the 
SIGINT processor and analyst, Encryp- 
tion adds keying materia}, known only to 
the users, to the clear or unencrypted 
data, thus producing enciphered data for 
transmission. Anyone gaining unautho- 
rized access to the encrypted data cannot 
read it without a major effort to remove 
the encrypting-key algorithm, thus permit- 
ting one ta decipher the data. Solving 
encryption problems is much more difficult 
than, but is similar in some respects to, 
the problems faced by photo analysts when 
camouflage paint or nets have been used 
to hide an abject from view. 


Before electronic signals can he 
machine processed, extensive manual 
analysis of the captured signals is needed 
to clearly define the characters that are to 
be recognized, identified, and codified in 
special-purpose equipment or in computer 
software. This manual analysis involves 
listening to the signal, making signal mea- 
surements (often from hardcopy graphic 
representations of the signal), and devel- 
oping an understanding of the signal 
structure (e.g., pulsewidth, type of medula- 
tion, pulse repetition rate). As a major 
designer, developer, and user of the latest 


“in computer technology, the National 


Security Agency (NSA), established by 
President Harry S Truman in 1952 to exer- 
cise technical and operational control over 
US COMINT and communications security 
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activities, eventually employed computers 
to improve decryption and for handling 
and screening extremely large volumes of 
ELINT, COMINT, and TELINT data col- 
lected from all sources, including recon- 
naissance satellites. 


Beginning in the 1960s. ELINT data 
were processed to provide EOB of Sino- 
Soviet radars for the nation’s strike forces 
in the Single Integrated Operating Plan 
(SIOP) and for distribution to the military 
intelligence community. NSA eventually 
provided direct reporting of the location of 
threat emitters to the field within hours of 
their intercept. ELINT data were also 
used to tip-off other intelligence collection 
activities. The technical analysis of 
ELINT allowed assessments of weapon 
and radar system capabilities to be made 
and electronic countermeasures to be 


_ designed. 


COMINT data, often used by NSA lin- 
guists fluent in the native language of the 
target nation, provided databases on that 
nation’s economic capabilities, such as 
manufacturing, technical level of compe- 
tence, number and types of resources (both 
civil and military), and personal data on 
key people. Most important, COMINT 


er ~ 


Top Sec 
Hasdle via BYES LENT KEYHOLE~ 
ComunT Channels jomity Chapter 3 " 
BYE-STOTAS 


provided indications of target country 
political and military intentions, including 
military planning, deployment of troops, 
‘policy positions, and threats. NSA fre- 
quently applied special processing tech- 
niques to decrypt enciphered communica- 
tions of target countries. 


TELINT processed by NSA was fur- 
nished to the CIA, the Air Force System 
Command's Foreign Technology Division 
(FTD), the Army Missile Command (AMC) 
and other Intelligence Community cus- 


tomers. which analyzed the data to deter 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c), EO 13526 3.3(b) 


By 1975 these intelligence products 
were being rapidly and routinely reported 
throughout the Intelligence Community. ; 
They represented an enormous capability 
to collect, sort. and distribute information 
that could hardly have been imagined as 
the story began in World War II, or even 
by the start of the satellite era in 1960. 
The NRO and the NSA, the satellite oper- 
ator and the processor of the SIGINT 
information, respectively, were the organi- 
zations that made these things happen. 
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* TELINT processing was the responsibility af NSA, 
although this assignment of respensibility was not 
accepted by the CLA for a long time—until the early 
1970s—because of CLA’s interest and early involvement 
EO 13526 3.3(b}(1}>25Yrs, EO 13526 1.4(c)<25Yrs. E 
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Development of SIGINT EOB operational capability 


SIGINT Accuracy of Radar Locations Time Fram Intercept, 
Year Satellite Location (Miles) Produced Per Year To Delivery, To User 
1960 POPPY 400-8000) 1-2 months 


1961/62 698BK MEO 13526 1A(c)<25Yrs, E4 
1964/65 698BK 
BIRD DOG _ 
POPPY 
1966/67 698BK 
SETTER 
POPPY... 
THRESHER 
REAPER 
197375 


The above chant ot improving EOB capability over the vears is typical of the kinds oF improvement also made in ELUINT and telemetry 
technical analysis. and large-volume COMINT reporiing. 
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wS-117L Under ARDC and ARPA 


In March 1946 MGen Curtis E. 
LeMay, the first Army Air Forces Deputy 
Chief of Staff for Research and Develop- 
ment. asked the Project RAND team, then 
part of Douglas Aircraft Company in Santa 
Monica. California, to prepare a quick 
engineering study on Earth satellites.'* 
The resulting report, issued on 2 May 1946, 
was titled Preliminary Design of an Exper- 
imental World-Circling Spaceship and 
identified as missions the following: satel- 
jites to guide missiles, satellites as the mis- 
siles themselves, satellites as “observation 
aircraft.” satellites for attack assessment, 
satellites for weather reconnaissance, and 
satellites for communications.? This 
RAND report was an important first step 
in demonstrating an independent compe- 
tence in space technology for the Army Air 
Forces (to become the US Air Force in 
1947) and in putting the Air Force on the 
track toward using Earth satellites for 
reconnaissance.3 In Apri] 1951 RAND 
issued an encouraging progress report and 
received authority from Headquarters, US 
Air Force, to place subcontracts for 
detailed subsystem studies. In May 1953, 
believing that these studies would lead to 
hardware development, MGen Donald N. 
Yates, Air Force Deputy Chief of Staff for 


* la November 1948. Project RAND was separated from the 
Douglas Aurcraft Company and became the RAND Corpora: 
ton. an undependent nonprofit carperation, in Santa Monica. 
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Development, approved a request from 
planners at Headquarters, Air Research 
and Development Command (ARDC), in 
Baltimore, Maryland, to take responsibility 
for “active direction” of the RAND study by 
1 June 1953.5 


In the summer of 1953, LtCol Victor 
L. Genez, ARDC Director of Intelligence, 
was briefed on this study by personnel of 
the RAND “satellite office” at their facility 
in Santa Monica. Genez returned to 
Baltimore convinced that an immediate 
effort should be made to orbit an Earth 
satellite, even if a specific reconnaissance 
system was not yet available.6 In December 
1953 ARDC established Project 409-40, 
“Satellite Component Study,” and in 
January 1954 established Project 1115 
under a formal R&D system number, Weapon 
System 117L. At that time, pending com- 
pletion of the RAND report, no funding 
was made available. 


In March 1954 RAND published its 
report “Project FEED BACK.” This com- 
prehensive and far-sighted study asserted 
that satellites for reconnaissance of the 
Earth were feasible and recommended that 
the US Air Force should initiate a develop- 
ment program immediately.? In May 1954, 
with FEED BACK published and based on 
the premise that feasibility of hardware 
development had been demonstrated, 
Headquarters US Air Force (with the 
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(1) Begin at the extreme right bit: 
1+ 1= 10. Write 0, carry 1. 
(2) 0 + 1+ 1 (carried over) = 10. 
Write 0, carry 1. 
(3) 1+ 1+ 1 (carried over) = 11. Write 
1, carry 1. 
(4) 1+ 1+ 1 (carried over) = 11. Write 
Bee 
(5) The answer is 11100. Check answer 
by converting to decimal numbers 
and then adding (as shown). 
c. Binary addition is further illustrated by 
the next example: 


Binary Decimal 

101 1101 1101 1501 

+ 111 0010 1101 + 1837. 
1101 0000 1010 3338 


228. Subtraction of Binary Numbers 


a. Subtraction in the binary system is simi- 
lar to subtraction in the decimal system. The 
rules for binary subtraction follow: 


(1) 0—0=0 
(2)1—12=0 
(3) 1—0=1 


(4) 0 —1= 1, and then proceed to 
change all numbers in the top row 
until] you change a 1 toa 0. 


-b. The following example illustrates binary 
subtraction: 


Binary Decimal 
1011 (minuend) ll 
—0101 (subtrahend) 5 
0110 (remainder) 6 


(1) Begin at the extreme right bit: 
1 — 1 = 0. Bring down 0, none to 
carry. 


(2) 1 — 0 = 1. Bring down 1, none to 
carry. 


(3) 0 — 1 = 1. The bit 1 to the extreme 
left in the minuend is changed to 0. 


(4) 0 —0=0. End of operation. 
(5) The complete calculation may be 


180 


checked by adding the subtrahend 
and the remainder. 


Binary Decimal 
0101 5 
+0110 + 6 
1011 11 


c. Binary subtraction is further illustrated 
in the next example: 


Binary Decimal 

1101 0000 1010 (minuend) 3838 

— 111 0010 1101 (subtrahend) —1837 

101 1101 1101 (remainder) 1501 
Proof: 

Binary Decimal 

101 1101 1101 1501 

+ 111 0010 1101 +1837 

1101 0000 1010 3338 


229. Complementary Addition of Binary Num- 
bers 


The direct subtraction of binary numbers 
is not used in some data equipments. Instead, 
the subtraction processes are carried’ out by 
complement addition. To subtract two binary 
numbers using this system, proceed as follows: 


a. Use the following problem as an example: 


1101101 (minuend) 
— 10010 (subtrahend) 


b. First determine the complement of the 
subtrahend. 


(1) Add zeros to the left until the subtra- 
hend has the same number of bits as 
the minuend; for example, 0010010. 


(2) Note the first 1 counting from the 
right and bring down this 1 as well 
as any of the zeros to its right; then 
reverse all other bits proceeding to- 
ward the left. The subtrahend of 
(1) above becomes 1101110. This 
number is the complement. 


(3) Now add the minuend to the comple- 
ment: 


110 1101 
+ 110 1110 
1101 1011 


(4) Delete the 1 to the extreme left and 
the remainder becomes 1011011. 


AGO 558A 


approval of the Office of the Secretary of 
Defense {OSD]), authorized ARDC to initi- 
ate the necessary studies to implement 
Project 1115, the Advanced Reconnais- 
sance System (ARS). Shortly thereafter, 
Detachment 1. ARDC, was created at 
Wright Air Development Center (WADC), 
Wright-Patterson Air Force Base (AFB), 
Ohio, to accomplish this task. 


Maj Quentin P. “Q” Riepe. then assis- 
tant librarian at WADC, read the Project 
FEED BACK report as soon as it was 
received at WADC and immediately 
became interested in the idea. He began 
lobbying for implementation of the recom- 
mended developments. His obvious enthu- 
siasm was rewarded in the summer of 1954 
with his assignment as Chief of Detach- 
ment | at Wright-Patterson. Shortly 
thereafter, he was joined by LtCol William 
G. King, Jr.. the former Chief of the 
Airborne Guided Missile Office at WADC. 
King had also read the Project FEED 
BACK report and became equally enthusi- 
astic after he was briefed on the subject by 
the RAND team. With King now the 
leader and Riepe as his deputy, this small, 
closely knit team of “space cadets” included 
Capt William O. (Bill) Troetschel: Lt James 
(Jim) Coolbaugh, Lt Jack Herther, Fritz 
Runge (who came to the WS-117L staff as 
the only civil service member), and LtCol 
James (Jim) Seay. They set out to con- 
vince the Department of Defense (DOD), 
the Intelligence Community, and. through 
the Executive Branch, the President of the 
United States. that reconnaissance satel- 
lites were actually feasible and could pro- 
vide needed surveillance of the interior of 
the Soviet Union so important to the 
defense of this country. This was a vision 
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that not many people vet shared, because 
the first Atlas missile had vet to achieve a 
successful flight, and data about the Soviet 
ICBM program remained sketchy at best. 


Unbeknownst to King and Riepe, 
President Eisenhower had already trig- 
gered events in a related arena. when, on 
27 March 1954, he asked some of his top 
scientific advisors, including James B. 
Conant and James R. Killian. Jr., to 
develop a solution to the problem of sur- 
prise attack by the Soviets. The probabil- 
ity of such an attack was increasing at an 
alarming rate, given the Soviet determina- 
tion to develop nuclear weapons and deliv- 
ery systems, possibly including missiles. 
Eisenhower asked Killian to chair a 
Technological Capabilities Panel (TCP! to 
study surprise attack and the US ability to 
meet it. The panel operated with three 
project committees, one on offensive forces. 
one on defensive forces, and one on intelli- 
gence. Edwin H. “Din” Land. the founder 
of Polaroid, chaired the Intelligence 
Committee, known as Project 3. On 24 
November 1954, during TCP deliberations. 
President Eisenhower approved the devel- 
opment of the U-2 high-altitude reconnais- 
sance aircraft; Richard M. Bissell, Jr., of 
the CIA was placed in charge of this high- 
est priority project. On 14 February 1955 
Killian and Land briefed President 
Eisenhower on the specific technological 
options that could alleviate uncertainties 
of strategic intelligence. These included 
systems for aerial overflight by aircraft or 
balloon and, somewhat farther in the 
future, satellite reconnaissance systems. 
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On 27 November 1954, three days 
after the Killian Panel presented its 
interim report to the President, ARDC 
issued System Requirement (SR) 5, calling 
for development of a satellite reconnais- 
gance system. Indirectly, the Killian Panel 
was possibly a stimulant to this effort to 
define the Air Force's formal requirements 
for a reconnaissance Satellite system.9 
On 16 March 1955, Headquarters USAF, 
endorsed SR 5 by issuing General Opera- 
tiona) Requirement 80, which included 


Appendix 80-2, reaffirming the need for an_ 


electronic intercept capability as part of 
the WS-117L ARS. 


With this clear authority to proceed, 
the ARDC Detachment | “space cadets” 
offered system study contracts to four of 
the major contractors who had been 
involved in component studies for RAND. 
Three companies accepted: Glenn L. 
Martin Company, Baltimore, Maryland; 
Radio Corporation of America (RCA) at 
Camden, New Jersey; and Lockheed 
Aircraft Company, Burbank, California. 
Bell Telephone Laboratories, Whippany, 
New Jersey, was also solicited but declined 
to participate. Some of the ongoing com- 
ponent studies that had been initiated by 
RAND were also continued. One of these, 
with the Ampex Company in Redwood 
City. California, was a small tag-on to the 
RAND studies aimed at developing a wide- 
band video recorder for photo missions. 
Ampex was Spending a great deal of com- 
pany money to develop the recorder for 
domestic TV use and this seemed like a 
great way to “get in on the act.” Capt Bill 
Troetschel of ARDC Detachment 1 had 
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another use in mind: magnetic-tape 
recording of wide-bandwidth ELINT for 
technical analysis. !0 


The Air Force was not the only ser- 
vice interested in outer space. In April 
1955 the Naval Research Laboratory 
(NRL) in Washington, DC, proposed a 
“Scientific Satellite Program” for the 
International Geophysical Year, to be 
known as the Vanguard Program. When 
this was approved in August 1955 the US 
was well on its way to establishing the 
principle in international law of “Freedom 
of Space.”11 The Vanguard activity looked 
attractive to Howard Lorenzen and his 
electronic payload development team, also 
at NRL. Just as WS-117L looked to the 
Atlas as a booster, the NRL electronics 
group saw the Vanguard as an excellent 
way to boost a small ELINT payload into 
orbit. Although there was no military 
mission involvement in the Vanguard 
Program, Lorenzen began some electronic 
intercept system studies, which led to a 
later Navy proposal for an ELINT satellite 
payload. 


In the meantime, in Ohio, King and 
his Detachment 1 team were on the brief- 
ing trail. In the fall of 1955 they briefed, 
among others, Gen Curtis E. LeMay at 
SAC headquarters on the reconnaissance 
satellite. They took along Maj Sidney 
Greene, who had a contract with the 
University of Iowa to investigate ways to 
put a grapefruit-sized payload on the 
Moon. LeMay sat in the front row, a par- 
ticipant recalled, chomping his cigar, and 
at the conclusion asked, “How did you get 
TDY money to tell me this crap?"!2 This 
was @ response typical of senior people 
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who received briefings in these “pre- 
Sputnik” days. Most were skeptical, even 
Gen LeMay, who 10 years before had kicked 
off the RAND satellite studies when he 
was the first R&D Director for the Army 
Air Forces under Gen H. H. “Hap” Arnold. 
BGen (later advanced to Gen) Bernard A. 
Schriever, first Commander of the Air 
Force’s Western Development Division 
(WDD) in Los Angeles, convinced LeMay 
that the “space cadets” were developing a 
viable program, Six years later, in 1961, 
when LeMay became Air Force Chief of 
Staff, he was a strong advocate for Air 
Force space reconnaissance programs.!3 


BGen Bernard A. Schriever 


Shortly after the LeMay briefing, 
BGen Schriever requested a briefing at 
WDD because of concerns at the national 
level (ICBM Scientific Advisory Group) 
that an Air Force space program would 
compete for boosters with the missile pro- 
gram. King’s boss at Wright Air Develop- 
ment Center (WADC) was BGen Howel} M. 
Estes. who had become unhappy with the 
satellite effort partly because of its cool 
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reception at higher levels and partly 
because of bad public relations, including 
a letter from Governor Harald Stassen of 
Minnesota complaining that his con- 
stituents did not want a space satellite 


“spying on their activities.” Stassen had 


been advised on overflight risks precedent 
to development of President Eisenhower's 
“Open Skies” proposal of 1955 by Col 
Richard Leghorn, who was familiar with 
RAND's studies on the political risk of 
high-altitude overflight.!4 As a result, 
Estes insisted that King develop a script 
for the briefing in Los Angeles and told 
him to give it verbatim. King was more 
than surprised when, looking out over the 
audience, he saw LGen Donald §. Putt, 
Deputy Chief of Staff for Development, 
Headquarters US Air Force. During this 
briefing, which took place in September 1955, 
BGen Schriever turned to Simon Ramo of 
the Ramo-Wooldridge Corporation, techni- 
cal staff for the ballistic missile program. 
and asked, “What do you think, Si?” Ramo 
is said to have replied, “Let’s do both space 
and missile work in Los Angeles, so we can 
avoid interference with the missile pro- 
grams.” Schriever took Ramo’s.advice. 
This was a vital decision. as it separated 
the satellite work from the Air Force's reg- 
ular development chain of command at 
WADC and placed it under the special 
team established in Los Angeles in 1954 to 
develop the country’s ballistic missiles. 5 


In October 1955, at Schriever’s 
request, Air Research and Development 
Command (ARDC) leader LGen Thomas S. 
Power directed the transfer of the WS- 
117L Program Office from Wright-Patterson 
AFB in Ohio to the WDD in Inglewood, 
CA. The move took place in January 1956. 


Schriever picked Commander Robert C. 
Truax, a member of his staff and that year 
President of the American Rocket Society, 
to be head of the WS-117L Program Office. 
LtCol King stayed at Wright-Patterson as 
Project Officer for the SNARK guided mis- 
sile project. 


In November 1955 a Source Selection: 
Board chaired by the WS-117L Office 
chose the Glenn L. Martin Company, RCA. 
and Lockheed to compete for a reconnais- 
sance satellite development contract. 
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From 12 to 20 March 1956 (after the move 
to WDD), a joint ARDC/Air Materiel Com- 
mand (AMCYVWDD/WADC contractor eval- 
uation board met at WADC and recom- 
mended that Lockheed be selected for 

the WS-117L development contract. 
Subsequently. on 2 April 1956. WDD 
published the WS-117L Advanced 
Reconnaissance System Development 
Plan, calling far R&D funds in the amount 
of $7.0 million for FY56, $32.1 miltion for 
FY57, and $75.6 million for FY58. On 

24 July 1956 Headquarters USAF approved 


Advanced reconnaissance system management transition planning meeting, Inglewood, California, 
27 November 1956 


Back row tlett to right: Capt William O. Troetschel, USAF. Wright Air Development Center iWADC), Ono; 
WADC: Ist Lt John C, Herther. USAF. WADC: LiCal William G. King. Ir. WADC gem 


Melligence and Electronic Wariare Laboratory I&EW Lab}, Rome Air Development Center tRADC), New 


York: Capt James Sultie. USAF, [KEW Lab. RADC 


1&EW Lab; RADC: Capt James S$. Coolbaugh. 


USAF. WADC: Capt Frank Jasen, USAF, WAOC. Front row Hen to righn: Fritz Runge, WAOC: Capt Richard 


P Berry, USAF, RADC: Condi Robert C. Truax, US! 
Development Command, tnglewood. California Bs 
Force Cumbridge Research Center, Massachusett 


vibes Development Oivision, Air Research and 
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the plan, but the DCS/D Development 
Directive, published 3 August 1956, allo- 
cated only $3.0 million for FY57. This low 
level of funding was continued until the 
launch of Sputnik on 4 October 1957. 


Based on this initial funding 
approval, on 29 October 1956 the Air 
Farce awarded contract AF 04(647)-97 to 
Lockheed to proceed with initial system 
development studies. Secretary of the Air 
Force Donald A. Quarles, who wanted the 
International Geophysical Year satellites 
to be first into orbit, insisted that this was 
to be for engineering studies only and that 
“na tin would be bent.” By the summer of 
1957, a total of $10 million had been allo- 
cated and Quarles had relented enough to 
allow mockups to be constructed. It was 
anticipated that $35 million might be 


available in 1958. The first launch would 


not be before 1961. 


FY57 funds were sufficient to initiate 
studies in all the subsystem areas, includ- 
ing Subsystem F (S/S F), the electronic 
reconnaissance, or “ferret,” system. An 
excerpt from the introduction to the win- 
ning S/S F proposal of the Airborne 
Instruments Laboratory (AIL), Mineola, 
Long Island, New York, dated April 1957, 
shows that this new job was taken seri- 
ously: “The contractor who develops the 
ferret portion of the 117L system assumes 
a responsibility to the country that cannot 
be lightly considered. In many ways this 
is an ideal vehicle: if the designer. does not. 
make the most of the unique opportunities 
afforded to him. he will have failed.” The 
proposal described the three essential ele- 
ments of an effective reconnaissance 
system: knowledge of the intelligence 


see 
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requirements; ability to develop the collec- 
tion system including limitations and 
growth potential; and the ground data- 
handling necessary to provide a useable 
product. Based on their experience in 
building many electronic-warfare systems 
for the government, Winfield “Win” Fromm 
and his AIL team knew that past callection 
systems had sometimes been built without 
processing capability or, in some cases. 
knowledge of intelligence requirements. 


_ The early SIGINT satellite programs were 


to be helped and shaped by these insights. 


Following the Soviet launch of 
Sputnik I, the WS-117L Program received 
a great deal of national attention as the 
US scrambled to counter the Russian suc- 
cesses in space. President Eisenhower 
faced the prablem of gaining control over 
the rivalry among government agencies 
seeking to lay claim to one or another area 
of space operation and reducing, if possi- 
ble, the media speculation about their 
efforts. On 7 February 1958, he formed 
the Advanced Research Projects Agency 
(ARPA) to undertake basic research and to 
direct R&D projects within the Depart- 
ment of Defense (DOD), as assigned to 
ARPA by the Secretary of Defense. As its 
main job, ARPA was to oversee all US mili-- 
tary space programs from the DOD level.'6 


In the spring of 1958, ARPA Director 
Roy W. Johnson issued an invitation to all- 
military organizations to propose satellite 
systems whose development would further 
their goals. The Chief of Naval Operations 
(CNQ) relayed the query.to al! Navy 
scientific and technical organizations, ask- 
ing, “All hands consider how they could 


Top . 


use space in their design ideas for the 
Navy.” Howard Lorenzen at NRL pro- 
posed an ELINT system to the CNO that 
was a very straightforward extension of 
existing airborne ELINT systems. This 
became the DYNO program that flew pig- 
gyback with early Navy TRANSIT satel- 
lites and became the first US satellite 
ELINT system. — 


The ARPA space era commenced offi- 
cially in Los Angeles on 30 June 1958 
with ARPA Order 9-58, which said that 
Secretary of Defense Thomas S. Gates, Jr., 
had assigned responsibility for WS-117L to 
ARPA under DOD Directive 5105.15. The 
Air Force Ballistic Missile Division 
{AFBMD), successor to WDD, was to sub- 
mit a Development and Financial Plan as 
soon as possible. This directive was fol- 
lowed by an 18-month period of continuous 
change, indicative of the national uncer- 
tainty in the arena of satellite reconnais- 
sance policy. During this period funding 
fluctuated wildly, responsibility for WS-117L 
was transferred by ARPA from AFBMD 
to ARDC then finally to US Air Force 
Headquarters. 


To remove “weapon systetn” from the 
designation and suggest a purely defensive 
System, in 1959 the program identifier 
was changed from WS-117L to SENTRY. 
This effort was then divided into DISCOV- 
ERER (scientific research system, Thor 
boosted), MIDAS (IR system, Atlas 
boosted). and SENTRY (reconnaissance 
System, Atlas boosted). All of these pro- 
Brams were to be developed at the DOD 
SECRET security level. This included the 
Scientific aspects of DISCOVERER, ° 
although this program was actually the 
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cover effort for the covert CLA CORONA 
Photo Recovery Program, which had been 
approved by President Eisenhower in 
early February 1958.* On 6 August 1959, 
to provide additional security for the 
SENTRY Program, it was redesignated 
SAMOS, in order to’. . identify recon- 
naissance program with an innocuous 
name that does not, repeat not, have mis- 
sion association.”!7 The name SAMOS was 
actually selected by ARPA Director 
Admiral John Clark, in reference to the 
Greek island of the same name. Most people 
thought the new name was an acronym for 
“space and missile observation system,” 
and the attempt to chouse a name without 
mission association was not successful,*}8 
There were several reprogramming 
actions, driven by problems in the SAMOS 
photo payload, Subsystem E (S/S E), devel- 
opment, particularly the tradeoffs between 
read-out and recovery type systems. Since 
the ferret system was always considered 
essential but not as important as the 
photo system. it neither attracted the 
attention nor suffered quite the wild varia- 
tions that plagued the photo programs. 


“ Acantributing reasen far approving the CORONA program 
was that review suggested WS-117L was too eluborate. 
too camplex to achieve an early operational capability. 
which was not a high prionty tin the Air Force: This 
led to more focused programs that were less ambitious 
and more likely 1c provide early. useful data. See 
Joseph V. Charyk comments. SIGINT Satellite History 
Round Table, 26 May 1994. : 


+ Samos is a Greek [sland where the astronomer 
Aristarchus lived (310-230 B.C.), referred to by 
Archimedes and Plutarch. He hypothesized that the 
heavens of the “fixed stars” remain at rest, and the Earth 
revolves in-an oblique circle about the Sun. while it 
rotates, at the same time. about its own axis. The inter- 
pretation of SAMOS as an acronym for “space and mis- 
sile observation system” wus originated by the press and 
became the accepted interpretation among the uncleared 
population in and around the Pentagon and Washington. 
Within the cleared circles. it became a joke. as ao 
acranym for “same.old SENTRY.” 
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Evolution of the National 
Reconnaissance Office (NRO) 


Suite 4C1000 in the Pentagon became 
the location for some of the most secret and 
important activities in the US satellite 
reconnaissance programs. At the time of the 
Sputnik I launch, 4C 1000 was occupied by 
the Air Force Office of Guided Missiles 
(AFCGM), headed. by BGen Robert E. Greer, 


8Gen Robert E. Greer 


whose responsibility was primarily the 
development of air-launched guided mis- 
siles.*!9 The AFCGM staff also served as 
the secretariat for the AFBMC (a part of the 
special arrangements for managing the Air 
Force ballistic missile programs in Los 
Angeles), an activity that provided Greer's 
staff with insight into missile and space 
developments. In the Pentagon, most other 
R&D staff work was the responsibility of the 
Air Force Deputy Chief of Staff for 


* 4$C1000 way an execulive-level conference roum used by 
the senior Air Staff and the Air Force Secretaries for 
many conferences. Greer’s AFCGM offices adjoined this 
conference room. When SAFMS was established, thev 
simply annexed the 4C1000 conference room and that 
door became the entrance to the reconfigured suite. 
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Development, LGen Roscoe C. Wilson. As 
ballistic missiles achieved operational status, 
they became the responsibility of AFCGM. 
When the MX-770 became the Atlas and 
deployment to operational sites began in 
1958, LtCol Edwin J. Istvan became the 
Atlas project officer in AFCGM. Later, he 
and Greer calculated that an entire Atlas 
sustainer stage could be placed in low Earth 
orbit to counter some of the bad publicity 
engendered by the Soviet lead in space. 


’ They obtained President Eisenhower's 


approval to install a payload plaving 
Christmas carols and a Presidential greet- 
ing (plus telemetry). Thousands of listen- 
ers around the world heard the message 
and the carols during the satellite's brief 
three-day lifetime. This became project 
SCORE. an Atlas-B ICBM launched into low 


'. Earth orbit on 18 December 1958.2 Due to 


the extreme secrecy of the arrangements. 
this probably qualifies as the first operational 
“black” payload, With the successful launch 
of project SCORE, emphasis in AFCGM 
gradually shifted from missiles to boosters, 
then to the satellites boosted by the missiles. 


On 26 May 1960, in the aftermath of 
the 1 May 1960 shootdown of F. Gary 
Powers’ U-2 over the Soviet Union, an 
event that involved terminating all aerial 
overflights of Soviet territory, President 
Eisenhower asked his new science and tech- 
nology advisor, George B. Kistiakowsky, to 
form an ad hoc group and assess the 
nation’s defense intelligence requirements, 
the ability of the SAMOS Program to meet 
them, and the Defense Department plans 
for employing the system.?! On 10 June 
1960 Eisenhower gave the job formally to 
Secretary of Defense Thomas Gates, Jr., 
who appointed a committee consisting of 
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Under Secretary of the Air Force Joseph V. 
Charyk, the Deputy Director of Defense 
Research and Engineering John H. Rubel, 
and science advisor Kistiakowsky. 


The findings of this group were pre- 
sented to and approved by the President 
at a meeting of the National Security 
Council on 25 August 1960. Among the 
actions ordered were that”.. this {recon- 
naissance) program be managed with the 
directness that the Air Force has used on 
occasion, with great success, for projects 
with overriding priority. This can best be 
accomplished by direct line of command 
from the Secretary of the Air Force to the 
Beneral officer in operational charge of the 
whole program ... ,” and that “ ... the so- 
called F payloads for gathering electro- 
magnetic intelligence should be given 
lower priority than that assigned to pho- 
tography.”22 This action was implemented 
on 31 August 1960 when the SAMOS 
Project Office was established at AFBMD, 
E) Segundo, California, with BGen Robert 
E. Greer in charge, reporting directly to 
Under Secretary Charyk.23 


The Pentagon office, 4C1000, became 
the home of the Air Force Office of Missiles 
and Space (SAFMS), headed by BGen 
Richard Curtin, who had served at AFBMD 
in Los Angeles and in the office of the 
Deputy Chief of Staff for Development in 

Yashington. Curtin’s mission was to pro- 
“ide direct staff support to Charyk and 

ction as the Washington staff for Greer. 
The 4C1000 staff served the vital function of 
Providing liaison to other military organiza- 
‘ons involved in military space programs: 
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On 6 September 1961, the National 
Reconnaissance Program {NRP) was for- 
mally established, with Charyk named 
“Assistant for Reconnaissance” to the 
Secretary of Defense, in charge of Air Force 
Satellite Reconnaissance Programs, and 
Richard M. Bissell, Jr., CLA Deputy Director 
for Plans, in charge of the CIA programs. 
The staff in 4C1000 became the Office of 
Space Systems (SAFSS), continuing to sup- 
port Charvk as Under Secretary of the Air 
Force and Greer as the Director of the Air 
Force Office of Special Projects (SAFSP1. 
Greer’s earlier title, “Director of the SAMOS 
Project Office.” had been dropped in favor of 
the less revealing “Director of Special 
Projects.”*4 On 2 May 1962 Charyk was 
designated Director of the National Recon- 
naissance Office (DNRO) on the basis of a 
DOD/CIA agreement, signed by Roswell 
Gilpatric. Deputy Secretary of Defense. and 
John A. McCone, Director of the CIA(DCTi.25 
This agreement established a single Director 
of the NRO, responsible directly to the DCI 
and the Secretary of Defense for manage- 
ment of the entire NRP. It also established 
the NRO itself and designated the Under 
Secretary of the Air Force as the Director. 
This was made effective within the DOD on 
14 June 1962.*26 On 23 July 1962 Charyk 
established the internal NRO structure 
and responsibilities. He also arranged for 
participation within the NRO by the CIA, 
the National Photographic Interpretation 
Center (NPIC), the National Security 
Agency (NSA), the Navy, and the Army 
through provision of qualified personnel 


* Since rhe NRO was 8 covert (“black”) facility, in the overt 
(“white”) world jt was known as the Office of Space 
Systems; Office of the Secretary of the Air Force . 
(SAFSS), and the DNRO, a “black” title. was known in 
the “white” world as (and actually was: the Under 
Secretary of the Air Force ‘SAFUS). 
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from those agencies and services to serve 
full-time tours on an interagency exchange 
basis. Charyk designated the Air Force 
NRO projects as Program A, the CIA pro- 
jects as Program B, the Navy projects as 
Program C, and the overhead covert aircraft 
(U-2 and SR-71) as Program D.27 LtCol Ed 
Istvan inherited the Electronic Systems 
position on the NRO staff in 4C1000 and 
handled all SIGINT matters until his 
retirement in 1963. Although the NRO 
was to face many reorganizations in the 
years to come, the stage was now set for 
the development of a series of satellite 
reconnaissance programs that were to 
become indispensable to the security and 
defensive preparedness of the United 
States. 


Evolution of the National Security 
Agency (NSA) 


NSA can trace its earliest beginnings 
as a national organization to a proposal in 
1943 to merge the Army and Navy radio- 
intelligence units. These Army and Navy 
intercept organizations dated back to the 
early 1930s. when they were separate 
groups, usually competing vigorously for 
the collection and processing of diplomatic 
traffic.*28 Their merging was “delayed 
until the cessation of hostilities [in World 
War II] because of the inevitable disrup- 
tions which occur as a result of major 
reorganizations.” 29 
* Japanese PURPLE is one example. In the areas-of 

Japanese or German Army and Navy traffic. little cooper. 
ation was possible because of the easily recognized dis- 
tinctive characteristics of the respective opponent Service 
traffic, Pest-World War I], the common or centrally 
controlled supply of (Russian?) cummunication security 
doctrine made traffic source recognition quite difficult 


and a cooperative attack (AFSA. then NSA) feasible and 
desirable. 
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Also during World War II, the 
Army/Navy Radio Intelligence Coordina- 
ting Committee was established under the 
Joint Military Chiefs of Staff. This group, 
set up by a purely verbal “gentleman's 
agreement,” later became the Army/Navy 
Communications Coordinating Committee 
of the Army/Navy Communications 
Intelligence Board. In 1945 the Department 
of State was added, because much of the 
COMINT collected during the war 
involved diplomatic targets, and the group 
was formalized as the State/Army/Navy 
Communications Intelligence Board 
(STANCIB). 


In early 1946 Gen Hoyt S. Vandenberg 
and Adm Thomas B. Engles of STANCIB 
met with J. Edgar Hoover to arrange for 
FBI membership in STANCIB.99 On 
13 June 1946 the US Communications 
Intelligence Board (USCIB) was established 
to replace STANCIB and to carry out the 
same functions: to coordinate. develop pol- 
icy for, control, and assign requirements 
for COMINT.3} 


In 1947 President Harry S Truman 
signed Public Law 253, “The National 
Security Act of 1947,” which created the 
Secretary of Defense as a cabinet post over 
the National Military Establishment and 
the three “co-equal” Secretaries of the Army. 

‘ Navy, and Air Force. The 1947 Act also 
established the National Security Council. 
the National Security Resources Board, and 
the CIA. The first Secretary of Defense was 
James V. Forrestal. During this period 
Congress also established an executive 
organization study group, and President 
Truman appointed former President 
Herbert Hoover its chairman. The Hoover 
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group produced 19 reports, which included 
196 recommendations, in two years. In 
1949. by an amendment to the 1947 Act, 
DOD, destined to become a large and pow- 
erful institution, was formally created.%2 


The CIA, established by the National 
Security Act of 1947 from the Central 
Intelligence Group (CIG), was the succes- 
sor to President Roosevelt’s World War I] 
quasi-military Office of Strategic Services 
(OSS), which was organized and led by 
intelligence coordinator, collector, and ana- 
lyst William J, Donovan. CIA's responsi-_ 
bilities were defined in Secret NSC direc- 
tives. The first DCI, Admiral Sidney W. 
Souers, had already been heading the CIG 
since January 1946. In 1947, the second 
DCI, Air Force Gen Hoyt S. Vandenberg, 
began to influence COMINT planning as a 
member of USCIB, although there were 
very few formal procedures for intelligence 
collection or reporting at that time. Adm 
Roscoe H. Hillenkoetter and, in the early 
1950s, Gen Walter Bedell Smith, former 
Chief of Staff to General Eisenhower dur- 
ing World War II, continued to strengthen 
the role of the CIA in the Intelligence— 
and especially the COMINT—Community.3 


In the years after World War II, tradi- 
tional turf battles between the Army and 
Navy intensified when the new Air Force, 
the State Department, and the new CIA 
were added to the list of intelligence con- 
testants who would be involved in 
COMINT activities. In 1949, based on rec- 
ommendations by several joint service 
Committees and discussions with the mem- 
bers of the USCIB, Secretary of Defense 
Louis A. Johnson established, by executive 
order, the Armed Forces Security Agency 
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(AFSA). This put all COMINT under one 
military organization consisting of the 
Army and Navy radio intelligence groups 
as well as the new Air Force's own Air 
Force Security Service (AFSS). The Air 
Force had been created mainly from the 
Army Air Forces. so the Army's Signals 
Intelligence Service also had a piece split 
off to form AFSS. But AFSA only made 
matters worse, CIA and State were cut out 
of COMINT and the military services were 
subordinated toa new agency. 


On 24 October 1952. having received 
much criticism of AFSA, President Harry 
S Truman signed an Executive Directive* 
making COMINT a national. not justa 
military, effort; this Directive changed the 
name of AFSA to the National Security 
Agency (NSA) and gave to the Director of 
the NSA, who reported to the Secretary of 
Defense, technical and operational control 
of all communications intelligence 
resources as well as responsibility for all 
“communications security” activities.” 
This Presidential directive, like the earlier 
AFSA, was resisted at first-by the Army. 
Navy, and Air Force because it placed NSA 


’ firmly in control of their COMINT activi- 


ties. From the CIA perspective. the new 
plan effectively took the CIA out of the 
COMINT chain by making COMINT a 
business of the DOD. There was alsoa 
process in which the Secretary of State 
and the Secretary of Defense, as a “Special 


* President Truman sent a memo dated 24 October 1952 to 
Secretary of State Dean Acheson and Secretury of 
Defense Robert A. Lovett outlining the mission of NSA: 
on the same day National Security Council Intelligence 
Directive No. 9 was issued, assigning NSA the COMINT 
mission for the US Government. 

t Carnmunications security is defined as making US mili- 
tary and other high-level government communications 
secure from unauthorized readers. 
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(5) Check the answer by binary subtrac- 
tion: 

110 1101 

— 1 0010 

101 1011 


c. The next problem is solved by using the 
principles explained in a and b above. 


(1) 11101101 (minuend) 
111100 (subtrahend) 


(2) 00111100 becomes the complement 
11000100. 


(3) 1110 1101 
+ 1100 0100 (complement) 
11011 0001 (remainder) 


(4) Proof by subtraction 
11101101 (minuend) 
— 111100 (subtrahend) 
10110001 (remainder) 


(minuend) 
(subtrahend) 
(remainder) 


(minuend ) 


230. Multiplication of Binary Numbers 


a. Multiplication is the simplest of all the 
binary processes. The rules are: 


(1)0 x 0=0 
(2)0x1=0 
(3)1x1=1 


b. Remember that binary addition is impor- 
tant to binary multiplication. Two examples 
of multiplication are given below. 


Example 1: Binary Decimal 
1011 11 
x__ 10 x2 
0000 
1011 
10110 22 
Example 2: Binary Decimal 
111011 59 
x 101 x5 
111011 
000000 
111011 
100100111 295 
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231. Division of Binary Numbers 


a. Division of binary numbers is similar to 
division in the decimal system. The simple rules 
are: 


(1) 0+0=0 
(2) 0 +1 
(3)1+1=1 


II 


b. Remember that binary subtraction is im- 
portant to binary division. Two examples of 
binary division are given below. 


Example 1: Binary Decimal 
111 7 
10)1110 2)14 
10 14 
11 fia 
10 
10 
10 
Proof 
Binary Decimal 
111 7 
x_10 x2 
1110 14 
Example 2: Binary Decimal 
1001 is 95 
110)111010 6)58 
110 54 
1010 “4/6 
110 
100 
Note the remainder of 100/110. 
Proof: 
1001 (partial quotient) 
x 110 (divisor) 
10010 
1001 
110110 (partial dividend) 
+100 (add remainder) 
111010 (total dividend) 
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Committee,” coordinated on sensitive 
national security matters and at times 
kept out the DCI and CIA. After the 1952 
decision, in spite of resistance and with 
some exceptions, the bulk of the COMINT 
remained under NSA.34 On 4 November 
1952, LGen Ralph J. Canine, US Army, 
was named the first Director of NSA and it 
was under his strong leadership that NSA 
became a truly national communications 
intelligence and communications security 
organization.35 


On 10 July 1953 newly elected 
President Dwight D. Eisenhower, following 
the lead of his predecessor, Harry S Truman, 
once again called upon former President 
Herbert Hoover (under Congressional 
mandate of PL, 108) to study the complete 
reorganization and streamlining of the 
Federal Government after 20 years of 
‘Democratic control. This second Hoover 
Commission operated for two years, stud- 
ied 60 agencies, and made 314 recommen- 
dations to Congress, many relative to 
reducing costs. A special task force, headed 
by General Mark W. Clark, investigated all 
the intelligence activities of the govern- 
ment and was charged to make appropni- 
ate recommendations. On 25 May 1955 
two reports were submitted. An unclassi- 
fied report recommended that President 
Eisenhower appoint a committee of private 
citizens to report to him periodically on 
foreign intelligence activities: this was 
to become the President’s Board of 
Consultants on Foreign Intelligence 
Activities (the Killian Board). A classified 
intelligence annex called for expansion of 
the COMINT effort “during an era when 
not only our national security but our 
national survival as wel] may depend on 
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adequate intelligence.” The Intelligence 
Task Force also observed that the 
“national interests will be better served. 
and more economical and efficient opera- 
tion will result, if ELINT is placed under 
NSA.."36 


On 13 July 1955 Secretary of Defense 
Charles E. Wilson issued DOD directive S- 
3115.2, 0n ELINT. Although the Hoover 
Commission had recommended that 
ELINT be assigned to NSA. this directive 
assigned implementation responsibility in 
the ELINT field to the Secretary of the Air 
Force, pending the issuance of further rec- 
ommendations by the USCIB and the 
Joint Chiefs of Staff.” 


President Eisenhower's Executive 
Order of 6 February 1956 established the 
President’s Board of Consultants on 
Foreign Intelligence Activities (the Killian 
Board, later the President’s Foreign 
Intelligence Advisory Board [PFIAB}), 
chaired by Dr. James R. Killian, President 
of Massachusetts Institute of Technology, 
to review and make semiannual reports on 
the foreign intelligence activities of the 
government. In its report of 24 October 
1957, the board recommended that the 
functions of the USCIB and the Intelligence 
Advisory Committee be combined into a 
single body, the US Intelligence Board 
(USIB), and that this new board be 
chaired by the DCI.3& 


While considering the Killian Board 
recommendations in February 1958, 
President Eisenhower requested USCIB 
to look again at ELINT management. 
Responding to his memorandum the board 
established a special ELINT task force, the 
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“Strong Committee,” with retired US 
Marine Corps BGen Philip G. Strong, then 
of the CIA, as chairman.39 Other mem- 
bers on the committee were Robert F. 
Packard, State Department; Louis W. 
Tordella. formerly Chief of NSA’s Office of 
Analysis. then DOD Office of Special 
Operations. and soon to become Deputy 
Director, NSA; Col Russell H. Horton, US 
Army; Capt Charles M. Bertholf, US 
Navy; and Col Linscott A. Hall, US Air 
Force. The committee studied the US 
ELINT organizational structure and sub- 
mitted its report on 11 June 1958. The 
Strong Committee concluded that there 
should be a single national operational 
and technical authority to direct and con- 
trol all US ELINT activities and noted it 
was “logical, desirable, and feasible” that a 
Single national authority direct and control 
both the COMINT and ELINT activities of 
the US Government, to wit, NSA.49 The 
President approved these recommenda- 
ions, and on 15 September 1958 this 
action was directed by NSC Intelligence 
Directive (NSCID) No. 6. Also issued on 
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this date were NSCID No. 1. which cre- 
ated the US Intelligence Board and incor- 
porated USCIB’s COMINT/ELINT respon- 
sibilities into overall responsibility for 
national intelligence requirements and 
also described the national responsibilities 
of the DCI, including his chairmanship of 
the USIB; NSCID No. 5 dealing with the 
CLA; and NSCID No. 7 for Critical 


Communications.?! 


Secretary of Defense Neil McElroy 
signed the implementing directives for 
NSCID No. 6 on 19 March 1959 (DOD 
§-3115.4), officially assigning NSA opera- 
tional and technical control of ELINT. 
NSA had no organization at that time to 
accept this responsibility for ELINT 
except for the National Technical Pro- 
cessing Center (NTPC), which had been 
formed previously from the World War [I 
Army-Navy Electronics Evaluation Group. 
NTPC processed ELINT and TELINT col- 
lected from conventional military ground 
and airborne sources. ClA continued to 


- operate the U-2 and to provide data 


(selected on CLA’s determination of need- 
to-know) to members of the Intelligence 
Community.?2 


At this time (the late 1950s}, some 
NSA personnel in the ELINT processing 
organization, the Soviet and European col- 
lection organization, and the R&D organi- 
zation had become aware of the ELINT 
satellite work in the Navy and the Air 
Force. Those NSA employees who used 
the U-2 photography to verify and collate 
SIGINT intercepts were among the first to 
be exposed to the possibility of satellite 
reconnaissance. Some with Navy contacts 
learned of the NRL effort to orbit the 
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DYNO satellite and the Navy's plans to. 
use NSA's cryptologic stations on the 
periphery of the Soviet Union and China 
for reading out the data. Some:in NSA 


R&D were tracking the RAND Corporation 


“Project FEED BACK” work for the Air 
Force and thereby learned of the WS-117L 
Reconnaissance Satellite Program Office 
and its activities. These individuals 
became aware that the satellite program 
had been well underway in the Air Farce 
before NSA received clear responsibilities 
for ELINT in 1958. 


Many ELINT policies had already 
been initiated, plans developed, responsi- 
bilities assigned. and close working rela- 
tionships established in the Air Force 
ELINT satellite programs before NSA 
became involved. In 1955, DOD Directive 
3115.2 had given responsibility for ELINT 
to the Air Force. In March 1955 the Air 
Force had started design studies for 
WS-117L. On 29 October 1956 the Air 
Force awarded contract AF 04(647)-97 to 
Lockheed Missiles and Space Division 
(LMSD) as prime contractor for the WS- 
117L program. This contract included 
development of processing equipment for 
ELINT data located at the Vandenberg 
Tracking Station and the Satellite Test 
Center in California.43 Because of 
progress made in these early activities, 
NSA had difficulty being accepted as a con- 
tributing team member. These difficulties 
were compounded by security rules and 
the limited distribution of NSCID No. 6 
and the DOD implementing Directive S- 
3115.2 (Rev). 


NSA personnel had also begun. to look 
at the possible use of satellites for COMINT. 
Jn August 1959 NSA issued a pioneerin 
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“Study Report on COMINT Collection from 
Satellite Vehicles.” TECHDOC No. 33.144. 
which showed that the “basic philosophy 
and some of the equipment of Subsystem F, 
the ELINT reconnaissance portion of the 
WS-117L program, is generally adaptable to 
the requirements of COMINT data collec- 
tion.” An article byijagaMeaeamemma that 
summarized the report conciuded that the 
then-imminent low-orbit satellite system 
was technically capable of COMINT collec- 
tion and suggested that higher altitude 
COMINT satellites would be most practical, 
should be very specialized and not duplica- 
tive, and “based on careful consideration of 
the value of the expected end-product.”44 


At the crucial meeting of President 
Eisenhower and the NSC on 25 August 
1960, which resulted in the formation of 
what would become the NRO reporting 
directly to the Under Secretary of the Air 
Force, Eisenhower also authorized another 
evaluation of all US intelligence agencies. 
On 15 December 1960 a “Joint Study 
Group Report on Foreign Intelligence 
Activities of the United States Government,” 
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the Kirkpatrick Report, was issued. Chaired 
by Lyman B. Kirkpatrick, Inspector 
General, CLA, this group had studied the 
most effective and efficient use of intelli- 
gence resources. The group recommended 
that DOD unify ELINT resources under 
the operational and technical control of the 
Director of NSA and that DOD strengthen 
NSA control over the service cryptologic 
agencies. As had the Kistiakowsky 

survey earlier, it also “cautioned about 
military domination of the intelligence 
process."45 


Resolution of NRO and NSA Roles 
and Missions 


Both the NRO and the NSA were 
formed for the same basic reason: to con- 
solidate fragmented national intelligence 
efforts to face the challenges of a rapidly 
expanding Cold War. It was scon appar- 
ent that the NRO charter to develop and 
operate reconnaissance satellites, includ- 
ing SIGINT satellites, would overlap the 
NSA mandate (NSCID No. 6) to control all 
national SIGINT efforts. 


On 18 January 1961, two days before 
Eisenhower left office. the NSC recom- 
mended approval of a revised NSCID 
No. 6, “Communications Intelligence and 
Electronic Intelligence,” proposed by the 
Secretary of Defense, in regard to collec- 
tion and processing of COMINT and 
ELINT. Though never issued, this revi- 
Sion specified that “only the Secretary of 
Defense may exercise or delegate author- 
ty to perform these functions within the 
Department of Defense.”46 This would 


er 


enable the Secretary of Defense to control 
SIGINT activities, roles, and missions, 
and the revision was resisted at NSA. 


Infighting and power struggles 
ensued. On 17 February 1961 NSA 
Director VAdm Laurence H. Frost sent a 
memorandum, “Development of Advanced 
Intelligence, Collection Programs,” to the 
new Secretary of Defense, Robert S. 
McNamara, citing NSA’s responsibilities 
and authorities to task COMINT/ELINT 
resources, especially satellites. Frost also 
asserted that NSA had approval authority 
over military research and engineering 
programs involving COMINT/ELINT. 
Frost's memo pointed out the unique 
authority of the Director of NSA in COMINT/ 
ELINT operational planning and collection 
tasking. It was intended to assert NSA’s 
authority over COMINT/ELINT 
satellites.47 Frost's memo did not lead to 
any changes within the Office of the 
Under Secretary of the Air Force (later the 
NRO), nor did the USIB change any of its 
then-current delineations of existing roles 
and missions. However, the Under 
Secretary of the Air Force (later Director, 
NRO), Joseph V. Charyk, sent a memoran- 
dum on 21 March 1961 to NSA Director 


'_ Frost inviting NSA to work with and assist 


the Air Force in planning and executing 
the national satellite reconnaissance pro- 
gram. Frost accepted the invitation in 
memorandum N1093, dated 31 March 
1961.48 This exchange strengthened the 
DNRO’s hand, but more work would be 
needed to define NRO and NSA roles. 
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Eugene G. Fubini 
With the 6 September 1961 agree- 
ment between CIA and DOD to establish a 
Nationa] Reconnaissance Program (NRP), 
Secretary of Defense Robert S. McNamara 

turned to the interagency tension in the 
SIGINT area. On 7 September 1961, to 
provide an arbitrator for some of the 
SIGINT trouble spots, he appointed Gene 
Fubini. from the office of the Deputy 
Secretary of Defense for Research and 
Engineering (DDR&E), to examine all 
matters pertaining to SIGINT satellite 
programs. Fubini formed a study group to 
attack the problem. with himself as chair- 
man. The group met first on 14 September 
1961. Included were Herbert L. Conley 

of NSA as alternate chairman, Walter G. 
Deeley of NSA as recorder, Howard C. 
Barlow of NSA, LtCol Edwin J. [stvan of 
SAFMS., Howard A. Stadermann of 
DDR&E, Cmdr Frank R. Sperberg 
(OP94G), William E. W. Howe from Navy 
(ONI), Maj Abram V. Rinearson, III, of 
Army, and Harold Willis, CIA. 


The Fubini group produced a blue- 
print, “Space Vehicle Electronic 
Intelligence Program Responsibilities and 
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Resources,” which was approved by 
Roswell Gilpatri¢, Deputy Secretary of 
Defense, on 20 October 1961. This docu- 
ment required the Air Force and NSA to 
work together to support the Air Force 
responsibility for development and opera- 
tion of SIGINT satellite collection systems. 
In turn, NSA assumed the responsibility 
for processing and analysis of SIGINT 
satellite-collected data and provision of 
results to the Intelligence Community. 
Technical Instruction 1301 was provided to 
the NRO by NSA in 1963 to establish data 
formats, information requirements, and 
procedures. This arrangement continued 
essentially unchanged until the 1972 revi- 
sion of NSCID No. 6 when NSA was given 
the responsibility for payload tasking 
while the NRO retained satellite technical 
tasking to maintain vehicle integrity. 


To further strengthen the ties 
between NSA and the NRO, a meeting was 
held on 25 May 1962. and was attended by. 
DIRNSA Frost, Deputy Director of NSA 
Louis Tordella, and Herbert Scoville, Jr., 
Deputy Director for Research, CIA. The 
purpose of the meeting was to further clar- 
ify the NSA and NRO roles in responding 
to national requirements as determined by 
the US Intelligence Board (USIB). They 
agreed to cooperate in the implementation 
of a collection and processing program 
based on stated USIB requirements.*9 In 
response to paragraph 2b of this agree- 


ci Sa 
ELINT processing organization, who had 


become a chief architect of NSA participa- 
tion in satellite ELINT, moved over to the 
Pentagon SAFMS staff in June 1962. He 

was to assure that NSA recommendations 
were fully available to NRO planners at 
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all times. jaaeeane proved to be an invalu- 


able asset in planning and executing a 
system approach to determining and rec- , 
onciling SIGINT collection and processing 
developments. 


After more months of discussions, 
mostly between DOD and CLA. another 
agreement between the DCI and Secretary 
of Defense on the roles and relationships 
of CIA and NRO operations was signed on 
2 May 1962. On 13 March 1963, still a 
third agreement was issued: “AGREE- 
MENT BETWEEN THE SECRETARY OF 
DEFENSE AND THE DIRECTOR OF 
CENTRAL INTELLIGENCE ON MAN- 
AGEMENT OF THE NATIONAL RECON- 
NAISSANCE PROGRAM.” The agree- 
Ment stated, in part: “To carry out his 
responsibilities as Executive Agent for 
the National Reconnaissance Program, the 
Secretary of Defense will establish as a 
Separate operating agency of the Depart- 
ment of Defense, a National Reconnais- 
Sance Office, under the direction, author- 
‘ty and control of the Secretary of 
Defense.” With respect to SIGINT, this 
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“ agreement said the NRO should provide 


for ~ ... decommutation, conversion, tech- 
nical correction and reconstruction of the 
collected electronic signal data to yield a 
usable collection product, and delivery of 
such collection product in proper format 
together with associated data necessary 
for exploitation to NSA or other user."50 
The definition of how SIGINT should be 
handled was essentially in place.* 


A major reorganization of the NRP 
occurred in 1965 with the formation of the 
NEP Executive Committee (ExCom) com- 
posed of three high-level officials—the 
Deputy Secretary of Defense, the Director 
of Central Intelligence, and the President's 
Science Advisor—with sole authority to 
approve or modify the NRO budget. This 
arrangement gave the DNRO a needed 
management mechanism, especially with 
respect to issues involving the CIA. In 
1967 and 1968 the Eaton Committee 
under DCI Richard Helms made another 
study of US SIGINT, and in 1972 NSA and 
NRO roles and missions were modified to 
give NSA a little more control over satel- 
lite collection. Most of the time, though, 


* To carry out the necessary liaisons among the 
Intelligence Community members and the NRO. espe- 
cially on che subject of national requirements. special 
committees came into being. The earliest forerunner of 
this kind of coordination of operations was the “Special 
Committee” of the Secretary of Defense and the 
Secretary of State in the early 1950s: this arrangement 
did not include the DCI or the CIA. In 1958, with the 
formation of USIB out of the earlier USCIB. COMINT 
was made the responsibility of the SIGINT Committee of 
USIB, and thus maved to a position of relatively less 
importance in the intelligence world. In the carly 1960s 
all SIGINT satellite requirements were made the respon- 
sihility of the USIB’s Committee on Overhead 
Reconnaissance {(COMOR). In 1963 this responsibility 
was placed under the COMOR SIGINT Working Group 
(CSWG). In 1967 the CSWG became the SIGINT 


* Overhead Reconnaissance Subcommittce (SORS} of the 


SIGINT Commuttee of the USIB, an arrangement that 
has continued for many vears. 
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especially at the working level, there was 
so much enthusiasm for what was being 
done in the new era of space SIGINT that 
institutional prerogatives were forgotten. 
The next chapters detail-the systems that 
were built and operated with this team 
spirit.* 
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* Appendix E contains the full rext of documents refer. 
enced in this chapter. 
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232. Fractions in the Binary System 
a. The system of expressing fractions with binary numbers is similar to the decimal num- 


bering methods. For example, the common fraction 3 may be expressed in binary numbers as 
at Also, binary fractions may be expressed as decimal fractions when the powers of 2 
are used with negative exponents. The binary fraction 0.011 is equivalent to the decimal frac- 
tion 0.375 and may be written as: 


OX2441X2*41X249=047 45 =F or 305. 


b. The following table lists some of the fractional values and their equivalents in both systems: 


Decimal equivalents Power of 2 Binary equivalent 
1 

g or 5 2-1 Al 

1 

4 0 25 2-2 01 

‘ or .125 2-3 001 

a or .065 2-4 .0001 

+ or .03125 2-5 .00001 

= or .015625 2-6 .000001 
or or .0078125 2-7 .0000001 
ots or .00390625 2-8 -00000001 
aa or .001953125 2-9 .000000001 


c. Using values from the table, the decimal fraction 0.375 is equal to .25 + .125 and hence 
has the binary equivalency of .01 + .001 = .011. 


233. Conversion of Decimal Fractions to Binary ‘Numbers 


Usually, the decimal fractions are converted to binary fractions by performing a series of 
multiplications by 2. This method is directly opposite to the method explained in paragraph 
224. As a rule, decimal fractions cannot be converted to exact binary equivalents. The extent 
of error must be tolerable for a given application and the number of bits used must be reasonable. 


a. To convert 0.3875 to a binary number, proceed as follows: 


(1) Multiply the decimal 0.375 by 2 to obtain a new integer (whole number) and a new 
decimal, 0.75. Since in 0.75 the integer to the left of the decimal point is 0, place a 0 
in the binary equivalent as .0. 
Decimal « 2 New integer and decimal Partial binary equivalent 
0.3875 « 2 0.75 0 
(2) Multiply the decimal 0.75 by 2 to obtain a new integer and decimal. Since the integer 
to the left of the decimal point is a 1, place a 1 in the binary equivalent as .01. 
Decimal « 2 New integer and decimal Partial binary equivalent 
0.75 x 2 1.50 01 
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Evolution of organizations involved in 
SIGINT satellite programs 
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The DYNO Concept 


The Navy SIGINT Satellite Program, 
conceived in early 1958 by personnel of the 
Naval Research Laboratory (NRL), com- 
bined the NRL's long experience in the 
fields of radar and electronic intercept Sys- 
tems with the more recent space experi- 
ence gained through their development of 
the Vanguard Satellite Program. Thus, 
Navy personnel could take full advantage 
ofa call in early 1958 from the newly 
formed Advanced Research Projects 
Agency (ARPA) for military space-related 
Projects. The Chief-of Naval Operations 
{CNO) relayed the query to all Navy scien- 
tific and technical organizations, asking, 
“All hands consider how they could use 
Space in their design ideas for the Navy.”! 


This call struck a responsive note 

with Reid Mayo, an engineer in Howard 
Lorenzen’s electronics group at the NRL. 
Mayo proposed that a crystal-video receiver, 
Such as the ones they were installing in. 
Submarine periscopes, be mounted in a 
Vanguard-type satellite in orbit around the 
Earth. When connected to an appropriate 
antenna on the satellite, such a receiver 
could “see” (intercept) the “main beam” 

om radar antennas on Earth whenever 
the antennas were pointed at the satellite. 

e further reasoned that if this signal 
Were sent from the crystal-video receiver to 
4 transmitter on the satellite, it could be 
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the Navy Program (Program C) 


Howard Lorenzen 


returned to any ground station in view of 
the satellite or, in other words, to a ground 
station with a line-of-sight path to the 
satellite? 


By the late 1950s, the US intelligence 
services responsible for intercepting hostile 
(primarily Soviet) radio and radar signals 


‘had established a ground network of inter- 


cept stations ringing the Soviet Union on 
all sides except the Arctic north. It was 
possible, by locating satellite data-receiving 
equipment at intercept stations in coun- 
tries such a: eR ae Lee 
to see a satellite at a 6/-degree-inclined, 
500-mile-altitude orbit, for many hours 
every day.? At the same time, the satellite 
could see the main beam signals from the 
radars in the Soviet Union. This concept 
of realtime “transponding” of radar signals 
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Orbital inclination: 66° - 76° 
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z Orbital shape: Circular 
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foundation of the Navy satellite program, 


Reid Mayo 


The response to the ARPA request, 
sent by NRL to the CNO in March 1958, 
featured a “transponder” designed by 
Mayo and his fellow engineers of Howard 
Lorenzen’s electronics group. The 
transponder was mounted in a spherical 
satellite. 20 inches in diameter, designed 
by engineers of the Vanguard Program 
Office under the leadership of Marty 
Votaw. The receiver section of the 
transponder, the ELINT system, utilized 
Six monopole antennas deployed around 
the surface of the sphere in such a way as 
lo provide omnidirectional coverage of all 
radar beams impinging on the satellite. 
Each of these antennas was connected toa 
Single crystal-vidéo receiver consisting of a 
filter to determine the frequency coverage 

and a detector and amplifier with 
adjustable sensitivity. The receiver sys- 
tem was adjusted to assure that it was 


to peripheral listening posts became the 
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sensitive only to the main beam signal 
from each radar as the radar looked in the 
direction of the satellite. The time between 
looks would determine the rate of rotation, or 
“sean rate,” of the radar. This adjustment 


Marty Votaw 


also provided a “threshold” to mask out 
lower power signals that could cause inter- 
ference to the desired main beam inter- 
cepts. Since the satellite was not stabi- 


-lized in any plane, great care was taken to 


assure that regardless of the direction of 
arrival, all pulses would be received with 
the same amplification. At the output of 
the receiver, each pulse was “stretched” tc 
a length of 450 microseconds, permitting it 
to be transmitted to the ground stations by 
a narrow-bandwidth transmitter con- 
nected to an omnidirectional turnstile 
antenna. In that way, any ground station 
in line of sight could receive the signals, 
but they were almost impossible to detect 
by an adversary if the satellite downlink 
frequency was not known with great accu- 
racy. This technique provided a great deal 
of security from Soviet intercept (but not 
as great as standard encryption could).4 
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In addition to the transponder, the 
satellite contained a power system consist- 
ing of a storage battery plus six 9-inch- 
diameter round patches of 156 solar cells 
located symmetrically on the surface of the 
sphere, so that one watt of power would be 
available for any orientation of the satel- 
lite. A telemetry system provided engi- 
neering data on the status of the satellite 
as well as the state of commanding of the 
transponder. The command system con- 
sisted of a receiver and decoder that trans- 
lated tones transmitted from the ground 
command ‘station into relay closures, con- 
trolling such functions as “data link on/off” 
and “timer start” to turn on the transpon- 
der. The command system shared the 
turnstile antenna with the data link trans- 
mitters and could receive commands 
whenever it was in view of a ground sta- 
tion having a command transmitter.5 


The Naval Research Laboratory 
(NRL) proposed to place this satellite in a 
67-degree-inclined, circular orbit, at an 
altitude of 500 miles, as an added payload 
along with the much larger TRANSIT IIA 
navigation satellite. According to the plan, 
it would be launched from the Cape 
Canaveral Air Force Station in Florida. 
Ground stations to receive the data trans- 
mitted from the satellite were to be located 


at Intelligence Community intercept sites 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs 


EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(qg yam 


ELINT mission was very straightforward: 
to intercept and identify known types of 
radars in the Soviet Unien and to discover 
and describe new types of radars not previ- 
ously intercepted by peripheral ground, 
sea, and airborne means. A further ELINT 
goal was to locate these radars as accu- _ 
rately as possible. 
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To utilize the facilities of the existing 
ground intercept sites, maintain security, 
and minimize interference with ongoing 
activities, the DYNO ground stations were 
installed in self-contained transportable 
shelters known as Earth satellite vehicle 
(ESV) huts. These were lightweight, alu- 
minum structures designed for worldwide 
service conditions. A]l equipment was 
installed at NRL and the huts were 
shipped as essentially standalone facili- 
ties, transportable by helicopter, aircraft, 
truck, rail, or ship. Once at the sites they 
were mounted on concrete pedestals, pave- 
ment, or on elevated platforms equipped 
with carport-type canopy roofs. All that 
was required was electrical power and 
they were ready to go! Multielement Yagi 
antennas (similar to those used for com- 
mercial television reception) were installed 
on the roof.of each hut and were rotated 
manually from inside the hut to point in 
the direction of the satellite. Standard 
military vacuum-tube radio receivers 
(R-390/URR) with crystai-controlled con- 
verters were used to tune in both the radar 
signals transponded from the satellite and 
the telemetry signals containing the satel- 
lite’s status. A two-track magnetic-tape 
recorder was provided for recording the 
intercept data. One track contained the 
radar signals, and the other track con- 
tained both the operator's comments prior 
to turn on of the intercept receiver and a 
digital representation of time during the 
intercept period. A chart recorder was 
installed to indicate the strength of the 
signal from the satellite as well as the 
state of the equipment on the satellite. A 
250-watt transmitter provided the ability 
ta send commands, in the form of audio 
tones, to the satellite via a second Yagi 
antenna mounted on the ESV mast along 
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with the receiving antenna. The planwas {| program was directly impacted by the 


to deploy these transportable ground sta- 
tions to ground sites operated by the Naval 
Security Group (NSG), headquartered in 
Washington, DC. § 


According to the NRL plan, these 
ESV sites would be manned and operated 
‘by NSG while the funding for operation 
would be provided as part of the Consoli- 
dated Cryptologic Program through NSA. 
In order to obtain adequate coverage of the 
Soviet Union it was also proposed to locate 
some of the huts at stations manned by 
the Army, Air Force Further- 
more, the data, collected on magnetic tape, 
would be forwarded through the Armed 
Forces Courier Service to the National 
Technical Processing Center (NTPC) at 
Headquarters, NSG. This center was 
shortly to be relocated and integrated into 
NSA in accordance with National Security 
Council Directive No. 6 (NSCID-6) dated 
15 September 1958, which assigned 
responsibility for national ELINT data 
Processing to NSA. In 1959, NTPC was 
Moved to the NSA operations building at 
Fort Meade, Maryland, where it became 
Part of the fledgling ELINT organization 
with the affice symbol COSA-5. Here the 
data would be interpreted and distributed 
to intelligence users as required. 


On 29 July 1958 the National 
Aeronautical and Space Act became law, 
8nd on 10 October 1958 the National 
Aeronautics and Space Administration 
(NASA) commenced operation, charged 
with responsibility for all of the national 
non-military space programs. Vanguard 
fit this category and was officially assigned 
'*NASA early in 1960. The DYNO 
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departure from NRL of Marty Votaw and 
other spacecraft designers along with the 
Vanguard program. Most importantly for 
this story, the Navy, though it retained 
responsibility for the TRANSIT and 
DYNO military programs through the 
Applied Physics Laboratory (APL) at 
Johns Hopkins University, Baltimore, 
Maryland, now found it necessary to find a. 
military booster. The Thor missile, with a 
second stage added in a configuration 
called Thor/Able-Star, was the booster 
selected. This combination could launch 
the DYNO satellite as a piggyback payload 
on the much larger TRANSIT satellite. Ed 
Dix of NRL took over design of the DYNO 
satellite and coordinated the launch 

efforts at Cape Canaveral. 


Howard Lorenzen, along with Jim 
Trexler of NRL, worked on this new plan 
and coordinated with other organizations 
to provide for interagency participation, 
the use of SIGINT stations for data collec- 
tion, and forwarding of the data to NSA for 
processing and product dissemination. 
With Lorenzen's and Trexler’s support, the 
Office of the Director of Naval Intelligence 
(DNI) undertook the task of obtaining pro- 
gram approval] through DOD, ARPA, and 


the Executive branch of the government. 


GRAB/DYNO.-1 Development 


RAdm Allan Reed of the Office of 
Naval Intelligence (ONI) shepherded the 
NRL DYNO proposal through the Navy, 
ARPA, DOD elements, and the Executive 
branch to obtain final approval by 
President Eisenhower in August 1959. 
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(3) Drop the integer 1 and multiply the decimal 0.50 by 2 to obtain a new integer and 
decimal. Since the new integer to the left of the decimal is a 1, place another 1 in the 
binary equivalent as .011. 


Decimal « 2 New integer and decimal Partial binary equivalent 
0.50 x 2 1.00 O11 


(4) Note that the operation ends when the decimal part has been expanded to 0.00. The 
decimal fraction, 0.375, is equivalent to the binary fraction, .011. In this instance, the 
binary and decimal fractions have exactly the same value. 


b. The next example illustrates the conversion of 0.8465 to its binary equivalent. Note that 
the partial binary equivalents are added at the end of the operation to obtain the complete 
equivalent: 


Decimal value of 
Multiplication x 2 Binary equivalent binary equivalent 
A B Cc 
0.3465 x 2 = .6930 0 0 
0.693 x 2 = 1.386 01 25 
0.386 x 2 = 0.772 000 00 
0.772 x 2 = 1.644 .0001 0625 
0.554 x 2 = 1.108 .00001 03125 
Add up all entries 01011 34375 


under B and C. 
c. In b above, the binary and decimal fractions differ in value and the amount of error may be 
determined by subtraction: 
0.38465 — 0.34375 — 0.00275 (fraction of error) 


234. Mixed Binary Numbers | 


a. A mixed binary number is a combination of whole numbers and binary fractions. Examples 
of this are: 


Binary number Decimal equivalent 

1011.1 11.5 

1110.011 14.375 
10.000001 1.015625 


b. The fundamental operations (addition, subtraction, multiplication, and division) for mixed 
binary numbers or binary fractional numbers alone are in accordance with the principles already 
explained in this chapter. 
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The DYNO program was to be conducted 
at the DOD SECRET security level under 
the code name TATTLETALE.7 


The DNI, who was designated as the. 
DYNO program manager in August 1959, 
formed a Technical Operating Group 
(TOG) to function as the steering commit- 
tee. The TOG consisted of representatives 
from NRL, NSG, NSA, and the ONI Scien- 
tific and Technical Intelligence Center 
(STIC) at Suitland, Maryland. The NRL 
member of TOG was designated as the 
project manager/technical representative. 
NRL was responsible for the overall sys- 
tem concept as well as satellite and ground 
station development and support; in addi- 
tion, NRL provided engineering and tech- 
nical direction through the operational 
exploitation phase, training of mission 
ground station personnel, and launch/ 
on-orbit monitoring of spacecraft status 
and data quality. 


The NSG member was designated the 
project operational representative. NSG 
was responsible for directing and coordi-. 
nating all mission ground station opera- 
tions (including commanding the satellite 
operations); it acted as the focal point for 
all electrical communications associated 
with the operations of the project; and it 
provided sites, support facilities, and oper- 
ating and maintenance personnel at the 
NSG mission ground stations. 


The NSA member of the TOG was 
designated the advisor to the staff. NSA 
authorized the allocation of service crypto- 
logic personnel to man and operate the 
Mission ground stations; it also processed 
all intercept data and disseminated the 
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ELINT product to the Intelligence 
Community. With this responsibility, NSA 
also interpreted national intelligence col- 
lection and processing requirements. made 
‘recommendations for commanding satel- 
lite collection periods (tasking), and fur- 
nished the magnetic tapes for recording 
data at the mission ground stations. 


The STIC member provided intelli- 
gence requirements to the director, pro- 
vided signal analysis support to NSA. 
monitored the signal analysis program, 
and disseminated quality control technical 
data to the mission ground’stations.§ 


William E. W. Howe 


The TOG initially met at NSG 
Headquarters at the Naval Security 
Station in Washington, DC, Early mem- 
bers of the group were Navy Capt Fred 
Weldon of OP-94, representing the DNI; 
William BE. W. Howe, a senior analyst fram 

einen Chief of COSA-5 
(ELINT Processing Organization), NSA: 
Howard Lorenzen, DYNO Program 
Director at NRL; and Cmdr Frank R. 
Sperberg, representing NSG. 


PL 86~36/50 USC 3605 


bm 


DYNO-1 was designed to receive in 
the radio frequency range ofa 
MHz. This was the most densely popu- 
lated range of frequencies and covered a 
vaniety of radar types, including deriva- 
tives of many widely used US, West 


- European, and Soviet World War II “S-band” 


early warning and search radars. In the 
more recent JAN Electronic Warfare 
Frequency Channel Designators, these 
radars are designated “E-band.” Since no 
formal national requirements for satellite 
ELINT collection had yet been established, 
it was up to the TOG to determine the col- 
lection requirements for this first satellite 
ELINT mission. Intelligence Community 
representatives felt that intercepts from 
this frequency range, which contained 
many descendants of World War II proto- 
types, would yield a very productive har-| 
vest of significant radar information. The 
success of DYNO-1 proved this to be a very 
accurate prediction. 


The initial mission ground stations 


for DYNO were located at [eine ages 


EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)s25Yrs 


0 13526 3.5/0) mee the stations had the abil- 


"sy vo Collect data, but only GRMRAAReOy 
Could transmit commands to direct the 
Satellite when to turn on and off. Whenever 
the collection system was turned on, all 
the sites within range could receive the 
data. NRL also maintained an engineering 
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data readout and interrogation site at 


Hybla Valley, Virginia, EO 13526 3.3(b)(1)>25Y rs 
EO 13526 3.3(b}(1}>25Yrs 


‘Unfortunately, the DOD SECRET 
security system did not provide adequate 
security protection for the TATTLETALE 
program, and shortly after program 
approval in August 1959, The New York 
Times printed a complete program descrip- 
tion. Given President Eisenhower's inten- 
tion of achieving “Open Skies” through a 
national! policy stressing peaceful uses of 
space, it was necessary to cancel the pro- 
gram at the DOD SECRET level to avoid 
any further disclosures that could lead to 
unwanted international repercussions. To 
ensure no further disclosures of this kind, 
the program was reclassified as TOP 
SECRET, and security control was to be 
exercised by the ONI under the WALNUT 
security system. Access required the 
approval of ONI, ARPA, or the Office of the 
Special Assistant to the Secretary of 
Defense for Special Operations and was 
limited to individuals with a strict need- 
to-know. Those individuals granted access 
were required to execute a project secrecy 
agreement. !0 


Additional security was provided by 
adding an NRL scientific experiment as a 
cover. The experiment was designed by 
Marty Votaw to telemeter measurements 
of solar activity in X-ray, Lyman-Alpha, 
and ultraviolet radiation above the Earth's 
atmosphere. This cover experiment became 
the first of a series of SOLRAD satellite 
experiments designed and exploited by the 
NRL. The cover name GRAB (galactic 
radiation and background) was used for 
the combined DYNO intelligence mission 
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and SOLRAD scientific mission. In the 
classified world the first satellite became 
known as GRAB/DYNO-1, but in the 
unclassified world it was simply GRAB-1.!) 


GRAB/DYNO Program Launches 


On 22 June 1960 the first US SIGINT 
satellite, GRAB/DYNO-1, was launched 
from Cape Canaveral, Florida, by an Air 
Force Ballistic Missile Division (AFBMD, 
at E} Segundo, California) team headed by 
Maj James S. “Jay” Smith with Maj David 
D. Bradburn as guidance officer. The Air 
Force team was supported by a Space 
Technology Laboratories (STL) launch 
vehicle integration team headed by Adolf 
K. “Dolf Thiel. The GRAB/DYNO-1 space- 
craft, a piggyback payload attached to 
TRANSIT ILA and the whole mounted on.a 
Thor/Able-Star booster, attained a 330-by 
565-mile orbit, inclined at 66.7 degrees to 
the equator, with an orbital period of 101.6 
Minutes. Although DYNO did not sepa- 
rate from the TRANSIT IIA, this caused 
ha problems since the two satellites had 
‘Ro common command or data links.!? 


Following the shootdown of F. Gary 
Powers’ U-2 on 1 May 1960, President 
Eisenhower directed that no reconnais- 
Sance overflight of the Soviet Union could 
collect intelligence information without his 
Specific permission. Because of this strict 
limitation, at the President's direction, the 
DYNO pavload could be turned on for only 
RS .ciods during the SRE 
Metime of the satellite. On 4 July 1you, 
exactly four years after the first U-2 mis- 
Ston, the payload was turned on and the 


ELINT capability of GRAB/DYNO-1 was _ 
checked out at Wahiawa, Hawaii, well out 
of Soviet ground station range.'3 
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Adolf kK. Thiel (center) and Capt David D. Bradburn 
(right) pictured with Werner Von Braun and model of 
Thor/Able launch vehicle, inglewood, California, 1958 


Despite the limited tasking, the col- 
lection technology of the satellite and the 
functions of the mission ground stations 
were clearly demonstrated. Processing 
and analysis of data received from the first 
DYNO SIGINT satellite system, and the 
following POPPY satellites, was an inter- 
esting and challenging adventure. In the 
beginning, the best “all source” estimates 
of the signal environment and the volumes 
of data‘available for analysis were far 
short of reality. The real magnitude and 
complexity of the processing and analysis 
job was not understood until the first 
satellite was on-orbit, collecting data. > 
Each successive satellite had new and/or 
expanded capabilities and presented new 
challenges. For the firat few years, the 
development of the processing systems ran 
behind the power curve. Frequently, pro- 
cessing was planned and developed based 
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on poor estimates of expected data. 
Processing systems then had to be modi- 
fied, or sometimes actually invented, to 
handle the data collected by satellites 
already on-orbit. Fortunately, the early ~ 
satellite collection systems were fairly sim- 
ple and had short operational lives. This 
allowed for an evolutionary development of 
ground processing and analysis systems 
and for feedback to the design of the satel-. 
lite collection system, which did result in 
later successful total collection/processing 
systems. _ 


Processing consisted of manual analog 
data analysis performed at NSA by the 
personnel of the former NTPC, which 
was now COSA-5, the ELINT processing 
group at NSA, Fort Meade, Maryland. 
Soames was in charge of ELINT 
processing at NSA and directed the DYNO 
processing effort. Technical advice’and 
recommendations were pro ovided by Bill 
Howe. STIC i A 
manual snl ease major, 
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ber of Piitary and. civilian ae ‘This 
group provided technical feedback to the 
mission ground stations to assist them in 
evaluating their operation. This manual 
data analysis allowed the determination of 
radar characteristics of pulse repetition 
frequency, scan rate, and radio frequency 
band. A very rough approximation of loca- 
tion could be determined by comparing the 
first and last time the radar was inter- 
cepted at different ground stations and 
noting signal up and down times.!4 


sere meet paneer neni ee ty et Mee OO HE MeLRgediet t Het 


OEY 


Tog Sec 


46 The SIGINT Satellite Story Eisele bananas? 


We EO 13526 3.5(c) 


IPL 86-36/50 USC 3605 


Soviet early warning radars were 
found to be numerous and extremely pow- 
erful. Signal density was more than four 
times greater than anticipated. This high- 

lighted the need for some form of auto- 
“mated data processing. Howard Lorenzen, 
_ NRL DYNO Program Director, knew that 
“computer processing could be used very 
effectively for this type of data, and early 
in 1961 he approached Louis W. Tordella, 
the Deputy Director of NSA, for assistance 
in developing such a capability. 


been involved in development of missile 
and space processing, to join them to dis- 
cuss the problem. Earlier, in April 1960, 
Beebwamehad published a technical article, 
“Determination of Missile and Earth 
Satellite Trajectories from Radar Obser- 
vations.” This article was an unclassified 
mathematical treatment of the determina- 
tion of orbital plane and the least squares 
estimate of position, subvehicle point, and 
predictions, including perturbations due to 
Earth oblateness.}5 Lorenzen showed the 
assembled group a roll of visacorder paper, 
a tracing showing a longitudinal analog 
presentation of a few minutes of GRAB/ 
DYNO collected data. Ee cel 
were given the job of automating tls data 
reduction and processing.!© NRL devel- 
oped the original analog-to-digital con- 
verter to convert the analog signal into’ 
digital format for input to the NSA BOGART 
computer.* 


* BOGART was a special-purpose computer designed by 
NSA and built by Engineering Research Associates 
{ERA), later UNIVAC, in St. Paul; Minnesota, for effi- 
cient data conversion and formatting. It was a 24-bit 
machine using diode/magnetic-core logic. with memory- 
cycle time of 20 microseconds and IBM 727 magnetic 
tape for storage and input. BOGART led to the design of 
UNTVAC and Control Data Corporation’ 's (CDC) commer- 
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DYNO-1, operating on frequencies 
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Only a few 
unidentified radar types were intercepted, 
which indicated the accuracy of US intelli- 
gence regarding high-power Soviet emit- 
ters. Altogether, 612 emitters were identi- 
fied, 42 of which were located approximately 
and correlated to known installations.!? 


On 30 November 1960 the second 
GRAB/DYNO was launched using essen- 
tially the same configuration as GRAB/ 
DYNO-1. Unfortunately, the Thor booster 
burned out 12 seconds early and was 
destroyed by the range safety officer. 
Fragments landed in Cuba and killed a 
cow in a farmer's field.18 This incident 
was memorialized as, “The herd shot 
round the world” (a takeoff on Ralph 
Waldo Emerson's heroic line, “... and fired 
the shot heard round the world”). The 
incident resulted in the prohibition of any 
future launch trajectories that passed over 
the land mass of Cuba, thereby causing 
subsequent launches to include a dogleg in 
the launch sequence in order to obtain the 
desired 67-degree orbital inclination. 


3 


—~eers: - * 


EO 1.4.(c) 
PL 86-36/50 USC 3605 


Since this required more booster energy, 
it resulted in a reduced payload weight 
capacity.* : 


The third launch, designated GRAB/ 
DYNO-2, occurred 29 June 1961. It con- 
sisted of GRAB/DYNO-2 from NRL, and 
INJUN, sponsored by Dr. James Van Allen 
of the State University of lowa. The two 
smaller satellites were connected together 
and mounted on top of the larger TRANSIT 
IIIB satellite. It was launched by a Thor/ 
Able-Star booster from Cape Canaveral. 
An orbit 475 by 540 miles was achieved, 
inclined 66.8 degrees with a period of 
103.8 minutes. Separation from the 
TRANSIT IIB occurred, but the INJUN 
and GRAB/DYNO-2 failed to separate 
from each other. Because the two satel- 
lites shared common up- and down-link 
radio frequencies, it was necessary to 
operate the two satellites on alternate 
days, thereby cutting the collection time in 
half. 9 

In 1961, because of the apparent 
worldwide acceptance of overflight by 
peaceful satellites, the requirement for 
Presidential approval of each reconnais- 
sance collection period (read-in) had been 
lifted.” However, operating at Giaaeet 


* The possibility of any aerident involving Cuba was given 
an “extreme” review before the launch. Only when 
“sornewhat simplified and somewhat biased analyses” 
showed an extremely low probability was the Might 
authorized. Fortunately, the consequences were not 
major. See Joseph V. Charyk's comments, SIGINT 
Satellite History Round Table, 26 May 1994. 

+ The decision lor special security for satellite programs 
was in part to avoid international reactions to what some 
would claim were “non-peaceful applications.” It was 
believed the Soviets understood and supported the con- 
cept since otherwise they would be forced politically to 
protest. -Jt would clearly add problems to their own 
efforts to develop such capabilities. Special security 


helped both efforts. To President Eisenhower. the results 


of the F. Gary Powers shootdown and the impact on the 
summit meeting in Paris were edpecially sensitive. See 

. - Jaseph.V, Charyk’s comments, SIGINT Satellite History 
Round Tabie, 26 May 1994. 
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GRAB/DYNO-2 col- 
lected very little useful data. The alternate- 
day tasking accounted for this in part, and 
the choice of the intercept radio-frequency 
bands accounted for the balancé.°° Since the 
launch of DYNO-1, a national requirement 
for satellite SIGINT collection had been 
published by the US Intelligence Board 
(USIB-D-33.6/8, dated 5 July 1960). To 
satisfy this requirement to scarch for new 
and unusual signals, particularly those 
associated with the ABM petwork the 


‘lechnica! Operating Group (TOG) for 
GRAB/DYNO-2 collection. To identify the 
frequency band of the intercepted signals, 
a different-length stretched pulsewidth 
was used on the down-link transmissions 
for each band. On subsequent launches, 
when more than two bands were inter- 
cepted, a separate pulsewidth would be 
assigned to each band. The satellite con- 
tinued to operate unti i ZCRRsPee 
although the lower band gradually fost 
sensitivity as the mission progressed. 


Although DYNO-2 ELINT collection 
results were sparse compared with DYNO-1, 
the gradual loss of sensitivity in the lower 


early warning radar, which was the only 
signal that could be received near the end 
of the mission. Earlier, in the low band, a 


tor) was interceptea and classified as the 
‘first Soviet ABM-type radar. Also inter- 


en 
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Magnetic tapes with data from this 
flight were sent to NSA where, in addition 
to analog analysis, a new analog-to-digital 
converter called AUDICO, capable of digi- 
tizing data with a time interval accuracy 
of 67 microseconds for each count or 
machine unit, was used to prepare the 


data for computer processing. These out- 
EO 13826 1.4(c}<25Yrs, EO 13526 3.5(c} 


AUDICO runs. Short-term tape-speed 
variations were a problem. Comparisons 
with analog analysis did not produce very 
satisfactory results.22 Quality-control 
efforts instituted in the conversion process 
and at the collection sites helped improve 
this situation. Deinterleaving and scan- 
sort techniques and programs were contin- 
ually improved over the years and were 
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applied to processing all ELINT data col- 
lected by POPPY and all other SIGINT 
satellite systems. 


Early attempts to identify radar loca- 
tions from the GRAB single-satellite sys- 


tem were very crude. MOARRaoRRIC ems 
EO 13526 1.4(c)<25Yrs. EO 13526 3.5(c) 


Me 


SeBRer did not produce very accurate or 


useful locations. 


Because of political pressures within 
the Intelligence Community and lack of 
confidence within NSA, the US Air Force 
Strategic Air Command’s 544th Reconnais- 
sance Technical Group (RTG) was pro- 
vided copies of the GRAB/DYNO-1 tapes. 
thus duplicating processing as a backup. 
SAC processing at this time was primarily 
visual analysis of the filmed version of the 


Stream of intercept pulses. Late in 1961] 
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; Dumnng this same period NSA devel- 
/ oped afeRKeykkyts) location system 

; BET 13520320 ca with stable 
rotation rates lent themselves to this tech- 
nique of analyzing their rotation rate 

doppler. With this technique a location 

was iteratively determined that yielded 

the best fit to the observed sequence of 

scan penods by the method of least squares. 

But the jaa system also pro- 


duced unreliable results with large uncer- 
|tainty in the radar location. 
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The satellite ground stations were 
improved along with the satellites on- 
orbit. The first change was transfer of the 
Se AenS cround station in the. 
EO 13526 3.3(b)(1)}>25Yrs. EO 13526 3.5(c) 
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| 

| The fourth launch occurred from Cape 
Canaveral on 24 January 1962 using a 
Thor/Able-Star booster, and it was intended 
to launch five satellites into orbit using a 
single booster. The launch was unsuccess- 
‘ ful when the guidance system on the Able- 
| Star upper stage failed.26 When the 

; National Reconnaissance Program (NRP) - 
{ was formed on 16 September 1961, the 
Navy ELINT program was made part of 

i the NRP and redesignated as the POPPY 

| project. Thus, the launch was assigned 

| the name POPPY-1. 
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The fifth launeh. POPPY-2, on 26 
April 1962 was from Vandenberg AFB in 
Californin and used a Scout vehicle as a 
booster. These changes were made to 
avnid the launch sequence doglee neces- 
sary at Cape Canaveral and to provide a 
dedicated launch vehicle for the DYNO 
satellite. In thix way. the near-polar orbit 
most suitable for reconnaissance could be 
selected. This launch, tao. was o failure: 
becuse of a procedural oversight. the 
Seout fourth stage contained nn attitude 
contre! gas. and the entire svstem plunged 
into ite Pacific Ocean within sight of the 
launch pad.*> 


The POPPY Project 


On 23 July 1962 the Director af the 
NRO} DNRO). -JJoseph V. Charvk. formally 
estabhshed NRO Program C as an argani- 
zational component to continue operation 
and management of the POPPY. ELINT 
satellites. The Director of Naval Intell- 
gence was designated to continue as 


Director. Program C, and funding formerly 


provided by ARPA and the Navy was 
transferred to the National Reconnitis-, 


sance Program (NRP1 as of fiscal vear 1963. 


The Navy Bureau of Weapons (BUWEPS: 
provided a fiscal representative to the 
Technical Operating Group (TOG: who 
was responsible for preparing the annual 
budget. disbursing funds to the NRL. and 
submitting records of expenditures to the 


Diréctor. Program C. NSA continued fund- 


ing. through the Consalidated Cryptologic 
Program (CCP. for manning and support 
of mission ground stations. magmetic-tape 
costs. and NSA processing and analvsis. 
Th: Atr Force's Program A was assigned 


' dater Capt) Frank Sperberg. USN. from 


NORE N 


the responsibility for launching Program ¢ 
satellites and for launch vehicle/satellite 
integration. 


‘Capt Frank R. Sperhery. USN 


In 1962 the President's Foreign 
Intelligence Advisory Board ( PFIAB} con. 
curred in DNRO Charvk’s reconimenda- 
tion that“... all sacellite projects of the 
NRP should be handled in the same 
manner by a single operations unit of the 
NRO staff.'=" The Satellite Operations 
Center (SOC), in room BDS44 of the | 
Pentagon. commenced operations in Apnl 
1962. primarily to direct operations of the 
photographic satellites ‘of Programs A and 
B. To assure cuordination of NSG tasking 
of the POPPY satellites with US Intelli- 
gence Board (USIB: requirements. the 
Director of Program C transferred Cmdr 


the NSG Operations Center to the NRO 
offices in the Pentagon to work with the 
SOC personnel. Sperberg’s primary 
responsibility was to assure that com- 
manding of the POPPY system was 
responsive lo requirements as initially 
stated by both the USIB’s Overhead 


Reconnaissance! COMOR) and SIGINT 
Committees. USIB direction was further 
clanfied in the spring of 1963 when the 
SIGINT Overhead Reconnaissance 
Subcommittee ‘SORS) of the COMOR was 
formed to consolidate the responsibility for 
a satellite SIGINT requirements. The 
Operations Center for transsating the SOC 
wterpretation of these instructions into 
dctual commands to the POPPY network 
remained at NSG Headquarters. 


By December 1962 the BYEMAN 
security system was completed for 
Program .C. whose ELINT satellites were 
designated as the POPPY series. The 


name POPPY, superseded the-earlier 
WALNUT secunty svstem.! The final 
elligence product. as delivered by NSA 
_. Ne users. would be handled under the 
IALENT-KEYHOLE system, which had 

fen initially instituted for photo results. 
te primary reason for this arrangement 
to make it possible to deliver the data 
Ocleared personnel of the Intelligence 
PL while avoiding the necessity 
ae them access to BYEMAN 

Tmation about sacellites and colleetion 

erations. 


With the arrival of the BYEMAN sys- 
™. mission numbers in thefigimseries 
"ere assiened to POPPY launches, A 
Sitch from the Scout to the Thor/Agena 
Ster. launched from Vandenberg AFB 
n the West Coast. permitted multiple 
PPY satellite launches with much 
Mater weight capability. Additionally, no 
ver pavinads were required since there 


pd 
Onl Neuae 


YF ter ag 


were [requent military Thor/Agena 
launches fram Vandenberg that were not 
announced in the press except us classified 
launches about which no derails could be 
revealed, , 


first POPPY launch using a Thor/Agena 
booster fram Vandenberg AFB. The Avena 
vehicle failed to cut-off at the end of first 
burn. producing a very eccentric orbit of 
124 hv 1.500 miles at 70.3 degrees inclina- peb 
tion. This made reception of data at the es 


sround sites difficult. but it did produce a 
26533 Sik 


The 


search 


satellite lifetime of over 
objective ofthe mission was 
parts of the radio frequency (RF) band 
3(0)(1)>25Y rn 


hetween 
radars and RF bands in use bv the 
Soviet Bloc. 


This Thor/Agena launched another 
Van Allen [NJUN pavload and two other 
scientific satellites along with the two 
satellites of ZIRE The POPPY 
satellites were somewhat larger than 
DYNO due to the addition of a four-inch- 
diameter “belly band” to accommodate 
additional capabilities. which made the 
‘spherical satellites slightly thicker in the 
middle. ems 
EO 13526 3.3(b)(1)225Yrs 
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APPENDIX | 
BASIC SLIDE RULE OPERATIONS 


1. General 


This appendix describes the basic slide rule 
and covers the operations of multiplication, 
division, squaring, and square root. 


2. Description of Slide Rule 


a. Slide rules are made in several different 
sizes and styles, and in an assortment of 
scales. However, they all contain the same 
basic scales and use them in the same manner. 


b. The most common type of slide rule is 
about 10 inches long and generally has scales 
on both sides. The most frequently used scales, 
and the ones covered here, are the A, B, C, 
and D. Figure 95 is a simplified drawing of 
a slide rule of this type, showing these scales 
and the other essential parts of the rule. Note 
that these scales have indexes (the number 1) 
on both ends. Also note that the A and B 
scales have an additional index in the center 
that divides these scales into two equal parts. 
The left-hand part of the scales is called A- 
left or B-left, and the right-hand part, A-right 
or B-right. 


3. Basic Principles of Operation 


The slide rule is based on the principle of 
the logarithm; that is, the segments on the 
rule represent exponents, or logarithms, but 
are indicated by the antilogs, or numbers 
corresponding to those logarithms. Conse- 
quently, when the slide rule is used so that two 
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line segments are added, the logarithms of the 
numbers shown are actually being added, and 
the sum of the two line segments is represented 
by the antilog of the sum of the logarithms. 
Since the sum of the logarithms of two num- 
bers is equal to the logarithm of the product 
of the two numbers (par. 121), adding two 
line segments on a slide rule will give the 
product of the two numbers represented by 
the line segments. This is the technique used 
in multiplication with a slide rule (par. 6 of 
this app). In the division process, the re- 
verse procedure is used; that is the two line 
segments are used so that one is subtracted 
from the other. 


4. Accuracy 


The accuracy of a slide rule depends on the 
length of the rule and on the portion of the 
rule being used. With the 10-inch rule shown 
in figure 95, numbers can be approximated to 
four significant figures on the left-hand end 
of the C or D scales, but only to three signifi- 
eant figures on the right-hand end of these 
scales. Despite this fact, the results obtained 
with the slide rule are sufficiently accurate for 
many practical purposes; in any case, the re- 
sults serve as a rapid and efficient check of 
more complex computations. 


5. Reading the Scales 


a. Since the scales on a slide rule do not 
have uniform increments along their lengths, 


INDICATOR 


na eect te ncaa 


SLIDE BODY 


TM684-108 


Figure 95. Typical slide rule, simplified drawing. 
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First POPPY/Thor/Agena launch, Vandenberg Air Force Base, 13 December 1962 
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Following up.on this suggestion. 


gested when the President's Scientific 
Advisory Committee (PSAC) initiated a 
Special study in 1963 to stimulate new 
ideas in emitter location finding. Richard 
Garwin of IBM. representing the PSAC, 
chaired a series of meetings at NSA with 
Personne! from SAC and NSA who had 
been working on techniques to produce 
emitter locations from POPPY data. 

These discussions were very open. Many 
hours were spent at the computer, with 
lots of explanations, lots of “what ifs,” 
and lots of worry about what had been 
overlooked. 


Following the launch of POPPY 1, 


and as a result of the 1963 meetings with 
ORPRMTP EO 13526 3.3(b)(1)>25Yrs 
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and then recording them 
on separate tracks of a GR-2500 instru- 
mentation magnetic-tape recorder. These 
recorders had been. installed in late 1961 
i as upgrades to the mission ground sta- 
tions. The analog tapes were later digi- 
tized by AUDICO at NSA using the stable 
reference tone recorded on the tapes at the 
time of collection to control the digitizer 
; clock. The digitized data were processed 
on an IBM 7094 computer to deinterleave 
the signals and form |aaaanemameaan ios 


Early attempts involved considerable 


“ EO 13526 3.3(b)(1)>25Yrs. £0 13526 1-4ticis25Yrs, EO 1352 PUTER aaa using electromechanical 


Frieden desk calculators to associate 
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be a major problem. In the early 1960s. 
orbit determination programs were very 
elementary. Vanguard'I was placed in a 
highly eccentric orbit on 17 March 1958 
and transmitted its signal for over six 
years. This stable orbit with constant 
transmission from the satellite permitted 
the first long-term observation of orbital 
dynamics. This resulted in a series of 
sophisticated modeling efforts of the oblate 
Earth's gravity field, which were impor- 
tant for predicting satellite positions ver- 
sus time. This early work in orbital 

’ dynamics was essential to the develop- 
ment of accurate emitter locations. 


Papers appeared in many publica- 
tions in the open literature providing new 
gravitational constants, new closed-form 
solutions, new estimates of the size and 
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shape of the Earth, and many ideas on 
how atmospheric drag would affect the 
orbits. Among poe carly important con- 


who published an article, “Maximum 
Likelihood Estimation of an Orbit,” in 
1961.54 Orbital elements were available 
from the Navy Space Surveillance Center 
(NAVSPAS UR), established at Dahlgren, 
Virginia, on 9 April 1960 to operate NRL's 
Space surveillance System. North Amer- 
ican Air Defense Command (NORAD) also 
produced orbital elements. NSA attempted 
to use the NORAD data, but at that time 
the data were frequently incomplete, not 
timely, or, in some cases, inaccurate. At 
first, none of the calculated orbital ele: 
ments were consistent. 


To help solve the problem. 
@eieeadand a group of mathematicians 
from NSA visited Hunt Small at Lockheed 
Missile and Space Company (LMSC) and 
met with John V. Breakwell at Stanford 
University. As a result of these discus- 
sions, NSA arranged for NAVSPASUR to 
Provide magnetic tapes containing the 
Satellite location and velocity vectors on a 
tegular-time grid. NAVSPASUR was able 
‘© provide accurate orbital data, greatly 
aiding NSA. NSA also prepared the pre- 
dictions for the POPPY orbits that the 
Naval Security Group (NSG) sent to the 
Sites to guide the antenna steering. 
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eRe was very similar tc 


but consisted of three satellites anc 

RTE The mission covered in farge 

part Kr bands not covered by ERIKS continu. 
ing the mission of discovering new radars 
and frequency band-usage. The launch 
occurred on 15 June 1963 from Vandenberg 
AFB. This time, the Agena cut-off properly 
after the first burn but failed to circularize 
the orbit by means of a second burn. The 
resulting orbit was 95 by 495 miles, at an 
inclination of 69.9 degrees. The low perigee 

’ severely limited the orbital lifetime and the 
satellites reentered the atmosphere after Gms 
SORELY As a consequence, very few data were 
callected.37 


or 


In the meantime, ground station 
upgrades continued, and in 1963, various 
site facilities were equipped to do field 
screening and analysis. The POPPY collec- 
tion positions in the portable aluminum 
shelter huts had a playback capability but 
limited analysis equipment. However, by 
1963, all of the original magnetic-tape 
recorders had been replaced by 
instrumentation-type machines with seven 
tracks using 1/2-inch magnetic tape. 
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Solid-state digital-time generators also 
were added. BORER eas 
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led to advancements in the technical anal- 
ysis of the analog data. As successive 
satellites were. equipped with more RF 


bands and data links, analysts noted the 
EO 13526 1.4(c)<25Yrs, EO 13526 3 .5(c) 


The new collection tape recorders at 
the POPPY ground stations enabled the 
NSA playback recorder to use a frequency 
synthesizer to play the tapes at the same 
speed with which they were recorded by 
the field station during collection by using 
the 50-kHz reference signal. Other equip- 
ment could be used to record and repeat- 
edly cycle through a short segment of data, 
to stop the recorder and display the pulses 
on the scope. or to print a chart of pulse 
amplitude versus time. This equipment 
PP PE Pepe 0 13526 3.3(b)(1)>25Yrs, EO 13526 4.44 
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eeeatieg In April 1963 NSG opera- 
tors began searching for and reporting new 
or unusual signals detected from analog 
analysis.38 ; 


A Memorandum of Understanding 
governing Navy processing and analysis of 
POPPY data was signed by ONI and NSA 
in July 1963. NSA provided planning 
support and furnished tapes to the Naval 
Scientific and Technical Intelligence 
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Center (STIC) for processing and technical 
: analysis. NSA also provided support and 
' guidance.39 


Some of the POPPY sites also had 
been equipped with an operator position 
dedicated to checking the quality of the 
data. These positions were installed in 
permanent buildings where proper secu- 
rity could be maintained for the SIGINT 
data. These quality-control positions were 
used by collection operators for post-pass | 
playback of recordings to verify verbal | 
annotations, the presence of data, and cor- 
respondence with collection logs. With the 
aid of training tapes sent by NSA, coilec- 
tion operators were trained to listen for 
and recognize signals with the desired 
characteristics. Collection operators noted 
in their logs occurrences of |gMsmaaeaau 


collection pass, analog analysts at the 
ground stations played back the tapes at 
their analysis and quality-control positions 
and performed audio and visual scans of 
each of the recorded data links. Param- 
eters of these signals of interest and 
unidentified signals were measured and 
tabulated. Additional collection time was 
provided by the installation of an interro- 
gation capability a EO 13526 3.3(b)(1)>25Yrs 
OR or orbital passes. not avail- 
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set priorities for the processing and techni- 
cal analysis of the POPPY data after they — - 
were couriered back to NSA.40 


launched on 11 
January 1964 from Vandenberg AFB, 
achieved for the first time a planned near- 
circular orbit, 490 by 506 miles at 69.9 
degrees inclination. This was the first 
mission boosted by a thrust-augmented 
Thor (TAT), which permitted heavier and/ 
or more payloads: This was the second 
three-satellite launch, with some overlap- 


ping RF coverage on satellites POMREZARG 
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Although the 
Sperate for a record ane and i 
lost battery power after paemmaamemat All | 
Of the satellites used a solar array/battery 
‘ombination power system; the solar 
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arrays were used to charge the batteries 


and the systems operated fram battery 
powe EQ 13526 3.3{b)(1}> 5 
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Mission 7104, launched on 9 March 
1965, achieved a 490- by 506-mile circular 
orbit, inclined 70.1 degrees. This was the 
first simultaneous launch of four POPPY 


satellites. The.24-inch-diameter satellites 
, £0 13526 3.3(b)(1)>25Yrs, EO 134 
were launched 


EO 13526 3.3(b)(1)>25Yrs, EO 1: This activity was 


limited by the failure of the batteries in 
EO 13526 3.3(b}(1)>25Yrs, EQ 13526 1.4(c)<25Yrs, EO 1 


respectively, EO 13526 3.3(b)\(1)>25Yrs 
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the satellite stabilized 
on its side, thereby making it impossible 
to conduct the micro thruster test. The RF 


ome Unfortunately, 


coverage was extended without a gap to 
ema OeeS After a satellite commanding 
capavlity was installed atiSemRercceee: 
SORE n March 1966, the SmRereks 
a was deactivated. For these 
missions, NSA‘in-house processing was 
Ress =O 12526 3.3(b)(1)>25Yrs, EO 1 
to accommodate the large volumes of data 


_being.collected. Appendix A shows the 
increasing volume of data processed. The 
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earlier laborious manual correlation efforts 
using 1950s mechanical desktop calcula- 
tors by now had been converted to auto- 
matic computer processing using the IBM 


7094 computer at NSA. The coniputer pro- 
EO 13526 3.3(b)(1)>25 Yrs, EO 13526 1.4(c)4 


EO 13526 3.3(b)(1)>25yrs, EO 13526 1 4(c)<25Yrs, EO 14 
emer More accurate digital data 
were available from the new AUDICO 2. 


analog-to-digital converter, providing mare 
EO 13526 3.3(b)(1)>25Yrs. EO 13526 1.4(c)<2 


improved significantly the listings of 

Soviet electronic order of battle (EOB) in 
terms of accuracy and timeliness.*? For 
example, in 1965. using iamennemaaunld data, 
NSA used the EO 13526 3.3(b 


demonstrate excellent ha 
EO 13526 3 3(b)(1 )>25Yrs, EO 13526 1 41c}<25Yrs. EO 13! 


Raymond B. Potts, Chief of Special 
Projects at NSA, established a “last-in/ 
first-out” priority system for signals analy- 
sis to ensure that the most recent data was 
processed first, which resulted in signifi- 
cantly improved timeliness of ELINT tech- 
nical reporting. Efforts by NSA to distrib- 
ute the increasing SIGINT satellite 
processing workload also resulted in an 
agreement with SAC in August 1966, 
negotiated by Potts, who headed a three- 
division organization called K-4/SP. One 
of the divisions (K-46) was devoted to pro- 
cessing POPPY ELINT data. Under the 
agreement with SAC, NSA processed all 
POPPY data except for aaaneniaaani 
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which was assigned to SAC for processing. 
EO 13526 3.3(b\1)>25Yrs 


In December 1966 NSA started shift- 
ing work from its IBM 7094 business com- 


_ puter at Fort Meade. Maryland. to a CDC 


6400 scientific computer, which had a 60-bit 
word that could accommodate processing 
of the digital representation of each pulse 
in one cycle of 1.1 microseconds per pulse * 
Other technical features such as expanded 
memory and disk storage made the CDC 
6400 computer between three and four 
times faster than the IBM 7094 in process- 
ing POPPY data. These features further 
streamlined processing to peduce manual 

EO 13526 3.3(b) 
interventions when the soft- 
ware was converted to the CDC 6400 
computer. 


EO 13526 3.3(b) 


(1)>25Yrs, FEO 1 


became fully operational in 1¥06 and 
worked well against radars EO ISG SENT 


* The IBM 7094 had a 36-bit word that required two cycles 
of computer operation at 1.4 microseconds each to 
process the digital data for each pulse. 
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The regular satellite and processing 
system upgrade process was given a great 
boost on 18 November 1966 when the 
USIB approved an urgent requirement for 
satellite SIGINT collection directed 
EO 13526 3 3th t}=25Yrs 


program. AS aresult, tne FOAL. WwhRICh 
had a powerfu) review function on intelli- 
gence equipment and technology develop- 
ment, formed the Harry Davis Committee. 
The Davis Committee recommended, and 
DNRO Alexander H. Flax directed, modifi- 
cation of EO 13526 j 
EO 13526 3 »25Yrs EO 1 

range, on which the Davis Committee 


wanted POPPY to concentrate its efforts. 
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MHz, within which the Davis Committee 
believed the famaeaeneabaas 
would be found. 


Just six months after this direction, 
EO 1. 


the launch of @giee@on 31 May 


1967 from Vandenberg demonstrated that 
the NRO space and NSA ground technol- - 
ogy had come of age. The four satellites 
were launched into a near-perfect 500- by 
508-mile orbit, inclined at exactly 70.0 


time of this mission a major advancement 
in system performance was realized. The 

previously used spherical configuration of 
the ear lie was replaced with a multiface 


reusing their diameter to 27 inches and 
average weight to 180 pounds. Two of the 
satellites used SOREER Oa 

EO 13526 3.3(b)(1)>25Yrs 
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Tie er tems! EO 13526 3.3(b)(1)>25Yrs 
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Peon Anhydrous ammonia 


crystals were heated in the satellite to pro- 
duce control gas for thrusting whenever a 
correction was required. This thrusting 
system worked so well that it was used in 
all subsequent satellites. Other innova- 

EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 13 
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On the ground, to meet thelm 
requirement, an analog-to-digital conver- 
sion system (ADCS) was installed to con- 
vert the analog down-link data to computer- 
processable digital data at theia@eeeeascan 

eer EEE This change allowed - 
on-site digital processing. Also, by this 
time a program to move all equipment 
from the original Earth satellite vehicle 
(ESV) huts into permanent facilities was 
well underway. This move inchided 
installing remote control.of the antenna. 
adding elevation control, and doubling the: 
number of Yagi antennas. Vertical polar- 
ization was added to the existing horizon- 
tally polarized Yagi antennas to further 
improve signal reception from the satellite 
regardless of the polarization of the signal . 
from the satellite (which might vary from 
vertical to horizontal depending on posi- 
tion of the satellite relative to the ground 
station and/or the attitude of the satellite). 
In 1967 the engineering data readout and 
commanding facility operated by NRL was 


-moved from Hybla Valley, Virginia aRKEHS 
€ DC T)>25Y rs 


je25Yrs 


Starting in 1967 ORE RR ye 
developed at NIXL. replaced the 
World War II-type R-390A/URR receivers 
that were used in the original huts for 
reception of the satellite down-links. Each 
receiver | was calibrated to minimize any 


See between receiving 
lhe “half amplitude threshold” 
included in this receiver design also elimi- 
nated all time measurement error associ- 
ated with amplitude variations in the data 
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Figure 96. Locating numbers on the D scale. 


be careful when approximating numbers at 
different points on the scales. For example, 
the space between the larger numbers 1 and 2 
on the D scale (fig. 96) is divided into 10 sub- 
groups (identified by the small numbers 1 
through 10) of 10 increments each; thus there 
are 100 increments between 1 and 2 on the D 
scale, and each increment is equal to one one- 
hundredth of the difference. Between 4 and 
5 on the D scale, however, there are only 20 
increments, and each increment therefore, is 
equal to five one-hundredths of the difference. 
Consequently, the number 105 would be located 
5 increments above 1, whereas 405 would be 1 
increment above 4 on the scale. Figure 96 
shows the location of these and other numbers 
on the D scale. 


b. To locate a number on a scale, first de- 
termine its general location between two of the 
numbers on that scale; then determine the 
value of each increment between the numbers. 
Finally, determine its exact location based on 
the value of the increments. 


c. In reading the scale, as in logarithms, the 
decimal point is neglected until after the abso- 
lute value of the result is obtained; therefore, 
in figure 96, the number 1245 could actually 
represent 1.245, 12.45, 124.5, .001245, etc. The 
use of scientific notation (par. 106) will greatly 
simplify the handling of very large or very 
small numbers. 


6. Multiplication 


a. Normally, the process of multiplication 
is performed by using the C and D scales. The 
A and B scales may also be used, but they are 
not as accurate because the increments are 
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smaller. To multiply two numbers, proceed as 
follows: 

(1) Locate one number on the D scale. 
Slide the indicator until the hairline 
is over the number to mark its loca- 
tion. 

(2) Place one of the indexes of the C 
scale above the number on the D 
scale. Use the hairline of the indica- 
tor to aline the index and the number. 

(3) Locate the second number on the C 
scale. If the number is located on 
the portion of the C scale beyond the 
end of the D scale, reposition the 
slide so that the other index on the 
C scale is above the number on the 
D scale. 

(4) Slide the indicator so that the hair- 
line is over the number on the C scale. 
The product of the two numbers is 
read under the hairline on the D scale. 


b. The two examples below illustrate the 
method of multiplication described above. 
They also point out the use of the two indexes 
on the C scale. 


Example 1: Multiply 2 by 3. 

Step 1. Locate the number 2 on the D 
scale and slide the indicator 
until the hairline is over it. 
Place the left-hand index of the 
C scale above the number 2 on 
the D scale. Use the hairline 
on the indicator for alinement. 
Locate the number 3 on the C 
scale and slide the indicator so 
that the hairline is over it. The 


Step 2. 


Step 3. 
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Figure 97. Slide rule arranged for multiplying 2 by 8. 
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stream and in both the recording and the 
playback systems.*9 The highly stable 


data were furnished to the ADCS, which 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c} 


EO 13526 1.4(c)<25Yrs, EO 13526 3. SSR ate 


zation significantly reduced time varia- 
tions and the resulting digital tape was © 
forwarded to NSA.5° 


With the high priority of the ABM 
radar search requirement directed by the 
DNRO at the recommendation of the 
Harry Davis Committee, NRL procured a 
System Engineering Laboratories SEL- 
810 computer in three weeks, developed 
software to conduct ABM search, and 
deployed the computer-aided manual 


tne launch of emigin May 1967.5! Haller, 
Raymond and Brown, later HRB-Singer 
Company of State College, Pennsylvania, 
was given the contract to develop the 
computer-aided manual data processing 
system for the SEL-810 computer. 


V. Hellrich of NRL was the architect 
of the SEL-810 computer configuration. 
L. M. Hammarstrom of HRB-Singer speci-. 
_fied the requirements for the initial field 

Mise: software. R. Daniels of HRB- 
“Inger developed the initial algorithms/ 
software. Refinements and additions in 
the years following were made by Navy 
Lt Ronald L. Potts* (no relation to NSA’s 


in recalling these events. Ronald Potts said, “When | think 
of the contributors to the Navy program over the years, | 
remember Reid Mayo most gratefully as the gentle man 
whu inspired and challenged so many people in the field. 

® would come to the stations and tell us what the nation 
Needed and what we could da to help, and it would be as 
though he were comng directly to us from the CNO or the 


ORTON 


Se hci ok Saeig ii 


Lt Ronald L. Potts, USN 


Ray Potts) and Petty Officer C. Jorger; at | 
ame M. Keebaugh, J. Riale. W. ; 
Bickam, and R. Daniels of HRB-Singer: 
and Ens L.A. Eichel, at EO 13526 3.3ib} Te 


Collected ELINT reconnaissance data 
OTE PED © 13526 3.3(b1)>25Yrs. EO 13524 


EO 13526 3.3(b)(4 


ABM-related test-site geographic coordi- 


nates were used to calculate a sequence of 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 1 


of interest, many individual radars were 
located. Although originally these inter- 
cepts required manual analysis to deter- 
mine the actual radar characteristics and 
location, by 1969 the analysis routines had 
been automated by HRB-Singer personne] 
and could be selected on demand. 


The CAMS system was installed in 
EQ 13526 3.3(b)(1)>25Yrs in April 1969 


and aeheeeend in late 1970. Processing 


DIRNSA or the NSC. Reid would listen and act on our 
needs for equipment or technical information or logistics 
support or even a water cooler. At any hour vou might find 
him sitting the posts with the sailors, and we could talk 
about signals with him as though they were mutual’ 
acquaintances.~ 
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results were reported by teletype message 
to NSA at Fort Meade and to selected mili- 
tary organizations, with emphasis on those 
requiring time-critical signals. NSA, in 
turn. reported them electrically as prelimi- 
nary ELINT technical reports (ELTs) to 
the Intelligence Community. 


These improvements in the ground 
station receiving ever made it possible 


EO 13526 3.3(b)\ 1)>25Yrs. EO 13526 1.4(c)<25Yrs, EO 1 
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increases in location accuracy achieved 
from satellite ELINT data over time as 
improvements were made.53 


The rapidly increasing volume of data 
to be processed from POPPY satellites 
began to tax analysis capabilities, and NSA 
adjusted processing priorities in 1967. 
This adjustment required Navy ground 
stations with analog analysis capability to 
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do on-site screening of collected data and 
report results to NSA. Only those tapes 
carrying signals of special interest were 
forwarded to NSA for technical analysis, 
Since several ground staticns collected the 
same data, only tapes from the station 
with the best coverage were forwarded for 
RRS Reecuelby machine processing. 
NSA identified in gdvance which eaSins 
site had the best 
GRRE processing. This site was then 
notified which tape to forward for EO 1S 
eR processing. NSA also requested 
all POPPY tapes collected at the same 
_ time that other collectors intercepted sig- 
nals of interest or when a high-interest 
‘event took place. Recordings not tor- 
warded were retained for 90 days anc then 
reused, unless requested by NSA for anal- 
ysis. By this time the POPPY RE s 's- 
tem at NSA had been validated. The svstem 
was basically an all-automatic computer 


process that routinely produced [AQMRAPERE 
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analyzed, and jocated on a not-to-interfere 
basis sufficiently often to show feasibility 
and establish processing techniques. 


However, major emphasis was placed on 
6 3.3(b)(1)>25Yrs 


The SEL-810 conversion of data pro- 3526 3.3() 

cessing ES fo ana- . 

log to digital in 1967 had other far-reaching In July 1969 NSG obtained authoriza- 
consequences totally apart from the ABM tion and directed Station to use 


problem, Because the accuracy of the digi- suitably tasked passes and ordinarily 


tal manipulation of the data permitted the untasked fringe passes to locate and 
I SATS - r y me C 26 3 14 )>2F 
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A number of special tasks were 
levied on mission ground stations to exploit 
the new overhead ELINT capabilities. 

In August 1967 USIB approved an NRO 
request that NSG‘task mission ground 
Stations to identify and report on a not-to- 


interfere basis the details of intercepts of 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 


SRR) In April 1968, NSG pe 


OPPY station in RQRRSaR 
EO 13526 3.3(b}(1)>25Yrs,. EO 13526 1.4(c}<25yrs. EO 1 


‘Throughout this period, Adm imomas 
Moorer, CNO, was being briefed periodically 
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on the POPPY capability to identify and 
track ships at sea and on the results of 
these preliminary tracking exercises.59 
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Horoviding coverage ofa: On 27 August 1969 the USIB SORS, 


launched from Vandenberg AFB on 30 
September 1969 into a.491- by 506-mile 
orbit, with an inclination of 70.0 degrees. 
It consisted of four muitiface satellites 
weighing an average of 235 pounds each. 


v fic satellites woro alen 
Five other scienti ere ol a 
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Four transponded pulsewidths were 
used on each data link, thereby doubling 
the collectio ca elise By this time, the 
EO 13526 3.3 
ground stations had been closed, conclud- 
ing the participation of the AFSS in the 
POPPY Program. This left improved 
ground stations in the network: 
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was 


responding to the CNO, made ocean 
surveillance an official function of POPPY 
in SORS 10./96, BYF-1565-69, “Mission 


Guidance ASBREY In July 1970 NSG directed 
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Mabiwas launched on 14 
December 1971 into a nearly circular 530- 
| by 540-mile orbit, inclined 70.0 degrees. It 
| was to be the last POPPY launch and con- 
} 
} 


sisted of four multiface satcllites weighing 


270 to 280 pounds each. containing a total 
EO 13526 3.3{bi1)>25Yrs. EO 13526 1.4(c)<25Yrs, EO 13526 
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Key accomplishments, Project 
POPPY 


e First SIGINT satellite, 1960; demon- 
strated intercept of foreign radars using 
the realtime transpond technique to 
relay signals directly to US stations. 


* Manv intercent firsts, including 
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In July 1970 authority was s granted 
by USIB SORS for ongoing fm 
eembaaea tO engage in ocean surveillance 
' Support of US fleet commanders. 
Specifics of this mission were stated by 
COMNAVINTCOM in August 1970.. By 
this time USIB mission guidance added i 
Search for new or unusual emitters in 
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EQ 13626 3. 3(bije25yr first satellites 
launched simultaneously, 1962. 


¢ First ocean surveillance of shipborne 
radars, 1967. 
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NSA added a CDC 6600 computer in 
1968 to be used full time with the CDC 
6400 computer to handle the increased 
volurtie of POPPY data being collected. 
NSA machine processing with the 6600 
computer produced and reported over 
radar locations, with accuracies of 
about or less in the first 15 
months of its operation. Many new/ 
unidentified signals reports were issued 
and technical measurements made.® 
During the first five months of operation, 
information was developed by NSA 
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POPPY Project director functions were to 
be performed within the System Project _ 
Office (SPO) of PM-16.* 


Picking up on earlier planning that 
had been started by the Director, Naval 
Security Group in July 1969, Geiger car- 
ned out some funded studies to determine 
which ELINT technology would be most 
elfective in an ORR era 
EO 13526 3.3(b)(1)>25¥1s 


During a trip to Europe in late 1971, 
DNRO Mrlurac vicited the POPPY site at 


EO 13526 3.3(b)}(1)>25Yrs R é 
OT) That evening, in 


4 Rotel in emREyEN’ DNRO McLueas, 
Robert J. Hermann of NSA, Col David D. 


“For a further description of the POPPY system manage- 
Ment relationships see NRO/NSA/CLVUSN Management 
meement for the POPPY System. 5 November 1971 
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Meanwhile, on the POPPY front, in 
September 1972 a further improvement 
in intercept capability occurred when the 
new POPPY Automated Processing 
System (PAPS) was added to the 

FO 13526 3.3(b} 1)>25 Gey tts NRL/HRB-Singer 
development used the SEL 86 computer to 
achieve the goal of a higher volume of 

SOR ERIEIE The new computer made 
possible processing In a continuous 

stream. PAPS was fed by either digital 
tape or for online processing by a priority 
data extractor (PDE). The system became 
operational two weeks after receipt at the 
site. About two months later, DNRO 
McLucas was shown the speed and ease of | 
PAPS operations when two Soviet Naval 


combatant ships were located and reported 
EQ 13526 3.3(D)(1)>25Yrs 


In June 1973, the Navy’s PM-16 was 
redesignated PME-106 of the Naval 
Electronic Systems Command, with its 
manager continuing as Director, Program 
C. Coordination continued with the Naval 
Intelligence Command, and NRL contin- 


ued to be responsible for technical develop- 
EO 13526 3.3(b)(1)>25Yrs 


EO 1.4. (ce). 
PL 86-36/50 USC 3605 
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EO 13526 3.3(b)(1)}>25Yrs 


POPPY’s strengths stemmed from its 
. wtilization of traditional concepts and 
| methods and an insistence on proven 
hardware and techniques not only to guar- 
antee success, but also to hold costs to a 
bare minimum. Between 1959 and kaa 
the development cost amounted to only | 
e j The costs of launch and of the 
_ Consolidated Cryptologic Program (CCP) 
! are not included in this calculation. 
i POPPY utilized existing personne! and 
facilities whenever it was reasonably pos- 
| sible, and although innovative in many 
| ways, the designers added only those 
improvements that involved minimal risk 
| 


to the program. It grew from a single 
satellite with limited ELINT capability to 
a sophisticated amass satellite con- 

+ figuration per launch, which comprised an 
overhead ELINT reconnaissance system 


capable of ocean surveillance, search and 
EO 13526 3.3(b\1)>25Yrs. EO 13526 1.4(c)<25Yrs, EO 13 


Characteristics. i:mis low-cost success 
story is unlikely ever to be duplicated .* 


PL 86-36/50 USC 3605 
EO 1.4.(c) 


* This account of POPPY [aemMean covers the high- 
lights of the projects. Additiona} milormation can be 
found in the History of the POPPY Satellite System. 
BYF.-56105-78, which has been extensively referenced 
here. 
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Step 2. 


Step 3. 


7. Division 
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Figure 98. Slide rule arranged for multiplying 6 by $. 


product of 2 times 3 or 6 is read 
under the hairline on the D 
scale. Figure 97 shows a slide 
rule arranged for this product. 
Multiply 6 by 3. 

Locate the number 6 on the D 
scale and slide the indicator so 
that the hairline is over it. 
Place the right-hand index of 
the C scale above the number 6 
on the D scale. Use the hair- 
line on the indicator for aline- 
ment. (The right-hand index is 
used because the number 3 on 
the C scale would be beyond the 
end of the D scale if the left- 
hand index were used.) 

Locate the number 3 on the C 
scale and slide the indicator so 
that the hairline is over it. The 
product of 6 times 3 or 18 is 
read under the hairline on the 
D scale. Figure 98 shows a 
slide rule arranged for this 
product. 


a. The process of -division, like multiplica- 
tion, generally is performed by using the C 
and D scales. To divide one number by an- 
other number, proceed as follows: 

(1) Locate the dividend (number to be 
divided) on the D scale. Slide the 
indicator until the hairline is over 
the number to mark its location. 

(2) Locate the divisor on the C scale. 


Move the slide until this number is 
above the dividend on the D scale. 
Use the hairline on the indicator for 
alinement. 


(3) 


Slide the indicator until the hairline 


is over the index on the C scale that 
is above a portion of the D scale. The 
quotient of the two numbers is read 
under the hairline on the D scale. 


b. The following example illustrates the use 
of the method of division described above. 


Example: 


Step 1. 


Step 2. 


Step 3 


Divide 8 by 2. 


Locate the dividend (8) on the 
D scale and slide the indicator 
until the hairline is over it. 


Locate the divisor (2) on the C 
scale and move the slide until 
this number is above 8 on the 
D scale. Use the hairline on the 
indicator for alinement. 


Slide the indicator until the 
hairline is over the left-hand 
index. The quotient of 8 di- 
vided by 2 is located under the 
hairline on the D scale. Figure 
99 shows a slide rule arranged 
for this quotient. 


8. Squaring a Number 


a. The process of squaring a number is per- 
formed by using the A and D scales. To square 
a number, proceed as follows: 


(1) Locate the number on the D scale. 
Slide the indicator until the hairline 
is over the number. 
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Figure 99. Slide rule arranged for dividing 8 by 2. 
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in Air Force WS-117L-Derived Projects 


SAMOS E-1I/F-1 (WS-117L and 
Project 102) 


The requirements for the Advanced 
Reconnaissance System, Weapon System 
LITL (WS-117L), were incorporated in 
' System Requirement No. 5, published by 
Headquarters, Air Research and Develop- 
ment Command (ARDC), on 29 November 
1954, and were validated in General 
Operational Requirement 80-2, issued by 
Headquarters, US Air Force, on 15 March 
1955. At that time ELINT was the respon- 
sibility of the US Air Force, as spelled out 
in DOD Directive S-3115.2 issued on 13 July 
1955. Intelligence requirements for the 
ELINT satellites of WS-117L were devel- 
oped under guidance from Air Force 
Assistant Chief of Staff for Intelligence 
{AFCIN), MGen James Walsh. On 29 
October 1956 the Air Force awarded con- 
tract AF 04 (647)-94 to Lockheed Missiles 
and Space Division (LMSD) in Sunnyvale, 
California, for initial system development 
Studies on WS-117L. In June 1957 LMSD 
awarded the first contract for US ELINT 
Satellite payloads to the Airborne 
Instruments Laboratory (AIL) at Mineola, 
Long Island. New York. The work on con- 
‘tact was Subsystem F (S/S F), the ELINT 
Payload of WS-117L. 


Because the US did not have radar 
ata from the interior of the Soviet Union 
at that time, the requirements for WS-117L 
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were stated in very general terms. 
Consequently, the S/S F ELINT payload 
designs were based on various national 
estimates of the Soviet radar environment. 
These estimates were contained in the 
RAND Corporation’s Report 280, “Signal 
Density Study,” published 1 September 
1955; the Air Force Technical Intelligence 
Center (ATIC) report, “Handbook of Soviet 
and Satellites RADAR Equipment,” 9 Novem- 
ber 1955; and in estimates by the Planning 
Research Corporation, a subcontractor to 
Ramo-Wooldridge, Inc., under contract to 
the Air Force for development of the WS- 
117L Intelligence Data Processing Sub- 
system ] (S/S I). These estimates relied on 
peripheral intercepts from ground sites, 
airplanes (including limited U-2 collec- 
tion), and ships. Radar data collected by 
the early satellite ELINT payloads (Navy 
GRAB/DYNO in 1960 and Air Force ferret 
systems in 1961) showed that the actual 
density of radar data collected over the 
Soviet interior was many times greater 
than anticipated. Accommodating this 
large volume of data slowed the develop- 
ment of data processing systems, changed 
payload-tasking plans, and resulted in 
some payload modifications. 


The first true source of national 
requirements for satellite reconnaissance 
systems was published by the US Intelli- 
gence Board (USIB) in USIB-D-33.6/8, 
“Intelligence Requirements for a Satellite 


9Z 


xt 
z 
pa) 
Q 
Zz 
a 
e 
i 
a 
ms) 
3 
2 


eee 


Orhital inciination: 
Orbital sltitude: 
Orbital shape: 
Graund cuverage: 


Cultection technique; 


Callection antennas: 


Program A: Projects 102, 6988K, & 770 
(STRAWMAN satellite shown) 


67° + 75* 

275 sniles 

Circwar 
100-mile-diameter circle 
Read-in over denied area, 
record, and read-aut to 
SCF remote tracking 
stations. 


_ Circular horns for high 


frequency. Logarithmic 
conical spiral for VHE/UHF 
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Reconnaissance System of which SAMOS 
is an Example,” 5 July 1960. It stated, in 
part, “There are important problems 
toward which electronic reconnaissance 
could contribute critical information dur- 
ing the research and development phase... 
One of the most important of these is the 
search for emissions associated with an 
ABM system.” Paragraph Ic. stated, 
“Additional types of directed coverage may 
be required. Provision should be made to 
procure such equipment by Quick Reaction 
} Capabilities (QRC).” Also”... .a close 

- working relationship between the R&D 
fi 


. organization and the intelligence commu- 
nity is required.”! 


F ; 
Col john O. Copley 


Prior to the publication of USIB- 
D-33.6/8, Maj (later Col) John O. Copley, 
the Air Force WS-117L Project Officer for 
S/S F at the Air Force Ballistic Missile 
Division \AFBMD), Inglewood, California, 
had worked with LtCo! John Poe of the 
AFCIN staff. Capt Jahn Marks of the 

‘eadquarters SAC Intelligence staff, and 
Jim Foreman and Art Thom, who were 


Senior analysts at ATIC, Wright-Patterson 


AFB, Ohio, to determine collection 
requirements.for the S/S F payloads. They 
decided that the urgent requirement of 
SAC for an electronic order of battle (EOB) 
was the most important factor guiding 
payload design. These data were essential 
to SAC in planning bomber penetration 
routes. Next in order of importance were 
the detailed technical characteristics of 
these radars, especially for the early 
warning and ground:to-air missile sys- 
tems. The F-1 and F-2 ELINT payloads. 
with their compressed digital description 
of the radar intercepts, were designed for 
the EOB and general-search missions, 
while the F-3 payloads, with their wide- 
band (6 MHz) analog output, provided the 
fine grain technical characteristics of 
selected radars. 


The 5 July 1960 USIB guidance 
appeared to validate the design of the S/S F 
payloads, if a QRC effort were included. 
The QRC requirement was met by a sepa- 
rate series of relatively simple, single- 
mission payloads that could be developed 
rapidly and mounted on the aft rack of the 
Lockheed Agena spacecraft. 


The S/S F payloads were mounted on 
the front rack of the nose-down, vertically 
stabilized Agena, which was continuously 
Earth-oriented when in orbit. The three- 
axis stability of the vehicle was provided 
by control moment gyros supplementing 
the natural gravity-gradient force that 
tended to orient the vehicle vertically. 
Nickel-cadmium batteries supplied the 
power, limiting average spacecraft life to 
five or six days; depending on the weight 
of batteries that could be carried. 
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The S/S F-1 payload covered the fre- 
quency range of 2.5 to 3.2 and 9.0 to 
10.0 GHz. These frequency bands were 
the popular World War IT S-band and 
X-band in which most of the area search, 
air-to-air, and ground-to-air missile radars 
were still operating. One additional fre- 
quency band, from 100 to 400 MHz, was 
used by the higher power, ground-based 
early warning radars, but the F-1 vehicle 
was incapable of carrying an antenna of 
sufficient size to be effective in that radio- 
frequency range. This was remedied in 
the follow-on F-2 payloads by extending 
frequency coverage down to 59 MHz. 


The F-1 superheterodyne receiver 
scanned the radio frequency bands, mea- 
suring two pulse repetition intervals 
(PRIs), pulsewidth (PW), radio frequency 
(RF), and time for each signal intercepted. 
This information formed a digital word for 
each intercept that was then transmitted 
at a 10-kilobit rate via a very high fre- 
quency (VHF) down-link to the tracking 
stations. The data could be transmitted in 
realtime or stored on a magnetic-tape 
recorder over the target area and played 
back when the satellite was in contact 
with a tracking station. Spacecraft and 
payload status data were transmitted on a 
second VHF telemetry link using pulse 
amplitude modulation of various tones to 
frequency-modulate the down-link 

(PAM/FM). Commands were sent to the 
vehicle via a 3,200-MHz transponder on 
the Agena vehicle, which was also used for 
tracking. 


The payload intercept antennas were 
nadir-pointing directional arrays, with a 
coverage circle on the ground about 100 


miles in diameter at the center frequency 
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of each band.* Additional nondirectional 
antennas performed an inhibit function, 
preventing signals originating outside the 
coverage circle of the directional antennas 
from reaching the payload via the side- 


. lobes of the directional antennas. Thé sys- 


tem was known as a “sidelobe” intercepter 
because it intercepted the sidelobes of the 
ground radar antennas using its own main 
beam while, at the same time, it rejected 
signals (mostly main beams) from other 
ground radars that entered its-sidelobes. 
The payload intercept antenna main beam 
looked only at the zenith labes (sidelobes) 
of the ground radar, thereby eliminating 
the scan rate of the ground radar main 
beam as an influence on the probability of 
intercepting the radar. This system was 
the reverse of the Navy DYNO payloads, 
which depended on seeing the main beams 
of the ground radars. In both systems the 
sensitivity.of the system was adjusted very 
carefully to assure reception of only the 
portion of the ground radar antenna power 
that was desired (sidelobes for S/S F and 
main beams for DYNO). 


The S/S F and follow-on payloads 
were built by the AIL at Mineola and Deer 
Park, Long Island, New York, under the 
direction of Win Fromm. The F-1 payload 
used components of a vacuum-tube-type 
ELINT receiver, the AN/APR-9, which AIL 
had developed for the Air Force in 1948. 
This equipment was extensively modified 
to operate in the space environment and 
was unique in being the only vacuum- 
tube-type ELINT payload ever flown in 
space by the United States. F-1 used 
motor-driven mechanical CAMS for fre- 


quency scanning, which was also unique to 


satellite-borne ELINT systems. 
“ For a fixed antenna size, the diameter of the coverage 


ay ndircle is an inverse function of frequency. 
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Participants in the dedication ceremony of the Airborne Instruments Laboratories, inc.; facility at Melville, 
Long island, New York, where Subsystem F and subsequent 6988K payloads were built, 13 October 1959 


(Parnal listing trom teft!: Don Clark. Phil D. Ooersam sthied), Georre P. Minaiga Wourth), Pete Sielman tsixth), 
Maj Walt H. Spindler (eighth), john L. Hyrne tninth, Eugene Fubini (1th), Maz Bill Bean ¢1 2th. Sid Haysin 
'} 3th}, George W.. Price (4thi, George Heiniger (15th), Boh Hunter (20th), William M. Harris (24thp, lames 1. 
Foreman (26th), Col Will Ray (27th), Capt Don Wipperman (28th. LiCol Robert Yundi (29thp. LtCol john E, 
Poe (30th), Maj John QO. Copley (3180, Maj Donald Furr (32nd), Wintield E. Fromm (33rd), Ken Knapi 134th), 
lim Stevenson (35th, lack Wieland (37th), and Gregg Stevenson (38th). 


To translate the 10-kilobit data 
Stream received at the ground tracking 
site at Vandenberg AFB, California, into 
the actual PRI, PW, and RF of the individ- 
ual intercepts, an F-1 ground data handler 
was furnished by AIL. This equipment 
used logic circuits constructed of hardware 
components to interpret the data stream 
and produce an output that listed PRI. 

PW. RF, and time of each intercept for 
each readout of the payload. This infor- 
Mation was used at the tracking station to 
determine the pavioad status, particularly 
°n realtime readouts, that contained data 
from Special LMSC-operated calibration 
¥ans and known local radars. A second F-1 
round data handler unit was located at 
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the Satellite Test Center (STC) at 
Sunnyvale, California, to provide input 
data for the CDC-1604 computer. The 
readout data. recorded on magnetic tape 
at the Vandenberg tracking station, were 
transported by courier to the STC. There 
the data were translated by the F-1 
ground data handler in the same manner 
as at Vandenberg and were processed on 
the CDC-1604 computer. The computer 
contained acceptance criteria to validate 
the individual intercepts and. using the 
spacecraft ephemeris, translated the time 
of intercept into the location of each valid 


intercept. These data were then manually 


checked against the characteristics and 
location of known ground radars and the 
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calibration van transmitters to evaluate 
the accuracy of the output data. It was 
planned that readout data played back 
from the vehicle recorder, consisting of 
data intercepted over the Soviet Union or 
other areas outside the coverage circle of 
the ground tracking station, would be 
recorded at the tracking station and fur- 
nished to the processors at the Strategic 
Air Command (SAC) Headquarters at 
Omaha, Nebraska. There, functions simi- 
jar to those used at the STC would be per- 
formed using the WS-117L Subsystem I 
Data Management System to develop fin- 
ished intelligence data. 


When the SAMOS Program Office 
(SAFSP) was formed at Los Angeles Air 
Force Station, California, on 30 August 
1960, two development areas were defined. 
Program | included the readout projects of 
Subsystems E and F. The E-1, E-2, and E-3 
photo payloads (in increasing order of 
ground resolution) became Project 101, 
while the F-1, F-2, and F-3 ELINT pay- 
loads became Project 102. Program II was 
reserved for the photo recovery projects. 

In Program I, the SAMOS 1 payload was 
unique, combining as it did the F-1 ferret 
and E-1 photo readout payloads. This 
arrangement was developed during the 
regime of the Advanced Research Projects 
Agency (ARPA) as a cost-saving measure. 
The F-1 was mounted in front of the E-1 
lens: that lens looked Earthward through 
a hole cut in the S-band horn antenna of 
the F-1. This novel arrangement severely 
vignetted the view of the E-1 camera. The 
problem was solved by installation of a 
squib which, when fired on orbit 21, detached 
the F-1. thereby providing the E-1 a full 
field of view. ; 
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To determine the accuracy of the PRI, 
PW, and RF measurements made by the 
payload it was necessary to use the real- 
time mode to collect radar signals with 


‘known parameters and then check the 


payload measurements against the signals 
being transmitted. The S/S F Project 
Officer, Maj John Copley, remembered that 
in his previous assignment as the QRC 
Officer at Rome Air Development Center, 
New York, he was responsible for the mad- 
ification of several AN/GPQ-T1 training 
sets, which were van-mounted radar 
receivers and simulated radar transmit- 
ters used by SAC for training electronic 
warfare officers. Since the radar transmit- 
ters could simulate known radars. they 
seemed an excellent choice for calibration 
vans, or “cal vans,” to transmit radar sig- 
nals to the satellite receivers. Copley 
located three vans in Air Force inventory 
and they were provided to LMSC to modify 
for this use. These vans were used for sev- 
eral years until requirements for radar 
simulation became too sophisticated for this 
relatively ancient equipment, originally 
built for the Korean War. In 1965 they 
were replaced with more modern equip- 
ment mounted in modified tour buses. 


The SAMOS | used an Atlas booster 
to lift the Agenia vehicle into a low Earth 
orbit. The first ignition of the Agena main 
engine placed it in an eccentric transfer 
orbit with an apogee of 275 miles. A sec- 
ond ignition at apogee circularized the 
orbit. at 275 miles. Polar inclination of the 
orbit assured coverage of the entire Soviet 
land mass. 
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Despite all obstacles, on a clear, crisp 
day on 11 October 1960, Copley, George 
Price (the LMSC payload manager), Vince. 
Henry (the AJL F-1 specialist), and the 
rest of their crew stood in the Vandenberg 
tracking station parking lot looking out 
over the launch base. The great day had 
arrived and SAMOS 1 was on the pad, 
ready to launch. They watched it mse out 
of a plume of white smoke in a picture- 
perfect launch until it was-out of sight. 
Jubilation reigned momentarily until they 
reentered the tracking station control 
room and discovered that, during the 
launch, the umbilical connector had stuck 
to the cold-gas bottle connection, thereby 
releasing all the attitude-control gas. 
Because this gas was needed to control the 
vehicle during the burning of the orbital 
engine, the Agena did not attain orbit. 


The launch of SAMOS 2 a few months 
later was somewhat different. It was a 
gray. rainy day on 31 January 1961 and 
the launch pad was not even visible from 
the tracking station. This did not deter 
the launch crew, and vehicle 2102 was 
launched into the desired orbit with both 
the E-1 and F-1 payloads working as 
expected. On orbit 8 a realtime readout at 
the Vandenberg tracking station produced 
the first orbital intercept data from the 
F-1 system. These data were processed on 

the F.1 ground data handling equipment, 
Which transformed the 10-kilobit data 
Stream into individual intercepts. This 
Was done at Vandenberg and the STC in 
Sunnyvale. Output of the F-1 ground data 
andler at the STC was processed on the 
04 computer, producing 69 identifiable 
intercepts of signals fram US West Coast 
Tadars and the cal vans. This verified 


| et ate ee ete ee 


raf Channels fointh 


beyond doubt that the AIL concept had 
produced a working system. The 2-kilocycle 
inverter in the payload power supply 
failed shortly thereafter and no more 
intercepts, friendly or otherwise, were 
made. 


In the meantime the E-1 photo pay- 
load was collecting pictures through the 
hole in the S-band horn and there was 
great elation at the tracking station as the 
E-1 ground processing system produced 
100-foot-resolution pictures on many 
orbits. even though they were rather 
vignetted. There was great anticipation of 
bigger and better pictures when the squib 
was fired on orbit 21 to remove the F-1 
payload, but the results suggest that a 
catastrophe had occurred. The spacecraft 
was never heard from again. 


1 This proved to be the only successful 
SAMOS Atlas/Agena readout program 
launch. and it was only a partial success. 
The third E-1/F-1 was cancelled to save 
money for the E-2 launch the following 
spring. Unfortunately, in April 1961 the 
Atlas booster for that vehicle blew up on 
the pad: consequently, shortly thereafter, 
the photo readout program was cancelled 
in favor of the more promising photo 
recovery programs (the ajiready successful 
CORONA, and GAMBIT, approved for 
development). The third E-1/F-l payload 
was placed in storage until the F-1 was 
resurrected and used as the Group 0 pay- 
load in the upcoming Project 102 missions. 


The F-1 payload worked lang enough 
to produce 69 intercept words, but that 
was not the whole story. Just as impor- 
tantly, under the leadership of Frank 
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(2) Read the square under the hairline 
on the A scale. Remember that the 
increments on the A scale are smaller 
than the increments on the D scale; 
be sure to evaluate the increment 
carefully. 


b. The following example illustrates the 
procedure given above. 


Example: Find the square of 12.5. 

Step 1. Locate 12.5 on the D scale. Slide 
the indicator until the hairline 
is over it (fig. 100). 

Step 2. Read the square of 12.5 under 


the hairline on the A scale, The 
three significant figures that 
can be obtained from the A 
scale are 156. To locate the 
decimal point, estimate the 
value of the square of 12.5. 
Since the square of 12 is 144, 
the square of 12.5 is 156. 


9. Square Root of a Number 


a. The process of finding the square root 
of a number is simply the reverse of the proc- 
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ess of squaring a number (par. 8). To find 
the square root of a number, proceed as fol- 
lows: 

(1) Locate the number of the A scale. 
Slide the indicator until the hairline 
is over the number. 

(2) Read the square root under the hair- 
line on the D scale. 

b. The following example illustrates the 
procedure given above. 


Find the square root of 9.5. 
Locate 9.5 on the A scale. Note 
that there are two such num- 
bers on the A scale, one on A- 
left, and one on A-right. Since 
the square root of 9 is 3, the 
number on A-right would not 
yield the correct result; there- 
fore, slide the indicator until 
the hairline is over the 9.5 on 
A-left. 

Read the square root of 9.5, that 
is, 3.08, under the hairline on 
the D scale. Figure 101 shows 
a slide rule arranged for this 
square root. 


Example: 
Step l. 


Step 2. 
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Figure 101. Slide rule arranged for finding the square root of 9.5. 
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ing, the LMSC crew at the STC pro- 
cessed the data on the CDC 1604 com- 
puter. lUsing known West Coast radars 
and the cal van signals for verification, 
they proved that a workable system had 
been developed. Not only could the data 
be collected. but the data could also be 
processed and a useful output produced. 
The approval of the follow-on SAMOS 
Project 102 ELINT missions on 9 March 
1961 by the Under Secretary of the Air 
Force, Joseph V. Charyk, was very 
strongly influenced by these factors.? 


The F-2 and F-3 Thor-Boosted 
Projects: 102, 698BK, and 770 


On 23 December 1960, even prior to 
the successful E-1/F-1 launch of January 
1961. Under Secretary of the Air Force 
“ _ k directed modification of the 

AOS ELINT Project 102, as follows: 
“The use of Atlas boosters in the flight test 
Program for subsystem F-2 will be termi- 
nated. Subsystem F-2 and F-3 flight test 
will utilize Thor boosters in combination 
with the Agena vehicle, and will be con- 
ducted as an integral part of the SAMOS 
Program. The initial F-2 flight test should 
be scheduled at the earliest practical date. 
In Planning for the F-3 development and 
fight test. consideration should be given 
0 include provisions for secure transmis- 
Sion of analog readout data through 
encryption or other techniques. ”*4 


During the SIGINT Satellite History peer review in 
rh 1994. BGen William G. King. dr.. who played a 
Prominent rule in this history. said. “The curt nature of 
t. Charvk’s direction to redirect Project 102 was typical 
the explicit and direct instructions. we received in the 
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- Suggest vou highiight this fact. lt probably was 
cis the DNRO management approach.” 
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The switch from Atlas intercontinental 
ballistic missile (ICBM) to Thor intermediate- 
range ballistic missile (IRBM) boosters was 
a logical step in light of the rapid develop- 
ments in solid-state electronics and digital 
circuitry. Use of these techniques, plus 
new lightweight materials, resulted in an 
F-2 payload less than two-thirds the 
weight of the F-1. The F-2 covered more of 
the radio frequency spectrum using three 
frequency bands, as compared to the two 
on F-1, Nonetheless. Col (later BGen) 
William G. King, Jr., the Project 102 direc- 
tor. recommended four F-2 and four F-3 
launches, using an Agena vehicle patterned 
after the Agena of the DISCOVERER/Thor 
program. Having first-hand knowledge of 
the failures that the DISCOVERER program 
had overcome, he felt that four launches of 
each payload would provide adequate 
assurance that at least one of each would 
be successful (DISCOVERER had finally 
been successful on the 13th launch). This 


philosophy, along with the success of F-1, 


was convincing enough to gain Charyk’s 
approval of an eight-launch program, with 
the first launch in February 1962. 
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On 9 March 1961, Charyk allocated $35 

million in FY62 funds as an initial incre- 
ment for Project 102, scheduled to launch 
four F-2s in 1962 and four F-3s in 1963.4 


The new Project 102 required names 
for each payload more specific than F-2 
and F-3. To accomplish this, Copley and 
his counterpart, LtCol Edwin J. Istvan of 
the Air Force Office of Missiles and Space 
(SAFMS) staff, devised a systern that iden- 
tified payloads by the type of output data 
they produced (a digital data stream or a 
wide-bandwidth analog signal) and by the 
radio frequency bands that they inter- 
cepted. The frequency band configurations 
were numbered 1, 2, or 3, and the term 
“digital” was adopted for payloads with 
digital output and “analog” for those with 
analog output. For example, Group 2D 
provided radio frequency coverage from 
0.059 to 0.130, 2:5 to 3.2, and 8.2 to 12.4 
GHz and produced a digital data stream as 
the output. whereas Group 2A provided a 
wide-bandwidth analog output covering 
the same frequency bands. Payloads with 
digital output were EOB and general 
search (GS) collectors. Their output was a 
10-kilobit digital data stream. Payloads 
with wideband analog output collected 
technical intelligence (TT) to determine the 
fine-grain characteristics of radars of the 
highest priority. Their output bandwidth 
was 6 MHz and they utilized the analog 
magnetic instrumentation equipment 
(AMIE) wideband helical scan video 
recorder developed by RCA for on-orbit 
recording. 


As a further cost-saving measure, the 


third SAMOS E-1/F-1 Agena vehicle, 2103, 
with the E-1 photo components removed, 
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was redesignated 2301 and reconfigured 
for launch on a Thor booster. The F-1 pay- 
load became Group 0. the first of the 
Project 102 Thor-boosted launches. 


Although it was conducted as part of 
the SAMOS Program, Project 102 had 
much more in common with DISCOVERER. 
which was the cover name for the “black” 
CORONA photo recovery project: They 
beth used the same Thor/Agena launch 
configuration and had many common sub- 
systems, they were both under contract to 
LMSC, and administration of the “white” 
elements of DISCOVERER had been 


‘transferred to the SAMOS office on 9 Sep- 


tember 1960. 


It soon became clear that operating 
Project 102 as part of the SAMOS office 
required duplication of most functions of 
the DISCOVERER office except for pay- 
load operation. As a result, in April 1961 
BGen Robert E. Greer moved Project 102 
from SAFSP to the nearby DISCOVERER 
office, both of them located at the Air 
Force El Segundo complex. This essen- 
tially meant that Maj Copley and his sec- 
retary Katherine Holt moved in with Col 
Lee Battle and the DISCOVERER devel- 
opment team. The arrangement worked 
out very well with Copley handling the 
SIGINT payloads and Capt Bil] Johnson 
handling the photo payloads. Most other 
subsystems were common to both pro- 
grams, and from external observation it 


-was impossible to tell the difference 


between a SIGINT and a photo launch. 
There was a difference in the security clas- 
sification of the payloads. The photo pay- 
loads were-developed and operated using 
the CIA's covert (“black”) CORONA security 
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system, whereas SIGINT payloads were 
DOD SECRET, with strict “need-to-know” 
enforced. 


That this combination of the two pro- 
grams worked well was proven when, 
instead of the minimum two-out-of-eight 
successes King had predicted, by the end 
of 1965 the SIGINT program had grown to 
nine launches, all of which had been suc- 
cessful. Lee Battle believed that one man- 
ager per subsystem or element was more 
than adequate and steadfastly refused to 
fill extra billets that were made available 
tohim. The success of the DISCOVERER 
and 102 projects certainly validated this’ 
position. : 


When the joint CLA/DOD agreement 
was signed on 6 September 1961], forming 
the National Reconnaissance Program, the 
administrative band between the photo 
and SIGINT sections of the DISCOVERER 
Project Office was strengthened further.5 
The most notable effect was that the CIA 
CORONA payload was now procured and 
Operated under the new joint-agency 
covert DOD-CLA BYEMAN system, which 
included both the CLA’s CORONA compart- 
ment and the Air Force “black” compart- 
ments (GAMBIT for the photo recovery 
System and QRRSEERIT for SIGINT pro- 


Jeets). The Air Force ELINT payloads in 
Project 102 remained DOD SECRET, with: 
4 Stnct “need to know,” and were assigned 
“mission numbers” in the TALENT- 
KEYHOLE intelligence product protection 
Security system, starting with 7151 for the 
Group 0 launch of January 1962. 
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By December 1961 Project 102 was 
settling into its new environment. Due to’ 
funding limitations, every effort was made 
to. simplify the configuration and the pro- 
ject was cut back to: seven flights, four in 
1962 and three in 1963. There would be 
no Group 2 analog payload and no flexible 
on-orbit programmer for the analog mis- 
sions. Encryption for the wideband analog 
down-link was stil] required. .A project 
ceiling of $33.4 million for FY62 was 
imposed.® To meet-this ceiling, Copley 
worked closely with George Price, the 
LMSC payload director; to assure that 
the Project 102 payload designers were 
imbued with a “no-frills” attitude. Digital 
Group 0 was not a problem since it used 
the last F-1 payload and was compatible 
with the subsystems of the Agena vehicle. 


The new digital payloads used many 
of the F-1 techniques including frequency- 
sweeping superheterodyne receivers, but 
with lightweight solid-state components 
that provided improved versatility and 
reliability. Electronic frequency scan and 
switching were a great improvement over 
the former electromechanical methods 
employed for these functions by the F-1 
payloads. The digital output continued to 
be a 10-kilobit data stream similar to that 
of F-1. The frequency range from 59 to 
12,500 MHz was covered in three configu- 
rations (Groups 1 through 3). To provide 


_ the wide-bandwidth TI needed to under- 


stand the operation of new Soviet ABM 
and ground-to-air radars, operation of the ~ 
analog payloads was necessarily more 
complex. Recording of radar intercepts 
was accomplished by the AMIE recorder 
developed for this task by RCA in Camden, 
New Jersey. To obtain the 4-MHz 
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bandwidth of the early models, a helical 
scan machine was developed using four 
recording heads scanning sequentially in 
exactly the way present-day video cassette 
recorders (VCRs) operate. To obtain maxi- 
mum utilization of the wideband record- 
ing capability of the AMIE recorder, it was 
necessary to stop the frequency scan of the 
receivers and dwell on the frequency of 
interest while making the recording. The 
receiver had to either recognize a signal of 
interest (at least, the presence of a signal) 
or be pretuned to suspected frequencies of 
interest. Because the AMIE recorded only 
when the receiver “recognized” a specific 
signal, the recording time per orbit was 
frequently very short and used a small 
fraction of the tape available. To avoid 
wearing out the tape by constantly using 
the first few minutes of tape recording 
time, it was necessary to allow the analog 
payloads to collect for many orbits before 
reading out the data. This often caused 
the analyst processing the data great diffi- 
culty in identifying the segment he was 
looking at, particularly when (sometimes 
inadvertently) another read-in occurred 
before all the previous data had been read- 
out. To ease this problem, in later pay- 
loads the digital data word describing the 
signal characteristics, in addition to time, 
was recorded on the AMIE recorder tape 
along with each intercept. 


The Agena support systems were very 
similar for all DISCOVERER flights 
except that the photo-mission spacecraft 
were horizontally stabilized, while the 
SIGINT missions were vertically stabi- 
lized, with the front rack of the Agena 
vehicle nadir-oriented. The Agena space- 
craft would naturally assume a vertical 
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Position with respect to Earth while in 
orbit due to the gravity-gradient effect. 
This made the attitude control for the 
SIGINT spacecraft much less complex 
than for the photo systems, which had to 
make constant adjustments. The command 
and control systems were very similar 
except that the SIGINT vehicles had two 
encrypted 10-kilobit down-link transmit- 


ters on the digital missions and an encryp- 


ted 10-megabit down-link for the analog 
system. Actually, it was not technically 
feasible to encrypt the full 4-MHz band- 
width of the analog recorder at that time 
(it would have required at least a 40-megabit 
down-link), so the first analog mission 
returned 750-kHz bandwidth of analog 
data via the 10-megabit down-link. This 
system was flown on the first analog mis- 
sion, 7156, on 27 February 1964. Afterward, 
the Director of NSA reviewed the situation 
and determined that, due to the complex- 
ity of wideband analog data, encryption 
would not be necessary for future analog 
down-link data. 


Both the digital and analog payload 
commands were transmitted via the 
S-band (3.2 GHz) transponder used for 
tracking the Agena. The command instruc- 
tions for each orbit were generated by the 
Mission Contro| Center (MCC) in the STC 
for the F-1 and Project 102, Group 0. Only 
off/on commands were available at this 
time and the normal] commanding was to 
turn the payload on as it came within 
sight of the Soviet-Sino Bloc and turn it off 
as it exited the area. Command instruc- 
tions became more complex for the Project 
102 payloads, starting with the Group 2-D 
launch on 18 June 1962. 
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On 2 May 1962. the National 
Reconnaissance Office (NRO) was formally 
created and in July 1962 the Director of 
the NRO (DNRO), Joseph V. Charyk, 
defined his support staff, known as the” 
Office of Space Systems, Office of the 
Secretary of the Air Force (SAFSS). An 
operations staff, SS-4, headed by Col Tom 
Herron, was responsible for working with 
the appropriate committees of the USIB to 
translate their requirements to specific 
payload operations and to advise these 
boards of present and planned capabilities 
of the NRO. By this time, the SAMOS 
Program Office at Los Angeles Air Force 
Station had been renamed the Office of 
Special Projects. Office of the Secretary of 
the Air Force (SAFSP), and was still 
headed by BGen Robert E. Greer, who 
tepurted directly to Charyk. Greer gave 
“his Operations staff at SAFSP the office 


DNRO Charvk proposed and received 
an approval from the President's Foreign 
Intelligence Advisory Board (PFIAB) in 
1962 that... . all satellite projects of the 
National Reconnaissance Program (NRP) 
should be handled in the same manner by 
4 Single operations unit of the NRO 
Staff."? A Satellite Operations Center 
‘SOC) was created as part of SS-4, an 
office in SAFSS, and was located in Room 
BD-944 in the Pentagon. Initially, the 
. SOC.was concerned primarily with task- 

ing the CORONA and GAMBIT photo pro- 
rams and exercised minimal control over 
the SIGINT satellites, which, like the 
Photo satellites. were controlled from the 
Satellite Test Center (STC) in Sunnyvale. 
In the SIGINT arena, the initial function 
°f SOC was to translate USIB requirements 
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into mission requirements for specific pay- 
loads. The National Security. acs 
(NSA) representative EGRESS C) who 
had joined the NRO staff as part of the 
1962 DNRO agreements. became increas- 
ingly involved in this process. In 1964, as 
the SIGINT satellite payloads, and conse- 
quently their commanding or “tasking” 
{planning and controlling their collection 
operations) became more complex i 

of NSA was added to the SOC staff 
to oversee the SIGINT tasking require- 
ments. These age me nies were trans- 
mitted toh in Los Angeles where, in 
conjunction with the MCC personnel at 
the STC, they were translated into specific 
tasking for each mission. Lockheed tech- 
nical personnel at the STC ensured that 
operation of the satellite vehicle support 
subsystems was optimized. 


The lifetimes of the early vehicles 
were limited to between six and 20 days 
depending on the weight of the batteries 
that could be carried. In late 1962 the 
“standard” Agena D satellite development 
was initiated at AFBMD, basically to con- 
trol cost. This vehicle made it possible for 
each project to choose “accessories” to cus- 
tomize the standard Agena bus. This 
improvement, plus the thrust augmented 
Thor (TAT) program, which added three 
solid rockets to the Thor booster, increased 
the available on-orbit weight and flexibil- 
ity of the Agena. Lockheed incorporated 
solar arrays starting with vehicle 2702, 
launched on 19 July 1965. ELINT payload 
life gradually increased from 51 days for 
2702 to over one year for the follow-on 
MULTIGROUP and STRAWMAN payloads. 
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The Group 0 digital mission, vehicle 
2301, mission 7151, was launched on 
21 February 1962 from Vandenberg AFB, 
California. The tube-type F-1 receiver 
operated successfully for six days in orbit 
until the spacecraft batteries were depleted 
and the mission was terminated. It became 
the first Project 102 mission to collect data 
' from the Soviet Union and read-out data 
at the New Hampshire and Hawaii remote 
tracking stations (RTSs) as well as at the 
Vandenberg RTS. Data were processed in 
essentially the same way that the F-1 data 
had been handled. The output from the F-1 
ground data handling equipment in the 
STC was processed on the CDC 1604 com- 
puter to validate each intercept and. based 
on the vehicle ephemeris, translate time of 
intercept into geoposition. 


Development of the data handling 
subsystem, S/S I of WS-117L, was under 
way prior to the formation of SAFSP. It 
was designed to process the data from the 
wideband photo readout (RF down-linked) 
surveillance system on film and the data 
from the ELINT readout systems as they 
were recorded on magnetic tape at the 
tracking stations. When Acting Secretary 
of the Air Force Joseph V. Charyk directed 
the change of program emphasis from 
readout to recovery on 4 November 1960, 
he also cancelled Subsystem 1.8 This left 
the S/S F ELINT data users with no sys- 
tem to process the S/S F data. The LMSC 
data processing of realtime readouts in the 
STC for engineering evaluation was the 
only capability available to produce vali- 
dated and geopositioned intercepts from 
the Group 0 payload. By applying the 
LMSC processing system to all of the data 
(rather than just the realtime readouts), it 
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was possible to provide both the NSA and 
SAC with verified intercepts containing 
emitter parameters and locations. 


During 1961, increasing emphasis 
was placed on protecting the security of 
Project 102 data and mission operations. 
John G. Schaub, the Lockheed Project 102 
manager. recognized the difficulty of pro- 
tecting both the hardware and the data in 
building 104, the heart of the Lockheed 
building complex at Sunnyvale, California, 
which was surrounded by a myriad of 
unclassified activities. To provide a facil- 
ity where good security could be main- 
tained, he convinced Lockheed manage- 
ment that an isolated location was required. 
This led to the construction of (AaBMaasma 

in an isolated area of 

Sunnyvale formerly occupied by tomato 
fields. For many years this area was 
known as the EZeRk 
BBB housed the unclassitied spacecrait 
development and test activities, and EAe—RE 

provided a secure area to conduct 
the classified development program, check 
out the payload, and process the recon- 
naissance data. 


The buildings were completed in 


January 1962, shortly before the launch of 
vehicle 2301, and included an F-1 ground 
data handler and CDC 1604 computer for 


processing the-data. The original plans for 
EO 13526 3.3(b)(1)>25Yrs 


called for a single stairway at 
one end of,each building. Realizing the 
inconvenience this could cause when an 
individual on the stairless end wanted to 
go from floor to floor, Schaub insisted that 
there be stairways on both ends of the 
buildings. When he won this battle, the 
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dubbed EO 13526 3.3(b)(1)>25Yrs 


a name it presumably retains 


to this day. 


The data from mission 7151, Group 0, 
was checked ing by comparing 
the computer output with manually 
processed data from the calibration vans. 
The STC capability was used primarily for 
realtime data evaluation for mission con- 
trol purposes. Preprocessing of mission 
7151 data at both the STC and gM 

produced 4.800 intercept words of 
high-quality corrected data, which were 
sent to NSA on IBM 727 digital tape for 
processing at their operations building at 
Fort Meade, Maryland. Initial processing 
was done on the IBM 7090 computer and 


later on the [BM 7094. Each intercept : 
EO 13526 3.3(b)(1}>25Yrs, EO 13526 1.4{c)<25Yrs, EO 19 


NSA processors to refine the radar charac- 
teristics and determine a common area in 
the individual circles of coverage, thereby 
improving the location accuracy and 
enhancing identification of the intercept. ; 
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The NSA operational ELINT organi- : 
zation, headed Feyy =O 13526 3.3(b)(1)>25 EER 
MILGO platters to display the overlapping . 


int Trent rivcloc and nradured 


4ata, which were provided to the Defense 
Intelligence Agency (DIA) for EOB listings 
and to other‘customers for their direct use. | 
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But early location accuracy produced by 
the overlapping circles was generally poor, 
with a circular error or probable (CEP) as 
preat By =O 13526 3.34 ) By the conclusion of 
mission pee = J june 1962, the LMSC 


d refined selected 
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concluded that this was about the limit of 
the system as then constituted. The pre- 
processed ELINT data were also sent to 
the 544th RTG at SAC Headquarters. 
Offutt AFB, Omaha, Nebraska. for further 
processing on their F inder { AN/GSQ. 1) 
computer system. The output of this pro- 
cessing was added to the Single Integrated 
Operations Plan (SIOP), which SAC used 
to control all their bombing missions. 


Ed Stillman, one of the early LMSC 
processing team members, recalled that 


-- his first assignment at Lockheed was in 


eee working with Jack:Shepherd, 
also of Lockheed, to handle the ground 
segment of this mission and also mission 
7152, flown in June 1962. To verify the 
accuracy of the data, Stillman used loca- 
tions of known radars in Alaska (such as 
the MSQ-1) to correct the biases in the 
ELINT reconnaissance data. The first 
thing that Stillman discovered in the data 
from vehicle 2301 (mission 7151) was that 
the arithmetic signs of spacecraft pitch 
and rol] had been entered ‘into the com- 
puter reversed. Once this was corrected, 
Stillman was able to correlate the data. 

He discovered this error through manual 
analysis and has since come to believe that 
manually checking computer data (at least 
the initial and unusual data), is really 
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means that 50 percent of all the locations reported will be 
within this distance of the ‘correct location. 
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Vehicle 2312, mission 7152, was 
launched on 18 June 1962 carrying the 
first Project 102 digital payload, Group 2-D. 
This first all-solid-state system had many 
advantages over the vacuum tubes and 
mechanical scanners of the Group 0 (F-1) 
payload. In addition to extended fre- 
quency coverage, this system was much 
lighter, more reliable, and used consider- 
ably less power. Expectations for a long, 
‘useful life, however, were dashed on the 
‘second evening of operation (at about four 
a.m.). In those days program office per- 
sonnel felt obligated to be in the Mission 
Control Center (MCC) of the Satellite Test 
Center (STC) to supervise the conduct of 
all orbital operations until everything was 
checked out and became routine. When 
the satellite was “acquired” on orbit 26, it 
appeared that the tape recorder would not 
read-out during the pass. What actually 
happened was that a “read-in” command 
had been sent by mistake. So, when the 
program office decision to send another 
read-out command was executed, the tape 
recorder tried to operate in forward and 
reverse simultaneously. This ended the 
mission and caused an immediate redesign 
of the recorder command system. It also 
terminated the continuous presence of pro- 
gram office personnel in the MCC (with- 
out, at least, some occasional sleep). 


The Douglas Corporation, which man- 
ufactured the Thor booster, invented a 
method of increasing the booster's thrust 
by strapping three XLR-81 solid rockets to 
its base. Lee Battle of the DISCOVERER 
team decided that vehicle 2313 would be a 
good one to use for testing the new booster, 
which was called the thrust-augmented 
Thor (TAT). Unfortunately, George Price 


Handle via BYEMANTALENT-KEYHOLE= oo 


90 The SIGINT Satellite Story 


i 


’ 


EO 1.4. (c) 
PL 86-36/50 USC 3605 


and his Lockheed payload engineers could 
not deliver the Group 1D pavlaad by the 
November 1962 launch availability of the 
new Thor, so Battle substituted a photo 
bird. When it was launched on 16 November 
1962, one of the solids failed to fire. promptly 
‘dumping the payload into the Pacific Ocean. 
The next flight, vehicle 2313, missian 7153, 
with a Group 1 digital payload. launched 
on 16 January 1963 using a Thor, was suc- 
cessful. However, the mission lasted only 


"+ .two days due to a battery failure. It coi- 


EO 13526 1.4(c 
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and upaated radar sites in 
the Soviet Union. Some months before, 
shortly after he was designated DNRO. 
Joseph Charyk changed the project identi- 


. filer from 102 to 698BK. This made vehicle 


2313 the first launch under the new pro-. 
gram number and changed the security 
classification to DOD SECRET. SPECIAL 
HANDLING. 


Vehicle 2314, mission 7154, a Group 1 
digital payload, was launched on 29 June 
1963 using a TAT booster, as did all subse- 
quent 698BK launches. It established a 
program record of 10 days of orbital opera- 
tions and produced approximately 140,000 
good intercept words. The first wideband 
analog mission, 7156, was launched on 
vehicle 2316, 27 February 1964, with a 
mission life of 12 days. The value of the 
data was degraded by erratic operation of 
the wideband AMIE helical-scan tape 
recorder, mostly caused by tape “gunking™ 
of the recording heads, resulting in fre- 
quent loss of data from one or two of the 
four recording heads. The down-link data 
<25Yrs, EO 13526 3.5(c 
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APPENDIX Il 
SYSTEMS OF MEASUREMENT 


1. General 


Two systems of measurement are in use in 
the United States today: the English system, 
based on the foot and the pound, and the 
metric system, based on the centimeter (or 
meter) and the gram (or kilogram). Both 
systems are used in electronics. For example, 
the wavelength of an antenna is calculated in 
the metric system; the physical length of each 
conductor is stated in feet and inches. 


2. Metric Prefixes 


In the field of communications, there are 
often wide ranges in electrical quantities. For 
example, the input of a radio receiver may be 
in millionths of a volt, and the output circuit 
of a transmitter may be in thousands of volts. 
Thus, metric prefixes are used in electronics 
in combination with basic units of measure- 
ment—volts, ohms, watts, amperes, farads, 
henrys, and cycles—to facilitate operations. 
The following chart gives the meaning of these 
prefixes with respect to various units of meas- 
urement. 


Metric prefix Meaning Associated with 

Mega Million (1,000,000) Volt, ohms, cycles, amperes 

Kilo Thousand (1,000) Volts, watts, cycles, meters, amperes 

Hecto Hundred (100) Meters 

Deka Ten ° (10) Meters 

Deci One-tenth (0.1) Meters 

Centi One-hundredth (0.01) Meters 

Milli One-thousandth (0.001) Volts, amperes, meters, henrys, watts, 
ohms 

Micro One-millionth (0.0000001) Volts, amperes, farads, henrys, mhos, 
ohms 

Micromicro One-millionth of one-millionth (0.000,000,000,001) Volts, amperes, farads, coulombs 


3. Conversion Factors 


The table below lists the common units of 
measurement with one set of prefixes and the 
factor by which these units must be multiplied 
to convert them to units with another set of 
prefixes. The examples below illustrate the 
method in which the table is used. 


Example 1: Convert 7.54 megacycles to 
cycles. 


188 


From the table, to convert from 
megacycles to cycles, multiply 
by 108. 

7.54 x 10° = 7.54 x 1,000,000 
= 7,540,000 cycles 


Convert 5,500 watts to kilo- 
watts. 


From the table, to convert watts 
to kilowatts, multiply by .001. 


5,500 x 0.001 = 5.5 watts 


Example 2: 


AGO 558A 


- EO 1.4.(6) 
PL. 86-36/50 USC 3605 


‘the AMIE recorder and KW-26 encryptor. 
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limited the analog data bandwidth to 
about 750 MHz and further degraded the 
data. A previous payload named HAYLOFT, 
mission 7210, had been orbited as an aux- 
iliary payload on the POPPY Program 
launch of 11 January 1964 as a test bed for 


Project 698BK, vehicle 2316, also car- 
ried an auxiliary payload that was to 
become an integral part of future Project 
770 missions. The story of this payload 
began in Garland, Texas, a little over two 
years earlier, at the Electronic Systems 
Division of Ling-Temco-Vought (LTV). By 
the summer of 1962, Maj Copley had insti- 
tuted regular monthly meetings to review 
the status of all the Program A SIGINT 
projects. Frequently these meetings would 
be held at the facility of a payload contrac- 
tor. Organizations and representatives 
typically attending, in addition to Copley 
and/or his newly assigned assistant. Capt 
John O'Connell, would be BSRESBEE from 
‘the Office of ELINT (OEL) at CLA (who 
was assigned to assist Copley in interpret- 
ing requirements and evaluating payload 
configurations) [ZORRO ME from NSA, 
Eldon Sasser from SAC, Don Wipperman 
from the US. Air Force Security. Service 
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(AFSS), and on occasion, representatives 
from other government organizations, plus 
LMSC and the payload subcontractors. 
George Price, Bill Harris, and Vince Henry 
of LMSC would present the project status, 
which would be followed by a discussion of 
problems or changes necessary. It was not 
unusual for new payload ideas to be pre- 
sented at these meetings, followed by dis- 
cussion of their merits. 


Introduction of the new auxiliary pay- 
load came about in exactly this way. Gene 
Kieffer, President of LTV Electronic 
Systems Division (later E-Systems) in 
Dallas, Texas, had approached both Price 
and Copley about an interferometer-type 
payload that promised to obtain egies 
location accuracy from .a 275-mile-high 
orbit. Ata meeting in October 1962 at the 
LTV E-Systems facility, Kieffer presented 
the results of ar AQABA Rae aircraft 
test that supported tnis accuracy predic- 
tion when translated to a@iieeeue rene 
space payload targeted against the new 


T 
'N-ORTON 


version of the S-band system that shot 
down F. Gary Powers’ U-2). The payload 
idea gained wide acceptance and was 
named BIRD DOG for its pointing 


accuracv. Despite some concern for sensi- 


DUT DUG Was Inciuded aS an auxillary 
payload on 2316 and the following three | 
vehicles, 2315 and 2317 of the 698BK 
Project and 2702 of the 770 Project. 


The interferometer used phase mea- 
surements to describe the angle-of-arrival 
of a signal based on intercept ofa single 
Pulse. A digital word was formed in the 
payload, identifying the location cell by 
the phase measurements of the intercept. 
New digital words were formed for each of 
the multiple hits on the same radar while 
the emitter was in the spacecraft field-of- 
view. Digital words that described the _ 
Same signa] parameters and whose cells 
were in an approximate straight line par- 


allcl with the flight path of the spacecraft - 


Were combined to produce more accurate 
locations than was possible with a single 


direction-finding hit. The digital payload 


Sutput was preprocessed at LMSC to cor- - 
rect for vehicle attitude and receiver and © 
antenna calibration. These data were sent 
‘o NSA, where intercepts were combined . 
and emitters identified. SAC also received 
and processed the same data for direct 
€mry into the SIOP. BIRD DOG produced 
: ® first high volume locations with accu- 

"des better thai = 
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| Vehicle 2315, mission 7155, a Group 2 
| digital payload, was launched on 3 July 


: 1964. It operated for 17 davs and pro- 
EO 13526 1 4(c)<25Yrs, EO 13526 3.5(c) 
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The last Project 698BK digital pay- 
load, 2317, mission 7157, carrying a Group 
3 digital payload, was launched on 3 
November 1964 and operated for four 
days. In addition to the digital output. to 
supplement the technical intelligence (TI) 
output of the wideband analog missions, 
the detected video output from the 
receivers was recorded in analog format on 
a 100-kHz bandwidth Leach magnetic 
recorder. The analog data proved to have 
limited value since the radar pulses had to 
be “stretched” to fit the 100-kHz band- 
width of the recorder, thus preventing 
effective analysis of the “fine grain” char- 
acteristics of the radar pulses needed for 
the TI mission. The location accuracy of 
the 698BK digital data provided to SAC 


and NSA had improved to approximately 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c) 


Also launched on vehicle 2317 was 


the auxiliary payload BIRD DOG 3. This 


version used an inflatable antenna system 
EO 13526 1.4(c}<25Yrs, EO 13526 3.5{c) 


t 


the antenna proved to be incapable of 

withstanding orbital conditions and col- 

lapsed, completely ending thoughts of low- 
' frequency BIRD DOGs. A powerful 
ground camera snapped a picture of this 
subsidiary payload in orbit and it was an 
ugly, wrinkled sight! 
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After the earlier June 1962 launch of | 
the Group 2 digital payload, mission 7152, 


all of the Project 102/698BK digital data i 


were preprocessed by Lockheed in \emiaanaune 


WM using their CDC 1604 computer. In 
preparation for the processing of 7152 dig- 
ital data, it was necessary to update the 
previously used F-1 processing capability 
to match the new payload format. The F-1 
ground data handler was not useable 
without major changes in hardware logic, 
and it was recognized that, with the 
advances in data processing technology, 
writing computer software was much more 
effective than constantly rebuilding hard- 
ware logic circuits to match new formats. 
A program was written for the CDC 1604 
computer to translate the 10-kilobit F-2 
down-link data into radio frequency, pulse- 
width, pulse repetition rate, and time data 
for each intercept. A second program vali- 
dated this data and translated time into 
geolocation using the vehicle ephemeris. 


Since the project number was still 
102 at that time, given the contemporary 
Popularity of a St. Louis beer known as : 
Brew 102, it wasn't strange that these i 
computer software programs became 
known as BREW 1 and BREW 2. In the 
Summer of 1962 when the CDC 1604 com- 
Puters were upgraded to much more capa- 
ble CDC 3200s and the project name was 
changed to 698BK, it seemed only logical 
to change these program names to the 
More conventional ferret system terms, 


ROOK ance 


The validated ELINT output of these 
Software programs was sent to both NSA 
and SAC. Once NSA had assumed the 
"esponsibility for processing ELINT data 
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in the fall of 1961, NSA and SAC had 
become parallel processors. A Memorandum 
of Understanding between NSA and SAC 
was signed on 11 September 1962 that 
clarified these ELINT processing arrange- 
ments. SAC would process certain space 
vehicle ELINT signals data in response to 
the operational intelligence need and in 
satisfaction of tasking instructions 
provided by NSA. NSA would provide 
planning.and technical support and 
guidance.) 


Maj Efdon Sasser 


"A practical demonstration of this 
cooperation occurred late in 1962, when 
Raymond B. Potts of NSA Research and 
Development (R&D) met with Maj Eldon 
Sasser and Capt Donald Wagner. SAC 
544th Reconnaissance Technical Group 
(RTG), at NSA, Fort Meade, Maryland, to 
discuss a SAC requirement for a special- 
purpose signal deinterleaver and photo- 
graphic output to process U-2 and satellite 
data collected in dense signal environments. 
The deinterleaver consisted of special- 
purpose equipment that accepted analog 
signals on magnetic tape and used digital 
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Mitford M. Mathews 


counters and hardware logic to separate 
overlapping signals (deinterleaving them) 
of the same pulse repetition interval (PRI) 
before filming the analog data for analysis. 
Mitford Mathews, Assistant Director for 
NSA R&D, approved the development of 
the special-purpose deinterleaver and pro- 
posed to develop an analog-to-digital 
converter and the necessary computer soft- 
ware to provide an automated analysis 
system for SAC. Mathews personally 
developed the software and Potts directed 
the development of the analog-to-digital 
converter in-house at NSA, Fort Meade. 
Potts also obtained a five-channel photo- 
graphic strnp film unit to photograph the 


' output from the special-purpose deinter- 


leaver from Space:Technology Laboratories 
(STL) in E] Segundo, California. The work 
at STL was under the direction of Douglas 
Royal. This equipment was installed at 
SAC headquarters in Omaha, Nebraska, in 
early 1965.7 12 


* The special-purpose deinterleaver was a hardware logic 
device that would open logic gates or windows so that all 
the analog pulses from a particular radar would be avaii- 
able for filmang on one channel or track on the film. This 
system would separate up ta. five signals from five differ- 
ent radars with the same PRI. The filming device would 


present five parailel tracks of data—dne from each dein- |. 


terleaver output. 
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Since the initiation of the 698BK 
Project in June 1962, the project had been 
operating under the security of SECRET, 
SPECIAL HANDLING, even though the 
balance of the NRO projects by now were 
all operating under the BYEMAN security 
system, including the POPPY project. In 
order to achieve uniformity, 698BK was 
brought under the BYEMAN system in 
November 1963 and the program number 
was changed to 770. ‘Since the contracting 
was switched from Air Force SECRET, 
SPECIAL HANDLING to SECRET/ 
BYEMAN. it was necessary to change the 
vehicle numbering system to disguise the 
connection between 698BK and 770. The 
first 770 Agena vehicle became 2701. 
which was a POPPY Project launch in 
March 1965. 


As a consequence of these changes, 
Copley had been moved from the 
DISCOVERER Program Office back to the 
nearby Air Force Special Projects Office 
(SAFSP) in El Segundo in November 1962. 
Within SAFSP, all the SIGINT projects 
were assigned to the SIGINT Project 
Office, ORES with Col Rebert Yundt as 
chief. Copley became Chief of the Payload 
Section RR In July 1964 Copley was 
transferred from Los Angeles to Andrews 
AFB, Maryland, and-Capt John. O'Connell, 
who had joined Copley during the DIS- 


. -COVERER days, took charge of AMAA To 


provide O’Connell with adequate support, 
in the summer of 1964 Yundt requested 
technica] assistance from The Aerospace 
Corporation, similar to the support that 
firm was providing the photo programs: 
An Aerospace group under Sandy Evans 
was formed for this purpose. He assigned 


foirly 


forts were desirable and this 
| unnecessary prohibition was lifted. 
: 
| 


‘The first Project 7 70 mission was 
! yehicle 2702, mission 7158, launched on 
: 16 July 1965, the legacy of vehicle 2316, 


opm apertW: Yundt ! mission 7156, which had been the first 
Daymond Speece to support software devel- © wideband analog payload (it was launched 
opments. Maj John G. Kulpa was assigned on 27 February 1964). It was a Group 3 
as Chief offg/iaae shortly thereafter: _ configuration covering 640 MHz to 8.28 


GHz. It operated for 51 days and marked 
the first effective use of solar arrays‘on a 
SIGINT vehicle (vehicles starting with. 
2316 had solar arrays, but battery prob- 
lems prevented effective use or very long 
life). NSA had been planning to process 
these data since late in 1962, when NSA’s 
Ray Potts responded to a requirement 
from NSA operations and conducted a 
study of the analog-to- digital conversion 
needs to process the analog data that 
4! would be collected by the 698BK analog 
. system. A special high-speed analog-to- 
‘ digital converter, BEERMAN, was pro- 
posed and subsequently developed in- 
house i in 1963 by NSA R&D. 


To further improve relationships 
@tween the NRO and the NSA in their 
collection and processing activities, the . 
DNSA proposed on 28 January 1964 to 


4 Seneeinemmmtes tem ate 


“ard, LtCol George Barthel, USAF, was 
assigned to the Sunnyvale area as the 
AC renresentative to the STC and operated in the R&D spaces at NSA to 
Also at this time. , 4 support the mis: sion 7156 and 7210 launches: 
ay Army, who had been retenmyrassipues | in 1964; and it used the R&D CDC 1604 
BES Somathe CLA intercept site at r buffer tape controller to 

, Was assigned to the satel- : provide temporary digital-data storage 
™S data processing area. In October 1965, ; and control-for the digital-tape recorders. 


The BEERMAN equipment had been 
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The BEERMAN analog-to-digital converter 
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| The last F-2 type payload was mission 
* 7160, carried on vehicle 2703, a Group 3-D 
payload launched on 9 February 1966. It 
. also carried a 100-kHz bandwidth Leach 
into a digital format for computer process- magnetic tape recorder of the same type 
EO 13526 1.4(c)<25Yrs, EO 13526 3.3(b)(1)>25Yrs, EO 13 used on mission 7157 for analog-signal 
detection. Altogether, 736 readouts of digi- 
tal and 429 readouts of analog data were 
collected during the seven-month lifetime 


operations served a useful R&D function. 


but due to the short life of the missions ’* of the payload. Several thousand updates 
and relatively narrow 750 kHz bandwidth ‘ to the EOB data were furnished to DIA 

of the unencrypted data, very little useful and SAC, but the analog data suffered 
product was collected. BEERMAN was from the same bandwidth restrictions that 
installed in operational spaces at NSA in plagued the mission 7157 data. and little 
late 1964 after the specially designed technical intelligence {[T]) was produced. 
buffer tape controller was delivered by 

Contro]l Data Corporation. Potts. mean- Vehicle 2703 also carried an auxiliary 
while, moved fram NSA R&D to NSA payload proposed by LTV E-Systems as a 
Operations as Chief of Special Projects follow-on to the BIRD DOG series. This 


version. known as SETTER, was designed 


‘K-4/SP) in May 1965 and was responsible‘ 
MEO 13526 1.4(cl<25Yrs, EO 13526 3.5(c), EO 13526 3.3(b) 


for processing, analysis, and reporting of 
data collected by SIGINT satellites. 


Everything was in place to support 
mission 7148, the first mission whose out- 
put data would record predetection in 6-MHz 
bandwidth analog form and transmit to 
the ground without encryption. Computer 
programs had been written by NSA to pro- 
cess this data and to produce locations and 
identifications. The computer printouts 
were also used to scan the data for signals 
analysis. Considerable manual analysis of 
the analog data and the computer output 
was required to produce useable results 
from this first wideband analog mission. : 
Experience gained in processing and ana- 
lyzing the data from this mission in 1965 
provided valuable design information for 
follow-on systems.15 
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the best achieved to that date. A byprod- 
uct of this best-ever accuracy was the dis- 
covery by Ed Stillman of LMSC that the 
vehicle was yawing in response to the 
interaction of the vehicle's magnetic field 
with the magnetic field of the Earth. 
Duane Scott of the guidance department 
was able to calculate these forces and com: 
pensate for them by placing magnets 
appropriately on the vehicle structure to 
counteract the natural forces. This proce- 
’ dure was used to damp unwanted oscilla- 
tions on the fallawing MULTIGROUP and 
STRAWMAN missions with great success. | 


By the end of 1965 it was becoming 
increasingly obvious that [ZSNEBASRIEI) was 
bursting at the seams. Moreover, fim : 
eae’ as not designed to provide the elec- 
tronic security required, particularly for 
personnel involved in data analysis at the 
Product level and for the COMINT pay- | 
loads, where testing and processing of sen- 
Sitive data were very difficult. The need 


for a more secure facility, adequate to sup- . 
Port expanded testing and processing ~ \. 


requirements, became obvious to contrac- 

tor and government personnel alike. Bill 
Harris and Bill Troetschel, LMSC, respon- 
sible for the AFTRACK packages; George 
Price, LMSC, in the 698BK area; Jerry 


Cheictineadn, LMSC, in processing 
ae: Army, representing Noa, 
nd LtCol George Barthel, US Air Force, 


ne SAC. all lobbied John 

Schaub, LMSC Program Manager, to press 

for a new building adequate for all their 

activities. Schaub listened and with the : 
king of Fritz Oder, LMSC Vice President | 

for Programs, and Jim Plummer, also an 

LMSC Vice President, convinced Dan 

Haughton, LMSC Chairman of the Board, | 


. COMINE abouts paceb pets 
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to invest in an appropmate facility. Thus, 
EO 13526 3. 3(bi 


construction of was initiated 
in the LMSC complex at Sunnyvale, 
California, and was completed just in time 
to process the output of the first of the new 
MULTIGROUP payloads, launched 28 
December 1966. 

EO 1.4.(c) 
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MULTIGROUP Launches 


By the summer of 1962 it was becom- 
ing clear to many on the 698BK develop- 
ment team that improvements could be 
made in the design of the 698BK payloads. 
which had a set of fixed frequency combi- 
nations labeled Group 1, 2, or 3 and cover- 
EQ 12528 1 4c}. 25s that had to be 
selected long betore launch. No other fre- 
quency coverage was possible without 
major payload modification. This was pri- 
marily because the antenna configurations 
were very difficult to change without 
major redesign and testing. Additionally, 
the eommand and contro} support systems 
were limited in flexibility by the smail 
number of commands available. 


To develop a payload more responsive 
to changing requirements, LMSC and AIL 
initiated proposal activity todevelopa — 
new payload configuration to be called 
MULTIGROUP. It would have eight fre- 
quency bands, each with a matched 
antenna. Any four bands could be flown . 
on any given mission with minimal 


turnaround time. It also would be capable 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5{c) 


system and an on-orbit programmer would 
also improve system flexibility. 
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In June 1963. LtCol John Copley, 
along with George Price, Chief of the . 
LMSC Payload Office, briefed the mem- 
bers of the Washington NRO staff (SAFSS) 
on details of the new payload project. In 
November 1963, approval to initiate devel- 
opment of the MULTIGROUP project was 
received from Brockway McMillan, who 
had replaced Joseph V. Charyk as the 
DNRO in April 1963. In April 1964 
McMillan approved launch ofthe first _ 
MULTIGROUP for Apri] 1966, plus three 
additional launches in FY67. This was 

- later reduced to three total launches when 
the successor STRAWMAN project was 
approved in September 1966. 


The configuration of the first Project 

‘770 MULTIGROUP vehicle 2731, mission 
7161, was similar to the previous Project 
770 Agena launch vehicle 2703 with the 
exception of the new payload and improved 
UHF command system. It was the last 
Project 770 mission to use the TAT booster 
of the former 698BK project. The launch 
date slipped to 28 December 1966, mostly 
because of changes caused by concerts 
over the technical characteristics of the 
payload, The numbers and density of 
Soviet radars were increasing rapidly, and 
signal overlapping and interference were 
becoming difficult to deal with. Additionally, 
the presence of high-power continuous- 
wave (CW) signals (such as television and 
high-power point-to-point communica- 
tions) had made processing of 698BK pay- 
load data even more complex. These sig- 


nals tended to overpower the antenna’s 
EO 13526 1.4(c)<25Yrs, EQ 13526 3.5(c) 


signal-processing programs. To address 
these technical problems, the bandwidth of 
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making it possible tor the data processors 
to, at a minimum, detect the presence of 
interference. 
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MGen John L. Martin, fr. 


BGen (later MGen) John L, Martin. 
Jr.. named Director of Special Projects at 
El Segundo, California, on 1 July 1965. 
became concerned about the efficacy of 
performing a system test of the integrated 
payload and vehicle system in ER RSESRATOED 
at Sunnyvale and then disassembling it for 
shipment to Vandenberg AFB for launch. 
This required reassembly of the system at 
the Vandenberg vehicle assembly building 
and retest prior to launch. Not only did 
this process cause excessive wear and tear 
on the system, but it also made very 
attractive the option of shipping the pay- 
load and Agena from Sunnyvale with prob- 
‘lems (“open items”) that presumably would 
be solved or fixed at Vandenberg. After © 
considerable study, a new, more rapid fac- 
tory-to-pad system of processing the pay- 
load and vehicle as a unit was initiated for 
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Agena vehicle 2731. Named FASTBALL, 
it set as a goal 17 days'from receipt of the 
payload at Vandenberg AFB to launch, 


LtCol Jack Sides, who had replaced 
Yundt as the RE Project Director, felt 
confident enough to direct the launch on 
29 December 1966, just 25 working days 
after 2731 had arrived at the base. 

Despite the misgivings of many of the con- 
tractors and launch crew, and much to the 
delight of Sides. the launch was perfect 


and the spacecraft operated with no prob- 


lems on orbit. Sides, who was retiring 
from the Air Force at the end of December, 
considered this an excellent Christmas 
present! His successor, Col David D. 


. Bradburn, presided over the remaining 


two MULTIGROUP launches with equal 
success. 


Project 770 MULTIGROUP Agena 
Vehicles 2732 and 2733 were boosted into 
orbit by an improved Thor booster using 
CASTOR solid rocket motors replacing the 
former XLR-81s. The extra thrust made it 
Possible for vehicle 2732 to carry an add- 
on payload called DONKEY, which used a 
6-foot parabolic “wrapped rib” dish 
antenna that deployed on orbit, in addi- 
lion to the originally scheduled SETTER 
1A and MULTIGROUP 2 payloads. 


MULTIGROUP set new records for length . 


*fon-orbit operation. Vehicle 2731 lasted 
°ver five months, the DONKEY payload 
°n 2732 went a few days longer, and 2733 
Produced data for almost 15 months! A 
Sreat deal of this success is attributable to 
proved solar arrays and batteries devel- 
®ped for the Agena D vehicle. 
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The more sophisticated commanding | 
and programming capability of these pay- 
loads, which permitted many different 
adjustments of the payloads during each 
orbital collection pass, stimulated an effort 
to use the collection system in the most 
effective way. In July 1964\aiaeaaeanell 
NSA joined the staff at the Satellite 
Operations Center (SOG) at SAFSS and 
became a part of the effort to translate 
USIB guidance into vehicle operations 
responsive to this direction. NSA tasking 
messages were sent to the STC from the 
SOC, providing both long-term and imme- 
diate operating direction. These “ITEMY~ 
messages. as they were called, combined 
NSA and NRO interpretation of USIB 
guidance. Aljerts to upcoming Soviet activ- 
ities were provided by NSA through their 
Defense Special Missile and Astronautics 
Center (DEFSMAC) so that payload task- 
ing could be responsive. 


In, the late summer of 1966, the 
Director, NSA, LGen Marshall S. Carter, 
US Army, and Ray Potts visited the 


SSE contractor facility at LMSC while 


tb was under construction. The 
possibility of expanding NSA's participa- 
tion with the Air Force and its contractor, 
was discussed with the local SAFSP repre- 
sentative and witl[ZeMKereREk the NSA 
representative at LMSC. On 28 October 
1966 NSA forwarded to the Director SAFSP 
a concept paper regarding the establish- - 
ment of an NSA Support Detachment 
(NSD) at Sunnyvale, California. 1& 


Completed in December 1966 Ga 


oe: put to immediate use. Vince 
enry of LMSC, now manager of thee 


payload program, had established a need 
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To convert from 


Abamperes 
Abamperes 
Abcoulombs 
Abcoulombs 
Abcoulombs 
Abcoulombs 
Abfarads 
Abfarads 
Abfarads 
Abhenrys 
Abhenrys 
Abhenrys 
Abhenrys 
Abohms 
Abohms 
Abohms 
Abohms 
Abvolts 
Abvolts 
Abvolts 
Abvolts 
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Acres 

Acres 

Acres 
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Acres 

Acres 

Acres 

Acres 
Amperes 
Amperes 
Amperes 
Ampere-hours 
Ampere-hours 
Ampere-hours 
Ampere-hours 
Ares 

Ares 

Ares 

Ares 

Ares 

Ares 

Bushels (dry) 
Bushels (dry) 
Bushels (dry) 
Bushels (dry) 
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Centimeters 
Centimeters 
Centimeters 
Centimeters 
Centimeters 
Centimeters 
Centimeters 
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Centimeters/second 
Centimeters/second 
Centimeters/second 
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To 


Amperes 
Statampere 
Ampere-hours 
Coulombs 
Faradays 
Statcoulombs 
Farads 
Microfarads 
Statfarads 
Henrys 
Microhenrys 
Millihenrys 
Stathenrys 
Megohms 
Microhms 
Ohms 
Statohms 
Microvolts 
Millivolts 
Statvolts 
Volts 

Ares (square dekameters) 
Hectares (square hectometers) 
Square feet 
Square inches 
Square kilometers 
Square meters 
Square miles 
Square rods 
Square yards 
Abamperes 
Milliamperes 
Statamperes 
Abcoulombs 
Coulombs 
Faradays 
Statcoulombs 
Acres (US) 
Hectares 
Square feet 
Square meters 
Square miles 
Square yards 
Cubic centimeters 
Cubic feet 
Cubic inches 
Cubic meters 
Liters 

Feet 

Inches 
Kilometers 
Meters 

Mils 

Miles 
Millimeters 
Yards 
Feet/minute 
Feet/second 
Kilometers/hour 


Multiply by 


10.0000 

2.998 x 1010 
2.778 x 10—8 
10.0000 

1.036 x 10—4 
2,998 x 1010 
109 

1015 

8.988 x,1020 
10—9 

001 

10-6 

1,113 x 10-21 
10—15 

0.001 

10-9 

1.113 x 10—21 
01 

10—5 

3.336 x 10—1 
10-8 
40.46878 
4046873 
4.356 x 104 
6,272,640 
4.047 x 10—2 
4047 

1.563 x 10—8 
160 

4840 

1 
1000 

2.998 x 109 
360 

3600 

3.731 x 10—2 
1.080 x 1018 
02471044 


3.861 x 10—5 
119.60 

3524 x 104 
1.2444 
2150.4 

3.524 x 10-2 
35.24 

3.281 x 10—2 


6.214 x 10—6 
10 

1.094 x 10—2 
1.969 

3.282 x 10—2 
036 
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~ PAYLOAD ~~ 


SIRAWMAN paytoad vehicle 


for a secure test and checkout area. This 
need dovetailed well with the government 
need for a secure data-analysis facility. 
The DNSA forwarded a letter to the 
Director, SAFSP, on 14 February 1967 
describing the Scope and nature of a West 


that SAC had agreed to participate in the 
detachment to support NSA processing 
and to serve as the SAC liaison officer. !7 
The NSA Assistant Director for Production, 
Oliver Kirby, subsequently forwarded a 
memorandum to DNRO Alexander H. Flax 


on 29 February 1967, informing him of the | 


plans and rationale for the detachment. !8 
On 15 March 1967 the Director SAFSP 
concurred with the objectives and func- 
tions outlined for the NSD and agreed to 
arrange for contractor support by LMSC.!9 


The Nos was I in July 


EO 13526 3.5(c) 


Irom the Armv in March 1967 and con- 
verted to civilian status with NSA. report- 


Was also assigned aS an NSA 
Intelligence information research techni- 
cian, Also working forjeneaaanenad ere 
Maj Bob Jackson, US Air Force, and 1 Maj 
Billy Thornton. US Air Force, of Operating 
Location 65 (OL65),SAC. Two analyst 

ans {operating stations) were quickly 
EO 1 
fobtained.” although the recorders were 
uriginally intended for George Cotter, 
already a senior official at NSA! Later they 
Were replaced by properly ordered recorders, 
and Cotter got his Mincoms back. This 


up using Mincom 1-MHz recorders that. 


Been ema ne camer cette anny 


capability was augmented by signals anal- 
ysis support from LMSC that was later 
expanded by the establishment of an 
LMSC Special Signals Analysis Team 
(SSAT), headed by John Riley, which did 
in-depth analysis of new and unusual 
intercepts. The initial mission for the 
NSD was to prescan data and do prelimi- 
nary analysis on signals of interest. In 
addition, the detachment was to support 
all West Coast NSA operations and inter- 
faces with the SAFSP and their contrac- 
tors located on the West Coast. To do this, 
the detachment had direct. communications 
with K4/SP at NSA using a dedicated 
secure teletype link known as the 
“SUNCOM.” 


The NSA Support Detachment (NSD) 


activities ide well filled up one side of 
Bib }C1 >: 


EO 13526 3. 
essentially in the earn of two mirror 
images, with space between the two halves 
of the building to park and check out the 
calibration vans. On the processing side, 
the new building made it possible for NSA 
to delegate certain ELINT data processing 
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and analysis activities to LMSC personnel, 
under NSD direction. In December 1966 
LtCol Jack Sides, GRRE and Potts agreed 
to place an NSA engineer as an integrated 
member of the SAFSP staff in El Segundo 
to manage the SAFSP pracessing opera- 
tion at LMSC in Sunnyv NRO. and 
NSA responsibilities). fim 7 
was assigned from NSA, K4/SP, and 
aemeein February 1967.’ He was 
welcomed by Col David D. Bradburn, who 
by then had succeeded Sides as head of 
This action coincided with the 
implementation of the Mission and Data 
Services (MADS) contract with LMSC oD 
Support processing activities in |3Sis : 
GieEBand also to support analys 
of the NSD. EO 13526 1 4(c}<25Yrs, EO 13526 3 


An action occurred on 29 September 
1967 that illustrates the spirit of coopera- 
tion engendered by the close working rela- 
tionship of Bradburn, aaa and Potts. 
NSA. K4/SP was notified by message from 
emme that the Air Force budget would not 
permit their support of NSA processing 
operations at LMSC. Three and a half 
hours later Potts sent.a message EO 139 
coordinated through al] appropriate senior 
officials and NSA Deputy Director 
Tordella, transferring $370,000 to fund a 
compatible computer facility inka 
| i process data for NSA.20 This led to 
the negotiation of a aioe Ls agreement 


entitled “SAFSP SUPPORT FOR NSA 
PROCESSING OPERATIONS.” It pro- 
vided for a compatible Data Processing 
Facility implemented as a joint NRO/NSA 


es + 


a 
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activity at RORRSZORISING which was essen- 
tially parallel to the satellite data process- 
ing capability within NSA. 


This combined payload development 
and processing facility injagay } 
vided the flexibility necessary to make 
maximum and effective use of personnel 
and equipment on a mission-by-mission 
basis. Additional benefits included 
improved timeliness in processing, improved 


*. feedback for tasking operations, optimized 
- interaction of processing considerations in 
the design of SIGINT payloads, and signif- 


icant economies by having an integrated 
approach ‘to collection and processing oper- 
ations. This effort was provided by the 
SAFSP MADS contract with LMSC. The 
individual task orders under the contract 
were defined either as NRO or NSA data- 
processing functions. 


NRO processing included payload 
support and preprocessing. NSA, through 
chef MADS contract, provided techni- 
cal direction and selected processing and 
analysis by LMSC. This was the first use 
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of contractor processing by NSA. Contractor 
signals analysis support had previously 
been established and used by NSD in early 
1967.21 NSA arranged for spectat funding 
and transferred funds tofagmnmt 

share of the costs. Withir 
was responsible for technical surveillance 
of the MADS contract. Potts was respon- 
sible for the NSA Robes in the 
program. 


Withinhiaan 
Assistant Deputy for Field Operations, Lt 
Col Rich Gray, was responsible to 


for all data-processing pers 


formed on-site. The detachment chief [a 
and other NSA representatives 
as appropriate, provided the technical 
guidance for the NSA data processing and 
were technically responsible for contractor 
performance and acceptability of the final 
product. A Data Handling and Operations 
Plan (DAHOPS) identified responsibilities; 
milestones, effort, and equipment required. 
Software that had been-developed by NSA 
was provided to the MADS contract. NSA 
sent knowledgeable personnel to assist the. 
contractor in getting the system opera- 
tional and in training personnel for the 
particular job.22 The establishment of the 
joint processing facility in LMSC [agRBAEaa 
PRM with the Air Force, NSA, and the con- 
tractor working closely together soon 
removed most. if not all. the suspicions 
and distrust that had previously existed. 


On the digital processing side, NSA 
provided a CDC-6400 computer, initially to 
handle MULTIGROUFP digital data (Ray 
Potts intervened with CDC President Bill 
Norris to secure the computer on time). 
The CDC-6400 computer was installed in 
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spent many long hours at SQRRSASeRiEy 
helping Jerry Christiansen and his LMSC 
crew to get this software installed and mod- 
ified for the 17 January 1968 launch of 
MULTIGROUP 3. The MULTIGROUP/ 
SETTER data were the first to be com- 
pletely contractor-processed at LMSC 
under the ARE Maps contract under NSA 
technical direction. The results were sent 
directly via secure communications links 


to NSA's Operational ELINT Organization, 
EO 1352 


who had 
for reporting to the 
Intelligence Community and to SAC for 
integration into the SIOP. DIA received 
the radar identification and location data 
from NSA-for inclusion in the DIA EOB 
database. 


then headed by 
EO 13526 4.5 


To handle the wideband analog, RCA 


" model TR-22 CVR predetection recorders 


+ minean en pda sca ume ve ae 


were used at the ground sites and process- 
ing centers. The TR-22 recorders were 
commercial television recorders modified 
for continuous video recording (CVR}. with 
improved technical characteristics to meet 
the requirements for predetection instru- 
mentation recording. NSA specified the 
recorders to be used and a combined pur- 
chase was made for all recorders by 
Special processing and analysis equipment 
was developed jointly by NSA and faa 
NSA, through fRgRRR acquired a special 
RCA one-tenth-speed TR-22 CVR recorder 
to be used for detailed signal analysis. — 


C OMIN F Capel Channels jointly 
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Top 
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The predetection analog data, along 
with other payload digital data from 
MULTIGROUP, were filmed «a 
BB sing a continuous strip of photo- 
graphic film. NSD and LMSC (under 
detachment direction) selectively analyzed 
the film using the Analog Processing 
Equipment (APE) developed by Ben 
Gardner of Gardner Associates, San Diego, 
California. The original analog tapes were 
sent to NSA for technical analysis. At 
NSA the analog tapes were processed 
through the BEERMAN analog-to-digital 
‘converter, which was modified to accept 
the payload time and _ receiver data, which 
were merged to provide a digital tape out- 
put for computer processing. The com- 
puter printouts were used to produce 
tadar locations and to scan the data for 
signal analysis. Considerable manual 
analysis of the analog data and the com- 
puter printouts was required toe produce 
useable results. 


The technical analysis efforts at NSA 
and at were very closely coor- 
dinated. The large volume of data 
required the combined efforts of all the 
technical analysis people available. Both 
analysis groups screened the data for sig- 
nals of interest. NSA used tip-off from 
other sources or data and the results of 
'Ntercepts from POPPY and the SRR: o 
identify dates and times of particular 
‘nterest to be examined. Duplicate analy- 
SIS Was generally avoided except in those 
*ases where the combined expertise of all 
the analysts and the payload designers 
“as required to resolve analysis problems 
Presented by unusual signals.. 


EO 13526 1.41c)<25¥rs, EO 13526 3.5ic) 
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An excellent example of these com- 
bined efforts accurred in the analvaic nfia 


Improvements to the digital EOB 
payloads. resulted in significantly more 
accurate radar locations. Back in 1960-61, 
the original SAMOS collected three suc- 
cessive pulses from the cone of coverage. - 
Processing of the data from each three- 
pulse group using overlapping circles pro- 
duced locations with accuracies of about 
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Flight summary: Program A, Agena-based low-orbit SIGINT satellites 
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Flight summary: Program A, Agena-based low-orbit SIGINT satellites (continued) 
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PROGRAM CANGELLED ~ NO FLIGHTS 


The technica! capability provided by 
MULTIGROUP wide band predetection 
collection and the combined analysis by 
NSA headquarters, the NSD detachment, 


and LMSC of the collected data-resolved 
1 4(c}<25¥ 1s, EO 1352 aT 


An important development occurred _ 
in the spring of 1968 when data on SA-2 
‘Mrface-to- -air missiles and other defensive 
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Vietnam became a 


| iority 
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STRAWMAN Launches 


Even before the first MULTIGROUP 
launch in December 1966, the payload and 
its support systems had been outdated by 
the rapidly changing electronics technol- 
ogy and collection requirements of the 
1960s. The expectation that interchange- 
able receiver and antenna modules would 
give MULTIGROUP more flexibility did 
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To convert from 


Multiply by 
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Centimeters/second 
Centimeters/second 
Centimeters/second 
Centimeters/second 
Centimeters/second 
Centimeters/second 
Circular mils 
Circular mils 
Circular mils 
Circular mils 
Coulombs 
Coulombs 
Coulombs 
Coulombs 

Cubie centimeters 
Cubic centimeters 
Cubic centimeters 
Cubic centimeters 
Cubic centimeters 
Cubie centimeters 
Cubic centimeters 
Cubie centimeters 
Cubie feet 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic feet (US) 
Cubic feet 

Cubic feet 

Cubic feet 

Cubic feet 

Cubic hectometers 
Cubie inches 

Cubie inches 

Cubic inches 

Cubic inches 

Cubic inches (US) 
Cubic inches. 

Cubic inches 

Cubic inches 

Cubic inches 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic meters 

Cubic yards 

Cubic yards 

Cubic yards 

Cubic yards 

Cubic yards 

Cubie yards 

Cubic yards 

Cubic yards 
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To 
Kilometers/minute .0006 
Knots/hour 1.943 x 10—2 
Meters/minute 6 
Meters/second 01 
Miles/hour 2.287 x 10-2 
Miles/minute 3.728 x 10—4 
Square centimeters 5.067 x 10—6 
Square inches 7,854 x 10-7 
Square millimeters 5.067 x 10-4 
Square mils -7854 
Abcoulombs A 
Ampere-hours 2.778 x 10—4 
Faradays 1.036 x 10—5 
Statcoulombs 2.998 x 109 
Cubic feet 3.531 x 10-5 
Cubic inches 6.102 x 10-2 
Cubic meters 10—6 
Cubic yards 1.308 x 10—6 
Gallons (liquid) 2.642 x 10-4 
Liters 001 
Pints (liquid) 2.118 x 10-3 
Quarts (liquid) 1.057 x 10-3 
Bushels (dry) -8086 
Cubic centimeters 2.832 x 104 
Cubic inches 1728 
Cubic meters 2.832 x 10-2 
Cubic yards 3.704 x 10—2 
Gallons (liquid) 7.481 
Liters 28.316 
Pints (liquid) 59.84 
Quarts (liquid) 29.922 
Cubic meters 106 


Bushels (dry) 
Cubic centimeters 
Cubic feet 

Cubic meters 
Cubie yards 
Gallons 

Liters 

Pints (liquid) 
Quarts (liquid) 
Bushels (dry) 
Cubic centimeters 
Cubic feet 

Cubic inches 
Cubic yards 
Gallons (liquid) 
Liters 

Pints (liquid) 
Quarts (liquid) 
Steres 

Cubic centimeters 
Cubie feet 

Cubic inches 
Cubic meters 
Galions 

Liters 

Pints (liquid) 
Quarts (liquid) 


4.6503 x 10—4 
16.39 

5.787 x 10-4 
1.639 x 10—5 
2.143 x 10--5 
4.329 x 10-8 
1.639 x 10-2 
3.463 x 10-2 
1.732 x 10-2 
28.38 

106 

35.31 

6.102 x 104 
1.308 

264.2 

1000 

2113 

1057 

1 


7.646 x 105 
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not hold up when the realities of preparing 
the spacecraft for launch were confronted. 
A testing program at both the subsystem 
and system level was absolutely required 
to qualify any payload for launch. Once 
the system had been subjected to vacuum, 
thermal, mechanical, and electrical quali- 
fication testing, there was no way a 
receiver and antenna module could be 
changed (for different frequency coverage) 
without repeating the entire test process. 
Although MULTIGROUP did have differ- 
ent configurations on each mission, the 
configuration had to be determined six to 
eight months in advance. [n the case of 
Agena vehicle 2733, the last MULTIGROUP, 


there was time to change the configuration _ 


to make the payload collection more 
responsive to the ABM/AES threat. It 
would have been desirable to change 2732 
also, but the necessary six- to eight-month 
slip in schedule was unacceptable. 


grated member of the vayieed staff, and at 
approximately the same time Bob Yundt 
requested technical support from The — 
orporation. By the summer of 
2long with Sandy Evans of 
Aerospace, through both an in-house effort 
and contractor studies, began defining an 
improved payload that would combine the. 
capabilities of the MULTIGROUP payload, 
built by Airborne Instruments Laboratory 
at Deer Park, New York, and the SETTER 
payload, built by E-Systems at Dallas, 
Texas. Although these payloads flew 
together on all the MULTIGROUP mis- 
sions, they operated independently, 
thereby requiring considerable duplication 
of support-system functions. The SETTER 
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payload provided excellent emitter loca- 
tion accuracy (+/- 5 miles), but it could not 
operate at frequencies lower than 2 GHz 
due to excessive size of the multiple anten- 
nas required for an interferometer-type 


‘payload. MULTIGROUP used single spi- 


ral antennas that divided the target area 
into sectors and used single-pulse phase 
comparisons to achieve geolocation. 
Though not as accurate as SETTER, it 
was capable of determining location within 
+/- 20 miles at frequencies as low as 59 MHz. 
Using improved versions of these payloads ~ 
sharing a new solid-state core memory for 
the digital data and an improved tape 
recorder called a data storage unit, for 
the wideband analog data, the proposed 
STRAWMAN payload offered increased 
flexibility combined with improved pay- 
load performance. Moreover, room-would 
be available for one additional payload 
that could share the recorders and other 
new support systems. 


Improvements in the support systems 
now included adoption of the new S-band 
Space-Ground Link System (SGLS) devel- 
oped for the Satellite Control Facilities. 
This provided a pulse code modulation 


' down-link operating at 128 kilobits per 


second (kbps) and an inflight-loadable pro- 
grammer capable of 1,021 commands. 


' There was also a backup command link - 
“with 32 discrete commands. For the first 


time it would be possible to encrypt these 
links using NSA-provided KGR-29 and 
KGT-28 equipment. The 6-MHz wideband 
down-link remained unencrypted. 


* Asi improved booster, the THORAD, 


allowed an increased on-orbit weight of 
the Agena spacecraft and ELINT payloads 


“PL 86-36/50 USC 3605 


of 3,850 pounds, and a new battery/solar 
array system provided 270 ampere-hours 
perday. Because it was subject to quick 


revision if necessarv. the new configura- 
EO 13526 1.4(c)<25Yrs. EO 13526 3.5(C) 


~ Project Director at the time. oneted 
the STRAWMAN concept to DNRO Flax 
on 1 April 1966. On 6 June 1966 Flax 
gave his approval to protect long-lead-time 
items. In September 1966 Flax approved 
the project and Iii initiated project con- 
tractual action with LMSC. The project 
was to consist of five flights, with the first 
launch in October 1968. There would be 
one flight per year thereafter through 1972. 


Key accomplishments, Agena-based 


prime payloads 


_ ° First scanning superheterodyne receiver and 
" On-orbit radar signal digital processing of RF 
and pulsewidth and interval measurements 
with location information, all aboard a 
three-axis stable ELINT platform, in 1961. 


* First wide band magnetic-tape recorder on- 
Orbit, in 1964, provided a technical ELINT 
Capability, which fed to the following 

_ atcomplishments. 


EO 13526 1,4(c)<25Yrs. EO 13526 3.5(c) 


! 


The first two STRAWMAN missions 
carried an auxiliary payload designed to 
determine detailed characteristics of ABM 


radars. The first was called CONVOY and 
EO 13526 14icl<25Yrs, EO 13526 3 5c), EO 13526 3.3(b) 


The first STRAWMAN launch. 
another in the Project 770 series. was Agena 
vehicle 2734 on 5 October 1968. All of the 
payloads and support systems operated 


— Intercepted many new, unique radar Signals 
other than ABMs. ; 


— First very accurate location-finding (less 

ee aesorocessed on-board, in 
1966; for SAMS in Vietnam (with less than 

anes, data were provided in 
near-reaitime (nours) to US field comman- 
ders in 1968. 


— Auxiliary payloads in‘1968-71 collected 
even more detailed ABM and SAM radar 
data, such as CW capability and measured 
power. i. 


ee E0'1.4.(c) 
PL 86-36/50 USC 3605 
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for a little over a year, twice the planned 
lifetime of six months. Agena 2735, 
launched on 31 July 1969, operated for 
over 13 months, resulting in a projection of 
at least a nine-month lifetime for the fol- 
lowing launches. Agena 2736 continued 
the record by lasting for almost 18 months 
after a launch on 26 August 1970. The 
final vehicle, Agena 2737, was launched on 
16 July 1971 and lasted over 20 months: 
On this mission the antenna connector to 
the lower band antenna of HARVESTER 
failed, thereby eliminating any chance to 
intercept the SA-5 signals at 5 GHz. This 
was the only major failure of any of the 
four vehicles, making STRAWMAN by far 
the most successful ELINT system to date. 


By 1970 NSA had expanded the pro- 


cessing facility at Fort Meade for satellite- . 


collected SIGINT to three CDC 6600 com-. 
puters, in order to handle the greatly 
increased volume of data from the POPPY 
and issions. Concentration on these 
programs at Fort Meade was possible » 


because of the resources available at 
EO 13526 3.4(c), EO 13526 3 Sib)(1)>25Yrs : 


digital data were processed for NSA by 
LMSC under the BQ—RAMADS contract in 
Pe icing the same arrangements 
that were established for MULTIGROUP 
and SETTER. The necessary software 
modifications to take advantage of collec- 
tion system improvements to provide more 
accurate locations were developed under 


the MADS contract for NSA as a joint NSA~ 


and LMSC technical development effort. 
’ In 1970 a CDC 6600 computer replaced 


the CDC 6400 computer at LMSC to pro- - 
vide the needed three-times increase in 
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processing capacity and speed to handle 
the increased volume of data being col- 
lected by the new satellite systems. At the 
same. time, a new 
negotiated b ie 
integrated member of thepS@EKestaff. This 
contract provided the needed flexibility to 
cover premature failure or the extended 
life of a payload being processed. It also 
provided for the addition of a new payload 
to be processed. The funding for the com- 
puter and the MADS contract was‘split 
betweenka@™imgand NSA based on cost- 
sharing agreements worked out for each 
mission. 


The THRESHER digital FOB collec: 


tion and processing system produced radar 


locations with a 15-mile accuracy. The 
processing of data from THRESHER 2, 
launched 31 July 1969, produced 9.444 
radar locations, including 183 radar loca- 
tions reported electrically to US forces 

in Vietnam within hours of intercept. 
THRESHER 3, launched 26 August 1970, 
produced 11,519 radar locations with 
15-mile accuracy in.the first four months 
of operation. During this same four-month 
period, REAPER, 3, a part of the same 
STRAWMAN mission, produced 33,915 
locations with a 5-mile accuracy.25 


All ELINT payloads that were a part 


" of the STRAWMAN collection system—: 


THRESHER, REAPER, CONVOY, and 
HARVESTER—were connected to the pre- 
detection analog recorder in the prime . 
payload. ‘The predetection analog data 
analysis was split between NSA and the 
LMSC Special Signal Analysis Team. 
(SSAT), which was working for the NSA 
detachment (NSD) to make efficient use of 


. Nouroicon 
EQ 1.4.(c) 
PL 86-36/50 USC 3605 


EO 13526 3.3(bi1i=25Yrs. EO 12526 1 4icy<25Yrs. EO 13526 3.5¢ 


the limited number of technical analysts. 
The signal analysis efforts were comple- 
mentary except for combined efforts on 
special signals of interest. The all-source 
and multiple-satellite-source technical anal- 
ysis was generally done by analysts at NSA. 


By 1968 the Grab Bag data system 
was developed by Joyce Warnkassel of 
LMSC to store all “left over” satellite data. 
This included all intercepts that were 
geolocated but did not meet NSA reporting 
criteria as valid emitters, This provided a 
very valuable database for comparison 
with other data and intercepts to find new 
high-interest signais for technical analysis. 
For example, Grab Bag made it possible to 
identify and correlate data from a fre- ‘ 
quency agile radar that transmitted sig- 
nals at different radio frequencies but | 
Never stayed on one frequency long enough 
for the payload to make a pulse repetition 
interval (PRI) measurement. 


Technical intelligence produced by 
STRAWMAN included ABM eaaay details UMzie* Tnese are Dut a lew nignhignts of 
EO 13526 3.3{b){1)>25Yrs, EO 13526 1. 4{c}<25Yrs, EO 1 the technical contributions of STRAWMAN. 
The data processing experience gained 
from the STRAWMAN predetection data 
analysis provided the basis upon which 
the emeamameeai data analysis system was 
developed. 


The extensive QRC reporting from 
THRESHER/REAPER to military forces in 
Vietnam and Europe continued the project 
PENDULUM effort initiated with MULTI- 
GROUP/SETTER. All QRC reporting was 
in less than 24 hours from time of inter- 
cept, with the average time from collection 
to reporting being about 5 1/2 hours. During 
1969 there were 41 project PENDULUM 
ial ae and 183 in 1970. 
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In the spring of 1970, DNRO John L. STRAWMAN represented the culmi- 
McLucas reassessed the SIGINT satellite ; nation of a development effort that started 
programs in view of budgetary constraints. before the first spacecraft was launched 
Considering the design capabilities of and incorporated many pioneering con- 

BO A826 BSB n2e ts - cepts. STRAWMAN’s legacy could be seen 
_ not only in the development of spaceborne 
the capabilities ot other low-orbiting equipment but, even more importantly, in 


ELINT satellites (POPPY and eae, the “the development of ELINT predetection 

STRAWMAN capability seemed redun- . technical analysis techniques and equip- 
dant. He therefore directed the cancella- ment used by practically every follow-on 
tion of vehicle 2738 and all further devel- system. 

opment work. Under this plan, the 

STRAWMAN system continued operations 

through July 1972. 
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The Origins of Quick Reaction 
SIGINT in Space 


In the summer of 1957, Col Frederic 
C. E. “Fritz” Oder, Director of the WS-117L 
Project. Office at the Air Force Ballistic 
Missile Division (AFBMD), Inglewood. 
California, struggled with a very difficult 
budgetary crisis. Funds for missile and 
space activity had fallen victim to an aus- 
tere DOD budget, providing only $10 million 


Col Frederic C. E, Oder 


for FY57, with promise of little more in 
FY58. Oder and BGen Osmond J. Ritland, 
the Deputy Commander of AFBMD, 
®cided a new approach was required to 

obtain effective support for the project. 

®ir previous associations with the CIA 
i the U-2 project led them to the belief 

at a covert approach would be more 


E e Air Force AFTRACK and 


ret 
palatable and effective, particularly in 


view of President Eisenhower's desire to 
secure “Open Skies.” The plan would 
involve the concept of covert overflight 
from orbit, participation of the CIA, and a 
definite project acceleration. Oder’s secre- 
tary Betty Hawkins called it the “second 
story” because she was required to keep 
the details in a file separate from the 
WS-117L documentation. 


The centerpiece of the plan was a 
covert photo payload with a recoverable 
film capsule, to be launched on Thor boost- 
ers, earlier than the already planned Atlas 
launches. On 7 February 1958 President 
Eisenhower. in a meeting with James 
Killian, approved the plan. Eisenhower's 
decision was prompted in part by the 
launch of Sputnik I in October 1957. 
Richard Bissell, Assistant Director of the 
CIA and the U-2 Project Director. had 
agreed to head the CIA effort that would be 
responsible for the covert security system 
and procurement of the photo payload. 
Also in February 1958, President 
Eisenhower established the Advanced 
Research Projects Agency (ARPA) to con- 
solidate all military space systems develop- 
ment. Since ARPA would be responsible 
for the “white” development of the recon- 
naissance spacecraft, booster, and all sup- 
port systems, Oder arranged for his assis- 
tant on WS-117L, Capt Bob Truax, US 
Navy, to be assigned to ARPA to assure 
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adequate coordination between the white 
support systems and the “black” CORONA 
payload. ARPA named the cover for the 
capsule recovery project DISCOVERER 
and assigned to it biomedical and other 
scientific activities to disguise its real 
mission. 


In November 1959 the DISCOVERER 
project was reassigned from ARPA to the. 
Air Force as an “operational” project. 
When BGen Robert E. Greer became 
Director of the SAMOS Project in August 
1960, he used the authority of his “second 
hat” as Deputy Commander of AFBMD 
to incorporate Col Lee Battle and the 
DISCOVERER Project Office into his orga- 
nization. To the unwitting (“white”) Air 
Force and to the world at large it appeared 
that DISCOVERER was an AFBMD scien- 
tific project. 


Harold Willis 


These events set the stage for the 
invention:of the Agena AFTRACK Project. 
Harold Willis, who worked for George 
Miller in the Office of ELINT (OEL) at CIA 
Headquarters in Langley, Virginia, was 
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_ briefed on the CORONA project in 1959 


because of concern in the Intelligence 
Community about the electroni¢ security ~ 
of the DISCOVERER Agena spacecraft's 
commanding and tracking subsvstems, It 
was thought that the Soviets might be con< 
structing antiballistic missile (ABM) or 
anti-Earth-satellite (AES) radars that 
could be used to track or even interfere 
with the US tracking of DISCOVERER 
satellites. 


Willis was aware of the role of the 
Lockheed Missile and Space Company 
(LMSC), not only.as the system engineer 
for development of the DISCOVERER 
Project. but also for the Air Force SAMOS 
Project, which included an ELINT capabil- 
ity called Subsystem F (S/S F). ‘If a Soviet 
radio frequency (RF) transmission or inter- 
ference threat existed, there was a good 


. chance that'in several years S/S F would 


be capable of detecting it. But Willis felt 
the Soviet RF threat-could develop much 
sooner and that waiting several years to 
detect it was a very risky proposition. In 
discussions with Bill Harris of the LMSC 
S/S F payload staff and Maj John Copley, 
the Air Force S/S F SAMOS payload man- 
ager, Willis concluded that a small, self- 
contained electronic payload permanently 
attached to the aft rack of the DISCOV- 
ERER Agena vehicle would be capable of 
detecting any Soviet tracking or interfer- 
ence with the S-band beacon used on the 
Agena vehicle. This critical beacon was 
used for tracking and commanding the 
vehicle through US Verlort ground radars. 
Copley obtained approval and the minimal 
funding necessary for the payload develop- 
ment, test, and incorporation on the aft 
rack of the Agena. Willis briefed Bissell 


and obtained CIA approval of the scheme 
in November 1959. The small AFTRACK 
project was underway. 


Although S/S F procurement was done 
in the white world at the DOD SECRET 
level, there was general agreement that, 


‘in keeping with the covert nature of the 


CORONA payload, activities associated 
with the AFTRACK project should be han- 
dled on a strict need-to-know basis. In 

the same way they had provided the Hiller 
Aircraft Building as a cover for the 
CORONA development, LMSC arranged 
office space on Hanover Street in Palo 
Alto, California, for Bill Harris to conduct 
payload development and integration. 
activities. Only those people directly. asso- 
ciated with the project were made aware 
of its existence. 


From this modest beginning, the con- 
cept of a quick reaction capability (QRC) 
payload that was small, simple, and 
required minimal development, time 

taught on rapidly. QRC developmental - 
activities for intercept of ELINT had a his- 
tory in the Air Force dating back to the 
Korean War, when radar technology was 
advancing at a rapid rate and collection 
Systems that. required, years of normal 
development time were hard pressed to 
keep up. The plan was to build systems 
that could be developed in less than-nine 
onths, did not necessarily conform to all 
military standards (even commercial parts 
“ere allowed), but could operate reliably 
°r a long enough period to answer urgent 


l 7 
‘ction systems then under development. 


© program had started at Wright- 


destions and provide inputs to the Intelli- _ © 
Bence Community and to the design of col- _ 


Te 
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Patterson AFB, Ohio, at the Wright Air 


Development Center (WADC) in the early 
1950s for airborne equipment {primarily 
in the area of electronic warfare). The 
ground QRC program was initiated at 
Rome Air Development Center in 1955, 
and Copley was chosen as the first ground 
QRC officer. This background provided 
the necessary basis for the concept of 
simple, rapidly developed, and effective 
AFTRACK payloads fixed to the 
DISCOVERER Agena vehicle. 


The aft rack of the Agena vehicle was 
well suited to this application. There was 
considerable vacant space available: the 
real problems were power and weight. 
Small, simple, lightweight payloads requir- 
ing minimal power were ideally suited to 
this application. A few extra telemetry 
points were always available for narrow- 
band data to be down-linked and a simple 
on/off command did not overtax the com- 
mand system. The Agena vehicle develop- 
ers had only one mandatory requirement: 
there must be a fuse in the power line of 
the SIGINT payload so that there was no 
way the primary payload power system 
could be jeopardized. Since the DISCOV- 
ERER Agena vehicle flew with its major 
axis perpendicular to nadir (so that the 
CORONA camera, mounted at right angles 
to the long axis of the Agena, would always 
point toward the Earth), it was no problem 
to install Earth-pointing antennas on the 
aft rack. 


Initially the DISCOVERER vehicle 
had a lifetime limited to five or six days, 
owing to complete reliance on battery 
power, This limited the collection time for 
the AFTRACK payloads but it was long 
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To convert from 


Decimeters 
Decigrams 
Decisteres 
Degrees 
Degrees 
Degrees 
Degrees 
Degrees 


Degrees/second 
Degrees/second 
Degrees/second 


Dekagrams 
Dekameters 
Faradays 
Faradays 
Faradays 
Faradays 
Farads 
Farads 
Farads 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 

Feet 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/minute 
Feet/second 
Feet/second 
Feet/second 
Feet/second 
Feet/second 
Feet/second 
Feet/second 
Feet/second 
Feet/second 


Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 
Gallons (liquid) 


Grains 
Grains 
Grains 


See notes at end of table. 


AGO 558A 


Meters 
Grams 
Cubic meters 


Circumferences* (revolutions) 


Minutes 
Quadrants 
Radians* 

Seconds 
Radians/second 
Revolutions/minute 
Revolutions/second 
Grams 

Meters 
Abcoulombs 
Ampere-hours 
Coulombs 
Statcoulombs 
Abfarads 
Microfarads 
Statfarads 
Centimeters 
Inches 

Kilometers 

Meters 

Miles (nautical) 
Miles (statute) 
Mils 

Millimeters 

Yards 
Centimeter/second 
Feet/second 
Kilometers/hour 
Kilometers/second 
Knots 
Meters/minute 
Meters/second 
Miles/hour 
Miles/minute 
Centimeters/second 
Feet/minute 
Kilometers/hour 
Kilometers /minute 
Knots/hour 
Meters/minute 
Meters/second 
Miles/hour 
Miles/minute 
Cubic centimeters 
Cubic feet 

Cubic inches 

Cubic meters 
Cubic yards 

Liters 

Pints (liquid) 
Quarts (liquid) 
Grams 

Kilograms 
Milligrams 


A 
Al 
| 
2.778 x 10—8 
60 

1.111 x 10-2 
1.745 x 10-2 
3600 

1.745 x 10-2 
1667 

2.778 x 10—8 


26.81 

9.649 x 104 
2.893 x 1014 
10-9 

106 

8.988 x 101! 
30.48 

12 

3.048 x 10—4 
8048 

1.645 x 10—¢ 
1.894 x 10-4 
1.2 x 104 
304.8 

3333 

-5080 

1.667 x 10—2 
1.829 x 10—2 
3.048 x 10-4 
9.868 x 10-8 
3048 

5.080 x 10—3 
1.186 x 10-2 
1.894 x 10—4 
30.48 


5921 

18.29 

3048 

.6818 

1.136 x 10—2 
3785. 

1337 

231 

3.785 x 10—3 
4.951 x 10-3 
3.785 

8 


4 

6.480 x 10—2 
6.481 x 10—5 
64.81 
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enough to collect useful data. When the 
CORONA Program developed a capability 


to return two recovery capsules, a system 
EO 13526 3.3(b)(1)>25Yrs 


it was necessary to add an independent 
programmer and data link. This-was done 
and many later AFTRACK payloads did 
operate during thei 
early in the AFTRACK program. recorders 
had been added (where the telemetry 
recorder was not adequate) so the payload 
could collect data over the Soviet Union 
and return it to the remote tracking sta- 
tions (RTSs) of the US Satellite Control 
Facility (SCF) in Sunnyvale. 


Security was a serious concern, as 
mentioned earlier, not only because of the 
CORONA payload on the same vehicle, but 
also to avoid providing the Soviets with 
ammunition to attack President 
Eisenhower's “Open Skies” efforts in 
space. Initially the project was handled at 
the DOD SECRET leve) and strict need-to- 
know was enforced. The initial DOD/CIA 
partnership agreement to participate in a 
National Reconnaissance Program (NRP) 
in September 1961 required stricter secu- 
rity. The SAMOS Program Office in El 
Segundo became the Office of Special 
Projects (SAFSP). LtCol Ed Istvan, who 
had been assigned responsibility for Space 
SIGINT Systems on the SAFSS staff in 
Washington, was tasked with developing a 
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more secure system-access control. After 
struggling mightily with Air Force 
Security Regulation 205-1 (the SIGINT 
program was still under DOD security con- 
trol), he came up with the codeword 

to protect AFTRACK pay- 


ants required all personnel requir- 
EO 13526 3.3(b) I 


10aqas. 
ing access to sign a 
agreement. and a list of cleared personnel 
was maintained. Documents were stamped 
“SPECIAL HANDLING,” in the same 
manner as the Air Force black GAMBIT 
photo project. The National Reconnaissance 
Office (NRO) was formed on 2 May 1962. 
In December 1962 the BYEMAN system > 
was applied to all SIGINT Programs 
except 698BK. which remained “SPECIAL 
HANDLING?” until November 1962. Anew 
codeword aeibeemdec placed the Air Force 
ieee and Navy POPPY designators. 
rrom tnat time on all space reconnais- 
sance programs have been conducted by 
the NRO under security control of the 
BYEMAN system, 


security 


In December 1962 Copley was trans- 
ferred from the DISCOVERER Program 
Office to the newly formed SIGINT Project 
Office of SAFSP as Chief, aia ivision. 
responsible for payload development. In 
November 1963, a new program number, 
770, was assigned to disassociate the new 
BYEMAN effort from the previous DOD 
698BK program. Boosters, Agenas, and 
associated support equipment continued to 
be procured in the white world, but since 
that time all payloads have been procured 


’ through black BYEMAN contracts. 


Five days prior to the launch of the . 
first AFTRACK payload on DISCOVERER 
13, 10 August 1960, the US Intelligence 
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Board (USIB) issued the first national- 
level SIGINT requirements document, 


USIB-D-33.6/8, “Intelligence Requirements 


for a Satellite Reconnaissance System of 


Which SAMOS is an Example,” 5 July 1960. 


Paragraph Ic. stated: “... additional 
types of directed coverage may be 
required. Provision should be made to 


procure such equipment by Quick Reaction 


Capabilities (QRC).” Also“ ...aclose 
working relationship between the R&D 
organization and the Intelligence : 
Community is required.” The AFTRACK 


project personnel felt that the program fol- 


lowed this direction very closely! 


EO 13526 3.3(b\(1)>25Yrs 


Work started on the first ARPAMaamna 


i@ in the spring of 
ISYTS 


EO 13526 3.3(b) 1 p> 


: LC OVERER Project Office brought it to 
he attention of Maj John, Copley, who 


SPonsored the fixed AFTRACK pavioads. 
EO 13526 3.3(b\1)>25Yrs 
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development eventually led to the phasing 
out of the fixed aft rack payloads on the 
Agena vehicle except for the “vulnerability 
payloads,” which were continued on the aft 
rack of all photo missions to detect hostile 
radar tracking of the vehicle. The last of 
the SIGINT AFTRACK payloads, mission 
7225, SQUARE TWENTY. was launched 
28 October 1965 on vehicle 1620. Although 
the 72XX series of mission numbers was 
continued after this time for secondary 
payloads, none were mounted on the aft 
rack during the time frame covered by this 
history. 


The AFTRACK Program 


In early 1960. concern was growing in 
the US Intelligence Community that the 
Soviet Union was building not only missile 
systems but also systems to counter US 
missiles.and satellites, U-2 photography 
had shown that large ground radar sites 
were under construction at the Soviet Sary 
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Shagan R&D test site in the vicinity of the 
missile launch pads. The Soviets also had 
several ships and trawlers equipped with 
large radomes whose purpose was not 
known. In February 1960, Harold Willis 
of the CLA Office of ELINT (OEL), having 
recently been briefed on the CORONA 
photo satellite program, contacted Maj 
Copley and told him of these concerns. He 
expressed the national-leve) fears that the 
Soviets might in some way interfere with 
the operation of the CORONA command 
and tracking subsystems. 


Copley was responsible for the con- 
tract with LMSD to develop the ELINT 
subsystem, S/S F of the SAMOS System, 
for the Air Force with the Airborne Instru- 
ments Laboratory (AIL) at Mineola, Long 
Island, New York, as the subcontractor. 
Willis had discussed with Bill Harris of 
the LMSD S/S F office the possibility that 
Support might be available on the aft rack 
of the CORONA Agena spacecraft for a 
small electronic “black box” that could 
detect any electronic interference to the 
Mission. Willis had also discussed the 
Problem with Gene Fubini of AIL, who 

me an enthusiastic supporter of the 
AFTRACK concept and suggested a small 
Payload called SOCTOP, which received 
Signals in the 2.5- to 3.2-MHz frequency 

and in which the Agena S-band beacon 
°perated. {t required only an on/off com- 
mand and a few telemetry points to encode 
“8 output. Copley was able to obtain the 
™nimal funding required, and Willis 
“ranged for authority to’ mount SOCTOP 
“n the aft rack of the DISCOVERER 13 
seeng vehicle. The presence of SOCT OP 
aloes very little notice when DISCOV- 

RER 13 was launched on 10 August 1960. 


Most of the attention was focused on the 
recovery capsule that attained fame as the 
first object to be recovered intact from an 
orbiting spacecraft (something the Soviet 
Union had not yet achteved). 


The immediate analysis of the SOCTOP 
data was almost as remarkable as the cap- 
sule recovery. It showed what appeared to 
be Soviet tracking of the CORONA space- 
craft on almost every readout by a US- 
operated tracking station (there was no 
recorder, so data could be received only 
when the spacecraft was in view of the 
tracking stations). That Soviet tracking 
was so extensive worldwide was a surpris- 
ing and alarming discovery; Willis quickly 
passed the “tracking” story on to the 
Intelligence Community. However. further 


‘analysis of the data revealed that SOCTOP 


actually was receiving signals from US 
Verlort radars at the remote tracking sta- 
tions (RTSs) as they tracked the space- 
craft. Despite the embarrassment to Willis 
and others caused when the error was dis- 
covered, the small AFTRACK payload for 
QRC response to urgent ELINT questions 
did catch on! 


SOCTOP was the first of a long series 
of “vulnerability” payloads, so called 
because of their part in an NRO program 
to determine susceptibility of reconnais- 
sance satellites to hostile Soviet (or other) 
activities. Eventually this type of payload 
flew.on almost every Program A low- 
altitude reconnaissance satellite 
launched. The objective was to determine 
if Soviet or other hostile radars were actu- 
ally tracking or trying to interfere with the 
electronics on the vehicle and the degree of 
success they achieved. A byproduct of this 
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activity was verification of the tracking 
radar characteristics or discovery of new 
variations in their patterns not seen previ- 
ously. The payload configuration changed 
as new and improved tracking radars 
appeared and as collection payload tech- 
nology improved. : 


In early 1963, following a series of 


SOCTOP launches, a competition was held _ 


by the Special Projects Office to design a 
more sophisticated payload capable of 
receiving and returning characteristics of 


signals in the EO 13526 3.3(b)(4)>25Y frequency 


range. A recorder was to be included, 
EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c) 


Pitsenbarger and his team at Electronics 
Defense Laboratory (EDL)-Sylvania in 
Mountain View, California, won the com- 
petition and produced the new version, 
known.as STOPPER. This initiated an 
era, continuing through 1975, in which 


EDL produced all of the electronic vulnera- 


bility payloads that were installed on most 
photo and SIGINT satellites. 


EO 13526 3.3(b)1)>25Yrs, EQ 13526 1 4(c)<25Yrs, EO 13 


to this frequency range. By this time the 
NRO had been formed and the SAFSP in 
El Segundo, California, had been given 


responsibility for the development of a sur- 


vivability program for all NRO vehicles. 
Accordingly, sponsorship of these “BIT 


Serres’ 
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boxes” was transferred from the SAFSP 
ELINT office to the SAFSP vulnerability. 
office. 


Maj Murray J. Sherline developed the 
concept of tailoring the frequency coverage 
of the BIT boxes to the known radar threats, 
rather than duplicating the mission of the 
ELINT satellites of looking for new threats. 
The data from the STOPPER missions was 
processed at the EDL-Sylvania plant at 
Mountain View, California. PIOMRAPERIS Olah 


Many versions of the BIT boxes were 
developed as new radar data were received 
and as payload construction techniques 
improved. BIT I through IX versions were_ 

. EO 13526 1.4(c)<25Yrs, EO 
built as more data on 


collected. in 146% the HILL boxes were con- 


with configurations 
tatlored to the individual launches. 


EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4{c)<25Yrs, EO 13526 3 


The BIT box output was distributed 
to NSA and other interested agencies and 
was also used to program the operation of,  : 
and sometimes to aid in the design of, 

_other SIGINT satellite payloads. NSA had 
ne responsibility for processing the vulner- 
ability payloads but did benefit from the 


results. EO 13526 3.3(b\1)-25¥rs 


Following the first AFTRACK pay- | 
load (SOCTOP 1), flown in August: 1960, 
ene Fubini and his AIL team came up 
“ith a simplified version of the forward 
rack SAMOS Project 102 payload (F-2) 
that would simply scan the 0.4- to 1.5-GHz 
nd to detect radar activity in the Soviet 
"On, including suspected ABM/AES 
Peet Its mission was almost the reverse 
cia (detection of ground radars 
er than radar tracking of the satellite) 
30, Naturally, it was named TOPSOC. It 
- the F.2 high-gain super-heterodyne 
*teivers and, essentially, omnidirectional 
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antennas. Since TOPSOC lacked the 
directional antenna of the F-2 payload, but 
still retained the sensitivity, it scooped up 
a large number of interleaved signals, 
horizon to horizon. including sidelobes and 
main beams! Although an RF band had 
been chosen that was thought ta be rela- 
tively quiet (400 to 1,600 MHz); the first 
TOPSOC, launched on 12 September 1961, 
encountered a signal environment in the 
Soviet Union that proved far too populated 
and active to be successfully processed by 
any.automatic or manual techniques avail- . 
able at that time. The first lesson in. 
matching the collection system to the pro- 
cessing system had been learned! It was 
also clear that, in the 1960s, there were 
many more radars in the Soviet Union 
than previously thought. Another thing 
learned was that unless the intercept is 
unique and of very high priority, an inter- 
cept without a location has very little 
value (at the same time, Navy POPPY 
satellites were proving this same axiom). 


The TOPSOC launches occurred in 
the summer and fall of 1961, but sometime 
before this another approach to the QRC 
AFTRACK payloads had developed. In 


_those days, the Air Force sponsored an 


annual review at the Stanford Electronics 
Laboratories (SEL) in Pale Alto, California, 
of SEL's activities in support of ELINT, or 
more precisely, the electronic warfare com- 
munity. These were called the Technical 
Advisory Committee (TAC) meetings. 
Almost all contractors and government 


-agencies involved in the development or 


use.of electronic warfare systems attended 
regularly, making it one of the premier 


oe FOR Sec 
Handle via BYEMA, LENT-KEYHOLE- 
od Ci 
: VE.G107 Ts 


lointly : Chapter 5 127 


ELINT events of the year. Until this time, 
of course, ground, sea, and airborne plat- 
forms were the extent of the discussions. 


Bill Harms, the LMSC AFTRACK 
payload manager; Phil Doersam, LMSC 
S/S F manager; and Maj Copley attended 
the TAC meeting in August 1960 in search 
of concepts for AFTRACK payloads. At the 
meeting, Jim DeBroekert of SEL demon- 
strated a newly developed miniaturized 
‘receiver. With the receiver connected to a 
power meter, he had been flying it in his 
Cessna airplane around the San Francisco 
Bay area to demonstrate radar-location 
techniques. Harris asked DeBroekert if 
his receiver could be adapted to an 


ARTRACW annlicatinn Tha rocult weac 
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included a tape recorder, making it tne 
first AFTRACK payload with this capabil- 
ity. Bill Rambo, in charge of SEL at the 
time. was intrigued with the simplicity of 
the concept and even made a short 8-mm 
movie to illustrate it. This was the begin- 
ning of 3 long association between SEL, 
LMSD, and SAFSP that ended only when 
pacifists protested SEL’s involvement with 
the military during the Vietnam war. . 


Don Grace. who became the SEL 
manager for AFTRACK payloads, set up a 
small lab in the basement of their building 
on the Stanford campus where Don 
Eslinger built (essentially single-handed) 
all the SEL payloads (10 total). Other very 
capable members of their staff were John 
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I Hunter, Tony Taussig, Tom Miles, and 

' Chuck Schoens. DeBroekert. Miles, and 

' Hunter went on to form ARGO Systems 
when the university gave in to protesters 
in the spring of 1967 and closed SEL. 
Eslinger went to Georgia Tech, Schoens to 
Stanford Research Laboratones (SRI), and 


way of Applied Technology, Inc (ATI) 


The SEL policy was to design and build 
: the first of a new series and then turn 
production over to industry. Following 
TAKI, WILD BILL was invented in the 
spring of 1961. (Neither Grace nor 
DeBroekert would admit which Bill— 


Harms or Rambnii was names after’) 


EO 13526 1.4(c)<25Yrs, EO 13526 3.5(c) 


The first WILD BILL was 


would utilize. 
launched on 7 July 1961 and operated for 
two days with no important intercepts. 
The second, designated WILD BILL 1, was 
launched on 27 February 1962 and oper- 
ated for only two orbits with no significant 
results. Later versions of WILD BILL 
were built by ATI, which had been formed 
in the Palo Alto area by John Grigsby, 
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another former SEL engineer. LMSC:had é 


contracted with Grigsby to build the follow. 
on versions of SEL payloads. 
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LO provide an output compatible with the 
ELINT processing system called FINDER, 
which had been designed to process data 
from the U-2 and other airborne collection 
systems. PLYMOUTH ROCK 1 was 
launched on 24 Noveniber 1962 and achieved 
at least two firsts: it was the first AFTRACK 
payload to receive a mission number, 7201, 
in accordance with the new BYEMAN pro- 
cedures, and it was also the first space 
payload to use a sweeping yttrium-iron- 
garnet (YIG) filter for frequency discrimi- - 
nation. Two more PLYMOUTH ROCKs 
were built by ATI. the last of which had 
the further distinction of being pe only 

35 


The outputs from the AFTRACK pay- 
loads included commutated data from 
selected points on the primary mission 
telemetry commutator and also, at times, 
recorder output from the AFTRACK pay-: 
load. Each payload was unique and pro- 
duced different processing and analysis 
challenges. LMSC processed the data to 
evaluate payload performance and assisted 
NSA and SAC in their processing and anal- 
ysis effort. , , 
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| Data from TAK], WILD BILL. TOPSOC. 
‘ PLYMOUTH ROCK, and LONG JOHN were 


processed at NSA on an electronic machine 
complex known as Bee 


differences in data format for each mission 
required extensive programming effort to 
write and extensive machine-time to check 
’ out the computer programs for each indi- 
vidual package. Frequently more time 
was spent in developing the processing 
than was required ta process the data. For 
example, once the basic computer pro- 
grams for a TAKI mission were written 
and checked out, it took a relatively small 
amount of time to process all the format- 
ted data from that TAKI mission and any © 
subsequent identical TAKI mission. 
Unfortunately, most missions. were not 
identical because the AFTRACK payloads 
had to compete for points on the primary 
mission telemetry commutator. so data for- 
mats changed frequently. Analysis of the 
+ data still required extensive manual effort 
after or in parallel with the machine pro- 
cessing. 
SAC processing and analysis of data 
from the AFTRACK payloads were fre. 
quently done by LMSC By 0 19928 9S0NTP25) 
} Sunnyvale, for SAC with SAU parucipa- 


tion: LMSC provided space and equip- 
MEO 13526 1.4(c)<25Yrs. EO 13526 3.5(c) 
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elements of the US Intelligence Community 
to function as a part of the Soviet ABM 
system. 


EO 13526 1.4(c)<25Yrs. EO 13526 3. 5(c) 


While the AFTRACK ELINT story 
was unfolding, other parallel efforts were 
underway in the COMINT area. Interest 


in COMINT had surfaced in several 
EQ 13526 3.51c) 


tol WS-117L might be adapted to 
COMINT collection, but he felt that feasi- 
bility needed to be demonstrated. 


It was Capt Don Wipperman and his 
associates at Air Force Security Service 
(AFSS), San Antonio. Texas, who came up 
With the first COMINT satellite concept. 
Together with the AIL team, they pre- 
Sented an idea for an AFTRACK pavioad 
capable of interceptiniaaaaenanal 
Ommunications signal tat was tnen 
ought to be from the prevalent air/ground 
(A/G) communications system in the 
Soviet Union. This resulted in the TEXAS 
PINT (AFSS was in Texas). Its only draw- 
ack was that when launched on 30 August 

1, it showed tha ASBMB ad been 
*Uperseded by more advance a 
communications s svstems. It aia provide a 


Boed look at the VHF environment over 
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the Soviet Union. These data were used 
i extensively in Jater payload designs. In 
| the summer of 1961, Sanders Associates at 


_New Hampshire. teamed with 
( EQ 13526 3 5ich 


In another area of the COMINT 
scene, Wayne Burnett of HRB-Singer at 
State College, Pennsylvania, came up with 


a concept to intercept, encode. and record - 
EO 13526 3 5(c} 
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To convert from 


Grains 
Grains 
Grams 
Grams 
Grams 
Grams 
Grams 
Grams 
Grams 
Grams 
Hectares 
Hectares 
Hectares 
Hectares 
Hectares 
Hectares 
Hectograms 
Hectograms 
Hectoliters 
Hectometers 
Hectometers 
Hectometers 
Hectowatts 
Hemispheres 
Hemispheres 
Hemispheres 
Henrys 
Henrys 
Henrys 
Henrys 
Inches 
Inches 
Inches 
Inches 
Inches 
Inches 
Inches 
Inches 
Kilograms 
Kilograms 
Kilograms 
Kilograms 
Kilograms 
Kilograms 
Kilograms 
Kilograms 
Kiloliters 
Kiloliters 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers 
Kilometers/hour 


See notes at end of table. 
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To 


Ounces (avoirdupois) 
Pounds (avoirdupois) 
Grains 

Kilograms 
Milligrams 

Ounces (avoirdupois) 
Pounds (avoirdupois) 
Tons (long) 

Tons (metric) 

Tons (short) 

Acres 

Acres 

Square feet 

Square meters 
Square rods 

Square yards 

Grams 

Ounces (avoirdupois) 
Liters 

Meters 

Rods 

Yards 

Watts 

Spheres 

Spherical right angles 
Steradians? 
Abhenrys 
Microhenrys 
Millihenrys 
Stathenrys 
Centimeters 

Feet 

Kilometers 

Meters 

Miles 

Millimeters 

Mils 

Yards 

Grains 

Grams 

Milligrams 

Ounces {avoirdupois) 
Pounds (avoirdupois) 
Tons (long) 

Tons (metric) 

Tons (short) 

Gallons (liquid) 
Liters 

Centimeters 

Feet 

Inches 

Meters 

Miles (nautical) 
Miles (statute) 
Millimeters 

Mils 

Yards 
Centimeters/second 


Multiply by 


2.286 x 10—3 
1.429 x 10—4 
15.43 

6.480 x 10—5 
64.80 

3.527 x 10--% 
2.205 x 10-3 
9.842 x 10—7 
10-4 

1.102 x 10-6 
2.471 

100 

1.076 x 105 
10000 

3.954 x 102 
11959.85 

100 

3.527 

100 

100 

19.88 

109.4 

100 

5 

4 

6.283 

109 

106 

1000 

1.113 x 10—12 
2.540 

8.333 x 10-2 
2.540 x 10-5 
2.540 x 10-2 
1.578 x 10-5 


2.778 x 10-2 
1.543 x 104 
1000 

106 

35.27 

2.205 

9.842 x 10-4 
001 

1.102 x 10-3 
264.18 

1000 

105 

3281 

3.937 x 104 
1000 

5396 

6214 

106 

3.937 x 107 
1094 

27.78 
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payload launched on 4 December 1962 had 
pretty much the same results. A final ver- 
sion, OPPORKNOCKITY (“it tunes but 


once”). was launched on 21 Auenst.1964 
EO 13526 1.4{c)<25Yrs, EO 13526 3.5{c) 


Two more payloads, SQUARE 
TWENTY and DONKEY, launched in 1965 
and 1967, completed the story of AFTRACK 
COMINT collection. With the experience 
to date, the concept of copying content 
from low orbiters was losing its attraction, 
and accurate location was becoming a 
more important consideration. SQUARE 

igned to locate the Soviet 


5Yrs EO 13826 3.4503 


One other AFTRACK payload that 
was actually integrated into the front rack 
along with MULTIGROUP 2 and SETTER 
1B was DONKEY. launched on 24 July 1967. 
This payload was part of a program initi- 
ated by Col John Copley, who was then 
assigned to the Manned Orbiting Laboratory 


(MOL) staff at US Air Force Headquarters. 


The payload activities were handled under 
the BYEMAN program, but through a 
unique management arrangement, the 
overall effort was managed by the Air 
Force. Back in February 1965, Copley had 
been assigned to determine if there were 
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any SIGINT applications that might be 
enhanced by the manned aspect of the 
MOL. Several ELINT applications were 
examined. but in the area of CORUNT the 


EO 13526 1 4iej}<25Yrs. EO 1352 


could aiso be collected trom the sideiobes. 
however, intercept times could be length- 
ened appreciably and might permit inter- 
cept of adjacent emitters on the same link. 
thereby providing the necessary continuity. 
This is what DONKEY attempted to 
demonstrate. 


A program developed by the team of 
E-Systems in Garland, exes: and EDL- 
Sylvania, using Soviet 13g eairansmitter 
specifications aai—_eeel involved 
airborne testing against a Le 
terminal installed at the E-Systems facility. 


_An Air Force helicopter was used to fly a 


payload in an intercept pattern through 
the main beam and sidelobes of the 
microwave antenna. Phil Fyre and a team 
of analysts at EDL analyzed the data and 
made recommendations for mission pro- 
files. The results were sufficiently encour- 
aging to convince the team that a satellite 


test should be performed to verify the’ 
flight-test data. Ree ome 


but the need for a 
three-axis-stable platform indicated the 

Agena vehicle was the appropriate carrier. 
Vince Henry, the AFTRACK and [ASE 
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do 


manager at LMSC, determined that a loca- 


tion on the forward rack was the only prac- 
tical place to mount the 6-foot expandable 
parabolic antenna required for the mission. 
Agena vehicle 2732, scheduled to launch 
the MULTIGROUP 2 and SETTER 1B 
payloads in July 1967, would have new, 
more powerful CASTOR II solid rockets, 
providing greater thrust than the previ- 
ously used thrust-augmented Thor (TAT) 
booster. This made it a logical choice for 
the addition of DONKEY. Installation of 
all three payloads (including three out- 
board expandable antennas) required very 
innovative engineering. This may have 
been the point at which the payload was 
named DONKEY (for lack of a better 
explanation). In any case DONKEY 
boasted an independent down-link and 
when launched on 24 July 1967 operated 
30 days longer.(for a total of 182 days) 
than the other payloads following the fail- 
ure of their data link transmitter. 


DONKEY was unable to perform the 
sidelobe intelligibility mission on orbit due 
‘to the failure of the pointing mechanism 


on the 6-foot dish antenna. This did not 
EQ 13526 1 4(cj<25Yrs. EO 13526 3 5(c} 


mission planning for the jana TERS 


In fact. tne Initial airborne inteilg- 


of EDL and Vince Henry (and his boss, 
George Minalga) of LMSCIROMESZERRI Sa 


P ¥ 
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"emitter as the low-orbiting MOL flew 
swiftly over the Soviet Union (this may be 
another explanation for the name of the 


DONKEY COMINT AFTRACK payload). 
EO 13526 3 3(b\1)>25Yr 


The locations produced by 


SQUARE TWENTY, DONKEY, and the 
EO 13526 3.3(b)(1)>25Yrs 


All of the data from the COMINT pay- 
loads were analyzed at the contractor facil- 
ities and at NSA, mostly by rather labori- 
ous manual processing. The information 
gained from the éarly TEXAS PINT. NEW 
JERSEY, GRAPE JUICE. and VINO pay- 
loads was minimal except for the develop-- 
ment of a healthy respect for the interfer- 


environment over eastern Russia 
4(cj<25Yrs, EO 13526 3.5(c}, EO 13526 3.3(b){ 1)> 
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The AFTRACK payloads had run 
their course by the time of the SQUARE 


TWENTY launch in 1965. The much more 
EO 13526 3.3(b)(1)>25Yrs 
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by LMSC, took over the original QRC-type_ 
missions of the AFTRACKs, and went on =! 
to greater capability, utility, and inevitably, 
the accompanying and ever-increasing cost. 


EQ 13526 3.bi 1 25Yrs. EO 13526 1 4(c)<25Yrs 


EQ 13526 3.3(by1)>25Yrs EO 12526 1 df(eis25Yrs 
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To convert from To Multiply by 
Kilometers/hour Feet/minute 54.68: 
Kilometers/hour Feet/second 9113 
Kilometers/hour Kilometers/ minute 1.667 x 10—2 
Kilometers/hour Knots/hour 5396 
Kilometers/hour Meters/minute 16.67 
Kilometers/hour Meters/second .2778 
Kilometers/hour Miles/hour 6214 
Kilometers/hour Miles/minute 1.036 x 10-2 
Kilometers/minute Centimeters/second 1667 
Kilometers/minute Feet/minute 3281 
Kilometers/minute Feet/second 54.68 
Kilometers/minute Kilometers/hour 60 
Kilometers/minute Knots/hour 82.38 
Kilometers/minute Meters/minute 1000 
Kilometers/minute Meters/second 16.67 
Kilometers/minute Miles/hour 37.28 
Kilometers/minute Miles/minute 6214 
Kilowatt hours Watt-hours 1000 
Kilowatts Watts 1000 
Knots/hour Centimeters/second 51.48 
Knots/hour Feet/hour 6080.20 
Knots/hour Feet/minute 101.3 
Knots/hour Feet/second 1.689 
Knots/hour Kilometers/hour 1.853 
Knots/hour Kilometers/minute 3.088 x 10-2 
Knots/hour Meters/minute 80.88 
Knots/hour Meters/second 5148 
Knots/hour Miles/hour 1.152 
Knots/hour Miles/minute 1.919 x 10—2 
Liters Bushels (dry) 2.838 x 10—2 
Liters Cubic centimeters 1000 
Liters Cubic feet 3.581 x 10-2 
Liters Cubic inches 61.02 
Liters Cubic meters 001 
Liters Cubic yards 1.308 x 10-3 
Liters Gallons (liquid) .2642 
Liters Pints (liquid) 2.113 
Liters Quarts (liquid) 1.057 
Megacycles Cycles 106 
Megameters Meters 106 
Megohms Abohms .001 
Megohms Abohms 1015 
Megohms Microhms 1012 
Megohms Ohms 106 
Megohms Statohms 1.112 x 10—6 
Meters Centimeters 100 
Meters Feet 3.281 
Meters Inches 39.37 
Meters Kilometers .001 
Meters Megameters 10-4 
Meters Miles (statute) 6.214 x 10—4 
Meters Millimeters 1000 
Meters Millimicrons 109 
Meters Mils 3.937 x 104 
Meters Yards 1.094 
Meters/minute Centimeters/second 1.667 
Meters/minute Feet/minute 8.281 
Meters/minute Feet/second 5.468 x 10-2 
Meters/minute Kilometers /hour .06 
AGO 558A 
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To convert from 


Meters/minute 
Meters/minute 
Meters/minute 
Meters/minute 
Meters/minute 


Meters/second 
Meters/second 
Meters/second 
Meters/second 
Meters/second 
Meters/second 
Meters/second 
Meters/second 
Meters/second 
Microfarads 
Microfarads 
Microfarads 
Micrograms 
Milliograms 
Microhenrys 
Microhenrys 
Microhenrys 
Microhenrys 
Microhms 
Microhms 
Microhms 
Microhms 
Microliters 


Micromicrofarads 


Microvolts 
Microvolts 
Microvolts 
Microvolts 
Miles 

Miles 

Miles 

Miles 

Miles 

Miles 

Miles 

Miles 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/hour 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
Miles/minute 
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To 


Kilometers/minute 
Knots/hour 
Meters/second 
Miles/hour 
Miles/minute 
Centimeters/second 
Feet /minute 
Feet/second 
Kilometers/hour 
Kilometers /minute 
Knots/hour 
Meters/minute 
Miles/hour 
Miles/minute 
Abfarads 

Farads 

Statfarads 

Grams 

Milligrams 
Abhenrys 

Henrys 
Millihenrys 
Stathenrys 
Abohms 

Megohms 

Ohms 

Statohms 

Liters 

Farads 

Abvolts 

Millivolts 

Statvolts 

Volts 

Centimeters 

Feet 

Inches 

Kilometers 

Meters 

Miles (nautical) 
Rods 

Yards 
Centimeters/second 
Feet/minute 
Feet/second 
Kilometers/hour 
Kilometers/minute 
Knots (per hour) 
Meters/minute 
Meters/second 
Miles/minute 
Centimeters/second 
Feet/minute 
Feet/second 
Kilometers/hour 
Kilometers/minute 
Knots/hour 
Meters/minute 
Meters/second 
Miles/hour 


Multiply by 


.001 

3.238 x 10-2 
1.667 x 10--2 
3.728 x 10-2 
6.214 x 10-4 


2.237 

3.728 x 10—2 
10—15 

10-6 

8.988 x 105 
10-6 

001 

1,000 

10-4 

001 

1.113 x 10—18 


1.113 x 10—18 
10-6 

10—12 

100 

001 

3.336 x 10-9 
10-6 

1.609 x 105 
5280 

6.336 x 104 
1.609 

1609 
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To convert from 


Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Milligrams 
Millihenrys 
Millihenrys 
Millihenrys 
Millihenrys 
Milliliters 
Millimeters 
Millimeters 
Millimeters 
Millimeters 
Millimeters 
Millimeters 
Millimeters 
Millimeters 
Millimicrons 
Millivolts 

Millivolts 

Millivolts 

Millivolts 

Mils 

Mils 

Mils 

Mils 

Mils 

Mils 

Minutes (angle) 
Minutes (angle) 
Minutes (angle) 
Minutes (angle) 
Minutes (angle) 
Myriagrams 
Myriagrams 
Myriameters 
Myriameters 
Myriameters 

Ohms 

Ohms 

Ohms 

Ohms 

Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Ounces (avoirdupois) 
Pints (liquid) 

Pints (liquid) 

Pints (liquid) 

Pints (liquid) 


See notes at end of table. 
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To 


Grains 
Grams 
Kilograms 
Ounces (avoirdupois) 
Pounds (avoirdupois) 
Tons (long) 
Tons (metric) 
Tons (short) 
Abhenrys 
Henrys 
Microhenrys 
Stathenrys 
Liters 
Centimeters 
Feet 

Inches 
Kilometers 
Meters 
Miles 

Mils 

Yards 
Microns 
Abvolts 
Microvolts 
Statvolts 
Volts 
Centimeters 
Feet 

Inches 
Kilometers 
Millimeters 
Yards 
Degrees 
Quadrants 
Radians* 


Revolutions* (circumferences) 


Seconds 
Grams 
Kilograms 
Kilometers 
Meters 

Miles 
Abohms 
Megohms 
Microhms 
Statohms 
Grains 
Grams 
Kilograms 
Milligrams 
Pounds (avoirdupois) 
Tons (long) 
Tons (metric) 
Tons (short) 
Cubic centimeters 
Cubic feet 
Cubic inches 
Cubic meters 


1.543 x 10-2 
001 

10-4 

3.527 x 10—5 
2.205 x 10-6 
9.842 x 10—10 
10—9 

1.102 x 10—9 
106 

001 

1000 

1.112 x 10—15 
001 

1 
3.281 x 10—3 
3.937 x 10—2 
10-6 

001 

6.214 x 10—? 
39.37 

1.094 x 10—3 
.001 

105 

1000 

3.336 x 10—8 
001 

2.540 x 10—3 
8.333 x 10—5 
001 

2.540 x 10-8 


2.540 x 10-2 


2.778 x 10—5 
1.667 x 10—2 
1.852 x 10—4 
2.909 x 10—4 
4.630 x 10—5 


1.112 x 10—12 
437.5 

28.35 

2.835 x 10—2 
2.835 x 104 
6.250 x 10—2 
2.790 x 10—5 
2.835 x 10—5 
3.125 x 10—5 
473.2 

1.671 x 10-2 
28.87 

4.732 x 10-4 
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Mission Requirements 


During the late 1950s, the Intelligence 
Community's weapons system analysts 
began to realize that overhead photogra- 
phy alone could not do a complete job of 
assessing the Soviet missile threat. 
Though crucial for strategic indications 
and warning (1&W), photography was 
essentially static; it showed the number 
and kind of launching pads but revealed 
little about the missiles themselves in 
terms of actual in-flight performance. The 
information of greatest value to US missile 
intelligence analysts was that used by the 
Soviet missile designers themselves. Like 
their US counterparts, Soviet missile 
designers put instruments on board their 
vehicles to monitor various interna} func- 
tions during the missile development and 
test phase. These data were transmitted 
to Earth in coded-signal format, called 
telemetry, for engineering evaluation and 
assessment. Because of the design and 
function of telemetry, US intelligence agen: 
cles made special efforts to collect this 
information, along with beaconry and 
other electronic emissions from rocket test 
Vehicles. all of which came to be called for- 
eign instrumentation signals, or FIS. The 
collection and analysis of such signals for 
intelligence purposes is called TELINT. 


£0 13526 3.3ébi 122 


orn es ee ot eae 


Eo 1.4. (c) 
_ Top Seey ; PL 86-36/50 USC 3605 
Handle via BYEMASHTALENT-KEYHOLE- rr 
COMIN fofitral Channets jomtly Chapter 6 167 


BYE-9197/98 


r 
NOS DIRORCON 


manaie via BYEMANMALENT.XE YP ID! E- 
Fiat 


168 The SIGINT Satellite Story 


The Project Story 


On 27 July 1963, the Hughes Aircraft 
Compariy’s SynCom II became the world’s 
first successful equatorial geosynchronous 
satellite. Located 22,000 miles above the 
Earth's equator and orbiting around the 
Earth once each day at the same periph- 
tra! velocity that the Earth's equator 


nd aan ates ciemlyas tia Bale 


turned beneath it, the equatorial geosyn- 
chronous satellite appears to an observer 
on the ground to remain motionless in the 
sky. This is a perfect orbit for a satellite 
designed for relaying information from one 
place on the Earth to another-ideal fora 
communications satellite or a COMINT 
satellite. SynCom II marked the birth of 
the era of communications satellites and it 
also set in motion the idea for a project 
that.was to play center stage at the CIA 
and the National Reconnaissance Office 
(NRO E yreSyrs ‘ 


Albert D. Wheeion 


Albert D. “Bud” Wheelon was one of 
the original bright young engineers hired 
by Simon Ramo at the Ramo-Wooldridge _ 
Corporation, the technical manager of the 
US Air Force ballistic missile program, in 
November 1953. By the late 1950s Wheelon 
was irivolved in Ramo-Wooldridge’s analy- 
sis work on the capabilities of Soviet mis- 
siles. He became acquainted with Presi- 
dential Science Advisors Jerome Wiesner, 
James Killian, and Edwin A. “Din” Land. 


‘In June 1962, at the invitation of Herbert 


“Pete” Scoville, Jr., he joined the CIA. 


. Ye - 
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Then, at the request of Ray Cline, Deputy 
Director for Intelligence (DDD), and over 
Scoville’s objections, Wheelon was assigned 
as Assistant Director for Scientific Intelli- 
gence and head of the Office of Scientific 
Intelligence (OSI), reporting to Cline, and 
Chairman of the Guided Missiles and 
Astronautics Intelligence Committee 
(GMAIC) of the US Intelligence Board 
(USIB). These were the dark days of the 
Cuban Missile Crisis. CLA’s reputation for 
innovative excellence, built on the recon- 
naissance successes with the U-2 aircraft 
and CORONA photo satellites. was now 
being overtaken by the failures of the Bay 
of Pigs. At the highest levels of govern- 
ment, CIA's reputation and influence were 
declining. In August 1963 Wheelon was 
appointed Deputy Director for Science and 
Technology (DDS&T) of the CIA by 
Director of Central Intelligence (DCI) John 
McCone. Wheelon was given McCone's 
‘mandate to put the CIA back into the 
reconnaissance business in a strong way. 
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To convert from 


Pints (liquid) 

Pints (liquid) 

Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Pounds (avoirdupois) 
Quadrants 

Quadrants 

Quadrants 

Quadrants 

Quadrants 

Quarts (liquid) 
Quarts (liquid) 
Quarts (liquid) 
Quarts (liquid) 
Quarts (liquid) 
Quarts (liquid) 
Radians* 

Radians* 

Radians* 

Radians* 

Radians* 

Radians* 

Radians* 
Radians/second 
Radians/second 
Radians/second 
Revolutions* (circumferences) 
Revolutions* (circumferences) 
Revolutions* (circumferences) 
Revolutions" (circumferences) 
Revolutions* (circumferences) 
Revolutions/minute 
Revolutions/minute 
Revolutions/minute2 
Revolutions/second 
Revolutions/second 
Revolutions/second 
Seconds (angle) 
Seconds (angle) 
Seconds (angle) 
Seconds (angle) 
Seconds (angle) 
Spheres 

Spheres 

Spheres 

Spherical right angles 
Spherical right angles 
Spherical right angles 
Square centimeters 
Square centimeters 
Square centimeters 
Square centimeters 
Square centimeters 
Square centimeters 


See notes at ex 
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Cubic yards 
Gallons (liquid) 
Grains 

Grams 

Kilograms 
Milligrams 

Ounces (avoirdupois) 
Tons (long) 

Tons (short) 
Degrees 

Minutes 

Radians* 
Revolutions* (circumferences) 
Seconds 

Cubic centimeters 
Cubic feet 

Cubic inches 

Cubic meters 

Cubic yards 
Gallons (liquid) 
Circumferences* 
Degrees 

Degrees, minutes, seconds 
Minutes 

Quadrants 
Revolutions* 
Seconds 
Degrees/second 
Revolutions/minute 
Revolutions/second 
Degrees 

Minutes 

Quadrants 
Radians* 

Seconds 
Degrees/second 
Radians/second 
Revolutions/second2 
Degrees/second 
Radians/second 
Revolutions/minute 
Degrees 

Minutes 

Quadrants 
Radians* 
Revolutions* (circumferences) 
Hemispheres 
Spherical right angles 
Steradians 
Hemispheres 
Spheres 

Steradians 

Cireular mils 
Square decimeters 
Square feet 

Square inches 
Square kilometers 
Square meters 


Multiply by 


6.189 x 10-4 
125 

7000 

453.6 

4536 

4.536 x 105 
16 

4.464 x 10-4 
0005 

90 

5400 

1.571 

25 

3.24 x 106 
946.4 

3.342 x 10-2 
57.75 

9.464 x 10-4 
1.238 x 10—3 
25 

1591 

57.30 

57°, 17’, 44.8” 
3438 

6366 

1591 

2.063 x 105 
57.30 

9.549 

1592 

360 

2.16 x 104 

4 

6.283 

1.296 x 106 
6 

1047 

1.667 x 10—2 
360 

6.283 

60 

2.778 x 10—4 
1.667 x 10-2 
3.087 x 10—6 
4.848 x 10—6 
7.716 x 10—7 
2 

8 

12.57 

25 

125 

1.571 

1.973 x 1065 
01 

1.076 x 10-8 
1550 

10—10 

0001 
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To convert from 


Square centimeters 
Square centimeters 
Square centimeters 
Square feet 
Square feet 
Square feet 
Square feet 
Square feet 
Square feet 
Square feet 
Square feet 
Square feet 
Square inches 
Square inches 
Square inches 
Square inches 
Square inches 
Square inches 
Square inches 
Square kilometers 
Square kilometers 
Square kilometers 
Square kilometers 
Square kilometers 
Square kilometers 
Square kilometers 
Square kilometers 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square meters 
Square miles 
Square miles 
Square miles 
Square miles 
Square miles 
Square miles 
Square miles 
Square millimeters 
Square millimeters 
Square millimeters 
Square millimeters 
Square millimeters 
Square millimeters 
Square millimeters 
Square millimeters 
Square rods 
Square rods 
Square rods 
Square rods 
Square rods 
Square rods 
Square yards 
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Square miles 
Square millimeters 
Square yards 
Acres 

Acres 

Circular mils 
Square centimeters 
Square inches 
Square kilometers 
Square meters 
Square miles 
Square millimeters 
Circular mils 
Square centimeters 
Square feet 
Square kilometers 
Square meters 
Square millimeters 
Square yards 
Acres 

Square centimeters 
Square feet 
Square inches 
Square meters 
Square miles 
Square millimeters 
Square yards 
Acres 

Acres 

Circular mils 
Square centimeters 
Square feet 
Square inches 
Square kilometers 
Square miles 
Square millimeters 
Square yards 
Acres 

Square centimeters 
Square feet 
Square inches 
Square kilometers 
Square meters 
Square yards 
Circular mils 
Square centimeters 
Square feet 
Square inches 
Square kilometers 
Square meters 
Square miles 
Square yards 
Acres 

Square feet 
Square inches 
Square meters 
Square miles 
Square yards 
Acres 


Multiply by 


3.861 x 10-11 
100 

1.196 x 10—4 
2.296 x 10—5 
9.290 x 10—4 
1.833 x 108 
929.0 

144 

9.290 x 10-8 
9.290 x 10-2 
3.587 x 10—8 
9.290 x 104 
1.273 x 106 
6.452 

6.944 x 10-3 
6.452 x 10—10 
6.452 x 10—4 
645.2 

7.716 x 10—4 
247.1 

1010 

1.076 x 107 
1.550 x 109 
106 

3861 

1012 

1.196 x 106 
2.471 x 10—4 
01 

1.973 x 109 
104 

10.76 

1550 

10—6 

8.861 x 10—7 
106 

1.196 

640 

2.590 x 1010 
2.788 x 107 
4,015 x 109 
2.590 

2.590 x 106 
3.098 x 106 
1978 

01 

1.076 x 10—5 
1.550 x 10-3 
10-12 

10-8 

3.861 x 10—18 
1.196 x 10—6 
00625 
272.25 

39204 

25.293 

9.766 x 10—6 
30.25 

2.066 x 10—4 
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To convert from 


Square yards 
Square yards 
Square yards 
Square yards 
Square yards 
Square yards 
Square yards 
Statamperes 
Statamperes 
Statcoulombs 
Statcoulombs 
Statcoulombs 
Statcoulombs 


Statfarads (or centimeters) 


Statfarads 
Statfarads 
Stathenrys 
Stathenrys 
Stathenrys 
Stathenrys 
Statohms 
Statohms 
Statohms 
Statohms 
Statvolts 
Statvolts 
Statvolts 
Statvolts 
Steradians 
Steradians 
Steradians 
Steres 

Steres 

Tons (long) 
Tons (long) 
Tons (long) 
Tons (long) 
Tons (long) 
Tons (long) 
Tons (long) 
Tons (metric) 
Tons (metric) 
Tons (metric) 
Tons (metric) 
Tons (metric) 
Tons (metric) 
Tons (metric) 
Tons (short) 
Tons (short) 
Tons (short) 
Tons (short) 
Tons (short) 
Tons (short) 
Tons (short) 
Volts 

Volts 

Volts 

Volts 

Watts 


198 


To Multiply by 
Square centimeters 8361 
Square feet 9 
Square inches 1296 
Square kilometers 8.361 x 10-7 
Square meters 8361 
Square miles 8.228 x 10-7 
Square millimeters 8.361 x 10-5 
Abamperes 3.8385 x 10—11 
Amperes 3.3835 x 10—10 
Abcoulombs 8.3835 x 10—11 
Ampere-hours 9.259 x 10—14 
Coulombs 8.335 x 10—10 
Faradays 8.457 x 10—15 
Abfarads 1.112 x 10-21 
Farads ‘1.112 x 10—12 
Microfarads 1.112 x 10—6 
Abhenrys 8.988 x 1020 
Henrys 8.988 x 1011 
Microhenrys 8.988 x 1017 
Millihenrys 8.988 x 1014 
Abohms 8.988 x 1020 
Megohms 8.988 x 105 
Microhms 8.988 x 1017 
Ohms 8.988 x 1011 
Abvolts 2.998 x 1010 
Microvolts 2.998 x 108 
Millivolts 2.998 x 105 
Volts 299.8 
Hemispheres 1592 
Spheres 7.958 x 10-2 
Spherical right angles 6866 
Cubic meters 1 
Liters 999.973 
Grams 1.016 x 106 
Kilograms 1016 
Milligrams 1.016 x 109 
Ounces (avoirdupois) 3.584 x 104 
Pounds (avoirdupois) 2240 
Tons (metric) 1.016 
Tons (short) 1.120 
Grams 106 
Kilograms 1000 
Milligrams 109 
Ounces (avoirdupois) 8.527 x 104 
Pounds (avoirdupois) 2205 
Tons (long) 9842 
Tons (short) 1.102 
Grams 9.072 x 105 
Kilograms 907.2 
Milligrams 9.072 x 108 
Ounces (avoirdupois) 3.2 x 104 
Pounds (avoirdupois) 2000 
Tons (long) 8929 
Tons (metric) .9072 
Abvolts 108 
Microvolts 106 
Millivolts 1000 
Statvolts 3.3385 x 10—3 
Horsepower .0013410 
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Watts Kilowatts .001 

Yards Centimeters 91.44 

Yards Feet 3 

Yards Inches 36 

Yards Kilometers 9.144 x 10-4 
Yards Meters 9144 

Yards Miles 5.682 x 10-4 
Yards Miles (nautical) 4.934 x 10-4 
Yards Millimeters 914.4 

Yards Mils 3.6 x 104 


"2 radians = 1 circumference = 360°. 
> 4 a steradians = 1 sphere. 
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Square 
Root 


1.0000 
1.2599 
1.4423 
1.5874 
1.7100 
1.8171 
1.9129 
2.0000 
2.0801 


2.1544 
2.2240 
2.2894 
2.3513 
2.4101 
2.4662 
2.5198 
2.5713 
2.6207 
2.6684 


2.7144 
2.7589 
2.8020 
2.8439 
2.8845 
2.9240 
2.9625 
3.0000 
3.0366 
3.0723 


3.1072 
3.1414 
3.1748 
3.2075 
3.2396 
3.2711 
3.3019 
3.3322 
3.3620 
/3.3912 


No. = Diam. 


No. 


Circum. 


3.142 
6.283 
9.425 

12.566 

15.708 

18.850 

21.991 

25.133 

28.274 


31.416 
34.558 
37.699 
40.841 
43.982 
47.124 
50.265 
53.407 
56.549 
59.690 


62.832 
65.973 
69.115 
72,257 
75.398 
78.540 
81.681 
| 84.823 
87.965 
91.106 


94.248 
97.389 


100.531 
103.673 
106.814 
109.956 
113.097 
(116.239 
li 19.381 
122.522 


Area 


0.7854 | 1 
3.1416 | 2 
7.0686 | 3 
12.5664 | 4 
19.6350 | 5 
28.2743 | 6 
38.4845 | 7 
50.2655 | 8 
63.6173 | 9 
78.5398 | 10 
95.0332 | 11 
113.097 | 12 
132.732 | 13 
153.938 | 14 
176.715 | 15 
201.062 | 16 
226.980 | 17 
254.469 |18 
283.529 +19 
314.159 |20 
346.361 | 21 
380.133 | 22 
415.476 (23 
452.389 (24 
490.874 | 25 
530.929 | 26 
572.555 | 27 
615.752 | 28 
660.520 (29 
706.858 | 30 
754.768 |31 
804.248 | 32 
855.299 | 33 
907.920 | 34 
962.113 | 35 
1017.88 |36 
1075.21 37 
1134.11 38 
1194.59 
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By.1975 the National Reconnaissance 
Office (NRO) SIGINT satellite world con- 
sisted of an effective set of complementary 


space vehicles. The low-orbiting POPPYs ‘Along the way. the onginal WS 117L 
were busy searching for new signals and - low-orbiters helped pave the way. but had 
using their elegant relay techniques to pro- been retired by the early 1970s. They were 
vide the Navy, especially, with up-to-date replaced by a new ensemble that could 
locations of radar-equipped ships any- bring back signals faster. locate them more 
where on the surface of the Earth. Going accurately, and make reports almost a§ the 
through a constant evolution from launch events were happening. , 


to launch, POPPY proved to be the best 
system for intercepting ship-based radars, 
which were sometimes only on for a few 
fleeting moments as the commanders used 
Special tactics to avoid detection. This 
Same main-beam intercept capability was 
immensely powerful in determining the 
power and scan properties of any ground- 
based radar that happened to illuminate 
the POPPY satellites. As a main-beam co!- 
lector POPPY was the best and, 

EO 13526 3.3(b)\(1)>25Yrs was Ageured Olan 


important continuing role. 
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By 1975. the NRO had a strong capa- 
bility inf basic SIGINT satellite systems. 
The mix of orbits and capabili 


ality. 


SY 


ered the frequencies of interest and each 
ofthem carried out missions that were 
easy and natural to do from each orbit. 
This ensembie. developed thoughtfully 
over time in response to various perceived. 
problems was actually a good set of archi- 
tectural pieces. efficient and technically 
Clever, that met real intelligence needs.*! 
Budget pressures prompted efforts at con- 
Solidation. using fewer basic satellite sys- 
‘ems. But no such effort at consolidation 


was to be successful because, despite some - 


Tutually reinforcing overlaps in capabil- 
ly, each of the MagmEsystems possessed a 
Unique basic function that the others could 
Not perform at all—a testimony to the 
Ngenuity and insight that put them there. 


uNRO Alexander H. Flax said. “There was a plan. 
though like all long-range planning it evolved over time 
Particularly in COMINT collection), but in many 
foo the architecture was envisioned in crude outline 
™ the beginning.” 


T 
Handle via BY: 
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EO 1.4. {c) 


The NRO Program Offices as 
Managers of Satellite Projects 


The NRO SIGINT Program Offices 
shared a short chain of command. high 
motivation, a sense of team spirit. and a 
sense of urgency. They also worked in 
total secrecy. It was a management envi- 
ronment that the participants say was 
unusually rewarding and unlikely ever to 
be repeated. 


In SIGINT satellite development, the 
Office of the Secretary of Defense staffs and 


- the Army and Air Force staffs (but not the 


Navy, initially) were removed from the 
management chain by the establishment 
of the SAMOS Project Office (later the Dir- 
ector of Special Projects. SAFSP), reporting 
to the Secretary of the Air Force, in late 1960. 
This Presidential decision effectively froze 
out all other participants and provided for 
a short chain of command and quick deci- 
sions, first for the Air Force's SAMOS 
Project. This organizational precursor 
became the NRO. established formally in 
1962: From 1962 on, all SIGINT satellites, 
including Air Force, Navy, and CIA satel- 
lites, would be developed and operated by 
the NRO. 


The creation of the NRO, and in par- 
ticular, the office of the Director of the 
NRO (DNRO), harnessed the creative 
technical energies of the nation. The 
DNRO was empowered to work on the 
whole problem of providing satellite recon- 
naissance for the country. That job, being 
covert, did not in itself, require the DNRO 
to do anything except work on the problems 
of developing and operating the nation’s 
reconnaissance satellite fleet. The tying of 
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PL 86-36/50 USC 3605 


Top $m 43 
NOMNN-ORCON 
research and development (R&D) with low-altitude systems (SAMOS F-1, 698BK. 
operations, all under the DNRO, became MULTIGROUP. and STRAWMAN) 
the key to the whole plan. The genius was 
in defining the job in this way. It provided case cic aia tb Ried These projects 
a single forum to focus on how systems all onginated in Air Force needs and inter- 
would work together. Consideration of ests. They were mostly carried out within 
engineering principles, along with cost and — the SAF SP offices in Los Angeles. with 
the desires of the individual partictpants, support easily arranged from the non- 
was possible. This approach allowed system-_— covert, or “white,” Air Force organizations 
jevel and architectural decisions to be for launch services, tracking, and commu- 
made cleanly. It saved valuable time in nications. The DNRO was also the Under 
putting new designs into orbit and it Secretary of the Air Force* and this was 
ensured that the reconnaissance satellites the key to a simple and effective manage- 
of the United States would be technicaily ment arrangement for Director, Program A. 
Superior. He was working on projects of interest to 
the Air Force and he reported to the top of 

DNRO Alexander H. Flax said, “In my the Air Force's statutory chain of com- 
mind, tying R&D to operations under the mand. Since the DNRO occupied an avert 
DNRO was essential. The NRO never had position—usually Under Secretary of the 
a pure R&D launch; all had some opera- Air Force—he had the obvious authority to 
tional objective. Feedback from operations provide the necessary direction to elements 
to R&D was almost instantaneous. Given outside the NRO. This arrangement worked 
the rapid pace of the technologies involved, well but at a price. The Air Force people 
these characteristics were invaluabie.”? in Program A came to view themselves. 
Eugene Fubini reinforced this view: “The and to be viewed by the rest of the Air 
NRO was designed to relieve stresses; the Force, as “outside the system.” The DNRO 
fact that it has survived so long Is a testi- was also in a difficult position, having to 


mony to the wisdom of those who set it up. exclude from the management chain senior 
— Air Force officers and others throughout 
This management approach made 
possible the creative work by the Directors 


of Programs A, B, and C, who similarly * DNROs Joseph V. Charvk (1962-63), Brockway McMillan. 
had both operational and R&D work blended 11963-65}, and John L. MeLucas. Jr. (1969-73), served a5 


: ¢ ith; Under Secretary of the Air Force; McLucas later served 
under their operating charters. Within the as Secretary of the Air Force (1973-75) DNRO Flax 
NRO, then. the work came to support the (2965-69) was Assistant Secretary of the Air Force for 

: Spee vat Research and Development. and arranged for special 
primary missions of the, organizational ele- authorities to carry out his job. Other DNROs have 
ments that were to carry It out. served as either Secretary. Under Secretary, or Assistant 

Secretary of the Air Force. 
> Ali Directors of Program A. except one. retired in the 
The covert Air Force (SAFSP) ele- rank held (brigadier general or major general) as Director 
P Ab; din & | of Special Projects (SAFSP). Lew Allen, Jr.. was the 
ments. Program A, based in Los Angeles, { exception: after serving as Director of Special pase 

i 1a, develop WS-117L-deriv tmajor generg!. 1971-721, he served as Director, NSA 

California. developed the WS-117L-derived (ieutenant general, 1973-77), and Chief of Staff. United 
7 States Air Force ‘general. 1978-32). 
perme s aera 
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the Department of Defense who would 
normally be able to offer good counsel] but 
who were excluded and knew it.* 4 


At the CIA, the Director of Program B 


had a different set of problems and moti- 
vations. EO 13526 3.3(b}(1)>25Yrs 


It was a major organizational 
and conceptual victory within the NRO. 
But the CIA Director of Program B, with 
EO 13526 3.3(0)(1)>2 also lived in 
a complicated world, alienated from the 
larger CIA because of his affiliation with 
the NRO. He. too, had his own problems 
of reporting to a line boss, the Deputy 
Director for Science and Technology in the 
CIA. and by dotted line to the DNRO. an 
official of the Defense Department. His 
management chain was not as clean as for 
Director, Program A, but he had an advan- 
tage: Director, Program B, was in the CIA 
and therefore was closer to the require- 
ments side of the Intelligence Community 


than were the other program managers. 
EO 13526 3.3(b)(1)>25Yrs 


The DNRO collaterally reported to the senior Air Force 
top eement. but for most NRO matters. reporting was 
‘a the Secretary or Deputy Secretary of Defense. 


MB Ye) ss2o4 = 13926 3.3(0}(1}>25Yrs 


The Navy's POPPY. originally 
designed to collect against land-based 
emitters, came under NRO control in 1962, 
and the role of ocean surveillance, late in 
‘1970, fit in well with the interests of Navy 
sponsors outside the Program C offices. 
Still; the Director of Program C also had 
the problem of dual allegiance: he reported 
to the Chief of Naval Operations. either 
through the Director of Naval Intelligence 
or, later. through the Chief of Naval 


_ Materei.® His reporting line to the DNRO 


was a dotted line to an office that was 
really in the Air Force. So the Director of 
Program C had a slightly more compli- 
cated life than Director of Program A. 

But the POPPY project proved of interest 
and value to the Navy and generally was 
well supported by both NRO Navy leaders.* 


These charters. arrived at through 
historical experience and by executive 
decisions of the DNRO, turned out to be 
very practical and productive. The 


etlective set of SIGINT satellites in an 


engineering and analytic sense and also 
matched the interests of their sponsonng 
development and acquisition agencies. 
AJtogether, the NRO management team. 
consisted of highly mission-oriented pro- 
ject offices, with extremely short lines of 
‘control to the decision makers. 


NSA, while not a builder of satellites, 
played a central role in the decision pro- 
cess for new SIGINT systems. Gen Lew 
Allen described it this way: “If the DNRO 
wants to make a major decision in the 
SIGINT world. he should have NSA on his 
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side and the CIA not opposed.” From 1960 
to 1975, that set of conditions was always 
present. The DNRO had NSA working 
with him, supporting the recommended 
PEM &O 13526 3.3(b)(1)>25Yrs 

memRbyagn the CLA got into the planning 
discussions too and did not question 
DNRO decisions after they were made.8 
So long as the DNRO did his homework, 
he could make his decisions stick. 


With the NRO jobs assigned and the 
organizational relationship established, 
the actual design and building of satellites 
in Program A and Program B were carried 
out by industrial contractors, The Navy’s 
Program C POPPY satellites were built by 
the Naval Research Laboratory (NRL: 

EO 13526 3.3(b\(7)>25Yrs wee first 
built by NRL and subsequently manufac- 
tured by industrial contractor teams. In 
Program A, the SAFSP SIGINT project 
offices i used a few people in the 
office for each project. In a matrix form of 
organization, each project team was sup- 
ported by an SAFSP procurement team 
ROREOEERIS a budget tear EO 13526 3.3(b\(1 
and an operations team iain that 
worked with the tracking and communica- 
tions network of the Air Force Satellite 
Control Facility (AFSCF) sites. Launch 
vehicles—the Atlas, Thor, and Titan deriv- 
atives—were procured by sending money 
to the “white” Air Force project offices in 
Los Angeles. This arrangement allowed 
Sled project managers to concentrate on 
the SIGINT mission part of the job, which, 
because it revealed that reconnaissance 
was being carried out, was bought with 
covert or “black” contracts. 
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The black contracts were adminis- 
tered so as to comply with all procurement 
rules contained in Federal Statutes—the 
law—but with waivers from any of the 
implementing or reporting instructions of 
the US Department of Defense or the US 
Air Force that would have required disclo- 
sure of the existence of the contracts to 
persons who were not working on them. 
The Director of SAFSP, as head of a con- 
tracting agency, held his own warrant as a 
contracting officer and signed in that 
capacity on large precurements. These 
arrangements gave him effective control 
over every aspect of the reconnalssance 
side of his job and a way of getting support 
for all the other space-related needs 
through the “white” Air Force, which oper- 
ated the tracking network and the launch 
bases at Cape Canaveral and Vandenberg 
Air Force Base. . 


The Air Forceililiiiboroject manager 
viewed himself as the head of a task force. 
with his main job being the leading of a 
team made up mostly of industrial con- 
tractors. To motivate that team he used 
performance incentive contracting, devel- 
oped for the photo satellites by BGen John 
L. Martin, Jr., (the “Martin Incentive”) and 
then first applied to SIGINT satellites by 
BGen David D. Bradburn with Martin's 
close supervision. Under this approach, 
good performance by the contractor was 
linked to successful mission performance. 
If the project succeeded, the fee would be 
high. Ifthe project failed. the fee would be 
low. This direct coupling of the project goals 
turned the contract into an important 
instrument of delegation. The contractor 
team became an extension of the}??? 
ject office. 
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Under the Martin Incentive, objective 
measures of performance, such as total 
days of successful operation and the per- 
centage of usable information. were worked 
out in advance. With this system, if the 
satellite needed more testing on the ground 
to ensure it would work right in orbit, the 
contractor would do the testing on his own 
initiative. When all were confident, the 
launch would proceed. 


The Air Force, through lilbecame 
responsible for operating each Program A 
satellite as it went into orbit. From that 
’ time on, the incentive provisions were 
especially useful, because contractor team 
members, experts on the mission, were on 
duty at the mission ground stations, pur-- 
suing the same goals in the contract origi- 
nally laid out by the government project 
manager. If the Air Force manager 
decided to operate the satellite in a way 
that would place the vehicle at risk, the 
contractors affected by the planned action 
could choose either to accept the risk and 
leave their incentive fees riding or to 
select the “no-fault” option. with fees lower 
than for a full success (but not zero) for 
the remainder of the flight. 


_ This Performance Incentive contract- 
ng method made for simple, short con- 
tracts. Air Force managers spent much of 
their time negotiating and administering 
these incentive provisions. Senior managers 
ofthe contractors also spent their time on 
the incentive provisions. before and during 
the life of the contract. This was time well 
*Pent because it constituted the heart of 
the delegation process. When all had 
‘treed on the incentives, there was then 
"0 need for detailed government contract 


specifications, and contract changes could 
be made without fear by the government 
that some important performance goal 
might be lost. Government offices to 
administer the black projects were much 
smaller than equivalent offices adminis- 
tering similar white programs because the 
more detailed specification process (called 
“configuration management” on the white 
side} was not applied on the black side. 


To reiterate: The Program A SIGINT 
projects used a team approach, incentives, 
motivation, and simple contracts to dele- 
gate the work to the contractor teams. In 
this way they made the contractors part of 
a task force. with the same priorities as 
the government managers. 


A set of special circumstances not usu- 
ally found in the Air Force, in the opinion 
of MGen John Martin, Jr., helped make 
this management structure successful: 


1. The effect of the increased respon- 
sibility which such limited and com- 
partmented management places on 
each of the participants. SAFSP cap- 
tains typically had more responsijbil- 
ity than many colonels. 


2. The extent of continuity realized 
within the system. There were 
changes of station and specific jobs, 
while maintaining essential continuity 
for both individual development as 
well as the organization's effectiveness. 


3. The extremely beneficial effect of 
many key people being in place long 
enough for the ‘chickens to come 
home to roost’—to see the direct 
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results produced by the decisions 
which they made or in which they 
participated. 


4. The unique benefit of working in a 
closed-loop enterprise, where the end 
results are evident to all—where, 
although it’s nice to be told that one’s 
work is good, it's not necessary in 
order to know, for the entire results 
tell all there is to be told: technically, 
operationally, financially; the ultimate 
in work incentive and job satisfaction.9 


Secrecy was probably a help, on bal- 
ance, especially during the formative days 
of the NRO, between 1958 and 1962, when 
steps were taken to exclude the military 
services and the Office of the Secretary of 
Defense staff from the management chain. 
The freedom not to be involved ih routine 
R&D administration, more a question of 
short decision-making channels than of 
secrecy as such, motivated those on the 
inside. The disadvantage was the il) will 
engendered among those on the outside, 
who were not taken into confidence, and 
‘whose cooperation was sometimes difficult 
to arrange. This was a continuing prob- 
lem, particularly in the Air Force, because 
the SAFSP organization did not report 
through the Air Force Systems Command 
or the Air Force Staff in the Pentagon; to 


those on the outside, it often appeared that 


the SAFSP people and their CIA friends 
were using secrecy to keep others away for 
personal convenience rather than for any 
legitimate purpose. This difficulty—there 
were outsiders who knew generally what 
was going on and wanted more access and 
less secrecy—was a manageable problem 


NOFORR ORTON 


at the time but, with the passing of the 
Cold War, will lead to new looks at security 
policy. 


In this history, the real argument for 
short. management channels was the 
urgency of the SIGINT satellite mission. 
The real argument for secrecy was the fear 
of Soviet diplomatic intervention or 
attempts to interfere with the satellites: 
there was also the concern for compromise 
of intelligence sources and methods—the 
possible drying up of a SIGINT source 
when the Soviets became aware of our 
ability to use the radio frequency (RF) sig- 
nal. Secrecy made the job easier in most 
cases and helped to ensure the privacy of 
the short management channels. Both fac- 
tors were probably important to the 
results that were achieved. 


The NRO project teams. charged with 
building and operating SIGINT satellites. 
brought these new spacecraft into exis- 
tence in a short time and brought them to 
bear on the intelligence problenis of the 
nation quickly and effectively. POPPY 


typically achieved new models within one 
or two vears. BORER 


EO 13526 3 3(b)(1)>25Yrs 


These short times from concept to 
operation were remarkable and a testi- 
mony to the dedication and skill of their 
government and contractor teams. These 
records were achieved in unique circum- 
stances—a one-time blending of threats °° 
our national survival and technological 
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opportunity—and were made possible by 
an astute decision about how to organize 
for the job.*!0 


NRO and NSA Working Together 


In 1958, National Security Council 
(NSC) Directive No. 6 (NSCID No. 6) 
placed NSA in charge of coordinating all 
US ELINT activity. This decision put NSA 
in a business it had not been in before; up 
to that time NSA people were really 
COMINT specialists, not ELINTers. This 
hew assignment for NSA was resisted by 
many of the rank and file in the CIA and 
in the military services, who were the tra- 
ditional ELINT collectors, users, and oper- 
ators. By the 1960s, NSCID No. 6 also led 
to a conflict between NSA and the NRO 
over roles and missions: with the NRO in 
charge of satellite reconnaissance.and 
NSA in charge of ELINT, who would be in 
charge of ELINT satellites? This question 
Came up again. and with more importance, 
when COMINT satellites became a reality. 
The answer was usually worked out by 
NRO/NSA teaming arrangements and 
agreements on a project-by-project basis, 
along the lines suggested by Gene Fubini 
in 196): typically, the NRO would build 
4nd operate the satellites, and NSA would 

the resident SIGINT expert and process 
the satellite data for analysis by the 
telligence Community customers. 


At the end of the 1950s, NSA was 
"ecognized as the processor of satellite- 
‘ollected SIGINT and that, too, was not 


“Ter were no dedicated R&D Nights and no formal test 
NRO aluation Night programs. Suis alone distinguished 
© programs from almost all other R&D programs. 
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senously questioned thereafter, although 
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Lasking ~tnat is, piving detailed com- 
mands to the satellites to direct their col- 
lection operations—on the other hand. was 
more painfully sorted out. Eventually. 
tasking was defined in phases; authority 
ultimately resided in the US Intelligence 
Board + USIB), which delegated the 
detailed work of target selection and prior- 
ities to its committees. The committees 
discussed and wrote the official require- 
ments and set priorities which. in some 
cases, became extremely detailed, even 
awkward, and, at least in the early 1960s, 
inefficient. The NRO acquiesced to what 
many felt was an intrusion and. in 1962, 
set up the Satellite Operations Center 
(SOC) in the Pentagon. NSA, in turn, saw 
the SOC as usurping a traditional NSA 
role in managing the tasking of SIGINT 
cailectors. Later in 1962, NSA personnel 
were integrated into the NRO, both on the 
collection side (satellite planning and bud- 
geting) in the Office of the Secretary of the 
Air Force, Space Systems (SAFSS), and on 
the operational side, in the SOC. Then. in 
an evolutionary step, in 1968 the SIGINT — 
part of the SOC provided a representative 
to NSA offices at Fort Meade, Maryland. 
An amicable arrangement evolved: USIB 
was in titular control} NRO was in con- 
trol of the satellite vehicles, and NSA 
orchestrated target collection and, of 
course, did or arranged for all the SIGINT 
processing. 


+ Actually, when one reviews the voluminous detail in the 
more recent USIB files on SIGINT satellites, particularly 
their “Guidance on the NRP" published annually and ~ 
then for five and then 10 vears in advance. one could con- 
clude that USIB. if not in control, certainly spent.a lot of - 
time and resources attempting control of SIGINT satellites. 
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The mission ground stations (MGSs) 
were important to the collaboration between 
the NRO and NSA. The GRAB/POPPY 
mission ground stations were primamily at 


EO 13626 3.3( stations EO 13526 3 
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used the Air Force 
Satellite Control Facility (AFSCF) sites 
built by the Air Force for eee 
SIGINT satellites. In 1966 ? 
EO 13526 3.3(b)(11>25 013 <25Yrs EO 1352 


became the first collaboratively manned 
operational site at which NSA people car- 
ried out processing of SIGINT data with 


the support of the NRO (ae 
EO 13526 3.3(b)(1)>25Yrs 
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Y igh-allitude. 
and also realtime, SIGINT satellites. NSA ~ 
did in fact miake a determined and successful 
effort to get:back into the business of SIGINT 
operational control. On 10 February 1968 
the Director of NSA, LGen Marshall S. 
“Pat” Carter, approved the establishment 
of the SIGINT Satellite Support Center 
(SSSC) at NSA Headquarters, Fort 
Meade. Maryland.!4 This was a special- 
ized tasking center to focus and centralize 
all tasking Fag £0 13526 3.9 conceived by 
Charlie Tevis and headed by aaainianaamenmual 
who had developed much of the software 
himself. The SSSC was originally manned 
by approximately eight people to handle 
COMINT, ELINT, and TELINT. In - 
January 1972 two representatives from 
the NRO/SOC were integrated into the 
SSSC to operate certain phases of NRO 
tasking at NSA, By the summer of 1972 
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. EQ 13526 3.3(b)(1)>25¥rs 
there were at least four NRO/SOC repre- 
sentatives, mastly Air Force personnel, 
working jointly with NSA personnel in the 
SSSC.*15 


The timing and personnel were just 
right for the SSSC to go into operation. 
The spirit of cooperation between NSA and 
the NRO was high under Carter and his 
Directors of Operations, Oliver Kirby and 
later MGen John E. Morrison, dr., US Air 
Force. NSA assistant to 
the Director of S55U, remarked, NSA 
could not unilaterally have developed and 
begun operating its SSSC as part of the 
NRO satellite control and tasking system 
either before or after the late 1960s: earlier, 
the NSA wasn't capable: later, rhe NRO 
was better organized and probably wouldn't 
have relinquished contro] of SIGINT satel- 


lite operations.16 Later, much of the task 
EO 13526 3.3(b)(1)>25Yrs 


EO 13526 3,3(b 1 )>25 


The SSSC was ahead of its time. but 
it was not politically acceptable in the 
Intelligence Community. The US Intelli- 
gence Board (USIB) hierarchy—its SIGINT 
Requirements Subcommittee, especially— 
did not like the SSSC, even though it was 
intended to provide a mechanism for con- 
solidating NSA recommendations on the 
SIGINT satellite collection requirements. 
As a part of an internal NSA reorganiza- 
tion, the SSSC was formally disestablished 
on 18 September 1974. The 24-hour watch 
operations in SSSC were assimilated into 


+ The Operations Center for Mission Control (OCMC! w3$ 
established at NSA by a memo signed by John McMahon 
Deputy Director of Central intelligence, in 1984 
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The good times were when the lime- 
light was shared—when each participant 
respected the other. 


° This sharing started in the early 
years, from 1958, between the Air 
aorce and NSA, as John Copley and 

weeeeeeme remember so well. 


° Charlie Tevis and Raymond Potts 
remember that the good times over- 
whelmingly outnumbered the bad. 
and both cite the enthusiastic sup- 
port of Deputy Director of NSA 
Louis Tordella as crucial through- 
out all those years, until Tordella’s 
retirement in 1974. He set up 
direct access/short-chain management. 


NSA Director LGen Pat Carter, 
1965 to 1969, of course, encouraged 
team play. 


e 


DNROs Joseph V. Charyk (1962 to 
1963), Brockway McMillan (1963 to 
1965), Alexander H. Flax (1965 to 
1969), and John L. McLucas (1969 
to 1973) also added to the coopera- 
tive spirit. 


SAFSP key team leaders in the 
1960s and 1970s were BGen Bill 
King, Col Bob Yundt, LtCol Jack 
Sides. and MGen Dave Bradburn. 
Bradburn was among the first in 
SAFSP senior management to 
establish a close collaborative 
working relationship between 
SAFSP and NSA. 
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* LMSC leaders such as Bill 
Troetschel. Bill Harris. George 
Price, and peRRRRRIOI were team 
players who often acted as exten- 
sions to the SAFSP project offices. 


Bob Hermann, as NSA Chief. thigh 
altitude) Satellite Programs in the 
1970s, then as Director of all NSA 
R&D, from mid-1973 to 1975. 
advised NSA not to try to take over. 
He was instrumental in resolving 
NSA/Air Force and NSA/CIA | 
problems. 


NSA Directors VAdm Laurence H. 
Frost (1960 to 1962), and VAdm 
Noe! Gayler {1969 to 1972) tried to 

get control, while the Air Force and 
Army Directors of NSA, LGen 
Gordon Blake, US Air Force (1962 
to 1965), Pat Carter, US Army 
(1965 to 1969), Samuel C. Phillips, 
US Air Force (1972), and Lew 
Allen, US Air Force (1973 to 1977), 
felt comfortable without getting 
complete control. 


So there was an ebb and flow of NSA/NRO/ 
CIA cooperation. George Cotter says he 
will always consider SIGINT satellites as 
the only SIGINT program where NSA was 
not master. meesand Potts believe that 


some Air Force and Navy airborne military 
SIGINT EO 13526 3.3(b}\(1)>25Yrs 


in the same (NSA not driving) category. 


The CIA, from the early days of Bud 
Wheelon’s arrival from the academic com- 
munity and industry, was.a technical tiger. 
As Wheelon said, “Killian and Land got to 
President Kennedy after the Bay of Pigs 
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when Allen Dulles was fired in November 
1961; so CIA was not gutted: instead. its 
technical capability was preserved and 
-expanded."* The Air Force and NSA then 
had real competition. So, tensions were 
bound to develop: they were resolved only 
when personalities allowed for cooperation 
or when the excitement of the job over- 
whelmed the spirit of competition. In the 
interviews conducted for this history, an 
opinion frequently proffered was that in the 
late 1970s and later years, interagency 
relations became more formal and difficult. 


way: “There are too many middlemen and 
we won't ever get back to the simple days: 
the systems are so large we can't do some 
very important jobs the way we used to do 
with small systems—we have lost that skill; 
and organizations have become so large, it 
is easier not to do at all what, in the old days, 
was accomplished with a short discussion.” 


Concluding Thoughts 


The story of the SIGINT satellites is 
first the story of decisions by national 
leaders: The creation of a Department of 
Defense. a Director of Central Intelligence, 
and a Nationa] Security Agency by President 
Truman: the arrangement to have the 
Director of Central Intelligence take full 
charge of setting priorities for military and 
civil intelligence operations by President 
Eisenhower, Eisenhower's creation of the 
US Intelligence Board (USIB), the 


° Wheelon was the first CIA Deputy Director for Science 
and Technology ‘DDS&T!: preceding Wheelon were Herb 
(Pete Scoville and Don Chamberlain. who were the first 
and second CLA Deputy Directors for Research. 
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President’s Scientific Advisory Committee, 
and the President's Foreign Intelligence 
Advisory Board; and Eisenhower's initiation 
of what became the National Reconnais- 
sance Office (NRO), which brought cre- 
ative minds to assist the President in his 
stewardship over these crucial national 
security activities of the country. These 
decisions can now be seen as legacies of 
the very first importance—actions that 
shaped the manner in which the Cold War 
would unfold. 


The objectives of President Eisenhower's 
“Open Skies” proposal were actually achieved 
at greater altitudes above national air- 
space by the US space reconnaissance sys- 
tems. Even though the Soviets never 
agreed to permit US reconnaissance air- 
craft to overfly their airspace, they did per- 
mit US reconnaissance satellites to overfly 


. the Soviet Union and benefited by the 


same access for their satellites over the 
United States. This tacit cooperation was 
made possible by Eisenhower’s three-track 
approach to organizing and carrying out 
the US space effort. Assigning the manned 
and scientific space work to NASA, the 
standard military projects to the military 
services, and all space reconnaissance 
under a separate and covert organization 
was a brilliant organizational plan. By 
hiding the US reconnaissance effort under 
the NRO, the United States kept the diplo 
matic pressure off. Neither the Soviet 
Union nor the United States had to admit 
publicly that it was overflying the territory - 
of the other or that the sovereignty of its 
own territory might be “violated.” The 
tacit agreement served well. These initia 
tives and activities would have been hard 
to negotiate and even harder for leaders t° 
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agree to in public. So the plan was good, it 
worked, and it suited the special circum- 
stances of the Cold War perfectly. 


The SIGINT satellites that were built 
were good, too. They made a complemen- 
tary set and provided our leaders with the 
information they needed to make crucial 
defense decisions. Especially on the Soviet 
ABM—the big question as to whether the 
Soviets could actually defend themselves 
against incoming US missiles (they could- 
n't!—-the answers were vital and they 
were provided in time to preserve the con- 
fidence of US leaders in the deterrent 
power of their forces. 


These results meant that the leaders 
of the United States could wait and not be 
led by uncertainty into the disaster of a 
nuclear exchange. For the United States, 


this made possible the successful outcome 
of the Cold War. 
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Role of Digital Computing in satellite with a single frequency band to 


SIGINT Satellite Collection multipole satellites with as many as 
Systems EO 13526 3.3(b)1) 

The role of digital computers in the Chart 4 shows the total number of 
development of SIGINT satellite collection radar locations produced per year as the 
systems can be appreciated through a - number of collection systems increased and 


became more sophisticated. Advanced 
EO 13526 3.3{b}(1)>25Yrs, EO 13526 1.4(d 


EO 13526 3.3(b}(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 13 


review of digital computer development 
and the application of this development to 
processing of SIGINT data collected by the 


various overhcad satellite systems. ROR Renata Gite made these increases 
possible. 
The timeline in this appendix pre- 
sents a brief outline of computer develop- Chart 5 is a comparison of emitter 
ment from 1935 to 1975. _ location accuracy for the various SIGINT 


systems as they were developed. [ROMKSPEKRG( 
EO 13526 3.3(b)(1)>25Yrs 


is a far cry from the 400- to §.000-mile 


Chart 1 depicts the improvement in 
Processing capacity at the National 


Security Agency (NSA) from 1960 through locations of the first POPPIES or even the 

1971 as more powerful computers were 300-mile accuracy of the first’ Project 

developed and applied to the processing of 698BK satellites. . 

SIGINT data from the first mostly experi- 

Mental programs of the early 1960s to the Chart 6 reminds us that in addition 

More sophisticated programs of the 1970s. to the digital processing applied to identifi- 

cation and location of SIGINT emitters, 

Chart 2 demonstrates a similar trend there was a paralle! development in using 


tne nraraccing eanahilite. davelnnad hu 


igi niqu san i 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 1.4(c)<25Yrs, EO 1 digital techniques to glean the technical 


information from the narrow and wide 
bandwidth analog tapes produced in the 
same timeframe. 


_ Chart 3 is a measure of the increas- 
'N8 data produced by the POPPY Program 
Sits collection progressed from a single 
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Digital Computer Evolution 


Date 


1935 


1944 


1946 


1950 


1952 


1953 
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Event 


{BM 601 Multiplying Card Punch was developed.' These punched-card 
machines were the backbone of the machine support for processing hy NSA‘s pre- 
decessor organizations, the Navy's Communications Supplementary Activities. 
Washington (CSAW), and the Army Security Agency (ASA). 


Mark 1 relay computer was developed at Harvard under direction of Howard 
Aiken.? 


ENIAC, the first large, general-purpose electronic computer, which had 18.000 
vacuum tubes, stored only 20 numbers. and was programmed by plugging large 
cables between registers, was developed by J. Presper Eckert and John Mauchly 
at the Moore School of Electrical Engineering, University of Pennsylvania} 


Engineering Research Associates. Inc. (ERA). delivered the first ATLAS computer 
(started in 1948) to CSAW in December 1950. The ATLAS digital computer was a 
large, vacuum-tube machine that used magnetic-drum storage with a capacity of 
16,384 words of 24 bits (binary digits) each and had an access time of 17 mili- 
seconds.4 ATLAS I was the first paralle) electronic computer in the US with 
drum memory. ; 


ABNER I, developed by ASA engineers, became speratigaal in 1952. ABNER I 
used mercury delay lines developed by Technitrol for ASA for memory, digital 
tape drives developed by Raytheon, and a unique instruction set developed by 
ASA programmers and engineers, the first of which emphasized upon nonarith- 
metic operations. ABNER was a serial computer similar in logic to SEAC and 
EDVAC. It was the most sophisticated computer of its time and was the first 
computer to perform computations simultaneously with input-output operations. 
ABNER had the most complete complement of input-output capabilities of its 
time, including punched cards, punched paper tape, magnetic tape, parallel 
printer. typewriter, and console. ABNER II. built for NSA by Technitrol 
Corporation, became operational in June 1955.5 


The first ATLAS II computer was delivered to NSA (established on 4 November 
1952) in October 1953 by UNIVAC (ERA had been acquired by Remington Rand. 
Inc.. in 1952, and UNIVAC was formed). The first ATLAS II computer used elec- 
trostatic tubes for high-speed memory. 
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1954 The second ATLAS II computer delivered to NSA in November 1954 is believed 
to be the first magnetic-core-memory computer delivered. ATLAS II was 1,000 
times faster than ATLAS I, with the new magnetic-core memory. 


1956 IBM 703 and UNIVAC 1103 are the first commercial digital computers to use 
magnetic-core storage.2 The UNIVAC Scientific 1103 was the commercial ver- 


sion of the ATLAS II.9 


1957 The first of five BOGART computers, built by Sperry Rand (Remington Rand 
and Sperry Corporation combined in 1955 to form Sperry Rand.), St. Paul. 
Minnesota, to specifications provided by NSA to provide data conversion. format- 
ting, and other special functions: was delivered to NSA, Fort Meade, in July 
1957. Work started on BOGART in July 1954. The BOGART computer used 
diode and magnetic-core logic with a 24-bit word size and had the capability to 
select any of three 8-bit portions of the word. The cycle time of the magnetic 
core memory was 20 microseconds. IBM 727 magnetic tape drives, which were 
becoming the industry standard, were also used. BOGART was probablv the 
first US computer that was built using “design automation” techniques. Many 
features of BOGART were carried over into the family of Navy Tactical Data 
System computers.'0 The BOGART computer was the first computer used by NSA 
in 1961 to process ELINT data collected by the Navy program (see Chapter 3). 


1958 SOLO. the first operational digital computer using transistors, was delivered to 
NSA in March 1958. NSA recognized in January 1955 the potential for transis- , 
ore to replace vacuum tubes and formed a small group of engineers (including 
£0 13826 3.50 and Raymond Potts) to lead efforts using transistors and to 
form the nucleus of what became the transistor generation. In June 1955 Philco 
Corporation was awarded a contract to build a transistor machine using surface- 
barrier transistors (a technology that was superseded by jiunction transistors) to 
duplicate the design of the ATLAS Il computer. The SOLO transistor version of 
the ATLAS II computer operated with a clock speed of 1 megacycle and was con- 
tained in a desk. compared to the 400 square feet of space required for ATLAS II. 
Philco marketed a commercial version of SOLO as the TRANSAC 1000. A 
larger, improved computer, the TRANSAC S-2000, based on the Navy CXPQ 
computer and later called Philco S-2000, was marketed with more success.!! 


1960 The first Control Data Corporation (CDC) 1604A computer was delivered. CDC 
was formed by William Norris and a small group of engineers from Remington 
Rand in 1957. These engineers included Seymore Cray as the chief computer 
designer. Cray later formed Cray Research where he designed, built, and deliv- 
ered the very large scientific CRAY computers. 
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HARVEST, the most sophisticated model of the STRETCH series of computers 
built. by IBM. was delivered to NSA in February 1962.!? Construction of the IBM 
STRETCH series of computers started in 1955 with the design for the more 
capable HARVEST version ta meet NSA requirements submitted in May 1957. 
The proposed HARVEST system was estimated to be 100 to 200 times faster 
than current equipment. The HARVEST system for NSA was basically the same 
as other STRETCH systems, with the following major additions: two additional 
banks of high-speed memory, with a 0.9-microsecond access time; a high-speed 
streaming unit to perform special statistical calculations; and the TRACTOR 
automatic, high-speed, high-capacity data storage system. TRACTOR consisted 
of three automatic tape-cartridge handling units, each capable of automatically 
seeking and extracting data under program control. The 160 tape cartridges, 
each using 1.75-inch-wide tape with 3,000 bits per inch, could store 88-billion 
characters, with an instantaneous information-transfer rate of 1,280,000 charac- 
ters per second. The TRACTOR tape system was the first completely automated 
tape library. The system also pioneered the use of error-correcting codes and de- 
skewing buffers. 


The logic technology used in IBM's 7000-series and subsequent models followed 
the STRETCH and HARVEST foundation. The 2-microsecond magnetic-core 
memory technology was used in IBM's 7090 and other computers.!* 
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Chart 1 


Processing capacity increases applied to satellite ELINT data 
at NSA, Fort Meade, Maryland. 
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Soviet and Chinese Radar ‘and Communications Signals 


Radars 


US/NATO Naime 
EO 1 BeIHEN HOUSE |) 


(HEN HOUSE fi) 


BACK NET 


BALL GUN 

BAR LOCK 

BEER CAN 

BIG BAR 

BIG MESH 

BIG NET 

BIG SCREEN 

BUEB (HEN HOUSE) 

BUGH . 
emMMALIEN HOUSE) 
HEN HOUSE) 
CAT HOUSE 


CROSS OUT 

DOG HOUSE 
DRUM TILT 

EGG HEAD 

FAN SONG, C-band 


FAN SONG, S-band 
FIRE CAN 

FLAT FACE 

FLAT TWIN 


FULL TIME 


GIN SLING 


Function 


Soviet ABM. tarpet acquisition ond tacking 

Soviet ABM, target acquisition and tracking 

Soviet acquisition radar for the SA-5 GAMMON suriace-io-air- 
missile (SAM) system 


Soviet shipborne surface search 


Soviet early warning 

Soviet early warning, ground-controlled intercept 

Soviet early warning 

Soviet early warning 

Soviet shipborne early warning 

Soviet ABM target warning 

Soviet ABM. target acquisition and tracking 

Soviet ABM 

Soviet ABM, target acquisitian and tracking 

Soviet ABM, target acquisition and tracking 

Soviet target tracking for the GALOSH antiballistic missile 
{ABM} system 

Soviet early waming 

Soviet target acquisition for the GALOSH ABM system 


’ Soviet antiaircraft fire-control 


Soviet, believed slewable phased array 

Soviet target tracking and missile guidance for SA-2 GUIDELINE 
SAMs also used in the People’s Republic of China (PRO) 

Soviet target tracking and missile guidance tos SA-2: SAMs 


’ Soviet antiaircraft fire control 


Soviet early warning for antiaircratt fire control 

Soviet target tracking with coherent radio frequency, believed to 
emit from a slewable phased array 

Soviet early warning. 

PRC tatget-tracking radar associated with the CSA-1 SAM system 


(Table continues) 
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US/NATO Name 


Function 


GUN DISH Soviet shipborne antiaircrart 
HEAD LIGHTS Soviet shipbere target? tracking and missile guidance tor 
the SA-N-3 missile 
HEAD NET Soviet shipborne air search and early warning tor the SAWN-] 
HEN EGG Soviet ABM 
HEN HOUSE | Soviet ABM tareet-tracking: B337Z, formerly BLEB and BVO 
HEN HOUSE 1! Soviet ABM target-tracking; B375Z, formerly BVEW and T5136 
HIGH SIEVE Soviet shiphorne surtace search 
LONG TRACK Soviet target acquisition radar associated with SA-4 GANEF, 
SA-6 GAINFUL, and SA-8 GECKO SAM systems 
LOW BLOW Soviet target-tracking cadar associated with the SA-} COA SAM 
MOON MAT Early waming copy US SCR-270 
MUFF COB Soviet shipborne antiaircrart fire control 
NYSA-C Polish early warning 
PART TIME Soviet early warning 
PAT HAND Soviet target-tracking for the GANEF SA-4 SAM system 
POP GROUP Soviet shipborne SA-N-4 missile guidance. larger tracking 
ROCK CAKE Soviet height finder 
SHEET BEND Soviet coastal surveillance radar associated with the $S-2B 
surtace-to-surtace missile system 
SHIP WHEEL Soviet missiie beacon-tracking/instrumentation 
SHOCK SING PRC early warning: associated with the SA-3 
SLIM NET Soviet shipborne surface searciytarget acquisition 
SNOOP SLAB Soviet submarine-borne navigation 
SNOOP TRAY Soviet submarine-borne navigationa! radar 
SQUARE PAIR T8856 Soviet target-tracking radar tar the SA-5 missile system 
STRAIGHT FLUSH Soviet target-tracking radar associated with the SA-6 missile system 
STRIKE OUT Soviet early warning 
STONE CAKE Soviet height finder 
TALL KING Soviet early warning 
THIN SKIN Soviet height finder associated with the SA-4, SA-6, and SA-8 
TOKEN ’ Soviet early warning 
TOP ROOST Soviet ABM target-tracking, can track multiple targets 
TOP SAIL Soviet shipborne tor SA-N-3 
TOP TROUGH Soviet shipborme early warning 
TRY ADD Soviet target-tracking, missile tracking, and guidance for the 
GALOSH ASM system 
YO YO Soviet target tracking for GUILD SA-1 SAM — 
ee ne at 
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Communications Signals 


US/Soviet Name Soviet Function Frequency* 


Desipnator 
EO 13526 4.4ic}e25Yrs, EO 13526 3.5{c} 


Radio Frequency Ranges 


pe , Range Wavelength 
HF (high frequency?) 3-30 MHz 100-10 meters 
VHF (very high frequency) 30-300 MHz 10-1 meter 
UHF ultrahigh frequency) 300- 3.000 MHz ; ITmto 10cm 
S-band 2,000-4,000 MHz 10cm 
C-band 4,000-6,000 MHz 5 cm 
X-band 8,000-10,000 MHz 3cm 
SHF (superhigh trequencv) 3-30 GHz 10-1 cm 
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Full-Text References 


Explanatorv note to full-text docu- 
ments: National Security Council 
Intelligence Directive 6 (NSCID 6), dated 
15 September 1958, delegated to NSA the 


‘authority to organize and control all US 


electronic intelligence (ELINT) intercept 
and processing. The 1958 version of this 
NSCID added ELINT to NSA's responsibil- 
ities, and since this directive was written 
before SIGINT began to use space vehicles, 
references to “satellites” are neither specif- 
ically included nor excluded. As a result of 
a Presidential reorganization in 1971, 
NSCID 6 was rewritten; the 1972 revision 
of the directive delineates NSA's responsi- 
bilities on control of the intercept payload 
and processing of data collected by SIGINT 
satellites. This appendix contains both an 
extract from the original NSCID 6 on the 
mission, administration, and specific 
responsibilities of NSA and its director and 
a copy of the 17 February 1972 directive. 
(Ref: Page 60, NSA in Space.) 


The following documents are repro- 
duced here in full text: 


Extract from National Security 
Council Intelligence Directive 6, dated 15 
September 1958. paragraphs 6 and 7. 
(Ref: Appendix N, NSA in Space.) 
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_ Full text of National Security Council 
Directive 6, dated 17 February 1972. (Ref: 
Appendix N, NSA in Space.) 


Memorandum signed by Secretary of 
Defense Robert S$. McNamara. dated 6 
September 1961, attaching letter from 
Deputy Secretary of Defense Roswell L. 
Gilpatric to Director of Central Intelligence 
Allen W. Dulles. dated 6 September 1961. 
subject: Management of the National 
Reconnaissance Program. (Ref: Appen- 
dix P, NSA ta Space.) 


Memorandum from the Secretary of 
Defense, subject: Space Vehicle 
Electronics Intelligence Program, dated 20 
October 1961. (Ref: Appendix Q, NSA in 
Space.) 


Tordella-Scoville-Charyk agreement, 
dated 25 May 1962. (Ref: Appendix R. 
NSA in Space.) , 


Agreement for Reorganization of the 
National Reconnaissance Program, dated 
11 August 1965, signed by Deputy 
Secretary of Defense Cyrus Vance and 
Director of Central Intelligence W. F. 
Raborn. (Ref: Appendix S, NSA in Space.) 


Memorandum from Chief of Naval 
Operations, subject: System POPPY, reas- 
signment of responsibilities for,” dated 21 
January 1963. (Ref: Appendix T, NSA in 


Space.) 
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NRO/NSA/CIA/USN Management BO tare Santee ts 
Agreement for the POPPY System, dated 5 
November 1971. (Ref: Appendix U, NSA 
in Space.) 
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EXTRACT FROM NSCID 6, DATED 15 SEPTEMBER 1958 
"6. The National Security Agency 


a. The COMINT and ELINT missions of the National 
Security Agency (NSA) shall be to provide an effective, unified 
organization and. control of the (1) COMINT and (2) ELINT 
intercept and processing activities of the United States, to 
“provide for integrated operational policies and procedures 
pertaining thereto and to produce COMINT information and ELINT 
information in accordance with objectives, raquirements and 
priorities established by the U.S. Intelligence Board. 


b. NSA shall be administered by a Director, designated 
by the Secretary of Defense after consultation with the Joint 
Chiefs of Staff, whose appointment shall be for a term of four 
years. The Director shall be a career commissioned officer 
of the armed services on active or reactivated status, and 
shall enjoy at least 3-star rank during the period of his 
incumbency. The Director shall have a civilian Deputy. 


7. The Director, National Security Agency. 


a. The Director of NSA shall be responsible for 
accomplishing the mission of NSA. For this purpose all 
COMINT and ELINT intercept and processing activities of the 
United States are placed under his operational and technical 
control. When action by the Chiefs of the operating agencies 
of the Services or civilian departments or agencies is required, 
the Director shall normally issve instructions pertaining to 
COMINT and ELINT operations through them. However, because of 
the unique technical character of COMINT and ELINT operations, 
the Director is authorized to issue direct to any operating 
elements under his operational control task assignments and 
pertinent instructions which are within the capacity of such 
elements to accomplish. He shall also have direct access to, 
and direct communications with, any elements of the Service 
or civilian COMINT or ELINT agencies on any other matters of 
operational and technical control as may be necessary, and he 
is authorized to obtain such information and intelligence ... 
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NATIONAL SECURITY COUNCIL 
Washington, 0.C. 20505 


February 17, 1972 


MEMORANDUM FOR 


The Secretary of State 
The Secretary of the Treasury 
The Secretary of Defense 
The Attorney General 
The Director of Central Intelligence 
_ The Director, Office of Science and Technology 
‘The Chairman, President's Foreign Intelligence Advisory 
Board ae 
The Chairman, U.S. Atomic Energy Commission 


SUBJECT: Issuance of Revised NSCID's 


In accordance with the President's memorandum of November 
5, 1971, directing a reorganization of the intelligence 
community, the staffs of the NSC, DCI, and OMB, in consultation 
and coordination with the President's Foreign Intelligence 
Advisory Board, have prepared revisions of National Security 
Council Intelligence Directives 1-8. These revisions have 
been approved, and the revised NSCID-6 is attached. This 
supersedes all previous versions of this NSCID. 


The revised NSCID's 1-5 and 7-8 have been distributed 
separately. 


/s/ 
Henry A. Kissinger 
Attachment 


cc: The Director, Office of Management 
and Budget. 
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NATIONAL SECURITY COUNCIL INTELLIGENCE 
DIRECTIVE NO. 61 


SIGNALS INTELLIGENCE 
(Effective 17 February 1972) 


Signals Intelligence (SIGINT), which comprises Comminica- 
tions Intelligence (COMINT) and Electronics Intelligence (ELINT) 
and the activities pertaining thereto are. national 
responsibilities and must be so organized and managed as to 
exploit to the maximum the available resources of the 
Government, to satisfy the intelligence needs of the National 
Security Council and the departments and agencies of the. 
Government, and to provide for efficiency and economy in the 
use of technical resources. Therefore, pursuant to the 
National Security Act of 1947, as amended, the National Security 
Council authorizes and directs that SIGINT activities shall be © 
conducted as prescribed herein. 


l. Definitions 


For the purpose of this directive, the terms "Communica- 
tions Intelligence” or "“COMINT"” shall be construed to mean 
technical and intelligence information derived from foreign 
communications by other than the intended recipients. 


COMINT activities shall be construed to mean those 
activities that produce COMINT by the collection and processing 
of foreign communications passed by radio, wire or other 
electromagnetic means, with specific exceptions stated below, 
and by the processing of foreign encrypted communications, 
however transmitted. Collection comprises search, intercept 
and direction finding. Processing comprises range estimation, 
transmitter/operator identification, signal analysis, traffic 
analysis, cryptanalysis, decryption, study of plain text, the 
fusion of these processes, and the reporting of results. 


COMINT and COMINT activities as defined herein shall 
not include (a) any intercept and processing of unencrypted 
written conmunications, press and propaganda broadcasts, or 
(b) censorship. 


. This Directive supersedes NSCID No. 6 dated 15 September 1958, 
revised 18 January 1961. 
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ELINT activities are defined as the collection (observa- 
tion and recording), and the processing for subsequent 
intelligence purposes, of information derived from foreign, 
non-communications, electromagnetic radiations emanating from 
other than atomic detonation or radioactive sources. FELINT 
is the technical and intelligence information product of ELINT 
activities. 


2. The Director of Central Intelligence 


Consistent with his responsibilities as set forth in 
NSCID Nos. 1, 2 and 3, the Director of Central Intelligence 
shall: 


a. ‘Establish with the advice of the United States 
Intelligence Board and.issue appropriate intelligence 
objectives, requirements and priorities to guide the conduct 
of all United States SIGINT activities. : : 


b. Review the needs and performance of United States 
SIGINT activities as a basis for preparing a consolidated 
intelligence program budget. 


c. Establish policies and procedures for the conduct 
of SIGINT arrangements with foreign governments with the 
‘a@dvice of the United States Intelligence Board. 


a. Develop and establish policies and procedures for 
the protection of SIGINT including.the degree and type of 
security protection to be given SIGINT activities through the 
protection of information about them or derived from them. 


3. The Secretary of Defense 


a. The Secretary of Defense is designated as 
Executive Agent of the Government for the conduct of SIGINT 
activities in accordance with the provisions. of this directive 
and for the direction, supervision, funding, maintenance and 
operation of the National Security Agency. The Director of the 
National Security Agency shall report to the. Secretary of 
Defense and shall be the principal SIGINT advisor to the 
Secretary of Defense, the Director of Central Intelligence, and 
the Joint Chiefs of Staff. The Secretary of Defense may 
delegate in whole or part authority over the Director of the 
National Security Agency within the Office of the Secretary of 
Defense. ; 
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; b. The Secretary of Defense may determine, after 
consultation with the Secretary of State and the Director of 
Central Intelligence, that a SIGINT matter forwarded by the 
Director of Central Intelligence to the National Security 
Council far decision presents a problem of an emergency nature 
and requires immediate action. His action will be implemented 
and will govern, pending a decision by the National Security 
Council. 


4. The National Security Agency 


a. There is eStablished under the Secretary of Defense 
and subject to his authority and control a National Security 
Agency with a Director who shall be head thereof and a Deputy 
Director who shall act for, and exercise the powers of, the. 
Director during his absence or disability. The Director and 
Deputy Director shall be designated by the Secretary of 
Defense subject to the approval of the President. The duration 
of their appointments shall be at the pleasure of the President. 
The Director shall be a commissioned officer of the armed 
services, on active or reactivated status and.shall enjoy not 
less than three star rank during the peried of his incumbency. 
The Director shall have a Deputy who shall be a career civilian 
with SIGINT experience. 


b. It shall Be the duty of the Director of the 

National Security Agency to provide for the SIGINT mission of 
the United States, to establish an effective unified 
i .-organization and control of all SIGINT collection and process- 
i ing activities of the United States, and to produce SIGINT. 
; in accordance with objectives, requirements and priorities 
1 established by the Director of Central Intelligence with the 
i advice of the United States Intelligence Board. No other 
i organization shall engage in SIGINT activities except as 
provided for in this directive. 


j c. Except as provided in paragraphs 5 and 6 of this 

: directive, the Director of the National Security Agency shall 
exercise full control over al11 SIGINT collection and processing 
activities, except the operation of mobile SIGINT platforms 

; Which will normally be exercised through appropriate elements 

; Of the military command structure. The Director of the 

National Security Agency is authorized to issue direct to any 


' . 
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operating elements engaged in SIGINT operations such instruc- 
tions issued by the Director under the authority provided in 
this paragraph shall be mandatory, subject only to appeal to 
the Secretary of Defense. 


d. In consonance with the aims of maximum overall 
efficiency, economy and effectiveness, and to the extent he 
deems necessary and desirable, the Director shall centralize 
and consolidate the performance of SIGINT functions for which 
he is responsible. To this end, there is established a Central 
Security Service under the Director of the National Security 
Agency, which shall be organized in accordance with a plan 
approved by the Secretary of Defense. It shall be principally 
collection oriented and shall include SIGINT functions 
previously performed by various Military Department and other 
United States governmental elements engaged in SIGINT activities. 
The Director of the National Security Agency shall determine | 
the appropriate division of responsibilities among the elements | 
under his direction. 


e. The Armed Forces and other departments and agencies 
often require timely and effective SIGINT. The Director of 
the National Security Agency shall provide information requested 
taking all necessary measures to facilitate its maximum 
utility. As determined by the Director of the National 
Security Agency or as directed by the Secretary of Defense, 
the Director of the National Security Agency shall provide 
such SIGINT either through the direction of activities under 
his control or through the delegation to an appropriate agent 
of specified SIGINT facilities and resources from among the 
elements under his direction for such periods and for such 
tasks as appropriate. 


£. Specific responsibilities of the Director of the 
National Security Agency include the following: 


(1) Formulating necessary operational plans, 
policies and procedures to provide for integrated operations. 


(2) Managing SIGINT resources, personnel and 
programs. 


(3) Conducting research and development to meet 
the needs of the United States for SIGINT. 
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(4) Determining and submitting to the authorities 
responsible for logistic support for activities under his 
control requirements together with specific recommendations as 
to what each of the responsible departments and agencies of the 
Government should supply. 


(5) Prescribing within his field of authorized 
operations requisite security regulations covering operating 
practices, including the transmission, handling and 
distribution of SIGINT material within and among the elements: 
under his control; and exercising the necessary monitoring ; 
and supervisory control to ensure compliance with the — 
regulations. 


(6) Providing the Director of Central Intelligence 
with such information as he may require on the past, current 


‘and proposed plans, programs and costs of the SIGINT activities j 


under the control of the Director of the National Security 
Agency. 


g. The intelligence components of individual 
departments and agencies may continue to conduct direct liaison 
with the National Security Agency in the interpretation and 
amplification of requirements and priorities within the 
framework of objectives, requirements and priorities established 
by the Director of Central Intelligence. 


h. It is the intent of this directive that the 
National Security Agency not engage in the production and 
dissemination of finished intelligence, but be limited to the 
production and dissemination of COMINT and ELINT. 


5. Relationship to other SIGINT Activities 


a. The Director of Central Intelligence with the 
advice of the United States Intelligence Board shall determine 
the requirements and priorities for collection by SIGINT 
Satellites that shall be developed, launched and maintained 
in operation by the National Reconnaissance Office. The 
Director of the National Security Agency, with respect to his 
technical and operational control of the intercept payload, 
and the Director of the National Reconnaissance Office, with 
respect to his control of spacecraft operations, shall provide 
for the tasking of these satellites based on guidance provided 
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by the Director of Central Intelligence. The National Security 
Agency shall process the collected data. 


b. Nothing in this directive shall be construed to 
encroach upon or interfere with the unique requirements for 
clandestine operations covered under NSCID No. 5. Those 
SIGINT collection and processing activities (other than 
cryptanalysis) that are specifically designated by the Director 
of Central Intelligence. to be essential and integral to the 
operation of clandestine espionage and counterintelligence 
activities abroad, including arrangements with foreign 
clandestine services, shall be conducted under the provisions 
of that directive. To the extent practicable, however, 
information pertaining to the activities and derived therefrom 
shall be handled so as to give suitable protection to related 
SIGINT activities. Material collected under these circumstances 
that would have been considered COMINT or ELINT will be passed 
to the National Security Agency to the extent desired by the 
Director of the National Security Agency aS soon as special 
reguirements of the collector have been satisfied. 


¢. The Director of the National Security Agency shall 
conduct such COMINT and ELINT activities as are required to 
support electronic warfare activities. The conduct of such 
search, intercept, direction-finding, range-estimation, and 
signal analysis of non-communications electromagnetics 
radiation as must be undertaken to permit immediate operational 
use of the information in support of electronic measures and 
countermeasures and rescue operations, if delegated by the 
Director of the National Security Agency. shall be the 
responsibility of the Military Departments or Commands, as 
appropriate. The responsibility for such activities with 
respect to electromagnetic radiations of COMINT interest shall 
normally not be delegated and shall remain the responsibility 
of the Director of the National Security Agency. 


6. The Federal Bureau of Investigation 


Nothing in this directive shall be construed to encroach 
upon or interfere with the unique responsibilities of the 
Federal Bureau of Investigation in the field of internal 
security, including such intercept and processing activities as 
may be undertaken by the Federal Bureau of Investigation in 
connection with-.its functions. 


HANDLE VIA BYEMAN/COMINT CHANNELS JOINTLY BYE~034-72 


nn eee Page 7 


one a ee ae ere rc ee + ete ee car Seen nen fp esses es ete ROR Re orateR eR RIT 


“TOP-SECRET _ 


THE SECRETARY OF DEFENSE 
Washington 
6 September 1961 


MEMORANDUM FOR THE SECRETARY OF THE ARMY 
THE SECRETARY OF THE NAVY 
THE SECRETARY OF THE AIR FORCE 
THE DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING 
THE CHAIRMAN OF THE JOINT CHIEFS OF STAFF 
THE GENERAL COUNSEL 


SUBJECT: (9S) Assistant for Reconnaissance 


Reference the attached Agreement between the Secretary 
of Defense and the Director of the Central Intelligence Agency 
entitled Management of the National Reconnaissance Program. 


The Under Secretary of the Air Force is hereby designated 
my Assistant for Reconnaissance, and is delegated full 
authority for management of this program. In this regard, he 
will act as my direct representative both within and outside 


_ the Department of Defense. He will be given any support 


that he requires from normal staff elements, although these 
staff elements will not participate in program matters 
except as he specifically requests.. He will, however, keep 
pertinent key officials informed on a regular basis on the 
status of these programs. : 


Because of the extreme sensitivity of the projects involved 
in the National Reconnaissance Program, particular care must 
be taken to protect the Security of the arrangements described 
herein, The existence of the referenced Agreement, its contents 
and the organizational implementation employed for its 
execution are all classified TOP SECRET. This information will 
not be disclosed to anyone to whom such disclosure is not 
mandatory in order to carry out actions required by the terms 


.of the referenced Agreement or by my Assistant for 


Reconnaissance in carrying out his responsibilities in the 
National Reconnaissance Program. 
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All Department of Defense satellite or overflight 
photographic reconnaissance, mapping, geodesy, and electronic 
signal collection programs will be handled in accordance with 
the referenced Agreement, and existing project assignments 
will be brought into conformity and present directives will be 
revised at the earliest date that such action can be taken 
with plausible overt appearance. 


A new public relations policy for satellite launches will 


be announced as a separate action to minimize political 
vulnerability of these programs. 


Robert S. McNamara 


1 Att. 
Agreement 
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TO RET 


THE SECRETARY OF DEFENSE 
Washington 


6 September 61 


The Honorable Allen W. Dulles 
Director of Central ances lagence 
Washington, D.C. 


Re: Management of the National Reconnaissance Program 


Dear Mr. Dulles: 


This letter confirms our agreement with respect to the 
setting up of a National Reconnaissance Program (NRP), and the 
arrangements for dealing both with the management and 
operation of this program and the handling of the intelligence 
product of the program on a covert basis. 


1. The NRP will consist of all satellite and overflight 
reconnaissance projects whether overt or covert. It will 
include all photographic projects for intelligence, geodesy 
and mapping purposes, and electronic signal collection projects 
for electronic signal intelligence and communications 
intelligence resulting therefrom. ; 


2. There will be established on a covert basis a National 
Reconnaissance Office to manage this program. This office will 
be under the direction of the Under Secretary of the Air Force 
and the Deputy Director (Plans) of the Central Intelligence 
Agency acting jointly. It will include a small special staff 
whose personnel will be drawn from the Department of Defense 
and the Central Intelligence Agency. This office will have 
direct control over all elements of the total program. 


3. Decisions of the National Reconnaissance Office will be 
implemented and its management of the National Reconnaissance 
Program made effective:. within the Department of Defense,. by 
the exercise of the authority delegated to the Under Secretary 
of the Aix Force; within the Central Intelligence Agency, by 
the Deputy Director (Plans) in the performance of his presently 
assigned duties. The Under Secretary of the Air Force will be 
designated Special Assistant For Reconnaissance to the Secretary 
of Defense and delegated full authority by me in this area. 
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4. Within the Department of Defense, the Department of 
the Air Force will be the operational agency for management 
and conduct of the NRP, and will conduct this program through 
use of streamlined special management procedures involving 
direct control from the office of the Secretary of the 
Air Force to Reconnaissance System Project Directors in the 
field, without intervening reviews or approvals. The. 
management. and conduct of individual projects or elements 
thereof requiring special covert arrangements may be assigned 
to the Central Intelligence Agency as the operational agency. 


5. A Technical Advisory Group for the National 
Reconnaissance Office will be established. 


6. <A uniform security control system will be established 
for the total program by the National Reconnaissance Office. 
Products from the various programs will be available to all 
users as designated by the United States Intelligence Board. 


7. The National Reconnaissance Office will be directly 
responsive to, and only to, the photographic and electronic 
signal collection requirements and priorities as established 
by the United States Intelligence Board. 


8. The National Reconnaissance Office will develop 


suitable cover plans and public information plans, in 


conjunction with the Assistant Secretary of Defense, Public 
Affairs, to reduce potential political vulnerability of these 
programs. In regard to satellite systems, it will be necessary 
to apply the revised public information policy to other non- 
sensitive satellite projects in order to insure- maximum 
protection. 


9. The Directors of the National Reconnaissance Office 
will establish detailed working procedures to insure that the 
particular talents, experience and capabilities within the 
Department of Defense and the Central Intelligence Agency are 
fully and most effectively utilized in this program. 


10. Management control of the field operations of various 
elements of the. program will be exercised directly, in the 
case of the Department of Defense, from the Under Secretary 
of the Air Force to the designated project officers for each 
program and, in the case of the Central Intelligence Agency, 
from the Deputy Director (Plans) to appropriate elements of 
the Central Intelligence Agency. Major program elements and 
operations of the National Reconnaissance Office will be 
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reviewed on a regular basis and as special circumstances 
require by the Special Group under NSC 5412. 


If the foregoing is in accord with your understanding of 
our agreement, I would appreciate it if you would kindly 
sign and return the enclosed copy of this letter. 


/S/ 


Roswell L. Gilpatric 
Deputy Secretary of Defense 


lL Atch: 
Chart "Single Mgmt for 
National Reconnaissance 
Programs (?8) 


CONCUR: 


Heer ree cmnnnnnasne sane eananTntanaoauoosnannes-chumonoosooosennnso-efummmmenanaseaseaestiiiiDaemmnrs-osstteasaaaaamesrirtes- Rogan Teasnaniel 
_C. P. Cabell, General, USAF 


Acting Director 
Central Intelligence Agency 
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. THE SECRETARY OF DEFENSE 
October 20, 1961 


MEMORANDUM FOR SECRFTARY OF THE ARMY 
SECRETARY OF THE NAVY 
SECRETARY OF THE AIR FORCE 
DIRECTOR OF DEFENSE RESEARCH AND ENGINEERING 
CHAIRMAN, JOINT CHIEFS OF STAFF 
GENERAL COUNSEL 
DIRECTOR, NATIONAL SECURITY AGENCY 
SPECIAL ASSISTANT FOR RECONNAISSANCE TO THE SECRETARY 
OF DEFENSE 


SUBJECT: Space Vehicle Electronics Intelligence Program 


The attached document entitled "Space Vehicle. Electronic Signal 
Collection Responsibilities and Resaurces" is approved and will be 
implemented within the Department of Defense by all departments, agencies, 
and special activities. — 


This documentation is. provided as an additional basis for understanding 


.the relationships, responsibilities and working arrangements applicable to 


space vehicle electronic signal collection and data processing that is in 
consonance with the responsibilities set forth in my memorarnchm of - 

6 September 1961, subject: "Assistant for Reconnaissance”. As used within 
this document, the term "Department of the Air Force (SAFMS)" specifically 
refers to that activity for which the Under Secretary of the Air Force 

has been designated as my Assistant for Reconnaissance. 


1 Attachment 
As stated, wie A ana B 


cc: OSD/DDR&E, Dr. Eugene G. Fubini 
osp/OSO, Mr. Clyde W. Elliott 
ACSI, D/A, Maj Abram V. Rinearson, III, USA 
OGNI, D/N, Capt D. M. Showers, USN 
SAFMS, D/AF, Lt Col Edwin J. Istvan, USAP 
USA, Mr. Herbert L. Conley — 
CIA, Mr. Harold Willis 
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SPACE VEHICLE ELECTRONIC SIGNAL COLLECTTON 
RESPONSIBILITIES AND RESOURCES 


References: (a) National Security Council Intelligence Directive No. 6 


(b) National Security Council Memo, dated 1 Sep 60, Subject: 
Reconnaissance Satellite Program 


(c) DOD Directive 5160. 32, Development of Space Systems 


(a) DOD Directive 5160.34, Reconnaissance and Geodetic 
Programs: 


(e) Secretary of Defense Maro, dated 6 Sep 61, with Inclosures 


l. The utilization of space vehicles as a means for collection of 
electronic Signal information is a special augmentation to other signal 
intelligence resources of the U.S. Government. In order that the present 
and future intelligence collection capabilities of earth satellites and 
other space vehicles can be vigorously explored and developed to add to 
the total U.S. intelligence posture, the procetures used for management, 
direction, and technical supervision of this intelligence collection 
medium will: 


a. Assure that appropriate planning takes place for both 
collection and processing systems in a well-coordinated fashion. 


b. Provide a means whereby immediate advantage is taken of break 
throughs in either the collection or processing state-of-the-art. 


2. Present approved collection and processing programs, through 
CY 1962 are essentially complementary and will not be modified, except 
as supplementary programs are developed in accordance with the 
responsibilities and procedures contained herein. 

3. Security considerations affecting this medium will provide that 
the sensitivity of the projects can be protected, and that full 


dissemination is made of extracted intelligence information: to elements 
having a genuine need. - 


4. To provide for acoomplishment of management, direction, and 
technical supervision in accordance with the above, the following 
responsibilities and arrangements are defined. 


a. The Department of the Air Force (SAFMS) will be solely 


responsible for the research, development, planning, and operations for 
electronic signal collection by space vehicles, taking into consideration 
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the effective utilization of all resources available to the u.S. 
Goverrment. This responsibility will be implemented in accordance with 
Tab A hereto. 


b. The Department of the Air Force (SAFMS) will develop the | 
over-all collection effort to satisfy electronic signal collection 
- requirements established by the U.S. Intelligence Board. The National 
Security Agency will review USIB electronic signal (COMINT and ELINT) 
requirements and will recommend to the Department of the Air Force (SAFMS) 
those which, in NSA’s opinion, can best be fulfilled by means of overhead 
reconnaissance. The over-all collectian program prepared by the 
Department of the Air Force (SAFMS) Will be subject to approval by the USIB.— 


c. The National Security Agency will be solely responsible for 
the research, development, planning, and operations for processing of 
electronic signal data (COMINT and ELINT) collected from space vehicle | 
sources, taking into consideration the effective utilization of all 
processing resources available to the U.S. Goverrment. The processing will 
include technical feedback to the Department of the Air Force (SAFMS) 
as well as extraction of intelligence data, but technical feedback from 
other sources may be provided. This age cca will be implemented 

in accordance with Tab B hereto. 


d. The Department of Sh kis (SAFMS) will determine the 
data format for the electronic signal collection products in close 
consultation with the National Security Agency so as to optimize the match 
between collection and processing. 


5. All applicable resources of the Department of Defense will be 
used in fulfillment of the above responsibilities. The resources of all 
other camponents of the U.S. Government engaged in electronic signal 
intelligence activity will be utilized as feasible. 


2 Incls: 
1. Tab A - Implementation of Collection Responsibilities 


2. Tab B ~ Inplementation of Processing Responsibilities 
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TAS A. 


IMPLEMENTATION OF COLLECTION RESPONSIBILITIES 


1. The Department of the Air Force (SAFMS) collection eupeshipeietiae 
include all aspects of the research, development, planning and operation 
of electronic signal collection by earth satellites or other space craft. 
These responsibilities encampass all aspects of the collection systems 
and include necessary ground support functions and equipment incident 
to the proper operation of the space craft and/or payload and as may be 
required to recover, transmit, convert, reformat and technically correct 
or reconstruct the collected data in order to yield a usable collection 
product for exploitation by the processor. 

2. The Department of the Air Force (SAFMS) will ‘Gettize all resources 
within the U.S. Government in the accanmplishment of its collection 
responsibilities. 


3. The Department of the Air Force (SAFMS) will establish, organize 


‘and manage the electronic signal collection effort in accordance with 


USIB approved requirements and priorities, and will exercise technical | 


direction, program planning, funding, security, and ee emer 
of the collection programs. 


4. The Department of the Air Force (SAFMS) will esppiien payload 
configuration control and mission planning. In accomplishing these 
functions, the Department of the Air Force (SAFMS) may utilize the services 
of a technical advisory group. 


5. The collection products of this effort will be placed under a 
single unified security control system. 


6. All eriginial (record) copies of the collection product will be 
maintained in a repository designated by the Department of the Air Force 
(SAFMS) . 


7. The collection product of this effort will be made available 
by the Department of the Air Force (SAFMS) to the NSA for fulfillment 
of processing responsibilities, and to such other activities designated 
by NSA or specifically authorized by USIB. 


8. No basic changes to existing collection programs scheduled 
through calendar year 1962 will be made. Augnentations to the collection - 
effort will be in accordance with the pieoiaias and responsibilities 
outlined herein. 
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9. The Department of the Air Force (SAFMS) will consult with the 
National Security Agency, in a timely manner, concerning the anticipated 
product and format from each electronic collection effort to. facilitate 
planning for the exploitation processing in accordance with the 
responsibilities assigned to the National Security Agency, and will provide 


technical assistance to facilitate accomplishment of the exploitation 
processing. 
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TAB B 
IMPLEMENTATION OF PROCESSING RESPONSIBILITIES 


1. The National Security Agency processing responsibilities include 
all aspects of the research, development, planning, and operation of the 
processing effart for electronic signal collection products provided by 
the Department of the Air Force (SAFMS). ‘These responsibilities encanpass 
all aspects of the processing of collection product, including the 
distribution of end product information reports as authorized by USIB. 


2. The National Security Agency will establish, arganize, and 
supervise the electronic signal processing effort in accordance with the 
requirements and priorities established by the USIB and will exercise 
technical direction, program planning, security control, and supervisian 
of the processing program. 


3. The National Security Agency will take cognizance of all resources 
within the U.S. Govermment in accomplishment of its processing 
responsibilities. To achieve maximm effectiveness, the National Security 
Agency will be responsible for specifying those U.S. resources to be 
applied to the processing of space vehicle collection products. In 
accomplishing its responsibility, the Director, National Security Agency 
may utilize the services of a technical advisory group. 


4. No basic changes to presently existing approved processing 
programs scheduled ‘through calendar year 1962 will be made. Additions 
or augmentations to the processing effort will be in accordance with the 
procedures and responsibilities outlined herein, 


5. The National Security Agency will place the end product 
information reports of the processing effort under a security control 
system to safeguard the source of the material. Such a system will be 
subject to USIB approval. 


6. The National Security Agency will provide specified technical 
or other feedback as required by the Department of the Air Force (SAFMS). 


7. ‘In the exercise of the responsibility for processing the 
@Oliection product, the National Security Agency shall assign tasks to 
appropriate organizations of the United States Govermment. An 
organization within the Department of Defense may not refuse to apply 
available resources for the accomplishment of a particular task on the 
basis that it will require the diversion of such resources from the 
accomplishment of other missions, unless such refusal is approved by the 
Secretary of the Military Department or the Commander of the Unified 
Or Specified Cammand concerned. Assignment of tasks to organizations 
outside the Department of Defense will be subject to the approval of 
the head of the particular orgnaization concerned. 
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8. In those cases where NSA delegates pecorssing responsibility, the 
NSA will: 


a. Provide appropriate planning support, and will furnish 
required operational and technical instructions. 


b. Assure that specified feedback as required by the Department 
of the Air Force (SAFMS) is provided. 


c. Arrange for each processing element to provide results to 
NSA, in one of two forms, either (1) as data to be integrated with other 
ea a ee ee ee a 
to all authorized customers. In either case, distribution — : 
2 a as authorized by USIB. The reports of type (2) above will be 
distributed in an NSA reporting series but will contain a designator 
showing the © ganization of origin. - 


d. As authorized by USIB, provide appropriate processing units 
with instructions for “sanitization" in order that information produced 
can be provided unddr appropriate classification to all intelligence 
users, including the unified and Specified commands ap hele operating 
elements. 
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MEMORANDUM OF AGREEMENT CONCERNING 
NSA PARTICIPATIGN IN THE 
AST NATIONAL RECONNAISSANCE OFFICE 


1. In the course of discussions between Dr. Charyk, Dr. Scoville, 
Admiral Frost and Dr. Tordella on 25 May 1962, it was made known that 
the (Sf National Reconnaissance Office in its SIGINT program will respond 
anly to requirements levied by the United States Intelligence Board. 
Forther, that the NRO will request the USIB to determine which subordinate 
committee on the Board (COMOR or SIGINT Conmittee) will be responsible 
for applicable SIGINT requirements. 


2. During these discussions, it was agreed that: 


_@. NSA will provide advice and consultation to the NRO an how 
best to meet requirements which are levied by the Board. 


b. NSA will neminate one of its personnel to become a full-time 
member of the NRO. , 


c. After discussion with the NSA the NRO may assign primary 
responsibility for development of certain aspects of the SIGINT collection 
program to NSA, 


d. NSA will be responsible for advising the NRO an desired 
format of. the SIGINT material to be collected. NSA will also be responsible 
for accomplishing or supervising analysis and reporting of collected 
SIGINT materials. 


e. Security safeguards required for the handling of NRO collected 
SIGINT materials can be provided as described in memarandum from Director, 
NRO, to Chairman USIB; dated 31 May 1962; Subject: Security Handling 
of SIGINT Collected by Reconnaissance Satellites. 


/S/ 


LOUIS W. TORDELLA 
Acting Director 


Concur. /8/ Herbert Scoville, Jr. 
Concur. /s/ Joseph V. Charyk 


TOP-SECRET 


AGREEMENT POR REORGANIZATION OF THE 
NATIONAL RECONNAISSANCE PROGRAM 


A. The National Reconnaissance Program 


1. The NRP is a single program, national in character, to meet the 
intelligence needs of the Goverrment under a strong national leadership, 
for the development, management, control and operation of all projects, 
SS ae ee ee 
mapping and geodetic information obtained through overflights gears! 


aggressively and aye eveattry ‘exploited to enice G and operate systems 
for the collection of intelligence which are fully responsive to the 
Goverrment‘s intelligence needs and objectives. 


2. The National Reconnaissance Program shall be responsive directly 
and solely to the intelligence collection requirements and priorities - 
‘established by the United States Intelligence Board. Targeting 
requirements and priorities and desired frequency of coverage of both 
satellite and manned aircraft missions over denied areas shall contime 
to be the responsibility of USIB, subject to the operational approval of 
the 303 Committee. 


B. The Secretary of Defense will: 


1. Establish the NRO as a separate agency of the DoD.and will have. 
Se ee oe Le eee ee eereion es Cee 
and the NRP; 


2. Choose a Director of the NRO who will report to him and be 
responsive to his instructions; 


3. Concur in the choice of the Deputy Director of the NRO who 
will report to the DNRO and be responsive to his instructions; 


' 4. Review and have the final power to approve the NAP budget; 
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5. Sit with menbers of the Executive Comittee, when’ necessary, to 
Teach decisions on issues on which camittee agreement could not be 


C. ‘The Director of Central intelligence will: 

1. Establish the collection priorities and requirements for the 
targeting of NRP operations and the establishment of their frequency of 
coverage; 


2, Review the results obtained by the NEP and reommend, if 
appropriate, steps for improving such results; 


3. Sit as a member of the Executive Comittee; ; oo, | 
4. Review and approve the NEP budget each year; 


5. Provide security policy guidance to maintain a unfom system in 
the whole NEP area. 


-D. National Reconnaissance Program Exeative Committee 


1. An NRP Executive Oamittee, consisting of the Deputy Secretary 
of Defense, the Director of Central Intelligence, and the Special 


Assistant to the President for Science and Technology, is hereby 


established to guide arel participate in the formulation of the NRP 
through the DNRO. (The DNRO will sit with the Executive Committee but 
will not be a voting member.) If the Boecutive Committee can not agree 
‘on an issue the Secretary of Defense will be requested to sit with the 
Camittee in discussing this issue and will arrive at a decision. The 
NAP. Executive Comittee. will: 


a. Recommend to the Secretary of Defense an appropriate level 
of effort for the NEP in response to recomaissance requirenents provided | 
by USIB and in the light of technical capabilities and fiscal limitations. 


. b. Approve or modify the consolidated National Reconnaissance — 
Program and its budget. ; 


fren pcre aioe pe lings a 
fonds Sor research and @eplacttery device for new systems. Funds 
shall be adequate to ensure that a vigorous research an? exploratory 
development effort is achieved and maintained by the Department of Defense. 
and CIA to design and construct new sensors to meet intelligence requirements 
aimed at the acquisition of intelligence data. This effort shall be 
carried out by both CIA and DoD. 
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booster Dead fy Gaerne eae a ke 
canponent, recognizing, however, that sensors, spacecraft and reentry 
vehicles are of a system, the development of which 


development, naan ceicwuce ce Ga bcs we ce ei 
in their integration within the spacecraft and reentry vehicles. 


e. Assign operational responsibility for various types of manned 
overflight missions to CIA or DoD subject to the concurrence of the 303 
Committee. 


£. Periodically review the essential features of the major 
Program elements of the NEP. 


2. The Executive Committee shall meet on the call of either the 
Deputy Secretary of Defense or the Director of Central Intelligence. All 

mectings will be attended by the INO and such staff advisors as the 

Deputy Secretary of Defense or the Director of Central Intelligence 
consider desirable. 


E. National Reconnaissance Office 


1. To implement the NEP, the Secretary of Defense will establish 
the NRO as a separate operating agency of the DoD. It shall include the 
SOC which shall be jointly marmed. : 


2. The Director of the NAO shall be appointed by the Secretary of 
Defense. The Director NRO will: 


a. Subject to direction and control of the Secretary of Defense 
and the guidance of the Kwcutive Committee as set forth in Section D 
above, have the responsibility for managing the NRO and executing the NRP. 
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_ Bb. Subject to review by the Executive Committee, and the 
provisions of Section D above, have authority to initiate, approve, 
modify, redirect or teminate all research and development programs in 
the NRP. Ensure, through appropriate recommendations to the Executive 
Committee for the assignment of research ard development responsibilities 
and the allocation of funds, that the full potentialities of agencies 
of the Government concerned with reconnaissance are realized for the 
invention, improvement.and development of reconnaissance systems to 
meet USIB requirements. 


c. Have authority to require that he be kept: fully and 
completely infoumed by all Agencies and Departments of the Goverment 
of all programs and activities undertaken as part of the NRP. 


d. Maintain and provide tc the members of the Eeecutive 
Committee records of the status of all projects, programs and 
activities of the NRP in the research, development, ion and/or 
operational phases. 

oe Prepare a camprehensive budget for all aspects of the 
National Reconnaissance Program, 


f. Establish a fiscal control and accounting procedure to 
ensure that all funds expersied in support of the National Reconnaissance 
Program are fully accounted for and appropriately utilized by the 
agencies concerned. In particular, the budget shall show separately 
those funds to be applied to research and exploratory design development, 
systems development, procurement, and operational activities. Funds 
expended or obligated under the authority of the Director of Central 


Intelligence under Public Law 110 shall be administered and accounted 


for by CYA and will be reportad to DNRO in accordance with agreed up 
procedures. 


g. Sit with the USIB for the matters affecting the NRP. 


_3. The Deputy Director NRO shall be appointed by the DCI with the 
concurrence of the Deputy Secretary of Defense ard shall serve full 
time in a line position directly under the Director NRO, ‘The Deputy 
Director shall act'for and exercise the powers of the Directtir, NRO 
during his absence or disahility. 


4. The NRO shall be jointly staffed in such a fashion as to reflect 
the best talent appropriately available from the CIA, the three 
military departments and other Government agencies. The NRO staff will 
repart to the DONRO and DONRO ard will maintain no allegiance to the 
originating agency or Department. 
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F, Initial Allocation of Program Responsibilities 


eS 1. Responsibility for existing programs of the NRP shall be 
; allocated as indicated in Annex A attached hereto. - 


(signed) Cyrus Vance (signed) W.F. Raborn 
Deputy Secretary ense Director of Central Intelligence 
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_ Subsystem for the advanced high-resolution pointing system. 


ANNEX A 


' ‘The following assigrments for the development of new optical sensor 
subsystems are made to take full advantage of technical capability and 
experience of the agencies involved. 


1. The CIA will develop the improvements in the CORONA general 
search optical sensor subsystens. 


2. Following the selection of a concept, and a contractor, for 
full~scale development, in the area of advanced general search, the CIA 
will develop the optical sensor subsystem for that system. 


“S: The Air Farce (SAFSP) will develop the G-3 optical sensor 


4. SAFSP will develop the optical sensar subsystems (manned and 
unmanned) for the MOL program. 


The Director, NRO will, in managing the corresponding overall systems 
developments, ensure that: 


1. The management of an contracting for the sensors is arranged 
60 that the design and engineering capabilities in the various 
contractors are most efficiently utilized. 


°2. The sensor packages and other subsystems are integrated in an 
overall system engineering design for each system, with DNRO having 
responsibility for systems integration of each overall systen. 
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DEPARTMENT OF THE NAVY 
CEFICE OF THE CHIEF OF NAVAL CPERATICNS 
WASHINGTON 25, D.C. 


: Director of Naval 
To +: Director, National Reconnaissance Office (s} 


Subj: Systen POPPY, reasnigment of responsibilities for {?5) 


Ref: (a) Missions operations Directive MMMM (BvE~4337-62) of 6 Nov 62 
(b) Your memo subj: “Organization and Functions of NRO 45)" of 
23 July 62 
(c) DNI ltx subj: "Project ay ag assignment of responsibilities 
for (TS)" of 10 September 62 


l. The responsibilities delineated by ca tetaie (a) nacessitate a realign- 
ment. of the organizational information requested by reference (b) and 
supplied by reference (c} Accordingly, reference (c) is hereby cancelled 


O 13526 eaeay the only NEP assigrment 


3. One formal agreement has been made between the Director of Naval 
Intelligence and the Director, National sae flageract Aaa regarding 
interrogation of. POPPY satellites. This agreement authorizes the NSA to 
direct POPPY satellite interrogation and collection when “quick-reactiaon”, 
resulting from short tip-off of Soviet space or missile activity, is 
required. Aichoush thie is the enly formal agrement entered into an 
ee te a ee ee 
Agency. This understanding pemmits the allocation of U.S. Amny, U.S. Air 
ee ee 


& A AAU WAL) CSR URE LA RLLISSS 
Tespective servicen/apecy man the equipment with their reyulacly assigned 
personnel when the POPPY satellites are tranamitting and when the stations 
are tape recorded and couriered to.the NSA for analysis. Operations 

Pees ES See) Rae eee eee eve Peet reer 
satisfactory. 
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4. ‘The specifie responsibilities of the arganization/individuals 
associated with the project are as follows: 


a. The Program Director's Staff (Technical Operations Group): 


(1) This group of specialists provides the Program Director, 
through the Project Director, the necessary technical infomation and 


Program C, are conducted in a proper manner to support System POPPY. 


(2) ‘Designated members of the Program Directar's Staff (TOG) 
shall meet with the Deputy Director for Operations, NRO, as required, 
to prepare routine tasking schedules for the operational control of the 
POPPY satellite after it has achieved orbit. Activation of the satel 
lite and appropriate collection facilities will be accomplished by this 
staff as directed by the Satellite Operations Center (SOC), NRO. ‘The. 
non-routine interrogation required in the event of indications requiring 
quick reaction will be accomplished as set forth in paragraph 3 above. 


(3) The Staff will report, as occwring, any significant changes 
in the technicad capability of the satellites to the Director, Program C. 


b. The Director of Naval Intelligence is responsible for: 
(1) Providing the Project, Director 


(a) D the Peniect Director's responsibilities are to 
ard administer all aspects of the project subject to the agproval of the 
Program Directar. 


(2) tian the Product Control Representative 
(a) ‘The Product Control Representative is normally attached 


to the Scientific and Technical Intelligence Center of ONI ani is 
responsible for informing the Project Director of intelligence 


requirements. 
Additionally, he is responsible for disseminating quality contxel technical 


‘data to the field stations, for monitoring the signal analysis program, 
and for supervision of in-house signal analysis support where required. 


c. The Director, Naval Research Laboratory is responsible for: 
(1) Providing the Project Technical Representative. 


(a) The Project Tectmical Representative is responsible for 
establishing such liaisan with the Naval Research peices as will 


Provide the followirg: 
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1. Overall Instrumentation concepts, including the 


satellite. 


2. Provision of all equipments required for collectian 
amd interrogation, “including but not Limited to, the shipment and supply 
of technical expendables and spare parts to the field stations. 


3. Coordination of vehicle and mission payload 
line ee and the preparation including the monitoring of the launch 


4. The training of all personnel involved in collection 
5. Operational control of the satellite prior to its 
Launch. 


d. The Director, Naval Security Group ia responsible far: 


(1) Providing the Project Operational Representative whose 
iiicies are: 


(a) The direction amd coordination of field station operations. 


These responsibilities include insuing project plarming and operational- 
directives to the field stations and keeping each of these stations 
advised of the tasking requirements necessary to perform the project 
mission. 

(2) Acting as the focal point for all electrical commmications 
agaociated with the project. This inclxies all operational, technical 
and logistical traffic. 


(3) piesiding ccarebing pecioanal-ie thes mvyieol lec ina eies:, 
e. The Director, National Security Agency is responsible for: 


(1) Providing a representative who shall act as an advisor to 
the Project Director's staff. 


(2) Processing all collected data and developing an ELINT product 


(3) DOisseminating, through specified security charmels, any 
tceai¥inenso internation Mecivel tee the tach an initially agreed upon 
by the Project Director and Director, National Security Agency. 


BYE-10613~-63 
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(4) Interpreting National Intelligence biti into 
fei ae ee 
operational tasking of the satellite. 


(5) Providing magnetic tapes to field collection sites on a 
contimuiing basis. 


f. The Chief, Bureau of Naval Weapons is responsible for: 


{1) Providing: the Project Fiscal Representative whose 
responsibilities are: 


{a) Budget preparation and submissian. He is responsible 
for the disbursement of project fimds to the U.S. Naval Research 
Laboratary and, further, for the submission of expenditure statements 
to the Program Director. 


gq. ‘Thé Air Force Security Service is responsible for: 


(1) Providing sites and the support facilities at these sites 
for a collection hut. Ttris includes physical security and utilities. 


(2) Providing operating personnel at the Air Force collection sites. 


(3) Providing one qualified individual who may act with authority 
ami may coordinate Air Force operations in coordination with the Project 
Director. 

h. The Amy Security Service is responsible for: 


{1) Providing sites and the support facilities at these sites 
for a collection hut. This includes physical security and utilities. 


(2) Providing operating persammel at the Army collection sites. 


(3) Providing one qualified individual who may act with authority 
and may coordinate Ammy operations in coordination with the Project 
Director. 
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_NRO/NSA/CIA/USN 
MANAGEMENT AGREEMENT FOR THE POPPY SYSTEM 


I. PURPOSE: 


The purpose of this agreement is to define the organizational 
responsibilities and the lines of authority associated with the 
management of the POPPY System Project. 


II. BACKGROUND: 


The Navy Space Project (PM-16) was established by the Chief of Naval 
Operations under the Chief of Naval Material. The Manager, Navy Space 
Project, is also the Director of NRO, Program cC. As the Director, 
Program C, he is supported by elements of the National Security Agency, 
the Central Intelligence Agency, ard the United States Navy in fulfilling 
his responsibilities under the National Reconnaissame Program. 


III. RESPONSIBILITIES: 


The Director, Program C, is responsible to the Director, National 
Reconnaissance Office, for the overall management of ides POPPY ide a 
The Director, National Security Agency, is responsible for the p sing 
analysis, and reporting of POPPY collected data. EO Tse SONIA 
EQ 13526 3.3(b)(1)>25Yrs 
EO 13626 3.3(b)(1)>25Yrs The Director, Nava~ 
Research Laboratory, 1s responsible to the Director, Program cC, for the 
engineering and technical support in the design, development, | 
fabrication, test, and on-orbit operation of the system. ‘The Comnarder, 
Naval Security Group Command. while functioning in support of the NRO, 
exercises for the Director, Program C, in flight operational control of the 
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POPPY system, executing the tasking directions of the NRO and 
processing priorities of NSA. 


/S/ /S/ 
John L. Mclacas Noel Gayler 
Director Vice Admiral, USN 
National Reconnaissance Office Director © 


5 November 1971 


/S/ 
Carl E. Duckett 
Deputy Director for 
Science and Technology 
16 July 1971 
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National Security Agency 
27 Qctober 1971 


/S/ 
Robert A. Frosch 
Assistant Secretary of the Navy 
{Research amd Development) 
25 June 1971 
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SPECIFIC RESPONSIBILITIES IN SUPPORT OF THE POPPY SYSTEM 7 


1. The Director, Program C, is responsible to the Director of the 
National Reconnaissance Office (DNRO) for overall management of the POPPY 
Project. Included in his responsibilities are the following: 


a. Establishes the policy for the management of the POPPY Project. 


oe ne A a ete ee name aes enc 


b. Coordinates all aspects of the project to ensure optimn 
A effective employment of the system. 


c. Develops requirements for POPPY mission concepts, personnel, 
ground support equipment, facilities, etc., and submits proposals to 
the DNRO for approval. ; 


d. Prepares a coordinated plan for the design, eve reent 
construction, and i aaa ana of approved concepts. 


e. Coordinates, prepares, and submits the POPPY budget. 


f. “Allocates NRO funds as required for the design, development, 
and support of the project in accordance with ONRO Program and fund 
approvals. 


g. Monitors the technical development, test, production, quality 
assurance, maintenance, training, and other logistic support matters 
to meet system objectives. 


h. Provides guidance to COMNAVSEOGRU for his nese enters in 
the execution of - POPPY Opera: 


i. Keeps the DNRO advised of the status, trends, accomplishments, 
problems, and any other important aspects of the project. 

3. Farnishes requirements information and basic planning data to 
‘elements of the POPPY Project. 

k, Performs continuous evaluation of progress against plans, cost 
against funds available, and capability against design objectives. 
Initiates corrective actions whenever necessary. 

1. Ensures efficient utilization of manpower, materials, and funds 
pertaining to the project. 

m, Provides guidance amd review of security controls within the 
POPPY a sa 
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2. The Director, Naval Research Laboratory, is responsible to the 
Director, Program C, for the engineering and technical support in the 
design, development, fabrication, test, amd on-orbit operation of the 
POPPY system. His responsibilities include the following: 


a. Prepares mission concepts for submission to the Director, 
Program C. 


b. Initiates system engineering design to support approved concepts 
in the space and grourd systems. 


c. Designs, develops, and fahricates satellite vehicles and provides 
on-board equipment required to implement approved concepts. 


dad. Provides ground support equipment and repair parts required in 
the collectian and interrogation functions of POPPY ground sites, 
ensuring appropriate interface between collection and processing functions. 


e.  Assures complete engineering coordination between spacecraft 
and launch vehicle. 


f. Provides pre-launch technical See and monitoring of ‘the 
POPFY launch. 


g.. Monitors satellite telemetry to assess on~orbit spacecraft 
systems and reports as required. 


h. Prepares funding data as required by the Director, Program C. 


3. The Commander, Naval Security Group Command, while functioning in 
support of the NRO, exercises for the Director, Program C, in-flight 
‘operational control of the POPPY system, executing the tasking 
directions of the NRO ami processing priorities of. NSA. His 
responsibilities include the following: 


a. Exercises management author ity over POPPY field stations. 


b. Develops, plans, programs, and coordinates as required for 
current and future requirements for equipment, materials, supplies, 
facilities, maintenance, and administrative support services (other . 
than that directly involved in collection and processing functions), 
housing, barracks, and mesSing needed for the POPPY operational mission. 


“Cc. Plans and programs ‘for manpower requirements at POPPY field 
stations. 
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gd. Develops procedures for executing the tasking directives of the 
NRO Satellite Operations Center and initiates guidance to field stations | 
in response to NSA policy on processing priorities and other matters 
concerning field processing functions. 


e. Monitors the operations of POPPY field activities to ensure the 
maintenance of high standards of performance. 


£, Coordinates with NRL and NSA regarding all collection and 
processing equipment for POPPY field stations and monitors all 
installation plans and schedules for its impact on station facilities 
and service requirements. 


g. Provides for routine repaiy and upkeep of POPPY operations 
equipment and interfaces with NRL regarding non-routine maintenance and. 
repair. 


h. Plans and programs for communications facilities to support 
POPPY operations. 


i. Provides for the physical security facilities and services 
required to maintain authorized SI, TK, and BYEMAN control centers at the 
Poppy field stations. 


3. Develops and administers, in coordination with Chief of Naval 
Personnel, the requisite training programs for officer and enlisted 
personnel assigned to POPPY field stations. Administers the personnel 
security program for these personnel. 


4. The Director, National Security Agency, has overall responsibility 
for the processing, analySis, and reporting of POPPY collected data. 
Included in his responsibilities are the following: 


a. Provides SIGINT technical guidance and feedback to the POPPY 
Processing System to ensure its effectiveness in conjunction with other 
satellite and non~satellite SIGINT operations. 


b. Plans the technical and fiscal management of the processing 
and analysis functions of the POPPY system to include the manpower 
resources of the POPPY field sites. As such, he determines processing 
equipment requirements at the sites and coordinates with NRO, NRL, and 
NSG in the procurement, installation, ani operational use of the 
equipment. 


c. Budgets for the procurement and repair parts for POPPY processing 
and analysis equipment. : 
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d. Interfaces with the NRO; Director, Program C; NRL; and NSG in 
the development of future POPPY concepts as they relate to processing 
and analysis functions. 


e. Processes, analyzes, and publishes data collected fram'the POPPY 
system. 
EO 13526 3.3(b)(1)>25Yrs 
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About the Authors 


David D. Bradburn was born in 
Hollywood, California, on 27 May 1925. 
He attended South Pasadena. High School 
andthe US Military Academy at West 
Point, New York, where he graduated in 
1946. Commissioned a Second Lieutenant 
in the Army Air Corps, he was transferred 
into the US Air Force in 1947 and advanced 
through the ranks to Major General, US 
Air Force. He holds Master's degrees in 
engineering from Purdue’ University and 
in international affairs from The George 
Washington University. 


His Air Force assignments included 50 
missions as a B-26 light bomber pilot in 
Korea in 1950 and 1951 and.a tour as a 
research and development (R&D) staff offi- 
cer at Headquarters, Air Research and 
Development Command (ARDC), in 
Baltimore. Maryland, fram 1952 to 1957. 
Trained in electrical engineering at Purdue 
and in R&D staff work at ARDC, he moved 
to California in 1957 to help Col Fritz Oder 
set up the WS-117L office. In 1960 he was 
among the first to join the SAMOS Project 
Office, again using his R&D and space 
experience to help BGen Robert E. Greer 
organize the new “black” Air Force space 
projects. From 1962 to 1964 Bradburn 
originated and orbited the QUILL Project, 
a satellite-borne synthetic aperture radar, 
which demonstrated the engineering 
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feasibility of imaging radars in spac. 
From 1967 to 1971 he was head ot 
EO 13526 3.3(b)(4 during the fer: 
ment of the ABM problem, and took a major 
part in the planning and launch/iaemibaexameane 
EO 13526 3.3(b)(1)>25Yrs 
ainaaanusemed from 1971 to 1973 he was 
Director of the Office of Space Systerns (NRO 
Staff}; and from 1973 to 1975, he was 
Director of the Office of Special Projects 
(SAFSP). 


In 1975, just in time for the US Bicenten- 
nial and a great time to be in New England. 
Bradburn moved to Hanscom Air Force 
Base. Bedford, Massachusetts, as Vice 
Commander, Air Force Electronic Systems 
Division. When he retired from the Air 
Force in 1976 the Bedford Minutemen. a 
sociaVhistorical association, came out to 
play with fifes and drums. In 1978 and 
1979, Bradburn was the Representative of 
the Joint Chiefs of Staff on the US team 
negotiating with the Soviet Union on limi- 
tations on antisatellite weapons (ASATs). 
At that time, under the Carter Admini- 
stration, the United States was opposing 
the development or use of ASATs, a position 
consistent with President Eisenhower's 
Open Skies strategy. 


In 1979 Bradburn joined TRW Defense 
Systems Group in El Segundo, California, 
as Director of Engineering, concentrating 


mainly.on TRW’s project management 
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methods with Gen Samuel C. Phillips, the 
expert who managed Apollo. Retired from 
TRW in 1987, Bradburn volunteered for 
this assignment as a historian in 1990 and 
has been busy and happy managing this 
smaller project ever since! 


John Copley was born in Bangor, 
Maine, on 26 August 1922 at the height of 
a severe thunderstorm which, some believe, 
may have shaped certain events in his 
future. His father was a teacher who, in 
search of greener pastures (or warmer”), 
made several career moves in a southerly 
direction. As a result, Copley’s early edu- 
cation was in Massachusetts, but he spent 
his high school years in New Rochelle, 
New York, where he graduated in 1940. 
He attended Williams College, Williams- 
town. Massachusetts, until November. 
1942, when he entered the Aviation Cadet 
Program, eventually piloting a B-24 with ” 
the 15th Air Force in Italy during 1944 
and early 1945. 


The next 12 years were spent in com- 
munications and electronics assignments 
in such locations as Johnston Island and the 
Korean Peninsula. In 1953 he entered the 
Air Force Institute of Technology, graduat- 
ing with a degree in electrical engineering 
in August 1955. Following two and a half 
years at Rome Air Development Center, 


Griffis Air Force Base, New York, in charge - 


of the ground quick reaction capability 
(QRC) program at the Intelligence and 
Electronic Warfare Laboratory, he found 
himself in Inglewood. California, assigned 
to the Air Force WS-117L Program Office 
(thanks mostly to the launch of Sputnik | 
in October 1957). His initia] assignment 
was development of Subsystem H, the ~ 
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Ground/Space Communications System: 
however, his SIGINT background prevailed 
and in July 1958 he was assigned to Sub- 
system F, the “ferret” payloads. He continued 
as the SIGINT payload chief for SAMOS 
when the project was classi- 
fied as BYEMAN in December 1962. 


In July 1964 he was assigned to the 
Manned Orbiting Laboratory in an attempt 
to expand the mission into the SIGINT 
area. When this attempt was terminated 
in 1967, he became the first National 
Reconnaissance Office (NRO! assignee to 
the National Security Agency (NSA). 
While there he was Chief of K-45 charged 


with processing the data EO 13526 3.3(b}{1)>2 
EO 13526 3.3(b)(1)>25Yrs, EO 13526 i 4icj<25Yrs, EO 1 


Copley retired from the Air Force in 
May 1974. The next 15 vears were spent 
at Rockwell International Space Division 
where he finally realized a lifelong ambi- 
tion and was able to actually participate in 
the engineering development of electronic 
systems for spacecraft (including the space 
shuttle). In February of 1990, MGen David 
D. Bradburn invited him to participate in 
the writing of this history, after which a 
third retirement should be in order! 


Raymond B, Potts was born in 
Wellsburg, West Virginia, on 15 September 
1931. He graduated from West Virginia 
University in 1954 with a bachelor of sei- 
ence in electrical engineering, majoring in 
electronics with a mathematics minor. He 
also completed the Modern Engineering 
Management Program at Carnegie Mellon 
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University in 1964.and the Federal] Exec- 
utive Institute, Senior Executive Develop- 
ment, in 1982. He served in the US Air 
Force from 1954 to 1956, attaining the 
rank of First Lieutenant and later Captain 
in the US Air Force Reserve in 1957. 


His career at NSA actually began 
while he was in the Air Force. and his first 
work there involved research on the use of 
transistors. From 1956 to 1958 he worked 
on some special R&D projects including 
the first computer to use transistor logic. 
SOLO. From 1958 to 1960 he worked on 
eimaenaee an effort to solve a major 
cryptanalytic problem. From 1960 to 1963 
he was Chief of the Technical Planning 
Staff for equipment that required technol- 
ogy beyond the state of the art. He started 
into the satellite field in 1963 as task 
leader for the development of the high _ 
speed analog-to-digital converter for pro- 
cessing analog data from the Air Force 
prime payloads in Project 698BK. man- 
aged by SAFSP. From 1966 to 1971 Potts 
was Deputy Chief of the Office of ELINT 
and Chief of Special Projects; in these jobs 
he was responsible for NSA participation 
in the low-orbit SIGINT satellite projects. 
He managed all the analysis and process- 
ing of SIGINT collected data, made agree- 
ments with the Strategic Air Command, 
established th eases 
EO 13526 1.4(c)<25Yrs. EO 13520 pear 
activity of processing SIGINT data by: 
means of a contractor, Lockheed Missiles 
and Space Company, under an Air Force 
contract. He also represented NSA in 
development of the high-altitude SIGINT 
satellite projects. 
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After a series of increasingly responsi- 
ble jobs, including Deputy Assistant 
Director NSA for Science and Technology, 
in 1974 Potts became Deputy Director of 
Training, NSA/Central Security Service/ 
Cammandant of the National Cryptologic 
School, where he managed courses in 
equipment maintenance through graduate- 
level language. computer science. and 
management. From 1980 to 1983 he was, 
Deputy Chief and Acting Chief. Operations 
and Control, managing SIGINT collection 
operations via satellites, comsat remotes, 
high frequency, and embassies. From 1985 
to 1987 he was Deputy Chief. Joint 
Programs, leading the acquisition of major 
collection systems jointly bought by NSA 
and the Service Cryptologic Agencies. 
Potts received the NSA Meritorious 
Civilian Service award in 1980. 


On his retirement in 1987, Potts 
became a Cryptologic Reservist at the 
National Cryptologic School at NSA. 
where he prepared a book on “Lessons 
Learned in Systems Acquisition” for use in 
systems acquisition training. He also 
organized the Acquisition Management 
Association to provide a forum to exchange 
information and ideas on acquisition. In 
1990 Potts agreed to take a leading role in 
writing this SIGINT history, which is 
based to a large degree on his experience 
and interests, which have kept him at the 
center of the satellite SIGINT world. With 
this job done, he plans to spend a lot more 
time with his family and keep his hand in 
the SIGINT business from time to time. 
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joined NSA as an electronics engineer work- 
ing on development of microwave antennas 
and over-the-horizon SIGINT ultra-high- 
frequency collection equipment. This 
began a lifelono career in SIGINT. In 1957 
and 19 il erved in Tokyo as Chief: 
of the R&D staft involved in experimental 
collection svstems; from 1958 to 1964 he 
was in the technical planning staff, moni- 
toring US Air Force and Navy SIGINT 
satellite projects: and in 1964 he joined the 
NRO staff in the Pentagon, helping to tie 
NSA and NRO interests together. In 1967 
he became Chief of R83 at NSA, the office 
of SIGINT satellite projects; and from 1967 
to 1970 he was advisor to the Director, NSA, 
on SIGINT satellite reconnaissance. From 
19720 unti] 1973 he was Chief of WO5, 
responsible for ELINT end product report- 
ing. From 1973 to 1976 he was Chief of 
the NSA group of analysts/linguists inte- 
grated in the Central Intelligence Agency 


covert SIGINT: from 1976 to 1979 he was 
Scientific Advisor to the Chief. AG. monitor- 
ing special Navy SIGINT: and from 1979 
to 1986, Ad was Scientific Advisor to 
the Chief of A Group, the largest opera- 


tions group responsible for collection. 


analysis, and planning for 
SIGINT on Soviet and East European 
countries. 


Since his retirement from NSA in 
1986. eRe has been a consultant for the 
CIA on advanced SIGINT and related 
satellite programs, In 1988 he was a vol- 
unteer at the Smithsonian Museum of 
Natural History as a docent for the water- 
fowl exhibit. and from 1989 to the present 
he has been a volunteer for Recording for 
the Blind, Inc., in Washington. DC, read- 
ing, monitoring other readers, controlling 
the master tape recorder. and duplicating 
tapes on over 100 textbooks for college- 
level electronics, physics, mathematics. 
and technical trade school courses. He 
was awarded the Air Force Meritonous 
Service Medal in 1966 and the NSA 
Meritorious Service Medal in 1968. In his 
retirements had time to con- 
centrate on a lifelong interest in singing. 
Since 1972 he has appeared in over 100 
concerts with the Paul Hill Chorale in the 
Kennedy Center in Washington, DC. He 
volunteered for the assignment as a main 
member of this SIGINT history team in 
1990 and plans to concentrate on singing 
and summers in Martha's Vineyard in the 
future. : 
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Acronyms and Abbreviations 


AAA antiaircraft artillery 

ABM antiballistic missile 

ADCS analog-to-digital conversion system 

ADD/DP Assistant Deputy Director for Data Processing ages 

AD/FO Assistant Deputy for Field Operations (SAFSP} 

ADP . Assistant Director for Productian (NSA) 

AES anti-Earth satellite 

AFB Air Force Base 

AFBMC Air Force Ballistic Missile Committee 

AFBMD Air Force Ballistic Missile Division 

AFCGM Air Force Office of Guided Missiles 

AFSA Armed Forces Security Agency ipre-NSA) 

AFSC Air Force Systems Command 

AFSCF Air Force Satellite Contro) Facility 

AFSS Air Force Security Service 

AIL - Airborne Instruments Laboratory 

AJOY analog-to-digital converter and computer system provided by NSA to SAC to 
process ELINT data 

AMC Army Missile Command 

AMIE analog magnetic instrumentation equipment, a spaceborne. wide-bandwidth, 


helical-scan magnetic-tape recorder used on Program A SIGINT 
reconnaissance satellites 


APE analog processing equipment 

APL Applied Physics Laboratory. (Johns Hopkins University) 
ATIC Air Force Technical Intelligence Center, Wright-Patterson AFB. Ohio 
ARDC Air Force Research and Development Command 

ARPA Advanced Research Projects Agency 

ARS Advanced Reconnaissance System 

ATI Applied Technology, Inc. 

BUWEPS Bureau of Weapons (Navy) 

C-band radar operating frequency, 4 to 8 GHz 

CAMS computer-aided manual search 

CCP Consolidated Cryptologic Program 

cbc : Control] Data Corporation 

CEP circular error probable (locations) 

CES Communications Equipment Subsystem 

CIA Central Intelligence Agency 
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CIG 

CINCPAC 
CINCPACFLT 
CNO 

COMINT 
COMNAVINTCOM 
COMOR 
COMSEC 
CONUS 

COTR 

CSAW 

CSWG 

CVR 


T os 
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Central Intelligence Group . 

Commander in Chief. Pacific (US military forces) 
Commander in Chief. Pacific Fleet 

Chief of Naval Operations 

communications intelligence 

Commander. Naval Intelligence Command 

USIB Committee on Overhead Reconnaissance 
communications security 

Continental United States : . 

Contracting Officer's Technical Representative 
Communications Supplementary Activities. Washington (Navy? 
COMOR SIGINT Working Group 

continuous video recording 

continuous wave versus pulsed) electromagnetic signal 


Data Acquisition and Control Segment 

Director's Advisory Group for ELINT and Reconnaissance (NSA) 
Data Handling and Operations Plan 

Director of Central Intelligence 

Deputy Chief of Staff for Development (USAF! 

Data Distribution Center 

Deputy Director for Intelligence 

Deputy Director for Operations (NSA) 


Deputy Secretary of Defense for Research and Engineering 


Deputy Director for Science and Technology CLA! 
Defense Special Missiles and Astronautics Center 


direction-finding 


Defense Intelligence Agency 

Director, National Security Agency 
Director of Naval Intelligence 

Director, National Reconnaissance oe ce 
Department of Defense 

Defense Support Program 

data storage unit - 


’ Electronics Defense Laboratory | Sylvania) 

electronic intelligence:(pnmarily radars: 

ELINT technical (reporting) 

electromagnetic pulse intelligence (nuclear detonation) 
electronic order. of battle tradar locations) 

Engineering Research Associates 

effective radiated power 


nov Lartn Sateulile venicie 
EW/GCI early warning/ground-controlled intercept (radar) 
EXCOM Executive Committee of the NRO 
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gence discipline, and communications intelligence (COMINT) 
is a subset of SIGINT In turn, “traffic analysis” (T/A) is a signif- 
icant part of COMINT while also useful in other aspects of SIGINT. 


This brochure defines and explains traffic analysis when used in this 


S ignals intelligence (SIGINT) is a major segment of the intelli- 


context, as part of the broader discipline of signals intelligence.’ The 
brochure describes the elements of T/A and explains how T/A has 
been used for several purposes including to produce intelligence infor- 
mation, to aid cryptanalysis, and to support the collection of additional 
data. It then presents examples of intelligence contributions made by 
T/A during World War I, World War II, and the Cold War, including 
the Korean War and the Vietnam War. 


A key purpose of this brochure is to improve the public’s and intel- 
ligence professionals’ understanding of T/A as an intelligence disci- 
pline. Further, it is intended that this will be a living document, to be 
amplified and expanded as the necessary research is completed, espe- 
cially in light of new real-world examples of traffic analysis at work. In 
its present form, the report also can be used for historical reference and 
could even serve as a basis for developing museum displays. 


Definition 

The word fraffic to a communicator or cryptologist referred to 
communications passed between a sender and an intended recipient. 
Thus, the study of traffic by unintended recipients was called traffic 
analysis. 


T/A has been the study of “external” features of target commu- 
nications. It also can be used against noncommunications electronic 
emissions and telemetry signals. It examined all aspects of commu- 
nications transmissions excluding code or cipher message content, 
which was the purview of cryptanalysis (C/A). Traffic analysts stud- 
ied signals’ characteristics, including radio frequency usage, callsigns, 
(a series of letters and/or numbers assigned to a specific radio sta- 
tion), transmission schedules, locations of transmitters, the rout- 
ings and volumes of message traffic, informal “chatter” between the 
targets’ radio operators and the unique characteristics exhibited by 
manual Morse operators, referred to as their “fists.” 


T/A and C/A historically have been the major technical 
approaches to COMINT, and information derived from traffic anal- 
ysis and cryptanalysis can be combined to gain knowledge about the 
senders and receivers. This knowledge was provided to customers in 
“end-product” reports.” 


The Elements of Traffic Analysis 


Historically, the elements of communications subject to traffic 
analysis were among the following: 


Callsigns—Usually a brief series of letters and/or numbers 
assigned to a specific radio station by a government authority. The 
radio operator transmitted a callsign to identify the station when 
making contact with other radio stations. Some callsigns were perma- 
nent, while others changed periodically according to a pre-arranged 
plan to confuse monitoring by unintended listeners. 


If the unintended listeners (COMINT units) solved the system 
by which the callsigns were generated and/or assigned, they could 
then predict the new callsigns used by individual radio stations fol- 
lowing the periodic changes. 


Frequencies—Organizations using radio communications were 
allotted various blocks of the radio frequency spectrum. Within 
these blocks, organizations selected frequencies which worked best 
for them. For example, in the high frequency (HF) range (3-30 
MHz, which provided the bulk of the long-distance communica- 
tions capability), frequency usage typically was divided between day- 
time and nighttime ranges, with the higher range used in the daytime 
for clearer reception. Radio signal propagation at nighttime usually 
required less power and could be heard well at the lower frequencies 
because of changes in atmospherics. 


Military organizations, if given the capability/option, might 
rotate their use of individual frequencies among the stations of a net- 
work in an effort to foil COMINT units’ interception and identifi- 
cation of individual stations. Frequency rotations were designed in 
advance, with stations in a network each being assigned an individ- 
ual starting frequency, from which they proceeded through periodic 


rotations in a prearranged manner. To be most effective in countering 
the COMINT unit’s attempt to listen to them, military organiza- 
tions would simultaneously change callsigns and frequencies. When 
that was not done, it usually was an easier task for the traffic analyst 
to equate the new callsigns to old frequencies and vice versa. 


Schedules—Military radio station networks usually oper- 
ated according to prearranged schedules for making contacts and 
sending messages. The recovery of these schedules allowed the 
COMINT unit to allocate its monitoring resources most efficient- 
ly, without wasting time listening for an inactive station or network. 
It maximized the COMINT unit’s collection of messages from the 
network, messages that might be readable and of possible intel- 
ligence interest. 


Additionally, if a station or network changed its callsigns and 
frequencies, but not its contact schedules, it might be possible to use 
communications schedules to identify stations and gain insight into 
the new callsign and frequency allocations, which could lead quickly 
to full recovery of the network and permit continued exploitation. 


Address Systems—In addition to callsigns, radio stations 
often used message address systems to route messages to particular 
addressees or military units, several of which might be served by a 
single radio station. An example would be a radio station at an army 
post that housed infantry units, armored units, and a helicopter unit. 
Messages intended for any of these units typically would be accom- 
panied by a message serial number, an indication of the urgency of 
it (message precedence), and an expression of the size of the mes- 
sage in some numerical form (so the recipient would know if he has 
received a complete message), and usually encrypted designators that 
specify the originator of the message as well as the specific address- 
ees. If the address system could be solved by the traffic analysts at 
the COMINT unit, often with help from other information sources, 
unit identifications could be revealed. That “order of battle” informa- 
tion (usually describing a military unit’s identification, organization, 
strength, and location) could then be compiled and maintained. 


Operator Chatter—Idle chatter between radio operators gener- 
ally was unencrypted and in the native language of the country where 
the stations were located. If, for example, the radio signal was trans- 
mitted in international Morse code, three-letter brevity codes (called 
“Q”’ and/or “Z” signals) might be used simply to shorten the transmis- 
sions in much the same way that cell phone users send text messages 
today. (For example, “CUL’ stands for “see you later.”) Chatter col- 
lected from careless radio operators often contained useful informa- 
tion that might not otherwise be known to the COMINT unit. Call- 
sign, frequency, or contact schedule information might be disclosed, 
thus making the intercept operator’s job a bit easier. Security lapses 
in operator chatter could contain plaintext military unit designators 
and/or their locations—a “gold mine”: for example, “I don’t have time 
to send you those requisitions. The 509th is about to deploy.” 


Some operators had distinctive transmission patterns that could 
be recognized even after a communications change that resulted in 
new callsigns, operating frequencies, and contact schedules. Further, 
often the type of chatter was service unique. For instance, ground 
forces would sign off one way and air forces another. With slim leads 
like those, the traffic analyst could begin to recover the new signal 
procedures, then identify the individual stations, and finally recon- 
struct the entire network. In the words of one former traffic analyst: 
“The traffic analyst used all of the tools described and was a miner of 
the repetitive idiosyncratic. Find that little piece that stands out and 
is different and sustains continuity through repetition.”’ Although 
sometimes T/A information can be deduced from a few messages, 
generally the larger the volume of communications, the more that 
can be inferred.* 


Location and Characteristics of the Transmitter—Radio 
direction finding (RDF) attempts to determine the azimuth (line 
of bearing between the source of the signal and the receiving sta- 
tion) of a propagated radio signal. If the azimuth of some signal 
can be determined from multiple locations, then perhaps the loca- 
tion of the transmitter can be derived, that is, obtain a “fix” on 
the transmitter’s location. At times even a single azimuth can be 
helpful. RDF was particularly useful in locating and following the 


movements of military units. Further, individual transmitters have 
unique technical characteristics which, if detected, can be useful to 
the traffic analyst. 


The Role of Traffic Analysis 


Production of Intelligence 


The first step in intelligence production was to determine 
what the customers’ requirements for information were and how 
they could be satisfied by SIGINT, including T/A. Then collec- 
tion managers identified the targets to be collected and assigned 
the specific tasks to be accomplished to stations, often based upon 
the station’s technical capabilities and its geographic access to the 
target signals. 


Diplomatic, army, navy, air force, terrorist, commercial, and other 
foreign communications have been subject to traffic analysis. The 
structure of the military communications networks reflected the 
underlying structure of the military organizations they served. For 
example, a “net control” station and its “outstations” may portray a 
division and its regiments. T/A involves the study of the target’s radio 
communications features, thereby helping to identify and locate the 
communication units and keep track of their signal activity and loca- 
tion over a period of time. All of these actions helped produce infor- 
mation known as “order of battle,” which is critical to understanding 
enemy capabilities. 


The value of any intelligence product, however, depended in part 
upon how effectively the recipient used the data. Throughout history, 
many of the so-called “intelligence failures” were incorrectly labeled. 
In all too many instances good intelligence had been forwarded to 
the user/customer only to have it ignored or rejected. This is as true 
of T/A as of any element of intelligence production. 


Support to Cryptanalysis 


T/A supported C/A by providing current information on the 
identity, location, and relationships of the originators and recipients 
of the messages, all of which offered help to the cryptanalysts in solv- 
ing codes and ciphers. 


One British author observed during World War II that “Only 
if the cryptanalyst were in close contact with those responsible for 
enemy interception and for Traffic Analysis could the cryptanalytical 
obstacles be surmounted with minimum delay.” 


Guiding the Interception of Communications 


T/A was used to assist intercept operators by providing current 
data on radio frequencies, callsigns, and transmission schedules used 
by the targets. In return, the intercept operators assisted the traffic 
analyst by their recognition of unique identifying characteristics of 
the target radio operators and their equipment, somewhat similar to 
recognizing the voice of a telephone caller. 


A significant challenge was maintaining a current database on all 
prospective targets. Having current technical data available allowed 
the intercept operator to access the desired communications without 
first spending weeks or months building background information on 
the target communications. Given the changing nature of commu- 
nications, the building and maintaining of technical data were an 
important and never-ending process. 


Countering Deception 


The target forces took many measures to make it difficult to 
intercept and exploit their communications. Measures they used 
included constantly changing their radio frequencies, callsigns, and 
communications transmission schedules and reducing the length of 
time they were on the air. They also encrypted addresses and operator 
chatter or sent false (or “dummy”) traffic; they even rapidly switched 
from one mode of communications to another. 


A challenge to traffic analysts was to determine when the tar- 
get communications were being fabricated in an effort to mis- 


lead. Callsigns, frequencies, and other elements of radio transmis- 
sions might be altered to indicate that military units were neither 
the units they seemed to be nor were they located where they 
appeared to be. A good example of this type of deception was used 
by the Allies in WWII creating the illusion of an Allied army 
that did not exist. The ruse was supported by establishing a com- 
munications network across from the Pas de Calais just before the 
Normandy invasion. 


Summary 


A hypothetical analogy using postal mail may clarify the concept 
of T/A in more familiar terms. In the case of postal mail, the content 
of the envelope would be the purview of cryptanalysis, whereas the 
study of the address, the return address, and the date stamp would be 
akin to traffic analysis. Study of these external features could reveal 
identification of banks, stockbrokers, credit unions, employers, doc- 
tors, dentists, friends, relatives, etc., and how often and when mail 
contact is maintained with these recipients. For example, T/A in 
this context might reveal that an individual had been diagnosed as 
seriously ill based on communications with doctors and insurance 
companies, or that the person is under financial stress based on the 
volume of letters from collection agencies and banks. 


History 


Traffic analysis has been of key importance in providing current 
information to U. S. military commanders on the identity, location, 
and movement of opposing enemy forces at the tactical and strategic 
levels. Although some use was made of the discipline as early as the 
American Civil War, information derived from traffic analysis was 
critical in influencing and winning many ground, sea, and air battles 
of World Wars I and II, Korea, Vietnam, Iraq, and other conflicts. 
T/A also has been useful in supporting diplomatic initiatives, and, 
especially during the Cold War, it supported counterintelligence, 
counterterrorism, and counternarcotics efforts, as well as the coun- 
try’s response to numerous international crises. 


World War | 


When the American Expeditionary Force (AEF) entered WWI 
in 1917, it was not schooled in the use of traffic analysis. British 
and French intelligence services provided the AEF personnel a “crash 


Illustration 1. German troops and officers manning a 
wireless field telegraph station, WWI 
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course” in the art of traffic analysis. The AEF sought “to describe the 
enemy’s forces, to determine the locations of his units, discover his 
intentions, and where and when he would carry them out.”° T/A was 
one of the primary sources of intelligence contributing to the satis- 
faction of these operational requirements. 


Military intelligence improved markedly during WWI, and the 
sources and methods developed there continued to produce informa- 
tion for decades to come. The static front with its miles of trenches 
diminished the value of cavalry and espionage as sources. The advent 
of reconnaissance information from airplanes and more particularly 
T/A of enemy communications filled the intelligence gap by provid- 
ing accurate and timely information.’ 


Army and Air Corps 


There were three main means of electronic communications used 
by ground forces in the front battle lines of WWI. One was radio; 
another was telegraph on wires; and the other was called a “power 
buzzer,” a device that sent communications for short distances by 
using the ground as a conductor. Each was susceptible to being inter- 
cepted by the opposition, and traffic analysis was possible on inter- 
cept from these sources. It was mainly the advent of radio, however, 


that brought traffic analysis into the fore. 


Illustration 2. U.S. 
radio direction 
finding vehicle, 
WWI. CCH print 
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During 1917 and 1918, T/A may well have been the single great- 
est source of operational intelligence available to every army on the 
Western Front. For instance, it has been estimated that T/A, during 
that period, determined the location of 50-60 percent of the German 
divisions and military groupings on the British front.’ 


Radio direction finding (RDF), called “goniometry” at that time, 
also provided critical information on enemy locations (see Ilustra- 
tion 2 showing a direction finding vehicle). One officer described 
its use in the intelligence process as follows: “Just as naturalists can 
reconstruct from a few bones a prehistoric monster, which they had 
never seen, so the goniometric experts are able to gain an amazingly 
accurate idea of the organization of an army by locating its stations, 
for the lines of radio communication, which spread fan-wise from 
army headquarters, form a sort of skeleton, as it were, of the army’s 
organization, the location of the various stations and their distance 
from headquarters indicating quite accurately the position of the 


corps, divisions, brigades, regiments, and battalions.””” 


Another prominent target of traffic analysis intelligence during 
WW I was communications supporting the fledgling aircraft activ- 
ity. Just as with infantry and artillery, the employment of aircraft 
required radio communications between headquarters and the aero- 


Illustration 3. German spotter aircraft “Roland” used for 
reconnaissance early in World War | 
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dromes, and those transmissions were susceptible to interception and 
exploitation. 


One particularly useful application of T/A information was 
employed against German spotter aircraft. The trench warfare on 
the front became a battle of attrition, and artillery was a key ele- 
ment in this aspect of the war. Artillery fire was directed in large part 
through the use of aircraft flying over the battlefield, which would 
locate high-priority targets, direct artillery fire at them, and assist in 
calibrating the accuracy of that fire. The British, in particular, used 
T/A to predict the spotter aircraft flights and, with great effect, direct 
British intercept aircraft to destroy or disrupt the German flights. 
These efforts significantly decreased the effectiveness of German 
artillery.’ Further, in those instances when the German aircraft got 
through, the Allied units that were to be targeted by the artillery bar- 
rage were warned of possible impending artillery attacks based upon 
the activity of the aircraft. This warning gave the targeted units some 
opportunity to take cover and evade fire. 


T/A also supported electronic deception, which was practiced 
during WWI. An army would deliberately send false signals to mis- 
lead the enemy into thinking that military units had moved (or not 
moved). One prominent example was when the British generated a 
message transmission pattern that led the Germans to believe that 
the crack Australian and Canadian units remained on the line in 
Flanders. Under signals silence these units moved to Amiens and 
participated in an attack that crushed the unsuspecting Germans.” 


Navy: The Battle of Jutland, May 1916 


Early in World War I the British fleet was the dominant force 
on the high seas. The Germans, on the other hand, were in the pro- 
cess of developing a respectable surface navy. In the spring of 1916, 
Admiral von Scheer, the new commander-in-chief of the German 
High Seas Fleet, planned to entice the British Grand Fleet into a sea 
battle during which he hoped to engage the British fleet in segments 
and inflict serious losses upon the British without incurring devas- 
tating German losses. Meanwhile, the British wanted to counter any 
German moves, attempting to keep them at bay and inflict whatever 
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damage to the German fleet that they could, without incurring a 
significant degradation of their own fleet, which they needed to keep 
intact for the defense of the home islands. One problem the British 
Navy had at this point was the regular navy’s lack of confidence in the 
Naval Intelligence arm (Room 40) to support the operational com- 
mands in offensive tactical maneuvers. The Room 40 analysts were 
not permitted to be involved in anything but defensive operations, 
and were unable to directly communicate with fleet components. 
Even though the naval intelligence analysts had built a good working 
knowledge of the organization and operations of the German Fleet, 
they were not permitted until 1917 to provide any direct support to 
the British Navy for operational activities. 


On 30 May 1916, the two main segments of the British fleet 
which were in port at Scapa Flow under Admiral John Jellicoe and 
at Rosyth under Vice Admiral David Beatty, were advised, based on 
decrypted signals and traffic analysis, that von Scheer intended to 
put to sea early the next day.'’ That evening, Jellicoe ordered both 
elements of the Grand Fleet out to sea. Early on the 31st, German 
battle cruisers left Wilhelmshaven to decoy the British Fleet into the 
North Sea, with the rest of von Scheer’s High Seas Fleet to follow. 
It so happened that although von Sheer’s intelligence had alerted 
him to the deployment of the British Fleet, he decided to proceed 
as planned. The two components of the British Fleet led by Jellicoe 
and Beatty, after setting sail on the 31st, were planning to trap the 
German Fleet based on their earlier intelligence warnings. Unfortu- 
nately, the British naval operation was disrupted when the Director 
of Naval Operations injected himself between the intelligence ana- 
lysts and the combat commanders. 


On the morning of May 31, after the British Fleet had departed 
Scapa Flow and Rosyth, Rear Adm. Thomas Jackson, the regular 
navy DNO, made an early and rare visit to his operations center, 
where he asked the naval intelligence analysts a traffic analysis ques- 
tion. Having seen a report based on T/A that located the callsign DK 
in port at Wilhelmshaven, Thomas inquired of the meaning of that 
callsign. With no details provided, the analysts replied that DK was 
Admiral von Scheer’s personal callsign. Without waiting for clarifi- 
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cation or checking further to find that Admiral von Scheer used a 
different callsign when deploying, while the DK callsign remained at 
Fleet Headquarters to disguise the Fleet Commander’s movements, 
Jackson left the ops center to alert Jellicoe and Beatty of his conclu- 
sion that the German Fleet was still in port. Shortly after noon on 
the 31st, the two British commanders received the following cable: 
“At 12 Noon today, our directional stations place the German fleet 
flagship ((at its base)) in the Jade. Consider it possible that lack of 
air reconnaissance may have delayed their start.” Admiral Jellicoe, on 
receiving this wire, delayed his movement toward the German Fleet, 
leaving V/Admiral Beatty nearly 70 miles out in front of Jellicoe, 
where he quickly met the entire German Fleet. Although caught by 
surprise after the misleading information provided in error, Beatty, 
though losing two cruisers and suffering serious damage to his flag- 
ship, through a brilliant maneuver, lured the German Fleet into the 
path of the entire British Fleet. Beatty and Jellicoe, with the com- 
bined British fleet, then forced the Germans back to port, with nei- 


Illustration 4. The Battle of Jutland, May 1916 
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ther side sustaining unacceptable damage. Jellicoe, however, missed 
a splendid opportunity to decimate the German Fleet on its return 
to port by not using his intelligence fully and by his timidity, stoked 
by his desire to preserve the British fleet. Even worse, Jellicoe had 
apparently become jaded regarding the quality of his intelligence and 
although receiving accurate information on the direction of Scheer’s 
return route to port, he refused to rely upon it, causing him to miss 
the opportunity to inflict serious damage to the German fleet. This 
situation represents a classic instance where solid traffic analysis was 
misunderstood, misused, and not allowed to provide a potential naval 
victory which might have altered the outcome of not only a naval 
operation, but perhaps the war itself. 


Illustration 5. 
Lt. Donald A. 
Borrmann in 
India, 1945. 
Borrmann per- 
sonal files 


World War Il 


China, Burma, India: The CBI Theater 


One of the authors of this report, Donald A. Borrmann, who 
served as a'I'/A Officer in India and China during WWII, furnished 


this information concerning the CBI. 
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Illustration 6. The China/Burma/India theater, WWII 


The CBI Theater was important to the Allies in WWII but 
did not involve the numbers of U. S. troops that fought in 
Europe and the Pacific. 


The U. S. strategic objectives were to maintain the Chinese 
Nationalist government’s ability to engage significant Japa- 
nese forces in China, to protect India from invasion, and to 
re-take Burma from the Japanese. 


The CBI Theater Headquarters at New Delhi, India, includ- 
ed a unit of the Signals Intelligence Service (SIS) headed 
by Col. Leonard Bickwit. I know that the Allied effort to 
re-take Burma was given support from signals intelligence, 
including T/A, but I cannot furnish specifics because my 
own assignment involved Japanese forces in China, and the 
need-to-know security policy was very much in force during 
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the war. Additionally, due to the nature of the fighting in 
Burma, with Allied irregular forces implanted in Japanese- 
occupied areas, valuable intelligence also was provided by 


human sources (HUMINT). 


Concerning Japanese forces in China, I can document a 
specific example of the value of T/A as follows: By early 
1945 the Japanese army’s ‘Ichi Go’ offensive in China had 
succeeded in occupying the most forward bases (including 
Liuchow and Kweilin) of the U.S. Army 14th Air Force, 
which included some of the former members of the famous 
Flying Tigers unit. At that time the U.S. Army G-2 in New 
Delhi informed Col. Bickwit that he was receiving valuable 
signals intelligence on these Japanese forces in China and 
wished to know more about how it was produced. The source 
was T/A, so Col. Bickwit took me to brief the G-2 on how, 
through T/A on Japanese army communications, it was pos- 
sible to continue to identify the Japanese army units involved 
and their changing locations. The elements addressed in the 
briefing included: analyzing the radio callsigns and address 
systems, the communications relationships, radio network 
structure and message flows, and also included radio direc- 
tion finding. Despite this evidence of intelligence value, cir- 
cumstances were such that there was no resultant change on 
the battlefield in this area of China. The intelligence was 
provided to U.S. Army 14th Air Force and to U.S. Army 
advisory group personnel attached to the Chinese National- 
ist army, which contributed mostly defensive resistance to 
the Japanese. The Japanese were not defeated in China, but 
their forces there did surrender at war’s end. 


The Pacific Theater 
During WWII, COMINT, including T/A, played a vital role in 


the Pacific Ocean naval battles occurring as U. S. forces were “island 
hopping” westward to secure bases necessary to support later attacks 
on the Japanese home islands and to prevent further expansion of 
Japanese forces closer to Hawaii and Australia. Successful cryptanal- 
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ysis of Japanese naval cipher messages was often temporarily unavail- 
able due to Japanese cipher changes. Throughout these periods, T/A 
was relied on to maintain continuity on the identity of the Japanese 
military and naval units and their location and movements through 
message externals and RDF. 


In 1942 there was a great disparity in favor of Japan in the num- 
ber of battleships, aircraft carriers, and cruisers available to each 
opposing force. During the spring of 1942, prior to the naval battle in 
the Coral Sea, the presence and movement of Japanese naval forces 
into the Solomon Islands area was revealed through T/A, includ- 
ing RDF.* Less than a month later in June 1942, prior to the battle 
of Midway Island, T/A contributed to identifying the presence of a 


Illustration 7. The Central Pacific and Midway Island. 
Frederick Parker, A Priceless Advantage: U.S. Navy Commu- 
nications Intelligence and the Battles of Coral Sea, Midway, 

and the Aleutians, CCH 
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Japanese air group in the Marshall Islands, and more importantly, 
T/A confirmed that the entire Japanese combined fleet was en route 
to Midway.’ The Japanese attack on Midway Island on June 4, 1942, 
resulted in a vital U.S. victory. 


From August through December 1942, the Solomon Islands 
campaign included many engagements and actions between naval 
surface and submarine units and land and carrier-based aircraft. 
These included the U.S. landings on Tulagi and Guadalcanal islands 
and continuing Japanese efforts to land troop reinforcements by sea 
(the “Tokyo Express”) on Guadalcanal (through the channel known 
as “the Slot”). T/A made critical contributions during this period. 
Prior to the U.S. landings, T/A noted a marked increase in Japa- 
nese activity in the Solomons and provided identities of the Japanese 
naval units involved and not involved, all of which were of great value 
to U.S. preparations and reactions. After the U.S. landings in August 
1942, T/A was able to give many advance warnings of the numerous 


Illustration 8. The Solomon Islands, Coral Sea, 
and Southwest Pacific. Frederick Parker, A Priceless Advan- 
tage: U.S. Navy Communications Intelligence and the Bat- 
tles of Coral Sea, Midway, and the Aleutians, CCH 
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nighttime “Tokyo Express” runs. Based on this information, the U.S. 
launched strikes, causing significant losses of Japanese ships, aircraft 
and troops, and forcing the eventual Japanese decision to withdraw 
their forces from Guadalcanal in February 1943. A quote from this 
period states: “The problem of attaining surprise and at the same 
time keeping track of enemy movements was immensely complicat- 
ed by the fact that the Japanese on August 1 made a drastic change 
in their naval operation code, JN25, evidently scrambling the code 
groups.” That evening the keeper of the CinCPac Command Sum- 
mary wrote: “We must depend almost entirely on traffic analysis to 


deduce the enemy deployment.”" 


The Southwest Pacific Theater 


General MacArthur became commander of the Southwest Pacific 
Theater after his arrival in Australia from Corregidor. SIGINT capa- 
bilities were provided in this area by Central Bureau Brisbane (CBB, 
a joint U.S. and Australian organization) and by the U.S. Navy’s Fleet 
Radio Unit Melbourne (FRUMEL). These organizations provided 
important support as MacArthur’s forces moved against the Japanese 
in New Guinea, bypassing and isolating Japanese units in many loca- 
tions, and eventually retaking the Philippine Islands in conjunction 
with the U.S. Navy (also see Illustration 6). 


A description of intelligence support provided by these units 
to MacArthur appears in an NSA history document, which states: 
“Traffic analysis activities were the first step in compiling an accurate 
Japanese order of battle. There were many instances during the war 
when traffic analysis was MacArthur’s only source of signals intelli- 
gence because codes were unreadable at the time. One instance was the 
Japanese attack on Port Moresby, New Guinea, in July 1942. Another 
time traffic analysis had to fill the void was when the Japanese army 
changed their codes on 8 April 1944, as MacArthur was planning the 
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Hollandia invasion, which was to begin on 22 April 1944. 


Generally T/A was able to provide accurate prediction of attacks, 
identify Japanese units involved, and describe Japanese troop deploy- 
ments. One such instance included increased activity at Wewak in 
August 1943 and movement of a Japanese headquarters from Rabaul 
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Illustration 9. Large circularly disposed antenna array used 
for radio direction finding and intercept. John P. Finnegan, 
The Military Intelligence Story: A Photo History, 1994, 67 


to Wewak, enabling the U.S. Army Air Force to destroy some 200 
Japanese aircraft within two days. T/A forecast the Japanese inten- 
tion to reinforce the island of Morotai in 1944 and the intended 
move of a major Japanese army headquarters from Manila to Saigon 


in November 1944 (later confirmed by a decrypted message). 


The Battle of the North Atlantic 

The German U-boat campaign against Allied shipping in the 
North Atlantic early in WWII was very successful in its initial stages. 
An average of about 500,000 shipping tons per month were lost to 
the U-boats between January and September 1942, and there was a 
serious and real concern that Great Britain would not survive if this 
trend continued.'* The Allies initiated a variety of actions to stem 
the losses inflicted by the U-boats and to ensure that a steady flow of 
critical supplies safely reached the British Isles. 


These actions resulted in a complete turn-around of fortunes 
in the North Atlantic, and German Admiral Donitz, commander 
of the U-boat fleet, was forced to change the focus of his efforts 
away from that area. Radio Direction Finding was one of the princi- 
pal tools employed in this successfully coordinated approach, along 


with decryption of messages (ULTRA), radar, sonar, T/A and the 
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PROBABLE REENCODEMENT  § 49 AUGUST 1943 
1625/786 


CURRENT ORDER NO 38: 

BY THE USE OF LONG-DISTANCE SCOUTING PLANES AND CARRIERS, THE 
ENEMY CAN NOW SEND A/C TO ATTACK, ON THE BASIS OF D/F, NOT ONLY 
IN COASTAL WATERS BUT IN THE ENTIRE SEA-AREA OF THE NORTH AND 
MIDDLE ATLANTIC, AS A RESULT, THE DANGER OF D/F FOR SUBS ON 
alee RADIO HAS BECOME HORE SERIOUS. ; 


"Spy - - (conTNuED) can 3646/787) 


Illustration 10. German Enigma message referring to D/F. 
National Cryptologic Museum library 


increased range of land-based aircraft. Every one of these efforts con- 
tributed significantly, but, in combination, it made individual efforts 
extremely difficult to distinguish. This complex atmosphere had the 
salutary effect of “covering” the singular contributions of individual 
efforts and especially of the super-sensitive ULTRA source. It also 
prevented Admiral Donitz from determining exactly what was con- 
tributing to the high German losses. 


Two distinct aspects of RDF were used in the North Atlantic. 
One was land based and the other mobile. Land-based H/F D/F 
operations, sometimes referred to as “Huff Duff,” often employed 
large antennas. (Illustration 9 shows a more recent version of an 
antenna called a circularly disposed antenna array or CDAA which 
was used for radio intercept as well as D/F. These were so large they 
were referred to as “elephant cages.” By contrast, illustration 2 shows 
a WWI land-based mobile D/F operation). D/F information from 
land-based sites was more strategic and was used to re-route convoys 
to avoid U-boat activity. Land-based D/F also was used to locate 
German resupply operations where supply submarines, referred to as 
“milch cows,” were replenishing fuel and other supplies on board the 
attack submarines. 
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Most of the mobile RDF in the North Atlantic was shipborne 
D/F and was used extensively in tactical operations. On occasion 
a location or “fix” could be obtained by using cross bearings from 
multiple sources and then convoy escorts or even aircraft in the area 
could be vectored to the target. There are other occasions where an 
escort ship would get a line bearing from its own D/F unit and follow 
the line until it spotted the submarine, then initiated an attack. Line 
bearings from mobile naval D/F units normally were a maximum of 
thirty miles in length; therefore, the surface ship would expect to find 
the target along the prescribed line and within thirty miles. Again, 
although it is difficult to tally exactly the results of D/F because of 
the variety of information also available from other sources, it is safe 
to say that D/F made significant contributions to the successful pros- 
ecution of the Battle of the North Atlantic. Illustration 10 shows the 
German awareness of their vulnerability to D/F. 


The European Theater 
The U.S. Third Army. The U.S. Third Army posted one of the 


most impressive records among U.S. forces participating in the Euro- 
pean campaign. The Third Army had moved from the U.S. to Eng- 
land in December 1943, but did not take part directly in the Nor- 
mandy invasion. It moved to the continent shortly after the initial 
wave of troops and equipment had landed. 


Meanwhile, LT'G George S. Patton, one of the most prominent 
USS. generals of WWII and highly respected and feared by the Ger- 
mans, had incurred the anger of his superiors in 1943. As a disciplin- 
ary measure, he had been relegated to a diversionary role just prior 
to the invasion of the continent. He was placed in charge of a largely 
phantom army stationed across the English Channel from Pas de 
Calais in an attempt to reinforce the Germans’ erroneous belief that 
the Allies would invade directly across the Channel. In combina- 
tion with other imaginative deception operations, the ruse worked 
perfectly and then General Patton, known for his aggressive strategy, 
was assigned as commander of the Third Army. 
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NORTHWESTERN FRANCE, 1944 
ALLIED INVASION FORCE 
AND GERMAN DISPOSITIONS, 
6 JUNE 1944 


oPithiviers 


i 


q Domfront 


Fougeres 

i 
Choteau “o 
Gontier 


St. Hilaire ® 
du Harcouel 
® 
Rennes ot 


Y 
fal 


Base 


Illustration 11. Allied Normandy invasion force 


Providing intelligence to an army with such mobility was a challenge. 
The 3253/4/5 Signals Service Companies were established in April and 
May 1944 for that purpose. These units trained in England and then 
were attached to the various Third Army Corps; the 3253rd deployed 
to Omaha Beach in France, arriving on July 12, 1944. The intelligence 
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Illustration 12. Location of the Third Army near 
Falaise, France 


units provided information to the various elements of the Third Army 
throughout its movements through France and into Germany.” 


T/A, and its incorporation of RDF, was a critical source of the intel- 
ligence information provided to the Third Army. The two were so close- 
ly interdependent that arrangements were made to perform the tasks 


together where a traffic analyst usually plotted the RDF bearings.” 
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The principal source of information derived from T/A came 
from German armored units. Even before the Third Army deployed 
to France, it was found that the German 21 Panzer Division was 
committed to the Caen area of France. Later, on 31 July 1944, the 
HQ of the 2 SS Panzer Division was located at Montbray, and they 
needed ammunition. Information also was provided on infantry 
deployments. The German 268th Infantry Division was located in 
the Guingamp area directly in the path of the U.S. VIII Corps. All 
of this information gave the Third Army an indication of what they 
were about to face. 


As the Third Army moved east through France in August 1944, 
there was an Allied operation to trap German units in the Falaise 
area known as the “Falaise pocket.” Third Army intelligence, mainly 
through T/A, was following the locations of many German armored 
units, and all were determined to be on the left flank and not on the 
Third Army front, thereby allowing Patton to move forward expedi- 
tiously. Six Panzer units were deployed on Patton's left: the 116, 2 SS, 
9 SS, 130, 17 SS, 10 SS, and two other elements. These units were 
described as “the real backbone of the German Army.”’? Through 15 
August 1944, constant monitoring of these units indicated no move- 
ment to the Third Army front, allowing Patton to move forward in an 
attempt to close the pocket. General Patton is known to have chided 
his competitors for not moving fast enough to successfully close the 
Sap. 

Later in August, the 2 SS Panzer and the 130 Panzer moved 
eastward through the gap in the Falaise pocket. T/A then detected 
the 130 Panzer moving north beyond Paris well away from the Third 
Army, thereby removing it as an immediate threat. T/A and RDF 
continued to provide the Third Army with information on the iden- 
tification and movement of other German units opposing it and, on 
30 August, identified and located the 3 Panzer Grenadier Division, 
which had just arrived from Italy to oppose the Third Army. It was 
the first of several German divisions to move in from Italy. 


A wide variety of SIGINT continued to be provided throughout 
September, including daily reports on the enemy order of battle, reor- 
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ERASING THE BULGE 
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Illustration 13. The Third Army at the Battle of the Bulge 
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ganization of units, movements and location of units including with- 
drawal and reinforcements. Then in October and November there 
was a reduction of German activity. Further, the Germans instituted 
an extensive change in their communications procedures. Both of 
these factors resulted in a significant reduction in the production of 
intelligence. Meanwhile, however, analysis indicated a general move 
back to the “static Moselle front,””* and one message said that the 
130 Panzer was to move north to an assembly area. 


Activity on the Third Army front remained quiet until late 
December 1944 when the “Von Runstedt” offensive took place, 
more commonly known as “the Battle of the Bulge.” The 130 Panzer 
became active in the area of Bastogne, and shortly thereafter many 
other German units appeared in that sector. The 3 Panzer was locat- 
ed there on 30 December. 


As the recovery of the German communications systems pro- 
gressed, by January 1945 information from T/A increased significantly 
in volume and quality. Five Panzer divisions were located in new loca- 
tions, and the 3 Panzer was located retreating east from the Bulge, as 
were the 130 Panzer and the 2 SS Panzer, in spite of rumors that the 
latter had gone to the Russian front. The 21 Panzer and the 17 SS 
Panzer moved south, and there was an almost complete withdrawal of 
German armor from the Third Army front. Meanwhile, painstaking 
analysis of procedural characteristics and good RDF determined that 
the 130 Panzer was located in an assembly area at Bitburg. 


Valuable information was provided to General Patton, assisting 
him in the difficult process of crossing the Rhine. The German resis- 
tance was in a general state of disarray, but fragmented reports on 
miscellaneous German units pressed into defense were available to 
the Third Army. Reports were issued on the status of Rhine bridg- 
es around Mainz and on the bridge at Remagen.”* Information on 
German vehicles heading toward the bridges at Mainz was sent to 
the U.S. Army Air Force, which reacted adroitly and destroyed the 


vehicles. 


In February 1945 T/A reflected the general disintegration of the 
German forces. On the other hand, the Allied front was converging 


29 


Illustration 14. Narvik, Norway, 1940 


with the Russian front, and interception of communications from 
German units on both fronts became common. Having this access to 
information was fortuitous in one respect as the German units from 
the Russian front could quickly turn and attack the Third Army. In 
this regard, the Third Army continued to receive locations of the 9 
SS Panzer, the 21 Panzer, and the 10 SS Panzer even though at that 
time they were facing the Russian front. 


In summary, the Third Army received intelligence of inestimable 
value during its entire campaign across Europe. Although some infor- 
mation was provided by reading low-level codes, photography, prison- 
ers’ interrogation, and scouts, the preponderance of accurate and timely 
information was provided by T/A in combination with RDF. 


The Army Air Corps 


The German Air Force produced a large amount of tactical traf- 
fic in the course of training, and this allowed T/A to accurately esti- 
mate the current operational strength and disposition of Germany’s 
bombers and reconnaissance units.” 
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Illustration 15. The HMS Glorious 


The British Evacuation of Norway 


Early in World War II, the British position in Norway became 
untenable, and they decided to remove their forces. 


The operation to accomplish this task took place in Narvik, Nor- 
way. It was supported by the aircraft carrier HMS Glorious, which 
evacuated pilots and planes. British T/A produced indications that 
German naval units were transiting into the North Sea and in all 
likelihood were prepared to engage in hostilities. These reports, some 
as early as two weeks before the engagement, were sent to the British 
Admiralty which, having little understanding of T/A, dismissed the 
reports as unproven and failed to send the warning to the Glorious. In 
fact, the German battle cruisers Scharnhorst and Gneisenau were mov- 
ing into the North Sea and about to engage the Glorious. Had the 
Glorious received the warning, she might well have sent out defen- 
sive patrols and even attacked the German cruisers with her torpedo 
planes. The captain of the Glorious, however, not having received the 
intelligence reports, was totally surprised by the German presence. 
This fact, added to several incompetent moves on his part, led to his 
ship being sunk before he could get a message off to his headquarters 
that he was under attack. Ironically, the British learned of the disaster 
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by reading German messages reporting the sinking of the Glorious. 
This painful lesson clearly illustrated the value of T/A and the conse- 
quences of not using it properly.” The British did give much greater 
credence to COMINT after this unfortunate incident.” 


German Use of Traffic Analysis 
The Germans used COMINT extensively in WWII, and they 


were fully aware of its value. Their efforts in WWII were based upon 
their WWI experience, which led them to make a strategic decision 
at the outset of WWII to emphasize efforts against low-level and 
medium-grade cipher systems rather than dedicating scarce resources 
on the slim possibility of exploiting high-grade ciphers. The Germans 
were quite successful in attacking medium- and low-grade cipher sys- 
tems.’ Further, their attempts to produce information through T/A, 
along with RDF and reading operator chatter and other low-level clear 
text traffic, yielded the major source of their tactical intelligence infor- 
mation during the war.”* Some examples follow. 


The Germans had mounted an offensive in the Crimea 
on the Black Sea and were moving against the port at Sevas- 
topol. The Soviets levied counterattacks against the Germans, 
but the Germans had intercepted wire communications, allow- 
ing them to save two of their patrols from annihilation. The same 
source on another day gave warning to the Germans of two Sovi- 
et attacks on their position. Both were repulsed, and after the 
second attack, they counterattacked with an artillery barrage.’ 


In another case the Soviets attempted to spoof the Germans, 
but one experienced German intercept operator detected the ruse. A 
Soviet army unit was moving to Stalingrad and left a communica- 
tions group at its original position. The unit maintained its com- 
munications pattern, indicating to the Germans that the Soviet unit 
remained in its original location; however, one of the communica- 
tions operators, who moved with the Soviet army, made the mistake 
of transmitting from his new location. The astute German intercept 
operator recognized the Russian communicator and warned the 
German command that the Soviet unit was actually moving toward 
Stalingrad. The Germans took appropriate defensive measures.*° 


a2 


Another source of information accessed by the Germans was 

obtained by monitoring British exercise activity. A prevailing assump- 
tion was that the way a military unit exercises indicates how it will 
fight. The Germans copied communications associated with British 
amphibious landing exercises and determined what the British were 
planning. The information gleaned included the size of the proposed 
landing area, the number of units the British would commit in the 
initial assault, and how deep they planned to penetrate on the first 
day.*? 
The Germans used T/A to provide tactical information to their 
troops in France after D-Day in Normandy. They identified and 
located many American units including the 1st U.S. Army with four 
corps and fifteen divisions, the VIII Corps, the 101st and 82nd Air- 
borne Divisions, and the 90th Infantry Division. Further, the Ger- 
mans followed the movement of the U.S. XIX Corps, predicting that 
the Corps would attack in the identified location. The Germans took 
actions based on this information and significantly slowed the Amer- 
ican advances.” 


Also in Normandy, German troops received information from 
communications sources that warned them of Allied bombing 
runs. The Germans intercepted British requests for air support 
and were able to determine areas/targets and times of the planned 
strikes. Consequently the Germans were often able to move their 
units away from the target areas with a great saving of lives and 
equipment.” 


Early in WWII German field commanders did not hold T/A in 
high regard, but as the war pressed on they considered it their best 
source of intelligence information. For instance, the G2 of the 40 
Panzer stated, in referring to the usefulness of the T/A product, the 
corps “always knew almost exactly the enemy situation, location and 
strength. This knowledge contributed considerably to the complete 
annihilation of the Popoff armored army.” Other commanders stated 
that T/A was “the most important means for clarifying the enemy 
picture,” “ 
and the best source of intelligence. 


the most important of the sources,” and “the most copious 
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Eastern Front 
| August 1943 — 31 December 1944 


[-] to! December 1943 
to 30 April 1944 
[[] to 19 Auguse 1944 
[[] to 31 December 1944 
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Operation QUICKSILVER: Deception Covering the 
Landing in Normandy 


One great challenge of WWII was keeping secret the planned 
Allied landing sites in Europe. Hitler and the Germans, for a number 
of reasons, had a firm belief that the location of the landing would be 
on the French coast at Pas-de-Calais, the shortest distance across the 
English Channel. The Allies prepared a scheme, called FORTITUDE, 
to convince the Germans that they were accurate in their belief that 
Pas-de-Calais was the location and, further, to lead them into believing 
that the real landing in Normandy was merely a diversion. The scheme 
was so successful that the Germans believed Pas-de-Calais was to be 
the main landing place even after the Normandy landings began, still 
convinced that Normandy was a diversionary move. 


A variety of actions in the plan were taken to trick the Germans 
into keeping their forces where they were and not moving them to 
Normandy. Most of the German units causing Allies concern were 
near Pas-de-Calais, but some were as far north as Norway. Although 
the overall plan was called FORTITUDE, the deception aspect was 
called QUICKSILVER, and it had subsets for each aspect of the 


plan. Some of these actions included: 


* Stationing ground units, later intended for deployment to 
Normandy, across from Pas-de-Calais 


* Developing fictitious military units and “stationing” them in 
various parts of the British Isles 


* Bombing German units in the Pas-de-Calais area 
* Placing dummy gliders, tanks, and trucks along the coast 
* Maintaining offensive submarine activity as far north as Norway 


* Concentrating shipping and landing craft activity in northern 
harbors 


* Use of double agents to convey false information 


“The most important of the deception measures, however, was 


wireless.” The wireless part of the plan was called QUICKSILVER 
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II, and it entailed establishing and operating a realistic communica- 
tions structure to service the fictitious units. Further, the communica- 
tions activity would appear to “support” the preparations for a major 
invasion at Calais. This posed a daunting challenge since the Ger- 
mans relied heavily upon T/A and were very competent practitioners 
of the art. With this background, the Germans might very well have 
been able to detect the ruse if it were not executed convincingly. 


The task of implementing the plan was given to the U.S. Army. In 
one instance the Army set up a simulation of the HQ 1st U.S. Army 
Group in England when, in fact, that unit was moving to France under 
the guise of the 12th Army Group. The 1st U.S. Army Group was 
shown as consisting of the fictitious 14th U.S. Army and the real 4th 
British Army in a fictitious location.*° The Germans believed they still 
faced a formidable force across the Channel from Pas-de-Calais. 


In other diversionary actions, General Patton, whom the Germans 
believed would lead the invasion, was stationed across the English 
Channel from Calais. Patton addressed ladies’ luncheons and other 
public gatherings to affirm his presence in that area. He is said to have 
described his actions as “playing Sarah Bernhardt” (a great actress of 
the time). In another move, Patton had met an old acquaintance, Gen- 
eral James Gavin, in a London hotel, and upon leaving a large crowded 
room he stopped, turned around and shouted to Gavin, “Pll see you in 
Calais.” Most in the room were horrified with this breach of security 
when, in fact, it was part of the ruse, and Patton took some personal 
delight in acting that he was carelessly revealing too much.*” 


Korean War 


Air Force 


Intercepts of Soviet-built MiG fighter aircraft radio traffic con- 
firmed the long-held suspicion that Russians were controlling the air 


defense of North Korea and Manchuria, not the Chinese or the North 


< 


Koreans: “...we were actually monitoring the Soviet Air Force fighting 
the American Air Force, and we were listening to the Soviet pilots being 
directed by Soviet ground controllers to fight American pilots. We were 


fighting our own little war with the Soviets.”** That information, from 
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Illustration 17. MiG Alley in North Korea 


pilots’ and ground controllers’ plain language conversations and T/A 
on callsigns and procedures, gave the policy makers firm information 
upon which to make a decision of enormous proportions—whether to 
confront the Soviets with a distinct possibility of starting WWHI or to 
let the respective air forces continue the fighting under false pretenses. 
Obviously the U.S. policy makers chose the latter course of action. 


Vietnam War 


Army—Infiltration from North to 
South Vietnam, 1964-1973 


One of the great controversies during the Vietnam war involved 
the number of communist troops infiltrating into South Vietnam 
from the North. As early as 1964 there was a wide and strident dif- 
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ference of opinion between Military Assistance Command, Vietnam 
(MACV), in Saigon and the Joint Chiefs of Staff in Washington. At 
that time Saigon wanted to prove that the war was being won and 
proceeded to “prove” that the threat from North Vietnam was being 
met by inflicting casualties. Headquarters in Washington, however, 
stated that the number of enemy troops coming south was much 
greater than MACV was estimating. Another point of major dis- 
agreement was whether the troops coming south were only South 
Vietnamese repatriates or regular North Vietnamese troops. 


As the controversy continued in 1964, T/A with RDF provided 
significant information. Traffic analysts were studying some commu- 
nications from the People’s Army of Vietnam (PAVN) and followed 
the transit of their 325th Division from southern North Vietnam 
into the northern highlands of South Vietnam. This arrival of a reg- 
ular infantry division represented a major escalation in the North 
Vietnamese involvement in the south, a development many military 
and political factions found hard to accept. 


Another less precise yet important contribution of T/A to the 
infiltration dilemma was derived by assessing the volume of messages 
on a civil network in North Vietnam used by new recruits to send mes- 
sages home as they left for the trek south. It had been determined that 
it took about four months for a soldier to make the trip from north 
to south. When the volume of messages surged in the north, arrival 
of more troops in the south could be anticipated within four months. 


The big breakthrough in the production of SIGINT on this tar- 
get came in late 1967/early 1968 when analysts gained access to low- 
powered North Vietnamese communications serving their General 
Directorate of Rear Services (GDRS).’'The GDRS was responsible 
for managing a system designed to move troops and materials out of 
North Vietnam and, either through the demilitarized zone (DMZ) 
or through Laos, into South Vietnam. The move south went through 
a number of way stations, known as Trams, which normally were 
located a day’s walk from each other. These Trams often were run by 
families, but they had radios and did communicate. Messages from 
the Trams had four-digit indicators. The first digit identified the 
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individual’s destination in South Vietnam, and the next three digits 
identified the soldier’s unit. These texts contained information on the 
size of the units moving on the trail, the ratio of officers to enlisted, 
the need for fuel, numbers of sick and wounded, etc. This informa- 
tion essentially resolved the dispute between MACV and Washing- 
ton on the subject of the numbers and timing of troop movements to 
South Vietnam.*” 


The Battle of Dak To 


In October of 1967 the 330th Radio Research Battalion was 
located on a hill in Vietnam's western highlands. The unit, protected 
by sandbags, barbed wire, and watch towers, was listening to Viet- 
namese transmitters in the immediate area. At the time the Army 
personnel manning the station had a sense of foreboding based 
mainly on the “feel” of recent Communist radio activity but without 
definable evidence. 


A civilian from NSA had just arrived at the unit to support its 
efforts. When he arrived at the location, he found a group of bright 
dedicated soldiers working diligently 24/7 under extremely challeng- 
ing physical circumstances. The target was difficult; the Communists 
used daily changing callsigns, frequencies, and schedules. Further, 
they were using low-power transmitters, making intercept difficult. 


A chat with the chief traffic analyst was the first step in devel- 
oping a broad assessment of the situation. The first observation 
was that “the whole ball of wax was coming apart.” Specifically a 
new North Vietnamese command station appeared which talked 
to Hanoi, was more active than anyone else around, contacted the 
highest North Vietnamese echelon in South Vietnam, operated 
at night when other Vietnamese transmitters were down, and had 
just moved 77 kilometers to a new location. Then the 330th unit’s 
chief linguist stated that many Communist elements were moving 
and realigning with other elements throughout the area. All of this 
activity indicated that an attack was in the offing, but one key ele- 
ment still was missing: the Vietnamese Communists had not given 
any indications that they had reconnoitered the area—normally a 
prerequisite to an attack. 
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Illustration 18. U.S. troops fighting near 
Dak To, South Vietnam 


Throughout October, message activity showed that the North 
Vietnamese 1st Division was preparing for urgent operations, and 
they expressed concern that their activities would be detected by the 
U.S. Then on 23 October the missing piece fell into place; the expect- 
ed North Vietnamese precombat reconnaissance had begun, indicat- 
ing preparations for an attack. Based on the frequencies, callsigns, 
schedules, and a direction finding location of the North Vietnamese 
Military Intelligence link, U.S. analysts determined the attack would 
be somewhere in the Dak To area. 


Further details followed quickly. On 25 October the 32nd Regi- 
ment was located in the Dak To area after having traveled 100 kilo- 
meters. On 27 October the 66th moved there, and on 30 October the 
174th arrived. Translations of clear text messages also yielded useful 
information including instructions on conducting reconnaissance 
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and the details of a new simplified signals plan. The North Viet- 
namese regularly instituted a new simplified signals plan just before 
beginning combat operations. Then one Vietnamese unit advised a 
subordinate to maintain secrecy before it was time to strike. 


A report was issued by the 330th based upon all of the informa- 
tion it had gathered. In summary, the report advised that a major 
tactical thrust was in the offing, probably between 30 October and 4 
November with the target in the Dak To area. 


Additional evidence came in on the day after the report was 
issued. An unmistakable pattern of communications was observed. 
Division headquarters established communications with combat 
units, reconnaissance began, combat units took positions, the simpli- 
fied communications plan was instituted, and a tactical command 
post took control of combat units. 


Based on the reports, U.S. forces took immediate action and dis- 
rupted the North Vietnamese execution of significant portions of 
their plan. B-57 air strikes were launched, and two U.S. battalions 
landed on two strategic hilltop positions. The battle of Dak To con- 
tinued through late November and proved to be one of the larg- 
est battles of the war, but the U.S. had gained an important tactical 
advantage by disrupting the Vietnamese plan of attack. The overall 
North Vietnamese objective of this campaign was the destruction of 
two U.S. brigades. Although the fighting was fierce, their objective 
was denied. *° 


Air Force—Raid on Son Tay Prison 


A number of U.S. Air Force, Marine, and Navy pilots were 
shot down during bombing raids and fighter combat in Vietnam. 
Many were captured and imprisoned in North Vietnam, some at 
a camp named Son Tay, located twenty miles northwest of Hanoi. 
With assurance that prisoners were being held at this camp, 
planning began in April 1970 to mount an operation to free the 
prisoners. 


Preparations for SIGINT support to this raid began in August 
1970. Brigadier General Manor, commander of the operation, 
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Illustration 19. Mock-Up of Son Tay Prison, North Vietnam 


requested information to aid a safe incursion of low-flying helicop- 
ters from Tahkli Air Base in Thailand to Son Tay and their egress. 
General Manor also wanted all information indicating a possible 
capability of the North Vietnamese to interfere with the operation. 
Analysts concluded that, if the raiders used the proposed route and 
did it at night, the North Vietnamese would have no capability to 
interfere. 


SIGINT not only provided a key input to planning the raid but 
also provided critical information during the incursion. Extraordi- 
nary measures were taken to ensure that all collection and analytic 
assets were employed. Further, special rapid communications were 
set up to pass the information to those running the operation and to 
those in the Pentagon overseeing the activity. The select group in the 
Pentagon convened in the National Military Command Center and 
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included the secretary of defense, the chairman of the Joint Chiefs of 
Staff, and selected four and three-star generals. The NSA representa- 
tive to the Pentagon also was there. 


During the course of the raid the NSA Representative was brief- 
ing this group on the support being provided by SIGINT. Then an 
incident occurred illustrating just how important negative informa- 
tion can be. An officer entered the room and announced that General 
Manor had declared a MiG alert, indicating that North Vietnamese 
fighter aircraft could be threatening the operation. Everyone turned 
to the NSA Representative, who had just assured the group that there 
was no MiG threat. He based his judgment on analysis that had 
identified all night-qualified North Vietnamese pilots, where they 
were spending the night, and the absence of any activity from those 
airfields. Further, he had the best communications connections with 
the field, and he stayed with his position, reiterating “No MiGs”. 
After a few more tense moments in the room, a courier entered the 
room with the news, “Cancel MiG alert”. 


Although the mission itself was well planned and executed and 
the SIGINT support to the military operation was excellent, tragi- 
cally the mission failed, as the prisoners had been moved, undetected 
by U.S intelligence. There is some speculation that a Caucasian jour- 
nalist had visited the camp a month earlier. This might have led the 
North Vietnamese to remove the prisoners from that location as a 
precautionary measure.*! 


The Cold War 


The Early Stages 


On Friday, 29 October 1948 (known by cryptologists as Black 
Friday), the Soviets executed a massive change of their code and 
cipher systems and communications procedures with devastating 
effect upon the U.S. efforts to produce COMINT. “Out of this dev- 
astation, Russian plaintext communications emerged as the principal 
source of intelligence on our primary Cold War adversary.” Outside 
of plaintext, one of the only other sources of information was T/A.* 
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That was the environment within which traffic analysts worked 
during the Cold War. With cryptanalysis being in a posture much 
reduced from the days of Enigma during WWII, T/A and plain lan- 


guage texts gained a more prominent role. 


The Cold War presented a wide range of challenges for intel- 
ligence and in turn T/A. Foremost were the major “wars,” the “police 
action” in Korea, and the Vietnam War (see above). In addition to 
these “wars,” there was a series of crises, varying widely in nature. The 
Cuban missile crisis obviously was the most serious and best known. 
Other crises occurred in Eastern Europe and the Middle East, as 
well as those stemming from attacks on U.S. assets. 


The Eastern European Satellites 


The Soviets declared the Baltic states part of the Soviet Union, 
but most of the remaining countries of Eastern Europe were consid- 
ered independent countries, albeit run by puppet regimes subservient 
to Moscow. They were known as Soviet Eastern European satellites. 


The Soviets imposed their will on these countries but with great 
difficulty. The people never did embrace Soviet rule and repeatedly 
rose in opposition to the oppression. 


Poland 1956 


One major reaction against the Soviets occurred in Poland in 
1956. Earlier, in 1953, the East Germans had rioted against the 
Communist regime, but those riots were suppressed without Soviet 
intervention. The label given to this Polish uprising was “The Poznan 
Riots.” The set of challenges for intelligence was threefold: deter- 
mine the nature of the uprising, report on the reaction of the Polish 
government, and observe the Soviets’ response to the whole situation. 


The Poznan Riots were relatively limited. Polish workers in 
Poznan rioted against the strict Communist regime, and the Pol- 
ish Army stemmed the revolt but with significant loss of life. As a 
result, however, the Polish Communist Party did install a new presi- 
dent, who was a counterrevolutionary and bent upon reform. T/A 
and related information indicated that the Soviets were preparing to 
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Illustration 20. Soviet-dominated Eastern Europe 


use force to oust the new president, Gomulka, but he hastily advised 
the Soviets that the political and military ties with Russia would be 
maintained. The Russians called off their troops.“ 


Hungary 1956 


As the crisis in Poland was waning, on October 23, 1956, peace- 
ful demonstrations in Budapest against the hard-line Hungarian 
Communist government turned violent. Whereas the uprisings in 


46 


East Germany in 1953 and in Poland in 1956 were riots, the Hun- 
garian affair turned into a full-blown revolution. There were two 
distinct differences between this revolt and the earlier Polish riots. 
First, many Hungarian national military units sided with the riot- 
ers, providing a formidable albeit relatively small force contesting 
the Soviets. Second, Hungary has a border with a noncommunist 
state, Austria. These two factors increased the possibility of NATO 
and U.S. intervention or at least the provision of some assistance to 
the rebels. These factors made the need for good timely intelligence 
much more urgent. 


Although there were human and open source assets producing 
information on the progress of the revolution, the information consisted 
mainly of descriptions of rioting in the streets in major towns. Under- 
standing just what the Russian forces were up to and what the Hungar- 
ian military was doing, was based on T/A and low-level plain text trans- 
missions as the Soviet high-grade cipher traffic remained unreadable. 


The riots started in Budapest but quickly spread to all major cit- 
ies in Hungary. The Soviets had four divisions in Hungary, and they 
moved them rapidly to Budapest where they met fierce resistance 
from both the general populace and from many units of the Hungar- 
ian armed forces. The Soviets took significant casualties, but within 
a week they realigned their units within Hungary and moved in 
reinforcements from the western USSR. Intelligence, mainly derived 
from T/A, enabled analysts to follow the movement of Soviet units 
and the reactions within the Hungarian armed forces.“ 


Meanwhile thousands of Hungarian citizens took advantage of 
the drastically reduced security along the Austrian border to make 
their break for freedom. The flow continued for a few days until the 
Soviets regained control over all of the Hungarian armed forces and 
reestablished border security. 


Czechoslovakia 1968 


Each of the disturbances in the Soviet European satellites had its 
own defining characteristics. In Czechoslovakia, Alexander Dubéek 
was elected president early in 1968. In short order he fired many of 
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the Communist hard-liners and started to institute social reforms, 
to the consternation of the Soviets. In response, Moscow started to 
muster its military forces and those of adjacent Communist satellite 
nations. “Within days of Dubéek taking power, SIGINT detected 
the movement of eight Soviet combat divisions from their barracks 
in East Germany, Poland and the western districts of the Soviet 
Union to points around the periphery of Czechoslovakia. By the 
end of June, SIGINT and satellite reconnaissance revealed that the 
Soviets now had thirty-four combat divisions deployed along the 
Czech border, and that the Soviets were rapidly moving hundreds of 
combat aircraft to airfields within striking distance of targets inside 
Czechoslovakia.”*” The Soviet invasion started on August 20, 1968, 
and within days they were in control of the country. T/A provided 
most of the information on the military deployments. 


Summary 


Traffic analysis is an integral part of the broader category of sig- 
nals intelligence. Although not as well known as cryptanalysis, it has 
been a major source of intelligence information over the years, and it 
has been employed against communications from at least as early as 
the American Civil War. This paper describes the elements of traffic 
analysis and offers examples of its contributions starting with WWI 
and through the intervening period until the end of the Cold War. 
The discipline undoubtedly will continue to be useful in the future 
regardless of the changing nature of communications. It is the hope 
of the authors that someone eventually will describe the changing 
nature of the discipline and present instances of its use in post-Cold 
War scenarios. 
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although exploitation of plaintext intercept, POW interrogations, 
captured documentation, open source publications (maps, trans- 
portation schedules) and the like were often helpful to both traffic 
analysts and cryptanalysts. 
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Donald A. Borrmann attended the University of Michi- 
gan and in 1943, from the Army ROTC unit there, he was 
called to active duty as a second lieutenant in the Army Sig- 
nal corps. He was assigned to the Army Security Agency; 
his tours included India, the China/Burma/India Theater, 
and the Philippines. In China, immediately after the Japa- 
nese surrender, he was assigned to TICOM duties, an effort 
to obtain codes, cipher machines, and information on “ene- 
my” communications; he was present at the surrender of 
the Japanese 23rd Army. He continued his SIGINT career 
as a civilian, mostly with NSA. He served in London and 
Oslo, was assigned to the Office of Special Operations in 
the Office of the Secretary of Defense, and was the NSA 
representative on the first Intelligence Community Coor- 
dination Staff under the Director of Central Intelligence, 
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ligence Board Branch, an assistant inspector general, chief 
of an analytic office, and chief, Office of Programs and 
Budget. He also served in Frankfurt, Germany. He joined 
CIA in 1976 and served as comptroller of the U.S. intel- 
ligence community and director, Program and Budget 
Office, Intelligence Community Staff. From 1979 to 1983, 
he was chairman, DCI SIGINT Committee. He was the 
recipient of NSA’s Exceptional Civilian Service Award and 
the National Intelligence Distinguished Service Medal in 
1980 and 1983. He was a deputy vice-president from 1991 
to 1994 at Lockheed Missiles and Space and chairman of 


33 


the board of the Association of Former Intelligence Offi- 
cers 1997-2000. Mr. Kvetkas received a B.S. from Whar- 
ton School, University of Pennsylvania; a master’s degree 
from George Washington University; and a law degree 
from Georgetown University. He is also a graduate of the 
National War College, the Federal Executive Institute, and 
the Harvard University Executive Program in National and 
International Security. He is a member of the DC Bar and 
isa CPA. 


Charles V. Brown received an ROTC commission as a 
second lieutenant in the USAF upon his graduation from 
Ohio Wesleyan University in 1958. After receiving Air 
Force intelligence training at Sheppard AFB, he spent 
eleven years in the USAF with two tours at NSA, one 
at Shaw AFB, three years in Germany, and one year in 
Vietnam. In 1972 he converted to civilian status at NSA 
where he had operational and staff assignments in DDO, 
R/D, the National Cryptologic School, and the EEO 
Office. He retired from the USAF Reserve as a colonel 
in 1988 and from NSA in 1992. He returned to NSA full 
time from 2003-2005 to support the buildup for the Sec- 
ond Persian Gulf War. Later in 2005 he became a civil- 
ian volunteer in the Center for Cryptologic History until 
2013 when he moved to Williamsburg, VA. He has an 
MA in international studies from American University 
and after retirement was active in supporting federal/state/ 
local counternarcotics efforts. He was a noted clarinetist 
and author in the Dixieland jazz circles in the Baltimore/ 
Washington area. 


Michael J. Flatley joined the USAF in 1957 after finishing 
high school. He studied traffic analysis and was assigned to 
Shiroi AB in Japan, Okinawa, and then NSA at Ft. Meade 


where he converted to civilian status in 1961. He served as 


a traffic analyst and as a special research analyst in several 
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operations organizations after which he took a three year 


tour at an overseas SIGINT processing center. He went 
to Vietnam in 1967 where he served with the USAF 7th 
Air Force in Saigon. Upon his return to NSA, he was given 


middle management and staff level assignments until his 
retirement in 1994. Mr. Flatley had studied at the Univer- 
sity of Maryland. Subsequent to his retirement from NSA, 
he worked on a project to supply intelligence information 
in support of federal/state/local counternarcotics efforts in 
the war on drugs. 


Robert Hunt joined NSA after a tour of duty in the Philip- 
pines with the USAFSS and completion of a BA in history 
at the University of Maryland. He spent 25 years in Opera- 
tions as a linguist, traffic analyst, cryptologist, staff assistant, 
and manager. He traveled extensively on TDY assignments 
and was stationed for four years in Germany. Receiving 
an agency fellowship, he completed his Master’s degree at 
American University in intelligence research/International 
relations and finished the coursework toward a doctorate. 
At the end of his agency career, he served as the deputy dean 
of a department in the National Cryptologic School, help- 
ing to develop and expand the instruction of cryptologic 
training in analysis and reporting, and computer-assisted 
training. After retiring in 1992, with 36 years of govem- 
ment service, he currently helps out as a staff assistant with 
the National Cryptologic Museum Foundation. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Preface 


This document was developed with a key pur- 
pose of providing information for the docents at the 
Smithsonian Air and Space Museum (in the Space 
Gallery at the Washington, DC, facility) and the 
National Cryptologic Museum (NCM) at NSA at 
Fort Meade, Maryland. The display of one rack of 
equipment from the HARDBALL telemetry collec- 
tion system at the ANDERS station and one rack of 
equipment from RISSMAN are part of the “Inter- 


cepting Signals from Space” exhibit at the Smith- 
sonian. The full displays for HARDBALL and 
RISSMAN are at the NCM facility, along with an 
EA-3B aircraft. 


Most of the information in the sections on pages 
6-9 was originally prepared by Mr. James V. Boone 
and Mr. Edward A. Hart, former NSA technical 


managers and now retired NSA senior executives. 


BACKGROUND AND INTRODUCTION 


Telemetry from foreign missiles, satellites, and space probes was often collected from 
overhead intelligence resources, ground-based locations, airborne platforms, and 
seaborne intelligence collection platforms. Graphic by Savan Becker 


Background and Introduction 
Telemetry intelligence (TELINT) (later to be 


called FISINT) was a critical source of performance 
information on foreign missiles and space vehicles 
while they were being developed and tested, as well 
as a source of telemetry from military aircraft dur- 
ing their development. TELINT could also provide 
much operational information on foreign satellites 
and space vehicles. The National Security Agency 
(NSA) became responsible for U.S. TELINT under 
a Department of Defense (DoD) directive in 1959 
as part of NSA’ electronic intelligence (ELINT) 
responsibilities. TELINT prior to 1959 was being 
conducted by all of the DoD military departments. 


All during the Cold War years, NSA contin- 
ued to sponsor or participate with the DoD mili- 
tary departments and the National Reconnaissance 


Office (NRO) to develop sophisticated signal col- 
lection equipment that could collect and process 
foreign telemetry signals and keep pace with the 
ever-changing technology of those signals. 


As described later in this brochure, the HARD- 
BALL telemetry data collection system was one of 
the major systems developed and installed for oper- 
ational use in the late 1960s. This system design was 
optimized and located on Shemya Island, Alaska, 
to collect data from Soviet intercontinental ballistic 
missiles (ICBMs) that impacted in the Soviet Kam- 
chatka peninsula test range impact area. HARD- 
BALL could also collect data from Soviet military 
satellites that sent data to Soviet telemetry receiving 
locations in the far eastern land area of the Soviet 
Union. 


TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Context of the Early Cold War 
Missile and Space Intelligence 


World War II was brought to a formal end just 
as an increasing variety of new technologies was 
evolving into an entirely new class of weapon sys- 
tems. The American development and use of the 
atomic bomb, delivered by a conventional aircraft, 
is the most prominent example; however, Germany 
had effectively used guided cruise missiles (the V-1 
series) and intermediate-range ballistic missiles (the 
V-2 series) in significant numbers. Fortunately for 
the Allies, Germany had only conventional high- 
explosive warheads on its missiles. Neither the 
Soviet Union nor the United States paused in their 
weapon system developments during the Cold War. 
Winston Churchill summarized the world situa- 
tion in his now-famous speech given at Westmin- 
ster College in Fulton, MO, on 5 March 1946. He 
titled his speech “The Sinews of Peace,” although 
today it is usually called “The Iron Curtain Speech.” 
Only about six months after the formal conclusion 
of World War II, it was clear that the Soviet Union 
had a very serious agenda of world domination. In 
a portion of that speech, Churchill put it this way: 


I do not believe that Soviet Russia desires 
war. What they desire is the fruits of war 
and the indefinite expansion of their power 
and doctrines. But what we have to consider 
here today while time remains, is the per- 
manent prevention of war and the establish- 
ment of conditions of freedom and democ- 
racy as rapidly as possible in all countries. 
Our difficulties and dangers will not be 
removed by closing our eyes to them. They 
will not be removed by mere waiting to see 
what happens; nor will they be removed by 
a policy of appeasement... 


Just a bit later, he said: 


From what I have seen of our Russian 
friends and allies during the war, I am con- 
vinced that there is nothing for which they 
have less respect than weakness, especially 
military weakness. For that reason the old 
doctrine of balance of power is unsound. 
We cannot afford, if we can help it, to work 
on narrow margins, offering temptations to 
a trial of strength.! 


His observations became a new strategic doc- 
trine, to avoid narrow margins of power, which was 
soon implemented. 


The tension was real, not imagined, and the pace 
of advanced weapon systems development increased. 
Thomas Reed, secretary of the U.S. Air Force at that 
time, has written a book on weapons’ that provides 
his personal view of the Cold War and the associ- 
ated arms race. It contains information about the 
atomic and hydrogen bomb developments, ICBM 
developments, and related intelligence systems and 
activities. 


On the weapons delivery side of the weapons 
development activity: 


* The Soviet Union successfully tested its first 
ICBM, the R-7, on 21 August 1957. 3 

The Soviet Union launched the world’s first 
artificial satellite, Sputnik, on 4 October 1957 
using a modified R-7 as the booster. 

The United States successfully conducted its 
first full-range (5,500 nautical miles) ICBM 
test, with the series B ATLAS, on 28 Novem- 
ber 1958.4 


Post-World War Il Analytic Challenges 
for Intelligence Analysts 


New technologies and applications always pres- 
ent both challenges and opportunities to the weap- 
on system developers and to those in the intelligence 
community who must determine, from the outside, 
not only general developments, but also detailed 
technical information. Our intelligence community 
had many new challenges. 


U.S. Cold War missile systems intelligence ana- 
lysts faced an array of questions: 


* What type of propulsion systems are being 
used? 

* What is their power? 

* What is their fuel composition? 

* How reliable are the boosters? 

* How much weight can they lift? 

* What is the range capability? 

* What types of guidance systems are used? 

* How accurate are they? 

* What are possible flight profiles? 

* How do the re-entry systems work? 

* What seem to be the developmental problems? 

* What is the pace of the development program? 


Furthermore, as each general question was 
answered, there was a natural continuing drive for 
increasing the accuracy of the answers. Then, as the 


POST-WORLD WAR II ANALYTIC CHALLENGES 


weapons were deployed, operational readiness and 
the detailed functionality of the command and con- 
trol systems became essential intelligence targets. 


Sometimes it was not easy to even determine 
the location or timing of a test flight. The huge 
landmass of the Soviet Union presented challenges. 
There were many test ranges and impact areas. Most 
of these key areas were inaccessible to our existing 
intelligence systems. As a result, many new collec- 
tion and sensor systems were developed and oper- 
ated. There were many types of both platforms and 
sensors, including radar, infrared, optical, and, of 
course, TELINT. Military units from all services 
were involved, as were all segments of the intelli- 
gence community and many of our allies. 


No single “technical” (e.g., TELINT, ELINT) 
sensor system could provide the data required to 
answer the wide variety of important questions that 
were being asked. True weapon system performance 
could be determined only by using a variety of data 
types in a highly interactive and coordinated man- 
ner. A variety of analysis teams were created and 
worked effectively. Of course, there was also some 
competition, but that usually provoked a great deal 
of creativity since the working analysts knew that 
they were doing important work. As is usually the 
case, talented and creative people are the key to suc- 
cess in any complex endeavor. 


TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Technical Problems Presented by 
Telemetry Signals Information 


Many very basic problems were presented to 
those faced with using telemetry as an information 
source. Consider the following simplified list: 


* The signal itself must be reliably identified as 
containing telemetry data as opposed to some 
other set of data. 

A reliable connection must be made between 
an individual signal and a specific weapons 
test. 

Since a wide variety of test measurements are 


often conducted on a given missile/weapon 
test, some determination must be made about 
the goals of the test. 

* Most telemetry signals are multichannel, and 
the assignment of individual data elements to 
a specific system test measurement must be 
made accurately. 


None of the above is generally useful unless 
the nature of the original instrumentation 
measurement is understood and the coding 
schemes are determined. 


Now consider what would happen if sources of 
Soviet missile/space telemetry were to be lost to the 


U.S. The Cold War made it clear that signals intelli- 
gence (SIGINT) challenges are provoked by a wide 
variety of issues; some are technical, some political, 
but they all have an important time dynamic. This 
is one of the features that required continual tech- 
nical attention from a talented and well-equipped 
workforce. 


The areas of telemetry signals collection, analy- 
sis, and reporting all evolved over time. It was not a 
smooth evolutionary process because of the nature of 
the problem and had little to do with formal organi- 
zation of the community. Those who had informa- 
tion or talents did work together. This was partly 
because of the professionally challenging nature of 
the problem, but perhaps largely because they all 
had a personal understanding of the importance of 
the topic. 


From a technical point of view, the collection 
and analytic challenges were also not smoothly dis- 
tributed in time because they were associated with a 
development process that was truly state of the art. 
Progress in such programs has never been smooth 
or predictable simply because the programs are, by 
their very nature, experimental. Thus, the results 
are unknown to all parties in the early stages of the 
development process. 


U.S.-Soviet Strategic Arms 
Limitations Treaties 


A major milestone was reached in May 1972 
when President Nixon and General Secretary 
Brezhnev signed a document officially called “Inter- 
im Agreement Between the United States of Amer- 
ica and the Union of Soviet Socialist Republics on 
Certain Measures with Respect to the Limitations 
of Strategic Offensive Arms.” This soon became 
known as SALT I and entered into force in October 
1972.° 


Article V (of VII) of this interim SALT agree- 


ment stated in part: 


Each party undertakes not to use deliber- 
ate concealment measures which impede 
verification by national technical means 
of compliance with the provision of this 
Interim Agreement. This obligation shall 
not require changes in current construction, 
assembly, conversion, or overhaul practices. ° 


As is often the case with such diplomatic lan- 
guage, it was not exactly clear what some of the 
terms really meant. In particular, the term “national 
technical means” was probably intentionally left to 
the imagination. The interim agreement was accom- 
panied by a number of “agreed statements, common 
understandings, and unilateral statements...” regard- 
ing the basic topic. Discussions continued under 


U.S.-SOVIET SALT TREATIES 


Presidents Ford and Carter, and in June 1979, Presi- 
dent Carter and General Secretary Brezhnev signed 
the SALT II agreement (with minor word changes 
to make it clear that the telemetric information 
segment was a part of the treaty) and then added a 
“Second Common Understanding” which reads as 
follows: 


Each party is free to use various methods of 
transmitting telemetric information during 
testing, including its encryption, except that, 
in accordance with the provisions of para- 
graph 3 of Article XV of the Treaty, neither 
Party shall engage in deliberate denial of 
telemetric information, such as through the 
use of telemetry encryption, whenever such 
denial impedes verification of compliance 
with the provisions of the Treaty. ” 


In 1991 as the Cold War ended, the U.S. and the 
USSR entered into a new “Strategic Arms Reduc- 
tion Treaty,” abbreviated START. It was implement- 
ed on July 31, 1991. This treaty included an agreed 
“Telemetry Protocol” that called for the exchange 
of very specific telemetric data on certain ICBM 
and submarine-launched ballistic missile (SLBM) 
tests conducted by each party.* The data was to be 
exchanged on magnetic tapes that contained all of 
the telemetric data broadcast during the designated 
flight test. The treaty also contained limitations on 
the use of telemetry encryption. 


TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Directions for NSA to Manage 
DoD ELINT and TELINT 


Starting in 1954, a number of presidential- 
level committees recommended that all ELINT 
be brought under NSA’s purview. Both the Mark 
Clark subcommittee of the Hoover Commission in 
1954 and the William O. Baker committee in 1957 
made such a recommendation. Strongly backed by 
President Eisenhower, the Baker committee efforts 
culminated in the issuance of National Security 
Council Intelligence Directive (NSCID) No. 6, 
“Communications Intelligence and Electronics 
Intelligence,” in early 1958. 


NSCID No.6 gave NSA many ELINT/TELINT 
powers. Within DoD it was implemented in early 
1959 by an updated 1955 DoD Directive S-3115.2 
and focused DoD top management review within 
the office of the Deputy Director for Research and 
Engineering (DDR&E)—soon to be headed by Dr. 
Eugene Fubini, a staunch supporter of ELINT: With 
certain exceptions, the directive gave NSA “operational 
and technical control” of all DoD ELINT/TELINT 
activities. Foreign telemetry at that time was consid- 
ered part of ELINT. The directive made it quite clear 
that the Joint Chiefs of Staff, component command- 
ers, and the military departments and services were to 
fully support these NSA-managed ELINT activities.’ 


NSA headquarters, Fort George G. Meade, MD, in the 1970s 


10 


2Li-ve@SWL 


0 | 6L279°¢ 
1 | 91€9°€ 
z} eseve 
€ | 06€9°€ 
b | L7oo''e 
S$ i} 9bO'€e 
9 | z0Sso'€ 
4 | 6€S9°¢€ 
8 | 92g9°¢ 
6 | prare 
ot} 1699 
It] 6899°€ 
ZU} LzL9!E 
£1] S9L9'€ 
pI] Z089°€ 
Sti Opag'e 
OT} 8Zgo'¢ 
LU L169°E 
ST] ss6o°e 
61] €660°F 
OZ) TE0l’€ 
TZ] OLOL'E 
ZZ] BOLE 
€Z| Ler.’e 
Z| OBIL'E 
SZ] b77L€ 
9%) E97L'E 
LU 20EL'E 
82) Ives 
6Z| ORE 
O£| O%bL'E 
TE} 6Sb2‘€ 
ZE| B6PL 
£€! SEs.’ 
pe] LLSL€ 
SE} LI9L‘€ 
9€}] LS9L'E 
L4€{ L69L'E 
BE] 9ELLE 
6S! QLLL°E 
Ob) 9T8L'E 
Te) zsez'e 
ty) L68L'E 
fv; LE6L'€ 
bb! BL6L'E 
Sb] sloge 
9y| 6SOS'e 
Le} OOIs'e 
8b] OPIs’s 
6>| TEts¢ 
OS| zzzg'e 
Is| £978"¢ 
zS| voEes'e 
€S} 9pEes'e 
S| L8Es"e 
SS| 8z7bs°e 
9S] OLvB'e 
LS] ZIsge 
Bs} essere 
6S{ S6S8°f 
09; Legs'e 


66E0'1 
66£0'1 
8AC0'T 
L6EO'T 
96EOT 
S6EN'T 


P6E0'T 
€6£0°T 
€6eo'l 
76€0'1 
T6£0'T 
06£0°T 
68E0'T 
88£0'1 
L8E0'T 
LEEVT 


98¢0't | 


SsEo'l 
o8eo'l 
€8eo't 
78EO'T 
7801 
T8€0°T 
O8co'l 
6LEO'T 
BLENT 


LLE0'T 
9LE0'T 
9LE0'T 
SLEOT 
PLeo'l 
£2e0'1 
TLEO'T 
TZe0'1 
TLEO'T 
OLEOT 


69€0'T 
89£0'T 
L9EO'T 
L9E0T 
99€0'T 
s9eo't 
P9EO'T 
€9€0'T 
79E0'1 
zOCO'l 


T9E0'T 
O9E0'T 
6SE0'! 
gsco't 
8sto'l 
SCOT 
9SEO'I 
Ssscot 
ySE0'1 
£S€0'1 
ESeotr 


S606'C 
6ES6'E 
€8S6'€ 
L796°E 
ZL96°€ 
9ILOE 
09L6°E 
S086'¢ 
OS86'E 
b695'E 


6£66°¢ 
$866°E 
6700+ 
¥L400°> 
OZ10'b 
S9TO'b 
T1Z0'> 
9SZ0'F 
ZOEN'b 
RHE b 


b6E0'b 
Obb0'b 
9860°> 
ZESO'> 
6LS0'> 
$Z90'b 
2L£90'¢ 
8ILO°> 
SOLO0'> 
tte > 


6S20°> 
9060°> 
£$60'> 
1001+ 
8rOl'> 
960T'> 
poll > 
T6{ Tb 
6ETI'> 
L870 > 
OSel e 


LECO'l 
9EEO'T 
seco't 
vEeo'l 
vEeo'l 
£EEo'l 
ZEEO'T 
Teco 
o£eo'l 
O£fO'T 


67E0'T 
R7E0T 
4£7€0'1 
LZE0'T 
9tE0'T 
SZEO'T 
e7E0'l 
€zeo'l 
ezeul 
ZZE0'T 


1Ze0't 
OZE0'! 
OZE0'T 
6IEO'T 
RIEOT 
LIEO'T 
LTEO'T 
9TEO'l 
STEot 
ble Tt 


bIEot 
€1eo't 
ZTEO'T 
TLEO'T 
TTE0'T 
OLEO'l 
60£0°T 
80€0°T 
B80E0'T 
LOEO'T 
90EOT 


ELIS + 
£007'b 
ELEZb 


PZET > 
SLE 
S%bz'b 
9Lbe > 
LUSZ' 
OLSZ'b 
O£97' > 
1890'b 
CELe > 
S8Lz¥ 


QERS > 
8887 b 
1e6Z'b 
£667 + 
Sv0t> 
860E'r 
OSI + 
£0ZE'b 
OStt tb 
C0EE + 


COLE b> 
SLbe "> 
69be > 
ZtSE> 
OLSE'> 
Of9E'> 
P89tb 
8ELE 
Z6LEb 
Loge y 


106E*¥ 
9S6E"> 
LlOb'b 
S90b'b 
Zlob 
OLIb'b 
TEetb'b 
L8tbb 
Teeb'b 
86Eb > 
eSbb'> 


6670°T 
8620°T 
L620°t 
962071 
96201 
S6z0'T 
b620'T 
£6701 
£6201 
7620 


16Z0'T 
16Z0'1 
0620'T 
68720'T 
88720'T 
88701 
L870 
9870'T 
S8ZQ'T 
Sez0'l 


$8Z0'1 
€87Z0'T 
€8Z0'T 
78Z0'E 
18z0'T 
0870 
08z0'T 
64701 
8Zz70T 
BLZ0T 


LLZ0'T 
9LZ0'U 
9LZ0'T 
S$Zz0'l 
PLzo'l 
€L70'T 
€Lz0'T 
zZLz0'1 
TZ20'1 
TLZ0't 


OL20°T 
6920'T 
89zo't 
8970°T 
£970°T 
9970'T 
99Z0°T 


s$9Z0'r . 


970° 
o9Z0'T 
£9ZOT 


vSbrb 
Ost > 
99S b 
£29b > 
6L9b'b 
GELb'b 
£6Lb'b 
Osstb 
L06P'> 
bOHb'b 


120S > 
6L40S'+ 
LEIS > 
S6IS'> 
€S7S'> 
LleS"b 
69ES'b 
87bS'b 
98bS'b 
Sessb 


vO9S'b 
£99S"b 
TLS b 
T8LS'b 
Te8S'b 
1068+ 
196S'> 
1Z09°b 
T809°b 
ZHI 


7OZDb 
£979'b 
bCL9'b 
S8Eob 
IbbO'b 
L0S9°b 
6999°b 
TE99°b 
7699p 
oSiO¥ 


L189°¢ 
6189'> 
7669'b 
b00L b 
L90L'b 
O£IL > 
f61L'b 
LS@L'b 
O7EL'b 
PSfl b 


8rbl > 
ZISd' + 
9LSL'b 
Te9l'b 
90LL > 
OLLL'b 
SEBLb 
106L'b 
996L'> 
ZE08'b 
£603» 


BS70'T 
LS20°1T 
E701 


9SZ0°T 
SSzo'l 
SSzo'l 
eSZ0OT 
eszot 
€SzZ0°1 
zS70'T 
TSZO'l 
1Szo'T 
osZoT 


6PZ0'T 
6b20'! 
8oz0'T 
Lezol 
Lozot 
96201 
S$oz0'l 
Spz7o'l 
beZ0'1 
€e70'T 


eezo'l 
tb720'1 
TeZ0'T 
IbZ0'T 
O¢70°T 
6E70'T 
6£70'T 
RETOT 
LEZOT 
LEeN'T 


9E7OT 
sezol 
Sezot 
bEZOT 
ve7O'l 
€€z20'T 
ZezO'l 
ZEZOT 
TEZO'T 
acert 


o€zo { 
67Z0'T 
82701 
87Z0'T 
£720'T 
92201 
9720 
S720 
Szzo'l 
$7701 
E7ZOT 


SANMTHONr WO 


t(ZI-vROWL 


| oR 06h 
a i 
0 £608"> | €720'T 80b7S | LB8TOT 
1 E9IBb | EZZOT} L8e7sS | 98I0'T 
z 6778 > | 7701] 99S7TS | 980 T 
£ 9678p | IZZ0T} Sb97sS | S8IOT 
& TIER b T2201 v2dz7S | S8IOT 
s 6Zb8'b | O27Z0% £087'S | P80! 
9 96b8'> | O7ZOT] E882S | HBIOT 
Z £9SRb | GIZ0T €967'S slot 
g OE9R> | SIZOT bHOE’S 7810 
f LEQRS | RIZOT b21ES | Z8IOT 
OT] S9Z8b | LIZOT SOZE'S 1810'T 
It; e€ssb | 9IZ0T 987E'S T8STO'T 
ZL] TO68'r | OIZOT L9EEs | O8I0T 
€l| 6968 | SIZOT 6rve'’s | O8IOT 
bl) LE06'% | STZOT} O€SES | GLIOT 
ST] 9OT6' | vtZO'T ZI9E'S | 6LIOT 
91] SLI6b | ETZOT $69e's | SLIOT 
LI| €b76b |] EfZOT LLLES | LLTOT 
Ql) €lfh'b | ZIZ0T o9ge’s | L101 
61] @REA'y | TTZ0'T €v6E'S | 9LTOT 
O%| Z2Sb6b | TIZOT 920b'S ; 9LTIOT 
Z| 2S6% | OTZO'T OlP’s SLI0'T 
Z| 16S6> | OLZOT] v6IbsS | SLTOT 
€Z| 1996'b | 6GOZOT] 822s | PLIOT 
6%} ZEL6b | 80Z0T 7OEb'S | PLOT 
S@| ZO86'b | BOZOT | Lobes | ELIOT 
9%] ELR6% | LOZOT ZESb's | ZLTOT 
LZ| bv66b | LOZOT | LI9b'S | ZLIOT 
8Z| STOO'S | 90Z0'T tOLb'S IZ10'T 
67] Leos | SOZOT] 88LbS | TLIO 
O€) BSTO'S | SOZOT | PL8b'S | OLIO'T 
TE} O€Z7O'S | FOZO'T 0966'S | OZLTO'T 
Ze} ZOEOS | POZOT Lv0S°S | 6910'T 
€£€} sleos | £0701 veIss | 69T0'T 
bE} Leo's Z0Z0°T UZzs's | 89T0'T 
se€| ozso's Z0Z0°T goes’s | L9T0'T 
9€| €6S0'S TO70°T 96€S'S | LOTOT 
LE{ 9990'S | TOZOT] PB8bS'S | 99TOT 
8f| 6£20°S | 0070'T ZLSS'S | 99TO'T 
65) ZTtROS | GH1O'T o99s’s ; SOTO'T 
0b} 9880'S | 6610'T 6eLc'S | SOTO'T 
Tp} @960°S | 8610T BEsss | P9TOT 
te) PeOts | 8610. 826S'S | P9TOT 
€b} GOITS | L610 Lt09'S | E9TO'T 
by] €8TTS | 96TOT 2019'S e9to'T 
Sb; BSZTS | 96T0T L619'S Z9lot 
Qo) E€ETS | S6IOT 8879'S zolo'l 
Le] 6ObTS | S6IOT 6LE9'S T9TO0'T 
8b] P8bT’S | r610T OL9'S | O9IO'T 
6b] OS'S | C610'T T9S9°S | O9TO'T 
OS| S9EOTS | €610'T €s99°S | 6STOT 
Ig] Ztzts | 2610°% SPL9'S | 6SIOT 
ZS] 882s Z610'T 8E89'S | BSIO'T 
€S| SO8TS | I61OT] Of69'S | 8STOT 
oS} T6T'S T610°T €20L'S LSTO'T 
$S| 6102'S | 06101 LIIZ’S | LSTOT 
9S | 2602'S | 6810T OTZZ's | 9STOT 
LS| pltzs | 68I0°1 POLLS | OSTOT 
8S} z7sz77s 88I0T 86EL°S SSTO'T 
6S| O€E7'S | B810T L6bL'S | SSTOT 
09} 8067'S | L8TOT 88ses | PSTOT 


B8sZ's 
€89L°S 
B8LLLS 
LBL 
0464'S 
4908'S 
e9T8's 
1928'S 
BSEess 
9Sb8'S 


esses 
7598'S 
1sZe°s 
osgs’s 
0S68°S 
6v06'S 
OST6'S 
0S26'°S 
ISE6°S 
7St6'S 


eSS6'S 
ss96's 
BSL6'S 
0986'S 
£966'S 
9900°9 
OLT0'9 
L70°9 
6LE0°9 
€8¢0°9 


88s0'9 
690°9 
0080°9 
9060°9 
Erol'9 
OZIT'9 
L009 
Seer9 
Epvl'9 
esst9 


1T99T'9 
OLLT°9 
08st9 
0661°9 
00179 
Ilé79 
ZZETD 
ver79 
9bS79 
6S97°9 


elLz9 
s8s79 
66679 
elte9 
B27E9 
eree'9 
8see9 
bLSE9 
069€°9 
LO8E9 
b26E9 


THIO'l 
Orlotl 
OvTO'T 
6E10T 


6ET0'T 
SElOT 
BETO'T 
LE1o'T 
LEOT 
9ETOT 
9ETOT 
9ETOT 
SEO 
SETOT 


veto’ 
Pelo't 
eco. 
Celo't 
cElot 
ZTELOT 
TELO'T 
TETOT 
OLTO'T 
O£tOT 


6710'T 
6Z10T 
82101 
8Z10T 
£Z10'T 
£701 
97101 
9Z10T 
SZ 
Sztot 
SzIoT 


v76E°9 
Ze0b'9 
O9lr'9 
6L709 
86Eb'9 
LISt’9 
LE9v'9 
LSiv9 
81809 
666¢°9 


Tz1¢°9 


€o275°9 | 6TIOT 
S9ES9 | GITO'N 
88rs9 | 6ITOT 
cos 9 |} SITO'T 
9EL9°9 | SIIOT 
098s'9 | LIIOT 
$86S°9 | LITO'T 
11199 | OTITOT 
Lez9'9 | 9TTO'T 


£9€9°9 
06+9°9 
4199°9 
S¢lo9 
$189°9 
£00L°9 
ZElL’o 
Z9TL'9 
t6EL'9 
€2S2°9 


gs9L°9 
2£81L°9 
616L'9 
zS08°9 
S813'9 
0789 
tS 89 
68S8°9 
$7L8'9 
T9889 


86689 


SET6'9 | 9OTO'T 
£4769 | 9OTO'T 
T1e6'9 | SOTO'T 
oss69 | SOTOT 
0696'9 | vOTO'T 
0f86'9 | POTO'T 
14669 | bOTO'T 
ZIIO'L | EOTOT 
eSz7OL | EOTOT 


96€0°L 
6ESO'L 
€890°L 
L780°L 
tL60°4 
raga e 
e9cVd 
6001 L 
£$sVd 
volt L 
Sst 


OZIO'T 


STIO'T 
STIOT 
STIOT 
£29 tin 


£0101 
Z010T 


LOOT 


ZOTO'T 
ZOTO'T 
ZOTO'T 
TOTO'T 
TOTO'T 
OOTO'T 
OOTO'T 
6600'1 
6600°T 
6600°T 
8600'T 


CaAINGHPTMOM OH 


AGO 558A 


226 


DIRECTIONS FOR NSA TO MANAGE DOD ELINT AND TELINT 


Soviet R-7 ICBM booster for the SL-4 space launch vehicle 


The 1960s were a period of extensive devel- 
opment of ballistic missiles by the Soviet Union, 
particularly medium range (MRBM) and ICBM 
weapons. Many of the Soviet test ranges were within 
the borders of the Soviet Union, which often made 
advance knowledge of the tests and collection of test 
data very difficult. Fortunately, the Soviet ICBM 
test range impact area was on the Kamchatka pen- 
insula and provided for limited access by U.S. col- 


lection assets. The Soviet SL-4 space launch booster 
pictured above was initially developed during the 
1960s as the R-7 ICBM. 


The SL-4 remains in use today as a Russian 
space launch vehicle, and the photo shows the 
launch of a Russian-manned mission to the Inter- 
national Space Station, where the U.S. and Russia 
now have a cooperative venture. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


TELINT Planning, Operations, 
and Management at NSA 


Many TELINT signal collection and telemetry 
signal processing systems were built and deployed 
during the 1960s by NSA or sponsored by NSA. 
A ring of sophisticated TELINT systems was 
developed and deployed to gather information on 
the missile development and space activities of the 
Soviet Union. At the same time, the DoD military 
departments modified various aircraft and ships to 
be able to collect missile telemetry. It was often nec- 
essary to position and use these telemetry collection 
platforms during many types of Soviet missile tests. 


The Defense Special Missile and 
Astronautics Center (DEF/ SMAC) 


One of the major technical and managerial 
problems that made collection of Soviet missile 
and space technical data difficult was how to alert 
all intelligence sensors of impending missile test 
events. In 1964, to better orchestrate the various 
U.S.-sponsored intelligence collection sensor sys- 


DEF/SMAC 


tems, DoD formed the Defense Special Missile and 
Astronautics Center (DEF/SMAC), a joint NSA 
and Defense Intelligence Agency (DIA) center. 
DEF/SMAC served at the forefront of U.S. missile 
and space intelligence and defense. The center coor- 
dinated the collection of intelligence information on 
foreign missiles and satellites from the ground, sea, 
and in aerospace based on intelligence requirements, 
and then analyzed the initial collection results and 
provided reporting based on the information. 


DEF/SMAC was an “all-source” operations and 
intelligence center that served as the focal point for 
real-time mission operations, analysis, and reporting 
of foreign missile and space events. It provided time- 
sensitive alerts, initial-event assessments, and mis- 
sion support to national agencies, national command 
authorities, DoD combat commands, and _ field- 
deployed data sensor platforms and stations. Below 
is the DEF/SMAC logo from that time. The DEF/ 
SMAC acronym was later changed to DEFSMAC 
and the full title changed to the Defense Special Mis- 
sile and Aerospace Center. "° 


DEF/SMAC logo from the early 1970s 
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National Telemetry Processing Center 
One of the first actions taken in response to the 
DoD ELINT directive in March 1959 was to incor- 
porate the National Technical Processing Center 
(NTPC) at Nebraska Avenue in Washington, DC, 


into the NSA organization as the “Non-communi- 


cations Signals Analysis and Processing Division.” 


NTPC had been established in 1955 and by 1959 
employed about 100 people, who primarily worked 
electronic intelligence (ELINT) signals and foreign 
radar signals. 

The NTPC also processed, or managed the pro- 
cessing of, foreign telemetry signals obtained from 
missiles, satellites, and space probes while being 
developed or placed into operation. This data was 
collected from a large variety of collection facilities 
and platforms. 

The NTPC processed Soviet telemetry sig- 
nal data until the end of the Cold War. The word 
Technical in the organization name was changed to 
Telemetry when that became the major type of sig- 
nal processed by the NTPC. 


y N 


FV RY: PROS 
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National Telemetry Processing Center logo 


NATIONAL TELEMETRY PROCESSING CENTER 


Telemetry Analysis and Reporting 


Once the telemetry tapes were processed, the 
signal analysis phase began. Signals associated with 
Soviet individual missiles or satellites were analyzed. 
In the case of missile data, the analysis contributed to 
the determination of flight characteristics described 
on page 7 of this document, for example, “What is 
the range capability for that particular missile test?” 
NSA had a major role in missile signal analysis and 
in managing the U.S. intelligence community ana- 
lytic activities. Once the analysis phase was com- 
pleted, then reports were prepared and distributed 
to the U.S. intelligence community, particularly the 
DoD intelligence agencies, and to the Army, Navy, 
and Air Force Intelligence Centers. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Collection and Processing 
Development and Examples 


By the early 1970s NSA had completed, or 
sponsored, a network of ground-based foreign 
telemetry collection facilities and worked with the 
DoD military departments and services to develop 
aircraft and shipborne TELINT signal collection 
facilities. In 1971 elements of the NSA Research and 
Development (R&D) organization and other NSA 
SIGINT operational elements were merged to form 
the Electronic Intelligence and Systems Manage- 
ment Group. This group provided an institutional 
base for NSA to manage TELINT and the develop- 
ment of new collection and processing systems for 
TELINT efforts. TELINT attained its DoD formal 
status as a separate “INT” in 1971 with the publica- 
tion of the revised DoD Directive 5100.20, which 
gave NSA its updated charter at NSA. TELINT 
activities were managed by the Advanced Weapons 
and Space Systems Office. 


Examples of collection and processing equip- 
ment are displayed in an exhibit at NSA’s National 
Cryptologic Museum at Fort George G. Meade, 
Maryland. The overview description of the exhibit 
reads as follows: 


Telemetry literally means remote measur- 
ing. Something is measured and the data is 
received at a distant location. This can be 
the strength of an earthquake, the tempera- 
ture on Mars, or the speed of a launched 
missile. 


Telemetry from missiles includes speed, 
location, engine status, tracking, and other 
data. Telemetry from satellites may include 
similar information as well as imagery used 
in reconnaissance. Understanding the adver- 
saries’ telemetry signals provides crucial 
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information about their weapons systems’ 
capabilities. NSA’s involvement in For- 
eign Instrumentation Signals Intelligence 
(FISINT) began in 1959. Throughout the 
Cold War, it grew and improved, push- 
ing computer development and improving 
warfighters’ countermeasures. 


As the Cold War progressed, foreign coun- 
tries began intense efforts to develop a broad 
range of weapons systems. As these systems 
went from research and development to 
operational status, each step required exten- 
sive testing. Designers carefully monitored 
their systems through telemetry. This same 
telemetry could sometimes be obtained 
and processed by the United States as well. 
The desire to closely monitor an adversary’s 
weapons development led the United States 
to a commitment to collect, process, and 
analyze the foreign telemetry signals. 


Adversaries’ telemetry data can be collect- 
ed from a variety of platforms. In WWII, 
converted bombers flew over the Aleutian 
Islands to electronically map the Japanese 
radars on the islands. EA-3B Navy aircraft 
not only worked against Soviet-built SA-2 
missiles in Vietnam, they also helped target 
Iraqi antiaircraft missiles in the First Gulf 
War. In the 1960s, the GRAB and POPPY 
satellites collected Electronic Intelligence 
(ELINT) from Soviet air defense radar sig- 
nals providing their locations and capabili- 
ties. By the 1970s, NSA had a network of 
ground-based foreign telemetry collection 
facilities gathering information on mis- 
sile development and space activities of the 
Soviet Union. 


COLLECTION AND PROCESSING 


The National Cryptologic Museum’s HARDBALL and 
RISSMAN telemetry exhibit 


The photograph above shows the NCM display equipment called HARDBALL. It also shows part 
on the ground-based telemetry collection facility of the RISSMAN signal preprocessing equipment 
called ANDERS located on Shemya Island, Alas- display. 


ka, and some of the included telemetry collection 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Telemetry Data Collection 
System (HARDBALL) 


Typically, four large “horn” antennas, protected 
from the weather by a radome, received foreign 
telemetry signals from the roof of a two-story col- 
lection facility. The antennas collected telemetry 
from foreign satellites and sometimes from missiles 
within the HARDBALL “view area.” On-site ana- 
lysts also used the signal to automatically follow or 


track the satellite or missile as it passed within view 
of the station. Shown below is a photograph of the 
ANDERS station (now closed) where HARD- 
BALL was located on Shemya Island, Alaska. The 
HARDBALL system was designed and built by 
Sylvania Electronics Systems Western Division, 
now part of General Dynamics Mission Systems, 
under contract to NSA in 1965-66, and installed at 
ANDERS in 1967. 
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The second floor of the collection facility held 
most of the HARDBALL telemetry collection 
equipment. Racks of equipment received, displayed, 


and converted several signals before they were 
recorded on magnetic tape and forwarded to NSA 
for processing. 


The HARDBALL system at the ANDERS 


location primarily contained: 


Antennas to initially receive the signals from 
satellites and missiles in view of ANDERS. 
These signals contained data on the satel- 
lite’s purpose or missile’s performance, such 
as reconnaissance photographs or rocket 
trajectory. 

Receivers to manipulate the signals and prop- 
erly format the signals so that human opera- 
tors could use oscilloscopes to graphically 
display the signals. This allowed the opera- 
tor to make sure the equipment was adjusted 
properly to ensure that the signal could be 
processed correctly. 

Equipment which further converted the sig- 
nals and then combined several foreign telem- 
etry signals into data streams, which were 
then recorded on magnetic tape at the facility 
or at a processing facility at another location 
Equipment to initially analyze and report the 
results of the telemetry received 


TELEMETRY DATA COLLECTION SYSYTEM 


The overall facility for the HARDBALL system 
was the DoD ANDERS station. An informal logo 
used by the station is shown here. 


DoD ANDERS Station logo 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


The photograph below shows three “racks” of 
telemetry signals collection equipment typical for 
such a ground site collection facility. Each rack of 
equipment could receive one signal and convert it to 


be recorded on magnetic tape for further signal pro- 
cessing and analysis, either at the site location or at 
other processing facilities. 


© 
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Signal collection equipment racks for three operator “positions” 


The photograph below is a view of one rack of 


equipment holding signal receiver equipment and 
signal manipulation (“demodulation”) equipment. 


Demodulators: Changed the signals from 
the receivers into a form that was suit- 
able for recording on magnetic tape. The 
tapes would then be played back on RISS- 
MAN in the NTPC 


Displays: Operators used oscilloscopes 
to graphically display the signals. This 
allowed operators to make sure the 
equipment was adjusted properly, 
ensuring the signal could be processed 
correctly. 


Receivers: Picked up telemetry from 
satellites and missiles. These signals con- 
tained data on the satellite’s purpose or 
missile’s performance, such as reconnais- 
sance photographs or missile trajectory. 


TELEMETRY DATA COLLECTION SYSYTEM 


One signal collection “position” rack of equipment including the operator console and displays 


During the Cold War period many technology 
advances were made in TELINT collection and analy- 
sis equipment. These advances increased capabilities 
via more reliable configurations and used less elec- 
trical power. As the state of the art of foreign elec- 


tronic equipment advanced, signals receivers had to 
keep pace. NSA also continued to modernize and 
expand the TELINT signals processing and analysis 
equipment at selected data collection locations and 
at NSA facilities. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Telemetry Data Processing 
and Analysis (RISSMAN) 


Special-purpose telemetry processing equip- 
ment configurations, often computer-based, were 
also developed and operated by NSA in the Nation- 
al Telemetry Processing Center (NTPC). Different 
types of equipment sets were needed to process and 
analyze different forms of telemetry used by differ- 
ent telemetry transmission equipment. 


The telemetry signals were collected by various 
collection platforms. Magnetic tape recordings of 
the collected data signals were then sent to NTPC 
for processing. These measurements were then sent 
on computer tape to various analysis centers which 
identified the function of the various transducers 
and developed performance estimates. The resulting 
information was used to formulate defense policy 
and guide treaty negotiations. 


RISSMAN was one of the computer systems 
specially designed for this work using custom hard- 
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ware. For a decade, from the early 1980s through the 
end of the Cold War, RISSMAN processed these 
tapes daily, often around the clock. 


Prior to RISSMAN was TELLMAN, the 
Agency’s first telemetry processor to make exten- 
sive use of a general purpose computer. RISSMAN 
processed a wider variety of signals with higher sys- 
tem reliability and lower maintenance costs. RISS- 
MAN’s custom-designed chassis for the front-end 
of the signal processing is shown on the rack on the 
left in the NCM exhibit. RISSMAN used three 
Intel 8086 microcomputers to perform real-time 
process control. Not shown are the Digital VAX-11 
computers that provided data “demultiplexing,” data 
file storage, and user-interface. RISSMAN also pro- 
vided local area network (LAN) access within the 
NTPC, digital tape generation, and quality-control 
plotting services. 
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TELEMETRY DATA PROCESSING & ANALYSIS 


RISSMAN telemetry signal preprocessing equipment and description at the 
National Cryptologic Museum 


The knowledge gained from foreign telemetry 
collection and analysis, as well as other ELINT sig- 
nals, provided information for the United States to 
design electronic countermeasures. Equipment such 
as radar warning systems and jamming equipment 
were designed and helped protect those in harm's 
way. Decision and policy makers also used the data 
gained from these signals to formulate defense poli- 
cy and guide treaty negotiations. 


Above is a photograph of the RISSMAN equip- 
ment display. 


The RISSMAN telemetry preprocessing sys- 
tem was designed and constructed by NSA engi- 
neers and technicians. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Smithsonian Air and Space 
Museum TELINT Exhibit 


The National Air and Space Museum in down- 
town Washington, DC, has had a “Missile Gallery” 
exhibit for many years. After the Cold War, it began 
to include Soviet (and now Russian) artifacts. The 
initial emphasis was on the manned flight programs 
of both the United States and Russia in the “Race to 
the Moon’ display several years ago. Other displays 
included the joint Apollo-Soyuz effort and continu- 
ing joint efforts on the International Space Station. 


When the U.S. National Reconnaissance Office 
declassified several of the U.S. photographic recon- 
naissance satellite programs, it loaned the museum 
several spacecraft components, particularly on the 
first major photographic CORONA program. NSA 
provided a replica of the early GRAB ELINT space- 
craft. The U.S. Navy provided information on U.S.- 
collected ELINT from satellites; it covered the Soviet 
defense radars that detected any bomber threat to the 
Soviet Union. The CORONA and GRAB spacecraft 
have been included in the “Spying from Space” dis- 
play. The display overview graphic states: 


Satellite reconnaissance programs are 
cloaked in secrecy. Only since the 1990s has 


22 


the public learned about just a few of them. 
The United States began developing sat- 
ellites in the late 1950s to augment the 
aircraft, ships, and ground stations it had 
used for reconnaissance since World War 
II. Satellites have important advantages 
over these other platforms. They provide 
greater coverage and are much less vulner- 
able to attack. The United States conducts 
reconnaissance to acquire imagery intelli- 
gence and signals intelligence. Along with 
other sources of intelligence, reconnaissance 
provides civilian and military leaders with 
timely and accurate information on politi- 
cal, military and economic developments 
around the world. It also assists the military 
in its operations. 


The Smithsonian requested that Cold War 
SIGINT information collected by the United States 
be added to the “Secret Eyes in Space” display. It 
was agreed that NSA would loan the museum the 
HARDBALL single rack of equipment and one 
rack from the RISSMAN three-rack assembly, 
along with pertinent information. These items and 
associated information were added to the Air and 
Space Museum exhibit in 2014. 


SMITHSONIAN AIR AND SPACE MUSEUM EXHIBIT 


The introductory panel text that describes the 
HARDBALL/RISSMAN area is shown below: 


Verifying Arms Control Treaties 


The United States and the USSR signed the 
Strategic Arms Limitation Treaty (SALT I) 
in 1972 and the follow-on SALT II in 1979. 
These were the first agreements between the 
superpowers limiting their strategic nuclear 
weapons systems, including intercontinen- 


tal ballistic missiles (ICBMs). 


The treaties permitted both nations to use 
“National Technical Means’—satellites and 
other platforms conducting imagery and 
signals intelligence—to verify compliance. 
Ground stations in countries bordering the 
Soviet Union were critical to this effort. 
Equipment with the Ground Station inter- 
cept receivers, like the one displayed here, 
and other hardware, collected telemetry sent 
from the Soviet ICBMs to their ground 
controllers during flight tests.’ The magnet- 
ic tapes with the data were brought to the 
United States for analysis to ensure that the 
missiles did not exceed the treaty limits. ... 


HARDBALL and RISSMAN equipment racks 


The United States and Russia have signed 


additional treaties beginning in the 1980s A photograph of the NSA equipment in the 
that have further reduced their strategic National Air and Space Museum display appears 
nuclear weapons arsenals. National Tech- above. 


nical Means remain a key instrument for 


A photograph of the STONEHOUSE anten- 


nas and operations building, as shown on the fol- 


verification. 


lowing page, is included in an adjacent Smithsonian 
display. 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Specialized Telemetry Signal 
Data Collection Assets 


An adversary’s telemetry data could be col- 
lected from a variety of platforms. The U.S. Army, 
Navy, and Air Force employed shipborne and air- 
borne collection platforms to gather data from for- 
eign missile tests. NSA also sponsored a network 
of ground-based telemetry collection facilities that 
gathered information on the missile development 
and space activities of adversaries. 


STONEHOUSE Deep Space Data 


Telemetry Collection Facility 


The photo below is of the now-closed STONE- 
HOUSE deep space TELINT facility that was 
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STONEHOUSE antennas and operations building 


located in Asmara, in Eritrea province, Ethiopia. 
This location had telemetry access to the Soviet 
command station for Soviet deep space objects and 
allowed reception of the command responses and 
telemetry from the probes. The antenna shown 
on the right is an 85-foot reflector, and the one 
on the left is a 150-foot diameter antenna. These 
large antennas were needed to receive the very weak 
telemetry signals from Soviet space probes that were 
as far away as the Moon, Mars, and Venus. Radia- 
tion, Inc., now part of Harris Electronic Systems 
Division, designed, constructed, and installed the 
STONEHOUSE system under contract to NSA in 
the early 1960s. The facility closed in 1975. 


Shipborne Data Collection—ARIS 
Ships and USNS Observation Island 


The USNS General Hoyt 8. Vandenberg (AGM- 
10) and the USNS General H.H. Arnold (AGM- 
9) were U.S. Atlantic range instrumentation ships 
(ARIS) that were modified for intelligence data col- 
lection. These major mobile technical intelligence 
collection platforms provided radar signature data 
and collected telemetry data from Soviet ICBMs 
that impacted on the Kamchatka peninsula or in the 
Pacific Ocean when they were tested to their full 
range. The modified ARIS ships deployed on Pacific 


Ocean intelligence missions several times per year 


SHIPBORNE DATA COLLECTION 


when Soviet ICBM tests were anticipated. The ships 
operated during the 1960s and 1970s. The Vanden- 
berg was retired and now serves as an artificial reef 
off Key West, Florida. 


Starting in 1973, DoD began development of a 
multisensor collection ship to monitor Soviet stra- 
tegic missile testing. It was designated the USNS 
Observation Island. The primary mission equipment 
was a sophisticated precision missile-tracking radar 
designated COBRA JUDY that was developed by 
Raytheon Corporation under a USAF contract. The 
ship became operational in 1982 and was retired 
from mission duties in 2014. 


USNS General H.H. Arnold 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


EA-3B signals intelligence and optical airborne platform 


Airborne Telemetry and Optical 
Collection—EA-3B (SEABRINE) 


The EA-3B was an unarmed, electronic support 
measures (ESM)/reconnaissance variant of the A3D 
carrier-based bomber. Twenty-four of the variants 
were built and four were modified for technical col- 
lection of optical, radar, and telemetry information. 
SEABRINE operations started in 1961 and were 
targeted against Soviet missiles impacting on the 
Kamchatka peninsula. EA-3B aircraft were based 
on Shemya Island, Alaska. The SEABRINE air- 
craft were flown by U.S. Navy personnel, while the 
telemetry collection equipment was operated by U.S. 


26 


Army Security Agency personnel since at that time 
the U.S. Army had the DoD overall responsibility for 
intelligence on foreign ground-to-ground missiles. 
The project was a very successful joint Army-Navy 
effort. The project’s short title for this configura- 
tion was SEABRINE. The aircraft modification for 
the SEABRINE equipment system was performed 
in the early 1960s by Sylvania Systems—Electronic 
Defense Laboratories, which also provided system 
maintenance at the operating locations. 


An EA-3B aircraft is on display at the NSA 
National Cryptologic Museum at Fort George G. 
Meade, Maryland. 


Transportable Ground-Based 
Telemetry Collection (LEFTOUT) 


During the Cold War, the land-based AN/ 
MSQ-90V telemetry collection system was avail- 
able for air transport to locations around the Pacific 
Ocean. It was operated and maintained by the U.S. 
Army Security Agency (USASA) during the 1970s 


TRNASPORTABLE GROUND-BASED COLLECTION 


and early 1980s. Other smaller, limited-capability, 
transportable telemetry collection equipment sys- 
tems were also used during the Cold War for special 
collection opportunities. The system project name 
was LEFTOUT, and the system was developed by 
E-Systems in Greenville, Texas, now part of L-3 
Communications Holdings. 
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LEFTOUT transportable telemetry collection system 
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TELEMETRY INTELLIGENCE DURING THE COLD WAR 


Observations and Conclusions 


Only a few months after the end of World War 
II it was clear that the free world needed to be con- 
cerned about the spread of communism, and that 
the activities of the Soviet Union might be used to 
forcefully gain its political and geographic objectives. 
Winston Churchill summarized the world situation 
in his so-called “Iron Curtain Speech” in 1946. 


The Soviet Union had already started, and 
continued, development of nuclear weapons as well 
as missile and space systems. The Soviets tested 
their first ICBM in 1957. Starting in 1958, NSA 
technical and management initiatives and expertise 
made significant intelligence gains for the United 
States and its allies from TELINT information. 
The information provided critical data on foreign 
missiles and space vehicles that were a threat to the 
United States, including vital intelligence infor- 
mation for use by U.S. missile and satellite system 
designers and system operating personnel. 


The U.S. had also started political actions to 
limit the world-wide use of possible weapons of 
mass destruction. In 1972 the United States for- 
malized an agreement with the Soviet Union on 
strategic arms limitations called SALT I. SALT 
I contained wording that allowed each party to 
use “national technical means” to verify aspects of 
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SALT I and stated that neither party would inter- 
fere with the technical means of the other party. In 
1979 the SALT II agreement contained the “Second 
Common Understanding,” which stated: 


Each party is free to use various methods of 

transmitting telemetric information during 
testing, including its encryption, except that, 
in accordance with the provisions of para- 
graph 3 of Article XV of the Treaty, neither 
Party shall engage in deliberate denial of 
telemetric information, such as through the 
use of telemetry encryption, whenever such 
denial impedes verification of compliance 
with the provisions of the Treaty. 


These provisions attested to the value of the 
information gained by both parties through the use 
of TELINT from each other's missile and space 
developments. NSA sponsored an aggressive pro- 
gram to collect, process, analyze, and report on Sovi- 
et Union telemetry for use by U.S. policy makers and 
technical managers. 


The information presented in the Nation- 
al Cryptologic Museum displays, including the 
HARDBALL and RISSMAN equipment, attempts 
to portray some of the system developments spon- 
sored by NSA to accurately and thoroughly monitor 
Soviet achievements in the missile field. 


Acronyms and Project Names 


ANDERS - The now-closed station on Shemya 
Island, Alaska, that housed the HARDBALL 
telemetry collection equipment 

COBRA JUDY -— Project name for the precision 
radar on the USNS Observation Island that mon- 
itored Soviet strategic missile testing 

DEF/SMAC - The Defense Special Missile and 
Astronautics Center; responsible for DIA and 
NSA collection coordination and early report- 
ing on all DoD intelligence collection and early 
processing activities on foreign missile and space 
activities. The name was changed to Defense 
Special Missile and Aerospace Center, and the 
acronym became DEFSMAC in 2002. 

ELINT - Electronic intelligence; a category of elec- 
tronic signals that includes TELINT 

FISINT — Foreign instrumentation signals intelli- 
gence; the current acronym for TELINT 

HARDBALL - The project name for the equip- 
ment system that collected Soviet telemetry from 
missiles and satellites that could be viewed from 
the Shemya, Alaska, location 

NSA — National Security Agency; responsible for 
DoD ELINT/TELINT/FISINT since 1959 


ACRONYMNS AND PROJECT NAMES 


NTPC - National Technical Processing Center; the 
name used by NSA to describe the ELINT and 
TELINT signal processing laboratory at NSA 

R-7 — Soviet ICBM that was developed in the 1960s 
and was the booster for the Soviet SL-4 

RISSMAN - A project name for telemetry process- 
ing equipment at the NTPC 

SL-4 — Soviet space launch booster based on the 
R-7 ICBM 

SALT — Strategic Arms Limitations Treaty, SALT 
I was implemented in 1972 and SALT II was 
implemented in 1979 

START — The Strategic Arms Reduction Treaty, 
signed on July 31, 1991 

STONEHOUSE - The facility, now closed, that 
collected telemetry from Soviet deep space probes 
from a U.S. Army base at Asmara, Ethiopia 

TELINT - Telemetry intelligence; defined as an 
NSA management responsibility in the 1959 
Department of Defense Directive that was 
updated in 1971 

TELLMAN - The equipment that was replaced by 
RISSMAN in the early 1980s 
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l. Origin of "ZICOM".-~ |The word "TICOM" served as a 
cover name for & special p project and for an organization, 
the "farget Intelligence Committee." The project, which 

was originally eonceived by Colonel George A. Bicher, 
Director of the Signal Intelligence Division, ETOUSA, in 

the summer of 1944, aimed at the investigation and possible 
exploitation of German. cryptologic organizations, operations, 
installations, and personnel, 48 soon a3 possible after the 
impending collapse of the Ger arned forces. Colonel 
Bicher elicited and secured the|support of the U. S. Navy 
and of the British, and red the]| sup & joint and combined 
"Target Intelligence Committee" |vas established in England 
in October 1944, by the authority of the Chief of Staff, 
United States Army; the Commander-in-Chief, United States 
Fleet; and the Chairman, London Sigint Board. 
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The Target Intelligence Committee cxiginally plenned 


airborne operations, even before 
seize imrortant German signal in 
from Ultra weterlal and prisoner 


there were four objectives: 


the German collapse, to 
telligence targets, known 
of war interrogations. 


&. To learn the extent of the German cryptanalytic eT 
efrort against England and America; \ 
b, io prevent the results of such German cryptanalysis . 


agsinst England snd America from 


falling into unauthorized 


hands as the German Armies retreated; 
e. To exploit Gasman cryptologic techniques and in- 
lupin before thay could be eotet oc by the Germans; and 


ad. To uncover items of signa 


prosecuting the war against Japan. 
The TICOM wission was of highest importance. 


cryptographers did not then know 


l intelligence value in 


American 4 


with certainty the extent insecure * 


to which United States coumuinications Were Sécure or seecsmes 


nor did they know the extent of 

abilities, strength, and materie 
by inference Prom Anglo-American 
syateus and frou prisoner of war 
cryptanalytic successes were obv 
were reflected instead in higher 
auccess on the part of Allied ta 


ne eneny's cryptanalytic 
# 


except by conjecture, 
cryptanalysis of German 
interrogations. German 
Lously unpublicized. They 
casunlty lists and lessened 
etics and strategy. 


In the Spring of 1945, however, conditions for the 


proposed operations became rapid 


Ly unsatisfactory. The know 


German signel intelligence agencles vere dispersing or retreat-~ 


ing to @ther localities in greatest disorder. 


Pinpoint 


locations could not be pga The possibility was 
ted 


remote that Anglo-Americsu para 

while personnel and waterial and 
fusion of wajor battles. Therefor 
decided instead to alert six Uni 


uta units could seize worth- 
hold them through the con- 
ae in March, 1945, TICOM 
ed States- British target 


exploitation teams in England, these teams to be sent into 


eneny territory as either United 


States or British troops 


overran it, wheve they were to take over and exploit known 


or nevly discovered targets of s 


ignal intelligence interest 


and to search for other signal intelligence targets and per- 


sonnel. 


ie t —- ass << 
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The first exploitation team was dispatched in April 
_ 1945 to the Neumvenster- ~Flensburg area, and other teaus 
| were quickly dispatched to cher areas as soon as overrun. 
The Odyssies of the TICOM teams striving to locate and 
exploit signal intelligence targets during the confused 
d&ys before and after the German capitulation, make¢ 
entertaining as vell as instructive reading. They are 
| fully recorded in the TICOM publications. A short summary 
of these operations is given an Volume 8, Chapter X, of 
. this report 
The results obtained fron these TICOM efforts vere im- 
pressive. Approximately 4000 separate German documents 
were captured. This meteriall veighed 5 tons. Many crypto- 
graphic devices @&nd machines vere captured. One hundred 
and ninety six reports, based on interrogation of German 
signal intelligence personnel, together vith other mis- 
cellaneous reports and translations were issued by TICOM. 
| The true value of the TICOM effort is not measurable in 
‘ such statistics. Its importance lies rather in what the 
_ TICOM effort revealed to American cryptologists concerning 
| German gignal intelligence, vith particular reference to 
American systems. The TICOM prisoner of war interrogations 
| and captured documents, with the interrogetions conducted by 
' other Anglo-American agencies {notably the Combined Services 
Detailed Interrogation Centre,jor "CSDIC"} have given Anglo- 
| American investigators a reasonably complete picture of Gernan 
signal intelligence. The United States Army Security Agency 
| has obtained from these interrogations and documents information 
useful in assessing its own cryptanalytic and cryptographic 
. Achievements, especially its own development of rapid analytic 
: machinery, the state of its research in cryptography, and the 
_ eryptographic security of American systems. 


1-see IF 15, IF 40, IF 51, IF lol, IF 165, IF! 166, IF 167, 


| and I-l. 
“By "document" is meant either one or a collection of 


2 


‘= 
| papers, books, files of correspondence, messages, films, 
worksheets or other items of intelligence value, to which 


|  & TICOM document number vas assigned for convenience in 
: classification and handling. 
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2, The Kuropean Axis lcryptanalytic effort against United 
States communications.--From TICOM sources it is aeaed that 
Huropean cryptanalysts were unable to read any U. S. Army or 
be) high-level cryptographic systems. The Army Converter 
M134C (SIGABA), the Army Teletypewriter Cipher Attachment known 
as the Converter M-228 (SIGCUM), the Army Teletypevriter Pri- 
vacy Set (SIGIBS), the Army High Security Teletypewriter Cipher 
/ System (SIGTOT), the Army Speech Equipment RC-220-T1 (SIGSALY), 
/ the Combined Cipher Machine (CCM), the Navy Electric Cipher 
Machine Mark III (ECM, identical with SIGABA), and the Navy 
Teletypevriter Cryptographic. Attachment (C. S. P. 1515, identi- 
cal with the Army Converter M-228) were completely secure. One 
Army Strip system (System No. 47 or 67) and one Navy strip 
system (probably Cc. 3. P. 1404) were read for short intervals 
until the principle of strip elimination was introduced. The 
low-grade ciphony device (Speech Equipment AN/GSQ-1, or SIGJIP) 
vas not read, although theoretical solutions vere vorked out. 
Both of the unenciphered War Department Telegraph Codes 
(SIGRIM and SIGARM) vere read by the Germans. Hungary received 
‘io photostatic copies of War Department Confidential Code Number 
ae 2, probably from the Bulgarians, together with at least one 
set of cipher tables, and the Italians reconstructed subsequent 
editions of the enciphering tables. The compromise appears to 
at have been shared with other Axis powers, notably Germany, Fin- 
land and Japan. Military Intelligence Code No. 11 (physically 
compromised), used by the Military Attache in Cairo, vas read 
throughout the summer of 1942, The Germans read messages in 
several versions of the Division Field -Codes._ 
German cryptanalysts solved from 10 per cent to 30 per 
. cent of intercepted 0. S. Army M-209 messages. Save whore 
|“ keys vere captured, it vas usually read.too late to be of tacti- 
‘ cal value. Messages sent by the J.-S. Army in Slidex, Codex, 
Bomber Code, Assault Code, |Aircraft Movement Code, Map Coor- 
Ginate Codes, and Cipher Device M-94 where employed, were read 
regularly and almost 100 per cent. 
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Combined Naval Cypher No. 3, used by the U. S. Navy and 
the Royal Navy for Atlantic Convoy operations, was read almost 
100 per cent by the Germans from the end of 1941 through the 
middle of 1943, The solution of this system was perhaps for 
the allies the most disastrous signal intelligence success 
achieved by the Germans. Allied convoy shipping losses suffered 
Guring this period were six times as great as during any other 
comparable period. 

The Germans engaged in intensive and successful traffic 
analysis activities against United States Army and Army Air 
Force radio communications. This included direction~-finding, 
analysis of call sign and frequency allocation systems, analysis 
of plain text and operator's chat, as well as more complex 
operations, such as air-borne radar route tracking, and moni- 
toring of transmitter zero beat tuning. 

The U. S. Army Converter M-134A (sIcmyc), and the JU. 8. 
Navy Cipher Machine (HCM), furnished by the Navy to the State 
Lepartment, were not read by the Germans. The State Depart- 
ment Strip systems O-l and 0-2 were solved, the former probably 
through @ Compromise, and the latter through cryptanalysis. 
Several State Department codes, including the Brown Code (un- 
enciphered) and Code A-1 (enciphered), were compromised and 
read, probably from 1938 and 1939, respectively. 

From an intelligence standpoint the results obteined by 
the German cryptanalytic successes were important, but not 
decisive. american Army and Navy strategy’ was secure as long 
as high level systems were employed. Tactical operations, 
hovever, did suffer. The Anglo-American convoy shipping losses 
during 1942 and early 1943 were huge, largsiy because of 
German successes with Combined Naval Cypher No. 3. German 
traffic analysis and cryptanalysis provided a comprehensive 
order of battle for the U. S. Army and Army Air Forces in the 
United Kingdom, in the Mediterranean, and on the continent. 
According to a German air force officer, "no attack of the 
Kighth Air Force came as a surprise." The value of the intelli- | 
gence which the Germans got from State Department codes and 
strip ciphers is not accurately known. The strip systems were 
probably read too late to be of any great value. The compromise 
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af Military Intelligence Code No. 11 did provide intelligence 
cf unquestioned tactical value, particularly in the summer 
of 1942 during Romel's advance to Egypt. 
The German cryptanalytic effort against Russian military 
communications was even greater than tnat made against the 
United States. The German successes in solution of medium 
and low sraéde English military and naval communications 

ystems were considerable. The crypténalysis of the diplo- 
utto communications of Italy, Japan, France, Turkey, Bulgaria, 
‘resce, Portugal, Spain, Switzerland, aud other smaller nations 
Also achiaved important results. . 

A tabulation of the rosults of German and other European 
Axis cryotanalysis, country by country, 1s given in Chart 1-2, 
t the end of this Yolume. These results will be discussed also 
n the subsequent volumes on the separate German agencies. 


bm 


3. Organization of German Signal Intelligence Agencies.-~- 

Germany possessed six main cryptologic organizations during 

World War II, with a total strength, including field untis 

a overhead, of approximately 39,000 persons. ITtaly possess- 
d tvo main signal intelligence organizations; Finland, Austria, 

and Hungary each had one. The grand total of European Axis 

Fersonnel engaged in signal intelligence in World War II is 

estimated as 36,0006. 

This nuwber is swall vhen compared with the numbers 


engaged in the Anglo-Awerican effort. Tha grand total of Angio- 


ne Signel intelligence personnel at the end of the War, 

neluding &11 aervices and ineluding field and overhead per- 

sonnel, wes in excess of 60,000 persons. Out of this total, 

the United Stetes Army employed approximately 28,000 persons. 

Of the six main Germsn cryptologic organizations, four 

Vere military, and two were civilian. 

The four military organizations were: 

a. The Signal Intelligence Agancy of the Army High 

Command {OXH/GGHA), which dealt with enemy Army traffic. 

b. The Signal Intelligence Agency of the Navy High 

Commsnd {OKW/4SKL TII}, which deali vith enewy naval traffic. 

c. The Signol Intelligence Agency of the Air Force High 

Command OXL/LN Abt 350), which dealt with enemy Air Force traffic. 

ad. The Signel Intelligence Agency of the Supreme Command 

ster Forces {OKW/Chi}, which dealt with enemy, nsutral or 
riendly diplomatic traffic, commercial traffic and news broadcast: 


‘| 
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The two civilian organizations were: 


a. The Foreign Office Cryptanalytic Section (Pers Z 8) 
which also dealt wlth diplomatic traffic, eneiy, neutral, 
ar friendly. 


>. Goering's "Research" Bureau (FA), a Nazi party 
agency which also dealt with diplomatic traffic, nevs releases, 
broadcast monitoring, telephone monitoring, 4nd other types 
of comnunicetiona intelligence, enemy, neutral, or friendly. 
Chert number 1-1 at the end of this volume shows how the 
Above six Agencies were rel&ted. Brief descriptions of 
these agencies and their vork follow. 


4, The Sign@l Intelligence Agency of the Army High 
chiuend <= ne Steen ntelligence Agency of the Army High 
Command {Qherkommendo des Heeres, General der Nechrichten 
Aufklaeriung, ebbreviated OKH/GiA) was located at Jueterbog, 
about 60 miles southvest of Berlin. Its mission included 
eryptanaiysis and evaluation of Allied army traffic, at any 
level, whether strategic or operational. It also did a 
small] amount of radio broadcast monitoring. : 

This Agency vas the main unit of the German Army signal 
ntelligence service in 1945. Other units were: 

a. Two intercept stations operating directly under the 
ignal Intelligence Agency, and supplying it wlth intercepts 
f Allied high-level traffic. 

bh. Nine field Signal Intelligence Regiments assigned 
o various Army Groups for the purpose of interception, traffic 

nalyeis, cryptenalysis, end evaluation of Allied Arny lov- 
tevel tactical traffic in the Army Group areas. These 
egiments were independent of the Gentrel Signal Intelligence 
gency, Dut supplied the latter with intercepts and reports. 

c. A swell Signal Intelligence Secticn, assigned to 
he 4rmy Commander in Chief, West, which acted as a coordi- 


ating eection for the tyo Signal Intelligence Regiments on 
i Western front. 


An estimated totel of 12,000 persons vas employed in the 
ree signal intelligence: effort described above. 


we 
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The main successes of the German Army signal intelli- 
gence organization frow its formation to the end of the var 


Ltneluded the folloving: 

a. Eefore 193° it vas 
‘and British order of battle. 
‘of French codes and Dutch Ar 
ond through direction-findi 


bd. 
French mobile ce of baftle. 
of Prench codes('.named)." 

Ge 


bie to establish French, Dutch, 


This vas domby cryptenalysis 
double-tiransposition ciphers, 
and trarfic-analysis directed 


apainst British Army communications systens.> 
During the 1940 French campaign it established 


This vac done by cryptanalysis 


It established Russian arny order of battle and 


jocation of strategic roserves, from early in the var through 


1943. This ves accomplished 
cryptanalysia of Russian 2, 4, 
Army and Teoples Commissaria 


through traffic enalysis and 


h, and 5-figure codes (both 
(NXVD)).5 


d. It gave Rommel intelligence of great operational 


a Tobruk. This was done by 


solving the super~engipherment of a comprowiced British 


value during the wengiphe ar 


code (unidentified). 
as 


Information on operetions undertaken by the American 


Army in North Africa, and thereafter through the var, vas 


obtained through solution of 
During the fighting in Sicily 


Converter M-209 traffic.7 


the Germans captured tvo eo i 


after it went into effect, a key list valid for one month 
€nd vere enabled thereby to read the system completely for 


the remaining two veeks.9 On! 


33 78 
4y 78 
>I 78; I 26; I 21; 119 


IF 107; 1 1143; 
Code." 


?x 15%; IF 107; I 60; 1213. 
Sip 107 
It 60 


other nets when sufficient depth 


Germans called this “the British War Office 
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Was available, from 10¢20 to 30m24 of M-204 traffic was read~ 
able, though moet of the traffic was read tco late to be of 


tactical value. 
f. Information concerning 
dand, England, Central America, 


U. S. Army activities in Ice- 
and North Africa, vas obtained 


by reading the U. S. Army oe Pisa Codes (iufC 15, 16, 17, 


21, 25, and 28, anc poseioly ot 
g. Tactical 
artillory targets, 


ers) .“/ 


{yf ormation concerning Allisd bombing and 
weether reports, 


and reports on the 


size and location gf Allied units passing Military Police control 


points in France ,+ 
& Eritish device for protecting 


were obtained from sclutions of "Slidex," 


operational Low-level traffic. — 


This devices was used by both British and American forces and 
vertoug, Veraious of it were solved, usuaily in from one ta three 


hours, 
h, 


Solution of traffic passed on Hungarian internal net- 


vorks in 194. gave evidence that transportatioa of Gepman troops 
over Hungerian railroads could be safely undertaken, 


1. Sucesssful cryptanalys 
traffic of Yugoslav partisans, 


8 was carried out against the 
reek partisans, Czech agents, ,. 


Russian agents, and the Polish resistance movement. 
The Signei Intelligence horny of the Army High Command 


issued three deily reports. Th 
Command, Navy High Commend, Air 


se were gent to the Army High 
Force High Command, and to the 


Supreme Command, Armed Forces; to Himmior as shief of the 
Elite guard; and probably to the Reich Security Office (RSHA). 


107 60 

11; 423 

127 142 

1231p 120 end IF 107 
l4tr 107 p 3 

157 74 

16x go 


17 74, I 76, I 80, I 109, IF 107 
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Each of the nine Signal Intelligence Regiments in the field 
suppiled intelligence directly 'to commandsors et Army Group, Army, 
and Corps levels, looking to them for eeteery directives on mis- 
ations end priorities. They cooperated closely with tne local 
Alr Force Signals Regiments. 

The Signal Security Agency of the Army High Command (In- 
spektion 7/IV, ebbreviated In 7/IV) issued Army Codes and Ciphers 
until 1944, when this function was taken over by the Signal 
Intelligence Agency of the Suprome Commend, Armed Forces 
(OKW/chi). 

Volume 4+ is a detailed accpunt of the German Army Signal 
Intelligence Agency, its fisia uuits, e.d their sctivities, 


5. Tho Signed sntelligence Agency of tho Air Force High 
Command-- fhée bienst Tntelligence Agenc.. of” the Air Force Nigh 
. Command (Oberkommand. der Luftwaffe, Lu tuechrichton Abteilung 


350, abbreviated OKL/LN Abt 550; previously Chi Stelle, O Ba L), 
was the principal unit of the German Air Force Signal Intelli- 
gence Service in 1945. Field units vere: aa. 

a. Thres autonomous Signal ‘Intelligence Regiments with a 
total of eight battalions. 

Five autonomous Signal Intelligence tattalions. Thirteen 
thousand people, including overhead, were employed in all the 
above units. , 

' The German Air Force Signal Intelligence Service successes 
egainst the Royal Air Force and the United States Army Air Forces 
fers outstanding. 


‘) 


' a. The Service furnished a ‘comprehensive and continuous 
picture of the battle order and deployment of United States. 
Army Air Force and Royal Air Force units in the United Kingdon, 

n the Mediterranean Theater, and, after D-day, on the continent. 
This information came mainly from traffic analysis, radio-telephone 
monitoring, and monitoring of air-borne radar devices. The 
Bolution of Royal Air Force 4-figure codes (from March 1940 
until 1 November 1942) gave basic gata which was enlarged upon 
and used until the end of the var. ‘ 


20; 70, IF 182, IF 175 pig 
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b. It gave prompt and accurate werning of United Statea 
Army Air Force and Royal Air Force heavy bomber missions. This 
resulted from advanced methods of traffic analysis, from radio- 
telephone monitoring, and from radar monitoring.¢ 

c. It gave Immediate varning to Gormsn ground forces and 
fighter squadrons of tactical operations by Aliied ground sup- 
port aircreft. 

ad. In comection vith its western front activities, the 
solution of the Bouwber code, Slidex, Syko, and Rekoh (used by 
the Royal Air Force and,for a'‘short time, by the United {tates 
Army Air Force), both by capture and cryptanaiysis, was impor- 
tant throughout the war. 

The German Air Force Signal Intelilgence Service successes 
against the Kusslan Air Force were also great. 

&. Its cryptanalysis of Russian Air Forse ground-to-ground 
2-figure, 3-figure, and 4~Pigure administrative and operational 
codes, and some 5~Cigure codes, provided a complete order of 
battle for the Russian Air Forces from 1937 until the end of the 
war, <A large emount of intelligence on Russien fray battle order 
was also obtained from a atudy of air networks. 

b. Froin partial decipherment of air-ground traffic, from 
plane-to-ground radi%-telephone monitoring, and from radis- 
direction finding of bombers when airborne, it was able to give. 
acenPaue varnings @ all Russian long-range strategic bombing 
raids. 

ec. From cryptanalysis of each Russian Air Army's 2-figure, 
3-figure, and 4-figure traffic, from traffic enalysis, from plane- 
to-plane radio-telephone monitoring, end from radio direction- 
finding of planes in flight, it was able to warn German ground 
forces and fighter squadrons of impending operations by Kussian 
fighters and fighter bombers .@ 
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Intelligence from both Western and Russian fronts, in the 
form of daily, weekly, or monthly reports, was furnished by the 
Signal Intelligence Agency {OKL/LN Abt 350) to the Air Force 
High Command and to the local Air Forces (Luftflotten). Daily 
and monthly reports were also sent to the local Army Signal 
Intelligence Reginents. Monthly reports were sent to the Army 
Commander in Chief West, to the Signal Intelligence Agency of the 
Army High Conmand {OKH/GdNA), to the Signal Intelligence Agency 
of the Navy High Command (OKM/4 SKL/III), to the Signal Intelli- 
gence Agency of the Supreme Command Armed Forces (OKW/Chi), 2 oe 
and also to the Air Force Signal Intelligence units in the field.@' 

Field units, charged with the responsibility for warnings 
on allied air raids, telephoned their varnings and reports directly 
to fighter squadrons, anti-aircraft batteries, and the local 
Gauleiters in charge of civilian air raid yvarnings.2 

Group IV of Division II in the Office of the Chief Air Force 
Signal Officer (Oberkommando der Luftwaffe/Generalnachrichten- 
fuehrer II, Gruppe IV, abbreviated OKL/Gen Nafue II/IV) issued | 
codes and ciphers for the Air Force. Group IV of Division III 
(OKL/Gen Nafue III/IV) checked them for cryptographic security. 

A detailed description of the Signal Intelligence Service 
of the Air Force is given in Volume 5 of this report. 


6. The Signal Intelligence Agency of the Navy High Command-- 
The Signal miroliicencs Agency of the Navy High Command (Ober- 
kommendo der Kriegsmarine, 4 Seekriegsleitung III, abbreviated 
OKM/4 SKL/III) was responsible ‘for traffic analysis, cryptanalysis 
and evaluation of British, American, Russian, French, and Svedish 
navel traffic. It had a strength of approximately 1,000 persons. 
It also had operational control over a field organization of 
approximately 2,500 persons. The field units were as follows: 

a. Four detachments in Flanders, Brittany, Wilhemshaven 
and Pomerania engaged in cryptanelysis on low-level systems, 
interception and direction-finding. Each detachment had a total 
complement of 200 men, including 100 intercept operators and 10 
eryptanalysts. 
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b. Eighteen "primary direction-finding stations", whose 
main duties vere interception rather then direction finding. 
Rach station had a strength of 100, including 60 intercept 
operators, and 5 cryptanalysts,. 

c. Twenty five “secondery direction-finding stations", 
whose duties vere direction finding and traffic analysis. . Each 
station had a strength of 26 persons. 

ad. Small detachments vere occasionally set up for special 
missions, 

The main successes of the Signal Intelligonce Agency of the 
Navy High Command (OKM/4 SKL/III) included the following; 

a. In 1939 it was able to establish the war-time organi- 
zation end disposition of the British Flest, through solution 
of British Navel Code No. 2. | P 

b. In tne spring of 1940 it obtained complete information 
concerning the progosed British and French Norway expedition 
("Operati.on Stratfogg”) . This was done by solution of British 
Naval Cypher Ho. 4, The German invasion of Norway follaved 
lumediately. During the subsequent Norvegian campaign, solution 
of traffic sent in British Naval Cypher No. 4. gave detailed 
information on Allied counter-measures, such a8 proposed British 
lending fields, transport arrival RONG AALS and the disposition 
of British and French surface forces, 

c, Throughout 1942 and pert of 1943 it provided important 
intelligence on Atlantic convoys by a current (and nearly 100%) 
solution of Gombined Cypher No. 3 used by British and U. 8. 
North Atlantic Convoys.41 fhe average wonthly allied sh: pping 
losses in the Atlantic during this period were approximately 
six times .he average monthly losses in later periods. 

Minor successes of the Signal Intelligence Agency of the 
Navy High Command (OKM/4 SKL/III) included the solution of the 
Britis! Interdepartmental Cypher32 solution in 1943 of a Royal 
Alr Force torpedo-bomber BEBE ROSS E505 cipher used for practice 
exercises in the English Channel;?/ and solution of various minor 
Navy and Merchant Navy codes and ciphers. 
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~ a orf ormed jointly with Goering's "Research" Bureau (FA), the 
Signal Intelligence Agency of the Supremo Command Armed Forces 
(OKW/Chi), and with the Signal Intelligence Agency of the 
Commander in Chief German Air Force (Chi Stelle, OBdL) I 147. 
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The Neval Slynal Intelligence field untts described above 
carried out direction-finding activities against Allied naval 
and merchant ships, plotted their positions and movements, and 
passed the information to local commanders. Detachment Flanders, 
at Bruges, assisted in the 1942 “escape” of tne pocket battle- | 
ships Schernhorst and Gneisenau when they made their dash from 
Brest through the English Channel to Kiel. This same detach- 
mont read Britisn neval traffic to advantage during the Dieppe 
raid. ; 
The Signal Security Agency of the Havy High Command (0KN/4 
SKL/II), as opposed to the Signal Intelligence Agency(OKM/4 SKL/ 
III), issued German naval codes and ciphers, and made cryptogra- 
phic security studies of these systems, Its exact strength is 
unknown, ; 
The detailed organization and history of the two signal 
agencies of the Naval High Command (OKM/4 SKL/III and oxM/4s 
SKL/II) are not discussed further in this report. Their use 
of punch-card book-keeping machinery ("I. B. M."), their security | 
o studies, and their chief cryptanalytic methods, hovever, are 
discussed in Volume 2, | 
| 


7. ‘The Sipnet Intelligence Agency of the Supreme Command 
Armed Forces<;- The 51 ntelligence Agency of the Supreme 
Command Armed Forces (Oberkommando der Wehrmacht, Chiffrierab- 
teilung, abbreviated OKW/Chi) had three main functions: 

a. It intercepted, studied, and evaluated diplomatic, 
military attache, and "egent" traffic. 

b. It monitored, and evaluated commercial radio traffic 
and news brosdcasts. . 

c. It made security studies of the codes and ciphers used 
by the Suprewe Command, Armed Forces, the Army, “he Air Force 
and the Navy, and many government departments, vetoing (after 
1944) the use of those it deemed insecure. 

The Signal Intelligence Agency of the Supreme Command Armed 
Forces (OK¥W/Chi) operated at least thirteen radio intercept sta- 
tions of its own, and received radio traffic from other agencies 
as well (notably Gooring's "Research" Bureau (FA)). qt also 
received land-line traffic from sources not stated.? 
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With the excepticn of military attache systems, it did not | 
york on snemy Army, Navy or Air Force traffic. Documentary evi- 
dence as to its cryptanalytic successes is limited. The fol- 
lowing summary covers its most important known oryptanalytic 
achisvements: 

a. The most extensive 1939-1944 successes ssem to have 
been achieved with French systems, The electrical Hegelin Cipher 
Machine B-211 (adopted by the French - now obsolete) vas solved, 
and limited succ¢éss vas also bprtoves. in the solution of the 
Frenea Hagelin Machine BC-338. An important military attache 


ecde (ASA trigraph FVD) was solved at the beginning of the war. 36 


After 1940 311 Vichy-French systems vere automatically compromised: 
when filed vith the German Armistice Commission in Wiesbaden. 

b. At least four Japanese diplomatic codes (including 
those designated by ASA trigraphs JAE, JAH and JBA) were \solved. 
In 1955 and 1959 the Agency collaborated with the Cryptanalytic 
Section of the Foreign Office (Pers ZS) ina gurrent solution 
of daily keys for the Japanese "Red" Machine.? 

c. Precise details on solution of U.S. systems are mot 
available. The agency had compromised copies .¢ at least two 
U.S. State Depsrtment codes, namely "Brown" and "Al". Work 
vas also done on the U.S. State Department Strip Ciphers OQ-1 
and 0-2, the lead in 0-2 solugion being taken by the Foreign 
Office Gryptenelytic Section. 

d. Crcatisn Enileme traffic vas solved through —e 
machine wirings .o9 


395 45 op 7; 1160 pb 


361 51 9 8B | 
317 5. pal | 
38; 89 | 
39 : 


i586 p35; £ 92 pe 
16 


| 


DOCID: ‘ex 


ar 


e. Little information is available on successes in 
solution of English systems. Polish, Turkish, Greek and 
Latin Amsrican systems were solved extensively. Prior to 
1943, appreciable success was achieved in the solution of 
Italian diplomatic codes. 

During the first half of the year 1944 important de- 
odes designated as “VN's" (Verlaessliche Nachrichten) 
otaled 3,000 per month.40 Selected decodes were sent to 
feld Marshal Keitel, Chief of Armed Forces; to Hitler; and 
y Keitel to General Jodl, Chief of the Armed Forces 
Operations Staff. They vere also sent to the Army, Navy | 
and Air Force High Comwmands,41 and probably to the Signal 
Intelligence Aganoine of these commands.42 In addition, 
approximately 45 special reports vere sent each day to 
special recipients, such as the Field Economic Office, the, 
Department of Armed Forces Eropessnaa, the Western Armies 
Branch and Joint Intelligence. 5 

After 121944 the Signal Intelligence Agency of the Supreme 
Command Armed Forces issued cryptographic systems for the 
Army and interservice coumunications. One of its most important 
responsibilities by the end of the war vas the evaluating of 
the cryptographic systems of other services. A file belonging 
to Dr. Erich Huettenhain, its chief cryptanalyst, indicated 
thet cryptographic studies vere made on cipher teleprinters, 
Enigma machines, specially desley Hagelin machines, small 
cipher devices and hand systems. ' 
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In connection vith its security commitments, the Si ZL. 
Intelligence Agency of the Supreme Command Armed Forces oKW/ 
Chi) was responsible for the tvo most serious German crypto- 
graphic mistakes of the var: the continued use in high level 
German military communications of the plugboard Enigma machine 
and the teleprinter cipher attachment 8Z 42 in their insecure 
forms. OKW/Chi rejected the 1943 proposals of the Army Signal 
Security Agency (IN 7/IV) that the (insecure) SZ 42 be replaced 
by the cipher teleprinter T52d, a secure device.45 It also 
frowned on suggestions that the insecure plugboard Enigma be 
used with pluggable feriector- uhmels, a change vhich vould 
have made it secure. es 
Approximately S00 persons vere employed in all duties 
except intercept. 
‘I. Volume 3 of this Report gives a more detailed account 


if this agency. 


| 8. The German :Forei Office Cryptanalytic Section.-~-- 
The German Foreign Office oe tywo cryptologic sections, the. 
Cryptanalytic Section (Personal Z Sonderdienst des Ausvaertigen 
Amtes, abbreviated Pers ZS) and the Cryptographic Section 
{Personal Z Chiffrierdienst des Ausvaertigen Amtes, abbreviated 
Pers Z Chi). 

The Cryptanalytic SeO6tion of the Foreign Office (Pers Z S) 
wag the senior German cryptanalytic agency. It was organized 
in 1919 or before. At its greatest strength it employed 
approximately 200 persons. Its mission vas the solution of 
foreign diplomatic codes and cipheps- The Section had one 
small intercept station at Dahlen. T -For the rest of its inter- 
cept it was dependent upon the Signal Intelligence Agency of the 
Supreme Command Armed Forces (OKW/Chi), Goering’s "Research" 
Bureau (FA) and the German Postoffice. 
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The Cryptenalytic Section achieved its greatest successes 
with diplomatic codes, both one-part and two-part, enciphered 
and unenciphered. 

&. From 1935 until 1942 it achieved practically 100 Bee 
cent success in the solution of Italian diplomatic codes. + 

b. It read the United States State Department Grey, Brown 
and A-1 Codes.2 It also succeeded in solving the American. 
Diplomatic Strip Ciphers O-1 and 0-2, the former in partial 
fashion based upon a compromise.51l | 

c. The Section solved tvo British Foreign Office "R* 
Codes and the British Government Telegraph Codes.52 

d. In 1940 success in solution of French diplomatic. 
codes vas estimated at seventy five per cent.55 

e. A number of major Japanese diplomatic codes vere read, 
and there is sone pyidence that at least one major Chinese 
system was solved. 

Y. The Section also solved two machine ciphers. The 
Japanese Red Machine vas solved in 1938 and read currently 
until February, 1939.55 The Section collaborated with the 
Signal Intelligence Agency of the Supreme Command Armed Forces 
(OKY/Chi) in this solution, and it is not known whioh agency 
deserves credit for the original solution.56° In 1941, after 
@ partial solution by Goering’s "Research" Bureau (FA), the 
Sviss diplomatic Enigma traffic vas solved.57 

Little information is available on the Section's achieve- 
ments in terms of intelligence. The distribution it geve its 
decodes is unknown. The Section’s personnel seem to have. 
thought primarily in terms of cryptanalysis 48 a science, 
rather than in terms of what their intelligence contribution 
meant to & successful German diplomacy. 58 The Section seens 
to have been badly neglected by higher Foreign Office 
futhorities, both with respect to needed personnel, and with 
Yegard to interest in its vork. 


4Oy 22, para 25 
30, 22 


51] 22, para 54; DP 15, p 4, 53 I 89 


52p 16,Reports 2, 3, 4 
5p 54, p 13 | 
S47 22, para. 176 
553 22, para 19 

I 22, para. 19 
5Tp 54, p18 
38506 Vol. Vie Ch: 5 


19. 


DOCID:| 3560861 


Some of the Section's senior personnel acted in an advisory 
capacity to the Foreign Office Cryptographic Section (Pers Z 
Chi).59 The latter section was responsible for the preparation, 
compilation,distribution and security of Foreign Office codes 

and ciphers. Few details are available concerning its security 
studies or its personnel. It was presumably responsible for 

the use in German diplomatic correspondence of the code systems 
known as the "Deutsches Satzbuch", the Deutsches &.‘:zbuch 
enciphered by"Floradora" (Army Security Agency trigraph GEC), 

and the "one-time pad"(Army Security Agency trigraph GEE),all \ 
of which were read by Anglo-American cryptanalysts.Volume 6 

of this paper gives an account of the cryptologic Sections 

of the German Foreign Office. 


9. Goering's "Research" Bureau. -~ Goering'’s "Research” 
Bureau (hateha LuPtiane tal nieter tun Forschungsamt, abbreviated 
as FA) was formed in 1933. According to Goering,it supplied 
the new Nazi government with a signal intelligence organization 
of its own which had "no political axe to grind nor ideology 
to follow’ 60 

In addition to non-military cryptanalysis,the "Research" 
Bureau had the following functions: 

a. As a Nazi censorship organization in peace-time it 
monitored telephone conversations in all large German cities 
at first only in the Reich but later extending into Austria, 
Denmark,and"German" Poland.61. It had access to messages 
sent over all German commercial teletype and telegraph 
facilities,62 and maintained investigators in all main 
postal censorship offices .63 

b. In war-time it liaised closely in the censorship 
of all communications as directed first by the Abwehr and 
later by Himmler's Reich Main Security Office. It is known 
to have served the latter agency as a cryptanalytic agency 
for Russian Agent messages.(As no cryptanalytic organization 
within the Reich Main Security Office is known to TICOM 
it is probable that the"Research" Bureau filled this 
function). 64 
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c. It monitored vorld-yide radio nevs broadcasts, in 
par opie the British Broadcasting Company (London) broad- 
casts. 

d. It operated six wireless intercept stations of its 
own, for intercepting foreign diplomatic and commercial traffic. 
In addition, it exchanged copies of wireless intercepts vith 
the Signal Intelligence Agency of the Supreme Command Arad 
Forces (OKW/Chi), the Signal Intelligence Agency of the Navy 
High Command (OKM/4 SKL/III), and probably vith the Signal 
Intelligence Agency of the Commander in Chief German Air 
Force (Chi Stelle OBdL). 

As can be seen from the functions outlined above, the 
"Research" Bureau vas not primarily concerned with cryptanalysis. 
No documentary evidence bearing on its cryptanalytic successes 
was found by TICOM. Based upon secondary evidence and 
scattered TICOM interrogations, the bureau's chief cryptanalytic 
achievements seem to have been as follows: 

a. In 1941 the agency collaborated with the Cryptanalytic 
Section of th aire Foreign Office (Pers ZS) in solving the 

on Svlias Enigme. Personnel from the Bureau claimed to have 
broken Finnish ae Svedish) Hagelin traffic.67 

b. According to nevspaper reports, 1938 decodes of French 
traffic revealed that, lacking English support, the French 
Government did not intend to oppose the Austrian Anschluss 
with force. 

e. In 1938, during the Munich Conference, the "Research" 
Bureau is said to have solved the British system which carried 
Chamberlain's messages to London. Hitler once delayed a con- 
ference yith Chamberlain for several hours in order to get such 
decodes .69 

d. Solution of Russian internal wireless messages revealed 
bottleneclrs in the Russian an supply system. The dates 
of this solution ere unknown.70 
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The "Research" Bureau circulated its intelligence tn 
the following forms: 

a. Decode bulletins were sent regularly to Hitleri, 
Goering, Field Marshal Keitel and General Jodi of the Supreme 
Command Armed Forces (0KW), Foreign Minister Ribbentrop, 
and Admiral Doenitz of the Navy High Command. 

b. Individual items of current interest, collected 
items on single subjec:, and consolidated special ee 
were sent to interested ministries. 

ec. Special tiaison officers were assigned to the a 
Office, the Supreme Command of the Armed Forces, the Reich 
Security Office, the Economic Ministry and | Ministry for'War 
Production, and the Propaganda Ministry. 

Goeringts "Research" Bureau had over 2,000 personnel , 

| 


Less than one per cent of these were apprehended by TICOM for 
interrogation. . 
es Volume 7 of this report is a detailed account of this 


agency. 


10. Collaboration between German Signal Intelligence 
Agencies in Cryptographic Matters-- it seems probable. that, ! 
prior to 1943, there was some sort of collaboration between 
the various branches of the German Armed Forces in crypto- P 
graphic matters. The widespread usage of the Enigma machine, 
the universality of the teleprinter systems used, the alloca- : 
tion of similiar hand cipher systems to army, air force:and ! 
police units, all point either to an excellent cooperation ‘ 
in the cryptographic field, or to the existence of some: 
shadowy interservice egency or higher authority whose re- ; 
sponsibliity it was to study, test and recommend the intro- a 
duction of such devices and systems. There is no reference in 
the TICOM material to such an agency, other than a passing 1942°% 
reference to "the biz executive committee," a group which ap- ¢ 
parently had some responsibility for cryptographic changes and o | 
improvements in a cipher type teleprinter./ From the headings 


Tip 135 
T2p 59, p 6 | | 


4. Frequently Used Angles and Their Functions 


Angle sin A eos A 
0° 0 1 
é 3 
30 
A 2 
45° v2 v2 
2 2 
60° v3 
9 3 
90° 1 0 
120° v3 4 
2 
180° 0 —1 
270° —l 0 
360° 0 1 


Function 


Sin A 


Cos A 


Tan A 


Cot A 


Sec A 


Csc A 
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isin A 


+V1 — sin? A 


_sin A _ 
+V/1 — sin? A 
+V/1— sin? A 

sin A 

ees 
+V1 — sin? A 


ais 
sin A 


| &\/— cos? A 


cos A 
+vi— cost A 
cos A 
cos A 
+V1 — cos? A 
1 

cos A 

are eee 
+V/1 — cos? A 


bavi + tan2 A 


tangent 


tan A 
+V1 4+ tan2 A 
eat ee 
+V1 4 tan2A 
tan A 


1 


tan 


A 


+V1 4 tan2 A 
tan A 


cot A sec A esc A 
ro) 1 fo) 
V3 23 2 
3 
1 V2 v2 
v3 2 23 
3 3 
0 ra) 1 
—v3 2 2/38 
3 3 
ee) ' —l ro) 
0 ior) —i1 
oe) 1 os) 
cotangent secant cosecant 
—__1 | +\/sec? A— 1 1 
+V1 +4 cot? A sec A ese A 
—cot A | 1 +vVese? A — 1 
+V/1 + cot2 A | sec A esc A 
1 + 2A—1 —— 
cot A ee +Vesc2? A — 1 
t A ——1_. +vV/ese2 A 1 
o +\/sec2 A—1 | ae _ 
| #v/1 + cot? A esc A 
= A ——— 
cot A ae +vVese? A —1 
A 
+V+ cot? A JS esc A 
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on various memos belonging to Dr. Huettenhain (chief crypt- 
analyst for the Sign@l Intelligence Agency of the Supreme| 
Command Armed Forces (OKW/Chi!}), it could be assumed that! the 
Chief Armed Forces Signal Communications Group (OKW/Chef Ag 
WNV) acted as a senior military cryptographic authority, | 
approving or disapproving the introduction of various systems, 
and using the facilities of the Signal Intelligence Agency of 
the Supreme Command Armed Forces (OKW/Chi) and the army agencies 
(Inspectorate 7/VI (In 7/VI) and the Army Ordnance Development 
and Testing Group Signal Branch (Wa Pruef 7)) as its staff or 
advisory agencies. 73 

An order from Field Marshal Keitel, Chief of Staff of the 
Supreme Command Armed Forces (OKW), dated October 1943, made. 
the introduction of new ciphers for branches of the Armed Forces ' 
contingent upon the agreement of the Supreme Command Armed ¥ 
Forces (OKW), and probably vpon the agreement of the Signal 
ance ti teeney Agency of the Supreme Command Armed Forces 
{OKW/Chi).7 

In 1944 General Preun, who was both Chief Signal Officer 
of the Supreme Command Armed Forces (OKW/WFSt/Chef WNV) and 
the Chief Signal Officer of the Army (OKH/Chef HNW), made} 
the Signal Intelligence Agency of the Supreme Command Armed 
Forces (OKW/Chi) a central clearing house for all German | 
cipher development and security scrutiny work. This vas easily 
done vith reference to the Army. On September 5, 1944, General 
Praun signed an order directing that the cryptographic develop- 
ment and testing functions of the Army be turned over to the 
Signal Intelligence Agency of the Supreme Command Armed Forces 
(OKW/Chi}. Personnel from the Army Security Agency (In 7/IV), 


13, 59, various letters and memos. From the headings of erypto- 
graphic manuésis, it could be assumed that Ag WNV/Fu I, as 
issuing authority, was responsible until 1944, when OKW/Chi 
apparently replaced it. See OKW/Ag WNV/Fu I "Schluesselan- 
leit zum RS 44" dated March 27, 1944 and OKW/Chef WFSt/ 
Ag WNV/Chi "Rasterersatzverfahren” of Dec. 7, 1944, TF 31 
and TF 32 respectively. 


TA 68, p 11; D 57 p 14 
| 
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including Technician Dr. Fricke, and the personnel of In- 
spectorate 7/VI (In 7/VI) who were engaged in cryptographic 
york, vere transferred into the Signal een pens Agency 
of the Supreme Command Armed Forces (OKH/Chi)./5 Thereafter, 
while the actual production of keys vas left as an Army re- 
sponsibility, the Signal Intelligence Agency of the Supreme 
Command Armed Forces (OKW/Chi) devised the cipher systoms and 
provided the material for Army key production.7 

With the Navy and the Air Force the picture vas somevhat 
different. They vere permitted to continue their cryptographic 
development work, and retained the right to say which of their 
systems was to be used in what place--so long as the Signal 
Intelligence Agency of the Supreme Command Armed Forces (0KW/ 
Chi) concurred from 4 security standpoint in the original 
introduction of the systems. As Admiral Kraus® of the Signal 
Intelligence Agency of the Naval High Command (0KM/4 8KL/III) 
pointed out, "OKW/Chi recommendations could only lay down the 
(security) limits within which it vas possible to use a | 
systen." The responsibility for whether and where a Navy. 
system was to be used lay with the Navy.77 

With regard to ciphers used by the Waffen 88S, the Signal 
Intelligence Agency of the Supreme Command Armed Forces (0KW/ 
Chi) had consultative povers only. While General Gimmler, 
successor to General Praun as Chief Signal Officer, publicly 
Grarkohers goa the cooperation betveen the two services as 
"perfect}7° Col Mettig, chief of the cryptographic division 
in OKW/Chi, indicated that an effective supervision vas never 
introduced. 79 


139 68p 3, 
T8p 55, p (43) 
TT 68, p 14 
78 68, p13 
794 96, p 19 
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The preeminence of the Signal Intelligence Agency of the 
Supreme Command Armed Forces (OKW/Chi) in cryptographic 
matters and security was apparently of freed OY with the 
military services. In his speech of Beeests , 1944, 
General Gimmler pointed out that primacy in the civilian 
field was dependent upon voluntary concurrence from the |, 
agencies affected. He could only plead that "OKW was pre- 
pared to t&ke the lead in this matter, providing that the: 
Party and State concurred" and requested that "the Party and 
Reichs authorities" cooperate.00 Goering}s "Research" Bureau 
{FA} developed its own codes and ciphers,® although the | 
Bureau og use cipher teleprinters adopted by the military 
services.52 Evidence is available that in 1945 administrative 
hand ciphers {Behoerdenhandschluessel) vere aed to Senior 
Specialist Wenzel of the "Research" Bureau (FA).93 A similiar 
situation prevailed with the German Foreign Office. The Signal 
Intelligence Agency of the Supreme Command Armed Forces (OKW/Ch1) 
was never Srioue to know the details of the ciphers used’by the 
Foreign Office.S4 ‘The Foreign Office, hovever, did use cipher 
teleprinters and Enigma machines. 


ll. Collaboration betveen German Signal Intelligence 
Agencies in COrypt lytic Matters.-- ‘The collaboration betveen 


pyptana c 
Agencies in cryptanalytic matters varied. In general relation- 


ship betveen Goering's "Research" Bureau (FA) and the Signal 
Intelligence Agency of the Supreme Command Armed Forces (OKW/Chi) 
vere not overly cordial. The Signal Intelligence Agency of the 


Naval High Command (OKM/4 SKL/III) maintained a traditionad 


80, 68 p 14 ’ 
Blip 142 
82 


I 25, page 9 
Jp 2h 
84 \ 
“I 31, page 15 
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navy reserve in dealing with other agencies. There was no high- 
level signal intelligence coordination, and there was frequent 
overlapping and duplication of effort between the agencies , 
dealing with diplomatic cryptanalysis. But, with the exceptions 
noted above, there seems to have been as much liaison and as 
much cooperation @s vere necessary. This was especially true 

in the case of the military field organizations, the Army Signal 
Intelligence Regiments ("KONAs") and their Air Force equivalents, 


the Air Signal Regiments (LN Rets). | 
Office C tanalytic 


a. Relationships betveen Forel 
Section, Goering's "Research" Bureau, and the Signal tale Cetesnee 
lAgency oO e Supreme Comman med Forces.-~- The Cryptanalytic 
Section of the Foreign Office (Pers Z 8) enjoyed reasonably 
good vorking relationships with both Goering's "Research" | 
Bureau {FA) and the Signal Intelligence Agency of the Supreme 
Command Armed Forces (OKW/Chi). As stated, hovever, the re- 
lationships between the latter tyo agencies do not appear to have 
been cordial. , 

The Foreign Office (Pers Z S) received the bulk of its 
intercept from Goering's "Research" Bureau {FA) and the Signal 
Intel} sgence Agency of the Supreme Command Armed Forces (0KW/ 
Chi).“2 It received numerous compromised codebooks and keys 
from both agencies.87 Cooperative attacks on difficult 
problems vere not uncommon. In the case of an unspecified ~ 
U. 8&8. Strip System, the Signal Intelligence Agency of the 
Supreme Command Armed Forces (OKW/Chi) vorked on the point-to- 
point traffic, while the Foreign Office (Pers Z 8) worked on 
the circular traffic, 35 with a complete exchange of results. 

In the case of the Japanese Red machine, the Foreign Office 
(Pers Z 8) attempted to solve messages sent on even days, while 
the Signal Intelligence Agency of the Supreme Command Armed 
Forces {OKW/Chi) attempted to solve messages sent on odd days, 
a "practical arrangement" reached also between the U. 8. Army 
and the U. 8. Navy prior to the Pearl Harbor disaster. Results 


86, 22, para 103 
87 


T2038; D16, pages 3, 5; DF 15, pages 4, 5 


88, 33, page 10 
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vere exchanged.89 Goering's "Research" Bureau (FA) and the 
Foreign Office Cryptanalytic Section {Pers Z 8) cooperated 

on the solution of the Swiss Enigma.90 Exchange of code group 
identifications, additives and enclphering keys between these 
two agencies vere Ergauentis especially on English, Italian 
and Vaticen systems.91 Personnel vere exchanged betveen the 
Forelga Office Cryptanalytic Section {Pers Z 8) and the Signal 
Intel }igence Agency of the Supreme Comuand Armed Forces (OKW/ 


Chi}. 
Goering's "Research" Bureau (FA) vas formed by a small 

group of cryptanalysts who left the Cipher Department of -tha 
Reich Defense Ministry ({Reichswehrouinisterium), the pre-— . 
decessor agency of the Signal Intelligence Agency of the Supremes 
Command Armed Forces (oxw/cht ). This defegtion may account for 
the bad feeling between the tvo agencites.9? There are no known 
examples of diract cryptanalytic exchanges between the tvo 
agencies, nor vere there subsequent exchanges of personnel. 
-Goering's "Research" Bureau (FA) vas not given access to the 

- special cryptanalytic machinery developed by the Si 1 Intelli- 
gence Agency of the Supreme Armed Forces (OKW/Chi), although 
this machinery was made available to other Agencies. Relation- 
ships could probably have been improved had not Goering's 
"Research" Bureau (FA) sought to take over the Signal Intelli- ' 
gence Agency of the Supreme Command Armed Forces (0KW/Chi).95 


897 31, para 53 | | 
a) 54, page 18 : . 
71596, pages 1, 2; 1172, paras. 11, 13, 14; Teese, various report: 
927 22, paras. 20, 84 | 
937 21, p 1; 1131, p3 
pp 9P 5 ! 
aay 171; p35; 178 p & | 
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With reference to the exchange of traffic, however, 
collaboration was apparently complete. It is known that in 
early 1944 approximately one third of the intercept received 
by the Signal Intelligence Agency of the Supreme Command 
Armed forces (OKW/Chi) came frow Goering's "Rese&arch" Bureau 
(PA).96 The latter always received copies of all the traffic 
intercepted by Signal Intelligence ryan. of the Supreme 
Command Armed Forces (OKW/Chi) stations.97 

b. Military Agency Relationships-- exch fr tana 
lytic information. -- GoViaboration batween the hay Stenet 
intelligence Sgencies (OKH/GdNA and its predecessors, In 7/NVI 
and HLS Osi} and the Signsl Intelligence Agency of the Supreme 
Command Armed Forces (OKW/Chi) was excellent. ‘The Chief Signal 
Officer of the Suprese Commend Armed Forces {OKW/Chef WNV) was 
also the Chief Signs] Officer of the Army (OKH/Chef HNW)9 
However, since the Supreme Command agency's commitment was 
diplomatic and willitary atteche treffic, no broad basis for 
eryptanalytic liaison existed. 

The Army and Air Fores Signsi Intelligence Agencies 
maintained permanent liaison on English Naval and Air systems 
(SYKO, M209).99 In 1943 the Army Agency {OKH/In 7/VI) had 
discovered how to recover true M-20¢ settings from relative 
settings, and they had passed the technique on to the Navy and 
Air Force agencies.190 According to Senior Specialist Tranow 
of the Naval Agency, hovever, the Army-Navy cooperation was 
given up in early 1944 siuse "no results of value were ob-- 
tained."101 In 1943 the Signal Intelligence Agency of the 
Supreme Command Armed FYorces et the Cryptanalytic 
Section of the German Foreign Office (Pers Z 8), and the Signal 
Intelligence Agency of the Commander in Chief German Air Forces 
(Chi-Stelle ong collaborated on solution of an unidentified 
US strip system. 102 


96pF 9, p 3 
I85,p3 
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997 93, p 3, 4 
1007 144, p 2 
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The i ee Air Force field collaboration was usually 
excellent. 10 It embraced on occasion exchange of personnel 
and equipment, a complete exchange of reports, and a close 
cryptanalytic liaison on operative systems, 104 Eastern front 
reports show a detailed operational collaboration between 

Air Force Signal Regiment 357 (LN Regt 353), the Army Signal 
Intelligence Regiment 1, (KONA 1), and the Naval units dealing 
with Russian Black Sea Fleet traffic.+05 Army Signal Intelli- 
gence Regiment 5 (KONA 5) worked closely with the Air Force 

a a intelligence organizations in the West (at Paris and 
Noisy). 

‘During the period 1940-1942 the Signal Intelligence 
Agencies of the Navy (OKM/4 SKL III) and the Air Forces {Chi- 
Stelle OBdL), and the Signal Intelligence Agency of the Sup- 
reme Command Armed Forces (OKW/Chi), and also Goering's 
“Research” Bureau (FA), a11 collaborated on solution of the 
English Interdepartmental Cipher.107 ‘There was "Research" 
Bureau (FA)-Neval (OKM/4 SKL/III) cooperation on the solution 
of the British Goyernment Telegraph Code (South Africa) and 
Bentley's Code.l105 The Army Agency, Inspectorate 7/VI (In 7/ 
VI) actually worked on Turkish diplomatic traffic, by agree- 
ment with Goering's "Research" BureaulJ9 and had Army Signal 
Intelligence Regiment 4 (KONA 4) intercept this traffic for 
them. This work probably duplicated efforts of the Signal 
eet) hemes Agency of the Supreme Comrand Armed Forces (OKW/ 

however. 


103 y 26, p 2 


10453 M-94, M-209, Slidex, Russian codes, etc. 
1057 130, p 15 

1067 113, p 8B 

1077 93, p 4; I 147, p 12, 12 
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ce. Military Agency Relationships--exchange of rsonnel.-- 
In 1942 Prof. Nowopeschenny of the Signal Int ‘igen Agency 


e ce 
wf the Supreme Commend Armed Forces (OKW/Chi) and a group of his 
eryptanalysts were transferred to Intercept Control Station 
Rast (HLS), one of the predecessors of the Signal Intelligence 
Agency of the Army High Command (OKH/GdNA) for work on the 
main Russian army five-figure code.110 At one time the 
Naval commander in the Aegean area placed his radar intercept 
personnel and equipment under the command of Air Signal 
Regiment {LN Rgt) 352.111 on one occasion personnel from Air 
Signal Regiment (LN Ret) 354 went aboard the cruiser "Prinz 
Eugen” to wonitor traffic froa the Air Arm of the Russian 
Baltic Fleet.112 In the spring of 1942 the Signal Intelligence 
Agency of the Naval High Command (OKM/4 SKL III) exchanged 
personnel with the Apty and Air Force in order to get trained 
Hollerith operators.215 ny 1939 Dr. Huettenhain of the Signal 
Intelligence Agency of the Supreme Command Armed Forces 
{OKw/Chi) wes detailed tg jhe Army egency to work on solution of 
French military systems, +1 

a. Milit ney Relationships--Cooperation with regard 
to IBM a api io Machinery.-- The Army Signal Security 
Agency (Inspektion Vv aDEESTiatee Ta 7/IV) pioneered in the 
use of IBM (Hollerith) equipment. Its installations were set 
up in the winter of 1939 end 1940, and later transferred to 
Army Inspectorate 7/VI (In 7/VI),one of the predecessors of the 
Signal Intelligence Agency of the Army High Command (OKH/GdNA) . 22 


110,, 123 p 3 
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In March, 1942, representatives of Goering's "Research" 
Bureau (FA), and of the Signal Intelligence Agencies of the 
Commander in Chief Air Forces {Chi Stelle OBGL) and the Navy 
High Command (0KM/4 SKL/III) visited the Army installations 
and obtained valuable information as to the possibilities of 
IBM in cryptanalysis.116 The Signal Intelligence Agency of 
the Supreme Command Armed Forces (OKW/Chi) never owned its 
own Hollerith machinery and used the Army installations.117 
In 1944 the Signal Intelligence Agency of the Supreme 
Command Armed Forces (OKW/Chi) developed a number of “decoding 
devices, some of which were handed over to the Army, Navy 
and Foreign Office agencies.118 ‘ne Digraph Weight Recorder 
{Bigrammsuchgeraet) was made available to the German Weather 
Service (WENUEB).119 
e. Military Agency Relationships--sooperation with 
regard to interception.~- Goering's TRosearek” Bureau (FA) 
occasionally furnished the Signal Intelligence Agency of the 
Coumandey in Chief of the Air Force (Chi Stelle, OBdL) with 
ao traffic.120 The amount of this traffic is not known. Goering's 
_ “Research” Bureau (FA) also passed some intercepted commercial 
traffic of naval interest to the Signal Intelligence Agency 
of the Naval High Command (OXM/4 SKL/III).2¢1 ‘he German 
Navy passed its weather intercept to the Air Force, who had 
some intepgervice responsibility for the solution of weather 
traffic. On operational fronts, when army search receivers 
found air forse frequen ies, information concerning these 
frequencies was qygpited to the appropriate air force field 
intercept units. The Signal InteLligence Agency of the 
Supreme Command Armed Forces (OKW/Ch4 } controlled a naval 
direction finding station in Spain.12 


116; 146, p 17 
1177 67, p 2, 3 
11852 9, p 3 
119; 52, p 4 
120; 29, p 3 
121; 95, p 12, 18 
1227 93, p 4 
1237 130, p 15 
124; 96, p7 
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ee Cooperation between MLL GEEE and Civilian Agencies 
on solution of Agents' systems.-- The extensive German effort 
against agent-vartisan systems warrants separate discussion. 
This effort was shared by at least three organizations, and 
perhaps a fourth. The organizations were: the Signal Intelli- 
gence Agency of the Supreme Command Armed Forces {OKW/Chi), 

Army Inspectorate 7/VI (OKH/In 7/V1), perhaps Goering's 
"Research" Bureau (FA), and a small organization which did 
little or no cryptanalysis, the Radio Defense Corps of the 
Supreme Command Armed Forces {OKW/WNV/FU III). The relation-~ 
ship between these agencies illustrates collaboration in both 
intercept and cryptanalysis, and an allocation of primary 
responsibility which varied from problem to problem. 

At the beginning of the war, responsibility for monitoring 
clandestine transmissions in Germany and the occupied terri- 
tories was borne by the Radio Defense Corps {0KW f/FU III}.125 
In the spring of 1942 the Radio Defense Corps pressed for the 
establishment of its own cryptanalytic section. Neither the 
Army nor the Supreme Command signal intelligence agencies were 
anxious to see the establishment of a new cryptanalytic agency 
for agent traffic. Accordingly, a section for cryptanalysis 
on agent transmissions was established in the Army Inspectorate 
TAVI (In 7/VI).126 This section was known (from its chief) 
as "Referat Vauck". 

Originally located in Berlin, Referat Vauck moved in the 
fall of 1943 with the Redio Defense Corps (FU III) to Dorr 
Zinna, near Jueterbog. It was transferred in the fall of 1944 
from Inspectorate Tit (In 7/VI} to the newly formed Signal 
Intelligence Agency of the Army High Command (0OKH/GdNA) and 
was transferred again in early 1945 to the Signal Intelligence 
Agency of the Supreme Command Armed Forces (OKW/Chi/Gr. IV). 
Both these latter changes were administrative only, since the 
section remained with the Radio Defense Corps at Jueterbog.127 


1257 115, p 2 
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Paragraph 12. 


25%. (15) pi 025; 2%. (16) 


a(1) 2; 6; 60%. 


oe 375; 87 = (4) +i 25; 25%. 


(5) - 3; 625; 62-4 >%. 


(2) 5 5; 50%. (3) 


(6) 2; .6; 60%. 


(7) 55 8; 80%. (8) 


1 . 995. 7. 975: 97 
2-7-5 2.25; 225%. (10) 45 875; 875-%. 


2. 


aot 
50’ 


; .7; 70%. (9) 


08; 8%. (12) a 06; 6%. 


1 
(14) gays -0025; 


ale, 
20’ 


(13) 18; 18%. 


05; — (17) a 08-5 (See note be- 
low); gi 3 7. (18) — 8; 318; 87-5 %. (19) 
yo 1, ‘ 
1593 1.05; 105%. (20) 35° 04; 4%. 


Note. This mixed decimal and fractional form 
is often used when an unending decimal would 
result. 


b(1) 150; (2) 50; (3) 4; (4) 900. 


e(1) 150%; (2) 275%; (3) 150%; (4) 
550%. 


d(1) 1.64; (2) 2,496; (3) 84; (4) 4.42. 

e(1) ee (2) 028%. 

f(1) 438-5 
(5) ‘00. 


; (2) 2,500; (3) 520; (4) 200; 
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a 386.6 pounds. b 3s days. c $5.00. d 


$1400.00. e .3872 ohm. .298 ohm; .459 
ohm; .893 ohm. f 2.820 pounds; 3.776 
pounds; 4.119 pounds; 2,567 pounds. g 300 
rpm. h 157.5 rpm. 


Paragraph 25. 


a(1) 21; (2) 38; (3) 50; (4) 2.90; (5) 
50.1; (6) 70.01; (7) 86.5; (8) 75.89. 
b(1) 2.236; (2) 2.646; (3) 3.317; (4) 
3.606; (5) 3.873; (6) 4.123. 

c(1) .158 ampere; (2) .085 ampere; (3) 
.283 ampere; (4) 1.118 amperes. 


Paragraph 42. 


a(1) 17; (2) 58; (3) —21; (4) —189°; 
(5) --252 volts. 

b(1) 251 amperes; (2) —8 volts; (3) 
—.6375cy; (4) —31.99ax?; (5) eats 


e(1) —17.92; (2) —72; (3) (4) 
075852; (5) .0028125; (6) 120. 
d(1) 9; (2) ~ 2. (3) 700; (4) 250; (5) 


— $ ampere; a —.0025. 


e(1) —4; (2) 14; (3) —25; (4) 19; (5) 
11; (6) 16; (7) 44; (8) 66; (9) —46; 
(10) 18. 
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Paragraph 50. 


a(1) 4a4 — 4a2b2 4 464. (2) FE + 3RI + 
2027]. (3) w+ x2 -+ 9y + 8z. 

b(1) 19ax + 17by — 9ez. (2) —25w — 32 
+ 8y + 22. (3) 4a? — 34ab + 6b?. 

e(1) 7. (2) 1. (8) 1. 


d(1) f°. (2) ys (8) v2. (4) 75. (5) 
R3", (6) yrti, 

ce). @) ar. @) gh. 
1 a 3B . 

PR’ ©) gor ©) Gar 


f(1) 10a%b — 15a7b? + 35ab%. (2) 403 + 
12a? + 4a. (3) ® — 27. (4) 224 + 5ady 
+ 4x?y? + 2ry3 — y*. (5) 9x4 — 4ax2y? 4 
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Refsrat Vauck dic not enjoy a monopoly on agent crypt- 
analysis. Most of its and the Redio Defense Corps! (FU IIL) 
effort was concentrated on western agent networks (France, 
Belgium). In the eastern and Balkan theaters, other agencies 
eo tne bulk of agent intercept and cryptanalysis, as 
ollovws: ' 
. (1) Russian Partisan Traffic-- The work done by Referat 
Vauck on this problem covered only the period mid-1942 to | 
mid-1943. Its work was then taken over by a section under 
Lt. Schubert of Army Signal Intelligence Regiment (KONa) 6,128 
Schubert was ultimately transZerred to the Signal Intelligence 
Agency of the Army High Command (OKE/GdNA), where he took: 
over "eastern" cryptanalysis on the NkVD-partisan networks ,229 
(2) Yugoslav systems~- Most of the interception and | 
eryptanalys's on Yugoslav systems ws done, not by the Radio 
Defense Corps (FU III), but by a special detachment of Army 
Signal Intelligence Regiment (KONA) 4, stationed in Belgrade 12 
Cryptanalytic work on the more difficult Balkan systems was 
done in Berlin by Balkan Section (Refereat Bellovic) of Army 
Inspectorate 7/VI (In 7/VI), yho thus complemented the 
activities of Referat Vauck.+ ; 

(3) Polish Resistance Movement Systems-- In 1943 Referat 
Vauck solved the principal system used by the Polish Government 
in Exile ene for communication with the Polish Resistance 
Movement (Warsaw). So important was this traffic thet, in the 
fall of 1945, eight members of Vauck's Section were transferred 
to the Polish Section in the Signal Intelligence Agency of the 
Supreme Gomaand Armed Forces (OKw/Chi, Gr. V). The intercept 
work done by the Rizdio Defense Corps {ru III) was augmented 


-by the Signal Intelligence Agency of the Supreme ¢gymand 
Armed Forses’ (OKW/Chiy and | 
‘I.B.M. assist-nce was given by Army Inspectorate 7/VI (In TANI). 


intercept station eat Lauf, 
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There is one reference (vy Lt. Schubert) to "Research" 
Bureau (FA) participation in this work. In Janauary, 1945, 
Senior Specialist (ORR) Wenzel of Goering's "Research" 
Bureau (FA) was sent by the Radio Defense Corps (OKW/wNvV/ 

FU III) to the Signal Intelligence Agency of the Army High 
Command (OKH/GdNA) to work on resistance movement systems. 173 
+) Other Agent Traffic-- Duplicates of all Radio 
Defense Corps intercept were forwarded to the Signal Intelli- 
gence Agency of the Supreme Command Armed Forces {O0KW/Chi), 
who, on occasion, helped Referat Vauck with more difficult 

problems. 134 


12. Other European Axis Cryptanalytic Agencies~- 
a. Italian Cryptanalytic Agencies-- Unti September, 
1943, armistice, as were four ltelian cryptologic agencies, 
the two most important being the Cryptanalytic Section of the 
Army Intelligence Service (Servizio Informazioni Militari, 
abbreviated SIM) and the Cryptanalytic Section of the Navy 
Intelligence Service (Servizio Informazioni Speciali, ab- 
breviated SIS). These two agencies had both cryptanalytic and 
cryptographic functions. The Ministry of Foreign Affairs 
maintained a small cryptographic office (Ufficio Crittografico} 
to compile Italian diplomatic codes and ciphers.135 The 
Inspector General of Folitical Police in the Ministry of the 
Interior (Publica Sicurezza) also maintained @ cryptanalytic 
section to deal with "Communist" and "foreign agent" codes 

and oiphers.136 The Italian Air Force Intelligence Service 
(Servizio Informazioni Aeronautica, abbreviated SIA) main- 
tained its own intercept organization, but no cryptanalytic 
personnel. The Cryptanalytic Section of the Navy Intelligence 


Service (SIS) acted for the Air Force in this matter.157 


1537 96 p 27 


por example, their work on the Russian agent traffic 
called "Rote 3" - D60, page 16. 
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After Septenber, 1943, the fractions o? the Cryptanalytic 
Section of the Ary Intelligence Service (SIH) were taken over 
by @ neo-Fascist organization, the Deiense Intelligense Service 
{Servizio Inforwasioni Difesas, abbreviated SID), vhich con- 
fined its activities tc romerciél and broadcast monitoring and 
solution of systems read by its predecessor Sgensy.138 No 
TICOM information is availavle sanuceroing the post-1943 
activities of the other agencies mentioned above. 

Toe Cryptanslytis Section of the Army Intelligence Service 
{SIM) meinteined four fixed intercept stations in Italy, and 
a field organization whose precise etrength is unknown. 139 
After June, 1943, each ficelc army probably disposed of pots a 
oryptanslytic party (Nucleo) and intercept fecilities.1 
The Uryptansiytic Section of the Havel Intelligence Service 
{SIS} maintained seven fixed latercept stations in Italy and 
its possessions. It also controlled intercept groups locé&tsd 
on the flagships of 911 naval socmersis.t 

Iteélian cryptanalytic successes seam to have been limited. 
The Army Cryptanelytic Sestion worked on diplomatic, military 
attache, coumeraiai and army systeme.142 The Naval Section 
consentpa ted its efforts on British weyet and Air operational 
codes.145 Hoth sections were small,1*4+ trained oryptanalysts 
were at & srewium,245 and IBM equipment was difficult to 
procure. The Army Cryptanalytic Section read the U. S. State 
Department "Brown" Code (through compromise) and solved (or 
purchased) sereral other U. 8. eystems including the Military 
Intelligence Code No. 11.146 according to General Gamba, head 
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of the Section, they also read a British diplomatic five- 
figure code, and an unenciphered four-figure, two- t 

British diplomatic code (Foreign Office "R" Code 2), as 

well as French, Turkish and Rumanian systems.147 ‘The Naval 
Section read British naval tactical codes, the daily- 

changing air code enciphering tables, and an unidentified four- 
figure "Anglo-American Naval code". 148 A four-figure British 
Naval code was read from 1941 until the North African landings 
in November, 1942.149 

The Germans held e low opinion of Italian cryptanalytic 
capabilities, and considered their cryptographic procedures 
1o be highly insecure. As & result, good cooperation was never 
achieved. What formal liaison existed, ended with the 1943 
Armistice. The Germans then took over the remnants of the 
Italian organization (SID), dissolving it in February, 1944,150 

For a more detailed discussion of the Italian cryptanalytic 
Organization see Volume 3. 

b. The Hungarian Cryptanalytic Agency-- The Hungarian 
Cryptanalytic Bureau ction Xo neral Staff-Hungerian 
name unknown) was subordinated to the Ministry of Defense. It 
had a strength of approximately fifty persons.151 Its 
Principal cryptanalytic work was done on Turkish codes and 
ciphers, as well as Italian, Polish and Russian systems. TICOM 
recovered approximately 90 code books from the agency, covering 
Vvork on codes from 16 countries.152 The or zation was 
evacuated in 1945 to German territory, and later dispersed 
into Hungarian collecting cams. 
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The Hungerian Bureau was said to have had an excellent 
relationship with the German Signal Intelligence Agency of 
the Supreme Command Arsied Forces (OKW/Chi), and the Finnish 
oryptanalytts organization. 

For further discussion on the Hungarian Cryptenalytic 
Agency, see Volume 8. 

c. The Austrian C€ tanohlytic Agency-- A small Austrian 
Cipher Bureau (subordination end Austr name unknown) had 
been in existence for some years prior to 1934. It hada 
staff of at least five key cryptanalysts, who worked principally 
on Itelian, Freneh, Swiss, Yugoslav, Spanish, U. &. and English 
systems. Before 19354, and during the critical period prior to 
the annexation its personnel méde ao regular "black market” 
exchange of cryptanalytic results with the Signal Intelligence 
Agency of the German War Ministry (Reichskriegsministerium) 
dealing with Senior Spectelist (ORR) Fenner and Captain (later 
Major and Colonel) Boetzel. After annexation, its principle 
cryptanalysts went to work for various German Signal Intelli- 

ence Sgencies including tne Signal Intelligence Sree Bee the 
upreme Command Armed Forces (OKW/Chi), and Goering's "Research" 
Bureau (7A). 

a. The Finnish Cryptanalytic Agency-- The Finnish Signal 
Intelligence Agency (Finnish name unknown) wae subordinated 
to the military intelligence crganization of the Finnish 
Generel Staff. Of approximately battalion strength, it was . 
subdivided into intercept, cryptanalytic and evaluation units.257 

Highly regarded by German oryptanalysts, with whom 
excellent liaison existed, it worked on military, naval and 
diplomatic traffic. First priority was given to Russian traffic, 
follcwed by Polish, Swedish and U. S. traffic.154 They suc- 
ceeded in solving the five-figure Russian military code used 
at the time of the first Russo-Finnish way. In 19435 they also 
solved an unspecified U. 8. Strip cipher.155 

See Volume § for a further discussion of the Finnish 


Cryptanalytic Agency. 
153 
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e. The Bulgerian Cryptanalytic Agency-- TICOM aources 
mike only one reference  pulaeelan cryptanalytic work. 
In 1944 the Signal Intelligence Agency of the Supreme 
Command Armed Ferces (OKW/Chi) gave @ train course to 
certein Bulgarien cryptanalytic personnel.1 


13. Itaison between German Si 1 Intelligence cies 
and other Axis c be C noles,-- our rman 
military SypEanaiotie agencles &ppear to have engaged in 


c 

active liaison with allied {Axis) cryptanalytic agencies. 
There is no evidence (from TICOM sources} that any foreign 
liaison was undertaken by Goering's "Research" Bureau (FA) 
or the Cryptanalytic Section of the German Foreign Office 
(Pers ZS). The Signal Intelligence Agency of the Supreme 
Command Armed Forces (O0KW/Chi) appears to have had some 
primacy, especiélly in the field of relationships with 
Japan. 57 

a. Liaison with Japan.-- The Signal Intelligence Agency 
of the Naval High Command (OKM/4 SKL III) attempted to give 
the Japanese data on the British Naval Cipher No. 3, receiving 
in return some strips and settings for the U. &. Strip Cipher 
"DUPYH! 155 ‘There was a formal liaison hetween the Signal 
Intelligence Agency of the Supreme Command Forces (0XKW/Ch1) 
and the Japanese military attache in Berlin. Some data on 
Anerican systems was given to the J&panese, but no intelligence 
was exchanged.159 In January, 1945, a German interservice 
eryptanalytic delegation was to be sent to Japan ty submarine, 
but the plan never materialized, 160 


HES 96, p 5 

157; 119, p 6; I 29, p 6 

158) 93, pages 8, 9; I 12, p 19 
1597 21, p 3 

160; 105, p 5: I 48, p3 


DOCTD* 


sm 


3560861 


i 


b. Liatson with Italy.--Thers was little practical crypt- 
analytic colianora Jon with the Italians. Gode book groups 

were exchanged. The Germans hac no copfidence in the se- 
ourity of Italian crypto appdo eystems,102 Liaison was ter- 
minated at the snd of 1943, 

ec. Liaison with g .-~According to Colonel Kettler 
of the Siznal Inte ence Agency of the Supreme Command Armed 
Forces (0XW Bht). liaison with the Hungarians had existed since 
the 1920's. In the spring of 1944 one-eighth of the inter- 
cept used by the Signal Intelligence Agency of the Supreme 
Command Araed Forces (OKW/Chi) cemc from Eungarian sources .165 
From April, 1944, until January, 1945, a Hungarian intercept 
company was sttached to III/Atr Signale Regiment 353. The 
Hungarian egency also sent Italian, Rumanian and Polish traffic 
to tae Signal Intelligence Agency of the Supreme Command Armed 
Forces (OXw/Chi), who returned Solution methods on this traffic 
to the Hungarian agency. 

6. idsison with Finland.--The liaison with the Finns on 
Russian traffic seems to have been the most satisfactory co- 
operation undertaken by the Germans. Detachments of Air- 
force Signal Intelligengg personnes]. worked with the Finns at 
Mikkeli and Sortavala. There were permanently assigned 
liaison officers, both FPiunish end German, at the Finnish 16 
agency and the Army Sigaci Intelligence Agency East (HLS/Ost). 9 
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The coopersiion embraced exchange of intercepted traffic, work 
on keys and systems (including non; ussign systems, such as 
an unspecified U. 3. Strip System+/“Jand exchanges of equip- 
ment. There is, however, some evidence that the Finns did 
not provide the Germans with all the cryptanalytic material 
available .*! 

@. Liaison with Spain and Bulgarla-- Cryptanalytic 
iiaison vetween these two countries and the Germans appeared 
to be unimpontant. 


14. Chart swmman)2ing results of European Axis crypt- 
enalysis--~ Chart 1-2 summarizes the results o 6 Kuropean 
Axis cryptanalytic effort against the cryptographic systems 
of other nations, as learned from TICOM sources, and as 
annotated with Army Security Agency material. 

For purposes of brevity, the following abbreviations y 
have been used in this chart: 

FA- represents Goering's "Research" Bureau (FA). . 

OKH~ represents the Signal Intelligence Agency of the 

Army High Command (OKH/GdGNA), its predecessors 
endfor field units. ; 

OKL- represents the Signal Intelligence Agency of the 

Air Force High Command (OKL/LN Abt 350), its 
predecessors and/or field units. 

OKM- represents the Signal Intelligence Agency of the 

Navy High Command {OKM/4 SKL/III and/or its 
field units. 
OKW- represents the Signal Intelligence Agency of the 
Supreme Command Armed Forces. 

Pers Z S- represents the Foreign Office Cryptanalytic 
Section (Pers % 8). 

SID- represents Itallan Defense Intelligence Service 
(SID). (see Volume 8, Page 15). 

SIM-~ represents Italian Army Intelligence Service (SIM) 
and/or its field units. 

In many cases, positive system identifications could not be 
made. Where doubt existed, the systems were therefore entered 
separately. Thus, many systems may have been entered more 
than once in the chart. 
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Tab A 


A 27. "List of Dosunents Recelyved from Hungarian Crypt. 

Unit Exgenfslden.” A TICOM Publication. 
_ Abwebr,-- Militsry Intelligence, 

Agents Section of in 7/VI.-- Referat Vauck (Vauck's Section, 
numed for its chief, Pirst Li. Vauck). 

Ag WNV/¥u (Amtsgruppe ':ahrmechtnachrichtonverbindungen/ 

Ea eypondacnans) += Armed Porces Rudio Monitoring 
ervice. 

Air Siguel Regivens.-- iuftnachrichtenregiment (LN Regt). 

Antezrupne Wehrnécntneacarichtenverbiniungen/Funkueberwachung 
(Ay “AV/Fu).-- Armed Forces Radio Monitoring Service, 

Armed Forces Radio Monitoring Service.-- Antsagruppe Wehrmacht- 
HAdhn bubensaehiadungan PURKEsbewasnuna (Ag WNV/Fu). 

f~ Aruy Ordnance, Devalopmeat end Testing Group, Signal Branch.-- 
Chef der Heerearusstung und Befehlishaber des Ersatzheeres, 
Autsgruppe fuer Entwicklung und PruePfung des Heeres- 
wafrfensmts, Waifenpruefung, Abteilung 7 (Wa Pruef 7). 

Army Signal Inteliigence Regiment.-- Koumindeur der Nachrich- 
tensufklasrung (KONA). 

Bootzel, ___» Goi. Ghief of Code and Cipher Section of Ger- 
men War Ministry, 1934 - 1939. CGhief of the Signal 
Intelligence Ageucy of the Army High Command. (OKEK/GGNA). 

Calef Armed Forces Sipgniasr Communications Group.--Oberkommando 
der Wehrmacht /Che? Amtsgruppo Wehrorchtnachrichtenver- 
bindungen (OKW/chef Ag WNV). 

Chief Signal Officer of the Army.--Oberkommendo des Heeres/ 
Chef des Heoresnecirichtenvesens (OKR/Chef HMw). 

Chief Signal Officera® she Supreme Comiend Armed Forces.--~ 
Oberkommando der Wonurmacht/Wsffeiufuchrungssteb/Chef der 
Wehrnachtnachrichtenverbindungen (OXW/WFat/Chef WNV). 

Caiffrierdienst des Referats Z in der Personalabteilung des 
Ausvaertigen futes {Pers Z Chi).--Foreign Office Crypto- 
graphic Section. 

Chiffrierstejie, Jberkormando der Luftwaffe (Chi-Stelle Ob dL), — 
Signs] Intelligence Agency of the Air Forces High Command, 

Cni-Stelle Ob dL (Chiffrierstelle, Oberbefehlshaber der Luft-~ 
waffe).--Signcl Intelligence Agency of the Commander in 
Chief of the Air Force. 

Cryptanslytic Section of the Italian Army Intelligence Ser- 

a vice.~-Servizio Informazioni Militari (SIM). 
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Cryptanalytic Section of the Italian Navy Intelligence Ser- 
vice.--Servizio Informazioni Speciali (SIS). 

CSDIC. Combined Services Detailed Interrogation Center. 

D6. "List of German Gover-names with equivalents and des- 
criptions of British cipher systems worked on by OKM/ 
4 SEL/III." Translation documents T 515 ~ 7 520, A 
TICOM document. 


Di15. "Translation of ten cryptanalytical reports by OKM/4 


SKL/IIZI on British Naval systems from folder entitled 
"Research Progress 30/1Y44-21/3/45", in T 520, 

D 16. Translation of Annual Progress Reports by Pers Z 5 
covering 1927, 1941, 1942. A TICOM publication. 

D41. Translation of Cryptanalytic Reports by OKM/# SKi/III 
on British Naval Systems, from Folder entitled "Research 
Progress 1/12/43-1/11/44." TICOM 519. 

D54. Translation of Eight Pers Z S Reports on Cipher Systems. 
of Various Countries. 

D 57. "Notes ané Minutes of High-Level Meetings held at 
okW/Chi." Translation of T 1650. A TICOM publication. 

D 59. Notes on Cipher Security and Minutes of Meetings held 
at OKW/Chi. ; 

Nn 60. Miscellaneous Papers from a file of RR Dr. Huettenhain 
of OKW/Chi. 

Dp 68. Further Misc. Papers from a File of Huettenhain. 

DF 9. Captured Wehrmacht Sigint Document: Translation of 
Activity Report of OKW/Chi for the Period lst January, 
1944 to 25th June, 1944, 

Doenitz, Kari, Grand Admiral. Commander in Chief, German 
Navy; Reich Chancellor after Hitler's death. 

ETOUSA. European Theater of Operations, United States Army. 

FA (Forschungsamt).--Goering's Research Bureau. 

Fenner, Wilhelm, Senior Specialist. Chief of Division B of 
OKW/Chi (cryptanelysis). 

Foreign Office Cryptanalytic Section.--Sonderdienst des 
Feferats Z in der Personaladteilung des Auswaertigen 
Amtes (Pers Z 8). 

Foreign Office Cryptographic Section.--Chiffrierdienst des 
Referats Z in der Personalabteilung des Auswaertigen Amtes 
(Pers Z Chi). 

Forschungsamt (FA).--Goering's Research Bureau. 

Fricke, Walther, Technician (Lt. Grade), Dr. Chief of Section 
IIb of OKW/Chi (development of German systems). 
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Paragraph 61. 


a(1) 5(5 + 1— 6); (2) 4(2 + 1— 8); 
(3) 3(3 — 6 + 7); (4) 7r1 — 3 + 5); 
(5) 2(5a + 4y + 382). 
b(1) 49x2y8; (2) 4w; (3) 64a4b8; (4) 
729a°x3; (5) —27b3z!2, 


c(1) 5; (2) —8; (8) ab’; (4) +6yz?; 
(5) —10ab'; (6) +20a; (7) —3; (8) 
—x?; (9) 4; (10) 5axtysz?. 
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Paragraph 69. 
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or sai (6) t=1; (6) ¢= 72507) 
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(5) @— 6) — 9); (6) SEP ; (7) 
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Paragraph 76. 
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d(1) 2/3; (2) 38V7; (3) 82/7; 
(4) 12ab%/2; (5) 2bd\/IB; (6) 21/2R; 
(7) Qpz,/Tp; (8) 12drts\/8ds; (9) 
A5ar/b; (10) 112wta?y\/2zxz. 
e(1) YE; (2) VE; (9) WEP; (a) VE 


(5) Welatet 2Ta5a =e 
3ax—” 3—22 ’ 
(7) Wa (a+b). (8) Wabec? , 
a b2 be , 


wa 


WEFT. 19) SE 
(9) S23 0) VEE SY. 


233 


DOCID: 3560861 


ili 


Gamba, Vittorio, General. Commander of Italian Cryptanalytic 
Section from World War I to Armistice of World War II. 

German War Ministry.--Reichskriegsministerium. — 

Gimmler, » Maj. Gen. Chief of Army Ordnance, Develop. :..'. 
and Testing Group, Signal Branch (Wa Pruef 7), 1939-1943, 
Chief Signal Officer to Commander in Chief West, 19435 - 
1945. Chief of Armed Forces Communications Group (Chef 
Ag WV). 

Goering's Research Bureau.--Forschungsamt (FA). 

Group IV of Division II in the office of the Chief Air Force 
Signal Officer.--Oberkommando der Luftwaffe/General- 
nachrichtemfuehrer II, Gruppe IV (OKL/Gen Nafue II/IV). 

Himmler, Heinrich. Reichsfvehrer 5S, Minister of Interior, 
Chief of German Police. 

HLS Ost (Horchleitstelle Ost).--Intercept Control Station 
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Horchleitstelle Ost (HLS Ost).--Intercept Control Station 
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Huettennain, Erich, Specialist Dr. Chief cryptenalyst 
of OKW/Chi from 1937 to end of war. Chief of Group IV 
ae research); also chief of Section Iva 

training). 

Il. "Finel Report on TICOM Team 3 on Final Exploitation 
on Burgscheidungen." A TICOM publication. 

J i2. "Translation of the Preliminary Interrogation of O.R.R. 
Trenow of 4/SKL III/OKM, carried out at Flensburg on 
24-25 May 1945 by TICOM Team 6." A TICOM publication. 

I 13. "Composite Report on Two Interrogations of Oberstit. 
Friedrich, Chief of the G.A.F. Sigint Service, 18/5/45 
and 9/6/45." A TICOM publication, 

I 19. Report on Interrogation of KONA 1 at Revin France 
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I 21. "Preliminary Interrogation of Oberst tettler, R.R. Dr. 
Huettenhain, Sdf. De. Fricke and Oblt. Schubert (OKH/Chi1), 
15 June 1945." A TICOM publicetion. 

I 22. "Interrogation of German Cryptographers of Pers ZS 
Department of the Auswaertiges Amt." A TICOM publication, 

I 25. “Interrogation of RLM/Forschungsamt Members: Dr. Paetzel 

R. R. Fingerhut, R. R. Oden, Dr. Klautsche and Min.. Rat.; 

eifert, ‘ab. Schloss Gluecksbarg on 15, 21 June 1945." ¢. 

TICOM publication. n 

I 26.. "Interrogation of Oblt. Schubert (OKH/Chef HNW/Gen. - | 
d.NA) on Russian Military and Agents' Systems." A TICOM 
publication. 
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I 29. ‘Third Interrogation of Oberstlin. Friedrich, Chief of 
the G. A. F. Signals Intelligence Service.” A TICOM 
publication. 

: I 31. "Detailed Interrogations of Dr. Huettenhain, formerly 
head of research section of OKW/Chi, 18th-2lst June 1945." 
A TICOM publication. 
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and Fricke, Oberst Mettig, and Lt. Morgenroth carried out 
on 29th July 1945." A TICOM publication. 
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- Friedrich.” A TICOM publication. 

1 74. “Interrogation Report on Obdgefr. Keller, formerly Aus- 
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A TICOM publication. 

76. “Interrogation Reports on Lehwald, Haupts, Klett and 
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publication. 

I 78. “Interrogation of Oberstlt. Mettig on the History and 

Achievements of OKH/AHA/In 7/VI. 

I 80. "P.O.W. Interrogation Report--Obgefr. Clement Schuck 

Insp. VII/6 (OKH)." A TICOM publication. 
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84, "Further Interrogation of R. R. Dr. Huettenhain and 
Séf. Dr. Fricke of OKW/Chi.’ A TICOM publication. 

85. "P.O.W. Interrogation Report on Reg. Rat Flicke, Tech, 
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i 89. “Report by Prof. Dr. H. Rohrbach of Pers. Z. 8. on 
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I 96. “Interrogation of Oberstit. Mettig on the Organization 
and Activities of OKW/Chi." A TICOM publication. 
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105. “Interrogation Report on Frau von Nida (Wife of 
Mejor Wolfgang von Nida, one-time Deputy Head of CKW/ 
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106, ‘Final Interrogation Report on the Norway Party 
(NAA 11).' A&A TICOM publication. 

109. "Translation of a Report by Lt. Ludwig of Chi Stelle 
Ohd.L. (Ref.B) based on questions set for him at A.D.I.- 
(K)." A TICOM publication. 

111. "Further Interrogation of Oberstlt. Mettig of OKW/Chi 
on I«:th. September 1945." A TICOM publication. 

113. ‘Interrogation of Major Dr. Rudoif Hentze, Head of 
Gruppe IV (Cryptanalysis) Generel der Nachrichtenaufk- 
laerung." <A TICOM publication. 

115. "Further Interrogation of Oberstlt. Mettig of OKW/Chi 
en the German Wireless Security Service (FPunkiberwachung). 
A TICOM publication. 

116. "Report of Interrogation of Ltn. Alex Dettmann and 
Oberwachtmeister Sergius Samsonow of OKH {Gen.d.NA) at 
Oberursel, Germany, during August 1945." A TICOM 
publication. 

120. "Translation cf Homework by Obltn, W. Werther, Company 
Commander of 7/LN Ret. 353, written on 12th August 1945 
at A.D.I. (K)." A TICOM publication, 

126. “Homework by Major Feichtner." A TIC.M publication. 

130. "Homework by Hauptmann Herold, 0.C. im. Regt. III/353." 
A TICOM publication. 

121. "“Obstlt. Mettig of OKW/Chi on WA Pruef 7 and RLM/Fors- 
chungsamt." A TICOM publication. 

135. "Homework by Lt. Ludwig of Ghi-Stelle Ob.d.L. (Ref.B)." 
A TICOM publication. 

142. "P/W Barthel's Account of German Work on British, 
American, Swedish, and French Machine Ciphers." A TICOM 
publication. 

143. “Report on the Interrogation of Five Leading Germans 
at Nuerenberg on 27th September 1945." A TICOM publication. 

144. “Further Interrogation of Lt. Muentz of 4 SKL III. 

146. “Detailed Interrogation of Members of OKM 4 SKL III 
at Flensburg." A TICOM publication. 

147. “Detailed Interrogation of Menbers of OKM 4 SKL III 
at Flensburg." A TICOM publication. 

154. "Interrogation of Uffz. Rudolph Schneider of In 7/VI." 


A TICOM publication. 
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160. "Homevyork by Sonderfuehreer Kuehn of Gen. D. N. A. 
on General Organisation and Work of French Referat.” 
A TICOM publication. 

163. "Report on Interrogation of Hptm. Scheidl, Ltn. Sann 
and Ltn. Smolin, all of I/LN Rgt. 353 (East), on German 
Sigint Activity Against Russian Air Forces." A TICOM 
publication. 

170. “Report on French and Greek Systems by Oberwachtmeister 
Dr. Otto Karl Winkler of OKH/FNAST 4." A TICOM publication. 

172. “Interrogations of Hagen and Paschke of Pers Z S." 

A TICOM publication. 

193. “Interrogation of SS Obersturmbahnfuehrer Urban, 
Liaison Officer of RSHA/VI with the Crypto Bureau of 
Hungarian General Staff." A TICOM publication. 

15. “Final Report of TICOM Team 1 on the Exploitation of 
Kaufbeuren and the Berchtesgaden area." From TICOM. 

40, "Final Report of TICOM Team 2." From TICOM. 

51. "Report of TICOM Team 4--visit to Southern Germany 
and Austria, 14th dune to 12th July 1945." From TICOM. 

101. "Narrative and report of proceedings of TICOM Team 
6, 11 April~6 July 1945." From TICOM. 

107. Interrogation of POW Werner K. H. Graupe regarding 
German cryptographic organization and solution of allied 
codes. 

108. Interrogation of Oblt. Arntz. CSDIC (U.K.) SIR 16C6. 

120, First detailed interrogation report on Thomas Barthel. 
CSDIC/CMF/Y 40. 

123. "Consolidated report on information obtained from the 
following: Erdmann, Grubler, Hempel, Karrenberg, Schmitz, 
Suschowk. CSDIC (U.K.) SIR 1717. 

126. "Interrogation report on Kotschy and Boscheinen." 
CSDIC (U.K.) SIR 1335. 

132.. "Notes by Huettenhain and Fricke on OKW/Chi and the 
German I. S." <A TICOM publication. 

165. Special report by Kirby, on TICOM Team 6's relation 
with OKW/Chi personnel. 

166. Special report by Kirby on Sdf. Dr. Fricke. 

167. Final report on the visit of TICOM Team 5 to the 
Schliersee area. 

175. Seabourne report, Vol. XIII. "Cryptanalysis within 
the Luftwaffe SIS." From Commanding General, 9th Air Porce. 

180. Seabourne Report, Vol. V. “The Chi-Stelle." From 
Commanding General, 9th Air Force. 
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IF 181. seabourne Report, Vol. VI. "Origins of the Luft- 
waffe SIS and History of its Opsretions in the West." 
From Commanding Gengral, 9th Air Force. 
IF 182. Seabourne Report, Vol. VII. "Technical Operations in 
the West." From Commanding Generali, 9th Air Force. 
If 187. Seabourne Report, Vol. XII. "Technical Operations in 
the Hast." Prom Commanding General, 9th Air Force. 
IF 188. Four Newspaper Articles. Sutject: Goering's conver- 
gations concerning Austrian Anschluss. Associated Press, 
4.,5,6,7. November 1945, 
IF 2069. "Italian Communication Intelligence." Report by 
Admiral Maugin with U. S. Navy Introduction, 
IF 1500. "Italian Intelligence Service: Report on “Organi~ 
zation and Working of the Servizio Informazioni Esercito 
(S.1.E.) within the Period 1/11/41--15/6/43." A TICOM 
Publication. 
IF 1502. "First Betailed Interrogation Report of Guiseppe 
Samarughi." CSDIC/CMF/Y 29. 
IF 1517. "First Detailed Interrogation of Augusto Bigi, who 
worked in the Cryptographic Section of SIM before the arm 
istice and in SID afterward." CSDIC/CMFYY 4. 
IF 1518. "First Detailed Interrogation of Vittorio Gamba, 
oC director of SIM Cryptographic Section until Armistice." 
| CSDIC/CMF/Y 7. ’ 
IF 1520. "First Detailed Interrogation of Guido Emer." 
CSDIC/CMF/Y¥ 10. 
IF 1523. "First Deteiled Interrogation of Giovanni Grsemola, 
pertaining to Turkish, French, British, and USA’ traffic." 
GSDIC (MAIN) /Y 24. 
IF 1524. "First Detailed Interrogation Report on Three SID 
Cryptographers: de Witt, Blagi, Carlini." CSDIC/CMF/Y ®. 
IF 1526. "Second betailed Interrogation Report on Five italian 
SID CGryptographers: de Witt, Biagi, wWlieni, Carlini, and 
Barbagslio." CSDIC/CMF/Y 35. , 
IF 1527. "First Detailed Interrogation Report of Alberto 
Barbagello, Italian Naval Cryptographer." CSDIC/CMF/Y 34. 


In 7/IV (Inspektion 7/IV).-~Signal Security Agency of th Army 
High Command, 

In 7/VI1. (Oberkommando des Heeres, Inspektion 7/VI).-- 

Inspectorate 7/V1. 

Inspectorate 7/V1.-~Oberkommando des Heeres, Inspektion 7/VI 
(OKH/In 7/VI, or simply In 7/VI). A predecessor of the 
Signal Intelligence Agency of the Army High Command 
(OKH/GANA). 

- Inspektion 7/IV (In 7/IV).--Signsal Security Agency of the Army 
High Command. 
2 Intercept Control Station East.-- Horchleitstelle Ost (HLS Ost)-- 
A predecessor of the Signal Intelligence sgency of the Army 
High Command (OKH/GdNA). 
italian Air Force Intelligence Service.--Servizio Informazioni 
Aeronautica (SIA). 47 


DOCID: 3669RGlnerense Intelligence Service.--Servizio Informazioni 
Difesa (SID). 
'' godl, Aifred, General. Chief of Operations Staff, a 
OO) . High Command {Chef OKW/Ia). 
Keitel, Wilhelm, Field Marshal. Chief of Armed Forces High 
Command (Chef OKW). . 
Kettler, Hugo, Col. Chief of OKW/Chi 1943-1945. 
Kommendeur der Nachrichtenaufklaerung (KONA) .--army Signal 
Intelligence Regiment. 
KONA (Kommandeur der Nachrichtenaufklaerung) .--Army Signal 
Intelligence Regiment. 
Krauss, ,» Admiral. Chief of OKM/4 SKL/III. 
LN Regt (Luf dicot ages gcmend & ---Air Signal Regiment. 
Luftnachrichtenregiment (LN Regt).--Air Signal Regiment. 
Meteorological Intercept Control.--Wetternachrichtenueber~ 
wachung (WENUEB). 
ae Lt. Col. Second in command of ony cet Dec: 
FSz1945. Chief of Division a (cryptography). 
sic eake Intelligence.--Abwehr. 
Narodni Kommissariat Vnutrinikh Del (NKVD).--Peoples' Commis- 
sariat for Internal Affairs. A Russian secret police 


Forces 


organization. 
NKVD (Narodni Kommissariat Vnutrinikh Del).--People's Com~ 
missariat for Internal Affairs. A Russian secret police 
/ organization. 


Oberkommando des Heeres/Chef des Heeresnachrichtenwesens 
(OKE/Chef HNW.--Chief Signal Officer of the Army. 

Obecrkommando des Heeres/General der Nachrichten Aufklaerung 
ee -+Signal Intelligence Agency of the army High 


Comman 
. Overkommando des’ Heeres/Inspektion TANI (OKH/In 7/VI).--Ins- 
pectorate 7/VI of the Army High Command. 
Oberkommando der Luftwaffe/Generalnachrichtenfuehrer II, 
Gruppe IV (0KL/Gen Nefue IZ/IV).--Group IV of Division II 
in the Office of the Chief Air Force Signal Officer. ' 
Oberkommando der Luftwaffe/Luftnachrichtenabteilung 350 
: (OKL/LN Abt 350).--Signal Intelligence Agency of the 
Air Force High Command. 
Oberkommando der Marine/4 Seekriegsleitung III (OKM/4 SKL III).-- 
Signal Intelligence ency of the Navy High Command. 
OQberkommando der Wehrmacht/Chef Amtsgruppe Wehrmachtnachrich- 
tenverbindungen (OKW/Chef Ag WNV). i, Armed Forces 
Signal Communications Group. 
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Oberkommando der Wehrmacht/Chiffrierabteilung (OKW/Chi).-- 
yn A Intelligence Agency of the Supreme Command Armed 

orcss. 

Oberkommando der Wehrmacht /Waffenfuehrungsstab/Chef der 
Wehrmachtnachrichtenverbindungen {OKW/WFSt/Chef WV) .-- 
Chie? Signal Officer of the Supreme Command Armed Forces. 

Oberkommando der Wehrmacht/Wehrmachtnachrichtenverbindungen/ 
Paiienebeawe ating III (OKW/WNV/Fu III).--Radio Defense 

orps. 

OKH/Chef HNW (Oberkommando des Heeres/Chef des Heeresnachrich- 
tenwesens).--Chief Signal Officer of the Army. 

OKH/GaNA (Oberkommando des Heeres/General der Nachrichten 
Aufklaerung) .--Signal Intelligence Agency of the Army 
High Command. 

OKH/In 7/VI (Oberkommando des Heeres/Inspektion 7/VI).-- 
inspectorate 7/VI of the Army High Command. 

OKL/Gen Nafue II/IV {Oberkommando der Luftwaffe/General- 
nachrichtenfuehrer II, Gruppe IV).--Group IV of Division 
II in the office of the Chief Air Force Signal Officer. 

OKL/LN Abt 350 (Oberkommando der Luftwaffe/Luftnachrichten- 
abteilung 350).--Signal Intelligence Agency of the Air 
Force Hi Command . 

OKM/4 SKL II Pies ne a der Marine/4 Seekriegsleitung II).-~- 
Signal Security Agency of the Navy High Command. 

OKM/4 SKL III (Oberkommando der Marine/4 Seekriegsleitung III).-- 
Signal Intelligence Agency of the Navy High Command. 

OKW/Chef Ag WNV (Oberkommando der Wehrmacht/Chef Amtsgruppe 
Wehrmachtnachrichtenverbindungen).--Chief, Armed Forces 
Signal Communications Group. 

OKW/Chi (Oberkommando der Wehrmacht/Chiffrierabteilung) .-- 

The Signal Intelligence Agency of the Supreme Command 
Armed Forces. 

OKW/WFSt/Chef WNV (Oberkommando der Wehrmacht/Waffenfuehrungs- 
stab/Chef der Wehrmachtnachrichtenverbindungen) .--Chief 
Signal Officer of the Supreme Command Armed Forces. 

OKW/WNV/Fu III (Oberkommando der Wehrmacht /Wehrmachtnach- 
richtenverbindungen/Funkueberwachung III).--Radio Defense 
Corps. 

People's Commissariat for Internal Affairs.--Narodni Kommis- 
sariat Vnutrinikh Del (NKVD). A Russian secret police 
organization. 

Pers Z Chi (Chiffrierdienst des Referats Z in der Personai- 
abteilung des Auswaertigen Amtes).--Foreign Office 
Cryptographic Section. 


DOCID: 3560861 


C 


Pers ZS (Sonderdienst des Referats Z in der Personalabtel- 

lung des Auswaertigen Amtes).--Foreign Office Crypt- 
, Gnalytiec Section. 

Praun, Albert, Maj. Gen. Succeeded Fellgiebel as Chief 
Signal officer of Armed Forces, 1944, 

Radio Defense Corps of the Supreme Commend Armed Forces.-- 
Oberxommando der Wehrmnacht/Avehrmachtnachrichtenverbindungen/ 
Funkueberwachung IiI (OKW/WNV/Fu III). 

Referat Vauck (Vauck's Section, named for its chief, First 
Lt. Vauck).--Agents Section of In 7/VI. ; 

Reich Defense Ministry.--Reichswehrministeriun. 

Reich Main Security Office.--Reichsicherheitshauptamt (RSHA). 

Reichsicherheitshauptamt (RSHA).--Reich Main Security Office. 

Reichskriegsministerium.--German War Ministry. 

Reichswehrministerium.-- Reich Defense Ministry. 

von Ribbentrop, Joachim. German Foreign Minister. 

Rommel, Erwin, Field Marshall. Commander of the Panzer Army 
of Africa in 1942, 

* RSHA (Reichsicherheitshauptamt) .--Reich Main Security Office. 

Servizio informazioni Acronautica (SIA),--Italian Air Force 
Intelligence Service. 

Servizio Informazioni Difesa (SID),.--Italian Defense Intelli- 
gence ‘Service. 

Servizio [nformazioni Militari (SIM).-~Cryptanalytic Section 
of the Italian Army Intelligence Service. 

Servizio Informazioni Speclali (SIS).--Cryptanalytic section 
of the I[talin Navy Intelligence Service. 

Schubert, , 13t Lt. Cryptanalyst with the Signal Intelli- 
gence Agency of the Army High Command. (OKH/GGNA). 

SIA (Servizio Informazioni Aeronautica).--Italian Air Force 
Intelligence Service. 

SID (Servizio Informazioni Difesa).--Italian Defense Intelli- 
gence Service. 

Signal Intelligence Agency of the Air Force High Command.-- 
Oberkommando der Luftwaffe/Luf tnachrichtenabteilung 350 
(OKL,ALN Abt 35). 

Signal Intelligence Agency of the Army High Command,--Qberkon- 
mando des Heeres/Genpral der Nachrichten Aufklaerung . 

{ OKH/GGNA). 

Signal Intelligence Agency of the Commander in Chief of the 
Air Force.--Chiffrierstelle, Oberbefehlshaber der Lu7t- 
waffe {Chi-Stelle 0b dL). 
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Signal Intelligence sae | of the Navy High Command.--Ober- 
kommando der Marine/4+ Seekriegsleitung III (OKM/4 SKL III). 

Signal Intelligence Agency of the Supreme Command Armed Forces.-- 
Oberkommando der Wehrmacht/Chiffrierabteilung (OKW/Ch1). 

Signal Security Agency of the Army High Command.-~-Inspektion 
7/IV (In 7/IV). 

Signal Security Agency of the Navy High Conmmand.~-Oberkommando 
der Marine/4 Seekriegsleitung II (OKM/4 SKL/II). 

SIM (Servizio Informazioni Militari).--Cryptanalytic Section 
of the Italian Amny Intelligence Service. 

SIS (Servizio Informazioni Speciali).--Cryptanalytic Section 
of the Italian Navy Intelligence Service. 

Sonderdienst des Referats Z in der Personalabtellung des 
Auswaertigen Amtes (Pers Z 8).--Foreign Office Crypt-~~ 
analytic Section. 

T 517. Stand der Arbeiten (Report of work done on British 
and American Naval Ciphers). 

T 2ho, ae Serle 1726 (Recovered letter-figure Substitution 
Code). 

T 2038. Berichte der Gruppen Polen, Finnland, Litaen, Lettland, 
Tscheckoslovakel, Jugoslavien, Bulgarien. 

Target Intelligence Committee {TICOM). A joint combined 
committees organized in the fall of 1944 in England for 
the exploitation of European Axis signal intelligence 
centers of special interest. 

TF 29. Dle Veherwachung des Nachrichtenverkehrs im Kriege 
(Supervision of Information Channels in War). 

[F 31, '"'Schiuesselanleitung zum Rosterschluessel 44 (RS 44)." 

TF 32, "“Rasterersatzverfah sen.“ 

TICOM (Target Intelligence Conmmittee).--A joint combined com- 
mittee organized in the fall of 1944 in England for the 
exploitation of European Axis signal intelligence centers 
of special interest. 

Tranow, » Senior Specialist Pr. Head of Subsection IIIf 
(Britain and USA) of the yee Intelligence Agency of 
the Navy High Command (OKM/4 SKL/III). 

Verlaessliche Nachricht (VN).--"Reliable Report.” Translation 
into German of decoded diplomatic message. 

VN (Yerlaessliche Nachricht).--"Reliable Report." Trans- 
lation into German of decoded diplomatic message. 

Waffenpruefung 7 (Wa Pruef 7).--Army Ordnance Development 
and Testing Group, Signal Branch. 
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Waffenschutzstaffel (Waffen-SS) .--armed Elite Guard. Com- 
<. ponents of Elite Guard serving at front. 
Waffen-SS (Waffen-Schutzsteffel).--Armed Elite Guard. Com- 

ponents of Elite Guard serving at front. 

Wa Pruef 7 (Waffenpruefung 7).--Army Ordnance Development 
and Testing Group, Signal Branch. 

WENUEB (Wetternachrichtenuederwachung) .--Meteorological 
Intercept Control. 

Wenzel, _, senior Specialist, Head af Section 9 of the FA. 

Wetternachrichtenueberwachung (WENUEB).--Metevrological 
Intercept Control. 
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f(1) 105 (2) 14VB; (8) « — 3; (4) 
3a\/2 + a 
2 


; (5) (r + L)vrst; (6) 
2neae ye a) V5 + 8/2; (8) Ta — 


6b; (9) 8V/a + y — 4a — ¥; (10) 
Tab\/5a. 


g(1) 12\/10; (2) 18; (3) 8ab?; (4) 
223\/3z; (5) 2xyW/xy; (6) 24pq2rW/qr?; 


(7)a+b+c¢+2(/ab + Vac + Vbe); 
(8) ax/a (a + x + 1); (9) 8; (10) 
Zaxy?\/2a. 

h(1) 2; (2) 5; (3) 2a; (4) 3BVzy; (5) 
V6 + 2; (6) 120,28 - 35 BF az; (7) 
o— VR —* 5 (8) VIB; (9) 


e? +. f2 +. 2fr/e? + f’(10) 4b\/T — 4b? +1 
e ’ 8b? — 1 


Paragraph 79. 
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a(1) j5\/3; (2) I/23; (3) —j8x2/az ; 
(4) —f100*y*Va; (5) 

(6) —4ay3/2a7y2, 

b(1) 16 + 7109; (2) 41 — j22; (3) 61— 
j251; (4) 4 + 710: (5) 6 + 711; (6) 
—2 — ja7. 

c(1) 779 — 4871; (2) 59 + 7114; (3) 
—22 + 715; (4) 155 — j61; (5) 169 + 
j23; (6) 9 — 78. 

d(1) —55 + 746; (2) 6 — 6/6 + j(6V2 
+ 6/3); (3) 18; (4) —5 — 712; (5) 
— j8; (6) 46 — 748; (7) f? + ifg — 9; 
(8) 12 + E®; (9) —68 — 7289; (10) 71 — 
j17. 


e(1) 37-2 5 (2) 1 96; (8) — 


25 

42 —— 72 

+ 3503 (4) 1+ 925 (6) ete 

(6) 2(1— 32); aa (ai te, 
Bre 2 j21E — E?. 


Paragraph 86. 


a(1) 3; (2) 2; (3) 85; (4) 3; (5) 1; 
(6) <= —5,y = 8; (7) a= 3,b6=1; 
(8) « = 38, y = 4; (9) m — 3, n = 5; 
(10) r=8,s=1. 


Wh _ v— v2, 
b(1)d=—z- . (2) 9= —. 
Fg 2.584H - 
(3)a=—-. (4) N=. (5) l= 
10°F 
22.5BI ° 


e(1) 153 (2) 0; Om (4) 4; ake 


(6) Faas (TD) 253 (8) 8; (9) 40 


1 
(10) —F9- 
d(1)x#=4,y=5; (2) a= 4.95, b = 2.61; 
(3) «= 4,y = 7; (4) « = —2, y = —4; 
(5) «=—3,y=—1; (6) 1 = 13,2 = 17; 


(Me=4y=55 (8)a=6b=—4; 


a ; 


(9) @ = 5, y=—1; (10) r=), 


(a — b) 

5 ; 
e(1) 1 volt; (2) R — 20 ohms; (3) 110 
volts; (4) 75 ohms; (5) 100 milliamperes, 
80 milliamperes, 60 milliamperes; (6) 5.5 
amperes. 


CS 


Paragraph 94. 


a(1) 0, —-g; (2) 0, 4; (3) 0, —3; (4) 0, 
—2; (5) +8; (6) +3; (7) +3; (8) +4; 
(9) 7, —6; (10) 1, 12. 


NEVE 5a) 3 + VB; (8) 


a ae (6) o 
VES) 5252, Wy = 3 


I+ 


(8) —1 ye (9) 1 V6; (10) > 
Ve, 
2 
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THE SIX PRINCIPAL GERMAN CRYPTOLOGIC ORGANIZATIONS 


AS OF _ SPRING, 1945 . 


SIGNAL INTELLIGENCE 
AGENCY OF 
SUPREME COMMAND 
ARMED FORCES 


SIGNAL = INTELLIGENCE 
AGENCY OF 
NAVY HIGH COMMAND 


SIGNAL = INTELLIGENCE 
AGENCY OF 
AIRFORCE HIGH COMMAND 


SIGNAL INTELLIGENCE 
AGENCY OF 
ARMY HIGH COMMAND 


| CRYPTOLOGIG SECTIONS | 
OF | 


| GOERING'S " RESEARCH" 


BUREAU 


OFFICE 


FOREIGN 


CHAINS OF COMMAND 


HITLER 
AS aire AS 


(MPERIAL | SUPREME CHIEF 


SUPREME COMMAND 
ARMED FORCES 
(0 KW) 


FOREIGN OFFICE 


CHIEF 
VON RIBBENTROP 


AIR MINISTRY 


CHIEF 
GOERING 


SIGNAL 
INTELLIGENCE 
AGENCY 


[ cRYPTOLOGIC 
(OK W/CHI) 


z 


| 


DIPLOMATIG, FOREIGN || 
PRESS COMMERCIAL, 
INTERNAL MONITORIN 


OIPLOMATIG 


LEGEND 
NAVY 


HIGH COMMAND 


ARMY AIRFORCE 


HIGH COMMAND 


CHEF RIER 


CHI 


“GANA — GENERAL DER NACHRICHTENAUFKLARUNG 

LN ABT  — LUFTNACHRIGHTEN ABTEILUNG (O KH) 

OKH — OBERKOMMANDO DES HEERES 

OKL - OBERKOMMANDO DER LUFTWAFFE 

OKM - OBERKOMMANDO DER MARINE 

pit ee ee ee SIGNAL INTELLIGENCE | SIGNAL INTELLIGENCE] 
FERS DY PENSGNEL 2 AGENGY | AGENCY AGENCY 

PERS Z GHI- PERSONAL Z_ CHIFFRIER 

PERS Z S —. PERSONAL 2Z SONDERDIENST (OKH/G.d. NA) (OKL/LN. Abt. 350 (OKM / 4 SKL/M) | 
SKL -  SEEKRIEGSLEITUNG ° = —$——S 
ESTIMATED TOTAL PERSONNEL — 31,000 


CHART NO. 
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ef 


“COUNTR 
0 


AFGHANISTAN 1 


ARGENTINA 


ARGENTINA 


ARGENTINA 


ARGENTINA 


BELGIUM 


BELGIUM 


BELGIUM 


BELGIUM 


BELGIUM 


BELGIUM 


BELGILM 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS 
‘AS LEARNED FROM TICOM SOURCES 


(WITH ANNOTATIONS 


Y 
SERVICE DESCRIPTION OF SYSTEM 


F 
ORIGIN 


(act GOv'T Bicoelen 1-PART CODE. (SOMETIMES ENCIPHERED Wi Tn 
AGENCIES, IN- ISURES, TwO FIGURES SUBSTITUTED FOR EACH LETTER, 
CLUDING EM- THEN SENT IN 18-FIGURE GROUPS 


BASSIES, CON- 
SULATES, FOR~ 


EIGN OFFICE, 
PRIME MINI- 
STER'S OFFICE, ‘ 
AND BANK.) 
1 {DIPLOMATIC S-LETTER 1-PART CODE. (198,088 GROUPS.) 
2 |DIPLOMATIC 5-FIGURE 1-PART CODE. , 968 GROUPS IN MAIN, 
VOCABULARY, TOTAL "112, "AFTER 1926 NUMBER 125 
ADDED TO EACH 5-PLACE GROUP. 
3 DIPLOMATIC? 2-PART CODE. SOMETIMES ENCIPHERED BY MEANS OF 
AN EASY SYSTEM. IN MANY VOLUMES CONTAINING A 
LARGE NUMBER OF GROUPS. 
4 DIPLOMATIC 2-PART CODE 
1] (COMMERCIAL U-LETTER 1-PART CODE. SOMETIMES OIGRAPHICALLY 
AND. DIPLO- ENCIPHERED WITH DAILY CHANGING TABLES. 
MATIC) 
2|DIPLOMATIC? —4-LETTER 1-PART CODE. ENCIPHERED DIGRAPHICALLY 
\WITH SAME DAILY CHANGING TABLES AS BELGIUM 1. 
‘CODE GROUP "KAMI" @ "FULL STOP." 
3 |DIPLOMaTIC .3-LETTER UNENCIPHERED CODE. 
4 ICOLONDAL k-FIGURE ?-PART CODE. TRANSPOSED 1/2 OF GROUP 
AND USED DIGRAPHIC SUBSTITUTION FOR OTHER 1/2. 
COULD BE USED AS 5-FIGURE "IN WHICH CASE THE 
VALUE IN THE SECOND COLUMN HAD TO BE TAKEN.” 
5 |ONPLomaric k-FIGURE 4-LETTER 1-PART CODE ENCIPHERED BY 31 
DAILY CHANGING TABLES, USED SAME DAY EACH MONTH. 
6 JDIPLOMATIC Y-FIGURE ?-PART CODE. = 


?-FIGURE CODE OF 19,083 GROUPS ENCIPHEREND WITH 


7 DIPLOMATIC? ° 
NUMBER AND LETTER TABLES OF 198 PLACES. 


FROM ARMY SECURITY AGENCY SOURCES 


WHEN 
ATTACKED 


AND BY WHOM 


1942 PERS 7S | 


2 PERS ZS-. 


1927 PERS 2S 


NAME OF SYSTEM | DATES 
U 
OF ORIGIN, AXIS | USA USE 
? | ieee H (ara) 1939 OR BE- 
g FORE~ (CURRENT) 
? | AB3 (ara) Cieag danuaee 
? 2 (arB) (1926-1945) 
1 
| 
a t * ? 2-? 
? ? ? | 2-1948-? 
? 2 (Ba) (eea: 1935" 
AND CURRENT 
(BEB) (eB: i 
; CURRENT 
| | 
? ? ? ?-1942. PER- 
i HAPS LATER. 
% ? (BEC?) '( 1943-CURRENT ) 
? ? ? 2-7 
? a) ? ? - 194g 
, | 9 ) 9- 1989-9 
? | # ? 2 - 19g 


? Siu 


1948 sim 


pte PERS 2S 

4S SIM 
PeRHARS ALSO 
FA 


% % 


1948 Sim 


194S PERS 2S 


1949 PERS 2 s: 


RESULTS 


RECOVERED 
12h - 20h 


RECOVERED’ 
LESS THAN 5% 


SOLVED 


READ 


195% COMFRO- 
MISCO BY SIM. 
READ BY PERS 
7S. 


READ 


READ COM- 
PLETELY 


READ 
READ 


TABLES NEAR- 
LY SOLVED. 
MOST OF TRAF 
FIC READ BY 
194g 


IN PARENTHESES) 


TICOM |SIATUS OF THE SYSTEM 
REFERENCE! 
t 


T 3215 


IF 152% 


9 


i e2Pt 
> 

o> Pi 
18 


iF 1517 P 3 


1 22P 19 


IF gee P3 
1 1517 


iF 152 


D54 P 12 


(ASA HAS RESULTS OF BRITISH 
PARTIAL RECOVERY, ABOUT 25% 
OF GROUPS, MAKING TRAFFIC 

PRACTICALLY 19% READABLE. ) 


(75% READASLE ) 


( 190% COMPROMISED) 


(UNKNOWN ) 


(UNKNOWN ) 


(BEGAN BREAKING CODE 1943. 
COMPROMISED 1944. BEGAN 
BREAKING ENCIPHERMENT 1944, 
SOT CURRENTLY READ.) 


(UNKNOWN ) 


(300K 92% BROKEN) 


(UNKNOWN ) 


(UNIDENTIFIED) 
(UNIDENTIFIED) 


(UNKNOWN ) 


MARY NO. 7> 


' 
‘ 
Boi La (a 


(BEC ONLY 

p-LETTER 
NC I= 

PHERED 


SYSTEM 
ASA KNOWS 


(NO FIG- 
URE CODES 
KNOWN ) 
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RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 
EARNED FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES 


er ae - PARENTHESES) 


(WITH 


: ME OF SYSTEM DATES WHEN 
DESCRIPTION OF SYSTEM OF ATTACKED 
P ONIN -A- «USE AND BY WHOM 


SELCIUM Si MILITARY. -FIGUPE SYSTEM ENCIPHERED WIT SUBSTITUTION ? ' 1-2 OKW/CHI (UNKNOWN ) 
ABLES IN SUCH A WAY THAT THE FIRST FIGURE OF 3 
EACH GROUP REMAINED UNCHANGED AND THE SECOND AND 
THIED WERE EACH ENCIFHERSO INDIVIDUALLY. 


BOLIVIA 1]D1PLOMATIC 5-LETTER 1-PART CODE ? 2? PERS 7S RECOVERED ” T 1311 (25% READABLE) 


BOLIVIA DIPLOMATIC Pm FIGURE 1-PART CODE WITH 73,@%% GROUPS. ENCI- } (1939-CURRENT) ? PERS ZS ? D 16, REPORT » (198% COMPROMISED) 
HERED WITH 1,082 AND 123-PLACE TABLES AND BY AND : 2,P 4 ; 
TRANSPOSING THE GROUP ELEMENTS. : T 1585 i 
+ | 
BOLIVIA DIPLOMATIC POLYALPHABETIC SUBSTITUTION CIPHER USING 12 1 2-1927-? 1927 PERS 2 S| LONG TELE- .0 16, REPORT ‘ (UNKNOWN) 
ALPHABETS. : . GRAMS SOLVEO.| 1, P 3 

; . SHORT ONES 
IMPOSSIBLE. 


Dot in@ 3560861 | _ os |® BE ae - @ 


“RESULTS , OF FUROPEAN AXIS CRYPTANALYSIS _ 


EARNED FROM TICOM SOURCES 
_ (WITH ANN( ANNOTATIONS — Ae SECURITY AGENCY SOURCES IN PARENTHESES) 


COUNTRY a Mi SYSTEM | DATES WHEN TICOM ATUS OF THE SYSTEM 
OF SERVICE DESCRIPTION SYSTEM OF ATTACKED | RESULTS |REFERENCE AT ASA 
_ ORIGIN | . SE. ANDBY WHOM 


BRAZIL T | DIPLOMATIC S-LETTER (2-PART) CODE WITH 82,900 GROUPS. (870) (19 O33, OR BE- |1941 Okw 25 200 GROUPS |0 6, BN RE (MORE THAN 58% READABLE. 
Ha CURRENT) 19h PERS Z S| RECOVERED THE poRt, eae STILL BEING RECOVERED. ) 
1 Sim 190% COMFRO- |0 16, 1942 RE- i 
t. ' MISED BY OKW PoRT, P 4 
! WHICH SENT T 31 
COPY TO PERS | IF 1518 
127s 


i 

i | 

| |, | 
| 

i} 

| 


BRAZIL DIPLOMATIC 5-LETTER 1-PART CODE WITH 165,625 GROUFS. BRAS B | (87C) (194 1-CURRENT) 1941 PERS 27S | 2,2@8 GROUPS | D ALD mu RE= (MORE THAN 58% READABLE. -- 
: } RECOVERED RY ee STILL BEING RECOVERED. ) 
28 NOV. 1941. | D ie Fs RE= 
READ ALMOST PORT 
WITHOUT GAP. | T rie” 
BRAZIL DIPLOMATIC 5-FIGURE (2-PART) CODE (REPAGINATED), (82) (PRIOR TO 1942 PERS 7 S | NOT READ 0 B 1 RE+ (MORE THAN 50% READABLE; isis 
° . 196 1-CURRENT) -- e3 | STILL BEING’ WORKED ON. ) 
0) ee as RE- 
rate F 
T 3817 
BRAZIL 21 PLOMATIC S-FIGURE 1-PART CODE WITH 128,890 GROUPS. ; BRAS 2.1] (B21) (31937 oR B£- 11941 PERS 27S | READ ALMOST |0 16, oe RE-| (OVER 50% READABLE. ) ofa 
FORE - ?) WITHOUT GAP PORT a ‘2 ' 
it D 16, 1943 RE oY 
d Port, P & D 
1) ' 
f . | | 
Y DIPLOMATIC 5-FIGURE %-PART CODE WITH 199, shied GROUPS. £NCI- : ? ?-1901-1942-711941 PERS Z 5 | NOT READ D 16, 1941 RE| (UNIDENTIFIED) ae j 
PHERED WITH A TABLE OF LETTERS F ‘ PORT, P 3- id 
: D 16, 1942 RE : ve 
s | , : PORT, P 2 | 
BRAZIL DIPLOMATIC | Two 5-FIGURE CODES, REPAGINATIONS OF ITEM 4. BRAS 2 (82K?) | (@Z7<: ?-1943) [1941 PERS 2 S | READ ALMOST D 16, 194) RE| (BZK OVER 5@% READABLE.) ae 
BRAS 7 WITHOUT GAP PORT, P 
O 16, 1942 RE- 
| PORT, P i 
BRAZIL 5-FIGURE ?-PART CODE. 2 |) 9-2 ? pers 25 | RECOVERED ~ | T 3115 (UNIDENTIFIED) .- 
ABOUT 1% 
BRAZIL Y-FISURE ?-PART CODE, REPAGINATED. ZAHLEN 1 ? 9-2 2 PERS 75 eee T 3619 (UNi DENTIFIED) -- 
15% - 2 B 
| 
i 
BRAZIL ? _ J4-FIGURE ?-PART CODE, SEPAGINATED. 2 7-7 ; 2% * RECOVERED 5% | T 3118 (UNIDENTIFIEO) a 
BRA7EL Y-FISURE 1-PART CODE, REPAGINATED. ZAHLEN V ? A si RECOVERED ¥ 31 (UNIDENTIFIED) oe) 
| LESS THAN 10% < 
BRAZIL Y-FIGUSE ?-PART CODE, REPAGINATED. an: ? 7-7? 7 ? RECOVERED T 3112 (UNIDENTIFIED) wea 
LESS THAN 3% 


HART NO. 1-2 


DOCIM® 3560861 @ i | a | ® 


RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 


. (WITH eeeaae FROM ARMY SECURITY AGENCY SOURCES 4 PARENTHESES) a aan 
COUNTRY NAME ___0 YSTEM DATES . WHEN TICOM TATUS OF TH YSTEM 
OF SERVICE DESCRIPTION OF SYSTEM OUNTRY AXIS OF. BT ACKER RESULTS |REFERENCE AT ASA REMARKS 
ORIGIN OF ORIGIN USA} USE ‘AND BY WHOM 
$ - - . : ‘ 5% BEFORE -- 
BULGARIA = 1 | DIPLOMATIC 5-FIGURE 1-PART COCE, TWO FAGINATIONS ? ? (Bue) (7 - DEC 1945)| 7 PERS 2S roe Yo Score ee oee iAoe Ticod.) 
PLLGAOTA 2] CIPLCMaTIC ie 1=PART COCE, TWO PAGINATIONS, RANGE 88h BD 15° ‘| (BuO) .(1938-yan 1946) 7 sag 758 RECOVERED 158! : 1 (iter ee eno am 
‘ COMPROMISED. - fe 
! es 
. | 
PLLGARTA = 2) DIPLOMATIC 5-FIGURE I-PART CODE, REFAGINATED. 2 BD 38 «| (Buy) = - | (? ~ 1945) 2 PERS ZS |RECOVERED 30%-| T 24 . (NOT WORKED ON BEFORE RECEIPT] == 
: upg, OF TICOM COPY.) 
PuLcaeia =u | orPLewATIC — | 5-FIGLRE 1-PART COCE. 7 | 80 19 > | aee 2 Pers 2S {RECOveRED 58 | 1 2335 (UNIDENTIFIED) -- 
| 
SULGASL A 5 | DIPLCMATIC . S°FIGURE 1-PART COGE. ? 80 25 ? 4 ~- 194b - 2 ‘2 PERS 2S |RECOVERED 16% | T 2334. (UNIDENTIFIED) == 
$fecusasia ce Vovpuewaric Figure 1-PART COCE. ? 80 27 ? 2-7 2 PERS 7S | hee - T 2353 (UNIDENTIFIED) ‘ ae 


LESS THAN 5% 


PULGsera @ Iecueceatsetie 5-FIGURE 1-PaeT COCe. 2 80 33 ? 


PULGASTA ? PERS 7S RECOVERED 


12; 7 13 (UNIDENTIFIED) -- 
Oh - 15% 8 


AAA tet 
ON 


\ 

27-7? 9 PERS 2 S |RECOVEREO 5% | T 2333 (UNIDENTIFIEO) = 
| 
| 


OlMIPLCMATIC. —-. 5-FIGUSE T-PART COOL. INDICATOR: 33311. i, | BO 16 2 
i 
| 
| 


2+? ? PERS 2 S | RECOVERED TY 216 (UNIDENTIFIED) sin 
ABOUT 5% 


FALGART A 1G | OUPLOMATIC 5-FIGURE PROBABLY 1-PART CODE. ? 


og 
9° 
~ 


rey 


BLLGARIA 11 | DIPLOMATIC S-FIGURE PROBAELY 1-PART COCE. 2161 (UNIDENTIFIED) a 


“4 


BD 3 9 2-7 ? PERS 2 S | RECOVERED 


5% - 18% 


1 


BuULGaR A t= 2 ? PERS 7 S | RECOVERED 


ABOUT 18% 


2 | OIPLCMATIC 5-FIGURE PROBABLY I-PART CODE. ? @0 26 ? 


2147 (UNIDENTIFIED) te 


i RECOVERED 
i 
- 1 
PLLGacT a 7 OPPLCMaTIC 5-FIGURE 1-PAPT COCE- + BD 28 3 T=? 2 PERS 7 S | RECOVERED T1176 (UNIDENTIFIED) cay 


Ae 
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RESULTS . OF EUROPEAN AXIS GRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
(WITH saan FROM ARMY SECURITY AGENCY SOURCES e PARENTHESES) 


COUNTRY ‘ NAME___OF YSTEM _ OaTEe WHEN TICOM STATUS Pa TH 
OF SERVICE DESCRIPTION OF SYSTEM OUNTRY AXIS USA sa EeCKED RESULTS |REFERENCE ASA R 
ORIGIN 0 ORIGIN, Se 
BULGARIA = 13 DIPLOMATIC 5-FIGURE PROBABLY 1-PART CODE. ? 8D 3! ? - 2 PERS ZS’ | RECOVERED T 2379 nnn aici am 
LESS THAN 5% ; 
| 
BLLGARIA 1Y|DEPLOMATIC 5-FIGURE PROBABLY )-PART CODE. ? BD 35 bd | 7-7 i ? PERS 7S VERY LITTLE T 1185 (UNIDENTIFIED) +s 
i ' SUCCESS TH “| ‘ 
--, , 
BULGARIA — 15 JO PLOMATIC 5-FIGURE PROBABLY 1-PART COOE. ? "N.8.D. 2 | 9-9 ;? PERS 7S RECOVERED T 2134 (UNIDENTIFIED) al 
NEUER" | ‘ 15% - 20% i 
I 
BULGARIA 16 |PROBABLY 5-FIGURE PROBABLY 1-PART CODE. 2?" BULG. 885 ? | 2-7 ? PERS ZS | VERY LITTLE | T 2135 (UNIDENTIFIED) . -- 
DI PLOwATEC 7 SUCCESS 
BLLGAPIA = 17 [DIPLOMATIC 5-FIGURE ?-PART CODE. ? BD 14 ? 2-7? 2 PERS 2S | RECOVERED T 2138 | (UNIDENTIFIED) = 
20% - 25% 
BLLGAPTA = 1° [PROBABLY 5-FIGURE 2-PART CODE. : ? "728 1-15")? 2-7 '% PERS 2S ? T 2213 (UNIDENTIFIED) : ae 
DIPLOMATIC ! : 
BULGARIA =O PROBABLY | 5-FIGURE ?-PaRT CODE. ? "262 825 ? P-? 2 perszs } ? T 22h (UNIDENTIFIED) Sie 
D1 PLOMATIC 1-15? 
BULGARIA ot |PROBABLY 5-FIGURE ?-PART CODE. ? "B95" ? |? - 1927 - ? |1927 PERS 25 2 T 2127 (UNIDENTIFIED) al 
1 PLOMATIC 
BULGARIA” 21 [PROBABLY S7FIGURE ?-PART CODE. ? "5 OT. 16- ? %- 1932 - 2? |? PERSZS RECOVERED T 2174 (UNIDENTIFIED) ie 
DIPLOMATIC 2i LESS THAN 1% 
RULGASIA — 22 |PROBABLY iS-FIGURE ?-PaRT CODE ? "698" 2 2-7 2 PERS 25S D T 2157 (UNIDENTIFIED) sie 
PIPLOMATIC 5 
BLLGARTA = 23 MILITARY © 5-FIGURE 1-PART CODE ? | BM 7 “9 9-7 2? PERS ZS geet T 2165 (UNKNOWN ) | = 
| 
iy 
BULGARIA = 24 IMILITARY 5-FIGURE 1-PART CODE ? »BM C5 ? 7-7 ? PERS ZS | RECCVERED T 2168 (UNKNOWN ) -- 
LESS THAN 12% 
| 
| 
| 
I 


‘DOcrID® 3560861 


COUNTRY 


OF 
ORIGIN 


PULGAS14 


BULGaR LA 


BULGARIA 


BULGARIA 


BULGARIA 


BULGARIA 


RULGAGTA 


RULGARF IA 


BULGARIA 


BULGARIA 


BULGARIA 


BuLGapis 


BulGaria 


SERVICE 
| 


25 |MILITARY 


EG [MELE TARY 


27 |MILETARY 


28 ? 
z9 ? 
3 ? 
qu 2 
32 $ 
33 

3h ? 
35 ‘4 
26 ? 
37 3 


RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS 


(WITH sib 


LEARNED 


DESCRIPTION 


5-FIGURE ?-PaRT COOL. 


OF SYSTEM 


OUNTRY} 
OF ORIGIN 


IS-FIGURE ?-PéRT CODE WITH APPARENTLY FOUR DIFFER- ? 
CNT POSSIBILITICS FOR THE FIRST THREE FIGURES. 


5-F 1GURE 


5-F 1GURE 


5-F IGURE 


5-F IGURE 


j5~F 1GUPE 


5-F IGURE 


5-F 1GURE 


5-F 1GURE 


2-PART 


1-PART 


1-PART 


1-PART 


1-PART 


1-PART 


1-PART 


PART 


I5-FIGURE ?-PART 
120,068 VALUES. 


S-FIGURE ?-PART 


5-FIGURE 


?-PaRT 


CODE. 


CODE. 


COOE. 


COE. 


CODE. 


COOE 


COOE. 


CODE. 


COOL. 


COOE. 


COUE. 


POSSIBLE 69,5%4% GROUPS. 


RECONSTRUCTED ON BASIS OF 


» 


868 2 


“au 11" 


"au 4” 


"BULG HOF 
cove 4c* 


ATES 

OF 
7-7? 
7-9 
?-7 
2 -9 
2-7? 
9-7 
2-7 
2-7 
7-7? 
2-7 
7-9? 


2-1936- 1937-2 


FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


iS D WHEN TICOM [SIATUS OF THE SYSTEM 
ATTACKED | RESULTS |REFERENCE AT ASA REMARK: 
| USE AND BY WHOM 


? PERS 2S | RECOVERED T 2167 ree | (UNKNOWN ) 
LESS THAN 1% 


2 PERS 7S | RECOVERED T 2169 (UNKNOWN ) ie 
LESS THAN 12% 
1 
i 
?- PERS 2S | RECOVERED T 2132 ' (UNKNOWN ) -- 
LESS THAN 1% 
2 PERS 2S | RECOVERED 25% | 1 1188 (UNKNOWN) : -- 
2 PERS 2 S_ | RECOVERED T 1276 (UNKNOWN ) -- 
LESS THAN 19% 
| iD 
2 PERS 7S | RECOVERED 20% | 7 2145 (UNKNOWN ) -- 7 
Mt 
. a\ 
2? PERS 2§ | RECOVERED T 2162 (UNKNOWN ) ’ -- s. 
* | LESS THAN 5% | 1 2163 ry 
? PERS 7 S | RECOVERED T 2133 (UNKNOWN ) -- 
LESS THAN 1% 
? PERS 2S | RECOVERED T 2149 (UNKNOWN ) oS 
58 - 19% 
2 PERS 7 5 | RECOVERED 1 2159 (UNKNOWN) - 
ABOUT 19% 
? PERS 7S | VERY LITYLE 1 2166 - | (UNKNOWN ) -- 
SUCCESS 
2 PERS 7S | RECOVEREO T2i72. (UNKNOWN ) -- 
LESS THAN 1% 
? PERS 7S Ba LITTLE T 2121 (UNKNOWN ) - 


UCCESS 


DOCID: (3560861 | ‘de 


< | C 


RESULTS . OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH oe FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


COUNTRY 
SERVICE DESCRIPTION OF SYSTEM 
ORIGIN 
BULGARIA 38 7 5-FIGURE ?-FART CODE a - 2-1929-9 1929 PERS 7S very LtttlLe =| T 2128 (UNKNOwt} 
onNE 5 1€ SUCCESS 
21° 
BULGARIA | ? 5-FIGURPE %-PAPT CODE Bi Pl 7-17 , ? PEPS7 5S ? T 2178 (UNKNOWN ) 
: ° N 
BULGARIA ? 5-FIGURE ?-PaRT COOL "a2 16¢ 5 ? PEREZ S ? 1 2140 : (UNKNOWN) 
le-31 4 
t 
BULGARIA — 3 ? 5-FIGURE ?-PAPT CODE "ele ™ ?-7 ? PERS 75 ? 1 2126 i (UNKNOWN) 
BULGARIA _ 2) DIFLOMATIC 4-FIGUPE )-PART COOL 8D 26 1-7? 2 PERS 2S | RECOVERED 5% | T 2339 * (UNKNCA) 
BULGARIA = —-43] DIPLCwATIC U-FIGUFE I-PART (COE “Wake, 1-7? 7 PERS 7S a 38> T 2132 (UNKNCwh) ' 
REG. ; 
PY 
if 
: { 
W BULGARIA bb) DIPLOMATIC k-F IGURE 7-FART COOL EO 27 koi ? PERS 7S VERY LITTLE T 2337 (UNKNOWN ) 
' SUCCESS i 
| 
BULGARIA 45 ? 4-FIGURE 1-PART COOE "2 FRIED- «2 2? PERS 75S RECOVERED T2077 (UNKNOWN ) 
RICHS* ABOUT 25% 
BurcaRia BE) MILITARY T-FART CODE. FIRST GRCUF AFTER ADOFESS WAS ’ t+? ? SIM NOT READ IF 1525 { UNKNOWN ) 
ATTACHE ? BALKan. 


2oURE 


CHILE 


CHILE 


CHILE 


CHILE 


CHILE 


CMILE 


1 


DIPLOMATIC 
CONSULAR | 


DIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


~ \S-LETTER I-PART CODE. 26, 


five 


(WITH one 


“FIGURE 5-LETTER 2-PART CODE. 198,890 GROUPS. 
IVIDED INTO THREE CONSECUTIVE BOOKS. 


ag GROUPS. FIRST TwO 
AND LAST TWO LETTERS OF EACH GROUP ENCIPHERED 
WITH DIGRAPHIC SUBSTITUTION TABLE.. 

5-LETTER ?-PART CODE. 


t-T0 4-LETTER 1-PART CODE. 42,698 GROUPS. 


K-LETTER ?-PART CODE. 


2-PART CODE WITH COMPLICATED ENCIPHERMENT, 


z 


? ? 
HILE KON: | 
SULAR COOF 
? {cia} 
? bd 
1 ? 


BEFORE 1941 


192h - 


( 1936-CURRENT) 


19hi-? 


sim" 


1924 PERS 2 $ | SOLVED. 


17 FERS 7S 


id PARENTH — 


|agecomo iF 1318 


0 16, REPORT 
Pe 


RECOVERED 


T 3626 
LESS THAN 5% ¥ 


1940 PERS 7 S| SOLVED. LATER| © 16, REPORT 
196% COMPRO- 2, P4& 


e 
MISED. D 16, REPORT 
th, PY 
"2 PERS 7S RECOVERED 
LESS THAN 5% 
? SIM 


. iF 1816 


RESULTS , OF EUROPEAN AXIS GRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
ron seer Scuea AGENCY sources 


{COMPROMISED ial =~ DATE OF 
€D 


ie)" Lae (Tel 


Ne 


T 
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RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH soabetia FROM a SECURITY AGENCY SOURCES IN PARENTHESES) 


“COUNTRY SYS 
OF SERVICE DESCRIPTION OF SYSTEM COUNTRY ATTACKED | RESULTS R 
ORIGIN Z USE AND BY WHOM 
CHINA 1 ? 5-LETTER 9-PART CODE. ? 9 ? ? ? PERS 7S RECOVERED T 1157 * (UNKNOWN ) -- 
' LESS THAN 19% | 
| 
CHINA 2 | (DIPLOMATIC) | 4-LETTER (1-PART) CODE. THOUGHT TO HAVE BEEN ? | ? (ens) (CNS, 1944 - =? SIM NOT READ ]tF 1518 P5 — (CNS, CNF, CNJ BROKEN AND 
ENCODED IN CHINESE CHARACTERS AND ENCIPHEREO IN oR CURRENT) i READ BY ASA.) -- 
LATIN CHARACTERS. | | (cNF) — (CNF, 1942 - | 
OR CURRENT) ' 
(cng) (cNU, 1944 - ! 
' CURRENT) 
! i : 
: 1 ! 
CHINA 3 | OFPLOMaTIC 4-LETTER 1-PART CODE. SOMETIMES ENCIPHEREO. Ours H ? (CNS) {1943-CURRENT) ?.PERS 2S RECOVERED = || T 73 (RECOVERED BY BRITISH. BOOK oe 
AND CONSULAR | ; SUBSTITUTION GIVEN TO ASA. BEING READ.) 
| ‘ ALPHASETS 
I 
CHINA & | DIPLOMATIC 4-LETTER ?-PART CODE, ALTERNATE CONSONANT AND | YUKO , ? ? -? ' 9 PERS 2S PARTIALLY T 2297 (UNKNOWN ) -- 
| VOWELS. ; . ; ; BROKEN 
1 ' = . 
CHINA 5 | DiPLomaric | 4-LETTER 2-PART CODE, OCCASIONALLY DIGRAPHICALLY ? ? ! ? 1935-1937. 2 PERS ZS CODE AND T 22 - (UNKNOWN ) — 
; ENCIPHERED. ' ENCIPHERMENT | T 2113 
1 * PARTIALLY 
| : BROKEN ' 
i ; é 
CHINA S| DIPLOMATIC i 4-LETTER ?-PART CODE. ? i? ? ? 2 PERS 72S | PROBABLY T 2291" : (UNKNOWN) 3 = 
' READ. PARTI- ; As 
| | ALLY BROKEN. we 
| | 
CHINA 7 | DIPLOMATIC =| Y-LETTER ?-PAQT CODE, OCCASIONALLY DIGRAPHICALLY ? ? bd 1926-1929 ? PERS ZS FAIRLY COM- | T 2011 (UNKNOWN ) +s ‘ 
> ENCIPHERED. ‘ PLETE RECOV- . fl 
: - ERY OF BOTH st 
: CODE AND. , 
| ENC I PHERMENT 4 
CHINA 2 | COMMERCIAL U-LETTER -PART CODE, OCCASIONALLY ENCIPHEREO ? ? ? © | 1937-1938 |» PERS 7S CODE AND T 208 ~ | (UNKNOWN) es 
DIGRAPHICALLY. USED BETWEEN CHINA AND A CHINESE | ENCIPHERMENT | T 2118 
COMMERCIAL MISSION IN GERMANY. \ PARTIALLY . 
i BROKEN 
CHINA 9 | (DIPLOMATIC)  3-LETTER 2-PART CODE. (USUALLY ENCIPHERED. HAD| HNM ? (CNL) (1943-CURRENT) ? PERS 2S | ? T1159 (SOLVED BY ASA 1944) -- 
| MANY ENCIPHERMENTS . 
1 - al : 
CHINA 16 | OFPLOMATIC " 3-LETTER 1-PART CODE. SOMETIMES ENCIPHEREO. WIN” - ? (cnc) (1939-CURRENT) ? PERS 25S PARTIALLY Th (PARTIALLY RECONSTRUCTED -- 
( rN ' COMPROMISED COPY RECEIVED. 
t COMPLETED ‘BREAKING. NOW 
BEING READ.) 
CHINA 1} | DIPLOMATIC 3-LETTER 1-PART CODE’. ? UT ? 2 i 1941 PERS 2 S| SOLVED tg 21 (UNKNOWN ) . > 
: ; H T 2th 
; T 198 
; } T 2295 
, 
CHINA 12 | (DIPLOMATIC) | 3-LETTER 1-PART CODE. SOMETIMES ENCIPHERED. ? ORYO (CNB) @-19k9- | F PERS? S COMPLETELY T2 (PLAIN CODE AND LETTER EN- See 
HAD MANY ENCIPHERMENTS. ; ' cuter) :  % OKW READ T 2292 . CIPHERMENTS NOT BEING WORKEO 
‘ : . ON -- LOW INTELLIGENCE VALUE 
| ’ NUMBER ENCIPHERMENT BEING 
\ READ. ) 
\ : ‘ 
1! 


e(1)—15 (2-2, 2; (3) 

3 4. 15, 
(4) 3 > 3 6) —3, 1; (6) —a93 
(7) + V2; (8) + VI9; (9) —1, 2; 
(10) BSE 


Paragraph 111. 


a(i) 1,613 x 103; (2) 500 x 103, or 
5 x 105; (3) 6,166 « 10-8. 

b(1) 3,109 ~« 102; (2) 19 x 10-*; (3) 
4,492 « 10-°. 

c(1) 892 x« 105; (2) 2,464 x 10-*, or 
24.64; (8) 3,168 « 10-1; (4) 14,640. 
ad(1) 167; (2) 1,608 « 107; (3) 107; (4) 
33 x 10-5, 


e(1) 4 x 102, or 400; (2) 13 x 10-3; 
(3) 27 x 10-°; (4) 9 x 10, or 900. 


Paragraph 127. 


a(1) 2.8949; (2) 0.5527; (3) 8.5378-10; 
(4) 6.6776-10; (5) 1.6955; (6) 2:4370; 
(7) 2.8809; (8) 0.85938; (9) 7.9946-10; 
(10) 5.7205-10. 


b(1) 70,100; (2) 271; (3) .3851; (4) 
000676; (5) 3.99; (6) 370.67; (7) 
.00002718; (8) 500,500; (9) 1.5915; 
(10) .000003445. 


c(1) 164.2; (2) 39,982; (3) 1,376; (4) 
.006764; (5) 5,710. 


d(1) .4988; (2) .38874; (8) .8984; (4) 
“1487; (5) .2487. 


e(1) .0000007372; (2) 51.46; (3) 3.47; 
(4) 19.43; (5) 783; (6) .23867; (7) 5.343; 
(8) 87.74; (9) 1.55; (10) .09456. 
Ff(1) 2.298; (2) 11.77; (3) 24.43; (4) 
83.28; (5) .4509; (6) .4725; (7) .04088; 
(8) .6153; (9) .0576; (10) .35367. 


AGO 558A 


—5+vVI8 Paragraph 142. 
6 ’ 


a 96 square inches. 6 36 square inches. 
c 25 square inches. d 15 square inches. 
e 14.422 square inches. f 5.657 square 
inches. g(1) Parallelogram, A = bh, 120 
bh 

5° 
4.025 square inches; (3) Circle, A = rr?, 
314 square centimeters, C = 7D, 62.8 
B+ob 
. 2 

h, A = 60 square inches. h(1) 3 inches; 


square inches; (2) Triangle, A = 


centimeters; (4) Trapezoid, A = 


(2) ‘> inches; (3) 8.8 inches; (4) 5 


inches. i 78.5 square inches. 7 100 feet. 
k 82.5 square feet. | 48.496 inches. 


Paragraph 153. 


a(1) c = 8.608. (2) a = 6.08. (8) 6b = 
39.5. (4) ¢c = bV/10. (5) b = m? — 1. 


b(1) sin A= 4, cos A =VB tan en 

4 

Weck cot A VS sec A = 5 VB, 
gat 

esc A= 

(2) sin A. =+ VB, cos A =~ VIB, 

tanA=2 ct A=2, sec A=VE, 

ese A = VIB 

(3) sin A =>) cos A _v3 tan A V8 


cot A = 1/3, sec A =o V3, esc A = 2, 


(4) sin A=5, cos A=3P ,tanA = 
1 - _ 12 - 
318” cot A = 2.18, sec A =To9’ esc A = 
2.4. 

_ VP + _Vy + 1 
(5) sin A= y yb pos A = ara 
tan A =y, cot A =~, secA = Vi FI, 
Pore A cls nee 

y 


235 


ECR 


CHINA 


CHINA 


CHINA 


CHINA 


CHINA 


CHINA 


COLOMBIA , 
COLOMBIA 


CZECHO- 
SLOVAKIA 


CZECHO- 
SLOVAKIA 


C2ECHO- 
SLOVAKIA 


CZECHO- 
SLOVAKIA 


CZECHO- 
SLOVAKIA 


1h 


MILITARY 
ATTACHE 


MILITARY 


DIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 
DIPLOMATIC 
DIFLOMATIC 
DIPLOMATIC 
AIR FORCE 


AIR FORCE 


ARMY 


COMMERC 1 AL 


sal annotations 


sLETTER ?-PART CODE. ENCIPHERMENT CONSISTED 
F TRANSPOSITION WITHIN THE COOE GROUPS. FIRST 
GROUPS OF TRAFFIC WERE EFR, SKW, OR JKW. 


sLETTER ?-PART CODE. UNENCIPHERED. DISCRIM- 
NANT WAS NKDBN. CONTAINED MANY SPELLS, USING 
SIMPLE SUBSTITUTION. 


“POST CODE" = 


POLYALPHABETIC SUBSTITUTION. 26 ALPHABETS< 
(USED ON CODES CNF, CNL, CNS, CNU, AND CNW.) 


POLYALPHABETIC SUBSTITUTION. 19 ALPHABETS. 
(USED WITH CODES CNB, CNC, CNF, CNJ, CNL, CNS, 
CNU, AND CNW.) 


MONOALPHABETIC SUSSTITUTION. (USED WITH CNS, 
CNC, CND, CNF, CNJ, CNL, CNS, CNU, AND CNW.) 


MONOALPHABETIC SUBSTITUTION. DAILY CHANGING 
ALPHABETS. (USED ON CODES CNB, CNC, CND, CNF.) 


POLYALPHABETIC SUBSTITUTION CIPHER WITH 5 TO 


15 ALPHABETS. 


POLYALPHABBTIC SUBSTITUTION CIPHER WITH 5 ALFHA- 
BET : 


TRANSPOSITION CIPHER. 


DOUBLE TRANSPOSITION CIPHER. 


DOUBLE TRANSPOSITION CIPHER. 


VARIOUS POLYALPHABETIC SUBSTITUTION CIPHERS. 
USED IN 1925, 1926, AND 1927. 


CODE USED BY SKOOA FIRM TO IRAN AND IRAG CON- 
CERNED WITH BRIDGE BUILDING PROJECTS. 


AMC 
AMA 


CTIA 


2 2 ! 2 - 1943 
{ 
? 2 ? 
a) : 2 
ri (SxS) | (1944-CURRENT)! 
? (amc) ( 1943-CURRENT) 
ae 3 1 (AMA) (1943-CURRENT); 


? (EcTIA) j (1943-1945) 


' 


2 2 [2 i9l2-? 
2 (coa) (1927-CURRENT) 
? ? ?-~ 1937 - ? 
? ? 2 - 1938 - ? 
? ? 2? - 1938 - ? 
? ? 1925-1927 

? 7? 2? - 1935-7? 


2 


SOURCES 


WHEN 


ATTACKED 
AND BY WHOM 


7 PERS 2S 


2? PERS ZS 


2 OKW 


2 PERS 7S 


? PERS 27S 


7 PERS ZS 


? PERS ZS 


1941 PERS 7S 


1927 PERS 27S 


1937 OKL 


1938 OKL 


1933 OKL 


OKL 


1935 OKL 


A PARENTHESES) — 


ENC 1 PHERMENT 


SOLVED. NOT 
READ. 


INVESTIGATED 


? 


SOLVEO 


SOLVED 


SOLVED 


SOLVED 


REAC 


PEAD 


NOT BROKEN 


SOLVEO. 


SOLVED 


SOLVEO 


RESULTS , OF. FUROPEAN AXIS” GRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
FROM ARMY SECURITY _ AGENCY 


122P8 


1158.9 
13 | 


13 : 


r3 

T3 

D 15, REPORT 
2,P4 

D 16; REPORT 
1, P3 
1121P 7 


1112 P 6 


112 P 


T 1734 


t 162 P2 


(UNKNOWN ) 


(UNIDENTIFIED) 


(UNKNOWN ) 


(ALPHABETS SENT BY BRITISH.) 


(ALPHABETS SENT BY BRITISH.) 


(ALPHABETS SENT BY. BRITISH.) 


(ALPHABETS SENT BY BRITISH.) 


(UNKNOWN ) 


(READABLE ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


1=2 


Behar 


DOCT ig 3560861 _  @. | eee (Y 


roc 


RESULTS | oF EUROPEAN. AXIS | CRYPTANALYSIS = 
LEARNED FROM TIC 
(WITH ‘imeieans FROM ARMY SECURITY ron ate i PARENTHESES). 


‘COUNTRY | ple (eee gee “NAME OF SYSTEM DATES WHEN T TICOM __|STATUS SYSTEM 
" SERVICE DESCRIPTION OF SYSTEM OUNTRY OF | ATTACKED | RESULTS [REFERENCE R 
ORIGIN OF ORIGIN] AXIS AND BY WHOM 


‘ ‘ 4 é ‘ “ot 
CENMARK 1 | DIPLOMATIC CODE ? ? ? Spr aang) | BEFORE 194g Pi OF TRAF- | t 162 P 3 | (UNIDENTIFIED) 
1 Fa 1c READ uP ' 
TO 1948 | 
DOMINICAN 1 | DIPLOMATIC SUBSTITUTION CIPHER WITH 5 ALPHABETS. 2 | ? | (00a) 2-(CURRENT) 1941 PERS z S| COMPLETELY D 16, REPORT | (READABLE) 
REPUBLIC : : : | READ 2, P4 
| T 2587 
ECUADOR 1 }O1PLOMATIC Z-LETTER 3-LETTER B-LETTER 2-PART CODE. GROUPS ? 2 ? 1923-2 1926 PERS 2 S‘ COMPLETELY D 16, REPORT (UNKNOWN) 
iN FROM OF VC, VCC, OR VCCC, TRANSMITTED IN READ ° 1, P 3 
IB-LETTER GROUPS. \ ; 
| 1 
“ECUADOR ~—-@_: | OIPLOMATIC 2-LETTER 4-LETTER 1-PART CODE. 61,945 GROUPS. ? | ’ (aca) (?-1941-cuR- | 1941 PERS ZS} SOLVED 016, REPORT (89% READABLE) 
INTERSPERSEO CLEAR TEXT. ! : i RENT) ' 2 Sim 7 P& 1 
4 I ‘ 4 T 1992 \ 
thay h : ; 
EGYPT 1 [OIPLOMATIC? TWO 25-FIGURE ?-FART CODES, VALUES IN FRENCH. 34 ? ? ?-7 -; ? SIM ? te 1518 (UNIDENTIFIED) 
ENCIPREREO. } : _ | ; 
| 
ETHIOPIA 1 |[DEPLOMATIC S-FIGURE 1-PART CODE. VALUES IN FRENCH. ? Iegetn 1” (ETA) '(?-CURRENT) ee + RECOVERED , T 1961 1 (ALMOST COMPLETELY READABLE.) 
' ‘ LESS THAN 5) 
1 
ETHIOPIA = 2 |DIPLOMATIC oouse TRANSPOSITION ? ? (e718) '(2-1944-cuR- | 2 OKH - " NO SUCCESS T 57 » (CURRENTLY BEING ATTACKED; 
‘ RENT) —- . 1 NOT YET BROKEN. 
f ‘ 
i ; 
FUENL AND 1 [OFFLOMATIC HAGELIN. (5-WHEEL AND 6-WHEEL MACHINES. ) ? ? ae (1942-CURRENT)  ? OKW NOT READ BY 13rP7 (SOLVED IN 1943. FIA-t STILU 
AND MILITARY : Fta-2)! 2 FA OKW. READ 154 e 2 BEING READ; FIA+2 NOT READ- 
ATTACHE OCCASIONALLY | 1.25 P ABLE, SINCE TABLES CHANGED, 
; BY FA. BUT BEING WORKED ON. ) 


NO. 1-2 


pocrt: 3560861 


RESULTS | oF EUROPEAN AXIS - CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 


(WITH — sigaliaes FROM oF ec AGENCY Poet 


4 —a 


COUNTRY << NAME ‘DATES ATUS OF TH 
SERVICE DESCRIPTION SYSTEM COUNTR ATTACKED RESULTS REFERENCE _AT ASA 
_ORIGIN OF ORIGIN) AXIS | = ia res A 


FRANCE Ae 
VICHY, FREE 
FRANCE 


1 1({O1PLOMATIC) CIPHER MACHINE, HAGELIN M-289. (6 WHEELS, VARI- 
BLE PINS, VAPIABLE LUGS, NO SLIDE, MAXIMUM KICK 


OF 27 OVERLAPPED. ) 


DURING SAN 
FRANCISCO CON- 
FERENCE, 1945 


(READ FRENCH HAGELIN DURING 


1 OKw 
unc se, | ms ow | SAN FRANCISCO CONFERENCE.) 


FRANCE 2 |DIPLOMATIC? “LETTER 1-PART COCE, APPROXIMATELY 28,288 (UNIDENTIFIED) 


’ 


1948 PERS 2S 


ae 1946-7 


% RECON- 


TED BY 
ITALIANS. COM- 
PROMISED BY 
ITALLANS AND 
GERMANS, READ- 
ABLE BUT, NOT 


FRANCE*= 3, JOU PLOMATIC 
VICHY, FREE 
FRANCE 


4-LETTER 2-PART CODE. {1937-CURRENT) 1984 SID {RECOVERED AT ASA IN 1942.) 
padi ki 1941 F 
RS 7 


TO LACK OF 
PERSONNEL . 


4 ID1PLOMATIC? peg 2-PART CODE. ; VCvv OR VCVC. (SIMILAR ? PERS 2 5 RECOVERED 59% 
TO FRG. 


&-LETTER 2-PART. CODE. 2-1937-? ? OKw 2 ala { UNKNOWN ) 


Pe ee 


5 lOIPLOMATIC 


FRANCE ~~ 9 
FREE FRANCE 


FRANCE 1g 


FRANCE W 


FRANCE*= 12 
FREE FRANCE 


FRANCE== 13 
(VICHY) 


t 


DIPLOMATIC 


ID PLOMATIC? 
DIPLOMATIC 


DIPLOMATIC? 


DIPLOMATIC? 
DIPLOMATIC? 


(D1PLowaTic) 


S-LETTER fee APPROXIMATELY 29, 000 
GROUPS ys 


UNENC I PHERED 


4-LETTER 4-FIGURE 1-PART COOE, NOT STRICTLY 


ALPHABETIC. 


5-FIGURE 2-PART CODE. 


“FIGURE 2-PART CODE ENCIPHERED BY SINGLE TRANS- 
ITION KEY TAKEN FROM THE ENCODE. 


KEY VARIES 


FROM 12 TO 29 LETTERS, NONE DIVISIBLE BY 5. _ 


5-FIGURE 2-PART CODE. 


5-FIGURE 2-PART CODE. 


tio T-PART CODE, ENCIPHERED BY TRANSPOSI- | 


4-FIGURE 2-PART CODE. 


*(UNENC? PHERED) 


"1918 TYPE, 
ce 


1941-( 1944) 


2-1981-? 


(19ht 19h) 


AFTER ight 
PERS 7 5 


7 PERS 7S 


? GERMANS 


7 OKW 


RECOVERED 158% 


RECOVERED hoe 
WORKED ON. 
KNEW SYSTEM. 
COMPROMISED 
RECONSTRUCTED 
15% é 
PARTIALLY 


RECONSTRUCTED 


NO, SUCCESS. 


aa: 
RECOVERED om 
COMPROMIS 


(BEGAN WORK 194. 
MISED CODE. READ. 
MATERIAL. 


— 


COMPRO- 
SCANT ~ 


<Aslipicarar tn) 
(UNIDENTEFIED) 


(UNIDENTIFIED) - 


(ero) 


(UnioeOwN ) 
(UNIDENTIFIED) 


(BROKEN WITH HELP FROM GCCS, 
59% RECOVERED, 99% READABLE. 


Bila (of. 


FRANCE 
FRANCE 


FRANCE 


ie DtPLomaric 


15 JOUPLOMATIC? 


16 IDIPLoMATIC 


17 |O1PLomaTr¢ 
18 |DEPLomatec 
19 JOUPLomaTIC 
rs) DIPLOMATIC 


21 DIPLOMATIC 


23 |(OlPLoMaATIC) 


DIPLOMATIC 


DIPLOMATIC? 


1, RB SOREL . :- 


é 


LEARNED FROM TICOM SOURCES 


{WITH annotations 


A-FIGURE 2-ParT CODE. 
4-FIGURE 2-Par? CODE. 


FIGURE 2-PART CODE. 


N-FIGURE 2-PART COOL. 
b-Fioume 2-PART CODE. 
erthim 2-PART coor. PERHAPS USED tN THE ae 
K-FIGURE 2-PART COOE. 


4- Sevier. 
ADDI T 


PART CODE. (ENCIPHERED WITH QUNMING 
A-FiGURE 2-PaRT CODE. 


Ih~F IGURE (2+PaRT) CODE. T@urmo S soot Ti USED 
cee sen OF 1 SUBSTITUTION AND 4 ADDITIVE SYS- 


S-FEGURE 2-PaRT CODE, (UNEMCIPHTRED). 


W-FIGURE 2-PART CODE, (UNENCIPHORED). 


b-FIGURE 2-PaRT CODE. 
K-FIGURE 2-ParRT CODE. 
R-F IGURE 2-PaR? COOL. 


4-FIGURE 2-PaRT CODE. 


hy ( 
i559. 


11 NAM. 
OSTEN 


12 FERN-, 
ost 


rz 1A 


15 VARIA 


pusal: fe | 


FROM ARMY SECURITY -AGENCY SOURCES 
BPR axe | us Af 


¥ GERMANS 


194h~ (CURRENT )} 


(1981-1985) 


(1941-1945) 


? GERMANS 
194i PERS 2-5 
1943 PERS 25 
? Ow 


198% S10 


? GERMANS 


? PERS 78 
7 PERS 2S 
? CERMANS 


? GERMANS 


RESULTS , OF. “EUROPEAN AXIS CRYPTANALYSIS” 


i =e 


DATES WHEN 
ee at BCA p RESULTS REFERENCE aT ASA 


hsour 35e ve | Re- T ie | 


Sse READABLE. 


ABOUT 65% 
RECOVERED 


ABOUT RE- 
CONSTRUCTED 


; READ: {~ 


ABOUT RE- 
covereh 
RECOVERED 25% 


RECOVERED 206 |T 


RECONS RUC TED 
Bd 


PROBABLY WOT 


SOLVED 


RECONSTRUCTED 
75% 


RECOVERED 598 


RECOVERED 19% 
RECOVERED 58% 
COMPROMISED 


RECOVERED 35% 


{unos . 
{UNKNOWN} 


{UNKNOWN} 


- 


{800k COMPROMISED i9h2.) 
(Uno) 


{cone 00L BOOK COMPROMISED 1943. 
COMPROMISED SUBSTITUTION 
TABLES AFTER SOME WORK DONE. 
ADOITIVES BROKEN. ALMOST" 

ALL TRAFFIC COMPLETELY READ.) 


(BROKEN wi TH 
RECOVERED 


LP OF GCOS. 


(ENCODE. COMPROMISED ha 
REMAINOER LARGELY SOLVED.) 


(UNTOOWN )° 
(UNKNOWN ) 
{UNIDENTIF IED) 


(UNKNOWN ) 


CHART NO. 3-2 


DocID@® 3560861 


FRANCE 


COUNTRY 
OF 
ORIGIN 


RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS 


(WITH 


ANNOTATIONS 


EARNED FROM TICOM SOURCES 


FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


30|DIPLOMATIC 


SERVICE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE 


FRANCE-- 
FREE FRANCE 


3101 PLOMATIC 


32|DIPLOMATIC 
33|DIPLOMATIC 
34|DIPLOMATIC? 


35 DIPLOMATIC? 


36 |DIPLOMATIC? 


37|D1PLOMATIC? 


38 IDI PLOMATIC 


39 DIPLOMATIC? 


4S |DIPLOMATIC? 


, 
41 |DIPLOMATIC? 
he 


(DIPLOMATIC) 


43 01 PLOMATIC 


4 


= 


OLPLOMATIC 


45 [DIPLOMATIC? 


4-F 1GURE 


4-F IGURE 
4-FIGURE 
4-FIGURE 


4-FIGURE 


4-F IGURE 


'U-FGURE 


&-FIGURE 


4-F IGURE 
|&-FIGURE 
4-F IGURE 
h-F 1GURE 
5-F IGURE 


4-FIGURE 
Y-FIGURE 


4-F IGURE 


U-FIGURE 2-PART CODE. 
INDICATOR ADD TO 15. 


BEEN ENCIPHERED 


NAME OF_SYSTEM | DATES | WHEN TICOM |SIATUS OF THE SYSTEM 
DESCRIPTION OF SYSTEM AXIS US.A ‘ OF ATTACKED | RESULTS |REFERENCE AT ASA 
8 Oeian ie USE AND BY WHOM A 
UNENCIPHERED. DIGITS IN |PC 156; iF 18 (FRH) 1945-(CURRENT)! 1945 SID RECONSTRUCTED |T 733; T Top | (COMPLETELY COMPROMISED BE- 
TNU ! 15% BY SID. a 3 T 1588 | FORE CODE WAS USED.) 
‘ READ. T 1511; T 1528 
. | T 162k: T B24 
if 1526 Put 
| 
2-PART COOE. (NOW UNENCIPHERED. HAD PC 146 5 BERLIN | (FRL) (?-1941-CUR- ? SID eet ae T 19093 1 2629 (87% COMPROMISED NOV. 1942. 
FOR A SHORT TIME. 1 1981; 5 RENT) ? PERS 7S | 190% BY SID T 3 t 293 REMAINDER PROVIDED THROUGH 
H VARIA 1- ‘CODE 75% RE- |T 32 3 1 36H TICOM SOURCES SEPT. 1945.) 
1988 CcoveREO BY 
PERS 7S 
2-PART CODE. ? 119 RN ? BR ONe ; % GERMANS | RECOVERED 35% d 3245 (UNKNOWN ) 
. | i i . 
2-PART CODE. ? i ? ? * 2-1938-7 | ? PERS 7S | neconstaucro | T 2618 (UNKNOWN ) 
| 
2-PART CODE. ? ' 33 BERLIN ? 2-7? | 2? PERS ZS RECOVERED 268 | T 2632 (UNKNOWN ) 
: i 
2-PART CODE. ? iF 4 2 7-7 ? PERS 2S | ABOUT 5% RE- | T 283) (UNKNOWN) 
: f : i COVERE 
2-PART COOE. ? ? ? 9-1938-? 2 OKw PARTIALLY RE- | T 893 ' (UNKNOWN) 
CONSTRUCTED 
2-PART CODE. ? \ ? 1 9-9 ? OkWw i allel T 892 ( UNKNOWN) 
35 
2-PART CODE. ? 8 BER- 2: 2-7? ' 9 PERS 2S | APPROXIMATELY : 96; T (UNKNOWN) 
at 1- 10% RECOVERED 421; 7 Fr 
1195; 35 T 2622 
VARBA- T= 4 >> 
2 VARI 
“E 1-79; 
2-PART CODE. ? ? ? 7-7 ? OKW RECOVERED 4G% | T 983 (UNKNOWN) 
2-PaRT CODE. ? tir 1-48q ? 7-7? ? GERMANS RECONSTRUCTED | T 88 (UNKNOWN ) 
30% T 248 
2-PART CODE. ? ? ? ?-? 2 PERS ZS | PARTIALLY RE- | T 3899 (UNKNOWN ) 
COVERED 
(2-PART) CODE. UNENCIPHEREO. DIGITS IN ? F 2¢ (FRJ) | 1945 SIO WORKED ON. T 1521 (IN PROCESS OF RECOVERY. 
INDICATOR ADD TO 28. FAIRLY READABLE. ) 
2-PART CODE. ? , BERLIN ? 2-7 | 2 PERS 2S | ABOUT 75% RE- | T 5 (UNKNOWN) 
; 13 1 VARI COVERED T 315) 
\i- T 2017 
2-PART CODE. ? 2 BERLIN ? 2-7 ? GERMANS | RECOVERED 75%| T 2486 (UNKNOWN ) 
5B; 2 T 3154 
VARTA 1 
2-PART CODE. ? BERLIN 7 2-7? ? PERS ZS | ABOUT 75% RE- | T 3157 (UNKNOWN ) 
2 33 COVERED : 333 
VARIA’ , 


REMARKS 


pocr@® 3560861 


RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS oe 


472 


LEARNED FROM TICOM SOURCE 


(WITH oc 


‘COUNTRY 
SERVICE DESCRIPTION SYSTEM 


FRANCE-- 46 DIPLOMATIC 
VICHY, FREE 

FRANCE 

FRANCE-- = 47|(O1PLOMATIC) 
VICHY 

FRANCE-- 48/01 PLOMATIC 
(VICHY, uve 

FREE FRANCE 

FRANCE=- 49/(O1PLOMATIC) 
(FREE FRANCE 

FRANCE-- 58 |(DIFLOMATIC) 
(VICHY, LATER 

FREE FRANCE?) 

FRANCE-- 51 |DIFLOMATIC 
VICHY, FREE 

FRANCE 

FRANCE 52 |DIFLOMATIC 
FRANCE 53 |DIFLOMATIC 
FRANCE 54 |DIFLOMATIC? 
FRANCE 55 |DIFLOMATIC? 
FRANCE 56 IDIPLOMATIC? 
FRANCE 57 |DIFLOMATIC? 


Y-FIGURE 2-PART CODE. (UNENCIPHERED. ) (Pc 149) 
4 BERLIN 
1g2 | 
' 
A SET OF EIGHT 4-FIGUPE (2-PART) CODES, UNENCI- |"PC" SERES F 4, 2 T|(PROBABLY 
PHERED. 1H, 14, FAC 
15, 16, | THROUGH 
! FAH, FMO, 
OR FAS) 
W-FIGURE 2-PART CODE. (ENCIPHERED.) PCN 9 19 AP (FAT) 
CIFHER TABLES--DIGRAPHIC SUBSTITUTION OF NUMBERS |TABLES 111] 19 AP KFAT TAB- 
FOR LETTERS. (CHANGED CUARTERLY BUT REPEATED AND IV Les) 
FROM YEAR TO YEAR.) 
Q-FIGURE (2-PART) CODE WITH LETTER DIGRAPHIC SUB- |(PCN-9) ? fee OR 
STITUTION WITH LIMITATIONS OF 1% LETTERS. TABLES 
OF 19% DIGRAPHS CHANGED QUARTERLY. SAME TABLE 
USED ON DIFFERENT DATES IN SUCCESSIVE MONTHS OF 
CUARTER. OIGRAPHS TAKEN CUARTERLY. SEVERAL OF 
THIS TYPE. - 
Q-FIGURE 2-PART CODE. ENCIFHERED--SOME BY TABLES ? * FAM, FAN, 
MANY OF THIS TYPE. AO, FAP, 
AL. FMH, 
FaU) 
4-FIGURE 2-PART CODE. Pc 28 ? ? 
4-FIGURE 2-PART CODE. (PC 155) |16-1-3602 (Fad) 
4-FIGURE 2-PART CODE. ? F 36 ? 
&-FIGURE 2-PART CODE. ? F 4g ? 
4-FIGURE 2-PART COOE. | ? F 56 ? 
4-FIGURE 2-PART CODE. USEO BETWEEN PARIS AND ? ? ? 
BEIRUT AND AODDIS-ABBABA. 


'9-(SOME CUR- 
RENT) 


1941-( 1944) 


| (194-1943) 


ighi- 
1943- 


(FAUs 
1944) 
(Fats 
1945) 


2-19h9-? 


9-1925-? 


9-194g-( 1944) 


1938 - 7 
9-1931-? 
2-1931-? 


2-1938- 1937-7 


an = SECURITY + AGENCY SOURCES 


COUNTRY "OF | ATTAGRED | RESULTS [REFERENCE 
OF origin, AXIS | USA | USE lan BY “WHOM ; 


Francia |(FRO) | 9-1 =(cur- -| ?- 
F 1495 | ent” 1935 


I TALI ANS 
GERMANS 


PRIOR TO 194i 
PERS 2S 


1941 FA 


? PERS’? S 


1948 Sim 


1929 PERS 2S 


7 GERMANS 
2 ITALLANS 


? PeRS7ZS 


4 PARENTHESES) 


COMPROMISED - 
190% BY ITAL- 
1 7 RE-| T 


GERMANS. 


READ, SOME 
COMPROMISED, 
SOME BROKEN. 


RECONSTRUCTED 
oe 


COMPROMISED 


COMPROMISED 
SOME MATERIAL. 
PROBABLY READ 
AFTER 1941. 


HAD COMPRO- 
MISEO COPY OF 
ONE CODE AND 
ONE 1-TIME 
ENCIPHERING 
TABLE. 


PARTIALLY RE- 
CONSTRUCTED 


APPROXIMATELY 
13* RECOVERED 

GERMANS AND 
ITALEANS. 


RECONSTRUCTED 
45s 
RECONSTRUCTED 
30% 
RECONSTRUCTED 
33% 


PARTIALLY READ 


eB 
3 
1% 
T 
T 
T 
05 


T yea 


T 2452 


0 $F 5 
T 


iF 1522 P2 


T 2156 


on 


NANT 


T 889 


T 2636 


STATUS OF THE SYSTEM 
AT ASA 


(APPROXIMATELY 96% READABLEs 
5-606 RECOVERED. TICOM 
RTERTAL ELIMINATES THE NEED 

FOR FURTHER BOOKBREAKING. 


(MAINLY COMPROMISED3 SOME 
BREAKING DONE ON PORTIONS OF 
FAG AND OTHERS. ) 


(COMPROMISED VICHY'S BOOK AND} 
TABLES 1982. COMPROMISED 
OUT OF 124 OF THE FREE FRENCH! 
TABLES. BUILT UP MANY OTHER’ 
READ. 


es 1942. SEE (TEM 


(tf FAU, WORK STARTED 1982, 
THEN ora ee IF 


FaT, SEE ITEM 


ran Fee MOST CODES AND 
TABLES 1942. SOME BREAKING 
aoe Fau AND TABLES OF 
FMH. 


(UNKNOWN ) 


ASA HAS COMPROMISED COPY. 
a FROM 1942- 9ube ) 


( UNKNOWN) 
(UNKNOWN) 
(UNKNOWN ) 


(UNKNOWN ) 
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COUNTRY 


) 
ORIGIN, | 


i SERVICE 


FRANCE-- 53] Di PLoma TIC 
vider, FREE 

FRANCE 

FRANCE 59| O1PLOMaTIC 

FRANCE ~- 69| Di PLOwaTic 

FREE FRANCE 

FRANCE 61| DIPLOMATIC 

FRANCE 62| DIPLOMATIC 

FRANCE 62] DIPLOMATIC 

f PANCE &&| DIPLOMATIC 

FRANCE ES/DIPLOMaTICt 
FRANCE-- 66/DIPLOMATIC 

(FREE FRANCE} 

FRANCE-= T/DUPLOMATIC 

(FREE rome 

FRANCE 62|DiPLOmarsC? 
FRANCE -- 69|DIPLOwaTIC 

VICHY 

FRANCE 78 \DIPLOMATIC? 
FRANCE 71 /OIPLOMaTICc? 
FRANCE 72 |DiPLOMATIC? 


RESULTS , or EUROPEAN AXIS CRYPTANALYSIS © 
FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES 


(WITH 


DESCRIPTION 


OF 


brane 


EARNED 


SYSTEM 


R-FIGURE 2-PART CODE. SOMETIMES ENCIPHEPED WITH |PC 150 Fa 
OAILY CHANGING PEPEATING 5-DIGIT ADDITIVE. 


(UNENCIPHERED UNTIL 


-FIGUPE )-ParT 
&-FIGUPE )-PARI 


U-riGuRe 1-PaRT 


&-FIGURE 1-PART 
LESS THAN 1, 38 


a-FIGME 1-PAPT 
“SMALL COOE.” 


§-FIGURE 1-PaR} 
2,068 GROUPS. 


L-FIGURE 1 -PART 
CNCIPHEFMENT BY 


4-FIGURE 1-PART 


G~FIGURE 9-PART 


U-FIGURE 1-FART 


h-FIGURE ?-PaRT 


4-FIGURE ?-PART 
TEXT. 


L-FIGURE T-PART 


wune 19h.) 


CODE, NOT SIPICTLY 


CODE, NOT 


COOL, MOT STRICTLY 


CODE, NOT 
GPOUPS. 


STRICTLY 
CODE, NOT STRICTLY 
CODE, ALPAGINATED. 
CODE, REPAGINATED. 
TABLE #3." 


CODE. 


CODE. 


CODE. USED 10 TR& 


CODE. “SUSPECTED 


STRICTLY 


@LPHASETIC, 
ALPHABLTIC. 


ALPHABETIC. 

ALPHABETIC. 
= 

ALPHABETIC. 


LESS THAN 


"SUBSTITUTION 
t 


NSMUT ENGLISH 


THAT 1T COM- 


BINES AN ADDITIVE AND @ SUBSTITUTION PROCESS." 


comme ee 


B-FIGURE T+PART CODE. CNCIPHEREO BY A “1s8- “PLACE 
LETTER SUBSTITUTION TABLES. 


PR 


| 
? Be (7aHLE! 

cot) 
8 ? 
? | ? 
? jrecee 

LERE 

? ? 
? + 
? . 2 
? ? 
? 7 
BD. 2 b 3 
7 ? 
? 8 
? 1 


C 


(FRA: 
FPa-3) 


DATES 
OF 
USE 


24 19% 3-CuR- 


RENT) 


7-1927-? 


2-19379-? 


?-19577-? 
-1927-7 
%-193779-7 
7-1959-7 
7-1927-? 
7-19L0-9 
+- 7? 
7-1939-7 
% ~ 19k) 


719-9 


-1ghi-%— 


\ 


WHEN 


, be $10 


PRIOR TO 19k%, 
FEFS 7S 


2? GEPMANS | 


Ore 


2 


FERS 


GEAMANS 


y PERS 28% 


vohe PERS 7 $ 


“PRIOR 10 1942], 


Fa, PERS 2S 


IN 2S 


OM 
may TACKe ED | RESULTS REFERENCE) 


75. SID P 
FREC FRENCH 
TRAFFIC 19%h~ 
1945. Come 
PROMISED DEC. 
rohy, 


PECOVERED 9S 
COMPROMISED 


RECOVEFED SOK 


RECOVERED 75% 


PECOVEPED 5%, 


PECCASTRUC TED 
ee 


COMFROM SEC 


COMPROMISED 


PARTIALLY RE- 
CONSTRUC IED 


READ 


NOT READ BY 
PEBS 7 § FRI 
TO 194} 


FARST_ Sun 

TION BY FA 

YSIS CAPTURED 
ABLES. 


f] 
OF THE 
AT ASA R 
PEAC 61 FERS | IF ng8 : & (TRAFFIC PEADABLE FROW 19h2, -- 
PE4D | BOOKBPEAKING CONTINUED UNTIL 
1 78 4 by 138 SEPT. hag WHEN ITALIAN COM- 
T 1986; 1 IseqPROMISEG CODE waAS RECEIVED. 
1 eli Y 792° CUPRENT FORMS BEING PEA.) 
1 roth T WS 
T , 
1 359 {UNKNOWN ) =m 
T 1723 (UNKNOWN ) sad 
tT 1826 (UNKCWN ) -- 
1 182 (UNANOWN ) “< 
1 1838 
T 1939 “{UNK NOt) os 
3 1829 (UN ROw) -- 
T 
o5k Pp? (UNKNOWN) Th 
4 
11721 (UNIDENTIF ICO) = 4 
11719 (UNKNOWN ) <P 
T 24O€. (UNIDENTIFIED) _ 
1 2404 (CUKKNOWN ) a 
pskPpe2 (URANCRN) jot 
D 5S P 13 (UNIDENTIFIED) : ne 
' | 
ok Pp is [MUNI ocNTIF SEO) = | 
| 
. - . ; - Ls -« . ~ ~ qe . 
a y Tes > — ERR UH 5 
2 . - 7 b- Tr 
Ce ee 


OCID: 


3? | sates 


( 


coun nt 
|_OR ‘te GIN 
a ioe 3 |DIPLOMATIC? 
|Feance 74 lDIPLoMaric 
France 4‘ “76 |DIPLOMATIC? 
FRANCE 76 |DIPLOMATICT 
FRANCE 77 |DIPLOMATIC, 
CONSULAR 
FRANCE 78 |orPLomaTic, 
CONSULAR, 
COLONTAL 
RANCE 79 CONSULAR 
FRANCE 8 COMMERCIAL 
FRANCE 81 MILITARY 
ATTACHE 
FRANCE 82 |(MICITARY 
ATTACHE ) 
FRANCE 83 |(MiLI TARY 
ATTACHE ) 
FRANCE 84 MILITARY 
ATTACHE 
-- OS micitary 
Gar FRANCE J ATTACHE) 
FRANCE 86 MILITARY 
ATTACHE 
FRANCE 88 MILITARY 
ATTACHE 


3560861 


“dy 


LEARNED FROM TICOM SOU 


(WITH a. # 


SERVICE DESCRIPTION SYSTEM 


4-FIGURE T- “PART CODE. 


*CQDE FOREIGN OFFICE OR KANO! MESSAGES." 


ADDITIVE ENCIPHERMENT SYSTEM. 


"CIPHER TABLES #14." TRIGRAPHIC SUBSTITUTION. 


U-FIGURE ?-PaRT CODE. 
TWEEN PARIS AND DUBLIN 


INDICATOR 66666. USED BE- 


K-FIGURE 2-PART CODE. ALWAYS ENCIPHERED BY SIM- 
PLE DIGIT FOR DIGIT SUBSTITUTION. 


&-FIGURE ?-PART CODE. 


4-FIGURE 1-PART CODE, MOT STRICTLY ALPHABETIC. 


Roreeors 5-FIGURE ?-PART CODE. PERHAPS ENCI- 
ERED BY TRANSPOS( T1ON. 


“FIGURE (2-PART) CODE. HAD (19) ENCIPHERMENTS, 
FYB-5 USES COLUMNAR TRANSPOSITION WITH NULL 
PATTERNS ON A KEY TAKEN FROM THE ENCODE.) 


“FIGURE 2-PART CODE. 


4-FiGURE 2-PART CODE ENCI{PHERED BY ONE-TIME TRANS 
POSITION KEYS, 13-27 LETTERS 1N LENGTH, TAKEN 
FROM THE ENCODE. KEYS ARE REVERSED BEFORE USED. 
FOR USE BY FRANCO POLISH MILITAPY MISSION. 


B-F IGURE 1-PART-CODE USING TRANSPOSITION ENCI- 
PHERMENT. (SPECIAL PAGINATIONS ASSIGNED TO EACH 
STATION. ONE GENERAL PAGINATION. ) 


ONE-TIME TRANSPOSITION KEYS OF VARYING LENGTHS. 
USED BETWEEN FRANCE AND ROME. 


2-LETTER ENCIPHERING TABLES REPLACING THE SUDAMERI 
SYSTEM. 


? 


ODE 1919 
TYPE 2 


DS-B 61% 


? 


? 


F 152 


{FvD) 


_ FROM: ARMY SECURITY AGENCY sours 
BUNT ans | usa” 


7-19hg-9 


9-1939-9 


7-19hS-2 


Pav. 


1918 - 
2-1949-7 


2-1932-? 


1939 - ? 


1983-1945 


194; - 2 


198g - 7 


1949- {CURRENT } 


Y PERS 2 S? 


194g SIM 


i 
? OKW 


? OKW 


7 STALIANS 


194) GERMANS 


7? OKK 


2 


a PA eae 


be BOOKBRE AK- 
NG DONE 


READ 


COMPROMISED 
ops 


COMPROMISED 


? 


COMPROMISED 
son 


PROBABLY NOT 
READ 


COMPROM| SED 
19s 


PROBABLY NOT 
BROKEN 


COMPROMISED 
1s 


BROKEN AND 
READ 


COMPROM! SED 
196 


COMPROMiSED 


T 186 
t revere [a 539 Tate 
T ia? 


IF 1524 
T 1624 


T 918 


T 1521 
T 3537 
1 178% 


T 1681 


1 3nP5 


T 1753 


t 1819 


RESULTS . OF aR UROPEAN AXIS CRYPTANALYSIS a 


(UNIDENTIFIED) 


(UNIDENTIF SED) 


(UNIDENTIFIED) 


(UNKNOWN } 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN) 


(UNKNOWN) 


br asa” gk) 19a 


OTHER ENC 1 PREENE 


NTS SOLVED. 


THREE OTHERS IN PROCESS OF 


SOLUTION. 
RENT.) 


(IF F 


(UNKNOWN ) 


(BROKE 
FYD-4 


ONLY ONE 1S CUR- 


» BROKEN AND READ. 
1F Fve, "See (Tem 82.) 


ENCI PHERMENTS. 
IN SOLUBLE STATE. 


FYD-5 BEING WORKED ON.) 


(UNKNOWN ) 


(UNKNOWN ) 


t 
. 
=e a 


COUNTRY 
OF SERVICE 
ORIGIN 

FRANCE ‘ COLONIAL 

FRANCE ~- COLONIAL 

VICHY AND 

FREE FRANCE 

FRANCE 91] CCLONI AL 

FRANCE 92] COLONIAL? 

FRANCE 93] COLONIAL 

FRANCE 94] COLONIAL? 

FRANCE 95] COLONIAL 

i 
| FRANCE 96) COLONIAL? 

FRANCE 97| COLON! AL 
(NAVAL, MILI- 
TARY, DIPLO- 
MATIC ATTACHE) 

FRANCE 98] COLONIAL 

FRANCE 99] COLONIAL 

FRANCE 190] ARMY 

FRANCE-- = 11.| (ARMY) 


FREE FRANCE 
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RESULTS | oF EUROPEAN AXIS » CRYPTANALYSIS 
EARNED FROM TICOM SOURC 


(WITH ene 

DESCRIPTION OF SYSTEM 
1~PART CODE, 5 OR MORE LETTERS PER GROUP. ? 
5-LETTER 1-PART COOE. (1926 B) 
ENCIPHERMENT TABLE FCR 1926 B. | MX 
5-LETTER 1~PART CODE. ? 
P-LETTER ?-PART CODE, SOMETIMES ENCIPHERED. 2 
5-FIGURE 2-PART CCDE ? 
Peas (1-PART) CODE. (APPROXIMATELY 8, 22% (1943) 
ROUPS. SIMITATION ON FIRST DIGITS TO @, 1, OR 
2. FIRST UNENCIPHERED; LATER SOMETIMES ENCI- 
PHERED BY AODITIVE ON 1 X 1M DAILY SGUARE WITH 
RANDOM COORDINATES.) 
-FIGURE 1-PART CODE. BOOK HAS 3 SETS OF TRI- ? 
GRAPHIC PAGE DESIGNATIONS FOR EACH PAGE, ALL AT 
THE SAME INTERVAL AND PROGRESSING BY ONES. 
Q-FIGURE 2-PART CODE. (NOW UNENCIPHERED. HAS (cove v) 


HAD 2 MAJOR ENCIPHERMENTS. ) 


h-FIGURE 1-PART CODE. SOME GROUPS SENT IN CLEAR. |CHIFFRE 
FOR USE IN ALGERIA. SPELL GROUPS BEGIN WITH 51 |6¢ 
OR 53 AND END WITH 52 OR 54. 


RUNNING ADDITIVE ENCIPHERING SYSTEM FOR COLONIAL |C.M.A.N. 
1923 CODE. 


HAGELIN CIPHER MACHINE. (6 WHEELS, VARIABLE PINS|BC 38 
VARIABLE LUGS, SLIDE, MAXIMUM KICK OF 27.) 


CIPHER MACHINE EMPLOYING FRACTIONATION, SUBSTI TU- 18-211 
TION, AND RECOMBINATION. (USED 5 x Sy scUaRe 
HAD 6 WHEELS AND 2 SETS OF PLUGS. “MODIFIED” 


VERSION HAD 1 WHEELS AND 4 SETS OF ees 


ee : 
| 
? (Fat) 
2 ? 
MARNE ? 
? ? 
F 13 2 
F CCL 29 | (FNC) 
’ ? 
F COL 22¢| (FNB) 
? ? 
? ? 
(Bc 38) 


pc 38 


8-211 AND (8-211 A 
|¥-211 WITHMOOIF IED 
SURCHIF- —B-211) 
FREUR 


| 2-1923-? 


* 1926-( 19h) 


2-1944-19k5 
2-19187-2 

2~1943-(CUR- 
RENT)? ae 


WS << 3 


2-1945-2 


(1944-CURRENT) ! 


0! 8- 
yore 


FROM ARMY SECURITY AGENCY counting 


‘AND BY WHOM 


WHEN 
ATTACKED 


? GERMANS 


? GERMANS 


1948 PERS 2S 


? OKw 


2? ITALIANS 


APPROXIMATELY 
1941 OKH, OKW 


RESULTS 


COMPROMISED 


PARTIALLY RE- 
CONSTRUCTED 
AND 160% COM- 

1 PROMISED 


i WORKED ON 


T 


NOT READ BERLOR 12) 


TO 1941 F 


1 
RECOVERED 20% 
LACK OF AERP 
i 
| 


COMPROMISED 
3 


: KNEW INDICA- 
TORS 


COMPROMISED 
1D 


TABLES 190% 


I 

i 

1 

i 

1 

COMFROM! SED 
| 192% 

| COMPROM1 SED 


ORIGINAL VER- 
SION READ. 
MODIFIED VER- 


SION NOT ali 


T 


T 


4 


«4 


fd PARENTHESES) 


1842 


1521 


1621 


2456 


(UNKNOWN) 


(COMPROMISED 1942 AFTER SOME tad BASIC 


WORK WAS DONE. 


(UNKNOWN ) 


(UNKNOWN ) 


(UNIDENTIFIED) 


(UNKNOWN ) 


(CODE BOOK COMPROMISED 1985 
AFTER SOME BOOK BREAKING HAS 
ASA SOLVED ENCIPHER- 


DONE. 
MENT.) 


( UNKNOWN ) 


(COMPROMISED CODE 800K. 
BROKE BOTH ENCIPHERMENTS. 


READ 190%.) 


(UNKNOWN) 


( UNKNOWN ) 


(NOT READ) 


NO. 1-2 


BOOK; FBT 
EPAGINA- 
10N) 


K ASA KNOWS 

OF NO EN- 

CI PHERMENT, 
N FBT) 


wa 
TU 
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RESULTS OF EUROPEAN AXIS GCRYPTANALYSIS 
AS LEARNED FROM TICOM SOURCES 


(WITH ANNOTATIONS FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


DATES | WHEN TICOM [SIATUS OF THE SYSTEM 


ea 


OF ATTACKED | RESULTS |REFERENCE REMARI 
USE AND BY WHOM | 
FRANCE ++ We] (apMy) CUPHER MACHINE, HAGELIN TYPE. 5 WHEELS (FIXED C-36 , C736 (c-36) (APPROXIMATELY 194% OKH SOLVED AND t % P3 ‘(READ. CAN BE BROKEN BY STA- -- 
FREE FRANCE LUGS, VARIABLE PINS.) t 1935-CURRENT) 194% OKW FREQUENTLY 1 168 P6 TISTICAL METHODS.) 
i 1939 SIM READ BY OKH r4eph 
| AND OKW. MAY | I P5 
HAVE BEEN READ | Pe. 
, BY SIM, f 3 PP 6-7 i 
179 PP 2-3. 
‘ 1 79 PP £75 
{ 131P 
1187 5 
iF 1 M4 
if 152 
1 1655 
T 1673 
FRANCE ISZ/ MILITARY MACHINE CtPRKCRS. 2 ? ? 1939- 194d - 2? SIM NOT READ IF 1522 (UNIDENTIFIED) =e 
FRANCE 164] aRMY | -LETTER ?-PART CODE ENCIPHERED BY DIAGONAL TRANS]  ? ? ? 1943-1945 | 9% OKR READ 1 166 P 7 (UNIDENTIFIED) oe 
|PosiTtON BY MEANS CF 4 NUMERICAL KCY DERIVED FROM . : 
{A KEY WORD. KEY WORD CHANGED MONTHLY, LATER 4 H | 
,CVERY TWO WEEKS. IN WEST AFRICA LETSER SUBSTI TU- 
‘TION TABLES WERE INTRODUCED WITH A MONTHLY CHANGE | 
FOR THE INDICATOR GROUPS. f ' 
! nw 
FRANCE 1S5 | ARMY 5°LETTER P-PART CODE. FIRST 2 AND LAST GROUPS ? ? ? 1943-APPROXI-= 2? OKH , READ 1 168 P 7» (UNKNOWN ) on 
ARE S-FIGURE. ENCIFHERED BY DIAGONAL TRANSPOS I~ MATELY 1945 ‘ PP 12-14 
| ITION, USED IN ECUATORIAL AFRICA, 
FRANCE 126 | APMY “LETTER ?-PART CODE. ENCIPHERED BY SIMPLE TRANS: ? | ? ? "1943 - ? %  OKH READ 1 168 P 6 ( UNKNOWN ) ee 
POSITION. "1% DAILY KEY CHANGE.” 
' . 1 t 
» . : ' 
FRANCE 167 | Aamy S-LETTER 2-PART CODE, UNENCIPHERED. COULD BE M.C. ? ? | 1935-1948-2 ? OKW ' COMPROMI 5ED T 1646 (UNKNOWN) a 
USED aS A 4-FIGURE 1-PART CODE ENCIPHEREO BY . : 53 
"TABLES 3, 162, AND 183." | | 
FRANCE 198] army ? Y-LETTER ?-PAPT CODE. ? F451 ? 7-7? 2 GERMANS ? T 3615 (UNIDENTIFIED) eon 
1 
| 
FRANCE-- 169] ARMY 3-LETTER }-PART CODE. FIELD TYPE. ? 2 ? 1942-1943 i 2% GERMANS READ BY GER- | IF 1517 P (UNKNOWN ) “ 
FREE FRANCE 1? Sim MANS AND SIM, | IF 1523 P 
PROBABLY FIRS 
| BROKEN BY GER- 
| saetts 
f 
FRANCE 116] (ARMY ) 13-LETTER 1-PART CODE, THE MIDDLE LETTER BEING ONE 2 ? ? 1941 - ? 1% OKH READ. | 178 PP 2-3 | (UNKNOWN) - 
‘OF THE 5 VOWELS. SEVERAL ENCIPHERMENTS WERE USED) 3 
pentes THE ENCIPHER KEY CHANGED MORE FRECUENTLY. , 
FRANCE 111 | ARMY “LETTER 1-PART SMALL CODE. KEY CHANGED EVERY ? H ? ? 1942-1944 | 2 OKH READ 1 168 PP 6, 8| (UNKNOWN) “ 
WEEKS. \ | 
, 
FRANCE 112 |ARMY 13-LETTER 1-PART SMALL CODE. IDENTICAL IN CON- g ? ? APPROXIMATELY | 2% OKH READ t 168 PP 6, 8] (UNKNOWN) -- 
TRUCTION TO ITEM 111, SUT VOCABULARY MORE ADAPT- 1943-194) ' 
ABLE TO WIRELESS TRAFFIC. KEY CHANGED EVERY 2 1 
WEEKS. j 
i 
FRANCE TIZ|ARMY, AIR, (MIXED 3-LETTER, 4-FIGURE, AND 3-FIGURE 2-PART GuMoA 2 ? 1942 - ? 2 9 COMPROMISED T 1798 (UNKNOWN) ' aS 
NAVY CODE. “EMERGENCY COOEBOOK FOR USE IN NORTH AFRICA. 190% 
+BOOK DIVIDED INTO SECTIONS FOR THE USE OF THE 
THREE SERVICES. 1 
t 
‘ 
' t 


8’ 8’ 
V55 _ 8/55 2 
3 cot A = BR? Sec As 23) esc 
_ 8/55 
ee 55 


c(1) a= 17, b = 29.4,c — 34. (2) a=—9, 
b—12,c= 15. (8) a = 12,b6= 16,¢ = 
20. (4) a =-17.5, b = 10\/11, ¢ = 87.5. 
(5) gd = 10, b = 6,¢ = 2\/34. (6) a = 
37.08, b = 18.4, c = 41.4. 


d(1) b = 10\/3, c = 20. (2)a=T,c¢= 


1/8. (3) a = 4V3,b = 4. (4) d = 38, 
c= 6/3. (5) a = 12.5, b = 12.5\/8. 


Paragraph 164. 


236 


a(1) .02618, .99966, .02619, 38.1885. (2) 
.26584, .96402, .27576, 3.62636. (3) .53238, 


84650, .62892, 1.59002. (4) .59693, 
80230, .74402, 1.84405. (5) .70690, 
10781, .99942, 1.00058. (6) .70706, 
70716, .99986, 1.00014. (7) .57649, 
81710, .70558, 1.41737. (8) .81870, 
58129, 1.39982, .71488. (9) .74811, 
.66357, 1.12740, .88700. (10) .92429, 


88169, 2.42158, .41295. 


b(1) 14° 54’ 51”; (2) 66° 35’ 51”; (3) 
19° 56’ 54”; (4) 25° 17’ 5”; (5) 40° 23’ 
35”; (6) 68° 45’ 2”; (7) 22° 11’ 47”; 
(8) 34° 5’ 19”; (9) 52° 13’ 2”; (10) 51° 
29’ 49” 


c(1) 44° 43’ 29”; (2) 10.29; (3) 32.9; (4) 
19.76; (5) 12.4; (6) 54° 18’ 52.5”; (7) 
33.69; (8) 16.5; (9) 36° 28’ 9”; (10) 
128.3; (11) 32.9; (12) 29° 3’ 15” 


d(1) 48.845 feet; (2) 80.027 feet; (3) 
12.226 feet, 8.69 feet high; (4) 3,149 feet; 
(5) 11.734 feet; (6) 91.77 feet; (7) 206 
feet; (8) 3,578 feet; (9) 16,647 feet 
(3.153 miles) , (10) 82.12 feet; (11) 1.414 
inches each; (12) side opposite 60° 75.196 
inches, side opposite 30° / 3 inches. 


Paragraph 173. 


aC = 62° 16’ 38”, a = 1459. b B= 
69° 58’. c A = 23° 33’ 22”, B = 45° 16’ 
31”, C = 111° 10° 7”. d A = 81° 381’ 41”, 
B= 41° 7 29”. e 240 square inches. f 
97.880 square feet. g 55.424 square inches. 
h A = 82° 33’ 45”, B = 84° 3@’ 15”, ¢ = 
15.95 inches. 


Paragraph 176. 


a(1) .4 radian; (2) 4 radians; (3) 8 
radians; (4) 2.78 radians. 


b(1) 35 inches; (2) 17.6 feet; (3) 18.9 
miles; (4) .00198 inch. 


e(1) .52 radian; (2) 4.6 radians; (3) 
2.77 radians; (4) 5.89 radians. 


d(1) 45° 50’ 11.8”; (2) 1482° 23’ 40.2”; 
(3) 197° 40’ 13.44”; (4) 540°. 


e(1)7/6; (2) 2/3; (3) 5/4; (4) de. 


Paragraph 192. 


a(1) 5.5 amperes; (2) 1.30 amperes. 
b(1) 28 to 100 ohms; (2) 7 to 25 ohms. 

ec 221 volts; 7.514 watts. 

d(1) .8 ampere; (2) 24 volts; (3) 80 
volts. 

e(1)Gr = .85 inch; (2) 2.857 ohms; 
(3) J, = 10 amperes, J; = 5 amperes; (4) 
Ip = 35 amperes. 

fq) Gi =! mho, Gz = .833 mho, Gs = 
.1 mho, Gs; = .05 mho, G; = .02 mho; (2) 
Gr = 1.503 mhos; (3) Rr = .665 mho. 


g(1) 17.08 ohms; (2) 86.4 volts; (3) 100.8 
volts; (4) 228.192 volts. 


h(1) 4.62 ohms; (2) 5.859 ohms; (8) 
4.783 ohms; (4) 15.246 ohms. 


i(1) 125 volts; (2) #, = 50 volts, EF, = 
75 volts. 


j(1) 10.754 volts; (2) I, = .7028 ampere, 
I, = 8.269 amperes, J; — 1.0237 amperes; 


AGO 558A 
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RESULTS | 0 OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH | a FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


COUNTRY JAME TICOM A OF H ‘ 
OF SERVICE DESCRIPTION OF SYSTEM ‘ OF REMARKS 
__ ORIGIN «+ OF ORIGIN, J AND BY i 
SRANCE-- 1st ARMY FIGURE 2-PART CODES WiTH agOUT 56,909 ? c | ? 2-7? ? sim READ AFTER ay ve Be P ' ntaniisaas = 
vicey ng gra VARIOUS SYSTEMS OF ENCIPHERMENTS USED. , BEING DEPOS- 
USED BETWEEN FRANCE AND COLONIAL ARMIES. . UTED WtTH 
I , Inission com) 
' ' 
: é 
FRANCE 115 (ARMY) 5-FIGURE 2-PART CODE. : ? ? ? 1943 - ? 2 OKH BROKEN AND 1170P 4% (UNIDENTIFIED) - 
FRANCE 415 (agmy) (5-FIGURE 1-PART COOL. LATER REPAGINATEO. 3 SYSTEME ? -- 1923 - ? ? OKw COMPROMISED T 16 (COMPROMISED BOOK 1927 OR -- 
’ ENCIPHERMENTS IN USE SIMULTANEOUSLY.) CRYPTO- igs T1 Ages. NO TRAFFIC. WORK 
GRAPHICUE TI +) 
§ {MODELE ; T (627 
943 ; 
| | ; 
FRANCE 117 MILITARY TRANSPOSITION KEYS FOR SYSTEM 1923. 19330 =F WSR me 194g - 2 1948 GERMANS COMPROMISED | T 361 (CODE BOOK COMPROMISED. SEE -- 
, 923 933 4 1397 ; 9 > - 1 #3 ew ee) 
FRANCE 11%) army 5-FiGURE -PART CODES. USED IN FRANCE, NORTH ‘ ? ? ? 2-1943-19N42 =f OKH NOT READ BY 1168 P 7 (UNIDENTIFIED) = 
t AFRICA, WEST AFRICA, AND ECUATORIAL AFRICA. ! FEBRUARY 1945 
FRANCE*- 129 ARMY 4-FIGURE 5-FIGURE CODE SENT IN 5-FIGURE GROUPS. ? ? [4 2+? ? SIM NOT READ tf 1§22P 2 (UNIDENTIFIED) <° 
FREE FRANCE ENCIPRERED BY ADDITIVE SYSTEM, ‘ ; 
% 1 
 reancer rat! anmey? M-FIGURE 2-PART CODE. SHORT CODE. SOMETIMES CODE > , 7 a a COMPROMISED | T° 1649 (UNKNOWN) | 
f CNCIPHERED BY DIGRAPHIC LETTER SUBSTITUTION, a 1 | 
, is ' 
1 
1 | ! 
@D) FRANCE 121 APMY 4-FIGURE 2-FART FIELO CODE. ENCIPHEREO BY A 1} 1 F lit on ? 1937-1939 1937 OKW SOLVED AND 1 8 P6 | (UNKNOWN ) , = 
. DIGIT REPEATING ADDITIVE. INDICATOR WAS 55555- RA READ. ENCI- | | i) P2 i 
: - PHERING TABLES T 360% | i 
COMPROMISED | 
. PF I 
FRANCE 122 ARMY K-FIGURE 2-PART CODE. APPROXIMATELY 6, f° SERIE 67 ? ? 2-1929-7 ? Okw COMPROMISED =| T 7e3 (UNKNOWN) an 
GROUPS. £NCIPRERED BY DIGRAPHIC LETTER SUBSTI- ro TI ' 
} TUTION. ? i 
| a | ' ' 
FRANCE 123! aRMY §-FIGURE 2-PART CODE. APPROAIMATELY 55,005 CONCOR ? | ? 2-7? ? OKw COMPROVISED | 1 179% (UNKNOWN ) a5 
: GROUPS. DIGRAPHIC LETIEP SUBSTITUTION. SIMILAR DANCE NO. ‘ . _ US 
| TO ITEM ize. 3 | l ‘ 
' ‘ ; 
FRANCE teh ARMy 4-FIGURE 2-PART CODE. ‘CODE ? 2 2-7 ? OKW COMPROMISED " T 1666 (UNKNOWN) 2 
TOUTE 1558 : 
SERIE ' ' 
' 
. ' . 
FRANCE 1e5« ARMY h-FIGURE 2-PART CODE. ENCIPHERED BY LETTER SUB- SERIE 69 ? ? ?-? 2 Oxw | compromi sep 1 1636 (Unknown) ne 
STITUTION WITH VAPIANTS. NO GROUP BEGINS WITH 3, | 1S 
é ( 
? 
FRANCE 136 ARMY? S-FIGURE 2-P4RT CODE. SERIE 71 ? | ? 2-1952-? 2 oKW I are | 877 {UNKNOWN ) i oe 
’ 5 4 
H COVERED ' 
E I 
FRANCE 127 ARMY &-FIGURE 2-FaRT CODE, ysco BETWEEN NORTH AFRICA ATME3 ? | ? 1943-1945 194% OK | RECOVERED AND | | 168 PP 7, | (UNKNOWN) we 
4ND CORSICA. PEVERSED &TM GROUP SUBTRACTED FROM READ 14-19 
| THE 3RD CROUP ALWAYS GAVE SAME DIFFERENCE FOR ALL | ' ’ 
! 


MESSAGES. ‘ 


 DocIp® 3560861 


COUNTRY 
OF 
ORIGIN 
FRANCE 128) 
FRANCE 129 
FRANCE 132) 
FRANCE 131 
FRANCE 132 
FRANCE-- 133 


FREE FRANCE 


a 
D 


( 
i FRANCE 


FRANCE 


FRANCE -~ 
VICHY 


FRANCE 


FRANCE 


134 


135 


136 


137 


133 


“SERVICE 
ARMY 


ARMY 


ARMY 


ARMY 


ARMY 


ARMY 


ARMY * 


ARMY 


ARMY ? 


ARMY 


aRMy -COLON) AL 


_ 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS ) 


AS LEARNED FROM TICOM 
(WITH ANNOTATIONS FROM ARMY SECURITY AGENCY 


SOURCES 
SOURCES IN PARENTHESES) 


| WHEN | TICOM 
ATTACKED | RESULTS |REFERENCE 
AND BY WHOM 


DESCRIPTTON OF SYSTEM 


4-FIGURE 2-PART CODE, ALWAYS ENCIPHERED. ?- GERMANS 


2-1942-? 


COMPROMISED | T 3683 
190% 


Y-FIGURE 9-PART CODE WITH SHORT REPEATING ADDI- 7 . # ? OKH 169 PP 7, 19 
TIVE, WHICH MAY HAVE CHANGED WEEKLY. GROUP t WAS 
MESSAGE NUMBER; GROUP 2 GAVE NUMBER OF GROUPS; 


AND THE LAST GROUP WAS THE INDICATOR GROUP. 


1944-1945 t CAPTURED AND | | 


READ 


4-FIGURE ?-PART CODE WITH SHORT REPEATING ADDI - 7 ? ? i 1944-1945 ? READ ' 
TIVE. USEO IN TRANSPORT NETWORKS IN NORTH AFRICA 
EXTERNAL CHARACTERISTICS SAME AS THOSE OF ITEM 


129. TRANSMITTEO IN 3-F IGURE GROUPS. 


OKH 168 PP 7, 19 


| Y=FIGURE P-PART CODE CONSTRUCTEO BY A CODE | 194K 1945 : ? 


1 

| OK READ t 
IN WHICH RANDOM 2-DIGIT COORDINATES FORMEO THE | : 

1 

| 


168 PP 6, 8} 


Q-FIGURE GROUPS. ENCIPHERED BY DAILY CHANGING 
FIGURE SUBSTITUTION TABLES IN MONTHLY CYCLES. 


\-FIGURE -PART CODE ENCIPHERED BY "ORDINARY" ? 
TRANSPOSITION. 


FOS ? 2? - 1945 1937 OKW i 


SOLVED AND T 
READ 


(2-19h2-cur- | 7 


4) 
| RENT) 


(4-FIGURE 1-PART CODE NOT STRICTLY ALPHABETIC, 
ENCIPHERED BY SUBSTITUTION OF A TRIGRAPH FOR THE 
{Ni TIAL DIGRAPH. SUPERENCIPHERED BY TRANSPOSt - 
TION KEY TAKEN FROM THE MAGAZINE "FRANCE LIBRE”, 
VOL. IV, #23.) 5-FIGURE INDICATOR REPEATED AT 
THE BEGINNING IN REVERSED ORDER. 


| 
(Gamera?) ? (FRE GERMANS NOT READ T 
i 


AT™ ? ? GERMANS 


4-FIGURE 1-PART CODE TRANSMITTEO IN 5-FIGURE EFORE 1939-7 | ? COMPROMISED | T 3551 
GROUPS. WAS ORIGINALLY A 3-LETTER 2-PART CODE. 1908 T 3523 
‘ENCIPHERMENT BY 18-DIGIT REPEATING ADDITIVE CON- ! 


STRUCTED FROM THE DATE. 


OKW COMPROMISED 


Y-FIGURE 1-PART CODE, REPAGINATEO. VARIOUS EN- 190% 


CIPHERMENTS USED, SOMETIMES ONE-TIME TRANSPOS! - 
TION KEYS, SOMETIMES A REPEATING ADDITIVE. 


1927-194p-? | 2 


AAOOOD 


alt 
EPERTOIRE 


~DO 
so 
Aaa adda 
rs 


CARNET DE 2 ? 1941 - 2 : 8 
CHIFFRE- : 
MENT "PLE 4 
1 


4-FIGURE 1-PART CODE, NOT STRICTLY ALPHABETIC. OKW 


ENCIPHEPED BY ADDITIVE TAKEN FROM A TABLE. 


COMPROMISED =| T 
1g 


~ 


4\-FIGURE 1-PART CODE, NOT STRICTLY ALPHABETIC. SERIE M ? 2-19Ug-? 2 OKW COMPROMISED 
VARIANTS USED ON MOST FREGUENT GROUPS. 2-DIGIT 10% 
OIFFERENTIAL FOR GROUPS REPRESENTING PLAIN TEXT 
DIGITS. CODE TO BE USED ONLY WITH ENCIPHERMENT-- 
LETTER OR FIGURE. TRANSPOSITION ONE-TIME KEY 

USED. , 


Aaa 
fv 
oun 


Y-FIGURE )-PART CODE WITH LETTER ENCIPHERMENT-- 2? ? 2 ? - 1939 ? SIM READ : IF i519 Pe 
2 A 


OR 3 ALTERNATIVE LETTERS FOR EACH FIGURE. 


(UNKNOWN) 


(UNKNOWN ) 

(UNKNOWN ) 

(UNKNOWN) 

(UNKNOWN } 

(CODE BOOK ABOUT 82% RE- 
COVERED BY GCCS AIDED BY ASA. 
ENCIPHERMENT SYSTEM ALMOST 
COMPLETELY COMPROMISED BY 


GCCS. READ AT ASA SINCE 
94h.) ; 


(UNKNOWN) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN) 


(UNIDENTIFIED) 


Hn [UF ate Fe 


OT GIVEN 
‘0 ARMIS~ 
ICE COM- 
ISSION. 


OT TURNED 
VER TO 
RMANS OR) 
1 TALIANS 
AT ARMIS- 
TICE. 
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COUNTRY 
SE SERVICE 

ORIG! . 
RANCE 139) Arey 
FRANCE~~ 142) ARMY 
(FREE FRANCE) 
FRANCE 141) ARMY 
FRANCE-~ 142) ARMY 


(FREE FRANCE) 


FRANCE 1k3) AMY, AIP 
FRANCE 180) ARMY 
FRANCE 145] army? 
FRANCE UE) Apacy 
FRANCE 147) AMY 


FRANCE-* 14%) ApMy 
FREE FRANCE 


FRANCE 149) ARMY 
FRANCE 15a] ( Arey ) 
FOANCE-~ 151) ARMY 
FREE fa@ance 

FRANCE ~~ 152] APMY 


FPEC FRANCE 


FRANCE 152) APMY 


FRANCE 154] ARMY? 


RESULTS , 0 OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES 


(WITH . rawr 


OF SYSTEM 


DESCRIPTION 


\-FiGURE 1-PAPT CODE. USO FOR SMALL UTITS. 
USE£O UNENCIPHERED IF NO SECURITY REGUIREO. 
TIMES ENCIPHEPED BY 5-DIGIT REPEATING ADOI TIVE 
WHICH FRECUENTLY CHANGED. 


4-FIGURE 1-PAPT CODE. 
4-FICGURE 1-PaRT CODE, TRANSPOSED. 


4-FIGURE I-PARY COOL, ERCIPHER(O Br LETTER SUB- 
STITUTION TABLE, FIRST GROUP ALWAYS TISF. 


k-F 1GUPE )-PAPT CODE, NOT STFICTLY ALFHABETIC. 
2-PAPT COOL. 


2-F IGE PROBABLY A FIELD CODE. 


Y-FIGUPE 1-PACT CODE, NOT STRICTLY ALPHABETIC, 


9-FIGUPE ¥-PART CODE. 
PHEPMENT. 


USEO TRANSFOSITION ENC I- 


2-FIGURE SUBSTITUTION TABLE WITH ALTERNATIVE 
EGUIVALENTS. USEO IN SYRIA, 


CODE VALUES IN BLOCKS DESIGNATED BY FIGURE FOP 
BLOCK, LETTEP FOR LINC. FIGURE COULD BE SLE- 
STITUTED BY DIGRAPH. USED IN SYFIA. 


SUBSTITUTION TABLES, 2 LETIERS FLX NUMECP. 


CIPMEP SYSTEM, SIMFLE LETTER SUBSTITUTION. 


SUBSTITUTION KEYS AND BOXES CHANGED EVERY Ih Darts 


C1PHES? 
CIPHER? 


3 SENS OF ENCLRHEPING X£¥S--LELTEP GIGRAPHS. 


TRAMSFOSETION ENC IFHEPMENT BASEO ON 2 KE WORT 
TAKEN FROM THE ENCCOE. 


SERIE FC; rs 
SOME~-|CAAMET Of 
CHIFFRE- 
MENT 
? 5 
2 ? 
? ? 
v2 CME ? 
CAPNET 4 
PEOUIT: 
222 
* } 
CONC OF F 23 
SERVICE 
1926 
? F MIL 
? ? 
? ? 
? 
’ 
"CONTE 
|Scoourn” 
“SCevICe 
POU TICUES 
Vibe i 
t 
MA 


Ae 
WV. 


DATES WHEN 
ATTACKED | RESULTS 
AND BY WHO 
? #-1933-1930-7| 7? Oxw COMPROMISED 
rs J 
‘ 
? 1 $-1938-? ? OKW COMPROMISED 
? | FRIGR TO 1939 PRIOR 10 1939 | READ 
sim 
(fF ¥B) 1Qb¥-(CURRPENT} % OK PEAD 
? %-19U2-? % mw COMPPOMI SEO 
? 19497%+ 1942-9 * OKw CoMPPOMISCO 
” 1S 
? 9-10G26-7 “2 GERMANS PEC CS TPL TED 
‘ OS; PCR HAPS 
PaRTEALLY 
| COMPPOMISED, 
{FMG 112)] 1945 ONLY 1 2 §10 woPacd On. 
PROBAEL® NOT 
; REAT. 
? 7-7 | 2? OAH PEAO. 
: 9.97 2 GERMANS PEAD PARTIALLY 
?° 51M 
2 IG - 7? 7 Kw COMPROMISED 
= 2+ 19dz-? ? Onan REA 
PLAS 
! 
ed ad 
COMPROMISED - 
ise” 
CNCIFHER ING 
OIREC TIONS 
COMPROMISED 
1H 


IN PORENTHESES) 


IREFERENCE 

118 NPN ) 

T 1338 | ‘ 

T 1629 

T 1629 (UNKNOWN } 

T 1630 

iF 1519 P (UNIDENTIFIED) 

| 
1 168 PP 7, 11 (BROKEN AND BEING READ 158d) 
| 

T 934 | CUNRNOWN ) 

T 1736 (UNKNOWN ) | 
T co] Lent) 

t 22) : 

T 1921 (UNREADABLE. BEING wORKCO 

ON.) 

} 166 PA (UNANOWN ) 

IF 1522 (UNIDENTIFIED) 

T 179 (UU DENTIF LED) 

1178 P 4 {UNIOCHTIF IED) 

1 Phere (UNKNCAAY) 

17k Pp 2 (UNKAW ) 

T3887 OMIA sce bE: 
T 25ky (aRNOwri) 


len 


REI 


- 


8°) ae iat 
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- 
. 


RESULTS , oF EUROPEAN AXIS CRYPTANALYSIS 


(WITH Ries 


( 


LEARNED FROM TICOM SOURCE 


FROM ARMY SECURITY AGENCY 


coun SERVICE peecnarion ~ SYSTEM COUNTRY. SYSTEM 2 — 
__ ORIGIN _ FO RIGIN axis | USA USE 
FRANCE 155 (wer) CIPHER SYSTEM USING SIMPLE LETTER TRANSPOSITION. ? ? ? 2-19h3-? 
156) ARMY SIMPLE TRANSPOSTION. USED IN SYRIA. ? ; 2 ? 7-? 


2I-LETTER REPEATING TRANSPOSITION KEY USED ON 
USED DURING MONTH OF SEPTEMGER, 1939. 


CODE R&A. 
REPLACED BY CLEF 2ERC 8 2. 


TRANSPOSITION ENCIPHERMENT BASED UPON A KEY, 
25 LETTERS IN LENGTH, TAKEN FROM THE ENCODE FOR 
E 


On CODE RA. REPLACED By CLEF ZERO C 2. 


rage ney FOR USE ON CODE RA. 
CLEF 2ER0 D 2. 


ENCIPHERMENT FOP USE ON CODE RA. 
CLEF ZERO E 2. 


} 13-29 LETTER TRANSPOSITION KEY. 


!AMULTIPEE OF &. FOR USE ON CODE RA 


\y-FIGURE 1-PART CODE, NOT STRICTLY ALPHABETIC. 


SOMETIMES ENCIPHERED. 


‘h-FIGURE 1-PART CODE, NOT STRICTLY ALPHABETIC. 


le-rroune t-PART CODE, ENCIPHERED BY LETIERS. 


3-FIGURE 2-PART CODE, CAPTIONATED. 


ie 1-PART CODE. 
iC CHANGED 2-5 TIMES A MONTE. 


WEATHER CODE. 
PHERED EY DAILY CHANGING ADOIT 


COMBINATION LETTER AND FIGURE CODE. 
PLAIN TEXT. 
LESS JIKAN 126 GROUPS 


1€9]AIR FORCE CODE ENCIPHERED. 


1h- 


REPLACED BY 
REPLACED 8Y 


LENGTH IS NEVE 
RA. 


ENCIPHERED BY LETTERS 


PARTIALLY 
USED = LIAESON OF ARMY AND NAVY. 


1939 ONLY 


i} 
'CLEF ZERO ? 
42 


CLEF 7ERC 1939 ONLY 
2 


CLEF ZERO 1939-1948 


{ez 
leer 7E80 1948 ONLY 


er 7EP0 1946 ONLY 


1939- 1942-7 


4 2-1939-? 


|, 791939-8 


| 9-1936-? 


2- 1935-7 


SINGLE OIGITS wo ENCE- 


ER re 


TICOM 
aft tak cep RESULTS REFERENCE 


7 OKH |e READ 


"READ t 


‘1L1ige& 


? OKH 166 PG 


1 OKW 


gate SED ,T 1736 


OMPR 
os OMI SED 1736 


1736 


1736 


OKw COMPROMISED 


160% 736 


OKW COMPROMISED 1639 
2 


{ 
1939 CERMANS | PARTIALLY PE-! T 3544 
3 | Consteucten 3 


1939 OKL READ 2 P 6 


“2 onw COMPROMISED | T 1643 
1 


“IF 1566 
Ke # 


FOR FES., May,! 
AND JUNE ight! 


ATUS Of H STEM 

AT ASA REMARKS 
(UNIDENTIFIED) s&s 
(UNIDENTIFIED) ae 


( UNKNOWN} 


(UNKNOWN } 


(UNKNOWN) 


(UNKNOWN ) 


CUNKNOW?) 


(UNKNOWN) 


(UNKNOWN) 


\ (UNKNOWN } 


" (UNKNOWtE) 


(UNKNOWN) 
(LMIDENTIFIED) 


(amnow:) 


(UHICENTIFIED) 


a 


we 
"Jo ea “eam CHAN Tae Tl 9 Sais 
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COUNTRY en 
VICE 
ORIGIN 

FRANCE 17) NAVY ALO 
FRANCE 171] NAVY AIR 
FRANCL-* i 72] taVY 
VICHY, FREE 
FRANCE 
FRANCE 174] NAVY 
FRANCC 174] NAVY? 
FRANCE 178] NAVY? 
FRANCE 176| NAVY 

[ FRANCE 177] NAVY 

» c 
FRANCE 178] Navy 
FRANCE 179] NAVY 
FRANCE 189] Navy 
FRANCC-- 181 /NAVY 
FREE FRANCL, 
VICHY 
FRANCE=- 182 |NAVY 
(VICHY, FREE 
FRANCES 
FRANCE 183 NAVY 
FRANCE 184 |NAVY 


(WITH Re 


DESCRIPTION OF SYSTEM 


ADDITIVE EXCIPHERMENT SYSTEM FOR D.S.-0 147. 
DAILY CHANGING REPCATING ADDITIVE OF VARYING 
LENGTHS WHICH CHANGED ACCORDING TO DAY OF MONTH. 


ADDITIVE CNCIPHERMENT (REPLACING?) 0.S.-D 198. 
SIMILAP TC ITEM tq. 


U-LETTER ¢-PARY COOL. 15 VARIANTS FOR EACH VALLE 


G-LETIER ?-PART COOL. 


&-LETTER CALL SIGN SYSTEM 


3-LETIER CALL S}GHS. 


COMBINATION LETICR AND FIGURE COOL. SIGNAL COOL. 


COMBINATION LETTER AND FIGURE CODE. SIGNAL COOL. 


ls “FIGURE 2-PART COOL, WITH ENCIFHERING TADLES. 
| Puc tEHERMENT SIMILAR TO THOSE MENTIONED IN ITEM 


| 191. 


S-FIGURE 2-PART CODE WITH ENCIFHERING TABLES. 
inc #PHcRMENT SIMILAR TO THOSE MENTICNED IN ITEM 
Ts ' 


5-FIGURE 2-PART CODE. 


“FIGURE 2-PART CODE. (USUALLY ENCIFHERED BY 
UNNING ADDITIVE TAKEN FROM A CHART. 


5-FIGURE 2-PART CODc. 


5-FIGURE 2-PART CODE. 


5-FIGURE 2-PART COOL. 


D.5.-B 169 ? ? 
? ? ? 
C.$. 22h 2 ? 
OR 1SMCUu 
ISMCS; ? 2 
0.§.°0 224 
? 1SMC1 
(0.8.0 2a 
RERO 
2 MLS. ? 
(0.$.D2bu) 
VATI 
c.s.-D Y ? ? 
0.8.-D 1%. ? 2 
T.B.M. 2 |T.B.M. 2 ? 
T.B.M. 3 |T-BoM. 3 ? 
Ls B: é, 54 F.7. 20 ? 


T.0.M. S65F.2.26; (FBx) 
Vine 33" ‘o.s.8.358 

ALR. 3; |D.S.B. 2 
0.8.8. 38aD.S.8.361 

CoA 313 ? ? 
60G 3 

0.5.28 168 

G.€. 583 g ? 
D.S-8 sal 

8.0.¢. ays 2. 22 ? 
0.S.B 12 


DATES 


OF 
USE 


194-7 


1GUgs-? 


1961-1942 


1936 - 7 


1936 - ? 


1934 ONLY 


1934-1935 


1936-1939 


1939-( 1943-9) 


2-1939-7 


9- 1948-9 


1935-1939 


RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
FROM ARMY SECURITY AGENCY SOURCES 


i PARENTHESES) 


COMPROMISED 
em 


(ASA HAS COMPROMISED COPY. 


NO TRAFFIC RECEIVED. ) 


(HAVE COMPROMISEO COPY CF 
CODE AND ENCIPHERMENT. 
CEIVED SOME TRAFFIC IN 19 


WHEN 
ATTACKED 
AND BY WHOM 
2? OKW COMPROMISED T 18¢' (UNKNOWN ) 
Sis AND READ BY IF 1586 
OKW AND SIS 
% OKW COMPROMISED 1 186 (GNKNOWN ) 
2 -9 COMPROMISED T 3555 | (UNKNOWN) 
oR 995 
! 
. 
? OKw COMPROMISED T 1895 (UNKNOWN) 
? Sts READ. CAP- (F 1596 | (UNKNOWN) 
TUREO. | 
? SIS READ. CAF- IF 1596 (UNKNOWN) 
TLRED. 
2 OKM COMPROMISED T 573 ( UNKNOWN) 
; 19 
? OKM COMPROMISEO =| T 483 (UNKNOWN ) 
1% 
1934 SIs READ IF 1586, 17B,| (UNKNOWN) . 
3 
1934 SiS READ IF a 17B, | (UNKNOWN) 
P 
1936 OKM COMPROM! SED T 58 
93 20% 509 
1 SIS COMPROM1SE0 T 
3 3 OKM AND READ BY ota PP I, 
OKM AND SIS. 2 
tF 1596 READ.) 
1942 OK: COMPROM! SEO T 588 (UNKNOWN ) 
2 OKM COMPROMISED | T 598 (UNKNOWN) 
1935 OKM 1 585 (UNKNOWN ) 


33. 


fhe 1 Ua ts To Fa 


‘DOCI Rg 3560861 


COUNTRY] _ _OF SYSTE 
OF , SERVICE DESCRIPTION SYSTEM COUNTRY 
ORIGIN ORIGIN) AXIS | USA. 
FRANCE-- 185] NAVY 5-FIGURE 2-PART CODE. 8.0. me eT -G. ? 
VICHY, FREE CoA. CI AK; 
FRANCE bisi8° 197 AMCUT 
FRANCE * 186] NAVY “FIGURE %-PART COE. 4G, 09% GROUPS, WITH ENCI- |TBM 2? TBM 2) ? 
HERING TABLE AND 4,48 APPENDIX GROUPS. 
FRANCE 187] NAVY 3 FIGURE %-PART CODE WITH ENCIFHERING TABLE. TBM 22; ? ? 
%, 082 GROUPS. POSSIBLY 
TBM ee 
ENC 1 PRER- 
MENT "A" 
FRANCE 193] NAVAL, DIFLO- | 4-FIGURE 2-PART CODE. ADDITIVELY ENCIFHERED. RD 37 ? (Fem) 
MATIC, CONSU- | ADDITIVES WERE CHOSEN FROM 6 SETS OF 31 ADDITIVE 
LAR, COLONIAL | TABLES, EACH TABLE WITH 829 DIGITS. 
FRANCE 1€9 NAVY REVISICN OF THE ENCIPHERING KEY #68 OF THE NAVAL |CLEF ? ? 
ATTACHE IN BERNE. RUNNING ADDITIVE: TO BE USED Tepiae 
WITH NAVAL CODE RD. 
ate) 
FRANCE 198] NAVY 4-FIGURE 2-PART CODE. ALWAYS ENCIPHERED BY ADDI-|DICTION- ? -- 
4 TIVE TABLE. (USES SAME VOCABULARY AS RO 3%) AIRE E.X. 
4 36; FOR- 
ql MERLY RD 
B) 36 
ab) FRANCE 191] NAVY Y-FIGURE Z2-PAR1 CODE. 5 SYSTEMS OF ENCIPHERMENT.| TBM 1 TBM 3 ? 
% {USED 18 ENCIFHERING TABLES. 
FRANCE 192] NAVY TRIGRAPHIC SUBSTITUTICN "TABLES # 13" TO BE USED |0.S.-B ? ? 
10N B.0.G., TeB.Me, AND V.N. I. 61 
1 
FRANCE 193] NAVY 4-FIGURE 1-PART CODE, NOT STRICTLY ALPHABETIC. 0.T.; ? ? 
D.S.B 81g 
FRANCE 194] Navy? ENCIPHERED CODE. 2 D.S.D 364 ? 
FRANCE 195] NAVY DIGPAPHIC SUBSTITUTION SYSTEM, 2 LETTERS FOR EACH 2 ? ? 
FIGURE. 
FRANCE 196] NAVY DIGRAPHIC SUBSTITUTION ENCIPHERMENT SYSTEM RE- C.C.S. ? ? 
PLACING A MARCH 1929 ENCIPHERMENT. COMBINES NO. 13 
LETTERS AND FIGURES. D.S.D 142 
FRANCE 197| NAVY NAVAL KEY TABLES TO BE USED WITH CODE E.X. 50 HP ? ? 
» 7 H 
FRANCE 198] NAVY TRANSPOSITICN ENCIPHERMENT SYSTEM WITH DIGRAPHIC |D.S.-B = |NACOM; ? 
LETTER SUBSTITUTION. USED ON INTERNATIONAL CODE | 784 D.S.-8 
BETWEEN COMMERCIAL SHIPS AND THE NAVY. 7B4; { 
l INTERNA- 
TIONAL 
CODE N.C. 
' 4 
if \ 


RESULTS | oF EUROPEAN AXIS SR YETANALYSIS 
LEARNED FROM TICOM 


___(WITH _ ANNOTATION ‘icra 


ea ARMY SECURITY AGENCY 


1938-1939 


1939 - 7 


1949-( 1944) 


1943 - ? 


9-1939-? 


1931-1934 


2-1939-? 


9=1939- 1941-7 


2-7 
?- 1948-2 
194g - 2 
194) - 2? 
1941 - 2 


rn 


1943 PERS 7S 


1943 PERS 7S 


1933 SIS. 


OKW 


OKW 


2? OKW 


SOLVED AND 
READ. 


PERHAPS READ. 


COMPROMISED 
190 


COMPROM/ SED 
1 


COMPROMISED | 


CODE AND EN- 
CI PHERMENTS 
BROKEN AND 
READ. 


COMPROMISED 
COMPROMISED 


COMPROMISED; 
READ. 


COMPROMISED 


COMPROMISED 
INSTRUCTIONS 


COMPROMISED 
1s 


COMPROMISED 
eee | Es OKW 
AND S 

READ ar sts. 


7 PARENTHESES) 


Tico 


Tr 5466 


»_15 By 
Pn S 


re 


T 178 
T i. 


T 2458 


T 2hhe 
T 2b 
D 3N- 


IF 1506 


T OND 


T 963 


(fF 1586 


T 935 


T 1734 


T 3562 


1. 6 


M_ Ss 
REFERENCE 


. (UNKNOWN ) 


(UNKNOWN) 


( UNKNOWN ) 


68, | (UNKNOWN) 


(CODE 1968 Coe eiseDs EN- 
CIFHERMENTS BROKEN 1942.) 


(UNKNOWN ) 


(NAVY HAS WORKED ON SYSTEM. 
ASA HAS NOT.) > 


(UNKNOWN ) 
(UNKNOWN ) 
(UNKNOWN ) 
(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


. 1-2 


[SNASS 


DOCID (3560861 


RESULTS - oF EUROPEAN AXIS CRYPTANALYSIS _ 
LEARNED FROM TICOM SOURCE 
acl ARMY SECURITY AGENCY . SOURCES 


(WITH rae. a all 5 


COUNTRY ¥ DANES WHEN ISTATUS 
SERVICE DESCRIPTION SYSTEM COUNT AXIS ga) a Won RESULTS REFERENCE 
ORIGIN . OF ORIGIN) 
FRANCE 19 ENC IPHLPENT pst TO PEPLACE D.S.-B 7 AND IS |N.C. NO.5 t ? igh) - ? 2 OKw COMPROMISED (UNKNOWN ) 
SIMILAR 10 1 IDOE 
? 1 
FRANCE 2960) NAVY TRANSPOSITION ENCIPHERING TABLES WI TK HOUPLY 9.5.0 120 ? ? ; 19S - 7 7 OKw COMPROMISED | T 1653 (UNKNOWN ) -- 
CHANGING KEY. REPLACES VAPETRA NO, 16. wear | 7 1OSS 
an | 
Ca 241) POLICE 5-LETIER ?-PaptT Co0E. ? : J ? (?=1940- 1942-9 ? OKWw READ T 1708 (UNKNOWN ) ao 
VICHY . | 
1 2 ' | 
' 
FRANCE 26f2| POLICE 4-FIGURE OP 5-FIGURE ?-PAPRT CODE. ? ? ? 9-1929- 1938-7 2 OKw READ T 2626 (UNKNOWN ) -- 
FRANCE 263] CENEPAL 2-LETTER 1-PART CCOE. ? ? ? 7-7? a COMPROMISED | T 1846 (UNKNOWN } -- 
PURPOSES 1 
FRANCE 24) GENERAL G-FIGUPE 1-FAPT CODE. PAGINATION AND FIRST 2 CHprT Pe ? 2 7-7? 1926 PROBABLY | PROBABLY 106% | 1 3548 | Cuncnown) RESEMELE’ 
PURPOSES? DIGUTS 10 BE FILLED IN BY USERS. 1 GEFMANS COMPROMISED SITTLER) 
FRANCE £5 ? U-FIGURE-LETTEP 1-PART COOE. ? H.7.8 ? 7-7? ? GEPMANS | RECOVERED S¢ | 1 2484 (UNKNOWN) 7 
| reance ae ? 4-FIGURE 2-PART CODE. ? 3 STAT i ?-? 1% GEPMANS =| RECOVEREG 164 | T 3156 (UNIDENTIFIED) “ 
279 
f 2 
DI reance 267 ? =F IGUPE 2-PaRT CODE. 7 rs ? 7-7 7? RECOVERED 5% | T 2437 (UNIDENTIFIED) e 
Ly 
! 
| once 2e8 ? 49-FIGURE 2-PART CODE. cHIrre 26 DAUIgG so? 2-7 2? LTALLANS Rees thie ted 1 (UNIDENTIFIED) <5 
: NO, 11 ' 1 
Al C: 
FRANCE 269 ? 4-FIGURE 1-PART COOL. 9,90%) GROUFS. 7 ? ? 7-7 2? COMPROMISED 1 3955 (UNKNOWN ) as 
15d 
FRANCE-- 219 ? PROBABLY 4-FIGURE ?-PART CODE WITH ADDITIVE EN- ? ? ? 7-7? ? Sim NOT READ if 1522 (UNIDENTIFIED) eS 
FREE FRANCE CIPMERMENT . 
FRANCE ei ? \-FIGUPE ?-PaRT CODE. ? FRAN? ? 2- 1925-7 27 7? READ T 2536 (UNIDENTIFIED) =e 


Be OF a ie Fo 


{ 
wi 


DocI® 3560861 | @ @ 


RESULTS , OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


(WITH Me 


COUNTRY 
OF SERVICE DESCRIPTION OF SYSTEM 
ORIGIN 


GREECE (CONSUL A® AND | 4-LETTER (2-PART) CODE. UNENCIPHERED. ONLY 19 cigve-eusein) ? OKW AND PER4 ALMOST COM- T 1965 (HAD BRITISH COMPROMISED 
SOME OIPLO- LETTERS USED TO FORM CODE GROUPS. | HAPS PERS 7 S| PLETELY READ | AND PERHAPS BOOK. CODE UNREADABLE. 
MATIC) ? SIM BY GERMANS. VALUES ADDED. TICOM GAVE 
; READ BY SIM. SOLUTION) 


GREECE (MILITARY Y-LETTER (2-PAPT) CODE WITH 51H LETTER ADDED (1941-CURRENT) ? PERS 7 S ‘ (BEGAN TO READ IN 1944 WITH 
ATTACHE, DIP- | FOR INFLECTION. (UNENCIPHEREN) COMPROMISED BOOK. STILL 
LOMATIC, AND Z READ. ) 

CONSULAR) 


FOR INFLECTION. UNENCIPHEREO. ONLY 1% LETTERS PERS 7S BABLY COMPRO- | AND PERHAPS TICOM) 
TO FORM CODE GROUPS. MISED. 1 22 P 2g 


T 2652 


1 
{ 

GREECE CONSULAR 4-LETTER (2-PART) CODE WITH 5TH LETTER ADDED — ee ? PERHAPS READ, PRO- T 196 (BEING READ AS RESULT OF 
5 


GREECE CONSULAR Y-LETIER 2=PART CODE. UNENCIPHERED. ONLY 18 / BEFORE 1939 -] 1939 PERS 2 S| PARTIALLY RE-| T 2352 (UNKNOWN UNTIL MADE READABLE 
LETTERS USED TO FORM CODE GROUPS. (CURRENT CONSTRUCTED AS RESULT OF TICOM) 


GREECE MILITARY ? 4-LETTER %-PART CODE WITH 5TH LETTER ADDED FOR 1941 OKW SOLVEO “458 P 5 (UNKNOWN ) 
INFLECTION, ADDITIVELY ENCIPHERED -- PERIOD OF 


35: 


GREECE 5-FIGURE ?-PART TRANSPOSED COOE. ?- 1941 - 2? | 1941 OKW , : 158P2 (UNKNOWN ) 


GREECE (DIPLOMATIC) 4-FIGURE 2-PART CODE. NUMSER DIGRAPHS ENCI- (1942-CURRENT) BEFORE 1949 READ COM- 1 22P 29 (IN PROCESS OF BOOK SOLU- 
PHERED BY LETTER DIGRAPHS. ENCIPHERING TABLE PLETELY BY iF ° P3 TION) : 

CHANGES WITH OAY OF MONTH. OKW. PROBABLY 

READ BY SIM. 


GREECE {O1PLOMATIC) 4-FIGURE (?)-PART CODE REPAGINATED AND ENCI - "| 2 - 1938 - BEFORE 194% | COMPROMISED (READABLE AS RESULT OF TICOM 
PHERED BY DIGRAPHIC LE “TER SUASTITUTION. (CURRENT) SIM BY GERMANS. LIGHT TRAFFIC) 
' ? GERMANS READ BY SIM, 


GREECE 4-FIGURE 1-PART CODE. ELLENIKON ? PERHAPS \ZGE COMPRO- (ASA HAS COMPROMISED CODE 
KRYPTOGRA - PERS 2S MISED. BOOK. UNKNOWN SYSTEM), 

PHI KON 

LEXIKON 


GREECE PROBABLY 2 UNENCIPHERED CODES. 7 ‘ (UNIDENTIFIED) 
DIPLOMATIC 


GREECE ARMY AND NAVY ; AFTER 1948 BROKEN BY (NO MILITARY SYSTEMS WORKED 
OKH OKH ON) ; 


GREECE UNENCIPHERED CODE. VERY ELEMENTARY. 5 P 3 bag MILITARY SYSTEMS WORKED 
: IN 


FO SEVREL 


GREECE 


GREECE 


GREECE 
ELAS 


GREECE 


MILITARY 


AIR 


DIPLOMATIC 


DOCIRM 3560861 


RESULTS | OF EUROPEAN AxIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
(WITH 7 FROM ARMY SECURITY AGENCY SOURCES 


SERVICE DESCRIPTION OF SYSTEM OUN 


2-FIGURE SUBSTITUTION CIPHER WITH VARIANTS. 


SINGLE TRANSPOSITION CIPHER. 


DOUBLE TRANSPOSITION CIPHER. 


4 LETTER 4 FIGURE 1-PART CODE ENCIPHERED @Y 
TABLES INTO LETTERS. PAGE DIGRAPH COULD PRECEDE 
OR FOLLOW GROUP DIGRAPH. 


AME OF SYSTEM 


OF ORIGIN 


bs 


AXIS 


USA. 


DATES WHEN 
ATTACKED 


USE AND BY WHOM 


RIOR TO 194k 
KH 


- ? + 1941 - 2 1941 OKH 


19442 - 1945? APPROX. 194% 
+ OKK 


RESULTS 


BROKEN AND 
ALMOST COM- 
PLETELY READ 


0% - O66 OF 
THE TRAFFIC 
READ 


PARENTHESES) 


TICOM _|STATUS ue ioe SYSTEM 


REFERENCE 


PivyePes 


117g P 2 


1178 P 5 


cies | ge MILITARY SYSTEMS WORKED 
IN 


| ON) 
\ 


(NO MILITARY SYSTEMS WORKED 


A MILITARY SYSTEMS WORKED 
ON 


_ (UNIDENTIFIED) 


DOCI DGD 3560861 


COUNTRY 
OF 


ORIGIN 


HUNGARY 


HUNGARY 


HUNGARY 


HUNGARY 


HUNGARY 


IRAN 


(Rau? 


IRAC? 


PRELAND 
CrrRe 


2 


SERVICE 


DIFLOMATIC 


OFFLOMATIC 


DIFLOMATIC 


OIFLOMATIC 


COMMERCIAL 


COMMERCIAL 


OEPLOMATIC 
AND CONSULAR 


NI 
t 


RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 


LEARNED FROM TICOM 
FROM ARMY SECURITY AGENCY 


_(WITH Amuovarions 


DESCRIPTION OF SYSTEM 


ENIGMA CIPHER MACHINE. 


5-FIGURE (2)-PART CODE. ORIGINALLY UNENCIFHERED, 
BUT LATER ENCIPHERED. 5@@ PAGE RANGE. INDI- 
CATOR WAS LAST GROUP OF MESSAGE CONSISTING OF 

5 000 ialitaiaa {USED ON TOKYO-BUDAPEST CIRCUIT 
ONLY. 


Py FIGURE (2)-PART CODE. 348 PAGE RANGE. AS- 
UMECO TC BE ENCIFHEREO BY OIGIT-FOR-DIGIT SUB~ 
STITUTION. 


“FIGURE (2)-PART CODE. PAGE PANGE. ENCI- 
RES BY DIGIT-FOR-DIGIT SUBSTITUTION. _INDI- 
CATOR WAS LAST GROUP WITH 2 ODD AND 3 EVEN NUM- 

BERS. 


TRANSPOSITICN CIFRKER USING REVERSIBLE REVOLVING 
GRILLE. USEO BY HUNGARIAN RAILWAYS ADMINISTRA~- 
TION, ¥ 


“LETIER }-FART CODE WITH VARICUS ENCIFHERMENT 
YSTEMS. 


CODE USED BY CZECHOSLOVAKIA SKODA FIRM TO IRAN 
AND TRAC CONCERNING BRIDGE BUILDING PROVECTS. 


CODE USED BY CZECHOSLOVAKIA SKODA FIRM TC IRAN 
AND IRAC CONCERNING BRIOGE BUILOING PROJECTS. 


5-LETTER 1-PART Cope. 84,@ef GROUPS. USED UN- 
ENCIFHERED AND ENCIFHERED WITH SUBSTITU,:CN “ND 
WITH REPEATING ADDITIVE WITH A PERICD OF 33%, 


VERN = 


ENT TELC~! 
RAPH CODE 


"u.1" 


"U.3" 


2" 


B 22 


? | 9-1941-? 
acl 
| 
| 
\ : 
1 
(HUA) (1938-1945)! 
| 
(HUE?) 1938- 1948-7 
(HUD) 1938-194g-7—: 
| 
* 2- 1941-7? 
(tra) (1939-CURRENT } 
2 ? - 1935 - ? 
2 2 - 1935 - 7? 


(1EB, 1EC,(1EA, 18: 
IAND IEA) |1942-CURRENT. 
TEC: 1942-1945 


1948 OKw 


: 1948 OKW 


1941 OKH 


? PERS 2S 


1935 OKL 


1935 OKL 


1922 Pees 7 Ss 
194s FA 


SOURCES 
SOURCES 


GERMANS BUILT 
MACHINES BUT 
COULD NOT COM- 
PROMISE WHEEL 
WIRINGS BE- 
CAUSE HUNGAR~ 
1ANS CHANGEO 
THEM AT NIGHT. 
NOT READ BY 
SIM. 


SOLVED UNEN- 
CIPHEREDs UN- 
ABLE TO SOLVE 
ENCIPHERED. 


NO SUCCESS 


NO SUCCESS 


SOL VEO 


| SOLVED 


SOLVED 


SOLVED 


BROKE CODE. 

LATER RECEIVE! 
COMPROMI SEO 

COPY. IN 1941 
SUBSTI TUTICN 
ENC! PHERMENT 
SOLVED. A0DI 
TIVE NOT WORK 
ED ON IN 194) 


IN PARENTHESES) 


TICOM (STATUS OF THE S 


REFERENCE 


1 8b P 
iF 518° x 


T 2248 


T 2248 


T 2248 


1 58; 1 198 
IF 126 P43 


1 22 P 2g 
1 62 P 2 


( 162 P 2 


3 
ld 2 PP 3,4 
SEE 


(UNKNOWN ) 


(READ FROM SEPTEMBER 1944 TO 
END OF WAR. 1932 VII CODE 
BOOK COMPROMISED. 


(NOT READABLE. ce vill 
CODE BOOK COMPROMISED. 


(PARTLY READABLE WITH KEYS 
DERIVED FROM HUA AND HUC. 

6 1X CODE BOOK COMPRO- 
Mi ED.) 


(UNKNOWN ) 


(193% COMPROMISED. MOST KEY 


READ.) 


(UNKNOWN ) 


(UNKNOWN ) 


(PARTIALLY BROKEN IN 1944 
WHEN COMPROMISED BOOK WAS 06 
TAINED. STILL BEING READ. 
SUBSTITUTION ENC IPHERMENT 
SOLVED IN 1945. ADDITIVE 
SYSTEM BEING READ ON + ae 
STILL BEING WORKED ON. 


ULAR SYS- 
—EM, USED 
AME SYS= 
€M AND 

OOK. READ 
BLE ONLY 
(TH KEYS 
ERI VED 

ROM HUA.) 


rua CIR- 


* 


Bb)" Le (oe Fe 


(8) 1,R, = 10.753 volts, 1.2, = 10.750 c. 63,662 ohms (approx). 
volts, [;R3 = 10.749 volts. 


d. 80 ohms. 
k(1) 5,500 amperes; (2) .22729 ampere. é: ABB ke. 
lL A, 5 ohms; B, 62 ohms; C, 8 ohms. f(1) 30 amperes; (2) 180 volts; (3) 480 


5 
volts; (4) 240 volts. 


m A, 3 ohms; B, 12 ohms; C, 7 ohms; D, 
g(1) 3 amperes; (2) 4 amperes; (3) 6 


25 ohms. 
amperes; (4) 83 ohms; (5) 34°; (6) 
n A. 8® ohms: B, 8 ohms: C, 10 ohms 896.4 watts; (7) 1080 watts, or 1.08 kw. 
’ 9 > ’ 3 ’ y °. 
o A, 8 ohms; B, 4 ohms; C, 2 ohms. Paragraph 208. 
p In, = 7.519 amperes; Ipo — 3.214 am- a. 39.8 to 1. 
peres ; In3 = 1.176 amperes; Ipg = Inz = b. —.744 db per mile. 
Ing = 0.892 ampere; Ir; = Irnip = 4.782 c. +10.8 db. 
amperes; Irg = Igy = 1.568 amperes, 
Tei, = 12.301 amperes. d. 25.1 to 1. 
q R = 239.1688 ohms. Paragraph 217. 
r I = .457 ampere. a. 5%. 
b. 17.7% 
204. 
Paragraph 20. ¢. 15%. 
a(1) 94 ohms; (2) 134 ohms; (3) current d. 12,600 ohms. 
leads voltage because capacitive reactance 
exceeds inductive reactance; (4) 104 e. 86.7%. 
ohms; (5) 5 amperes. f. 2,200 watts. 
b. 9.425 ohms. g. 1.58 amperes. 
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RESULTS | OF EUROPEAN AXIS SORYPTANALYSIS 
LEARNED FROM TICO 
FROM ARMY SECURITY. AGENCY 


(WITH anmorarions mare . PARENTHESES) 


COUNTRY : WHEN 
OF SERVICE DESCRIPTION OF SYSTEM ATTACKED 
ORIGIN . AND BY WHOM 
ITALY t | (FOREIGN (5-LETTER) 2-PART CODE. ABOUT 39,88 GROUPS. “ar 38 R19, Lee 194g - ? 2 PERS 72S 3, goes GROUPS | T 2252: (18,258 GROUPS RECOVERED. = 
MINISTRY) NO ENCIPHERMENT. 1Tx-6) SOLVED ue ISED COPY RECEIVED 
11 . 
I I 
UTALY 2 | FOREIGN 5-LETTER 2-PART CODE. PAGE RANGE ABA-OFU. NO | (AR 4G) ITALIAN | (1TG) | 1942 - ? ; 1942 Pers 2 S| RECOVERED ? |T z2I9h (4,928 GROUPS PECOVERED. “< 
MINISTRY ~ | TNDICATOR, NO ENCIPHERMENT. CODE - ! ; PERCENT COMPROMISED COPY RECEIVED 
: BOOK 21 H X | 19uh,) 
et a H 
ITALY 3 ? 5-LETTER 2-PART CODE. 9 P ig ? "1937 - ? 49°97 pe T 92 i (UNIDENTIFIED) ms 
7 CLE 
ITALY 4 | (FOPEIGN 5-FIGURE 1-PART CODE. PAGE RANGE 199-392. H 265° H 26 ? BEFORE 1914 ? PER ABOUT 3,00 | T 2252 (UNKNOWN IN ASA BEFORE RE- -- 
MINISTRY) VALUES IN FRENCH. ; 3 ; -? BERS 2S GROUPS” RE- CEIPT OF COMPROMISED COPY, 
COVERED 1944.) 
1 
ITALY | FOREIGN. FIGURE 1-PART CODE. 18,50¢ OR 18,568 GROUPS. | RA I R14 ? + 1937-2? RECOVERED 1 88 (COMPLETELY RECONSTRUCTED on 
5 MINISTRY Piast GROUP WAS TRO ICATOR,” + CIFRARIO ? 4 a 7 PERS 2 S Bog T 2252 {IN ASA. COMPROMISED COPY 
. TASCABILE | | T % : RECEIVED 1944.) 
T . 
| 
ITALY 6 | FOREIGN 5-FIGURE 1-PART CODE. PAGE RANGE mebitn RA Rit (1TH) ? spe 198 RECOVERED T 2252 (COMPLETELY RECONSTRUCTED st H 
Ls MINISTRY 18,43 GROUPS. ENCIPHEREO WITH "TABELLA LM" PER Sb T 3935 IN ASA, COMPROMISED COPY i 
‘a AND 18-PLACE TABLE. : te . : RECEIVED 1944.) 
t j 
F H e 
a ITALY 7 | FOREIGN 5-FIGURE 2 ae COL. PAGE aii 1GB-5hU. NO Y-1 | gh (ir) 1938-1943 , ?PERSZS | 5,59 GROUPS | T 94 (COMPROMISED COPY RECEIVED .- fi 
MINISTRY ENCIFMCRMENT. 494 GROUPS 2ruty Ud i SOLVE) T 22k9 IN ASA FROM GCCS IN 1943.) ' 
OR | T 2252 Hi 
O RT ' T 3233 
HTALY 8 | FOREIGN 5-FIGURE 2-PART COOL. 27,708 GROUPS. AR 2! R38 TB) 1 -? 2 : 9,598 GROUPS | T 2252 (8, 194 GROUPS RECOVERED IN -- 
MINISTRY . i 3 poe 933 ao PERS 2S SOLVED sans ASA. COMPROMISED COPY RE- 
: | CEIVED 1944.) 
| 
ITALY 9 | FOREIGN | 5-FIGURE 2-PART oes 0 GROUPS. EN- AR 29 R 12 (1c) 1935~ 1933 RECOVERED T 2252 (3,75@ GROUPS RECOVERED. ) a 
MINISTRY | CIPHERED WITH "TABELLA int or 2 PERS ZS  agouT 50% | T jane , 
1 
UTALY 18 | FOREIGN 5-FISURE 2-PART CODE. 26,198 GROUPS. PAGE AR 15 R13 ? 1936-27 5 7 PERS ZS RECOVERED T 2252 (PAGINATION SENT TO ASA BY = | (3,008 
MINISTRY RANGE 291-505. i 20% T 3644 GCCS, WHERE SYSTEM 1S KNOWN | GROUPS 
\ AS AR-Y, TRAFFIC NOT SEEN IDENTI- 
IN ASA.) FIED IN. 
GCccs.) 
ITALY 1) | FOREIGN 5-LETTER 2-PART CODE. 29,864 GROUPS. NO EN- AR 36 RW 11D) Poy é ye 125 GROWS] T 2252 (12, 4g GROUPS RECOVEREN IN a 
MINISTRY CIPHERMENT. 1Tx-3) , 1938 PERS ZS] soLvéo ASA. COMPROMISED COPY RE- 
i CEIVED 1944.) 
i F 
ITALY 12 | FOREIGN es FIGURE 2-PART CODE. 27,408 GROUPS. PAGE AR 17 1 RIS ? 1937 - ? | 1933 PERS 2 S| 4,442 GRouPS | 1 2252 (PAGINATION AND ABOUT 298 (KNOWN 
MINISTRY ANGE 281-652. ENCIPHERED WITH 1f0-PLACE TABLE. : ! RECOVERED T 3843 IDENTIFICATIONS SENT BY GCCS | TO GCCS 
INDICATOR: “@ BEFORE THE DATE. 1 | 10 i TRAFFIC NOT SEEN IN| AS AR-Z.) 
ASA. 
ITALY 13, | (FOREIGN 5-FIGURE 2-PART CODE. 26.70% GROUPS. IMPERG R18 ae 19 Ty - ? 2 PERS 2S 6,986 GROUPS | 1 97 (8,582 GROUPS RECOVERED. Ae 
MINISTRY) 1Tx-4) | (1933 - 2) SOLVED; "READ" T 2252 COMPROMISED COPY RECEIVED, 
! . BY PERS 7S. | Tt 2314 Tou, 
! 1 WORKBOOK: 4ZZ| 1 324g 
\ RECOVERED T 3947 
: tras 
j 1-22 P3P8 
: 1 
' i 
: ne ped Serre rars 


ITALY 


(ITALY 


HTALY 


ITALY 


tTALY 


ITALY 


ITALY 


ITALY 


ITALY 


ITALY 


(TALY 


ITALY 


ITALY 


VTALY 


DOCID® 3560861 


RESULTS | OF | CARER OREAN AXIS CRYPTANALYSIS 
FROM ARMY SECURITY AGENCY SOURCES 


(WITH 


since ; 


26 


el 


27 


28 


SERVICE 


(FOREIGN 
MINISTRY) 


(FOREIGN 
MINISTRY) 


DESCRIPTION 


5-FIGURE 2-PART CODE. 


5-FIGURE (2-PART) COOE. 


5-FIGURE 2-PART CODE. 
5-FIGURE 2-PART CODE. 


5-FIGURE 2-PART CODE. 


5-FIGURE 2-PART COOE. 


5-FIGURE 2-PART CODE. 


5-FIGURE 2-PART COOE. 


5-FIGURE 2-PART CODE. 


' . 
5-FIGURE 2-PART COOE. 


5-FIGURE 2-PART COOE. 


5-FIGURE 2-PART COOE. 


OF SYSTEM 


251 PAGES. 


(17,775 GROUPS. ) 


PAGE RANGE 12-598. 


PAGE RANGE @£6-211. 


5-FIGURE POSSIBLY 1-PART CODE. 


5-FIGURE 2-PAaRT CODE. 


4-FIGURE ?-PART CODE. 


(AGuiLa) 


(ASSE) 


FROM TICOM SOURCES 


R 22 


1.7.8. 
26 


DATES 
OF 
USE 


WHEN 
ATTACKED 
AND BY’ WHOM 


iy 
. (Puat cation | 


OaATE 1942) 
1 


(PUBLICATION 
DATE 1941) 


1919 - 2 | 
1919- 192g 


BEFORE 1931 ! 


1924 - 2 | 
? 

2- 1918 - ? 
2 1 
? 
? 


IN PARENTHESES) 


TICOM SIATUS OF THE SYSTEM 5) 
RESULTS |REFERENCE AT ASA REMARKS 


RECOVERED 
298-25% 


RECOVERED 
1% 


RECOVERED 
20% 


RECOVERED 
ABOUT 49% 


RECOVERED 
5% 


? PERS 2S 


RECOVERED 
2% 


RECOVERED 
LESS THAN 54 


RECOVERED 
59% 


RECOVERED 
15-20% 


RECOVERED 

PL-508 

RECOVERED 
1PB- 15% 

RECOVERED 
20% 

RECOVERED 
158 


RECOVERED 
50%- 60% 


RECOVERED 
306-494 


T 2196 


T 2693 
T 2695 
T 194g 
T 2698 
Te 
T 

T 3@42 


T 304) 


T 304g 


{UNKNOWN IN ASA BEFORE RE- 
CEIPT OF COMPROMISED COPY 


ON 1944.) 


ior Roniey COPY RECEIVED 
1944. UNKNOWN IN ASA BEFORE 
THEN EXCEPT FOR PAGINATION 


, SUPPLIEO BY GCCS.) 


(UNKNOWN ) 


( UNKNOWN ) 


(UNKNOWN ) 


| (UNKNOWN) 


(KNOWN IN ASA BY NAME ONLY, 
THROUGH GCCS. 


(KNOWN IN ASA BY NAME ONLY, 
THROUGH GCCS. ) 


(PAGINATION KNOWN IN ASA, 
SENT BY GCCS. 


(KNOWN IN ASA BY NAME ONLY, 


THROUGH GCCS.) 


(UNKNOWN) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


(UNKNOWN ) 


AND LMC 
ADDITIVE) 


DOCIM 3560861 


ITALY 


ITALY 


ITALY 


ITALY 


PEVURE 


ITALY 


ITALY 


32 


33 


34 


35 


EMBASSY , 
MADRID 


FOREIGN 
MINISTRY 


FOREIGN 
MINISTRY 


? 


POLICE 


FOREIGN 
MINISTRY 


RESULTS , oF EUROPEAN AXIS GRYPTANALYSIS 


LEARNED FROM TICOM SOURC 


(WITH ennai 


SERVICE DESCRIPTION OF SYSTEM 


GERMAN DESCRIPTION: "1943. 4-PLACE ITALIAN 
FIGURE CODE COMPILED ON THE BASIS OF CAPTURED 
MATERIAL. TRAFFIC? ITALIAN EMBASSY MADRID AND 
THE 'TALIAN REPRESENTATIONS IN SPAIN.” PAGE 
RANGE 98-99. 


2-PART CODE. 21,499 GROUPS. 
2-PART CODE. ABOUT 37,00 GROUPS. USUALLY 


UNENC 1 PHEREO, 


2-PART CODE. ABOUT 22,90 GROUPS. ENCIPHERED 
WITH 199-PLACE TABLE. : 


4-FIGURE 2-PART CODE. 


CODE - ENCVPHERMENT SYSTEM, ADDITIVE TABLES RUNN- 
ING FROM 1 - 3D 


CODE-ENCIPHERMENT SYSTEM: 198-PLACE FIGURE- 


; LETTER SUBSTITUTION TABLES. 


Ara 


oF ‘ORIGNI 


b 


ra 18 


CIFRARIO | 
"$5F;* 


TABELLA 
LM 


FROM =i SECURITY AGENCY sebaltieia 


)F_ SYSTEM DATES | 
OF 
a USA. USE 
? : 2 - 1943 - 2] 
i 
? ? -? 
ute IN 1939 
? : _ 1933 - 2 
, | 
gezelcnn- ag - 7 
UNS 
? . ? 
| 
TABELLA Hs 1933 - ? 
LM 118 
1TC 
(TP 
’ 2 ? 


WHEN 


1939 PERS Z e 


iO4G FEPS 2S 


1QS> Peesg 2s 


19h2 PERS 2S 


1948 PERS 7 S| 


7? PERS 72S 


4 PARENTHESES) 


TICOM _|STATUS ya THE SYSTEM 
: ATTACKED | RESULTS /REFERENCE ASA 
AND BY WHOM 


RECOVERED T 3643 
45E-1% T ug 


? T 2252 
? T 2252 


RECOVERED T 2252 
el ee B's] 


bait COMPRO- | 1 87 
MISED 


BROKEN T 2252 


? T 2252 


| (UNKNOWN) 


(UNIDENTIFIED) 


(UNIDENTIFIED) 
i) 
; (UNIDENTIFIED) 
1 


(UNKNOWN IN ASA BEFORE RE- 
CEIPT OF COMPROMISED COPY) 


{ADDITIVE TABLES LARGELY 
RECOVERED) 


(UNIDENTIFIED) 


REMARKS 


SENT BY 
SCHAUFF = 
LER OF 
PERS 2 S 
TO PASCH- 


He (VT ots ToS Fn 


DOGIE® 3560861 oe oan O 
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RESULTS | OF EUROPEAN AXIS _GRYPTANALYSIS 
LEARNED FROM TICO 
(WITH noe FROM ARMY SECURITY poy ag i PARENTHESES) 


COUNTRY paeaai i NAME OF SYSTEM | DATES | WHEN TICOM [STATUS OF THE SyYé 
OF SERVICE DESCRIPTION OF SYSTEM OUNTRY| AXIS a A OF ATTACKED | RESULTS |REFERENCE AT ASA 
ORIGIN OF ORIGIN) AXIS | USA, USE AND BY WHOM] 
JAPAN 1 | OrPLOMaTIC MACHINE CIPHER *TACHI = JB AB ("RED” 1935-1941 la EFORE » 9 READ REGU- 1 64 P (SOLVED BY 1936) 
BANA” OR MACHINE) a 1 PE ERS 2 3 LARL 1 oP hae3., | P 4 
"ANGOOK | | 1 Oo 5a P 3 
TALPU A” : t 118 PP’ 7-8 
1 22P2P7 
P 16 
JAPAN 2 | DIPLOMATIC MACHINE CIPHER, NOT RECOGNIZED BY GERMANS AS "HINOKI” | op 4S ("PURPLE™ 1939-1945 | PERS 7 S NOT READ D 5% PP 22-31,! (BROKEN 2% FEBRUARY 194%) -- 
DIFFERENT FROM "RED" MACHINE, OR "AN- MACHINE) 33 
GOOKI TA) - (uaa) 1 68°P 3 
Pu 6B" 1 96 PP’ 2-4 
1118 PP 7-8 
| 1 22 PP 2, 7,1 
16 | 
! 
' | 
JAPAN 3 A SERIES OF LETTER CODES USED BEFORE 1934; | 7 PERS 25S 0 58 ee 
GERMAN DESIGNATIONS RUN FROM JB 3 TO Ja 28, PLUS H 
JB 3@ AND J9 37. t 
: 
JAPAN 4 | OLPLOMATIC 5-LETTER CODE, GROUPS IN FORM CVCCV. 19,082 ? JB O55 ? ' 1ghg - ? ; 1941 PerS 2S | NOT SOLVED | 0 5% P 34 | (UNIDENTIFIED) = 
VALUES. : ‘ 
1 
JAPAN 5 ? U-LETTER CODE MADE FROM CO-ORDINATES, ? JB 5? ? f= % i ? GOAL erEL® T 335 (UNIDENTIF (ED) Se 
RE 
| WITHIN LIMIT ! 
P) : OF AVAILABLE 
pL i DIAGRAM 
5 JAPAN § | DIPLOMATIC &-LETTER CODE, PRONOUNCEABLE GROUPS. ? JB 59 ? . 194) PERS 2S | NOT READ 0 58 P 35 (UNIDENTIFIED) a 
JAPAN 1 2 , U-LETTER CODE, ? KIMI ? 2-7? ? RECOVERED T 29g (UNIDENTIFIED) ad 
| 19% T 26g 
: T 29g2 
i T 2366 
JAPAN B | (OlPLOMATIC 2-LETTER Y-LETTER CODE; INDICATOR WAS "La", ? JB 2 JAH) 1925-194 9 oKw OKw: FULLY |0 56 P 14 P16] (BROKEN IN 1927. 1925 COPY -- 
’ . _ : on ‘ OR onl ; ? PERS 7S RECOVERED. 1 og PP 2-4 OF CODE CAPTURED. SLIGHTLY 
"La"-copg ("La") | PERS 2 Si 1 718 PP_7-8 | CHANGED IN 193%. READ 1908.) 
| | GREATER Past] I 15d P 8 
OF TEXTS 
e READ. 
JAPAN 9 | DiPtomaric 2-LETTER U-LETTER CODE; 2-LETICR GROUPS Cv OR ? JB O4Y (yar?) | (19%1-1945) 2 PERS 7S ? D 58 P 33 (SOLVED 1941) 
VC: &-LETTER GROUPS PRONOUNCEABLE. INDICATOR: 
© "HO". (QTHEE INDICETORSt IP, AN, PA, KA) 
JAPAN 18 | DIPLOMATIC Q-LETIER N-LETTER CODE. 2-LETTER GROUPS ve OR ’ v2 47 ("He") w= 2 ! 2 PERS 2S a D 58 P 33 (READ) 7 
Cv; 4-LETTER GROUPS v¥CC. INDICATOR: "HE". 
USED AS SPELLER- J 
| 
‘ ! 
| ya 58 | ("ea-Ki")| (1939-1948) 2 PERS 7S ? 0 58 P 34 (READ ) -- 


LENSTH 7, IZ, OR 15. FIRST CIPHER GROUP OF 
TEXT Tauksrosed Peele TO UNIT OF DATE AND 
PLACED AT END OF MESSAGE. ENCIPHERMENT CHANSED 


1 
| 

JAPAN nN 2 2-LETTER 4- Levis CODE. TRANSPOSED ON KEY OF ? 
i 2 JUNE 1948 AND 3 NEW 7-PLACE KEYS WERE FOUND. 

t 


HART NO. 1-2 


Fe 


Te Sert 


OP SCORE 


pocorn 3560861 


~ 


RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 


LEARNED FROM TICOM SOURCE 
col aut SECURITY AGENCY nee 


COUNTRY a 
SERVICE DESCRIPTION SYSTEM 


__ (WITH PE ee 


7 al SL 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


JAPAN 


26 


2) 


DIPLOMATIC 


DIPLOMATIC 


(FOREIGN 
Orr ice) 


(FOREIGN 
OFF ice) 


OFPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


OY PLOMATIC 


DIPLOMATIC 


2-LETTER 4-LETTER CODE. 2-LETTER GROUPS, ANY 
EXCEPT "PAIRS;"4-LETTER GROUPS PRONOUNCEABLE. 


2-LETTER 4-LETTER CODE WITH INDICATOR IN FORM 
CVCCV. ENCIPHERED BY TRANSPOSITION; RECTANGLE 
HAO BLANK CELLS. 


2-LETTER Y-LETTER CODE. 4-LETTER GROUPS HAD 
FORM CCVC OR VCCC. INDICATOR GROUP: "IP". 


2-LETTER 4-LETTER COOL ENCSPHERED BY TRANSPOS|- 
TION. RECTANGLE HAD BLANK CELLS. 


2-LETTER 4-LETTER CODE, TRANSPOSED ON BASIS OF 
A REPEATING 19-PLACE KEYWORD. "KOKOK", "GAGAG", 
ETC., WERE INDICATOR GROUPS. 


2-LETTER 4-LETTER CODE. 2-LETTER GROUPS OF 
FORM VC OR CV AND 4-LETTER GROUPS PRONOUNCEABLE. 
INDICATOR GROUP: "KO". 


| Q-LETTER 4-LETTER CODE ENCIFHERED BY DOUBLE ? 


TRANSPOS TION. 


@-LETTER 3-LETTER 4-LETTER CODE. 2-LETTER 
GROUPS ANY, EXCEPT PAIRS AND DOUBLE VOWELS?" 
LETTER GROUPS VOWELS; 4-LETTERGROUPS PRONOUN! €- 
ABLE. 


2-LETTER 3-LETTER Y-LETTER CODE. 2-LETTER 
GROUPS ANY, EXCEPT "FAIRS ANO DOUBLE Manele a 
LETTER GROUPS VOWELS, TAKEN FROM "S-14°; 4-LETTE 
GROUPS PRONOUNCE ABLE. 


SUCCESSOR TO PA-K 1. 2-LETYER 3-LETTER 4-LETTER 
CODE. wee LETTER ANY, EXCEPT "PAIRS AND DOUBLE 
VOWELS ;" 3-LETTE? VOWELS, TAKEN FROM J-14; 4- 
LETTER PRONOUNCEABLE. 


YSTE | 
a oo USA, 
JB 52 {"y-12") 
JB 57 ("u-16 | 
K-5") ) 
JB 5g (Jai?) | 
! 
J-13 "FU; (JAE) 
di: OR 
("s-19") 
*KOKOK" ? 
i 
? (aw) 
: 4 2 
JB 53 | ("u-18") 
JB 54 | ("y-15"9) 
vB 58 =| ("K-3") 


1 JAN 19 
31 May 19) o 


1948-1942 


(1941-1945) 


(1941-1943) 


2 - 19h2 


2 - 1949 - ? 


1942-1943 


1 JAN 1948 - 
15 AUG ate 


15 AUG 1946- j 


31 OCT 194g 


1 JUL 1949 - 
1 DEC 19k¢ 


? PERS 7S 


: PERS 7S 


? RLM/FA 


1941 OKW 


1948 PERS 2S 


1942 PERS 7 S| 


? FERS 7S 


? PERS 7S 


? PERS 


Po 


zs 


SOME RECOVERED 


READ BY PERS 
Z S VIRTUALLY 
THE ENTIRE 
TIME 


SOLVED 


READ 


READ FROM 
MICDLE OF 
1942 TO JUNE 
OR JULY 1943 


? 


D o P 34 


D if P eas 


! ee Pl 
154 


058 P 34 
D 5¢ P 34 


D 58 P 34 
P39 


lie) (ti‘;éCC~C~* 


(READ ) 


| (souven In 1981) 
1; (SOLVED AUGUST 1941) 


(UNIDENTIFIED) 


(COMPROMISED) 


(UNIDENTIFIED) 


(READ) 


(READ) 


(READ) 


7 
orien 


7 4 a. 


o 


DOGIE® 3560861 


RESULTS OF_ EUROPEAN AXIS GRYPTANALYSIS 
FROM TICOM 


AS LEARNED 


FROM ARMY SECURITY AGENCY 


(WITH ANNOTATIONS 
COUNTRY i NAME 
OF SERVICE DESCRIPTION OF SYSTEM OUNTRY) 
ORIGIN (OF ORIGIN 
JAPAN 22 ? J-LETTER CONE, 120 VALUES IN BOX IMXI20. k 
JAPAN 23 t B-LETTER COOL, SIMILAR TO JAPAN 22. ? 
i 
JAPAN 24 | OLPLOMATIC 2-LETIER 3-LETTER CODE, TXANSPOSED. SEN ANGLE ? 
WAS 25X1@- ORIGINALLY USED "SIGNATURE" NULLS, 
(LATER ADOPTEO BLANK CELLS INSTEAD. ) | 
: ! 
t 
JAPAN 25 | DIPLOMATIC @-LetTER 4 (?)rLETTE@ CODE, TRANSPOSED. PEC- ° 
TANGLE HAD WIDTH OF 25, DEPTH OF 1%, WITH 3LANK 
CELLS. IN JAN i944, BLANK CELLS RAN VERTICALLY 
AND SOR} 2ONTALLY. 
| 
JAPAN 25 | DIPLOMATIC 2-LETTER CODE: INDICATOR GROUP: "CA". : 
JAPAN 27 | DIPLOMATIC 2-LETIER 1-PART CODE, Cv, ENCIPHERED BY SINGLE ? 
TRANSPOSITION WITH RECTANGLE 6 WIDE, 5 oF 16 
DEEP WITH BLANKS DISTRIBUTED EVENLY THROUGHOUT. 
THREE KEYS. USEN BETWEEN JAPAN AND BURMS, 
PHILLIPINES, ETC. 
JAPAN 28 | DIPLOMATIC 2-LETTER ?-PART CODE, TRANSPOSED. RECTANGLE ? 
; HAD BLANK CELLS. OAILY KEY. 
JAPAN 29 | OFPLOMATIC N-FIGURE 1288-VALUE CODE ENCIPHERED BY BOOK 2 


ADDITIVE. ADDITIVE BOOK HAD 4G, G43 ADDITIVE 
VALUES, EACH PAGE OF BOOK BEING DRAWN UP 2j% x | 
25. THE POINT AT WHICH THE ENCIPHERER STARTED 

TO USE THE ADDITIVE WAS INDICATED BY AN INDICATO 

GROUP, £.G. TLUSR. AFTER THE ADDITIVE PRO- 

CEDURE WAS COMPLETED, THE FIGURES WERE CON- | 
VERTED TO LETTERS, THE SAME LETTERS ALWAYS RE- y 
PRESENTING THE SAME NUMBERS. 


‘ 


EOF _ 
AXIS 


JB 35 


JB 37 


Ja 3k 


JB 55 


ABAD A, 
Bcece, 
cnenc, 
ETC, 


USA. (ME 
("xa") 1934 - ? 

1 (et) 193k - 7? 
(BA) (1943-1345) 
(yea) (1943-1945) 

| 
| 
I 
(Jag) 1936-1945 
? 19h2- 1943 
? 2 - 19k5 
(yam) (1942-1944) | 


SYSTEM. al DATES 


SOURCES 


SOURCES 


WHEN 
ATTACKED 
AND BY WHOM 


! 3934 PERS 25 


1934? FERS 
3 


? PERS 2S 


? OKW 


1946 PERS 7 S 


2 


RESULTS ca ices 


BROKEN 


BROKEN 


BROKEN 


BROKEN | 


READ SMALL 
AMOUNT 


PERS 2S: 
OKW: READ 
UNTIL 1944 


? 


~H 


0 5 
t 


IN PARENTHESES) 


TICOM 


w 
‘ae 


Vi2k 
52 


22.P 17 
4G 
28 


gai PP 2-4 


O35 PP 2-k 


TATUS OF THE SYSTEM 


AT ASA REMARKS 
(READ) ie 
| 
(READ) bis 
(50% - Se READABLE TILL «| ee 
MARCH VOUS; 25% - 586 1N : 
APRIL 1980 UNDER 25% ar TeX 
APRIL 1945.) 
(59% - 190% READABLE TILL (JBA 1S 
MARCH 1945; 25% - 50% IN A 2-LET- 
APRIL 1945; UNDER 25% AFTER | TER 2- 
APRIL 1945.) LETTER 
. CONE BUT 
- CHANGE I) 
NULLS DE 
SCRIBED 
TOOK 
PLACE IN Uy 
JBA IN, Te 
DEC 1944 
, 
He 
(BROKEN, FALL 1940) (OFTEN 
ENCI- 
PHERED 
BY JAA, 
JBB, JBC 
| OR JBD) 
(UNTDENTIE 


(UNIOENTIF ICD) 


| 
| 


(@ROKEN Jan ut 5, 25% - Ske 
READABLE; WORK OL stb Britta 
APR 1945) 


DOCI DG 3560861 


eee a 


ORIGIN 
JAPAN 0 
JAPAN 3 
JAPAN 32 
JAPAN 33 

f JAPAN 34 


SERVICE 


RESULTS | oF EUROPEAN AXIS SORE ANALYSIS 
LEARNED FROM TIC 


(WITH siihea se 


DESCRIPTION OF 


SYSTEM 


Su _ ARMY SECURITY ce 


: PARENTHESES) 


(FORTIGN 
orrice) 


DIPLOMATIC? 
COMMERCIAL 


DIPLOMATIC 


COAMERC 1 AL 


OPPLOMATIC 


U-FISURE CODE WITH ONLY 2,580 GROUPS. CENCI- 
PHERED BY SOOK ADDITIVE AND SEMPLE LETTER 5u8- 
STITUTION USING THE LETTERS CFGRKLNORSY. 


DIGRAPHIC SUBSTITUTION AND TRANSPOSETION APPLIED 
TO h CODES, DESIGNATED AHSAJ, ETGAV, AMNUM, 
HLNIM. AHSAJ WAS A 3, 4, S-LETTER CODE; ZIGAV 
WAS 4-LETTER; AMNUM WAS 


5-LETTERs ILNIM WAS UN- 


KNOWN. £ACH CODE HAD 19,500 vALUES. 2 ENCI- 
PHERING TASLES? CIOL USED ON EVEN DAYS, VEVAZ 
ON ODD DAYS. 


MONOALPHABETIC SUBSTITUTION CIOHER WITH 2-LETIER 
GROUPS FOR PUNGTUATION; INDICATOR GROUP: "YUG". 


MONOAL PHABETIC SUBSTITUTION ACCORD ING TO THE DAY 
€F Td= MONTH. INDICATOR: "rpane” 


TRANSPOSITION CIPHER WITH 5-FIGURE INDICATOR 
GROUP. 


"CIFOL- 


| VEvaz" 


JB O41 


GE ee 
| WHEN 
ATTACKED 
AND BY WHOM 
(vec) (1943-1045) | 2 Pers 7S 
("ciFOL- (1948 - 2) ? OKW 
Veva2") 
: | 
("yug") | 1935-194) |? PERS 2S 
| 
! 
| 
? 2? - 1948 - | ? OKW 
? 2- 19b8 - ? 2 PERS7ZS 


ADDITIVE 
STRIPPED AND 
BOOK-BREAKING 
BEGUN 


Ugh - 58% 
; RECOVERED 
? 
? 
‘ 
2 


' (BROKEN JAN 1984; 2 ADDITIVE -- 
BOOKS USED» SECOND EFFECTIVE 

1 Fee 1944, BOTH RECOVERED. 

19S & READABLE. ) 


122P 17 


1 9p pp 2-4 
1 118 Pe 7-8 
115g P 8 
D 58 P 33 + (READ ) 
! 
1 
D 50 P H = oe 
PER 
0 58 P 35 (UNIDENTIFIED) ae 


v3 


SoU 


felt 


-potrh: 3560861 


Ce be 


Latvia 


UL THUANIA 


LITHUANIA 


MANCHURIA 


MANCHUPIA 


MANCHURE A 


MANCHUPR LA 


MANCHUR IA 


MANCHUR TA 


MANCHUR A 


MANCHUB EA 


8 


DIPLOwaTic 


DIPLOMATIC 


AIF FORCE 


DIPLOMATIC 


? 


= 


? 


OJPLOMATIC 


PROBABLY 
COMMERC | AL 


? 


* 


RESULTS , OF, "EUROPEAN AXIS CRYPTANALYSIS 


C* 


LEARNED FROM TICOM SOURCES 
(WITH eS, _ FROM oa Sua AGENCY —— IN PARENTHESES) 


SOUNTRY SERVICE OESCRIPTION Y 
_ ORIGIN oneree 


TRANSPOSITION CIPHER, BOT4' SINGLE AND DOUBLE 
os la SUPERENC I PHERED WITS VIGENPRE SUBSTI TU- 


TRANSPOSITION CIPHER, BOTH DOUBLE AND SINGLE, 


ime SUPERENC I PHCAED WITY VIGENERE SUBSTI IU- 
1 


TRANSPOSITION CIPHER WITx REVOLVING GRILLE. 


S-FIGURE 2-PAPT CODE. 


S*LETYER ?-PaPT COOL. 


4eFIGURE 2-PART CODE. ALU MESSAGES STARTED Wi TH 
GROUP KN), 


TRANSPOSITION CIPHER WITH BLANK CELLS IN PEC- 
TANGLE AND DAILY CHANGING KEY. U5£D JAPANESE 
LANGUAGE. 


TRANSPUSI TION CIFRER wi pH Cues ENC TFHERMENTS 
GOVERNED BY DATE AND NuUwpeR 


TRANSPOSITION ENCKFHERMENTS OF A SASIC JAPANESE 


S*LETTER %-PART COOE. inOLCATOR ABXYZ. 
U-CETTER 2-PART CODE OF FoRM CVCY. VSED BETWEEN 
BEPLIN AND ROME. 
3-LETIER BOK, 
! 


AME 
STEM BOUNTY ans 1x8 | 
? ? 
? 4 
? ? 
? ? 
. : 
? ? 
? 9 
9 bd 
2 7 
is ? 
7 ? 


DATES TICOM SIATUS OF THE SYSTEM 
OF ATTACKED RESULTS |REFERENCE AT ASA REMAR 
usa USE __'AND BY WHOM _ i 
?-? irik 


? PERS 7S 1 22 P 16 (UNKNOWN, ONLY PLAIN TEXT 
MESSAGES RECEIVED AT ASA.) 
27-7? | ? Peas 75 - ? (22 PF 1g (LETHUANIAN TRAFFIC NOT - 
| WORKED ON BY ASA.) 
1939-1 ; 1933 oKL READ CURRENLY) | 121 Pk (LITHUANIAN TRAFFIC NOT —— 
mae ta | WORKED Of AT ASA.} 
wgue-19h5 |? TI | (wor WORKED ON AT ASA.) “9 
1938 - 7 ? PERS 7S ? T 26 P 36 (unecnowes } -- 
19hd - ? ? Pees 25 ? T 16 P 36 (UNKNOW} = 
USED ONLY IN ? PERS 72 3 1 1 75 P 37 { UNKNOWN} = 
MARCH 194\5 
P=? 2? oKW COMPROMISED. | 1 177 P 3 (UNKNOWN) aa 2 
“ 
1936 - . 1948 PERS 2 S| SOLVED. T 76 P 36 {UNKNOWN 5 } 
be 988 PERS ay | 33-09 ) lu 
cy 
Ly 
1935 - ? t Peas 72S ? 1 76-2 35 | (UNKNOWN) -~ oF 
27-9? ? PERS 7S ? 1 22 P21 (UNKNOWN ) ad 


2) 
ms 


Ti er) =~ 


Doctm® 3560861 


MEXICO 1 
MEXICO. 2 
MEXICO 3 
MEXICO y 
MEXICO 5 
MEXICO 6 
MEXICO 1 


NETHERLANOS 1 


NETHERLANDS 2 


NETHERLANDS 3 


NORWAY 1 


DIPLOMATIC, 
DIPLOMATIC 


Ot PLOMATIC 


DIPLOMATIC 
DIPLOMATIC 


DIPLOMATIC 


It PLOMATIC 


OPLOMATIC, 
MILITARY, AND 
NAVAL ATTACHES 


IOI PLOMATIC 


__{WITH eee 8 


“LETTER 1-PART CODE, WITH 28,002 PRONOUNCEABLE 
UPS. USED WITH A DAILY ENCIPHER TABLE AND 
WORKED ON SLIDING SCALE PRINCIPLE. 


“LETTER }-PART CODE. 19% DIFFERENT ENCIFHER- 
ENTSt EACH GROUP ENCIPHERED BY A GROUP 
BASIC CODE OF FROM ! TO ABOUT 15M PLACES LATER. - 


5-LETTER I-PART COLE. 


5-LETTER I1-PART COOE, 28,908 PRONOUNCEABLE GROUPS 
DAILY ENCIPHERING TASLE. CODE MIXEO WITH CLEAR. 


5-LETTER %-PART CODE. 


POLYALPHABETIC SUBSTITUTION CIPHER WITH 26 


ALPHABETS, 5 OF WHICK WERE USED AT A TIME, KEY 
LASTED SEVERAL DATS. STARTING IN eT KEY 
CHANGED WITH EACH MESSAGE. SEPARATE SUBSTI TUSTON 


ALPHABETS FOR ENCIFHERMENT OF INDICATOR GROUP. 


POLYALPHABETIC SUBSTITUTION CIPHER WITH 2g 
ALPHABETS, 


U-LETTER 4-FIGURE 1-PART CODE. (USED WITH AND 
WITHOUT ENCIPHERMENT, 228 GROUP REPEATING 
AODITIVE USED IN ENCIPHERMENT. ) 


FRENCH FIGURE CODE, 1-PART REPAGINATED. ENCI- 
PHERMENT BY DIGRAPHIC SUBSTITUTION AND TRANSPO- 
SITION WITHIN THE GROUP. 


MESSAGES TO AND FROM THE ROME LEGATION. 


5-LETTER %-PART UNENCIPHEREO CODE. 


RESULTS | OF EUROPEAN AXIS. CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
FROM ARMY SECURITY AGENCY a 


OUNTR TRY | as 
_ ont OF GIN SERVICE DESCRIPTION SYSTEM 


. - PARENTHESES) 


NAME 
OUNTRY| 
Ne eg _ ORIGIN 
? "POMOS ” 
? MEXIKO 
ER Pp” 
? ? 
?  "XEPIT" 
¢ f 
? ? 
? * 
% ? 
? ? 
? ? 
i 


2 


2= 194g? 7 -SIM 
(?-1941-1985) | 1981 PERS 7S 
@ = 1945) 77 
if 
2-7 ? SIM 
1941-7. 1 1942 PERS 7S 
l 
1926 - ? ; 1926 PERS 7S 


(?-CURRENT) re PERS 7S 


"1942 SIM 


1939, PERHAPS| 1939 PCRS 7 Sj 


EARLIER-(CUR- 
RENT) 
2- 1939-2 1939 PERS 7 7 
7-7 2 SIM 
! 
2? - 1948? H 


BEFCRE 1949 
FA 


SOLVED 


RECOVERED 
LESS THAN 5£ 


READ 
READ. 1906 


COMPROMISED. 


READ 


READ BY SIM. 


PARTIALLY 
BROKEN 


PARTIALLY 
RECOVERED 


A SMALL NUM- 
BER OF MESS- 


AGES READ 


READ COM- 
PLETELY TO 
1948. NOT 
AFTER 194g. 


iF mE 
D 16 


T 2519 


iF I517 
D 16 


D 16 


0 16 
1F 1517 


D Me REPORT 
P6 


D 54, REPORT 


iF 1518 P 3 


1 162 P 3 


(UNKNOWN ) 


(89% READABLE) 


| (75% - 866 ReAaDasce) 


(UNIDENTIFIED) 


(ASA STATES THIS SYSTEM MAY 
BE A PART OF MXA OR MXB) 


(UNKNOWN ) 


(100% READABLE) 


(CODE BROKEN. ENCIPHERMENT 
IN READABLE STATE.) 


(UNKNOWN) 


(UNIDENTIFIEO) 


(UNIDENTIFIED) 


fue 
19h 
ONL PORT 
AU-PRINCE 
LEGATION) 


55 —46 


CHART NO. 1-2 


DOCID® 3560861 @ | @ 


RESULTS | OF EUROPEAN AXIS ORYPTANALYSIS 
EARNED FROM TICOM SOURCES 
(WITH Peete _ FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


apa) as SER HE | DESCRIPT ) OF SYSTEM NAN OF _ SYSTEM. | GATES re eit RESULTS REFERENCE, er aT ASA cai: EMARK' 
F VI ION L REMARKS. 
ORIGIN eos ORIGIN AXIS USA USE AND BY WHOM | 
FESuU i] OLFLOMATIC 5-LETTER I- 20 CODE. INTIAL CIGRAFHS SUBSTI - ? : ? (PEA) '(1924-CUPRENT)' 2 PERS 2 $ 2 T 1588 ” (COMPROMISED) i 
TUTED BY OIGRAPAIC TABLES AND FINAL TEIG AR: ? SIM ; D Io | 


SUESTITUTED GY TRIGPAFHIC TABLES. 


I 
) | | 

PESy J} DIPLOMATIC 5-LETIER 2-PART CODE WITH i, 000 10 20, Cha ? ? ? 1926-1927-? ? PERS 2S [NOT READ D1¢ _ (UNKNOWN ) os 
PRONGUNCEAELE GROUPS. : i 

FERU 3) DIPLOMATIC S-LETTIER 2-PAFT CODE. (ENCIPKERMENT MAYBE 'PEA" ? “PERU? 2 f« 2 2.7% _ | RECOVERED T 1391 - -- 

| OF PSEDECESSOS. ) ! TLIMA- } LESS THAN 1% 
‘ ' GENE j 
FEEL LY) OPFLOMATIC “LETTES 2-PART COOL. (ENCIFHERMENT MAY BE ? | MPERUS ? 2-7? 4 7S RECOVERED T 1397 = os 
GENF" 


~) 
| "PEA" OP PREDECESSOR. ) j LIMA~ : , LESS THAN 5% 
I 


INDEX 


Paragraph 

Absolute value of number___________ 35 

Ac circuits, solving: 

Applying vectors and trigonom- 194 
etry. 

With capacitance and resistance_ 200 

With inductance and resistance __ 199 

With inductance, capacitance, 201 
and resistance. 

Acute angle.._.---_.- 129b (3) 

Adding same quantity to both sides 81a 

of equation. 

AQditiON 22.22 3 he 6 
Algebraic______--._-._--------- 37 
Expressions ____.__-_.---_-___- 43 
In solution of simultaneous 84 

equations. 
Logarithms ______.___--.--__-- 20 
Monomials_____.--_.--___.---_- 48 
Positive and negative numbers ._. 37 
Vectors, method: 
Parallelogram ._._.--.-__--. 179 
Polygon_____.---__-_-_.-__ 180 
Rectangular components ___- 181 
With angles __.___._-_--_--____. 152 

Algebras 2) hae e ee ee 26 
“Addition_._..____--__-_________. 28¢ 
Coefficients _____.-_.---------_-. 29 
Complex numbers...._____~___.__. 78 
Division____-__-------------._- 286 
Equations: 

Review problems________._ 86 
Simultaneous________~ --__- 84 
Solving formulas... .._____ 85 
More difficult_.________ 82 
Simple_____------ 81 
Written... -- 83 
Exponents and radicals: 
Addition._-_._--- 73 
Division______.-_-_--_.___- 15 
Fractional__._--- 5 71 
Multiplication _____..____ __- 74 
Negative..__.-_..-- ~~ 46 
Review problems _._._.____. 78 
Simplification __________.__- 72 
Subtraction __._____.______- 73 
FOTO. 2x2 ee Seas eee 47 
Expressions and terms ______-__. 27 
Factors: 
Cube root of monomial______ 55 
Difference of two squares ___ 58 
Monomial 5 53 
Polynomial_____..---_-____. 56 
Positive integers.._________ 52 
Square of binomial_________ 57 


238 


Page 


17 
139 
148 


143 
154 


123 
124 
125 


39 


Paragraph Page 
Algebra—Continued 
Factors—Continued 
Square root of monomial ___- 54 25 
Trinomial____________-____. 59 30 
Two cubes___-_____________ 60 31 
Understanding.___-__.___.__ 51 25 
Imaginary numbers__-~_____.__. 17 43 
Polynomials: 
Division..__.__-.-_-___-___ 49 23 
Multiplication _.____________ 48 23 
Positive and negative numbers: 
Absolute value____._-__.-_-_- 35 17 
Addition_____._-_/_-_ 37 18 
Application_____--__--_.-_- 34 17 
Division_____.- 5 ee 40 19 
Graphical representation ____ 36 18 
Multiplication _______._____- 39 19 
Neé@die 2 tn ec 33 17 
Order of signs__._.__.____- 41 20 
Review problems.._______._- = 42 20 
Signed numbers ..__.___.__- = 32 17 
Subtraction ___...-_-_. __-. - 38 19 
Quadratic equations: 
Character of roots .______.-- 93 56 
General______-___-___-.___-. 91 54 
Pure@s22 eves eek 88 53 
Solution: 
Completing square____-_. 90 54 
Factoring___.__.______. 89 53 
Quadratic formula ____ 92 55 
Signs of operation____-_._-__.__- 28 16 
Subscripts -.---.-__-__- eee ok 30 17 
Subtraction ___________-_--__-_. 28c¢ 16 
Algebraic: 
Addition _..--.--_-__-_-- ee. 37 18 
Expressions: 
Addition ______-_--_-----_..-- 43 21 
Division___..-__--_-.---_-- 44 21 
Multiplication_____________- 44 21 
Subtraction_____...--.-__- 43 21 
Fractions: 
Addition .--__.-._-----.___-- 67 35 
Changing form________~--~_- 64 33 
Changing signs _______.___. 63 22: 
Division_.__.--__--_-_---_- 68 36 
Finding LCD_________.___- 66 34 
Multiplication___..______.- __. 68 36 
Reducing to lowest terms .__. 65 33 
Review problems___._.-_____ 69 37 
Functions, raising to powers ..__- 45 22 
Operations, fundamental ________ 43-50 21 
Alternating currents and voltages 194 139 
represented by vectors. 
AGO 658A 
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pocip:( 3560861 ( ( 


RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS | 
LEARNED FROM TICOM SOURC 
FROM ARMY SECURITY AGENCY iy 


(WITH sukaarriet 


- PARENTHESES) 


DESCRIPTION OF SYSTEM 


COUNTRY SERVICE 
ORIGIN | 


a wo 
NAVY 5-FIGURE 1-PaRT Cooe SZVFR za-| ? ? * (1928-1926) | 1939 OKW 190% COMPRO- | 1 477 | (UNKNOwN ) MOTE AC- 
SADNICZY 3 MISED COMPANY- 
MAR 2 ING i 
SAYS THERE 
-32 
\ iM ALL. 
| 
NAVY 5-FIGURE 1-FaRT Coot S2YFR ZA-' ? ? £292%-1525) 1939 Onw ie coMPRO- | y &73 {unxvown) NOTE AL- 
SADNICD MI COMPANY - 
3 ie THIS 
I | SAYS THE 
e WERE 3 
‘ CODES IN 
Al. 
5 | . 
NaYY 5-PART CODE, PERHAPS '5-FIGUEE. ° STYFF ? ? 2-1 1 2 ORM 1608 COMPRO- | T 476 (UNIDENTIFIED) =e 
"1937" 3 ! | MISED ‘ 
1 
DIPLOMATIC &-FIGURE (2-PART) CODE IPE BY ADDITIVE. ? leo 1? FLO 9- 19th-7, ] FA en READ UNTIL. 1 tahe ly RECOVERED. 1 = 
eras eee mt > : 9431, OK | 1e2e 8 : 1a oF Linares, foRR 
1 PERS 2S Rea REGU 1 2938 { rails DEC | PHERED. 19h ‘sa 
| LARLY. ‘ VERY LITTLE OECIPH 
e 
DIPLOMATIC k-FIGURE ?-PART CODE ? NPD ? 7-7 7-7 necoves ' T 2155 (UNIDENTIFIED) = \ 
} 
i 
DIPLOMATIC &-FIGUPE ?-PART CODE ? OFD ? 9-7 ?-? RECOVERED T 2152 (UNIDENTIFIED) = & 
‘~ : i 
DIPLOMATIC K-FIGURE 2-PART C ? PPD ’ ?-? ?-? COVERED T 21 (UNIDENTIFIED) = 
sn 5 | Se Te 
DIPLOMATIC H-FIGURE 2-PART CODE ? cPo ? 2-7? 1-7? Rec t zi] (UNIDENTIFIED) : -- 
Al 
: A Fe i 
DIPLOMATIC 3-FIGUPE ?-PART CODE with 16,988 Dal ENCI- ? ? ? = 19h3 ? OKW MOST OF ' 3 PP 26 ~| (UNIDENTIFIED) = 
PHEPED WITH ADDITIVE TABLE 28 x TRAFFIC READ 1 
DIPLO*ATIC X-FIGURE T-PART CODE WITH 1f, GROUPS. ENCI- z ? ? 1943 - ? OKW MOST OF t } PP 2g -| (UNtpeNTsFIED) a" 
PHEREO WITH ADOITIVE TABLES Of xX ID. TRAFFIC READ ’ 
OUPLOMATIC k-FIGUPE 7-PaRT CODE, VALUES IN FRENCH. ? FRANZ. | 2 9-7? %-9 RECOVERED T arhy {UNIDENTIFIED} = 
COOE "ore ABOUT 198 
POLK. OF 
LOMATIE? 
? \-FIGUPE 2-PART Cone ? ? ? ?-1 2-7? RECOVERED T 2153 (UIDENTIFIED) = 
, ABOUT 25% s 


Ce Re ee 


a: 


‘DOCIR 3560861 : 


RESULTS , or EUROPEAN AXIS SG RYE TANALYSIS 
LEARNED FROM TIC 


(WITH ees ie FROM ARMY SECURITY so tality i et SL 


aa Seay me AE 0 rE WHEN TATUS OF THE SYS 
SERVICE DESCRIPTION OF SYSTEM UNT OF ATTACKED | RESULTS REFERENCE AT ASA RE 
a : OF ORIGIN Mathai AND BY WHOM | 


FOREIGN U-FIGURE Z-PART CODE. ENCIPHERED ON KEY TAKEN 1935-19h2 9 FERS 7S | 1942-1942 ALL r $3 PP 2-4 (UNIDENTIFIED) 
OFFICE FROM BOOK. PAIR OF ENCIPHERMENT TABLES USED FOR 1080 Fa MESSAGES READ,/1 111 P2 - 
EACH OUTSTATION. INDICATORS: TWO 5-FIGURE H : ha MOST OF THEM D ae ITEM I, 
GROUPS AT BEGINNING OF MESSAGE. ‘ ! CURRENTLY 63 
ry 2 3 


MILITARY 4-FIGURE (2-PART) CODE ENCIPHERED BY ADDITIVE. > ; 1942 - ? J READ 1 118 pp &-9 | (ABOUT 6% GROUPS RECOVERED. 
ATTACHE : ‘ : 1942-1943, of% OF WASHINGTON- 
: LONDON TRAFFIC OECIPHERED. 
1943-1944, 198 OF WASHINGTON 
LONDON TRAFFIC DECIPHEREC.) 


3-FIGURE ?-PART CODE . ; Hi ag RECOVERED " (UNIDENTIFIED) 
. ABOUT : 
STELLER- ; “a , ; 
CODE | ! 
| : i : 
3-FIGURE ?-PART CODE POLNISCH- ; "| RECOVERED i * (UNIDENTIFIED) 
: TELLER : wt ee 
CODE I , ; ‘ 


3-F IGURE_ 9-PART CODE RECOVERED Tang " (UNIDENTIFIED) 
% ABOUT 9L% 


AIR FORCE 2-PART CODE, 2,908 VALUES. ENCIPHERED. : : : 190% COMPRO- | 1 121 P&P 7! (UNIDENTIFIED) 
: : MISED 


POLAND NATIONAL TRANSPOSITION-SUCSTITUTION CIPHER: CLEAR TEXT é 1 26 P € P 14] (UNIDENTIFIED) 
RESISTANCE WRITTEN INTO 18 X 12 SGUARE, TAKEN OUT IN COULMS| . 
MOVEMENT IN ORDER, CONVERTED TO FIGURES BY 2-FIGURE SUB- 
STITUTION. TRANSMITTED IN 3-FIGURE GROUPS. 


‘ 


NATIONAL TRANSPOS| TION-SUBSTITUTION CIPHER. 25 (UNIDENTIFIED) 
RESISTANCE : 4 15 
MOVEMENT 


POLAND NATIONAL TRANSPOS1 TI ON-SUBSTI TUTION CIPHER. .e & : ‘ (UNIDENTIFIED) 
RESISTANCE ‘ : 
MOVEMENT 


NATIONAL TRANSPOS 1 TION-SUBSTITUTION CIPHER . (UNIDENTIFIED) 
RESISTANCE / oak 
MOVEMENT 


POL AND NATIONAL TRANSPOS!TION-SUBSTITUTION CIPHER. E ; ‘ (UNIDENTIFIED) 
RESISTANCE F : 
MOVEMENT 


NATIONAL SIMPLE TRANSPOS! TION CIPHER, , / , 194 - % | 1984 OKH BROKEN (UNIDENTIFIED) 
RESISTANCE ; é 
MOVEMENT - 


C 


\OP  Seurn’ 


PORTUGAL 


PORTUGAL 


DOCID: 
COUNTRY 

OF SERVICE 
_ ORIGIN 
PORTUGAL 1 DJ PLOMATIC 
PORTUGAL —-2| DIPLOMATIC 
PORTUGAL —- 3] DIPLOMATIC 
PORTUGAL = | DIPLOMATIC 
PORTUGAL © 5] DIPLOMATIC 


€|DIPLOMATIC 


7/0) PLomatic 


@IDIPLOMaTIC 


3560861 


- RESULTS OF_ EUROPEAN AXIS CRYPTANALYSIS 
AS LEARNED FROM TICOM SOU 
(WITH ANNOTATIONS FROM ARMY SECURITY AGENCY lig 


DESCRIPTION OF SYSTEM 


“FIGURE 1-PART CODE WITH 59,900 GROW ENCI= 

RED DIFFERENTLY ON DIFFERENT cincurté: ADDI - 
TIVE FOR CIRCUIT APPLIED TO LINE NUMBER; TRANS- 
POSITION OF GROUP ELEMENTS; 1,000-PLACE SUBSTI- 
TUTION TABLES APPLIED TD PAGE NUMBERS. 


FOUN 1-PART CODE, WIT4 61,506) GROUPS. ENCI- ' 


“FIGURE 1-PART CODE WITH 50,200 GROUPS. CNCI- 
PED WITH 2, 0905-PLACE TITUTION TABLES. 


pdt 1-PaeT Hag | (WITH 58,090 GROUPS. ENCI- 
RED WITH TABLES. 


ie 1-PART CODE, 61,501 GROUPS. ENCIPHERED. 


WERE REPAGINATIONS. 25 SUBSTITUTION 


pad 9 1-PAPT CODE: BASIC BOOK OF WHICH "299" 
ef‘usco wits iT. 


yal oe 1-PART CODE WITH fi, GROUPS. ENCI~ 
RED WiTH TWENTY 123-PLace’ TITUTION TABLES 
FOR LINE NUMBERS AND CN SOME CIRCUITS ALSO WIT+ 


NE E 
1,008-PLACE TABLE FOR PAGES. SIFFERENT TRANS- 
POSITION OF GROUP ELEMENTS FOR EACH CIRCUIT. 


“FIGURE 1-PAPT CODE WiTH 41,9°3 GeOUPS. ENCI- 
EO WITH TWENTY IS€-PLACE SUBSTITUTION TABLES 
FOR LINE NUMBERS AND Or SOME CIRCUITS ALSO WITH 
“1,008-PLACE TABLE FOR PaGES. DIFFERENT TRANS- 
POSITION OF GROUP ELEMENTS FOR EACH CIRCUIT. 
' 


ee PARENTHESES) 


' ? al (Pocs 1941- 1941 PERS 75 ? lb 15, ight RE- (POC, POO, POE ALL 196% COM- 
POD ?, CURRENT) PoRT, © 2 PROMISED; ALL HAVE THE SAME ' 
‘ POE? oe. 1939- BASIC BOOK. 
ort 1985) 
325 (Pol) (194+-CURRENT) 1942 PERS 7S READ oe. be RE- (190% COMPROMISED) 
T 
Y 3822 
A 1 
; | : 0 16, RE- COMP3OMISED 
yee (POL) (1952-CURRENT) 1942 PEeS 7 S uae eont, "bs (ises ) 
43 2? pe- |[T RECOVERED; COMPLETELY 
352 (Pou) (1943-CuRRENT) LARGELY yee Sams Beco 3 
' 
» 299 ? 7-19h2-? 19h2 PERS 7S READ 'D 16, 1942 RE (UNIDENTIFIED) 
| ' PORT, P 3 


2-1942-7 


| 7-19h1-? 


7-19h1-? 


a 
1942 PERS 2 S$ 


1951 PERS 2S 


tab? P£EP5 2S 


Lrefos Lowen POST, P 3 POu.} 


LARGE PART or | 1 La 138 : (UNIDENTIFIED) 
MESSAGES PEAD | 
WITH SOvE 
GAPS. SEALIN- 
LISBON TRAF- 
FIC NOT READ: 
lena ett 


Coker wap- ' 
IDLY. 


' ewe vpremuents i) Ae a RE} (UNIDENTIFIED) 
* BROKEN, 
Gr ntngs a TADE 
ON CODE, SUT 
“OT PEAD, 


COMPRO- f 16, 1982 RE (REPAGINATEON "328" 15 ASA'S 


, be 


ei Tia (ee Ta 


‘4 
i 


Doe: 


OUNTRY 
OF 
ORIGIN 
PORTUGAL 9 
PORTUGAL 1 
1 
PORTUGAL. 11 
PORTUGAL 12 
PORTUGAL 13} 
PORTUGAL 14 
PORTUGAL 15 
PORTUGAL 16 
PORTUGAL 17 
PORTUGAL 18 
PORTUGAL 19 
PORTUGAL 2¢ 
PORTUGAL 21 
PORTUGAL 22 


SERVICE 


? 


OLPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


OIPLOMATIC 


DIPLOMATIC 


3560861 


RESULTS | or EUROPEAN AXIS CRYPIANALYSIS 
EARNED FROM TICOM SOURCES 


_ (WITH ee 


FROM ARMY SECURITY AGENCY SOURCES 


DESCRIPTION OF 


5-F1GURE 


5-FIGURE 


4-FIGURE 


4-F 1 GURE 


4-FIGURE 


4-F 1 GURE 


4-F 1 GURE 


4-F1GURE 


4-FIGURE 


4-F 1 GURE 


"| 4-FiGURE 


P-PART 
?-PART 


1-PART 


1*PART 
1-PART 
1-PART 
?-PART 
PrPART 
?+PART 
2-PART 


P-PART 


CODE. 
CODE. 


CODE, 


COoE, 
CODE, 
CODE, 
CODE. 
CODE. 
CODE. 
SORE 


COOE. 


SYSTEM. 


REPAGINATED. 


REPAGINATED. 


REPAGINATED. 


REPAGINATED. 


MONOALPHABETIC SUBSTITUTION CIPHER. 


5-LETTER ?-PART CODE. 


2 LETTER 5-FIGURE CODE, 64, Pe GROUPS. ENCI- 
HERED BY ESTIMATED z2@% TABLES 


NAME -OF SYSTEM 
U 
OF ORIGIN) AXIS | US.A | 
? ? g | 
? ? ? 
? 62 146 , 
| 
? ? PC 
| 
? 52 ? H 
? 611 ? 
1 
§ 3 ? ? 
I 
2 ? a 
? ? ? 
? 557 93 ? 
? 55 wt ? 
? ? ? 
? ? ? 
? ? ? 


DATES 
OF 
USE 
2-7? 
9-1936-? 
2-7? 
2-7? 
2-7? 
?-? 
e-? 
2-7? 
9-7 
?-? 
-1942-? 
2-1937-? 
g- 7 


IN PARENTHESES) 


WHEN TICOM [SIATUS OF THE SYSTEM 
ATTACKED | RESULTS ap iaiiainiaaes| AT ASA R 
AND BY WHOM : ; 
3 RECOVERED T 3127 (UNIDENTIFIED) ~ 
LESS THAN 1% 
2? RECOVERED T 3823 (UNIDENTIFIED) 8 
LESS THAN 19% 
% 2 RECOVERED 30%] T 1336 (UNIDENTIFIED) 22 
? 2 RECOVERED T 1332 1 (UNIDENTIFIED) ons 
3B - 50% 
2 2 RECOVERED T 1333 (UNIDENTIFIED) “- 
206 - 30% : 
22 RECOVEREO T 1334 (UNIDENTIFIED) id 
20% - 30% 
7 4 RECOVERED T 1335 (UNIDENTIFIED) bd H 
LESS THAN 5% ; | 
} 
2 ? RECOVERED T 1337 (UNIDENTIFIED) Se i 
LESS THAN 1% F 
? ? RECOVERED T 1338 (UNIDENTIFIED) -- 
B LESS THAN 5% 
? 7? RECOVERED T 1349 (UNIDENTIFIEO) -- 
LESS THAN 3% : 
2? RECOVERED T 1386 (UNIDENTIFIED) mit 
LESS THAN 1% 
1942 PERS 2 S | READ 0 16, 1982 RE] (UNKNOWN) -- 
- PORT, P 3 
? SIM ee COMFRO T 1598 (UNIDENTIFIED) aa 
2? SIM, SID READ iF 1526 (UNIDENTIFIED) me 


DOCIA 3560861 | @ | | © 


RESULTS | oF EUROPEAN AXIS oO RYETANALYSIS 
EARNED FROM TICOM 
: (WITH re FROM ARMY SECURITY AGENCY petit - PARENTHESES) 


COUNTRY | ___ ; N BV: ; | WHEN TICOM [SIATUS OF THE SYSTEM) 
OF SERVICE DESCRIPTION OF SYSTEM OUNTRY| OF | ATTACKED | RESULTS REFERENCE] . AT ASA REMARKS 
ORIGIN ne AND BY WHOM — 


1 
PORTUGAL — 23] DIPLOMATIC 5-FIGURE 1-PART CODE. LINE DIGRAPHS ON PAGE IN ? ? ? i % = 1945 1945 SID READ IF lt | (UNIDENTIFIED) se 
EITHER ASCENDING OR DESCENDING ORDER. USED | : ir 152 i 
LISBON- ANKARA-~ BERN. . | 
PORTUGAL 25] DIPLOMATIC *FIGURE AND 2-FIGURE ?-PART CODE REPAGINATED FOR a 2 ? 2-1944-? ? SID READ iF 1526 (UNIDENTIFIED) ae 
IFFERENT LINKS. UNENCIPHERED. TRAFFIC GEN- 
ERALLY OF MARITIME NATURE. 


iVTate Fe 


. 


-poé%®: 3560861 | € | | C 


RESULTS | | OF. EUROPEAN AXIS GRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
FROM ARMY SECURITY AGENCY SOURCES 


{WITH anvisttie 4 rs 


| RESULTS REFERENCE! or ASA we pears 
16% COMPRO- 


! | 
QI PLOMATIC 5-FIGURE 2-PART CODE (EnCIFHERED Wi TH MONO- ? ra 18 {ROD} (7-1985-?) = oa - 9 Tt {WORKED om: ' ITTE te - 
ALPHAGET) MISED T Rs OUR ING ina Le Le 
TI , 1945. NT mi 
i) 1 BEI Pike EMD 1 
| 
DIPLOMATIC “FIGURE 2-PART CODE (ENCIFHERED WITH ROOK 1 ? ROF 2-1985-7) T-? | 198% COMPRO- | T 751 1 (WORKED ITYENTLY -- 
foot rive) : sno ae ' MISED Ike 1982, 36 ipa, 3NO 
| 19 5. noi t 1 ts g ory BEING 
' ATTACKED, E 
DIPLOMATIC “FIGURE 2-PART CODE IPHERED WIT AT) . ? ROH - 1985-2 -? \ffe COMPRO- | r Tio. ee a -- 
nines (enc H REPEATING (POH} — ( #-1945-2) ; ime T { ae Vein phe, 1583 r 
1S ABDI ves sybils acing 
1 : ATTACKED, END 1 
DIPLOMATIC “FIGURE 2-PART CODE, 79,09 GROUPS. CNCI- ? ) Ril ? 2-7? 2 PERS 75 RECOVERED T 2228 (LM IDENTPFIED) -- 
WITH 18-PLACE. TABLE, es - i DAP 15 
, 
OIPLOMATIC “FIGURE 2-PART CODE, 78,905 GROUPS. EMCI- 7 | Al ? ?-? 2 PERS 7S | RECOVERED T 2ge! {GniocnTiFi£o) a 
Pacey Wi IB-PLACE’ tate : «3 }o5 #35 
| 
RUMANIA OIFLOMATIC “FIGURE 2-PART CODE, 7@, 60 GROUPS. ENCI~ 1 R13 ? 2-7 7 PERS 7S RECOVERED | T 2216 (WHICENTIFIED) -- 
ED WiTh 1f-PLACE TABLE. ABOUT 5% T e222 : 
| { 0 58 F 15 \* 
DIFLOMATIC Aenea 2-PART CODE, 168,950 GROUPS. ENCI- t 1% ? i ote? TFORS 2S | RECOVERED T 221 (UNICENTIFIED) -- 
| PHEREO WiTh 1f-FLACE TABLE. ; LESS Than 5% | 0 54 P 15 i 
H bp 
CUPLOMATIC | P-F 1GURE 2-PART CODE, 196,203 GROUPS. ENCI- ClFRU 15 ? | 2-9 2 PERS 2S PECOVERED T 195 {UNI DENTIF IED) - Ff 
| ERED WITH 1%-PLACE TABLE. GRIGORCEA, , LESS THAN 58 | D 5 F 15 
| : 
DIPLOMATIC rail od 2-PART CODE, -i9f5, 20% GROUPS. ENC! - ? R16 ? 2-7? ? PERS ZS RECOVERED T 2217 (LNTDENTIF IED) ae 
RED WITH IS-PLACE TABLE. ‘ " 5% - 16% 1 2225 
i D548 6 15 
DIFLOMATIC ° 5*FIGURE 2-FaRT CODE, 198,098 GROUPS. ENCI- ? 1 ? 1 -¢ "2 PERS ZS + RECOVERED T 222k (CNIDENTIFEED) eS 
PreReD Wi TH IB-PLACE TABLE. u - | LESS TRAN 5% | © sf P15 
! 
DIPLOMATIC “FIGURE ?-PART CODE WITH 58,2008 - ¢o, ae ? ? ? 1-? ‘asim, sic | CODE sie IF 1517 P (turcentiFigd) == 
(OUPS. EHCIFHERED BY FIGURE SUBSTI TUTICN > | COMPROMISED; | IF 1825 F 3 1 
TABLE, i ENC FHERMENT ! 
i BROKEN. 
! 5-FIGURE 2-PAR? CODE, ? R& e ?-? 2-2? RECOVERED | 7 IeKE {GniDENTir ED) “= 
{ i 58 - Ih 
’ S~FIGURE 2-PART CODE. 1? RT ts t-?7 ; @-9 RECOVERED T 187 CUNT DCHTIF IED) on 
‘ LESS THAN 5% 


RUMANIA ? | 5-FIGURE 2-PART CODE. | ? 9 ? ?-? t-? RECOVERED 


| 5s - 18 


I 
1 
| 
? 5-FIGURE 2-PART CODE ? R& ? ?- 9 ?- 7 FECGVERED =, ‘1 2223 (leper iE) ] aa 
: 5k - US ' 
T 225 (Ur lOevTi FIED) 
| 


EARNED FROM TICOM SOURCES 
(WITH jag cies __FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 
COUNTRY NAME -OF__SYSTEM, DATES i WHEN TICOM |STATUS OF THE SYSTEM 
o) SERVICE DESCRIPTION OF SYSTEM COUN AX\ US A OF Sy ae nse RESULTS |REFERENCE AT ASA REMARKS 
ORIGIN GPORGN| AXIS | USA USE AND BY | 
RUMANIA 16 ? 5-FIGURE 2-PART CODE | ? | 6 | ? oe: " ps | recoverco T 2218 * (UNIDENTIFIEO) on 
' LESS THAN 5% : 
RUMANIA i ? 5-FIGURE 2-PART COOL. | ? | 2 | ? 2-2? 7? | RECOVERED 11 1139 (UNIDENTIFIED) | me 
' ! ' ABOUT 12% | 
RUMANIA 18] OF PLOMATIC S-FIGURE ?-PART CODE. FIGURE SUBSTITUTION | ? ? | ? 2-2? ? SIM 12QE COMPRO- | IF 152 (UNIDENTIFIED) | sis 
jENCIPHERMENT. SEVERAL BOOKS USED SIMULTANEOUSLY. | _ MISED. | 
RUMANIA 19) DIPLOMATIC 5-FIGURC ?-PART CODE. 52,968 - 68,024 GROUPS. | 2 2 ? 2-2 2 SIM, SID | 123 COMPRO- | IF 1526 (UNIDENTIFIEO) | ne 
ENCIPHERED WHEN RACH seeuhity WAS DESIRED. KEYS | ; MISEO. 
WERE 49 x 5 AND 52 x 5 LONG. | | 
RUMANIA —-26| MILI TARY Pf 1mRE 2-PART CODE. EACH PAGE NUMBERED BY ° 2 2 1942-1983 | 2 SIM | READ IF 1521 (UNIDENTIFIED) “9 
ATTACHE INE OF FOUR 3-FIGURE GROUPS PRINTEID AT TOP. : | 
PAGE DIVIDED INTO TWO PARIS, EACH PART CONTAINING i H H 
ie BLOCKS OF 19 GROUPS EACH.  ENCIPHERCO WITH A ' 
YSTEM CALLED BY ROMANIANS "FISE." F ' | 
RUMANIA 21|MILITARY TRANSPOS!T10N CIPHER. RECTANGLE DIVIDED INTO AMG 1943 ? ? 2-1943-2 ‘2 Sim READ j IF 1521 (UNIDENTIFIED) ae 
ATTACHE 4% SMALLER ONES, EACH 7 xX 18 OR 7 X 7. SOME iF 1815 
[evan CELLS. CLEAR TEXT WRITTEN IN ON A OATTERN. | | ! 1 1596 
: : H ® 
RUMANIA 22 |MILITARY TRANSPOSITION CIPHER. 6 RECTANGLES, 6 X 5; CIFRUL OE ? 2 2- 1943-7 1943 SIM ! READ lary 7 (UNIDENTIFIED) -- D 
ATTACHE CLEAR TEXT WRITTEN IN ON PATTERN. MEMOR IE ? “SID | tF 152) 
RUMANIA 23/ AIR FORCE ' TRANSPOSITION CIPHER. ? ? 2 i 2-1939-2 2 OKL | NOT READ ti2ie 8 (UNKNOWN ) aS : 
RUMANIA 24| POLICE ne DESCRIBED AS "ELEMENTARY", BUT NO DETAILS) ? ? ? 2-? 2° OKL READ CUR- 1121p 9 (UNKNOWN ) =a 
[SALES H : | RENTLY 
i 
: 
1 i 
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RESULTS | OF EUROPEAN AXIS <GRYPTANALYSIS~ 
EARNED FROM TICOM 
(WITH sanigione _FROM ARMY SECURITY AGENCY Sms i PARENTHESES) 


AME OF SYSTEM | WHEN TICOM |SIATUS OF THE SYSTEM 
SERVICE DESCRIPTION OF SYSTEM OUNTRY! | : OF ATTACKED | RESULTS me PoRenee AT ASA REMARKS 
‘OF ORIGIN haem AND BY WHOM | 
| | t 3 
RUSSIA 1] ARMY HAGELIN §-271 MACHINE, OLD STYLE, EMPLOYING K 37 'k 37 + 5 aii ! 1041 OKH ACCOMPLISHED 1136 P 2 { es =< 
FRANCTIONATION, SUBSTITUTION, AND RECOMBINATION, : TREORETICAL 153 P 2 i 
ISOLUTION ON 1- | 92 P §& 
LerTeR CPIB. | 
AUTUMN 1941, | 
' ODEL OF MA- 
\ CHINE CAPTURED 
5 1 
RUSSIA 2] ARMY SPELCH ENCIPHERER, TIME SCRAMBLING TYPE. ? “ x? a= 1939-1945 1939 OKH/GONA NOT BROKEN. 1 73 == ad 
: WA PRUEF 7 131 P le 
IF" 123 P13 
1 
RUSSIA 3] agMy TELETYPE CNCIPHERER, KEY GENERATOR TYPE. ? 2 -- 2-2 1943 OKH ° ~ |NOT READ 137P 12 -* , - 
i : 
; , | 
RUSSIA 4) apmy 5-FIGUPE 2-PART CODE ENCIPHEPSED WITH ONE-TIME PAD. ? Se -- 2 = 1985 ' 9 OKK ? 119C a “se 
1196 j 
eg 1 
) : | | 
RUSSIA 5) ARMY: BRIGSR, '5-FIGURE ?-PART CODE Cll-A ? -- IG4A- 1941? 2 GKH - 3 T 865 a == 
DIVISION . 
STAFFS UPWARD 
TO GENERAL f 
S STAFF | 
| fq 
qj pussia f)agmMy: BRIGADE, 5-FIGURE ?-PART CODE £23-A ? -- | 19489- ? 2? OKH ? T 365 -- -- i 
DIVISION j Hl 
© STAFFS UPWARD ; | i 
TO GENERAL 
STAFF ' | | 
RUSSIA 7) ARMY: BRIGADE, 5-FIGURE ?-PART CODE B45-A ? -- 19ug - ? 2 OKH ? T 965 ‘ -- -- 
DIVISION : 
STAFFS UPWARD 
TO GENERAL 
STAFF 1 
| 
RUSSIA 9) army: BRIGADE,|5-FIGURE ?-PART CODE E62-A ? -- 19ug - 2 2 OKH. ? T 865 -- -- 
OIVISTON 
STAFFS UPWARD 
TO GENERAL 
STAFF | 
I 
RUSSIA Q| ARMY: BRIGADE,|5-FIGURE ?-PART CODE i BII-a 2 os 2 - 19k5 2? OKH ? T 8¢5 -- “= 
DIVISION | ‘ 
STAFFS UPWARD , i 
TO GENERAL 
STAFF ‘ 
tx 
RUSSIA 18] ARMY: TANK 4-FIGURE ?-PART CODE ENCIPHERED BY SUSSTITUTION. | PT-B ? OKH 198% COMPRO- 119 C oe is 
MISED, MARCH 119 € 
19h5 
' 


NO. 1-2 


| DOCIp:. 3560861 Bog ( : 
t XN . , 


é 
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RESULTS . oF EUROPEAN AXIS CRYPTANALYSIS ie 
LEARNED FROM TICOM SOURCES 
(WITH Por..* FROM ARMY SECURITY AGENCY ace a PARENTHESES) 


COUNTRY BTR ans | usa DATES TICOM STATUS OF 
concn | SERVICE | SERVICE DESCRIPTION SYSTEM USA cusal| Se woot At TACKE RESULTS REFERENCE AT ASA RE 


RUSSIA 11] ARMY’ GUARDS | 4-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION, ? ? 2 - 1985 9c 
TANK i 9c 
RUSSIA t2) ARMY: TANK” 4-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION, ? ? -- 2 - 1945 7 OKH ? 119¢ -- -- 
ie 119 E 
RUSSIA 13) ARMY: GUAPDS | 4-FIGUPE ?-PART CODE ENCIPHERED BY SUBSTITUTION. ? ? ane P- 1945 2 OKH f rige == al 
TANK 119 
RUSSIA 14] ARMY 4-FIGURE ?-PART CODE ? ? -- ? = 1945 ? OKH PARTLY READ t 2 Cc ss as 
; 119 
RUSSIA 15) ARMY S-FIGURE %-PART CCOE ? ? -: 1941-1945? 7? OKH ? 1 26 = © 
RUSSIA 16) ARMY 4-FIGURE ?-PART COOE ? ? -- mag - 7 OKH ? ' 3 Cc * we 
2 ride 
RUSSIA 17| ARMY 3-FIGURE %-PART CODE 7 ? -- 1941-1945, ? OKH ? i 2 c a se 
1 2% 
RUSSIA 18] ARMY 2-FIGURE SUBSTITUTION CIPHER USING A If x 16 ? ? -- 1945-1943 ? Sim ? IF 1517 *- << 
SSUARE CONTAINING ALPHABET, FIGURES, ETC. DAILY 
CHANGING KEY. 
RUSSIA 19] ARMY 2-FIGURE SUBSTITUTION CIPHER PT dy ? o 1941-1945 2 OKH ? 1 85 -- “+ 
: Te 
RUSSIA 26) ABM Y 2-FIGURE SUBSTITUTION CIFHER PT hin 2 -- 1941-1945? 2? OKH ? t 26 - -- 
RUSSIA 21|aRMY GROUPS, |2-FIGURE SUBST!TUTION CIPHER PT ko ? -- 1942 - 7 9 OKH 2 119¢ -- .- 
ARMIES, CORPS 1190 
RUSSIA 22| ARMY TRANSPOSITION CIPHER USING REVOLVING GFILLE ? ? -- 1944 - 7 2 OH ? 119¢ =. . 
PUSSIA 23| ARMY TRANSPOSITION CIPHER 2 ? -- 1ayk - F ? OKH ? 1 19¢ -- - 
PUSSIA 2h} ary, AIP U-FIGURE ?-PART CODE OKK 5-5 ? -- 1939-1941? 2? OH ? 1 416 -- -- 
FORCE : T 255 
RUSSIA 25|AaRMY, AFP 2-FICURE SUBSTITUTION CIPHER PT 35 ? - 1935-1939 ? OKH 2 T 385 -- -- 
FORCE 


ee 
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RESULTS | or EUROPEAN AXIS CRYPTANALYSIS 
EARNED FROM TICOM SOURCES 
(WITH ee FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


BATTALION S1ZE 


COUNTRY iF NAME OF SYSTEM | DATES | WHEN TICOM |SIATUS OF THE SYSTEM 
{e) SERVICE DESCRIPTION OF SYSTEM OUNTRY; AXIS USA OF ATTACKED | RESULTS /|REFERENCE AT ASA REMARKS 
ORIGIN (OF ORIGIN Pe USE AND BY WHOM 
RUSSIA 2@ ARMy GROUPS, | 2-FIGURE SUBSTITUTION CIPHER PT 39 2 -- | 1939- ike 2? OKH ? 119¢ ' -- “ 
ARMIES, CORPS, ! | 1 19 D | 
DIVItSIONs, 1 2 
AIR FORCE T 825 
RUSSIA 27] ARMY: DIVI- 2-FIGURE SUBSTITUTION CIPHER PT be N IR 272 C - Wh2-1g9h4 2 OK4 ? 119 ¢ -- - 
SIONS, REGI~ 731 1199 
MENTS. AIR : : : ; T 3349 
FORCE : i 
RUSSIA 28) AIR FORCE 4-FIGURE 2-PART CODE vak 33 ? -- | 1935 - ? 2 OKH 2 1 325 -- - 
th |} lio 
RUSSIA ao} AiR roRce 4-FIGURE 2=PART CODE ? ? ss 1988-1945 2 OKd ? 119 C “* on 
, : ! i 
| | 
RUSSIA 3M) AIR, CIVILIAN | 3*FIGURE ?-PART CODE, UNENCIOXERED ¢ 2 -- 1943- igh 2? OK READ 1116 : 2 as 
t 
RUSSIA 31] AIR FORCE 2-FIGUSE SUBSTITUTION CIPHER PT 43 2 -- 2 = 1yh5 7? OKh NOT BROKEN 1 19,¢ : . te ens 1 
1 166 
! ' 
RUSSIA 32] NKVD * 5-FIGURE 1-PARS COOE : 2 N5/529/5 ae P= 19h5 2 OK4 2 t 55 em on k 
R52. : T 2534 HO 
1508 fT 
1 i 
RUSSIA 33] NKVD 5-FIGURE ?-PART CODE ENCIPHERED WITH ONE-TIME ? CH ? . oc 1ghy - 2 2 OKM ? T 554 -- -- 
PaD ADDITIVE. 
RUSSIA 34 | NKvD 5-FIGURE ?-PART CODE ENCGIPHERED WITH ONE-TIME ? ? -- 1ghy - 2 2? OKM ? T 542 3e a 
PAD ADDITIVE T 504 
RUSSIA 35] NKVO 5-FIGURE ?-PAPT CODE ENCIPHESED BY DIGPAPHIC ? 2 -- 2? = 1945 2 OKH . ? i 28 sO al 
SUBSTITUTION. b Jas 
1 8¢5 
RUSSIA 30] NKVD, DIVISION] 4-FIGURE 2~PART CODE ENCIPHERED WITH ADDITIVE WHITE SEA 2 -- 19h3-12h4 Toby OxH “OS OF TRAF- | 1 186 a m8 
OF REGIMENT TO j ! FIC READ 
DIVISION OF | 


RUSSIA 37| NKVD Y-FISURE 2-PART CODE p49 RY? ge sd 


| 
| 


"PEOPLE'S 
COMMISS ARIAT 
FOR INTERNAL 
AFFAIRS 


Paragraph 


Altitude of triangle....____________. 181e 
Angles: 
Acliteiccs 2s. JS ee 1296 (3) 
Bisecting.__.._..-___.»_____ 130/f 
Calculations with.._____________. 152 
Complementary_____________.___. 1296 (5) 
Trigonometric functions .___. 144 
Expressed in radians___________. 175 
Finding: 
Corresponding to a trigono- 
metric function: 
Function given.______.__ 156a 
Function not given_____ 1566 
Radian system of measure- 174 
ment. 
Three sides of triangle given 169 
Obtiise 2222. oo Se 1296 (4) 
Of any triangle, law____________ 132 
Of elevation and depression _____. 163 
Reproducing______-__________-_ 130a 
Straight. 2222.23) 4 oe 1296 (2) 
Supplementary_____.-__________ 1296 (6) 
Angular measurement, natural, cir- 174 
cular, or radian system. 
Antecedent ._______.__-__.-____-___. 14 
Antilogarithms: 
Interpolation __________.-_____. 119 
Reading___________--__-_-_____ 118 
Application: 
Logarithms._________-___--____ 112 
In electrical problems ______- 205 
Mathematics to electrical 182-220 
problems. 
Simultaneous equations ________- 84 
Trigonometry_____-__-____----_ 143b 
In solving ae circuits -______ 194 
Vectors in solving ac circuits ____. 194 
Are of circle_______-___--_-_- 138¢ 
Area: : 
Circléz. 2-20 ne 8 nn ee 140 
Parallelogram_________________. 136 
RING 23 st os Sekt 141 
Trapezoid__________________-_-. 137 
Triangle.22 22.202 -322320-.-2) 131d, 134, 
170-172 
Arithmetic: 
Percentage ____________________. 38-12 
Powers and roots___-_________- 22-25 
Proportion __________-__--_----- 16-21 
Ratio. 21k eee ec 13-15 
Base: 
Of triangle____________________. 1316 
Percentage__.__-_____--___-___. 3 
Finding -_.----_------_-__- 10 
Powers e222 eee eS 22 
Basic principles of geometric con- 130 
struction. 
Binary numbers: 
Addition __.._..----_.-------- = 227 
Complementary__.--------- 229 
AGO 558A 


Page 


80 


77 
79 
94 
77 
87 
121 


162 
126 


139 
139 


Paragraph 
Binary numbers—Continued 
Background_________._________. 221 
Conversion: 
Binary numbers to demical 
numbers: 

Nontabular____________ 226 

Tabular____-__- 225 

Decimal fractions to binary 233 

fractions. 

Decimal numbers to binary 

numbers: 
Nontabular___.--__.. ----_- 224 
Tabulats<sseo2-c5 3 So 223 

Comparison between decimal and 222 

binary system. 

Division_.-____-_-_-_--_-- 231 

Fractions 22-—2 22-2 fess 232 

Mixed_____.--_--_-_-_____----_- 234 

Multiplication __________/______. 230 

BCOpei 2 22h ee 221 

Subtraction______-_-_____- 228 
Binomial_______-_-_-./_-- 27c 
Bisecting: 

Anglé 2 22) otek otc oe see 130f 

Straight line segment ._.._______ 1306 
Calculation, mental: 

Finding square root_._____._.____ 24a 
Calculations with angles._._______.._ 152 
Capacitive reactance______..__-_____ 197 
Characteristic, logarithms ___________ 115 
Chord of circle ________-.--__-_-___ 138 
Circles :.12 2) os So ep bln 138 

Aree) 323. 25 3 ence ce 138 

Av@as suc te se 140 

Circumference .________.______-. 139 

Concentric______.____--_ 138 
Circular system of angular measure- 174 

ment. 

Circumference of any circle _____ __. 138b, 139 
Coefficient __._..____..-_-_________. = 29 
Cologarithms __.....-- -. © 125 
Common logarithms ___..._.__.____. 11l4a 
Complementary angles, functions ..__. 146 
Concentric circles .___-___.-.___._-. 138) 
Conductance___________________.__. 213 
Consequent ._____...--_--_--__---..-- 14 
Constructing: 

Acute angle of right triangle, one 149 

trigonometric function known. 

Perpendicular to straight line: 

At given point on line______- 130c 

From point not on line______ 130d 

Construction, geometric, basic 130 
principles. 

Contact, point of ____________._____.. 138i 
Conversion: 

Decimal] to percent ___.________. 4 

Wactors: 52-5 es app. II 

Fraction to percent.____.______- 5 

Large unit to smaller unit ______ app. II 


Page 


177 


179 
179 
182 


'178 
178 
177 


181 
182 
183 
181 
177 
180 


141 


120 


83, 84 
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RESULTS | OF EUROPEAN AXIS ORYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH acta FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


COUNTRY [NAME OF SYSTEM! DATES: WHEN STATUS OF THE SYSTEM 
OF SERVICE DESCRIPTION OF SYSTEM COUNTRY. AXIS OF AT ASA 
ORIGIN OF ORIGIN cect USE 
PUSS IA L-FIGUSE 1-FAEE CODE ENCIESESED Sy SueSTITUTION. |7£2"O poz 1te ys 1QU2- 195, © gKy | ° t 14€ ia i 
SLBS*ITUTICN. , . . 1oieer te 
1 ce a ae 
| ar | 
PISA 2a) NAVD HeFIGURE 1-PART COOL ; : , ? -- QE 7755 2 OKH | ? 1 26 F nin a 
PUSS IA wel NKYD U-FIGUSE 2-PAR™ CODE ENCIPHESES WIT4 ADDITIVE. ? ? = 1939'= 2 2 OKK ? T 865 a . 
| ‘ ‘ 
PUSS(A i] NKyO Y-PICURE 2-PAP™ COOE ENCHOHESED WITH ADDITIVE, 1? ? | = rg 12-1945 2 OKH ° 1 26 = i 
\ ' 
BYESIA MKS K-FIGURE 7 FART COE ENCIPHESES BY SUBET. TUTION. liz A ? -- 2 = 10k5 2 OKM ? 1 825 am = 
% . . 1 
| | 
RUSSIA 4a | Nkvp jE-FIGUFE 2-PAaPT COME ENCIPHEATD BY DIGRAMHIC “yA 2 on oe BP 1OKG 2 OK ' 1 316 = oF 
° SUBSTITUTION. . 1 Sa5 
| | 
RUSSIA st] skvo "H-PIGURE ?-PART CODE ; 2 |e ur 16m! 0-1 2 - 2? 2 OKH ? 11 1¢e -- -- 
© 
! | | : 
5 * 1 
ql FUSSIA hs] savy 5-FIGURE ?-PART CODE ENCIPHERED WITr ONE-TIME PAD ? KLAGLH- == 1940-1342 2 OKM NOT SOLVED T 664 es = 
“ADDITIVE, Fuel §. tf ‘ 1 541 ‘ 
d 
, bs 
es 
eUss1 A Lé| Navy 5-FIGUSE 2-PART COOE ENCIPHEPED WITH DOUSLE ADDI-! ? KOENIGS- =e | 942-1983 2 OKM | NOT SOLVED T 564 s a 
tive. ‘BERG ; 
USSIA 47 | savy S-FIGUEC 2-PART CODE ENCIPECRED WITH PERMUTED * FASAM -- 2-2 ‘2 Ox | ? 1 hg "a v2 
ADDITIVE, j } 
ASSIA 4A] sayy 'S-FIGUPE 2-PAR™ CODE ENCIPMERES WITH ADDITIVE. 2 KOPMANOEUST -- 7926-1941 2 Ox NOT SOLVEC } 5 . == - 
aSea ko] wavy “5 =F SUC 2-PAR™ CODE ENCIPHERED WITH ADDITIVE. ? 'TROMSOE -- 1942-1043? 2 OKM NOT SOLVED f ee ma ; a 
1 i ad . 
| { ' 
! i : i 
PLSSIA eg} uAvY “L-FIGUSE 2-PAR™ CODE ENCIFHZRED WITH ADDITIVE. 4 “GAMVIK -- 1943-1944 = |? OKM NOT SOLVED t Psi 3 = 
. d 3 
; | C39 
| ‘ : 
PRUSSIA 5i| Navy | y-pagurt 2-PART CODE ENCIFKERED WITH ADDITIVE. ? GRAZ -- 2.2 j, a OR READ AT TIMES ; 3g 7 ea 
a oh DE 2- © ENCISHERED W 7 2 4/274, -- 19429-1043 2 OKM AT TIMES A- 1 ug ss “s 
RUSSIA 52| NAVY 4-FtGUEE 2-PAPT COOL ENCIFHEVED WITH ADDITIVE pe Ti /s 9 3 BOUT Sz 1 Suz; 7 56) 
“PEOPLE'S READABLE t 56¢: 1 564 
COMMISSARIAT | | 
FOR INTERNAL 
AFFAIRS : 


(wi 


TH. 


AS LEARNED 
ANNOTATIONS 


SLSST a 


Sussle 


rye s 


RUSS PA 


ut 


GN 


wa 


3 


ec 


ur 
a 


SINAYY S 


NoMayy 


NAVY 


p fRAGT 


STATIONS 


SAVY 


Peavy 


SIGNAL 


i 
\ 


qt 
be . \ j 
L-FIGUFE 2-PaR- CODE CNCIFHESTOE BY SuaSTITUTION i i G2 -- 
FO MRSCE VSLT, WITH ADDITIVE THESCAFIC?. i KRE 
R-FIGURE 1-FSET CODE ENCIBHESED WITH 49917 IVE. ? -- 
| i j 
S-FIGURE i-PART CODE ENC HEMERED WITH SODETIVE. 4 'NAEVIK | -- 
| | 
. 2. 
B-FIGURE: 1¢PART COOL FNCIFHERED WITH ADDITIVE. e Pyicn j -- 
? : 
\ | 
I 
1 
U-FIGUEE I-FART CODE RYGIFHERTE Ss SLBSTITUTIGH. | OF I; =/WOC/s1 = 
ob 26 * ELLEN- 7 
y zs 
L-FIGURE I-PaRT CCRE FC CREG SB: SUESTITLTICN. | 9 HAPS TED -- 
S-PIGUEE f<PART CODE CHCIIHEPEG 81 SLESTITUTIC, : OSLO -- 
EOPIGURE TORSRT COOR EAC! <0 METH ADDITIVE. i # BERGE: -- 
1. : 
| 
| 
|h-FrguRe PePARy CODE WETK ADDITIVE. i ss SASTEi | -- 
E-PIGURE PHP AT COOL ONO HEU ETH ADDITIVE. : ? sl Eo 
| : 
r | 


DESCRIPTION 


OF 


SUSE ENCIPREREO 


SYSTEM 


TH ADDITIVE. 


AXIS 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS 
FROM TICOM SOURCES 
FROM ARMY SECURITY. AGENCY 


SOURCES 


IN PARENTHESES) 


‘NAME _OF )F_ SYSTEM | DATES 
COUNTRY! 
OF ORIGIN: 


AND BY WHOM 


WHEN 
ATTACKED 


192G- ;Q) 
1933-19h5 


? DR 
? onM 
2 okKM 


2 GK 
2) CkM 
aero) 


2 OKM 


a Ay 
0 lke 
? ok 


TICOM TSIATUS OF THE SYSTEM 
RESULTS |REFERENCE AT ASA 
T 5€4 
Tvaricn at orr-|7 5% i -- 
FERENT TIMES | 75 i 
1 ke 
1 ! A 
i 
NOT SOLVED | 14d ae 
7) T oka 
7 504 
39 
~ ae 
AT TIMES ABOUT = 
REX READAELE jt SiGe 
{ 
: 
PEAS AT TIMEE | 1 RE F o- 
£ af egk 
| 1 1932 
: 
1 sorvec 7 fk2 -- 
it 9% 
i 
2 «ee = 
FEAR ALMOST -- 
IGS AT TIMES 
nov seuvet eeSy TAG we 
NOT SOLVED 7 564 -- 
NOT SCLVEC » 4 -- 


REMARKS 


CHART NO. i-2 
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COUNTRY 
OF 
ORIGIN 
RUSSI2 eh lyavr 
PUSSI+ C5 fuewy 
RUSS} 65 ery 
RUSSIA 67 F" 
PUSSEA se P 
RUSSIA 69 ayy 
Db | 
FY SuSSis 74 Navy 
i) 
s 
RUSS] 4 7! say 
PUSS IA 7s pravy 
RUSSIA 73 psavy 
RUSSEA TS piavy 
RUSSIA 7a paayy 
RYSSi4 70 piayy 
Se = 


SERVICE 


—~-— 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS . 
AS LEARNED FROM TICOM SOURCE 


(WITH 


E-FIGURL T-PaRT CODE 


S-FIGUPE 2+Paki 


FIGURE 2-PAr; 


s-FIGURE 7-P4e1 


e-FIGURE 2-PAR: 
S-FIGURE T-PaRT 


Me-FIGURE TSRARF 


I 


' 


W-FIGURE 2-PART 


K-FIGURE 7-PAcT, 


(eeFIGORE 2-PART 


-PIGURE T-PAPI 


4-FICUPE 2-FsRi 
re 


S-TIGUNE FART 


Cooc 


CODE 


cOdt 


ccot 
COCE 


CODE 


COOE 


CODE 


COOF 


coor 


coor 


CODE 


DESCRIPTION OF 


ANNOTATIONS 


SYSTEM 


Ent if C&G whle adOldive. 


ENCIFHERED WEIR aOR itive, 


EXCIFRESED Wil ADDITIVE. 


FNCIFHEREO WiTi ADDITIVE, 


CHCiFHERLO By 


CNCIFHERED By 


CNCIFHESEO BY 


ENCIFRERED By 


ENCIFHEREO BY 


CNCIFHEPLD fy 


TNCIFHESLO RY 


ENCLPNERLD BY 


EXCUPHERED BY 


SUGSTSTUTICH. 


SLESTLILTICH. 


SuaSt + Turecr. 


SUBSTITUTICH. 


SUBSTI TUTICH. 


SVBSIITUTICN, 


SUASTITPTECR, 


SLGSTITUTICN. 


SLa8STItuTica, 


~ 


~ 


ae o| ie 
COUNTRY 


TILS#T 


GE ALDEN? 


KYBERG 


SPIHTTAL 


u L/uS5/s 


TANNEN- 
SE9G 


VILLACS 


WINDAU 


OF ORIGIN AXIS 


THOR 


FROM ARMY SECURITY AGENCY SOURCES 


DATES 
OF 
USE 
| iGhs= yh | Yon 
' . 

2 - 19k ? Ors 
wauk - 97 2? OKM 
pighk - 7 2? OKM 
13". 7 2 OAM 
1okk - 7 12 ops 
1943-1945 2 GhM 
yoh3z - 2 7 OKM 
1044 OMY ? OFM 
1b, - % ? CKM 

j 

1ok2 - 4 ' 19u2 ons 

1923 - 7 2 Of 


JAN 1955 - ? 


READ CURRENTLY 
FAR? CP TIME 


NGI READ 


NOT SOLVED 


NOT SOLVED 


FARILY S£40 


PEAD i0 OIF- 
FORENT EXTENTS 
AT VARIOUS 
TIVES. 


READ 


7 50%; 1 542 
© 39 


T 56% 


49 — 
We sr 


CiGvora 


rhe) 


8 PARENTHESES) 


1a err 
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RESULTS , < oF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
IN PARENTHESES) 


(WITH sinetitians 


coumeny Al OF SY 
SERVICE DESCRIPTION OF SYSTEM COUNTRY, AXIS 
ORIGIN OF ORIGN AXIS Xx 
RUSSIA 77] NAVY 4-FIGURE ?-PART CODE ENCIFHEPED BY SUBSTITUTICN. aaa M Weave 
RUSSIA NAVY 4-FIGUPE 2-PAR1 CODE ENCIPHERED BY UBSTIT Ter, | ? M h/shu/s' 
i 
RUSSIA NAVY 6-FIGURE 2-FIGUPE 4-FIGUPE 2-FAFT CODE ENCIPHEPED- ? DRONTHE IY 
BY SUBLTI rt A. 
' | ' 
RUSSIA 8p] NAVY | 3-Floure 2-PAR1 CODE ENCIFHERED BY SUBSTITUTION. | ? M 3333/5 
RUSSIA 9a) Navy 3-FIGUPE 2-P4R1 CODE EMCIPHERED BY SURSTITUTICN, "ial 1€2% M 3/533/S 
PUSSIA 92] NAVY 3-FIGUPL 2-PAFT COOE CNCIPHEFED BY SUBSTITUTION. ? “ vam 
: | s | 
 % | | 
or | ‘ 
(P] RUSSIA 93) NAVY “3-FIGUPE 2-PART CODE ENCIPHERED SY SUBSTITUTION. ? M ial 
5 I ' 
RUSSIA k) navy 3-FIGLPE }-PAPT CODE ENCIPHERED BY SUBSTITUTICN. .PT 3 BODS 
‘ ! { | 
RUSSIA 95) NAVY 3-FIGUPE 1-FART CODE ENCIPHERED BY SUBSTITUTION. | ? LEBAL 
z | 
i 
RUSSIA %| NAVY .3-FIGURE t-PaRT COOE ENCIPHERED BY SUBSTITUTION, ;PT 13 NOSDKAP 
: I 
RUSSIA 87) Navy 3-FIGURE I-PART CODE ENCIPHEPED 8) DIGPAFHIC ? STOLF 
SuaS71 TUTICN. 
RUSSIA 88) savy 3-FIGURE 1=PART CODE ENCIPHEPED BY SUBSTITUTION. ? 


y 


USA 


DATES 
OF 
USE 


1943-19h4 
1943-1948 


19he - 2 


19kk - ? 


1945-19442 


19h4= 1988 
19L5, - ¢ 
10hh - 2 


FROM ARMY SECURITY AGENCY SOURCES 


WHEN 


2? ChM 


2 OnM 


194. OkM 


? Crm 


ATTACKED 
AND BY WHOM 


Kets) STA 
RESULTS ,REFERENCE 


SOt vED | 1 Shes T 56k 
1 
' 
NOT SOLVED | T 564; 1 Sha 
SOLVED | T 564 
| 
? | 1 She 
NOT SOLVED | 1 5h2 
uoOT SCLYED T 542 
ABUT 70% 2) T 5aS 
SEAL | 
| ; 
I 
SOLVED : a A : 
T ha} T Pt ' 
i 
READ 1 ag ! 
D 
l T a3: T 566, 
i | 
| ' 
NOPOKAP 1 | 7 5613 T 562. 
PARTIALLY T 5604 
SOLVED: NORD- 
KAY 11 NOT 
SOLVED. 
? 4 
T R6L 
D 39 
M i Tt y 


-- 
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RESULTS OF _ EUROPEAN AXIS ORYPTANALYSIS 
AS LEARNED FROM TICOM SOURCES 
__(WITH ANNOTATIONS FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


| NAME OF SYSTEM | DATES «= WHEN TICOM STATUS OF THE SYSTEM 
SERVICE DESCRIPTION OF SYSTEM COUNTRY: AXIS US.A OF ATTACKED | RESULTS |REFERENCE: AT ASA 
OF ORIGIN: peene USE AND BY WHOM) 
— i = 
3-FIGUFE I-PART COME CNCIPHEFED BY SUBSTITUTION. PTSVVS im 2512/5 + 194 2=19%3, 2? OkM = 1) 16: 1 4e -- 
Vv i 'T 542; T 562 
VAEDO ! £1 564 
: i | 
1 ! | | | 
: 1 : 
SUSSIA NAVY? AQTIL- [3-FIGUPE I-PART COOL ENCIPALALE Ry SUBSTITUIION, ‘T-19-Sé mM 3/eed/s! -- 1Ous + 2 2 OkM PARTLY REAC T 5ke aa 
LEPY BATIES- | ° 
(ES, GULF OF 
FINLAND | H | 
1 
| 
! | ; ; 
RUSSIA R-FIGURE I-PART COME ENCIPHERLO By SUBSTITUTION 5 ' 2/uoa/s! -- APRIL-MAY 1913' 2 OKM Lox OF vaLucs | T 542 as i 
OR RY SUBSTITUTICN PLUS 40D1 TIVE. ; I ; ; KNOWN 
i | 
SUSSIA 92] Navy PR-FIGURE 1-PaS1 COOL ENCIPHEPED WITH GENERATED | ? 'w. 3/602/5 =e 19hh - 2 | 2 CKM NOT SOLVED T 5ke - = 
AOD! TIVE AND SUBSTITUTION. ; ; 
, 
; ; ’ i 
| 
RLSSIA O2} Navy 2-FIGURE 1-PAS) COOL, CNCIPHCREO BY SLESTITUTICN | ? i MASUREN -- 191 = 19E3 | 19082 FINNS ‘READ PRACTI~ | 7 564 : cd -- 
TO 15 AUGUST 1942, BY ADDITIVE THEREAFTER. } ' 19k OKM ICALLY 160% 112; 1 16 
t 
\ | 
SUSSIA 9& | Navy -3-FIGURE ?-PART CODE CNCIPHEPEO BY SUBSTITUTION; ? DANZIG -- 1982-195 2 OM NOT SOLVED T 564 oa a 
"AND ADDITIVE. H | 
i 
RUSSIA 95 | Navy 3-FIGUPE ?-FART CODE ENCIPHERED WITH ACDITIVE. ? i LYBERG -- 1983 - ? 2 OkM b T 564 -- o 
i 
: j H 
RUSSIA 96 | Navy baie 2-PART CODE ENCIPHERED BY SUSSTITUTION. ? BUKET -- MAY-DEC 1983 2 OKM 2 T 564 = 7 
i i 
RUSSIA 07 | NAVY 3 -FiGUPE 2-PART CODE ENCIPHEFED BY SUBSTITUTION. ? (NSTER- -- 19b2 + ? 2 OkM | ae WHEN T 564 oe =e 
BURG TRAFFIC WAS i 
H . SUFFICIENT 
t 
i 
FUSSIA o8 | Navy (3-F IGURE 2-PART CODE ENCIFHEFED BY SUBSTITUTION. 2. » VUK MAR- -- 19k2- 1943 ' 1942 OKM READ CURRENTLY} T 564 -- -- 
! BURG : ; PART OF TIME 
' 1 
RUSSIA on | Navy 3-FIGUPE ?-PART CODE ENCIPHERFED BY SUBSTITUTION. ? “RIGA -- § JULY 1942- | 1942 OKM READ CURRENT T 564 -- a 
25 July 1942 
RUSSIA Ips | Navy I2-FiGURE ?-PART CODE ENCIPHERFED BY SUBSTITUTION. ? SALZBURG -- 19% 1-19k2 1 1942 OKM READ CURRENTL 
| i PART OF TIME 
| 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS 
AS LEARNED FROM TICOM SOURCE 


(WITH ANNOTATIONS FROM ai SECURITY AGENCY SOURCES ee : 
COUNTRY | - NAME SYSTEM DATES i WHEN TICOM |STATUS OF THE SYSTEM FS 
OF SERVICE DESCRIPTION OF SYSTEM COU NTT AX\ S.A OF ATTACKED | RESULTS |REFERENCE! AT ASA REMARKS as 
ORIGIN : (OF ORIGIN S| USA USE AND BY WHOM tS 
RUSSIA 181) Navy 3-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION. 2 | SEEL AND ae 1943-1945 2 OKM ? ee 146 i. 
7 7 ] i. 
RUSSIA 182] NAVY 3-FIGURE ?-PART CODE ENCIPHERED 6Y SUBSTITUTION. | PT 'sss -- 8 Oconee 19642? OKM ‘NOT SOLVED T 562; T 56h -- 
: -16 OCTOBER 
1943 
RUSSIA 183} NAVY 3-FIGURE ?-PART CODE ENCIPHEREC BY SUBSTITUTION. 2 | STAVANGER -- 1943 - ? 2? OKM ? T 562 -~ 
\ : | 
RUSSIA 14 | NAVY 3-FIGURE '2=PART CODE ENCIPHERED GY SUBSTITUTION. |? .™ 37 NE3/s| == 1O42=79h3: —2—OKM L READ. T 542 > ha 
‘ H ( + 
RUSSIA 125 | NAVY 3-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION, ? *M 3/519/5 -- “1943 - ? 2 OKM ? T 542 -- 
| 
' * : } 
Fl eussia 106 | NAVY 3-FIGURE 2-PART CODE ENCIPHERED BY SUBSTITUTION. | D.S. 17 || 3/S24/s] =~ ; AUGUST: NOVEM 2 OKM NOT SsoLveo © | oT 5k2 ok t ’ 
Ta | BER | | 5 
| 
Ql) RUSSIA 1B] | NAVY i3-FIGURE “?-PART CODE ENCIPHERED SY SUESTITUTION. ? M 3/863/5 -- | 19 43-1944 2 OKM aD ALMOST T 542 ai 5 
oD 3 ‘ 1 1OOE : 
| : 
vu | sy H 
. . ate j 
RUSSIA 108 | NAVY ‘3-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION. 2 ? hes ae - 2 OKM | SOLVED T 564 -- 
> 1 } a t Fi 
Z e 3 J 
: - | | 
_|. RUSSIA -169_| NAVY: COASTAL [3-FIGURE ?-PART CODE ENCIPRERED BY SUBSTITUTION. ? 2 [oe 1983 | 1942 OKM READ T 564 [ .- 
AND RAILWAY ~] UT Wor renee : SE epee SIRT Rn Be ee ee mets coer is & ues anaieess 
BATTERIES ON : . Se Se aaa (ea Z eae = _ f Seca eit “ 
GULF OF FIN~ 
LAND ; | ' 
RUSSIA 118 | NAVY: BER R-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION. ? ¥ 1943 -. ? | 1943 OKM SOL VEC T 564 Pee 
1ES OF Age : 
AND 435 DIVI- @ i ' 
SItONS AND BRI- | : 
GADE COMMUN! - ! ; 
CATIONS OFFI - i 
CERS begs “ 
: ers | 1 t 
RUSSIA 111 | NAVY 3-FIGURE ?-FART-CODE ENCIPHERED BY SUBSTITUTION. ? 1944 - 2 | 2 OK NOT READ T 564 -- 
Russia  112| Navy © - — |3-FIGURE ?-PART CODE 2 READ 


ENCIPEEREO 


BY SUBSTITUTION. 
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"RESULTS | oF FUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH ‘sian FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


| COUNTRY x T_NAME OF SYSTEM | DATES | WHEN TICOM STATUS a THE SYSTEM 
OF SERVICE DESCRIPTION OF SYSTEM OQUNTRY AXIS USA OF ATTACKED | RESULTS |REFERENCE ASA REMARKS 
ORIGIN OF ORIGIN -A-| USE: |AND BY WHOM 
RUSSIA 113] NAVY 3-FIGURE ?-PART CODE 3 PUVA -- | 1941-19h2 2 OKM NOT READ T 564 
RUSSIA Vid] NAVY 2-FIGURE ?-PART CODE ENCIFHERED BY SUBSTITUTION. 2 TANA ue 1943 - ? "2 OKM : ? T 562 . oe = 
RUSSIA 115] NAVY é-FIGURE ?-PART CODE ENCIPHERED BY SUBSTITUTION. 2 mM 2/249/5 --  , NOV-DEC 1942 1942 OKM SOLVED T 564; T 542 = = 
RUSSIA 116] NAVY 2-PART CODE 7 ? M 5/580/s -- $1943 - ? "2 OKM — > T 542 . -- -- 
RUSSIA 117] ARMY 2-FIGURE 7-PART FIELD CODE. MADE IN 18 x 12 *. ? -- | 2-9? | 2? SIM READ 1F 1517 — -- -- 
SGUARES. DAILY CHANGING KEY. | ‘ 
i | " eS : jx J j— = = 3 
—|—_|_russt+a-——48 ? 2=PART CODE. 2 ? == | 2-? 7 318 10K COMPRO- | IF 1596 -- “| ee 
SAUDI 1|DIPLOMATIC 2-PART CODE TRANSMITTED IN 5-FIGURE GROUFS. ? ? _ 2 ?-1944-1945 | 2 GERMANS NOT SOLVEO T 426 ( UNKNOWN ) es 
ARABIA ; ; 
| 
SAUDI 2] DIPLOMATIC SUBSTITUTION CIPHER--2 DIGITS PER LETTER. ? ? (ABD) (ABD: 1943" 2? SIM READ iF 1513 P 4 (ABD: EROKEN IN 1945, 186% ae 
ARABIA TRAFFIC WAS SMALL. . OR CURRENT READABLE. ABB: BROKEN IN 
7 (ABB ) (ABB: 2-1945- 1944, 180% READABLE.) e 
: CURRENT ) ‘ 
SAUDI 3}! PLOMATIC SUBSTITUTION CIPEER--2 DIGITS PER LETTER. SEE ? ? (ABD ) ( ?-1943-CUR- | 1942 PERS 2 S| READ - ‘T 2p52- (BROKEN IN 1945. NOW 192% fe Fy 
; D 
1 cy EB ene og separ ‘ H 
ol 


ARABIA ITEM 2, ; . * ‘| RENT) READABLE. ) 
| 
| 


DOCID: 


3560861 


RESULTS | or EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH Seance: 


FROM ARMY SECURITY AGENCY SOURCES 


COUNTRY DATES ; WHEN TICOM [STATUS ‘OF THE SYSTEM 
SERVICE DESCRIPTION OF SYSTEM OUNTRY AXIS OF ' ATTACKED | RESULTS |REFERENCE 
ORIGIN OF ORIGIN USE AND BY WHOM 
SPAIN 1 |DIPLOMATIC 4-FIGURE 2-PART CODE, ENCIPHERED BY MEANS OF A (CLAVE 2 (SPA?) | (1935-CURRENT) 1939 SIM BROKEN 1F 151° | (BOTH COMPROMISED) = 
19B~GROUP~LONG ENCIPHER KEY. 1537 OR OR ; 1F 151 
CLAVE (SPE?) 
1539) \ 
i 
SPAIN 2 |DIPLOMATIC 4-FIGUPE 2-PART CODE. ? SP. 234 ? 5 ean 2? PERS 2S | RECOVERED 5% | T 1358 ' (UNKNOWN) -- 
SPAIN 3 [DIPLOMATIC 4-F1GURE 2-PART CODE. ? SP. 1339 ? 7-7? ? PERS 2S pee 28%- y 333 (UNKNOWN ) -- 
SPAIN 4 |DEPLOMATIC 4-FIGURE 2-PART CODE. 2 2 2 2-9? ? 2 RECOVERED T 1361 (UNKNOWN ) li 
i. LESS THAN 1% 
| 
SPAIN 5 [DIPLOMATIC 4-FIGURE (1- PART CODE REPAGINATED. ) 18, BBG (@4) "gy" (SPB) ;-(1915-CURRENT) 1927, 1942 RECOVERED T ie (COMPROMISED. BEING READ.) -- 
; GROUPS. LAST TWO PLACES OF EACH GROUP ARE READ PERS 2 § 30% - ‘oe D 16, REPORT , 
FIRST. °° - 2,P 3 
| 
a n 
SPAIN 6 |DIPLOMATIC -FIGURE 1-PART CODE, RANDOMIZED ON PAGES. es "391" 2 2=1927-? 1927 PERS 2 S | RECOVERED T 1373 ( UNKNOWN ) - 
1%, 0B GROUPS. - | 56% - 68% D 16,. REPORT 
O. L; 
Oo 4° 
| 
SPAIN 7 |CONSULAR 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. : "300" 2 2-1927-2 1927 PERS 2 S| RECOVERED * | T 131 (UNKNOWN ) =i 
‘18, 60@ GROUPS. 506 ~ 6064 13 S 
D 16, REPORT 
1, P2 
SPAIN 8 |CONSULAR 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? "156" 2? 2- 1938-2 2 2 RECOVERED T 1258 ( UNKNOWN ) “s 
15% - 28% T 1251 
1 
SPAIN 9 2 -FIGURE 1-PART CODE, RANDOMIZED ON PAGES. 2 "CODE ? 2-7 le 9 RECOVERED T 1344 (UNKNOWN ) i) 
197" : 894 - 85% ' 
| 
! : i 
SPAIN 1g ? 4-FIGURE 1-PART CODE. ? "my gsn 2 2-9 ? PERS 2S RECOVERED T 1211 (UNKNOWN ) mic 
. LESS THAN 1% | T 3811 
| 
SPAIN 1 ? 4~FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? ? PERS 7S oe ae r ae ( UNKNOWN ) 7 


IN PARENTHESES) 


DOCID: 


COUNTRY 
ORIGIN 
SPAIN 12 
SPAIN 13 
SPAIN 14 
SPAIN 15 
| SPAIN 16 
H 
SPAIN 17 
SPAIN 18 
SPAIN 19 
SPAIN 2g 


SERVICE 


‘RESULTS | or EUROPEAN AXIS 
LEARNED 


FROM TICOM 


fo™ 


CRYPTANALYSIS 
SOURCES 


ICOM STATUS OF ie SYSTEM 
A 


CODE, 


(WITH Re i FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 
j NAME OF: SYSTEM _; DATES WHEN T 
DESCRIPTION OF SYSTEM COUNTRY: AXIS USA OF ATTACKED | RESULTS |REFERENCE: AT A 
OF ORIGIN; Fo. A. USE AND BY WHOM 
UF 1GURE 1-PART CODE, RANDOMIZE0 ON PAGES. 2 CODE 111 9 2-7 ? PERS 7S eae T 1214 (UNKNOWN } 
| 
Y-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? "11g" ? 2-2 ? PERS RECOVERED T 1224 |} (UNKNOWN ) 
4-FIGURE 1-PART CQOE. 2 "12k" ? 2-7? 2? PERS | RECOVERED 28%] T 1226 (UNKNOWN ) 
4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. cs "127" 2 2 =: 2 ? PERS RECOVERED T 1345 (UNKNOWN ) 
| ad 
| 4-FIGURE 1-PART CODE, RANDOMIZE0 ON PAGES. | 2 SP. 134 2 f= 2 ? PERS | RECOVERED T 1346 (UNKNOWN ) 
| ; LESS THAN 1% | 
| , | } 
"FIGURE. 1-PART CODE, RANDOMIZED ON PAGES. 2 | 5" ? ?- 2 PERS 2 - RECOVERED T 1256 (UNKNOWN ) 
| _ LESS THAN 5£ : 
| ' 
“N-FIGURE 1-PART CODE. |» "57" ? 9-7 2 PERS | RECOVERED T 1242 (UNKNOWN) 
enk “ | 5B - 62% T 1243 
' a 
i 
b-F 1GURE 1-PART CODE, RANDOMIZED ON PAGES. 4 | "166" 2 ?-? ? PERS RECOVERED 5% : 1582 (UNKNOWN ) 
: ° | ‘ 
he -P PAGES. 2 "167" 2 2-1932-? | 2 PERS RECOVERED T 1244 (UNKNOWN ) 
FIGURE 1-PART COCE, RANDOMIZED ON PAGE | "167 93 | Peeve ee ti 
| T 124 
| , , 
i ¥-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? "168" ? 2-7 '  ? PERS RECOVERED :25%| T 124g (UNKNOWN ) 
4 
— 4=FIGURE 1-PART CODE. 4 st | ? %= 9 ? PERS RECOVERED 49% i 1383 (UNKNOWN ) 
i | +1307 
)4-FIGURE 1-PART RANDOM! ZED ON PAGES. 7 "SP. 175" 2 2-7 ? PERS RECOVERED 19%! T 1348 ( UNKNOXN ) 


EMARKS 


DOCID: 


oS 
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RESULTS oF EUROPEAN AXIS CRYPIANALYSIS 
FROM TICOM 


LEARNED 


SOUR 


(WITH sohainnrces FROM ARMY SECURITY AGENCY ag renin ; 
~ COUNTRY NAME OF SYSTEM DATES | WHEN TICOM [STATUS OF THE SYSTEM 
OF SERVICE DESCRIPTION OF SYSTEM COUNTRY AXIS S.A OF ATTACKED | RESULTS REFERENGE|” AT ASA REMARKS 
ORIGIN OF ORIGIN USA. USE AND BY WHOM : 
SPAIN 24 ? 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? "SP. 179" 2 , Omg | ad RECOVERED T 1349 _ (UNKNOWN ) =o 
| LESS THAN 19% : 
_ | 
SPAIN 25 ? 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? “213° ? Q-7 g.9 Se ablier y T 1352 (UNKNOWN ) a 
| : 
! 
: | \ 
SPAIN 26 ? 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. ? "SP. 217" ? 2-7 ,. RECOVERED T 1353 ; (UNKNOWN ) -- | 
. I | 69% - 75% T 135 
SPAIN 27 ? 4-FIGURE 1-PART CODE. 2 "SP. 229" 2 2-7? | a 2 eee ia T 1357 (UNKNOWN ) =. 
SPAIN 28 ? 4-FIGURE 1-PART CODE. ? "239": ? | O37 | 2g RECOVERED 5% | T 1359 (UNKNOWN ) -- 
. 
SPAIN 29 ? 4-FIGURE 1-PART CODE, REFAGINATED. 2 "SP. 243" ? 2-2? 2 9 ee | 1368 (UNKNOWN) i | 
SS THAN e 
| ; 7 
| 
Kb | 
SPAIN 36 ? 4-FIGURE 1-PART CODE, REPAGINATED. 2 "SP. 249" 2 ?-? ? 2 RECOVERED 5% | T 1362 ( UNKNOWN.) oa = k | 
a | ES . ps 
CI SPAIN 31 ? 4-FIGURE 1-PART CODE, REPAGINATED. 2 "261" ? 2-7 2? ? RECOVERED 60%) T 1376 ( UNKNOWN ) =< 
| 
SPAIN 32 ? Y-FIGURE 1-PART CODE. ? "271" ? 2-1937-? 2 72s hg 56 T 137) (UNKNOWN ) “5 | 
, THAN 
| 
SPAIN 33 ? 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. 2 ? 2 2-9 ? PERS 7S Be te T 1216 (UNKNOWN ) Pe ; 
: ; - | 
SPAIN 34 ? 4-FIGURE I-PART CODE. 2 ? 2 2-2 | 2 2 RECOVERED 19%. T 1329 (UNKNOWN ) = i 
| 
SPAIN 35 ? 4-FIGURE 1-PART CODE. ? ? ? 2-2? 2 2 Bey ene T 1384 (UNKNOWN ) a 
= 3 ; 
SPAIN 36 ? 4-FIGURE 1-PART CODE. ? ? 2 2-7? ? 9% gs T 1343. (UNKNOWN ) 2s 
SPAIN 37 ? 4+FIGURE 1-PART cove, RANDOM! ZED ON PAGES. ? ? 2 ?-7 ? 9? RECOVERED 58% T 1372 © (UNKNOWN ) -- 


Paragraph 
Conversion—Continued 


Percent: 
To decimal__________-_____- 6 
To fraction.._____.._.____- 7 
Small unit to larger unit ..______ app. II 
Converting: 
Decibels to power ratio_._._____ 207 
Fractions to percent ____-_______ 5 
Percent: 
To decimals .._.-----__-_--- 6 
To fractions __________-___-. 7q 
Power ratio to decibels ________- 206 
Cosines, law of... 167 
DetibelSi22-¢ ese ae 205 
Converting: 
From power ratio._________ 206 
To power ratio_____________ 207 
Decimals, units of measurement ___-__. app. II 
Definition: 
Acute angle_____---_--______-. 1296 (3) 
Algebra_______.---__------__- 26 
Altitude, triangle______________. 131¢ 
Angles. 202 Soe 1296 
Are of circle. 5 138 
Area, triangle_____.__________-. 131d 
Base: 
Percentage____.-__---____-. 8e(1) 
Powers____..-_..._----.---.. 22 
Triangle____.________.___.. 1316 
Binomial__.___-----------__~--. 27c 
Characteristic__________-______. 115 
Chotdico225 42 cece ee 138¢ 
Circle: 2-2 te 1384 
Cireumference_____~-____----_- 1386 
Coefficient ___.-_-_.-------.---- 29 
Common logarithms __-_._._____. 113,114 
Complementary angle__.....____- 1296(5) 
Consequent________..-.---~_--- 14 
Diameter___-___..--------~---- 138d 
Equilateral triangle ._._____-___- 131a(1) 
Exponent_____.---.----~---~--- 22 
Extremes _____...----------_--- 16 
Formula____.....--------------- 85a 
Hypotenuse____-.__----_--_---_-- 13le 
LineS:c--'22 oe oe 129a 
Logarithms ___.___-...-------_- 113 
Mantissa.22.5-2s252:52 2222225 151 
Means. 222. -2ac2nc oo hee es 16 
Monomial___________--____--_-- 27c 
Natural] logarithms -___________- 1146 
Oblique triangle_________-_____- 131a (3) 
Obtuse angle__.-_------_-__-__- 1296 (4) 
Parallelogram .____________-___. 135a 
Percentage______----------__-- 8a, 3c (3) 
Plane vectors___-___-___--____- 177 
Point of contact or tangency___ - 1382 
Quadrilateral____--_--_----_--- 135 
Radian-=.-.. 25 292. seen ee ts 174a 
Radius2.22257-2 2 ois eee 138d 
Rates. 222285 eo ele 3e¢(2) 
RatiOs 22 2 Sas Se 13 


Page 


Definition—Continued 
Rectangle.__-______ 
Resultant, vectors__.___________ 
Right triangle_________.-__..__. 
Sectorsso-< oi ub Se 


Subscripts ....--.------.------- 
Supplementary angle.________.._ 
Tangent... = 22 0<2.2.552-5e5c250 
Trapezoid... -.-§ --_--_-_------ 

Triangle__..-.-.__-._---__ 

Trigonometry________-__.. 

Trinomial__________/»_/_-»__-_- 

Vector quantity________________ 

Vectors, plane._____-._-__-____ 

Degrees: 

Changing to radians __________- 
Relations to radians ______.__ 
Depression, angles_________. 
Diameter of circle..________ 

Dividing: 

Both sides of equation by same 

quantity. 

Polynomial: 

By monomial_____.________. 
By polynomial___-_--._____. 
Division: 

Monomials______. 7/22 

Numbers: 

Positive and negative______.. 
With like signs..__________. 
With powers of ten...__.___ 
With unlike signs_.________ 
Polynomials__-__-__--____-_. 
Positive and negative 
numbers. 

Signs of operation, algebra .- 

With angles________-____ 


Efficiency________-_._-_--.-..---.__ 

Electrical quantities combined with 

metric prefixes. 

Electric circuit: 
Parallel_______________-_- 
Series: 2.235 2 we 
Series-parallel______._____..___- 
Solving: 

Ae: 

Having resistance and 
capacitance. 

Having resistance and 
inductance. 

Having resistance, 
inductance, and 
capacitance. 

Ohm’s law applied to___ 

Using vectors and trigo- 
nometry. 


Paragraph 


177 


138h 


135d 


1296 (2) 


30 


1296 (6) 


1387 
135d 
16la 
1434 

27¢ 
177 
177 


1756 
175 
163 

1386 


81d 


49a 
49b 
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82 
123 
79 
83 
83 
50 
82 
77 
17 
T7 
83 
82 
103 
87 
16 
123 
123 


121 
121 
105 

83 


48 


23 
24 


24 


19 
19 
66 
19 
23 
19 


16 
95 


164 
188 


127 


126 


126 


148 


143 


154 


141 
139 
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RESULTS | or EUROPEAN AXIS _CRYPTANALYSIS 


EARNED 


FROM TICOM 


(WITH Ae oe FROM ARMY SECURITY — AGENCY cree a PARENTHESES) 
COUNTRY os WHEN TICOM. [STATUS OF THE 
F SERVICE DESCRIPTION OF SYSTEM COUNTRY ‘: ATTACKED | RESULTS |REFERENCE AT . ASA 
ORIGIN OF ORIGIN . ‘AND BY WHOM 
SPAIN 38 ? 4-FIGURE 1-PART CODE, RANDOMIZED ON PAGES. 2 2 2 | 2-7 | a rey T 1288 ( UNKNOWN ) 
: ! 88 15 
SPAIN 39 ? 4-FIGURE 1-PART CODE. 2 Be ? 9-7? ae ya RECOVERED. 58% | T 12153; T 1216 (UNKNOWN) 
Aa r T 1217; T 128 
T 12193 T 12a 
{ T.12213; T 1222 
SPAIN 4g ? 4-FIGURE 1-PART CODE. ? "SP. 121" ? ?-? 2 9 eg T 1225 | (UNKNOWN ) 
4 = ih : 
I 
SPAIN yy ? 4-FIGURE 1-PART CODE. 2 hg" ? 2-2? | a 9 = gage T 1257 | ( UNKNOWN ) 
| - 25) 
SPAIN 42 ? Pee 1-PART CODE. 2 yg 2 2-2 ? 2 | RECOVERED 19% | 1 1238 | (UNKNOWN ) 
a , ; ' : 
| | . 
SPAIN 43 ? ‘Y-FIGURE 1-PART CODE. ? "165" ? | 2-7? 7. % oe T 1266 (UNKNOWN ) 
SPAIN uy 2 4-FIGURE 1-PART CODE. ? 1"N. 363 SP" 2 7-7? ? 2 RECOVERED T 1375 (UNKNOWN ) 
\ 524 ~ OF a 
| : ! 
| SPAIN 4S 2 4-FIGURE ?-PART CODE. 2 "SP. 73" ? 2-2 Lo NO SUCCESS T 1263 (UNKNOWN ) 
| 
SPAIN 46 ? 4-F 1GURE ?-PART CODE. 2 "r12" 2 2-7? 2 2 ; NO SUCCESS T 1262 (UNKNOWN ) 
| 
SPAIN “7 ? _4-FIGURE 2-PART CODE. ? "7 re = ?-? % 2 NO SUCCESS T 1261 (UNKNOWN ) 
1 | 
SPAIN 4a 2 —__4-FiGurer ?-PagT cone, 2 Hom 2 a 2 | 7? NO-SUCCESS | 1 Te23_ | (UNKNOWN) 
SFAIN 4Q ? :4-F 1GURE ?2-PART CODE. ? "126" 9 | 2+? ! 7 9 NO SUCCESS T 1227 (UNKNOWN ) 
SPAIN 5¢ ? ‘Y=FIGURE 2-PART CODE. ? "SP. 128" ? ?-? 27 9 NO SUCCESS T 1236 (UNKNOWN ) 
| 
q 


—-DOCID: 3560861 6 een ee are ere 5 ee ees 


= | | C) | C) 


RESULTS | OF EUROPEAN AXIS SORE TANALYSIS 
LEARNED FROM TICOM 
(WITH saeieaeie FROM ARMY SECURITY AGENCY te if PARENTHESES) 


COUNTRY NE OF SYSTEM ' DATES © WHEN | ~ TICOM JSTATUS OF THE SYSTEM — 
OF SERVICE DESCRIPTION OF SYSTEM COUNTRY, AXIS USA OF ATTACKED | RESULTS !REFERENCE AT ASA REMARKS 
ORIGIN OF ORIGIN PDN USE ANDO BY WHOM) 
SPAIN 5) . 2 4-FIGURE 2-PART CODE. . 2 "SP, 138" 2 2-7 2 RECCVERED T1252 - (UNKNOWN ) nt 
LESS THAN 5% 
| ' | 
SPAIN 52 £3 U-FIGURE ?-PART CODE. i 2 ° "SF, 142"| ? DBD 2° °2 RECCVERED T 1253 - (UNKNOWN } Dee 
‘ a j LESS THAN 1% 
; ; 
SPAIN 53 ? 4-FIGURE ?-PART CODE. ! ? ie ? 2-9? 8 RECOVERED T 1254 (UNKNOWN ) = 
: . : - - ABOUT 1% 
SPAIN 54 2 4-FIGURE ?-PART CODE. ? — 155" 2 1931-1936-? "2 . NO SUCCESS T 1249 ( UNKNOWN ) o_* 
; 4 | } 
SPAIN 55 ? 4-FIGURE %-PART CODE. 3 ? , "169" ? FAD ow. 2 ? RECOVERED T 1259 (UNKNOWN ) tee 
: LESS THAN 3% 
t i 
; } 
SPAIN 56 ? 4-FIGURE ?-PART CODE. 2 "164" 2? 2-7 \ Fe NO SUCCESS | T 1247 _ (UNKNOWN) -- 
SPAIN 57 ike * "4-FIGURE ?-PART CODE. ? | "se. 176" ? 292 2 2 ! NO SUCCESS T 1248 ' (UNKNOWN ) ss In 
\ ; 
SPAIN 58 2 “4-FIGURE ?-PART COCE. 2 SP, TTT" ? } Se 2 - NO SUCCESS 4 T 1228 (UNKNOWN ) -- 
‘ t 
SPAIN 59 3 4-FIGURE ?-PART CCDE. ? "VALENCIA 2 | 28°? 2 2 | RECOVERED T 1235 | (UNKNOWN ) -- 
‘ 174" . 1 5% - 16% 
SPAIN 6G ? ; 4-FIGURE ?-PART CODE. 2 "sp, 187" 9 | es wy Fe VERY LITTLE T 135¢ ( UNKNOWN ) — 
i ; | SUCCESS : 
SPAIN 61 2 “ 4-FIGURE ?-PART CODE. 2 "se, 289” es 22? ? ? ~ | RECCVERED T 1351 (UNKNOWN } a 
LESS THAN 1% 
1 
| 
SPAIN 62 9 4-FIGURE ?-PART CODE. 2 a 2 RECCVERED 136 (UNKNOWN ) -- 
: | Cie TXT 196 , 
| | 
i ‘ : ; | 
| | : 
SPAIN 63 ? )4-FIGURE ?-PART CODE. 2 | 9 RECCVERED _ T 1374 (UNKNOWN ) “9 Se 
| LESS THAN 1% | 
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oes 
ORIGIN 
SPAIN 64 
SPAIN 65 
SPAIN 66 
SPAIN €7 
SPAIN 68 
SPAIN 69 
SPAIN Ww 
SPAIN 7} 
SPAIN 22 
SPAIN 
REPUBLICAN 
SPAIN 73 
REPUEL ! CAN 
SPAIN 74 
REFUBL I CAN 
SPAIN 5 
REFUBLICAN 
SPAIN 76 
REPUBLICAN 
SPAIN 
REPUBLICAN 
SPAIN. 78 


SEPUBLICAN 


RESULTS | oF FUROPEAN AXIS CRYPTANALYSIS 
FROM TICOM SOURCES 


EARNED 


(WITH eae” FROM ARMY SECURITY AGENCY SOURCES IN- _ PARENTHESES) 
NAME OF SYSTEM DATES | ~ WHEN TICOM [STATUS OF THE “SYSTEM, 
SERVICE DESCRIPTION OF SYSTEM OUNTRY AXIS US A OF Ee RESULTS REFERENCE AT ASA 
OF ORIGIN eer’ USE AND BY WH 
? 4-FIGURE ?-PART CODE. ? "SP. 306" 2 2-7? a a RECOVEREG 7 1376 (UNKNOWN ) 
LESS THAN 1% 
? 4-FIGURE ?-PART CODE. ? "SP, 345" ? 2-9? o 2 /RECOVERED T 1379 , (UNKNOWN ) 
‘LESS THAN 3% ; 
? 4-FIGURE ?-PART CODE. 2 "yge” 2 2-? 2? RECOVERED T 1388 (UNKNOWN) 
. 1 -LESS THAN 1% 
9 4-FIGURE °-PART CODE. ? "754 di" @ 2-? 2 °2 |NO SUCCESS 7 138) _ (UNKNOWN) 
2 4-FIGURE ?-PART CODE. 2 ? 4 7-7? 2 2 ? T 1265 ( UNKNOWN ) 
2 4-FIGURE ?-PART CODE. 2 2 ? 2-7? ; 2 2 RECOVERED T 1269 (UNKNOWN ) 
i LESS THAN 1% ; 
: 4 
DIPLOMATIC 2-PART COCE ENCIPHERED 6Y 10%-GROUP KEY. 2 ; 2 ? 1939 - ? 2 SIM NOT READ IF 1518 (UNIDENTIFIED) 
: t H { 
1 | 
NAVAL CIPHER ? ‘CIPHER ? 2-7? 2 SIS 100 COMPRO- [IF 1596 (UNKNOWN ) 
NO. 13 MISED 4 
2 4-FIGURE ?-PART CODE. 3 ? 2 1941-1942? 1941 SIM NOT READ IF 1524 (UNIDENTIFIED) 
| GENERAL REMARKS ON SPAIN REPUBLICAN: DESPITE 
‘ BASIC SIMILARITIES THE SYSTEMS DIFFERED IN INDI- ; 
| CATOR AND APPARENTLY IN TYPE OF TEXT. 
MILITARY ' SUBSTITUTION USING DIGRAPES 2% TO 99 ARRANGED IN ? R. 5 ? | 2 - 1938 , 1933 S58 “READ lr 1524 (UNKNOWN ) 
COLUMNS AGAINST AN ALFHABET STRIP CONTAINING | 
3 NULLS 
MILITARY OIGRAPHIC SUBSTITUTION USING SLIOING STRIPS. 2 N. 2 2- 1938-7 1938 SIS | 8eA0 tf 15gh ( UNKNOWN ) 
i I 
MILITARY DIGRAPHIC SUBSTITUTION USING SLIDING STRIPS. 9 S.N ? 2- 1938-2 1938 SIS | READ IF 1584 ( UNKNOWN ) 
| 
MILITARY | DIGRAPHIC SUBSTITUTION USING SLIDING STRIPS. 2 5 C.R ? 2-1938-? 1938 SIS | Re a0 FTF 15¢4 (UNKNOWN ) 
, | 
| | 
MILITARY ' DIGRAPKIC SUBSTITUTION, i@ x 18 SGUARE AND 2 S.N.D ? 2-1938-? 1933 SIS | READ IF 1584 (UNKNOWN ) 
| CCORDINATE SLIDING STRIPS 17 VALUES LONG. SuUB-~ | _ 
| STITUTION BY BOTH LETTERS AND DIGITS. os NW Sd a il 
ea Se a oe ° 10. ? 2-1938-? 1935 SI A ! NKNOWN 
MILITARY SUEST)ITUTION BY DIGRAPHS @@-9S. ONE HUNDRED i | 193 ae Ste te ae ett 
DIFFERENT KEYS WERE USED IN ARRANGING THE SUB- 
STITUTION. 
| | 
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RESULTS | or EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH mabe: FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


2 “EM” DATES” WHEN aig TICOM SIATUS OF THE SYSTEM 


NAME OF SYSTEM | 
ATTACKED | RESULTS |REFERENCE' AT ASA 


SYSTEM ‘COUNTRY OF 
OF ORIGIN AXIS | USA USE AND BY WHOM 


SERVICE OF 


DESCRIPTION 


SPAIN 72> MILITARY DIGRAPRIC SUBSTITUTION USING 19 x 19 SCUARE ANC ? S. MAR20 2 2-1930-? 1932 SIs READ ir 15@4 "(UNKNOWN ) 
REFLELICAN COORDINATE SLIDING STRIPS. SUBSTITUTION BY BOTH 
LETTERS AND FIGURES. i | 
| 
SFAIN 26° MILITARY DIGRSPHIC SUBSTITUTION USING 12 xX 13 SGUARE AND ? MAR z 9-1938-2 1938 SIS IF 1584 _ (UNKNOWN ) 
REPUSLICAN COORDINATE SLIDING STRIPS. SuBSTITUTION BY MIXED ALARM" 


ALFHASETS ANC F-FAGURES. 


DOCID: 


3560861 


RESULTS OF_ EUROPEAN AXIS CRYPTANALYSIS 
AS LEARNED 


FROM TICOM 


SOURCES 


(WITH ANNOTATIONS FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) | 
NAME OF SYSTEM._| DATES WHEN ~ TICOM [STATUS OF THE SYSTEM | 
SERVICE DESCRIPTION OF SYSTEM COUNTRY AXIS USA OF : ATTACKED | RESULTS |REFERENCE AT ASA REMARKS] |! 
OF ORIGIN he USE AND BY WHOM ; 
ie 
SWEDEN (DIPLOMATIC) | 4AGELIN -- SMALL MACHINE, SIMILAR TO M-289.° (SwA) 5 9-9 | AFTER SFRING | NOT BROKEN 1 we Py , (NOT READABLE -- NOT BEING -- : 
& WH i » 194 OKH BUT MESSAGES ' WORKED ON) 
i ' 2 OKW IN DEPTH COULD 
BE READ 
4 
SWEDEN CONSULAR MACHINE THOUGHT. TO HAVE 15-NUMBERED WHEELS. 2 2-? 2 FA ‘NO SUCCESS 1 152 P 3 (UNKNOWN [F 1T HAD 15 NUM- THOUGHT 
CALLED BY PW THE KRYTAA BUT MAY HAVE MEANT THE \ BERED WHEELS.) BY FA TO 
KRYYHA OR HAGELIN. BE 1964 
SECURE 
' - R AL- ‘ 
TRAFFIC THOUGHT TO HAVE BEEN HAGELIN. 1ST 2 2-9? i941, AGAIN | NOT READ | 22P 7 ee eras eee ae Eker a 
MONTH 25-LETTER ALPHABET USEO; 2ND MONTH 25- IN 194) PERS i 
LETTER ALPHABET USED. zs \ 
1 
{ 
SWEDEN HAGELIN -- LARGE MACHINE. THOUGHT BY GERMANS 2 y R=? ,  ? OKH NOT READ BY 1 142 Ph (UNKNOWN ) - -- | 
TO HAVE BEEN SIMILAR TO ENIGMA. ! \ | OKH 
i 
| { 
SWEDEN 5 | NAVY APPARENTLY: A MACHINE CIPHER. 4-LETTER SYSTEM. 2 "H-LETIER 2 | 2- iG4y - 2 1944 OKM PROBABLY NO dD 38 P 3, (UNKNOWN ) -- 
. SYSTEM" SUCCESS -- 
i | SCANT MATER- D! 
: ! 1 TAL D | 
! i 
SWEDEN S | NAvY MACHINE CIPHER. ? KARL 2 2 - yok - 2 1944 OKM NO SUCCESS od 38 P 3 (UNKNOWN ) -- ‘ | 
aa % 
© eee } 
SWEDEN . 7 | NAVY MACHINE CIPHER. ? PAUL ? 2 - 1944 - 2? | 1944-0Km NO SUCCESS D 35 P 3 ( UNKNOWN ) -- \ 
x ! 
\ 
| SWEDEN 3 | Navy MACHINE CIPHER ? RICHARD ? 2? - iQyy - 2? | 194% km NO SUCCESS 932 P 3 (UNKNOWN ) -- ‘ 
| . 
SWEDEN 3 | NAVY MACHINE CIPHER ? OTTO ? 2 - 1944 - 2 1 1944 OKM MON! TORED D 35 SP 2,3 ( UNKNOWN ) -- ; 
1944, 1945. i 
| PROBABLY NO { 
SUCCESS { 
a 
SWEDEN 18 | NAVY MACHINE CIPHER ? SOFHIE 2 2 - 19045 - 2! 19k5 oKM PROSABLY NO D 38 P 3 ( UNKNOWN ) -- 
SUCCESS -- 
SCANT MATER- 
| ; PAL 
; 
; i i 
SWEDEN it | NAVY 5-LETTER ?-PART CODE CvCCv. PROBABLY A COVER- 2 MORSE ? 2 - 194b - 2 ' 1084 OKM PROBASLY NO D3IIPe 5 (UNKNOWN ) -- ' 
NAME SYSTEM. ' SUCCESS ; 
| | ef 5 
SWEDEN 12 | NAVY 5-LETTER ? CODE. CvCyvCc. : 2 SEDER 2 | 2 - ig4h - 2? | 1945 OKm ? p38 Pe 4 (UNKNOWN ) -- 
1 


Deel De 


COUNTRY 
OF 


ORIGIN 


SWEDEN 1 


SWEDEN i 


SWENS’ 1 


SWEDEN is 


SWEDEN 19 
SWEDEN aC 
ZMEDOEN ct 
WEEN 2 


Laer 23 


"a2 


| 


Ww 


. abana 


RESULTS | or EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH ie teu 


FROM ARMY SECURITY AGENCY SOURCES 


DATES 


IN PARENTHESES) 


SERVICE DESCRIPTION’ OF SYSTEM OF e 
USE AND BY WHOM 
? 3-LETTER ?-PART CODE. ); SASSNITZ 2 2? - 19hh - 9 1945 OKM BROKEN d38P4 ( UNKNOWN ) -- 
AgMY 3Z-LETTER ?-PART FIELD CODE. | Sc2 ? 2~? 1943 OKH READ 1F 128 PS (no MILITARY SYSTEMS WORKED -- 
! ON 
ARMY eeEerreR PARTIALLY 1-PART UNENCIPHERED FIELD } SC3 ° ?-? 1943 OKH READ IF 126 P 5 in MILITARY TRAFFIC WORKED -- 
ODE. 2 \ i ON 
| | 
7 | : | 
AgMY Z-LETTER 1-FAST CODE. i 5cy ? 2-7? 1943 OKH READ IF 128 P 5 ge MLLITARY TRAFFIC WORKED -- . 
3 | \ ; ; mn ON 
MILITASY 2-LETTES AND 3-LETTER CODES. ? | ? 2-7 , AFTER 1944 READ 155 P11 (NO MILITARY SYSTEMS WORKED oe 
OKH ON) 
? I-FIGURE 2-LETTER CODE, 2-PART, 475 GROUFS. . "FIGURE ~ ? 2? - 1945 - 2? 1955 OKM | INVESTISATED | D 38 P 5 (UNKNOWN ) -- i 
j : LETTER- t PNA 
| . LETTER" | 
; | i 
| | i Pp: 
(DIFLOMATIC) 5-FIGURE 2-PART UNENGIPHEREO CODE. NO 5-FIGURE | { re |(POTSIBLY 2 - 1639 1943 PERS 75 ? IF 1515 P 3 (tF SWa-1, PARTIALLY COM- oe | 
GFOUP CONTAINED THE SAME DIGIT TWICE. | i SwB-1 OR 1948 SIM 1 22°P 21 PROMISED. BEING WORKED ON. | IN SWB-1 of 
: SWB- 2) 1F SWB-2, BEING WORKED ON.) | AND SWB- 21 : 
I = [CONTINUED 
H a, a LATER Es 
. THAN THE | 
; ; : l CLOSING 
; | : DATE 
: | GIVEN BY 
: PW FOR 
| THIS CODE 
| ' | ' 
| ; ; 
CCNSUL AR 5-F IGURE AND MeFIGURE 2-PART UNENCIPECRED CODE. - i ? ? ! 2.- 1939, ON S8EFOPE 1939 READ | ts2 P 3 (UNIDENTIF LED) oie 
TN 1939 ALMOST ALL LINKS EXCEPT STOCKHOLM - | \ MOST LINKS FA 
TOKYO WENT OVER TO A MSCHINE. : i 
| . 
DIPLOMATIC. W-FIGUPE 2-PART CODE. | 2 2 AFTER 1939 AFTER 1939 | ? If 1518 P 3 | (UNIDENTIFIED) =". 
-? 5m : ; 
| | | | 
MILL TARY SIMPLE RECIPSOCAL SUBSTITUTION. ? ? | %- 8 Le SEPT FEAD 155 P11 ue MILITARY TRAFFIC WORKED -- 
| I CKH ON ; 
; | | 
1 
| ; 
am TEVOLVING GPILLE T@ANEPOSITION CIPHESS. SR4-] ? | =e 1943 OH READ 1 iF 12g P45 (NO MILITARY TRAFFIC WORKED * -- 
sea-5 ! | ON) 
1 t 
| 


DOCID: 


~ COUNTRY 


OF 
ORIGIN 
SWEDEN 24 
SWEDEN 25 
SWEDEN 28 
SWEDEN 27 
SWEDEN 28 
SWEDEN 29 
SWEDEN 32 
SWEDEN 31 


3560861 | | 
SS | SS | > 


RESULTS | vr EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH sa ae FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


| 
I 
| = : 
? ? ? ' Fer ? - 2 - 1944 - 9° 1944 OKM i ? a32F 5 (UNKNOWN ) 


ap a a a 


2 NAME OF SYSTEM DATES . TICOM [STATUS OF THE SYSTEM 
SERVICE DESCRIPTION OF SYSTEM COUNTRY; AXIS OF - ATTACKED | RESULTS REFERENCE 
OF ORIGIN! A USE AND BY WH 
; . ! 
ARMY TRANSPOSITION SYSTEM. "HARDER THAN REVOLVING ? ; GA 9 2- 1Obk - 2 ie PERS 7 S} PROBABLY NOT {F 128 P 5 (NO MILITARY TRAFFIC WORKED 
GRILLE." | i9h4 OKY BROKEN 238 Ph ON) 
194 OKM 
| | 
— ; 
MILITARY ELEMENTARY TYPE TRANSPOSITION. a 2 4 ? ?-? AFTER SEPT READ 6532 at (NO MILITARY SYSTEMS WORKED 
1944 OKH ON) 
? ? | 2 | FFF ? 2- 1944 - 2 1944 OKM 2 3 8 D338 FP 5 (UN<NOWN) 
DIPLOMATIC MACHINE CIFHER ? ? | ? " 19239 - ? 2 SIM NOT READ iF 1518 (UNIDENTIFIEO) 
: { 
DIPLOMATIC MACHINE ? ? ? 1§39 - ? ? SIM | NCT READ iF i518 (UNIDENTIFIED) 
DIPLOMAT:C? 5-FIGURE 2-PART CCDE. NO DIGIT REPEATED IN A . ‘ 2 ? 2? - 1939 ? SIM ? | IF 1518 (UNIDENTIF FED) 
GROUP. UNENCIPHERED. i 
: 2 I . 
DIPLOMATIC 4-FIGURE ?-PART CCDE. ? | ? ? . 1939 - ? | ? SIM . ? IF 1518 (UNIDENTIFIED) 


——— dD 


POCID: 


‘COUNTRY | _ 


al 
OF 


Pee IN 


SERVICE DESCRIPTION SYSTEM 


ARMY 


POL ICE 


POLICE 


POLICE 


2 


POLICE 


6560861 


RESULTS | OF FUROPEAN AXIS CRYPTANALYSIS 


CF 


LEARNED FROM TICOM SOURCES 
(WITH sbnoraTiONs FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


FRENCH LANGUAGE CODE: ‘TABLE OF 17 LINES AND | PHENO LANES eames -TRRLE OF 7 EOS wa Se | 


COLUMNS, 
A VOWEL. 
APPROXIMA 


4-F 1GURE 


STITUTION. 


CIPHER SY 


"1M X 1 MULTIALFHABETICAL TABLE WITH OMOPHONES." 
(??) "KEY 


3-LETTER 


3-F 1GURE 


"CODE". 


3-LETTER GROUPS OF WHICK MIDDLE CNE 1S 
KEY WORD CHANGED ABOUT ONCE A MONTH. 
TELY 1,7@@ WORDS. 


2-FART CCDE. ENCIPHERED BY SIMPLE SUB- 


STEM. SIMPLE FIGURE SUBSTITUTION. 


CHANGED MONTHLY. 


"CIPHER." 


"CIPHER." 


TABLE OF 10 x 16. 


AME OF SYSTEM DATES 


OUNT OF 
OF OF ORIGIN) AXIS | AXIS | US.A USE 


| 219k 1-2 
2 2- 1943 
Sd 29-1943 
? 7-7 
* : 2-1941-? 
? 2-1945-2 
24 2-1941-? 


1941 SIM READ te 118C F i (UNKNOWN) 
| me tr 1186 P a | 

2? OKH READ 1 178 P 3 | ( UNKNOWN ) 

| 
i 

? OKH j READ 1 178 P 3 (UNKNOWN) 
| 2 LTALLANS | READ IF 118G F 5 - (UNKNOWN) 
{ 1941 Si "progaety" | IF 118C F 3” (UNKNOWN) 
| READ 
; W941 sim PROBABLY READ] IF 118C F 3 (UNKNOWN) 
{ 
I 
t ! 


READ IF 118C P 3 (UNKNOWN) 


7 * 
s 
: 4 


~| WHEN TICOM ISIATUS OF THE “SYSTEM 
ATTACKED, RESULTS: REFERENCE 


WWwrat=Ta 


~DOCID: 


SWITZERLAND 


SWITZERLAND 


SWITZERLAND 


Swit TZERL AND 


SWITZERLAND 


SWITZERLAND 


THATLAND 


THAILAND 


THAILAND 


THAILAND 


3560861 


CO) 


SERVICE 


T'DIEPLOMATIC 
1 
| 
i 


2 DIPLOMATIC 


3:01 PLOMATIC 
! 


! 
I 


4 CONSULAR 


t OTPLOMET KC % 


2 |JDIPLOMATIC 


3 |(commerc i aL 
{ 


4 (COMMERCIAL 


?) 


7) 


- 5-LETTER GROUP AT- SEGINNINGs 
" AND GERMAN) 


" 5-LETTER ?-PART CODE. 


RESULTS | OF 


LEARNED 


(WITH ieee 


DESCRIPTION OF SYSTEM 


ENIGMA CIPHER MACHINE. 


H-LETTER ?-PART CODE IN FORM vevC. (BOTH 1-PART 


AND 2-PART.) 


3-LETTER 1-PART CODE. 3,@0% GROUPS. FIRST 
CETTER OF GROUP INDICATE PAGE, SECOND LETTER 
THE COLUMN, AND THIRD THE LINE. INDICATOR: 


3-LETTER 1-PART CODE. 
MAN. FIRST LETTER INDICATED PAGE, 
COLUMN, AND THIRD LETTER THE LINE. INDICATOR: 
FIFTH LETTER OF FIRST GROUF AND FIRST AND FIFTH 
LETTERS OF SECOND GROUP. 


3-LETTER 1-PART CODE. VALUES IN GERMAN. 


2-PART CODE, VALUES IN FRENCH. 


USED BETWEEN BERNE, 
STOCKHOLM, AND BANGKOK. (LANGUAGE UNKNOWN, 
ENCIPHEREO WITH ONE OF THREE OIFFERENT FORMS 
OF SUBSTITUTION. ) 


ENGLISH LANGUAGE USEO. 


5-FIGURE 1-PART CODE. 
SOMETIMES 


USEO WITH AND WITHQUT ENC! PHERMENT. 
USED REPEATING 5-FIGURE ADDITIVE. 
EVERY FEW MONTHS, OR MONDALPHABETIC, OR POLY- - 
ALPHABETIC SUBST/TUTION USED. } 


5-LETTER 2-PART CODE. USED BY MINISTER OF 


FINANCE. 


2-PART CODE USEO BETWEEN EANGKOK AND BREMEN. 


ines BOOKS: FRENCH - 


VALUES IN FRENCH AND GER- 
SECOND LETTER! 


(WHICH CHANGED 


EUROPEAN AXIS CRYPTANALYSIS 
FROM TICOM SOURCES 
FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


TLNAME OF SYSTEM" DATES WHEN 
COUNTRY , OF ATTACKED | RESULTS !REFERENCE 
USE AND BY WHOM 


OF ORIGIN AXIS 


{ 


(ENIGMA) ? (S70) 2-1942-CURRENT) ? PERS ZS READ AT DIFFER, | 22 P 14 P 
2 SIM ENT TIMES. Siml 19 
DID NOT READ. : | 54 P 2 
, HF 1526 « 
' | 
‘ : . : 
‘(1.6E. 1, 2 2? 1 (S2A FR.) -1939-CURRENT) ? SID, SIM NO SUCCESS IF 1526 P 6 
3, 4) S7B GER, 
SZC ENG 
S2R FR. 
(cope K) = "Sv. 1" | (S76) (194%2-CURRENT) 1944 SID 75% OF FRENCH | IF 1526 PP 
? SIM BOOK READ; 6- 
GERMAN BOOK T 1587 
PARTIALLY READ; T 1 oe: 
TI 
; | IF 8. 
| 
(CODE G) CONSOL ARE S7G FR. 3} (2-1941-CuRRENT) 19%4 SID | RECOVERED IF 1526 PP 
G2x (S2H GER ABOUT 254 OF el 
‘FRENCH BOOK 1ea9 
t 1587 
| | 
8 2 |! 9 2-? 29 RECOVEREO 1 T 1533 
i | 15% - 20% i 
| ' 
P ? 2 ? 2 - 1941 251M READ IF 1517 P 3 
! ? 2 (THB) (1944-CURRENT) ? GERMANS , PROBABLY NOT T 2364 
; SOLVED. 
' : 2 
2 ? (THA) (2-1941-CURREN1) Pal PERS Z S ALMOST COM- D 16, REPORT 
1942 FA PLETELY READ 2, P2 
D 16, REPORT 
: 3, P 3 
| t2 % 
! T2 
| T 2363 
| T 2370 
! 
? ? ? -1941-1943-? 2? GERMANS PROBABLY NOT T 2364 
READ 
? ? ? 2 - 1945 ? GERMANS PROBABLY NOT | T 2364 
j READ 


AT ASA 


(THREE TYPES OF TRAFFIC PRE- 


SUMED TO BE ENIGMA~-S7ZD-1, 
$20-2, AND S7D- 


OVER 50%, OTHER "NOT READ.) 


(ALL READABLE. ) 


(123% READABLE THROUGH RE- 
COVERY.) 


(128% READABLE THROUGH RE- 
COVERY.) 


(UNIDENTIFIED) 


(UNIDENTIFIED) 


CODE NOT WORKED ON) 
(BROKEN AND READ IN 1943. 


NOW 108% READABLE.) 


(UNKNOWN ) 


( UNKNOWN ) 


| 
S$ZD-1 READ! 


IS 


THO-2 


DOCID: 


S 


COUNTRY 
OF 
ORIGIN 
TUSKEY 1 
TURKEY $ 
TURKEY sf 
TURKEY b 
TURKEY 5 
TUSKEY 6 
TURKEY 7 
TUFKEY 8 
TURKEY 9 
TURKEY id 


» SERVICE 


*DEPLOMATIC 
| 


DIFLOMATIC 
“DIFLOMATIC 
CIPLOMATIC 


DIPLOMATIC 
| 


DIFLOWATIC 


(DIPLOMATIC 


| 
| 


jDIPLOMATIC, 
CONSUL 48 


ebuasiane 
1 
\ 


IMILETARY 
\ATTACHE 


3560861 


“REPAGINATION CF ITEM 2. 
-TION WITH ITEMS 4 AND 5 


‘N-FIGURE 2-FART COCE. 


RESULTS OF EUROPEAN AXIS ORYPTANALYSIS 
AS LEARNED FROM TICOM SOURCES 


(WITH ANNOTATIONS 


TNAME _ 


DESCRIPTION OF SYSTEM 


2-PAST CODE. ENCIFHESED s@cuT 1/2 THE TIME WITH 2 
A REFESTING 5-F 1GUPE ABDITIVE WHICH CHANGED 
DAILY BUT WAS SOMETIMES FEFEATED FROM YEAS TO 
YEAP. USED CN BATYES UNIMPORTANT TRAFFIC. 


2-FART CODE. LATER GIVEN THSEE FEFSG- INKIL AP 


SEE ITEMS 3, 4, AND 5. 


_E-FIGURE 
INATIONS. 


USED IK MCNTHLY ROTA- 

AFTER 194¢° SOMETIMES 
ENCIFHERED BY 4G-FIGURE REPEATING ADDITIVE WHICH | 
FEEGUENTLY CHENGED. 


_ZAFER 


FEPAGINATION GF ITEM 2. USED IN MONTHLY ROTA- SAKAP IA 
TION WITH ITEMS 32 AND &, AFTER i9h¢ SOMETIMES 
ENCIFHERED 8Y 4d-FIGURE REPEATING ADDITIVE WHICH 


FREGUENTLY CHANGED. 


REPAGINATION OF ITEM 2. USED IN MONTHLY FCTA- 
TION WITH ITEMS 2 SND 3. AFTES iQk@ SOMETIMES 
ENCIPYERED BY 4E-FIGURE REPEATING ADDITIVE WHICH 
FREGUENTLY CHANGED. 


SOMETIMES ENCIFLESED By A C4NKAYA 
UG-FIGURE PEPEATING S0LI71VE WHICH FREQUENTLY 
CHANGED. USED BY THE TURKISH EMBASSIES IN BERLIN 


AND vICtYy?, 


L-FIGURE (2)-PART CODE. ENCIPEERED BY & 4g- _ENEUNU 
FIGURE REPEATING ACCITIVE. USED BETWEEN ANKARA = ‘(1NONU) 


AND THE ROWE CMPESSSY, ' 


SET OF THREE U-FIGURE PARTIALLY 1-FART CODES IN 
ARABIC SCRIPT. USED IN MONTHLY ROTATION. SOME- 
TIMES ENCIFHERED BY A 4C-FIGURE OP A 5-FIGUEE 

REPEATING ADDITIVE. 


k-FIGURE 1-PART CODE. ENCIFHESED BY 4G-FIGUS 
CEPEATING ADDITIVE (WHICH FRECUENTLY CHANGED). 


BEGAN wiTo | 
a 


MESCA1BED IN 


F-PaRT CODE. 4Le UFS 
IN i942 REPLACED coor = 


i 3-FIGURE 
IGl7 1. 
(TEM it. 


GRO 
3Y 


COUNTRY 
OF ORIGIN 


- ROMA 


(CUMHUR | ET) 


FROM ARMY SECURITY AGENCY 


SOURCES 


_OF 
AXIS 


? (TUB) 


? (Tuo) 


(Tug) 


° (Tue) 


(TUF ) 


? (TUK) 


1) 


“OF SYSTEM 
U.S.A. 


_ DATES 
OF 
USE 


1935-(CURRENT) 


19kE- (CURRENT) 
* 194¢-( 1945) 


1934-( 1944) 


| 2- 1943-cuR- 
LN 
i 


" 2=19k8- 1942 


es ome es 


WHEN 


IN PARENTHESES) 
TICOM [STATUS OF THE S' SYSTEM 


ATTACKED | RESULTS ‘REFERENCE: 


AND BY 


1934? FERS 
ZS 


2? SIM 


PERS 2S 


1935 
19L@ Sim 


PERS 2S 


1o442? SIM 


104} SIM 


WHOM 


SOLVED. 


COMPROMISED. 
REAC. 


" BROKEN AND 
“REAC BY SIM 
_ AND PERS 2 § 


BROKEN AND 
READ BY SIM 
AND PERS 7 S 


BROKEN AND 
READ BY SIM 
AND PERS 2 S 


RECOVERED 
5,088 GROUPS 


|S oae ore 
5,@88 Groups 


pa FERS 2S! SOLVED AND 


2 SIM 


READ BY PERS 
2S. 


COMPRO- | 


MISED BY SIM. . 


READ “BY ‘SIM, 
READ 8Y FERS 
7S. 


BROKEN AND 
READ 


“| 


AT ASA 


1 1@pPeé 


IF 1517 F 3 
IF 1523 PP°2, 


PERHAPS IF 118 


IF 1523 PP 2, 


1F_1517 PP 


2“ APPENDIX 


IF 1523 P 


had 


wal 
yuU 
I 


(UNIDENTIFIED) 


(UNKNOWN UNTIL INFORMATION 
WAS RECEIVED FROM BRITISH. 
NO TRAFFIC 


NO WORK DONE. 
RECEIVED. ) 


_ (WORK HAD BEGUN WHEN PHOTO- 
STAT COPY WAS RECEIVED FROM 


THE BRITISH IN 1943.) 


(SOLVED IN 


(SOLVED IN 1943 AND 1944.) 


1943 AND 1944.) 


(BROKEN AND- AIDEC..BY..BRITISH. 


REAC IN 1943. “NOW BEING 
ALMOST COMPLETELY REAC.) 


(FARTIALLY BROKEN BY 
IN 194 NO FURTHER S 


BRITISH . 


TION DONE BY BRITISH OR ASA. | 


TRAFFIC RECEIVED AND 
DECODED AND TRANSLATED. ) 


(COMPROMISED BOOK RECEIVED 
FROM THE BRITISH IN 1944.) 


ENC] PHERMENT. 


(UNKNOWN ) 


a ; 
VALUES AND BROKE BOCK AND. 
READ IN 1944) © 


\] NOT 


KNOWN 

BY ASA 
TO HAVE 
BEEN 
USED IN 
MONTHLY 
ROTATION 


pr rn ne + Se +e ee 


Electric circuit—Continued 
Solving—Continued 
De: 
Ohm’s law applied_____- 
Parallel 22002222 
Seriés - 253s 
Series-paralle]l_.__._____. 
Using Kirchhoff’s law__. 
Elevation and depression, angles_____ 
Wquations_.-___-.- 
Quadratic... 
Character of roots._.______. 
General equation____.______ 
Pure equation_____._____.__. 
Solving: 
By completing square __-_ 
By factoring.._.________ 
By quadratic formula __- 
Simultaneous _________-_.-_____. 
Solving: 
Formulas______...-.--- | 
Difficult... 
Simple__----__-----__ 
With fractions______.______ 
Written__-_-_-_- 
Hquilateral triangle____..__________ 
Equivalent values, conversion factors 
Error, percentage: 


Exponents___-.-----______--_.____. 
Negative._________-_-_-_ 


Expressing: 
Accuracy of measurment in per- 
cent. 
Numbers in scientific notation ___ 
SUACION Sate Fe dt 
Expressions and terms, algebraic____ 
M@xtracting roots of numbers by 
logarithms. 
Extremes .._____-_--.--_-- 


Factors, conversion ___________.._____ 
Finding: 
Angle: 
Corresponding to a trigono- 
metric function: 
Function found in table 
Function not found in 
table. 
Radar system of measure- 
ment. 
Three sides given__________. 
Area of triangle: 
Three sides given __________ 
Two angles and included side 
given. 
Two sides and included angle 
given. 
Base, percentage____________ eas 


AGO 558A 


631960 © -62 +16 


Paragraph 


83 


131a(1) 


app. II 


Page 


128 
129 
128 
130 
132 
105 


Finding—Continued 
Center of circle __._________-_. 
Function of angle, trigonometric: 
Angle given ____.._..____-. 
Angle not given ___________- 
Length of arc, radians ._________- 
Logarithms _______.-_--__-__--__- 
Midpoint of straight line segment 
Percentage... 
Power of number by logarithms 
Rate, percentage... = 
Root of number by logarithms __. 
Square root: 
Mathematical process 
Mental calculation _____ ___. 
Wormulas .__.._.-._._--_-_-_-. 
Solving __._____----____-__-._- 
Fractions in equations __._________- 
Functions: 
Algebraic, raising to powers ___- 
Trigonometric: 
Of angles: 
Complementary _____. __. 
Finding ...____--____. 
Solving for: 
One side and one func- 
tion given. 
Unknown ___.____._---- 


Geometric construction, basic 
principles. 
Geometry, plane ._______._______.-__- 
Area: 
Circle _____-_-__-- 


Trapezoid______.________ —. 
Triangle _______..-_______- 
Circlesis2 22-22 ee 
Circumference of circle... __- 
Construction, basic principles _. 
Law of angles, any triangle ____- 
Law of right triangle_._________ 
Quadrilaterals ______.... .--..-__. 
Review problems ._____________- 
Trianglésio3- eee 
Graphical representation, positive 
and negative numbers. 
Graphical solution, simultaneous 
equations, 
Graphs: 
Application to electrical laws __. 
Basic characteristics: 
Coordinates, rectangular ___ 
Number line_________.____- 
Plotting points -__.--____ ___ 
Review problems —_______. 2 
Engineering, constructing, and 
reading. 
Of equations: 
Linear_____ ee... 


Paragraph 


130e 


1554 
1556 
174 
116 
1306 
8 
123 


146 
155 


148 


147 
130 


129 


140 
136 
141 
137 
134 
138 
139 
130 
132 
133 
135 
142 
131 

39 


101 


219 


97 
96 
98 
99 
218 


100 
102 


Page 


79 


22 


89 
96 


90 


89 
78 


77 


84 
82 
84 
82 
82 
83 
84 
78 
80 
80 
82 
85 
79 
19 


61 


173 


58 
58 
59 
59 
172 


59 
61 


24) 
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RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS — 
LEARNED FROM TICOM SOURCES 
(WITH suena FROM ARMY SECURITY AGENCY SOURCES f PARENTHESES) 


as —- 


2 


i, SS ———————— SeSeeeeeSSeSSSeseseett 


DATES : WHEN TICOM [STATUS OF THE SYSTEM 
SERVICE DESCRIPTION OF SYSTEM OF ATTACKED | RESULTS ;REFERENCE REMARKS 
hes USE AND BY WHOM 
TURKEY 11 | MILITARY 5-FIGURE 1-PART CODE. (AT FIRST) FREQUENTLY 2 a 1° (TUA) " (194@-CURRENT) 1943 SIM BROKEN AND tf 1517 P &, (PARTIALLY BROKEN AND AIDED + -- 
ATTACHE ENCIPHERED BY A 5-FIGURE (REPEATING) ADDITIVE. PERHAPS PERS | COMFLETELY APFENDIX E BY BRITISH. LATER I1£@% COM- 
(NOW UNENCIPHERED OR ENCIPHERED BY 4@-FIGURE RE- z S$ READ. ALSO SEE ALSG PROMISED. NOW COMPLETELY 
FEATING ADDITIVE.) USED BY ALL TURKISH MILITARY COMPROMISED. 14 63 P 2 RESO. ) : 
ATTACHES. | 
| . 
TURKEY 12 | DIPLOMATIC, 2-FIGUPE 2-PART CODE WITH LETTER SUBSTITUTION. 2 1 2 ? 2- 1944 - 2 194k FA READ. IF 120 F lé (UNKNOWN ) | os 
i MILITARY USED IN TRAFIC FROM RUSSIA, BULGARIA, AND ITALY. ; 1944 ‘OKH : 
ATTACHE ‘ 
| : 
. 
TURKEY 13 | ARMY, AIR POLYALPHABETIC SUBSTITUTION CIPHER. USUALLY HAD 2 | 2 2 a a 1946 OKK ‘READ BY SIM. | IF 1523,P 4, (UNKNOWN) oo. 
5-13 ALFHABETS. MONTHLY KEY CHANGE; GECGRAPHICAL i » 1941 SIM | Sees AND APPEND! X | A 
NAMES USED FOR CCDEWORDS. ug, W, X ARE USED AS | ' READ BY OKH. | IF 1517 PF 6 
NULLS. . : 5 | IF 126 PP 1f,_ 
| IF "8c F 3 
i IF 115G P 2,3 { 
\ : 
TURKEY 14 | MILITARY ?-PART CODE. SOMETIMES ENCIPHERED BY A METHOD 2 52 ? 4-1936-1939-? 1936, 1939 SOLVED 1 193 P 3 (UNKNOWN~-NO MILITARY TRAFFIG -- 
WHICH ENCIPHERED ONLY ONE OR TWO FIGURES OF EACH | FERS 27 S i | WORKED ON.) 
GROUF. : ' | i 
TURKEY 15 |MILITARY ?-PART CODE. ‘ 2 2 2 | 1939 - 7 | gg : oor. 1 183 P 3 (UNKNOWN ) | -- 
? : KW, PERS Z ASMCD | ! 
| CESS ACHIEVED | ; 
| Mi 
TURKEY 16 |MILITARY | ?=PART CODE. "A TURKISH PROCEDURE CODE." ? a - i %-1941-1943-2 1941 SIM i ? IF 1523 P 5 (UNKNOWN ) ; tp ee 3 
| | 
' j 2 I 
TURKEY 17 |MILETARY | 2-PART CODE. ALL TRIGRAMS BEGAN WITH THE LETTER G ? 2 ?-1941-i943-2 19h; SIM aoe IF 1523 P 5 (UNKNOWN) ee rs 
; | | eT ow : 
| i F 
TURKEY 18 | “cL ice 2-PART CODE, LOW GPADE. ONLY 19% GROUPS. OF THE 2 ? ? 2-1941-1943-?, 1941 SIM | READ. IF 1523 P 6 (UNKNOWN ) iia 
| FIELD-CODE TYPE, A SQUARE OF 1@x1@, WITH COLUMNS ' | . 
AND LINES NUMBERED | TO 1M, IN ASCENDING ORDER. H 
THE ARRANGEMENT WITHIN THE SGUARE WAS CHANGED | | 
PERIODICALLY. | 
i 
i : H : 
! TURKEY 19 | AIR 1-PART CODE. UNENCIFHERED. ? ? 2 2-7 2 OKL | EASILY READ tw9Ps (UNKNOWN ) ee 
- i} 
TURKEY 26 | AIR PERIODIC POLYALPHABETIC SUBSTITUTICN CIPHER ? 2 ? 9-2? ' 2 OKL EASILY READ 1119 PS (UNKNOWN ) -- 
USING SLIDING STRIPS. CHANGED MONTHLY. 
| : . 
TURKEY 21 |AIR SINGLE TRANSPCSITION CIPHER FOR WEATHER REPORTS. oe 3 2 2 2-7 » 2 OKL EASILY READ 1 NIG PS (UNKNOWN } -- 
1 
t 
TURKEY 22 |NAVY - FOLYALPHABETIC SUBSTITUTION CIPHER. KEY LENGTH ? ' 2-1941-i943-2 1041 SIM BROKEN AND ‘ (UNKNCbN ) 


READ 


VARIED FROM 5 TO 13; NO KEY WORD USED. KEY 
CHANGED EVCRY 2 OR 3 MONTHS. SIMILAR TO ITEM 13. 


- PROBABLY NO 
WORK DONE BY 
OKM ON ANY 
_ NAVY SYSTEMS 


TURKEY 23, |NAVY’ - 


HART NO, 1-2 


Se Une 


POSTE SS60881< ws. bt ge OR ee hy Dope a 


eas “RESULTS , “OF EUROPEAN AXIS “GRYPTANALYSIS 
| LEARNED FROM TICOM SOURCES , . 
— a (WITH sinisieeane FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 
COUNTRY | aziachep resucrs | ATUS OF THE 
OF OF ATTACKED | RESULTS [REFERENCE AT ASA 
G USE . 'ANDUBY WHOM - ae 


2h 4-194 1-19h3- 
PERHAPS -CUR- 
RENT 


SUBSTITUTION CIPHER SYSTEM USING 2 FIGURES FOR - 
EACH LETTER OR NUMBER MOST FREQUENT, LETTERS : 
USED VARIABLES. : . 


1941 OKH IF 126 PP 12,| (UNKNOWN) 


TURKEY 


IF 126 P 13 (UNKNOWN) 


SUBSTITUTION CIPHER: SYSTEM USING TWO OR THREE: PROBABLY READ 


FIGURES FOR EACH LETTER: TWO lia SUBSTI - 
‘TUTION TABLES USED. : 


| 1942- 193. 1942? OKH 
PERHAPS TUR- | ; 
RENT 


TURKEY POLICE 


SUBSTITUTION CIPHER SYSTEM USING 2 OR 3 FIGURES” 
PER LETTER. WEEKLY OR MONTHLY KEY CHANGE. 
TRANSMITTED IN 4,°5,-OR 6 FIGURES. 


+1941 = 1943-9 1941 SIM IF 1523 P é (UNKNOWN ) 


IF 1523 P 6 (UNKNOWN) 


MONOALPHABETIC SUBSTITUTION CIPHER. NORMAL 1941-1943-? ne SIM 


TURKEY 


ALPHABET SLID AGAINST JTSELF WITH DAILY CHANGING 1941. OKH IF 126°P 12 
STARTING POINT. THE LETTERS G, X, AND W WERE ONL tH. 
USED TO SEPARATE WORDS. “<5 
SOLVED CRYPT-| 1 132 P 2 (UNIDENTIFIED) - 


2-PART CODE. 
. ANALYTICALLY. 
LATER COMPRO- 
MISED. 


—_ 


"NUMBER CODE". - USED ONLY BY. THE TURKISH PRESI- |° 7? BROKEN IF 126 P 12 _| (UNKNOWN) 
DENT ON THE STATE-YACHT "SAVARONA™ ON HIS TRIP 


TO IZMIR. 


_ TURKEY 29 1943 ONLY 


’ a 


"FRENCH" NOT READ 


CODE 


SMALL SUPPLEMENTARY CODE IN FRENCH. 
MATELY 1,90 GROUPS. 


TURKEY 


DIPLOMATIC -IF 1523 P 3 (COMPROMISED COPY RECEIVED 


APPROX | ~ 
7 FROM BRITISH WITH TUK) 


"VERY OLD" 1948, 194; 
SIM 


~ 


TURKEY DIPLOMATIC 2-PART CODE FOR USE ON BERLIN-ANKARA LINK. 07) - (UNIDENTIFIED) 


MILITARY, AIR,| ?-PART CODE.OF 261 PAGES. IF 1566 (UNIDENTIFIED) 
AND NAVAL 


ATTACHES 


READ. COMPRO- 


READABLE P 4 (UNIDENTIFIED) 


SINCE JUNE 


POLICE 4-FIGURE 2-PART CODE, UNENCIPHERED. 2-1943-9 1943 SIM 


1943 if 118F P 2 
iP NSPO ON PFER USTN = R > ha FAT Ste : ~ - 
ALPHABET} DAILY*CHANGING KEY. J, W, AND X ARE tr 118F 
NULLS, IF 1186 
TURKEY "METEOROLOGICAL CODE." ? _? "9-9 1942 OKL "DECIPHERED” | IF 1188 P 17] (UNIDENTIFIED) 


: ; HART NO. i-c 


DOCID: 3560861 
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RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
(WITH Ve FROM ARMY SECURITY AGENCY SOURCES if PARENTHESES) 


COUNTRY ie) BERORPTIGNG AGE een GOUNTRY NAME OF SYSTEM DATES” | ag aces RESULTS — Piet a ee ASA ie ae 
re WOR 
ORIGIN OF ORIGIN) AXIS USA. USE ay Wriom, eS ULTS 


-- | 219h4-9 aa 1944 OKW OKW POSSESSED | | rr a P12 


CIPHER MACHINE OF SWEDISH ORIGIN, PERHAPS HAGELIN, 
USEO FOR MESSAGES FROM ITALIAN THEATER, 


UNITED DIPLOMATIC 


KINGDOM MACHINE$ READ 


ALL TRAFFIC 
FROM ITALIAN 
THEATER. 


UNITED 2] 01PLOMATIC 5-LETTER 1-PART CODE WITH 34,089 GROUPS. GOVERN- |B 22 -- #-1939~1942-? 1939 PERS 2 S| READ SINCE D 16, REPORT 
; 2,P) 
KINGDOM MENT TELE~ , : 
: GRAPH 19hg, CAPTURED D 16, REPORT 
ORIGINAL GIVEN 4, P 1 


CODE 


TO PERS ZS. . 


D 16, REPORT 
2, Pp 1 

D 16, REPORT 
4, P2 


’ 


2-1941-1942-?] 1941 PERS Z S| READ ALMOST 


WITHOUT GAP 


5-LETTER 1-PART CODE WITH ABOUT 34,994 GROUPS. GOVERN- B 23 
, MENT TELE- 
Pp 


code, 
AFRICA 


UNITED 3| DIPLOMATIC 
« INGDOM 


? PERS 2S BOOK ONLY | 22 P 12 


UNIT 4IDIPLOMATIC 
ED DIPLOM PARTLY BUILT 


5-LETTER ?-PART CODE, UNENCIPHERED. ? ? 
K1NGDOM a , 


READ ALMOST 
COMPLETELY. 
CAPTURED AT 

BERGEN, 1948 


UNI TED 5| 01 PLOMATIC W-LETTER 2-PART CODE WITH 16, 224 GROUPS. 


1935-1942-2 | PRIOR TO 1948 
k INGDOM FOREIGN OFFICE PERS 7S 


D 16, REPORT 
2,P1 — 
D 16, REPORT 

4, Pd 


1172 P3 


x 


2-1941-1942-?' 1981 PERS 2 § 


AT END OF 
1942 ABOUT 
1,928 GROUPS 

WERE RECOVERED. 


w5Is—JdoL 


D 16, REPORT 

2, P 1 

.D 16, REPORT 
4, PY 


a, 


4-LETTER 2-PART CODE USED IN NEAR, MIDDLE, AND CODE B 3 


UNITED 6/D1PLOMATIC 
FAR EAST. | ‘ight? 


KItNGDOM 


1942 - 2  _| 1942 PERS 2 S| AT ae OF 


UNITED 7|DIPLOMATIC 4-LETTER 2-PART CODE WITH 16,849 GROUPS. ? B 3) D 16 REPORT 
« 1 NGOOM 4, PP} 


\ 


READ IN. OCTO- 
BER 1942, 


BOOK CAPTURED 
IN NORWAY ; 

ALREADY READ 
BEFORE THIS. 


UNITED 8]/DIPLOMATIC W-LETTER ?-PART CODE, UNENCIPHERED. 2 ? 
KINGDOM 


2- 1949-9? 2 PERS 2S 


SMALL PART OF 
TRAFFIC READ- 
BEFORE 1943. 


2-PART CODE USED MAINLY FOR TRAINING IN ie AND 
ie. ENCIPHERED BY ADDITIVE. pers WAS 
SEC GROUP. 


UNITED 9}O1PLOMATIC 


1942-1943 
K1NGOOM 7 : 


DOcID: 


j COUNTRY 


3560861 


{¢) SERVICE 

ORIGIN 
UNI TED 19] DIPLOMATIC 
KINGDOM 
UNITED 11] DIPLOMATIC 
KINGDOM 
UNITED 12| DEPLOMATIC 
KINGDOM 
UNITED 13| ARMY 
KINGDOM 
UNITED 14] ARMY 
KINGDOM 
UNITED 15] ARMY -CORPS - 
KINGDOM DIVISION 
UNITED 16] ARMY 
KINGDOM 
UNITED 17| ARMY, AIR 
KINGDOM FORCE 
UNITED 18] AIR FORCE COM- 
KINSDOM MAND NETWORKS 


RESULTS | OF FUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES > 
FROM ARMY SECURITY AGENCY 


(WITH sisaane 


DESCRIPTION OF SYSTEM 


2-FIGURE ?-PART CODE. INTERDE- 
PARTMEN- 
TAL CODE 

ADDITIVE ENCIPHERMENT SYSTEM WITH KEYS CHANGING 2 

EVERY TWO OR THREE MONTHS. TRAFFIC PREFIXED 

"PRODROME". TOTAL LENGTH ESTIMATEO BY PERS Z S 

AT 18,988 4-FIGURE GROUPS. 

DOUBLE TRANSPOSITION WITH SAME KEY-LENGTH FOR ? 

BOTH RECTANGLES. 

W-LETTER OR 5-LETTER ?-PART CODE ENCIPHERED WITH | EMPIRE 

ADDITIVE. ° CODE 

3-LETTER ?-PART CODE. SECOND LETTER OF GROUP TIGER 

WAS ALWAYS A VOWEL (INCLUDING Y). CODE 

4-FIGURE 2-PART CODE ENCIPHERED W'TH ADDITIVE WAR OF - 

WHICH WAS A TABLE WITH STARTING POINTS INDICATED |FICE CODE 

BY 5-LETTER GROUPS. ADDITIVE CHANGED ABOUT EVERY 

TWO WEEKS. FROM SPRING 1943 ENCIPHERED WITH ONE- 

TIME PADS. 

POLYALPHABETIC SUBSTITUTION SYSTEM EMPLOYING LINEX 

BOOK OF RANDOM ALPHABETS AND NOTCHED CARD FOR 

SELECTING CIPHER TEXT. 

2-LETTER CODE WITH 24 VALUES APRANGED IN REC- SLIDEX 

TANGLE. CODE GROUPS FORMED FROM COORDINATES 

ON SLICING STRIFS. 

CIPHER MACHINE: TRAFFIC SENT IN 5-LETTER GROUPS. 9 


SOURCES 


IN PARENTHESES) 


2 ae 2 2-1941-? 194} PERS ZS 
1941 OKW 
1941 OKL 
i 
! 
2 -- | 2-194g-1941-? 194 PERS 2 $ 
2 oKw 
? -- 2-7 2° OKW 
2 -- 9-1941-1942-7] 1941 OKH 
? Se 9-9 2 OkW 
wOc oe 1948-1983, 194 OKH 
- 9 SIM 
LINEX -- 1945 - ? 1945 OKH 
BRITISH | SLIDEX | ?-1943-? ! 2 OKH 
SIDE - 1 2 OKL 
SQUARE i 
A NUMBER® | 
? os 2-7? 2 OKL 


— 


| NOT READ 


BOOK 198% a D 16, REPORT 


PROMISED 1941 
ADDITIVE PART 
LY BROKEN BY 
OKW, OKL. 
WORK STOPPED 
1942. 


PERS Z S RE- 
COVERED 23% 
OF ADDITIVE; 
DID NOT AT- 
TACK BOOK. 
OKW DID NOT 
READ. 


SOME READ 


BOOK PARTLY 
BUILT 


SOLVED IN SIX 
MONTHS . 


RECONSTRUCTED 


AND READ UN- 
TIL CODE COM- |, 
PROMISED IN® 
AFRICA, JULY 
1942. COMPRO 
MISED ALSO IN 
He ae APRIL 
1948, AND 
NEAR DUNKIRK 
JUNE 1948.™07 


REAC BY SIM. 


a 


OKH READ CUR- 
RENTLY; OKL 
READ RENT~ 
LY. , 


NOT BROKEN 


2,P 1 


131P 6 
IF 126 P13 
176P 13 ! 


[ 5 


iF a 


1F 1517 
IF 1235 


iF 144 PP 6-8 


1 76P 4% 
199 P38 


14 
IF 144 PP 2-3 
Pé 


1 199 P 35 


TICOM STATUS OF THE SYSTEM — 
ATTACKED | RESULTS |REFERENCE 
AND BY WHOM 


<< 


DOCID Cys6o861 


COUNTRY 
F SERVICE 
ORIGIN 

UNITED 19] atk FORCE 
KINGDOM 
UNITED 20) AIR FORCE 
KINGDOM 
UN(TEO 21| ATR FORCE 
KINGOOM 
UNITED 22] AIR FORCE 
KINGDOM 

a 

{ 

GO 

(op 
UNITED 23/ AIR FORCE 
KINGDOM 
UNE TED 24) AIR FORCE 
KINGDOM 
UNITED 25 ARMY, NAVY, 
K INSDOM AIR FORCE 
UNITEO 26| ARMY, NAVY 
KINGDOM 


AS LEARNED 


CIPHER OFVICE 


__(WITH ANNOTATIONS _ 
DESCRIPTION OF SYSTEM COUNTRY 
OF ORIGIN 
? 
AIRCRAFT 


3-LETTER 2-PART CODE. 


2-LETTER P-PART CODE WITH DAILY CHANGE OF KEY. 


N-FIGURE ?-PART CODE. FIRST TwO GROUPS SEPEATED 
AT END. USED IN RAF CROUND-GROUND TRAFFIC. 


Y-rtGuRe 7-PART CODE, ENCIPHERED WITH ADDITIVE. 


TRANSPOSITION CIPHER WITH KEY LENGTH OF 18, USED 


BY TORPEDO BOMBERS ON EXERCISES §N NORTH CHANNEL. 


&-FIGURE T-PART COOE USED FOR TRAFFIC ELTWEEN 
BRANCHES OF THE ARMED FOSCES. 


CIPMER MACHINE WITH 5 WHEELS--2 OUTSIDE WHEELS 
FIXED. 


REPORTING 
CODE 


Bowace 
CODE 


INTERSER-~ 
VICE Cl- 
PHER 


TYPEX 


TYPEX 


» 


RESULTS OF_ EUROPEAN AXIS CRYPTANALYSIS 
FROM TICOM SOURCES 
FROM ARMY oe AGENCY SOURCES 


DATES WHEN 


?-70L2-? 
OKH 


1942 OKL 


7~19KS- 1943-7) 1988 OKL 


1942 OKL 


1943 OKM 


1044 Oke 


19895 OK, 


BEFORE 1929 
OxM 


PRIOR 10 1042 


| NIT BROKEN 


IN PARENTHESES} 


| TICOM ‘STATUS OF THE SYSTEM 
ATTACKED | RESULTS |REFERENCE 
AND 8Y WHOM 


AT ASA 


1 
OKH HAD CAP- | IF 126 P 13 | 
TUREO DEVICE . | 
TRAFFIC READ 
UNTIL 1982, 


OKL BROKE REG- | 
ULARLY TO AN 1 
CxPLOI TABLE 
EXTENT. OKM. 
READ WITH 

MANY GAPS, 


BROKEN WITH 
AID OF CaP- 
TURED KEYS. 


! 
} 
BOCKEN IN MED= | 109 P 3 | 
I J pp? is 


I TERRANE AN 

AREA SPRING 
194} BUT NOT 
ON WESTERN 

FRONT. 800K 
RECONSTRUCTED | 
READ WITH LAG 
oF 2-4 weexs. 

BECAME UNREAD 
ABLE NOV 1942! 


NOT READ AF- 
TER 1942 


ROAD CUR- 
RENILY 


NOT BROKEN. 
MACHINES WITH: 
OUT WHEELS 
CAPTURED AT 
BREST, OUN- 
KIRK, AND/OR 
NORTH AFRICA, 
(980, KEYS 
WERE SOME - 
UIMES CAP- 
TURED. 


YVYVvVU 
VO 


Er — ow Owipe 
VMiDVDVVTVDV 


ast Se A et 
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RESULTS _ oF FUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH ieee: FROM ARMY SECURITY AGENCY SOURCES IN- el LL 


COUNTRY AME OF SYSTEM DATES WHEN STATUS a Te sys 
OF SERVICE DESCRIPTION OF SYSTEM COUNTRY AXIS USA. | OF AT RESULTS REFERENCE 
ORIGIN OF ORIGIN nes pa" | USE _AND BY WHOM USE ‘AND BY WHOM 
UNITED NAVY ADDITIVE SUPERENCIPHERING SYSTEM, EMPLOYING STENCIL |"S.S. -- | Meee eee | 1942 - 2? 1943 -OKM OKM READ FOR |D 15 PP 1f-11 
KINGDOM GRILLE. 1%,88% POSSIBLE DAILY STARTING POSITIONS} SUBTRAC- | FRAME" | ONE MONTH; D payee | rg wo D 37 
USED TO SUPERENCIPHER VARIOUS NAVAL CODES. TOR FRAME THEN CODE BOOK D 4 
| CHANGED, AND ) 1 12 P5 
, OKM DEVELOPED | | 76 P 14 
, THEORETICAL ! P 2k 
; SOLUTION ONLY.| | 174 P 2 
{ 
UNITED NAVY CIPHER MACHINE COMBINED | ULM ~~. | 194h-1945 1944 OKM NOT BROKEN; D6 mi 
KINGDOM . CIPHER | WORK STOPPED | D LF P 6 
; MACHINE ; ON 31 JAN 1945 D 18 P 7 
O4rPS5 
| D43zP2P4 
UNITED NAVY CIPHER NYKO TAUNUS -- ?- 1942-7 1942 OKM NO SUCCESS D6 -- 
KINGDOM REPORTED; D "3 Pg 
WORKED ON UN-| D 18 P 
TIL BEGINNING| | 147 P 17 
OF 1944. 
UNITED NAVY SUBSTITUTION ‘CIFHER USING 37-PLACE ALPHABET: 26 |SYKO RHON -- 2-1939-? 1939 OKM OKM BROKE D 6; D 15 as 
KINGDOM LETTERS, FIGURES %-9, AND DASH. THERE ARE 32 1943? OKL EASILY. OKL 
COLUMNS. 2” SIM READ ALMOST 1 1293 1 147 
CURRENTLY. iF 178 
SIM READ. IF 15¢6 
IF 1517 
IF 152 
1F 151 
UNI TED NAVY 4-LETTER, ?-PART one WITH 32,406 GROUPS; Two ? ? -- 192?- 1939 2 OKM READ CUR- J 1 147 P 3 = 
KINGDOM VALUES TG EACH GROUF RENTLY an i 
| 
NAVY "Y-LETTER 2-PART CODE WITH BOOK CHANGING TRE 15TH | FLEET HAMBURG -- ?-1944-1945-2 | 1944 OKM READ FROM 15 | D 6; D 4&4 ais 
OF EACH MONTH. CODE 2? «Sis NOV 1944 TO D 15 P 5 P 8 
MAY 1945. 018 P 
READ BY SIS? | | 42 P5 
! P2 
193 P11P 
1 
{ iP 5 
1 174 PP 2- 
1F 1596 3 
UNITED NAVY 4-LETTER ?-PART CODE, ENCIFHERED. ANGLO- ? -- 2- 1944-2 1ghd OKM NOT BROKEN BY| D 15 PP 4-5 eS 
FRENCH | 2? sis OKM. 7? SIS.| IF 1596 
CODE ; 
UNITED 34 | NAVY 3-LETTER ?-PART CODE, USED BY CONVOYS OFF BRITISH|ECCO ' HARZ -- 2 - 1943 2 OKM 
KINGDOM EAST COAST AND IN IRISH SEA. | 
| 
i] 


DOCID: 


(OD 


SERVICE 

UNITED 35] NAVY 
KINGDOM 
UNITED 36] NAVY 
KINGDOM 

") uni tep 37| Navy 
KINGDOM 
UNITED 38] NAVY 
KINGDOM 

e 
UNITED 39) NAVY 
KINGDOM 

a 

@) 
UNITED 46] NAVY 
KINGDOM 
K I HGDOM 
UNITES 42) NAVY 


KINGDOM 


33560861 


RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
FROM ARMY SECURITY Se 


(WITH ee. 


AGUA. 


BIKE, BOLO. 


?-FART CODE. 


DAILY. 
CHANGING DAILY. 


AFTER 2@ AUG 1949, 


SPANISH WAR, 


n 


TIVe. 
UNITED STATES. 


TIVE. 


DESCRIPTION OF SYSTEM 
“LETTER ?-PART CODE, UNENCIPHERED. 4-LETTER, COMBINED | ALTONA 
RONOUNCEABLE INDICATORS:. ADCO, AGOG, ALBA, AMID, ASSAULT "A" 
USED FOR INTER-ALLIEO TRAFFIC IN LANDING |CODE 
OPERATIONS IN FRANCE. 
“LETTER ?-PART CODE, UNENCIPHERE). 4-LETTER, COMBINED | ALTONA 
RONOUNCEABLE INDICATORS: BABY, BANK, BEEF, ASSAULT "B" 
USED FOR INTER-ALLIED TRAFFIC IN CODE 
LANDING OPERATIONS IN MEDITERRANEAN. 
ODAM OR | 2 
1D AM : 
UNTIL 30 SEPT 1944, 2-LETTER ?-PART CODE CHANGING|COFOX HUNSRUCK 
FROM 1 OCT 1944, 3-FIGURE 2-PART CODE, SONTEL 
5-FIGURE CODE mri 2% AUG 1949; 4-FIGURE CODE ADMINIS- ? 
USED UNCNCIPHERED UNTIL TRATIVE 
THEN ENCIPHERED WITH ADDITIVE. CODE 
4-FIGURE ?-PART CODE. FROM 1 DEC 1943 ENCIPHERED| NAVAL MONCHEN 
WITH STENCIL SUBTRACTOR. CODE NO.2 |BRAUN-- 
FOR PA- 
TROL VES- 
SELS,ETC.4 
MONCHEN 
BLAU--PE 
SONNEL 
AND GEN- 
ERAL. 
ENC D Wii SOOK ADDI- NAVAL FRANKFURT 
“USED BY BOTH THE UNI TED KINGDOM AND THE CIPHER 
NO. 3 
S-F1GURE -PARY CODE ENCIPHERED RY BOOK ADD? - > NAVAL = 
CIFHER | 
NO. 4 ' 
t 


COMBINED 
CIPHES 
NO. 3 


1944 ONLY 


194) ONLY 


— 
‘ 
3 


2-19hh-2 


1934 - ? 


1937-1945? 


1941-1943 


PRIOR TC 1938 
- 1945 


IN PARENTHESES) 


ess, 


TICOM STATUS OF THE SYSTEM, 


194% OKM 


1944 OKM 


?  OKM 


194 OKM 


1934 OKM 


1933. OKM 


1941 OKM; 
FRIOS TO 


1943 SIS 


193& OKM 


ALBA, AMID, 06 

AGUA READ EX-| D 5 
TENSIVELY. D1 

AGOG COMPRO- | | } 

MISED DURING | | 9 

INVASION OF 

FRANCE. 


BIKE, BOLO 
PARTLY BROKEN 


BROKEN, PARTLY| | 
THROUGH CAP- 
TURED MATER- 
1ALS. 


READ CONTINU-| D 6 

OUSLY. 9) a 
D I! 
1 12 
1 95 


READ AFTER 6 | | 12 P 2 
MONTHS OF 1 
WORK. ADDI- P 18 
TIVE BROKEN 
DURING SPAN- 
ISH WAR. ROOK 
CAPTURED AT | o 
BERGEN, 8UTe 
ALREADY RE- 
COVERED. 


BRONEN is D 4g 
1938. D441 
1 COMPRO- pp 5- 
sfises BOOK AT 2/P2°P 3 
TOBRUK. READ P 5 
IN 1942, BUT | 1 93 
NOT AFTER eae 
INTRODUCTION 
OF STENCIL 
= al IN 


1943. 


D 6; 
D2 
D1 
4 


PP 6, 
ie 25 


Rae P 19 
iF 118F FI 


READ UNTIL 
JUNE 1943 


BROKEN. 
oF READ. 
a 1943 ON, 


NOT READ. 


—\OV10 = — EON 
FER DES 


v0 


‘ 
t 
‘ 
1 
= (Ua. te Fo ee 


CHART NO. 1-2 


DOCID: | 


3560861 


Ld 


TCOUNTRY | 


UNITED 43 
KINGDOM 


UNITED hy 
KINGDOM 


UNITED NS 
KE MGDOM 


UNITED hé 
KINGDOM 


ee 


- 
oe 


RESULTS | or EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH 


-FIGURE 2-PART CODE UNTIL FEB 
i -LETTER CODES. -& AND B. 


NAVY 


SEMI -MONTHLY. 


1-PART CODE UNTIL 7 JULY 1944; 
AFTER. 


NAVY 


NAVY 


NAVY 


UNITED hj 
KINGDOM 


UNITED 48 
KINGDOM 


NAVY ?-PART CODE 


NAVY 


UNITED 4g 
KINGDOM 


UNITED 
KINGDOM 


ADDITIVE SYSTEM: 
*|LINES OF ADDITIVE. 
FOR TEXT. 


NAVY 


HORE CODE, 
A NAVAL SUPPLEMENT. 


NAVAL 


ieee 


OF SERVICE DESCRIPTION SYSTEM 
ORIGIN 


__oniGin_| SERVICE | DESCRIPTION OF SYSTEM Brdwen) Axis |USA| Beat eyWriom SoulTS REFERENCE 


ONE was a0 FOR IN- 
DIVICUAL DIRECTICN-FINDING BEARINGS, 
THE OTKER WAS USED FOR CONSQLI- 
DATED DIRFECTICN-FINDING REPORTS, 


Z-PART CODE TRERE- 
1-PART CODE, CHANGING DAILY, UNTIL 1 APRIL 194%; 


2-PART THEREAFTER, CHANGING DAILY. 


1-PART CODE UNTIL APRIL i944, 2-PART 
VOC AEULARY IDENTICAL WITH COFOX. 


ONE-TIME PAD ENCIFHERMENT SYSTEM. 


PAR O 5 “OR ADDRESSES Ht 
ALSO .USED FOR CONSULAR SERVICE. 


194, THEN TWO 
CHANGED 


CHANGED MONTHLY. 


TREREAFTER 


CONTAINED 1€@ PAGES OF 3? 
HALE WAS FOR ADDRESSES 
VALID FOR ABOUT 18 DAYS. 


RALF 


HAG 


TRAXO 


ONE-TIME 
PADS 


LONG SUB- 
TRACTCR 


SYSTEM 
U.S.A. 


HUNSRUCK; 
SONTEL 


HUNSROCK; 
SONTEL 


HUNSRUCK; 
SONTEL 


HUNSRUCK; 
SONTEL 


ONE-TIME 
PADS 


2 


MENT TELe+ 


GRAPH 
CODE 


TIONS FROM sila SECURITY AGENCY sickle 


_IN PARENTHESES) 


DATES 


9- 1944-9 


2- 1944-2 


2- 1944-2 


2- 1944-2 


| ATTACKED 
AND BY WH 


1944 OKM 


"1944 OKM 


1944 OKM 


1943 OKM 


1944 OKM 


OKW 


TICOM 
RESULTS |REFERENCE 


READ UNTIL 
1 JULY 1944 
AND FROM HOV 
1944 TO END 
OF YEAR. 


READ UNTIL 
AUTUMN 1944, 
WHEN WORK 
STOPFED. BOOK 
FOR MARCH- 
APRIL 1944 
COMPROMISED. 
APRIL 1944. 
READ AGAIN 
1945. 


BROKEN CON- 
TINUOUSLY ,® 
READ UNTIL 
SUPERSEDED . 


NOT READ. 
PADS CAPTURED 
IN AEGEAN IN 

| MARCH 1944, 


RENTLY IN 


194g, BASIC 
BOOK COMPRO- 
MISED 1¢49. 


NAVAL SUPPLE- 
MENT COMPRO- 
MISED BERGEN 
CONSULATE 
194g, 


STATUS OF ‘THE SYSTEM 


CHART NO. I-2 


DOCID: 


SERVICE 


3560861 — 


RESULTS | OF EUROPEAN AXIS ORYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH 


DESCRIPTION 


OF 


gence 


SYSTEM 


FROM ARMY SECURITY AGENCY SOURCES 


 P- 194k -2 


2? - 19hg-19h2 


2 - 194) 


1948 - ? 


1942 ?-CURRENT 


UNITED 51] CONSULAR AND | 4-FIGURE ?-FART CODE USED IN TRAFFIC BETWEEN NAVAL STEITIN 
KINGDOM NAVAL SHORE STATIONS INCLUDING CONSULATES. ao 
CODE 
i 
UNITED 52|NAVAL ATTACHE |4-FIGURE 9-PART CODE ENCIFHERED WITH ADDITIVE. INTERDE- BREMEN 
KINGDOM OISCRIMINANTS VCVCV OR CVCVC. PARTMENTAL | 
CIFHER 
UNI TEO 53]MERCHANT NAVY |5-FIGURE 5-LETTER CODE, ENCIFHERED EY SUBSTITUTION,BENTLEY TATRA 
KINGDOM OR UNENCIFHERED. LATER ENCIPHERED WITH ONE-TIME [CODE | 
PADS. 
UNITED 54|MERCHANT NAVY |4-LETTER OR 5-LETTER 2-PART CODE, UNENCIPKERED = |MERCHANT IMERCHANT 
KINGDOM OR ENCIPHERED BY SUBSTITUTION. NAVY CODE |NAVY CODE 
UNITED 55 MERCHANT NAVY “4-LETTER 4-FIGURE ?-PART CODE. ENCIFHERED WITH |MERCHANT [GALLIEN 
K INGDOM TABLES AND PADS. SHIPS 
CODE; MER 
SIGS 
UNITED 56) AIR FORCE 3-FIGURE ?-PART CODE, ABOUT 1,208 GROUPS. ENCI- /AIR FORCE |"AIR FORC 
KINGDOM PHEREO WITH “SYKO MACHINE. CODE CODE 
UNITED - 57/DIPLOMATIC 2-PART CODE. INDICATOR ABABY OR ABABI. 2 2 
KINGDOM | ; 
UNITED 58] DIPLOMATIC 2-PART CODE. ? cia ehe 
KINGDOM DIP C 
We 1938 
. 
UNITED. — 59/ DIPLOMATIC DETAILS OF SYSTEM UNKNOWN. . ? 2 


KINGDOM 


2-7? 
2-19hg-2 
2-2? 


| 
1 


: 1944 OKM 


1938 OKM 
1946 OKL 
1Okg FA 

1945 OKW 


1944 OKM 
1944 OKL 


4g OKM 
194g OKL 


1942 OKM 
2? sIs 


2? sis 
2? OKL 


194d SIM 


2? sts 


? SIM 


IN| PARENTHE 


1ESES) 
TICOM pars 


OF THE SYSTEM| 
AT ASA 


READ. 198% 
COMPROMISED. 


PARTLY RECON- 
STRUCTED 


ABOUT 288 RE- | Dé 
ATIVE CODE- D 15 P if 
ROUPS OBTAINED D 4i PP 5-6 
NO ABSOLUTE 1 93 P i2 
VALUES. | 
OKM HAD NOT 5E4D 6 
COVERED BASIC | I 12 P 5 
BOOK; COMPRO- | | 22 P 12 
MISED 194 IN | | 31 P11 
ORWAY . 1 11 P 3 
1 119 P 
1.147 PP 1f- - 
11, 12 
1 152 P 9 
1172 P2P4 
iF 118A PG 
OKM READ. OKL | 0 6 
READ EASILY. DIS PQ 
Dike g 
193 P i2P 
17 a: 
11 
| 1 152 PP°Q- 19 
| 
CKM CAPTURED 1 $3 P 28 
SEVERAL COPIES| | 121 P 11 
IN NORWAY, 1 147 P 1g 
READ TRAFFIC | 0 63 
SOON THEREAT- 
TER. OKL READ 
FROM EARLY IN |. 
WAR. ‘1 
BOOK CAPTURED. 5 6; D 43 
OKM READ CUR- D 19 P 5 
RENTLY 1 JAN | p 18 p 7 
1944 TO END OF] 5b hi p 
WAR. SIS READ.|-| 12 p 2 P 7 
2 TABLES RE- 195 P5 
CONSTRUCTEO. IF 15@6 
SIS READ; CKL | | 169 P 46 
READ "LIKE IF 1513 P 2 
CLEAR TEXT" IF 11SF F 2 
READ IF 1524 


IF 1517 


RARY NO. 1-2 


DOCID: 3560861 ©. “4 


\ OX . , 
\ / . . a \ Z / \ 


RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS | ! 
LEARNED. FROM TICOM SOURCG 
(WITH wien FROM ARMY SECURITY ae ie a PARENTHESES) 


~ COUNTRY ni 
oS EIN SERVICE DESCRIPTION OF SYSTEM 


- % Bg : is Hi . 
UNITED 68 | MILITARY CIPHER. * SAME TYPE a6 | SYKO. USED FOR TRAINING ? ANNA -- | 2-2 | 2 SIM READ IF 1517 | -- 
KINGDOM IN THE UNITED KINGDCM : 5 
. ; | 
UNI TED 61 | MILITARY 5-LETTEP 2-PART CCDE OF ABOUT 1%% VALUES. CODEX CODEX .o 2-2? 1942 SIM -° |READ ONLY IN- |IF 1528 | -- 
KINGCOM - | PREARRANGED VOCABULARY. CODE VALUES SLIDE 1944 OKH FREQUENTLY gy |IF 5 P 8 
AGAINST VOCABULARY | DEPENDING ON MESSAGE INDI- : SIM. SOLVED BY|IF 197 P & 
CATOR. ; ; jOKH. | 
UNITED 62 | MILITARY .| 2-LETTER CCDE MADE OF COORDINATES OF A 676 ? -- aes 2 SIM READ IF 1517 >" t 
KINGDOM | SQUARE. DAILY CHANGING KEY. : 
- r ' a 
UNITED 64] MILITARY - 4-FIGURE ?-PART CODE, €NCIPHERED. ? ? -- P= 9 2? SIM READ if 1518 -- 
K | NGDOM ; : : mt : : : : 
t ; r 
UNITED 65 | AIR - LAND 2-LETTER ?-PART CODE USED FOR CROSS-CHANNEL ? ? wa | Pas 1944 SID ? UF 1527 i -- ‘ 
KINGDOM é ' TRAFFIC. ; | ; i 
: 1 ‘ 
UNITED 66|RAF CODE FOR COMMUNICATION BETWEEN PLANES. AND DROME - ? | ngs ao oy PSE | ?.SIS, SIM |READ © iF 122 = 
KINGDOM "ENCIPHERED BY SYKO." | iF 152 : 
. ; ; ' 
UNITED  - 67] AIR FORCE CODE . . ? AIRFORCE -- | 2-7? . * Sie READ. COMPRO- | IF 1586. : -- 
KINGDOM . ” ; CODE C.0. ‘aa MISED. ; 
2 » 
po | 
s ‘ s 
‘ i ’ 
UNITED «468. | NAVY-AIR TACTICAL CODE. 2 FOX’ “i 3) #=@ | 9 sis READ IF 1527 so ‘ 
K tNGDCM ; . ; 
; 0 
UNITED 69 | NAVY TWO-LETTER THREE-LETTEP ABBREVIATION CODE. ? SELF -- 2-7? ? SIM READ. COMPRO-|IF 1523 ss ee A 
KINGDOM | EVIDENCE’ ; MISED. eee 
1 3 : 
UNITED 76 | NAVY 1 h-FIGURE*2-PART CCDE WITH 1£,@¢% GRCUPS. KEY ? ANGLO- -- 2-7? - 1 1942 SIS AND | READ 2 |IF 1527 : -- 
KINGDOM * ENCIPHERMENT. AMERICAN GERMANS f ' 
UNITED 71 | NAVY _4-FIGURE 2-PART CODE. USED NON-REPETITIVE 2 4 -- 1941-1943 1941 SIS READ DEPTHS. |IF 1527 . -- ' 
KINGDOM CIPHER KEY. . OT READ AFTER : 
: : 1942 BECAUSE 
OF INDICATOR 
ee 
UNITED T2 | NAVY ENCIPHERED CODE. 38,320 OR 198,209 GROUPS. : 2 2 -- 2-9 ? Sis READ tr 1586. -- 
KINGDOM : ENCIPHERMENT BY VOLUME 189 PAGES WITH 3@ LINES OF ‘ 
5 DIGITS. .GOOD FOR 3 MONTHS. 
Us TED 73 | NAVY TACTICAL coves WITH DAILY- CHANGING ENC 1 HERING ? ? -- %-? ? SIs READ IF 289 ; -- 7 
KINGDOM TABLES, 
I 


UNI TED NAVAL AIR- ; : 3 READ. COMPRO- 
KINGDOM CRAFT . MISEO. 


Paragraph 


Hypotenuse of right triangle._.____. 131e, 133 
Impedance______-_-_---- 198 
Inductance, energy stored in___._.___- 214 
Inductive reactance______________.___. 196 
Interpolation: 
Antilogarithmie______._-_______ 119 
Logarithmie.____-____ Le. 117 
Trigonometrie_.._-/»_-_/__-»__ 154 
Inverse proportion _________._______.. 20 
Laws: 
Angles of any triangle ._________ 132 
Area of any triangle____________ 134 
GCosines:. 22.8220 eta S ee 167 
Kirchoff’s ___.______-_-________... 190 
Ohm’s: 
Ac cireuits ________________. 195 
De circuits... 188 
Right triangle.._.____________ 133 
SineS 24 22.2. 20.204 SoS oe 166 
Tangents coe eat ee ee 168 
Trigonometric._.....-- +. 165-173 
Limit of error, percentage__________. 11b 
GINS fo Ao Sa ae ee 129a 
Line, straight: 
Constructing perpendicular: 
At given point on line __ __._- 130¢ 
From point not on line ____- 130d 
Segment, finding midpoint -__ ___ 1306 
Literal algebraic expression .__.-___. 27a 
Logarithms __ 0... 2 ee. 112 
Addition and subtraction _...___. 120 
Application: 
To computation. —----_...-_- 112 
To electrical problems .___.- 205 
Common... __.. ..--. ----__--._.-.118, 114a 
Computation ..__ _.. --_. ~~. 126 
Division «+. 225s 24es.245224- 5's 122 
Extracting roots... ._...--_---_ 124 
Finding... ...--..--.---------_ 116 
Interpolation ____._-...---.--__-. 117 
Multiplication .._____--_-._-___. 121 
Natural eit «tens 2kiacs oul oe 1146 
Parsee oo. oseesoet shock e ce 115 
Raising numbers to powers .. _ 123 
Mantissac2. 2.04 e345 5552 cen lle 115 
Mathematical method, finding square 24b 
root. 
Mathematics and electronics -______- 2 
Meaning of percent___.-____---__~_. 3e 
Meanss 0022 we ae ee 16 
Measurement, angular, natural, 174 
circular, or radian system. 
Mental calculation, finding square 24a 
root. 
Methods of solution, simultaneous 84 
equations. 
Metric: 
Prefixes. 220.34 20h ne oat app. II 
System. 22 62-22-2222 82a app. II 


Page 
80 


142 
168 
141 


70 
69 
96 
10 


80 
82 
110 
132 


141 


129 
80 


162 
68 


72 


CO me Ww 


120 


12 


50 


188 
188 


Monomial________--_-- 
Multiplication: 
Logarithms_____ 5 
Monomials___-___.--_-_-_-_-__----- 
Numbers: 
Positive and negative-_____- 
With like signs____________. 
With powers of ten________- 
With unlike signs___-______. 
Polynomials .._____-__.-______-. 
Positive and negative numbers __. 
Signs of operation, algebra ______ 
With angles__..-_-_-_- ee. 
Multiplying: 
Both sides of equation by same 
quantity. 
Polynomial: 
By monomial_____________._. 
By polynomial_______ ______ 


Natural: 
Logarithms______-_.--__----__- 
System of angular measurement 

Negative: 

Exponents________-. odors 2 in es 
Numbers: 2-20.22 fue 2 ees 2 ee 
Addition g.<21505 5 oe a 
Application_--_..------_--- 
Division _____-_.-§ 


Numbers: 
Absolute value...» --- 
Division: 
Positive and negative____..__ 
With like signs._..________. 
With powers of ten__._____. 
With unlike signs__.____._ 
Expressing in scientific notation - 
Extracting roots by logarithms ._ 
Multiplication: 
Positive and negative_______ 
With like signs____________. 
With powers of ten________- 
With unlike signs__________ 
Raising to powers by logarithms 
Numerical: 
Algebraic expressions____.___. 
Values of trigonometric func- 
tions. 


Oblique triangle_._.....___________. 
Area: 
Three sides given__________. 
Two angles and included side 
given. 
Two sides and included angle 
given. 
Solving=2-2 222 2-22 sece eee see -=S2 
For angle, three sides given _. 
Law of: 
Cosines 22.525 oo koe 


1314 (3) 


Paragraph Page 
27e 16 
121 72 
42a 20 

39 19 
39a 19 
108 66 
89b 19 

48 23 

39 19 
28a 16 
152 94 
81c 48 
48a 23 
486 23 

114d 68 
174 120 

46 22 

32 17 
375 18 

34 17 

40 19 

39 19 

33 17 

35 17 

40 19 
40a 19 
109 66 
406 19 
106 65 
124 73 

39 19 
39a 19 
108 66 
396 19 
123 73 
27a 16. 
150 92 

80 

169 114 
171 116 
170 115 
165 107 
169 114 
167 110 
AGO 558A 
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RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS 
EARNED FROM TICOM SOURCES 


(WITH sinstarions 


FROM ARMY SECURITY AGENCY am 


IN PARENTHESES) 


“COUNTRY | ~everem ABM =—OF SYSTEM | D DATES WHEN TICOM STATUS OF THE SYSTEM 
SERVICE DESCRIPTION SYSTEM OUNT % at PACKER | RESULTS [REFERENCE 
ORIGIN OF ORIGIN! AXIS usa Se AND ar WHOM 


UNITED 
KINGDOM 


UNITED © 


KINGDOM 


UNITED 


KINGDCM 


UNITED 
KINGDOM 


UNITED 
KINGDOM 


UNITED 
KINGDOM 


“NTTED 
KINGDOM 


UNI TEO 
KINGDOM 


UNITED 
KINGDOM 


NAVAL INTELLI- CIPHER 
GENCE 


tt. ? 
78 |DIPLOMATIC 


79 | DIPLOMATIC 


SO | FOREIGN 
OFFICE 


81 }AIR FORCE 


82 9 


5-FIGURE 1-PART CODE. SIMILAR TO U.S. SREY. 
W-LETTER 2-PART CODE, UNENCIPHERED. 
1-PART CODE. 


SUBSTITUTION TABLES FOR ENCIPHERING GOVERNMENT 
TELEGRAPH CODE IN EIRE TRAFFIC. 26 RANDOM 
ALFHABETS. 


9-PART CODE 


“AIR-GROUND CODE 


‘METEOROLOGICAL "CIPHER FCRMEO OF 5-FIGURE GROUFS. 
LETTERS BEING ENCIPHERED IN THE RECOGNITION GROUF. 
.TwO TYPES: WITH A VOWEL AT THE BEGINNING, AND 
WITH A CONSONANT." 


-DETAILS GF SYSTEM UNKNOWN, 


| 


"CONF IDEN 
TIAL AIR 
cOcE" 


Z 


2 


"INDIAM 


woRD coos" 


| 
| 


? 


IRCRAFT 
OVEMENT 


1939-19k¢ 


?-19h2-? 


9-19h2-9 


?-1942-? 


? SIS READ. 160K IF Gee walaewer < 4 | 
COMPROMISED 
1 
i 
2 SIM READ IF 1518 
| 
= ll 
2 SIM READ if 1518 
° FA READ 1172 P 3 
“1942 PERS z:S| PERS 2 S READ] | 172 PP 3-4 
1943 FA | uN 1943. 
| FA READ BERLIN 
‘ AND MADRID 
i LINKS. ' 
2 PERS 7S BROKEN IN6 I 172 F 3 
MONTHS, 6, 08: 
| GROUPS IDENTI 4 
; FIED. 
2 GERMANS | COMFROMI SED IF 118G PP : 
| 
1942 OKL | 09% DECIPHEREO IF 118A PS 
Fg 
| 1942 OKL READ 90% IF 118A P 5 
1943 SIS? . FF 3. 
IF 118F F 2 


C—-ziT 


=)VLaver 


os sods 
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COUNTRY 
OF 
ORIGIN 

UNITED 1 
STATES 
UNITED 2 
STATES 
UNITED = 3 
STATES 
UNI TED 4 
STATES 

My UNITED = 5 

WY STATES 

‘ 

q) 
UNITED 6 
STATES 
UNITED 1 
STATES 
UN! TED 8 
STATES 
UNIT TED 9 
STATES 


UNITED 1d 


UNITED 
STATES 


3560861. 7 
a 


SERVICE 


DIPLOMATIC 


OIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


DIPLOMATIC 


O1PLOMATIC 


DIPLOMATIC 


DIFLOMATIC 


[PLOMATIC 


DIPLOMATIC 


RESULTS , OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 


(WITH EN ot 


DESCRIPTION OF SYSTEM 


S-LETTER 1-PART CODE OF ABOUT 72,040 GROUPS OF 


CVCVC PATTERN. UNENCIPHERED. 


5-LETTER CODE. 
WASHINGTON, 


my 


USEO BY COL. HOUSE IN TRAFFIC TO 


5-LETTER 1-PART COCE OF ABOUT 293 GROUPS. UN- 
NCIPHEREO. STIHil tN USE IN 1942 


5-LETTER 1-PART CODE WITH GROUF FATTERN CVCCV. 
ABOUT 14 , begs GROUPS. 


5-LETTER 2-PART CODE, ENCIPHERED. 


H-LETTER 2-PART CODE, ENCIPHERED. 


‘S-LETTER 2-PART CODE, UNENC!PHERED. 


pee 2-PART CODE OF "ABOLT 125,953 GRCUFS.” 


5-LETTER CODE IN 3 VOLUMES. "MESSAGES WERE EN- 
CODED 1N 3 PARTS, ONE PART FROM EACH VOLUME. 


5-FIGURE I~PART CODE OF ABOUT 8,04% GROUFS. UN- 
PHE RED . 
5-FIGURE 1-PART CODE OF ABOUT 72,822 GROUFS. UN- 


ENCIPHERED. USED MAINLY BY CHARGE D'AFFAIRES AT 
CONSTANTINOFLE WITH WASHINGTON, BERLIN, VIENNA, 
ETC. 


8-2; COL. 
HOUSE 'S 
GREEN & 
BLUE CODE 


B-3; 
GRAY CODE 


BROWN 


BROWN 


1916-1928. 


-- 1918-1943 


1919 - 7° 
1928-1944 
192G-1942- 
aah : 
1928-19422 


t - 19352 


FROM ARMY SECURITY AGENCY Me 


1916 PERS 2 S | READ. 


2? PERS 75 


1919 PERS 72 
1919 Sim 


1919 PERS 7 


1924 PERS Z 
1941 OKw 


194% PERS Z 


1937 PERS 2 


1938 PERS Z 
1941 OKW 
-2 FA? 


? SIM 


a’ 


1016 PERS Zz 


? PERS ZS 


S | 82% RECON- 


S | PRESUMABLY NOT 


IN PARENTHESES) 
Ppa TICOM [STATUS OF THE SYSTEM) 


“ ORIGIN-| DF 15 
ALLY SOLVED BY 
"SUSSEX NOTE" 

WHICH PROVIDED 

ABOUT 1,28% 

GROUP CRIB. 

SOME 29,000 

GROUPS RECOV- 

ERED BY 1919 


NOT READ. OF 15 


READ CURRENTLY| DF 15; 
AFTER 1919. 1F 15) 
SOLVED. ON’ BA- 
StS OF PLAIN 
TEXT OBTAINED 
FROM EMBASSY 
IN STOCKHOLM. 


READ BY CRYPT-| OF 15. 
ANALYTIC COM- 
PROMISE. 


: S2y D 
STRUCTED IN 
1939. 1 
CarRoniseD 1N 
Kl. 


| 223 D 
READ 


READ 


S | READ CURRENTLY) DF rh 


TF } 


ad 

] 

m 

a 

\O 

hw 
x2 
Or 

1) 


182% COM 1 143: 
MISED IN Oe, 

READ. COM- IF 1518 
PROMISED. IF 1524 
READ. CCM- DF 15 
PROMISED 8Y 


"SUSSEX NOTE” 


READ. SOLVED | OF 


BY NOTING STA- 
TISTICAL RE- 
SEMBLANCE TO 
B-1 WHICH WAS 


READ. 


F i5 


FoI5 


CHART 


NO. 1-2 


1. WF. a a 


DOCID; 3560861 


RESULTS , OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCES 
(WITH RS. FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 
; SY TICOM STATUS OF THE SYSTEM| 


COUNTRY 
OF 
ORIGIN 


SERVICE DESCRIPTION OF SYSTEM 


7 


4 


UNITED OIPLOMATIC 5-FIGURE 1-PART CODE OF ABOUT 47,62% GROUFS. UN- -- | 2-3: RED -- ! 2-9? ' ? PERS 7S READ. LATER OF 15 ee -- 
STATES ENCIPHERED. | : coy teeters i 
: AND FH RA- 
PHED AT FRANK-) | 
FORT AM MAIN | 
i 
UNITED DIPLOMATIC 5-FIGURE 1-PART CODE OF ABOUT 24,00¢ GROUFS. UN- -- 7-7 -- 1915 - 2 1919 FERS 7S PARTIALLY SOL-| DF 15 -- | -- 
STATES ENC! PHERED. VED | 
UNITED DIPLOMATIC STRIP CIPHER, NO STRIP ELIMINATION, GENERATRIX -- |o-2 oss 1942-3944? 1942 PERS Zz S' | ee AD CUBSONTLS 12; 1 22 -- -- 
STATES SPLIT 15-i5. : - 1942 OkW, POS-) 1943-1944 I 2p ! 3 | 
| i SIBLY OK: | a3 1 Si ! 
FA 1 39; [ Ifo 
- -: . b | 783 1 13 
' ! 333 1 4S 
: 1 58; 0F 51 . 
| | IF 1753 TF IZ 
! : 1 25371 54 
| ] | 
UNITED SIFLOMATIC DOUBLE TRANSFOSITION SYSTEM USED BY “COORDINATOR -- ! DOUELE -- 2-2? ? PERS ZS ‘| PRESUMABLY 1 22 "es -- 
STATES OF INFORMATION, WASHINGTON." ' TRANSPC- : ! par READ. 
B : SITION ' 
a ' | ti 
UNITED MILITARY 5-LETTER CCDE, ENCIPHEREO WITH 1M TABLES OF 2@ -- ? ~- + 2-4942-2 | 1942 SIM READ. PHOTO- (iF 52h -- ee 
STATES ATTACKE RANCCM ALPNABLTS, VOWEL FOR VOWEL, CONSGNANT FOR . ; "ere Sr 
CONSONANT. i P F © BOCK 
\ RECEIVED FROM ' 
HUNGARY « | \ 
| TABLES RECCN- H 
' STRUCTED BY i 
| SIM, i 
; fee 
UNI TED ILI TARY I5-LETTER COCE, ENCIPHERED. jMi-3s WAR -- 2-1942-2 | i942 PERS 2 S | 1@EX COMFRC- [OF i5 =< ! ae 
STATES ATTACHE . DEPART- MISED e | 
MENT CON- , 
FIDENTIAL | 
CODE NO. | | | 
| : ig | | 
ra ; | 
UNITED ILUTARY “LETTER CODE, UNENCIFHERED. -- MI-1 -- 2-i9h2-2 | 1942 PERS 7 5 | 1G¢% COMFRO- | OF 15 =< -- 
STATES TTACHE | | miseo 
| 
. ! 
UNITED ILITARY CUBLE TRANSPOSITION, USING INCOMFLETE RECTANGLES. -- MILITARY -- 2-1542-2 | 1S4e SIM READ IF i513 =a { PROBABLY 
STATES ATTACHE - ATTACHE 'S ' | 1 33 RECCVERED 
EMERGENCY | BY ANA- 
CIPHER : GRAMMING) 
| ' 
UNITED ARMY CIFHER MACHINE a | am 2; -- 194) - ? i 2 OKL NOT READ 1 743 1 1i2 = ' = 
STATES Hs : i__? OKH? 1 VN3s 169 
; ? OKM? j; 1 119; 
| 
UNITED 21 |ARMY HAGELIN CIFHER MACHINE. ‘ _ ? 1913 ox iA 208 OF : 23; | re 
$ cs : 1 M ARMY rFY 45; 1 
1945 OKL? INTERCEPTED 76; 1 & 
2 OKW WAS READ the; 1 3 
2? PERS 25S gist % 
233 1993 
§} 2 
il 
j 
2 
D 


wns 
wee MLO 
ee ee ~" 
ra 


: j - _ CHART'NO. 1-2 


23 : - ee ae ee We os 16 . -——-—-- 


ya 


DOCID:* 3560861 


RESULTS | oF. EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 


—__— (WITH SOE Te _SECURITY AGENCY SOURCES 


ninco a PARENTHESES) 


~ COUNTRY | OF rae _SYSTEM | DATES oh WHEN. _ TICOM [STATUS a THE SYSTEM 
OF SERVICE DESCRIPTION SYeTEM COUNTY OF cE ae icp siuiccieiae 
ORIGIN Ouigny) AXIS | USA. USE ‘AND 
UNITED ARMY LETTER 1-PART CCDE, UNENCIPHERED. - WAR _TELE- i | ee | 19422 FERS Z Sf READ: COMPRO- | DF 15 P 3 
STATES GRAPH CCDE | | MISED BY FHO- 
1919 i TOSTAT CCPY 
UNITED = 23,_ | ARMY 5-LETTER 2-FART CODE OF ABOUT 14%,8%0 GROUFS. -- rELWA -- 1943 - ? 1944 OKL READ 12% IN 11123 IF 175 is “- 
STATES UNENCI PHEREO. i944, CUR-~ 
RENTLY IN 794 ' 
UNITED 24 | ARMY k-LETTER OR 4-FIGURE 2-PART CODE. -- DFC. -- | 194G- 1944? 1944 CKH READ OCCASION-] | 76; IF iT eg a 
STATES e - ; ALLY. COM~ IF 127 . 
: ; PROMISED. 
| 
UNITED 25 | ARMY DOUBLE TRANSPOSITION, : ae OUBLE -- | #+1945-? 1945 COKE READ OCCASION | St; iF 167 =A ne 
STATES TRANSPO- ' ALLY. ) 223 GF 375 
SI T)ON : : 
| 
UNITED 26 | ARMY-AIR STRIF CIFHER, NO STRIF ELIMINATION. -- "CENEB" -- , 2-? : 1942 OKL READ UNTIL Idle; t 119 -- -- 
STATES : ; | STRIP ELIMINS | fF 175 
; ATION WAS IN- 
‘ TRODUCED. IN 
| | iGh3. 
UNI TeD 27 |ARMY-AIR POLYALPHABETIC- SUBSTITUTION USING 25 DISCS. -- "STRIFE"; -- 2- 1942-2 1942 OKH | READ ) Vier 1 113° ae se 
STATES é "URSAL"s | i942 OKL | b is23 1 119 . 
"cvat" ! i 1F 1975 : 
IF ITS 
| 
UNITED 28 |ARMY-AIR DIGRAPHIC CODE CHART WITH CHANGEABLE COORDINATES. -- SLIDEX =e es 1945 2 OKH READ CURRENTLY | 76; | =m a 
STATES | 2 OKL WITH 1-3 HOURS | 1893 1 174 
| LAG. IF 1673 1F 127 
UNITED = 29_ [AIR ENCIPHERED SPEECH DEVICE. -- — |"MUSTANG -- 2-7? | 1945 OKw DEVICE CAP- | I 17s 131 -- 2 -- 
STATES TIGER~ TURED FROM i 44s 1 92 
STEDT" F MUSTANG PLANE. 1 96; | 19% 
' THEORETICAL 1 127; 0 68 
| SOLUTION ONLY, | 57; | 28 
i 41; i 38 
a | 1863 1 196 | 
' | 
UNITED 38 Jar CIPHER MACHINE, -- AM 2; -- 2-7 } 2? OKL | NOT READ. 1 74s 1 169 = a 
STATES AMERICAN | 2? > OKH? | 1 1123 1 193 
"BiG" MA- 2? OKM? 13119; 07 ' 
CHINE | q 
UNITED =. 31._—« [AIR HAGELIN CIPHER DEVICE ~~ |AM-1; -- 1942 - 2 | SEE _UNI TED 1%-20% | 
STATES - " 269 - STATES 21 | 
UNITED 32 /AIR 2-LETTER CODE. DAILY CHANGE OF CODE. -- bowser -- 2-1944-2 " 3944 OKL READ ‘CURRENTLY | 189 = — 
STATES |cooe | | 
| | 
UNITED = 33 -- -- 1944 - 2 =| 1944 OKM NOT READ DF 33D 1 -- oof 
STATES COMBINED CIPHER MACHINE. COTE | 9 9 D 3 D1 
UNITED STATES- i D433; 1 93 | 
GREAT BRITAIN HEN 
JOINT ARMY - : 
AIR-NAVY 
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RESULTS | oF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
(WITH saniotarene FROM ARMY SECURITY AGENCY slabs i SENS 


UNITED 34 | ARMY-AIR-NAVY |HAGELIN CIPHER “MACHINE. | (see UNI TED 
STATES | STATES 21) 


“UNITED ARMY -NAVY 3-LETTER 2-PART CODE, UNENCIPHERED. FOR JOINT ? 194% OKM READ "EXTEN- 
STATES ARMY-NAVY ASSAULT OPERATIONS. 4-LETTER PRO- ! ; SIVELY." ALSO |D 
NOUNCEABLE INDICATOR. Sait nl BY 


UNITED CIPHER MACHINE. 3 OKL NOT READ T4s 1 199 
STATES OKH?. 1123 1 113 
‘ OKM? 1193 D7 


UNITED HAGELIN CIPHER MACHINE ; (SEE UNITED READ--ONLY A §; 13 
STATES BO STATES 21) FEW DAY'S TRA 92; ! 
: FIC, DUE TO 
LACK OF DEPTH 


UNI TED STRIP CIPHER ‘ 5 2- 1942-2 1942 OKM READ. COMPRO-! 1 123 1 93 
STATES , MISED STRIPS 

AND SETTINGS 

RECEIVED FROM 

JAPANESE. 


TNO. 1-2 


DOCID: 3560861 


URUGUAY 1 | OLPLOMATIC 


URUGUAY 2 | DIPLOMATIC 


URUGUAY 3: | DIPLOMATIC 


} 


a 


RESULTS , OF EUROPEAN AXIS CRYPTANALYSIS 
LEARNED FROM TICOM SOURCE 
ANNOTATIONS FROM ARMY SECURITY AGENCY ame 


COUNTRY | Kouta OF F axis | use 
OF SERVICE DESCRIPTION SYSTEM A 
__ORIGIN _ US. 


(WITH © ee 


4-LETTER 1-PART CODE WITH 2,142 GROUPS. INTER~ 
SPERSED PLAIN TEXT AND PLAIN TEXT ENCIPHERMENT. 
19B-PLACE TABLES USED TO SUBSTITUTE 2-FIGURE 
GROUPS FOR LETTERS OR SYLLABLES. : 


5-FIGURE OR. 4-FIGURE CODE. 


2-PART CODE WITH DIGRAPHIC FIGURE ENC PHERMENT. 


? ? (uRA) 
? 9 2 
9 2 9 


f 


DATES | | TICOM _|STATUS a pe SYS EM 
OF AT TAGKED RESULTS lesa alae 
USE AND BY WHOM 


lt - CURRENT); ? PERS 2 S 


? SIM 


2? PERS 27S 


4 PARENTHESES) 


| 


COMPLETELY 


100% COMPRO- 
MISED ~ 


ee 2,36, Semon “(avest comereey RUDILE.) “(ALMOST COMPLETELY READABLE. ) 


IF 1517 | (uNipeNT1F1ED) 


a 16, p RePorr (UNKNOWN ) 


iwr-vr- 
[eo 


DOCID: 3560861 7 i oe ee, 


RESULTS OF EUROPEAN AXIS CRYPTANALYSIS a 
LEARNED FROM TICOM SOURCE fox 
__ (WITH ANN siesta oie oe eT _ARMY Sus _ AGENCY aiid i PARENTHESES) - 


“COUNTRY | OF aera DATES 
oti SERVICE DESCRIPTION SYSTEM eH one it BORED, -RESULTS REFERENCE 


VATICAN 4-FIGURL ?-PAPT CODE ENCIPHERED wiTH A TABLE. ‘|vaT. Te -- 2~1938-1939-? 1938 PERS 27 S |TABLES SOLVED. 
B. 2 1939 RLM/FA RECOVERED 
- Seite 5(* OF 

VATICAN 2 ? “LETTER 1-PART CODE. FIRST TWO ELEMENTS INDI- ? "NULLE -- | 9=1943-9 1943 SIM - 1488-589 GROUPS | IF 123 pe 
; ATE PAGE AND LAST ELEMENT INDICATES GROUP. y2" : RECOVERED. iF 1526 P 11 

LETTERS "y" AND "2?" USED aS DUDS OR AS SPELLER ; 

INDICATORS. 

E 

VATICAN 3 9 “LETYER T-PART CODE. FIRST TWO ELEMENTS INDI- 9 "NULLA £" -- 9- 1944-9 lghy SID, SIM |READ IF 1526 P 1f 


ATE PAGE AND LAST ELEMENT INDICATES GROUP. 


iF 1517 | 
LETTER “E™ USED AS DUD OR AS SPELLER INDICATOR. 2% 


VATICAN 4 ? 3-LETTER ?-FART CODE. ? VATIKAN -- 7-7? 2° RECOVERED 30%- 
| CODE HI 50% 
' : 


‘ 
r l 


VENEPLELA = 1 | DIFLOMATIC jhe “LETTER I=PART COCE. 12,@8@ GROUPS. INTER~ 2 ? (vzB) (?-19k1-cuR- |1941.PERS 7 S$ ? (95% READABLE) 
! SPERSED ENCIPHERED PLAIN TEXT. RENT) | 
| se de 
VENEPLLA og | + \-FIGURE 2-PART COCE. ? ? ? 2-7 » ¥ neeeeges LESS |T 3014 (UNKNOWN ) 


(2-1941-cUR- ‘1941 PERS 2S |READ 


VENEZUELA = 3 | DIFLOMATIC POLYALPHABETIC SUBSTITUTICN CIFHER WITH 5 TO 1¢ ? ? (v2a) } 
RENT 


ALPHABETS. 


D 16, REPORT (198% READABLE) 
2,P5 


IW. 5. a | 


NO. 1-2 


DOCID: 3560861 weg, o Soe WY ee Se 
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RESULTS | OF EUROPEAN AXIS CRYPTANALYSIS. 
LEARNED FROM TICOM SOURCES 
(WITH sien FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) - ese , 


SIMILAR TO LATER SYSTEM OF FOREICN OFFICE AND 
DIPLOMATIC MISSIONS BUT OF SIMFLER CONSTRUCTION. 


SERVICE DESCRIPTION OF SYSTEM 1 ve 
ORIGIN A. AND BY WHOM 
. aK | 
YUGCSLAVIA- 1/DLPLOMATIC 5-LETTER 1-FART CCDE ENCIPHEPED BY SUBSTITUTION. ? ct . 2 | e- 1944-2 1944 SID ENCIPHERMENT | T 166% (UNKNOWN ) -- 
CROATIA USED BY THE FOREIGN OFFICE. DATE GIVEN AT END SYSTEM KNOWN. ; ‘ 
OF MESSAGE PRECEDED BY S OR.SvT. PERHAPS READ. ; 
YUGOSLAVIA 2|(DIPLOMATIC) |(4-LETTER 2-PART CODE UNENCIPHERED. ) ? 2 (YOA) ~ (1935-CURRENT) 1944 Okw READ T 797 (GCCS BROKE CODE. ASA. NOW -- 
, * READING 198%. VERY LIGHT 
TRAFFIC.) 
, 
YUGOSLAVIA- 3/DIPLOMATIC 5-FIGURE I-PART CODE. APFROXIMATELY 38,008 7 1. # ? 2-1943-1944-2 1943 SIM COMPROMISED. | IF 1525 PP 56 (UNKNOWN) ad , 
CROATIA . |GROUPS. CODE GROUFS SPLIT INTO SINGLE DIGITS AND . READ JUNE 1944) ; 
DIGRAPHS, EACH SEPARATELY ENCIPKERED. : : --SEFT 1944. ' ‘ 
| 
ss ‘4 Pan - + : | ; : | ee e P 5 F ; F ‘ Ble Of Maanghss ae” seated 
YUGOSLAVIA- 4]DIPLOMATIC ANO|5-FIGURE 2-PART CODE. ABOUT 1 3 »PRB-4S, BP GROUPS 2 2 2 1 1934-1944-2 1944 SIM AND | PLAIN CODE IF 1525 PP 2, (UNKNOWN) -- 
MICKAILCVI TCH] CONSUL AR ATER REPAGINATED. ENCIPHER TABLES USED IN TWO : , . PRECECESSOR COMPROMISED. 5, 6 ! 
AND T1ITO DIFFERENT WAYS. (SIMILAR TO ITEM 2. VARIATION ; ENC I PHERMENTS 
OF YOA ENCIPKERMENT.) | NOT READ. ' 
rE i 4 : . 
YUGOSLAVIA 5/DIPLOMATIC AND, eg FIGURE FARTIALLY 1-PART COCE. APFROXIMATELY ? 2 ? - 1918-1934 | 2 SIM AND PROBABLY READ.| IF 1525 PP 2, (UNKNOWN) -- 
MILITARY | 3, ( GROUPS. PAGES RENUMBERED PERIODICALLY. ; , | PREDECESSOR ; 3 
ATTACHE ie LEAR TEXT §N SERBIAN. ENCIPHERED AFTER 1921. ; | 1 a 
YUGOSLAVIA- 6/DIPLOMATIC? 5- OPTS SE f-PART CODE. ENCIPKERED BY SUSSTI TUTION ? ? ? | 1938 - ? 1929 OR 1938 ? 1 22P2 ( UNKNOWN ) -- 
SERBIA a PERS 2 S | ps 
i i | i 
i YUGOSLAVIA 7|DIPLOMATIC? 5-FIGURE ?-PART COCE. ENCIPHKERED BY DIGRAPHIC ) ? ? ! 1938-1943-? 1938, 1943 READ 122P9 ° (UNKNOWN ) acd Kp 
‘SUBSTITUTION WITH TABLES CONSISTING OF 188 DI- | PERS 7 5 y a 
;GRAPhS. | ee ge 
> | | % oahal mn i 
YUGOSLAVIA SJOIPLOMATIC? 5-FIGURE, FROBABLY 1-PART CODE. ? IS TOCKHOLM ? {| t=? 2 PERS 7 § APPROXIMATELY | T 2138 (UNKNOWN) - a 
ze 01-249 | | 15% RECOVERED 
YUGCSLAVIA 9IDIPLOMATIC? 5-FIGURE 1-PART CODE. 2 Spill ? © 9-7 ' 9 PERS 7S RECOVERED T 2119 (UNKNOWN ) == { 
| LESS THAN 3% 
| é 
YUGGSLAVIA iS /OIPLCMATIC 5-FIGURE 1-PART CODE. ? 7 1x0 2 2-7 | 9 PERS 2S APFROXIMATELY | T 2233 (UNKNOWN) ° -- 
. , ESART: | 35% RECCVERED 
‘ 345-12 | | 
YUGOSLAVIA 11 /DIPLOMATIC -4-FIGURE 2-PART CODE. PROBABLY REFAGINATED TO ? SERBIEN ! 2 2-192h-2 2 PERS 27 S WORKED ON T 2117 (UNIDENTIFIED) -- 
: | D-FIGURE. » s | 
} ’ 
YUGCSLAVIA i2/DIFPLOMATIC 2-FIGURE ?-PART COCE. "CHILOISK” ENCIPHERMENT. ? | ? ? $-9 | PRIOR TO 1941] COMPROMISED iF 1517 P 4 (UNIDENTIFIED) -- ; 
CROATIA * SIM : ' 
Zz 4 i t 
YUGCSLAVIA 13/DIPLCMATIC? PROBABLY CONSISTED OF A SGUARE 18 x i@ WITH KEYS | ? ? ? ?- ? 1942 SIM READ | IF an Py (UNKNOWN ) -- 
CROATIA FOR EVERY MESSAGE. | | 
. | ; ! . | 
YUGCSLAVIA iE |MILITARY “2-PART CODE. | ? 3c AM | ? 1921-1927 1 1923? SIM READ FOR 5 | IF 1525 P 4 (UNKNOWN ) -- 
ATTACHE | BOOK: YEARS. | 
“| yucostavia 15|MILITARY SIMILAR TO ITEM 12, SUT MORE COMFLICATED PAGE 2 2 ? 1927 - ? ? SIM 2 | IF 1525 P 4 (UNKNOWN ) . se 
ATTACKE NUMBERING WHICH CHANGED YEARLY. ENCIPHERMENT i | 


HART NO. 1-2 


DOcID: 


oo™ 
ey 


couMTRY 
ORIGIN 


YUGOSLAVIA- 16] ARMY 
CROATIA 


YUGOSLAVIA- 17] ARMY 
TITO 


YUGOSLAVIA 


YUGOSLAVIA ARMY 


YUGOSLAV! A- 26] ARMY 
CROATIA 


YUGOSLAVIA 21) ARMY 


22 {AiR 


MICHAILOVI TCH 


YUGOSLAVIA 27 P 
MICHAILOVITCH 


ICHAILOVITCH 


TIT 


SERVICE 


18] ARMY" 


YUGOSLAVIA- 23 |MILITARY 


ILI TARY 


YUGOSL AVI A- 23 MILITARY 


Se eed 38 MILITARY 


3560861 ........ . oo aie 5 eds 


RESULTS | oF EUROPEAN AXIS 
LEARNED FROM TICOM 


(WITH Rr 


DESCRIPTION OF 


EE re 


SYSTEM 


ENIGMA K -- 3 WHEELS AND NO STECKER. 


FIELD CODE OF THE. 26 X 26 SQUARE TYFE. CHANGE- 
ABLE ALPHABET COORDINATES. 
CODE OF THE 26 x 26 SGUARE TYP=. SIMILAR TO 


ITEM 17. 
MONTHS. 


TABLES CHANGED EVERY TwO OR THREE - 


|FIELD CODES OF THE 1 X 1% SGUARE TYPE. 


OIGRAPHIC SUBSTITUTION, 2-SGUARE CHECKERBOARD. 
USED IN THE FIELD. 


DOUBLE PLAYFAIR. 


REVERSED PLAIN TEXT IN UNALTERED SEQUENCE. 


2-LETTER CODE OF THE 26 x 26 SGUARE TYPE. SPACES 
CONTAINED DIGRAPHS, TRIGRAPHS, AND WORDS IN FULL. 


4-FIGURE 1-PART CODE. 


-~ 


OOUBLE TRANSPOSITION CIPHER SYSTEM WITH SAME KEY 
FOR BOTH RECTANGLES. RECTANGLE WIDTH USUALLY 12 
}OR 13. NO CALL SIGNS USED. KEYS WERE ANNOUNCED 
THEN FOLLOWED COVER NAMES OF ADDRESSES. 


IDOUBLE TRANSPGSITICN. 


SIMPLE TRANSPOSITION CIPHER ON A PATTERN OF AN 
INCOMPLETE RECTANGLE, WITH KEY VARYING FROM 13- 
21. USED IN THE FIELD. 


POLYALPHAGETIC i iicialnal e CIPHER WITH 5? ALPHA- 
BETS. 


OCYALPHAG 3 UTTON, 1 OR 2 DIGITS PER 
LETTER, WITH 3, 4, 5, 6, 9, 11, OR 19 ALPHABCTS. 
KEY CHANGED EVERY 5 DAYS. “USED BY DIVISIONS AND 


BRIGADES. 


Z-DIGIT SUBSTITUTION BY MEANS OF 1% X 18 ENCIPHER 
ING SGUARE FORME FROM A IM-LETTER KEYWORD WRIT~ 
TEN IN VERTICALLY. 


i) 


i) 


> 


JRC 


CRYPTANALYSIS 


SOURCES 


FROM ARMY SEGURITY AGENCY 


9 * | 1ghr-ighe~2 
| 
2 2-9? 
? ‘92-1941 
| 
2 ?-? 
2 1543-1943 
| 
2 7-2 
? - 194@- 1943-2 
? 2-7 
2 a a 2 
(vos) 1943-190h}) 
? P-7? 
? -2- 9% 
? 27-7 
? 9- 1944-2 
? 2-7? 


SOURCES _ 


1941 OR 1942 
Okw 


AFTER APRIL 
1941 SIM 


BEFORE 1941 
SIM 


2 SIM 


AFTER APRIL 
1941 SIM 


2 SIM 


2 SIM 


AFTER JUNE 
| 1943 SIM 


| 2 OKW 


1b ad 
wn 
z 


a 
R 
x= 


2? SIM 


? OKH 


? OKH 


WIRINGS COM’ 
PROMISED i941 


ae READ 


BROKEN AND 
RECONSTRUCTED 


-~READ 


EASILY READ 


READ 


COMPROMISED 
196 


REAN BY GER- 
MANS AND 
1 TALI ANS 


READ 


| PROBABLY READ 


READ 


IN PARENTHESES) 


t 28 P2 (NOT KNOWN TO HAVE BEEN USED.) 
150 P 3 
| 
IF 1517 P 5 |(UNKNOWN) 
IF 1519 P 3 (UNKNOWN) 
| 
| 
IF 1525 P 6 ‘(UNKNOWN) 
IF 1517 P 4  |( UNKNOWN) 
IF 1526 9 
IF 12 py 
IF 1525 F 6 | (UNKNOWN) 
IF 1525 P 6 |{ UNKNOWN) 
IF 4528 P & | (UNKNOWN) 
T 962 (UNKNOWN) aie 
1 69 P 23 (TRAFFIC RECEIVED WORKED ON 
D 38 PP 1-11 |FOR 1-2 MONTHS 1944. NO 
IF 1526 P 4 success.) 
iF. 1525 P 6 
b1IZP 5 (UNKNOWN ) - 
F 1525 P 6 (UNKNOWN ) 
IF 1528 P 4 | (UNKNOWN) 
169P 5 ( UNKNOWN ) 
1 52 P 5 


69 PP 22,23] (UNKNOWN) 


. ooo 
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RES ULTS | or EUROPEAN AXIS CRYPTANALYSIS | 
LEARNED FROM TICOM SOURCES 
(WITH sone _FROM ARMY SECURITY AGENCY SOURCES IN PARENTHESES) 


COUNTRY DATES | WHEN | TICOM |SIATUS OF THE SYSTEM 
OF SERVICE DESCRIPTION OF SYSTEM | “QF + ATTACKED | RESULTS |REFERENCE 
-A. «USE —s AND BY WHOM | 


a i 
| | 
2-9? | ? GERMANS ? | 121 


YUGOSLAVIA- 31| MILITARY 2-DIGIT SUBST! TUT ION BY. MEANS OF 3 x 8 ENCIPHER- 2 ? | 9.9 Io OKH ? 1 59 P 23 (UNKNOWN ) 
TtTO ING SQUARE WITH 8-LETTER KEYWORD WRITTEN IN i : 
HORIZONTALLY. PROBABLY USED BY 11TH DIVISION OF ' 
5TH CORPS. 
I 
! 
YUGOSLAVIA- 32] MILITARY AND | MONOALPHABETIC SUBSTITUTION, 2 DIGITS PER LETTER,| NOVA 2 ? 1944-1945 2 OKH : NOT BROKEN 1 59 PP 16-28 (IN EFFECT THIS [5 A NON-RAN 
TIHTO (O1PLOMATIC) | AND ALSO AUXILIARY 3-DIGIT CODE, ALL SUPERENCI- |5IFRA i BUT COULD HAN DOM ONE-TIME PAD ENCIPHER- 
PHERED WITH NUMERICAL RUNNING ADDITIVE CONVERTED ; BEEN WITH MENT AND BECAUSE IT 1S NON- 
.FROM THE TEXT OF A BOOK. ‘SED ABOVE DIVISION. : MORE TRAFFIC RANDOM IT 1S: THEORETICALLY 
; \ ' SOLVABLE. ASA IS NOT WORK- 
: : ING ON THI5 PROBLEM. ) | 
‘ fo: : ? <= 
YUGOSLAVIA= 33] MILITARY? ‘BELIEVED TO BE SIMILAR TO ITEM ie MESSAGES TO 2 ? ? , 2-19h4-2 i? OKH NOT SOLVED 1 69 P 3 (UNKNOWN) . 
TITO MOSCOW HAD A SPECIAL GROUP 66665, SOMETIMES | ‘ 
: T1111 66666 EITHER AT THE BEGINNING OR AT THE END| | : % ; 
OF THE MESSAGE. FIRST GROUP OF THE ACTUAL MES- | : 
SAGE USUALLY REPEATED AFTER ADDITION OF A CERTAIN ; 
NUMBER. i 
YUGOSLAVIA 34] MILITARY MONOALPHABETIC SUBSTI TUTION--LETTER FOR LETTER 2 ? ? * 2-19hh-2 2 OKH READ 1 S9F2 (UNKNOWN) . 
TITO OR 2 DIGITS PER LETTER. USED BY BRIGADE AND ‘ | 15eP5 
UNITS. 
F | 
F-| YUGOSLAVIA- 35] MILITARY MONOALPHABETIC SUBSTITUTION, 2 DIGITS WITH 5- 2 | ? ? | 2-19hk-2 2 OKH ? 1 69 PP 2-3 (UNKNOWN ) 
TITS DIGIT REPEATING ADDITIVE. USED BELOW DIVISTON | 
F LEVEL. i 
f | | 
YUGOSLAVIA- 36] MILITARY MONOALPHABETIC SUBSTITUTION, 2 DIGITS PER LETTER, ? | ? 2 | 9-19h4-2 2 OKH ? 1 69 PP 4-5 | (UNKNOWN) a | 
TITO WITH NULLS INSERTED IN EVERY 5TH AND 67H GROUPS | So | 
AND MULTIPLES THEREOF, AND WITH 15-DIGIT REPEAT- | | 
ING ADDITIVE. KEY CHANGED EVERY 7 TO 14 DAYS. | 
'USED BELOW DIVISION. | : : | 
{ ! rl } 
: : . { i 
: , : _ i 
YUGOSLAVIA- 37|MILITARY .MONOALPHABETIC SUBSTITUTION, 1 OR 2 DIGITS FOR a # ? 2 2-1943-1944-2 9? OKH READ 151° 3 (UNKNOWN ) 
MICHAILOVI TCH SINGLE LETTERS, WITY SHORT REPEATING ADDITIVE. 15eP 5 ' 
BASEO ON A KEYWORD. 
| ; i 
YUGOSLAVIA- 35/MILITARY " MONOAL PHABE TIC SUBSTITUTICN, 2 DIGITS PER LETTER, ? ? 2 2-1944-? .  ?  OKH ? 1 69 F ed (UNKNOWN ) 
TITO JENCIPHERED WITH REPEATING ADDITIVE FORMED MATHE- 
MATICALLY FROM AN ADDITIVE SGUARE OF 32% DIGITS. | 
I ; 
| 
YUGOSLAVIA- 39|/MILI TARY MIXEN SUBSTITUTION ENCIPHERED BY MEANS OF | 9 | 2 ? ?-? 2 OKH z 1 52PF 5 (UNKNOWN ) 
TITO ' ADDITIVESFROM A FIGURE TABLE. | ' 
{ ee 1 : 
' 
YUGOSLAVIA~ 4@/MILI TARY VARIABLE SUBSTITUTION WITH SHORT REPEATING ADDI - ? i ? 2° | 2-1944-2 2? OKH READ 1 98 PP 3-i5 | (UNKNOWN) 
THTO _| TIVE. CIPHER CHANGED EVERY MONTH. USED ABOVE | 
DIVISION, LATER SY UNITS. | - 
: | 
YUGOSLAVIA- 21 |MILITARY VARIABLE SUBSTITUTION WITH ENCIPHERING TABLE. ? ? ? | 2-194h- 7 2 OKH ? ' 1 69, ITEM 13] (UNKNOWN) 
TIHTO | 
: 
YUGOSLAVIA-42 |MILITARY 1308 GROUP CODE IN 3% x 6@ RECTANOLE SLFERENCI - ? ? ? 2-9? ?  OKL READ EXTEN- © I 121 PQ (UNKNOWN ) 
TITO PHERED BY "ENCIPHERING ROWS. SIVELY ' 
YUGOSLAVIA 43 ° jS "LETTER PART CODE. ? t ? ae (UNKNOWN) 


own oe f - Terre tt 


w- 
OU 


~ 
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Oblique triangle—Continued 
Law of—Continued 


Two angles and one 
side given. 
Two sides and one 
angle given. 
Tangents..____-_- 
Obtaining value of ratio 
Ohm’s law: 
Ae circuits... 
De circuits .2..---._-_--_-_______. 
Order of signs_______________-______ 
Overload, percent 


Parallel circuits, solving._.____._____. 

Ae: 

Having resistance and 
capacitance. 

Having resistance and 
inductance. 

Having resistance, induct- 
ance, and capacitance. 

Using Kirchhoff’s law_______ 

Using Ohm’s law___________ 


Parentheses, removing______________ 

Parts of logarithms.___.___________. 

Percentage ._._----_...----_---__-_. 

Accuracy__—-_------~~---------- 
Conversion: 

Decimal to percent ..______. 

Fraction to percent________-_ 

Percent to demical .________. 

Percent to fraction 


Finding.__.----_-_-_-__J__ ee. 
Base@ = 52225 oa ee 
Over 100 percent___________ 
Rate. 3 wa es 
Under 1 percent_._________- 
Symbolin. oo. se oe ee 
Perpendicular...» 
Pines ose ewd fee Rene ee 
Plane geomery (see also, geometry, 
plane). 
Plane vectors -__.._____--------__-.-. 
Addition: 
Parallelogram method ____ __. 
Polygon method~._~____-- es 
Rectangular components 
method. 
Application in solving ac circuits 
Notation _______----------_----- 
Point of tangency or contact ._________ 
Polynomials: 
Dividing: 
By a monomial________--_-- 
By a polynomial __________. . 
AGO 558A 


Paragraph 


166 
166a 


1666 


168 
15 


195 
186 

41 
210 


183 


3b 

1296 (1) 
138k 
128-142 


177 


179 
180 
181 


194 
178 
1381 


49a 
49b 


Page 


107 
107 


LAAAa ak h Lh L 


naa 
eA 


77 


123 


123 
124 
125 


139 
123 
83 


23 
24 


Polynomials—Continued 
Multiplying: 
By a monomial___..___-_ 
By a ‘polynomial___.____.__. 
Proportion: 
Definition__________-________._. 


Solving for unknown term ______. 
Stating ratios for problems in 
proportion. 
Understanding -_______-_-_____- 
Positive and negative numbers ._______ 
Addition 2. 2-2-2 oe 
Application__.____--_- 
Division: 322-222 
Graphical representation ._______ 
Multiplication_________________- 


Subtraction______.-_____________ : 


Positive numbers: 
Addition _.-_-.-_-_._-_-_-_ 
Division___.____/-§_-_-__ 
Multiplication ______.__._______- 
Subtraction.__._-_--- 
Power: 


Power ratio, converting: 
From decibels______.___/»_______- 
To decibels ___.___-_____.--___. 
POW6Yrs 2.22 22. Sa So Seo ees 
Negative __.__-__--_._--_---_-. 
Of ten: — 
Addition ____...._-_-----__-. 
Division of numbers ____.___ 
Multiplication of numbers _- 
Power or root .___________-- 


Power transfer, maximum-_-___~~__-. 
Purpose and scope ___-------------~-. 
Pythagorean theorem .________~-~--.- 


Quadrants_.____. .---_------ +++ 
Quadrilaterals __...-_.--_.-----_-- 


Radians: 
Application __________---------- 
Finding: 
Any angle____-_____-___._- 
Length of are_______----- 2 
Relation to degrees ~__..__--__- 
Radian system of angular measure- 
ment. 
Radical sign ___._.__-__.---------_-- 
Radius of circle_____-____-__--_____ 
Raising to powers: 
Algebraic functions ___________- 
Numbers, by logarithms .__-_____. 
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Chapter I, Introduction Paragraph 
Sources of information. . ......2.244e«-2+eeetkl 


Notes on OKW/Chi before the war ......... 2 


1. Sources of Information. Before tie TICOM teams 
began their Investigation f£ rmnany, it was known that 
the Supreme Command of the German Armed Forces (Oberkom- 
mando der Wehrmacht, abbreviated OKW) contained a signal 
intelligence segtion (Chiffrierabteilung, abbreviated Chi, 
hence OKW/Chi).*+ Pre-TICOM knowledge of the activities of 
OKW/Chi was very limited, but it was assumed that, as the 
highest, echelon signal intelligence service, it would co- 
ordinate and perhaps direct the signal intelligence work of 
the Amy, Navy and Air Force and would probably assemble 
“~ the ablest cryptanalysts for attacks on systems with which 
the sipnal intelligence services of the separate branches 
were unable to cope. Consequently, OKW/Chi was given first 
nriority among the TICOM targets. 

' By the time the TICOM teams began operations, OKW/Chi 
hed left Berlin and had separated, as was learned later, 
into @ northern and southern group. Shortly afterwards, 
most of their documents had been disposed of and most of 
the personnel had been swallowed up by one or another of the 

t large prison camps hastily set up to receive the defeated 
German armed forces. Thence they were released into civil- 
fan life, oftgn without leaving a trace in the records 
of the camps. 


lwithin the organization of the OKW, the Signal Intelligence 
Section was subordinated to the Armed Forces Group (Amts- 

. gruppe Wehrmachtnachrichtenverbindungen, abbreviated Ag. 
WNV}). ‘This department was in turn under the armed Forces 
Operations Staff (Wehrmachtfuehrungsstab, abbreviated WFSt). 

The full abbreviation for the Signal Intelligence Section 
of the Supreme Command of the Armed Forces is, therefore, 
OKW/WPSt./Ag. WNV/Chi. ‘The Germans ordinarily used the short 
form, OKW/Chi. For the sake of brevity, this form is used 
throughout the present paper. . 


“on TICGM's attempt to find some of these people in August 1945, 
see IF 167, p. 8. 
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There was no question, therefore, of capturing OKW/Chi 
as €@ group. A number of individual prisoners were taken who 
had once ‘belonged to the organization or who knew something 
about its activities, Of these, three proved to be of out- 
standing importance: 
‘a. Col. Hugo Kettler was chief of OKW/Chi (Chef 
OKW/Chi) from the late summer of 1943 until the evacua- 
tion of Berlin by. the unit in March 1945. Kettler 
impressed interrogators as an alert, intelligent officer. 
He had persuaded himself that, in view of the complete 
collapse of German arns, he could best serve his country 
by cooperating with the Western allies in an effort to 
rebuild Germany on a different basis. He was, therefore, 
willing to give any information desired, as far as he 
was able. His task at OKW/Chi was purely administrative. 
As a consequence, he was well informed on matters of 
charter, organization, number of personnel engaged, 
channels for commands and directives, liaison with 
allies and other German cryptological agencies, He | 
was almost completely ignorant of the technical side ° 
of his unit's cryptological operations. ys 
b. Lt. Col. Mettig was second in command of OKW/Chi 
from Wecember 1943 until immediately before the end of the 
war, when, as nominal head of the organization, he accomp- 
anied the German surrender party first to Flensburg and 
then to SHAEF Headquarters at Rheims. There he vas taken 
into custody. Like Kettler, Mettig was a regular signal 
officer, who had occupied important posts in command of 
intercept and cryptological units. From November 1941 
untii June 19435 he commanded Inspectorate 7/VI of the 
Army Wigh Command (OKH/In 7/VI). Between June 1943 and 
his arrival as second in command of OKW/Chi in December 
1943, he had commanded the signal battelion of an armored 
corps on the eastern front (armored Corps Signal Battalion 
48). - In addition to his duties as second in command, 


*The most complete account of the finding of Kettler and Mettig 
and their reaction to interrogation will be found in Lt. Kirby's 
supplement to the report of Ticom Team 6, IF-165. 


4col. Kettler was interrogated 15 June 1945 and released(I-47). 
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Mettig had served in OKW/Chi as officer in charge of 
intercept. After the re-organization in November 1944, 

he became head of the cryptographic division. In 
general, Mettig's knowledge of the work of his organi- 
zation was, Like that of Kettler, the knowledge of an 
administrative officer. The interrogations of Mettig, 
however, were more numerous and more thorough than. 

those of Kettler, Unlike Kettler, he was brought to the 
United Kingdom for detailed interrogation. Besides con- 
firming what had already been obtained from Kettler, there- 
fore, Mettig supplied, on matters of organization and of 
specific tasks accomplished or attempted, a great many 
details omitted by Kettler. His knowledge, however, like 
Kettler's, was principally of a non-technical sort. 
Mettig was truthful in so far as his_statements could be 
verified, and many of them could be,?2 but he seemed to 
feel that his dignity as an officer would be compromised 
by over-eagerness to volunteer information. 

c. Specialist Dr. Lrich Huettenhain was the chief 
cryptanalyst of OKW/Chi. Hvettenhain had been with the 
organization from 1957 and had himself built up the sec- 

o~ tion which he headed, personally selecting most of those 
employed in it. Huettenhain’s section may be described 
as the cryptenalytic research section of the organization. 
It had a dual task. First, it attacked the more difficult 
enemy and neutral systems, those which were beyond the 
capacity of the routine breaking section which consisted 
Mainly of linguists whose prinary tasks vere the breaking 
of unenciphered codes and translation.. Second, it 
investigated the security of «rman systems and made 
suggestions to the cryptographers. Huettenhain was 
primarily not an administrator but ea working cryptanalyst 
who had a detailed technical knowledge of the work of his 
section. He was, therefore, a valuable source of informa- 
tion on cryptanalytic techniques both manual and machine 


SBelow some instances are pointed out where Mettig's account falis 
to agree in minor details with certain information from other 
sources. Here it is a question of Mettig's memory rather than 
his veracity. 


Gxstimate of interrogators in I-78 and 1-127; life history in 
I-78, details on OKW/Chi in I-96, | 
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known to the organization. His position also makes his 
negative testimony of considerable value, since it is 
inconceivable that he sinuld not have known of any consider- 
able cryptanalytic accomplishment of the organization, 
Huettenhain was captured with Kettler, had discussed with 
him the ethical aspects of the question of revealing in- 
formation to the western allies, and was in agreement 
with him that Germany could best be served by an attitude 
of complete co-operation. The interrogators considered 
him an honorable and truthful man. In addition, they came 
to have a high regard for his technical ability.7 Before 
he Was employed by OKW/Chi, Huéttenhain was an academic 
mathematician whose interest in the problems of Mayan 
chronology led to an interest in cryptography and finally 
to OKW/Chi. 

In ansvering the interrogators and in writing papers 
for them, Huettenhain was alvays assisted by Technician 
(Lieutenant Grade) Dr. Walther Fricke. Fricke was a 
mathematician of some distinction who had been drafted 
into the Signel Corps and assigned to the Signal Intelli- 
gence Service of the Army. Here he came to specialize in 
OO the development of Gernfan Army ciphers. With his unit, 

Inspectorate 7/VI of the Army High Command, (OKH/In 7/yr) 
he was taken into OKW/Chi in Nevember 1944 where he con-~ 
tinued his former work on German Army ciphers, but added 
to it the broader task of assisting Huettenhain and others 
in the work of revising the security of the German Armed 
Forces -=- a work which had become the primary task of 
. OKW/Chi.S In many of the interrogation reports it is 
impossible to distinguish between the contribution of 
Fricke and that of Huettenhain. It is 4 pretty safe 
assumption however, that in regard to the work of OKW/Ch1, 
Fricke contributed little or nothing that Huettenhain 
could not have supplied, 


Tonts estimate is based on oral statements of the interrogators, 
Important interrogations are report and “homework” translated 
in I-2, I-31, 1-84, 


Cericke's cares: is described in I-20, 2. His cepture ang a 
view of his personality is reported in IF 166. 
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Compared to Kettler, Mettig, and Huettenhain, the other 
prisoners taken werg of secondary importance, although in some 
cases they were able to fi11 out the picture obtained from the 
principal informants. Mrs. von Nida, the wife of one Major 
Wolfgang von Nida, officer in charge of the OKW/Chi intercept 
network in Spain from Jenuary 1940 until April 1942 and second 
in command of OKW/Chi from that date until his death in Noven- 
ber 1943, supplied a considerable amount of picturesque detail 
and some information on the intercept picture in Spain, where 
she had lived during part of her husband's tour of duty. She 
also supplied ¢@ few shrewd details that throw some light on the 
relation between officers and civilians and on the general 
efficiency of the Berlin section of the uni'..9 A considerable 
amount of information about the intercept station at Lauf near 
Nuremberg was supplied by three prisoners who were intimately 
associated with it: Specialist Flicke, in charge of the 
technical side of the work previous to the autwom of 1944, 
Technical Inspector Kurt Pokojewski, Flicke's subordinate and 
later his successor, and [Staff Director) Heinrich Hatz, in 
charge of administration.1° ‘The work of at least one of the 
language desks, the Japanese, is well kmown because a number of 
prisoners who formerly worked there were interrogated: Mesars. 
Urosae, Hierer, Rave, and Schroeder had been detached from OKW/ 
Chi to the Foreign Office Cryptanelytic Section, {Pers 28) and 
were captured with the members of this section. Cpl. Heinz 
W. Beyreuther, who was in the Japanere sub-section of OKW/Chi 
since 1941, supplied a written accouni. of his work and associ- 
ates, He also gave some valuable details on the later history 
of the organization.12 Acting Cpl. Reinhard Wagner, who had 
worked at the Japanese desk since 1941, was made the subject 
of a special interrogation.15 Dr. Werner Weber, one of the 
mathematicians assigned to Huettenhain'’s section, but working 
3m close collaboration with the Japanese desk, supplied some 


97-49 48 a paper by Mrs. von Nida which reached TICOM through 
intelligence channels. I-105 is a later TICOM interrogation 
aimed at clarifying the paper. 


107.85, 

11y.o2, 8, and I-1,11 et passim. 
427-150. 

157.90, 


Rate, percentage._______.---_____-- 
Finding___.___.--_ -_-___--____-- 


Expressing _._..__ ____-________ 
Obtaining value... -_-__-_-_______ 
Stating for problems in 
proportion. 
Understanding_________________ 
Reactance: 
Capacitive___.________._-______ 
Inductive... 5. 
Reading antilogarithms ________..___ 
Rectangle __.___-_-_-_-_- 
Relation between degrees and radians 
Relative error, percentage__________- 
Removing parentheses __.._____-___- 
Representing alternating currents 
and voltages with vectors. 
Reproducing angles .-___.--.--___--- 
Resonance_____.._-_---- _---..--- ee 
Resultant, vectors.________.-_-_-_- 
Review problems: 
Ac electricity... --.-_____-_- 
Algebra: 
Equations .._.-___________-. 
Exponents and radicals ._ __- 
Factoring_____._.---------. 
Fractions __________..-____- 
Fundamental operations ____. 
Positive and negative 
numbers. 
Imaginary and complex 
numbers. 
Quadratic equation.________ 
De electricity._._--_.----__-__- 
Graphical representation and 
solution of electrical problems. 
Graphs. 2-51.52. cas. ee 
Logarithms ____-_____.~-.--___- 
Miscellaneous electrical problems 
Percentage .____.__---_.--_-- 
Plane geometry___________.-___ 
Powers of ten___.___-__-----.__- 
Proportion ....-__-_--.---_._-. 
Radians.2 222222224422 os 
Square root......___-_-________. 
Transmission problems .__-_. .. -__- 
Trigonometry: 


Natural functions ._______ e 
Right triangle.._________-_--..____- 
Constructing acute angle, one 
trigonometric function known. 
Finding area: 
Three sides given _________- 
Two angles and included side 
given. 
Two sides and included 
angle given. 


244 


94 
192 
220 


103 
127 
217 

12 
142 
111 

21 
176 

25 
208 


153 
173 
164 
131a(2) 
149 


172 
171 


170 


Paragraph Page 
Right triangle—Continued 
Hypotenuse____._______.-_____. 131e, 133 80 
Lawes ese os es sees 133 80 
Solving: 
Acute angle and adjacent 158 100 
side given. 
Acute angle and hypotenuse 157 98 
given. 
For sides and trigonometric 148 90 
function, one side and one 
function given. 
45° -45° -90°, one side given. 162 104 
Hypotenuse and one side 159 101 
given. 
One side and angles given ___ 151 93 
30° -60° -90°, one side given. 161 103 
Two sides given____._--___- 160 102 
Rig; areaz<2 oe a ee Se 141 84 
Root of equation_____._____-___.---_ 80 48 
Roots: 
Of monomial: 
Cubes. cree ee ee, 55 26 
Square____________.-_____. 54 25 
Tables: 2 550 55452 un app. III 200 
Rules of proportion_________________ 17 8 
Scientific notation__.___-_____.-_____ 106 65 
Scope: ee eee a ees 1 3 
Sector of circle__.._____---_-_----_-- 138h 83 
Segment of circle-_____-_____-____-_- 1889 83 
Series circuit ._._.-___.-__-________. 182 126 
Solving: 
AG@25- 22225 2e a Ae ee 198a, 142, 
200a, 201a 148, 154 
De) 2o 3s ee 187 128 
Series-parallel circuit__.________-___. 184 127 
Solving____-___--_--_-____-__-. 189 130 
Signed numbers____________-__..-___- 82 17 
Signs: 
Of operation, algebra__________- 28 16 
Order: 222525 Sooset Se Se 41 20 
Simple equations, solving_______-___-. 81 48 
Simultaneous equations_____________ 84 50 
Methods of solution: 
Addition_____~------_-_.__. 84b (2) 50 
Substitution__..-__-_______. 84b(1) 50 
Subtraction__-_____...--___- 84b(3) 50 
Sines, law of: 
Two angles and one side given __._ 166a 107 
Two sides and one angle given .__ 166) 109 
Solving: 
Circuits: 
Ac: 
Using Ohm’s law______- 195 141 
Using vectors and 194 139 
trigonometry. 
De: 
Using Kirchhoff’s laws . 190 132 
Using Ohm’s law_______ 186 128 
Parallels oe< 2 2 Jew cee 183 127 
NOTIOS 3. sh 182 126 
Series-parallel____.____._.. 184 127 
AGO 558A 


DOCID: 3560827 


details about his work as well as a few things about the re- 
search section which Huettenhain had forgotten to mention. 14 
On the special problem of OKW/Chi. work on ciphony some in- 
formation was given by 8/Sgt. Dr. Otto Buggisch, who was one 
_ of the leading Amy cryptanalysts. He had been transferred 
' to OKW from the Army in November, 1944 and his work with . 
OKW/Chi was simply an extension of his work with the army,15 
Dr. Werner Lieblmecht, an employee of Army Ordnance Develop- 
ment and Testing Group, Signal Branch (WA Pruef 7), had 
worked with Huettenhain and Fricke on the practical engineer- 
ing problems involved in the production of cipher devices. 
He substantiated the information supplied by Huette and 
Fricke and supplied a few details -mitted by them. Col. 
Randewig furnished the information on the signal intelligence 
activity of Armed Forces Signel Officer for Special Employ- 
ment, Number 700 (Wehrmachtnachrichtenfuehrer =. b. ¥. 700) 17 
This activity vas connected with the OKW but had no relation 
to the activity of OKW/Chi. Rudolf Trappe and the dim light 
he shed on the obscure problem of the pre-var activity of 
OKW/Chi is discussed below. . 
~ The picture obtained from prisoners can be supplemented 
and verified, at least in part, by a number of documents now 
available. Of these documents, three are of the first import- 
ance for questions regarding the charter, organization, and 
history of the organization. They were found in the 
Chasseurs' Barracks (Jeegerkaserne) in Strub near Berchtes- 
gaden and formed part of the personal files of General Staff 
Major Nielsen, operations officer on the staff of the Chief 
Signal Officer, Supreme Command of the Armed Forces (0Kw/ 
wrst./ Chef WNV, Ia.). The documents are: 
ad) An unsigned document with the heading "Order of Battle 
of OKW/Chi.". This is a brief description of the organi- 
zation of the unit with the names of the heads of sections. 
It is undated, but its position in the files is stated 


1s _ao4, 


157-46, 2. 
167.46, 2. and I-57. 
177.68. 
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. to indicate a date of approximately April 1945. fTrans~ 
lated at Government Code and Cypher Schogl, it was first 
published as one of their publications.15 Later the 
document was discussed with Kettler, and a revised 
veraion issued by TICOM.19 
e) 4 document with the title Activity Report of OKwW/Chi, 
1/1/ 44--25/ 6/44," dated 27 June 1944 and stgned Kettler. 
This is a brief outline of the unit's charter and activi- 
ties during the Spring of 1944.°9 It was evidently pre- 
pared for presenting to Kettler's superiors, probably the 
Chief, Armed Forces Communications Group (Chef Ag. WNV) 
end the Chief Signal Officer, Armed Forces Supreme 
Command (Chef WNV). It is referred to henceforth as 
the. "Kettler report". 
f)An order dated 5 September 1944, signed Praun, subject, 
"Coordination and Allocation of Cryptanalytic and Crypto- 
graphic Work." Praun was the Chief Signal Officer, Armed 
Forces Supreme Command (Chef WNV). The document vas 
translated and published as TICOM D-55. Te German 
original vas (fortunately) also published. 

In addition, there is available a group of captured 
gocuments of uncertain provenance assigned the TICOM No. 
T 1620. The character of these documents suggests that they 
are from the personal file of a section head in OKW/Chi, in 
all probability Huettenhain. There are various official 
bulletins and directives on personnel matters, air-raid 
precautions, etc., minutes of meetings, correspondence and 
other documents on security matters. The material throws 
@ considerable amount of light on the cryptographic and 
security activities of the organization during the vinter 
1944-1945 .22 


18pp.g, 

197-29, 

“OnTcoMMA file number DF-9. 

@lpiied with D-55. Original TiCwx Number 1s T-4503. 

22some of the Gocuments have been translated in D-57 (where 


the TICOM number is erroneously said to be 1650). The docu- 
ments are stated to have been received by TICOM in October 


1945 from C.I.C. via S.I.D. USFET. 


7 


DOCID: 3560827 


~ | 


The great bulk of the OKW/Chi documents, the archives of 
the unit, which consisted principally of broken messages and 
reports based on broadcast interception, are known to have 
been moved from Berlin to Lauf near Nuremberg in the spring of 
1945. From there, they were brought to the Schliersee south of 
Munich and, when it became evident that high level signel in- 
telligence work was no longer possible, they were boxed and 
Cumped into the lake. A waterproof box vith some of these 
documents was recovered in July 1945 by accident and eventually 
taken over by TICOM. It contained a number of translations of 
decoded messages and some miscellaneous. material,<? among which 
the most important was a file of correspondence between OKW/Chi 
and its intercept stations covering the years 1939 to 1945, 
Other boxes were recovered in September,1945 by American divera 
operating under the direction of TICOM, but the material 
ther’: vas not of such nature as to expand our understanding 
of the workings of OKW/Chi. 

From the material available, 4a fairly clear general 
outlines can be extracted of the charter, organization, and 
major cryptanalytic and cryptographic operations of OKW/Chi 
during the war and particularly during the last two years of 
the war. For charter and organization, the Chief of OKW/Chi 
and his second in command were available for questioning and 
their statements could be verified by the Nieisen documenta. 
For operations, the chief witness was Huettenhein, whose posi- 
tion was very central. As head of the section composed of the 
organization's outstanding cryptanalysts, he was personally 
concerned with all the more difficult cryptanalytic problems 
faced, both in attacks on enemy systems and in security scru- 
tiny of German systems. It is almost certain that no major 
ctryptanalytic successes were achieved without his knowledge. 

Of the low-grade successes achieved by the unaided efforts of 
the language desks, however, «-sven when these had considerable 
intelligence value-- he inev ii-stle and seems to have cared 
less. Consequently, our information on minor successes and the 
intelligence obtained from them is scanty. Fenner, who was head 
of the routine breaking and translation; von Kalkstein, who had 


23 n-13 contains a complete list of the contents. 
24n_B804 ry 
eotF-167. 
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charge of the evaluation and routing of broken messages; and 
Schédel, who was head of the archives and in touch with the 
intelligence picture; could, if found and interrogated, supply 
considerable valuable information on such details. 


2. Notes on OKW/Chi before the Wisr. The pre-war history 
of OKW/Chi (and its shadowy predecessor) cannot be reconstructed 
from TICOM materiai. Of the important prisoners interrogated, 
only Huettenhain, who joined the service in 1957, was connected 


with it before the war. Principal Specialist Fenner was with 


. Chi from the beginning and wrote a "History of the Cipher 


Section" (Geschichte der Chiffrierabteilung) in the winter of 
1944-1945. Unless Penner can be found and interrogated or his 
history picked up, any treatment of Chi before the war must 

be confined to a few brief notes developing hints supplied 

by Huettenhain and Mettig. 

According to Mettig, the germ of what later became 
OKW/Chi is to be found in a "section" of the German Defense 
Ministry (Reichsvehrministerium) formed in 1920 and staffed 
by cryptological personnel from World War I. This section 
Was or agizationally part of Military Intelligence (the 
Abwehr). Presumably when OKW was formed, it took over 
Military Intelligence (the Abwehr) from the German Defense 
Ministry, now called German War Ministry (Kriegsministerium) 
and with it the cryptologic "section". With the setting up 
of the Armed Forces Communications Group (Ag/WNV) within the 
OKW, however, the “section” was taken from Military Intelligence 
(the Abwehr) and, transferred to the Armed Forces Communications 
Group (Ag ). As will appear later, traces of the old 
connection with the Abwehr remained. 

Huettenhain stated that when he entered OKW/Chi in 1937 
he found 40 cryptanalysts headed by Fenner who were known as 
the "cipher party” and organized as Referat G.©9 Referat is 
the word used for the smallest unit in the German administra- 
tive hierarchy, roughly equivalent to our "sub-section" or 
"desk". It is unlikely, therefore, that Fenner's Referat G 
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was co-extensive with the cryptological "section" mentioned 
by Mettig. It vas only part of it, but probably the most in- 
portant part. 

We knoy by name only a few of the earlier members of 
Referat G. The head of the Referat, Principal Specialist 
Fenner, later emerges as one of the most important figures in 
OKW/Chi during the war. Of the early Fenner little is known. 
That he vas primarily interested in the linguistic rather than 
the mathematical side of cryptanalysis is suggested by his 
later position as head of the language sections as well as by 
the fact that Huettenhain was charged with developing the 
mathematical side of the vork. He was, according to Cpl. 
Beyreuther, born in Petersburg and was thoroughly acquainted 
with Russian.”° An early interest 1n cryptography as vell , 
as cryptanalysis is suggested by the fact that in ths Ninetesy> 
twenties he assisted one Willi Korn in developing the Enigma. 1 
Fenner was apparently valued for his long experience in signal 
intelligence work and the valuable connections he had made for 
the organization. He is never praised as a cryptanalyst. 

One of his directives is found in the TICOM 1620 collection. 
It lays down grammatical mules to be followed by translators. 
Perhaps this evidence is too slight to varrant the suggestion 
that he was e somewhat pedantic type of person. 

In any case, the low opinion of the work of Fenner and 
his colleagues expressed by the second known member of the 
organization need not be taken too seriously. This member was 
Principal Specialiat Schapper, who later fell into TICOM hands 
as the head of Goering's "Research" Bureau. Accord to 
Mettig, Schapper had once been Fenner's subordinate. 

Schapper had a somewhat different story. In the Autoblography 
which he wrote out for the benefit of his interrogators 
Schapper stated that from 1927 to 1933 he had been in Berlin 
as "Administration Officer and head of department in the 
Cryptographic Bureau of the Reichsvehr Ministry.” He re- 
signed in 1933 "as I could not agree with the thoroughly 
incompetent methods of the Cryptographic Bureau."22 Earlier 
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Schapper had made it clear toe the interrogators that not only 
he but several colleagues had left the Bureau to propose to 
Goering the establishment of a new intelligence agency. "Head 
of department” seems a rather elaborate description of Schappey's 
position if he was really subordinate to Fenner whose sub-sec- 
tion contained in 1937 only 40 people. On a matter involving 
his vanity, Schapper is perhaps not a reliable witness. On the 
other hand, Mettig may very well be mistaken, and it is possible 
that Schapper was not a subordinate of Fenner, but his equal 
and head of another Referat in the section. 

In 1935 Senior InspectorMenzer joined the organization. 

He is described as an old Regular Army man with little formal 
education. He had a natural aptitude for cryptologic work, 
hovever, and gyevious to 1940--41, he was wholly responsible 
for security. His interest seemed to lie in, feveloping 
cryptographic and later cryptanalytic devices, 

Huettenhain appeared in 1957. He spent about a year in 
training and then was ordered to expand the mathematical side 
of the eryptologic work. Husttenhain believes that Fenner vas 
responsible for this policy.-O It was, in any case, a good if 
somewhat obvious one. Huettenhain evidently used his acquain- 
tance with German mathematical circles to advantage. He 
introduced into the organization five academic mathematicians, 
Professors Aumann, Witt, Franz, Weber, and Schulize, and a 
mathematically interested physician, Dr. Aigner. These 
men remained with the organization until the end, and formed 
the backbone of its cryptanalytic work, poth in attacks on 
enemy systems and in security scrutiny .? 


347-31, 3 « 

J5I-31, 16. 

36733, 2 s 

377.31, 2. Weber later told interrogators that at first he 
worked at Chi as a Private First Class (Gefreiter). Witt 
and Aigner were also enlisted men as appears from a note 
from Huettenhain to Kempf complaining that these key ey 
analysts vere overburdened with company duties. (T 1620). 
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A few things can be surmised about the early charter of 
operations cf Chi, or at least of that part of it subordinate 
to Fenner, Some strictly cryptographic work was done, particu- 
lariy in the development of systems for Military Intelligence 
(the Abwehr) and, perhaps, for the army. Fenner's early inter- 
est in the Enigma may be one instance of this. Huettenhain 
States that for some years previous to 1939 there had been 
a section where "our own codes and cyphers were developed and 
tested.""9 This section was in all probability under Menzer 
who was solely responsible for security? previous to 
1940--41L. Huettenhain himself made his acquaintance with 
OkW/Chi as an amateur cryptographer. His studies in Mayan 
chronology had inspired him to devise a cryptographic system 
which he submitted to the "local military authorities”, 
Huettenhain's system vas forwarded through channeis and even- 
tually found its way to OKW/Chi. This happened in 1937, 
and is a clear indication that Chi was regarded as the chief 
authority on security matters at that time. 

It is pretty certain, however, that Chi's early mission 
was primarily to attack the cryptographic systems of foret 
nations. The 40 cryptanalysts whom Huettenhain found work 
under Fenner in 1937 were apparently mainly linguists organized 
into language desks and getting along without the assistance of 
professional mathematicians. Betveen 1937 and 1939 systems 
of the following countries were under attack: England, U.S.A., 
France, Holiand, Belgium, Switzerland, Russia, Rumania, 4 
Bulgaria, Italy, Poland, Czechoslovakia, and Yugoslavia. @ 
OKW/Chi's charter is said to have been originally confined to 
the Armed Forces systems of foreign countries. The Fovelgn 
Office Cryptanalytic Section (Pers ZS) handled diplomatic 
material. On the plea that it needed more material to train 


291-36, 3. The context makes it almost certain that this 
"section" was a part of Fenner's Referat G. In 1940--41 
security scrutiny vas made the work of e@ separate section. 
407-31, 3. See also I-161, 4. 

*1y-31, 2. 
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eryptanalysts, OKW/Chi took over diplomatic systems also, 43 
thus duplicating the work of the Foreign Office. Once, paving 
taken these systems over, Chi refused to abandon them.‘ 

Just whey, this extensiom of OKW/Chi's charter took place is 
unknown. (ps was definitely committed to diplomatic mater- 
ial by 1937. In 1959, the Army intercept stations at Lauf . 
and Treuenbrietzen were given the task of intercepting diplo- ~ 
matic traffig exclusively and were subordinated directly 

to okW/chi.'*? 

At the beginning of the var, then, Fenner's section, 
Referat G, seems to have had at its disposal the following 
personnel: 

A group of linguists with some cryptanalytic experi- 

ence. 

A group of mathematicians who had been spending the 

past year familiarizing themselves with cryptologic 

problems. In 1939, the mathematicians were given 

& status apart from the linguists and put tgotasks 

such as stripping encipherments from codes, 


ADrt is perhaps a safe guess that the dearth of material for 
O training purposes in OKW/Chi was caused (1) by expansion of 
the service incident to increased militarization and prepara- 
tion for war and (2) by the assignment of cryptanalytic work 
on enemy service systems to the separate Branches of the Armed 
Forces, See Tab "B" below on early relations between the 
cryptanalytic effort of OKW and of the Army (OKH). 


Atonis information came from Karstien, a member of the Foreign 
Office Cryptanalytic Section (Pers ZS} who felt very strongly 


4Saccording to one informant (I-62, 5--6) the intercept station 
at Treuenbrietzen, which was already operating in 1933, in the 
days of the Reichswehr, specialized in intercepting diplomatic 
traffic. It is possible that not all this traffic was routed 
to the Forsign Office and that the Reichswehr predecessor of 
OKW/Chi had worked on such traffic. In adding diplomatic 
material to its official commitments, therefore, OKW/Chi was 
merely expanding a foothold it already had in the cryptans- 
lytic domain of the Foreign Office. 
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Menzer, who how had about four years experience in 
devising cryptographic procedures and devices. He 
probably had some assistants. 
There is no information on the total number of personnel at 
this time. There had probably been considerable expansion 
since 1937 when the Referat numbered only abovt 40. . 

In 1939 there seem to have been some organizational 
changes within OKW/Chi , Referat G was upgraded to a section 
and called Section IV. This implies the existence of sections 
I, II, and III, but what they did can only be conjectured on 
the basis of what we kmow about their later tasks. in general, 
it is probable that OKW/Chi already tid in 1939 the organiza- 
tional structure and tasks which vere to characterize it until 
the changes of the summer of 1944, 
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Chapter II. Organization Paragraph 
Organization from 1939 until the Summer of 1944, . . . 3 
Orgenization from the Summer of 1944 until March 1945. 4 
The Disintegration of OKW/Chi. ........0.2+2.25 


3. Organization from 1939 until the summer of 1944. A 
solid basis for an understanding of the charter and organi- 
zation of OKW/Chi in the years from 1939 to 1944 is afforded 
by Kettler's activity report for the period 1 January to 
25 June 1944. From this report the tifurcated character of the 
organization, reflecting a two-fold mission, is clearly 
evident. Kettler starts his report by stating that Chi's 
mission is to intercept and interpret two classes of traffic: 

International wireless traffic of enemy and neutral 
states (enciphered and unenciphered telegraphic communications 
of diplomats, military attaches, government authorities, eco-~ 

O nomic authorities, etc.) 

Radio-telephone transmissions of enemy and neutral 
states; enemy and neutral commercial wireless transmissions 
of the ma gor wireless stations and of the wireless nevs 
service, 

The first part of the mission was high-level signal 
intelligence work as it is understood in the United States. 
The second part was essentially the work of a broadcast or 
news monitoring service. 

The organization set up to accomplish this two-fold 
mission, as it may be deduced from the remarks in the Kettler 
report, is outlined in chart No._ 3-1. The main work of the 
service was divided among four sections. Chi I controlled 
the intercept of class 1 traffic. The job was principally 
one of liaison. The head of the section was briefed by the 
head of OKW/Chi who vas aware of intelligence requirements. 
He was also in contact with the cryptanalysts, who knew what 
they could break. On the besis of this information he gave 
instructions to the intercept stations. The section vas evi- 
dently considered important since it was headed by an important 
officer, Lt. Col. Andrae, who later became second-in-command 
of the Army Signal Intelligence Agency, was head of Group I 
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until he was replaced by Major von Nida, who was recalled 
from his Rosition as head of OKW intercept in Spain for the 
purpose .2 Mettig, who had formerly been chief of the arm 
Cryptanalytic Service, replaced von Nida in December 1943.58 
The Head of Section I (Gruppenleiter I) was also operational 
head of the service .59 

The raw material from Chi I's intercept stations was 
passed on to Chi IV for breaking and translation. This was 
Fenner's section, the descendant of Referat G, and the most 
important section of the service from an operational point of 
view. Kettler's report mentions no sub-sections, but something 
about the internal organization and division of labor within 
the section is known from other sources. 

The bulk of the personnel in the section vere linguists, 
engaged on code-breaking, removal of simple encipherments, and 
translation, The linguists were organized into small groups 
or desks.50 In 1942 a1 the desks were lumped together in a 
subsection called IVb°l and the desks were given arabic numbers, 
e.g. IV bl, etc. The total number of desks increased to 22 
in the coupge of the var but they were never all occupied simul- 
taneously. A desk was, of course, kept in existence only so 
long as the material was being read and the linguists could be 
kept usefully occupied, 


57th I-49, 3, this is said to have been in April 1943; in 

I-105, 2, in April 1942. Since both publications- are re- 

porting statements of Mrs. von Nida, there is no criterion 
for preferring one or the other date. 


581-96, 2. 


2orhis at least was Mrs. von Nida's opinion (I-105, 4). Mettig 
describes himself as "deputy to the Chief OKW/Chi" (I~96, 3). 


S0cailed Laender en by Trappe (I-123,3), Referate by Beyreu-~ 
ther (t-150-3) aa rr 


61s 35, 3, 


beh number is mentioned independently by Huettenhain 
(I-36, 3) and Mettig (I-96, 3). 
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Huettenhain and his mathematicians occupied a special 
position within Section IV from 1939, They were apparently 
organized into a desk on the same structural level as the in- 
dividual languege desks. In 1942, Huettenhain's people vere 
upgraded to a sub-section and called IVc, This change was 
doubtless a recognition of the growing importance of their work. 
Mathematical work and linguistic work were now organizationally 
ob a level. The mathematicians were a research group, Their 
job was to make the initial break into more difficult ciphers. 
When the breaking became routine, the work was handed over to 
the appropriate lenguage desk. If continued expert oryptana- 
lytic assistance was necessary, one or more members of IVc 
might be permanently detalied to assist a language desk, as 
Weber seems to have been in the_.case of the German attack on 
Japanese transposition systems ,© 

In addition, section IV contained a sub-section devoted 
to cipher development and security scrutiny. After i941, 
Huettenhain was in charge of this sub-section and Menzer, who 
had formerly been 1p sole charge of development and security, 
was attached to 1t.04 Just what the organizational status of 
thia sub-section was is not clear. It may have been a desk 
subordinate to Chi IVb or it may have been a wholly indepen- 
dent subsection perhaps known as IVa, the existence of which 
is {implied by the existence of IVb and IVc. 

' In connection with security scrutiny, a sub-section for 
developing cryptanalytic machinery was introduced in 1942 when 
two graduate engineers, Rotscheidt and Jensen, three working 
engineers and twenty-five mechanics had been hired. Where 
this group fitted into the organizational structure is also 
unknown. Almost certainly, it was ultimately subordinate to 


O31-10h, 3. 


One precise historical development is obscure. For some years 

previous to 1939, Fenner's Referat had contained a "section 

where our own codes and cyphers were developed and tested". 
I-36, 3). Menzer was apparently in charge of this section 


z 
This section vas "later" under Huettenhain. (1-31,3). Before 
the reorgauization of 1944, however, Menzer ves attached to 
Huettenhain (I-21, 4), sc that at some time his security 
section must have taken over development as well. 
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Huettenhain and worked in close collaboration with the research 
sub-section in attacks on enemy systems. After the re-organi- 
zation in 1944 it emerges as a separate sub-section in Huetten- 
hain's research section. 

Whatever the organizational details may have been, it is 
certain that attacks on more elaborate enemy cipher systems, 
security scrutin, of German ciphers, and development of crypt- 
analytic devices were carried on in very close connection with 
each other and were all under the supervision of Huettenhain. 
Kettler's report also mentions some training activity, and it 
ia likely that this too was carried on in Chi IV and that 
Huettenhain had a hand in it. 

After messages were broken and translated by Chi IV 
they were passed on to a section called in Kettler's report 
Chi "X", Its task was to evaluate the material from an 
intelligence point of view. Unimportent items were rejected 
and the others routed to the proper recipients. This work 
was done by a Single officer, Lt. Col, von Kalkstein, and 
a few assistants, 

In the handling of neva and broadcast monitoring, Chi 
II occupied a position analogous to Chi I's position in the 
intercept of government traffic. But it was somewhat differ- 
ently organized. Whereas Chi I was primarily a liaison 
organization maintaining contact between headquarters and the 
intercept stations which had their own organizational existence, 
Chi II actually was the intercept organization. It controlled 
directly the personnel of the main intercept Station at Lud- 
wigsfelde and of the subsidiary stations. This difference 
was probably the result of the difference in the intercept 
technique involved. The broadcasts picked up at Ludwigsfelde 
and the outstations were carried by line to Berlin and recorded 
there, usually by typewriter. They were then translated 
immediately. The material thus gathered was processed by 
Chi VI, which was egtattes principally by personnel with news- 
paper experience © On the basis of the foreign broadcasts, 

a daily news summary was prepared. In addition special 
reports on various subjects were sent periodically to depart- 
ments which had regular use for them. Chi III originally 

did its own distribution. On the broadcast side of the 
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organization, there was no department equivalent to Chi "xX", 
which, as Kettler's report makes clear, sorted only material 
from Chi IV. 

The only operational connection between the two sides 
of the organization was afforded by the Archives. Here copies 
of the broken and translated messages and of the broadcast 
reports were filed and presumably indexed. The accumulated 
material vas available to the code-~breakers and others in Chi 
IV. Later on, the Archives with its chief, S/SGT. Dr. Schaedei, 
seems to have been subordinated to von Kalkstein's distribu:ion 
section. At an earlier date, it was under Fenner © The Kettler 
report of June 1944 does not make it clear what the situation 
was at that time. 

It 1s probable that this dual nature of OKW/Chi character? 
zed the organization since the outbreak of the war. Already in. 
1939, Fenner's gtoup head been named section IV. This implies 
the existence of sections JI and III. It is probable that they 


‘were engaged in broadcast monitoring and news analysis from the 


beginning. Whether the pre-war Chi had a similar service ia 
unknown. If Fenner's Referat before the war was Referat G, 
Referate A--F must have existed. Perhaps some of these Referate 
were engaged in news and broadcast monitoring. 

Besides OKW/Chi's split personality, another fact emerges 
clearly from the Kettler report, namely that, in so far as its 
activity is expressed in its organizational structure, OKW/Chi 
is primarily an agency for gathering intelligence, It is true 
that a certain amount of development and security work }!.ad 
always been done. The original charter for security and devel- 


- opment is obscure, but since the Army, Navy, and Air Force was 


each responsible for its own security and development, the only 
definite commitment of OKW/Chi seems to have been to develo 
ciphers for the agents of Military Intelligence (the Abvehr) 
and for some government agencies, Wo special interservice 
systems seem to have been used. The separate branches yere 
free to submit their systems to OKW for security scrutiny, 

but originally there was no obligation to do so. This situa- 
tion vas partiy changed ty an order of Keitel, as Chief of 

OKW, issued in October 1943 to the effect that no new ciphers 
could be introduced by any branch of the Armed Forces or 
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government agency “without the prior consent of oKw/chi" ,68 
Chi obviously made some efforts to meet the increasing de- 
mands for‘security work, as is evident from the setting up 
of the security sub-section within Chi IV and the introduction 
of the machine development group, largely for security pur- 
poses, but this work was buried organizationally and perhaps 
operationally within Chi IV whe principal mission remained 
that of producing intelligence. The organization as a whole 
remained an intelligence organization. The pre-war connection 
with Military Intelligence (the Abwehr) was still apparent 
in its structure. 
It was apparent tn other ways too. The regular chain of 
command was through the OKW signal authority, Hitler -- Keitel 
Chief, OKW) -- Jodl (Chief of the Operations staff) -- Thiele 
Chief, Armed Forces Communications Group (Chef Ag WNV)-- Xrtller 
Chief of OKW/Chi). In practice this channel was littlo used 
for passing on operational directives. Ordinarily, Fell- 
&lebel was by-passed, and Kettler received his briefing and 
directives not from the Signal authorities but from the Chief 
of Military Intelligence (the Abwehr). The briefing seems 
ordinarily to have consisted of a general outline of the 
ea intelligence picture and some suggestions as to the part 
OKW/Chi was intended to play. 


O8rne wording of the original order may have been ambiguous. 
At a conference held 27 October 1944, the navy representative, 
Krauss, said, "The Navy refused to ellow OKW/Chi .... to 
forbid the use of a system in a certain place. OKW/Chi's 
recommendations can only lay down the limits within which it 
is possible to use a system. The responsibility for whether 
and where the system will be used must remain with the Navy." 
Gimmler replied, "According to the order of the Chef OKW 
2000/43 Top Secret-of 21/10/43, the approval of OKW/Chi is 
required." (D-57, 14). By the following meeting, hovever, 
held on 15/11/44, Gimmler seems to have consulted the order 
and stated that “according to the Keitel order, the consent 
of Chi must be asked for before the introduction of a new code 
or cipher. The decision on the introduction rests with the 
Sections of the Wehrmacht." (D-57, 5). It is odd tHat the 
Praun order of 5 September 1944 was not mentioned in this 


connection. 
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A further testimony to the strength of the old connection 
with Military Intelligence (the Abwehr) was the fact that Chi V, 
which was in charge of the teleprinter connections between Chil 
and the Intercept Stations, had the additional (and apparently 
larger) commitment of providing and maintaining a teleprinter 
system for the Military Intelligence (the Abwehr). 


. 4. Organization from the summer of 1944 until March 1945. 
Events during the summer of 19 resulted in a fundamenta 
change in the official interpretation of OKW/Chi's mission and 
a corresponding change in the organizational structure. These 
events centered around the attempt on Hitler's life on 20 July 
1944, General of Signal Troops (Lt. Gen.) Erich Fellgievel, 
Chief Signal Officer of the Armed Forces and also of the 
Army was deeply involved in the plot. He was dismissed in 
Gisgrace from the Armed Forces on the following day and was 
later executed. Some of the leading figures in Military 
Intelligence (the Abwehr) were also involved. As a result, 
Military Intelligence (the Abwehr) was taken away from the 
Supreme Command of the Armed Forces and transferred to Him- 
mler's Main Reich Security Office (RSHA). Here it became the 
"Military Department" ("Mil. amt") and was subordinated to 
SS Brigadier Gen. Walter Schellenberg who was already head 
of the Foreign Security Service (SD Ausland) which was 
Department VI of the Main Reich Security Office (RSHa).71 

OKW/Chi became a prize for various National Socialist 
leaders whose ambition was whetted by the opportunities afforded 
by the rescrambling. Goering's "Research" Bureau, a safe party 
organization whose activities duplicated almost completely those 
of OKW/Chi, made an effort to asorbd its rival.?& Goering's 
people could point to the political unreliability of OKW/Chi 
which had been under the traitor Fellgiebel and closely associ- 
ated with the abolished Military Intelligence (the Abwehr) as 
well as to the desirability of combining activities and thus 


gee 1-86, 2; I-96, 4; and IP-164, 1. (If-164 1s an inter- 
rogation report on Schellenberg, without title page but, to 
judge by the language, of British origin.) 


T@mus Mettig in 1-96, 4, and I-86, 2. In 1-132, 3, Mettig 


says it was only the broadcast and uews-monitoring activities 
of OKW/Chi that the Research Bureau wanted to take over. 
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conserving manpower, a commodity in increasingly short supply. 
The ambitions of the "Research" Bureau, however, were defeated 
by Schellenberg, whose grandiose schemes for a central German 
intelligence agency called for control of all high-level 
cryptanalytig work including both OKW/Chi and the Research 
Bureau (FA). ‘> 

The immediate reaction of the leaders of OKW/Chi is 
somewhat obscure, Fellgiebel's second in command, Brig. Gen. 
Thiele, took over the assignment of Chief Signal Officer of the 
Armed Forces and the Army. Thiele's old position as second in 
command and head of the Armed Forces Communications Group 
(Ag/WNV) was filled with Maj. Gen. Gimmler, who had been Chief 
of Army Ordnance Development and Testing Group, Signal Branch 
(Wa Prir 7) 1n the Army Ordnance Department (HWA). Kettler 
continued as chief of OKW/Chi with Mettig as his second in 
command. According to Schellenberg's story, most of these 
officers were in accord with his schemes. Thiele was an old 
friend of his. They had at one time both been on the Board 
of Directors of the Standard Electric Company. Thiele was 
completely sympathetic with Schellenberg's schemes to unite 
all high-level cryptanalytic services and put them at the 
cisposal of Schellenberg. After Thicle was arrested for his 
part in the July plot, Kettler continued to seek close contact 
with Schellenberg. When OKW/Chi evacuated Berlin, Kettler 
modeled his evacuation measures on those of Schellenberg 
"because he had always thought, just as Gimmler had done, 
that Schellenberg by taking over the Forschungsamt (Goering's 
Research Bureau] would acquire decisive influence over the 
deciphering department." 

Now Schellenberg is not a reliable source of information 
on the affairs of OKW/Chi. Cryptanalysis was, of course, only 
& very small corner of his vast field of interest. Besides, 
he tends to confuse his magnificent schemes with actual accom- 
plishments. There is, for example, no evidence that Kettler 
modeled his evacuation plans on those of Schellenberg, but the 
core of truth in Schellenberg's remarks on the subject 1s per- 
haps to be found in Mettig's statement, made of course quite 
{ndependently and in an entirely different connection, that 
there was a plan to accomodate some of the OKW/Chi personnel, 


(2IF-164, 7. see aiso the proposed organization at the end of 
the report. 


T4ip-164, 7. 
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those directly concerned with ciphers of the Reich Main 
Security Office (RSHA), in one of the latter organization's 
headquarters. This plan was not adopted because the Reich 
Main Security Office (RSHA)} could not furnish the transport 
to move the Chi personnel when Berlin was evacuated.75 It 

is likely too that there vas similar exaggeration in Schell- 
enberg's claim to enthusiastic support from the heads of 
OKW/Chi for his plans to absorb the organization. The 

chief result of the disappearance of the old Military 
Sntelligence (abvwehr), indeed, seems to have been a marked 
loosening of OKW/Chi's ties with military intelligence, 
Huettenhain and Fricks stated that Kettler never saw 
Schellenberg affer 20 July, the date of the attempt on 
Hitler's life.7© Mettig, who vas in a better position to 
know, said Kettler saw Schellenberg only five or six times-- 
presumably for briefing on intelligence matters.77 It may be 
true that when Thiele was arrested and the plans of Goering's 
Research Bureau (FA) to take over OKW/Chi reached a climax 
in the early autumn of 1944, Kettler and Mettig welcomed the 


protection of Schellenberg as the less of two evils. 


Meanwhile, the development of OKW/Chi was in quite a 
different direction -- away from intelligence and towards 
cipher security as the main task of the agency. Doubtless the 
moving spirit in this change was Mejor General Ginmmler. The 
Army Ordnance Development and Testing Group, Signal Branch 
(wa Prlit 7) which Gimmler"had formerly headed included a 
section for directing the production of cipher devices. He 
is known to have had very marked opinions on the purpose of 4 
Signal intelligence service. Huettenhain and Fricke give what 
is obviously an unsympathetic account of these opinions: 

He [Gimmler]} gave a sorof standard iecture to various 

groups at various times. His approach was that of the 

Officer-layman. He had no technical knowledge and no 

one could tell him anything. His speech began something 

like this; "I will make Chi an orderly organization. 


151-96, 22. 
T6784, 3, 
771-86, 2. Compare I-96, 4. 
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Before this, it has not been so. We must have three 
pillars in our work; Development, Security, Cryptana~ 
lysis," Then he would expound his views on the rela- 
tion between these three. The head of the first branch 
mist be an Officer, who would know what the troops need. 
The second could be left to a civil s2rvant. It is the 
most important of the three, and the other two exist 
primarily to fertilize it. He considered cryptanalysis 
very unimportant in itselr.? 
While Thiele was still Chief Signal Officer, Gimmler made plans 
to put his ideas into operation. Huettenhain and his mathe- 
maticilans were upgraded to a separate section and a series of 
monthly conferences under Huettenhain was inaugurated, These 
conferences were to be attended by representatives of all the 
branches of the Armed Forces and the SS. Their purpgse vas to 
co-ordinate all work on cipher security in Germany. 
Meanwhile, Thiele himself was relieved of his command 
end imprisoned. He vas replaced by Maj. Gen. Albert Praun. 
Praun had been a divisional commender, and Gimmler's ideas 
on & signal intelligence service whose primary mission vould 
be to furnish practical and secure ciphers for the use of 
troops in the field probably appealed to him. Aiso, he seems 


to have had no connection with Schellenberg, who now reprggented 


the intelligence, and hence, cryptanalytic point of view. 


Finally, the whole cryptographic service of the Army had fallen : 


under political suspicion. Gimmler seized his opportunity to 
push his theories into action. The old orientation of OKW/Chi 
was towards intelligence. The new was to be towards security. 
The new orientation is most clearly apparent in an order dated 
5 September 1944 and signed by Praun, Concerning cryptana- 
lysis there is little change. Army, Navy, and Air Force are 

to attack the systems of their enemy counterparts aa hereto- 

fore. This leaves diplomatic and military attaché traffic as 


787-84, 2. 
797-96, 13. 1-84, 4. 
807p.164, 7. Schellenberg could not recall his name. 


81p-55, 
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the cryptanalytic sphere of oKW/chi.82 It 18 emphasized, 
however, that the separate branches are to adhere strictly 

to material within their competence and to pass on to OKW/Chi 
all other material, They are further ordered to acquaint 
OKW/Chi with all cryptographic systems under study or solved. 
In short, the old cryptanalytic charter is restated. In 
addition, OKW/Chi is made a sort of clearing house for crypt- 
analytic information obtained by the separate branches of the 
armed forces. 

With regard to cipher development and security scrutiny, 
however, the charter and authority of OKW/Chi is enlarged. In 
so far as Praun could accomplish it, OKW/Chi was turned into a 
central authority for these matters, For the Army, this could 
be done thoroughly. ‘the Army had no influential party members 
like Goering or Doenit;: to protect its operations, and besides, . 
Army cryptographers hud been deeply involved in the 20 July 
plot. Originally, the Army had a section devoted to cipher 
production and development (Inspectorate 7/IV (In 7/IV) and, 
in addition, some personnel in Inspectorate 7/VI (In 7/VI) ' 
were employed on security scrutiny. All of Inspectorate 7/IV 
(In 7/IV)and the personnel in Inspectorate 7/VI (In 7/VI) 

OO who were engaged on security scrutiny were moved into OKW/Chi, 
which was made directiy responsible for the scrutiny of army ; 
systems, and, in collaboration with the Chief Signal officer | 
of the Army (Chef HNW), for their development. The actual 
production of keys is left as a responsibility of the amny, 
but OKW/Chi will devise key systems and supply material for 
Army key production. 3 ; 


82 a1 though there is no mention of the matter, the order, in 
effect, removes the attack on enemy agents' systems from the 
Army and puts it officially under OKW/Chi. This made no 
practical difference in the structure for attacks on enemy 
agents' ciphers. See below. 


1 
Borne German text is clear here, but the translation in D-55, 
p. 43, is misleading. The distinction is between the devising 
of methods of key preduction and preparation of the necessary 
material (Aufstellung von Schiuesgeln} and the actual production | 
(printing, manufacture of grids, etc.) (Herstellung). On this 
subject, see Fricke's description of his duties (clearly 
Aufstellung von Schluesseln) in I-2. Section IV of the order 
should be translated: 

IV 


Devising and Producing Keys. 
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Laws: 


Trigonometric: 
Functions -__-__----------_____. 


Of angles: 
Complementary________ 
Finding__-______._____ 

Reciprocal relations -______- 

Solving for: 

One side and one func- 
tion given. 
Unknown___..------ 
The right triangle...._____. 
Unknown, solving for______- 
Laws: 

Of cosines_.__--..-------___ 

Of sines.__.____--_.-___-_. 

Of tangents_______________. 

Tables and their uses.__..______ 
Theory, basic__________________ 
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Paragraph 


131 


132 
134 
133 


144 


154 


Page 


79 


80 
82 
80 


87 
96 
92 
93 
93 


89 
96 
89 


90 


89 
87 
89 


110 
107 
112 
96 
87 


Trigonometry: 
Application______.___._-_-_-_ 
In solving ac circuits_______. 
Definition_._._______._________. 
Trinomial -- 0-3 oss = 2 
Types of logarithms______-_________ 


Understanding: 


Units of measurement, systems ______ 

Unit, transmission.______.--.---. 

Unknown trigonometric functions, 
solving for. 


Vector: 
Quantity________.-___-__.___u- 
Representation of alternating 

currents and voltages. 

Vectors, plane.____________-____-__. 
Addition methods: 


Rectangular components -_. 
Application in solving ac circuits . 
Notation_________...---._-----. 


Written equations --_____--_-___---_ 


Zero exponents .___-____-_.-_____.-. 


Paragraph Page 
1436 87 
194 139 
1434 87 
27e¢ 16 
114 68 
16 8 
13 8 
app. II 188 
205 162 
147 89 
1776 123 
194 139 
177 123 
179 123 
180 124 
181 125 
194 139 
178 123 
83 49 
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The Air Force and the Navy, both of them under reliabie 
Nazis and never really subordinate to OKW as the Army was, had 
to be handled more carefully, They were requested to keep 
OKW/Chi informed on their work in development, In return, 
OKW/Chi vould keep them in the general picture regarding German 
cryptography. The agreement of OKW/Chi had to be obtained, how- 
ever, before any new system could be introduced by any of the 
separate branches, This is, of course, merely a restatement 
of Keitel's order of October 1913+ and it is perhaps significant 
that it needed to be restated. S4 412 separate branches were 
requested to submit material for security scrutiny to OKW/Chi 
which was in this matter the central authority. Finally, OKW/Coi 
was to furnish guidance in devising keys to the separate branches. 
The Waffen-SS, over which OKW had not even a shadow authority, 
was put in a third category. OKW/Chi was ordered to maintain 
close lfaison with it on all matters relating to cryptanalysis, 
development, security scrutiny, and devising of keys. 

By 1 November 1944, 2 wholly new structure was on paper 
and partly in operation .& This is the structure outlined in 
Chart No. 4-1. Our evidence for its genuineness is good. 

A rough dra of the organization was found in the same personal 
file with the two documents already discussed. It is undated 
and unsigned. The document was made the basis of an interro- 
gation of Kettler after he was captured. He suggested a few 
changes, mainly in the names of section heads, and added 

the statistics on the numbers employed in each of the sections. 
Mettig supplied independently an almost identical picture of the 
new structure, 6 


OKW/Ag. WNV will furnish guidance for the branches of the . 
Armed Forces in devising keys and will act for the Army in’ 
devising keys. The production of keys is the affair of the 
separate branches of the Armed Forces, in the case of the 
Army, the affair of the Chief of Army Equipment and Commander 
of the Replacement army/General army Office/Signal Department. 


Stor, note 73. 


So Erioke refers to the re-organization 1 November 1944 (1-20, 
pp. 6-7.) and it is very likely that Chl started to operate 
according to the new structure at about that time. 


86 piginal document is DF-8. Revised document with Kettler's 
corrections is I-39. Mettig's testimony is in I-96. 
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The new emphasis on cryptography is evident in the separa- 
tion of the main work of OKW/Chi into two divisions (Hauptgruppen) , 
Division A devoted to cryptography and Division B for cryptanaly- 
Sis. It is worth noting that the second in command (Mettig 
definitely describes himself as such) %7 is no longer head of 
Section I, but of Division A, which was evidently intended to 
be the more important division. From other sources too, we know 
that it was intended that the activities gf the organization 
should reach their climax in Division 4.8 The cryptanalytic 
sections of Division B were to serve directly or indirectly 
the purposes of German security. Consequently, the research 
section of Division B (Chi B IV, Huettenhain's section) had a 
divided mission. Part of its resources were devoted to initial 
breaks into more difficult enemy cipher systems, part to security 
scrutiny of German systems. Of the 46 experts available to the 
section, 10 spent their time wholly on security and 10 on enemy 
systems, The 26 experts in the machine section evidently divided 
their time between the two. - 

In general, the work of Chi seems much better articulated 
in the new organization. The heterogeneous character of the old 
Section IV in which the most diverse activities were incorporated 


‘has been rectified. The following comments on the details of the 


new organization may be made: 
Section Z. ; 

Section Z dealt with details of payroll and other purely 
administrative matters. It also exercised a political scrutiny 
over all the members of the organization. 2 Some such section 
doubtless existed in the old organization, but no mention would 
be made of it is: the purely operational report which is our 
chief source of information on that organization. 
section I. 

After the second-in-command became head of Divisi.on A 
rather than Section I, Section I probably lost much of its 


877-96, 3. 
885 gy, p. 2, 


89 a1 enlisted personnel working in the organization were organi- 


ged into the Operational Comapny (Einsatgkompanie) OKW/Chi under 
Major Hein. This was formerly called First Company of those 
Detached to OKW/Chi (1. Kommandiertenkompanie OKW/Chi). 
Previous commanding officers had been Captain Kriiger, Major 


Walter. See I-150, 5. 
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old importance. Logically, it should have been subordinate to 
Division B, since all its intercept was routed there, It vas 
probably kept directly under the Chief in order to keep it in 
entirely military control. Division B was under civilian con- 
trol. The new head of Section I, Capt. Grotz, was formerly com- 
manding officer of the intercept station at Sofia.? Sub ~ 
section Ib, whose mission was to study call signs and frequencies © 
used in world diplomatic traffic as a guide to the intercept 
Stations, seems seriously understaffed. The fact that the head 
of the sub-section was originally to lve been a captain suggests 
that a larger group was originally planned. fhe T/Sgt. Sch- 
_hueckel, who according to Kettler. was head of the sub-section, 
is probably identical with the T/Sgt. Suenkel who was said 
to have been in charge of call sien and frequency study in 
the intercept station at Lauf.9 
Sub-sectionIsc was identical with the Chi V of the old 
organization, which, it will be recalled, had charge of the 
teleprinter netvork of Military Intelligence (the Abvehr) as 
well as of OKW/Chi. When the work (and probably many of the 
personnel) of Military Intelligence fabwenr) was taken over 
into the Main Reich Security Office (RSHA), Chi continued 
oe to service its network until early in 1945, when Himmler's 
people took over this task for themselves, thus severing the 
last link between OKW/Chi and the old military intelligence 
organization. The work of section Ic then became appreciably 
lighter and Senior Inspector Buck, formerly in charge, left in 
April 1945.92 The name of his successor is not known. 
Division A was staffed almost entirely with personnel 
taken over from the Army. The chief exception to this vas 
Senior Inspector Menzer and perhaps some of his assistants in 
sub-section II c. In complete charge of security and develop- 
ment at first, and then attached to Huettenhain's security ; 
section, Menzer had always acted more or less as a free lance, 
specialising in agents' ciphers and ciphers for government 
services. He had only occasionally consulted Hue“tenhain on 
security problems “when questions of probability were involved" ,9 


997-105, 4. 
917.85, 4, 
927-96, 7. 
937-31, 3. 
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The new structure recognized his independent status. His sec- ~~ 

tion is large and it is not unlikely that some of-the personnel 

came from the Army. 

There were elaborate plans for sub-section II a. Hers 

the closer contact with the needs of the troops in the field, ‘ 

in cryptographic matters -- obviously one of the leading ideas 

behind the re-organization of OKW/Chi -- was to become a reality. 

The function of the section was to allocate keys and cipher 

systems. To carry out this task, the sub-section was to maintain 

intimate liaison with field units through skilled signal per- 

sonnel from the services who were to be assigned to the sub- 

section and then detached back to the field where they vere to 

observe the reaction of the troops to various systems and thus 

to advise II a on allocation. They would also be in a position 

to give on-the~spot instruction to the troops in the use and 

security of ciphers. The head of the sub-section was to be 

Capt. Bernsdorff, whom Mettig describes as oxpgy enced 

tank signaller....peculiarly suited for this job. Fricke, 

who may only have been revealing an academic lack of sympathy 

with the practical turn being given to the work of OKW/Chi, 

told interrogators that Bernsdorff yes a tank captain who 

ft "had no knowledge of cryptography". Whatever Bernsdorff's i 
personal qualifications may have been, he did not arrive until 
January 1945 and never really had an opportunity to get the 
section operating. He apparently did succeed in assembling 
First Lt. Eckert of the Air Force, Senior Specialist Franke 
of the Navy, and 8S First Lt. Fricke of the Main Reich Security 
Office (RSHA) to represent their services in his sub-section. — 
He himself was to represent the Army and the 55. No one was 
ever sent into the field. However sound the basic idea of the 
section may have been, Mettig and Fricke agree that it acconp- 
lished nothing. Bernsdorff had to de assigned to more urgent 
work very shortly after his arrival. 96 

Despite the relatively few people allotted to it, Fricke's 

suo-section (IIb) seems to Lave been very active. According ta 
the plan, IIb was to carry out the details of cipher and key 
composition in close conjunction with IIa, which was presumably 


C4796, 8. 
951-20, pp. 6-7. 
96196, 8. 
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thoroughly acquainted with the needs, usages, and desire of the 
field. Since IIe: never really functioned, Fricke apparently 
simply carried out the same tasks of key and cipher development 
that had been his mission while he and his section had been 
attached to the Army.97 In addition, he personally worked in 
close collaboration with Huettenhain on security problems. 

Section III was originally subordinate to the Army. The 
main body of the Section was locatéd in Dresden and remained there 
after the change in subordination. The mission of Section III 
was the compilation of keys and of codes in sc far as this could 
be accomplished by mechanical processes of randomization, the 
printing of this material, and its distribution. The basic 
material for the compilation was supplied by Fricke and hts 
sub-section. The vork of printing was mostly farmed out to about - 
thirty printing firms, most of which were located in Saxony. 
Printed ciphers were packed in Dresden and sent by truck to the 
OKW Distribution Office (Kurierstelle) at Zossen, whence they 
vere forwarded. Field units notified Section JII of compromises 
and alternative key: vere then brought into operation. There 
vas a sub-section {irtp) in Berlin under S/Sgt. Hertz (5 soldiers, 
20 women) who kept up liaison.with the Field Economic office 
(Feldvirtschaftsamt) and other agencies on procuring paper. 
There were also small liaison groups with the printing firms .98 
It is doubtful that the work of this section was changed appreci- 
ably when it came under OKW/Chi in November 1944. Liaison with 
the army through the Army Chic; Signal orficer (Chef 
continued. The head of the section, Major Metzger, was injured 
early in 1945 and was replaced by Bernsdarf?,99 

Division B was the old Chi IV. All strictly cryptographic 
work had been removed and the organization revised to reflect 
more perfectly the actual tasks performed. The ord mathematical 
sub-section, IVc, was upgraded to new section IV. O Some of 
the subsections of the new section IV were further subdivided 


2? nescribed in I-e. 


Bsuch groups existed at Halle, Zwickau, Chemnitz, Leipzig, 
Frankfurt/Oder, Bischofsverda, Magdeburg, and Reichenbach 
(Vogtland) according to Kettler (I-39, 


99on section III se I-36, 2, and 1-96, 13 and 17. 


1007+ viii be recalled that this had been done in August 1944 
prior to the reorganization. See above. 
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into desks. We hear of a desk B IV o1, 2° headed by Dr. Weber 
who Was one of the mathematicians brought in by Huettenhain 
before the war. No further details of this subdivision are 
own. 

The old linguistic sub-section, IV b, became Section V. 
The designation of the language desks of the new section V 
is anomalous for historical reasons. Originally, the language 
Gesks had been IV b 1--22. When sub-section IVb became section 
V, atric: logic would have demanded that the language desks be 
upgraded to subsections and lettered. Actually, they kept their 
arabic numerals. Doubtless, the small size of most of the 
language desks and the ephemeral character of some of them con- 
tributed to this result. 

Technician Koehler's sub-section (Va) was brought into 


‘OKW/Chi from the Army Cryptanalytic Service ip foyemmar 1944, 
8: 


All we know about it is what Mettig tells u "Tt was con- 
templated that this department would not only advise the crypto- 
graphers on linguistic problems but vould also direct all matters 
that concerned foreign languages for the OKW. ..... This co~ 
ordination was desirable owing to the number of independent 
agencies concerned.” The plan for co-ordination was never 
actually put into operation. 

Section VII. 

Section VII is the old Chi "X". The organizational plan 
called for the subordination of the section with its ta-k of 
evaluating and distributing broken and translated messages 
(VII a) and maintenance of the Archives (VII b) to Fenner's 
Division B, Since VII a handled only the output of Division 
B and VII b served mostly the personnel of Division B, :his 
seems to have been a logical agr:: gement. The Section, however, 
was left directly subordinate to the Chief of Service out of 


101; 12h, 2. 


102796 r 15 ° 


10> gor instance, Interpreter Training Battalion (Dolmetscher 
Lehrabteilung), Berlin, Newspaper Section (Nachrichtenabtei- 
lung), Berlin, General of Signal Intelligence (General der 
Nachrichtenaufkidrung, the final German designation of the 
Army Signal Intelligence Agency), Signal Interpreter Replace-~- 
ment and Training Battalion (Nachrichtendolmetscherersatz und 
Ausbauabteilung), etc. 
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regard to the {[<aings of Lt. Col. von Kalkstein who would 
presumably have considered subordination to Fenner a humilia- 
tion. According to an order of the Fuehrer, von Kalkstein 
was to be dismissed from the forces anyyay “because he had 
friendly relations with people outside Germany." after his 
departure Section VII was to be subordinated to Division B, 
He never departed. 

The broadcast monitoring sections, old Chi II and Chi III, 
were combined into a single section, Section VI. Operations 
were continued in the same location and were probably little 
affected by the change. The new orientation of the whole ser- 
vice towards security rather than intelligence has altered the 
relative importance of the activities of this section, however. 
In the earlier structure, the activities of Chi II and Chi III 
form an important part of the activities of the whole organiza- 
tion, 1f not quite half as Chart 3-1 suggests. In the later 
structure, when Division A was the supremely important unit and 
Division B existed primarily to assist the security work of A, 
Section VI appears as a vestigial irrelevance. It could have 
ceased operations without noticeable effect on the rest of the 
work of OKW/Chi. , 

The history of the charter and organization of OKN/Chi 
during the war illustrates the development of the German idea 
of the purpose of a signal intelligence organization at the 
highest command level. OKW/Chi began the var as a purely in- 
telligence organization, born within the Military Intelligence 
Department and incorporating news and broadcast monitoring as 
important parts of its operations. It ended as a high level 
security organization where even the cryptanalysis of enemy 
traffic was intended primarily to assist in assuring German 
security among all branches of the Armed Forces and government 
agencies, This change was accelerated by changes in command 
caused by events wholly unrelated to signal intelligence, but it 
would be a mistake to regard it as caused solely by the replace- 
ment of Fellgiebel and Thiele by Praun and Gimmler. It reflects 
amore general trend of thought on the part of the German High 
Command and of the leading signal intelligence personnel. 


104 
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5. The pisintegrat ton of oKW/Chi. The plan put partly 
into effec November s the final organizational 
expression of German ideas on high-level signal intelligence. 
Later organizational changes were ad hoc, forced by the pres- 
sure of Germany's impending defeat. The local movements — 
towards the end are clearer than the changes in organization 
and command. They may be mentioned first. In February 1945, 
Plans were made to move OKW/Chi out of Berlin. In March, 
the move actually took place and most of the personnel were 
moved to Halle along with the cryptanalytic machinery. Opera- 
tions vere started at the army Signal School (Heeresnachrichten- 
schule) there.105 the archives were probably moved to Layf at 
this time. In any case, they were there before 10 April. 06 
Section III moved from Dresden to Halle but gid not begin opera- 
tions in the new location.1°7 on 10 aprill05 most of the unit 
moved to Ammersdorf and there entrained on the l2th for South 
Germany under Major Hein as Commander of Transport (Transport- 
fuehrer). The train was_routed to the Chiemsee via Falkenberg, 
Dresden, Prague, Pilsen.109 part of the shipment (sections II, 
IV, V; Y¢ was at one time reported stuck between Prague and 
Pilsen, Most of the personnel, hovever, got through to 
Werfen near Salzburg.i11 Some of the people fromthe intercept 


-Station at Trevenbrietzen also reached Werfen.+ 


1057-150, 6; I-36, 2. 
106y.39, 4, 
107736, 2. 


1085150, 6, from Beyreuther who was on the spot. Mettig 
(I-96, 22) says 9 April. 


1091 _96, 22, 
1107.39, 4 
llltpappe arrived there 3 May (I-123, 2). 


(135° 5. Kettler says, probably speaking broadly, Salzburg, 
I-39, }. 
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The Lauf station with the archives set out for the 
Schliersee south of Munich on 10 April, arrived on 19 april, 
set up, and operated for three days. On the thirtieth orders 
were received for some of the personnel to proceed with one- 
tenth of the intercept equipment to Werfen. Those who remained 
disposed of the rest of the equipment and the archives in the 
lake.t15 ne others joined the remmants of OKW/Chi at Werfen.214 
There the Chi personnel were incorporated into an ad hoc unit 
called Corps Group (Korpsgruppe) Bork, which was apparently 
picking up stragglers, whether for & last stand or an orderly 
surrender we do not know. The Chi personnel were finally cap- 
tured by American units under Colonel Clifton.116 Some of them 
worked for the Americans until the end of May. They were then 
moved to Heufeld near Bad Aibling whence they were released. 

Kettler, Huettenhain, and Fricke, on the other hand, 
ended the war in the North. They had, according to an unreli- ~ 
able authority, left Berlin for the intercept station at Husum. 117 
Kettler was captured in the town of Ausacker, near Flensburg, 
Huettenheain and Fricke in the vicinity of Ausacker. They were 
accompanied by First Lt. Schubert, one of the Leading Army 
eryptanalysts.l15 Mettig went with the OKW mission to the allies, 
first to Flensburg and then to the SHAEF headquarters at Rheims, 
where he was taken into custody. 

No one obtained from the prisoners a consistent account 
of the organizational changes accompanying the collapse of Germen 
arms, but from occasional remarks recorded in the reports and our 
knowledge of the movements of the personnel a fairly consistent 
picture can be reconstructed. When Chi evacuated Berlin and 
arrived in Halle, a mysterious Col. Hoepfner seems to have taken 


1lStheir account in I-85,5, 1s substentiated by the Team 5 
report (IF-167, p. 6). 


1147235 | 5. 
1167-150, 6. 


117from Beyreuther (I-150, 11) who vas not in a position to 
know Kettier's plans. 


118 s6¢ Kirby's supplement to the report of Team 6, (IF-165) 


1195.78, 2; I-17, 4. 
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command , 220 Kettler and Mettig remained behind in Berlin, 
perhaps to assist in high-level decisions being made regarding 
splitting the Supreme Command of the Armed Forces into & north- 
ern and southern group. The nead of the army Signel Intelli- 
gence Service, Col, Boetzel, and his immediate staff also were 
_in Berlin at the time, and remained there until april.l2l rt 
was apparently decided to amalgamate the signal intelligence 
forces of the OKW and the Army (OKH) into a single Army Signal 
Intelligence Service. Boetzel was to command the combined 
forces in the South and Kettler_in the North. The plan vas 
put. into operation on 14 April.l¢2 Boetzel took over the ele- 
ments of OKW/Chi in the south. Just when Kettler left to take 
charge in the North is not known, but in its initial report 
on him, the SHAEKF control party at Flensburg describes him as 
the northern counterpart of Boetzel, head of the Army Signal 
Intelligence service in the South, 223 Mettig, himself, perhaps 
with a skeleton staff, seems to have remained as the sole re- 
presentative of OKW/Chi. Mettig told his first Tx¢com inter- 
rogators that Boctzel was head of Army Signal Intelligence in 
the south and Kettler in the north.42%+ ag such, he accompanied 
the OKW surrender mission to SHAEF. He told his interrogators 
eo that he was "in charge of OKW/Cni in the closing stages."125 


120~ne Foreign Office people, who knew the Chi situation in Halle, 
mentioned him as titular head of Chi, although none of them 

was quite certain of the name (I-1, 19). Quite independently, 
Trappe mentions Colonel Hoeprner as head of oKw/Chi. in March 

1945 (I-123, 4). Nothing else is known about him. He does 

not seem to have accompanied the Chi-train to the south. 

Major Hein, the CQO of Troops, and Lt. Col. Kaehler, the head 

of Section VI, seem to have been in charge here, At least they 
are mentioned as having lists of the personnel who made the 

trip. (2-150, 11). 


1ely_37,. 4, | 
122nhe date ts Weber's {I-124, 2). Trappe says Jhi took over 
late in April (I-123, 4). Grube, a high ranking signal officer, 
told interrogators that the final split of OKW did not take 
plece wntil 22 april 1945 (I-17, 2). 
1257-5, 

124747, 4. 
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Chapter II. Intercept Paragraph 
OKW/Chi Had Two Wholly Distinct Intercept Systems. ... 6 


‘ 6. OXW/Chi had two wholly distinst intercept systems. 
The dual character of OKW/Chi's operatfons, reflected parti- 
cularly in the earlier organization, 1s also apparent in the 
intercept atmicture (Ses Chart No. 3-1). One intercept 
system concentrated on diplematic Morse networks of enemy and 
neutral countries. Secondary commitments were nets of other 
government agencies (military attechés, economic authorities, 
etc.). This system consequently took mostly encrypted traffic. 
The material picked up was passed on to the breaking sections 
of OKW/Chi. The second system concentrated on monitoring 
foreign breadcasts, principally news broadcasts. A second 
important task ves monitoring the correspondents' reports of 
newS agencies such as Reuter and Domei. In addition, the 
second system seems to have had the mission of taking material 
requiring special apparatus, such as multiple Morse and 
commercial radio telephone. Some ogents' traffic vas apparently 
Oo also covered, but most of traffic picked up by the second system 
vas in clear,isl 
The core of the first intercept system was constituted 
by two large intercept stations, one at Treuenbrietzen, near 
Berlin, and the other at Leuf near Nuremberg.132 Treuen- 
brietzen was one of the old intercept stations.133 Jt vas 
apparently already in existence by 19353 and 1s said to have 
specialized in intercepting diplomatic traffic.134 It was 
Gefinitely subordinated to OKW/Chi for the interception of 


i2lsee DF-9, 2 (Kettler's report). In his report, Kettler also 


mentions Hellsendungen as picked up by the second system. This 
probably means transmissions yith the Helischreiber, rather 


than picture transmissicns es it is translated. 


132called Feate Horchstellen up to 1941, after that Feste 
Nechrichtenaurkldrungsstelien (I-85, 2-5). 


19 tt was originally situated at FrankPurt,’ der and moved to 
Treuenbrietzen at an unspecified date (I-85, 2-3). 


1341-62, 5-6. This information, from an army intercept operator 
named Raatz, cannot be considered wholly reliable. 
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diplomatic traffic in 1939. Although the personnel of the 
station got to Werfen at the end of the war, none of them was 
interrogated. Little is known about the station except that 
its commanding officer vas a captain, Dr. Rust. 2 Apparently 
it controlligg .no subsidiary stations, at least towards the end 
of the war.179 some of the personnel were despersed to 
Tenneniche, a subsidiary station of ayes because of danger 

of air attack in the spring of 1944. 

Lauf was developed after the army was ordered to expand 
its intercept system in 1935. The original location was at 
Hersbruck.+ Tt was intended primarily to operate against 
Czech traffic. By 1959, the necessity for intercepting 
Czech traffic had passed and the,gtation was turned over to 
Okw/Chi for diplomatic traffic. Lauf had three small 
intercept stations subordinate to it. The one at Loerrach 
near the Guiss vorder was set up in order to pick up traffic 
from Switzerland on the ground wave. This traffic could be 
heard at Leuf only with difficulty. lLoerrach hed eight or 
Nine sets. Walle Lauf vas being completed, there had been a 
temporary station at Tennenlohe. This was left equipped with 
four or five sets and reteined for emergencies. Finally, 


1353.96, 6. 


Woucttig mentions none although he does mention the ou’stations 
of L auf. Dettmann and Samscnow, two reliable informants on 
Army matters, mention an Army intercept station (Feste Horch. 
etelle) which ope-ated at Treuenbrietzen in 1939 and ha 
subsidiary stations at Meserik, Fraustedt, Schneidemuehl, and 
Schlochau. Whe relation of this station to the OKW station is 
obscure. (I-116, 12). 

long, 2. | 
138 gs, 3. See also Mettig, I-96, 6, who makes it clear that 
Tenneniohe, Lorrach, and Libourne were subordinateto Laut. 
Kettler's report(DF-9, 2) says Flicke was in charge at Libourne 
until June, 1944, 


179 operations were begun at Tennenlohe pending the completion of 
Lauf.. The statement in I-35, 3 that i vif itself did not become 
operational until December 1944 must be an error, perhaps 4 
typists's error, since the informant Flicke, in charge of opera- 
tions at Lauf, was certainly in a position to know. Kettler spe2ks 
of Lauf as well as Tennenlohe as operating in the spring of 


1944. {(DF-9). 
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there was a subsidiary station at Libourne near Bordeaux in 
France. This operated eight or nine sets from autumn 1943 
until the spring of 1944. It was used principally for the 
interception of Swedish and Turkish traffic. 170 

The total establishment at Lauf, spparently including 
the outstations, was 200-250 persons. After January 1944 
about eighty of these were women. The operators werg appar- 
ently mostly soldiers organized in a military unit. i "The 
total number of sats in operation, including those in the out- 
stations, was eighty to ninety. Specialist Flicke, our 
principal informant on the activity of the station, states that 
up to the beginning of 1943, the station attempted to cover 
"all diplomatic traffic" and the traffic of the Polish under- 
ground. After this time, Berlin assumed closer control and 
sent priority directives as a résult of which the total 
intercept dropped from 25,000 to 10,000 messages per month, 
The station carried on no eryptanalytic vork, but hada ser- 
geant, perhaps with some, assistants, who was an expert in 
traffic identification,143 Flicke vas in general charge on the 
technical side, The commanding officer from 1 December 1939 
until the end was Reserve Major Wend. 4 

Intercept stations in foreign countries had a special 
status. They ere called "special outstations” by Mettig.145. 
They were not large or elaborate enough to be called Fixed 
Intercept Stations, but unlike the amaller stations at home 
(and in occupied territory) they were subordina.ed directly 
to Group I of OKW/Chi rather than to a larger station . 


L4OT_ gs, 5. See also Mettig (I~96, 6) who makes it clear 
that Tennenlohe, Lirivach and Libourne were subordinate to 
Lauf, Kettler's report (DF-9, 2) is liable to misinterpre- 
tation on this point. 


Ls gs 6. The heaa of this unit vas Staff Director Hatz. 


1427 gs, 6-7 has a list of equipment. 6 Hellschreiber are 
also mentioned. What these were used for is obscure. 


Louis name was said to be Suenkel, but see above notegl. 


144 85, 4. Wenden according to Mettig (1-96, 6) whose 
memory for names vas not entirely accurate. I-49, 3 says Wendt. 


1457.06, 6. 
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They vere administered by Military Intelligence (Abwehr) through 
its organization in foreign countries. Two such special out 
stations are known to have existed, one in ‘Spain and one in 
Sofia.246 of the latter, little is known beyond the fact that 
it existed. if specialized in intercepting short-wave traffic 
from England.i*? Its communications vith Berlin were probably 
poor, although teleprinter lines existed.+ One informant 
stated that the messages he had handled from Sofia were always 
delayed.449 Fenner visited the station several times.1 
The commanding officer was Capt. Grotz who was replaced by 
First Lt. Thieleni5l when Grotz became head of Chi I. 
Considerable information is available, on the other hand, 

about the German intercept system in Spain. The OKW conducted 
& small network there which in 1941 employed, according to 
Mrs. von Nida, about fifty men.452 It was established in 1940 
in order to intercept Nediterranean traffic and aiso short-yave 
traffic from Sveden.15? The original plan seems to have been 
that it should also supervise ihe Spanish stations of the other 
branches of the Armed Forces.1> The commanding officer was 
Major (at that time Capt.) von Nida. who served from the 

a winter of 1940 until April 1943.45>5 von Nida was succeeded by 


146196, 6. Df. DP-9. 

M7196, 6. 

Up Ag, 2. ‘ 

1497-150, 6. 

1507-150, 11. 

1513-96, 6. 

1527-105, 

1531-96, 7. | 

1S4onds supervision was not maintained. See below. Ltn. August 
‘S3chroeder (I-75, 203}, who was in intercept work in Spain in 1949 
considered thet he vas working for a joint OKW-Army organization. 
1553ee note 57. Mettig's statement (1-96, 7) that Major Marquardt 


was in chavre is almost certainly an error. Mrs von Nide states 
positively that her husband was CO until relieved by Piankert. 
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First Lt. Plankert.156 communication between stations and 
to Berlin was by courier and wireless, for which the unit had 
a poverful transmitter, 157 There were also teleprinter 
communications to Berlin.158 aii intercepts were sent back | _ 
to Berlin; no cryptanalytic work was carried on by the unit.1.3 
Phe controlling station was in Madrid, originally situated 
in the German consulate (10 Ayala).100 Because of interference 
from the nearby broadcasting station EFE, and perhaps for 
security reasons, the outfit was moved to the northeast section 
of the city (Castillana). After 1942, perhaps as a result of 
expansion, the unit took over the Florida, a large night club 
in the vicinity. 
The largest outstation was on a German owned cattle 
ranch north of Seville.161 Second Lt. Hichner was in charge.162 
Apparently on the same site but under separate navy control was 
a naval D/F station under Lt. Comdr. Zeimer.l194 previous to 
1944, there had been Bpme wireleus operators, probably intercept 
people, in Tangiers.1 4 whether they were subordinate to the 
Madrid unit is not entirely clear. . On the Canary Islands, there 
was a single intercept operator, Jeschol by name, a former 


156prom Mrs. von Nida (I-49,35) Mettig (1096,7) also mentions Plank- 
ert as finally in command. The "Planhart" on the previous page 
is probably a mistake. 


1377-105, 3. 


1587105, 3 and DF-9, 2. 


1597105, 2. 
1605 _1g9, 4, The "embassy" of the text is probably a mistranslation 
See [-105, 3. 


4ly.105, 4; I-96, 7; DF-9, 2. 


iy 


1621496, 6. He is probably identical with the Eichsner mentioned 
in I-105, 4, as an outstanding enlisted man brought from Seville 
to Medrid and commissioned, 


1635 _93, 7. This information is from the chief cryptanalyst of 
the Navy cryptanalytic agency and is probably reliable. Mettig's 
statement that “the naval D/F station was controlled by the OKW/ 
Chi" (I-96, 7) 1s, therefore, not wholly accurate. 


lO4 ppg, 2, 
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Lufthansa man . He was in contact with the Madrid station by 
wireless.1&5 he air intercept station at Barcelona came under 
exclusive Air Force control in 1942.166 Mrs. von Nida also 
mentions a sub-station in the Balearic Islands and a large one 
at Bordeaux fat first at Arcachon).107 The Balearic station, 
if 1t existed, was probably very small. ‘The fact that the 
ierge Bordeaux station 1s not mentioned in the Kettler report 
makes it almost certain that Mrs. von Nide was mistaken about 
its being subordinate to Madrid, or to the OKW. The station 
was almost -ortainly under the army.l08 , / , 

The S;.anish network was apparently conducted without 
the official approval of the Spanish government. Very elabo- 
rate security precautions were taken to Heep the work secret. 
The personnel were encouraged to kee; to themselves in small 
Groups and to avoid contact sven with other Germans in Spain. 269 
Married men might not Le accompanied by their wives, and single 
men were strictiy forbidden to marry Spanish women. In January 
1944, the Seville station was betrayed to the Spanish police 
and had to be closed to avoid being raided.179 about the same 
time the intercept operators in Tangiers were expelled. 1 
Mettig believes that the personnel of the Madrid unit vere 
interned in April 1945. 

A clandestine relationship did, however, exist vith 
certain individual Spaniards, some of them highly placed in 


1657.105, 3-4, 
1661.49, 4, oF, 1-96, 7. 
1677105, 4, 


168 566 I-76, 5 where the Army intercept operator Werne? Kiett 
mentions his being assigned to Arcachon. 


1694s exclusiveness waz well observed. Friedheim Baechle, a 
wireless operator for the Abvehr in Spain, had only the vaguest 
information on German intercept activity there (I-61, 3). 
170pp-9, 2; 1-96, 7. 


17lpp-g, 2, 
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the Spanish army +72 It was the job of two Military Intelli- 
gence (Abvehr) officials, Amberg and Friedemann, to contact such 
Spaniards as woll as to take care of the economic side of the 
unit, doubtless as representatives of the War Organization 
(Kriegsorganisation). The only known case of Spanish military 
cooperation with the Madr intercept unit did not turn out 
happily for the Germans.4/? according to Mettig, contact vas 
made vith the Spanish Gsheral Staff regarding the equipment 
of the naval D/F station at Seville whith had been closed in 
January 1944, Colonel Sarmiento, Chief Signal Officer of the 
spanish Army, was persueded to agree to let the equipment be 
set up by Spaniards on Spanish military ground. Some of it vas 
then to be operated by Germans for German purposes; the rest was 
to beceme Spanish property. The equipment was delivered to 
the Spaniards, but was never set up and never operated. 
Apparently, it remained in Spanish hands, tactfully expropri- 
ated. 

It is likely that eround 1940 there was a plan to set 
up @ number of interservice networks in neutral and Allied 
countries under the control of OKW/Chi.' Capt. Wadim Herold, 
an Air Force officer, toid interrogators that he was detached 
to OKW/Chi in January 1940 and given a tour of the establish- 
ment preparatory to being sent into the field as an intercept 
officer, because OKW was at this time interested in establish- 


‘ing stations in Bulgaria for the Army, Navy, and Air Force. 


The ‘Navy refused to come in on the project. By the time Herold 
arrived in the field at Varna (cover name Kommando Nordland), 
the Air Force had evidently already taken over the station. 

But Herold said that it was "formerly part of the OKW complex". 


17@irs, von Nida's assumption (I-105, 3) that, because the von 
Nidas enjoyed "friendly personal contact with the head of the: 
Spanish intelligence service’ the Spanish authorities, as a 

whole, knev "what was going on" is too sweeping and inconsistent 
with the strictly enforced security measures, and with the tu.reat~- 
ened of the Spanish police against the Seville station once it 


was betrayed. 

11 npaf fie obtained from the Spaniards seems to have been passed 
via military intelligence (the Abwehr) rather than through the 
Madrid station, On this traffic see below, p. 45. 


T+ nettig's story in I-96, 7. 
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The station consisted of 22 men, who wore civilian clothes. 
There were five receivers. They covered air force traffic in 
Syria, Greece, Rumania, and some ferry flights in the Medi- 
terranean. Plain language was dealt with on the spot. Ciphey 
messages were sent back to Berlin; Herold thinks to oKW/Chi.+/5 
If true, this may be a vestige of former OKW control of the 
station. 

Mrs. von Nida speaks of other OK outstations at Belgrade, 
at Budapest, at Vienna, and at Rome. 6 One may reasonably 
goubt that these vere actually OKW stations. It has already 
been noted that Mrs. von Nida was probably mistaken about 
the subordination of the station at Bordeaux. Foreign Office 
eryptanalytic workers told interrogators that OKW had an 
intercept station in Greece 177 one may doubt this also. 

It 1s clear from documents 78 that the firm and permanent 

part of OKW's intercept structure consisted of the Treuen- 
brietzen station, the Lauf station with its subsidiary stations, 
Sofia, and the Spanish network. 9 

Control of Intercept was in the hands of the head of 
Group I. The method of control is described by Mettig who 
held this position from December 1943 until November 1944, 
The Chief of OKW/Chi prepared a monthly report on the most 
interesting links as he appreciated them from his knowledge of 
the military and political situation. Doubtless, the reguiar 
briefings he received from Military Intelligence (the Abwehr) 
were the basis for these evaluations. A report from the 
cryptanalytic point of view was prepared by Section IV (later 
SectionV}). On the basis of these reports, the head of Group I 


180 


1753-65, 2-3 ° 
1767105, 4; I-49, 


177 q-22, 13. They also mention one in France (probably Libourne) 
and in the Balkans (probably Sofia). 


178 particularly DF-9 and the Kempf list of intercept stations 
in T 1620. 


179 3¢6 also the account of the cryptanalytic worker Beyreuther 
(I-150, 6) who said he worked on signals from Lauf, Treuenbrietzen, 
and "one place in Bulgaria". He also knew of an intercept system 
in Spain which had been visited by Fenner and the head of the 
Archives, 8/Sgt. Schaedel (I-150, 11). 


1807.96, 6. 
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made his decisions as to what links were to be covered and 


then passed on orders to the int 


reept stations. <A persistent 


agifficulty vas created by the heads of the lenguage sections 
who demanded that only traffic being currently solved should 
be intercepted, "in order that the results of their work vould 


appear more effective." 
assumed that this careful system 


been intrsduced aroundsthe beginning of 1943.2 


If ve can believe Flicke, it must be 


of intercept ggntrol must have 
Before that 


time, the stations seem to have had more choice of what they 
vere to cover although it is hard to believe that the situation 


vas as chaotic as Flicke implies) 


OkW/Chi cryptanalysts. of these 


the most closely related to 


Various outside infiontsh contributed traffic to the 


OKW/Chi from an organizational point of view vas the German 


Redio Defense Corps (Funkdbervac 
vas also part of the OKW and vas 


ung, abbreviated Fu) vhich 
subordinated, like OKH/Chi , 


to the Armed Forces Communications Group (Ag. WNW) hence the 


abbreviation OKHW/ Ag. WNV/Fu.l62 
of the Service as follows: 


Mettig describes the vork 


"In conjunction with the Reichspost, OKW/Pu gave permission 
for transmission, distributed frequencies and call signs to 
Army agencies, Government agencies and industries, and vas 


responsible for the distribution 


of codes. These matters vere 


the concern of Gruppe I (Organization and Tactical employment) 


and Gruppe II (Supply). 
security and as such controlled 


Gruppe III was responsible for WT 


he agencies that enforced it."153 


Part of the work of Gruppe III vas the interception of agenits' 


traffic. 
@lso gave operational directives 


Regular Police (Ordnungspolize) 
traffic back to Fu III.184 ‘ther 
18lye6 above, page 15 . 


182566 above, note 1. 


1837135, 2. 


For this purpose it controlled units of its own and 


to the intercept units of the 
who passed the intercepted 
vas a special unit attached 


184 or further details on the intercept facilities and methods 


of Fu III see I-115. 


For the division of labor vith the police, 


see I-91, an interrogation report of Robert K. H. Schlake, Brigadier 
General of the Regular Police and Chief of Communications in the 


Main office. 
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to Fu Lit for cryptanalysis of agents’ traffic, £85 but some of 
the egents’ traffic picked up found its vay into OKH/chi. 
Militery Inteliigence (Abwehr) orgenizations in foreign countries 
conducted line tapping operations in Bordoaux, Lisbon, Nedeid, 
Sofia, and Ankare,.496° The heads of OK /Chi's special outstations 
in HaGrid and Soria hac some liaison vith Military Intelligence 
(the Abvehr) on the matter, but actual operations were entixely 
in the hands of Military Intelligence (the Abyohr). The material 
yas passed directly to the herd of OKW/Chi of to Fenner as head 
of cryptanalytice work. It did mot go, like ordinary intercepts, 
through Section =. Line intercepts, according to Hotties Formed 
about one-third of the teaffle dealt with by Oxu/Chi.187 This 
agrees with tho Kettler report lof Spring 19% according to waich a 
monthiy everege of 36,480 wireless messages (both plein and ene 
ciphered) and 12,330 line messages vere taken from January to 
June 1944, Yt is surprising that Kettler includes the line 
nessases in his report of the regular intercept from facilities 
"eentzally controlled by Chi.";| He must have included the 
Military Intelligence (aovehr) line intercept service jm this 
category, because theres is no gesgonce for line intercept vorls 
om the DERE of any of the stations directly subordinate to 
OK/Chi. 4 : 

Of the other German signal intelligence agencies, 
Gosring's "Research" Bureau rete to have made the largest con- 


tribution to OXW/chi's vray traffic. According to the Kettler 
report, "“wather more than a third” of the total traffic handled 
by his cryptenalytic section jm the period January to June 1944 


| 
185015 unit (Referat Vauck) finally became a part of OKW/Chi. 
See below, chapter III. 


186yi1itary Intelligence (the Abvehr) also procuxed cryptographic 
material through agents (I-127|, 5). See the case of the code pur-= 
chased from the Hungeriens (Seption vc). 

1875 _96, 5. 
188pp_9, 2. Morgenroth (Z-1i4, 2) stated thet postoffice inter- 
cepts had gone to OKW/Chi. This may mean that copies of messages 
hended over to the tostoffice (vhich controlled cables and tele~ 
graphs) vere passed on to OKW/Chi. There is, hovever, no other 
mention of traffic from this source. 
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vas intercepted and handed over by the "Research" Bureau , 289 
No mention is made of any other German signal intelligence. 
service. In ea list of sources of traffic dated 28 April 1943, 
hovever, Kettler's predecessor, Kempf mentions the Foreign 
office as well as Goering's service. 90 Of the signal intelli- 
gence services of allied and neutral countries the Kettler re- 
port mentions only Hungary. Budapest, he says, contributed 
about one-eighth of his cryptanalysts' total raw material 191 
In|the 1943 lists, however, Kempf montions traffic from Bulgaria, 
Italy, Finland, Rumania, and Spain.192 The Bulgarian material 
seems to have been passed on from the German station at Sofia, 
Rumanian material vas apparently handled by Military Inteili- 
gence (the Abvehr) although it vas to be separately handled, or 
at least separately marked, after April 1943. Spanish material 
had likeyise been handled previously by Military Intelligence 
(the Abyehr), but vas now to be separately handled or at least 
separately marked. The suggested source for this material is 
the| Spanish Signal Intelligence Service whose head vas Rafael 
Sarmiento. This Spanish officer is almost certainly to be 
identified with the Sarmiento whom Mettig mentions as the one 
with whom the deal on the D/F equipment vas made. He vag 
ame: one of the leading, Abyehr contacts in Spain. B 


The total personnel engaged in intercept for Group I 
was according to Kettler "about 420".494 ‘the personnel in 
Spain and Bulgaria are not included in this figure. Perhaps 
about 500 is a maximum estimate for the number of people 
directly engaged on intercept for OKW/Chi's cryptenalysts. For 
the ltotal accomplishment of the intercept organization, we have 
the Istatistics for the period January to June 1944 in the 
Kettler report: in that period, the monthly average was about 


189pp-9, 3. 

T, 1620. 

+9 pR-9, 3. 

1926 also mentions the German Armistice Commission at Wies- 


baden, which doubtless monitored Vichy traffic,and Military 
Intelligence (the Abwehr) as German sources of traffic. 


193 560 above pp. #2 
194159, 4. 
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36,500 messages. It must be remembered, however, that at this 
time the effect of the Allied bombings was making itself feit, 
It hed been necessary to organize an emergency plan whereby 
intercept of important traffic could be switched from one 
station to another in case of local disturbances or air attack. 


The emergency plan was controlled by vireless from the Henr= 
bellinerplatz, Berlin, (where Section VI was located).195 in 
ddition, Kettler complains of breakdown of teleprinter com- 

ications with Libourne, Madrid, and Sofie, "especially since - 
he beginning of the Invasion", 496 

Less is kmown about the second intercept system, which 

ad its main station at Ludwigsfelde, and branch stations at 
oenigsberg, Gleiwitz, Muenster, and Husum.197 The material 


tations to the Fehrbellinerplatz in Berlin. The technician 
cherge of intercept equipment was Graduate Engineer Salz- 

. Mettig says that, as a result of his ofmicioney. Lud- 
gsfelde vas particularly vell equipped. There were 60 
ceivers here. Ludwigetelde vas completely destroyed by air 
tack on 2 January 1944 and was not back in operation until 
tumn of that year. It was, therefore, out of operation for 
e entire period covered by the Kettler report of June 1944, 
spite the fact that the main station was not operating, 
Kettler states that the broadcast intercept system kept up a 
monthly average of 7,280 press reports and 7,340 radio tele- 
phone transmissions (average dura fan 20 minutes) during the 
period from January to June 1944. 

The general impression derived from the Kettler report 
and the remarks of the informants is that the great bulk of 
the material picked up by the whole intercept system of OKW/Chi 
vag either ordinary Morse or ordinary radio telephone. To be 
sure, the conmitment of Ludvigsfelde and its associated stations 
included "enemy multiple Morse transmissions", but in general 


19 


Uctp ey ae 


I-96, 6; DF-9, 2. 
190pp.g, 2. 

19Tpr-9, 2; I-9C, 15. 
198pp-9, 2, 
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it is clear that the signal officers who controlled OKW/Chi 
ere interested in efficient administration rather than in 
experiments or attempts to expand into new fields. This is 
doubtless what Huettenhain meant when he said "OKW/Chi itself 
yas not concerned with intercept problems."199 
OKW/Chi had, apparently, no facilities for intercepting 

Baudot . Huettenhain had seen some Baudot traffic, and this 

ad come from the intercept station at Staats. This station 
yas conducted. by the Reserve Amy and was subordinate to a 
ection of the Army Ordnance Testing Department whose york was 
he development of Signal Equipment. Staats also picked up 
ultiplex, Duplex, and Verdun transmissions and passed th?n to 
Oxw/chi.200 Tt yas in operation since before the war, but its 
subordination indicates that the chief mission of the station 
as the development of equipment rather than operational inter- 
ept. It does not seem to have passed on any considerable 
amount of material to OKW/Chi. It is mentioned neither in the 
Kempf list nor in the Kettler report as a source of traffic. 
The only elaborate attemp® to develop intercept facili- 
ties for special kinds of transmission vere made late in the 
war. They were not directed by OKW/Chi and, as far as can be 
discovered, OKW/Chi had no particular interest in them. The 
moving spirit behind these attempts was Col. Randewig, an 
officer who had been engaged in signal jatelligence work for 
the Army on the western front in 1940, He vas impressed 
with the need for a large, centrally controlled intercept 
organization, staffed with at least 3000 technicians. For 
two years (1940-1942), he addressed a series of memoranda on 
the subject to the Chief Signal Officer of the Armed Forces.*0@ 
He held various signal assignments but never had a chance to 
put hls ideas into operation. In August 1944, he vas made 
responsible forall questions concerning wireless in connection 
with rockets.©05 Since retaliation was feared, this mission 


1997.53, 19. 
200731, 19.° 


2Jlsee 1-68. Other activities of Randevig are mentioned in 
I-47 and I-98. 


2027.68, 4, 
2051-68, 5. 
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included keeping a watch for enemy transmissions which might 
be control beams or signals for rockets. In November 194i, 
Randewig was given the title: Armed Forces Signal Commander 
for Special Employment No. 700 (Wehrmachtnachrichtenfuehrer 
Zu Besonderer Verwendung 700) .2 As such, he was chief of 

& junit consisting of a staff of technical specialists and 
eS officer from the army, Navy, Air Force, Waffen S83, and 
abdout 300 men. The unit was directly subordinate to the Chief 
Signal Officer of the Armed Forces. Its original mission was 
ta study remote control and remote jamming and to devise counter- 
measures for enemy attempts in this field. Since this mission 
involved vork along all wave lengths, the unit acquired the 
additional task of covering all gaps in the German intercept 
scheme, including particularly the centimeter and decimeter 
wave lengths, which had been completely ignored by all German 
intercept organizations. To accomplish this the unit pad at 
its disposal the folloving three intercept stations: 0 

Husum, midway between Schoblll and Husum town. By means 
of an intercept receiver coupled to a sound film recorder 
(Tonschreiber) this station picked up a considerable volume 

of! unidentified traffic ranging between 30 and 60 kes. It 

vas hoped that further study of this traffic would reveal 

its nature and crigin. Radar impulses were also picked up 
which Randewig belleved would be useful in developing radar 
counter-measures, 

Kahle asten (on a hill near Winterberg overlooking the 
Ruhr). This station specialized in attempts to pick up Allied 
Getimeter traffic. Electrical disturbances during the brief 
period the station was in operation made it impossible to 
obtain any positive information. 

Feldberg in the Black Forest. Nothing is known about the 
activity of this station. 

Randewig"s intercept activities came too late to be of 
any practical importance. 


204 ont this ig the correct title is established by a find of - 
some German monitoring pro-formas addressed to Wehrmachtnach- 
richtenfuehrer 700. T 3366). In I-68, Randewig is called 
Heeresnachrichtenfuehrer 2BY 700 on p. 4 (although he operated 
teaser Wehrmacht rather than the army alone), Wehrmachtnachrich- 


tenfuehrer on p. 5, Hoeherer Wehrmachtnachtrichtenfuehrer on 
page l. 


2057-68, 5. 
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Chapter IV. Operations Paragraph 
Practical Cryptanalysis. . 2. 2. 2. 6 2 ee © we we ew we ee 
Cryptanalytic Research, Security and Developwent . . 8 


Miscellaneous Operations . . . 6. 6 1 1 ee ee ee ee G 


lL. Practical cryptanalysis. In a sense, Fenner's linguists 
were the core of ORIOL. iits unit operated in much the same 


way from the beginning. It seems to have represented the original 
erman idea of a highlevel signal intelligence organization. The 
iding principle behind its operations seems to have been to 

Bupply a steady stream of intelligence by breaking codes and 

ciphers which did not offer & very high degree of resistence to 
ryptanalysis and by furnishing translations of clear texts 

to obtained and of signals originally sent in the clear text. 


Innovations such as the introduction of a mathematical research 


ection and the late attempt to reorient the whole organization 
owards cryptographic security rather than intelligence seem 

o have had little effect on this group. Fenner SPPgars » in 
act, to have been hostile to Gimmler's innovations. 

a. “VN's": The final product of the linguistic section was 
he translation of decoded traffic. These translations vere 
alled "VN's", or "Verldssliche Nachrichten", "reliable reports". 

large number of these VN's have fallen into TICOM hands. They 
re all typed on form sheets headed by a large VN and classified 
Geheime Kommandosache," the German classification for "Top 
ecre material. Missing groups and garbles are indicated by 
dots, doubtful groups by dots underneath the translation. We 
told that dubious translations were enclosed in parentheses 
d marked with question marks and that free translations 
Were sometimes gccompanied by a literal translation in brackets 
if necessary.°22 The date of the message and the date of publi- 
cation are indicated. No evaluation was done by the ggcetions 

d no reports were written. As we have seen above y= the 
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completed product was passed on to von Kalkstein's evaluation 
section. Here material judged to be of no importance was put 
aside and the rest routed to authorized recipients. The principal 
recipients were, of course, Jodl, the Chief of the Operations 
Staff of the Supreme Command of the Armed Forces (Chef OKW/WFST.); 
Keitel, the Chief of the Supreme Command of the Armed Forces 
(Chef OKW); and Hitler. We know that Friedrich, the head of 
the Air Force Signal Intelligence Service ,received the VN's 15 
d it is likely that this courtesy was extended to the heads 
of the Navy and the army Signal Intelligence Services also. 
yathin OKW/Chi itself one copy went to the Archives where it 

as available to the members of the research section and one 
opy to the language sub-section which had produced it. Here 

t was used in compiling lists of cribs and for similar pur- 
poses. The total number of copies ordinarily distributed is 
ndicated by the fact that, "for a long time," thirteen 
copies were prepared, "later on," more coplea were prepared 
and for this purpose stencils were cut. The recipients are 
gaid to hwe kept the VN's and hangied them in the same way as 
any other "Top Secret" document.© 
Captured VN's in the possession of TICOM represent the 
traffic of twentynine countries. Most of the messages were 
from the Foreign Ministry of the country in question to its 
representatives in the various national capitals, or vice versa, 
In some cases the correspondents were two such representatives 
away from home, Some of the messages were signed with the name 
of the originator; some were signed "Foreign Ministry"; and 
many were unsigned. 
With respect to content, the captured VN's can be roughly 
Classified as follows: 
Diplomatic household affairs such as personnel moves, 
exchange of stranded personnel through neutral countries, 
requests for jobs, moves of embassies into new quarters; 


Requests for passports and visas; 

Press reports; . 
Non-press reports; 

Commercial and shipping arrangements. 

2167-13, 6. 

216784, 5. 
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It can be assumed that the German High Command had little 
interest in such housekeeping problems of the diplomatic 
establishments as are represented by the journey of one Leon 
Lévy from Algiers to Paris to fetch the archives, 2 empty mail- 
ags, and the typewriter. 

The requests for passports and visas, which take up much 

space, were probably likewise of little interest to the OKW, 
less it happened that the request came from a person of 
nternational importance. 

The press reports are merely résumés of what the Germans 
ould very well read for themselves in the papers, 

The non-press reports, on the other hand, could conceiv- 
ably have borne some interest for the Germans. Topics included 
formation of new cabinets, situation on the battle and home 
fronts, morale, and impending or accomplished political moves. 
A\few examples of hogrpress reports from captured VYN's follow. 
Brazil No. 1514¢1 


Ankara-Rio 
19.944 
The Vice-president of the National Party has been 
O appointed new Foreign Minister. This appointment is, it 


seems to me, significa». of a striving tovard a closer 
approach to Russia, whose advance in Bulgaria is groving 
into a threat tg, gurkey. 

Brazil No. 2006 

Ankara-Rio 

29.9.44 

The sudden departure of the Anglo-American Military 
Mission from Sofia upon the demand of the Russians has 
caused animated perturbation here. This sppears to be 

the first conflict of interests betwixt the Russians and 

the Anglo-Americans. In Turkey, public opinion is disturbed 
by the attempt of the Russians to proceed in the Balkans 
without any control and to exclude any influence, no 

matter from whas quarter or in what form. 

Brazil No. 1703+ 

Stockholm-Rio 

22.8, 44 

The arrival of Keitel in Helsingfors, concerning which — 
silence was kept up to now, was announced today for the firat 
time. It is certain that this third visit of Nazis brought 


2279, 791. 
218n! 793. 
C 2190 | 791. 
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a result quite opposite to that of the other two; for 
Mannerheim did not allow himself to be impressed either 
by the usual threats or by any kind of promises, Many 
believe that this firm attitude strengthens the prestige 
of the Finnish President with the Soviets in connection 
with the peace negotiations reported in my telegram of 
yesterday. However, the first impression in Moscow of 
Keitel's journey was YBEy bad. 

Brazil No. 309 or 319 

Ankara-Rio 

5.10.44 

The nev Thrace-statute imposed by Russia without 
previous announcement and (discussion) negotiations has 
called forth in Greek circles deep indignation and among 
the Allies great suspicion and not groundless fears. It 
is not known here what the English reaction will turn 
out to be. However, Turkey sees its European frontier 
seriously menaced by the Russian troops. 

Chungking-China No. 1300221 
- . « = Chungking 
13.9.44 

The reason for the visit of the Vice-minister of the 
Interior to consul Hou was .. . and the meeting at Quebec. 
This time he informed Consul Hou as follovs;: 

The reason for the discussions of the two statesmen 
Churchill and Roosevelt concerning problems of English- 
American conduct of the war is said to lie in the necessity 
for sending new contigents of troops to... Churchill 
and . . . will confer on the preparation of further con-~ 
tingents of troops for landing in the Netherlands Indies 
or the Bonin Islands. The fleet movements are to be 
accelerated, even though it appears as if the European 
war were more pressing than the war in the Pacific. 

One Japanese message in which the Germans would undoubtedly 
been interested vas, unfortunately for them, solved just 


months late. Intercepted on 10 December 1943, it was marked 
lived after delay" end issued as a VN under date 11 October 


1944, It vas sent from Moscow to Tokyo and contains over five 
page 
the Soviet Union. Such topics as the German~Russian front, 
Russian home-front morgles and Russian foreign policy are 
treated in some detail.£<e 


220m 
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222 
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s of annual report for the year 1943 on the situation of 
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Among the messages dealing with shipping and other com- 


mercial matters, ones such as the following may have interested 
the Germans; 223 


Brazil 1704 
Rio-London 
23.8. 44 

The Economic Office for Sugar and Alcohol approves 
the extension of the international agreement for two years 
and deems it suitable to ask for an increase of the quota, 
which of course could not be used at once, but would afford 
greater assurance in planning; for .. . increased during 
the effectivengss of the London agreement by 25%... 
France No, ? . 

Wash ton-Paris 
19.10.44, 

Sodium Cyanide. For Import and Production. 

The’ situation here is very critical. Before the war 
the United States was the principal customer for French 
sodium cyanide. The War Production Board inquires whether 
France is at this time in a position to supply a certain 
amount to the United States. Please answer by telegran. 
DeGaulle-France No. 74022 
aor Ateters 

9. 

The steamer "Sac II" sailed this morning, 4 September, 
from Huelva bound for Port Lyautey with a cargo of 4,601 
tons of pyrites. 

The following messages are presented as miscellaneous 


material which may have interested the Germans: 


Brazil 32422 
Lisbon-Rio 
20.9.44 

On the basis of the instructions issued by Minister 
Aranha in the telegram of 28 July I yesterday gave Dino 
Grandi as remuneration for his work the sum of 24,600 
escudos, equals 1,000 dollars. I had received this sum 
from our clearing-house for this purpose. Dino Grandi 
hailed the Brazilian Government in words of acknowledge- 
ment. The text, which was handed out to me, I shall 
send air-mail.” 


T+791 
2h -782 
227-782 
T-791 
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Chile No. ? *27 
Wash ton-Santiago 
7.10.4 

The Government of the United States has granted to 
the Military Mission the following var material: 12 
howitzers . ... with 9,000 .. ., 24 machine guns caliber 
30 with 50,000 rounds, 48 anti-tank cannon with 9,000 
rounds, 500 gasoline tanks ... : 
Directives as to vhat systems were to be attacked came to 


e head of the service was in turn, as we have seen, briefed 
Military Intelligence (the Abwehr). From what little we 
ow, liaison was, at least from the cryptanalysts' point of 


ryptanalytic achievement of OKW/Chi, he hesitated. 


| the head of OKW/Chi (Kempf, and later, Kettler). 


view, not very satisfactory. Neither Military Intelligence 
(the Abwehr) nor-oddly enough - the heads of OKW/Chi seem to. 
ave had an adequate idea of the difficulties faced by the 
eryptanalysts. As a result, -directives always came too late. 
pha adie remarks that Kempf had requested that an American 

trip system .be broken by a particular Sunday. By a great 

troke of luck the system was broken to meet the deadline. 
this caused the operational personnel some concern, "because", 
s Huettenhain said, "they were always afraid after baat he ; 
‘Kompf) would expect systems to be broken to order.” 


When Mettig was azwked point blank what was the greatest 
_ It 


ecame apparent that OKW/Chi had not achieved any outstanding 
Gryptanalytic success. Nevertheless, Fenner's group, aided by 
he research section, did achieve a series of minor successes 

d kept a steady stream of intelligence flowing to their 
guber lores During the period from January to June 1944, as-we 
re informed by Kettler's report, Fenngtis linguists produced 


i monthly average of about 3,000 VN's. 


It may be noted in 
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passing that during the same period SSA reported a number of 
completed diplomatic messages which averaged 3,700 per month. 
Earlier, it may well be that OKW/Chi's output of VN's vas 
greater, because during the period for which we have the report 
the effects of the Allied air raids on the German cities vere 
beginning to be felt. OKW/Chi had been bombed out of its 
regular aygzters in the Tirpitzufer section in Berlin in Novem- 
ber 1945, During the pericd covered by the report, Kettler's 
crypto-linguists were vorking in temporary quarters, unheated, 
and in many cases without doors and windows.©22 In 1944 the 
number of crypto-linguists engaged was about 320. It is 
probable that this number had declined from a peak reached 
about 1941. Kettler in his report refers 9 a combing out of 
able-bodied personnel for active service.= 

Fenner's linguists, it will be recalled, were organized 
into desks according to the language used in the material att-~- 
acked. What we know about their work in detail can best be 
arranged according to the language in question. When Mettig 
vas asked the embarrassing question about OKW/Chi's outstanding 
eryptanalytic achievement, he was able to point out that from 
an intelligence point of view the Turkish section perhaps made 
the most important contribution. He also mentions Potish 
traffic as having proved important for intelligence.“-? This 
was confirmed by Kettl..r's report, where Turkey and the Polish 
Government in exile vere mentioned as fruitful sources of 236 
information. To these he adds the United States of America. 


b. Turkey: 
The Turkish desk in OkW/Chi consisted of about ten, people“?! 


2527 105, 2. 
2) 2pR-9, 4. 
24op-9, 4, 
255J-128, 3. 
236pp_9g, p. 3. 
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and seems to have been headed by Specialist Dr. Locker.238 
Beyond the fact that the achievements of this desk were very 
valuable, we have no information about what systems were 
broken. Scherschmidt, who was in charge of Turkish crypt- 
analysis in the Foreign Office Cryptanalytic Section (Pers 

ZS) jsaid that the bulx of the work on Turkish Military Systems 
was ldone by OKW/Chi. Despite the fact that he had a low esti- 
mate of their ability as linguists, Scherschmidt believed OKW/ 
Chi jhad consideragis success, particularly with Turkish 
military systems. 

c. |Poland; , 

The Polish desk hag, gventy people and was one of the 
largest language desks. It was headed by a civil servant 
named Berndt.241 The main success of OKW/Chi in the polish 
field was attained against an enciphered four~figure code 
used by the London Governi«nt. in Exile. This system was 
first attacked and solved by Huettenhain's research section 
toward the end of 1942 or the beginning of 1943. It was 
worked on continually and changes in the system were followed. 
Weber ggntions having worked on the materlal in the spring of 
1944:245 Kettler in his report of spring '44 mentions the 
solution of a Polish cipher as one of the outstanding crypt- 
analytic achievements of his organization. This cipher vas 
probably one of the variations in the system under considera- 
tion. By 1945, twelve different stencilsapd a large number 
of jenciphering tables had been recovered. In the attack 


220chus Beyreuther (I-150, 3). Mettig (I-96, 3) says a Lt. Dr. 
Kern was head of the desk snd Locker his subordinate. Trappe 
(I-123,3) puts Turkey, Greece, and Persia at a desk under Min. 
Rat Seifert and Dr. Locker. Scherschmidt of the Foreign Office 
Cryptanalytic Section (Pers ZS) (I-103, 3) said Locker was head 
ot |the OKW/Chi Turkish desk. 

2397103, 3. 

* Pt50: 3. 

ahs 96, 3; 1-150, 3; I-1, 20. 
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n the system, Huettenhain's people used a specially developed 
yptanalytic device calied the Witzkiste ("Brainbox") and also 
rdinary IBM machinery. The sg pie was referred to by .some 
nformants es "Military Attaché", vy others as"Diplomatic".247 
The most valuable intelligence results from Polish traffic, 
however, vere obtained through the breaking of the traffic 
between the underground organization in Poland and its govern- 
ment in London. This traffic was said to have been particularly 
valuable during the period immediately preceding the Normandy 
invasion. All wireless traffic from England vas banned, but 48 
the traffic of Polish agents to England continued and was read.® 
Most of this ‘traffic seems to have been in a five-figure system. 
The original break vas apparently made not b QBN /Chi but by the 
Agents Section of Inspectorate 7/VI (In TNT}. Once the 
break had been made, however, the traffic proved to be so 
valuable that in the autumn of 1943 a group from The Agenta 
Section of In 7/VI was transferred to the Polish desk of OKW/ 

Chi where it worked as part of the organization. The trans- 
lated clear texts were published as regular VN‘'s and given an 
extremely limited distribution. The traffic itsgif was inter- 
cepted by the OKW/Chi intercept station at Lauf. 
d.| U.8.4. and Great Britain: 

The precis: organization of the attack on the traffic of 

the English-Speaking Allies 1s not quite clear. Mettig 

Stated that there was a special desk for U.S.A. and that this 
dedk was headed by Senior Specialist Rohen. British traffic 
was sepgrgtely handled by a desk under Senior Specialist 
Rotter. All the other informants, however, put both - 
Grdat Britain and the U.S.A. in a single desk headed by Rohen.257 


HmOoOa6 


2457-31, 21. 
246 
By Huettenhain in I-118. 


Tay Weber in I-124. 

2ney-115, 9. 
22°see below wader "Agents' Systems". 
2511115, 9. 

2927-96, 3. 


2534, Beyreuther (1-150, 2). Trappe (I-123, 3) and the Foreign 
Office people (I-1, 20). 
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This vas a large section containing forty to fifty people .°94 
eee was apparently 4 cryptanalyst of apne experience. He 
had once heaged the Czechoslovakian desk and later the Bul- 
garian desk, It may be suggested that there was actually 
ohe Gesk for England and the U.S.A. and that Rohen was the head 
oF it. Since success with U.S.A. traffic vas mich greater 
t succeas with English traffic, most of the personnel were 
probably employed against the U.S.A. It is possible that 
Rotter headed a small research group engaged, perhaps unsuc- 
cessfully, on some of the English systems. 

With high grade american machine ciphers, OKW/Chi had 
nd? success and seems to have made very little effest. Huetten- 
hain knew nothing of the "big american machine". He apparently 
had never concerned himself with American diplomatic machine —~ 
ciphers. Wo work was done on American enciphered teleprinter 
traffic. Huettenhain stated that he had never seen any such 
traffig 3 OKW/Chi's work on the American Hagelin is mentioned 
below, 59 Hagelin was, of course, never a@ practical problem 
for OKW/Chi since it was never empoyed for diplomatic traffic. 
The leading German success in the American diplomatic 
field was the reading of the American strip systems. We know 
that the American strip system (0-2) wag read by the Foreign 
Office Cryptanalytic Section (Pers ZS). Whether this is 
the same system mentioned by Huettenhain as having been broken 
at OKW/Chi is not known. The story told by Huettenhain - that 
Kempf had ordered the section to breay an American strip system 
before a certain Sunday and that this vas done, much to the 
consternation of the personnel who fearcd that after that he 
would expect systems to be broken to order ~ does not state 


2 
I-1, 30. 


2971-123, 3. From Trappe, who knev the situation in 1938, 
2561.1, 20. 

2°17 Bh, 6. 

2987-51, 19-20; I-84, 6. 
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specifically which American strip system vas meant, 261 In any 
case, OKW/Chi deserves credit for the development of a erypt- 
analytic machine which facilitated the regular bregking of the 
traffic once the initial break-in had been side. Huet- 
tenhain says the break-in was obtained through mistakes in the 
use of the system and that there vas no physical compromise. 2 
No German agency read American strip systems after the intro- 
duction of channel elimination. 

For a short time, scu sort of American military attaché 
traffic seems to have been read. Huettenhain says this was 
emergency double transposition but he was not SEne> on thinking . 
it over, whether this was British or American. Mettig hd - 
& vague recollection of the matter. He describsd the system as. 
a military attaché system although the sender was not a military 
attaché. -The traffic was between -vashington and North Africa. 

e thought the system was M-209. Rave, who, it will be 
recalled, was a minor light in the Japanese section and who 
qannot therefore be taken seriously as the other two witnesses, 

ad heard some vague rumors of the breaking of American mili- 
ary attaché traffic. He, Rought the system in question vas 

book with encipherment. The most likely conclusion from 
hese confused remarks is that an American military attaché 
ouble transposition used in Cairo sometime during Rommel's 
amnpaign vas read by anagramming two messages of identical 
ength. The evidence is so contradictory and confused, hov- 
ver, that the matter must remain very doubtful. It is a case 
here the prisoners! memory failed. 

In addition, an unenciphered code of about 100,000 groups 
use since 1926 was read.209 


1y-84, 5. 

2627.32, 4. 

20340, p 2; 1-84, 5. 
264431, 9. S&ee beloyv note. 
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2657-111, p 2. 
268120, 8, 


2697.33, 9, 


6 


DOCID} 


3560827 


The U.S.A. desk of OKW/Chi also brokg @ code encipherment 
system employing twenty-letter alphabets. 7 Weber said that in 
June or July of 1941 he and a4 crypto-linguist named Teischmuelier 
vorked on a United States diplomatic five-letter system to which 
an encipherment using seven to ten alphabets was applied. Dif- 
ferent alphabets vere used for the odd and even groups, Weber 
did not read the system and whether it vas read later we do not 
knov, 

There is no evidence for high-level success against British 
systems. A Typex machine captured at Dunkerque was on display 
at OKW/Chi1. This machine vas without rotors and no rotors vere 
ever obtained. The OKW/Chi prisoners could give a reasonable 
accurate description of the machine put they were not sure how - 
many rotors were actually used .274 Carefully questioned on the 
subject, they vere emphatic in thelr statements that it had 
never been solveg either by OKW/Chi or any other Gemaan crypt- 
analytic agency. 75 
There is considerable evidence for successful work on the 
British Interdepartmental Cypher. The book was captured in 
Bergen, Norvay, and OKW/Chi collaborated with the Navy and 6 
Air Forces in solving the encipherment and reading the traffic .©! 
The rest of the evidence is largely nesative, MissHagen, head 
of the English desk in the Foreign Office Cryptanalytic Section 


271: 33, y 
2727 424, 3 
2733e6 I 161, 4; I 31, 11; I 66, p3 
2747 32, 1 


27 An unsuccessful effort vas made to trap Huettenhain and Mettig 
on this point. At the conclusion of the interrogation, even 
the most skeptical of the interrogators was convinced that 
they were telling the truth. See I 161. 


2T6see I 22, p. 12; I 1y, 4; 193, 4. Mettig (1 121) 1s pro- 
bably mistaken in his statement that OKW/Chi did not vork on 
the Interdepartmental Cypher. Huettenhain (I 31; 11) simply 
. said he knew nothing about it, so that it had not been re- 
ferred to the research section. The linguists may have vorked 


on it unaided. 
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(Pers ZS), said she believed that OKW/Chi was not successful 
No work was done by OKW/Chi on Indtia-Office traffic, British 


English systems had been read since 1943. 

e. France, Belgium, Netherlands: 

At the beginning of the war OKW/Chi detached Huettenhain 
to the armies on the Western Front for the purpose of working 


passed between the Ministry of War and the Southern bigtzict, 
later between the Ministry and all important commands. The 


hain to Fenner during the time of his detachment. From these 


traffic was read up to the end of October 1939 and leads vere 
apparently given for continued reading. The military authori- 
ties were pleased with Huettenhain's work but Huettenhain made 
it clear that he could not have been successful without pre- 
liminary work in reconstructing French books done by Trappe and 
others at OKW/Chi before the outbreak of the war. Towards the 
end of the war the French desk was headed by BgRtor Specialist 
Mueller and consisted of about twenty people. Huettenhain's 
interest in the primitive French form of the Hagelin, the 

C-36, and in the more complicated French cipher device, the 
B-21l, was an indication that some of the traffic in these 
systems was perhaps dealt with by this desk. This desk may 
have assisted with the supervision of the Vichy French traffic 
which was under the direct control of the French Armistice 
Commission at Wiesbaden, but we know no details of this work. 


PIT y_o7, 

2787.31, 6. Huettenhain adds as an exception: except "a 
Double Transposition system... where the same key length was 
used on both cages". This may be a confusion with the American 
military attaché system discussed above. 

PT9T-31, 5. 

2807_96, 3; T-150, 2; I-123, 3; I-l, 20. 


281566 below, Chapter IV. 
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with British diplomatic ciphers although they were attempted.°!T 
Commercial or Bank of England systems. Hyestenhain said that no 


on French high-level military traffic. .This traffic was probably 


personal file in T-1620 contains tvo letters written by Huetten- 
letters it is clear that Huettenhain was wholly successful. ‘The 
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Of successes against the other western allies, we can say 
only that Bptor to the fall of Belgium a Belgian desk existed 
in OKW/Chi.©°2 since the division of labor with the Army does 
not seem to have been so rigorously carried out in the early 
days of the war as it was later, it is possible that this desk 
had something to do with the reading of the Belgian military 
three-figure code enciphered by substitution tables. In any 
case, this system was read. No Belgian attaché systems were 
studied 202 

At the oukpyeak of the var there was a desk for Nether- 
lands traffic. Of the work of this desk we know nothing. 
ft.) Russia. 

The Rygsian desk vas under Professor Nowopaschenny .285 
Wendland, the head of the practical cryptanalysis section, 
(Section V) vas also interested in Russian. It is known that, 
as| early as 1934, Nowopaschenny was connected with the Cipher 
Section, and was interested at that early date in Russian 
problems. At that time, Russian military traffic was being 
worked on. During the war, the Russian section vas small, and 
it| seems to have been able to accomplish nothing. Mettig stated 
definitely that Russian diplomatic traffic vas enciphered with 
a one-time pad and was never read. Traffic was intercepted 497 
from time to time and tested, but the desk never had any luck. 
The Foreign Office People said that up to the time of Stalingrad 
the Army aq read a Russian diplomatic system based on a one- 
time pad, They were probably mistaken. The system read was 
almost certainly a military system. We mow that such a system 
was read. <A diplomatic system would not have been handled by 


the Army. - 


2821.36, 3. 
2834-51, 6. 
28436, 3, 
285196, 4; 1-123, 3. 


206, oyreuther was, however, wrong in considering him head of 
the |Russian desk (1-150, 34 


2877.96, 14. 
2887.22, 15. 
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g. Yugoslavia; 

The ¥:goSlavian desk was headed by Principal Specialist 
Wendland, who seems fax a time to have been assisted by Senlog 
Specialist Bailovic.©°9 The desk is said to have been small,°?° 
and we do not know precisely what it attempted or accomplished. 
Buggisch Bugted that OKW/Chi attacked the systems of Mihailovic 
and Tito. However this may be, it 1s kmown that the Army 
also worked on these systems.<9* What the division of labor 
was we do not knov. 


h. Japan, China, Manchukuo: 
The Japanese Desk was headed by First, . Adler and seems 


to have consisted of about fifteen people. Five members of 
this section were interrogated, and we have a fairly completes 
picture of dks accomplishments. The following Japanese systems 
were read:2 
(1.} A two and four-digit code woen:tphered, known ge 

the LA Code. Another infoymant adds the Ca and IP Codes .* 

| (2,.) Phe KOKOK Code.299 This was a two and four~letter 
code transposed on the basis of a repeating nineteen digit 
keyword. This system wads solved up until the time it was 
‘oe dropped on 1 January, 1942. 


289796, 3; 1-123, 3. 
29074, 20. . 
2917.58, 7. 

2921-69, 


297 7_96, 4; I~123, 3. Beyreuther, who was a member of the section, 
mentions 14 names (1-150, 4). This is, therefore, a minimum 
number. The Foreign Office people simply refer to a "largish 
group". (I-1, 20). 


2F one following list is based on that given by Reinhard Wagner, 
a member of the desk in I-90. 


eo Beyreuther (I-150, 8.). 


296 railed KAKAK by Beyreuther (I-150, 8). The system was worked 
on by the Research Section (I-31, 8; I-31, 5; I-118, 7). 
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(3.) FUJI, a transposition by means of a transposi£gen 


, Square with nulis applied to a two and four letter code. 
This system was read until it ended in August, 19435. It vas 


broken in a very short time by the use of special eappargiys 


' designed by the research section and operated by Weber. 
New traffic could be read in less than two hours with the aid 
of this machine. 


(4.) The slightly more complicaggd system which succeeded 
USI in January, 1944 was also read, 

5.) A four-figure basic code with 1,200 values enciph- 
‘ered by an additive book of 400,000 values. 

6.) Various commercial codes, each of about 10,000 values, 
‘enciphered by transposition. For example: Aji:4J, 4 three, four, 
‘six-letter code; ETGAV, a six-letter code; AMNUz , a five-letter 
‘code. The encighering processes were indicated by letters 
CIFOL or VEVaz.200 

(7.) ABABA BCBCB cpcDc. This system vas exclusively 
‘employed in the Far East and consisted of a very primitive 
basic code -:siphered by transposition. It vas not read after 
New Year, 1944, because interception became impossible. 

.} A system used by SatS, Oshima's counter-intelli- 
gence man, to pass messages which Sats did not wish to come to 
the attention of the Ambassador. For each letter of the alpha- 
bet two digits vere substituted. The resulting text vas then 
enciphered by a repeating additive of ten figures which never 
changed. 

(9.) A machine which apparently consisted of two encipher- 
ing wheels, one with six letters of the alphabet, the other with 
the remaining twenty. This system was read until February, 1939. 


297 se6 also I-31, 8; I-34, 5. This is probably identical with the 


Kennwort (indicator code mentioned by Rave (I-22, 8) and Beyreuther 


(1-150, 8). 


298 me apparatus vas.called the Bigrammsuchgeraet "the bigram- 
searching machine" (I-31, 4). Weber himself says traffic three 
to four days old vas read (I- 124, 3). 


22 Veber denies that any success vas obtained with "new Jap 
systems" after August 1943. Weber may not be a reliable informant. 


500 I-31, 8; 1-150, 8. 
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It was originally broken, however, by the Foreign Office 
Cryptanalytic Section (Fers z3) .301 After 1959, the machine 
was replaced by another machine, and this second machine vas 
never broken by any German cryptanalytic agency. When the 
Army cryptanalyst, Steinberg, who had vorked on American 
machine systems, was transferred to OKW/Chi in November 1944, 
he vas assigned the mission of attacking the Japanese machi Ag - 
To assist him, Steinberg had only one or two enlisted men. 

it was determined that, like the old machine, the new machine 
enciphered letters in two groups, a group of six and a group 
of twenty. The work, hovever, was interrupted by thegng of 
the var, and no traffic in this system was ever read. 

No Japanese Military Attaché systems, oither Rikugun or 
Kaigun yere ever read, although they were attacked at various 
times.-0* Hnettenhain himself investigated them in 1943. In 
1942, a very favorable opportunity offered itself vhen the 
Germans passed the details of certain book recoveries to the 
Japanese, These details vere passed by Hayashi to Tokyo in the 
Military Attaché system. Despite the wealth of cribs offered 
by this process, the Germans did not succeed in solving the 

oo system.” 

Adler's section also worked with Chinese, although not 
many people were engaged on this. ou? Chinese systems were ever 
referred to the research section.” The only clear success 
we are certain of vas vith the Chinese Military Attaché system 
which was discontinued in April or May, 1943. This was a three- 
letter code, and the first groups were always EFR SKW JKW. The 
encipherment consisted of transposition within the code groups. 


20lprom Huettenhain, I-118, 7. 


3027150, 5. 


30375, 8; I-118, 7-8, from Huettenhain. Buggisch's idea (1-64,3) 
that Steinberg solved the machine i6 certainly wrong. 


30%7.84, 5; I-118, 7; I-31, 8. 
035 31, 9. 
306; 33, 9 . 
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The encipherment vas solved, but no messages vere ever read,207 


Chinese traffic with the discriminant NKDBN was also "investi- 


gated", with what success we do not know. It consisted of 
three-letter groups, unenciphered, with many spells.. Apparent- 
ly snough traffic wgggread to show that it was of a purely 
military character, Some Manchurian material was also 
worked on, but no details are known. 


1. Italy: 

Senior Specialist Raffel was head of the Italian desk, 210 
The section contained thirty-five to forty people and apparently 
had considerable success. Senior Specialist Paschke, of the 
Foreign Office Cryptanalytic Section (Pers z3) said that between 
1935 and 1942 his people had “read everything" in Italian, and it 
is likely that their results were passed on to OKW/Chi. We know 
that OKW/Chi read a diplomatic system called AR 22, and the 
Impero Code. Between 1942 and 1943, the Italians increased 
their additive material and employed digraphic substitution. 
After the surrender of the Italian Government, the Impero Code 
continued to be read by the Foreign Office Cryptanalytic Section 
(Pers ZS) for a while. Later, there was no longer sufficient 
depth to do this, and it was suspected that a double transposi- 
tion was being employed, The systems of the Neofascist Italian 


Republic were also read by the Foreign Office Cryptanalytic 


Section (Pers 2S). They used a 5,000-Pigure additive; during 
the last three months, they also used unenciphered bgoks and an 
alphabetical book with a short additive called RA l. 


j. Bulgaria, Rumania, Hungary, Finland: 
A arly date a desk existed for attack on Bulgarian 


e 
traffic .212 At on¢s time after its establishment this desk vas 
headed by Rotter. There was @ Rumanian section headed by 


071-22, 8. 
308, op, 8. 

797.350, 9. 

210796, 4; I-150, 3; I-123, 3; I-1, 20. 
J1ly20, 5; 8, 

31256, 3. 


Alera, 20. 
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Major Lenschau, which also had existed for a longs Ame and 
which at the end of the WaT contained six people. A desk 
for Hungary also existed.7+> Finnish may have been worked on 
in the Scandinavian section. We know, however, no details of 
German successes against Germany's smaller allies, 

k. Scandinavia: 

In 1940, Scandinavia became a place of great military 
importance, and all Scandinavian work was transferred to oKW/Chi 216 
The Scandinavian Desk vas headed, by Senior Specialist Wevering 
and contained about six people. The desk read only Swgggsh 
unenciphered codes for which the books had been captured. 

In view of Huettenhain's interest in the Hagelin, it is likely 
that the research section devoted some attention to the Svedish 
diplomatic use of this device. He was able to recall a message 
of more gan 5,000 letters sent by the Swedish Attaché in 
Moscow. No Swedish Hagelin traffic, however, was ever read. 
1. Switzetland: 

There Was apparently go4eparate desk for Swiss traffic 
headed by First Lt. Kunze. Traffic enciphered on the Sviss 
Enigma was regularly read. Huettenhain said that the wiring 
was changed every three months, but the changes at Washington 
were not made at the same time as those in London. Cribs thus 
provided by the Washington Traffic for fbn pencen traffic made 
it possible to solve the London wirings. : 


I-150, 3; I-123, 3; I-36, 3; I-1, 20. 
I-150, 3. 
I-22, 21. 
I-250, 3; I-123, 3; 1-36, 3; I-1, 20. 
ae eo 
PP aoa Tis 
720 prom Mettig. The Foreign Office people said a Herr Jung- 


Fischer vas head of desk; Beyreuther, a Studienrat Dr. Peters. 
Trappe (I-123, 3) says work on Swiss vas carried on by Mueller's 


French desk. 


ed) 51,14. 
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m. Vatican, Greece; 
Around the beginning of the var, @ desk was established 
for attacks on Vatican traffic. Seifert, a former member of 


the Austrian Cryptanalytic Bureau, joined QW /Chi at the time 
of the Anschluss and broke a Vatican bggk. A small Greek 
desk existed under Cpl. Dr. Poetsgens., Seifert also seems 
to have concerned himself with Greek systems, and is said to 
have broken one or more Greek books. 
n. Spain, Portugal, Latin America: 

6 do not knov what was accomplished by the small desk 
for Latin Aggpica, Spain, and Portugal, headed by Specialist 
Dr. Kiefer. , 


o. Agents' Traffic: 
Codes and ciphers of enemy and neutral agents were not 
& regular commitment of OKW/Chi. They were handled by the 


Agents’ Section of In 7/VI, sometimes called Yauck's Section 
from its head, first Lt. Vauck. Nominally attached to In 7/VI, 
actually it was detached to Group III of the Radio Defense 
Corps (Fu III), which, it will be recalled, was concerned 
with the interception of agents' traffic. 3 Located at 

OO Dorf Zinges near Jueterbog, the group acted more or less indepen- 
dently. It is not clear whether the 6,000 agents' messages, 
which, deciphered and translated, formed a portion of the prco- 
duction claimed for OKW/Chi in the Kettler repory gf Jane, 1944, 
were actually turned out by OKW/Chi or by Vauck. 2 It is much 
more likely, hovever, that Vauck had nothing to do with these 
messages and that they were actually part of the work of Kettler's 
own organization. Occasionally more difficult problems were 


22 
? I-118, 3. He is also stated to have broken Polish, Turkish, 


and Greek books. 
2 
7297150, 3. The Foreign Office informants said Seifert was 
head of the Greek Desk and that Poestgen, Bruckmann and Ruesing 
were "also active on a more or less independent footing". 


2247150, 9; I-125, 3; I-1, 20. 


72 ogee above, Chapter III. 
3267115, 6. 
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turned over by Vauck to OKW/Chi. One example of this is the 
case of the signals from the so-called Rote 3 (Red 3) Network, 
&@ Russian agents' network operating from Switzerland. Signals 
from this source were dealt with by Professor Nowopaschenny, 
Trappe and Schmidt of OKW/Chi early in 1943. Schmidt succeeded 
in solving ten of these messages, and Vauck's people then dis- 
covered that the encipherment was based on a book. Apparently, 
however, thigopas not enough to solve all the traffic passed by 
the netyork, . 

The transfer of work on London-Warsay traffic from the Agents! 
Section of In 7/VI to OKW/Chi in the autumn of 1943 has already 
been mentioned. This transfer vas apparently a result of an 
appreciation of the importance of the traffic and of a desire 
to ve york Qn it the limited distribution of the regular 
OBW/Chi VN's.°*9 In the autum of 1944, the whole of the Agents’ 
Section of In 7/VI vas subordinated to OKW/Chi. ‘The group 
remained with Fu Tit hovever, and its work was not affected by 
this paper change. 


8. C¢ tanalytic Research, Securit and Development. 
While the Seesto-Tingetsts had a steady and unified mission, 
the research cryptanalysts of Huettenhain's section in OKW/ 
Chi were pulled in two directions - towards the cryptolinguists 
whom they could assist in the solution of enemy systema and 
tovards the cryptographers who were interested in security 
scrutiny of German systems. Research cryptanalytic work in 
the first field has already been mentioned. In some cases, 
it was merely a4 matter of detaching a few people to assist 
@ language section, as for example Weber and his "Digraphic 
Weight Recorder" Rapid Analytic machine assisted in the solu- 
tion of the Japanese transpositicn system. Only a few people: 
seem to have been employed in the unsuccessful attack on the 
United States enciphered code. Not more than three parti- 
cipated in the study of the later Japanese diplomatic machine. 


3285330, 2, See also I-115, 7. 17 1620 contains material re- 
lating to the "Rote 3" affair. 
229gee above under Poland. 


2207115, 6. 
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How many were employed regularly on the Polish diplomatic 
stencil we do not know-probably not many. The attack on the 
United States strip system was perhaps originally a larger 
effort. The research cryptanalysts seem, in addition, to have 
made a detailed study of the various Hagelin machines and to have 
obtained plain text for the linguists, at least in the case of 
the simplest type, the French 0-36. Huettenhain outlined the 
various methods by which the C-36 could be solved: 

from messages in depth 


from stereotyped beginnings, where a crib of five or six 
letters could be confirmed if the cipher text contained 
more than 323 letters 


vy statistical means without any cribs when the text was 
‘ sufficiently long 
Their investigations also extenges to the more difficult later 
Hagelin development, the BC~38, and here the general princi- 
pies of solution were also understood: 
CO solution of messages in depth 


solution made possible by errors in wheel setting and 
consequent retransmission 


general statistical solution employing Pearson's X® teat. 
For this last me %s399 an. artificial message of five thousand 
letters was used, Results could be checked step by step 
and the work was brought to a stage where it was apparent that 
final solution vould have been possible. No actual traffic 
was ever solved by this method, however, despite the fact 
that a Swegi gh message of more than five thousand letters vas 
available The Finnish Hagelin seems never to have been 
attacked.225 So far as is known, OKW/Chi did not concern 


D21T-45, 6. 

9327-45, 7-8. 
3331-48, 2; I-31, 7. 
3547-31, 7; I-31, 9. 
2257-31, 7. 
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itself officially with the solution of any United States Hage- 
lin traffic. The French B-211, both in the original and in the 
modified form, and the Russian B-21l were also studied. The 
section had time for s. small amount of purely theorggAcal york, 
as for example, Dr. Schulze's study of the X* test. Ruetten- 
hain was thinking of suggesting "A generel theory for the 
solution of Double Transposition" as a doctoral dissertation. 
such vork could bg kept secret by arrangement with the univer- 
sity authorities. 2 
Probably one of the outstanding achievements of the 

OKW/Chi cryptanalytic section was the dgyglopment of various 
types of rapid cryptanalytic machinery. We have already 
had occasion to notice the use of this machinery in attacks on 
eryptographic systems such as the Japanese transposition, 
the Polish stencil, and the American strip. The section also 
did a smell amount of work in assisting in the development of 
cipher devices. We hear of:a relay mechanism for changing 
teleprinter letters to digits and thus producing an additive 
for the use of the Navy. The machinery was extensively used, 
too, in the security scrutiny_of German cipher systems. The 

C machines vere shown, as developed, to the other German crypto- 
logic agencies, which could, if they wished, order models for 
their own use. S40 

Cryptanalytic machinery was firat Introduced into Ger- 

man signal intelligenge work with the adoption of IBM machinery ho 
by the Army in 1941.7" OKw/Chi did not have any IBM machinery’ 


_ 3267-84, 2, 
3971-31, 6. 
3384 detailed discussion of this machinery as well as a more tech- 
nical treatment of the various cryptographic devices mentioned in 
this chapter will be found :,,; veiuns 2 of this report, 
2591-20, Pp. 5. 
S4Or-31, 10. 
411-93, 5, 
3427.67, 2-3; 1-96, 13. Despite this, Huettenhain speaks of using 
IBM equipment. This must have been the Army's equipment, The 


Army cryptanalytic agency and OKW/Chi were neighbors. (See below 
ChapterV.) 
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and may have made use of the Army's equipment for this purpose, 
Instead of acquiring 13M machinery for themselves, OKW/Chi es- 
tablished its machine section for the development of special 
equipment. This equipment was to be useg, 40 the first place 
for security scrutiny of German systems. Huettenhain ex- 
plained that IBM machinery can bg ysed only for processes 
which can be reduced to sorting. For processes which 
could not be so reduced, it was necessary to develop special 
apparatus, In general, the aim of the section was to build 
reading and recording apparatus in all conceivable forms in 
order to put together suitable equipment as soon as a practi- 
¢al problem srose. The machine section was one of the 
shoy places of OFW/Chi. Capt yBiet of the Italian Army saw 
it in 1942 and vas impressed .? Certain Army cryptanalyats 
such as Buggisch made use of the machinery on some occasions.-47 
Toward the end of the var, OKW/Chi was empovered to take-over 
the IBM machinery of the Army, but because of the chaotic ceongi- 
tion of affairs at that time, this was never actually done. 

The energy spent on developing cryptanalytic devices 
could be used for either cryptanalysis or security scrutiny. 
An increasing amount of the available expert manpower of the 
research section, however, Was spent on security research and 
on the resulting problems in the development of cipher devices. 
The organizational changes expressive of this general tendency 
have already been traced. The overlapping of security and 
Gevelopment work in the Army and OKW/Chi was remedied only at 
the end of the var when OKW/Chi took over the security and 
development personnel from the Army. Throughout most of the 
war there vas considerable duplication of effort and a very 
intimate liaison between Huettenhain and the Army security 


3437-31, 3. 
4437, p. 2, 
451-37, 9. 
3467.78, 11. 
D477 58, 7. 
THB sh. 
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people 249. Most security preblems were presented to TICOM 
in the form of joint reports by Huettenhain and Fricke. 
Fricke, it will be recalled, spent most of the war in Army 
security. research. As a result, it is often difficult to 
determine what work was done by the Army and what by OKW/Chi. 

The chief German cryptogiruphic device was the Enigma. 
It is possible that oKW/Chi - or rather its predecessor, the 
Reichswehr Cryptologic Section ~- was responsible for its adopt- 
ion. In any case, Fenner had a hand in develop the device, 250 
Once adopted, the device was privately produced The Enigma 
was produced in three principal models and OKW/Chi had apparently 
worked on all of them. The simplest form of the machine known 
as the Commercial Enigme had three wheels with a uniform motion 
and a fixed end-plate. Huettenhain's researgp, section kney 
very well that this machine could be solved: 

with a depth of twenty to twenty-five messages, 


with 4a short crib. 


without a crib by running the cipher text against a 
Co catalogue of the results obtained by enciphering the 
letter E, the most common German letter, in ail possible 
positions of the machine (the so-celled E-strip). 
The Commerciai Enigma vas used by the German railways and as a 
result of OKW/Chi's investigations, ney instructions for its use 
were intgpguced which required the double encipherment of every 
message.,- , 

A second form of the kaigma, known as the "counter" Enigma, 
had three wheels with an irregular motion and a movable re- 
flector wheel. ‘fhis machine was used by military attaches 
until around the middle of 1943. At that time it was shown 
that the device could be broken on a ten-letter crib. The 
Iachines were withdrawn from the military attachés and re- 
placed by the military type of Enigma. The "counter" Enigmas 


349 5660 1-67, 2-3. 
3507 gh, 2, 
3511-84, 3. 
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were collected by the Radio Defense Corps for use by Military 
Intelligence (Abwehr). Menzer worked on a nev set of dpstruct— 
jons for the use of the machine by the Abwehr people.” 

The most common variety of Enigma, the one used in the 
field by the Army and Air Force, was the Plugboard Enigma. 
This was identical with the Commercial Enigma mentioned above 
except that an additional monoalphabetic substitution was applied 
to the letters as they entered the wheel-maze and another as they 
came out, by means of plugs connecting one entry position with 
another. This plugging was known as the “Stecker". This device 
vas the keystone of the German cipher security structure during 
most of the war. 

Shortly after the beginning of the war, in October 
1939, the Germans learned from a capturec Polish Officer named 
Ruzek that she Enigma had been vorked on in conjunction vith 
the French. RuZek did not say the Enigma had been read. 
In the remants of the Polish cryptanalytic bureau files, the 
plain texts of three German messages known to have been trans- 
mitted from a German cruiser 4B Spanish waters during the 
Spanish Civil War were found.’-/ It is said that there vere 
many inteyrggations at the time, but the interrogators "drew 
& dlank". They did not find out whether the messages vere 
obtained by cryptanalysis or oy physical compromise. At the 
interrogations in Warsaw in 1942, one of the Poles interro- 
gated vas a lieutenant colonel, the.head of the Polish crypt- 
analytic bureau. A second series of interrogations was held 
in Berlin later in 1942.759 In 1943 the case was reopened and 


2553.77; 1-92, 4-5. 


356751, 3, This incident became known as the "Fali Wicher" or 
Wicher Case, from the fact that the Polish cryptanalytic bureau 
was located at Wicher, Poland. (1-78, p 7). Buggisch, however, 
(I-92, p 5} thought that Wicher was the Polish cover name for the 
solution operation. 


75712127, 5. | 

25 rentze of the Army Signal Intelligence Service states 

(1-113, 4); "hey had learned from a Polish officer that the 
Poles had read it [the Enigma] before Stecker was introduced and 
that Stecker had been brought in in consequence. 


229 ane exact date of the interrogations is not stated. 
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the prisoners interrogated again. No information vas obtained. 
Mettig attributed this lack of success to the stupidity of the 
Abvehr, which left the prisoners together before the interro- 
gations so that they had an opportunity to agree on a consistent 
story. Present at the interrogations STANT Metti who pro- 
bably attended as Chief of Inspectorate 7/VI (In 7/¥t), vere 
Steinberg and Pietsch, two Army cryptanalysts, and a Captain 
Singer, who represented the Navy Mettig did not recall whether 
Huettenhain was present or not. 0 

In the West, the Germans had no better luck. They were 
abie to discover nothing in Belgium that threw any light on 
the vulnerability of their cryptographic systems. When Paris 
was captured, the French cryptanalytic agency, the Deuxidme 
Bureau, vas visited but it had been moved to Vichy. When 
Vichy was occupied, no search was made. From interroga- 
tions and visits to the cryptanalytic agencies of conquered 
countries, therefore, the Germans got no conclusive evidence 
that the Enigma vas being broken, but enough was found to 
arouse their suspicions. .- 

In the interrogations and investigations consequent to 
the Polish discovery, the Army was primarily concerned. It is 
quite certain, however, that the doubts which were raised sbout 
German security had repercussions in OKW/Chi and that Huetten- 
hain's research people did some work on the Enigma. Their 
precise responsibility for the change in the indicator tech- 
nique, which was one of the results of the Polish incident, 1s 
not certain. Huettenhain, at least, mentions the possibility 
of a solution resulting from faulty indicator procedure. He 
also thought that a general solution might be theoretically 
possible by the usg eof an E-strip as in the case of the 
Commercial Enigma. Such a solution, hovever, vould be slow 
and would take an enormous assembly of equipment and personnel. 
It was never actually attempted in Germany. OKW/Chi's final 
general judgment on the Plugboard Enigma seems to have been that 
the device was secure if used according to regulations. They 
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were aware that solution might be possible by means of stereo-~ 
typed beginnings, stereotyped messages, or a number of messages 
in depth. No texts of messages actually transmitted in the 
field vere ever made availabie to OKW/Chi by any branch of the 
armed forces. The enforcement of cryptographic regulations in 
the field, however indirectly, was no part of the duty of OKW/- 
Chi. It is worth noting that early in 1944 the German Navy 
became concerned about their cryptographic security as a re- 
Sult of heavy U-boat lesses in 1943 and early 1944. A naval 
lieutenant named Frovein was detached from the Signal Intelli- 
gence Agency of the Navy High Command (OKM/4 SKL/III) to the 
Signal Security Agency of the Navy High Command (OKM/4 SKL/II) , 707 
to study the Naval Enigma. The Yaval Enigma vas like the army 
and airforce machines, but it nad four wheels instead of three 
and, therefore, a highs. degree of theoretical security. Frovein 
broke the navg) machine with known wheels on a crib of twenty- 
five letters. 764 

OKW/Chi's cryptanalysts had a generally uneasy feeling 
about the security of the chief German ciphers. In a lecture 
given as part of the Chi conferences in the agutumn of 1944, 
Lt. Dr. Stein told the assembled cryptographers that no German 
system was secure if the cryptographic regulations vers violated. 
Without any authority to monitor actual traffic with a view to 
finding out how ‘v21l the regulations vere observed, all German 
cryptographic agencies, including OKW/Chi, were driven from 
security scrutiny to an attempt to develop cryptographic devices 
that would have a higher degree of theoretical invulnerability. - 
OKW/Chi's contribution to increaseé security for the Enigma 
Was a suggestion that the wheels be redesigned so that they 
could be given an irregular motion. This device, the "Changeable 
Turnover Rotor” (Lueckenfuellerwalze), vas dgyploped by OKRW/Chi 
in conjunction with the Army cryptographers. It meant that 
every Enigma machine in operation vould have to be supplied with 


363538, 2. 


64 
? y-38, 2. Cf. also I-95, 7 im which Morgenroth of OKM 4/8KL IIT 
states phat Frovein investigated the Naval Enigma in the summer — 
of 1944. 


5667_104, p 2-3, It may be noted that the Russians visited the 
part of the firm of Heimsoetl «+d Rincke in Russian occupied 
Territory and removed from it a complete set of drawings for the 
Lueckenfuellerwalze but did not get a model, according to the 
members of the firm. 
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& new set of wheels. The wheeis were never produced in great 
enough quantity so that the system could be changed. Side by 
side with the attempt to increase the security of the Enigma. 
went an effort to develop entirely nev cryptographic devices 
with the intention of replacing the Enigma entirely. one of 

the most interesting of these devices, the 8G-39, a kind of 
combination of Enigma and Hagelin principles was scheduled for 
production in the year 1939, but because of technical diffi- 
culties, lack of clarity in the operational requirements and, 
finally, the bombing out of factories capable of producing the 
device, the Pirst experimental models were not ready for delivery 
before February or Margh 1945, and they never reached their 
destination in Berlin./°7 This device seems to have been mainly 
developed by the Army.. The forngr,Aray cryptanelyst, Buggisch, — 
vas & specialist in the machine. On the part of OKW/Chi, 
Menzer seems to have had the most fertile mind in the develop 
ment of cryptographic devices. Between 1937 and 1939 he pro- 
duced a purely mechanical machine called the M-40 and about 
thirty models were built. The machine vas tested by the arny 
security pegpis and found "moderately secure", but was actually 
never used. One varigty was to have been adopted for 
automatic Morse sending.?f% an invenijen of Menzer's of great 
practical significance was the SG-41, this vas a purely 
mechanical machine wherein the wheels had an irregular inter- 
locking motion. The machine received the approval of the OKW/Chi 
cryptanalysts who consicerg”. that a fundamental vealmess of the 
Hagelin had been overcome. Like all machines of the Hagelin 
type, the SG-41 can. be read in depth, but the setting of the 


367157, 8. Major Barlow of the United States Army visited the 
firm which vas bullding the SG 39, Telefonbau und Normalzeit. He 
reported it completely bombed out (1-52, p 2.) 


368758, 6. | 
3697-118, 5; 1-58, 5. 

2707 Bh, 5, 
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78 


DOCID: 


‘a 


3560827 


machine cannot be recovered even from a very considerable 
length of key. The SG-41 was built, and used by German agents, 
but it was never finally authorized for the army, largely 
because of interdepartmental differences of opinion, which 
seem to have been typical of the German signal intelligence 
set-up where the link leading from the cryptologic experts 

to the troops in the field seems to have been unusually long 
and tenuous. The technical development vas in the hands of 

a Dr. Pupp of Army Ordnance Development and Testing Group, 
Signal Branch (Wa Pruef 7), and a few engineers from the 
Wanderer Works at Chemitz vere also concerned. The crypto-~ 
graphers spent a great deal of time in discussion as to 
whether the order of the letters on the printing wheel should 
be alphabetical. Gen. Fellgiebel decided that he wanted a 
machine with @ keyboard. Consequently, the alphabetical 
arrangement on the printing wheel was not required; a mixed 
alphabet was used instead as acding some slight additional secur- 
ity. Production vaa started on this basis and a thousand 


.machines were actually built. Then all the officers in the 


Army Signais Department decided that they wanted a smaller 
machine without a key board for use below the regiment. On 
such a machine an alphabetic arrangement of letters on the 
printing wheel was necessary; if such a machine was to be used 
with the key board machines, they too would have to have a 
regular alphabetical arrangement on the printing wheel. As a 
result of the change-over delay, the machine was never turned 
out in sufficient quantity for wide use. But a model with 
ten digits rather than letters was produced for the use of the 
weather services.-! s 
Medium grade and low grade field systems were no conce 
of OKW/Chi until it took over all army cryptographic work 
in the autumn of 1944. Fricke, who joined OKW/Chi along with 
other cryptographig gxperts, had, during his career with army 
security research, T* Shown the weaknesses of the Double Play- 
Fair system, which had been the Army medium-grade system at 
the outbreak of the war. He had been partly responsible for 
the development of the "Raster" transposition system which 
replaced it. The transposition system proved awkward for field 
use because the original metal grilles could not be turned 


219170, Bef, 
3T41.20, p 2. 
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out owing to a shortage of material, and paper grilles requir- 
ing constant replacement were used. OKW/Chi turned again to 
Menzer and became interested in a little device he had develo 69 
for agents called the "Schluesselkasten" (Literally "key box"). if 
This vas a device that Iooked ifke a siide rule with wheels. 
T-1620 contains the results of OKW/Chi's security investigation 
of this device ang Bt was Pound to be very satisfactory for 
medium grade use. t 

The OKW/Chi research section gave considerable attention 
to the security scrutiny and development of German teleprinting 
security devices. ‘whe Germans produced two series of such 
Gevices. The first series, distinguished by the letters SZ, 
were cryptographic devices separate from the teleprinter and 
attachable. Encipherment was effected by twelve mechanical 
(pin) wheels. The second series of devices were actually built 
into the teleprinter, The teleprinter and the device were de- 
Signated by a number prefixed by the letter T. Encipherment vas 
obtained by the use of ten wheels with fixed pin patterns. 

The SZ series began to be developed in the year 1957 
by the Army Ordnance Development and Testing Group Signa} 7 

oO Branch (WA Pruef 7) in conjunction with the Lorenz Firm.7/ 

Originally, no expert cryptologic assistance was sought. In 
1937, Menzer and Huettenhain visited Liebknecht, the repre-~ 
sehtative of Army Ordnance Development and Tésting Group 
Signal Branch (WA Pruef 7), and examined the first model, 
the 5Z-40. It was shown that the cipher produced by this 
machine could be broken on_a_thousand letters of text without 
cribs or other assistance .275 Only about a hundred of the 


/157-57, 9. 


3789 some extent OKW/Chi concerned itself with the develop- 
ment of oiphers for German commercial firms as Huettenhain 
states (1-84, 4). The Military Intelligence (Abwehr) Office 
(possibly III-F) was responsible for the security of commercial 
firms' ciphers but when there were difficulties, Menzer of OkW/- 
Chi sometimes helped. Huettenhain himself had advised that vhen 
there was little traffic, the firms should use a one-time pad 

on & commercial book, such as ABC Code or Mosse, 
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machines were consequently produced, and, apparently in con- 
sultation with Menzer, a nev model, the 8z-ue, vas designed.?'? 
This model, in turn, proved to be by no means impervious to 
cryptanalytic attack, and variations, designated SZ-42 4, B, 
and C, were developed on consultation with Huettenhain and his 
assistant, Dr. Stein, 
The original models of the T series, the T-52 A and B, 
were produced by the firm of Siemens. These devices vere 
examined by Huettenhain in 1939, and he shoved that they had 
an extraordinarily low degree of security and could be broken 
on a@ hundred letters of cipher text without a crib. Changes in 
design were suggested to Siemens, including means of producing 
@ non-uniform turning of the wheels, but for gneineering reasons 
Slemens refused to accept these suggestions.- 0 Instead, the 
T-52 was produced, which overcame some of the more obvious 
disadvantages of the earlier models gy nere were no short 
sub-periods in its keying sequence .? The T-52 C was studied 
by the army cryptanalyst, Doering, in 1942, and he gRgwed 
that it could be broken on a text of 1,000 letters. In 
these studies OKW/Chi evidently had a hand because it is known 
Oo that special cryptanalytic machinery, such as OKW/Cha,had 
and the army did not have, vag used in the solution. These 
investigations led to the production of the T-52 D. Security 
work, mainly by Doering, continued, and early in 1943 he 


379733, 16. See I-57 for a paper by Liebknecht on his vork at 
Wa Pruef 7 on the SZ 40, 8Z 42, SFM T52 etc. 
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3837-45, 13 ff. On page 13 Huettenhain states: "Meanwhile 

the different deciphering machines (Entzifferungs hiifsgeraete) 
had shown their worth in solving cryptographic problems. Experi- 
ences had been gained particularly about the good work of these 
deciphering aids even at high speeds. With these prerequi- 

sites 1t was possible to give a method with which T 52 C could 


be solved by employing deciphering machines." 
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showéd that the T-52 D vgR not secure elther, and as a result, 
the T-52 E was produced. 4 It is likely that Huettenhain's 
section had some part in these researches, or at least that 
Huettenhain kept abreast of developments. He kmew, for example, 
that T-5e D and messeges could be read on a depth of ten 
without a crib.395 There follows the familiar story about 
difficulties in getting the Army to introduce and use the in- 
proved devices. The original Army position was that security 
did not make any difference with the teleprinter anyway because 
the signals vent over lines and could not be intercepted. In 
the summer of 1942, for example, the T-52 A and B, shown to be 
woefully insecure three years earlier, were still being used, 
and the 1-52 C, with all its faults, was being distributed. 
Evidence of line tapping found in Paris in the years .1942 and 
1943 did something to arouse the army eigpal authorities to 
the necessity for teleprinter security. But again, the 
Germans were too late with their cipher development. The 
newly developed machines could not be generally introduced. 
Throughout the var there was considerable interest in 
Germany in ciphony. The authority chiefly interested during 
most of the war vas the war was the Army Ordnance Development 
and Testing Group, Signal Branch (Wa Pruef 7), which ves tn these 
matters represented by Liebknecht, whom we have already met 
in connection with teleprinter security devices. Liebkmecht 
kept abreast of the experiments being conducted for the Army 
at the Vierling Laboratories. Various other German firms and 
individuals, for oxample, Siemens, which vere also concerned 
with teleprinter security, worked more or less independently 
on the problem. OKW/Chi was not directly concerned, although 
Huettenhain gnd perhaps some of his associates were interested 
spectators.-°f ‘The first effort at co-ordination was made in 
the summer of 1943 when all authorities and firms engaged in 
the development ,af speech encipherment were called together 
by Fellgiebel. The aim of the meeting was to eliminate 
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overlapping vork and to make it clear just what the armed 
Forcés wanted. They wanted; (1) As an immediate develop- 
ment, an improvement in their present ciphony methods, Here 
they would be willing to accept something very imperfect, if 
it could be. tot out quickly - and if interception were diffi- 
cult; (2) as a long-term project, an absolutely secure system 
of special encipherment. The army Ordnance Development and 
Testing Group, Signal Branch (Wa Pruef 7) had ae representative 
at these meetings, but apparently OKW/Chi did not. Finally, 
in November 1944, Praun, the new Chief St l Officer of the 
Armed Forces (Chef WNV), commissioned OKW/Chi to check develop- 
ments in ciphony. This move was obviously a part of the program 
of Praun and Gimmler, whereby OKW/Chi was to be the central 
authority for all cryptographic materials in Germany. One of 
the Chi-conferences was devoted to ciphony, but again Chi vas 
too late. "Owing to the general war situation", said Huetten- 
hain and Fricke, "it was no longer possible to do this in such 
a way that technical details could be reliabl; reconstructed, "289 
Any arrangement for assuring a high degree of sorypto- 
graphic security necessarily involves three steps: 
the systems actually in use must be put into the ‘hands of 
skilled cryptanalysts who ere able to judge their offecti-~ 
veness; 


they mist be thoroughly examined by these cryptanalysts, 
and if they are accepted as usable, the regulations for 
their use must be produced by the experts; 


the recommendations of the cryptanalysts regarding accept-~ 

ance or rejection of systems and regarding the use of 

systems finally accepted mist be adequately enforced, 
One can arrive at some conclusion regarding the success or 
fatlure of the German security effort by examining what they 
accomplished under these three paints: 

With regard to point one, the Germans were largely a 
failure. When the war began, the administration of German 
cryptographic systems was in a chaotic state. The signal 
authority of each branch of the armed forces did pretty much 
as it pleased, at times without regard to the recommendation 


’ of the cryptanalytic authorities. It will be recalled that 


prior to October, 1943, OKW/Chi, the highest-level German 
2897.44, 2, 
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Cryptologic agency, had no authority whatever to examine sys- 
tems used by the branches of the armed forces. The Keitel 
order of October, 1943, which required at least the opinion 
of OKW/Chi before any system vas adopted by any of the sepa- 
rate branches, was apparently very incompletely observed. 
Huettenhain states as a general truth, apparentiy valid for 
the entire course of the war, that "no compulsion was put on 
anyone to apply to OKW/Chi for security teats, except where 
the Army vas concerned ( o Fricke), and many organizations never 
thought of doing so." After his accession to office in the 
summer of 1944, Gimmler seems to have made a real effort to 
establish OKW/Chi as a security authority for the separate 
branches, This effort came too late. Conditions were too 
chaotic for a complete examination of existing German systems, 
the constant air attacks made the mass production of any new 
cipher device almost impossible. 

In regard to the second point, despite the lack of any 
réal authority in the matter, OKW/Chi did manage to examine 
fairly thoroughly at least the leading Army and Air Force 
systems. They appraised correctly the weaknesses of the commer- 
eiul and "counter" models of the Enigma. They at least saw 
that the plugboard Enigma vas not invulnerable to attack. 
Huettenhain's early remark to interrogators to the effect that 
they knew the Eyjema to be secure should not pe*naps be taken 
too seriously. One might even suggest that he was trying to 
trap his captors into some kind of an admission. Huettenhain's 
later statement, however, is to be taken at its face value: 
the official judgment of OKW/Chi was that the plugboard Enigma 
was secure if the instructions were observed. The development 
of such devices as the changeable turnover rotor, and the Enigma 
Plugboard permuter, as well as the consideration of the various 
subatitutes for the Enigma, such as the 8G-39 and the SG-41, 
was not due to any immediate concern that they felt for the 
security of the cipher systems, but was intended to provide 
against future possibilities. 


9907.31, 16. The translation of the document; "Never thought 
of doing so" is probably a faulty translation of the German 
idiom: "Hachten gar nichtdaran." 
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In his final decision on the Enigma, Huettenhain betrays 
a certain academic aloofness and, one is tempted to say, smug- 
ness, which may have been his leading flaw as a cryptographer. 
The standard mathematical tests had been applied to the device 
and regulations laid down on the basis of these tests. The 
possibility of other attacks not arising from a standard 
application of well-known mathematical procedures, but based 
on new discoveries, never seems to have been seriously considered 
by him. Allied to this academic attitude is the curious lack 
of interest which Huettenhain and the other German crypto-~ 
graphers seemed to have shown in the actual size of the Allied 
cryptanalytic effort against the German systems. The Germans 
knev of the Deuxiéme Bureau. They knew nothing, hovever, of 
English cryptanalysis - "the English, of course are notoriously 
stupid.” - All they knew about American cryptanalysis they had 
learned from Yardley's Black Chamber. 2 one prisoner-of-var 
captured by the Germans in North Africa mentioned a very large 
park of IBM Machines operated jointly by the British and 
Americans. This hint was never followed up. ) 
. Thts academic aloofness of OKW/Chi vas probably only 

Oo partly responsible for the almost compiete German failure with 

regard to point three. It was only with the. greatest difficulty 
that devices demonstrably insecure Like the T-52 A and B were 
actually withdrawn from use, or new and secure devices intro- 
duced. The regulations for the use of cipher devices, once 
they had leg the hands of OKW/Chi, were entirely outside their 
competence. 4 the Army refused to submit live traffic to the 
cryptanalysts for analysis or monitoring from a security point 
of view. Ginmmler's insistence on a more vital connection be- 
tyeen the security center and the troops in the field, a connect~ 
ion, it will be recalled, that was to be carried out through 
Capt. Bernsdorff's sub-section, was amply justified. But the 
scheme, though good, vas too late. By January, 1945, conditions 
were too chaotic to put it into effect. The chance for effective 
security control had passed, 


2927-48, 2. 
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2947 20, par, 11. Fricke (I-20 par. 28) states that Oberpostrat 
Halder in the office of the Military Attaché at Stockholm estonishec 
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9. Miscellaneous erations. a. Broadcast Monitor : 
The department located at the Fehrbelliner Flatz, in Berita, 
(finally called Section VI) put out its findings in a agdiy 
newspaper called the "Chi Nachrichten" ("Chi Reports"). 

These reports were divided into sections devoted to military 
affairs, economic affairs, and so on, with one section given 
over to comments. The material for the reports came from the 
news broadcasts and other plain-language material picked up by 
the broadcast intercepting system. Originally, these reports 
had a fairly wide distribution. Every section in OKW/Chi got 
& copy, and probably many of the higher ups. After Stalingrad, 

\ when the news became less favorable from the German point of 
view, the Chi Reports received increasingly narrow distri- 
bution until finally Keitel's approval had to be obtained 
before anyone could receive a copy. In effect, Keitel became 
the distribution agency for the Reports. One copy, hovever, 
continued to go to the OKW/Chi Archives, and the head of the 
Archives, Dr. Schaedel, gave Gimmler a daily briefing on the 
nevys, 

Besides the Chi Reports the monitoring section published 
special reports which 3 sent regularly to interested authori- 

oe ties, Russian news, for example, was regularly passed on to 
the Department of Armed Forces Propaganda which used it as 
material for its newspaper for the anti-Soviet Russian troops 
fighting on the German side. For some time, previous to 
6 June 1944, all references to the coming invasion were com- 
piled into a single report which was sent daily to the "De- 
partment of Foreign Armies West" (Abteilung Fremde Heere West). 
References to German prisoners-of-war in Allied hands were also 
included in a special report for separate distribution. The 
information was probably passed on eventually to the relatives 
of the prisoners, and thus the effectiveness of the PW broad- 
casts as bait to the German public to listen to Allied pro- 
paganda broadcasts was probably destroyed. 

b. Attacks on Ciphony Devices: One of the most inter- 
esting items to appear the Chi Reports was doubtless 
political conversations betveeon Churchiil and Roosevelt, carried 
on over a radio telephone link between London and Washington. 
The German informants state that this link was evidently not 
intended to have any very high degree of security, since an 


9957-150 ll. For a discussion of the Chi-Nachrichion see 
also 1-96, 16. . 
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operator warned the conversing parties whenever the talk app- 
roached highly secret matters. The transmission, however, was 
not in clear, but scrambled. The intercept took place at the 
broadcast monitoring station at Ludwigsfelde by means of a. 
descrambling apparatus developed by the Army Ordnance Develop- 
ment and Testing Group, Signal Branch (Wa Pruef 7). This ~ 
apparatus is said to have been completely effective, and 
changes in the key of the scrambler could be easily folloved 
by turning a few knobs. 296 

In June, 1944, the Army cryptanalyst, Buggisch, was as- 
signed to the experimental intercept station at Staats, con- 
Gucted by the Army Ordnance Development and Testing Group, 
Signal Branch (Wa Pruef 7). Herg bas mission vas to study 
the Russian scrambler known as. xX‘, f Apparently at the time 
of the organizational changes of November, 1944, Buggisch 
became a member of OKW/Chi. With the exception 9f & six-vweeks 
stay in Berlin, he continued his work at Staats.298 He was 
not successful in solving the scrambler. Some interest at 
OKW/Chi was aroused by a ciphony device recovered intact from 
& crashed American Mustang plane. This device was kept on 
an airfield for six months before it finally was identified as 
being a cipher device, and it reached OKW/Chi in the spring 
of 1945, There it was handed over to the Army Ordnance De- 
partmeyt (HWA) where it was worked on by Buggisch and a Dr. 
Lotze.“99 Their investigations are said to have been inconclu- 
sive. [t was possible to reconstruct the key setting from 


3967.84, 6; 1-118, 4. In I-88 Mr. K. Vetterlein of Abt IIIc of 
the Research Institute of the Reichspost Ministry revealed that 
the Germans had constructed apparatus which was used to restore 
the “scrambled” radio circuits in use between Britain and the 
United States to complete intelligibility. Vetterlein started 
work in 1940, by 1942 the equipment was working on a 24-hour 
basis at Keiheim in the Munich area. The records of the speech 
were sent to the Propaganda Minister at Berlin. By April 1945 
they had also succeeded in deciphering to some extent teletype 
messages sent over the same circuit. The work of Vetterlein 
and the Reichs,ost evidently had no connection with the OKW 
effort at Ludwigsfelde. 
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intercepted oscillograms. But it was doubtful whether solution 
could have been rapid enough to be of any use during an actual 
fighting operation. 

c. Training: Training was a regular part of the operations 
of OKW/Chi, Occasionally, special courses were given. Herold's 
training tour in 1941 may be recalled in this connection. - 
Kettler's report mentions that, ‘in the Spring of 1944, some 
Bulgarian officers were given a special course in elementary _ 
cryptology, ang gome German Air Force officers, a special ad- 
vanced course. 79 Most of the training, however, was for the 
benefit of OKW/Chi's own personnel. Huettenhain mentions that” 
when he first came te the cipher section, in 1937, he was allo- 
cated to a training section for the first six months. There he 
worked on, \ow-grade Spanish government military systema for 
practice, For members of the language sections the training 
procedure, which hag been followed since as early as 1930, vas 
somewhat different.?02 These members came to OKW/Chi trained 
in the language in which they were to work, and it is likely 
that during the war the military personnel was drawn from such 
special army language training units as the Interpreters' 
Replacement and Training Battalion, in Berlin. Once in OKW/Chi, 
they vere introduced to cryptanalysis gradually, concurrently 
with their work as linguists. A course was conducted for two 
days per week during the six winter months. Each new member 
Was expected to attend this course for two winvers. During the 
first winter, aubstitution ciphers were studied; during the secord, 
transposition. Originally, the course was conducted by Fenner, 
than by Fenner and Wendland. During the war, it was conducted 
by Wendland and Huettenhain. Attendance at these courses was 
about three to twelve persons per winter. This indicates that 
only the more prominent personnel in the language sections were 
given the courses. Candidates received into the research 
cryptanalytic section got two to four months continuous training, 
at the end of which they were supposed to be able to tackle 
unsolved problems. In the summer of 1943, Huettenhain started 
an advanced cryptanalytic course for which eight of the most, 
able cryptanalysts were detached from the language sections. e 


400pp.9, 3, 
4053), 2 * 
4027118, 2, 3. 


*O3cr, Beyreuther's statement (I-150, 9) that he had heard about 
Dr. Huettenhain giving lectures about decoding work. 
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Those who vere admitted were expected to be able to break systems 
independently in the language sections. The scheme was perhaps 
to relieve pressure on the résearch section, which was becoming 
increasingly involved with security problems. The course met 
for three two-hour periods each week but the total duration vas 
not fixed. The syllabus included mathematical bases for crypt- 
analytic work, related cryptanalytic problems, machine ciphers, 
IBM and other cryptanalytic machines, German ciphers, practical 
work. Members of the course were expected to do a considerable 
amount of independent research. In November, 1944, because of 
the general situation, the course was dropped. 
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Chapter V. Relations with Other Cryptologic Agencies Paragraph 


OKW/Chi's Relations with the Signal Intelligence 
Services of Army, Navy, and Air Force. ....... -l0 


OKW/Chi and Other German High-Level Signal 
Intelligence Agencies * . . . . a * ti . . . J . cf o ti oil 


Liaison with Foreign Signal Intelligence Agencies. . .12 


10. OKW/Chi's relations with the Si 1 Intelligence 
Services of army, Navy, and Air Force. ess varied with the 
field of effort. In its matter of intercept, and in Security 
Scrutiny, OKW/Chi actually exercised some control over the other 
three agencies; but in the field of cryptanalysis the material 
was divided so that each agency had its own logical assignment. 
Army cryptanalysts attacked enemy army systems; Navy crypt- 
analysts attacked enemy naval systems; Air Force cryptanalysts 
attacked enemy air force systems. OKW/Chi left the Army, Navy, 

oe and Air Force systems almost completely alone and worked on 
diplomatic and military attaché traffic. This is not to say 
that there vas no liaison among the four agencies in crypt- 
analytic matters; there was both liaison and cooperation. 
But OKW/Chi did not control the activities of the other Signal 
Intelligence Services in this field. 

In general, no material vas passed from fog branches to 
OKW/Chi. Kettler was emphatic on this point. This arrange- 
ment seems to have held throughout the war with some apparent 
exceptions. Dettmann, for instance, told the interrogators 
that in the years 1942 and 1943 his army unit had, passed con- 
siderable Russian five-letter traffic to OKW/Chi. The 
traffic in question was probably diplomatic or at least vas 
suspected of being diplomatic. Capt. Herold, it will be recalled, 
stated that his air intercept unit at Varna passed material 
back to Berlin, to OKW/chi.415 If Herold was not mistaken, 


411y.01, pl, 
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this was wholly exceptional. The special direction to the 
separate Dranches in the Praun order of 5 September 1944 to 
pass on diplomatic material to OKW suggests that there may have 
been some difficulty in keeping the cryptological services of 
the individual branches from poaching on OKW/Chi's own pre- 
serves. 

Occasionally Huettenhain seems to have been consulted about 
the cryptanalytic difficulties of' the separate branches. This 
was, however, a purely informal matter. Even in the case of the 
M~209 of the United States of America, British Typex, and the 
“big American Machine", OKW/Chi was not called in by the Agencies 
working on them. The German army, Navy, and Air Force vorked 
independently on the M-209 of the U.S. Army, Navy, and Air . 
Force, and constantly exchanged among themselves all technical 
data, but OKW/Chi took up the study of the M-209 only in passing 
and because it might be used for Giplomatic traffic sometime in 
the future, 

An attempt of OKW/Chi to achieve a certain amount of 
coordination seems to have been made in the field of intercept. 
It has already been pointed out that the original plan seems 
to have been to subordinate all intercept stations in neutral 
countries to OKiy Herold's experiences at Varma have already 
been mentioned, 14 Even when that plan was in its early stages, 
the German Navy refused to participate, and we must assume 
that OKW/Chi had no real authority to compel its cooperation. 
The plan vas a failure. By the end of the war, only remnants of 
the original scheme, such as the existence of an OKW and Navy 
intercept station on the same site near Seville remained. 
However, according to Keitel, OKW/Chi was the intercept clearing 
house, when needed, for all the Services. The intercept systems 
of the separate branches were apparently never an important 
source of traffic in OKW's own field. We have already seen 
that Col. Randewig had a scheme very early in the war for an 
extensive interservice intercept structure. Randewig's plan 
remained a dream. His memoranda to the Chief Signal Officer 
of OKW seem to have been considered a nuisance. No such 
extensive plan as his was ever even considered by oKW/Chi. 

The development of cryptographic devices for use by the 
troops was originally left entirely to the individual branches. 
It has already been noted that development was partly taken 
over from the Army in the autumm of 1944. The other branches 
kept their right to originate until the end, although OKW/Chi 
had the right of review. 
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OKW/Chi's greatest effort to assert its authority as a 
coordinating agency was made in the fiiel@ of security seruatiny. 
The development of this effort is a basic slement in the history 
of the organization of OKW/Chi and has been traced, It is 
worthy of note that despite Keltel's order of October 1943, 
little veal effort was made by OKW/Chi to assume effective 
supervision of the security of all branches until Ginmler took 
office almost a year later.415 In aapust 1944, the repre- 
sentatives of the separate branches met those of OKW/Chi at 
wni-conferences. After August 1944, there was insufficient 
Lime left to overcome the difficulties caused by the neglect 
of five years. The minutes of some of the Chi-conferences 
Gre available, aid it Is apparent that not very much was 
accomplished, The first meeting of which we have a record was 
largely devoted to a discussion of OKW/Chi's authority in 
matters of security scrutiny. ‘the other meetings were filled 
with talks of a more or less. general nature by OKW/Chi's lesd- 
ing cryptanalysts. No new devices were submitted to OKW/Chi 
by the separate branches for security testing during this period, 
because the deterioration of German production made it impossi- 
Ble to introduce any new devices. In the security scrutiny 
of oxyrtopraphic systens already employed by the separste 
branches nothing seems to huve been accomplisned. As we have 
seen, the theoretical limitetions cf these systems were 
increasingly apparent to OKW/Chi. ‘The Chi-conferences never 
succeeded in producing any actual traffic for examination, and 
apparsntiy left the adherence of the German troops to the 
eryptographic regulations a metter of pious hope. 

We now turn to a separate examination of OKW/Chi's rela- 
tions to the Signal Intelligence Services of cach of the 
separate branches, 

Relations were closest with the Signal Intelligence Ser- 
vice of the army. This is to be expected in view of the fact 
that the whole CHW structure was more intimately associated with 
the Army than with the Nevy or tne Air Force, The Chief Signal 
Officer of the Supreme Commend of the armed Forces {Chef WNY) 
also acted as Chief Signal Officer of the Army {Chef HNW). The 
officers who controlled OKW/Chi and the Signal Intelligence 
Service of the Army vere drawn from the same set of regular 
German signal officers. Boetzel, who ended the war as head of 
the Army Signel Intelligence Service, nad once been second in 
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command of OKW/Chi. Before he became head of OKW/Chi, Kettler 
had been associated with an Army Signal Intelligence Unit. For 
awhile, he had been head of the principal Army intercept 
unit in the east. Mettig, who ended the war as second in com- 
mand of OKXW/Chi, had previously been head of the army crypt~ 
analytic agency. Furthermore, OKW/Chi and the highest echelon 
Army cryptanalytic agency were originally located very closes 
to each other in Berlin, in the Tirpitzufer section. So close 
was the liaison between Army and OKW on command level that an 
Italian captain, Bigi, who visited the German Signal Intelli- 
gence Services in December 1942, seems to have thought that 
OKW/Chi and the army cryptanalytic agency vere actually one 
unit. When he was captured much later, this Italian told in- 
terrogators that German signal intelligence was under Colonel 
Kempf, and that subordinate to Kempf was Fenner who was in 
charge of diplomatic ppperial and Major Mang who was in charge 
of military material. We now know that Bigi was quite 
wrong. Kempf was head of OKW/Chi in December 1942; Fenner vas 
subordinate to him, and in charge of cryptanalysis. Mang vas 
head of the Army cryptanalytic agency and in no vay subordinate 
Oo to Kempf. But the fact that Bigi could have made this mistake 
indicates that the actual cooperation between these two agencies 
was extremely close. The officers seemed to have been well 
satisfied with the relations between the army cryptanalytic 
agency and OKW/Chi. Huettenhain, on the other hand, who repre- 
sented the civilian specialist point of view, was not so well 
mtisfied. He told interrogators that "liaison with OKH was 
not such as the younger men would have wished, nor such as would 
be natural in scientific work. But the"Higher-ups" hag a private 
war on and liaison among specialists was discouraged." 1?” one 
may perhaps doubt that this statement means much more than that 
the organizational lines were held and indiscriminate contact 
between the two services prevented. Actually Huettenhain hin- 
self seems to have worked most intimately with the Army crypt- 
analysts. He kmnev 4 great deal about special army problems, 
such as the work on Typex, which were no official concern what- 
ever of OKW/Chi. Buggisch, one of the leading army cryptanalysts, 
seems likewise to have had a very good imowledge of what went 
on at OKW/Chi. He mentions confersnces with the OKW/Chi special-~ 
ists on the security of German cryptographic devices and on the 


4161p-1517 is Captain Bigi's report on German signal intelligence. 
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Hagelin machine in the sumer, 98 1943, long before the official 
Chi-conferences were started. He also speaka of a visit 
which he paid to the cryptanalytic machine section of oKw/Chi . 419 
Por a while, Army cryptographic devices seem to have been sub- 
mitted tp a double security check, one by the Army and one by 
OkW/Chi.+20 This duplication of effort was eliminated when the 
eran security people vere incorporated into OKW/Chi in November 
1944, The intimate lisison between the Army and OKW/Chi seems 
to have existed only on a higher level, particularly with 
regard to security. OKW/Chi specialists were never permitted 
to know precisely what was going on in the field. The Army 
cryptanalysts, moreover, apparently labored under the same 
difficulties. Fricke says that the Army had been using an 
amazingly insecure system, (the socalled Barbaraschluessel 
or "Barbara Keys") for weather traffic from 9 to - It 
was, not until that late date (1944) that OKW/Chi heard about 
it Presumably, the Army cryptanalysts had not heard about 
tt either. 

Contact with the Air Force vas more lax. The head of the 
Air Force Signal Intelligence Service, Lt. Col. Friedrich, 
a prisoner of TICOM, was asked sbout his relations with OKWw/ 
Chi. Although he was an extraordinarily communicative prisoner, 
on the subject of OKW he could give very little information. 
Apparently this was because he knew very little ahout the 
organization and was rather bored by 1t. He remembered that 
decoded traffic had been sent to him by OKW/Chi but said, 45 
was of no use whatever to him and he stopped reading.it. 
His cryptanalysts, he said, “got nothing from OKW." 


4187.58, 3; I-72, 6. 

4197.58, 3. 

42054 patch states (I-72, 6), "The types of small Hagelin 
known in the year 41 (C 36 and BC 38) did not satisfy the 
security demands set by OKW/Chi and OKH/In 7." 
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(Friedrich made it very clear that he did not think very 

much in general of cryptanalysts or of cryptanalysis). There 
Was a little more contact than he implies. Mettig told his 
first interrogator that he had had some liaison with, . 
Voegele, chief cryptanalyst of the German Air Force. 

Voegele himself was interrogated later and gave some details 
of what this liaison actually amounted to. He had worked in 
the early part of the var on the British Governygpt Telegraph 
Code and later got a photo copy of it from OKW. In 1940 
and 1942, he had exchanged traffic in the Interdepartmental 
Cypher, rosults of the reconstruction of the regipher book 
used with it with OKW as well as with the Navy.?@6 In 1945, , 
messages and itemp in a United States code were exchanged with 
OKW and the Army.+27 He also had on order from OKW a crypt- 
analyti¢ gachine employed for an attack on the American strip 
cipher.*t©& apparently he never received the machine; but he 
Was rather dubious about its efficiency in any case. He said 
he could get along well enough on American strip with IBM 
machinery. Voegele shoved OKW as well as the Foreign Office 
the method of attack on the, American strip cipher which his 
organization had developed. He did not know what use, if 
any, OKW/Chi had made of this method. Huettenhain says that 
he gave some assistance to the GAF veather #ggrice in their ° 
attack on an English meteorological system, This assistance 
consisted in putting at their disposal a cryptanalytic device 
which Huettenhain called the Bi ramsuchgerast (digraph 
"weight" recorder). Even wit @ assistance of Huettenhain 
and his machine, however, the veather service failed to solve 
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the cipher. One cryptographic achievement of the German Air 

Force vas the development of the Enigma plugboard permuter. 

This device seems to have been developed entirely by the Air 

Force and initial research on the mathematical aspects of the 

machine was carried out by them. Later on, however, OKW/Ch4 

did give some help in mathematical research on the device,?-1 
The Navy was the most aloof of the services. It had 

worked on the Interdepartmental Cypher and sent representatives 

to the Chi-conferences, but otherwise, it had little connection 

with OKW/Chi. ‘The chief cryptanalyst of the Navy, Tranovw, 

stated that OKW/Chi was kept informed of the cryptapalytic 

work carried out by the Navy cryptanalytic agency.'/& This 

was required, it will be recalled, by the Praun order of |. 

5 September 1944. Tranow is emphatic, hovever, in his state- 

ment that no naval research problems vere referred to oxw/chi . 493 

The Navy received some raw traffic intercepted vy OKW, which had 

been passed over commercial circuits. They had adopted at least 

one of the cryptanalytic ggvices developed by OKW/Chi, the so~ 

called Roller apparatus. One of the Navy ratings had 

devised some improvements for the apparatus gpd was ordered to 

cooperate with OKW/Chi in developing these. Othervise, con- 

tact seems to have consisted of Informal conversation between 

Trancw and Huettenhain. It was in one of these conversations 

that Tranoy learned from Huettenhain that the exiled Polish . 

Government in London used a plencil system somewhat similar 

to the British Naval System. +> 


li _s7, 8 : 
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425 p45, 5. From a report of 4/SKL, dated 6/3/44, "FK. Gfr. 
Zimmermann, cof Section III Fo, submitted within the last few veeks 
@ proposal for a printing synthetic producing machine (Rollmaschin 4. 
Zimmermann was instructed by OKW/Chi, where new developments are 
worked out for the branches of the armed forces, to have a proto- 
type ready within 3 weeks in order to fix the final model." 

436 

7°7-93, 25. 


96 


DOCID: 3560827 


C 


11. OKW/Chi and other German? High-Level Signal Inteili- 

ence encies. When attacks on enemy service systems vere 
assigned to the separate branches and OKW/Chi assumed res- 
ponsibility for enemy and neutral diplomatic systems, OKW/Chi 
definitely became the competitor of two other German high-level 
signal intelligence agencies, Goering's Research Bureau (here~ 
after indicated by FA, the abbreviation for Forschungsamt), 
and the Foreign Office Cryptanalytic Section (Pers ZS). 

Since 1953, Goering's Research Bureau (the FA) had appar- 
ently given some attention to diplomatic material as well as 
dabbled in a great many other things. Since World War I, the 
German Foreign Office had maintained a cryptanalytic bureau 
whose main commitment was attack on diplomatic traffic. One 
of the problems of OKW/Chi vas, consequently, to establish its 
position in the face of these agencies which had been longer 
in the field. 

Goering's Research Bureau (the FA) had started in a fashion 
likely to prejudice its relations with OKW/Chi. It will be re- 
called that the FA owed its existence to the fact that Schapper 
and other members of the Abwehr Cipher Section had gone to Goer- 
ing and proposed a nev intelligence organization. They said 
at the time that the older organizgtion was inefficient and 
involved in departmental politics. They apparently kept 
this opinion until the end of the war. Schapper's remarks on 
OkW/Chi have already been noted. His colleague, Seifert, had 
an equally low opinion of OKW/Chi and told the interrogators that 
Goering's Research Bureau (the FA) had been established "to 
provide diplomatic and commercial intelligence of an abso- 
lutely reliable kind... and to insure..the elimination of all 
bias which might have rpspited from association with the old 
established ministries,+°° Hermann Goering expressed parti- b 
cular scorn for OKW/Chi "the most junior member of the family". 79 
The personnel of OKW/Chi, om the other hand, seem to have re- 
turned scorn for scorn. Mettig stated that Fenner, who seems 
to have been in charge of liaison with other cryptologic agencies, 


4 STIF-15, p 20. 
NS87-54, 3, 
43972143, 15. 


97 


DOCID: 3560827 


C 


felt particularly strongly on the subject of Goering's Re- 
search Bureau (the FA}, probably because it had been estab- 
lished by his former subordinate, Schapper, + Huettenhain 
also refers to Fenner's particularly violent "prejudice". 

He further said that some personnel of OKW/Chi had gone over 

to Goerings Research Bureau (the FA) and that they were re- 
garded in OKW/Chi as people who had "deserted the ship”. 

He knew Paetzel and had discussed cryptanalytic work with 

him. His personal impression was that Goering's people knew 
little in the Pigdd of cryptanalysis. "They employed no 
mathematicians". Fricke denied that he had ever known any 
of the personnel of Goering's Research Bureau (the FA) until 

he was vrought together with them as a prisoner at the end of 
the war. They had a bad name, he said, at OKW/Chi. His personal 
opinion was that they vere a big name vith nothing behind it. 
The interrogators told Fricke that Goering's Research Bureau 
(the Fa) employed twenty-five hundred people. He replied, 

"Por their deciphering they should have needed a handful. They 
must have had other work to do, bdut what the devil, gguid they 
have been doing with twenty-five hundred people?". 

The chiefs of both services professed a willingness to 
vsooperate, but each accused the other of failing to do so, 
Schapper told his interrogators that at the beginning of the 
war he wished his work to became a general intelligence bureau 
but that his competitors, the Foreign Office and OKW/Chi, 
refused.443 He was quite willing, he said, to work with Col. 
Kettler, but this willingness was not reciprocated. Kettler, 
on the other hand, said, "the Foschungsamt monitored Press 
traffic. It carried out cryptographic work but I do not knov 
what it was. We tried to work toggpper but the Forschungsamt 
refused for reasons unknown to me. 
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In view of this mitual feeling, it is surprising to find 
that there actually was considerable cooperation with Goering's 
Research Bureau (the FA}. The most conclusive evidence of this 
is that, according to Kettler's report, one-third of the ray 
traffic reaching OKW/Chi in the Spring of 1944 came from 
Goering's Research Bureau (the FA}. It is probable that a 
Similar proportion came during the other periods for which ve 
have no record. Qoerings Research Bureau (the FA) was probably 
not interested in cryptographic development but, despite this 
fact, it was represented at Gimmler's Chi-conferences. Their 
representative was Kroeger, a leading machine specialigy who 
had, according to Paetzel, broken the Finnish Hagelin 5 In 
cryptanalysis, however, cooperation vas non-existent. 446 On 
the other hand, the cryptanalytic machines developed by OKW/Chi 
were mad available to 411 German cryptanalytic agencies except 
the eee Intelligence obtained by Goering's Research Bureau 
(the FA) from cryptanalytic and other activity was passed on 
to the OKW directly by the lisison officer. OKW/Chi was 
by-passed, 

The Foreign Office Cryptanalytic Section (Pers ZS) vas — 
senior to OKW/Chi. There is no doubt that OKW/Chi had intruded 
on its domain when it took over diplomatic traffic. This aspect 
of the relations between the two organizations is particularly 
stressed by Specialist Karstien, who of all. the Foreign Office 
Cryptanalytic Section (Peps ZS) personnel seems to have felt most 
strongly against OKW/Chi.t?9 ‘The attitude of the other members 
of the Foreign Office Cryptanalytic Section (Pers ZS) vas one 
of mild contempt. They definitely felt that they were an older 
organization, that they had a greater number of able people, 
and that they were in general more competent. This feeling of 


‘supertority vas tinged with a certain bitterness because they 


felt that their efforts were unappreciated in higher quarters. 
and that they were discriminated against in such matters as 


WAS Toh, 2, 

WHOT 5h, 4, 

4477-31, p 10. 

4489 autschke, liaison officer to OKW, OKM, OKL, OKH was concerned 


solely with passing intelligence and intelligence requests. There 
was no liaison on cryptanalytic matters as far as he knev 
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procurement of additional personnel. Prof. Rohrbach, who vas 

the principal spokesman for the captured Foreign Office Crypt- 

analytic Section (Pers ZS) people, was at great pains to point 

out that Rave, Hierer, Grosse, and Schroeder, who were OKW/Chi 

personnel work with the Foreign Office Cryptanalytic 

Section (Pers ZS) and captured with them, were people of an 

inferior type who had been sent to the Foreign Office Crypt- 

analytic Section (Pers ZS) for training. "He spoke, g§ them", 

the interrogator remarked, “with obvious distaste." Rohr- 

bach was careful to point out that when Zastrow, the expert on 

U.S.A. systems, was detached from the Foreign Office Cryptanalytic 

Section lpers ZS) to OKW/Chi his status was entirely different. 

He had gone to OKW/Chi not for training but to lend his expert 

assistance to the junior organization. It is notevorthy that this 

mild contempt vas not reciprocated by OKW/Chi. As spokesman 

for the OKW/Chi party detached to the Foreign Office Cryptanalytic 

Section (pers zs), Rave spoke in the most flattering terms of his 

hosts. OKW/Chi, he said, had neither the long experience nor 

the "expertise" which the Foreign Office Cryptanalytic Section 

(Pers ZS) possessed although Fenner angs§ small party had been 

engaged on this work in time of peace. Huettenhain had seen 

the papers which Schauffler of the Foreign Office Cryptanalytic 

Section (Pers 423 had uritten on the mathematical aspects of 

cryptanalysis. Although he did not speak of them with a 

high regard, he at least does not hold them in contempt. At 

one time Huettenhain seems to have considered contributing 

papers on cryptologic subjects to the Foreign Office Cryptanaly- 

tic Section (Pers 28) publication. Nothing came of thia, 

hovever, because Fenner discouraged it for reasons of security. 
Kettler stated that he considered the relations of OKW/- 

Chi Heb the Foreign Office Cryptanalytic Section (Pers Z3) 

good, 5 and there is considerable evidence that e high degree 

of cooperation was achieved and the delicate problems arising 
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from the fact that both organizations were committed to the 
Same material were partly met. In the case of the American 
Strip system, for example, the Foreign Office Cryptanalytic 
Section (Pers ZS) workeq gn circular traffic, OKW/Chi on 
point to point traffic. 54 when both organizations were 
breaking the older Japanese cipher machine, OKW/Chi worked 

on odd days, the Foreign Office Cryptanalytic Section (Pers 
28) on even.455 Results were exchanged. There was also a 
division of labor among the language sections on some book- 
breaking problems and there were occasionally some exchanges 
of personnel, Huettenhain and his mathematicians had worked 
with the Foreign Office Cryptanalytic Section (Pers ZS) re- 
search party. He fede that @ satisfactory division of labor 
had been achieved.*9° Fenner directed liaison for Oxy Goi 
and Senior Specialist Paschke for the Foreign Office. 

The head of the Foreign Office Cryptanalytic Section (Pers ZS) 
Minister Selchow, is gata to have %een opposed to too inti- ’ 
Mate a relationship. 45 It is known that he refused to per- 
mit the cryptographic system developed by his department for 
Foreign Office use to be turned over to OKW/Chi for security 
scrutiny. The actual debt of OKW/Chi to the Foreign Office 
Cryptanalytic Section (Pers 28) cryptanalysts is hard to 
assess, particularly in view of the fact that the leading 
members of the OKW/Chi language sections, Fenner, Wendland, 
and Nowopaschenny, were not captured and interrogated. On 

the basis of the material available, however, it seems that 
that debt is considerable. The Foreign Office Cryptanalytic ~ 
Section (Pers Z 8) gives the impression of being old, conserv- 
ative, slow-moving but able. It was a cipher party of the old 
type such as Fenner's had been previous to the outbreak of the 
war. It had never been subject to the dynamic and somewhat 
feverish expansion that had been the lot of OKW/Chi, where 
emphasis had been changed from intelligence to security, and 
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where 4& great many of the leading cryptanalytic personnel had 
been taken into purely cryptographic research. In the Foreign 
Office Cryptanalytic Section lrers ZS), the mathematicians 
existed solely to assist the crypto-linguists. - The linguists 
themselves were apparently more carefully selected, older, and 
better trained than those of OKW/Chi. It is very likely that 
jn the exchange of results, OKW/Chi received more than it 

gave. It is known that the initial break into the older 
Japanese machines Wgsgmade by the Porsign Office Cryptanalytic 
Section (Pers ZS). It is possible that they also were the 
first to break the Aperican strip system, as Rohrbach so 
emphatically claims.?29 ‘wo South African codes were worked 

on jointly by OKW/Chi and the Foreign Office Cryptanalytic 
Section (Pers Z 8), with the latter taking the lead. On the 
other side of the ledger is the loan by OKW/Chi to the Foreign 
office Cryptanalytic Section (Pers Z S) of a Brazilian, a 
Mexican, and a Portuguese compromised code for photographing. 
Prior to the compromise of the Portuguese code, the two agencies 
had regularly exchanged group meanings.*©1 Where quality and 
expertness were primary considerations sas in initial attacks 

on cipher systems, and in more difficuit book breaking problems, 
the Foreign Office Cryptanalytic Section (Pers Z 8) was superior 
to its military colleague. When a problem had reached the mags 
production stage, however, OKW/Chi vas able to profit by the 
comparative ease wiii: yesen it could obtain partly trained, 
medium-grade personnel. t6¢ 


12. Liaison with Foreign Signal Intelligence Agencies. 
In the matter of liaison with the signa telligence agencies 
of Germany's allies, the authority of OKW/Chi seems to have 
been partly recognized. Fenner had been working for e number 
of years previous to the outbreak of the war to establish 
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16206 | Also the statement (I-22, 13) "If when a new system 
was broken, it was discovered that traffic dealt mainly with 


matters outside the diplomatic field, it was handed over to 
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firm relationship between OKW/Chi and Germany's probable 
future allies. There is some evidence that the signal intelli- 
gence agencies of the Army, Navy, and Air Force were expected 
to approach their allied counterparts through OKW/Chi. Thue 
Friedrich, head of the Air Force signal intelligence, tald 
interrogators that h@ had no liaison with the Japanese authors 
tiles and that such liaison took place only through OKW/Chi. 
Voegele, the chief cryptanalyst of the Air Force, stated that 
he visited Berlin once in January and again in February 1942 
for cryptographic discussions with Hayashi, the Japanese repre- 
sentative, but that the meeting never actually took place. 
Voegele believed that the discussions wepe yprevented by Kemf, 
who was the head of OKW/Chi at the time. To be sure, the 
Army had independent relations with the more reliable axis 
allies, the Italians and particularly the Finns. It is clear 
from the case of Bigi, however, that insofar as these relations 
were conducted on a high level, OKW/Chi had a hand in them. 
Bigi, it will be recalled, was never cleae as to whether his 
relations were with OKW/Chi or the Army."°9 It is noteworthy, 
too, that the members of OKW/Chi were well acquainted with the 
Finnish liaison officers stationed with the army cryptanalytic 
agency. 
&. Austria: ; 
Before the annexation, Austria is said to have had a 
small but efficient cryptologic office. This was located in 
Vienna and headed by a Mr. Seifert. It had a small staff 
which dealt with the traffic of Italy, Rumania, Greece » Jugo- 
Slavia, Bulgaria, Turkey, Poland, and Czechoslovakia. 6 it 
is said that these organizations had close contact with OKW/- 
Chi even during the period of tensiom preceding the Anschluss, 
Huettenhain, from whom this information is derived, does not 
know precisely what this contact amounted to. At the time of 
the Anschluss, Gen. Fellgiebel and Fenner paid a visit to the 
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Austrian cipher office and brought the best personnel to Berlin 
where they were incorporated into OKW/Chi. Seifert became a 
high ranking civil servant (pringjpel specialist, Ministerlalrat ) 
and specialist in book-breaking. 
oe ) 

representatives of the Japanese signal intelligence, 
a more or less astute sparring went on from the time of Japan's 
entry into the war. In 1942, one of the leading Japanese 
oryptanalysts, Colonel (later General) Hayashi, happened to 
be in Berlin. Unable to return home, he became Japanese Mili- 
tary Attaché in Budapest. During his stay in Berlin, he arranged 
for an exchange of material with OKW/Chi and a relationship 
was started between the head of OKW/Chi and the Japapege repre-= 
sentative in Berlin which lasted throughout the var. Prom 
cream sources, we know that Kempf was a favorite of the Japanese 
and that a proposal vas made that he be decorated by Japan. 
What became of this proposal is unlmown. Kettler mainteined 
the relationships established during ‘Kempf's regime. He ad- 
mitted that he knew Japanese officers in Berlin vell. Rave 
says that he remembereg 8 Japanese naval attaché paying a 
visit to Col. Kettler. 6 There was, however, no regular 
Japanese liaison officer at OKW/Chi, and no Japanese vorked 
there. Just what the Japanese got out of the relationship 
is difficult to say. Kettler stated that various book recover- 
les were Ragsed on to them. Some of these were probably 
American, although Huettenhain said that he was convinced 
that no United States gtrip material had ever been passed to 
the Japanese by OKW.+7 Some unworked traffic was exchanged, 
but there was never any exchange, so far as is known, of in- 


formation on cryptologic procedures. In short, the Germans 


16T oe I-118, 3. I-84, 4 in which it is stated that"Sieffert" ; 
head of the bureau, came to work at OKW/Chi vith other members 

of the Austrian bureau: Dr. Mauler, Dr. Locker ORR Bailovic. 

This is not the man of the same name who headed the evaluation 
section of Goering's Research Bureau. 
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gave the Japanese very little cryptanalytic assistance and got 
nothing in return, In the cryptographic field, the Germans 
were apparently even more reticent. "We did not tell the 
Japanese! says Kettler, "that we considered their systems bad" .472 
Huettenhain, however, knew of a proposal to sell to the Japanese 
some Enigmas, probably for naval use in the far east. He says 
that when the cryptanalysts of OKW/Chi found that the non- 
plugboard Enigma was readable, it was suggested to Fellgtebel 
that the Japanese should have plugboard machines. Fellgiebel 
vacillated. ‘Huet fenhain does not know what vas finally done 
about the matter,+75 

There was to have been a last minute attempt to improve 
cryptologic relations with Japan. A plan existed to send a 
cryptographic delegation py, Submarine from Germany to Japan 
in the winter of 1944-45.474 this delegation was to include 
Capt. Opitz and First Lt. Schubert, Army signal intelligence 
personnel, and Lt. Morgenroth, one of the Navy cryptanalysts. 
So little was known about Japanese cryptanalytic activity that 
the delegation did not know where they were to go in Japan or 
to whom they should announce their arrival. The first contact 

eo was to be with the German Military Intelligence (Abwehr) in the 

far east. The Military gatelligence (abwehr) presumably would 
have further contacts. ~! According to Mrs. vop Yida, only 
one of the delegates was able to speak Japanese 75 and it is 
perhaps true, as Mettig seid, that the delegation did not plan 
to reveal or hope to get much. Mettig added that, in general, 
German liaison with the Japanese was not considered good, and 
that the German officers who visited Japan had to vear civilian 
clothes so that they would not embarrass their Axis partners. 
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c. Italy: 

Despite the fact that cryptologic liaison with Italy 
had gone on for some time, and is said to have been started 
by General Gamba at the time of the Abyssinian war, it does 
not seem koghave been much closer than liaison with the 
Japanese. Bigs'® visit to OKW/Chi in 1942 has already 
been mentioned.*79 An Italian proposal for a similap visit 
in December of that year was refused by the Germans. 80 A 
deal, however, was made and carried out whereby certain Ital-~ 
ian IBM equipment vas exchanged for German IBM equipment in 
order to enable the Italians to use IBM machinery in their 
cryptanalytic work. Huettenhain mentions exchanges of book 
groups. He also tells a story of how the Germans broke an 
Italian cipher and told the Italians, who refused to believe 
it. "fo prove it to them we finally sent a ceryptographer to 
Rome and he was locked in a room until he had done so! #01 
After the surrender of the Italian government, the Italian 
Fascist Republic set up a new signal intelligence service, 
With this service Kettler refused to have any dealings whatever, 
"since we did not know what they would do with it". Kettler 
vas instrumental in obtaining a German order that the Fascist . 
Republic cryptologic bureau be dissolved. This occurred on 
25 February 1944, : 
° Aetees . 

aison with the Hungarian cryptanalysts had exiated 

since the early tventies, ang, yhere was @ regular exchange of 
material throughout the war. In the report of June 1944, 
Kettler stated that, during the Spring of '44, he received 


one-eighth of his raw traffic from the Hungarians, The ex- 
change .took place through the Hungarian embassy. There vas no 


4787.01, p 3, from Huettenhain. 
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regular exchange of liaison officers although Wendland, Fenner's 
under-study, was sent to Hungary. A few weeks before the 
entrance of Hungary into the war, Hungarian General Petri- 
kovic visited OKW/Chi when he passed through Berlin, probably 
on his Hey to Helsinki. This was during Kempf's term of 

office. Kettler, moreover, made two good-will visits to 
Hungary. In return for the traffic which they received, the 
Germans gave the Hungarians methods of solution for Italian, 


. Rumanian, and Polish systems, the onay countries whose systems 


were of intereat to the Hungarians. Huettenhain tells an 
odd story which indicates that relations were not always quite 
so happy as the above details suggest. In the summer of 1944, 
OkW/Chi broke a Turkish code and gave it to the Hungarians. 

The Hungerians solid the code to Himmler's Securi sy service, the 
RSHA, which brought 1t proudly back to OKW/Chi. At the 
beginning of 1945, lisison with the Hungarians vas terminated. 
Kettler sent a liaison officer to the German border at Steina- 
manger but he returned after having exchanged cqugtesies 

with the Hungarians. Nothing further is heard. 


e. Finland: 

“Tistton with the Finnish cryptanalysts began around the 
year 1938, pR4 was intensified just efter the first Russo-Fin- 
nish var. In 1942, a Lieutenant Mikkoja arrived to act as 
liaison officer at army headquarters. He may also heave had 
some contact with OKXW/Chi. In any case, OKW/Chi had liaison 
with a Colone? Hallimaa from the beginning of the second Russo- 
Finnish war.''0 Traffic was exchanged in both the military and 
diplomatic fields. The Finns vere said to have been interested 
484, 2 pid. 
+85, 2 roid. 

486, 2 Toid. . \ 
48772132, 2, 
4897-96, p 5; I-29, p 3. 
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principgliy in the traffic of Russia, Poland, Rumania, and 
Sweden."91 There was close liaison with the Finns on the 
solution of an American strip system, but no exchange was 

made on any other system since OKW/Chi had nothing to offer. 
it is probable that the Finns were given to driving sharp 
bargains with their allies. We know that the German solution 
of the American strip system depended partly on the traffic 
for Mgggh 1943, and thit it was not broken by them before that 
date. We know, too, that on the tenth of March 1943, the 
Finns gave their solution of the American cipher system to 

the Japanese. It seems that the Finns had broken the American 
cipher system previous to March 1943, and withheld this infor- 
mation from their German allies. They started to exchange 
only when the Germans had something to offer. What the 

Finns got from the Japanese in return for the information on 
the American strip, we do not lmow from TIC. 

In his report for Spring 1944, Kettler states that 
German relations with the Hungarian and Finnish cryptanalytic 
organizations were of great assistance to the Germans in re- 
atoring the Archives of OKW/Chi which had been destroyed by 
the air raid of November 1943. 


f. Bulgaria: 

The only evidence of any connection of OKW/Chi with Bul- 
garian signal intelligence is the statement in the Kettler 
report for Spring 1944: that several Bul erlang were given a 
course in elementary cryptography at OKW/Chi. 


g- Spain: 
“the extent of OKW/Chi's relations vith the Spanish Signal 


-Intelligence has been covered in the discussion of the intercept 


eystems of OKW/Chi in Spain. There is no doubt thet the head 
of the Spanish signal intelligence service, Colonel Sarmiento, 
cooperated with the Germans. He received French traffic and 
military traffic in general sent to North Africa. In return, 

he gave the cablegrams about ship movements probably originating 
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with commercial attachés, 495 About cryptanalytic materials, 
he told the Germans nothing. Mettig believes that this was 
because he knew nothing. 


955.331, 4, It 4s not clear whether these cablegrams were 
given, however, to OKW or to OKH. 
4967131, 4. 
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A-13. "Consolidated List of Documents received from: 
I. A.F.H.Q., Italy; II. Feuerstein; Ili. Japanese 
Embassy, Berlin; Iv. Lisbon; V. M.1.8; VI. N.8.VI; 
VII.0SS, Wiesbaden." A TICOM publication. 

Abvehr.-~ Military Intelligence. 

Adler, Walter, First Lt. Dr. Member of Subsection of OKHW/Chi 
vorking on China, Japan. ; 

Agents’ Section.-- "Referat Vauck," named for its head, Lt. 

' VYVauck. 


Ag/UNV (Amtsgruppe Wehrmachtnachrichtenverbindung).-- Armed 


Forces Communications Groug. 

Algner.,. , Dr. (of Medicine).. Member of Section IVe of 
OKW7Chi (initial breaking of more difficult systems; 
oryptanalytic theory). 

Amberg, Hans. Contact man for OKW/Chi in Spain. 

Amtsgruppe Wehrmachtnachrichtenverbindung (Ag/WNV).-- Armed 
Forces Communications Group, 

Andrae, , Lt. Col. Chief of, Group I of OKW/Chi (inter- 
cept) until Yeplaced by yon NIDA. Chief of Staff or 
the Signa) Intelligences Agency of the Army High Command 
(OKH/G d NA). 

Armed Forces Communications Group.-- Amtsgruppe Wehrmacht~ 
nachrichtenverbindung 

Armed Forces High Command.--~ oberkommando der Wehrmacht (OKW). 

Arned Forces Signal Communications.-- Wehrmachtnachrichten- 
verbindung (WNV). 

Armed Forces Signal Officer for Special Employment # 700.-~- 
Wehrmachtnachrichtenfuehrer zu besonderer Vervendung 700 
(Wehrmachtnachrichtenfuehrér z. b. ¥. 700). 

Armed Schutzstaffel (Waffen-SS) /-- Components of Elite Guard 
serving at front. 

Army Ordnance, Development and esting Group, Signal Branch.-- 
Weffenpruefung 7 (Wa Pruef 7). 

Army Ordnance Office.-- Heereswaffenamt (HWA). 

umann, , Prof, Dr, Member of Section IVc of oxy/cht 
(initial breaking of more difficult systems; cryptanalytic 


theory). 


‘| 


DOcID: 


~ 


3560827 


Baechle, Friedhelm. Radio operator with Military Intelligence 
(Abyehr), Department I-i in Madrid, Spain, Jul 1940 - 

Hov 1944. This department vas responsible for radio 
operation, telegraphy, teletype, and cryptography of 
Military Intelligence (Abuens) . 

Ballovic, » Senlor Specialist. Former member of Austrian 
cryptanalytic bureau, transferred at the time of Germany's 
annexation of Austria to Goering's Research Bureau (PA). 
After a short time, vent to the Signal Intelligence Agency 
of the Army High Command (0KH/@ d NA) and in Oct 1944 
joined Balkan Sestion of Group V of OKW/Chi. 

Barlov, , Maj. U.S. Amhy officer who tried to trace 
personnel and plant of the firm of Telefonbau und 
Normalzeit of Frankfurt/Main, which vas respnnsible 
for the development of 3G 39, 


Berndt, Me. Chief of Polish part of Subsection V 6 
of OKW/Chi. 
Bernsdorff, Capt. Chief of Section IIa of OKW/Chi 


(liaison between OKW/Chi and field units); in 1945 
replaced Metzger as chief of Group III. , 

Beyreuther, Heinz W., Cpl. Member of Subsection of oW/Chi 
vorking on China, Japan. 

Boetzel , >» Col. Chief of Gode and Cipher Section of 
German War Ministry, 1934 - 1939. Chief of the Si 
Intelligence Agency of the Army High Command (OKH/G d HA). 

Bruckmann, . Mentioned (I-1, p. 20) as being "active on 
nore or less independent footing” in OKW/Chi. Specialty: 

reek. - 

Buck, ,» Senior Inspector. Chief of Section Ic of OKW/Chi 
(teLlecommunications). . 

Buggisch, Otto, S/Sgt. Dr. Cryptanalyst in Inspectorate 
T/VI (In 7AVI). Expert on Russian ciphony. 

Buschenhagen, » First Lt. Chief of the Defense Ministry 
Cipher Section, predecessor to OKW/Chi (1919). 

Chi (Chifsricrabtetiang) «~~ Gipher section. 

Chiffrierabteilung (Chi).-- Cipher section. . 

Chiffrierstelle des Oberbefehlishabers der Luftwaffe (Chi-Stelle 
Ob d L).-- Signal Intelligence Agency of the Commander in 
Chief of the Air Force. - 

Chi-Stelle Ob dL (Chiffrierstelle des Oberbefehlshabers der 
Luftwaffe).-- Signal Intelligence Agency of the Commander 
in Chief of the Air Force. 

Clifton, » Col. USA officer in command of units whioh 
captured some of the OkW/Chi personnel. 
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Cryptanalytic Seotion of the German Foreign Office.-- 
Sonderdienat des Referats Z in der Personalabteilung 
des Ausvaertigen Amtes (Pers ZS). 

D-16. "Translation of Annual: Progress Reports by Pers Z 3 

8 covering 1927, 1941, and.1942." A TICOM Publication. 

D-55. "Yranslation of Order concerning Cryptanalytic and 
Cypher Production Work promulgated by OKW/AVFS:/Chef 
WNV, taken from Papers of Major Nielson." A TICOM 
publication, , ; 

D-57. “Notes and Minutes of High-Level Meetings held at 
OKW/Chi." A TICOM publication, 

Defense Ministry.-~- Reichsvehrministeriun, 

Dettm-nn, Alex, Lt. Head of sryptanalysis at Intercept Con- 
trol Station East (HLS Ost); later head of Section 3, 
Group IV of the Signal Intelligence Agency of the Army 
High Command (OKH/G d NA}. Specialty: machine cipher 
and research. 

DF-8. Captured Wehrmacht Sigint Document: Statement of . 
Order of Battle of Ox /Ghi based on document dated April 
1945. A TICON publication. 

DF-9, Captured Wehrmacht Sigint Document: Translation of 
Activity Report of OKW/Chi for the period ist January, 
1944 to 25th June, 1944. aA TICOM publication. 

Doenitz, Karl, Grand Admiral. Commander in Chief, German 
Navy; Reich Chancellor after Hitler's death. 

Doering, , 3/Sgt. Dr. Mathematician of Inspectorate 
TAIL (in 7NVI); later with the Signal Intelligence Agency 
of the Army High Command (OKH/G da NA). Specialty: 
machine cipher and research. , ; 

Eckert, , First Lt. Liaison Officer from OKW/Chi to the 
Signal Intelligence Ayency of the Commander in Chief of 
the Air force (Chi-Stelle Ob dL). 

Eichner, -, Second Lt. Officer in charge of (KW/Chi's 
"Section Spain" office in Sevilla, Spain. 

Elite Guard of the Nazi Party.-- Schutzstaffel (55). 

Fel..glebel, Erich, Lt. Gen. Chief Signal Officer of Army 
and Armed Forces High Commands from beginning of var 
until he was executed in 1944. 

Fenner, Wilhelm, Principal Specialist. Chief of Division B 
of OKW/Chi (Cryptanalysis). 


.Flicke, » Specialist. In charge of technical matters 


at OkW Intercept station at Lauf. 
Foreign Security Service.-~ Sicherheitsdienst Ausland 
(sp Ausland). 
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Franks, ,» Senior Specialist, In charge of work on Svedish 
BC 38 in oxw/chi, 1940. 6 
» Prof. Dr. Chief cof Section IVc of OKW/Chi 
(1nitTfai breaking of more difficult systems; crypt- 
analytic theory). | 
Fricke, , SS First Lt. Liaison Officer from the Reich 
Main Security Office (RSHA)'to OKW. 
Fricke, Waliter, Technician (Lt. Grade) Dr. Chief of Section 
IIb of UKW/Chi (development |of German systems). 


Franz 


Friedemann, - One of chief members of Joint Intelligence 
(Abvehr) in Spain. 
Friedrich, > Lt. Col. Chief of Division III of Chief 


Signal Office (Gen NaFue III) and of the Signal Intel- 
ligence Agency of the Commander in Chief of the Air 
Force (Chi-Stelle Ob dL). | 
Frovein, » Lt. (Navy). Member of the Signal Intell1i- 
gence Agency of the Navy High Command (O0KM/4 SKL/III). 
Fu (FPunkuebervachung).-- Radio Defense Corps. 


Funkuebervachung (Fu).-- Radio Defense Corps. 
Gamba, Vittorio, Gen. Head of Itelian Cryptanalytic Department. 
Gimmler, » Maj. Gen. Chief! of Army Ordnance Development 


and Testing Group, Signal Branch (Wa Pruef 7), 1939 - 
1943. Chief Signal Officer to Commander in Chief West, 
1943 - 1945. Chief of Armed Forces Comnunications Group 
(Chef Ag WHY). | 

Goering, Herrmann, Reichsmarschal1. Comeander in Chief of 
German Air Force, German Air Minister, etc. 

Grosse, Arthur, Mr. okW/Chi employee detached to Foreign 
Office Cryptanalytic Section (Pers ZS) for training. 
Specialized in Chinese and Japanese. 

Grotz, Capt. Chief of Group I of OKW/Chi (control of 
intercept stations). | 

Hagen, Ursula,Miss. Head of the froup in the Foreign Office - 
Cryptanalytic Section (Pers'Z S) which vorked on English 
and British Empire, Spanish, Portuguese, and Latin- 
American Systems. 

Hallimaa, ; Col. Head of Finnish Cipher Section. Had 
liaison with OKW/Chi. 

Hatz, Heinrich, Staff Director, in charge of administration 
of OKW intereept station at; Lauf. 

Hayashi, , Col. (later Gen,). Head of Jananese military 
cryptographic organization, caught in Germany at out- 
break of var; became Japanese Military Attaché at Buda- 
pest. Had some liaison with OKW/Chi. 
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Heeresvaffenamt (HWA).-- Army Ordnance Office. 

Heimsoeth & Rincke. Firm which made the changeable turnover 
rotor (Lueckenfuellervalze) for the “enigma cipher machine. 

. Address of the firm: Uhlandstrasse 158, Berlin-Wilmersdorf. 

Helin, » Maj. Commander jof Transport in move of part of 
OKW/Ghi to South Germany, 1945. 

Hentze, Rudolf, Maj. Dr. Head of Group IV, Signal Intelli- 
gence Agency of the Army High Command (0KH/GdIIA). ; 

Herold, Wadim, Capt. German Air Force Officer detached to 
OKW/Chi in Jan 194u to be intercept officer in the field. 

Hierer, , Me. OKW/Chi employee detached to Foreign Office 
Cryptanailytic section {Pers ZS) for training. 

Himmler, Heinrich. Reichsfuehrer 55, Minister of Interior, 

Chief of German Police. 

Hoepfner, , Col. Took command of OKW/Chi after it moved 
to Halle, 1945. | . 

Huettenhain, Erich, Specialist Dr. Chief cryptanalyst of OKW/Chi 

, from 1937 to end of var, Chief of Group IV (cryptanalytic 
; research); also chief of Section Ivd (training). 
‘a HWA (Heeresuaffenamt).-- Army Ordnance Office. 

I-1. "Report of TICOM reporting tham number three, which 
‘uncovered the Foreign Office Cryptanalytic Section (Pers 
zZS)." A TICOM publication. 

I-2, "Interrogation of Dr. Huettenhain and Dr. Fricke at 
Flensburg, 21 May 1945." A TICOM publication. 

I-\3. "Composite Report on Tyo Interrogations of Oberstit, 
Friedrich, Chief of the G.A.F. Sigint Service, 18/5/45 

,and 9/6/45." A TICOM publication. 

I-17, “Extracts of SHAEF Interrogations of Maj. Gen. Boner, 
Colonel Grube, Lt. Col. Mettig, and Major Rottler." A 
TICOM publication. 

I-2u, "Interrogation of Sonderfuehrer Dr. Fricke of OKW/Chi 

. (Formerly of OKH/Ch1i).".A "ICOM publication. 

I-21, "Preliminary Interrogation of Oberst Kettler, R.R.Dr. 
Huettenhain, Sdf. Dr. Fricke and Oblt. Schubert (OKH/Chi), 
45 June 2945." A TICOM ‘publication. 

I-22, “Interrogation of. German Cryptographers of vers Z 8S 
Department of the Ausvaertiges Amt." A TICOM publication. _ 

I-27. "Preliminary Interrogation of Fraeulein Hagen, Head of 
English 3ection of Pers. Z 3S, Ausvaertiges Amt.” A TICOM 
publication. 

I-29. "fhird Interrogation' of Oberstltn. Friedrich, Chief of 
the G.4.F. Signals Intelligence Service." A TICOM publica- 


tion. 
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I-31.. "Detailed Interrogations of Dr. Huettenhain, formerl | 
head of research section of OKW/Chi, 18th-21st June 1985." 
A TICOM publieation. - 

I-36. "Yranslation of Paper Written by Reg.Rat.Dr. Huettenhain 
and Sonderfuehrer Dr. Fricke on the Development of OKW/Chi, | 
Sections A.III and B.V." A TICOM publication. | 

I-37. "Translation of Paper Written by Reg.Rat.Dr. Huettenhain | 
of OKW/Chi on Speoial Apparatus used 4s aids to crypt- 
analysis.” A TICOM publication. ; 

I-38. "Report on Interrogation of Lt. Frovein of OKM/4 SKL/III, 
on his vork on the Security of the German Naval Four- 
Wheel Enigma.” A TICOM publication. 

I-39. “Organization of OKW/Chi."” A TICOM publication, 

I-44, "Memorandum on Speech Encipherment Apparatus by 0.R.R. 
Huettenhain and Sdf. Dr. Fricke.” <A TICOM publication. 

I-45. ."OKW/Chi Cryptanalytic Research on Enigma, Hagelin and 
Cipher Teleprinter Machines." A TICOM pubiication. 

I-46. "Preliminary Report on Interrogation of Dr. Otto Buggisch 

(of okH/Gen.d.NA) and Dr. Werner Liebkneoht (employed 

by OKH and OKW as tester of cryptographic equipment) 23 

June 1945." A TICOM publication. 

. "PAY Situation Report." A TICOM publication. 

. "Report on Special Interrogation of Drs. Huettenhain 

and Fricke, Oberst Mettig, and Lt. Morgenroth carried 

out on 29th July 1945." A TICOM publication. 

I-49, "Notes on OXW/Chi and on Intercept Organization under 
K.0, Spain." <A TICOM publication. 

I-53. " Construction of "Schluesselgeraet 39." A TICOM 

. publication. i ; 

I-54. "Second Interrogation of Five Members of the RLM/Forschu 
amt,” <A TICOM publication. 

I-57. "Enciphering Devices: vorked on by Dr. Liebknecht at 

Wa Pruef 7." A TICOM publication. 

I-58. "Interrogation of Dr. Otto Buggisch of OKW/Chi.” A 
TICQM publication. 

I-61. "Interrogation Report on Friedhelm Baechle, W/T Operator 
with KO Spain." A TICOM publication, ; 

I-62. "Field Interrogation of Paul Ratz of the German Army 
Signals Intelligence (1933-1945)." A TICOM publication. 

I-64. "Ansvers by Wm. Buggisch of OKH/Chi to Questions sent 
by TIGOM.” A TICOM publication. 

I-65. “Interrogation Report on Four Members of the G.A.F. 
Sigint Service." A TICOM publication. 
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NUMBER 100-5 WASHINGTON, D. C. 14 DECEMBER 1956 


FOREWORD 


This Manual is published to serve as a training text and guide for repairmen and technicians. 
It covers the field of radio receivers, in sufficient detail, to enable the student to understand the 
operation, repair, and adjustment of basic communications receivers. The information contained 
in the Manual also gives the student an adequate background for studying specific Air Force 
receivers. 


There is a general discussion of the fundamentals of radio reception followed by explanations 
of tuned-radio-frequency and superheterodyne receivers. Descriptions of ordinary communica- 
tions receivers, and very-high-frequency and ultra-high-frequency receivers are discussed in 
detail. The latest techniques in receiver design, such as the use of subminiature tubes and plug-in 
units, are incorporated in the next chapters, followed by explanations of frequency modulation 
and special purpose receivers. The Manual ends with discussions of performance tests and trouble- 
shooting techniques. 
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ington 25, D. C. 
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I-91. 


I-66. "Paper by Dr. Otto Buggisch of OKH/In 7/VI and OKW/Ch 
on TYPEX." A TICOM publication. fin TN (ont 

I-67. "Paper by Dr. Otto Buggisch of OKH/In 7/VI and OKW/Chi 
on Cryptanalytic Machines.” <A TICOM publication. 

I-68. "Consolidated Report Based on Two Interrogations of 
Oberat Randewig, of Hoeh, Wehrmachts Nafue z.b.V. 700 
carried out at CSDIC on. approx. 1 Aug. and 10 aug. 2945," 

I-69. "Summary of Cipher Information on Jugoslav Traffic 
Provided by Uffz. Herzfeld (Appendices to TICOM I-52)." 

A TICOM publication, 

I-72. "First part of the Report by Wm. Buggisch on 8.G. 41." 
A TICOM publication. : 

I-73. "Translated Version of Homevork done by Wm. Buggisch." 
A TICOM publication. 

I-75. “Interrogation Reports: on German Field Sigint Personnel 

carried out at BUFFER - Ltn. August Schroeder, Ltn. Starke, 

Obgefr. Heudorf, and Hptm. Holetzke." A TICOM publication. 

Interrogation Reports; on Lehvald, Haupts, Klett and 

Lauerbach, Also I/76 Supplement (Diagrams).." A TICOM 

publication. 

I-77. "Translations of Joint'Report made by Drs. Huettenhain 
and Fricke on the "Zaehlverk" Enigma Machine." A TICOM 
publication. ' 

I-78. "Interrogation of Oberstlt, Mettig on the History and 
Achievements of OKH/AHA/In 7/VI." A TICOM publication, 

I-79. "Supplementary Paper by Drs. Huettenhain and Pricke on 
the Solution of the Hagelin Machine." A TICOM publication. 

I-84. "Further Interrogation of R.R. Dr. Huettenhain and Sdf. 
Dr. Fricke of OKW/Chi." A TICOM publication. 

I-85. "P.W. Interrogation Report on Reg. Rat Flicke, Techn. 
Insp. Pokojewski, Stabsintendant Hatz of OKW/Chi."” A 
TICOM publication... 

I-86. "Interrogation of Oberstit. Mettig of OKH and OKW/Chi on 
the higher direction of German cryptanalytic work." A 
TICOM publication. 

I-88. "Report on Interrogation of Mr. K. Vetterlein of the 
Reichspost Laboratorium on German Interception of 
Transatlantic Speech Circuits." A TICOM publication. 

I-89, "Report by Prof. Dr. H. Rohrbach of Pers Z 3 on American 
Strip Cipher." A TICOM publication. 

I-90, "Interrogation of Herr Reinhard Wagner (OKW/Chi)} on 

Japanese Systema." A TICOM publication. 

'P.O.W. Interrogation Report - General Major Robert 

K.H. Schlake, Chief of Communications in the Main Office 

of the Ordungspolizei, Ministry of the Interior.” A. 


I-76. 


TICOM publication. 
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I-92, "Final Interrogation of - Wachtmeister Otto Buggisch 
(OKH/In 7/VI and OKW/Chi)." A TICOM publication. 

I-93. "Detailed Interrogation of Membergof OKM/4 SKL/III at 
Plensburg." <A TICOM publication. 

I-95. “Interrogation of Lt. Morgenroth on organization of 
OKM/4 SKL/III." A TICOM publication. 

I-96. "Interrogation of Oberstlt. Mettig on the Organization 
and Activities of OKW/Chi." A TICOM publication. 

I-98. "“Interrogationof Oberst Randewig on German Deception 
Plans." A TICOM publication. 

I-103, “Second Interrogation ofReg.Rat Hermann Scherschmidt 
of Pers ZS Ausvaertiges Amt, on Turkish and Bulgarian 
Systems." A TICOM publication. 

I-104, "Report on Berlin Targets by Major Heller of G.S.1.(8), 
21 A.G., B.A.O.R."” A TICOH publication. 

I-105. "Interrogation Report on Frau von Nida (wife of Major 
Wolfgang von Nida, one-time Deputy Head of OKW/Chi)." 

A TICOM publication. 

I-111, "Further Interrogation of Oberstlt. Mettig of OKW/Chi 
on 14th Soptember 1945." ‘A TICOM publication. 

I-112, "Preliminary Interrogation of Reg.Rat. Dr. Ferdinand 
Voegele (Chi Stelle, 0b.d.L) and Major Ferdinand Faichtner 
(0.C. of LN Regt. 352, etc.)" A TICOM publication. 

I-113. "Interrogation of Major Dr. Rudolf Hentze, Head of Gruppe 
Iv (Cryptanalysis}) General der Nachrichtenaufklacrung." 

A TICOM publication. 

I-115. "Further Interrogation of Oberstlt. Mettig of OKW/Chi . 
on the German Wireless Security Service (Funkdbervachung). 
A TICOM publication. ; 

I-216. “Repart of Interrogetion of Ltn. Alex Dettmann and 
Obervachtmeister Sergius Samsonow of OKH (Gen.d.NA) at 
Oberursel, Germany, during August 1945." A TICOM publica- 


tion. 

I-118. "Joint Reports by Reg.Rat. Dr. Huettenhain and sdf. 
Dr. Fricke, written at CSDIC on or about 28th August 
1945." aA TICOM publication. 

I-119. "Further Interrogation of Reg.Rat Voegele and Major 
Feichtner on G.A.F, Sigint." A TICOM publication. 

I-123. "Interrogation Report on Rudolf Trappe (Civilian) of 
OKW/Cphi." A TICOM publication. on 

I-124. "Interrogation Report on Dr. Werner Weber of OKW/Chi. 


A TICOM publication, " 
I-127. "Interrogation of Oberstlt. Mettig of OKW/Chi." A TICOM 
publication. 
117 


DOCID: 


C 


3560827 


\ 


I~128. "Deciphering Achievements of In 7/VI and OKW/Chi." 
A TICOM publication. | . 

I-130. "Homework by Hauptmann Herold, 0.C. Ln. Regt. 113/353." 
A TICOM publication, 

I-143. "Report on the Interrogation of Five Leading Germans 
at ‘* pemberg on 27th September 1945." A TICOM publica- 

on. : 

I-150. "Report by Uffz. Heinz W. Beyreuther on the Organi- 
zation of OKW/Chi." A 'TICOM publication. 

I-161. "Further Statements on Typex by Huettenhain, Fricke, 
and Mettig.” A TICOM publication. 

IF-15 “"Finsl Report of TICOM Team 1 on the exploitation of 
Kaufbeuren and the Berchte.zaden area." From TICOM, 

IF-130. Copy of MIS dossier on Fellgiehbel. From Captured 
German Army Official Dossier, nov in MIS files in 
Pentagon. 

IF-164, "Report on Interrogation of Walter Schellenberg." 

IF-165. special report by Kirby, on TICOM Team 6's relation 
with OKW/Chi personnel. Original. 

IF-166. Special report by Kirby on Sdf, Dr. Fricke. Nov 23, 
1946. Original. 

IF-167. "Final report on the visit of TICOM Team 5 to the 
Schliiersee area." TICOM, but not registered, 

IF-1517. "First detailed Interrogation of Augusto Bigi, who 
vorked in the Cryptographic Section of SIM before the 
Armistice and in SID aftervard." CSDIC/CMF/Y 4. 

Inspectorate 7/VI of tho Army High Command.-- Oberkommando 
des Heeres/Inspektion 7/VI (OKH/In 7/V1) 

Jensen, Graduate Engineer. Member of Section IVb of 
OKW/Chi {development of cryptanalytic machinery). 

Jeschol, _ . Intercept operator in OKW Seotion Spain 
substation on Canary Islands. 

Jodl, Alfred, Gen. Chief of Operations Staff, ‘/rmed Forces 

High Command (Chef OKW/Ia). 

vung-Fischer, » Mr. According to I-1, p. 20, chief of 
Sviss subsection of OKW/Chi. 

Kaehler, » Lt. Col. Chief of Group VI of OKW/Chi (broad- 
east and press monitoring). 

von Kalkstein, > bt. Col. Chief of Group VII of OKW/Chi 
(intercept reports and their distribution; evaluation). 

Karstien, Hans, Specialist Dr. Cryptanalyst with Foreign 
Office Cryptanalytic Section (Pers ZS). Specialist in 
Slavonic Languages. Headed the group vur.*sh vorked on 
Yugoslav, Bulgarian, Croatian, and Polish systems, as 
vell as systems originating from the Baltic States. 
During the evacuation period (Dec 1943 - Mar 1945) headed 
that portion of the Section which vas located in Hirschberg 
in the Riesengebirge. Also vorked on Chinese probloms 


1930-1938. 
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Keitel, Wilhelm, Field Marshal. Chief of Armed Forces High 
Command (Chef OKw}. : 

Kempf , -» Col, Chief of OKW/Chi prior to 1943, 

Kern » Lt. Or. Chief of Turkish Subsection of OKH/Chi. 

Kettle¥, Hugo, Col. Chief of OKW/Chi, 1943 - 1445. 

Kiefer, » Specialist Dr, Chief of subsection of OKW/Chi 

. working on Spain, South America, Mexico. 

Klautschke, Heinz, Specialist Dr. Liaison Officer with the 
Supreme Command of the Armed Forces (OKW not just OKW/Chi). 
Stated that he had "university training in economics and 
politics." Gives examples of information he supplied in | 
the OKW and mentions offices he had dealings with. (I 25, | 
IF 135, D 22, espeotally I 54). | 

Kiett, Werner, Cpl. Member of Control Station Signal Intelli- 
fence West, located in Berlin. 


Klinger, , Mr. Chief of Section Ia of OKW/Chi (3iaison 
with Intercept stations). 
Koehler, » Technician f3,t. Grade). Head of linguistics 


| 

| 
at Inspectorate T/VI (In 7/VI); later member of Signal 
Intelligence Agency of Army High Command (OKH/G d NA); | 
finally (from Nov 1944) chief of Section Va of OKW/Chi 
(technical assistance for language vork). 

Korn, Willi, Graduate Engineer, Employee of firm of Heimsoeth 
& Rincke, who manufactured the Enigma. Collaborated 

‘With Fenner in developing the Enigma. 

Krause, » Mr. Chief of Section VIc of OKW/Chi (foreign 
broadcasts}. 

Kriegsministerium,-- War Ministry. 

Kroeger, » Specialist... The “cipher machine" specialist. 
of Goering's Research Bureau (FA). Was said to have broken 
Finnish Hagelin. Was the representative of his organi- 
zation -in Huettenhain's Cipher Security Committee. 

Kunze, , First Lt. Chief of Syiss Subsection of OKW/Chi- 

Lenschau, ,» Maj. Dr. Chief of Subsection V 3 of OKK/Zhi 
(Rumania). Worked with Mueller of French Subsection. 

Liebknecht, Werner, Graduate ingineer Dr. Chief of Section 
IlIh of Army Ordnance Development and Testing Group, 

Signal Branch (Wa Pruef 7), research agency for developing 
Voice scrambiers. ; 
Lober, » Maj. Chief of Group Z of OKW/Chi (personne). 
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Locker, , Specialist Dr. Formerly member of Austrian 
cipher bureau; later chief of subsection on Turkish mili-~- 
tary systems of OKW/Chi. 

Lotze, H.,. Graduate Engineer. Member of Army Ordnance Develop- 
ment a.4a Testing Groug, Signal Branch (Wa Pruef 7), Sec- 
tion e. Specialty: ciphony. 

Lufthansa.-- German commercial airline. 

Mang, ; Maj. Chief of Inspectorate 7/VI (In 7/VI), 1941- 
1943, 

Mauler, » Dr. Former member of the Austrian oryptanalytic 
bureau transferred at time of annexation to OKW/Chi, where 
he was deputy chief of Italian Subsection, 

Menzer, , Senior Inspector. Chief of Section IIe of OKW/ 
Chi (development and production of special ciphers for 
government departments, industry, and the Reish Main Secur- 
ity ors tee ((RSHA)), developing of deciphering eids for 
agents). 

Mettig, > Lt. Col. Second in command of OKW/Chi, Dec 
1943 - 1945. Chief of Division A (cryptography). 

Mertz, , 8/Sgt. Chief of Section IIIb of OKM /chi (paper 
supply). 

Metzger, » Maj. Chief of Group III of OKW/Chi (production 
and distribution ofkcys) until injured (early in 1945) 
and replaced by Bernsdorff. 

Mihatlovic, Draha. Yugoslav patriot leader, 

Mikko ja, » Lt. Finnish liaison officer to OKW/Chi, 1942 - ? 

Military Intelligence.-~ Abvehr. 

Morgenroth, > Lt. (Navy). <A Navy cryptanalyst. 

Mueller, > eenior Specialist. Chief of Subsection V5 
(France, Switzerland) of OKW/Chi toward end of war. 

von Nida, Wolfgang, Maj. Officer in charge of OKW intercept 
network in Spain, Jan 1940 to Apr 1947. Prom Apr 1942 
to his death, Nov 1943, second in command of OKW/Chi. 

von Nida, Mrs. Wife of Maj. Wolfgang von Nida. 

Nielsen, , Maj. (Gen Staff) Operations Officer on staff 
of Chief Signal Officer of the Armed Forces. 

Novopaschenny, , Professor. Chief of Russian subsection 
of OKW/Chi. 

Oberkommando des Heeres/General der Nachrichten Aufklaerung 
{OKH/G d NA).-- Signal Intelligence Agency of the Army 
High Command. 
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Oberkommando des Heeres/Inspektion 7/VI (OKH/In 7AVI)-- Inspec- 
torate 7/VI of the Army High Command. 

Oberkommando der Marine/4 Seekriegsleitung II(OKM/4% SKL II).-- 
Signal Security Agency of the Navy High Command. | 

Oberkommando der Marine/4 Seekriegsleitung III (OKM/4 SKL III).-- 
Signal Intel]igence Agency of the Navy High Command. 

Oberkommando der Wehrmacht (OKW).-- The German Armed Porces 
High Command, 

OKH/G d NA (Oberkommando des Heeres/General der Nachrichten 
Aufkiaerung).-- Signal Intelligence Agency of the Army 
High Command, - 

OKH/In 7/VI (Oberkommando des Heeres/Inspektion 7/VI).-- | 
Inspectorate 7/VI of the Army High Command. , 

OKM/4 SKL Il (Oberkommando der Marine/4 Seekriegsleitung II).-- ; 
Signal Security Agency.of the Navy High Command. 

OKM/% SKL III (Oberkommando der Marine/4 Seekriegsleitung III).-- 
Signal Intelligence Agency of the Navy High Command. 

OKW (Oberkommande der Wehrmacht).-- The German Armed Forces 
High Command, 

OKW/Chi (Oberkommando der Wehrmacht/Chiffrierabteilung) .-- 

Signal Intelligence Agen-y of the Supreme Command, 
Armed Forces, 

Operations Staff.-- Waffenfuehrungsstab, (WFSt). 

Opitz, Carl Heinz, Capt. An Army Signal Intelligence Officer, 
member of a cryptographic delegation whith vas supposed to 
go from Germany to Japan by submarine in the vinter of 
1944-1945, . 

Ordnungspolizet (Orpo).-- Regular Police. 

Orpo (Ordnungspolizei).-- Regular Police. 

Oschmann, Maj. Chief of the Defense Ministry Cipher Section, 
predecessor to OKW/Chi (1932). 

Oshima. Japanese Ambassador to Germany, 1943. 

Paetzel, Martin, Senior Specialist Dr. Head of the research 
section, section 6, of Goering’s Research Bureau (FA). 

Paschke, Adolf, Senior Specialist Dr. Co-head of the Foreign 
office Cryptanalytic Section (Pers ZS). Also headed the 
Linguistic-Cryptanalytic Subsection, his language special- 
ties being Italian, Greek, and Russian. Was principally 
responsible for the Section's successes with Itailan 
diplomatic codes 1935. to 1943. 
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Pers ZS (Sonderdienst des Referats Z in der Personalabteilung 
des Ausvaertigen Amtes).-- Cryptanalytic Section of the 
German Foreign Office. 

Peter or Peters, ----~, Assistant Schoolmaster Dr. According 
to Beyreuther (I-150, p. 2), chief of Swiss Subsection 
of, OKW/Chi. 

Petrikdovic, ; Gen. Head of Hungerisn cryptanalytic bureau. 

Pietsch, » Specialist. Head of mathematical section of 
Inspectorate 7/VI (In 7/VI). 

Plankert, ; First Lt. In April 1943, succeeded Major 
von Nida as officer in charge of German intercept system 
in Spain, which vas conducted by OKW. 

Poetsgens, , Cpl. Dr. Chief of Greek subsection of OKW/Chi. 

Pokojevski, Kurt, Technical Inspector. Subordinate to Flicke, 
civilian in charge of OKW intercept station at Lauf; later 
became civilian in charge. 

Praun, Albert, Maj. Gen. Succeeded Fellgiebel as Chief Signal 
Officer of armed Forces, 1944. ; 

C Pupp, » Dr. Member of Army Ordnance Development and 
Testing Group, Signal Branch (Wa Pruef 7), Section IV. 

Raatz, Paul, Non-commissioned Officer. Member of various 
German Army Radio Intelligence Units. 

Radio Defense Corps.-~ Funkueberwachung . (Fu). 


Raffel, , Senior Specialist. Chief of Subsection V 6 
(Italy) of OKW/Chi. 
Randewig, , Col. Chief of Western intercept stations in 


1939, in 1944, Armed Forces Bignals Officer for Special 
Employment # 700 (Hoeherer W NeFue z. b. V. 00). 

Rave, Kurt, Me. OKW/Chi employee detached to the Foreign Office 
Cryptanalytic Section (Pers Z 8) for training. 

"Referat Vauck". Agents’ Section, named for its head, Lt. 
Vauck, 

Regular Police.-- Ordnungspolizet (Orpo). 

Reichsvehrministerium.-- Defense Ministry. 

Rohen, , Senior Specialist. Chief of USA subsection of 


0. . 

Rohrbach, Hans; Frof. Dr, Member of Foreign Office Cryptanalytic 
Section (Pers ZS). Mathematician, and professor at the 
Charles University in Prague. Worked in Dr. Kunzets 
Mathematical-Cryptanalytic Subsection. Awarded the War 
Service Cross Grade 2 (KVK II) in September 1944, probably 
for his achievements in solution of the US Diplomatic 


Strip Cipher vU-2, 
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Rotscheidt, » Graduate Engineer, Chief of Section IVb 
of OKW/Chi (development of cryptanalytic machinery). 
Rotter, » Senior Specialist. Chief of Czechoslovak Sub- 
‘*eetion of OKW/Chi; later chief of Bulgarian subsection. 
Ruesing, . Mentioned (I-1, p. 20) as being "active on 
more Or Less independent footing" in OKW/Chi. Specialty: 
Greek. 
Rust, » Capt, Dr. Commanding Officer of OKW intercept 
station at Treuenbrietzen. 
Rugek, . Captured Polish officer interrogated by Ger~ 
mans Late in 1939 with regard to Polish vork on German 
Enigma. 
salzbrunn, » opecialist Graduate Engineer. Chief of Sec- 
tion Via of OKW/Chi (interception and recording equipment). 
In charge of Ludvigsfelde outstation. 
Sarmiento, Rafael, Col. Chief Signal Officer of the Spanish 


Arny. 
Sato, — . Counterintelligence man for Oshima, Japanese 
(~ Ambassador to Germany. 
Schaedel, , 8/Sgt. Dr. Chief of Section VIIb of OKW/Chi 
(archives). 


Schapper, Gottfried, Ministerial Director. A captain in Signals 
Intelligence in World War I. <A member of the cipher section 
of the Defense Ministry, he resigned and joined Schimpf 
and others in forming Goering's Research Bureau {FA) for 
Goering in 1933. He was the third (and last) head of 
this organization and claims to have held a rank equivalent 
to that of a Generalleutnant in the Air Force. 

Schauffler, Rudolf, Senior Specialist. Cryptanalyst, Co-head 
of the Foreign Office Cryptanalytic Section (Pers Z S) 
with Dr. Paschke. Head of the Research Subsecticn, head 
of the Japanese-Chinese cryptanalytic group, and adviser 
on cipher and code security tothe Foreign Office Crypto- 
graphic Section. 

Schellenberg, Walter, SS Brig. Gen. Head of Amt VI of the 
Reich Main Security Office (RSHA) which took over Joint 
Intelligence (the Abwehr) in Spring 1944. Schellenberg 
claimed to have arranged to take over Goering's Research 
Bureau and to have reached an understanding with Kettler 
to control Okw/Chi. 

Scherschmidt, Hermann, Senior Specialist. Cryptanalyst, who 
headed ‘st various times the work on Bulgarian, Turkish, 
and Polish systems in the Forsign Office Cryptanalytic 
Section (Pers ZS). Turkish vas his language specialty, 

CC and this was the section which he headed in 1945. 
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Sechlake, Robert K. H., Brig. Gen. Chief of radio and commni- 
cations in the ministry of the Interior, 1933 - 1445, 

Schmidt, » Maj. Chier of the Defense Ministry Cipher 
Section, predecessor to OKW/Chi (1927). 

Schmidt, » First Lt. Chief of Section VIb of OKW/Chi 
(news agency transmissions, including pictures; inter- 
national commercial radio traffic; multiplex). 

Schnueckel , , T/Sgt. Chief of Section Ib of OKW/Ch1 (call 

sign and frequency study). 

Schroeder, . OKW/Chi employee detached to the Foreign 
Office Cryptanalytic Section (Pers Z 8 ) for training. 

Schubert, » First Lt. Cryptanalyst with the Signal 
Intelligénce Agency of the Army High Command (OKH/G d RA). 

Schultze, >» Dr. Member of Section IVe of OKW/Chi (initial 
brea..Ing of more difficult systems; cryptanalytic theory). 

Schutzstaffel (3S).-- Elite guard of the Nazi Party. 

SD Ausland (Sicherheitsdienst Ausland) .-- Foreign Security 

Survice. 

e Seifert, » Principal Specialist. Formerly ea member of the 
Austrian Cryptanalytic Bureau, joined OKW/Chi upon annexa- 
tion of Austria, 1938, 

Selchcey, Minister, Head of Z Branch (Referat Z), the 
Fore ffice Branch which handled cryptography, crypt- 
analysis, and Foreign Office Commnications. 

Seyfarth, , First Lt. Dr. Chief of Section VId of OKW/Chi 

{evaluation of Group Vi's material; publication of reports). 

SE: EY .-- Supreme Headquarters Aliied Expeditionary Forces. 

Sicherheitsdienst Ausland (SD Ausiand)}.~-- Foreign Security 
Service. 

Signal Intelligence Agency of the ‘rmy High Command.-- 
Oberkommando des Heeres/General der Nachrichten Aufklaerung 
(OKH/G d NA). 

Signal Intelligence Agency of the Commander in Chief of the 
Air Force.-- Chiffrierstelle des Oberbefehlshabers der 
Luftwaffe (Chi-Stelle Ob dL). 

Signal Intelligence Agency of the Navy High Command,-- 
Oberkommando der Marine/4 Seekriegsleitung I1i (OKM/4 
SKL/III). 

Signal security Agency of the Navy High Command.-- Oberkommando 
der Marine/4+ Seekriegsleitung II, (OKM/4 SKL II). 

Signal Intelligence Agency of the Supreme Command, Armed Forces.- 
Oberkommando der Wehrmacht/Chiffrierabteilung (OKW/Chi). 
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Singer, » Capt. German naval officer who attended interro- 
gations of captured Polish cryptanalytic personnel, 1442. 

Sonderdienst Des Referats Z in Der Personalabteilung Dss 
Ausvsertigen Amtes {Pers Z S)}.-- Cryptanalytic Section 
of the German Foreign Office. 

SS (Schutzstaffel).-- klite guard of the Nazi Party. 

Stein, , Lt, Dr. Chief of Section IVa of OKW/Chi (security 
investigation of new systems, new inventions}. Machine 
specialist. 

Steinberg, , Technician Dr. Member of mathematical section 
of Inspectorate 7/VI (In 7/VI), later in Section 1, Group 
IV of the Signal Intelligence Agency of the Army High 
Command (OKH/G d NA). Transferred in Nov 1944 to OKW/Chi. 
Worked on Japanese machine. Expert on solution of M-¥y4 
and M-209,. 

Supreme Headquarters Allied Expeditionary Forces. Abbreviated 
SHAEF . 

7 782. Frankreich /German translations of decodes of French 
diplomatic traffic, dated Aug - Oct 1944.7 

JT 788. Chungking-China /German translations of decodes of 
Chinese diplomatic traffic, dated aug - Oct 19447, 

T 789. Chile Jgerman translations of decodes _of Chilean 
Giplomatic traffic, dated Aug - Oct 1944/, 

T 791. Brasilien /German translations of decodes of Brazilian 
diplomatic _traffic, dated Aug - Oct 149447, 

T 803. Japan /German translations of decodes of Japanese 
diplomatic traffic, dated Aug - Oct 19447. 

Target Intelligence Committee (abbreviated TICOM).-- A joint 
combined committee organized in the fall of 1944 in kngland 
for the exploitation of European Axis signal intelligence 
centers of special interest. 

Telefonbau & Normalzeit. Firm in Frankfurt/Main which vas 
constructing the SG 34 at the end of the var. 

Teischmueller, . Member of Section IVe of OKW/Chi (initisl 
breaking of more difficult systems; cryptanalytic theory). 
Worked with Weber in 1941 on a USA system. 


Thiele, ; Grig. Gen. Chief of Staff to Chief Signal Office: 
of Army. 
Thielen, » First Lt. Sueceeded Capt. Grotz as head of 


OKW intercept station at Sofia. 

TICOM.-~ Target Intelligence Committee. A joint combined com- 
mittee organized in the fall of 1944 in England for the 
exploitation of European Axis signal intelligence centers 


of special interest. 
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introduction 


A radio receiver is the other half of a communications network— 
the first half, so to speak, is the radio transmitter. The two halves 
are linked by radio waves that are radiated from the transmitting an- 
tenna and intercepted by the receiving antenna. 


Like transmitters, receivers are usually classified and taught as a 
part of either airborne or ground equipment. In the airborne field, you 
will become either an Electronic Communications Equipment Repair- 
man or an Electronic Navigation Equipment Repairman. In ground 
equipment maintenance, you will become either a Radio Repairman 
or a Radio Technician. 


This manual is designed to serve as a basic text in both fields, since 
basic receiver theory applies equally well to both airborne and ground 
receivers. 


Once you have mastered the operation of the basic receiver circuits 
presented in this manual, you will have little difficulty understanding 
the operation of any receiver that you will be required to maintain 
and service. Actually the only differences between receivers are fre- 
quency range, arrangement of stages, types of tubes used in the various 
stages, and the physical location of the various controls. 
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TICOMMA., TICOM Materials, 

Tito. Yugoslav Patrict leader. 

Tranov, » Senior Specialist Dr. Head of Subsection IIIf 
(Britain and USA) of the Signal Intelligence Agency of the 
Nevy High Comnand (OKM/ 4 SKL III). 

Trappe, Rudolf, Mr. Member of OKW/Chi. Translated French 

~ and English military manuals, news items, etc, 
. Vauck, » First Lt. Dr. Member of Inspectorate 7/VI (In 
AVI); later member of Section IV, Signal Intelligence 
Agency of the Army High Command (OKH/G d NA); still later 
member of Section V of OKW/Chi.. Chief of Subsection 
dealing with agents! traffic, called "Referat Vauck." ! 

Verlaessliche Nachricht (VN).-- Translation into German of 
decoded diplomatic message. "Reliable Report" 

VN (Verlaessliche Nachricnt).-- Translation into German of 
decoded diplomatic message, "Reliable Report” 

Voegel®. ¥erdinand, Specialist Dr. Chief of Section £ (Referat 

Oo E) of the Signal Intelligence Agency of the Commander in 
Chief of the Air Force (Chi-Stelle 0b dL) and principal 
cryptanalyst in the German Air Force. 

Waffenfuehrungsatab (WFSt.).-- Operations Staff, 

Waffenpruefung 7 (WA Pruef 7).-- Army Ordnance, Development 
and Testing Group, Signal Branch. 

Weffen-S3 (Waffen-Schutzstaffel).-- Armed Elite Guard. Com- 
ponents of Elite Guard serving at front. 

Wagner, Reinhard, Acting Cpl. Member of Japan-China Subsection |! 
of OKW/Chi. Specialty: Japanese. Cryptanalyst as vell 
as linguist. 

_Wa Pruef 7 (Waffenpruefung 7).-- Army Ordnance, Development : 
; and Testing Group, Signal Branch. 

war Ministry.-- Kriegsministeriun. 

Weber, Werner, Prof. Dr. Member of Section IVe of OKW/Chi 

{untviel breaking of more difficult systems; cryptanalytic 

theory). 

Wehrmachtnachrichtenfuehrer *. %. ¥. 700 (Wehrmach tnachrichten- 
fuehrer 2u besonderer Verwendung 700).-- Armed Forces 
Signal Officer for Special Employment #760. 

Wehrmachtnachrichtenfuehrer Zu Besonderer Vervendung 700 
{Wehrmachtnachrichtenfuehrer z. b. V. 7U0).-- Armed Forces 
Signal Officer for Special Employment #700. 
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Wehrmachtnachrichtenverbindung (WNV).-- Armed Forces Signal 
Communications. 

WFSt. (Waffenfuehrungsstab).-- Operations Staff. 

Wend, » Reserve Maj. Dr. Commanding officer of OKW in- 

; tercept station at Lauf from 1 Dec 1939 to end of war. 

Wendland, » Principal Specialist. Chief of Group V of 
OKw/Cchi (routine breaking and translation); also chief 
of Balkan Subsection of Group V. Interested in Russian. 


Wevering, » Senior Specialist. Chief of Scandinavian 
Subsection of OKW/Chi. 

Witt, , Prof. Dr. Member of Section IVe of OKW/Chi 
Sean breaking of more difficult systems; cryptanalytic 
theory). 

WNV (Wehrmachtnachrichtenverbindung).-- Armed Forces Signal 
Communications. 


Yardley, Herbert Osborne. Author of book: The American Black 
Chamber (Indianapolis, the Bobbs-MerrilI Co,, 1931) which 
dealt with cryptanalysis in USA Military Intelligence 
Department. 

Zastrow, Karl. cCryptanalyst in the Foreign Office Crypt- 
analytic Section (Pers ZS); specialist on USA systems, 
Lent to OKW aga visiting specialist. 

Zeimer, , Lt. Cmdr. Head of D/F station of Signal Intel- 
ligence Agency of the Navy High Command (OKM/4 SKL III) 

oO in Spain. 
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TAB ty fi 
OxW/Chi and the beginning of Cryptologic Work in the German Army. 


The pre-war relation between OKW/Chi and the sg 
early si 1 intelligence agency called the Intercept Control 
Station (Horchleitstelle) is very obscure and into this ob- 


scurity the following remark of Mettig throws only a little 
light: "Before the var, cryptography in, the German army vaa 
This organization 


carried out by OCKH/In 7 Horchleitstelle. 
originated in the cipher section of the German War Ministry, 


and grew up parallel with the cipher section of the OKW (OKW/- 
Chi}. Beforg the war, In 7 Horchleitstelle was merely a small 
department."< Now the War Ministry (Kriegsministerium) is 
simply the name the Defense Ministry (Reichswehrministerium) 
acquired after 1934. The organizations are identical. Since 
it is unlikely that this ministry had two cipher sections, 
one in Military Intelligence and one elsewhere, it is probable 
that the cipher section mentioned here as the parent of the 
Intercept Control Station (Horchleitstelle) is identical with 
the cipher section of the Defense Ministry which Mettig said 
elsewhere was the parent of OKW/Chi. 

It may be suggested further that the officer in charge of 


the cipher section also controlled the fairiy extensive inter- 
t the Defense Ministry and 


cept network which it ia uown t 
later the War Ministry operated. This suggestion is based on 
the remarks of Mr. Trappe who stated: ; 


lan early designation of the Army Cryptanalytic Service. See 
Chapter If 
21-78, 2. 
>see Chapter II 
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(1) That he vas "employed by the Chiffrierstelle* office 
{sic}... at first of the Reichswehr Ministerium and 
jater OKW from 1919" until he vas captured by the 
Americans, 

(2) That from 1919 to 1933, presumably while employed 
by the Chiffrierstelle, he served at intercept stae- 
tions in Munich, Kassel (Niederzvehren), and Stuttgart 
before coming to the Reichsvehr Ministerium in Berlin.> 

The fact that an employee of the Cipher Section was physically 
located at the intercept stations implies a unified control of 
the two organizations. 

Further, Trappe gives the following list of "Chiefs of 

the Chiffrierstelle": ; 

1919: Ist Lt. Buschenhagen 

1927: Major Schmidt 

1931: Major Fellgeibel {sic} 

1932: Major Oschmann 

1934: Major Boetzel 

1939: Major Kempff Gc] 

a 1943: Major Kettler, 

.. Fellgeibel is probably identical with the Fellgiebel who vas 
Chief Signal Officer both of the OKW (Chef WNV) and of the OKA 
(Chief of Army Signals), (Chef HNW) from the beginning of the 
var until he was dismissed in disgrace and executed for his 
part in the attempt on Hitler's life in July 1944. ‘The German 
official file on Fellgiebel is available, and he is Imown to 


‘onere is other evidence that the cryptologic section of the 
Reichsvwehr and later the OKW was known as the Chiffrierstelle. 
(Cipher office). According to A-22 B, 7 a folder s e 
Reichswehrministerium, Heeresleitung (army Directorate), 
Chiffrierstelle, has been found among the Schliesee documents. 
A collection of correspondence cf the German Navy signal 
intelligence service fricom Document 514 in film 49) contains 
a letter dated 23/9/36 and headed "Chiffrierstelle/Abw. II" 
(Abw. 1s probably for Abvehr}. In a report from Huettenhain 
to Fenner dated November 1939, a reference is also made to the 
Chiffrierstelle of OKW. (Letter in T-1620). 


95-123, 2, 


©7103, 4, 
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have been a major in 1932.7 Major (later Col.) Boetzel is 
well known as an expert in intercept. He ended the var as 
chief of the Signal Intelligence Agency of the Army High 
Command (OKH/ Gd NA). It is very unlikely that these signal 
officers would have been in charge of the Cipher Section if the 
Cipher Section had been organized wholly separately from the 
intercept netyork. , 

Trappe is not a wholly trustvorthy witness. That he 
was connected with Chi from an early date is undoubtedly true. 
He is mentioned in a letter from Huettenhain to Fenner as one 
who had yorked on French codes in 19359, before the outbreak of 
the var. Later on he seems to have worked on agents' ciphers,9 
and it may be in this connection that he made the trips abroad 
mentioned by Beyreuther. Beyreuther vas unquestionably wrong 
when he phated that "Mr. Trappe .. has nothing to do with 
Oxw/Chi. He was, however, too far down in the organization 
to be a wholly reliable witness as to the niceties of organi- 
zation at the top. His list of chiefs of the Cipher Section of 
the Defense Ministry (Chiffrierstelle) may be nothing more than 
® list of individuals whom at one time or another Trappe had 
considered the "big boss". 

On the basis of the above material, the following develop- 
ment may be suggested, with the caution that the evidence is 
scanty and uncertain. The Cipher Section of the Defense 
Ministry {later the War Ministry) was subordinate to a signal 
officer who also controlled the Ministry's intercept network. 
When the War Ministry vas replaced by the Supreme Command of 
the Armed Forces (OKW) and a separate Army High Command (0KH) 
set up to control the Army, the intercept organization was 
subordinated to the army High Command. At the same time the 
Army drew on the Ministry's Cipher Section for a few trained 


T1P-130, p>. In 1932, the file declares Major Feligiebel was 
Commander of Signal Battalion 2 (Kdr. Nach. Abt. 2). If Trappe 
is right, then this battalion must have controlled intercept 
operations. 


85 1620 (Film ES) 
97-132, 2. 


103.150 ’ 9 * 
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eryptanalysts and used them to work on foreign military traffic, 
which now became the exclusive sphere of the Army. Meanwhile, 
the main body of the Cipher Section came under the OKW, took 
over diplomatic traffic as a definite commitment, and remained 
for a while without an intercept organization of its own. 
Finally in 1939 the two army intercept stations at Lauf and 
Treuenbrietzen were subordinated to the OKW and commissioned 

to intercept diplomatic traffic for OKW/Chi. ‘The split be- 
tween Army and 4rmed Forces signal intelligence services was 
then complete.t 


11 Kw /chi's intercept operators, however, continued to be 
trained in the army Signal School at Halle, according to Mrs. 


von Nida. (1-105, 5). 
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OPERATIONS CHART AS OF SPRING 1944 


: - DIPLOMATIC AND 
RA 


a 


BRANCH STATION] - 
LOERRACH 


ATTACHE TRAFFIC OF ENEMY AND NEUTRAL COUNTRIES 


A oh aie. 
a 


COMMERCIAL W/T, NEWS SERVICES, BROADCASTS, MULTIPLEX AND SOME AGENTS’ TRAFFIC 
| 


Whe 


A 


Me We We 
wi — oe 


BRANCH STATION 


‘SEVILLE 
(SECRET) 


BRANCH STATION 
LIBOURNE 


BRANGH STATION 
TENNENLOHE 


FIXEO 
(INTERCEPT STATION 
TREVENBRIETZEN 


INTERCEPT STATION 


MADRIO 
(SECRET) 


LISTENING STATION 
MUENSTER 


! : LISTENING STATION 


LISTENING STATION| . 
HUSUM 


GLEIWITZ 


LISTENING STATION 
KOENIGSBERG 


--BREAKING, TRANSLATION 


CH] II 
TRANSLATION, 
EVALUATION, 
PREPARATION _OF REPORTS 

i 


‘ GHI "x" 
i IEVALUATION, DISTRIBUTION 


ARCHIVES 


HUNGARIAN 
SERVICE 


INTERCEPT k- : 


ARMED FORCES SECRET \ . 
SERVICE reas 


,) 
- 


GOERING'S “RESEARCH” 


OCCASIONAL RECIPIENTS: 
BUREAU 


DEPT OF ARMED FORCES 


% 
ba---¥ 
d 


TRAFFIC 

INTELLIGENCE 

SPECIAL REPORTS 
FOREIGN TRANSMITTER — 
RADIO INTERCEPTION 


GH! Z (NOT SHOWN) IN CHARGE 
‘OF TELEPRINTER NETWORK 


PRINCIPAL RECIPIENT: 
~ SUPREME COMMAND 


OF 
ARMED 


FORCES 
(OK W) 


PROPAGANDA, 
FIELD ECONOMICS OFFICE, 
OKH, OKM, OKL, ETC. 
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TOTAL 


PERSONNEL — 


SIGNAL INTELLIGENCE 


GROUP I 


CONTROL OF 
INTERCEPT STATIONS 


HPTM. GROTZ 
(I+ 1) 


GROUP z 
PERSONNEL OFFICER 
POLITICAL. 


MAJOR  LOBER 
(4+9) 


SECTION Ia 
LIAISON WITH 
INTERCEPT STATIONS 


AMTMANN KLINGER 
q+ 


SECTION Ib 


STUDY OF FOREIGN 
CALL SIGNS AND 
FREQUENGIES 


OWTM. SCHNUCKEL 
th +1) 


SECTION Ic 


MAINTENANCE OF 
SIGINT - SERVICE 
TELECOMMUNICATION 


ATTACHE) 
ABOUT 400 PERSONS 


wo we ne ee ee ee a 


i] 
(DIPLOMATIC & MILITARY | 
' 


(ean al aaa | 


ABBREVIATIONS: 

DIPL. ING. DIPLOMINGENIEUR 

HPTM. HAUPTMANN 

LT. LEUTNANT 

MIN. RAT. MINISTERIALRAT 

OBERSTLTN. OBERSTLEUTNANT 

OBLTN. OBERLEUTNANT 

OKW/WFST/AG.WNV/GHI « OBERKOMMANOO OER WEHRMACHT/ 
WEHRMAGHTFUHRUNGSSTAB/AMTS — 
GRUPPE WEHRMACHTNAGHRICHTEN- 
VERBINOUNGEN/CHIFFRIERABTEILUNG. 

OWTM. OBERWACHTMEISTER 

REG, * REGIERUNGS 

WTM. WACHTMEISTER 


NOTE: FIGURES IN PARENTHESES GIVE NUMBER 
EMPLOYED (SPECIALIST + CLERIGAL), 
TOTAL PERSONNEL: 1606 (383 SPECIALIST 
+ 423 CLERICAL + 800 INTERCEPT). 


ESTIMATED 1606 


(OKW/WFST./AG. WNV/CHI ) 


_ ORGANIZATION AS OF APRIL 1945 


CHIEF OF SERVICE 


OBERST 


KETTLER 


DIVISION A 
CRYPTOGRAPHY 


OBERSTLTN.” 


METTIG 


GROUP IL 


DEVELOPMENT AND 
ALLOCATION OF GERMAN 
SYSTEMS 


(VACANT) 


SECTION ILa 
KEY ALLOCATION POLICY. 
LIAISON WITH NAVY, 
AIR FORCE, AND POLI 
ON CRYPTOGRAPHIC 
SECURITY 
HPTM, BERNSDORF 
(4 + 2) 


SECTION IT b 


DEVELOPMENT OF 
GERMAN SYSTEMS 
SONDERFUEHRER 


OR. FRICKE 
(8 + 6) 


SECTION IIc 


CODES AND GIPHERS 
FOR SECRET AGENTS 


REG. OBERINSP 
MENZER 
(i0 + 15) 


GROUP IT 


PRODUCTION AND 
DISTRIBUTION OF KEYS 


MAJOR METZGER 
(25 + 215) 


DIVISION B 
CRYPTANALYSIS 


MIN. RAT. 


FENNER 


GROUP IZ 


CRYPTANALY TIC 
RESEARCH 


IREG.RAT. DR. HUI 


SECTION Iva 


TESTING OF GERMAN 
GRYPTOGRAPHIC 


PROCEDURES & DEVICES 


{T. OR. STEIN 
(0 + 1) 


SECTION IZ b 


DEVELOPMENT AND 
CONSTRUCTION OF 
CRYPTANALY TIC 
MACHINERY 


IREG. BAURAT ROTSGHEID 
(26 + 2) 


SECTION IWe 


INITIAL BREAKING OF 
MORE DIFFICULT 
SYSTEMS. 
GRYPTANALYTIC 
THEORY 
PROF DR. FRANZ 
(10 + 38) 


SECTION IWwd 


TRAINING 


HUETTENHAIN 


DR. 


(I+ 2) 


GROUP 


ROUTINE BREAKING AND 
TRANSL ATION 


MIN. RAT. DR. WENLAND 
d+ 0 


DESKS FOR F 
VARIOUS GOUNTRIES! 


(190 + 130) 


SECTION Io 


TEGHNICAL ASSISTANC: 
FOR LANGUAGE WORK 


SONDERFUEHMRER (2) 
KOEHLER 


i] 

i INTERGEPT STATIONS 
(COMMERCIAL, NEWS 
i] 
' 
4 


BROADCASTS, MULTIPLEX, 


AGENTS) © 


besecesecole ce ceds pe 


GROUP WI 


MONITORING OF PRES 
BROADCASTS _AND 
COMMERCIAL TRAFFIG 


OBERSTLTN. KAEHLER 
(+ 


SECTION Wo 
GONTROL OF-GROUP 
W's INTERCEPT 
EQUIPMENT. 
REG. BAURAT. 
DIPL. ING. SALZBRONN 
(30 + 30) 


SECTION WIb 


NEWS AGENCY 
TRANSMISSIONS 
(INGLUDING PICTURES) 
INTERNATIONAL 


OBLTN. SCHMIDT 
(30 + 30) 


SECTION Wc 


FOREIGN BROADCASTS 


ANGESTELTER 


KRAUSE 
(15 + 15) 


SECTION Id 


EVALUATION OF 
GROUP WI'S MATERIA 
PUBLICATION OF 
REPORTS 
OBLTN. DR. SEYFAR 
(6 + 6) 


ae 


AGENCY OF SUPREME COMMAND ARMED FORCES 


GROUP MIL 
EVALUATION 


OBERSTLIN. 
VON KALKSTEIN 


(i+ 1} 


SECTION Wa 


EVALUATION AND DIS-|- 


TRIBUTION OF BROKEN 
MATERIAL & REPORTS 
BASED THEREON. 


(I + 2) 


SECTION Wilb 


ARCHIVES 


WTM. DR. SCHAEDEL 
(5 +12) . 
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| VOLUME 4 . 


Chapter I: . -The History of the German ila Signal 
> & aaa i ait 


= Paricrans. 
The pre-Hitler Period (1919-1933). Pre ees | 

. The pre-World War II Pertod-(1933- ~1939 oe oe a 
The early World War II Period (1939~-1941).....6..00. 3 - 
The middle World War II Period (1941-194 ihr AAS 4 
The late World War Period | (LOANW19NS ) ere e eer en rene 5 


1. The pre-Hitler Feriod 192 sk B) Nae The pre- 

Hitler period of signa gence in the German Arny 

is very obscure. From this’ Soanty and uncertain evidence, 

however, the following organization may be suggested. 

A Codes and Ciphers Section of the German Defense Mintatry 
_ (Reichswehrmuinisterium Chiffrierabteilung), subordinated ~ 
_to an Army Signal Officer, had been maintained in skeleton 
_ force from the end of, the. first World War.1 The Chiefs _ 


were :2 
Lt. iachanhesan: r 1919-1927 
Major Schmidt - 1927-1951 
Major Fellgiebel _ 1931-1952. 
Major Oschmann _ 1932-1934 
Major Boetzel . -1934- 1939 


The head of ‘ene Codes and Ciphers Sestion of the 
German Defense Ministry also controlled the Ministry's - . 
intercept network. This network. dated from 1923/4 when the 
first fixed intercept stations (Peste Horchstelle, abbreviated 
Feste) were established.> There is evidence e of at least 
seven such stations operating before 1933.4: Six of these. 
were devoted primarily to the interception of foreign 
military traffic; and one to the interception. of foreign 
diplomatic traffic. The six for military. traffic were lo- 
cated at Stuttgart, Munich, Muenster, Koenigsberg, Liegnitz, - 
and Breslau; the one for "diplomatic ener tte: at crrevenbesetZen: 5 


1196p 2. 
: Or 93354, | 
@ can: > 162 5; IF lp? 
| Hy 85 p 2 
> I 62 p 6 
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2. The pre-World War II Period _(1993-1939)-- In 
sasarst: the German Defense Ministry set up three more 
intercept stations: one at Hersbruck {later moved to 
Lauf); the other two, at Striegau and Chemnitz.6 With 


‘these ten intercept. stations, the German Defense Ministry 


intercepted foreign Army, Air Force, and diplomatic 

traffic. The German Defense Ministry also set up in 1933/4 
in Berlin its own military code. and cipher section called 
the Intercept Control Station (Horchleitstelle, abbreviated — 


-HLS).7 For this it drew a few trained cryptanalysts from 
_ the Codes and Cipher eoctaon of the German War Ministry 


(Reichskriegsministerium).8 Foreign Army traffic inter- | 
cepted by the German Defense Ministry was sent to the 
Intercept: Control Station (Horchleitstelle); Air Force 


_ traffic, to the Signal Intelligence Agency of the Commander- 


in-Chief of the Air Force (Chiffrierstelle des Oberbefenl-— 
shabers der Luftwaffe, abbreviated. Chi-Stelle OBdL). 


_ established in 1937.9 . Diplomatic traffic was sent to both - 


the Codes and Ciphers Section of. the German Defense Ministry | 
(called after 1934 ‘the German War Ministry (Kriegsministerium) 
and the Foreign Office Cryptanalytic Section (Sonderdienst 
des Referats Z in der oo ee des sea a pent 
abbreviated Pers ae 


German ‘Arny seni intelligence service were the rolloving: 


a. The narrowing of the mission of the “intercept service 
to include only Army traffic. In 1939 a newly formed Signal 
Intelligence Agency of the Supreme Command of the Armed 
Forces (oberiousanas der Wehrmacht /Chiffrier-Stelle, abbrevi- 


ated OKW/Chi) took over the interception of all foreign 


diplomatic traffic. from the German Army Signal Intelligence 
Service, and for that purpose the Army gave it tyo of its own 
intercept stations, at Lauf and Treuenbrietzen. se x 


S185 6°o: = 
F178 p2 


The German Defense Ministry was menanes the German War 
‘Ministry after 1935. 


9 IF 181 p 15 
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 b. The eebaniah of intercept sereiees. in .1939,. the 
Army established two new branch stations. for the intercept | 
of foreign Army traffic oman iene from the east, one at 
Graz and the other at Tullin.12 . 
_ ¢@. The establishment of five Signal Intelligence 
Regiments | (Komandeur der Nachrichten Aufklaerung, abbreviated 
"KONA"). ‘These regiments were sent into the field as com- 
plete intercept and evaluation unite, attached to Army 
Groups.23. The KONA were given the numbers one through five. 
.KONA 1, 2, 3 were assigned to German Armies on the eastern 
‘front: KONA 1 to the Army Group on the southern front, 
KONA 2 to the Army Group on the central front, and: KONA 3 
to the Army Group on the Northern front. KONA 4 was: noe 
attached to any Army Group but was subordinated to the . 
Commanding Officer who controlled the German Armies in the © 
Balkans. {Befehlshaber Suedost).14 KONA 5 was assigned to 
the Army Group on the Western front.15 
ad. The introduction of mathematicians and lingutsta. 
To cope with the increased amount of enemy Army traffic on 
all levels, and the increasingly difficult problems of so- 
lution, mathematicians and linguists were drafted into the 
Army in 1939 anc were assigned either to the various field. 
units or to the Intercept Control Station.16 . 
e. An increased interest on the part of the Arny in 
‘the security of its own systems. This new interest gave 
rise to. the establishment of an Army Signal Security Agency © 
| designated as Group IV of Inspectorate 7 (Inspektion 7 
- Gruppe IV, abbreviated In 7/IV) whish was subordinated to 
the Chief of Army Equipment and Commander of the Replacement 
Army {Chef der Heeresruestung und Befehlshaber des Ersatzheeres, 
abbreviated "Chef H Ruest u. eeae i): In Tfiv was composer: 


85 P 3 
2 78 p 4 
Viae 171 pl 
— OIF 127 


267 78 p 4 
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of mathematicians and former actuaries whose function was: 
the examination of cryptographic systems used by the German 
Arwy, and the preparation, printing and distribution of : 
codes and ciphers.17 
The German Army signal intelligence service ‘in 1939 
consisted of the following parts: - 
(1) at. ‘least 10 intercept stations for ‘the Se eseee seo, 
. ss of foreign Army traffic. celled Feste Hopenstet tee, 
; ; . ~ . abbreviated Feste . 
(2) five Signal Intelligence Regiments attached to. 
~ Army Groups’ {each called Kommandeur der Nachrichten 
Aufklaerung, or "KONA") 
(3) an Intercept Control station. (Horchleitstelle, or... 
HLS) for the analysis and evaluation of. foreign 
Army traffic; — 
_(4) an Army Signal Security Agency. (Inspectorate. T/3N; 
or In 7/IV V) tor bec ting and peguing rodes: and 


erent: For’ the eres s 


in:1941, 
to be inadequate to cope with the. lerae amount of. traffic - 

“which had resulted from the increasing pressure of the war, 
two central agencies were established to replace the — 

_ station: a central cryptanalytic agency at Berlin designated: 

. a8 Inspectorate 7/VI of the Chief of Army Equipment and 
‘Conmander of the Replacement Anny . (Chef der Heeresruestung 
und Befehlashaber des Ersatzheeres Inspektion 7 Gruppe VI,. . 
abbréviated Chef H Ruest u BdE/ In 7/VI or more simply In TN); 

. and & central evaluation agency at Zossen designated as 
Control Station for Signal Intelligence aaeedad der 
ager rey Aufklaerung, abbreviated LNA). | 

In 7/VI was organized by Major Mang of the German Army, 

whose aim was not only to increase the cryptanalytic staff. 
of the new agency but also to provide reserves of eryptanalysts 
to work in key areas in the field. . In order to acquire per- 
sonnel easily, Major Mang subordinated In T/VI in matters 

_ Of personnel and administration to the Chief of orig Equip- 

‘ paeie Commander of the Replacement i eee Ruest u 


ly pusie 
18178 5 
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In matters of policy, avevers In 7/VI was subordinated to the 
Fteld Liskin This curious form of organization is said to 

have enabled the cryptanalytic service to recruit sufficient. 
personnel without serious interference while naintaining 


close operational contact with field units.19 


“During the first few months of the existence of In 7/VL, 
Russian cryptanalysis was included in the cryptanalytic work 
done at In 7/VI, and Russian evaluation was included in ee 
the evaluation done by LNA. Both these organizations, how- 
ever, soon felt thet the cryptanalysis and evaluation of 
Russian traffic should be carried on closer to the forward . 
echelon of the German Field Army in East Prussia. In late. 
1941, therefore, some cryptanalysts and evaluators skilled 
tn Russian traffic were detached from In 7/VI and from LNA 


' respectively, and were sent to Loetzen to work.20 These 


eryptanalysts and evaluators became the nucleus of the 
organization which later became the chief cryptanalytic and 


_ evaluation agency for Russian traffic, named Intercept Control | 


Station East (Horchleitstelle Ost, abbreviated HLS Ost). 


From this point until: November 1944 signal intelligence ; 

activities were sharply divided into Russian signal intelligence, | 
' carried on by. HLS Ost, and non-Russian signal. intelligence, 

carried on by In 7/VI and LNA. - 


In 1942, the responsibility for security: testing of 
existing German Army crypto et systems had been trans- 


‘ferred from In 7/IV to In 7/V1.21_ From that time, the Army 


Signal Security Agency, In Ly, had been confined to the~ | 
development of new systems for the Army and to the production, 
printing and distribution of current keys. and Syateus: 


a9. 


I 78 p 5. 
207 78 p 5: 
21178 p6.. 
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oe the fall of > 1943, In 7/VI had been: transferred to 
the newly created Department of Signals of the General Army 
Office and renamed Signal Intelligence, Department of Signals, 
General Army Office, Army High Command (Oberkommando des_ 
Heeres/Allgemeines Heeres Amt/Amtsgruppe Nachrichten/Nach- 
richten Aufklaerung, abbreviated OKH/AHA/AgN/NA) Minor 
changes in internal organization were effected, but the 
_ function and operation of the agency was not changed. 23 
Although there was no. essential change in the organt- 
zation of the field units of the German Army Signal Intelli- 
gence Service from 1941 to 1944, additional units were 
placed in the field. In 1942 the eastern KONA (1, 2, and >) 
_. Were supplemented by the addition of KONA 6 which was formed 
_to cover the German campaign in the Caucasus.24 This KONA 
was not subordinated to any Army Group but vas directly 
under HLS Ost. KONA 7 was established in February 1943 and, 
was subordinated to the Commander-in-Chief South (Oberbefehl- 
in feale es who controlled Aray Group Cc and the German forces 
n Ifaly.2 
oe The organization of the German Army Signal Intelligence 
Service in 194} consisted of: 


‘1).a, central cryptanalytic agency for non-Russian traffic, 
In 7/VI (latterly AgN/NA)_ 
2)a central evaluation agency for non-Russian traffic, 


3) a central eryptanalytic and evaluation agency for 

; Russian traffic, HLS Ost; . . 

a ‘seven Signal Intelligence Regiments (KONAs); 
an Army Signal Security Agency for the distribution 
and development of. Army systems (In T/IV). - 


5. The Late World War II Period (1944~-1945).-- In 
October 1 the organization of the German Army signal | 
intelligence service was completely changed tunou h the 
‘amalgamation of the three central agencies, In 7/il {latterly 
Md _AgN/NA), LNA, and HLS Ost, into. one central cryptanalytic 
and evaluation agency, (the Signal Intelligence Agency of the 
Army High Command, the Oberkommando des Heeres/General der 
Nachrichten Aufklaerung, abbreviated OKH/GdNA). . This amal- 
gamation was the logical result of the retreat of HLS Ost to- 
. gether with the German Army, from a8 Prussia to Zossen, 
‘where In 7/VI and LNA were situated. pcan -ae che ght bed, & 


is. 2p 190 8 pa 

@ or 18 pa 
?5yp 172 p.2 | | 
"rR 125 p 5 .  & mee, 
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The Signal Intelligence Regiments (KONAs) were not 
greatly affected by the amalgamation of the central. 
agencies into the GdNA, although the KONAs did come “under 
closer centralized control in matters of administration and 
gignal intelligence policy."27 — 

_ The main changes in the Army's signal intelligence - 
field organization in 1944-1945 were necessitated by the 
Allied invasion.of France in June 1944. To cope with this 
situation, KONA 6 was moved from the eastern front to the 


“yestera;28 and a Senior Commander of Signal Intelligence 


Hoeherer Kommandeur der Nachrichten Aufklaerung, abbreviated 


‘Hoeh Kar d NA) was ark oe to coordinate and control KONA 5 
3 


and 6.29 In iate 1944 and early 19 two additional KONAs . 
were formed in the east, KONA 8 and KONA Nord,50 but it is _ 
noteworthy that these KONAs were largely composed of units > 


borrowed from other eastern front Signal Intelligence Regi- 


ments, and the creation of these last two KONA was thus not: 


_-$0 much @ mark of expansion as of redeployment to areas — 
under stress.3 : as 


Colonel Boetzel, chief of the Signal Intelligence Agency 
of the Army High Command (OKH/GdNA) stated that KONA 4 was — 
transferred to the West at the end of the war.32 A captured 
document3> indicated that KONA 4 had been succeeded by a 
signal battalion Nachrichten Aufklaerung Abteilung,. abbreviated 
NAA) 16, in February 1945 but did not mention its transfer ~ 


_to the West. It is probable that the KONA disintegrated 


and that various parts were sent to the different fronts. 
The organization of the German Army signal intelligence 


Service at the end of the war consisted of: 


1) the Signal Intelligence Agency of the Arwy High 
Command(OKH/GdNA) a central cryptanalytic and 
evaluation agency for all traffic. . 

- 2) a Senior Commander of Signal Intelligence, {Hoeh 
Kdr d NA) with control. over the KONA stationed in 
the west and responsibility for 411 signal intelli- . 

. gence activities of the German Army in the West; | 

3). nine Signal Intelligence Regiments (KONAs) which 
were attached to Army Groups or Commanders. in the 
field. = 7 4 . 


27 IF 123 p 5 


28 + 76 Appendix, Chart I 
29 -IP 123 p 5 

39 » i402 — 

1 see below Chapter IV 
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CHAPTER 


FUNDAMENTALS OF RADIO RECEPTION 


The receiver has the job of completing the 
communications cycle started by the trans- 
mitter. It must intercept some of the RF 
(radio frequency) energy radiated by the 
transmitter separate the intelligence from 
the RF and reproduce the intelligence as 
energy in some meaningful form, such as 
sound, light, or mechanical energy. What a re- 
ceiver is, and how it performs its communica- 
tion job, is discussed in the following pages. 


GENERAL REQUIREMENTS OF RECEIVERS 


Frequency Coverage 


The frequency coverage of a receiver is the 
range of RF which it can handle. 


Consider frequency range from the point of 
view of a receiver. Radiated frequencies may 
range anywhere from 10 ke to above 30,000 
mc. However, no practical receiver has yet 
been constructed that will handle this entire 
range successfully. This range constitutes too 
big a chunk of frequencies. Even talking 
about it clearly requires that it be divided 


RS SE ee I 


up a bit, as shown in the frequency spectrum 
chart below. 


Another kind of division is shown in the fre- 
quency allocation chart on page 2. This is 
based on the purpose for which the frequencies 
are used. A receiver might handle a complete 
band or only part of a band. At most, it 
will handle only two or three bands. Thus, 
the broadcast receiver has a frequency cover- 
age of 550 ke to 1600 kc, a complete band, 
while some receivers used in Air Force com- 
munications have a frequency coverage of 225 
mc to 399.9 me, only part of a band. 


Sensitivity 


The sensitivity of a receiver is the measure 
of its ability to intercept weak signals and 
extract intelligence from them. 

A receiver intercepts many radiations. These 
radiations may originate from transmitters 
operating anywhere within the radio frequency 
spectrum. They may originate from trans- 
mitters located anywhere in the world. They 
may also originate from transmitters of wide- 


RADIO FREQUENCY SPECTRUM 


Frequency Band 


Designation Abbreviation 


Very Low 
Low 
Medium 


High 


Very High 


Ultra High 


Super High 
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. 6. Organization of the Intercept Control Station 193° 
1941... Not much fs known of the organization of the Inter= 


cept Control. Station (Horchleitstelle,. abbreviated HLS), | 
before 1942. The existence of sections for the cryptanaly- 


Sis and evaluation’- of Belgian, Polish, Russian, and Brit- . 
‘ish traffic. Bey be surmised from Mettig's account of its 


activities. Nothing specific, however, is known from 


~TICOM | eee The small staff was commanded by Resor Dr. 


— 5) 


7. Organization of In T/NI.-- 
&. Inspectorate 7/V1 Ceepareiee T/V1, cuusevintéa. 


In 7/VI) 1m the autumn of 1941 was headed by Major Mang, 


and. wag divided into the following sections with heads as 
shown: i 
Personnel SOGt ons nccsenea ee Captain Herbrueggen 
British Sectlon.........c0482-2. Senlor Inspectors 
. a ae Zillman and Liedtke - 
French Section... .csscoeeseeseee. oenior Inspector Kuehn 
Italian POCLT OR sieetwictaae tage se Captain Flala 


Evaluation is a , free translation. of the Gennan word 
"“auswertung" which to the Germans meant traffic analysis) 
the interpretation of news. broadcast and plain text trans- 
missions, the interpretation of radio telephone » intercept, 


and the interpretation of the results of successful eryptan-. 


alysis, All these things neren pepeunes resus ted: in ts 


evalusted intelligence. 


36, 78. p3 
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Balkan Section... ...eesessee senior Suesiaviat: Bailovic 
“Mathematical ECan ees ist Lt.:Lueders and. 
- .. echnictan Dr. Pietsch 
Rusatan Section..;.. eeveveces L8t Lt. Dettman - 
‘Linguistic Sectlon........... Technician Koehler. 
Pr etOEDS. Seotions....+. seeeee Senior. Inspector Kuehn | 


Between 1941, ‘and “LORS the following changes in ‘the 
Organization of In 7/VI took place: a 
a). the Russian s¢ section wag sent. to Loetzen,. East Prus- 
sia 
h b) a section for cryptanalysis’ of USA syeyems was ° formed 
“ | wth the entry of the USA into the war 
' . g) a-seotion for cryptanalysis of traffic o ‘agents © 
-, (foreign and internal) was added in 194241 
a) the investigation of the security of current German. 
- Army systems was transferred from In 7/VI, the > 
- former Army Signal. pee Cs Agency, to the mathe~ 
 _ . Matical. section of In 7 
*. @). an IBM .section voggtiier v Acie Lts machinery from 
. In T/IV was added’ 


dD. In 7/1 in kee spring of 1983 was. divided. into the 
| following sections: 
CHA SF ade wes aceon ek Major Mettig: 
‘British Section........... Senior Inspector ZAlimann 
USA Section.......e.ee..e- Technician Dr. Steinberg . 
.: Balkan Section............ Senior Specialist: Batlovio 
‘French Section...... sees Technician Kuehn | 
Italian Section........0.. Corporal Manaigo 
Mathematical Section...... Technician Dr, Pietsch 
. Linguistic Section........ Technician Koehler 
_ Praining Section.......... Senior Inspector Kuehn 
- Agents Section............ lst Lt. Vauck | 
“TBM S@otLon.....sceeceeess Specialist Schenke 


59: 78 Ps. . 
401 78 plo 
417-415. pP3 
42178 p6 | 
431.78 p 6 
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The sections of In -‘7/VI were housed acta this period 
in buildings near the Bendlerstrasse in Berlin. The head- 
quarters Training Section and sections for USA, French, and 
Agents! traffic were located at Matthaekirchplatz 4; %5. 
the British and Balkan section, at Schellingstrasse 9; the 
IBM section, on Viktorlastras§s. Location of the Mathe~ ” 
matical section is not known. 

In November 1943, the first large RAF raid on Berlin 
destroyed a great part of the offices of the Army High 
Command on Bendlerstrasse in Berlin, among which were those 

’ of In -7/VI. In 7/VI was thereupon moved to Jueterbog, 
. where it was Logg ted untid its amalgamation in November 
_ 1944 into GdaNa. . 

No estimate is given of the number of people enpyerae 
in In 7/VI. 

ce. Organization of AgN/NA. When In 71 was re- 
organized as the Signal Intelligence Section of the Depart~- 
ment of Signals of the General Army Office, of the Army 
High Command, the internal organization was somewhat changed. 
The previously independent sections were organized inte. 

a main section (Hauptreferat) for mathematics, and a main > 
section for danguages. The IBM section retained its auto-~ 
nomy. 

The Main Section for Languages, with the exception 
that one section was added for. Swedish traffic, covered _ 
the same field as had been covered by the individual lan-. 
guage sections, of In 7/VI. The organization of AgN/NA is 
outlined thus: . ; 

CRG oc04. adie ccedesdaacoscs aaa MapOr Lechner 

ms Main Section A for Mathematics... lst Lt. Lueders | 
is t : Main Section B for Languages..... Senior Specialist 
7 a. 2 ‘Bailovic 
British Section.........-+... Senior Inspector © 
aie a iat Zillmann 
‘USA Section............s-... Technician Steinberg 
French Section....i.....-... Technician Kuehn 
Balkan Section........sceees Senior Specialist 
Bailovic 
Swedish Section............. Pfe. Rohden 


oe p 2 

46rp 126 pp 6-7 
| | NTIF 126 p 6 
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Linguistic Section........... Technician Koehler 
Training Section............. Senior Inspector | 
fe he, , : . Kuehn 
IBM SOCtLON. seve ce eeecs sees seo Specialist Schehke — 
8. Organization of the Control Station for si al 
intelli ence (LNA).- e® organization @ the central — 
; evaluation agency for non-Russian traffic, the Control 
. Station for Signal Intelligence (Leitstelle der Nachrichten 
Aufklaerung, abbreviated LNA) is obscure. 
According to Krause, a member of LNA, there were sec~ | 
‘tions for. evaluating British, USA, Italian, Balkan,. Greek, 
‘ | Qurkish, Tunisian, Near Eastern, Portuguese, and Spanish - 
‘traffic. Evaluation was made both of traffic and of the . 
4 ‘contents of ‘decoded. messages passed ‘to these sections from 
In T/VI. The staff of LNA was comparatively ‘small,: con- 
: , sisting of about: seventy-five persons who'were-housed in _ 
‘one. feation which. the ‘ground oan oe elvan ao 6 Caned 


PUpEToeuin: 


g, ' Or anization of HLS Ost. -—— The - Taveheent Control. 
‘Station East (Horchleitsteiie Ost, abbreviated HLS. Ost) — 
was the. central eryptanalytic and evaluation: center aa ‘ 
Russian traffic located at Loetzen,: Kast: Prussia: from. 
-late 1941 to late 1944, The exact size of the. atation s 
not known, but. the organization is. outlined as: follows: 7%: 

Section "2"... cee eeseeee ves POPSONnEl problems: 
Becttos i. seeeeeetashs cows SUPPLY S, maintenance: . 
; ee pPEt EE : evaluation of; eaptured. | 
» documents and general: 
research into wireless 


; : ‘procedures. 
' Section Bune aces tease Sosa BVO UAVEOR, cupitation, 
, 8s . of - ‘intercept. situation . 
a ia, 2 ae “peport - 
1 POCTLON Fesaewtsasdaveanees Nussien eryptanalytic 
sind . . section. 
Section 4.........cc000--+-MOnitoring of inter-: 


Soviet State traffic; | 
‘Russian radio broadcasts 
and Reuter and Tass News 
Agency proneraer es 


©) : 2 yp Lil. “Annexes i and a 
| ASV oie os apot 
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_OKH/GANA) almost intact. 


‘In the winter of 1942-5, the Baudot Reception Station 


was moved from Minsk to Loetzen | and subordinated - to HLS/ 
Ost, Section 4, 
HLS Ost was first directed oy Col. “Kettler, who later 


became chief of the Signal Intelligence Agency of the Su- 
preme Command of the Armed Forces (OKW/Chi). In the summer 


of 1942, Kettler was succeeded by Baron Col. von der Osten- 
Sacken, who remained its chief until July 1G4HA when he 

was cr ee in the plot on Hitler's iife. and committed 
suicl e 


10. ° Organization of Signal Intellt ence_A ency.-- 
The three aaenoten, in TINT eee RGRTNAY; HLS Ost and. 
LNA were amalgamated in November, 1944, into the Signal 
Intelligence Agency of the Army High Command - ( Oberkommando 
des Heeres: General der Be eo ee Aufklaerung, abbreviated 

In 7AVI. (latterly AgN/NA), 

with some slight depletion of personnel, became Group IV 
of GANA, which was assigned the. responsibility: for all 


eryptanalysis on foreign military traffic. LNA was trans- 


ferred as a unit to Group II of OKH/GdNA, except: for those. 


‘sections which had been dealing with wireless and: news 


agency .traffic.. These sections were assigned to Group I 
at OKH/G@NA. The various sections of HLS Ost were absorbed. 


into the appropriate sections of | OKH/GANA as follows: 


/BOCTLON 2 wisew ssn bee 60 aNe olen seen cabo Group 2 
Section bony pig alee a. ohare veeeee into Group V 
Section 2..... ja soe ei sewe Enns cweese LNtO Group. LLL 
BOCulon 9's situs ew sw cwevee ee eee, INto Group lV 
Section 4.........- soecesesecseeee Into Group VI (exe. 
. cept the wireless 
and news agency | 
Peas went -; to. Group 
I : 
The bee ueavian of the ‘okH/cana which is explained 
in the following pages is outlined on Chart 4-2, It was... 
in effect from November 1944 to the capitulation Approxi- 
mately 100) people were: ea aes by the ee oan 53 : 


\ 


Ship 123 p 4 


S°IF 123 pp 5-6 


‘53011 material concerning the dheanteat Lon of the GANA. is 


derived either from IF 123 pp 6-14 or I 313. pp 5-12, 


_ the account by Major Hentze, head of Group IV of the GANA. 
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GdNA consisted of the Chief, 


&. Headquarters 1 unit. -The Headquarters unit of OKH/ 
Signal Intelligence. Service | 
(Chef, General der Nachrichten Aufklaerung, abbreviated 
Chef /GaNA), Colonal Boetzel; his Chief of Staff, Lt. Col. 
Andrae; the Adjutant, Lt. Moravec, and the Chie? of the 
Understaff, Lt..Koebe. . 
The staff controlled the signal intelligence work of . 


all units of the GGNA, Groups I through VI. It also.con-. — 


trolled. two intercept stations, Feste 6 and Feste ll. 
These had been subordinated to HLS Ost. before being attach- 
ed ta the GaNA. They specialised in intercepting high 


frequency traffic of the Red Army and NKVD. 


The Understaff of the OKH/GdNA supervised the inter- 
cept coverage of the Signal Intelligence Regiments (Kom- 


mandeure der Nachrichten Aufklaerung, abbreviated KONA) 


and their subordinate units: directly, in the case of 


‘KONA 1,23;3,7, and 8; and’ through the Senior Commander 


‘of Stenai Intelligence (Hoeherer Kommandeur der Nachrichtep, 


_ Aufklacrung, abbreviated Hoeh, Kar. d NA) for KONA 5 and 6 


b.. Group-I.. Group I was under the supervision of « 


-Bodenmueller: It had two main tasks: 


1) the maintenance. of communications between the units. 
of the GANA; 
2) press monitoring, | 
For. internal communications, teleprinter was ‘used until 
the final debacle, when it became necessary to resort to 
radio, To carry. out the second task of Group I, prees : 
monitoring, there were four subsections: the monitoring 


of eastern wireless, western Wireless, plain text moni- 


tering, and evaluation. The evaluation sub-section (4) 
was responsible for collating all information from the 
other three sub-sections and consolidating it into: reports. 
The collated reports were divided into separate parts | 
for political, economic, or military news. They were cir- 


. culated within the departments of the Army High Command, 


sometimes with the classification SECRET ( Geheimkommando- 
sache, abbreviated GKdoS). Because of the personnel short-: 
age, the 3BC. London Service and the Reuter Agency were = _ 
the only news agencies monitored for western traffic. © 


SHiF 123 ‘p6 - , . . | v 


°5TF 123 p 6 
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 ¢@. ,Group II. Group II which had cannibalized LNA 
. and consisted of about 50 people, produced radio situation 
reports correlating the information from KONAs 5, 6, and 
7. Capt. Thiel, who was head of this group, had been with 
_LNA. for a long time and was said by Hentze to have been 
thoroughly familier with the problems of western evaluation, 
d, Group IIi. This. group, under the supervision of 
Capt. Gorzolle, was responsible for the evaluation of 
treffie and cryptanalytic work emanating from the Russian — 
front. The department was ateded into the HOT POUNDS: 
sections: — 
‘Traffic Sorting office 
Northern Sector Evaluation 
Central Sector Evaluation 
Southern Sector Evaluation — 
- Russian Special Police (NKVD) Evaluation 
_ Partisan traffic evaluation 
. . . Swediah traffic evaluation 


e. Groups IV. Group. Iv, under Major Hontze, was 
responsible for all eryptenal ytic work done at GdNA. t 
was one of the largest groups of the OKH/GdNA, having been 
built up from parts of three former agencies, In 7/VI, 
LNA and HLS Ost. The group was divided into separate 
_ sections according to the origin of the material. ; 
_  .. Seetion I, headed by the mathematician, Dr. Pietsch, 
wasthe former Mathematical Seetion of In 7/V1. It was 
- responsible for the security of German Army Systems. 
~ Sub-section la, headed by Marquardt, vas engaged in re- 
search on German Army hand systems; sub-section lb, . 
under Dr, Pletach handled research on German Army machine 
systems. 
Section 2, headed vy ‘Kneschke, dealt with the erypt- 
analysis. and ‘deciphering of non-Russian traffic. There. 
were three sub-sections: 
. 2a: British and USA systems; 
- 2b: French systems; _ 
2¢3 Betken systems 


Section 3, neaded by Lt. Dettmann, was composed of 
the eryptanelytic sections of HLS.Ost. It dealt. with 
Russian systems and had four sub-sections: 

3a: Russian Special Police traffic. - (HISYD) 5 

3b: Russian Arny wecrnc 
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3e: Russian Partisan traffic; 
od: Research on Russian systems .; 


“Section 4 was the former IBM section of In 7/VI. 
According to Major Hentze, this section performed mainly 
statistical work. Most of the members were women used to 
run the machines. The section maintained its ‘own, repair 
shop for the machines. . ; 

‘Section 5 was the training department - of the GdNA, 
where cryptographic and cryptanalytis courses were given 


under the direction of Inspector Kuehn, who had headed the 
Training Section of In 7/VI. During the last months of 


the war, the once flourishing section dwindled to a group 
of forty students every three months, . 

f. Group Vv. Group V was a mixed group containing 
three sections all of which carried out unrelated activi- 
ties, , 

Section 1. This section ‘headed by Inspector Zipper, 


‘was engaged in reconstructing Russian, British, and USA. 


call signs and call signs systems, and deducing: units 
therefrom, It covered various procedures of enemy wireless 


and the allocation of wave lengths. 


Section 2. This section under specialist Block was. 


responsible for the exploitation of captured Russian decu- 
ments of\ signals interest. Captured manuals vere trans- 
lated and descriptions of Russian equipment oxamined. 


Section 3. This section was engaged in supplying. the 


XONAs with necessary intercept equipment and in maintain- 
‘ing a workshop to service the needs of the OKH/GdHA itself. 


g. Group VI. Group VI, located at Potsdam under 
Capt. Roeder, was responsible for intercepting and evalu- . 
ating special high-grade machine systems, Russian systems 


) were handled by Section 1, with three sub-sections: 


la: interception and evaluation of inter-Soviet 
State traffic; . oO 
Lbs intercepting and evaluation of Russian. Baudot;. - 
; le: intercepting and evaluation of Russian Army 
tr c. 


Western teleprinter and automatic morse traffic was handled 
by Section 2. (Interception was done in sub-section 2b, 


evaluation in sub-section 2a). 


a 
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: h. Group Z. aiaus Z (which ts not shown on tho 
chart) was. responsible for general administrative control 
of all departments within the OKH/GdNA. ‘The work was 
divided into four types: personnel, communications, 

pay, and drawing. A central card index was. kept of all 
personnel employed in the OKH/GANA and the personnel 
section was responsible for all. transfers, either. inter- 
departmental or outside the OKH/GGNA. The section for 
communications registered all incoming and outgoing cor- 


pespondence and was responsible for all courier communi- 


eations between the OKH/GGNA and its subordinate units. 
For local communications, this section had its own runners; 
but for Long distances, the courier services of the Army - 
High Command were used. All personnel of OKH/GGNA were 


paid by the "pay" section. In the drawing section, all 
situation maps and radio networks were reproduced. A 


certain amount of photostat and book-binding activity 


- was also carried on here, 


Because of the lack of detailed information. con~ 
cerning German signal intelligence at the end of the 
war, it is difficult to appraise the effectiveness of 
the final reorganization of Novermber 1944. In large 


“measure, the logical simplicity of outline was disrupted | | 


in the last months. The full. organization existed as - 
an peter aces unit only from November, 1944 to February, 
1945. From that time until the surrender, the OKH/GdNA 
was almost. continously on the move seeking. refuge in | 
southern Germany. Most of the. groups moved from Zossen 


to Bad Reichenhall either directly or by way of Erfurt. 


Somewhere between Erfurt and Bad Reichenhall in the 
Weimar area, the IBM section was lost. Group VI which 


._ had been located “36 Potsdam went Sirah to Stuttgart and | 


then to Rosenheim. 
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Chapter III: ‘Organization of the German Army Field 
_ a _ Signal Intelligence Service 


Paragraph 
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Organization of KONA Bi ed ae tet aie cat ana tee eal lal et tN Me a al ett dd 15. 


Crap meen esos of KONA Done hao a corner eencneree iene 
. - Organization, through LOW . 
ae Organization after 1944. 
Organization of : ‘component. | parts, 


| onnne. Ol MONA: Ocegueek ac eek eee ea ere ees 


Organization of KONA: spn aaa at mT i 
Oprantzation Of KONA Giecccwess ce cia seeewecem sees cues ae 29 
OPreniza tion of: KONA Nord.i4.es erst views ds oe sew to eed EO 
Organization of NAA Do sea o es ence stone ie op eee a 


eigen as Feste. ida aga Coa ei acne ca 
The or; enization of the the. t deal Si Bt intelii- 


nes Regtaeee: in me sic element of the organi-" 
zation of the German feng signal intelligence seneias Was’ 


the Signal Intelligence Regiment (Kommandeur der Nachrichten. 


Aufklserung, abbreviated KONA). Each Army ‘Group was’ provided. 
with & Signal “Intelligence ;Regiment . (KONA), which’ had‘ ¢on- 


_ trol over 411. signal intelligence units in the area governed 
_ by the Army Group. If, as was the case with KONA'4‘ana: ~ 
KONA 7, the Signal Intelligence. Regiment was attached to a. 


Commander. of the German Armies stationed in an area, the. 
Signal’ Intelligence: Regiment. had control: of: aii. “signal; intelli- 
gence units. within the area of that command. 

There were, of course, variations in the organization 
and manner of operation of the various Signal Intelligence 
Regiments corresponding to differences in personnel, _ equipment, 
and operational responsibilities... The typical co:rponent , 
parts of a Signal Intelligence Regiment, however, — were; 60 
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FREQUENCY ALLOCATION 


Frequency Wavelength 
Band (in meters) Uses 
= } (ies — ew 


Experimental 


| 
0.75 | 


Government, Aircraft, 
Police, Television 


Frequency Modulation 


Television 


Ship-to-Shore, Aircraft, 
Police , Foreign, Government, 
Point-to-point, Experimental 


Commercial broadcast 


Government, Commercial, 

Maritime , Ship-to-Shore, 

Aircraft , Point-to-Point, 

High Power Government, Transoceanic 


ly varying power output. Thus, the RF radia- 
tions intercepted by a receiver are of widely 
varying signal strength. A highly sensitive 
receiver does a good job of completing com- 
munication, whether signals are weak or 
strong. 


Selectivity 


Selectivity is the measure of a receiver’s 
ability to intercept a desired signal and ex- 
tract its intelligence to the exclusion of others. 
From the point of view of a receiver, the RF 
radiation that comes along is composed of a 
hodgepodge of various frequencies and various 
signal strengths. A highly selective receiver 
must be able to concentrate on one signal 
and reject all others, even those whose fre- 
quencies are close to the frequency of the 
desired signal. 


Fidelity 


While sensitivity and selectivity are the 
measure of radio receivers’ ability to inter- 
cept a weak signal and to extract the intelli- 
gence from that signal to the exclusion of all 
others, fidelity is the measure of receivers’ 
ability to reproduce the intelligence of the 


signal. A receiver designed primarily for 
entertainment requires a high degree of 
fidelity. It must reproduce faithfully the 
sounds and sights on which entertainment de- 
pends -- for example, the music of a symphony 
orchestra, or the fine details of a television 
picture. The fidelity requirements for simple 
communication are not so high. Still, repro- 
duction must be faithful enough to make the 
message intelligible. This means reproduc- 
tion without undue distortion. Voice repro- 
duction must be understandable. The repro- 
duction of CW and MCW must be readable. 


Physical Requirements 


The components of a receiver are usually 
smaller and more compact than those of a 
transmitter. This is due chiefly to the fact 
that the power requirements of a receiver are 
less. As a result, power supply components are 
usually included right in the receiver unit. 
The actual size, weight, and cost of a receiver 
vary greatly, depending on the type and 
quality of operation the receiver is to per- 
form. Communications receivers are usually 
of rugged construction. Receivers designed 
for mobile use are shock mounted. 


BASIC REQUIREMENTS FOR RADIO 
RECEPTION 


A simple practical receiver performs three 
essential operations selection, detection, 
and reproduction. By selection, one RF signal 
is extracted from a multitude of RF signals. 
By detection, the intelligence is separated 
from the RF. By reproduction, the intel- 
ligence is turned into some type of energy 
which reproduces the intelligence. Each of 
these operations, with the exception of selec- 
tion, is shown in the diagram, Simple Receiver. 


Antenna 


Actually an antenna in itself is a tuned cir- 
cuit. It provides some selectivity. The Antenna 
Equivalent Circuit shows how an antenna can 
be a resonant circuit. La represents the dis- 
tributed inductance of the antenna. Ca rep- 
resents the distributed capacitance of the 
antenna. Ra represents the resistance of the 
antenna. The resonant frequency of an antenna 
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ae Pa - y 
One Signal inte Viigenes Evaluation Center (Nachrichten 


' Aufklderung Auswertestelle, abbreviated NAAS), designed to 


work with KONA headquarters at Army Group level; usually - 
one Stationary Intercept Company (Feste Nachrichten 


‘Aufklaerungsstelle, abbreviated Feste),. Gesigned to work 


at Army level; usually two Long Range Signal Intelligence. 


- Companies (Nachrichten Fernaufklaerung Kompanie, abbreviated 


FAK), designed to work at Army level; usually two Close. 
Range Signal Intelligence Companies (Nachrichten Naheuf- 
klaerung Kompanie, abbreviated NAK), designed ta work at 
Arny Corps level; each Close Range Company usually had two 
or three Close Range Signal Intelligence Platoons. (Nachrich- | 
ten Nahaufklaerungszup, abbreviated WAY), designed to work 
below the NAK but ‘still at Army Coros level... 

In 1944, the Signal Intelligence Battalion (Nachrich- 
ten Aufklaerung Abteilung, abbreviated NAA) was introduced 


into the organization of the KONA. These battalions were 


small administrative units, which acted as coordinating units 
at Army level. 

Major Hertzer, CO of KONA l, stated that the NAA 
commanders were generally elderly supervisors whose chief - 


duty was to make the rounds of the units forming the NAA 


gathering ovinions and effecting small adjustments in the | 
use. of close range signal intelligence platoons. Colonel 
Boetzel, head of OKH/GdNA, stated that the NAA w43° not 
considered. an effective improvement. 

This chapter will deal with each Signal Intelligence 


Regiment separately and will give in some detail the organi - 


zation and history of. the components of eeen: 


.3 
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12. bugeuivation of KONA 1.~- KONA 2 was organized 


in the following way. 


nated: é 


< o. RAA 


eadquarters were subordi- 


Signal ‘Intelligence Evaiuation Center, man: 1 


Stationary Intercept Company, Feste 10 


Close Range Signal intelligence Company, 
NAK Preuss 
Signal Intelligence Battalions, NAA 3 and NAA A 


) were aubordinated: 

Long ‘Range Signal Titeljigense Company, PAK 623 | 

Close Range Signal Intelligence ee NAK 953 
{later NAK Benold) 

“4 were ‘subordinated: 


Long Range Signal Intelligence Company . FAK 617 
Close Range Signal Intelligence Company, NAK. Gots 


_& Headquarters Unit. The headquarters units of KONA 2, 
which worked at Arny Group headquarters, consisted of the 

‘commandant of the KONA, his Adjutant, a Chief of Operations 
(S-3), a paymaster, a technical inspector, clerks, and truck 
drivers. The following statistics show the breakdown of the 
headquarters unit. 


Officers | ssticleanitas Women 

| Co ‘tk - oe, eae 

- Ag. 1 ae - 
i 5-3 ae . ais: - 
Paymaster. 1 a | = 

: Technical . 

Inspector 1. _ = ae 

Clerks = di? 2 


. = 3 at Truck drivers - 2 Beas he = 
, ae ee oe Se 


62 


I198p5 
8338 40 p12 


DOCID: 


3486746 


b. -NAAS 1. ‘The NAAS of KONA 1 had two major oper- 


ational subdivisions: a4 section > engaged in evaluation . 


and traffic analysis, and a section for cryptanalytic 


activities. There were also a headquarters section, a. 


communication line section, and a section of truck drivers. 
The personnel, totalling eight officers, one hundred sixty 


enlisted mon, and fifty enlisted women were thus divided 
. among. the section: 64 ee fg 


Sei ton a Officers “Enlisted ak Women | 


Headquarters . : ne 18 2 
| Evaluation 7: me) Rho Sn OO ee ue 5 z= : 
Gryptanalysis 
| Gommuntestion aR 
‘yee Detyers oe . 
ee Be aes I 


C. Feste 10 and the Long Range eekont ‘Companies... 


‘The Stationary Intercept Company, Feste 10, and the Long ~ 
Range Signal Intelligence Companies, ‘FAK 617 and FAK 623, - 


were similar in their organization and. operation. . Each had © 
i headquarters section, monitoring platoons, an. evaluation - 
section, @ cryptanalytic section, and a communication ‘Line | 

piatoon.  .The differences ‘between. Feste: 10 and the. FAK were 
minor, Feste. 10 was less mobile than. ‘the PAK, having | ‘eight 
truck drivers instead of. the twelve and sixteen assigned to 


FAK oot: and FAK nee Peeper Levey: datas ES ee 


» 
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Phe following Lists show the i fgbuncttons 


of Feste 10, F FAK 617, end FAK 623: 


 Feste 100 woe 
. Section’ = . Officers "Enlisted Men 
‘Headquarters: - a oo . . ‘, 18. - 
Monitoring Plt. = Be 
Evaluation a. et oe - : 25 | 
_Sryptanalysis : | a oo 15° - 
Communication In. Plt. -_ _ 10 
Truck Drivers Br. 5 . 828 
Enemy Radio Stetion. . | = a . 
Fae ot, a a me ae 
oa FAK 617.0 
-. “Section -—=-. Officers Enlisted Men 
“Headquarters — : ae 45 
‘Monitoring Pits.” . A ee a 91 
’ Evaluation ae 7 : 33 
: _ Gryptanalysis ~ | ss 20 : 
" Commnication In. Plt. _ a 23 
Truck Drivers . Po ; 6" 
= : i aren 
PrP ho 213 
21 
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_FAK 623. 


Section ‘Officers Enlisted Men Women 
Headquarters | . Re tS 1 4 
Monitoring Plts. = 1 BB —_ 
Evaluation. . 1 34 | . 
Cryptanalysis ar 16 . - 
Communication in. Plt. 1 : 17 —« = 

Truck Drivers geo yo. ts 

7 - 68 = 


ad. NAK'954.. The Close faves Signal Intelligence Com- 


| pany, NAK 954, was divided into. sections comparable to 


those of Feste 10 and the ren ene 2 intercept companies, 
as the following chart indicates; 


Section . _ Officers Enlisted Men. Monon 
Headquarters. ; . ae AL oe 
Evaluation — * ee Fe SS oe! 
Radio Receiving __ - 25 - 
Communication Ln. Plt. - . «18 « 

4 ponttonine Plts. 4 “eae? _ : 
: “S ; “B26-—~C~ . 


‘The WAK operated by Aaa. ‘one platoon attached to 
each Army Corps.©7 .The strength of a platoon was from 
twenty to thirty men, of which approximately twelve were en- 
gaged in radio telephone intercept, two in radio intercept, 
five in direction finding, and three in evaluation. The | 
rest of the platoon comprised clerks, drivers, cooks, eee 
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e. NAK 953. Up. to Saotatien: 1944 NAK 953 was subordi- 
nated to NAA 3 of KONA.1; but at that time it was moved & 


the west, leaving behind only its interpreters and cr 
analysts, who continued to serve on the eastern front. 


f. WNAK Benold. NAK Benold, named after its CO, was - 
composed of specialists of various kinds who had been drawn 


from the signal intelligence companies subordinate to KONA is 
' Asa company it formed part of NAA 3. 


g. NAK Preuss. NAK Preuss, taking its name ax did NAK 


“Benoid, from its CO, was formed from forces withdrawn from 


other units of KONA 1. This close range signal company was, 
in contrast to the other companies,. subordinated ce 
to KONA Headquarters. . 


fa Os oe Organization of KONA 2. 2. Wav apenleathon of 
KONA 2 is ‘no own in detail. As far as can be deteritned 
.. from bart sources, there were enperatepred. tO tute KONA 
vin 1944 369 v4 


94 Signal sntelvinence Evaluation ie MAAS 2 
3 Signal Intelligence Battalions, NAA 6, 7, and 8 
1 Stationary Intercept Company, Feste. T ; 
3 pons Range Signal. Intelligence Companies, FAK 610, 
19, 
3 Close eee Signal Intelligence Compantes,, NAK. 951, 
: 95559 


In February 1945,’ these opeunonekts of KONA 2 were split: 


Gast of them remained with KONA 2, which was reassigned fron - 


Army Group North to Army Group Weichsel; part of them were’ 
attached to KONA Nord, which took the place ‘of KONA 2 with 


Army Group North. ‘The original components were divided 


between the two KONA in the following a 


KONA 2: 
2 Long Range Signal Intelligence Companies, FAK ae 622 


1 Close Range Signal Intelligence Company, NAK 958 © 
1 Stationary Intercept Company, Feste 7 


68 r 190 pi 
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KOWA Nora: 


aaa | ‘Long | Range Intercept Company; FAK 619. 
- 1 Close Range Signal Intelligence Platoon, NAZ Brutus 
2 Close Range Signal Intelligence Company NAK gol, 955 
1 Signal Intelligence Evaluation Center, NAAS 2 


: This remained the general. organization until 28 Seren 
‘when by order of General Praun, Chief Sigrial Officer, Armed 
Forces (Chef Wehrmacht Nachrichtenverbindungen, abbreviated 
‘Chef WNV) and Chief Signal Officer, Army (Chef Heeres — 
' Nachrichtenverbindung's:wesen, abbreviated Chef HNW.) KONA 
a | . Nord returned to KONA 2 all its units except the Close oo 
| _ Signal apteliteence Companies, NAK 951 and 955. Ti 


14, er of 3.-- KONA 3 was Seapeeeas in- ° 
-sofar as Is known, of one NAA {(10),72 one FAK, one NAK ands. 
one Feste. (The FAK may have been Number 611, which was 
transferred to the west under KONA 6 in October 1944) 73 | 
Nothing further isimown about KONA 3, which was caught by 

_the Russians in.a pocket in Kurland at the end of the war. TH 


; 15. Or; anization: of KONA 4.-~ KONA 4, was subordinated 
to the Commanding Officer Southeast (Befehishaber Suedost), 
who controlled the German Armies in the Balkans.75 The : 

_ responsibility of these armies appears to have been essential-. 
ly that of and occupational force; and KONA 4, therefore,’ | 
added to its normal task of intercepting long range traffic 
emanating from the Middle East and Africa that of monitoring 
the traffic of the occupied Balkan countries. This circun- 

a stance may account for the fact that the organization of KONA 4. 
' ~ Aneluded no mobile Long Range Signal Intelligence Companies 
and only two mdbile Close Range Signal Intelligence Platoons. | 
The other units of KONA 4 were the Signal Intelligence Evalu- 
ation Center NAAS 4, and two ere tioneny Intercept Companies 
(Feste 5 and’ 6) 76 . | 


7D beg | | 
"2-1 76 Appendix | _ bat 
13 I 76 Appendix , me” | < 
True pse | | 
TO Ie ag pl. a ee 
@ eran cr 7 re a 


Oh 
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&. WNAAS 4. The code name for NAAS 4 was the abbrevi- 
ation HASSO, which stood for Horchauswertestelle Suedost, | 
Intercept Evaluation Station Southeast.77 NAAS 4 was divided 
into a eryptanalytic section, a direction finding section, 

a@ tactical evaluation section, and a final evaluation section.72 
‘The strength of NAAS 4 was about 80-100 men, including 
interpreters, decoders, cryptanalysts, evaluating personnel, 
draughtmen, drivers and switchboard operators. 7? 

Feste 5. Feste 5 was the former Army Fixed Inter- 
cept Station at Graz. It- had the following sections: | 


headquarters | 
2) radio intercept section 
radio operation and maintenance section, operating 
: @ yadio transmitter 
_ 4) decoding.and eryptanalytic section 
weeks evaluation section for direction finding. 


Feste 5 had a strength of 150-170 men and operated fifty 

radio intercept sets. Its personnel was composed of radio 
intercept operators, code clerks, cryptanalysts, interpreters 
drivers, radio operators, typists, and switchboard operators. 80 
_ @. Feste 6. Feste 6 was the former Army Fixed Inter- 
cept Station at Tulin. It had the same subordinate sections 
as Feste 5, with a strength of about 130 men:81 


radio intercept section 
radio operations. and maintenance section, operating 
@ ypadio transmitter . ; 
. decoding and eryptanalytic section 
evaluation section for direction finding | 


3 headquarters 
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ad.. NAZ T. The Close Range Signal Intelligence Platoon, 
NAZ T, consisted of about forty-two men; among these were 
Turkish decoders who also Soren as EE ey nepeceneer Its - 
organization was as follows: 


platoon headquarters 

radio intercept station with 10 sets | 

radio operation and maintenance section 
direction finding platoon — 

decoding section for Turkish only 

ones evaluation, section for direction finding 


Sule anas 


e. KAZ We The signal intelligence platoon, NAZ W, 
consisted of about eighty men who specialized in monitoring 
internal Balkan radio traffic. Its organization was as 
follows :85 : a 


platoon headquarters 
radio intercept station 
radio operation and maintenance section 
airection finding platoon 
decoding section 
|} final evaluation section 


NEF 


OA AN 


£. Radio Control Station. The Radio Control station 
(Rundfunkueberwachungstelle) which had been part of the 
organization of KONA 4 was dissolved in aoNe 


16." Organization of KONA 2D ee _— 
a, Organization through Bia, KONA 5 was the only. 


Signal Intelligence Regiment on the western front until. the 


82 


establishment of KONA 7 in February 1943. It remained through- 
out he” war a ae on this front. a 


\ 
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Before February 1944, the organization KONA 5 consisted 
of a Signal Intelligence Evaluation Center, NAAS 5, four. 
Statiqnary Intercept Companies, Feste 2, 3, 9, and 12; and 
pee yore Range. Signal intelligence Companies, FAK 613 and 

2 : 
"Some. time after February 1944; the organization of 
KONA 5 was changed.86 The reorganization of KONA 5 savadieie 
' changes in the German order of battle which took place on — 
the western front.in early 1944, Prior to this time the 
western armies had been under the command of Arny Group D, 
to which KONA 5 vas attached as the Signal. Intelligence’. 
_ Regiment of the West. In early 1944, however, Army Group D> 
was absorbed into the. Conmander-in-Chief West (Oberbefehl- 
- shaber West), who took Gontrol of three newly formed Army. 
- Groups on the western front, Army Groups B, H, and G. | 
' KONA 5 therefore modeled its organization so that it eéntrors: 
_ led three Signal. Intelligence Battalions, NAA 12, 13, and 
14, Each battalion was attached to a separate ‘army Group: 
NAA 12 to Army Soup D, NAA 13 to Army Group. B, and NAAL4 
to Arny Group G. . ieee: 

In regard to the gubordination of the six component: ? 
parts of KONA 5 to the three Signal Intelligence Battalions, 
there is disagreement between a Benpenes Services Detailed 
- Interro 85-50" | Centre Eaeeianiaia and a TICOM Soren, 
report. 


855p 127 - | . o —* ns . cao oe os 
an 8677. 127 p 2 ann "  & 4 a 
871 76 Appendix | es ks 
88rp.. 127 
897 76 — 


90me CSDIC report seecribiag the grouping of the six com- 
'  _ ponent parts indicate that FAK 624 combined with signal 
intelligence platoon 12 to form NAA 12; Feste 2 and 12 
combined. to form NAA 13; poets 613 combined with a short 
range intercept company, - NAK 965, to form NAA 14. Feste 
'3 and 9 were left as THER EDEN’ mate administered by 
. the ROMANS UE c a4 


REPRODUCTION 


DETECTION 


Simple Receiver 


can be determined by the formula, 


Fimo 


VLC 
where L is in microhenries and C is in micro- 
microfarads. Substituting typical values (La = 
50uh and Ca=200 mmf) in the formula, 


159 
F a 
™°) 750) (200) 


=1.59 mc 


Note that frequency may be changed by 
varying L or C or both. When the antenna 
is a wire or a mast, L and C vary directly with 
antenna length. The longer the antenna, the 
lower the resonant frequency. 

The resistance of the antenna will affect 
the sharpness of response of the tuned circuit. 
This is illustrated by the chart at the right, 
showing relative values of antenna current 
for varying values of resistance, with L and 
C remaining constant. Note that the smaller 
the resistance, the greater the response and 
the greater the selectivity of the antenna. 


An antenna can be tuned in construction by 
making its length correspond to a quarter or 
half wavelength or a multiple of a quarter 
wavelength of a desired frequency. An an- 
tenna may also be provided with a means of 
varying its length for operational purposes. 

At high frequencies, the selectivity pro- 
vided by antenna tuning can be very critical 
and very important. At those frequencies 
antennas are short, and their resistance is 
kept as small as possible. A slightly detuned 
antenna may make a receiver inoperative. 
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DETECTOR 


Antenna Equivalent Circuit 


At low frequencies, antennas are long, and 
reduction of internal reistance is less practical. 
Here, antenna tuning is usually much less 
critical. The gain provided in a receiver by 
amplifier stages far surpasses the gain ob- 
tained by antenna tuning. Antenna length 
has little importance in broadcast receivers. 


However, in simple receivers such as the 
one under consideration, there are no ampli- 
fier stages to provide signal amplification. 
Here, antenna length is important both for 
the sensitivity and the selectivity of the 
receiver. 

The receiver antenna intercepts the signal 
by being in the path of the radiated RF. When 


FREQUENCY Fr 


Effect of Resistance on Selectivity 
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NAA 14, 


Chart 4-3 shows the distr“bution of the six elements | 
according to the TICOM report. Feste 12 combined with . 
Feste 3 to form NAA 12; Feste 2 and 9 combined with 


FAK 613 to’ form NAA 13. There is no indication whether © 


FAK 624 combined with other companies when it formed 
b. After 1944. ~ The organization of KONA as outlined ~ 
above remained constant throughout most of 1944. In late ° 
1944, however, an attempt was made to centralize ard to — 
strengthen the western field organization. Accordingly, ’ 


@ senior Commander of Signal Intelligence (Hoeherer Kommand- _ . 


eur der Nachrichten Aufklaerung, abbreviated Hoeh Kdr d NA): 
was established. This Senior Commander, Col. Kopp, was | 
attached to the Conmander-in-Chief West (Oberbefehl-., ae 
shaber West) and was made responsible for all signal intelli- 


gence activities in the west. 91 The strengthening of the 


western field signal intelligence was effected by moving - 


- KONA 6 from the eastern front to the western front to join 


XONA 5. Both KONAs were subordinated to the Senior Con- 


‘mander:. KONA 5 was assigned to Army Group D, which con- 
‘trolled the German armies on the southern end of the western 


front; and KONA 6 was attached to Army Group B, which con- 
hate ee German armies on the northern end of the western 
rontu. : f : ‘ ! a , 
With the move of KONA 6 to the west, the organization 
of KONA 5 was modified. The Signal Intelligence Battalions 


of KONA 5 were reduced to two, NAA.12 and NAA 14. NAA 13, 


which had been composed of two Stationary Intercept Com- _ 
panies (Feste 2 and 9) and one Long Range Signal Intelligence 
Company (FAK 613), was taken from KONA 5, broken up, and = 


its components reassigned. Feste 2 was placed under the 


direct supervision of the Hoeh Kdr d NA; Feste 9 was shifted 


‘from Norway to Italy, where it fell under KONA 7; and NAA 13 


with PAK 6135 was assigned to KONA 6. KONA 5 was compensated 


.for the loss of FAK 613 by the addition of FAK 626, which 


was taken from one of the eastgrn KONA (perhaps KONA 8) and 


brought to the western front.9 
ae | | 


’ 
a, 


IF 123 p6-— 
921 76 Appendix _ 
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Ge Giuattestion of component parts: The organization 
oe KONA 5, therefore, in the spring of 1945 was, as’ Chart 
4-3 indicates: one evaluation center (NAAS 5) with two 

battalions (NAA 12 and 14); subordinated to NAA.12, one 
Stationary Intercept Company (Feste 12), and one Long . 
Range 7 ae Intelligence Company (FAK 624); subordinated 

_ to NAA 14,. one Signal Intelligence Company (FAK 626). This 
was the organization of KONA 5 until the capitulation. 


1) NAAS 5, NAAS 5, the Signal Intelligence Evaluation 
Center of KONA 5, was located near Paris at St. Germaine-en- 
Laye. The strength of the organization was. about 150 men, 
consisting of interpreters, cryptanalysts, evaluators, 
draughtsmen, switchboard operators, drivers, etc. In addition, 
some Women auxiliaries were available, particularly for | 
not known 9 work. Zee dkernay organization of NAAS 5 is 
not own. 


2} Feste 12,  Feste 12 was the aecticaaey: Intercept 
- Company which was subordinated to NAAS 5 until early 1944, 
- when it joined with Feste 3 to form NAA 12. 

The organization of Feste 12 consisted of a radio inter- 
cept platoon, and a telephone communications unit. When it 
was attached to NAAS 5, Feste 12 had no cryptanalytic or. 
evalustion personnel since this work was being done at sin 5s 
it is probable that this type of personnel was added. 
strength of Feste 12 was estimated at 120 men and 30 gouent 
auxiliaries. 95 


2) 2. scconding to @ prisoner's account,96 the 
orga. gation of Feste 2 e former Army intercept station 


at Muenster, closely approximated that of Feste 3. It had. 
& padio intercept platoon, a direction finding platoon, and 
an evaluation platoon consisting of two sections: one for 
the evaluation of content of messages (Inhaltsauswertung) 
and one. for the evaluation of traffic. (Verkeiirsauswertung) . 


side 127 p 2 
9517 127 p 4 


9637 197 p 4 
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. In 1944, Peete. 2 ‘combined vith Feste 9. and FAK 613 to 
form NAA. 13. ‘When NAA 13 was. broken up in November 1944, 
Fesate 2 was subordinated directly to the Senior: Commander 
of Signal Intel: igence ‘in the West. . 

. 7 
| a) Feste 3, Feste 3 was. the original Army intercept 
station at Euskirchen. Early in the war it had been sub- | 
ordinated to KONA 5. At first administered independently, 
. in 1944 it combined with Feste 12 to form NAA 12. When 
KONA 5 was reorganized in the fall of 1944, Feste 5 was 

’. Combined with. the Long Range Signal Intelligence Company, 

FAK 626, which had been brought from the ‘eastern front to 
. form. NAA 14, This organization was valid until the end 
of the war.97.. 

_  - * Phe internal organization ‘of Feste 3 is. described by a. 

-  Ufaison officer, Lt. Hans Lehwald, attached to it as con- 
sisting of a radio reception platoon of approximately 70 
receivers, and an evaluation platoon of 25-30 men. . The 8 
evaluation platoon was broken down into sections-for traffic . 
analysis, cryptanalysis, evaluation, direction finding, and 

filing section for diagrams of the nets, ca21 signs, per- 
' gon&lities, code names , and direction finding results»? 


5). Peste 9. Feste. 9 was. a Stationary zotereere Company 
formed in Frankfurt/Main is, the spring of 1942 and sent to 
Norway in July of that year. It was first stationed at 
Trondhiem, later at Bergen, and in the spring. of 1944 at 


Ski near Oslo. (Between the summer of 1944 and the following . 


winter, most of the personnel. were moved to Italy; by 
Christmas of 1944, there was nothing. left of the unit in 
nonwey 72 


STF 127 p 3 a 
98; 76 p2 
997R 120 p 6 
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. While in Norway Feste 9 was organized along the lines 
of a Long Range Signal Intelligence Company, with a head- 
quarters platoon, an intercept platoon of 30-120 men, @ 
direction finding, a radio platoon of about 20 men, and. 
an evaluation section of about 30 men. The evaluation sec- 
tion had one subsection for the evaluetion of message 
contents, one for traffic, and one for cryptanalysis.100 

When in Norway, Feste 9 was subordinated to KONA 5. 


re can be surmised, however, that its connection with KONA 5 
es always more flexible than that of the other units because 
Of. its geographical position in Norway. When NAA 15 was 


’ ‘Broken up, Feste 5 remained under the m7 tel of KONA 5 


until, it was shifted to pete. under ane 7-20 


— 6) “PAK 624, | FAK 624 vas. ‘formed at iat po litaw: on 16 
April 1943 and attached to KONA 5.102 In February 1944, 
FAK 624 was subordinated to NAA 14 of KONA 5, and in late 


.f811 of that. year eh ccapeaed with Feste 3 to form the 


reorganized NAA 14.1 
.The company was composed of. an dnterespt platoon with 


an. advanced listening post, 4 communications platoon, and an 


evaluation platoon. For transport, FAK 624 is said to have 


- had approximately 85 vehicles with six. special French radio 


trucks and trailers with direction finding equipment. The 
strength of the company was Pea Saat hep 250 men including 
interpreters, code clerks, St aa intercept 
opens ters and ninety) drivers. 


100_ 
IF 120 p 6 
Olle LAs p 2 
102 
- IF 127 p 3 
1075 76 Appendix. 
ou , 
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7) FAK 613. FAK 613 belonged to KONA 5, in so far as” 
is known, from its inception. In February 1944, FAK 613 


combined with Feste 2 and 9 to form NAA 13. When this 


battalion was broxen up in late 1944, FAK 613.was re- 
assigned to KONA 6, with which 1t remained until. the end . 


-of the war.105 


Very little is known of the organization: of FAK 613; 
PAK 624.10 ~ IF 1275 its Chee cei that of 
PAK 624,10 . 


. 8) PAK 626.. FAK 626 was “ad eapiaehed in. August 1943, 


trained until January 1944 and formally activated at that. | 
‘time at Winniza. It was subordinated to one of the eastern 


KONA (perhaps KONA 8) and was stationed in the Ukraine area. 


‘ In October 1944, FAK 626 was sent to Landau-where it was 


schooled in.western traffic and reorganized. In November 


1944, 4¢ met FAK 624 at Landau; and both units were sent _ 


west to KCNA 5 with which they remained until the end of 
the war, 10’ 


The original strength of FAK 626 on the Russian front 


is said to have been 250-300 men of .whom 80-100 were inter- 


cept operators, 10-15 direction finding operators, 10-15 
cryptanalysts, 5-7 translators, 10.traffic analysts. The 


unit, hovever, was greatly under eatrerart on | the: western 


front. 10 


. 17. Organization of KONA 6 KONA 6 was activated 
as an eastern KONA at Fra Me main in 1941 and stationed 
in the Crimea to 109 work in the Caucasian campaign.110 


After that. campaign, its opel eument was the interception 


of Russian ‘partisan traffic.l11. This remained its task 


'- "ntil the KONA was detached in early 1944 and manne? 


to work. on. the western. front.112 


1055. 76 Appendix 


10675 127 P 4 


| (107, 76. ?P 3. 


108) 76 p4 
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W0pp. 18 p 81 | 
illpp 18 p 81. 


112; 76 Appendix 
t Me 32 


i 


DOCID: 3486746 


t g 


There is no statement in TICOM documents about the 
organization of KONA 6 while 1% was in the east. The. 


“organization after it was assigned to the west, however, 
is clear from I 76 Appendix.- As &@ western KONA, KONA 6. 
‘had two Signal Intelligence Battalions: NAA 9 and NAA 13. 
-NAA 9’ had been brought from the east in November 1944. 


Subordinated to it were the Close Range. Signal ae rh am 


‘Company, NAK 956, which was established in October 194 


and the Long Range Signal Intelligence Company, FAK 611, 
which had been brought from the east at that time. NAA 23, 
it will be recalled, had been given to KONA 6 by KONA 5. 
with the Long Range Signal Intelligence Company, FAK 613. 
Subordinated to NAA 13 were also FAK 610, which nee oF 


_ brought from the east in November, 1944; and NAK 9 — 
which had been brought from the east in October, | Jen. 113, 


'@. FAK 613. FAK 613. was given by KONA 5 to KONA 6 
in late 1944. As has been stated under the material on 
KONA 5, nothing is known of the organization of FAK 613. 
It. was -probably parallel to that of other Long Range Signal 


‘Intelligence Companies such, as FAK 624,11 


b. ‘FAK 611. FAK 611 was active on the eastern front | 


a Siping the Russian campaign from June 1941. It was also 


stationed in Poland, where it was attached to Army Group . 
Center.115 In flovenber 1944, FAK 611 was moved to the 
western front and subordinated to KONA 6, NAA 9,1 

Nothing 18 known of. the; size. of FAK 611 on the eastern 


front. On the western front it was small enough to occupy 


a house.in Zutphen, Holland, near the Vandyk church, and 


- gconsisted of 30-40 radio. and radio telephone. operators, 
10 decoders" and cryptanalysts, and 25 evaluators. 


113, 16 Appendix a 2 "tg 
lity 127 > ‘4 _ : 
1iby 55 p 4 a : re oo 


148; 76 Appendix Fas - i° 3. SR, 
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c. FAK 610. FAK 610 was “activated in 1940 for oper- 
ations on the eastern front.118 subordinated to KONA 2, 
1t worked, at Tilsit in September 1940 and later settled 


‘at Volkhov, where it intercepted Russian ‘traffic. In 


November 1944 it was transferred to the western front. 
Nothing is known of FAK 610 on the western sone except 
that. it. was. subordinated to NAA 13 of KONA 6.1 19 


18. Organization of KONA. T--- KONA 7 was established 
in February as the Signal Intelligence Regiment sub- 
ordinated to the Commander-in-Chief South (Oberbefehl- 
shaber Sued) who controlled the German Armies in Italy. 


In 1944, the component parts of KONA 7 were: 120 


Headquarters. unit. 

1 Signal Intelligence Evaluation Center, NAA 7, with 
covername Krimhilde 

2 Stationary Intercept Companies, Feste 1 and 9, with 
covernames Monika and Astrid : 

1 Long Range Signal Intelligence Company, FAK 621, with 
covername Erika — 


@. NAAS 7. NAAS 7 was ‘Gpeads ea into sections: for 
eryptography, cryptanalysis, and evaluation. The evaluation 
sections included immediate, tactical, Direction Finding, 
traffic, content, and final evaluation. The strength of 
the evaluation center was about 150 men, 

bd. . Feste 1. Feste 1, the former Army intercept station 


-at Stuttgart, which had been stationed at Strasbourg in - 


1940, Brittany in 1941, and later that year at popes 
moved to Italy and was attached to KONA 7 in 1943.1 

The main task of Feste 1, was interception. No evaluation 
was done by the personnel who. consisted of radio intercept 
Operators, ks Aa oy and telephone operators, and direction 
finding operators. 


118; 62 p3 

1197, 76 Appendix — 
IF 172, | 
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Long Range Signal 
Range Signal Intelligence Company whose identity is unknown; . 


ete. 


a Feste 9. The origin and organization or Feste 9 


has been described under KONA 5. 


d. PAK 621. FAK 621 was organized in 1942 from the. 
former intercept (Horch) company 3 (H) NA 56.124 Its. 
original commander was. Seebohm, who was captured with 
most of FAK 621 in the African campaign on 10 July, 1942. 
The remnants of this company continued to work on Allied 
systems under Captain Habel until May 1943, when the Allies 
completed the capture oftie unit at Tunisia. 128 ‘Nothing: 
is known of the organization of the company and interro- * 
gations of the prisoners are not available for this report. 


19. Organization of KONA 8.--. KONA 8, which was formed 
in October LOST and assigned to the Eastern front, Army Group 
South, had one Signal Intelligence Evaluation Cent r, NAAS 8; | 


two Signal qntelligen ce Battalions, NAA 1 and 2;126 one 
telligence Company, FAK 20; one Close . 


and one Stationary Intercept Company (either 4 or 1 It 
is known that Feste 8 attempted in the winter of 1942-3 

to intercept Russian radic telephone traffic at> Koenigsberg; 
but it is not certain to what eastern KONA this Feste was 
assigned.l27 FAK 620 had monitored western traffic on the 
Norderney Island from August 1939 until it yas sent to the 
eastern front and subordinated to KONA 8.123 Nothing more 
is known of the units. 


12 oe 126 plo. See I 55, p 4 for a list of the seven . 


intercept companies ANoseReonyes 2) in the German monks 
1257 78 p 9 
1265 76 Appendix 
127 : 
If 1203 p 3 


28 
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20. Organization of KONA Nord.-- KONA Nord was \ 
organized in February 1945 to serve Army Group North when 
KONA 2, which had been attached to that group, was trans- 
ferred to Arniy Group Weichsel. From KONA 2, KONA Nord re- 


ceived NAAS 2, FAK 619, NAK 951 and 955, and NAZ Brutus. 


This organization was valid only until 28 March, when ‘by 

order of General Praun, KONA Nord was ordered to return 

to Army Group Weichsel all its components except the two 

Close Range Signal Intelligence companies, NAK 951 and 955. 
ser probably remained with KONA Nord until.the capitu- 
ation. a a 3 , 


-21. Organization of NAA 1]1.-- NAA 11 was a field unit — 
unique in the German Army Signal Intelligence organization. | 
Although it was assigned to the 20th Mountain Army (XX Gebirg- 
sarmee), in matters of signal intelligence it was an inde- © 


.pendent unit subordinated directly to HLS Ost_acting in all 


respects. like a Signal Intelligence Regiment.130 . 

The original core of NAA 11 was the Long Range Signal 
Intelligence Platoon designated North (Nachrichten Fernaufk- 
laerungszug Nord,. abbreviated FAZ Nord) which operated in. 
Finland after 1941. On 1 March 1944, FAZ Nord was merged. 
with the Close Range Signal Intelligence Company, NAK 961, 
to form NAA 1l. In the fall of 1944, after Finland's 
capitulation, NAA 11 retreated to Norway.141 In May 1945, 
when it was at Gjovik, Norway, it was ordered to turn over 
ail documents and papers to the 20th Mountain Army and to- 
organize a group which would incorporate the experience and . 


‘knowledge of the unit.132 The interrogations of this group 
‘which became known as the "The Norway Party" are published 
as 1.55 and I106.0 © Se OF Ee eS 


1295 9 . 
55 p5 
131y 55 p 5 


132 


s 


155.93 


36 


DOCID: 3486746 © —— + 


= ; 5 : < we : : é ‘ 
ad : : ag : : ee sai 
- i. Fi % 


. The major function of NAA 11 was interception, although 
-ilt was also responsible for direction finding, evaluation, | 
cryptanalysis, and communications. The division of per- 
sonnel gives an estimate of thé comparative importance of 
these functions. Of the 475 men, from 200 to 250 were. — 
assigned to intercept and operated seventy-five. sets; 
thirty men were assigned to direction finding, forty to 
_ evaluation, twenty-five to cryptanalysis, and thirty to 
' communications. One. nundred men were needed. HOE: driving, 
cooking, ete.133. é ’ : 


22. Feste Loekken.-~ The Feste Iesidied was the 


Stationary Intercept Co ompany attached to the German military 
‘coumander in Denmark. Nothing is known of its organization. 


133 a 
15578. 
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Variable Antenna Circuits 


magnetic lines of force cut a conductor (the 
antenna) an emf is induced in the conductor. 
This induced voltage reproduces both the 
RF and any frequency or amplitude variations 
of the inducing voltage. The induced voltage 
is greatest when the antenna is tuned to the 
frequency of the inducing voltage. The in- 
duced voltage represents the intercepted ener- 
gy needed for the first steps in the receiving 
process interception and selection. 


Tuning for Selectivity 


As stated before, the resonant frequency of 
an antenna can be changed by varying an- 
tenna inductance, antenna capacitance, or 
both. This can be done by placing a variable 
inductance or a variable capacitance in the 
antenna circuit as shown in A and B of the 
illustration above. Adding an inductance or 
capacitance has no effect on the physical 
length of an antenna, but it has considerable 


Variometer Tuning 


effect on the electrical length. It is the elec- 
trical length which determines the resonant 
frequency of the antenna. When the added 
inductance or capacitance is variable, the 
electrical length of the antenna can be changed 
to achieve exact tuning for a desired signal. 


The variometer, shown below, provides 
another means of changing antenna _ reson- 
ance by varying inductance. The taps on 
the secondary can be used to increase the 
tuning range. 


Finally, higher selectivity can be obtained 
by coupling the received signal into a separate 
tuned circuit, as shown at the right. With 
such a selector circuit added, selection may 
be regarded as a separate step, distinct from 
antenna tuning. The antenna may then be 
regarded as being primarily for interception. 


The use of a transformer improves both 
sensitivity and selectivity. The transformer 
steps up the voltage and isolates the tuned 
circuit from the resistance of the antenna. 
For tuning, either the capacitor or the coil 
could be made variable. 


Detection 


The process of separating the intelligence 
from the modulated RF signal is called de- 
tection. In the simple receiver shown, detec- 
tion is accomplished with the help of a crystal 
detector. Detection is the opposite of modula- 
tion, and is sometimes called demodulation. 
In the receiver, here, detection separates the 
amplitude modulation from the carrier. The 
process of separating frequency modulation 


DOCID: 3486746 


VOLUME 4 
Chapter IV: German sai Intercept Operations 


-Faragraph 


‘Intercept Operations ROSSI OSS a eee eR dasatians 23 
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a. Control of intercept coverage : an KS 
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Intercept Operations LDHM19GS soos ssc eerveeceen en 26 
'@ Intercept operations of GdNa “e 
b. Intercept cperations in the field 
¢. Disintegration of Intercept operations 


25. Intercept operations, .1923-1933~- Assignment of 
intercept coverage from 19 933 was made by the Codes 
and Ciphers Section of the Defense Ministry, (Reichwehr- 
ministerium Chiffrierabtetlung). The division of inter- 

- gept tasks was established on a geographical basis, Mu- 
nich monitored. Italy (including her colonies), Yugoslavia, 
Greece, Turkey, Bulgaria, Rumania, Hungary, Austria, and 
Czechoslovekia, Stuttgart monitored France (including | 
her colonies), Belgium, Holland, and Spain. Munster moni ~ 

tored England (including her colonies) and Domintons.. 

(There is no record in TICOM sources of intercept ‘of United - 

States traffic before 1941. With the entry of the United 

States into the war, a USA section was formed within In 7 

VI.) The. station in Koenigsberg intercepted Russian traffic, 
and that at Breslau monitored Polish, Czechoslovakian ~ 

(and Russian) communications. The station at Liegnitz | 

had twice the personnel of the other stations, and its. 

- gover was directed by the Godes and Ciphers. Section of the. 
‘German Defense Ministry.+ 140 

: The personnel of each: intercept station consisted of 

_ one officer (chief .of the station), one radio mechanic, . 

- eighteen or twenty enlisted men, and six or eight civilian 
employees used as POROERE interpreters, etc. .In meee 
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five technicians were added. to the ‘personnel. Major Fetoht- 
ner of the German Air Force, Air Signals. Regiment 352 (LN . 

Regt. 352) stated that these units had no tables of organi-. 
zation, their personnel being detached from aignal batta-— . 


"lions and signal platoons of the Infantry, Cavalry, etc.” 


Not until 1932 did the Fixed Intercept Stations (Feste 


-Horchstelle, abbreviated Feste) receive their tables of 


organization. The quality of the personnel of the Fixed: 
Intercept Stations was certain to be of best because the | 
stations. Received the direct ‘Support - of the German Defense . 
Ministry.+ 

The material intercepted daily was studied by the tref- 
fio. analysis section of the Feste, and the results vere 
incorporated into a ‘daily traffic analysis report. - . The 
deciphered radio messages were then evaluated. All. radio 


_ messages which could not be decoded by the intercept stations: 
‘were sent daily to the Codes-Ciphers Section of the German - 


Defense | Ministry. On one occasion, when the maneuvers of 


"ene of the large foreign povere were being monitored, 


| ‘“Retchtner stated that the. head of the Sub-section dealing 


Army High Za 


with the country tn question was sent from the Codes and 


Ciphers. Section to the ap DPT ABT tate intercept ‘station for the 
. @uration. of the maneuvers. 


- fhe first real military activity was the monitoring 
of the Riff War in the middle 1920's (Feichtner said 1950). 


_ The deployment end operational tactics of the. Spanish” 


and. French ‘were learned in detail through the decoding of 
radio messages, and the German HQ was regularly serviced 
with reports. In recognition of the fine performance of 
the Munich intercept station, its chief was given ieayg to 
pursue ‘technical studies at the expense of the state.1°2 
‘Major Feichtner made it clear. that the period prior 
to'1933 was ‘one of training for the German. intercept units. 


ai, s9-- In 1933, the 
: control of the 
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intercept organizationi!4 ‘and the Intercept Control station} #5 


. (HLS) directed intercept coverage. A. program of expansion 


and improvement was instituted, with establishment of three 
new Fixed. yaptercert Stations at Striegau, Hersbruck, and © 
Chemnitz .+ All Army intercept stations were ‘improved. 


By 1934, for instance, each had its own building outside - 


the city limits where it was free from electrical inter- 
ference, and oagh was equipped with the latest technical . 
improvements, In 1935, the first mobile Signal Intel-. 


‘ Ligence Companies were activated, for the greater part from - 


Signal Corps recruits. Officers, non-commissioned officers,.. 
and privates 145" the Fixed Intercept Stations acted as 
instructors .+ 
At this time the Army was intercepting ali Army, dip- 

lomatic, and Air Force traffic. The Army-traffic was sent ’ 
for 438ts to the Army cryptanalytic and evaluation. 

geneyt ‘the Intercept Control Station (HLS) at Berlin. 
Diplomatic traffic was passed either to the Codes and Ciphers 
Section, of the German Defense Ministry or to the Foreign . 
Office. Sergeant Jering of the 5i ‘Intelligence — 
Agency of the Air Force High Command. OKL/LN Abt. $50) noted 


. that during this period the Army intercepted and evaluated 


foreign Air Force traffic but did not give it so much atten- 
tion as it gave the ground force traffic.+5! The air Force 
was becoming increasingly dissatisfied with the Army inter- . 
cept work and in 1935 began to organize its own Signal Intel- 
ligence Service. For three years however (1935-1938), the 
Air Force maintained close relations with the Army. Air . 


‘Force, /employees underwent. familiarization training at. Army 


Pixed’ Intercept Stations and the Air Force radio intercept 
stations, Wetterfunkenpfangstelle.,, {w-stellen) were sat up 
according to the Army prototypes. 15 By 1939, the break bde-. 
tween the Signal Intelligence Service of the Army High Com-. 
mand. and that of the Air Force High Command was somplete . 


et 78 p2 


145see Chapter II, Volume IV 
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At this time the Supreme Command of the Armed Forces also 
set up its.own intercept service for diplomatic traffic. 
The Army gave to the Armed Forces two of its intercept 
stations, Lauf (formerly at Hersbruck) and Treyenbrietzen, 
. for the interception of this traffic.55. Prom this period 
SO. ’ on, the Army intercept service confined itself exclusively 
" . to the interception of foreign Army traffic... 
, The activities of the Army intercept service from 
” .1933 to 1939 centered around the various crises of the 
/ international situation. In 1934, at the time of the Aus- 
trian revolt, Munich was given the task of mont toring all 
Austrian traffic including internal communications. 4 
At the same time it monitored Italians communieations and 
through its.discovery that the Italians were massing troops 
at the Brennor pass brought, BRout the timely withdrawal 
of Germany from. the affair.+ In 1935, Munich was moni- | 
toring French traffic at the time of the occupation of ‘the 
Rhineland; and, as a result of the intelligence Sore 
German troops > marched in without fear of reprisal. 
From 1933 to 1936, the period of the Abyssinian War, inter- 
cept stations of the Arny by a Command monitored Italian | 
_ traffic without cessation. From 1936 to 1939, Munich ' 
and Stuttgart monitoreg.. fhe traffic of both factions in 
the Spanish Civil War. During this. period, the first. 
- mobile signal intelligence company went into the field 
a _ «attached to the Legion Condor. Feichtner stated that, 
* in spite of the opposition. of some of the. regular | Army 
‘ ‘officers to a mobile organization of” this type, this conm- 
‘pany quickly assumed its role as a most: imporgant instru- 
ment. of intelligence | to the Legion Command. 35 


a 153, 85 ‘p > = a oe. | 
‘154tp 18 pé an a 7 Ts — oe - oo 
55rp 181 6 . Oo | | 
1561p 181° pp 6-7 
157ir 181. pP7 
158tp 181 p 8b. 
1591F 181 p 8 


DOCID: 


3486746 


25, _satercept ESS 13g Before 1939, 
the German Gener t had placed very little orphasis 


upon intercept in the field. Nearly all interce 


been carried on by the Fixed Intercept Stations treate). 


With the approach of mobile warfare, however, German Army 


_ intercept operations also became mobile. The new emphasis 


on field intercept resulted in the establishment of Signal 
Intelligence Regiments (KONA) whose mobile component parts 
were designed to work with units of the Army from Army 
Group to Army Corps level. The adaptation of the Signal 


'. Intelligence Regiments: to meet the needs of the Field 


Army is one of the chief accomplishments of the Army signal 
intelligence service. 


- @. Control of Intercept, Coverage. 2939-1944-— Control 
of intercept coverage dur e war stemm rom the 


'- Intelligence Officers 128 the Eastern Armies Branch and the. 


Western Armies Brancht _ As Jodl stated, these officers 
were thoroughly familiar with the general signal iIntelli- 
gence picture. The chain of command is very clear during 
the last year of the war. The Intelligence officers of the 
Eastern Armies Branch and the Western Armies Branch briefed 
the chief of the Understaff of OKH/GANA, who had control 


-over all the Signal Intelligence Regiments (KONA) and w whe, 


issued to them their directives for intercept coverage. 

In the west, the Understaff worked through the Senior Conm- 
mander of Signal Intelligence (Hoeh Kdr d NA) whose function 
tyes to coordinate the intercept coverage of KONAs 5 and 

6.4 2 With the other KONA, the chain of command from the 
Understaff was. direct. The Signal Intelligence Evaluation 
Centers (NAAS) of the KONAs issued the directives ‘for Lnter- 
cept coverage to all units subordinate to the KONA.. 

In 1941-1944, previous to the establishment of the 
GGNA, the chain of command appears to have been the follow- 
ing: ‘non-Russian intercept coverage was directed by the ~~ 
Western Armies Branch through the Control Station af Signal - 
Intelligence of the Army High Commend CORHALNA) 5 6 Russian 
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_ the Intercept Control Station East (HLS Ost. 


intercept coverage was: directed by the Eastern Armies Branch 


through the Intercept re eppeeel Station East of the Army High 


Command (OKH/HLS Ost). 
b. Assignment of intercept-- Assignment of intercept . 
was established on the inceroept = basis: eastern, south- 


eastern, western, southwestern. From the beginning of the 


tee Pg taag interception was given high priority and KONA 


» 3, were assigned to eastern coverage. In 1942 KONA ~ 
é' ae in 1944/45 two other KONAs, 8 and Nord were formed 


also for the interception of eastern traffic.t66 In addi- 


tlon, eastern interception was carried on by three indepen-. 


dent Stationary Intercept Companies, Feste 7, 8, 11, and one - 


Long Range Signal Intelligence Platoon, FAZ Nord, After 

1942, new monitoring of eastern traffic was a489 done by 
)*OF In con- 

trast, southeastern, western, and southwestern interception | 


were covered by. one KONA apiece, with one central monitoring 


agency for all three area, the Control Station for Signal 
Intelligence (LNA). | 


1. Eastern intercept. -- The mission of all eastern 
KONA was the interception and evaluation of Russian Army, 


- Air Force, and Partisan (guerrilla troops) traffic. Their 


intercept coverage differed only in respect to the geographi- 
cal origin of the traffic. KONA 1, which was attached 
during the period 1939-1944 to Army Group South Ukraine, 
covered the southern part of the Russian front. It moved 

in the vicinities of Lemberg, Winniza, Poltava, Reichshof, 
and Novy Jicin in Czechoslovakia.t KONA 2, which was 
attached to Army Group Center and covered traffic on the’ 
central Russian front, moved in the vicinity of Warsaw. 
Borisov,’ orscha, Vitebsk, Smolensk, Minsk, and Grofino, 169 
KONA oe which was attached to Army Group North, covered 
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traffic on the. northern part of the Russian front and in 
the Baltic states. It was variously at Riga/Dueneberg, 
Pskov, and Kurland, where in 1945 it was caught in a pocket 
by the. Russians and captured intact.170 KONA 6 vas formed, 
in 1942 to cover the traffic of the campaign in Caucasus,171 
While in the east the unit was located at Rostov on the Don, 
Novocherkassy, and Minsk.+72  arter that campaign, {t was 
assigned to the interception of Russian Partisan traffic 
and kept this.as its intercept coverage until November 1944, 
when it was withdrawn from the east and reassigned to the . 
western front.l75 ae oO 2 
The four independent Stationary Intercept Companies 
assigned to work on the eastern front had the following 
assignments, To Feste 11 was assigned coverage of high- 
frequency: traffic on the Red Army and the NKVD. Origipally, 
this Feste was located at Winniza, latterly at Kiev.17 
The other two Feste, 7 and 8, concentrated on special Rus- 
Sian traffic. Feste 7 vas the Russian Baudot reception 
station at Minsk. In 1942-43 it was moved to Loetzen where 


-it became part of Section 4. of the HLS Ost. and continued 


to intercept Russian Baudot traffic.t75 Feste 8 was the 
former Army intercept station at Koenigsberg. After 1942, 
this station concentrated on Russian wireless telephone . 
traffic called by the Germans Russian X-traffic. Attempts 
wore made to pick up this traffic by equipment developed 


by Army Ordnance, Signal Equipment Testing Laboratory... ~~ 


(Waffenpruefung, abbreviated Wa Pruef 7). The channels 
monitered ran east of Moscow; the traffic was. mainly econo- 
mic, From 1942 to moe this traffic was successfully re- 
corded; but after 1944 the Russians scrambled their wire= 
less telephone traffic, and after unsuccessful efforts to 
intercept this scrambled type had been made, the monitoring 
was dropped 276 — : ee : 
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The Long Range Signal Intelligence biatecns: FAZ Nord, 
operated in Finland after 1941. The mission of this unit — 
(which was attached to the 20th German Mountain Army) was . 
the interception of Russian Army traffic.+/7 411 Russian 
Army systems were handled by FAZ Nord except five-figure 


‘traffic which was sent in an unprocessed state to HLS.178 


Section 4 of HLS Ost monitored NKVD Inter-Soviet State 


traffic, 7ore radio broadcasts of the Tass News Agency from 


Moscow.2? (Mention has already been made, Chapter II, ¢ 
the acquisition by the section of the Baudot reception. 
station in 1942-43, when Feste 7 was moved from Minsk) ; 


--2,. Southeastern intercept-- Southeastern intercept 
was the task of KONA 4, which was the only Signal Intelli- 


gence Regiment in the Balkans during. the war. For the task 
of intercepting traffic in this area, the component ts 
of the KONA-were located in strategic places: NAAS the 
Signal Intelligence Evaluation Center, was moved in the sum- 
mer of 1942 to Neon Phaleron near Athens;180 4t remained 
there until February 1944, when it retreated to Belgrade .181 
From Belgrade it mod to Graz whence it had departed some 
four years before, Feste 5, the former Army intercept 
station at Graz, was moved $g,Epanome, 30 km south of 
Salonika tn the Chalcidice.+5 Feste 6, the former Army 
intercept station at Tulln, was stationed during thig period 
in Athens, from which it returned to Tulln in 1944, 
The Close Range Signal Intelligence Platoon NAZ T va. located 
at Kavalla on the Thracian Sea; SAZ W, at. Belgrade .1 

The traffic intercepted by "KONA i and its component 
parts was divided into two types: 

a) long range traffic emanating from the Middle East 

and Africa: 
b). traffic of the occupied Balkan countries. 


Long range traffic of the Middle East emanated from 


urkey, from the British Ninth Army in Palestine and the’ 


Tenth Army in Iraq, and from the French Armies in Syria. . 
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Interception of Turkish traffic was carried ise from 1941- 


1944 partly by the NAAS 4 at Neon Phaleron,+ put chiefly 


‘by the close Range Signal Intelligence Platoon, NAZ T,; 


stationed at Kavalla, whose sole mission yas the inter- 
ception and decoding of Turkish traffic.1 Treffic from 
the British and French troops in Palesting end oyria was 
intercepted by NAAS 4 at Neon Phaleron,1! 

. Traffic of the occupied countries was covered before 
1944 mainly by NAZ W, operating from Belgrade. This pla- 
toon covered the traffic of the Croatian terrorists, the 
Serbian partisans, and Tito.409 Feste 5 aided by covering 
Greek partisan traffic.190 Feste 6 added Hungarian traffic 
to its Intercept coverage in 1943 by sending a plainclothes 
detail to Slovakia near Pressburg, Hungary to monitor this 
traffic .+91 when NAAS 4 was moved to Bélgrade, it con- 
centrated on the treffic of the occupied countries and 
cover ss Yugoslav, Rumanian, Bulgarian, and Hungarian traf< 
fic 


3. Western intercept.-- The traffics assigned to 
western int ercept emanated from: 


a) The British Isles; . 
b) USA (including Iceland and American troops in 
the British Isles), after the entry of the USA 
into the war; and 
c) Spain, Portugal, Brazil. 
d} Miscellaneous. 
The coverage of these traffics was the task of KONA 5 
which, until November 1944, was the only Signal Intelli- 
gence * Regiment in the western area. 
a) Traffic from the British Isles was considered 
the most important ofthe western traffics. It had been 


' monitored intensively since August 1939, when a Long Range 


Signal Intelligence Company, FAK 620, was sent to the. 
Atlantic coast near Norderney Island to monitor British 
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Army maneuvre traffic.195 altho FAK 620 was. sent at 
& later date to the eastern area,t94 British traffic con- 
tinued to be monitored by the. following units of KOHA 5 
from 1939 to 1944; 

1) Long Range Signal Intelligence Company, FAK. 613. 
This unit stationed at St. Malo monttored ea 
sively radio traffic from the Beitish Isles: 

2) Feste 2, a Stationary Intercept Company located 
unti2 Novenber 1943 at Husum in Holland, after. * 

_that at Lille. This unit mon} fered exclusively 
traffic of the British Isles: 

3) Feste 9, formed in June 1942, at Frankfurt/Main 

and sent to Norway to monitor British traffic. 

At first the unit was stationed at Trondhjem; 

later, at Bergen, where it remained until the 
spring of 1944 when 1t moved to Ski near Oslo, ~° | 
“The task of the unit was to intercept traffic — 
originated by the British Army in Northern England, 
Scotland, and Faroes. 

4) Feste 12, a Stationary Intercept Company attached 
to the Evaluation ‘Center of KONA 5.and located. 
at Louveciennes. Until January 1944 this station 
moni tore eat traffic from the British 
Isles. 

b) Traffic emanating from the United States and 
Iceland, and from American troops in the British Isles was 
monitored chiefly by Feste 3 at Euskirchen and Feste 9 at 
BererBs Norway. Feste 3 concentrated on traffic from the 

After the autumn of 1943, Feste 3 had a special 
intercept unit for USA non-Morse radio teletype traffic 
' -designated by the Germans as FF5 (Funk Fernschreib 5)206 
From Feste 9 in Bergen, USA traffic from Iceland was moni-— 
tored. This unit watched for short wave radio traffic 
fron Hone os to eeaUpeton via Ireland, but without success 202 — 
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from the carrier is somewhat different. It is 
discussed in chapter 6. 

All detectors are essentially rectifiers. The 
crystal detector, shown in the illustration, 
conducts effectively only in one direction. 
Thus, when it is connected across the selector 
tank circuit, the crystal acts as a rectifier. 
Its output is a pulsating direct current, 
pulsing at the RF rate but at the AF (modu- 
lation) amplitude. 

This is the first step in detection. The 
process is completed by filtering the pulsating 
DC. In the simple circuit shown here, the 
coils in the headset form part of the filter. 
They offer little impedance to AF but high 
impedance to RF. A capacitor across the head- 
set completes the filter. It offers little imped- 
ance to RF but high impedance to AF. Thus 
the capacitor bypasses the RF around the 
headset while the AF signal goes through the 
headset. 


Reproduction 


The current flowing through the coils of 
the headset varies at an audio rate. If the 
current can cause vibrations in the air at the 
same rate, the vibrations will constitute 
sound. For the reproduction of sound, the 
energy of the magnetic field which surrounds 
the coils is used. The strength of the magnetic 
field varies as the current varies. In turn, it 
causes a metal diaphragm to move back and 
forth at the same rate. This sets up vibra- 
tions in the air and produces corresponding 
sound waves. 
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OPERATIONAL ANALYSIS OF A SIMPLE 
RADIO RECEIVER 


To analyze the simple radio receiver, study 
the schematic diagram shown on page 6. 
In this schematic, are gathered together all 
the steps just discussed. The points to be 
considered in the analysis are — What are 
the essential components? — What are the 
functions of each component? — What are 
the changes made in the radio waves as they 
pass through the receiver? 

The illustration shows the conventional 
connections of the components. It also gives 
a graphic representation of the wave as it 
passes through the receiver. When the radio 
wave passes or cuts across the antenna, RF 
voltage is induced across the antenna, and 
consequently across the primary of T1. The 
current flow in the primary of T1 (L1) in- 
duces current flow in the secondary. The 
antenna transformer usually has an air core 
and a step-up ratio. This allows a small 
amount of signal gain. 

The secondary of T1 is a part of a series 
tuned circuit, made up of L2 and Cl. Maxi- 
mum circulating current flows through a 
series tuned circuit when the resonant frequen- 
cy is applied. In addition, since maximum 
current flows at resonance, maximum reactive 
voltage is developed across each component. 
For maximum output from the headset, 
maximum voltage must be applied to the 
rectifier and the parallel combination of C2 
and the headset. This results in a maximum 
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ce) The traffic of Spain, Portugal, and the Brazilian 
Army in Italy was monitored from 1939 to 1942 by Feste 3 
at Euskirchen. In early 1943, however, the Long Range 
Sigma} Intelligence Company, FAK 624, was formed at Mont- 
pellier. on the southern coast of France for the interception 
of this traffic.292 In January 1944, the interception of | 
Spanish, Portuguese, and Brazilian traffic was shared with 
FAK 624 by Feste 12.205 | ie | 

d) In addition to the three main comm{tments of the 
western intebeept units, two other minor traffics were 
monitored: Swedish Army traffic, and French police traffic) 
originating in Corsica. The Swedish Army traffic was: inter- 
cepted by a subordinate unit of Feste 9 in Norway. This 
unit, known as out-station Halden (Aussenstelle Halden) 


was stationed at Halden, Norway, and was attached for admini- 


strative purposes to the Halden Police Battalion. The 
French police traffic from Corsica was monitored by FAK 
at Montpellier .205 . _ 


4, Southvestern intercept.-- Before 19435, the German 
Army appears to have had no signal intelligence unit in . 


Italy. In February of that year, however, KONA 7 was estab- 
lished with the task of ppntercepting traffic from Italy 

and from North Africa.2 The traffics consisted of British, 
American, Polish, French, and Brazilian Army traffic in 
Italy and North Africa.207 So far as’ can be determined, 
there was no specific division of tasks among the various 
units of KONA 7: all units intercepted all Army traffic 
from these countries. . oo. a 

. The most southerly location of NAAS.7, the. Signal 
Intelligence Evaluation Cepter of KONA 7, was Rocca di 

Papa, 25 km south of Rome.¢ In September 1943, it moved 
into the neighborhood of Rome, establishing itself at 
Vallerano. Later it moved to Vicenza in northern Italy .209 
Feste 1, the former Army intercept station at Stuttgart, 
after sundry moves in France from 1940 to 194? was ultimately . 


stationed in Italy at Genzano near L'Aquila,©l0 Feste 9, 
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which came to Italy from Norway in November. 1944, was 
located at Breganze and remained there until shortly 
before the collapse. 

- The Long Range Signal Intelligence Company, FAK 
621, which was attached to KONA 7, had been originally 
designated as the Signal Company 3 (Horch Nachrichten 
Aufkirg. =H NA 56. Pi This unit, which was particularly 
active in North Africa during the ‘campaigns there, was 
captured (in part) in July 1942... In May 1943, the entire | 
company was captured at Tunisia.2l> Until the time of its. 
final capture, this unit intercepted traffic of the British, 
French, and American troops in ae Africa and of the 
Bayptian Aray and Camel Corps. 


-ligence Service and its. ‘catastrophic dissolution in the 
months prior to the capitulation. As part of the movement 
to centralize the service, OKH/GGNA assumed responsibility 
for the intercept and evaluation of the following types 
of traffic: . 


1) foreign press; 
-2) special high grade machine ciphers; 
3) wireless photography. 


1. Intercept and evaluation of the foreign press vas 
me done by Section 2 of Group I, OKH/GaNA. This section was 
divided into four subsections: 215 


. 3} monitoring of eastern wireless {Runduebervecnung Ost); 
b vests ne of western wireless (Rundueberwachung . . 
West); 
monitoring of clear text (Helldienst) ; and 
a evaluation. | . 
owing to the personnel shortage. during the years. 1944-1985, 
Section 2 was not able to cover its commitments to any 
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- large extent. Eastern monitoring was confined for the most 
part to the Moscow wireless, although in the later months - 


a certain amount of Balkan monitoring was instituted for 
Turkey and Rumania. Western monitoring was confined to 


the BSC London Service. News monitoring was confined to 


the Reuter and Tass Agencies. From these sources the evalu- 
ation center collected and collated material for its reports, 
2. The interception and evaluation of special. high 
grade machine ciphers of Russia, Britain, and the USA were —. 
assigned to Group VI of OKH/GGNA which was located at Potsdam, 
section 1, dealing with Russian traffic, had three sub- 
sections :216 | oon | 
‘la) Interception of Inter-Soviet. State traffic, 
lb) Interception of Russian Baudot traffic, 
le Interception of Russian Army traffic. > aS 
The interception of Russian Baudot traffic (called by the 


‘Russians Z-traffic) was carried on by the same personnel 


who had manned the Russian Baudot station at Minsk in 1942/43. 
In 1943, the Russian Baudot station was moved to HLS Ost 
at. Loetzen, where it was absorbed by Section 4 of HLS Ost. 
When HLS Ost was absorbed by the OKH/GayA the Baudot sta- 
tion became Ssction lb of the OKH/GdNA. i . " 
.. Section 2 of Group VI was employed with the intercep- 
tion (2b) and the evaluatiog {2a) of British and American 
high grade machine ciphers.“15 dhe interception of this 
traffic has been carried on by Feste 3 at Euskirchen until 
the astablishment of the OKH/GdNA, when the pid betating 
for interception was transferred to the central agency .@1 
The interception of wireless photography, called by 
the Germans Y-traffic, was carried on by a special unit of . 
Section’ I of Group VI. This unit intercepted traffic from 
&1l ‘over the world but the non-Russian channels are said 
not to have yielded any valuable information. Photos inter~ 
cepted from internal Russian traffic, Rowever, often con- 
tained technical diagrams and charts .< 


2LO1p 123 p 9 
2171F 123 pill 


2181p 103 pli 


2191R 123 p5_ 


22017 123. p 13 


50 


DOCID: 3486746 


b. Intercept service in the field.-- The intercept 
service in the field during the last year of the war main- 
tained 1lts geographical distribution: eastern, southeastern, 


| western, southwestern. Paralleling the changes in the war 


situation, there was an increasing emphasis on western 
intercept and a corresponding decreasing emphasis on southe- 
eastern intercept in the war situation. 

With the pressure of the Allied invasion, western 
intercept assumed of necessity a position of greater impor~ 
tance, It will be recalled that KONA 6 was reassigned at = 
this time from eastern to western intercept and that the 
western Signal Intelligence Regiments, KONAs 5 and 6, were 
subordinated to a Senior Commander of Signal Intelligence 
(Hoeh Kdr d NA) who was responsible for all signal intel- 
ligence operations in the west.°21 Upon these two KONAs 
fell the task of intercepting the traffic of the invading 
Armies, eo ot . 
KONA 6 monitored traffic for Army Groups H and B which 


. were stationed in the northern part of the western front; 


KONA 5 monitored the traffic of Army Group G which was 
stationed in the southern half of the western front .¢¢2 


One member of the Long Range Signal Intelligence Company, . 
FAK 626 (Heupts), states that his unit's original mission 
was the interception of traffic of the First French Army — 
and of the Seventh USA Army. Later it intercepted traffic 
of the USA First, Third, and Ninth Armies, 

The decreasing emphasis. on southeastern interception 
was manifested by the disbandment of KONA 4. The component 
parts were apparently reassigned to various fronts. South- 
eastern intercept and evaluation vas carried on by KONA 4's 
SUCCESS HRs the newly formed Signal Intelligence’ Battalion, 


NAA 16. | 


The situation on the eastern and southvestern fronts 
remained, for the most part, much as it had been in the 
previous year. To the eastepn front were assigned two new 
KONAs, KONA 8 and KONA Nord; and to KONA 7 in italy, 
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' one new intepgent unit, ‘Feste 9, whieh was moved to, Italy 
from Norway. . 
A German Army Report on the intercept situation about. 
ee January, 1945 Biyes the following picture of the units and 
Boos. their coverage: 
CO Eastern Front: 
Units: KONA 8 for army’ Group South | 
KONA 1 for Army: Group Center 
KONA 2 for Army Group Weichsel 
KONA Nord for Army Group North 
. . KONA 3 Por Army Group Kurland 
7 _ NAA ae for 20th Mountain Army 
Coverage: - 
- — Russian: ‘gront traffic , 
Radio nets of -NKVD ; Le, 
Rumania. - 
_. | Roving ‘banda. in’ Polena and ‘Ukraine. 
_ Espionage. units: in operational areas 
Southeastern front: - 
Unit: NAA 16 for seny Group Ez 
' Coverage: - . 
Allied troops and communications staffs 


. Soviet. front traffic. oe 
TITO traffic [Pegenlavtan) ' 
ELAS traffic (Greek) 
Bulgarien traffic. 
- _ Mithallovic traffic (Jugostavien) 
Western front: 


“Units: — Senior Commander of Signal Intelligence 
a - KONA 6 for Army Groups H and BD 
KONA. 5 for Army Groups q and Oberrhein 


English, American French frént. traffic 
British traffic from Britisli Isles - 
USA traffic fron United States 
‘French traffic from France 
‘Southvestern front: ° 

Unit: KONA 7 

Coverage: — 


7 ‘Coverage : 


English, American, French front traffic 

Allied traffic from western: Hedi terrancan 
. : and North Africa. -° 

OQ . , Italian bands Aa, upper Teely 


DOCID: 


3486746 


-the Donauwoerth area, 


¢. Disintegration of Intercept Operations-- It may 
be safely assumed that the constant movement of the German 
Armies and their intercept units during the last months 
of the war prevented continuous and orderly interception 
of enemy traffic. A brief resume of the movements of the 


various Signal Intelligence Regiments will. illustrate the: 


confusion of these last months.¢27 KONA 1 withdrew from 
the eastern front into Czechoslovakia and was found by the 
invading forces at Novy Jicin (Neutitschein); KONA 2 re- 
treated from the vicinity of Grodno to Ortelburg in Prussia, 
Danzig, Holstein, and finally the Wismar area; KONA 35 was 
caught by the Russians in a pocket at Kurland and captured; 


KONA 8 withdrew first into Rumania, then Crostia, and > 
finally to Lenz. KONA.5 in the west withdrew from Louve- 


ciennes in mid-August, 1944 and went first to Viggingen 


' near Metz. At the beginning of September, it moved to 
krofdorf near Giessen, where it stayed until March; from 


there it went to the Ragen and finally. to Dischingen in. . 
2 Of the component parts of KONA 6 
less is known. One of its units, FAK 611, moved in the 
spring of 1945 from Holland to Flensbryg <2? Feste 3 moved 
from Euskirchen into the Black Forest.’ 
The southwestern unit, KONA 7 and its subordinates 
retreated into northern Italy. Concerning southeastern 
intercept in the last months of the war, it is known_only 


that NAA 16 remained as the only unit in that area ,¢51 


The constant shiftings of the KONAs, and in the late 
months. of the war, the disruption of internal communica- 


“tions between the various parts of the KONAs and between 


the KONAs and the GdNA had a disastrous effect on the whole 
problem of enemy intercept. . . 
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During the tast months of. the war, the internal keene 
cept units of the GdNA were also disrupted. The units of 
Groups I and V moved with the other 2F5ours of the GdNA to 

Erfurt and then to Bad Reichenhali .* The intercept unit 

' of ‘Group VI which had been covering high grade machine 
traffic at Possgam was moved to Stuttgart and from there 
to Rosenheim. The equipment was buried.in the cellar 
in the surrounding neighborhood of a house, the Pioneer- 
Kaserne, in Rogephedm where it was later found by TICOM 
interrogators. 
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VOLUME 4 


Chapter V: Operations of a Typical Signal 
Intelligence Regiment on the Eastern Front 


Section-A. Introduction 


Paragraph 


sources for this : chapter eso oev,oe ep oCagcnoaovnaaeceeonsoecetsoaskeaeso cena 27 
successes of KONA 1 @eseoeocoeeteosee Geese eveveenacavnesweeevneeceas 28 
Importance of Traffic ANALYSIS... c.ceccccnsceceseccovcee 29 


27. Sources for this chapter.--The materials describing 
Signal Intelligence Regiment 1 (Kommandeur der Nachrichten 
Aufklaerung, abbreviated KONA) provided a rather complete 
account of that unit, and were generally more thorough than — 
reports available for other field signal intelligence formations; 
therefore, KONA 1 is discussed in this chapter as a typical 
Signal Intelligence Regiment.. This completeness resulted from 
the availability of a substantial portion of this unit's per- 
sonnel for interrogation. The circumstances under which the 
remnants of KONA 1 were found are not without interest: 


"The full facts of the surrender of this unit 
were explained by the Commandant, Major Ernst Hertzer. 
The remnant of the regiment -- approximately 700 
officers, enlisted men and women, first contacted 
American troops on 9 May 1945 in the vicinity of 
Tausing, where they were directed to a. PW enclosure 
at Stift Tepl. They had destroyed almost all of 
their papers except those that they considered most 
essential for reconstruction of their records. These 
documents were kept in three brief cases plus one 
book. In the afternoon of the 9 May, while rumors 
circulating in the PW enclosure to the effect that 
the Russians were moving into the area, the contents 
of the three brief cases were burned. The book, 
however, remained in one of the vehicles byt a minute 
search of that car failed to produce it. "240 


Three hundred and. fifty prisoners were screened at a town 


near Pilsen between 23 May and 28 May. All operational per- | 
sonnel were interviewed; and of these 41 were chosen for 


© | 2407F 4o p 10 
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© further questioning. A few reports were written near Pilsen, 

; but the bulk of documents which formed the basis for later 
interrogations were written between 30 May and 2 June, at 
Oberursel, near Frankfort-am-Main, where the unit had been 
moved. More specific information was given and further docu- 
nents written after the group was moved to Revin, in the ~ 
‘Ardennes. The material produced consisted of 31 reportse 42 
supported by supplementary "Annexes" giving information on 
traffic analysis, organization, etc. 

Interrogations of Prisoners of War from units other than 
KONA 1 were relied upon in this chapter to fill out the picture. 
The outstanding of these was the Karrenberg Party report on 
"Russien Radio." Corporal (Unteroffizier) Karrenberg wag an 

“exceedingly brilliant" man with a "phenomenal memory."“"3 The 
report was written by him and his colleagues. All were members 
of the Signal Intelligence Agency of the Army High Command 
(Oberkommando des inoue’ General der Nachrichten Aufklaerung, 
abbreviated OKH/GéNA)®* 

Since the Signal Intelligence Regiments were the important 
field units of the German Army signal intelligence service, and 
since information on one of these, KONA 1, was available, in © 
this chapter an account will be given of the functions and 
operations of KONA 1, which may be considered typical of those 
of the other Signal Intelligence Regiments operating in the 
East. Because organization has already been treated in Volume 4, 
Chapter 11, organizational matters will be noted here only as 

' gome review of them APpeeTe Rene eery to a full undersvenaine 
of the operations . 


28. Successes of KONA 1.--KONA l Seeaken in the southern 
sector of the Russian front from June 1941 until May 1949 inter-- 
cepting and evaluating Russian Army, Army Air, and NKVD& 5 in 
that traffic area. Elements of this unit appear to have Sic 
ceeded in reconstructing the detailed Order of Battle of the 

- Russian forces, and in predicting the Local ify i and timing of 
the Russian offensives before they occurred.@ Captain Roman 

Roessler, Chief Evaluator of KONA 1 and Commanding Officer of 
the Intelligence Evaluation Center (Nachrichten Aufkleerung 


ah IF 40 p 4 

243 IF 123 p 2 

245 NKVD is translated as "Peoples Commissariat for internal 
affairs." During the war it maintained frontier troops 


which performed counter eae and had many military 
& - police functions. See I 67 p 3 
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Auswertungsstelle, Abbreviated NAAS) of the regiment, pointed 
out that even when identification of individual formations be- 
came impossible, the KONA was still successful in picturing 


' the overall grouping and the number of formations. He conceded 


that in the case of Russian Rifle Corps and Divisions, German 
Intelligence units had to rely on means other than signal 
intelligence. However, he emphasized that the overall picture 
afforded, by signal intelligence units of the “movements of 
strategic reserves, of points of main efforts, chain of command, 
intentions to attack, etc.,; were of great value to German 
Intelligence units. 

- It should be emphasized ‘Siac Roessler" s style was rather 
pompous, and his Bubp mte of KONA 1 successes may have been 
overenthusiastic. 


29. Im rtanee of Traffic Analysis on the Eastern Front.-- 
In general the Successes noted above were due to traffic analysis 
rather than to cryptanalysis. While there seems to have. been 
great disagreement among the persons interrogated on the... . 
relative merits of these two methods, the evidence indicated 
that the results achieved by the careful integration of all 
sources available from traffic analysis appeared to outweigh 
those achieved through reading of the Russian low grade codes 
and ciphers. This situation may be accounted for by two 
principal factors. In the first place: although the Germans 
were highly successful in reading Russian low grade systems 
{as described in Volume 4, Chapter VI), most of the Russian 


. high grade codes employed by the army were one-time pad systens, 
and consequently defied attack by the KONA cryptanalysts. 


Secondly: an enormous amount of information was available 
"Prom the Russian practice in the use of indicators, call- 
signs, and the generally low BRgven improving standard of 
Russian wireless discipline." 

Because of this relative importance of seyptannizats and 
traffic analysis the emphasis in this chapter will be upon the 
procedures through which intelligence was derived from a study 


. Of the aspects of Russian radio operations. The cryptanalysis 
. performed by the field units will be discussed in another 


chapter and only its organizational relationship to the oper- 
ations of the components will be noted here. 

The functional relationship of the units of a KONA is 
pictured on Chart Number 4-4. Roughly, the KONA consisted of 


ee a Intelligence Evaluation center (NAAS); of companies 


(FAK subordinate to it in dnteitigence functions, which 


247  19b pp 14-15 
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INTERCEPTION SELECTION RECTIFICATION FILTERING REPRO — 
DUCTION 


DETECTION 


Simple Tunable Receiver Analysis 


amount of current through the headset, and 
since the headset is a current device, there 
will be a maximum audio output. Actually, 
the tuned circuit (L2-C1) appears as a parallel 
circuit to the rectifier and the parallel-con- 
nected capacitor and headset, and one charac- 
teristic of a parallel circuit at resonance is 
that maximum voltage is developed across it. 


The polarity at the extremities of the trans- 
former changes with changes in the incoming 
signal. When the top of the tank circuit is 
positive, current flows through the circuit as 
indicated by the solid black arrows. When 
the top of the tank is negative, the crystal 
does not conduct, and the capacitor discharges 
as shown by the white arrows. Thus, the 
waveform is rectified, and the signal is changed 
to a pulsating DC. Note that the pulses still 
bear the imprint of the modulation after 
filtering, but this does not affect the intelli- 
gence. 


Part of the filter is C2, a small capacitor, 
usually about 250 mmf. It filters the RF 
component of the pulsating DC. The capacitor 
charges during the half cycles that the crystal 
conducts and discharges partially when the 
crystal is not conducting. In its charging and 
discharging, it absorbs almost all the swing 
of the RF pulses and follows the pattern of 
the modulation envelope, as the waveform 
shows. 


A headset changes current pulses to sound 
waves by application of the electromagnetic 
principle. Each receiver contains two coils, 
a U-shaped permanent magnet which serves 
as the core of the coils, and a flexible dia- 
phragm. As current travels through the coils, 
a changing magnetic field is developed. The 
strength of this field determines how much the 
diaphragm is attracted. When the field 
strength decreases, the diaphragm pulls away. 
The mechanical vibrations of the diaphragm 
cause the sound which is the intelligence. 


LIMITATIONS OF A SIMPLE 
RADIO RECEIVER 


The simple receiver just described has its 
limitations. There is only one tuned circuit to 
improve the selectivity of the antenna. The 
slight step-up of the antenna transformer does 
little to improve the sensitivity of the re- 
ceiver. This limits the effectiveness of the 
receiver to strong signals from nearby stations. 
On other signals, the output of the detector 
is not strong enough to develop magnetic 
fields around the headset coils to produce 
diaphragm vibrations. 


An effective receiver needs more than the 
basic requirements. It must include circuits 
and stages to improve performance in terms 
of selectivity and sensitivity. It needs addi- 
tional tuned circuits for selectivity. It needs 
RF amplifier stages to improve sensitivity. It 
needs AF amplifiers to increase audio output 
so that a speaker can be used to reproduce the 
intelligence. Such a receiver is shown in the 
block diagram of a tuned radio frequency re- 
ceiver (TRF) on page 7. Typical stages of 
a TRF are discussed in chapter 2. 
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intercepted enemy traffic and fed the traffic back to the 
Evaluation center; and close range companies {NAK), which 
intercepted enemy low level traffic, did some analysis of 
the simpler systems, and passed the results and intercept 
into the Signal Intelligence Evaluation Center. To pick up 
enemy traffic of higher formations, there were so-called 
Long Range Signal Intelligence Companies (FAK) and so-called 
Fixed companies (Feste). The first intercepted primarily. 
traffic already identified; the second concentrated on net- 
works carrying unidentified traffic. Both types of these 

long range companies did analysis on the traffic they inter- 
cepted, and passed the results and their traffic up to the 
Signal Intelligence Evaluation Center (NAAS). 
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VOLUME 4 
Chapter vV 
Section B. Functions of the KONA Units 


Paragraph 


InbPoductionssecceccoecvosscerscesevccssr,eccsesecsssese 30 
Functions of the Signal Intelligence Evaluation — 

Center (NAAS) oo ccecccccecccsccsceccccuseveccicsseses 31 
Punctions of the Stationary Intercept Company (Feste). 32 
Functions of the Long Range Signal Intelligence 

Company (PAK) .cccccccscccccesecccessccesecevcescecce 33 


' Functions of the Close Range Signal Intelligence 


Company (MAK) ooeseeeeerersesrarsccoesccserdtennensss 34 


30. Introduction .--The ‘purpose of the KONA was to ) supply 
intelligence from signal sources to the G-2's of the Army Corps, 
Armies, and Army Groups. A typical KONA consisted of one 
Regimental Evaluation center and of 5 or 6 intercept and intel- 
ligence companies. Chart Number 4-4 shows the layout of such 
a@ Signal Intelligence Regiment. - 

The chart gives the picture of a typical KONA as it 
actually operated, with its signal intelligence platoons oper- 
ating near the front lines, with its companies situated back 
near army headquarters, and with its main regimental evaluation. 
center in the rear at Army Group Headquarters. 

Close Range Signal Intelligence platoons intercepted very 
Low level traffic, evaluated what they could, kept the G-2 of 
their assigned Army Corps informed of all intelligence derived, 
and passed back to an evaluation platoon at company headquarters 
&ll their results and presumably their intercepts. 

Long Range Signal Intelligence Companies intercepted 


“higher level traffic; did some evaluation, the results of which 


weré given to the G-2 of their assigned Army headquarters; and 
passed back evaluation reports and intercepts to the regimental 
Signal Intelligence Evaluation Centar (NAAS). The Stationary 
Intercept Companies operated in an almost identical manner, 
with primary emphasis on enemy unidentified traffic. 

The regimental Evaluation Center (NAAS) evaluated the 


| reports and the intercepts from all companies of the regiment 


and passed their results to G-2 of Army Group. 

More detailed functions of the NAAS, of the companies, 
and of the platoons are discussed below. (The organization 
of these units has already been described in Volume 4, 

shapter III). 
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31. Functions of the Signal Intelligence Evaluation Center 
(NAAS) .©50--The NAAS was Situated close by Army Group Head- 
quarters. 251 he functions of the NAAS included Evaluation and 
Traffic Analysis, Cryptanalysis, Dissemination of yee 
and Direction of intercept cover. 


2 “Bix Evatyation and Traffic Analysis included four types 
of activity s¢ 


(1) Evaluation, checking, and coordination of reports 
passed up to the NAAS by other elements of the 
KONA, and the syutheets of the results. , 


(2) Traffic Analysis (including the study of Direction 
Finding results) of identified traffic passed in to 
the NAAS by the Long Range Companies (FAK); and of 
NKVD and Russian Air traffic, passed in (presumably) 
by either the Long Range or°Close Range Companies. 


(3) Attempts to identify unidéntified traffic passed 
ee in By. the companies, chiefly by the Feste. 


(4) rene of full files and card indexes in which 
. all data of any possible significance was recorded. 


b. Cryptanalysis in the NAAS primarily meant ‘the solution 
of unknown systems, the study of developments in known systems, 
and work on NKVD code. The. NAAS worked .on Russian systems up 
to and including 4-figure systems. (The cryptanalytic operations 
are discussed in Volume 4, Chapter VI.) 


' Ge The NAAS was responsible for the dissemination of in- 
telligence; it passed its results to the Intelligence Officer 
of the Army Group to which the KONA was attached, and reported 
its findings to the pignal Tavedivecnce Agency of the Army High 
Command (OKH/GdNA). 


250 For graphic representation. of the functions of the NAAS. see 
2 Chart- Number 4-4. It should be emphasized that this mart — 
portrays the main functions only, and does not represent 
the breakdown by table of organization sections, which is) 
given in Chapter III. 
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d. The NAAS had a key position in the direction of 
intercept cover. It controlled the intercept coverage of all 
the lower elements of the. KONA, Pop powing the overall coordi- 
nation exercised by the OKH/GdNA.29 

Certain items were passed, unprocessed, through the KONA 
to the GANA. The main item treated thus was 5-figure (in- 
cluding NKVD) traffic, and NKVD traffic which fell outside 


‘of the area of the Particular KONA by whose units it was 


intercepted .°95 


: 32. Functions of the stationary Intercept Company (Feste) .-- 
The Stationary Intercept Companies (Feste) were designe Oo work 
at the next lower level to the NAAS, that of Army. The Feste 
were pre-war Army intercept stations; and though they retained 


- the traditional designation implying they were "fixed" (Feste 


Horchstelle), they actually were semi-motorized early . in the 
Russian campaign. Feste 10, the "stationary" agpmpany of KONA 1 
operated for, Bnd near to, Army Headquarters . : 

Feste 10° consisted ea five functional sections, besides 
the Headquarters section. intercept platoon (whose coverage 
was controlled by the NAAS) 258 covered unknown traffic in the 
3500-5500 kilocycle ‘band, Fixes NKVD nets assigned by the MAAS, 
and nets of mobile formations@29 as directed by the NAAS.200 

An evaluation section identified and reported unknown 
traffic. Apparently the interception and study. of unidentified 
traffic were the main functions of the Feste.© 

. A cryptanalytic section contributed to the interpretation 

of unknown traffic by the Identification of keys, e380 trans- 
lated plain-text: messages, and did some solution.é 

The Feste had a Direction Finding platoon, which carried 
out the requests "of the Companies." Communications between 
the Direction Finding sites and the Regiment were carried out 
by a Communications platoon. This platoon passed the results 
of Evaluation by telegram or teleprinter to the NAAS.263 | 


254 pF 18 p 82 

229 1 19g p 8 

250 r log p 6 

297 see Volume 4, Chapter III 
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259. these were also partly covered by the FAK's 
2605 lob p 3. 
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operated by platoon. 


33. Functions of the Long Range Signal Intelligence Company ~ 
(FAK) .--The Long Range Signal Intelligence Companies were distin- 
guishable in function from the Feste, mainly that they were con- 
cerned. to a much greater degree with identified traffic. Like 


_Feste 10 (e.g.) they were gome De Or nees and were designed -to 


operate near Army Headquarters .20 It was planned that one’ should 
work with each army staff covering an army sector. In actuality, 
however, the operations of these companies {and likewise those 
of Feste 10) took place further and further in the rear. The. 
crush of work would become heaviest just at a time when safety 
precautions demanded a withdrawal; and it was thus found more 
practical to undertake the work in the rear echelon areas where 
it would be less frequently interrupted. Fak's 617 and 623 and 
Feste 10 ended up by AB 1) 208 in the immediate vicinity of the 
Evaluation Center (NAAS 1 

In their ein of identified traffic, the coverage of 
the FAK's was directed, as was that of the Feste by the cover 
control section of the Evaluation Center (NAAS). 266° the traffic 
intercepted by the FAK was studied by it as fully as resources 
would permit. . Plain-text messages were translated, and traffic 
of. known codes decoded by specialists assigned to the unit. -A 
general section was devoted to card indexes and lists. (Raw 


traffic which defied analysis was sent to the. erupieelytte and 


traffic analysis sections of the NAAS.) — 


34. Functions of Close Range Signal Intelligence Company 
(nan) ~“m1i Close Range Company pe Signal Intel Kompanie, ab- 


ated NAK) presumably worked at Army Corps level. Its main’ 
responsibility was to pick up and work on low-level (2-figure, 
3-figure, and possibly some 4-figure) traffic.2°7 It should be 
noted that, although the Close Range. Company seemed: to, have. been 
designed: to: work. at Army’ Corps level, in practiée suth 4: company 
was;apparently. also stationed by: the: skommandeur”, of, the: Regi- 
ment (KONA) with each Army as well. 

‘In contrast to the Long Range Companies, which were designed 
to operate in full company strength, the Close Range Companies 

The operations of each company was 
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directed by the NAAS.© 


divided among four platoons: Intercept (Horchzug) ; Direction 
Finding (Peilzug); Evaluation (Auswertezug); and Communications 
(Sendezug).279 — - . oo 

As in the case of fhe other units, intercept coverage was 

74 Although they were army units, in at 

least one case the NAK apparently covered not only enemy traffic, 
but also enemy air-ground, and air traffic as well. A normal . 
program of intercept called for about twenty receivers.</2 The 
platoon usually had two or three intercept operators, while 
there were generally about twelve operators who knew Russian ~ 
to pick up the radio talk. _ 

' The organization of Direction Finding Platoon was rather 
elaborate. Normally for one company there were about eight. out- 
stations, separated from each other by 5 to 10 kilometers and | 
parallel to the front at a distance of from one to several hun- 
dred kilometers.?/* Bach section had about five men. 

With each platoon was a pmeall evaluation section, consisting . 
of two or three evaluators,@/© who worked usually in &@ room near 


the intercept station.©77 Presumably their results would be 


passed to the Evaluation platoon of the company. Only the 
simplest systems were worked on at the NAK level; most of the 

raw traffic was passed upwards to the NAAS, which studied it , 
ceryptanalytically as well as for tactical intelligence derivable 
through traffic analysis. Captain Roessler considered evaluation 
at NAK level a "dispersal of strength,"©7% but the NAK evaluation 
must not be brushed aside too lightly, for these NAK's did no 
evaluatign and did pass. the results to the Corps Intelligence 


Officer .2 


270 5 62 p 4. The documents relied. upon for the following account 
are not limited to those describing KONA 1 units. . The account 
in I 62 is based upon one man's experience with Funkhorch- 
kompanie 610 and 520 Nahauflkleerungkompanie on the Eastern 


Front. 
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VOLUME 4 
Chapter V 


Section C. Features of Russian Radio Communications 


Paragraph 


TNEPO GUC LOR 0256 665006 wie, 8. 06:15 0) ww eu: WON ele 6 eve, 0's we Bic 0b WoO NS 35 - 
Some Identifying Characteristics of Russian Networks..... 36 
Some Identifying Characteristics of Russian Call Sign 
PRACTICE. coer vc oe et oe on oer one ooo e oes ae needeoes nose e Dens 37 
Some Identifying Characteristic:Elements of Procedure.... 38 


Some Identifying Characteristics of Russian Message Text 


as TVENSMILTCI coerce csvecyesecaccossaressosssocrocence 39 


35, Introduction.--The components of the KONA described in 
the preceding section were designed to provide the most effective 
overall attack upon Russian radio communications. Since unidenti 


fied traffic formed the great percentage of German intercept in 


the East, the identification and interpretation of - own traffic 
was one of the most important functions of the KONA.2°0 . Thus it 
is pertinent here to survey briefly some of the characteristics 


facilitating German identification of Russian traffic. The 


operating data (such as networks and call signs) and the visible 
properties of the message text as transmitted formed the basic 


‘subject matter with which all units in varying degrees were con~ 


cerned, and provided the clues leading to identification. 
The reports available did not provide sufficient evidence 


to build a full picture of Russian communications. Russian nets 


were discussed for the most part only in terms of types of traffi- 
they passed and their cail sign practices. Details on such data 
as frequency systems, time of communication, and so on, were 
lacking. The discussion which follows is therefore limited by 
the sources available, and concentrates upon the distinguishing: 
features of Russian Signal operations of value to the: German 
Signal intelligence field units. ‘ 


36. Some identifying characteristics of Russian networks .-- 
' Since it was frequently possible to identify a station by its 


place in its network structure, the first objective of German 
traffic analysis was, broadly speaking, the identification of 


280 7 19d p 14; I 19g p.4 
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. Russian practice of enciphering their station call signs, 


networks of which any station might form &@ part. This process of 


identification was facilitated by the following characteristics 
of Russian network: 


Bo Radio teleprinter ‘(peudct) traffic was characteristic 
of the communications of the Russian General Staff to the Front. 
Staffs (Army Group Staffs), and of that of the Front Staffs to 
the "Assault Armies." Russian General Staff radio teleprinter. 
transmissions were 2-channel, as opposed to the "modulated" © - 
(i.e. probably multichannel) transmitters used from Front Staffs 
to Assault Armies. Also, these latter links used lower fre- 
quencies .261 Automatic high-speed morse transmission was possible 
on all such higher links, but was seldom used.® (Three radio 


-teleprinter links passing Air Force traffic \083 Moscow to higher 
Air Force headquarters were also identified. 263 


be. Great radio activity was characteristic of the morse 
networks of Assault Armies, because 24" the mopaa sty of these 


Armies and their lack of land lines .© 


“on "Radio silence marked Divisional and ‘Regimental networks 


; just, Preceding attacks. 


d. In general, units baler 4 division used low frequencies 


(2,200 to 3, 900 kilocyclés) .@ 


- oe 37. Some identif ing characteristics of Russian Call Sign 
practing, eet the Germans put a great deal of effort into 


the study of Russian call signs, which were, mentioned frequently 


. throughout the reports. One reported stated that up to "July 1944 
.the Russian call sign system was well-known to the Germans and —_ 


predictions reliable. The 1943 summer .offensives, however, 
brought a change of system. In spite of the seemingly general 
the 


Germans do appear to have had considerable success in their study 


oat 
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of them as characteristics aiding in traffic identification. 
The prisoner quoted above stated that by the end of the hos- 
tilities ofpe Germans had made good progress in solving the 
systems .© 

Two reports indicated that. most Arny, Alr Force, and NKVD 
call signs down to division level consisted, in their trans- 
mitted form, of three-figure calis, of which the first two 
figures were Roman letters with the third either a letter or © 
a@ number.©°9 Regimental networks could be distinguished from 
Army, Air Force, and NKVD networks, because, although they used 
three-figure calls, these were composed entirely of letters of 
the Russian alphabet .©90 Moreover, the calls of stations on 
the regimental networks were "usually composed of three letters 
of the cover name; they were either three sepeecuteve letters 
or three consonants of the cover name. 

One Prisoner of War stated that, provided the formations. 7 
took their call signs from a "Basic Book for Allotment of Call 
Signs (Hauptverteiler), it was possible to identify with con- © 
siderable. corte taty Army or Air unite as beronpins, on certain — 
fronts. 

Call signs of a few higher NKVD seeuunies “of the network . 
of the “Artillery Reserve of the Supreme Command," and of the 
traffic passed on the networks of the Air Force ground , stations 
were distinctive in that they used four~element calls.293 one 
prisoner stated that the NKVD calls were mostly See een 

and another witness went so far as to declare that the "only 
= means of establishing the central NKVD authority" was the study 
. Of call sign usage .© The same reporter was of the opinion .. 
that Partisan traffic could be identified with peepee pag ea 
of the Sons te rene, practice of using one. call sign only. 


38. “Some identifying characteristics of procedure.--NKVD_ 
traffic could be spotted w ig egree of pro ity be- 
cause of the transmittal of Thy to separate the preamble from 
the address( or text),°97 and because of the practice of tuning 
by sending a series of dots ang dashes instead of by keying " 
as in other Russian traffic .2 


tive Mparere Le the Erour dipeieeae ete a _ common in AUS: 
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traffic, was a clue aiding identification.299 The appearance 
of SMERSCH in the preamble characterized NKVD messages some-. 
times picked up on Army or Air nets which m60° be used by the 
Counter Espionage organization OKR SMERSCH . 3 
_ The appearance of "WZD" (air raid warning signal). in the 
preamble characterized Russian Air Force traffic. The use of 
'Qc0" rather than "QTC" in the preamble also was some {though . 
by no means the exclusive) indication that the traffic was 
Air Force, . 
Partisan procedure was characterized by its usecof the — 
international abbreviations of amateur radio, such as the use 


-of "CK" for the a count. Furthermore, most of the traffic 


was sent blind.3 
Army traffic could to. some ‘degree be characterized by the ss 
absence of the features noted above .302 : 


. 30. Some Identif 1 pieracteniatacs of ‘Bussten Messa e 
Text as Transmitted .- =the message texts (cipher texts) trans- 


mitted by the various formations had recognizable features. 
Generally, high level traffic was sent in. 5-figure groups while | 
low level traffic tended to’ be sent in’ groups of 2, 3, and 4 
figures. For instance, the traffic passed on the operational 


‘'- networks of the General Staff, the Front Staffs, aid the Armies 
tended to be predominantly 5- figure. 303 One witness made the 
' - generalization that 4-figure - systems were used "from corps to 


army and from army to army group. "304 The traffic passed from 


Division downwards tended to be 2- or 3-figure.305 


The significance of the characteristics of 5- figure traffic 


in traffic identification was emphasized in one of the reports. 
_ Two of these characteristics, the "blocknot" indicator and the 
"3 "Chi-number, 


"were of particular importance. 


According to one witness, a "Blocknot" ddneleted of fifty , 


sheets of 5-figure random additive, 100 additive groups to a — 


sheet. No sheet was used more than once; thus the blocknots 


were in effect one- time pads. Fifty of these additive sheets, 


numbered 1 to 50, were issued in a sealed envelope, which bore 


a o- figure pumber. . The aes ueye sheers in a ie oa were sauder. 
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The simple receiver studied in the previous 
chapter is classified as a single stage receiver, 
since neither the antenna nor the headset can 
be called a stage. The TRF receiver, on the 
other hand, is a multistage receiver. As shown 
in the block diagram, the detector of the TRF 
is the equivalent of the single stage of the 
simple receiver. The TRF is the more useful 
receiver because it has two RF amplifier 
stages, an AF (audio frequency) voltage 
amplifier stage, and an AF power amplifier 
stage. 

In performance, the TRF far surpasses the 
simple receiver. The use of electron tubes 
makes the big difference. With the help of 
tubes, the number of steps which the receiver 
performs is expanded. The steps now are 
interception, selection, RF amplification, de- 
tection, AF amplification, and reproduction. 


RF AMPLIFIER RF AMPLIFIER 


/ 
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TRF RECEIVER 


Amplification, both of RF and AF, is the 
great advantage gained by using tubes. 


ANTENNA CIRCUITS 


The antenna coupling circuits used in con- 
nection with the TRF receiver are similar to 
those you studied in connection with the 
simple receiver. Usually, though, they are 
more elaborate. The RF energy which the 
antenna intercepts is applied to the grid of 
the first RF amplifier stage. In most cases, 
transformer coupling is used. This method 
offers the advantages of signal gain through 
the step-up action of the transformer. 

Sometimes wavetraps are used with trans- 
former coupling. A wavetrap is a device for 
preventing undesired signals from nearby 
transmitters or from extra powerful trans- 
mitters from drowning out desired signals 


SIMPLE 
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DETECTOR 


AF AF 


VOLTAGE POWER 


AMPLIFIER AMPLIFIER 


TRF Receiver 


7 


DOCID: 


3486746 


- © 


designated by the same block number. The 5-figure group 


designating the block number was always transmitted within 
the first. ten proups of the message. A further 5-figure group, 
usually in the first seven groups but always following the 
clock number contained, "as the last two figures, the number 
of the (additive) sheet {1 to 50) used. The middle figure of 
this group indicated the formation level, e.g. '6' might. be 
Corps forward to Division, '5! might be Div to Div."3 By.a 
daily recording of all vlocknot numbers, traffic enciphered 
in the same blocks could.be segregated and identified as being 
transmitted by the same unit. 

Another characteristic of this 5-figure traffic, actually 
a "message external" feature, was the serial numbering of all 
messages. Every 5-figure message was assigned a 5-figure serial 
number. This was called the Chi-number by the Germans. These 
Chi-numbers began at 00001 on 1 January and ran serially through- 
out the aa zrhe number was sent always as the last group of 
the message 9 "Newcomers of formations would start at 
000001. "3 , Pee of the Chi-numbers assisted materially in 
traffic identification. | Generally, a Corps sent ten messages 
a day, an Army twenty to thirty, and a "front" (roughly, Army 
Group) from sixty to one hundred. Since each message was 
serially numbered with a Chi-number, the progression of these 
numbers could be charted on a graph, and it was possible after 
&@ short time to determine the type of formation sending out the . 
traffic from the individual curves on this graph 309 The im-..- 
portance the Germans attributed to the Chi-number was great; 
in fact, one non-commissioned officer who recorded the time- 


of-origin as a Chi-number, was threatened with court- martial 310 


The absence of blocknot and Chi-numbers distinguished 
5-figure Russian Partisan traffic from 5-figure Army traffic.3+1 
-  NKVD messages consisted of 4 or 5 figures was said to "be 


easily distinguished ‘by their characteristics from Army and Air 


Force messages.” This was probably due to the HOU EME es s 
NKVD traffic Tepereed as EOSTONRS - 


=. ™~Dhe first group is a discriminant which in most. 
: eases remains constant for one line of traffic. The 
ah I 19d p 17 
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penultimate group contains the date and a number 
representing the number of groups in the message 

- less a variable number according to the numbsr of . 
indicator groups used. .....Exceptions to these 
rules are very rare. Two and three-figure messages 
usually contained technical ‘wireless chat.!"312_ 


Messages of the NKVD Frontier Troops were of both 4- and 5- 

Ariel Cae ets and in regimental networks 2-figure codes appeared 
as well.313 The 2-figure NKVD messages could usually be recog- 
nized as such because of the practice, in contrast to that of 
the army, of enciphering the same system for months. Moreover, 
3- and 4-figure codes rarely changed in NKVD traffic; and once 
their characteristics pa been ascertained, they were also fairly 


easily recognizable .31 


- Frontier Troop networks. 


On the whole a good deal of carelessness prevailed in the 
encoding of NKVD messages, at least in those appearing on the 
1 Such 4 lack of security on the part 
of the Russians facilitated the work of the KONA's, 

' Alr Force traffic, which might be picked up on search by 
the KONA units, could be distinguished from Army traffic by 
several external characteristics. For instance, meteorological 
messages usually carried an "X”" or some other padding letter 
between the numerals. Special Air Force expressions often 


appeared in 2, 3, and 4-figure messages with an admixture of 


plain language. In plain language messages there were mentions © 
of take-offs, and permission to land or to take-off.’ Such 
messages appeared frequently, and once picked up enabled the _ 
immediate spotting of the network as Air Force. "In general, 
very many more plain language messages were passed over air 
force networks than over army networks."310 Air reconnaissance © 
reports, for example, were sent mainly in the. clear. 1 ; 
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VOLUME 4 
Chapter V 


ry 


Section D. Direction Finding and Radio "Finger-Printing" 


‘Paragraph 


s auaerion Sp Gees on ates cl deve asa aasiated ie ets ko- 
Radio "Finger- bier BE 10 18" ON: 20/0188 8 O80 1 OF S10 8.16) 09/2618 078: S88) /0;'9./0 41 


NO. Direction Finding.--Direction finding was of the 
greatest importance Signal Intelligence activities, and its 
‘importance increased as Russian ote ‘discipline and code and 


cipher security were improved .3 "A relatively large number 


of direction finding personnel was employed by the KONA, e6.g., 


. five with each forward platogn, 50 (as against Bh Antercept 


operators ) with Feste 10." 

~The NAAS. evaluation section was fed by the Direction Finding 
sedions from both the FAK and the NAK. The FAK's sent requests 
not only to the long range but to the close range direction find- 
ing sites. FAK 617, for example, sent its orders both to three 


or four Long 7enge direction find sites and to about twelve close 


_ range ones 


Long-range direction’ finding sets were located 200-350 


“\ kilometers behind the front line. wo to three direction finding 
. sets at one spot constituted a direction finding group.321 The 


supervisor worked in the company intercept rooms, and sent re- 
quests to the direction finding operators over a command trans~ 
mitter. Through this means simultaneous Fixes (could. be taken 


by two, and frequently by three sites .3 


The Close Range sets were located with the NAK platoons. 


. The sets received requests not only from the pong Range Sena 


oo bet also from the Close Range headquarters .323 - 


318 
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320 
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; -. The distance from company Headquarters to the | 
nearest outstation was generally twenty to thirty 


19b p38 
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kilometers. Each station was completely mobile, and 
moved with the sectors of heavy fighting. Wire com- 

.  Munication was occasionally available, but for the 
most part W/T /wireless/ communication was employed | 
between outstaftions and headquarters. There was no 
communication between outstations. Bearings were 
requested by and at the discretion of, the duty - 
officer at the intercept station. The outstations, 
listening on a common frequency, were advised of 
active enemy frequencies by means of messages sent 
-in simple substitution cipher. Bearings were then 
returned, enciphered by a daily additive. Thirty 
teo-sixty seconds were required to notify all out- . 
stations of bearings required."324 


while generally Long Range direction finding operations 
.could fix a station within fifteen kilometers, Close Range 
platoon direction-finding operations ,could narrow the possi- 
bility to two or three kilometers. 
a The results were screened at company level, and the good. 
bearings were selected, with all relevant information, and 
_ reported back to the NAAS, which passed final judgment on them.326 


41, "Radio Finger-Printing."7-To enable the identification 
‘of particular radio stations, a Corporal Arno-Graul working in 
the NAAS constructed an apparatus designed to "nadio finger - 


. print" the Russian transmitters through a study of oscillograms. 
7 The method was _ 


"to register the incoming telegraphic | traffic in the 
form of an image on a cathode. ray tube and analyze the 
. .. dmage. Analysis consists of a number of steps, so that 

KN. re all details and peculiarities of the transmitter are 

comprised, The apparatus is attached to a normal inter-. 
cept set. . The individual characteristics of the trans- 
mitter can be recorded graphically by means of gpacings, 
. or in the form of Photostats, in a card index. 


Attempts to study the characteristics of particular ‘yadio 
operators, by the peculiarities of their sending habits, were 
evidently not undertaken by KONA 1 in any formal manner. 


324 1 62 pA. 
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VOLUME 4 
Chapter V 


Section E. Some Aspects of Evaluation and 
Cryptanalysis in the KONA 


Paragraph | 


PVeIUa et On 1h: he ANS cn ees ohh one eu lates 4a 
Evaluation in the FEste.ccccccesscarcascsercenarscecveces 43 


‘Evaluation in the FAK....... ech etek ocd ate: besten See en Sata Mood deeb woe AS 


Cry ptene lysi9: in the: KONA... Wriiwia ett waunaiwe tama eee 45 
Reports resulting from Evaluation.......+.. rrr sueueaces. ~46 


_ 4&2, Evalvation in the NAAS.--The main yarone of the NAAS was 
to evaluate the enemy traffic intercepted and passed to it by the 
Long Range and Close Range Signal Intelligence Companies. 

Captain Roessler, Chief Evaluator of KONA 1, and Commanding 
Officer of the NAAS, observed that "there were no prescribed 
rules for evaluation, and this fact...made the suceess or failure | 
of the signal intelligence service a personal matter depending on . 
the perspicacity and expersencs of a few seus and persons | 
operating in key positions."3e 

Evaluation in the NAAS was concerned with "the observation 
and interpretation of known (radio) nets," the study of un- 
identified traffic, and the results of cryptanalysis. Roessler 
emphasized that in the case of KONA 1, "the interpretation of | 
unknown traffic was...from 4 5988 term intelligence point of view, 


- the chief evaluation problem. "32 


... Comprehensive research work was necessary to systematize 
the evidence available, and the basic instruments of this system- 
atization were the Card Indexes. The Card Indexes were exhaustive 
in detail, thorough and methodical. The Germans believed that 
the tiniest detail, though utterly lacking in any apparent sig- | 
nificance at the moment of interception, might form part of a 
Significant picture when scrutinized-in context with.similar 
details. Thus the minutest phenomenon, aRPES DeCU AVE: of its 


momentary irrelevance was recorded. 
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cae section in NAAS 1 kept up to date all card 
indexes. These will be described below. 


a. Personality Index. This index listed all. officers and 
radio operators whose names were derived not only from radio 
but from all sources (interrogations, captured documents, etc.). 

'- All names were treated with caution because of the Russian pro- 
pensity for using cover names. There was a special file for 
SAGER these. J 


b. Unit Tadex. This file contained all information avail- 
able from all sources on all Russian units. Each card was 
designed to list the following items: unit, commanding officer, 
chief of staff, components to which the unit was subordinate, ~ 
subordinate units comprising the unit in question, location, 
date of first appearance, and sources of information. 


¢. Blocknot Index. Both Blocknots and Chi-numbers were 
_ contained in the same index. A careful recording and study of 
blocknots provided positive clues in the identification and the 
tracking of formations using 5-figure codes. This index was 
subdivided into two files: one, the search card index, con- 
tained all Blocknots and Chi-numbers whether or not they were 
. known; the other, the unit card index, contained only known 
ah Block-and Chi-numbers. Inspector Berger observed that the two 
. files formed "The most important and surest" instrument for . . 
idee ity ing Russian radio nets known to him.33¢ 


a.” ‘Key (Schluessel) Index. This index contained all solved 
keys, irrespective of the areas in which they were used. They 
were arranged according to the German designation of the Russian 
keys. - "The German system of key designation includes. a self- 

evident description of the code plus an allotted number; e.g., 
~R4zZC 1800: russischer 4-Zahlen Code 1800 /Russian 4-figure 
code ) 1809/. "333, The | 2 and 3- sepia sa oeeraay were 


thet 


331 The Daromnetion on the Card Index aoa to but not indiding 
|. sub-paragraph h, follows very closely the detailed report 
. made by Inspector Georg Berger, in charge of documents in 
KONA 1. This report: is No. 8, I 19d pp 16-18. 
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“peculiar to definite formations," and thus certain inferences 
about the formation in gpaennen could sometimes be made on the 
basis of the key alone. 


6. - Call Sign Index. All call signs picked up on the 
- entire Eastern front, known or unknown, were listed in this 
index, which showed not only the call sign, but also the con- 
nection in which it previously might have appeared.335 The 
' 4dndex was fully cross-referenced and was relied upon not only 
for spot identification but for building new call sign blocks .336 


| f. Cover Name Index. - The Russians used cover names. 
abundantly, not only for units, but for common military ex- | 
pressions and tactical measures as well. some were so con-. 
sistently used that all disguise was lost, and they became — 
accepted "expressions." On the whole they presented no great 
difficulty and could usually be int€rpreted successfully .337 
All cover names obtained were scrupulously recorded by the Index 
Section. In many cases nearly complete cover tables: were. re- | 
constructed for the various Russian fronts. : 


Be Coordinates Index. The map coordinates derived — 
solution of Russian map reference systems were recorded in this 
inde:, the coordinates being arranged both by the system and by 
the unit. making use of the system. It is significant that, 

even though the coordinate system might not be understood, the 
method itself might be enough to furnish important "348" 
facilitating the tracking of a particular formation .340 


co he ‘Direction Finding Bearings . This file consisted of a 
listing of the various bearings on each Russian radio station 
_ obtained through direction finding, and helped the “aay to ° 
estimate the value and Significance of the bearings .3 


ee Air Traffic Index. Russian Air Traffic was frequently 
picked up by operators assigned to search missions. In order 
to spot this intercept as Air traffic, a cataloguing of its 
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characteristics was necessary; and to accomplish this a special 
index was set up in the NAAS. In this index were recorded not 
only the statistics derived from German Army interception of 
Air traffic, but also data supplied by units of the German Air 
Force (2nd and 3rd battalions of Air Signal Regiment 353, 
operating with Local Air Forces 4 and 6 respectively). The 
statistics gathered were passed on to the Long Range Signal 
Intelligence Companies (FAK), which were likely to pick up Air 
traffic. The companies did not have seperace air data indexes, 
but kept the data in the Army card index.342 ces Be 
It should be pointed out that in order to insure the most 
comprehensive indexes possible, liaison was maintained laterally 
between the NAAS of KONA 1 and the other regiments on the East- 
ern front. Full collaboration was effected also with OKH/GdNA. 
A system for exchanging current information, new interpretations, 
corrections, etc., operated smoothly, the data being passed by 
telegraph or courier depending upon the urgency of the item in 
question.343 ks : oe 
-Below the level of the NAAS, card indexes were extensively 
used; but they were naturally less comprehensive, veins only as 
complete as the company cover assignment permitted .3 Of the 
card index in general, Roessler made a significant (and char- 
acteristic} observation, emphasizing that while "the card 
indexes formed the indispensable material basis for evaluation, 
memory , Orb er Lense and perspicacity of the individual evaluators 
lent the spark." 5 : : ; - oe, 


: 43, ‘Evaluation in a Feste.--Evaluation in the Feste was a 


matter of identifying and Intérpreting unknown traffic, the inter 


ception of which was its particular function.346 ‘Some character- 
istics of Russian communications facilitating identification - 
have been discussed in the preceding section. The systematiza- 
tion of this work as carried on by the Feste Evaluation Section 


' showed how the identifying elements were studied at this level. 


.. The first task of the Traffic Evaluation Section347 was to 


work up the information into a network diagram, which not only 


342 3 19b p 52 - 
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represented the net structure but listed all pertinent informatio: 
and formed the basic medium studied. The diagram contained: 


a. The net number 

b. The date - . 

ec. Traffic workings with call signs 

d. The number and kind of messages (if any) sent 

e. .The "Direction finding number" : . 
f. Block numbers and Chi-numbers on any. 5-figure messages 
g. Short plain text messages when available 


In the case of 5-figure traffic, this diagram was turned over to 
a 5-figure section, where an attempt was made to identify the 
station from a study of the Blocknots and the Chi-numbers, which 
were checked against the previously indexed or charted data. - 

All diagrams passed through the Traffic Analysis: Section, 
where the call sign composition was scrutinized, studied in 
relation to the "Basic Book for Allotment of Call Signs"(Haupt- 
verteiler), and, if unidentified, recorded in the index. Net- 
work diagrams and meee es i were checked against the Card Indexes 
of names and cover-names348 for bang coukesterskn in the light of 
the evidence accumulated there... 

- he network diagrams were passed to the Direction Finding 
Evaluation Section, which determined by the location of the _ 

"fixes" whether the intercept was likely to be, for example, 

Army (if in an area near the front) ‘or Air Force; or Line of 
Communication traffic (if in a rear area). 

“The diagrams went finally to the final Evaluation349 or 
Fusion Section, where the results entered on the diagram by the 
various sections were weighed and considered in the light of 

- information passed to the Final Evaluation unit by the Crypt- — 
analytic section. From here the traffic identified by the .. 
Final Evaluation unit was reported to the NAAS, together with 
the tactical information derived from the messages. The findings 
guided modification of the cover towards dropping the less im- 
portant traffic and PLE CERE more sets on the antcecet ine! : 

Sr Cu sees ene. gars 


Why Evaluation in a FAK.--The epatust ion Section in the , 
FAK was apparently organized like that in.the Feste, although 
the relative dearth of evidence available precluded drawing @ 
| Phone Perea ee it det tered in PERC tAON from the - 


348 The source ‘dia not ice clear whether this Pinotions was 
' performed in the Traffic Analysis Section. 
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Evaluation section in the FAK worked on identifled traffic 
as well.351 

As in the case of the Feste, the basic document of evalua- 
tion was the network diagram, prepared by the Traffic Evaluation 
section. This diagram included all evidence by which the station 
in question had been identified (in the case of 5-figure traffic, 
the Blocknots and Chi-numbers) and other significant data. 
Apparently, as in the case of the Feste, this diagram paysed 


. through various sections devoted to direction finding evaluation, 


traffic cig ere work on unidentified traffics, contents Ovals 
uation352 and finally to fusion or final evaluation. 


yy, Cpyptand lysis in. the KONA .~-The details of we taneaeeie 
performed by the field units are discussed in Chapter VI of this 
volume. Because of the importance of cryptanalysis in the total 
evaluation, however, it is pertinent to note here the organiza- 
tion and function of the sections carrying out. cots work at KONA 
level. , 

Gryptanalysis in the NAAS was barronwed: by: a spectal section 
separate from the Evaluation and Traffic Analysis sections. The 
cryptanalytic section totalled less than 60 persons. It was 
divided into subsections, the most important of which was that 
devoted to "new developments." Other subsections were 2-figure, 
3-figure, 4-figure, NKVD, bookbreaking, and plaintext ston 33 
Theve was also a small subsection devoted to administration .3 
-. ” The cryptanalytic section had the following tasks :399 


ceux To collect and work on ‘the traffic which the ‘companies 


- could not deal with (whether because of lack of peter es or: 


Selig saat with more important systems). 


D. To test and check doubtful solutions passed 1 UP > by Ene 
SOMPADLES + oe 


ae. To extablish whether eave broken by the compantes 1 were 
the first examples of their kind; to complete them and put them — 
in a handy workable form (the so-called "basic form"), and to ~ 


seater a pupeher to each key appearing in the area of the regiment. 
351 4 ‘igp Pp. 54 . cant y 
352 The section concerned with content evaluation * fucriced/ on 


all readable messages, (identified) places, names and cover- 
nemes...and sees to the immediate forwarding of all anor Lent 
messages to the NAAS." ne: 19b p 3) 
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Wavetraps in Antenna Circuits 


from weaker or more distant transmitters. As 
shown above, these wavetraps may be parallel 
or series resonant circuits. Their use increases 
selectivity. 


At A in the illustration, notice that L1 and 
C1 form a tunable parallel resonant circuit 
which presents maximum impedance to the 
frequency to which it is tuned —the frequency 
of the undesired signal. Thus, it rejects the 
unwanted signal. The current through L2 and 
the voltage across the tuned circuit, L3-C2, 
can be only at some frequency other than the 
rejected frequency. This tuned circuit can 
then select one of the desired frequencies. 


At B, L1 and Cl form a series resonant 
circuit. This presents minimum impedance 
to the frequency to which it is tuned—the 
frequency of the undesired signal. This series 
resonant circuit bypasses the undesired signal 
to ground, but presents high impedance to 
frequencies other than the undesired fre- 
quency. Currents at these other frequencies 
flow through L2, and the tuned circuit com- 
posed of L3 and C2 selects one of these other 
frequencies. 


Antenna capacitive coupling is also used, 
especially with a variable coupling capacitor. 


In the capacitive coupling illustration on page 
9, the capacitor couples the antenna to the 
tuned circuit. This variable capacitor makes it 
possible to match antenna impedance to the 
impedance of the grid circuit to obtain maxi- 
mum signal input. 


In many modern broadcast receivers, a loop 
antenna is used. The loop circuit is a tuned 
circuit, for the inductance of the loop combines 
with the capacitance of the variable capacitor 
to form a tuned circuit. 


TUNED CIRCUIT CONSIDERATIONS 


Before making a detailed study of the 
various TRF stages, it is well to give some 
attention to the tuned circuits used in the 
TRF. Essentially, these tuned circuits are no 
different from the tuned circuits you have 
already studied. Recalling the formula for 
resonant frequency in the last chapter, 


You will note that resonance depends on the 
value of L and C. Increasing the value of 
either L or C decreases the resonant fre- 
quency. Decreasing the value of either L or 
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d. To pass back down all solved key systems to companies 


who might be concerned. 


The function and organization of cryptanalysis in the long 
range companies (both Feste and FAK) appears to have been much 
the same in each. On paper, cryptanalysis at company level was 
a part of the evaluation platoon, in contrast to its independent 
position as a separate section in the NAAS;359 it appears to 
have functioned in practice independently, however, because of 
the special nature of its work. The evidence indicated that’ 
there may have been 15 to 20 persons engaged in cryptanalytic 
work in the company evaluation platoons .3 7 13 a 

"It was the task of company cryptanalysis not only 
to solve systems, to recover ciphers, to decode already | 
known procedures, and/or to translate all this material, 
but also to contribute to the identification and inter- 
pretation of traffics on the basis of keys employed... .— 

/fhe cryptanalytic section/ cooperated closely with | 
cryptanalysis of the NAAS, but was so organized and 


_.-» equipped that it could work on most messages itself "358 


_- The cryptanalytic group was divided into separate sections | 
for plaintext message translation, 2-, 3-, and 4-figure traffic | 

(dane section for each), and a general section which kept card. 
indexes. and lists and performed certain administrative duties. 


"These sections, besides being responsible for the solution of 


new systems, the recovery of additive, and the decoding of 
solved systems, played an important part in traffic identifi- | 
cation through a study of the keys employed.359 The key indi- © 
cators, which the Russians placed at the beginning and often. 

at the end of messages, were arranged by the numerical desig- 
nation arbitrarily assigned by the Germans to Russian keys in 


' an index file.3 


... The cryptanalysts relied heavily upon the card indexes in- 
their work, and alsc had at hand graphic and statistical pre- 
sentations of single letter, digraphic, and trigraphic fre-. 
quencies, and lists of pattern words ,.30l oe ve 
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They cooperated closely with the personnel engaged in the 
final evaluation section, often passing notes with the trans- 
lated messages calling the attention of the evaluators to, the 
key employed on the message or to peculiarities which might 
have a significance when viewed in relation to the total data. 
Moreover, the cryptanalysts kept in touch with those responsible 
for intercept, to the end of gee the best ppeeetne copy 


-for solution of new systems .3 


46. Reports .--The Findings of the fabelLieonae units were 
passed to the operating agencies in various reports, and the 
intelligence in them was made available by an efficient reporting 
system. Captain Roessler observed that “a smoothly functioning 
report system was the chief problem cugiendicn at almost all 
meetings to consider organization."303. In general, careful pro- 


vision was made both on low and high levels for efficient report- 


7 


ing. The reports were passed either laterally to other field 
formations or upwards through signal intelligence channels to 
the higher chseoncies. "Hot" items were sent out in “Advance 
Reports, "304 while other important but less sageent conclusions 
were sent in the daily "Situation Reports."3 

The gompanies were required to provide highly detailed 
reportss9 They had to exercise their own judgment, showing 
initiative and intelligence in selecting the items to be passed 
on. A great deal of material was never reported at all but. 
simply went into the card indexes of the companies. The com- 
panies had to distinguish urgent from routine items, and the. 


-NAAS frequently rebuked the forward units for a failure to send 


back in a "flash" Re they hed allowed-to get through only in 
a routine report .3 

The NAK maintained an evaluation platoon at Company Head- 
quarters which correlated and interpreted the materials from 
the other platoons, and reported the ose laterally. to the 
Army Corps G-2 and upward to the NAAS.3 
ai The basic technical report at company level was a a 
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Report" made by the intercept operators, listing all traffic 
heard on the frequencies monitored. There were columns for 
recording the time of intercept, the frequency upon which the 
traffic was taken, the call signs to and from, the contents 
of the transmission, the intercept number and remarks. All 
intercept operators made similar logs, which gave a picture 
of the total traffic carried on a particular link or network. 

These logs provided the company evaluation sections with 
the subjget matter studied in drawing up their Situation 
Reports .3 A typical Situation Report described the deploy-— 
ment and status of identified Russian units and reported any | 
appearance of a new unit. 

The reports issued by the Feste and the FAK were much the 


game. These indoded:37l 


a. Twice-daily Network Reports (Netzmeldungen) 


b. Advance Reports. (Vorausmeldungen or " Sofortmel dungen) 
for lmportant tactical items 


Cc. Daily Situation Reports (Tagesmeldungen) for @ summary 
of. the day's Advance Reports and all less important data 


These reports were sent to the NAAS for further interpretation, 
and significant qpntelligence items were then passed laterally 
to the Armies .3 A long range company needed an averges of 16 
typist hours to get out its daily report for the NAAS.3 

The Feste on the Eastern front issued in addition to the 


‘reports listed above a type of report known as the "5-figure 


offer" for circulation by OKH/GdNA to the other KONA's. The 
purpose of the 5-figure offer was to assure the maximum ex-_. 
ploitation of information available, and in effect constituted 
invitations to all KONA's to check the data in these reports 
with their own files. They listed all current data derivable 


. from the external R7prerecteristics of messages consisting of 


5-figure groups.3 
The section at the NAAS for technical and tactical analysis, 
collated and combined the significant findings from all these 
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reports with the data at hand, passed material not immediately 


exploitable to the various specialists in the NAAS for a further 


"squeeze" and passed its combined report to the Army Group. 
Roessler referred to the daily Situation Reports issued by the 
NAAS as a "Lagemeldung." 

_ Information furnished by members of In 7/VI showed that 
the Signal Intelligence Reports issued by the Evalua don Centers 
of some regiments were called "Funklagemeldungen."37° These 
consisted of four. component reports: _ . s 


Q. Direction finding reports (Pellmeldungen) 

b.. Radio traffic reports (Betriebsmeldungen) — 

c. Radio clear text reports (Funkme1dungen ) _ 

ad. Radio code~ text reports (Verkehrsnachrichten) 

These reports went beyond In 7/VI and were passed to the . 
"Army Group Commander as well as to the Army High Command and | 


other echesage at and commands on a distribution list of 14 iteting 
listings ."37 | os _— . 


376 IF 105 p be 


(3TT These were ‘the evaluated daily reports compiled on call 


' signs (Rufzeichen) and radio traffic (Verstaendigungs- _ 
_ verkehr) of enemy and. neutral SpRORC TE te stations _ 
(Funkstellen).- 7 


378 these contained the decoded and translated texts of veneny 
| messages. . 
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VOLUME 4 


Chapter vi. Russian Cryptanalysis 


Section A. Organization of Cryptanalytic Effort 
against Russia 


Paragraph 


Review of Gentral Office Organization... .cccscescsee AT 

Review of Field Office Organization. ...cceceeceescee AG 

Assignment of Cryptanalytic tasks to the . 
Offices and the KONA’S.....-5e.ceecee cecesencecese AY 


47. Review of Central Office Organization.-- Prior - 
to 1959, an agency own 4s the Intercept Control Station 
(Horchleitstelle, abbreviated HLS) had a section for 

_ handling Russian traffic; but little is known in detail 

of its achlevements.585 In summarizing German activities 
before the outbreak of war with Russia, Lt. Col. Mettig . 
(second in command of OKW/Chi) stated that the Germans 
were able during the first Russo-Finnish war to break 4. 
number. of two-, three-, and four-figure codes.386 In 
addition, a copy of the Russian five-figure code was 
obtained from the Finnish General Staff. (This particular 
code was used by the Russians in the first year of war 
with Germany.387 The Intercept Control Station (HLS) was 
replaced in 1941 by two agencies, Inspectorate 7/VI 
(abbreviated In 7/VI)(serving as a cryptanalytic unit in 
Berlin), and the Control Station of Signal Intelligence 
(Leitstelle der Nachrichten Aufklaerung, abbreviated LNA) 
in Zossen.583 ‘The section for Russian cryptanalysis that. 

hei been part of HLS remained attached to In 7/VI during ----~ 

'the first few months of its existence; Russian “evaluation” 
was done at LNA. Both organizations felt, however, that - 
cryptanalysis and evaluation should be done further forward; 
and late in 1941, the Russian section of In 7/VI (including 

. cryptanalysts and evaluators) was sent to Loetzen in East 
Prussia.309 his section! formed the nucleus for a third 
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central agency, the - Intereapt. Control. Station Rast 


. fHorchleitstelle Ost, abbreviated HLS Ost). From this: 


time until November, 1944, German Army Signal Intelligence: 


 aotivities. were sharply. divided into non-Russian. {per-. 


formed at In 7/vI)390, and into Russian (performed at. 
HLS Ost and LNA). 
In October, 194t, “HLS ost ‘and ‘LNA were amalgamated, 


- together with in 7/VI,: into the Signal Intelligence Agency 


of the Army High Command (Oberkomaando des Heeres, General 


‘der Nachrichten Aufklaerung; abbreviated OKH/GANA), the | 


one final central agency of! the war.391 os 
For the ultimate breakdown of OKH/GdNA in detail see 


- Volume 4, Chapter II1.392 In brief, the assignment of . 
. Russian eryptanalytic functions were 8s follows: | 


Braue Iii (under Cape. Gérzolia): evaluated traffic 
. and cryptanalytic. work from the Russian front 


Group | IV. (under. Major Hortze):- did all the cryptanalytic _ 
at OKH/GdNA | 
Section 5 (under Lt. Dettmann): = ‘the former 
eryptanalytic section of HLS Ost, 
and handted ~ 
@. Russian NKVD traffic. 
b. Russian Army traffic. 
c. Russian Partisan traffic 
d. Research on Russian Systems 


590 Disetiesed in VoLute 4, érabter VII 


391 The amalgamation was necessitated: ‘by the retreat of 


HLS. Ost to Zossen, where In 7/VI and LNA were located.  .-. 
‘This move was.one. of operational rather than. crypt- — ae 
_ analytic expediency: the Russians were advancing; HLS | 
- Ost was retreating; and when the home office and the ~ . 
_ field cryptanalytic and evaluation offices were all close: 
together, it was certainly more expedient. to combine - 
‘then. The result:. GdNA. 


‘392 Derived almost wholly from IF 123 pp 6-14 
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Group V °~ Section 1 (under. specialist Block): re- 
- . constructed Russian call signs 
Section 2 (under Specialist. Block): ex- 
plotted captured Russian docu- 
_. Tents: of signais interest 


Group VI {under Capt. Roeder at Potsdam) :. 
Section 1:. worked on high-grade machine 
~~ -  . gystems . 

a. Intercept and evaluation of 
Inter-Soviet State Traffic 

-b.. Intercept and evaluation of 

- Russian Baudot traffic 

c. Intercept and evaluation of 
‘Russian Arny traffic. 


Section 3 of Group IV aid the above chart was ‘the Russian 
eryptanalytic section... It may be assumed that HLS Ost, 
although amalgamated into GdNA,. continued very much as it 
had in its duties, and that the work performed earlier by 
HLS Ost was identical in nature to the work, Deneernee later 
in Section 4 of Group IV. of GdaNA. 399 


48, Review of Field Office Or anization.+-. While 


‘preparations were being made for: the attack on Russia, it 


was found that there was an "acute shortage" of eryptanalysts 


available for field work. 394. Cryptanalysts were culled from 
the fixed intercept stations and trained for field work with 
the newly organized Signal Intelligence Regiments (Kommandeure 
der Nachrichten Aufklaerung, abbreviated KONA). Five of these 
regiments were sent into the field as complete low level. . 
intercept and evaluation units attached to Army Groups: two 
went to the western front; KONAs 1, 2, and 3 were assigned. 

to the eastern front. These eastern KONAs were supplemented > 
in 1942 by KONA 6, which was sent out to cover the German . 
campaign in the Caucasus395, and which was attached directly 
to HLS Ost. Low level cryptanalysis and evaluation was also. 
done by KONA 8 and KONA Nord, which were made up from other - 
Eastern front signal intelligence Neer ments; and activated 

in late 1944 and early 1945. 


Pcie ie aiown from TICOM sources of the cryptenalytic 


activities of HLS Ost before its amalgamation into, GdNA 
except a brief statement of Battle in a 73° p64 


JT 78 pp 4, 7 
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fhe organization of field units for cryptanalysis has 

already been discussed in detail.396 Since the information 
on Russian cryptanalysis used in this chapter, however,. 
aerives as much from interrogations of prisoners engaged . 

in field_operations as from the discussion of cryptanalysis 
of GANA 397, the reader is referred for a brief review. to 
the chart of organization of KONA 2 398 about which we. know 
more wee any other as it was’ captured: in toto. 


49. 


Assigzi ment of. cr mp. tana? j ithe tasks to. the. central 


aa "Once. the roreard: augtae anelytic units had’ been: 
“set, up and attached to the various forward wireless oe 
units it was agreed to allot to. them the investigation. . 
‘of forward and Line: of Communication traffic which could 
be solved.in the field. In 7/VI remained, however, 
-Yesponsible. for all army crypto-analytic work and con-- 
_., centrated on the most eure and unsolved procecuress: 


* 


Of the aweieaneate: for. HLS Ost ann LNA as _@ettray offices, 
or. for, various KONAs in the field, there is no statement 
in TICOM interrogations. Of GdNA, there is. only the state- 
ment of Dettmann and Samsonov 401’ to the effect that "the. 
solution of agent, guerilla, and Kundschafter. traffic. was... 
the responsibility. of Referat 3c fof Group. Iv/." ‘The nature, 
extent, ‘and assignment of cryptanalytic work to ‘these. units, - 
both central and field, can only be inferred’ ‘from’ the dis~ 
. cussions of the Prisoners of War Rees pet ELon and 
achievenent. : 


396 yan 4 Chapter: tt 


397 pettwann: and Samsonov, "A Report on: Russian Decryption 
in the Former German cal published ag DF ae: 


398 ¢rerts 4. 1, = 4 


299see also. Volume 4, Chapter V for discussion of ee 
functions and duties of the various” field. units.” - 


_ 400T 78 p 8B. 
Koy 116° p es 
‘eS Ae: 4O2pp_18 passin, for GaNA; all reports quoted in this chapter, 
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It is clear, in all the interrogations, that actual 
cryptanalysis was done on all levels of field operations 
and the central offices almost interchangeably: from 
the lowest level (where it was considered merely a .. 
function of “evaluation") up through the highest level 
(where it involved pure mathematics and the assistance of 
IBM machinery). By inference from the interroge tions, it 
can be said that, with one or two exceptions, +05 all types 
of problems were handled in all units. The flexibility of 
eryptanalytic assignment was determined mainly by the 
Russians! use of their own. systems. Aside from machine 
traffic and five-figure codes (Army or NKVD), which it 
can. be. assumed. contained the most important operational 
communications, the Russian tactical, strategic, and lower 
levél operational communications were not carried in any 
set category of systems, determined by their relative’ 
importance. Two-, three-, four-, and even some five- -figure 
traffic was used. by “the. Russian Air Force, the NKVD, and the 


' Army at al1 levels: of operations. The German Army erypt- 


analytic effort, therefore,,. was oriented to fit the situation 


' as determined by Russian usage. The discussion of crypt- 


 . oF Russian systems 20 


analytic operations on the part of German Prisoners of War 
was invariably set forth in terms of types of encipherment 
and difficulty of solution, and took the form of two-figure, 
three-figure, four-figure, five-figure, NKVD, address, . 
Agents' solution. As Lt. Loeffler pointed out, in. discussing 
company cryptanalysis, "The strength of the various sections 
was modified to cope with developments on the Russian’ side-- 
namely, the shifting of emphasis from 2-figure to 3-figure, 
and then later to 4-figure." Cryptanalytic sections were 
divided according to this scheme in the company (ax) the 
battalion (NAA); and the central agency of the KONA (the 
NAAS). The same scheme was followed by Dettmann and Samsonov 
in discussing the “tet problem of German Army cryptanalysis 
and appears to be the underlying’ 


4o3 5-figure ‘codes and partisan: and. agents’ codes are to | 
be discussed later in this chapter. ; 


Ole 18 
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basis for the organization of training the "Russian 
Cryptanalysis Course" given by.Group IV of OKH/GGNA for 
field training.405 In this course, more attention was 

given to two-figure tables and ‘three-figure and four- . 
figure codes because of their operational frequency and their 
importance for tactical and strategic intelligence; 

In short, the various cryptanalytic assignments. seem to. 
have been determined for the most part by how the Russians 
used their own systems (operational area and importance) 
and by the amount of time and manpower the Germans needed 


to effect solution. A.summary of the assignments follow: 


two-figure codes were worked on mostly by the companies - 
(where, it has been pointed out, it was considered 
part of “evaluation") because of the simple solution 
and the immediate need for the tactical intelligence 
involved; but it was also handled by. the battalion 
(NAA), the central KONA agency (the NAAS), and 
even by the home office (GdNA\: “Lt. Dettmann says 
-that solving the two-figure codes was "merely a 
form of crossword puzzie."406 © - rey, ge 


three-figure codes were worked on in the companies, but 
were: also handled by the NAA, the NAAS. and HLS 


Ost. | 
45 Ces 
73 166, complete 
406 a 
IF 5p 6 = 


. 87 


C increases the resonant frequency. Changing 
the value of both may change the resonant 
frequency or it may not. It depends on 
whether the product of L and C is changed. 
If L and C are changed so that their product 
remains the same, the frequency will remain 
the same. Thus, for the same frequency, L may 
be high and C low, or L may be low and C high. 

You remember, though, that the LC ratio 
is important to the Q of a tuned circuit. Since 


Z ; : : 
Q-> the ratio of impedance to resistance 


affects the Q. 


If the resistance remains the same, raising 
L and lowering C gives a higher ratio of 
impedance to resistance and a higher Q. 
Lowering L and raising C gives a lower ratio 
of impedance to resistance and a lower Q. A 
high Q has the advantage of providing sharp 
tuning and high gain, thus improving selec- 
tivity and sensitivity. If the Q is too high, 
though, tuning is so sharp that it. eliminates 
part of the sidebands and introduces distortion. 


This all means that the makeup of the tuned 
circuit, in terms of L, C, and R, is of con- 
siderable importance. 

The tuned circuits in the TRF are tunable, 
usually by means of variable capacitors. The 
capacitors are ganged so that they may be 
varied simultaneously by one control. The 
fact that the capacitors can be varied permits 
exact tuning for a desired frequency. The fact 
that the capacitors can be tuned over a range 
of frequencies provides the receiver with its 
frequency coverage. 


Capacitive Coupling From Antenna 


AFM 100-5 14 DECEMBER 1956 


Another way of tuning is by use of variable 
inductances. They can be ganged in the same 
way as the variable capacitors. 


The tuned circuits used for the TRF re- 
ceiver are essentially the same as the tuned 
circuits you have studied. Their individual 
parts, though, are modified to adapt them to 
the TRF. 


RF Coils 


An RF coil, such as the one shown on page 
10, is designed for minimum loss. It uses a 
multistrand wire called ‘‘Litz’”’ wire. This wire 
is made by weaving together a large number 
of fine insulated wires. Its AC resistance is 
low, and therefore the Q of the coil is high. 

Very light cardboard is used for the coil 
form. The form is varnished both before and 
after winding, to prevent absorption of mois- 
ture. The physical size of coil and form is kept 
as small as possible. The width of the mass of 
wound wire is usually about equal to its 
depth, as shown. The form contains both 
primary and secondary windings. The primary 
may be wound near the secondary or directly 
over the secondary. 

A shield covers the coil and shields it from 
electric and or magnetic fields which might 
induce unwanted voltages. The shield must 
be a good conductor to shield against electric 
fields. Aluminum is usually used because it is 
light, cheap, and a good conductor. Shielding 
of coils results in some reduction of efficiency, 
due to eddy currents induced in the shield by 
the magnetic field of the coil. These eddy cur- 
rents produce a magnetic field of their own 
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four-figure codes speored’ more airficulty in solution, — 


since a large amount of material was "absolutely 
necessary... the majority of unsolved four-figure 
codes were abandoned because of an insufficient 
number of messages"407; these were handled by the © 
NAAS and GdNA, rather than on company level, 

because of the lack of men, machinery (BM); and. . 
time necessary for solution on a forward: level. 


three-figure and four-figure signal couse were con- . 
sidered somewhat. "special" and were handled in 
the company (FAK) by "chosen malyothtOe and 4 
sometimes 1B the chief eerie and: in 
the NAAS. 4 


: five-figure codes, which were “genasaity, eenstdsred 


unbreakable, were handed by GdNA, though KONA 1 | 
. for.a period did five-figure cryptanalysis: inde- 
pendently410; Dettmann and Samsonov state that 
five-figure traffic was submitted for the ex~ 
_ Glusive processing of the (GANA7. "hid 


agents? codes, which had . always been. done in a ae 
. tral officestl2, were "the responsibilit 
Referat 3c"413, mainly because solution Nae eens’ 
on captured material."414 They were probably .. 
given to these central offices by. other than . 
ony, sources. 


4077 191 p 8 
4087 19b-p 11 

4097 19b p 12 

4107 19b p 43 o 
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+1260 | Volume 4, ‘Chistes VI and later in. ‘this chepter 
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NKVD systems formed a special group of wireless traffic 
from the Russian and the German points of view, 
and cryptanalysis of NKVD material was handled by 
the NAAS415, pA#16 and GdNA (through 4-figure) 
(five-figure )417 


machine ciphers were considered on the same level of 
solution as five-figure code and were handled 
exclusively at GdNA 


Whatever systems were solved, or could be easily solved 
and deciphered, were done as far forward and with as few: 
men and as little time as possible. When more time, or 
manpower, or mechanical (IBM) or theoretical help was needed,. 
the solution was removed as far to the rear as practicable 
or necessary. Because of the difficulty involved in solution 
of five-figure codes (Army or NKVD) and machine traffic, 
the GdNA was obviously the best agency for handling these; 
at the other extreme, the companies could almost always . 
solve and process two-figure systems, because of their 
simple encipherment. All systems of intermediate difficulty, 
however, were assigned not only to these units but to the 
intermediate units, depending on state of solution, amount 
of material necessary, number of men required, etc. Rather 
than cutting across systems and thinking in terms of specific 
levels of operation and levels of intelligence priority, both 
the Russians and the Germans thought in terms of types of 
encipherment. In discussing the German Army cryptanalytic 
effort of Russian systems, therefore, the discussion will. 


take the form of two-figure, three-figure, four-figure, 


five-figure, address, NKVD, etc. 


"157 96 pp. 46-47 
416,44. pp’ 9-10. 
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VOLUME 4 


Chapter VI. Russian Cryptanalysis 


Section B. Cryptanalytic Achievements against | 
Russia 


Paragraph 


o> TPIPUPE COdCS i560 Lew wee sede oa eb eee ete weet seers 50 
J=~ TIPUPe:.CODCG 6 iu cise a 00k te eee ee ss eer er vevweas Soa 
te, TASUPE COGS: bso yoas ods ea eS eeeaeekacewene 52 
5- figure COGE'S 6556 aoe 6515 5S 5 ew 0 are ta Baas Bib 8 ww loce eres 53 
Address COUCS 63-46 <6 EES FERRARIS CORON PS. 54 
Miscellancous.....+s+0seeseserssceeeserererecsees 55 
a) 4-letter codes 
b}) Word code 
c} Periodic and columnar substitution 
dj Coordinate systems - 
e}) Machine ciphers 
NKVD and Agents’ CODES. oo ee ever eeeerereceeccctnce 56 
< NKVD codes . 
b) Agents! codes 


50. e-figure codes.-- 2-figure codes were used by 
the Russian Army, Air Force and NKVD. In the Army, they 
were used by Army Groups, Armies, Corps, Divisions, and 
Regiments; and by small independent special units such | 
as Combat Engineer Brigades, Motor Regiments, and Artillery 
Brigades. In the NKVD, they were used. on frontier regi- 
menté&1 networks and from divisional level downwards. 

Solution of 2-figure systems was done mostly on company 
level (FAK), but was also handled by NAA, the NAAS, and 
the GdNA. 

a) The PT-39. The -PT-39 (sbxssoverusa Tablica, 
literally ‘conversation table”), a 2-figure code placed in 
& square 10 x 10 and then enciphered by substitution through 
a 2-figure, 10 x 10 Latin square 22, can be taken as the 

"mother" 2-figure code." 25 


4224 e. no figure was repeated in any row or column 


4237 191 » 1;1:19¢ p 1. 
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(Actually, according to the Dettmann and Samsonov424, the 


first 2-figure operational system used over a long period 
by the Army and Air Force of the whole Soviet Union was 


PP.35, a code with 100 values, re-enciphered daily within 


' pay more than all other codes ‘combined. 


the individual networks. In the last months of 1959, 
PT-35 was replaced by PT-39.) From 199 -1942, it was used 

25 PT-39 was used 
by Army Groups, Armies, Corps, and Divisions. The identifi- 
cation of the. latin square used for encipherment enabled 
the Germans to establish to which Russian front or army the 
wireless station using it bélonged, or whether it was 4n 
Army or Air Force Station. Since the squares were often 
used for several months, the reconstruction of squares could 
be easily checked; this appears to have been hardly necessary, 


however, since the rows and columns could be solved (recon- 


structed): with a minimum of 15 to 20 groups. The messages 
were of a technical signal or tactical nature, the latter 
more especially after the beginning of the Russian campaign 
in June, 1941. This particular code (PT-39) was used from 


. the extreme south to the extreme north of the eastern front, 


and in the back areas as far as the Caucasus, middle Asia, 
and North Persia. 
b) The. PT-42 and PT 4ON. ‘The PT-39 was superseded in 


May 1942 by PT~42. There is a flat disagreement with this 


statement in the report of Dettmann and Samsonov, who say 


that "at ine pee 1942, PT-41 came into use as the 


successor of PT-39." Dettmann, and Samsonov do not 


mention PT-42 at all, but their description of PT-41]. corre- 


sponds to the description ‘given of PT=42. They are very 
probabiy the same code and encipherment, misnamed by one 
or the other ofthe Prisoners of War, The PT-42 was similar 


to PT~39 in construction except that the distribution of. 


424ne 18 Pp oC 
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4307 19e pe 


‘values in the basic square was made random, and variants 


for values (as many as four for common letters such as 

o, 8, 1, a) were introduced. The enciphering method was 

the same as for PT-39; but because of the random nature 

of value assignment in the basic square, the solution of 

a row (or column). of the enciphering square now required 
about 30 groups, PT-42 was restricted in use to Army Groups, 
Armies, or Corps. For divisions and regiments, PT-42N was 
used. It was smaller, with a square 7 x 10 instead of 

10 x 10, but its construction was the same as Pf-42. As in 
the: case of PT-42, enciphermant was performed by rows, but 
these were rarely derived from a Latin square. It was 

used almost exclusively from divis 38 forwards and remained | 
in force in some cases until 1944, It produced much 
tactical information. 

6) The PT-43, The PT-42 and PT-42N were superseded 
one date given) by PT-43, which was the last general 

2-figure code used and which remained in force up to the 
capitulation of the Germans. Unlike the basic square in 
PT-39, PT-42, and PT-42N, it contained no letters.’ PT-43, 
#sauused.for addresses papticularly b by the Air Force and 
the PWO (A. A. Derense)..* 

a) In addition to PT-39, PT-42, PT- Hon, and PT-43, 
small: independent special units, such as Combat Engineer 
Brigades, Motor Regiments and Artillery Brigades, had their 
own home-made 2-figure codes which were often in use for — 
only short periods and which, besides the letters of the. 
alphabet and numbers, contained spyg iat ized expressions. 
SPRTORE O08 to the unit concerned. : 


4287 19e¢ ppl, 2 
4297 19e¢ pe2 


DOCID: 


3486746 


© | 


It is clear from all the interrogations that e-figure 
codes were not always in use, but were being constantly 
read.. Prisoners of War of NAA. 11 said that the last known 
PT table was PT=-43, but that they could not reconstruct it.431 
But their statement is the only contradictory one among 
many others according to which solution was not only easy 
but current. Capt. Noletzko, (of Ln. Reg. 353) though 
speaking mainly of air systems (ground/ground, etc.) said, 
for example, that 2-figure codes were used only by forward 
troops and were almost 100% readable;432 he admitted that 
much assistance was gained through security breaches on the 
part of Russian operators, but insisted that 2-figure traffic 
was never very difficult to read.455 For Lt. Dettmann, 
solving the PT codes was "merely a form of crossword puzzles. "43' 
Gerlich stated that one or two men were sufficient at NAAS 1 
to cope with current decipherment of e2-figure messages, 
especially as the greater part of them were already being 
solved -in the companies, but added that solution was made. 
easier. when plain text was interspersed.435 ae 

The Prisoners of War of KONA 1 stated categorically that 
the Russians practically ceased using 2-figure codes after 
1943.436 But other evidence would indicate that the Russians 
continued to use them up to the cessation of hostilities, 
although only for forward troops. Capt. Schmidt stated 
that the anny and NKVD used 2-figure codes wp to the end of 
hostilities457; but Gerlich said, "In the last stages 2- 
figure systems only occurred where the units were engaged 
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in fighting: Thus it is to be expected that they are 


‘still being used in the Red Army even if they are not 


appearing at the moment. 1438 


. Ble 3-figure codess- 3- figure codes were used by the 
Ar -the Air Force and the NKVD. They were used first 


{19 1 42) mainly by the Air Force; later, more widely by 
the Army. Every Army Group, Army, Corps, Division, Brigade, 
Regiment and Battalion had its own 3-figure code. The ~~ 
3-figure codes were replaced by 3-figure Signal Codes in 
1943 which were used by all units from Army downwards. In 
the NKVD, they were used by the Black. Sea Fleet and- from 
division downwards. - 
- . Solution of 3-figure. éodes Wis carried on mostly in the 
companies (FAK), but since the 3-figure codes offered more 
difficulty to solution than the 2-figure codes, they were 
also handled by the NAA, the NAAS, and HLS Ost. 
Three-figure codes were first noticed in February, 1941. 


They were used increasingly from May, 1941 and the beginning 


of the Russian campaign. From then until the second half 
of 1942, the Air Force were the greatest users of this code 
and each Air Division had its-own cipher. In 1942, the 
first Army unit (the 48th Army then in the Caucasus) started 


"using a three-figure syllabic code. 


By. the time of Stalingrad practically guery, Arny engaged 
in the battle had its own 3-figure cipher."459 Although : 
they speak of specific 3- figure codes under various circum- 
stances, Dettmann and Samsonov do not discuss any 3-figure 
codes as such; it can only be assumed that they considered 
the type of pook: and encipherment so similar to the 2- he ed 
PT series that they did not > warrant. discussion as 4 special . 
type. 

Like the 2-figure system, the 3-figure system: corisisted 
of a code-book, and an enciphering table of some sort. The 


first 3-figure codes were simple in‘form, and were made up 


of several pages (at most 10) which contained. eommon words. 
arranged alphabetically. Originally the letters of the 


7. bie ty et 
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. Party." 


aianabat® were placed at the ona of the book asnexeea al- 
phabetically, semi-rancan, or radon), but were soon after- 
wards put into the book in their alphabetic position. After 
some months, this total alphabeticity was replaced by a 
partial-alphabetic arrangement (alphabeticity maintained 
only within tettern): 3; and. numbers were scattered at random 
through the book. The book could have 1,000 groups, 
but ist. Lt. Schubert stated that the average fe 300-800, 
"in general small scope, but frequent change." If the 
code were smaller than 1,000 groups, al teraatiyes were given 
either to pages or first figures of the lines.4 The methods 
of enciphering were extremely varied in details, but always 
involved encipherment of a single figure separately. 443° 
The substitutions could be constructed without any recognizable 
system or they could be made up from a Latin square; the square 
usually lasted about a month, although in the Air Force, it 
sometimes lasted longer. yyy? Schubert stated that "Towards 
the end, there appeared quite isolated 4 to 7rfigure sub-_ 
stitution systems-- presumably private systems. of the re- 
spective cypher departments. I imagine this to be. 80 as. 
they appeared very seldom. "445 © 

The only specific 3-figure ode. referréd: to. in TICOM ; 
is what the Germans called R3ZC (Russian, 3-Zahlen /figure7, 
Code) mane ones by Corporal. A. Faure of NAA 11, the "Norway 

{It was a code with 10 pages of 100 positions 

each, 10.x 10, alphabetically arranged. Only the hundreds > 
and tens figures of each group were enciphered,)} In general, 
either the 3-figure code book itself or the method of en-. 


-cipherment were so varied that Prisoners of War were able to. 


AYO. 


remember ont general characteristics, no apacisde; Seesee 
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The 3=figure code, it is clear from all interrogations, | 


was used mainly by the Army, but.also by the Air Forces. 
According to the Karrenberg party, on regimental networks _ 
and for less important messages on. the level of assault 


armies, mainly the 3-figure code (with a 2-figure latin: 


square encipherment) was used.447 But the Prisoners of Wa 
of KONA 1 stated that every Army Group, Army,. Corps, 
Division, Brigade, Regiment, and. Battalion had its own 
>~figure Cone i ey oe communicate with its. sub- 
ordinate units.448 | OY Sie t Sees 
It is curious to note that a good deal of pies text vee _ 
inserted in the 3-figure enciphered code as transmitted. 449 
Gerlich pointed out the advantages of plain-text insertion: 
"They often gave words and names not contained in the code 
oes. 450; and continued, "3-figure systems were alvays 
solved when sufficient. material on one encipherment was 
available."451 ‘This would appear to be the general view-. 
point, since Capt. Holetzko stated that 3-figure traffic 


was only slightly more secure than 2-figure traffic and 


was 80% readable.452 In this case, Holetzko was talking 
particularly of 3-figure codes as used by the Russian Air 
forces (ground/ground). It is known that Air Force ¢odes_ 
were often current. for much longer percoce than ‘those of 
the Army, sometimes lasting 4 year; 

more opportunity to find depths and set up overlaps. Army . 
3-figure codes were nearly. always changed after a big oper- 


ation and were with few exceptions never current for more 2 ig 


than a month or two, sometimes for only a week;454 solution - 
was thereby made more difficult. Nevertheless, Lt. Starke 
(who worked with 3-figure traffic in a NAK) stated that, 
given depth of traffic, all codes were readable;455 and 
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Lt. Gor. Mettig said flatly that from the spring of 19h3 
to 194 ? 2-figure and 5-figure traffic was regularly de- 
coded. 56 It can be assumed that 3-figure traffic was_ 
being read currently enough and constantly enough, to 
provide a great amount of tactical intelligence. 
The operational 3-figure codes were eS acop Lane in 
1943 and were superseded by 3-figure Signal Codes 457. 
which were different only in‘that they contained no letters, 
but: only words or phrases of tactical imoortance, and were 
not alphabetic but had meanings grouped under various 
headings such as "attack " "defense", "enemy movements, " 
“designation ‘of units", "figures or numbers", "signal 
connections", etc. Each. meaning had two or three 3-figure 
groups allotted to it. As in the case of the former 3-. 
‘figure codes, pag ching not contained in the book itself was 
sent in clear.4 Every unit from Army downward had its . 
own signal code for use with subordinate units. There is 
no evidence that solution of these 3-figure Signal Codes 
was. more difficult than solution of the 3-figure codes; - 
nor is there any record of success either in totality or 
currency of decipherment. Lt. Loeffler of Feste 10 did, 
however, state that they were considered "special procedures", 
and "were studied in the appropriate section by specially 
chosen cryptanalysts, for the most part also by the chief - 
cryptanalyst. oy The solution time varied Secorae to 


"561 78 p 8 o.oo 


ST pet tnann and SaGaey er of. sipipure and 4-figure 
"signal codes" described by members of. KONA; but there- 
are discrepancies between the two descriptions,,. and | 
again it is impossible to determine where the mistake 
lies. The discussion as given by KONA l members” seems. 
generally more reliable. ee 
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Typical RF Coil with Shield 


which opposes the field of the coil. The loss of 
efficiency due to eddy currents is limited to 
approximately 15°% by using a shield with 
a diameter twice the diameter of the coil. The 
shield should be well grounded. 


RF coils usually have air cores. A few de- 
signed for low and medium frequencies have 
powdered iror. cores. The cores are sometimes 
adjustable. As the iron core moves into the 
coil, inductance increases and the frequency 
of the tuned circuit decreases. A brass core 
can be used for the opposite effect. As the 
brass core is moved into the coil, inductance 
decreases and frequency increases. In either 
case, the circuit can be tuned by moving the 
core. This is called permeability tuning. 


Variable Capacitors 


Variable capacitors for RF tuned circuits 
are somewhat bulky. The plates, both rotor 
and stator, are usually aluminum, but better 
receivers sometimes use silver-plated brass 
capacitors for improved RF conductivity. 

The calibration pattern of a variable capac- 
itor depends on the shape of its rotor, as 
shown on page 11. For calibration, capac- 
itors fall into three classifications straight 
line capacity, straight line wavelength, and 
straight line frequency. 


With the straight line capacity type, capac- 
ity increases directly with the amount of rota- 
tion. Since frequency does not increase directly 
with the decrease in capacitance, calibration 
puts the upper half of a frequency band in 
about one-eighth of the dial rotation. 

With the straight line wavelength type, 
wavelength increases directly with the amount 
of rotation. In this type, the upper half of the 
band appears on one-third of the dial rotation. 

With the straight line frequency type, 
frequency varies directly with the amount 
of rotation. This permits linear dial calibra- 
tion. With this type variable capacitor, a 
tuned circuit has the same sharpness of tuning 
over its whole band. 

The TRF can use any number of RF ampli- 
fier stages, but usually it has no more than 
three. In each TRF there is one more tuned 
circuit than there are RF amplifier stages. The 
extra RF tuned circuit, of course, is in the 
detector stage. When these tuned circuits are 
controlled by variable capacitors, it is ad- 
vantageous to have the capacitors tunable by 
a single control. This can be done by ganging 
the capacitors, as shown at the right. This 
means that the capacitors are mounted in 
line with their rotors attached to a common 
shaft. Grounded partitions act as shields. They 


DOCID: 


3486746 


“Army keys are. 3- 


security, amount of material for overlapping, etc.; and 
we can only assume that the Signal Codes were read 4s 
consistently and as fully as the 2-figure and 3-figure 


codes they. superseded. 


52. 4-figure codes.-- 4-figure codes were used by the 
Army, Air Force, and » They were used in the Army as 
General Army Codes (called General Commanders! Codes), : 
and on lower operational levels by. mobile formations such 
as Tank and Mechanized Corps, Tank Armies, and Tank Admini- 
stration and. Supply Units. In NKVD, they were used on 


Railway and Transport Nets. 


‘Solution was handled partly by the companies (FAK) 
(There was a 4-figure section, as well as a 2-figure and a 


3-figure section, in the organization of a typical company 


eryptanalytic setup460, but in all probability mostly by 
the NAAS. and GdNA.) | ark . a 

' Ist Lt. Schubert (of GdNA) stated that, "The Russian 
or 4-figure systems. The basis is the 

1 Actually, the construction of 4-figure codes 


same, "4 


was in. principle the same as in the case of 3-figure codes, 


except that the basic book had 4 possible 10,000 groups 
instead of 1,000.462 Schubert stated that there were in 
the code perhaps only six or seven pages#63, each with a 
block of consecutive numbers; but the description given by 
the members® of KONA 1 indicates books of from 5 to 100 


‘pages. The latter seems more likely. _In any case, 


the number of pages could vary from’5 to 100 (the Air Force 
Codes usually had about 10,000 groups and the Army 5,000 


or less), and each page could have variant page designation. 465 


460 5s. 
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its successors "OKK 5" to "OKK 8 


‘The actual. construction of pages vaxiell in 4_figure code-. 


books as much as it did in the 3-figure code books, in 
respect to alphabeticity and sequence of numbers, etc.. 
But the methods of enciphering the last two digits were 
still more varied than those used in 3-figure systems: 
substitution by row, digraph substitution (in comparison 
to single-letter substitution in the case of 3-figure 
codes), combinations of these two, abbreviated figures in 
the substitution, and others. 466 Karrenberg, in his dis- 
cussion of the "Russian Cryptanalysis course", given for 
field training mentioned that "a 3-figure or i. -figure code 
can also be reciphered on an adder. For this purpose 2 


- text chosen at random is enciphered (likewise by the code) 


and the code text added to or subtracted from (non-carrying). "67 

But there is no other indication in interrogations that 

this method was met in actual practice. The general method 

seems to have been variant page designations for the book 

(2 figures), and encipherment of ‘the last 2 digits by . 

various means, including 2-figure Latin squares. 4 & 
From May, 1941, the Air Force began to use 4-figure codes 

in many different forms but often of the simplest construction. 

In the middle of 1943 many mobile formations, Tank and 

Mechanized Corps, Tank Armies, and Tank Administration and 


Supply units also started using 4-figure. codes. They were 


also used by Railway and Transport Nets. 
Dettmann and Samsonov. (of GdNA) described the "first . 
eae army and air force" code (4-figure with roughly | 
600 groups, enciphered with digraphic substitution), and. 
(General Commanders’ Codes) 
that rapidly replaced one another from 1939-41. OKK 5 was 
captured in the Russo-Finnish war; and OKK 6, 7, and 8 were 
captured in the Russo-German war. But Dettmann and Samsonov 
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insisted that, "All these systems were, however, recovered 
by cryptanalysis before their capture and were made com- 
pletely and currently readable."470 Lt. Loeffler (of Feste 
10) stated that "a general army 4-figure cipher was last 
observed in use in North Persia in the winter 1941-42. It 
had 50 pages, each designated by two alternative bigrams 
and 100 lines to each page."471 There is no other indication 
.in the interrogations thet four-figure codes were no longer, 
or less frequently employed.*72 In 1944, however, four- 
figure Signal Codes (of the same form as the 3-figure Signal 
Codes} made their appearance in the Army, especially with the 
army groups,475 and probably superseded in great part, if. 
not wholly, the 4-figure codes just discussed. ==. © 

. Generally speaking, 4-figure codes were changed less 
frequently than other codes474; but even then, the change 
came too frequently to judge from Gerlich’s statement thet 
"a more frequent change of eéncipherment would have made 
decipherment impossible."475 Certainly the 4-figure codes 
gave German cryptanalysts a certain amount of trouble; . 
actually, a large amount of material was "absolutely necessary, 
and the majority of unsolved 4-figure codes were abandoned 
because of an insufficient number of messages. "476 


470 
ie 18, p 55 
4T1I 19¢ p 5 | ae 
4 ; eS . My 
(ne Loeffler said only that a four-figure code was used 
by the VI Guards Mech. Corps (lst Ukraine Front) from January _ 
tone to the end of hostilities. It was captured in January, 
5. _ on . 
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tantain Holetzko (speaking mainly about 4 -figure air 
force codes {ground/ground) , said that they were “only 6 
readable".47/ And Corporal Heudorf (of NAA 8): admitted 
that later 4-figure traffic on occasion provided some 
difficulty, but on the other hand recalled an /Engineer/ 
Unit in March and April, 1945, whose 4-figure messages were 
read currently. +7 

In the interrogations of KONA 1° members, the following 


4-figure codes were listed as solved: 2479 


4-figure code of VI Guards Mech. Corps (1st Ukranian 
Front) from January, 1945 to end of hostilities 


y figure code of 152 Independent Tank Brigade (60th 
Army, 1st Ukranian Front) 


Afigure Signal Code of vI Guards Tank Corps (lst 
Ukranian Front) | 


4-figure code of Tank Supply and Administration 
Authorities of Ist Ukranian Front 


4-figure code of 76th Regional Air Base (Russian 76 RAB) 


4oPigure. code of Supply Units of 13th Army (1st 
Ukranian Front) 


4-figure code of 3rd Guards Tank Army. 


lst. Lt. Schubert, of GANA, said simply, "We broke. Arny 
three-and four-figure re-enciphered books. These were en-~ 
ciphered on 4 conversion table. Early in. the war we yBg04 
most of this traffic, but at the end only 4O to 50%.4 
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53. 5-figure codes.-- 5-figure codes were used by the 
Arny, Air Force, and NKVD. In the Army, they were used by 
the NKO (Defense Council), Army Groups, Armies, Corps, a 
Divisions and Brigades. In the Air Force, they were used 
by Air Armies, Air Corps, Air Divisions, Regional Air Bases, 
Anti-Aircraft Defense, Anti-Aircraft Corps, and Anti-Aircraft 
Divisions. They contained strategic, tactical, personnel 
and supply matters, and political reports and directives. 

With the exception of a short period in 1943, when KONA 1 
did independent 5-figure cryptanalysis, solution. of the 
5-figure codes was handled exclusively by GdNA.. . 

In discussing the achievements of In T/VI (predecessor 
of GdNA-},Lt. Col. Mettig said very glibly, "The breaking 
of the Russian 5-figure recyphered code... was the most _ 
outstanding cryptanalytic achievement of In 7/VI. The. ~ 
Russian 5-figure was broken chiefly by Dettmann, "481 
And elsewhere, when rating the relative importance of. _ 
cryptanalytic achievements contributing to total intelligence, 
he was “most impressed by the continuous breaking of the 
Russian 5-figure code. despite the difficulties that were 
experienced after the Spring of 1943."482 As. the inter- 
rogator pointed out in reference to this last statement of | 
Mettig, "Even in this case, however, there exists the danger 
that PW is laying more stress on organizational measures 
carried out to act se tate che breaks of the code than. 
on actual cryptographic achievement."485 It might be . 
itentioned in passing that Dr. Otto Buggisch (of OKH/Chi and — 
.OKW/Chi) evaluated Mettig as. follows: "Only a few fundamental 
ideas about. cryptanalysis. "484 
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- Certainly the evidence from other Prisoner of War 

interrogations pointed conclusively and without a doubt. 
to an almost complete failure on the part of German crypt- 
analysts to make any real progress with the solution of the 
5-figure code. In the interrogations of members of KONA 1, 
Corporal Althans (of the NAAS) clearly stated that success- 
ful cryptanalysis of the 5-figure code was possible only if 

1) there were a number of messages, at least three, 

which had had the same additive applied; or 

2) the 5-figure code had been captured. 485 

Dettmann and Samsonov486 talked at great length about 
the 5-figure codes used by the Russians. According to then, 
codes "011-A," "025~-A," "045-A", "062-A", and "091-A", 
used successively from the beginning of the Russo-German 
war to. the capitulation, did prove difficult for pure. crypt- 
analytic solution; but they continued, "It is interesting 
to point out that during the course of the war all the newly 

appearing versions of the "cipher-code" were captured through 

fortunate circumstances, and always so soon that the origi- 
nals were almost always in the hands of the cryptanalyst nbd 
the instant of their being put into use by the Russians. 7 


. OF course, this “continuous capture" was an aid in solution, 


under such circumstances because of the one-time pad encipher- 


ment. (See below for discussion of the encipherment itself) 


As they said, the "individual" tables “offer almost complete 
security against breaking. "488 a 


485 
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In the reports of versonnel from NAA 1l, Capt. Schmidt 


stated that "with regard. to Russian traffic, the Abteilung 
fBattalion/ did everything up to and including 4-figure. 


5-figure they considered insoluble and forwarded to 
Gana."489 | 

‘Corporal Karrenberg, (of GdNA) discussing 5-letter and 
5-figure codes used for operational orders, said, These 
were the so-called Blocknot codes, which were only used 
once and were therefore unbreakable."490 Elsewhere, in 
his description of the “Russian Cryptanalysis course given 
at GdNA he stated flatly: 


"S-figure and 5-letter messages were not touched at 
all. In general very little work was done on 
decipherment of 5-group messages, although these con- 
tained the most important operational reports. They 
were only used to identify units and were only read 
if code books happened to have been captured.491 


In 1943, KONA 1 for a period did 5-figure cryptanalysis 
independently of GdNA.+92 But the general practice was for 
ali units to send 5-figure traffic directly to GdNA for 
possible decipherment.495 And as Karrenberg pointed out, 
“even at the HQ of GdNA little attention was given to the 
5-figure messages and very little enthusiasm displayed in 
working on it. Only the preambles were used to identify 
units, from Blocknots and indicator groups.‘+9 

"$97 55, pp 9 and 11 

"rasp 6 


491 166 2 78; see also I 75 p 10 
4925 19b report 25 -.p 43 : 
193 see I 19b report 5 pp 9, 10 
4947 366 p 79 


104 


DOCID: 3486746 


Finally, Lt. Schubert, when questioned on possible success 
on five-figure codes, replied: "In the Finnish campaign 
the book was captured and the Russians used the one-time pads 
over avain. Because of this we had considerable success. 
Recently the Russians used the pais correctly, and ony of very 
few messages were read, these through re-encodements." 
-fhis small measure of success was obviously due to the rl- 
filment of the two conditions set forth by Corporal Althans 
for successful cryptanalysis. 496 
Actually, the Finns had captured and turned over to the 
Germans a@ Russian 5-figure book which was used continually 
until the Russian-Finnish war. An additional copy had been 
caj:tured by the Germans. And though the Russians introduced 
a new 5-figure code on 1 April, 1942, the change-over was 
faulty and it was possible to establish 2,000 groups of the 
new code within a week.497 But it is clear that after this 
time, there was practically no success in 5-figure code so- 
lution, though the Germans were able to establish the nature 
of the book and the type of encipherment: 


1 


The 5-figure code books contained about - 25,000 out 
of the possible 100,000 groups, the pages being numbered 
000999 with a hundred lines on each page. The Germans 
never pgke a@ book and any examples they had were cap- 
tures. 

Alphabetic at first, the 5-figure codebooks later became 
partially alphabetic; they contained letters, words, phrases, 
2-figure numbers, types of units, specific units of the Red 
arny, full stops and commas on every page, 411 designations 
of types of tanks, ammunition, etc. 


495 
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_ The encipherment was effected by applying additives taken 
from enciphering pads known as BLOCKNOTS (a variable number of 
sheets on which 50-100 5-figure groups appears), Each pad 
had a 5-figure number, and each sheet had a e~-figure number 
running consecutively. There were five different types of 
Blocknots: 


1) I - (individual): 50 pages, additive read off in 
one direction only 

2) Z - (circular) - 30 pages, additive read off in 

3) Os (2) either direction 

4} Notblock (emergency) 

5) Blocknot used for passing on traffic 499 


The distribution of Blocknots was carried cut centrally Prom 
Moscow to Army Groups to Armies. The Army was responsibie for 
their distribution throughout the lower levels. Occasionaily 
the same Blocknot was distributed to two units on different 
parts of the front; and here the second con®@ition for successful 
eryptanalytic success’ established by Corporal Althans was ful- 
filled: depth was established. "It seems that depths cf up 

to & were established at the beginning of the Russien Campaign 
but that no 5-figure was broken after May 1943, "500 


54, Address Codes.--~ Address Codes (2-figure, 3~-figure, 
and 4-figure) were used by the Army for Army Groups, Armies, 
and Independent Corps. They were used more widely by the Air 
Force and the Anti-Aircraft Defense. “= 

Solution of address codes was considered somewhat "special,” 
to judge from the statements in KONA i interrogations describing 
ecryptanalytic operations of the various units: 


In the FAK: .15 to 20 people were adequate for company. 
7 " "= gryptanélysis. Special procedures: such. as 
Signal Codes (3-figure and 4-figure) and 
word codes and address codes (3-figure), 
were studied by chosen wget ea 4 some- 
times by the chief cryptanalyst.501 
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In the NAAS: Section 4 /new developments/ did the real 
cryptanalysis: it normally concentrated on 
difficult systems which the companies had 
neither time nor manpower to deal with 
adequately. It consisted mainly of wathe- 
maticians se worked on, inter alia, addresses 
(2-F, 3-F, 4-F)502 


Although mention was made in the KONA 1 interrogations of 
2-figure address material, nothing was recorded in the interro- 
gations on this subject except one statemert in the final 
interrogation of NAA 11 personnel: 


"Bigrams and Trigrans in Addresses 


Blome knew of the two used separately, but could not 
recall any case of the two in conjunction. He suggested 
that this might accompany pete. #508 he had seen, namely 
3 Z code mixed into 22 traffic. "50 


There was no record of extent or success of solution with 
negana to 2-Pigure address codes. Likewise there was no 
description of 4-figure addrese codes nor any statement regarding 
the extent or success of solution. 

Schubert of GdNA stated that towards the close of hostili- 
ties, the Russians were using a 3-figure code for addresses. 

"In this code the clear position remained unchanged for periods, 
but the ciphers were changed wernt These ciphers were in some 
way related to the call signs."50% The only description of 
3-figure ‘address codes was given in the KONA 1 reports.505 
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STRAIGHT LINE FREQUENCY 


Variable Capacitors 


provide electrical separation between the 
stator sections of the ganged capacitors. 


It is almost impossible to manufacture a 
set of ganged capacitors of exactly the same 
capacitance. Similarly, it is difficult to keep 
each one of a set of ganged capacitors at the 
same capacitance. Even a slight bending of 
a single plate of a capacitor will change its 
value. Still, it is necessary for capacitors to 
“track” -that is, to maintain equal capac- 
itances at each setting of the rotor. To com- 


pensate for differences, therefore, each of the 
ganged capacitors is provided with a small 
additional capacitor. It is screwdriver adjust- 
able, and is called a trimmer. It is connected 
in parallel with the main tuning capacitor 
section. (See illustration on top of page 12.) 

To make further adjustment possible, the 
outer rotor plates on each section are usually 
slotted, as shown in the illustration of a slotted 
plate on page 12. The slots make it easy to 
bend part of a plate and slightly change the 
capacitance of one section. 


Ganged Tuning Capacitor 
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Three-figure address codes were used in connection with 
5-figure messages;506 their construction was similar to that 

of the PT-39 or PT-42 codes,507 but they contained only figures, 
unit designations, authorities, and words such as "for" or 
"from." A code of this type was first used at the beginning 

of 1944508 on the ist and 2nd Ukrainian and the 1st White Russian 
fronts for communications between Army Groups and their re- 
spective Armies, and Independent Corps. In the summer of 1944, 
Armies began to use similar codes with their subordinate units; 
and latterly the use of such codes increased still further. 
According to the members of KONA 1, the solution of these codes 
given a fair amount of material, was generally easy.509 But 
members of NAA 11 stated the following: , 


Addresses to personal names rather than titles were 

- ¢ommon in all Russian traffic, and this suggested the use 
of initiais. The vagueness, of this ansver surprised interro- 
gator who asked if the addresses, being enciphered cn the 
PT table, were not read currently. The answer was that 
unless the same address was used frequentiy and some outside 
hint was given they were usualiy unable to read the address. 
They supposed it used values which had special local meanings 
added to the table. "510 — 


306, 173 p 8 


907 np 42 was superseded by PT 43.. . It contained no letters 
and was used for addresses, particularly by the Air Force 
and. PWO (AA Defense.") I 19¢ p 2 


508 2 
Dettmann and Samsonov gavel943 in DF 18 p 5 


5097 19¢ p 4 
ae 106 p 2 
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55. Miscellaneous.-- Most of the statements given here 
are taken from the interrogations of members of KONA 1. It is 
not the complete story, as the Prisoners of War themselves were 


aware: 


"In the above paper examples are given only of those 
ciphers whose basic construction was established. There 
were many types of cipher which were only partially broken 
and whose basic form could not be established, these are 
not. mentioned... . The number of Russian ciphers of all 
sorts that were broken was about 3,000."511 


a) Four-letter codes. Two forms of four-letter code 
first appeared In practice traffic between Army Groups and Armies 
and Independent Corps of the lst Ukraine Front in November, 1944; 


1) Revolving stencil: sheet of paper ruled off into 
8 x 8 squares; a sheet with 16 holes superimposed 
and revolved at 90° turns around the central point; 
ail 64 squares were filled; the text was enciphered 
horizontally in 1, 2, 3, 4 positions; the cipher 
text was read off horizontally. 


2) Transposition: a keyword gave the key; the text 
was written in vertically according to the key, 
and upwards or downwards according to instructions; 
the cipher text was read off horizontally. 


The contents were usually about tactical signal matters 
through "recently /19447 units and positions were named, "512 

' On the subject of transposition systems, Gerlich (of GdNA, 
Group IV, Section 3) said only this: 


"These were comparatively rarely used by the Russians... 
I do not know whether such transposition systems were solved 
at Sigint. Stn. 1, however, I know that transposition mes- 
sages were being read that "stencils", etc. were used; how- 
ever, I think they were solved at General of Sig. Int'’s."513 


D11r 196 pl | 
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137 191 p 10 
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b) Word-Code. From the. middle of 1944 a word code was used 
in the area of the 2nd Ukranian Front. The book consisted of 
2 halves each designated by a word such as SEVER ZAPAD /literally, 
North West/; clear groups were in 2 columns; each half of the code 
contained a number of columns with cover words. The words 
identified were only used by the Army and contained strategic 
and tactical reports and the names of units. poey were small 
in size and contained only essential groups.51+ Schubert added 
that they were called TARNTAFELN.515 ‘There was no statement 


regarding extent of solution. 


¢) Periodic and Columar Substitutions. Corporal Karrenberg | 
stated, In discussing the "Russian Cryptanalysis Course," "/These, 
rarely appear in Russian cipher systems... . Periodic and column: 
substitutions concluded the sections on substitution systems in 
the course. Not so much time was spent on them as they are 
rarely encountered in practice."516 

d} Coordinate systems. "These were very varied. Armies 
made up their own systems and arbitrary reference points and 
grids. were used. "517 

e) Machine ciphers. The handling of teleprinter traffic 
has been mentioned earlier in this chapter in description of 
GANA duties. It was processed exclusively at GdNA. Lt. Schubert 
stated that teleprinter traffic was: worked on in the machine 
section /Group VI/; he thought that messages in depth had been 


read, but was uncertain whether the machine had been recovered. 


He himself never worked on machines, but knew that the Russians 
had 4 machine in use already at the beginning of the war, but not 
on military traffic.51 


S14, 19c pp 16, ll 
5457 15 pg 
516 


I 166 pp 54, 62 | 
5177 19¢ p11 See also DF 18 pp’72-75 for details 


5187 15 pp 8-9 
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Corporal Karrenberg(of GdNA) spoke of "Bandwurm," and 
defined it as Russian Baudot letter "strip," not to be confused 
with Russian 5-letter traffic also carried on Baudot lines. The 
Germans did not capture any of the apparatus used, but felt that 
it consisted of 2 parts: 1) a Baudot teleprinter and 2) a cipher 
attachment consisting of 5 small wheels driven by one large 
wheel.519 Depths were frequent, but the Germans did not seem 
to have any attempt to reconstruct the wheel patterns. The 
elena by the Army and Air Force and to a lesser extent by 
NKVD. 


Dr. Otto Buggisch (of OKH/Chi) went into somewhat more 


historical detail and stated that: 


1) In 1943 (He heard), Goering's Research Bureau Forschung- 
samt, abbreviated FA) had claimed some success on a Russian tele- 


type machine and had recreated the agtion. 91 
ay Late in 1943 and early in 1944, OKH itself began to 


intercept non-morse, 5-impulse traffic (called "Hughes" by 
Buggisch). The Mathematics section of In 7/VI (see Vol. V, 
Chapter II, on organization) worked on it; at the end of 1943, 
there was a "Kompromiss,” and a depth of 8 messages with the 


‘game setting was created. The section was able to recover 


1400 letters of pure key, and to determine that the traffic was 


derived from a 5-figure code. The Germans postulated a machine 


Sets the German T 43, but was not able to prove any theories they 

3) Hollerith machinery was devised to locate depths, but in 
actuality only three or four more depths were found and were of 
no long-termed value. 

The traffic (Buggisch thought, since he left the section 
in June) slumped off in 1944, and LNA took steps to improve 
reception.522 

19_ 
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"Buggisch stressed one fact which had surprised him, that they 


- had never had information about either of these machines (he 


assumed that the one the FA broke was not the same because of 


the difference of cycles) from PW or agent sources. "525 


The number of links, according to Corporal Karrenberg, 
varied according to the number of armies, with a maximum of 8. 
One end of link was Moscow, the other mobile. After 1944, no 


work was done on the traffic except on the spot. No vital clues 


to the system were given away by the Russians, though their 
security precautions were not considered good.524 = 


56. NKVD and Agents' Codes. NKVD Codes were simple mono- 
alphabetic substitution, 2-figure, 3-figure, 4-figure, 5-figure, 
and 5-letter types. They were used without any apparent reason 
on two large networks: 1) the networks of the NKVD Central 
Authorities’ (the networks were subdivided into those of Security 
Troops, Frontier Troops, and Railway and Convoy Troops); 2) the 
networks of NKVD Formation (communication between units attached 
to Army Front Staffs). 4-figure and 5-figure codes were used 
on the front lines: there was a 4-figure code, for example, used 
by the military police, and a general 4-figure code used on Staff- 
Regiment-Battalion links. a 
Solution of NKVD codes was handled by the NAAS and GdNA. 
"The traffic of the NKVD formed a special group of Russian wire 
less traffic. The distinction applied equally to the manner 
of conducting traffic and to the message themselves."525 ‘The 
German Army cryptanalysts reflected this Russian "distinction” 
in their own attacks on NKVD systems, allocating the work-- 
again as in regular army and air force traffics--to levels of 
operation determined by difficulty of solution. Lt. Edv Woellner 
(of } 3 a that "NKVD traffic was always covered, but 
only by Long Range Sigint [the FAK/. Evaluation and cryptanalysis 


echelons. Apparently, the distinction corresponded to that 
observed in the case of actual army traffic. All lower-level 
5237 64 pp 2,3 

5241 153 p 7 

3251 19b, report 28, p 47 - 


5267 19p, report 27 p 46 
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, by 1939: 


operational codes (up through 4-figure, e.g) could be handled 
by NAAS. The five-figure codes were not dealt with by the 
KONA, but handled by 40 to 50 men in LNA at Zossen520 where 

Lt. Loeffler "thought that a good deal of success was obtained 
in the case of the Far Eastern traffic." Dettmann and Samsonov 
substantiated this point, in their discussion of the German 
army eryptanalytic effort:529 


"All the five-place message material from the Army or 
the Airforce, &s well as the NKVD messages, was sub- 
mitted for the exclusive processing of the General 
of Communications Intelligence" /GdNA/ 


They @lso gave full descriptions of NKVD systens. 530 (There 
was no discrepancy between the facts in their report and the 
facts given by Lt. Loeffler.) The details of description were 
scattered throughout the report according to types of encipher- 
ment. They mentioned the following: 


a) Mono~alphabetic substitution systems common to all 
NKVD organizations 
b) Conversion systems {substitution and additive/ 
1936: -figure code: 2500 values; used in 
- district 

three 4-figure conversion systeus; 
codebooks of up to 5,000 values; enciphered 
.by digraphic substitution or conversion 
tables 
first general NKVD 4-figure code; 10,000 
book positions enciphered first by single 
digit substitution, later by additive 


.1939: 
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At time of capitulation: three 4-figure systems: 
(ZERNO, NEVA, VIZA, see infra) used respectively 
by 
1) NKVD troops 
2 NKVD border defense troops 
3 NKVD security troops 531 . 
(200 messages were read daily in all three) 
last of larger systems: '5-figure railway code: 
2500 groups; digraphic substitution 
encipherment few 3-figure smaller codes (read 
currently) letter transposition codes: never 
found in NKVD traffic number series: 
1940:4-figure; single letter conversion encipherment 
(1941 - 1942 ): 4-figure; enciphered by text 
key (letters equalling numbers) 
1942:4-figure enciphered by military technical manual 
(used by Interior troops) until end of 1944; 
general encipherment combining single digit 
conversion and Gema Tables {no description of 
these is given) 


Private Huchting {of Feste 10)522, speaking primarily from 
a traffic analysis point of view, gave the breakdown of NKVD 


nets: 
1) Networks of the Central Authority, subdivided into 
a) Central Authority of the Security Troops 
b) Central Authority of the Frontier Troops 
ec} Central Authority of the Security Troops 
(Divisions and Brigades of the Back Areag 
a) Central Authority of the Railway Troops 
2) Networks of Formation, consisting of communications 
between commanders of the security troops at 
front Staffs and their regiments and between the 
latter and their battalions .535 


531¢%, Schubert's report, I 26 
928 y 19b report 28, p 47 
2797 19b p 48 
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A close watch was kept on the networks of la, because they 
carried communications between the central NKVD authority 

in Moscow and the commanders of Security troops working 

with the Army groups, the directing staffs North and South, 

and the "less interesting independent Company Headquarters 
Signals regiments." The messages were not readable.59 

Messages passed on formation networks, however, were"for the 
most part readable."555 In addition to the monitoring of 

Central Authority NKVD--Front HQ. NKVD and Front Staffs 
(Frontier Regiments) traffic, close watch was kept on traffic 
from regiments to battalions, because "most of the messages 
could be read. They mentioned army units by name, etc."55 
("fraffic of rear NKVD troops and of the Signals regiments were 
of no interest, and were not covered by KONA 1."557 sed 
' Lt. Schubert (of GdNA) stated, "After my studies /winter 
of 1941/, I was posted to a cryptanalytic course at OKH. Since 
‘I have functioned as &@ cryptanalyst. I worked on Russian Army 
till March, 1943. Then KONA 6 was given the commitment of 
covering Russian partisans, and I worked on that till September 
of that year.. After that KONA 6 was dissolved... . I went 
to GGNA... .and took over all Eastern Cryptanalysis branches: 
Army, NKVD, and Partisang/."533 Lt. Schubert was familiar 
with the same codes mentioned in Private Huchting's net break- 
down (la, lb, 1d): Security Troops', Frontier Troops’, 

and Railway and Convoy Troops! codes, but.mentioned also "one 
or two ciphers of NKGB... .the 4th section of NKVD, "559 con- 
cerned with measures against enemy agents and their own active 
espionage. . 


S345 19d, nepont 28 p 47 
535 19d p 48 
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_. Lt. Schudert spoke of two 5-figure codes: the SMERSCH 
/operations of Russian agents/ organization code (with an 
individual subtractor); and the Railways Troops Code (actually 
a 4-figure code, enciphered by substitution tables, the 5th —- 
digit representing the quadrant on the page in which the 
group appeared).540 But he was much more familiar with 4- 
figure NKVD Codes, which were apparently much more exploitable 
than the 5-figure codes. 

.. The Security Troops Codes were of two types. One was 

used forward of regiment, when a regiment was used in approxi- 
mately an Army Group Sector ("it is a cipher, therefore, used 
forward of Army. Group")541 This particular code ran for a 
comparatively long period; "the last one which was still valid 
in the middle of February when I left OKH,. had already been 
running 11/2 years." This code was alphabetical and contained 
100 pages, 25 or 50 groups per page; it was enciphered. by means 


of an enciphered indicator which provided for page and position 


substitution, the result of which was again enciphered by a 
substitution table. These substitution tables were also valid 
for a longer time and varied with the network.542 The additives 
on the page did not change, only the substitution table. 

The second type, a code used rearwards of regiment, was 
enciphered by a figure subtractor originally taken from tables 
(up to Sept. 1944). The same tables could appear on different 
networks, and since the subtractor was used very frequently, 

"it was not uncommon for 20 messages to have the same sub- 
tractor."543 In October, 1945, 2 subtractors were used, taken 
from different tables; and the indicators for the 2nd subtractor 
were enciphered with the first one.544 In spite of the potenti] 
difficulties involved in this method of encipherment, the system 
was solved by February 15, 1945, though mainly because of bad 
Russian usage of the systen. 


540, 26 Pp 4 3 see also DF 18 p 67 
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_ The Frontier Troops Code was exactly like the Security 
Troops Code rearwards of regiment, with a different basic 
book, at least in traffic out of Leningrad.545 (Lt. Schubert 
made a statement on the Railways and Convoy Troops Code 
quoted above). 

~ The four-figure NKVD codes exploited by KONA 1 were 
used by front line units (regiments and battalions) mainly 
employed as Military Police. "From 1933-42, R4zC4 /Russian, 
4-Pipure, Code 4/ was in use. It consisted of a 100 page 
alphabetic book each with a hundred lines. Recipher was carried 
out by means of 351 bigram tables. It was broken by the Germans 
in 19h0. "546 "Only one code book (known to the Germans 
R4zC 1800 and to the Russians as KODOWAA TABLICA "ZERNO") was 
used by the NKVD from October 1943 until the end of 1944. 

It was used from Battalion upwards to Front HQ's."54+7 

The R4Z1800 code (which was captured in the summer of 
1944)548 was described by four different people: Corporal 
Thomas of NAAS 1 (as report no. 29, I 19b); Karl Exter, of 
WAA 11 (I 55); Lt. Loeffler of Feste 10 (as Annex I to I 19c) 
and the personnel of NAA 11.549 It would seem to be the most 
important, if not. the only 4-figure code solved and readable. 
"RZ 1800 was the general code of NKVD introduced in February, 


1944, as successor to RZ AaN83 The White Sea Code550, broken 
by NAA 11, was an older /19427 code used from 1943 to the 
fall of 1944. Then the White Sea Command adopted the RZ 1800 


—«SASy 26 pb. | 
I 19¢ p 13 

5477 196 p 12 
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220me White Sea Code was tackled by NAA 11 from April to 
July 1944, and about 60% of the traffic was solved, almost 
entirely on higher links. . There was a different "key" for 
each KONA, and by them to their subordinate units, in all 6. 
Solution was only relative, never basic. I 166 p 6 
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Trimmers Used for Tracking 


Band Switching 


TRF receivers frequently operate over sev- 
eral bands. Switching from one band to 
another requires switching from one set of 
tuned circuits to another. Usually the new 
set of circuits is formed partially out of the 
old set by substituting different components 
for either L or C. Since variable capacitors are 
bulky, it is practical to use as few as possible. 
Generally, therefore, it is the coils that are 
changed to form the tuned circuits for the new 
band. This can be done by use of a series of 
plug-in type coils, or by use of a switching ar- 
rangement. Where a switching arrangement is 
used, a single coil form may include windings 
for one, two, or three bands. A rotary wafer 
switch, such as the one on page 13, is used to 
switch in the desired set of coils. The switch 
connects the proper coils to the capacitor 
section, and, at the same time, grounds all un- 
used coils. As you see, the switch shown has 


Slotted Rotor Plate 


three wafers. When the shaft is turned, metal 
contacts fastened to the inner portion move 
from one contact point to another along the 
outside portion. Each setting of the switch 
makes a combination of connections for one 
band. 


You can see the electrical equivalent of two 
switching arrangements at the right. A shows 
an arrangement for placing different coils into 
the circuit with one variable capacitor. B 
shows an arrangement for switching different 
capacitors in series with one variable capac- 
itor. 


Bandspreading 


In a multiband receiver, each band has 
a different bandwidth. Still it is desirable for 
each band to occupy the entire range of the 
tuning dial. For example, the broadcast band 
extends from 550 kc to 1600 kc, a frequency 
ratio of about 3 to 1 and a frequency coverage 
across 1050 ke of tuning range. When a dial 
for this band rotates 180°, it covers about 5 
ke for each degree of rotation. Shifting to a 
new band may bring about a situation where 
the tuning range occupies only a portion of 
the dial range and where many kilocycles of 
frequency are covered for each degree of ro- 
tation. This concentration of frequencies in 
each degree of rotation makes dial reading 
difficult. To correct this, the band is spread 
until it more closely approximates the full dial 
rotation. 


Bandspreading can be accomplished by 
mechanical means. The mechanical arrange- 
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itself... .It was used on the highest levels, Steff to 
Regiment and Regiment to Battalion. No addition was ever 
used with it. The code was still used in September 1944 
and possibly in April 1945."551 Although there were slight 
discrepancies in the accounts, it can be established that. 
‘this particular code was alphabetic, and had 50 pages, each 
consisting of 50 lines-- a total of 2500 groups. The encipher- 
ment was carried out by 1) a "ehiffrant" and 2) digraphic | 

. substitution tables. The "chiffrant" consisted of figures 
O~9, in random order printed at the top of the page, {a differ- 
ent order for each page): one figure in this “chiffrant," 
determined by the 3rd figure of the indicator group, was added 
to the numbers of the lines on the page before they were en- 
clphered by the digraphic tabies. 

fen sets of 2 digraphic tables (each 10 x 10), the sets 

numbered 0-9, were used to encipher the 2 halves of the 4-figure 
group; the set number for enciphering the line was the 2nd 
digit of the indicator group; the set number for the page, the 
fourth. A series of substitution tables was current for a 
period of from 2 to 6 months.552 The first digit of the in- 
dicator group was 4 dummy, and the indicator group itself wax 
inserted in clear in one of the first ten groups of the 
message .559 | 


555 
"F198 DB 


118 - 


DOCID: 


3486746 


Though the emphasis was put by the Prisoners of War on 
4~figure NKVD codes, it should be pointed out that a great 
variety of encipherments were worked on, though not all 
read. Karrenberg (of GdNA) gave the following breakdown of 
nets and types of codes used: 


Aanintetratten networks: usually sent 5-figure messages 

and, less often, ee and 5-letter messages. 
-FProntier networks: used 4-and 5-figure codes: on 
regimental networks, also 2-figure systems. 

Black Sea Fleet: used 3-figure and 5-figure codes 
networks from divisional level downward: used 
2-figure and 3-figure, plain aegeusce and figure 
messages with plain language . 99 


Corporal Exter (of NAA 11) stated555 that he worked on 2-figure 
NKVD ("used up to end of hostilities"); and on 4-Pigure codes 
of the NKVD type described by him as RZ4C1800 and codebooks 
enciphered with an additive. "In this latter type, they had 
had considerable success with traffic of an NKVD net on the 
White Sea Front, controlled from the NKVD HQ at Archangel, 
but that was with @ captured basic book and instructions for 
the system... .They could not cope with o- figure; that was 
gent on to Berlin. "556 

In general, certain elements seemed to be constant in all 
NKVD codes: contrary to regular Army usage, NKVD messages were 
enciphered on the same system for man Dy. months557 ; NKVD codes 
were always arranged alphabetically550; and all NKVD messages, 
whether 5-letter or 4-figure or 5- Figure, had the date in the 
penultimate group.559 
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b) Agents' Codes. . Agents! Codes included codes used 
by agents, guerillas, and "Kundschafter."560 All types of 
systems were used, from substitutions, double transpositions, 
grilles, and subtractors to one-time pads (tape). Solution 
W8s always done centrally in Berlin. ; 

"The solution of agent, guerilla, and "Kundschafter" 
traffic was the responsibility of Referat 3c /of Group IV, 
GdNA/... -Solution depended mainly on captured material to 
accomplish solution. Some agent traffic was one Stime tape 
and therefore unbreakable. By and large the Gruppe oh not 
place much value on agent traffic and neglected it."561 

It should be pointed out that Russian agent systems 
were not handled exclusively by OKH/GdNA/IV/3c, who really 
were processing the traffic from the viewpoint of military 
operations (countermeasures against the partisans, for example). 
The agent systems were also handled by: 


1) The Radio Defense Corps, (Oberkommando der Wehrmacht, 
Wehrmacht Nachrichtenverbindungen, abbreviated 
(Amtsgruppe OKW/AgWNV/FU III) who were responsible for 
locating, eliminating, or neutralizing all enemy | ; 
agents! radio activities.502 Preliminary reading, 
especially when the code was ca cues or the system 
recognized, was done by WNV/FU/III.5 3 For more 
difficult cryptanalysis, traffic was turned one to 
OKW/Chi, and worked on in the Referat VAUCK.59 
"Dr Vauck and his section used to be with OKW/Chi 
but were transferred to WNV/FU/III. They continued 
to be controlled by OKW/Chi and passed their results 
to them. Vauck was then posted to OKH. "505 


Defined by Dettmann and Samsonov as an agent dropped for a 
single specific mission, e.g., blowing up a bridge; a 
Kundschafter.was more "localized" whereas the agent was 
mobile. I 116 p 7 


5617 116 p 7 

5621p 176, foreword 
5631F 176 p 13 

564 see @lso I 115 p 2 
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2) Some agents’ traffic was picked up independently of 
OKW/WNV/FU (III) by the regular police (Ordnungs- 
polizei, abbreviated ORPO) who sent their traffic 
to Kurt Sauerbier of Goering's Research Bureau 
(Forschungsamt, abbrevieted FA), Hauptabteilung IV, 
Referat 9c;500 this was.an entirely independent, 
personal relationship between the ORPO and Sauerbier. 507 

auerbier's superior in the FA, Specialist Wenzer, 
an expert in Agents’ Systems, was sent from the 
FA by WNV/FU/III to assist Lt. Schubert of OKH/GANA, 
in January, 1944568 on Polish Resistance Movement 
Traffic. , 


There was, consequently, a certain duplication of effort 
and @ certain amount of confusion as a result of this arrange- 
ment.509 There were also conflicting opinions on the successes 
achieved. Schubert reported that "Russian agents’ systems were 
tried by Vauck, who said they could not be solved. Later, 
he said that they were digit substitutions and P/L enciphered 
with @ one-time running key derived from a book."570 But, in 
another report, he stated that he could not remember enough 
about agents’ codes to give details which were in many cases not 
known. In the middle of 1944, for example, the Russians had, 
he thought, about 3000 agents spread over all areas, and it was 
impossible to pick out one system and say that it was used in 
one are&®. Moreover, he pointed out that he himself had worked 
only on Partisan and Kundschafter traffic and knew of other 
systems only indirectly. Nevertheless, in his first interro- 
gation, he stated that Agent's codes were of two types: 


1. Double transpositions and grilles 
2. Subdtrectors. 


5065.6 the whole report of the homework of Sauerbier, I 164 
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568; 36» 7 

569p 60, pp 19-20 
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by spies.” 


"Double fiansoostciod was only used by pevereepe end not 


The system was completely unbreakable.571 He 


went into more detail about substit tution systems.572 They 
consist of three elements: 


code 
were 


1. 


2. 
3. 


The basic cipher (code), i.e., the substitution 
of the plain text by a substitution system 

The encipherment by figure subtractor 

The encipherment of the indicators 


The basic cipher: ‘on, certain links, a 3- or 4- siamese 


was used; in general, however, simple substitution systems 
employed.5723 


a, 


The subtractor: these were of three different kinds : 


They were printed on teleprinter rolls (the most 
frequently used and called "Blocknot rulon" by the 


Russians); the rolls had 5-figure numbers which 


were given in clear as indicators in Partisan 
traffic, not in Spy-traffic 
They were taken from tables. There were 4 basic 
systems: a simple enciphering with a table of 
100-300 groups, used especially in NKGB Leningrad 
traffic (seed): 100 enciphering pages, ae es- 
pecially in NKGB Leningrad traffic (solved); 
double encipherment (table of 30 lines, each eae 
10 groups) (solved); a special very complicated 
mixing procedure (not solved) 
They were built up from an indicator: simple addition © 
in columns, simple cross addition, addition in 
column with a key phrase, cross addition with a 
key phrase, substituted cross addition, subtractor 
boxes. 


S7iz 26 pp 3, 5 


572tn the appendix to I 26, written as a single report on 
code-systems of the Russian Partisans and Spies (from which 
report the material given below is taken 


STI por details, see I 26 p 8 
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The indicator: indicators based on a roll, were always 
inserted in plain. Apart from a very few exceptions, there 
were always two indicators. The encipherment could be 
broken under the following conditions: 


when both indic&tors were enciphered in the same 
systems 

when there were messages on the same key ~ 

when indicators consisted of 5 different figures 
when indicator was known by virtue of the. 
circumstances. 5 


Bar of . 


Lt. Schubert. also mentionedd75 a third type of encipher- 
ment, by occasional simple substitution systems; but he gave. 
no details on the-types of substitutions or methods of solution. 
In conclusion, the interrogator said: 


The abvove gives the most important cipher used by 
Russian Partisans and sples, as far as they are known 
from breaks, captured documents and POW statements. 
Systems used in the Balkans are not included by they 
are of @ similar type. After the middle of 1944, w/T 
traffic of the partisans and spies dropped heavily, 
as they were constantly being overtaken by the advance 
of the Red Army. "376 


rH 
of I 26 p13 Note: “on ps5 of the original interrogation, 


Schubert said of subtractor systems: 
"One could talk a whole day describing these methods. 
There was in existence a report of over 50 typed pages...". 
There was rarely enough depth to break these tables. 
575 


576 


I 26 appendix 3 
I 26 p 14 
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VOLUME 4 


Chapter VI 


Section C. Liaison with other Agencies on Russian 


Cryptanalysis 
Paragraph 
Liaison with the Signal Intelligence Agency of the 
Supreme Command of the-.Armed Forces... ...c.ceres eece 5F 
Liaison with the Signal Intelligence Agency of the . 
Air Force High Command... .....ncecce eee e vets ences sae 58 
Liaison with the Signal Intelligence Agency \ of the 
Navy High Command... .. cece eevee eae e ence nce auescscven 59 
Liaison with Goering's Research Bureau. .....ssssecseceuees ' 60 
.mwiaison with the Foreign Office Cryptanalytic Section..... 61 
Liaison with the Japanese... . ee cee cere eee e wees peees eee ve O2- 
Liaisoa with the Finns..... seer coer ence esaveute ceseevcoeee GF 


57. Itaison with the Signal Intelligence Agency of the 
Suoreme Command cf the Armnéd Fortes.-~ The Ifiaison between 
the Signal Intelligence Agency of the Army High Command 
(oxn/CaNA) and OKW/Chi was close because of the joint deriva- 
tion of both offices from the Codes and Ciphers Section of 
the Defense Minietry, and because of the joint and simultaneous 
econtrel of OKW and OKH signal activities in the person of the 
Chef ENW and Chef WNV (Chef des Heeresnachrichtenverbindungs- 
wesengs and Chef des Wehrnachtnachrichtenverbindungsabtei lung). 
A certain amount of jealousy existed on the top levels of 
signal intelligences operations, and "liaison between specialists 
was discouraged. "501 WNevertheiess, there were specific cases 
of specialist inter-service cooperation on Russian cryptanalysis. 
581) 30 p 10 
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The Russian Referat of In 7/VI, under Lt. Dettmann (and, ~ 
for a time, under Professor Novopaschenny) which was detached 
to the Chief, Army Signals Communication Agency {Chef des. 
Heeresnachrichtenverbindungwesen, abbreviated Chef HNW/(HLS)), 
in Loetzen, had had considerable initial success on 4 Russian 
5-Pigure code until the spring of 1942. In 1942/probably_ 
April 1, when the Russians introduced a new 5-figure code/ 
OKw/Chi sent a special Russian "party" to HLS/Ost to col- 
laborate with the OKH cryptanalysts there in the solution of 
@ Russian 5-figure code. Professor Novopaschenny, head of 
that GKW/Chi party, returned to Berlin in 1943; but the 
eryptanalysts who had gone with him were absorbed into HLS/Ost 
and remained there. During 1942-43, Lt. Dettmann (of HLS/Ost) 
was also passing considerable Russian 5-letter traffic to 
OKW/Chi in Berlin for solution.582 — 

In February 1943, the language department of the Radio 
Defense Corps (Oberkommando der Wehrmacht, Wehrmachtnachrichten- 


-verbindung, Funkueberwachung, abbreviated OKW/WNV/FU) headed 


by Ferner, began collaboration on Agents! Codes with OKH/In 7/VI. 
By the end of March, in 7/VI had given to Fenner's section all 
agents' traffic intercepted since 1941. Solution was begun, 
and the results achieved by Fenner were passed on to In 7/VI. 
Somewhat later, liaison on this particular problem disintegrated, 
however, since In 7/VI was uncooperative about turning traffic 
over to Fenner. : 

There were no other specific examples in TICOM sources of 
cooperation by OKW/Chi with OKH/GdNA on Russian cryptanalysis. 
it is known only that OKW/Chi regularly used the IBM machinery 
of OKH in their cryptanalytic work.583 


8 
5 5 


96 p 13; I 67 p 2 
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58. Liaison with the Signal Intelligence Agency cf the 
Air Force High Command.-- Relations between the Signal Intelli- 
‘gence Service of the Air Force High Command (Oberkommando — 
der Luftwaffe Generalnachrichtenfuehrer Abteilung III, 
abbreviated OKL/Gen Nafu/IIi) and OXU/GdNA were on the whole 
good. Ona very high level, reports and information were 
exchanged, and periodic meetings were held to discuss tech- 
“niques and experience.5 On en operational level, the 3rd 
Battalion of Air Signals Regiment 555 (Luftnachrichten Regi- 
ment 353, abbreviated LN Regt 353) {on the southern sector 
of the Russian front) collaborated with KONAs 1 and 8 of the 
Arwy Liaison officers were exchanged and evaluation closely 
coordinated. 585. The German Air Force Signal Intelligence 
Service often helped fill in the paps through their work on 
airy armies when the Soviet land army observed radio silence.586 
It should be pointed out in review that the Signal Intelligence 
Regiments (KONAs) on the Eastern front intercepted and solved 
'&@ great deal of Russian Air Force Traffic as well as Army and 
NKVD traffic; and Prisoners of War discussed the cryptanalytic 
work on Air Force systems not as a special task but as part 
of their general "army" assignment. Cooperation on cryptanalytic 
problems was good after 1943; and it can be assumed that the 
liaison on traffic analysis and evaluation was close and 
constant. 


H 


59. Liaison with the Signal Intelligence Agency of the 
Navy High Command.-~- In 1lts eolatione with other agencies, 
the Signal Intelligence Agency of the Navy High Command 
{(Oberkommando der Marine, Seekriegsleitung IV, III, abbreviated 
OKM/SKI: IV/III) maintained a@ traditional aloofness. There 
was 20 statement in TICOM sources of specific cooperation with. 


584 


585 
586 


I 1226 » 14 
I 130 p 15 
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OKH/GdNA on Russian cryptanalysis. Lt. Schubert (of OKH/GdNA), 
who attempted to establish some sort of liaison with the Navy, 
stated simply: | 


"I endeavored to achieve cooperation between the Army 

- and: the Navy. This task was actually no concern of mine. 
A naval officer was detached for six weeks who looked at 
all Army systems originating in the West and the Hast and 
I went to him to attempt some settlement. I tried to 
achieve collaboration, but later events upset things. 
There are practically no points of contact between Army 
and Navy-~-as regards the Russians. "507 


60. dadison with Goering's Research Bureau.-- Crypt- 
analysts of the Signal Intelligence Agency of the Army High 


Command (OKH/GdNA) were not too well informed on the organi- 


' gation or operations of the cryptanalytic unit of Goering's . 


Research Bureau (Forschungsamt, abbreviated FA). Liaison 

did exist, however, between the two organizations, and took 
the form of actual division of tasks, phaning of personnel, 
and cooperation on IBM developments.58°° py. Buggisch stated 
that (he had heard in 1943) the FA was able to break and 

read Russian teletype traffic,>89 though he did not know 

know may details. On another occaision, however, he stated 
(revealing that there must have been at least a modicum of 
Jiaison,590 "The FA had analysed a Russian cipher teleprinter 
system in 1943 and recognized that it must have been based 

on @ machine having certain similarities with the German SZ 40. 
After a short time the Russians altered the system. The FA 
then communicated its results to my unit and was given 4s 4 
kind of recompense a report on the solution of a German cipher 
teleprinter. This was one of the very rare cases where FA and 
In 7/VI exchanged results." . 


587 
5388 


I 26 p 2 


It should be pointed out that Col. Mettig objected to liaison 
with the FA, however, because of the "SS" taint, and that 

Dr. Buggisch of GdNA considered liaison with the FA "bad. 
anyway" I 64 7p 2 


C : . 
589 pop details see above, Volume 4, Chepter VI, section on 
machine ciphers 


590, 176 p 6 
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Rotary Switch for Band Switching 


ment uses gears which coordinate the rotation 
of the dial with the rotation of the variable 
capacitor. But this method is expensive and 
is used only with precision equipment. 
Bandspreading can also be accomplished 
electrically by using trimmer and padder 
capacitors, as shown on page 14. These capaci- 


tors can affect the minimum to maximum 
capacitance of a circuit. To increase the band- 
spread, a variable trimmer, C2, is connected 
in parallel with the main tuning capacitor. 
To decrease the maximum capacitance with- 
out changing the minimum value appreciably, 
a padder or series capacitor, C3, is used. 


Band Change Circuits 
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The liaison between OKH/GGNA and the FA has already 
been discussed in this chapter, with »eference to the visit 
of Specialist Wenzel of the FA to OKH/GdNA to help Lt. 
Schubert on Polish Resistance Movement traffic. 
With regard to cooperation on IBM developments, there 
was no statement about specific Russian cryptanealytic 
S problems in TICOM interrogations. , It is known that the 
Signal Intelligence Agency of the Army High Command took 
the lead in the development and application of IBM machinery 
; to cryptanalysis, however, and their nachinery was made 
available to other agencies. Trenow (of the Signal Intelli- 
gence Agency of the Navy High Coumand, (OKM/SKL IV/III) stated: 


"About March 1942 we paid a visit, in. conjunction 
with the GAF and the PA, to the OKH Hollerith/IBM/ 
department in Berlin... ."591 


Since there was no evidence in TICOM sources of coordinated 
application of IBM machines to specific Russian cryptanalytic 
problems, it can only be assumed that such liaison existed. 


61. ILdaison with the Foreign Office Cryptanalytic Section. -- 
There was no statement in TICOM interrogations about any 
liaison between OKH/GdNA and Pers Z S'on Russian cryptanalysis. 


- 62, Liaison with the gapenese -—— When. asked about liaison 
with the Japanese on cryptanalytic problems, Dr. Buggisch 
said he "did not know about OKW--but had never heard of any-- 
and as for OKH he was sure that there had never been any Japs 
around in the flesh or any liaison he knew of."592 Actually, 
it seems, there was @ certain amount of alleged liaison with 


5917 146 p 17 
5925 64 p 3 
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Japan; for, as Dettmann and Samsonov pointed out, "the 
Russian Referat had been visited at Loetzen in 1942 by two 
Japanese officers.595 The Japanese were given a polite 
reception but shown very iittlie of anything, and no so- 
lution work: thelr tour lasted only three to Pour hours. 
The Japanese said they had solved the Russian OKK 6 and 
OKK 7, otherwise no Russian 5-figure trarfic.594 ‘For all 
intents and purposes, there was liaison only on paper, 
certainly no collaboration on solution techniques or ex- 
change of information. ie 
63. Iteison with the Finns.-- Quite the contrary was 
true in the case of liaison with Finland. "Liaison on all 
cryptansiytic matters vas excellent."595 The Germans, to 
begin with, had e very high opinion of Finnish cryptanalysts :596 
"The Finnish crypt personnel were considered outstanding | 
and the exchange was a great benefit to NAA 11. "597 ; 
The main Finnish unit was RIK, "Radio Telegraf Kompanie." 
It was of battalion strength, with one motorized company and a 
Pixed unit oF about 200 men, located &t Sortavala. RTK had 
about 70 cryptanalytic men, mostly officers, headed by 
Captain of the Reserve, Erkki Pale. It also had evaluation 
men.595 The Finns worked largely on Army traffic and had 


no separate unit for Air Force Signal Intelligence cperations. 


9931 116 p 9 
5947 116 p 9 
5954 106 ae 
597 116 p lo 
X 106 > 3 


597 
I 116 p 10° 
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. Lt. Dettmann visited Finland in 1942 and exchanged 
technical letters from that time on. But the first German 
liaison officer with the Finns was Captain Marquardt (later 
head of Group I, GdNA, not a cryptanalyst); he was succeeded 
by lst Lt. Riemerschmidt, who was stationed directly at RTK 
{the Air Force Liaison officer, lst Lt. Vaatz, was stationed 
at Finnish EQ's in Mikkeli}, and had a direct radio link to 
NAA 12. In return, the Pinns had a lisison officer at 
Loetzen from 1942, lst Lt. Mje-Koja (also not a cryptanalyst), 
who was succeeded by lst Lt. Ohn; in addition, small Finnish 
parties visited NAA 11 from time to time.599 
Results were exchanged between the Finns and NAA 11 


every two or three days, and NAA 11 varied its cryptanalytic 
priorities to give full attention to any special. links required 


by the Finns; in return, information and solution from LNA 


- to Sortavala vere sent to NAA 11: "On one occasion (the 


captured RZ 1800) this was faster than the direct transmission 
from LNA to NAAL1.600 The Finns solved 3-figure and 4-figure 
codes extensively, with emphasis on NEVD material. They had 
no suecess with 5-figure traffic and "never captured any 
copies of those codes as far as Schmidt kmew."001 This is, 
of course, not true: see the section on 5-figure solution 
{Volume IV, Chapter VI) for an account of Finnish capture 
and. detivecy and German exploitation of the Russian 5-figure 
code book.602 ‘The Germans sometimes used Finnish equipment 
and vice verse, but they "gave the Finns much advice..no 
physical help."602 Ana Capt. Schmidt stated that, "NAA ll 
never ‘got straight intelligence Prom the Finns or vice versa. 
‘Phis was characteristic of the general German-Finnish under- 
standing that Lapland was a German ares for operations with 
South Finland allotted to the Finns. "604 ‘ 
It should be pointed out, in passing, that there was no 
statement in TICOM interrogations about any liatson whatsoever 
with Hungery and Italy, German's other allies. 


9997 116 p 10; I 106 p 3; I 2l p 2 
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VOLUME 4 
‘Chapter ‘VI. Russian cryptanalysis 


Section D. Successes and Failures 


Paragraph 
Successes end: PAUneRe eane tule eek cubital ee 64 
64. Successes. and failures. ~- In: their criticism of 


the defects of the structure of the German Army Signal. 
. «= Intelligence Agency (OKH/GANA) from the viewpoint of crypt- 
oe analysis, Lt. Dettmann and Sgt. Samsonov wade five points: ;608 


2) tis adnintgineeton, both of the central office and 
of the subdivisions, had no, or at most a very small 
specialized knowledge regarding the fields of work... 
Their effect was...mostly to hinder. and not to for-. 

, ward the work. 


2) Because the NAAS worked closely with Army Group . 
_ commands, the NAAS and its technical direction. / 
tended to correspond more closely to the desires 
of the Army HQ‘s Toener than to their own central 
office. 


3) The division of cryptanalysts Between the central ee 


id _ office and the NAAS had’ as @ result that. in addition 
a : ‘ to an enormous amount of "paper warfare”....work of 

: cryptanalysis and exploitation was carried on with 
almost complete duplication. 


¢ 


608 2. ee te 
DF 1d part (i Gao a ~ 
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- 611 


4) The wultiplication of effort derived also from the 
,erproneocus ambition of administrators in individual 
stations, due to’ “competition.” - ae 


5) The most serious interference with the actual work, 

both in the central office and in ail its branches,.. 
however, was. doubtless brovent about by the purely 
military "manipulation" of this set-up, involving 
treatment according to rank, not skill or compstence; 
‘military exercises, field maneuvers, and the like. — 


They were, of course, not concerned with specific details - 


of the cryptanalytic set-up, but rather the overall organi- 


zational and administrative difficulties involved. The contents 
of their report and of the reports of other Prisoners of War 


‘on the technical aspects of cryptanalysis, however, belied any _ 


long-range serious effects on the actual functioning of the 
specific cryptanelytic units, either in the central office 
or in the field. The only major failure of the German Army 


-vis-a-via the Russian systems was the failure to solve and 


read currently the 5-Pigure codes. Maj. Dr. Rudolf Hentze 
(head of Group IV of GdNA) spoke of the accomplishments of: 


‘Dettmann and Samsonov in Referst 3b: ."/Theyy had good success, 


especially on the NIVA code, which did not change for a period 
of two years and therefore could be read almost entirely up _ 


to the end of 1944, This was a.5-figure code enciphered.. 


A new NIVA cane in at the end of 1944 and about 500 groups. — 


, of this had been recovered by the end of the war."609 Al-_ 
though he remarked in passing that Referat I of Group IV also. 


"worked on 4- and 5-figure enciphered codes and had partial _ 
success working from depths, "610 he was speaking there of only 
one specific code. And in spite of Lt. Col. Mettig's two glib 
statements on the "continucus breaking” of 5-figure codes;611 


609 


a ‘E13 p 6 
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and in spite of Dettmann and Samsonov's boast that they atwage 
captured the books and could read (although with difficulty), 
it seems apyarent, judging from the total sum of reports from 
other Prisoners of War, that the 5-figure code was not read 
currently and thet, even if the book had been captured, the - 
encivherment by almost exclusively one-time pads rendered \ 
actual solution practically impossible. : 
On the operational level (2. @., outside of GdNA), it 
was generally agreed by all Prisoners of War that there was no 
trouble in reading 2-figure and 3-figure traffic of all sorts, 
and only &@ relative difficulty in the case of 4-figure traffic. 
The solution of the 2-figure and 3-figure codes was simple 
enough to.be carried out on company level; and what was not 
finished there (either because of lack of time or lack of 


manpower) was completed on the level of thé NAAS which did 


solution up to and including 4-figure waterial. A certain 
amount of Gifficulty was encountered in address material in 
agents!” codes, but not enough to destroy continuity or to im- 
pede the derivation of enough intelligence of a tectical nature 
for current use. , 

In the case of NKVD codes, Dettmann and Samsonov claimed 


: that from cryptanelysis they were able to determine the organi- — 


zation, deployment, and general signiPicance of NKVD as a 
Russian organization; and were able to establish either direct 
or indirect knowledge of dispositions and. changes in dis- 
positions, enemy orders for deployment or attacks, preparations 
for major operations, supply, @muunition, losses, reinforcements, 


_health and morale of troops, conditions rearwards of lines, 


the general traffic situation, production capacity of factories, 
partisan movements, and finally, information on the Polish 
Resistance Movement. 

This is certainly an impressive amount of information 66 
have been derived solely from cryptanalysis, as is the chart 
made - up by Dettmann and Samsonov detailing actual codes 
read, 615 By comparison to other interroge tions, there seems 
to be a large amount of boasting in their report, giving a 


‘Clear impression that ell the informations wes not strictly 


true as given, at least for cryptanalysis on central. office neve ds 


612 — 
DF 18 vp 16-33 


13pm 18 p75 


DOCID: 


3486746" 


If one can assume a truthful exposition in those cases where 
their statements agreed with the statement of other Prisoners 


‘of War, however, the amount of cryptanalytic achievement on 


the part of GANA {and of HLS Ost) and of the small units on 
lower levels of overation and solution is atili impressive. 
It muet be remembered that other elements than pure erypt- 
analysis entered into the picture and played a. ppEee part 
in the production of total intelligence: 


1) The great amount of Traffic Analysis, Direction 
Finding, analysis carried on in the Eastern front 
area. Statements of Prisoner's of War indicated | 
‘thet, although 5~-figure traffic wes not read, it 
preduced, nevertheless, a great amount of intelligence 
from external characteristics, blocknot series 
numbers (for disposition of units uaing seriles 
CURBED Sj: ete. 
2) The generally "low, but improving calibre of Rus- 
, sian transmission,” coupled with bad Russian 
security. As Lt. Starke stated in one place, 
“although 2-figure traffic was never very diffi- 
cuit to read, much assistance was gained ‘from 
security breaches on the part of Russian operators. 616 
There were scattered references throughout the. 
interrogations to conversations of. Russian opera- 
tors which provided much real. information on move- 
ments of ell kinds. Besides, as Dettmann and ; 
Samsonov pointed out in the reference exclusively — 
to NKVD, but by extension to ther systems," the 
‘fact slone that NKVD ciphers continued to be used 
often for. more than two years at a time must indi- 
cate that the Russians did not believe it possibile 
that the enemy vas reading the traffic." 


6lisce Chanter V, Vel. V for details 
615¢.¢., 1 19b report 5 p 14 


616 ; 
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3) Finally, the apparently large amount of capture 
of both codebooks and tables. The importance of 
this type of Scones se in solution can not be~ 
over estimated. 


In spite of these considerations, it is still true that 
the German Army read 4 tremendous amount of material purely 
eryptanalytically which, though only rarely of high level 
operational importance, produced a steady flow of tactical 
and strategic intelligence. .As an example which may or 
may not be typical, Corporal (Uffz) Althans (of NAAS 1) 
drew up the following chart showing the estimated monthly 
average for the or 1944, Of prarfic Jatercepted and 
solved: 261 : 


\ 


| ‘Survey. of Bacco ase® de cryptanalysis 


: i a Remarks oo 


“TZ degree or 
Cryptanalytic 
Success 


(not studied 
at KONA 1) — 
only partial ly 
studied at 


618 19 report .25 p 44. 
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Dettmann and Sauagonov listed the folloving as systems 
worked on and solved:619 


Army and Alr Force: | 


1} Operation aystens (emai tne text concerning oper- 
ations and traffic technique 

PP-355, PT-39, PT-41: there yas a large volume of 

messages in the PT systems, which were superseded 

by "small Codes” in 1944 — 

Signs Codes: these were used in the second half 

of ths war @nd were 3 and 4-figeure codes, called 

CYB or “front” codes. They vere partially solved, 

_ but completely worked cut only in the rarest cases 
3) Address Codes; these were used by any wit in the 
"front" commands: interpretations were hard to make, 

because of the Russian use of covernames, and it 
was difficult to solve the encipherments 
44} “Conversion” systems: these included codes, code 
tables aud extended substi tutions. Among those . 
specifically mentioned were: 
he Air Force General Code 1934-37}, carrying 
information on landings, takeoffs, weather, etc. 
The BAK-38, the last general Air Force system 
‘used to the end of 1939 
The Army and Air Force "General Commanders’ 
Code”, OKK-5 to OKK-8 (2939-41), and OTSKK-7 
("General Central Commanders? Code"), used in 
rear areas ; 
All "conversion" systems were considered CYB, or 
"front" systems . 
5) Pranspositions: pure trenspositions were used in 
the Army and Air Force only for practice traffic 
6} Number codes (called by the Germans "cipher-code"): 
' thess were 5-figure ccedes for relaying radio reports 
oF operational or tactical content, direction of 
troops {on the nighest networks ). Specifically 
mentioned vere O11-A (19,000 code values in 390. 
pages), O23-A, O45-A, O62-A, 091-4 (23,000 code values 
in 430 pages), which was used until the capitulation. 


NN. 
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All these books vere captured; but the encipherment _ 
by Blocknots (one-time pads) made solution practically 
impossible; there was almost complete security in 
these systems .620 


NEVD ; 
1} Operational systens: these were used by individual 
.uaits until 1939, when a general operational system 
_ (menc~alphabetic substitution, no description vas 
given) was introduced 
‘Conversion systems": a 4-figure code vas used in 
the Kasakhastan ares; three 4-figure codes were in 
uss by 1939; three 4-figure codes vere in use at 
the time of capitulation: ZERNO, NIVA, VIZA; @ 5- 
figure railway code was also in use 
3) Transposition systems: these were not used by 
WKVD, with the exception of one 4-figure code (used 
in the Arctic Ocean district and on the Finnish- 
Russian border) which was enciphered by a trans- 
position: it was reac currently in part 
4) Number series: from 1940 on, @ 4-figure code was 
enciphered by various methods, monographic letter 
substitution, sliding number sequences, and Block-~ 
nots. These were read currently up to the end of 
the war. ; 


2) 


Agents’ and Partisans’ Systems:° these were transpositions 


(single and double), grilles, and keyword substi- 

tutions. (Though there was no statement of crypt- 
analytic achievement, app&rently great difficulty 

was encountered in solution, and not much success 

was achieved} te 


620), 18 p 61 
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MAIN TUNING 


Bandspread Circuit 


THE TUNED CIRCUIT AT VHF AND UHF 


The use of the ordinary tuned circuit for 
VHF and UHF is impractical. At such fre- 
quencies, both L and C become so small that 
the connecting leads of the coil may have more 
inductance than the coil itself, and the dis- 
tributed capacitance of the coil may exceed 
the capacitance of the variable capacitor. 
Under such conditions, successful tuning is 
impractical. Thus, it is common practice to 
use resonant sections of transmission lines for 
tuning frequencies above 100 mc. A quarter 
wavelength resonant line has capacitance and 
inductance. It is a tuned circuit. This type of 
tuned circuit will be discussed further in the 
chapter on VHF and UHF receivers. 


AMPLIFIER TUBE CONSIDERATIONS 


Triodes, tetrodes, or pentodes may be used 
in TRF receivers. The use of pentodes is most 
common, for pentodes provide much greater 
amplification, with little danger of oscillation. 

Remote cutoff (variable-mu) or sharp cut- 
off tubes may be used. Notice the difference 
in response of these two types as shown above. 

The remote cutoff tube is used in circuits 
with adjustable bias for controlling the gain 
of a stage without impairing linearity of 
amplification. With a remote cutoff tube, 
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signal strength may vary considerably without 
danger of distortion. Some useful remote cut- 
off tubes are the 6K7, 6SK7, 6SG7, 6BE6, 
6AV6, and 6AB7. These tubes cut off at bias 
voltages of —15 to —45 volts. Class A opera- 
tion is possible up to the cutoff point. 


The sharp cutoff tubes, such as the 6SJ7, 
6SH7, or 7V7, have higher transconductances 
than remote cutoff tubes. They can be used 
where signal strength is low and high gain is 
desired, as in the first amplifier stage. They 
can also be used where signal strength is 
relatively constant. 


TRF AMPLIFIER TUBES AT VHF AND UHF 


In the VHF and UHF ranges, specially 
constructed tubes are used. Input impedance 
must be high, or gain is limited and tuning is 
broadened. At 60 mc, a normal RF amplifier 
tube may have an input impedance of 2500 
ohms, while a specially constructed tube may 
have an input impedance of 54,000 ohms. 


The specially constructed tube is very small 
physically, with closely spaced electrodes and 
no base. To reduce interelectrode capacitance 
and lead inductance, tube connections are 
brought out to short wire pins sealed in the 
glass envelope. The close electrode spacing 
keeps transit time down to the point necessary 
for UHF operation. The reduced electrode area 
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Dettmann and Samsonov concluded their discussion with 
& chart of German cryptanalytic achievements on Russian 
systems.621 he details of which are to be found on chart 
#1-2 (results of European axis cryptansiytte achievements )022 


621. 
622 


DF 18 p 5 * 


It should be setuid. out once dean that though Dettmann 
and Samscnov gave & comprehensive picture of German 


achievements, they were not to be trusted in every 
detail. Throughout this chapter it has been shown that - 
composite picture of German achievements in Russian 
cryptanalysis as derived from the interrogations of 
‘other Prisoners of War in many cases did not agree with 
Dettmann and Samsonov , but would seem to contain more 
truth. 
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“the German Defense Ministry.°7 


VOLUME 4 
Chayter VII. Miscellaneous Cryptanalysis 
Section A. period from lyly to tysy 
‘varapragh 


Cernen Army Cryptanalytic Effort Ayly- pat be ee 65 
German Army Cry »tanalytic Effort Ays5-193y. Siesta OO 


French Systems 19335-1954... . cece eke eee PG Rage. Th 
Belgian Systems 1Y55-1LYU3y.. ccc. cc cevees pada ie OC: 
Dutch BS ESS, WO 55 G50 hace a coha bere dof aare nian 6Y 
SWISS OYSTCMS 21.95 e190 Ss sss eons Pee SS ree a Seg TU 
British Systems 19335-1439... ..c0006 wepresenneescas FL 


Summary of the 1935-195y. period........ Misi wa wai Te 


65. German Army C ee ane deh gn ies2-- 


Before 1935, there was no Army Hizh Commend and consequently 


no separate German Army Signal Intelligence vervice. The 
codées-cipher section of the German Defense Ministry which 
had been maintained in skeleton. force since the end of world 
War I handled the cryptanalytic work ,on foreign Army systems 
and any security work done on German Army systems. There 
ts no record of the work done by this section. . — 


66. German Army Cr ytanal: as Lffort 24943-1944-~ In 
19453 the newly establishe y “Qberkommando 


des Heeres abbreviated "UKH") set no its own central agency 


to handle the Army traffic of forelgn countries. This 
central agency known as the Intercept Control Station 
(Horchiettstelie) was staffed by a few trained cryptanalysts 
who had been drawn by the APRY from the Cipher Section of 
Although little is known | 
about the organization of the Intercept Control Station, 
Major Feichtner of the German fir Force states that it was 
Givided into geographical sections, each section dealing 
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With an individual country. 631 We know that before LY3Zy 


there were. sections for the traffic of Belguin, Hodiand, 
switzerland, England, and Russia, 


67. French ‘systems 29535-L45¥-~- Mettle saree that 
‘duping the years. -Ly95Y, continuous and significant 
successes were obtained by the Intercept Control Station. 
against French Army systems ,052 In the crises of 1447 and 
1y30, the Germans read the systems used by the French on 
the ..treless net which radiated from Paris to the statle 
Frencn formations within France.,.These systems, desiz ghated 
by the Germans as F yU and F 13,4933 were described by. 
Dr. (tto Buggisea, one of. the leading Army oryptane)ygts, 
as French Army systems based on a foaur-figure code. 
In one case, tne enclpnerment was by means of a periodic 
additive; in the other it was an ordinary transposition, 
the. transposition key being obtained from a key word which 
itself? was taken from the code. Solution, said Buggisch, 
was obtalpad by methods generally known. in cryptanalytic 
circles ,°7 ; ‘ 


63. Belgian systems 1933-1554-- The complete order 
of Battle of the Beigian Army was known to the Germans 
in 1999s 68h least partly through the reading of Belgian 
systems.°7° Huettenhain, one of the Leading cryptanalysis 
of the Signe. Intelligence Agency of the Supreme Command 
of the Armed Forces (CkW/Chi), described the Belgian Army 
system as a 3-figure code used with substitution tables 
in such a way that the first figure of each group remained 
unchanged and the second and third were each enciphered 
individually with types °6 Sp eee aeeons that could be 
varied with ea ch méssaye. 
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. 69. Dutch systems 1933- 1939-- Mettig states that the Dutch 
Order of Battie was also available to the German Army at least 
partly from cryptanalytic achievements. 8 The maneuvers of the 
Dutch. ony in 1937 were covered by the intercept stations of the 
Army. Very simple techniques, principally double transposi- 
tion ciphers; were used and these were read by the cryptanalysts 
of the Intercept Control Station without much difficulty. As a 

. result, Dutch Order of Battle was established down to on heels 
level, 


70. Swiss systems as5ag5o-~ seinsoriand, Mettig sald, 
was only casually monitored. Nothing is known from TICOM 
sources concerning the eMiea systems used in this period. 


71. Beitish systems 1933-2939-- During the period 1933- 
1939, the Intercept Control Station had very little success in 
reading British systems. Mettig attributed this tog hbe very | 
poor quality of the personnel employed on the task. The © 
Order of Battle of the British Army, however, was bullt up from 
direction-finding informa$jen and the evaluation of call-signs 
or other radio procedure." of : 


72. Summary of the 1933-1939-- The cryptanalytic effort 
'. of the Germans from 1953 to the beginning of the war, 1939, was 
fairly successful. The Order of Battle of the French, Belgian, 
and Dutch Armies up to that time was known. from eryptanaly sic 
achievements. Only in the case of Britain. was cryptanalysis 
unsuccessful, and here traffic analysis indicated the Order of 
Battle. Against Germany's feebler opponents, such as Poland,. 
little was nécessary, 1f we may believe Mettig. Mettig stated 
that the speedy deveiopment and completion of the Polish cam- 
paign in 1939 made cryptanalytic effort unnecessary, particu- 
larly in view of the fact that the Pole», he believed, trans- 
mitted their radio traffic 1n the clear. It was with justifiable. 
' confidence in their Signal Intelligence Service that the Ger- 
mans faced the early years of the war. 
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. VOLUME ye 
Chapter VII. Miscellaneous Cryptanalysis 
Section B. Period from 1939-1941. 


Paragraph 


German Army Cryptanalytic PPPOPEL9SG-1941 inca caves 73 
cae oF the aoa Period...... abe ee ne eeennes T4 
i 4, 73, German Army Cryptanalytic Effort 1439-1y41-- 


- In the early y the. war, the cryptanalytic staff of 
the Intercept Control Station (Horchleitstelle) was unable 

to cope with the added burden of the wartime traffic. The 
‘British section of the Interceph, Control Station was un~- | 
able to solve British ‘systems;'‘ the French section was - 
forced,.to cali upon the Signe) Intelligence Agency of the 
Supreme Command Armed Forces oy econ der Wehrmacht 

. Chiffriler Stelle, storey iacen- gw, /Chi) to aid in the solu- 

' tion of French Army systems; and there were not enough . 
oryptanalysts to furnish the forward units with adequate 
staffs 

Se ' ‘The: failure. of the British section of the Intercept 

. Control Station (Horchleitstelle) to achieve any success __ 
with British systems continued. In 1940 the six people : 
comprising the section were moved to Bad Godesberg where — 
no success waes.achieved despite an abundance of material 
with which to work.055- Dr. Buggisch, who in 14942 looked 
over the files of the British section regarding work on 

. the British high grade machine, Typex, characterized the. 

- work of Inspector Breede who worked in the winter of, 1939/40 

. on the British "big machine" as complete nonsense. 4 

_ stated that Breede described an imaginary machine nicer 
had nothing whatever to do with Typex. No cryptanalytic 
success was recorded in this period. In April 1940, HOVENPE 5 
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the British section received a copy of the British War 
office Code captured in Norway. A second copy was ob- 
tained at Dunkirk.9°°> Suecesses with this systemyus¢ there- 
after possible, sings the British continued to use this 
system until 1943,050 

The failure of the cryptanalysts of the Intercept 
Control Station to solve independently, the French Army 
system succeeding the F 110 was another indication of 
their inadequacy. In early autumn 1939, the French re... 
placed the peace-time systems, F 40 and F 110, with a 
new war~fige system whose name is not known from TICOM 
sources .°°!.. The Army eryptanalysts found themselves unable 
to cope with the situation and called the cryptanalysts of 
the Signal Intelligence Agency. of the Armed Forces, (OKW/ 
Ghi) to their ald. Huettenhein, one of the cryptanalysts 
of OKW/Chi, was sent to the Army Intercept Station at 
Frankfurt/Main to aid in the solution. Among his papegs 
were two memoranda describing the work he did there, 
In the memoranda, Huettenhain reported that the task was 
accomplished, with the aid of his own colleagues of OKWw/. 
Chi by Cctober, (19359), so. that all the September material 


_ could be read retrospectively. The system continued to 


be worked on successfully through October; and in November, 
Dr, Huettenhain returned to his own agency, the system . 
solved. lt may be noted that the head of the army station 


- requested Huettenhain to convey the thanks of the Army to 


the Signal Intelligence Agency of the Supreme Command of 
the Armed Forces (OKW/Chi) for the assistance given to the 
Army's cryptanalytic section and remarked that in his opin- 
ion such a large cryptanalytic task could not be done by 
the Army High Command elther then or in the near fubure. . 

. The system was decoded by the Intercept Control Sta- 
tion successfully -until the German offensive of the spring 
of 1940. At this time the French began to.use systems in 
the forward echelons which the cEuptanalysts of the Horch~ 
leitstelle were unable to solve, Mettig remarked that 
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-eryptanalytic achievements o 


the Army eryptanalysts: both of the fonwand units and of 
the Intercept Control Station (Horchleitstelle) finally 
concentrated on two machine systems, the C-56 and the Be . 
ail. Neither was solved, however, until efter the 
cessation of hostilities with France. According to Mettlg 
the final solution of these two machines rated lower than 
that of the preceding’ system since it was not tinery and 
was done only with the aid of captured material. 

In the winter of 1939, the dearth of field cryptanalysts 
became apparent to the German Army. When the Signal Intel- 
ligence Regiments (KONAs) were preparing to. move into the 


field, the Army found that poate were no trained crypt-. 


analysts to send with them. €ol. Randewig, the commander 
of all intercept units in the west, was able to procure a 
number of cryptenalysts from intercept units around Berlin 
and filled out that number with mathematicians. and linguists. 
As a result, when the German offensive started in 1940, 

the Signal intelligence: Regiments had a moderate supply of 
cryptanalytic personnel; but more were needed to cope with 
tne anes problems. 


Te Summary of the 1959-1641 Period-- Although. the 

the Intercept Control Sta- 
tion (Horchleitstelle) during the years 1939-1941 were 
minor, their success in intercepting traffic and decoding 
solveble known systems was of great aid to the German 

Army. Mettig stated tnat all messages on the French system | 


‘Which succeeded the F110 were read. from late 14959 until 


the spring of 1940 when the system changed; and that these 


“messages, despite their comin aya bive nature helped to 
fill-in the tactical picture. 


Fpr example, the strength 
of units being set up on the training ground at Mourmelon . 
was estimated by statistics of water bottles and blankets. 
It was possible to deduce facts about the shortage of armor- 
plercing ammunition with the Freneh infantry units. Simi- © 
larly, the conversion of the Second and Third ‘French. ene. 
Divisions to Armored Divisions in the area northeast Of . 
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Paris was ascertained in December 1939 ,664 By the end of 
1939, the complete Order of Battle of the French Army 
was -available to the German Army from the reading of French 
treffic. The capture of a copy of the British War Office 
Code in Norway in 1940 (and of another copy at’ Dunkirk 
in June of that year) afforded the British section its 
first successes and furnished a constant and important 
source of information from:that time until LOH, when the 
British discontinued use of the code. 

In this period the Germans realized the inadequacy 
of their personnel and effort, and ‘set about correcting 


them. 
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The experiences of . 


VOLUME 4 
Chapter VII. Miscellaneous cryptanalysis 
Section ©. Freriod from ly41 to 1445 


raragraph 
German Army Cryptanalytic Effort 1941-19544......... 75 
western and Southwestern ee 

DOAN LON, bose aren tied slaw hier ae d<- FO 
work on British traffic ig41- asl. scat shanieys ee eae A 
-Work on USA Traffic 1941-1944.. sate caved hea ae Te 
work on French Traffic. 14 - 1G4y.. Lacale ee btica mcee as Ty 
Work on Swiss, Spanish, “Portuguese ‘and. 

Brazilian Treffic.. ee eid Wied a a nee Paces SRS eee COU 
work on Italian Traffic LY4L-1O44. Lo. cece cee Bete 
work on Swedish Traffic 1Ly4L- LGH4 ot sis hada eMadicanae dh ates . 62 

“work on Southeastern Traffic hoes ae ee eee 05 
work on Greek Traffic 1941-194 eee eee 
work on Hungarian Traffic 1Y ae isn iptan'esne OS). 
work on Rumanian Traffic 1941-Ly ie specie and OOF 
work on Yugoslav Traffic een Tee pease ate As Peace «Of. 
Work on Turkish Traffic 1941 aes Wes chi aatccbe Pee! 2) 


Work on Bulgarian Traffic 1941- ae rere er CT ie erage. 
Work on Agents!’ Traffic LY41-1Y44.. 1. ecw c eee eee YU 
work on Czech Agents' Traffic..... Silas ack Gra atede ale-aGe Sa Coles 
work on Yugoslav Agents’. Traffic........08- vate ole hea ye 
work on Agents’? Traffic in Southern France 
. and spain eestevoee+avneeteoerrxr oe et aeaese ereoear eae eos ov eoeee i) 
Work on Russian Agents* Treffic.....cccc scene. ee g4 


work on rolisn Resistance Movement MPSPTLG soa casos y5 
Work on German Traitord’ Traffic. .c.cccccccccoesces YO 3 
Linguistic Research 1y441- BLOWN eat stad ic Gees eee XT. 
Mathematical Research 1941-1944... ecw eee ewe eee YO 
Cryptanalytic Work of Subsection "F" ishi- UGH... YY 
Use of IBM in Cryptanalysis 1.64). -1Y944.,. cece cece ehOO 


German Army cryprenciyete sffort DON Senate Bem aroa tures 11 


75. German Army Cryptanalytic Effort 1941-1944-- 
erable expansion. 
in tne German Army cryptanalytic effort was desirable. As 
a@& result, in the spring of. 1y41, Major Mang of the German 
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Army, was ordered to establish a new German Army cryptana- . 
tytic and evaluation agency to replace the old Intercept | 
Control Station.°79 The new agency was established as 
Group VI Inspectorate of 7 (Inspecktion 7 Gruppe VI, ab- 
breviated In 7/VI). Its aim was to increase the cryptana- — 
lytic effort in the central office and to train cryptanag- 
lytic reserves for field work.671 A large number of 


‘mathematicians and linguists were introduced into the 


organization and the number of countries covered greatly 


- increased; detachments were sent from In 7/VI to key areas 


(the Russian section was dispatched to Loetzen to form 


_ there the nucleus of the (later) Intercept Control Station 
. East (Horchleitstelle. Ost); and cryptanalysts trained in 


British traffic were sent to Rommel's headquarters in 
North Africa to the evaluation center of Signal Intelli- 
gence Regiment 4 (KONA 4) in Athens, to KONA 5 in Paris, 


and to Feste 9 (Feste Horchstelle) in Bergen, Norway. 


The cryptanalytic work of In 7/VI is described in 
the following pages according to geographical divisions: 
western and southwestern cryptanalysis; southeastern crypt- 


‘analysis; eastern cryptanalysis. Following these para-. 


graphs the work of the Agents! Section, of the Research . 
Section Linguistic and Mathematical, and of the IBM Section 
will be discussed. | , 


76. Western and southwestern oryptanalysis, 1941-1944-- 
Western and southwestern cryptanalysis was ndled at 
T/VI by the British section with outposts in North Africa, 
Athens, Paris, and Bergen, Norway; by the American section; 
by the French section. with subsections for Swiss, Spanish, 
Portuguese, and Brazilian traffic; and by the Italian sec- 
tion. The field units which handled western and southwestern 
traffic were the western field units, KONAs 5 and 7. Swedish 
Army traffic was handled by a@ special unit of Feste 9 in 
Norway. ; Sy , 


77. Work on British 1941-1944-- During the years 


1941-1943, the main success of the British section was the | 
reading of the British War Office Code (wog}, two copies 
of which had been captured in early 1940.° 
capture of these documents, the British section under -In- 


After the 


spektor Liedtke was successful in reading messages from 
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means reduced interelectrode capacitance. 
These tubes can be used for frequencies as 
high as 600 mc. Some examples are acorn 
tubes 954 and 956. 


TRF AMPLIFIER CIRCUIT 


Examine the typical RF amplifier stage 
shown below. The tube is a remote cutoff 
pentode. The antenna is transformer coupled 
through a tuned circuit to the grid of the 
pentode. Cathode bias is provided. The vari- 
able resistor in the cathode circuit permits 
adjustment of the operating bias. The output 
of the stage is transformer coupled to the next 
stage. 

The RF signal is passed through several 
such TRF amplifier stages before it is applied 
to the detector stage. As the signal goes 
through the three or four tuned circuits, 
selectivity is greatly improved because each 
tuned circuit passes the resonant frequency 
and attenuates the other frequencies. The 
sensitivity is greatly increased because each 
tube amplifies the signal. 


DETECTOR CIRCUITS 


Detection involves rectification and filter- 
ing, as explained before in the simple receiver 
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analysis. In most modern receivers, the de- 
tector uses an electron tube for rectification. 
Six types of tube circuits are used: diode de- 
tector, plate detector, infinite impedance de- 
tector, grid leak detector, regenerative de- 
tector, and superregenerative detector. The 
diode detector is the most common. 


Diode Detector 


Examine the diode detector circuit shown 
on page 16. Note that no DC plate voltage is 
used. The RF voltage across the tuned circuit, 
L2-Cl, is applied across the diode. Since cur- 
rent flows only when the plate is positive in re- 
spect to the cathode, the RF voltage is rec- 
tified. When the plate is positive, the diode 
conducts and the capacitor in the filter cir- 
cuit, C2, charges. When the plate is nega- 
tive, no current flows in the tube, and C2 
partially discharges through R1, the load 
resistor. However, the value of Rl is so 
high that the capacitor discharges only slight- 
ly before the tube again conducts. This means 
that the charge on the capacitor follows the 
positive peaks of the RF voltage. Since the 
shape of the modulation envelope can be 
traced in the variations of the RF peaks, the 
charge on the capacitor reproduces the AF 
modulation voltages. 


RF Amplifier 
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' North Africa: ‘during. the spring of rghy, encoded with WOC 


and superenciphered with additives. British traffic in - 
wWOC was read constantly throughout 1441. In March of that 

year, a considerable volume of messages was.read during the 
British Cyrenaic offensive of the British kighth Army under 


'Wavell. The organization.of the base services and ‘the Order 


of Battle of the Army were recognized, During the late 


- Summer: of 1941, Rommel's counter-attack took place leading ~ 


to the siege of Tobruk. The besieged fortress was solely 
dependent on radio for its signal communications to the 
Eighth Army and Cairo, and as it used the WOC with an en- 
ciphering table almost exclusively its traffic was read 

by the Germans, The British section of In: 7/VI followed 
accurately the British Kighth Army's rellef attempts in | 
November 14941 which led to the cutting off of Rommel between 


‘Tobruk, Bir Omar and Sollum and, eventually, Rommel *s famous 


break-out to the West at Sidi Rezegh. 

“ As @ result of the success with the WOC in Berlin, 

rz special . detachment of eight cryptanalysts was sent to 

the evaluation center of KONA 4 at Athens to solve traffic 
at that point and thereby reduce the time wasted in sending 
the traffic back to Berlin. Unfortunately for the Germans, 
about the time the party started.(the middle of December 


2941) certain difficulties were encountered in the solution 


of the War Office Code which prevented the Bpyution | of the 
wOC for the following eight or nine months. 

this period the British section suffered a further See 
through the capture in July 1942 of the greater part of | 
the Long Range Signal: Intelligence Company, -.FAK 621, which 
had been operating in North Africa: under Seebohm. Al though 
the remnants of. the unit continued to operate under a 
Captain Habel, information gained from the captured part 

of the unit gave evidence to the British that their code 

was being read and from that bane on the British section 
had no success with the code. Herzfeld said thst after 
his return to Berlin in Uctober 1942, there was a little 
woC traffic but tbat its volume was too small for success- 
ful exploitation. From December 1942 to:-March 19435, the 
British used enctphered. indicators, and in Mavch and eprit 
1943 changed to one-time pads for enciphering tables. 
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The British section had no success with these innovations. 
although cee yorked for a year attempting to break into. 
the new system.°7 eel | cee ‘ 

From 1942 to the end of the war, the only success 
attained was with British low-level traffic, particularly 
Slidex. Slidex was designated by the Germans as English. 
Code (Englische Code abbreviated "EC") followed by a number 
to denote the variations of the basic system. Slidex was 


‘used by the British and later by the American and Canadian 


Army in front line units and in air support networks (ten- 
tacles). The variations of the EC system mentioned in) <_. 
TICOM sources are: EC 5, 12, 23, 24, 25, 30/5, and 30/20,°79 
EC 5 is described by Graupe of In 7/VI as a system in 
whith the code values are written ip alphabetical order in. 
the columns of 5 rectangle 25 x 25,08 The code groups are 
represented in the cipher text by the digraphic coordinates 
and sent in 5 letter groups. Intercepted Slidex was prin~ — 
cipally practice kpatfic in the United Kingdom during the . 
period 1942-1943 °°" and was. solved by the British section 


of In 7/VI which then forwarded the material 49 the training 


section of In 7/VI for instruction purposes. 

In EC le, the successor of EC 5, the code group of 
two letters derived froma the coordinates was enciphered 
by a group of four figures and sént in 5 figure groups.  - 
The. traffic in this code appeared in North Africa in 1g43-43 
and was of tactical value for operations in that area. 
It was solved at In 7/VI and.was decoded easily in most of. 


the field units of KONA 5 and 7. | 
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EC 23, 24, 25 were developments of the basic EC series. 
The systems are not described in detalii in TICOM sources. - 
The traffic originated mainly Prom the United Kingdom and » 
was used from November 1943 until the time of the invasion 
in June 1944. Traffic in these systems was intercepted 
by Feste 9 in Norway and units of KONA 5 in France. The 

- evaluation center of KONA 5 at St. Germain is said to have 

' gucceeded in reconstructing a@ll the cards used in systems 
23 and 24. Feste 9 succeeded in this only once efter two 
days' work, and then with the help of a message of 190 | 684 
digraphs. System 25 was recognized but seldom intercepted, 

_ EC 30/3 was @ variation of the EC séries intended to — 

be used specifically for the Invasion and thereafter.6 
It had, however, been used by air liaison links in the United 
Kingdom during May 1944, and had already been reconstructed 
by Feste 9 by the time the invasion occurred on 6 June, 1944. 
The reconstruction of this code allowed the Germans at onge 
to discover the order of battle of the invading armies at 
Corps. level. The evaluation center of KONA 5 at St. Germain 
took over the work of intercept and decoding this traffic 
during the summer and fall of 1944; at which time the system 
was currently and easily solved by units of KONA 5 and later 
those of KONA 6 with the aid of captured tables. Traffic in 
this system is said to have been solved so quickly that it could 
be handled like plain text. 

EC 30/20 was a variation of the EC system reconstructed 
by KONA 7 in Italy. Traffic was originated by supply units 
of the British Eighth Army and was currently solved until 
‘the end of September, 1944 when the traffic was replaced by a 
four-figure type which was not broken. 687 2 ‘ 

rae r D-day, Slidex was also used by the American 
Army. When the Germans found that the American MP units 
were using Slidex to report all Army units which passed their 
control points, the deciphering of Slidex was given high 
priority.689 Graupe stated that Slidex messages were also 
particularly valuable for identifying bombing and. 


684 7m 1h p 2 
851F 120 p 3 
I 109 p 38 
IP 120 p 3 
87 113 p3 


@ 689; go p 3 


687 


- 150 


DOCID: 3486746 . 


artillery objectives ,.690 The time estimated for the solu- 
tion of Slidex was one to three hours if the basic cards 
were at hand, five to.six hours if they were not, Sixty- 
five percent of Be work is said to have been done with the 
cards available. 


Not much material concerning other British low-grade ee 


systems solved can be found in TICOM sources. Hentze of 
KONA 5 said that Mapleay was worked on throughout 14944, 
but that the volume was low and the Germans found this | 
_ system harder to break than Slidex. They were successful 
only with a great deal of. traffic or with a re-encodement 
from Slidex which had provided the original break.' 
Codex was solved by the Germans largely with the help of 
-@ captured specimen which had been in the Possession of the 
Germans since the days of the Leros Invasion.995 It was 
read by Feste 9 in 1944-45, when that unit was in Italy, 
A Tiger-code (so-called from its ae during the "Tiger" 
pre-invasion exercises in England ) was solved by the Germans 
after a half year of work.694 ‘Solution was made possible 
by a long report ina British paper giving the names of 
units, officers, etc. Another British system, the °*999', 
which was used during the pre-invasion period ,was eae 
by the Germans; but it was never used ‘operationally, 
KONA 5 is said to have had considerable success bee the 
Tiger Code and to have achieved solution on the; con 
or fifth day:after its regular monthly changes. 64 Matin, 
_ another British Army: system, was never so}ved, Hentze 
says that the Germans arrived at the decision that Matin 
. was a small machine, but he does not say whether ia 5.08 
on this system was carried on at In TAL or. in KONA 5. 
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The outstanding failure of the British eection of 

In 7/VI; and of In 7/VI in general, was the failure to 
solve the British ‘big machine’, Typex.. Mettig stated 
that had the Germans of In 7/VI had been able to solve this, 
system, it would. have been their outstanding achievement... 
At a previous interrogation, Mettig had stated that Typex 
was read in 1942 in North Africa and that success continued | 
until the autumn of 1942 from ¥ ich time In 7/VI had no . 
more success with the system.© This fact,. coupled with some 
some information from Ultra. sources to the effect that 
FAK 621 in North Africa had been reading Typex at the time 
of its capture in North Africa in July and November 1942, 
brought about a thogguen investigation of this subject by 
the interrogators. © "The story in brief was that in June 
1945 one of the prisoners of Bode claimed that.he had 
worked on British machine methods from 1937 to 1g40 and 
‘that messages which could not. be decoded by FAK 621 in 
‘North Africa were sent to In 7/VI at Berlin. ‘Two other 

_ prisoners from FAK 621, Haunhorst and Possel, stated that 
all high grade traffic was handled by a Warrant Officer | 
Wagner, and that this man had at his disposal one or more — 
‘British Typex machines captured at Tobruk. They described 

- the machine as resembling a German Inigma machine with a | 
special. type of adjustable keyboard. They said also that 
certain documents were used in the solution of the settings, 
either captured British cipher documents or machine settings 
compiled by In 7/VI at Berlin from three or four years of — 
traffic. No further information was gained concerning 
this incident during the war since other officers refused 
to give information and Warrant Officer Wagner was never © 
identified. This 1943 evidence was contradicted by the . 

. statements made after the war by highly placed german ~ 
cryptanalysts. Drs, Huettenhain and Fricke of the Signs? 
Intelligence Service of the Armed Forces (OKW/Chi), and 
Mettig, emphatically denied having solved or heard of a 
solution of Typex. They had never seen a Typex machine 
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with rotors although all admitted that a Typex machine 
without rotors had been captured at Dunkirk. The TICOM 
interrogators of Dr. Huettenhain and Fricke reported: 
"Should it turn out that some of the experts 
» named above [i. e. Mettig] were in possession of 4 | 
complete Typex machine and have achieved, successes, 
both these POW's [Huettenhain and Frickel ypuld lose 
their last faith in their fellow beings. 
Mettig, moreover, stated categorically that a success of 
this. nature would have been mentioned in the list of Ger- 
‘man eryptographic successes which was drawn up for him 
prior to his visit to Supreme Headquarters Allied Expedi- 
tionary Forces with the liaison commission of the Supreme 
- Command of the Armed Forces (0Kw)! Mettig's former state- 
ment that Typex was read in.1942 in North Africa and that 
success continued until the autumn of 1942 (from which time 
In 7/VI had no more success with the traffic) may have 
been a misstatement for Slidex. At least, the interroga-: 
_tors assumed that Huettenhain, Fricke, and Mettig in their 
last interrogation were speaking the truth. - 
Although it is almost certain that In 7/VI never 
' solved Typex, a great deal of effort was expended on the 
project from 1940 to 1943. In January 1942 the files 
of the work on Typex done up to that time at In 7/NVI were 
-turned over to Buggisch who found work dating back to 1940, 703 
' when Inspector Breede of the British section had attempted 
to solve the system, Breede recognized the traffic as | 
machine traffic but described a purely imaginary machine 
which Buggisch says had no. relation to Typex, and was. 
complete nonsense, In 1941 some mathematical studies - 
were made on Typex; and in January 1942, Buggisch made a. 
study of the system, from which he made the following 
conclusions: - n> Poe 
a. the system was similar to that of the Enigma,. 
- according to single letter frequency counts . 
based on 10,000 cipher letters | , ; 
b. certain relationships between two message-settings . 
| frequently existed 4 
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ey: There. is’ no evidence that. ‘Baeadéoh peeeesded further 
than this in his. irivestigation. He stated that a Typex ~ 
-mechine without rotors was captured during ‘the French. 
campaign nesr Qunakirk and. that some docuthentS taken fron 
an English sectrity officer pointed out. frequent. breaches | 
in the strict regulation that rotors of the’ Typex machine h- 
should. be > turned at random after 6 message was enciphered. FON 
- There seams to have been no. knowledge of how mehy rotors :: 
the Typex machine had;  Buggisch vaguely remenbered having 
read that there were. twenty-five , 10 He also. stated ‘that, 
casual consideration: was given tq whether or nots, one. might 
be able to tacklé the. problem of breaking. (if one “knew the 
-inner- wiring of the wheels),  Sineé no“one at. In. TNL knew - 
selther the wiring of the wheels. or. how neny - wheels. there | 
were, the question was of no practical interest... The. . 
Ae cia Was" evidently ‘perttanently. abandoned. sometime 
in 19 3 
' . Mention. ‘should | also. be. mace. of ‘the solution: ‘th KONA. 
4 of British traffic emanating from the Transierdan’ Frontier 
Force which gave valuable: information, concerning British, 
troop. movements in the Middle East. An. intercepted {and 
decodsd) message from the Trans jordan Frontler Force in- 
dicated which units of the Ninth Army were: being moved to... 
Egypt to counter Romnel's threat to Alexandria, .Kven when 
this codé was changed in July ghey ogotution | pregeeded 
meguiarly after a few hours’ work. 
: In summary, one may state. ae the British section 
was able ‘to give intelligence concerning the movenients of. 
eneny” forces “fom. the solution and constant: decoding ‘of ume 
such: Low-Level - traffic. as Slidex, Codex, Maplay, -999, and .— 
. the Tiger Code.. During the early part of the war the solu- 
tion er”. the enclphering tables used to encipher the. British | 
: ce. Code. made possible. current decoding whieh fup-.- 
dan excellent. source of information; during the’ Jater 
years. ‘Slidex. decodes were-the main source. With Typex, no. 
 -guceess was. attained, : id alk efforts: at. pEOU EHOW: ware “aban- 
_ Boned in 29b5« = . 
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78. Work on USA traffic 1941-1944-- The USA section 
of In 7/VI was created with the en Sate a the United States 
into the. war in early December 1941./07 The section, made 
up of personnel who had been drafted from the mathematical 
section of In 7/VI, was placed under the leadership of 
Steinberg, a leading mathematician. Initial attempts at 
breaking USA traffic were fraught with difficulties. 
Because of the size of the USA wireless network end the use 
of alternative frequencies by USA operators: considerable 
trouble was experienced in identifying the various links 
and sorting the different systems. After a few weeks, 
however, order vas established through the reading of © 
call signs and the sorting by discriminants. 708 

The first major success of the USA agg tion was in the 
summer of 1942 when the M-94 was solved. The Germans 
designated the M-94 variously as URSAL, CDAF, strip, and 
ACr2. . URSAL was © name given to the system from the fact 
that traffic from the USA weather stations in Greenland 


' which used URSAL 8 an indicator provided the first breaks 


T1357 aye p 2 


into the system./49 cCDAF was found in the traffic emanating 
from the Caribbean Defense Area.711 "strip" and "Acre" 
{Amerikanischer Caesar 2) stem from the fect that this system 
was long thought to be a strip system.7l12 The solution of 
the M-94 was achieved by Steinberg and Luzius, mathematicians 
of the USA section, who are said to have written a twenty- 
five page report on their work. After the solution had 
been achieved cryptanalytically, a USA manual (FM 11-5) © 
with a complete description of the M-94 was found in a 
Berlin library. 715 

| Current solution of the M-94 from 1942 to 1943 was 

done both at In 7/VI and at the Signal Intelligence Evalus- 
tion Center of KONA 5 at St. Germain. The work consisted 
of finding the daily key. A set of 25 charts (synoptic 
tables) corresponding to the 25 discs of the machine was 
constructed, apparently similar to the "synoptic tables". 
used by American cryptanalysts. The daily key was found 

by assuming e beginning, and using the charts to discover 
possible disc arrangements. Later IBM was used to eliminate 
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“impossible” charts. Graupe of NAAS 5 stated that it usually 

. took two days to recover the order of the discs and that only 
fifty groups were required for the system to be broken.71l 
This solution time seems exceptionally long, as American se- 
curity studies have shown. Solution of the M-94 usually tekes 

. only a few hours. Estimates on the amount of material solved . 
range frow 70% to 90%. 

-~ The M-94 was succeeded in 1943 by the M-209, which was 

first solved by the Germans in the autum of 1943.715 anda con~ 
tinued to be solved with some success throughout the remain~ 
ing years of the war. Solution was achieved in In 7/VI by Stein-~ 
berg and Luzius, who were aided by the knowledge that the US 
‘government had bought the Hagelin machine which had once been 
offered to the German government.716 At first only relative 
settings could be recovered,717 but later the section refined 
its technique of recovering absolute settings so that not only 

_ paired messages but in a large number of cases a whole day's 
traffic could be read. The technique of achieving true settings 
Was passed on by In 7/V1. to the Navy and the Luftwaffe.718 

Work on an operational level was carried on jointly by 

the USA section of In 7/VI and NAAS 5 at St. Germain. Early in 
1944, NAAS 5 had been supplied with a group of cryptanalysts = 
skilled in work on the M~209; and this small group headed by 
Engelhardt competed with the section at In 7/VI in the quick 
solution of M-209 traffic.719 It is estimated that 10-20% 
of 811 M-209 messages intercepted were read by establishing the 
true settings of the wheels, and that about half of these settings. 
were established at In 7/VI, half at NAAS 5.720 wo insure speedy _ 
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solution all units subordinated to KONA 5. were ordered to tele- 
print to NAAS 5 all messages on the smae setting 9r with indi- 
cators differing only in the first two letters, 2 In addi- 


tion, copies of all intercepts were sent to In 7/VI as well as 


to NAAS 5.in an effort to obtain all possible solutions.722 
Under the most favorable circumstances two days were needed . 
to solve #ogepth, and two more days to reconstruct the absolute 
settings. There were times, however, whon captured lists of 
keys or settings made possible a quick solution of the traffic. 
During the campaigns of Sicily and Italy, messages of great 
tactical value uate Cecosed using captured booklets containing 
M-209 settings. At the time of the invasion of: Normandy, 


the M-209 keys of the 82nd and 10lst Airborne Divisions which 


covered the critical days of June 6, 7, 8, 9, 10, 11 were 
captured and all traffic on those days, was read, 125 

The Germans of In 7/VI knew of the existence of a 'big 
American machine' which was designated the AM 1 (Amerikanische 
Maschine 1); but it is quite clear that In TANI never potyed 
this machine and had no idea about its construction./26 Hentze 
of KONA 5 says that hyg unit never succeeded in getting a 
model of the machine. T Keller's remark that the American 
machine cipher was tackled in Berlin with approximately 2% 
success and that the conclusion that it Was not worth the 
trouble is without doubt utter nonsense. | 6 ; 

The Germans were successful with American codes. One code 


-of no strategic value, a United States Army Administrative 
‘Code, designated by the Germans as AC 1 (Amerikanischer Code 1) 


had been captured before 1939, and photostatic copies of the 


_eode had been distributed to all field cryptanalytic units. 729 
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Diode Detector and Response Curve 


As you can see from the graph in B, the 
voltage-current response of a diode is linear 
except when plate voltage is very low. This 
means that with any reasonable signal 
strength, diode response is always linear, up 
to the point of plate saturation. Fidelity is 
high, even for signals that approach 100% 
modulation. The signal handling ability of a 
diode is very high. It can handle signals of 
almost any amplitude. The efficiency of a 
diode, in a properly designed circuit, is ap- 
proximately 90%. The sensitivity and selec- 
tivity of a diode detector circuit are some- 
what poor. However, in modern receivers, 
high gain and good selectivity in other stages 
make this of minor importance. 


Plate Detector 


Examine the circuit of the plate detector 
on page 17. It is essentially an amplifier 
stage with the tube biased just above cutoff. 
In other words, a small amount of current 
flows when no signal is applied. As you can 
see on the plate detector response curve, the 
tube conducts on the positive swing of the 
grid voltage but is cut off during most of the 
negative swing. Thus, the plate current is 
DC, pulsating at an RF rate. The amplitude 
of these pulses follows the amplitude of the 


modulation (AF) voltage. 

Cathode bias for the tube is provided by 
R1 and C2. C3 and L3 form a filter circuit. 
C3 presents high impedance to the AF 
component of the plate current, and low im- 
pedance to the RF. L3 presents low imped- 
ance to AF and high impedance to RF. Thus, 
the filter bypasses RF around the load resistor 
but passes AF to the output circuit. 


R2 is the load resistor. The AF portion of 
the plate current flows through R2. The volt- 
age drop across R2 reproduces the modula- 
tion voltage in the output. Capacitor C4 
bypasses the AF around the power supply. 

In sensitivity and selectivity, the plate 
detector rates high. The sensitivity is high 
because the tube provides amplification. The 
selectivity is good because no grid current 
flows to consume any of the energy furnished 
by the tuned circuit and the Q of the circuit 
remains high. 

The plate detector lacks fidelity only when 
signal voltage is so low that amplification is 
in the lower portion of the response curve, or 
when signal voltage is so high that the tube 
reaches saturation. Its signal handling ability 
is limited by the cutoff bias, and by tube 
saturation. For most tubes, though, the signal 
handling ability may be considered good. 
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The code was a-5 iggyer code with 60,000 groups, each page con- 
taining 90 groups. Feste 9, while it was in Norway, inter- 
cepted and read traffic passed 4p this code from the summer 

of 1942 to the autumn of 1943 ,¢ Although no traffic. of stra- 
tegic value was passed, the intelligence was valuable enough 

so that when AC 1 was succeeded by a simplified version designated 


"as TELWA (USA: SIGARM) Beste 9 took pains to reconstruct the code 
i 


with the help @AC 1. 
Feste 9, aided to some extent in more difficult solution 
by the USA section of In 7/WVI, also broke the simple codes 
used by US Army units stationed in Iceland and the Caribbean. 
These were designated as Divis7.on Field Code (DFC) followed 
by a number indicating the variation of the system. The varia- 
tions deseribed, 43 TICOM sources were: DFC 15, 16, 17, 21, 
25, 28, and 29,192 » , | 
a. DFC 15: a 4 letter code, two-part, with variants 
. and nulls. The system was used by the US 
Army in Iceland during the autumn of 1942 
and was solved in January 1943 by Feste 9 
in Norway by assuming clear routine messages 
with a basis of encoded text such as Dally 
Shipping Report, Weather Forecast etc. . . 
b. DFC 16: a 4 letter code enciphsered by means of daily 
changing letter conversion tables. The system | 
‘was used by stations inside Iceland and on the ~ 
' Iceland-Washington link far one month only, 
. probably November 1942. DFC 16 was solved 
in January 1943 by In 7/VI. The solution 
was given to Feste 9 which thereafter succeeded 
eas in reading 80% of the traffic intercepted. 
ec. DFC 17: similar to DFC 16 but with different code 
equivalents for certain clear letters, words, 
abbreviations etc, The system was used in 
Iceland and also from USAAF links in Central 
America and in the Caribbean Area in February 
'- and March of 1943. With the aid of a captured 
DFC 16 code, Feste 9 broke and read nearly 
100% of DFC 17 traffic. 
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@. DFC 18: Similar to DFC 17, and this system was cur- 
rent in April, May, and June of 1943 with a 
decline in the volume of traffic in Iceland. 
It was broken by Feste 9 with the aid of 

. experience gathered in the solution of DFC 17. 

e. DFC 21: Similar to DFC 17 and 1%, this system was 

- current in July 1943. . It was broken and read 
by Feste 9 with the aid of routine admini- 
strative messages. 

f. DFC 25: Current only in the Caribbean Sea Area from 
August to November 1943, this system was _ 
intercepted by Feste 3 at Euskirchen but 
the traffic was handed over to Feste 9 for 
solution. The system was read only in part 
because the letters and figures which pre- 
sumably meant types and makes of aircraft 
made book reconstruction very difficult and 
the intelligence was not of. interest to the 

Army. . 
g. DFC 28: A training code used in the south of England, 
from December 1943 to March 1944, was inter-.' 
cepted by Feste 9. A noticeable rise in the 
standard of encoding occurred in comparison 
with the messages intercepted from. Iceland. 
Traffic in this code was of no intelligence 
interest. , 
h. DFC 29: a copy of this book was captured in the autumn 
- of 1943 but it was never used. 


Mention should also. be made of the success of the USA 
section of In 7/VI with the Air Transport Code used for air 
_ cargo ang pessenger transport circuits to Africa and South 
America./9* This code, consisting of ae elements 
from 00-99, was successfully decoded by In T/VI from May 1942 
until early 1943 when it was given to the German Air Force. 
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The work of In 7/VI, USA section, appears to have been 
successful in low=;rede ciphers and in some medium grade eiphers 
such as M-94 and M- ~209, Mettig rated the solution of the M-209 


as the outstanding achievement of this section and one of the 


best of In 7NVI. It.1s3 clear also from references concerning > 
the work on this system made by members of other agencies such 
as Tranow, chief cryptanalyst of the Navy, and Voegele, chief 


eryptanelyst of the German Air Force, that the USA section of 


In TAI evolved the best techniques of solving the M-209 and 
Led -ihe other German Signal intelligence fgeneies in the work | 
on this system. 


79. Work on peench traffic iyi -1ga- French traffic from 
1941-1944 was of two main types, Vichy French and Free French.” 
Vichy French traffic which was under the direct control of the. 
French Armistice Commission at Wiesbaden was monitored by the 


_ French section of. In TAVI.. 735, By agreement with the Vichy 


Myers ce 


government, the Frenc’ were to inform the Germans of their 
code and cipher procedures, but wary watch was kept on their — 
traffic. The work on Free Feench traffic which emanated during 
this period from Free French troops in Syria and tn North, , 
West, and Equatorial Africa was carried on by In 7/VI and. the. 
Signal Intelligence Evaluation Center of KONA 4 at Athens where 
the traffic was easily intercepted, . 

in a list compiled by Juehn, head of the French section 
of In 7/NVI, of the Free French systems worked on by In 7/VI 
and NAAS the following systems are cada oned as being used 


@, a 3-letter system: code table with fortni tly key 
change. This system appeared from about 1942 to the 
middie of 1944 in Syria but was not intercepted after 
this. Content is described as moderate to good, 

b. a varlant of the above code which pases technical 

details of wireless traffic. 

¢. police systems which appeared, according to Kuehn, 
parely: either 2/F substitution tables or simple 

: transpositions. 


“ 
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ae. a 4/P code with daily ‘key change. Appeared in 1944 
in the Syrian coastal network. Content described 
ship movements in the coastal area, , 


From other sources may be added the de Gaullist systems, 
two of which are named: Control Bedouin and Service Politique. (37 
The work on French systems used in Syria was summarized by i 
Winkler and Loeckher, two members of KONA 4: "All Syrian traf- . 
fic was wP8Q* end a complete picture obtained of the French armed 
forces, 
~ * Among the Free French systems from North Africa which 
were solved and read by In 7/VI and KONA 4, Kuehn listed: /59 

&. 5 Letter messages from a diagonal transposition systen, 

with monthly, later semi-monthly changes, used in West 
Africa from 1943 to 1945. It was later discovered 
from a captured document that this system had been 
used in World Wer 7, and was resurrected evidently 

' for use in West Africa. 

b. TISF code. A 4 latter code reciphered by. letter 
substitution into 4 letter cipher text. The first . 
group of the message is always TIS¥; the last group 
the indicator. The code was used in North Africa 

. from 1944-1945 for routine messages, 

c. 5 letter messages from a diagonal transposition asad 
in Equatorial Africa in 1943-1944. 

d. 5 figure messages from a 4 figure hatted code, desig- 
nated ATM 43. Kuehn of In 7/VI notes that ATM 43 
derived its name from the fact that it was possible 
to use the vocabulary of the pre-war French Code, 
the ATM, in the reconstruction of this code. 

e. 3 figure messages from ‘a 4+ figure code with subtractor . 
This system was used in North Africa in 1944 for trans- 
port work. 


A 5 figure de Gaulle code was used in North, West, and Equa- 
torial Africa, and later in France, which had not been solved 
by the end of the war despite efforts made by In 7/WVI since 
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gaz /27 +0 Buggisch stated that in 1941/2 he worked on this 
' code ve Kunze, one of the chief cryptanalysts of the Foreign 
Office! Despite these offorte,. no success was attained 
until compromise revealed that the code was transposed with 
daily changing key. No further headway appears to have been 
made with this system, 
_ he French section of In T/VI, it will be recalled, had 
solved the C-36 and the B-211 after the: i ‘rench campaign. in 
1940. When, therefore, the de Gaullist troops in North Africa 
and Gorsica began to use the C-36 machine for their traffic, 
the French section already had a solution and it was easily 
solved during 1943. Even when a new indicator system based on 
numbers was introduced in early 1944, a high percentage of the 
treffic continued to. be solved through the use of cribs and 
Statistics. whet gndtontar Byetom itsel?. was broken in the 
autumn of 1944 4 
At the end of his paper on the French systems treated by 
the French section of In 7/VI and KONA 4, Kuehn made it clear. 
that the French section was greatly aided by certain funda- 
mental weaknesses in French eryptography which led to easy 
solutions of y gost of their pyatems:, These weaknesses, he de- 
scribed as: 
a. "the extraordinary. conservatism of the French regard- 
ing the construction of their code systems or re- 
ciphering methods. Systems which must have been used 
in the first World War were, for instance, used in a 
slightly modified form up to 1945 in West Africa. 
Reciphering methods are regularly of two types: 
either subtsaction with finite subtractors or trans-. 
position with keywords taken from the code,’ 
é Bs ob. “the habitual use by the French of stereotyped message 
beginnings and. endings which Pecit theres breaking 
into the systems." 
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e. "the idiosyncrasy of the pence of eau teiéains 
‘cipher matters or key changes by radio. For instance, 
through the diagonal system in West Africa In 7/VI 
was able on several occasions to break the key for 
C 36 machine and once a. key change for the ATM 43 
code was announced.” 


With. these wealmesses, - it. was seauliie for the French section 
to read all or most of Free French traffic during the years 
1941-1044. Their previous expurilence with the C-36 and B-21l 


' provided them with solutions to this machine traffic as it was. 


used by de Gaulle. No high grade traffic appears to have been 
passed by the French during this period, 


80. Work on Swiss, Spanish, Portuguese , Brazilian traffis-- 
From 1941-194 In 7/VI had 
for Swiss, Spanish, Portusuess. and Brazilian traffic. -As 
Kuehn stated, however, 7h? volume of traffic was always extremely ; 


-gmall and unimportant. 


Buggisch, one of the chief cryptanalysts of In 7/VI, 
worked with Kunze of the Foreign Off igg. on the solution od the 
Swiss Enigma (the Commercial Enigma); although they worked 


out a theoretical solution of the machine, the theory was never 


applied at In 7/VI eowiss traffic because the volume did not 
warrant the effort. Moreover, easy solution of the traffic 
was precluded by the fact that the Swiss did their 737° wiring 
of the Inigma wheels and changed these frequentiy.! 
Monitoring of Spanish, Portuguese, and Brazi} jen traffic 
was coordinated by the French section of In 7/VI and was 
carried out by various field signal intelligence units: from . 
1939-19he, by Feste 3; from 1942 to 1944, by FAK 624, and from 
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1944 py PAK 624 and Feste 12. The amount of traffic read in 


these units was evidently small enough to be handled satisfac- 
torily by the personnel stationed there. Graupe stated that 
Spanish military transpositions and also a Spanish digit system 
with variants were read. Of seven Brazilian systems known, 
five were read. Most of the systems vere used between Brazil 
and the United States snd were signed by Ciudada.749 


81. Work on Italian traffic 1941-1944-- From the beginning 
of the war, the security of italian systems vas a matter of ‘ 


constant concern to the Germans. An Italian section under 
Captain Dr. Fiala was set up in In 7/VI to check the security 
of Italian traffic, particularly from Italy to North Africa. 


. . The Germans feared that troop movements of the German Army 


to North Africa were being betrayed by the insecurity of the 


“Italian systems. 750 


As early as 1941, Dr. Fiala paid a visit to Rome to notify 
the Italians of the_weaknesses of their systems and to request 
greater security./51 The visit, hovever, made little impression 
on the Italians who rewained confident of their own systems. 752 


An attempt to improve Italian security as well as to demonstrate 


the use of IBM machinery for cryptanalysis probably lay behind 
the German invitation in 1942 for an Italian cryptanalyst to 

visit the IBM section of In 7/V1I.755. Captain Bigi, one of the 
cryptanelysts of the Italian Army, was sent but his report did 


not result-in any changes in Italian cryptography. Captain Bigi's 


next visit to Berlin met only with coldness on the part of In 
7T/VI.754 By late 1942, the general impression among the Germans 
was that the Italians were incapable of improving their own 


‘section of In 7/VI was disbanded in 1942 by order of Hitler. 
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In June 1943, however, with Italy's defection (ees Getman 
viewpoint) to the Alides, work on Italian traffic was again 
started at In 7/VI. The section in 1943 consisted only of 
the section head, Maneigo, and a small number of assistants. 
Herzfeld, who was transferred to the section in Jul ave an 
account of the work of this section until November eis when 
it was agagn dissolved, this time by Major Lechner, head of 
In 7ANI. The decision to disband the section the second 
time was justified by the fact that after the fall of Leros, 
no more Italian wireless messages could be intercepted and 
there was no traffic with which to continue work. The Germans 


assumed that the Allies had prohibited further Italian wireless 


baer veer paper 
uring its brief existence from July to November 1943, 


the italien section worked on two codes, the Ellade and Piave, 


which were being used by the Italians in that period. Great 
help in the solution of these codes was given by an Italian 
enciphering table which had been captured by s ong, Sonnen 
Officers in Athens under dramatic circumstances. With the 
aid of this and other captured cipher material from northern 
Italy, two codes, Eliade and Plave, were identified and their 
reciphering tables reconstructed. Later the Plave code with 
enciphering table and many messages were captured from northern 
Italy. Traffic was read on the Piave code. The Ellade code 
was partly reconstructed when the section was dissolved from 
lack of current traffic. — 


‘T5Ty 100° p 2 
7583 100 pp 2-4 


T5%when the news of Mussolini’s arrent and the Italian armistice 
was received at the headquarters of KONA 4 in Athens, two 
German officers drove to the headquarters of the Italians in 
Odos Amerikis, Athens, walked into the Italian code office, 
and began to collect the material lying on the tables and to 
- pack it into a case in front of the bewildered Italians. — 
In the midst of this, a number of Italian officers came in 
and began shouting rather excitedly. After some controversy, 
the Germans thought it preferable to disappear quietly since 
‘the attitude of the Italians became too threatening. They 
did, however, carry with them what. they had collected from 
the tables and sent it to the Italian section in Beri ti: 
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We “know that at the end of the wer, KONA 7. in Italy was 

“ ordered to cover the traffic of Italian bands in northern Italy,’ 
but how much traffie was read or of what the traffic consisted 
is not known. 


/ . 82, Work on Swedish traffic 1g 1944 Work on Swedish 
Army traffic from 19 to 1944 was handled by a special detach- 

. ment of Feste 9 called Out Station Falden (Aussenstelle Halden) 
from the fact that is located in Halden. For admin Strpk. ve 
purposes the station was attached-to the Halden Police. The 
best account of the systems worked on is found in a report by 
Bartel, g,verman cryptanalyst who had formerly worked on these 
systems. According to Bartel the following Swedish Army 

- systems were worked on: 
. ‘a. SRA 1, SRA 5: a revolving grille system. Numerous 
. gases of compromises occurred and the system was con- 
tinuously read, First broken in the spring or summer 
of 1945. ’ . 
b. HGA grille: a more difficult system not read by NAA ll . 
or Feste 9 in Norway. Worked on by the German Foreign 
yo Office but without success. . 
c. SC 2: read in May 1943. A simple field code like Slidex. 
d. SC 3: read in April 1943. Simple, partly alphabetical, 
3-letter field code without reciphering. 
8. SC 4: read in June 1943. 3-letter alphabetical code 
without recipher. 
The first Swedish cipher machine (Schwedische Maschine 1 ,abbre- 
viated SM 1), was worked on in Noryay in 1944 and was identified 
as a small Hagelin like the M-209. ‘Messages were read at Halden 
- with crib, by errors in the cryptography, or by having two messages 
in the same key. The second machine isi 2) was thought to be a — 
"large Hagelin" machine. Two copies of the traffic on thig machine 
were made, one for In 7/VI, one for the station at Halden. | - 
. Friedrich, a member of 7bRe station at Halden, thinks that some 
SM 2 traffic was read.! The intelligence gained from the break- 
ing of traffic of SM 1 and the simple field codes allowed the Ger- 
mans to build up a complete tactical picture of the Swedish’ Army 
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Gute the. late years of the war, but merken the : re a 


grille, EGA, HOP the. Large Suediah machine Was -sglved..f 


crypte analysis Was han 


se a Work on Southeastern traffic 1g ighk~-éSoutheadtarn 
Led at In T/Yi by the Balkan section 
under the leadership of Bailovic and in the field by. KONA 8. |. 
KONA 4 had been stationed in the Balkan arsa duping the satire 
period of ‘the war, and in addition £0 its regular ‘task of inters 


Gephing the traffic emanating from Syria and North Africa, it. 
had been given the task of monitoring the traffic of the decoupled 


countries in the Balkan area, The Balkan countries these sys" - 
tems were hii a ‘en by In’ TAL and KONA 4 were: Greece, Hungary, 
Rawania, ¥ ugoslavia, Albania, Turkey, ° end Bulgaria. - ‘The work  — 


aene OR the pret ate of each or theses countries is given below, 


Bhs dork ‘on: Greck traffic 1042 “19m. Nearly ell of our é 


information < ‘concerning. Creel SYSCS ms cones from a repoxt on. 
' Greck systems by Dr. Otto Karl Winkler whe was a. translator — 


1985 opegtamal vat with, KONA & from the > Spring of igh bo May 
ae ae - 


According to Dr, Winkler, work on Greek syatens erantea 2. % 
2 194i. when KONA 4 was stationed: in Bucharest. The first sys-. 


- > tem broken was a Greek Air Force: ‘system which conslated of 2 | 
Ss iecls qransposition sent in 3-letter groups. Dr. Widkler | 
stated that nearly rere messages were read. by: the use.of steroox <e. 

typed beginnings. A i though the messages were of insignificant ye 


value, @ continucus cheek on offl cer personalities, deliveries 


of stores and information cone erning airfields contributed to. 
_tacticai knowledge of the Greek foress. - 


KORA & worked at this time also :on Greek. Acay and Navy 
messages , but Without success until the conquest of-Greeos, 


AL that time, Winkler. gtated, “Codes were. sie union were = 
used by sphe Greeks. a 2 the attack on. Crete. 
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‘ The only other Greek system mentioned as having been 
attacked in 1941 was a 5-letter code with a cyclic recipher- 
ment which Buggisch saya he worked on at In 7AVI. Sglutions 
were becoming rapid when the Greek campaign ended, 

After KONA 4 moved itsEvaluation Center to Athens in 
May 1941, no more work was done by KONA 4 on Greek systems 
until the withdrawal of NAAS 4 from Athens in the autum of 
1943. At this time Greek Partisan traffic began to be inter- 
cepted, In the spring of 1944, KONA 4 gave Winkler the task 
of forming a small Greek unit to handle traffic of the Greek 
People's Army of Liberation ("ELAS"). The unit consisted of 
‘six persons, chief among whom were omStrobl, a cryptanalyst 
who worked on and solved a double transposition system of < 
- ELAS while Winkler concentrated on translating the traffic 
already readable. The work became more important and the 
unit, now increased to sixteen persons, was attached toa 
Close Range Signal Intelligence Platoon, NAZ G, newly formed 
in Salonika t: cover wireless and line traffic of the Greek | 
Partisans. : i, 
Winkler stated that in the beginning the Greeks sent 
their tpagtic in two figure substitution with alternative 
groups.'*”“ As fey messages were sent on the same substitu- 
tion, it took several days to break and read these substitu- 
tions. ELAS soon went over exclusively to letter traffic 
based on double transposition, which Strobl successfully solved 
largely through the aid given by the carelessness of the Greek — 

cryptographers. . 

' Winkler estimated that 50-60%. of the traffic tackled by 
NAZ G was solved. From these messages, the unit was able to 
build up an almost complete picture of the organization and 

_ eomposition of the Greek People's Army of Liberation (ELAS) 
.and the National. Liberty Front ("EAM"). It also compiled lists 
of leading Greek personalities and officers and informed the 
competent German political and military authorities about many 
planned military and political actions, acts of aabotage, 
ambushes, dynamitings, etc. In addition, the messages provided © 
information about the exact location of Allied airfields in 
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_ the Greek aounealees about the position, eesaeth. and activity 
‘of the Allied military missions and various British commando 
troops, about Greek internal and inter~allied crises and ak | aoe 
about the British tactics for the occupation of Greece, ete .7 
‘Work on Greek systems ceased on 15 October 1944 when NAZ G was 
transferred to Sara/evo. fie. 


68S. Work on amgarian traffic 4 cece The Hungarians 

used the commerce model o gma, and had the rotors 
for the machine made by the Germen firm of Konsk1l and Krueger. 
This firm usually turned over the records of rotor wirings to 
the Armed Forces Radio Communications. Branch (Ag WNV/¥u) which - 
in turn gave them to In 7/VI. However, Hungarians connected 
with the firm took the rotors at night and ¢ nged the wirings 
enough to make the firm's reslads incorrect. No effort . 
appears to have been made on the part of the Gersuans to recover 
the wirings or to prevent the aaboteage. It is difficult to -sup- 
pose that the Germans could have been so easily duped had they 

. wished to press the matter. Evidently, they did not consider 
the traffic worn causing embarrassment to-the Hungarians, . 

With the onset of war, however, the Germans grew more 

hea eich peritoulersy with the movement of German troops through 
Hungary. During the spring and summer of 1941, the radio 
traffic of the Hungarian Rallway Administration was monitored 
from the Fixed Intercept Station at Tulin. The code being used 
at that time by the railways ves a turning grille (Raster Code) 
with permanent squares which could be turned in four different - 
positions, and reversed to give four additional positions. The . 
code 4h solved by Doering of the mathematical section of Ii. | 


TANI. After the check on the railway. eee proved 
that ved were ieee ai a was. stopped, 
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Watch on Hungarian traffic was dropped from 194] $9 1943 
because of the high‘priority given to Russian traffic. 6 


' In 1943, however, interest again developed and a det-il was © 


sent from Feste 6 (the former Fixed Intercept Station at 

Tulin) tg peeyanss near Pressburg, Hungary to monitor Hungerian 
traffic. TC gome tenseness in the relations of Germany and . 
Hungary may be reflected by the fact that all members of the 
detail wore civilian clothing. At that time also, In 7/VI 


. began to resume its work on Hungarian traffic. Count Esterhazy 


of the Paikan section began work on a Hungarian code and turning — 


grille; Teuchtler and Seper are said to have worked on Hun-_ 


garian messages enciphered with a two figure substitution key. 179 
Work on Hungarian traffic was done by the Balkan section 

of In 7/VI only when the Army thought it necessary to check 

up on the Hungarian allies, but the attempts which were made 


“were apparently successful. The solution in 1941 hy. Doering of 


the Hungarian grille, vhi.e not of great strategic or tagzical 
importance, ‘.3 characterized by Buggisch as ‘briiliant'. 


86. Work on Rumanian traffic 1942-1944-- Very little is 
known of the work of the B:lkan section on Rumanian traffic 
from 1941-1944, According to Mettig, the monitoring of Rumanian 
traffic ceasegoin 1941 because of high priority given to Rus- 


sian traffic. In 1941, however, monitoring appears to have 
resumed. Kotsch? and Boscheinen of In 7/VI state that Rumanian 


traffic was completely monitored at that time, and that the 


Balkan section was reading a payers t bien system which was 
decoded with comparative ease. Other references to Rumanian . 
systems are. found in Herzfeld's brief statement that Schmidt, 
Karl, and Wagner of the Balkan section were working. 93 a Rumanian 
diplomatic code consisting of 5 or 6 figure groups; and in 


776 78 pia 
TTR 126 p10 
778; 100 p 4 
779x100 p5 


7817 78 pi. 
7821p 126 p 4 
783r 100 p5 
| “170° 


DOCID: 3486746 


Keller's” statement that. KONA 4's. Evaluation Genter while at. 
Belgrade ree" September to December 1944 worked on Rumanian 
messages, . 


oO 87. Work on Yugoslav traffic Lignan. with the insis- 

' tence of 6 German government that Yugos avia align itself 
with Nazi policy in the spring of 1441, and the consequent wave 
of Yugoslav national resistance, the Balkan section of In 7/VI 
and KONA 4 undertook the heavy burden of mond toring the various 
types of Yugoslav traffic. 

. These types were: 

a. the traffic of the friendly Croatian Regular Army =” 
(Domobrani) and the Secret Police of that Army (Ustashi), 
military units of the puppet government established by 
the Germans in 1941; 

b. the traffic of the Chetniks under General Mihailovitch 

who were resisting German aggression; 

c. the traffic of the Yugoslav Partisans under Marshal 

co Tito; 

ad. the traffic of the Croatian Resistance Movement led 

by Dr. Matehek, 

When the German government established the puppet govern- 
ment of Croatia. in 1941, the Croats were given the commercia}» 
model of the Enigma for use by their Army and Secret Police. 3 
The traffic of these units was read by the Balkan section cur- 
rently without any delay. According to Buggisch, the solution 
of this traffic was not an outstanding cryptanalytic achievement 
for the following reasons: 

@. the machine used was the K model with three wheels 
and no stecker; 

b. the wheels of the machine were wired for. the Croats 
by the firm of Konski and Krueger which habitually 
gave the wirings to the Armed Forces Radio Communt- 
cations, which in turn gave them to In 7/VI; 

c. <A single key was used throughout the entire Croat 
‘Army and area, and this consisted of a list of 100 

settings per month; 

a, the ringstellung of the wheels remained at AAA 5" 

_@, the wheel order 1,2,5 was always used. 
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Just to make sure, however, adds Buggisch, "the Germans paid 
for one of the first keys used, and with this decoded traffic 
were able to establish sigreotypes and solve almost 100% of the 
traffic from the first." Although Buggisch did not recall 
the contents in detail, he stated that there were some interest- 
ing passages about actions against Tito. He also stated that 
the Germans had considered equip: ing the Croats with the plug- 
board Enigma, but that they decided against this since they 
believed the copgypt Croats would continue to sell the keys to 
British egents. In that case, the Germans would have to pay 
for the keys used by the Croats instead of solving them as whey 
could‘with the commercial "nigma 

Hentze of In 7/VI states renee the Balkan section was suc-, 
cessful with a double ereneecn igton used by the Croats but nothing 
more is known of this system, ! 

Herzfeld states that the Domobrani and Ustashi uped a five 
figure code based on 3 former Yugoslav military code. Evidence 
is lacking about the actual results obtained but it 1s probable 
that the system was solved since the former qugseley code was 


_known. 


. Bolution of the systems of General Mihadloviteh ‘and Marshall 
Tito was divided between a unit of KONA 4 in Belgrade and the 


Balkan section of In 7NWVI. The breaking of easy guerilla tech- 


niques, particularly the solution of daily recipherings, was 
carried on at Belgrade by a special detachment which had served > 
in 1941 under Wollny as an evaluation center for Section III 
Armed Forces Radio Communications Branch (Amtsgruppe Wehrmacht- 
nachrichten Verbindungen, AbteLlung Funkwesen, Gruppe 111 ,abbre- 


“unit of work against the enemies Tito and Mihailovitch, the 


detachment came under Army control and was attached to “KORA, 4 
which had its Evaluation Center at that time an Belgrade. 
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' Pito and Mihailoviten. / 


The solution of ans more difficult systems was Saented on at 
In 7NVI by the Balkan section under the immediate supervision. 
of Ballovic, a former employee of the Austr.an cryptanalytic 
bureau and specialist in Slavic traffic. Bailovic is named 
throughout, TICOM SOUroRR, as the specialist in the systems of ; 
Unfortunately, he was not interrogated 
personally. 
Herzfeld, a member of the Balkan section of In 1A from 

1941 to the capitulation, has written in two reports, I 52 and 
I 69, a full discussion of the Yugoslav systems worked on by that 
section, The traffic of Mihallovitch vas vobapely double trans- 
position with fixed key length and key word. These were regu- 
larly, if somewhat slowly, solved at In 7/1 with the ald of 
stereotyped phrases, frequency charts, and other well known crypt- 
analytic methods. Herzfeld states that it took one to three days 
to break a single message. 

‘The :ystem, f gf Tito were far more varied, most of them of. 
Russian origin. In I 69, Herzfeld lists among the Tito Bys- 


tems broken at In 7/VI: 


a. a simple letter or two figure substitution system 
used for enciphering messages sent by brigades and 
partisan. units to Tito divisions in 1944; 

b, a simple substitution key with short reciphering set 
used below division level in 1944; 

c. simple two figure substitution key with nulls and 
short recivhering set used below division in northern 
and western Yugoslavie and Bosnia in ight, possibly 
@€lso in Serbia and Macedonia; 

da. ‘multi-columnar substitution key used for traffic between 
divisions and br: gades in Slovenia, western Croatia, 
western Bosnia in 1944; 

e. an Albanian multiple substitution key used by Tito 

partisans of Albanian nationality; 

f£. variable substitution key with short reciphering set, 
. the main cipher above division until June 1944, 
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The system which sieauedea the varlable substitution key with 
short reciphering set was called Tito's "Novo Sifra." It was 
used after June 1944 above division level and was not broken 
by In 7/VI. Herzfeld claims that it could have been broken 
with sufficient traffic and close scrutiny. 
In the autumn of 1944, work on Tito traffic was increased, 
Besides the unit stationed in Belgrade under Wollny, the Evalua- 
_ tion Center of KONA 4 was meyge from Athens to Belgrade u-d 
_. began work on Tito ciphers. The Close Range Signal Intelli- 
gence Platoon, NAZ G, which had been working on Greek Partisan 
traffic was onge moved from Saloniki to spredeye to cover Yugo- 
slav traffic. 

The only reference to the work of the Balkan section of . 
In 7/VI on Croatian Resistence Movement systems is the note 

by Kotschy and Boscheinen that this traffic was decoded mainly 
by KONA 4 and was rechecked by the Balkan section of In 7/V1.!96 

In general, it may be said that the work on Yugoslav . 

systems was successful. The systems of Tito and Mihailovitch 
-formed the most important part of the work of the Balkan 
section and received the personal attention of the head of 
the section, Bailovic. ; 


88. Work on Turkish traffic 1941 -1944-~ Both the inter~ 
cept and e dec ng of Turkish traffic was handléd largely 
by signal units subordinate to KONA 4. The Close Range Signal 
Intelligence Platoon, NAZ “T", wgdch was stationed at Graz, 
worked only on Turkish traffic. At first it hed inter- 
cepted Turkish Navy and Merchant Marine traffic as well as . 
Army and Police traffic, but certain disagreements arose with 
the German Navy over the ALePeS RES On of the Navy and Marine 
traffic and this was abandoned. ; i 
ae me ae 
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-$ituation and the preparations fer an offensive. 


. The police traffic of Turkey is ‘described as; 799 
&. simple transposition used by the police departments 
Co Edirne, Istanbul, Izmir for police matters 
ONLY; 
b. two letter or figure code used for police counter-— 
intelligence with police agents; 
c. two or three letter code used for agent traffic. 
The Turkish Army Codes were mainly transposition codes with a 


. key Vor Boo sent in five letter groups preceded by a four figure 


number , ‘All of these systems were decoded by NAZ T, and 
were pent to In 7/VI simply for the purpose of checking all . 
work. 

One special Turkish code is mentioned as having been read 
by the Germans either of In 7/VI or NAZ T ~- the special code 
used by the President of Turkey while salling -on the State 
Yacht, the Savarona. This code was used in 1943 for’radio 
messages while’ the President was ‘on the yacht, and not iere> 
af ter ,OVe 

Sometime in 1942/43, In 7/VI received from the Research 
Bureau of Goering (the Forschungsamt ,abbreviated "FAJ the mis- - 
*sion of solving certain Turkish diplomatic traffic, This the 


. Balkan section did under the supervision of Bailovic, and the . 


decoded traffic was sent to the Research Bureau. Kotschy and 
Boscheinén state that the traffic was used by military attaches 
for their. reports from Russia, Bulgaria, and Italy, and that 
it was read continually by In. TN We know from other - 
sources that this traffic proved to be a very valuable source 
‘of information concerning Russia. Mettig remembers a number 
of reports from the winter of 1943-44 on the Rusgipn military 
Despite: 
many warnings from British sources that the traffic was being 
read, Turkey failed to change the system, and the reading of 
Turkish diplomatic traffic remained aconstant source of informa- 
tion. 7 ane 
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Bulgarian military attaches was decoded. 
“that Thiele of the Balkan section worked on a Bulgarian cipher 


807 121 p's 


| 89. Work on Bulgarian traffic Vereen “There was 
very little work done on the traffic of Bulgaria during the 


war. According to Kotschy and eee aie a i aieci 
erzfe states 


but no details are known. 


- 90. Work on Agents' traffic Lg4I-19bi-- The Agents’ 
section of In 7/VI was establishe n .. Before that tine, 


the activities of this section which consisted of radio secur- 
ity inside Germany and monitoring of illegal transmissions 


had been carried on by Section III of the Armed Forces Radio 
Communication Branch {a 


mtsgruppe Wehrmacht Nachrichten Verbin-— 


dungen, F esen Gruppe III, abbreviated "AgWNV/Fu III" or | 


4 eas 
"Bu IJI"),908 In 1942, however, it was seemed necessary to 
- gstablish a deciphering section specializing in agents’ ciphers. 
' Fu III wanted it set up within itself, but the Supreme Command 


of the Armed Forces and the Army High Command opposed the es- 
tablishment of another cryptanalytic agency. As a result of 


‘their opposition, it was agreed to set up a section for agents’ 


traffic within 4n existing cryptanalytic organization. In 7/VI 
was chosen because the Armed Forces could not spare the 
personnel. The Agents' section vas thus attached to In 7/VI 
although {tt appears to have m@éintained the close relation with 
Fu III, housing itself near Fu IfI and moving with it in | 
November 1943 to Jueterbog.& 9 

The most complete account of the work of the Agents! 
section, commonly called the Vauck section from its chief 
cryptanalyst, First Lt. Dr. Vauck, is found in a CSDIC report 
by Mettig (S. I. R. 1726) later re-published as 1115. Mettig 
gives great credit to the work of Dr. Vauck saying that this 
section achieved good results because of Vauck's leadership. 
and his personal cryptanalytic successes. The section was 


not large, consisting of twenty people in the main section, 


ten at outposts in Paris and Brussels and other cities, and 


_@ight lent to the Polish section of the Signal Intelligence 


Agency of the Supreme Command, Armed Forces (OKW/Chi). Recog- 
nized traffic was decoded in the outstations; the rest was sent 
to Berlin. , All traffic, moreover, was. sent to Berlin in 
duplicate. 1 ; 
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The cryptanalytic methods employed by the Vauck section 
differed from normal methods of solution because of the pecu- 
liar nature of Agents’ systems, 4 some of the achievements 


of the Vauck section are outlined in the following pages. 


91. Work on Czech Agents' Traffic-~ The Vauck section 
worked on, Agents" traffic of the Czechoslovak Resistance 
Movement .‘° Mettig believed that the breaking in 1942/43 
ef two links running to England made possible the arrest of 
British agents in Czechoslovakia. The greatest. success was 
achieved by intercepting the wireless communications of the — 
Czech Resistance Movement in London. This was the only case | 
in which Mettig is certain that 1t was possible for the Vauck 
section to break into an agent network by purely cryptanalytic 


means, and this was largely through breaches of security on 
_ the part of the Czech chief. After the system had been brzken, 


the book for enciphering was found and the key recovered, In 
September 1942, the Czechs were about to go over to 4 new 
system but were foc: ish enough to name in the old system the 
book to be used for enciphering in the new system. Contents 


of messages solved on this link were nearly always concerned 
with reports on the political situation and activities of the 
Czech Resistance Movement, and were so important that for a 


long time the W/T traffic was allowed to continue unhindered. . 


92. Work on Yugoslav Agents' traffic-- Work on Yugoslav 


- Agents! traffic was carried on by a detachment in Belgrade 


under Lt. Wollny. This detachment had beeh under Group III of. 
the Armed Forces Radio Communication Branch (Fu III) but was ~ 
attached in 1942 to KONA 4 because all fighting against hostile 
organizations such as Mihailovitch and Tito was directed by 

the Army. The work of -this group has already been described 
under the Balkan section's work on Yugoslav traffic, where it 
properly belongs since the traffic which was not solved in 

the detachment was sent to the Balkan section of In 7/VI for 
solution. a $ . ie 


93. Work on Agents’ traffic in Southern Franca and Spain-- 
Agents! traffic in southern France and Spain emanated largely ~ 


from USA, British and Spanish Republican agents who were in 
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Infinite Impedance Detector 


Infinite Impedance Detector 


The infinite impedance detector combines 
the advantages of diode detection and plate 
detection. Like the diode, it has very good 
signal handling capability. Like the plate 
detector, it never draws grid current sc the 
tube never acts as a load on the tuned circuit. 
Thus, the sensitivity and selectivity of the 
tuned circuit remain high. 


Examine the typical infinite impedance 
detector circuit shown above. The action of 
R1 and C2 in the cathode circuit biases the 
tube just above cutoff. C2 is a bypass for RF 
but not for AF. With no signal applied to the 
grid, a little current flows, producing an 
initial voltage drop across R1. When positive 
excitation voltage is applied to the grid, the 
current through the tube due to the RF 
component of the signal flows through C2. 
On negative swings, C2 discharges only slight- 
ly through Rl. This means that the charge 
on C2 follows the slow variations of the AF 
but not the fast variations of the RF. The 
result is that the audio modulation voltage 
is reproduced across the circuit. 


Any increase in the strength of the signal 
applied to the grid causes an increase in the 
amplitude of the AF voltage across R1. 
Thus, as the grid voltage rises, the cathode 
voltage also rises. Consequently, the cathode 
voltage follows the grid voltage, and the grid 
can never become positive with respect to 


the cathode. In other words, the grid always 
offers infinite impedance to the flow of grid 
current. As a result, the grid never draws 
current, and the tube never acts as a load 
on the tuned circuit. The Q of the tuned cir- 
cuit therefore remains high. 


Grid Leak Detector 


The grid leak detector is equivalent to a 
diode detector followed by an amplifier, with 
both circuits centered in one tube. The control 
grid and cathode act as the electrodes of a 
diode, yet they also act as the input circuit of 
an amplifier. Either a triode or a pentode 
tube may be used. The grid leak circuit dia- 
gram at A illustrates use of a triode. 

The grid draws current on the positive 
grid signal. Since the reactance of the grid 
leak capacitor C2 to RF pulses is much less 
than the resistance of R1 to the RF pulses, 
the capacitor charges when the signal goes 
positive. When the signal goes negative, grid 
current decreases or stops, and C2 discharges 
slightly through R1. The discharge time is so 
slow that the charge on C2 can follow the AF 
but not the RF variations. The resultant 
voltage across R1-C2 is the audio modulation 
voltage. This voltage is amplified by the 
tube. 

In the amplifier section of the tube, it is 
primarily the AF signal which is amplified. 
C3 bypasses the RF currents. The output is 
taken across the plate load resistor R2. When 
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radio contact with stations in Spain, “fo cope with this thers 
fic, a camouflaged branch station Was set up in Madrid and © 


_ the intercepted traffic passed to Vauck's section. | According 
to Mettig, the. results, gf the traffic were very good anes 


no details are known. 


9h, - Work on Russian abe traffic-~ ete knew éf- tured 
important Russian Agents’ network: the "Red 3” (Rote 3), the | 


. Schulze-Boysen net operating in Berlin in 1942, and two links 


running from Brusse™s, Bye last named iinks were, as far as: 
Mettig knex, not solved. . 
The story of the work on the "Red 3" net is most feteneeriaes 


In addition to Mettig’s account, we have two memoranda written 
. by Fenner, the chief oryptapedyst of the Signal Intelligence .. 


Agency of ‘the Armed Forces. Fenner reported that on 23 
February 1943 his agency was asked by Yauck's section to colla- 


-. borate -in work on certain messages of Russian agents on the | 
- "Red 3" net. By the end of March, the Vauck section had fur- 


nished Fenner's cryptanalysts,. Novopashni, Trappe, and Schmidt, . 
with all the traffic in that system since September 194] so 

that a start. was made on solution. - Fundamentai findings were 

communicated to In 7/VI which enabled that organization to 


_break-into the system roughly at the time as did Fenner's 
group. After the initial break in, it was agreed that In 7/VI 
_ should continue to work on the system, and Mettig stated that — 


from this help: the Vauck. ae discovered that the system . 
was based on a book text. In the autumn of. 1944, Vauck is 
said to have told Mettig that the exact sending position of 
this net had been determined in Switzerland. A raid was 
planned but had to be cancelled as Swiss authorities had fore- 
stalled the Germans. The station, according to Mettig, was 


evacuated and destroyed before the Germans could take action, 928 
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The story of the second Russian net, the Schulze-Bo sen 
net operating from Berlin in 1942, is equally dramatic. 


This net received its name from First Lt. Dr. Schulze-Boysen 


whose house was the center of a Communist inspired espionage 
agency operating on 4 large scale. When the first inroad~ 
into this traffic was made by the Vauck section, Dr. Lenz, 


_ one of the members of the Vauck section, mentioned the name 


Schulze-Boysen to another member of the Vauck section named —_ 
Heymann who frequented the Schulze-Boysen house. Haywann 
warned Mrs. Schulze-Boysen. Subsequently, both Haymann and. 


. Dr.. Lenz were arrested, and Haymann condemned to death. Lenz 


was reledsed and transferred to an out-station in Paris, since 
all that could be proved against him was that he mentioned the 
name Schulze-Boysen to Haymann. With the aid of knowledge 


obtained from decoded traffic, the Gestapo made arrests of 


from seventy-nine to elghty people of whom seventy were con- 
demned to death. The case was kept strictly secret because 


‘some of the accused were employed.in. various war ‘agencies and » 


were betraying secrets - to Russia. 


95. Work on ‘Polinh’ Resistance Movement traffic-- The most 
notable results in the Agents’ section were achieved in the in- 
terception and solution of the systems used by the Polish Re- 
sistance Movement, particularly during the Polish uprising in 


Warsaw in 1944. 21 “From information passed on this system, the 


dispositions of the Polish liberation troops as well as friction © 
between them and the Russians could be established. It was possi- 
ble, moreover, to solve all wireless traffic which the Polish 


"government in London carried on with its organizations in Poland. 


In order to preserve s@erecy and to insure quicker delivery of 
the decodes, eight members of the Yauck section were transferred 


‘in the autumn of 1943 to the Polish section of the Signal Intelli-. 
gence een? of the. Supreme Command, Armed Forces (OKW/Chi. ) 


819, 115 p 10 
820 

See Volume 4, iapeae VI 
821, 115 p 9 


179 


DOCID: 


3486746 


for work there. * The clear text was published by the Armed 


Porces in their bulletins and was given extremely restricted 


distribution. .To insure complete radio intercept coverage, . 

the Armed Forces Agency (OKW/Chi) ordered its station at Lauf 

also to intercept the traffic. First Lt. Schubert, 4 cryptanalyst 
of GdNA, wrote a brief account of the systems used by the Polish 


National Resistance Movement in which he stated that systems 


006, 117, 118, and 181 were broken and that others were worked 
on. Most of them were simple two figure substitutions used 
without an indicator, with some variations in development and 
the use of basic keys or key phrases. 


96. Work on German Traitors’ Traffic-- Mettig stated 
that he once saw & report concerning &@ German who transmitted 
by wireless to England details of a newly constructed signals. 
shelter in Berlin urgently requesting, that it be bombed. No 
details of these systems are known. 3 


97. Linguistic Research 1941-1944-- Linguistic research 
during the years 1941-1994 was carried on at In 7/VI by a 
section designated as the Linguistic Research Section (Sprach- 
forschungsreferat). Mettig listed this section as one of the 
twelve s sections of In 7/VI in 1942 and named Koehler as its 
head.324. Koehler remained head of this group throughout the 
war, and in November 1944 the section was transferred with 
Koehler from GdNA to the Signal Intelligence Agency of the 


' Supreme Command of the Armed Forces (OKW/Chi).925 Mettig 


claimed that it was contemplated that the members of the 
linguistic research section would’ advise the cryptanalysts 

on language problems. and direct all matters of the Armed Forces 
concerning foreign languages. Although the plans were never 
realized, the nature of the work of the section can be inferred 
from these plans. . 
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98. Mathematical Research 1941-1944-- The Mathematical 
Research Section was headed by Dr. Pietsch, who, according 
to Mettig, collected in this section the best available 
Ea EhSHALIOAL basins, 0ce The work of the section was two- 
folds 
@. the investigation of all unsolved traffic from ae 

the various sections of In 7/VI so long as it 
was necessary to achieve an inroad by purely ana- 
_ lytical means; 
_b. the investigation | of the security of current Ger- 
man Army systems. 
To achieve these EUEPOES?? three subsections were: found 
HEGOSsSry: 
A. & subsection designated "F" for the German word 
for research, Forsch - This subsection was — 
headed by von Denffer and handled research .on_ 
foreign systems. 
| Dd. @ subsection designated "7". This subsection 
' " was headed by First Lt. Lueders and dealt with the 
security of German Army hand systems. 
¢. a subsection designated "13". This subsection 
- was headed by Dr. Doering and dealt with the. 
security of Germen Army machine systems. 


99. cryptanalytic ou of subsection ne 1941- -1944--: 
Subsection "F" of the mathematical section appears fe) ve 


done some excellent work in the solution of the more simple 
machine systems used by foreign countries. The PodLtowding 
examples of solution may be cited: 
a. The discovery of theoretical methods of solving | 
traffic in .the Russian "K-37" ( a B-211 type. cipher . .. 
per? after capture of @ model in 1941. 
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b. Development of a technique for converting the rela- 
tive settings, recovered for wheels of Converter M-209 
on Gays when such solution was possible through reading 
of some of the traffic, intc absolute settings, thus 
making it Paearbte to read 811 the traffic sent on 
those days .929 . . . 
c. The discovery in 1943. of theoretical methods of sgyying 
- messages sent in the French B-211 cipher machine. 
a. the ree ding of de Gaulle traffic enclphered by the 


e. The solution in 1944 of thg Swedish Hagelin, the BC 38, 
by Marquardt and Hilburg.97¢ : : 


Doering's solution in 1941 of the Hungarian grille should 
be counted as one of the achievements of this section. As hes — 
been pointed out, the section had no success whatever with the 
large cipher machines such as the British Typex, the USA SIGABA, 
and large Swedish Hagelin. Hentze of GGNA states that the mathe~ 
matical section worked on Russian 4 and 5 figure enciphered 


code with partial success.833 ~ 


The outstanding men of this section were named by Buggisch - 
as Hilburg, Rinow, and Wuenoche. 

Subsections "7" and "15" of the mathematical section were 
‘concerned with security studies of German Army hand and machine 
cipher systems. They will be treated in Chapter VIII, which 
deals with German Army cryptographic systems. as 


-- 400. Use_of IBM in Cryptanalysie, 1941-19%4-- The IBM 
section of In 7/VI was derived from the IBM section set up in 
1939/40 by the German Security Agency (In 7/IV), at the suggestion 
: ok OY ee on i. Paes Blt he ig ao 
BPr sep 6p Tis pee 8, my ae A 
8507 160 p 6 | 
8317 160 p 6; I 58p5. The C-36 had been solved previously | 

in 1940 with the aid of the Signal Intelligence Agency of 

the Supreme Command Armed Forces, OKW/Chi. 
8321 176 p 33 1 160 p 6; 15875 
853 . - 


fe 113 pp 5-6 


[ae Cee 
: ‘ 


is2 


DOCID: 


3486746 


=~ 


of the mathematicians and former’ actuaries of this section, 834 


It was natural that in 1942, when the study of the security 

of German Army systems was transferred from In 7/IV to In TANI, 
the use of” IBM machinery for security studies was transferred’ 

to In TANI and quickly adapted for cryptanalytic work on foreign 
systems. The machinery used by In 7/VI was mostly of German 


make, al though a number of captured French IBM machines were 


included.979 the section, headed by Schenke, consisted in 1943 
of thirty or forty .yemen key punchers, and twenty to thirty _ 
soldier mechanics. we have no exact evidence as ‘to the number 
or types of machines used although Hentze states that in 1944 
there were 30 key punchers and 2 tabulators, The special 


‘contribution of In 7/VI to IBM work was the agagtation of the 


machines to various tasks by spectal wirings. In 1943, a 
special workshop for the development of gugroved wirings was 
set up with the IBM firm at Lichterfeld. The major success 
obtained was the work on the Russian 5-figure traffic. In 
the early stages of the Russian campaign, it was comparatively 
simple to establish depths in these messages without the use 


of IBM, but by 1943 IBM machinery was indispensable for locating ~ 
depths. 


g ‘f 


Buggisch declared that no tasks were undertaken by the IBM 
section which could have been done by 100 people. He maintained 
that lack of IBM machinery spurred the analysta of the Signal 
Intelligence Service of the Armed Forces (OKW/Chi) to the develop- 
ment of new and better types of analytic devices while In 7/VI 
remained content with inferior adaptations of IBM machinery. 

The Army's general attitude concerning IBM machinery is hinted at 
in Buggisch's statement that the Enigma. cpyid probably be- solved 
by a large enough array of IBM machinery, but it never oc- | 
curred to him, evidently, that such would be contemplated by 

the enemy . 
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It should be noted that the IBM section of In 7/VI. was - 
at Jeast toward the last hampered by the fact that thelr machines 
were outworn, outmoded and irreplaceable. The factories which 
had been producing parts were bombed out and, as the machines 
wore out, their work became inaccurate. In some instances, 


work by machine was abandoned, An example of this is. cited 


by Mettig in his discussion of the attempt in 1944/5 by the - 
Signal Intelligence Service of the Armed Forces to provide units . 


‘pelow regimental evel with signal tables. The values were to 


be set up by the IBM section of GdNA (formerly of In 7/VI) but 

it transpired that the IBM machines had been Sis worked in the 
last years and were not functioning properly. - As a result 

the trigrams were not being reciprocally enciphered and other 
methods of producing them were developed. In early 1945, the | © 
IBM section of GdNA was offered to Signal Intelligence Agency 

of Supreme Command of the Armed Forces (OKW/Chi), but Mettig 
states that the matter oy s never clinched because of the confusion 
at the end of the war. : oO 


101. German Army cryptanalytic effort 1945-- With the 
‘establishment of the GdNA in late 1944, all operational erypt- 


analysis was carried on by sections 2, 3, and 4 of Group IV 
of the GdNA. Section 2, headed by Kneschke, dealt with the 
deciphering .of western European traffic and probably also with 
Hungarian, AG OSen and Italian ciphers. There were three 
subsections: . ry ; 

2a. headed by Dr. Werner Schulz, dealt with British, 

. USA, and Swedish systems, : 
2b. headed by O/Insp Otto Kuehn, handled French systems 
2c. headed by Kneschke, processed Balkan systems. 


‘ 
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Section 3 was headed byypetimen and dealt with Russian avs teme: 

with four subsectiona: 

3a for Russian NKVD (Special Police) traffic, 

3b for Russian Army traffic, . 

3c for Russian Partisan traffic, 

- 3a for research on Russian systems in general. 

Section 4 was devoted principally to. statistical IBM work. 

There is no record of any new or difficult systems being 
solved after late 1944. The main effort of the GdNA was 
apparently directed to the deciphering of systems already 
solved and to the simple necessity of finding @ place to oper- 
ate. From February 1945 until the capitulation, Group IV of 
the GdNA was constantly on the move seeking refuge in the south 
from the Allied advance. 
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| VOLUME 4 
Chapter VIII. Candas ead cryptographic Systems 
ss = ; Paragraph 


German Arny Cryptographic Systems......escccccvccevescce 02 
Preparation and distribution of KOYSocecccccecceocnccos 103... 
German Army Security Studles...ccoscaccresceovcccesccces LOY 
Attitude or Slee Army toward eeneaee Studies.....+0-.. 105 


. ion German Army cr to aphic s Scene unis German Arny 
used three main types of eteotoarepate machines in its commiuni- 


cations down through division; the Enigma, the teleprinter 
cipher attachment ("Schluesselzusatze," abbreviated "S2"), and. 


the cipher teleprinter CBG Prune vol cermechy es pnaecHi hop: ab- 
-breviated "SFM"). 


The commercial type Enigma was introduced ppgpably in 1925 850 
It was replaced in 1939 by the plugboard Enigma. 

The = first teleprinter oipher attachment, the SZ-4O "original 
model," was introduced into the Army probably in 1940952 although 


DF.. Huettenhain of the Signal Intelligence Agency of the Supreme 
Command Armed Forces (OKW/Chi) said that the Army had been ex- 


perimen ting with this type of ph the ‘phat ape apparatus as early as 
It was replaced: by the 3Z-40 "regular model," and this 
was succeeded by the SZ-42a and the 8Z-42b, developed by Dr. 
Liebknscht of the Army Ordnance Development and Testing Group 
Signal Branch (Wa Pruef 7) and by Inspector Menzer. and Dr. Huetten-_ 
hain of the Signal aes peence ‘Agency of the Supreme Command 
5” The 8Z-42c was also developed and 
30 or ig ‘test sets bulit, but the apparatus was evidently not - 
used .5 
The first eapber teleprinter, the SFM T-52a, was inenodiced 
in 19393; improved models were called the SFM T-52b, c, d, and e. 
By the end of the war only models T-52 c, d, and e were in use. 
A one-time tape cipher teleprinter designated the SFM T- 43 was 


- introduced in 1943. 
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“The German Arny used hand se neue below division. After. 
World War I, and before 1942, some of the hand systems of the 


- Army, &3 listed by Dr. Huettenhain of the Signal invelti eens? 
' Agency of the Supreme Command Armed Forces (OKW/Chi1) were: 


as A monoalphabetic type substitution using a se el 


mixed alphabet ina 5x 5 square. 


b. A "comb-transposition" (Kemvurten") 
e. A "pook key" ("Heftechluessel"). 
d. A double transposition (DOPPEL WUERFEL, abbreviated: 


vie S-40"). This system was used until 1926 or eal 


e. The "single Playfair" (XASTE-SCHLUESSEL, abbreviated 


f. ‘The poxble Prayfats” (DOPrEIA} KASTE- -SCHLUESSEL, abbre- 


viated "NS-42" 


In 1942, subsection 7 of the Mathenet teal: Section of In L TAI 


declared that ait hand systems currently used by the German Army — 


were insecure.O57 Since the Field Army had no reserve. hand 
systems, In 7A1 wag grdered to cooperate with In 7/IV, in pro- 
ducing new systems.%50 The following hand everen were evolve’ 
and used by the German Army from 1942-1945: 


a. Three letter field codes (*ougpaataceans) with or 


- without enciphering tables: ("Schluesseltefeln").® 


De. Single transposition yeing grille ( "Rasterschiuessel 


ih, " usually called “Raster"). 


Ce Double Srenspos tion ("rasterersataverfanren"). 


Under field conditions| many makeshift systems were employed, , 
such as monoslphabetic substitution, transposition consisting | 
only of reversing the order of the letters of the plain text, 


_. and whatever the particular radio. operators might adopt by Bere 
a among.” themselves . | 
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, OR. ar weather reporting, the — msee two types er systems 
until 1945: a ot 


a. The iarbars coae* (ise spseeustauseset) consisting of 
figure cards for encoding artillery Bebecrelortes). reports for 
Army and antivaiveral’ units. . 


b. Weather substitution cutieas for enciphering meteor- — 
ological reports in the Reich Weather Service (Reich. Wetterdienst) . 


Lt. Col. Mettig cage that the Barbara Code was eau 
in 1945 by the "Raster . "00 . 


a. 103. Preparation and Aisteeputien: of _exyptogeapite keys .-- 
The history of the preparation, printing, 4 stribution o og 
cryptographic keys by the German Army was outlined by Fricke, 
& member of In 7/IV and latterly of the Signal Intelligence 
-.. Agency of the Armed Forces (OKW/Chi).%62 According to Fricke, 
-~. the keys for the Army were produced at the beginning of the war 
-. on In 7/IV's own press... The number of personnel required was 
small (about twenty people in all), since only enigma, weather 
and book keys (Heftschluessel) were printed. 
With the introduction of the 5Z 4o/4o and other erypto- 
_° graphic systems which required keys, the amount of work entailed 
'. in the preparation, printing, and distribution of keys became 
too great for In 7/IV alone. In 1942, therefore, the production | 
of key table menuscripts was. transferred ta the IBM section of 
I: 7/VI, and the printing to the Reich. press in Berlin; tn 7/IV 
was confined to eee te, proof and Glee the finished 
product. 
a At the time of the bombing attacks on Berlin in November 1943,. 
the printing press and all key material. of I. 7/IV were destroyed. 
The key producing section of In 7/IV was then moved from Berlin 
into emergency quarters: prepared some weeks before in the Army 
Signal School (Heeres Nachrichten Schule} at Halle/Saale. During 
this period, private printing firms were. increasingly.drawn on 
for the production of keys; first, because the Reich printing . 
press could not meet the requirements; and secondly, because - 
decentralization was increasingly necessary to avoid bombing. 
About twenty firms in the central German area were given contracts ~ 
' for the printing of keys. The high number was largely attrib- | 
'- utable to the introduction in ae of the Stencil Pers eem a 
qu Ape theeenieeset uu), 
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In May 1944, the key producing section of In 7/IV was 


transferred to the Hindenburg barracks at Dresden, where Major 


Dr. Metzger: assumed direction. This remained the situation 
until 1 November 1944 when all tasks of producing, printing, 
and distributing of keys for the Army were transferred from 


' In 7/IV to Section Illa of the Signal Intelligence Agency of 


the Armed Forces (OKW/Chi/IIIa). This section was established 
at Dresden in the headquarters which the key preparation sectlon 
of In 7/IV had occupied. In March 1945, Section IIIa was trans- 
ferred from Dresden to the Army Signal School at Halle/Saale © 


‘because of the approach of the Russians. Work was never begun, 


however; and on 12 April, keys and material for producing them 
were loaded on trucks to be sent to southern Germany. Keys left 
at Halle were des traved | by the Germans at the approach of the 


United States Army .& 


104. . German Army security Studies.--Before 1939, the Army 
High Command had no security organization of its own. Questions 


of security concerning Army systems were referred to the Codas 
and Ciphers Section of the German Defense Ministry. Huettenhain 
stated that he and Menzer, as members of the Codes and Ciphers 
Section, did a security study on the SZ 40 is sa model"). 
and found that it could be solved in two days. This led to 
its improved form. 

In 1939, the Army High Command established its own Signal 


‘Security Agency (In 7/IV), which functioned as such until i942. 


' During the period of its activity, the Beene Security Agency 


were reading Enigma traffic. 


(In 7/IV) examined the plugboard Mnigma from the point of _— 

view of security, and made security studies on two Be8° A orypto- 

graphs proposed for Army usage, the M 40 and SG 41. 

security study of the plugboard Enigma was occasioned by a ” gus 

picion roused during the Polgap campaign in 1939 that the Poles . 
Pletsch, Steinberg, and Bohm 

(mathematicians of In 7/IV) made security studies on the machine, 


863 1 36 p 3. 
S04 1 31 p 17 
_ 866 I58p5. Buggish actually said "C-41" but doubless meant 


"SG-41." Both the M-40 and SG-41 are described from a 
cryptographic: viewpoint in Volume 2 of this Paper. 
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the results of which aprerentiy set to: rest any doubts about its” 


‘security. The Army continued to use the ey Pd apes change 


until Fricke (another mathematician of In 7/Iv)808 indicated | 


that the Army's manner of using indicators led to an igo aay 


'. At his recommendation, the indicator system was changed. 


: . The two machines proposed for Army use, the M-40 and oe 41, 
had ‘been invented by Menzer, a member of the Signal Intelligence 


a Agency of the Armed Forces (OKW/Chi). Security studies on the 


of In T/IV 


M-40 a wage by Dr. Doering and Dr. Buggisch, mathematicians 
Dr. Buggisch stated that the studies proved the 
device to be mederately secure, but that it was never used be- 
cause it was ag bulky as the plugboard Snigma but could not 
print letters.¢71 With regard to the sc~ 4], the studies made. 
by In 7/IV showed it to be superior to the M- 4O,. but. Buggisgh 
stated: "The Army hemmed and hawed and never did adopt it."9/e 
In 1942, the responsibility for making security studies of 
German Army systems, and most of the personnel of In 7/IV who 
had worked on. Army communications security testing, were trans-. 


ferred from In 7/IV to the Mathematical Section of In T/VI- Z 
' Pletsch, Steinberg, von pegtter, Hilburg, and Lugius were neuer 


systems. 
systems proved that all hand systems currently used by .the German 


anong those transferred. 
The Mathematical Section of nee T/VI assigned: security studies 
to two subsections: "7" and "13." Subsection "7" undertook the 
work on Ge ae hand systems ; subsection "13," on German machine | 
T+. The first studies of subsection "7" on German. hand 


Army. were solvable. As a result, In. 7/VI was ordered to col- 
peach 2 with In 7/IV in the development of new systems. for the 
Army .°75 Although In 7/VI would have preferred to establish 
this section within itself, where the preparation of systems 


- would: be done in. close cooperation with cryptanalytic specialists, . 


ordered to send. mathematicians pack 


this point of view was not recognized ee the Army and In 7/VI was 
fo in 7/IV. The mathematicians 
sent were Fricke, Jesse,’ and Kehren. 76 From thet time on, sub- 


-. section "7" confined itself to the study of hand systems handed © 


to it by the Field Army. Mettig noted that the amateur systems 
with which the section dealt were very bad and betokened great 
ignorance on the gpart of the faere Army in nGGArG to code and 


cipher security .& 


ee 


Subsection "13," which was responsible 1 for the security of. 
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German Army cryptographic machine systems, concentrated on 


security studies of the SFM T-52 teleprinters. SFM T-52a, b, 

and c were tested by Dr. Doeping in the summer of 1942 and were 
shown to be easily solvable.° By the autumn of 1942, it was. 
clear to the mathematicians of this subsection that SFM T-52c ~ 
could not be made secure. Despite the warnings from the security 
unit, the Field Army continued to use SFM T-52c... “hey were 


' particularly sure of 1t because they thought the land lines on 


which SFM T-52c messages passed could not be tapped by the . 
enemy. Not until a cellar equipped to tap landlines was found 
in Paris in late 1942 did the Army consent to the improvement 
of the machine.879 This improvement, the T-52d, was ready in 


early 1943 and was shown by Dr. Doering to be probably insecure. 
. From his experiments WER the T-52da evolved the T-52e, which 
. was considered secure. 


Some investiga ation of the plugboard Enigma was carried on 
vy subsection "13" although no definite conclusion was reached 


concerning its security. In 1943-44, definite proof was ob- 


tained from two Polish officers in a prison camp at Hamburg 
that the Poles had read the plugboard Enjgnm a both before and 
for some time after the Polish campaign. This proof cor- 
roborated the suspicions aroused at the time of the campaign 


-. in 1940. Two Army eryptenalysts, Pietsch and Doering, were sent 


to interrogate the Péles. Although the interrogations were said | 
to have drawn 4 blank, it became evident that Polish crypt- 
analysts at Wicher. hea solved Pnigma traffic, had. gone to France 
after the Polish campaign and. had continued thelr work there. 
Solution was said to have stopped sometime later. The mathema- 
ticians of subsection "13" believed that solution had ceased . 
when the Field Army followed Frické's indicator recommendations. 
The general result was that subsection "13" did not ‘press the 


“matter of Enigma security. 


“Subsection "13". had also: ‘been assisting in the design of = 


. Cipher Device 39 (Schluesselgeraet. 39), an improved Enigma which 


was intended to employ a plugboard, changeable turnover rotors, 
Pluggabhs reflecting wheels, and additional Hagelin-type drive: 
wheela. Buggisch stated these machines were his specialty. 
They were under construction at the Technische und cor 8 
firm ae Frankfurt.am Main at the time of the surrender . 
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The responsibility for the. security of German Army ery pto- 


graphic systems remained with subsections "7" and "13" until 


November 1944, when it was turned over to the Signal Intelligence . 


- Agency of the Armed Forces (OKW/Chi). The Army then retained . 


only the responsibility for seeing that the ,gystems approved 
by OKW/Chi were properly used in the field. 


“105. Attitude of the Field Army toward Security Studies.-- 
The Field Army maintained an uncooperative attitude toward 
security studies made by the Mathematical Section of In 7/VI. 
Whenever the Field Army was asked to change a system, there 


. was a storm of protest. Ail changes in methods were supposed 


to be enforced: by the staff of the Army Communications Branch 
{Weeres Nachrichten Verbindungsabteiiung, ebbreviated HNV), and 


‘the nature of the results depended upon whether the officer at 


. staff headquarters happened to Know anything about cryptanalysis. 


Fricke said he usually did not.0%5 only with the greatest dif- 
ficulty was the Field Army persuaded to change its methods. 

One of the specific ways. in which the Field Army consciously 
hampered progress in security studies was to refuse to furnish 
In 7/VI actual traffic. Fricke said that In 7/VI never knew how 
the Field Army actually used the systems which it approved. When 
In 7/VI asked for traffic for its studies, it was given specially 
prepared messages such as: "We are standing in Berlin and see 
the Polish infantry coming down the Frankfurt Allee." 86 However, 
the Field Army made a brief attempt in 1941 to provide the 
analysts with actual traffic. For this purpose a Signal Intelli- 
gence Regiment of the Replacement Army (Nachrichten Aufklaerung 
Abteilung/Chef der Heeresruestung und Befehlshaber des Ersatz 
Heeres, abbreviated NAA/Chef H Ruest u BdE) was formed. While 
two companies of this unit were to act as administrative units 


for personnel of.In 7/VI, the third company was an intercept 


unit which worked in the Pield. collecting material for the 
analysts. (Due to personnel shortage, however, this unit was 
dissolved in February 1942, and no subsequent attempt was made 
by the German Field Army to procure actual traffic for In 7/VI}87 
As described in Paragraph 104, it was difficult to persuade 
the Field Army to accept as valid the security studies made by 
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the cryptanalysts of In 7/VI. For instance, not until an entire 
cellar with excellent equipment for tapping land lines used by 
the T-52¢ was raided in Paris in early 1943, was the Army High 
Command persuaded that the security study made by In 7/VI had 
been valid. . ae me . 
The attitude of the Field Army could be traced largely to 
the ignorance on all levels of matters pertaining to codes and 
cipher security. Fricke’s remark that the staff officer of the 
HNV who controlled code and cipher methods usually knew nothing 
about cryptanalysis has already been mentioned. Mettig stated 
that the suggested. systems handed to In 7/VI for sgrutiny be- 
trayed the lamentable ignorance of the Field Army.099 Signal 


tables set up by the troops revealed serious cryptographic errors, 


Such as the failure to change keywords for long periods.999 In 
an attempt to correct this ignorance, In 7/VI gave lectures at 
the Army Signal School at Halle and issued instructions on code 
and cipher security. The situation, however, was never satis- 
factory. Buggisch aptly called it tragic-comic: When In 7/VI 
detected an insecurity, it was not able to achieve effective 
remedies; if In TA/VI wanted to install new devices, it had even 
more difficulties, The Army "hemmed and hawed" and never got 
around to acting.©91 a 7 | 
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124. Training of Signal Recruits.--The Signal Intelligence 
Replacement and Training Battalion (Nachrichten Aufklaerungs 
Ersatz und Ausbildung Abteilung, abbreviated NAEUAA), which was 
located at Frankfurt/Main, was responsible for the training of 
German Army Signal recruits. It had control over Signal Intel- 
. digence Replacement and Training Companies In each Service. 
- Command (Wehrkreis) where basic training and some training in 
. Signal matters were given to the recruits. 95 In time of peace, 
basic training.lasted for one year, signal training being taken 
up after the first three months. During the war, the time of 
- basic training was shortened in order to place more troops more | 
“ quickly in the field. Recruits were trained in direction finding, 
' teletype operation, 2886 simple field codes, and were then sent 
out into field units. No special courses were sonducved in 
the Replacement and are tnine ponpensces - 


Bey ho 8 115: training ‘of Signal Technicians .--Most of the signal 
technicians were traine specialist schools of various sorts. 
Schools for carrier frequency, switchboard operators, repair men, 
etc., were established by the Army ang BY ater and Corps Signal 
‘Battalions and at Army Signal Depots. Instructors were 
ae non- rowel ee tenes officers who had had figs ead in the 
eld. “ae i. ae 


i ae as 116. “ prainia ose. Ss tees Signal eeterpre ces Re- 
_ placement and Training Battalion (Nachrichten Dolmetscher Ersatz 
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+ 


and ausbtieugga autetane: abbreviated NDEUAA) was located at - 
.. Halle/Saale. 


This battalion was responsible for the training 
of signal interpreters who were to be employed in signal inter- 
cept units for radio and wireless monitoring. The battalion was 
divided into three companies: company one for Romance, company 
two for Slavic, and company three for Germanic languages. For 
matters of imepepepianrat: the battalion ‘was egeveces into the 


' following five platoons: 


i) cadre platoon aes ) sonpeisine cadre ‘personnel, 
and instructors in m oe and Pee ee ca, technical 
matters. 


“Oy dnsteudtor platoon (eaten) senprietne teachers and © 
- ‘members of the enerrucTe! group. 


3) trating platodn (Auabildungszug) comprising the students 
who were under instructions in some SAREUE ECs 


: A) alert platoon (Marschzug ) comprising men who have passea 


_ their final eEantuet on pend who are expooking to be sent | 
segeeee action. 


6B) pool (auffan kor Buaraeay comprising newconens: 
Jo # wadting for inet entrance cuca reser es 


A rough estimate of the ‘personnel shows ‘that in 1944 there were 


_', about 350 to 400 men attending the various language classes. 
After the courses which lasted six weeks, the men were given a 
- final examination. According to the results of this oh Bog? 
5 eae were Lees ened. to one of the eee following Cereeor sees 


foheiies Ce 


. 2300 Ir 405, P 5 


Ss -- “Speakers (31 rachaittier) ‘These were people who ‘gpoke 
... well and were able to. Ze. themselves understood, but . 

. © who did not master. ane CSenmeter in pte. and eer 
~ correctly. . Pace 3 ; 


“pall -- Translators Khepereotaenh: These desis who | 
“| mastered the ToreIgn Tanguage in ecpitemra: ake were 
ey fair in speaking. : 


ee eae Interpreters (Dolmetscher) . These were people who 
1 spoke and wrote the foreign language correctly and 
_ fluently and whose general education was up to a 
Ce gs SPanoenee ar 
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Employment was ‘assigned according to the category to which each 
person was assigned. 

For persons of category "S," a special course in monitoring 
Allied radio communications was organized at Leipzig for English 
speaking personnel only. The course consisted of three weeks! 
daily : instruction in the following subjects: . 


USA and British organization of signal units 

USA and British radio sets used at all levels 

USA and British radio call signs 

USA and British authorized abbreviations 

-USA and British message forms : 

USA and British fixed station and net operations: methods 
USA and British Army terminology. 


“ONT EU 0 


Each of :the ‘subjects was taught for one hour a day. and had a brief 
examination. In most cases, the lectures were conducted in _ 
English to facilitate practice in this language. 


117. Trainin of Signal officers .--The Army Signal School 
at Halle (weeres Wachrichten Schule, abbreviated HNS), conducted 
the course for officer candidates of the Signal Corps.902 Rm- - 


7; phasis here was in the first months evenly divided betweén tech- 
“nical and military subjects. The officer candidates were 


selected by their commanders in the field after having proved — 
themselves in combat or in outstanding work in their specialty... 
All enlisted men were eligible, although the racial origin evi- 
dently played some part in the selection. One prisoner, for 
instance, states that he was not allowed to become an officer 


candidate because of a Jewish grandmother .9093 


After their selection, the men were given a ‘four weeks course 
in tactics, Army regulations, customs, technical subjects, etc.- 


' Those who passed this preliminary course were sent- to the Armed 


Forces Signal Troop School (Fuehrungs Nachrichtentruppen Schule, 
abbreviated FNS), ‘gaye they were trained for three months in 
Signal Corps work.9 From there they were sent into the field 
for a probation period as leaders of platoons. During this 
period of training, Colonel Grube states, many of the candidates 
lost their lives. A final three months at the Signal School at 


Halle brought with graduation the rank of Lieutenant. Failure | . 
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Oo 118. Training of German Army cr ptanal sts .--Nothing is 
DOCID: 3486746 known of the training of German Army cryptanalysts before 1939. 


Mettig states that when the Signal Intelligence Regiments {KONA} 
moved into the field in 1939, no cryptanalysts were available 906 
Colonel Radewig, the commander at that time of all intercept | 
stations in the west, however, was able to procure a number of 
cryptanalysts from the Fixed Intercept Stations (Feste) around 
Berlin, .and to this force he added a few mathematicians and. 
linguists.J°f As a result, when the German offensive began in 
April 1940, the KONA's had a moderate supply of cryptanalytic © 
personnel. The early years of the war, however, showed that 

many more cryptanalysts were needed. Provision to train these 
cryptanalysts was made by establishing a Training Section in 

In 7/VI under the leadership of Kuehn but Mettig stated that the 


~ .. work of the section was not fully exploited until 1942.908 The 
- section was located at Matthaikirchplatz-4 in Berlin until 
November 1943, when it was moved with the rest of the Agency to | 


Jueterbog because of Allied bombings. In November 1944 the 
Training Section 7 of IN T/VI. became Section 5 of Group IV of. 
the GdNa.999 According to Graupe, the school consisted of about 
twenty officers with one hundred and twenty men, and about twelve 
women as stenographers.919 .-s - Se 

| The course which lasted 10-12 weeks?11 is outlined in some 


detail in IF 122 pp 3-8. During the morning and for two or three 


afternoons a week, cryptography was studied from a syllabus. 


- This syllabus included a brief history of cryptography, a general 


picture of the methods of encipherment, details of various means 
of encipherment and decipherment. During the remaining after- 
noons, the students evidently specialized in whatever field to 


‘which they were to be assigned. One prisoner of war, Gerd Coeler, 


States that during the afternoons he studied English military | 
terms and abbreviations, studied the history and organization _ 
of the British Empire and the geography of England.912 Karren:. 


-berg#13 outlines the course given for those who were specializing © 
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a triode is used, an audio output transformer 
may serve as the plate load. When a pentode 
is used, the high plate resistance of the tube 
makes it necessary to use a resistor as the 
plate load. 

Usually the grid leak circuit is designed to 
operate with strong grid signals. As shown 
at B, the detector operates on the linear por- 
tion of the curve. This detector has good sen- 
sitivity, since the tube amplifies the input 
signal. Selectivity is only fair, since the grid 
draws current to load the tuned circuit. 
Linearity is fair. Signal handling ability is 
very good. 


Regenerative Detector 


Regenerative detectors are special types 
of grid leak detectors. The plate circuit of 
the regenerative detector (page 19) contains a 
feedback coil (L3) that inductively couples 
energy back to the tuned circuit. This coil 
provides feedback to reinforce the incoming 
signal. Thus the tube not only amplifies the 
signal, but it also reinforces and increases the 
signal on the grid. This increased signal is 
also amplified and again fed back to the 
grid. Thus the sensitivity of this circuit is 


far greater than the sensitivity of the de- 
tectors already studied. However, this circuit 
is difficult to handle. Circuit adjustments are 
very critical. If feedback voltage is too great, 
the stage responds as an oscillator, producing 
squeals in the sound output of the receiver, 
and producing interference in other receivers. 

This tendency to oscillate can be used to 
advantage, however, in obtaining intelligence 
from CW transmissions. For CW reception, 
variable resistor R2 is adjusted so that the 
circuit starts to oscillate. The frequency of 
oscillation is slightly different from the signal 
frequency (to which L2-Cl is tuned) and 
this produces an audible beat frequency in 
the headset. This beat frequency can be 
varied by adjusting R2. 


Superregenerative Detector 


The operation of this type of receiver is 
somewhat like that of a regenerative detector 
receiving a CW signal. When the detector 
oscillates, the amplitude of oscillation is con- 
trolled by the amplitude of the RF input sig- 
nals. The time that the detector oscillates is 
controlled by the quench oscillator, which 
operates at about 20 kc and applies an addi- 


DETECTOR 


QUENCH 
OSC. 


Superregenerative Detector 
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in Russian cryptanalysis. Participants were selected from the ~ 
personnel of the Signal Interpreter Replacement and Training 
Battalion who knew Russian. After the most capable interpreters 
had been selected they were given @ course in Russian crypto-~ .. 
graphy which included all types of Russian systems. For practice 
in this course actual Russian military texts were used by which 
the men were gradually accustomed to field problems .914 


119. Evaluation of Si 1 Training.--The training of crypt- 
analysts by the Army appears to have been eminently successful. 
Through the classes of the Training Section at In 7/VI passed 
most of the men.who later pecame outstanding in the field of 
cryptanalysis either in the KONAs or in the central agencies. 
Major Hentze, head of cryptanalysis at Paris (KONA 5) and later 
of Gruppe IV of GdNA; lst Lt. Vauck, head of the Agents’ section 
of In 7/VI; lst Lt. Lueders, head of one of the subsections of 
the mathematical section of In 7/VI; and lst Lt. Schubert, head- 
*.of cryptanalysis at HLS Ost, were all graduated from this course?l 
The training of signal troops in the field, however, appears 
aad to have been less successful. Attention is continuously drawn 
_ throughout the TICOM publications to the acute shortage in the 
Field Army of personnel who were well trained in signal intel- 
Ligence operations. This was particularly true in the late years 
-, Of the war when courses became more sketchy. The central agencies 
' recognized this weakness and attempted to remedy it by publishing. 
- f£leld manuals on security and having lectures given at the Signal 
oo.» §¢@hool at Halle by members of In 7/VI. Despite these efforts, 
~~  . however, the Fleld Army remained, according to Fricke, pitifully 
oe ignorant of the principles of security. Ignorance undoubtedly 
lay at the bottom of the non-cooperative attitude of the Field 
Army in regard to the adoption of systems considered more secure 
than those in use by the Army. Conditions were aggravated at 
the end of the war by the necessity for sending all able-bodied — 
men into the front line and by the general confusion of the Army. 
Very little training could be carried on by the Field Army during 
the late months since their schools were taken over by operating 
agencies. The Army Signal School at Halle, for example, had been 
used by In 7/IV since November 1943 for the preparation of Army . 
keys; and after March 1945 it housed a.considerable section of 
the Signal Intelligence Agency of the Armed Forces, including 
service personnel and male and female civilians. It may be > 
safely stated that after 1944 little if any signal training 
was carried on by the Army. oo... 


914 See Volume 4, Chapter VI for details of this course 
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Liaison of the Signal Intelligence Service of the Army 


with related Signal Intelligence Services...ccsceceereee L13 


oa 106. Liaison with OKW/Chi.--The relations of the Signal 
Intelligence Agency Of the Army High Command (OKH/GdNA and its 
predecessors) with the Signal Intelligence Agency of the Supreme 


' Command of the Armed Forces (Oberkommando der Wehrmacht Chiffrier 


Stelle, abbreviated OKW/Chi) were conditioned by a number of 
important facts. ae oe ee oe ne m4 


‘a. The office of the Chief Signal Officer, Armed Forces - 


(Cher der Wehrmacht Nachrichtenverbindungen, abbreviated Chef. 


WNV) and Chief Signal Officer Army (Chef des Heeres Nachrich-. 
tenverbindungswesens, abbreviated Chef HNW) were held jointly 
from August 1939 to the capitulation. The close relationship 
which evolved from this combined office is outlined by a German 
officer who was aide de camp to General Praun, Chef WNV and HNW 
from September 1944 until the capitulation .920 As Chef WNV, 
General Praun (and his predecessors) was directly subordinated 
to General Jodl of the Armed Forces Operations Staff (Wehrmacht 
Fuehrungsstab, abbreviated WFST) and was responsible for all sig- 
nal operations and policy from an inter-service point of view. 
As Chef HNW, General Praun was responsible for Signal operations 


- and policy within the Field Army, and in this ge gare! was sub- 
ordinate to General Guderian, Chief of General Staff.y2 ; 


Lt 
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b. The Signal Intelligence Service of the Army (GdNA and 
its predecessors) and the Signal Intelligence Service of the Armed 
Forces (OKW/Chi) stemmed from a common origin, the Codes and _ 
Ciphers Section of. the German Defense Ministry. The Army High 
Command had set up its first Signal Intelligence Agency, the. 
Intercept Control Station (Horchleitstelle), in 1933, by drawing 
a few trained cryptanalysts from the Codes and Ciphers Section ~ 
of the German Defense Ministry. The Signal Intelligence Agency 
of the Supreme Command of the Armed Forces was the direct de- 
scendant of the Codes and Ciphers Section of the Defense Ministry 
and acquired its new name in 1939.9&2 _ 

The close inter-relationships of these three organizations 


is reflected in the reletionzhips among the officers who con- 


trolled them. Colonel Boetzei, who ended the war as chief of 
the GdNA, had been fram 1934 to 1939 head of the Codes and Ciphers 
Section of the Defense Ministry .9¢3 General Fellgiebel, who had 
been head of the Codes and Ciphers Section of the Defense Ministry 
from 1931-1932 held the office of Chief Signal Officer Army (Chef 
HNW) and Chief Signa, Officer Armed Forces (Chef WNF) from 1939 
until 20 July 194 ger Colonel Kettler who ended the war as head 
of the Signal Intelligence Agency of the Supreme Command of the 
Armed Forces (oxu/ohi} had been head of HLS O0st.95 Lt. Col. 
Mettig, second in command of the OKW/Chi, had been head of OKH/ 
In '7/VI from November 1941 to June 1943 .926 . 

Close collaboration of OKW/Chi and the Signal Intelligence 
Agency of the Army High Command (OKH/GdNA and its predecessors) 
can be traced in a number of recorded. instances from 1939 to the 
capitulation. In 1939, Huettenhain, chief cryptanalyst of OKW/Chi, 
was sent by that organization to the Intercept Station of the Army 
at Frankfurt/Main to collaborate with the Army on the solution of 
a new Frency, Army system.9°7 The most cordial relationship between 


. the organizations is manifest in his memoranda on his visit to 


Frankfurt/Main :92 


| "when I was saying goodbye to the military head of 

* the evaluation section of Army Group C at the termination) 
of my attachment in FRANKFURT-ON-Main, the head of the 
evaluation section expressed his regret to me that he 

could not yet present me with some sign of outward 


— 
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_ pvecognition for work successfully carried out in FRANKFURT- 
- On-MAIN.- To that I replied that success attained was not - 
- Que to the effort of an individual but was the result of - 
' development and common effort and that if outward recog- 
nition should reward this work, Herrn TRAPPE (Chi OKW), ’ 
SCHMIDT (Chi OKW) and Professor Dr. Foppl (Chi OKW) should 
. likewise remembered. The head of the project thereupon — 
told me that these gentlemen would be similarly distinguished. . 
"In the course of the conversation, I said that for 
. us the finest recognition was the knowledge that important 
' dntelligence, which could serve as @ basis for the further 
conduct of the war, had been sent to G.H.Q. The head of 
the project replied that he quite understood this attitude 
. but he would like to make military departments appreciate 
our work at the full value for up to now, they have shown 
little understanding of the difficulties of such work. 
. "At the same time, the head of the project requested 
me to convey his thanks to the Chiffrier Section OKW for 
'. the assistance given to the military deciphering section. 
and remarked that in his opinion such a large decyphering 
task could not be done by OKH either now or in the near 
future." | a ee a es eer 2 ie Di is 
In 1942, the Signal Intelligence Agency of the Supreme Command 
of the Armed Forces {OKW/Cht1) sent a special Russian "party" to 
HLS Ost to collaborate with cryptanalysts there in the solution of 
a Russian 5-figure code..-Prof. Dr. Novopaschenny, head of that 
party returned to Berlin in the autumn of 1943, but his crypt- 


~.- analysts were absorbed into the unit at HLS Ost.92 


OKW/Chi also collaborated with the Agents!’ section of OKH/— 


In 7/VI in the solution of Russian agent traffic. The memoranda 
. Of Fenner, chief linguist of OKW/Chi, give a detailed picture of 
‘ the nature of this collaboration.930 2 


On 23 February 1943, Fenner's department was asked by Section 


~ TII of the Armed Forces Radio Defense Corps (Fu III) to collab- 
orate with the Agents’ section of OKH/In 7/VI in work on certain 
* Russian agents! traffic.. By the end of March, OKH/In 7/VI had 


furnished Fenner's section with all traffic in that system inter- 


_- cepted since September 1941 so that a start was made on solution. 
.' Pundamental findings were communicated to In 7/VI which enabled 
_ its Agents’ section to break into the system roughly at the same. 
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time as aia Fenner's group. After the initial break-in, however, 


1t was agreed that In 7/VI should continue the work on this system 
while the Signal Intelligence Agency of the Armed Forces started 


‘work on another system. From then on, relations became somewhat . 


strained because of the non-cooperative attitude of the Agents? 
section of In T/VI in furnishing traffic to Fenner'’s section. The 
basic cooperation of the two departments, however, is. noteworthy. 

' -Qne of the most striking instances of cooperation between 


the Signal Intelligence Agency of the Supreme Command cf the Armed 


Forces (OKW/Chi) and the Signal Intelligence Agency of the Army 
High Command (O0KH/GANA and its predecessors) is manifest in the, 


‘work of the two agencies on Polish Resistance. Movement Systems. 931 


During the years 1943/44, the Agents’ section of AgN’NA was able 
to intercept and solve the systems used by the Poles in their . 
traffic with the Polish government in London. From this traffic . 


the disposition of the Polish liberation troops as well as the 
friction between them and the Russians could be established. The 
traffic was considered so important that eight members of the 


Agents' section were transferred in the autumn of 1943 to the 
Polish.section of the Signal Intelligence Agency of the Armed 
Forces (OKW/Chi) to work on the systems there. The clear text 


was published by the Signal Intelligence Agency of the Armed ~ 
. Forces in bulletins with extremely restricted distribution. The 


Signal Intelligence Agency of the Armed Forces also eoopers ues. 0s 
intercepting this traffic at their own station at Lauf in order 
to be certain that it was completely covered. Speed in solving 


the traffic was obtained by having the messages sent to the IBM 


section of AgN. NA for, sorting. The work on Polish traffic thus 


appears to have been 4s much a joint project as is. poasible for 


two separate Agencies to attempt. . 

Long before the time of official "Chieconferences” held by 
Lt. General Gimmler, Chief of the Armed Forces Communications 
Branch (Chef Amtsgruppe Wehrmachtnachrichten Verbindungen, ab- 


~ breviated Chef AgwNV), the Army and the Armed Forces, Signal In- 


telligence Services. worked together on security studies of German 


-  eryptographic machines and issued. joint resolutions concerning ° 


their investigations. Among the papers of Dr. Huettenhain of 
OKW/Chi are memoranda describing this cooperation .932 As early as 
December 1942, In 7/VI, OKW/CHI and We Pruef 7 proposed issuing a 


. statement, concerning improvements for the secret teletypewriter ma- 


chine SFM T-52c to be submitted to the “big executive committee. 
Although it is not known specifically what is meant by the "big 


executive: committee, © it. is possible that it may have been composed 


Bl riispg 


932 p 59 


ZR, 


DOCID: 3486746 


~ 


of officials of these same organizations. “Throughout 1943, . 
General Thiele, who held the position of Chief of the Army Conm- 


‘munications Branch (Chef Amtsgruppe Heeres Nachrichtenver-_ 


bindungswesens, abbreviated Chef AgHNW) called conferences of*” 


-representetives of the various services concerning matters of 


security. Buggisch, one of the mathematicians of In 7/VI, —- 
mentions conferences at which Drs. Stein and Hassenjaeger of. = 
OKW/Chi were present.93+ The minutes of one of these conferences 
(dated 13 December 1943) have been published.93> It should be 
‘noted that the conference is said to have been called at the 
suggestion of In 7/IV, ami was held in the office of that unit 

at Matthaikirchplatz 4, Berlin. Those who took part were Major 
Kempe, ‘head of In 7/IV, Specialist Luehrs, Dr. Fricke, and 


‘Dr. Kehren, mathematicians of In 7/IV; Dr. Pietsch and Dr.. Doering 


of AgN,"NA3; representatives of Wa Pruef 7; and Dr. Huettenhain, 
Dr. Stein, and lst Lt. Hasenjaeger, mathematicians of OKW/Chi.. - 
From this evidence, it is clear that the "Chi-conferences" called 
by Lt. General Gimmler in 1944 were only a formal exteriorization 
of an already existing relationship. This is the reason that 
Buggisch of AgN: NA and Huettenhain of OKyS hi were able to mini- - 
mize the efforts of Lt. General Gimmler.7 Both observe that 
the conferences did not foster a closer relationship among the. 
services -- the cooperation of Army and Armed Forces: had been of 


-the closest nature for, many years, but the collaboration with , 


other services was not. improved. ee 
At the formal "Chi-conferences" and at. the official Army- 


'.Air-Naval conferences of 1944, the Armed forces could always 


depend upon the full cooperation of the Army. The completeness 


of this cooperation is illustrated by the fact that when OKW/Chi 
".. was ordered to take over the supervision of all security studies 


within the Armed Forces, the Army compiled by transferring to 
OKW/Chi 911 personnel of In 7/IV and of the security sections. of 
the Mathematical Section of AgN. NA. - 

in the field of machinery used. for cryptanalytic and security | 


. studies, the Armed Forces and the Army appear to have informed 


each other fully concerning their respective developments although 
no exchange of machinery was made. As early as 1939/40, the math- 
ematicians and former actuaries who had been drawn into In/7IV 
suggested the use of IBM machinery for statistical studies. This . 
led to an extensive use of the machinery for security studies. 


When security studies were transferred from In 7/IV to In 7/VI_. 


936 5 


in 1942, IBM machinery was developed by In 7/VI for both security 
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studies and cryptanalytic work. It is not known whether the 
Signal Intelligence Agency of the Armed Forces had its own IBM. 
- machines separate from those of the Army or not.937 Mettig and 
. Buggisch both state that it hed no IBM machinery, but depended . 
. upon the IBM machines of the Signal Intelligence Agency of the - 
( Army. The preparation of three-letter codes for the use of the. 
- Army was done, for instance, by the IBM machines of the GdNA at. 
the request of the Signsl Intelligence Agency of the Armed Forces 98 
In early 1945, the IBM section of GdNA was offered to the Signal _. 
Intelligence Agency of the Armed-Forces (OKW/Chi); the transfer 
- was never carried out, however, because of the turn of events .93 
2 The relation of the Signal Intelligence Agency of the Supreme 
Command of the Armed Forces (OKW/Chi) and of the GdNA and its pre- 
decessors may be summarized as one of complete cooperation. Al- 
though the cryptanalytic problems of the two organizations were — 
quite distinct, those of OKW/Chi. dealing with diplomatic systems, 
of GdNA with Army systems, whenever joint problems were deal’, 
- with by the two agencies there was completes accord. 


_ 107. Liaison with the Navy.--The Signal Intelligence Agency 
of the Navy (Oberkommandc des Marine, Seekriegsleitung, abbre- 
-viated OKN/4 SKL III) appeared. to have little liaison with the | 

. Signal Intelligence Agency of the Army (GdNA and its predecessors). 
Tranow, the chief cryptanalyst of the Signsl Intelligence Agency | 

. of the Navy, stated that the Navy cooperated with the Amy until 

early 1944, but that thereafter the attempt at. copparation was 

given up since no results of value were obtained. : 

The collaboration, where it existed, of the Signal Intelli- | 
gence Agency of the Navy High Command with GdNA and its pre- 
‘adecessors dealt principally with: the USA machine M-2e09, and 
- TBM procedures .941 In both instances, it sco. happened that the 
Navy received more from the Army than it, géve. ; ei 


'. ". a, Collaboration between OKM/4 SKL III and In 7/VI began 
- in 1943 when In 7/VI passed over to the Signal Intelligence - 
. Agencies of the Navy and the Air Force the technique of recover- - 
ing true settings from relative settings in M-209 solution. ; 
Thereafter, according to Lt. Muentz of OKM/4 SKL III there was 
-considerable liaison between the three services in regard to 
.  M-209 and they exchanged all techniques.94#@ Schulze, another. 
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 cryptanelyst in OKM/4 SKL III, stated that in his investigations 
‘of the M-209 he met Dr. Steinberg of In 7/VI and that they had a 


detailed conversation of the methods used by the german Arny, 
Navy, -and Air Force for solution of this system.9#3 From these 
conversations he concluded that the Navy was superior in the 
matter of breaking into a message; the Army, in reconstructing 


. the internal. setting. This was mainly because the Army had more 


material to work on, and could depend upon heving a few messages. 
in depth every day, whereas the Navy never got traffic with iden- 
tical settings. Schulze persuaded the Army to give.the Navy some 


“M-209 material in depth with which he could carry out expey iments 
in OKM/4 SKL III to expedite the solutiof of the message.9}t 


b> In regard to collaboration on IBM procedures, Tranow) - 
readily admitted that the Army funRt concelved the idea of using 
IBM machinery for cryptanalysis. In March 1942, the Navy, ~ 


Air Force, and Goering's Research Bureau (FA) visited the IBM 


section of In 7/VI in Berlin. “On this occasion," said Tranow, 


"ZY came to. the conclusion that there were enormous possibilities 


in the IBM system for our work also." Tranow immediately set’ 
apout, to get some machinery for the Signal Intelligence Agency - 
of the Navy, but found it difficult to obtain IBM machines at | 
that time, From,March to May or June 1942, the Signal Intel- 
ligence Service of the Navy sent work to the Naval Armaments 
Economic Section which was already using IBM machinery for sta- 
tistical purposes. This Economic Section agreed to do the work 


‘on condition that Tranow furnish his own staff. Here again, 


Tranow. had trouble, since the Signal Intelligence Agency of. the 


| ' Navy had very few IBM specialists in the ranks. He was forced 


-Intelligence Agency of the Navy. 


was still "collaborating" with the Army on IBM procedure. 


PO make payee ae Be 
ate T 73 pil2° . 


to approach the Army and Air Force to obtain personnel in ex- 


' change for naval personnel of “equal value,” as he is careful to 


point out. By es 1942, Tranow says, the Navy was able to carry - 
out its own task.J46 According to Mettig, however, in June 1942, 
In 7/VI undertook a considerable porvume of IBM work for the Signal 
947 It seems reasonable to sup- 
pose that this is true, and that Tranow conveniently "forgot" . 
this favor.on the part of the Army. In September 1944, according © 
to a Navy document, the Signal Intelligence Agency of the Navy 
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' - As a matter of general policy, in Signal Intelligence Agency . 
of the Navy High Command disapproved of indiscriminate exc 

among the services. Lt. Muentz,stated that the: head of his. section 
‘Franke, disapproved of any contact with other services, and main- 
tained contact only with the Army on M-209 solution. Lt. Schubert 
of GdNA complained that he Zencies 388 not DEINE? about closer 
relations between the two agencies. 


oe endeavoured. to achieve soapanavion between the 
Army and Navy. This task was actually no concern of. 
mine. A naval officer was detached for six weeks who 
looked at all Army systems originating in the west and 
east and I went to him to attempt some settlement. I 
tried to achieve collaboration but later events upset 
things. There are practically no potate of contact be- 
tween the Army and Navy.' 


108. Liaison with the Air Force :--Before’ ar German Ae: 
Force established its own Signal Intelligence Agency (OKL/LN 
Abt 350, formerly Chi-stelle OBdL) in 1937 the Army fixed inter- 
cept stations (Feste) intercepted foreign Air Force traffic and 
> ° worked on it at the Intercept Control. Station (Horchleitstelle). 
According to Major Fiechtner of the German Air Force, however, 
the Army did not give air traffic so much attention as it did 
ground force traffic and the Air Force became increasingly dis-. 
satisfied with the Army's work. In 1935, the Air Force began 
the formation of its own signal intelligence service, although 
for three years close relations with the Army were maintained. 
Air Force employees underwent familiarization training at Army. 
Fixed Intercept Stations and. the Air Force's first intercept 
stations were set up according to Army prototypes. By 1939, the 
_ dependence of the Signal Intelligence Agency of the Air Force 
- High Command (OKL/LN Abt-.350, formerly Chi-stelle OBdL) on the 
' Signal Intelligence Agency of the Army High Command (GdNA and 
_its predecessors) was ended .94 
- During the succeeding period (1939- 1945) relations of the. 
Air Force and Army were particularly good in field operations. 
This was fostered by such means as unification of Army and Air. 
Force signal regulations, a regular exchange of liaison officers, 
' , working personnel, equipment, reports, raw traffic, and crypt- 
' . @nealytic methods. A -few outstanding'examples of Army-Air Force 


collaboration have been perectes aka: multitudinous anetancoe on 
ee Peru EEORG : 
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We now: Pnom the minutes of a-Chi-conference held in October 


“1944 that the Army and Air Force attempted to coordinate their 
signal regulations. According to the notes of the minutes pre- 


sérved among the papers of Huettenhain, Lt. General Gimmler, Chef 
AgWNV, stated that one special difficulty in signal communica- 
tions was the fact thet the diverse parts of the Armed Forces 
used different wireless and cipher phraseology. In response to 
this, Lt. Col. Schulze of the German Air Force stated that by 
means of far-reaching assimilation of Army and Air Force regula- 
tions, the difficulties arising in those services from different 
wireless and cipher phraseology would soon be overcome.999 This 


attitude of cooperation between Army and Air Force 1s eyDACe and 


extended to all echelons. 

A regular exchange of. liaison officers between Army and Air 
Force fiela units was maintained both on the eastern and western 
fronts. In the west, from 1942 an Air Force liaison officer had . 
been stationed with NAAS 5 at St. Germain.951 Major Hentze, CO 
of KONA 5, stated that the two units worked closely together and 
Hentze pectin with the Maat there, its sonprenenys 


: and its work. 


' One of the chief duties of the Army liaison officer at an 


‘Air Force signal intelligence post was_to keep the ground situation 


wap up to date from Air Force reports.993 Among other duties, 
the Air Force liaison officer at an Army signal intelligence post 
passed requests to the Air Force for support.904 
' Feliendly liaison between commanders and men of units of the 
Air Porce and Army which were closely associated in the field must 
not be overlooked as.a source of contact. Col. Muegge and - 
Col. Rosenkrantz ferm an excellent example of this type of relation- 
ship. When Col. Muegge was commander of the Signal Intelligence | 
Regiment 4 (KONA 4) in Athens, Col. Rosenkrantz, an old friend of . 
his, was commander of the Air Force Signal Intelligence Unit 
stationed there. .When Col. Muegge was moved in igh to Italy as 


commander of Signal Intelligence Regiment 7 (KONA 7), Col.. 


Rosenkrantz happened to be commander of the Air Force signal in- 
telligence in Italy and the ich! Reta teoeentes of their units 
continued . 

Much of the interchange of men and equipment petvean fiela 
units of the Air Force and Army was caused by the fact that the 


— had oe few eee: ee tepee ie noe rere nee sets, and 
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TO AF POWER 


(#——— AMPLIFIER 


“GRID CIRCUIT 


Detector-Amplifier 


tional signal to the detector grid. When this 
signal is positive, the detector oscillates. When 
this signal is negative, the detector is cut off. 

Each time the detector oscillates, a voltage 
pulse is developed in the plate circuit of the 
detector. The amplitude of this pulse is con- 
trolled by the amplitude of the incoming RF 
signal during the time of the pulse. Successive 
pulses, therefore, vary in amplitude according 
to the modulation envelope. These pulses are 
filtered by C1 so that only the audio voltage 
is applied to the primary of the output trans- 
former. 

The quench oscillator frequency must be 
above the audio range to prevent the quench 
frequency from being heard in the output. 
Also, the ratio of the RF input signal fre- 
quency to the quench frequency must be at 
least 100 to 1, to prevent a large amount of 
noise from developing. This means that the 
minimum RF frequency at which this type 
of receiver will operate satisfactorily is 2,000 
kc. This type of circuit is especially adaptable 
to the VHF band, and is used in some VHF 
police equipment. 

Superregenerative receivers are compact, 
light in weight, and low in cost. They consume 


2) 


little power, and have surprising gain for the 
number of tubes used. Superregenerative de- 
tectors have high sensitivity, but poor lin- 
earity. They are poor in selectivity because 
the grid current loads the tuned circuit. Their 
signal handling ability is very good. 


Multielement Tube Detectors 


One of the multielement special purpose 
tubes is the twin diode triode. Its use is shown 
in the detector-amplifier circuit diagram. This 
single tube serves simultaneously as a de- 
tector and audio amplifier. It contains a 
cathode, control grid, triode plate, and two 
diode plates. In this circuit, the diode plates 
are joined together and, with the cathode, 
they form the diode section of the tube. When 
the tuned circuit connected between the 
diode plates and cathode drives the diode 
plates positive with respect to the cathode, 
the diode section conducts. 

R2 and R3 in series form the plate load 
resistor of the diode section. They are by- 
passed for RF by C2. R3 is a potentiometer 
which taps the AF voltage across part of the 
plate load and applies it to the grid of the 
triode amplifier section through coupling 
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‘depended upon equipment and reports from the Air Force to com- 
pensate for this deficiency. Major. Oeljeschlaeger of the Air 
Force stated that the Army Signal Intelligen¢éé Regiments will- 
ingly detached direction-finding parties to reinforce the Air 
Force effort and that the Air Forge was always open to receive 
Army direction-finding requests .? Muegge told interrogators 
that as commander of KONA 7 in Italy: he borrowed two Air Force 
Direction Finding sets with long and short wave receptive powers. 
from Rosenkrantz's unit and 'forgot' to give them back.9°f NAA-11 
in Finland relied on the excellent Direction Finding reports of > 
the Air Force and stated that these reports were Os eas 
directly to NAA~1] whenever they were requested 9 

Intelligence reports of all sorts were exchanged at every 
level of field intelligence. Army Group Headquarters received 
from the local Air Force which served its area copies of the Air 
Force's daily situation report and fortnightly summary.799 These 
fortnightly summaries were sent by the Army Group Headquarters to 
Jodl wha stated that they were well illustrated with sketches and 
plans. 960 Among the lower echelons, reports, summaries, and ex-. 
periences of value were constantly interchanged between units of 
the KONA and the correlative air signal intelligence units. Re- 

oe ports from the Air Force were of particular importance in the 

. , s):. ddentification of enemy concentrations. Major Oeljeschlaeger of 
“oo the German Air Force stated that the Air Force was always quicker 

orp the wark than the Army mobile ground forces. The enemy could 
sneak up against German positions by imposing radio silence, but — 
long before this the Air Force would heve advised the ott. com- 
mands of significant moves of Air Force ground units. 

An interchange of traffic and methods of solution was also 

' constantly maintained between the two services. Newly estab- 
lished Air Force traffic was handed over to Air Porce units when 
it was intercepted by the Army,9°2 and from 1943 on an inter- 

. change-of cryptenalytic methods on both western and eastern fronts 

= WaS normal. On the western front, traffic and methods of solution 
for USA traffic M-94, M-209, TELWAIO3 were exchanged between | 

NAAS 5 and western Air Force signal intelligence units. After — 
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Section B of the Signal Intelligence Agency of the Air Force 
High Command (OKL/LN Abt 350) moved to Paris following the in- 
vasion, messages encoded in Slidex were decoded at Paris by 
Section B, of the Sign&él Intelligence Agency of the Commander | 
in Chief of the Alr Force, and by NAAS 5 at St. Germain and were 
exchanged daily in the form of written reports. On the south- 
eastern front there was also an exchange of cryptanalytic pro-. 
cedure. Muegge of KONA 4 contacted the deciphering unit of the 
Air Force unit in Athens for aid in the solution of RAF four- 
figure traffic. Although neither unit had any success collabora- 
tion was maintained.965 On the eastern front common problems of 
the Air Force units and Amy Signa} Totes agence Regiments were 
continuously worked on together .9 Coligboration of LN 353 and 
KONA 1 and is specifically mentioned. 

The most striking instance of field collaboration ts shown 
at the time of the Dieppe raid. The Air Force intercept company 
which was responsible for monitoring landing traffic had good 
line connections with German fighter defense and Army forces. 
responsible for defense against landing operations. The Air 
Force unit maintained continuous contact with the Army units 


- involved and exploited their findings for immediate action by 


Air and Army. The Army signal intelligence headquarters passed 
on this intelligence to the higher headquarters, thus maintaining 
an effective division of labor with outstanding results. The 


- work at Dieppr was publicised in Beene German newspapers and 
Goering praised it ina speech.96 


Jn summary, the Army and Air Force maintained in their field 


 pelations the close working relationship with an exchange of per- 


sonnel equipment, reports, traffic and cryptanalytic methods. 
Relations between the central agencies are less well known, but 
appear to have been adequate for ail that was necessary. Opera- 
tive systems on both fronts, such as USA M-94, M-209, Slidex, . 


‘and Russian systems, were worked on jointly by Army and Air Force 


units in the areas where the systems were used and methods Of” 


_ Solution exchanged. . 


109. Liaison with Foreign Office.--Relations of the Signal 


'. Intelligence Agency of the Army High Command (GdNA and its pre- 


decessors) and the cryptanalytic section of the Foreign Office 


. (Pers ZS) were not close. This is to be expected both from the 
nature of their separate commitments (the GdNA dealing exclusively 
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with Army systems, the Foreign Office with diplomatic) and from 
the well-known unwillingness of the Foreign Office to share any 
information. 

Buggisch, a mathematician of In TNT said that he worked at 
one time on the Swiss model of the USnigma with Kunze, one of the 
cryptanalysts of the Foreign Office, and on a 5-figure de Gaulle 
code in 1941 and‘ 1942.9 Further than this there is, to our 
knowledge, no record of any cooperation between the two agencies. 
Jodl, Chief of Operations of the Armed Forces, stated that he did 
not receive the products of the Foreign Office bureau which went 
directly to the Foreign Minister, Von Ribbentrop. He knew from 
military lectures that the Foreign Office had broken some politi- 


cal traffic, but his knowledge was not direct 970 


410. Liaison with Goering's Research Bureau. ttatson be- 
tween the Signal Intelligence Agency of the Army High Command - 


{the GdNA and its predecessors) and Goering's Research Bureau 

FA) was characterized in géneral by narrowness of approach and 
mutual animosity of feeling. This was true, apparently, at every 
level. Jodl, Chief of Operations of the Armed Forces, told in- 
berrogators © that he knew Little about the ‘Research Bureaus 


"Et was a “large office and efficiently organized, but 
Goering’ 8 special affair. "71 : 


Items of ‘special. interest from the Research Bureau were passed to. 


Jodl from Keitel,.in’a special folder and Jodl returned them after 
perusal. He himself received nothing directly from the Research 


‘Bureau. | Likewise, Goering stated that he never received copies 


of Army decodes as such, and had no- opinion of the ability or 
the "Army bureau. 
Between the GaNA and the Research Bureau, “[laison was ap- 


Lee parently poor. Buggisch of In 7/VI stated that this was because 


Mettig, head of In 7/VI from 1941 to 1943, was opposed to the 
Storm Trooper taint of the Research Bureau.9/3 Sauerbdier, a 
lesser light in the Research Bureau, claimed tliat the narrowness 


of the department heads of the Research Bureau affected neler pons 
_ of that organization with other bureaus including the Gdna.? 


meteve liaison» was carried on by the Goering's Research 
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- Bureau was done by @ single representative and never involved any 


exchange of visits of operational personnel. Klautsche, who was 


Liaison officer for the Research Bureau after 1943, maintained an | 
office at the Signal Intelligence Agency of the Armed Forces (oKw/ 


Chi). and passed on material to the Navy, Air Force, and Army. 


Besides actual contact with GdNA, Klautsche is said to have passed 
on intelligence material to the Army General Staff, Western Armies 


_ Branch, and Eastern Armies Branch.9f© 


The lack of contact between personnel of the Research Bureau 


and the GdNA is very apparent from interrogations. Fricke, a 


prominent mathematician of In 7/VI who was later transferred to 


- OKW/Chi, stated that. he had never seen any personnel from the 
- Research Bureau_until the war was over and they turned up in 


prison camps. Sauerbler of the Research Bureau said he sid 
not know a single person in another cryptanalytic bureau.?/ 
There are a few instances of cooperation between the Research 


‘Bureau and the In 7/VI, but Buggisch, an Army cryptanalyst,:in- 


sists that these were very rare.?/2 One of the outstanding 


a instances of effective collaboration occurred when the Research 
~ Bure@u was having difficulty with a Turkish diplomatic code. The 
- problem of solution and reading was turned over to In 7/VI. 


"Bureau 9 


Traffic was intercepted by KONA 4 in Athens and relayed to the 


... Balkan section of In 7/VI where it was broken and read until the 


capitulation. - Decoded messages were-forwarded to the Research 


Buggisch stated that there was an exchange of results be- 


tween the Research Bureau and In 7/VI in connection with some 


work of the Research Bureau on a Russian secret teleprinter in 


a 1943. The Research Bureau had analyzed the machine and recog- 
nized that it must resemble the German SZ 40. When the Russians 
altered their system, the Research Bureau communicated the re- 


' very rare occurrence. 


sults of its investigations to the Mathematical Section of In 7/VI. 
and was given in regurn a report. on the solution of a German secret 
teleprinter. Wo more details of the incident are known, but 

Buggisch emphasizes cia that this exchange of results was a 
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Collaboration between the Research Bureau and the Agents! 
section of In 7/VI is hinted in the statement that Wenzel, a 
civil employee of the Research Bureau, was sent from the Re- 
search Bureau by the Radio Defense Corps (FU Toh) to the GdNA 
to work on Polish Resistance Movement Systems .9 Nothing 
more is known concerning the incident from TICOM sources. 

Evidence indicates that under pressure, Goering's Re- 
search Bureau resorted to the GANA and its predecessors for 
help in intercept solution, and editing of difficult traffic, 
but that in general the Research Bureau held itself aloof and 
disaffected. 


111. Liaison with Finland-- Liaison with Finland was © 
always closé, both at Hus Ost, and in the eastern field units. 
Formal liaison at HLS Ost was * maintained by a Finnish liaison 8 
officer stationed there. This officer in 1942 was a Lt. Mikkoja?° 
and he was succeeded by lst Lt. Ohn. Army traffic of Russia, _ 
Poland, Rumania, and Sweden was exchanged. The Finnish General 
Staff is said to have handed cyer to the Germans a copy of the 
Russian-5-figure codes which was uses by the Russians in the 
first year of the war with Gemmany .? 4 “The Germans had a high 
opinion of Finnish cryptanalysis. Dettman of HLS Ost stated 
that he had visited Finland in 1942 and had ggghanged technical 
ietters ever since that time with the Finns. 

Liaison in the field is known 9&8 some detail from the reports 
of NAA-1] when it was in Finland.? NAA-11 kept a signal intel- 
ligence liaison officer stationed with the main Finnish signal 
intelligence unit at Sortavala. This liaison officer, whose 
name was. Rilemerschmidt, had a direct radio link to NAA-l1. 
Although the Germans oF NAA-11 never went to Sortavala tngggetves, 
small Finnish parties did visit NAA-11 from time to time. 

The liaison between NAA-11 and the Finns can be divided into 
several types: gyratric liaison, cryptographic liaison and . tech- 
nical liaison.? 

, In the field of traffic liaison, NAA-11 is said to have 
varied its cryptographic priorities to give full attention to 
‘any special links requested by the Finns through Riemerschmidt,. 
NAA-31 also aided the Finns in traffic analysis, in which the 
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Finns were admittedly weak. NAA-ll's systematic work and its 
ability to grasp intelligence from the analysis of small amounts 
of traffic was of great benefit to the Finns. D/F operations 
were coordinated very closely between the Finns and NAA-1l1l. Here, 
on the other hand, NAA-1l relied heavily on the Finns who had 

D/F sets with Long range. According to Riemerschmidt, a liaison 
observer was stationed by the Germans with the Finnish stations 
at Mikkeli, Ylene, Kemi, and Rovanieme for the specific purposes 
of observing long range D/F. 

In the cryptanalytic field, NAA-1l neither gave nor received 
straight intelligence from the Finns but cryptanalytic procedures 
were exchanged. The Finns gave the Germans some very valuable 
information on Russian 3- and 4-figure ciphers which they had 
Succeeded in reading. It is amusing to note in connection that 
Riemerschmidt passed to NAA-11 some information and solution of . 
traffic in the Russian RZ 1800 code which hae had received at 
Sortavala from HLS Ost and this reached NAA-ll faster than did 
the direction transmission from HLS Ost to NAA-11. 

Technical liaison was also handled by Riemerschmidt and 
this proved far more helpful to the Finnish radio telegraph 
company than to NAA-1l. Finnish equipment was mostly of German 
make, with some British and a few American receivers. The Germans 
gave the Finns a great deal of advice concerning the operation 
of the machines end on one occasion they put their own apparatus 
and men at the disposal. of the Finns for an operation in a key 
sector during a Russian offensive. 


1ll2. Liaison with Italy-- Liaison between Germany and Italy 
was negligible because of the fermen lack of confidence in the 
Italians, There could be no exchange of information, or intel- 
ligence when the Germans were so apprehensive of the Italin cipher 
department that they thought it not competent enough to institute 
changes in cipher procedures even if the Itallans desired to do so, 

This lack of confidence on the part of the Germans was based 
on long experience with Italian codes and ciphers. .As early as 
1941, Captain Dr. Fiala, head of the Italian section of In 7AVI, 
was sent to gf 8m° to inform the Italians of their code and cipher 
weaknesses .9 The Germans were particularly apprehensive at this 
time because they feared that movements of German troops around 
North Africa were being betrayed to the British by messages of 
the Italian wireless. Dr. Fiala‘s visit, however, does not seem 
to’ have impressed the Italians who were confident of their 
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own systems, and the Germans tried another scheme 994 In 1 4a, 
the Italians were invited to visit the IBM section of In 7/VI to 


. Observe the use of these machines for cryptanalytic and security 


work. Captain Bigi, a cryptanalyst of the Italian army, was 
sent by the Italians for this purpose .992 | Upon his return to 


- Italy, the Italians did set up an IBM section of their own, but 


it did not function efficiently and the Germans despaired of in- 
proving Italian cipher or cryptanalytic methods.993 In late 1942, 
the Italian section of In 7/VI which had monitored Italian traffic 
was dissolved by order of Hitler.9 

After Italy's defection to the Allies, the Italian section 
of In 7/VI was Bey Gas. from June 1943 until November 1943 when it 
- During this brief period, however, no 
relations with Italy were maintained. 


113. Liaison with Japan .--According to all evidence, there 
was very little Ifaison between the Army and Japan. In 1943, 
two Japanese officers visited the HLS Ost at Loetzen for about | 
half a day. According to Dettman 7 HLS Ost they were given 4 
polite reception but shown very little of anything and were given 
no hints as to what mlutions the Germans had reached on Russian — 


. traffic. The Japanese stated that they had solved the Russian 

_ OKK 6 and OKK 7 but just what help 
on these systems is not mentioned. $96 Buggisch emphatically _. 
- stated that he had never seen any Japanese around "in the flesh" 
' and that he knew of no liaison with Japan .997 


if any, they gave the Germans 


. At the end of the war, the Germans had decided to send a 
cryptologic mission to Japan by submarine. Included among the 
officers were Major Opitz, a German intercept officer, Schubert, 
of HLS Ost, and Morgenroth, a Navy cryptanalyst. How little the: 
mission knew of Japanese Signal Intelligence agencies is shown 
by the fact that they did not know whom they were to contact when 
they got there but were to ask the Soh ae Counter Intelligence Eo 
in Japan for further instructias.? The last minute plan could 


not be carried out because of the precipitate end of the war.99 
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Only one instance is remarked on in TICOM interrogations 
of exchange between. the Japanese and Germans. This occurred, 
. according to Barthel, in connection with an Army field cipher 
machine vEBBBTS by . the - Japanese. Nothing more is known. of ‘the 
- incident .+ . 
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VOLUME 4 
TAB A 

AgN/NA (Amtsgruppe Nachrichten/Nachrichten Aufklaerung) .--Depart- 
ment of Signals, Signal Intelligence. Name of. cryptanalytic 
ey non-Russian traffic 1943-1944 (successor to 
In 7/VI)}. 

AHA (Allgemeines Heeres Amt.--General Army Office. 

Air Signals Regiment.--Luftnachrichten Regiment (LN Regt). 

Allgemeines Heeres Amt (AHA).--General Army Office. 

me ee ___.» Corporal. Attached to-NAAS 1. 

BEM See Amtmann. 

tmann (AMPM) .~-Spectalist. 

Amtsgruppe. Nachrichten/Nachrichten Aufklaerung (AgN/NA). ~-Depart- 
ment of Signals, Signal Intelligence. 

Andrae, Lt. Col. Chief of Staff of Boetzel, Chief of 
Signal Intelligence Agency of Army High Command ( OKH/GGNA). 

Armed Forces Signal Troop School .--Fuehrungs NEG a Een UGBEEEPRS 
Schule (FNS). 
Army Communication Branch.--Heeres Nachrichten Verb..dungs- 
' abteilung (HNV). 

Army High Command.--Oberkommando des Heeres (0OKH). 

Army Ordnance, Development and Testing Group, Signals Branch.-- 
Waffenpruefung (Wa Pruef ) . 

Army Signal School.--Heeres Néchrichten Schule (HNS). 

Army Signal Security Agency (1940-1942).--Inspectorate 7/IV _ 
(Inspe:.tion 7/IV, abbreviated.In 7/IV). ° 

Arntz, ,» lst Lieutenant. Aide-de-Camp to Praun. Chef WNV 

, and Chef HNW. 

Bailovic, Rudolf. Superior Governmental Councillor, former 
employee of Austrian Cryptanalytic Bureau; head of Balkan 
Section of In 7/VI; Specialist of Yugoslav systems of Tito 

and Mihailovic. 

BANDWURM. Term used by the Germans to designate Russian Baudot 
letter "strip". a 

Barthel, Thomas. Member oP. KONA 7. —. 

BAUDOT. A 52-character alphabet used in> eneatetine plain or ~ 
enciphered teleprinter messages (corresponds to 26-letter 
Morse alphabet for hand-keying). 

Befehlshaber Suedost.--Commanding Officer South-east. 
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Benold, » ist Lieutenant. Commanding officer of ron 
Range Signal Company (NAK Benold). 
Berger, Georg, Inspector. In charge of documenta in KONA Ls 


Block, __; Specialist. Head of Section 2, Group V, GdNA. 
BLOCKNOT. ~~ Russian term, used by Germans to’ designate @ one- 
time pad. 


Boetzel, » Colonel. Chief ore Intelligence Agency of 


Arniy High Command (OKH/GdNA) 1945. Had been Chief of 
Code and Cipher Section of prae War Ministry 1934-1939. 

Boscheinen, Heinz, Non-Commissioned Officer. Turkish Interpreter; 
Member of Bailovic's section at In TI and also worked in 
Evaluation. 

Breede, | » Inspector (?). Member of British section of In 
7/VI during 1941 and worked on Typex,. 

Buggisch, Otto, Dr. Cryptanalyst of In 7/VI. 

Buschenhagen, _, Lieutenant. Chief of Code and Cipher Section 
of German Defense Ministry 1919-1927. 

Chef der Heeresruestung und Befehlshaber des Ersatzheeres.-- 
Chief of Army Equipment and Commander of the Replacement 
Army (Chef H Ruest u BdE). 


Chef der Wehrmacht Nachrichten Verbindungen (Chef /WNV) .--Chief 


Signal Officer, armed Forces. 

Chef des Heeres Nachrichtenverbindungswesens (Chef/HNW) . ~-Chief 
Signal Officer, Army. 

Chef /GGNA (Chef/General der Nachrichten Aufklaerung).--Chief, 
Signal Intelligence Service. 

Chef/General der Nachrichten Aufklaerung (Chef/GdNA) .--Chief, 
Signal Intelligence Service. 

Chef /HNW (Chef der Heeres Nachrichtenverbindungswensens.--Chief 
Signal Officer, Army. 


Chef H Ruest u. BdE (Chef der Heeresruestung und Befehlshaber 


des Ersatzheeres.--Chief of Army Equipment and Commander 
of the Replacement Army. 


Chef/WNV (Chef der Wehrmacht Nachrichten Verbindungen.--Chief 


Signal Officer, Armed Forces. 
Chief of Army Equipment and Commander of the Replacement Arny.-- 
Chef der Heeresruestung und Befehlshaber des Ersatzheeres 
Chef H Ruest u. BdE). 
Chief, Signal Intelligence Service. --Chef/General der Nachrichten 
Aufklaerung (Chef /GANa) . 
Chief Signal,Officer, Armed. Forces.--Chef der Wehrmacht Nach- 
~“ pichten Verbindungen (Chef /WNV). 
Chief Signal Officer, Army.--Chef der Heeres Nachrichten- 
verbindungswesens (Chef /HNW) . 
chiffrierabte1lung/Reichswehrministerium. «Code and Cipher Sec- 
tion/German Defense Ministry. 
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capacitor C4. This amplifier operates as a 
high-mu voltage amplifier, supplying excita- 
tion voltage to the power amplifier grid. R5 
is the plate load resistance for the triode 
section. 


THE AUDIO SECTION 


Two types of amplifier stages are used 
voltage amplifiers and power amplifiers. When 
intelligence is to be reproduced by a headset, 
the audio section usually has one or two volt- 
age amplifiers. When intelligence is to be 
reproduced by a speaker or a number of head- 
sets in parallel, one voltage amplifier and one 
power amplifier are usually used. 

The AF voltage amplifier is used to build 
up the signal enough to excite the grid of the 
power amplifier or to energize the headset. 
Either a triode or pentode tube can be used 
as the voltage amplifier. In most cases, a 
medium-mu tube is used, especially when 
preceding RF amplifier stages provide sufh- 
cient gain. Resistance-capacitance coupling of 
the voltage amplifier to the power amplifier 
is conventional. The voltage gain for a med- 
ium-mu triode operating at frequencies around 
1000 cps runs from 10 to 70. The load resist- 
ance of the voltage amplifier should be several 
times the plate resistance. 

A power amplifier must efficiently convert 
DC power to AC power. If a triode is used, 
it should have low internal resistance. Maxi- 
mum power transfer takes place when the 
load impedance equals the internal resistance. 


However, in practice, the load impedance is 
kept smaller than the plate resistance to pre- 
vent distortion. Power amplifiers generally 
use tetrodes or pentodes. These have higher 
power efficiency than triodes. Some tetrodes 
deliver nearly twice the output of a triode, 
even when the grid voltage of the tetrode is 
one-fourth that of the triode. For tetrodes 
and pentodes, a load impedance of about one- 
tenth of the plate resistance is used. 

Study the voltage and power amplifier 
shown in the circuit diagram. The generator 
in the grid circuit of V1, the voltage amplifier, 
represents the detector stage as a source of 
driving energy. The voltage output of V1 
is capacitively coupled to V2, the power am- 
plifier. The output of the power amplifier 
is transformer coupled to the speaker so that 
the high impedance of the power amplifier 
plate circuit can be matched to the low im- 
pedance of the speaker voice coil. 


VOLUME CONTROL METHODS 


Since the signals intercepted by an antenna 
may be of widely differing strengths, the 
receiver should be able to handle both weak 
and strong signals. It is advantageous to 
bring both the very weak signal and the very 
strong signal to approximately the same level 
of strength for the final reproduction of the 
intelligence. The process of matching signal 
strength to desired audio output involves 
the use of volume controls. Three methods are 
in common usage — manual control of audio 


Audio Amplifier Section of TRF 
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chiffrier Stelle des Gbarbéfehlchibera der Lurtwaree Fee 
- Stelle OBdL).--Signal Intelligence Agency of the ‘Commander 
‘in Chief of the Air Force. 7 


- Chi-Stelle OBdL (Chiffrier Stelle des OhisrDéPal shaders der 


Luftwaffe )--Signal Intelligence Agency of thé Goumander in. 
Chief of the Air Force. | 


‘Close Range Signal Intelligence Company .--Nachrichten Nah- 


 aufklaerung Kompanie {NAK). 
Cliose Range Signal Intelligence Platoon. --Nachrichten Nah- 
aufklaerungszig (NAZ). 


. Code and Cipher Section/German Defense Ministry. --Chiffrter- 


abteilung/Reichswehruinisteriun. _ 
Combined Steffs Detailed Interrogation Center.--CSDIC. 


‘Gommander in Chief South.~-~Oberbeféhlshaber Sued.. 
, Commander in Chief West.-~Cberbefehlshaber West. 

‘Commanding Officer South-east.--Befehlshaber Suedost.: | 
osniecs Station of Signal Intelligence~-~Leitstelle der Nach- 


piernten Aufklaerung {LNA}. Central evaluating agency of 
Army High Command 1942-1944, 


-. Cryptanelytic Section, of the German Foreign Ofeicd, <tdondan= 


dienst des Referats Z in der Personalabtelilung desi Aus- — 
waertigen Antes (Pers Z ‘$). 


‘CSDIC.--Combined Staffs Detailed Interrogation Center. 


D-60, iscellaneous papers from a file of. RR Dr. Huettenhain 
of OKW/Chi.. A TICOM. publication. 
Denffer,von. Mathematician in In 7/IV and In 7/VI._ 


. Dettwann,. Alex, lst Lieutenant. Head of cryptanalysis at HLS 


Ost; later head of section 3, Group IV of GdNA. Specialty: 
Russian systems. 


DF-18.. "Russian: Decryption in the Former German Army” by Dett- 


mann and Samsonow. See T-805. 
Doering, , Dr. Mathemetician with’ In 71, later GdNA. 
Specialty:) Machine cipher, mathematical research. 


Pr erneey Paul, Count Wachtmeister. Member of Balkan section ir 


of In hee 


_Exter, Karl. Attached to NAA~ll. 
FA. (Forschungsamt).--Goering's Research Bureau. 
_ PAK (Nachrichten Fernaufklaerung Kompanie). ~-Long Range Signal 


Intelligence Company. 


. PAZ (Nachrichten Fernaufkleerungszug). =-Long Range Signal In~ 


_telligence Platoon. 


, Feichtner, Ferdinand, Major. Commanding Officer’ of LN Regt. “350 


(German Air Force). 


Peligiebel, _ ____-, General. Chier of Code ‘and Cipher Section of. 


-German Defe: DeFénse Ministry 1931-1932; Chief Signal Officer of 

Arny Toh Command and of Supreme Command of Armed Forces. . 
1942-1944 ‘Killed in July 194 after pobempl. on: Hitler' 8. 

life. . 
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Féeste. 1923-1939: Abbreviation for Feste Horchstelie (Fixed 


Intercept Station); 1939-1945; Abbreviation for Feste 
Nachrichten Aufklaerungsstelle (Stationary Intercept com- 


pany 

Feste Horchstelle (Feste).--Fixed Intercept Station. 

Feste Nachrichten Aufklaerungsstelle (Feste).--Stationary In- 
tercept Company. 

FF. (Funkfernschreib .--USA non-morse radio teletype. 

Fiala,. » Captain. Head of Italian Section of In TAI during 
1941-1942. 

Fixed Intercept Station.--Feste Horchstelle (Feste). 

FNS (Fuehrungs Nachrichtentruppen Schule).--Armed Forces ‘Signal 
Troop School. 

Forschungsamt (FA).--Goering's Research Bureau. 

Fricke, Walter, Dr. Mathematician and cryptanalyst: In 7/VI 
1941-1942; posted to In 7/IV in 1942; transferred in 1944 
to OKW/Chi IIb. Specialty: Production of codes and ciphers, 

. security studies of Army systems. 

Fuehrungs Nachrichtentruppe Schule (FNS).~-~Armed Forces Signal 
Troop School. 

Funkfernschreib (FF).--USA non-morse radio teletype. 

Geheime Kommandosache (GKdoS).--Secret. 

General Army Office.--Allgemeines Heeres Amt (AHA). 

General der Nachrichten Aufkleerung. (G@NA).--Signal Intelli- 
gence Agency 


Gerlich, Wilhelm, “Dr. Attached to NAAS 1 (of KONA 1). Spe-- 


cialty: Russian systems. 

German Defense Ministry.-~Reichswehrministerium. 

German War Ministry.--Reichskriegsministeriun. 

Gimmler, » Major General. Chief Armed Forces Communications. 

GkKdoS. See Geheime Kommandosache. 

Goering's Research Bureau.--Forschungsamt (FA). 

Gorzolla, » Captain. Head of Group III, Signal Intelligence 

. Agency of the Army High Command (OKH/GdNA). 

Graul, Arno . ,Member of NAAS of KONA 1. Invented radio "finger- 
prin er," 

Graupe,_ » Corporal. Member of In 7/VI 1942-1943, and later 
member of FAK 62%, NAAS 5 of KONA 5. Deserted in August | 
194 

Habel, _—«, Captain, Successor to Seebohm as commanding officer 
of FAK 621 in North Africa. Captured February 1943. , 


Station Southeast. 
Hauptreferat.--Main Section. 
Heeres Nachrichten Verbindungsabteilung (HNV).--Army Communi- 
' Cation Branch. 
Heeres Nachrichten Schule (HNS).--Army Signal School. 
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Heimann, Wilhelm,’ Corporal. Specialty: Russian procedure, 
call signs, and frequencies. 

Hentze, Rudolf, Major Dr. Head of Group IV, Signal Intelligence 
Agency of the Army High Command (OKH/GdNA). 

Herbrueggen, ; Captain. Head of Personnel Section of In . 
T/VI in L941. a . 

Hertzer, Ernst, Major. Commanding Officer of KONA 1. 

Hertzfeld, Heintz Wolfgang, Corporal. Member of Gruppe IV, 
GANA; formerly member of British, Italian, Balkan sections 


In 71. 

Heudorf, ; Corporal. Member of NAA 8. 

Hilburg, *. Corporal. Member of Mathematical Section of 
In 7/V1. 


HLS (Horchleitstelle). ~-Intercept Genter Station. Central 


eryptanalytic and evaluating agency 1933-1941. 

HLS Ost (Horchleitstelle Ost). ;~intercept Control Station Fast. 

HNS ore Nachrichten Schule}.--Army Signal School. 

HNV (Heeres Nachrichten Verbindungsabte1 lung). --Army Communi- 
cations Branch. 

Hoeh Kdr a NA (Hoeherer Kommandeur der Nachrichten. Aufklaerung).-- 

Senior Commander of Signal Intelligence. 

Hoeherer Koumandeur der Nachrichten Aufklaerung (Hoeh Kdr d NA).-- 
Senior Commander of Signal Intelligence. 

Hoeppner, ; Lt. Gol. Commanding officer of KONA 8 in 1944. 

Holetzko, ___—-, Captain. Member of LN Regt 353. 

Horchausvertestelle Suedost (HASSO).--Intercept Evaluation 

' §tation Southeast. 

Horch’ eitstelle (HLS).--Intercept Control. Station. Central 
cryptanalytic and evaluating agency 1935-1941. 

Horchleitstelle Ost (HLS Ost).--Intercept Control. Station East. 

Horchzug.--Intercept platoon. 

Huettenhain, Erich, Dr. Cryptanalyst of Signal Intelligence 
Agency of Supreme Command of Armed Forces (OKW/ /ens). 

Huchting, onhard, Pfc. Attached to Feste 10. 

I-e. "Interrogation of Dr. Huettenhain and Dr. Fricke at Flens- 
burg, 21.May 1945." A TICOM publication. 

I-3. "Uebersicht der Russischen Chi Verfahren (Nov. 1940- 
May 1945)." A TICOM publication. 


“A=T *atatenent of Major McIntosh on Uffz. Graul. " A TICOM 


@ 


publication. 

I-15. “Interrogation of Oblt. Schubert." A PICOM publication. 

I-17. "Extracts of SHAEF Interrogations of Maj. Gen. Boner, 
Colonel Grube, Lt. Col. Mettig, and Major Rottler. "eA 
TICOM publication. | 

I-18. "Interrogations of Oberst Muegge, 0. C. of NA 4 and NA 7 
of German Army Sigint Service." A TICOM publication. 
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. I-19 A-G. "Report on Interrogation of KONA 1 at Revin, France 


June 1945." A TICOM. publication. ; 
I-20. "Interrogation of Sonderfuehrer Dr. Fricke of OKW/C 
(Formerly of OKH/Chi)." A TICOM publication. 


J-21.- "Preliminary Interrogation of Oberst Kettler, RR Dr. 


Huettenhain, Sdf. Dr. Fricke and Oblt. Schubert (OKW/Chi)}3 
15 June 1945." A TICOM publication. 
I-23. "Interrogation of Major Ernst Hertzer, German Army Sig-. 
nals Intelligence Service (KONA 1}." A TICOM publication. 
I-26. "Interrogation of Oblt. Schubert (OKH/Chef HNW/Gen.d.NA) 
on Russian Military and Agents’ Systems." <A TICOM publica- 
; On. . - 
I-30. "Report on Interrogation of Uffz. Karrenberg at Steene-: 
-Claydon on 7th July 1945 at 1100 a.m." A TICOM publication. 
I-33. "Report on Traffic Analysis of BAUDOT Traffic by Capt. 
Jack Magilavy, A.U.S. and D.R. Uzielli, SIXTA." A TICOM 
‘publication. a 


1-36. "Translation of Paper Written by Reg. Rat. Dr. Huetten- 


hain and Sonderfuehrer Dr. Fricke of OKW/Chi, Sections 
A.III and B.V." A TICOM.publication. 

I-45. "OKW/Chi Cryntanalytic Research on Enigma, Hagelin and 
Cipher Teleprinter Machines." A TICOM publication. 


I-46. "Preliminary Report on Interrogation of Dr. Otto Buggisch 


(of OKH/Gen.d.NA) and Dr. Werner Liebknecht (employed by 
OKH and OKW as tester of cryptographic equipment) 23 June 
1945." A TICOM publication. 

I-48. "Report on Special Interrogation of Drs. Huettenhain and 
Fricke, Oberst Mettig, and Lt. Morgenroth carried out on 
29th July 1945." A TICOM publication. 

I-51. “Interrogation Report on Uffz. Herzfeld, Heintz Wolfgang, | 

4nd Translation of a Paper he Wrote on the British War 
Office Code." A TICOM publication. . 

I-52. "Papers Written by Uffz.*Herzfeld on Mihailovie and Tito 
Ciphers." A TICOM publication. 

I-55. “Interrogation of Seven Members of NAA 11." A TICOM 
publication. _ 

I-58. "Interrogation of Dr. Otto Buggisch of OKW/Chi." A 
'TICOM publication. 


1-59. "Interrogation of Uffz. Arno Graul at Revin." A TICOM 


publication. . 
I-60. "Further Interrogation of Oblt. Schubert of OKH/Chef 
HNW/Gen.d.NA." A TICOM publication. 
I-62. "Field Interrogation of Paul Ratz of the German Army 
Signals Intelligence (1933-1945)." A TICOM publication. 
I-66. "Paper by Dr. Otto Buggisch of OKH/In 7/VI and OKW/Chi 
on TYPEX." A TICOM publication. . 
I-67. "Paper by Dr. Otto Buggisch of OKH/In 7/VI and OKW/Chi 
on Cryptanalytic Machines." A. TICOM publication. 
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58. “Cénsolidated Report Based on Two Interrogations of 
Oberst Randewig, of Hoeh. Wehrmachts Nafue z.b.V 790, 
» carried out at C.5.D.1.C. on approx. 1 Aug. and-10 Aug. 
"1945." A TICOM publication. . _ | 
I-69. "Summary of Cipher Information on Jugoslav Traffic Pro- 
vided by Uffz. Herzfeld (Appendices to TICOM/I-52)." A 
TICOM publication. 
I-72. “First Part of the Report by Wm. Buggisch on 8.G. 41." 
A TICOM publication. a , , 
I-73. "Translated Version of Homework done by Wm. Buggisch.” 
A TICOM publication. . . 
I-74. “Interrogation Report on Obgefr. Keller, formerly | 
Ausvertestelle 4 and Nachrichten Aufklaerungskompanie 611." 
A TICOM publication. _ 
I-75. “Interrogation Reports on German Field Sigint Personnel 
earried out at Buffer - Ltn. August Schroeder, Ltn. Starke, 
Obegefr. Heudorf, and Hptm. Holetzko." A TICOM publication. 
76. interrogation Reports on Lehwald, Haupts, Klett and 
Laverbach;". Also I-76 Supplement (Diagrams). A TICOM 
publication. ; 
I-78. "Interrogation of Oberstlt. Mettig on the History and. 
Achievements of OKH/AHA/In 7/VI." A TICOM publication. 
1-80. "P.O.W. Interrogation Report - Obgefr. Clement Schuck 
. . Insp. VII/6 (OKH)." <A TICOM publication. ‘ 
I-84. "Further Interrogation of R.R. Dr. Huettenhain and Sdf. 
Sk _. Dr. Fricke of OKW/Chi." <A TICOM publication. ; 
fe I-86. "Interrogation of Oberstlt. Mettig of OKH and OKW/Chi 
on the higher direction of German cryptanalytic work." 
A TICOM—publication. =. 
I-92. "Final Interrogation of the Wachtmeister Otto Buggisch 
| (OKH/In 7/VI and OKW/Chi).” A TICOM publication. 
I-96. "Interrogation of Oberstlt. Mettig on the Organisation 
and Activities of OKW/Chi." A TICOM publication. 
I-98. “Interrogation of Oberst Randewig on German Deception 
Plans." A TICOM publication. 
I-99. "Interrogation Report of Hptm. Herbert Roeder (Head of | 
Gruppe VI, Gen.d.NA, OKH, 1944-45)." A TICOM publication. 
I-100. "Report by Uffz. Herzfeld of NAAST 5 (Gen. d. NA) on 
the Work of the Italian Referat of In 7/VI." A TICOM 
; publication. 
I-1¢6. "Final Interrogation Report on the Norway Party (NAA 11). 
A TICOM publication. 
: I-1ll. "Further Interrogation of Oberstlt. Mettig of OKw/Chi 
on 14th September 1945." A TICGOM publication. 
I-115. "Interrogation of Major Dr. Rudolf Hentze, Head of 
@ Gruppe IV (Cryptanalysis) General der Nachrichtenaufklaerung 
A TICOM publication. _ 
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1-115. "Further Interrogation of Oberstlt. sctle of OKW/cn4 
_ on the German Wireless Security Service (Funkiberwachung) ." 
A TICOM Publication. 
-.¥-116. "Report of Interrogation of Ltn. Alex Dettmann and 
. Obervachtmeister Sergius Samsonow of OKH (Gen. d NA) at 
Oberursel , Germany, during August 1945." A TICOM 
publication, 
I-118. “Joint Reports by Reg. Rat. Dr. “Huettenhain and sar, 
Dr. Fricke, written at C.S.D.I.C. on or about 28th 
— August’ 1945." <A TICOM publication. 
I-122, "Interrogation Report on Obergefreiter Hansa (oxH/Gen 
- @, NA)." A TICOM publication. 
1-125. "Tnterrogation Report on Anton Stock of OKH/Gen. da. NA." 
A TICOM publicetion. 
I-127. "Interrogation of Oberstlt. Mettig of OKW/Ch1. a 
ae TICOM publication. 
1-128. "Deciphering Achievements of in Tt and OkW/Chi. " 

. (A TECOM publication. — 

a -136. “Homework by Regierungsrat ‘Dr. -Huettenhain and Sdf, | 
(Z) Dr. Fricke on Hagelin B.211." A TICOM. publication. 

-137. "Pinal Report written vy Wachtmeister Otto Buggisch 

of OKH/Chi and OKW/Chi." A TICOM publication. 

I-142. "“P/W Barthel's Account of German Work on British, 

American, Swedish, and French Machine Ciphers." A ‘PICOM 

-- — publication.. ; 
-E-2435. “Report on the Interrogation ‘of - Five Leading Germans 
at Nuremberg on 27th September 1945." A TICOM publication. 

I-14g. "Report by Uffz. Karrenberg and Colleagues on Allied 

- Cypher Machines." A TICOM publication. 

I-153. "Second Interrogation of Uffz. Karrenberg of OKH on 
the Baudot-Scrambler Machine (Bandvurn' ). "A TICOM 
publication, , 

1-154. “Interrogation of Uffz. Rudolph Schneider of In TI." 
A TICOM publication. 

1-156. "Raport of preliminary interrogation of Wilhelm Gerlich, 
AIC 1900, carried out by 3rd U.S. Army, 28th September = 
1945." A TICOM- publication. 

T-157. "Chart of Communications Within a Russian army Drawn 

“up ‘by Uffz. Karrenberg." A TYCOM publication. ; 
. 1-160. "Homework by Sonderfuehrer Kuehn of Gen. d. NA on 
General Organisation end Work of French Referat." A 
TICOM publication. 
I-16l. “Further Statements on Typex ‘by Huettenhain, Enicees 
_ and Mettig.". A TICOM publication. 
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-I-164. "Homework by Kurt Sauerbier of RLM/Forschungsamt on 


Russian Agents' Traffic." A TICOM publication. 
I-166. "Report by Uffz. Karrenberg on Russian Cryptographic 
_ Co urse." A TIGOM publication. 
I-167. "Report by the Karrenberg Party on ithe NKVD. " A TICOM 
publication. 
1.168. aepere by the Karrenberg Party on Miscellaneous Russian 
W/?." A TICOM publication. 
I-169. "Report by Uffz. Karrenberg on the Bandwurn." A ~TICOM 


publication. 
I-170. "Report on French and Greek Systems by Oberwachtmeister 
Dr. Otto Karl Winkler of OKH/FNAST 4.". A TiGOM publication. 


I-171. "Report on Work on Russian Systems ae Wachtmeister. Ber- 
ger of FNAST 6." A TICOM publication. 


3-173" "Report by the Karrenberg Party on Russian W/T." A 


TICOM publication. 

I-175. ."Report by Alfred Pokorn of OKH/Chi on M.209." A TICOM 
publication. 

I-176. “Homework by Wachtmeister Dr. Otto Buggisch of OKH/Chi 
and OKW/Chi." A TICOM publication. 


ee: Homework by Hptm. Boedigheimer of IV/Nachr. Regiment 


A TICOM publication. 


5 
~I-179. "Homework by Obwm. Riel, of Stoerbefehlsstelle Balkan." 


A TICOM publication. 
I-180. “Homework by Uffz. Keller of In 7/VI and WNV/Chi." A 
. ICOM publication: | 
7. 191. "Homework of Dr. Wilhelm Gerlich on Russian Systems." 
A TICOM publication. 

Ir-5. "Notes on Field Interrogation of Various German Army a 
Air Force Signal Intelligence Personnel on 18/20 May ore 
From TICOM. 

IF-15. "Final Report of TICOM Team 1 on the Exploitation of 

Kaufbeuren and the Berchtesgaden area." From TICOM. 

IF-40. "Final Report of TICOM Team 2.% From TICOM. 

anak {yo reports. First: Interrogation report on POW 
Heinz Boscheinen and Walter Kotschy. Second: Summary 
interrogation report. From Headquarters, Jrd US Army, SIS. 

IF-107. "Interrogation of POW Werner K.H. Graupe regarding — 
. Cryptographic Organization and Solution of Allied 

odes. 

IF-108. aur ueracant on of Oblt Arntz." CSDIC (U.K.) SIR 1606. 

IF-109. "Report on Information Obtained from Oblt Arntz. 

CSDIC (U.K.) SIR 1646. 


Ir-115. : "Interrogation Report on Willy Grube." 6824 DIC (MIS) 


5 e ‘ . 
ele gene Report on Willy Grube." 6824 DIC (MIS) 


~ 22h 


DOCID: 


3486746 ae ' 


a 


© . 


8 


IF-120 "First detailed Interrogation Report on ‘Thomas Barthel." 
-CSspic/omF/y 4o. 

IF-122 ."Third Detailed Interrogation Report on Gerd. Coeler." 
csDIC/cMF/Y 38, 31 May 1945. | 

IF-123 “Consolidated Report on Information obtained from the 
following: Erdmann, Grubler, Hempel, ee Schmitz, 
Suséowk." CSDIC | (U.I.) SIR 1717. 

IF-126 "Interrogation Report on Schwartze and Graupe.' 
CSPIC (U.K.) SIR 1335. 

IF-127 "Interrogation st on Schwartze and Graupe.' 
cspIc (U.K.) SIR 137 


IF-130 “Copy of MIS Dossier on Fellgiebel." From Geptored 


German Army Official Dossier now in MIS Files, Pentagon. 
IF-151. "Detailed Interrogation Report--Notes on Signal In- 
‘telligence (Monitoring)." 6824 DIC (MIS) M. 1080 18 
March 1945. 
IF-162 "Report on Preliminary Evaluation of iGerman Equipment 
for interception of Russian Multichannel teletype circuits.’ 
IF-171 "Report on Further Information obtaibed from Uffz. 
Kotschy and Uffz. Boscheinen both from Restiungs art Abt. 
1518, deserted Diffenbach." CSDIC (UK) 'SIR 1346. 
IF-172 “Report on Further Information obtained from Uffz. 
Kotschy and Uffz. Boscheinen both Festus art Abt 1518, 
-. deserted at Diffenbach 22 Nov. 1944." cCSpIc (UK) SIR - 
1341 20 Dec. 1944. 
IF-176 Seabourne Report, Vol. III. “Operation and Techniques 
of the Radio Defense Corps, German Wehrmacht. 


IF-181. Seabourne Report, Vol. VI. "Origins of the Luftwaffe 


~ §IS and History of Its Operations in the West." 

IF-190 "The Organization and History of the Cr tographic | 
Service Within the German Army. CSDIC (ux) SIR 1704 
8 July 1945. 

IF-202 Repo on Information Obtained from PW Uffz Boscheinen, 
both of Fest art abt 1518, deserted at Diffenbach, 22 
Nov. 44." CSDIC (UK) SIR 1326. 

In 7/IV (Inspektion T/IV, Inspectorate &/IV). Army Signal | 
Security Agency 1940-1942; Army Agency for production of 
Army systems 1942-1944, 

Inspektion 7/IV, Inspectorate 7/IV (In 1/1). Army Signal 
Security Agency 1 1940-1942; Army Agency for Production of 
Ciphers 1942-1944 a 

Inspectorate 7/IV, Inspektion 7/IV (In 7/IV). Army Signal 
Security Agency 1940-1942; army Agency for Production of 
Codes for Army 1942-44, 
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In 7/VL eer 7/VI; faspeevoseie: 7/VI). Central crypt~ 
analytic agency of the German Army High Command 1941-1942. 
Central cryptanalytic agency of the German Army High Com- 
mand for non-Russian traffic 1942-1943. 

Inspektion 7/VI, Inspectorate 7/VI (In 71). Central crypt- 
analytic agency of the Army High Command 1941-19402, 
Gentral cryptanalytic agency of the Army High Command 
for non-Russian traffic 1942-1943. 


InspeGtorate 7/VI, Inspektion 7/VI (In 7/VI). Central crypt- 


analytic egency of the Army High Command 1941-1942. Cen- 
tral cryptanalytic agency of the Army High Command for 
non-Russian traffic 1942-1943. 

Intercept Control Station.--Horchleitstelle (HLS). Central 
cryptanalytic and evaluating agency of the Army High 
Command 1933-1941. . 

Intercept Control Station East.--Horchleitstelle Ost (HLS Ost). 

Intercept Evaluation Station Southeast. ~~Horchauswertestelle 
Suedost (HASSO). 

vering, Karl, Tech. Sgt. Attached to Chi-Stelle / OBGL. 

Jodl, Alfred, General. Chief of Armed Forces Operations Staff, 
0 


‘Karrenberg, ies 2 Corporal. Attached OKH/GdHA. Crypto- 


grapher on on enciphered Baudot Traffic. 

Kettler, » Col. Head of HLS Ost 1942; Chief of Signal 
Intelligence Agency of Supreme Command of the Armed Forces 
(OKW/Chi) 1942-1945. 

Kneschke, _—.-~S«zHead, section 2, Group IV, Signal Intelligence 
Agency of Army High Command (OKH/GdNA 

Koebe, » Lt. . Chief of Understeff, Signal eee aa 
Agency of the Arny High Command (oxH GNA)... 

Koehler, ____» Technician. Head of 1 istic section 1942- ~1945, 

Kommandeur de der Nachrichten Aufklaerung (KONA). ~-Signal Intelli- 

ence Regiment. 

KONA Waaumandeut der Nachrichten Aufklaerung) . ~-Signal Intelli- 

; gence Regiment. 

Kopp, » Col. Senior Commander of Signal Intelligence 

—-.. Tate 1944. Attached to C in C West. 

Kotschy, Walter, Non Commissioned Officer.. Hungarian. Interpre~ 

yas ter. Worked in Italian section of Afrika Korps. trained 

. in “encoding and decoding” at In 7/VEI. - 

fue Senior Inspector, Head of training section of © 

in (i a (later head of section 5, Group IV GaNA) . 
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cienaes Hans Wolfgang, Technician. Head of French section 
In 7/VI from 1941 to Feb. 1945. _ 
Lechner, —__- .» Major. Chief In 7/VI 1943; Commander KONA 6 
Lenz. Waldemar, Doctor o/Funker. Member of French section 
In 7/VI; later. in Paris. Involved in Schulze-Boysen 
Case. 
Leitstelle der Nachrichten Aufklaerung. (una). --Control Station 
of Signal Intelligence. Central evaluating agency of — 
Army High Command 1942-1944. 
Liebknecht, > Cryptanalyst in OKW/Chi. 
_ Liedtke, O/Insp.. Head of English section of In 7/VI 
until 19. Irigis, Specialty: British codes. 
LNA (Leitstelle der Nachrichten Aufklaerung).--Control Station 
of Signal Intelligence. Central evaluating agency of 
Army High Command 1942-1944. 
_ LN Regt. (Luftnachrichten Regiment).--Air Signals Regiment. 
Loeffler, Lt. Harry. Attached to Stationary Intercept Com- 
pany 10 (Feste 10) 
Long Range Signal Intelligence Company.-~-(Nachrichten Fernaufk~ 
laerung Kompanie (FAK). 
Long Range Signal Intelligence Platoon.--(Nachrichten Fernaufk- 
laerungszug (FAZ). 
Lueders, _, ist Lt. Head ot Mathematical section, sub-sect- 
- don’ of In 7/VI. 
Luftnachrichten Regiment (LN fesitent)s ~-Air Signals Regiment. 
Luzius, » Doctor Corporal. Mathematician in USA section cof 
In 7/VI Specialty: M-209. 
Main Section .~~Hauptreferat. 
Manaigo, , Corporal. Head of Italian section 1943, In 7/VI. 
Mang, , Major. Organized In 7/VI in 1942; Chief In 7/VI . 
T94FI-1942. 
Marquardt, _, Captain. Commanding Officer NAAS 4. Head of 
Group I[¥, Sub Section la, of Signal Intelligence Agency 
of Army High Command . 


Martini, ,;General. Chief Signal officer of the Air Force. 
Menzer, . Member of OKW/Chi. 
, Mettig, » Lt. Golonel. Signal Officer Since 1933; Head, 


In 7/Vi from November 1941 to June 1943; Second in ‘command 
of OKW/Chi from December 1943 to April 1945. 


Mje-Koja, ’ ‘lst Lt. Finnish liaison officer at Loetzen 
(HLS OST) 


Moravec, Lt. Adjutant to Boetzel, Chief of Signal Intelli- 
gence Agency of Army High Command gan) - 
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DETECTOR LOAD 


AFM 100-5 


14 DECEMBER 1956 


1ST AUDIO 


Manual Volume Control 


signal, manual control of RF signal, and 
automatic control of RF signal. 


Manual Audio Control 


The control of signal strength in the AF 
section of a receiver is called manual volume 
control (MVC). As shown in the circuit dia- 
gram above, this type of control is accom- 
plished by using a potentiometer as the de- 
tector load resistor. The strength of the audio 
signal applied to the grid of the first audio 
amplifier can be regulated by this means. 
Maximum and minimum points of volume are 
indicated on the circuit diagram. 

For other kinds of coupling, the potentiom- 
eter arrangements are made as shown below. 


At A, the output is capacitively coupled 
to a potentiometer. The movable tap on the 
potentiometer is connected directly to the 
first audio amplifier grid. Here, the poten- 
tiometer is the grid resistor of the audio am- 
fier. The tap selects a portion of the voltage 
across the resistor. 

At B, the detector stage is transformer 
coupled to the AF amplifier. The potentiom- 
eter is across the secondary winding. The 
movable tap is connected directly to the grid. 
Here, the potentiometer is in series with the 
secondary of the transformer..The tap selects 
a portion of the voltage across the potentiom- 
eter and applies it to the grid. 


Variations of MVC 
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NAA (Nachrichten Aufklaerung Abteilung) .--Signal Intelligence 
Battalion. . 

NAA/Chef H Ruest B d E (Nachrichten Aufklaerung Abteilung Chef 
der Heeresruestung u, Befehlshaber deg Ersatzheeres) .-~ 
Signal Intelligence Regiment of the Replacement Amy. 

NAAS (Nachrichten Aufklaerung Auswertestelle).-- Signal Inte1li- 
gence Evaluation Center. 

Nachrichten Aufklaerung Abteilung (NAA).-- Signal intelligence 
Battalion. 


Nachrichten Aufklasrung Abteilung/Chef der Heeresruestung u, 


Befehlshaber des Ersatzheeres (NAA/Chef H Ruest Bd E).+ 
Signal Intelligence Regiment of the Replacement Army. 
Nachrichten Aufklaerung Auswertestelle (NAAS).--Signal Intelli- 

"gence Evaluation Center. 

Nachrichten Aufklaerungs Ersatz und Ausbildungs Abteilung . 
(NAEUAA).-~ Signal Intelligence Replacement and Training 
Battalion. 

Nachrichten Dolmetscher Ersatz und Ausbildungs Abteilung 
(NDEUAA).--Signal Interpreter Replacement and Training 
Battalion. 

Nachrichten Fernaufklaerung Kompanie (FAF).-- Long Range 
Signal Intelligence Company. 

Nachrichten Fernaufklaerungszug. (FAZ). --Long Range Signal 
Intelligence Platoon. 


_ Nachrichten Nahaufklaerung Kompanie (NAK).--Close. Range 


Signal Intelligence Compan 


‘Nachrichten Nahaufklaerungszug @ (NAZ).--Close Range Signal 


Intelligence Platoon. 
NAEUAA (Nachrichten Aufklaerungs Ersatz und Ausbildungs 


Abteilung) .--Signal Intelligence Replacement and Training 
Battalion. 


_ NAK (Nachrichten Nahaufklaerung Kompanie).--Close Range Signal 


Intelligence Company. 

NAZ (Nachrichten Nathrichten Nahaufklaerungszug) . ~-Close Range 
Signal Intelligence Platoon. 

NDEWAA (Nachrichten Dolmetscher Ersatz und Ausbildungs Ab- : 
teilung). --Signal Interpreter Replacement and Training 
Battalion. 

NKVD (Narodni Kommissariat Vnutrinikh Del) .--Peoples' -Com= 

_ _ missariat for Internal Affairs. 
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Novopasgmrenny, ,Prof. Member of Signal Intelligence Agency 
of Supreme Command of Armed Forces (OKW/Chi) and of In 7/VI. 


Oberbefehlishaber Sued.--Commander in Chief South. 

Oberbefehlshaber West .--Commander in Chief West. 

Oberkommando der Luftwaffe/General Nachrichten Fuehrer/Abteilung 
III (0KL/Gen Na Fue/III).--Signal Intelligence Service of 
the Air Force High Command. 

Oberkommando des Heeres/Allgemeines Heeres ee pe 
Nachrichten/Nachrichten Aufklaerung (OKH/AHA/AgN/NA).--. 
Signal Intelligence Department of Signals, General Army 
Office, Army High Command. 

Oberkommando des Heeres (OKH).--Army High Command. | 

Oberkommando des Heeres/General der Nachrichten Aufklaerung 
(OKH/GGNA).--Signal Intelligence Agency of the Army High 
Command. 

Oberkommando dew: Marine/Seekriegsleitung/III (OKM/SKL IV/III).-- 
Signal Intelligence agency of the Navy Hi Command. 

Oberkommando der Wehrmacht/Chiffrierabteilung (OKW/Chi).-- . 
Signal Intelligence Agency of the Supreme Command of the 
Armed Forces, 

' Qberkommando der Wehrmacht, Wehrmacht Nachrichten Verbindungs 
Funkliberwachung (OKW/WNV/FU).-- Radio Defense Corps : 

Oeljeschlaeger, Franz, Major. Chief of Group II, Division III 
of the Chief Signal Office. — 

OHN, » ist Lt. Finnish liaison officer at Loetzen (HLS Ost). 

OKH (Oberkommando des Heeres).--Army High Command. 

OKH/AHA/AgN/NA (Oberkommando des toueon7alicoustnes Heeres 
Amt/Amtsgruppe Nachrichten/Nachrichten Aufklaerung).-- 
Signal Intelligence Department of Signals, General A 
Office, Army High Command. 

OKH/GGNA (Oberkommando des Heeres. General der Nachrichten 
Aufklaerung).--Signal Intelligence Agency of the Army 
High Command. ; Co. 

OKL/Gen Na Fue/III (Oberkommando der Luftwaffe/General Nach- 
richten Fuehrer/Abteilung III).-- Signal Intelligence 
Service of the Air Force High Command. 

OKM/SKL IV/III (Oberkommando der, Marine/Seekviegsleitung/ 
IV/III).--Signal Intelligence agency of the Navy High 


Command . : 
OKW/Chi (Oberkommando der Wehrmacht/Chiffrier Abteilung) .-- 
. Signal Intelligence Agency of the Supreme Command of > 
the Armed Forces. oo 
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OKW/WNV/FU (Oberkommando der Wehrmacht, Wehrmacht Nachrichten 
Verbindungen Funkilberwachung)--Radio Defense Corps of 
the Armed Forces High Command. 


- ORPO oes Gero ---Regular Police . 


Ordnungspolizei (ORPO).--Regular Police 

Oschmann, __—,» = Major. Chief of Code and Cipher Section of 
German Defense Ministry 1932-1934. 

Osten-Sacken, von der, Baron Col. Head of HLS Ost 1942-1944, 
Implicated in plot on Hitler's life 20 July 1944 and com- 
mitted suicide. 

Pale, Erkki, Captain in Reserve. Chief of Finnish Crypt. 

Outfit at Sortanala,. 

Peilzug, _. + Direction Finding Platoon. 

Peoples! Commissariat for Internal Affairs. --NKVD 

Pers ZS (Sorderdienst des Referats Z in der Personal Abteilung 
des Auswaertigen Amtes).--Cryptanalytic Section of the 
Foreign Office. 

Pietsch, - Baurat Dr. Sonderfuehrer, Head of Mathematical 
Section of In 7/VI (later Section 1 of Group IV, GNA). 
Praun, » General. Chief Signel Officer, Armed Forces, Chief 

' §fgnel Officer Army 1944-1945 (Chef WNV Chef HNW).. 

Preuss, _, ist Lieutenant. Commanding Officer of Close Range 
Signal Company (NAK Preuss). 

Radio Control Station.-~Rundfunkueberwachungsstelle. 

Radio Defense Corps of the Armed Forces High Command, .{(OKW/WNV;/ 

FU) .--Oberkommando der Wehrmacht, Wehrmacht Nachrichten 
Vertindungs Funkliiberwachung. 
Radio aoe Station.--Wetterfunkempfangsstelle, (W-Stelle). 


Randewig, _ Col. Commander of Western Intercept Stations 
1939 6.0. of Hoeh. Wehrmachts Nafue z.b. V 700. 
Referat, _. Section 


Reichs Kriegaministerium.--War Ministry fterm used during 1935- 
1938, later changed into vberkommando der Wehrmacht} . 
Reichswehrministerium.--German Defense Ministry. 


Rhinov, __, Corporal. Member of Mathematical Section of 
In 7/VI. 
Riemerschmidt, » lst Lt. German Army liaison officer at. 


RTK (Finnish Crypt. Outfit). 
Beret eye Captain. Head of Gruppe VI, Gen.d. NA, JOKH, 
1944-45, 
hoessler, Capt. Chief Evaluator with KONA l, Commanding Officer 
of NAAS 1. 
Rohdan, __—, - Pfc. Head of Swedish section of AgN/NA 1943. 
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Rundfunkueberwachungstelle.--Radio Control Station. | 

Samsonow, Sergius, Master Sergeant. Head of Section 3a of 
Group IV. Specialty: Russian Secret Police Systems 
(NKWD). - 

a Kurt. Member of FA. Worked on Russian Agents! 


Schmidt, » Captain. Commanding Officer of NAA 11, head 
of TNorway Party’. 
Schmidt, » Major. Head of Code and Cipher Section of 
German Defense Ministry 1927-1931. 
schubert, — » 2st Lt. Expert on Russian and Polish Army 
end Agents' Codes and Ciphers. ; 


Schenk, Specialist. Head of IBM section of In T/VI 1942- 
9 oe | ) 


' Section, --Referat. 
.Seebohn, . Commander of FAK 621 in North Africa until 


capture July 1942. . 
Seemueller, » Lt. Col. C.0. of KONA 4 Feb. 1943-april 44, 
Sendezug, . Communication Platoon, 
Senior Commander of Signal Intelligence.--Hoeherer Kommandeur 
| der Nachrichten Aufklaerung (Hoeh Kdr d NA). 


‘Signal Intelligence, Department of Signals, General Army 


Office, Army High Command.~-Oberkommando des Heeres/ | 
Allgemeines Heeres Amt/Amtsgruppe Nachrichten/ Nachrichten 
-Aufklaerung (OKH/AHA/AgN/NA).-_ 

Signal Intelligence Agency of the Army High Command.--Ober- 
kommando des Heeres/General der Nachrichten Aufklaerung 
OKH/GdNA) . 

Signal Intelligence Agency of the Commander in Chief of the 
Air Force.--Chiffrierstelle des Oberbefehlshabers der 
Luftwaffe, abbreviated (Chi-Stelle, OBdL). 

Signal Intelligence Agency of the Navy High Command.--0Ober- 

Sy era der Marine/Seekriegsleitung IV/III (OKM/SKL/ 
IV/III). | | <4 
Signal Intelligence Agency of the Supreme Command of the 
- Armed Forces.--Oberkommando der Wehrmacht/Chiffrier 
Abteilung (OKW/Chi). 


‘Signal Intelligence Battalion.--Nachrichten Aufklae 


Abtellung (NAA). 


Signal Intelligence Evaluation Center.--Nachrichten Aufk- 


_. laerung Auswertestelle (NAAS). 
Signal Intelligence Regiment.--Kommandeur der Nachrichten 
Aufklaerung. (KONA). | 
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‘Signal Intelligence Regiment of. the Replacement Army.--Nach- 
richten Aufklaerung Abteilung/ Chef der Heeresruestun a 
Befehlghaber dey Ersatzheeres, (NAA/Chef H Ruest Bd E 

Signal Intelligence Replacement and Training Battalion.--- 

. (NAH a AAD" Aufklaerungs Ersatz und Ausbildungs Abteilung 

NAE u AA 

Signal Intelligence Service of the. Air Force High Command. -- 
Oberkommando der Luftwaffe/ General Nachrichten Fuehrer/ 
Abteilung iII (OKL/Gen ya Fue/III). 

Signal Interpreter Replacement and Training Battalion.--Nach- 
richten Dolmetscher Ersatz und Ausbildungs Abteilung 
(NDE u AA). 

Sorderdienst des Referats Z in der Personalabteilung des 
Auswaertigen Amtes (Pers ZS). ~-Cryptanalytic Section of 
the Foreign Office. 

Specialist, See Amtmann (AMTM) . 

Starke, = 5 Lt. Attached to NAK on the Eastern front. 

State Police. ~-Ordnungspolizei(ORPO). 

Stationary Intercept Company. --Feste Nachrichten Aufklaerungs- 
stelle (Feste). 

Steinberg, Dr. Technician. Mathematic section of In 7/VI; 
later section 1 of Group | Iv, GGNA; Worked on USA systems-- 
M 94 and M 209. “ 

. &-805 "Russian Decryption in the Former German . Army” by 
Dettmann and Samsonow. See; DF-18. . 
“Thomas, __—«y_-‘Pee. Attached to NAAS 1. 
_ USA non-morse radio teletype.--Funkfernschreib (FP). 

' Vaatz, » lst Lt. German Air Force Liaison officer with 
Finnish Hq's at Mikkeli. 

Vauck, ,lst Lt. Head of Agents Section In 7/Vi 1942-1945. 

Waffen —pruefung (Wa Pruef) .--Army Ordnance, Signal Equipment 
Testing Laboratory. 

Wa. Pruef (Waffen Pruefung). Army Ordnance , Development and 
Testing Group, Signal Branch. 

Wehrmacht Nachrichten Verb indungen/Funkuebervachuny (WNV/FU).-- 
Radio Defense Corps. 

Wenzel, » Specialist. Attached 4o Forschungsamt (FA). 

Wet terfinkenpfangsstel lo (W-Stelle).--Radio Intercept Station, 

Weather]. 
W-Stelle (Wetterfunkempfangsstelle) . -- Radio Intercept Station. 
Winkler, Oscar, Corporal. . Member of KONA 4. 
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Antenna Volume Control Circuits 
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Manual RF Control 


As shown in the illustration at the left, 
the RF signal amplitude can be controlled 
in the antenna circuit. At A, the antenna is 
connected to the movable tap of the poten- 
tiometer. At B the movable tap is connected 
to ground while the antenna is connected to 
one end of the potentiometer. At C, the mov- 
able tap is connected to the grid of the first 
RF amplifier while a tuned circuit is connected 
between the grid and ground. In each case, 
regulation of the potentiometer controls the 
amount of signal applied to the grid. 


RF signal amplitude can also be controlled 
in the RF amplifier stages by regulating the 
amount of amplification of the stage. This is 
known as manual gain control (MGC). As 
shown on page 25, the variable resistor is in 
the cathode circuit of the RF amplifier. It is 
in series with a fixed resistor which provides 
a minimum amount of cathode bias. Adjust- 
ing the potentiometer changes the bias and 
thus the amount of amplification. This type 
of regulation is used with variable-mu pen- 
tode tubes, since these tubes permit consider- 
able variation of bias without distortion. In 
actual use, the potentiometer would be in 
the cathode circuit of several stages. Thus, 
it would control the gain of several RF stages 
simultaneously. 

Antenna volume control and manual gain 
control can be accomplished simultaneously 
by use of a single potentiometer, as shown 
below. The potentiometer controls both the 
resistance across the primary of the input 
transformer and the cathode resistance of the 
first amplifier. 


Dual Antenna and Gain Control 
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VOLUME 5 
THE GERMAN AIR FORCE SIGNAL INTELLIGENCE SERVICE 


Chapter I. The Service in General: Sources 
of Information Concerning It 


Paragraph 
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Administrative DALPAICULELES . wee ese center se ascesenneve 4 
Sources of Informations srcsoesvecveccersnssessncaveses F 


1. Introduction;s~ This volume presents a discussion of |} 
the history, organization and operations of the German Alr. 
Force Signal Intelligence Service from its beginning in 1937 °: 
until the German capitulation in 1945. _ 

The outstanding achievement of the German Air Force Sig- 
nal Intelligence Service was its development of “signal intel- 
ligence without cryptanalysis."* The exploitation of every - 
radio manifestation, which for the Germans included radar moni- 
toring, ths monitoring of beacons, the evaluation of t 
transmissions and chatter, highly efficient direction finding, 
radio telephone monitoring and traffic analysis, provided valu- 
able strategic and tactical intelligence. 

The Service was expanded from one officer and twenty civil- 
fans in 1937 to thirteen thousand persons in 1945, of which 
sixty-six hundred were in the West, four thousand in the East, 
and twenty-four hundred in the South. 


2. Objectivesy- The lightning advances of the Germans in 
1939 had resulte the German Air Force Signal Intelligence 
Service placing its main emphasis on radio telephone monitor- 
ing and tactical evaluation, During the quiet period after 
the fall of France, stress was placed on strategic evaluation 
in order to present a coherent picture of British Air Order of 
Battle and long range intentions. In addition, smal} units 
were located in the Balkans to provide intelligence of Russian 
deployment and intentions. Strategic evaluation continued 
throughout the war, but as allied raids were intensified in 
1943 tactical evaluation again became important as a means of 
providing early warning of impending Allied raids. For this 
purpose an intricate system of reporting centers (Meldekopfe) 
and a central warning unit (Zentraler Gefechsstand fuer Funk- 
ausvetung) vere established in 1944, The evaluation of the 
traffic of tactical air force units operating in conjunction 
with Allied ground armies ves also stressed as the Germans 
were forced on the defense on ali fronts. 
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3. Detailed successes of Signal Intelligence.-~-The steps 
leading to the success of the German Air Force Signal Intelli- 
gence in their attack on Allied radio traffic vill be treated 
in later chapters. A summary of that success will be indicated 
here by briefly sketching the results achieved against Russia, 
the United States, and Britain. ~ 
a. (Russig.- Throughout the course of the war against Rus- 
sia 85 pér-eent of the Morse ground-to-ground traffic of the 
Soviet Air Armies, Corps and Divisions and of the supporting 
ground organizations was deciphered, Ground-to-ground radio 
traffic (such as fighter control) consisting of simple word en-//' 
codements was continuously solvable. The air-ground traffic 
of the Soviet long-range bomber formations, although only par- 
tially deciphered, permitted German tras’‘Pic-analysts to chart 
Soviet air raids in time.to give adequate warning. The great 
volume of information derived from message contents and from 
traffic analysis of the structure and functionings of the net- 
works enabled the German Air Force Signal Intelligence Service 
in the East to present to its intelligence authorities an ac- 
curate and current listing of the Soviet Air Force order of 
battle on the three operational fronts, and of the deployment 
of the Russian ground forces to which the Soviet air forces 
served 6&3 an adjunct. Furthermore this information prov:.ded 
immediate and timely warning of alr raids, route-tracking of 
bomber formations, as well as indicated long-range intentions 
of both Soviet ground and air foregs, and provided information 
of supply and economic conditions, Although up until the time 
of Stalingrad signal intelligence warnings had not deen heeded, 
when the signal intelligence unit on the Southern Front correct- 
ly advised that the Russians had assembled 5 air armies in the 
Stalingrad sector, "sigint was held to be the main source of 
intelligence." a 

b. (United States.--The chief success against the United 
States Air Force was made possible by alert traffic analysis. 

Although air-ground systems, used jointly by the Americans 
and British, were read in many cases (e.g. Bomber Code, REKOH, 
and SYKO); the effectiveness of cryptanalysis was definitely 
limited. , 

The Chief of the German Air Force Signal Intelligence Agen- 
ey, Lt. Col. Friedrich, claimed that he had "no contents from 
ground-ground radio traffic;"* and interrogations shoved that 
whatever success was achieved with M 209 was usually too late. 
for exploitation. 

freffic analysis, hovever, was able to provide A-2 witha | 
comprehensive and continuous picture of the battle order and 
deployment of the United States Air Force in Britain, later on 
the continent, and in the Mediterranean, Numerous predictions 
were also made of long-range air force intentions. Tactically, 
traffic analysis of “all radio manifestations" (which for the 
Germans included everything from radio signals to beacons) gave 
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immediate and tihels warning of American air raids. As a re- 
sult of: what Friedrich called "the reliance on good encipher- 
went and neglect of supervision of American radio traffic... 

the Almost continuous redio traffic in the air... and radio 
traffic beginning regularly and uniformly, alyays sent by rou- 
tine procedure.."5, the Germans vere able to reconstruct in =~ 
the West the organization and strength of the 8th United States 
Air Force {and {ts bomber and fighter commands), the 9th Air 
Force, and the Allied Expeditionary Air Force (consisting of 


-the United States 9th Air Force, the lst United States Tactical 


Air Force and the 2nd British Tactical Air Force). The United 
States lst Tactical Air Force, Allied Air Transport Units and 
Other sir units vere successfully monitored. Major long-range 
operations, such 48 the invasion and the break-through at Av- 
ranches vere, with some degree of success, correctly forecast. 
Tactical monitoring of the United States air support parties 
"yielded much more information about Allied Army order of battle 
than did the regular army net vorks,"6 since the air support 
pérties acted in conjunction vith specific ground units. 

In the Mediterranean and Middle Fast the German Air Signals 
Regiment 352 vas able to reconstruct with minute accuracy the 
dispositions &@nd strength of the Allied Air Force -- the 9th 
Tactical Air Command (one Combat Mapping group, 4 fighter groups, 
and one medium bomber group), the S7th Medium Bomber Wing, the 
Sth, 47th, 49th, 55th, and 304th Heavy Bomber Wings, the 15th 
Fighter Command and the Mediterranean Air Transport Service. 

The accurate reconstruction of Allied order of battle at~ 
tests to the effectiveness of the German an&lysts. American 
A-e2 evaluation of German signal intelligence operations direct- 
ed against the United States 9th Air Force states that the por- 
tions of the German discussions "dealing with the operations and 
activities of the 9th Air Force reveal a full &nd complete knovw- 
ledge on the part of the Luftwaffe Signal Intelligence Service... 
The success of (their) efforts end the degree to which (their) 
operations had been developed was an uncomfortable surprise... 
The information of the enemy was thorough, complete, and accu- 
rate in its broad aspects; there vere minor discrepancies, in- 
accuracies, confusion; ... but, in general, it may be said that 
the Luftyvaffe Signal Intelligence Service was a most scientific, 
professional and able organization, performing & valuable, meti- 
culously complete, and reliable service for the enemy."7 Opera- 
tional strengths were in the main correctly estimated and the 
precision with which unit movements were folloved is said to be 
truly impressive. 

The success of the German Airy Force Signal Intelligence in 
its analysis of American Air Force traffic vas not exploited by 
the German operational units, which vere sluggish in acting up- 
on the information provided them. Friedrich complained that it 
vas not his job to get the windmills (German fighters) airborne. 
It vas up to him merely to give the varnings. 
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in the Mediterranean, according to members of Air Signals 
Rgt. 352, "it wes a course of bitter chagrin to the Luftwaffe 
Signal Intelligence Service that the German Command lacked the 
resources to Aranslate its reallstic intelligence into offen- 
sive action.2°. 

¢.. Britainy- Royal Air Force systems produced the great- 
est amo intelligence on air-ground circuits. SYKO, REKOH, 
Slidex and the Bomber Code were currently solved, Although the 
RAF 4-figure code was changed in November 1942 and thereafter 
proved most difficult for the Germans,’ it had been read up to 
that time. Both on the strategic and tactical level, German 
Air Force Signal Intelligence achieved notable results on Brit- 
ish Air Force traffic. In the West the Germans were able to 
reconstruct accurately the order of battle, deployment, strength, 
equipment, and intentions of th Royal Air Force, and through 
4t, of the ground organization.+° In order of battle, the fol- 
lowing RAF units vere continuously folloved throughout the war: 
The lst, 3rd, 4th, Sth, 6th, 3th, 91st, 92nd, 93rd, Bomber Groups; 
the 100th Group, the 9th, 10th, ilth, 12th, 13th, and Sond Figh- 
ter Groups; the 15th, 16th, 17th, 18th, 19th Reconnaissance 
Groups of the Coastal Command; and units of the 2nd Tactical Air 
Force, and of the RAF Transport Command. 

On the tactical level the monitoring of RAF VHF and centi- 
meter radar transmission and navigational aids permitted the 
German Air Force Signal Intelligence Service "to accomplish the 
following: 

(1) To give accurate, long and short interval, early varn- 
ing of both daylight and night raids of heavy bomber formations; - 

(2) By continuously tracking heavy bomber formations to 
present to the fighter defense a lucid picture of the air situ- 
ation, from the time of take-off to the landing of enemy forma- 
tions; further, 

(3) To interpret the picture of the sir situation in such 
&@ manner as to predict the enemy's strength in formation, depth 
of penetration, targets, and deceptive tactics, 

In the Mediterranean area, German Air Force Signal Intel- 
ligence was able to chart RAF operations throughout the var. 

In the first years of the var German Air Forco Signal Intelli- 
gence Service succeeded, by breaking "the most frequently used 
crypto hic systems ... to read the bulk of the messages inter-| 
cepted." The extensive use of radio communications (occa- 
sioned both by the geographical extent of the Mediterranean the- 
ater, and an insufficiency of wire communication facilities ) 
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permitted a minutely accurate reconstruction of RAF order of 
‘battle, strength, equipment and intentions. German Air Force 
Signal Intelligence was able to follow RAF operations down to 
squadron level. The following units were monitored: the206th 
and 225th Reconnaissance Squadrons, the 414th and 416th Night 
Fighter Squadrons, the 8th Fighter Group of the South African. 
Air Force, the various units of the RAF Desert Atr Force (MASAF), 
elements of the 90th Mediterranean Allisd Phote Reconnaissance 
Wing, the RAF Mediterranean Allied Coastal Air Force (MACAF) and 
the various contponents of RAF Middle East, including the RAF Bal- 
kan Air Force, RAF Air Headquarters, Greece, Eastern Mediterra- 
nean, and Air Transport Command. 


a= Administrative Difficulties.--The success of the Air 


“Porece analytic effort seems to have been achieved in spite of 
rather than because of the administration of the organization. 
Interminable disputes prevented the smooth functioning of the 
service, One of the issues frequently disputed was whether it 
was better for the Signal Intelligence Agency to be subordinated 
to the Chief Signal Officer neral Nachrichten Fuehrer, .abb. 
Gen, Nafue), or to the A-2. / Another subject of controversy was 

e separation of administrative from operational control, set 
out at least on paper, between the Senior Signal Intelligence 
Officer (Hoeherer Kommandeur dor Funkaufklaerung, abb. Hoe Kmdr 
d Funkaufkirg) and the Signal Intelligence Agency. There vere 
arguments over the exercise of the various types of control 
(administrative, tactical-operational, strategic-operational, 
etc.) over the units in the field, that is the Air Signal Regi- 
ments and the Air Signal Battalions (Luftmachrichten Regiments, 
abb, LN Regt, and Luftnachrichten Abteilungen, abb. LN Abt), 

The latter disputes involved the rival claims for the control 
of the Air Force Signal Intelligence, the centralized Signal 
Intelligence Agency, the decentralized local Air Forces (uurt- 
flotten), the Senior Signal Intelligence Officer, and in the | 
latter stages of the war, the Chief of the Air Raid Warning Ser-; 
vice for Germany (Funksufklaerungsfuehrer Reich, .bb. FAF). fl 

These claims, when they vere settled at all, were resolved |: 
by compromise and appeasement. In general, the Signal Intel- i. 
ligence Service was subordinated to the Chief Signal Officer ty 
and not to the A-2, although the latter was the chief consumer |. 
of the intelligence product. cee ee 

The control over the field regimente and battalions may 
be outlined as follows: 

a. Administrative or service matters: Control vas exer- 
cised by the Senior Air Signal Intelligence Officer (Hoe Kmdr 
d Lu PA) to vhom the Commanders of the Air Signal Regiments and 
Battalions were subordinated. 

bd, Tactical matters (strategic movements and deployment): 
Control vas exercised by the Signal Officer of the local air 
force (Luftflotte) to which the field unit vas attached. 

c, Operational mattera: Control was exercised by the 
Signal Intelligence Agency (LN Abt-350 in the 1944 reorganiza- 
tion) of the Air Force (Qberbefehlshaber der luftvaffe, abb, 
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5. Sources of Informationr- Several sources of informa- 
tion were used for 3 volume: 

a. The TICOM interrogations of prisoners. (The I Reports) 

b. <A 13-volume report entitled "The Signal Intelligence 
Service of the German Luftwaffe" compiled by Col. J, G. Seabourne, 
chief of the Air Technical Intelligence Team of the USAAF. IF 
175 through IF 187). . 

c, Report of the British Air Ministry (A.D.1.(K)),+* en- 
titled "German Air Force Signals Intelligence in the War.” 

d. German documents captured by TICOM teams consisting of 
minutes of Signal Intelligence meetings, reports, etc., includ- 
ane filmed excerpts from -the Supplementary Volume B to War Diary 
2 (Division 1) (Anlagenband B. Zu Kriegstagebuch II {1 Abt] ). 

(1) TICOM, through ite interrogations of prisoners, obtain- 
ed a working picture of the German Air Force Signal Intelligence 
Service. Traffic analysts and cryptanalysts active in the Chi- 
Stelle and in the various field units explained the details of 
their operations. Chief among these vere Lt. Col. Friedrich, 
head of the 3rd Division of the Office of the Chief Signal Officor 
(Gen, Nafue III) which dealt with signal intelligence, and at the 
same time Chief of Air Signal Battalion 350 (LN Abt. 350, The 
Signal Intelligence Agency). Specialist (Regierungsrat) Dr. 
Voegele, Chief Cryptanalyst of the German Alr Force Signal Intel- 
ligence Service and specialist on Anglo-American systems, made 4 
number of reports. Lt. Ludwig, chief evaluator on the Western 
front; Major Feichtner, Commanding Officer of Air Signals Regi-~ 
ment 352,, which operated on the Mediterranean front; Captaina 
Herold and Scheidl, 1st Lt. Werther and Chliubek; 2nd Lieutenants, 
Smolin and Rasch, all active om the Eastern front against Russis, 
and Major Oeljeschlaeger, of Friedrich's steff, provided reports 
of their respective activities. 

(2) The 13-volume report prepared under the direction of 
Col. J. G. Seabourne, Chief of the Air Technical Team contains 
minutely detailed discussions by German Air Force Signal Intel- 
ligence Service personnel of the history and functions of their 
service, Col. Seabourne, who vas “charged with the mission of 
securing and compiling date relative to the operations of the 
Luftypfte Signal Intelligence Service in the course of World War 
II,"+2 vas successful in obtaining elaborately illustrated ex- 
positions from German Air Force Signal Intelligence personnel. 
The reports are generally thorough, careful, and reflect the 
knovledge of the expert. ‘The main subjects covered and the names 
of the chief reporters follov: 

(a) History in General 


Evolution of the Signal Intelligence Major Feichtner 
Service 1914 - 1939 : 


Origin of the German Air Force T/Sgt Jering 
Signal Intelligence Service: 

The history and operations of the 

Chi-Stelle and of its various 

sections (Referate) which operated 
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were later co-located with the field 


o~ | evaluation companies. 
(bo) Operations West | . 
History of operations T/Sgt. Jering 
Fighter warnings of Allied T/Sgts, Watkinson 
Strategic Bombings and Jering 
American Aircraft Warning Service Lt. Ludvig 


and intelligence derived from 
Allied nevigational aides, captured 
documents, and equipment. 


Technical operations: Lt. Ludwig 
Ludvig's studies consist of a 
detailed and documented account 
of the methods used to produce 
strategic intelligence on Allied 
order of battle and long-range 
intentions, and to give tactical 
intelligence on the operations of 
the American Air Support Parties 
and the British and Caned:an tentacles 
(networks by which ground troops re- 
/ quested air support against German 
C ground concentrations. ) 


Cryptanalysis of Western systems Lt. Ludvig 
(c) Operations East 
Organization and history in general Col. Eick 


from 1936-and particularly the story 
of the 1st Bn LN Regt 353 


Central Front operations Major Windels 

Windels vas CO of 2nd Bn, LN Regt 353 

Southern Russian Front Capt. Herold 

Herold was CO of the 3rd Bn, 

LN Regt 355 

Strategic evaluation of Soviet Lt. Chlubek 

Air Force traffic 

Tactical Evaluation of traffic of Lt. Rasch 

‘ Russian Long Range Bomber Force 

Russian Radio Procedure , Lt. von Lackum 

o Air Force R/T traffic Lt. Mucke 


Cryptanalysis of Soviet Systems Lt. Chlubek 
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Manual Gain Control 


Automatic Volume Control 


A volume control permits the level of output 
to be kept approximately the same for both 
a weak signal and a strong one. However, 
fading causes such variations in signal strength 
that no single setting of the volume control 


gives uniform output. Automatic volume con- 
trol (AVC) corrects this situation and permits 
uniform output for a signal of varying strength. 

In general, AVC controls the gain in several 
amplifier stages preceding the detector. Such 
an arrangement is shown below. The parts 


¢ TO 
AF STAGES 


Basic AVC Circuit 
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oO (d) Operations South 
History ; Major Feichtner 
; and T/Sgt.Jering, 
Technical operations of Lt. Lier, Major, 
Ln Regt 352 Schultze, and 
Peldvebel Schioctt- 
man . 


{e} Organization of the Central Air Col. Forster 
Warning Service. Forster was 
Chief of the Reich Defense Signais 
Intelligence Service (Funkaufklaerung- 
sfuehrer Reich, abb. FAF) ; 


In addition, miscellaneous studies and detailed biogra- 
phies of various German Air Force Signal Intelligence Ser- 
vice personalities were included. 

The TICOM and the Seabourne reports taken together pre- 
sent a comprehensive picture of the German Air Force Signal 
Intelligace Service. The many details and carefully ex- 
ecuted diagrams contained in the Seabourne reports provide 
a wealth of material for further study. Liberal quotations 
from it will be found throughout fpis paper. ; 

(3) The Air Ministry Report+° consists of a series of 
reports comprising an account of the German Air Force Signals 

eo Intelligerice Service from its beginnings, and describing the 
development of intercept, advance warning, route tracking and 
forecasting of alr offenses, the breaking of Allted crypto- 
graphic systems in the West and in the Nerth. It is pointed 
out, however, that further evidence from captured German Air 
Force documents has been helpful in supporting these inter- 
rogations. In general, the material is organized on the 
lines of the Seabourne report. A detailed description of the . 
organization and operation of the unit operating in Norvay 
{LN Abt. 355) is contained in the final portion of the Air 
Minist Report. 
4) The above reports of German prisoners of var, ob- 
tained after the capitulation of Germany, are supplemented 
by various documents written during the course of the war. 
The most important of these, the War Diary, gives a complete 
fable of Organization for the Chief Signal officer, (General 
Nachrichten Fuehrer, abbreviated Gen Nafue) and a descrip- 
tion of duties for all offices under his control: particu- 
larly relevant for this paper are the sections on Gen Nafue I 
faliocation and employment of Signal Troops), Gen Nafue ITI 
communications and cryptography), and Gen Wafue IIT (Signal 
Intelligence Service). 

Minutes of various Supreme Commander of Armed Forces 
meetings which were attended by German Air Force Signals 
Intelligence Service personnel and copies of actual opera- 
tional reports rendered from time to time prove a useful sup- 

C plement to the interrogations and monographs, 
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Volume 5 


Chapter II. Development of the German Air Force 
Signal Intelligence Service , 


Paragraph 
January 1957 to September 1939 ....... ccc cee cece eecas 6 
September 1939 to November 1944 .o oo. lle ee eee T 
Reorganization on the Staff level in November 1944 .. 32 


Reorganization of the field units in November 1944 ., 9 
Staff offices of the German Air Force Signal 
antelligence Service and their functions ........... 10 
a, Office of the Chief Signal Officer 
b. Chief of Staff, Office of the Chief Signal Officer 
ec. Divisions of the Office of the Chief Signal Officer 


6. January 1937 - September 1939.--On January 1, 1937 5 
& Signal Tatel goes Agency Was established under the Air 
Ministry for the Commander in Chief of the German Air Force. | 
It was called Chiffrier Stelle, Oberbefehlshaber der Luftwaffe ' 
{abbreviated Chi Stelle, 0B d L). The Air Force was a new ‘| 
branch of the Armed Forces (Wehrmacht), legally in existence . 
Slightly more than a year. The Signal Intelligence Agency of | 
the Commander in Chief of the Air Force (Chi Stelle OB d L) 
was the Air Force's first official entry into signal intelligence 
and consisted of but one officer and twenty civilians, Prior 
to the Chi Stelle's establishment, all intercept and evaluation 
of foreign air force traffic had been done by German Army 
Signél intelligence units. 

Fixed intercept stations vere established during 1937 

according to German Army prototypes and given the cover name 
of "Weather Radio Receiving Stagiona" (Wetterfunkempfangs- 
stellen, abbreviated W-Stellen)#+ The intercept stations 
vere supplemented by direction~-finding stations which vere 
called "Weather Research Stations" (Wetterforschungastellen, 
abbreviated Wo-Stellen). In addition, mobile intergept 
platoons vere established to operate in the field. The 
platoons' original mission vas the monitoring of German Air 
Force traffic for security purposes, but late in 1957 they were 
expanded into mobile Radio Intercept Compantes (Luftnachrichten 
Funkhorchkompanin Mot) which collaborated with the fixe 
stations in the interceot of foreign air force traffic. 


21 iF 181 p 14; IF 189, 403, p 2 
22 TF 189, 403 p 2 
2) TF 189, 403, p 3 
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The intercepted material vas passed to the Signal 
Intelligence Agency for analysis and evaluation after pre- 
liminary traffic analysis and cryptanalysis had been per- 
formed. The Agency completed the processing of the traffic and 
transmitted any intelligence derived from cryptanalysis or 
traffic analysis to the Commander in Chief of the Air Force, 
the Army, the Navy, and back down to local air force (Luftflotte) 
commanders. The Agency had the further duty of assigning broad 
intercept missions to the field units and publishing general 
orders for signal intelligence activities in geheral. @ 

It soon becsme evident that the intelligence needs of 
local air force commanders could be more quickly satisfied by 
having evaluation performed at lover levels than at the Signal 
Intelligence Agency. As a result field evaluation centers 
of company strength vere establishsd and given the cover name 
of "Weather Control Stations" (Wetterleitstellan, abbreviated 
Y-Leit). 25 

In 1939, after severel experiments at reorganization, 
the fixed and mobile signal intelligence units were combined 
into signal intelligence battalions, removed from the admini-~ 
sirvative control of Chi Stelle, and attached to Local Air 
Porce Signal Regiments, in each case as the third battalion of 
what was orimarily a ccnmunications regimant. Each signal 
intelligence battalion was composed of an evaluation unit, twoo, 
movile intercept companies and three fixed intercept atations. 

As a result of the above Signal Intelligence activities, 
it can be s@id that prior to the outbreak of var in Septembar 
1939 the German Air Force High Command had "a quite accurate 
picture of the air armament, deployment, Ond strength of 
foreign air forces, as vell as their organization and expansion. "7 


7. September 1939 to November 1944._.The quick successes 
of the German Arnsd Forces In overrunning Poland in eighteen 
days in 1939, and Prance in a fey veeks in the spring of 1940 
denied the German Air FPorce Signal Intelligence Service an 
opportunity to distinguish itself. 25 As the British Air 
Ministry Summary states: 


"It i9 almost a truism that signal intelligence 
has its greatest value when the var is going badly 
and is of least importance when all is going vell. 
.Thus Germany's early lightning successes were 4 
great handicas to the future development of its 
Signals intelligence, for they rendered aimost su- 
perflucus the help which it could have given if duly 
appreciated and developed. All that seemed necessary 


24 TP 181 
25 IF 181 p 16 
26 IF 189, 403, p 4: IF 181 p 16 


27 IF 180 p 4 
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‘a ’ 
was to listen to enemy R/T traffic while the German 


armies and the German Air Force were hammering their way 
way forvard..." 29 


Hovever, in December 1939 the German Air Force Signal 
Intelligence Service demonstrated. its value when it enabled \! 
German fighters to destroy a large Wellington formation over iI 
northern Germany by supplying the fighter command vith fhe Ls 
location, height, speed and size of the raiding force.24 The :' 
result of this signal intelligence success was the realization 
that signal intelligence had an important place in Germany's 
air raid defenses. 

With the stabilization of the Western front in 1940 and 
the opening of & campaign on the Eastern front in 1941, a 
great expansion of the German Air Force Signal Intelligence 
Service ensued. Because of the diverse fronts covered and 
the fundamental differences in their problems, the German 
Air Force Signal Intelligence Service field units operated 
as self-contained entities in the Western, Eastern, and 
Mediterranean sectors. Technical coordination existed 
betyeen the individual specialist sections (Referate) of the 
Chi-Stelle, discussed in the next chapter, and the evaluation 
units (W-Leit) in the field.51 The Chi-Stelle exercised 

oO operational control over the Evaluation Cowpantes (W-Leit), 
handled field units' requests for personnel and special 
Signal equipment, remained in constant touch with all signal 
intelligence preblems in the field and was "accustomed to 
maintaining direct contact vith the Leitstellen as vell 4s 
with each individual outstation. This achieved the purpose 
of assuring a rapid exchange of fundamental intelligence 
within the Sign&l Intelligence domain. On the other hand, 
the General Staff vas kept in the picture through the reports 
furnished by the Referate, "52 . 

As allied air raids became more frequent in 1942 and 1943 
the tactical air raid warning aspect of signal intelligence 
yas exploited. The evaluation centers with the field units 
flashed advance warning of allied heavy bomber raids to 
civilian and military authorities and carried on route tracking 
of the bombers for the benefit of German fighter control. 33 
This tactical warning activity developed into an intricate 
system of tactical air raid varning centers which are described 
in detail in Chapter IV of this paper. 


29 tr 189, 402, p 2 
39 7109 p7 
31 yp 180 p 6 


C 32 tPF 180 p 6. 
33 + 109 p 7 


12 


oe 
a 


DOCID: 


oP 


3560829 


The development of airborne and navigational radar by 
the allies made necessary the creation of a radar observation 
service ee ee and the radar janming 
service (Funkstoerdienst). “Radar observation and jamming 
units were accordingly added to the existing wireless intelli- 
gence units in the West and South (in the summer of 1943). 
The radar control vost (Funklettstand) of the .QB da L was created 
to correspond with the Chi-Stelle OB dL..." ? 

From the oubbreak of var until the middle of 1944, 
operations of both the central and field units were sufficiently 
developed to provide 4a continucus flow of information to the 
Air Force High Command A-2. However, the many channels of 
tactical and operational command to which these units vere 
subject and the growth and development of their work compelled 
&@ reorganization in the last stages of the war. This reorgani- 
zation constitutes the most coherent form of the German Air 
Force Signal Intelligence Service, and is described immediately 
below (paragraphs 8 and ‘}) as the norm. 


8. Reorganization on the Staff level in November 1944._. 
The dynamics of signal intelligence operations make It arFFieult 
to find any point of rest at which an accurate statement of | 
organization is possible. However, the severzl reorganizations 


of the entire service that occurred in 1944 to f1112 the needs \; 
arising throughout previous operations gave tho service its ne 


final form, 
In the spring of 1944, the first of these reorganizations NK 
took place. All signal intelligence units, incl.ding the Chi- _ KV 
Stelle which heretofore had been under the German :ir Ministry d? \ 
({.e., Chi-Stelle OB d L) were placed under the iactical ii 
command of the Chief Signal Officer, 4rd Division (Ge. Nafue Til). 
in order to unify operations under a central command. -“” ' 
This centralization in tactical matters and the decuitrali- my 
zation in administrative affairs to the field command units, eo 
led to difficulties in guidance and supply. As a result, !n 
the fall of 194%, after an abortive order by Goering to unity 
all German Air Force Signal Intelligence units through combiiing 
all listening, jamming, and radio traffic units as part of Ais 
Signal Regiments 97, a new comprehensive organization was 
finally created. This new organization unified all home and 
field units into independent air signals regiments and battalion. 
with numbers ranging from 3550 to 3559. Administration was : 
centralized in a so-called Senior Signal Intelligence Officer 
(Hoehoerer kommandeur der Funkaufklderung, abbreviated Hoehr ; 
Kdr d Funkaufkirg). 


34 iF 189, 403 p 5 
35 IF 180 p 5 


‘36 IF 189, 403 p 6 


2T No. 180-186 D 4 I 42 


DOCID: 


o 


3560829 


This final organization provided for centralized control 
in the Chief Signal Officer (General Nachrichten Fuehrer) 
instead of the A-2, or Air Ministry. Under the Chief of Staff 


‘of the Chief Signal Officer were three divisions: the first 


(Gen Nafue/I) supervised the assignment of air signals troops; 
the second (Gen Nefue/II) directed communications and German 
Air Force eryptography; and the third (Gen Nafue/III) directed 
signal intelligence, cryptanalysis, and security. 

Gen Nafue/III had administrative control over the Chi- 
Stelle ‘or Signal Intelligence Agency, and the commanding 
officer of Gen Nafue/III, Lt. Col. Friedrich, vas also the 
commanding officer of the Chi-Stelle. Under the reorgani- 
zation of November 1944 the Chi-Stelle was redesignated Air 
Signals Battalion 350 (Oberkommando der Luftwaffe, Luggnach- 
richten Abteilung 350, abbreviated "OKL/LN Abt 350”). 


. Frtedrich, in his position of dual command, regulated the 


planning for the entire German Air Force Signals Intelligence 
Service and “as the representative of the Chief Signal Officer 
remained the supreme authority until the very end on all Sig- 
nal Intelligence Service matters of decisive importance” 

(Gen Nafug I, II, and III are described more fully in para- 
graph 5).79 Nominally, however, the administration of the 
Signal Intelligence Service was placed in the hands of the 

old Signal Corps retainer, General Klemme, vho vas named Senior 
Signal Intelligence Officer (Hoehr Kmdr d Funkaufkirg), All 
signal intelligence matters pertaining to the defense of the 
Reich vere placed in the hands of an Oberst Forster, who vas 
named Chief of the Reich Signal Intelligence Air Radio Warning 
Agency (Funkaufklaerungsfuehrer Reich, FAP). 


28rnis is designated "Signal Intelligence Agency of the Air- 
force High Command (OKL/LN Abt 350)" throughout other vol~ 
umes of this report, as it vas actually such an agency. 


99 tp 180 p 23 
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9. Reorganization of the Field Units in November 1944. -- 
The disposition and designation of the field units after the 


reorganization vas ag follows: 


West: Air Signals Regiment 351 (LN Regt 351). This 
Regiment consisted of three battalions, and 
operated in conjunction with loeal Air Foree 3. 


_ 


Mediterranean and Middle Fast: 


Air Signala Regiment 352 (LN Regt 352). This 
Regiment consisted of t¥o battalions and 
operated with local Air Force é. 


East: Air Signal Regiment 353 (LN Regt 353). This 
Regiment consisted of three battalions. The 
firat battalion operated vith local Alr Force 1 
on the Northern Russian Front, the second, with 
local Air Force 6 on the Central Russian Front, 
and the third, with local Air Force 4 on the 
Southern Russian Front. 


Seandinavia: 


Air Signal: Battalion 355 (LN Abt 355). This 
Battalion operated with local Air Force 5. 


With the Reich: 


to advance warning and tactical operations, the 
former deriving its evaluations from "enemy" 
signals, the latter from the use of radar and 


navigational aids. 


} 
Air Signal Battalions 356 and 357 vere linited 
| 
} 
Air Signal Battalion 3583 was concerned with training. . 
Air Signal Battalion 3559 engaged in radar janming | 
and opereéted in conjunction vith the Luftflotte - 


7} eee 


olfow are derived from 
Supplement B to War Dlary ; Division 1 of the Air FPorce 
High Command ({Anlagenband B zwn Krieystagebuch 4 (I. ABT) 
vol 1.1. 45 bis 15.3.45) 40 


10. Staff Offices of the German Air Force Si 1 
Intelligence Service and their Functions. -the lnformation 
on the cesertptton of the th which foll 


4O, , 
¢ Translation of this document is known as T-2554. 
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It should be emphasized that actual practice did not always 
reflect the T/O description of function. 

a. Office of the Chief Signal Officer.--The responsibili- 
ties of the Chie gpa cer, General Martini, included 
the folloying: 


"Regulation and direction of use of men and 
equipment in the Air Sipnals Troops; direction of 
operations and maintenance of signal communications 
of the Air Force; direction of use and operations 
of Air Security and Ground Installations for the 
Radio Navigation, Air Reporting (including Radar 
and Fighter-Control Service), Signals Intelligence, 

Radar Observation and Jamming Services..." The 
Chief Signal Officer "1s responsible personally to 
the Reich Minister for Aviation and the Conmander- 
in-Chief of the Air forces; organizationally and 
operationally to the Chief of General Staff of the 
Air Forces." 


b. Chief of Staff, Office of the Chief Signal Officer-- 
Among the subordinates of the Chief Signal Offleer was the 
ea , Chief of Staff (Chef des Stabbes) Obslt. Morgenstern, who 
was charged with carrying into effect the duties of the Chief 
Signal Officer noted above. The execution of these duties 
followed three main lines of action: 


“"{1) Review of Air Signals Troops allocation and employment. 


"(oj Preparation, construction, maintenance, and operation 
of all signals communications of the Air Force. 


"(3) Operational planning and direction of the Air 
Security, Air Reporting (including radar), Signal Intelligence, 
Radar Observation and Jamming Service." 


c. Divisions of the Office of the Chief Si t Officer. _. 
The three duties of the Chief of Staff noted above vere 
performed by three divisions (abteilungen) of the Office of 
the Chief Signal Officer. The organizational pattern consisted 
in a separation of each division into four or five Punctional 


groups, each of which vas in tern subdivided into sections. 


(1) Gen Nafue/I. 


The first division, coumanded by Major Franze, is 
described as a "specialist section of the Air Force, worki 
over the allocations and employment of men and equipment... 
~ and "therefore to be informed by the 2nd and Srd Divisions 
on basic problems of allocation, employment of men 4nd equipment, 
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of operations, of signal intelligence and of jauming services, tl 

This division was organized into four groups. Group I 
directed Trooo Allocation and Employnent, supervised the General 
Signals Service, and published Organizational and Operational 
Regulation. Group II supervised Radio Navigation and the Air 
Security Service. Group III supervised Air Reporting (including 
radar } and the fighter-control service. Group IV was occupied 
with "Navy Liaison," which meant the review of signal questions 
arising betveen the Navy and the Air Force and cooperation 
betveen the two services in settling such questions, The 
specific duties of the various sections into which thes¢ groups 
were divided are set forth in detail in the War Diary. 2 

(2) The second division (Gen Nafue/II) controlled German 
Air Foree signal communications and eryptography. The exact 
nature of the control is now known, but it was probably both 
operational and administrative. The second division vas 
headed by Lt. Col. Dr. Schulze, and vas divided into four 
groups (Gruppen). Group I did control planning for the second 
division. Group II supervised telephone service. Grouno III 
supervised teletype service. Group IV supvervised communications 
and cryptography. By this is meant that it supervised the 
issue of cipher machines, cryptographic systeus, and compiled 
and distributed keys. It did not make cryptographic security 
studies, which vas the duty of Group IV of the third division. 

The War Diary passage describing the work of Group IV 
illustrates the scope of Signal Intelligence activity of Gen 
Nafue/II. Pertinent excerpts from this description are there- 
fore orinted below. 

The areas of signal activity cver which Group IV had 
supervision are of interest for their diversity. All the 
administrative functions are listed in full in the War Diary He 
and simply those pertinent are noted below. The largest of 
these sections, with the exception of the "Special Office," 
consisted of only four persons. 


&. Section A. 
Radio Operations and Cryptography 


Direction and surveillance of all radio air security 
operations of the Air Force. 


41 @ 2558 p 17 

42 om 2558 
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Reviev of regulations affecting radio and air 
Security and air reporting operations, and review 
of Air Force enciphering regulations (the latter 
carried cut in cooperation vith the units concerned 
in the. Supreme Command Armed Forces, the Army High 
Command, and the Navy High Command). 


Surveillance of tactical radio operations and radio 
deception measures. 


Allocation of cryptographic systems under control 
of the Air Force. 


Execution of radio practice and radio testing. 
Publishing of operational directives for radio- 


operations-offices, and radio-control-offices of 
the Commander-in-Chief of the Air Forces. 


(ob) Distribution of literature on radio operations. 


Section B. 


Review of all operational codes of the Air Force, 
including the setting up of distribution lists, and 
review of requisitions necessary for the coordination 
of radio operations within the Armed Forces (effected 
in cooperation with the other branches of the Service). 


Allocation and employment of flares and other signal } 
devices (both ground and &irborne) used in connection 
with Air Force activities (carried out in cooperation 

with the other branches and the Axis powers). 


pection C. 


Compiletion and presaration of secret writing methods 
of all types, in cooperation with the agencies of 
other branches, and compilation of operational codes. 


Distribution, shipping, and control of all secret 
writing devices and of operational codes. 


Distribution and control of all cipher machines, 
with the exception of the enclohered teletype - 


machine. Carried out in cooperation with Air 
Signal’ Ordnance Department. 


Development of new enciphering orocedures. 
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of the circuit involved in AVC are drawn in 
heavy lines. When using AVC, these tubes 
are usually variable-mu tubes. 

V1 and V2 are RF amplifiers. V3 is the 
detector. The AVC process starts with the 
detector and works back to the RF amplifiers. 
R1 is the load resistor of the detector. The 
voltage across R1 depends on the strength of 
the signal being detected by the diode. When 
the signal is strong, the voltage across R1 is 
large. Note that the voltage drop across R1 
is negative in respect to ground. Note also 
that this negative voltage drop is applied 
through R2 to the grids of V1 and V2. This 
means a reduction in the gain of each amplifier 
stage. The amount of reduction depends on the 
size of the voltage drop across R1. If the signal 
is weak and the voltage across R1 is small, then 
the gain of the amplifier stages is reduced only 
a small amount. If the signal is strong and the 
voltage drop across R1 is large, then the re- 
duction in gain is large. This means that AVC 
reduces the gain in both tubes. However, since 
the amount of reduction is proportional to 
signal strength, the output is kept fairly 
uniform. The general loss of gain caused by 
the use of AVC is small compared to the 
amount of gain provided by the amplifiers. 

Of course, the voltage drop across R1 is DC, 
pulsating at an audio rate. To apply these 
audio variations to the RF amplifier grids 
would produce distortion. Therefore, the DC 
voltage fed back to the grids is filtered to re- 
move the audio component by the filter made 
up of R2 and C1. The time constant of C1 and 
R2 is such that the AF pulses are filtered out, 
and a pure DC voltage is fed back to the 
amplifier grids. 


TYPICAL TRF RECEIVER 


You have now studied, circuit by circuit, 
all the parts of the TRF. You have studied 
various methods of detection used in the TRF, 
and in other receivers. You have studied 
varivus methods of volume control used in 
the TRF, and in other receivers. It is time 
now to bring the various circuits together to 
form one typical TRF circuit diagram. To 
help you understand the circuit diagram, the 
table on page 28 gives a description of each 
of the circuit components. 
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The antenna circuit includes a tunable par- 
allel wavetrap for undesirable signal rejection. 
The antenna is inductively coupled to the in- 
put of the first RF amplifier. 


There are three RF amplifier stages, fol- 
lowed by a detector stage. Four tuned RF 
circuits control the inputs to these stages. 
These tuned circuits are ganged-- their vari- 
able capacitors, C2, C3, C4, and C5 can be 
adjusted by a single control. Capacitors C6, 
C7, C8, and C9 are trimmers They are sepa- 
rately adjustable and can be used for tracking 
the four tuned circuits. These stages, the three 
RF amplifiers and the detector, are trans- 
former coupled. 


The three RF amplifier stages use variable- 
mu pentode tubes. The detector stage provides 
diode detection by using a triode tube with 
plate and control grid connected for diode 
action. 


The output of the detector is capacitively 
coupled to the audio amplifier, a pentode tube. 
The output of the audio amplifier is trans- 
former coupled to the headset. 


All the amplifiers use cathode bias. A single 
potentiometer (R4) forms part of the cathode 
resistance of the first two RF amplifiers. It 
also forms part of the antenna circuit. Ad- 
justment of this potentiometer provides man- 
ual gain control when ganged switch SW2 is 
in the MGC position. In this position, one 
contact of the switch grounds the potentio- 
meter so that it can be used. Another contact 
grounds the AVC circuit so that it can’t feed 
voltage to the grids of the RF amplifiers. A 
third contact applies the entire voltage drop 
across the diode load resistor to the AF 
amplifier. This makes the adjustable part of 
the manual volume control inoperative. 


When switch SW2 is in the MVC-AVC 
position, one contact grounds the top of po- 
tentiometer R4, removing it from the cathode 
circuit of the first two RF amplifiers, leaving 
all of R4 across the primary of T1. Another 
contact removes the ground connection which 
prevented AVC voltage from being fed to 
the amplifier grids. A third contact connects 
the variable arm of potentiometer R15 (the 
detector load resistor) to the input of the 
audio amplifier. Thus, the output of the 
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It should be emphasized that Section C's function was 
purely administrative and that the actual vork out- 
lined above, except for developitient of new enciphering 
procedures, was carried out by & "Soecial Office" 
having at least T/O parity with the other sections. 


Section D. 


Review of operational literature for Air Security 
Radio Operations, 


. Supervision of the setting up of radio beacons, 
plane recognition, and the allocation of. call signs. 


(3) Gen Nafue/III 


The third division was the Signal Intelligence Service 
(Funkaufkiaerung) of the Office of the Chief Signal Officer. 
As such, its primary function vas the direction of all the 
analytic operations of the service, which vere carried on by 
the Signal Intelligence Agency or Chi-Stelle (Chiffrier Stelle, 
Oberbefehshaber der Lurtuarre). In general, other matters, 
particulerly those of organivation, equipment, security, and 
personnel of this division were carried on by Pive different 
groups. Group I directed the total allocation, employment, 
and operations of signal intelligence and of the jamming 
services. Group II supervised the equipment and technical 
administration for intercept. Group III supervised equtoment 
And technical administration for enemy radar monitoring and ° 
jamming (funkmessbeobachtungs und Funkstoerdienvt). Group IV 
conducted security studies on German Air Force systems, issued 
security directives, and assisted in the developmen}, of ney 
systems. Its duties, as described in the War Diary; vere 
performed by three sections: 

(a) "Section A. Control of Cipher Systema and cipher 

equi pment 


Testing of keying-procedures in use in wire and wire- 
less signal communications of the whole Air Force. 


{2) for possible decipherment. 

if} for areas of use and volume, density, 
and distribution of traffic. 

(i111) for message form and content. 


Requisitions for sampling check-up on German signal 
communications and evaluation of observations, in 
collaboration with the 2nd Division (1.6., Gen Nafue/II), 
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(b) 


(c) 


Directives for execution cf camouflage and radio- 
decention measures in German communications operations 
{in cooveration with the 2nd Division), 


Evalvation of decinpherment results of German and 
enemy intercept services and vorking out of counter- 
measures. 


Examination @nd testing of keying methods of Allied 
Powers’ Air Force. 


Cooperation with agencies of other branches. 


"Section B. Development of Keying Means and Keying 
Methods 


Develoosment of new keying means and procedures, in 
cooperation with the end Division (Gen Nafue/II). 


Working out of directives for special keys according 
to demands of the 2nd Division. 


Cooperation on tactical-~-technical demands in develop- 
ment of keying equipment. 


Use of enemy results for own development. 
Cooperation with agencies cf other branches. 
"Section C. Keying Directives 


Cooperation on publication of Signal Operations 
instruction in cooveration with end Division. 


Cosneration on publication of keying directives 
for new encioherments, in cooperation with the 
end Division.” 


Group VY was concerned with rersonnel. 


(4) 


General Comments 


Both by the above paper description and in actual 


practice, Group IV (Security) of the Third Division and 
Group IV (Cryptography) of the Second Rivision worked in 
close liaison. The frequent repetition of the phrase "in 
cooperation with the Second Division," apoearing in the 
duties of the security section attest to this coordination 
of effort. Minutes of high-level meetings of OKW/Chi show 
the repeated attendance of both Lt. Col. Dr. Schulze, head 
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of the Second Division and of Captain Forth, head of Group IV 
of the Third Pivision. 40 At these meetings, it was determined 
that OKW work. “in close collaboration with the appropriate 
departments or the ... Air Force” in developing encinhering 
systens, but with respect to security, OKW/Chi is respgnsible 
for making “a security check” on all Air Force codes. 

It is frequently averred that the "production of keys 4s 


the affair of the separate branches of the Armed Forces 
-and that guidance, alone, was furnished by OKW/Chi in devising 


Veys. However, there anvears to be some disoute about OKW's 
right to test Air Force systems. Practicing cryptanalysts of 
other services (Fricke and Huettenhain) declared 49 that there 
was no coordination of key testing, that each organization 
did its own and was under no obligation to submit ite syatens 
to OKW. Hovever, Gen. Lt. Gimmler, Chlef of Armed Forces 
Communications Branch, at a conference in November 1944 
stated: 

"OKW/Chi is appointed as the only organization of 

the Wehrmacht for testing and checking all cipher 

systeus used and proposed for use in the Reich." 


In the deseriotion of the duties of both the crypto- 
graphic and securlty groups sopear the phrases "radio disguise,' 
"false transmissions,” "directives for execution of camouflage 
and radio-deception measures in Gerwan communications 
operations." Friedrich had alvays forbidden vireless deception 
on the ground that "deception is worse than useless and 
inevitably betrays what it is meant to conceal.” 590 
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li, Orgenization and Development;s- This Chapter con- 
cerns the organization and development of the Signal Intel- 
iigence Agency of the Commander in Chief of the Air Force 
(Chiffrier Stelle, Oberbefehlshaber der Luftwaffe, abbrevie 
ated Chi-Stelie/OBdL, as of November 1944 air Force High Com- 
mand, Air Signal Battalion 350, Oberkommando der Luftwaffe, 
Luftnachrichten Abteilung 350, abbreviated OKL/LN AB? 350 
and referred to throughout this volume as Chi-Stelle), 

The Chi-Stelle of the Air Force vas the most {mportant 
of the units under the third Division of the Office of the 
Chief Signal Officer, (Gen Nafue/III) from a signaj_intelii- 
gence point of viey, It vas the highest authority for the ___ 
German Air Force Signal Intelligence Service, / Its functions 
are summarized by one German as follows: "It directed the 
activities of the listening service in accordance with the 
demands of the German Air Force Operations Staff and vas re- 


sponsible for the long-term evaluation of results and report- 


ing to the latter; it alee provided the meens of collaboration 
uith the other services,”22 From its origin in 1937 until 
1940 it was located in Berlin; but right after "the start of 
the Polish campaign, the Chi-Stelle moved from Berlin to the 
Marstall, the riding academy of Frederick the Great in Pots- 
dam~Wildpark, ‘The Marstall' became a sort of second name 
for the Chi-Stelle, eigee it remained there until just. before 
the German collapse." It was divided into specialist sec- 
tions (Referate), which reflected the geographical diversity 
of its interesto. At the time of the collapse the principal 
sections vere as follows: A. Staffing, allocation and em- — 
ployment of intercept sets; B. Evaluation West; B5. Evalu- 
ation of Allied transport and Ferry traffic; ¢, Evaluation 


. Mediterraneen; PD, Evaluation East; E. Cryptanalysia. 
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The bulk of the evaluation sections acted in close col- 
laboration with the field evaluetion companies attached to 
the Air Signals Reginents and Battalions and ultimately vere 
co-locateé with them, since "it was considered more effective 
to have the long-term evaluation center close to the inter- 
cept unite_rather than close to the staffs which they have 
to feed,"9> Por exeliple, after the fall of France (1940), 4 
Ref. B moved from Potsdam-Marstall to Asnieres near Paris, 
Section B5 moved in 1943 to Munich/Oberhaching (near an in-~ 
tercept station devoted to ferry traffic), 6° section Cy 
after a long stay at central headquarters, ultimately in 
early 1945 moved to Premstaetten, $o join the evaluation com-~ 
pany of Air Signels Regiment 352:5 and Section D, directly 
after the beginning of the campaign against Russia, folloved 
the General Staff to Zhitomir, then to Warsayv, and finally to 
Cottbus. In every instance these sections vere Pinally 
merged with evaluation companies of the field units, Section 
B with 25 Co of LN Regt 351, when both were co-located at 


533p 189 No. 404 pil; 1109 p 27 
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6p, appears to have achieved the status of an independent 

s8ction on a parity with B. (See IF 189 404 pl, para- 
graph 1, and Ibid p 2 paragraph 6.) The other sections 
of Section B vere: 

Licison Officer with Army 

Liaison Detachment at PW camp 

Liaison Officer vith Operations Staff 

B Immediate Evaluation 

By RAF Bombrer Comnand 

Bo 8th U.S. Bomber Command 

Bs Captured Material 

By Fighter Pormations 

B6 RAF Coastal Command 

B7 Meater Index 


BS Combined Army and Air Force 
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Limburg after the Allied breakthrough at Avranches 394 Section 
C with phe 25 Co of LN Regt 352 at Premstaetten, after many 
delays; Vand Section D with the 25 Co of LN Regt 353 at Cott- 
bus, ; 
The cryptanalytic Section (Referat E) maintained a cer- 
tain amount of centrality of operation wlth respect to Anglo- 
American solution, although the various field units were en- 
trusted with the solution of lower grade systems, such as 
Bomber Codes, the Mediterranean U.S. M-209, SYKO etc. 2 All 
Soviet solution vas shifted as far forvard as possible because 
of the ease with which 45% of the systems were read, and even 
the sub-section of Section E, engaged on Russian Air Force 
Cryptanalysis (Section k-1})moved with the Fastern evaluation 
section (Section D) to the front. Thes decentralization is 
criticized in the Air Ministry Report as follovs: "..,the 
crybpte service should have been centralized; the output of a 
larga centralized crypto service exceeds the sum total of the 
contributions of ita indlvidual members and is higher in qual- 
ity." Hovever, the operational needs for speedy solution made 
it mandatory for solution on the spot, where and when, it 
was needed, Moreover, the lack of homogeneity of traffic on 
both the Russian and Western fronts made it wise to deventral- 
ize the cryptanalytic operations. 

a, Some opinions of the Chi-Stelle-- The evidence in the 
interrogations indicates that alI did not run smoothly with- 
in the Chi-Stelle. According to the witnesses, who may well 
have been using the opportunity for their personal gripes ag 
well as to impart information, there existed within the organi- 
zation the familiar conflicts between the incompetence of 
favored officers and the unrecognized ability of progressive 
officers aware of the potentialities of signal intelligence. 
They indicate further thot all the usual symptoms of an 
organization at odda with itself vere manifest. Few of the 
personnel respected the ability of the others, these on the 
working level decried the weakness and indecisiveness of the 
commanding officers, commanding officers complained because 
of the division of responsibility and low morale continually 
hampered operations. 

The Chi-Stelle, at the Marstall was said to have a "“mini- 
sterial” aspect and a "relatively extravagant manner of exis- 
tence , "64 Although Lt. Col. Friedrich, head of the service, 
Was said to be a good replacement for the previous leaders, 
none of whom had "fully measured up to requirements," it 
later became clear, at least to Tech Sgt. Jering, a erypt- 
analyst of Chi-Stelle who had occasion to observe Friedrich 
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at work, that "the choice of an officer with no Signal or 
intelligence training as chief of so highly specialized a 
Service vas not exactly a fortunate one.” In describing 
one of the Sections, he commented upon "...the spirit of 


-@atal prostitution pervading the halls of the Marstall 


Since the beginning of the var, nurturing a large oless of 
Pprevileged indo ts who assidulously opposed any change 
or innovation. "YS Of the same section Jering observed "the 
overall complexion of inefficiency...became vorse during the 
last two years of the var as duty hours vere lengthened , 
P&tions became Slimmer, and air raids regularly interfered 
with the night's repose, Political sycophants, the threat 
of being sent to the front, which... vould heve been relished 
by no one, and the fear of transfer by vay of disciplinary 
aotion, all scrved to suppress and curb mon end vomon vorking 
twelve hours and more at a stretch.,.” It should be ob-~ 
served that Jering himself may well have suffered the bit- 
terness which frequently grows in a brilliant subordinate 
working under officers less acute then himself, and that 
therefore his remarks in no sense constitute a reliably ob- 
dective account of this aspect of the organization. 

The description of Lt, Col, Friedrich's personality and 
Adninistration vritten by fp jor Ferdinand Feichtner, a man 
of outstanding reputation, is a more objective appreciation: 


"When the then Major Friedrich of the General Staff 

_ took over command of the Chi-Stelle Ob, d. L. after a 

“ succession of predecessors as corrupt as they were in- 
capable, everyone hed for a time the impression that 
at lest the right mon vas in the right place. By vir- 
tue cf his close relation with the Luftwaffe High Com- 
moanc,,.the Chi-Stelle became for the first time a cen- 
tral and authoritdtive organism of command, over which 
no Luftvaffe A-2 could set himself any longer. Fried- 
rich brought along new ideas and points ef view to sig- 
hol intelligence operations from his General Staff ox- 
perience, He deserves most of the credit for the close 
liaison ve enjoyed vith the High Commend, He gave the 
ideas and exporiences of the apecialista a hearing, 
backed them up without considering himsel? and accept- 
ed and acted on good suggestions that vere offered to 
him, Unfortunately he failed to continue his high pro- 
nice, X hove the feeling that after 1942 the highly 
specialized departments of the signal intelligance ser- 
vice grew toe much for him to keep up with, technically 
ap vell as from the view point of personnel. He often 
edmitted that technical motters were fundamentally in-~ 
compatebile with his being, and as a General Staff Of- 
ficer he had no Signal Corps training. But the worse 
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features of all was that he was unable to introduce any 
rational policy into the Signal Intelligence Service 
methods of assigning peraormel. He never understood 
the situation enough to relieve the tension at the be- 
Binning of the var between the old civil servanis, who 
had been in for years, and had become mostly pavesitie 
groutvhs, and the young blood which had just come in, 
and had proved itself worthy. The old guard had built 
an impregnable political stronghold for itself in the 
Marstail, and taken care of its own by giving them ell 
the key positions. Another shortcoming was his failure 
to bring it about that this service, becoming ever more 
apecialized, should be commanded by men who vere famil- 


-lar with these specialities. He was much more likely 


to depend on commanders who knev less of the actual in- 
terests of the radio intelligence service than he him- 
self, bat who had no idea vhatever of the purpose and 
Mission of the service which of course they, themselves, 
Should have been duty-bound to represent and stand up 
for. Moreover he filled his staff with his own grave- 
diggers, advisers who did not measure up to the respon- 
aibilities they held, either as people or specialists, 
but vho nevertheless knew how to play up to their chier, 
whose mind was always on @ thousand different things 
and who vas fundamentally too good. natured, 


"& branch of the service which included the cream 
of German intelligence and which called for the higheat 
degree of m-ntal sharpness, technical ability, and knov- 
ledge of the world and the people in it, should have had 
a chief who vas made differently from this professional 
soldier, whose horizon and ability never rose above the 
level of a good company clerk. 


"Friedrich knew himself well enough to turn down 
the command of the signal intelligence division which 
was offered to him. His inability to make up his mind 
vas at times most paralyzing to the dispatch of busi- 
ness, ...He alvays insisted in particular upon clear 
thinking and decision on the part of his subordinates, 
but whenever one sent him a teletype for an order, one 
would come back which vas as cautious as the Delphic 
oracle, apa alvays placed all responsibility on the re- 
eipient.”" 


The problem of the control of the Chi-Stelle by either 


the A-2 or the Chief Signal Officer was resolved by a four- 
sided organization; The Chief Signal officer "vas regarded 
oa the supreme authority on all technical signal matters," 

A-2 vas to provide "guidance of the intelligence activities 

of the Chi-Stelle," the newly-created Senior Air Signals 
Intelligence Service Officer (Gen, Klemme) had supreme admini- 
strative control over the Chi-Stelle and the field units, and 
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to the defense of the Reich. 

b. Relations with A-2 and the vhief Signal Officer;:-- 
As seen in Chapter 1 the question of whether the 8 gnal intel- 
ligence Service should be subordinated to the office gr the 
Chief Signal Officer or to the A-2 vasoften debated, ? 

The main advantage of subordinution to the Chief Signal 
Officer vas "the increased facilit: with which Signal con- 
munication could be provided and rettlo equipment allocated." 
The excellence of the communication system, which existed to 
the very end, was undoubtedly the »ssult of this signal con- 
trol. On the other hand, the closes liaison between signal 


intelligence and signal security, wiich the Chief Signal of- 


ficer's control vas also supposed t; produce, "failed of reali-— 
zation, since in spite of the accur.te knowledge of Allied 
mistakes in the field of radio and tryptogrephic procedure, 

as revealed by the work of Signals \nteliigence Service, de~ 
linguencies of the same nature were 2ither not corrected at 
all, or only partially so, by the Germans. There was an ap~ 
parent lack of a qualified expert who might have evaluated 

the results of the Signais Intelligence Service with the end 
in view of improving the security of Luftwaffe radio com- 
munications." ! 

The chief argument in favor of subordination of the Chi- 
Stelle to A-2 vas that a11 intelligence agencies would then 
be under a central administrative control, Actually, hovever, 
subordination to the Signal Officer rather tkan to the A-2, 
proved no bar to effective worl:, and relationthips betveen 
the real specialist personnel :'f the Chi-Stelle and fhe higher 
intelligence authority which tiey served vere good,! In the 
Chi-Stelle's work with A-2 the vamiliar difficalty vas at 
first encountered that A-2, on the one hand, did notalways 
recognize the value of signal intelligance; and, on the other, 
thet Chi-Stelle's reports were vritten in Signt.. Intelilgence 
terms, call signs, frequencies, ctc., with A-2 being left to 
dray its own conclusions, In tine however, "tko evaluators 
learned to transforn signal inte Lilgence into an operational 
intelligence picture." Once tae evaluators vere “imbued 
with tactical concepts, they sonetimes turned ty the other 
extreme, wishing to perform the .\-2 function themselves, and 
arbitrarily mixing signal intelligsace with intelligence from 
other sources... Only in the couse of time vas the happy. 
medium found.” The appointment uf u liaison officer did not 
eire the dilemma, since, according «o vont, « young men vas 
chosen "well indoctrinated with drili! regulaiions, but pos- 
sessing very little signal intelligesse expeitience, Unfor- 
tunately he became no more adept wit time, ‘ad but slight 
tactical knowledge, and, in brief, did more harm than good. 
Although the specialist personnel of the Chi-Stelie became 
immediately aware of his deficiencies, heveryneless more then 
a year elapsed before a change took place.” 
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_ Gefechtstand fur Funkauswertung, abbreviated ZAF) Treuen- 


ec. Relations with the Field units:-~- The creation tn 
the Fall of i944 of the post of Senior Signal Intelligence 
Officer (Hoeherer Kommandeur der Funkeufklaerung abbreviated 
Hoehr Kar d Funkaufkirg) was intended to centralize the ad- 
ministration of the affairs of the Chi-Stelle end the field 
unite, This centralization continugd the "obscure relation- 
ships” at the highest headquarters and vas the antithesis of 
wnat the field units required, ‘ 

The centralization of administrative control "of the 
Slanals Intelligence Service... in the hands of one_oef the 
many supernumerary Luftwaffe Signal Corps generals"! made 
the administrative problem of the field units more acute than 
ever. "In this case, also, the Chi-Stelle failed completely; 
since it had planned and supervised all Signals Intelligence 
service operations from the beginning, it might gpaily have 
been the central administrative authority also."(° ‘The dif- 
Ficult situation confronting the Field units was eased by 
the cooperation of the local Air Forces, The local comman- 
ders of ¢hese often furnished quarters, rations and other 
services when the field units own supply service broke gown. (7 

The various Sections of the Chi-Stelle exercised control 
of the Field units according to their location, ultimately 
working on the spot with these units. The organization and 
functioning of these sections will be treated below in the 


VTollowing paragraphs of this chapter, 


ad. Relations with the ZAF and FAF:-- As the strength 
of Allied air raids Increased, tactical evaluation assumed 
an ever greater importance, and it became necessary to es- 
tablish an agency which would summarize and integrate all 


‘the reports and information made available by the outlying 


tactical evaluation centers. This need was met by the crea- 
tion of the Air Raid Warning Agency for the Reich (Zentraler 


i 


brietzen, This unit, headed by Colonel Forster, vas under 


the operational direction of the Chi-Stelle but administra- 


tively subordinate directly to Gen Nafue/III. Jn order to 
facilitate goordination betveen the a1] itmportamt ZAP and the 
other agencies affected by the information it disseminated 

& new position was created, and designated Chief of the Air 
Raid Warning Service for Germany (Funkaufklaerungsfuehrer 
Reich, abbreviated FAF) Col, Forster, head of the ZAF, filled 
this position also. ‘In this capacity he vas still under the 
Chi-Stelle for operational purposes, and acted as adviser to 
the Commanding General of Fighter Corps 1.7 
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Typical TRF 


detector can be regulated manually, and the 
automatic volume control circuit is in opera- 
tion. 

Altogether, then, three methods of volume 
control are used: manual gain control on one 
position of the switch, and both manual 
volume control and automatic volume control 
on the other. 


The power supply uses a full wave high 
vacuum rectifier tube, with a capacitor input 
pi-type filter. This type of filter develops a 
high DC voltage output (about 0.9 of the peak 
AC voltage), but has poor voltage regulation. 
However, the load current taken by the re- 
ceiver circuits is fairly constant. Thus, the 
power supply functions very efficiently. This 


27 


is the type of power supply used in the 
majority of AC receivers. 

TRF receivers have been widely replaced 
by superheterodyne receivers. The selectivity 
and response of the TRF are not uniform over 
the tuning range. Also, it is difficult to design 
TRF receivers for satisfactory operation at 
extremely high frequencies. However, the TRF 
continues to be useful, particularly in military 
communications, because it has one advantage 
over the superheterodyne—it does not use an 
oscillator in its circuit, while the superhetero- 
dyne does. Thus, the superheterodyne cannot 
be used where the enemy has direction finding 
equipment to detect a receiver’s location. 
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12. Section A-- Staffi Allocation and Employment-- 
This Section, which was closely connected with the office or 
the commanding officer, was divided into the following sub- 
sections: Operational Planning (plenning for monitoring 
operations an all fronts, preparation of Tables of Organi- 
zation and equipment and allocation of personnel to Signal 
intelligence units); Fersonnel (routine personne] matters 
for entire Signal Intelligence); War Diary (a writing of de- 
talled diary of the Signal Intelligence activities); Pro- 
curement (procurement of all special signal equipment for the 
Signal Intelligence Service); ‘ayd Research (examination and 
repair of captured equipment). 


13. Section B--Evaluation wWest--8° seetion B vas one 
oF the best operatio evaluation sections of the Chi-Stelle. 
Able personnel and intelligent administration permitted it 
to make significant contributions to German Air Force intel- 
iigence, Before the outbreak of the var, Section B vas able 
to provide a comprehensivé picture of RAF organization, loca~ 
tions, strengths, aircraft types, personnel and supply. 81 
Its move to the Western front after the conquest of France 
served to intensify its activities. 

The ataff of Section B consisted initially of civil ser- 
vice personnel who had performed the same type of work in 
peace-time, A large number of soldiers--mostly university 
men, or business men versed in languages-~-vere transferred 
to the section. As the civilians were drafted, despite their 
strenuous objections (since they usually received low ranks), 
distinctions between civilian and soldier tended to disappear. 
The soldiers became acquainted with their vork and in many 
cases obtained better results than the civilians. 

The wise policies of limiting personnel changes, train- 
ing in signal intelligence and cutting down military duties 
oo an absolute minimum promoted enthusiastic vork. 


79tR 180 p 8 | | 


80tnis account is virtually a vord-for-vord repetition of the 
materials on Section B.| | ‘3e¢ TICOM, I 109 pp 26 - 33, 
the Air Ministry Report, IF 189, No 404 and Volume V. of the 
Seabourne Report, IF 180 pp 27 ~ 32 


8lir 180 pd 


82mnis vas in sharp distinction to almost every other unit 
of German alr Force Signal Intelligence Service. . 
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co At the end of 1942 some of the male clerks and statis- 

' ticlans vere replaced by vomen's auxiliaries (the Luftnach.. 
trichten Helferinnen), The concensus is that although "these 
female auxiliaries were better than the soldiers, in work as 
assistants, on the other hand, attempts to employ women on 
independent work in eggiuati on, apart from a few exceptions 
were not successful." 

a. Organigzation-- "There were tyvo diametrically opposed 
theories on the subject of the organization of the evaluation 
section. The first claimed that organization should be made 
to conform to the sources being covered; i.e. W/T evaluation, 
R/T activity evaluation, and D/F activity evaluation, and 
that all results should be dombined in a final evaluation, "64 
This plan, which vas not adopted for the Sections of the Chi- 
Stelle, was actually used in the evaluation companies iu the 
field, 

“The second theory, which vas proved superior for long- 
term evaluation in the West {and also in the South), favored 
an organization covering the setup of the enemy air force 
formations, 1.¢. RAF Bomber Command, ViIIIth U.S. Bomber Con- 
mand, AEAF, etc.” Accordingly, Section B consisted of the 
following sub-sections;: 


B-1----Immediate Evaluation, Reception, Distribution, 
a and routing of messages, 


B-2--+-RAF Bomber Command, Strategic Evaluation 
B-22---US. 8th Bomber Command, Strategic Evaluation 


B-3----Captured equipment, material and navigational 
evaluation 


B-4.---Fighter Formations (RAF and 8th A.F. Fighter 
Commands, AEA Fighters and Night Fighters). This 

unit was engaged in §pe evaluation of Tactical Air 

Force radio traffic.C’ 


B-5----Originally USAAF outside Europe, and later ferry 
and transport traffic. (This sub-section became in- 
dependent at the end of 1943, and is discussed belov as 
& separate Section). 


835 109 p 27; IF 189 No 40% p 2 
B4Ip 185 No 404 p'2 


SOntie organization of the evaluation companies of the Ist, 

2nd and 3rd Battalions of LN Regt 355 on the Russian front 

provides a good illustration of this type of organization. 
CO It is described later in this volume. 


8617 180 p 28 


29 


DOCID: 


CO 


oe 


3560829 


B-6~---RAF Coastal Command, Strategic evaluation. 
B-7~~--Master Index of Units and Locations. 
B-8--~-Combined Army and Air Foree, Traffic of the Air 


Support Parties and the tentacles; the 2nd Tactical Air 
Force, the U.S. 9th A.F., RAF Acc. 


In addition a liaison detachment was stationed at the 
Air Prisoner of War Transit Camp (Durchgangslager Luft, abbre- 
viated Dulag) at Oberursel. 

Relations were also maintained between the head of Sec- 
tion B anda liaison officer of Army Signal Intelligence 
Regiment 5 (KONA 5) and a liaison officer of German Alr Force 
Operations Staff I ¢ (Intelligence). 

bd. Operations~~ The chief tasks of Section B were the 
evaluation o enemy" transmissions, control of intercept, 
and evaluation of captured material, equipment and naviga- 
tional aids. 

(1) Evaluation: Section B, in fulfilling its task of 
providing a long-term evaluation for the West,had to collate, 
evaluate, and check the results of the intercept units in the 
West and North. These units were in the West, Signel Intel- 
ligeace Refziment west (later LN Regt 351) and LN Abt. 357 
after its withdraval from LN Regt 351; and in the North, 3rd 
Battalion of LN Regt 5 (later LN Abt 355). 

Section B based its evaluation judgments partly on the 
worked-out results of the Evaluation and Intercept companies 
and partly on the original operators! logs (day reports), 
especially for R/T traffic. 

The princip:. materials at its disposal were: 


"1. he daily radio situation reports of the in- 
tercept or evaluation companies, which vere mostly sent 
in by teletype, but sometimes also by radio or by courier, 


"2, The detailed composite reports of the inter~ 
cept companies {appearing monthly), or the previously 
evaluated reports produced monthly by the Evaluation 
Companies. 


"3. Sometimes, especially for R/T evaluation, the 
original intercepts of the operatora (day reports). 


"k Other sources of information: P/W's state- 
ments, captured material, press and wireless (especially 
BBC) etc. These sources served to supplement or elu- 
cidate the section's own findings. Great care vas taken 
im see that no Sigint information vas mixed in with this. 
if recourse was had to other sources, these had to be 
named, "OT mR a 
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The following description of function sppeara: 


"With the division of labor largely clarified, the spe-~ 
cialista of section B had cnly to keep up to date and to 
clear up in cooperation with the Dulag and the relevant in- 
tercept unit any changes vhich occurred. 


If there appeared any new fields (e.g. appearance of 
the USAAF in Great Britdin, setting up of 2nd TAF etc.) it 
waa the task of Section B to encourage its ddvancement by 
using the best evaluators and to keep giving encouragement 
to the sigint wnits. 


"In this connection, it proved advantageous not to have 
the personnel subordinated to LN. Regt West and thus to Luft- 
flotte 3. In this vay it was possibile to announce all findings, 
and also to raise any necessary complaints, without regard for 
rank or appointment. On the other hand much duplication of 
work was caused by this peculiar position of Section B, and 
fer this reason many people held the view, personnel of Sec- 

tion B included, that the best sclution would be to incor- 
porate the Section in the Regimental evaluation section 
(25/351). Quite a satisfactory solution of these questions 
was reached by their being later brought together in the same 
area at Limburg.” 


{2) Control of intercept. "One of the most important 
functions of Section B was the control of listening activi- 
ties. It was the Signal Intelligence agency's practice for 
Evaluation to assign missions, and this was true of all the 
echelons of command. At the lover levels, the Evaluation 
Companies assigned missiona to the intercept stations, The 
various Referate, in turn, controlled the intercept in their 
respective sectors, In such case "the necessary instructions 
were not issued directly by the Referat to the Compant 6s but 
via the higher formation, for example, LN Regt West." 

“ Such supervision vas necessary since all the intercept 
Stations tried to cover the frequencies which produced the 
greatest number of messages and therefore offered, at least 
superficially, the opportunity to preduce the best results, 

Section B had fo see that not only the most productive 
frequencies but all frequencies important for obtaining a 
complete picture vere monitored. In some instances pressure 
had to be put on intercept companies to keep them monitoring 
the many ground netvorks of the RAF and the USAAF because 
these frequencies were not productive of the sort of in- 
mediate action intelligence which it pleased the companies 
to pass to the flying units. Wone ‘he less monitoring of 
these networks was demanded because they clearly showed the 
order of battle. 


88, 169 p 2g 
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When a new line of traffic appeared, the intercept units 
often tried to keep to their accustomed monitoring program 
and to pass off new tasks to other intercept units. In these 
cases Section B always had to control interception accord 
to the exigencies of the situation and often do the evaluation 
itself at first, and then paas it on to the evaluation conm-. 
pany. 

As will be seen in a later chapter the German theory of 
signal intelligence, which placed the prime emphasis on evalu- 
ation of "all enemy signals" and therefore imposed the exer- 
cise of intercept control in the evaluation sections, resuit- 
ed in difficulties for the cryptanalysts, 

(3) Evaluation of captured material, equipment and navi- 
gational aids (Section B-3). . 

All the sub-aections of Section 8, with the exception of 
B-3, were engaged in long term 6valuation. 8-3 vas organized 
to evaluate captured documents and material, including navi- 
gational aids, obteined from aircraft shot down. The in- 
creased Allied aircraft losses up to the period of the de- 
cline of the German air defense produced more and more of | 
this captured material for signal intelligence, 


The following were the main tasks of B-2: 
CO "a. Clarification of Allied navigational aids through 
. the evaluation of captured docunents and equipment; 
"»), Directing the monitoring of the radar intercept. 
stations; ; 


"so, Instruction of the intercept stations of the 
Signal Intelligence Service regarding information ob- 
tained from captured documents (frequencies, call-signs, 
codes, etc.); 


"d, Examination of captured radio and navigational 
equipment, and informing slengs intelligence units of the 
results of this examination." 


Accordingly, this sub-section was especially interested 
in the following secret and confidential documents and apparatus: 


"l. XK- or Q- group lists, 

"2. Call-sign lists R/2 and w/t} 

"3. Prequency liats (chiefly wW/T 

"4, Bomber codes. ° 

"5, Airfield lists giving exact data on station 
call-signs and frequencies, position of airfields, radio- 
beacons, etc, (especially frequently found in aircraft 
of VIII Bomber Command shot down). 

‘oe "6. Note-books with important entries. 
"7? Lists of radio-beacons and other navigational 


aids. 
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"8, Descriptions of apparatuses. 
"9, Maps. 

"10. Radio and navigational sets. 
"11. Crystals from VHF-sets."9 


Aa it came in, captured mucterial vas farvarded by those 
salvaging it to Dulag Oberuwrich. If aircraft were shot down 
near Signal intelligence offices or stations, the officers 
and officials of the Signal Intelligence Service had the 
right to examine those things that interested them. In the 
Fall of 1944, this sub-section vas withdrawn from Section 
B and subordinated to the Radar Control Post (Funkleitsland) 
at Fotadam-Eiche .9¢ 

The evaluation of captured documents relating to navi- 
gational aids, and the examination of equipment such as air- 
borne aearch receivers, recognition devices and the naviga- 
tional aids,;vas intended to suggest new procedures, detsimine 
whether g navigational aid vould be useful to the German Air 
Force flying units, and whebher the Allies were uaing German 
transmitters as pavigational alds, Because these navigational 
devices usre continually monitored by the Germans, intense 
interest was gispleyed in any of them that became available 
from capture. The results of research into these navigational 
aids were published approximately each month in the Navigation 
Reports and passed to all interested units. 


lip 183 p 30 
927F 183 p 30 


9? me folloving pieces of equipment were listed: Group Radio 
Beacons; "Splasher" beacons (cover name "Orchestersessei"); 
J-Beams (cover-name "Rodelbahn"), the locations, frequencies, 
and recognition signals of which were ail learned from cap- 
tured documents; Ciroular Beacons {including "SE" beacons, 
airfield beacons, "Sureka" beacons, etc.); Hyperbole Navi- 
‘Boomerang" procedure; "GH" procedure (cover 
name "Diskus"); Micro-H Systems (cover name "Schieuderball") ; 
He2S" or "Magic Box" (British airborne search radar; cover 
neme "Rotterdam", later "Laubfrosch", 2 cm. band); "H2X . 
("Mickey”, American airborne search radar; cover name "Meddo", 
em, band); IFF (airborne recognition devices: cover name 
Flamme"); ASV apparatus (cover name "Eule"); “Weapon” (night 
fighter search radar; cover name "Grille"); night fighter 


‘ yarning devices ("Monica"), and Infra-red recognition devices. 
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Another task of B-3, in collaboration with salvage de- 
tachments, especially those of the Luftgaus, vas to provide 
for the investigation of captured radio sets and crystals, 
Through many personel contacts with B-3, the salvage detach- 
ments vere convinced of the importance of their york and co- 
operated whole-heartedly with the Signal Intelligence, After 
every investigation of a shot-down Allied aircraft, the sal- 
vage units telstyped the most significant results to ths Sig- 
nal Intelligence Service. 


This type of report led to the following results: 

"1, Comparison with existing documents, to see if 
R/T traffic from the approaching or shot-down aircraft 
had been picked up. If possible the squadron number 
was established from the call-s3igns. Comparison with 
squadron recognition markings. 


"2. If the frequency-range of the formation in 
question was known, the gaps in that range sould be fil1l- 
ed in, An accurate knovledge of all frequency ranges is 
most important to long-term intelligence for setting up 
chains of subordination, 


"3. Whenever questions vere raised, Dulag Luft vas 
informed, all briefing being passed via the Referat B 
liaison detachment at Dulag to the interrogating officers 
at Oberursel." 


(4) Ldaison with PH Transit Camp (Duleg Luft}. The 
Liaison Detachment of Section B at the PW Transit Cemp (Dulag 
Luft) at Oberursel vas responsibie for providing close coopera- 
tion between Signal Intelligence Service and PW interrogation. 
PW interrogation resulted in valuable information, particular- 
ly upon the numerical designation of units, detal lg, concerning 
eneny equipment, and the changes in ememy tactics. It also 
expedited the evaluation of all captured material dealing 
with radio. Important findings such as new call-signs or fre- 
quencies were immediately reported by direct telephone line 
to Section B. The operations are described by Lt, Martin 
Ludvig in his article on §ieison between Dulag Luft and Sig- 
nals Intelligence Service as follows: 


"Signals Intelligence Service derived great bene- 
fits from the evaluation of captured material. All docu- 
ments salvaged from Allied aircraft which had been snot 
down, crashed, or made emergency landings, were passed 
on directly to Dulag Luft by the salvaging unit (usually 
an air base headquarters). As long as commmications 
within Germany remained relatively unimpatred (until the 
fall of 1944), captured material reached Dulag com- 
paratively quickly. There it was assorted according to 


94TF 183 .p 84 | 
95TF 183 pp 87 - 88 
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topic, and all documents pertaining to radio or radio 
navigation placed immediately at the disposal of the 
Signals Intelligence Service Liaison team. This team 
had on hand all lists of frequencies, call-signs, Q- 
groups, etc., and determined whether the captured docu- 
ments contained any new intelligence, such as the call- 
Signs and frequency of a newly occupied airfield. Any - 
such new discoveries were immediately telephoned to Re- 
ferat B. Later, the originals of all captured documents 
vere sent to Referat B for detailed examination.” 


¢. Reports.-- The most important units to which Section 
B had to report vere: 


German Air Force, Operations Staff Intelligence 
Chief Signel Officer, Army High Command . 
Naval High Command 

Army High Command 

Local Air Force 

Chi-Stelle Section C (for information of listening 
units in the South). _ 

(7) Interrogation Centre (Oberursel). 


NUT UO 


In many casds (the Commander in Chief West, Local Air 
Force Command) and the evaluation unit of Signal Intelligence 
Regiment 5 at St. Germain received reports from Section B. 

The folloving reports vere issued by Seotian B: 


Immediate reports (teletype or telephone) for im- 
portant new facts, entions to attack. , changes of 
location, etc, 


Radic Situation Reports, daily consolidated survey 
of the events of the preceding 24 hours. 

10-Day Reports, concise reports on the long-term 
intelligence Sy the last ten days. 


Monthly Consolidated Reports, detailed reportuith 
maps and diagrams, usualiy 50 to 60 typed pages in length. 

Special reports, ¢.g. ‘Army-Air Co-operation’, 
‘Control of British Nigh, Fighters’, etc. 


A chart of these routings shows the many headquarters 
serviced by the Section, (Chart 5-2) 


lk, Section B-5-- Allied Ferry and Transport Traffic--96 
.. .. In 1941 a section within Section BY! vas established to 
monitor America. This in turn, was digided into two sub- . 
sections. One analyzed traffic which vas concerned with the 


96the text for the discussions on Section B-5 is taken, with- 

out change, from Tech Sergeant Jering's discussion of the Chi- 
Stelle contained 4n volume 5 of the Seabourne Report - IF 180 

pp 42 - 3 po 


71 1p 180 pp 32 - 34 
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Avy std NaVai Air Forces ul the Jolisad States which were 
then being built up hastily. This traffic was monitered in- 
sofar as it could be heard by Signals Intelligence Service 
stations in Germany, France, and Norway. ‘This sub-section 
reached its peak at the turn of the year 1442-1443, when the 
fundamentally changed war situation dictated: a mors conser- 
vative use of radio receivers. The second sub<section worked 
on ferry service traffic on the North Atlantic route at first 
in connection with Atlantic reconnaissance treffle (Coastal 
Command}. The South Atlantic route, as well es Pen-American 
Airways traffic in South America, was taken care of until 
1g42 by Section C. When the coverage of traffic from the _ 
United States proper was reduced, the afore-mentioned sub- 
section of Section B took over the monitoring of this South 
Atlantic commitment from Section C. 

The American ferry service increased in importance, and 
in the Middle of 14543 this "American" section was taken away 
from Section B, Reinforced wlth certain specialist personnel 
from Section C it was installed in Munich/Uberhaching as a 
separate Section (B5), in which the analysis of all ferry 
traffic vas now combined. At the same time the large W/T 
intercept platoon located in Uberhaching, which administra... 
tively belonged to the Marstall battalion, took over the | 
monitoring of all ferry traffic with the exception of that: 
on the North Atlantic routes, which es previously, continued 
tu be covered by the 16th Company of LNR 5 in Angers, The 
new Section evaluated all traffic and had the following re- 
sponsibilities: 

“a) The monitoring of the United States proper, which 
although it only touched the surface, still furnished an in~ 
sight into the principal networks of the Army and Naval Air 
Forces, into training activity, air transport, defense zones, 
and the activation of new combat aviation units, 

"b) The monitoring of the Atlantic ferry service. The 
Middle and Central Atlantic routes were monitored by the W/T 
platoon in Oberhaching and by Luftwaffe Signals Intelligence 
Service outstations in Spain, which operated under the cover 
name of "Purchasing Agencies"; the North Atlantic route was 
monitored by the loth Co., LNR 3 and reports furnished to the 
section. . 

"“e) The monitoring of the American Air Transport Com- 
mand by the platoon in Uberhaching. 

"d) The monitoring of the RAF Transport Command, and 
of both American and RAF troop carrier commands, The greater 
part of this interception was also done in Oberhaching.” 

Airfield radio tower traffic (R/T on 6440 kes.) was in- 
tercepted in Madrid, Montpellier and at various Signals Intel- 
Ligence Service out-stations in the Balkans and italy. This 
traffic was evaluated by Section BS, with the aid of exten- 
sive files. 

The Section also had a small cryptanalytic team of its 
own, which deciphered intercepted messages on the spot. - 

Section B5 remained operational until the last weeks of 
the war, and vas thus in a position to cover the British air- 
porne landing at Bodholt. One week before the capture of 
Munich by the Americans its male personnel withdrew to the 
Alps, while its women auxiliaries were discharged. 
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15. Section C -- Evaluation South-- Section C has been 
described as the least capable of all the specialist units of 
the Chi-Stelle. Its commitment, the evaluation of Mediterranean 
traffic, was largely handled by the Air Signals Regiment in the 
South (LN Regt 352). Jering, apparently a chronically sour critic, 
opserves of Section C. “During its entire career Section C pro- 
duced not one special report; this in spite of the fact that 
activity in the South provided fertile material for such appreci- 
ations. ... The members of the Section buried themselves in the 
details of a highiy specialized daily routine without anyone in 
the Marstall becoming much acquainted with the real problems facing 
the Signals Intelligence Service battalions in the South... In 
general, as clumsiness, distrust, and dodging of responsibliity 
characterized the Chi-S5telle Command, so they marked the leader- 
ship of Section €. In order to keep its surplus of personnel 
occupied, ridiculous and unnecessary tasks, involving a labyrinth 
of pappr work, were invented. As a result, all feeling for : ; 
straight-forwardness and consclentiousness vas lost. The majority 
of members of the Section, in spite of years of service in the 
Chi-Stelle, had never even seen a Signals Intelligence Service 
cout-station. This reluctance to fave realities naturally veakened 
the influence of the Section. In consequence its opinion in organi 
zational matters carried but ilttle weight, and TOR the most part 
it vas limited to special problems of evaluation. 8 

a. Orgsnization--99 section C, similarly to Section B, was 
organized into sections which corresponded to Aliiled units or 
activities (MATAF, 15th USAAF and 205 Group RAF, long range recon- — 
naissance, radar reporting netvorks, transport and ferry service, 
and airfield radio tower treffic}). In addition, two other sections 
one devoted to press reports and prisoner of war intelligence, and 
the other to point-to-point netvorks, were especially successful. 
The tyvo sections, in close cooperation with theother sections 
dealing with air-to-ground traffic, and making use of all colliater 
intelligence, collaborated -in. producing and maintalning a detailed 
organizational picture of MAAF which the Luftwaffe A-2 used to 


The folloving "sub-sections" were attached to Section C: 

(1) Turkey 

Theee men revised and edited the material intercepted and 
evaluated by W-Leit Southeast, and prepared weekly and quarter- 
annual reports for the A-2. 

(2) Sveden and Free France 

Even the air forces of these countries vere monitored io - 
sketchy form by several cut-stations and they provided the “raison . 
dietre" of several evaluators. Here also, reports were prepared 
for the A-2, sometimes monthly, sometimes less frequently. After 
the German withdrawal from France this section vas united with 
Section B. 


98s 180 pp 34, 35, 36 
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TRF COMPONENTS 


SECTION REFERENCE 
NUMBER 


RF AMPLIFIER 


cl 
C2, 3, 4,5 


C6,7, 8,9 
C10, 11,12 
C13, 14, 15 
C16, 17, 18 


C19, 20, 21 
C22 


ul 
R1, 2 


R3 

R4 
R5,6,7 
R8,9, 10 
R11, 12,13 
R14 

sw2 


11 
12, 3,4 
vi, V2, V3 


DETECTOR 
C23 


C24 
R15 


v4 


AF AMPLIFIER 


POWER SUPPLY 


FUNCTION 


CAPACITOR FOR WAVETRAP 
4-GANG VARIABLE TUNING 


TRIMMERS 

CATHODE BIAS BYPASS 
SCREEN GRID BYPASS 
PLATE DECOUPLING FILTER 


GRID DECOUPLING FILTER 
AVC FILTER 


COIL FOR WAVETRAP 
MINIMUM CATHODE BIAS 
CATHODE BIAS 

MANUAL GAIN CONTROL 
SCREEN VOLTAGE DROPPING 
PLATE DECOUPLING FILTER 
GRID DECOUPLING FILTER 
AVC FILTER 


DETERMINE FORM OF 
VOLUME CONTROL 


ANTENNA TRANSFORMER 
INTERSTAGE COUPLING; TUNING 
RF AMPLIFICATION 


RF FILTER 
AF COUPLING 


LOAD RESISTOR; 
MANUAL VOLUME CONTROL 


TRIODE CONNECTED AS A 
DIODE: DETECTOR 


CATHODE BYPASS 


CATHODE BIAS 
GRID RETURN 


OUTPUT TRANSFORMER 
AUDIO AMPLIFIER 


FILTER CAPACITORS 
AUDIO FILTER CHOKE 


ON/OFF 
POWER TRANSFORMER 
FULL WAVE RECTIFIER 


28 


SIZE OF PART 


35 - 365 MMF 
(broadcast band) 


6K7 OR 6SK7 


250 MMF 
.02 MFD 
500 K 


655 


25 MFD 


200 OHMS 


500 K 


6F6 


8 TO 16 MFD 
20 HENRIES 
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(5) Section 0 2. ‘his 'sub-Section” vas created in 
1942, and was engaged in preparing a text-book on the radio 
and navigational procedures of the British, American and 
Russian Air Forces, This opus vas given vide distribution, 
and all the larger Signals Intelligence Service units vere 
given copies for the edification of Signals Intelligence 
Service personel, Current ouppiements kept the york up 
to date. In the middle of 19 the project was abandoned 
and the personnel transferred to Signals Intelligence Ser- 
vice out-stations. 

ion erations-- Each moraing the teletyped material 
which hag come in during the night from the two Signals 
intelligence Service battalions in Italy and the Balkans, 
from the company in Montpellier, the Signals Intelligence 
service stations in Spain, and later from-the ZAF, as well 
asp from those out-stations which vere authorized direct 
comunication vith the Section, vas assorted by the Chier 
of the Section and distributed to the appropriate sub-sec- 
tions. Assembling and checking these reporta with any data 
of their own, tha sub-sections, in the course of the fore- 
noon, prepared the daily report of the Section, After boing 
edited by tho evaluation officer, Jt formed the basis for 
the daily situation conference at vhich ell controversial 
points were discussed. It vas then mimeographed and axqund 
noon vas ready for distribution, One copy vas sent by cour- 
ier to the General Staff, the others were mailed to the ro- 
cipients. , 

The afternoon as a rule vas devoted to the atudy of 
incoming reports and a review of the log shoets sent in from 
the units in the field; maps vere prepared, and preliminary 
vork done on the monthly report, the distribution of which 
corresponded in principle to that of Section B's reports. 
Correspondence with the regiments and battalions vas taken 
care of, comments from the General Staff vere studied and 
those relevant vere passed on to the field units concerned. 


16. Section D -- Evaluation East--100 tn poace-time 
this Section evaluate r c reepted from Russia, 
Czechoslovakia, Poland and the Balkan States, and kept the 
General Staff briefed on air activity in these countriocs 
through curront reports. After the subjugation of these 
smaller countries, it concentrated entirely on the Soviet 
Union which had been considered of prime importance Prom the 
beginning, Oving to the different structure of the Signals 
Intelligence Service in the East, the frowth and development 
of this Section varied ossentially from that of Section B 
and C. Whereas in the West and South cryptanalysis had to 
be abandoned to a certain extent, and the main emphasis from 
the beginning of the war vas on traffic analysis and R/T evel- 
uation, in the East the majority of enciphered messages could 
be read, which placed Signals Intelligence Service work on 
this Front in a quite different aspect. A further funde- 
mental distinction vas thet in the West the enemy emerged 


100 niotea from If 180 pp 13 - 16 
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prectically each month vith a nev and revolutio Tra 

or radar technique, while the four years! struggle in the 
East brought relatively Pey technical innovdtions, To this 
vag added the fact that during the course of the var cach 

of the Russian air armies developed ita own particular rae 
dio procedure, the individual evaluation of which, of neces- 
sity, had to be left to the Signals Intelligence Service 
battalions located on the various sectors of the Front which 
were specialists of this subject. . 

Thus Section D, more than any other Section, had to 
limit itself to a complletory caresr., It began its activity 
in the Marstall, in the wake of German advances at the be- 
ginning of the campaign in the East (end of 31941} it moved _ 
to Niedersee in East Prussia. From here, in view of the | 
large-scale operations planned on the southern sector for 
the spring of 1942, it followed the General Staff to Zhito- 
mir, where it remained until May, 1943, ‘The Russian advance 
caused its retreat to Waraays uhere, at the beginning of 
1944 it set up a Meldekopf+“- yhich was incorporated Into 
the Signals Intelligence Service defense system of the ZAF, 
(Contral Air Raid Warning Unit). When, efter the break- 
through at Minsk, the Russians began to threaten Warsay, 
it moved again to Cottbus, south of Berlin. There, tovard 
the ond of 1944, it was merged with the regimental evalue- 
tion compeny of Signals Intelligence Service Regiment, East, 
which vas formed at about thet time, 

a. Or gation and Operations-- Only during the first 
tyo yoars o e var chion send its daily and for,- 
nightly reports directly to the General Steff. At the end 


_ of 1942 a Signals Intelligence SSrvice liaiugon team was es- 


teblished in the office of the A-2 to deal with signal in- 
telligence originating in the East. The reports of Section 
D vere almost unintelligible to a non-specialist, since 
they were crammed with technical date and terminology; hence 
they were edited and rewritten by this liaison team, Owing 
to the uncomplicated aspect of the vork, the Section con- 
prised only a few highly qualified men; in ali thero vore 
only ten mambers. A rather large cryptanalysis platoon — 
vas attached to the Section. At its height the platoon con- 
szeted of about ninety men, but its importance dyindled 
appreciably in the last yoars of the var. The reason for 
this vas that Russian cryptographic systems became ever 
more individual in character, and central treatment of them 
was found to bs impractical, 

There vas also attached to the Section a large inter- 
cept platoon which monitored the point-to-point netvorks 
of the Russian rear defense zones. A Signals Intelligence 
Bervice company in Rzeszov, later Namslav, vent material 
intercepted to the Section by teletype; it was deciphered 
by the cryptanalysis platoon and the intelligence therein 
incorporated into the daily report. The second main source 


101s Reporting Center", further deseribed in Chapter IV 
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of material for these reports were teletyoed summariss from 
the three Signals Intelligence Service battalions in the wast, 
From 1943 on, R/T traffic from xussian tactical aviation units 
increased in significance, even being important to final evalu- 
ation, During the latter years of the war it was particular- 
ly important on the northern sector where good land-line com- 
munication limited the use of W/T. 

"Meldekopf Warsaw" consisted of a team of about ten men, 
since Russian long-range bombers were active only at night, 
{ts personnel, radio operators and evaluators alike, was only 
occupied during the evening hours. If traffic was intercept- 
ed on any of the known bomber frequencies-it was reported im- 
mediately to the ZAF as an early warning. Neither the radio 
discipline nor navigational ability of the Russian bomber crews 
Was comparable to thet of Allied crews in the West, Therefore, 
as 4 pule, the Meldekopf was able to report ta the ZAF and to 
otner appropriate headquarters, the exact atrength, composi- 
tion, and probable target of en enemy bomber formation. This 
information was usually determined, at the lat Shs while the 
Russian bombers were crossing the front lines,+¥ 


- 7. Section & -- Cryptanalysis-~- The cryptanalytic Sec- 
Lion (Section 2) was Porned within the Chi-Stelle after the 
creation of the German Air Force Signal Intelligence Service 
in 1938. At the outbreak of the war there were only 15 to 18 
cryptanalysts. Fifty newly inducted enlisted man without the 
remotest training in cryptanalysis were then assigmed to Sec- 
tion E by the Chief Signal officer. The Section “expanded 
continuously, and toward the end of 1442 reached lta peak __ 
strength of appreximately 400 men.” The subsequent release 
ef physically-fit men to combat units and their replacement | 
by Women auxillaries "caused cryptanalysis to suffer many a 


set-back , "403 Nevertheless, {t 1s claimed that “even in January 


1945 the Section could boast of having broken, 35, Uvu messages 
in the West and 15,000 in the gZast,,, "20 

a, OQOrganization-- Section E was divided into two main 
units: iY. onion worked on Eastern systems, particularly 
Russia; and E-2 and E-3, which worked on Western systems, par- 


ticularly British and American. Sub-section E-6 was engaged 


in IBM vork. 

the decentralization of cryptanalytic vork, discussed: 
above+U5 was oceasioned by the necessity of placing low-grade 
solution as far front as possible and the failure of the Air 
Force eryptanalysts to solve such high grade systéms as 
SIGABA or the Russian one-time pads, ‘t is stated that "new 
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Gifficult cryptanalytic problems were first explored by Sec- | 
tion E in tne Marstail. Later if the deciphering procedure if 
wa3 estublished in detail, a team of cryptanalysts familiar. 
With the system, was sent to that Signals Intelligence Ser- = 
vice battalion or company where the greatest amount of tref- ‘ 
fic in that particular system was being intercepted. ‘Thus, 
eventually the personnel of Section E vas scattered all over 4 
Hurope. " Cryptanelys{s is discussed in more detail in Chap- || 
ter V of this volume ,4U6 


35, The Radar Control Post (Funkleitstand)-- The Ra~ 
dar intercept control post unkleitstand), although an in- 
dependent unit orlginaliy under the control of the Kadar Ser- 
vice, finally was placed under the undivided jurisdiction of 
Gen Nafug qil. In practice, "it was a Section for radar in- 
tercept"+4f and a tyye of Chi-Stelle for radar evaluation. 
The inter-relations between the Funkleitstand, Section Be3 
(navigational aid evaluation), end the Central Command Post 
for Air-Raid Warning (ZAF} are difficult to ascertain. It 
has been stated that “the whole manner in which the radar 
intercept problem was treated is indicative of the confusion, 
bDuuiptiousness and lack of coordinetion which prevailed in 
aii nigner headquarters in Germany during the last two years 
of the war." 

Friedrich stated that from pure traffic analysis of 
British radar service, the German radar monitoring service 


‘Was enabled to ascertain or to establish: 


"1. The mode of operation of ground sets. In cooper- 
ation with the listening service, it wes possible to 
ascertain the areas in which interception by (or of) 
the enemy was not possible. 


"2, Clarification of navigational aids to the extent 
that the Englisn control systems became known (advance 
warning) . 


"3. Data for our own jamming service and technical 
hints for our own development of similar sets. 


"h, Carrying out of route-tracking of formations An, oy 
the air; in most cases from iake-off until landing." Up 


Tne German Air Force Signals Intelligence Service early 
realized the potentialities of radar intercept evaluation 
and created radar intercept centers (Funkbefehlsstaende) at 
the individual field Signals Intelligence Service battalions, 
which "were intended to perform locally the same functLons 
as the Radar Control Center {Funkleitstand) at rotsdam,"4++¥ 
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In 1444 the radar intercept centers were Incorporated into ' 
the evaluation companles of their respective Signals Intel- 
Ligence Service battalions, and radar intercept flash megs- 
ages were sent directly to the reporting centers (Meldeképfe},° 
which were ayvencies collating all types of signal intelli- 
gence data relating to impending air-raids. 
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Voluine 5 
Chapter Iv. Organization and Operation of the Field Units 


Section A, QGperations in the West 


; Paragraph 
Onzenizaiion of Fleld Units in the West........ weoerereeee LI 
intercept Missions of Field Units in the West........... 20 
Bistritvution of Reports by Field Units in the West...... 21 
Signal Communication of Field Units in the West........, 22 
Strategic Evaluation by Field Units In the West......... 23 
Tactical Evaluation ty Field Units in the West........ .. 2h 


Air Signel Regiment 351, was the result of four years of 
contirugus...geration against Briteir and eventu@ily, the 


- "Oo ad =, < . 
Western Allie 2 T9erecrgani zation 
too 


Ey the time the, November 
place, its activities had hecome mainly centered upon 

the tactical evaluation of Allied bombing operations. As 

& result cf thia emphasis, tvo "independent" battalions, 

Air Signals Battalion 356 (concerned with radar intercept in 
the Rexch) end Air Stenals Battalion 357 (concerned with 
intercept and evalvetion of Alliea bomber comnsunications) 

Were organizad. ‘to some degree, these two battalions were 
created from units whieh nad been part of Air Signals Regiment 
Weat from which Air Signals Regiment 351 had been sariier 
jerived. : : 

Air Signals Regiment 351, also derived originally frou 


- Aly Signals Regiment West, was organized into three battalions 


eacn of which had four to Pive companies. The first battalion 
{T/LN Feet 351) contained the regimental Evaluation company 
25th Co LU Regt 251), the comaunications company (26th Co 
Regt 351) and two other service ccmpanies, the tactical 
reconneliesance company {2 Co Regt 351) and the signal reoair 
company (2nd Go Hegt 451). The second battalion {1II/LN Regt 
451) had a VHF [very high frequency, i.e. radio teleshone} 
interveot and U/F company (7th Co Regt 551), which onerated 
apainst the Tactical Air Force Fighter Comsend; two HF (high 
Frequency, i.e., usual Morse channels) invercept companies 
{Stn and Oth Cos, Regt 551),which operated sgainst the French 
Alr Forse aud the ist J. 8. Tactical Air Force; end @ radar 
inkercest cormany (10th Co, Regt 351). 
The third batbalion (III/LN Regt 351) had three HF 
interest sompanies (12th, 13th, and 15th Cos Regt 351) whic 
operated respectively against Allied transport units,: 
Tactical Air Force and naval air raid warni service; a VHF 


(Very High Frequency) E/f intercept company (14th Co Regt 351), 


which overated against the Tactical Air Force Fighter Command; 
and a rader interce ot company (16th Coe Regt 351). 
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' 2U. Intercept Missions of Field Units-+ Intercept mis- 
sions were assigned In the West by Section B of the Signal 
Tnteliigence Agency, which made the assignments to the Regiment \\ 
(LN Regt 351) or to the evaluation company (originally W-Leit, ih 
later 25th Cc, LN Regt 351) .*+*Section B also directed search '; 
cover, including the employment of e search receivers and [i 
the identification of nev traffic.t Search missions were i 
allocated by assigning specific portions of the frequency spec~ |: 
trum to differcnt sets. Am cperatcr with records of known 7 
and identified traffic could determine immediately whether { 
traffic he intercepted was known. New traffic also eppeared 
directly on or near frequencies regularly coveredhy the inter- 
cept comuanies, Whether picked up on search, or on fixed assign- 
ments, the newly discovered traffic was re-examined by the 
evaluation aections, identified, where possible, and put on fur- 
ther cover, where unidentified. Further monttoring digglosed 
vhether lt was practice or bona fide tactical traffic .++/ 


c@pt atations by intercept platoons; at the battalions and 
regiment by evaluetion companies; and finaliy, at the Chi-Stelle 
level by Section B, which worked vith the field units. The 
intercept companies issued daily radio situation reports, which 


"were transmitted to interested headquarters (including Section B) 


Gither by teletype, radio, or courier. kLvery month a detailed 
composite veport was made by the Intercept comppyies, and an 
evalvation report by the Evaluation companies, 

According to Jering, 

"Kach SIS station and SIS company analyzed its allotted 
waterial vith much flourish... Two reports went dally to 
the W-Leitstelle (the regimental evaluation unit) and to 
the pevctinent Referat. The daily logs were sent by courler 
to the W-Leltstelle and to the Referat concerned, and there 
exanined and evaluated, In spite of this duplication of 
work, the individual companies were allowed to operate 
independently, their indepandence varying with, ghe ability 
of the cempany commander and the evaluators.” 


Lilie 183 p 28 
1123p 183 p 60 
1151F 185 p 61 
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The develoowent of tactical evaluation resulted in 
the routang of rebdorts directly from the intercevt stations 
and the interrest companies to the oberational headquarters 
concerned. 1160 he gaily and wonthly reports were then 
divided into "tactical and technical sections. The tactical 
z2neluded 4 gdeserisction of enemy air activity from the Signal 
intelligence voint of view, while the technical part was a 
systematic compilation and identification of all intercepted 
traffic. "117 

The distribution of a typical resort gives sotle clue to 
the recipients of the Intelligence produced in the West. For 
inatance, & peport made by Evaluation Company 14/LN Regt 3, 
dated 20 Anril 1944, discussing "American Fighter and Fighter- 
Somber Fomiations in England," covering the period frou -13 
April has & cover sheet reading as follows: 


"Distribution 


ae ee 


I/GAP Listening Regt, West..... weet ee eee cent ee ee eees 1 
I/{iivaiuation Go) GAF Listening Rat. West eect e ante ees . 3 
5/{'Fimkempfangs! Co.) sees see eee 2 
3/{Interceation Co) " " Meee e ween eee 1 
3/ " " Mace teens wee 
Si R Ww 't tt " . See eee 2 
oO Listening Liatsan officer, Luftfiotte 3, le for. 
; attn Lt. Neser,......-24.. 1 
am " " JK.II for atten Oblt. 
4, Nieden......ceeeeascae wL 
" " " Jd. 4 for atten 
Feld. Roeckerath.......... 1 
" " " Jd. 5 for atten 
Lt. Schwietzke........06.- 1 
" " ” Jafue 4 for atten 
Lt. Rosechger..........0-6:5 1 
* " " Jafue 5 for atten 
Ob1t Gruendi.....-...00.es 1 
" " " Jafue Brittany for 
atten Feldw. Zieuer....... 1 
W4a/ Evaluation Co. } GAF Listening Ret 3 
3 cooles for VHF Platoon (mobile)).......-....00-- vi 
Ceuy for inforsation to Main Crypt. Office, 
CAF Sec. Bi. ewe we ee te ee tee a 25" 
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In the Final stages of the Signal Intelligence 
Overation iy the West, when tactical evaluation was all 
importsny, seoortsa were pouted by the various intercept and 
evyalvation gomoeaniea to the Reporting Centers (Meldekopfe). 
These centers were the collating agencies for tactical 
intelligence concerning alr ralds, and functioned as Instruments 
of liaison hetween Signal Intelligence Service and the Combat 
units. (They are described more fully in Paragraph 6, of 
tris Cheoter.) The units of the LE Hegt 551 routed their 
reports te Eenorting Center @, the consanies of LN Abt 357 
(Bomber Interceot) routed theirs to Renorting Center 1, and 
the cormoanies of LY Abt 356 (Radar Intercent} fed Reporting 
Center %. In turn the Revorting Centers brcadcast their 
evaluation and yvarning sunmaries to the Central Air Naid 
Warring Unit (the JAP) and to vavious Army, Navy, end Air 
Force ooeratioual Commands. 


22. Signal Communications of Field Units in the West-- 
In the middle of I¢lO the wire channel system was in general 
as follows: Telephone or teletype lines connected each Signal 
intelligence Service company and station with the Regimental 
Bvaluation Company (W-Leit), and in turn linked the latter 
unit with the nertinent Chi-Stelie Section, the local Air 
¥orce (Luftflotte) headquarters, and the neighboring evaluation 
companies. Telephone or teletyre lines also connected the 
Signal Intelligence companies and the Regimental Evaluation 
Coubenies with the German Air Force exchanges. The various 
Signal Inteliigence companies and stations vere Linked to 
each other and to their outstations and D/F's by telephone. 

As Germany's position deteriorated the commumications 
systeun Wore enlarged to acconmodate the ever increasing flow 
or intelligence. In general, the communications channels 
between intercept station, D/F station, valuation Company, 
Cni-Steile Section, and Air Force cperational commands under- 
vent exsibinnous expansion. "fhe whole construction of the 
communications network was founded on the orincinple of passing 
on intarnested traffic as quickly as possible. A delay or 
more than two minutes could not be tolerated." 120 Major 
Ferdinand Felchtner's renort deseribes the exoansion of wire 
communications in the middle of 1942 as follows: 


L119 


In addition to the individual teletyne lines 
witad the companies, several telephone lines were 
avuillable, most of them running from the switch- 
boards of the evaluation Ggonpanies to the intercept 
companies. Likewise there were one or two lines 
to the SIS lisison officers as headquarters.... 
(and) various direct lines from the companies to 
the SiS-liaison officers, the puroose of which was 
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to achieve a minimum of delay.... This considerable 
expansion made necessary the building of large 
telepnone .centrals: 
Exchange “Pirate"------- Meldekopf 1 of the lst Battalion 
Exchenge “Breskwater"---Radar Intercept Center West of 
the 2nd Battalion 
‘xchange "Clairvoyant”"--Evaluation Company of the 4rd 
Battalion, and also the 
reginental exchange 
The regimental exchange finally comprised 5-7 FD 16's 
fswitchboards) vith about 150 trunk lines and 250-500 
local drops, 1 
In addition te the normal telenohone centrals, in the case 
of the 8th Coupany and the 5th Company, D/F control 
coumunications had to be installed. The regimental 
teletype central had 6-8 lines to the Luftwaffe exchanges, 
in addition to lines to the companies and SIS-liaison 
officers, There were three teletyne-cipher machines for 
top secret messages; and 8-10 for secret communications. 
Altogether about 500-700 teletyve messages were handled 
daily.' 24 
The continued exvansion of the Signal Intelligence 
Service anc its oplentatlon in the direction of preserving 
the Relch from air raids led to the formation of a Signal ' 
Intelligence Battalion attached to the German Home Defense 
Air Force. This, plus the assignment of Signal Intelligence 
ligison officers to the components of Fighter Wing (Jagdkorps) 
I "made numerous circuits necessary, both within Germany, 
and from Germany to the occupied territories. These wire 
requirewents increased when the ZAF obtained an additional 
wire system. "ie 
Ha jos Feichtner describes an interesting practice made 
necessary by the intensified operations: 


“Tne extensive construction of D/F and radar 
intercept stations, both in Germany oroper and in 
goecupied territories, made it impossible for each 
of the Regiment's 176 out-stations and the 60 out- 
stations of the SI8-battalion Keich to have its 
own direct lines, For this reason the "Dante," or 
operational connection was introduced for the SI5. 
Upon use cf the code-word “Dante” any conversation 
taking place over normal Luftwaffe circuits would 
be termineted and the line used for passing tactical 
reoorts for she duration of an air raid or other 
engagement. 
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CHAPTER 


SUPERHETERODYNE RECEIVER 


The superheterodyne receiver is the type of 
receiver in most common use today. Almost all 
broadcast and communications receivers are 
now superheterodynes. Most receivers designed 
for high frequencies are superheterodynes. 

This chapter discusses the basic principles 
of superheterodyne operation and the types 
of circuits used. 


PRINCIPLES OF SUPERHETERODYNE 
OPERATION 


The superheterodyne receiver takes ad- 
vantage of two important facts of radio opera- 
tion. First, amplification of a radio signal at 
a low frequency can be more successful than 
amplification at a high frequency. Second, 
amplification of a signal by fixed tuned cir- 
cuits is more successful than amplification by 
variable tuned circuits. 

The superheterodyne converts all input 
frequencies to a single, fixed, lower frequency 
which is amplified by fixed tuned circuits. This 
process distinguishes the superheterodyne from 
other receivers in performance, for it provides 
outstanding sensitivity and selectivity over 
the whole tuning range. The superheterodyne 
is distinguished from other receivers in con- 
struction, as shown on page 30. 

Note the IF (intermediate frequency) am- 
plifier stage. It is this stage which employs the 
fixed tuned circuits. The fixed frequency which 
it amplifies is called the intermediate fre- 
quency, because it is lower than any input 
frequency within the receiver’s tuning range, 
but higher than audio frequencies. The re- 
ceiver shown in the block diagram is a broad- 
cast receiver with an IF of 455 kc. This fre- 


29 


quency is substantially lower than the lower 
limit of the broadcast band which is 550 kc. 

Note the local oscillator stage. The output 
frequency of this stage is combined with the 
output frequency of the RF amplifier stage to 
produce a new frequency — the intermediate 
frequency. This process is called heterodyn- 
ing. The frequencies on the block diagram 
show the frequencies at which various stages 
operate when the receiver is tuned to re- 
ceive a signal of 800 kc. Note that the os- 
cillator frequency is given in the block dia- 
gram as 1255 kc, and the RF amplifier fre- 
quency as 800 kc. This means that the oscil- 
lator operates at a frequency 455 kc above the 
RF amplifier frequency. 

The difference frequency, equal to the IF, 
appears in the output of the mixer. The 
oscillator frequency is heterodyned against the 
RF amplifier frequency in the mixer stage. 
The output of the mixer contains the oscillator 
frequency, the RF amplifier frequency, the 
sum of these two frequencies, and the differ- 
ence between these two frequencies. The fixed 
tuned circuits of the IF amplifier are tuned to 
455 ke. Therefore, they accept the difference 
frequency but reject the others. 

The heterodyning process is illustrated by 
the waveforms shown in the block diagram. 
The RF modulated wave intercepted by the 
antenna is shown at A. At B, the waveform 
shows the same modulated carrier after it has 
been amplified by the RF amplifier stage. At 
C, the waveform shows the output of the local 
oscillator. It is unmodulated. Its amplitude 
is considerably higher than the amplitude of 
the waveform put out by the RF amplifier. 
At D, the waveform represents the amplified 


DOCID: 3560829 


0 


_ i As for Radio Communications, Major Felchtner reports as 
follows: ee ‘~ . oe 
my "In the beginning of 1944 radio stations were set 
up. by the regiment at out-stations, command -poats’ and 
comyanies. Each company had: 
a) A D/F Control network, or a radio link with 

its out-stations; . 
bd. A radio link with its battalion; 
c} A radio link with the pertinent Meldekopf. 


ee 


The MeldektUpfe were included, either in -the D/F con- 
trol networks, or in the radio links between companies and 
cut~-stations. In this way it was provided that, in case 

“. of Jine trouble, all ‘tactical reports would reach the Mel- 
dekout as quisily as possible, and from there would be © 
broadcast as signal Intelligence flash reports to interested 
headcuarcters, The code used by the Meldekopf for these 
fiash peperts consisted of a code book of 1000 meanings. 

These enceded messages were reciphered with the appropriate 
¢lpher table and sent out on both long wave and short | 
‘oe Wave 25, 5-Figure groups. The cipher systems of Mexdekbpr 


2 were held by:the Army as fax down ap division. 


. 83. Strategic Evaluation by Field Units in the Vost-- 
In the deserYotion of actual operations it Is frequensly dit- 
ficult te distinguish clearly betycen strategic.and tactical 
evaluation, eas some overlapping was inevitable. Hovever, the 
-wWo tywea af evaluation may be differentiated in terms of their 
ebjectives, The objectives of strategic evaluation for the 
Air Force Signal Intelligence were to establish the order of 
battle for the opposing Air Forces, to determine the ordér of 
battie and intentions of the Ground Forces as revealed through 
Air Force Communications, and to predict long-range intentions 
or the oppoging Air Forces, . 

Each of these objectives was most carefully pursued, but 
the suceses Wag wost remarkable in the establishment, of the 
AlLiea Aly crdet of pattle. Through their thorough and highly . 
skilled traffic anelysis, the Germans obtained a continuous and 
highly accurate picture of the strength and disposition of: 

' the Allied Air Forces in Britain, in ‘the Mediterrenean, the 
Near Eest, and lester, on the Continent. Frequently, the re- 
construction wes precisé to the most minute detail, and call 
signs, frequencies and networks were in the vast majority of | 
eases absolutely accurate. . 


+ 
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A great imcunt of material is available in the TICOM 
Cy interrogaticns and in the Seabourne Report (especially 
‘ Volume VII) documented by charts and diagrams showing the 
reconstructed order of battle of the RAF and the USAAF. 
Exatioles of thesé are aniexed ‘td show the meticulously 
garstul work of the traffic analysts. (Charts 5-3, 5-4, 5-5, 
5-6 ‘ . . ; 

The establishment of the Ground Forces curder of battle 
through analysis of Allied air traffic was of course more 
difficult. In the Weet, Air Force traffic ordinarily did 
not reveal the ground force organization. However, after 
the Invasion, when the Air Force was acting in direct 
‘guoport of ground operations; sich information was disclosed 
of value Lo the Gormans. . . 

Ag for the prediction of long-range intentions of the 

_ opposing Al» Forces, indications of coming. events were 
fregiently derived from strategic evaluation. The extent 
to which German Air Force Signal Intelligence was able to 
‘forecast the Dieppe raid, and the Invasion etc., has already 
been ntbted &ttention in the first chanoter of this volume. 

The degree Lo which information vital to the defense of 
the Reich vas obtained through the Signal Intelligence 
activities in the West is illustrated by the following passage - 
from’an R/T report dated 4 April 1944 originated by the jth 
("Punkempfang ") Company, 5rd Battalion of Wireless I 
interceyt Regt West (later LN Regt 351): 


©). "Qperations on the part of the USAAF against 
' _ Reich territory, and operations against Western 
‘ cecupied territory. during the period under reviev,. 
- . ‘vere picked up again as from the first appearance 
of flying activity over. England. 


"Ry thorough observation of, for the wost oart, 
very strong: fighter protection, the direction of 
the attack may be ascertained, in spite cf the 
decsotive course.taken by the waves of bombers. 


"the change in call signs effected by the USAAF 
at the beginning of the month under review did not 
_Anterfere with intelligence, and even within 4 few 
days it was S0ossible to bring documents here: con- 
pletely up-to-date. 


"Tie D/F base line was again particularly efféctive. 
By endeavoring to follow all three bonber divisions - 
very closely, it was possible, in addition to incursion 
into Reich territory, likewise to D/F the diversionary 
attecks against the occupied territory at the same time. 

- It was, therefore, again possible to place the infor- 
mation available here at the disposal of the tactically 
important positions for the air defence of the heich, 

C) - up to three hours before the enemy formations crossed: 

the coast of the Continent." 125 
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24, Tactical Evaluation by Field Units in the West-- 
Tecticel cvaluation was far more important en strategic in 
the operations in the West, The primary purpose of tactical 
evalustion Was tq provide a prompt and efficient service warn- 


‘ing of Allied air-raid inoursions. The operational necessities 


of such 4 service, demanded alert interception of all possible 
signal menifestutions (signals, redar, beacons, noises and 
silences, Inter alla ), prompt and reliable evaluation, and , - 
immediate dissemination of the intelligence derived to the’ opere- 
‘ional units and the defense organizations concerned. 

The mags of available data regerding the organization and 
operations of this service and the resulta it achieved: shows 

the outstanding success of this undertaking. If Germany was 

not able to counteract the attacks it was not the fault of 
signal intelligence which gave the varnings. So efficient was 
the overation that it won the attention of the very highesh. 
commends, and Goering was proud of the listening service. 


120 pre Gerriens tell a atory, probably. apocryphal but nevertheless. 


significant, to this effect: 


Gosring at first deprecated the possibility of deriving 
air reid warnings from traffic. However, on the occasion of. 
ons ox the visits the Luftwaffe Chief-:made in the West, a 
mester-sargeant (who weare two stars as his insignia~--zwel = + 


t 


Sterne) pleaded with Goering to listen in himself: "Please, { 


2 


Revr Reichsmarschali, if you would have the kindness your- 
self to listen..." Goering listened for half an hour, was 
astonished at the amount of talking that went on. Thereupon 
Gcering turned to his officers and directed that the master- 
sergeant be promoted. However, there was no further enlisted 
rank he could recelve. When the officers told Goering that, . 
he said: “Make him a sergeant with three stars" ("Feldvwebel -. 
mit drel Sternen"). New tables of organization, pay scales, 

- allotments, etc., had to be devised to comply with the ” 

' Reichswsrschell's request. a . 
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At his interrogation 127, he stated that Capt. 
Rueckhoitn (who commanded LN Abt 357 and who was instrusental 
in activating the Meldekopf organization) passed "him situ- 
‘ation reports every evening at about O P.M. over 4 direct 
arivate tine....even in the middle of the night, if ooverations 
were On, he could ring up Rueckheim and obfain the very 
letest infermestion on the position; this enabled Goering to 
break in personally on the conduct of any operation at any 
time; for example, when his staff said that the raiders 
were going For Berlin, he might have more up to date intelli- 
gence Girect from Rueckheim and could say 'No, they are - 


Roing for Stettin. '"12 
1] - 


‘produce tachical intelligence came as the result of a 
successful prediction of a Wellington raid in Deceuber 1939.129 


Anti-aircraft (flak) units had been relying on "ground observer’ 


service of the old type (visual and acoustic). It sunple- 
Mented that service with its own troop units of ground 
observers, and later with its own radar, "150 

&. Organization:.-As a unified command for route-tracking 
ovppoass becaue necessary, @ new office was created, that of 
Chief of the Air Raid Warning Service for Germany (Funkaufklae- 
rungsfuehrer Reich, abbreviated FAF). He was put under the. 
Cri-Stelle for operational -purposes, and acted as advisor to 
Lhe Conmanding General of the.Fighter Corps (Jagdkorps), ' 
‘entrusted vith the defense of Germany. The duties of the FAF 
are described by Col. Forster: 


"a}) He was responsible for the tracking of the 
onowy's atrategic air forces. He was directly under 
the Chief Signel Officer of the Luftwaffe ({OKL, General 
Maztini.}, who gave his commands end orders through the 
Chi-Stelle (Col. Friedrich). In the matter of military 
decisions the Frunkaufklaerungsfuehrer Reich was sub- 
ors.inate to the Chief of the Signal Intelligence Service 
(Genefal Klemme). 


">} He was adviser to the Commanding General of 
Jazdkorps I, which was resvonsible for the Reich's - 
defense, His -sommind post (ZAF) was therefore near 

“the conmend post of Jagdkoros I. 


"G). He was responsible for the functioning of 
the Signal Intelligence Service in the West; and 


“d) He was responsible for the direction of the 
entire jamming service within the area of Germany.) 151 
127 5 143 
128 7 143 pp 15.16 
129 I 109 p |: 
130 col. Rorster, head of FAF, IF 181 p 60 ‘ 


1ST Tp 181 p 63 51 _ . 
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b. Zhe ZAF~- The central Reporting Center (Meidekope) 
for Germany was known as the Central Air Raid Warning Unit 
{Zentreler Gefechtsstand Fuer Funkausvertung, abbreviated 
"ZAF"}), It was located in Treuenbrietzen, near Berlin, 
and was the control and evaluation center for all tactical 
Warnings significant in the defense of the Relch, It con- 
trolled for purposes of tactical operations all the Reporting 
Centers on all the fronts, but was most important in the- 
Geriia:n defense against British and American strategic iong- 
range bombers, The ZAF was serviced by.excelloent signal 
communication from the field Reporting Centers. Circuits 
carrying tactical intelligence from the ZaAF led to radar 

sites, Signal Intelligence liaison officers at tactical - 
headquarters, field Reporting Centers and even out-stations, 238 

{1) Evaluation within Zar 

Evalustion within the ZAP meant primarily the tracking 
of enemy aircraft. All information from Signal Intelligence 
Wervice and ccllateral sources was plotted on special wall 
meps within the operations room, from which the minute-to- 
minute position of enemy bombers with their fighter cover 
sould be determined at a glance, If a raid were being 


_folloved in the west, ‘specialists on that area manned the 


cpsrations room. (See chart 5-7) Ordinarity, this specialist 
personnel vorked in the evaluation section vhich, though 
of key importance, was small, Its work Was mainly the col- 
lation of reyorts from the field, On the basis of these 

Lt issued a report on the air situation over Germany every 
tvelve hours. <A conference to brief all evaluators on the 
intentions and operations of the tactical units was held 
every evening at 1899 hours and vas usually attended by 
Col. Forster, FAF, 

The command post for the’ jamming of all allied trans- 
mitters vas Located in the ZAP, This arrangement avoided - 
the Pmaing of allied transmi t}grs that were currently progucin; 
intelijgence for the Germans. 

It must be emphasized that the ZAF did not reduce the: 
importance of other Signal Intelligence activities. The 
combatting of heavy bomber incursions was such an important 

vOblem the Germans were simply forced to centralize tactical 
warnings in.a special unit. 


- 


1323p 18. p71 
1331p 181 p 72 
S4tp 181 p75 


- 1353p 181 p 74 


5p 


DOCID: 


O 


~*~. 


3560829 


* 


{ - , 
c. Reporting Center (Neldekopf -- Reporting 
Center 1, ths Sidest and most Sees de of the tactical 
warning centers, operated against the Western allies,136 
Its oserating technique served as a model for the Reporting 
Centers om all fronts, and this center will be briefly 


described as it is enaracteristic of all the others. 


It was created originally in the summer of 1942 as a 
preparatory defense measure Ogainst the RAF, and was made 
uo of officers, evalvators, and W operators from Signal 
Intelligence units in the West.137 In its. final form ” 
Reporting Center 1 exercised local tactical operational 
eontrol of the Signal Intelligence units operating apainst 


-atrategic bombers based in Great Britain and later on the 


continent. This central was limited to tactical operations; 

and for administration the Signal Intelligence field units 

still were subordinated to local Signal Intelligence 

units. 135¢ ; 
The tactical nissiun of Reporting Center 1 may be summed 


up as, follows: . 
| . 


a. te give eccurate early warning of the raids by 


Qeavy bombers; 


bt. ty continuously tracking the heavy bombers, to present 
to Germain fighter unita a clear picture of the alr situation; 

c. to interpret the air situation in such & way as to - e 
prediet the streueth: and probable targets and tactics of 
allied bombers. 139 

In the Pinal year of the war, Reporting Center 1 at 
Usilige.isteadbt4O was part of the lst Company of the Signal 
Inteiligence fieid battalion, LN Abt-357. From this Bat- 
tation Reporting Center 1 received reports. It sent its 
Gyn reports to the Alr Force operational hebdquarters con- 
carned, andi to such naval units as Admiralty Deutsche 
Bucht, "2" Boat Command, Small Naval Forces Command and Naval 
D/F sectioh Deutsche Bucht. (See chart 5-8) 

The center developed into a War Room, with its own tele- 
phone exchange aud redio station. Current tactical information 
was instantly plotted, and immediate reports flashed to ZAF 
and tactical units in the area. (See chart 5-9)141 


136 IF 183 p 
137 oP 183 » 
139 IF 185 2 
140 


’ - ‘ 


1 
1 
5 
2 
9 
14 
t 9 
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Duving this Gime the end Company of LN Abt-257 was 
committed so monitoring RéF training units, the 4rd Company 
io the towber divisions of the Tighth USAAF, and the 4th 
Company oo KAP Bomber Command. The battalion was augmented 
Dy a radar jilitercept connany and a VHF R/T company as well 
as a D/P bese line covering Western Germany. 142 The stations 

/ i 
tn tne D/P base line were coordinated from the Reporting 
Center, 2 pace ssary measure if it was tao sunervise route 
tracking, Lt 

Tactical evaluation sections were created within each 
intcoree st company. These sections maintained close contact 
With the Mosse ouexvators and passed the slightest sign of a 
bonbar incursion back to the Reporting Center, 144 

d. Reporting Centers 2 and 3-- In the West there vere 
tug Othe? Ncvorting Centera in @dditien to tnat just dis- 
cugzed. Reporting Center 2 was part of the 25th Conpany lst 
Battalion of LE Rezt 351, and number 3 was part of the lst 
Company of Lt Abs 356. The oderations within these units 
vesemblod shise within Reporting Center 1, with overall co- 
ordination exercised by the 2AF, and it would serve little 
3uPpmase to detail activities within those units. Attention 
should be ealled, hovever, to the wide dissemination of 
reports made by Reporting Center 2. The reports sent by 
the various coumanies of the three battalions of LN Regt 351 
which were sent to Reporting Center 2 besides being braad- 
cast to the ZAF. vere radioed to the following units: 


ie 


Air Foree: Atlr Staff West 
14th, 15th, and 16th F 
fliegerdivisionen 
2, 20, 57, and 72 JG Vragauonne) : 
3ra and 4th Flak Korps. 


(These fighter and anti-aircraft units 
could take operational counter-measures 
to the ensuing raid) 


Army: Commander-in-Chief West 
Army Groups H, B, and D 
esth, 7th, and 19th Armies 
87th Army Coras (and five or six others) 
' Sth Panzer Army : . 
lith Panzer Division 
lst Parachute Army 


ee 
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Civilian Geuleiters of Wurzburg end Karlaruhe mo 

Defeuse: Alr. Warning Services of INNsbruck, Munich, — 
Nuernberg, Darmstadt, Halle . 
Navy "£" Boat Commander 


Reporting | Center 3,. which received reports from LN Regt 356 
{radar evaluation), reported to the Air Foroe operational 
2a) concerned with the defense of the Reich. (See chart 5- 
~ * .» LO 
in the final days of the war, the reports of the Reporting 
' Centers regulated life within Germany as far as air raid 
precautions were concerned. The complete charts which follow 
. picture in detail the routing and reciplents of the informa~ 
tion derived at the Reporting Centers. Technical Sergeant 
t ; Gerd Watkinson of Reporting Center 1 writes that "never, 
once & report hed been released to the effect that a night 
would be free of enemy aerial intrusion, did the personnel 
of the Me} gekopt need to blush for a mistake in its calcu- . 
lation." 


o 


oO” 


DOCID: 3560829 


erected at Breslau, Pilsnitz, Bromberg, Kobbelbude, and 


VOLUME 5 
Chepter IV Organization and Operations of the Field Units. 
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Results of the Operations of LN Regt 353......2025-2. 32 


25. Development and geoxraphical disposition of the 
ficid units-- The activation of LN Regt 555, the final signal - 
inteilltgence unit in the Best, was the last step in an evolu- 
tion that had its beginning in 19356. v 

In.1436, a fixed Radio Intercept Stetion was erected. in 
Glindow, near Berlin. In 1437-1958, five more atations were - 


Hirschstaetten near Vienna. These field units were respon- 
sible for preliminary analysis and evaluation of. Russian Air 
Fores traffic, the final evaluation being done by the Chi-~ 
Siehle. The Chi-Stelle hud operational control of the: out- ~ 
stuttons though administratively these were subordinated to 
the Signal Regiments of the Air Forces in whose area they 
operated, Stations at Hirechstaetten and Breslau were as~ 
signed to LW Regt 4, the rest to LN Regt 1. Signal Intelli- | 
geace personnel considered this a bad arrangement as they 
wore bound to tvo masters, and were constantly. involved in 
jucisdictional disputes. _ ; 

The monitoring of Russian radio traffie was extensive 
and somplicated. -Not only did each Russian Air Army have its 
own signal procedures and cryptographic systems, but the 
mechod used in, the assignment of call signs and frequencies = 

ocame ever more complex. ‘This situation, added to the fact 
nat tha Air Forces resented. the extra channel represented 
by the Chi-Stelle and were eager to obtain intelligence 
ipectLy from the operating units, led to a reorganization 
in the summer of 2938. This reorganization saw the formation 
of collecting end evaluation agencles known as Wetter-Leitstel ~ 
len (W-Leit), whose function was to issue interim reports to. 


15° 186 pp 2-5 
: 56 
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the local Air Forces and to expedite the flow of material, 
to the Ghl-Stelle. CGryptanalytic and evaluation personnel 
Were drawn wainly from the fixed Radio Intercept stations and 
to & lesser degree from Chi-Stelle. A further step in 
orgenization was taken during the summer of 1939 when these 
collecting and evaluation centers (W-Leit) end the fixed and 
wobile Radio Interecent companies were formed administratively 
nto Battalicas. Each of these battalions was the third 
battalion in its respective Air Force Signal Regiment. Former- 
ly the Signal Regiments had not de@lt with intelligence 
matters, : 

At the outbreak of war with Poland, Section D of the Chi- 
Stelle exercited operational contro] over two grougs of units 
administratively organized under two Air Signal Regiments. 
Under 3rd Battalion LN Regt 1, W-Leit-1i in Bernau controlled 
operationaliy the Signal Intelligence stations at Kobbelbude 
and Hromberg. {Later moved to Pilsnitz) Under the 3rd 
Battalion LN Regt 4, W-Leit-4 in Vienna controlled the \fixed 


' Radio. Intercept stations at Breslau, Premstaetten (latter at 


Hirschstaetten) and Budapest plus the 10th Company, LN 
Regt 4. i512 

The years 1940 through 1942 saw wodifications in th 
organization of Signal Intelligence units concerned with? 
Russian traffic. There was of course & general shift in geo- 
graphical disposition tovards the Hast and accompanying changes 
of adinninistrative control. The organization in the East 
yewmained fairly stable through 1945, but in 1944 an important 
reorganizetion of German Air Force Signal Intelligence units 
wes effected. This took place in November of that year and 
consisted chiefly in the activétion of LN Regt 353 to en- 
conpass all Pignal Intelligence activities on the Eastern 
Front. The division of onerational and administrative control 
was maintained. Section D of the Chi~Stelle still exercised 
coerational control throughout the structure, while the Chief 
Signal o¢ficer was administrative head through General Klemte, 
a purely aduinistrative officer. At this time also, a Signal 
Intelligence regimental headquarters, with the 25th Co 
feyaluation}, and the 12th Co (intercept) was activated in 
Cottbus, The balance of LNR-353 included three battalions 4s 
Follows :152 | 


"as, Isc Bn, LY Regt 353 (formerly 3rd Bn LN Regt 1) 
of four companies in Hast Prussia. 

"p>, 2nd Bn, LN Regt 355 (Signel Intelligence Bn 
€ast) of five companies in Poland. 

-"g, 3rd Bn, LN Regt 353 (3rd Bn LN Regt 4) of five 
convanies in Austria. 


151 i; 156 p25 
152 IP 146 n 68 
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Typical Superheterodyne 


difference frequency. Note that it bears the 
same modulation pattern as the RF carrier. 
At E, the waveform represents the detected 
audio frequency. At F, the waveform repre- 
sents the amplified audio frequency. 

Of course, the superheterodyne receiver is 
not confined to an input frequency of 800 kc. 
The RF amplifier tuned circuit is variable and 
can select any frequency in the broadcast 
band. The tuned circuit of the oscillator is also 
variable. It is ganged with the RF amplifier 
tuned circuit so that it is always 455 kc above 
the frequency to which the RF amplifier is 
tuned. Thus, the difference frequency between 
oscillator frequency and the RF input fre- 
quency is always 455 ke. This arrangement 
for keeping frequencies separated by a fixed 
amount is called tracking. It means that the 
frequency presented to the IF amplifier is 
always the same, no matter what the RF in- 
put frequency may be. 

For low, broadcast, and medium frequen- 
cies, the oscillator usually tracks above the 
signal. For VHF and UHF, the oscillator 
usually tracks below the signal. 


There is one major disadvantage to super- 


30 


heterodyne operation. If a local oscillator 
frequency of 1255 ke can mix with an input 
frequency of 800 kc to produce a difference 
frequency of 455 kc, this same local oscillator 
frequency of 1255 kc can also mix with an 
input frequency of 1710 kc to produce a differ- 
ence frequency of 455 kc. Thus, the mixer 
section might present to the IF amplifier the 
signal from two different stations at the same 
time, both converted to the same IF. The IF 
amplifier would accept and amplify both at the 
same time. The demodulator would detect the 
signal of both at the same time. The intelli- 
gence of both would be present in the speaker 
at the same time. Such a mixture of signals 
would be confusing, if not unintelligible. 

The second signal which might interfere 
with the desired signal is called the image 
frequency. Image frequencies can best be pre- 
vented by selective tuning of the RF amplifier 
section. Highly selective RF amplifier tuned 
circuits, when tuned 455 kc below the oscil- 
lator frequency, will reject a frequency 455 
ke above the oscillator frequency. In other 
words, the RF stage tuned to a frequency of 
800 kc rejects the image frequency of 1710 kc. 
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‘was designed to exploit.Russian weaknesses as. Soviet erypto- 


+ _ have’ ‘been. discussed. ° 
{Abtellungen) and the organization of the four .or-.five. coupa- oot 


s3. 


os 


"ye, * 4 ; my 
As the caupaipn in the Rast degenerated for the; Germans; . 
‘the Regimental Headquarters and its two comanies - retreated, .... 4. 
| arriving in Dresden in February. 1945,.° Prom Dresden, the head-, 00 (50: 
quarters moved'on into the “Alpine Redoubt", where it was: ood 
joined by the 2nd. and brid Battalions in Wagrien. .A'70-man: 9-0 + +. 
platoon operated during ; the: move.’ The ist Battalion stayed. 


; i n the North, 


After Germany! 8 capitulation the: Regiment rioved via Zell bes 


‘_am See and Lake Chiem to the Luftwaffe concentration area in. +... 


Aachbach in southern Bavaria. All nérsonnel of the Head-. wots 


quarters, ita. compantes and me 2nd and 3rd. Battalfons: were. 


26, Operations within the Battaitons--The operations ope 2g 
LN Regt 553 In the wast. differed greatly from the ‘Operations res 
of its sister ‘units in the West. ' This difference Ifn-operating ~-"., 
technique reflected the capabilities of the. Soviet. Union.as' * " 


‘gompared with those of. ‘the Western Allies in the business of. Ee 


signal communication. ' German Air Force Signal Intelligence: 
graphic and radio: development. was ‘behind. that of Britain and ~ 
the’ United States..+ The Weatern Front was -the ‘sphere of. the 
trsfPic analyst, but the Eastern units emphasized ° ‘the -- eo tats 
eryptanslysis of Soviet ciphers. . - oon, 
The administrative'and geographic changes of LN Regt 35/5 "ee. 
An examination of the three battalions. =°°"4-. 


nies within each battalion follows. - 4 
he heart of the battalion was, the evaluation company ‘and os 
ts seven sections, In addition, the. battalion included an poet Tle. 
operat! ing and out- station company and two intercept companies. . : 
(See chart'5-11)° In order to élarify the operation of a unit 4 
&s complex.as the battalion, this discussion will "start with - 
the traffic" in the intercept comoany and out-station company 


and trace the course of the intercepted message until it Ty 
emerges from Evaluation as intelligence. | an 
a. Intercept Company-- Liaison between evaluation and ° tl 
intercept was very close. ~ Operationally, ‘the ‘intercept we BO 
company was subordinated to the T/A section of the evaluation == +f 
conpany. Tho T/A section assigned the missions and reserved .3. 6 * 
the rignt ox direction over the watch officers in the inter-' vot 
cept rec. . Uhe’ CO of: the intercept company was responsible: °.- +: 
for all intc.-cept of Morse traffic, which was, copied in the. rors 
ore or uss permanent installation of the. Battalion. 154 fog, 
As far as possible, each intercept operator specialized in aie 
 & particular cireult, ‘and learned the. peculiarities of its’ roti Ltda 
operators. . r . , - re 
TF 186 p14 , 3 os Peace 
15% Z 182. Pp 12 2 , : ; * - . 1 aos 7 7 : . - * - . ene: 
- ° oo : 7 4 ~ ror . ‘ y oy ~_. Jo an oo, . . anata, 
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A D/P eqntrol station was located in the intercept room 
to take tearings on unknown stations, while the D/P section 
of the evaluation company stood ready to perform inmediate 
plotting to assist intercept.155 


b. Onerating and Out-station Company-- The CO was 
resnonsible for the Battalions signal communication and 
for the teshnical operation of the out-stations and D/F 
Sites. Gut-stations were usually mainteined at fighter 
strios and were ressonsible for R/T intercept. Each R/T 
intercept onerator had direct conmmunication with the nearest 
D/F site and could switch over and have a fix taken. 

Telenhone and teletype circuits to higher headquarters, 
other battalions, and subordinate units were maintained 
where wire lines were possible. The comoany operated radio 
circuits to the out-stailons, D/F sites, other battalions, 
and higher headquarters. The Germans never reached the ideal 
situation of having land lines between all D/F and intergept 
units, and radio was extensively used for D/F control. 15 

¢. Kvaiuation Company-- The CO as head of 411 evaluation 
arranged 8 daily situation conference «ttended by the bat- 
talion comvander and the heads of the seven evaluation sections. 
The conference coordinated the work of the entire unit based 
on the requests of the local Air Force {Lufiflotte) and Wing 
(Fliegerkorps) serviced.l57 Evaluation was regional and only 
loosely aligned with, phe other battalions because of the large 
distances involved. + 

How the Gerians controlled the intercept units and pro- 
cessed the rav tereffie into intelligence can best be made 
elear by brief comments on each of the seven evalvating 
sections. 

(1) R/T {Radio Telephone } Evaluation--The R/T evaluation 
subsection Was the Final resting place for the R/T intercept 
sopied in the out-stations. The out-stations had already issued 
immediate intelligence to flying formations, but it was the 
function of R/T evaluation to extract order of battle in the 
form of pilots! names, Russian unit designations, map grid 
information and all the miscellaneous bits and pieces to be 
gleaned from R/T. 

On the technical side, the section worked out the relation- 
shio between frequency and call sign changes and checked this 
information with the traffic analysis subsection, as R/T-and 
Morse circuits were often superimposed. 


1551 182 p 13 
156, 182 » 9 
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C) (2) Long Range Bombers--This subsection was manned only 
when alerted by Soviet recce or weather aircreft or by the 


receiot of & Russian operational message. It was an integral 
part of the tactical warning system that will be described in 
the -vection on tactical operations against Soviet long range 
benberg.160 ' 

{3} TPreffic Analysis-- The treffic analysis subsection 
exercised operational control over the Horse intercept coupa- 
nies and assisted their operation by reconstructing Russian 
radiv networks, schedules and call signs. Tach evaluator 
specialized in 4@ particular Soviet air army. T/A passed a 
larre amount of order of battle of Russian air arinies to final 
evaluation. The section kept its own situation maps and 
records ghd phrough inference added to the overall intellizgence 
picture. +¥ 

i4) De (Direction Finding) Evaluation-- The results of 
the field D/F sites were recelved by the evaluation sub- 
section daily. The results in the form of station locaticns 
vere passed to the T/A section as an aid to T/A's reconstruction 
of Russian networks. Another function of the D/F Evaluation 
subsection should be noted here. In addition to 1lts other 
tasks, it evaluated the results of radar uonitoring dane by 
two radar monitoring unLts . (wie-Truppe ) attached to the lst 
Battalion of LN Regt 355.16¢ soviet use of radar was never 
extensive, though it was used in the Leningrad area, The 


Ct) fact that the radar sites in this area comaunicated by R/T 


mede it possible for German Signal Intelligence to warn German 
fighters thet they had been anprehenijed by Russian radar. 

(5) Cryptanalysis-- Incoming messages were regilatered 
and sorted according to whether or not they were currently 
readable, ‘Traffic in systems as yet unbroken was referred to 
&@ research party. The balance was immediately decoded and the 
results passed to final evsluation. . 

The importance of the cryptanalytic subsection is 
Lilustrated by the nunber of persons it contained. Twice as 
many peonle worked in the cryptanalytic section as were in 
the other combined six sections of the evaluation company. 
Roughly 35 per cent of Russian traffic was readable. This 
weakness {iu Soviet cloher retarded the develooment of more 
advanced 7/A methods in LN Regt 353. Evaluation received a 
wealth of message content material that made inference 
unnecessary. 103 
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(6) Westhe er Evaluation-~ Meteorological wessages went 
Civeatly Frau the wntercest operator to weather evaluation. 
fesults of sclved messages went directly to flying its and 


te the weauher oenter at the. Air Force High Command. 


47) Pinel Evaluation-- The discussion of Final Syaluation . 
hes been BLraosely placed at the end of the preak-down of the © 


evaluation oomaoany 4g it was here that all the battalion's 
functions vere brought together. Decoded messages from the 
evystanalytie geation were translated. Formations, naues 
ef agopie and units and their location and all other 0 B. 
Tavarial vere card indexed and coordinated with the results 
of '/A anh R/P evaluation. Items of immediate importance 
were dispaizhed immediately, and a daily repont to the local 
Aisa sorce and the Wing was rendered that dealt with new 
crder of trttle, construction of new air Pields, strength 
returns, fvel subplies, and new operational targets. 1 

The daily report to these two units folloved roughly 42 
5- peragpraph estinaete of the situation as follows: 


fa) Few imfuraation on order of pattle, airfield 
Lucation, suoply dump activity and FR activity. 
hie section was teletysed in advance. . 

ib} Gensideration of the air armies as to flying 
and pround units. 

{c} Ordar-of battle of the long-range bomber 
rornationg. 

$3) Review of Bla@ck Sea or Baltic coastal units. 
Rstimate of Russian home defense formations. 


Secii.-monthly revorts followed the same form, but were ”. 
much more detailed. Distribution was made to Air Force 
High Command, the Signal Intelligence Agency, Army Signal 
Intelligence , Air Force, Wing, and to subordinate units with- 
in LNR-355. 166 . 


27. The‘ deol. vent of the Battalions-- LN Regt 355 was 


me etn = em 


. an Air Force “Wnil, but {ts activities Were often of tre- 


mrendcus heis to the German Arnoy. ‘The Russians attached one 


@lp army to each army groun in line with their conception of 
“the use of air force. 1 
army froupr vere compromised by.German signal intelligence 


7 Strategic moves of the Russian 


activities ageinst the accompanylng air armies. The ground 
unite would move up under radio silence, but it is extremely 
Giffrovlt to meve atreraft without using transwitters, hence 
the radio activities of the aircraft would betray them. 
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. The folloving order of battle will show how LN Regt 353 - 
was deployed against the Russians: 


&@. let Battalion Northern Section in East Prussia 
mori tcred: 
paint Rod Banner Fleet 
5th Air .Army (2nd Baltic Front) 
ri Airy Army (lst Baltic Front) 
at. Air Army (3rd White Russian Front) 
hen Air Arny 
16th Air Army (lst White Russian Front 
13° sh Air Army (2nd White Russian Front : 
Lith Air Arwy {2nd White Russian Front ‘ 
oOo. &nd Battalion Central sector in Poland monitored: ~- 
2nd Ale Army (let Ukranian Front) 
if All Russian radio beacons : 
-t. Sra -Battalion, southern sector in Austria: 
Sth Air Aray 
17th Air Army 
1 5th Air Arny 
fhussian Command networks 
icth Air Army (long range bombers} 


The Gerivans were quick to improvise on all fronts. For 

instance, when the ist Battalion found that the Russian lst, 

0) ard, and 15th Air Armies and the Baltic Fleet Air Arm were 
usd ng a disoroportionate emount of T, its operations were a¢- 
juoted to capitelize on this fact. A detachment wat put 
aboard the cruiser "Prinx Eugen" to wonitor the Fleet Air 
Arn. Communication from the out-stations vas speeded up to 
imiediately exploit "hot" items The R/T in this sector 
often uncovered armoured and trceop concentrations. 


; 28. Strategie Results of IN Regt 353-- LN Regt 353 was 
a highiy Se Stainl inteliigence organization. 


Rugsian hbasckvardness in communication technique was, of course, 
& significant factor in this success. The Soviets used their 
radios exten very and they seemed to have difficulty con- — 
structing udequate wire’ lines. Furthermore, Russian R/T 
offered no great problem to the Germans as very little effort 
was made to disguise important information. As for Hussian_ 
erciohered Morse traffic, 4s has been seen eighty-five per 
cent of this was read 
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The neivorka os the flying formations, beth air/ground 
and ground/ground, were must ituwoortant for short tiue tactical 
imteiligvance, but the evaluation of this intercept did give 
sone important gtrategic order of battle information, 
esvyecially the deploywent of units and personnel. Simtlarly, 
though long-range bomber oireuits were atudied mainly for 
tactical infosmation, strategic moves and large air offensives 
were preiicted sometimes days in Advance. But networks of 
the #Povad organization of the Red Air Force were the most 
prolifle sources of strategic intelligence, and solution of 
thig traffic disclosed the deployment and intentions of the 
Red Air Torce, its logistic set up, the condition of air fields 
and sirepaft and provided a complete personality order of 
battle. +9 

Signal intelligence hed much influence over the way in 
whicn the Germans used their alr Porce. Because of the 
scarcity of fuel, the Plying cownends would not send up ylanes 
until intelligence gave them a target, g5 good intelligence 
cut out fuel. consuming routine patrols. o" In fact, the high- 
est strategic intelligence levels vere assisted by the in- 
sight into Russlan economic, porttsoads and morale conditians 
given to them by LN Regt 353.171 


29. Operations against Long-range Bomber Force-- The 
Rusyian Long-range Bomber Foree was :ndependent of the Air 
Armies. ?rior to 1945, it consisted of nine Corpa directly 
controlled by the staff at Moscow. Early in this year, how- 
ever, the force wag eorganzcs Ss the loth Air Army con- 
sisting of four corpys.1l72 Though a few four~-engine PE-3's 
anpeared 2t the end of the var as part of the Force, Soviet 
long-range bombers were strictly medium bombers by United 
States stanideras, consisting chiefly of IL-4's, Il-2's, 
B-25's, and A-20's. The liuth Air Army (the Long-Range 
Bomber Force) numbered about 1500 nlanes.173 

The cecurd of this long-range bomber force was not very 
impressive. Crews were poorly trained for large scale night 
operations, and the Soviets did net attempt daylight raids 
until just before Germany's collanse, when her resistance 
yas broken. In general, the Moscow Cormand used lts bomber 
force conservetively to oreserve aircraft and crews. Sixty 
Russian bombers needet one hour under favorable weather con- 
ditions to take off and assemble for an operation. Take-off 
was achcduled for late afternoon and the lines were crossed 
at night-fall. R/P and Horse traffic vas plentiful during 
teke-off, asuenbly, and during the bombing run. Moreover, 
poor Ruzgian navigation zepuited in numerous requests for 
bearings and D/F fixes. 17 
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LY Ret 3553's activities against the long-range bomber 
ferce vas regional in its organization. As the raiding air- 
eraft oaased from one battalion region to another it was ' 
picked up and wonltored until the mission was completed or 
until it passed into a ‘third battalion's zone. Within the 
battalion, the long-range evaluation section coordinated the 
activities of D/F sites, out-stations and Morse receivers 
at the verent unit. The,section was purvosely located in 
the s&icg rocu with the intercept operators at the battalion. . 
(See chart 5-12) 

Tho pevsonue] of the long-range bomber evaluation section 
WaS Slerted when advance warning of imsending bonber operations 
was receive, ‘This udvance warning could coue from crypt- 
andliysis or long-range bouwber ground traffic, from the inter~ 
ception of a pre-operational "winds-sloft" weather wessage, or 
when Soviet weather or reconnaissance planes vere sighted. 175 
Yaon boing alerted, the section warned all out-stations of 
the imvending Ensyiin. operation. The 20 or 25 known frequencies 
were ye@ssed out to all intercept units. As soon as activity 
was heard on a frecuency, D/P was informed and a fix taken. 76 

Soviet benbers were usually first heard upon take-off. 

R/T anil Movse air-ground traffie was plentiful on the Soviet 
side of the lines, which allowed D/F route tracking until 
radio silence was clamped down over German territory. The 
monitoring of ground ecntrol stations also helved in locating 
the bouwber forca, 

Within the battalion evaluation section, the current 
location of the waiders was plotted on an illuminated wap with- 


'. In sight of the intercept operators. Upon this man, all D 


resulta, reports from out-stations, and local. intercept vere 
plotte., There wos no dearth of information to be posted. 

The Sevicts gave cway their position at times through careless 
use of R/T. Their sir-ground Morse traffic was partially . 
reedable, and their D/F bearing activities furnished valuable 
data. The radar service was kept informed from minute to 
minute and as soon ag the Soviets shut down radio silence, 
radar wes in @ position to take over. 
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The Central Air haid Warning Unit, last located at 
Treuenbrietzen, received current resorts from each individual 
intercept unit on the eastern front. After evaluation, the 
information was flashed to the flying and flak units and to 
the Home Defense Air Force.17¢ 


50. Qnerations against the Air Armies-- The discussion 
of strategic Intelligence activities emphasized the battalion's. 
importance in the production of order of battle and other 
long-range intelligence. Very often the cryptanalysis and 
traffic analysis of the Morse traffic copied at the battalion 
accounted for immediate tactical warnings, but it vas in the 
cut-stations that the tactical R/R and D/F activities were 
carried on. 

The out-stations were co-located with fighter and re- 
connaissance squadrons and grounos, often in the same building 
as the aircraft reporting center of the headquarters of the 
Cormation they vere serving. The procurement of personnel 
for these out-stations with the intelligence and language 
ability to be good R/T intercejt operators was a serious 
oroblem, In spite of this difficulty, the Germans did very 
Well with those they hed. 179 

Ordinarily, fixed interceot schedules vere not observed. 
Search receivers were emoloyed and the tacticai networks 
Were scanned constantly. Oniy if the aircraft of the for- 
mation to which the out-station was attached took off ona 
mission, or eneny aircraft were heard in its sector, were 
narticular frequencies covered. As soon as hostile aircraft 
were heard, D/F was informed and constant route tracking 
began, and 43 soon as the Russian bombers or fighter boubers 
were accurately located, German fighters were airborne. ‘the 
results of German Radar served to amplify the findings of 
Signal Intelligence.1¢0 

The R/T networks of ground support liaison officers and 
even the R/f of armored units helped identify and locate 
targets for German fighter bombers. 
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51. ITmvediate Resorts issued by LN hegt 23-" 
immediate riaperts vere isaued whenever Ormation was 


received on which direct action might be taken by German’ 
forces. Tosy way be considered under three main sub jeat 


headings: 


a. Information on the activity of Long-range Bombers. 
fais included warnings that bombers nad taken off and D/F 
fixes ‘on the 4ircraft in flight. 

b. Information about railway activity, such 48 the 
arrival of trains with important freight at particular rail-. 
way stetions. - . é 

c. Requests for air support from liaison officers with 
the Red Army. , 


The most important recipient of these reports was the 
docal Air Force. There were two direct land-lines between 
the Battalion and local Air Force headquartera, which vere 
maintained througnout the many changes in location necessi-. 
tated br the fiuctuations in the land finding. Thus, it was: 
never necessary to fall back on stand-by radio channels. 
Immediete reports vere also passed to the regimental head- 
quarters, which in turn vas in close touch with the Air 
Force High Commind.and all the flying units.,lol © 


32 ResultsiSthe Operations of LN Regt 353-- The 


shief cont¥ibutionk acide by eg DS to tactical operations: 


on the Eastern Front was the constant supply of intelligence 
that mace possible the economic and efficient use of German 
&lreraft. With the shortage of aircraft capable of operating 
and with the shortage of fuel in particular, missions were - 
usually flowm by the formations in accordance with the 
decisions of the intercept service. Once German aircraft 
were airborne un 4 siission the ground control keot them = . 
constantly inforued of the intentions and disposition of. 
hussian fighters and bombers. : e: ts : 
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33. History from 1933 to August 1945-- The last Signal 
Intelligence Sante Gperating in 2 Aug southern sector, IN Regt 552, 
began in 31933 as a fixed station, W-leit 15, in Oberhaching. 
Thia unit monttored French and English traffic from Africa. 
Section C of the Chi-Stelle (France) exercised conglete control 
aver W-Lsit. 13. 

The wor in the Mediterranean was vell under way when 4 
more or less comprehensive Signal Intelligence Service was 
created in the South under Section C, which was moved from 
France back to the Marstall. “ Signal Intelligence South 
included 9th Co, LN Regt 40 at Athens, and Signal Intelligence 
platoon from W-135 at, Palermo, and @ fixed station, W-Leit 14, 
at Vougliamend near Athens. 105 : 
: During this early period, evaluation meant the deciphering | 
and translation of allied traffic, and each Signal Intelligence 
iumit did its own independent evaluation. The deciphered 
Messages were sent lwmedtately 1606 to Section C, other Signal 
Intelligence organizations, and flying units. - The A~-2 of the 
flying unit did the actual evaluation. 1d’ 

By the iwiddle of 1941, the RAF had been reinforced and to. 
offset the added -British atrength, local Air Force 2 was 
withdreyn from the eastern front and sent to Sicily. Within eg 
Air Force 2 were Wing 2 ee eperscor es II) in Messina, Wing 10 
(fliegerkorps X) In Heraklian, and the African Air Command. 

Fach Wing, or Fliegerkorps, had # Signal Intelligence sourany . 
and the Command had e platoon. W-lLeit 2, an evaluation company, 
was attached to the local Air’ Force and became the center of 
Signal Intelligence activity. within the local Air Force.1 
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SUPERHETERODYNE CAPABILITIES 


The superheterodyne receiver has more uni- 
form selectivity and sensitivity over its tuning 
range than the TRF, because most of its gain 
is obtained in fixed-tuned circuits. These low 
frequency fixed-tuned amplifiers are more 
easily designed for high gain and selectivity. 
While the selectivity of the IF stages de- 
termines the overall adjacent channel selec- 
tivity of the superheterodyne receiver, an RF 
preselector having sufficient selectivity to 
reject image frequencies must be added. Even 
so, the superheterodyne receiver requires 
fewer sections of a ganged capacitor, thereby 
reducing the tracking problem. For *these 
reasons the superheterodyne receiver has 
largely replaced the TRF. 


SUPERHETERODYNE PRESELECTOR 


The RF amplifier section of the superhetero- 
dyne receiver is called the preselector. The RF 
circuits of the preselector are essentially the 
same as the RF circuits of the TRF receiver. 
In the superheterodyne, however, the selec- 
tivity of the RF amplifier stages is more im- 
portant than the gain. It is the selectivity 
which prevents the appearance of image fre- 
quencies. 

One, two, or three RF amplifier stages may 
be used for the preselector section. Two is the 
usual number in a communications receiver. 
The selectivity graph shows the amount of 
selectivity afforded by a preselector section 
containing one and two RF amplifier stages. 
The vertical axis shows the relative input 
voltage required for a constant output. The 
horizontal axis shows the number of kilocycles 
off resonance. Notice that, with one RF 
amplifier, a signal 30 ke off resonance must 
have about nine times the voltage of a signal 
at resonance, to give the same response. With 
two RF stages, a signal 30 kc off resonance 
must be about eighty times as strong as a 
signal at resonance, to give the same response. 


FREQUENCY CONVERSION 


The heterodyning process that takes place 
in the superheterodyne receiver is called fre- 
quency conversion. The actual stage in which 


31 


AFM 100-5 14 DECEMBER 1956 


1 PRESELECTOR 2 PRESELECTORS 


INPUT VOLTAGE FOR A CONSTANT OUTPUT 
r) 


30 20 10 t) 10 20 30 


KILOCYCLES OFF RESONANCE 


Superheterodyne Selectivity Graph 


this takes place is called the mixer or con- 
verter, depending upon the arrangement of 
the circuit. When one multielement tube is 
used as an oscillator and frequency converter, 
the stage is calied a converter. When one tube 
is used as the oscillator and the oscillator and 
signal frequencies are applied to another tube, 
the latter tube is called a mixer. 

Converters and mixers are also known as 
first detectors. The reason for this is that 
either a converter or a mixer tube must be 
nonlinear before its output will contain the 
difference or intermediate frequency. In other 
words, the tube must conduct more during 
the positive portions of the applied frequencies 
than during the negative portions otherwise, 
the intermediate frequency would not be pro- 
duced. 


Local Oscillator 


The local oscillator must meet exacting re- 
quirements in frequency coverage, frequency 
stability, constant output, and correct track- 
ing. The local oscillator may use any of the 
fundamental oscillator circuits. The modified 
Hartley and the tuned grid are commonly 
used. Most VHF and UHF receivers use 
crystal-controlled local oscillators. To main- 
tain frequency stability, the plate voltage of 
the oscillator is often regulated. 
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5 Meanwhile, the 9th Company at Athens had become’ very 


q) -active, This unit and its satellites. were formed into oné 
bettalion and the W-Leit 2 and its’ subordinates into Another. 


The new unit (the old 9th Company) becate W-Leit 2, Southeast. 
Zones Of operations were ‘separated by a line drawn through 
Cave.Passero, Malta and Tripoli. W-leit 2 took everything 
west of the line and W-Leit 2 Southeast everything east. 
Lack of foresight and drive was responsible for the two units 
not being formed into a Reginuent.L 
The two W-Leit reserved the right of final evaluation. 
Their material cawe mainly from subordinate uhits that favored - 
the interge tion of alr-ground traffic and that had been 
Successful in‘their cryptanalysis of point-to-point traffic, 
especially in the case of the HAF 4-figure code. W-Leit 2 
organized iis evaluation on the basis of fighter R/T, recce and. 
bomber R/T, and air support traffic, while wW-Leit Southeast's 
evaluation was based uson enemy units monitored (201 N C Group, 
205 Group, Sth USAAF and Desert Air Force).190 £11 units 
in the Mediterranean area overlapped as to the Allied units 
they monitored in order to service their own local headquarters 
with flesh reports. The Signel Intelligence Agency -. failed 
miserably in coordinating their efforts, 191 
The steady degeneration of the war situation in the South 
-for the Gerwans in 1943 made unification of the two units 
into 4 Regiment more and more urgent. The High Command's 
solution was the activation of a short-lived liaison unit at 
~ logal Air Force ({Luftflotte 2). This unit was intended to 
©) link the twa Evalvation Centers (W-Leit) and the Chi-Stelle 
Section vith the Air Force command in Italy and Greece. It 
vas withdrawn efter six months. . ae a 
Section G.of tha Chi-Stelle began its most efficient . 
. Gperations in 1943. ‘It had strengthened its control over the ~ 
! field tattaltons and acted as a Final judge on policy matters. 
' Technics experts vweré sent to the fleld whenever the fieid 
unite needed hels. Section G's best performance was on log 
“analysis and T/A 192, oo. 
During 1945 wany radar and VHF intercept out-stations - 
were erceted. The VHF statiqns were under -leit 2. These 
outstations carried the brunt of the operetions, and 
_ thoroughly monitored the allied units operating against ‘the & 
German supoly line from Sicily to the Africa Corpa holed up ee 
. in Tunieig 103 During the same period, W-Leit Southeast be--. 
gan to concentrate more end more on T/A, route tracking, R/T, 
: and radar evaluation. The RAF 4-figure’ cipher, which had been 
read continuously since March 1940, had become unreadable, 
entailing the shift in operational emphasis. . . 
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o4 History August 1945 - October: 1944-- The two Signal, 
Iintelligcnée Uitte In the South continued to expand, but in 
Gifforent ai rections. W-Leit 2 was charged with monitoring 
the units operating against the Germans in Italy, while W-Leit , 
Southeast covered the Adriatic coast, which was under threat 
of invésion. Doth units were engaged in flight~-tracking the 
missions flown by ali ied bombers which by now were based in 
Fougia. 

- Three days before the lending on Sicily, the evaluetion 


- company W-Leit 2 was flown from Taormina to Frascati, near 


Rowe, and the rest of the unit followed close behind. While . 
the unit was at Frascati, Italy's surrender caught it unaware. 
dust before it moved to Padua, it was so badly mauled in 4 raid. 
by 170 -3- ahts thet for & time the.German Command could learn 
of the ground situation in Italy only through Allied ‘alr 
support messages, intercepted in Southern France. 194 

AL Paaua must of the key officers were relieved and re- 
placed. After tro nenths of moving and of being inoperative, 
W-Leit 2 set up shou, wainly as a tactical warning service. 


-Among the tasks performed by this. unit was the interception 
‘of the traffic _of the medium bombers, which were engaged at 


this time in giving the roads and bridges in the German zone 


@ going cover. W-Leit 2 exceeded its commitments by contribu- 
ting to igs poute- tracking of heavy bombers heading for . 
Germany. 


Webalt Southeast had for its mission the cover of. 
frequencies heard in’ the Adriatic Area in general and the 
route-tracking of heavy bombers heading into the Balkans. 
Owing to the reverses in the fighting, the local Air Force in 


the Southeastern avcea moved from Athens to Salonika, taking 
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the ‘Signai Intelligence units along. In January 1944 W-Leit 
Southeast moved with the local Atr Force near Belgrade. The 
unit set ug & central Reporting Center for the Southeast con- 
nected te all units by direct land line. The outpost covered 
an area from Crimea to Crete 1824 from Munich to Styria. There 
Were seven conpenies in all. 

During this period W-Leit Southeest monitored R/T and 
Morse of the heavy bombers, but it became especially pro- 
ficient in D/F' ing the IFF and panoratic devices aboard 
aliied bonbers. 

The Resorting Centers and all units ‘oF W-Le3 .t Southeast 
were of necessity highly mobile, and when the Russians broke 
through, the unit was moved and reestablished at Premstaetten, 197 
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©) ' 35, Hiatory October 1944-German Collayse-~- After the - 
retreats aid faverses experienced in italy, Signal mo 
intelligence units had to be rebuilt from the ground up. A. 
new regiment, LW Regt 352, (See chart 5-13) was created, 
and this resulted in the combining of the two evaluation ., 
oonnan.es uf the battalions (W-Leit 2 and W-Leit 2 Southeast) 
. snbo &@ os inythe regimental evaluation company (25th Coumany). 
Revortiig Ceater (Neldekopf) 4 was immediately subordinated 
bo regiacntal headyuarters as the 26th Company. Furtheruore, 
each of the two batcalitons comprised three radio intercept 
companizs and one radar intercept company. All evaluation 
and tecanical direction vas sentrally located:in the Evaluation 
Company 2t regimental headquarters,1 
Although the final activaticn of LN Regt 352 was 4 good 
move, 1t restilted in no marked increase in signal intelligence 
efficiency in the South. Germany's battle lines vere collapsing 
&@nd con.wiications within the country were in &@ sorry state. , 
Early in 1945, the regimental staff, the evaluation company, 
and one intercept company moved to Attersee ahead of the 
Russians. khen Viemnr fell they vere joinca by Resorting 
Center | and the intercept companies from that area. Out- 
stations vere withdrawn and: the @nd Battalion woved to 
Steinach-Puersg. All units under lecal Air Force 6 moved to 
the internment camp at Aachbach when Gerwany surrendered. ‘ 
The ist 2attalion was captured by the British at Canazel. 


- 36. Intercept within LUN Regt 3552-- The receivers on 
hand and task assifnments within ie2t 42 jllustrate the 
Regiments! deployuent against the Allies in the South. The 
allocatitn was ag follows: . 


“Allied air sgunpert units 65 receivers | 
Allied Iadar Netvorks 30 receivers - 
Commend Netvorks; Eastern ° 50 receivers 


Mediterrancan aid Balkans; 
transcort and sunoly traffic 


L5tn USAAF, 205 Group-RAF 25 receivers 

VHF Air ground 35 receivers 

HF D/P - sets . | 23 D/P's 

Radar in 15 out~stations 100 receivers’ 
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2/7. Evaluation vitnin LN Regt 352-- A sharo distinction 
between tactical and strategic operations vould be very 
CY difficult to dray in aisoussing evaluation in the South. In 
the early days, when German fortunes were ascendant, the 
emphasis in the “valuation Companies (W-Leit; was upon ecrypt- 
analysis and the reconstruction of Allied order of battle. 
Gradually, as allied cipshers became more difficult and as 
Germeny changed over to the defensive, tactical, short time 
warnings became the main Signal Intelligence comltment. 
While during the early stages of the war German evaluation 
was limited to message content and elementary T/A, ollied 
use of better cisher and more complex means of communication 
forced the Germans to adjust thelr evaluation methods accordingly. 
By Gctober 1944, when LN Regt 352 was activated, the 
Germans were using every signal menifestation to extract 
intelligence. The Morse point-to-point and air/ground traffic 
was D/F'd and evaluated, R/T in both HF and VHF ranges accounted 
for tactical vernings, the radio links between allied radar 
Sites shoved their activity against German aircraft, the 
actual ronitoring of allied fadar disclosed those areas not 
being ccvered, and the >/F ing of IVF and airborne radar was 
used to ryute-track allied bombers. 200 
The Geitans in the South had more success against the US 
25th AAP than against the HAF's 205 Group. British use of 
W/?, R/f and radiating devices was much more careful:201 Major 
Ferdinesd feichtner, CO of LN Regt 352, summarized the 
operations against the 15th USAAF as follows: 
O a, Air Ground Morse ; et oy 
;  rewarning of oomber flights was given by the tuning 
traffic, During the flight to the target the bonbers sent 
short messages on 4 half hour schedule that could be D/F'd. 
b. Air-Ground R/T 
Interception of this traffic provided information con- 
cerning the flying units involved and their approximate 
strength during the take-off on an operation, : 
c. Var Ais/Air B/T 
This traffic provided valuable information regarding the 
fighters accompanying the bombers. Continuous D/F ing was 
possible. . 
Gd. tMeddo-Equipment : 
The D/P ing of Meddo was of asai:tance in locating bomber 
forces scéttered over @ large area. 
e. iJIFF Device 
Phe Anericans did not shut off their IFF over German 
territory. The Germans used their radar unit Freya-D to make 
the device radiate. Measurements and tracking were possible 
up to 200 niles. ! 
fF. Notecrologioal Observation Planes 
The civner system used by the met recce olanes could be 
yead and their transmissions D/F'td. The interception of this 
traffic gave many advanced warnings of US bomber incursions. 20? 
a 
200 IF 126 p i7 
@. 201 iP 126 9 1Y 


202 1 126 » 17-18 
| - 


| 
| 
| 


DOCID: 3560829 


© 


O- 


Reporting Center 4 was one and the same with 26th Com- 
pany of LH Regt 3552. In this unit, the tactical warnings 
from signal intelligence were coordinated with reports from . 
the German radsr end observation services, Immediate warnings 
were flashed to fighter units, Air Forces, and to civilian 
air raid defense officials. (See chart 5-14) °.. 


38. Communications within LN Regt 352-- LN Regt 352 
mailatained exccifent signal commun Boerne acaphte frequent 
moves and general military reverses, Direct telephone lines 
were maintained between the Regiment and its units and t 


the local Air Forces and tactical units in its vicinity 299 


(See chart 5-15) Moreover, the regiment had its own private 
teletype system to all headquarters, the equipment being 

roth plain text and enciphered. (G-Schretber) variety. mene 
(Sec chart 5-16) A radio netyvork was supsmimposed on the ~ 

other weans of ¢ cation, within which the Enigma was 
used for security. (See chart 5-17) 


39. Results of LN Regt epee The strategic: importance 
of LN Regt 352 and the units that preceded it may be illus- 
trated by the accompanying diagram from the Seabourne report. 
{Bee chart’ 5-18) The signal intelligence units in the South 
reconstructed the complete allied air order of battle from 
signal intelligence enemy traffic end kept it up to date, 

On. the tactical side the Signal Intelligence Service did 
& superb job of keeping the tactical units and civilian de- 
fenss agencies informed of allied bomber attacks. Col. Hans 
Forster, FAF, Chief of the Air Raid Warning Service for 
Germany, ,stated that "suprises out of the South rarely oc- 
curved , "= 
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Chapter IV. organization and Operation of Field Units. 


Section DBD. Onsrations in the Horth 


. Paragraon 
History from 1940 to L945... cee ee eee ce eeee »e» 40 
History from 1944 to 1945... 0... eee eee eee eset 41 
Summation of activity in the Horth.,....... ceeaeeeeees 4 


40. History from 1940 to 1943-~ In May 1940, soon after 


Norway was invaded, @ group of signs] intelligence personnel 
vas sent from Husum to Oslo, Norway to set uo the nucleus of 
Signal intelligence activity in the Worth. The new unit, 
W-Leit 5, had as its mission evaluation and the suvervision 
ef any intercept units assigned to Norway. Its coumitments 
vere @1] Morse and R/T circuits of the RAF “oastal Comnand 
operating against the West Goast of Norway snd all traffic 
originating in the North Sea :rea. The first intercept and 
D/F unit W-Stelle-25 was set up at Trondheiu-Skatval during 
the same month.210 w-cStelle 25 covered mainly the Morse and 
R/f of 13 Group Coastal Command. W-Stelle 25 noved to 
stavanger at the end of Augurt. 
By the end of 1940, 3rd Battelion Air Signals Regiment 5 
had been formed and insluded W-Leit 5 (an intercept unit), 
9 LN Regt 5 at Noerland and V-Stelle 22 at Hussum in Schleswig 
Holstein. The Srd Battalion of LN Rest 5 coveréd 15 and Lu 
Grouve Coastal Command and the high frequency R/T of fighters 
bssed in Northern U.K. Beacons and Meteorological traffic , 
were /ntercepted and Coastal Conmand Syko was read at Husum, 222 
When the fighter units of the RAF converted from EF to 
VHF 7/7 in Asril 1942, a very fruitful source of intelligence 
dried up on the Germans unt+l they could be equinped with 
orover receivers. It developed that they never were, 
By the end of the year 311 Signal Intelligence units were 
subordinated to IH Regt 5 and included 4 Adcock D/F's and 
5 intercept installations. 
Teitetype lines were la.d to Faval and Gerwan Air Force 2 
exchanges at Oslo as vell as to Berlin, Hus--, and Noerland.@2* 
An important devalovment curing i9k2 wes the organization 
of D/F Base Atlantic, o series of D/F stations at Bodo, Orlandet, 
Nosrland, Husum in Gerwany, ard Brest in France. The main 
function of the D/F tase wea the D/F ing of the aircraft of 
15 Group Coaateal Commend on conrey escort and cther units on 
anti-submarine patro!. 
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fhe sma hettalion of LS Lest § added the dth intercept 
conpany in the fall of 1942. W-Leit 5 was redesignated 
L4/LN Fest 5 and W-22 became 15/LN Regt 2. 

intercaxdt coverage was expanded ta include all Morse and 
R/f in the North Se&, the Iceland bases and North Sea convoys, 
but overations in general were hampered by bad atmosphere. 

The Listening service in the North renained fairly stable 
throughout 1943. Excellent results were gained frou D/F Base 
Atlantic, and coverage was extended to include the traffic 
of gourier planes overating between Sweden und England.215 


a = es SS SO eee re 


Signal Intelligence Service. The units in Norway were renaned 
as follows: 


- 14/LN Regt 5 became 1/LN Abt 355 
3/LN Regt 5 became 2/LN Abt. 355 
9/LN Regt 5 became 3/LN Abt 355 
15/LN Fegt 2 became S/LN Abt 357 


W-Stelle 10, the control station within Germany for 
Norwegian units was renamed Leitstelle der Funkaufkldrung. A 
mobile radio intelligence unit was set up in Norvay as an 
annvi-invasion measure. @l- 

2/LN Abt 355 was moved from Bardufoss to Holden because of 
poor reception. 

D/F Base Atlantic lost its left wing when Brest fell to the 
allies, and its Svanik buse when Northern Norway was evacuated.215 

The VHF exveriments that dated from 1941 were finally 
drooped for tachnieal reasons. Good intelligence was sleéned 
from the Norse traffic of Coastal Conmand and US and British 
bomber units. Rf! traffic was picked up when allied units 
esorvacned the Norwegian coast. 

An important source of intelligence on the North Sea con- 
voys wea the traffic of long range recce and carrier aircraft, 216 


42. Sumnation of activity in the North-- The German Air 
Force Signal Titeliigence Service in Norway was a fairly suc- 
cessful organization when one considers the bad atmosoherics 
in the vegion and the difficulty experienced by the units in 
the North in obtaining proper equipment. 

No major land action or air offensive was ever carried out 
by the .llies in the North, so the German Signal Intelligence 
effort in the North was a side show in comparison with German 
Signal intelligence voeretions on the Western and Eastern fronts. 
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VOLUME 5 
Chapter V. Cryptanalysis 
Paragraph 


“ EMNEPOGUCTLON . se cnec cee ccccrcccvecescccesevsvscsoscee 4 
successes With US Systems. ..cce cen cecccectcreesevuse yh 
Successeé with British Systems. ...,scccecececcrescee AS 
Cryptography of Soviet Systems... es cece eee cccsees AD 
Successes with Soviet Systems... seecesncccvecccsees AD 
stencard ope»xeting procedure in dealing with 

poviet DYSCOMS . cer ers csc ccee cree crereeesccenspes 48 
Successes with systems of other nations....ae.eeenee AD 


43. Introduction~- The central cryptanelytic bureau 
of the Air Force whieh both directed and carried on the 
erypiansiysis for that organisation was Section E of the 
Signal Intelligence Agency (Chi-Stelle). The organization 
o and functions of that section have already been described 
in Chapter ITI and will not be further treated here. This 
chapter describes rather the systems studied by the German 
Air Force eryptenalysts. It is divided into sections ac- 
cording to the countries whose systems are discussed. In 
each section, the systems studied will be listed, and brief- 
ly comyentsd upon. 
In general, the cryptansiysts appeared to feei their 
efforts did not receive the consideration tnsy deserved. 
For instance, Specialist (Regieungs Rat Dr.) Voegele, 
Chief of the Cryptanelytic Section (Section E), declared 
that the primary object of intercept was treffie anslysis 
and evaluation ang that crypbenalysis was considered of 1 
ascondery importance. He complained that he never was ‘ 
éliovwed any say in ths allocation of the intercept tasks. '! 
He further found fault vith the traffic which he did re- 
ceive, pointing out that he frequently yas passed eight 
or nines versions of the same message. 20 the denial to 
the exryptanalysts of a voice in directing coverage is 
noted ty Technical Sergeant Jering of the Signal Intel- | 
ligence Agency os well: ‘ 
"A sreat difficulty which oxisted was that the 
Referat could exercise no definite influence on the | 
number or location of intercept receivers covering i 
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traffic in which it was interested ."221 


In choosing the location of cryptanalytic units the 
Germans followed the principle of going as far forverd as 
possible. On the Western Front and in the Mediterranean 
area immedistely exploitable Allied systems such as the 
bomber code, the aircraft reporting code, SYKO and REKOH 
vere yvorked on in the field battalions, On the Eastern 
Front the Battalions of Alr Signals Regiment 353 carried 
on the current analysis of Russian 2, 3, and figure sys-~ 
tens » 

All material impossible of solution in the field vas 
returned to the Chi-~Stelle for research. Thus, the Chi- 
Stelle carried on the analysis of United States atrip 
systems, M-209 research, the recovery of the War Depart- 
ment Telegraph Code and research on the AN-2 (SIGABA). 
Russian 5-figure material which vas incapable of solution 
in the field was studied by the Chi-Stelle. ; 


44, Successes with U. S. Systems--~ 
M-~209 According to ¥ te, the M-209 was first 


o Yoegele 
read in March or April 1944. The German aver- 
aged 6+8 days of currency each month on the West- 
ern Front, 1-2 days in the Mediterranean area, 

A “kay chart” was captured in October 1944, giving 
the Germans 26-27. days of currency. 

Voegele claimed 22-hours as his organization's 
best time on the complete solution of an H-209 
system. The average time lag vas 8-10 days due 
to the delay in receiving traffic. lLEventuelly, 
the Alr Force dropped 58 HM-209 job, which vas 
performed by the Army. 

‘Ludvig claimed that the M-209 traffic of 
the U. S. Ben Fighter Command (65th, 66th, and 
67th wings), which carried administrative in- 
formation and particulars about the Mustang 
fighter, vas broken in February 1944 by the 
Army Signal Evaluation Center of Signal Intel- 
ligence Regiment 5 {NAAS 5) at St, Germaine, 
France. After the invasion, battle losses of 
the 101lst Airborne Division were read. Ludvig 
also named the 9th Alr Defense Comzand and 9th 
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Syatens 
ey tens 


Engineer Command as units whose traffie was read. 
The reading of a XXIX TAC M-209 message bgiped 
tip-off an offensive in the dachen area. 

The analysis of the M-209 vas made more 
difficult when each arisy and command began using 
separate settings. Veegele's discussion on the 
German, analysis of the M-20S included the fol- 
loving requisites for solution of the daily 
machine settings: 

8. WO ineasages where part of the plain 

text could be asssumed and supsrimposed. 

». Message with mistakes later re-onclpher- 

- e@@ in correct system and key. 50 or 60 

‘letters of decipherment were nécessary 
to cbtain & 12-hour setting. 

Tne German Alr Force's traffic totals for 
4-209 sclutica were about 100 per day in the 
West. The Med{terranean Area averaged 40 mes~- 
SaeGS per day. et 225 

Section E west of the Chi-Stelle read 
the Southern Route Strip System. (indicator CENEB) 
25 carly as May 1942, Voegele desexibed this as 
a 30 strip system. The introduction of a device 
inercasing the security and a gradual reduction 
in traffic volume forced the discontinuance of 
york on this system. The Germans estimated £00 
messages per day a3 the minimum requisite lor 
solutgi2 of a strin cipher with channel elimina- 

wine" Veegele said it required tyo months 


Aas 


. to press & strip system using hand methods, but 


tne eventual use of Ith Wag nor y cut the time 
to Fron tyo to four yveels.« 

The German solution of the CENEB strip cl- 
pher vas yery straightforvard. They first found 
the 15 letter period and machined thse traffic on 
this basis. A depth of 80 passages of parallel 
construction vas needed to reconstruct the 100 
strips, of which 30 vere used each day. 


£231 109 p 37 

224Ir 175 p16 
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AFM 100-5 14 DECEMBER 1956 


TO IF AMPLIFIER 
FROM RF 
AMPLIFIER 


TO IF 
exo 


MIXER 
TO IF 
AMPLIFIER 


TO IF 
AMPLIFIER 


FROM RF FROM RF 
AMPLIFIER AMPLIFIER 
et er = a 
O 
/ | + | rp | 
/ | 
/ | | F | 
fo a, | 
q | | / | 
"Sag, | | | 
ts, | | ‘ | ™| 
<2 ei ee 4 i: cE eT Ra ele er ! 
ae OSCILLATOR OSCILLATOR 


Methods of Mixer Injection 


Another problem of stability is the effect with these RF signals. A change in oscillator 


that the other radio frequencies present have frequency caused by these RF signals is called 
on the local oscillator. The oscillator tends to oscillator pulling. Oscillator pulling may be 
synchronize its oscillation with the other reduced by isolating the oscillator as com- 
radio frequencies. The stronger these other pletely as possible from the other radio fre- 
RF signals are and the closer their frequency quencies. This isolation is accomplished not 
is to the oscillator frequency, the greater is only by proper shielding of oscillator com- 
the tendency for the oscillator to synchronize ponents, but also by using appropriate means 
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A few messages were read 6 weeks. after 
channel eiimination was intpoduced in 1943, 
put the traffic fell off.* 
A system ¥ith indicators XOOTR ots the 
Southern Route could not be read.“*9 
Moti Section E West read en M-Y4 system with 
iene the indicator URSAL from the summer of 1942 
until Devember 1945. 
REKVE vae day's Atlantic-Forry-Route traffic 
a of 60 messages vas deciphered by the léth 
Company, LN xegt 35 (later part of 3rd Battalicn 
Lit Regt 351). The evalueticn section considsr-. 
e& it unimportant and the project vas dropped ,-72 


a i, I 


bilreve?t In February 1944, the Alreraft Reporting 
Repoytiry: Cade was broken by lnth Company LN Regt 3 in 
toc Angers due to the .arge volume of traffic. ; 
— Pertial deci phermgn § W239 possible with 150 t 
messazes per day.?* 
Aingrare The Airszaft Movement Code was solved and i 
Hovsmcat read currently efter the fell of 1942, Varisnts, 
sols changes every 12 hours, and ssparete British 


and U.S. editione of systems made the problem 

ineroessingly Gifficult. When the code refused. 

to yield te machines methods curing thse summer 

of 1944, £29 solution was considered no longer . 
\ ' 


possitle. 
Sih Alp Lt. Ludwig of Chi-Stelle Section 5B (Evalus- 
Sore eid tion Wast) claimed thas tue Bomber Code vas 
ik Homer nearly always solved by c-'yptanalysis when 
Conraad ~ necessary, Very oftea the Chi-Stelle Section 
codes received copies from aircraft shot down at 


night and epplied them to the next day's . 
traffie. The fact that the codes vere good ‘ 
from 1800 hours of one day until 1800 hours 
of the nex G89 made for an ideal compromise 
situation.*/ 
220re 175 9 15 : | 
2237 1ly a5 | 
2907 112 p5, IF 175 pls, ly ps5 
Coli 175 pls 
e321F 175° p ll 
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War The one-part code feature of the War Depart- 
Department wont Telegraph code (indicator TEIWA) greatly 
Telegrspu fectiltated solution. The edition introduced 
Code in October 1943 had yielded 12,000 groups by 
Hay 1744 and was absolutely current after Feb- 
yuary 1945.235 
DFC DFC-17 vas captured in the Mediterranean 
(Diviston area and helped in the evgnpual solution of 
rigid Goede} LFc's 19, 23, 28, and 29.* 


US AAP The Germans placed no importance to the 
"a" Groups security of tho "Q" groups. As with the Bomber 
ccde, copies were recovered from shot down 


aircraft. 
Radio Voegele spoke of a "6 letter indicator" 


Neletype “"-celetrpe system between the USA and Africe 

oo fvon April ko October 1944. The system vas 
' ‘never read .238 

Jones The Germans never succeeded in solving 

Fempiate the US Jones Template wap grid system.<3 . 


Converter Yoegele of Section 4% and German Aizy Force 
. A-T3e- Signal Intelligence Agency atgkes cateporically 
) that the ABA was net broken. Lt. Ludvig, 


Seetion B, whose knowledge vas mainly hearsay, 
claimed army experts conaidered AN 2 (German 
designation for the ABA) breakable up to the 
end of the var, but he never heard of any 


success. 
45, Successes vith British Systems--~ 
RAF Four- The RAF four figure system vas an enciphered 


Figure tvoa part code used by the RAF for point-to-point 
communication between units and airfields. The 
Cescriptions of this code in the TICOM documents 
are given in much greater detail than for other 

235T 112 pS 

2361p 175 p 16 

2375 109 p 40 

2387 110 ps5 

2391 109 p 39 
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aystems; hence the eode is more fully discussed 
liere, The Gezmans bezan work on the system late 
{mn 1954 sad were in a position to read the system 
with increasing ease fom March 1940 until 1 Nove: 
per 1942, when a code book change resulted in re- 
aucing the amount of treffic read to fragments. 
Tnterception wre stopped in the summer of 194m 242 

Four figure traffic originating in Great 
Britain sas wppice a on at Potsdanm-Marstall without 
any succ?s3.°"° Jt was in the Mediterranean area | 
that & cmall 2smouns of work was done in September 
1940 at Taormins, iiteily, and later at Athens, 
The Gernsan Alp Fora. Surmounted many difficulties 
duving this period, <olng through two code book 
changes: and encloharcwnt changes at tlmes every 
three vo seven ..iys. Traffic totals varied from 
600 per day cur.%+g the heaviest to 10U per day 
immediataly befu:? the Germens Ciscontinued veork | 
on the problem. the kncwledge gcined from the 
Four figure encipttered code formed ghe basis for 
evaluutiou for the rect cf the war.<" 

Vine basic. hock of ihe RAF*s eiciphered code 
System Was @ Gi part coco of 10,000 groups. The 
key “cable” we. a hock ef .00 pages, 20 lines 
on @& page, ani’ T.cr-cigit key groups on a 
dive. Each tine aad a four digit indicator 
ened es thers ws no column ciorminates, the en- 
cipherment alv.ys began es the beginning of the 
dine. The line indicators vers enciphered by a 
separate table of 100 groups ard appeared as the 
second sroup ni she enciihered message. The first 
two dieics off the firet .seou. made up the control 
for une indic:tor encipherment; the third and 
fourth were nvills. The conversion from plain 
cous 40 ciphe):, yas matle by subtvacting the code 
fron the key.* 
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Given sufficient traffic, the inherent 
weakness Of this key system soon manifested 
itself, During the early stages of analysis, 
when the line indicators vere not enciphered, 
overlapping messages could be identified, 

On the 24th and 3lst of December 1941, 
unenclphered messages were transmitted, come 
promising many groups in the basia book. 

After. the indicators were enciphered, 
stereotyped traffic made possible overlapping 
by external cipher "hits." The beginning groups 
of the overlapping messages were alvays some 
multiple of five apart, and aetting up of the 
overlaps were facilitated by the fact that en- 
cipherment always began at the beginning of the 
line. The "hits" were indexed by machine, and — 
their vasidity tested by the use of, known high . 
frequency differences in the code, 

Ur.c¢2 U8 messayes vere overlapped, the 
highly stereotyped context made stripping the 
1M *. an we 


t; clits easy. 
C . The reconstruction of the indicator key 
had to we*t until overlaps vere set up. Every 
message that directly overlapped had the same 
underlying indicator. Therefore, by arbitrarily 
assigning 0000 as the value for the first piain 
indicator, all others that followed could be 
stripped on a relative basis and reduced to the 
same terms. The Gorman relative table of indi- 
cats; key Vas just as good SRE practical purposes 
as the British prise table. 
The delay between interception ang ang ,gecipher- 
ing vas betveen tyvo and fousieen days. 


Syke The Royal Air Force Naval Code vas the basic 
Gards ‘book of an enciphered code system of which the 


Syko Card was the encipherment. A copy of the 
basic code was recovered from 3 Wellington shot 
doyn over Welhemshaven in September 1939. The 
British did not seriously alter the code for the 
duration of the var. 
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Aircraft. 
Movement 
Code 


248 re 175 
2491p 175 
eD0Ir 175 
®Ol IF 175 


The daily reciprocs1 enciphering table was 
being reconstructed by February 1940. Messages 
on the daily table could be read by 1600-1700 
hours, The introduction of several cards a day 
complicated the solntion slightly, but 40 mes- 
sages sufficed to solve a single card. 

The traffic, which contained information 
concerning British and Axis convoys, submarines, 
naval vessels, and meteorological reports, 
averaged between 80 and 300 messages 2 aay 248. 

Rekoh first appeared in 1942-1943 and was 
simply @ non-reciprocal Syko. Slightly more 


' traffic was necgraary to accomplish solution 


than with Syko. 
The Aircraft reporting Code replaced Syko 
and Rekoh in July 1943 and was used by reconnals- 


“sance plansa in the West. 16th Company LN Regt 


3 in Angers solved the system in February 194 

ETA messages, Frequency changes, and hourly 
barometric pressure broadcasts assisted the 
initial break-in. 

The Aircreft Reporting Code had a particular 
importance in that it afforded a crib into UCO 
(the ground/air meteprological code), It was 
broken by cribbing the pressure reports from the 
Aircraft Reporting Code. The fixed Signal Intel- 
ligence station at Husum carried on this work. 
Lack of intercept in BBR last days confined solu- 
tion to the met «rib. 

The Aircraft Movement Code was used on ferry 
flights from Tokoradi to India and totalled about 
500 messages per day. The system was composed of 
pronounceabdle §S-Letter code words, which were 
changed every 24 hours at first and later every 
12 hours. W-Leit, Southeast, in Athens began work 
on it in the fall of 1942, and reading stopped 
in February 1944 whey foo many variants made 
solution impossible.“ 
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Alrorert A three letter code with serial numbers 
Movensn t in elear and repeated indicators passed hetueen 
Code (UK) the UK and stations on tho Belgian-French border. 
The Germans never solved it and assumed it to be 
an administrative or supply systen. 
RAF 2- Pages of ths Bomber Code, used jointly by 
Lecruer RAF and USAAF, vere obtained from 4 crashed 
Bomber aircraft in November or Lecember 1942. Tve 
Code weeks leter the Germans vere reading the system 
eryrptenalytically. Trarfie averaged 150-200 
messages per day with 600 per day as high. 300 
messages ylelded 50-60% of the values. Letters 
and numbers from messages cont@ining spellers or 
frequency information afforded the daily break-in. 
The code changed dally at 0300 and could be 
oroken during the US day raids and used to decode 
RAP traffic during the night oporatigns . This 
conflicts with Lt. Ludwig's account. Ludvig . 
gives 1800 hours as the tims the code vas changed. 
The mewhers of the US Sth Air Force vere the day 
time unfortunates who had their traffic decoded 
CO on the basis of code values segovered during the 
RAF raid the previous night. 

Slidex Slideox was a digraphic substitution system 
used in the army and air support netuorks. The 
coordinates of the substitution table changed 
daily, but offered no great problem to tha German 
Aly Foree cryptansiysta. 

The 3rd Battalion, Signal Intelligence 
Regiment West (leter LN Regt 351) began vork 
on Slidex in May 1943 at Bougival, near Paris. 
itach progress vas made during the pre-invasion 
"Spartan" exercises in Britein, and by tha time 
the Allies invaded, the Signal Intelligence 
Evaluation Center (AAS 5 of the Army) of the 
Signal Intelligence Regiment 5 (Kona 5 of the - 
Army) and 14/3 (W-Leit 3) bad had sufficient 
experience to break the system operationelly. 
The daily strips were recovered by 0700-0900 
hours... The traffic averaged 15-40 messages por 
day .-?. 
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Work upon this systen was begun by the 
Signal Intelligence Agency of the Supreme 
Goumand Armed Forces (OKW/Chi) in May 1939 and 
given to the Luftwaffe in August 1939. The 
traffic, containing mainly casualty and admini- 
strative information, averaged 200 massages per 
aa The Germans considered the system of 
sirall importance in the last years of the war.25® 

The India Code vas an unenclphered 4-letter 
code transmitted in 5-letter groups. Section E 
at least partially read this traffic until the 
end of the var. 

The basic book of this 4-digit enciphered 


gal, Sveden and Suitzerland used the system, 
Switzerland vas always one table behind the others. 
Voegele, of Chi-Stelle Section FE, received a 
photostat copy 4nd began vork on the system. 
Traffic was exchanged with OKM and OKW, the total 
volume being about 100 messages per month. 

Tyo tables with indicator patterns CVCVC 
and VCVCV (where V = vowel and C =:consonant) 
were used, 4nd both vere broken most seer Ue 
in 1940-41 when the tebles changed quarterly. 
The date breaks occurred at intervals of . cae 
between six weeks to tvo months. 

Work ors the Inter-Departmental Cipher was 


- stopped in l 43, pecause the decodes were useless 
_ to evaluation. 


pentley 


The Bentley Code was used by British Over- 
seas Airways and vas copied from South Africa, 
Southeast Africa, Egypt and Syria. During. the | 
war, about five tnindred 5-letter groups beginning 
with Y were added. One encipherment for con- 
fidential administrative traffic vas added during 
the winter of 1942-43. The solution was so simple 
that Voegele used it to train beginners in crypt- 


analysis, and the whole PEO IESE vas dropped in 


oS6qp 175 p18 
257IF 175 p 18 
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1944 because Fvaluation vas no longer interested??? 


Weather The solution of enciphered matcorological 
Systems mEsse2pe8 was not the responsibility of the Chi- 


Stelle, but vas undertaken to assist the veather 
service (the Signal Weather Monitoring Service 
or WENUEB). The Chi-Stelle solved the British 
Main Weather Code in April, 1940 end turned the 
keys over to WENUEB at Glindcy, near Potsdam. 

In April 1942, tha Signal Veather Monitoring 
Service received tha solution of s five-figure 
Middle East voather cipher from W-Leit Southeast. 
Systems in the Atlantic Area carrying the in- 
dicators "Whist" and "Tooth" were vorked on by 
the Signe) Weather Monitoring Service without 
success. 


Miscel:- Lt. Ludvig, of Chi-Stelle Section E, recalled 
Tanoours the solution ofa British single transposition 


cipher, involving & ten column rectangle, The 

system changed every Thursday at 2400 hours when 

the nev key vord vas transmitted in the previous 
system: 

The Germans hed no success with double 
transposition despite notebooks captured at 
leras and during the early days of the Normandy 
invasion. They did not find any pessages of 
the same length in the sane key .? 

Types Many attempts vere made to get into this 
system, but vork vas discontinued as ths Gexmans 
considered the TYPEX machines unbreakable, 


46, Cryptography of Sovist Systema-- Code in various 
forms vith © transm 6Xt appearing @s numbers vas 
used almost exclusively by the Soviet Alr Force. Each 
Air Army did its oun code compilation and haa lis ovn rules 
for use. Therefore, the folloving definitions of Sovier 
codes are extremely general anil attempt only to describe 
types of codes, not specific aystems: 


2597 119 pp 4-5, IF 175 p 21 | 
2607 112, 4(0) p 113; IF 175 p 23 —; 
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a. The table was @ cryptographic device comprised of 
letters and words in a predetermined form, usually 4 square 
or rectangle vith numbsr coordinates. security yas enhanced 
by using variable coordinates that could be changed by the 
use of sliding strips or by the use of digraphic substitution 
enciphering tables, 4 

b. The code table (Signaltafel) 

The code table wae a highly specialized medium for 
use in air/ground commmication. The wocabulary vas highly 
stereotyped and limited to met reports, landing and taks~-orf 

ata, etc. 

ec. Ths code book was the principal cryptographic 
medium of ths Soviet Air Force, especially in ths ground 
organization. The Russians used all variations from small 
oOne-pert books to two-part books with up to 30,000 values, 
Eztra security could be gained with an additive encipherment 
of the basic code 05 


47, Successes with Soviet Systems-- During the porliod 
1937-1939, the Germans pained valuable experience during 
Soviet maneuvers. The treffic passed was mainly practice 
and dummy, but formsd a foundation for later analysis. Dure 
ing the Soviet Occupation of Poland in September 1939 the 
fermsc3 had almost 100 percent success vith "OKK~-5," a code 
system with a digraphic substitution enciphermant, the most 
common Soviet Air system. 

During the Finnish Campaign (1939 and 1940) ths Ger- 
mans concentrated their best cryptanalysts im Chi-Stelle 
Section E 1 (Russian cryptanalysis) and unbroken material 
went to the Chi-Stelle via teleprinter. During this poriod 

vo and three fieure Soviet trarfic was completely broken, 
"oe aoe was 22 Pee per cent read, and considerable success vas 
on 


atize enciphsred eode. system used by 
higher Heedquarters ee ae 
The ‘Soviets revauped their cryptographic setup after 


the Finnish Campaign. The Germans captured working directions , 


to Soviet code and cipher officers that made only the barest 
reference to codes and ciphers being solved. Tho directions 
called for a general increass in cryptographic security. 


264 
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The "High Command of Soviet Cryptography" may not have 
admitted their compilation errors to subordinate come and 
cipher officers, but they did take strong measures to correct 
their mistakes. Regionel msthods of distribution instead of 
videly held systems, the shortening of effective pericds, 
the abolition of one-part. books, and the complication of 
enciphering technique vere ali introduced, 

These changes did not bothor the Germans too much. 
They were able to follov step dy step the Russian modifica- é 
tions; as the chenges vere not too radical they "kept pace ,"@ 8 

lst Lt. W. Werthor claims that a captured Soviet cipher 
machine vas examined by the Signsl Intelligence Agency in 
1941-42, He did not, however, expand upon this .269 


48, Standard operating procedure in dealing with 
Soviet Systems.--in 6 case of Soviet sysetens seq On soma 
Yorn of the table, "“stetistical pictures" or frequency counts 
were Pirst made. This procedure vould usuelly reveal the 
size of the cipher unit (2, 3, or 4 figure). The next step 
was to deduce the number of tables involved and reduce the 
statistical picture down to the actual sige of the table. 
This involved the elimination of indicator groups, "dummy" 
elements, and any clear numbers thet appeared in the cipher 
toxt. 

In the event 2 simple code table with coordinates vas 
used, a simple book reconstruction job vas in order. 

The more complicated table systems, in which use vas 
made of several tables with coordinates that vere cyclically 
shifted or chosen from a 10 by 10 square, unique in its rows 
and columns (latin square), through the use of indicators, 
vere solved by concentrating on sech table as 6& separate 
entity. Naturaliy, those that stood out in the original 
frequency distributions vere attacked first. Then, as so- 
lution of the tables progressed vith relative page and rov 
cOlumm designations, the designations vers equated and the 
entire indicator, page and coordinate system could be recon- 
structed. 

Some traffic could be read vith these relative coordin- 
ates, but the reduction to prim> values vas vory important. 
The shifting coordinates were often based on a iatin square, 
or upon the cyclic variation of the same sequence or sequences, 


268; 420 pp 40 
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for coupling the oscillator signal to the 1st 
detector. Oscillator voltage may be intro- 
duced into the 1st detector by inductive, ca- 
pacitive, or electron coupling. It may be in- 
jected at the cathode, control grid, screen grid, 
or suppressor grid. Other types of injection 
make use of pentagrid tubes, discussed later 
in this chapter. These special purpose tubes 
are designed to isolate the oscillator circuit 
more effectively from the RF signal frequen- 
cies. For that reason they are helpful in reduc- 
ing oscillator pulling. 


Mixer 


Notice the various mixers and various 
methods of injection shown in the illustra- 
tion on page 32. Both pentodes and triodes 
can be used as mixer tubes. 

At A, the output of a tuned grid oscillator 
is inductively coupled to the cathode circuit 
of the mixer. At B, a modified electron 
coupled Hartley oscillator is capacitively 
coupled to the control grid ot the mixer. The 
oscillator uses a pentode instead of a triode 
because with the pentode there is less likeli- 
hood of pulling. At C, a tuned grid oscillator 
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is conductively coupled to the screen grid of 
the mixer. At D, the output of the oscillator 
is taken from the oscillator control grid and 
connected directly to the suppressor grid of 
the mixer. 

An advantage of suppressor grid injection 
is that the screen grid acts as a shield between 
the oscillator signal and the RF input signal 
(applied to the mixer control grid). This re- 
duces pulling. However, with suppressor grid 
injection, the suppressor grid of the mixer is at 
the potential of the oscillator control grid. This 
puts negative voltage on the suppressor grid 
and lowers the gain of the mixer tube. 


Pentagrid Mixer 


A multielement tube called the pentagrid 
may be used as a mixer or as a converter. The 
five grids of the pentagrid tube are shown in 
the pentagrid mixer diagram below. Counting 
up, the first and third grids are the first and 
second control grids. The second and fourth 
grids, joined within the tube, are the inner and 
outer screen grids. The fifth grid, joined to the 
cathode within the tube, is the suppressor grid. 
The oscillator voltage is injected at the second 
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The sooner tris pattern cgusd be isolated the sooner tha 
entire system fell apart. 

The Soviets used 5-figure additive systems on high 
echslon circuits including some one time pads upon which the 
Germans did not waste any time. In the case of non-one 
time additives ("universal bloeknots"), hovever, tha situa- 
tion vas quite different. lst Lt. Werther's account shows 
that the indicators vere not enciphered, Overlaps vere 
easily throun togethsr, flags of differences made up, col- 
umns equated, additive stripped and basic gage recovered 
when:.ver sufficient traffic vas available. 


49, Suceesses with systems of otber nations.-- 
a. Lithuania: he L ang used a grid system which 


"yas very insecure, Lithuanien traffic was read by Section E 


of the Chi-Stelle from 1938 until the Red Army entered 
Lithuania in the summer of 1939. 

The Lithuanians used a ten by ten square in which the 
text vas written out from left to right. A ten by ten grid 
vith 25 cut-out cells vas superimposed and the lettera in 
the cells read off from left to right as cipher text. The 
grid was shifted four times to encompass the 100 letters in 
the underlying square. In the event a message vas less than 
: hungrgd letters it was padded out by repoating the signa- 

ure , ; 
>. Rumania: (1) lsat Lt. Werther worked on Rumanian 
Air Force Cipher material in Budapest in the Spring of 1939. 
He describsd it as a simple transposition system. A few 
Gays after he submitted a report that the system vas about 
to break, he vas recalled to the Chi-Stelle. Werther be~ 
lieves that the interference vas deliberate and political. 
It 18 significant that the Hungerians later bought ths sys- 
tem.©?3 (2) Werther claimed that the Rumanian Police Cipher 
was so Simple that the Germans considered it camouflaged 
treason. Exact information val German troop movements vas 
transmitted in this system.“ 
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e. Yugoslavia: The Germans had no difficulty solving 
the Yugoslav Air Cipher and had currency on the system when 
the campaign against Yugoslavia started. The system was 
composed of lexicographic tables with 30 columns and 60 lines. 
The line and go.umn coordinates were at first non-random and 
ater random. 

a. France: Werther recalled a French code book enciphered 
with short periodic additives. Though 1t FZeided very slowly 
to solution, the Germans read the system,* ; 

e. Carpathc-Ukraine: Five letter monoalphabetic sub- 
stitution messages vere read in Budapest. The security of the 
cipher vas. nil. 

f. Poland: The German Air Force started work on 
Polish traffic a few veeks before Poland vas invaded. A few 
take-off and landing reports were the only messages read, 

ist Lt, Werther of LN Regt 353 sav a captured Polish 
two-part code book, vhigh vas made up off some 2000 values 
and was non-alpkabetic. . 

g. Czechoslovakia: Voegele began work on Czech material 
in 1937. Five letter air messages, of which a good bit vere 
practice traffic, were read, A few tactical transposition 
messages were solved. Voegele belleyed the bulk of unsolved 
Czech material to be machine cipher. 

h. Spain: To the best of lst Lt. Werther's knowledge 
the Spanish Rgds transmitted their traffic almost exclusively 
in the clear. . . 
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1, Turkish Alr Force: Turkish systems fell in three 
categories: {1) Periodic substitution system which changed 
monthly and ves broken in two hours, (2) Uneneiphered 
alphabetic code book, (3) Single transposition enciphered 


weather reports, 
Voegecie considered Turkish material extremely simple. 2B) 


He never bothered with it but turned it over to subordinates. 
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50. Introduction.-- The liaison of the German Air 
Force Signal Intelligerce Service with other agencies engaged 
in signa) intelligence activities vas effective. The over-~ 
@ll silccation of problems and spneres of activity vas 
divergent end each service concentrated on its own conmit- 
ments, At the bigh levels of command, the Supreme Command 
of the Armed Forcas, the OK, exercised a control over 
German security weasures, but permitted each service of the 
Wehrmacht to work out its own techniques and oolicy in its 
cignai intelligence work speinst foreign countries. When~ 
ever problema overlapped between the services further down 
the chain ef command, full technical information and intelli-~ 


genee was ekchanged, 


51 Relations vith the Supreme Command of the Armed 
Forces, OKkW.-- the relationship vetveen OKW and the Air 
Force @igh Command, the OKL, vas decided upon at a series 
of conferences held in Berlin in Cctober and November 1944, 
presided over by the head of OKW/Chi and attended by 
renresentetives of the Pour servicers {OKW, OKH, and oxL). 285 
The German Air Force oserated independently of the Wehrmacht 
in matters of its intelligence activities against the Allies. 
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Liaison was carried on at Lover levels where necessary. 


Close cooperation existed between Gen Nafue II and security 
Group IV, Gen Nafue III of the Air Force and OKW in regard _ 
to German security and cryptography. On the upper level the 
head of cryptographic development at the Chi-Stelle of OKW 
worked in collaboration vith the compilation departments of 
Arny, Navy and Air Force. To test its own systems the Air 
Force maintained its own cryptanalytic security section in 
Gen Nafue III, but Rupmitted its cryptographic materfals to 
OKW/Shi for review, 

it is significant that Lt. Col. Friedrich, head of the 
Air Force Chi-Stelle, said during interrogation that he had 
never read one “activity report of OKW/Chi." In regerd to 
any “very important signal materials" from OKW, Friedrich 
seidh¢ stopped reading them as they were of no interest to 
hin, 


52. Relations with the Army High Command, OKH.-- Rela- 
tions between OKL Signal Intell gence Service an eo Army 
were on the whole quite good. The actual. problems worked 
on by the two organizations were distinct, but results, reports 
and information were exchanged, and periodic meetings were 
held in order to discuss techniques and experience. Collabor- . 
ation before suspected large Allied moves was especially close,’ 
The 3rd Battalion of LN Regt 353 on Southern seotor of 
Russian front collaborated with Signal Intelligence Regiments 
1 and 8 (KONA 1 and 8) of the Army. Lisison officera vere 
exchanged and evaluation closely coordinated. German Air 
Fores Signal Intelligence Service often helped fill in the 
gaps through their work on the air armies vhen the Soviet 
dand army observed radio silence, 
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. The army emoloyed a large number of search receivers. 
Any air frequencies were imsedlately passed to the Air 
Force, thereby saving the Air Force timne~wasting search 
vork.289 Inthe West, LN Regt 351 fed its results to 
Commander-in-Chief of Army Group West. 


53. Relations with the Navy High Command, OKM.-- In 
contrast to its relations v the arny, the German Air 
Force Signal Intelligence Service had many 4ctual problems 
in common with the signal intelligence service of the German 
navy. Both services attached a liaison officer to-the Wing 
{Fliegerkorps ) in Athens to coordinate the daily: situation 
reports for the meetings of the general staff. Oving te 
his lack of experts, the admiral commanding German Naval 
Forces in the area turned over to the Air Force personnel 
and equipment for radar monitoring.290 

The Navy was very much interested in the vork 3rd 
Battalion of LN Regt 353 did on the air arm of the Soviet 
Black Sea Fleet. Accordingly, the Battalion kept the 
Navy informed on everything it. received concerning the 
Red Navy. The Air Force Signal Intelligence was able to 
give the navy intelligence on the disposition of the some 
180 planes of the Black Se& seaplane force. Of special 
importance vas Russian air recce traffic, which when inter- 
cepted, constituted @ warning of impending Soviet action 
against German convoys in the area. . ; 

Much the same situation existed in the northern sector. 
The lst Battalion of LN Regt 353 put an R/T unit aboard the 
Prin: Eugen to monitor Soviet air units of the Baltic Fleet. 

LN Abt 355 in Norway had direct wire lines to Naval 
Headquarters in Oslo, over which intercept information con- 
cerning RAF Coastal Command and Atlantic convoys vas 
passed.291 
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54.. Relations with Weather Service {WENUEB}.-- The 
monitoring of allied veather netvorks was not 4 primary 
coumitment of German Air Force Signal Intelligence Service 
as the veathsr service (WENUEB} maintained its own inter- 
cept and analytic facilities. The German Air Force was, 
hovever, able to augment the weather service's coverage 
and analysis, and Signal Intelligence sources of weather 
information became increasingly important as Allied pressure 
cut down the activities of German we&ther recce aircraft. 

A liaison officer ( a technical sergeant) from the 
weather service was attached to Section B of the Chi-Stelle. 
This nan-com mide regular trips to the intercept units, 
instructing them in the significance of veather messages. 
He reported to the Chief Weather Officer on all weather 
frequencies not being covered by Signal Intelligence Service 
and any incidental veather intelligence. 


55. Relations vith Goering's Research Bureau (For... 
sh sant, abbreviated e-~- The only contact betyeen 
FA and the German Air Force Signal Intelligence Service 
‘seemed to be at periodic general meetings attended by 
representatives of all branches, although there was an . 
occasional exchange of raw traffic between the tvo agencies.©9>: 
Friedrich said that Voegele met with representatives of other 
agencies (FA included) to discuss cryptanalytics. 


56. Relations with other Axis povers.-- 

a, Japan.-- Voegele, principal cryptanalyst of the 
German Air Force, visited Berlin twice in 1942 in an attempt 
to meet with Japanese Colonel Hayashi of the Japanese 
Military Mission in Berlin and discuss cryptographic matters 
The meetings vere prevented by Lt, Col. Kempf, of OKW /Chi .294 

db. Finland.-- Lt. Col. Friedrich of German Air Force 
Signal Intelligence Service said thet there was liaison with 
the Finns on Russian traffic and T/A. There was no liaison 
on matters of cryptanalysis. Detachments from German Air 
Force signal ipgeliigence yorked with the Finns at Mikkeli 
and Sortavala. 
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c. iItaly.-- A very loose contact existed with the 
Italian Army Signal Intelligence Service. Unimportant 
frequencies of allied and Turkish air forces were ex- 
changed. Personnel of German Air Force Signal Intelligence 
had @ very low opinion of the Italian service.29 

ad. Hungary.-- Collaboration had existed with the 
Hungarians since before the war. The liaison consisted 
mainly in the exchange of radio intercept. ‘he Hungarians 
had no capable ecryptanalytic brains and lacked "reliability” 
in tne eyes of the Germans. 

The Hungarians attached an intercept company to the 
Eastern front in the Soring of 1942, but this vas with- 
drawn after a year. In April 1944 a Hungarian intercept 
company was again attached within the fraweywork of III 
Abt LN Regt 353. This comgany lasted until 5 January 1945, 
when it vas withdrawn to # Hungarian collecting camp. 

The Germans considered it a@ good intercept unit. 
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VOLUME 5 


Chapter VII Critique of the Orzanizgation and Cperations 
of the German Air Force Signal Intelligsucey Service. 


Paragraph 
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Centralization of operational and administrative 
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Organization of the field units. ..cccccceercersesevasser 99 
Advantages of a separate Air Force Signal Intelligence.. 60 
Evaluation of German Air Force signal intelligences 

ODEPATLONS .csccccccertaanresateeesceerensucedaseeesses 63 
RECOMMENGAtlLONS . sccacseecansevucsecessccssescesetsscvaee Of 


57. Subordination to Chief Signal Officer rather than 
to A-2.-- e rman Air Force gnal Inte gence Service 
was confronted with the same organizetion probiems that the 
USA faced in the formation of 4 cohesive, efficient organi- 
zation. It took five years of war, until October 1944, before 
the fairly unified service discussed in this paper as the 
norm emerged. a 
~~~ Both the A-2 and the Chief Signal Officer of the German 
Air Force desired control over signal intelligence. The 
German High Command subordinated the service to the Chief 
Signal Officer for operational reasons, although the A-2 was 
the chief recipient of its product. The High Command reasoned 
that the Signal Corps could better furnish personnel, equip- 
ment, and signal comeunication, and thought the A-2 lacked 
the technical know-how necessary to control the actual opera~ 
tions of signal intelligence units. Thus, the A-2 advised on 
intelligence matters but had no control over Signal Intelli- 
gence operations. Signal Intelligence reports to the A-2 
had evolved gradually from technical discussions of circults, 
ney cail signs, and such technicalities, to evaluated intelli- 
gence. German Air Force A-2'sdld not understand the purely 
Signal Corps technicalities, and this fact influenced the 


’ finel decision in subordinating the signal intelligence ser- 


vice to the Chief Signal Officer. The decision to keep ths 
signal intelligence service independent of the A~2 was a 

good one for them. Qood intercept is all-important for the 
operations of any signal intelligence service. The effective- 
ness of the intercept service is determined by whether the 
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enemy's transmitters can be heard, whether his operators are 
careless, and by many other strictly technical factors. Since 
all such technical questions of intercept are the province of 
the Office of the Chief Signal Officer, it would appear wige 
to subordinate the Sigmal Intelligence Service to that Office, 
rather then to the A-2. Signel Intelligence produces what is 
technically possible and not, except in a very general way, 
what the A-2 desires, 


58. Centralization of operational and administrative 
control.--fhe Final organization unified operationa{ and ad- 
ministrative control within the signal intelligence structure 
at all levels of command. Lt. Col. Friedrich's dual capacity 
as head of Gen Nafue III and of the Signal Intelligence Agency 
(LN Abt 350) was the basis of this unification. Friedrich 
could bargain for equipment and other necessities from the 
Signal Corps while at the same time exercising operational 
control over the entire signal intelligence organization, al- 
though he did have a nominal superior in Gen. Klemme, Seniov 
Signal Intelligence Officer. Col. Forster, Chief of the Air 
Raid Warning Service in Germany (FAF Reich) was head of tacti- 
c&al air raid warning operations, but he was subordinate to and 
received his orders through the Signal Intelligence Agency. 

The experience of the German Air Force shoyvs that its 
Signal intelligence service had to be independent of outside 
control, equal and not subordinated to other intelligence 
agencies, This unity under Lt. Col. Friedrich, although not 
specifically provided for on paper, did in fact exist and 
vas absolutely necessary for operating efficiency. 


59. Organization of the Field Units.--In the final or- 
ganization, at the field units were undér the operational 
control of the Signal Intelligence Agency, which did not 
delegate its authority but moved its various sections to the 
field. On the Russian Front the ese vith which the codes 
could be read, the large distances involved, and the differ- 
ence in operating procedure within each Russian Air Army made 
it more practical to control the Battalions of LN Regt 353 
locally. Sections E, and D split up and moved out to the 
headquarters of the e-battalions, leaving e@ very small 
party at Chi-Stelle. On the fronts operating against the 
yweatern allies the German Air Force decentralized T/A evalua- 
tion by putting Section B's evaluation personnel at the head- 
quarters of the field units. <A certain amount of centrality 
was maintained in the cryptanalysis of higher grade allied 
systems, due to the technical difficulties they presented. 


oT 


AFM 100-5 14 DECEMBER 1956 


TRANSFORMER 


TO IF 
AMPLIFIER 


TO AVC VOLTAGE SOURCE 


ee 


Pentagrid Converter 


control grid, which is isolated from the first Conversion Gain 
control grid and from the plate by screens. 
Thus, pulling on the oscillator is kept to a 
minimum. The RF signal voltage is introduced 
at the first control grid. Both control grids 
affect the flow of current from cathode to 
plate so that the signals of both grids are re- 
produced in the mixer output. 


The efficiency of a conversion stage is 
calculated in terms of the ratio of IF output 
in the plate circuit of the mixer to the RF 
signal voltage input on the grid of the mixer. 
The conversion gain is usually about 0.3 of 
the normal gain of the tube when used as an 
IF amplifier. 


Pentagrid Converter Oscillator-Mixer Tracking 


For low frequencies, where electrode inter- Notice that in all the frequency conversion 


action is relatively less important, the penta- circuit diagrams shown before the variable 
grid can be used as a converter. In this use, capacitor of the oscillator tuned circuit is 
it combines mixer and oscillator functions in ganged with a variable capacitor of an RF 
a Single tube, as shown in the diagram above. tuned circuit. This makes the oscillator tuned 
The oscillator section of the tube is composed circuit track with the RF tuned circuit. The 
of cathode, first control grid, and the com- difference frequency is the IF. In addition to 
bined screen grids (as the anode). Feedback the ganged variable capacitors, the pentagrid 


converter circuit has small variable padder and 
trimmer capacitors. These can be adjusted to 
assure that the ganged circuits maintain the 
correct difference frequency throughout the 
tuning range. The trimmer, a parallel capac- 


to maintain oscillation is provided by the 
autotransformer action of tapped coil L1-L2. 
Current flowing to the cathode through L1 
induces the feedback in L2. The oscillator 


voltage appearing on the first control grid itor, has its greatest effect at the high end of 
affects the flow of current through the tube. the band. The padder, a series capacitor, has 
The RF signal voltage is applied to the second its greatest effect at the low frequency end of 
control grid. the band. 
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The Germans found tactical evaluation to be a low echelon 
problem, to be attacked mainly by the field units. The indi- 
7.Gual intercept operator and field evaluator were in a posi- 
tion to supply much short time intelligence that vould have 
been lost had traffic been immediately passed to higher eche- 
ions for evaluation. The production of strategic intelligence 
and the coordination of the intercept missions of the field 
units were performed by the personnel remaining at the Chi- 
Stelle at Potsdam, the traffic and operators' logs eventually 
found their way to this agency. 

The distribution of control discussed in the three para- 
graphs above vas the German Air Force solution to the problem 
of signal intelligence control, arrived at in the light of its 
particular experience. It would be wrong, however, to apply 
this organization uncritically to our own setup. Each country 
confronts different difficulties; each var presents a different 
geographical and communication problem. 


60. Advantages of a separate Air Force Signal Intelli- 
gence-- The advantages or disadvantages of a stinct Air 
orce Signal Intelligence Service must be reviewed in any 

evaluation of the German Service. The organizations of the 
Wehrmacht called for a separate air arm, so when the Air Force 
found it needed signal intelligence it built up its own ser- 
vice without bothering with the details of signal intelligence 
control being centered in a single unit. It has been seen 
(Chapter I) that in the formation of its organization the 
Air Force foloved the patterndready set by the Army. 

There were Hood reasons for a separate Air Force service. 
Some of the problems of signal intelligence vere strictly 
Air Force commitments, The most clear cut example of such a 
commitment is found in the operations against Allied strategic 
bombers. However, a similarly clear cut line of demarcation 
between Air Force and Army commitments could not be drawn in 
operations against tactical Air Forces which operated in con- 
junction with land forces. For example, in the case of Russia, 
the Air Armies were subordinated to Army Groups with which 
they had common communications channels. Furthermore, ground 
support units were linked with ground combat units by radio 
circuits. Again, in the West, the land forces and tactical 
Air Forces communicated on both air/ground and point-to-point 
circuits, and the commitments were not exclusively those of 
the Air Force. 

These facts point to the visdom in establishing a separate 
Air Force service to handle the problems which are of a 
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peculiarly Air Force nature and indicate the necessity for 
signal intelligence units tailor-made for the intelligence 
needs of the Air Force. On the other hand, all the evidence 
underlines the necessity for a central, coordinating agency 
having overall control of signal intelligence matters, and 
making clear cut assignments on problems which inevitably 


over]uP, The Germans in fact had machinery set up in OKW to 
ansver this very need, but they did not use it, and cooperation 
between the branches of the Wehrmacht vas difficult to achleve. 
Instead of overall control the Germans relied upon liaison 

at various vorking levels betveen the signal intelligence - 
services of the Army, Navy, and Air Force . OKW,: instead of 
functioning as an agency of overall coordination, restricted 
itself to the supervision of Wehrmacht cryptographic security 
and the ideal of the separate Air Force Signal Intelligence 
Service, subordinate to a central Signal Intelligence Agency 
controlling ail the branches vas never achieved. 


61. Evaluation; of German Air Force signal intelligence 
operations .-—The Signal Intelligence Service of the Air Force - 
achieved marked success in its operations in spite of the 

a difficuities of organizetion. In the exploitation of every 
Signal manifestation, the scrutiny of every phenomenon, the 
members of the service shoved their advanced conception of 
Signal intelligence. 

On the Russian Front, methods remained rather elementary 
due to poor Soviet code and cipher security and primitive 
radio methods. In the west advanced cipher, communication, 
radio navigational and radar technique forced the Germans to 
rely on advanced T/A methods instesiof cryptanalysis, and 
these they developed briliiantiy. 

The Germans exploited American mistakes to the utmost. 

Our heavy bomber raids vere compromised by the tremendous 

volume of radio traffic that started before the raid and con- 
tinued through take off and assembly, by the regularity with 
which routine reports were sent, and by the lax R/T discipline 

of the flying units. Even radio sllence was significant, for | 
if units remained abolutely quiet the Germans vere alerted r 
for an impending operation. Furthermore, American laxity in 
failing to switch off IFF over German territory made route i 
tracking possible even when radio silence vas observed, and r | 
Allied radar, both fixed and airborne, was carefully monitored. 
It is not surprising that the German estimate of U. S. security | 


was that Americans relied too mich on good cipher and.did not 
practice sound radio discipline. __— 
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62. Recomendations-- The most important lesson to be 
learned from & study of the German Air Force Signal Intelli- 
gence Service is that we in the USA have been confronted with 
ypelatively simple Signal intelligence yroblems. Cryptanalysis 
and T/A as we have known them,are not-suffielent in tactical 
Operations against an opponent as advansed &% or more advanced 
than the USA in. radio and cryptographic techaique., The opera~ 
tional use by foreign countries of better codes and ciphers, 
better radio methods, and Blectronic devices of all kinds 
wlil make necéssery our revising our coaception of signal 
intelligence. huin/? 

American security would benefit from an intense study 
of German Air Force signal intelligence operations, which 
have been reviewed ory in outlinej in this:volume, The suc-. 
cesses claimed by POW'sa should be checked ageinst our SOI's 
and operational records. lepowiaton ” shovld be made to incor-* 
porate the lessons learned From these studies into the train- 
ing programs of ali wnits using radlo and electronic equip- 
nent. 7From the examination of the materials upon. which this 
volume is based, lone factustands out above all others: The 
German Air Force Signal Intelligence Service could not have 
been sco successful in the West had American personnel peen 
more security conscious. 
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APPENDIX 


EARLY WARNING 
39 


Technical Sergsant Gerd Watkinson, 
Duty Officer, Meldekopf 1, Luftwaffe SIS 


[Fro.. IF-133 pp 12-32} 


The probiem of early varning became eecute when the RAF 
began its heavy raids on Germany proper, Yt became? even more 
urgent when the 8th USAAP joined the RAF Bomver Command in 
unreatricted aerial warfare against Gatamny, and toe Louftwerfe 
limited liself for the most pars to a defensive rolo. Re- 
ijable and tluely early yarning waa t3 be one of the most 
important taska of the Luftvaffe SIs. 

The ¢lrat attempts to obtain tlues for advances warnings. 
from enemy radio traffie hark tack te fomber A/T traffle on 
6440 kes. ("Darky” frequency). Frou tuning traffle between’ 
ground stations and aircraft, and frer early msssages, tho 
atrength of RAF night intruder formaticns had been determined. 
In those days the number of bomiers Javolved was neo more than 
@0-100, Evaluation of this treffic was ude easter by the 
seperation of operational airfields anc OFU be es. After 
1943 the HF R/T traffic of combat unit: continueliy decreased, 
while that of the OTU's inereased. For this reason, monitor- 
ing of the RAF Bomber Command R/T treffin yielded no fruitful 
results. 

On the other hand, ever since 1943 the monitoring of 
Angrican bomber R/T on HF frequencies gave very luzrative 
indications of impending alr activity. During & later period, 
advanced varning had bsen given as early as the evzning be- 
fore daylight attacks of the Sth USAAF, simply on the basis 
of this R/T trafPic. If, after normal daytime R/T traffic 
had come to an end, tuning and readability traffic, and W/T 
activity vere rensved, then these observations were sent 
out by Meldekopf 1 as an early warning. 

This type of advanced varning wes facilitated by the 
fact that, at the end of 1943, the Sth USAAF introduced the 
use of special airfield frequencies in addition te the regu- 
lar HF frequency of 6440 kes. It remained, therefore, to 
determine the call-signs of the ground stations; the inter- 
cept operator needed only to have his receiver properly 
calibrated in order to identify the alrfield in question, 

In the final period the efforts of the combat wings to give 
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instructions to their formations on HF instead of VHF were 
realized. Perhaps it wie due te reception conditions over Enge- 
land, which changed daily; at any rate, it was surprising 
how open ang voluminous the EF traffic over Englané was, both 
during the sssembly, and the approach flighta to the target. 
in the beginning of 1943, the first basie attempts were 
made to find posaibiltties for early werning in the air-to- 
ground W/T traffic. AS that time a scrutiny of the radio 
traffic from the "Regional Control Stations” was begun. Eng- 
land was divided into fixed safety areas: he radio traffic 
for each zone was handied by a specified rmmdilo station, which 
was often 4 bomber airfield radio station a3 yell. During 
the early afternoon hours @ large number of unidentified ¢ali- 
Signs youid be heard in tuning traffie with those Regional 
Control Stations serving southern Englend; this would be fol- 
lowed, at night, by @ rather large-scale raid on France, or 
over Prance into Germany. However, tire expsriment was a 
failure in the sense that the strength of an expected night 
attack could not be predicted from the number of call-signs 
heard commnicating vith these Regionr) Control Stations, 

On the ether band, around this time a special phenomenon 
wae noted by good SIS operators enrages in monitoring the 
enemy airfield D/F sections, Apprexinately one hour before 
the first enemy aircrart vas plotted over “she sea, certain, 
snort whistling tones vere heard, in vavying Intensity. In 
the case of a raid by approximately 250 bombers, 1le-25 of 
these whistling cones vere heard in short, chronological 
sequence, Specialists explained this phenomenon as the tuning 
of Alrcraft transmitters to zero beat. Thanks to thease’ 
whistling signals, remarkable good advance warnings could 
be given from April to June, 1943. According to tre D/F 
section, not only the strength, but also ths probable area of 
attack could be predicted. . 

In addition shert-interval early warning was guaranteed 
at a11 times through the interception of Eritish Hes. The 
period in which the Meldekopf was able most accurately to 
predict relds was the summer and fail of 1943, When the 
whistling signals no longer occurred frequently enough to be 
reliable, monitoring of the radio station at  raveley Air-+ 
field (8 tathfinder Gzoup) furnished accurate clues. Gravely, 
one of the never. satellites of Wyton, was seldom heard by 
day. The radio station et every other bomber airfield sent 
its call-sign and the time, every 15 minutus for check pur- 
pees. Gravely was the. only bomber airfield which sent its 
check signals only until noon, and then vent off the air. 

If & mission were to be flown in the evening, ths radio sta- 
tion vould reney its checking transmissions in the late 
afternnoon, or et least long before take-off time. 
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esearch conducted by the final evaluation section of 
Meldekopf 1 indicated that aircraft fron Graveley took part 
in every enemy raid. Therefore, without incurring eny risk, 
or considering the detly signal intelligence picture, an 
advance warning could be given on the basis of the resumption 
of querter-hourly procedure et Grareley, 

In the summer, new porsibllities for early varning were 
azplored, since it vas known that the enemy was fond of 
changing his tactics suddeniy. In addition to the continuous 
search ror traffic on medium frequency, au sffort vas made 
to obtein & signal intelligence picture of all active aquad- 
rons, and to arrange the information according to the folliow- 
ing pattern, in order to decide whether night attacks vere 
impending or not: 


Airfield WNunber of aircraft Wusber of tuning Landings and 
heard messages inter- peculiar 
cepted messages 


Hovever, the evaluation of these tables was performed 
toe superficially, and as a result no vaiuedle intelligence 
was rea@ily gleaned from them. For this reason 8 suall, se- 
lect group of specialists was continually on the lookout for 
pew methods of obtaining early varning. 

First of all they proposed examining 211 the daytinae 
radio traffic of the Pathfinder Group {5 Group). ‘he reason 
for this vas that no large-scale missions over Germany or the 
western occupied arezs vere flown vithout Fathfinders, vhich 
represented the brain of such an attack. If the radio 
traffic of this group yielded hints of an operation, then the 
wethod developed could be applied in the seme way to the main 
body of the bombers. It so bappened that the entire signal 
intelligence picture of & Group over the period of 4 month 
could be reconstructed relatively quickly, and hence the 
real york of evaluation could be started. The research pro- 
ceeded on the theory that daytime radio traffic on non-opera- 
tional days must be noticeably different in certein character- 
istics from traffic on days when no attacks followed, Thus, 
the radio traffic of all airfields of 3 Group vas separated 
into different periods of the day, and subjected to a de-~ 
tailed examination. From this the folloving was determined: 

On non-operational days, daytime radio traffic betveen 
sircraft and their airfields had no speciel p-ak. During 
the forenoon there was mostly identification and tuning 
traffic, with no special indication of haste on the part of 
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the ground station. During ths noon hours there vas almost 

a complete Jull in activity; the British partook generously 
of their noenday ease. In the afternoon tuning traffic be- 
gan again, and now and then D/F traffie was heard, in seru- 
tinizing the traffic of the airsicld D/F sections, special 
attention vas paid to those aircraft performing cross-country 
flights. Moreover, the W/T intercept companies which vere 
entrusted with the monitoring of Bomber Command reported 
those Pathfinder aircraft call~sigms which appeared in the 
traffic cf other groups. After the traffic of the Conversion 


| Unit at Fyton, which ves quite voluminous, had been elin- 


inated, there remained @ good picturs of the activity of the 
Pathfinders. The signal intelligence picture of this unit, 
on & day Im-ediately preceding 4 night raid, Looked approxi- 
mately as follows: 

in the morning there was lively tuning and recognition 
traffic, the peak being, reached between 1000 and 1130 hours. 
The small amount of D/F traffic, appearing during the noc: - 
day hours was aseribed to ferry flights te and from the 
repair-shops. At noon came the "bricfing-pause”, and there- 
fore very few Pathfinder aircreft vere heard. To properly 
evaluate the noonday radio silence, an exact knowledge of 


' weather conditions over the take-off areas was important. 


Therefore a weather wap vas mide, and no source of informa- 
tion was lgnored in building up the truest possible picture 
of the veathsr.over the 8 Bomber Group pases (radio traffic 
betveen the ground stations of § Group and alrcraft from 
other airfields: veather reports from training units flying 
over England, from deciphersd homber core messages, and fron 
naval radio stations). The recall of British tralning unites 
around nocntime would be an unquestionable indication of an 
expected deterioration in the weather. Very froquentiy the 
Signal intelligence picture would definitely indicate a raid, 
and then the sudden appearence of 2 bad-veather front would 
cause the mission to be cancelled. 

In December practical utilization of the intelligence 
gained from the study of Pathfinder traffic was begun. 
Every evening an air situation report, such as the following, 
was broadcast: 


Appreciation of the Air Situation, 1730 hours 


In the forenoon, there was tuning activity on the part 
of ali groups (both bomber ard Pathfinder), but with no 
noticeable peak period. Fro: noon on, cross-country Plights 
by units of the Halifax Groups vere ob orved, over the middie 
and western sectors of England, and over the Irish Sea. 
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In sce ms tances Plights of Pathfinder aireraft over the . 
porther bases (6 Bomber Group) vere observsd. Pathfinder 
tuning traffic also came to a stop at noon. Training opera- 
tions by the OTU's were carried out all day leng, in all 
areas, Tuning traffic on medium frequency is normal, and shows 
no point of cencentration, 

Conclusion: Wo large-scele raid is intended. 

This research vas the impetus for 2 yveorpanization of 
the W/T intercept companies, In the same way as with the 
Pathfinders, a study was begun of the radio characteristica 
of the other groups. Daytime radio traffic was visually 
presented on largo, g°.aos biaeike.a:-ds by the use of appre- 
priate symbols, and was posted hourly. On these blackhboards 
wers shown: 


Alr activity at a given airfield; 

Tuning traffie from this alpmield; 

Volume of radio traffic with aircraft from other 
airfields. 


When later the RAP also flew daylight misslons, there 
was also included information as to which units had completed 
their missions. 

A digest of this information, together with a record 
of the missions which followed, was kapt in a diery, in order 
that every radio characteristic which seswsd important to 
certain intercept problems could be referrea to. This saved 
loss of, time in thumbing through log sheets. To the black- 
board pleture was added a new board on which vas noted those 
radio characteristics which could only be observed by the 
intercept operator (change of transmitter, Increasing of 
Signal strength, tuning to zero beat, change of radio opera- 
tore, continuous notes, sending cf V's, ate.), These char- 
acteristics vere also tabuleted and compared vith those on 
the ovher blackhoards. 

This tiresome vork was not done in vain. There emerged 
the facts that the Pathfinders of the minatory 5 Group tuned 
to the zero beat of their frequency long before thelr radio 
traffic over the target vas heard, and that the game whistling 
tones could be heard from jamming aircraft of 100 © oup 
sherity after they took off from Foulshay. Also that the 
radio operators of 5 Bomber Group were changed frequently 
on non-opsrational days, while during e mission the sane 


operator remained on the key. 


The ever more frequent daylight raids of the RAF vere 
predicted without difficulty. If, for example, 3 Eonber 
Group was to fly at noon, there was no tuning traffic during 
the morning. In short, an alerted group imintained radio 


silence. 
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Tuning traffic probably orig! nated with the ground 
porsonnel rather than with the aliborne radio operators. 
Perheps it wes also sent during ropsir.ahep flights over an 
airfield, but this vas not absolutely necessary, Perhaps . 
it represented a certain playfulness on the part of radio 
repair sergeants who also vished to send a little radio 
traffic. The non-appearance of this tuning traffic became 
one of the most important clues for the Luftvaffe SIS in pre~- 
dieting @ coming attack. 

The folloving depicts the sequence of events in a night 
raid, showing how, in the latter years of the var, it could 
be identified by SIS, and advance varniag given: 


1700 hours: Lancaster units have been alerted for operations 
during the first half of the night. Whether 
Halifax squadrons are to te used also is not yet 
known. 5 Group commands speciel attention, 

1800 hours: 100 Group has already taken off, 

1825 hours: The first aircraft of 106 Group has been plotted; 
it vevorted damsge. By nuecns of many bearings 
its course is learned; it is flying over Dunkirk 
on & southeast course toward the Charleville 
area, 

1825 hours: A bomber code message in th® new setting, which 
ig only valiié for ono nigh:, is sent by an air- 
fleld of 1 Group; this means trat the atroraft 
of 1 Group are already airoorne, but their 

course is still unknown, 

1900 hours; The monitoring of Allied aircraft reporting 
netuorks, cerried cut by Meldekopf 2, indicates 
a large enemy (British) formation in. the Somme~ 
BMuendung area. At this point an advance varn- 
ing is broadcast to &11 parties concerned, 

1910 hours: An OTU aircraft attempts to home on an airfield 
of § Group and is turned avay by the airfield 
D/F section (certain "Q"-signais). Therefore, 
the participation of 5 Group must be reckoned 
with. The HF and VHF D/F setvorks are alerted 
to monitor the frequencies of 5 Group. 

1920 hours: An aircraft with 4 knoyn operational call-sign 
requests a check hearing from the airfield D/F 
section of the Halifax units. Therefore, the 
Halifax units also warrant ettention. 

1935 hours: The Allied Air Raid-Reporting Service reports 
& second wave of aircraft. It is probable that 
on this night all groups are taking part .in the 
raid. 
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2945 hours: 


1950 hours: 


2000 hours: 


2010 hours: 


2020 hours: 


2025 hours: 


2030 hours: 


The fireat line bearing on & "Magic Bos" (82S) 
is reported, Siace r r intercept is now 
bringing results, the course of the enemy units 


.can nov bs checked, depznding on the number of 


bearings. Once the course is accurately deter- 

mined, night-fighters can be brought into play. 

A "Negic Box" is plotted over the Deutsche Bucht. 

Since no jaming aircreft fly into this area, 

it ean only be @ Mosquito flight or a mine-lay- 

ing aircraft. 

The control stations of 4 and 6 Groups transmit 

"winds aloft" mossages on & CQ call-up. From 

thia 1t is known thet ths first vave consists 

of Halifax squadrons of 4 and 6 Groups, led by 

Pathfinders of 8 Group. Ths bomb-release sig- 

nal can bse expected vithin 20-30 minutes of the 

"vimie nloft™ messages, and therefore the f rna- 

ticn vill probably not intrude deep into Germany 

proper. Attention must nov be given to the 

Boomerang-controlled Mosquitos of 100 Group. 

The first wave is plotted by radar intercept; 

course is tovard the Ehine-Westpbaliis indus- 

triel Gistriet. The second vave is plotted 

for the first time in the Rheims erea, 

A&A "einds aloft" message is heard on ths 1 

Group frequency; this time {ft is sent by the 

aircraft to the control sateation. 1 Group, 

therefore bas penstrated deeper than the Hall- . 

fax formetion, This information allows identi- 

fication to be given to previous "Hagic Box” 
plota on this unit. 

Note: 100 Group usually flies ins vide form- 
tion, veiling the movements of other 
groups, end mking it difficult to deter- 
mine the course of individual units. 

The identification of @il jamming alrereft which 

have been plotted is successfully completed, 

emi their relative positions with respect to the 

individual units clarified; points of coxcen- 

tration of the jamming aircraft can now be 
reported. 

Zero beat tuning on the eadquerters frequency 

of 5 Group is heard. Accordingly, fresh varning 

is given of activity on the part of this danger- 
ous groug whose course is &111 unknown. 


LOT 


Padder in Oscillator Tracking 


You can see how the padder capacitor is 
important from the above circuit diagram and 
the accompanying chart. Cl and C2 are the 
ganged capacitors. Each has the same range 
of capacitance (40-360 mmf). However, each 
does not tune across the same range of fre- 
quencies. The oscillator circuit tracks higher 
than the RF circuit by a frequency difference 
equal to the IF. Therefore, if the frequency 
coverage of the receiver is 1 to 3 mc and the 
IF is 465 kc, then the oscillator covers from 
1.465 mc to 3.465 mc. The tuning ratio of the 
RF circuit, low to high frequency, is 1:3. The 
tuning ratio of the oscillator is 1:2.36. The 
capacity ratio of both ganged capacitors is the 
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Trimmer in Oscillator Tracking 


1:9, 
Since frequency is inversely proportional to 


same 


the square root of the capacitance f = (——}, 
2r\LC 
there is a match between a tuning ratio of 1:3 
and a capacity ratio of 1:9 for capacitor C1. 
However, for capacitor C2, the tuning ratio of 
1:2.36 does not match the capacity ratio of 
1:9. Therefore C3 is added as a padder. The 
addition of capacitor C3, 500 mmf (variable), 
makes the range of C2 and C3 together vary 
between 37-210 mmf. This is a capacity ratio 
of 1:5.6. The combination is a good match for 
the tuning ratio of the oscillator of 1:2.36. 
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2035 hours: The Boomerang-controlled target-rwarkers for 
the Halifax formation are plotted. Special 
local warning is given to the area in vhich 
the attack is expscted. 

2037 hours: Interception of Pathfinder R/T treffic (VHF) 
on the "C* frequency of 8 Group; the aircreft 
are identified as Boomerang-controlied Hosquitos. 
A report to the ZAF steivss: Helifax form- 
tion villi release bowbs in few minutes. 

2039 hours: "Winds aloft" messages are aay sant by Path- 
firders of 8 Group also. Ths contents are 
identical with those sent by 1 Group; thus, 

& Group are the Pathfinders for 1 Group. To 
vhat extent 6 Group is & part of the main 
bomber stream is, for the present, #111 not 
clear. 

She report on the strength of the intruding 
formations states; 

aa) Helifex formation eppreximately 380-450 


oa eivcraft {Laneasters of 6 Group have pro- 
pebly not accompanied them), led by Nos- 
quitos. 


‘bb) Lancester formation hoading tovard South- 
western Germany vith about 300 sircraft 
(to what extent 8 Gronp, except for its 
Pathfinders, is represented in the form: - 
tion remains uncertain) . 

ce) 5 Group is active in undetermined strength; 
area of operations for ths present unknown. 

ad) Mosquito formation of 60-80 aircraft te- 
werd Berlin (target is only presumed, since 
Mosquitoes regulerly attack Serlin at this 
time of night). 

2040 houre: 3 Group will probably not operate, since trnin- 
ing activity is teklng place on their airfields. 

2050 hours: A smell amount of training flight activity be- 
gins on tvo airfields of 5 Group, It 1s there- 

~ fore presumed thet specialized aguadrons are 
carrying out 4 special mission. 

2055 hours: OTD aircreft of 93 Group are racelled te their 
bases. Consequently there is probably a pad- 
veather front moving toward tholr airfields. 
The H/f companies are instructed te pay special 
attention to rerouting orders from the control 

7 stations of this group. 
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2115 hours: 


2135 hours: 


‘2140 hours: 
2140 hours: 


2145 hours: 


2145 hours: 


2150 hours: 


a 


The control station of 8 Group sends a CQ 
messego giving @ report of winds aloft over 

the target. This indicates that the Lancaster 
formation will drop its bombs vithin the next 
half bour. The target area can then be deter- 
mined by computing the distance that the Lan~ 
casters fly in the next heal? hour (their course 
oeing already moun), and advance yearning given. 
The control station of 5 Group resumes its sero 
beat tuning, It might be for D/F purposes and 
5 Group might be in the viciuity of the target. 
Report fron Jagddivision 7 targot-markers over 
city x. 

Aireraft of 1 Group sence “woimis aloft” mossages 
for & section already flown through {for return 
flight purposes). The result io an SIS massage 
stating: lancaster formation bas reached the 
target; no Purther penctration to the eat. 

The control station of 3 Grevy sends an order 
to @ squadron from Yaterbeach, diverting 1t te 
another airfield. Either tho bad weather front 
bas already reachsd the 3 Group bases, or Yater- 
beach must be kept open for aircraft returning 
from operations. 

w/t Pathfinder traffic frou tho control station 
of 5 Group is intereceptec. Accordingly, ths 
special squadrons of ths Group are in an area 
directly im front of the target. At the Malde- 
kopf great exeitement provails; where are the 
aircraft? The possibility that they are over 
Germany is slight, because no flights vore 
reported which bave not been identified by SIS. 
After mueh telephoning to various tactical 
headquarters it is finally learned that a 
rather szail bomber formation is approaching 
Bergen, Immediately an identification is made: 
these are the special squadrons of 5 Group. 

The first plot on & "naster of coremonies" of 
5 Group confirms thia assumption; the special 
squadron from Coningsby is flying over Southern 
Norvay. — 

An aircraft of 8 Bomber Group sonds ths first 
report of results; it is pletted on its return 
flight from tho area of city X in southvestern 
Gormany. Phe return flight of the main bomber 
stream has therefore begun. 
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2150 hours: The Halifax airfield: basin sending reports of 
weathsr over base. ianding corditions seem to 
pe favorable in thelr area, 

2153 hours: The first report of wegulis is intercepted on 
the Coningsby air?iliod Frequency: it is Lomedi- 
acely vepeated on the Group frequency. 

Note: The Pathfinder tearfYic of this group 
vas especially iatavesting. The “masters 
of ceremonies” for the most part did not 
avail themselves oF the three-letter code, 
and used plajia text. 5 Bomber Group, 
uhich in other matters vas penerally ac- 
knowledgea te bs a yell-trained unit, 
often empicyed now types of radio pro- 
ecdure car lessly,. The introduction of 
"winds aloft” messagor in Dacember 1943 
can be cited &s ar exemple. Instead of 
using the vel’.-compiied ecde provided, 
HeIgeros Were sont Practically unencodad, 
or at loast these parts vere left unen- 

‘ ceried which vore ost important ta SIs, 
oe After several alrceart had measure the 
” velocity of winds aloft on & certain 
section of thn: route, andi passed this 
invormation o1 to tisir airfleld, the 
headquarters chea computed the probable 
vind welocity for that section of the 
route still to be flown, and transmitted 
this Intelligences to its alrereft in 
Flight. Sines the ecte letters used 
for this purpose vare easily broken, the 
hoadquarters «actually revealed the intenr-d 
éepth of ponetration of ite bombers, and 
gave SIS en opportunity to determine the 
target in advemea, tc inform the Command 
' betueen which degreas of longitude the 
Lobe vould cheage course, uhon ther 
vould drop thoir bombs, how many main 
vaves there vould be, etc. It vas os-_ 
pecially easy in the case of 6 Group 
to determine Its division into various 
waves, hecauso the Group headquarters 
sent a “yinds aloft” message to each 
separate vave. Ths Pathfinders of 5 
Group also used plain language when H/T 
traffic was first introduced; only 
. later did thay go over to the use of a 
C special three-ietter code which changed 
daily. 
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2155 hours: A bomber code message from the headquarters of 1 
Group is deciphered and is found to contain re-rout- 
ing instructicns. 

Note: Several times it happened that the bombers 
were called back by their control stations, 
shortly after passing over the English coast; 
in such a case certain aircraft recelpted 
for the message. It was not determined td} 
what extent the British had to authenticate 
unusual messages, Under certain circu... 
stances the Luftwaffe SIS might have been 
able to send decoy orders to the bomber 
groups. However, such an attempt was for- 
bidden by the Chi-Stelie, because it was 
afraid, by such @ practice, of causing all 
Bomber Command W/T traffic to dry up. 


Whatever further traffic was intercepted from the bomber 
formations on their outward flight could no longer be used tactic: 
ally. Individual QDMts and reports of weather over bases pointed 

C- to jandings; as a rule, flight-control treffie from the air- 
fleld D/F sections was of a minimum. Emergency calls from dam- 
aged aircraft served for purposes of statistics. Only if German 
long-range night fighters pursued the bombers on the'r return 
flight, did these messages have any tactical value. 

By far the greater part of the effort was consciously 
directed to producing possibilities For visi; vai dog Prom the 
traffic of the HAF Bomber Command. All the possibilities un- 
covered were similarly applied to the monitoring of the 8th 
USAAF, However, in this case no such exertion, as following the 
British bombers required, was needed. The Americans were much 
more massive and primitive in their tactics, and can scarcely 
be said to have practiced restraint in their voluminous W/T and 
R/T traffic. 

Long-interval advance varnings of raids by American bomber 
formations could usually be given as early as 2300 hours on the 
night before a daylight attack. The first indication of the 
raid proper was the interception of traffic from weather recon- 
naissance aircraft. The weather ships sent their reports to 
their hone bases, as well as to certain prescribed headquarters. 
In this way they could be D/Fted, and then it could be stated 
quite definitely into which areas the 8th USAAF would fly. 

Zero beat tuning was heard on the bomber division frequencies 
in the early morning hours precéding a raid. Next, the take-off 
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of the individual units vas monltored, During the assembly, 
woleh continued for as long as two hours, depending on the 
size of tne rald, an exact picture of the composition and 
strength of the formations vas obteineé from VHF R/T traffic. 
A certain code-word then indicated that the bowber division 
was setting its course. Research work, as in the case of the 
RAF, was really not necessary; the Americans sapcke of whatever 
they were doing aulte openly. . 

The following is 3 deseription of ths course of a typical 
Anérican heavy bomber reid, and, &@5 in the case of the example 
of an RAF raid, represents tactics during the latter years of 


the wars 


2300 hours: 
0330 hours: 
C 0430 hours: 


0515 hours: 


0520 hours: 


0600 hours: 


G620 hours: 


Since RAT and W/T scuaing traffic is being sent 
from Sth USAAF airviclds, a raid must be in.ended 
for the next day. 

A weather reconnaissance aircraft from Molesworth 
sends a message. A fix cannot be obtained from 
this one message. 

Now weather ships of the 2nd and 2rd Bomber Bivi- 
sions ssnd messages; they are plotted over the 
assembly area in England, 

A light jamming-screen appears over the southern 
portion of the North Sea, snc off the eastern 
coast of England. At the samé time the first 
take-off messages are intercepted on w/T ?requen- 
cles. The first operational celi-signs are sent 
on the airfield ws? frequencies, an indication 
that no training filght, but rather a raid, is 
taking place. , 

A second weather ro. onnaissance alrecraft of the 
3rd Bomber “"livision is plotted while gending a 
message frcu @ position ever France. Inference: 
the 3rd Bomber Division, at ieast in part, will 
assemble over the continent (their assembly areas 
are learned from [./F¥-ing the radlo beacons, as 
well as from captured documents). . 
Although it ls known from the preceding W/T traf- 
fic, as well as from HF R/T messages, that the 
assembly is teking place, it is cuelous that still 
no VH¥ traffic is heard, ; 
Individuel aircraft are heard in tuning traffic 
with their ground stetions (these tuning messages 
ape especially frequent in the case of the 2nd 
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O7O0 hours: 


O730 hours: 


OF-+0 hours: 


and 3rd Bomber Divisioas), earings indicate 
that they are heacing toverc tne ecntinent. A 
few formation leacers cf the 2nd Bomber Division 
are now heard on VHF R/T, still over the assembly 
area in Erplend, -«ppreximetely over Cromer. with 
the exeeption of reconpneicsencse alreraft, ther 
is still no sign of she 2st Bomber Division (the 
Houber Division, copeciéiiy in the lest 
period of the var. eueureise. exemvary restraint 
in ts use of padiol. 4. picture of the situation 
ia now passed on 50 tid »eovls «olucerned: the 
end and Srd Bombe: Divis.ons ars assembling over 
the consinent In sonsiderable strength; of the 
lst Bomber Division, which will also probably 
take part in coils opspvation, acthing can yet be. 
said as te when acd where it wll] assemble. 
A jemming seresn is recorted over the Béelgium- 
HKollend border erca. It is not 4 relishle indica-. 
tion of a four-en: ined raid; 1t can just as well 
be 4a sereen for a Maraucer attack. 
At tha same time the first VEF trseffie from the 
HSSChiby area ovex France is intercepted. Cali- 
signs of formatior i.caders snd squadron colors 
are Leayned. ‘The ae 23 given &« preliminary pie- 
ture of the expec.ed stvength whl.e the division 
is stili assembling. During the assembly, ansyvers 
to questions concerning the stage of assembly are 
being given to interssted hneadquavtters; at the sar 
time, the signal intelligence picture is being con- 
pleted by calis tec tae sis out-stations, 
AlL the combat wi-gs have now been D/F'ed; walle, 
up to now, ordere have been given principally on 
the wing frequencies, now the messages are sent 
on the division frequency. Thereicre the assembly 
is nearing its fira, stegs. Meanvhile the lst 
horber Division hss been heard in lts assembly 
ares, over France, 30 that a comprehensive picture 
of the air situation can now be given; only the 
stage of assembly in the case of che lst Bomber 
Division isa still not “Znown. 
The first R/T traffic on the Frequency of the 
fighter escort is heard; the approach Plight must 
begin in the next fey minutes, 
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0745 hours: 


O800 hours: 


900 hours: 


The firet message during the flight to the target 
is intercepted. it reads as follows: on time 
minus eight, on course, visibility three, too” 
{time of origin) o74u. 

At this point the defense is alerted. By D/F-ing 
these obligatory messages the exact position of 
the formation is learned. In the case of the 3rd 
Bomber Division, each combat wing commander has 

to send one of these messages; thus the Luftwaffe 
SIS can determine the strength of this diviston. 
Generaliy, its strength can be reported quite 
accurately to German tactical headquarters during 
the flignt Prom the assembly area, 

E-rly in 1944, some unit commanders of the 1:+ 

and 5rd Bomber Divisions even availed themselves 
of the MF D/F network, in order to orient them-~ 
selves while still over the sea on thelr outward 
flight. it was quite obvious that practically 
nothing was being done to conceal the intentions 
of an attack, 

Henceforth, continuous tracking 1s guaranteed by 
D/F~ing the abundant R/T and W/? traffic, A third 
prolific source is bearing on the "Mickey" equip- 
ment, 

The first weather ships, reconnoltering the out- 
vard flight course, are heard on R/f, and appropri- 
ate D/F stations ere detatled to monitor them con- 
pinously. By following t?::-m, the route of the 
bombers cun be accurately predicted. 

There vere days on which these weather reconnais- 
sAnce alrerpart conld be plotted enroute to the 
t.rget, Gro hours berore the bomber formations 
left the assembly area, in the last period there 
was an incpease in the number of cases where their 
mesasayes vere not sent through relaying aircraft 
on VHF. but on W/T, Special mention should be 
made of those weather ships of the 15th USAAF which 
revealec targets to the Luftwaffe SIS many hours 
before the raids actually bean. 

The first German fighters are mentioned in the 
bomber R/T traffic. Large-scele aerial battles 
were not frequently revealed in the signal intelli- 
gence picture; only in the case of several heavy 
raids on Berlin was there a plethora of reports 
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of abtacks, of comments on the aggressiveness of 
Gesman fighters, of curses from the unit conmanders, 
and reprimands to thelr disorganized formations, 
The signal intelligence picture was not a very 
frultful source of intelligence on Allied losses, 

UY50 hours: The reconnaissance alrersft report weather over the 
target {us a rule for several targets), and advise 
the bomber formation as to whether the bombing 
should be done visually, or by instrument. 

uy45 hours: The switching on of "Mickey" equipment indicates 
that the bombers are pivoting toward the target. 

ugsg hours: The formation leader of the first wave gives” the 

. order: "Somb bays open" (clear text or code~-word). 

+¥5> hours; Wing after wing gives its bomb-release signal. code- 
words occasionally used for this order varied ac- 
cording to the division, 

1000 hours: ‘The first reports of results are Lutercepted, 

11400 hours: The first reports of veather over base are heard, 


Nobe : Deciphering of bomber code messages presented no 
difficulties. They could be read with a depth of 
-(~ only three or four messages. The deciphering vas 


facilitated by ths fact that the most of the enci . 
phered messages had been previously heard in plain 
language on R/I, Therefore it was only a problem 
of organization to collect this abundant material, 
and to concentrate it in the hands of the duty 
officer without any delay. 
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VOLUME 5 
Tab A 


A Fu Luft (Aufklaerung Funk Luft?). See Air Radio Reconnais- 
“ance (Air Force Journal). 

Alr Force Administrative area.--Luftgou. 

Air Prisoner of War Transit Camp.--Durchgangslez<r Luft (Duleg) 

Air Radio Reconnaissance (Air Force Journal).-~-Aufkleerung 
Funk Luft? (A Fo ivft). 

Air "*onal Battalion,--Luftnachrichten Abteil (Im Abt). 

Alr Sigur). Regimont.--Luftnachrichten Regiment (In Regt). 

Air Warning Reporting Centers.--Meldekopr., 

Albrecnt, » '8t ileutenant., Member of Group III, Divi- 
sion IIT of ule? Signal office, 

Anlagenband B zu Krliegstazebuch Nr. 4 (1. Abteilung) vom 1.1.45 
bis 15.3.45.--Supplement.~v Volume B of War Diary No. 4 
(Division 1) from 1 Jan. 45-15 March 45, 


Anti-Aircraft Command,--Flakkorps. 
Aufklasrung Funk Luft? (A Fu Luft).-~See Air Redio Reconnais- 


sance (Air Force Journal). 
Becker » lst Lieutenant. Chief of Section B of the Signal 
Intelifgence Agency (Chi Stelle) which was in charge of 


evaluation on the Western Front. 
Beulmann, Franz, Major. Chief of Group I, Division III of the 
Chief Signal Office. 
Bolich, » Specialist. Member of Group III, Division III of 


Chief Signal office. 
Bruehl, » Colonel. Chief of W-Leit 3 in Athens in July 1942 
Camerlander, » Major. CO of LN Abt. 355 in Norvay. 
Central Air Raid Warning Unit.--Zentraler Gefechtsstand fuer 
Funkausvertung (ZAF), 
Chef des Stabes, Generalnachrichten Fuehrer, See Chief of Star? 


to the Chief Signal Officer. 
Chief of Staff to the Chief Signal Officer.--Chef des Stabes, 


Generalnachrichten Fuehrer. 
Chief of the Air Raid Warning Service for Germany.--Funk-~ 


aufklaerungsfuehrer Reich (FAaF). 
Chief Signal office, Divisions I, II, vNatue/e ar tt) 


Fuehrer, Abteilung I, II, III (Gen Nafve/I, II, III). 

Chief Signal Officer of the Air Force.--Generalnachrichten 
Fuehrer (Gen NaFue). 

Chiffrier Stelle, Oberbefehlshaber der Luftwaffe (Chi-Stelle/ 
OBdL). See Signal Intelligence Agency of the Commander 
in Chief of the Alr Force. 

Chi-Stelle/OBdL (Chiffrier Stelle, Oberbefehlshaber der Luft- 
waffe). See Signal Intelligence Agency of the Commander 


in Chief of the Air Force. 
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Chiubek, Gerd, 1st Lieutenant. Member of LNR-353. Cryptana- 
iyst on Russian traffic. 

Commander in Chief of the Air orce.~--Oberbefehlshaber der 

_ Luftwaffe (OBdL}. 

D-8. Selected documents from War Diary #2 on Division 3 of 
Chief Signal Office, 

Direction-Pinding Stations (cover name: weather research sta- 
tions) .~-Wetterforschungsstellen (Wo-Stellen). 

Dulag (Durchgangslager Luft). See Air Prisoner of War Transit 
Cam 


De 
Durchgangslager Luft (Dulag}. See Air Prisoner of War Transit 


Durr, , General. Inspector General -of the German Air Force 
Signal Equipment. 

Eick, Hans, Colonel. CO of LN Regt 353. 

Etzer, » Specialist. Member of Group II, Division JII of 
Chief Signal Office. ; 

Evaluation Centers (cover name: Weather Control Stations).-- 
Wetterleitstellen (W-Leit). 

FAF (Funkaufklaerungsfushrer Reich). See Chief of the Air Raid 

_ Warning Service for Germany. 

Felchtner, Ferdinand, Major. CO of LN Regt 352. 

Fighter Wing (in USAAF).--Jagdkorys. 

Fischer, , Captain. Air Intelligence officer on Kastern 
Front, Specialist on Russian Air O/B. 

Flakkorps. See Anti-Aircraft Command (in USAAF), 

Fitegerkorps. See Wing (in USAAF). 

Flight (in USAAF).--Staffel. 

PMBSt (Funkmessbecbachtung-und Stoerdienst). See Radar Obser-~ 
vation and Jamming Services. 


Forster, , Colonel. Chief of Kadio Alr Warning Service. 

Franz, » Major. Chief of Division I of the Chief Signal 
office. 

Friedrich, , Lt, Col, Chief of Division III of the Chief 


Signal Office (Signal Intelligence Service) and of the 
Chi-Stelle (Signal Intelligence Agency). 

Friese, » +8t Lieutenant. Member of LN Regt 351. 

Funkaufklaérungsfuehrer Reich (FAF). See Chief of the Air 
Raid Warning Service for Germany. 

Funkbefehlsstand. See Radar Intercept, Center, 

Funkleitstand. See Radar Control Post. 

Funkmessbeobachtung-und Stoerdienst (FMBSt). See Radar Obser- 
vation and Jamming Services. 
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Padder and Trimmer in Oscillator Tracking 


Note that adding the padder affects the high 
frequency end of the band (the low capacity 
end) very little. It merely changes the capac- 
ity from 40 mmf to 37 mmf. At the low fre- 
quency (high capacity) end. however, it affects 
the capacity considerably. It changes the ca- 
pacity from 360 mmf to 210 mmf. 


Now examine the circuit diagram and chart 
showing the use of a trimmer. Cl and C2 are 
the same capacitors shown in the padder cir- 
cuit. C3 is the trimmer in parallel with C2. 
Its value is 30 mmf. The parallel combination 
of C2 and C3 has the effective range of 70-390 


36 


mmf. Thus the capacity ratio is 1:5.6, which 
matches the frequency ratio of the oscillator 
tank circuit of 1:2.36. Note that, proportion- 
ately, the trimmer capacitor affects the low 
frequency (high capacity) end much less than 
it affects the high frequency end. It changes 
the high frequency (low capacity) end from 
40 mmf to 70 mmf. 


To see how both padder and trimmer are 
used together, examine the circuit and chart 
at the left. Adding C3, a trimmer of 3 mmf 
(variable), and C4, a padder of 500 mmf 
(variable), produces a combination with an 
effective range from 40 mmf to 210 mmf. 
This is a capacity ratio of about 1:5.2 which 
matches the frequency ratio of 1:2.3 for the 
oscillator tuned circuit. Trimmers and padders 
are adjustable to permit tracking at both 
ends of the frequency range. 


IF AMPLIFIER 


An IF amplifier is basically an RF amplifier 
with a fixed tuned input and output. The 
tuned circuits act as bandpass filters, ac- 
cepting the IF but rejecting other frequencies. 
Since they are fixed tuned, the tuned circuits 
have constant Q. With variable tuned cir- 
cuits, like those in the TRF, Q varies with 
frequency. Response may be too sharp at one 
end of the frequency band and too broad at 
the other. In a superheterodyne, the response 
is more uniform because the IF circuits are 
fixed tuned. In addition, these fixed tuned 
circuits provide high selectivity and _ sensi- 
tivity. 

Most IF transformers are double tuned with 
both a tuned primary and a tuned secondary. 
When less selectivity is desired, the primary 
is untuned. For greater selectivity, a third 
tuned circuit is sometimes inserted between 
primary and secondary. 


The IF transformers used in any particular 
set may all be identical or they may vary from 
stage to stage depending on the design of the 
set. In one stage, for example, a higher or 
lower L C ratio may be required in order to 
match impedances. Coils are shielded to pre- 
vent stray coupling. 


The tuned circuits are fixed tuned by screw- 
driver adjustment. The adjustable component 
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GAF SIS.--CGberkommando der Luftwaffe, Generalnachrichtenfuehrer/ 
III Abteilung {OKL/Gen Notuesnit 
Generalnachrichten Fuehrer iGen Nafue 
or the Air Porce. 
Generainachricnten Fuehrer, Abteilung I, II, III (Gen Nafue/ 
I, Ii, Ill). See Chief Signal Office, Divisions I, II, III. 
Gen Nafue (Seneralnachrichten Fuehrer). See Chief Signal Officer 
of the Air Force. 
Gen Nafue/I, II, Iii (Generalnachrichten Fuehrer I, II, III). 
See Chief Signal Office, Divisions I, II, III. 
German Air Force High Command .--Oberkomnando der Luftwaffe (OKL). 
German Home Defense Air Force.--Luftflotte Reich. 
Geschwader. See Group (in USAAF). 


See Chief Signal Officer 


Gcerner, _.s Corporal. Member of LN Regt 450, 
Gosewisch, » Major General. Inspector General of the Luft- 
waffe Signal Corps. 
Gromall, ts Major, Worked on development of German Air Force 
nal’ equ pment. 
Group tena hae ~-Geschwader. 


Group of the Signal Intelligence Agency.--Gruppe. 

Gruppe. See Group of the Signal Intelligence Agency. 

Gruppe. See Squadron (in USAAF). 

Henschke,  __—s,_ Lt. Gen. Director of Air Signal Replacement 
and Training Units, 

Herold, Wadim, Captain. CO of III/LN Regt 35). | 

Hoeherer Kommandeur der Funkaurkiaerung (Hoehr Kdr d Funkaufklirg). 
See Senior Signal Intelligence Officer. 

Hoehr Kdr Funkaufkirg (Hoeherer Kommandeur der Funkaufklaerung) . 
See Senior Signal Intelligence Gificer, 

Holetzke, ,» Captain. Member of 1/LN Regt 353. 

Horchabteiiune. See Signal Intelligence Battalion. 

Huebner, Erisn, Captain. Chief of Section C of the Signal 
Intelligence Agency. 

I-13, Composite Report on Tyo Interrogations of Oberstit. 
Friedrich, Chief of the GAF Sigint Service. A TICOM pub- 
lication, 

I-41. Report on First Interrogation of Major Gel jeschlaeger . 
Addendum: Interrogetion of Major Beulmann. A TICOM pub- 
lication, 

I-65. Interrogations of Capt. Herold, LN Regt 353; lst Lt. 
Werther, LN Regt 353; Lt. Ludwig, Chi-Stelle; and ist Lt. 
Leichtle, LN Regt 551. <A TICOM publication. 

I-7U. Paper on the German Air Force Signal Intelligence Service 
by Lt. Col. Friedrich, Chief of 3rd Division of Chief Signal | 
Office and Chief of Chi- Stelle. 
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I-107, Preliminary interrogation of Oblitn. Chlubek and Lt. 
Rasel both of III/LN Regt 353. 

I-lug, aL (Bef B) 6b a Report by Lt. Ludwig of Chi Stelle 
Ob.d.L. ef.B) based on questions set. 

& ICOM Publication, a * for him at A.D.1.(K). 

f-112, Frellmainary interrogation of Specialist Dr. Ferdinand 
Voegele (Uhi Stelle, Ob.d.L) and Major Ferdinand Feichtner 
(O0.C. of LN Regt 352, etc.}. A TICOM publication. ; 

I-119, Further Interrogation of Reg. Rat. Voegele and Major 
Feichtner of Gév Sigint. A TICOM publication, 

1-120. Translation of dumework by Obltn. W. Werther, Company 
Commander of 7/LN Rgt. 353, written on 12th August 1945 
at A.D.1.(K). A TIGOM publication. | 

I-121, Transletion of Homework by Obltn. W. Werther, Company 
Commander of 7/.N Rgt. 553, written on 12th August 1945 
at A.D.I.(K). A TICOM publication, 

I-126, Homewovk by Major Feichtner, C.0. LN Regt. 352. A 
TICOM publication. 

a I-13u, Homewsrk by Hauptmann Herold, OC of LN Regt III/353, 
A TICOM publication. 

I-133, Homevork by Lt. Rasch of III/LN Regt-453. A TICOM 
publica*ion, 

I-134. Homauvyork py lst Lt. Chiubek of LII/LN Regt 353. °A 
TICOM wubli¢cation, 

I-135. Horiswork by Lt. Ludwig of the Chi Stelle Ob.D.L. A 
TICOM publication. 

IF-175. ‘Sssbourne report, Vol. XIII. "Cryptamalysis within 
the Luftwaffe SIS." Fron Commanding General, 9th Air 
Force, 

If-176, jeabourne report, Vol. III. "Operations and Techniques 
of “he Radio Defense Corps, German Wehrmacht." From 
Conanding General, 9Gth Air Force. 

IF-177. Seabourne veport, Vol.. I. “Introduction and Report." 
Fraa Commanding General, 9th Alr Force. 

IF-178. seabourne report, Vok. II. "Blographies of contri- 
busors," From Commanding General, Yth Air Force. 

IF-L7¢. Seabourne report, Vol. IV. “Biography of Major Ferdi- 
sand Feichtner,." From Commanding General, $th Air Force, 

If-1', Seabourne report, Vol. V. "Phe Chi-Stelle.” From 

' Gommanding General, 9th Air Force. 

IF-)31. Seabourne report, Vol. VI. "Origins of the Luftwaffe 

SIS and History of Operations in the West." From Comnand- 


ing General, Yth Air Forte. 
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IF-182. Seabourne report, Vol. VII. "Technical Operations 
in the West." From Commanding General, 9th Air Force. 

IF-183. Seabourne report, Vol. VIII. "Miscellaneous Studies." 

; From Commonding General, Yth Air Force. 

IF-184. Seabourne report, Vol. IX. "History of Operations in 
the South,” From Commanding General, Yth Air Force. 

IF-185, Seabourne report, Vol. K. . "Technical Operations in 
the South Luftwaffe SIS." From Commanding General, 9th 
Air Force, 

IF-186. Seabourne report, Vol. XI. “History of Operations 
in the East Luftwaffe SIS." From Commanding General, $th 
Air Force. 

IF-187. Seabourne report, Vol. KII. "Technical Operations in 
the East." From Commanding General, 9th Air Force. 

IF-189. "GAF Signals Intelligence in the War." ADI (K). 
Report #402/1945, 

Jagdkorps. See Fighter Wing (in USAAF). 

Jering, Karl, T/Sgt. Member of Section C of the Signal Intelli- 
gence Agency. 

. Jordens, » Captein. Adminstrative CO of LN ABT 350 (Chi- 
C ‘ Stelie as of the 1944 reorganization). 

Kienitz,.... , Colonel, Air Force Intelligence Officer. No 
other information available through TICOM. 

Klemme, » General. Senior Signal Intelligence officer. 

Klocke, » Dr. German Air Force Intelligence expert on 
Russian Air 0.B. . 

Kriegstagebuch (KTB). See Wsr Diary. 

KTB (Kriegstagebhch). See War Diary. 

‘Kupffer, » Major. Liaison officer to German Air Force 
Headquarters from Section D of the Signal Intelligence 
Agency. Uutstanding authority on Russian Air O.B. 

Kullman, » Major. Chief of Group III, Division III Chief 

' Signal office (radar monitoring and jamming.) 

Leichtle, Georg, 1st Lieutenant. Member of Section A of the 
Signal Intelligence Agency. 

Lier, Guenther, Lt. Member of LN Regt 352. 

Ln Abt (Luftnachrichten Abteilung). See Air Signal Battalion. 

Ln Helf (Luftnachrichten Helferin). See Women’s Auxiliary 
(WA) (technical). 

Ln Regt (Luftnachrichten Regiment). See Air Signal Regiment. 

Loebell, , Major General. CO of Air Service Area (Luftgou) I. 

Local Air Force,--Luftflotte, 
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Ludwig, Martin, Lt. Member of Section B of the Signal Intelii- 
Bence Agency. 

Luftlotte. See Local Air Force, 

Luftflotte Reich,-~-German Home Defense Air Force, 

Luftyau.--Air Force Administrative Area, 

Luftnachrichten Abteilung (Ln abet seq Alr Signal Battalion. 

Luftnachrichten Helferin (Lm Helf). See Women's Auxiliary (WA) 
(technical). 

Luftnachrichten Regiment (Ln Regt). See Air Signal Regiment, 

Majer, Karl, - Member of LN Regt 352. 

Marks, _» Lt. Once assigned to Signal Intelligence Agency. 

Martini, » General. Chief Signal Officer of the German 
ir Force, 

Moldelopf.--Air Warning Reporting Center, 

Mooshake, Otto, Lt. Member of LN Regt 351. 

Morgenstern, » Colonel. Chief of Staff to the Chief Signal 
officer of the German Air Force, 

Mucke, Helmut, Lt. Member of Regt. 353. 

Naumann, ; venior Specialist. Chief of German Air Force 
Weather Service. 

Nomnast, », Specialist. Chief of Group V, Division III of 
the Chief Signal Office (personnel). 

Novopasnni, » Prof. Member of Signal Intelligence Agency. 

Oeljeschlacger, Franz, Major. Chief of Group II, Division IIT 
of the Chief Signal Office. 

OBdL (Oberbefeblshaber der Luftwaffe). See Commander in Chief 
of the Air Force, 

Oberbefehlshaber der Luftwaffe (OBdL). See Commander in Chief 
of the Air Force. 

Oberkommando der Luftwaffe (OKL). See High Command of the Air 
Force, 

Oberkommando der Luftwaffe, Generalnachrichtenfuehrer, Abteilung 
Ill (0KL/Gen Nafue/III}. See GaAF SIS (German Air Force 
High Command, Signal Intelligence Service, 

OKL (Oberkommando der Luftwaffe). See German Air Force High 
Comnand, 

OKL/Gen Nafue/III (Oberkommando der Luftwaffe, Generalnachrichten- 
fuehrer Abteilung III). See GaAF SIS (German Air Force 
High Command, Signal Intelligence series): 

Oberkoumande der Wehrmacht Chiffricrabtetlung (oKW/Chi). See 
Signal Intelligence Agency of the Supreme Command, Armed 
rorces. 

OKW/Chi (Oberkommando der Wehrmacht Chiffrierabteilung). See 
Signal Intelligence Agency of the Supreme Command, Armed 


(~- Forces. 
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Pick, Berthold, Lt. Asat. chief, Section E of the Signal In- 
telligence Agency. 

Porth, » Captain. Chief of Group IV, Division III of Chief 
Signal office (cryptographic security), 

Radar Control Post.--Funkleitstand. 

Radar Intercept Center .--Funkbefehlsstand, 

Radar Observation and Jamming Services .--Funkmessbeobachtung- 
und Stoerdienst (FMESt). 

Radio Intercept Stations (cover name: Weather Radio Receiving 
Stations) .--Wetterfunkenpfanstellen (W-Stellen). 

Rasch, Werner, Lt. Attached to 3rd Battalion, LN Regt 353. 

Referat, See Sectian of the Signal Intelligence Agency. 

Ristau, » Major, CO of LN Regt. 351. 

Rueckhein, » Captain. GO of LN Abt 357. 

Ruhling, , Captain. German Air Force Intelligence Specialist 


on Russian Air. 0. B. 


Sann, » Lt. Attached to LN Regt 353. 

Schatz, » Corporal, Attached to LN Abt 350. 

Scheidl, » Captain. CO of Ist Battalion of LN Regt 353. 

scheppelmann, , Corporal, Attached to LN Abt 350. 

Schenerle, Ervin, »t. Attached to LN Regt 351. 

Schieferdecker, __, Specialist. Member of Group IV, Division 
III of Chief Signal Office, 

Schieran, » Specialiet., Member of Group II, Division III 


of Chief Signnl Office. 
Schlottman, Gert, ‘’/Sgt. Attached to LNR 352, , 


schnippering, ; Major, In charge of research on allied 
methods of cormunication. 
Schulz, » bt. Member of Group IiI, Division III of Chief 


Signal Office. 

Schulz, Heinz, Lt. Attached to LN Regt 352. 

Schulze, > DP. Lt. Col. Chief of Division II of Chief 
Signal Office (communications and cryptography). 

Section of the Signal Intelligence Agency.--Referat. 

Senior Signal Intelligence Officer.--Hoeherer Kommandeur der 
Furkaufklaeruny (Hoehr KDR d Funkaufkirg). 

Siess, , Captain, Atteched to LN Abt 350, 

Signel Intclligence Agency of the Commander in Chief of the 
Air Forse .--Chiffrier Stelle, Oberbefehlshaber der Luft- 
waft'e (Cnoi-Stelle/OBdL). 

Signal Intelligence Agency of the Supreme Command, Armed Forces,-- 
Oberkommando der Wehrmacht Chiffrierabtetlung (OKW/ChL). 
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Signal Intelligence Battalion. --Horchabteilung. 

Squadron (in USAAF) .--Gruppe. 

Staffel. See Flight (in USAAF). . 

Stamm, Werner, T/Sgt. Attached to LN Regt 352. 

Supplementary Volume B of War Diary No. (Division I) from 
1 Jan.-15 Mar 45,--Anlagenband B zu Kriegstagebuch Nr. 4 
(1. Abteilung) vom 1.1.45 bis 15.3.45, 

Trattner, » Captain. CO of LN Abt 356, 

Truemona, WfTheim, Sgt. Attached to LN Regt 353. 

Voegele, Fardinand, Specialist, Chief of Section FE of the 
Signal Intelligence Agency and Principal cryptanalyst of 


the GAF, 
Von Lackun, , Lt. Attached to LN Regt 353. 
Von Lingen, » ut. Cryptanalyst in Section E of the Signal 


Intelligence Agency. 

War Diary.--Kriegategebuch (KTB). 

Watkinsyn, Gerd T/Sgt. Attached to LN Regt 351. 

Werther, Waldemar, lst Lt. Attached to the 7th Company, end 
Battalion, LN Regt. 3553. The most capable cryptanalyst 
on Russian Air Porce cryptographic syatems on the Eastern 
Front. . 

Wetterforscnungss'e).len (Wo-Stellen). See Direction-Fin.ing 
Stations (cover name: weather research stations). 

Wetterleitstellen (W-Leit). See Evaluation Centers (cover name: 
Weather Control Stations), 

Wetterfunkempfanscellen (W~Stellen). See Radio Intercept Sta- 
tious (coves; name: Weather Radio Receiving Stations). 

Windels, Hans, Major. CG of 2nd Battalion, LN Regt 353. 

Wing (in USAAF) .--Fliegerkorps. . 

Wisnikow, _. Lt. Attached to Section E of the Signal Intelli- 
gence Agéncy. 

W-Leit (Wetterleitstellen). See Evaluation Centers (cover name: 
Weather Control Stations). 

Womea's Auxiliary (WA) (technical).--Luftnachrichten (Ln Helf). 

Wo-Etellen (Wetterforschungsstellen). See Dir»otion-pinding 
Stations (cover name: weather. reSearch stations). 

W-Stellan (Wetterfunkempfangstelien). See Radio Interéept 
Stations (cover name: Weather Radio Receiving Stations. 

ZAF (Zentroler Gefechtastand fuer Funkausvertung). See Central 
Air Raid Warning Unit. 

Zentraler Gefechtsstand fuer Funkausvwertung (ZAF). See Central 
Air Raid Warning Unit, 

gZuerr, » Major General. Inspector General of Germen Air 
Force Signal Equbment. 
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| 1. Short summary of the histery, organization, and 
operations of the FA. Goering's Research Bureau, called 


Bureau ebpears to have been the. 


VOLUME. | E, 
' a 


Chapter I ~- Introduction 


: ' Paragraph 77,_ 
Short summary of the history, organization and . Toya 
operations of the FA , er ee ee | 


The Glscovery of the FA by TICOM. . . 1... i 
scope of this paper and indication of sources used. . 3: - 


Goering’s” by TCT because of its final responsibility to 
Reichsmarschal Hermann Goering, was composed of about 2000 
persons.. The main office, under the direction of a Gott- 
fried Schapper who held the civil] service rank of a Minis~ 
terial Direktor, was divided into six mein sections (Haupt- 
abteilungen) indicated by Roman numerals, and fifteen sect- 
ions {Abtellungen) indicated by arabic numerals. In addi- 
tion there were one branch office and at least four Regional 
Offices besides an undetermined number of intercept stations. 
Main Section IV, of about 180 persons, was the cryptanalytic 
branch and handled that portion of the raw material (;,ossibly 
20%) which was in code or cipher. Goering'’s Research Bureau 
was charged with providing the Nazi state with reliable dip- 
lLomatic, economic, and political information to ‘be derived | 
from monitoring all internal German telephone, tclegraph, - 


-- and wireless communications (including such communications 


frou within Germany to foreign countries); forelgi Wireless 
comminications of a commercial and diplomatic nature;-Tor- 


.@ign press and news broadcasts and speeches of politicians; 


and from the study of available newspapers and periodicals. .- 
To secure the raw materials for this project it: operated - 

its own intercept and monitoring service. The Research — 
Bureau collaborated with the Abwehr and Gestapo in censoring 


all communications in Germany and ln German occupied terri- 


tory. The information produced was distributed In the ffm 

of finished reports {of various types) to Goering and Hitler 
and to the top Nazi officials and interested departments 

of the government. The home location of Goering's Resaarch | 
Bureau was Berlin, Charlottenburg 2, Schillerstrasse Nrs,.l6~-124 


2, The discovery of the FA by Talim. The Research 

7: Wert Party Cryptanalytic 
Agency. Th: existence of this intelligence agency was. / 
unknown to Beitish and American sources prior to lis dis- 
covery by “Itcu. Ticum Team 3 learned of the existence 
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of such an agency while questioning members of the Foreign | 
Office Cryptanalytic Section at Burgscheidungen on 28 April 
1945 and on 9 May. 1945 Team 1 discovered the abandoned quar- 
, ters of this organization in the barracks near the airfield 
‘at Kaufbeuren, 50 miles southwest of Munich. A file of 
administrative papers, including a directive, signed by 
Gottfried Schapper, the head of the bureau, were found which 
gave the organization at that time and served as a basis for 
further thves tigation. ! 


3. Scope of this paper and indication of of sources used. 
This report ts an historical description of the RLM/FA and an 
evaluation of its operations. For convenience the abbre- 
viation FA will be used in this paper whenever Goering's 
Research bureau is mentioned, (This 1s the standard ref- 
erence used by the Germans themselves for the organizaticn, ) 
It will be seen that the FA was founded by Goering and 
protected under the cover name of Reich Air Ministry Research 
Bureau (Relchsluftfahrtministeriums/F orschungsant ) although 
the FA was actually not an operational division of the Air 
Ministry but was the Nazi Party rival of the military signal 
intelligence agencies. In Appendix I details of ts crypt- 
' analytic successes are given. Appendix II is a translation 
2 of the Kaufbeuren directive which sets forth the organization 
. of the FA at the end of the war and indicates the content of 
other papers. Appendix III is an autobiography of Schapper, 
the last head of the FA, Tab Acontains all known personnel 
of the FA, names of all cther persons mentioned, ifentift- 
cation of a1] places, terms, titles and abbreviations used, 
and a bibliography of references consulted in this: paper. 
It is intended to present the details of its organization 
-and to indicate the nature and success.of its operations 
in as objective a manner as possible. The,report is based 
on the various TICoM/Interrogation Reports* and as such is 
considerably subjective in that the interests of the inter- 
rogators.and the opinions of the informants are reflected. 
Objective check of the statements elicited in the interro- 
gations is possible from miscellaneous TICOM Documents 


} 
* i. For convenience, these TICOM/Interrogations will he 
referred to as I in the féotnotes! — . & 


bt 


may be a capacitor or a coil. Most receivers de- 
signed for military use have an adjustable core 
in the coil. This type of tuning is called 
permeability tuning. With this type of tuning, 
the components are more compact, and there 
are no open capacitor plates to vibrate, cor- 
rode, or gather moisture. 

The amplifier tube is usually a variable-mu 
pentode. It is necessary that it be variable-mu 
to provide for AVC action. 

Study the circuit diagram showing a typical 
IF amplifier stage. A constant DC cathode 
bias is developed across R and C. C bypasses 
the AC component of the current. R2 is a 
dropping resistor for the screen voltage. Both 
screen and suppressor are grounded for RF. 
The screen is grounded through C2, and tne 
suppressor is grounded through C of the 
cathode circuit. Thus, both grids act as a 
shield between plate and control grid. Rl and 
C1 form a filter circuit to smooth out the AVC 
voltage so that audio modulation is not fed 
to the control grid along with the AVC. 


The number of such stages used in a super- 
heterodyne receiver depends on operating fre- 
quency and on the amount of gain desired. 
At higher frequencies, sensitivity and selec- 
tivity decrease and more stages are required. 
Receivers for the UHF and VHF ranges may 
have many IF stages. 


ANALYSIS OF THE SUPERHETERODYNE 


To get an overall view of a typical super- 
heterodyne receiver, examine the complete 
schematic diagram on page 38. Two special 
purpose tubes are used. The pentagrid con- 
verter functions as local oscillator and mixer. 
The variable tuned circuits are ganged for 
oscillator tracking. Trimmer capacitors Cl 
and C2 and padder capacitor C3 are included 
to help in tracking. They are screwdriver 


39 


AFM 100-5 14 DECEMBER 1956 


adjustable. R1 provides about 3 volts grid 
leak bias for the local oscillator. IF trans- 
former T2 selects the IF frequency and ap- 
plies it to the grid of the IF amplifier. 


The second special purpose tube, a 6SQ7, 
serves as a detector, an AF voltage amplifier 
and an AVC rectifier. 

The detector filter is formed by load re- 
sistors R5 and R6 and RF bypass capacitors 
C13 and C14. C15 and R7 make up the RC 
circuit that supplies the audio voltage to the 
grid of the first AF amplifier. 

The volume control system includes MVC 
and AVC. MVC is made possible by potentio- 
meter R6. 

Filters formed by C6-R2 and C8-R4 elimi- 
nate modulation from the AVC voltage fed 
back to the grids of the converter and IF 
amplifier. 

The power supply uses a full wave rectifier 
tube, with a capacitor input filter composed of 
L, C19, and C18, an arrangement used in most 
AC operated receivers. R12 and R13 form a 
voltage divider and bleeder circuit. Screen 
voltages for the converter and IF amplifier are 
taken from this divider. Capacitor C10 keeps 
the screens of both tubes at RF ground po- 
tential. Note the plate and screen voltages 
applied to the power amplifier. B+ is applied 
directly to the screen but has to go through 
transformer T4 to reach the plate. Because of 
the voltage drop across the plate transformer, 
the screen voltage is slightly higher than the 
plate voltage. 

The AF output of the Ist AF amplifier is 
capacitively coupled to the power amplifier. 
The value of the coupling capacitor C16 and 
resistor R10 are such that they pass the lowest 
desired audio frequency. R11 provides bias 
for the power amplifier. Note that R11 is not 
bypassed by a capacitor. Thus there is de- 
generative feedback, providing greater fidelity. 
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which reveal: details of eryeteuelytse success and eed 
with other agencies¢; press reports? » various non-TICOM 
Prisoner of War Interrogations’, related entries in Intelli- 


gence reports/, and in pertlopiar wy various administrative — 
- memorands. - “found at Kaufbeuren 


Since the primary commit- 
ment of the TICOM Teams lay with’ German eryptanalysis their 
investigations properly covered German methods, successes, 


techniques, and equipment in that field. In the case of the - 


FA, however, cryptanalysis was but one of, several activities 
and, as ae aks pages ae ee by no means | the ma jor 


Seta vouniy Report ‘of British ipire Section for 1941 and 


"1942. DSe.cr. Appendix ei British ; Systems. 


IF 138. Four stories based on telephone’ eouveraettons be- 
tween high German officials at the time of the Anschluss by 


‘an. Associated Press reporter, Daniel De Luce, appeared on. 


4 55,6, and 7 November 1945 with ea Berlin dateline. These. 


stories not only revealed the extent of the telephone ee 


toring carried on by the FA but also indicated its success 
in reading a French diplomatic system at that time. An 
effort has been made to secure the original documents, on - 
which these stories were based. TICOM representatives in. 
Europe, however, have reported 21 May 46 that the De Luce 
material. "Did not indicate. any French Code as having been. 
prokén nor did it give any information on cryptanalytic - 


gta nor did it indicate any successes with Allied | 


Ciphers" 


_.ARBoth the CSDIC icanbimied: Sebviés Seeaized iubortonatnon 


Center) and regular PW. Interrogations have yielded consider- 
able information and opinion on the Forschungsamt. Infor- — 
mation so obtained must-bde carefully controlled with con=- 
sideration of the informant's probable reliability. The 
opinion expressed is often tinged with jealousy. or based 


on rumor and as such is of slight. value even &s gossip. 


>The Week Ly Intelit ence Summary (Office of the Assistant — 
Chief of Staff, G-2;" Headquarters, United States Forces, 


European Theater) has reported on the FA (Number 12 of — 


4 Octover 1945), IF143, and referred to its wire-tapping 
activities (Number 15-o0f 25 Ocheber 1945), IFL32. 


©ntcom Docuxent ene (em 34). 
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one. It happened that the FA personnel avallable for ques- 

tioning did not give the impression of having been excep-. _ 
tionally epietens eryptanalysts.. The grandiose claims made 
by Goering! and Schapper’ are. balanced by the generally low. 
opinion of the FA appearing throughout the Interrogations. 


A final evaluation of the FA's cryptanalytic work lies 


somewhere between these extremes. Such presentation, with 
the FA cryptanalysis placed in terms of the overell oper- 
ations of the FA, constitutes the following report. 


TL. 108 and 143. 
‘Spinel Report of Team i, Aepanias 2, a 25) is 
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e | VOLUME 7” 
Chapter II - The History and Organization of the FA 


A. The utoteny: the FA. 


oe Paragraph Pager 
The Founding of the FA... . —e : aS 
Relations of the FA with other eryptologic agencies. a OR EV 
The FA as a Nazi organization (relations with 
Himmler through Schellenber of the Reich 
Main Security Office ~ RSHA). .. ore es 
Qperations of the FA, April, 1933 - May, 1ghs. S Ge ee Ser ae 


4. ,The Founding of the FA. The establishment of the 
FA was brought abou jy Gosring, himself, although the actual 
conception of the role of such an organization seems to be 
due to Schapper, the-last head of the FA, and his predeces-- 
sors, Schimpf and von Hesse, Independent statements by 
Goering? and by Schapper?° are available which are in agree- 
ment on the detalls of the planning and founding of the FA. 
Confirmation and alight supplementation is found in the 

= interrogations of ex-members of the FA and of individuals who 
had dealings with iti, | 


9I 108 I 143. pp 12 fF. 
‘10Final Report of Team 1, Appendix 2 {I 15) 


limembers of ‘the FA include senior specialist Dr. Martin 
Paetzel, specialist Otto Fingerhut, specialist Hoeckley 
-Oden, Dr..Heinz Klautsche, principsl. specialist Seifert 

(I 25 and 54) and Lother Guenther (CSDIC, MU 500, HQ 7th 
Army, Ref. No. 708, 29 January 1945; I ué) . Various. members 
of the Foreign Office Cryptanalytic Section gave an outline 
of the organization of the FA (1 1) and Mettig (I 131) 

of the Signal Intelligence Agency of the Supreme Command 

of the Armed Forces was acquainted with its outline-- 
Mottig to.a surprising degree. ; 
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The first interrogation of Goering is of a general 
nature and is filled out by the second interrogation. The 
opinion of the Interrogators that Goering talked readily 
and reliably but had no mind for details appears to_be 
correct in so far as his statements can be checked+-, 
Pollowee. interrogation summarizes Goering’s statements as 

ollows: ; 


. Pais name (FPorschungsamt des Reichsluftfahrt. 
Ministeriums-German Alr Ministry Scientific Research 
_ Office) 13 merely camouflage as this office was not 
concerned with the Air Ministry in any way. It was 
conceived and founded by Goering in 1933 for the pur- 
‘pose of a central control over the collection and 
dissemination of vital information of military, conm- 
mercial, and political nature. This information was 
obtained by the monitoring of all communications sys- 
tems such:as domestic and foreign radio, cables, etc. 


Previous to 1955 the Foreign. Office had established 
a similar monitoring system, for intercepting wireless 
messages, and the police had monitored telephone con- 
versations etc, but Goering wanted an organization of 
e. oe his own which could handle *11 phases under one central 
- control. .By various means he was able to obtain the 
services. of some of the most able men in Germany for 
the construction and administration of this project. 
Goering was responsible authority, issued all direc- 
tives, and dictated the policy. Under-Secretary Paul 
Koerner was second:in command while the actual menaging 
agirector was Ministerial Director (Gottfried) Schepper 


t} a * ° . 


127 108, 11: "PW Goering cannot be considered a strictly 
truthful character when discussing personal relations, posses- 
sions, etc. and when an investigation of his income and for~ 
tune ls made, At the same time he has been considerably 
shakes in his bloated belief in his own grandeur. He talks 
veadily and, if is believed, reliably on questions about 

the Nazi state, personalities, the Air Corps, conduct of 

the var, etc. He is a drug addict. He has no mind for . 
_detalis and apparently considered such beneath him." 


in feirness to Goering it should be noted that, accord~ 
ing to Gn Associated Press story in the New York Times cf 
23 Novembor 1945, Goering possesses the highest "1.9." of 
the Nuremburg War Criminals (136!) and is assuming "lead- 
ership" in their deportment at the tritils. | 
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The main office was situated in Berlin .... 
Employees were civilians, at least in the responsible 
positions but the total number of employees, distribu- 
tion ete. were minor details with which source did not 
concern himself. 


The information was collected, decoded, classified 
and disseminated. All ministries were recipients of the 
finished product, receiving however, only that material 
which concerned their own darticular province: .... 
Goering’s group Was most successful due to the oute 
standing ability of his experts and technicians.15 ~ 


This is expanded in the second interrogation whens BOSE IRE 
is quoted to the effect: 


That Signals Intelligence had oe of very great 
value, and particularly so as regards the product of the 
RLM/Forschungsamt. He had personally founded the FA ~ 
in 1935; it had never in actual fact been a part of: 
the Luftwaffe or of the RLM, but @s some sort of camou-~ 
flage was desirable for an organization of this nature 
it had been nominally attached to the German Air Minis- 
try for the purpose of "cover” In 1933 he had dis- 
covered to his astonishment that no organization existed 
Within the Reich to deal with cryptanalysis on anything 
approaching a broad general basis. In its early days 
the FA had covered all fields of traffic-- economic, 
political, diplomatic, private, military, etc. 


The work of the FA comprised two elmost completely 
separate activities, firstly, that of telephone moni- 
toring, and secondly that of interception | and crypt- 
analysis. ... 


He vas very satisfied with the FA, which was a 
first class organization employing the very best crypt- 
analytic staff and with intercept arrangements for taking 
Bll available traffic. He thought that they were able 
to deal with 32 different languages. The virtues of 
the organization lay in the fact that. they did not 


132 106 pp 2ena: Be 
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confine themselves to any particular field of intelli- 
gence and had no political exe to grind, nor ideology 
to follow; they were just given the technical require- 
.ments to intercept and break traffic and to disseminate 
intelligence. - 


He did not control the work programs of the erypt- 


- analysts; they had a general directive to take every-. 


thing and to read everything; further detailed direction 
was left to the head of the FA. If it was e question 

of needing additional staff they applied to State 
Secretary Koerner who also dealt with all of their 
higher administrative matters. The first head of the 

FA had been Kapitanleutnant Schimpf; he. had been suc- 
‘ceded by Prince Christoph von Hessen, who had eventually 
returned to the Luftwaffe; the post had then been teken 
‘over by Herr Schapper who had always belonged to the 
organization and who was probably the best technical 
man of them all. Goering used to visit them only once 
every year because the organization worked so well on its 
own. The high level channel of responsibility was from 
_ Schapper fo Koerner and from him te the Reichsmarschall 
himself + ey ; 


Schapper, in the outline of the FA which he prepared for 


Team 1 at Augsburg on 1 June 1945, presents essentlally the 
same facts as does Goering, although Schapper claims a 


greater role for himself: 


Rena 


The Forschungsant.. 
1) Founded: April 1933 


2) Reasons for the foundation: My work in the | 
cipher bureau of the Reichswehr Ministry (1927-1933) 
had shown: me the incompetence of the methods employed 
there so that I, with several of my colleagues, resig- 
ned from it and proposed to Goering the formation of an 
Intelligence Bureau for the Reich Government that should 
be free of departmental ties and extraneous influence. 


4p 43 pp 12-13 
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3) Name: Goering consented, and only requested 
the camouflaging of the bureau under the name Reich- 
sluftfahrtministerium-Forschungsamt. My request, that 
we should, however, be independent of the Air Ministry, 
was granted: the bureau became independent, with its 
own administration and establishment; lt was also not 
subordinated to the Reich Air Ministry (Staatssekretdr 
Milch), but allocated for supervision to Staatssekretdr 
Koerner of the Prussian Ministry of State; finance was . 
as directly from the (Prussian) treasury (Finan- 
shot). . 


4) The nature of the bureau: The bureau was 
consequently a civilian institution. For reasons of 
security a smell number of its officials was put’ into 
German Air Force uniform as Armed Forces Officials for 
the duration of the war. This was done only with those 
officials who had to cooperate with outside authorities. 


The research bureau restricted itself.to inter- 
cepting and processing signals that could not /sic} be 
intercepted by technical means. . . .t2 


e. Schapper, as Will be seen from his sutobiography (AppendixIII), | 
had served in an administrative capacity as a Signal Intelli- 
gence Officer during the first World War. His position in 
_the Defense Ministry is not clear although he stated that it 
was administrative. His record as a Nazi is perhaps even 
moré.significant. He stated that he knew Goering well from 
the first World War, He was a member of the "National 
Society of Berlin to Rescue the Reich from th@@Revolution; 
and as such took part in the Kapp-Ludendorf Bevecn. Because 
of trouble with "communists" he migrated to Mupich where he 
joined the Nazi Party in 1920, resigning afte the 1923 . 
Putsch but rejoining in 1931. From 1935 to 1937 or 1938 he 
admits to membership in the Allgemeine SS (General Elite 
Gaurd). All of these facts are significant for an under- 
standing of the position of the FA and Schapper’s role in it. 


The statement of Seifert, Principal Specialist in charge 
of Evaluation in the FA, indicates that the first head of the 
FA, Schimpf, was also responsible for its formation: 


15schapper, IF 15 Appendix 2. 
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_ The bureau was founded in 1933 at the instigation 
gos a certain Kap, (?) Schimpf in order to provide diplo- 
atic and commercial intelligence of an absolutely re- 
liable kind by the monitoring of telephone, cable,. and 
wireless links from the Reich outward and in the. case 
of wireless from all countries, and to insure by the _ 
setting up of a new and independent organization the 
elimination of all bles which might have resulted from 
association with the old established ministries, The 
objective of the department was the production of a 
purely objective and scientific picture a3 the world- 
wide political and commercts) situation. 
And again Seifert and Paetzel, Senior specialist in charge of 
erepeenet yess Research for the FA; 


Q.- When was the Forschungsamt founded? 
seifert: In 1933 — 
Q. Who initiated it? 
Seifert: It was started by Korvetten Kapitdn 
‘Schimpf who committed suicide, 
Q. Who was the driving force behind your organization? 
Seifert: It was started under the Air Ministry 
& ox with the intention of its being an inter-service 
: organization. 
Q. Where did Goering fit. Lito the Organization? 
‘Seifert: The Fuehrer directed Goering to run this 
organization, I do not know more as I only joined 
_. at the end of 1933. 
Paetzel: I joined at the end of July 1935. The 
organization had then been running Sor. two or three 
months. 


Stili another interrogation may be cited which associates 
The FA with the Nazi. Party: 


. With the advent of the Nazis caile the creation of 
--» the Forsehungsamt which was directly responsible to G&ring. 
| This was placed under the command of a Kapitdn-Leutnant 
. Schimpf who hed previously been Naval Liaison Officer 
te ; 


26754 p 3, | 7: 

171 25 p 3. It should be pointed out that the Air Ministry . 
was established by a decree of 5 May 1933 (RGB1. I,p.241). 
The "two or three months" of Paetzel, and Schapper's "April" 


gre not a discrepancy but furnish additioal evidence that the 
@ . FA was separate from the Air Ministry ab initio. 
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at OKH/Chi. Forschungsamt was really concerned with the 
interception of ail communications - including tele-_ 
phones, telegraphs, postal correspondence, television 
Cai) and radio ~ which might help the Nagi Party to. 

_ perfect its hold on life within Germany .+ 


created by Goering at the suggestion of Schapper and Schimpf. 
(As Schimpf was the first head of the organization his — 
influence with Goering was probably greater than that of 
echapper, ) In spite of the cover name, the FA was not a 
part of the Air Ministry and the chain of command from Goering . 
through Prussian State Secretary Koerner (rather than Milch 


of the Air Ministry) to the head of the FA emphasizes this 


independence. The first head was Kapitaen-Leutnant. Schimpf, . 
formerly liaison officer for the cipher section of the 


'Defenss Ministry (Reichswehrministerium/Referate G?) to. the 


Navy cipher section, whose full name ,is unknown and who is 
reported to have committed suicide." His successor was 
Fringe Christoph von Hesse, who 1s only known. as head of the 
Fa.¢l Gottrried Schapper, the final head of the FA, became 
director in the fall of 1944, Both Lt. Col. Mettig and 

Dr, Euttenhain, Senior Specialist, of the Sign&l Intelli- 


cae Agency of the Supreme Command of the Armed Forces | 


OKW/Chi), refer to the recruiting of Defense Ministry 
cryptanalytic personnel by the FA and imply that this was 
the cause of some i11 feeling between the two 
L8y 85 p 2 (This is a joint interrogation of Specialist : 
FPlicke, Technical Inspector Pokojewski, and Staff Inspector 
Hatz of tne Signal Intelligence Agency of the Supreme 
Command of the Armed Forces. _ Pos 


‘T9sechepper, IF 15, refers to “Goering, whom I knew well from 


the fiest vorld war." ‘There is no evidence of Schimpf's 
relat‘ons with Goering. 


20se'fert, I 25, says that he committed suicide. Goering, 
loc,cit., merely states that he died. , 


2lcuenther, IF 46 p 3, states that Schapper's predecessor 
was "Prince von Hesse, who dled in the fall of 1944" Goering, 
lec.cit., states that he returned to the Luftwaffe, and gives 
13 Christian name. 


fo 
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organizations .22 Schapper had served under Fenner, the 
head of the "Language Division" of the Signal Intelligence. 
Agency of the Supreme Command of the Armed Forces (OKW/Chi)- 
the successor of the Defense Ministry) and Seifert had also. 
been a member of the senior organization although his posi- 
tion there is net known. The FA was the last entrant into 
the cryptanalytic field and it had she reputation cf paying 
its employees "exceptionally well ."*. . 


Relations between the FA and the cipher section of the 
Defense Ministry and the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces (OKW/Chi) were always 
strained. A letter of Dr. Paschke of the Foreign Office. 
Cryptanalytic Section (Pers is; of 19 February 1934 is 
available which discusses plans for liaison between the 
clpher section of the Defense Ministry and the Foreign Office 
and specifically excludes the FA: 


. On 19 IT Capt Oschmenn called on me to talk over 
with me technical details concerned in our (proposed) 
collaboration. fi as . ~ 


22mMettig, 1131 p 3: "The FA was a part of the Reichsluft- 
fahrtministerium and vas directly subordinate to Staatse- — 
kretaar Koerner, and through him, to Reichsmarschall Goering. 
he head of this department was Ministerialdirigent Tschapper 
‘sic]) who, prior to the establishment of the FA, had worked 


in OKW/Ghi and served under Ministerialrat Fenner, Another 


former official of OKW in the FA was Regierungsrat Seifert. 
Collaboration between the FA and OXW/Chi was poor. This 

well may have been due to the personel differences between. 
Ministerisirat Fenner and his former subordinate Tschapper." 
Huettenhain, I 21 1, refers to. “some personnel transferred 
to the FA from OKW/Chi. This was not well received in the 
latter organization as they were regarded as people who has. 
ideserted the ship'", Also ef. Schapper's own statement, 
supra, that he left the service of the Defense Ministry. 


- because of his dissatisfaction with their antequated methods. 


.. Werther, I 121 pil2. Werther vas company commander of 7 La 


‘REGT 353. 
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AFM 100-5 14 DECEMBER 1956 


PARTS LIST, TYPICAL SUPERHETERODYNE RECEIVER 


REFERENCE 
NUMBER 


C5, 7, 11, 12 
Cc 
c8 
co 


C15 
C16 
Ci7 
C18, 19 
C20, 21 
c 

Co 


REFERENCE 
NUMBER 


TRANSFORMERS AND CHOKES 


REFERENCE 
NUMBER 


' 


CAPACITORS 


VALUE (mfd unless otherwise stated) 


10 to 30 MMF 
10 to 30 MMF 
500 (max) MMF 
500 MMF 

10 to 30 MMF 
0.05 

0.1 

0.05 

0.05 

0.00025 

0.05 

0.005 

0.01 

0.1 

8-8, 450V 
0.05 

350 MMF 
350 MMF 


VALUE (ohms) 
K—1000 
20K, “2 W (watt) 
2 MEG, “2 W 
250, 2 W 
250, 1 W 
250K, v2 W 
250K 
10 MEG, 2 W 
250K, v2 W 
50K, v2 W 
500K, v2 W 
10K, 10 W 
15K, 10 W 


COIL OC RESISTANCE 
(ohms) 


PRI —22 
SEC— 5 


PR! —20 
SEC—20 


PRI —20 
SEC—20 


PRI—400 (Z 5K) 
SEC— 4 


PRI—110V, 2 OHMS 
SEC—350-0-350V, 400 OHMS 
5.0V FILAMENT, 1 OHM 
6.3V FILAMENT, 1.5 OHMS 


50 OHMS (10 HENRIES) 


40 


DESCRIPTION 


ANTENNA TRIMMER 
OSCILLATOR TRIMMER 
OSCILLATOR PADDER 
OSCILLATOR COUPLING 
IF TRIMMERS 

RF BYPASS 

AVC FILTER 

CATHODE BYPASS 
SCREEN GRID BYPASS 
DIODE LOAD RF FILTER 
RF BYPASS 

AF COUPLING 

AF COUPLING 

AF BYPASS 

DUAL ELECTROLYTIC FILTER 
LINE NOISE FILTERS 
GANGED TUNING 
GANGED TUNING 


DESCRIPTION 


OSC GRID LEAK 
DECOUPLING 
CATHODE BIAS 
CATHODE BIAS 
DIODE LOAD 


DIODE LOAD AND VOLUME CONTROL 
Ist AF AMP GRID LOAD (OR LEAK) 


Ist AF AMP PLATE LOAD 
DECOUPLING 
2d AF AMP GRID LOAD 


SCREEN SERIES DROPPING AND BLEEDER 


BLEEDER 


DESCRIPTION 


ANTENNA 


455 KC 
INPUT IF 


455 KC 
OUTPUT IF 


OUTPUT AF 


POWER TRANSFORMER 


POWER SUPPLY FILTER: 
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In the course of the conversation he mentioned an 
utterance by his chief, Corvette Capt. Patzig, to the, 
effect that all cryptanalytic connections with the FA 
should be dropped since cryptanalytic work did not 
Dee oue in the province of the FA, 


Details of the collaboration. were then drawn up 
in broad outline. 


a i ee _ pantinn 19 ai 1954 
Drag (the draft of the proposed collaboration then follows) 


signed: paschke2+ 


There is no evidence that liaison on: eeyptenal yess 
matters was ever achieved between the two organizations, 


- As will ve. shown below, however, the FA did supply the - 


Supreme Command of the Armed Forces Signal Intelligence 


-Agency with intercepted traffic and was represented on that 


agency's committee on cryptographic security. Huettenhain 
reveals that this lack of cooperation extended to the IBM 


machinery developed by the Signal Intelligence Agency of 


the Supreme Command of the Armed Forces (OKW/Chi which was — 
offered to the Signal Intelligence Agency of the Army High 


Command (OKH/GGNA), the Signal Intelligence Agency of the 


Air Force High Command (OKL/LN Abt.350), the Signal Intel-. 
ligence. Agency of the Navy ate Command “(Ok a cae ousis 
eur not to the FA: . 


“Owing to personal friction, political Ronatasne- 
tions (Nazi "taint"?) and other unsavory matters there 
was noO-liaison with the FA and they were not offered 


the machinery developed by OKW. Fenner was particularly. i 


prejudiced against Goering's party - in any case the 
- general impression was that they al very iLttie~- 
they eee no mathematicians!* 


24 DP 17. This is a ‘Geandiation by De cocangei of T. 3273,- 
a series of letters by Paschke and other pee office 
- Cryptanalytic Section personnel , 


251 31 p10. Actually Paetzel of the FA was a mathensti- 
cian. | 
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Mettig stated that the FA attempted to take over the radio 
broadcast monitoring carried out by the Signal Intelligence 
Agency of the Supreme Command of the Armed Forces (OKW Chi)26 
and there were rumors that the "empire building" policy of | 
the FA had resulted in an attempt by the FA to take over the 
entire agency after the disgrace of the Supreme Command of 
the Armed Forces (OKW) in the 20th of July 1944 plot.<! 
(Himmler, Reichsfuehrer SS -Elite Gaurds- actually did take 
over the Signal Intelligence Agency of the Supreme Command 


“of the Armed Forces (OKW/Chi) through Walter Schellenberg, 


the head of Amt VI of the Ret h Main Security Office-Reichs- 
sicherheitshsuptant, RSHA).°° The members. of the FA who 

were interrogated gave no nint of any such intention on the 
part of the FA. There was necessary exchange of information 
on officlal keys and key changes used for inter communication 
between the FA and section X of the Sigral Intelligence 


Agency of the Supreme Command of the Armed forces at least 


in 1945.°9 ‘The FA was also reported to have received 3. 
copy of all traffic intercepted by all other agencies. Q 


For further details of the relations between the FA 
and the other cryptologic agencies the concluding chapter 
on liaison, under the specific agency, may be consulted. 

In general the best relationship existed with the Foreign 
Office Cryptanalytic Section but there is evidence of tech- 
nical exchange with the Navy, Army, and Air Force Signal 


' . Intelligence Agencies. Finally, the relationship between 


the FA and the. Abwehr (the German Intelligence Agency of 
the Supreme Command of the Armed Forces:) and with the 
Gestapo can only be mentioned. The point of. contact came 


261 151 p 3 


27Mettig I 86 p-2 


281 86 P. 2. Cf. IF 164 and discussion in following para~ 
graphs. oe 


—-29p1com Doc 240, Items 33,38,39,40,43 and 44, contain the 


messages from OKWAVNV/ChL to the FA with key changes for 
January through May 1945, ; 


— DOT 82,9.5, Flicke, Pokojewsk1 and Hatz of the Signal Intel- 


ligence Agency of the Supreme Command of the Armed Forces. 


no 
1 
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in the field of telephone monitoring. The official regu- 


lations for German war time censorship of all communications 
are available. In them the war time responsibility is given 
to the Abwehr but the peace time role of the FA and of the - 
Gestapo are indicated and it 1s apparent that .the monitoring 
Stations of the FA continued in operation.51 There is insuf- 
ficient evidence, however, to show the location of FA tele- 
phone monitoring stations. It appears that they cooperated 
with the Abwehr Wehrkreis organization through out all of . 
Germany and occupied territory. Evidence to be presented 


-below shows that the Gestapo eventually took over the tele- 


phone monitoring of the Abwehr and of the FA in the middle 
of 1944.. It 1s probable that the existing organization 
continued with the reports being routed to Amt IV of the 
Reich Main Security Office.2@ Finally, among the adminis- 
trative papers found at Kaufbeuren was a handwritten rough 
draft of a letter which appears to have been a cover letter 


- for material to be forwarded, possibly from FA-9, to the 


Stapoleit in Prague. The material was an undetermined num- 


‘per of "Czech messages". It is not known if these messages 


were read through cryptanalysis on the part of the FA but. 
an additional instagge of liaison between the FA and the 
police is afforded. The messages were for the attention 
of a Herr Rummel. 


21 Die Ueberwachung des Nachrichtenverkehrs im Kriege, TF 
29. Ticom Document 240 contains various administrative 
memoranda of the FA, among them orders from Abwehr Wehrkries 
VIII (at Breslau) warning of an increase in Russian Agent 
activity with the approach of hostilities to Breslau. 

Also contained in these memoranda is indication that the . 
telephone monitoring stations in Prussta and Poland were 
operating at the end of 1944, However, it should be noted 
that they were still controlled by the FA. ao 


2e this is to be assumed from Goering's statement that the 
Gestapo took over telephone monitoring, confirmed by Goering 
and by Schellenberg, who differ only as to the date at which 
this occurred. Fuller discussion of this point is to be ~ 
found in the following section which deals with the relations. 
between the FA and the Reich Main Security Office. See also 
the. discussion of the FA field stations in the section on the 
Operational Organization of the FA. ~ et ge. ¢ 3 


33° @1eom Document. 240 item WO, 


415 
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. presumably between Goering and Prince von Hesse 


6. The FA as a Nazi organization. From consideration 


of the evidence It seems proper to regard the FA as the 


Nazi party signal intelligence agency and it seems reason~ 
able to assume that it was created by the party to provide 
& counterpart for the various service Signal Intelligence 
Agencies and that of the Foreign Office on whose loyalty the 
Nazi's could not rely at the date the FA was erected (1933). 
This is supported not only by the definite suspicions ex~ 
pressed in the interrogations but by the history and organi- 
zation of the FA. It has been seen that the original found- 
ing of the organization was due to friendship between Goering 
and Schapper, probably between Goering and echmey 3 and , 
‘ Besides 
the statement of Flicke et al, attributing the creation of 


the FA to the Nazis/o there is support from Goering who re~ 


lates the assignment of all telephone monitoring (within the 
Reich) to the FA by Hitler at the end of 1933;7° reference 
to coordination by the Regular Police (Ordnungspolizei or. — 
Orpo) of telephone monitoring with the FA;7! evidence that 


_the Reich. Main Security Office {RSHA) referred cryptanalytic 


problems to. the FA;’° and indication that Himmler tried to 


34tt 1s known that other members of the von Hesse family were 


friendly with Goering and other Nazis and held high diplo-. 


matic positons. OF IF 188, 
35See above Para 4, (I 85). 


S61 1s ps. 


STI 91. p 2 Robert Schlaka (General-Major), the chief of 
communications in the main office of the Ordnungspolizei, 
reported coordination with the FA in 1935-1937.. Also see 
Sauerbier, I 162, for Orpo-FA liaison on Agents. . 
“I-54 p 4, the interrogation of five members of the FA cap- 
tured at Flensburg, reports that: "None of. the five knew any- 


- thing about a cryptanalytic section of the Waffen 55. Sei- 


fert thought that there couldn't have been such a thing as he 
had seen intercepted cipher telegrams sent to them from the 


RSHA: which RSHA had no facilities for deciphering. Paetzel, 


on the other hand, remarked somewhat dryly that from what | 


he knew of the stubborn independencé in this matter of the 


various services and the Forelgn Office he would not be at 
all surprised if such a thing did in fact exist. However, 


‘ he had no knowledge of it", Sauerbier, I 162 pp 3-4, states 


that the Ord-nungspolizei sent him Russian agent traffic. 


_Werther, I 121 p 13, confused the FA and the Elite Gpards 


and seemed to think that an Elite a Officer had attempted 
to recruit his services for a-cr tanalytic agency headed by 
a former Naval officer (Sehimpe 2) ay i. 


Wee. & ae 
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take over control of the Fa.29 (As will be shown, Hinmler, 


. through Schellenberg's arrangements with Koerner whe control- 


led the FA finances in the Prussian State Ministry, had 
achieved some contro] of the FA in 1945). On 24 January 


1945 the Gestapo (Amt IV of. the Reich Main Security Office, 
,Sent an agents message to Section 9 of the FA(the section 
'@ealing with Slavonic languages) with a request that it be 
deciphered."° According to Mettig, the Signal Intelligence 


Agency of the Supreme command of the Armed Forces was origi- 
nally 2 part of the Abwehr "Defense", actually the espionage . 


and counter intelligence agency of the Defense Ministry, 


Subsequently incorporated in the Supreme Command of the | 
Armed Forces, and eventually taken over by Himmler): 


. » « « e\4n the days of the Reichswehr, OKW/Chi 
was organistdcally part of the Abwehr and the liaison 
had been maintained. The directives given by Keltel's. 
Office were very general, they were amplified and made 
more specific by Canaris and Hanson (heads of the 
‘Abwehe} who briefed the head of OKW/Chi. He then 
decided cryptanalytic details. After the 20th of 
July 1944 the Abwehr was taken over by the RSHA. 

'- (~his chronology is not correct, see discussion below). 
Briefing was then done by Schellenberg....At one time 
there was a row with the FA, provoked py the empire. 

building policy of that body. The FA wished to take _ 

. over OKW/Chi. It was emphasized that Schellenberg _ 
had no control over the FA and (perhaps for that reason) 
would have preferred to take over OKW/Chi himself. 

' The RSHA or the SS dig not maintain any cryptanalytic 
bureau of their own. ” 


The exact form which Schellenberg's. control of the Signal 
Intelligence Agency of the Supreme Command of the Armed 

Forces (oKW/Chi) took is not certain and need not be gone 
into at any length here. As will be seen from the inter- 


_ YPogation of Schellenberg given next, the acting heads of | 
‘that agency expressed agreement with his views and appeared 


39 Guenther, IF 46. . | / 


40 @1¢60m Document, Items 11 A&B, (Film 34). 
41 x 86 p 2 


at: 
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to model their evacuation plans on his 42 Schellenberg's 
evidence concerns both his efforts to take over the FA and 


to control the Signal Intelligence Agency of the Supreme 
Command of the Armed Forces: ag" ia ? 


VIII. Deciphering. | 


24. ihe deciphering department of the OKW hae Colonel 
Kettler supplied daily great quantities of deciphered 
messages which were called ever since the time of 
Ludendorff "V.N" (Verlaessliche Nachrichten). They 
were printed on thin white paper and carried a broad 
red edge. Schellenberg had established relations with 
the deciphering department at the OKW in 1942, because 
he wanted to exploit the experiences of the Wehrmacht 
both in "W/T Abwehr" as also in the development of 

_ German coding "methods" for his own use. Schellenberg 
made. very early contact with General Fellgiebel, chief 
of the Wehrmachtnachrichtenverbindungen (in the OKW) © 
as well as General Thiele, department chief under. 
Fellgiebel. Both these men were killed in connection 
with the 20th of July. Schellenberg's relations with 
Theile were very good. They had come close to one 

- another through their joint work in the Board of Dir- . 
ectors of the Standard Electric company (the former 
American Holding company).. Theille, after the arrest 
of Fellgiebel had become Fellgiebel's successor. -In 

_ this capacity he wanted to bring a long discussed plan 

_ to fruition, 1.e. unite all deciphering services of the 

“ Reieh in one hand and to put them at the exclusive 

“\ aisposal of the Geheime Meldedienst for ‘systematic 

entorpre tauren and use. 


25. Apart ‘from the German Foreign office which pos- 
sessed an extensive deciphering service, the Forschung~. 
samt was above alt the saat aes which had not only . 


Wp op Abenisaran oP eee relations nae a Avene: the RSHA 


and the Signal Intelligence Agency of the. Supreme Command 
of the Armed Forces: see Vol. ‘iii Para, 2, 


| 4Sop 164. This isa Yong and ‘rambling report of an “antene 


rogation of Walter Schellenberg, SS- BE teadetueurer - in SHAnee 


-of Dept vI of the Rens SD Amt vi pus tend. 


as 
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an sextensive “ one could almost say 100% - telephone 
monitoring service, but also a very large deciphering 
department. It also monitored normal broadcast ser- 
vices. (This was done too by the Foreign Office, the 
Propaganda Ministry, and the OKW!) The Forschungsamt: 
also embraced an extensive press and publication inter- 
pretation department as well as. one of the best existing 
archives, Schellenberg maintains that apart from the 
obvious reasons of saving personne] and other grounds 

of economy, the Amt Ausland together with the deciph- 
ering department of the Forschungsamt was really a domain 
of the Geheolme Meldedienst. Schellenberg also saw — 
that there was no need for the telephone monitoring 
service to be independent, but that 1t really. belonged 
to the domain of Amt IV. Since 1942 Schellenberg in- 
sisted that Himmler should speak wiih Goering who had 


reserved the Forschungsamt as his purely personal field 


of work and to insist that he (Schellenberg) should 


take the Forschungsamt over. | 


26, “Himmler always refused - this. He declared that 


Goering would never do it as he believed that he would 
thereby make him (Himmler) and the SS too strong. 
Another very strange arsument was. added to this: 
Himmler said Goering should bear vis'a vis Hitler the 


responsibility for all telephone monitoring, for if. he, . 
Himmler, would do this Hitler might suddenly :conceive 


the idea that his own teleptione conversations were 
overheard. . Schellenberg thereupon acted independently. 
He needed the results both of the Forschungsamt as a 


whole and of the work of the deciphering department of 


Ps 


the OKW. At the beginning of 1943" Schellenberg had 
come to 4 working agreement. with Secretary of State 
Koerner (Prussian State Secretary, in charge of FA. 


' financial matters) and at the. end of 1944 Koerner was 
“prepared to concede to Schellenberg the Forschungsamt 
with the exception of the telephone monitoring, which . 


since the middle of 1944 belonged to Amt IV. Sand- 
berger and Rapp began in February 1945 to take the Fors- 
chungsamt over. Owing to the general development of 

the situation, however, this move did not take practical 
shape. After the. arrest of Theile, a general, whose 
name Schellenberg has forgotten, was appointed chief - 

of the Wehrmachtsnachrichtenverbinndungen. A general 
@alled Gimmler was put in charge of the Amtsgruppe 
(deciphering and W/T Abwehr). Colonel Kettler during 


“ag 
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the time when Theile was in prison had continued to 
seek close contact with Schellenberg. Schellenberg 
put Kettler in touch with Dr Schmitz who entered and 
remained in close relationship with him. Kettler model- 
led his evacuation measures on those of Schellenberg 
because he had always thought, just as Gimmler had 
done,that Schellenberg by taking over the Forschungs- 
amt would dari Gecisive zaptuense over the deciph~ 
ering department. 


A brief review of Nazi history with particular attention 

_ to the Elite Guards of Heinrich Himmler-.will clarify the posi- 
‘tion of the Reich Mein Security Office of that organization 
and,it 1s hoped, indicate the integral role of the FA. The 
Reich Main Security Office (RSHA) was organized in 1936 as 
a single headquarters for the Party Security Service. (Sicher-. 

‘ heitspolizei,SIP0). The Security Service was in its origin 
a@ purély party organization. It was in fact the intelli- 
gence army of the Elite Guards whose origin and history are 
relevant. The Elite Guards were organized in 1925 to act as 
the bodyguard for the leading men of the Party. In 1929 . 
Himmler was appointed by Hitler as Reichsfuehrer SS and 

- under his guidance the SS (Elite Guards) grew into the. ~ 
eS _ watchdog of.the whole Party and the formations controlled 
by it. In June of 1934 the Elite Guards served as the ex- 

' ecutive agency in the purge.--At this time the Elite Guards 
“were made independent of their. parent body, the Storm Troops | 
(Sturm Abteilung, SA), whose head,Rtéhm, was one of the 
leading victims. At this time it was decreed that the 
Security Service alone should be responsible for Party : 

_ political intelligence. In June of 1936 Himmler was appointed 
as chiéf of German Police and reorganized the police services, 
‘organizing the Party security services in a single Main 3 
Office,. the Reichssicherheithauptemt, paralelled by a similar 
main office for the regular police, the Grayymespolized tor: ORPO = 
Constabulary), the Ordnungspolizeihauptant.. 


Wine ‘account given in the. above paragraph is taken fron IF 216 B, . 
Sicherheitspolizei und Sicherheitsdienst ,Ultra/Zip/Pal 4 
- of 1/1/44. For details of the ordnungspolizet organization | 
- see in Tab A. Note that the Ordnungspolizel are not a Party 
organization and were independent of. Kaltenbrunner and 
- Schellenberg. This independence is seen in reported rivalry 
with both the Gestapo and the Abwehr and Radio. Defense Corps 
 , (okw/west/ag WNV/Fu III) in counter measures against Allied | 
_. Agents. a 176; and: Volume 8 of these BerOeual): 


} 
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the RSHA, which now (April 1943) controls the whole’ 
German Secret Service for intelligence, sabotage, and secur- 
ity, both inside and outside Germany, is the GHQ of the Sipo 
and SD whose head, (Chef der Sipo und 8D, abbreviated CDS), 
SS Obergrupenfuehrer Xaltenbrunner, reports directly to 
Himmler. Of the main German police, security, and special 
services, only the Orpo, or uniformed constabulary, is oute 
side its control. The Sipe and SD between them comprise 
three services: 


1 Geheimestaatspolizei. Gesta 0) 
2 Kriminalpolizet (kpipo) ‘) - Sipo 
3 Sicherheitsdienst SD) . 


The 8D is further subdivided into two departments, one col- 
lecting intelligence from outside the Reich, the other from 
inside Germany and occupied territory...,The SD, both inside - 
and. outside Germany, is a fact finding department which takes 
no official action and tries to be as little known as pos- 


sible, 


The RSHA is divided into seven departments (Aemter) 
with the. eoernecae official Funes Tous): 

Amt Personnel 

Amt tr Administration 7 

Amt III HQ of SD within the Keich 

Amt IV HQ of Gestapo 

Amt V HQ of Kripo 

Amt VI Foreign panren ernes {Amt Ausland, head, Schel- 

aS lenberg) ; 


As has been shown in the previous discussion, Amt VI took 
over the Abwehr, the intelligence agency of the Supreme 
Command of the German Armed. Forces, in 1944, This control 
was strengthened by the 20th July 1944 plot which marked 
the failure of the military to throw off the increasing 
caatnane? of the Party and Himmler. 


oo 


a 


The FA was created in 1933 when the Party first came 
into political control of the Reich. The emphasis laid by 
Goering, Schapper, and others on the supply of reliable 
"political" intelligence seems to imply that the FA was 


451f 216 The German Intelligence Service (Secret. SHARP , 


Counterintelligence War Room, London: April, 1945) Para~ 
grees 5 and 6. 


el 
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created because the Party could not rely on the existing 
Service and. Foreign Office organizatinns. Goering received 
the responsibility for this organization while Himmler 
directed the Elite Gaurd. Schellenberg's testimony to 
Himmler's unwillingness to infringe upon Goering's field 
even in 1942; evidence of collaboration on eryptanalytic 
“natters, coupled with the lack of evidence that the Klite | 
Gaurd organization possessed a cryptologic unit of its own; 
and the importance placed on the FA in Schellenberg's plans 
for a glorified intelligence service after the Party had 
completed its domination of the Suoreme Command of the 

Armed Forces Intelligence (OKW/ABWsHR) and Signal Intelli- 
gence Agencies (OKW/Ch1) indicate the real position of the 
FA within the Nazi organization. -Additional evidence of the 
Close relationship between the Elite Gaurds and the FA may | 
perhaps be inferred from Schapper's admission thet he joined 
the Allgemeine SS (General Elite Gaurds as distinct from the 
Waffen. SS, Armed Elite Gaurd) in 1933, the time at which 

he left the cipher section of the Defepnpe Ministry and 
cooperated in the formation of the FA. 


7. Operations of the FA, April 1933 - May 1945, 
eS Only a sketchy outline of the FA*s operational history. can 
- be drawn. It was created in April 1933 and by the end of 
that year had been assigned the task of monitoring all tele- 
phone circuits within the Reich. It is rumored, to have been 
concerned in the "blood ‘purge” of 30 June 1934.47 At the — 
time of the Anschluss (March 1938) the telephone monitoring 
and deciphering activities of the FA were in operation. A 
series of Associated Press despatches (!) reveal monitoring 
of the conversations of Goering with various German diplo- | 
mats and officials in Austria: Apparently the FA prepared 
a special copy of these records and presented them to Goering. 
The file containing; this material was found in the ruins of the 
Air Ministry and a newspaper “story” based on them. Also 
indicated in the newspaper columns was FA success in read- 
ing mes gages from the French foreign Office “to all minis- 
ters." It 1s probable that these messages were not read, 
_ through cryptanalysis as Goering refers to the ciphers of 
the French Foreign Office at the Qual d'Orsay having been 


4€see his “Curriculum Vitae" in Appendix 3. 
ATPlicke, Pokojewski, and Hatz, I 85 p 2, 
48cr note 3, Chapter 1, P. 3.— 
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CHAPTER 


COMMUNICATIONS RECEIVER 


The communications classification covers a 
multitude of receivers. Though communica- 
tions receivers may be less numerous than 
broadcast receivers, they show much greater 
variety in design and purpose. Communica- 
tions receivers may be TRF or superhetero- 
dynes. They may have switching and tuning 
arrangements for operation on several bands, 
or they may be fixed tuned for operation at 
a single frequency. Communications receivers 
may incorporate manual tuning or automatic 
tuning and may receive AM, FM, or pulse 
transmissions. Communications receivers may 
receive CW, tone, or voice modulation. They 
may be used for navigation, direction finding, 
or for aircraft instrument landings. 

In spite of this great diversity, a super- 
heterodyne receiver, basically very much like 
the one just studied, can serve as a typical 
communications receiver. Most communica- 
tions receivers are superheterodynes. Many 
operate in the frequency range between 2.0 
and 25 mc, although the use of VHF and UHF 


for communications is becoming more and 
more important. The greater number are 
commercial receivers, though many are man- 
ufactured expressly for military use. Most 
have provision for CW reception, as well as 
tone and voice. 


Examine the block diagram of a typical 
communications receiver. Most of it should 
look familiar. Note, though, that two oscil- 
lator stages are represented. The heterodyne 
oscillator is called the high frequency oscillator 
(HFO). The other oscillator is called the beat 
frequency oscillator (BFO). The output of the 
BFO beats against the IF signal to produce 


4] 


a difference frequency in the audio range. 
Note, too, the crystal filter. It provides IF 
selectivity and is part of the fixed tuning ar- 
rangement of the IF section. The noise limiter 
and squelch stages are used to combat noise 
and increase the effective sensitivity of the 
receiver. The tuning indicator is included to 
provide simpler, more accurate tuning. 

All these special circuits, as well as others 
not shown in the block diagram, are important. 
Each of them deserves a detailed explanation. 
Two specific receivers used by the Air Force 
are discussed at the end of the chapter. 


CRYSTAL FILTER 


The crystal filter acts as a selective coupling 
between the converter and the first IF ampli- 
fier. A crystal can be used as a filter, because 
it acts as a series-tuned resonant circuit. Be- 
cause of its very high Q, the crystal filter 
passes a much narrower band of frequencies 
than the best conventional tuned circuits. It 
may pass a band as narrow as 1,000 cycles or 
less while the narrowest band passed by IF 
tuned circuits is about 5 kc. Therefore, it is 
used effectively for CW reception. 


The crystal filter is usually controlled by 
a switch so that its use can be optional. Be- 
cause of its high selectivity, the filter rejects 
signals close to the desired signal. Also, be- 
cause of its selectivity it reduces the amount 
of noise in the receiver output. Since the 
crystal filter acts as a high Q series resonant 
circuit tuned to the intermediate frequency, 
it permits high current flow at the resonant 
frequency and sharply attenuates other fre- 
quencies. 
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"obtained."49 In September 1941 the FA produced a book 
containing the names of all foreign diplomats in Berlin, 
their partners 2 all conversations, and summaries of these 
conversations .” The FA continued its work on available 
diplomatic and commercial material and press. broadcasts 
throughout the war. Operations were hampered by bombing. 
On 1 November 1943 and again on 7 July 1944 the Schiller- 
strasse quarters of the FA were heavily bombed and after 
each bombing a part of the FA was evacuated. 51 an admini- 
strative nucleus remained in Berlin.at least until the closing | 
of the Russian seige lines around that city.-° The Berlin 
offices seem to have always included the administrative and 
personnel sections and during the last months of the war 
special arrangements in addition to the normal lisison 
channels were necessary. As is to be expected, the organi- 
zation fluctuated considerably during the final rronths of 

the war and only the paper organization, learned from the 
administrative directives found at Kaufbeuren, can be des- 
cribed. The move to Breslau seems to have left Main Section I 


4Or 443 274 


(5°Tp 143 pil This is an article from the Weekly Intelli- 


gence Summary #15, HQ, United States Forces European Theater 
containing information available from interrogation of a 
Major Johannes Gaenzer WAG was & member of Section III F of 
Abwehrstelle Berlin, | 


5lpaetzel and Oden, I: 255; “The wise establishment: was comp- 
letely destroyed by bombing (in November 19435)". Schapper, 
IF 15,p.22, stated that the FA moved to Breslau in December 


1943. Guenther, ‘IF 46, and Rentschler, IF 15,.p 18, stated 


that’ the move to Breslau was forced by the bombing of 7 July. 
It. appears, therefore, that after each bombing further 
evacuation was necessary. Sauerbier, I 162 p 4, stated that 
the move of Hauptabtellung IV to Breslau took place early in 
1944 and remarked that working conditions in Breslau were 
poor and the work suffered in consequence. 


52ticom Document 240. sentaine various memoranda to and from 
administrative offices in Berlin. A special organization, 
the Zucigstelle or "Branch. Office" Berlin was set up in 
March 1945. A special liaison and reporting center under 
the head of the Evaluation center, Seifert, was also “2 
set up at this time, Seifert and various personnel of the 
Branch Office escaped from the seige and were finally found 
with the Signal Intelligence Agency of the Navy Hign Command 
at Flensburg. es 25, 1 ae I 95. p 18). 


2? 
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and Schapper (or his predecessor, von Hesse) in Berlin. 
There 1s a directive dated 30 September 1944 at Breslau 
which 1s signed by Sonneecer end is directed to all of the 
Main Sections except I. ‘The directive itself is of pass-. 
ing interest as it. contains a memo from the Abwehroffizier. 
of Wehrkreiskommando VIII warning of the danger of enemy 
agent activity with the approach of the Eastern front. to 
Breslau. i. ip 
Various directives are available concerning the evac- 
uation of Breslau. Evacuation was completed and the various 4 
offices in that city were closed down as of 26 Jenuary 1945.° 
It seems from the evidence that the FA was organized into at 
least three Office-Branches (Amtesbereiche) in Berlin, : 
Luebben (51°56'"N 13°54"z, also the site of an FA intercept 
station) and Jueterbog, (51°59N 13°40"), the successor of 
the Amtesbereich Breslau. The Jueterbog branch was under the 
direction of Seifert and included Main Sections III,IV and 
V (Sections 4-13). It should be noted that Jueterbog was 
the last location of the FA known to the personnel of the 
Foreign Office Cryptanalytic Section.5>5 As Jueterbog was 
also a location of the Signal Intelligence Agency of the 
Army High Command it is possible that information held by 
@ various Army personnel about the FA was gained at this 
7 time. Luebben was the location of Mein Section II and 
was responsible for administration of the various out sta- 
tions. As Main Section I is not specifically mentioned it 
is to be inferred that it remained in Berlin, especially 
as Section 1, charged with all security matters, 1s stated 
to be located there. Schapper, who signed the directives — 
referred to above, dated them from Luebben. By early March 
a further movement of the FA had been effected and all of 
the Main Sections {less Section 15) had been reassembled at 
Kaufbeuren_(47°53"N 10°37"E) with the organization indicated 
on the chart and from Kaufbeuren a Sule ronnany of the FA 
moved on to Rosenheim (47°52"N 12104"g)56 Within this 


53ticom Document 240, item 37A.- 
a4 ptcom Document 240 items 22 and 29, 

551 1, p 18. | . | 

56 Tp ipa? Kaufbeuren is approximately 50 miles south- 
west of Munich and Rosenheim is approximately 25 miles 


southeast of Munich. The air-Iine distance between Kauf- 
' beuren and Rosenheim is roughly 75 miles. Sars 
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period, either at the beginning of 1944 or the beginning of 
1945, the telephone monitoring of the FA was given to the 
Gestapo (Amt IV of the Reich Main Security Office). However, 
the documents providing for the closing down of the Breslau 
outstations reveal that ‘Telephone monitoring stations were 
then (January 1945) still controlled oy the FA.- The . 
Breslau/Kaufbeuren/Rosenheim party was under the direction of 
Schapper and this aprty remained the central body of the FA. 
A document found by Team 1 in the FA quarters at Kaufbeuren . 
and signed by Schapper gives a reliable picture of the final 
organization of the FA. The liaison officers responsible 
for passing FA materials to the other ministries remained 
in Berlin and a special section for Evaluation was set up. 
under Seifert. A Berlin Branch Office and the Berlin Out- 
station also continued to function. Five members of the FA 
were transferred to OKM 4 SKL III (The Signal. Intelligence 
Agency of The Navy. High Command) on 19 May 1945 where they 
worked until arrested on 23 May 1945.99 ‘These five men 
“were the departmental heads left in Berlin and it 1s obvious 
that a carefully coordinated split into both a northern 
and southérn section of the PA had been arranged just as 
had been done for the Signal Intelligence Agengy of the 
Supreme Command of the Armed Forces (OKW/Chi) Rapp and 
and Sandberger, the two men named by Schellenberg as "taking 
O over the FA" in February 1945, were last known by Schellen- 
7 berg to have been in Flensburg and Marquardstein (near 
Rosenheim) respectively. However, this is not necessarily 


57 rtcom Document 240 item 22. Schellenberg, IF 164, stated 
that all FA telephone monitoring was taken over in 1o4d. 


Schapper, IF 15, stated that it was in 1945. 
| oa : : : rey 
otcom Doc. 240, Item 34, A-D. This document is translated 
.in appendix 2 of this report. It is clear. from this direct- 
ive that the Kaufbeuren group wes the controlling body but 
it ig also ‘clear that special arrangements for continued 
. service in Berlin had been made under the direction of 
. Seifert and that an adequate functioning organization had 
remained there. As Rentschler is concerned in the directive 
found at Kaufbeuren and was one of the last to leave Schapper 
he was undoubtedly fully aware of the final organization and 
deliberately misled the interrogators. 


991 25; I 54;.1.93, P18. | | 
60nne interrogators of these five members of the FA also 
failed to discover that they had formed a special section 


left in Berlin. This point only becomes clear from the docu- 
ment found by Team 1. 
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due to any continuing connection with the FA. Rapp is 
Stated to have been in charge of a "northern" section of 
Amt VI when the officer of the Reich Main Security Office 
(RSHA) were divided into northern and southern sections, 62 
Sandberger was one of the key AMT VI officials and may be - 
assumed to have accompanied the southern section. 


The FA was originally located in Berlin, Charictten- 
burg 3s Schillerstrasse, 116/124, occupying a large build- 
ing. On moving to Breese it took over the Hartlieb 
Barracks in Kilettendorf.¥ At Kaufbeuren the FA was found 
by Ticom Team 1 to have been located ip, "six blocks" of a 
barracks near the Kaufbeuren airfield. In the moves from 
Berlin the number of personne, decreased from the estimated 
1500 to 2000 employed there.°° Only some 450 persons con- 
tinued on to Kaufbeurep and a mere 100 odd were left with 
Schapper at Rosenhein. The administrative documents . 


referred to previously contain evidence of a constant shuf- 


fling of personnel in the chosing months of the war, A 


Slip 164 p 35. 


6215 15. Pp 18, Guenther, IF 46 pl. 


OFquenther, IF 46, states that the FA occupied a "Flakkaserne" 


‘and the Pers Z2.S. interrogees, 11, state that the FA was in 


the Hartlieb Barracks. . 


D 21, the translation of a document giving distribution 
of work among the different cryptanalytic bureaus of the 
other German Armed Forces and Civil Departments, taken from 


'.a German Admiralty 4/SKL III folder entitled "Research 


Progress 1/12/43 - 1/11/44 "(Ticom Document No. T 519) gives - 
as" #4 RLM/Forschungsamt at Breslau/Klettendorf: Crypt- 
analysis of diplomatic cyphers and GESTAPO matters. Collabor- 
ation with the Navy lately still only on fundamental ques- 
tions of research." Ticom Document 240 item 32, Jueterbog, 
2°January 1945 lists nine members of FA.9 who moved regis- 
tered materials from "Klettendorf" to Jueterbog. 


Clip 25 p16. 


Oopentschler, and Schapper, IF 15, and Seifert, 1 54, give 
approximately the same figures. n 


(66rp 15, 1 5H. 
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contents, 


special section was created in Berlin to-deal with the 
closing down of. the Breslau Forschungsleitstelle and all 
members released fon duty were to be immediately reported 
available to FA 3. .Administrative officers were shifted 
and trained evaluators were reassigned during the Kaufbeuren 
pertod but the details need not be given here. In addition - 


‘various eyinor personnel were shifted from Kaufbeuren to 


Berlin. The pgrsonnel of the FA were reputedly. {envious-_ 
ly?) well paid. At Kaufbeuren the personnel section was - 
concerned with such matters as their soap 2 and arrange- 


ment of laundering facilities in Kaufbeuren. 


‘ 


6 
eres Document ‘eho, Item 22. 
| 


68r1c0m peeuusne 240. See Appendix 2 for Summary of 


O%verther, 112: pid. 


‘T0n4 com Document 240 Item 23. 
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Tlschapper, IF 15. pp 20-22, IF 155. 


B. Operational Organization of the FA, 


Paragraph i 


Organization of the Main Bureau, ‘ | ‘ B a 


&, Main Section I (Administration and Security) _ 

b. Main Section II (Personnel). 

c. Main Section III. ‘(interception,. Sorting, and 
Examination). 

d. Main Section IV (Codes and Ciphers), 

-@, Main Section V (Information, Collection, aha: 

Evaluation). 

f, Main Section VI (Technical). — 


War-time expedients, the Branch Office Berlin and , 

Reporting Center Seifert. oo aa ee oe oo A SE SS 
The Liaison Officers ... bu» 
The Intercept Stations and Regional offices “of ine FA. pe i See 


' Persons named as members of the FA or concerned with 


it but not assignable in its organization .... . .12 


8. . Organization of the Main Bureau. The following . 
operational organization of the FA 1s intended to represent . 
its structure while in Berlin. What historical changes can 
be determined will be indicated in the specific section in-~ 
volved. At the head was the Director (Ministerial Direktor) 
responsible for the management of all official business, 
and under him was the Main office at Berlin as well as the 
liaison offices, Regional Offices and intercept stations,.71 
The main office was composed of six main sections, Haup- 
tabteil , which were subdivided into fifteen sections , 

Abteilung, which in turn were broken down into various” 


sub-sections. As it was in the Hauptabteilung and Abteil-_ 


ung that the actual work of the FA was accomplished the | 
best method of appraisal of its operations is to present 

the assignment, strength and history of each of these units 
with what little can be learned of their respective successes 
and personnel. 


a, Hauptabtetlu = Administration: This main sect- 
ion was the eeaints ten elye headquarters being charged with 


organization, established personnel and administration. At 


ns 
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the head was Principal Specialist Bergeren. /© There were- 
about 50 persons divided among two sections, Abteilung — 

1 with a Senior Specialist (ORR) Rosenhan at the head and 
Abteilung 2 under Senior Specialist (ORR) Kunsemueller. - 
Section 1,the "Central Abteilung," was responsible for the 
official correspondence, the basic problems of personnel 
administration and budgetary matters, Civil Service Personnel 
(the higher officials, job descriptions etc.) and Security. 
This security included the guards, the electric eye system, 
passes and identification, and cover names and camouflage — 
measures necessary to safeguard the secrecy of the organi- 
zation and the nature of its work. The various adminis- 


‘trative directives found at Kaufbeuren emanated from Main 


Section I or II in general. They typify the nature of the 
functions of the section. They range from an order concerning 
the drill of an FA Volksturm company at Kaufbeuren, through 
details of work shifts, Air Raid Precautions, and soap rations, 
to reissue of exhortasache (SECRET and TOP SECRET) classifi- 
cations. This last memo, dated Berlin, 25 February 1945, 
declared that the Fuehrer had been greatly displeased to 

learn that Reuters (The British News Agency) had published 

a German SECRET paper. ! : 


72No hard and Past hierarchy in the rank of German civil 
servants can be drawn. The three ranks most commonly refer- 
red to in the FA are Ministerial Rat or Principal Specielist 
(Min. Rat.), Oberregierungsrat or Senior Specialist (ORR), 

and Regierungsrat or Specialist (Reg. Rat.). Variations, as 
in the case of Oden, whose title is Reg. Rat. Dipl. Ing. -- 
Regierungsrat with Engineering Diploma, also occur. Schapper, 
as Ministerial Director, is above this hierarchy. Schroeder's 
Rank, Minister Dirigent, has no equivalent. A rather in- 
volved and not too relevant comparison to the P ratings of 
our own civil service is possible. Fenner, of The Signal 
Intelligence Agency of the Supreme Command of the Armed 
Forces (oKW/chi) , was both Min. Rat. and Oberst (Colonel). 

It would thus be possible to equate ORR with a Lt. Colonel 
and a Reg. Rat with Major. Civil Service here rates a Major 
asx equal. to a P-5, 


T3q4com Document 240 item 45. The nature of the Reuters 


story is net known. For further examples of these direct- 


ives see Appendix 2. 


", 
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Section 2 was the Administrative section. !* 


b. Hauptabteilung II - Personnel: Personnel, pre- 
sumably records etc, was the responsibility of this main 
section and its only section, Abteilung 3. Senior Special- 


ist (ORR) Kempe was in charge of this section which con- 
sisted of from 80 to 100 persons. 


ay 


c. Hauptabteilung III - Intercept: . Senior Specialist 
(Min. Rat.) Breuer was in charge of this. Main Section which 
was responsible for intercept, including intercept control 
and the actual intercept stations, and sorting and prelim- 


inary examination of the intercepted materials. The depart- 


_ ment was composed of about 200 persons and was divided into 


two sections. Section 4, under Specialist Popp, was res- 


-ponsible for all FA intercept. This included intercept 


control, determination of cover priorities, location of 
stations (deseribed by Schapper as “employment. of inter- ~ 
cept forces") and actual administration of the intercept 
personnel. Section 5 was under Specialist Harrius who was 
eee vee ce duty and replaced by Specialist Dr. Henke on 
9.March!? This section served as a "message center” receiving 


Txeept where specifically cited as from other sources, this 
and the following paragraphs dealing with the organization of 
the FA are based on IF 15, 132, 135; I 25 and 54, and Ticom 


document 240, The statement of Schapper, which can be 


checked by the captured directive written by him and the 
interrogations of Seifert, Oden, Paetzel, Fingerhut and 
Klautachke-from which last the personnel strength figures 
are taken~are the most important and contain few if any 
contradictions. The interrogation of Rentschler, on-the 
contrary, is incomplete and he appears to have consciously 


- withheld or evaded giving information. The interrogation of 
. Guenther is also incomplete but he appears to have been 4 


minor worker and consequently poorly informed. — The infor- 
mation taken from Weekly Intelligence Summary #12, IF 132, 
1s often unique. So statements about the use of electric 
eyes and that Hauptabteilung IV developed codes and ciphers 
for the use of the FA are not indicated in the Ticom mater-. 
jails available. {IF 132 is based on the interrogations of 
Georg Schroeder and a "Report from Captured Personnel and 
Material Branch Military Intelligence Division,” United: 
States War Department, 25 June 1945, neither of which are 
in the possession of Ticom., ) 


731F 135, Corrected as. of 14 Marth. ‘The 29 March order is 
available on Film 34 (Ticom Doc. 240). a +e 


BU 


DOCID: 3486670 


mad 


all intonneee and Soreine and - distributing it to the proper 
section of Main Section IV or Main Section V. This sorting 
does NOT appear to involve traffic analysis but is merely an 
identification of traffic type and a preliminary sort, as by 


language and system. Clear text material, including ‘private 


and commercial messages, press broadcasts, . the results of 
telephone monitoring and the like, were sent direct to _. 
Hauptabtellung V for evaluation. "code and-cipher text was 
sorted as to type, ©. g., military, diplomatic, and commer- 
cial. Military intercept was passed to The Signal Intelli- — 
ence Agency of the Suprenie Command. of the Armed Forces _ 
(oKW/chi) and diplomatic traffic was shared according to 


~ previous arrangement between the Foreign Office, The Signal 


Intelligence Agency of the Supreme Command of the Armed | 
Forces Cox /cht) and.the FA. (Rentschler states that this 


‘could be. done by sorting on "the first group of. the message — 


which reveals the type.")76 That material which was to be 
worked on by the FA was sent to the appropriate section of — 


‘Hauptabtetlung IV. According to Flicke, Pokojewski and Hatz : 


the FA received duplicates of messages from all intercept 


sources: and was the only agency to receive these facilities. Te me 


.d. Hau tabteil IV «+ Codes and Ci Hones: This Main 
Section of some 100 persons under Ministerial Dirigent Georg 
Schroeder was > concerned with cryptanalysis of all codes. and 
ciphers. Because of the preponderant interest of the Ticom 


teams" in cryptanalytic activities most of the FA information | 


obtainable from the Interrogations of working personnel 
is concerned. with SEIU ERRES TS TS se ecordiar to ‘Kurt Sauerbier7é 


Taentachion, IF ae 
| TIL 85 «p.3. 


18° 162: "Sauerbier is 4 years old, neat and anxious to 


impress. ‘He joined the FA in its infancy in 1935 on the- 
strength of a knowledge of Swedish and some English. He has 


"ho special. mathematical training or qualifications and was 


an ordinary bank clerk in a Hamburg. bank who was out of a 
job: and heard that the FA was looking for men who knew 
tanguages. His poor manner of expreégsion and the lacx of 
conciseness and detail of his answers combined to give a 
total impression of distinctly mediocre. ability and of an 
attitude typical of the entrenched civil’ servant, proud of 
his own Little pew but seeing very Little beyond: it. - 
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there were only about a dozen cryptanalytic. personnel in’ the 
-FA when ne joined in. 1935. Sauerbler took a shert course in 
the fundawentais and ‘then wem to work on commercial code © 


oh brafftas: The head of ‘the eryptanalytic. section: (which later. 
 pecame Hauptabtellung- IV) was then, and remained, Principal - 


“Specialist (later Min. Dirig) Schroeder. With the outbrealc. 
of the war. the office was.reorganized and. thia Wee have: beer - 
the time at. which the Hauptabteliungen were created. ‘Late in 


‘1943 vari ous. sections: of the FA were fore: ed. (to move 40 Bresieu: 


due’ to bomb damage to their ‘Bergin quarters. - Sauerbler has~ 
-. Stated that the quarters. in Bresjau were inadequate and that 


production accoréingly suffered.!9 We know that the Bresi sau 


‘Branch Was under’ the. direction of Schroeder . ass cirective: 


from him to II,11I,1V,V,1,253,4;5,6s758,9,20,¥R,22,13,14,35, 


and "AW: Schule" (the School Por Evaluators - “qusvertungs: ay 
Schule?") of 30 September. 1944 is available. (The directive 
Circulated a photocopy ofa communication from the Breslau: 


Abwehr CPficér . (wenrkreiskommando VIIt: Aowehr) | on, the danger of 


Biss 128 and~ Polish. agents -increasing their. activity in Bres~. 
. Lau). 00 Fron Breslau Main Section. Iv moved to Jueterbog . 

' Schapper™ appears at. Luebben ‘and Sauerbier. and presumably ~ 
additional personnel cf: IV. peturied to Berlin .or fell. Gate 
 uakties to the wovement. The ‘Movement. to. Judgrbog vas. GON 
pleted by 2 February: 1945° as a letter of that date. exists | . 
_ Which names nine. members of. FA 9 who assisted: An transporting 
; sified: materials Prom Breslau.9° The date of the move: 
GO. Weuren Ls: not known nor or. any. details -of the. sub~ 
- sequent wove to Roserhein available, At: Kaufbeuren tte” 

Main Sections, less FA.1L5, were reunited ‘under - Schapper. sy 8 

FA. IV included sections 6,7,8, and.9 but by the end of March — 

FA‘6: does not appear -on- the’ ‘poutings- of FA meiioranda. 

- Peetzel, .Geputy head of FA IV. and- head of FA.6 wes. at- aur 
* ‘beuren’ ‘on 5 March but was’ taken prisoner. at Flensburg with. 
“various: SUELO from. Renata His’ prger eee at, Sau Bear en: 


14 162, PB. he - 
8p com Bocument. ‘2ho, item. ae 
Bai con Document: Bho. itens, 22 and, 29. 
pt com: Document™ 240 tkem B28, 


oe... 


where, ‘with TII and V, it cape under. the direction of: Seifert, a 


AFM 100-5 14 DECEMBER 1956 
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Typical Communications Receiver 
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Equivalent Circuit 


Examine the equivalent circuit of the 
crystal and crystal holder. The components 
L, Cl, and R represent the crystal series 
resonant circuit. C2 represents the parallel 
capacitance of the crystal holder. Thus, the 
crystal at series resonance offers a short circuit 
path to the desired frequency and a high 
impedance path to other frequencies. How- 
ever, the crystal holder capacitance, C2, 
shunts the crystal and offers a path to un- 
desired frequencies. In a practical crystal 
filter circuit some means must be provided to 
counteract the shunting effect of the crystal 
holder. To see how this is done, look at the 
actual circuit diagram of the crystal filter 
circuit at B. 


Variable capacitor C5, called the phasing 
capacitor, counteracts the holder capacitance 
(C2 in the diagram at A). C5 can be adjusted 
so that its capacitance equals the capacitance 
of C2. Then both C2 and C5 pass undesired 
frequencies equally well. The voltages across 
them due to undesired frequencies are equal 
and 180° out of phase since the secondary of 
the input transformer is centertapped. There- 
fore, undesirable voltages cancel, and unde- 
sired signals are not applied to the grid of the 
IF amplifier. 

Actually, there is only one frequency in the 
filter’s pass band at which total cancellation 
takes place. This occurs at the frequency at 
which C5’s capacitive reactance equals that 
of the effective capacitance of the holder- 
crystal combination. Since the crystal’s im- 
pedance varies with frequency, the effective 
capacitance of the holder-crystal combination 
also varies. However, C5 can be adjusted to 
cause exact cancellation at any frequency 
within the pass band except for frequencies 


Mounted Crystal Equivalent Circuit 
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in March is known from ‘two dissseiiee concerned with air 
raid precautions, ore originated by him and one naming him, 
Senior Specialist Waechter, Wenzel, and Schulze, Specialist 
Kroeger, and three other Specialists, Lehr, Kagelka, and 


von Stubenfauch who are otherwise unknown but ag be assumed 
to be members of FA Iv. 


— 6 was & “Research” section. Pastzed stated that 
ee: 


Was head of this Abteilung which came into exist- 
ence only in 1941 and had fewer members than the others, 
in fact about 30. Whereas the. other Aptellungen dealt 
with material which he described as "Aktuell”, Abt. 6 
worked on problems which could not be dealt with by the 
others currently and was also in the nature of a research 
section to work on new systems. They dealt in-the main 
with diplomatic traffic of America, England, Japan, 
. Free France, Spain and Spanish America. Their main 
machine success was with the Swiss Enigma as long as 
the same machine setting was used over a longish period. 
He also said that they had been able to break the Finnish 
a : Hagelin on a single message if they had 4,000 letters . 
. or more of text. He knew no details of the method as he 
had not worked on it himself. That had been done by RR 
Kroeger. They could also break it, of course, on a 
compromise. When asked if they had Solved other machine 
systems, he replied that they had broken a Japanése 
system in '41.-'42 which was. thought to be a machine 
system though their solution was not. “mechanical but  _ 
‘employed simply paper strips. They had: worked also on . 
an American strip system where 30 out: of a matrix of 
50 strips were employed in a setting. This traffic was 
- America-Europe but whether Washington-London or Wash- 

‘ ington-Parls was not known. Paetzel also described a 
Spanish. additive system on which he had been working 
shortly before the end. The systems differed according’ 
to traffic link. Each link had 10 tables, with 100 — 
four digit: groups on each:table. The indicator was the 

'. serial number (He did not know how it worked). It came 
in the 2nd or 3rd place and he pelieved that it was — 
unenciphered as it caused no trouble. No other Spanish 


neon Document. 240 item 30. 
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traffic was known to Paetzel;, some Se: however, 
had more tables than others .o4 


7 During the interrogation of. the "Plensburg Contingent" 
of the FA, Oden, the “machine branch" representative (see 
Hauptabted lung WI) was questioned about IBM equipment. 

The question was answered, however, by Pactzel, who enumer~ 
ated the following machines: 

1 Alphabetic Tabulator 

2'D.11 Caiculating Tabulators 

3 or 4 Sorters 

1 Reproducer 

"Many" Punchers®5 ~~ , 
They did not have a "Kertenmischer" ‘icauiaeeed: It has been 
estimated that the equipment listed would have required ten 
to fifteen key punches. The personnel strength of the re- 
search section is sufficient to have operated this IBM equip- 
ment in conjunction with their other duties and the various 
statements about the compartmentization of the FA and the 
isolation of the cryptanalysts. in particular suppapt the | 
22 ume y Lon that IBM was not in a searate section. - 


Schroeder is quoted to the. effect that the FA developed 
its own codes and ciphers although ng evidence of this is to 
be found in the available materials.°7 However, Kroeger, 
"(Cipher]} machine specialist" of the research section is 
named as the representative to the Signal Intelligence Agency 
of the Supreme Command of the Armed Forces (OKW/Chi) Code 
and Cipher Committee setup py Theile and Gimmler with 
Huettenhain as chairman, : oF : 


B4r sh op 2. 


/ 


851 25 Passim. | 
Ssauerbier, I 162, states thet the cryptanalytic section 


“werely forwarded the untranslated text of its decodes to 


Evaluation and never heard what action or interpretation 
was taken on them. IF 132, presumably based on an interro- 


‘gation of Schroeder which is not available to TICOM, also 


indicates this isolation, stating that the various. sections 
were enveloped in extensive security reguiations. 


Slop 132 
Oe acieniaaa and Fricke, I 84. It is stated that Kroeger 


was unable to attend all the met sne as the FA had moved 
to Breslau. 
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It is probable that the success with a Russian Tele- 
type machine, attributed to the FA by Buggisch, although > 
the information was admitpadly second hand with hin, was 
achieved in this section. This is further supported by 
the fact that Sauerbier, who worked in the section dealing 


with Slavonic languages, did not know of any major Russian 


success and specifically mentions abandonment cf work on a 
Russian Diplomatic system, — 


The exact history of Abteilung 6 is not clear. Paetzel 
states that ‘the section came into existence in 1941. Accord- 
ing to Rentschler it remained in Berlin.“~ Paetzel, however, 
names Kroeger as a member of the section and Huettenhain 
states that he was unable to attend the Code and Cipher 
Committee meetings regularly because of the move of the FA’ 
to Breslau.9l The directive found at Kaufbeuren, moreover, 
carries Paetzel as head of Artellung 6 and makes no indication 
that either he or the section were not at Kaufbeuren. Support 
for Rentachler'ts statement, none the less, comes from the 
fact that Pactzel was found at Flensburg with Seifert, Ciden, 
Klautsc 2 and Fingerhut, all of whom vere in the "northern 
section,"- oo . 


‘Section 7, Overseas and Southwest, was under the direction 
of Senlor Specialist Waechter and consisted of from 60 to 70 
persons. Their work included USA, England, Latin America, .- 
Spain, Portugal, Turkey, Egypt, and the Far East. In the "Far 
East" besides Japanese and Chinese traffic Manchurian systems 


89puggisch quotes Doering and gives considerable information 


- On the process involved. Even though second hand the story 
appears reliable I 64 p 2, 1176 p&. . | 


iF 15 p19... 


see 1 84, of IF 132. 


92speculation over this point is unnecessary. It is clear that 
there was a special research section which worked on machine 
traffic and it is also clear that Kroeger was a machine special- 
ist. Sauverbler, I 162, says that section IV moved to Breslau 

in 1944, working conditions were not good and the work suffered, 
and that all*sections of the office were scattered after Breslau 
was evacuated. a : 


\ 
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were studied and evidence of work on a Thai system was 
found. Only one Japanese translator is known to have 

been available, Dr Erfurt, who also translated Chinese and 
Turkish, Senior Specialist Waechter is mentioned several 
times as the expert on American systems although this may 


_ have been partially due to a desire of Paetzel to avoid 


specific questioning. This section scored one of the more: 
timely successes of the FA when it {or the predecessor of it 
in the pre-var FA) read Chamberlain's message to London for 
Hitler at the time of Munich. As responsible for English 
and United States systems, it also dealt with the messages 

of Harrison (U.S. Charge d'Affaire) from Berne and for 
cooperation with the Navy on British Interdepartmental cipher 
and various consular systems. 


. §$ection 8, West and South, under Senior Specialist 
Schulze, was composed of 30 to 40 persons, It worked on 
France, Belgium, Holland, Switzerland, Italy and Rumania. 
Major successes were achieved in the case of France. At 
the time of the Anschluss decodes were furnished Hitler . 
(the code had apparently been "secured") which revealed that” 
France would take no military action because of the refusal 


-Of England to back her. In the opinion of Rentschler Vichy 


systems were the easiest to break of all worked on by the. 
FA. Rentschler, however, was not 8 cryptanalyst himself. 


‘Section 9, East, Southeast, Middle and North, under» 
Senior Specialist Wenzel, was composed of 60 to 70 pedple 
according to Paetzel but according to Sauerdier, who was. 

a member of it, of 45 during the war. For the strength of ’ 
FA 9 at Kaufbeuren a partial listing. 1s possible based on 
a list of names, headed FA 9, with the signatures of those 
present or an indication of their transfer. This list is — 
given in appendix 2. None of the names on this list are 
Otherwise known nor has any check of these persons been 
made. The proportion of men to women is of interest (21 
men - three with a Doctor's degree - and 12 women). Section 
9 was divided into at least three sub-sections as Sauerbier 
was the head of Referat 9-C. This sub-section appears to 


‘have been a catch-all for assorted problems that did not fit 


into any. other section,.. Its committments were: the dip- . 
lomatic and consular traffic of Sweden, Denmark, and Norway; 
the commerctal traffic or neutral coulitries; the ship traffic 
of Northern European countries; the secret messages of de- 
tained persons; Russian Agente Traffic. Among the successes 
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‘With comercial codes claimed by - sauerbier are the code of 


ABANK, @ code of the Skoda Works, and Turkish shipping — 
codes. 9-A is stated to have solved a Polish code and 


either 9<A or 9-B may be presumed to have dealt with the 


Russian commercial traffic received by Seifert. 


a Sauerbier's evaluation of the: cryptanalytic section 
and its heads in particular is worth quoting, although it 
is not felt that his ‘Statements are to be taken at their 


‘face value: 


Sauerbier gives & general picture of a highly 
bureaucratic organization dominated by red tape and 
procedure, so that no department mew what the others | 

‘were doing. Schroeder was old and fussy, liking quiet 
_ and disliking innovation. Paetzel was also very petty 
“and academic in his outlook, 


This narrowness affected relations. of the FA with 
the Auswaertiges Amt, OKW, and OKH. ‘Liaison was handled 
by. & single representative and never involved any exchange 
of visits by operations personnel. Sauerbler said he did 
not know one single person in any of the other organi- 
zations. 


Similarly there were no close relations between 
solution and evaluation work, The crypt sections simply 
did their work and handed the untranslated product over 
to the evaluation section without ever knowing what 
became of. it thereafter. 


There is evidenca that Sauerbier is either ge1tberetely 
misleading his interrogators or was considerably misinformed. 


' Lt. Schubert, the expert on Agent's traffic for the Russian - 


Section of the Signal Intelligence Agency of the Army High 


Command, stated that "in January 1945 a RR Wenzel was sent 


to me from the FA by the WNV Fu III which was in charge of 


Agents systems to collaborate on Polish Resistance Movement 
traffic. Schubert knew that the FA had worked on Polish 


Bsauerbier, I 162, p 4. These statements probably reflect 
more a "sour grapes". (or sour hops?) attitude of Sauerbier 


‘himself rather than an accurate picture of the Hauptebteilung. 


Por fuller discussion and evaluation of the liaison between 
FA and the other Sgencies see ‘below. 
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systems, but as far as he knew had not read any." This, 
is evidence not only of an exchange of working personnel but 
involves the head of Sauerbier's own Sg R108 in connection 
with Sauerbier's self claimed specialty. It further shows 
a@ coordination of cryptanalytic work on Agent's traffic by 
the authorized agency, The Radio Defence Corps (WNV Fuil yy of 
the work of the FA and the Army High Command. Finally among 
the Kaufbeuren directives is a letter from the Keich main 
Security OFF eo Re to 9 Soe that an paeen te. message 

be deciphered. 


Detalis of all ayateus worked on by the FA with all | 
TICOM references discovered are given in Appendix I and it 
was not felt necessary to duplicate this material in this 
organizational outline. 


e. Hauptabtetlun v= evaluation: Principal Specialist 
Seifert, the head of his Main Section, had 400 people under 
hin, the greatest number in any of the sections of the: 
"Bureau" proper. Seifert himself was captured at Flensburg 
and proved one of the most cooperative and talkative of the 
prisoners. The information releases of this section repre- 
sented the finished product of the FA. Seifert was head of 
the temporary Jueterbog Branch and then became head of a 
reporting center in Berlin known by his name. He himself 
states that his presence at Flensburg was to organize the 
receipt of press and broadcast traffic. Senior Spectalist 


‘Dr. Kurzbach, the head of Section 11, was alternate for 


Seifert in charge of V at Kaufbeuren.. Seifert's statement of 
the objective of his department. is as follows: 


The object of the department vas the production of 


a@ purely objective and scientific picture of the world- 
: wide poreyicet one commercial situation. 


126 p77. 


| 95y 164 is a. study iy Saierbies of his special field, Russian 


Agent's Traffic. 
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. The new material provided by.its sources was for~ 

warded after processing to the ministries concerned 
under three differant categories viz.: 

1) The individual items of current interest ("Ak- 
tuelle Meldungen").. 

2) Collected items on a given single subject 
("zusammengafasste”). 

3) Consolidates reports ("Synthesen") e.g., Japanese- 
Russian relations.: oy . 


‘The bulletins of the FA were "Braun Mel dungen"-Brown Reports 
(or the "Braunblaetter”"-Brown Sheets), These were:sent to 
the highest officials only; Keitel (Chief of Armed Forces), 
Jodl (Chief of Operations Staff), Goering, Ribbentrop (For- 
eign Minister), and Doenitz (Grand Admiral) admit having 
received jhem and they were of course also sent to Hitler 
himself .9° Special reports with an even more restricted 
distribution were sent: ; - 


» e » Only to Goering and to Hitler; it depended on the 
subject and the existing circumstances, some of. them 
might subsequently be passed by Hitler to the minister 
for Foreign Affairs. Typical examples were the Berlin- 
Rome telephone conversations between Mussolini and Ciano. 


Hitler's view of the products of the FA was that 
they were very reliable; the material had to be pre- . 
sented factually to Hitler with no argument or appreci-~ 
ation, only the verbatim conversation or actual deciph- 
ered text. Editors were given very definite orders not 
. to make guesses where there were gaps; if any portion 
were missing or was not clear, a row of dots had to be 
inserted and the appreciation, if any, inserted within 
parenthfses. There was a special courier service with 
particular dispatch boxes of which only Goering, Hitler 
“and Ribbentrop possessed the keys. The couriers had to 
travel in special motor cars and not in railway trains. © 
All the reports had to be returned and sometimes there 
were difficulties because odd single sheets had been 
extracted and retained, In such cases 4 reminder was 
‘sent asking for the missing sheets. There were special 


| 97z 5h D3. 
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security regulations ‘to prevent the reports being 
handed on from person to person. 


The best description of the routing of material to 
Hauptabdteilung V and its peeteesane there is cetyen by Rent- 
schler: 


Material which reached Main Abteflung V for eval- 
uation came either from Abteilung 5 or Main Abteilung . 
IV, depending upon whether it had been received in plain 
language or in code or cipher. Material from the de- 
coding Abteillungen came to Abteilung V already trans- 
lated while clear text material came as it was received 
except for Japanese and other non European languages 
which also were translated into German by experts Waseae 


Most of the, material sent to Main Abtellung V was 
obtained from plain language sources; foreign radio, 
foreign press, telephone and telegraph messages to and 
from both foreign and occupied countries and internal 
communications. The quantity of decoded material varied 

- with the various sections of Main Abteilung V; in 
‘Abteilung 11 perhaps 30% of the total was decoded. traffic; 
40% clear text, and another 30% came from radio broad-~- 
cast and the press, in Abteilung 12 a considerably 
smaller percentage. consisted of decoded material; in | 
Abteilung 13 only about om or 8% of the total came from 
decodes, 


997 3 a5. p15. In eae ie Hitler's opinion of ‘Signal Inte1l- 


ligence, oaauew Ribbentrop, in the same interrogation (I 143) 
attributes a divergent view: "Ribbentrop, on being asked 

how valuable Signal Intelligence was to him and which countries 
provided the best material he hesitated for a long time; the. 
walue of this intelligence did not amount to very much -- 
Hitler had a queer, rather particular view about it -- he did 
not like this type of intelligence very much and said it was 
unreliable and often misleading; -it was better. to use one's 
own common sense. Ribbentrop said that occasionally a really. 
important plece of intelligence was produced but even when . 


' pressed could not recollect a single specific example." 


Ribbentrop was described by the interrogators as highly 
suspecious and uncommunicative in distinction to Goering, 


‘who needed no prompting, and to Doenitz, Keitel and. Jodl. 


See discussion oF these points under FA" Liaison below. 


ho 
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Most decoded traffic was read about 2-3 days after 
it was sent with some up to a week old. Apparently only 
Japanese traffic was read up to four or five weeks old, 
Rentschler professed almost complete Ignorance of the 
workings of Hauptabteilung IV which was guarded by Very 
rigid and strictly enforced security regulations, 


On 31 May Rentschler was taken up on specific 

points of the previous days Interrogation. Abteilungen 
11-13 reported on an average 80 messages & day, inelud- 
ing decodes and PL (Kldrtext). They were given all 

texts, and then separated repertable from non-report- 
able. Abteilung 11, the one dealing with traffic of 
interest to the Foreign Office, reported perhaps 20-30 _ 
messages a déy. This is interesting in view of Sckapperis 
atatement that this office pug heir main cryptogrephic 
effort on diplomatic ciphers .10 a | 


Goering thought that his organization hag been able to 
© deal with 32 different languages. His Interrogation revealed: 


>! The virtues of the organization lay in the fact 
that they did not confine themselves to any particular 
field of intelligence and had no political axe to grind, 
nor ideology to follow; they were just given the tech-. 
nical requirements to intercept and break traffic and 
to disseminate intelligence. When they made @n inteili- 
gence resume of some particular subject, for example 
that of aircraft production in the USA or the Yalta 

and Teheran conferences they produced an accurate 
factual account vith no political bias. Reports such 
as these, often covering quite considerable periods, 


were frequently produced. = — 
Goering's main principle had always been to keep the 

PA free from outside influences; Admiral Cansris, the 
Gestapo, and the Foreign Office had continually tried to 
interfere but he had managed to head them off. At one. 
time the head of the FA had formed the idea that they’ 
should also deal with agent's traffic. Gosring had . 
found this ovt im about 1934 and had strictly forbidden 
any such action; such matters should be left to the 
concern of the Secret Service, and in any case the 
‘intelligence was generally unreliable. - 

&  LOCTR 15 pp 19-20 
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Goering said that the recipients of the daily ° 
bulletins, the "Brown Sheets" (Braunblatter) always 
emphasized the quality and reliability of the service. 

In 1940-1941 the selected file of reports which was 
passed to him daily contained as much as tvo hours | 
reading. This report included intelligence from both 
types of FA; he was unable to say what proportion 
consisted of decodes. [However] The intelligence 
resulting from decoded telegrams vas not slvays useful, 
they often consisted of absolute rubbish. The extent 
to which members of the diplomatic corps spread and 
retailed fantastic rumors was surprising. He him- — 
self had often made arrangements to have rumors planted 


and within a few days he observed them being pages. on 


and spreading. 


The work of the FA eee two almost completely 
separate activities, firstly that of telephone moni- 


' toring, and secondly that of interception and crypt- 


analysis. As. regards the first committment this had 
originally been limited to listening to. telephone 
conversations to and from Foreign Ewbassies and those _ 
of important visiting foreigners -~ in order to. obtain 
political and economic intelligence, At a later date. 
Hitler laid down that all telephone monitoring was to be 


 Goering’s responsibility, as far as he remembered this 


was at the end of 1933; hitherto internal telephone 


monitoring had been handled by the police. Inevitably 

the Reichspost vere also concerned for a while since 

their cooperation and assistance were necessary for work-— 
ing out the technical side and for arranging special 
connections; the FA dispended with as much of this liai- 
son as possible aa soon as they found their feet, It 


' was laid down that the post office had to obtain a 


specific permit from the FA if for any reason they 


wished to carry our monitoring themselves; latar on, 
however, the Cestapo introduced themselves into the’ 
business and worked independently and without authori- | 
zation from Goering, they worked clandestinely and fer 
their own purposes; he thought it extremely probable . 
that dat teery all of his own tetephone’ conversations 
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Crystal Filter Circuit 


very close to the crystal’s resonant frequency. 
This cancellation effect is called the rejection 
notch. 


To understand why the rejection notch may 
be positioned as desired by varying C5, the 
effective impedance of the holder-crystal com- 
bination must be considered. At the crystal’s 
series resonant frequency, its capacitive and 
inductive reactances are equal and effectively 
cancel. As the frequency is increased, the in- 
ductive reactance increases while the capac- 
itive reactance decreases so that the crystal’s 
impedance becomes inductive. At some fre- 
quency slightly higher than the crystal’s series 
resonant frequency, this net inductive reac- 
tance of the crystal equals the capacitive re- 
actance of C2. This is the parallel resonant 
frequency of the holder-crystal combination. 
At still higher frequencies, the net inductive 
reactance of the crystal exceeds the capaci- 
tive reactance of C2 so that the impedance of 
the holder-crystal combination becomes ca- 
pacitive. C5 can be adjusted to be equal to 
this effective capacitance. Thus, the rejection 
notch can be positioned at frequencies above 
the holder crystal combination’s parallel res- 
onant frequency. 


At frequencies below series resonance, the 
crystal’s capacitive reactance exceeds its in- 


43 


ductive reactance and the net crystal im- 
pedance is capacitive. This capacitance, paral- 
leled with C2, causes the holder-crystal com- 
bination’s impedance to be capacitive. 

Thus, the effective impedance of the holder- 
crystal combination is capacitive at frequen- 
cies below the crystal’s series resonant fre- 
quency and at frequencies above the holder- 
crystal combination’s parallel resonant fre- 
quencies. C5 can be adjusted, then, to equal 
the effective capacitance of the holder-crystal 
combination and to position the rejection 
notch at the desired point. 


Response Graph 


Now look at the response graph for the 
crystal filter on page 44. The crystal is series 
resonant to 465 kc, the IF. At that frequency, 
the relative gain is 1000. At 461 kc, and at 469 
ke, the relative gain is only 1. The decibel loss 
is 60, as compared to the response at 465 kc. 

The rejection notch is positioned at 463 kc. 
Thus the relative gain of the crystal filter to 
463 kc is also 1, and the relative loss in dec- 
ibels is 60. 

The rejection notch can be used to good 
advantage, since it will aid in making the 
receiver's response very selective. For ex- 
ample, the BFO can be set at a frequency of 
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information section of any intelligence agency. 


- 102, 


we 


had been monitored by them... 201 


Hauptabteilung V was divided into four sections. Section 

10, under the direction of Specialist Dr..Mews was named as 
"Tnformation Dissemination" by Schapper's directive. Accord- 
ing to Rentschier it served as the library, archives, and 
registration center, also confirmed by Fingerhut. Also agcord~ - 
ing to Rentschler, 1t included five or six translators.+ 
The files of the Library have been described as: 


>. VOluminous files of practically every type of 
information from every country. It maintained Very 
complete cross-referense indices, recordings of inter~ 
cepted phone and radio messages and transcriptions of 
public broadcasts of important world figures. In. 
addition this section possessed a huge librery of text- 
pooks, maps, telephone directories, eity plans, news- — 
pavers, and periodicals. All in all this section pro- 
vided the material thet all other sections needed — 
in evaluating pygperly the messages intercepted by the 
Field stations. : 


This is 2 typically thorough example of the needs of the 
Section ll, 
Foreign Policy Evaluation, under Senior Specialist Dr. 


. Kurgbach (poth Rentschler and Fingerhut were former mombers 


of this secticn) has left no specific record of its activi- 
ties. Section 12, Economic Evaluation, vas under Acting 
Head Brieschice. At Kaufbeuren, replaced on 20 March by | 
Rautenkranz. Among the reports prepared by them were, in 
peace time, stock market "tips" based on examination of 
brokerage reports stc., which were used by the various 


LOL, 143. The statements based of the interrogation in the 
document cited have been slightly rearranged in the above 
ee eae Note that the date given. by Goering for the 

aking over of all telephone monitoring by the FA would 
allot sufficient time for those monitoring activities to 
have been important in connection with the Blsed Purge 
mentioned earlier/in this paper as having been connected in 
some way with the FA, 


‘ingerhut, T 54 p 3. Rentschier, IF 15 p 19. 
AOA Te. | 
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German economic agencies in purchase and jena: of foreign 


securities. Presumably these reports vere utilized by the 
various individual members of the Nazi party receiving them 
(according to Guenther all Kazi Officials dovn to Gaulieter 
received FA reports) to their own profit. The head of this 
section is given by Rentschler as Dr. Rautenkranz but his 


name does not appear on the Kaufbéeuren document. Section . 


13, Internal Affairs Evaluation, was under Specialist 
Rentachler. He states that he became head of the section 
in 19445 and that while still in Berlin it employed about 


80 people. By the time the remnants of Hauptebtellung V 
reached Rosenheim, however, only 16 men and 4 giris vere 


left im all of V. A special school for "Evaluators" in the 
headquarters and in the Aussenstellen was set up in 1943. 
under Specialist Heinz Fingerhut. He stressed, however, 
that this school did not train new personnel since they - 
had no intake but indeed lost people to the armed forces, 
but existed mainly te provide refresher courses for ome 
werter who by the. nature of, 1BRPt> work required | a en 
degree of expert knowledge . 1 


ft. Hauptabteilune VI, Technical. The Main Section: was 
in charge or Senior Speciaitst Dipt. Ing. Stabenov. His 


alternate at Kaufbeuren was Senior Specialist Dr. Hupperts- | 


- burg, the head of Section 14. This section, the only one © 


shown, is called Technical by the Kaufbeuren document. 
Rentschler gives two section, 14 Development of Own Machines, 


and 15, Comparison and Evaluation of captured Machinery. 


Oden, however, & member of Main ee VI, gives the. foilow- 
ma Genorsur ton of his Beetles: ; 


_ ‘Hauptebteilung VI, Ofs own Meparcant bad tvo 

subsections, @). Preufung und Entwickling and b). Betrieb. 
. He was the head of the fatto: tter subsection. He was this 

responsible generally for the maintainence of all 


A*s communications but vas not concerned at 411 
with atevietne or at new SErOretue which was aad 


I By Pp . Ticon Hosuienie oho item 36 da the order transe 
ferring Specialist Dr. Rautenkranz from the School of the FA to 
FA 12 as head, effective 20 March 45 and alse transfers 

Dr, Fingerhut to the Reporting Center Seifert. Item 37 in- 
cludes 4. Sclmle Aw (School of Eynlatorst): in its routing. 
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task of Abteilung @, When questioned about his con- 
nection vith OXW on cipher security. matters, he said 
that this vas purely ad hoc. He was present only at 
discussions on the security of the Tf 52 end attended 
more by virtue of his previous employment with Siemens 
und Halske than by bis present position with RLY/FA. 
‘They had no liaison with Wa Preuf VII except in con- 

. nection. vith. such eee as was supplied ‘them by. 

; this body. 


‘As Oden remained in Berlin and. Dr. ‘Buppertsburg went to 


Kaufbeuren a reorganization in the course of which Abteilung 


' 15 was dropped is @ reasonably presumption, In bis earlier 


interrogation Oden stated that he had joined the FA in 1936, 


- having previously been an electrical engineer, and vas 
‘Yesponsibie for the equipment of the intercept. stations, 
. their maintainence, and for certein personnel matters. "In a 


this - interrogation he stated that some of the employees of 


Army Ordnance, Developing and. Testing, GF coup, Signals. Branch 
hed been classmates of his at school. Both Huppertsberg 
and Oden. are specifically mentioned by Boner of the German 
Air Force as concerned with telephone monitoring. Boner 


stated that the last known location of the telephone moni- 


toring station, under Dr. Huppertsberg, was at Gluecks ten} - 
(Holstein) and that Oden would be able to give details. 
There vere approximately 200. persons employed in. Hauptab- 


tellung VI. It may be assumed that the FA, alone among the | 


Signal Intelligence Agencies, ren its cwn communications. 
The communications of the Sipnal Intelligence Agency of the — 
Supreme Command of the Armed Forces, (OKW/Chi) of the Air-. 


force (OKI/Chi) and Navy (OKM 4 SKL/III) Signal Intelli- 


gence Services, of the Radio Defence Corps (OKW pte TIT); 

_. Of. the Abwehr, and of the Foreign Office were all run by | 

- gection V of the Signel con. 100 Agency of the Supreme 
Command ‘of ‘the Armed Forces ,1 


105; 55 pi. 
7 106, 25 pp h and 8, 


sid absence of the FA in 


07717 pp 3. 


LOE pp 9, Activity report of the Signal Intelligence Agency 
of the Supreme Command of the Armed Forces for period 1 Jan 


1984 through 28 June 1944. 
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this company is significant... It appears to ‘peflect the. anti- 
pathy or the Signal Intelligence Agency of the Supreme Com- 
mind of the Armed Forces. and the FA towards each other. 
Security of FA ciphers is thought to ee been within the 
functions of ‘section 6, ‘which 800. 


Among” the documents received by Ticom is @ telephone 


_airectory containing names of members of the FA and of the 
Alr mente ry 28 well as key officials in other government 


ministries.lOS The document appears to refer to the official 


: {government ) telephones net in Berlin. A tracing attached 


to the document shows direct telephone communications fron — 


Dr Huppertsburg (whose name appears) to Luebben, Constance, 


Cologne, Templin, Breslau and other known locetions of FA 


installations on the one hand and to the Air Ministry and 


the Supreme Command of the Armed Forces (OKW) on the other, 


- fhrough the switchboard of the Supremes Command of the Armed 
'Forees connections could be mde vith the Army High Command _ 


{and its field telephone nets), The Reich Main Security 


Office, The Foreign Office, The Navy High Command, the 


Prussian State Ministry, the Reichspost and the Elite Gaurd 
Headquarters (SS Fuehrungshauptemt). Through the Air Mini- 
stry switchboard connections were possible with all branches: 
of the Air Ministry and Air Force and a connection to Goering's 
estate at Karinball 1s shown. Telephones numbers for all 
connections are given. {Some of the names. of officials 

given in the directory will be discussed at the conclusion | 

of this chapter). It may be assumed from the eppearance of 

Dr Huppertsburg’ s name on the tracing thet he vas reaponaibte 


‘for maintaining telephone communications for the FAs 


| 9. War Tine Expedients. _The Branch office Berlin snd 


was a ways maintained in Berlin in 
addition to various monitoring stations located there . 
The administrative documents captured at Kaufbeuren have 


revealed what. is kmown of this administrative organization... 


103) 22. the directory is said to be undated. Itwas =. 


found at Berchtesgaden by Ticom Team 1. All names appear- 
ing in the directory have been included in Tab A. In the 
case of members of the FA their inclusion in the directory 
is indicated by the citation of D 22 in the ontry: under 
their name. 
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. Branch Office Berlin on 20 March. 


A directive of 9 March 1945. signed by Sohapper set up the 
Branch Office Berlin (Zveigstelle Berlin). Its functions 
appear to have duplicated those of FA I and II to a consider- 
able extent and in addition the Branch Office Berlin would 
seem to have assimilated FA 15. Its functions were of an 
administrative nature, ineluding security, correspondence . 
administrative detail, personnel matters and, in addition, 
technical maintainence of equipment and communications. 

fhe bead of the Branch Office Berlin was Senior Specialist 
Stabenoy and he exercised administrative control over the 
Reporting Center Seifert and the various Liaison Offices. 

A member of FA 9, Dr Neuenhoff, otherwise unlmown, vas 


named as. & requesf¢d liaison man between Branch Office Berlin 


and his section. A Specialist Progich of the tuebben | 
intercept station was also assigned adgitional duties as 
liasison man with the Branch Office Specialist Henke , 
named head of FA 5 on 9 March 1949, was assigned to tha 
13 “an example of the 


| personnel work handled in Berlin is a request from FA 9 


that Frau Helene Gertz, born Sponholz, be assigned to work 
in an intercept station. She is described as having a good 


knowledge of French and a reading. knowledge of Russian. — 
This request is addressed to Czwalinna at Marchstrasse 


25 b on 27 March 1945 suggesting that the Branch Office 
Berlin was,not, or was not all located in the Sehiiler- 
strasse. 14 


Even less is known of the Reporting Center Seifert 
(Dienststelle Seifert) than is known of the Branch Office 
Berlin. The directive setting up the Branch Office Berlin 


110 picom Document 240 item 34. 


11l Ticom Document 240 item 14. 
112 picom Document 240 item 36. 
113 picom Docunient 240 items 19 and 35. 


aus Ticow Document 240 item 18. 
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- @lso created the Reporting Center Seifert +9 Sselfert 
remained the head of Main Section V and had previously 
been the head of the Jueterbog Branch of the FA.116 ‘The. 
administrative documents reveal the assignment of various 
persons to Seifert but there is no indication of the nature 
of their duties. On 13 April an Erna Lange (otherwise _ 17 
_ unknown) and Liselotte Brott of FA 9 were assigned. to Seifert. 
On 20 March 1945 Specialist DR. Fingerhut was assigned to 
the Reporting Center .t1 OO , 


10. The Lisison Offices of the FA. To assure liaison 
with other departments of the governmental agencies Liaison . 
Officers to the various departments vere set up. The officials 
charged with these responsibilities worked in the ministry. 
to which they vere assigned and vere in telephonic comnuni- 
- cation with the FA (either with the Main Bureau, or, after 
it had evacuated Berlin, with the Branch Office Berlin). | 
Liaison with the Poreign Office (AA) was directed by Dr. 
Gerstmeyer, that with the Supreme Command of the Armed — 
Forces {OKW) by Dr. Kleutschke; that with the Reich Main 
‘Security Office (RSHA) by Specialist with Engineering Diploma 
Scholz; that with the Propaganda Ministry (RNVP) by Herr 
| Severitt; and that with the Economic Ministry and Ministry. : 
. -@ for War Production (RWiM) by Specialist Dr. Hilligardt.-*7 - 
‘Dr. Hilligardt was replaced on 1 April 1945 by Brieschke, 
who had previously served as head of FA 12, to which section 
Hilligardt yas assigned @lthough not in an administrative . 
capacity. Details of the nature of this liaison are imown 
from the interrogation of Dr. Klautschke whose statement 
follows: _ a re 
- Klautschke was the liaison officer (Verbindungs- 
nabt) to OKW and also OKM, OKL, and OKH. Although a 
- member of the FA, he bad his office in OKRW. It was. 
115 picom Document 240 item 34. 


, 


116 sitcom Document 2ho item 29. 


117 ‘icom Document 240 item 7. 
118 Ticom Document 240 item 35. 
119 micom Document 240 item 34. 
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his job to receive waterial from the FA and pass it 

on to the section concerned at OKW ete. At OKW. he 
supplied Keitel and various departments, for example 
WFST/Amt Gr Ausl, Feldwirstchaftsamt, Attache Abteilung, 
Abvehr, and AWA. At OKM besides Doenitz he supplied ~ 
35KL and Marineruestungsamt. At OKL Milch, LW Fueh- 
rungsstab IC, Chef Technisché L Ruest (Genanj. Dies- 
sing). At ORH General Starf, Fremde Heere West and 
Fremde Heere Ost. 


|. There were similar liaison officers vith the other 
ministries such as Dr. Hilligardt at Ruestungsministerium 
and Reichsqiratchaftministerium and Dr. Gerstmeyer with 


‘the Auswsertiges Amt. 


His liaison duties were concerned solely with the 
passing of intelligence from FA to ORW etc. and of 
particular intelligence requests in the other direction. 
As far as he imey there was no liaison on cryptanalytic 


‘matters between the two. Certain rav material, however, 


which was not worked on at FA was passed regularly to 
OKW, for example military traffic. When asked if his 
connection with the OKW/ATT. Abt meant that the FA 
jJandled attache ciphers he said no, that only the 


-telephone conversations of their Allies: attaches in 


Berlin were concerned. These vere mostly about their 
girl friends, and never contained anything of oa i 
ance because the attaches imew they vere monitored. 21. 


‘This intercept traffic furnished by the FA to the Signal 
Intelligence Agency of the Supreme Command of the Armed 
Forces constituted about 1/3 of all intercept coming to 
their erypt section ,L22 


J2lr 5h p 4. 


122pp 9g. An Activity Report of the Signal Intelligence 
Agency of the Supreme Command of the Armed Forces was cap- 
tured in the Strub barracks near Berchtesgarden and con- 
tained this information. ZIP/SAC/ Perserepn 10, p 3. 
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“11, The Intercept stations of the FA and its ee : 
Offices. operationa netlons 0 entire organi- 


zetion were carried out by intercept stations of five differ 


ent types.. These stations were known as youscmuness tel tens: 
~ and vere categorized as follows: 


A Stations Telephone Intercept 


B Stations Wireless Intercept — 

C Stations . ' Radio Broadcest Monitoring | 

D Stations . Teletype and Te leggeph Intercept 
F Stations. eae Mail Censorship 


A listing of all places at which FA instellatious were or 
had been maintained with indication of the nature of such 
installations is included in Tab A in as far as such a list 
ean be determined . 


The A stations were scattered all through Germany 
and later in the occupied countries, These stations 
were equipped with one or two interceptor switchboards 
which enabled the operators’ to cut in on any conver- — 
sation at any time. The tapping vas done at the main 

_ telephone exchange of the post office and piped directly 

_ to the station, which was usually located in a private 

@ = building. Included in the squipment of each listening 
post was a wiretype recorder, which could be brought 
into use whenever desired. 


The operations of the A stations undervent a change 
with the advent of the war. Prior to September, 1939, - 
the telephone intercept stations vere most valueble in 
providing information from the many international lines: 
then operating in Germany. Berlin, of course, had a 
huge A station to. tap the conversations of | the ‘Giplo- 
matic corps. The capital station had a steff of more 

then a hundred people, including fifty to sixty inter- 

ceptors. After war broke out, this source of. infor- 
mation was completely eliminated and the A stations 
turned their attentions largely to the problems of 

_ war production bottlenecks, attitudes of various large 
snsustEies;: and other domestic affairs. 


123th 132 p 3. This information is presumably derived fron. 
Schroeder and possibly from other prisoners not available to 


Bo etoou: 
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~The B stations vere usually outside of towns at 

- points of good wireless reception, not being faced with 
the problem of necessary proximity to telephone or cable 
lines. Radio massages vere intercepted by short wave 
and then vere relayed in written form to the headquarters 
of the FA. After war started, this type of Intercept — 
became increasingly important insofar as foreign in- 
formation was: concerned because of the end of tele- 
phonic communication from Germany to other countries. 


. > Only one ¢ station existed. This performed a 

. pure monitoring service of public broadcasts from other 
countries. The three D stations were located at Berlin, 
Vienna, and Dortmund, the chief centers of cablegrams 
leaving Germany. The functions of the D stations were 

- also greatly diminished efter the outbreak of the war. 
The F stations vere organized after Germany was at war 
and they vere never very extensive in their operations. 
Censorship offices were operated by OKW and later by 

the RSHA. The F stations consisted of small groups 

attached to these censorship posts. 


o. In addition to the stations operating tn Gsneiee... 
the FA vas quick to set up operational units in occupied 
‘countries. In Holland and Poland, for example, A stations 
were installed by task forces operating | ‘with front. Line 
troops. In Vienna, an A station was functioning. two 
days after the cecupation, Both A and B offices were 
quickly established in the Balkans, in Belgium, and in 
the Baitic countries. In Danzig a station had been .. 
installed secretly even before the annexation. NobiLle 
units were also used during the Polish campaign but they. 

' are. reported to. have been largely unsuccessful pitetty 
a because of lack of cooperation from. the army let 


That the FA was concerned with postal censorship is: seas 
vy ie deers evidence pecmney made available to TICOM, 25 


124 rota, part of this information is confined ty antesros 
gations available to Ticom. Guenther, IF 46, states that a 
special Giftkuechs for ‘tapping the conversations of Nazi. 
officials was located in Berlin. 


12S 29, Sepp 12, 38, and ANLAGE 9. c,  = aa 
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A German publication, Die Ueberwachung des Nachrichtenver- 


kehrs im Kriege, which provides for the censorship organi- 
zation. to cover all forms of communication and gives.,full 
details of the duties and responsibilities, is available. 
These regulations meke careful distinction between. peace 

time, when the FA and the Gestapo are specifically named | 

as active in censorship and time of var wher all censorship 
functions devolve on Abteilung III of the Abwehr. The — 
regulations provide considerable detail on liaison and cooper~ 
ation between Abwehr III units and the FA and contain com- 


plete directions for forwarding all pertinent. information 


obtained from censorship to all. parties interested, These 
censorship regulations are undated but it 1s presumptive 
that they were drawn up before the var as the Abvehr is 
clearly distinguished from the Reich Main Security Office. 


Oden states that there vere from 100 to 150. sets’ at the ao 
Templin ‘and Luebben stations and from 20 to 30 at 
Cologne, Konstanz, Eutin, and Gols. Traffic was for- 
‘warded by cipher teleprinter, the T. 52, ¢,d, amd 6. 
The FA usually did not develop its own intercept equip- 
ment, using thet of the Arny, the Reichspost, or in- 
dustry except in cases where they felt they were not 
getting what was. wanted .12 


“Insight into the organization of the Regional: Offices — 


- and Intercept Stations (Forschungsleitstellen and Forschungs- © 
- stellen) has been derived from the administrative papers. 
‘found at Kaufbeuren. In particular an order of 26 January . 


1945" closing down the Breslau Forschungsleitstelle is im- 

Effective with close of business 26 January, 
the Forschungsleitatelle Breslau and ita subordinate 
Forschungsstelien were closed. _ ‘These Forschungsstellen 
were listed as follows. 


Forschungsstelle "4" Breslau: with apt functions. 
-Forschungsstelle "EB" Breglau-Deutsch Lissa. 
Forschungsstelle "C" Breslau-Deutsch Lissa 
' Forschungsstelle "A" Litzgmannstadt (edz } 
Forschungsstelle "A" Kattowltz (Katowice 
Forschungsstelle "A" Posen (Posnan) 
Forschungsstelle "B" Leba | 


AFM 100-5 14 DECEMBER 1956 
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RESPONSE WITH CRYSTAL FILTER 


KILOCYCLES 


Crystal Filter Response Graph 


464 kc. Then for CW reception, the BFO out- 
put combines with the IF output of 465 ke to 
produce a 1-kilocycle audio tone. However, if 
there were no rejection notch, the BFO output 
could also combine with a frequency of 463 
ke to produce a 1-kilocycle audio tone. With 
the rejection notch in the crystal filter’s 
response curve, a frequency of 463 kc is 
blocked. Thus, while the narrow band-pass of 
the crystal filter circuit makes the receiver’s 
response highly selective, in addition, the re- 
jection notch can be used to attenuate a strong 
undesired signal that falls within the pass 
band. 


Q of Crystal Circuit 


The Q of a crystal is naturally very high. 
This means that while the impedance it pre- 
sents to its series resonant frequency is low, 
the impedance presented to other frequencies 
is comparatively very high. Thus, at the de- 
sired frequency, the crystal could be repre- 
sented by a small impedance, and at other 
frequencies, by a large impedance. However, 
the ratio of these crystal impedances to the 
impedance across which the output of the 
crystal circuit is developed must be carefully 
selected if the filter is to operate efficiently. 
For example, if the series resonant impedance 


44 


could be presented by 100 ohms, and its im- 
pedance to an undesired frequency by 10,000 
ohms, then the impedance across which its 
output is developed should be closer to 100 
ohms than 10,000 ohms. If the impedance 
across the output were 10,000 ohms, then 
one-half of the voltage at the undesired 
frequency would be dropped across the 
crystal and one-half across the output. At 
the desired frequency, 1/100 of the total 
voltage would be dropped across the crystal 
and 99 100 would be dropped across the 
output. Since the undesired signal is cut 
to only one-half of its value, the filter is not 
functioning very effectively. If, however, the 
impedance across which the crystal’s output 
is developed were 100 ohms, then 99 100 of 
the undesired signal voltage would be dropped 
across the crystal and only 1/100 would be 
present in the output. This would be efficient 
filtering action. 

Obviously, the impedance across the output 
of the filter circuit must be carefully chosen, 
since it helps to determine the band of fre- 
quencies which will be passed by the crystal 
filter circuit. At B in the circuit diagram of 
the crystal filter circuit shown previously, 
note that the crystal output is tapped down 
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In addition, the Forschungstelle "A" Danzig vas instructed 
to move as quickly ss possible to Berlin end unite with the 

- Forschungsileitstelle Berlin. The head of Forschungsieit-. 
stelle Breslau was relieved and Schmidt was appointed head — 
of a “closing down section" of Forschungsleitstelle Breslau 
in Berlin and instructed to send 811 personnel released from 
duty to FA 3 for reassignment. (Specialist Niedermeyer,. 

. the relieved head of Forschungsleitstelle Breslau, was ap- - 
pointed chief of staff for the Justerbog Branch of the FA on 
-the same date and om 9 Merch he was made head of the: Forss. 
chungsleitstelle Munich, entering on duty on 20 Merch) 223° 
The directive for the reorganization of the FA at Kaufheuren 
of 9 March revealed the existence of four Forssbungsleit-— 
stellen at that time.-<9 These were: . ey 


aoe Forschungsleitstelle Berlin ..~ Specialist Thieme. 
‘=... Forschungsleitstelle Hamburg ~- Senior Specialist 
— eae a OR Pa 


. Forschungsleitstelle Vienna - Senior Specialist,engin - 
oe os eee ~ eering Diploma Fielsch-— 


. : | aan et eee ee 
Forschungsleitstelle M.nich ~- Specialist Niedermeyer — 
‘eo @ me AS may be seen from the above, the FA regional offices were — 
. _ g§0 located as to provide area coverage of Germany and of the 
occupied countries’. The Breslau Forschungsleitstelle covered 
. Eastern Germany and Poland, the Munich Forschungsleitstelle 
- covered Southern Germany, the Vienna Forschungsleitstelle 
covered Austria, the Hamburg Forschungsleitstelle. covered 
Western Germany (and possibly Denmark} and the Berlin Fors- 
chungsleitstelle covered Central Germany,. This monitoring . 
service, particularly the telephone monitoring ("A") stations), — 
. was probably chiefly involved in liaison with the Abwehr and. 
.: (later) the Reich Main. Security Office, Unfortunately no. 
- details of the channels for this liaison and cooperation 
-are known... An order of 14 April. 1945 giygs evidence of the 
Copenhagen and Stettin Forselngstelien .-- On this date the 
Copenhagen "A" Forschungstelle had.moved. from its former 
location to Nyropsgade 17/11 in Copenhagen. The new tele- 
phone number is given as Palas 9469 extensions 35, 8, 9, and 30 


128 91cm Document. 240 items 34 and 35. 
1294 60m Document 240 item 34. 7 
130r4¢om Document 240. item'10. 
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and the "Armed Forces: liaison telephone” is said to be un- 


changed. Palae. 13 one of the central exchanges in Copen-. 


Ragen, . The same order stated that the Stettin "A" Fors- 


- chungsstelle had moved to Griefwald, Banahoffstrasse 16/47, 


telephone Griefwald- 3307, on 29 March, No atrength figures 
for these regional offices, nor for the intercept stations, 
&re available. A member of FA-~9, Frau Helene Gerta, who | 


- was unvilling.to remain at Kaufbeuren after the first of: 


May, was suggested: to.the personnel section as suitable. for. 
employment at the Luebben intercept station. Her. qualifi- 
cations were said to include #3 ¥nowledge of French and 4 — 
reading Imowledge of Russian./31 ‘the existence of a "D" 
station (telegraph and ceble intercept) in Berlin is con- - 
firmed by @ request from this Forschungsstelle for the for-. 
warding address of FA-~9 at Kaufbeuren. Thig gpoauest reveals 


that the Berlin station was designated D-2.+3 


12. . Persons named as , members of the FA or. ‘ eoncerned gic 
it but not asst bie in its Tati Finally the 


associated with the FA but whose connection can not pe derinitely: 


explained either vith the above exposition of thé history or of 


.the organization. Such persons fall into two categories, 


apparent members of the FA and officiels of other organizations 
recipients of FA material or concerned with its operations. . 
The captured telephone. directory . of the FA is the chief source 
of the names involved, In. this directory e "Becker" is. 

carried as "RLM/FA/V/3" and a "Senior Specialist. Boettger” is 
given as merely PRUV/EA" but theiy names are otherwise uninown. 


_. A wan by the name of "Kell" is given as "Research Office 


3h. 


Al/2 Berlin. Exploitation Center (RLM/FA/AWKop?)” and is 
presumably a member of the Berlin Forschungsleitstelle. One 


other man ct aeset as a member of the FA in-prisoner inter- 


rogations.+ This. is the former Austrian eryptanelyst, 
Rudolf Bailovic. Ballovic was a member of the Austrian | 


‘Cipher Section vefore the Anschlus and refused to. sunnendér.. 


the keys of his department to the Nazis at the time of the 
Anschluss. He vas relegated to & minor peeitsea: in the. 


1Beteom Document 240 item 18. 


1327t6om Document. Bho item 28; 


133) 22; ‘Ticom Doc. 249, found at Berchteseasen: 
I Eee I r 128, IF 126. 
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Austrian civil service but Generals Fellgiebel and Theile brought 


-him to Germany to employ his services as a cryptanalyst. He is said 


to have worked for the FA for a few months when he quit the FA and 
was then employed with the Signal Intelligence Agency of the Army 
High Command and finélly at the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces as head of a section dealing 
with Balkan traffic. Towards the end of the war he is stated to have 
served more as an administrator than 4s a cryptanalyst. He is further 
said to have lived a quiet life with his wife,making no concealment 
of his strongly anti-Nazi views and refusing to wear German decora- 


' tions when in uniform. In view of the attested strong anti-Nazi 


views of Bailovic it seems possible that his short association with 
the FA (where,incidentally,the nature of his duties are unknown) was 


due to the"Nazi.taint" of Goering's organization. Finally the 


ideritity of one other of the members of the Reichswehrministeriums 
Cipher section who went over to the FA upon its creation has been 
discovered. In the correspondence of the Austrian Cipher Bureau, 
found among the archives of the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces, is a letter from the well. 
known Austrian cryptanalyst Andreas’ Figl written upon his retire~ 


‘ment to his friends and collaborators in Germany.*The letter 


refers to members of the Reichswehrministerium(cipher section) who: 
" have aided in establishing todays collaboration:Messrs v. Buschen- 
hagen and v. Rezniczek". A pencilled note after v. Rezniczek states 
"now with FA". . ; a 


In the second category of recipients of FA material are Koerner, 
Secretary of State in the Prussian State Ministry,who has been 
identified previously as controlling the FA finances;Principal 
Specialists Drape and Legler of the Prussian State Ministry and 
connected with the Four Year Plan; in the Air Ministry,Colonel 
Bokelburg,Group Leader of the Monitoring Department (RLM/Z.A./UEWA.), 
General der Flieger Bodenschatz,Head of the Office of Ministers, 
Lt.Gen. v. Doering,Group Head of the Equipment Department,Field 
Marshal Milch,Secretary of State for Ayr and Inspector General of © 
the G.A.F.,and Colonel Simson,Commandant of the Air Ministry. In the 
Reichssicherheithauptamt Schellenberg is given as head of Amt IV and 
the names of Lt. General of Police SS Gruppenfuehrer Mueller (head of 
the Gestapo),Senior Specialist Bock,SS Obersturmbannfuehrer, Head of 
the State Police Central Office in Berlin,and"Krim.Konum" Ebeling, SS 
Obersturmfuehrer of the State Polce Central Office Section IV N. 

Two members of the Reichspost are also included in the directory, 
Postrat Hofmann ,head of "work connected with service matters" (RPZ/ 
We~E),and Principal Specialist Wichmann,Head of the office of 
ministers and Department VII of the Reichspost. 


*D 74, p. 17. This item was brought to. the writers attention 
after the completion of the paper.As it is believed to be significant 


evidence it has been inserted here. Neither the name of v. Rezniczek 


nor D 74 appear in Tab A. 
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Chapter III - Evaluation of the FA oe, 0 Bethe, os 
Paragraph 
“Effectiveness of the FA and its liaison with othe 
Cryptologic and intelligence agencies in the va : 
opinions of various high Nazis... 2. so» » 0°33 gl 
.&. Opinion.of Jodl, Cnief of armed Forces ~ sian oe 
Operations Staff. 
_b. Opinion of Keitel, Chief of Armed Forces. ¥ 
c. Opinion of Doenitz, Grand Admiral and eee 
_'.. Redehschancellor. | a oe 
-G. Opinion. of Ribbentrop, Foreign. Minister. a 
.&. Opinion of Goering, Field Marshall end Air So ie wa 
'. “Minister — 4o 
sre “Opinion attributed to Hitler. 


‘Extent of Lisison at. operational level between the FAL [° 
ané other signal intelligence agencies. . ..°«! ah oe 
‘8. Liaison with the Signal Intelligence. agency. a 

the Supreme Command of the Armed Forces, GS 

b. Ldadson with the Signal Intelligence. Agency. 98 
_ the Army High Command. 2 _ Hee 
‘ce. Liaison with the Signal’ Intelligence agency of . \: 
_ the Air Porce High Command.. a 
d. Ulaison with the Signal Intelligence Agency of 4 

the Navy High Conmand. = 6 

@,. Liaison vith the Foreign Office Cryptanalyti< 

“Section. a. 


. Pinal Evaluation of the FA SS SAA ee A ee eS, eS — 


and opera a “Hadi thie FA, telen in: canjaneticd: with Appendix pe 
the listing of FA cryptanalytic successes, is believed to be 


| ample evidence for stating that the FA vas.a highly success- 
- ful intelligence. producing agency. These concluding remarks 
-WAll attempt to evaluate ita functions as appraised by the | 


persons weren vine its resu}ts ane associated or working in 


rivalry. ite it. 
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4 the account, elven: shove, | At 48, psrioue that the 


pa received a vast amount of material, ‘processed 4t,"and * 


passed 2¢ on to all persons: who could make use of it. The. 
- Qétual: amount of eoopsration ber twacn the Fa and the Stgeed 
 “Tatelligence. Agency of .the: ‘Supreme , Command <of the: Ammed’ ~~ 
Forces, the Signal Intellize ace Ageney.of- the amny High. 
 Coenend, the.Siaviel Inte liigence- Agency of the Airforce. 


“Htgh Coumend, the Signal Intelligence. Agency. of the’ pec 
ign ‘Command ,° end the: ‘Ceyptanalytic Section of. the Foreign 


OF Plea Ss: difficult to. estimate. The. statements: of ine. 


- dividuals ‘empleyed:in the varlous agencies ‘BPO. “pemantcan’ 3. = 
| @efgatist ia tone” but ‘this. ‘is. Ltble cause for wonder. J 


personnel. ‘complain - that: they. knew nothing. oF: their. pers — 


‘ tional: ‘counterparts: im thé other egéneies - ene personnél - ice 


_ the other agencies - raised the same complaint and. Sherees :. 
that the PA was peculiarly exclusive and stand-offish ° in. 

| dte' Seletionse’ with them... Yet éxamination of activity”: 2 

' Feports,: ‘yearly: PSports,: captured work. ‘books and memoranda 
 Peveal an active exchangs betyveen evem. the smallest - ‘OPER * 


OF eee: 


ating sections. of technical data, coordination: 
and’ onchange: of Personnel. oo 


at 6 highest level. of: ‘the Raed Reich there: veo = 


a pereatee Lon of the. value of. Signal Sntelligence end. at 


tines a surprising knoviedge: of technical details: and. 


evaluation | ‘of. the various. AZEWCLOS. - ‘Generel oberat” Le 
Jodl, Chhef of Arasd Forces. ‘Cperatlona. Start, Grand ‘ips. 
- pie ak: Doonttz, Comender in Chief of: the Bavy. “gnd Latex 


_Reichschangellor,’ Fiel@ Marshall. Keitel, ‘Chief 6f- 


and Ficig 


“Armed -Foroea, vor Ribbentrep, Foreign. Minister, . tele 
Marshal ering. were inte srogated by Ticosi. 12 omen a 
beatin  Sumberized In the following. peragrapas ee, 


Eanes “the interrogators stated that "all the prisoners, 


| @kth: the. exception o£ RXoventrop, ‘appeared #ilLIng t0: aBever . 
poi 


the. best of theip ability the: questions, pub to them. Tt - 
‘clear. to the interrogators. that the prisoners: found: he 


RS. 
| gubject. of ‘sipAals. intelligence. & weleons. wselier. “ie ‘contrast. 


that’ of wpesponsibility for war. epimes. “Et. ‘must be. borne 


in’mind that these. interrogations, required. a someyhat ‘aige - 


oo Pepent: handling. from the previous norm of Tlicom procedures. 7 
~ Because. of. the: potent! fal security danger inherent dm thes. | 
“Sortheoming. War guilt: trials, when ‘these non ‘wi2L, ‘bs. pubs 


.  Wely prosecuted: and. vill speek Prom the. voz, 26 was: ime” 


“exploit | them to. the Pulls. Many. ‘pignificant — 
Up nee eciey ae prio ae 
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Be Jodl recalled various specific successes, ‘among - 
roar information derived. from an American official in Catro 
in 1942 whose messages were read by a German Army intercept 


unit in Italy which stopped when the key changed and mess- 


ages from Harrison in Berne which he attributed to the FA. 
Jodi did not know the names of any cryptanalysts and was 


unwilling to discriminate between the work of the burcam: 
He knew of the Foreign Office bureau and described the. FA 
as large and efficiently organized but "Goering's special - 


affeir."” He received copies of FA results which were 
selected. for hin from a larger amount of such FA nee ones 


_ by Keitel. 


db. Ke itel inew very little about the FA beyond the fact 
that it was "the third competitor” whose so-called Brown 
reports” he used to receive. He "was never able to fathon | 
the special and rather mysterious selection vhich had been 


made specially for him; it eppeared to him to de on an. erratic 


and irrational basis." Keitel. hoped that tnere had been 


adequate lieison. and remarked that Goering and Ribbentrop 


‘had been completely against any suggestion of a combined 


intelligence agency (and admitted that he himself would have 


been reluctant to give up his own agencies) .: 


ec. DPoenitz was much more familiar with ee 


of the Navy Signal Intelligence Ep He knew Of such 
k 


eryptanalytic details as "depth" and "key changes” He » 
kmew the names of several of the ‘leaders of the Navy organi- 


‘gation but denied receiving the reports of any other Orpen. 


zation and knew very little about them. 


_ d. Ribbentrop vas described as the most difficult of 
the prisoners to "prime" for talking on the subject. of signal 


_ intelligence. It was very hard to reduce the statements of 
his interrogation to coherent fora. However, Ribbentrop 


Stated that when he took over the Ministry of Foreign | 


. Affairs in 1938 he discovered that practically nothing existed 
‘dn the way of a political intelligence organization and that a. 


nearly everything was in the hands of the Wehrmacht and 8S - 
Armed Porces-Abyehr?-and Elite Gaurds). He stated that 


"this vas unfortunate because everything went to Hitler and 


there vas no clearing house." It seems clear that Ribbentrop 
was at first talking about: "political intelligence” as some- 


. | thing distinct from signal intelligence as the subsequent 


statements concern cryptanalysis and it may be assumed that 


7 
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he had discovered where the interests of his interrogators 
lay. He knew that "the Foreign Office Cryptanalytic Sec-' 
tion Pers ZS was under Herr Selchow who had been engeged in 
this work during the first world war.’ He @id not Imow the | 
details of the organization but he stated that Selchow 
"ltatsed closely with the RLM/Porschungsamt, the organi - 


zation which produced the 'Brown Reports. He saw between 


one and three of these Brown Report decodes everyday and 


‘remarked that in general the FA produced their decodes 


more quickly than the Foreign Office but their texts were 
far less clear and tended to be inaccurate." The PA 

"eovered precisely the same field as Pers Z5 and. there was  . 
unfortunately almost complete duplication" which he believes 
he may have once tried to correct and also coordinate in- 
telligence activities in general. He stated that Selchow 
maintained a "liaison on technical. matters with. . OFW/Chi 

and probably compared notes with them" and believed that there 
was some sort of "technical exchange between OKW/Chi and the 


_ Forschungsamt”. His reason for failing to achieve. coordin- 


ation of intelligence services is of interest: "as the 
system in force vas for..everyone to. go prevately and directly 
to Hitler it was scarcely worth trying. By comparison 
Keitel recalled that Ribbentrop was exceptionally jealous if 
anyone gave Hitler a diplomatic decode ie instead of 
passing it through the. Foreign Office. 


e. ‘Goering was of course fulsome in his causes of the 


FA and has been cited in considerable. detail for its history 


and accomplishments, He stated that he did not control the 
work program of the cryptapalysts and therefore should not . 

be expected to kmow too much technical detail although he 
mentions the use of special cipher keys: or a change of key 
when something important was: happening. - Specific examples 
recalled by Goering were the "messages of the American | 
Minister in Berne" ang the “Japanese Ambassador in Berlin. 
reporting home.” In the matter of liaison he stated that the 
FA Gid not deal with purely military traffic which was handled | 
by the bureau of the Army, Navy end Air Force with whom the - 
FA maintained liaison and exchanged intercepted traffic. 

He knew that the Foreign Office and the Signal Intelligence 


Agency of the Supreme Command. of the Armed Forces also 
worked on civil ciphers and that there was a very close 


liaison with the sala Ot eaee to avold SpE ces aary dup~ 
lication. 
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1. Hitler's Sataion of signal ‘nteritpence is mentioned: 
by: both Goering and Ribbentrop and the opinion expressed is 
completely divergent at first glance. . Ribbentrop stated: 


Hitler had a queer, rather particular view about 
it-he did not like this type of intelligence very much 
and said it was unreliable and often misleading, it vas 
Reteey. to use one's own common sense. , 


‘Goering, however, declared that: 


Hitler's view of the. products of the Forschungsamt.. 
was that they were very reliable; the materials had to 
- pe presented factually to Hitler with no argument nor 
; : oe only the. verbatin conversation or. actual 
f : xs text. 2 


Goering's ‘remarks: came. in a <Gontese where the telephone 
monitoring. and broadcast monitoring activities of the FA 
were clearly in his mind. In connection with h cipamatits, 
decodes Goering had previously remarked - that 


Mg ‘The. intelligence resulting fron decoded telegrams. 
a ‘o) was mot always useful, they often consisted of absolute 
~ -pubbish; the extent to which the members of the diplo- 
matic corps spread and retailed fantastic rugors was 
’ gurprising... He himself had often made arrangements to 
‘have rumors planted and within a few a he ne" observed 
‘then being passed on and spreading. oa 


Ribbentrop’ 3. remarks. about the opinion of Hitler were inmedi- 
ately preceded by discussion of diplomatic decoder exclusively. 

[ft 18 likely that Hitler was familiar with FA results from 
the period before the war. Keitel refers to an unfortunate 
instance of Himmler passing a single message to Hitler. with- 
our collating it against other Anformation and stated that 
Hitler haa. his own liaison oetscere to each agency: ees 
case’. 
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other signal intelligence agencies. In many cases the . 
personnel of the other agencies express opinions and pre- 
judices or repeat rumors about the FA which can be. posi- 
tively refuted or revealed as prejudice and misinformation. 
Much of the evidence for FA success has. been derived from 
the archives and records of the other orgenizations-no 
trace of the official archives of the FA has been found. 
The picture so reconstructed shows active and detailed 
» cooperation, its details are set out in the following» 
paragrapns and in the listing of FA successes in the appendix. 


' @. Liaison between the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces (OK¥/Chi) and the FA is 
known to have existed. A special liaison officer of the FA 
was assigned to the Supreme Command ef the Armed Forces al-. 

_- though not to. the Signal Intelligence Agency. This man, | 

- known from the Kaufbeuren directive, was Dr.. Klautschke, and 
he has himself testified on the form which his liaison 5 
took tne‘form of passing inteliigence to the Supreme Command ~ 
and ansvering specific requests from them. He did not con- 
cern himself with cryptanalytic matters gpa states that 
liaison on these matters did not exist.+ As: has been 

gs woes amply documented in the sections of this paper dealing with . 
nor | - the early history of the FA consiserable 111 fecling. existed 

between the FA and Signal Intelligence Agency of the Supreme | 
Command of the Armed Forces coryptanalysts. Instructions to - 
exclude the FA from Foreign Office and Defense Ministery 

' Cipher Section cooperation, references to 111 feeling by 
Fenner for Schapper, and refusal of Signal Intelligence 

Agency of the Supreme Command of the Armed Forces ION 

_ Gevelopmentsa to the FA have been. mentioned. All of these 
cases can be derived from the ill feeling between Schapper 
‘and Fenner. It seems clear that intercepted traffic was | 

exchanged, indeed the Activity Report of the service organi-.. 
zation, signed by Kettler, the head, shows that one third 

- of @11 intercept received by the Signal Intelligence : Agency 13 
of the Supreme Gormand of. the Armed Forces came from the Fa.l/7 
Mettig refers to attenpts of the FA to take over the broadcast 


136s66 above para. 5 and Cf I 54. 
 -13Tpr.g | _ 


a oe. | - . ; | | a | 
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monitoring of the Signal intelligence Agency of the Supreme 
Command of the Armed Forces.138 “The unwillingness of the | 
Signal Intelligence Agency of the Supreme Command of the 
Armed Forces to give up their monitoring is understandable 
but in view of the interest and activity of the FA in this 
field it would seem that the Guplication vas umnecessary. 
In Security matters there was an effort at. cooperation; 
Kroeger, the cipher machine cryptanalytic expert of the FA 
was a member of Huettenhains cipher security committee and 


' Huettenhain lnew enough of his activity to explain that he 
Was unable to attend all meetings because his section had 


moved to Breslau. It should be noted that the FA, as run- 
ning its own communications, was in a position to ignore 
Huettenheain and the willingness to have a permanent member of’ 
the committee may be accepted as a symptom of willingness to 
cooperate. Finally a typical. example of ignorance of the FA 


‘may be cited. Fricke, of the Signal Intelligence agency of 
' the Supreme Commend of. the Armed Forces, w was told that the 


FA employed over 2000 people and remarked: "For their de- 
ciphering they should have needed a handful. They must have 
had other work to dg but what the Gevil courte they have done 
with 2000 peopie! "129. 


-b. AS in the case of the Signal . Intelligence ‘Agency of 
the Supreme Command of the Armed Forces, cryptanalysts of the- 
Signal Intelligence Agency of the Army High Command were not 


- too well informed on the organization or operations of the FA. 


However, it is evident that considerably greater. liaison 
existed between the FA and the Signal Intelligence Agency of. 
the Army High Command than had existed between the FA and 
the Signal Intelligence Agency of the Suprene ‘Command of the 
Armed Forces. ‘This liaison took the form of actual division 


of tasks and sharing of personnel as well as liaison over 


IBM developments. What would appear to have been one of the 


_-most important cryptanalytisc. achievements of the FA is known 


only from the testimony of Buggisch of the Signal Intelligence 
Agency of the Army High Command who testifies (and the infor- 
mation was so important that two interrogations refer to the. 
subject although. in considerably less detail than might be 


1587 131 p3 See above para. 5. 
1397 20, | 
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SELECTIVITY — 
CONTROL 


Crystal Filter with Variable Selectivity 


on the coil of the tank circuit. By tapping 
down on the tank circuit, a suitable output 
impedance can be selected. 

By varying the output impedance, the 
effectiveness of the filter can be varied. This 
offers a means of controlling the bandpass of 
the filter circuit. In the circuit shown above, 
the setting of the selectivity control deter- 
mines the effective Q of the tuned circuit 
across which the crystal filter’s output is 
developed. By varying the Q, the total im- 
pedance of the parallel resonant circuit is 
varied. This controls the effectiveness (and 
thus bandwidth) of the filter and provides 
positive selectivity control. 


COMMUNICATIONS RECEIVER AVC 
CIRCUITS 


Communications receivers use manual gain 
control (MGC), manual volume _ control 
(MVC), and automatic volume control (AVC). 
The circuits you studied before in connection 
with TRF receivers are generally applicable. 
Communications receivers also use a type of 
volume control called delayed automatic volume 
control (DAVC), and a type called delayed 
and amplified automatic volume control. 


Delayed AVC 


The AVC voltage normally is in direct pro- 
portion to the strength of the detected signal. 


45 


Even the weakest signal produces a slight 
negative voltage. With AVC, this results in 
a slight loss in amplification. Such reduction 
in the amplification of weak signals is un- 
desirable, because such signals are difficult to 
read at best. 


To correct this situation, delayed volume 
control is used. Delayed volume control is 
a method which exempts weak signals from 
automatic volume control and allows them 
full amplification. DAVC goes into action 
only when signals exceed a set minimum sig- 
nal strength. 


Look at the typical DAVC circuit shown 
on page 46. Operation of DAVC requires a 
diode. In the circuit diagram, the diode of a 
multipurpose tube is used. In the one envelope 
is included a diode section for detection and a 
diode section for DAVC. The detector section 
uses plate D1 as its diode plate. The DAVC 
section uses plate D2. 

In the diagram, the parts of the circuit im- 
portant to DAVC action are shown in heavy 
outline. The IF signal is applied to both diode 
plates simultaneously. Plate D1 conducts im- 
mediately when the IF voltage swings positive. 
As a result, an AF voltage is developed across 
R1 as the current flow returns to the cathode. 
Plate D2, however, does not begin to conduct 
at the same time as D1. Plate D2 does not 
conduct until the voltage applied to it is high 
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- desired) that the fA was able to break and read Russian 


teletype eee ) 


Mol 6& pe2 .“Buggisch heard tn 1943. that the FPA had claimed 
Bome success on a Russian. teletype machine and nad réecon- — 
structed the machine. It was a machine with a very long. 


cycle being not prime but. the product of several smaller 


eycles-like the 82% 42. Buggisch did not know the cycle of 


ail of the individual vheels or any other detaiis. He heard 


‘this from Doering who vas then doing his research on the 

T 52 but liaison with FA was bad anyvay {Major Mettig was ag 
particularly opposed to the SS taint) and the next he heard ~ 
was that the traffic found. by the FA had stopped.. Buggisch ee. 
remembered only-that the eyele of one of the wheels was 273 

the others he thought varied widely, from 30 to 80." This 
testimony is admittedly at second hand. where it concerns: the - 


- sonatruction:-of the Russian machine. However, the indi-~ 


cation that Mettig distrusted the FA because of an SS taint . 
is of interest in evaluating his evidence quoted previously. 
Buggisch was. questioned a second time on what specifically. 
“were the results of the PA: mentioned in connection with 


‘Russian cipher teleprinter” and his ansver reveals addi- 


tional liaison between the Signal Intelligens @ Agency of 
the. Army High Command and the FA, I 176 p 6:.°"The FA . 
Forschungsamt) hed analysed a Russian cipher teleprinter - 


ne system in. 1943 and recognized that 1t must have ‘been pened’: 
on a machine having certain similarities with the German 


S240. After a short time the Russians altered the Byatens: 


_ fhe FA then communicated Lts results to. my unit and vas 


given as a kind of recompense & report on the solution of a 


German ‘cipher teleprinter. This was one of the very rare 


cases where FA and in 7/VI exchenged results. . I did not: 
study the FA results at that time; as I was not responsible 
for work on cipher teleprinters, and. ‘hence can give no details. 


At all events the Russian machine. (just as in the German types 


SZ 40, SF 42, but in contrast. to T.52-a,b,¢c, and a). gave only 
32 different substitution. alphabets, the succession of which 
became periodic only after an astronomically large number of 
steps. This succession was given’ by a system of pin. wheels, 
the peripheries of which were prime to. each other and at an 
estimate lay between 30 and 90. In any case. there vas no 
complicated mutual influence of the pin wheels on. } each otner 
‘(as for example in the T 52 D).' 
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There is yet. another example of FA liaison with the Signal 


Intelligence Agency of the Army High Command on Russia: 


Lt. Schubert, the officer in charge of the section of the 


Army High Command Signal Intelligence Service on the Eastern 
Front responsible for agent traffic, reported that the. 
Radio Defence Corps (WNV/Pu) sent Specialist Wenzel of the_. 


FA to work with him'on Polish Resistance Movement Traffic, 142 


In the case of Turkish diplomatic traffic {the specific 
system is not known) complete cooperation is revealed. The 


PA gave the Signal Intelligence Agency of the Army High — 


Command the misfion of covering and reading all traffic, 
Traffic “was intercepted , by Xona 4 and relayed to In ye 
referate of. Batlovic. Only decoded messages vere | 


furnished to the FA. The Signal Intelligence Agency of | the | 


Army High Command took the lead among the German agencies 
in the development and application of IBM machinery to — 
cryptanalytic work. This machinery was made available to 
the other: agencies. Tranow, of the Signal ee: 


Agency of the. Navy High Commane erated. 


- eas ‘About March 1942 ve: paid a. age in: conjunction 
ce with the German Air Force and the PA, to the OKH | 


Cs “Hollerith department, in Berlin; Victoriastrasse... . .143 
This 18 ‘in marked contrast to the: policy of the Signal | 


Intelligence ‘Agency of the Supreme Command of the. armed . 
Forces reported by Huettenhain and cited. above. Asomewhat 
peculiar reference to the effect of the creation of the FA 
on the cipher section of the Defence Ministry by. personnel 


of the Signal Intelligence Agency of the Army High Command 
“needs no discussion as it can not be determined whether — 
ae eae sect or the. Signal aoa Agency 


Was Sed also the ‘@iiscusedén ee ‘Wenzel's section | 


of 48 ln” EV above. 


W2rp 126. p 8. See further aiscussion of IF 126 in note. 


- 145) following. 


aah 146. 
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of the array gh Gommand are "involved and the meaning is 
ambiguous. Rf An equelly unverified statement by two former 
members of the Signal Intelligence Agency of the Arny Hien 
Command declared that: | ; 


OKH In 7/VI worked for the FA in the field of 
diplomatic codes (for instance, they broke the Turkish 
code when the FA was ‘having trouble with it.) FA - 

- peceived reports from the Signals Intelligence Evalu- 
ation. section of the Army. High Command from the Navy 
High Cowmand, from the. Aynee Forces ccnci Command and 
from the Foreign Office.l 


14HT 85 p 3. Flicke, Poko jewsict, and Hete:" b) the expansion 
of OKH/Chi. As a result of the situation ereated by the 
advent of the: FA, General Schliecher, in the summer of. 1933, 
began to lay plans for the expansion of OKH/Chi . This: in 
volved the setting up of three nev stations ... to cover 
Czechoslovakia and the Balkans. Progress vas. very slow 

.... By July 1939 the necessity for intercepting Czech 
traffic had ceased and it was decided to place the. inter~ 

= | ception of diplomatic traffic under OKW, just created." | 
e° e It is barely possible that, this. reveals a division of labor 

under which the "OKH/Chi" group vas to cover the Balkans 
Giplomatic traffic while the PA concentrated on commer- 

cial traffic. This hypothesis might sccount for ‘the Turkish 
Giplomatic traffic handled by the Signal Intelli tee Agency: 
of the Army High Commend although Rentschler, IF 15,. claimed 
FA success with "high grade Turkish Diplomatic” but he » 
cites no date. The only Czech commercial traffic of Skoda, 
Claimed for 1935 by Sauerbier, IF 162. ‘Such a division 
seems unlikely, however, and Paetzel, in I 25, mentions 
Bulgarian, TugosteNs Hungarian and Greek traffic worked 

on by. the FA. 


1b se Jos Bs ahs vonsed enACIP 1260 ere: based cn ahtere : 
rogations of Heinz Boscheinen and Valter Kotschy. IF.105 B 
4s a special PW interrogation carried out by a “US Third- 
Army Signals officer. The cover letter of this officer’ a 
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Finally, Dettman, and Samsonoff, the heads of. the Russian 
referate on the Eastern Front for the Signal Intelligence 


continuation of footnote 145. 


report states that the original notes of the interrogation 
had been destroyed for security reasons. This interrogation 
took place on 29 November 1944, In the cover letter from 
Col. Bicher submitting the interrogation it was stated that 
the whereabouts of the prisoners vas unknown but that they 
would be sought for further questioning. Actually Boscheinen 
and Kotschy were then (15 December) in the hands of CSDIC 


‘in the U. K., and the results of CSDIC interrogations | 
were issued as SIR 1326 (equals IF 126) and SIR 1335 (equals 
‘IF 105). IF 126 1s an interrogation of a general nature — 


and corresponds essentially to the 29 November interrogation. 
What differences exist between IF 105 B and IF 126 are presun- 
ably due to misapprehension and condensation by the writer of 
the former. IF 105 is a "follow up" interrogation to IF 126 
which concerns a training school for Turkish translators which 
seems to have been operated by the Abwehr or Mil. Amt... 
Unfortunately it was not at first recognized that IF 105-B. 


' was a separate document and it wes thought to be a duplicate 


of one of the two CISCIC interrogations. It was accordingly 
mistakenly marked as a duplicate, and as a duplicate of IF 
105 rather than of IF 126 which 1t does ressemble in material 


covered. References to both IF 126 and IF 105 B, have been 


corrected in the present volume and it is hoped that errors 

in citation arising from the faulty identification as a 
Guplicate of IF 105 have been discovered else “where. Both 

IF 105 B and IF 126 discuss the Army High Command Signals 
Intelligence organization and the details of Kona 4 in partic- 
ular, Both state thet the Army High Command broke and read — 
Turkish diplomatic for the FA. In both interrogations the 


FA is identified as being apart of the Air Ministry but it 


is confused with the Signals Intelligence Agency of the Air. 
Force High Command. As there are references to agent acti- 
vity in both interrogations it-seems clear that the prisoners 
hed confused the FA with either the Abwehr of the Mil.. Amt. 
IF 126 states that the FA received and sent Evaluation re-. 
ports to the Army High Command while IF 105 B states that 

the FA received them. In IF 126 a chart shows the FA 
receiving the results of telephone monitoring of a telephone 
intercept company of the Bulkan command as direct liaison 
while.other reports to the FA go from Kona 4 through In 7/VI. 
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o ygetiog of ‘the Army ‘High. “Couimane ‘siatea ‘thet “thers” “Raa pesn an 
no relations with the PA after’1944 when the Signal Intelli- 


"genes Agency of: the Army High Command linked up with. the 
Signal. orees. 88 Agency oF: the Supreme Command (OF the - 
mes ‘Forces. . 


. ‘The: position. of ‘the: FA ‘and the ‘Siena Inteiitgeace 7 


Agency” “oF. ‘the Airforce ‘High Command. under: Goering should. 


have factiltated an ‘exchange - ‘between, them. The absence, in | 


_-. the interrogations, of any reference to 111 feeling between : 
-. them indicates that such was ‘the case. There are a few. 9 9° | 
'. vspecific: references to an exchange of technical. information ‘ 
OR specific. ‘problems. The functional division betwesn them, 
. ‘however, precluded any need for. constant liaison, tne .- : 
. Signal Intelligence: Agency of the Air Force High: ‘Command. . 
_ ‘was,concerned with air traffic which, as such, vas mo con- 
.. gern of “the FA. The FA, om the contrary, did supply en. 
-': Undetermined amount of diplomatic. and general - intelligence | 
to. the Air Force High: Command and to its Signal Intelli- — 
gence Agency. The head of the Signal. Intelligence Agency” 
ok the | Alp Force. High Command, Frisderich, stated: 


“He did not: work ath then. {the u/Pay except to | 

tie. extent that’ Vosgele (the chicf cryptanalyst). some + 
times met with cryptamalysts from this and other agencies 
bo: ‘Gisousa General proplems..- The FA furnished the GAP _ 


6 116 ¢p 2:0 "subjects @idinot know whether: ‘RIA/FA vorked 


on machine - ena /or Baudot traffic. OKK/Chi had no. connections 


- with the FA after 1944 when the: former. ergenizetion linked 


up with OKW/Chi.- However,” as. a matter of opinion, they éo— 


-; Rot believe FA did." It 1e curious that Dettman’ end San 
'" gonofl were ignorant of the Russian cipher .teleprinter which 


the FA reported on and which was lmown.to. Buggisch. It is. 
“to. be. ‘preauned that there had teen relations between the — 
‘two agencies prior to 194% (Buggisch dated the teletype © 


-. imatter. te 1943, 4t may be noted) from their statement that 
\ there were none after 1944, The lasting antipathy of. _ine 


Signal - Intelligence) Agenoy of the. Supreme Command of t 
Armed Forces to the FA again stopped” any Haison,” at appears. 
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with appropriate traffic on occasion. We asked what 
was tse. function of the FA. He said its purpose was 
“speally hidden from the services, who vere not aliowed 
entry to the establishment. Only Veegele had any 
' contact with them and that only with eryptanalysts....17 


Voegele, the: chief cryptenalyst of the Signal Intelligence | 
Agency of the Air Porce High Command, in "homework" he pre- 
pared for PICOM, referred to an exchange of additive for the 
_{British) Inter Departmental Code with the Signal Intelli-. 
gence Agency of the Supreme Command of the Armed Forces: 

tne Signal Intelligence pecney of the Havy High Command, 

and the FA in 1940/42,145" zetache (Hauptmen in charge of \ 
Groupe A of Foreign Afr Force West under Chef Ic) reported 
that the FA reports contained a great deal of significant 
information concerning economic and political matters. The 
reports Prom foreign broadcasts, as those of the BBC, were 


i : : ; . 
Ty 29 p35. Friederich knew that they carried out moni- . 
tering of telephone and telegraph for Goering and. the Nazis, 
Be thought that Goering had founded it personally. It yas 

2 completely political, not military. When 1t worked on for- _ 

. . eign systems it worked only on rear area traffic, such as 
industrial traffic. it thought the Army might not be hendling 
adequately. They worked particularly | on inner Russifen: traffic. 
Asked if he sould" name any FA personnel ne said they are: 

x givays changing. There vas e Min. Rat Schaper iwith one P] 
who was nol.& soldier but a civilian official.” Friederich 
appears to be well informed on the FA when compared to sone 
athner prisoners. His mention of tnner Russien traffic is 
interesting, as Seiffert (I 25) stated that this was the 

outstanding ane SUCCESS. 
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particularly important, especially for the period betwesh 
the invasion and the cellapse when they were often the only 


Source of relishie information on the war situation. 149 


&. Liaison between the FA aad the Signal Intelligence 
Agency of the Navy High Command is docimented by references 
to ‘tne FA in Yearly Progress reports prepared by the Navy 
and by the interrogation of the chief Navy cryptanalyst, 
Tranow. .AS seen in the preceding paragraph, the FA and. 
Aie Force cooperated with the Navy on the British Inter- 
Departwental Cipher; — “ oo, a 


. 2 informed the PA, the OKW, and the GAF. of the 
existence of this cipher in 1940 and the FA and the 
Kavy worked on it. . The OKW and the GaF restricted 
themselves rather to recelving. the cypher data when 
worked ovt. The GAF did a little work on it, how- 
ever, ant passed any recovered keys on to us. - 


_ oy 159: "6. . Of special interest and value were the. 


Droadcast links betiveen the news agencies and their corres- 
pongents in the various capitals of the worle. Of broad- 
casting stations, the B.8.CG. and Swiss stations were con-— 
sidered the most reliable, Daventry in particular being 
appreciated for its figures concerning Allied scrties and 


losses, -Indeed, curing the period between the invasion and 


collapse, B.B.G. Feports were often the only source cf re-- 
liable information on the war situation. 7. Radio moni- 
toring was done by OKW/Chi, its Naval counterpart, the 
Sechausdienast, and the FA, the result: being sorted out 

and distributed by Ic/Luftwesen....9. Intelligence con- 
cerning foreign diplomatic exchanges was received from the - 


FA (subordinated directly to Goering) through Ic/Luftyesen/ . 


Abwehr, ‘and was given a restricted distribution. It con- 


sisted of intercepted Allied radio telegrams (e.g., London- 
Stockholm), ordinary radio reports {e.g., Atlantic Radio) 
and intercepted traffic between diplomats and ministers 
ower certain links, e.g., Ankara-Moscouw (hark) Berne- 
Washington (American), and London-Washington (Poles)... 

10. ‘The last mentioned source ve® cf great value before 
and during the invasion and after the breaking off of 
Gexman-Turkish relations. In general the FA reports con- 
tained a great deal of significant information concerning: 
economic and political matters ,.-"- 


‘\ 
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was intercepted it vas not passed to us. 


. The cypher went out of use in December 1942. 

‘That was the last of it. I believe it was afterwards 
still used occasionally at a few stations. I stepped 
work on it for the navy about the end or middle of | 
December 1942. The FA continued to send us occasional - 
results. In particular these consisted again and. 
agein of taformation about our U-boat losses and. the | 
British shipping iosses etc.150 


Aecording to Pranow @ to 3% of all Ravy. traffic. came from. 


the Fa who supplied the German Navy with traffic from com- 
neteial links.451 4 Yearly Progress Report: of the Signal. 
intelligence Agency ef the Navy High. Command refers, to traffic 
in "Bentley's Code” which was supplied by the FA. 
Hovever, it should be noted that Tranov, when told by the 
daterrogators that a number of messages dealing with Korth 
Russian cenvoy personnel matters were passed over commercial 
eircuita, stated that. the Navy had never seen them--"This 
material vould have been done by the FA, nth any such material 
Tranow cid 
rot mention receipt of reports based an broadcast moni toring . 
Hovever, he did vefor to "five FA men. under Stabenow whe 


‘had been doing press broadcast Bpetysis® turning up at 


Flensburg after the var ended ,* This presumably refers to 
eivert, Paetzel Oden, Klautschke, and Fingerhut who were . 

Pound and interrogated by Ticon at Flensburg where they 

were continuing to issue. a "Revs. bulletin" ‘based on broadcaste 


1507 347 » Ql. 


1543 95 p18. 
4152p 17 

1394 93 p 18. 
187 93 p 18.. 
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monitored there 255 


e. the status of Liaison between the FA and the 

Foreign Office Cryptanalytic Section is more fully known than 
that between any other of the agencies. Ribbentrop stated 
that Selehow, the director of the Foreign Office bureau, 
‘Liaisoned closely” with the Fa.156 Tae extent of this 
liaison can be learned in detail in the chapter on liaison 

in the discussion of the Foreign Office Cryptanslytic. Section 
{Volume VI) and in the appendix of FA successes at the end 

of this volume. As specific examples of the knowledge of 

the FA vossessed by Foreign Office Personnel and of actual 
liaison a few instances will suffice here. The Foreign 
office cryptanalysis from whom TICOM Team 1 first learned 

of the existence of. the FA created an outline of the Fa 
and knew the names of many of the section heads in Depart- 
ment IV (Hauptabteilung IV - eoage and Ciphers) with which 
they were iumediately concerned. Tt the Yearly Report: for 


1942 of the Foreign Office, intearlia, reveals an exchange 


of code book recoveries. The name of Senior Specialist 
Waechter of the FA appears in this document, and the names 
of other FA personnel occur in i onstructed eoae books 
in the Foreign Or¥ice archives. a evidence 


Pe eenew. from this ‘evidence, seoms to have been at 
Flensburg. He was the head of the Berlin Branch Office (see 
the Kaufoeuren directive) and could certainly have escaped 
from Berlin along vith the other FA people. However, Ticon | 
aid not find and “interrogate him. it is not known why this 
“Lead” of Tranow's to his presence was not followed up. 


150tme interrogators of Ribbentrop. (I 143) stated that he vas 
the most poorly informed and hardest to extract information 
fron of the high Nazi's questioned at Nurenburg. For this 
reason his statement that there was elose liaison is apt to 
be disregarded. The evidence for liaison between the FA and 
Foreign Office, however, adequately bears out his statement 
and SURES StS that he vas better informed on the matter than 
the interrogators had assumed. 


131 tp 1s. 
153. 


D 16. Other examples are cited in the appendix with 
source reference. 


DOCID: 3486670 


~@ 
“ae existence or technical cryptanalysis liaison: between the. 
PA and the other eryptologic agencies can not be denied and 
‘the categorical Ceniai that technical liaison existed must be 
‘seriously questioned. Certainly there 1s good evidence for 
close liaison between the FA and the Foreign Office, Signal 
intelligence Agency of the Airforce High Command, the Signal 
Intelligence Agency cf the Navy High Command . Close cooper= 
ation with the Elite Gaurds end Abwehr is to be inferred. 
Only in the case of the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces. is there direct evidence 
that eryptanalytic lisison did not exist. Even, here, however, 
there wag liaison on security matters, an exchange of de- 
codes ; 159 interchange of intercepted traffic, and a definite 
agreewent that the Fa vould not vork on military traffic 100 


15. Final Svaluation of the FA. The historical outiine 
of the ¥A'S operations revealed that their work continued 
even uncer the. vicissitudes brought on by bombing ané moving... 
Careful errangements for dissemination of information existed 
ang there is evidence that this exchange functioned ‘at all 
levels, The FA undoubtedly had many faults as an intelli- 
genes agency but they seem to have been faults inherent in 
its histery (the personalities involved, the Nazi teint, 

pa etc.,) and also occurring in other Gorman intelligence 
-@ a agencies. Cryptanalysis supplied less than 20% of the in- 
formation delivered by the PA, and the other 30% was. con- 
sidered so importont that special arrangements were made 
for its continued production at Berlin and finally at Flens- 
dure up to the very end. A shift in emphasis by the FA from 
telephone monitoring to commercial traffic anc press and 
broadcast material is indicated. through the course of its 
existence. The cryptanalytic element probably remained of 
constant importance throughout the history of the Fa, with 
the press monitoring increasing tovarda the end of the war 
as other sources of readily available information diminished. 
Even at Keufbeuren (vhen, according to Schellenberg, the FA 


cadets Goering, I LNB, who said he "saw OKW/Chi decodes..." 
and Eibbentrop vho "saw 2 or a Brown Reports a day. 


1605p Rentschley, IF 15. 
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Delayed AVC 


enough to offset the voltage drop across R2. 


When D2 does draw current, C1 charges on 
the positive swing (becomes negative at the 
bottom in respect to the top). On the negative 
swing, Cl discharges down through R3. This 
action is repeated for each cycle of the IF. The 
voltage drop across R3 is used for the AVC 
voltage. It is fed back to the grid circuits of 
the amplifier stages to reduce gain. R4 and C3 


WITHOUT 
AVE, 


OUTPUT VOLTAGE 


INCOMING SIGNAL STRENGTH 


A IDEAL 

B SIMPLE AVC 

C DAVC — FEW TUBES CONTROLLED 
D DAVC—MORE TUBES CONTROLLED 
E DELAYED AND AMPLIFIED AVC 


AVC Response Curves 


46 


form a filter to remove RF and AF com- 
ponents. Since D2 does not conduct until the 
voltage is high enough to overcome the bias 
on R2, there is no AVC in operation until the 
signal strength is greater than the voltage drop 
across R2. Above that value, normal AVC 
voltage is developed. This means that AVC 
action takes place only for strong signals. The 
voltage applied to the first audio amplifier 
(the triode section of the twin diode-triode) 
is taken from across R1, the detector load. 


Delayed and Amplified AVC 


An ideal DAVC should operate so that weak 
signals get full amplification while strong sig- 
nals are held to a satisfactory, uniform level. 
Such an ideal AVC response is shown at A of 
the graph at the left. B shows the response of 
simple AVC. C shows the response of DAVC 
when only a few stages are controlled. D shows 
DAVC with more tubes controlled. E shows 
the response of a special kind of DAVC called 
delayed and amplified AVC. Its response comes 
quite close to the ideal. To see how this is 
achieved, study the circuit for delayed and 
amplified AVC. 
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should no longer have been concerned in telephone moni- 
toring) the réwains of a 18974, index based on telephone 
conversations was found .+ In the light of al] the evi- 
dence availatie the FA must be recognized as a nighly 
guccessful source of intelligence in the fullest sense of 
the word. So important was the intelligence produced that 
careful arrangements were’ made for furnishing it throughout 
the final stages of the var. The relationship between the 
FA and the Abwehr, Gestapo, and Police in general censorship 
operations and in counter-measures against agents can only 
be indicated. The FA does appear to have served the Abdwehr, 
and so the Supreme Command of the Armed Forces, in telephone 
monitoring in Germany and in.occupied territory, and it 
served the Elite Gaurds, the Reich Main Security Office, 
the Regular Police, and the Radio Defense Corps as a crypt- . 
analytic agency for agent traffic. Any attempt to evaluate 
its abllity in. collecting and evaluating press broadcast and 
similar materlal is invidious. due to the lack of informetion 
on the achievements of the other agencies performing this 


“function, the Supreme Commend of the Armed Forces, the 


Foreism Office (the Seehausdienst), and the Propaganda 


Ministry. 


| 16liy 15 p16 (appendix 2). 
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Appencix I. 


Alphabetical Listing by country of USLEES. Worked 
on. by the FA 


This appendix presents the available information on the 
cryptanalytic phase of the FA's operations. Only eighty odd 
references to traffic worked on have been gleaned from the 
avallable material concerning the PA. Many of these refer— 
ences ere vague sand tend (especially when FA personnel were. 
being questioned} to statements that traffic of such and such 


é country vas only sorted according to link or that the 


diplomatie traffic of a country had been identified but not 

read, The archives and reports of the Cryptanalytic Section 
ar the Foreign Office, of the Signal Intelligence Agency of 
the Wavy High Command, and even the Signals Intelligence 
Ageney of the Supreme Command of the Armed Forces reveal 


gonsiderably more detail as to just which systems were worked 
on by the Fa In liaison with the other German agencies. It 


should be noted thet there is considerable evidence that the 
FA ‘possessed copies cf a surprising number of code books 
although there is no indication in Ticom Interrogations as 
to hew | the FA procured these items or even a hint that they 
were im the FA's possession. The following summary reveals 
six casés in which code books or ciphers vere in the posses- 


Sion of the FA, In this appendix all available references 


to traffic worked on by the FA have been collected and the 


source indicated, 


99 9 


American (United States) Syatems 


American, Strip System. 
Paetzel stated that "we attempted & strip syatem and 


pead. it here and there but not currently. We finally gave 


it up as it took too many personnel," He did not remember 
eny of the originators. Traffic was America to Europe but 
whether Vashington~-London or Washingtonm-Paria he did not 
Pece@ll. The system employed 30° out 3) @ matrix of 50. strips 
in a setting. (% 25 p 33; I 54 passim). FA ability to read 
this system mey have been due to iaison with the Foreign 
Office although there is no indication that such is the case. 
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American Five ee System vate Moncalphabetic 

and Bigrem Substitution. 

Pastzel stated that US plain systems vere read and 
subsequently a US system consisting of a five letter book 
enciphered by monoalphabetic and. bigram substitution, This 
system was. not solved currently as they only read back material 
several months to a yeas old. The tables changed within the 


message and this chenge vas shown by an indicator. The 


successor to this system vas not broken because there was no 
{indicator in the middle of the. message to show where ‘the 
tables. changed. (I 25 p.3.) 


American State Depart tment system used. by . Harrison 
from Gerne. 

Fhe’ KSSSages of Hasvisen® in Berne vere ‘jehtioned as” 
examples cf signals intelligence by Jodl and Goering and by 
ecryptenalysts of several agencies. These messages were sent 
in the. compromised Brown code and Rentschler stated that they 
had been “read up untik quite recently”. {I 1k. IF oe 


a Joint. Anerican and British eystems. 
Pastzel refers to FA success vith American and Britis h 


uneneiphered codes but kmew of -no instance of an important 


message being sent in a low grede system. Rentschler knew 


‘that American and British commercial messages were read, 


some of whien concerned snip movements. These vere “mainly 
concerned with individual ships; convoy information was not. 
@ealt with by cis aection (Evaluation). Tranow, of the 

Slenal Intelligence Ageney of the Nevy High Command, referred 
to commercial messages supplied to the. Navy by the Fa. 


(1 2>p.4;5 iF 15% 1: 93). 


‘Belgian Systems 


Belgian Unenciphered books. 
Paetzel stated that the Belgians used one. ook with and 
without substitution encipherment. It was read in both 
cases. ‘I 25 p.2.) . 
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British Systems . 


British Consular Systems... oF 
Remtscnler stated that a message from the British consul 
at Cairo gave some information and Jodl recalls important 
information having ‘been gained from this source. {The refer- 
ence by Jodl is presumed to be to a FA decodé.; In the Pers. 
25 Yearly Report for 1942, British Empire Section; there is 
reference to a statenent. by ORR Waechter of the FA of a 


Yruitless attempt om a Teneriffe-las Palmas Consular code. 


He also reported that a system used between Teneriffe and 


‘Las Palmas had been vorked om by the FA in Februery ighe 


which proved to be a case of transposed plain text. (IF 
15, 1 13 3, D 16). 


British Diplomatic systens.- 
Schroeder stated thet Hitler delayed his discussions 
with the British Prime Minister, Chamberlain, during the 
Bad Godesburg {Munich} Conference for several hours. “while 
& message sent to London by the Prime Minister could be 


decoded. Seifert states that work on British Diplomatic — 
cipher sy7scenz Was useless and no success was obtained. 


"Thore was an cecasional physical compromise. We captured 


Clear text and a basic book a HNoryay but had no success 


with them eryptographically” . He did not remember whether 
the clear text was ever available to Hauptabtellung VY bat 
did remember the basic books. In regard to low grade systems 
Seifert stated that un-snciphered books were attacked and 
read, Rentechler stated that second, third, and fourth 
grade British Diplomatic Codes could be read. (IF 1323 

I 25 p. 2; IF 15). 


: British Interdepartmental Cipher and/or ( Code. 

. frsnov, of the Signal Intelligence. Agency of the Navy 
High Command, stated; "From the middle of 1942 results fell 
off because of le ss waterial., However, we continued to deci- 

pher @ very good percentage of what materiel came in. The 
militery situation nad now changed. Russia had entered the 
war. Treffle with Ankara and Stockhola was very heavy but 
actual Navy traffic dropped considerably. I’ informed the 


FA, the OW, and the GAF of the existence of this cipher in 


21940 and she Fa and the Navy.vorked on it. The ORW and the 
GAF restricted themselves rather to receiving the cypher 
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data when worked out. The GAF did a little work on it, 
however, and passed any recovered keys to us, The cypher 
went out of farce in December 1942. That was the last of 
it. J] believe it vas afteryvards still used occasionally at 


‘a fey stations. I stopped work on it at the Navy about the 


end or middle of December 1942. The FA continued to. send 
occasional vesults. Im particular these consisted again and. - 
aesin of informaticn about our U-Boat losses and the British 
shipping losses ete. This vas im the first months of 1944 
ap to the summer of thet year. “Faetzel merely thought that 
the FA worked on Interdepartmental cipher. Voegele, chief. 

of Section "E" of Chi Stelie {OKL/LN Abt 350) stated that. 
there was an exchange of" recyphering book results for the 
Interdepartment Code [italics mine] with OKW,0KM, and the FA 
im 1940 up to 1948" “The British Empire Section, of the 

Pers £8 Yearly Report for 1942 stated that the work on this- 
system vas stopped in the swmer of 1042 because the traffic 
recelved was slight and in consequence the additive sequences, 
which were received only late from the Ministry of Aviation 
{Fa} revealed fragments of a text which was generally uninter- 
esting. _ Miss Hagen, the head of the Pers ZS English Group, 
stated “there was no liaison vith the. FA except on the suoject 
of the’ Interdepartmental Ciphers”. (I: 347; 125 p.3; E112 

p- 9; D216 reports 3 and Ms I 172 #13). 


"Code: 'B-30"", | - ij | 
The British Empire Section of the- Pers oS Yearly Report 


For 1942 refers to FA liaison in that. year: "In February 


19/2, at the request of ORR Waechter of the FA, an attempt 
Was made to establigh contact with the FA, which hovever, 
did not get beyond a general exchange of ideas. The only 
concrete results were that the FA placed at our. sanposat 
a list of approximately 50 'B-30' ‘Pecovered groups = 
{D 16 report 4 ‘page 1). 


Bank of England | Code. 


- Saverbier ros states that a Bank of England Code was broken 
in (29 (See SNTABANK below. I 162). 


Bulgarian Systems. 


om Bulgarian Codes. 
Pastzel ‘stated that Bulgarian systems were basically a. 


‘fev Five digit~codes with repaginations or Yrelineations. A 
1940 report from. ‘the Pers 25 Bulgarian Group mentions thet 
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the FA had furnished them with photocopies of two Bulgarian 
erndes, {J 25 p. &; T 2038, Report of Bulgarian Group 1 
January 1940). Ticom Doc. 240 (Film 34) has a list of 
Bulgarian material in the possession of the FA. It is not 
known whether this material was at Kaufbeuren or not.. The 
list contained some. twenty entries, including Dictionaries 
and Work Books, and was marked "To be Destroyed". 


Chinese Systems 
Chinese Traffic. 


Chinese traffic was worked on ‘at one time, according 
to Pastzel, but not towards the end. Some progress was. 


' made but nothing was read. (1 25 p. 7.) 


Clandestine. fraffic. - 


Clandestine Traffic of Detained Persons. . ‘ 
Clandestine traffic of detained persons, according to 
Seuerbier, was mostly scattered messases in individualistic. 


-systéms which were rarely solved, (I 162.) 


Czechoslovakia Systems. 


Skoda Company Commercial Code, . 
According to Sauerbier one of the major undertakings 
in the prewar FA was the code used by the (Czech) Skoda- 
firm to Iran and Irsq in 19355. This was concerned almost. 
entirely. with tem fs building projects. (I 162.) Ticom 
Document 240 Item 42 is a cover letter for "Czech Nessages® 
to be sent to the "Sta Poleit, Prag”. — . 


Danish S$ stems. 


Danish Diplomatic Code. 
Sauerbler said that about 50% of the traffic in the old 
Diplomatic code was read up until 1940, Nothing was solved 
thereafter except en occasional ree ags in the old code on 
some minor commercial matter. °(I 162.) . . , 


Ethiopian Systems. 


“Ethiopian Code. 
paetzel said that the FA ‘nad "done a little work on an - 


Lthiopian Code". {I 25 p.8) 
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Finnish Systems. 


Pinnish Machine Ciphers. 

Paetzel said that the FA at one time had cribs for the 
Finnish {or Swedish?} Hagelin end broke in. He subsequently 
stated that 1t was possible to break the Finnish <3 at 
they had’ 4,000 letters or more of text. (I. 25, = 54) 


French Systems. 


French Diplomatic Ciphers. 

Goering stated that "the ciphers of the French Forefien 
Office at the Quai d'Orsay had been obtained" but he did 
not remember the details nor give the date of this compro-- 
tise. An Associated Press story, based on Goering’s perscnal — 
copy of his own telephone conversations at the time of the 
Ahschluss , | indicates that the ciphers mentioned above may 


.well have been a very high grade system. Goering was reason- 


aoly gaurded in his telephone conversation and the newspaper 
translation itself is not technically perfect from our 
specialized viewpoint. . The conversations reveal Goering 


telephoning Hitler (in. Austria to celebrate the triumphal 


of the Anschluss) that no action by France was to be feared 
because England had refused to back her in display of force. 
Goering assured Hitler that the. information was certain 
because it was based on information from the Brown Reports 


‘taken from decoded telegrams of the French Foreign Office. 


The mention of the Brown Reports indicates that the FA 
was involved. The conversation was as follows: "Tell the 
Fuehrer that the Brown Reports have jnat come which are 
completely clear because they were. s¢ized 1? Clear because 
the ciphers were “seized"?%}. . ‘The French indeed wanted 
to go into action without any reservation and so pressed 
most hard on the British. I can send you all the decoded 


‘cables. And only because lingland declined the whole action 


has blown up. . . Today France tells its ministers in the 
various countri ies it can do RON ee because Maetend refused 
s 1s 143, IF 183). . 


French Cade. -_ 
Pers ZS records referred to oe in 194 on @ 10; 000 


group figure code designated as "19". The first solution was 
-gaid to have been achieved by the PA using captured tables 


which were later turned over to Pers ZS.. Dr. Brandes. the 
head of the Prench Language Section in Dr. Paschke's sub 


le, 
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section of Pers-.ZS, stated that he was responsible for 
liaison with the FPA for the group. According to Seifert, 
the FA had success with ail French unenciphered books 


("tds | was particularly prodictive because the French used 


a. large numbér of these books"). (D 54, p. 13, report 8, 
page 18; I 25 p. 2). 


_ Vichy French Code. 
Rentschlergtated that the easiest system to break of 


all of those worked on by the FA was "French (Vichy period, 


De Gaule used Allied codes and consequently his diplomatic 


“traffic is not read) since Vichy changed its code only 


about every four weeks. (IF 15). (This statement of | . 
Rentschler appears contradictory. It would be expected that 
Vichy ecades would be available ta the Germans without 
necessity for breaking, and the reference to "captured 
tables" in the paragraph above would support this belief. 
However, it. may be that the FA and. Foreign Office did not 
receive diplomatic: codes or ciphers through the German — 
Arniistice commission which may not have been interested 
in such liaison.] : 
German Systems. . 
Commercial Codes, _ 
Sauerbier said that in peacetime fie was “concerned almost 
entirely with commercial codes in the German language. This 


involved the traffic of German firms to foreign countries 
during the four year plan. (I 162. ) 


Greek systems. 


Greek Codes. 
Pastzel said that Just two Greek plain codes were 
read. (I 255 Pp. 8. ) 


Hagelin Machines. 

' Paetzel said that Hagelin messages were never broken 
because they were never long enough. He estimated that. 
perhaps 5000 letters would be needed. However, in a second 
interrogation he contradicted himself in connection witn 
Finnish and Swedish systems where he stated that cribs had 


been secured and the Hagelin read. He also stated tnat "at" 
could be read on 4000 letters. ics 25 p. 6; I 54.) . 


BO. 
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@ 7 lungerien Systems tems. 
‘Additive System. 


Paetzel stated that the Hungarians used an additive 
‘changing with the message which was not solved. (1 25s Wee) 


intabank systen. 


“Intabank Code. 

Sauerbler described the aOMiELoA in 194% of the coke 
used by Intabank, the International. Bank at Basle, as a major 
effort of the ‘section. The code used was an old Bank of 
-ungland code which had been solved in 1941. The pages were 

shuffled and an encipherment added but solution was achieved 
by the use of cribs and common form :-messages of which the 
best was a statement of the daily exchange rates between the 
various countries. The detail of the encipherment Was as 
follows: tne basic system was bigram substitution from a 
table different for each link and changing each three months. 
The text was divided into segments of three or four groups, 
and tne plain text bigrams for encipherment were prearranged 
pairs as 1 and 15, 2 and 14, 6 and 10, etc. Very long 
Sopens and near-depths were * produced on closely similar 
umber values and this was the entry. The whole solution 
_ took Sout six months, starting with 1942-43 and working up 
& 2 to 1944, The interception of the traffic was not syste- 
matized at any time and Sauerbier did not believe that more 
than 50% of all the: traffic wes read as e.result of the 
solution. ie G2): 


{rish systens. 


; kveipneved Code, ary 
. Paetzel said that FA/7 worked on Irish enciphered codes © 

with considerable success up to the end of the war. Inter- : 
vogation of Pers 26 prisoners referred to the Government 
Telegraph Code, which “was used ty the Irish government for 
diplomatic © communications, with an encipherment by two 
substitution alphabets. The FA solved the keys used on tne 
Berlin and Madrid links. in 1943. FPers 2S took over the keys 
from the Fa in 1944. (I 54; I 172 p. ll. ) 
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italian Systems. 


Enciphered code, cr 

Rentschler claimed some success on hign grade Italian 
Giplomatic systems. The Annual Report of the Italian Group 
of Pers ZS for 1940 indicated a fairly extensive Pers Z5- 
FA cooperation on Italian systems. Intercept of the FA was 
made available to the Foreign Office and from 1939 through 
1940 there was 4 regular exchange of encipnerment tables. 
Tn September 1940 and’ in November 19%0 there vas a mutual 
exchange of bock groups on ‘two codes "AR 38 and RA Vv. 


(UF 155 T2252. ) 


. Japanese Systems. 


Diplomatic systems. 

_ Rentschler claimed some success with Japanese diplo- 
matic. Goering remembered that information was obtained 
from the Japanese ambassador in Berlin reporting home. ~ 
Paetzel described a Japanese nain diplomatic system which 
employed a cade. book enciphered by a combination of trans- 
position and Raster. They were successful with this up until 
tne last phase of the war. He also mentions a transposition 


-  ywaith nulls over two and four letter code. This had s compli- 


. ‘ 7 


cated indicator system, It was worked on in the middle of 


°1943 and again in January 1945-when it was believed to: be 


the ‘same system. (IP 15; I 145; I 25, P I 54. 


Machine System. 

Paetzel stated that a Japanese system was broken in 
1941-1942 which was thought to be a machine system although 
their solution was not. me chanical but euployed simply paper 
strips. (I 54). . 


Latin american Systens . 


Paetzel stated that the FA ‘read all Mexican. {traffic} 
and some smaller countries like Costa Rica, Paraguay, and 
Venezuela. They were usually periodic substitution but 
Mexico had codes. {I 25, p. 8.) 


Manchurian Systems. 


“Paetzel said that Menchurlan traffic was worked on but 
ne knew nothing about it. (I 25, p. 7.) 
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AF OUTPUT 


DELAY 
VOLTAGE 


Delayed and Amplified AVC 


V1 is the detector. V3 is a separate DAVC reception of CW signals. The BFO, which 
tube. The IF signal is applied to V1 for detec- makes CW reception possible, produces a 
tion. It is also applied to V2, an IF amplifier strong signal which plays its part in forming 
used to provide a separate channel for the the AVC voltage. Thus, the BFO helps to re- 


DAVC circuit. The output of this amplifier duce gain. This reduction in gain becomes ex- 
is applied to the DAVC diode. Because of the cessive unless special measures are taken. The 
separate channel IF amplifier, the IF signal CW switch shown in the circuit diagram on 
applied to the DAVC diode is stronger than page 48 permits two precautionary measures. 
the signal applied to the detector diode. As a The switch has three positions. In the A 
result, the AVC voltage taken across R2 in- position, B+ is connected to the BFO and 


creases more rapidly than the signal strength the AVC is grounded. In this position, the 
applied to the detector. Thus, with proper switch permits CW operation without AVC. 
gain in V2, the response to strong signals is In the B position, the switch connects B+ to 
almost constant. the plate of the BFO and adds a capacitor to 
. the AVC circuit. This 0.25-mfd capacitor in- 

Use of AVC for CW Reception creases the time constant of the decoupling 
Special precautions to maintain high sensi- filter so that the AVC voltage does not follow 
tivity must be taken when AVC is used for the make-break characteristic (the interrupted 
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Mexico - see Latin Aucrica. 
Minatlovitch System. 


, Paectzel stated that the FA nad success with Yugoslav 
traffic which he thinks was Mihnailovitch. It was five digit 
or five letter with dinome substitution of the corresponding 
position of pairs of code groups. (I 25, pp [- “#). 


Norvegian Systems. 


Diplomatic Code. 
Seuerbler said that an unenciphered five letter code 
was read completely up to 1940. Nothing was read after the’ 
Norwegian government moved to London. Sauerbier had a 
Vague impression that they had gone over to a machine. AI 162). 


. t 


Polish: Systems. 


. Polish Diplomatic code. 
The FA was interested in Polish systems betwcen London 
and Washington, Berne, Ceiro, and Jerusalem but nad only 
-sorted them by link. In describing the work of FA/9, _. 
Sevierbier only recalled the solution of a Polish diplomatic 
_ code in 1940- ha nis he remembered as using one additive 
: ee. of specific length, which after 1943 became too long to 
produce depths, so after that date it was not. solved. 
This sounded. to the Interrogator more like a Polish Home 
Office System than a Foreign Office system}. The Situation © 
report cf the Pers ZS Polish Group dated 1 January 1940, 
-pevealed that at that time both the FA and Pers ZS were 
working on s secondary consular system and that Pers 2S 
received Polish intercept from the FA. (1 22, I 162, 
T 2038.) 


Polish Agents! Systems. 

Seifert remembered traffic of Polish Agents in Czecho- 
Slovakia. Paetzel described these systems as numerous. 
aperiodic systems employing many cover names but was unable 
(or unwilling? ) to give any information about. the key. 

Lt. Schubert, in charge of work on Agent Systems on tne 

Eastern Front for the Signal Intelligence Agency of the - 

Army High Command (OKH/In 7/VI) mentions Wenzel of the FA 

as an expert on Polish Resistance Movement traffic although 

he does not know if any of this traffic had been read by the 
Fa. (125, 154, 1 26. ) 


DOCID: 


— 
-@- 
; 


@ 


3486670 


Portuguese systems. 


Portuguese Codes. ; 
Paetzel said that the “Portuguese were very conser- 
vative. They used e@ five digit code plus substitution. 
It was very, very simple. I 25 p. 6.) 


Russian. Systeus. oY a 


Diplomatic Code and Additive. 

‘Sauerbier mentions "a few people who were erigaved in a 
fruitless attack on Russian diplomatic traffic. This attack 
culminated In tne belief that tne system was a code witn. a 
non-repeating additive. (I 162. ) 


Commercial Systems. 
oelfert mentions work. by tne FA on economic traffic 
passing between various points in Russia. ‘Our greatest . 
success was obtained on internal Russian traffic whicn enapled 


us to discover the various bottlenecks in tne Russian supply 
organization.” Paetzel said that this traffic comprised 


several hundred messages a day and was clear. text mixed with 
cover \gimes and was used by. industrial plants, foundries, 


. arnament works, plane factorles and so on. {i 25s ppl-5) 


‘Russian Teletype Traffic. 
Buggisch (a specialist. at both the Signal Intelligence 
Agency of the Supreme Command of the Armed Forces and at the 


Signal Intelligence Agency of the: Army High Command on 


machines and Russian) ."heard in 1943 that the FA had claimed 


/ Some success on & Russian teletype machine and had recons- 


tructeg the macnine. It was.a macnine witn a very long cycle 
being not prime but the product of several smaller cycles- 
like the SZ 42." Buggisch did not know the cycle of all the 
individual wheels or any other details. Me heard this from 
Doering “who was then doing his research on the T 52 but’ 
liaison with the FA was bad anyway (Mettig was particularly 
opposed to. the SS taint) and the next Buggisch heard was 
that the trarfic found by the FA had stopped. Buggisch 
remembered ‘only that the cycle of one of the wheels was 

37; the others he thought varied widely, from 30 to 80.” 
Buggisch was again questioned about this telety yRe machine 
SUCCESS of the PA on what specifically were the "results 
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“@ 
of the FA’. mentioned. in connection with the Russian cipher 
teleprinter and ansvered in written homework that: .the FA 
nad analysed.a Russian cipher teleprinter system in 1943 and 

; recognised that it must.nave been based on a machine having | 

‘certuin similarities with the German SZ 40. after a short 
time the Russians altered the system. The FA then communi- 
cated its results to my unit and were given as a kind of © 
recompense a report on the solution of a German cipner 
teleprinter, This was one of the very rare cases where 
the FA and In. //VI exchanged results. I did not study the 
FA results at that time as I was not responsible for work 
on. cipher veleprinters, and hence can give no details. At 
all events the Russian machine {just as in the German types 
SZ 40, SZ 42 but in contrast to the T 52 a,b,c, and d) gave 
only 32 different substitution alphabets; the succession of 
walen ocecame periodic only after an astronomically large 
number cof steps. This succession was given by a. system of 
pin wheels, the peripheries of which were: prime to each other 
at an estimate lay between 30 and 90. In any case tnere was 
no complicated mitual influence of the pin wheels on each . 
other (as for exauple tin the T 52.4)." (1 64 p. 2; 1176 p. 6) 


Agent Traffic . 
— O ; Sauerbie r, wie worked on. Russian Agent Systems for the 
“~~ - Orénungspolizei (Qrpo) and wrote a lengthy paper on the type 
of systems involved, stated that he was approached oy the 
Orpo in 1941 with a request for cryptographic advice on the 
systems used by the Russian agents. They gave him copies 
of systems that were captured with agents, and he grouped . 
these by categories. Analysis was limited almost entirely 
to a study of characteristics and recognition Stgnals with 
& view to advising on the possibility of a “Gegenspiel” 
Counter- -Baiie--emb Loying the agent after capture. or pre- 

tending to be the agent.{ This work was done first in ; 
Sauerbier' s own time. enzel, his chief, opposed his involve- 
ment in it Gut wes powerless’ to prevent it as the requests 
later came down through proper channels directed to Sauerbier. 
It was &@ one man job entirely with only occasional help of 
a girl file clerk. It generally took about one half of 
Sauerbier's time. He estimated that a total of.1500 differ- 
ent keys passed through his hands, mostly hand svuostitution 
systems, mostly in Russian but many in German (Sauerbier 
himself did not know any Russian). Of these only 4 or 5 
were solved without a completely captured key. One. of the 
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achievements of which Sauerbier was proudest was the use of 
an ordinary book left behind by an agent to solve his traffic. 
Sauerbier was never concerned with radio procedures, but purely 
with the cipher systems used. He was able to give advice on 
the probable group to which an agent belonged and could 
then consult his records for an account of the success 
or failure of a particular technique of “Greenepied: against 
this group. ( I 162; I 164. 

A possible additional example of FA ' ‘success" ‘against 


the Russians was chanced upon after the completion of this 


paper and has been . inserted here without evaluation. While 

going through an inventory of the various boxes of material 
recovered by TICOM from the Foreign Office Cryptanalytic 

Section (Pers ZS ) the following item was noted : "Box 13,iten 

18. Green folding box containing: a) Pink folder marked ‘Russisches 


Beutematerial (Ueber FA)' containing, (1) Photostats of Russian 


book of additive tables (including instructions for use) ,dated 
1940.(2) Some photostats of 5 figure Russian traffic. (3) Blue. 


folder containing photostats on ' Instruktion flr die Behbrden 


des NKWD zur Fuhbrung der Chiffre-arbeit,'". This’ material is 


available as TICOM DOCUMENT 6 on Film ‘de 


Saudi Arabian Systems. 


Saudi-Arabian Céde. 
When askéd if the FA had done any work ‘with eaten ‘eobews. 
as Saudi-arabian, Paetzel expressed surprise and asked if Saudi 
Arabia had a system of its own. a I 25 p. 8.) a 


Scandinavian systems.“ 


‘Dr Mueller of Pers ZS stated that he “had some unofficial 
liaison with the people in the FA who vere iar taste on Scandinavian" 


but precttiee no date for the collaboration. ( I 22 #182.) 


Spanish Systems. 


Spanish Additive System, | 
Paetzel described a syatem of additives differing according 
to traffic link.Each link had ten tables,with 100 four digit 
groups on each table. The indicator (unenciphered ) was the serial 


“number and came in the second or third place. Paetzel stated that 


this was, the most recent thing he had worked on personally. ( I 255 


pe 6.) af 


‘Spanish Code. me 
The Pers ZS Yearly Report for 1942 mentions a | Spanish o4 


Code which was not worked on by Pers ZS because of a lack of. 


traffic. The Fa worked on it and believed it was a machine 


system. It was-a four digit code with O04 the indicator. (D 16, 


Reno Kop. .) 86 | : 
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Swedish Systems. 


_ Swedish Consular Traffic. ( 

Although Rentschler stated categorically that there 
was no success with Swedish systems Sauerbier mentions a 
4 or 5 digit non alphabetic code especially used on the 
link between Stockholm and Tokyo. Almost all of the other: 
links went over to machine in 1939 but Tokyo was unable 
to convert. The machine was Swedish made and was culled . 
the "KRYTAA".. Sauerbler thinks it had 15 numbered. wheels. 
[This sounded to the interrogator like a thoroughly garbled 
version.of either the KRYHA or Hagelin machine, Sauerbler 
did not seem sensitive on the point or to be. garbling 
deliberately?. He stated that. none of the main consular 
links toa Washington, Loridon, or Paris were ever read nor 


_ was there any | success with Swedish diplomat in JNA: C. 


AE AGE) . . * 


Swedish Hagelin. Oo 
Pestzel. stated that they had this pe of traffic. 


See the discussion under Finland for his statement that 


“either the Swedish or Finnish Hagelin was broken. and contrast 


Sauerbicr immediately. preceding. ac: 25, p. 6; I bik a 


 Suédish-Turkish Commercial. . 

- Ssuerbier stated that commercial traffic between Turkey 
and Sweden was attacked particularly and solved but yielded 
mone of the expected Information on shipping possibilities. 
(It 1s not clear whether this is Svedish or Turkish traffic] 


Swiss Systems. 


Swiss Enigma Machine .. ’ 

Paetzel stated that the Swiss Enigma was formerly broken 
for a while, but.only when it was improperly used. ‘The same 
internal settings were used for a long time. After the inner 
settings changed we did not have any more solution. At first 
ve reconstructed the wheels from cribs and from the fact that 
the inner settings remained the same. In his 1941 Report 
Dr Brandes of Pers ZS mentions solution of the Swiss Enigma. 
Apparently the FA furnished Pers ZS with a partial solution 
which Dr Kunze vas able to complete... Thereafter there was 
an exchange of keys between the two agencies. (2 25 p.3: 


D 54 report 8, p. 8.) 
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\ ‘Swiss Three Letter Code, 

The Pers ZS Yearly Report for 1941, Report Nr. 8, 
mentions a 2304 group, three letter code. Its tables were 
first solved by the FA and later by Pers ZS. {(D 54 report 8) 


c 


Thailand Code. . 
At the beginning of 1942 Pers 25 turned. over a Thailand | 
code to the FA. to copy. (Pers ZS Yearly Report 19h2, D 16, 


‘Thailand Systems. 


report 4, page 3.) 


Turkish systens. . 
Tur rekish Commercial- ~see Swedish- Turkish Comercial. 


Turkish Diplomatic Systems. 
Rentschler claimed. some success with high grade Turkish — 
diplomatic systems. Kotschy and Boscheinen stated that 
"OKH In 7/VI broke the Turkish Diplomatic Code when the FA 

was having difficulties with it" and subsequently stated 

that the FA turned over Turkish diplomatic to Kona 4 in 

the Balkans, receiving only decoded traffic from In 7/VI. 

(IP 15, CF 1O5B, IF 126.).. 


United States syatems-see Amevi.can SABES ES. 


Vatican Systems. 


Vatican Code. 
In a captured Pers ZS reconstruction of a Vatican ‘Code 
Book the signature of a Fraulien Titschak appears with the 
date of August 1939 and a notation that she had copied out 


values at that time for the FA. (Fraulien Titschak vas a 
inember of the Foreign office Cryptanalytic Bureau). The 


Annual Report of the Italian Group. of Pers ZS for 1940 
indicates that while Pers ZS did some work on Vatican systems 
most of the identifications on Vatican systens were received 
from the Pa, (T 93, film F; T 2252.) 


Yugoslavie. systems- see Minatloviteh. 
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APPENDIX II 


Translation of a Forschungsamt directive signed by 


Schepper, 
ZHO item 34, IF 135. \ 
GENBIME 


(Secret State 
(14/5 /45- in ink)* 


1-29/45 sks 


found in the quarters occupied by the FA at 
.Kaufbeuren on 9 May 1945 by Ticom Team 1, 


Ticom document 


REICHSSACHE 
ocument.) . 
Kaufbeuren, 9 March 1945 _ 


toe: «le 2a; TET, IV, V, VI. 
1,2,324,5, 6 ale 8, 9,10,11,12,13,14 
Service Post Seifert 
Branch Office Berlin . 
Ourstation Berlin 
| Hamburg 
es Vienna - 
a. x Munich 
; Liaison | ‘Office: ‘Foreign Office 
—_ Ministry -of Economics 
* +] au ORW , 
re Q . : Reich Security Office 
i " _ Propaganda Ministry 
subject; OPLenteeL tony Present Reorganization of the 
Bureau and Branch Organization. 
1. I have determined on the soleeuins: orca tet lo of 


the Bureau: 


- Bureau Se. 


Main Section I: 


_(Hauptabteilung). 


Section I- 
(Abteilung) 


Ppiesetion of Buxeau Opera- 
ations Ministerial Director 
Schapper 


S$; security; official 
. correspondence; Civil’ Service 
Personnel; basic problems of 
personnel administration and 
budgetary transactions. 


se epee gierae secrecy; 


Principal Specialist Bergeren 


Central Abteilung Gefirds; - 
Security; Air Raid Defence; 


*Crossed at: in ink, apparently a correction as of 14 March. 


: a) 
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ife 
section 
i/e 


Mein Section 


_ 


afoot 
section 
a/c 


Main Section 


ife a 
Section 
ife . 
section 
ife 


Main Section 
ifs 


Section 
ie 
section 
section 
ife | 
section 
tfe. 


Hain Section 


ife 


section 


LO 


GU 


Organization; 


Correspon- 


dence; Secrecy; Camouflage, 
Special problems. . 
Senior Specialist Rosenhahn 
Administration 

Principle Specialist 


Kunsemueller 


Personnel 


Senior Specialist Kempe 


Personnel 


senior Specialist Kempe 


Interception, 
Examination | 


Sorting and 


Principal | Specialist Breuer 


Interception 


Specialist Popp 


sorting 
RR Dr. Henke 


esaes: ne Gipneke: 
Minister Dirigent Schroeder 


Research 


Senior Specialist Dr. Paetzel. 
Overseas, Southwest . 

Senior Specialist Waechter 
West and. South 

Senicr Specialist Schulze 


East, Southeast, Middle, 


North 


Senior Specialist Wenzel 


Evaluation 


Information collection and 


Principal Specialist Seifert 
While Principal Specialist 
Seifert heads the Service .... 
Post Seifert (as is ment-: 


ioned below). 


Senior Special- 


ist Dr. Kurzbach replaces. 


-him in RAUsT eure nS 


PiPomaaeton Dissemination 


Specialist Dr. 


‘Mews 


ss 
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ife 


Section 12 
ney omnes 
section 13 
tie 3 


Main Section Vi: 
i/c 


Foreign Folitical Evaluation 
Principle Specialist Dr. 


Kurzbech 


Eeonomic Evaluation 

Acting Head Brieschke 
Internal Affairs Evaluation 
specialist hentschler 


Technical 

senior Specialist Dipl. Ing. 
Stabenow | 

While Senior Specialist 

Dipl. Ing. Stabenow heads the 


- Branch Office Berlin (see. 


Section 14 
ije 


service Post Seifert 
& in Berlin . 
{(Dienststelle Seifert) 
ife 


2. Subordinate to tne Bureau are: 
a) The Branch Office 
Berlin 
(Zveigstelle Berlin) 
i/e 


I have determined on the 
Branch Office Berlin: . 


Work Section ie 
{arbeitsgebiet). 


paragraph 2 below) he will be 
replaced at Kaufbeuren by 
senior Specialist res 
Huppertsberg 

Technical 

Senior Specialist Dr. 


Huppertsberg 


Information Head, Special 
instructions of the Bene 


' branches. 


Principal Specialist seifert 


Senior Specialist Dipl. 
Ing. Stabenow 
Pe organization of the 


Security: ARP; Gaurds:; 
Camouflaging ("Cover") of 
special correspondence; 
special assignments; Passes 


(Badges?) special supplies, 


‘ courrier. service. | 


Aife 
Work Section 2: 


Civil Servant Dr. Gerth 
Administration 


DOCID: 


3486670 


Ben 


pemgg 


a 


ife ~ Specialist Henke > 


Work Section 3: _ Personnel Administration 

ife . Specialist Czwalinna 

Work Section 4: Technical Development 

afc : Acting Head. Specialist 
Truebenbach 

Work Section 5:. Technical Maintenance 

i/e Fin Specialist Cden — 


b) The Outstation Berlin of the Forschungsamt 
(Forschungsleitstelle) 


i/e Specialist Thieme 
The Qutstation Hamburg of the Forschungsamt 
a ea Senior Specialist Kirbach 


The Outstation Vienna of the, Forschungsant: 


he ; _ Senior Specialist Dipl. 


ing. Fleischmann 


-The Qutstation Munich of the Forschungsamt 


ifé: Specialist Niedermeyer 
c) The Liaison Office-Foreign Office 
(Verbudungstelle) 
pe fom ' Civil Servant Dr. Gerstmeyer 
«. ae Liaison Office-OKW Des 
ife _ Civil Servant Dr. Klautschke 
The Liaison Office-Reich Security office 
ife - Specialist Dipl. Ing. Scholz 


The Liaison. Office-Economic Ministry and Ministry for 


War Production’ 


ife -  §pecialist Dr. Hilligardt. 


‘The Liedson Office-Propaganda Ministry 


ie. Civil Servant Severitt 


Postal Address 


For the convenience of all concerned I. give the following 
Postal address of the Forschungsamt: 


Por the Brancn office ‘Berlin, Outstations Berlin and 
Homburg, and the Liaison Offices: 
Reichsiuf tfehrtwinisteriums-Forschungsamt 
(1) Berlin~-Charlottenbur 
Schillerstrasse efizi 


For all higher offices: | 


Reichs lait tfahwen ini acevidawwond cnunadaut 
(13) Reatveunen(alis: 


ye 
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AVC RECTIFIER 


AVC 


TO GRIDS 
B+ 

ian 

AVC with CW Reception 
carrier) of the CW signal. In position C of the electron coupled Hartley, an oscillator of good 
switch, no B+ is applied to the BFO so that stability. 
it is inoperative, while the AVC remains These oscillators are heterodyned against 
normally operative. the IF through the various kinds of coupling. 

Some communications receivers achieve sat- At A, coupling is through a small capacitor, 1 


isfactory CW reception while AVC is operating or 2 mmf, to the plate circuit of the final IF 
by taking the IF signal for the AVC detector amplifier. At B, a few turns of insulated wire 
before the point where the BFO oscillations around the lead to the plate of the detector 


are introduced. Thus, the BFO cannot affect provide capacitive coupling without a capac- 
the amplitude of the AVC voltage. Such an itor. The capacity between the coupling wire 
arrangement is called a separate AVC channel. and the wire of the plate lead accounts for the 


transfer of the signal. With this type of coup- 


BEAT FREQUENCY OSCILLATOR ling, the output of the BFO must be kept low 


To enable a superheterodyne receiver to to prevent blocking of the detector. At C, 
obtain intelligence from a CW transmission, there is capacitive coupling to the grid of the 
a beat frequency oscillator is used. The output final IF amplifier. 
of the BFO heterodynes with the IF and pro- The stability of the BFO is important. 
duces a difference frequency which is audible. Therefore, a voltage regulator is frequently 


A BFO, set at 466 kc, can heterodyne with used for the plate supply voltage. In addition, 
a 465-ke IF to produce an audio frequency of the BFO is well shielded to prevent coupling 


1000 cps. of harmonics to the preceding IF and RF 

Notice the typical BFO circuits at the right. stages of the receiver. In some cases, for 
The circuit at A, a modified Hartley, is widely stability and shielding, the BFO is enclosed 
used. The circuit at B, an Armstrong, is used in an insulated, temperature-controlled com- 
in some Air Force equipment. At C is an partment. 
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tn 


The courvier service between Berlin and Kaufbeuren continues, 
this time it is the quickest possible connection. 


Administrative Relation: 
a) fhe Reporting Center Seifert is administratively 
subordinate to the Branch Office Berlin. 
b) fhe’ Liaison offices are administratively. subordi- 
‘nate to the Branch Office Berlin. 


authority . 

a) The head of the Reporting Center Seifert has 
essentially the authority of a Main Section head 
conformadle to Standing Orders. — 

t) The head of the Branch Cffice Berlin has essenti~ 
ally the authority of the head of an Outstation 
conformable to standing orders. 


Signed 
schapper 
witnessed: LEulenberg 
author 
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Description of Ticom Document 240 (Film 34) 


item Date 


1 10/9/43 
2 TOs JAS 
3 A-H 7 

ae ; 


és 2 


5 A-C 11/8/45 


Go * 2 

7. 13/4/45 
A-B 17/4/45 

9 2 


10 10/4/45 


Place of 


. Aubnor: origin Contents 


? Berlin . List of equipment. 

o Kaufbeuren List of .destroyable Bulgar- 
ian Code books, Diction-_ 
aries, work sheets, _ 


oS 


a 2 - Faintly legibile hand written 


instructions for wiring, 
probably of a teletype ~ 

machine. boy 
? ? . Hand drawn chart showing 
. - - floor plan of IBM room, 
presumably nade by Ticom 

ty as Team 1 at Kaufbdeuren. 

schnapper Keufbeuren Instructions for forming 
7 an Fa Vélksturm company. 


3 ae Names of five members of,. 
: FA 9: Otto Lechner, Herman 
Plagens, Pritz Simon, 
Gottfried Gottschalk, Georg 
Krenzke. 


pe: Zaufbeuren Notice of transfer of 


Liselotte Brott and. Erna 
Lange to Seifert in Berlin. 


Kempe Kaufbeuren. Notice of drill schedule for 
FA Volksturm company. 


? v1 ‘Names of five members of FA 
9: August Woisch, Juergen. 
Deggau, Helmut Kuepper, 
‘Georg Matts, Walter Schubert. 


2 ‘Kaufbeuren Notice of movement of two 
A Forschungsstellen. 
‘Copenhagen. A station has 
moved from its previous F 
address to Nyropsgade 17/11, 
telephone number Palae 9469 
extension 35,8,9, and 30. 
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LA B24 L/S Gestapo 


LLB 25/1/45 FA 


12 ABC 7/4/45 Kuebbler 


Lo 


14 


S 


16 


17 


Kempe 


6/4/45 Schapper 


TERPS : “2 


6/4/45 Schmidt 


ITLLEGIBLE 


4 = 


- Berlin 


Berlin 


Kaufbeuren 


Kaufbeuren 


Kaufbeuren 


Kaufrbeuren 


The Wehrmacht liaison 


~Gid not change (phone did 
not?), The A Station at 


Stettin moved on 29 March 
to Griefwald, Banahof 
Strasse, 16/47. Telephone 
Griefwald 3307. 


Letter from Amt IV A-5a of 
the Reich Main Security 
Office to the FA with an 
agents message to be de- 
ciphered, ae ; 
Cover letter forwarding tis: 
above to Kaufbeuren. 


Kuebbler, of FA 9 requests 
permission to stay overni:t 
with his family at Hirsch- 
zell. The request is re- 
fused on the ground that 
his. family, residents of 
Hamburg/Salle, should have 
evacuated to Saxony and 
Thuringia, not to South 
Bavaria. 


Memoranda on interdepart- 
ment phone service. 


Request that Dr. Nevenhoff 
be appointed a special — 
Jiaison man to Berlin for 


‘FA 9. 


Memo on laundry service 
with example of form to be 
filled out. 


-List of personnel of FA 9, 


with signature or notation 


of transfer: 


Pe) 


DOCID: 


3486670 


~@ 


1& 


27/3/45 


wenzgel 


Kaufbeuren 
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eke 
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Arnold, Moritz 
Brott, Liselotte 
Degau, Juergen 


Gertz, Helene. 


Grothe, Ldity 

Guelle, Otto 

Gottschalk,- Gottfried 

Graudus, Alexander /Berlin 

Jentsch, Julius 5.4. 5 to 
Rubbler. 

Kievadt, lise, transferred 
to. FA: pry ahs ie 


Kirstein, Karl | 


Krenzke, Georg. 
Kuebbler, Ferdinand 
Dr. Kuepper, ‘Helmut 
Lade, Karl 

Lechner, Otto 


‘Dr. Ludwig, Helmut 


Matys, Georg 

Mayr, Margarete, signed Yor. 
‘by Brett 

Meinhard, Pauline 

Nusbaum, Ingeborg 

Dr. Plagens, Hermann 

Remwerts~Lukjansky , Dimitri 

Richter, Helga, signed for 

_ by Remvertz 

Roth, Liselotte, 5.4.45 

to Ruffler 


—Ruffler, Georg 5.4. AS to | 


Berlin 


‘Siemon, Fritz 


ocheitinger, Josef 
Schirajerf, trika 
Schubert, Walter 
Steffens, Gerda 
Thomas, Hildegard. 
Walger, Egon 


Note to Czwalinna, Berlin,. 
Marchstrasse 25 b. Frau 
Helene Gertz, » ‘born Spon- 
holz wants a transfer. A. 
Forschungsstelle is suggested. 
She is good in French and 
pends Russian. 
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199 /3/4s 
20 20/3/45 
21 


12/2/45 


22 A-D26/1/45 
23 A-F 9/3/45 


24 A-B 2/3/45 


25 6/3/45 
26 5/3/45 
27 5/3/45 
2B A 2 

B 6/3/45 


29. a-C25/1/45 


- Schapper 


Rosenhainn 
Schapper 


senapper 


Bergeren 


_Schapper 


“y 


Kempe 


Meyer 


Paetzel 


Schapper 


Xaufbeuren 


Kaufbeuren 


Berlin 


Luebben 


Kaufbeuren 


Kaufbeuren 


Kaufoeuren 


Kaufbeuren 


Kaufbeuren 


Berlin 


Kaufbeuren 


Luebben 


oT 


Order replacing RR Harrius 
with RR Dr. Henke as leader 
of FA 5. an 
Memo showing official seal 
for end quarter. of year. 


- Note on transport for move 


from Breslau to Berlin. 


Order closing down the 
Forschungsieltstelle 
Breslau and its branches. 


Memo on laundry service. 
Gives soap ration for FA 
members, 


Schapper circulates an order 
Hitler on papers of identi-— 
fication. 


‘Order on military service. 


‘and Volksturm drill. 


Meyer, for FA 2, passes a 
notice on quarters for - 
members of the FA. 


Memo to IV,7,8, and 9 on 
Air Raid Precautions. 


Handwritten note from 
Forschungsstelle D-2 
‘wanting to know the cor- 
rect address for FA 9. 


FA-9 answers that its 
address is Kaufbeuren, 
Alig. 15 bd. 


Order of Schapper setting 
up Berlin, Iuebben and — 
Jueterboy branches of the 
FA after the move from 


- Breslau. 
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Barely legible directive ° 
from FA IV to 7,859 on 
special air raid pre- 
cautions, working schedules, 
evacuation of material. 


‘Names mentioned . are: 
“RR Lehr - 
‘RR Kagelka (2) 


RR von Stubenfauch ; 
RR Kroeger 


“ORR Dr. Martin Paetzel 


ORR Waechter _ eM 


. ORR Senulz- 


30 A-B 5/3/45 2? -Kaufbeuren 
31 A-B351/1/45 Metzger OKW/WNV/Chi 
32 A~B 1/3/45 Mayer Kaufbeuren 
ao 2/2/45 ? _ Jueterbog 


34 A=-D 9/3/45 Schapper Kaufbeuren 


98 


ORR Wenzel 


Teletype message addressed 
to RLM/FA for ORR Wenzel 
with cipher xeys for Febr- 
uary use. 


popward inc a meno peers 
raid precautions from a 
Major Esgele of the 
Kaufbeuren airfield. 


Memo Prom FA 9 to FA > 
stating that the following 


persons assisted in moving 
Classified materials. from 


Breslau to Jueterbog: 
Karl Kirstein 
Alexander Graudes — 
Juergen Degzau 
Erika Schira jeff 
Georg Krenzke — 
Karl Lade 

Fritz Simon 

Otto Lechner 

Egon Walger 


Directive reorganizing the | 
FA with the main bureau at 


,Kaufbeuren, less FA 15. 
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35 12/3/45 Schapper Kaufbeuren 


. © 36 A-B20/3/45 Schepper Kaufbeuren 


99 


Setting up of a Berlin - 
Branch Office and a Report- 
ing Center under Seifert. 


' Assignment of control of 


the Forschungsstellen and 
Liaison officers. .(Trans- 
lated as first part of this 
appendix. Note item 19, 


of the same day, which 


emends the above order.) 


Order giving dates for, en- 
trance on duty of various 
officials named in item . 
34: RR Niedermeyer enters 
on duty at the Forsschungs- 


‘leitstelle Munich on 


20/23/45; RR Henke reports. 
at the Branch Office Berlfn 
on 1/4/45; and ORR Kunse-. 
mueller in Kaufbeuren OWS. 
10/4/45. 


Additional assignments and 


- transfers of personnel: 


Item 34 is again ‘emended 
with RR Dr. Rautenkranz. 
transferred from the School . 


‘of the FA to nead of FA 12 . 


as of 20 (corrected to 22) 
/3/45; Brieschke is. reléive . 
ed as acting head of. FA 12 
and appointed Liaison 
Officer with the Ministry 
for War Production as of 
1/4/45; RR Dr. Hilligardt 


'is relieved as Liaison — 


Officer to the Ministry for 


War Production and assigned 


to FA 1214145; RR Dr. Fin- 
gerhut is transferred to 
Seifert's Reporting Center 
in Berlin 22/3/45; RR Pro- 
gich(?), while retaining 
his present. position at the 
Waldlager, Luebben, is also 
a liaison official vith the 
Berlin Branch office. 
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37 A~C30/9/44 


yy 


13/1/45 


3/2/85 


26/2/45 
G/3/45 


ne) 
Co 
WS 


(23/3/45 


26/3/45 


45 A-0 B/N/45 


Schroeder 


Metzger 


‘Metzger 


tletzger 


ed 


Metzger 
Metzger 


Rosenhahn 


_ Dresden | 


Schroeder forvards a memo 
= agents (Polish and Russi- 
‘Kundschafter, Spione, - 
Saboteune’ ) from the Abwehr | 
Officer of Wehrkreis Konm- 
mando VIIT. Photocopy was 
made by Schroeder and circu- 
lated. 


Breslau 


-OKW/WFSt/aAeWNV/Chi III A 
sends official key for March 
to the FA. Signed by Major 
Metzger. Address. of Metzger 
is Dresden N 31, Hindenburg- 
kaserne.- 


Dresden 


Same as above, key for March, 
& new emergency key. 


Dresden 


Dresden ‘Same as 37, key for April. 
Kaufbeuren Hardly legible, is to FA 
6,7,8,9 with FA 6 marked 
/ as for information. 


? Handwritten, not very legi- 
ble, seems to refer to 
Stapoleit, Prag. Copies of 
‘Czech messages are to be 
_ sent to Herr Rummel of the 
otapoliet at a Prague 
“address. 


“A nev cipher key for Feb- 
ruery from OKW/Chi. 


Halle/Salle 11 Cipher key for Apri, 
a&. new key. 


Memos on secininy circu~ 
lated for information of FA — 
departments. 6B refers to 


Kaufbevren 
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publication by Reuters of 

@ matter with Secret classi- 
fication and repeats Hitler's 

orders. on handlinp Secret 

and Top Secret (C). 


46 A-B 12/4/45 Bergeren Kaufbeuren Directive from Borman for- 
bidding party members 
(Gauleiters) to try to 
correspond witn old party 
friends in occupied (Allied 
occupied) territory, circu~ 
‘lated by Bergeren. 
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Appendix TT 


Autobiography of Gottfried Schapper, last head of the 
FA. Prepared by Ticom and included as appendix e of IF 15. 


Curriculum vitae of the former Ministerialdirektor 
Gottfried Schapper. 


Born 16/12/1888 in etiam Kreis Stendal, son of the 
Lvengelical lastor, Dr. Karl Schapper. 


ecnools: Elementary school, Classical high school, matricula- 
_ tion certificate 1910. 
' 1910 Fahnenjunker and Lieut. in Railway Regt No 2.. 
1913 Trensferred to Signals. 
ig} 1918 In the First World War: 0. C. Heavy W/T 
tation 15 in the west with AOK 5 (Crown Prince). 
In the east with G.K. X., (Emmicn) 
" I Inf Div {Konta) 
lith Bavarian Inf Div (Kneupel) 
seal AOK Linsingen 
" “ Southeast (Balkans) with O.K. Mackensen as 
& QO. C. Deciphering Station Balkans. 


"! 


1916-1917: o. G. Wireless Section Uigh Command. ‘OL ene Army 
at GH@ and Director of the Cryptographic Bureau (Geheim- 
wissenschaft 1. Abt.) of the High Command of the Army. 
(Interception, Deciphering, Intelligencing of all military 
and political signals. interceptable by. technical devices). 
1918: Divisional Signals Commander with various divisions 
in the west. 

1919: Discharged with rank of captain. 

1919-1920: Marrisd, fell into the mands of revolueionsy. 
_ Swindlers, without work or food, harried by Communists, sold 
newspapers and other things on. the streets, did odd jobs to 
ward orf starvation. 

1920: Secretary of the National Society of Berlin for Res- 
cuing the Reich from the Revolution. Took part in the Kapp- 
Ludendorf Putsch. Persecuted by Communists, moved to Munich. 
1920-1lge7: In Munich. , Various jobs as business manager of .. 
National organizations, of clubs, businesses, and newspapers. 
1920-1923; Member of the N.S.D.A.P. resigned after the 
Putsch of 1923. 


1ue > 


DECEMBER 1956 


Beat Frequency Oscillators 


DOCID: 


3486670 


1927-1933: In Berlin: Administrative officer and head of 
department in the cryptographic. bureau of the Reichswenr 
Ministry. Resigned.1935,; as I could not agree with the 
thoroughly incompetent methods of the cryptograpaic bureau, 
Therefore, 

1933~-April 1945 I went over to Goering, whom I knew well from 
tne Pirst vorld war; founding of the Forschungsamt (see my 


report on tne Forschungsamt) : nead of sub-section, then head 


of section, and from 1944 director of this bureau. 

igol: Joined the Nazi party and Rouatnes a simple membex - 

of it until Aprii 1945, 

1935~1957 ov 35: Member of the ee SS, from which I 

resigned, as they refused to recognize my Christian philosopiy - 

of life. 4 oe 

1934; A Son vas born to me: 

1929- 1945: lmployment of the Forschungsamt in the second 
old War, under my direction, first as deputy head, then 

independ ently from 1944; at first in Berlin, after the 

boubings out, in Breslau and subsequently. in Kaufbeuren. 

April TOAS: release and residence in Soellbrun-Niederwall 

near Rosenheim. 


May: Arrested by CIC, jnbépnogat ion: in poseuneihs: imprison- 


mont and interrogation in Salzburg, then captivity in Augsburg. 
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Tab A 


Abteilung. Section, Indicated by Arabic numerals. 
Abvehr. Military Intelligence and counter espionage section 
of the Supreme Command of the Armed Forces. Taken over. 
. by RSHA in 1944, 
Air Force High Command (Oberkommando. der, Luftwaffe q. v.). 
Amt Ausland. Amt VI of RSHA q. v. 
‘Arnold, Moritz. Member of FA-9 at Kaufbeuren. : 
_Arbeits Gebiet. Work Section, Subdivision of ‘Branch Office Beru. 
Army. High Command - see Oberkommando des Heeres. 

. eae Senior Specialist Rudolf. Batflovic is an Austrian 
and 1s reported to be violently anti-Nazi. He was a 
member of the Austrian cipher bureau (Austrian Chancellery 

me ¢ - . Secret Section) and at the time of the Anschluss he re- 

“ “fused to hand over the key of the secret cabinet. He 
therefore fell into disgrace and was relegated,to an 
inferior position in the goverrmment. Fenner and. Fell- 
giebel brought the best Austrian personnel to Germany and 
Bailovic was first given to the FA. No details of his 
stay there are known but he next appeared in the Signal 
Intelligence Agency of the Army High Command where he 
headed a Balkan section. Later he transferred to the 
Signal Intelligence Agency of the Supreme Command. of 
the Armed Forces. Recently he has been employed more in 
an administrative capacity than as 4a cryptanalyst. He 
was said to have refused to wear any German med&is while 
in uniform and lived quietly with his wife. 

‘ Becker, _« Holder of an FA telephone number as a member 
. of Main Section V-3, whatever that may be. 
Parner eat » Principsl Specialist. Head of Main Section 
of Fas a 
Berlin: The Main Bureau (April 1933-November 1943), the 
“--Service Post Seifert and the Forschungsleitstelle Berlin 
were located here. The Main Bureau was in Charlottenburg, 
a SW suburb of Berlin. The address was Bere tny: Charlotten- 
Pure 2, Schillerstrasse Hrs 116/124. 
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In addition a telephone tion toring station (aaeiidias 
‘ga special "Poison Kitchen" for monitoring the conversa- 
tions of Top Nazi officials), and two radio intercept 
. stations at Templin and Luebben (q.v.) were located | 
here. Forschungsstelle DO2 was also in Berlin. 
"Bock, , Senior Specialist. SS Obersturmbannfuehrer, Head 
= oF State Police JGestapo?7 Central Office, Berlin. ©. 
Bodenschatgz, : , General der Flieger. Head of the office 
of Ministers. «; 
Boettger, » Senior Specialist. Given as a member of the 
FA and having an FA telephone number, otherwise unknown. 
Bokelberg, | ,» Col. Group leader of the Monitoring Depart- 
ment of the Air Ministry (RLM/S. A. UEWA.) 
Boscheinen, Heinz: Non Commissioned Officer. Turkish Inter- 
preter. . Member of Bailovic's section of. In Tl. Worked , 
in Evaluation. 


Branch Office Berlin. --Zweigstelle Berlin. | . 
Brandes, Dr. Wilhelm, Senior Specialist (uae cepiecuiaeset): 


a . in charge of Language Groups Frence, Belguim, Holland, 
and Switzerland at the Foreign Ortiee ‘Gryptanalytic 
Section. 


Brealau. 41'O7"N.17' 00" E. Location of a Forschungsleit- 
stelle and of a radio intercept station. After the 1943 
bombing of the Berlin headquarters a part of the Main 
Bureau was located in the Hartlieb barracks in Rtetens 


dort. 
Breuer, a Principal Specialist. Head of Main Section: 
- JII of FA. 


‘Brieschke, Herr. Acting head of Section 12 at Kaufbeuren. 
On 20 March he was relieved as head of FA 12 and appointed 
Liaison Officer with the Economic Ministry and - ‘Ministry 
for War Production. 
Brott, Liselotte. Member of FA 9 transferred to Seifert in 
Berlin. 
. Buggisch, Dr. Otto. Sues eanai set of In T/VI. 
_ Burgscheidungen. Final loeation of the Forei Office Crypt- 
| analytic Section (Pers ZS). 51'13"N 11'47'E 
Canaris, Admiral. Head of the ahaa executed for involve-~ 
ment in 20th July Plot. Bsed 
Charlottenburg: see Berlin. 
Chi Stelle/Oberbefehlshaber der. ‘Luftwaffe. --Signal Intelli- 
gence Agency of the Commander In Chief of the Air Force. 
_ OBdL/Chi). Replaced in November 1944 by Signal Intell1- 
= @-— _. gence Agency of the Air Force High Command [OKL/LN Abt ; 350 ). 
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Cologne. 50' 56" N 06' 57" E. Location of a Forschungs- 
stelle for radio intercept. ; 

Constance. 57! 39" N O9' 10" E. Forschungsstelle, radio 
intercept. 

‘/Sontrol Station for Signal Intelligence of the Army High 
Command - Oberkommando des Heeres Leitstelle der Nach- 
richtenaufklaerung. Became Signal reel 7 aa Agency 
of the Army High Command after November 1944 

~ Copenhagen 55’! 41" N12? 35" EB. Site of an "AA" station, \ 
Nyropsgade 17/11, telephone Palae 9469, local 35, 8, 9, 
and 30. . 

Criminal Police. See Kriminalpolizet . 

CSDIC.-- Combined Service Detailed Interrogation Center. 

D-16. -- ASA translations of yearly Progress reports of Pers - 
ZS for 1927, 1941, and 1942. 

ay ant SKL III Yearly Progress. report for 1/12/43- 


D-21.-- Translation of OKM 4 /SEL Research Progress report 


-@. 1/12/43 - 1/li/4k. 7519 


(D-22.--Translation (and chart) of (eliephons directory giving ~ 
Forschungsant numbers. 

D-54.--Translations of Pers Z S reports on cipher systems of 
various countries. 

Danzig. Forschingsstelle. 54' 21" WN 18' 40" E. 

Deggau, Juergen.. Member of FA-9 at Kaufbeuren, assisted in 
transferring materials from Breslau to Jueterbog. 

Dettmann, Alex, lst Lt. Head of Cryptanalysis at HLS 057; 
later head of Section 3, Group IV, GdNA. Specialty: 
Russian systems. 

Deutsch Lissa. 51° 08" W 16" 53" BE. Town in Prussia between 
Breslau and Posnan. Site of a B and C station. 

DF-9.--Activity Report of OKW/Chi, for period 1 Jan. 1944. 
through 2b June 1944, signed by Col Kettler. 

DF~-17.--Translation of T 3273, letter of Dr. Paschke and other 
Pers ZS personnel. Translated by Dr. Pettengill. (T-165). 

Dienststelle Seifert.--Service Post Seifert. 

Diessing, General Major (Brig. sia Supplies FA information 
to Klautschke. . 

Dipl. Ing. Graduate Engineer. 

‘Doenitz, Grand Admiral, Commander in chief of German Navy,. 
Reich Chancellor. 

Doering, Dr. Mathematician with In 7/VI, later GdNA. Specialty: 

machine cipher, mathematical research. 


> a. 
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von Doering, Lt. General. Group Head of Equipment 


Asrancacnt om 22), Air Ministry. 
Dortmund. Forschungsstelle for cable intercept. 51° 31" N 
O7' 27 E. : j 
aa -_, MinRet. Prussian State Ministry and 4 Year 
. P < ‘ ae 
Ebelling. Krim Konm SS Obersturmfuehrer. State Police Central 
' Office Section IV N. 
Egert, Herr. Translator for Chinese, Turkish, Japanese mentioned 
- 88 released 10/5/45. 
Eulenberg. This name appears on the Kaufbeuren directive as 
. the secretary who prepared it for Sp ener signature. 
Name is not legible. 


” Butin. Forschungsstelle for radio. intercept. 541 09" nN 


10° 37" E. 
FA. Forschungsamt q. v. - 


Feligtebel, Lt. Gen. Erich. Chief Signal. Officer of Army and 


Armed Forces High Commands from beginning of war until 
he was executed, 1944. 


--Penner, Pa el a Specialist. Chief of Section IV of | 


OKW7/C} 


Fingerhut, ‘Otto, Specialiet. Member of the FA since 1937. 


He. was employed in Main Section V and in 1942 became head 
of a school for Evaluators, giving refresher courses to 
members of the branch offices and station. In eclivil life 
he was Wissenschaftlicher Assistent:at the University of. 
Greifswald, a philologist in Scandinavian languages. He 
. specialized on Italy, Russian, and the Far East in Main | 
Section V. He was assigned to the Reporting Center Seifert 
on 20 March 1945, 
Fleischmann, with Engineering Diploma. Senior Specialist, 
~ Head of the Forschungsleitstelle in Vienna. 
Flensburg. 54' 56" N O9' 27" E. Finsl location of the Signal 
‘Intelligence Agency of the Navy High Command (OKM 4 SKL III). 
Plicke, > Specialist. In charge of technical matters at 
‘OKW intercept station at Lauf. 
Foreign Office Cryptanalytic Section (Pers Z 38.) 


. Forschungsamt. The Goering controlled Nazi intelligence agency, 


responsible for radio, telephone &@nd cable monitoring and 
ne Ne scart da of encoded or eneiphered messages. 
Forschungsleitstelle. Outstation. 
Fricke, Technician (Lieutenant Grade) Dr. ‘Walther. Head of 
IIb, OKW/Chi: Development of systems, etc. 
Fricke, ___» SS First Ee Liaison Officer, RSHA -OKW. | 
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Friederich, Lt. Col. Chief of Division 7 of the Office of the 
Chief Signal officer of the German Air Force and chief of 
the Chi Stelle (Chiffrierstelle) of the Oberbefehishaber 
der Luftwaffe, which after November 1944. became LN Abt 

- 350. 

Gaenzer, Major Jofannes, Member of Section ITIF (counter | 
espionage and sa Re of Abwehrstelle Berlin. 

GEHEIMESTAATSPOLIZEI, (Gestapo Secret State Police. Part 

of the Sicherheitspolizel q.v 

General Leutnant.--Major General (Rank held by Schapper in 
Luftwaffe as head of FA). 

Gerstmeyer, Dr. Liaison officer with the Foreign Office. 

Gerth, Dr. Head of Section 1 of the Branch Office Berlin. . 

Gertz, Frau Helene, born Sponholz. Member of FA 9, had reading 
knowledge of French and German. Suggested for assignment 
to the Forschungsstelle Luebben. : in 


Gestapo. Geheimestaatspolizei q.v. 


Gimmler, Maj. Gen. Chief of Signal Equipment and Testing 
- Branch (Wa Pruef 7), 1939-1943. Chief Signal Officer, 
Commander in Chief West, 19435-1945. 
Glueckstadt (Holstein) Telephone monitoring. 53" 8" N.09" 25" E. 


“ Goebbels, Dr. Paul. Propaganda Minister. 


Goering, Hermarn, Field Marshal, vommande? An Chief of Air 
Force Air Minister. ae 
Goering's Research Bureau. Poxsaniadean q.Vv. 


. Gols. Radio intercept station, near Vienna. 47! 51" N 


16' 56" E 
Gottschalk, dotteetaa’ Member of FA-9 at Kaufbeuren, 


‘Grauds, Aloxander. Member of FA-9 at Kaufbeuren. Assisted 


“in transferring material from Breslau to. Jueterbog. 
Greifswald. 54'41" N 13'23" E. The Stettin A station was 
evacuated to Greifswald in Ayril 1945. 
Grothe, Edith. Member of FA-9 at Kaufbeuren. 
Guelle, Otto. Member of FA-9 at Kaufbeuren. 
Guenther, Lothar. A member of the FA until some time towards 
the end of 1943 when he was drafted. Taken prisoner, his 
, interrogation was one of the first sources of information 
on the FA (Interrogated 29 January 1945) although the | 
information did. not reach TICOM until later. Was a jurist 
in civil life. May have been. a member of Main Section V. 
Hamburg. 53' 33" N 10' 00" E. Forschungsleitstelle and a 
Forschungsstelle. 
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Hanson. A subordinate of Canaris in Abwehr, executed for 
; involvement in 20th July plot. . ls 
Harrius, Dr. Head of Section. 5 of the FA. The Kaufbeuren 
' directive gives his name, which is crossed out in ink 
in @ correction of 14 March 1945. 
. Hatz, Heinrich, Staff Director. In charge of administration, 
OKW intercept station at Lauf. 
Haupt Abteilung. Main Section, indicated by Roman Numerals. 
Henke, Dr. Named as alternate to Harrius in Section 5 of the 
FA, and carried as head of that section by the 14 March 
i9hs correction of the Kaufbeuren directive. On 1 April 
1945 he was to report to the Branch Office Berlin. 
von Hesse, Prince Christoph. The second head of the FA. He 
was succeeded by Schapper in 1944 at which time he either 
"diea" ae pa and Guenther) or "returned to the Air 
Force" (Goering). : 
High Command of the Armed Forces. See Oberkommando der Wehrmacht. 
 Hilligardt, Specialist, Dr. Liaison Officer with the Economic 
- @ . ‘Ministry. Relieved by Brieschke on 20 March when Hilligardt 
ie vas assigned to FA 12. | . es 
Himmler, Heinrich. Reichsfuehrer 8S, Minister of the Interior, 
Head of the Elite Guard, Head of the Reserve Army. Chief 
of German Police, in which capacity he controlled both the 
regular police force, the Constabulary (ordnungspolizei 
through the Ordnungspolizei Hauptamt) but also the Security 
Police, Sicherheitsdienst and Sicherheitspolizei (SD and 
Sipo) through the Reich Main Security Office (Reichs- 
sicherheitshauptamt, RSHA) which took over the Abwehr into 
its Amt VI. 
Hitler, Adolf. "Der Fuehrer? acs. 
Hofmann. Postrat, head of work connected with service matters. 
Reichspost. | ; 
Huettenhain, Senior Specialist Dr. Erich. Chief cryptanalyst 
for OKW/Chi from 1937. 
Huppertsburg, Senior Specialist, Dr. Head of Section 14, alter- 
nate head of Main Section VI. Sind 
I-1 "Final reports of TICOM group 3 on final exploitation of 
’ BURGSCHEIDUNGEN-" A TICOM publication. 
I-17 “Extracts of SHAEF interrogations of Maj. Gen. Boner,. 
Col. Grube, Lt. Col. Mettig, Maj. Rottler". A TICOM 
publication. a : 
I-20 "Interrogation of Sonderfuehrer Fricke of OKW/Chi,. formerly 
of OKH/Chi at the OKM Signals School in Flensburg on 
me 16-17 June 1945." A: TICOM publication. 
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I-21 "Preliminary interrogation of Col. Kettler, R. R. 7 
Dr. Huettenhain, Sdf Dr. Fricke (OKW/Chi) and Lt. Schubert 
(OKH/Chi) at Schloss Glucksburg near Flensburg on 14 June 

~ 41945." a-PICOM publication. 

I-22 "Interrogation of German cryptographers of the Pers ZS 
of the Auswaertiges Amt in the U. K. at seven meetings 
during May 1945." «a TICOM publication. 

I-25 "Interrogation of five members of the FA at. Schloss 
Glucksburg on 15 and 21 June 1945." aA TICOM publication. 

I-26 “Interrogation of lst Lt. Schubert (OKH/Chef HNw/GendNA) 
on Russian military and agents systems at OKM Signals 
School, Flensburg on 17. June 1945." A TICOM publication. 

I-29 "Third Interrogation of Lt. Col. Friedrich at Beaconsfield 
-on 4 July 1945." a TICOM publication. 

I-31 "Detailed interrogation of Dr. Huettenhain at Flensbur 
on 18 ~ 21 June 1945." aA TICOM publication. 

I-54 "Second interrogation of five members of the RLM/Fors- 
chungsamt at Dustbin Kransberg near Frankfurt on 28 
July 1945." A TICOM publication. 

I-64. "Answers by Buggisch of OKH/Chi to questions set by 
TICOM." A TECOM publication. 

I-84 "Further. interrogation of R. R. Dr. Huettenhain and 
Sdf..Dr. Fricke of OKW/Chi on questions set by Mr. 

Friedman." A TICOM publication. 

I-85 "POW interrogation report on R. R. Flicke, Tech. Insp. 
Pokojewski, and itabsintendant Hatz." A TICOM publication. 

I-86 "Interrogation of Lt. Col. Mettig of OKH and OKW/Chi on 
the highest direction of German Cryptanalytic Work." 


I-91 "Interrogation report on Maj. Gen. Robert Schlaka, chief 


of Communications of the Ordnungs Polizei. <A TICOM 
publication. a 

I-93 "Detailed interrogation of members of OKM 4 SKL III at 
Flensburg." A TICOM publication. 


‘I-108 "Interrogation of Goering on the RLM/Forschungsant.". 


A: TICOM publication. 


aer1e "Preliminary interrogation of Regierungserat Voegele and 


Major Feichner of the GAF.Crypt. Bureau, (OKL)." A TICOM 
publication. ~ | 
I-116 "Report of Interrogation of Lt. Dettman and Oberwacht- | 
meister Samsonow of OKH (Gen d NA) at OOberursel, Germany, 
during August 1945." <A TICOM publication. 
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I-l121 "Translation of iorscene by obitn W. Wether company 
commander of 7/LN Regt. 353." A TICOM publication. 
I-131 "Lt. Col. Mettig of OKW/Chi on Wa Pruef 7 and RLM/- 
Forschungsamt." A TICOM publication. . 
T-143 "Report on the interrogation of five leading Germans 
(Jodl, Doenitz, Keitel, Ribbentrop, and Goering) at 
Nuremberg on 27 Sept. ighs." A TICOM publication, 
1-146 "Detailed interrogation of members of OKM 4/SKL III 
_ at Plensburg." <A TICOM publication. 
I-147 "Detailed interrogation of members of OKM 4/skL III 
. at Flensburg." A TICOM publication. 
I-159 "“Report.on GAF intelligence based on fatornogstion 
of Hauptman Zetzche." A TICOM publication. 
I-162 "Report on interrogation of Kurt Sauerbier 7 -RLM/ 
_ Forschungsamt, held on 31 August 1945." A TICOM publi- 
cation. — 
I~164 "Homework by Kurt Sauerbiler’ of RLM/Forschungsamt, on 
Russian Agents’ Traffic." A-TICOM publication, 
—< I-172 "Interrogations of Hagen and Paschke of Pers 25. "OA 
o_ TICOM publication. 
I-176 "Homework by Wachtmeister Dr. Otto Buggisch of OKH/Chi 
_ and OKW/Chi." A TICOM publication. 
Cp. -~15 Final Report of TICOM Team 1 on the exploitation of 
Kaufbeuren and the Berchtesgaden area. From TICOM. 

\EF-46 Interrogation of Lother Guenther, dated 29 January 
1945, CSDIC; MC 500, Hq 7th Army, NR. 708. 

(IF-105 CSIDIK (0. K.) SIR 1326. Interrogation Report on 
POW Heinz Boscheinen and Walter Kotschy.--Continuation 
of IF 126, 105 B=-summary of preliminary interrogation 
of these prisoners in the field. . Received EEnOues 

Col. Bicher. . : 

Fe 126 CSIDIK (U.K.) SIR 1336: Interrogation report ‘on 

ge Kotschy and Boscheinen. 

IF-132 Das Forschungsamt.des Luftfahrtminsteriums ." Ha USFET . 
“Weekly Intelligence Summary #12, 4 Oct. 1945. - 
TP-135 Directive of Schapper setting up organization of FA 
'- at Kaufbeuren and the. branches and outstations. Dated 
9 March 1945. 

CIF-143 Weekly. Intelligence Summary # 45 (25 Oct. 1945); : 
(office of the Assistant Chief of Staff, G-2; Headquarters 
United States Forces, European @heater), # 15 (25 Oct. 
1945).. This contains information on FA wire tapping 

given by a ‘Major Johannes Gaenzer of Abwehrstelle Berlin/ 
IL - 
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/IP<164 Interrogation of Walter Schellenb*rg, Brigade Fuehrer 
‘and head of Amt VI of RSHA. 
(AF-188 Four Stories by Daniel DeLuce of Associated Press, 
. Berlin, 4, 5, 6, and 7 November 1945 based on material 
found by him in the rubble of the Air Ministry. 
“tP-216 The German Intelligence Service. (SHAEF, Counter 
Intelligence war room; London; April 1945). 
-  (TF-216-B soichemnes tepoltaes und Sicherheitsdienst."- Ultra/ 
Zip/Pal 4, 1/1/44 | 
Cp-255 Glossary of German administrative and political 
Terminology for use by officers and officials of the 
i aa Armed Forces of occupation (Hq 7th Army, APO 
75 
SIF - 256 German-English Dictionary of German Administrative 
Terms. Civil affairs ean War Department Pamphlet 
Nr. 31-16a, 3 July 1944 
IF-257 German Army and Air Force abbreviation, NU CX/MSS/S. 168 
IN 7/VI Control Station of Signal Intelligence of the Army 
High Command, Inspectorate 7. after November 1944 this 
ene became the Signal Intelligence Agency of the Army High 
. [ Command. 
. ~ Inspectorate 7/VI - Control Station of Signal Intelligence of 
the Army High Command, abb In 7/VI. Became Signal Intelli- 
gence Agency of the Army High Command after November 1944, 
Jentsch, Julius. Member of PA-9 at Kaufbeuren. May have gone 
to Berlin with Ruffler. 
Jodl, Alfred, Colonel General. General Oberst, Chief of armed 
' forces operation staff. Z 
Juterbog. 51'59"N 13'40"E. Temporary location of a branch 
of the FA in early 1945. Also a location of the Signal 
; Intelligence Agency of the Army High Command. 
Kagelka, Specialist. Member of FA IV? 
Katowice (Kattowitz) 50'16"N 19'O1"E. Site of an "A" station 
-in Upper Silesia (Poland). 
Kattowitz. See Katowice. 
Kaufveuren. 47'53"N 10'37°E. The Main Bureau was located in 
barracks at the Ksufbeuren airfield. The postal address 
was Kaufbeuren/Allgemeine . 
Kaltenbruuder . Himmler's head of RSHA. 
Keitel ,wihelm, Field Marshal. Chief of the Armed Forces. 
Kell, _. Given as a member of the FA in the telephone 
*@izectory: "Research Office Al/2 Berlin. Exploitation 
Center. (Rim/FA/AW - Kopf)." This may mean he was in the. 
Berlin Forschungsleitstelle. . . 
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NOISE CONTROL CIRCUITS 


Whenever there is an electric current, 
whether in nature or in man-made equipment, 
there is some radiation of electrical energy. 
Whenever electricity breaks down the insula- 
tion of air, whether in the form of a bolt of 
lightning or a discharge across the points of 
a sparkplug, there is RF radiation from what 
is effectively a spark gap transmitter. The air 
is always filled with such radiations, usually 
without fixed frequency. When these radia- 
tions get into a communications receiver. they 
are classed as noise. At the receiver antenna, 
these radiations compete with the radiations 
of regular transmitters. When the antenna 
intercepts a signal, it also intercepts some 
noise. If the signal is weak, the noise may 
make it unreadable. 

Battles have been won and lost in terms of 
signal-to-noise ratio. Battles have been saved 
by the skill and persistence of resourceful 
operators who managed to read intelligence 
under almost impossible conditions. In fact, 
the signal-to-noise ratio can be so important 
that radio engineers have developed special 
jamming equipment designed solely to make 
noise to prevent successful communication by 
an enemy. 

The signal-to-noise problem affects all re- 
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NOISE 
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Noise-Balancing Antenna 


ceivers, but it is the communications receiver 
that must meet the problem head on. With a 
communications receiver, you can’t just turn 
to another station to get a program just as 
good. The communications receiver is usually 
assigned to definite channels and stations. It 
must do the best it can with the signals it re- 
ceives. 

Of course, the receiver. itself uses electricity, 
and the receiver itself generates some of the 
noise which appears in its output. For one 
thing, energy may be coupled improperly from 
one circuit to another to produce noise. For 
another, the movement of electrons in a tube 
can produce noise. 

Some of the noise in a receiver output may 
originate in the power supply system of the 
receiver. Improper filtering and shielding may 
allow generator or dynamotor frequencies to 
penetrate to the receiver audio output. 

Some of the noise in a. receiver output may 
originate in the transmitter. It may be brought 
to the receiver as modulation impressed on 
the RF carrier. 

Many effective measures to combat noise 
are incorporated in radio components and 
transmitter and receiver units. Some of the 
most effective of these measures involve the 
use of circuits specially designed to reduce 
noise. 
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ReUDe Specialist. Head of Main Section II and Section 3 of 


A. . 
“Kettler, Col. Hugo. Chief of OKW/Chi, 1943-1945, 
aes Ils®. Member of FA-9, transferred to FA 3 on 7 March 
Kirbach, senior Specialist. Head of Forschungsleitstelle in 
Hamburg. , 
Kirstein, Karl. Member of FA-9 at Kaufbeuren, assisted in 
transferring material from Breslau to Jueterbog. 
Klautschke, Specialist Dr. Heinz. Liaison Officer with the 
Supreme Command of the armed Forces (OKW not just OKW/- 
Chi). Stated that he had “university training in Eco- 
nomics and Politics.". 
Koenigsberg, 54'42"N 20'350"E. Forschungsstelle (IF-15). 
Koeln. See Cologne. 
Koerner, Dr. Paul. Prussian. Secretary of State. Financial 
control of the FA. Reported to have negotiated with 
Schellenberg to hand over the FA to. pened Penbers: 
Konstanz. See Constance. 
be sages Kotschy, Walter. Noncommissioned officer. Hungarian Inter- | 
* e_ preter. Member of Italian Section of Afrika Korps. 
Trained in “encoding and decoding" at In 7/VI. 
Krenzke, Georg. Member of FA 9 at Kaufbeuren. paistea.? in 
moving documents from Breslau to Jueterbog. 
Krimina ig olizei (Kripo). Criminal Police. Part of the 
Sicherheitspolizei q.v. 
Kripo. Krimina 1; olizei q.v. 
2 Specialist. Member of Section 6 of the: PA 
"Machine" specialist of the FA, presumably cipher machines. 
Probably responsible for success with Russian Teleprinter. 
Stated to have broken Finnish Hagelin. A member of Huetten- 
hain's Cipher Security Committee. 
Kuebbler, Ferdinand. A member of FA 9 at Kaufbeuren. He re- 
quested permission to visit. his family at night at 
Hirschzell but was refused on the grounds that his family, 
\ residents of Hamburg/Saale, should not have evacuated to 
: S Bavaria but to Saxony or Thuringia. 
Kuepper, Dr. Helmut. Member of FA 9 at Kaufbeuren. 
-Kunsemueller, » Senior Specialist. In charge of Section 2 
of the FA. Was to report in Kaufbeuren on 10 April 1945. 
Kunze, Werner, Dr. Senior Specialist (Oberregierungsrat) head 
Of Pers ZS mathematical cryptanalytic subsection. 
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Kurzbach, » Senior Specialist Dr. Head of Section 11 and 
alternate head of Main Section V of the FA. Was last 
: seen in Kaufbeuren by Rentschler. 
Lade, Karl. Member of FA-9 at Kaufbeuren, assisted. in moving 
documents from Breslau to Jueterbog. 
Lange, Eran. Member of FA transferred from Kaufbeuren to Berlin. 
Her previous section is unknown. 
Leba (Pomerania). 54'45"N.17'33"E. Forschungsstelle. 
Lechner, Otto. Member of FA 9, assisted in transferring material 
from Breslau to Jueterbog - was at Kaufbeuren. 
Legler, MinRat. Prussian State Ministry and 4 Year Plan, D 22. 
Lehr, s,s - Specialist. Probably a member of FA IV. . 
‘Liaison Office. Verbindungs::.«i2.0 
Litzmannstadt. See Lodz; 
Lodz (Litzmannstadt) . 51'46"N 19'26"E Poland. Site of an 
A Station. . {5 
Ludwig, Dr. Helmut. Member of FA-9 at Kaufbeuren. | 
Luebber/Spreewald. 51'56"N 13'54"E. Radio intercept Fors- 
chungsstelle, 65 kilometres south of Berlin. 
~ ~~ Main Section. _Hauptabteilung. 
- [ Marquardstein. 47'46"N l2'e2 Near Rosenheim, location of 
Amt VI of RSHA at consiusioul ce hostilities. . 
Matys, Georg. Member of Fa 9 at Kaufbeuren. 
Mayr, Margareta. Member of FA 9 at Kaufbeuren. 
-Meinhard, Pauline. Member of FA~9 at Kaufbeuren. 


Mettig, » Lt. Col. Second in command of OKW/Chi, Dec. 

1943 to 1945, 

Meyer, r Author of a memo on quarters for FA personnel 
at Kaufbeuren,. 

Mews, 3 Specialist Dr. Head of Section 10 of the FA, the 
Part and archives. Was last seen in Kaufbeuren (Rents- 
chler). . 


Milch,,ithard , Field Marshal. Secretary of State for Air. and 
Inspector General of the G. A. F. 
Ministerialdirektor - untranslated non TICOM definition is: 
director &. a ministry, head of. one or more divisions in 
a ministry. Schapper held this rank as head of the FA 
ani: claimed it was equivalent to General Leutnant Der 
Luftwaffe. 
. Ministerial Dirigent - untranslated German Civil Serivce Rank 
i higher than Ministerial Rat (q. v. ets and is ponents equi- 
valent to Belent in Genexe> or "P- 
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Ministerialrat abb Min Rat -- Principal Specialist tees TICOM . 
*ranslation is Superior Counsellor in a ministerial . 
department (title of a Referent (Principal) in the first 
ministerial grade). This Civil Service Rank is approxi- 
mately equivalent to Colonel or "P 7," 

MinRat - Ministerialrat q..v. 

Mueller, Lt. Gen. of pone ees ss eareer ers Head of RSHA 
Section IV. 

Muenchen, See Munich 

Munich. 48'08"N 11'35"E, Porschungsleitstelle and Fors- 
chungsstelle, , oh 

National Defense Forces. see Reichswehr. 

National Ministry of Defense. See Reichswehrministeriun. 

. Nationel Ministry of War. Reichskriegsministerium q. v. 
\ National Police. See Reichspolizei . 

Navy High Command. See Oberkommando der Kriegsmarine. 

Neuenhoff, Dr. Special tiaison man between FA-9 and 
Branch Office Berlin. 

Niedermeyer, » Specialist. Head of Forschungsleitstelle 
-. QO Breslau to 26 January 1945 when he was relieved and appoint- 
ww ed Chief of Staff for Seifert in Jueterbog. On 9 March he 
was’ appointed head of the Hone chupgerelvstelte Munich, 
- Nuesrnberg, See Nuremberg. 

Nuremberg. 59'27"N 11'05"E. Forschungsstellen. 

Nusbaum, Ingeborg. Member of FA 9 at Kaufbeuren. 

Oberkommando der Kriegsmarine abb OKM - High Command of the 
Navy. (Combines military and administrative authority). 

- Preceded (1889-1919) by Reichsmarineamt, (1920-1934) by 
Marineleiiung in Reichswehrmt nisterium; under the 
‘Oberbefehishaber. der Kriegsmarine. 
Oberkonmando der Luftwaffe abb OKL - Airforce High Command. 
' (See Reichsluftfahrtministerium) . 

Oberkommando der Marine 4 Seekriegsleitung/III.. Signal Intelli- 
gence Agency of the Navy High Command. 

Oberkommando des Heeres abb OKH - Army High Command or High 
Command of the Army. (under the Oberbefehlshaber des 
-Heeres; organization based on Wehrgesetz and edict of 

4 February 1938. 

Oberkonmando des Heeres General der Nachrichten Aufklaerung. 
Signal Intelligence Agency of the Army High Command. 

Oberkommando des Heeres Leitstelle der Nachrichten Aufklaerung-- 
Signal cher 198i} Agency of the Army High Command (prior 
to November 1944 , 
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Oberkommando der Wehrmacht abb OKW - High Command of the Armed 

Forces or Supreme Command of the Armed Forces. (Formerly 
Reichskriegsministerium, 1935-1938, previously Reichs- 

wehrministerium, 1919-1934. The Reichskriegsministerium 


was dissolved by the decree of 4 February 1938. At the’ ~ 


head of the OKW is the Chef des Oberkommandos der Wehr- 
macht subject to Hitler himself who is Oberster Befehl- 
shaver der Wehrmacht in consequence of the laws of. 6 March 
1935 and of 21 May 1935. ay . 
Oberkommando der Wehrmacht Chiffrier Abteilung. Signal Intelli- 
nee Agency of the Supreme. Command of the Armed Forces 


’ Oberreglerungsrat, abb ORR ~ Senior Specialist (non TICOM de- 


finition is: Higher Government Counsellor of a Referent 
(Principal) in the second ministerial grade). Civil’ 
od a rank approximately equivalent to Lt. Col. or 
' > : t . . a F 
Oden, Specialist with engineering diploma, Hoeckley. Head of 
Section 15 of the FA and head of Section 5 of the Branch 
Office Berlin. Had been employed by Siemens und Halske and 
Ciassmate of various members of Wa Pruef 7 and therefore 
collaborated on production of T 52 e. , 
OKH - Oberkommando des Heeres q.v. ote 
OKH/Chi. Loose Terminology for: The Signals Intelligence Agency 
of the Army High Command, OKH/GdNA, Oberkommando des Heeres/ 
General der Nachrichten Aufklaerung, after Nov. 1944, prior 
to then Inspectorate 7/VI {abb In 7/VI), Control station of 
Signal Intelligence of the Army High Command (OKH/LNA). 
OKH/GaNA. Abbreviation for the Signal Intelligence Agency of the 
Army High Command. — 
OKL - Oberkommando der Luftwaffe q.v. 
OKL/Chi. Signal Intelligence Agency of the Airforce ana 
Command. Properly O0Bd1/Chi or, after November 1944,. 
_  QKL/LN Abt 350. 
Sicherheitspolizei abb. Sipo - Security Police. One of the 
, two main branches of the Police (Reichspolizei, q.v.) 
Organized in the Reichalcherheithauptamt (RSHA) it included 
the Kriminalp.olizei (Kripo) and Geheime-s taatspolizel 
(Gestapo). The head of the RSHA was Kaltenbrunner who was. 
responsible to Himmler. j 
Signal Equipment and Testing Branch (Wa Pruef 7) of OKH. 
Signal Intelligence Agency of the Air Force High Command. 
. Chi Stelle of the Oberbefehlshaber der Luftwaffe, which 
ela pai Nachrichten Abteilung 550 after Novem- 
ber 1940. : : 
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OKM. See Oberkommando der Kriegsmarine. 

OKM 4 SKL/III. Signal Intelligence Agency of the Navy- High 
Command. 

OKW. See Odverkommando der Wehrmacht. 

OKW/Chi. See Signal Intelligence Agency, of the Supreme 
Command of the Armed Forces. 

OKW/WNV/FU. . Radio Defense Corps qv. 

Ordningspolizei abb Orpo - Regular Police, Constabulary. 

Organized into a Main Office Constabul sy, under. the 

Chef der deutschen Polizei (Himmler). Constabulary is 
divided into five sections; Schutzpolizei (abb. Schupo, 
the Security Police, which is divided into Inspektionen 
or Administrative police, Abschnitte or Section police, 
Reviere or Precinct police, and Wasserschutzpolizei or 
Harbor police; Gendarmie (rural police); Technische 
Nothilfe (abb TN or Teno.-Office for Emergency Operation 
of Utilities); Feuerschutzpolizei (Fire Protection Police); 
and Verwaltungspolizei (who regulate traffic, public health 
etc). By regions the Constabulary has been subdivided — 
into Landes- regional), Kreis-(district), and Ortspolizel - 
(local police). 


Orpo. Ordnungspolizel, q.v. 


ORR. Cbherregierungsrat q.v. 

Oschmann, » Captain. Official of Defense Ministry Cipher 
- Section. 

Outstation. --Forschungsleitstelle. 

Paetzel, Martin, Senior Specialist Dr. Head of Section 6 
and alternate head of Main Section IV of the FA. ¢ 


Paschke, Adolf, Dr., Senior Specialist. Co-head or head of 


Pers ZS and head of the Linguistic-Cryptanalytic Subsection. 
Also in charge of Wehrmacht liaison, (Foreign office 
Cryptanalytic Section). 


' Patalg,. » Corvette Captain. official at Defence Ministry, 


cipher section. 
Pers ZS. Abbreviation for "Sonderdienst des Referats Z. in der 
' Personal Abteilung des Auswaertigen Amtes." The German 
Poreign Office Cryptanalytic Section. .- 
Phgens, Dr. Hermann. Member of FA 9 at Kaufbeuren. 
Pokojewski,Kurt, Technical Inspector. Subordinate to civilian 
in charge of OKW intercept station at Lauf; later became 
civilian in charge. 


‘Polizei, Reichs. See Reichspolizei. 


Popp,___, Specialist. Head of Section 4 of the FA. 
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Posen. See Posnan. _ Ri 
Posnan, (Posen). 52'25"N 16'58"E. Poland, site of an A. 


station. 
Principal Specialist. See Ministerial Rat. *, 
Progich, » Specialist. A’member of the intercept station 


at Luebben. He was also assigned liaison functions with. 

the’ Branch Office Berlin. 

» SS Standartenfuehrer. Named by Schellenberg as 
working with Sandberger to take over the FA into Amt VI . 
of RSHA in February.1945. Head of a Northern Section of 
@mt VI at Flensburg. ; ab a Fog 

Rautenkranz, _ » Dr. A member of the Danzig Forschungs- _ 
stelle, Last known as a prisoner in the 7th Army cage qt 
Augsburg but not questioned by TICOM. On 20 March 1945 
he was transferred from the School (School for Evaluators) 
tc head of FA-12. - 
Regierungsrat abb RR. Specialist (non TICOM definition is: 
Governmental Counsellor (title of a Referent (Principal) 
in the third ministerial grade). Civil Service rank 
a © approximately equivalent to Major or "P-5". 
—_~ Regular Police. See Ordnungspolizei. 
Reich Air Ministry Research Bureau. FA q.v. 
Reich Main Security office. The headquarters of Himmler, _. 
SIPO, and SD, (Security Police and Security Service) 
of the SS. ; 
Reichskriegsministerium. German War Ministry (in charge of 
Army and Navy, 1935~1938, dissolved by decree of 4 Feb- 
ruary 1938(GB1.I,p.111); functions taken over by Ober-. 
kommando der Wehrmacht, } ; eis = 
‘Reichsluftfahrtministerium, abb. RLM. National Air Ministry, 
established by decree of 5 May 1935. In consequence of 
the reorganization of the Wehrmacht the Air Ministry is 
also the Oberbefehlshaber des Qberkommandos der Luftwaffe. 
Including Austria, the whole German territory is sub- 
Givicged into Luftlottenkommandos and Luftgaukommandos. 
Reichsluftfahrtsministerium/Porschungsamt. Forschungsamt q.v. 
Reichspolizei. .National Police. Established by edict of 17 
. June 1936 under Chef der deutschen Polizei within the 
jurisdiction of the Reichsinnenministerium. The whole 
police administration has been divided into Hauptamt 
Ordnungspolizei and Hauptamt Sicherheitspolizei (see 
Reichsicherheitspolizei). Himmler is Shef der deutschen 
polizei. 
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Reichsicherheitshauptamt, abb. RSHA. Reich Main Security 
Office. Main Office of the Sicherheitspolizei, q. v.. 

Reichswehr. National Defense (Land and Naval) Forces, Term 
used after the first world war during the time the Defense 
Act of 23 March 1921 imposed by Versailles treaty, was 
in force (1919- 1935). 

Reichswehrministerium. German Defense Ministry, in charge of 
army and navy (1919- 1934). later called Reichskriegs- 
ministeriun, 

Remvettz-Lukjansky, Dimitri. Member of FA 9 at Kaufbeuren, 

Rentschler, Specialist Erwin. Head of Section 135 of the Fa, 
formerly a member of Section 11 as French expert. Joined 
the FA in 1934. Was interrogated by TICOM at Kaufbeuren. 


von Ribbentrop, Joachim. Foreign Minister. 


Richter, Helga. Member of FA 9 at Kaufbeuren. 
Riga. 56°57°N 24'09"E. Forschungsstelle. 
RLM. Reichsluftfahriministerium q- Vv. 
RLM/FA. Forschungsamt q.v. - 
Rohm, Ernst. Leader of SA, executed in "Blood Purge" 9 
June 1934, . 
Rosenhahn, ; Senior Specialist. Head of Section 1 of the FA. 
Rosenheim. 57°52"N 12'08"E, Final location of the Main Bureau. 
Roth, Liselotte. Member of FA 9 at Kaufbeuren. Probably went 
to Berlin with Ruffler on 5 April +1945. . 
RR. Regierungsrat q.v. 


RSHA. Reichaicherheithaupta..: q. v. 


Ruffler, Georg. Member of FA 9 at kaufbeuren.- The notation, 
to Berlin with Ruffler, appears beside his name and 
that of several other members of FA 9 with the date of 
5 April 1945. 
SA. Storm Troops (Sturm Abteilung). 
Samsonoff, M/Sgt. Sergins. Head of Section 32 of group IV of 
GdNA. Specialty: (Russian Secret Polics Systems. WNKVD). 


‘Sandberger,_ . Heed of Amt VI Kultur of RSHA and one of the 


key officials assigned job of taking over the FA in Febr- 
uary 1945 by Schellenberg. Last known at Marquartstein 
’ near Rosemheim in charge of a southern section of Amt VI. 


‘Sauerbier, Herr Kurt. In charge of sub-section C of Section 9 


of FA. A specialist on Agent ciphers. Formerly a bank 
clerk, he joined the FA in 1935. 


‘Schade. Head of Forschungsstelle in Danzig. - 
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Schapper, Minister Director Gottfried.’ Head of the FA at the. 
end of the war. Was associated with Seainnr von Hesse 
and Goering in founding the FA. Had been in Signals 
Intelligence in World War I and a member of the cipher 
section of the Defense Ministry (predecessor of OkKW/Ch1) 
prior to founding of FA. Was third head of FA, holding . 
rank equivalent to that of a General-leutnant of the German 
Air Force. Was interrogated by TICOM and furnished an — 

- outline of the Fa, its history, and an pubobsograrhy 
(for which last see Appendix III). 

Scheitinger, Josef. Member of FA 9 at Kaufbeuren. 

Schellenberg, SS Brigadefuehrer Walter. Maj. Gen. of Police. 
Head of Amt VI of RSHA. Took over Abwehr as Mil. Amt ~ 
of Amt VI, attempted to take over FA and did achieve 
control of it through an arrangement with Koerner. Also 
controlled OKW/Chi to some extent at the end. 

Schimpf, Corvette Captain. First Head of FA, committed suicide. 
Had been liaison officer from Defense Ministry to the — 
predecessor of OKM. Founded FA with Goering in 1933. 

Schirajeff, Erika. Member of FA-9, assisted in moving cocuments 
from Breslav to Jueterbog. Last known at Kaufbeuren. 

Schlaka, Robert, General Major. Chief of Communications in. 

. the Ordnungspolizei. 


Schmidt, — . Appointed head of the closing down section of 


the Forschungsleitstelle Breslau in Berlin on 26 January. 
A Schmidt 1s author of a memo on laundry service from FA I. 

Schmitz, . Member of RSHA, Amt VI. 

Scholz, Specialist with engineering diploma. Liaison- 
officer with the Reich Main Security office. 

Schroeder, Ministerialdirigent Georg. Head of Main Section IV 
of the FPA. 

Schubert, lst Lt. Horst. vont specialist on Russian Aceute’ 

systems. 

Schubert, Walter. A member of FA 9 at Kaufbeuren. 

Schulze, Senior Specialist. Head of Section 8 of the FA. 

SD. SAicherheitsiienst or Security Service. The Nazi Party 
secret police, formed out of the SS. It was organized © 
with the RSHA and included with KRIPO and GESTAPO. 

Section. Abteilung. 

Security Police. See Sicherheitspolizeil. 

Security Service. See Sicherheitsdienst. 

Secret, State Police. Geheimestaatspolizei q.v. 
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Seifert, Principal Specialist Walter. Head of Main Section V 
and of the Reporting Center Seifert in Berlin. He came 
to the FA from the cipher section of the Defense Ministry 
in 1933. (He should not be confused with the Austrian 
Hofrat Seifert who was employed in OKW/Chi after the 
Anschluss. ) Seifert had been head of the Juterbog Branch 


Seifert, Hofrat, Dr. Head of the Austrian Cipher Bureau. 


Ceme to OKW/Chi after the Anschluss where he. was the 

Specialist on known codes and broke Polish, Turkish, 

Greek, and Vatican basic books. Head of Greek sub-section 

OkW/Chi: V 6. -Da not confuse with Walter Seifert of 
Senior Specialist. Oberregierungsrat.q.v. 


Severitt, Herr. Liaison Officer with Ministry of Information 


and Propaganda. . 
Sicherheitsdienst, Abb. SD. Security Service, part of the SS. 
Signal Intelligence Agency of the Air Force High Command. 

. Cberkommando der Luftwaffe Luftnachrichten Abteilung 

3250 (OKL/LN 350). Its predecessor was, prior to Novem- 

ber 1944, oBdL/Chi Stelle.: 


‘Signal. Intelligence Agency of the Army High Command. Ober- 


kommando des Heeres/General der Nachrichten Aufklaerung. 
(OKH/GdNA) Its predecessor prior to November 1944 this 
was Inspectorate 7/VI of the Leitstelle der Nachrichten 
Aufieyacrung of the Oberkonmmando des Heeres. (0KH 
In 7/VI). oe, 
Signal Intelligence Agency of the Commander in Chief of the 
Air Porece. Chi Stelle, Oberbefehishaber der Luftwaffe. 
Signal. Intelligence Ageney of the Navy High Command. Ober- 
“~ kommando der Marine 4 Seekriegsleitung III. abb. OKM 4 
SKL/III. . 


. Signal Intelligence Agency of the Supreme Command of the | 


Armed Forces. (Oberkommando de.: Wehrmacht/Chiffrierx — 
Abteilung, abb. OKW/Chi). Formerly the Cipher section 
of the Defense Ministry. 

Simon, Fritz. Member of FA 9 at Kaufbeuren assisted in 
moving docunents from Breslau to Jueterbog. 


Simson, » Col. Commandant of the Air Ministry D 22. 


Sipo. See Sicherheitspolizei. - 
Sponholz. See Frau Helene Gertz. 
Spreewald. See Luebben/Spreewald. | 
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SS. Schutzstaffel-Elite Guard. The Armed SS (Waffen 88) 
and General 83, (Allgemeine SS). SS was responsible for 
the party security service, SD, and the RSHA. 

Stabenov, » Senior Specialist. Head of Main Section VI 
of the FA. Head of the Branch Office Berlin. Possibly 
at Flensburg at the capitulation but not braces. (I 25, 
54, 93, IF 135, D 22). 


Steffens, Gerda. Member of FA 9 at Kaufbeuren. 


Stettin, 53'25"N 14'34"E. Forschungsstelle. 
von Stubenfauch, » Specialist. Member of FA IV? 
Supreme Command of the Armed Forces. See Oberkommando der 
Wehrmacht. (This is the TICOM translation, official — 
_ translation is High Command of the Armed Forces.) 
Tallinn. 59'2k"N 24'45"E, Forschungsstelle. 
Templin. 53'O7"N 13'30"E. Radio intercept Forschungsstelle. 
70 kilometres north of Berlin. 


TF 29; Die Ueberwachung des Nachrichtenverkehrs im Kriege. 


(The Supervision of Information Channels in War). 
German book containing regulations and organization for 
censorship of all communications. Responsibility given 
to Abwehr and cooperation of SS and SD and the FA, ~ 
Deutsche ee etc. 

Thiele, Brig. Gen.:. Chief of Staff to Chief Signal officer of 

the army. 

Thieme, > Soereiiee: Head of Forschungsleitstelle Berlin. 

Thomas, Hildegard. Member of FA 9 at Kaufbeuren. 

TICOM. Target Intelligence Committee. Loosely used in this _ 
paper for the entire project, for the committee members, 
'and for the publications. Activities and materiale of. — 

that committee according to context. 


7-240, This 1s the film (Film 34-16 millimetre) of the adminis- — 


trative directives found by Team 1 at Kaufbeuren. A sum- 
mary of the contents, and complete translation of item 34 
is given in appendix 2. Item 34 is also available as 
IF 135. 

Tranow, » Prin¢ipal Specialist. Head of English Crypto- 
graphic Section (III-F) of OKM 4 SKL/III. 

Verbindun, sstelle. --Liaison Office. 

Vienna. 48'12"N 16'22"E. Forschungsleitstelle and Porschungs= 
stelle, 
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Noise-Balancing Antenna Circuits 


Power line interference can be reduced by 
the special arrangement on page 50. Here 
a noise antenna introduces noise to the input 
circuit in such a way as to cancel the same 
noise introduced by the signal antenna. Can- 
cellation takes place across the two halves of 
the grounded primary of the transformer. For 
best results, the noise interception of each 
antenna must be about equal. There must be 
considerable experiment and adjustment be- 
fore noise interception is equalized. Conse- 
quently, the arrangement works best for a 
fixed station where the source of noise is also 
fixed. Of course, this arrangement could cause 
cancellation of the signal, too. However, the 
tuning and location of the signal antenna en- 
able it to intercept signal energy much more 
effectively than the noise antenna. Thus, only 
part of the signal is cancelled. Furthermore, 
although the signal is weaker, it is more read- 
able because the noise is eliminated. 


DETECTOR 
NOISE PULSE 
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Now examine the noise-balancing circuit 
which uses a twisted pair to cancel noise. 
In this circuit, the antenna is far enough 
away from the noise source that it does not 
itself pick up the noise. However, the leadin 
does pick up noise. Therefore a twisted pair 
is used as the leadin. The noise field of one 
conductor is cancelled by the noise field of 
the other, and the noise input to the receiver 
is minimized. 


Series Noise Limiter 


Much receiver noise consists of high voltage 
pulses of very short duration. The amplitude 
of the noise pulses is much higher than the 
usual signal voltage amplitude. Therefore, the 
limiter circuit can use the high amplitude of 
the noise pulse to block the receiver. Since the 
noise pulse is of very short duration, the re- 
ceiver is blocked for such a short time that it 
cannot be noticed by the ear. 


The limiter is arranged to block the receiver 


LIMITER 


0 


AF OUTPUT 


FIXED 
BIAS SUPPLY 


+. 2 


Series Noise Limiter 
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Voegele, Ferdinand, RR, chief cryptanalyst and chief of 
Section E of the Chi Stelle of the Signal Intelligence 
Agency of the Air Force. 


' Waechter, , Senior Specialist. ‘Head of Section 8 of the 


FA. Specialist on English and American systems concern- — 
ing which he liaisoned with the cipher section of the . 
Foreign Office. 
Wa Pruef 7. Signal Equipment and Testing Branch of OKH. 
Walger, Egon. Member of FA 9 at Kaufbeuren. Assisted in 
.. moving documents from Breslau to Jueterbog. 
Wenzel, » Senior Specialist. Head cf Section 9 of the FA, 


Werther, ___. Company Commander of 7/LN Abt 353. Co CO of 


7th Co 2nd Bttn Airforce Regiment 353. 
Wichmann, MinRat. Head. of office of ministers and 
Department VII. Reichapost. 


: Wien. See Vienna. 


Work Section. <Arbeitsgebiet. q.v. 


Zetsche, —. Captain in charge of Group A of Foreign Air- 
force West. 
Zweigstelle Berlin. Branch Office Berlin. 
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“Wiscellansous 


Italian Signal Intelligence Organizations. 


Hungarian Cryptologic Activities. 


‘Pinnish Signal Intelligence organization. 
Bulgarian Signal Intelligence. 


Austrian Cipher Bureau. 


Army Ordnance, Development and Testing Group, | 
Signal Branch. s 


The. Radio Defense Corps of the armed Forces. 


Laboratorium Feuerstein. 


Logical Service. 


origin and Operations of TICOM. 


The Chief Signal Officer of the Supreme Com- 
mand of the Armed Forces and the Armed Forces 
Signal Communications Group: : 


Physical Compromises. 
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Chapter I Italian Signal Intelligence Organizations 


= oe yt . Paragraph 
Italian Cryptology was centered in the Army and Navy — 
Intelligence Services. . . 6 400 1 1 ee tw ew ew ew ew we ow ob 


-Army Intelligence Service had eight sections. ...... 2 


Cryptanalytic Section totaled approximately fifty persons 3 


Italian Army Field Signal Intelligence " 2scy;" combined 


Cryptanalysis and Interception . . ... 2. 2 2 ee ee # 
Italian Naval Intelligence was streamlined. a ker: eee, 2 


Italian-German liaison was marked by mutual distrust. . . 6 


Cryptologic activities did not terminate with the . 


Armistice a e e a . « ° « 2 e e e e e e q e s ° : ° . e 7 


TICOM has recovered Italian translations of decrypted 


traffic. * e ° e . ° ° o ° 6 es. @ * ° ° . oa ue a = ce e 8 


Italian Cryptanalytic results ..... oki Ricgs te ay ae 


1. Italian c tolo was centered in the Army and Nav 
Intelligence Services.--Iwo organizations,which vere phil Ty: 
intelligence and not cryptologis bureaus, performed the major 
cryptological work for Italy before September 1943. These 
were; : 
a. army Intelligence Service (Servizio Informazioni 
Militari, abbreviated S$ I M.) 


S I M was subdivided into "offensive" and defensive" branches. 

On November 1, 1941 the "offensive" branch which was concerned 
with all phases of intelligence against foreign powers, was 
detached, set up as an autonomous organization and called — 
Servizio Informazioni Esercito (abbreviated 8 I E) (IF 1500, p 1} 
On June 15, 1943 S I BE was absorbed back into S I M (IF 1500, p 9). 


i; 
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b. Navy Intelligence Service (Servizio Informazioni 
Speciali, abbreviated S I S.) . , 

Each of the above had a cryptographic section, and each 
had 4 cryptanalytic section. , 

There were also nine spell Signal intelligence field units 
attached to Italian Armies. a. ot a ; 
Two ministries had minor cryptologic bureaus. The 
Ministry of Foreign Affairs Cryptographic Office (Ufficio 
‘Crittografico) prepared Italian diplomatic codes and ciphers. 
The Ministry of Interior Inspector General of the Political 
Police (Publica Sicurezza) scrutinized "communist" and "foreign 
agent" codes and ciphers. ae a 

fhe Air Force Intelligence Service (Servicio Informazioni 

Aeronautica, abbreviated S$ I a) had no cryptanalytic section. 
It 13 not. known whether it had any cryptographic section. 


. 2. Army Intelligence Service had eight sections. army 
Intelligence was under the Italian General Staff, and was 
' commanded at one time by a Brigadier General ame. It had eight 
a main sections, of which three were directly concerned with 
& cryptology, and only two were concerned with gathering: military © 
intelligence in the usual sense. The other three were evaluation, 
administration, and secretariat. On paper, therefore, crypt- 
analysis and cryptography were major functions of Army Intelli- 
gence) The eight main branches and their functions were as 
follows: a, a 
a. The Secretariat Section operated the message center. 
It was first commanded by a Col. Nasta, who was later replaced | 
vy Gol. Aldo Canale. , 

b. The Organization of agents and Army Intelligence 
section was responsible for espionage and the evaluation of 
intelligence produced by reconnaissance, interrogation of 
prisoners of war, and examination of captured documents. The 


_ 2yP-1500, p 1. 
‘3yp-1520, p 2. 
4TF-1502, p 2. 

See chart No. 8- 1. 
6rp-1500, p 2. 
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Espionage Sub-section maintained field offices in occupied and 
neutral countries. Of particular interest is existence of an 
Argentine office whose activities were espionage against the 
United States. 

The army Intelligence Sub-section {also known as the I 
Sub-section) handled operational intelligence and its sections 
were attached to each Corps and Divisional Command. It was 
commanded successively by a Col. Pasquale and a Col. Gastaldi. v 

ce. The Evaluation Section collected and. analyzed in- 
formation gathered by the other sections and military attachés, 
and issued such information in the form of daily bulletins, 
weekly and monthly reports. Distribution was to the Minister 
of Foreign Affairs, the Minister of the Armed Forces and his 
Chiefs of Staff, and to the commanders of "main army units." 
The Evaluation Section also issued predictions on the politica) 
conduct of the war. The command officer was a Col. Pacinotti. 

dad. The Monograph Section produced treatises relating | 


_ to foreign uations and the general conduct of the war. The 


personnel consisted of young college professors who.had an 


. accurate historical knowledge of foreign countries .? 


e. The Cryptography Section compiled and allocated 


‘ciphers to all army units. It also supervised printing of 


the most secret documents of the Army Intelligence Service, 
and provided linguists for all commands and units that re- 
quired interpreters. This Branch was commanded by a Col. 
Piccinocchi. 

f. The Intercept Section was responslble for the inter- 
ception of all commercial, military, and diplomatic traffic. 


-It maintained its principal station at Forte Braschi, near 


Rome, and allotted one or two intercept companies to each army. 
It was under the command of a Col. Petrella.”” 

g. The Administration Section administered SIM personnel. 
It was {Bt*° responsible for the securing and disbursement of 
funds.+ 
TrF-1500. 
8iF-1500, p 4. 
91Pp-1500, p 5. , 
IF-1500, p 5 - 6. 


IF~1500, p 6. 
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h, The Cryptanalytic Section attempted to bregk Allied 
Diplomatic, Army, and Commercial codes and ‘ciphers. 


3. Cryptanalytic Section totaled approximately fifty 
At the base only 25 cryptanalysts and 25 guists 


persons. 
' an clerks made up the Army Intelligence Service Cryptanalytic 


Section. 

General Vittorio Gamba was in command from World War ‘I to 
the Armistice. He experienced difficulty in procuring crypt- 
analysts after World War I15 end the haiidicap was never — 
overcome. 

The Section's other airficulties included a lack of funds 
and a lack of IBM equipment. At first IBM machines vere used 
only at the office of the Watson Corporation (Italian IBM) in 
Rome. Another complication was the poor liaison with the Inter- 17 
cept Branch. All negotiations had to go through SIM headquarters: 

The Section never had Chinese and Japanese translators, and 
it always experienced difficulty in obtaining Russian, Turkish, 
and Arabic linguists.18 All personnel, including the guards, 
wore civilian clothes, 

Generally, the Section read only those diplomatic systems 
which hed been in use for a long time. All statistical operatioris 
were accomplished by hand; it vas not until the last stage of 
the war that IBM machines were used regularly. At the time of 
the Armistice, no general success had been achieved: in breaking 
American and British diplomatic and military systems. Exceptions 
to this were: American militery attaché systems involving traffic 
from Cairo, Basra, and Teheran in 1942; Berne, Madrid, and 
Lisbon traffic after November 1942; and the State Department — 
"Brown" Code which had been compromised. 


137F-.1500, p 6. 
Vip-1517, p 2. 
157F-1500. 
16751538. 

177p-1517, IF-1518, p 1. 
1837-1517, p 5. 
19qp~-1517, p 2. 


207P-1524, p 5; IF-1517, p 5. 


DOCID: 


3560798 


The Cryptanalytic Section had three Sub-sections: 
Diplomatic, Military and Research, and Commercial. The 
allotment of personnel among the sections varied with the 
work load and current priorities; translators and typists 
were pooled .2 

. The Diplomatic Sub-section was subdivided into nine groups. 


Great Britain, Dominions, America, and Sweden were the respon- 
sibility of only one group, consisting of two cryptanalysts.22 


The Military and Research Sub-section, consisting of five 
cryptanalysts, was divided into Military and Research units. 


“The Military unit forwarded its results (via unknown channels) 


to the field cryptanalytic units and to those in Italian posses- 
sions. The Research unit was non-operational and was assigned 

the mission of making the initial break into systems. When the 
work reached an operational stage, the system was. transferred 

to the Military unit. There was excellent liaison between them,22 

The Research unit was handicapped by its late adoption of 
IBM methods, It did not have possession of any machines until 
late in the war. Until that time, such work as was done was 
processed at the offices of the Watson Corporation by employees 
of Watson who worked under the orders of SIM. With the acqgut- 
sition of IBM machines, more ambitious projects were tackled.¢ 

The Commercial unit, consisting of one cryptanalyst, was 
concerned with Italian commercial codes and ciphers. Its 
function was to censor Italian commercial traffic and to detect 
deviations from ordinary commercial code procedures.” It was not 
concerned with foreign commercial codes. 

The Cryptanalytic Section received its traffic from the 
Intercept Section’s four stationary intercept stations in Italy, 
and from its seven mobile units located in ‘Ttaly, possessions, 
and occupied territory .¢ 


e2TR-1517, p 2, . \ 


2>IF-1517, Pp 2; 6. 
2477-1518, p 1; IF-1519, p l. 


2S TR-1517, p 2. 


261p-1517, p 2-3. 
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The final evaluation of the Cryptanalytic Section might 
be made in“the words of General Gamba, the goumanding officer. 
It was'said to be of a "dilettante nature."“/. 


4, Italian army Field Signal Intelligence "Groups" 
combined cryptanalysis and interception. Evidently there 
existed in the Italian Army before June 1942 separate crypt- 


analytic field units and separate intercept units, assigned to — 
the various Italian armies by the Army Intelligence Service. 


a 
S 


(SIM). The organization and missions of these early units 


is not known. However, in June 1942 at Stalino Russia the 
Italian Eighth Army combined its cryptanalytic unit of ten 


_ officers and six non-commissioned officers with its intercept 


company, which had a strength of three hundred officers and 
men. Intercept functions were placed under the control of the 
cryptanalytic unit; heretofore, each group had been separately 
responsible to Eighth army headquarters. 

-  - Phig so-called "Cryptanalytic Group" of the Eighth army 


- was directly responsible to the Bighth Army, and had no direct 


connection vith the army Intelligence Service (SIM) in Rome. . 
The Germans later tried unsuccessfully to have this Geain 
Placed under their authority.2 a ee 

The intercept unit of the Group maintained twenty-four 
receivers of which nine were fitted into mobile vans. Two _ 
mobile vans contained German direction finding sets. Diffi- 
culty was experienced in the operation of these units, due 


. to poor instruction by the Germans. 


The main contribution of the Cryptanalytic Group vas 


‘intelligence derived from traffic analysis. Cryptanalysis 
was hampered by the inexperience of the cryptanalysts, ignor-. 


ance of the Russian language, and lack of cooperation from the 
Germans, whereas intercept personnel were highly efficient and 
were able to identify individual Russian operators and discover — 
changes of frequency. The result was an excellent evaluation 
of the Russian Order of Battle in that area. The Germans 
appear to have been surpeised at the Italian ability to pro- 


duce this intelligence 


271F-1518, p 1. 
2877-1520, p 2. 
291p-1520, p 2. 
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IF INPUT 


DETECTOR 


vi 


R2 


LIMITER 


c3 


AF OUTPUT 
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Self-Adjusting Series Noise Limiter 


whenever the noise voltage exceeds a certain 
level, a level higher than the usual signal 
voltage. Thus, the receiver is silent during 
noise pulses. The noise does not get through, 
but the signal does. 


The limiter uses the diode following the 
detector stage. In the series limiter circuit 
diagram on page 51, the limiter is V2. Note 
the noise pulse shown in the waveform ap- 
plied to the diode plate. 


The output of the diode detector, V1, is 
present across R1, a potentiometer used for 
MVC. This output is a pulsating DC, negative 
in respect to ground. Coupling capacitor C2 
blocks the DC from the limiter plate but passes 
the AF component. The AF component con- 
taining a noise pulse is illustrated by the wave- 
form. The limiter has a variable cathode volt- 
age usually set at approximately —10 volts. 
Thus, all voltages applied to the plate which 
do not drive the plate 10 volts negative are 
passed through the diode limiter. All voltages 
which go more than 10 volts negative (the 


52 


noise voltages) cut off the tube and are not 
passed. 

The limiter is normally conducting so that 
the audio voltage appears across R4 and is 
applied to the following amplifier. When the 
noise pulse, which is more negative than —10 
volts, is applied, the limiter momentarily stops 
conducting and no voltage appears across R4. 
The waveform with the noise pulse clipped off 
illustrates the AF coupled through C3 to the 
output. 


Self-Adjusting Series Noise Limiter 


The cathode voltage of the limiter tube can 
be made self adjusting, as shown in the circuit 
diagram above. The detector (V1) is con- 
ventional except that its load resistance 
is divided between two resistors, Rl and R2. 
The plate of the limiter is connected between 
R1 and R2. Thus, part of the voltage drop 
across the two resistors is applied to the 
limiter plate. At the same time, the full 
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The success of the Eighth Army Group led to the formation 
of similar units. In June 1943, Lt. Col. Guido Emer, officer in 


_Ccharge of the Eighth Army Cryptanalytic Group,was ordered by 


sok 


the Army. Intelligence Service (SIM) to organize a similar Group 
for each field army. The Groups were to be patterned after 
British and American units with special reference to the 
experience gained by the Eighth Army. _Eight new Groups in all 
were set up for the 2nd, 4th, 5th, 6th% 6th, 10th and llth 
Armies, and for the Italians in Rhodes." The cryptanalytic 
element of a Group,"nucleo", contained from one to fifteen 
cryptanalytic officers assisted by non-commissioned officers . 
who acted as translators and typists. The intercept unit varied 
in strength from a section to a company and a half. The resulting 
Groups never measured up to expectations, however, the 6th. 
Army's Group was able to predict. the zanding in Sicily and 

there must have been minor successes./1 


, 5. Italien Naval Intelligence Was streamlined, Italian 
Naval Intelligence, (Servizio tatownastont Specialif della Royal 


Marina, abbreviated SIS) was located in Rome and was directly 
responsible to the General Staff. It was organized into four 
branches, all of which had the common mission of discovering | 
the enemy's. power, organization, location, activities, and future 
plans. The four branches were set up on the basis of function 
and were as follows: a. 
"a. Intelligence Based on Radio Intercept ~- Branch B 

b. Evaluation of Intelligence - Branch C 

-c. Intelligence Based on Espionage_- Branch D 

d. Counter-Intelligence - Branch E7@ : | 

Branch B was ‘subdivided into four subsections: Cryptan- 
alytic, Intercept and Direction Finding, Security, and Clandes- 


tine Radio Intercept. 


The Cryptanalytic Sub-section, me) i in Rome, was under 
the command of a Commandante De Monte?’ It directed its efforts 


20TF~1523 
IF-1520, p 3-5. 
22 TP-209 
23rp-1507, p 1. 


DOCID: 3560798 


ageinst British Naval and Air operational codes. Naval 
tactical codes and Air code enciphering tables were con- 
sidered to be simple propiems , despite the daily change in 
the case of, the latter.7 The Sub~-section was also success-~- 
ful with a four-figure British Naval Code in 1941 and 1942, 
This system was not read after the Landings in North Africa. 
A four~figure “Anglo-American Naval Code" was also read.72 
The Intercept and Direction Finding Sub-section main- 
tained seven principal intercept stations in Italy and its 
possessions, Six of these were linked together by teletype 
to facilitate operations particularly with respect to direction 
finding. The maintenance of one hundred and fifty watches 
@Gaily, along with the traffic received from German intercept 
stations located outside of the Medi terrangan, produced a 
dally average of three thousand messages .- This Sub-section 
also controlled intercept groups which were located on the 
flagships of ali commands. These groups were under the 
command of a Navy Intelligence Service (SIS) officer who 
was supplied with material for ths immediate decoding and 
interpretation of enemy traffic. T 
C) ' fhe Security Sub-section had as its mission the crypt-~ 
, analysis of Italian Naval Codes, Ciphers, and call signs. To 
maintain the inquiry on a purely cryptanalytic level, the Sub- 
section was kept in complete ignorance of Italian naval acti- 
-wity. If it was suspected that a system could be read, infor- 
mation was forwarded to the Communications Department of the 
General Staff. This informaiton often contained suggestions 
for eliminating the danger.- _ 
The Clandestine Radio Intercept Sub-section organized and 
controlled stations for Branch D. It is said that messages 39 
Wqrs, etayed promptly to the Navy Intelligence Service (SIS). 
P5IF-1527, p 2; See Chart 1 - 2. 


26 T¥-209, p 6. 
*T1p-209, p 5. 
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Branch C evaluated all the intelligence produced by 
Branches B and D, except those of an immediate operational 


. nature. It was organized on the basis of countries or groups 


of countries. It circulated translations among higher authori- 
ties gnd served as an information section for the other Bran- 
ches , +0 

Branch D produced intelligence based on espionage. In- 
itlally, Branch D depended on ship captains and informers for 
information that was of doubtful value. Gradually it built up 
its own espionage centers in Europe, North Africa, and Asia Minor 
which were highly effective. Attempts at espionage in enemy 
countries failed. The main mission of these centers was to 
collect information of a naval nature. The secondary mission 

was to collect information of a political nature. Reports 

were relayed back to the Branch by means of clandestine stations 
set up by the Clandestine Radio Intercept Sub-section of Branch 
B. Aircraft flights were reported by fishing boats in the 


‘Mediterranean and Atlantic. fevers chy ene of the war, the 


Branch was given the task of sabotage. 
a Branch E was responsible for counter-espionage. Branch E 
was originally divided into two sections; one dealt with mili-. 
tary police functions; the other with counter-espionage. These 
activities were later combined in the form of centers. Eleven 
centers were set up in Italy. Five centers were maintained in 
occupied areas and North Africa. Branch E coordinated all 
activities relative to naval espionage and sabotage. It was 
reported thet Shere was no successful act of sabotage against 
the Italian Navy.t@ : | 

The Italian Air Force Intelligence Service (Servicio 
Informazioni Aeronautica, abbreviated SIA) relied on the Navy 
for cryptanalytic work during the whole war. The Navy carried 
out the intercept function as well, until 1941 when the Air 


Force set up its own intercept station. Intercepts from this 
station were sent to the Navy for solution. 


+Orp-209, p 19. 


*lip.209, p 17. 
2TF-209, p 20. 
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6.. Italian-German liaison was marked by mutual distrust. 
Major De Witt, an Italian cryptanalyst, was of the opinion 


that poor liaison with the German Army Signal Intelligence 
Agency (OKH/GdNA and predecessors) was based on the German 
doctrine of taking a lot and giving nothing. This is a moot 
point when one considers what the Italians had to offer. In 
actuality, neither side ever expressed a willingness for 
complete cooperation. . 

Liaison on military traffic began in 1939 with an emphasis 
on French traffic. Major De Witt reported that the Italians 


and Germans were supposed to collaborate on the recovery of an > 


enciphered code system which:had a forty day period. There was 
great rivalry and no interchange of information was Pepatttoe 


by either side until the recovery had been completed. 


In 1942, the Italians learned from the Germans that certain 
Italian cipher systems (not named) were insecure. The Germans 
recommended the adoption of a Playfair cipher using ten tables. . 
The Italian Army adopted the German suggestion for a short time 
and then dropped it. The Italian Cryptanalytic Section stated 
that it had found the recommended system to be insecure and 
expressed the fear that the Germans favored the system because 
they could read it.45 . . 

In January 1942, Capt. Augusto Bigi, a cryptanalyst, was 
sent to Berlin-to investigate German cryptanalytic procedures, 
with special emphasis on IBM techniques. As a result of the 


. Iission's report to Army Intelligence Service (SIM), it was 


Gecided to undertake small scale experiments with IBM machines. 
With a view toward expansion of the use of IBM equipment, should 
the experiments prove successful, Capt. Bigi was again sent to. 
Berlin in December 1942. The Germans did not allow Capt. Bigi 
to re-examine their installations and expressed a preference for 
sending a technician to consult with the Italians. This instance - 
of non-cooperation is considered typical of the whole Italian- 
German relationship. . 

Italians gave German liaison officers what purported to be 
true copies of their weekly summaries. But, in fact, these were 
edited and abridged documents, which contained nothing which was 


4h rp-150h, Dp 3 
457p-1519, p 4; IF-1524, p 2. 


46rp21517, Appendix A, p 2. 
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contrary to the German view of the political and military 
Situation. This was especially true with respect to reports 
dealing with Russia. The reason given by the Ttaljans was that 
‘they wished to avoid an argument with the Germans. 

Further evidence of mutual distrust in the field of 
Italian-German liaison appears in the relationship between the 
Signal Intelligence Agency of the Navy High Command (0OKM/4 
Skl III) and the Italian Naval Intelligence Service sis) 48 
Liaison began in 1933 on French systems, but was very slight 
from 1934 to 1937, at which time opinions were exchanged in 
regard to the security of Italian systems. In 1938, the 
Italians failed to elicit information regarding British 
Naval operational systems. The Germans did give information 
on the administrative system, but did not provide any infor- 
mation on the operational system until 1940. The Italians had 
made slight progress by that date and the subsequent exchange 
of information was mutually beneficial. 

The lack of confidence in Italian cipher security in- 
fluenced the Germans in their reluctance to provide the Itali- 

? ans with British Naval Cypher No. 3 (for convoys) until 1942. 
& Collaboration’ on this system continued until the Badoglio 

revolution in July 1943. From that time on, liaison came to 
& gradual standstill, and all liaison ended in Sept. 1943, 

The prevailing opinion among the Germans seemed to be 
that the Italians were temperamentally unsuited to crypt- 
analysis, and the German analysts appear to have been un-. 
willing to initiate any a with the Itallans without 
direct orders from above.49 a: 

7. Ene Italian Cryptologic Activities did not terminate 
with the Armistice. The Military Intelligence service terminated 
its existence as a de jure organization with the signing of the 
Armistice. The personnel was subject to various pressures and 
fears'which resulted in their scattering to the Allies, to 
Mussolini, to the Germans, or into hiding. The Germans took — 
command of any remaining intelligence functions .° 


*Trp-1500, p T. 
MBy yo, 
49q 12. 
90 rp-1527, p 3. 
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The documents of the Cryptanalytic Branch of the Army 
Intelligence Service (SIM) were in part destroyed, but a great 
many were turned over to the Germans or taken into hiding 
against the day when the organization might be recreated. 
Capt. sigi, a cryptanalyst, stated that he Ceatroyed only ee 
old and obsolete documents, 
The successor to the Military Intelligence Service was the 
Defense Intelligence Service (Servizio Informazioni Difesa, . 
abbreviated SID It was under the direction of a Dr. Foschini. 
Organized in October 1943, it was successively located in Rome, 
Volta Mantovano, and Castiglioni delle Stivieri. Its organi- 
zation paralleled that of the old Army Intelligence Service, and 
it was, in fact, a continuation of the previous organization.> 
It had available only twelve cryptanalysts for the task which 
had been too great for double that number. A further diffi- _ 
culty was its lack of intercept facilities. The Germans dis- 
couraged the development of intercept and’ are reported to have 
placed Dr. Foschini in a concentration camp because of his 
efforts to obtain intercept equipment. The only systems that 
were generally worked on were some of those that had previously 
C) been read by the Army Intelligence Service (SIM); namely, 
| - furkish, Spanish, and Rumanian diplomatic codes and ciphers.5? 
Occasionally a new system vas broken.>4 
The cryptanalytic and intercept functions of the Defense 
Intelligence Service (SID) were reorganized in June 1944. All 
cryptanalytic and intercept activities were combined into the |. 
Intercept Section (Intercettazione Sezione) which was known 48 . 
IN. The IN was subdivided into three “bureaus."95° 2 ge 
A... &. The First Bureau consisted of naval personnel whose 
mission was to deal with tactical enemy air traffic and, to a 
small degree, naval traffic. This group had a short existence 


5lyp.1526, p 2-3; IF-1517, p 7; IF-1501. 
9°1R-1517, Pp 7. | 
—«S53yR-1524, p 9; IF-1517. 

St rp-1526, ; 

>> se6 Chart 8 - 1, IF-1524, p 8-9. 
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which pemainated with the ipecinerei™ of its personnel into 7 
the Second Bureau in November 1944 


b. The Second Bureau worked on Sivicmnatie and military —— 
attaché codes and ciphers. The work was limited to systems 
already broken. 

ao ce. The Third Bureau confined its activities to the 
- monitoring of press reports, particularly Reuters .57 


8. MTICOM has recovered Italian translations of decrypted 
traffic. “TICOM has obtained the Italian translations of traffic 
decrypted by the Italian Defense Intelligence Service (SID) from 
late 1943 to early 1945. Notations indicated that the Republi- 
can Fascist Government had a particular interest in intelli- 
gence relating to conditions in liberated Italy; secondary 
importance was attached to messages dealing with conditions 
in its own territory. The decrypted traffic also revealed that 
messages of general intelligence value were read. Below are. 
summaries of a few of the representative messages; 

de . Worksheet 1111-Vatican to Lisbon 30 Dec. 1944-597 groups 
(> Portuguese message number 1. 

Liberated Italy is economically devastated, expecially. 
with regard to raw materials. It is at the mercy of the 
initiative of the liberators. Italians believe that the 
British are sincere in their desire actively to aid recons- 
turction. The public debt is 676 billion liras, three 
times national income, but the government is optimistic. 


Worksheet 2925-Moscow to Paris 20 Feb. 1945-88 groups 
French message number 85. 

Fourteen Frenchmen who escaped from German caries 
at Bleichhammer and Heydebreck report that they worked 
with 70,000 others on the production of synthetic benzine 
at plants in these localities. Annual production is 
estimated at 3,500,000 tons. 


Worksheet 452%-Tokyo to Berne 25 Feb. 1945-266 groups 
Swiss message number 503. 
The situation is critical in Japan. There is great 
popular apathy and misery. The Government would like to 
SOR. 1524, Po. 


577-1527, p 3; IF-1526, p 2; IF-1524, P 9. 


© _ = °°. 


DOCID: 3560798 


— 


@ 


evacuate Tokio, but it is unable to provide transport 
‘and lodging. The military fear the loss of Formosa and 
an invasion of Kyushu. A German defeat is believed in- 
. evitable, but it is hoped that the Germans will delay to 
the point of extermination. The press is very hostile to 
‘Russia, but the official attitude is very correct, 


Worksheet 3330-Paris to Rio de Janeiro 1 March 1945-71 
groups French message number 2 

- It is reported from Montevideo that the Argentine 
is uncertain about entering the war. The militarists 
oppose this move and the United States has indicated that 
a mere declaration would be insufficient. 


Worksheets 3353 and 3334-Washington to Paris 1 March 
1945-74 and 57 groups French message numbers 94 and 191. 
Argentina is suspected of being sympathetic not only 

to the German Government, but also to the Nazi ideology. 
Nazi technicians have been infiltrating into Argentina > 

ae and now occupy prominent positions in the army and in- 

@ dustry. It appears that the American Government, backed 
by the majority of public opinion, will not change its’ 
attitude toward Argentina unless the Argentine radically 
modifies its approving attitude toward Naziism. 


Worksheet 2946-Paris to Rio de Janeiro 21 Feb. 1945-107 
groups French message number 279, circular 22. 

It is reported from Berne that Germany is suffering 
from a transportation crisis. The Reichsbahnen are no 
longer useful. Communications are generally destroyed. 
There is a coal shortage in Bohemia and Moravia and the 
Skoda works may have to shut down. Fuel o11 is very 
limited in supply, and air raids and Russian advances 
have destroyed synthetic gasoline production. 200,N00 
workers are required to finish 15 synthetic gasoline 
plants by August 1945. It 1s believed that the conatruc- 
tion plans are merely intended to give the impression of 

, @ Will for indefinite resistance. 


Worksheet 1513- “Stockholm, to Paris 17 Jan. 1945-89 groups 
French message number 9145 
The Soviet Embassy is optimistic about the coming 
offensive against Berlin. Despite 200 German divisions in 
the East, the Red Army has numerical superiority and 
' expects a decision early in 1945. 
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“Worksheet 4535- Sepuldioin to Paris 28 March igi 61 groups 
French message number 149 
In Switzerland it is estimated that Germany will fall 
. in two weeks, The Nazi Government will ak give up, but 
ee - the armies will surrender, 


Worksheet 3192-Stockholm to Paris 27 Feb, 1945-72 groups 
French message number 71 
Swedish correspondents in Berlin report a fatalistic 
attitude on the part of the populace. The people no longer . 
mention Hitler. The executions of party officials, who 
deserted their posts, have been greeted with public satis~- 
faction. The press has taken clever advantage of the 
mistakes in Allied propaganda. There is little probability 
of a popular revolt. It is believed that a revolution, 
if any, will have to come from the army. 


_ ‘Worksheet 933-Borovec ‘to Zagreb 23 Aug. 1944-276 groups 
Jugoslavian (Croatian) message number 1 
& The Bulgarian foreign minister has stated that 
Bulgaria joined the Axis to keep peace in the Balkans. 
Thrace and Macedonia were occupied because they were 
essentially Bulgarian areas and because foreigners would 
have occupied if Bulgaria hadn't. Bulgaria claims that 
she never made active war against the Allies, and that she 
wishes to keep good relations with Russia and the Balkans. 
-In the case of Russia, the burden is on the Soviet to 
remain friendly with Bulgaria. 


_.1 Worksheet 762-Bucharest to Moscow 5 Sept. “agus 206 groups 
a Rumanian message number 365 
Rumania protests the. treatment of her fleet by the 

Russians. The Red Navy has taken over Constanza and the 
Danube fleet. Serious incidents have occurred. Rumania 
asks that Russia be more cooperative and follow Molotov's 
stated policy of cooperation. Rumania disclaims any res- 
ponsibility for U-boa* activity in the Black Sea, placing 
the onus on Germany. Rumania wants peaceful cooperation. 


Worksheet 1018- -Tokyo to Lisbon 3 Dec. 194-78 groups 
Portuguese message number 47 
Japan ‘expects early Russian entry into the Asiatic 
= war, This is considered inevitable due to Russia's inter- 
hie ae ests in the Far East. 


a 
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Worksheet 816-Vatican to Madrid 18 June 1944-179 groups 


_ .Portuguese Message number . . . 


It is expected that Kesselring will:give up soon. 
German collapse is attributable to destruction of communi- 
cations and transportation. The zones of occupation of the 
Allies are predicted to be: 1) Great Britian-France, 


‘Belgium. Holland, Norway and Rhineland. 2) Russia~ 


Germany, bounded by the Baltic, the Danube and Balkan 
areas. 3} United States- Central Germany, (Bavaria and 
Austria) .58 . . 


9. Italian cryptanalytic results. Brigadier General Vitt- 
orio Gamba, the Director of SIM Cryptographic Section, had.a very 
low opinion of Italian signal intelligence activities. Gamba 5 


\attributes the Italians‘ poor showing to ere of capable 


personnel and a lack of sufficient funds 

cesses against the USA and Britain as follows, "It isa fact that 

at the time of the Armistice no results had been attained in 

breaking the cypher systems of military and diplomatic traffic 
_from England and the United States."0V - ( 

photostats of the US State Department's "Brown" Sode 


ee 


Gamba. sums up suc- 


Gamba does clpim that 
“were 


available to the Italians and that SIM succeeded in solving 
a British diplomatic five fleure code and an unenciphered 


two-part four-letter. code. 
ing Italian cryptanalytic successes may be found in Chart 1 - 2. 


More detailed information regard- 


38766-17725 11546-71581. 
(297p-1518, p 2. 


6 


°+7-~1500, Dp 6 ry 
IF-1518, Pp 4 ° 
IF-1518, Pp 2 ° 


voltage drop across the two is applied to the 
limiter cathode. This means that the DC 
plate-to-cathode voltage of the limiter equals 
the voltage drop across R1. This voltage drop, 
of course, varies with the detector output. 
Thus, with a strong signal the voltage drop 
increases and so does the DC plate-to-cathode 
voltage. With a weak signal, these voltages 
decrease. 


You might think then, that the limiter could 
never be cut off, since DC plate-to-cathode 
voltage adjusts to signal strength. However, 
the time constant of R3 and C2 is such that the 
cathode voltage does not immediately follow 
a sudden decrease in plate voltage as during 
a noise pulse. On the noise pulse, the plate 
voltage decreases instantaneously, but the 
cathode voltage decreases slowly. Thus, the 
tube is cut off, and for a fraction of a second 
there is an open circuit. When there is a less 
sudden decrease in plate voltage, as when 
there is a slow change in signal strength, cath- 
ode voltage can follow it closely. Thus, the 
diode acts as a short circuit at all times except 
during noise pulses. As a short circuit, it 
passes the AF signal. 


This circuit is widely used in Air Force 
equipment. 


Shunt Noise Limiter 


In a shunt limiter circuit, the limiter diode 
acts as a short circuit for noise voltages. This 
is the opposite of the series limiter which acts 
as an open circuit for noise voltages. 


In shunt limiter circuit, the cutoff level is 
also self-adjusting. As you can see in the dia- 
gram above, part of the voltage drop across the 
two load resistors Rl and R2 of the detector 
V1 is applied to the cathode of V2. The com- 
plete voltage drop is applied to the plate. 
Since the voltage drop is negative in respect 
to ground, the plate is more negative than the 
cathode, and the tube is cut off. The time 
constant of R3 and C2 is such that plate and 
cathode change together for signal voltages, 
and the limiter diode remains cut off. However, 
the time constant is such that, on sudden 
noise peaks, the plate voltage does not follow 
the cathode voltage. On noise peaks, the 
cathode is driven negative instantaneously 
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until it is more negative than the plate. The 
tube then conducts, shorting the noise voltage 
to ground through C2. 

Note that the cathode voltage is coupled to 
the AF output. The cathode voltage repre- 
sents the voltage drop across R2. When V2 
conducts, it short circuits R2 as far as AF is 
concerned. Thus, for the duration of the noise 
voltage, there is no AF output. 


Separate Channel Noise Limiter 


In some communications receivers, a sepa- 
rate channel noise limiter system is used. This 
prevents the strength of the BFO signal from 
affecting the noise limiter. 

As shown in the circuit diagram on page 54, 
the separate channel consists of a noise ampli- 
fier and twin diode noise rectifier. The IF 
signal is applied partly to the first IF amplifier, 
and partly to the noise amplifier. The part 
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CHAPTER II | 
Hungarian Cryptologic activities 


‘Hungary's Cryptanalytic Bureau Was organized 
for large scale: efforts. s0. seu 8 ee a we a ee 


Germans considered the Hungarian intercept 
organization inferlor., 2. 2. 6 6.6 2 0 ee ee ew ee ee ch 


Hungarian-German liaison began in the 1920's. ak ee eae Fora 


& 


1. Hungary's c tanalytic bureau was organized for 
large scale efforts. The Hungarian cryptanalytic bureau (ex- 
act naine not available from TICOM sources although it is 
called Abteilung X in I 193) was directly under the command of 
@ - the Chief of the Hungarian General Staff. Until Russian ad- 
- vances in 1944 endangered the group, it wag located in the 
‘Honved (Ministry of Defense} in Budapest. Under the direction 
of General von Petrikovics,09 the cryptanalytic bureau was organi- 
zed into ten sections with a total of about fifty personnel: . 
a. . Turkish Section | 
bd. English and American Section (England, North and South 
Ame:-ica, and Egypt) . . 
ec. French Section (France and Colonies, Switzerland, 
Greece, Belgium, and Netherlands 
d. Russian Section (Bulgaria, Yugoslavia, Czechoslovakia, 
and Russia) 
e. Rumanian Section 
f. Swedish Section (Sweden and Norway) 
g. Italian Section eee and Vatican City) 
h. Spanish Section (Spain and Portugal) 
? 


j. Japanese Section (Japan and China) 70 
687-53), p 2; I-193, p 2. | 
691-21, p 3. | 
707.193, p 3. 
17 


DOCID: 3560798 


Thr01, p 2. 


; The cryptanalytic bureau averaged 4 or 5 persons to 
each section./1 The key section was the Turkish section, in 


‘which Lt. Titus Vass, called "the ace Hungarian cryptanalyst," 


worked. Emphasis was placed on Turkish traffic because of 
the. intelligence derived concerning Allied’ affairs./2 The 
Russiian and French sections were considered the next most 
valuable, and it is reported that the main Russian diplomatic 
System was also read until it changed near the end of the war. 7 
Another report indicates that, fhe emphasis was on Italian, 
Rumanian, and Polish systems./* | : | 
From 40 to 100 messages were decoded each day. They 
were sent to a representative of Office Six of Reich Main 
Security Office (RSHA VI), to Regent Horthy, to the Chief of 
the General staff, the Foreign Minister, and to the "Minister 
President." : so ae 
Conflicting estimates of the success of Hungarian crypt- . 
analysis are reported in TICOM sources. It is stated that the © 
Hungarians depended on the Germans for the solution of many 
systems. However, the Reich Main Security Office's (RSHA) 
liaison officer in Hungary states that the most important crypt- 
analytic infplligence available to his group came from the 
Hungarians. It has also been stated that the Germans re- 
ceived a great volume of resu‘its from the Hungarians, and this 
is attributed to the influence of Ronge who had been intelli- 


gence chief of the Austro-Hungarian. Empire.78 A total of approxi- 


mately 90 code books belonging to the Hungarian cryptanalytic 


' Dureau have been captured, indicating that they successfully 


broke codes of the following twelve countries: Belgium, 
Bulgaria, DenmSrk, France, Greece, Italy, Nethepiands, Portu- 
gal, Rumania, Croatia, Sweden, and the Vatican. '!- 

2 . 
11-193, p 3. 


747.193, Pp 3. 


75y.193, p 4. 
76y..01, p 2. 

771-193, p 2. 
785p.141, p 2, 
T9407, 
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Among the documented failures of the Hungarians are the 
Secret and Confidential codes of American Military Attachés. 
Although these codes were compromised 100% by the Hungarians — 
they were turned over to the Italian Army Intelligence Service 
(SIM) because the encipherment could not be broken by the 
Hungarians. The Italians were successful in breaking it 80 
A German officer of Section E 1 of the Signal Intelligence 


Agency of the Commander in Chief of the Air Force (Chi-Stelle, | 
0b @ L, Section E) was assigned on the request of the Hungari- 
ans to break a Rumanian Air Force cipher. Just as this officer 


announced that he was on the threshold of solution, he was © 
returned to his German unit because of political reasons, and 
the Hungarians were forced to guy this system from parties not 
stated, instead of solving it. “ 


2, «Germans considered the Hungarian intercept organi- 
zation inferior. Personnel of the S ignal Intelligence Agency 
of the Commander in Chief of the Air Force (Chi-Stelle 0b. 


d L), which maintained intercept stations in Hungary, reported 
that the Hungarian intercept service was worthless and that 


the Hungarian traffic analysis reports were uggless. They 


also stated that the Aungarians weve "cagey. 


a Hungerdan-Germen liaison began in the 1920's. In the 
1920's, liaison on cryptanalytic matters began between the 
Hungarians and the predecessors of the Signal ei earn at adele 

8 


Agency of the Supreme Command , Armed Forces (OKW/Ch1). 
early liaison was close end the Germans worked on systems 


80rp-1504, p 4. 


. 8ly-121, p 8. 


827-130, 1-65, I-29. 
841-21, 5) 2. 


| S\neels for the Hungarian Enigma were wired by the firm of — 
. Konski and Krueger in Berlin. The Signal Intelligence Agency 


of the Supreme Command, Armed Forces(OKW/Chi) was unable. to 
copy the wirings because Hungarian employees of the firm 
changed the wirings at night so that they would not conform to 
the records kept of the wiring. I-84. 
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requested by the Hungarians .o5 There was. never an actual 
exchange of liaison officers by the German agency and the 
Hungarians. This was true even during the war. Communi- 
cations were through the Hyneanten iubesey and through 
occasional social visits. 

Liaison with other German agencies began at the start of 
the war when the Reich Main Security Office (RSHA) and the 
Signal Intelligence Agency of the Commander in Chief of bea 
Air Force (Chi Stelle, Ob d L) set up offices in Budapest.°7 

The German Air Force set up a socalled "Weather Station" 
(cover name) in Budapest in 1938. This station intercepted and 
cryptanelyzed Rumanian and Jugoslav traffic. Initially, its 
personnel were in civilian clothes.85 Liaison with the Hun- 
garian intercept service was aan. poor and the Hungarians 
were always considered inferior. 

; Liaison with the Reich Main Security Office (RSHA)9° was 
marked by great respect for Hungarian cryptanalytic ability. 
The Hungarians passed all decodes on to this group, and the 
more urgent messages were radioed back to Berlin by the Reich 
Main Security Office (RSHA). When the Hungarian intelligence 
o units retreated to Eastern Bavaris in 1944 with the approach © 
of the Russians, their retreat was aided by the liaison officers 
of the Reich Main Security Office (RSHA). It is. believed that 
the Hungarian records were hidden in Eastern Bavaria.91 It is 
possible that the Gocyments recovered by TICOM at Eggenfeld are 
, the ones referred to.9 


S51-21, p 2. 
86 


I-21, Dp 2. 

877-193, Pp 2; 1-130; 1-65; 1-29. 

881.150, 1-65. 

897.29, 1-150. 

907 1944 the Reich Main Security Office (RSHA) purchased a 
Turkish code from the Hungarians. Examination showed that it 
had originally been broken by the Si 1 Intelligence Agency 
of the Supreme Cémmand Armed Forces (OKW/Chi) in 1943 and then 
had been turned over to the Hungarians. I-132. 
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Liaison with the Italians on cryptanalytic matters 
appears to have been very good. The Hungarians maintained 
liaison officers in Rome and made the resuits of their work 
available to the ‘ITtaltans. 93 
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CHAPTER III 
Finnish Signal Intelligence Organization 
Oe, . - Paragraph 
Finnish "Radio Intelligence Company" cryptanalyzed a 
military, naval, and diplomatic traffic ........ . 13 


Finnish Cryptanalysts were successful within the narrow | 
definition of their mission... 2... ee eee ee eo o 2 


Finnish intercept was well done, but the evaluation unit 
was not very competent. . 2. 6 2. 2 2 2 6 se © © ee eo ww LS 


Finnish-German Liaison was well organized and effective. . . 16 


Friendly Finnish-German relations did not preclude German 
cryptanalysis of Finnish systems. 2. 2. 6. 5 2 2 2 + 6 6 2 17 


13, Finnish "Radio Intelligence Company" cryptanalyzed milit- 
tary, naval and diplomatic traffic. Finnish signal intelligence 
activities were a function of a Radio Intelligence Company (called 
Radio. Telegraph Kompanie, abbreviated "RTK,” by the Germans; 


Pinnish name not given by TICOM sources) which was subordinate 


to the Finnish Geggral Staff's military intelligence organization 
(mame not known). This Radio Intelligence Company apparently 
concerned itself with military, naval, and diplomatic traffic. 9 
TICOM sources make no reference to any other cryptanalytic organi- 
zation, or to any organization which dealt with Finnish crypto- 
graphy. 
The Radio Intelligence Company (RTK) consisted of a crypt- 
analytic unit, an intercept yait, and an evaluation unit. It 
was of battalion strength. 0 Its headquarters were at Sortavala. . 
The cryptanalytic unit, under the command of Captain Erkki Pale, 
had a strength which was estimated to be of Prom 20 to 70 


981-106, p 3; I-31. 


_ } . 4 


994.31, I-12, I-16, I-142, I-78, I-120 and 1-106. 
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- oryptanalysts. 101 A Col. Het Lama has been reported as head of 
the Finnish cipher section. 
Germans, interrogated by TICOM on the subject of Finnish 
cryptanalysis, unanimously agreed that the Finnish cryptanalysts 
were of the highest ealibre and considered them an even match 
for their own analysts .10 


i4, Finnish cryptanalysts were successful within the narrow 
definition of their mission. ‘The emphasis of Finnish cryptanalysis 
Was placed on Russian traffic, particularly of a military and 
naval nature; secondary consideration was given to Polish, Swedish, 
Rumanian, and American traffic. 

.fThe Finns succeeded in reconstructing the Russian five-figure 
code used during the first Russo-Finnish War, _This book was given 
to the Germans by the Finnish General Staff.105 ‘the Russians 
were aware of the Finnish ability and issued instructions to 

‘their cipher officers which attributed Finnish successes to 
violations of security. It is interesting to note that the ~ 
Russians did not admit the possibility of cryptanalysis of their 
systems, but pbey did emphasize the traffic analysis and monitor- 

r ) ' 4ng aspects .10 Other achievements against the Russians vere be 

' Adentification of the additive for a four-figure naval eggten; 
and the solution of a five: figure "double substitution” 

' the solution of three-figure_and four-figure Reco es eececiaiis 
Russian Secret Police Codes.109 


ah I-106 p 3, I-116, 


102y_96, 
1031106 p 3, I-16, I-11l, I-31, I-116. 
104731, 1-106 p 3. 

1053-78. 

1067-120 p 40. 

(WOTr 12 pp 14-15. 

108, 16 p 2. | . 

1097-106 pp 4-5, I-21 p 2. 
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Other instances of Finnish successes were: Reading of 
the American strip system, which the Germans. called AM 10, 
‘and the reading of a Swedish diplomatic system which disclosed 
the fact. that the M-94 was readable .110 


15. Finnish intercept was well done, but the evaluation 
unit was not very competent. The intercept unit of the Radio 
Intelligence Company (RTK) consisted of a fixed station at 
company headqvarters FRE) consists 200 men), four other fixed 
stations, and one motorized company. Despite the age and 
_ variety of Finnish intercept and direction finding equipment, 
the Germans considered the Finnish intercept work to be of good 
quality and depended on the Finns for pa texcen tt on in the 
Baltic area and for long range direction finding.112 The 
Russian security instructions, -discussed in Paragraph _2_ above, 
emphasized the ability of the Finnish intercept unit. 113 

- The Germans considered the Finnish evaluation unit to be 
disorganized and attributed its incompetence to the emp‘asis 
placed on, Ee ere This unit consisted of about 20 


® ‘persons. . 
oe ' L6. Pinnish-German liaison was well organized and effec~ 
tive. Finnish-German liaison existed prior to 1939 and con- 
tinued until Finland's final capitulation to Russia. The 
following German Signal Js:velligence organizations maintained 
liaison with the Finns: Signal Intelligence Battalion 11 6 
(NAA 11),115 control Station for Signal Intelligence Gan)sf 
110733, T-142. 
111.106, p 3. 
1127-16, 1-106 p 4. 
113;-220 p 4o.. | 
11472116 p 10, I-106 p 3. 
1157-106. 
11672106 p 3. 
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Signal Intelligence agency of Army High Command ce Gd cy 117 
Signal | bedi gence Agency of Navy High Command (OKM/ 4 . 


‘III),2 al Tatgliigence Agency of Supreme Command Arm 
"(omige 


a 
Forces Chi),119 and the Reich Main Security Office “CRSHA). 120 
Not only was there direct and large scale interchange of 
work on Russian systems,121 but there was also interchange on 
such matters as the American strip system _AM 10,122 general 
intercept and direction finding problems,125 and there is an - 


' 4nstance where Finland turmed over a translation, 9 a Swedish 


message which stated that the M 94 was readable. 
Liaison consisted of courier service, regular meetings1"> " 
For 


and interchanges arranged by the Finnish General staff .12 


128 


such purposes, Germany maintained headquarters (not named) at 
Tallinii, .Esthonia; and there were, g1so Germans in Finland at 
Kirkenes, Mikkeli, and Sortavala. 

At. the conclusion of the Finnish-Russian War, the Signal — 
Intelligence Agency of the Supreme Command armed Forces (oKw/ 
Chi) invited the Finns to join it. No word was heard from the 


Finns after they crossed the Finnish-Swedish border.1l2 


1177-21, I-11. 
118 


119 


ie 

Eeies. 345 

12072193, 

1ély.12, I-31, I-16, I-106. 
1225-31. 

1237-106. 

12hy 42, 


125it is observed that the Finns had one female representative 
at all. these meetings I-31. 


126741, 3-78, I-12. 
2 
: ‘re12, I-106. 


I-96. 
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Liaison between Finland and Hungary is reported to have 
been close. The Germans assumed that ths Hungarians who came 
to Berlin were on their way to Finland.+<9 


a’ Friendly Finnish-German relations did not preclude 
German cryptanalysis of Finnish systems. Although Senfor 
Specialist Dr. Erich Huettenhain. of the Signal Intelligence 
Agency of the Supreme Command Armed Forces (OKW/Chi) stated 


' that no Finnish systems were read,130 abteilungen 9 and 6 


13 


of 
Hauptabteilung IV (Entzifferung) worked on Finnish trafficldl 
and Abteilung 6 read at least one Finnish Hagelin message that 
was 4000 letters long.17¢ It is also indicated that Goering's | 
Research Bureau (FA) broke into "Finnish or Syggish" Hagelin 
Hlessages several times on the basis of cribs. 


1297-21, 
1303.33, 


pest. 


Vey sy, 
1337-25, 
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1ST IF 
AMPLIFIER 
MIXER PLATE Xo 
—~ {I 
O 
B+ AVC 
B- 
NOISE AMPLIFIER 


2D IF GRID 


Ibo 


: 


R2 


NOISE RECTIFIER 


RI 


Separate Channel Noise Limiter 


applied to the noise amplifier is amplified and 
then applied to the plates of the diode limiter 
(noise rectifier). The bias of both the noise 
amplifier and rectifier is controlled by the 
threshold control Rl. Adjustment of the 
threshold control is critical. If it is set too 
low, the circuit will cause a reduction in the 
signal to the second IF amplifier. If it is set 
too high, some noise will not be removed. The 
voltage on the noise rectifier is adjusted below 
cutoff, so that the normal IF signal applied to 


54 


it is not sufficient to bring it out of cutoff. 
When there is noise, however, the voltage be- 
comes high enough to bring the noise rectifier 
out. of cutoff. When the noise rectifier is 
brought out of cutoff and conducts, current 
flows through R2 and develops a_ negative 
voltage which is applied to the second control 
grid of the 1st IF amplifier. This cuts off the 
IF amplifier for the duration of the noise pulse. 
To prevent the IF signal itself from being ap- 
plied to the second control grid of the first IF 
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Bulgarian Cryptanalytic ability id an 


VOLUME 8 
‘CHAPTER IV 
Bulgarian Signal Intelligence 


é 


Paragraph 
unknown quantity. eo es © e @ #8 #8 @ © © #@ @ © © ‘@ @ 8 @ 18 


Bulgarian-German liaison hardly existed. ........ 19 


| 18. Bulgarian cryptanalytic ability is an unknown quantity. 
TICOM sources provide only a single reference to the Bulgarian 


cryptanalytic agency. In 1944, Group IV of the Signal Intelli- 
gence Agency of the Supreme Command armed Forces (0OKW/Chi1) 


: _ trained Bulgarians in a special course in cryptanalysis. Lt. Col. 


Mettig of that agency stated that General Staff Major Gentscheff, 
head of the Bulgarian eryptanalytic agency, was not enthusiastic 
about this course,13o. _ | 


19. Bulgarian-German liaison hardly existed. In or about 
1940, the Signal Intelligence Agency of the Supreme Command | 
Armed Forces (OKW/Chi) projected plans for the setting up of 
intercept stations in Bulgaria. Only one such station was 


completed. It is not known whether Bulgaria knew of this 


station. This station, which was located at Varna, vas for 

the German Air Force. Under the cover name of "Kommando 
Nordland”, this station employed. 22 persons in civilian clothes. 
Five receivers were used to cover Syrian, Greek, and Medi- — 
terranean ferry flight traffic. No cryptanalysis was done; 

all enciphered traffic was sent back to the Signal infgiligence 
Agency of the Supreme Command, Armed Forces (OKW/Chi) 


1381-96, p 5. 


1991-65, p 3. 
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“Austrian capher Bureai: 


on eee |” Bepegragh 


, “austrian Clpker Bureau | was | smal) but. active. . oa 


PRS Gecthe SEO RB ES 


“Austrian mil Bete was in close ifaison. 


: ti} phe 
—awsteta Deas Bureau Lee der: aie atest ét- re 
Otto. Klob “until. Deed igs when he ‘was succeeded: by Dr. 
Seifert. Its: size. ena , ‘its -rélationship: re other government 
roaus is not .knowil from TICOM reports.145 ‘The Cipher “./) 
sure au: ‘appeared: to suffer fron. da shortage of personnel and. 
from. the many, vacations: provided: ‘by: Austrian: Civil Service. > 
a Tt, hust have been small, - because .a: "catastrophic. borecnne) 
“ shortage". vas averted. vhen. a new members| joined. the: 
Organization -in November 1935.4 Pe 
“The Austrian Cipher. Bureau actively. ‘eryptanalyzed® OW: Oo fancy 
“tntercepted the diplomatic traffic.of the following. countries: 
. Betgium, ‘Bulgaria, Czechoslovakia, France, Greece, Ee 
“Tbaly, dugoslavie, Poland, Rumania, Russia,. Serbia, (sic) a. 
pe Turkey 5° United Kingdom, and United States. There. 
“is. AO evidence: of. cryptanalysis. in ‘naval or military ‘traffic: 
han “Although the major effort was expended on codes, there. . 
-is:some evidence of ability in the cryptanalysis of the. Enigwa 
\ Cipher: Machine ...-‘The- Austrians were asked by the Netherlands... 
ee . .Government for: an. opinion on .the security of the. Enigma. ‘Cipher 
ee geste The adele ise pines Bureaw. pores at Ansecurs - On : Ene 


oo oe so called : in T See es 
nee OTS Bu. T. a8. as ae - 
a ae 16, “36k, e 

boa ee ay . 
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basis of having read German messages enciphered. by the Enigma. 148 
The Enigma involved was probably the commercial type (without 
plugboard) as the incident occurred prior to 1938.149 


2l. Austrian Cipher Bureau vas in close liaison with 
Germany. The closest possible liaison existed between the 
Austrian Cipher Bureau and the Signal Intelligence Agency of 
the Supreme Command, Armed Forces (OKW/Chi) and its predeces- 
sor, the Cipher Bureau of the German War Ministry.159 this 
relationship was a secret held by only the highest officials. 
There was a constant interchange of traffic and results of 
cryptanalysis. The interchange was through the German Embassy 
in Vienna and a cipher system was used for secret messages be-. 
tween the two agencies. Social relationships were maintained. 
Secret assistance was given by the Germans to the Austriah 
Cipher Bureau in collecting evidence for treason trials. 

All of this took place at a timé(1935, 1936,and 1937 )when the 
world believed antagonism was gpparent in the official relation- 
ships of Germany and Austria.1 

When Anschluss was effected in 1938, four of the outstanding 


‘eryptanalysts of the Austrian Cipher Bureau, including its head, 


Dr. Seifert, became members of the German Signal entel Ti pence 
Agency of the Supreme Command, Armed Forces (OKW/Ch1).15 | 

Austrian liaison was not confined to_the Germans. There is 
some evidence of liaison with the Dutch!55 and with the Hungarians 
regarding Serbian traffic.15 


48, yo, p 4. 


1497.78, 

1507-118, p 3; T-3614. 
15197-5614. 

152.5614; I-118, p 3; 1-84. 


‘A5Sy-140, p 4. 


1547-3614, 
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VOLUME 8 
CHAPTER VI 
Army Ordnance, Development and Testing Group, ‘tgnal Branch 


, : Paragraph 
‘Ordnance group developed German Army signal equipment. . . 22 


Signal Branch was active in the engineering development 
of manual cipher machines a e e . e© 6-6 2. 0 o « *® 8 «© @ 23 


Signal. Branch, engineered teleprinter cipher devices. . . . 24 
Signal Branch vas. active in the development of ciphony . . 25 
‘Signal Branch tested Non-Morse intercept equipment... . 26° 


22. Ordnance group developed German Army signal eguipment. 
German Army signal equipment was develoved rm tested by the 
Army Ordnance, Development and Testing Group, Signal Branch 
(Chef der Heeresruestung und Befehlshaber des Ersatzheeres, . 
Amtsgruppe fuer Entwicklung und Pruefung des Heereswaffenants, 

Waffenpruefung, Abteilung 7, abbreviated Wa Pruef 7). This was 

one of twelve such branches for ordnance testing and develop- 

ment. It was itself broken down into seven groups, as follows: 

-Group I (Wa Pruef 7/I) procured raw materials and small 
equipment ; 

' .Gkroup II (wa Pruef 7/II) developed telephone and telegraph 

ale. and ciphony (ciphony was transferred to III 
in 1942). | ; 

- Group III (Wa Pruef 7/III) developed radio communication 
equipment, teleprinter, facsimile and television equip- 
ment, ciphony and cipher devices. 

Group IV (Wa Pruef 7/IV) developed radio intercept, direct-~- 

Lon finding and ciphony deciphering equipment. 

Group. V (Wa Pruef 7/V) developed permanent communications 
equipment for permanent installations. 

_ Section VI (Wa Pruef 7, Referat VI) developed chemical and 

: flare signal equipment. 38 

- Group VII (Wa Pruef {4yrtt) developed radio remote control - 


devices for rockets. 
199782, 1-132. oo 
a 30 
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sering: and development of many of the improvements on the Army 
Enigma, One of these was the variable notch rotor (Luecken- 
fuellerwalze) which was suggested by the Signal. Intelligence 
Agency of the Supreme Command, Armed Forces (OKW/Chi).101 To 
accommodate the new rotor, the Signal Branch (Wa Pruef 7) 
suggested that several positions of the "on-off" switch be 
omitted and that the keying pressure be changed to 1000 grams. 162 
Signal Branch also deve}oped printing attachments for both the 
Army and Navy Enigmas.1 
- - fhe proposed new Enigma, SG 39, which was to combine motion 
features of the Hagelin machine with the intema cipher maze, was 
also engineered by the Signal Branoh.1 
: Another of the Signal Branch's engineering and development — 
problems was the SG 41, a keyboard Hagelin with interlocking 
motion. This device was suggested by Senior Inspector Menzer 
of the Signal Intelligence Agency, Supreme Command Armed Forces 
(OKW/Chi). The machine had two forms: the standard keyboard 
© ‘and the ten value keyboard for enciphering weather synoptics .165 
| Signal Branch (Wa Pruef 7) engineered other ideas of Senior 
Inspector Menzer. . Am these were: production of an aluntinun, 
cipher grille (‘Raster"S, 160 which was abandoned in that: form — 
before being Placed into use; the engineering and Sevelopment 
of the "cipher box" {Sghluesselkasten) ; and the "cipher disc” 
(Schiuesseischeibe). T These last two items were developed 


160cipher and ciphony devices described in this and following 
aoa) are more. fully explained in Volume 2. 


Olt. 57, P 7; D-59. 
162p_ 59, p 22. 
16759, 
164p..59, p 22 p 26. 
1653.72; D-59, p 163 1-57. 
166p59, 


6Ty.96, 157. 
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the Coleosinter ote er h baginesred 


. Pruef 7 
Seda laboratories, . 


| sGuiiceneausig: for the oteh 1 Main Security. office ener as 
well as for the army.t 


There is no. statement in the TICOM interrogations that the 


. Signal Branch (Wa: Pruef 7) had exclusive engineering control 

.. over the above developments, but indications are that it was 
_ perhaps the co-ordinator and controller wherever: it joined with: 
““cemmercial firms in its work, - 


:. The same condition a asa ue teleprinters and Aa nea 


which « are geneEtone below. 


C fuesselousact ze) and the 
secret. teleprinters (Schluesselfernschreibmaschinen) 169 


. worked on by Signal Branch (Wa Pruef 7) for the Army’... The major . 


portion of this developmental work was under. the. merece OF... 
Dr. Werner Liebknecht. 
' A synchronizing device (Gletchiauf) to ‘pe ‘used on’ teleprinter 


circuits to permit them to operate uninterruptedly for 24-hour - 


periods, was also being considered by the Signal Branch (Wa - 
$70 in closest cooperation. with Dr. Virling of. the 


. 25. Signal Branch vas active ie tin deusiogeae of ciphony.» 


German Army ciphony end. the development of equipment for the .-. 


) interception and deciphertent' of enemy ciphony. transmissions, 
- This latter function was carried on ats.1f1 at its permanent” 
' fntercept development station at Steats.* 


This installation 
was in a cave. 

- Work on German ciphony devices was. “carried on in cooperation, 
with Dr. Oskar viosying who directed the Feuerstein Leno Seo: 1fe 


168. 96. 


169757, D-59. 
Bet -57, D-59. 
17 “IF= 15, See Volume 2. “chapter ¥. 
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- None of “the. ‘experiments. eeactiod ‘the: Milas’ news ‘compiles : 

_ security was ‘believed to. have been achieved. Types. ‘worked . 
on dnecluded. frequency ‘dnversion, ‘which was abandoned in. ighe, 
 Time-Delay ("Tigerstedt");. the - "Stepping Stones" (Bausteine), — 
which were frequency scramblers; 

“devices. For noise superimposition tests, a ciphony link was 


and noise superimposition | 


set up by tetas | of the Signal Branch between Athens; Crete, 


. end Derna. This. tink: failed to produce eevee re= 
vsults.479_ pre | a 
26. seas Branch tosted: en sMstea: iutensast. equipment. 


‘giteboent equipment het een three-and nine-channel trans- © 
“tnissions was designed. 

the ‘Baudot link between Paris and Moscow.177 “Equipment vas | 
“also. destnge for. the intercept of American Baudot trans- 
missions. - 


Success was” achieved in. intercepting 


Study of. captured French: three-channel equip- 


“ment -was carried on at German stations at Berlin and. Bordeaux, — 
* with an attempt to improve the equipment by the introduction 


of Frequency modulation, but the design proved to be faulty. 
Some of the French equipment. was. later Toun¢_§ stored py the 
Signal Branch at the Feuerstein Laboratory. 


| me -96. 
1h 57. 

| 175357, 

| 1767.58, Shs 


ean, ee 
2785 64, | 


“1197-110, 


oe) 


DOCID: 3560798 


4 


VOLUME 8 | 
ss OHAPTER VII 
The Radio Defense Corps of the Armed Forces. 


Paragraph 
‘Rado Defense Goze attempted to locate 
_ Allied ‘Agents’ Radio Transmitters, . . 2... 6 6 6 2 OT 


Radio Defense Corps easily located american 
Agents’ Transmitters at the beginning of the war . . 28 


Radio Defense Corps was not alone in its field. . .. . 29 


. . 28%. Radio Defense Corps attempted to locate allied 
agents’ radio transmitters, The Radio Defense Corps of the 
‘Armed Forces (Oberkommando der Wehrmacht, Wehrmacht Nachrich- 
ge. tenverbindung, Funkueberwachung, abbreviated OKW/WHV/Fu) had - 
& , 88 its. mission the following tasks: | 

@. To locate, primarily by direction finding, all. high 
frequency and very high frequency transmitters of illicit 
traffic within Axis Europe. 

b. To evaluate illicit transmissions in ‘regard to their 
nationality, their relation to net or control stations, their 
schedules, their probable missions and their potential value 

as @ source of intelligence or counter-intelligence. 
' @. To intercept illicit traffic where valuable to 
Inspectorate 7/VI (In 7/VI}; or. 

a. To capture and destroy agents and their transmitters - 
when the Reich Main Security Office {RSHA) did not do so; or 
"6. To capture. and employ such agents and their trans- 

-. mitters for counter-intelligence. 
nee Approximately 2500 persons were engaged in these acti~ 
‘“witlies. During World War II:.the Radio Defense Corps was — 
successful in the following instances; 

a. It predicted and spotted all attacks on the German 
"Colmar bridgehead", in January 1945, by traffic analysis of 
French ee traffic in that locality. 


Ponts chapter is based on IF-176, IF- 140-8 and I- 15... 
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: ) ae Hh | 


DOCID: 3560798 


b. It located and captured a. large Russian spy net which 
was known as the "Schulze~-Boysen" net. 
c. It located, intercepted, and furnished information 
foe capture of a net carrying illicit Czechoslovakian | . 
r Co 
d. It located, intercepted, and occasionally broke ‘up_ 
traffic nets of Marshal Tito's agents. 
e, It located an Italian test transmitter said by the 

‘Italians to be proof against direction finding. 

- f. It provided men, equipment, and information to Luft-. 
waffe night fighters for. locating and destroying Allied airborne 
agent control stations. 

g. It set up an IBM section for recording and ‘traffic 
analysis of unknown traffic. fs 

os, pag Radio Defense Corps failed as follows: . 

-.: @. It could not maintain effective control over Allicit 
traffic originating in France. 
b. It could not control the Mihatiovitch-Cairo traffic. 
_  ¢@, . It could not control illicit transmissions in WarSaw. 
‘d. It did not maintain effective liaison with the Reich 
T ) Sie, © Main Security Office (RSHA). | 
 @. It had almost no liaison with the Italians. 
The Radio Defense Corps was of the opinion that it could 
have performed more effectively if the Supreme, Command had 
allocated more personnel to it. 


- 28, Radio Defense Corps easily located guerican agents’ 
transmitters at the begin of the war. ‘The ‘Defense 
Corps held the following opinions of the ability. of “allied 
agents: 

@. United States: initially poor with marked improve~ 

‘ment toward the end of the war. 

b. Great Britain: generally one of the best and un~ 
breakable at the end of the war due to new procedures and the 
general. breakdown of the Radio Défense Corps. 

ec. France: medium quality but with a tremendous ad- 
vantage derived from the cooperation of a great portion of 
the French population. 

d. Poland: very good especially in. respectto mobility 
of transmitters. 

e. Russia: technically poor but with a massive organi- 
zation that precluded all but superedoiad German counter 
measures. 
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were ‘other. organizations whose work para. te ed or 
with the Radio. Defense Corps:. . 


according ‘to’ the Radio. Terence: Comes measures hat. could 


hate. ‘been taken by agents | to: make. ‘the location. and recognition 
ey OF their transmitters most difficult were: 


’\ a, @he camouflage of agent traffic ee euthonieed: traffic 
of coe country in which the agent was operating. . 
‘The camouflage of the agent control station traffic 


as. ee traffic normally issuing from the country. of- origin. 


-¢@. -The frequent. change of frequency: and | time of trans- 


intssion. 


a. he Préqueat. change | of the position of the transmitter. 
. Measures that could- have .made locating of very high fre- 


eoauenes . transmitters. difficult and ineffectual include: 


-& The operation of. transmitters.on 6 to 12 meters, 
only. at locations close to the. front. 
/b. ~The use in each. net- Of, WYO: separate. frequencies: by 


ae control station.and the agent. 


-..@, Whe élimination of transmissions in ‘lear, 
dad. The use of very low power outputs. 
e,. The instruction of. agents in the proper use of ‘equip- 


ee ment. BO that mpeeeees. would be copied. completely on. the: first 
3 transmission. oe ; 


+ Sea nok one i Ata fiele:. _. There 
ter ocked 


29. Radio: Defense ‘Cor 


‘a. The Military. Intelligence Radio ‘Giereie inn: Office 


| (abvear, Abteilung III Funkueberwachung 3) did direction finding | 
.-, for military intelligence purposes... — 


bd. The 3rd Battalion Air Signals Regiment 352 (iN Regt 


| 35a) and its predecessors cooperated in direction finding. 


¢c. The Reich Main Security Office (RSHA) and the Secret 


~ Field. Police, (Sicherheitsdienst Komando, abbreviated S D 
“Kommando and ‘Sicherheits Polizei, abbreviated SIPO) normally 
handled. the arrest and interrogation. of agents in such a way 
that the work of the Radio Defense Corps in counter-intelli=- 


gence was hindered. 
Cryptanalysis for the Radio Defense Corps was’ done 


by Inspectorate TI (In 7/VI). 
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amplifier, an RF choke is used. This choke, 
between the noise rectifier and the second 
control grid of the first IF amplifier, blocks 
the IF. 


Because of the short duration of a noise 
pulse, the momentary blocking of the IF signal 
is unnoticeable. The elimination of noise takes 
place before the BFO output is mixed with 
the IF signal. Normal AVC is applied to the 
first control grid of the first IF amplifier 
through the IF transformer. 


Basic Squelch Circuit 


While communications receivers are in a 
standby position, or being tuned between 
stations, they are far from quiet. With no 
signal, the receiver is in its most sensitive 
condition, as no AVC is developed. Noise 
reaches its highest volume. Good communica- 
tions receivers eliminate this no-signal noise 
by a muting system, sometimes called quiet 
AVC (QAVC). Sometimes, it is called inter- 
channel noise suppression, sometimes squelch- 
ing, and sometimes tuning silencing. A basic 
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squelch circuit is shown in the illustration 
below. 

The triode section of V1 serves as a squelch 
tube. When no signal is being received, 
there is no rectification, and neither diode 
section of V1 conducts. Consequently, there is 
no voltage drop across R3. There is no volt- 
age applied to the grid of the triode section 
of V1, and it conducts. Neither is there any 
voltage applied to the grid of V2 through C6. 
However, since the triode section of V1 con- 
ducts, there is a voltage drop across R6. This 
is applied to the grid of V2 and is sufficient to 
cut off the tube. Thus, with no signal, neither 
diode section of V1 conducts, and V2 is cut 
off. There is no AF output from V2, and the 
receiver is quiet. 


When a signal appears, there is rectification. 
Current flows through R3. A fixed part of the 
voltage drop across R3 is applied to the grid 
of the triode section. A variable part of the 
voltage is also applied to the grid of V2. The 
variation is by MVC. 


The voltage applied to the grid of the triode 


Co 


AF OUTPUT 


! 


Basic Squelch Circuit 
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SO yVouuME 8° 
_ CHAPTER VIII 


| Taboratortum Feuerstein. 


Hiatory of Feuerstein Laboratory. > ie Se a eee. a a OO 


Special. TICOM- engineering team. studied 


“Soicboce ICOM targets was the 
‘located on-a small-mountain near Ebermannstadt,. in Upper Fran- 


Signal projects. ...... si. sce foes ee ee ee ae 7 


Other ‘Feuerstein. projects. ‘were: Hani. 


Cae ue ture. re fe,” oe 2, * Ae abe a eee. ate Lo 4 = . oe 33 . 2 “132 


‘One of: the more fully 


50. “Hiator-of Feuerstein . Labagateay 
cratory Feuerstein. which was 


conta some 15-miles from: Bamberg and was. owned and. operated: by- 
br... Oskar. Vierling.~ ‘Since ‘the’ laboratory and many of..its pro- 
jects have. been described in considerable 9988" 5 in special 
reports (In particular: I-43; E-7 to E-19) and since’. eval 
ation. and. exploitation of the technical data in these reports * 

is” a: matter. for electronic oom ‘the aaatira cueD yon attempts 


account. of. pkojeota ‘undertaken. $ 
. .:. Essential to: an understanding of the whole is the’ person- 
ality. ‘of .the owner-director, Dr. Vierling. .He was born in-1904 


“in. Straubing. and raised in a small town near Ebermannstadt. 


| _His parents were. poor and after his local schooling -he - attended 


a;8chool for mechanics in Nuernberg 1923/25. He then obtained a 
‘job as. laboratory assistant in the Hational ‘Office of Telegraph 


Technology-in Berlin and after three years there: joined.‘the- 


‘Heinrich Hertz Institute in 1928 to do oscillator research. 
During his.ten years at. the Institute he obtained his. doctorate . 


at the University of Berlin and. contributed @ number of papers ~ 
on. acoustics to reputable’ scientific journals, He..also carried: 


on private: ‘research for - several. concerns. and was allowed. to keep 


the-income.from: his ‘work: 

In 1938 Dr. Vierling went to Hannover as director of high 
frequency and electro-acoustic research at the Technische Hoch-" 
schule (graduate school of technology) there. Since the oppor- 
tunities for advancement wore slight, he proposed in 1939 


ya 
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- Hannover in charge of Dr. Sennheiser, 
had purchased a part interest in that laboratory. From the time 


joiner the Siemens staff but was. pavewed. to start a private 
laboratory instead. This he did end Siemens paid a monthly. 
retainer fee of 2000 marks for an option on all inventions. 
When this laboratory was bombed out, the site near Ebermann- 


stadt was purchased, and Laboratorium Feuerstein (named for 


the mountain on which it sat) constructed. As Dr. Vierling's 


- funds were inadequate he sought a loan from the German Army, 


but since the terms would have deprived him of real control, 

he sought and secured a bank loan which enabled him to com- 

pleto the work. A small group remained, in the vicinity of. 
an associate who . 


it opened in 1942 to the end of the wer, the new laboratory at 


Feuerstein was subject to the usual "party" supervision. 


For reasons of expediency, Dr. Vierling ‘joined the "party" 
but seems to have been conspicuous by his failure to attend ~ 


‘meetings and take any active part in party activities.191 ° 


Close liaison was maintained with large manufacturing concerns 
which were to take over projects as soon as they reached PEO 
duction stage. Dr. Vierling claimed that his success in | 


' keeping his laboratory open was chiefly due to the fact that 


the larger concerns did not care to spend their time doing 


research on problems of a military nature with no peace-time 


applications. By standing well with the armed forces, Dr. 


' Vierling seems to have been able to get high priorities despite 


his poor standing in the Party and even to have succeeded in 
doing a little work on the, side on pet longrange projects. not 
associated with the war. 

' Shortly before the. German collapse, Dr, “Vierling Was. 
ordered to remove the speech privacy projects to the Bavarian 
Alps. Eventually a small Laboratory was fitted 138 near Lofer 
in the Berchtesgaden area with Dr. Wilhem Géing292 in charge 
but little was sccoupiseuee there. Dr. yientine took bie. 


1904-15, 


Paka: p k, 


Wading was the Party nebneacutative at ‘Feuerstein and docu- 
ments a found showing that he was out for a ae: 
M- wie Pp 
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: oppartunity, io: rid. Sanceit. ot ‘Me aodene: Werte ska te ‘good. 
excuse that they would, be the most reliable persons to accoim-- 
pany - the- equipment. ‘south. He’ had: also been : ordered to. destroy 
‘all. other projects and. ‘equipment, but.once the Nazis. were’ gone 
he concealed much. of his best ‘equipment in the bombproof vault, 

. -gscereening. tt from. inspectors: by putting up a false wail, and 

- hides number of parts at various: places. in. the, vicinity. | aes 
Me done , he awaited developments. (9... : , 
2 ‘When the laboratory was found by- TICOM Teain: #h, 4t was: 
being used:as a German military hospital... When Dr.,. ‘Vierling. 
. and-some ‘of his collaborators were found, “they. proved quite. 
willing to tell about. their work. and to cooperate ‘in restoring © 
the laboratory to working’ condition:and, in. reassembling dis=. 
. mentled projects... - Under the direction of the TICOM investi-~. 
gators. the available force of some 30 persons .rushed. work on. 

. selected. projects and made. new drawings -to. replace ‘those. des-. -_ 
-troyed. Dr. Vierling: hoped. this: might” help him keep his organi- 
gation going: during the transition period, feeling sure that. he 

would: later be able to employ. his: people, on. non-military. re~ - 
: -  gearch in acoustics. |. 
& . , fhe laboratory,. consisting of ‘a main building, two: ‘small : 

: special laboratories, Dr. Vierling's' house, and. some adie ve 

facilities, has been described in detail and photographed. ae 
It is- said to have been well. built: and admirably: equipped.l 
Dr. Vierling said the investment in land, pisces cocueee - 
‘and supplies amounted to 1, 285, 000 marks , equal in. prewar 
exchange to $480,000. ; ae 
As of: Aug. 15, 1945, some 30 persons. were- engaged in work 
under .TICOM direction... ‘These included 10: engineers ‘and phy~ 
sicists,_ 3 technicians, 6 mechanics,. and 10 miscellaneous -— 
workers .. i a Suara, ete: one war a a peal of 150,- 200. Was. 


I94e_7, “E-if. 


195 some: tiotion. of. the: Racca of ita eauteaane may “be: - gianed 
‘from. the: Appendices - to E-7:- App.:.b ~ instruments; App.=c¢ - sheet 
oa -. metal and: ‘forge shop. tcols;. App. ‘D :-. machine shop turning tools; 
y - App. E - 23 German scientific. periodicals regularly received by 
x . the library;.App. PF - a list of | Foreign persocseers Dr. ee 
would like to. ECS Ines: oe Way . 


SE 196 506 plock See chain of Figure 5 sere Rasa: to E- “Te ‘and eae, some 
eran notes. on. five key men see E-7 APP. Goes. 
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poaghee: with many workers either over age or just out of 

school. Rules governing employment are interesting. 197 Wages 
seem to have been those usual for comparable work elsewhere in 
Germany while working conditions were fo asc The staff seens 
to have worked in tolerable harmony.1+9 a of personnel is 
available in one of the TICOM publications. 


When the hospita. had een evacuated, and a. ec ‘TICOM engin-. 
eering team had assembled at. Fouorstein late in July, the pre-. 
liminary lists of projects were discussed, and pores groups of 
'. pelated projects were selected for intensive study... Dr. Vier- 
-. Ling; who. was quite willing to cooperate, started. to: clear out 
‘debris, ‘recall key men, and reassemble equipment. The selected 
projects were set up, missing diagrams redrawn, and descriptions 
written. A decision by higher authority resulted on 16 ‘August 
in the arrest of Dr. Vierling, the dispersal of his staff, and 
the dismahtling of the laboratory, but in the time available 
: much was accomplished. In the following paragraphs. the’ ma jor 
ae 3 projects studied are enumerated without technical. details. 
: @ a. Filter aoa ee Inasmuch as much of the work at — 
Feuerstein depende or success upon accurate filters, ‘and ” 
since Dr. Glubrecht, the expert in this field, seemed to have’ 
& knack with such designs, he was asked to design filters to. 
meet difficult, though not impossible specifications, and to 
explain both his computations and his reasons for the selec- 
‘tions he made. In this wag. the TICOM engineering team hoped 
' to arrive at a reasonable estimate of the efficiency of his 
-methods.200 Standard type toroid coils and.commercial con- 
Gensers were used. 
Speed | transmitters for agent's use. Four separate 


191218. 
198 exception was the case of Zappe who had been arrested ; 
for ee and disliked Dr. uagrt ines ef. E-19, p PP. 5 and 10. 


199M-6, 4 
200F STs ExT, iy 25 M-4e m. 


DOCID: 3560798 


1) an automatic high speed signal generator, 
2 a light weight transmitter, 

3) a carrier regenerator on the receiver, and 
4) a single side band demodulator. 

When the dial of the signal generator was turned to any 
given letter a signal was generated and recorded on a steel 
wire or tape. This wire was run at high speed through the 
head of the transmitter (Taube) to make interception diffi- 
cult, if. not impossible. The carrier regenerator (Spitz) 
was originally designed to restore the suppressed carrier, 
while the single side band demodulator (Kaethe) received the 
intermediate frequency signal from an ordinary receiver 
(two instruments’ could be connected to demodulate two side 
bands independently). An interesting departure from American 
and British practice was that all filtering of carrier and 
side bands was at about 15 kc rather than at 100 kc. 

Aside from the high speed, this equipment was intended 
to reduce tuning to a minimum, so that short messages might 
be sent with bpttie risk of detection. it was said to be 

: rather good. 20 

eS c. Speech Seramblers and associated equipment. The 
major speech scrambling project still under development at 

the end of the war was treated under three heads: — 

(1) A converter of the "Dudley" type consisting of an 
analyser and a synthesizer. The former measured certain fea- 
tures of speech and reported these measurements in the form of 
a small number of smoothty varying voltages which together 
constituted a running description of what was spoken into the 
microphone. The synthesizer used such a set of signal voltages 
to control an artificial speech reconstruction process Te Ra UINe 
in a fair imitation of the original. 

(2) Three fold wobbling the actual scrambling process, 

' was the second step. As projected, the device would provide , 
three stages of re-entrant band shifting, however, the device 
was only partially constructed. ce 

(3) The wobbling called for a wobbling generator, A 
modified version of teleprinter cipher attachment SZ 42° was 
to supply the necessary key to render the whole secure. 


i 
' 


POly-na; E-8 pp, 8, 2 and 6; E+7 pp. 46, 48, 50. 
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Lorenz 8Z machines .@ 


Particular features proved of interest, but doubt was 
expressed by American engingers as to the practicability of 
the apparatus as a whole.@ 

G. Crystal controlled synchronization of cipher tele- 
printers (Gleichleuf). 

Next to the speech scrambling devices, this seems to 
have attracted most attention. A quartz crystal ‘mechanical! 
frequency generator 95 represented the first stage in this 
Gevelopment. The synchronizating of two stations would be 
cut to a minimum since, once synchronized, both would run 
synchronously for 24 hours without resetting and send out 
enciphered space signals when no message was being transmitted. 
Such continuous transmission with adequate length of key would 
render it almost impossible for intercepters to determine where 
@ message began or ended. The controlled synchronization would 
also overcome difficulties from interference and fading of 
signals and minimize the need for repetition of long parts of a 


message. 


Intended for use with ‘teleprinter cipher attachments of 
the 5Z 42 type, the Gleichlauf project included, not merely 
development of the synchronizer, but also improvement in the 
cipher device itself, so that considerable information was 
ovtained at Heuers +s ait respecting proposed changes in the 

Moreover, as above suggested, Dr. 
Vierling had visions of incorporating this principle in his 
speech scrambler. Rather full details were obtained.205 

e. Teleprinter cipher attachments. In connection with 
the Gletchiauf problem several Lorenz cipher machines (SZ 38 
and SZ 42) were turned over to Feuerstein for study. Vierling 
was to adapt them to the use of his synchronizer and also to 
improve the cipher mechanism and hence all Lorenz ideas in 


this connection were passed on to him. In consequence a fair 


picture of all contemplated changes could be secured, 206 


202yocoder: E-10; E-7 p. 21; M~4a p. Three fold wobbier: 


E~1l; E-7, p. 26; M-4a p. Gleichlauf: -E-13; E-7, P. 373 


Meta” n; I-43. 


203y~ta h. 


20455 a4, 


2057-43; E-13; E-l4; E-7, p. 37; M-4a n. 
2065-14, 
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32, Other Feuerstein projects were varied in nature. 
Feuerstein Laboratory projects of secondary importance to the 


TICOM engineering team were: 

a. Acoustic torpedo: Feuerstein engineers (were used to) 
designed acoustic and filter components, AEG manufactured the 
torpedc. 

b. Schornsteinfeger, an anti-radar coating for sub- 
marines: dgpanded on quarter (later eighth) wave length 
absorption. 

c. Nachtfee of night fighter control system: based on. 


- phase moduiation. 


d. Block circuit (wave trap) for intercept purposes. 
About the size of a matchbox, cheap and very efficient. 
Eliminated powerful, fixed stations thus permitting reception 
of weak signals. None found although produced in some number 10 

e. Multiple frequency generation from one crystal: 
specially designed multi-vibrator circuits gave fully stable 
frequencias which were not harmonics of the basic crystal 
sg aang The model covered 80 spot frequencies with output 
of some SO watts. Important to the Germans whose supply of 
crystals was limited. 

f. Commercial radio receiver. High selectivity and . 
sensitivity, used untuned IF and RF cirucits and replaced ©. 
tuned circuits by filters. Sole tuning control was a tuned 
oscillator circuit. Essentially an efficient electrical | band. - 


' spread eliminating difficulty of HF tuning. 


@. Voice frequency spectrograph. Two constructed for the. | 


‘laboratory with accuracy of 10-7. 


h. Speech stretcher. Device permits recording on steel 
tape and reproducing at half {or double) speed without change 
of pitch. Valuable in increasing intelligibility of speech 
obscured by acai or high speed and where unknown dialects 
were involved. - 

207 partial description in E-7,, Pp. 5h, 


2084 erling stated that the only good protection was produced 
by IG.Farben. E-7, P- 55. 


209 se¢6 E-7, p. 54. USN got two complete sets. 
ellg-7, Pp. 30: 7 
aS 43 
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4. High output centimetric transmitter. Work was done 
at Hannover on a high output Magnetron transmitter anda 
continuous output of 2 kw had been attained. Vierling told 
of work at Erlangen. on a Klystron transmitter giving a much 
higher output. 

j. Electronic calculator. Would solve equations up to 
and Lneluding N°; resolve equations: to sine and cosine functions 
where NY is represented by a fundamental frequency whose ampli- 
tude is proportionate to the coefficient and the second and 
third harmonics, etc. The result was to be obtained instantane- 
ously both as an Elysian figure and as a spot on a cathode ray 
tube. 


E-7 - Pp 50 . 
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VOLUME 8 


‘ 


Chapter IX | 
Cryptologic Activities of the German Meteorological Service 


Paragraph 
German Meteorological Service was located near Berlin... 


Cryptographic Machines. of the German Meteorological 
Service were those used by the German army ....... D4 


German Meteorological Service successfully cryptanalyzed 
Russian Weather Systems. . . 2. 2. 2 2 6 6 0 6 ee ew ew ee DS 


33. German Meteorological Service was located in Berlin. 
The German Meteorological Service (Reich Wetterdienst) was 
located near Berlin at Glindow, Potsdam.°l? The Berlin head- 

& quarters, known as the Central Weather Service Group (Zentral- 
wetterdienstgruppe), expanded during the war to include a 
secondary headquarters in Athens.°16 Little is reported in 
TICOM sources concerning the formal organization and size of 
the Service. Jt is reported that a cryptanalytic section was 
headed by a Seutor snaigete Naumann who directed 10 specialists. 
and 20 to 30 helpers. The intercept and other functions of 
the Service were carried out by the Meteorological Intercept 
Control (Wetternachrictenueberyachung, abbreviated Wenueb) 
which was located at Glindow.©©9 This group covered trans- 
missions of German, German allied, and enemy weather reports. 

An outstanding feature of the German Meteorological . 
Service's organization was its close cooperation with the 


2171-84, p a 
218) 102, p 2. 
2197.84, p 7. 


2207-194, p 8. 
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German Air Force. Liaison extended down to the individual 
Luftflotteg,gnd to the various Signal Units of the German 

Air Porce. All German Air Force Signal Intelligence Units 
had standing orders to pass all weather information to the 
nearest weather station. This information was derived pri- 
marily from enemy planes in the area.©2 A weather evaluator 
was placed. in Section B of the Chi/Stelle to expedite the hand- 
ling of all weather data and messages and to see that the 
German Meteorological pervice received all captured material 
relating to weather ,©2 Cooperation with the German Alr Force 
was hampered by poor communications during the early phases of 
the German campaigns in the Balkans and Russia. 

Communications within the German Meteorological Service 
were normally by teleprinter networks in clear. This applied. 
to communications within the occupied area in Russia. How- 
ever, within German-allied areas such as Rumania, teleprinter 
traffic was enciphered.225 

It may be inferred that weather reporting within the — 


' German framework was generally carried on in the usual manner. 


An example of the occasional unusual method is the dropping 
of parachutists behind the Rugsjan lines for the purpose of 
Sending back weather reports .°2 7 


3h. Cryptographic Machines of the. German Meteorological 
Service were those use y the German Army. For transmission 
oF synoptics e German Meteorological Service originally used 
the international five-figure code with encipherment by means 
of substitution tables for the initial digraph and the final 
trigraph of each group. The period for each table was three 
hours. This system was dropped because the operators could 
not distinguish between clear code and the enciphered version; 


22 5T~109. 


22h ~109. 


2257-194, p 8. 


_226]-19h, pp 1011. 
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SQUELCH TUBE 


AF INPUT FROM 
DETECTOR 


iH 


1ST AF AMPLIFIER 


Squelch Circuit Controlled by AVC 


section of V1 biases it practically to cutoff. 
C5 and R5d form a filter for this bias voltage. 
C5 bypasses the audio component of the bias 
voltage to ground. Thus, the bias on the tri- 
ode section is a DC bias set at about cutoff. 
Plate current almost ceases. This means that 
the voltage drop across R6 which is applied 
to the grid of V2 almost disappears. The bias 
voltage on V2 thus becomes much more posi- 
tive. This brings V2 out of cutoff, and it can 
now amplify the rectified AF signal coupled 
to its grid through C6. Thus, the signa] is 
passed on to the AF output. 

Note that the AVC circuit uses one diode 
section of Vl and is independent of the 
squelch circuit. 


Squelch Circuit Controlled by AVC 


Now examine the squelch circuit above. 
This circuit is controlled by the presence or 
absence of AVC. With no signal, no AVC 
voltage is applied to the grid of the tube, and 
the squelch tube conducts. The only bias on 
the tube is cathode bias obtained from vari- 
able resistor R3. The plate current of the 
tube flows through R5. The voltage drop 
across R5, applied to the grid of the AF 
amplifier, cuts off that tube, and there is no 
AF output. 


56 


When a signal appears, an AVC voltage is 
developed. Part of this voltage is applied to 
the grid of the squelch tube. This increases 
the bias on the tube and reduces plate current. 
As a result, the voltage drop across R5 de- 
creases. This raises the grid voltage of the 
first AF amplifier, and it conducts. It then 
amplifies the AF signal coupled to it from the 
detector. 


TUNING AND SIGNAL STRENGTH 
INDICATORS 


An indicator to show relative signal strength 
can be very helpful in the operation or align- 
ment of a communications receiver. Two types 
of indicators are in use. One, the signal 
strength meter (S-meter), is calibrated to 
show the strength of any signal. It can be used 
for tuning since it shows when a signal is 
strongest. The other, the tuning indicator, is 
not calibrated but it shows when any signal 
is at its strongest. Hence it indicates correct 
tuning. 


S-Meter Circuits 


The S-meter is essentially a milliammeter 
designed to indicate signal level. Usually the 
dial is calibrated from 0 to 9, with each suc- 
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this resulted in security violations. To circumvent this 
difficulty, the five-figure group was represented as @ sSix- 
figure group. The final digit of the first trigraph and 
the initial.digit of the second trigraph represented the 
third digit of the original five-figure group. The six 
figures were. then enciphered in the form of two trigraphs 
and transmitted as a six-figure group. 

The substitution tables for the six-figure traffic were 


known as Siegfried tables. From 1943 on, Rumania, Hungary, | 


and Bulgaria used the German six-figure system with &@ special 
set of substitution tables. Previous to this, an additive was 
used for the reports, Stations located at operational head- 
quarters at the front used the six-figure system with a special 
set of tables. Earlier these front stations had used a "hand 
key" to obviate the need for distribution of tables.22 
Eventually, on the Eastern front the plugboard Enigma was used 
to encipher weather reports ang pgtpher instructions of the 


German Meteorological Service. 


In 1943 and 1944, when the Germans became very active in 
Hungary, the reports (statements of general weather conditions, 
e. g., Fair and Warmer) were enciphered by use of a rectangle 
containing a limited vocabulary and three sets of sliding strips. 
The strips were used for a 3 or 4 month period. Regular syn- 
optics were enciphered on the plugboard Enigma. This rectanglg,, 
system was also used in 1943 by small airfields in the Crimea.°°9 
One of the most common weather reporting systems was the 
Zenit Code. The Zenit Code was used originally in its form, |. 
but later its letter groups, and still later its figure groups, 
were enciphered. The Zenit Code was used by reconnaissance 
planes to report weather conditions over enemy territory. 
Allied air superiority forced the discontinuance of reports 
made while over enemy territory, and a time lag resulted 
when reports had to be delayed until the reconnaissance plans 
were again over German territory. As a supplement to the 
Zenit ggde another code known as the Astra Figures was intro- 
duced, 


2277-194, pp 10-11. - 
2285 194, p 11. 
2297-194, p 6. 
2507-194, p 7. 
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Two other common systems for the encipherment of meteoro- 
logical data were the Barbara Key, which was known to the Allies. . 
from 1939 on, but. was not replaced until 1945, and the Raster, 
which was introduced in 1944, The Barbara Key is supposed to 
have’ been replaced by a new, and undescribed system prepared 
by Referat II B of Signal Intelligence Agency of the Supreme 
Command of the Armed Forces (0KW/Ch1) .29 | 
The other machine beside the Enigma which has been men- 
tioned for weather use was the Cipher Machine 41 a, Hagelin 
with interlocking motion, which was to have been used either 
with the standard keyboard or as a special model with 10 keys.292 
This may be the machine referred to as the replacement for the 
Enigma in January 4945 which gave the plain and cipher text 
on printed tapes .©2 

For telephonic communication of secret weather reports, 
cipher elements were limited to.the cover name "FASAN", which 
indicated that the reports were weather, and the Group WIDDER, 
which preceded two 5 element groups which designated the station 
source, Encipherment of such Reports took place only if the ~"_ 
reports later went on the air. Bn os 

-In regard to the German attitude toward the security of «:.-. 
their own systems, the following statement of Dr. Walter Regule 


‘4s of particular interest. "Russian military operations were 


faultlessly based on many years experience of climatic and 
weather conditions (it 1s thought) so that they did not need 
the current synoptics."255 This statement was made relative 
to the question of whether the Russians worked on German 
weather systems. 


35. German Meteorological Service successfully crypt- 
analyzed Russian Weather Systems. 959 and 1940, Germany | 
stopped the circule on of reports and synoptic« in clear. 
211.96, p12. 
27° T-56. : 
2997-194. | : 
2347-19, | se 
2557-196. ae 

: 4g 


DOCID: 


3560798 


This prompted similar action by the Russians. However, the 
Russians exchanged information concerning European Russia with 
Germany until the Germans discontinued because of the discovery 
that thg Bussians were giving the German information to the 
Allies. 3 Early Russian encipherment was by means of the \ 
"Copenhagen Cipher" with the later addition of additive tables.°7 
In 1944 this system was worked on by the German Me cote sObr cen 


Service and by Regiment 353 using meteorological personnel .23 


Russian enciphering tables were captured early in the war and 
presented little difficulty.239 Prior to the capture the j 
Germans read only 2 or 3 days of each 3-week period.240 ‘the 
reconstructed and captured tables were used to read messages in 
Berlin, and then the messages were reenciphered and sent. to 
all interested parties BY radio. This sometimes resulted in a 
considerable time lag.@ It soon became noticeable that the 
quality and quantity of Russian reports deteriorated. This 
gave rise to the belief that the Russians knew of the compro- 
mise.“"'2 The quality improved when the Russian front reached 
Hungary, but the cipher BRS so simple that front line units 
read the reports easily. oh. 

The other major missions of the German Meteorological 
Service were concerned with British, yeather reports and re- 
ports from the Mediterranean area. Although it has been 
stated that the British weather could be read once in a while, 


2367 _194, p 8. 


2977-120. 
23872120. 
2997-102. 
2407 19h. 
241s 19h, 
Phe igh. 
2457_19h, | 
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Wes 


2531-194. 


the Signal taorieseacs Agency of the Supreme Command of the 
Armed Forces (OKW/Chi) as a consultant was not able to break 
the British system introduced early in the war hee the German . 


Meteorological Service had no greater success .© 


The fact that Canada, the United States, and Asiatic 
Russia did not encipher weather at ake® beginning of the war 
was of inestimable aid to Germany.@ The Athens group was 
aided considerably by the zpct that reports from Egypt and 
Sudan were not enciphered .¢ 7 Further, the fact that reports 
from the Azores continued to be unenciphered for me G months 
after the Allied occupation was of great assistance. 

It would appear that there was little interest rae the 
United States reports. Little, if any, work was done on 
American systems, and most of the necessary information VBE 


obtained from the reports in clear sent by the Air Force. 


In 1941 and 1942, the Turkish weather systems were easily 
broken, but later changes made solution impossible.250 It 
has been categorically stated that no attempts was made to 
read Japanese systems .251 

‘The German Meteorological Service's success may be measured 
in part by the fact that in winter of 1942-1943 it had available . 
almost all of the European and many non-European secret weather 


- reports and synoptics in greater volume than all the data nor- 


mally available in peacetime.©>° The intercept facilities of 
the German Meteorological Service were of added value in that 
they were able to predict the Allied air attacks from Southern 
Italy on Rumania and Hung ds .053 by evaluating the turning traffic 
over the various airfields. 
2457-102, I-84. 
2467194. 
24Ts 102, 

872194, 
24 

93.84, I-102. 
2507194. 
25ly_ 8h. 
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¢omb “Target Intelligence..Commit 
Formed: in Datoter,. cite acted: Ainded sthe ‘guttions ty: "and: ‘on. benale 
ofthe ‘Chairman, London Sigint: ‘Board (British), the: Chiefiof 
Staff, ETOUSA, and the. European ‘Commander: in’ Chief ‘of. the: U. 
Navy. Acomayey) eae 


AS constituted, ace Committees. “operations . 
of. goperations. .- -PICOM-was . 
1°99. tO. eepeete specifi-  _ 


tial: for. the. D aneiocMiericae ‘to. ee ‘data. on German Cegetanalytie 
auccesses with British: and American systems. Second, 1t- vas. alse 
essential to. capitalize. onthe German: knowledge: of. Japanese 
systems. Third, it’ was. desirable to exploit the research and 
planning” undertaken ‘by -the: Germans. to. improve their own cr to- 
graphic: ‘security. Lastly, it vas imperative, - ‘after. ea 
tion, “to ‘disperse. ‘personnel and. destroy installations, : thus pre~ 
venting @ ‘re-emergence. of the German” Ce gegecbaags effort. af ter 
the: cessation OF. hostilities... ee. 


a es Meee, 


a Ble! “Visston ‘ana operations‘ of. “mTcoM” 2 a taittiay, pian 
"ng was. done. chiefly at: ‘Government Code and Cypher School in- | 
> England... Detailed briefs. were: ‘compiled’ governing ‘the soca tions: 


“3 B58 506 % Utreotivac- attached. as s ‘Appendices. # 3. 5 of. ‘this’ ‘chapter; 
2). Wax: Department, “Chief of Staff, ltr. of. ote Ts 1944; Ue Ss. 
ol. Navy. COMINCH, ltr. 00257T. Of Sept. 55. 194 GG,. ETOUSA,. ‘tr 
. of October 9, 1944. (SHAEF/ISG/41);.-U. 8S. Si ae 


| Memo of Repiemver 15, oka; ee Monenae: 5- 9,. dated 
a aan ae 15, 51945, a ee 
@e © PA, dated Oetober a, lghe. 
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and pérsonnel of the principal German cryptanalytic organi- 
zations. All available sources were used, including Ultra. 
Initial consideration was given bg,six targets, all of them 
then located in the Berlin area. Priority I was given to 
the Signal Intelligence Agency of the Supreme Command of the 
Armed Forces (OKW/Chi), thought to be the principal diplomatic 
cryptanalytic agency. Priority II was assigned to three agen- 


-efes;: (1) army Inspectorate //VI (OKH/In 7/VI), tentatively 


located in the Jueterbog area; (2) The Signal Intelligence 
Agency of the Air Force High Command (OKL/LN aBT/350), pin-. 
pointed at Potsdam-Wildpark a The Signal Intelligence 
Agency of the Navy High Command (0OKM/4 SKL/III), then located 
at Eherswalde. Priority III was assigned to two other tar- 
gets; (1) The Army High Command Signal Intelligence Control 
Station (OKH/Chef HNW/LNA), located at Zossen; and {2) the 
German Admiralty Headquarters ("Koralle")} located in the Lanke - 
area, It is notable that Goering's "Research Bureau" (FA) 

and the Foreign Office Cryptanalytic Section (Pers Z 8S) were 
either not known or not listed at the time. Neither were the | 
changes in German army signal intelligence organization after 
October, 1944, properly outlined and evaluated. 

' All of the six priority organizations listed above were 
designated eas Class B targets, that is, large Sigint installa- 
tions to be exploited by TICOM specialists. The smaller sigint 
organizations which had operated with tactical commands (Class 4 
Targets) were to be exploited in the same manner as other cap- 
tured personnel and installations, with TICOM specialists | 
available if requested. 

Since the Class "B" targets listed above were located in the 
Berlin area, an area eventually to be occupied by Russian forces, 


“initial consideration was given to a plan worked out in conjunc-. 


tion with T(arget)-Force, Berlin. This plan contemplated a 
simultaneous seizure and exploitation of the chief sigint cen- 


ters through an air-borne action. Plans for this action were 


nearly completed in December, 1944. By February, 1945, it was 


-Clear that the proposed action was no longer feasible. The 


rapid Allied advances, the tactical, administrative and diplo- 
matic problems involved, and the fact that most of the chief 
centers had either decentralized their activities, moved, or 
wer preparing to move, were the decisive factors in the de- 


-l1, Appendix _ 
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The ultimate action which TICOM took in regard to exploita- 
tion was based largely uecn expediency. The exploitation Plan, 
as revised in March, 1945, provided for six U. S.-British 
target exploitation teams. In the actual exploitation, team 


-assignments were largely disregarded. Administrative questions 
and availability of personnel were the principal criteria used 


for assignments. Teams were dispatched to targets as they were 
overrun, notice being channeled back through the British Intelli- 


- gence 21 army Group, through Signal Intelligence Division (SID), 


ETOUSA, or through General Staff - Intelligence (GSI(s)), 
SHALF. All six ‘teams were eventually dispatched to targets. 

- Only two major German sigint. centers were found reasonably. 
intact and controlling the majority of their assigned personnel. 


- Team #6, the first team sent out, left the United Kingdom in 


April, 1945, and operated in the Neumuenster-Ploen-Flensburg 
area.. It succeeded in apprehending and isolating most of the 
key personnel in the Signal Intelligence Agency of the Navy High 
Command (OKM/4 SKL/III).. Team #3 operated in the Halle-Welmar- 
Leipzig area from the end of April, 1945, until May 15, 1945. | 
It succeeded in apprehending and evacuating most of the personnel 
and some of the documents belonging to the German Foreign Office 
Cryptanalytic Section (Pers Z 3). 

Due to circwastances beyond their control the other teams 
did not achieve similar success. Goering's "Research" Bureau 
(FA), the Signal Intelligence Agency. of the Supreme Command of 
the Armed Forces (OKW/Chi), the army installations, and the 


' Signal Intelligence Agency of the Air Force High Command 


(OKL/LN Abt-350) ,had.all been partially dispersed out of Berlin 


due to the bombings. In March and april, 1945, these agencies 


had attempted to move southwards into the Munich-Salzburg area. 
As transportation became more and more chaotic, and as place : 


‘after place was overrun by the Allied armies, most of the organi-~ 


zations seem to have disintegrated. kqipment and records were 
lost or destroyed, and personnel returned to their homes, or: 


‘simply scattered at the approach of the allied armies. 


Team #1, dispatched to the Berchtesgaden area to search . 
for traces of the Signal Intelligence Agency of the Supreme 
Command. of the Armed Forces. (oK/c Chi), - turned up the former 
headquarters of Goering's "Research" Bureau (FA and a handful 
of its personnel, secured the radio teleprinter communications 

train which had been attached to Field Marshal Kesselring's 
headquarters, and located a German unit designed to intercept 
Russian non-Morse (Baudot) traffic. Team #2, sent to the same 
general area with no specific mission, searched the Innsbruck 
area, and was eventually. dispatched. to the Fereen ‘area, where . 
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it took charge of and evacuated the key personnel in the Army 
Signal Intelligence Regiment (KONA #1) attached to Army Group 
Center. Team #4 left the United Kingdom in June, 1945, and 


' proceeded to the vicinity of Ebermannstadt, where it exploited 


the Vierling Laboratory (speech scrambling development) at 
Unterstein, It also made an unsuccessful search for documents. 
of the Signal “ORY / Chi ence Agency of the Supreme Command of the 
Armed Forces (OKW/Chi) in the Schliersee area.. Team #5, consist: 
ing of two officers only,. supervised the diving operations in 
Schliersée which recovered many of the Cryptanalytic records — 
belonging to. the Signal Intelligence Agency of the Supreme 
Command of the armed Forces (OKW/Chi). Yq 
'38... Appraisal of the TICOM operation.-~-In appraising the 
TICOM spexations, then, 1t can be said that the effort achieved 
partial success in its principal objective--the exploitation of 
&11 the principal German Sigint centers. Through the efforts of 
Jeams #3 and #6, detalled information was secured on the organi- 
gation and succegses of the Naval and Foreign Office crypt- | 
analytic organizations. The Signal Intelligence Agency of the . 
Supreme Command of the Armed Forces (OKW/Chi) personnel who gave 
themselves up at. FPlensburg or were fished out of prisoner of 


_ war: channels, together with the. Schliersee documents, have pro- 


duced a reasonably complete picture of the OKW/Chi organization, 
operations, and successes. Dr. hee gree the chief cryptanalyst 
of the Signal Intelligence Agency of the Air Force High Command 
(OKL/LN ABT/350), was captured in the French area. His infor-~ 
mation, with that supplied by senior German Air Force signal 
officers and technical personnel at forward units, produced a 
good picture of the German Air Force Signal Intelligence | 
Service and its cryptanalytic achievements (although much of the 


. information was secured by agencies other than TICOM). The 


first definite information on Goering's "Research" Bureau |. 
came with the discovery of its former headquarters at Kaufbeuren 
A few of its personnel were taken, but its records and machinery 
were never located. The army organizations, with the notable . 
exceptions of Nachrichten Aufklaerungs Abteilung 11 (NAA 11), in 
Norway, the German Signal Intelligence Regiment #1, Kommandeur 
der Nachrichten Aufklaerung #1 (KONA #1), and a handful of | 
specialists, seem to have dissolved neatly into prisoner of 
war catups or the German countryside. | 7 

The TICOM organization continued to function until November 
25, 1945, in order to register and distribute the documents . 
captured. 


‘ ”. 


DOCID: 3560798 


WAR DEPARTMENT. 
THE CHIEF OF STAFF 
WASHINGTON 


August 7, 1944 


Dear. Eisenhower: 


Following up my radio to you of August 7th concerning 
the organization of an American team to participate with the 
British Government Code and Cipher School 4°: an investigation 
of German Signal Intelligence activities, I ‘am enclosing a 
list of subjects for inquiry. The attached tab sets forth in 
itemized form the matters which we believe should receive 
primary attention. This schedule should be considered merely 
as a preliminary guide for the nature of the material uncovered 
a in the early stages and in a large extent govern the course of 
the investigation. 


Faithfully yours, 
/s/ G. Marshall 
G. Marshall . 
General D. D. Eisenhower, 
Spreme Headquarters 
Allied Expeditionary. Force 
London, England 


Certified a true copy, 


T. J. BETTS 
Brigadier General 


5D . 


DOCID: 


3560798 


SCHEDULE OF SUBJECTS FOR INVESTIGATION 


1. Complete cryptographic and cryptanalytic data on file 
at German centers, as well as equipment and operating instruc- 
tions pertaining to the same . ~ 


2. iarocnation as. to the Seales of technical crypto- 
graphic and cryptanalytic knowledge between the Germans and 
other Axis powers, together with information on the crypto- 
graphic and cryptanalytic methods use? by the latter so far 


as is known to the Germans, 


3. Equipment used for intepsapeaid direction finding 
purposes; special methods and apparatus for the rapid forward- 
ing of raw material to cryptanalytic centers. 

4, Methods and procedures employed in traffic analysis. 


5.° Methods and procedures employed in correlating and 
nes information from traffic analysis and cryptanalysis. . 


6. Speech secrecy equipment, oryptographic facsimile 


encipherment.,, and all non-Morse cryptographic equipment as 


used both on wire lines and on radio circuits. 


7. The chemical names as well as the military designa- 
tions of all secret inks, the formula of the developers, details 
of the manufacture of me onosphobeerapie, and ali details of | 
all methods, film and paper. 


8, Radio and radar- jamming and anti-jamming equipment and 
techniques. 


9. . Complete information on the HS-293 and FX~-1400 guided 
missiles, together with complete details of other similar remote 
pepbres equipment. 

Certified a true copy. 


?, J. BETTS, : 
Brigadier General. 


RF OR IF 
INPUT 


S-METER 


+ 
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RF OR IF 
INPUT 


S-METER 


Signal Strength Meter 


ceeding point indicating a doubling of signal 
level. 

Notice the two common methods of S-meter 
placement. At A above, the meter is placed in 
the plate circuit of a variable-mu tube. A 
movement of 0-200 microamperes is used, and 
a variable shunt resistor makes possible zero 
adjustment for no signal response. At B, the 
S-meter is located between cathode and 
ground. It uses a movement of 0-1 milli- 


DETECTOR—AVC—AMPLIFIER 


IF INPUT 


ampere in series with a variable resistor. It is 
in parallel with the cathode bias resistor. 
In both cases, the tube operates class A. 
Therefore, the only time there is a change in 
plate current is when AVC is applied to the 
grid. With a large signal, the AVC voltage 
becomes greater and increases the bias on the 
tube. This reduces the plate current and causes 
the proper reading on the S-meter. Conse- 
quently, the meter must be arranged to show 


(s-meter) 


ZERO ADJUSTMENT 


S-Meter With Separate Amplifier 
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UNITED STATES FLEET 
HQ OF THE COMMANDER IN CHIEF 
NAVY DEPARTMENT 
WASHINGTON, .DC 


FFI/A8 | | 
‘Serial: 002577 : 6 Sept. 44 
“GOP SECRET | 


From : Commander in Chief, U. 8. Pleet 
To : Commander, TWELFTH Fleet a 


Subj : Plan for Examination of German Radio a a ae 
Organization 


ds. ok combined British-United States. Plan is Sethe evolved 
for the examination of the German radio intelligence organization 
immediately following the cessation of hostilities. The partici- 
. @ pation of the U. 5. Navy in this project is to be conducted 
' jointly with the U. S. Army. 


2. Colonel George A. Bicher, AUS, now on duty at Supreme 
Headquarters, Allied Expeditionary Forces, has been directed: 
by the Chief of Staff, U. S. army, to assume direction of the 
U. 8. Army participation in this project. Lieutenant Commander 
Robert B. Ely, III, USNR, now on duty in the Office of the Chief 
of Naval Operations, is being ordered to report to Commander, — 
TWELFTH Fleet in order to assume direction of the U. S. Navy 

- participation. Additional naval personnel will be assigned as 
necessary. It is the present intention not to order any naval 
officers senior to rank of commander to this project; there- 
fore, all naval personnel will be under the immediate direction 
of Colonel Bicher. 


7 3. Detailed instructions will be issued to Lieutenant 
Commander Ely prior to his departure from Washington. 


_. 4, It is desired that the naval party engaged in this pro- 
ject be afforded all facilities that will assist it in the accom- 
plishment of its mission. 


/s/ R. S. EDWARDS 
Copy to: Cos, aU. S. Army (G-2) Chief of Staff. 
Op-20 
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"HEADQUARTERS 
EUROPEAN THEATER OF OPERATIONS 
- OFFICE OF THE COMMANDING GENERAL 


SHAEF/TSC/41 | 9 October, 1944 


-SUBJECT: Investigation of German Signal Intelligence 


Centers, Personnel and Equipment. 


Colonel George A ‘BICHER, 
Signal Intelligence Division, 
OCSIGO, ETOUSA, AP APO 887. 


1. The Chief of Staff, U. S. Army, in a letter to the 
Supreme Commander, Allied Expeditionary Force dated 7 August 
1944, directed that an American organization participate 
jointly with the British in plans for a complete investigation~ 
of German Signal Intelligence Centers, personnel and equipment 
prior to and after cessation of hostilities, 


TO 


2. As Director, Signal Intelligence Division, Office of 
the Chief Signal Officer, ETOUSA, you are directed by authority 
of the above mentioned letter, to effect the necessary liaison 
with the British authorities on this matter and to formulate 
plans to carry out the wishes of the Chief of Staff, U. S. 

Army, for presentation to this» ~Haedquarters. 


3. In this connection you are further advised that by 
letter of 6 September 1944, the Chief of Staff, U. 8S. Navy 


directed that the U. S. Navy join with the U. S. Army in this 


mission, and appointed Lieutenant Commander Robert B. Ely III,. 
USNR, to assume direction of the U. S. Navy participation. By 


the terms of this letter Lieutenant Commander Ely and all other 
naval personnel will be under your immediate direction. 


By command of General EISENHOWER: 


. Tf. Jd. BETTS, 
Brigadier General. 
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CONFIDENTIAL 15 September 1944 
Op-20-G/ar 

MEMORANDUM 

From: Meatetant Director Naval coumintéations (OP- 20-6). 


TO ¢ 
Subj: 


Lt. Comdr. R. B. Bly, USNR. 
Instructions Concerning Special Duty. 
(a) Letter of General Marshall to General Eisenhower of 


August 7, and enclosed list of subjects. 
(>) COMINCH Serial 002577 of 6 Sept 1944. 


Ref: 


1. In accordance with reference (b), you will be in charge of 
the naval participation in the plan covered by references (a) - 
and (b), under the immediate direction of Colonel G. A. Bicher, AUS. 


2. Op-20-G' 8. interests in the plan include all of the items set 
out in the enclosure to reference (a), except paragraphs 8 and 9, 
with the following additions: 
item 2 We are likewise interested in any collaboration 
with neutral or non-belligerent powers. 
Item 10 (new) Complete information as to devices, methods 
and procedures in handling transmitter and operator 
identification. 


3. As soon as possible after arrival in U. K., confer with 
Colonsl Bicher to cover the following points: : 
a) the estimated number, location, and nature of targets..- 
bd) the anticipated changes in these targets. 
c the existing arrangements for personnel and material 
to cover these targets. 
the kind and number of additional personnel which it 
appears should be provided by the U. 8S. Navy to assist 
din the conduct of this mission. 


(a) 


4. -Upon conclusion, and, if necessary, during these conferences, 
full reports and recommendations should be sent to Op-20-G, em- 
ploying CSP 1803 held by Commander TWELFTH Fleet. 


i] 
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* Reports and recommendations thereafter will be made upon 
any changes in the basic plan being proposed which require the 
concurrence of the Director of Naval Communications, and upon 


such changes being made. 


/s/ P. R. Kinney. 


P. R. KINNEY 
Captain, U. S. Navy 
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SHAEF 
Staff Message Control 
OUTGOING MESSAGE 
Priority 


TO: SIXTH ARMY GROUP FOR G- 2, TWELFTH ARMY GROUP FOR G-2 
. EXFOR FOR GSI 


FROM: SHAEF MAIN SIGNED SCAEF CIT; SHGBI 
REP NO: S-B4149 ~ TOO: 051500B 


1. Particularly desirable is special handling of German 
signal intelligence targets which may be overrun and captured 
with or without previous knowledge of their location. <A sig- 

nal intelligence target consists of: 
@ (A) A center at which German codes and ciphers are 
produced or at which research is done on them, or 
(B) A center at which cryptanalysis, interception 
and traffic analysis, or other activity to gain intelligence 
from non-German signals is carried out. 


2. TICOM is a joint combined target intelligence com. :- 
tee organized to implement the desires of the Chief of Steff, 
US Army, the Commander in Chief, US Fleet, and the Chairman 
LONDON Sigint Board, and made responsible for the. complete 
exploitation of German signal intelligence centers. ; 


3. Upon. location of such a target, it 1s desired that 
' the custody of the target be released to the nearest Sigint 
Unit, who will seal it and establish a guard, notifying by 
fastest possible means thru Sigint channels the Director, SID, 
ETOUSA or Director War Station of. the nature and extent. of 
the target. 


4. ICOM experts will be dispatched at the discretion of 


the Director, SID, ETOUSA or Director War Station for the pur- 
‘pose of exploiting the target, and they are hereby authorized 
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to take exclusive custody of the target, and to return any or 
all of its contents direct to such places as may be designated 
by them. On completion of their ses ULEaELONS the target will 
pe released to the occupying force. 


5. Instructions contained herein are to be applied to 
special targets as defined apove and do not conflict with 
existing instructions for the passing back of captured Sigint 
documents and equipment from normal enemy message centers — 
ones Sigint channels. . 


6. It is desired that all units down to ane. including 
Givisions and all Sigint units be notified of Theor instruc- 
tions. 


ORIGINATOR: G-2 AUTHENTICATION: 1. J. BETTS, 


: | BRIG. GENERAL 
INFORMATION: § 8GS | 
3 G-3 
° G-4 oo a j 

& e 78 _ SIGNALS |  @ 
| : OM ZONE : : 

G-2 WAR DIARY 

SHAEF FWD 


SUMMARY 
AG RECORDS 
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‘VOLUME 8 
Chapter XI 


The Chief Signal Officer of the Supreme Command of the 
Armed Forces and the Armed Forces Signal Communications Group 


, Paragraph 
The Armed Forces Signal Communication Group as 4 subject 


of interest to TICOM. . . . 16°. 1 6 2 e ee e © ew oe ow ew DY 


Provenance of TICOM information on the Armed Forces Signal 
Communication Group... 6 6 2 6 ee ee ee ee ew we MO 


Position of the Chief Signal Officer of the Supreme Com- 


mand of the Armed Forces for coordinating signal and 
signal intelligence matters ...... 2+ +++... 42 


Detailed description of the duties of the component 
-_ sections of the Armed Forces Signal Communication 
e Group based on 4 translated German document ..... . 42 


Relation of the Armed Forces Signal Communication Group 
to the Amt Ausland und Abwehr of the Supreme Command 
of the Armed Forces and to the Reich Main Security — 
OEE LCS ses ie he ace a We eds Gla eS Sb. we GL Se a 


fo 


_ ° 39. The Armed Forces Signal Communications Group as a 
subject of interest to TICOM. Determination of the authority 
Or authorities responsible for direction and coordination of 
all Signal intelligence matters in the German Armed FoTces is 
pertinent for an understanding of the relationships between — 
the various service agencies studied by TICOM, the Signal 
Intelligence Agency of the Supreme Command of the Armed Forces 
(oxw/wESt/agwNV/Chi), the Radio Defense Corps (OKW/WFSt/Ag- 
WNV/Fu III), the Signal Intelligence Agency of the Army High 
Command (OKH/G@HA), the Signal Intelligence Agency of the 
Air Force High Command (OKL/LN Abt 350), and the Signal 
Intelligence Agency of the Navy High Command (OKM 4 SKL/III). 
The TICOM Interrogations only afford general statements that 
‘liaison did or did not exist (the lication generally is 
that. iiaison left much to be desired) although investigation 
of the work records and reconstruction of the operations of 
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the various agencies have indicated considerable exchange and 
cooperation. (In some instances bette relations existed 
between individual service agencies and the two known non-~ 
service agencies, the Foreign Office Cryptanalytic Section 
(Pers ZS) and Goering's "Research" Bureau (FA}the Nazi Party 
radio intelligence and cryptanalytic agency) than existed among 
the service agencies themselves. An original German document 
giving the organization of the Armed Forces Signal Communi- 
cations Group and indication of the duties and responsibilities 
of its components is available dated 28 September 1944.270 

The picture presented by this document is valid only for this 
date. Additional documents are availabie and have been used 

in the TICOM report on the Signal Intelligence Agency of the 
Supreme Command of the Armed Forces which shows, the changes 
which were effected up to the end of the war. es 


40, Provenance of Ticom information on the Armed Forces 
Si 1 Communications Group. This document was obtained from 
Lt. Col. Arntz, the aide oF General Praun, the Chief Signal 
Officer (Chef WNV). Arntz had been the aide of Praun's pre- 
decessor, General Fellgiebel, who was executed for his part 
in the 20th of July plot. Amtz stated that Fellgiebel had 
informed him of the plot prior to the attempt on Hitler's 
life and for this reason Arntz, although undetected by the 
Gestapo, availed himself of an. epportunity to inspect front- 
line divisions and surrendered near Remagen. He brought with 
him the documents cited and volunteered additional infor- 
mation in his various interrogations.272 


270TF 163-C, "Anlage zu AgWNV/Z Ie Nr 2109/44 geh 28 Sept 

44," IP 163-b, Appendix to Armed Forces Signal Communication, 
Operations Section Nr. 2109/44 Confidential dated 28 Septem- — 
per 1944 is the translation. 


271366 Volume III Chart 1 showing the organization of the 
Signal Intelligence Agency of the Supreme Command of the 
Armed Forces. Cf. 139, DF 8, 9, and 12. 


2721 163, parts A-E and IF 108. IF 163 1s the field interro- 
gation of Arntz and photostats of the documents he brought 
with him. IF 108 is the CSDIC (Combined Service Detailed 
Interrogation Center) interrogation. _ 
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41. Position of the Chief Signal Officer of the Supreme. 
Command of the Armed Forces for coordinating signal and signal 
intelligence matters. One of the departmental divisions of the 
Arned Forces Operations Staff of the Supreme Command of the i 
Armed Forces (Oberkommando der Wehrmacht/Wehrmacht Fuehrungsstab, 
abbreviated OKW/WFSt) was the Armed Forces Signal Communications | 
Group (Amtsgruppe Wehrmacht Nachrichten Verbindung, abbreviated 
AgWNV). The Chief Signal Officer (Chef WNV) was the head of 
this department and at the same time held the office of Qhief 
Signal Officer of the Army High Command (Chef des aoeres 
Nachrichtenwesens, abbrevisted Chef HNw): 


Chief Signal Officer, Supreme Command 
of the Armed Forces 
(Chef WNV) 
' and 
Chief Signal Officer of che Army 
da 


Lieutenant General Praun 
(formerly Fellgiebel ) 


Armed Forces Signal ; Army High ‘Command 


Communication Group Signal Communications Troops 
(OKW/AgWNV) . ( OKH/Kdr .FNT ) 


Lieutenant General Gimmler Colonel Ahrens 
(formerly Thiele) — 
- Signal Intelligence 
Wesney of Army High Command 
( OKH/GdNA) 
Colonel Boetzel 
“(S00 Volume IV Chart 2) 


Armed Forces mn 3 a. 
Radio Security Section sigue”: ‘Inte ligence 


(OKW/AgWNV/Fu) “Agency of the Supreme Command 
Colonel Rosenkranz ; of the Armed Forces 
Armed Forces - (oKW/AgWNV/Chi) 
Wire Communications Colonel Kettler | 
( OKW/AgWNV/KPA) |  . fSee Volume III Chart 1/7 
Colonel Vv. Knobelsdorff- fas 
a ee CnRer Meee 
ee, st oi 3 Armed Forces 
"@ ‘ - §ignal Equipment 
" = (ORM /AgWNV /GBN) 


Colonel Dr. Inge. Grube 
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It is apparent that Praun was in a position to effect any 
necessary liaison between the Supreme Command of the Armed | 
Forces Communications Group and the related Army High Command 
agencies. Keitel stated that Praun, in addition to his 

Gouble function of working for both the Supreme Command of 

the Armed Forces and for the Army High Command, was also in 
close contact with the Navy High Command. and with the Luft- 
waffe and drew personnel from them.©73 This presumably applies 
to Signals personnel in general rather than to Signal Intelli- 
gence personnel .or even cryptanalysts. Arntz testified to the 
efforts of Praun, based on personal liaison, to improve rela- 
tions with the Navy, Air Force, and Reserve Army in Signal 


-Equipment matters and infers that the high position of Doen- 


itz, Goering, and Himmler, the heads of these organizations, 
made any cooperation extremely difficult.274 


- 42, Detailed description of the duties. of the component 
sections'of the Armed Forces Signal Communication Group based 
on a translated German document. The following description of 
the Armed Forces Signal Communications Group is. based on trans- 
lations of the organization order of 28 September 1944. The 
available translations have been checked against the German 
origings and where necessary the German terms will be indi-. 
cated.©/5 The actual telephone numbers of the various agencies 
‘and even the home telephones of the departmental heads are 
given on the order but have not been reproduced here. All but 
the Radio Security Section were reached through the headquarters 
switchboard of the Supreme Command of the Armed Forces, it was 


' peached through the switchboard "Dietrich". The order reads; 


Appendix to Armed Forces Signal Communications 

Operations Section Nr 2109/44 Confidential (Geheime). 

28 September 1944. 
Extract from the directives and work schedules for the 

Chief Signal Officer of the Supreme Command of the Armed 

Forces and the Chief of the Armed Forces Signal Communi- 

cations Group and subordinate departments, 


“T>keitel, Chief of armed Forces High Command, I 143, 


2T hip 108.p 2, paragraphs 10, 11, and 12. 


2T5thne German original is IF 163-D, the document brought in by 
Arntz. This is translated verbatim in IF 163-C. Another version, 
which omits some of the Teutonic details, is IF 108, the CSDIC 
interrogation report on Lt. Col. Arntz circulated by the British. 
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minimum signal strength when current is 
maximum (no signal and no AVC), and max- 
imum signal when current is minimum (max- 
imum signal and maximum AVC). The meter 
movement is the reverse of that in the usual 
milliammeter. To read left to right on in- 
creasing signal strength, the meter deflects 
from right to left when current is increased. 
Such a meter is called a right-zero meter. 


Sometimes the S-meter is used with a sepa- 
rate amplifier circuit. Notice in the diagram 
at the bottom of page 57 that a multielement 
tube is used. The AVC voltage is applied to the 
control grid of the pentode section of the 
tube. Since the AVC voltage is negative, an 
increase in signal strength causes a decrease 
in plate current. 


Only a small part of the current, probably 
about one tenth of the total tube current, 
flows through the meter. The meter response 
is not perfectly linear, but the meter dial is 
calibrated according to the characteristics of 
the tube used in the amplifier circuit. 


The S-meter can also be located in the AVC 
rectifier, as shown below. A portion of the 
diode current flows through the meter. Here, 
signal strength is in proportion to current 
flow, and the meter is calibrated for left-to- 
right deflection. 


of 3 


S-Meter in AVC Circuit 


Tuning Indication with Electron Ray Tube 


Though not as common as S-meters, electron 
ray tubes are used in some communications 
equipment. The electron ray tube is not. in- 
tended as an accurate signal strength indi- 
cator. It is a tuning indicator that shows when 
a signal is tuned to maximum strength. As 
shown in the circuit diagram below, the indi- 
cator responds to the AVC voltage applied to 
the grid of the triode section. 

The triode amplifies the AVC signal. But 
the plate of the triode section serves also as 
control grid of the indicator section. (Notice 
the connection between the plate of the triode 
section and the grid of the indicator section.) 
The indication on the fluorescent target is 
controlled by the difference in potential be- 
tween the deflecting probe (the control grid 
of the indicator section) and the fluorescent 
target (the plate of the indicator section). 

If the probe and target are at the same po- 
tential, the electrons flowing from the cathode 
to the target are not deflected. Consequently, 
the electron shadow of the deflecting probe 
appears only as a dark line on the target. This 
is the condition that exists when a large AVC 
voltage prevents the triode section from con- 
ducting. 

With little or no AVC (little or no signal 


Electron Ray Tube Circuit 
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Chef WNV 1). The Chief Signal Officer:of the Supreme Command 
' of the Armed Forces controls. Armed Force Signal 
Commands. His permanent deputy is the Chief of the 
Armed wetted eaenee Communication Group... . 
fe hie ae -Lt.: Gen. Praun 
Outer Office, Registry 
. of Top Secret Corres- 
a ty ; _pondence. 
AgWNV 2). Chief of the Armed Forces Signal Communications Grous. 
a Lt. Gen. Gimmler 
Outer Office, Duty 


. orficer. 
“phe Armed Forces Signal Communications Group includes: , 
Central Group Z-Zentral Gruppe) 
Military Wire Communications KFA-Kriegsfernmeldeab- 
re . Ss _ tedlung) 
Chief of Signal Equipment | (GBN-Generalbevollmaech- 
- o..°)) “tigter Fir Techn, Nach- 
. ; a i a richtenmittel) 
Sys Radio Security Section | eae ‘Funkwesen) 
) . _ Signal Intelligence Agency Chi-Chiffrier Abteilung) 


The Armed Forces Signal Communication Group is the agency 
through which the Chief Signal Officer controls the Armed 
Force Signals Commands. The Signal Commands are authorized 
to carry on correspondence with the Armed Forces Signal 
Communications. Group by virtue of their position in the 
chain of command. 

AgWNv/Z 3) Central Group is the agency through which the Chief 
Signal Officer of the Supreme Command of the Armed Forces 
coordinates the control of the Armed Forces Signal Adminis-_ 
tration Group. . Lt. Col. Trosken 

Z Ie; Employment and. dvganization, Directives, 
Journal, Mobilization. and Demobilization. 
ae Major. Adler 
Z ib: Personnel, Travel, Assig ents, Transfers, — 
-peace-time and war-time T/o's and T/E's, fur- 
loughs, billets, . alternate | offices, regulations, © 
e gas and air defense. +: Major Proebster 
Z Id: Administration, business, . finance, transfer of 
foreign currency, pay classifications, illnesses 
and accidents of employees group festivities, . 
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papers for official trips, ration cards for cloth- 
ing and equipment, subsidies and assistance, fur- 
lough control. |. CAivil Official (Amtsrat) Waak 
Z Ie: Liaison office in the Post Office Department 
(RPM), business dealings with the Post Office by 
the Armed Forces in nonsignal technical matters, 
deferments from military service, special wire- 
communication personnel. Lt. Col. Neumann - 
Registry Office. Secretariat of Central Group, un- 
classified and Confidential letter registers. 
Neitzel (civilian) 


AgWN V/KFA 4) Military Wire Communications Section, responsible 


for Armed Forces Wire Communications, organized 
into sub~sections (Stabs-referate). . 
Col. v. Knobelsdorff- 
Brinkerhoff. | 
Outer Office~Secret 
Letter Register 


8t/0: Internal department matters, personnel matters, 


correspondence concerning specialist personnel of 
the Post Office Department, procurement and 
employing personnel for special missions, motor 
_ vehicles and motor fuel. Major Brueggen 
St/P; Planning and construction of channels for long 
and very long distance traffic (long distance 
cables, carrier frequencies, decimeter and radio 
teletype lines), large signal installations, ins- 
tallations and equipment for field headquarters, 
spare parts and supplies for carrier frequency 
and decimeter lines, employment of specialist 
‘personnel of the Post Office Department and the 
Long Distance Cable Company, Technical advice. 
'  - KVR (War Official?) Pippart 


St/F: Armed Forces Signal Officer at Hitler's Head- 


quarters. oe Major Lohse 

KFA I: Network layout according to tactical situation, 
gaurding of signal installations against air raid 
damage Cictntsy with St/P), arrangements for com- 
munications for special trains, special missions, 
agencies served outside the Armed Forces and 
allied (Axis) nations, employment of special units, 
basic problems of signal communications, traffic 
monitoring, priorities in signal traffic, official 
extensions in residences, administration of equip- 
ment. id Major Magnussen 
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AgWV/Fu 


KFA II: Raw material saneaat, procurement and ee ee 


priorities for procurement and special construct- 
ion projects, Long Distance Cable Planning Com- 
mittee, financial planning for construction pro- 
jects with government funds, depots for apparatus 
and technical. installations ("LATE"), depots for 
telegraph construction material ("LYBZ"). 
Civil official (amtsrat) Keutel 
KFA III: Wiring plans for all agencies served, card 
indexes and plans of special net works. 
Lt. Col. Dr. Bethge 
Secretariat: Confidential and Unclassified Register. 
Civilian Schack 
5) Radto Security Section. Col. Rosenkranz 
Fu I: Organization and employment, basic radio regu- 
lations for Armed Forces and Bovorment Agencies, 
special radio connections, T/O's. 
Major v. Laffert 
Fu ta: Radio traffic at field head quarters, officer 
personnel, detachments, journal, reports on acti- 
vities, section orders, special certificates, 
Capt. Pohmer 
Fu Ial: Employment and distribution of codes, Armed 
Forces code regulations, enlisted and civilian 
personnel, internal Gcpartient matters. 
Capt. Mushake 
Fu Ib; Radio traffic control for Armed Forces and 
é government agencies, general frequency distri-. 
bution, control of broadcasting and sections, 
identification of hostile propaganda stations, 
wartime radio transmitting permits. 
Civilian Mohr 
Fu II: Procurement of equipment for Radio Counter~ 
Intelligence, for OKW and government agencies, 
priorities, raw material allotments, procure- . 
ment of motor vehicles, evaluation of equipment — 


of agents. 
| * Col. Fuchs 
Fu III: THE RADIO DEFENSE CORPS. Supervision of 
- Radio counter-intelligence cooperation with 
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— 


other counter-intelligence (Abwehr) organizationsé76 
. Major v. Barry 
Secretariat: Secret, Confidential, and unclassified 
__ letter register, conducting of business trans-~ 
action. secretary Reinhardt 
aelae/ee 6) Chief of signal Equipment. Securing of signal 
. @quipment for Armed Forces and government 
agencies, control over development and manu-. 
facture, special missions.©17 Col. Dr. Inge Grube 
% Outer Office, Secret 


rs Register. 
GBN/A: Staff Specialist, internal department 
matters. . Major Zellien. 


GBN/B: Special Supply problems, particularly spare 
parts supply, equipment repair. Capt. Gorn 
GBN/St: (Officer for special assignments), special 
missions, export, in-short-supply metals. 
Major Tuexen. 
QBN/I: Wire Communication equipment. 
Major Henkel 
& GBN/II: Radio and special communication equipment. 
oN 3 Major Dipl. Ing. 
Gloeckner | 
- GBN/III: Military economy and general economic matters 
(industrial matters, labor, raw materials, prior- 


. dvies). Major Doelitzsch 
eat i Tube Office (wire and radio). 
Col. Baldus: 


2Tepor a full discussion of the Radio Defense Corps see the write 
up of that organization. The field organization, its operations, | 
liaison with the Abwehr and Reich Main Security office and Italian 
. Counter-Inatelligence, and an evaluation of its techniques is avail- 
able from the written report of a field commander of a counter- 
intelligence regiment in the West, Captain Wilhelm Kelch (IF 176} — 
Discussion of the history of the Radio Defense Corps, personalities, 
eryptanalytic liaison, etcetera may be found in the interrogations 
é. of Arntz itr 108 and IF 163) and of Mettig of the Signal Intelli- 
: gence Agency of the Supreme Command of the Armed Forces, I 115. | 
: Also see I 21, 26, 162. 


eTT r¢, should be noted that a separate Sreaniea ion for develop- 
ment and supply of signal equipment existed in the Reserve Army 
7 under Himmler, the Army Ordnance Developing and Testing Group, 
a Signal Branch. Arntz testified to Praun's difficulties in 
& securing cooperation at so high a level. 
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GBN/Secretariat: Registry of Confidential and un- 
' Classified letters. Civilian Triphan 
| ("Min., Rég. nf 
Agwnv /Chi 7) THE SIGNAL INTELLIGENCE AGENCY OF THE SUPREME 
- COMMAND OF THE ARMED FORCES. Col. Kettler 
Chi/Z: Personnel, internal department matters. 
Major Lober 
; Secretariat 
Chi/I: Organization, employment, Major Mettig — 
Chi/II: Evaluation of Radio messages. 
Lt. Col. Seyfarth 
Chi/III: Reception of radio messages. 
Lt. Col. Kaehler 
Technical radio specialist. 
Civilian Official 
(Reg Baurat) Salzbrunn 
Chi/Iv: Decoding (orgptonaiytio} Group. 
Principal Specialist 


oy Fenner 
BEE Chi/V: Wire Communications. Technical Inspector 
a) om eas -Obinsp.") 
N) Buck 
Chi/X: Special problems "X" in accordance with 
special instructions. Zt. Col. v. Kalchstein 


43. Relation of the armed Forces Signal Communications 
Group to: the Amt Ausland und Abwehr of the Supreme Command of 
the Armed Forces and to the Reich Main Security Office. From 
the duties assigned to the various departments of the Armed | 
‘Forces Signal Communications Group it will be seen that the 
Armed Forces Signal Communications Group was concerned with the 
Signal communication phase of general censorship. The primary 
responsibility for wartime censorship was given to a separate 
division of the Supreme Command of the Armed Forces, the Amt 
Auslandnachrichten und Abwehr (Foreign Intelligence and. Defense- 
the last specifically involving the employment of agents by e 
Germans and counter- ~intelligence measures against agents).* 


: 278 p29, Die iguee tad des eaholionteneetieney Sci Kriege, is 


the Secret regulations and duties of the German censorship organi- 

gation. The issuing authority is not given nor is the date but 
the Abwehr is named as the responsible eres in the PUNE, 
Command of the Armed Forces. 


(2 


DOCID: 


3560798 


The functions of the Amt Ausland und Abwehr were taken over 

in early 1944 by Himmler in the Reich Main Security Office 
(RSHA). The functions were divided, responsibility for censor- 
ship and counter-intelligence being given to the Gestapo 


(Amt IV of RSHA) and the foreign intelligencg functions going 


to Amt Ausland (Amt VI, under Schellenberg). The Abwehr 
field organization was not disturbed in the reorganization, 
however, but was directed by the Reich Main Security Office. 
Various officials of the Abwehr were involved in the 20th of 
July Flot, e.g. Admiral Canaris and Col. Hanson, former _ 
heads of the Abwehr. Details of the censorship organization 
and of the Amt Ausland und Abwehr of the Supreme Command of 
the Axstued Forces have not been investigated by TICOM. 


“19por details of the Abwehr see IF 216 A and B. For the organi- 
zation of the Reich Main Security Office see the same documents 
and the interrogation of the head of Amt VI of RSHA, Schellen- 


berg, IF 164. Some discussion of the relation of the Abwehr 


with the Signal Intelligence Agency of the Supreme Command of 
the Armed Forces is given in the volume on that agency, Volume 
III. The RSHA and the Abwehr are also discussed in connection 


with Goering's Research Bureau, Volume VII, paragraph 6. 
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VOLUME 8. 
Chapter XII. Physical Compromises 
| : Papagra: 
ANCPOAUCELON & ass inne eisie ba nee be hees CO Ree ORES ES CHa ew eR 


United States SYSTEMS... rer cccnsevercvecccescescvenses 4S 
Systems other than United States.........ecee0. paren tarrmnay | 3) 


44, §=Introduction.--A Kents unebabis @ very small. part-< 


of the success of the Axis powers in dealing with foreign 
 eryptographic systems was due to physical compromise of the 
‘ systems. Unfortunately it is in most cases not possible to 


determine by what route the information reached Axis hands. 
A few cases are known to be of the "cloak-and-dagger" type, 
wherein a document vas bought or stolen. More are cases of . 
simple capture, either in action, or after the owner had 
fled, as at Dunkirk. But most of the instances of physical 
compromise known from TICOM sources are known only in the 
barest outlines: either a prisoner of war simply said, "We 
had @ covg of such-and-such," or the copy itself was. liber- 
ated by one of the TICOM teams. 


45. United states Systems.--It has been ‘stated that 
"the Germans, Hungarians, italians, Finns and Japanese... 
411,..had copies of most of the State Department codes and 
some of the strip systems... ." From "a source believed to 
be reliable" comes the report that the first American codes 
obtained by the Finns came from the United States Legation ~ 


- at Sofia. The Japanese had obtained these codes "at an 


unknown date early in the war" by bribing person or persons 
unknown. The Hungarian Intelligence Service was the middle- 
man in this deal. According to the same source, the Japan- 
ese gave the American codes to the Russians, and these sys- 
tems are also in the possession of the Swedes ‘and French. 

In fact, American codes seem to have attained as catholic a 
distribution as American money. Systems involved in this 
complex of skulduggery are said to include State Department - 
codes, i ae Attaché (Confidential Code’ No. 2, and strip 
ciphers. - 


28 
1p-260. 
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The United States systems known from TICOM sources to 
have teen physically compromised by European Axis povers are: 
The State Deparsgent A-1 Code; , 286 

The Brown Code ; 

A code called by the Germans "Z-3" or "Red";288 
A Military Attaché 5-letter code, no designation 
known, vEtoRae’ Italians neceived from the 

Hungarians ; 
War Department Confidential Code No. 2", a 
- Military Attaché system;290 
A Military Attaché pgyretter code called by the 
' Germans "Mil I" 
A Navy strip eines which the eggnmens called 
"DUPYH" from the indicator.* 


The State. Departnent A-1 Code, called "B 6 a" by the © 
Germans, was in 1941 in the hands of the jy ae Agency 


& of the Supreme Command Armed Forces (OKW/Chi), which sent a 
photograph 363 it to the Foreign Office Cryptanalytic Section 
(Pers Z 8). ; 
286 


I- 22 p 10; DF- nt. p Iv. The photostat itself was picked up 
by TICOM. 


I-22 p 10; DF-15 p IV; IP- 1524 p 9. See also IP-1518 pp 4-5. 

28 This photostat is in TICOMMA files as TF-10. ; 
SpF-15 p III. 

280 


287 


IF-1524 p 4. 
2905-15 p V. 


Soe ee | 7 F 
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The Brown Code was likewise received by the Foreign Office 
Cryptanalytic Section {Pers ZS) from the Cryptanalytic Agency 
of the Supremg gommand Armed Forces (OKW /Chi. This took place 
in June 1941; 2” put it 48 claimed that the code had already ~ 
been broken bgfare that.©95 This code was also in the hands of 
the Italians.<¢. . 

The code which the Germans called "Z-3" or "Red" was a 
consular code of which the Germans say it was “solved, later 
captured and photographed due to lack of caution on the part 
of the Consul General at Frankfort a/M, but without instruc- 
tions for encipherment, these instructions were captured later. "297 

The Military Attaché code received by the Italians from 
the Hungarians was one which the Hungarians had apparently — 
tried gyedecessrutty to strip. It went out of use in October 
1942.2 fe : ie 
. The system called by the Germans "War Department Confiden- 
tial Code No. 2" was in the possession of the German Foreign 
Office in Hotostat form; we do not. know by what. means it vas 
obtained. 20 | | 

The code which the Germans called "Whe, I" was also in the 
possession of the German Foreign Office. 

‘Part of the Navy strip cipher "DUPYH" was in the posses- 
sion of the German Navy, which claimed to have obtained the 
copy from the Japanese, who, acgording to. the Germans, got it 
in 1942 from an unknown source. 791 i‘. 


5, DF-15 p Iv. 
1-00 
206. Po 
IF-1524 p 9. 
2971p n 35 p III 
298 rp.152% p 4. 
299 DR-15 p V. 
30 pP-15 p 3. 
1195 p 9. 
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46. Systems other than United States.--Two other codes 
of which the German Foreign Office Cryptanalytic Section (Pers 
Z $8) received copies from the Cryptanalytic Agency of the Su- 
preme Command Armed Forces Son! ent) vere a Brazilian diplo- 
matic code (ASA trigraph BZD)302 and a Portuguese diplomatic 
code. The latter was loaned in December 1942 for DEOLOgES DN 
ing, along with some of the substitution tables.30 
Late in 1944 the Germans came into possession of.a Man- 
churian codebook which had been stolen from the Manchurian 
Legation after the unreliable character in charge of it had 
failed to lock it up. A photostat was made and turned over to 
the Gryptengaytto Agency of the Supreme Command Armed Forces 
(OKW/Chi). 
On the subject of Rumanian codes the Italians were  parti- 
cularly boastful, claiming 362 have read all of them with the 
aid of photostatic copies.” They did not, however, reveal 
the source of all this bounty. 
+ We know of two cases of. physical compromise in ccnnection 
@ with cipher machines, other than tactical capture of machines 
such as at Dunkirk and from downed planes. One was a "small 
cipher machine of Swedish origin" which had been “bought by 
the English” and was "in the possession of OKW"--we do not 
know how OKW got it. The Germans claimed to have read all 306 
messages from the Italian theater enciphered by this machine. 
The other was 4 Croatian Enigma machine which the Germans 
were able to compromise before it was ever used because 2 Ger 4n 
firm made the machines and reported the wirings promptly to 
the German authorities. To be doubly sure, the Germans even 
bought one of the first keys used. = 


ee : 
D-16, 1941 Report, p 3. 


¢ 
1025s 16, 1942 aero ‘?P 3. : 


504 
I-177 p 2. 
305 | 
IF-1521 p 1. 
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I-76 p 2. 
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2D DETECTOR 
1ST AF AMP 


2D AF AMP 


Provision for Headset Reception 


getting through), the triode section conducts Headset Circuits 
and there is voltage drop across the 1-megohm 
resistor. The voltage drop puts the two plates 
at different potentials. Since the deflecting 
probe is connected to the triode plate, its 
voltage is below that of the target plate. It 
therefore acts as a grid between the cathode 


and the target plate and causes a wide de- cient to drive high sensitivity headsets. If the 
flection of the electron beam and a wide pie- high sensitivity headset is a high impedance 
shaped shadow on the target. This indicates type, J1 should be used. If the high sensitivity 
that the receiver is not exactly tuned to the headset is of the low impedance type, J2 would 
station. be used. The output of the 2d audio amplifier 
would be used to drive headsets of lower sen- 
CIRCUITS FOR AUDIO REPRODUCTION sitivity. J3 is for headsets having high im- 
pedance and low sensitivity, while J4 is for 
use with headsets which have both low sensi- 
tivity and low impedance. 
Headsets are coupled to the communica- 
tions receiver by an iron-core transformer. 
Such transformers provide for impedance 


Examine the above diagram showing four 
headset jacks. Provision is made for using 
any of four different types of headsets. The 
output of the 1st audio amplifier is obviously 
less than the output of the second. However, 
the output of the first amplifier may be suffi- 


Communications receivers have various ar- 
rangements for reproduction of intelligence. 
These arrangements are sometimes quite com- 
plicated. The receiver may serve a number of 
headsets. It may serve loudspeakers. It may 


serve a combination of headsets and speakers. matching. They also isolate DC from the 
The audio section of the receiver may also headsets. 

serve as part of an intercommunications sys- Communications receivers used for military 
tem between different receiving sites, or re- operations have enough power to provide 
ceiving and transmitting sites. output at one or more remote positions. 
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Probably the simplest way to steal cryptographic material 
from soveone is to walk into his office and pick it up. This 
was tried by the Germans~-not on their enemies, to be sure, but 
on the Italians immedietely after the armistice of 1943. Two 
German lieutenants walked into the Italian cipher office in 
Athens and began to pack up the material they. saw lying about. 
But some Italian officers came in and “began shouting rather 
excitedly"--as well they might--so the Germans discreetly re- 
treated--fetching along, however, what hooty they had already 
collected. It turned out tg ine lude an enciphering table for 
use with the "Fllade" code.70 va 

An example of how chicanery can double back upon itself 
and ccnfound its perpetrator is the case of & Turkish code 
which the German Reich Main Security Office (RSHA) bought from 
the Hungarians and delivered to the Cryptanalytic Agency of 
the Supreme Command Armed Forces (OKW/Chi), which then dis- 
covered that the code was one which gt had broken and given to 
the Hungarians over a year before. 

A breakdown by countries of the systems reported by Ger- 
man and Itelian prisoners of war as having been physically 
compromised shows the following distribution: . . 


FANG. . ccc cs oee esc ccesseesoescseecey codes and ciphers 

United Kingdom......secscecoesesee GY COdes And ciphers. 

Yugoslavia... ..sccsccceccceccces» 4+ Codes and ciphers 
_ Rumania and Turkey............... 4 codes each. 

RUSS1G i065 os ch eases wees aceweena’ 2. COGES 

Belgium, Brazil, Bulgaria, 

Chile, Greece, Manchuria, Mexico, . 

Poland, Portugal, Spain, and 

UPUCUAY. oc cee wncscrccccnecscescss L Gade each 


It will be noticed that the above list and the one in the last 


paragraph of this paper show French systems in the overwhelm- _ 
ing majority. To what extent this can be ascribed to the "vol- 
untary" relinquishment of codes after the fall of France, we 
cannot say; but it seems almost certain that the French defeat : 
did swell the lists somewhat. . ; 
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In addition to those compromises reported in prisoner of 
war interrogations, there are numerous ones known to TICOM only 
because the compromised material itself was picked up. It is 
in most casés impossible to determine the manner of capture of | 
these systems, though in one instance the wyferial did have & | 
note attached giving the place of capture. Especially when 
material was fcund among belongings of the Cryptanalytic Agency 
of the Supreme Command Armed Forces (OKW/Chi), there is no way 
of determiniag its origin; for it was specifically ordered 
that the three armed forces should place all captured material, 
on demand, at the disposal of this agency. 

An enumeration of the physically coupromised systems known 
to TICOM only through samples follows: 


| France...cosscceeseceecees e006 COdes and ciphers. 
GreeCe..cescescescecesevesse L Code, 
Italy... ccocccccsccveccccee & CODE. 
Poland... .ccccccesecseccovecs D3 CODES. 
Portugal. ..ccccsccvececcoece L CODE. 
r Rumania... ccccccccceccecceee 2 COdES. 
. Yugoslavia... ...cocseseceoe & COE. 


P10, 477. The note was found with two of the three Polish Navy 


codes it mentions. It was addressed to the Signal Intelli- 
‘gence Agency of the German Navy High Command (OKM 4 SKL III), 
and signed Kempf, who was Chief of the Cryptanalytic Agency 
of the Supreme Command Armed Forces (OKW/Chi). Translated, 
it reads: "As enclosure, 3 Navy signal books captured in the 
cryptographic archives of the 2nd Dept. of the Polish General 
Starf (Pyry, 13 km south | of the center of Warsaw) 3 are being 
transferred for keeping." 


d1ly, 1620. The order is dated 1 Nov 1944. 
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» VOLUME 8 
| 
TAB A 

A 27. "List of Documents Received from Hung marian Pape 

Unit Eggenfelden." A ICOM document.. 

Abwehr. --Military mteliisencs. 
Adler,  _. , Major. Chief of Section Ia of Central Group 


of AY Armed Forces Communication Group (Employment and 
Organization, Directive, Journal, Mobilization and 
Imobilization} 

Ag WNV (Amtszgruppe Wehrmacht Nachrichten Verbindung) .~-armed 
Forces Signal Communications Group. 

Ahnrnens, -__, Col. Commander of Signal Communication Groups © 
under “Kimy High Command (OKH/Kar. FNT. 

Air Force Intelli ence Service.--Servicio Informazioni Aero- 

nautice (SIA). 

Co , Ame, es Brigadier General. Head of Italian Army Intelli- 
NS gence Service, 
Amtsgruppe Wehrmacht Nachrichten Verbindung {Ag WV) . ~~Artisd 
Forces Signal Communicetions Group. 

Armed Porces Operations Staff of the Supreme ties of the 
Armed Forces.~--Oberkommando der Wehrmacht /Wehrmacht 
Fuehrungsstab (OKW/WFSt). 

Armed Forces’ Signal Commmnications ,~-Wehrmachtnachrichten- 
verbindungen (WNV). 

Armed Forces Signal Communications Group.<-Amtsgruppe Wehr- , 
macht Nachrichten Verbindung (Ag WNV). . 

Army High Command Signal Intelligence Control Station. ~-- o 

- Oberkommando des Heeres/Chef de3 Heeres Nachrichten 
Wesens/ Leitstelle der Nachrichten Aufkldrung (OKH/Chef 
HNW/LNA) . 
Army Ordnance, Development end Testing Group, Signal Branch.-- 
' Chef der Heeresruestung und Befehlshaber des Ersatzheeres, 
Amtsgruppe fuer Entwicklung und Pruefung des: Heereswaffen~ 
amts, Waffen Pruefung, Abteilung 7 (Wa Pruef 7). 

Army Signal Intelligence Regiment.--Esmpandeur Der Nachrichten 

. Aufkiirung (KONA). 

AINTZ, y Lt. Col. Aide of Gen. Praun, Chief Signal Officer 


of Armed Forces. 
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Baldus, > Col. Chief of § Section IV of Signal Sautenant 
v. Barry, _, Major. Chief’ or. Section III of the Radio 
. Security Section. Mee 

Bethge, > lt. Col. Dr. “Ghies of Section III of ‘Armed | 
Forces. Communications Group Wire Communication. 

Biggi, Augusto, Capt. Italian eryptanalyst. Did liaison 

work with Germans regarding IBM machinery. 

Brueggen, , Major. Chief of Subsection 0 of the Armed . 
Forces Communications Group Wire Communication, Section *. 


Buck, __....» Technical Inspector. Chief of Chi/V of the Signal 


panto Teenoe Agency of the Supreme Command of the Armed. 

orces,. 

Canale, Aldo, Col. Chief of Secretariat nection of SIM. 
Succeeded Col. Nasta, 

Caneris, » Admiral. Official of Abwehr, invoked in 
July B0th plot. — 

Centval Weather Group .--Zentralwetterdienstgruppe. 

Chef der Heeresruestung und Befehishaber des Ersatzhseres, 
Anmtsgruppe fuer Entwicklung und Pruefung des Heeresvaffen- 
amts, Weffen Pruefung, Abteilung 7 (Wa Pruef 7).--Army 
Ordnance, Development and Testing Group, Signel Branch. 

Chef des Heeres Nachrichten Vesens {Chef tw} .-~Chiet Signal 
Officer of the Army High Commend. — 

Chef HNW (Chef des Heeres Nachrichten Wesens). --Chief Signal 
Officer of the Army High Command. 

Chief Signal officer of the Army High Command .--Cheé des 
Heeres Nachrichten Wesens (Chef HNW). 

Chiffrierstelle, Oberbefehlshaber der Luftwaffe (chi- Stelle 
0b d L).--Signal Intelligence Agency - of the Commander 
in Chief of the Air Force. 


‘Cipher Bureau of the German War Ministry. Predecessor to 


the Signel Intelligence Agency of the Supreme Command 
Armed Forces Eales 
Chiffrierstelle, Oberbefehishaber der 
Luftweffe).~--Signel Intelligence Agency of the Commander 
in Chief of the Air Force. 
COMINCH.--Commander in Chief. 
Combined Service Detailed Interrogation Center.--CSDIC. 
COMNAVEU.--Europsan Commander in Chief of United Stetes Navy. 
"Cryptanalytic Party" of the Eighth Army. Directly responsi- 
ble to 8th Army, and had no direct connection with SIM. . 
Cryptanalytic Section of the German Foreign Office.-~-Sonder- 
dienst des Referats Z in der Porsonal Abteilung des 
Ausveertigen Amtes (Pers Z S$). 
CSDIC.--Combined Service’ Detailed Interrogation Center. 
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D116. "Translation of Anmial Progress Reports by Pers ZS 
covering 1927, 1941, and 1942." A TICOM publication. 

D 59. "Notes and Minutes of High-Level Mestings held at oxW/ 

a Chi Cryptographic and Administrative. A TICOM Docu 
ment. 

DF 15. "Berichte der A Gruppe." American Systems worked on. 
by Germans, 


‘De Monte, » Commandante. Chief of the Cryptenalytic Sub- 
Section of SIS. 
De Witt, » Major. Italian cryptanalyst. 
Doelitasehy _» Major. Ghief of Section Iii of Signal Equip- 
ment. f 
-Doenitz, Karl, Grand Admiral ... Commander in Chief, German 


Navy; Reich Chancellor after Hitler's déath. 

E 7. "Final Report on the Technical Exploitation of the 
FEDERSTEIN LABORATORY (Director: Dr. Oskar Vierling) 
sarried out by a Special Team under TICOM auspices ." 

A TICOM publication. 

E 8. "Detailed Feuerstein Technical Project Report. Refer- 
© ence No. i - Agents Transmitter “Taube”, Single Sideband 
; Demodulator “Kaethe" and Carrier Regenerator "Spitz".' 

A TICOM publication. 
E 9. "Detailed Feverstein Technical Project Report. Ref .., 
No. 2; Little Baustein.” A TIGOM pudlication. 

10. "Detailed Feuerstein Technical Project Report. Ref. 
No. 3: Artificisy: ‘opesch and Encoding." A TICOM pub- 
lication. 

Ell. "Detealled Feuerstein Technical Project Report, Ref. 
No. 4; three-fold Wobbuletion and Mechanical Wobbulator 
Generators.’ A TICOM publication. 

E12. "Detailed Peuerstein Technical Project Report, Ref. 
No. 5: Filter Design and Construction, ' ' A TICOM 
publication. 

“E13. "“Detatled Feuerstein Technical rroject Ref, No. 6: 

‘Synchronous Cipher System for Teletypewriters--Gleich- 
. lauf." A TICOM publication. . 

E14. "Detatled Feuerstein Technical Project Report, Ref. 

No. 7: Investigation of SZ Cipher Machines at Feuer- 
stein Laboratory." A TICOM publication. | 

E15. "Detailed Feuerstein Technical Project Report, Ref. 

No. 8: Wave Analyser.” A TICOM publication. i 

E16. Detailed Feusrstein Technical Project Report, Ref. 

No. 9: Ein Neues Elektrisches Sprechgerét zur Nachbiidung 
der Menschlichen Vokale von Kari “Jilly Wagner." A TICOM 
publication. | 


cf 
2 . 


/ 


f 


Fone 
< 


DOCID: 3560798 | ee g 


E17.. "Detailed Feuerstein Technical Project Report, Ref. 


No. if: Feuerstein Laboratory Plens.” A TICOM publi- 
cation. 

E18. "Detailed Feuerstein Technical Project Bgnore. Ref. 
No. 11: “Betriebsordnung’ Laboratory Rul es! . A TICOM 
publication. 


Cae SS ‘Detailed Feuerstein Technical Project Report, Ref. 

No. 12; Technical Interrogation of Feuerstein Employees 
Dr, Fritz Sennheiser and Wolfgang Martini. A TICOM 
publication. 

Emer,Guido, Lt. Col. Officer in charge of the een eke Crypt- 
analytic Party. 

ETOUSA, ~-Huropesn Theater of Operations United States. Army. 

FA (Povachungaaat}.-~geuring's: "Research" Bureau. 
Fellgiebel, Erich, Lt. General. Chief Signal officer of Army 
and Armed Forces High Commands from beginning of War. 

until he was executed in 1944, 


Fenner, » Principal Specialist. Chief of Chi/IV of the 
® _ Signal Intelligence Agency of the Supreme Command of - 
: the Armed Forces. 
Forschungsamt. (FA) s~gicvine's heseareh Bureau. 
Foschini, _ Dr. Director of SID. 
Fuchs, 9 Col. Chief of Section II of Radio Security 
Section. 


Gambe, Generali Vittorio. Chief of Cryptanalytic Section 
from World War.I to Armistice of World War II. 

Gastaldo, _—=—, Col. Chief of Army Intelligence Subsection 
of SIM. Succeeded Col. Pasquale. 

GCCS.--Government Code and Cypher School. 

Geheime Staats Polizei (Gestapo).--German Secret State Police. 
Gentscheff, Major I. G:. Head of. the Bulgarian cryptanelytic 

Agency. 
German Meteorological ‘Service.- -Reich Wetterdients. 

‘German Secret State Police.--Geheime Staats Polizei (Gestapo). 
Gestapo (Geheime Staats Polizei). ~-German Secret State Police. 
Gimmler, __ _» Maj. Gen. Chief of Army Ordnance Development 

and Testing Group Signal Branch (Wa Pruef 7) 1939-1943. 
Chief Signal Officer to Commander in Chief West, 1943- - 
1945. Naas of Armed Forces Communication Group (Chef 
aS NY. _ 


Shade 


. , a 


ee | » Major, Graduate Engineer. Chief of Section 
io II of Signal Equipment. e 
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Goering, Hermam, Reichgsmarschall. Commsnder in Chief of 
German Air Force, German Air Minister, etc. 

Goerings's Research Bureau.-~-Forschungsamt (FA). One of 
the six principal German Cryptologic Organizations. 

Gorn, __ __.» Gapt. Chief of Section B of Signal Equipment. 

Gding, Dr. Wilhem. .Nazi-Party representative at Feuerstein; 
in charge of a small laboratory near Lofer in the 
Berchtesgaden area. 

Grube, a Gol. Dri. - Chief of Signal Equipment. 

GSI.--Genéeral Staff liweiligence. 

Hallama., ; Col. Reported as head of the Finnish cipher 


section. 
Hanson, | , Col. Official of Abwehr, involved in July 20 
plot. 
Henkel, _, Major. Chief of Section I of Signal Equipment. 


| Himmler): “Heinrich. Reichsfuehrer 8S, Minister of Interior, 
Chief of German Police. 
Huettenhsin, Senior Specialist Dr. Erich. Principal Crypt- 
analyst of the Signal Intelligence Agency of the Supreme 
Command, Armed Forces (0OKW/Chi). 
C) Il. "Final Report on TICOM Team 5 on Final Exploitation of . 
Burgscheidungen.” A TICOM pudlication. 
112. "Pranslation of the Preliminary Interrogation of O.R.R. 
Trenow of 4/SKL II/OICM, carried out at Flensburg on 
24-25 May 1945 by TICOM Team 6. A TICOM publication. 

16. Notes on Interrogation of Amsrat Schwabe and Obfkmstr. 

_ Warsecha on Russian Naval Cyphers. A TICOM publication. 
el. Freliminary Interrogation of Oberst. ‘Kettler, R.R. Dr. 
Huettenhain, Sdf. Dr. Fricke and Obl: Schubert (OKH/Ch1). 

22. " Interrogation of German Cryptographers of Pers ZS. 
Department of Ausveertiges Amt." A TICOM publication. 

25, ‘Interrogation of RIM/Forschungsamt Members: Dr. 
Peetzel, R. R. Fingerhut, R. R. Oden, Dr. Klautsche and 
Min. Rat. Seifert, at Schloss Gluecksburg on 15, el June 
1945." a TICOM publication, 

I 29. Third Interrogation of Oberstltn. Friedrich, Chief of 

the G.A.F. Signals Intelligence Service. A TICOM publication 

I 31. Detailed Interrogations of Dr. Huettenhain formerly head 
“ of research section of OKW/Chi, 18th-21st June 1945. A 
| TICOM publication. 

I 43. Report Written by Vierling On: 

&) Synchronising Device for Teleprinters (Gleichlauf) 
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to 


b) Artifictal Speech Apparatus 
c) "Three-fold wobbling” process 
a) Synchronising installation for exoauaite the 
"wobble-frequencies” 
e) Votce-Scrembling Apparatus (small BAUSTEIN) 
A TICOM publication. 
54. Second Interrogation of Five Members of the RLM/Fors-. 
shungsemt. -A TICOM publication. 


.57. Enciphering Devices worked on by Dr. Liebknecht at 


Wa Pruef 7. A TICOM publication. 

58. Interrogation of Dr. Otto Buggisch of OKW/Chi. A 
TICOM publication. 

64. Answers by Wm. Buggisch of OKH/Chi to Questions sent 
by TICOM. A TICOM publication. 


65. Interrogation Report on Four Members of the G. A. F. 


sigint Service. A TICOM publication. 
72. First Part of the Report by Wn, Buggisch on 8.G.41. 
A TICOM publication. 
76. "Interrogation Reports on Lehwold, Haupts, Klett and 
Lauerbach." A TICOM publication. . 
78. Interrogation of Oberstit. Mettig on the History and 
Achievements of OKH/AHA/In. 7/VI. A TICOM publication. 
82. P.O.W. Interrogation Report-Dr. Werner Liebknecht of. 
Wa Pruef 7 of the Heereswaffenamt. A TICOM publication, 
84.. Further Interrogetion of R.R. Dr. Huettenhain and 


Se sdf. Dr. Fricke of OKW/Chi. A TICOM publication. 
-92,.. "Final Interrogation of the Wachtmeister Otto Bug- 


_ gisch (OKH/In. 7/V¥I and OKW/Chi)." A TICOM publication. 
93. "Detailed Interrogation of Members of Onn /t SKL/III 
_, at Flensburg." A TICOM publication. 
96. "Interrogation of Oberstlt. Mettig on the Organization - 
_and Activities of OKW/Chi." A FICOM publication. 
100. “Report by Uffg. Herzfeld of NAAST 5 (Gen. d. NA) on 
the work of the Italian Referat of IM 7/VI." A TICOM 
publication. 
102. “Interrogation Report on Dr. Sebastian of the German . 
Met. Service on Allied Met. Systems." A TICOM publication. 
105. ‘Interrogation report on Frau von Nida (wife of ener 
Wolfgang von Nida, onetime deputy Head of OKW/Chi)." 
TICOM publication. 


I106, Final Interrogation aeeee on the Norvay Party (NAA 11)." 


A TICOM publication. 
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109. "Translation of a Report by Lt. Ludwig of Chi Stelle 

Ob.d.L. (Ref.B) based on questions set for him at 
A.D.I. (K)." A TICOM publication. 

110. "Information on Hedio Communication Circuits operated 
_in Conjunction with Feuerstein Laboratories." A TICOM 
publication. 

lll. "Further Interrogation of Oberstlt. Mettig of OKW/Ch1 
on 14th September 1945. A TICOM publication. 

115. "Further Interrogation of Oberstlt. Mettig of OKW/Chi 
on the German Wireless Security Service (Funktlberwachung) ." 
A TICOM publication. 

116. “Report of Interrogation of Ltn. Alex Dettmann and 
Oberwachtmeister Sergius Samsonow of OKH (Gen.d.NA.) at 

- Qberursel, Germany, during August 1945." a TICOM publi- 

cation. 

118. Joint Reports by Reg. Ret Dr. Huettenhain and sdf. 
Dr, Fricke, written at C.S.D.I.C. on or about 28th 
August 1945. a TICOM publication. 


120. "Translation of Homework by Obltn. W. Werther, Com-. 


pany Commender of 7/LN Ret. 353, written on 12th August 
1945 at A.D.I. (K).” A TF tGon publication. 

121. ‘Translation of Homework by. Obltn. W. Werther, Com- 
pany Commander of 7/LN Ret. 553, written on 12th August 

- 1945 at A.D.I. (K)." A TICOM publication. 

130. Homework by Hauptmann Herold, 0.C. Ln. Regt. III/353. 
A TICOM publication. 

131. Obstit. Mettig of OKW/Chi on WA Pruef 7 and RLM/Fors- 
chungsant. A TICOM publication. 

132. Notes by Huettenhain and Fricke on OKW/Chi and the 
German I.S. A TICOM publication. 

141. Interrogation of amtsrat Schulze of 4 SKL III. A 
TICOM publication. 

142. P/W Barthel's Account of German Work on British, 
American, Swedish,,. and French Machine Ciphers. A 
TICOM publication. 

143. "Report on the Interrogation of Five Leading Germans 
at Nuer nberg on 27th Sept. 1945." aA TICOM publication. 


I 177. "Interrogation of Kirfel on Far Eastern Systems." 


A TICOM publication. 


I 193. "Interrogation of SS Obersturmbahnfuehrer Urban, 


Liaison Officer of RSHA/VI with the Crypto Bureau of ~ 
Hungarian General Staff." A TICOM publication. 
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I194, "Report by Dr. Regula on German Meteorological In- 
telligence Service." A TICOM publication, 

IF 15. Final Report of TICOM Team 1 on the exploitation of 
Kaufbeuren and the Berchtesgaden area, From TICOM. 

IF 108. g, interrogation of Oblt. Arntz." CSDIC (U.K) SIR 
1606. ot 

IF 140 B. German D/Fing in France. Nov. 13, 1945. War Dept. 
Strategic Services Unit. 


IF 163. Photostatic copies of reports:(a) Sta:grents by Arntz, 


23 March 1945. (b) Organization and location of German 
Army Signal Intelligence Service in the West, 26 March 
1945. Tc) Appendix to Armed Forces Signal Administra- 
tion, Operations Section, 28 Sept. 1944. (d) Translation 
of above appendix. (e) Employment, organization of the 

_ Signal. Corps, 16 Jan. 1945. Ha. 12th Army. 

IF 164, "Report on Interrogation of Walter Schellenberg." 

IF 176. Seabourne, Report. Vol III. "Operations and Tech- 
niques of the Radio Defense Corps, German Wehrmacht.” 
From Commanding General, 9th Air Force. — 

If 209. Italian Communications Intelligence. Report by 
Admiral Maugeri with U.S. Navy Introduction. 

IF 260. Correspondence, MIS-OSS, on Finish Cryptanalytic 
Liaison with other Powers. 

IF 1500. Italian Intelligence Service; Report on "Organi- 
zation and Working of the Servizio Informazioni Eser-~ 
cito (S.I.E.) within the period 1/11/41--15/6/43." 
SCI/560/67 Oct. 18 1944. ° 

IF 1501. First detailed interrogation report of Giuseppe 
SAMARUGHI. CSDIC/CMF/Y 29. . 

IF 1502. First detailed interrogation of Giuseppe DOSI. 
CSDIC (MAIN)/Y 16 21 Nov. 1944, . 

IF 1517. First detailed interrogation of Augusto BIGI, who 
worked in the Cryptographic Section of SIM before the 
Armistice and in SID afterward. CSDIC/cCMF/Y 4. 

8 Sept. 1944, 

IF 1518. First detailed Interrogation of Vittorio Gamba, 
director of SIM Cryptographic Section until Armistice. 
cspic/cMF/Y 7. 16 Oct. 1944, 


IF 1519. First detailed interrogation of Franco SCUILERI. 


cspic/omr/y 8. ~ 


“IF 1520. First Detailed Interrogation og Guido EMER..CSDIC/ — 


cmMF/y 8. Oct 22 1944, ° So: . 

IF 1523, First Detailed Interrogation of Giovanni Gramola, 
pertaining to Turkish, French, British, and USA traffic. 
CSDIC (MAIN)/Y 24. _ . 
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AFM 100-5 


14 DECEMBER 1956 


LOCAL 
HEADSET 


REMOTE HEADSET 
= SPEAKER 


AF Output Circuit 


Speaker Circuits 


Most speakers used with Air Force equip- 
ment are mounted in a separate case. The 
output transformer is mounted in the receiver, 
and the receiver is rated according to the out- 
put impedance of the output transformer. 
This permits selection of the proper speaker 
to be used with it. The output impedance 
must be low, for the impedance of the voice 
coil of a speaker is very low— 4 to 15 ohms. 


The voice coil is wound around the permanent 
magnet, but does not touch it. The voice coil 
is attached to the cone of the speaker so that 
it causes the cone to vibrate as the AF current 
flow in the voice coil sets up magnetic fields 
which alternately oppose and reinforce the 
magnetic field of the permanent magnet. 
Under such conditions, the voice coil must 
be small and thus of low resistance. When the 
impedance of the voice coil is not known, an 
approximate impedance of 1.25 times the 
DC resistance can be used. 


Impedance matching is achieved in the 
output transformer of the receiver. To see 
how it is worked out, follow the example 
below. Suppose a receiver with a 6V6 power 
amplifier is to be coupled with a 6-ohm voice 
coil. The recommended load impedance of 
a 6V6 (from a tube manual) is 5,000 ohms. 
The necessary turns ratio of the transformer 
can be determined by the formula, 


Np_ «lip 
Ns Zs 


Substituting the figures, 
Np p08 
Ns = 6 = 28.8 


For a 6V6 to be coupled to a 6-ohm voice coil, 
the output transformer should have a practical 
turns ratio of 29 1. 


AF VOLTAGE AMPLIFIER 


SIDETONE 


AF POWER AMPLIFIER 


Coupling Sidetone to Receiver 
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IF 1524. First Detailed Interrogation Report on Three SID 
Cryptographers -- de Witt, Bilagi, Carlini. CSDIC/ 

; CMB/Y 32. ae 

IF 1526. Second Detailed Interrogation Report on Five 
itsiian SID Cryptographers -- de Witt, Biagi, Ulieni, 
Carlini, and Barbagallo. CSDIC/CMF/Y 35. 

IF 1527. First Detailed Interrogation Report of Alberto 
Barbagallo, Italian Naval Cryptographer. CSDIC/CMF/Y 34. 

Inspectorate 7/VI of Army High Command.--Oberkommando des 
Heeres/Inspektion 7/VI {OKH/In 7AVI). 

Italian Army Intelligence Service.--Servizio Informazioni 
Militari (SIM). . 

Italian Defense Intelligence Service.--Servizio Informazioni 

Difesa (SID). 

Italian Navy Intelligence Service.~-Servizio Informaziont 

Speciali (SIS). jn XS 

Kaehler, » Lt. Col. Chief of Chi/III of the Signal In- 
telligence Agency of the Supreme Command of the Armed 
Forces. 

“| Kalckstein, , Lt. Col. Chief of Chi/X of the Signal 
Intelligence Agency of the Supreme Command of the Armed 
Forces. 

Kettler, » Col. Chief of Signal Intelligence Agency of 

, the Supreme Command of the Armed Forces. 

Keutel, > Mr. Chief of Section II of Armed Forces Com- 
munications Group Wire Commanication. | 

Klob, Otto, Dr. Director of Austrian Cipher Bureau until 
October, 1945. . 


‘von Knobelsdorff-Brenkerhoff, Col. Commander of Armed Forces 


Wire Communications (OKW/Ag WNV/KFA). . 

Kommandeur der Nachrichten aufkldrung (KONA).--Army Signal . 
Intelligence Regiment. 

KONA, (Kommendeur der Nachrichten Aufklérwmg).--Army Signal 
Intelligence Regiment. / 

, Laffert, » Major. Chief of Section I of the Radio 

Security Section. - 

Lieblmecht, Werner, Graduate Engineer Dr. Chief of section 
IIIh of Army Ordnance, Development and Testing Group, 
Signal Branch (Wa Pruef 7), research agency for 

- developing voice scramblers. — 

Lober, » Major. Chief of the Signal Intelligence Agency 
of the Supreme Command of the Armed Forces. . -_ 

Lohse, _—_—«, _ Major. Chief of Subsection F of the Armed 
Forces Communications Group Wire Communication, Section 4. 

Mil. Vierling's Laboratory at Ebermannstadt. A TICOM pub- 


lication. 
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M2. Major Barlow's Report on Dr. Vierling' s Laboratory. 
A TICOM publication. 

M4a. Full Preliminary Report of Investigation of Dr. Vier- 
ling's Laboratory "Feuerstein" -- by Major Heller. A 
TICOM publication. 

M6. Interim Report on Laboratorium Feuerstein -- by Lieuts. 
Howard and Tompkins, U.S.N.R. A TICOM peniication. 

Mile. CIOS Target Evaluation Report on Laboratorium Feuer- 
stein, Ebermannstadt. A TICOM publication. 


Magnussen, » Major. Chief of Section I of Armed Forces 
Communications Group Wire Communication, 
Menzer, » Senior Inspector. Chief of Section IIc of 


Signal Intelligence agency, Supreme Command Armed Forces 
(OKW/Chi) which dealt with the development of cipher 
machines. 

Meteorological Intercept Control. Lava tepiacneiehtenncsers 
wachung (Wenueb). 


Mettig, , Lt. Col. Head of In 7/VI from Nov. 1941 to 


June 1943; Second in Command of oKW/chi 1 from Dec. ate 
to Avril 1945, 


Me 


Military intelligence .--abwehr. 

Mohr , » Mr. Chief of Section Ibd of Radio Security Section. 

Musnake, ses Capt. Chief of Section Ial of Radio Security 
Saceiony 

NAA (Nachrichten Aufkidrungs Abteilung) .--Signal Intelligence 
Regiment. 

Nachrichten aufklurungs Abteilung (NAA). --Signal mele een 
Regiment. 

Nasta, » Col. Chief of Secretariat Section of SIM. 

Naumann, » Senior Inspector. Chief of cryptanalytic - 
section of German Meterological Service. 

Neitzel, » Mr. Chtef of Registry Office. 

Neumann, » Lt. Col. Head of Section Ie of genteel Grou: 
of Armed Forces Communications Group. 

Oberkommando der Luftwaffe/Luftnachrichten Abteilung 350 
(OKL/LN ABT/350) .--Signal Intelligence Agency of the 
Air Force High Command. 

Oberkommando der Marine/4 Seekriegsleitung III (OKM/4 SKL/III).-- 
Signal Intelligence ency of the Navy Hi Command. 

Oberkommando der Wehrmacht/Chiffriersbteilung OKW/Chi) . -- 
Signal Intelligence Agency of the Supreme Command Armed 
Forces. 
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Oberkommando der Wehrmacht, Wehrmacht Nachrichtenverbindung, 
Funkuebervachung (OKW/WNV/Fu).--Radio Defense Corps of 
the Armed Forces. ; 
Oberkommando der Wehrmacht/Wehrmacht Fuehrungsstub (OKW/WF®:).-- 
Armed Forces Operations Staff of the Supreme Command of 
the Armed Forces. 


Oberkommando des Heeres/Chef des Heeres Nachrichten Wesens/ . 


Leitstelle der Nachrichten Aufkirung (OKH/Chef HNW/LNA).-- 
Army High Command Signal Intelligence Control Station. 
Oberkommando des Heeves/General der Nachrichten Aufklaerung 
CORS/GANA ss SAREeT Intelligence Agency of the Army High 
. , Gommand. 

Oberkommando des Heexves/Inspektion 7/IV (OKH/In 7/IV).--Signal 
Security Agency of the Army High: Command. 

Oberkommando des Heeres/Inspektion 7/VI‘{(OKH/In 7/VI).--In- 
spectorate 7/VI of the army High Command. 

OKH/Chef HNW/LNA (Oberkommando des Heeres/Chef des Heeres 
Nachrichten Wesens/Leitstelle der Nachrichten aufkiérung.-- 
Army High Command Signal Intelligence Control Station. 

OKH/GdNA (Oberkommando des Heeres/General der Nachrichten 
Aufklaerung).~-Signal Intelligence agency of the army 
High Command. 

OKH/In 7/IV (Oberko:mando des Heeres/Inspektion 7/IV).--Signal 
Security Agency of the Army High Command. 

OKH/In 7/VI (Oberkommando des Heerés/Inspektion 7/VI).--In- 
spectorate 7/VI of the Army High Command. © 

OKL/LN Abt/350 (Oberkommando der Luftwaffe/Luftnachrichten 
Abteilung 350).--Signal Intelligence Agency of the Air 
Force High Command. | 

OKM/+ SKL/III (Oberkommando der Marine/4 Seekriegsleitung III).-- 
Signal Intelligence Agency of the Navy High Command. 

OKW/Chi (Oberkommando der Wehrmacht/Chiffrierabteilung).-- 
Signal Intelligence Agency of the Supreme Command Armed 

. . Forces. 

OKW/WFSt (Oberkommando der Wehrmacht/Wehrmacht Fuehrungsstab).-- 
Armed Forces Operations Staff of the Supreme Command of 
the Armed Forces, : 

OKW/WNV/Fu (Oberkommsndo der Wehrmacht, Wehrmacht Nachrichten- 
verbindung, Funkueberwachung).--Radio Defense Corps of 
the Armed Forces. 


. Pale, «Pkki, Captain. In command of cryptanalytic unit in . 


Finland. : 
Pasquale, » Col. Chief of Army Intelligence Sub-section 
of SIM, 
Pers Z S (Sonderdienst des Referats < in der Personalabtellung 
des Auswaertigen Amtes). --Cryptanalytic Section of the 
German Foreign Office... 
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. Col. Petrella. Chief of the Intercept Section of SIM. 
Piccinocchi, Col. Chief of Cryptograhy Section of SIM. 
Pippart, =» Mr. Chief of Subsection P of the Armed 

Forces G ‘Communications Group Wire Communication, 
Section 4. 

Pohmer , ee Capt. Chief of Section Ia of Radio security 

section. 

Proebster, . Major. Chief of Section Ib of Central Group 
of armed Forces Communications Group. 

Praun, Albert, Maj. Gen. Succeeded Fellgiebel as Chief Signal 
Officer of Armed Forces, 1944. 

Proebster, > Major. Chief of Section Ib of Armed Forces 
Communication Group. 

Radic Defense Corps of the Armed Forces.--Oberkommando der 
Wehrmacht, Wehrmacht Nachrichtenverbindung, Funkueberwachung, 
(OKWAINV/Pu). 

Radio Intelligence Company (called Radio Telegraph Kompanie, 

abbreviated RTK by Germans). The cryptanalytic organi- 
zation of Finland. Called Abteilung X in I-193. 


~~) Radio Telegraph Kompanie. See Radio Intelligence Company. 
ad Reinhardt, §, Mr. Chief of Secretariat section of the 
Radio . Security Section. 
Ronge, . Chief cryptanalyst of the Austro-Hungarian 
Empire. 
Rosenkranz, _, Col. Chief of Radio Security Section. 
RTK. See Radio Intelligence Company. 
Salzbrunn,. Mr. In charge of a subsection of Chi/III of 


the Signal Intelligence Agency of the Supreme Command of 
the Armed Forces. 
Schack, , Mr. Chief of Secretariat of Armed Forces Communi- 
cations Group Wire Communication. 
Secret Field Police.--Sicherheitsdienst Kommando, abbreviated 
(S D Kommando) and Sicherheits Polizei, (SIPO). 
Servizio Informazioni Aeronautica (SIA). ~-air Force Intelligence 
service. 
Servizio Informazioni Difesa (SID).--Italian Defense Intelli- 
gence Service. 
Servizio Informazioni Militari (SIM).--Army Intelligence 
Service. 
Servizio Informazioni Speciali (SIS).--Italian Navy Intelli- 
gence Service. 
SIa (Servicio Informazioni Aeronautica).--Air Force Intelli- 
é. gence Service. P 
bea Seyfarth, » Lt. Col. Chief of Chi/1II of the Signal Intelli- 
gence Agency of the Supreme Command of the Armed Forces. 


. 


DOCID: 


3560798 


S D Kommando. Sse Secret Field Police. 


SHAEF .~-Supreme Headquarters Allied Expeditionary Forces. 
Sicherheitsdienst Kommando. See Secret Field OPT Oe: 
Sicherheits Polizei. See Secret Field Police. 
SID.--Signel Intelligence Division. 


SID (Servizio Informazioni Difesa) .--Italian Defense Intelli- 


. gence Service. 
silefert, » Dr. Director of Austrian Cipher Bureau after 
1935. 
Signal Intelligence Agency of the Air Force High Command.-~- 
Oberkommando der Luftwaffe/Luftnechrichten Abteilung 
350 (OKL/LN ABT/350). 
Signal Intelligence Agency of the Army High Command. --Ober- 
kommando des Heeres/General der Nachrichten Aufklaerung 
{ OKH/GGNA) . 
Signal Intelligence Agency of the Commandvin Chief of the 
' Air Force.--Chiffrierstelle, Oberkommando der Luftwaffe 
{Chi-Stelle 0b d L). 
Signal Intelligence Agency of the Navy High Command. --Qber- 
kommando der Marine /} Seokriocsieitung Tid (OKM/4 SKL/III). 


‘Signel Intelligence Agency of the Supreme Command Armed Forces.-- 


Oberkommando der Wehrmacht/Chiffrierabteilung (OKW/Chi). 
Signal Intelligence Regiment .--Nachrichten Aufkldrungs Ab- 
teilung (NAA)... 


Signal Security Agency of the Army High \ Command . --Oberkommando 


des Heeres/Inspektion 7/AV. (In 7/1 

SIM (Servizio Informazioni Militari). ae Intelligence 
Service. . 

SIPO. See Secret Field Police. 

SIS (Servizio Informazioni Spectali). --Italian Navy Intelli- 
gence Service. 

Sonderdienst des Referats Z in der Personelabtellung des 
Auswaertigen Amtes (Pers ZS).--Cryptanalytic Section 
of the German Foreign office. 

T 84, "Hollaendische Verfahren 

7. 77. "S7YFR Zasadniczy "Mar 2”." foriginal copy of Polish 
5-figure code book /. 

T 1620. ES: P. 207. Army Signal Intelligence Organizations. 

T 2649. Descriptions of inventions by Dr. Vierling. 

T 3614. Records of Shipments from Austrian Cipher Bureau to 
Cipher Bureau of Reichswehr-Ministerium, Berlin. Also 
letters. (1934- peat 


& 
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TF 29, "Die Ueberwachung des Nachrichtenverkehrs im Kriege.’ 
German document containing instructions and peecer cei 
for all Censorship. 

Thiele, Brig. Gen. Chief of Staff to Chief Signal Officer of 
Army .. 

TICOM. Target Intelligence Committee. 

Trosken, » Lt. Col. Commander of the Central Ghcup of the 
Armed Forces, Communications Group. 

Vass,Titus, Lt. “The ace Hungarian cryptanalyst." Worked in 
Turkish section. . 

Vierling, Oskar, Dr. Head of Feuerstein Laboratory, worked on 
German ciphony devices. , 

von Petrikovics, » General. Chief of the cryptanalytic 
bureau in Hungary. 

Triphan, > Mr. Chief of Secretariat ‘Section of Signal 
Equipment. 

Tuexen, » Major. Chief of a Section of Signal Equipment. 

Waak, — » Civil Official. Chief of Section Id of Central 
Group of Armed Forces Communications Group. 

Wa Pruef 7 (Chef der Heeresruestung und Befehlshaber des 
Ere tene eee, Amtsgruppe fuer Entwicklung und Pruefung 

' des Heereswaffenamts, Waffen Pruefung, Abteilung 7).-- 
Army Ordnance, Development and Testing Group, Signal 
Branch. 

Watson Corporation. Italian IBM Company. 

Wehrmachtnachrichtenverbindungen (WNV).--Armed Forces/ Signal 
Comaunication. 

Wenueb (Wetternachrichtenueberwachung) .--Meteorological Inter- 

‘ cept Control. 


Wet ternachrichtenueberwachung (wenueb). ~-Meteorological inter-. 


cept Control. 


WNV (Wehrmachtnachrichtenverbindungen) . --Armed Forces Signal 


Communications. 
zZappe, . Vierling employee. 
Zellien, —Ss,_- Major. Chief of Section A of Signal ean owene 
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To see how an arrangement can be worked 
out for using a speaker as well as headsets, 
look at the diagram AF Output Circuit. Notice 
that the secondary winding used for the 
speaker has few turns. The speaker winding 
leads are brought out to a terminal board. 
A separate, secondary winding of more turns 
provides for the use of local headsets and 
remote headsets as well. 


An output transformer also helps increase 
the signal-to-noise ratio. Noise tends to be 
at the higher audio frequencies, and the 
impedance of the coils increases with fre- 
quency. However, this situation is often 
modified in order to establish a more constant 
load impedance over the entire AF range. 
This is done by placing a capacitor of about 
0.003 mfd in parallel with the primary. Then, 
as the impedance of the coil rises with fre- 
quency, the impedance of the capacitor de- 
creases. In the circuit diagram, a resistor is 
in series with the capacitor. The resistor de- 
creases the Q of the circuit and flattens the 
response for more even handling of a broad 
band of audio signals. 


Circuits for Auxiliary Use of Audio Section 


Some communications receiver circuits are 
arranged to provide audio amplifier action 
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for accompanying equipment. For example, 
a transmitter’s sidetone may be coupled to 
a receiver so that the operator can monitor 
his own transmissions. The receiver amplifies 
the sidetone and reproduces it in headsets 
or a speaker. 

Notice the receiver circuit on page 60 
for coupling a transmitter sidetone to head- 
sets. The sidetone is coupled through trans- 
former T1 to the plate circuit of the first AF 
amplifier. Then, depending on the position 
of the receive-send switch, the headsets will 
provide either transmitter monitoring or re- 
ceiver reception. 

Auxiliary equipment can be used with the 
receiver through a switching arrangement. 
As an example, see the below diagram of 
the phono jack at which an AF signal may 
be injected. When auxiliary equipment is 
connected to the receiver at the phono jack, 
the AF amplifier is disconnected from the 
detector. MVC then controls the signal 
strength of the auxiliary equipment. 


COMMUNICATIONS RECEIVER POWER 
SUPPLIES 


Communications receivers usually take ad- 
vantage of an AC source of power whenever 
it is available. A power supply unit, often 


DETECTOR —+———) 


AF VOLTAGE AMPLIFIER 


c—— AF POWER AMPLIFIER 


Using Receiver As Audio Amplifier 
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INTRODUCTION 


The contents of this volume deal with German ex~. 
ploitation of Russian communications through Traffic 
Analysis. There is not as much source material available 
on Russia as there is on United States and England. 

The main interest of the interrogation officers. normally 
was centered on gaining intelligence concerning Ameri- 
can and British communications, and consequently, in- 
terest concerning German activity on the communications 
of other countries had to be of secondary importance. 

In addition, because of the conditions under yvhich many 
of the interrogstions were conducted--a number of them 
being made in active combat zones--there were oftentimes 
great difficulties encountered in carrying out even 

the necessary routine line of questioning. Even had 
there been ideal conditions under which to work it is 
probable that not much more intelligence could have 


been obtained on Russian ‘communications because the ' 


German personnel who were engaged in that work were in 
the Russian zone of operations. Only a few of these 
fell into English or American hends~--the Russians cap- 
turing the others. However, the material which is. 
available does give a fairly adequate, though not com- 
plete, picture of Russian communications as seen by 
the German Traffic Analyst. 
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VOLUME 9 
Chapter 1 
SECURITY OF RUSSIAN COMMUNICATIONS 
Tang 
Paragraph 
General Security... 6 6 68 6 oe wo a oe es we aw Se we | 
Security on Partisan Nets... . 2. 6. 6 es eee ee 2 2 


Army and Air Forces Nets. a * . * » ° ° o e . ° e . e se 3 ; ¥ 


' J. General Security.--Although the Russians monitored 
theiy own military communications for the more outstanding 


breaches of cryptographic and transmission security, company 
and secondary commands were very careless with their radio- 
telephone transmissions. Code cover names were rarely heard 


- by German listening operators. However, many private con- 


versations were intercepted as the Russians had a tendency 
to tise radio-telephone facilities as an ordinary telephone. 
Also the Russian radio. operators committed violations in 
security which greatly facilitated the work of the German 
Signal Intelligence. . 
The Russian radio and radio-telephone operators habit~- 


‘ually engaged in "operator chat". One instance of such con- 


versations, and the subsequent value to German Signal Intelli- 

gence, occurred in January 1943 when the Germans learned that 

& British-american delegation was visiting the Rusaian Central 

front.. In other instances the arrival of high-ranking officers 

was disclosed in private radio-telephone conversations as well 

as dates for planned offensives.@ 
Although their radio-telephone traffic vas on a very 

low level of security, the morse and non~-morse radio traffic 

of the Russian military forces reached a high degree of 

security during the later periods of the war. This appears 


13-75, p 4 
21-75, p 4 
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to have been due to the increased amount of radio training 
given the operators; the increased amount of traffic which 
they head to sed; and the subsequent efficiency which came. 
from practice. ; : 


2, Security on Partisan Nets.--On the Russian Partisan 
radio nets good operators were employed and the Germans were 
unable to learn much about the operation and activity of 
these mets. In the winter of 1943 the Germans formed a 
detachment to trace the activity of the Partisan nets. These 
attempts however were unsuccessful owing to the fact that 
messages transmitted were very brief and. there was only a4 
enone OueeTso of radio activity when the nets were in opera- 
tion.+ | 


3. Army and Air Forces Nets.--The set-up of the Russian 
ragio nets was a reflection of the organization of the 
Soviet. Armed Forces. As radio facilities were used without 
restrictions, on account of inadequate line communications, 
traffic intercept and analysis, as a primary source of intelli- 

. gence to the Germans, reached a high degree of efficiency. 
& An insight into the makeup of the radio nets was facilitated 

by imperfect changes in the radio discipline.5 

The air units of the Russian armies were forced, due to 
inadequate line communi cpt tones to exercise command from Air 
-Army downwards by radio. ’ 

In nets from division downwards in the Army composition 
radio-telephone channels were used for the passing in of com- 
munications in addition to the use of morse radio traffic. 
During the latter days of the war this use of radio-telephone 
increased. At the beginning of the war radio-telephone trans- 
mission in regard to opering of nets, message warning signals, 
and the use of the alphabet in spelling out names and code 
groups was carried out strictly in accordance with existing 
regulations. Such was not the case later; the traffic then 


°%-75, p 4 
+175, PA 
91-70, pA 

. 83-70, p 3 
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Secmce taba assuming a very free form. Radio-telephony was 


used for passing messages, fire ‘orders for artillery, 
reports for the Air Warning Service, and also for general 
conversation between officers and commanders. The traffic 
consisted mostly of tvo~and-three-figure message-text, 


plain-text, and mixed figure-plain-text. Radio stations 


used cover names which were easily analyzed by the Germans. 
Call signs of these stations were mostly formed from the 
cover names of the stations. (Thus the call sign "MaP" 
was formed from the cover name of "MAPKA").7 
In analyzing Russian traffic the Germans used all the 
data available: pad n rs, originators' serial numbers, 
call sign system compos tion, coordination and knowledge of 
map coordinates, any results obtained from decrypted mater- 
lals, and any direction-finding information. 


13-173, p 10 
87.19b, p 5 
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‘VOLUME ¢ 
Chapter 2 
GERMAN EXPLOITATION OF RUSSIAN COMMUNICATIONS 


Special Traffic Characteristics. wee ce ew ee ee ee S 
Methods and Results of German Traffic Analysis... . 6 
Point to Point Nets... 2... 0. eee ee ewe .7 
Call Signs and Frequencies . . tae wee tae . . B 

3 


- Analysis of Characteristic Messages. . .. . « . .«.. 


Air to Ground Traffic... 6.62 eee ee ee ee 0 
Russian Air Service Command Traffic. ........ . hl 
Russian Air Raid Warning Service .......+. +. de 


German Monitoring and Analysis of Russian Naval Trafficl3 


Advanced Warning Reports and Route Tracking. .... «14 
Intercept of Russian Radar... ... 2 ee ee ee lS 


Russian Radio Counter Measures ....... +++. .16 


' German Use of Gaptured Russian Materials ...... .17 


4%. Russian Radio Procedure.--During the first days of 


, . . Paragraph Rat 
Russian Radio Procedure. .. . 2. 2. 2. 2. 2 a ew ew ew ew i 


b 


20 


the Russian-German war the speed of the transmitting operators 


was very low, but as time went on they developed their speed 
until at the end of the war the average speed attained was 
16 to 18 words per minute. On some of the more important 


point-to-point radio nets the average speed vas 25 words 
per minute, 


91P-187, p 48 
. ae 
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&. Procedure Signals.--The International "Q" and "Z" — 
signal groups vere Used 8S procedure signals by the Russiens. 
The Germans assumed that some of the Russian operators had . 
been trained by the British because some well-known British 
abbreviations such as "ok", "pse", "for", "fm", "tks", etc., 
often were found in traffic. There was also a certain amount 
of amateur radio procedure used. In addition, as & separator . 
between call signs the Russians used both "de" and "a", The.” 
letter "Pr" was used as a break between numbered groups in | 
cipher text while a comma was used in clear-text messages. 

No break sign was used in the radio nets of higher head- 


quarters, the only indication.of a break sign being a pause 


after a word or code group had been completed. This was one 
radio characteristic which aided the German traffic analyst 
in identifying the traffic of higher Russian headquarters. 0 


bd. Radio Discipline .--when Russian nets underwent call 
Sign changes or frequency changes, the German intercept opera- 
tors had little difficulty in identifying the nets since a 
lack of security in. turning on of radio sets and checking of 
frequencies (known as "tuning'.) inyeriably permitted recog- 


nition of the changes in the nets. 


Security violations were often committed when work shifts 


were changed. An excellent example of the type of information 


thus made available to the Germans is to be found in the follow- 
ing intercepted message. —_ 
"This is Mishka,how did you sleep?" . 
"We could not decode the third group in your message 
. Rumber 25 of last evening." 
"You must. transmit it again." 


. Mus Mishka and his request not only gave the Germans the 


identity of the net but enabled them possibly to obtain a 
previously intercepted message in a new key if the second 
operator gomplied with the request to re-transmit the 
message. ; 

Some Russian operators furnished the Germans with a 
good insight into Russian morale by “griping" over the radio. 


Some of the operators were so obliging as to inform other 
_ operators of the new, frequency which they would begin using 


at a specified time. 
10;F-187, p 48 
11 

IF-187, p 49 
125-187, p 49 
1 3p-187, p 49 
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Russian lapses in radio discipline often led to ob- 
taining by the Germans of valuable intelligence. At one 
time the scarcity of traffic from a part of the Leningrad front 
led the German Signal Intelligence to think that the Russians 
were planning a new offensive. The German Signal Intelligence 
already knew the identity of Air Combat units which were based 
in that area, Therefore, when messages from the Finnish 
area were intercepted containing the names of escadrille 
leaders and instructions for future operations, it was es- 
tablished by the Germen Signal Intelligence that those untts 
formerly located on the Leningrad front had moved to the 
Karelian front in Finland. This intelligence, which was 
subsequently proven correct, was obtained by the Germans 
although a complete change of cpt signs and frequencies 
had been made by the Russians. : 


5. Special Traffic Characteristics. 
a. Gail Signs.--the following {nformation concerning 
work which the Germans did on’ the Russian Call Sign Books 
was written by Uffz. (Non-commissioned officer) Wilhelm 
-  HEIMANN. The Russian call cign system, according to HEIMANN, 
@ : is a continuation from a previously known system which the 
Germans had analyzed. The production of the call sign books 
was by the same method as had been used with the older systen, 
but the manner of selection of the call signs ‘by encipherment 
of the radio station basic numbers was different and new. 
This latter method was almost identical to the system used 
by the Germans after November 1944 when all the call sign 
systems used by the Germans were changed. HSIMANN thought 
perhaps the Russian method may have influenced the adoption 
-.Of the same method by the Germans. One difference between — 
the two methods was that while the Germans enciphered a call 
sign which was determined by the enciphered basic radio. 
station number, the Russians merely used the enciphered basic 
number for determining directly the page, row, and colum 
in the call sign book where the new call sign would be found. 
"Consequently", said HEIMANN, "the German system is unbreak- 
' -able without, say, captured data; the Russian is quite break- 
able given sufficient call signs and day-to-day continuity."15 


Ut y-187, p 49, 
15zp-19f, p 6. 
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When the Germans first began studying the Russian sys~ 
tem of call signs their purpose was to establish the call sign 


‘books or systems (jnterlagen) from which call signs were taken; 


the method of selection of the call signs from the book; and 
the various groups of call sign users. The objective of the 
Germans in making the study was to determine, on the basis of 
the call signs used, the character and composition of any 


given radio net; to identify in that net the various formations; 


and to maintain continuity throughout call sign changes. 
The following methods and results of this study are given 
by HE a 


IMANN : 
‘ "Call Sign Systems. a 3 . 
"There were found to be two tables (different of 
call signs: _—e a 
"PPR 43; a list of 1,200 words, the first three 
letters of which were used in keying traffic. 

- “Gall Sign Books: each with 1,100 - 1,200 call 
Signs, which were compiled of letters and figures in 
such a manner that (excepting compilers' errors) iden- 

‘tical call signs could not occur. 
"TPR 43 had. 16 pages, 74 call signs per page, 
divided into three groups, each of 25 call signs. 
' Each group had 5 lines, each with 5 call signs. 
(The above is based on captured documents)- 
"a Call Sign Book contains 100 call. signs, in 
10 lines with 10 columns, on each of its ll or 12 
pages. (Confirmed also by captured documents. ) 

- “pom the numbering of captured documents the 
approximate scope of this material can be estimated 
at. about 17 to 18 books. Up till now, about 12 or 
13: books have been in use. Books were not compiled 
as complete books, but approximately 200 pages were 
first compiled and then split up into books. Each 
page contains 96.call signs beginning with 32 differ-_ 

ent characters, 3 call signs per character, and 4 call 
signs beginning with 2 other characters, 2 call signs 
per character. 


16 


Lone translation here is very poor. What appears to be meant 
is: "Each page contains 100 call signs per page. 96 of these 
are 3-letter call signs which begin with 32 different possible 
characters. The remaining four call signs are 2-letter call 
signs and must begin with the remaining two letters of the Rus-~- 
sian alphabet. The Russian alphabet with the English equiva- 
lents, together with the International Morse characters, are 
given on the next page. . 


IF-19f, pl 
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RUSSIAN ENGLISH MORSE 


A a iad 

Es B woe 

8 Vv w-~ (Ww) 

G oe 

A D is 

E,9 E : 
| | OW 2H wa (V 

| © 3 z -., 

) 5. 

uv I* ern (J) 

K. K ro 

A ym 

M M ae 

H. N 2 

8) Selene al 


# With another vowel. ‘ 


RUSSIAN ERGLISH 


n 


EF S&F £ FE x e® <4 04 3 


so fc 
% 
o 
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"No call signs began with E, Z, R, U, SHCH ((Q)),. 
and ¢{, The 34 characters, neon used as beginners 
((4. Ge, a chereacers) 

"A, B, V Cs D, ue GO) I, J, K, L, M, N, 
0, Py 8, Ty Fy KE je}, 5, is ((c ), CH, SH, Y, X, IU, 


hand 3s a’ fe ee ue obviously those likely to 
be confused with Russian International Call Signs, OPSPBLs 
ing signals, etc, 

- "Since the 34 ‘beginners would have yielded 3 x 34 = 
102 call signs, 2 beginners in rotation were selected to 
form 2 call signs each. 

"the affiliation of the books could thus be recog- 
nized by knowing which 2 initial characters on each page 
were those limited to form 2 call signs each. 

"fo. keep check on the allocation of call signs to 
individual pages the compiler used a list in which the 34 
initial characters each had two sheets, ong extending from 
A to TS ((C)) and the other from CH to 9 
"The compiler, having derived the aalt sign, say AAA, 


entered it in any position on the page which was then apport- 


toned to one of the 17 or 18 books. The designation of its 
location, in terms of page and TE aaapdbrteanag on that page, 
e.g-., page 07, coordinates 23,2 were then entered in the 
space for AAA. Some pages would then appear diagonally 
adjacent, ognize others would be vertically or horizontally 


“adjacent. 


“Phe printed text of 11 or 12 pages was so arranged 
that two pages were printed on one side of a sheet of paper. 
Thus two pages were permanently associated. 

"after some time these sheets, each of two pages, could 
be undound and reshuffled so that a completely new arrange- 


ment of books resulted. Reshufflings of this type took 


place at the beginning of October 1944 and in the middle 
of Bebruary 1945. 

"Manner of Sélection." — 

"Pormations working with TPR 43, especially from the 
division forward, were allotted a a a the chief. signals 


1856 Figure 1, p 16. 
19 ptgure 2, Pp 46- 
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Figure 1, p 16 
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OTHER PLATES AND SCREEN GRID 


—— ‘ie OF AF POWER AMPLIFIER 


125 


KEYING 
105 RELAY 
HFO 
= = Ae MO fi 
BIAS VOLTAGE 
6.3V VOICE-cW Ga 
SWITCH Oo 
BFO PLATE 
Typical Receiver AC Power Supply 

a separate unit in communications receivers, age for the HFO. The voltage divider provides 
applies the DC to the receiver. It steps the screen voltages for the RF, IF, and mixer 
AC voltage up or down by transformer action tubes. The keying circuit opens the voltage 
when necessary, rectifies it, and filters it to pro- divider circuit to remove these voltages when 
vide correct DC potentials. However, for many the transmitter is keyed. 
communications receivers, particularly those : 
used by the Air Force, an AC source is not DC Power Supplies 
available. Then, a DC source of power is BaTTERIES. Portable receiver equipment 
used. Sometimes batteries alone are used. operates directly from batteries. A heavier re- 
More often a battery-generator DC source is ceiver may operate from batteries on an emer- 
used. Dynamotors and vibrators are also gency basis. To see how the connections are 
employed to convert low voltage DC to high made for a receiver that can be battery oper- 
voltage DC. ated in an emergency, look at the diagram on 

Communications receivers operated where page 63. The receiver has a terminal strip to 
no commercial source of AC is available may which the battery cable can be connected. One 
be supplied with AC by gasoline-driven 45-volt battery supplies bias voltage. Five 45- 
generator units. These units are started by volt batteries in series provide a 225-volt sup- 
batteries which, in turn, are charged by the ply. A lead taken from two of the batteries in 
generator while it is in action. series provides a 90-volt B+ supply. A 6-volt 


battery supplies filament voltage. Terminals 


AC Power Supplies 2 and 8 of the receiver terminal strip are con- 


Examine the power supply circuit shown nected so that the application of filament 
above. It has a relatively complex DC voltage voltage as well as bias voltage can be con- 
distribution. It contains the typical full wave trolled by the switch. Since the tubes draw no 
rectifier circuit, filter circuit, and voltage current until filament voltage has been ap- 
divider circuit. It also contains a voltage plied, the application of B+ is not controlled 
regulator circuit to provide stable plate volt- by the switch. 
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officer;. selection was made according to the individual's 
fancy but often the page was used line by line. Such 
stereotyped usage led to the recognition of call signs. "el 
b. Russian Secret Police Nets.--The High Command nets 

of the Russian Secret Police (NKVD), often including the 
nets of regiments forward to battalion, entered the call ; 
sign selected from TPR 43 (either consecutively or at random) 
in 10 x 10 squares (100 call signs). By means of daily 
changing digit coordinates for the squares it was possible 
to issue a maximum of 100 call signs to a radio station | 
provided with a 2-digit basic number. This system was valid 
for three months. — . 

. For example, consider a radio station with the basic 
number 31. The call sign for the first day is SHUF. The 
call sign for the seggnd day is NASH, and the call sign for 


the 96th day is STA. 


.. For enciphering the 10's digits of the radio station 
basic number there were 6 vertical coordinate columns and 
for enciphering the 1's digits there were 6 horizontal 
coordinate rows, thus yielding 6 x 6 = 36 possible encipher- 
ments per month. ‘ The columns and rows changed monthly; the 
contents of the square changed quarterly.@ a . 
_....» @ Air Force Ground Nets.--The nets of the Air Force 
Ground areas (RAB) entered the call sign selected consecu- 
tively from TPR 43-in similar squares and then used these 
squares, line by line, for 31 days. For the RAB which used 
this procedure he same call sign and meaning recurred every 


calendar month. 


For radio stations with call sign books 3-digit radio 
station numbers were issued. Thus up to 1,000 stations could 
make a daily change of call signs by means of one call sign 
book. The basic radio station number was changed daily by — 
enciphering it by means of a simple substitution table 
which would then give the page in the call sign book; the 
vertical coordinate; and the horizontal coordinate. The 
intersection of khesg coordinates would then indicate the 
daily call sign.°-» , . 
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PAGE OF TPR 43 CALL SIGN BOOK 


DAY OF MONTH 


4 
! 
[ 
i 
i 
1 
t 
} 
I 
i 
j 
{ 
| 


Figure 5 
1. Find day of month in 6 x 6 square in upper left hand 
corner. 


2. Locate first digit (10's) of basic station number in 


vertical column in which day of month is located. . 


‘De Locate second digit (1's) in horizontal row ‘in which oa 


of month is located. 


‘4, Intersection of these coordinates gives call sign. 
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SUBSTITUTION TABLE FOR BASIC STATION NUMBER 


a eee Se a 
7 2 6 “8139 4 
“o's digit substitution 6 4 5°2 7 3¢ 80941 
1's digit substitution 284 6975 321 9 
Figure 4 


1. Locate digits of basic radio station number at top. 
2. Substitution for digit will be found 4n column under- 
& | | neath each digit scdesaing to 100's, 10's, or 1's 
position. a | : am 
a. EXAMPLE :_ Radio station basic number = = 587 
“Substitution for Pirst digit (5) in 100'th: 
position is "8", ae 
Substitution for second agit (8) in 10's 
position ie"9": 
_ Substitution for third digit (7) in 1's 
position is "3" 6 | 


Enciphered number is therefore 895 and gives: 


oO 
" 


page» ‘of book 


vertical coordinate 


3 = horizontal coordinate. 
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The rows of 10 digits used in the supstitueion table (see 
Figure 4) were taken from a large table of 100 rows which vere 
derived by cyclical substitution from 17 basic rows. ‘The three 
rows of digits to be selected daily were found from a table 
which was valid for three months. This table consisted of a 
column indicating the day of the month. Opposite each day of 
the month were three columns. In each colum was the number of 
the row which was to be selected from the large table of 100 
rows. The. table was 9 columns wide; the first 3 columns de- 
signating the first month; the second 3 colunmms the second 
month; and the last 3 columns the third month. The arrange- 
ment was such that in any one column no row of the 100 row ~ 
table was repeated during the three months effective period. 

dad. Groups of Call Sign Users.--The General Staff radio 
nets used their own call sign book up till.about February 1945. 
After this date the call sign book was not identified by the 
Germans in other traffic. The High Command nets: f.e., the:, 
Front armies and the Front Corps, used their own call sign 


book only from July 1944 until March 1945. 


There were four call sign books for the Armies, Air army, 
and Corps nets. The Armies of two or three widely separated 
fronts employed one call sign book jointly so that only by 
aGirection finding was it possible to establish on: which front 
any particular Army was located. While the various groups of 
users had to be determined after every re-shuffling of the 
pages of the call sign books, this gave the Germans little 
trouble and often brought additional intelligence. For exam- 


ple, the last re-shuffling in April 1945 brought to light 
' that the call sign books of the command nets contained an. 
‘additional llth page in place of the usual 10 pages "which. 


was not affected by the enciphering process and served to 
select emergency call signs, which then were used as permanent | 
call signs. The books of the Any nets even had two additional 


e. Another German prisoner, Corp. HEUDORF, who was a 
Gado: and intercept operator on the Eastern front, also was 
interrogated on Russian use of call signs. He stated that 
until July 1944 the Germans knew the Russian call sign system 


“Tr 198, p 3 
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very Well and were able to make predictions which were reliable. 


At the beginning of July 1944 the Russian radio nets maintained. 


radio silence for seven weeks preceding the Russian offensive 
which took place in the late summer. When radio silence was 
lifted all the Russian call sign systems had been changed. From 
that time on it was very difficult for the Germans to have much 
success with the call sign systems. However by the end of May % 
of 1945 HEUDORF staid that good progress had been made in=—~' 
solving the system. 
f. Five other German prisoners, Sgts. Erich KARRENBERG , 
Dietrich SUSCHOWK, SCHMITZ, HEMPEL, and Corp. GRUBLER, described 
the technique used by the Germans in identifying radio stations 
in the People's Commissariat for River Shipping (NERF). They 
stated they had no particular difficulty in. locating the. stations 
“About 50% of the messages are not sent direct 
from the station of the sender to the recipient but 
are passed on, in some cases by way of three or four 
' stations. For example, suppose that Saratov (RBUU) 
has some urgent messages for Moscow (RBFC). But the 
next traffic time between Saratov and Moscow is not . 
until two hours later. However, Saratov has traffic 
at that moment with Kuibeshev (RBFR) and knows that 
because of its traffic schedule waibeshev will be 
working with Moscow immediately after it has finished 
with Saratov. So Saratov sends its messages to RBFR. 
Kuibeshev: 
IZ RBUU 465 68 3/10 1200 MOSKWA a/P 
POLKOWNIKY PRONINU 465 143 476.....243/2 
GORBAOEW . 7° 
"On conclusion of the traffic RBFR acknowledges _ 
receipt of the messages to Saratov, calls Moscow 
and begins: : 
IZ SARATOV 465 68 a 1200 MSK A/P 
PRONINU 465 143 476 ... - 2435/2 
GORBAOEW. : 
~“Phis shows clearly that RBUU is ‘Saratov. ‘Naturally 
one is not always so fortunate as to be able to 2 
follow such a pass~-on in its entirety. A simple 
expedient is to corieey gee in conjunction 


297.75, P 8 


20The message reads: FROM RBUU ...,... ...3/10 1200 hours 


Moscow. For artillery Regiment, “Gol. “PRONINK, « 


Signed GORBAGEW. 
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with the ‘call signs and places which come up with 
them. For example; 
RBUU GORBAQEW SARATOV OEOERIN 
OEOERIN . GORBAOEW. 
"If one has at least two names which come up to- 

gether one can say certainly that the call sign 

and location have been identified. One name alone 

is not sufficient for identification, as in a 

_ large net there might easily be people yjth the 
_ Same name working at different places." 

@. German personnel working. on identification of Russian 
call signs, stations, and nets kept elaborate card indexes which 
contained all known and unknown call signs picked up on the. 
entire Eastern front. These cards showed whether, and in what 
connection, the call sign had previously appeared. A cover. 
name index was also kept which contained all the cover names 
that had been collected, and indicated the source and date of 
occurrence. With the assistance of these card indexes almost 
complete_cover name tables for the Russian fronts were re- 
covered. 

h. ‘The call signs of all Russian ground stations were 
made up of three characters, either of letters, or letters and 
figures. An exception was the fixed 4-letter call. sign used 
on several transport nets. For the greater part the call signs. 
were taken from a call sign book used by the Russian Army after 
April. 1944, 

To form the call signs all the letters and the digits from 
1 to 9 were used.. However as in the case with the book TPR 43 
the letters E, Z, R, U, SHCH((Q)) were not used as the first 
element of the call sign. Each page of the book contained 
1,000 call signs. These call signs were changed at irregular 
intervals, sometimes daily and at other times at longer periods. 
When units and headquarters moved, a-suffix was added to the 
call signs of the various e helona. Thus, "BEM"--rear echelon; 


“BEM-1"~--advanced echelon. 


Ces signs uses by. the Russian Arny, Air Forces, and the 


ly. 168, p 7 
ae “1F-187, p 2 
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Russian Secret. Police Cacia) oe down to divaeion nets had the 
general form of "XXB", where X could represent any letter of. 
the roman alphabet or any digit from 1-9 (0 not being aol and 
while B could ee fe Pica Nika a letter. ee of the Russian 
alphabet such as (.-.-), "IU"(..--), "CH" l---.), and. . 

"SH(----) were outteed for the purpose of camouflage since ea 
those letters only appeared in Russian morse traffic and thus 

call. signs employing those morse characters would be recog-. 
nized immediately as being Russian. Similfarly 0 was not used 
since the Russian operator always used the abbreviated form . 
(-) which would have confused it with the letter T. 

. ‘The call signs were taken from a call sign book consisting 
of 26 pages, each page containing 35 x 35 or 1,225 items une 
26 letters of the roman alphabet plus the digits 1-9). 
last element of the unenciphered station call sign iadicatea’ 
the page of the book (the 26 ages corresponding to the 26 — 
letters of the roman aiphabet): ‘the first element of the call — 
Sign indicated the horizontal row of the designated page; and 
the second element indicated the vertical column. Call signs 
beginning with "SHCH (Q)" or "Z" were not used as these might 

be confused with the procedure signals of the International 
€ Q or Z code. One call eign block was kept for long periods | 
of time, apparently for a year in most cases. It was assumed 
by the Germans that units of the Army, Air Force and the 
Secret Police (NKVD) all took their call signs from one 
block, for by this means the simultaneous appearance of the 
same Gall sign at different places was most easily avoided. 
Units which appeared in regimental nets down used call signs 
of the general form "BBB" in which "B" represented any letter 
_ Of the Russian alphabet. These call signs were formed from 
the cover name allotted to the units. If, for instance, a 


Dene Russian Secret Police (NKVD) worked in conjunction with 
the Russian Armed Forces. The functions of. the NKVD frontier 
troops mes as follows: 
a. Arrest of Army deserters. 
b. Prevention of infiltration by enemy groups into rear 
: areas. 
c. Location and arrest of enemy agents dropped in rear 
' areas. 8 
‘d, Evacuation of civilians from battle zones. 

e. Supervision of railroad traffic; guarding of railroad 
lines, traffic routes, bridges and industrial plants; 
close search of forests and villages for deserters 

' and enemy agents. 


793.173, p 2l 
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unit was allotted the cover name "SVJEZDA" for a certain time, 
it would use the call signs SVE, SZA, SED, etc., in its radio 
traffic. No changes might be made ‘in the sequence of the ; 
letters. Call signs were chosen so that no confusion was 
possible. These call signs were changed at intervals of one 


_ day to a week, and occasionally were changed at the same time 


& new cryptographic system was placed in effect. However, there 
were exceptions to the above use of call signs. From time to 
time it was observed by the German operators and traffic 
analysts that some radio stations appeared whose si 


‘Varied from each other only by the addition of a if 
these stations belonged to a iision oF Higher Scheie. t then 


they were all in the same unit, but if the call signs appeared. 
in & Small unit the stations belonged to individual pererert, 
tanks, etc 6 in communication with a ‘groun station, 
tank, etc. 3 

The call signs of a few of the higher Secret Police (NKVD) 
units, and of the nets of the "artillery Reserve of the Supreme 
Command” were, in some cases, made up of four elements. These. 
were not taken from call sign blocks nor formed from cover ee 
names, In all internal state traffic of the People's Commis- 
sariat International call signs were used. 

4. Cover Names.--Cover names (simple in nature) were 


used frequently by the Russian military forces to cover or 
-comouflage the identity of units, locations, proper names, 


airfields, etc., and could be found in various positions in 
messages. Exanp es of. cover names which were common were 
ROSA and RUBIN.~ 

The German Signal Intelligence Regiment 353, which was on 
the Russian Northern front, reported it was easy to solvé the — 
simple code cover name system used by all the air units in 
that sector. Each air division had a code name which changed 
three times a month. Regiments used the basic divisional code 
name plus a figure suffix, the lowest regimental number having 
the lowest suffix. Aircraft had a basic code name according . 
to type to which would be added the regimental suffix, and 
either a number or the pilot's name to indicate the individual 


361.173, p 22 
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GENERATORS. In aircraft, DC power is sup- 
plied mainly by engine-driven generators. By 
gear reduction, the high rpm of the engine is 
matched to the speed of the generator. Provi- 
sion is made to supplement battery and gener- 
ator with either outside or auxiliary sources of 
power during periods of radio operation or 
adjustment when the engines are not in opera- 
tion. A battery cart is an example of an out- 
side source. 

When no outside source is available, it is 
necessary to use the auxiliary power unit 
consisting of a gasoline-driven DC generator. 
You can see the interrelation of battery, 
generator, auxiliary, and outside power units 
in the circuit diagram on page 64. The 
battery is of the lead-acid type, rated at 24V, 
34 amp. The battery, or an outside power 
source, or an auxiliary source, can be used to 
operate the radio equipment or the starter. 
When the engines have started, the generator 
operates the radio equipment. It also charges 
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the battery. In large aircraft, more batteries 
are used. They are connected in parallel so 
that the voltage is the same, but the current 
capacity is the total of that of the individual 
batteries. 


Notice the switches for such an arrange- 
ment in the diagram on page 65. There are 
three battery switches—a master battery 
switch and two other battery switches. There 
are also two battery relays. After the mas- 
ter battery switch has been thrown, either 
or both batteries may be used. Auxiliary 
and outside power sources may also be 
used. All buses are connected to the posi- 
tive leads of the power sources. The negative 
leads of all power sources are grounded to the 
metallic framework of the aircraft, which 
serves as the negative return of all circuits. 
All electrically operated equipment is ground- 
ed, and all metallic parts of the aircraft are 
bonded together. 


The generator unit, as shown in the -dia- 
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aircraft. Ground control stations with the armies in the 
field also had a bast code name with figure suffixes for 
subsidiary stations, 

j. Proper Names.--The use of proper names often led 
to the identity of particular Russian traffic. Statements 
of the capture of German prisoners, communiques, and press 
reports often. served to confirm identifications which. the 


‘Germans had previously made. Air base depots and airfield 
battalions used the names of unit commanders in the clear 


as a signature to messages or put, the names in the actual 
message content in plainlanguage. 

k. Preambles.--Messages of the Antiaircraft Defense 
(Protivovosduschnaya oborona--PVO) units could be recog- 
nized from their preambles alone. Three 2-digit cover num- 
bers and the abbreviation "VZD" (air--vozduch) were used in 
the preamble. At other times a 3-digit Cover number followed 
by the abbreviation "MU" with "IJ" at the end of the message 
was’ to be found. The text of these messages usually con- 
tained o-digit groups interspersed with 6-digit PVO grid 
references. tL 

1. Message Number Sequences.+-Russian messages were 


numbered consecutively and these numbers could often be 


used to identify traffic. The message number vas usually 


_ the last group in a MeSSagC. 


6. Methods and Results of German Traffic ‘Anal sis.-- 
The analysis of Russian Army and Air Force traffic will be 


treated at the same time since the organizations of both were 
so closely tied together. The main purpose for the existence 
of the Russian Air armies in the military command wes for the 
support which they could give to the ground forces, 

The German traffic analysts worked hand in hand with the 
intercept operators on Russian traffic. The tasks of the 


traffic analysis section on the Southern Russian front were 


to record.the radio characteristics of individual Air Armies, 
to identify the various radio nets and their inter-relation- 


Sr a to identity. call signs and | reconstruct call sign 


lists. 

393-163 

40 p-187, p 51 
‘1pp-187, p 51 
+e oy-187, po 


43 59-186, p 41 
2u 


DOCID: 3633965 


The successes on the Southern front and the information 
gained from sources other than cryptanalysis may be summed up 
as follows: 

a. Knowledge of the Russian air situation. 

b. Knowledge of the organization and order of battle of 

‘Russian Air Armies. 

c. Knowledge of the strength of Russian units including 

types and armament of aircraft. 

d. Knowledge of the location and occupation of airfields. 

e. Knowledge of the movements and concentrations of 

Russian air and ground units. 

f. Knowledge of operational intentions. 

g. Knowledge of the amount and type of air transport. 

h. Knowledge of the supply erate 

1. Knowledge of probable targets. 4g 

Interrogation of members of the German Army Kona No. 1 
(Xommandeur der Nachrichten Aufklaerung 1) brotight to light | 
some important facts concer g German successes in analyzing 
intercepted Russian traffic. Kona 1 was engaged in the 
interception; analysis and evaluation of the Russian Army, 

+ Air, and Secret Police (NKVD) traffic on the southern half of 
& the Russian front from June 1941 until May 1945. The Germans 


were able to obtain, as. a result of this work, accupate..pic- 
ture of the Russian order of battle. They were/ablé, often ; 
to predict the time and location of impending ussianoffen- 


sives in sufficient time to be able to take advantage of such 
information. [Thesé results were achieved more by the close. 
interrogation of all available sources of information 
(traffic analysis, evaluation, priscner of war interrogation, 
captured documents, etc.) than by reading of enciphered or 
encoded traffic However, there was considerable of the | 
Russian low and medium grade traffic read. In the German 
‘Command organization there existed considerable rivalry 
between the cryptanalytic and traffic analysis personnel 
- on the relative merits of their respective units. This 
' fact appears to have created definite disturbances as to 
which of the two units was the most valuable source of in- 
telligence to the German High Command. It seems, from the 
overall picture presented by the interrogation of German > 
personnel of the two units, that to the German Signal phat - 
gence the respective value_of.traffic analysis _and.ofc 
analysis was about three to one. This is due to two Pactone 
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traffic because of the extensive use of one-time 
. ‘pad systems. 
b. The large amount of information that could be ex- 
tracted from the generally low standard of Russian 
radio and cipher security, especially in respect t 
the use of geld Signe and radio frequencies and 
indicators. 

Russian security, from a cryptanalytic angle, was based 
almost entirely on the use of one-time pad systems for high 
level traffic and the use of a large number of code books 
and enciphering tables for medium and low level traffic.*7 

. The main source of information to the traffic analyst 
came from the Russian use of call signs and indicator groups 
and from stereotyped direction-finding reports. On the basis 
of this information the German traffic analysts established a 
detailed and accurate order of battle of the Russian forces 
operating on the entire Eastern front. In addition they 
also gained informatign | concerning Russian operational move- 
ments and intentions. 

The Russians had a habit of using the surnames of offi¢gers 
Q and pilots, for code and cover names. This was especially 
in the Air Rorce. This type of information was considered ery 
valuable by the Germans. 

Quite often the information provided by the German Signal 
Intelligence units to the various German combat™ units went un- | 
heeded. For example, in the fall of 1941, when thé Germans _ 
were attempting to effect a junction with the Finns at Tich- 
vin, certain radio characteristics appeared in intercepted 
Russian traffic which had been noticed two weeks previously 
in. traffic emanating from Siberia. This fact was evaluated by 
the German Signal Intelligence as an indication that Russian 
troops had been transferred in this short interval from 
Siberia to the sector north of Tichvin. The German Command 
maintained that such a thing was impossible, and therefore 
did not take any evasive action. Consequently, the Russians 

. attacked in great force and won a decided victory. The 
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a. The general unreadability of Russian high grade J 
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junction with the Finns never took place. The railroad be- 
_ tween Leningrad and Moscow was liberated by the Russians and 


the Germans were forced to take up positions on the Volchov 
front leaving the "hedgehog" redoubt at Demyansk to its fate,49 
A clarification of the working organization of the Russian 
Air Force 1s advisable before considering the weak points in 
their transmission security. The Air Forces Were an integral 
part of the Russian Army. Their operations were confined pri- 
marily to the tactical air support of ground operations. Duriig 


operations actual command was by the ground force commanders, 


with the air commanders acting in an advisory capacity and hav- 
ing sole responsibility for the successful execution of missions. 
The structure of: the Soviet Air organization emphasizes it as 

an instrument of the Army. Of some 12,000 Russian aircraft 
identified by the German Luftwaffe Signal Intelligence during 

the war (not counting long-range bombers which were in a sep- 
arate organization) almost 10,000, or more than 80%, were fighters 
and fighter bombers. The remainder were: bombers and operated 
mainly against front-line targets. At the end of the war 


‘there were 11 Russian Air Armies operating on the Eastern front. 


These were, from south to north, the 17th, 5th, 8th, 2nd, 6th, 
16th, 4th, lst, 3rd, 15th, and 7th Air Army. One Air army 
was assigned to each army Group to which it was operationally 
subordinate, and was then subdivided into Corps, Divisions, 
Regiments, and Escadrilles. Each Air Army had two to eight 
Corps, according to the importance of its work. at first 
these corps were mixed fighter, fighter-bomber, and bomber 
units. During the war, however, there was a tendency to 
change these mixed units into uniform corps, and by the end 
of the war there was only one mixed corps left on the East 
front: the VI Corps. Each corps was made up of two to three 
Givisions; each division of two or three regiments; and each 
regiment of three escadrilles. Reconnaissance and artillery 
observation aircraft, as well as titansport units, were. some- 
times organized into escadrilles, but usually they were regi- 
ments and were directly subordinate to the Air Army. Each 
Air Army also had one reconnaissance and one artillery ob- . 
servation regiment. In areas where preparations for a con- 
centrated attack were being carried out the Air Armies were 
often reinforced by one or more of these regiments. By 
noting such reinforcements the Germans could recognize, al 
times, the intentions and probable plans of the Russians. 0 
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OMPARATIVE ST 
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Squadron 


Squadron 
20-30 planes 


| 20-30 planes 


ppe 
Staffeln) 
27-350 planes 


Group 
70-90 planes 


lsceschwader 
(2 Gruppen 


| Wing 
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About 600-900 | 
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— |) Tactical 
Air Force 
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Lt. Werner RASCH, of the 353rd German Air Force Signal. 


Intelligence Regiment. in the East, gives the following account . 
of the development and achievements, of the Russian Long Range 
Bomber Forces (ADD--Avitsiya Dalnef8 DyestYviya). 


"Soon after the outbreak of the Russian-German 
war, practically all of the Russian Long Range Bomber 
Force was destroyed, either by German attacks on 
Russian airfields, or in combat with German fighters. 
What was left of it was withdrawn from action. Mar- 
shall GOLOVANOV, chief of ADD, reorganized his forces 
with the intention of using them in night operations 
only, owing to the threat presented by the strong 
German flak defense. The first successful operations | 
following the reorganization took place in the battle 
of Stalingrad ((September 1942 - February 1943)). 
From then on, ADD operations played an important part 
in ali Russian offensives. The training for night 
operations was of long duration; at the end of the . 
war each bomber regiment had crews which were still in 
& training status. 

"The achievements of the ADD units were not 
very impressive. Crews were not trained for carry- 
ing out night attacks in close formation. In the ; 
latter days of the war 60 aircraft of a division 
need approximately one hour to assemble and take 
off, and even this was accomplished only under the. 


most favorable navigational and meteorological 


conditions. In planning an attack, each division ie 
was allotted 20 minutes over the target; in that . 
time it was intended that all aircraft of one division 


‘should have completed their mission and moved out to 


make room for the next division. Unless targets on 
the front itself were being raided, the front line 
was usually crossed before dark. This permitted the ©. 


take-off to be made during daylight, and the first air- 


craft to take off were held in an assembly area in order 
that a close-flying formation be formed. Formations 
equipped with radio-telephone communications. 

were again brought into close order by the leading 
aircraft of the regiments before going into the 

bomb run. Each regiment had several Pathfinder air- 
craft, which were flown by the most experienced crews, — 
since the success of the mission depended upon their 
efforts. In addition to theix flares, they usually 
carried a 1,000 pound bomb." tee en 
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. 7. Point-to-Point Nets.--These point-to-point nets of the 
Long Range Boiber Forces (ADD) alone were a sufficient basis 
on vhich the Germans could build up an accurate picture of 
the ADD organization. When the 18th Russian Air Army was 
reorganized the Germans immediately recognized such steps 


. from traffic on these nets. The most profitable traffic in 


these nets, from an intelligence standpoint, came from units 


“which were widely separated in the field as this necessitated 


the use of radio facilities for communication. In instances 


. where the units were close together very little signal 


intelligence could be gained since there was slight need for 
radio transmissions. af 2 

From the intercept and analysis of traffic on these 
point-to-point nets, movements of tne Russian Air Army units, 
locations and occupations of airfields, numbers of operational 
and unoperational aircraft, and locations of supply dumps 
could be determined. Traffic intercepted on these nets 


‘algo gave the Germans considerable information regarding 


intended operations and offensives. One outstanding success 
along this line occurred when a Russian order to bomber units 
was intercepted by the Germans. The message ordered an 
attack on Shavli, Lithuania, where an entire German Panzer 
Army was immobilized due to ea lack of sufficient fuel. 

The German Signal Intelligence Service reported the infor- 
mation to the Luftflotte which provided fighters to meet 


the Russian Long Range Bombers while German JU 52's dropped 


gasoline suppiies to the encircled Panzer Army and enabled 


it to escape. 


' 8. - Call Signs and Frequencies.--Three-character call 
signs were used io the radio nets between the Air Army and 


its Corps. They were changed once during the day and once 
at night, at which time the frequencies also were changed. 
Call signs were based on an arbitrary combination of letters 
and digits and were selected from a call sign list that _ 
changed monthly, The Germans .were..unable._to:.determine 
whether any definite=sfstem.-was—employed—for—the,.choosing: 
of the “call signs..—They~did~notice;~however,. that..during 


the’ “course of 8 months 28) -sign—used—by.8- given radio station 
night—be re _—thesuccession_of call signs which had 


‘forlewed at the time of the previous occurrence, Traffic be- 


tween corps and divisions took place with a periodic change — 
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of call signs, but on fixed frequencies. This fact aided the 

intercept tasks of the German Signal Intelligence. Frequencies 
used were in the 2,500-5,00)kilocycle band: 1i.e., the normal — 
Russian military frequency band. The call sign systems and the . 
time of change differed from corps to corps as there was no 

over-all unification in their communication systems, and this 
fact was @ great aid to the German Signal Intelligence in 
identifying the various units, Each radio link had two dif- 


_ ferent frequencies for use during the day and two different 
frequencies for use at night. The night frequencies lay in 


the 3,400-4,500 kilocycle band; the day frequencies between 
the 5,000- -8, G00 kilocycle band. As the seasons of the year 
advanced . the dzy prequgnodes gradually moved up to a maximum 
of 10, 000 kilocycles. - gre * a 


g. Analysis of Characteristic weveageae: Bre 

a. Address and Signature Groups.-- Fivesfigure:s messages 
of the Russian Long Range Bomber units sould not be decrypted 
by the German Signal Intelligence Service but they were able 


to extract a great deal of important information from the 


analysis of data found in the message numbers and delivery 
groups. In these messages the signa oa 


the last oné before the message numhe ap. “signature 


group Was constant and served to identify the headquarters of 
the originator, each headquarters having a 3-digit designa- 
tion. Two zeros inserted in front of the 3edigit signature 
designation completed the 5-figure group. Since no other 
Russian 5-figure traffic contained similar groups, this signa- 


‘ture was the most essential characteristic for the identi- 
fication of the traffic of the Long Range Bombers. The traf- 
fic was further identified by two address groups contained 


in the preamble of the messages. These address groups were 


Likewise: 3-digit groups, repeated periodically, one of them 


designating the unit and the other the section. In front 
of the address. group appeared the symbol "ADR" (address). 55 


-In. front of the signature group appeared the symbol "STG", 


b. Pre-arranged Message Forms.--.A very valuable source 
of intelligence was found in the prearranged eS S80 i Skms 
which all: the. Long Range Bomber unt 
to their. commands Someasa ses contained data on neeimontal 
reports of locations, strength, and aircraft serviceability. 
One type of these pre-arranged message¥forms was "Porm 1": 

8 dally report sent. by division to On DRS iat ai sa 
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strengths in personnel and aircraft. The text of the mes- 
sages consisted of unenciphered numbers preceeded by a 2- 
digit null, resulting in a four or five digit group. The 
following is an example of such a message. 


"12238 1350 1436 .... .... 2332 2430 2502 2629 2728 - 
2801 2903 3002 3101." | 


After removing the first two nulis of each group the message 
can be interpreted as follows: (12)238 indicates the designa- 
tion of the regiment whose strength 1s being reported: i.e., — 
the 238th Regiment. The second group (13)50 contains data on 
personnel strength--the details of which were never definitely. 
determined by the Germans. The last nine groups (2332 through 
3101) refer to aircraft strength and must be read in units 
of three groups. After again removing the two nulls of each 
‘group, the first gives total number of planes; the second 
group the number of serviceable planes; and the third grou 
@ . the number of unserviceable planes. In this case. (23)32, fou 
we (25)02 indicates there is. 32 planes total; 30 serviceable, an 
O2 planes unserviceable, The second unit of three groups. 
(1.e., groups 2629, 2728, & 2801) indicate the total number 
of aircraft on an airfield, and the number of serviceable 
and unserviceable planes. In this case*there are a total. of 
29 planes, of which 28 are serviceable and 1 unserviceable. 
The last three groups (i.e., 2903, 3002, and 3101) refer to 
regimental aircraft which had landed at other airfields. 
In this case, a total of 3 planes, of which 2 are serviceable 
and 1 unserviceable. 7 ; 
| Another pre-arranged message form, known as "Form 4," 
was sent every fifth day by division to corps, and by corps. 
-to Air Army. Here again the text of the message consisted | 
of numbers in the clear slightly camouflaged by a two-digit 
null in front of each group. An example is as follows: 


"22250 3246 hoik 42685 5229 6203 724o .... wee. 1219" 


)30, 
a 


he By again removing the two nulls of each group the messages 
i gives the following information: oe 


(22)250 (32)46 (42)14 (42)685 (52)29 (62)03 (72) 40 (12)19. 


Message being reported by the 250th Regiment; located at 46, 
‘@ grid system of coordinates not todifficult to solve (this 
system changed monthly); 14 aircraft type; 685 serviceable 
aircraft; 29 aircraft unserviceable; 03 and 40 give details 


@ 


\ 
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-ablility and of any changes in location which might have taken 


STrP-187, p 40 


_ of personnel strength which the Germans never could “euaay 


understand. The last group "19" indicates the number of 
crews ready for operations. 
The two types of pre-arranged message forms given above 
were the two main sources of information for the German 
Signal Intelligence in gaining information of the organiza- 
tion, order of battle, location, and pireratt strength of 
the Russian Long Range Bomber Forces .5 
c. Operations Reports.-- Reports of results of opera- oe 
tions were also sent by corps to Air Army by pre-arranged =. 
message forms. These messages contained details as to the 
number of aircraft taking part in an attack, the target, time 
and. altitude over the target, weight of bombs dropped accord- 


ing to type, results observed by flying personnel, details 


of German defenses, details of Russian losses, and observa- 
tions of weather conditions. Quite often messages from 
corps to division containing operational orders were also 
intercepted. These messages contained details as to the 
target, the time of attack, and the altitude of attack, and 
often afforded ample time for German counter-measures to be . 
effected. The division also reported to corps the number of 
aircraft to participate in the attack, as well as the time of 
take-off. This information provided the Germans, with a 
valuable and reliable basis for route-tracking. 

ad. . Airfield Serviceability Reports.-- Corps were required 
to make daily reports on the serviceability of airfields oe 
being used by their regiments and divisions. Airfield... a 
locations were given by using a 6-digit grid reference system, 
The serviceability was indicated by constant 4-figure groups 
designating "serviceable, " “bartlally serviceable," and 
"unserviceable." These reports afforded the German Air Force. 
Signal. Intelligence a.good picture of Russian airfield service- — 


place, 
e. Orders for Use of Navigational Aids.--The headquarte s a 
of the Air Army transmitted messages to subordinate commands / — 
ordering the use of navigational aids for a particular dzy, . 
indicating the type of aid to be used. ._ When these messages 
were intercepted 1t could be taken as a definite indication/of 
& forthcoming operation.,. If no messages were intercepted it 
‘could be interpreted egg no attack was: to be anticipated uring 
that day or that night. 
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gram on page 66, is governed by three elec- 
trical systems of control. There is a voltage 
regulator, a current limiter, and a reverse 
current cutout. 


Voltage Regulator. Since most of the elec- 
trical circuits are designed to operate with- 
in a definite range of voltages, the voltage 
regulator is necessary to maintain a voltage 
within these limits. When the generator is 
not operating or when its voltage is quite 


64 


low, the springs, S1 and S2, hold the contact 
points, P1 and P2, closed. These closed con- 
tacts put the armature and the field directly 
in parallel with each other. 


As the voltage of the generator rises, the 
current through winding V increases and its 
iron core becomes more strongly magnetized. 
When the voltage reaches a value greater 
than desired, the magnetic attraction for 
the movable arm becomes strong enough to 
overcome the spring tension with the result 
that contact points P1 are separated. When 
this happens, the field current must flow 
through the reverse winding W and resistor 
R1. Because of the resistance which this adds 
to the field circuit, the current in the field 
decreases. The magnetic field of the generator 
is therefore weakened and the generator out- 
put voltage decreases. 


The reverse winding W, which is connected 
in series with the field current resistor R1, is 
wound on the core in the reverse of the direc- 
tion of the main voltage winding V. The pur- 
pose of the reverse winding is to speed up 
the operation of the contact points P1. When 
the generated voltage becomes sufficiently 
high to cause coil V to open the contact 
points, the current which then flows through 
W and R1 tends to demagnetize the core. 
Therefore, the contact points close much more 
quickly than they would if coil W were not 
used. The increased frequency of vibration 
(chatter) of the points results in a steadier 
terminal voltage. The difference between the 
peak and minimum values of voltage during 
each cycle of contact vibration is considerably 
reduced. The normal voltage output from 
the generator is 28 volts. 


Current Limiter. The current limiter shown 
in the circuit diagram is also of the vibra- 
tor type. The current limiter is designed 
so that it automatically keeps the current 
drain from the generator within safe operating 
limits. If the generator were not protected 
in this way, the current drain might become 
so heavy that the generator would burn out. 


Nearly all current which flows in the 
generator circuit flows through coil X. Spring 
S2 normally holds contact points P2 together. 
However, when the current through coil X 
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f£. Weather Messages. --Weather messages were of great 
assistance to the German Signal Intelligence Service in identi- 
fying the geographical origin of other tra*fic intercepted o 
the same radio nets. These weather messages often mentioned 
in the clear the names and locations of Russian meteorologic 
stations. Thus probable location of the radio station could 

- be made... 

The Russian weather messages could be recognized easily 
by the German Signal Intelligence Service because of message | 
preamble characteristics, by random use of the letter "x" 
within the text, and by the absence of message number and 
délivery groups. In the early part of the war the Russians 
transmitted weather messages in the clear quite frequently. 
Later in the war all the messages were enciphered., _ 

A large number of Russian weather messages were inter- 
cepted by the Germans. The contents of these messages, when 

_— -Gecrypted, served two purposes, One purpose was to brief the 
German air crews on the weather conditions in Russia; the 
other purpose was to obtain advance warning of impending 
Russian operations. If a "winds aloft" message was inter- 
cepted by the Germans in the middle of the day, it could be 
@ taken as an indication of an impending air operation by the 
Russian corp transmitting the message .59 


10. Air to Ground Traffic.--The assignment of call signs 
and frequencies used in air-to-ground radio traffic of the 
Long Range Bomber forces was. performed individually by the 
corps signal officers and did not follow any uniform procedure 
throughout the entire Air Army. It was therefore a rather 

Simple task, because of this lack of uniformity, for the 
German Signal Intelligence Service to identify the various 
individual corps by their call signs and frequencies. Each 
regiment, as well as each aircraft, was allotted two differ 
frequencies: one for transmitting and one for receiving. 
The aircraft of each regiment were divided into two groups, 
each group transmitting on its own frequency. The frequen- 
cles of the ground stations, in general, lay between 2,500 
and 3,000 kilocycles, while the frequencies of the aircraft 
were between 3,000 and 3,700 kilocycles. The aircraft of tr 
AY Guards Corps of the 18th Air Army, whose units were equip- 
ped with American B-25 planes, and therefore had American | 
radio sets, used frequencies between 1,800 and 2,500 kilo- ; 

“eycles. Call signs on these air-to-ground nets remained in 
use for several months; the various call signs being re-_ 
peated at irregular intervals of 5, 6, or 7 days. The \ 
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regimental ground stations used 2-or 3-letter call signs, 
while aircraft used l-or 2-letter call signs with numeri- 


cal suffixes. These suffixes referred to the pilot rather - 
.than to the aire » and were allocated by either the 
commanding regiment or commanding division. When the suffixes 


were allocated by the commanding regiment the numbers of the 
suffixes ran from 1 to 32; when allocated by the commanding 
division they ran from 1 to 100. The German Signal Intelli- 
gence Service could identify regiments after a short period 
of time because they also used special CQ call signs. 0 

&. Tuning and Take-off Traffic.--When the Russian bom- 


‘bers were assembling for the take-off on a mission the air~ 


craft-usually engaged in tuning traffic while still on the 
ground, and at the completion of tuning the traffic was 
usually terminated with a "QSsaA 4" or "QSA 5" procedure 
‘signal. indicating what the signal strength of the radio set 
in the aircraft was. The tuning traffic furthermore was 


‘transmitted by one of the frequencies allotted for this 
- purpose and was easily intercepted by the Germans. Thus, 


the beginning of an operation could be recognized immediately, 
because the end of the tuning traffic indicated that the 
take-off was to begin. In those divisions which had air- 


- eraft equipped with radio-telephone sets the noise of the 


engines being warmed up could be heard by the German opera- 
tors, and this also served as an additional source of early 
warning. In the radio-telephone traffic, instead of using 
the complete call sign, only the numerical suffix was used ,O1 
b. Direction-finding Traffic.--The navigational train- 
ing of the Long-Range Bomber Force crews was so poor that 
"@DM" and "QDR bearings constantly had to be given by the 
ground stations while the planes were enroute to the target. 
This fact aided the German Signal Intelligence Service in 
their route-tracking of the Russian Air Force because the 
Russians, instead of flying feint courses as did the ameri-~ 
cans and British, usually flew a direct course to the tar- 
get. Therefore, these direction-finding fixes sent by the 
ground stations could be taken as the actual course of the 
bombers and permitted the Germans to make a reasonadly 
accurate target prediction. The direction-finding traffic 
between aircraft and ground stations did not possess any 
special characteristics as the bearings were given in the 
clear with little attempt at camouflage. The ground stations 
of the IV Guards Corps of the 18th Air Army used two nulls 
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pefore a three-digit. group indicating course. bearings; e Boa 


00252 indicating a course of 252 degrees. The I Guard 


Corps used the abbreviation "TRS" before giving bearings 


on the outward flight, and "OPM" before giving bearings on- 
the return flight. other corps transmitted the letter "w" | 
three times before giving the course bearing on the outward 
flight and the letter "A" three times before giving the bear- 
ing on the return flight. These charapseristics: served to 
identify the type of traffic and unit. 

ec. Tactical Traffic.--Over a long period of time German 
monitoring of bomber tactical traffic during approach flights 
resulted in the identification of the greater part of this 
type of traffic. The procedure signals used for this traffic 
differed with individual corps. In most cases the traffic 
consisted of 2 or J-digit groups, sometimes enciphered and 
sometimes unenciphered. The III and IV Guards Corps were 
very free in their use of tactical traffic, their aircraft 
often report: such data as take-offs, flight over the — 
initial point (IPM), flight over the front, execution of 
mission, and observations over the targets. In such traffic 
the time was always given and this aided the German Signal 
Intelligence in its route-tracking. The ground stations 
also often transmitted data concerning the target or time 
of attack in cases where plans had to be changed after the 
pianes had taken off. This data was very valuable to the 
Germans in determing the most derense.ch to put their 


.night fighters in the air for Betnnees 


11. Russian Air Service Commans Traffic.--"The largest 
unit of the Air Service Command was the District Air Base | 
Depot (Rayon Aviazionnhgé Baviesventva RAB). and, in the case 
of the, Naval Air Force, the Naval Air Base Depot (Morskaya 
AviabaSa--MAB). As a rule each Russian Air Army had three 


‘to five of these RAB's. In order to use to the fullest 


extent the intelligence. which could be gained from an analysis 
of the daily reports. sent by the airfield battalions to their 
District Air Base Depots it was necessary for the Germans 

to draw up as complete a Russian Air Service Command order. 

of battle as possible. The reports. contained details on 
number of serviceable and unserviceable aircraft in the © 
tactical units. From such an order of battle the German 
Signe? eee Service of the Air Force was able 
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to corelate Russian airfields and tactical units, and. to 


predict movements of tactical units on the basis of air- 


fields under construction. The locations of the airfields < 


could be readily determined from the contents of the radio 
traffic between battalions and RAB's, and from direction- 
finding of the sending stations. Reports on the building of 


new airfields were of special value to the Germans since 


' these reports often revealed enemy intentions and permitted 


. 66 


the Germans to prepare defensive action against intended 
Russian offensives. No offensive ever commenced without 
strong air support, which necessarily meant that airfields | 
had to be located as near the active front as possible. 

The Russian Standard Operating Procedure called for aviae- 
tion in direct support of the ground forces to be located 
at bases not more than 40 kilometers (24 miles) behind the 
front. On some occasions the air bases were so near the 


front that Russian planes on the ground were hit by German 


artillery. The number and location of airfields under nen | 


truction was a very good indication. of the time in which an 


offensive could be expected. ; 
Radio traffic involving movements of airfield battalions 


was also monitored closely by the Germans. Fron this-monttor= 


ing they could ohtain clues as to the direction in:which 

the tactical units would later move. As an example, the 
reconquest of the Crimea by the Russians in the spring of 1944 
liberated two Air Armies for further assignment. The German 
Command was naturally very much interested in where these 
units would go. In a few days the German Air Force Signal 
Intelligence Service had the answer, Ome airfield battalion 
had received an order to board a troop train in Simferopol. 
After the train departed the airfield battalion transmitted a 


. message by radio to its District Air Base Depot at each 


stop along the way until it reached Gomel. It was obvious — 
that the battalion would be followed by tactical units, if 
not by the whole Air Army. This assumption was confirmed a 
short time later when the entire 4th Russian Air Army moved 
from the Crimea to the Central front. The operational area 
of the second liberated Air Army--the 8th Air Army--was like- 
wise quickly determined. A message. from an airfield battalion 
was intercepted and read by the German Signal Intelligence 
Service. The message stated: "The headquarters for the 8th 
Air Army in Tarnopol are ready." In a very short fiime this 
Air Army moved from the Crimea to this new sector. . 
657F-187, p 21 
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a. Supply traffic, --Valuable intelligence vas obtained 
by the German Signal Intelligence from the interception of 
radio traffic which gave details on supplies of fuel, ammuni- 
tion and other materials. Details of railway movements of 
supplies were transmitted by the District Air Base Depots to 
their subordinate airfield battalions. These messages con- 
tained information on the destination, number of railway 
cars being used, amount and type of supplies, and the schedu- 
led time of arrival, When the trains arrived at their des- 
tination a message announcing their arrival was sent to the 
airfield battalions. As a result of the exploitation of 


‘this type of traffic the Germans were able to bomb success-~ 


fully the stations soon after trainloads of fuel and ammuni- 


tion had arrived. In the ‘Southern sector a Service Command 


point-to-point radio net reported arrivals of replacement 
aircraft for the 17th, 5th, and 8th Air Armies. These re- 
placement planes were ferried from the factories to the air- : 
fields. Tactical. units down to regiment level receipted 

for these planes and supplies, and from interception of 

these strength reports the Germans were able to estimate 


: the production and distribution rate of Russian planes. 


Current fuel and ammunition supplies at airfields were 
reported on pre-arranged -message forms transmitted by the 
air-field battalions. These messages, since fuel and ammu-~ 
nition supplies were always increased prior to an offensive, 
afforded the Germans a ene basis for predicting | impend=- 
ing Russian offensives. 

b. Miscellaneous Air Service Command Treffic.--The 
Russian Air Service Command reported by radio on the achtieve- 
ments in. salvaging German aircraft which had been shot down 


or which had been forced to land. These reports afforded 


the Germans with a source of information. concerning their 


Missing crews, and in many. cases it was possible for the 


Germans to inform families that the crew members were alive 
and were Russian prisoners of war. Reports of interrogations 


.of captured German military personnel were also often trana- 
mitted and intercepted! by the Germans. In some cases as a 


result of the information contained in these reports, the. 


German Command carried out court mariisl_proceedings in 


absentia where the intercepted information carried suffi- | 


c jof that the Gériian prisoners of war > had revealed 
formation ofa secret. nature. An Air Service Command of 


the Sth Russian Air Army on the southern front reported routes . 
to be flown by aircraft in large-scale ground attacks, giving 
the time at which the attack would take place. Oe ‘guch © 
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attacks the Russian Air Army. usually ordered the placing 
of smoke markers in the frontal area on the day before the 
attack would take place. These smoke markers were used by 
the Russian planes as an orientation point, and not only 
indicated the proposed direction to be flown, but also 


corresponded to the direction the ground force would advance. 


After a study of these smoke signals the German Air Force 
Signal Intelligence learned that the signals were lit 
thirty minutes to an hour before the actual time of attack. 
Thus, when it was learned that smoke signals had been set 


- gut the German Signal Intelligence could usually inform 


the Alr and Ground forces some twenty-four. hours in advance 
of plans for a Russian offensive. a. 


From this source the following information was available: 
a. Reports of German aircraft over Russian territory 
and their positions. 
bo. Reports of Russian and American aircraft over Rus- 
sian territory. 
In the case of flights made entirely over Russian territory 
the time of departure and airfield destination was included. 


In the case of flights which crossed the front into German 


territory the time of arrival at the front would be given. 
When observation of German aircraft was reported by the 
Russians it was possible for the German Signal Intelligence 
Service to warn the planes that the Russians knew their 


‘positions and to recommend a change of course or other 


evasive action. Reports on American aircraft often re- 
vealed information about the "shuttle" or strggngular’ 
flights of the 8th and 15th U. 8S. Air Forces. 


7 12. Russian Air Raid Warning Service.--The Russian Air 
Reid Warning Service was monitored regularly by the Germans. 


13. German Moni toring and Analysis of Russian Naval 
Traffic .<- ssian Navy 8 own Alr Force which per- 


formed the folieving duties: 
a. Protection of Russtan Naval units and their bases. 
b. Support of Naval operations. 
c.’ Combat of enemy naval forces. 


687p.187 » P 25 
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The German Air Force Signal Intelligence Service. in the 


East monitored the air traffic of the Russian Naval Air 
Forces which were in a position to operate against the 
Germans. Those units monitored included the Black Sea 
Fleet Air Arm; the Baltic Fleet Air arm, and the arctic 
Fleet Air Arm. The amount of intelligence which the German 
were able to extract from this naval air traffic was due 
primarily to having solved the call sign encipherment 
table used by the Russian Naval units. This table ‘was 
foolishly kept in use for more than a year with the result 


‘that it was completely reconstructed by SIS." Not only the 


air. units but also the naval units with which they operated 
could be identified by their call signs. Messages at the time 
of take-off which were transmitted by the Naval Air regiments 


‘and reconnaissance patrol reports could be read by the = 


in sufficient. time to warn their convoys and submarines. 
Captain :'.Wadim HEROLD, officer in charge of Ln. Regi- 
ment ILI/353 of the Signal Intelligence Agency of the Air 
Force High Command, gives the following information on 
traffic analysis performed by the Germans on Russian Naval 
traffic. 
"Phe Navy in the Southern Sector had the Black 


> 


Sea Fleet of the Soviet Union as its monitoring area. ule. - 


As the Black Sea Fleet's code vas unbroken;-results 
could only be achieved by traffic and direction-finding 
evaluation. The navy was especially interested in the 
monitoring of Black Sea seaplane forces. The planes 
were monitored and the results passed to the German 
navy. The forces consisted of bomber, torpedo, fighter, 
and séa. rescue units. Bases and strength were, currently 
known. 
"Mie signal code of the reconnaissance aircraft | 4 

could be read. The guiding of our own.fighters by 

the listening service onto the reconnaissance air- 
craft on operations often brought us victories. \ The 
navy Was especially interested in reconnaissance re- 
ports about our own ship movements, particularly for 


positions and courses of our own convoys, as after a 


report by the reconnaissance aircraft, attacks by 
aircraft or submarines could usually be reckoned with. 
The calling up of fighter protection, timely. warning 

. and changing of course rai foiled the enemy's exist- 
ing intentions of attack. 


1 yP-187, p 16 
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14, Advanced Warning Reports and Route-tracicing.-~ 
Advenced warning reports and route-trac wr3 often possible 
from the results of traffic analysis. The German Air Force 
Signal Intelligence Agency had more success than the German - 
Army Signal Intelligence had against the Russians. One 
source of information from which the German Air Force Signal 
Intelligence were able to make use in giving timely warnings 
to the German Air Force came from the traffic of Russian 
Specialist Air Force Liaison officers who acted in an inter- 
mediary capacity between Army and Air Force for Army coopera- 
tion, close support, and tactical reconnaissance. These 
officers were known as "Flivos' (Fliegerverbindungsoffizter). 
The Flivos consistently transmitted messages which contained 
the starting time and course of the Russian Air units to which 
they were assigned. From the interception of these messages 
and the exploitation of the information derived therefron, 
the German Alr Force was able to destroy a large number of 
Russian planes. Assumptions of impending ground force opera- 
tions could also be made noting an increase in local attacks 
or thrusts in the areas in which the Flivos were located. 

a. The Germans also had success in locating points of armored 
@ . goneentrations since orders asking for special air support 
a would be transmitted by the Flivos. These requests for 
support originated at Army and Motorized Corps headquarters 
‘and came up on a point-to-point net between the Air Armies 
and their subordinate corps and independent divisions. As 
the cryptographic systems in which these messages were sent 
were being read by the German Signal Intelligence the German 
High Command was kept informed currently of those targets for. 
which air support was requested. By the time operational in- 
structions had been sent by the Russians to an Air Division by 
an Air Corps the German troops had ample time to take effective 
countermeasures. Thus these Flivos messages afforded the Ger- 
mans an excellent means of making tactical evaluations of in- 
mediate value, especially when the reports contained Russian 
observations of German strong and weak points of defense. The 
reasons given by the German Signal Intelligence as to the 
usefulness of this traffic were: (a) because of the close 
cooperation between the Russian Air and Ground Forces, 
& heavy ground attack could be expected whenever strong air 
support was requested; (b) the Flivos reported their locations 
- dn these reports, thereby revealing the position of Russian 
- Army and Corps headquarters at which the Flivos were located; 
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and (c) from ground situation reports transmitted by the 
Flivog several times a day, an accurate picture of the 
frontal segtor of each Russian Army unit could be con- 


structed. 


The German Air Force Signal Intelligence Agency furth- 
ermore claimed that from information obtained from the Flivos 
traffic the German High Command had full knowledge of the 
concentration of troops at Stalingrad. This information 
came when five entire Air Divisions moved into that area. — 
The Germans had learned that whenever traffic revealed 
Flivos of five Air Divisions were present in any area it 


could be,expected that the Armies of those divisions would | \ 


la appear there in a short time. The Germans furthermore \ 


claim they had information from the same source 4s to the | \ 

plans of the Russians for the last drive upon Berlin, but \ 
were unable to do anything about the matter because of the ‘ 
er Lous gondition in which their armed Forces found them~ vl 
selves. J 


‘a. Route-tracking Data Available from Messages. -- 


7 When the German Signal Intelligence Service intercepted opera- 


7 


tion orders it.was an easy task to track the course flown by. 
Long Range Bowber Force formations. The only problems re- 
maining were to identify the units participating in the for- 


mation, as several corps were quite often used in one raid, 


and to make necessary corrections if any new time was re- 


‘ported after the take-off of the predicted time of arrival. 


over the targets. The 18th Air Army traffic of this type 
served to piece together the intelligence already derived 
from air-to-ground traffic, which at that stage was usually 
meaningless. The Russian Air Defense organizations also 
frequently transmitted notification of impending missions 
which gave data regarding the course to be flown over Russian 
territory. These messages, which were directed to the 
Russian Anti-air-craft Units, contained the number and tyPaR 


. of planes. as well as the location of the point of attack. 


>. Weather Reconnaissance.--In instances where the 
Germans did not intercept operational orders there still 
existed a possibility for predicting Russian bomber raids 


727217; 1-163; IF-186; IF-187 
ree | 


IF-187, p 44 
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from information derived from the interception of weather 


reconnaissance reports, These reports were usually carried 


out in the target area prior to an attack. From an analysis 
of these messages the Germans could usually predict whether | 
or not a raid was soon to take place, as a raid generally 


occurred only if the ceiling over the target area was at 


least 3,000 meters and there was no more than 6 to 10% of 
cloud cover. Route tracking of the weather reconnaissance 
planes was aided because of the fact that they transmitted 
messages every 5 to 10 minutes, sometimes even reporting 
their position, and $pus making Girection-finding by the 
Germans unnecessary. NG 
c. Flash Reports.--Tactical intelligence resulting 


from the interception of Russian Long Range Bomber Forces 


(ADD) traffic was immediately enciphered and. forwarded by 
wire to visual «observational posts, to the Air Force, to 

the so-called "light division” for special missions in the 
German Amy (Jagddivision), to the Anti-air-craft units, 

and to the Central Reporting Center for Defense of the 

Reich (Meldekopf). As a result of early warning through 
these flash reports German defensive preparations against 

an anticipated Russian night raid often took place during 

the morning preceeding the raid. As soon as,the take-off of 
@ bomber formation was established, a wire line from the 
Signal Intelligence Service evaluation company to fighter 
and Anti-~air-craft unit headquarters was kept open, and all 
subsequent information currently reported to the stations. 
Another direct wire line was maintained to the nearest German 
Signal Intelligence Service radar intercept station. This 
station was kept informed of the course and altitude of 

the Russian boinber formation so that when radio silence was. 
begun the radar station could take over the route-tracking. 76 


» 45. Intercept of Russian Radar.--Radar intercept on the |, 
Russian Eastern Front by the German Signal Intelligence 
Service brought only insignificent results since the Russians 
made little use of radar equipment. Very few details of 

Russian radar equipment are available. On several occasions, 
however, in traffic intercepted on point-to-point nets some 
mention of three types of equipments wa3" found. These 
mentioned "RUS-1", "RUS-2" (Radio Ulavlivatel Samoletov), 

and "MRU"(Melki Radio Ulavlivatel). Several Russian prisoners 


T57p.187, p 45 
76 
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AUXILIARY POWER UNIT 


BOMBARDIER’S PANEL 


PILOT'S FUSE BOX 


IGNITION SWITCH 


BATTERY 1 SWITCH 


POWER PANEL 


OUTSIDE POWER SOURCE 
GENERATORS 


GFNFRATORS 


IGNITION SWITCH 


BATTERY 2 SWITCH 


POSITIVE BUS 


BATTERY 
RELAY 


BATTERY 1 


BATTERY 
RELAY 


BATTERY 2 


i MASTER BATTERY SWITCH 


Connection of Batteries to Power Distribution System 


becomes excessive, its iron core magnetizes 
to the extent that its magnetic pull on the 
movable arm overcomes the tension of the 
spring and opens contact points P2. This in- 
serts the resistor R2 into the field circuit of 
the generator. This, in turn, decreases the 
field current and the strength of the magnetic 
field, and causes the generated voltage to 
drop. This will normally bring the generator 
current down to a safe value, and S2 will 
cause points P2 to close again. Thus, when 
the generator circuit is delivering large 
amounts of current, the current limiter will 
chatter in order to protect the generator. 

Reverse Current Cutout. The purpose of the 
reverse current cutout relay is to connect 
the generator system to the aircraft elec- 
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trical system whenever the generator volt- 
age is greater than the voltage of the air- 
craft battery and to disconnect the gen- 
erator from the aircraft battery when gen- 
erator voltage is less than the battery voltage. 
This is necessary in order to prevent cur- 
rent flow from the battery into the genera- 
tor system. When the generator is not opera- 
ting, or when its voltage output is below 
normal battery voltage, spring S3 holds 
contacts P3 open. As generator voltage in- 
creases, current through winding Z builds up 
a magnetic field which causes contacts P3 to 
close. Then generator current may flow 
through the aircraft electrical system, P3, 
and coil Y. The generator current flowing 
through Y develops a magnetic field which 
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of war stated to German interrogators that intruder regi- 
ments of the Long Range Bomber Forces (ADD) used radar against 
German night. fighters. However, the Germans never found any 
trace of any airborne radar equipment in the Russian planes 
which crashed or which were shot down. It was concluded 


‘by the German Signal Intelligence Service that the Russian 


prisoners only made the statements because of suggestions 
made by the interrogators rather than from any knowledge 

of such equipment because they knew the Germans and the — 
Allies were using radar to a great extent and yere only 
wishing their own forces were doing the same./° In the 
summer of 1943 the Germans did establish, from intercepted 
radio-telephone traffic, that the Russians were experiment- 
ing with ground radar to be used in their defense zones. 
Three or four German radar intercept teams were placed along 
the. Eastern front and equipped with directionfinders. In- 


‘ telligence obtained from these teams indicated that the 


Russians were making very little progress in the field of 
radar, and that their equipment was inferior to that of the 
Germans, British, and Americans. In the fall of 1944 the 


German Signal Intelligence further determined that on the | 


" 1F~187, p 70 | , a | a4 


Central Russian front, apart from several small radar 
sets apparently being used for anti-air-craft control, there 
was only one large installation which was near Warsaw. 
Further interception of Russian radio-telephone traffic 
later again indicated there were several other radar ins- 
talilations within the air defense zone, but the locations 
could never be established by German direction-finders./7 


a x, 


16.. Russian Radio Counter-measures.--Very little infor-- 
ination in reference to Russian use of radio counter-measures 
is to be found in TICOM materials. The Russians had a term 
(CYB) which denoted all types of varied camouflaged communi- 
cations procedures, derived after 1942 wy the Signals 
officers for use at the front. The Russians apparently did 
not assume that théir CYB-procedures would give 100% security. 
The procedures remained valid for indefinite periods, being , 
changed either on the judgment of the Signals Officer who / - 
issued them, or when there was a suspicion of compromise. / 
761p-187, p 29 | _ / 
TT , 
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In general, the CYB-procedures of the Russian Air Forces 
remained in use longer than those of the Army, since the 
Air Force procedures were employed behind the 1ines ‘and were 
less exposed to physical compromise, ! . 


17. German Use of Captured Russian Material.-- The . 
German Signal Intelligence Service salvaged a large amount 
of material from Russian planes which were shot or forced 
to crash. However, the Germans did not gain much outstand- 
ing information from this material because they were already in 
possession of most of the important facts and information - 
concerning Russian equipment. They were able to g con- 
siderable information from the Standard Operating Instruc- 
tions salvaged from planes. This included data on Russian 
codes, call signs, regio frequencies, maps, and grid-square 

. enciphering: systems. . 


786, p 3 
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VOLUME 2 
oo nn a Chapter 3 


_ SUMMARY OF GERMAN SUCCESSES IN TRAFFIC ANALYSIS ol 
RUSSIAN COMMUNICATIONS 


1. The Russians depended on the use of One-time Pad 
cryptographic systems for security of their high level traffic, 
and on code books and enciphering tables for their medium. 

and low level traffic. The One-time Pads vere not read by 
the Germans, but the medium and low level systems were read | 
to & great extent. 


. 2. The main source. of information the German Traffic. 
a Analysts had came from exploitation of the Russian use of 
@ call signs, radio frequencies, mpesaee. indicator groups 5 


and direction-finding reports. 


-3. another source of information came from the intelli-~ 7 
gence gained from reading pre-arranged message forms. The 
Russians used these forms extensively for reports. ‘The pl 
Germans had little difficulty in reading such traffic. 


. 4, There was very close cooperation between the German 
intercept operators and traffic analysts in the field. Inte =u. ; 
gration of available information, such as traffic analysis 
results, evaluation of data, cryptanalysis, prisoner of war 
interrogations, captured documents, and other types of — 

PuNe rence was carried out with excellent efficiency. 


' 5. The Russian call sign systems were not as secure as 
the Russians believed. Given sufficient call sign traffic 
and day-to-day continuity the German Signal anion eeee 
Service was able to reconstruct the systems. 


a Some of the pubeeendtne successes of German Traffic 
Analys is were; 
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a. 


A knowledge 


f 


of the Russian Air Force order of 


battle and of battle situation. 


A knowledge » 


of the organization and order of 


battle of some Russian Army units. 


c. A knowledge 
aircraft, . 
- A knowledge 
fields. 
e. “A knowledge 
Air and Ground Force 
- A knowledge 
&. <A knowledge 
ee es h. A knowledge 
/ ae ' 1. A knowledge 


of strength, types, and armament of 
of the location end occupation of air- 


of the movements and concentrations of 
units. 

of operational intentions. 

of the amount and type of sir transport. 
of the Russian supply situation. 
of probable ee 


_” 
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VOLUME 9 ' & . ae: 
TAB A | 


~ ADD (ateize Dalneye Dyestutya). --Russian Long Range 
Bomber. 
ADR. Russian symbol for "adress" appearing in front of 
the address group in military messages. - 
_ Air.--Vozduch (Russian), abbreviated VZD. 
Air Army. Russian equivalent to American Air Force, and 
British Command. 
Air Liaison Officer.--German translation: FPliegerverbin-~ 
dungsoffizier, (FLIVO). 
Antiaircraft Defense.--Protivovosduschnaya oborona (PVO). 
Avitsiya Dalneye Dyestviya (ADD).--Russian Long Range 
Bomber Forces, 
Corps (Air Force). 120-450 Russian planes (2 or 3 Divisions), 
partly equivalent to an American Wing. ; 
CYB. A Russian term denoting all types of varied camou~ 
@ flaged communications procedure, 
iy District Air Base.~-Rayon Aviazionnage Basirovaniya (RAB). 
Largest unit of the Russian Air Service Command. : 
Division (Air Force) 60-150 Russian planes, unit classed» 
between an American Group and Wing. . 
spain ae A flight of Russian planes, usually containing 
8-10 planes. 
Fliefll-Jaf About 160 German planes (2 Geschwader), equi- 
valent to American Wing. 
Flieger-Division. About 320 German planes, classed between 
an American Wing and Command. 
Flieger Korps. About 600-900 German planes {2 or 3 Divisions), . 
partially equivalent to an American Command. 
Flivo (Fligerverbindungsoffizier). --German for Air Liaison 
Officer. 
Pliegerverbindungsoffizier {Flivo). ~-German for Air Liaison 
Officer. — 
Geschwader. 70-90 German planes (3 Gruppen), equivalent to 
-. American Group, and British Wing. 
Golovanov,. ‘Marshall. Russian commander of the Long Range 
. . Bomber Forces. 
Grubler, Corp. “A member of Gruppe VI, of the Signal Intelli- 
_ gence Agency of the army: High Command (ORH/Gen < a. Na). 
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Gruppe. 27-30 German planes (3 Staffeln), equivalent : to ‘US 
and British squadron. 

Heimann, Corporal William. A member of Kona l, of the Signal 

7 intel 1igence Agency of the Army High Command (OKH/Gen. 

ad. NA}. 

Hempel, Sgt. Werner. A member of Gruppe VI, of the Signal 
intelligence Agency of the Army High Command (OKH/Gen. 
d. NA). He was a Baudot intercept technician. 


Herold, Captain Wadim. Officer in charge of Ln. Regiment 


11/353 of the Signal Intelligence Agency of the Air 

' Force High Command (OKL/LN) in the East. 

Heudorf, Corp. A member of Naa 8 (radio intelligence 

—_ battalion) of the 3rd Panzer Army. 

I-17. “Extracts of SHAEF Interrogation of the following 
German communications personnel:. Maj. Gen. Boner, — 
Gol. Grube, Lt. Col. Mettig, Maj. Rottler. " A TICOM 
publication. 

I-19. (b) "30 reports written by Kona 1 personnel." 
(fe) ' ‘Report on traffic analysis of Russian wireless 
traffic. A TICOM publication. , 

I-70. “Paper on the German Sigint Service by Lt. Col. 
- Friedrich." A TICOM publication. . 

I-75. “Interrogation reports on German field Sigint 
personnel carried out at Buffer. Lt. August Schroeder, 
Lt. spvearke Corp. Heudorf, Capt. Holetzko. 

I-116. "Report on the interrogation. of Lt. Alex Dettmann, 
and Oberwachtmeister Sergius S@sscnc.. of OKH (Gen. d. NA). 

I-130. "Homework of Hauptmann Herold, 0.C., Ln. Ret. TII/353." 

wo A TICOM pudlication. 


1-163. "Report on. interrogation of Hptm. scheidl, Ltn. ‘Sana, 


and Ltn. Smolin, all of I/LN. Rgt. 353 (East), on, 
German Sigint activity against: Russian Air Forces. 
A TICOM publication. 
I-168.. ."Report ‘by the Karrenberg party on miscellaneous 
Russian W/T." -A TICOM publication. ; 
I-173. "Report by the Karrenberg ‘party on Russian w/t." 
L4pAB A TIGOM. publication. — 


in the. East, Luftwaffe SIS.".. 
186... Vol. XI, Seabourne Report. "History of Operations 
in the East, Luftwaffe SIS." 
IPM.. abbreviation for flight over initial point (Rassien 
Air Force). . -- 
Jagddivision.~-German "Light" division. : 
dU 52.- German Junker, transport plane. 
Junker 52... German transport plane. 
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, Karrenberg, Sgt. Erich. A member of Gruppe VI; si 
Intelligence Agency of the Army High Command COKiI/Gen. 
d. NA). Worked on Russian Baudot traffic. 


Kona (Komnandeur der Nachrichten Aufklaerung) (Commander 


for Signal Intelligence). A Kona was the Signal In- 
telligence component in the German Army organization. 
"Light" division.--German translation, Jagddivision. 
Long Range Bomber Force.-~~Avitsiya Dalneye Dyestviya, (ADD). 
Luftflotte. German equivalent to Anerioan Air Force and 
British Command. . 
MAB (Morskaya Aviabasa).--Russian words for Naval Air Base 
. Depot; largest. unit of the Russian Naval Air Force. 
MAP. Call sign formed from the Russian cover name, MAPKA. 


‘MAPKA. Russian cover name. 


Meldekopf.--German word for "reporting center". 

Melki Radio Ulavlivatel. A type of Russian radar. 

Mishke. Russian radio operator's name as given in an 
example of a Russian radio message. 

Morskaya Aviabasa (MAB).--Russian words for "Naval Air Base 

. Depot." Largest unit in the Russian Naval Air Force. 

MRU (Melki Radio Ulavlivatel).--A type of Russian Radar. 

Narodni Kommissariat Ynutririkh Del (NKVD).--Peoples'. Com- 
missariat for Internal Affairs. 

Naval Air Base Depot.--Morskaya Aviabasa, (MAB). Largest 
unit in the Russian Naval Air Force. 

NKRF.~-Peoples' Commissariat: for River Shipping.. 

NKVD (Narodni Kommissariat Vnutrinikh Del).,--Peoples' Com- 
missariat for Internal Affairs. A Russian Secret 
Police organization. 

OPM. An'‘abbreviation used by the Russian I Guards Corps 
before giving bearings on the return flight. : 
Partisan nets. Radio nets used. by the Russian Partisans, 

@ guerilla organization. 


- Peoples’ Gommissariat for Internal Affairs.--Narodni- Kom~ 


misseriat Vnutrinikh Del (NK¥D). A Russian Secret 
Police organization. 
Peoples! Commissariat for River Shipping. --NKRF 
Protivovosduschnaya oborona (PVO). ~-Antiaircraft Defense 
- (Russian). - 
PVO. (Protivovosduschnays oborona). ~-antiaircraft Defense. 
~+ (Russian). 


‘QDM.«-G-si.enal, meaning a request for magnetic course to 


‘steer With no wind, 
QDR. --Q-signal tequeseins magnetic eerie: in relation ire) 
7 ‘station. 
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OSA. -/a-stenal meaning "What is the strength of my. signal 

to 5 a" 

RAB (Rayon Aviazionngge BaStrovaniya). --The largest unit of 
the Russian Alr Service Command, 

Radio Ulavlivatel Samoletov (RUS).--A type of Russian radar. 

Rasch. Lt. Werner. A member of 353rd German Air Force Signal 
Intelligence Regiment in the East. 

Rayon Aviazionnage Basirovaniya (RAB). District Air Base. 
Largest unit in the Russian Air Service Command. 

Regiment (Russian Air Force). About 30 planes, equivalent 
to US and British squadron, German Gruppe. 

Reporting center.--Meldekopf (German). 

RUS (Radio Ulavlivatel Samoletov).--A type of Russian radar. 


Schmitz, Sgt. A member of Gruppe VI, Signal Intelligence 


Agency of the Army High Command (OKH/Gen. 3. NA 


'$taffel. A flight of German planes, usually containing — 


9-12 planes. 

Suschowk, Sgt. Dietrich. A member of Gruppe VI, Signal 
am) Agency of the Army High Command (oKn/Gen. 

TPR 43.--A Russian Call Sign Book. . 

TRS.--An abbreviation used by the Russian I Guards Corps © 

before giving bearings on an outward flight. 

Uffz. (Unteroffizier).--In general, non-commissioned officer; 
as a specific title, corporal. 

Vozduch (VZD).--Russian word for ' ‘air.’ 

VZD (vozduch).--Russian word for "air,.' aaa ea 
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Typical Aircraft Generator Control System 


aids the field created by current through 
winding Z. Therefore, contacts P3 are held 
firmly closed so long as current through Y 
continues in this direction. However, if the 
generator voltage were to decrease below 
battery voltage, the current flowing through 
Y would reverse its direction so, that the 
magnetic fields developed in coils Y and Z 
would oppose and cancel each other. As a 
result, the armature holding one of the con- 
tacts, P3, would be released, spring S3 would 
open the contacts, and battery current would 
no longer flow through the generator system. 
The contacts would remain open until gen- 
erator voltage again reached the voltage 
necessary to build up a magnetic field which 
would overcome the spring tension of S3. 

is spring tension is adjusted so that it will 
not be overcome by the pull of the magnetic 
field until the voltage across coil Z exceeds 
a certain value—usually a value slightly 
higher than the normal voltage of the battery. 

During flight, the aircraft battery-generator 
system provides the airborne radio equipment 
with a 28-volt DC supply. Some equipment 
may operate directly from this supply, using 
tubes which require slightly less than 28 
volts for B+. 
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However, most airborne equipment needs 
voltages in excess of 28 volts. A dynamotor 
provides one means of using the 28 volts 
provided by the generator to produce higher 
DC voltages. Some voltage outputs for typical 
dynamotors are 220 volts, 400 volts, and 750 
volts. The efficiency of a dynamotor is low, 
frequently less than 40%. 

A vibrator power supply can also be used 
to step up generator-battery voltage. Look 
at the two vibrator circuit diagrams shown 
on page 67. At A, the circuit is that of a 
non-synchronous vibrator. When the battery 
switch is closed, current flows through the 
magnet coil L1 and up through the lower 
half of the primary coil. The magnetic pull 
draws the reed down until it reaches the 
lower contact. When it touches the lower 
contact, the reed shorts electromagnet L1 
which then loses its attraction. The reed 
then swings up to the upper contact, causing 
the current to flow down through the upper 
portion of the primary. But now, with Ll 
no longer shorted out, current again flows 
througk L1 and up through the lower portion 
of the primary. Again the reed is attracted 
down to the lower contact. With the reed 
no longer in contact with the upper contact 


point, current ceases to flow in upper portion 
of the primary. The process is repeated over 
and over again, and the reed vibrates con- 
tinuously as long as battery voltage is applied. 

Transformer action takes place as_ the 
secondary is cut by expanding and collapsing 
magnetic fields developed by the primary. 
The collapsing and expanding primary field 
induces an AC voltage in the secondary. Ca- 
pacitor C2 across the secondary (called a 
buffer) absorbs the voltage surges caused by 
the very sudden collapsing and expanding of 
the primary field. Thus C2 smoothes out the 
secondary response. This resultant AC volt- 
age is rectified by an electron tube rectifier. 


The circuit at B illustrates a synchronous 
vibrator. It has a double set of upper and 
lower contact points. One pair of contacts is 
connected to the secondary and rectifies the 
secondary voltage. Thus, an electron tube 
rectifier is not needed. As the reed vibrates, 
first the top and then the bottom of the 
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secondary is grounded. This means that the 
secondary current flows to the centertap of 
the secondary to ground, first up through the 
upper section of the secondary, then through 
the lower section. This action is synchronized 
with the collapse and expansion of the primary 
field. Here again, capacitor C2 acts as a 
buffer. L2 and Cl, and L3 and C3, in their 
respective circuits, form RF filters to eliminate 
high frequency interference caused by spark- 
ing of the reed with the contact points. 


OPERATION AND ANALYSIS OF TYPICAL 
COMMUNICATIONS RECEIVERS 


Now that you’ve covered the special circuits 
of communications receivers, it is time for an 
overall look at complete circuits. For this 
purpose, the circuits of two’actual Air Force 
receivers have been chosen. Naturally they 
will probably become outmoded. Still, the 
basic principles involved will undoubtedly be 
carried over in the receivers that replace them. 
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eo iy AUDIO 
FILTER (push-pull OUTPUT 
amplr) 
Receiver BC-779, Block Diagram 
Air Force Receiver BC-779 limiter stage but no squelch circuit. A separate 

The first of these receivers is a commercial power supply unit is necessary. The receiver 
unit. The Air Force designation is BC-779. is available in different frequency ranges, but 
The receiver is for ground installations. all models use the same basic circuit. 

Notice in the block diagram of the receiver Looking at the control panel below, notice 
above that it has two RF stages, three first the five-position bandswitch. This per- 
IF stages, and three AF stages. It has a mits selection of any one of five different 
separate channel AVC system. It uses a frequency ranges. The switch also operates 

MAIN TUNING DIAL S METER BAND SWITCH BAND SPREAD DIAL 
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Receiver BC-779 and Power Unit RA-94, Rear View 


a masking plate over the main tuning dial 
in order to expose only the calibration scale 
of the particular band selected. 

The main tuning dial turns with the control 
beneath it. It is used to tune the receiver 
within the range of the band selected. The 
dial is illuminated from the rear. 


The bandspread dial and the control be- 
neath it are operated in conjunction with the 
tuning dial. The bandspread dial has a scale 
reading from 0 to 100. It is used to get fine 
tuning over a narrow band of frequencies. 


The S-meter may be used when the re- 
ceiver is operating on AVC. It can be used to 
log the strength of a received signal or to 
tune in a signal. It shows the greatest de- 
flection when a signal is correctly tuned. The 
meter circuit is adjusted at the factory so that 
a change of one number on the calibration 
indicates a change in signal strength of ap- 
proximately two to one. 

The CRYSTAL SELECTIVITY control 
provides five degrees of crystal selectivity 
by varying the Q of the crystal filter circuit. 

The PHASING control is used in conjunc- 
tion with the crystal filter. With this control, 
the rejection notch in the crystal filter response 
can be moved in order to eliminate reception 
of image frequencies. 

The BANDWIDTH control adjusts the 
bandwidth of the IF by changing the coupling 
of the IF transformers. Minimum bandwidth 
occurs at position 3, and clockwise rotation 
increases the bandwidth. 
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The LIMITER switch is an on-off switch 
which permits use of the limiter as desired. 
When the noise level is low, the limiter can 
be shut off. 

The AVC-MANUAL switch permits dis- 
connection of the AVC. Then manual gain 
control is available through the sensitivity 
control. In either position, the audio gain 
control can be used to vary the audio output. 

The SIGNAL control permits a choice be- 
tween modulated or CW reception. The BFO 
is turned on when the control is in CW posi- 
tion. 

The BEAT OSCILLATOR control adjusts 
the frequency of the beat oscillator by varying 
a capacitor in the oscillator tuned circuit. 
Adjusting the oscillator varies the pitch of 
the audio tone signal. 

The SEND-REC control can be operated 
when the receiver is used with an associated 
transmitter. In the SEND position, the re- 
ceiver is silenced, though ready for instant 
use when the control is moved to the REC 
position. 

The phone jack provides for connection of 
a headset to the receiver output. This jack 
is in parallel with the phone lugs on the 
terminal strip at the rear of the receiver. 


Now look at the drawing of the rear of the 
receiver and power supply above. On the 
same terminal strip as the phone connec- 
tions are the speaker connections and the 
phono connections. The phono terminals pro- 
vide a means of using the audio section of the 
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Power Unit RA-94C 


receiver as an audio amplifier. Other terminal 
strips provide connections for the power cable, 
the antenna, and a relay to disconnect the 
receiver automatically during transmissions. 

The overall schematic diagram shows the 
complete receiver circuit. The circuits for 
band switching are shown at the lower left. 
There are five sets of ganged input and output 
tuned circuits for the three RF amplifier 
stages and the high frequency oscillator. Each 
set of tuned circuits provides for one fre- 
quency band. The selection of the proper 
band is controlled by ganged switches, SW1A 
to SWIE. 

Conversion is accomplished through a pent- 
agrid mixer and separate oscillator. 

A crystal filter is used between the mixer 
and the first IF amplifier. C32 is the variable 
phasing capacitor which counteracts the ca- 
pacitance of the crystal holder. It can be 
varied to move the rejection notch in the 
crystal filter response curve. Crystal selec- 
tivity is controlled by SW7, a ganged switch 
which provides five degrees of selectivity. 
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In the OFF position, the crystal is shorted. 
On position 1 the crystal filter is placed in the 
circuit. On each of the other four positions 
additional resistance is introduced into the 
crystal filter output parallel tuned circuit. 
Thus, in each position more and more re- 
sistance is placed in series with the filter 
(the parallel tuned circuit is purely resistive), 
and the Q of the filter decreases. The selec- 
tivity of the crystal filter circuit increases. 
The bandwidth of the IF bandpass is con- 
trolled by ganged regulation of the amount of 
coupling in T2 and T8, the IF transformers. 
The AVC has its own amplifier, operating 
with part of the output of the second IF 
amplifier. Plate current of the AVC rectifier 
flows through the S-meter when the AVC- 
MANUAL switch is in the AVC position. 
The output of the BFO,a beat frequency , 
is injected into the plate circuit of the third 
IF amplifier. This means that the AVC voltage 
has already been coupled to an AVC amplifier 
and cannot be affected by the BFO. To insure 
that there is no stray coupling between os- 
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Schematic Diagram, Receiver BC-779-A, B 
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cillator and AVC, the output lead of the 
BFO and the input lead of the AVC amplifier 
are shielded. 


When the limiter on-off switch is ON, the 
limiter operates on the detector output. The 
limiter tube is a twin triode operated as a 
single triode. Grid and cathode voltages are 
taken from the negative voltage divider sys- 
tem of the detector output. Bias is self- 
adjusting, and, with a normal signal, the 
limiter is cut off. However, the time constants 
of grid and cathode circuits are such that a 
sudden negative voltage of high amplitude 
(noise) drives the cathode negative faster 
than the grid. The limiter conducts for the 
duration of the noise pulse. Since its cathode 
is connected to the detector output voltage 
divider, the limiter shorts the signal when 
it conducts. 


The audio section uses two voltage ampli- 
fiers. The output of the second AF amplifier 
(the driver) is transformer-coupled to a push- 
pull power amplifier stage. The power ampli- 
fier, in turn, is transformer-coupled to head- 
sets and speaker. The secondary of this trans- 
former consists of a high impedance winding 
for headsets and a low impedance winding for 
the speaker. 


The power supply unit used with this re- 
ceiver bears the designation RA-94-C. It is 
usually mounted under the receiver. Look at 
its circuit diagram on page 76. It consists of 
a full wave rectifier (VT-145) with an output 
filter and voltage divider to supply plate and 
screen voltages; a half wave rectifier (VT-80) 
with a resistance-capacitance filter to supply 
negative bias voltage, and a secondary wind- 
ing to supply AC heater voltage. 


Air Force Receiver BC-348 (*) 


This receiver has the usual stages of a com- 
munications receiver, as you can see in the 
diagram at the right. The BFO is com- 
bined with the second IF in a single stage 
with a single tube for both circuits. Another 
single tube combines the third IF, detector, 
and AVC circuits. 


Notice the bench installation of the receiver 
on page 78. Here, the receiver is associated 
with an autotune transmitter shown at the 
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Bench Installation of Receiver BC-348 


right. The main tuning dial is at the upper 
center of the central panel. The bandswitch 
control is at che bottom of the dial inounting, 
and the control is below and to the right. The 
dial lights control, at the top right, regulates 
the intensity of the light behind the dial. It is 
provided with an off position. At the lower 
right are the antenna and ground terminals, 
marked A and G. The control directly above 
is for alignment of the receiver input circuit 
with the antenna. 

At the left hand side of the control panel is 
a toggle switch to provide use of the BFO. 
Beside it is the crystal control, used for con- 
necting the crystal filter for CW selectivity. 
Below the toggle switch is a three-position 
switch which turns the receiver on by selecting 
either AVC or MVC. Beside this three-position 
switch is the volume control. On either AVC 
or MVC, it can be adjusted to regulate the 
output. On AVC, the volume control provides 
manual volume control to regulate the output 
level. On MVC, the volume control provides 
manual gain control. At the side of the volume 
control is the BFO control used to regulate 
the frequency of the beat oscillator. Two head- 
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set jacks marked TEL, provide for connection 
of two headsets. 

The dynamotor in the center of the photo 
provides power for the transmitter. The 
receiver dynamotor is housed in the re- 
ceiver unit, as shown in the illustration of 
the receiver on page 79. In the upper right 
hand corner are three shielded compart- 
ments each containing six RF tuning coils 
for the six tuning bands. The fourth com- 
partment houses the HFO and its tuning 
coils. In the lower left hand corner are the 
shielded IF transformers. The gear arrange- 
ment for the band change mechanism can 
be seen in the center. Behind the gears is a 
shielded compartment containing the audio 
output transformer and the audio choke for 
the power supply filter. 


The overall circuit diagram shows the tube 
sequence from left to right in the top row and 
from right to left in the bottom row. The band 
change switch is represented by the com- 
ponents marked 130, 131, 132, 133B, 133A, 
134, 135B, 135A, 136, 137, 138, and 139. In 
the diagram, the switch is in the lowest fre- 
quency band position. The ganged tuning 
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Receiver BC-348 Top View, Removed from Cabinet 


capacitors are numbered 1-A, 1-B, 1-C, and 
1-D. The voltage regulator circuit, at the right 
end of the second row of tubes, regulates the 
high voltage supply of all the tubes. The 
second IF amplifier uses a multielement tube 
which also serves as the BFO tube. Another 
multielement tube serves as both the third 
IF amplifier and the detector-AVC tube. Thus, 
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the number of tubes is held to the minimum 
necessary for effective operation. This is in 
line with a general policy of keeping airborne 
equipment as light and as compact as is 
practicable. Note that there is no noise limiter 
or squelch circuit. Note, too, that the delayed 
AVC circuit follows the point where the BFO 
voltage is introduced. 
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Some of the symbols in the schematic diagram on page 81 are obsolete. 
However, they will still be found in some technical orders. The symbols 
that do not correspond with symbols elsewhere in this manual include 
those for tubes, fixed and variable capacitors, and permeability-tuned 
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CHAPTER 


VHF AND UHF RECEIVERS 


VHF and UHF receiver circuits can be 
represented by the same symbols used for the 
circuits of other receivers. The basic principles 
of circuit theory apply to VHF and UHF re- 
ceivers. Yet, VHF and UHF receivers are 
actually different enough from other receivers 
to warrant. separate discussion. 

This chapter deals with the characteristics 
and principles of VHF and UHF operation 
and special considerations that must be given 
to tuned circuits, electron tubes, and physical 
layout and wiring of VHF and UHF receivers. 
Typical VHF and UHF receivers are discussed 
at the end of the chapter. 


PRINCIPLES OF VHF AND UHF OPERATION 


To handle VHF and UHF successfully, a 
receiver usually has specially designed com- 
ponents and circuits, particularly in the RF 
section. The block diagram shows a communi- 
cations receiver for operation in the VHF 
range. As shown in block diagram below, 


the receiver is not unusual except that it uses 
double conversion. The input frequency is con- 
verted twice, once to a high IF and again to 
a low IF. Double conversion is accomplished 
by means of two heterodyne oscillators. In 
this receiver circuit, the high IF is 10 mc and 
the low IF is 455 ke. Double conversion is very 
common in VHF and UHF receivers, though 
superheterodynes with single conversion are 
also used. Sometimes, in UHF, triple conver- 
sion is used. With double conversion, the 
heterodyne oscillator can operate at a fre- 
quency sufficiently different from the carrier 
frequency to prevent oscillator pulling. 

The section marked ‘‘converter’ in the 
block diagram, is often a separate unit. It 
contains the components and circuits which 
are specially designed for VHF and UHF. 
As a separate unit, its output can be fed to 
a low frequency superheterodyne. In that 
case, the section of the low frequency receiver 
which usually serves as the RF section is used 
as the high IF section of the VHF or UHF 
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Total Line-of-Sight Distance 


combination. Then the IF section of the low 
frequency receiver serves as the low IF section. 


CHARACTERISTICS OF VHF AND UHF 
WAVES 


Since the effective transmission distance of 
a ground wave decreases as frequency in- 
creases, the effective transmission distance of 


VHF and UHF ground waves may sometimes - 


be measured in units as small as yards. At 
VHF and UHF, therefore, the ground wave 
has little usefulness. Since the ability of the 
ionosphere to refract skywaves enough to send 
them back to earth decreases as frequency in- 
creases, there is little or no skywave at VHF 
and UHF. This means that VHF and UHF 
communication must depend almost entirely 
on the direct wave or line-of-sight transmis- 
sion. 


In calculating VHF and UHF ranges, the 
curvature of the earth as well as the inter- 
vening terrain must be taken into account. 
The height of the transmitting and receiving 
antennas determines how far apart antennas 
may be located and still provide communica- 
tion. The VHF and UHF horizon distances 
can be calculated by a simple formula. This 
formula is completely accurate only over 
water or when the intervening ground is al- 
most level. Yet it serves as a useful guide in 
less ideal conditions. When the height of a 
transmitting antenna above ground level is 
known, the distance to the horizon can be 
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found by the formula, 
S (horizon distance) = 1.42 VH 

In this formula, S (distance) is in miles and 
H (height of antenna) is in feet. When the 
receiving antenna is also elevated, the total 
communication path is the sum of the two 
horizon distances from each antenna. The 
formula then becomes, 


S1+S2=1.42NH1+1.42\H2 

The distance between transmitter and re- 
ceiver is seldom over 30 miles for point-to- 
point communications. Because of favorable 
elevation, airborne equipment is often capable 
of useful work at several times this distance. 

Obviously, the range of VHF and UHF 
communications is limited. However, this can 
be an advantage. In military operation, the 
short range of VHF and UHF makes it 
difficult for an enemy to intercept and monitor 
communications transmissions. 

There are other advantages in the use of 
VHF and UHF. For example, very little static 
is observed at frequencies too high to be re- 
flected from the ionosphere. This is partially 
due to the very limited range of such high fre- 
quencies. It is also due to the fact that there 
is very little noise energy generated at such 
high frequencies. When circuits are properly 
shielded against machine made noise, and 
when the tubes are chosen for low internal 
noise characteristics, VHF and UHF com- 
munication can be as noise-free as a good 
telephone connection. 


TUNED CIRCUIT CONSIDERATIONS 


The circuits used at VHF and UHF are 
similar to those used at the lower communica- 
tion frequencies, but the construction features 
change progressively as the frequency be- 
comes higher. With ordinary coils and capac- 
itors in the tuned circuits, it becomes increas- 
ingly more difficult to obtain a satisfactory 
amount of selectivity. As the frequency goes 
up, the reactance of any shunt capacitance 
across the input circuit of an amplifier tube 


goes down (xe--%), This means that the 


ordinary capacitor will shunt the higher fre- 
quencies. Then the voltage on the grid of the 
tube will be small. The tuned circuit imped- 
ance will be low in proportion to resistance. 
Therefore, the tuned circuit will have low Q 
and poor selectivity. 


As the frequency increases, the capacitance 
and inductance needed to tune the circuits 


become smaller and smaller G = >). 
VLC 

A single, short wire will have enough dis- 
tributed inductance and capacitance to be 
resonant at a very high frequency. Thus, the 
distributed inductance and capacitance of the 
leads are important factors. This makes the 
size and relative location of every part in the 
receiver of great importance at the higher 
frequencies. Skin effect also increases with 
frequencies. This means that current flow is 
confined to an increasingly narrow path. This 
serves to increase the effective resistance of 
the conductor. To reduce resistance to high 
frequency currents, conductors with large sur- 
face areas are used. Solid leads of small gauge 
wire are replaced with comparatively large 
copper tubes. 


At VHF and UHF, quarter wavelength sec- 
tions of parallel conductors or concentric 
transmission lines have the size and electrical 
characteristics which make them very de- 
sirable as tuned circuits. The physical length 
of such conductors is comparable to the wave- 
length of the radio waves. For example, at 
300 mc a wavelength is about 1 meter or 39.37 
inches, and a quarter wavelength line is about 
10 inches long. Such sections may serve as high 
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Q tuned circuits. The operation of quarter- 
wave sections as tuned circuits is explained in 
AFM 52-19, Antenna Systems. 


ELECTRON TUBE CONSIDERATIONS 


At VHF and at lower communications fre- 
quencies, the transit time of electrons (the 
time it takes them to travel from cathode to 
plate in the tube) is negligible. Above 400 mc, 
however, this time is equal to a considerable 
part of a cycle. Therefore, plate current lags 
the input grid signal. Thus, the transit time 
of the electrons produces an effect like an 
inductive lag in an ordinary circuit. This sets 
a high frequency limit on a tube’s ability to 
act as an oscillator. 


Transit time can be reduced by increasing 
plate voltage to speed up the movement of 
electrons from cathode to plate. However, heat 
dissipating ability is a limiting factor, for an 
increased voltage requires greater heat dis- 
sipating ability. Transit time can also be re- 
duced by building miniature tubes with 
smaller, more closely spaced electrodes. Such 
tubes are called acorn, doorknob, button-base, 
and lighthouse tubes. 


The miniature tube provides a solution to 
another frequency limitation of the ordinary 
tube— interelectrode capacitance. As frequency 
increases, the signal shunting effect of inter- 
electrode capacitance also increases. It finally 
reaches the point where the tube cannot pro- 
vide adequate amplification. The smaller 
electrodes of the miniature tube decreases the 
interelectrode capacitance and raises this 
frequency limit. 


The design of miniature tubes helps in 
overcoming still another frequency limitation 
of the ordinary tube. The interelectrode capac- 
itance and lead inductance of a tube form part 
of the capacitance and inductance of any tuned 
circuit with which the tube might be used. 
Miniature tubes not only have minimum inter- 
electrode capacitance, but they have minimum 
lead inductance as well. The low lead induc- 
tance is due to the fact that the leads to the 
tube elements are not brought out through 
the base but straight through the glass en- 
velope. This keeps leads at the shortest prac- 
tical length. 
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The frequency limits at which some typical 
miniature tubes may operate are: 


6J4 button-base triode—500 mc 


6F4 acorn triode -1200 mc 
1A3 button-base diode--1000 mc 
9005 acorn diode—-1500 mc 


2C40 lighthouse triode 3500 mc (as an 
oscillator) 


Use of Miniature Tubes 


An oscillator circuit using a miniature tube 
is shown in the diagram above. This tube is a 
9002. The effect of transit time is negligible 
in this tube because the elements are very 
closely spaced. The interelectrode capacitances 
are small due to the fact that the elements 
are small. Short internal leads minimize lead 
inductance. This circuit, with this type of 
tube, operates very satisfactorily at 600 
megacycles. It can be used in numerous UHF 
applications, including its use as a high fre- 
quency oscillator in the UHF television band. 


The resonant circuit that determines the 
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output frequency is formed by a short length 
of hollow coaxial cable. The center conductor 
is the grid lead and the plate is connected to 
the outer conductor. The circuit is tuned to a 
definite frequency by adjusting the length of 
the grid-plate stub. The stub is a quarter 
wavelength long at its resonant frequency. 
The length of the stub, for example, is about 
4.5 inches at 640 megacycles. 

The tuned stubs in the cathode and fila- 
ment leads are similar to the grid-plate stub. 
However, their only purpose is to keep the 
cathode and filament at a high RF potential. 
Conventional wire wound chokes are not 
practical in this circuit because they are self- 
resonant at a much lower frequency and there- 
fore interfere with the proper operation of the 
oscillator. 


Positive Grid Oscillators 


The positive grid oscillator uses a con- 
ventional tube as a high frequency oscillator 
by employing an entirely different principle of 
tube operation. The positive grid oscillator 


resembles a special group of high frequency 
oscillators called transit time tubes. This group 
includes the magnetron and the klystron. 

In the transit time tube, electrons are 
caused to oscillate in the vacuum of the tube 
without reaching the plate. In this way the 
distance between plate and cathode no longer 
forms a transit time limit. Since the plate 
draws little or no current, the problems of 
plate voltage and heat dissipation can be more 
easily solved. Electrons can be made to oscil- 
late at such extremely short wavelengths that 
the resulting waves are called microwaves. 

In the positive grid oscillator the grid is 
positive in respect to cathode, as shown by 
the power supply polarity of the circuit 
diagram. The plate operates at the cathode 
potential. When the grid attracts electrons 
from the cathode, some of the electrons strike 
the grid and flow as grid current toward the 
power supply. However, most of the electrons 
pass through the grid wires and travel on 
toward the plate. The plate has no attraction 
for these electrons, though, and they turn 
again toward the grid. Most pass through 
again, going toward the cathode. The cathode 
has no attraction, and again they turn toward 
the grid. This means that electrons pulled 
from the cathode oscillate back and forth 
through the grid wires and are carried past 
the grid each time by inertia. They move a 
shorter distance on each trip past the grid 
until they hit the grid and are absorbed as 
grid current. 
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If the grid circuit were not a tuned circuit, 
there would be no special pattern to this 
electron movement. However, the grid circuit 
is tuned by interelectrode capacitance and 
lead inductance. The movement of electrons 
excites the tuned circuit, and the grid alter- 
nates more and less positive at its resonant 
frequency. This alternation causes the elec- 
trons to be formed into bunches. If the transit 
time of a complete electron cycle (determined 
by plate, grid, and cathode voltages) is of the 
proper value, the extra electrons that the grid 
pulls from the cathode on its more positive 
swing will combine with a bunch of electrons 
which have already made one trip through the 
grid wires toward the plate and back through 
the grid wires toward the cathode. This means 
that a large mass of electrons move toward 
the plate when the grid becomes more pos- 
itive and moves back toward the cathode when 
the grid becomes less positive. This move- 
ment, in phase with the frequency of the grid 
tuned circuit, maintains oscillations. The 
transit time of the electrons moving within 
the vacuum of the tube conforms to the 
resonant frequency. The output is coupled 
capacitively from the grid. 


Magnetron 


The magnetron, shown in the simplified 
illustration below, uses the transit time prin- 
ciple to achieve ultra high frequencies, sur- 
prising efficiency, and very high output. 
Illustrated are the plate circuit, the cathode 
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circuit, and the magnets which give the tube 
its name. The plate, tube-shaped, encircles the 
cathode. There is no grid. The magnetic field 
set up by the magnets may be thought of as 
acting as a grid. The cathode emits electrons 
which are attracted to the plate. The force 
resulting from the magnetic field is at right 
angles to the plate attraction. The combined 
forces cause the electrons to follow a curved 
path. If the magnetic field is strong enough or 
the plaie voltage is weak enough, this path 
may miss the plate entirely. When the elec- 
trons miss the plate, they follow a_heart- 
shaped path and return to the cathode. If 
plate voltage and magnetic field strength are 
properly adjusted, electrons can be made to 
just touch the plate without being absorbed 
by the plate. In that case, the electrons con- 
tinue on their heart-shaped path back to the 
cathode. They will, however, transfer energy 
to the plate and cause its tuned circuit to 
oscillate. 

Modern magnetrons, of course, are much 
more complicated. The plate may be so large 
that it makes up most of the outer surface of 
the tube, with only small areas of glass through 
which tube connections are made. The tube 
then resembles a resonant cavity. However, 
the plate metal may be so thick that it may 
contain actual resonant cavities hollowed out 
of the plate’s inner surface. These built-in 
resonant cavities are excited into oscillation 
in the same manner that the plate tuned 
circuit in the simplified diagram is excited. 
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Klystron 


The klystron tube, called a velocity-mod- 
ulated tube, uses an electron beam. In the 
klystron tube, the cathode and plate are sep- 
arated by a relatively great distance. Two 
grids connected to a generator are inserted 
into the stream of electrons between cathode 
and plate. The alternating voltage of the 
generator retards some electrons and acceler- 
ates others, as shown below. By this process 
the electrons are formed into bunches. The 
grids are called bunchers. 


The bunches of electrons then pass another 
set of grids called catchers. These catcher grids 
are connected to a tuned circuit, which nor- 
mally is a resonant cavity. The bunches of 
electrons excite the cavity resonator into 
oscillation if the rate of recurrence of bunches 
conforms to the resonant frequency of the 
cavity. This means that the RF generator 
connected to the bunchers and the resonant 
cavity connected to the catchers must be at 
the same frequency. 

In actual practice another resonant cavity 
replaces the RF generater shown in the circuit 
diagram. Then energy from the catcher 
resonant cavity is coupled, in proper phase, 
back to the bunchers resonant cavity. This 
coupled energy excites and maintains oscil- 
lations in the buncher resonant cavity The 
output of the oscillator is usually coupled by 
a small loop placed inside the catcher resonant 
cavity. 
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Reflex Klystron and Its Schematic Diagram 


The klystron tube is very critical to adjust, 
therefore a similar tube called a reflex klystron 
is used for oscillator applications. This tube, 
illustrated above, has only one pair of grids. 
They perform both the bunching and catch- 
ing functions. A negative voltage is applied to 
the repeller plate to cause the electrons to 
retrace their path through the grids. 


PHYSICAL LAYOUT AND WIRING 
PROBLEMS 


As you have seen, the inductance, capac- 
itance, and resistance requirements in VHF 
and UHF circuits are critical. In studying the 
broadcast receiver, you were concerned with 
the lumped constants associated with coils, 
capacitors, and resistors. In studying VHF and 
UHF receivers, you are concerned with the 
distributed inductance and capacitances of 
segments of transmission lines or of resonant 
cavities used as tuned circuits. In addition, 
you must consider all stray inductances and 
capacitances, since they may affect the fre- 
quency or the Q of the tuned circuit. Even 
shielding, so important at VHF and UHF, 
contributes to the overall capacitance and to 
the RF losses. Skin effect is also important. 
As the frequency increases, skin effect becomes 
more pronounced and conductors may have 
to be silver plated to reduce their resistance 
to the high frequency currents. A 3-inch 
length of wire that, in a broadcast receiver, 
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merely connects the grid to a coil and capac- 
itor, in a UHF receiver operating at 1000 
megacycles, may act as a tuned circuit and 
impair the operation of the set. On the other 
hand, the distributed L and C of a grid lead 
may be used to advantage as the tuned input 
circuit of a miniature tube. Since the overall 
L and C required to resonate a VHF or UHF 
circuit is small, a slight change in the circuit 
constants will render a circuit inoperative or 
detune it, lowering its sensitivity and selec- 
tivity. 

Therefore, a technician replacing a defective 
component must restore the circuit to its 
original condition. This is hard to do, so the 
circuit must usually be realigned or retuned. 
The new component should be identical with 
the original component. It should occupy the 
same position with respect to other com- 
ponents. Leads must be of the same length 
and in the same position. Yet even the great- 
est care will not guarantee a_ successful 
replacement. Even with the finest tolerance, 
no two parts are exactly alike. Furthermore, 
the process of soldering may change the L 
and /or C characteristic of a lead. 

As a consequence, the importance of correct 
soldering technique cannot be overemphasized. 
It is necessary to apply sufficient heat and 
solder to a joint to make a good clean bond. 
But too much or too little of either heat or 
solder will generally result in failure. 
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Great care must also be taken in replacing 
parts which are not soldered. In replacing a 
defective tube, for example, several identical 
new tubes may have to be tried before satis- 
factory operation is obtained. Some electrical 
adjustments may also be necessary. 


The tendency today, therefore, is to build 
the receiver as a combination of replaceable 
units. Each unit plugs in or requires a min- 
imum of soldered connections to complete the 
receiver. If the defective unit requires more 
than a change of tubes, it is replaced with a 
new unit. The defective unit is then repaired 
and tested by specialists at depots or factories. 


VHF RECEIVER ANALYSIS 


The typical VHF receiver is a superheter- 
odyne using a double conversion system. 
However, the VHF receiver analyzed here 
uses only single conversion. Its range is from 
100 to 156 mc. In the circuit diagram shown at 
the left, all circuit components of identical 
value have the same reference number. A dash 
followed by a second number is added to dis- 
tinguish components having the same value 
but different usages. The separate capacitors 
of a gang have the same reference number. 
This number, in each case, is followed by a 
different letter in order to distinguish one 
capacitor from the others in the gang. 


RF Stage 


The antenna shown at the left of the dia- 
gram is a half-wave antenna coupled by a 
coaxial cable to the tuned grid circuit. The 
cable has a characteristic impedance of 70 
ohms. It connects to 70-ohm impedance points 
on both the antenna and tuned grid circuit. 
The tuned grid circuit acts as a series resonant 
circuit to the induced RF signal. 


The grid coil (20) consists of two turns with 
about 3% of an inch spacing. The diameter of 
the coil is 5% of an inch. The coil is tuned by 
a split-stator capacitor whose rotor is un- 
grounded. The tuning mechanism has a large 
step-down gear ratio to permit very fine 
tuning. Trimmer capacitor (5a) is adjusted 
only when aligning the receiver. The RF coils 
are also adjusted only when aligning. Then 
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they are adjusted by spreading or compressing 
the individual coil turns. The signal is capacity- 
coupled by 3-1, 15 mmf, to the grid circuit. 
The main purpose of 3-1, however, is to pre- 
vent the AVC voltage from grounding through 
the low resistance grid coil. Capacitor 2-1 
(680 mmf) and resistor 12 (100 K) form a 
decoupling filter which tends to prevent any 
interaction between the RF amplifier and the 
IF stages connected to the common AVC line. 
Resistor 6 (560 K) is part of the grid return 
circuit. With 12 it completes the DC path 
back to cathode through ground. Through 
these same two resistors the AVC voltage is 
applied to the grid. Since 6 is effectively in 
parallel with the tuned grid circuit it affects 
the overall input impedance to the grid and 
therefore the signal voltage amplitude, since 
it serves to broaden the response curve of the 
tuned circuit. Resistor 11 (330 ) is the 
cathode bias resistor and 2-2 the cathode by- 
pass capacitor which bypasses RF to keep 
the cathode bias constant. Capacitor 2-5 is an 
RF bypass across the heater. All the RF tube 
heaters are shunted with such bypass capac- 
itors to prevent oscillations due to feedback 
between stages. The 9003 and 6SG7 tubes 
actually have two cathode leads. Both leads 
are provided with RF bypasses to ground. 
This is especially important if the cathode 
leads are an appreciable fraction of a wave- 
length long. The leads must serve as conduc- 
tors, not resonant lines. That is why much 
more RF bypassing is necessary in VHF (and 
UHF) circuits. 


The V1 screen grid is grounded for RF by 
2-3 which makes the screen grid act as an 
effective shield between the control grid and 
the plate. It is tapped between resistor 8 
(39K) and 9 (120 K) which act as a voltage 
divider. Capacitor 2-4 and resistor 10 (1000 Q) 
form the plate circuit decoupling filter to keep 
RF out of the power supply. The plate parallel 
resonant tank circuit consists of 4b (the 
variable tuning capacitor) 5b (the trimmer) 
and 19 (a 2-turn coil of No. 14 wire induc- 
tively coupled to the mixer grid coil 18). 
Corresponding components in both the tuned 
plate circuit of V1 and the tuned grid circuit 
of the mixer V2 are physically identical. 


Tuning is accomplished by a single tuning 
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control which drives a gear reduction train. 
The train drives 5 tuning capacitors for a 
complete coverage of the frequency band. 

High frequency miniature pentode tubes 
are used for the RF, mixer, and doubler 
stages because of their small interelectrode 
capacitances. 


Mixer Stage 


The circuit components of the mixer stage 
are practically identical to those in the RF 
stage except that the plate tank is tuned to 
the IF of 12 mc. Bias for the tube is developed 
across the cathode bias resistor, 14 (1000 Q), 
which is bypassed by 2-6. Resistor 13 is a 
1.8-megohm grid return resistor, and 23 is a 
47-mmf silver-mica coupling capacitor. The 
second harmonic of the local oscillator is 
inductively coupled from the doubler plate 
circuit into the mixer grid circuit through a 
single turn of silvered copper wire, coil 17. 
The doubler plate circuit is tuned to twice the 
oscillator frequency by 17, 22b, and 5e. The 
coupling of coil 17 to coils 18 and 19 is not 
very critical. Thus, small changes in its 
position can be tolerated. But the coupling 
between coils 18 and 19 is very critical. It can 
be varied by changing the spacing between the 
coils. , 

The high frequency oscillator (V-7) is a 
series fed Hartley. The tank circuit is common 
to the plate and grid circuits. The tapped 
coil (21) acts as an autotransformer. The 
voltage developed below the center tap is used 
for feedback, while the voltage developed from 
the center tap to the top of the coil is the 
signal voltage applied to the doubler grid 
circuit through the 27-mmf coupling capacitor, 
70. Capacitor 2-8 and 28 (4700 ©) form the 
plate decoupling filter. Resistor 16-1 (47 K) 
and 2-7 form the grid leak bias circuit. 

The doubler stage is a conventional VHF 
frequency multiplier. Its plate circuit is tuned 
to twice the oscillator frequency. Bias is 
developed across the 560-ohm cathode resistor 
(68) and across the 27,000-ohm grid leak 
resistor (69). The doubler also acts as a buffer 
to isolate the oscillator from the mixer grid 
circuit, thereby giving better oscillator sta- 
bility. Use of the doubler permits the oscillator 
to operate at a lower frequency. This provides 
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greater efficiency and stability. Use of the 
doubler also provides added amplification of 
the oscillator output to achieve higher con- 
version gain. 

The use of multipliers to obtain the het- 
erodyning frequency is common in VHF 
receivers. With crystal controlled oscillators, 
multipliers are generally used. The inherent 
stability of the crystal makes it the most 
desirable type of oscillator. Its disadvantages 
of fragility and weak output are overcome by 
grinding the crystal for a low resonant fre- 
quency. Then its frequency and amplitude are 
built up by multipliers and amplifiers. In this 
receiver, the doubler plate circuit tracks 12 mc 
below the RF signal. Thus, while the signal 
frequency circuits tune from 100 to 156 mc, 
the doubler tunes from 88 to 144 mc and the 
high frequency oscillator at half the doubler 
frequency tunes from 44 to 72 mc. 


IF and AF Stages 


So far as the rest of the stages are con- 
cerned, you can analyze them yourself, for the 
IF and AF sections are substantially the same 
as those of the receivers you have already 
studied. In fact, the RF, HFO, and mixer 
stages are also substantially the same as those 
of receivers already studied. They differ pri- 
marily in their physical appearance. One dif- 
ference, for example, is that concentric lines 
are used to couple the antenna to the RF 
amplifier. Another is that the tubes are 
miniatures, chosen for short transit time and 
low internal noise. Coils and conductors are 
formed of heavy, metal wires, often silver 
coated. 


Other VHF receivers may use double con- 
version and crystal-controlled HF oscillators. 
Such receivers, of course, use a system of 
crystal switching for reception on fixed fre- 
quencies, because crystal controlled oscillators 
are not continuously variable. Other VHF 
receivers use segments of parallel transmission 
lines and concentric lines as resonant circuits. 


UHF EQUIPMENT 


The modern trend in UHF communications 
equipment is to use some circuits that are 
common to both the receiver and transmitter. 


It is therefore no longer possible to study the 
theory of operation of the receiver separately 
and then learn about the transmitter. To 
some extent, both must be studied in con- 
junction with each other. 


The reason that equipment is being de- 
signed in this manner hinges on the fact that 
so many channels are made available. For 
example, the AN ARC-27 has 1,750 crystal- 
controlled channels, of which any 10 channels 
can be set up on the equipment for a given 
mission. The equipment operates between 
225.0 and 399.9 mc. It was found that the 
simplest way to automatically tune both 
transmitter and receiver circuits to the same 
frequency, with so many possible channels 
available, was to make some of the circuits 
part of both the transmitter and receiver. 


Radio set AN ARC-34 is used as an ex- 
ample, in the following pages, of an equipment 
in which some of the circuits are common to 
both the receiver and transmitter. This set 
is illustrated on page 102. 


A simplified block diagram of the ARC-34 
is shown below. The heart of this set is 
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the master oscillator, shown at the left. The 
RF signal generated by the master oscillator 
goes to two separate parts of the equipment. 
One part of the output is fed to the frequency 
selector subassembly, as shown. This sub- 
assembly consists of a number of crystal 
oscillators, mixers, and a phase discriminator. 
The output of this subassembly is a DC 
voltage whose value depends upon how much 
the master oscillator is off from its exact 
frequency. This DC voltage is applied to the 
reactance tube and to the control monitor. 
When the set is tuning, this voltage causes 
the control monitor to turn the tuning capaci- 
tor in the master oscillator to the position 
that will produce the approximate output 
frequency desired. The DC voltage applied 
to the reactance tube causes it to control the 
master oscillator to the exact frequency 
desired. 

The output of the master oscillator is also 
applied to two doubler circuits. The output 
of these doubler circuits is also applied to two 
different places. First, it is applied to tripler 
and power amplifiers. The modulator applies 
audio voltage to the power amplifiers, modu- 
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lating the RF carrier before it is applied to 
the antenna through the antenna relay. Sec- 
ond, the output of the doublers is applied 
to a part of the main receiver. Here, the 
doubler frequency is tripled and used as the 
high frequency oscillator signal to be applied 
to the first mixer. 


The guard receiver is a small unit that fits 
into the same chassis as the main receiver 
and transmitter. The purpose of the guard 
receiver,is to furnish an additional channel 
that can be monitored regardless of the fre- 
quency to which the main receiver is tuned. 
It has its own high frequency oscillator circuits 
that supply an RF signal to its first mixer. 


A second conversion is made in both the 
main receiver and the guard receiver. The 
RF signal generated for this second conversion 
comes from the 13.025-mce crystal oscillator. 


Two separate IF strips amplify the outputs 
of the main and guard receivers before the 
detected audio signals from each is applied 
to a common audio amplifier circuit. Since 
both IF signals are fed to the same AF am- 
plifier, the pilot can listen to both channels 
at the same time. 


UHF Converter 


The converter section of the ARC-34 main 
receiver is shown in the illustration on page 97. 
This section consists of the first and second 
RF amplifiers, frequency multiplier (tripler), 
mixer, and first IF amplifier. 


The RF signal is introduced into the first 
RF amplifier input cavity at J667, at the 
extreme left of the diagram. This amplifier is 
a grounded-grid amplifier, with the signal 
being applied to the tube through the cathode. 
The grid is connected to the AGC (automatic 
gain control) line, but is at RF ground po- 
tential due to the low impedance of grid 
capacitor C654. 

The operation of the input cavity is similar 
to the operation of the resonant cavity dis- 
cussed under Additional UHF Developments, 
on page 102. Inductive loop L651 induces a 
magnetic field in the cavity and since the 
dimensions of the cavity are correct for this 
frequency band, the cavity resonates, giving 
all the characteristics of an ordinary parallel- 
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tuned circuit. The cavity is tuned to a particu- 
lar frequency in the band of 225 to 399.9mc 
by tuning capacitors C651A and C651B. 
These two capacitors effectively change the 
dimensions of the cavity to resonate at a 
particular frequency. C652 is a 5-8 mmf trim- 
mer capacitor for aligning this amplifier with 
the second RF amplifier and the mixer. 
L652 is a small adjustable vane that makes 
it possible to vary the inductance of the cavity 
by a small amount when aligning. 

The magnetic field in the cavity induces a 
voltage into cathode loop L653 and this causes 
the input signal to be applied to the cathode 
of the tube. C653 and R652 are conventional 
cathode bias components. 

The output of the tube is applied to the 
common plate-grid cavity Z651B through 
C655, a 47-mmf capacitor. This signal sets 
up an electric field in this cavity. Tuning is 
accomplished in this cavity in the same manner 
that it was accomplished in the input cavity. 
The cathode loop L655 has the signal induced 
into it and thus the signal is applied to the 
cathode of the second RF amplifier. This is 
also a grounded grid amplifier stage, with the 
DC grid path connected to the AGC line. 
The output of this second RF amplifier is 
similar to that of the first. 

The signal input to the mixer is applied by 
means of inductive loop L657 and C666 to 
the grid. The bottom end of grid resistor 
R664 is connected to receiver test jack so 
that the mixer grid current can be measured 
for alignment and troubleshooting purposes. 


The HFO signal for the mixer originates at 
the master oscillator in the transmitter, as 
explained earlier. From there it is applied 
to two doublers before it is applied to the 
frequency multiplier (tripler) shown here. 
The range of this signal is from 70 to 128 mc, 
over the 225-399.9-mc range of the equipment. 
The plate circuit of the tripler and the cathode 
injection circuit of the mixer are the same. 
This cavity is tunable the same as the RF 
cavities. 

Since the incoming signal is applied to the 
mixer grid and the HFO signal is applied to the 
cathode, there is a mixing action taking place 
in the mixer tube. The plate of the mixer 
tube is connected to ground through a parallel 
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resonant circuit tuned to 15.825 mc. This is 
the first intermediate frequency of the re- 
ceiving equipment. From this stage on, the 
receiver is similar to the VHF receiver dis- 
cussed earlier in the chapter. 


MINIATURIZATION 


In the past few years there has been a 
move toward making airborne electronic 
equipment smaller, lighter, and more com- 
pact. This has become necessary with the ad- 
vent of jet aircraft. Our modern jets carry 
more electronic equipment than the older 
fighters and therefore this equipment must be 
squeezed together so that it will not occupy 
too much space. In addition, the weight of 
the equipment had to be minimized so as 
not to cut down appreciably on the aircraft’s 
speed. 

As a result of this miniaturization program, 
various parts and components have been 
designed so that they are much smaller than 
similar parts were a few years ago. Some of 
these smaller parts are illustrated and dis- 
cussed in the following pages. 


Subminiature Tubes 

Most of the modern UHF command sets 
contain a number of subminiature tubes simi- 
lar to the one illustrated below. This is a 


Subminiature Tube Compared with Standard Tube 
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5718 triode. Compare its size with that of 
the standard size 5Y3-GT and the standard 
size miniature 5651. The 5718 has long flexible 
leads that can be soldered directly to the 
proper points in the circuit. However, these 
leads can also be cut off leaving short pins, 
so that the tube can be plugged into a sub- 
miniature tube socket. The leads are left 
long and are soldered in place when the tube 
is used in a small unit that can be replaced 
when the tube filament burns out or when the 
tube becomes bad in some. other respect. 


Tantalum Capacitor 


The small capacitor shown below is the 
relatively new tantalum filter capacitor. The 
one illustrated is rated at 25 mfd and 80 
volts, DC working voltage. The ordinary 
electrolytic capacitor shown with it for size 
comparison is a dual 25 mfd, rated at 50 
volts DC working voltage. You can see that 
the tantalum capacitor is less than one-fifth 
the size of the ordinary filter capacitor. 

As the name implies, the electrode for this 
new type capacitor is made of the metal, 
tantalum, rather than aluminum as in the 
older type. The operating temperature range 
of the tantalum capacitor is from minus 
55° C to 85° C. At minus 55° C, the aluminum 
electrolytic capacitor has lost almost all of 


Tantalum Capacitor 


its capacitance while the tantalum capacitor 
still has about 80° of its rated capacitance. 


Another advantage of the tantalum capaci- 
tor, in addition to its small size and wide 
useful temperature range, is its long life when 
not in use. Ordinary aluminum electrolytics 
lose their capacitance when they are stored 
for a long period of time and must then be 
rejuvenated by applying the rated working 
voltage to them until their leakage current 
drops to normal. This is not necessary with 
the tantalum capacitor. 


Miniature Potentiometers 


A new type miniature potentiometer is 
shown in the illustration at the right. Physi- 
cally, this potentiometer is about one-half 
the size of the conventional potentiometer. 
In addition to this advantage, the method 
of applying the resistive material to the 
insulated disc is superior to the method used 
in conventional potentiometers. The view at 
the right shows the parts of the component. 
Notice the triangular-shaped piece of carbon. 
This fits into the triangular-shaped indenta- 
tion in the bakelite frame and the straight- 
wire spring insures sufficient pressure be- 
tween this triangular contact and the circu- 
lar resistive element. 


Drive Motors 


Most automatically-tuned communications 
equipment uses some type of motor to drive 
the tuning elements around to a point of 
resonance. The drive motor and gear assem- 
bly at the right shows how small these units 
are in modern equipment. The armature of this 
28-volt DC motor is not much more than an 
inch long. Yet, this is a conventional DC 
motor that is electrically similar to a much 
larger unit. 


Relays 


The relay shown at the right is a hermeti- 
cally-sealed single-pole double-throw relay 
used in the AN ARC-34 command set. This 
relay is less than one-half the size of similar 
relays used in the older equipment such as the 
AN /ARC-3. 
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Etched Circuits 


A relatively new technique in the electronics 
field is the etched circuit. One of these is 
shown in the illustration below. Both sides 
of the unit are shown and you can compare 
the size of the whole unit with the markings 
on the ruler. This particular circuit is an 
oscillator, using the subminiature tube dis- 
cussed earlier. Notice the long tube leads and 
the absence of a tube socket. The crystal, 
which is a plug-in unit, is the only part of the 
circuit not included on the insulated mount- 
ing. The frequency of this oscillator is 13.025 
mc. 

An etched circuit is similar in some respects 
to the printed circuit. In the printed circuit, 
various conductive, resistive, and insulating 
paints are applied to an insulated sheet. 


Etched Circuit 


These may take the place of wires, resistors, 
coils, capacitors, and insulators. In the 
etched circuit, an acid is used to etch or eat 
away the parts not wanted, leaving the con- 
ductors shown in the illustration imbedded 
in the insulated sheet. These conductors 
form the current paths between the small 
parts mounted on the other side of the board. 


PLUG-IN UNITS 


Another new technique that has been 
adopted in airborne equipment is the plug- 
in unit. The main advantage of these units 
is that they greatly simplify troubleshooting 
and maintenance. 


IF Stage 


Look at the illustration below. This is a 
complete IF stage in an airborne command 
set, with the shield can removed. If trouble 
is suspected in this unit, it can be easily and 
quickly replaced with a new one. If the 
new unit eliminates the trouble, the old 
one can be discarded. 

This plug-in IF unit also fits into the minia- 
turization program. Compare the size of the 
unit with the conventional miniature tube 
that became popular at the end of World War 
II. The miniature IF unit includes the ampli- 
fier tube, IF coils, resistors, and capacitors. 
The schematic diagram of the unit is shown 
at the top of the next page. 


Plug-in IF Unit 


GROUND 


AFM 100-5 14 DECEMBER 1956 


C306 


Diagram of Miniature IF Unit 


Oscillator Panel and Its Subassembly 


The etched-circuit oscillator discussed pre- 
viously plugs into the ARC-34 receiver sub- 
assembly as shown below. If trouble is 
suspected in this plug-in oscillator, it can be 
removed and a new plug-in unit can be 
inserted. This saves time in both trouble- 
shooting and maintenance of this oscillator 
circuit. 


Receiver Subassembly and the Chassis 


The whole subassembly which the oscilla- 
tor plugs into also is a plug-in unit. It plugs 
into the chassis as shown in the illustration 
on page 102. Here again, troubleshooting is 
greatly simplified. If the repairman suspects 
trouble in this receiver subassembly, he can 
remove it and insert a new subassembly. 
If this was the trouble, he leaves the new unit 


Plug-in Oscillator and Its Subassembly 
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Receiver Subassembly and the Chassis 


in place and sends the defective subassembly 
back to the depot for maintenance. 


ADDITIONAL UHF DEVELOPMENTS 
Tuned Cavities and Pencil Tubes 


Conventional tuned circuits, made up of a 
coil and a variable capacitor, are not possible 
in the frequency range covered by UHF equip- 
ment. Instead, receiver RF amplifiers, oscil- 
lators, and mixers are designed around 
resonant cavities. 

In order for you to understand what a 
resonant cavity is and how it operates as a 
tuned circuit, look at the diagram on page 103. 
In A, a U-shaped piece of wire is compared to 
a conventional tuned circuit. The wire itself 
can be compared to a half of one turn in a 
conventional coil. Even this half turn has 
some inductance. Capacitance exists between 
the two open ends of the U-shaped wire, 
making up the required capacitance for a 
tuned circuit. You now have both inductance 
and capacitance, which is all that is required 
for a resonant circuit. In a circuit of the type, 
the physical dimensions of the U-shaped 
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piece of wire determines its resonant fre- 
quency. The resonant frequency is the fre- 
quency at which the length of the U is a 
quarter of one wavelength. As a tuned cir- 
cuit, the closed end of the U has practically 
no impedance and the open end has almost 
infinite impedance. 


Since the open end of a U-shaped piece of 
wire has infinite impedance, a number of 
similar U’s can be fastened together as shown 
in B to form a complete cylinder. The reso- 
nant frequency of the cylinder is still the 
same as the resonant frequency of the single 
U. This cylinder is called a resonant cavity. 
When used as an oscillator, the oscillations 
take place within this cavity and therefore 
there is a minimum loss of energy. To start 
the cavity oscillating, an inductive loop can 
be inserted in the cavity at the proper point, 
shown in C. It sets up a magnetic field within 
the cavity. Another inductive loop can be 
placed in the cavity to take some of the energy 
out to be applied to another circuit. 


In a UHF receiver, resonant cavities are 
used for the RF amplifier, oscillator, and 


mixer. The output frequency of the mixer, 
being a much lower frequency, is applied 
to a conventional IF circuit. 


Special tubes have been designed to func- 
tion with the resonant cavity. One tube of 
this type is the pencil triode. 


The tube is inserted in the center of the 
cavity so that the grid flange makes electrical 
connection with one side of the cavity and the 
plate flange makes electrical connection with 
the other side of the cavity. This is shown in 
D in the illustration at the right. 


Mechanical Filter 


Some modern command sets use a mechani- 
cal filter between two IF stages to limit the 
frequencies passed from one stage to the next 
to a certain band. A filter of this type is 
illustrated below. 


This filter operates on the principle of 
magnetrostriction. Briefly, this principle is 
explained as follows. When nickel is subjected 
to a mangetic field, it contracts. When the 
field is removed, the metal returns to its 
normal size. 


The inner portion of the filter, consisting of 
couplers and resonators fastened together, is 
shown in the illustration. This unit fits inside 
of the hollow tube. At each end of the tube 
there is a coil of wire. When the intermediate 
frequency is applied to the coil at one end, 
the resonators between the couplers contract 
and expand at the intermediate frequency. 
This motion is transferred to the other end 
of the unit. The last coupler is caused to 
move back and forth in the metal tube chang- 
ing a flux through the coil at the other end, 
inducing a voltage in that coil at the inter- 
mediate frequency. 


The physical dimensions of the coupler and 
resonators that make up the inner element 
determine the resonant frequency of the 
mechanical filter. Small magnets are fastened 
to both ends, near the coils, to dampen the 
movement of the inner element so that the 
output frequency is not doubled. 

The mechanical filter has a nearly perfect 


shape factor. That is, the bandpass charac- 
teristic allows almost equal passing of a de- 
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sired band of frequencies and almost com- 
plete attenuation of the undesired frequencies. 


Test Points 


Since UHF components are so small and 
the subassemblies are so compact, it would be 
very difficult to take voltage readings in 
some parts of a subassembly. To simplify 
troubleshooting, test points are built into the 
subassemblies. Such a test point is shown in 
the subassembly on page 101. The test equip- 
ment that was designed for use with this 
equipment has an 8-pin plug that fits into 
this receptacle. The plug is wired directly 
to a special test meter and a multiple switch 
selects the circuit to be tested. 

In the test point shown, there are nine 
connections, as follows: A connects to the 
120-volt line in the guard receiver. B connects 
to the 120-volt source from the power supply. 
C connects to the 120-volt line in the main 
receiver. D connects to the series-parallel 
filament circuit. E connects to a resistor in 
the oscillator grid circuit so that you can see 
if the oscillator is working. F, H, and J are 
blank in this particular test receptacle, and 
K is connected to a common ground. 


BUTLER OSCILLATOR 


The Butler oscillator, used in the ARC-27 
receiver, deserves a separate study. The os- 
cillator is formed by combining a grounded- 
grid amplifier circuit with a cathode follower 
circuit and a crystal. Looking at the circuit 
diagram, assume that both tubes are con- 
ducting. Assume, also, that a random posi- 
tive pulse appears on the cathode of V1. 
Since the grid of V1 is grounded, the cathode 
becomes more positive in respect to the grid, 
and plate current decreases. This means that 
the plate voltage of V1 increases. The plate 
of V1 is coupled to the grid of V2. Thus, 
an increase in the plate voltage of V1 means 
an increase in the grid voltage of V2. Plate 
current in V2, therefore, increases. As a 
result, the voltage drop across the cathode 
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resistor of V2 increases and the voltage at 
point X becomes more positive. However, 
point X is coupled to the cathode of V1 
through the crystal. This provides a feed- 
back path. Now note that C and L form a 
tank in the grid circuit of V2. The pulse of 
positive voltage triggers oscillations in the 
tank circuit. Therefore, the grid voltage of 
V2 varies with the oscillations of the tank, 
and current through V2 rises and falls at 
the tank frequency. 

At the same time, the voltage at X rises 
and falls with the tank frequency. Therefore, 
the crystal, series resonant at the same fre- 
quency, couples the signal pulses to the ca- 
thode of V1 which are in phase with the 
tank oscillations. Thus V1 continues to 
supply feedback to the tank circuit in order 
to keep it in oscillation. 

The Butler oscillator, as used in this re- 
ceiver, uses 18 different crystals and 18 
different tank coils to cover (with the help of 
multipliers) a range from 180 to 350 mc in 
10-mc increments. 


Basic Butler Oscillator 


CHAPTER 


FREQUENCY MODULATION 


Frequency modulation (FM) is achieved 
by varving the frequency of a carrier wave by 
the use of an audio signal. The frequency 
variations constitute the intelligence carried 
by the transmitted wave. 

This chapter is devoted to the theory of 
FM and the analysis of a typical FM re- 
ceiver used in the Air Force. 


FM IN COMMUNICATIONS WORK 


FM is one of several types of special radio 
transmission which are used as radio links 
in communications systems when wire links 
are impracticable. An FM link, as part of the 
overall communications system, handles the 
regular traffic of the system, whether that 
traffic be telephone, telegraph, or teletype- 
writer communication. 

FM transmission is especially valuable as a 
radio link because its naturally wide audio 
bandpass permits multichannel operation over 
a single RF channel. The wide audio bandpass 
can be divided at various frequency levels to 
provide a number of separate communication 
channels. For example, a bandpass of 12,000 
cycles can be divided into four separate chan- 
nels, each approximately 3,000 cycles wide. 
A channel of 3,000 cycles is very satisfactory 
for voice communication. Thus, each of the 
four channels, one below 3,000 cycles, one 
between 3,000 and 6,000 cycles, one between 
6,000 and 9,000 cycles, and one between 
9,000 and 12,000 cycles, might carry a separate 
voice message. All messages would be im- 
pressed simultaneously on a single carrier 
as a complex pattern of audio modulation. 
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The division of audio frequencies into sepa- 
rate channels usually is not accomplished in 
either the FM transmitter or receiver. Rather, 
it is accomplished somewhere in the communi- 
cations network before the messages are de- 
livered to the transmitter for modulation. 
As modulation, the frequencies of only one 
channel, the lowest frequency channel, are 
at normal voice frequencies. Only the lowest 
channel, if heard alone, would be intelligible. 
If all four channels were heard together, they 
would be completely unintelligible. The sepa- 
ration of the channels into separate intelligible 
messages takes place somewhere in the com- 
munications network after the receiver has 
passed along its audio output to the rest of 
the system. 

The modulation for each audio channel be- 
gins at. a separate microphone and is composed 
of the normal voice frequencies. The modula- 
tion for each audio channel is then passed 
through a filter which cuts off all frequen- 
cies above 3,000 cps. The modulation for 
the lowest audio channel is then delivered 
without further change to the transmitter. 
The modulation for each of the other audio 
channels is stepped up to a higher level by 
the use of a beat oscillator and several band- 
pass filters. For example, the modulation 
for a 3,000- to 6,000-cycle audio channel can 
be heterodyned against a 3,000-cycle beat 
oscillator. The result would be the sum of the 
modulation (below 3,000 cycles) and the 
beat oscillator. This would constitute a band 
between 3,000 and 6,000 cycles. To insure 
delivery of only the sum frequencies to the 
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Communications System Using an FM Radio Link 


transmitter, a filter is used. This band passes 
through the FM transmitter and receiver. 
Then, before it reaches the terminal headsets 
or speaker, it is restored to the original audio 
frequencies (below 3,000 cycles) by use of 
another beat oscillator and at least two more 
filters. 


While passing through the FM transmitter 
and receiver, each audio channel is separated 
from the other audio channels only by a 
difference in frequency. A speaker reproduc- 
ing the audio output of a multichannel FM 
receiver would reproduce all channels simul- 
taneously, and the result would be unintellig- 
ible. Therefore, an FM receiver designed for 
communications work has a filter in its own 
speaker circuit which passes only the fre- 
quencies of the lowest audio channel. Thus, 
one channel can always be heard at the re- 
ceiver site. This channel is usually reserved 
for monitoring transmissions and for com- 
munications between the receiver site and 
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other positions in the system. 

While an audio channel 3,000 cycles wide 
is adequate for voice communication, it is 
more than adequate for telegraph communica- 
tion. A 3,000-cycle band can handle as many 
as four simultaneous telegraph messages. To 
provide four telegraph channels for each voice 
channel, another arrangement of beat oscil- 
lators and filters is used. Thus, a multi- 
channel communications system with four 
voice channels might be divided into as 
many as sixteen telegraph channels and all 
could be transmitted as modulation on one 
FM carrier wave. 

Notice the block diagram of a multi- 
channel communications system using an FM 
radio link above. There is a single trans- 
mitter and receiver at each end of the radio 
link. However, since relay stations are used, 
there are two transmitters and two receivers 
at each relay station. The variety of frequen- 
cies used in the system (F1, F2, F3, etc.) is 


due to the necessity for preventing interfer- 
ence between transmitters and receivers at 
the terminals, and, especially, at the relay 
stations. The block diagram shows, at ter- 
minal A, how telegraph and telephone circuits 
are connected into the transmitter receiver 
radio link. 


PRINCIPLES OF FM OPERATION 


Now study the block diagram below 
of a typical FM communications receiver 
designed to serve as a radio link in a communi- 
cations system. This receiver is a super- 
heterodyne, employing double conversion. 
Though it is capable of covering a frequency 
range 70-100 mc, it provides only single 
channel operation. Changing from one operat- 
ing frequency to another is essentially a bench 
job. The crystal of the heterodyne oscillator 
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must be replaced, and the RF, mixer, and 
high IF stages must be aligned to a new signal 
and high intermediate frequency. 

Receivers for FM, whether commercial 
receivers or communications receivers, are 
invariably superheterodynes. Single or mul- 
tiple conversion systems can be used. Notice 
the oscillator-mixer arrangement indicated 
on the block diagram. It is a crystal con- 
trolled heterodyne oscillator that provides 
single channel operation, and serves as oscil- 
lator for both the high IF and the low IF. 
It is used only in communications receivers. 
A typical commercial FM receiver uses an 
oscillator with tuning controls continuously 
variable over its tuning range and ganged 
with the tuning controls of the RF and mixer 
stages. 

One oscillator can provide the beat fre- 
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quency to produce both the 1st IF and the 
2d IF by operating at a frequency slightly 
higher than half the RF signal to be received. 
In the receiver shown, the oscillator frequency 
is 2.5 mc higher than half that of the desired 
RF signal. Thus, if the desired RF signal fre- 
quency were 80 mc, then the oscillator would 
supply a 42.5 mc signal to the first mixer. 
This would produce a difference frequency 
of 37.5 to serve as the high IF. The same 
oscillator frequency when applied to the 
second mixer would produce a_ difference 
frequency of 42.5 mc minus 37.5 mc, or 5 me. 
No matter what the desired radio frequency 
might be, if the heterodyne oscillator is 
tuned to a frequency 2.5 mc higher than half 
the RF signal, the 2d IF is always 5 mc. 
Thus, the tuning of the 2d IF does not have 
to be changed when a new operating fre- 
quency is selected. 

In the block diagram the two limiter stages 
and the discriminator stage together replace 
the detector stage of the AM superheterodyne 
receiver. An arrangement of one or two limiters 
and a discriminator is common in both com- 
mercial and communications FM receivers. 
The discriminator, explained in detail later 
in this chapter, is the detector. When a 
discriminator is sensitive to amplitude as 
well as frequency modulation it must be 
preceded by one or two limiters to eliminate 
amplitude variations. 

The audio section shown in the block dia- 
gram is characteristic of communications 
receivers. It has a squelch circuit (squelch 
rectifier, squelch control, and carrier-oper- 
ated relay) and filter circuits (loudspeaker 
filter and low pass filter). The audio section 
of a commercial FM receiver usually has two 
audio stages, a voltage amplifier and a power 
amplifier driving a high fidelity speaker. 


FM Frequency Coverage 


In the block diagram note that the fre- 
quency band is 70-100 mc. This is the VHF 
range. This band is one of two bands used 
for military operation. The other military 
band is 230-250 mc in the UHF range. The 
commercial band covers 88-108 mc. Because 
FM operates at such high frequencies, only 
line-of-sight transmission is possible. There- 
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fore, relay stations have to be used when 
FM serves as a radio link. The ‘high fre- 
quencies also account for the common use of 
multiple conversion in the superheterodyne 
FM receivers. 

Such high frequencies are the result of a 
need to accommodate very wide channels in 
the FM operating band. For commercial 
operation a channel is 200 ke wide. This 
means that the commercial band, 88-108 mc, 
with its coverage of 20 mc, can accommodate 
100 channels. For military operation, a chan- 
nel is 100 kc wide. This means that the low 
military band, 70-100 mc, covering 30 mc, 
can accommodate 300 channels, while the 
high military band, 230-250, covering 20 
mc can accommodate 200 channels. 


Sidebands 


Any modulated radio signal, whether AM 
of FM, contains many radio frequencies. These 
frequencies consist of the carrier plus the 
sidebands. Normally sidebands occur in pairs. 

In amplitude modulation, when a carrier is 
modulated by a pure tone, a single pair of 
sidebands is formed. One sideband, called the 
upper sideband, has a frequency equal to the 
sum of the carrier and the modulation fre- 
quencies. The other, called the lower sidebard, 
has a frequency equal to the difference between 
the carrier and the modulation frequencies. 
Thus, an audio tone of 3,000 cps amplitude 
modulating a carrier of 100 mc produces an 
upper sideband of 100.003 mc and a lower 
sideband of 99.997 mc. 

In frequency modulation, when a carrier is 
modulated by a pure tone a number of side- 
band pairs may be formed. The number of 
sidebands which result from frequency mod- 
ulation depends upon both the amplitude and 
the frequency of the modulation. The number 
of sideband pairs increases as the amplitude of 
modulation is increased. The number also 
increases as the frequency of modulation 
decreases. 

At first glance, the amplitudes of successive 
sideband pairs contained in a_ frequency 
modulated transmission seem to vary at 
random. Actually, their amplitudes are ex- 
plained by higher mathematics involving 
Bessel functions. While the amplitude of many 


sidebands close to the carrier may be less than 
that of side bands farther from the carrier, at 
a point sufficiently distant from the carrier 
the amplitude of sidebands diminishes and 
effectively disappears. The edge of the band- 
width is marked by the last sideband pair 
the amplitude of which exceeds one percent 
of the amplitude of the unmodulated carrier. 


Frequency Deviation 


In AM operation, the frequency of a trans- 
mitter is maintained at maximum stability 
to keep it within the limits of its assigned 
channel. If an AM transmitter is stable, it can 
operate with complete satisfaction within a 
narrow channel. In FM operation, the stabili- 
ty of the transmitter presents an entirely 
different problem. Since the FM carrier 
wave is modulated by varying its frequency, 
its frequency must vary in response to audio 
voltages. When the modulation frequency 
goes positive, the transmitter frequency in- 
creases. When the modulation voltage goes 
negative, the transmitter frequency decreases. 
The rate of change back and forth, above and 
below the unmodulated frequency is deter- 
mined by the audio modulation frequency. 
The amount of change (the difference between 
the unmodulated frequency and the highest 
or lowest frequency) is determined by the 
audio modulation amplitude. The amount of 
change is called the deviation. The unmodu- 
lated frequency is called the resting frequency. 
Thus, deviation is determined by the ampli- 
ude of the audio modulation. 


Modulation Index 


Modulation in FM is usually expressed in 
terms of the modulation index. The modulation 
index is the ratio of the frequency deviation 
to the modulation frequency. Thus, if the 
deviation is 10 kc when modulated by a 5-kce 
signal, the modulation index is 10/5 or 2. To 
see how the modulation index is related to the 
number of effective sidebands, look at the 
chart at the right. 

Note that the number of effective sideband 
pairs increases as the modulation index in- 
creases. Since the modulation index is the 
ratio of deviation to modulation frequency, 
it can be increased either by increasing the 
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deviation or by decreasing the modulation 
frequency. If the deviation is increased, the 
bandwidth increases as shown at A in the 
illustration on page 111, and the number of 
effective sideband pairs increases as shown in 
the chart. If the modulation frequency is 
decreased, the bandwidth decreases as shown 
at B in the illustration on page 111, while the 
number of effective sideband pairs increases 
as shown in the chart. Since the governing 
body limits the amount of deviation and sets 
a maximum modulation frequency, there is 
always a corresponding maximum value of the 
modulation index for the maximum modula- 
tion frequency. This is called the deviation 
ratio. For example, in civilian operation, the 
maximum deviation of 75 ke divided by the 
maximum modulation frequency of 15 kc 
results in a corresponding modulation index 
(deviation ratio) of 5. However, a lower 
amplitude of a 15-kc modulation signal will 
produce a deviation less than 75 ke and a 
correspondingly smaller modulation index 
while a 75-ke deviation produced by a modula- 
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tion whose frequency is less than 15 kc results 
in a correspondingly larger modulation index. 


Successful reproduction of a number of side- 
bands requires that the receiver pass a wide 
channel of radio frequencies, and, after detec- 
tion, a wide band of audio frequencies. FM 
receivers usually are designed to handle audio 
frequencies up to 15 kc. Thus, the tuned 
circuits of FM receivers usually have low Q 
and low selectivity. They are specially designed 
for level response over a wide range of fre- 
quencies. 


Except for their low selectivity, the RF and 
IF circuits in an FM receiver are very much 
like those you studied in VHF and UHF 
receivers. FM antennas are usually broadly 
tuned directive arrays arranged for line-of- 
sight transmission. The RF tubes are special 
high frequency types. Segments of resonant 
transmission line are frequently used as tuned 
circuits. Leads are kept short and are formed 
of heavy wire or hollow tubing. Concentric 
line is usually used as transmission line. Con- 
siderable shielding and RF bypassing are 
employed. 


Bandwidth 


The width of the section of the radio fre- 
quency spectrum (bandwidth) occupied by 
a frequency modulated transmission depends 
primarily upon the amount of deviation. This 
bandwidth can never be less than twice the 
deviation. The relationship between band 
width and deviation with the modulation 
frequency fixed at 15 kc is shown at A, on page 
111. Note that as the deviation is increased, 
the bandwidth also increases rapidly. For 
this reason, the maximum allowable devia- 
tion is set by the FCC (Federal Communi- 
cations Commission) for civilian sets and 
by the JCEC (Joint Communications- 
Electronics Committee) for military sets. 
The maximum deviation assigned by the 
governing body is defined as ‘‘100 percent 
modulation.”’ There is no natural limit in 
FM as there is in AM, to determine the value 
of 100 percent modulation. In AM, 190 per- 
cent modulation is reached when the ampli- 
tude of the modulation is sufficient to drive 
the carrier amplitude periodically to zero. 
Modulation beyond that point causes distor- 
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tion in the transmitted signal. In FM, how- 
ever, modulation beyond 100 percent causes 
no distortion in the transmitted signal. There- 
fore, in FM, the maximum deviation set by 
the governing body is defined as ‘100 percent 
modulation” since this deviation is produced 
by the maximum allowable amplitude of 
modulation just as 100 percent modulation 
in AM is produced by the maximum desirable 
amplitude of modulation. 


For one military set (the AN TRC-1) the 
maximum deviation has been set at 30 ke 
or a total frequency swing of 60 kc. This re- 
sults in a minimum bandwidth of 60 kc when 
maximum deviation is used. The actual band- 
width for maximum deviation is usually larger 
than this since the bandwidth also depends 
upon the frequency of modulation. 


For civilian operation, the maximum devia- 
tion has been set at 75 kc, or a total frequency 
swing of 150 kc. Therefore, the minimum band- 
width is 150 ke when maximum deviation is 
used. Again, the actual bandwidth for a 
75-ke deviation is usually more than this 
depending upon the modulation frequency. 
Of course, the maximum deviation (30 ke or 
75 ke) occurs only when the amplitude of the 
modulating voltage is maximum. Since the 
average modulation level is usually less than 
maximum, the average deviation, and thus 
the band of frequencies occupied by the trans- 
mission, is usually somewhat less than the 
maximum allowable value. 


Bandwidth also depends upon the modula- 
tion frequency. The relationship between 
bandwidth and modulation frequency with 
deviation fixed at 75 ke is shown at B on 
page 111. Note that as the modulation fre- 
quency is increased, the bandwidth also in- 
creases slightly. Thus the band of frequencies 
occupied by an FM transmission depends 
primarily upon the deviation and to a lesser 
extent upon the modulation frequency. For 
commercial operation, the assigned channel 
width is 200 kc, the maximum deviation is 
150 ke, and the maximum modulation fre- 
quency (if interference is a problem) is 
15 ke. Thus the RF and IF amplifiers in 
commercial transmitters and receivers must 
have sufficient bandwidth to pass a very wide 
band of frequencies. 
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MODULATION FREQUENCY (Kilocycles) 


BANDWIDTH VS MODULATION FREQUENCY 
(deviation=75 ke) 


Bandwidth of FM Transmissions 


The bandwidth of RF circuits in military 
sets is engineered to suit the purpose of the 
set. The AN VRC-19 vehicular communica- 
tions set has a maximum deviation of 15 
ke, and a maximum modulation frequency 
of about 3,500 cps while the bandwidth of 
the receiver’s RF circuits is approximately 
20 kc. This set uses narrow band frequency 
modulation (NBFM). This is possible since 
a wide band of audio frequencies is not neces- 
sary for adequate voice or code communica- 
tions. When NBFM is used, interchannel 
interference is reduced, more stations can be 
accommodated in a given frequency spectrum, 
and the transmitter and receiver equipment 
can be of simplified design and thus more 
easily adapted for mobile operation. On the 
other hand, the AN /TRC-1 radio relay multi- 
channel equipment has a maximum deviation 
of 30 kc, and a maximum modulation fre- 
quency of 12 kc. The minimum acceptable 
bandwidth of its RF tuned circuits is 80 kc. 
Also, the AN TRC-8 radio relay multichannel 
equipment has a maximum deviation of 100 
ke, a maximum modulating frequency of 
12 ke, and the bandwidth of its RF tuned 
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circuits is approximately 300 kc. These two 
sets can be used for multichannel operation in 
which the audio band is divided into four 
channels of approximately 3000 cps bandwidth 
each so that the same RF carrier supports 
four audio channels simultaneously. 


Fidelity 


Fidelity is a measure of the ability of the 
receiver to reproduce the modulation existing 
on the RF carrier. Actual sounds, whether 
voice, or music, are rich in harmonics. Har- 
monics give sounds a richness and depth which 
the human ear treats as natural. Thus, to 
reproduce sounds that seem natural, a radio 
receiver must reproduce the harmonics as 
well as the fundamentals. This requires that 
it be able to pass a wide band of audio fre- 
quencies. In AM _ broadcast practice, the 
maximum allowable audio frequency (where 
interference is a problem) is set at 5 kc by 
the FCC. In commercial FM broadcast prac- 
tice, the maximum allowable audio frequency 
(where interference is a problem) is set at 
15 kc. Obviously, under these conditions, FM 
systems have greater fidelity than AM sys- 
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tems. In military operations, as has been 
indicated, voice and CW communications do 
not require such high fidelity, and the audio 
bandwidth is usually about 3000 cps. 


DISCRIMINATOR CIRCUITS 


Though RF and IF sections of an FM 
receiver are very much like those of an AM 
receiver, the detector circuit (usually called 
a discriminator) is very much different. The 
discriminator must react to frequency: devia- 
tion and not to amplitude variation. If a dis- 
criminator is of a type which does react to 
amplitude variations, one or two limiter stages 
must precede it to insure that the signal sup- 
plied to the discriminator does not vary in 
amplitude. Since intelligence is carried in the 
form of frequency variation, any amplitude 
variation would be reproduced as noise. With 
limiter action, no noise which takes the form 
of amplitude modulation can be reproduced. 
Consequently, since noise gets into a receiver 
in the form of amplitude pulses, FM repro- 
duction is relatively noiseless. 


Limiters 


A two-stage limiter, like that in the receiver 
block diagram shown on page 107, is in com- 
mon use. Two stages are used where one stage 


LIMITER 
STAGE 


VOLTAGE 


— 


AF OUTPUT 


FREQ ___, 


cannot be counted on to provide a complete 
elimination of amplitude variations. 

The function of each limiter is to remove 
amplitude variations. On the positive swing of 
the grid voltage, the signal is limited by plate 
saturation. This limiting level is maintained 
at a low value by operating plates and screens 
at a relatively low potential. On the negative 
swing of the grid voltage, the signal is limited 
by tube cutoff. 

Rectification takes place in each limiter tube 
grid circuit. The signal appears in the plate 
circuit as pulses of plate current. However, the 
signal is restored to AC by the flywheel effect 
of the tuned circuit in each limiter plate 
circuit. Since the limiters faithfully pass the 
frequency deviations, no distortion results. 

For complete limiter action, each cycle of 
the input signal must be strong enough to be 
limited. This means that the RF and IF 
amplifiers must build up the signal suffi- 
ciently to make limiter action possible. 


Slope Detector 


One type of circuit which reacts to differ- 
ences in frequency is a tuned circuit. Thus, 
discriminator circuits are essentially special 
applications of tuned circuits. The slope 
detector shown below is a simple discrimina- 
tor. 


| 
| 
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es 


AF OUTPUT 


Double-Tuned Detector 


The detector, a diode, is connected across 
the output of a transformer which couples the 
signal from the limiter. The resonant circuits 
of both primary and secondary are tuned to a 
frequency other than the resting frequency of 
the signals. This means that the tuned circuits 
do not give maximum response to the resting 
frequency. They give maximum response to 
the frequency to which they are tuned. This 
frequency is close enough to the resting 
frequency to allow the resonant frequency to 
fall along the linear portion of the response as 
shown in B of the diagram. 

The response curve of the tuned circuits has 
two linear portions, one on the rising slope and 
one on the following slope. Either linear 
portion could be used, depending on whether 
the tuned circuits are resonant at a frequency 
above or below the resting frequency. In the 
circuit shown here, the tuned circuits are 
resonant below the resting frequency. Thus, as 
the signal frequency deviates below the rest- 
ing frequency, the response of the tuned cir- 
cuits increases linearily. As the signal fre- 
quency deviates above the resting frequency, 
the response decreases linearily. 

The diode rectifies the signal and the time 
constant of the RC circuit (composed of the 
diode load resistor and the capacitor across 
it) is set to follow the variations in tuned 
circuit response. Thus, the AF output varies 
in amplitude as the modulated carrier varies 


in frequency. The original from of the intel- 
ligence has been restored. 

The slope detector, though simple in design, 
is seldom used. It cannot handle large signals 
because the linear portion of the response 
curve is too short for large signal operation. 
Any signals beyond the linear portion of the 
curve are distorted. 


Double-Tuned Detector 


Another type of discriminator, shown in the 
illustration above, is called a double-tuned 
detector, or Travis discriminator. The signal is 
coupled to the push-pull tuned circuits 
through a primary which is tuned to the signal 
resting frequency. In the secondary, one tuned 
circuit (L2-C3) is tuned to a frequency above 
the signal resting frequency, while the other 
(L3-C4) is tuned to a frequency an equal 
amount below the resting frequency. Thus, 
each secondary tuned circuit responds equally 
to the resting frequency, and each diode con- 
ducts an equal amount. 

When the signal frequency deviates above 
the resting frequency, the response of L2-C3 
increases while the response of L3-C4 decreases. 
V1 then conducts more than V2. When the 
signal frequency deviates below the resting 
frequency, the response of L2-C3 decreases, 
while the response of L3-C4 increases. V2 then 
conducts more than V1. 


The load resistor of V1 is Rl, and the 
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OUTPUT 


Foster-Seeley Discriminator 


voltage drop across R1 reflects the amount 
that the tube conducts. The load resistor of 
V2 is R2, and the voltage drop across R2 
reflects the amount that V2 conducts. The 
voltage drops across R1 and R2 are of opposite 
polarity since current flows through the 
resistors in opposite directions. 

This means that the total voltage drop 
across the resistors when the tubes conduct an 
equal amount (at the resting frequency) is 
zero, because the voltage drops cancel. When 
V1 conducts more than V2 (above the resting 
frequency), the total voltage drop is positive. 
When V2 conducts more (below resting 
frequency), the total voltage drop is negative. 
The total voltage drop follows the frequency 
deviation. Thus, the total voltage drop repro- 
duces the intelligence as an AF voltage. 


Foster-Seeley Discriminator 


GENERAL DISCUSSION. Now look at the dia- 
gram of a Foster-Seeley discriminator above, 
sometimes called a phase discriminator. This 
type is in common use. The output of the 
limiter is transformer-coupled to the discrim- 
inator. The primary and secondary of the 
transformer are parts of resonant circuits, 
tuned to the IF signal resting frequency. The 
output of the limiter is also capacitively 
coupled to the discriminator. Thus, the output 
of the limiter is applied to the discriminator 


by two coupling methods. This is necessary in 
order to obtain discriminator action. 

C2 and C8 are effectively short circuits at 
the intermediate frequencies. Thus, the bottom 
of the transformer primary is effectively 
grounded. C3 also acts as a short circuit at 
these frequencies. Therefore, the signal appear- 
ing across the transformer primary also 
appears across L4. This voltage is applied to 
both diodes since one end of L4 is connected 
to the diode cathodes and the other end is 
connected to the diode plates through the 
transformer secondary. Thus, the total volt- 
age applied to the upper diode, V1, is the sum 
of the voltage across L4 and the voltage 
across the upper half of the transformer 
secondary, L2. The total voltage applied to 
the lower diode, V2, is the sum of the voltage 
across L4 and the voltage across the lower 
half of the transformer secondary, L3. 

At first glance, it would appear that the 
total voltage applied to one diode is equal to 
that applied to the other. However, the total 
voltage applied to either diode is the vector 
sum of two voltages. Note, also, that when 
the voltage across the upper half of the trans- 
former secondary, L2, causes V1’s plate to be 
positive, the voltage across the lower half of 
the transformer secondary, L3, causes V2’s 
plate to be negative. Thus, these two voltages 
effectively are 180° out-of-phase with each 


other. This means that the total voltage 
applied to V1 is not necessarily equal to the 
total voltage applied to V2. For example, if 
the voltage across L2 is in phase with the 
voltage across L4, the total voltage applied 
to V1 will be large, being the sum of two in- 
phase voltages, while the total voltage applied 
to V2 will be small, being the sum of two 
out-of-phase voltages. 

Actually, the phase relationship between 
the transformer secondary voltages and the 
voltage across L4 varies in step with the input 
frequency variations. At the IF resting 
frequency, the voltage across L2 leads the 
voltage across L4 by 90° while the voltage 
across L3 lags the voltage across L4 by 90°. 
Therefore, with rest frequency input, the total 
voltages applied to V1 and V2 are equal and 
the diodes conduct equally. Note that V1’s 
current is upward through Rl tending to 
cause the top of resistance network, R1 and 
R2, to be positive with respect to ground, 
while V2’s current is downward through R2 
tending to cause the top of the network to 
be negative with respect to ground. Thus, with 
rest frequency input, voltages across Rl and 
R2 are equal and of opposite polarity so that 
the top of R1 is at ground or zero potential. 


At frequencies above the IF resting fre- 
quency, the voltage across L2 tends to be 
more nearly in phase with the voltage across 
L4 while the voltage across L3 tends to be 
more out of phase with the voltage across L4. 
This causes the total voltage applied to V1 to 


A AT REST FREQUENCY 


B ABOVE 
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exceed that applied to V2. The voltage drop 
across R1 is then greater than the voltage 
drop across R2 and thus the top of Rl is 
positive with respect to ground. 

By a similar process of reasoning it can be 
determined that at frequencies below the IF 
resting frequency, the top of R1 is negative 
with respect to ground. 

Since the input frequency is varying above 
and below the resting frequency at the mod- 
ulation rate, the top of Rl varies above and 
below ground potential at the modulation rate. 
This audio voltage is coupled by C7 to the 
following AF stages. Capacitors C5 and C6 
act as filters to prevent any IF in the dis- 
criminator output. Their action is similar to 
the action of the filter capacitor across a 
regular diode detector load resistor. 

DETAILED DISCUSSION. To understand ex- 
actly what goes on in the circuit, it is necessary 
to know how the tuned, centertapped, second- 
ary circuit operates. Refer to the illustration 
below. First, as in any transformer, the 
primary (Ep) and secondary voltage (Es) are 
180° out of phase. The current that is induced 
in the secondary (Is) flows up and down 
through the secondary coil (L2-L3). Consider 
just the coil part of the secondary. You know 
that a coil has inductance. This inductance 
causes the voltage across the secondary coil 
to be 90° out of phase with the current 
through it. This voltage is called the reactive 
voltage and is different from the voltage 
across the tuned secondary. Also, since the 


C BELOW 


Discriminator Operation 
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IF STAGE 


Ratio Detector 


secondary is centertapped, the voltage across 
the upper half of the secondary coil is 180° 
out of phase with the voltage across the lower 
half. At A, in the diagram on page 115, the 
reactive voltage across L2 is called E2 and the 
reactive voltage across L3 is called E3. The 
primary voltage (Ep), coupled through C3 
and developed across L4, is used as a reference 
and is therefore drawn at 0°. The total voltage 
applied to V1 is the vector sum of the reactive 
voltage across L2 (E2) and Ep. The total 
voltage applied to V2 is the vector sum of the 
reactive voltage across L3 (E3) and Ep. The 
voltages applied to the two diodes are there- 
fore equal as shown. This causes both diodes 
to conduct a like amount and the resultant 
voltage across the cathode resistors is zero. 
This is the condition that exists when the 
signal is passing through the resting frequency. 

When the frequency applied to the secondary 
is above the resting frequency, at B, the whole 
secondary is no longer a resonant circuit but 
is a series inductive circuit in itself. This 
causes the current through the secondary coil 
(Is) to lag the voltage across the secondary 
circuit. (Es and Ep are still 180° out of phase.) 
This causes the reactive voltages to shift as 
shown in B, because one still leads Is by 90° 
and the other still lags Is by 90°. The resultant 
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voltage applied to V1 is now greater than the 
resultant voltage applied to V2. Therefore, V1 
conducts the most and the resultant output 
voltage is positive. 

When the applied frequency goes below the 
resting frequency (at C), the secondary be- 
comes a capacitive series circuit within itself 
and Is leads the secondary voltage. The net 
result of this is that V2 conducts the most and 
the output is negative. 

Summarizing the operation of the discrim- 
inator, deviation above the resting frequency 
reproduces the positive portions of the audio 
voltage and deviation below the resting fre- 
quency reproduces the negative portions of 
the audio voltage. The IF variations are 
filtered out by C5 and C6. 


SINE WAVE EXPLANATION. The discrimina- 
tor shown at the right is used in the AN ARN- 
14 receiver. The operation of this circuit is 
almost identical to the one on page 114, 
but the following explanation will deal with 
sine wave voltages instead of vectors to give 
you a different slant on discriminator opera- 
tion. 


Due to the construction of transformer T, 
the voltage appearing between terminals 1 
and 2 also appears across coil C which is 
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Discriminator, AN/ARN 14 Receiver 


connected between terminals 2 and 3. Re- 
gardless of the input frequency, this volt- 
age is applied in phase to both diodes. How- 
ever, the action of the entire circuit does de- 
pend upon the change in frequence of the input 
signal because the tuned secondary (9960 cps) 
causes a varying phase difference in the in- 
duced voltages applied to the two diode 
plates. 

The action of this transformer is illustrated 
on page 118. Waveform A shows the sinus- 
oidal voltage across the primary of the trans- 
former. Since the primary winding of the 
transformer is almost purely inductive, the 
current through it lags this voltage by ap- 
proximately 90°. This lag is illustrated by 
waveform B. Note that the negative current 
peak of waveform B occurs just 90° later (in 
time) than the negative voltage peak in 
waveform A. 

The current through the primary of the 
transformer creates a flux about it which is 
directly proportional to the amount of current 
through it. Therefore, waveform B can also 
represent the magnitude and direction of the 
expanding and collapsing field surrounding 
the primary winding. This field ceases to 
expand in a positive direction at 0° and 360°, 
and momentarily halts at these points be- 
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fore beginning to collapse. The field is chang- 
ing most rapidly as it passes through zero. 
Since the amount of voltage induced into the 
secondary depends upon the speed with which 
the magnetic field cuts the secondary, it is 
evident that the greatest amount of voltage 
is induced into the secondary winding at the 
instant that the magnetic field around the 
primary passes through zero. The resultant 
voltage induced into the secondary is shown 
in waveform C. 


The capacitor placed across the secondary 
of the transformer is of such a value as to 
resonate the secondary circuit to 9960 cps. 
At resonance, the induced voltage across the 
secondary appears across a resistive imped- 
ance, and the resulting current flow is in 
phase with the induced voltage. This cur- 
rent flow is represented by waveform D. 
Since the voltage across any capacitor lags 
the current through it by 90°, the voltage 
across this capacitor lags the current through 
it as shown by waveform E. Note that this 
voltage is just 90° out of phase with the 
primary voltage shown in waveform A. 
These voltages are the two signals applied 
to each diode. They are 90° out of phase and 
form an equal resultant voltage for both 
diodes. This causes equal currents to flow 
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Discriminator Currents and Voltages 


through the two cathode resistors. As the 
equal voltages appearing across these resis- 
tors are of opposite polarity they cancel, 
leaving zero audio output. 

At a frequency above resonance, the induc- 
tive reactance of the secondary winding is 
greater than the reactance of the capacitor. 
The voltage induced into the secondary thus 
meets an inductive impedance, and the sec- 
ondary current therefore lags the induced 
voltage as shown in waveform D”. The voltage 
across the capacitor lags this current by 90° as 
shown in waveform E”. Consequently, the re- 
sultants of these two signals, applied to the 
diodes (waveforms A and E”), are more nearly 
in phase and cause the output of the dis- 
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criminator to be positive. 

Waveforms D and E illustrate why the 
output of the discriminator will be negative 
if the input frequency is below resonance. 


Ratio Detector 


Now study the diagram on 116 of the 
type of discriminator called the ratio detector. 
Though somewhat similar to the Foster- 
Seeley discriminator, it does not require a 
limiter in its input. Unlike the discriminators 
already studied, it does not respond to am- 
plitude variations. The total voltages applied 
to V1 and V2 are equal at the resting fre- 
quency but become unequal with frequency 
deviation, just as in the Foster-Seeley dis- 


criminator. However, one diode has_ been 
reversed. A major portion of the current 
through both diodes flows through R1 and the 
voltage across R1 remains constant due to the 
filtering action of C7 (about 8 mfd). A long 
time constant for the RC network composed 
of R1, C7, C5, and C6, is long enough to keep 
the voltage across R1 from varying even with 
the audio amplitude modulation. Thus, the 
RC network provides limiter action. The total 
charge across capacitors C5 and C6 in series 
is the full value of the voltage drop across R1. 
However, the charge across C5 reflects the 
value of the total voltage applied to V1 while 
the charge across C6 reflects the value of the 
total voltage applied to V2. This means that 
while the total voltage across C5 and C6 al- 
ways equals the voltage drop across Rl, the 
voltage across each capacitor varies as the 
ratio of the total voltages applied to V1 and 
V2. Since the ratio of these voltages varies as 
the signal frequency varies, the voltage across 
either C5 or C6 varies with frequency varia- 
tions. Thus, voltage taken across C6 provides 
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the audio output. 


Locked-in Oscillator 


The locked-in oscillator is another type of 
discriminator that does not react to amplitude 
modulation and needs no limiter preceding it. 
Note the three tank circuits in the diagram 
below. These tank circuits—L1-C1, L2-C2, 
and L3-C3 _ are all tuned to resonance at the 
signal resting frequency. However, they are 
not sharply tuned circuits. They are tuned 
broadly enough so that each locks with the 
intermediate frequency and follows its devia- 
tions. Both the signal input tank circuit, con- 
nected to the third grid, and the oscillator 
tank circuit, connected to the first grid, use 
grid leak bias. With an increase in signal 
amplitude, both grids draw current. Thus, 
there is little change in plate current with a 
change in amplitude. However, the average 
plate current does increase with a change in 
signal frequency. This change in plate cur- 
rent appears across R2 as a change in voltage 
drop. The time constant of R2 and C4 is 


Locked-in Oscillator 
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such that the voltage across C4 varies at 
the audio rate but not at the RF rate. This 
audio voltage is coupled through C5 as the 
audio output. 


CIRCUIT ANALYSIS OF AN FM 
COMMUNICATIONS RECEIVER 


To analyze the complete circuit of an actual 
FM communications receiver, study the cir- 
cuit diagram of the R-19’‘TRC1 on page 121. 
The RF and IF circuits are conventional, ex- 
cept that the tube cathodes are operated at 
ground potential. Such operation provides 
maximum gain, but poor amplitude linearity. 
Amplitude linearity is not important in FM, 
for the intelligence is carried by frequency 
modulation, and the signal is limited in am- 
plitude before it is applied to the discriminator. 


A double conversion system using a single 
crystal-controlled HFO provides for both a 
high IF and a low IF. The oscillator is followed 
by an amplifier stage with tuned circuits to 
provide for frequency multiplication. The 
amount of multiplication depends on the 
operating frequency and on the frequency of 
the crystal used in the oscillator. 


Detection is accomplished by a Foster- 
Seeley discriminator. Since the discriminator 
is sensitive to amplitude variations, it is pre- 
ceded by two limiter stages designed to supply 
a signal of constant amplitude. The discrim- 
inator output is developed as the sum of the 
voltage drops across R127 and R128, the load 
resistors of the two diode sections of the dis- 
criminator tube. The output voltage appears 
across capacitors C140 and C141. Three series 
resistors in parallel with the two capacitors 
provide a voltage divider from which the 
output voltage is tapped and capacitively 
coupled to the grid of the Ist AF amplifier. 


Squelch Circuit 


The 1st AF amplifier is the first triode sec- 
tion of V115. The second triode section of V115 
serves as a squelch tube to silence the receiver 
when no signal is being received. In fact, the 
second triode section controls a switch which 
opens or closes the circuit of the first triode 
section. 


Note that the grid of the first AF amplifier 
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can be shorted to ground through relay RL101. 
The relay, as shown, is in the no-signal condi- 
tion and is shorting the grid of the first audio 
amplifier to ground. Note, too, that the cur- 
rent through the winding of the relay is the 
plate current of the first triode section of the 
audio and relay amplifier tube V113. The grid 
of this triode section is connected directly to 
the plate of the squelch triode section of V115. 
In turn, the grid of the squelch triode is con- 
nected through the squelch rectifier circuit to 
the grid circuit of the 1st limiter tube. 

With no signal, the grid of the first limiter 
draws no current and develops no bias. Con- 
sequently the squelch triode is not biased. This 
allows the squelch triode to conduct. Current 
flow through the plate load resistors R148 and 
R149 causes the plate voltage of the squelch 
triode to drop. This plate voltage is applied 
to the grid of the relay triode section of V113. 
In the relay triode section the grid voltage is 
now below the cathode voltage. This is due to 
the fact that the cathode has high bias because 
of its connection between R163 and R141 
which are part of a B+ bleeder circuit. The 
relay triode section does not conduct and the 
relay is de-energized. 

However, when a signal is received, the first 
limiter develops bias, which is applied to the 
squelch triode section of V115. The plate cur- 
rent of the squelch triode section is now re- 
duced. As a result, plate voltage rises enough 
to raise the grid voltage of the relay section 
of V113 above the cathode voltage. The relay 
section conducts and energizes the relay. This 
removes the ground from the grid of the 1st 
AF amplifier and allows the signal to pass 
through the audio amplifier stages. 


The amount of grid current in the first 
limiter grid depends to a large extent on the 
overall gain of the preceding stages. This 
overall gain can be controlled for proper 
squelch operation by screwdriver adjustment 
of the potentiometer in the screen circuit of 
the high frequency IF amplifier. This po- 
tentiometer control is effective only when the 
squelch switch of the control panel is ON. 


When the carrier operated relay, RL101 is 
energized, it lights a lamp on the front panel 
to indicate the presence of a carrier in the re- 
ceiver circuits. 
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Audio Circuits 


When the presence of a carrier has opened 
up the Ist AF amplifier to the audio signal, 
the output is passed along to two different 
final audio amplifiers. One is the high fidelity 
amplifier which is the second triode section of 
V113. The other is the power amplifier V114. 

Audio is applied to the grid of the high 
fidelity amplifier through a potentiometer, 
variable for audio gain control. The output 
of the high fidelity amplifier is transformer 
coupled, for impedance matching, to two out- 
lets. One is in the control cable connector, and 
the other is in the receiver output terminals 
on the front panel of the receiver. This output 
represents the complete audio bandpass. How- 
ever, a low pass filter can be connected across 
this output by placing the single channel- 
multichannel switch in the single channel 
position. This cuts off all but the lowest AF 
channel. 


The control cable connects the high fidelity 
output to the associated transmitter if the re- 
ceiver is located at a relay station. Otherwise, 
it connects the output to the communications 
terminal unit for transmission through the 
wire system. The receiver output terminals 
on the front panel permit the use of a headset 
or a separate speaker at the receiver site to 
monitor the high fidelity output. 


The speaker incorporated in the receiver is 
normally driven by the power amplifier V114. 
It cannot be used for monitoring the complete 
high fidelity output. The speaker is fed 
through a permanently connected low pass 
filter which cuts off all but the lowest AF 
channel. The audio is coupled to the speaker 
through two transformers used for impedance 
matching between the speaker input and the 
power amplifier output. The grid of the power 
amplifier is driven by audio coupled from the 
lst AF amplifier through a potentiometer 
made variable to provide volume control. A 
switch in the speaker circuit is used to discon- 
nect the speaker. However, whether the 
speaker is disconnected or not, part of the 
audio output of the power amplifier is con- 
nected to the control cable. It is fed to the 
associated relay transmitter or to the terminal 
unit. This low audio channel provided through 
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the power amplifier is normally used for point- 
to-point communication within the communi- 
cations system. 


Metering Circuits 


The meter (left of center) draws current 
from various receiver circuits to provide read- 
ings helpful in operation and adjustment. 

It is controlled by a six-position switch. 
The first two positions of the switch provide 
for measuring the grid current of the first 
limiter. The first position is used for weak 
signals. When the signal is strong enough to 
drive the meter off scale, the second position 
is used. This connects an additional resistor 
into the meter circuit. 

The third position provides for measuring 
the grid current of the second limiter and aids 
in the alignment of the second limiter. The 
fourth and fifth positions provide for measur- 
ing the off-balance current in the discriminator 
circuit. Two positions are used for this indica- 
tion so that the meter polarity may be reversed 
to give an upscale reading no matter which 
way the discriminator is unbalanced. 

Position six, using a crystal rectifier, pro- 
vides for measuring either the line voltage or 
the audio output of the high fidelity circuit. 
Potentiometer R165 in the crystal rectifier 
circuit is used to compensate for changes in 
the response of the rectifier (due to aging, etc.). 


OPERATIONAL ANALYSIS OF RECEIVER 
R-19/TRCI 


Notice the front view of receiver R-19 
TRC1 which illustrates the controls on the 
front panel. At the upper left corner are 
the receiver output terminals used in four- 
wire radio remote control to connect the high 
fidelity output to a remote control unit. Most 
of the other controls at the left of the control 
panel concern the AC power circuit. 

The AC line brings power into the receiver. 
The PUSH FOR LINE CHECK switch can 
be used when the meter switch, at lower center 
of the panel, is on position 6. The AC line 
voltage is then indicated by the meter, above 
the meter switch. The LINE ON-OFF switch 
is the main power switch. The lamp beside 
the line switch lights when power is applied. 
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Radio Receiver R19 /TRC-1, Front View 


The other controls provide for control of the 
receiver speaker and the squelch circuit. The 
MUTE switch, in the ON position, permits 
the handset at the transmitter to short out 
the receiver speaker when the transmitter is 
being modulated through the handset. This 
facilitates point-to-point communication with- 
in the system. The SQUELCH ON-OFF 
switch permits use of the squelch circuit as 
desired. The SQUELCH ADJUST provides 
screwdriver adjustment of the gain of the RF 
and IF stages for proper squelch action. 


There is no tuning control on the panel. The 
set is tuned by inserting the proper crystal 
into the HFO and tuning the RF and high 
IF tuned circuits, with the help of the meter 
readings. 


The presence of a carrier signal is indicated 
by the meter, or by the lamp to the right of the 
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meter switch. Multichannel or single channel 
operation of the high fidelity circuit can be 
selected by the next switch to the right. The 
audio gain of the high fidelity circuit can be 
screwdriver adjusted by the AUDIO GAIN 
control. A switch for disconnecting the re- 
ceiver speaker, with its low audio channel, is 
next to the right. The speaker volume control 
permits the regulation of the amplitude of the 
low audio channel carried by the receiver 
speaker. The control cable connector provides 
for connection of the receiver output to the 
transmitter terminal unit. At the far lower 
right corner is the ANT. INPUT connector 
for connecting a concentric transmission line 
between receiver and antenna. A screwdriver 
adjustment directly above che antenna con- 
nector permits the tuning of the antenna to 
adjust it to the various frequencies in the 
receiver’s range. 


Editors note: Readers who are not familiar with modern single-sideband radio 
technology may wish to skip this section, which describes early SSB systems 
of the 1950's, and uses terminology of that time. 


CHAPTER 


SPECIAL PURPOSE RECEIVERS 


The special purpose equipment covered in 
this chapter includes single sideband receivers, 
teletypewriters, pulse receivers, television re- 
ceivers, and direction finders. 


SINGLE SIDEBAND RECEIVERS 


In a basic single sideband (SSB) system, 
the RF carrier frequency is amplitude modu- 
lated with an audio signal the same as in the 
ordinary amplitude modulation (AM) sys- 
tem. However, the original carrier frequency 
is removed by a balanced modulator and one 
of the sidebands is removed by a filter net- 
work. The only radiation from the trans- 
mitting antenna is one sideband. 

This basic system is being used in some 
cases but it has one big disadvantage. In 
receiving this type of signal, the carrier must 
be reinserted by the receiver so that there 
will be a resulting beat frequency that will 
produce the original audio frequencies when 
the signal is detected or demodulated. It 
has been found that this reinserted carrier 
frequency must be accurate to within 20 
cycles before the resulting audio is intelligible. 
It is difficult to control a generated frequency 
in a receiver this accurately and therefore 
this system is not widely used. 

A more common system of SSB is to trans- 
mit one of the sidebands and a carrier that 
has been reduced in amplitude. This carrier 
must only be strong enough to operate an 
automatic frequency control circuit in the 
receiver that will hold the local oscillator 
within 20 cycles of the original carrier fre- 
quency. This system is called a suppressed 
carrier SSB system. 
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For military use, the upper sideband of 
one modulating signal, the lower sideband 
of another modulating signal, and a suppressed 
carrier are transmitted. In this system, two 
audio signals can be transmitted in the band- 
width normally occupied by a single ampli- 
tude-modulated system. This is called a twin 
SSB system. 

There are a number of advantages of SSB. 
As stated above, two audio signals can be 
transmitted in the place of one in the AM 
system, or, when only one sideband is trans- 
mitted, the channel required is only half as 
wide, making it possible to have many more 
transmitters operating in a certain communi- 
cations band. Another advantage is that there 
is about a 9 db improvement in signal-to- 
noise ratio. This is possible since a much 
narrower band is used in handling the same 
audio frequencies and the energy required 
by the full carrier in the AM system is used 
by the sideband carrying the intelligence. 
A third advantage that may be possible in 
conjunction with a teletype system is a re- 
duction in the effect of selective fading. In 
selective fading, some of the audio frequencies 
fade as the radiated signal is passing through 
space. In conjunction with radio teletype, two 
tones may be used for the same purpose so 
that if selective fading reduces the ampli- 
tude of one tone, the other tone will probably 
be received with full strength. Still another 
advantage in teletype, when a twin sideband 
is used, is that six channels of radio teletype 
can be transmitted on one sideband and a 
full voice channel can be transmitted on the 
other sideband. After the signal has been 
demodulated or detected by the receiver, 
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125 KC INPUT 


Typical Balanced Modulator 


it is applied to a series of filters that separate 
it into its original teletype and voice channel 
components. : 

The main disadvantage of the SSB system 
is that both the transmitting and receiving 
equipment are more complicated than those in 
the AM system. 


Balanced Modulator 


A typical balanced modulator circuit is 
shown above. A 125-kc RF carrier signal is 
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applied to each grid in phase through T2. 
That is, the RF signal drives both grids 
positive and negative at the same time. 
Therefore, the plate current components of 
the RF carrier signal cancel out in the primary 
of T4 since their magnetic fields are opposing. 

The audio voltage is applied to the two 
grids through transformer T1. Since the audio 
voltage and the RF carrier voltage are both 
applied to the grids, there is a modulation 
action in the grid circuit, producing both the 


upper and lower sidebands. However, since 
one grid is connected to one end of audio 
transformer Tl and the other grid is con- 
nected to the other end, one grid goes posi- 
tive while the other goes negative. This also 
causes the upper and lower sideband com- 
ponents to be out of phase in the plate circuits 
and therefore they are not cancelled. Trans- 
former T4 does not present a load to the audio 
voltage, therefore it is not passed on to the 
filter circuit. However, both sidebands are 
passed to the filter circuit and the lower side- 
band is removed because the filter has a 
pass band of from 125.1 to 131 kc. In other 
words, only the upper sideband is passed 
from this balanced modulator. The RF 
carrier is balanced out, the audio signal is 
not passed through RF transformer T4, and 
the lower sideband is filtered out by the 
crystal filter. 


SSB in Communications Systems 


Though SSB can be used at any of the AM 
frequencies, it is most commonly used as a 
radio link in the high frequency range (2-26 
mc) for long distance communication. 


The antennas are directive and are aimed 
for communication with particular distant 
stations. The transmission system is essentially 
a one-bounce system. The radio wave is re- 
turned from the ionosphere at an angle calcu- 
lated to bring it to earth in the area of the 
target station. HF is ideal for this type of 
transmission because its frequencies can be 
refracted to the greatest one-bounce distance. 
VHF cannot be used in this manner because 
the frequency is too high to be refracted back 
to earth. 


In calculating the angle of refraction for 
HF operation, two factors are important—the 
operating frequency and the effective height 
of the ionosphere. Since the effective height 
of the ionosphere changes between day and 
night, and between winter and summer, a long 
distance HF system must be organized to 
shift operating frequency to compensate for 
ionospheric changes. 


To see the interrelationship of the various 
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channels, study the frequency spectrum of a 
typical SSB system shown on page 132. 


Because the suppressed carrier is unmodu- 
lated, it can occupy a very narrow portion of 
the spectrum. It is separated from the upper 
sideband by only 425 cycles, and from the 
lower sideband by only 100 cycles. 


SIDEBANDs. The upper and lower sidebands 
in the frequency spectrum do no consti- 
tute a sideband pair. They do not contain 
identical intelligence. They are merely two 
independent single sidebands which are trans- 
mitted at the same time. To obtain a single 
sideband such as the upper sideband, a 
lower sideband has to be eliminated. This 
leaves a vacant space, both in terms of the 
RF channel width and of the AF bandpass. 
This vacant space can be made useful by 
substituting for the eliminated sideband 
another single sideband which is independent- 
ly formed and independently modulated. 
Thus, the amount of useful intelligence which 
can be transmitted over one RF channel is 
increased. In this spectrum, the independent 
lower sideband is used as a voice channel. 


Note that the frequencies of the upper 
sideband are divided into two sets of six 
teletypewriter channels. One set is called nor- 
mal, the other is called diversity. There are also 
two CW channels, one called normal and the 
other called diversity. In the normal group 
each channel carries a different message. In 
the diversity group each channel also carries 
a different message. However, identical chan- 
nels in each group carry the same message. 
Thus, the teletypewriter channels marked ‘‘2” 
in each group carry identical intelligence. A 
diversity channel carries the same message as 
a corresponding normal channel, but on a 
different frequency. 


DIVERSITY OPERATION. Diversity operation 
is a means of combatting the fading which 
occurs in long distance radio transmission. 
Two types of diversity operation are commonly 
used — frequency diversity and space diversity. 
The diversity illustrated by the frequency 
spectrum is frequency diversity. The principle 
of frequency diversity is this: two RF signals 
are transmitted at slightly different frequen- 
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cies, but with the same modulation. They are 
received simultaneously by a single receiver. 
However, since they do not fade simultan- 
eously, they provide a fairly level signal 
strength at all times. 


Space diversity operation consists of using 
two or more receiving or transmitting antennas 
spaced several wavelengths apart. In this case, 
the signals have the same frequency and the 
same intelligence. The principle of space 
diversity is this: identical RF signals trans- 
mitted simultaneously from two different 
places or received simultaneously at two 
different places will not fade simultaneously. 
Space diversity is used most commonly in 
connection with receivers. Two antennas may 
be used with one receiver, or with two re- 
ceivers having a common audio section. 


TELETYPEWRITER CODE. Note in the illus- 
trated spectrum that two frequencies are 
assigned to each normal teletypewriter chan- 
nel and each diversity teletypewriter channel. 
These two frequencies are used alternately to 
form the special code employed in teletype- 
writer operation. 


Each symbol of the code is made up of a 
combination of five selecting intervals called 
spaces and marks. A space uses one frequency 
and a mark uses the other. Since each selecting 
interval has the same duration, each symbol 
of the code has the same duration. Each is 
made up of five selecting intervals. The pos- 
sible combinations for forming symbols are 
25, or 32 combinations. 


To see a specific example, look at the dia- 
gram of the teletypewriter symbol for the 
letter R. The combination is space-mark- 
space-mark-space a total of five selecting 
intervals. In addition to the selecting intervals, 
two other intervals are used. A mark of longer 
duration is used as a stop symbol, and a space 
equal in duration to a selecting interval is 
used as a start symbol. 


FREQUENCY FORMATION. In the spectrum 
being studied, the frequency difference between 
spaces and marks is 170 cycles. In other tele- 
type systems, the frequency difference may 
vary between 170 and 850 cycles. This fre- 
quency difference may represent a difference 
between two audio frequencies carried as 
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modulation by a carrier, or it may represent 
variation in the carrier itself. 


In channel 1 of the normal section on page 
132, the marking and spacing frequencies are 
425 and 595 cycles, respectively. They are 
heterodyned against a 12-mc carrier to form 
sideband frequencies of 12.000425 and 
12.000595 mc. To form the diversity channel 
1, the same marking and spacing frequencies 
are first heterodyned against an audio oscil- 
lator set at 5270 cycles. This produces beat 
frequencies of 4845 cycles for marking, and 
4675 cycles for spacing. These are then het- 
erodyned against the 12-mc carrier to form 
sideband frequencies of 12.004845 mc and 
12.004675 mc. This process of forming the 
diversity channel is called inversion. All the 
diversity frequencies in the spectrum shown 
here are formed in the same way by het- 
erodyning the normal audio frequencies against 
the 5270-cycle beat oscillator, then impressing 
them on the 12-mc carrier to form the diversity 
sideband frequencies. 
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In transmission, a normal channel and its 
inverted diversity channel carry the same 
message. Yet, since the messages are carried 
at different RF levels, they do not fade at the 
same time. At the receiver, both the normal 
channel and its inverted channel are passed 
through the RF and IF sections and their 
audio components are detected. Then the 
diversity audio frequencies are heterodyned 
against another audio oscillator and restored 
to the normal frequency range. At this point, 
they are combined with the detected output 
of the normal channel. Since restored audio 
does not fade at the same time as the normal 
audio, this combination provides a fairly level 
audio output. 

The formation of the diversity channels 
takes place in a unit called a diversity shifter. 
It’ precedes the transmitter. Reconversion of 
the diversity channels to the normal channel 
frequency range takes place in a unit called 
a restorer unit. It follows the receiver. 


Functional Analysis of a Typical SSB 
Receiver 


To see the relationship of the parts in an 
SSB communications receiver, look at the 
block diagram on page 135. Basically, the 
receiver is a double conversion superhet- 
erodyne. It has an RF, a high IF, a low IF, 
and an audio section. However, to permit 
satisfactory SSB operation, a number of stages 
are added to the basic superheterodyne stages. 

RF sEctTion. The alternate channels in the 
RF section are simply for convenience and 
accuracy of tuning. The frequency coverage, 
4-22 mc, is too broad for efficient single band 
tuning. Consequently, the frequency band is 
divided into two segments — one, 4-10 mc; 
and the other 10-22 mc. This reduction in 
tuning range also permits more accurate 
operation of the high frequency oscillator, B01. 
With two channels, the oscillator can track 
below the 10-22 mc band and above the 4-10 
mc band. Thus, it covers 18 mc of receiver 
tuning range with only 12 mc of oscillator 
tuning range. The conversion output of the 
lst detector is 2900 kc, which is fed to the 
1st IF filter. The filter passes only a narrow 
band of frequencies, between 2892 and 2907 kc. 


IF sEcTION. The second high frequency 


oscillator, B02, supplies a 3000-ke signal. This 
heterodynes against the high IF of 2900 ke 
to produce a difference frequency of 100 kc 
for the low IF. The output of the balanced 
2d-detector is supplied to three different low 
1F channels (counting channel branch B, 
shown in dotted outline). Each low IF channel 
contains a filter stage which permits it to pass 
a different component of the low IF fre- 
quencies. The carrier branch, with a crystal 
filter, passes the low IF carrier frequency of 
100 ke through a bandwidth only 40 cycles 
wide. The channel A _ branch passes the 
frequencies of the lower sideband (voice 
channel) through a bandwidth of 94-99.9 kc. 
The channel B branch passes the frequencies 
of the upper sideband through a bandwidth 
of 100.1-106 ke. 

Thus, the low IF component frequencies 
are separated before they are applied to the 
3d detectors. There are several reasons for 
doing this instead of separating them on the 
audio level after passing the 3d detector. The 
suppressed carrier is separated because it 
requires more amplification than either the 
upper or lower sideband. It requires the extra 
amplification because it is used to supply 
AVC voltage and because its use is essential 
in the automatic frequency control circuits. 
The two sidebands are separated so that the 
voice channel, channel 1A, can be used for 
communication from the receiver site. The 
channel B branch contains CW and teletype- 
writer frequencies in both normal and diver- 
sity form. It is separated into CW and 
teletypewriter channels in restorer circuits 
located beyond the receiver. These are not 
shown in the block diagram. 

AVC circuits. Part of the carrier branch 
output is used to develop AVC in the AVC 
rectifier stage. Three kinds of AVC are 
developed. Fast time constant AVC is applied 
only to the second amplifier stage of the 
carrier branch. Slow time constant AVC is 
applied to the first amplifier stage of the 
carrier branch, to the first and second ampli- 
fier stages of both channel branches, to the 
amplifier stage in the high IF section, and to 
the first amplifier stage in both channels of 
the RF section. Finally, compensating AVC 
is applied to the final amplifier stages in the 
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carrier branch and in both channel branches. 


The fast time constant AVC actually 
operates with five time constants, ranging 
between 0.1 and 2.0 seconds. Any one of 
these can be selected to meet carrier fading 
conditions. The reason why the AVC can be 
so fast is that it is derived from the suppressed 
carrier. A time constant in an AVC system 
developed by an unmodulated carrier can be 
much faster than a time constant developed 
by a normal modulated carrier. In normal 
AVC, the time constant must be slow enough 
to keep the AVC from following the audio 
signal variations. The advantage of the fast 
time constant is that it permits adjustment to 
fading conditions which occur at a fast rate. 


The slow time constant AVC and the com- 
pensating AVC have a time constant of 8.0 
seconds. Since this AVC is applied to audio- 
modulated signals, it has the normal AVC 
time constant. 


DeETEcTION. After the suppressed carrier 
passes through the final carrier branch ampli- 
fier, it is available for the 3d detector. The 
presence of the carrier in the detector permits 
separation of the audio component of the side- 
bands from the higher frequencies. However, 
the receiver does not depend entirely on the 
suppressed carrier. As an alternative, it can 
supply a locally generated carrier. This is 
supplied by the reference oscillator shown in 
the upper right hand corner. The output of 
this oscillator also can make possible success- 
ful detection. A switch permits use of either 
the local carrier or the suppressed carrier. 
Note also that there are two amplifiers and 
two 3d detectors. The extra ones, in dashed 
lines, are for channel B. 


AFC circuits. The local carrier generated 
by the reference oscillator has very high 
stability. It is used along with the suppressed 
carrier for the automatic frequency control 
(AFC) circuits. The reference oscillator is 
controlled by AFC to keep exactly on fre- 
quency. 


To see how this is done, look at the block 
diagram of the AFC circuits. Note that the 
reference oscillator signal is passed through a 
phase shift circuit which produces two signals 
90° out of phase. One of the phased signals is 
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applied through an amplifier to one balanced 
modulator while the other phased signal is 
applied through another amplifier to the other 
balanced modulator. In addition, the sup- 
pressed carrier signal from the carrier branch 
amplifier is applied to both balanced mod- 
ulators. 


When the reference oscillator signal and the 
suppressed carrier signal are at exactly the 
same frequency, the outputs of the balanced 
modulators are equal, and the tuning motor 
remains stationary. When the reference oscil- 
lator frequency goes above the suppressed 
carrier frequency, the output of one balanced 
modulator increases and the output of the 
other balanced modulator decreases. This 
makes the motor turn and adjusts the tuning 
capacitor that controls the frequency of the 
high frequency heterodyning oscillator. This 
adjustment continues until the reference 
oscillator signal again matches the frequency 
of the suppressed carrier signal. At that time, 
the modulator outputs are equal, and the 
motor stops. When the reference oscillator 
signal goes below the frequency of the sup- 
pressed carrier, the balance of the modulators 
is oppositely affected, and the motor turns in 
the opposite direction. It turns until the 
reference oscillator is back at the correct 
frequency. 


The AFC circuits are very important to 
the successful operation of the SSB receiver. 
Without accurate tuning, the filter circuits 
incorporated in the carrier and channel 
branches of the low IF section would not pass 
the signal. These filters have narrow band- 
passes with very sharp cutoff. The carrier 
branch filter is especially sharp, passing a 
bandwidth only 40 cycles wide. Therefore, the 
signals presented to these filters must be 
exactly on frequency or they will not pass 
through the filters. 


TELETYPEWRITER SYSTEMS 


Teletypewriter systems provide common 
examples of device-actuating receiver opera- 
tion. In this type of operation, intelligence is 
reproduced mechanically rather than orally or 
visually. 


Teletypewriter systems are usually designed 
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to use various types of receivers and trans- 
mitters as radio links. The receivers and 
transmitters do not have to be specifically 
designed for teletypewriter work. They could 
be used just as well for voice communications. 
However, the terminal units which connect 
the receiving and sending teletypewriters to 
the receivers and transmitters can be used 
only for teletypewriter work. The terminal 
units are concerned primarily with shaping the 
sending teletypewriter intelligence for pre- 
sentation to the transmitter, and with con- 
verting the output intelligence of the receiver 
into the proper form for actuating the re- 
ceiving teletypewriter. 

Look at the block diagram showing the 
equipment for a teletypewriter system on 


page 138. The terminal units are in solid out- 
line and the transmitter and receiver units are 
in broken outline. The teletypewriter system 
shown here provides simultaneous single chan- 
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nel operation in both directions. The operating 
frequencies are in the HF range. Twin re- 
ceivers are provided at each terminal for 
space diversity reception. 

The main sections of the terminal urit are 
the following: the freauency shift exciter. 
which supplies proper modulation for the 
transmitter; the dual diversity converter, 
which handles the output of the twin receivers; 
and the control unit, which binds together the 
various sections of the terminal. 


Frequency Shift Exciter 


As you can see from the block diagram on 
page 139, the frequency shift exciter consists of 
a shift diode, an oscillator, and a_ buffer 
amplifier. Through the control unit the shift 
diode is supplied by the teletypewriter circuits 
with polar DC signals in the form of the tele- 
typewriter code. The diode conducts during 
spacing signals and cuts off during marking 
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signals. When the diode conducts, it shorts 
out part of the inductance in the tank circuit 
of the Hartley oscillator. With part of the 
tank circuit inductance shorted, the oscillator 
frequency drops. Thus, the oscillator operates 
at two frequencies — a higher frequency for 
marking and a lower frequency for spacing. 
The buffer amplifier passes these two oscillator 
frequencies along to the transmitter. 


The difference in frequency between mark- 
ing and spacing usually ranges between 170 
and 850 cycles. The actual marking and spac- 
ing frequencies may be anywhere from the 
audio range to the UHF range, depending 
on the type of transmitter to be supplied. 
When the transmitter operates with AM, the 
marking and spacing signals are usually in the 
audio range and are transmitted as modulation 
on the carrier. When the transmitter operates 
with FM, as in the system shown, the mark- 
ing and spacing frequencies are usually in the 
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lower part of the HF range. Here, the oscillator 
in the frequency shift exciter establishes the 
basic mark and spacing frequencies. Then they 
are passed on to the transmitter which is used 
without its own oscillator. The transmitter 
merely builds up the signals to the desired 
power output. Often, though, multipliers are 
used in the transmitter to multiply the 
frequencies generated in the shift exciter. 


Dual Diversity Converter 


Now look at the block diagram of the dual 
diversity converter on page 139. This cunvert- 
er handles the output (the IF) of two receivers 
arranged for space diversity. The diversity 
arrangement is continued in the converter 
through the detectors. Thus, the two sets of 
mark and space signals are combined only in 
the converter output. However, a limiter, 
common to both diversity channels, can be 
used, since the limiter is both preceded and 
followed by stages containing filters. 
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The inputs of both diversity channels are 
tunable to an input frequency between 400 
and 470 kc (depending on the normal IF of the 
preceding receivers). The receiver IF is con- 
verted in each channel to a lower frequency. 
The conversion output for channel A is 50 kc. 
The conversion output for channel B is 29.3 kc. 

Since marking and spacing intelligence is 
carried in the form of frequency variation, a 
limiter is used to remove amplitude variations. 
Both the 50-ke signal and the 29.3-ke signal 
pass through the same limiter. The removal of 
amplitude variations prevents noise impulses 
which might interfere with the mark and 
space output and cause incorrect operation of 
the teletypewriter. 

Filter circuits in the rectifier stages separate 
the two channel frequencies before the final 
detection. Discriminators are used for detec- 
tion. They convert the FM signals to DC 
amplitude pulses. 

The driver stage and the DC output stage 
contain amplifier stages to build up the mark 
and space pulses. This gives them enough 
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power to operate the teletypewriters. The DC 
output circuit contains two separate channels 
one to change the mark and space signals 
to polar DC signals which operate the receiv- 
ing teletypewriter, and the other to change the 
same mark and space signals to neutral signals 
which operate a monitoring teletypewriter. 


Teletype Control Unit 


The main function of the control unit is to 
coordinate the functioning of the various units 
of terminal equipment. The control unit itself 
divides into separate sections — a sending 
section, connecting it to the frequency shift 
exciter and thence to the receiver, and an 
extension section, connecting it to the tele- 
typewriters. The control unit contains ampli- 
fier stages to maintain and control the 
voltages of the marking and spacing signals. 


PULSE RECEIVERS 


Pulse systems are used as radio links in 
communications systems. They provide for 
the transmission of a comparatively high 
number of audio channels on one RF carrier. 
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Where the FM and SSB systems allow three 
or four full audio channels, pulse systems often 
provide as many as 8 or 10 full audio channels. 
The extra channels are possible because the 
principle by which channels are formed in 
pulse systems is entirely different from that 
in FM and SSB systems. FM and SSB chan- 
nels are formed by dividing the AF modulation 
bandpass at various frequency levels. Pulse 


system channels are formed by dividing trans- 
mission time into various channels. 


Principles of Pulse Operation 


In pulse systems, the transmission time is 
divided among the channels Thus, for 8- 
channel operation, about |< of the total trans- 
mission time is devoted to each channel in 
sequence in such a way that all 8 channels are 
in operation simultaneously. The total trans- 
mission time is divided into segments called 
sync periods. You can see such a sync period 
shown graphically in the illustration below. 
Note that each sync period lasts for 100 micro- 
seconds. It’s a very short period and is re- 
peated 10,000 times every second. Yet this 
sync period itself is subdivided into nine 
subdivisions — eight channel pulses and 
a sync (synchronizing) pulse. This division 
into pulses and intervals between pulses in- 
sures adequate separation between pulses, and, 
therefore, between channels. 

As shown, the sync pulse lasts for 2 micro- 
seconds while each channel pulse lasts only 
0.4 microsecond. A 10.533-microsecond inter- 
val separates each pulse from the next. The 
waveform shown represents an unmodulated 
carrier. 


Various systems of modulation can be used. 
The common methods of modulation include 
amplitude modulation (by which the amplitude 
of pulses is varied), pulse duration modulation 
(by which the width of the pulse is varied), 
and pulse position modulation (by which the 
position of the pulse with respect to the sync 
pulse is varied). When modulated, each chan- 
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nel pulse in a sync period may be considered 
as being connected to a separate microphone 
at the transmitter. At the receiver, each 
channel pulse may be considered as being con- 
nected to a separate audio reproducer. Thus, 
there are eight distinct communications chan- 
nels, beginning at eight different microphones, 
passing to eight different: channel pulses on 
the common carrier, and ending at eight 
different reproducers. 


The modulation at the microphone has the 
natural continuity of the human voice. How- 
ever, the modulation carried by the RF 
carrier occurs for only 0.4 microsecond out of 
each 100 microseconds. Likewise, the mod- 
ulation reproduced by the reproducer occurs 
for only about 0.4 microsecond out of each 100 
microseconds. Thus, the modulation at the 
reproduction end of each circuit falls far short 
of the natural continuity of the human voice. 
Remember, however, that each channel pulse 
occurs once in each sync period and is repeated 
10,000 times in every second. To the human 
ear, the reproduction sounds perfectly natural. 
Thus, pulse systems take advantage of the 
inability of the human ear to distinguish 
between naturally continuous and rapidly 
interrupted sounds, just as the reproduction of 
television pictures takes advantage of the 
inability of the human eye to distinguish 
between naturally continuous and rapidly 
interrupted light. 


The key to pulse systems operation is to 
have each microphone connected to the trans- 
mitter only while its corresponding channel 
pulse is being transmitted, and to have each 
reproducer connected to the receiver output 
only while its corresponding channel pulse is 
being received. This requires an extremely 
rapid and precise switching arrangement. 
However, such switching can be managed 
quite easily with proper electronic circuits. 


Each pulse is composed of RF, usually in 
the UHF range. The usual transmitter uses a 
magnetron oscillator. This means line-of-sight 
transmission and directive antenna arrays. 
The receiver is usually a superheterodyne. 
Both transmitter and receiver are usually 
regular UHF communication units, and little 
or no modification is required to adapt them 
for pulse operation. Like the multichannel 
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FM and SSB systems already studied, the 
circuits which provide pulse multichannel 
operation are housed in separate units. In 
signal sequence, they precede the transmitter 
and follow the receiver. These units are called 
transmitting and receiving multiplexes. 


Functional Analysis of a 
Receiving Multiplex 


Look at the functional block diagram of a 
receiving multiplex on page 142. It consists of 
one common unit, shown at the top of the 
diagram, and a number of channel units, one 
for each channel. Since the channel units are 
all essentially the same in structure and func- 
tion, only one is shown. 


Notice the waveforms included in the block 
diagram. Together with the sync pulse, they 
control the timing and switching functions 
which make multichannel operation possible. 
The stepped waveform put out by the common 
unit is applied to all the channel units. It 
causes each channel unit to pass only its own 
proper channel pulse. The production of the 
stepped waveform is controlled by the sync 
pulse. 


Note that the waveform supplied by the 
receiver to both the common unit and the 
channel units is composed of the sync pulse 
and eight channel pulses. 


COMMON UNIT. In the common unit, the 
waveform from the receiver is passed through 
a limiter to a sync separator. The sync sep- 
arator reacts to the sync pulse but not to the 
channel pulses. Thus, the output of the sync 
separator contains only the sync pulse. This 
is fed to the discharge pulse generator where 
the pulse is shaped to the proper amplitude 
and duration. Part of the output of the d's- 
charge pulse generator is fed to three discharge 
tubes, and part is fed to the phasing trigger. 
Here the pulse is retarded by 10 microseconds. 


The retarded pulse is then applied to the 
exciter which contains an oscillator tuned to 
90 kc. The retarded pulse sets the oscillator 
into action. The 90-kc output of the exciter 
then passes through a limiter. Now, remember 
that the retarded pulse fed to the exciter is 
10 microseconds behind the pulse fed to the 
discharge tubes. This means that the retarded 
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pulse is 90 microseconds ahead of the next 
discharge pulse. It starts the exciter, and a 
90-kc signal is put out through the limiter for 
90 microseconds. Then a discharge pulse comes 
along. The discharge pulse cuts off the 90-kc 
signal, as the waveform shows. After 10 micro- 
seconds a retarded pulse again excites the 
oscillator. This means that the limiter output 
consists of 90 microseconds of oscillation and 
10 microseconds of cutoff. Thus, the 90-kc 
output is divided into segments which cor- 
respond to the 100-microsecond sync period. 
The sync pulse is separated from the sync 
period and it is used both to excite the oscil- 
lator and to cut off its output waveform. The 
other two discharge tubes simply reinforce 
the cutoff. 

The waveform output of the 90-kc limiter 
consists of eight full cycles and the cutoff. 
These cycles last as long as the time devoted 
to each channel in the sync period. These 
cycles are fed to a step generator which is 
essentially an RC circuit with a long time 
constant. The charge on the RC circuit builds 
up on part of one cycle, and then remains 
steady during the rest of the cycle. The 
charge increases during part of the next cycle 
and then remains steady during the rest of the 
cycle. Thus, the voltage builds up cycle by 


AFM 100-5 14 DECEMBER 1956 


cycle, step by step, until the discharge pulse 
discharges the RC circuit. The output con- 
sists of the stepped waveform which is ap- 
plied to the individual channel units. 
CHANNEL UNIT. The channel selector of 
each channel unit is set to operate on only one 
particular step of the waveform. When the 
selector operates, it sends a pulse to the 
trigger stage and sets off a new pulse in that 
stage. This opens the gate tube circuit to the 
receiver output pulse, which corresponds to 
the step on which the particular channel 
operates. This means that the proper pulse in 
the receiver output is applied back through 
the gate tube to the trigger. The receiver out- 
put pulse cuts off the pulse which was begun 
in the trigger by the pulse from the channel 
selector. Thus voltage from the channel 
selector begins a trigger pulse while voltage 
from the gate tube ends it. Voltage from the 
trigger always recurs at 100-microsecond 
intervals since it is governed by the sync 
pulse. Voltage from the gate tube varies since 
that voltage is governed by the channel pulse 
which is variable. In the multiple system 
shown it varies in time (that is, in its posi- 
tion relative to the sync pulse) as deter- 
mined by the modulating voltage. Thus, the 
duration of each trigger pulse varies with the 
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position of the channel pulse. Likewise, the 
duration of each trigger pulse varies with the 
modulation. A detector which is responsive to 
the varying duration of the trigger pulse 
extracts the modulation and makes it avail- 
able to drive the reproducer. 


To see how the channel pulse varies with 
modulation and how this variation affects the 
duration of the trigger pulse, examine the 
waveforms on page 143. The channel pulse for 
channel 4 is shown at B. The pulse in solid 
outline represents the unmodulated pulse. The 
pulse in broken outline HK represents the 
position of the same pulse when it is at the 
greatest distance from the sync pulse. The 
pulse in broken outline NP represents the 
pulse at its shortest distance from the sync 
pulse. The various positions of the channel 
pulse are determined by the modulating volt- 
age. In this case, the modulating voltage is the 
sine wave voltage shown at A. During the 
positive swing of the modulating voltage, the 
channel pulse moves toward the sync pulse. 
When the positive swing drops back to zero 
the pulse moves back to its resting (unmod- 
ulated) position. During the negative swing 
of the modulating voltage, the channel pulse 
leaves its resting position and moves away 
from the sync pulse. When the negative swing 
drops back to zero the pulse again returns to 
its resting position. 


Now look at the waveform of the trigger 
pulse at C. The position of point H of the 
trigger pulse is determined by the fourth step 
of the stepped voltage. This, in turn, is deter- 
mined by the sync pulse. Therefore, point H, 
like the sync pulse, does not change its posi- 
tion. However, point H marks only the be- 
ginning of the trigger pulse. The end of the 
trigger pulse is determined by the position of 
the channel pulse. Thus, point M of the 
trigger pulse marks the end of that pulse when 
the channel pulse is in its rest position. Point 
P marks the end of the trigger pulse when the 
channel pulse is closest to the sync pulse. 
Point K of the trigger pulse marks the end of 
the trigger pulse when the channel pulse is 
in its position farthest from the sync pulse. 
Thus, the trigger pulse varies in duration as 
the channel pulse varies in position with the 
modulation. Other channels work in the same 


144 


way. While they are being modulated, their 
pulses vary their position with respect to the 
sync pulse. Since each of the other channel 
pulses is varied independently, the movement 
of each is independent of the movement of 
the channel 4 pulse. The only requirement is 
that the pulses of each of the channels be kept 
separate, that no channel pulse moves into the 
area of movement of another channel pulse. 


Because pulse systems have a high number 
of effective audio channels, they are frequently 
used in well-established commercial telephone 
systems, as well as in military systems. Pulse 
systems can carry the full communications 
load of commercial systems, and frequently 
include dialing and ringing circuits. 


TELEVISION RECEIVERS 


There is already some use of television (TV) 
in military operations, and it is probable that 
the use of TV, especially by the Air Force, will 
greatly increase in the future. TV makes pos- 
sible instantaneous observation and recon- 
naissance by many observers at a distance. 
It even makes possible observation and recon- 
naissance from positions completely inacces- 
sible to human observers. 


Principles of TV Operation 


Commercial television broadcasting has 
been assigned three bands—54-88 mc, 174- 
216 mc, and 470-890 mc. The first two are in 
the VHF range and the last is in the UHF 
range. Consequently, most of the special 
considerations of VHF and UHF operation 
(line-of-sight transmission, directive antenna, 
special tubes, special tuned circuit, etc.) apply 
to TV. 


The picture signal for TV is carried by an 
amplitude modulated single sideband RF 
wave. (One full sideband, the carrier, and part 
of the other sideband are transmitted.) Con- 
sequently, many of the special considerations 
of SSB operation apply also to TV. 


The sound signal is carried by a frequency 
modulated RF wave. Consequently many of 
the special considerations of FM operation 
apply also to TV. 


There are even some resemblances between 
TV operation and pulse operation. The pic- 


ture signal is transmitted as amplitude mod- 
ulation but the time interval between picture 
pulses is utilized for the transmission of timing 
or synchronizing pulses. 


RECEIVER PICTURE TUBE. Even the feature 
which sets TV receivers apart from all the 
receivers already studied in this manual—the 
reproduction of pictures—is not completely 
unfamiliar. The picture tube of a TV receiver 
is essentially a cathode ray tube. The TV 
picture is formed by a stream of electrons 
striking the fluorescent coating on the face 
of the tube. The electron beam is governed by 
a control grid and pairs of horizontal and 
vertical deflection plates or coils. Thus, the 
TV picture is simply a more complicated 
oscilloscope pattern. There is, however, this 
important difference: whereas the control 
grid voltage of the oscilloscope is only man- 
ually varied to control the brightness of the 
oscilloscope pattern, the picture control grid 
voltage responds automatically to the picture 
signal voltage. These variations in the picture 
signal create the whites and blacks—the lights 
and shadows of the TV picture. 


The oscilloscope pattern can fill the whole 
face of the tube. There is no area on the tube 
face to which the vertical and horizontal 
plate voltages cannot drive the trace. Likewise, 
the TV picture is created by causing the trace 
to cover, systematically and point by point, 
the whole face of the tube. The face of the tube 
is scanned in 525 lines, moving from left to 
right and downwards. During the time that the 
trace moves back (from right to left) to start 
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a new line, a voltage, called a blanking signal, 
is applied to the picture tube grid to cut off 
the electron beam. 

The trace covers the entire face of the 
picture tube 30 times in each second. An 
entire coverage, the whole 525 lines, is called 
a frame. The entire coverage is made in two 
parts. During the first part the odd lines are 
scanned, and during the second part the even 
lines are scanned. Each part is called a field. 
Each of the two fields of a frame is capable of 
reproducing a picture. The pictures repro- 
duced by the two fields of a frame interlace 
and reinforce each other. Having the trace 
scan alternate lines produces two pictures for 
each frame and helps to reduce flicker. Fields 
are produced 60 times a second. This cor- 
responds to the normal AC power frequency. 
The frame repetition rate of 30 is even higher 
than the repetition rate of motion pictures— 
24 frames a second. 


The TV picture is formed because a vary- 
ing RF signal received by the receiver is ap- 
plied to the control grid of the picture tube. 
This means that electrical energy is turned 
into a picture. At the transmitter the process 
is the reverse. A picture is turned into a vary- 
ing RF signal. 

TRANSMITTER PICTURE TUBE. To turn a pic- 
ture into a varying electrical signal, a tube 
which might be regarded as a cathode ray tube 
in reverse is used. Several types of such tube 
are in common use. The image orthicon tube, 
shown below, may be regarded as typical. It 
is a long cylindrical tube with an opening at 
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one end like the lens of a camera. This opening 
focuses light, a reproduction of whatever scene 
faces the opening, on a plate within the tube. 
This plate is coated with a material which 
might be regarded as the reverse of the 
fluorescent material on the face of the picture 
tube. Instead of giving off light when struck 
by electrons, it gives off electrons when struck 
by light. It is photosensitive. It gives off elec- 
trons in proportion to the amount of light 
striking it. 

These electrons are attracted farther into 
the tube where they strike another plate, 
called the target plate. At first, this plate is 
of neutral potential. Then, as electrons strike 
the target plate, they dislodge electrons from 
the plate in a process similar to secondary 
emission. 

Between the photosensitive plate and the 
target plate there is a grid similar to a screen 
grid. This grid absorbs the electrons dislodged 
from the target plate. Thus, there is a charge 
on the target plate proportional to the number 
of electrons dislodged. At any particular point 
on the target plate, the charge is proportional 
to the light striking the photosensitive plate 
at the corresponding point. This means that 
the light pattern on the photosensitive plate 
is reproduced on the target plate in terms of 
electrical charge. Where the light on the photo- 
sensitive plate is brightest, the charge on the 
target plate is greatest. Where the light on the 
photosensitive plate is dimmest, the charge on 
the target plate is weakest. 


From the farther end of tne image orthicon 
tube a beam of electrons is directed toward 
the target plate. This beam is controlled by 
vertical and horizontal deflection plates or coils 
similar to the deflection plates or coils of the 
picture tube in the receiver. This beam scans 
the target plate in a frame of 525 lines in two 
fields, one for the odd lines and another for 
the even. The rate is 30 frames and 60 fields 
each second. In other words, the target plate 
is scanned exactly like the screen of the picture 
tube. 


The electron stream, produced at a steady 
rate, is directed toward the target plate. Just 
as the stream approaches the target plate it is 
drawn back to another plate, called an electron 
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multiplier. However, some of the electrons do 
not return to the multiplier. These are the 
electrons absorbed by the target plate to 
neutralize the charge created by the action 
of the electrons from the photosensitive plate. 
The electrons absorbed at the target plate sub- 
tract from the number of electrons returning 
to the electron multiplier. This means that 
when the electron stream reaches the electron 
multiplier, it varies in the same way as the 
charge on the target plate. This, in turn, means 
that the electron stream at the electron multi- 
plier varies in the same way as the light on the 
photosensitive plate. Thus, the picture is 
transformed into a varying electrical signal. 
This signal is applied to the transmitter car- 
rier as picture intelligence. 


SYNCHRONIZATION. For a clear picture, it is 
essential that the movement of the electron 
stream in the image orthicon tube be co- 
ordinated with the movement of the electron 
stream in the picture tube. This is accom- 
plished by translating the voltages on the 
vertical and horizontal deflection plates of the 
image orthicon tube into voltage pulses. These 
pulses are used as synchronizing pulses and 
are transmitted in the intervals between the 
picture lines. At the picture tube, the syn- 
chronizing pulses control the timing of the 
voltages applied to the vertical and horizontal 
plates. The trace of the picture tube therefore 
moves in exact coordination with the scanner. 


MoputaTIONn. The intelligence transmitted 
in television is like the intelligence transmitted 
in any AM system. It consists of a varying 
voltage applied as modulation to a high fre- 
quency carrier. However, the intelligence 
transmitted in television is different from the 
intelligence transmitted in other AM systems 
in that the varying modulation voltage occurs 
at frequencies far higher than the audio range. 
Before the transmission of pictures became 
common, the terms modulation and audio 
meant just about the same thing. Practically 
all modulation was at audio frequencies. Since 
the development of television, the frequencies 
used for television modulation have been 
termed video to distinguish them from the 
audio. 


The frequencies used for video depend on 


the number of picture elements scanned in 
order to reproduce a picture. A system that 
scans 525 horizontal lines of a picture divides 
the picture into 525 horizontal strips. In order 
to show equal vertical differentiation in a 
square picture, each line ought to be divided 
into 525 different segments. This division 
is accomplished in terms of frequency. From 
point to point, the scanner must be able to 
vary its voltage response to light intensity 
fast enough to show as much as 525 differences 
along the line. This means that a square pic- 
ture is divided into 525 vertical and 525 
horizontal segments. That makes a total of 
5252, or 275,625 segments. These segments are 
called picture elements. 

Actually the picture is rectangular rather 
than square and wider than it is high. If the 
width is to the height as 4:3, then the picture 
elements are 4/3 times those in a square 
picture. Thus, the total picture elements are 
275,625 x 4/3, or 367,500 for each frame. Each 
frame, however, is repeated 30 times each 
second. Thus, the total picture elements per 
second are 367,500 x 30, or about 11,000,000. 
To differentiate that many picture elements, 
the scanner must be capable of a frequency of 
half of 11,000,000 or 5.5 mc. The reason why 
the frequency of the scanner is only half the 
number of picture elements is that the scanner 
voltage can go either up or down. Thus, in 
moving across three picture elements, the 
voltage may vary upward for the change from 
the first to the second element, but downward 
again for the third element. This means that 
the maximum frequency need be only one half 
the number of picture elements. The modula- 
tion frequencies used for the reproduction of a 
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television picture therefore need to be only 
5.5 me. 

Note that a frequency of 5.5 mc falls well 
inside the HF range. A carrier frequency 
capable of carrying a 5.5-mc signal as modula- 
tion must be substantially higher. This ac- 
counts for the use of VHF and UHF for TV. 

Note, too, that in modulating a higher 
frequency carrier, a 5.5-mc signal forms a pair 
of sidebands—one, 5.5 mc above the carrier, 
and one 5.5 mc below the carrier. This would 
require a receiver bandpass of 11 mc. A band- 
pass of 11 mc would occupy a large chunk of 
the spectrum, even at VHF and UHF. That 
is why single sideband operation is used for 
television. Experiment has shown that the 
most effective operation is obtained when one 
full sideband, the carrier, and only part of 
the second sideband is transmitted. In addi- 
tion, this type of operation permits more 
television channels than would be possible 
with double sideband operation. The channel 
assigned to commercial TV stations is 6 mc 
wide and the actual maximum video modulat- 
ing frequency is 4.5 mc. 

WaAvEFORM. The general principles of tele- 
vision operation can best be summed up by 
a representation of a typical video signal. Look 
at the diagram below showing the waveform 
for the last two lines in a field. The video 
intelligence portions represent the varying 
voltages supplied by the scanner. The high 
amplitude pulses represent the intervals being 
scanned. These pulses have two levels. The 
lower level provides a voltage which is used 
to blank the electron beam of both the scanner 
and the picture tube between the end of one 
line and the beginning of the next line. The 
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upper level of the pulses provides the voltage 
used to synchronize the movement of the 
electron stream in the scanner with that of 
the electron stream in the receiver picture 
tube. The upper level of the pulses is supplied 
by the voltage applied to the deflection plates 
in the scanner. In the picture tubes, these up- 
per level pulses govern the timing of the volt- 
ages applied to the deflection plates. The 
pulses at the right occur at the end of each 
field. They provide blanking voltage (lower 
level) and synchronizing voltage (upper level) 
to move the trace back to the upper left corner 
of the picture to start a new field. 


Functional Analysis of A Typical 
TV System 


Look at the simplified block diagram of the 
television transmitter shown above. It ac- 
tually consists of two transmitters — one 
supplying an FM signal with audio modula- 
tion, and the other supplying an AM signal 


148 


with video intelligence. The two transmitters 
utilize a common power supply and a common 
antenna. 

The circuits of the transmitter for audio 
intelligence begin with a microphone, proceed 
through an audio amplifier, a modulator, and 
a high frequency FM oscillator, to the antenna. 


The circuits of the transmitter for video 
intelligence begin with a scanner and proceed 
through a video amplifier, a modulator, and 
an oscillator to the antenna. The transmitter 
for video intelligence also contains a second 
oscillator called a sync oscillator. This controls 
the blanking and synchronizing voltages. Part 
of the sync oscillator output is fed to the 
horizontal and vertical deflection circuits 
which control the movement of the electron 
beam in the scanner. Another part of the 
sync oscillator output is fed to the blanking 
amplifier. This supplies blanking voltage to 
the control grid of the scanner to cut. off the 
electron beam during retraces. The rest of the 
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output of the sync oscillator is fed to the video 
amplifier as pulses occurring during the in- 
tervals between the lines. These pulses are 
transmitted as modulation on the carrier. At 
the receiver, these pulses synchronize the de- 
flection and blanking voltages of the picture 
tube with the deflection and blanking voltages 
of the scanner. 


Now look at the simplified block diagram 
of the TV receiver above. It handles both 
an FM signal for the audio and an AM signal 
for the video. Both signals are received over 
a single antenna, tuned in and amplified by 
a single RF section, and heterodyned against 
a single high frequency oscillator. The hetero- 
dyned signals are then sent through different 
IF sections, one for the audio channel and the 
other for the video channel. The audio signal 
is demodulated by a discriminator, ampli- 
fied by an audio amplifier section, and ap- 
plied to the speaker. The video signal is 
demodulated by a detector and amplified by 
an amplifier section. Part of the output of the 
amplifier goes directly to the picture tube, 
alternately applying the video signal and the 
blanking voltage. The other part of the am- 
plifier output goes to the sync selector circuit. 
Here the sync pulses are extracted and are 
used to control the timing of the horizontal 
and vertical deflection voltages applied to the 
picture tube. This keeps the trace in the 
picture tube moving in synchronization with 
the trace in the scanner. 
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RADIO DIRECTION FINDERS 


Radio direction finders determine the direc- 
tion of arrival of radio waves. This information 
is vital in navigation, for it makes possible the 
positioning, controlling, and homing of ground, 
sea, and air forces. It is especially vital in air- 
sea rescue work, because manually operated 
portable transmitters are standard equipment 
in survival gear. Directional information is also 
a very important aid to military intelligence. 
Locating enemy transmitters makes it possible 
to monitor them, to jam them, to home on 
them, to transmit on their frequencies, or to 
destroy them. 

The composition of radio direction finders 
depends on the job they are designed to do. 
Those used as navigation aids are relatively 
simple, since they are designed for operation 
on one or two predetermined frequency bands. 
Those used as aids to military intelligence are 
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usually quite complicated since the operating 
frequencies of the enemy are unknown, and 
the entire frequency spectrum must _ be 
monitored. 


Principles of Direction Finder Operation 


As you can see in the block diagram of a 
simple direction finder, the three basic units 
of a direction finder are a directional antenna, 
a radio receiver, and an indicator. 


FIGURE-8 
PATTERN 


ANTENNAS. ‘Two simple antennas which 
qualify as directional antennas are the loop 
antenna and the U-antenna. Such antennas 
have a directional response pattern which 
takes the form of a figure 8, as you can see in 
the illustration above. 

When a radio wave arrives at right angles 
to the plane of the two vertical arms of the 
directional antenna, it reaches each arm at 
the same moment. The voltages induced in 
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the two arms are equal, but opposite in phase. 
They cancel. 

When a wave arrives in the same plane as 
the vertical arms, the voltage induced in the 
closer arm is out of phase with the voltage 
induced in the farther arm. Only partial 
cancellation takes place, and the total volt- 
age is maximum. However, as the figure 
8 shows, there can be nulls (complete can- 
cellation) in two directions, and maximums 
(the least amount of cancellation) in two 
directions. Thus, the response of a single 
loop or U-antenna, shows the line of move- 
ment of a radio wave but does not distin- 
guish between two possible directions of 
arrival. A null indicates only that a transmitter 
lies in either of two opposite directions. To get 
a response which will show true direction, the 
response of a directional antenna must be 
combined with the response of a nondirec- 
tional (sense) antenna. A monopole vertical 
antenna meets the requirements for a non- 
directional antenna. You can see the combined 
response pattern in the accompanying illustra- 
tion on page 150. It is the figure in solid out- 
line. Its shape is cardioid (heart shaped), and it 
represents the resultant of the directional and 
nondirectional responses shown in broken out- 
line. 
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The two lobes of the directional response 
(the figure 8) are of opposite polarity. How- 
ever, the nondirectional response has the same 
polarity in all directions. This means that, in 
combination, the nondirectional response can- 
cels one lobe of the figure 8 and increases the 
amplitude of the other. The resulting cardioid 
pattern has only one null. Thus, the null of the 
cardioid pattern can indicate only one direc- 
tion. In direction finding, the null is used in- 
stead of the maximum, for it permits more ac- 
curate bearings than the maximum. 

Note that the null of the cardioid pattern 
is 90° removed in direction from the two nulls 
of the figure-8 pattern. This 90° difference 
must be taken into account in calibrating the 
indicator. Operation to provide a cardioid 
pattern showing true direction is called sense 
operation. Operation to provide a figure-8 
pattern showing the plane of movement of 
a radio wave is called bearing operation. 


RECEIVER. The receiver used in a direction 
finder amplifies and detects the varying re- 
sponse of the antenna system and makes it 
available for the indicator. The direction 
finder receiver is usually a highly selective 
superheterodyne. 

InpIcaTors. The response supplied by the 
receiver can be used for either visual or aural 
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indication. For visual indication a pointer is 
usually used against a scale calibrated in 
degrees. On the scale, north (either magnetic 
or true) is the reference point. For aural indi- 
cation the receiver supplies a heterodyned 
audio tone signal, with zero beat indicating 
aural null (minimum or no sound). 


The most satisfactory visual indicator 
makes use of a cathode ray tube. The face of 
the tube is calibrated in degrees with reference 
to north. Notice the two examples of cathode 
ray indicator patterns on page 151. The in- 
dicator pattern at A is propeller shaped, with 
the propeller tips indicating bearing. Since the 
tips point in opposite directions, the pattern 
does not indicate true bearing. For true bear- 
ing the pattern at B is used. This pattern is 
the cathode ray equivalent of the cardioid 
pattern used to show true bearing. 


Functional Analysis of a Typical 
Direction Finder 


“xamine the block diagram of a_ typical 
direction finder used for intelligence on page 
153. It has, of course, the three basic units— 
antenna, receiver, and indicator. In addition, 
it has a modulating voltage generator and an 
azimuth indicator. These two units are not 
used at the same time. One is a substitute for 
the other. When the modulating voltage gen- 
erator unit is used, instantaneous electrical 
indication is provided by the cathode ray 
tube indicator. When the azimuth indicator 
unit is used, indication is by means of an 
aural null associated with a manually operated 
indicator. 


ANTENNA ARRAY. The usual antenna array 
for a typical direction finder consists of four 
monopole vertical antennas arranged in the 
form of a square with the antennas oriented 
to north, south, east, and west. The total out- 
put of the four antennas is developed across 
a combining impedance and represents the 
vectoral sum of the outputs of the individual 
antennas. The phase of the output voltages 
of the individual antennas depends on the 
direction of the RF wave. The total output 
developed across the combining impedance 
contains directional information. 


In a direction finder used for intelligence 
work there is usually an arrangement by which 
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the length of the monopole antennas can be 
varied to conform to the various wavelengths 
at which a transmitter may be operating. Such 
an array of monopole antennas cannot be used 
in place of a loop antenna in most navigational 
work. The array is too big and cumbersome to 
be rotatable. However, the effect of rotation 
can be achieved by use of a device called a 
goniometer. 


A goniometer is a special kind of trans- 
former. The primary consists of two coils ar- 
ranged at right angles to each other. Each coil 
develops the output of two monopole antennas 
of opposite phase. The secondary consists of 
a single rotatable coil. When the secondary 
coil is rotated within the fields of the two 
primary coils, the response is the same as if 
the antenna array were rotated. 


MOopuULATING VOLTAGE GENERATOR. The 
modulating voltage generator unit contains 
an oscillator which supplies a 147-cps signal. 
This audio signal is used to synchronize the 
response of the cathode ray tube indicator 
with the response of the antenna circuits. The 
signal also modulates locally any RF wave 
picked up by the antennas. Thus, the direction 
finder receiver can detect a response even 
though the RF wave may be unmodulated. 
It can also detect a response if the RF wave 
represents FM, SSB, or pulse transmission. 


The 147-cps signal passes through a phase 
splitter circuit and two phase inverter circuits 
before it is applied to the balanced modulators 
of the antennas. The 90° phase splitter pro- 
duces two versions of the original 147-cps 
signal, one 90° out of phase with the other. 
Each of these two signals is passed through 
a phase inverter. Each inverter produces two 
signals 180° out of phase. This means that the 
two inverters put out a total of four signals. 
As the waveforms on the block diagram show, 
these signals are 0°, 90°, 180°, and 270° out 
of phase with the original 147-cps signal. 


The four phased signals are fed to the four 
balanced modulators. There is one balanced 
modulator at the base of each of the four 
monopole antennas. In each balanced mod- 
ulator, the phased 147-cps signal is mixed 
with the output of the antenna. Thus, the 
output of each balanced modulator consists 
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of an RF signal modulated by a phased 147- 
cps signal. The phase of the RF signal is 
determined by the direction of its arrival at 
the antenna. The modulation is the phased 
147-cps audio signal. The output of the com- 
bining impedance consists of the vectorial 
sum of the four RF signals modulated by the 
vectorial sum of the 147-cps signals. The 
vectorial sum of the RE signals depends on 
the bearing and direction of the RF while 
the vectorial sum of the 147-cps signals shows 
time. This means that the directional response 
of the antennas occurs at a definite point in 
the 360° of one cycle of the 147 cps. 


BEARING INDICATOR UNIT. Note that the 
original 147-cps signal is also fed into the 
bearing indicator unit. Here it passes through 
a phase splitter and two phase inverters. This 
produces four 147-cps signals, out of phase 0°, 
90°, 180° and 270° with the original signal. 
These four phased signals are passed through 
balanced modulators and applied to the verti- 
cal and horizontal plates of the cathode ray 
tube. There, they cause the trace of the tube 
to rotate 360° for each cycle of the 147-cps 
signal. The face of the tube is calibrated in 
degrees. Since the circular movement of the 
trace is controlled by the 147-cps signal, the 
directional response of the antenna is applied 
to the scope at the same point in the 360° of 
the 147-cps signal as the point at which it 
occurs in the indicator unit. 


Note that the bearing indicator unit con- 
tains a 200-ke oscillator. This 200-ke signal is 
eventually applied to the cathode ray tube. 
There it provides the voltages that cause the 
trace to move from one side of the tube to the 
other, with one complete movement back and 
forth for each cycle. The 147-cps phased signal 
is also applied to the cathode ray tube to cause 
the trace to move in a circular direction 
through 360° around the face of the tube. The 
trace moves through 360° of rotation for each 
full cycle of the 147-cps signal. Thus, the 
circular movement of the trace is coordinated 
with the antenna response, since both are 
governed by the 147-cps signal. 


For the indicator response pattern, the 
voltages of the antenna response add to or 
subtract from the voltages. of the 200-ke 
signal. This means that in some directions the 


154 


trace moves clear to the edge of the scope, 
but in other directions, the trace does not 
move from the center of the scope. Thus, the 
bearing pattern which results is a propeller- 
shaped pattern. The tips of the propeller- 
shaped pattern indicate the null points in the 
antenna’s response pattern and thus the line 
of direction. 


SENSE OPERATION. Since there are two 
propeller-shaped tips to the pattern, the indi- 
cation is ambiguous as to direction of arrival. 
Sense operation to resolve this ambiguity is 
necessary. A single switch puts sense circuits 
into operation. 


Note that sense operation in this system 
does not require a separate nondirectional 
antenna. The sense signals are taken from the 
same antennas that supply the balanced mod- 
ulators. This is made possible by the balanced 
modulators. The output of a balanced modula- 
tor is an RF signal modulated by the 147-cps 
signal. However, because of the action of the 
modulators, the direction of the RF bearing 
signal reverses itself. Through the first. 180° 
of the 147-cps signal it has the opposite phase 
of what it has through the other 180° of the 
147-cps signal. The RF sense signal, on the 
other hand, does not reverse itself. 


Thus, for a half cycle of the 147-cps signal, 
the bearing RF and the sense RF are in phase. 
For the other half cycle, they are 180° out of 
phase. When the RF signals are in phase they 
add; when they are out of phase they cancel. 
The resultant response is the characteristic 
cardioid pattern. There is only one null and 
it shows direction. The resultant pattern of 
all four antennas developed across the com- 
bining impedance is a cardioid pattern showing 
the true direction of arrival of the RF wave. 


The cardioid sense pattern has its null dis- 
placed 90° from the two nulls of the bearing 
pattern. To keep the indicator from being 90° 
in error, therefore, the 147-cps synchronizing 
signal applied to the indicator is passed 
through the sense pattern rotation circuit in 
the indicator unit. 


The same unit has a sense blanking circuit 
to cut off the 200-kc signal for one half of each 
of its cycles. The purpose of this is to prevent 
ambiguity. Here’s why: the 200-kc signal pro- 


vides the sweep voltage for the indicator tube. 
It provides a complete sweep for each half 
cycle. This means that the propeller-shaped 
pattern, formed with no blanking, is really a 
double pattern, one pattern superimposed on 
the other. The two patterns are opposite in 
polarity. Yet, since each pattern is composed 
of two identically shaped lobes, this difference 
in polarity does not matter in bearing opera- 
tion. However, for sense operation, which re- 
quires a pattern of only one lobe, this differ- 
ence in polarity would produce ambiguous 
results. The two patterns produced by a 
double sweep would not be superimposed. 
They would be produced in opposite direc- 
tions, and no sense indication could be ob- 
tained. This difficulty is overcome by using 
a single sweep for sense operation. Blanking 
one half of each 200-kc cycle provides the 
single sweep. 

AZIMUTH INDICATOR. The azimuth indicator 
provides an alternate means of getting bearing 
and sense indications. For azimuth indicator 
operation, the azimuth indicator unit is 
switched in to replace both the modulating 
voltage generator unit and the bearing in- 
dicator unit. 

To replace the modulating voltage .genera- 
tor, the azimuth indicator unit uses a si- 
nusoidal potentiometer. The sinusoidal poten- 
tiometer is a variable resistance across which 
a DC voltage is applied. The potentiometer 
has four output arms coupled to a common, 
rotatable shaft. An azimuth scale is affixed 
to this shaft and serves as indicator. 


As the shaft is rotated through 360°, the 
DC potential at the end of one of the potentio- 
meter arms rises from zero to a maximum 
positive voltage. As rotation continues, the 
potential falls back to zero. With further ro- 
tation, it goes to a maximum negative; then, 
it rises again to zero. Thus, during a complete 
cycle, voltages at the end of one arm corre- 
spond to the voltages produced at an AC 
source. 


If the shaft were rotated at a rate of 147 
cps, the output of one arm would be identical 
with the oscillator output of the modulating 
voltage generator. The output of each of the 
other potentiometer arms would be similar. 
However, the four arms point in four different 
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directions. Therefore, the four voltages at the 
ends of the arms at any one instant are 90° 
apart in phase. If one represents 0°, the others 
represent 90°, 180°, and 270°. 

This means that if the shaft were rotated 
at a rate of 147 cps, the signal presented to the 
balanced modulators would be identical with 
that presented to the balanced modulators by 
the 147-cps oscillator and the phasing cir- 
cuits. If the shaft were rotated at 147 cps, the 
sinusoidal potentiometer would do exactly the 
same job as the modulating voltage generator. 
However, for azimuth operation, it is not 
necessary to rotate the shaft that fast. The 
phased voltages presented by the potentio- 
meter arms are DC voltages. They are present 
even when rotation is stopped. These phased 
DC voltages are supplied to the modulators 
and react with the signals of the four antennas 
to give a response pattern which shows bear- 
ing. When the sense circuits of the antenna 
system are connected, a sense response results. 

Thus, operating the azimuth unit for bear- 
ing indication produces the characteristic re- 
sponse pattern with two nulls. Operating the 
azimuth unit for sense indication produces 
the characteristic response pattern with a 
single null. The nulls are detected aurally in 
the receiver output by rotating the shaft of 
the sinusoidal potentiometer. An azimuth 
scale and a pointer are mounted on the shaft 
and are calibrated for bearing and sense opera- 
tion. Consequently, the calibrated position of 
the shaft when aural null is reached can be 
used to indicate either bearing or sense. 


The azimuth dial consists of two scales (red 
and white). These are calibrated in degrees 
(0 to 360) and displaced 180° from each other. 
In operation, the azimuth dial is rotated to 
either of the two null positions. Then the 
sense switch is thrown to either the red or 
white position. In the vicinity of the null, the 
aural signal will be louder in one position than 
in the other. The position that gives the louder 
response indicates the direct or true azimuth. 
The exact indication is therefore on the azi- 
muth scale that has the same color as the sense 
switch position which produces the louder 
signal. 


The general system just described is basic- 
ally the system of all homing and direction- 
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finding equipment. Airborne homing equip- 
ment usually has a rotatable directional an- 
tenna (the loop) and an indicator coordinated 
either electrically or mechanically with the 
position of the antenna. For homing opera- 
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tion, the RF signals (from the radio beacons) 
are usually coded to identify each station. 
These coded signals can appear visually on 
a cathode ray tube indicator, or can be heard 
aurally in a headset. 


CHAPTER 


PERFORMANCE TESTS AND 
TROUBLESHOOTING TECHNIQUES 


Under normal conditions the repairman or 
technician has a fine collection of tools to help 
him do his job. He has a stock of spare com- 
ponents with which to replace defective com- 
ponents. He has a collection of test units to 
help him in locating defective components, in 
discovering incorrect voltages and currents, 
and in setting the receiver’s variable com- 
ponents properly. He has, also, his knowledge 
of radio principles and his experience. Know- 
ledge and experience are of major importance. 
A technician without an understanding of 
radio principles but with a tube tester, can 
detect a defective tube—by testing all the 
tubes. A technician with an understanding of 
radio principles and a tube tester, can locate 
a defective tube by testing only one or two 
tubes. His knowledge and experience enable 
him to isolate the trouble mentally. 


The repairman or technician can make use 
of the knowledge and experience of others. 
Full information concerning any equipment 
he may use is available in the form of technical 
orders (TO’s). The technician can also make 
good use of the knowledge and experience of 
others concerning each individual radio unit 
which he services. The trouble reports and 
the operating record of a unit can be most 
helpful for fast and efficient repair work. 


The first part of this chapter deals with test 
equipment. A number of types are discussed 
briefly as to capabilities and uses. This is 
followed by discussions of technical publica- 
tions that help in troubleshooting and main- 
tenance. The last part of the chapter deals 
with general maintenance problems. 
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TEST EQUIPMENT 


Test equipment is often supplied in the form 
of a test set such as the I-56 on page 158. 
It includes two multimeters and a tube tester, 
all contained in a single carrying case. 


Multimeter 


A multimeter, as the name implies, in- 
corporates several different meters in the same 
case, all using the same meter movement. 
Selector switches provide for selecting the 
particular meter and range that are desired. 
Notice the multimeters on pages 152 and 153, 
which are part of test equipment I-56. They 
are multimeter I-166 and multimeter I-176. 
They provide measurements of resistance, cur- 
rent, and voltage. These measurements help to 
locate defective components, bad connections, 
improper voltages and currents, and incorrect- 
ly set variable elements. Multimeter I-166 
contains an output meter, an AC voltmeter, 
a DC voltmeter, and an ohmmeter. Multi- 
meter I-176 contains an AC voltmeter, a DC 
voltmeter, an AC ammeter, a DC ammeter, 
and an ohmmeter. In general, similar meters 
of the I-176 and the I-166 complement rather 
than duplicate each other since their ranges 
and sensitivities are different. 


Vacuum Tube Voltmeter 


Now look at the vacuum tube voltmeter, 
TS-375A U, on page 159. The vacuum tube 
voltmeter is one of the most useful single unit 
instruments. In this unit, the voltage to be 
measured is applied to the control grid of an 
electron tube. Measurements and calibration 
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are made in terms of the plate current of the 
tube. Thus, this meter draws less current from 
the circuit being measured than does an 
ordinary voltmeter. Therefore, measurements 
made with a vacuum tube voltmeter more 
nearly indicate actual circuit conditions, since 
the meter does not load the circuit being 
tested. 

The vacuum tube voltmeter has other ad- 
vantages also. It may operate at high fre- 
quencies, while the ordinary voltmeter is 
limited to frequencies below a few kc. The use 
of an electron tube also protects the meter 
from overloading, and makes it an almost 
foolproof voltmeter. However, because of the 
tube, the voltmeter must have a source of 
power for its operation. It may be operated 
from AC line voltage or from self-contained 
batteries. 


Output Meters 

The output meter is used for measuring 
the output power of a radio receiver. The 
meter scales are calibrated in volts, decibels or 
both. Ordinarily, an output meter consists of 
a load impedance (resistive) and an associated 
rectifier type AC voltmeter. In the output 
meter of the I-166, provision is made for 
selecting either a load impedance of 4000 ohms 
or 300 ohms. The load impedance should be 
the impedance into which the receiver normal- 
ly works. An AC voltmeter may be used as an 
output meter if the correct load impedance is 
placed in parallel with the meter. 

Since the output of a receiver is an indica- 
tion of its operating conditions, the output 
meter can be helpful in both alignment and 
troubleshooting. The visual indication on an 
output meter is an accurate means of obtain- 
ing a maximum output when aligning. 
Signal Generator 

For an output meter to be helpful there 
must, of course, be an output. If a receiver 
is operating normally, the signal travels from 
the antenna to the output. If the receiver does 
not operate properly, however, the pathway 
may be blocked somewhere along the line. 
There may be no output. That’s where the 
signal generator is important. It provides a 
substitute signal which can be introduced at 
any point along the pathway, in order to make 
an output possible. 
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Signal generators are available for every 
frequency range. The usual signal generator 
unit contains an RF oscillator to cover the 
RF range, and an AF oscillator to cover the 
audio range. Thus, the unit can provide an 
RF signal, an AF signal, or RF signal modu- 
lated by an AF signal. This means that a unit 
can provide a substitute signal for introduc- 
tion to a receiver’s AF, IF, or RF sections. A 
signal generator unit may have several oscil- 
lator circuits which can be switched in to 
permit operation over a number of frequency 
ranges. Thus, one unit may cover all fre- 
quencies up to VHF. Another may cover the 
VHF and UHF ranges. 

As an example of a signal generator, notice 
the unit on page 161. Signal generator TS- 
413A/U is a unit for the lower frequencies. 
Other signal generators are made for the 
higher frequencies. Such units may introduce 
their signal at the receiver input through a 
dummy antenna, or they may introduce the 
signal, by means of probes, into any stage of 
the receiver. 


Wobbulator or Sweep Generator 


A wobbulator or sweep generator is a spe- 
cial type of signal generator. It provides the 
signals simultaneously. One signal is a fre- 
quency modulated RF output. The other 
signal is a duplicate of or is synchronized by 
the audio voltage which is used to frequency 
modulate the RF signal. This audio output 
may be either a sinusoidal or a sawtooth 
voltage. In practice, the audio voltage is ap- 
plied to the horizontal deflection system of an 
oscilloscope while the frequency modulated 
RF output is applied to the input of an IF 
or RF amplifier. The rectified output of the 
amplifier is then applied to the vertical de- 
flection system of the oscilloscope. The result- 
ing oscilloscope pattern shows the frequency 
response of the amplifier and provides the 
best possible indication for aligning the am- 
plifier’s tuned circuits. 


Marker Generator 


The marker generator is also a special type 
of signal generator. It is essentially a highly 
accurate, calibrated RF signal generator. It is 
used with a sweep generator and an oscillo- 
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Signal Generator TS-413A/U 


scope to produce a marker pip on the fre- 
quency response pattern. The pip on the scope 
pattern establishes a reference point. It marks 
the frequency of the marker generator on the 
response curve. 

Look at the markers shown in the illustra- 
tions of receiver marker response patterns. 
The pattern at A shows a single marker. It 
indicates that the marker frequency is ap- 
proximately at the center of the receiver 
bandpass. The pattern at B shows two 
markers. Each is supplied by a separate 
marker generator. The markers indicate the 
frequency at each end of the bandpass. Thus, 
the marker generator helps in adjusting a 
bandpass to the desired bandwidth and fre- 
quency. 


Signal Tracer 


Any device which provides the means for 
detecting the presence of signal at appropriate 
points throughout the signal path in the re- 
ceiver can be used as a signal tracer. Signal 
tracers vary in complexity, usefulness, and 
frequency ranges. The signal tracer TS-303 
A C shown on page 162, is one of the most 
versatile. Like a signal generator, it permits 
stage-by-stage analysis of a receiver. However, 
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where the signal generator provides a substi- 
tute signal to be applied to the various re- 
ceiver stages, the signal tracer provides sub- 
stitute circuits which, stage by stage, can take 
the place of the receiver circuits. 

A chanalyst has an RF IF section, an 
oscillator section, an audio section, and a 
separate cathode ray tuning indicator for 
each section. Thus, a signal can be taken from 
any section of the receiver by probes, applied 
to the corresponding section of the chanalyst, 
and evaluated by the chanalyst indicator. 
Since there are a number of probes and in- 
dicators, it is possible to observe conditions 
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simultaneously at a number of points in the 
receiver. The signal tracer is most useful in 
localizing the trouble in a receiver. 


Oscilloscope 


The use of the oscilloscope as an aid in 
adjusting the receiver bandpass has already 
been mentioned. In addition, the oscilloscope 
can be very useful in most types of receiver 
servicing. Because the oscilloscope can show 
voltage waveforms, it has advantages that 
cannot be duplicated by other indicating de- 
vices. It can follow a signal through the entire 
receiver and, by showing the waveform, show 
the existence of distortion. It can be used as 
an indicator in alignment processes. In some 
very complicated circuits as in television, 
where the waveform shape is critical, no other 
indicator can do the job. 


Tube Tester 


Tube testers are designed to test the oper- 
ating fitness of electron tubes. There are two 
types of testers—emission testers and dynamic 
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mutual conductance testers. The emission 
testers are rapidly becoming obsolete. They 
check the tube for filament emission, for open 
circuit, and for interelectrode short circuits. 
Dynamic mutual conductance testers, such as 
the Tube Tester I-177 shown here, check emis- 
sion, mutual conductance, and interelectrode 
shorts. This tube tester is often included in 
part of a test set. 


Capacity Checker 


The capacity checker is used to detect such 
defects in capacitors as opens, shorts, and in- 
termittent operation. It shows leakage and 
power factors for electrolytic capacitors. It 
measures capacitance of all types of capacitors. 
An example of a capacitor checker is the TS- 
415 shown on page 164. 


Other Test Equipment 


Other test equipment often includes fre- 
quency meters, Wheatstone bridges, imped- 
ance bridges, capacitance or resistance dec- 
ades, and distortion meters. 
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PRINTED AIDS TO ALIGNMENT AND 
TROUBLESHOOTING 


Full information concerning all Air Force 
electronic equipment is available in printed 
form. Each unit, whether it be a test unit or 
an operational unit, has its complete writeup. 
This writeup contains data for the assembly, 
operation, maintenance, alignment, and 
troubleshooting of the equipment. The write- 
up includes performance standards, voltages, 
and the values of all components. Such in- 
formation is essential to good radio work. 


Technical Orders 


Publications concerning Air Force equip- 
ment are classified as technical orders (TO’s), 
and are given an Air Force numerical-alpha- 
betical designation. Such publications may 
originate with the Air Force, with other 
branches of the service, especially the Signal 
Corps of the Army, or with the manufacturer. 
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Publications originating outside the Air Force 
may have a different classification. Signal 
Corps publications may be designated both 
as technical orders and technical manuals 
(TM’s) and may have an Army number. They 
are also assigned an Air Force number, which 
stands as the equivalent of the original desig- 
nation. For instance, the publication desig- 
nated by the Army as TM 11-850 is equivalent 
to the Air Force designation 16-40BC312-6. 


Publication Indexes 


With publications covering all equipment, 
the technical library of the Air Force is very 
large. To provide help in locating any publica- 
tion, there is an index volume entitled, 
Numerical Index of Technical Publications. 
This divides publications into categories. Cate- 
gory 16, for example, deals with electronics 
equipment. The index for this category is 
published as TO 00-1-16. It lists the publica- 


vides the sweep voltage for the indicator tube. 
It provides a complete sweep for each half 
cycle. This means that the propeller-shaped 
pattern, formed with no blanking, is really a 
double pattern, one pattern superimposed on 
the other. The two patterns are opposite in 
polarity. Yet, since each pattern is composed 
of two identically shaped lobes, this difference 
in polarity does not matter in bearing opera- 
tion. However, for sense operation, which re- 
quires a pattern of only one lobe, this differ- 
ence in polarity would produce ambiguous 
results. The two patterns produced by a 
double sweep would not be superimposed. 
They would be produced in opposite direc- 
tions, and no sense indication could be ob- 
tained. This difficulty is overcome by using 
a single sweep for sense operation. Blanking 
one half of each 200-kc cycle provides the 
single sweep. 

AZIMUTH INDICATOR. The azimuth indicator 
provides an alternate means of getting bearing 
and sense indications. For azimuth indicator 
operation, the azimuth indicator unit is 
switched in to replace both the modulating 
voltage generator unit and the bearing in- 
dicator unit. 

To replace the modulating voltage .genera- 
tor, the azimuth indicator unit uses a si- 
nusoidal potentiometer. The sinusoidal poten- 
tiometer is a variable resistance across which 
a DC voltage is applied. The potentiometer 
has four output arms coupled to a common, 
rotatable shaft. An azimuth scale is affixed 
to this shaft and serves as indicator. 


As the shaft is rotated through 360°, the 
DC potential at the end of one of the potentio- 
meter arms rises from zero to a maximum 
positive voltage. As rotation continues, the 
potential falls back to zero. With further ro- 
tation, it goes to a maximum negative; then, 
it rises again to zero. Thus, during a complete 
cycle, voltages at the end of one arm corre- 
spond to the voltages produced at an AC 
source. 


If the shaft were rotated at a rate of 147 
cps, the output of one arm would be identical 
with the oscillator output of the modulating 
voltage generator. The output of each of the 
other potentiometer arms would be similar. 
However, the four arms point in four different 
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directions. Therefore, the four voltages at the 
ends of the arms at any one instant are 90° 
apart in phase. If one represents 0°, the others 
represent 90°, 180°, and 270°. 

This means that if the shaft were rotated 
at a rate of 147 cps, the signal presented to the 
balanced modulators would be identical with 
that presented to the balanced modulators by 
the 147-cps oscillator and the phasing cir- 
cuits. If the shaft were rotated at 147 cps, the 
sinusoidal potentiometer would do exactly the 
same job as the modulating voltage generator. 
However, for azimuth operation, it is not 
necessary to rotate the shaft that fast. The 
phased voltages presented by the potentio- 
meter arms are DC voltages. They are present 
even when rotation is stopped. These phased 
DC voltages are supplied to the modulators 
and react with the signals of the four antennas 
to give a response pattern which shows bear- 
ing. When the sense circuits of the antenna 
system are connected, a sense response results. 

Thus, operating the azimuth unit for bear- 
ing indication produces the characteristic re- 
sponse pattern with two nulls. Operating the 
azimuth unit for sense indication produces 
the characteristic response pattern with a 
single null. The nulls are detected aurally in 
the receiver output by rotating the shaft of 
the sinusoidal potentiometer. An azimuth 
scale and a pointer are mounted on the shaft 
and are calibrated for bearing and sense opera- 
tion. Consequently, the calibrated position of 
the shaft when aural null is reached can be 
used to indicate either bearing or sense. 


The azimuth dial consists of two scales (red 
and white). These are calibrated in degrees 
(0 to 360) and displaced 180° from each other. 
In operation, the azimuth dial is rotated to 
either of the two null positions. Then the 
sense switch is thrown to either the red or 
white position. In the vicinity of the null, the 
aural signal will be louder in one position than 
in the other. The position that gives the louder 
response indicates the direct or true azimuth. 
The exact indication is therefore on the azi- 
muth scale that has the same color as the sense 
switch position which produces the louder 
signal. 


The general system just described is basic- 
ally the system of all homing and direction- 
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finding equipment. Airborne homing equip- 
ment usually has a rotatable directional an- 
tenna (the loop) and an indicator coordinated 
either electrically or mechanically with the 
position of the antenna. For homing opera- 
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tion, the RF signals (from the radio beacons) 
are usually coded to identify each station. 
These coded signals can appear visually on 
a cathode ray tube indicator, or can be heard 
aurally in a headset. 


CHAPTER 


PERFORMANCE TESTS AND 
TROUBLESHOOTING TECHNIQUES 


Under normal conditions the repairman or 
technician has a fine collection of tools to help 
him do his job. He has a stock of spare com- 
ponents with which to replace defective com- 
ponents. He has a collection of test units to 
help him in locating defective components, in 
discovering incorrect voltages and currents, 
and in setting the receiver’s variable com- 
ponents properly. He has, also, his knowledge 
of radio principles and his experience. Know- 
ledge and experience are of major importance. 
A technician without an understanding of 
radio principles but with a tube tester, can 
detect a defective tube—by testing all the 
tubes. A technician with an understanding of 
radio principles and a tube tester, can locate 
a defective tube by testing only one or two 
tubes. His knowledge and experience enable 
him to isolate the trouble mentally. 


The repairman or technician can make use 
of the knowledge and experience of others. 
Full information concerning any equipment 
he may use is available in the form of technical 
orders (TO’s). The technician can also make 
good use of the knowledge and experience of 
others concerning each individual radio unit 
which he services. The trouble reports and 
the operating record of a unit can be most 
helpful for fast and efficient repair work. 


The first part of this chapter deals with test 
equipment. A number of types are discussed 
briefly as to capabilities and uses. This is 
followed by discussions of technical publica- 
tions that help in troubleshooting and main- 
tenance. The last part of the chapter deals 
with general maintenance problems. 
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TEST EQUIPMENT 


Test equipment is often supplied in the form 
of a test set such as the I-56 on page 158. 
It includes two multimeters and a tube tester, 
all contained in a single carrying case. 


Multimeter 


A multimeter, as the name implies, in- 
corporates several different meters in the same 
case, all using the same meter movement. 
Selector switches provide for selecting the 
particular meter and range that are desired. 
Notice the multimeters on pages 152 and 153, 
which are part of test equipment I-56. They 
are multimeter I-166 and multimeter I-176. 
They provide measurements of resistance, cur- 
rent, and voltage. These measurements help to 
locate defective components, bad connections, 
improper voltages and currents, and incorrect- 
ly set variable elements. Multimeter I-166 
contains an output meter, an AC voltmeter, 
a DC voltmeter, and an ohmmeter. Multi- 
meter I-176 contains an AC voltmeter, a DC 
voltmeter, an AC ammeter, a DC ammeter, 
and an ohmmeter. In general, similar meters 
of the I-176 and the I-166 complement rather 
than duplicate each other since their ranges 
and sensitivities are different. 


Vacuum Tube Voltmeter 


Now look at the vacuum tube voltmeter, 
TS-375A U, on page 159. The vacuum tube 
voltmeter is one of the most useful single unit 
instruments. In this unit, the voltage to be 
measured is applied to the control grid of an 
electron tube. Measurements and calibration 
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Vacuum Tube Voltmeter TS-375A/U 
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are made in terms of the plate current of the 
tube. Thus, this meter draws less current from 
the circuit being measured than does an 
ordinary voltmeter. Therefore, measurements 
made with a vacuum tube voltmeter more 
nearly indicate actual circuit conditions, since 
the meter does not load the circuit being 
tested. 

The vacuum tube voltmeter has other ad- 
vantages also. It may operate at high fre- 
quencies, while the ordinary voltmeter is 
limited to frequencies below a few kc. The use 
of an electron tube also protects the meter 
from overloading, and makes it an almost 
foolproof voltmeter. However, because of the 
tube, the voltmeter must have a source of 
power for its operation. It may be operated 
from AC line voltage or from self-contained 
batteries. 


Output Meters 

The output meter is used for measuring 
the output power of a radio receiver. The 
meter scales are calibrated in volts, decibels or 
both. Ordinarily, an output meter consists of 
a load impedance (resistive) and an associated 
rectifier type AC voltmeter. In the output 
meter of the I-166, provision is made for 
selecting either a load impedance of 4000 ohms 
or 300 ohms. The load impedance should be 
the impedance into which the receiver normal- 
ly works. An AC voltmeter may be used as an 
output meter if the correct load impedance is 
placed in parallel with the meter. 

Since the output of a receiver is an indica- 
tion of its operating conditions, the output 
meter can be helpful in both alignment and 
troubleshooting. The visual indication on an 
output meter is an accurate means of obtain- 
ing a maximum output when aligning. 
Signal Generator 

For an output meter to be helpful there 
must, of course, be an output. If a receiver 
is operating normally, the signal travels from 
the antenna to the output. If the receiver does 
not operate properly, however, the pathway 
may be blocked somewhere along the line. 
There may be no output. That’s where the 
signal generator is important. It provides a 
substitute signal which can be introduced at 
any point along the pathway, in order to make 
an output possible. 
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Signal generators are available for every 
frequency range. The usual signal generator 
unit contains an RF oscillator to cover the 
RF range, and an AF oscillator to cover the 
audio range. Thus, the unit can provide an 
RF signal, an AF signal, or RF signal modu- 
lated by an AF signal. This means that a unit 
can provide a substitute signal for introduc- 
tion to a receiver’s AF, IF, or RF sections. A 
signal generator unit may have several oscil- 
lator circuits which can be switched in to 
permit operation over a number of frequency 
ranges. Thus, one unit may cover all fre- 
quencies up to VHF. Another may cover the 
VHF and UHF ranges. 

As an example of a signal generator, notice 
the unit on page 161. Signal generator TS- 
413A/U is a unit for the lower frequencies. 
Other signal generators are made for the 
higher frequencies. Such units may introduce 
their signal at the receiver input through a 
dummy antenna, or they may introduce the 
signal, by means of probes, into any stage of 
the receiver. 


Wobbulator or Sweep Generator 


A wobbulator or sweep generator is a spe- 
cial type of signal generator. It provides the 
signals simultaneously. One signal is a fre- 
quency modulated RF output. The other 
signal is a duplicate of or is synchronized by 
the audio voltage which is used to frequency 
modulate the RF signal. This audio output 
may be either a sinusoidal or a sawtooth 
voltage. In practice, the audio voltage is ap- 
plied to the horizontal deflection system of an 
oscilloscope while the frequency modulated 
RF output is applied to the input of an IF 
or RF amplifier. The rectified output of the 
amplifier is then applied to the vertical de- 
flection system of the oscilloscope. The result- 
ing oscilloscope pattern shows the frequency 
response of the amplifier and provides the 
best possible indication for aligning the am- 
plifier’s tuned circuits. 


Marker Generator 


The marker generator is also a special type 
of signal generator. It is essentially a highly 
accurate, calibrated RF signal generator. It is 
used with a sweep generator and an oscillo- 
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scope to produce a marker pip on the fre- 
quency response pattern. The pip on the scope 
pattern establishes a reference point. It marks 
the frequency of the marker generator on the 
response curve. 

Look at the markers shown in the illustra- 
tions of receiver marker response patterns. 
The pattern at A shows a single marker. It 
indicates that the marker frequency is ap- 
proximately at the center of the receiver 
bandpass. The pattern at B shows two 
markers. Each is supplied by a separate 
marker generator. The markers indicate the 
frequency at each end of the bandpass. Thus, 
the marker generator helps in adjusting a 
bandpass to the desired bandwidth and fre- 
quency. 


Signal Tracer 


Any device which provides the means for 
detecting the presence of signal at appropriate 
points throughout the signal path in the re- 
ceiver can be used as a signal tracer. Signal 
tracers vary in complexity, usefulness, and 
frequency ranges. The signal tracer TS-303 
A C shown on page 162, is one of the most 
versatile. Like a signal generator, it permits 
stage-by-stage analysis of a receiver. However, 
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where the signal generator provides a substi- 
tute signal to be applied to the various re- 
ceiver stages, the signal tracer provides sub- 
stitute circuits which, stage by stage, can take 
the place of the receiver circuits. 

A chanalyst has an RF IF section, an 
oscillator section, an audio section, and a 
separate cathode ray tuning indicator for 
each section. Thus, a signal can be taken from 
any section of the receiver by probes, applied 
to the corresponding section of the chanalyst, 
and evaluated by the chanalyst indicator. 
Since there are a number of probes and in- 
dicators, it is possible to observe conditions 
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simultaneously at a number of points in the 
receiver. The signal tracer is most useful in 
localizing the trouble in a receiver. 


Oscilloscope 


The use of the oscilloscope as an aid in 
adjusting the receiver bandpass has already 
been mentioned. In addition, the oscilloscope 
can be very useful in most types of receiver 
servicing. Because the oscilloscope can show 
voltage waveforms, it has advantages that 
cannot be duplicated by other indicating de- 
vices. It can follow a signal through the entire 
receiver and, by showing the waveform, show 
the existence of distortion. It can be used as 
an indicator in alignment processes. In some 
very complicated circuits as in television, 
where the waveform shape is critical, no other 
indicator can do the job. 


Tube Tester 


Tube testers are designed to test the oper- 
ating fitness of electron tubes. There are two 
types of testers—emission testers and dynamic 
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mutual conductance testers. The emission 
testers are rapidly becoming obsolete. They 
check the tube for filament emission, for open 
circuit, and for interelectrode short circuits. 
Dynamic mutual conductance testers, such as 
the Tube Tester I-177 shown here, check emis- 
sion, mutual conductance, and interelectrode 
shorts. This tube tester is often included in 
part of a test set. 


Capacity Checker 


The capacity checker is used to detect such 
defects in capacitors as opens, shorts, and in- 
termittent operation. It shows leakage and 
power factors for electrolytic capacitors. It 
measures capacitance of all types of capacitors. 
An example of a capacitor checker is the TS- 
415 shown on page 164. 


Other Test Equipment 


Other test equipment often includes fre- 
quency meters, Wheatstone bridges, imped- 
ance bridges, capacitance or resistance dec- 
ades, and distortion meters. 
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PRINTED AIDS TO ALIGNMENT AND 
TROUBLESHOOTING 


Full information concerning all Air Force 
electronic equipment is available in printed 
form. Each unit, whether it be a test unit or 
an operational unit, has its complete writeup. 
This writeup contains data for the assembly, 
operation, maintenance, alignment, and 
troubleshooting of the equipment. The write- 
up includes performance standards, voltages, 
and the values of all components. Such in- 
formation is essential to good radio work. 


Technical Orders 


Publications concerning Air Force equip- 
ment are classified as technical orders (TO’s), 
and are given an Air Force numerical-alpha- 
betical designation. Such publications may 
originate with the Air Force, with other 
branches of the service, especially the Signal 
Corps of the Army, or with the manufacturer. 
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Publications originating outside the Air Force 
may have a different classification. Signal 
Corps publications may be designated both 
as technical orders and technical manuals 
(TM’s) and may have an Army number. They 
are also assigned an Air Force number, which 
stands as the equivalent of the original desig- 
nation. For instance, the publication desig- 
nated by the Army as TM 11-850 is equivalent 
to the Air Force designation 16-40BC312-6. 


Publication Indexes 


With publications covering all equipment, 
the technical library of the Air Force is very 
large. To provide help in locating any publica- 
tion, there is an index volume entitled, 
Numerical Index of Technical Publications. 
This divides publications into categories. Cate- 
gory 16, for example, deals with electronics 
equipment. The index for this category is 
published as TO 00-1-16. It lists the publica- 


tion numbers for all equipment in which you, 
as a radio repairman or technician, may be 
interested. It includes four sections: Part I, 
Active Technical Publications; Part II, Re- 
scinded and Reclassified Technical Publica- 
tions; Part III, Cross Reference of Depart- 
ment of Army (DA) to Department of the 
Air Force (AF) Publication Numbers; Part 
IV, Ruled Pages for Entry of New Publica- 
tions. 


With the help of this index, you can find 
the TO number for any piece of electronic 
equipment. Knowing the number, you can 
readily locate the TO in the file. By use of the 
index, you can also see whether a publication 
you already have is up-to-date. 


MAINTENANCE PROCEDURES 


The organized procedures which you will 
be expected to carry out with radio equipment 
can be divided into three classifications: 
troubleshooting, alignment, and performance 
testing. The three procedures overlap con- 
siderably, since troubleshooting may reveal 
a need for alignment, and some troubles may 
not be discovered until performance testing 
has been tried. 


Usually you will find no set procedure for 
troubleshooting in a TO for a particular re- 
ceiver. However, you will find many helpful 
hints. In addition, the TO usually will contain 
procedures for alignment and _ performance 
testing which you should follow whenever 
possible. For useful general information, study 
the procedures on the following pages of this 
chapter. Though each receiver has its own 
performance standards and its own test re- 
quirements, this information will help you 
in maintenance. 


Troubleshooting 


As a radio repairman or technician, your 
real worth lies in your ability to analyze and 
isolate troubles. With extensive and compli- 
cated radio circuits, such ability helps you 
save considerable time and effort. Usually, if 
you can locate the trouble, the actual repair 
is merely a mechanical operation — replacing 
a tube or a capacitor, or making a new con- 
nection. 
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If you draw on your experience and your 
understanding of radio principles, each trouble 
suggests its own cause and its means of cor- 
rection. This amounts to a preliminary analy- 
sis. Then you troubleshoot — that is, you 
check this analysis. If the analysis is correct, 
repairs can then be made. 


One means of proving out an analysis is tube 
testing. Other methods include checking volt- 
age values, resistance values, or capacitance 
values. Still other methods are: checking from 
stage to stage, antenna to speaker, by using 
a signal tracer; and checking from stage to 
stage, speaker to antenna, by using a signal 
generator-output meter combination. The 
tests you use and the order in which you use 
them depend on the nature of the trouble. 


In general, the stage-by-stage treatment is 
the most thorough and accurate procedure. It 
is best in all cases where a preliminary analysis 
is impossible or incorrect. However, for some 
troubles, a stage by stage procedure with a 
signal tracer, or a signal generator-output 
meter combination is impossible. When the 
receiver is electrically dead, or is blowing fuses, 
you must begin your troubleshooting with a 
tube tester or an ohmmeter. 


PRECAUTIONARY MEASURES. Most receivers 
contain voltage potentials which are dangerous 
to personnel and to test equipment. When 
working on an energized circuit, make sure 
that all access to the circuit is made only with 
properly insulated probes and tools, and that 
contact is made only to the points intended. 
Make the actual repairs only with the receiver 
turned off and with capacitors discharged. Test 
equipment is usually as delicate as it is sensi- 
tive; use it only for its proper measurements 
and within the range of its rated performance. 


In addition, there are tactical precautions 
that you must take at times. For example, a 
local oscillator in a receiver or a signal genera- 
tor provides a signal, which could be picked up 
by enemy direction finders. This problem may 
make testing and repair work in forward areas 
a much different proposition from testing and 
repair in rear areas. 


HELPFUL SOURCES OF INFORMATION. Trouble 
reports and operational reports can be most. 
helpful in indicating what is wrong with a re- 
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ceiver. Seek and welcome such reports. Treat 
them with great respect, because a receiver is 
of no value unless it works under operating 
conditions. Remember that a receiver that 
works perfectly on the bench by every usual 
test may not work at all in an aircraft. A re- 
ceiver that works perfectly on the ground may 
not work at all at 20,000 feet. A receiver that 
works perfectly during 2 hours of operation, 
may not work at all after 4 hours of operation. 


The TO also contains helpful information 
for troubleshooting. Though a TO usually 
doesn’t give a set procedure for troubleshoot- 
ing, it frequently surveys most of the common 
troubles which can happen to a receiver. In 
the TO, you will find the possible causes for 
most troubles and the means of correction. 


If you need information concerning any 
unit commonly serviced on the bench, you 
can take it from the TO and keep it at the 
bench in the form of notes. 


‘TROUBLESHOOTING PROCEDURE. The follow- 
ing is a general troubleshooting procedure to 
meet actual conditions. 


1. Get a trouble report or an operational 
report and evaluate it. 


2. Inspect the receiver and its circuits 
visually for trouble indications such as break- 
age, disconnected leads, signs of overheating. 


3. Operate the receiver, allowing at least 
15 minutes for a warmup, then study the 
trouble. 


4. Check the tubes, if such a check seems 
necessary. (Before checking, turn off the re- 
ceiver.) 

5. Check the voltages under operating 
conditions. 

6. Make a stage by stage analysis. 

If you find the trouble at any time during 
this entire procedure, immediately set about 
verifying and correcting it. After you com- 
plete the repairs, make an operational check 
If necessary, align the receiver and check its 
operation again. 


‘TROUBLESHOOTING FOR VHF AND UHF. Just 
as VHF and UHF present special problems 
in the construction and arrangement of RF 
components, so do they present special prob- 
lems in testing and repair. Special test and 
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repair equipment must be used. Special pre- 
cautions must be used in working on the cir- 
cuits, since values of inductance are extremely 
critical. A conductor bent slightly from its 
usual place may change the frequency of a 
tuned circuit. A piece of extra solder left in 
making a connection may detune a high fre- 
quency oscillator. 


Repairs to high frequency circuits may cause 
changes in circuit constants. For this reason, 
VHF and UHF receivers are usually manu- 
factured in replaceable sections. To trouble- 
shoot, you localize the trouble in a particular 
section, and then replace the section. You then 
return the faulty section to the factory where 
it can be repaired under laboratory conditions. 


EMERGENCY TROUBLESHOOTING AND REPAIR. 
Sometimes, you may be called on to trouble- 
shoot under emergency conditions, with few 
tools and little or no test equipment. If you 
are resourceful you can do good work. 


You can test tubes by substituting them, 
one by one, in a satisfactorily operating re- 
ceiver, or by substituting good tubes, one by 
one, for the tubes in a bad receiver. 


You can troubleshoot using an RF signal 
from a source other than a signal generator, 
and your ears, and the speaker output in place 
of an output meter. Often you can do a stage 
by stage analysis by touching the grid of each 
stage with an insulated screwdriver and noting 
whether the noise is carried to the speaker. 


Many amplifier stages can be bypassed, one 
stage at a time, by connecting the grid of one 
stage to the grid of the following stage. This 
procedure will disclose an inoperative stage, 
which can be further tested by substitution of 
tubes, resistors, capacitors, and coils. You can 
also connect the grids of a bad receiver, one 
by one, to the corresponding grids of a satis- 
factorily operating receiver, thus using the 
good receiver as a signal tracer. You can also 
connect the grids of a good receiver to the 
grids of a bad receiver, thus using the good 
receiver as a signal generator. 


If you have simple test equipment—a volt- 
meter or ohmmeter—but no technical order 
covering the bad receiver, you can use one or 
two satisfactorily operating receivers as a 
basis of comparison. 
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Alignment 


Some of the components that make up the 
receiver are variable. Of these, some are used 
for tuning and volume adjustment and are 
variable at the will of the operator. Other 
components can be varied only with the help 
of special tools and special test equipment. 
The variable components of the IF tuned 
circuits belong to the latter classification. 
Their adjustment to satisfactory working con- 
ditions is called alignment. Alignment also 
includes setting the ganged-tuned circuits of 
both the HFO and the RF stages so that 
they track always at the correct frequency 
difference required for the IF tuned circuits. 


Alignment is difficult and time consuming. 
Undertake it only when necessary—usually 
after major repairs, or when troubleshooting 
or performance testing indicates a need for 
alignment. 


The actual procedure of alignment differs 
from receiver to receiver. Follow the TO pro- 
cedure whenever possible. However, you can 
adapt the procedure described in the following 
paragraphs to most receivers if a more specific 
procedure is not available. 


ALIGNMENT SETUP. You can see the setup 
for an alignment procedure in the schematic 
diagram on page 167 for a superheterodyne re- 
ceiver. Note that the tuning indicator is an 
output meter connected across the secondary 
of the output transformer. A signal generator 
(shown in three different positions) provides 
a test signal which, in turn, provides an out- 
put indication. Each stage is tuned for a 
maximum indication on the output meter. 


The position of the signal generator depends 
on how difficult it is to get the test signal 
through to the output meter. If the receiver 
alignment is not too far below standard, the 
signal generator may precede all the stages 
to be tuned. If the alignment is very bad, it 
may be necessary to connect the signal gen- 
erator directly before the stage to be aligned 
to make sure that the test signal can get 
through the stage. 


Alignment begins with the tunable stage 
closest to the output meter, and then moves 
stage by stage in the direction of the antenna 
until alignment is completed. The signal gen- 
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erator also moves stage-by-stage in the direc- 
tion of the antenna. The signal generator sup- 
plies a test signal at the IF frequency when it 
is connected to the grid of one of the IF 
amplifier tubes. When it is connected to the 
grid of an RF amplifier, the signal generator 
supplies an RF signal within the tuning range 
of the receiver. When the stages have been 
tuned in order, each stage is given a touchup 
retuning for greater accuracy. 


HANDLING THE AVC IN ALIGNMENT. The 
AVC of a communications receiver makes 
tuning more difficult, because it cuts down 
and broadens the response of the tuning indica- 
tor. To overcome this disadvantage, perform 
the alignment with as weak a test signal as 
possible, or disconnect the AVC circuit. 


The AVC has least effect when the signal is 
weak. To take advantage of a weak signal, set 
the receiver volume control at maximum. Then 
regulate the signal generator so that the re- 
sponse is about half scale on the most sensitive 
range of the output meter. As tuning progres- 
ses and the response increases in amplitude, 
keep reducing the signal generator output so 
that the response continues to read about half 
scale on the output meter. 


The other solution is to disconnect the AVC. 
Many receivers have a switch for disconnect- 
ing the AVC. Otherwise, you can disable the 
AVC circuit by disconnecting the AVC lead 
at the diode detector load resistor. Often, when 
the AVC is disconnected, you must supply 
a fixed bias. The bias voltage can be introduced 
through the disconnected AVC lead. 


OUTPUT INDICATOR POSITIONS. In align- 
ment, the output indicator can be connected 
across the secondary of the output transformer 
between the plate of the second audio amplifier 
and ground, or across the plate load resisfors 
of the diode detector. Since such connections 
put a DC potential on the output indicator, 
make the connection through a coupling ca- 
pacitor. Of course, if the indicator has such 
a capacitor in its circuit, the connection may 
be direct. 


ALIGNMENT OF RECEIVERS CONTAINING A 
CRYSTAL FILTER. Many communications re- 
ceivers have a crystal filter which can be 
switched into the IF circuit as desired. In 
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Test Setup 


aligning such a receiver, first tune the cir- 
cuits with the crystal switched out of the 
circuit. Then, touch up the tuning with the 
crystal switched into the circuit and the 
signal generator supplying a test signal at 
the exact frequency of the crystal. 

ALIGNMENT OF WIDE BAND RECEIVERS. 
FM, SSB, and television receivers require 
special treatment because they have special 
circuit arrangements to provide a wide IF 
bandpass. On these receivers it is usually 
necessary to tune each stage in the IF section 
to a different test frequency. You will find the 
frequency to be used at each stage in the 
proper TO. 

OUTPUT INDICATORS FOR ALIGNMENT. Many 
receivers contain meters or metering circuits 
which can be used in alignment. With those 
that do not, you can use a voltmeter, a vacu- 
um tube voltmeter, or an oscilloscope as an 
output indicator. When you use an oscillo- 
scope as an output indicator, connect the re- 
ceiver output to the vertical deflection plates. 


Performance Test 


The purpose of performance testing is to 
determine whether the radio receiver is func- 
tioning properly for its tactical use and meets 
its minimum performance standards. Perform- 
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ance testing of a radio receiver may include 
checking the general overall performance, 
alignment, calibration accuracy, sensitivity, 
selectivity, signal-plus-noise to noise ratio, 
image rejection ratio, IF rejection ratio, AVC 
characteristic, power output characteristics 
and final operation. The exact procedures and 
performance values of different radio receivers 
vary and therefore the technical order on the 
specific receiver should be followed. The per- 
formance test is made on the bench, usually 
in a specially prepared test setup designed 
for the particular unit. 

SENSITIVITY CHECK. The sensitivity check is 
usually made only in performance testing. It 
is made with test signals supplied by a signal 
generator. Generally, three frequencies are 
used—a high, a low, and a medium—for each 
receiver band. You can see the test setup for 
this and other checks in the above block 
diagram. 

The test signals are applied to the antenna 
input through a shielded dummy antenna. 
The receiver output signal amplitude is meas- 
ured by an output meter connected across the 
receiver output. The output signal amplitude 
is measured in terms of both signal and noise 
(usually at a 10:1 signal-plus-noise to noise 
ratio). This means that the modulated signal 


AFM 100-5 14 DECEMBER 1956 


supplied by the signal generator must produce 
a 10-milliwatt output on the output meter, 
and the unmodulated signal must produce a 
1-milliwatt output. 


SIGNAL-PLUS-NOISE TO NOISE RATIO CHECK. 
Using the same test setup, supply a test 
signal to the receiver in both a modulated and 
an unmodulated condition, at a single setting 
of the signal generator output control. Com- 
pare the output reading for the modulated 
signal with the output reading for the un- 
modulated signal. The ratio of the two read- 
ings is the signal-plus-noise to noise ratio. 


IMAGE REJECTION CHECK. With the same 
test setup, supply the receiver with a signal 
within its tuning range. Note the output read- 
ing. Then supply a signal at the image fre- 
quency and again note the output reading. 
The two readings provide the image rejection 
ratio. If the oscillator tracks above the signal, 
the image frequency is the signal frequency 
plus twice the IF. If the oscillator tracks below 
the signal, the image frequency is the signal 
frequency minus twice the IF. 


AUDIO POWER OUTPUT CHECK. With the 
same test setup, set the receiver volume 
control to maximum gain. Supply the re- 
ceiver with a signal at the low end of its 
tuning range. Then note the strength of the 
generator signal necessary to produce normal 
output and the strength necessary to produce 
maximum output, as specified in the TO for 
the particular receiver. Compare these read- 
ings with the standards set forth in the TO. 
The power output is usually checked in terms 
of both a modulated and unmodulated signal 
delivering power to the speaker. The check 
can also be made in terms of the power de- 
livered to the phone jack. The ratings for 
each check are found in the TO. 


BANDWIDTH CHECK. The following procedure 
for determining bandwidth is used with Guard 
Receiver, RT-178 ARC-27. However, the 
general procedure applies to all receivers. 


First of all, tune the IF stages to 3.45 mc. 
Connect the signal generator output to the 
mixer grid. Then adjust the signal generator 
to the center frequency as shown by point A 
in the illustration at the right. The output 
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of the signal generator is adjusted to produce 
1 volt of AVC voltage. Record this setting 
of the signal generator output attenuator. 
This reading will be referred to as the refer- 
ence level signal. Now adjust the output 
attenuator until the output voltage of the 
signal generator is doubled. A quick check 
of the chart in the illustration on page 173 will 
show this to represent a change in signal 
strength of 6 db. 


Rotate the tuning control of the signal 
generator above and below the center fre- 
quency and note the two frequencies where 
the AVC voltage is again 1 volt. These points 
are shown at B and C in the illustration at 
the right. The generator signal at reference 
level produced 1 volt of AVC voltage at the 
center frequency. In order to produce 1 volt 
of AVC voltage at frequencies represented 
by points B and C, the reference level signal 
must be increased by 6 db. 


The difference in frequency between these 
two points, B and C, is the 6 db bandwidth. 
If this bandwidth is very much less that 100 
ke, this section of the receiver is too selective. 


in 
| 
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If this bandwidth is greater than 100 kc, the 
frequency response is too broad. In either 
case, the alignment should be _ rechecked. 
Weak or bad tubes can also account for im- 
proper bandwidth. 

The difference in frequency between points 
D and E is the 60 db bandwidth. The method 
for finding these points is the same as for 
finding the 6 db points except that the refer- 
ence level output is increased 1,000 times. 

When the receiver contains a crystal filter, 
make this check twice, once with the filter out 
of the circuit and once with it in the circuit. 

BFO cHEcK. Apply an unmodulated signal 
to the dummy antenna of the receiver. Note 
the speaker output. Zero beat should occur at 
the zero setting of the BFO. Then slowly ro- 
tate the BFO control to both sides of the zero 
point to see whether the tone occurs at equal 
distances on both sides of zero. If the calibra- 
tion is off, recenter the control knob and point- 
er on the control shaft. If you find no zero beat 
indication, there is trouble in the IF or BFO 
circuits. 

DIAL CALIBRATION ACCURACY CHECK. Con- 
nect a suitable calibrator (a fixed frequency 
generator of high accuracy) to the dummy an- 
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TYPICAL MINIMUM REQUIREMENTS, 
IMAGE REJECTION RATIO 


Test frequency in kilocycles Rejection ratio 


tenna. Obtain an audible tone by use of the 
BFO control. Then check the dial calibration 
with the frequency of the calibrator. Make 
three such checks for each frequency band 

one at the high end, one at the low end, and 
one in between. The dial calibration should 
be within 1.5 percent. If the calibration is 
uniformly off scale, reset the dial. If the 
calibration varies for the high, low, and med- 
ium settings, check the alignment of the RF 
setting and adjust the padders and trimmers. 


USE OF TO’S IN PERFORMANCE TESTING. The 
procedures just described are general. Each 
might have to be modified for a particular 
receiver. Always consult the TO for the actual 
procedure for each check. As an example of 
the kind of help offered by the TO, look at 
the chart of the control settings of a typical 
receiver at the left. The chart represents the 
settings for a test setup which would be used 
for some of the checks described before. 


As a further example of the kind of help 
given in the TO, look at the chart showing the 
standards for an image rejection check on the 
same typical receiver. The chart shows what 
the rejection ratio should be for various fre- 
quencies under the test setup. Failure of the 
receiver to come up to the standards would be 
an indication of trouble. 
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TYPICAL SOURCES OF TROUBLE REVEALED BY PERFORMANCE TESTS 


Possible trouble cause 


Beat Frequency oscillator 
Calibration accuracy 

Sensitivity 

Signal-plus-noise to noise ratio. 
Selectivity 

Image and IF rejection 


AVC characteristic 


Power Output 


As an example of the troubleshooting help 
to be found in the TO, read the chart above 
listing the checks which are carried through in 
a performance test on the same typical receiv- 
er. The chart also lists the possible causes of 
trouble when the receiver fails to meet stand- 
ards for the particular check. 

FINAL OPERATIONAL TEST. During the 
process of performance testing, a receiver may 
reveal troubles (including a need for align- 
ment) which have to be corrected. A satisfac- 
tory performance test should mean that the re- 
ceiver is in excellent operating condition. 
Therefore, as the final step, make an opera- 
tional test, using the receiver’s own power 
supply. The operational test is a listening test 
on signals received from a radio transmitter. 
It should consist of several hours of operation, 
and should be made under usual operating 
conditions of temperature, vibration, humid- 
ity, and atmospheric pressure. 


VOLTAGE RATIO AND DECIBELS 


Decibels (db) are used to express a ratio 
between two electrical quantities. Technical 
order standards for alignment and perform- 
ance of a receiver are stated in decibels. 
You must be able to use decibels in order to 
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Does not oscillate at the IF 
frequency on the zero setting. 


Signal generator used in aligning 
not correctly calibrated. Alignment off. 


Low emission of tubes or alignment off. 
Microphonic tubes. Ungrounded shields. 
IF alignment off. 

Interstage coupling leads too long. 


Leads not properly spaced. 
Alignment off. 


Low emission of tubes. Alignment off. 


understand the graphs that are used in tech- 
nical orders to show when a receiver is prop- 
erly aligned. 

The use of decibels in receiver alignment 
and maintenance, and in sound systems, is 
made necessary and is convenient because the 
response of the human ear is not linear. To 
explain this, let us examine three cases: 

a. If the output of an audio amplifier is 
increased from 6 watts to 12 watts, it will 
sound louder, but not twice as loud. 

b. If another amplifier, delivering an out- 
put of 20 watts, has its output increased by 
6 watts, the change would scarcely be noticed. 

c. An additional increase of 6 watts from 
26 to 32 watts, could not be detected by the 
human ear. 

In each of the above cases, the power in- 
crease was 6 watts, but the amount of change 
detectable by the ear differed considerably. 
In other words, a mere statement of the 
amount of increase in power is meaningless 
unless the original level is known. Since a 
change in level of 1 db is barely noticeable, 
let us restate the amplifier power output 
changes in db. In the first case (a), a 6-watt 
increase would result in a 3-db gain. In the 
second case (b), the same increase in output 


would be a gain of 1.1 db. In the third case 
(c}, the gain would be only .9 db. 

So far, we have been discussing power 
changes and decibels. Db changes also refer 
to voltage changes. Since current and voltage 
are functions of power, voltage changes can 
be converted to db. When impedances re- 
main the same, 

E 
Ey 
When the input and output voltages are 
known, substitute them in the formula and 
solve for db. This method requires the use of 
a table of logarithms. However, the chart 
on this page can also be used. 
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To use this chart, first divide the smaller 
voltage into the larger and find this voltage 
ratio along the bottom of the chart. Follow 
the vertical line upward from this value to 
the diagonal line. Where the vertical line 
crosses the diagonal line, follow the horizon- 
tal line to the left and read the number off 
of the left side of the chart. If the input volt- 
age is greater, you have a db loss; if smaller, 
you have a gain. 

If you know the db value, you can read to 
the right to the diagonal line and then down, 
to find the voltage ratio. You use the hori- 
zontal and vertical row nearest the chart 
when converting from voltage ratio to db. 


VOLTAGE RATIOS 
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FOREWORD 


- For more than forty years, The Radio Amateur’s Handbook 
has been a mainstay of the American Radio Relay League’s 
program to provide its member-amateurs with up-to-date, 
practical training and reference material. In that period it has 
built up an international reputation as the basic reference 
book for the radio amateur. 

The Handbook had its rather modest beginnings in 1925 
when F. E. Handy, W1BDI, for many years the League’s com- 
munications manager, commenced work on a small manual of 
amateur operating procedure in which it was deemed desir- 
able to include a certain amount of “technical” information. 
It was published in 1926 and enjoyed instant success. Increas- 
ing in size and scope with the growth of amateur radio itself, 
the Handbook soon required participation of numerous of the 
skilled amateurs at ARRL Hq., and became a family affair, 
the joint product of the staff. The need for coordinating the 
results of this collaboration, as well as independently generat- 
ing new material, eventually led to placing the primary re- 
sponsibility for the Handbook on the shoulders of a full-time 
editor. The present book was produced under the editorship 
of Doug DeMaw, WICER. 

Virtually continuous modification is a feature of the Hand- 
book, but always with the objective of presenting the soundest 
aspects of current practice rather than the merely new and 
novel. Written with the needs of the practical amateur con- 
stantly in mind, it has earned universal acceptance not only 
among amateurs but by all segments of the technical radio 
world. This wide dependence on the Handbook is founded on 
its practical utility, its treatment of radio communications 
problems in terms of how-to-do-it rather than by abstract dis- 
cussion. ? 

The Handbook has long been considered an indispensable 
part of the amateur’s equipment. We earnestly. hope that the 
present edition will succeed in bringing as much inspiration 
and assistance to amateurs and would-be amateurs as have 
its predecessors. 

Joun Huntoon 

General Manager, ARRL 
Newington, Conn. 
January, 1968 
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The Amateur’s Code 


ONE 


The Amateur is Gentlemanly ... He never knowingly uses 
the air for his own amusement in such a way as to lessen the 
pleasure of others. He abides by the pledges given by the 
ARRL in his behalf to the public and the Government. 


TWO 


The Amateur is Loyal ... He owes his amateur radio to the 
American Radio Relay League, and he offers it his unswerv- 


ing loyalty. 
THREE 


The Amateur is Progressive ... He keeps his station abreast 
of science. It is built well and efficiently. His operating prac- 
tice is clean and regular. 


FOUR 


The Amateur is Friendly . . . Slow and patient sending when 
requested, friendly advice and counsel to the beginner, 
kindly assistance and cooperation for the broadcast listener; 
these are marks of the amateur spirit. 


FIVE 


The Amateur is Balanced . . . Radio is his hobby. He never 
allows it to interfere with any of the duties he owes to his 
home, his job, his school, or his community. 


SIX 


The Amateur is Patriotic . . . His knowledge and his station 
are always ready for the service of his country and his com- 
-munity. : 


—Paut M. SEGAL 


Amateur Radio 


Amateur radio is a scientific hobby, a means 
of gaining personal skill in the fascinating art of 
electronics and an opportunity to communicate 
with fellow citizens by private short-wave radio. 
Scattered over the globe are over 350,000 ama- 
teur radio operators who perform a service de- 
fined in international law as one of “self-training, 
intercommunication and technical investigations 
carried on by ... duly authorized persons inter- 
ested in radio technique solely with a personal 
aim and without pecuniary interest.” 

From.a humble beginning at the turn of the 
century, amateur radio has grown to become an 
established institution. Today the American fol- 
lowers of amateur radio number over 250,000, 
trained communicators from whose ranks will 
come the professional communications special- 
ists and executives of tomorrow—just as many 
of today’s radio leaders were first attracted to 
radio by their early interest in amateur radio 
communication. A powerful and prosperous or- 
ganizatiqgn now provides a bond between ama- 
teurs and protects their interests; an interna- 
tionally respected magazine is published solely 
for their benefit. The military services seek the 
cooperation of the amateur in developing com- 
munications reserves. Amateur radio supports a 
manufacturing industry which, by the very de- 
mands of amateurs for the latest and best equip- 
ment, is always up-to-date in its designs and 
production techniques—in itself a national asset. 
Amateurs have won the gratitude of the nation 
for their heroic performances in times of natural 
disaster ; traditional amateur skills in emergency 
communication are also the stand-by system for 
the nation’s civil defense. Amateur radio is, in- 
deed, a magnificently useful institution. 

Although as old as the art of radio itself, ama- 
teur radio did not always enjoy such prestige. 
Its first enthusiasts were private citizens of an 
experimental turn of mind whose imaginations 
went wild when Marconi first proved that mes- 
sages actually could be sent by wireless. They set 
about learning enough about the new scientific 
marvel to build homemade spark transmitters. 
By 1912 there were numerous Government and 
commercial stations, and hundreds of amateurs; 
regulation was needed, so laws, licenses and 
wavelength. specifications appeared. There was 
then no amateur organization nor spokesman. 
The official viewpoint toward amateurs was 
something like this: 

“Amateurs? ... Oh, yes.... Well, stick ’em on 
200 meters and below; they’ll-never get out of 
their backyards with that.” 


Chapter 1 


But as the years rolled on, amateurs found out 
how, and DX (distance) jumped from local to 
500-mile and even occasional 1000-mile two-way 
contacts. Because all long-distance messages had 
to be relayed, relaying developed into a fine art— 
an ability that was to prove invaluable when the 
Government suddenly called hundreds of skilled 
amateurs into war service in 1917. Meanwhile 
U.S. amateurs began to wonder if there were 
amateurs in other countries across the seas and 
if, some day, we might not span the Atlantic on 
200 meters. 

Most important of all, this period witnessed 
the birth of the American Radio Relay League, 
the amateur radio organization whose name was 
to be virtually synonymous with subsequent am- 
ateur progress and short-wave development. 
Conceived and formed by the famous inventor, 
the late Hiram Percy Maxim, ARRL was for- 
mally launched in early 1914. It had just begun 
to exert its full force in amateur activities when 
the United States declared war in 1917, and by 
that act sounded the knell for amateur radio for 
the next two and a half years. There were then 
over 6000 amateurs. Over 4000 of them served 
in the armed forces during that war. 

Today, few amateurs realize that World War 
I not only marked the close of the first phase 
of amateur development but came very near 
marking its end for all time. The fate of amateur 
radio was in the balance in the days immediately 
following the signing of the Armistice. The 


HIRAM PERCY MAXIM 
President ARRL, 1914-1936 


Government, having had a taste of supreme au- 
thority over communications in wartime, was 
more than half inclined to keep it. The war had 
not been ended a month before Congress was 
considering legislation that would have made it 
impossible for the amateur radio of old ever to 
be resumed. ARRL’s President Maxim rushed 
to Washington, pleaded, argued, and the bill was 
defeated. But there was still no amateur radio; 
the war ban continued. Repeated representations 
to Washington met only with silence. The 
League’s offices had been closed for a year and a 
half, its records stored away. Most of the former 
amateurs had gone into service; many of them 
would never come back. Would those returning 
be interested in such things as amateur radio? 
Mr. Maxim, determined to find out, called a 
meeting of the old Board of Directors. The 
situation was discouraging: amateur radio still 
banned by law, former members scattered, no or- 
ganization, no membership, no funds. But those 
few determined men financed the publication of 
a notice to all the former amateurs that could be 
located, hired Kenneth B. Warner as the 
League’s first paid secretary, floated a bond issue 
among old League members to obtain money for 
immediate running expenses, bought the maga-~ 
zine QST to be the League’s official organ, 
started activities, and dunned officialdom until 
the wartime ban was lifted and amateur radio 
resumed again, on October 1, 1919. There was a 
headlong rush by amateurs to get back on the 
air. Gangway for King Spark! Manufacturers 
were hard put to supply radio apparatus fast 
enough, Each night saw additional dozens of sta- 
tions crashing out over the air. Interference? It 
was bedlam! 

But it was an era of progress. . Wartime needs 
had stimulated technical development. Vacuum 
tubes were being used both for receiving and 
transmitting. Amateurs immediately adapted the 
new gear to 200-meter work. Ranges promptly 
increased and it became possible to bridge the 
continent with but one intermediate relay. 


TRANSATLANTICS 


As DX became 1000, then 1500 and then 2000 
miles, amateurs began to dream of transatlantic 
work. Could they get across? In December, 1921, 
ARRL sent abroad an expert amateur, Paul F. 
Godley, 2ZE,; with the best receiving equipment 
available. Tests were run, and thirty American 
stations were heard in Europe. In 1922 another 
transatlantic test was carried out and 315 Amer- 
ican calls were logged by European amateurs and 
one French and two British stations were heard 
on this side. 

Everything now was centered on one objec- 
tive: two-way amateur communication across the 
Atlantic! It must be possible—but somehow it 
couldn’t quite be done. More power? Many al- 
ready were using the legal maximum. Better re- 
ceivers? They had superheterodynes. Another 
wavelength? What about those undisturbed 
wavelengths below 200 meters? The engineering 
world thought they were worthless—but they had 
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said that about 200 meters. So, in 1922, tests be- 
tween Hartford and Boston were made on 130 
meters with encouraging results. Early in 1923, 
ARRL-sponsored tests on wavelengths down to 
90 meters were successful. Reports indicated that 
as the wavelength dropped the results were 
better. Excitement began to spread through am- 
ateur ranks. 
Finally, in November, 1923, after some months 
of careful preparation, two-way amateur trans- 
atlantic communication was accomplished, when 
Fred Schnell, 1MO (now W4CF) and the late John 
Reinartz, 1XAM (later K6BJ) worked for sev- 
eral hours with Deloy, 8AB, in France, with all 
three stations on 110 meters! Additional stations 
dropped down to 100 meters and found that they, 
too, could easily work two-way across the At- 
lantic. The exodus from the 200-meter region 
had started. The “short-wave” era had begun! 
By 1924 dozens of commercial companies had 
rushed stations into the 100-meter region. Chaos 
threatened, until the first of a series of national 
and international radio conferences partitioned 
off various bands of frequencies for the different 
services. Although thought still centered around 
100 meters, League officials at the first of these 
frequency-determining conferences, in 1924, 
wisely obtained amateur bands not only at 80 
meters but at 40, 20, and even-5 meters. 
. Eighty meters proved so successful that 
“forty” was given a try, and QSOs with Aus- 
tralia, New Zealand and South Africa soon be- 
came commonplace. Then how about 20 meters? 
This new band revealed entirely unexpected pos- 
sibilities when 1XAM worked 6TS on the West 
Coast, direct, at high noon. The dream of ama- 
teur radio—daylight DX !—was finally true. 


PUBLIC SERVICE 


Amateur radio is a grand and glorious hobby 
but this fact alone would hardly merit such 
wholehearted support as is given it by our Gov- 
ernment at international conferences. There are 
other reasons. One of these is a thorough appre- 
ciation by the military and civil defense author- 
ities of the value of the amateur as a source of 
skilled radio personnel in time of war. Another 
asset is best described as “public service.” 

About 4000 amateurs had contributed thelr 
skill and ability in °17~18, After the war it was 
only natural that cordial relations should prevail 
between the Army and Navy and the amateur. 
These relations strengthened in the next few 
years and, in gradual steps, grew into coopera- 
tive activities which resulted, in 1925, in the es- 
tablishment of the Naval Communications Re- 
serve and the Army-Amateur Radio System 
(now the Military Affiliate Radio System). In 
World War II thousands of amateurs in the 


_ Naval Reserve were called to active duty, where 


they served with distinction, while many other 
thousands served in the Army, Air Forces, Coast 
Guard and Marine Corps. Altogether, more than 
25,000 radio amateurs served in the armed forces 
of the United States. Other thousands were en- 
gaged in vital civilian electronic research, devel- 
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opment and manufacturing. They also organized 
and manned the War Emergency Radio Service, 
the communications section of OCD. 

The “public-service” record of the amateur is 
a brilliant tribute to his work. These activities 
can be roughly divided into two classes, expedi- 
tions and emergencies. Amateur cooperation 
with expeditions began in 1923 when a League 
member, Don Mix, 1TS, of Bristol, Conn. (now 
assistant technical editor of OST), accompanied 
MacMillan to the Arctic on the schooner 
Bowdoin with an amateur station. Amateurs in 
Canada and the U.S. provided the home contacts. 
The success of this venture was so outstanding 
that other explorers followed suit. During sub- 
sequent years a total of perhaps two hundred 
voyages and expeditions were assisted by ama- 
teur radio, the several explorations of the Ant- 
arctic being perhaps the best known. 

Since 1913 amateur radio has been the prin- 
cipal, and in many cases the only, means of out- 
side communication in several hundred storm, 
flood and earthquake emergencies in this coun- 
try. The 1955 northeastern and west coast floods, 
the great Alaskan earthquake of early 1964 and 
the 1967 floods there, and the southeast and 
Gulf of Mexico hurricanes in the fall of 1967 
called for the amateur’s greatest emergency 
effort. In these disasters and many others— 
tornadoes, sleet. storms, forest fires, blizzards 
—amateurs played a major role in the relief 
work and earned wide commendation for their 
resourcefulness in effecting communication where 
all other means had failed. During 1938 ARRL 
inaugurated a new emergency-preparedness pro- 
gram, registering personnel and equipment in 
its Emergency Corps and putting into effect a 
comprehensive program of cooperation with the 
Red Cross, and in 1947 a National Emergency 
Coordinator was appointed to full-time duty at 
League headquarters. 

The amateur’s outstanding record of organized 
preparation for emergency communications and 
performance under fire has been largely respon- 
sible for the decision of the Federal Government 
to set up special regulations and set aside special 
frequencies for use by amateurs in providing 
auxiliary communications for civil defense pur- 
poses in the event of war. Under the banner, 
“Radio Amateur Civil Emergency Service,” am- 
ateurs are setting up and manning community 
and area networks integrated with civil defense 
functions. of the municipal governments. Should 
a war cause the shut-down of routine amateur 
activities, the RACES will be immediately avail- 
able in the national defense, manned by amateurs 
highly skilled in emergency communication. 


TECHNICAL DEVELOPMENTS 


The amateur is constantly in the forefront of 
technical progress. His incessant curiosity, his 
eagerness to try anything new, are two reasons. 
Another is that ever-growing amateur radio con- 
tinually overcrowds its frequency assignments, 
spurring amateurs to the development and adop- 
tion of new techniques to permit the accommoda- 
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tion of more stations, 

During World War II, thousands of skilled 
amateurs contributed their knowledge to the 
development of secret radio devices, both in 
Government and private laboratories. Equally as 
important, the prewar technical progress by am- 
ateurs provided the keystone for the development 
of modern military communications equipment. 

From this work, amateurs have moved on to 
satellites of their own, launched piggyback on 
regular space shots at no cost to the taxpayer. 
The Project Oscar Association, an ARRL affiliate 
with headquarters in Sunnyvale, California, has 
designed and constructed the first two non-gov- 
ernment satellites ever placed in orbit, Oscar I 
on December 12, 1961, and Oscar II on June 2, 
1962. Oscar III, a more sophisticated satellite 
which received and retransmitted signals from the 
ground, went into orbit on March 9, 1965. Oscar 
IV, also a translator with input in the 144 Mc. 
band and output near 432 Mc., was launched on 
December 21, 1965, The name Oscar is taken from 
the initials of the phrase, “Orbital Satellite Carry- 
ing Amateur Radio.” 

Another space-age field in which amateurs are 
currently working is that of long-range communi- 
cation using the moon as a passive reflector. The 
amateur bands from 144 to 1296 Mc. are being 
used for this work. ... Moonbounce communica- 
tions have been carried out between Finland and 
California on 144 Mc. and between Massachusetts 
and Hawaii on both. 432 and 1296 Mc. 


THE AMERICAN RADIO RELAY LEAGUE 


The ARRL is today not only the spokesman 
for amateur radio in the U.S. and Canada but it is 
the largest amateur organization in the world. It 
is strictly of , by and for amateurs, is noncommer- 
cial and has no stockholders. The members of 
the League are the owners of the ARRL and 
OST. 

The League is pledged to promote interest in 
two-way amateur communication and experi- 
mentation. It is interested in the relaying of mes- 
sages by amateur radio. It is concerned with the 
advancement of the radio. art. It stands for the 
maintenance of fraternalism and a high standard 
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of conduct. It represents the amateur in legis~- 
lative matters. 

One of the League’s principal purposes is to 
keep amateur activities so well conducted that 
the amateur will continue to justify his exist- 
ence. Amateur radio offers its followers count- 
less pleasures and unending satisfaction. It also 
calls for the shouldering of responsibilities—the 
maintenance of high standards, a cooperative 
loyalty to the traditions of amateur radio, a dedi- 
cation to its ideals and principles, so that the in- 
stitution of amateur radio may continue to oper- 
ate “in the public interest, convenience and 
necessity.” 

The operating territory of ARRL is divided 
into one Canadian and fifteen U. S. divisions. The 
affairs of the League are managed by a Board 
of Directors. One director is elected every two 
years by the membership of each U.S. division, 
and one by the Canadian membership. These 
directors then choose the president and three vice- 
presidents, who are also members of the Board. 
The secretary and treasurer are also appointed 
by the Board. The directors, as representatives 
of the amateurs in their divisions, meet annually 
to examine current amateur problems and for- 
mulate ARRL policies thereon. The directors 
appoint a general manager to supervise the oper- 
ations of the League and its headquarters, and 
to carry out the policies and instructions of the 
Board. 

ARRL owns and publishes the monthly maga- 
zine, OST. Acting as a bulletin of the League’s 
organized activities, QST also serves as a me- 
dium for the exchange of ideas and fosters ama- 
teur spirit. Its technical articles are renowned. 
It has grown to be the “amateur’s bible,” as well 
as one of the foremost radio magazines in the 
world. Membership dues include a subscription 
to OST. 

ARRL maintains a model headquarters ama- 
teur station, known as the Hiram Percy Maxim 
Memorial Station, in Newington, Conn. Its call 
is W1AW, the call held by Mr. Maxim until his 
death and later transferred to the League station 
by a special government action. Separate trans~- 
mitters of maximum legal power on each ama- 
teur band have permitted the station to be heard 
regularly all over the world. More important, 
WIAW transmits on regular schedules bulletins 
of general interest to amateurs, conducts code 
practice as a training feature, and engages in 
two-way work on all popular bands with as many 
amateurs as time permits. 

At the headquarters of the League in New- 
ington, Conn., is a well-equipped laboratory 
to assist staff members in preparation of technical 
material for QST and the Radio Amateur’s 
Handbook. Among its other activities, the 
League maintains a Communications Depart- 
ment concerned with the operating activities of 
League members. A large field organization is 
headed by a Section Communications Manager 
in each of the League’s seventy-four sections. 
There are appointments for qualified members 
in various fields, as outlined in Chapter 24. Spe- 
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cial activities and contests promote operating 
skill, A ‘special place is reserved each month in 
QST for amateur news from every section. 


AMATEUR LICENSING IN THE 
UNITED STATES 


Pursuant to the law, the Federal Communi- 
cations Commission (FCC) has issued detailed 
regulations for the amateur service. 

A radio amateur is a duly authorized person 
interested in radio technique solely with a per- 
sonal aim and without pecuniary interest. Ama- 
teur operator licenses are given to U.S. citizens 
who pass an examination on operation and ap- 
paratus and on the provisions of law and regu- 
lations affecting amateurs, and who demonstrate 
ability to send and receive code. There are five 
available classes of amateur license—Novice, 
Technician, General (“Conditional” if taken by 
mail), Advanced, and Amateur Extra Class. 
Each has different requirements, the first two 
being the simplest and consequently conveying 
limited privileges as to frequencies available. Ef- 
fective November 22, 1968, Extra Class licensees 
have exclusive use of the frequencies 3.5-3,525, 
3.8-3.825, 7.0-7.025, 14.0-14.025, 21.0-21.025 and 
21.25-21.275 Mc. Advanced and Extra Class li- 
censees have exclusive use of 3.825-3.85, 7.2-7.25, 
14.2-14.235, 21.275-21.3 and 50.0-50.1 Mc. Effec- 
tive November 22, 1969, Extra Class licensees 
have exclusive use of the frequencies 3.5-3.55, 
7.0-7.05, 14.0-14.05 and 21.0-21.05 Mc, Advanced 
and Extra have exclusive use of the frequencies 
3.825-3.9, 7.2-7.25, 14,2-14.275, 21.275-21.35 and 
50.0-50.25 Mc. Exams for Novice, Technician 
and Conditional classes are taken by mail under 
the supervision of a volunteer examiner. Station 
licenses are granted only to licensed operators. 
An amateur station may not be used for material 
compensation of any sort nor for broadcasting. 
Narrow bands of frequencies are allocated exclu- 
sively for use by amateur stations. Transmissions 
may be on any frequency within the assigned 
bands. All the frequencies may be used for c.w. 
telegraphy; some are available for radiotele- 
phone, others for special forms of transmission 
such as teletype, facsimile, amateur television or 
radio control. The input to the final stage of am- 
ateur stations is limited to 1000 watts (with lower 
limits in some cases ; see the table on page 13) and 
on frequencies below 144 Mc. must be adequately 
filtered direct current. Emissions must be free 
from spurious radiations. The licensee must pro- 
vide for measurement of the transmitter fre- 
quency and establish a procedure for checking 
it regularly. A complete log of station operation 
must be maintained, with specified data. The sta- 
tion license also authorizes the holder to operate 
portable and mobile stations subject to further 
regulations. All radio licensees are subject to 
penalties for violation of regulations. 

In the U.S., amateur licenses are issued only 
to citizens, without regard to age or physical 
condition. A fee of $4.00 (payable to the Fed- 
eral Communications Commission) must accom- 


LEARNING THE CODE 


pany applications for new and renewed licenses 
(except Novices: no fee). The fee for license 
modification is $2.00. When you are able to copy 
code at the required speed, have studied basic 
transmitter theory and are familiar with the law 
and amateur regulations, you are ready to give 
serious thought to securing the Government 
amateur licenses which are issued you, after ex- 
amination by. an FCC engineer (or by a volun- 


teer, depending on the license class), through - 


the FCC Licensing Unit, Gettysburg, Pa., 17325. 
A complete up-to-the-minute discussion of li- 
cense requirements, the FCC regulations for the 
amateur service, and study guides for those pre- 
paring for the examinations, are to be found in 
The Radio Amateur’s License Manual, available 
from the American Radio Relay League, Newing- 
ton, Conn. 06111, for 50¢, postpaid. 


AMATEUR LICENSING IN CANADA 


The agency responsible for amateur radio in 
Canada is the Department of Transport, with its 
principal offices in Ottawa. Prospective amateurs, 
who must be at least 15 years old, and pay an 
examination fee of 50¢, may take the examination 
for an Amateur Radio Operator Certificate at one 
of the regional offices of the DOT. The test is 
in three parts: a Morse code test at ten words 
per minute, a written technical exam and an oral 
examination. Upon passing the examination, the 
amateur may apply for a station license, the fee 
for which is $2.50 per year. At this point, the 
amateur is permitted to use c.w. on all author- 
ized amateur bands (see table) and phone on 
those bands above 50 Mc. 

After six months, during which the station has 
been operated on c.w. on frequencies below 29.7 
Mc., the Canadian amateur may have his certif- 
icate endorsed for phone operation on the 26.96- 


27.0 Mc. and 28.0-29.7 Mc. bands. The amateur - 


may take a 15 w.p.m. code test and more-diffi- 
cult oral and written examinations, for the 
Advanced Amateur Radio Operator Certificate, 
which permits phone operations on portions 
of all authorized amateur bands. Holders of 
First or Second Class or Special Radio Opera- 
tor’s Certificates may enjoy the privileges of 
Advanced class without further examination. The 
maximum input power to the final stage of an 
amateur transmitter is limited to 1,000 watts. 
Prospective amateurs living in remote areas 
may obtain a provisional station license after 
signing a statement that they can meet the tech- 
nical and operating requirements. A provisional 
license is valid for a maximum of twelve con- 
secutive months only; by then, a provisional li- 
censee should have taken the regular examination. 
Licenses are available to citizens of Canada, 
to citizens of other countries in the British Com- 
monwealth, and to non-citizens who qualify as 
“landed immigrants” within the meaning of 
Canadian immigration law. The latter status 
may, be enjoyed for only six years, incidentally. 
A U.S. citizen who obtained a Canadian license 
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as a “landed immigrant” would have to become 
a Canadian citizen at the end of six years or 
lose his Canadian license. 

Copies of the Radio Act and of the General 
Radio Regulations may be obtained for a nominal 
fee from the Queen’s Printer, Ottawa, and in 
other places where publications of the Queen’s 
Printer are available. An extract of the amateur 
rules, Form AR-5-80, is available at DOT offices. 
A wealth of additional information on amateur 
radio in Canada can be found in the Radio Am- 
ateur Licensing Handbook, by Jim Kitchin, 
VE7KN, published by R. Mack & Co. Ltd., 1485. 
S.W. Marine Dr., Vancouver 14, B.C., for $2.50. 


RECIPROCAL OPERATING 


U.S. amateurs may operate their amateur sta- 
tions while visiting in Argentina, Australia, Bel- 
gium, Bolivia, Canada, Colombia, Costa Rica, 
Dominican Republic, Ecuador, El Salvador, 
France, Germany, Honduras, India, Israel, Ku- 
wait, Luxembourg, Netherlands, New Zealand, 
Nicaragua, Norway, Panama, Paraguay, Peru, 
Portugal, Sierre Leone, Switzerland, Trinidad 
& Tobago, the United Kingdom and Venezuela 
and vice versa. For the latest information, write 
to ARRL headquarters. 


LEARNING THE CODE 


In starting to learn the code, you'should con- 
sider it simply another means of conveying in- 
formation. The spoken word is one method, the 
printed page another, and typewriting and short- 
hand are additional examples. Learning the code 
is as easy—or as difficult—as learning to type. 

The important thing in beginning to study code 
is to think of it as a language of sound, never 
as combinations of dots and dashes. It is easy to 
“speak” code equivalents by using “dit” and 
“dah,;’ so that A would be “didah” (the “t” is 
dropped in such combinations). The sound “di” 
should be staccato; a code character such as “5” 
should sound like a machinegun burst: didididi- 
dit! Stress each “dah” equally; they are under- 
lined or italicized in this text because they should 
be slightly accented and drawn out. 

Take a few characters at a time. Learn them 
thoroughly in didah language before going on to 
new ones. If someone who is familiar with code 
can be found to “send” to you, either by whistling 
or by means of a buzzer or code oscillator, enlist 
his cooperation. Learn the code by listening to it. 
Don’t think about speed to start; the first re- 
quirement is to learn the characters to the point 
where you can recognize each of them without 
hesitation. Concentrate on any difficult letters. 
‘Learning the code is not at all hard; a simple 
booklet treating the subject in detail is another 
of the beginner publications available from the 
League, and is entitled, Learning the Radiotele- 
graph Code, 50¢ postpaid. 

Code-practice transmissions are sent by 
WIAW every evening at 0030 and 0230 GMT 
(0130 and 2330 May through October). See 
Chapter 24, “Code Proficiency.” 
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A didah | N dahit 

B dahdididit Oo dahdahdah 

C dahdidahdit Pp didahdahdit 

D dahdidit Q dahdahdidah 

E dit R didahdit 

F dididahdit 8 dididit 

G dahdahdit T dah 

H didididit U dididah 

I didit Vv didididah 

J didahdahdah W didahdah 

K dahdidah X dahdididah 

L didahdidit Y dahdidahdah 

M dahdah Zz dahdahdidit 

1 didahdahdahdah_ 6 dahdidididit 

2 dididahdahdah 7 dahdahdididit 
3 didididahdah 8 dahdahdahdidit 
4 dididididah 9 dahdahdahdahdit 
5 didididiait 0. dahdahdahdahdah 


? Period: didahdidahdidah. Comma : dahdahdidi- 
dahdah. Question mark: + dididahdahdidit. “Error: 
didididididididit. Double’ dash: : dahdidididah. 
Colon: dahdahdahdididit. Semicolon: dahdidah- 
didahdit. Parenthesis : dahdidahdahdidah. Frac- 
tion bar : dahdididahdit. Wait: didahdididit. End 
of message: didahdidahdit. Invitation to trans- 
mit: dahdidah. End of work: didididahdidah. 


Fig. 1-1—The Continental (International Morse} code. 


A Code-Practice Set 


The simple circuit shown in Fig. 1-2 is easy to 
build and is not costly. The entire unit, including 
home-made key, can be built for less than $5.00. 
The tone from the speaker is loud enough to pro- 
vide room volume, making the oscillator useful 
for group code-practice sessions. 

The circuit can be built on a 2% x 2%-inch 
piece of circuit board, Formica, linoleum tile, or 
Masonite’ as shown in Fig. 1-2. The main 
chassis can be a home-made aluminum, brass, or 
galvanized-iron channel which is 6 inches long, 
234 inches wide, and 1 inch high. The tiny 2-inch 
diameter speaker shown here was removed from 
a junk 6-transistor pocket radio. Any small 
speaker whose voice-coil impedance is between 
3.2 and 10 ohms will work satisfactorily. Al- 
though a battery holder is used at BT,, the bat- 
tery could be taped to the chassis, or used out- 
board, reducing the total cost. The circuit connec- 
tions are made with short lengths of insulated 
hookup wire. A phono jack is used at J,, but isn’t 
necessary. A few more cents could be saved: by 
wiring the key directly into the circuit. 


The Key 


A home-made key is shown in the photo. The 
base is a piece of plywood which is 34 inch thick, 
6 inches long, and is 4 inches wide. The key lever 
is a piece of 34-inch wide brass strip, No. 16 


AMATEUR 
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View of the code-practice set. The speaker mounts 
under the chassis and is protected by a piece of alu- 
minum screening. Ordinary. window screen will work 
here. The circuit board is mounted over. a cut-out 
area in the chassis. Allow a \4-inch overlap on all 
sides of the circuit board for mounting purposes. Four 
4-40 bolts hold the board in place. The battery holder 
is a Keystone No. 175. 


gauge. It is 5 inches long and is bent slightly near 
the center to raise the operating end approxi- 
mately 14 inch above the base board. A piece of 
circuit board is glued to the operating end of 
the lever, serving as a finger plate for the key. 
A poker chip or large garment button can be used 
in place of the item shown, Epoxy glue holds the 
chip firmly in place. 

The brass lever is attached to the base board by 
means of two 6-32 bolts, each one inch in length. 
One of the keying leads (the one going to the 
chassis ground terminal) connects to one of the 
bolts, under the board. Another 6-32 x 1-inch 
screw is placed under the finger end of the lever 
(about 4 inch in from the end of the lever) and 
serves as the contact element when the key is de- 
pressed. The remaining key lead connects to this 
screw, again under the base board. The spacing 
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BOTTOM VIEW 
Fig. 1—2—Schematic diagram of the code oscillator. 
Resistance is in ohms. K = 1000. The 0.01-uf. capacitor 
is disk ceramic. BT; is a 1.5-volt size-D flashlight cell. 
Ji is a phono connector. Q: is an RCA 40309 (a 
2N2102 is suitable also). Qz is an RCA 2N2869/2N301. 
(An RCA 40022 is suitable, also). The cases of Qi and 
Q: should be insulated from the chassis. 


Amateur Frequencies 


between the lever and the contact element can be 
adjusted by bending the brass lever with a pair 
of pliers. It should be set to suit the operator. 
Commercially-made keys can be used if the opera- 
tor prefers. There are many bargain-priced units 
of this type on the market. 


INTRODUCTION TO RADIO THEORY 


As you start your studies for an amateur li- 
cense, you may wish to have the additional help 
available in How to Become a Radio Amateur 
($1.00). It features an elementary description of 
radio theory and constructional details on a sim- 
ple receiver and transmitter. 

Another aid is 4 Course in Radio Fundamen- 
tals ($1.00), a study guide using this Handbook 
as its text. There are experiments, discussions, 
and quizzes to help you learn radio fundamentals. 

A new League publication, Understanding 
Amateur Radio, explains radio theory and prac- 
tice in greater detail than is found in How to 
Become a Radio Amateur, but is at a more basic 
level than this Handbook. Understanding Ama- 
teur Radio contains 320 pages, and is priced at 
$2.00. ; 

These booklets are available postpaid from 
ARRL, Newington, Connecticut 06111. 
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THE AMATEUR BANDS 


Amateurs are assigned bands of frequencies at 
approximate harmonic intervals throughout the 
spectrum. Like assignments to all services, they 
are subject to modification to fit the changing 
picture of world communications needs. Modifi- 
cations of rules to provide for domestic needs are 
also occasionally issued by FCC and DOT, and 
in that respect each amateur should keep himself 
informed by W1AW bulletins, QST reports, or 
by communication with ARRL Hq. concerning a 
specific point. 

On this page and page 14 are summaries of the 
Canadian and U.S. amateur bands on which 
operation is permitted as of our press date. Fig- 
ures are megacycles. A@ and F@ mean unmodu- 
lated carriers. Al means c.w. telegraphy, A2 is 
tone-modulated c.w. telegraphy, A3 is amplitude- 
modulated phone (n.f.m. may also be used in such 
bands, except on 1.8-2.0 Mc.), A4 is facsimile, 
A5 is television, n.f.m. designates narrow-band 
frequency- or phase-modulated radiotelephony, 
F1 is frequency-shift keying, F2 is frequency- 
modulated :tone keying (Morse or teletype), F3 
is f.m. phone, F4 is fm. facsimile and F5 is fm. 
television. 


CANADIAN AMATEUR BANDS 


3.725 Mc. 
4.000 Mc. 


7.150 Me. 
7.300 Me. 


14.100 Me. 
14.350 Mc, 


21.100 Mc. Al, Fl, 
21.450 Mc, Al, A3}, F3}, 


27.000 Mc, Al, A2, A3’, 
F34, 


. Al, Fl, 
. Al, A3, F34, 


80 3.500~- 
meters 3.725— 


40 m. 7.000- 
7.150— 


14.000-— 
14.100- 


21.000- 
21.100— 


26.960— 


Al, Fl, 
Al, A3}, F3, 
Al, Fl, 
Al, A3}, F3, 
Al, Fl, 
Al, A3}, F3}, 


20 m, 


28.100 
29.700 


50.050 
51.000 


28.000— 
28,100- 


50.000- 
50.050— 


51.000- $4,000 


144.100. 


148.000 . | AB, Al, A2, 
220.000— 225.000 .{ A’, F1,F2,F3, 


420.000— 450.000 
1215.000— 1300.000. 
2300.000-— 2450.000 a 
3300.000- 3500.000 i oe . 
5650.000— 5925.000. . F3, , 
10000.000-10500.000 Mc. 
21000.000—22000.000 


1 Phone privileges are restricted to holders of 
Advanced: Amateur Radio Operator Certificates, 
and of Commercial Certificates. 

4 Phone privileges are restricted as in footnote 
1, and to holders of Amateur Radio Operators 
Certificates whose certificates have been endorsed 
for operation on phone in these bands; see text. 

3 Special endorsement required for amateur 
television transmission. 


144.000-— 
144,100— 


Ag, Al, A2, 


Operation in the frequency bands 1.800- 
1.825 Mc., 1.875-1.900 Mc., 1.900-1.925 Mc., 
and 1.975-2.000 Mc. shall be limited to the 
areas as indicated in the following table and 
shall be limited to the indicated maximum 
d.c. power input to the anode circuit of the 
final radio frequency stage of the transmit- 
ter during day and night hours respec- 
tively; for the purpose of the subsection, 
“day” means the hours between sunrise and 
sunset, and “night” means the hours be- 
tween sunset and sunrise: Al, A3, and 
F3 emission are permitted. 


Authorized D.c. power 
bands input watts 
Area ke. day night 


1800-1825 375 150 
1875-1900 375 150 


‘The Provinces of 
Newfoundland, Nova 
Scotia, Prince Ed- 
ward Island, New 
Brunswick, Quebec, 
Ontario, and the Dis- 
tricts of Keewatin, 
and Franklin. 


1900-1925 375 150 
1975-2000 375 150 


The Provinces of 
Manitoba, Saskatch- 
ewan, Alberta, Brit- 
ish Columbia, Yu- 
kon Territory, and 
the District of Mac- 
kenzie. 


Except as otherwise specified, the maxi- 
mum amateur power input is 1,000 watts. 
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U.S. AND POSSESSIONS 


Mc.—Al1 

Mc,—F1 

Mc.—A3, n.f.m, 
Mc.-—A1 

Mc.—F1 

Mc.—A3, nfm. -’ 


Me.—Al1 

Mc.—F1 
Mc.—A3, n.f.m. . 
Mc.—Al1 
Mc.—F1 
Mc.—A3, n.f.m, 


Mc.—Al1 ; 
Mc.—A3, n.f.m. + 
Mc.—F1l, F3 


Mc.—Al 

Mc.—Al, A2, A3, A4 

Mc.—AG 

Mc.—F®, Fi, F2, F3 

Mc.—Ag, Al, A2, A3, Ad, 
F6, F1, F2, F3 

Me.—A1 


AMATEUR BANDS 


Me. --A®, Al, A2, A3, A4, 
FG, Fl, F2, F3, F4 

Ag, Al, A2, A3, A4, AS, 
F9, F1, F2, F3, F4, FS 


3.500—4.000 
3.500-3.800 
3.800-4.000 


7.000—7.300 
7.000—7.200 
7.200—7.300 


14,000—14.350 
14.000-14.200 
14.200-14.350 


21.000-21.450 
21.000-21.250 
21.250-21.450 


28.000-29.700 
28.500~29.700 
29.000-29.700 
50.0~50.1 
§0.1-54 
51-54 
52.5-54 
144-147.9 


220-225 


420-4502 
1,215-1,300 
2,300-2,450 
3,300-3,500 Mc, 
5,650-5,925 Me, 
10,000-10,5002 Me. 

21,000-22,000 Me. 
All above 40,000 Mc. 


Me. 
Me. 
Me. 


Ag, Al, A2, A3, A4, AS. 
Fé, Fl, F2, F3, F4, F5, 
pulse 


1 Input power must not exceed 50 watts in Fla., Ariz., 
and parts of Ga., Ala., Miss., N. Mex., Tex., Nev., and 
Calif. See the License Manual or write ARRL for further 
details. 


2No pulse permitted in this band. 


Norz: Frequencies from 3.9 to 4.0 Mc. are not avail- 
able to amateurs on Baker, Canton, Enderbury, Guam, 
Howland, Jarvis, Palmyra, American Samoa, and Wake 
islands. 

The bands 220 through 10,500 Mc. are shared with the 
Government Radio Positioning Service, which has pri- 
ority. 


2m. 
147.9-148 


‘In addition, Al and A3 (except no n.f.m.) on portions of 1.800-2.000 Mc., as follows. Figures in the 
right columns aré maximum d.c. plate power input. 


1800-1825 ke. 
Day Night. 
200 50 
200 50 
100 25 
200 ~~ «50 
California No operation 
Colorado, New Mexico, Wyoming, Texas West of 103° W. 200 50 

Connecticut, Delaware, D.C., Maryland, New Jersey, Penn- 
sylvania, Rhode Island, Virginia, West Va., New vo 0 50 
south of 42° N, : 

Florida, Georgia, South Carolina 

Hawaii, Puerto Rico, Virgin Is. 

Idaho, Montana west of 111° W. 

Illinois, Missouri 

Indiana, Kentucky, Ohio 

Iowa, Kansas, Minnesota, Wisconsin, upper Michigan 


1875-1900 ke. 1900-1925 ke. 1975-2000 ke. 
Day Night Day Night Day Night 
No operation No operation 100 25 
200 50 Nooperation No operation 
100 25 100 25 500 100 
No operation No operation 200 50 
No operation 200 50 500 200 
100 25 100 25 500 =6100 


Area 
Alabama, Louisiana, Mississippi, Tennessee 
Alaska 
Arizona, Utah 
Arkansas 


100 25 Nooperation No operation 
100 25 
No operation 
100 25 
200 50 
200 50 
500 100 


No operation 
100 25 
200 50 
100 25 


100 25 
100 25 


No operation 
No operation 
200 50 
100-25 
100 25 

100 25. 


No operation 
100 25 
500 =100 
200 50 
100 25 
200 50 


100 100 25  Nooperation No operation + 


Maine, Massachusetts, New Hampshire, Vermont, New| 500 
York north of 42° N. 

Michigan, lower peninsula 

Montana east of 111° W. 

Nebraska, So. Dakota 

Nevada 

No. Carolina 


500 
200 
500 
100 
200 
500 100 
500 100 
No operation 
No operation 
500 100 


100 
200 
100 25 
200 50 
No operation 
200 50 
No operation 
No operation 
No operation 
No operation 


25 
50 


100 
200 
100 25 
200 50 
No operation 
200 50 
No operation 
200 50 
No operation 
No operation 


25 
50 


25 
100 


100 
500 
$00 =100 
500 . 200 
No operation 
500 100 
200 50 
500 100 
100 25 
100 2s 


50 
100 
25 
50 
No. Dakota 

Oklahoma, Texas east of 103° W. 

Oregon, Washington 

Navassa Is. 

Swan Is., Serrana Bank, Roncador Key 

Baker, Canton, Enderbury, Guam, Howland, Jarvis, John- 


ston, Midway & Palmyra Is. 500 


No operation No operation 100 500 = 100 


200 
100 


500 
500 


200 
100 


500 200 
No operation 


500 200 
No operation 


American Samoa 
Wake Is. 


500 
500 


Novice licensees may use the following fre- 
quencies, transmitters to be. crystal-controlled 
and have a maximum power input of 75 watts. 


3.700-3.750 Mc. Al 21.100-21.250 Mc. Al 
7,150-7.200 Mc. Al 145-147 Mc. Al, A2, A3, f.m. 


Technician licensees are permitted all ama- 
teur privileges in 50 Mc.,* 145-147 Mc. and in the 
bands 220 Mc. and above. 

Except as otherwise specified, the maximum 
amateur power input is 1000 watts. 


* See page 11 for restrictions on usage of parts of these bands after November 22, 1968 


Electrical Laws 
and Circuits 


ELECTRIC AND MAGNETIC FIELDS 


When something occurs at one point in space 
because something else happened at another 
point, with no visible means by which the “cause” 
can be related to the “effect,” we say the two 
events are connected by a field. In radio work, the 
fields with which we are concerned are the elec- 
tric and magnetic, and the combination of the 
two called the electromagnetic field. 

A field has two important properties, intensity 
(magnitude) and direction. The field exerts a 
force on an object immersed in it; this force 
represents potential (ready-to-be-used) energy, 
so the potential of the field is a measure of the 
field intensity. The direction of the field is the 
direction in which the object on which the force 
is exerted will tend to move. 

An electrically charged object in an electric 
field will be acted on by a force that will tend to 
move it in a direction determined by the direc- 
tion of the field. Similarly, a magnet in a mag- 
netic field will be subject to a force, Everyone has 
seen demonstrations of magnetic fields with 
pocket magnets, so intensity and direction are not 
hard to grasp. 

A “static” field is one that neither moves nor 
changes in intensity. Such a field can be set up 
by a stationary electric charge (electrostatic 
field) or by a stationary magnet (magnetostatic 
field). But if either an electric or magnetic field is 
moving in space or changing in intensity, the 
motion or change sets up the other kind of field. 
That is, a changing electric field sets up a mag- 
netic field, and a changing magnetic field gen- 
erates an electric field. This interrelationship 
between magnetic and electric fields makes pos- 
sible such things as the electromagnet and the 
electric motor, It also makes possible the electro- 
magnetic waves by which radio communication 
is carried on, for such waves are simply traveling 
fields in which the energy is alternately handed 
back and forth between the electric and mag- 
netic fields. 


Lines of Force 


Although no one knows what it is that com- 
poses the field itself, it is useful to invent a 
picture of it that will help in visualizing the 
forces and the way in which they act. 

A field can be pictured as being made up of 
lines of force, or flux lines. These are purely 
imaginary threads that show, by the direction 
in which they lie, the direction the object on 
which the force is exerted will move. The number 


Chapter 2 


of lines in a chosen cross section of the field is a 
measure of the intensity of the4orce. The number 
of lines per unit of area (square inch or square 
centimeter) is called the flux density. 


ELECTRICITY AND THE ELECTRIC 
CURRENT 


Everything physical is built up of atoms, par- 
ticles so small that they cannot be seen even 
through the most powerful microscope. But the 
atom in turn consists of several different kinds of 
still smaller particles. One is the electron, essen- 
tially a small particle of electricity. The quantity 
or charge of electricity represented by the elec- 
tron is, in fact, the smallest quantity of elec- 
tricity that can exist. The kind of electricity 
associated with the electron is called negative. 

An ordinary atom consists of a central core 
called the nucleus, around which one or more 
electrons circulate somewhat as the earth and 
other planets circulate around the sun. The 
nucleus has an electric charge of the kind of 
electricity called positive, the amount of its 
charge being just exactly equal to the sum of the 
negative charges on all the electrons associated 
with that nucleus. 

The important fact about these two “oppo- 
site” kinds of electricity is that they are strongly 
attracted to’each other. Also, there is a strong 
force of repulsion between two charges of the 
same kind. The positive nucleus and the negative 
electrons are attracted to each other, but two 
electrons will be repelled from each other and so 
will two nuclei. ; 

In a normal atom the positive charge on the 
nucleus is exactly balanced by the negative 
charges on the electrons. However, it is possible 
for an atom to lose one of its electrons. When that 
happens the atom has a little less negative charge 
than it should — that is, it has a net positive 
charge. Such an atom is said to be ionized, and 
in this case the atom is a positive ion. If an atom 
picks up an extra electron, as it sometimes does, 
it has a net negative charge and is called a 
negative ion. A positive ion will attract any stray 
electron in the vicinity, including the extra one 
that may be attached to a nearby negative ion. 
In this way it is possible for electrons to travel 
from atom to atom. The movement of ions or 
electrons constitutes the electric current. 

The amplitude of the current (its intensity or 
magnitude) is determined by the rate at which 
electric charge — an accumulation of electrons 
or ions of the same kind — moves past a point in 
a circuit. Since the charge on a single electron or 


15 


16 | ELECTRICAL LAWS AND CIRCUITS 


ion is extremely small, the number that must 
move as a group to form even a tiny current is 
almost inconceivably large. 


Conductors and Insulators 


Atoms of some materials, notably metals and 
acids, will give up an electron readily, but atoms 
of other materials will not part with any of their 
electrons even when the electric force is ex- 
tremely strong. Materials in which electrons or 
ions can be moved with relative ease are called 
conductors, while those that refuse to permit 
such movement are called nonconductors or 
insulators. The following list shows how some 
common materials are classified; 


Conductors Insulators 
Metals Dry Air Glass 
Carbon Wood Rubber 
Acids Porcelain Resins 
Textiles 


Electromotive Force 


The electric force or potential (called electro- 
motive force, and abbreviated e.m.f.) that causes 
current flow may be developed in several ways. 
The action of certain chemical solutions on dis- 
similar metals sets up an e.m.f.; such a combina- 
tion is called a cell, and a group of cells forms an 
electric battery. The amount of current that such 
cells can carry is limited, and in the course of 
current flow one of the metals is eaten away. The 
amount of electrical energy that can be taken 
from a battery consequently is rather small. 
Where a large amount of energy is needed it is 
usually furnished by an electric generator, which 
develops its e.m.f. by a combination of magnetic 
and mechanical means. 


Direct and Alternating Currents 


In picturing current flow it is natural to think 
of a single, constant force causing the electrons to 
move. When this is so, the electrons always move 
in the same direction through a path or circuit 
made up of conductors connected together in a 
continuous chain. Such a current is called a 
direct current, abbreviated d.c. It is the type of 
current furnished by batteries and by certain 
types of generators, 

It is also possible to have an em.f. that peri- 
odically reverses. With this kind of e.m.f. the 
current flows first in one direction through the 
circuit and then in the other. Such an e.m.f. is 
called an alternating e.m.f, and the current is 
called an alternating current (abbreviated a.c.). 
The reversals (alternations) may occur at any 
rate from a few per second up to several billion 
per second. Two‘reversals make a cycle; in one 
cycle the force acts first in one direction, then in 
the other, and then returns to the first direction 
to begin the next cycle. The number of. cycles ‘in 
one second is called the frequency of the alter- 
nating current. 

The difference between direct current and al- 
ternating current is. shown in Fig. 2-1. In these 
graphs the horizontal axis measures time, in- 


creasing toward the right away from the vertical 
axis. The vertical axis represents the amplitude 
or strength of the current, increasing in either 
the up or down direction away from the hori- 
zontal axis. If the graph is above the horizontal 
axis the current is flowing in one direction 
through the circuit (indicated by the + sign) 
and if it is below the horizontal axis the current 
is flowing in the reverse direction through the 
circuit (indicated by the — sign). Fig. 2-1A 
shows that, if we close the circuit — that is, make 
the path for the current complete — at the time 
indicated by X, the current instantly takes the 
amplitude indicated by the height A. After that, 
the current continues at the same amplitude as 
time goes on, This is an ordinary direct current. 

In Fig. 2-1B, the current starts flowing with 
the amplitude A at time X, continues at that 
amplitude until time Y and then instantly ceases. 
After an interval YZ the current again begins to 
flow and the same sort of start-and-stop per- 
formance is repeated. This is an intermittent di- 
rect current. We could get it by alternately 
closing and opening a switch in the circuit. It is a 
direct current because the direction of current 
flow does not change; the graph is always on the 
++ side of the horizontal axis. 

In Fig. 2-1C the current starts at zero, in- 
creases in amplitude as time goes on until it 
reaches the amplitude A, while flowing in the + 
direction, then decreases until it drops to zero 
amplitude once more. At that time (X) the 
direction of the current flow reverses ; this is indi- 
cated by the fact that the next part of the graph 
is below the axis. As time goes on the amplitude 
increases, with the current now flowing in the — 
direction, until it reaches amplitude Ay. Then 


Fig. 2-1—Three types of current flow. A—direct current; 
B—intermittent direct current; C—alternating current. 


Frequency and Wavelength 


the amplitude decreases until finally it drops to 
zero (Y) and the direction reverses once more. 
This is an aliernaiing current. 


Waveforms 


The type of alternating current shown in Fig. 
2-1C is known as a sine wave. The variations in 
many a.c. waves are not so smooth, nor is one 
half-cycle necessarily just like the preceding one 
in shape. However, these complex waves can be 
shown to be the sum of two or more sine waves of 
frequencies that are exact integral (whole-num- 
ber) multiples of some lower. frequency. The 
lowest frequency is called the fundamental, and 
the higher frequencies are called harmonics, 

Fig. 2-2 shows how a fundamental and a 
second harmonic (twice the fundamental) might 
add to form a complex wave. Simply by changing 
the relative amplitudes of the two waves, as well 
as the times at which they pass through zero 
amplitude, an infinite number of waveshapes can 
be constructed from just a fundamental and 
second harmonic, More complex waveforms can 
be constructed if more harmonics are used. 

Frequency multiplication, the generation 
of second, third and higher-order harmonics, 
takes place whenever a fundamental sine wave 
is passed through a nonlinear device. The dis- 
torted output is’ made up of the fundamental 
frequency plus harmonics; a desired harmonic 
can be selected through the use of tuned circuits. 
Typical nonlinear devices used for frequency 
multiplication include rectifiers of any kind and 
amplifiers that distort an applied signal. 


Electrical Units 


The unit of electromotive force is called the 
volt. An ordinary flashlight cell generates an 
em.f. of about 1.5 volts. The e.m.f. commonly 
supplied for domestic lighting and power is 115 
volts a.c. at a frequency of 60 cycles per second. 

The flow of electric current is measured in 
amperes. One ampere is equivalent to the move- 
ment of many billions of electrons past a point 
in the circuit in one second. The direct currents 
used in amateur radio equipment usually are not 
large, and it is customary to measure such cur- 
rents in milliamperes. One milliampere is equal to 
one one-thousandth of an ampere. 

A “d.c. ampere” is a measure of a steady cur- 
rent, but the “a.c.. ampere’ must measure a 
current that is continually varying in amplitude 
and periodically reversing direction. To put the 
two on the same basis, an a.c. ampere is defined 
as the current that will cause the same heating 
effect as one ampere of steady direct current. For 
sine-wave a.c., this effective (or r.m.s., for root 
mean square, the mathematical derivation) value 
is equal to the maximum (or peak) amplitude 
(A, or Ag in Fig. 2-1C) multiplied by 0.707. 
The instantaneous value is the value that the 
current (or voltage) has at any selected instant 
in the cycle. If all the instantaneous values in a 
sine wave are averaged over a half-cycle, the 
resulting figure is the average value. It is equal 
to 0.636 times the maximum amplitude. 
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FUNDAMENTAL 


2np HARMONIC 


RESULTANT 


Fig. 2-2—A complex waveform. A fundamental (top) and 
second harmonic (center) added together, point by point 
at each instant, result in the waveform shown at the 
bottom. When the two components have the same polar- 
ity at a selected instant, the resultant is the simple sum 
of the two. When they have opposite polarities, the 
resultant is the difference; if the negative-polarity com- 
ponent is larger, the resultant is negative at that instant. 


FREQUENCY AND WAVELENGTH 


Frequency Spectrum 


Frequencies ranging from about 15 to 15,000 
cycles per second (c.p.s.) are called audio fre- 
quencies, because the vibrations of air particles 
that our ears recognize as sounds occur at a simi- 
lar rate. Audio frequencies (abbreviated a.f.) are 
used to actuate loudspeakers and thus create 
sound waves. 

Frequencies above about 15,000 c.p.s. are called 
radio frequencies (r.f.) because they are useful 
in radio. transmission. Frequencies. all the way © 
up to and beyond 10,000,000,000 c.p.s. have 
been used for radio purposes. At radio frequencies 
the numbers become so large that it becomes con- 
venient to use a larger unit than the cycle. Two 
such units are the kilocycle, which is equal to 
1000 cycles and is abbreviated kc., and the mega- 
cycle, which is equal to 1,000,000 cycles or 1000 
kilocycles and is abbreviated Mc. 

The various radio frequencies are divided off 
into classifications for ready identification. These 
classifications, listed below, constitute the fre- 
quency spectrum so far as it extends for radio 
purposes at the present time. 


Frequency Classtfication Abbreviation 
10 to 30 ke. Very-low frequencies v.L£. 
30 to 300 ke. Low frequencies Lf. 
300 to 3000 ke. Medium frequencies m.f. 
3 to 30 Mc. High frequencies h.£. 
30 to 300 Me. Very-high frequencies v.h.f, 
300 to 3000 Mc. Ultrahigh frequencies u.hf, 
3000 to 30,000 Mc. Superhigh frequencies s.h.f. 


Wavelength 


Radio waves travel at the same speed as light 
—300,000,000 meters or about 186,000 miles a 
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second in space. They can be set up by a radio- 
frequency current flowing in a circuit, because 
the rapidly changing current sets up a magnetic 
field that changes in the same way, and the vary- 
ing magnetic field in turn sets up a varying elec- 
tric field. And whenever this happens, the two 
fields move outward at the speed of light. 


Suppose an r.f. current has a frequency of 
3,000,000 cycles per second. The fields will 
go through complete reversals (one cycle) in 
1/3,000,000 second. In that same period of time 
the fields—that is, the wave— will move 
300,000,000/3,000,000 meters, or 100 meters, 
By the time the wave has moved that distance 
the next cycle has begun and a new wave has 
started out. The first wave, in other words, covers 
a distance of 100 meters before the beginning of 
the next, and so on. This distance is the wave- 
length. 
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The longer the time of one cycle—that is, the 
lower the frequency—the greater the distance 
occupied by each wave and hence the longer the 
wavelength. The relationship between wave- 
length and frequency is shown by the formula 


300,000 
dd = 
f 


where \ = Wavelength in meters 
f= Frequency in kilocycles 
300 


or i= 
f 
where } = Wavelength in meters 
f= Frequency in megacycles 
Example: The wavelength corresponding to 
a frequency of 3650 kilocycles is 


d= 300,000 
3650 


= 82.2 meters 


RESISTANCE 


Given two conductors of the same size and 
shape, but of different materials, the amount of 
current that will flow when a given emf. is 
applied will be found to vary with what is called 
the resistance of the material. The lower the 
resistance, the greater the current for a given 
value of emf. 

Resistance is measured in ohms. A circuit has, 
a resistance of one ohm when an applied e.m/. 
of one volt causes a current of one ampere to 
flow. The resistivity of a material is the resist- 
ance, in ohms, of a cube of the material measuring 
one centimeter on each edge. One of the best con- 
ductors is copper, and it is frequently convenient, 
in making resistance calculations, to compare 
the resistance of the material under consideration 
with that of a copper conductor of the same size 
and shape. Table 2-I gives the ratio of the re- 
sistivity of various conductors to that of copper. 

The longer the path through which the current 
flows the higher the resistance of that conductor. 
For direct current and low-frequency alternating 


TABLE 2-I 


Relative Resistivity of Metals 
Resistivity 
Compared to Copper 
1.6 


Material 
Aluminum (pure) 
Brass 
Cadmium 
Chromium 
Copper (hard-drawn) 
Copper (annealed) ......... 
Gold 
Iron (pure) 


currents (up to a few thousand cycles per second) 
the resistance is inversely proportional to the 
cross-sectional area of the path the current must 
travel; that is, given two conductors of the same 
material and having the same length, but differ- 
ing in cross-sectional area, the one with the 
larger area will have the lower resistance. 


Resistance of Wires 


The problem of determining the resistance of 
a round wire of given diameter and length—or 
its opposite, finding a suitable size and length of 
wire to supply a desired amount of resistance— 
can be easily solved with the help of the copper- 
wire table given in a later chapter. This table 
gives the resistance, in ohms per thousand feet, 
of each standard wire size. 


Example: Suppose a resistance of 3.5 ohms 
is needed and some No. 28 wire is on hand. 
The wire table in Chapter 20 shows that No, 
28 has a resistance of 66.17 ohms per thousand 
feet. Since the desired resistance is 3.5 ohms, 
the length of wire required will be 

3.5 
$6.17 X 1000 = 52.89 feet. 
Or, suppose that the resistance of the wire in 
the circuit must not exceed 0.05 ohm and that 
the length of wire required for making the con- 
nections totals 14 feet. Then 


14 
Tooo X R = 0.05 ohm 


where R is the maximum allowable resistance 
in ohms per thousand feet. Rearranging the 
formula gives 

0.05 X 1000 


id = 3.57 ohms/1000 ft, 


Re 


Reference to the wire table shows that No, 15 
is the smallest size having a resistance less 
than this value. 


When the wire is not copper, the resistance 
values given in the wire table should be multi- 
plied by the ratios given in Table 2-I to obtain 
the resistance. 


Resistance 


Types of resistors used in radio equip- 
ment. Those in the foreground with 
wire leads are carbon types, ranging 
in size from 2 watt at the left to 2 
watts at the right. The larger resistors 
use resistance wire wound on ceramic 
tubes; sizes shown range from 5 watts 
to 100 watts. Three are of the adjust- 
able type, having a sliding contact on 
an exposed section of the resistance 
: winding. 


Example: If the wire in the first example 
were nickel instead of copper the length re- 
quired for 3.5 ohms would be 

3.5 


6647 X 5A X 1000 = 10.37 feet, 


Temperature Effects. 


The resistance of a conductor changes with 
its temperature. Although it is seldom necessary 
to consider temperature in making resistance 
calculations for amateur work, it is well to know 
that the resistance of practically all metallic 
conductors increases with increasing tempera- 
ture. Carbon, however, acts in the opposite way; 
its resistance decreases when its temperature 
rises. The temperature effect is important when 
it is necessary to maintain a constant resistance 
under all conditions, Special materials that have 
little or no change in resistance over a wide 
temperature range are used in that case. 


Resistors 


A “package” of resistance made up into a 
single unit is called a resistor. Resistors having 
the same resistance value may be considerably 
different in size and construction. The flow of 
current through resistance causes the conductor 
to become heated; the higher the resistance and 
the larger the current, the greater the amount of 
heat developed. Resistors intended for carrying 
large currents must be physically large so the 
heat can be radiated quickly to the surrounding 
air. If the resistor does not get rid of the heat 
quickly it may reach a temperature that will 
cause it to melt or burn. 


Skin Effect 


The resistance of a conductor is not the same 
for alternating current as it is for direct current. 
When the current is alternating there are in- 
ternal effects that tend to force the current to 
flow mostly in the outer parts of the conductor. 
This decreases the effective cross-sectional area 
of the conductor, with the result that the resist- 
ance increases. 

For low audio frequencies the increase in re- 
sistance is unimportant, but at radio frequencies 
this skin effect is so great that practically all the 


current flow is confined within a few thousandths 
of an inch of the conductor surface. The rf. 
resistance is consequently many times the d.c. 
resistance, and increases with increasing fre- 
quency. In the r.f. range a conductor of thin 
tubing will have just as low resistance as a solid 
conductor of the same diameter, because material 
not close to the surface carries practically no 


current. Conductance 


The reciprocal of resistance (that is, 1/R) is 
called conductance. It is usually represented by 
the symbol G. A circuit having large conductance 
has low resistance, and vice versa. In radio work 
the term is used chiefly in connection with 
yvacuum-tube characteristics. The unit of con- 
ductance is the mho. A resistance of one ohm has 
a conductance of one mho, a resistance of 1000 
ohms has a conductance of 0.001 mho, and so on. 
A unit frequently used in connection with vacuum 
tubes is the micromho, or one-millionth of a 
mho. It is the conductance of a resistance of 
one megohm, ' 


OHM’S LAW 


The simplest form of electric circuit is a bat- 
tery with a resistance connected to its terminals, 
as shown by the symbols in Fig. 2-3. A complete 
circuit must have an unbroken path so current 


Fig. 2-3—A simple circuit 
consisting of a battery 
and resistor. 


Batt. 


can flow out of the battery, through the apparatus 
connected to it, and back into the battery. The 
circuit is broken, or open, if a connection is re- 
moved at any point. A switch is a device for 
making and breaking connections and thereby 
closing or opening the circuit, either allowing 
current to flow or preventing it from flowing. 
The values of current, voltage and resistance 
in a circuit are by no means independent of each 
other. The relationship between them is known 
as Ohm’s Law. It can be stated as follows: The 
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TABLE 2.1 
Conversion Factors for Fractional and 
Multiple Units 
To Divide by | Multiply by 
"7,000,000 
1000 


Micro-units 
Milli-units 
Kilo-units 
Mega-units 
Milli-units 
Units 
Micro-units 
Units 

Units 
Mega-units 
Units 
Kilo-units 


1000 
1,000,000 
1000 
1,000,000 


Micro-units 


Milti-units 1000 


1000 


Kilo-units 1000 


1000 
1,000,000 
1000 


Mega-units 


current flowing in a circuit is directly propor- 
tional to the applied e.m.f. and inversely propor- 
tional to the resistance. Expressed as an equa- 
tion, it is 

E (volts) 

R (ohms) 

The equation above gives the value of current 
when the voltage and resistance are known. It 
may be transposed so that each of the three 
quantities may be found when the other two are 
known: BE-=IR 


(that is, the voltage acting is equal to the cur- 
rent in amperes multiplied by the resistance in 
ohms) and 


I (amperes) = 


E 
R= 


(or, the resistance of the circuit is equal to the 
applied voltage divided by the current). 

All three forms of the equation are used almost 
constantly in radio work. It must be remembered 
that the quantities are in volts, ohms and am- 
peres; other units cannot be used in the equations 
without first being converted. For example, if the 
current is in milliamperes it must be changed to 
the equivalent fraction of an ampere before the 
value can be substituted in the equations. 

Table 2-II shows how to convert between the 
various units in cornmon use. The prefixes at- 
tached to the basic-unit name indicate the nature 
of the unit, These prefixes are: 


micro — one-millionth (abbreviated ») 
milli — one-thousandth (abbreviated m) 
kilo — one thousand (abbreviated k) 

mega —one million (abbreviated M) 


For example, one microvolt is one-millionth of 
a volt, and one megohm is 1,000,000 ohms. There 
are therefore 1,000,000 microvolts in one volt, 
and 0.000001 megohm in one ohm. 


The following examples illustrate the use of © 
Ohm’s Law: 

The current flowing in a resistance of 20,000 
ohms is 150 milliamperes. What is the voltage? 
Since the voltage is to be found, the equation 
to use is E = IR. The current must first be 
converted from milliamperes to amperes, and 
reference to the table shows that to do so it is 
necessary to divide by 1000. Therefore, 

150 


Es {000 X 20,000 = 3000 volts 
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When a voltage of 150 is applied to a circuit 
the current is measured at 2.5 amperes. What 
is the resistance of the circuit? In this case R 
is the unknown, so 

R= 2 = SO = 60 ohms 
No conversion was necessary because the volt- 
age and current were given in volts and am- 
peres. 

How much current will flow if 250 volts is 
applied to a 5000-ohm resistor? Since J is un- 
known 


E 250 


In ® ™ 50007 0.05 ampere 


Milliampere units would be more convenient 
for the current, and 0.05 amp. X 1000 = 50 
milliamperes. 


SERIES AND PARALLEL RESISTANCES 


Very few actual electric circuits are as simple 
as the illustration in the preceding section. Com- 
monly, resistances are found connected in a 


SERIES 


Fig. 2-4—Resistors 
connected in series 
and in parallel. 


PARALLEL 


variety of ways. The two fundamental methods 
of connecting resistances are shown in Fig. 2-4. 
In the upper drawing, the current flows from the 
source of e.m.f. (in the direction shown by the 
arrow, let us say) down through the first re- 
sistance, R,, then through the second, R,, and 
then back to the source. These resistors are con- 
nected in series. The current everywhere in the 
circuit has the same value. 

In the lower drawing the current flows to the 
common connection point at the top of the two 
resistors and then divides, one part of it flowing 
through R, and the other through R,. At the 
lower connection point these two currents again 
combine; the total is the same as the current 
that flowed into the upper common connection. 
In this case the two resistors are connected in 
parallel. 


Resistors in Series 


When a circuit has a number of resistances 
connected in series, the total resistance of the 


‘circuit is the sum of the individual resistances. 


If these are numbered Rj, Ro, Rg, etc., then 

R (total) =R,+ Ro+ Rg +Ry+ 
where the dots indicate that as many resistors 
as necessary may be added. 


Series and Parallel Resistance 


Example: Suppose that three resistors are 
connected to a source of e.m.f, as shown in 
Fig. 2-5. The emf, is 250 volts, R1 is 5000 
ohms, Re is 20,000 ohms, and Rs is 8000 ohms. 
The total resistance is then 
R=Ri+ Ra + Rs = 5000 + 20,000 + 8000 

== 33,000 ohms 
The current flowing in the circuit is then 


E 250 


l= & 7 33.000 = 0.00757 amp. = 7.57 ma. 


(We need not carry calculations beyond three 
significant figures, and often two will suffice 
because the accuracy of measurements is sel- 
dom better than a few per cent.) 


Voltage Drop 


Ohm’s Law applies to any pari of a circuit as 
well as to the whole circuit. Although the cur- 
rent is the same in all three of the resistances 
in the example, the total voltage divides among 
them. The voltage appearing across each resistor 
(the voltage drop) can be found from Ohm’s 
Law. 


Example: If the voltage across Ri (Fig. 
2-5) is called E:, that across Re is called Ea, 
and that across Rs is called Es, then 


Ex = IR1 = 0.00757 X 5000 = 37.9 volts 
Eo = IRe = 0.00757 X 20,000 = 151.4 volts 
Es = IRa = 0.00757 X 8000 = 60.6 volts 


The applied voltage must equal the sum of the 
individual voltage drops: 


E> Ei + Eo+ Es = 37.9 + 151.4 + 60.6 
= 249.9 volts 


The answer would have been more nearly 
exact if the current had been calculated to 
more decimal places, but as explained above a 
very high order of accuracy is not necessary, 


In problems such as this considerable time and 
trouble can be saved, when the current is small 
enough to be expressed in milliamperes, if the 


Fig. 2-5—An example 

of resistors in series. 

The solution of the cir- 

cuit is worked out in 
the text, 


E250, 


resistance is expressed in kilohms rather than 
ohms. When resistance in kilohms is substituted 
directly in Ohm’s Law the current will be in 
milliamperes if the e.m.f. is in volts. 


Resistors in Parallel 


In a circuit with resistances in parallel, the 
total resistance is less than that of the lowest 
value of resistance present. This is because the 
total current is always greater than the current 
in any individual resistor. The formula for finding 
the total resistance of resistances in parallel is 


Ree 
a ae 
Etat eR hese 


where the dots again indicate that any number 
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of resistors can be combined by the same method. 
For only two resistances in parallel (a very com- 
mon case) the formula becomes 


RiRo 
Rit Rs 

Example: If a 500-ohm resistor is paralleled 
with one of 1200 ohms, the total resistance is 


Rik: _ 500X1200 _ 600,000 
Rit R: 50041200 1700 
: = 353 ohms 

It is probably easier to solve practical prob- 
lems by a different method than the “reciprocal 
of reciprocals” formula. Suppose. the three re- 


R= 


R= 


=a R, 
EF 250V.5 096 


Fig. 2-6—An example of resistors in parallel. The solu- 
tion is worked out in the text. 


sistors of the previous example are connected in 
parallel as shown in Fig. 2-6. The same emf, 
250 volts, is applied to all three of the resistors. 
The current in. each can be found from Ohm’s 
Law as shown below, J, being the current 


_through R,,J, the current through R, and I, the 


current through Rg. 


For convenience, the resistance will be ex- 
pressed in kilohms so the current will be in 
milliamperes. ; 

fetes 


Ri, 


E _ 250 
Ig = R20 = 12,5 ma. 


w= SO ma. 


E 250 
I= R737 31.25 ma. 


The total current is 
I=Ih+ Ia+ Ia = 50 + 12.5 + 31.25 


= 93.75 ma. 
The total resistance of the circuit is therefore 
E 250 7 
R= TF 7 9375 = 2.66 kilohms ( = 2660 ohms) 


Resistors in Series-Parallel 


An actual circuit may have resistances both in 
parallel and in series. To illustrate, we use the 
same three resistances again, but now connected 
as in Fig. 2-7. The method of solving a circuit 
such as Fig. 2-7 is as follows: Consider Ry 
and Rs, in parallel as though they formed. a 
single resistor. Find their equivalent resistance, 
Then this resistance in series with R, forms a 
simple series circuit, as shown at the right in 
Fig. 2-7. An example of the arithmetic is given 
under the illustration. 

Using the same principles, and staying within 
the practical limits, a value for Rg can be com- 
puted that will provide a given voltage drop 
across R, or a given current through R,. Simple 
algebra is required. 


R 
5000 
Req. 
“E250. (Equivalent R 
of Rz and Rs 
in porallel) 


Fig. 2-7—An example of resistors in series-parallel. The 
equivalent circuit is at the right. The solution is worked 
out in the text. 


Example: The first step is to find the equiva- 
lent resistance of Ro and Ra. From the formula 
for two resistances in parallel, 


“Rif Ri 2048 28 
= 5.71 kilohms 


The total resistance in the’circuit is then 


R=Rit Req. = 5+ 5.71 kilohms 
= 10.71 kilohms 


The current is 


The voltage drops across Ri and Req. are 
E1 = IR: = 23.3 X 5 = 117 volts 
Eo = IRea. = 23.3 X 5.71 = 133 volts 


with sufficient accuracy. These total 250 volts, 
thus checking the calculations so far, because 
the sum of the voltage drops must equal the 
applied voltage. Since Es appears across both 
Ra and Rs, 


where Jo = Current through Ra 
Is = Current through Rs 


The total is 23.25 ma., which checks closely 
enough with 23.3 ma., the current through the 
whole circuit. 


POWER AND ENERGY 


Power—the rate of doing work—is equal to 
voltage multiplied by current. The unit of elec- 
trical power, called the watt, is equal to one volt 
multiplied by one ampere. The equation for 
power therefore is 

P=EI 
where P = Power in watts 
E=E.m4. in volts 
J = Current in amperes 


Common fractional and multiple units for 
power are the milliwatt, one one-thousandth of 
a watt, and the kilowatt, or one thousand watts. 

Example: The plate voltage on a transmit- ; 
ting vacuum tube is 2000 volts and the plate 
current is 350 milliamperes. (The current 


must be changed to amperes before substitu- 
tion in the formula, and so is 0.35 amp.) Then 


P= EI = 2000 X 0.35 = 700 watts 
By substituting the Ohm’s Law equivalents for 
E and J, the following formulas are ‘obtained 
for power: 


Wa 
Fe Re 
P=([R 
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These formulas are useful in power calculations 
when the resistance and either the current or 
voltage (but not both) are known. 

Example: How much power will be used up 


in a 4000-ohm resistor if the voltage applied 
to it is 200 volts? From the equation 


= 10 watts 


R 4000 4000 


Or, suppose a current of 20 milliamperes flows 
through a 300-ohm resistor. Then 


P= PR = (0.02)? X 300 = 0.0004 X 300 
== 0.12 watt 


Note that the current was changed from mil- 
liamperes to amperes before substitution in the 
formula. 


Electrical power in a resistance is turned into 
heat. The greater the power the more rapidly 
the heat is generated. Resistors for radio work 
are made in many sizes, the smallest being rated 
to “dissipate” (or carry safely) about.14 watt. 
The largest resistors used in amateur equipment 
will dissipate about 100 watts. 


Generalized Definition of Resistance 


Electrical power is not always turned into heat. 
The power used in running a motor, for example, 
is converted to mechanical motion, The power 
supplied to a radio transmitter is largely con- 
verted into radio waves. Power applied to a loud- 
speaker is changed into sound waves. But in every 
case of this kind the power is completely “used 
up’—it cannot be recovered. Also, for proper 
operation of the device the power must be sup- 
plied at a definite ratio of voltage to current. 
Both these features are characteristics of resist- 
ance, so it can be said that any device that dissi- 
pates power has a definite value of “resistance.” 
This concept of resistance as something that ab- 
sorbs power at a definite voltage/current ratio is 
very useful, since it permits substituting a simple 
resistance for the load or power-consuming part 
of the device receiving power, often with con- 
siderable simplification of calculations. Of course, 
every electrical device has some resistance of its 
own in the more narrow sense, so a part of the 
power supplied to it is dissipated in that re- 
sistance and hence appears as heat even though 
the major part of the power may be converted to 
another form. 


Efficiency 


In devices such as motors and vacuum tubes, 
the object is to obtain power in some other form 
than heat. Therefore power used in heating is 
considered to be a loss, because it is not the 
useful power. The efficiency of a device is the 
useful power output (in its converted form) di- 
vided by the power input to the device. In a 
vacuum-tube transmitter, for example, the object 
is to convert power from a d.c. source into a.c. 
power at some radio frequency. The ratio of the 
r.f. power output to the d.c. input is the efficiency 
of the tube. That is, 

Po 
EG. = 3; 


Capacitance 


where Eff. = Efficiency (as a decimal) 
P. = Power output (watts) 
P:, = Power input (watts) 
Example: If the d.c. input to the tube is 100 


watts and the r.f. power output is 60 watts, the 
efficiency is 


Efficiency is usually expressed as a percentage; 
that is, it tells what per cent of the input power 
will be available as useful output. The effi- 
ciency in the above example is 60 per cent. 


Energy 


In residences, the power company’s bill is for 
electric energy, not for power. What you pay for 
is the work that electricity does for you, not the 
rate at which that work is done. Electrical work 
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is equal to power multiplied by time; the common 
unit is the watt-hour, which means that a power 
of one watt has been used for one hour. That is, 


W = PT 
where W = Energy in watt-hours 
P = Power in watts 
T = Time in hours 


Other energy units are the kilowatt-hour and 
the watt-second. These units should be self- 
explanatory. 

Energy units are seldom used in amateur prac- 
tice, but it is obvious that a small amount of 
power used for a long time can eventually result 
in a “power” bill that is just as large as though 
a large amount of power had been used for a 
very short time. 


CAPACITANCE 


Suppose two flat metal plates are placed close 
to each other (but not touching) and are con- 
nected to a battery through a switch, as shown in 
‘Fig. 2-8. At the instant the switch is closed, elec- 
trons will be attracted from the upper plate to the 
positive terminal of the battery, and the same 
number will be repelled into the lower plate from 


Fig. 2-8—A 
simple ca- 
pacitor, 


Metal Plates 


the negative battery terminal. Enough electrons 
move into one plate and out of the other to make 
the e.m.f. between them the same as the e.m.f. of 
the battery. 

If the switch is opened after the plates have 
been charged in this way, the top plate is left 
with a deficiency of electrons and the bottom 
plate with an excess. The plates remain charged 
despite the fact that the battery no longer is con- 
nected. However, if a wire is touched between the 
two plates (short-circuiting them) the excess 
electrons on the bottom plate will flow through 
the wire to the upper plate, thus restoring elec- 
trical neutrality. The plates have then been dis- 
charged. 

The two plates constitute an electrical capaci- 
tor; a capacitor possesses the property of storing 
electricity. (The energy actually is stored ih the 
electric field between the plates.) During the time 
the electrons are moving—that is, while the capac- 
itor is being charged or discharged—a current is 
flowing in the circuit even though the circuit is 
“broken” by the gap between the capacitor plates. 
However, the current flows only during the time 
of charge and discharge, and this time is usually 
very short. There can be no continuous flow of 
direct current “through” a capacitor, but an alter- 
nating current can pass through easily if the 
frequency is high enough. 


The charge or quantity of electricity that can 
be placed on a capacitor is proportional to the 
applied voltage and to the capacitance of the 
capacitor. The larger the plate area and the 
smaller the spacing between the plate the greater 
the capacitance. The capacitance also depends 
upon the kind of insulating material between the 
plates; it is smallest with air insulation, but sub- 
stitution of other insulating materials for air may 
increase the capacitance many times. The ratio 
of the capacitance with some material other than 
air between the plates, to the capacitance of the 
game capacitor with air insulation, is called the 
dielectric constant of that particular insulating 
material. The material itself is called a dielectric. 
The dielectric constants of a number of materials 
commonly used as dielectrics in capacitors are 


Table 2-111 


Dielectric Constants and Breakdown Voltages 


Dielectric 
Material Constant * 


Air 1.0 

Alsimag 196 5.7 240 
Bakelite 445.4 300 
Bakelite, mica-filled 4.7 325-375 
Cellulose acetate 3.3-3.9 250-600 
Fiber 5-7.5 150-180 
Formica 4.6-4.9 450 
Glass, window 7.6-8 200-250 


Puncture 
Voltage ** 


Glass, Pyrex 4.8 335 


Mica, ruby 5.4 3800-5600 
Mycalex 74 250 
Paper, Royalgrey 3.0 200 
Plexiglass 2.8 990 
Polyethylene 2.3 1200 
Polystyrene 2.6 500-700 
Porcelain §.1-5.9 40-100 
Quartz, fused 3.8 1000 
Steatite, low-loss 5.8 150-315 
Teflon 24 1000-2000 
* Ati Mc. ** In volts per mil (0.001 inch) 
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given in Table 2-III. If a sheet of polystyrene 
is substituted for air between the plates of a 
capacitor, for example, the capacitance will be 
increased 2.6 times. 


Units 


The fundamental unit of capacitance is the 
farad, but this unit is much too large for prac- 
tical work. Capacitance is usually measured in 
microfarads (abbreviated uf.) or picofarads 
(pf.). The microfarad is one-millionth of a farad, 


Fig. 2-9-—-A multiple-plate capacitor. Alternate plates are 
connected together. 


and the picofarad (formerly micromicrofarad) is 
-one-millionth of a microfarad. Capacitors nearly 
always have more than two plates, the alternate 
plates being connected together to form two sets 
as shown in Fig. 2-9. This makes it possible to 
attain a fairly large capacitance in a small space, 
since several plates of smaller individual area can 
be stacked to form the equivalent of a single large 
plate of the same total area. Also, all plates, ex- 


cept the two on the ends, are exposed to plates . 


of the other group on both sides, and so are twice 
as effective in increasing the capacitance. 
The formula for calculating capacitance is: 
c= 0.224 *4 (nm - 1) 
where C = Capacitance in pf. 
K = Dielectric constant of material be- 
tween plates 
A = Area of, one side of one plate in 
square inches 
d = Separation of plate surfaces in inches 
n = Number of plates 


If the plates in one group do not have the same 
area as the plates in the other, use the area of 
the smaller plates. 
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Capacitors in Radio 


The types of capacitors used in radio work 
differ considerably in physical size, construction, 
and capacitance. Some representative types are 
shown in the photograph. In variable capacitors 
(almost always constructed with air for the 
dielectric) one set of plates is made movable with 
respect to the other set so that the capacitance 
can be varied. Fixed capacitors—that is, assem- 
blies having a single, non-adjustable value of 
capacitance—also can be made with metal plates 
and with air as the dielectric, but usually are 
constructed from plates of metal foil with a thin 
solid or liquid dielectric sandwiched in between, 
so that a relatively large capacitance can he se- 
cured in a small unit. The solid dielectrics com- 
monly used are mica, paper and special ceramics. 
An example of a liquid dielectric is mineral oil. 
The electrolytic capacitor uses aluminum-foil 
plates with a semiliquid conducting chemical 


_compound between them ; the actual dielectric is a 


very thin film of insulating material that forms on 
one set of plates through electrochemical action 
when a d.c. voltage is applied to the capacitor. 
The capacitance obtained with a given plate area 
in an electrolytic capacitor is. very large, com- 
pared with capacitors having other dielectrics, be- 
cause the film is so thin—much less than any 
thickness that is practicable with a solid dielectric. 

The use of electrolytic and oil-filled capacitors 
is confined to power-supply filtering and audio 
bypass applications. Mica and ceramic capacitors 
are used throughout the frequency range from 
audio to several hundred megacycles. 

Voltage Breakdown 

When a high voltage is applied to the plates of 
a capacitor, a considerable force is exerted on 
the electrons and nuclei of the dielectric. Because 
the dielectric is an insulator the electrons do not 
become detached from atoms the way they do in 
conductors. However, if the force is great enough 
the dielectric will “break down”; usually it will 
puncture and may char (if it is solid) and permit 
current to flow. The breakdown voltage de- 
pends upon the kind and thickness of the dielec- 
tric, as shown in Table 2-III. It is not directly 
proportional to the thickness; that is, doubling 


Fixed and variable capacitors. The 
large unit at the left is a transmitting- 
type variable capacitor for r.f. tank 
circuits. To its right are other air- 
dielectric variables of different sizes 
ranging from the midget “air pad- 
der” to the medium-power tank ca- 
pacitor at the top center. The cased 
capacitors in the top row are for 
power-supply filters, the cylindrical- 
can unit being an electrolytic and the © 
rectangular one a paper-dielectric 
capacitor. Various types of mica, ce- 
ramic, and paper-dielectric capacitors 
are in the foreground. 


Capacitors 


the thickness does not quite double the breakdown 
voltage. If the dielectric is air or any other gas, 
breakdown is evidenced by a spark or arc be- 
tween the plates, but if the voltage is removed 
the arc ceases and the capacitor is ready for use 
again. Breakdown will occur at a lower voltage 
between pointed or sharp-edged surfaces than 
between rounded and polished surfaces; conse- 
quently, the breakdown voltage between metal 
plates of given spacing in air can be increased 
by buffing the edges of the plates, 

Since the dielectric must be thick to with- 
stand high voltages, and since the thicker the 
dielectric the smaller the capacitance for a given 
plate area, a high-voltage capacitor must have 
more plate area than a low-voltage one of the 
same capacitance. High-voltage high-capacitance 
capacitors are physically large. 


CAPACITORS IN SERIES AND PARALLEL 


The terms “parallel” and “series” when used 
with reference to capacitors have the same circuit 
meaning as with resistances. When a number of 
capacitors are connected in parallel, as in Fig. 
2-10, the total capacitance of the group is equal 
to the sum of the individual capacitances, so 


C (total) =Ci4+ Cat Cot Cot .....0.5. bes 


However, if two or more capacitors are con- 
' nected in series, as in the second drawing, the 
total capacitance is less than that of the smallest 
capacitor in the group. The rule for finding the 
capacitance of a number of series-connected ca- 
pacitors is the same as that for finding the re- 
sistance of a number of parallel-connected 
resistors, That is, 


C (total) = : 


1 1 
GG GG. 
and, for only two capacitors in series, 


CC, 
C (total) G+ G. 

The same units must be used throughout; that 
is, all capacitances must be expressed in either 
ef. or pf.; both kinds of units cannot be used 
in the same equation. 

Capacitors are connected in parallel to obtain 
a larger total capacitance than is available in one 
unit. The largest voltage that can be applied 
safely to a group of capacitors in parallel is the 
voltage that can be applied safely to the one 
having the lowest voltage rating. 

When capacitors are connected in series, the 
applied voltage is divided up among them; the 
situation is much the same as when resistors are 
in series and there is a voltage drop across each. 
However, the voltage that appears across each 
capacitor of a group. connected in series is in 
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Source | | 
of EMA oe a) = 


PaRaLLeL 
Fig. 2-10—Capac- 
Itors_ in parallel 
eS a and in series. 
C, 
Source abs 
of EME © 
Cs 
Series 


inverse proportion to its capacitance, as com- 
pared with the capacitance of the whole group. 
Example; Three capacitors having capaci- 
tances of 1, 2, and 4 uf., respectively, are con- 


nected in series as shown in Fig. 2-11, The 
total capacitance is 


G3 ieS et 

cree ae Ges Gaara Ga 

atata tata 
== 0.571 wf. 


The voltage across each capacitor is propor- 
tional to the total capacitance divided by the 
capacitance of the capacitor in question, so the 
voltage acréss C1 is 


= 0.571 
1 
Similarly, the voltages across Ca and Cs are 


Ey = ogi! X 2000 = §71 volts 


Es= 287 X 2000 = 286 volts 


a4 
7 


milan 


Ey X 2000 = 1142 volts 


totaling approximately 2000 volts, the applied 
voltage. 

Capacitors are frequently connected in series 
to enable the group ‘to withstand a larger voltage 
(at the expense of decreased total capacitance) 
than any individual capacitor is rated to stand. 
However, as shown by the previous example, the 
applied voltage does not divide equally among . 
the capacitors (except when all the capacitances 
are the same) so care must be taken to see that 
the voltage rating of no capacitor in.the group 
is exceeded, 


E*2000v. 


Es Cs 4 yf 


Fig. 2-11—-An example of capacitors connected in series. 
The solution to this arrangement is worked out in the 
text. 


INDUCTANCE 


It is possible to show that the flow of current 
through a conductor is accompanied by magnetic 


effects; a compass needle brought near the con- 
ductor, for example, will be deflected from its 
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normal north-south position. The current, in 
other words, sets up a magnetic field. 

The transfer of energy to the magnetic field 
represents work done by the source of e.m.f. 
Power is required for doing work, and since 
power is equal to current multiplied by voltage, 
there must be a voltage drop in the circuit during 
the time in which energy is being stored in the 
field. This voltage “drop” (which has nothing to 
do with the voltage drop in any resistance in the 
circuit) is the result of an opposing voltage “in- 
duced” in the circuit while the field is building up 
to its final value. When the field becomes con- 
stant the induced e.m.f. or back e.m.f. disap- 
pears, since no further energy is being stored. 

Since the induced e.m.f. opposes the e.m.f. of 

the source, it tends to prevent the current from 
rising rapidly when the circuit is closed. The 
amplitude of the induced e.m.f. is proportional 
to the rate at which the current is changing and 
to a constant associated with the circuit itself, 
called the inductance of the circuit. 
_ Inductance depends on the physical character- 
istics of the conductor. If the conductor is formed 
into a coil, for example, its inductance is in- 
creased. A coil of many turns will have more 
inductance than one of few turns, if both coils 
are otherwise physically similar. Also, if a coil is 
placed on an iron core its inductance will be 
greater than it was without the magnetic core. 

The polarity of an induced emf. is always 
such as to oppose any change in the current in the 
circuit. This means that when the current in the 
circuit is increasing, work is being done against 
the induced e.m.f, by storing energy in the mag- 
netic field. If the current in the circuit tends to 
decrease, the stored energy of the field returns to 
the circuit, and thus adds to the energy being 
supplied by the source of e.m.f. This tends to keep 
the current flowing even though the applied 
e.m.f, may be decreasing or be removed entirely. 

The unit of inductance is the henry. Values of 
inductance used in radio equipment vary over a 
wide range. Inductance of several henrys is re- 
quired in power-supply circuits (see chapter on 
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Power Supplies) and to obtain such values of 
inductance it is necessary to use coils of many 
turns wound on iron cores. In radio-frequency 
circuits, the inductance values used will be meas- 
ured in millihenrys (a mh., one one-thousandth 
of a henry) at low frequencies, and in microhen- 
rys (uh., one one-millionth of a henry) at me- 
dium. frequencies and higher: Although coils for 
radio frequencies may be wound ..on special iron 
cores (ordinary iron is not suitable) most r.f. coils 
made and used by amateurs are of the “air-core” 
type; that is, wound on an insulating support con- 
sisting of nonmagnetic material. 

Every conductor has inductance, even though 
the conductor is not formed into a coil. The in- 
ductance of a short length of straight wire is 
small, but it may not be negligihle because if the 
current through it changes its intensity rapidly 


enough the induced voltage may be appreciable. 


This will be the case in even a few inches of wire 
when an alternating current having a frequency 
of the order of 100 Mc. or higher is flowing. 
However, at much lower frequencies the induc- 
tance of the same wire could be ignored because 
the induced voltage would be negligibly small. 


Calculating Inductance 


The approximate inductance of single-layer 
air-core coils may be calculated from the sim- 
plified formula 

22 
L (uh.) = 5 


9a + 10d 


where L = Inductance in microhenrys 
a= Coil radius in inches 
b = Coil length in inches 
n = Number of turns: 


The notation is explained in Fig. 2-12. This 


Fig. 2-12—Coil dimensions 

used in the inductance for- 2a 

mula. The wire diameter 

does not enter into the for- ae 
mula, b 


Inductors for power and radio fre- 
quencies. The two iron-core coils at 
the left are “chokes” for power-sup- 
ply filters. The mounted. air-core coils 
at the top center are adjustable in- 
ductors for transmitting tank circuits. 
The “pie-wound” coils at the left and 
in the foreground are radio-fre- 
quency choke coils. The remaining 
coils are typical of inductors used in 
rf. tuned circuits, the larger sizes 
being used principully for transmit- 
ters. 


Inductance 


formula is a close approximation for coils having 

a length equal to or greater than 0.8. 

Example: Assume a coil having 48 turns 
wound 32 turns per inch and a diameter of 34 
inch. Thus a = 0.75 + 2 = 0.375, b = 48 + 32 
= 1.5, and » = 48. Substituting, 

_ 315 X 375 X 48 X 48 
(9 X .375) + (10 & 1.5) 
To calculate the number of turns of a single- 

layer coil for a required value of inductance, 


pas VE (9a + 106) 


a 


L = 17,6 wh: 


Example: Suppose an inductance of 10uh. is 
required, The form on which the coil is to be 
wound has a diameter of one inch and is long 
enough to accommodate a coil of 114 inches, 
Then a = 0.5, b = 1.25, and L = 10. Substi- 


tuting, 
10 (4.5 + 12.5) — 
n= ath 26a nee LI) = 26.1 turns 
V 3x8 ¥ 680 


A 26-turn coil would be close enough in prac- 
tical work. Since the coil will be 1.25 inches 
long, the number of turns per inch will be 
26.1 ~ 1.25 = 20.8. Consulting the wire table, 
we find that No. 17 enameled wire (or any- 
thing smaller) can be used. The proper in- 
ductance is obtained by winding the required 
number of turns on the form and then adjust- 
ing the spacing between the turns to make a 
uniformly-spaced coil 1.25 inches long. 


Inductance Charts 


Most inductance formulas lose accuracy when 
applied to small coils (such as are used in v.h.f. 
work and in low-pass filters built for reducing 
harmonic interference to television) because the 
conductor thickness is no longer negligible in 
comparison with the size of the coil. Fig, 2-13 
shows the measured inductance of v.h-f. coils, and 
may be used as a basis for circuit design. Two 
curves are given: curve A is for coils wound to 
an inside diameter of % inch; curve B is for 
coils of 34-inch inside diameter. In both curves 
the wire size is No. 12, winding pitch 8 turns to 
the inch (1% inch center-to-center turn spacing). 
The inductance values given include leads: %4 
inch long. 

The charts of Figs. 2-14 and 2-15 are useful 
for rapid determination of the inductance of coils 
of the type commonly used in radio-frequency 
circuits in the range 3-30 Mc. They are of suffi- 
cient accuracy for most practical work. Given 
the coil length in inches, the curves show the 
multiplying factor to be applied to the inductance 
value given in the table below the curve for a 
coil of the same diameter and number of turns 


per inch. 

Example: A coil 1 inch in diameter is 1% 
inches long and has 20 turns. Therefore it has 
16 turns per inch, and from the table under 
Fig. 2-15 it is found that the reference in- 
ductance for a coil of this diameter and num- 
ber of turns per inch is 16.8 wh. From curve 
B in the figure the multiplying factor is 0.35, 
so the inductance is 


16.8 X 0.35 = 5.9 wh, 


The charts also can be used for finding suit- 
able dimensions for a coil having a required value 
of inductance. 
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Example: A coil having an inductance of 12 
mh, is required. It is to be wound on a form 
having a diameter of 1 inch, the length avail- 
able for the winding being not more than 1% 
inches, From Fig. 2-15, the multiplying factor 
for a l-inch diameter coil (curve B) having 
the maximum possible length of 114 inches is 
0.35. Hence the number of turns per inch 
must be chosen for a reference inductance of 
at least 12/0.35, or 34 wh. From the Table 
under Fig. 2-15 it is seen that 16 turns per 
inch (reference inductance 16.8 wh.) is too 
small. Using 32 turns per inch, the multiply- 
ing factor is 12/68, or 0.177, and from curve - 
B this corresponds to a coil length of 34 inch. 
There will be 24 turns in this length, since the 
winding “pitch” is 32 turns per inch. 

Machine-wound coils with the diameters and 
turns per inch given in the tables are available - 
in many radio stores, under the trade names of 


“B&W Miniductor” and “Illumitronic Air Dux.” 
IRON-CORE COILS 


Permeability 


Suppose that the coil in Fig. 2-16 is wound on 
an iron core having a cross-sectional area of 2 
square inches. When a certain current is sent 
through the coil it is found that there are 80,000 
lines of force in the core. Since the area is 2 
square inches, the flux density is 40,000 lines per 
square inch. Now suppose that the iron core is 
removed and the same current is maintained in 
the coil, and that the flux density without the 
iron core is found to be 50 lines per square inch. 
The ratio of the flux density with the given core 
material to the flux density (with the same coil 
and same current) with an air core is called 
the permeability of the material. In this case the 
permeability of the iron is 40,000/50 = 800, The 
inductance of the coil is increased 800 times by 
inserting the iron core since, other things being 
equal, the inductance will be proportional to the 
magnetic flux through the coil. 

The permeability of a magnetic material varies 
with the flux density. At low flux densities (or 
with an air core) increasing the current through | 


INDUCTANCE—ph, 


M 
NO. OF TURNS 


Fig. 2-13—Measured inductance of coils wound with 
No. 12 bare wire, 8 turns to the inch. The values include 
half-inch leads. 
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the coil will cause a proportionate increase in flux, 
but at very high flux densities, increasing the 
current may cause no appreciable change in the 
flux. When this is so, the iron is said to be satu- 
rated, Saturation causes a rapid decrease in per- 
meability, because it decreases the ratio of flux 
lines to those obtainable with the same current 
and an air core. Obviously, the inductance of an 
iron-core inductor is highly dependent upon the 
current flowing in the coil. In an air-core coil, 
the inductance is independent of current because 
air does not saturate. 

Iron core coils such as the one sketched in 
Fig. 2-16 are used chiefly in power-supply equip- 
ment. They usually have direct current flowing 
through the winding, and the variation in induct- 


MULTIPLY INDUCTANCE VALUE IN TABLE BY 


1 2 
LENGTH OF COIL IN INCHES 


Fig. 2-14—Factor to be applied to the inductance of coils 
listed in the table below, for coil lengths up to 5 inches. 
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ance with current is usually undesirable. It may 
be overcome by keeping the flux density below 
the saturation point of the iron. This is done by 
opening the core so that there is a small “air 
gap,” as indicated by the dashed lines. The mag- 
netic “resistance” introduced by such a gap is so 
large—even though the gap is only a small frac- 
tion of an inch—compared with that of the iron 
that the gap, rather than the iron, controls the 


MULTIPLY INDUCTANCE VALUE IN TABLE BY 


1 2 
LENGTH OF COIL IN INCHES 


Fig. 2-15—Factor to be applied to the inductance of coils 
listed in the table below, as a function of coil length. 
Use curve A for coils marked A, curve B for coils marked 


B. 
Coil diameter, No. of turns Inductance 
Inches per inch in ph, 
% 0.18 
(A) 0.40 
0.72 
1.12 
2.9 
12 
% 0.28 
(A) 0.62 
1.1 
1.7 
4.4 
18 
% 0.6 
(B) 1.35 
2.4 
3.8 
9.9 
40. 
1 1.0 
(B) 2.3 
4.2 
6.6 
16.8 
68 


flux density, This reduces the inductance, but 
makes it practically constant regardless of the 
value of the current. 


Eddy Currents and Hysteresis 


When alternating current flows through a coil 
wound on an iron core an e.m.f. will be induced, 
as previously explained, and since iron is a con- 
ductor a current will flow in the core. Such cur- 
rents (called eddy currents) represent a waste 
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Fig. 2-16—Typical construction 
of an iron-core inductor. The 
small air gap prevents mag- 
netic saturation of the iron 
and thus maintains the induc- 
tance at high currents. 


of power because they flow through the resistance 
of the iron and thus cause heating. Eddy-current 
losses can be reduced by laminating the core; 
that is, by cutting it into thin strips. These strips 
or laminations must be insulated from each other 
by painting them with some insulating material 
such as varnish or shellac. 

There is also another type of energy loss: the 
iron tends to resist any change in its magnetic 
State, so a rapidly-changing current such as a.c. 
is forced continually to supply energy to the iron 
to overcome this “inertia.” Losses of this sort are 
called hysteresis losses. 

Eddy-current and hysteresis losses in iron in- 
crease rapidly as the frequency of the alternating 
current is increased: For this reason, ordinary 
iron cores can be used only at power and audio 
frequencies—up to, say, 15,000 cycles. Even so, 
a very good grade of iron or steel is necessary 
if the core is to perform well at the higher audio 
frequencies. Iron cores of this type are completely 
useless at radio frequencies. 

For radio-frequency work, the losses in: iron 
cores can be reduced to a satisfactory figure by 
grinding the iron into a powder and then mixing 
it with a “binder” of insulating material in such 
a way that the individual iron particles are in- 
sulated from each other. By this means cores 
can be made that will function satisfactorily even 
through the v.h.f. range—that is, at frequencies 
up to perhaps 100 Mc. Because a large part of 
the magnetic path is through a nonmagnetic ma- 
terial, the permeability of the iron is low com- 
pared with the values obtained at power-supply 
frequencies. The core is usually in the form of a 
“slug” or cylinder which fits inside the insulating 
form on which the coil is wound. Despite the 
fact that, with this construction, the major por- 
tion of the magnetic path for the flux is in air, 
the slug is quite effective in increasing the coil 
inductance. By pushing the slug in and out of the 
coil the inductance can be varied over a consider- 
able range. 


INDUCTANCES IN SERIES AND 
PARALLEL 


When two or more inductors are connected 
in series (Fig. 2-17, left) the total inductance is 
equal to the sum of the individual inductances, 
provided the coils are sufficiently separated so 
that no coil is in the magnetic field of another. 
That is, 


Leotar = Li-+ La+ Le+ Lat ae 


If inductors are connected in parallel (Fig, 2-17, 
right)—and the coils are separated sufficiently, 
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ly 
Fig. 2-17—Indue- 
tances in series @-L, ; Ls 
and parallel. 

Ls 


the total inductance is given by 


1 
Ltotal = SE CE as ea 
LtntEgtEt: 
and for two inductances in parallel, 
LiL. 
Lo 
Li + L, 
Thus the rules for combining inductances in 
series and parallel are the same as for resist- 
ances, if the coils are far enough apart so that 
each is unaffected by another’s magnetic field. 
When this is not so the formulas given above 
cannot be used. 


MUTUAL INDUCTANCE 


If two coils are arranged with their axes on 
the same line, as shown in Fig. 2-18, a current 
sent through Coil 1 will cause a magnetic field 
which “cuts” Coil 2. Consequently, an e.m.f. will 
be induced in Coil 2 whenever the field strength 
is changing. This induced e.m.f. is similar to the 
em.f. of self-induction, but since it appears in 
the second coil because of current flowing in the 
first, it is a “mutual” effect and results from 
the mutual inductance between the two coils. 

If all the flux set up by one coil cuts all the 
turns of the other coil the mutual inductance 
has its maximum possible value. If only a small . 
part of the flux set up by one coil cuts the turns 
of the other the mutual inductance is relatively 
small. Two coils having mutual inductance are 
said to be coupled. 

The ratio of actual mutual inductance to the 
maximum possible value that could theoretically 
be obtained with two given coils is called the 
coefficient of coupling between the coils. It is 
frequently expressed as a percentage. Coils that 
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have nearly the maximum possible (coefficient = 
1 or 100%) mutual inductance are said to be 
closely, or tightly, coupled, but if the mutual in- 
ductance is relatively small the coils are said 
to be loosely coupled. The degree of coupling 
depends upon the physical spacing between the 
coils and how they are placed with respect to each 
other. Maximum coupling exists when they have 
a common axis and are as close together as pos- 
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sible (one wound over the other). The coupling 
is least when the coils are far apart or are placed 
so their axes are at right angles. 

The maximum possible coefficient of coupling 
is closely approached only when the two coils 
are wound on a closed iron core. The coefficient 
with air-core coils may run as high as 0.6 or 0.7 
if one coil is wound over the other, but will be 
much less if the two coils are separated. 


TIME CONSTANT 


Capacitance and Resistance 


Connecting a source of emf, to a capacitor 
causes the capacitor to become charged to the full 
e.m.f, practically instantaneously, if there is no 
resistance in the circuit. However, if the circuit 
contains resistance, as in Fig. 2-19A, the resist- 
ance limits the current flow and an appreciable 
length of time is required for the e.m.f. between 
the capacitor plates to build up to the same value 
_as the e.m.f. of the source. During this “building- 
up” period the current gradually decreases from 
its initial value, because the increasing e.m-f. 
stored on the capacitor offers increasing opposi- 
tion to the steady e.m.f. of the source. 


5 "e | S 
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Fig. 2-19—IIlustrating the time constant of an RC circuit. 


Theoretically, the charging process is never 
really finished, but eventually the charging cur- 
rent drops to a value that is smaller than any- 
thing that can be measured. The time constant 
of such a circuit is the length of time, in seconds, 
required for the voltage across the capacitor to 
reach 63 per cent of the applied emf. (this figure 
is chosen for mathematical reasons). The voltage 
across the capacitor rises with time as shown by 
Fig. 2-20. 

The formula for time constant is 

T=RC 
where T = Time constant in seconds 
C = Capacitance in farads 
R = Resistance in ohms 


If C is.in microfarads and R in megohms, the 
time constant also is in seconds. These units 
usually are more convenient. 

Example: The time constant of a 2-uf. ca- 
pacitor and a 250,000-ohm (0.25 megohm) 
resistor is 

T = RC = 0.25 X 2 = 0.5 second 


If the applied e.m.f. is 1000 volts, the voltage 
between the capacitor plates will be 630 volts 
at the end of % second. 


If a charged capacitor is discharged through a 


resistor, as indicated in Fig. 2-19B, the same 
time constant applies. If there were no resistance, 
the capacitor would discharge instantly when Ss 
was closed. However, since R limits the current 
flow the capacitor voltage cannot instantly go 
to zero, but it will decrease just as rapidly as 
the capacitor can rid itself of its charge through 
R. When the capacitor is discharging through a 
resistance, the time constant (calculated in the 
same way as above) is the time, in seconds, that 
it takes for the capacitor to Jose 63 per cent of its 
voltage; that is, for the voltage to drop to 37 
per cent of its initial value. 
Example: If the capacitor of the example 
above is charged to 1000 volts, it will discharge 


to 370 volts in %4 second through the 250,000- 
ohm resistor. 


Inductance and Resistance 


A comparable situation exists when resistance 
and inductance are in series. In Fig. 2-21, first 
consider L to have no resistance and also assume 
that R is zero. Then closing S would tend to 
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Fig. 2-20—How the voltage across a capacitor rises, with 

time, when charged through a resistor. The lower curve 

shows the way in which the voltage decreases across the 

capacitor terminals on discharging through the same 
resistor. 


Time Constant 


send a current through the circuit. However, the 
instantaneous transition from no current to a 
finite value, however small, represents a very 
rapid change in current, and a back emf. is 
developed by the self-inductance of L that is 
practically equal and opposite to the applied 
em.f. The result is that the initial current is 
very small. 
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Fig. 2-21—Time constant of an LR circuit. 


The back é.m.f. depends upon the change in 
current and would cease to offer opposition if 
the current did not continue to increase. With 
no resistance in the circuit (which would lead 
to an infinitely large current, by Ohm’s Law) 
the current would increase forever, always grow- 
ing just fast enough to keep the e.m.f, of self- 
induction equal to the applied e.m.f. 

When resistance is in series, Ohm’s Law sets 
a limit to the value that the current can reach. 
The back e.m.f. generated in LZ has only to equal 
the difference between E and the drop across R, 
because that difference is the voltage actually 
applied to L. This difference becomes smaller as 
the current approaches the final Ohm’s Law 
value. Theoretically, the back e.m.f. never quite 
disappears and so the current never quite reaches 
the Ohm’s Law value, but practically the differ- 
ence becomes unmeasurable after a time. The 
time constant of an inductive circuit is the time 
in seconds required for the current to reach 63 
per cent of its final value. The formula is 

L 
TER 
where T = Time constant in seconds 
100 


10 


Fig. 2-22—Voltage across capacitor terminals in a dis- 

charging RC circuit, in terms of the initial charged volt- 

age. To obtain time in seconds, multiply the factor t/RC 
by the time constant of the circuit. 
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ZL = Inductance in henrys 
R = Resistance in ohms 


The resistance of the wire in a coil acts as if 
it were in series with the inductance. 


Example: A coil having an inductance of 20 
henrys and a resistance of 100 ohms has a time 
constant of 


L 20 
T= R007 0.2 second 


if there is no other resistance in the circuit. If 
adc. e.m.f. of 10 volts is applied to such a 
coil, the final current, by Ohm’s Law, is 


I =5 =; = 0.1 amp. or 100 ma. 


The current would rise from zero to 63 mil- 
liamperes in 0.2 second after closing the 
switch, 


An inductor cannot be “discharged” in the 
same way as a capacitor, because the magnetic 
field disappears as soon as current flow ceases. 
Opening S does not leave the inductor “charged.” 
The energy stored in the magnetic field instantly 
returns to the circuit when S is opened. The rapid 
disappearance of the field causes a very large 
voltage to be induced in the coil—ordinarily 
many times larger than the voltage applied, be- 
cause the induced voltage is proportional to the 
speed with which the field changes. The common 
result of opening the switch in a circuit such as 
the one shown is that a spark or arc forms at 
the switch contacts at the instant of opening. If 
the inductance is large and the current in the 
circuit is high, a great deal of energy is released 
in a very short period of time. It is not at all un- 
usual for the switch contacts to burn or melt | 
under such circumstances. The spark or arc at 
the opened switch can be reduced or suppressed 
by connecting a suitable capacitor and resistor 
in series across the contacts, 

Time constants play an important part in num- 
erous devices, such as electronic keys, timing and 
control circuits, and shaping of keying charac- 
teristics by vacuum tubes. The time constants of 
circuits are also important in such applications 
as automatic gain control and noise limiters. In 
nearly all such applications a resistance-capaci- 
tance (RC) time constant is involved, and it is 
usually necessary to know the voltage across the 
capacitor at some time interval larger or smaller 
than the actual time constant of the circuit as 
given by the formula above. Fig. 2-22 can be used 
for the solution of such problems, since the curve 


“gives the voltage across the capacitor, in terms 


of percentage of the initial charge, for percent- 
ages between 5 and 100, at any time after dis- 
charge begins. 


Example: A 0.01-uf. capacitor is charged 
to 150 volts and then allowed to discharge 
through a 0.1-megohm resistor. How long will 
it take the voltage to fall to 10 volts? In per- 
centage, 10/150 = 6.7%. From the chart, the 
factor corresponding to 6.7% is 2.7. The time 
constant of the circuit is equal'to RC — 0.1 X 
0.01 = 0.001. The time is therefore 2.7 X 
0.001 = 0.0027 second, or 2.7 milliseconds. 
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ALTERNATING CURRENTS 


PHASE 


The term phase essentially means “time,” or 
the time interval between the instant when one 
thing occurs and the instant when a second re- 
lated thing takes place. The later event is said to 
lag the earlier, while the one that occurs first is 
said to lead. In a.c. circuits the current amplitude 
changes continuously, so the concept of phase or 
time becomes important. Phase can be measured 
in the ordinary time units, such as the second, but 
there is a more convenient method: Since each 
a.c. cycle occupies exactly the same amount of 
time as every other cycle of the same frequency, 
we can use the cycle itself as the time unit. Using 
the cycle as the time unit makes the specification 
or measurement of phase independent of the fre- 
quency of the current, so long as only one fre- 
quency is under consideration at a time. When 
two or more frequencies are to be considered, as 
in the case where harmonics are present, the 
phase measurements are made with respect to 
the lowest, or fundamental, frequency. 

The time interval or “phase difference” under 
consideration usually will be less than one cycle. 
Phase difference could be measured in decimal 
parts of a cycle, but it is more convenient to 
divide the cycle into 360 parts or degrees. A 
phase degree is therefore 1/360 of a cycle. The 
reason for this choice is that with sine-wave alter- 
nating current the value of the current at any in- 
stant is proportional to the sine of the angle that 
corresponds to the number of degrees—that is, 
length of time—from the instant the cycle began. 
There is no actual “angle” associated with an 
alternating current. Fig. 2-23 should help make 
this method of measurement clear. 


Fig. 2-23—An a.c. cycle is divided off into 360 degrees 
that are used as a measure of time or phase. 


Measuring Phase 


The phase difference between two currents of 
the same frequency is the time or angle difference 
between corresponding parts of cycles of the two 
currents. This is shown in Fig. 2-24. The current 
labeled A leads the one marked B by 45 degrees, 
since A’s cycles begin 45-degrees earlier in time. 
It is equally correct to say that B lags A by 45 
degrees. 

Two important special cases are shown in 


Amplitude. + 
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Fig. 2-24—-When two waves of the same frequency start 
their cycles at slightly different times, the time difference 
or phase difference is measured in degrees. In this draw- 
ing wave B starts 45 degrees (one-eighth cycle) later 
than wave A, and so lags 45 degrees behind A. 


Fig. 2-25. In the upper drawing B lags 90 de- 
grees behind A ; that is, its cycle begins just one- 
quarter cycle later than that of A. When one wave 
is passing through zero, the other is just at its 
maximum point. 

In the lower drawing A and B are 180 degrees 
out of phase. In this case it does not matter 
which one is considered to lead or lag. B is al- 
ways positive while A is negative, and vice versa. 
The two waves are thus completely out of phase. 

The waves shown in Figs. 2-24 and 2-25 could 
represent current, voltage, or both. A and B 
might be two currents in separate circuits, or A 
might represent voltage and B current in the 
same circuit. If A and B represent two currents 
in the same circuit (or two voltages in the same 
circuit) the total or resultant current (or volt- 
age) also is a sine wave, because adding any 
number of sine waves of the same frequency al- 
ways gives a sine wave also of the same fre- 
quency. 


Phase in Resistive Circuits 


When an alternating voltage is applied to a 
resistance, the current flows exactly in step with 
the voltage: In other words, the voltage and cur- 
rent are in phase. This is true at any frequency 
if the resistance is “pure’—that is, is free from 
the reactive effects discussed in the next section. 
Practically, it is often difficult to obtain a purely 
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Fig. 2-25—Two important special cases of phase differ- 

ence. In the upper drawing, the phase difference be- 

tween A and B is 90 degrees; in the lower drawing the 
phase difference is 180 degrees. 


Alternating Currents 


resistive circuit at radio frequencies, because the 
reactive effects become more pronounced as the 
frequency is increased. 

In a purely resistive circuit, or for purely re- 
sistive parts of circuits, Ohm’s Law is just as 
valid for a.c. of any frequency as it is for dic. 


REACTANCE 


Alternating Current in Capacitance 


In Fig. 2-26 a sine-wave a.c. voltage having a 
maximum value of 100 volts is applied to a ca- 
pacitor. In the period OA, the applied voltage in- 
creases from zero to 38 volts; at the end of this 
period the capacitor is charged to that voltage. In 
interval AB the voltage increases to 71 volts; 
that is, 33 volts additional, In this interval a 
smaller quantity of charge has been added than in 
OA, because the voltage rise during interval 4B 
is smaller. Consequently the average current dur- 
ing AB is smaller than during OA. In the third 
interval, BC, the voltage rises from 71 to 92 volts, 
an increase of 21 volts. This is less than the volt- 
age increase during AB, so the quantity of elec- 
tricity added is less; in other words, the average 
current during interval BC is still smaller. In the 
fourth interval, CD, the voltage increases only 8 
volts; the charge added is smaller than in any 
preceding interval and therefore the current also 
is smaller. 

By dividing the first quarter cycle into a very 
large number of intervals it could be shown that 
the current charging the capacitor has the shape 
of a-sine wave, just as the applied voltage does. 
The current is largest at the beginning of the 
cycle and becomes zero at the maximum value 
of the voltage, so there is a phase difference of 90 
degrees between the voltage and current. During 
the first quarter cycle the current is flowing in the 
normal direction through the circuit, since the ca- 
pacitor is being charged. Hence the current is 
positive, as indicated by the dashed line in Fig. 
” 2-26. 

In the second quarter cycle—that is, in the 
time from D to H, the voltage applied to the 
capacitor decreases. During this time the capaci- 
tor loses its charge. Applying the same reasoning, 
it is plain that the current is small in interval DE 
and continues to increase during each succeeding 
interval. However, the current is flowing against 
the applied voltage because the capacitor is dis- 
charging into the circuit. The current flows in 


Fig. 2-26—Voltage and current phase relationships when 
an alternating voltage is applied to a capacitor. 
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the negative direction during this quarter cycle. 

The third and fourth quarter cycles repeat 
the events of the first.and second, respectively, 
with this difference—the polarity of the applied 
voltage has reversed, and the current changes 
to correspond. In other words, an alternating 
current flows in the circuit because of the alter- 
nate charging and discharging of the capacitance. 
As shown by Fig. 2-26, the current starts its cycle 
90 degrees before the voltage, so the current in a 
capacitor leads the applied voltage by 90 degrees. 


Capacitive Reactance 


The quantity of electric charge that can be 
placed on a capacitor is proportional to the ap- 
plied e.m.f. and the capacitance. ‘This amount of 
charge moves back and forth in the circuit once 
each cycle, and so the rate of movement of charge 
—that is, the current—is proportional to volt- 
age, capacitance and frequency. If the effects of 
capacitance and frequency are lumped together, 
they form a quantity that plays a part similar to 
that of resistance in Ohm’s Law. This quantity 
is called reactance, and the unit for it is the ohm, 
just as in the case of resistance. The formula for 
it is 

ne 
C8 Unf C 
where Xo == Capacitive reactance in ohms 
f = Frequency in cycles per second 
C = Capacitance in farads 
w= 3.14 


Although the unit of reactance is the ohm, 
there is no power dissipation in reactance. The 
energy stored in the capacitor in one quarter of 
the cycle is simply returned to the circuit in the 
next, 

The fundamental units (cycles per second, 
farads) are too large for practical use in radio 
circuits. However, if the capacitance is in micro- 
farads and the frequency is in megacycles, the. 
reactance will ¢ome out in ohms in the formula. 


Example: The reactance of a capacitor of 
470 pf. (0.00047 wf.) at a frequency of 7150 


ke. (7.15 Me.) is 
x 1 


1 
= deft * ERE X 7.15 x 6.00047 ™ 47-4 ohms 


Inductive Reactance 


When an alternating voltage is applied to a 
pure inductance (one with no resistance—all 
practical inductors have resistance) the current 
is again 90 degrees out of phase with the applied 
voltage. However, in this case the current lags 
90 degrees behind the voltage—the opposite of 
the capacitor current-voltage relationship. 

The primary cause for this is the back e.m.f. 
generated in the inductance, and since the ampli- 
tude of the back e.m.f. is proportional to the rate 
at which the current changes, and this in turn is 
proportional to the frequency, the amplitude of 
the current is inversely proportional to the ap- 
plied frequency. Also, since the back e.m-f. is 
proportional to inductance for a given rate of cur- 
rent change, the current flow is inversely propor- 


34 


tional to inductance for a given applied voltage 
and frequency. (Another way of saying this is 
that just enough current flows to generate an in- 
duced e.m.f. that equals and opposes the applied 
voltage.) 

The combined effect of inductance and fre- 
quency is called inductive reactance, also ex- 
pressed in ohms, and the formula for it is 


Xi = 2nfLl 


where Xz = Inductive reactance in ohms 
f = Frequency in cycles per second 
L == Inductance in henrys 
w= 3.14 
Example: The reactance of a coil having an 
inductance of 8 henrys, at a frequency of 120 
cycles, is 
Xu = 2rfL = 6.28 X 120 X 8 = 6029 ohms 
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Fig. 2-27—Phase relationships between voltage and 
current when an alternating voltage is applied to an 
inductance. 


In radio-frequency circuits the inductance 
values usually are small and the frequencies are 
large. If the inductance is expressed in milli- 
henrys and the frequency in kilocycles, the con- 
version factors for the two units cancel, and the 
formula for reactance may be used without first 
converting to fundamental units. Similarly, no 
conversion is necessary if the inductance is in 
microhenrys and the frequency is in megacycles. 

Example: The reactance of a 15-microhenry 
coil at a frequency of 14 Me. is 
Xu = QnfL = 6.28 X 14 X 15 = 1319 ohms 

The resistance of the wire of which the coil is 
wound has no effect on the reactance, but simply 
acts as though it were a separate resistor con- 
nected in series with the coil. 


Ohm's Law for Reactance 


Ohn’s Law for an a.c. circuit containing only 
reactance is 
E 


I= 


E= IX 
E 


x= F 


where E = E.m. in volts 
I= Current in amperes 
X = Reactance in ohms 


The reactance in the circuit may, of course, be 
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either inductive or capacitive. 


Example: If a current of 2 amperes is flow- 
ing through the capacitor of the earlier ex- 
ample (reactance = 47.4 ohms) at 7150 ke., 
the voltage drop across the capacitor is 


E=IX =2 X 47.4 = 94.8 volts 
If 400 volts at 120 cycles is applied to the 8- 
henry inductor of the earlier example, the 
current through the coil will be 
E 400 


T= = 6029 


= 0.0663 amp. (66.3 ma.) 


Reactance Chart 


The accompanying chart, Fig. 2-28, shows the 
reactance of capacitances from 1 pf. to 100 pf, 
and the reactance of inductances from 0.1 ph. to 
10 henrys, for frequencies between 100 c.p.s. 
and 100 megacycles per second. The approximate 
value of reactance can be read from the chart or, 
where more exact values are needed, the chart 
will serve as a check on the order of magnitude of 
reactances calculated from the formulas given 
above, and thus avoid “decimal-point errors”. 


Reactances in Series and Parallel 


When reactances of the same kind are con- 
nected in series or parallel the resultant reactance 
is that of the resultant inductance or capacitance. 
This leads to the same rules that are used when 
determining the resultant resistance when resis- 
tors are combined. That is, for series reactances 
of the same kind the resultant reactance is 


XSXi4+X2+Xst+ RM 


and for reactances of the same kind in parallel 
the resultant is 


1 
xX = 
1 1 1 i 
toe 
or for two in parallel, 
X1Xe 

0 ae en 

Kit Xs 


The situation is different when reactances of 
opposite kinds are combined. Since the current in 
a capacitance leads the applied voltage by 90 
degrees and the current in an inductance lags the 
applied voltage by 90 degrees, the voltages at the 
terminals of opposite types of reactance are 180 
degrees out of phase in a series circuit (in which 
the current has to be the same through all ele- 
ments), and the currents in reactances of opposite 
types are 180 degrees out of phase in a parallel 
circuit (in which the same voltage is applied to 
all elements). The 180-degree phase relationship 
means that the currents or voltages are of oppo- 
site polarity, so in the series circuit of Fig. 2-29A 
the voltage Ex across the inductive reactance Xu 
is of opposite polarity to the voltage Eo across 
the capacitive reactance Xo. Thus if we call Xz 
“positive” and Xo “negative” (a common con- 
vention) the applied voltage Eac is Eu — Ec, In 
the parallel circuit at B the total current, J, is 
equal to In — Io, since the currents are 180 de- 
grees out of phase. 

In the series case, therefore, the resultant re- 
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Fig. 2-28—Inductive and capacitive reactance vs. frequency. Heavy lines represent multiples of 10, intermediate light 
lines multiples of 5; e.g., the light line between 10 wh. and 100 yh. represents 50 uh., the light line between 0.1 yf. 
and 1 uf. represents 0.5 uf., etc. Intermediate values can be estimated with the help of the interpolation scale. 
Reactances outside the range of the chart may be found by applying appropriate factors to values within the 
chart range. For example, the reactance of 10 henrys at 60 cycles can be found by taking the reactance to 10 hen- © 
rys at 600 cycles and dividing by 10 for the 10-times decrease in frequency. 


4 
actance of Xz and X¢c is 
Reactive Power 


x = xX La x oO 
was In Fig. 2-29A the voltage drop across the in- 
sacha He pate Tk oe ductor is larger than the voltage applied to the 
X= MeN circuit. This might seem to be an impossible 


condition, but it is not; the explanation is that 
Note that in the series circuit the total react- while energy is being stored in the inductor’s 
ance is negative if Xc is larger than Xz; this 


indicates that the total reactance is capacitive 


in such a case. The resultant reactance in a series a LT 

circuit is always smaller than the larger of the ; XQ & AS 

two individual reactances. Enc ua Exc xX Xe 
In the parallel circuit, the resultant reactance [ Xe Ee [ 

is negative (i.e, capacitive) if Xz is larger than Tay et re 


Xo, and positive (inductive) if Xu is smaller 


than Xo, but in every case is always larger than 
the smaller of the two individual reactances. 

In the special case where X, = X¢ the total 
reactance is zero in the series circuit and infinitely 
large in the parallel circuit. 


Fig. 2-29—Series and parallel circuits containing op- 
posite kinds of reactance. 


magnetic field, energy is being returned to the 
circuit from the capacitor’s electric field, and 
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vice versa. This stored energy is responsible for 
the fact that the voltages across reactances in 
series can be larger than the voltage applied to 
them. 

In a resistance the flow of current causes heat- 
ing and a power loss equal to /2R. The power ina 
reactance is equal to /2X, but is not a “loss”; 
it is simply power that is transferred back and 
forth between the field and the circuit but not 
used up in heating anything. To distinguish this 
“nondissipated” power from the power which is 
actually consumed, the unit of reactive power is 
called the volt-ampere-reactive, or var, instead 
of the watt. Reactive power is sometimes called 
“wattless” power. 


IMPEDANCE 


When a circuit contains both resistance and 
reactance the combined effect of the two is called 
impedance, symbolized by the letter Z. (Imped- 
ance is thus a more general term than either 
resistance or reactance, and is frequently used 
- even for circuits that have only resistance or 
reactance, although usually with a qualification 
—such as “resistive impedance” to indicate that 
the circuit has only resistance, for example.) 

The reactance and resistance comprising an 
impedance may be connected either in series or 
in parallel, as shown in Fig. 2-30. In these circuits 
the reactance is shown as a box to indicate that 
it may be either inductive or capacitive. In the 
series circuit the current is the same in both ele- 
ments, with (generally) different voltages ap- 
pearing across the resistance and reactance. In 
the parallel circuit the same voltage is applied to 
both elements, but different currents flow in the 
two branches. — 


(A) (8) 


Fig. 2-30—Series and parallel circuits containing resist- 
ance and reactance. 


Since in a resistance the current is in phase 
with the applied voltage while in a reactance it is 
90 degrees out of phase with the voltage, the 
phase relationship between current and voltage 
in the circuit as a whole may be anything between 
zero and 90 degrees, depending on the relative 
amounts of resistance and reactance, 


Series Circuits 


When resistance and reactance are in series, 
the impedance of the circuit is 
Z=VR+% 
where Z = impedance in ohms 
R = resistance in ohms 
-X = reactance in ohms. 


The reactance may be either capacitive or in- 
ductive. If there are two or more reactances in 
the circuit they may be combined into a resultant 
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by the rules previously given, before substitution 
into the formula above; similarly for resistances. 

The “square root of the sum of the squares” 
rule for finding impedance ina series circuit arises 
from the fact that the voltage drops across the 
resistance and reactance are 90 degrees out of ' 
phase, and so combine by the same rule that 
applies in finding the hypothenuse of a right- 
angled triangle when the base and altitude are 
known. 


Parallel Circuits 


With resistance and reactance in parallel, as in 
Fig. 2-30B, the impedance is 
Za Ss 
R* + Xx? 
where the symbols have the same meaning as for 
series circuits. 

Just as in the case of series circuits, a number 
of reactances in parallel should be combined to 
find the resultant reactance before substitution 
into the formula above; similarly for a number 
of resistances in parallel. 


Equivalent Series and Parallel Circuits 


The two circuits shown in Fig. 2-30 are equiva- 
lent if the same current flows when a given volt- 
age of the same frequency is applied, and if the 
phase angle between voltage and current is the 
same in both cases. It is in fact possible to “trans- 
form” any given series circuit into an equivalent 
parallel circuit, and vice versa. 

Transformations of this type often lead to 
simplification in the solution of complicated cir- 
cuits. However, from the standpoint of practical 
work the usefulness of such transformations lies 
in the fact that the impedance of a circuit may 
be modified by the addition of either series or 
parallel elements, depending on which happens to 
be most convenient in the particular case. Typi- 
cal applications are considered later in connection 
with tuned circuits and transmission lines. 


Ohm’s Law for Impedance 


Ohm’s Law can be applied to circuits contain- 
ing impedance just as readily as to circuits having 
resistance or reactance only. The formulas are 


E 
a 
E=I1Z 

E 
ae 


where E = E.mf. in volts 
I = Current in amperes 
Z = Impedance in ohms 
Fig. 2-31 shows a simple circuit consisting 
of a resistance of 75 ohms and a reactance of 
100 ohms in series. From the formula pre- 
viously given, the impedance is 
ZaVRi¢ Xai= V (75)? + (100)? = 125 
ohms. 
If the applied voltage is 250 volts, then 
E 250 


l= 377 2 amperes. 


Impedance 


This current flows though both the resistance 
and reactance, so the voltage drops are 


Er=IR = 2 X 75 = 150 volts 
Exu=IXt=2 X 100 = 200 volts 


The simple arithmetical sum of these two 
drops, 350 volts, is greater than the applied 
voltage because the two voltages are 90 de- 
grees out of phase. Their actual resultant, 
when phase is taken into account, is 


(180)? F (200)? = 250 volts. 
Power Factor 


In the circuit of Fig. 2-31 an applied emf. 
of 250 volts results in a current of 2 amperes, 
giving an apparent power of 250 x 2 = 500 watts. 
However, only the resistance actually consumes 
power. The power in the resistance is 


P=PR= (2)? x 75 = 300 watts 


The ratio of the power consumed to the apparent 
power is called the power factor of the circuit, 
and in this example the power factor would be 
300/500 = 0.6. Power factor is frequently ex- 
pressed as a percentage; in this case, it would be 
60 per. cent. 

“Real” or dissipated power is measured in 
watts; apparent power, to distinguish it from 
real power, is measured in volt-amperes. It is 
simply the product of volts and amperes and has 
no direct relationship to the power actually used 
up or dissipated. unless the power factor of the 
circuit is known. The power factor of a purely 
resistive circuit is 100 per cent or 1, while the 
power factor of a pure reactance is zero, In this 


Re75 ohms 


X,=100 ohms 


Fig. 2-31—Circuit used as an example for impedance 
calculations, 
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illustration, the reactive power is VAR = [2X = 
(2)2 x 100 = 400 volt-amperes. 


Reactance and Complex Waves 


It was pointed out earlier in this chapter that a 
complex wave (a “nonsinusoidal” wave) can be 
resolved into a fundamental frequency and a 
series of harmonic frequencies. When such a com- 
plex voltage wave is applied to a circuit contain- 
ing reactance, the current through the circuit will _ 
not have the same wave shape as the applied 
voltage, This is because the reactance of an in- 
ductor and capacitor depend upon the applied 
frequency. For the second-harmonic component 
of a complex wave, the reactance of the inductor 
is twice and the reactance of the capacitor’ one- 
half their respective values at the fundamental 
frequency; for the third harmonic the inductor 
reactance is three times and the capacitor react- 
ance one-third, and so on. Thus the circuit im- 
pedance is different for each harmonic com- 
ponent. 

Just what happens to the current wave shape 
depends upon the values of resistance and react- 
ance involved and how the circuit is arranged. 
In a simple circuit with resistance and inductive 
reactance in series, the amplitudes of the har- 
monic currents will be reduced because the in- 
ductive reactance increases in proportion to fre- 
quency. When capacitance and resistance are in 
series, the harmonic current is likely to be ac- 
centuated because the capacitive reactance be- 
comes lower as the frequency is raised. When 
both inductive and capacitive reactance are pres- 
ent the shape of the current wave can be altered 
in a variety of ways, depending upon the circuit 
and the “constants,” or the relative values of L, 
C, and R, selected. 

This property of nonuniform behavior with 
respect to fundamental and harmonics is an ex- 
tremely useful one, It is the basis of “filtering,” 
or the suppression of undesired frequencies in _ 
favor of a single desired frequency or group of 
such frequencies, 


TRANSFORMERS FOR AUDIO FREQUENCIES 


Two coils having mutual inductance constitute 
a transformer. The coil connected to the source 
of energy is called the primary coil, and the other 
is called the secondary coil. 

The usefulness of the transformer lies in the 
fact that electrical energy can be transferred 
from one circuit to another without direct con- 
nection, and in the process can be readily changed 
from one voltage level to another. Thus, if a de- 
vice to be operated requires, for example, 115 
volts a.c. and only a 440-volt source is available, 
a transformer can be used to change the source 
voltage to that required. A transformer can be 
used only with a.c., since no voltage will be in- 
duced in the secondary if the magnetic field is not 
changing. If d.c. is applied to the primary of a 
transformer, a voltage will be induced in the 
secondary only at the instant of closing or open- 


ing the primary circuit, since it is only at these 
times that the field is changing. 


THE IRON-CORE TRANSFORMER 


As shown in Fig, 2-32, the primary and second- 
ary coils of a transformer may be wound on a 
core of magnetic material. This increases the in- 
ductance of the coils so that a relatively small 
number of turns may be used to induce a given 
value of voltage with a small current. A closed 
core (one having a continuous magnetic path) 
such as that shown in Fig. 2-32 also tends to 
insure that practically all of the field set up by the 
current in the primary coil will cut the turns of 
the secondary coil. However, the core introduces 
a power loss because of hysteresis and eddy cur- 
rents so this type of construction is normally 
practicable only at power and audio frequencies, 
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Fig. 2-32—The transformer. Power is transferred from 
the primary coil to the secondary by means of the mag- 
netic field. The upper symbol at right indicates an iron- 
core transformer, the lower one an air-core transformer. 


tRON CORE 


PRIMARY | 


The discussion in this section is confined to trans- 
formers operating at such frequencies. 


Voltage and Turns Ratio 


For a given varying niagnetic field, the voltage 
induced in a coil in the field will be proportional 
to the number of turns in the coil. If the two 
coils of a transformer are in the same field (which 
is the case when both are wound on the same 

‘closed core) it follows that the induced voltages 
will be proportional to the number of turns in 
each coil. In the primary the induced voltage is 
practically equal to, and opposes, the applied 
voltage, as described earlier. Hence, 


Ng 
Es Pa Ep 
where E, = Secondary voltage 
E,» = Primary applied voltage 
n. = Number of turns on secondary 
Mp. Number of turns on primary 


The ratio ./mp is called the secondary-to-pri- 
mary turns ratio of the transformer. 
Example: A transformer has a primary of 
400 turns and a secondary of 2800 turns, and 


an e.m.f. of 115 volts is applied to the primary. 
The secondary voltage will be 


te 2800 
By = Ey = og XMS = 7X 115 


= 805 volts 


Also, if an e.m.f. of 805 volts is applied to the 
2800-turn winding (which then becomes the 
primary) the output voltage from the 400-turn 
winding will be 115 volts. 

Either winding of a transformer can be used 
as the primary, providing the winding has 
enough turns (enough inductance) to induce a 
voltage equal to the applied voltage without 
requiring an excessive current flow. 


Effect of Secondary Current 


The current that flows in the primary when no 
current is taken from the secondary is called the 
magnetizing current of the transformer. In any 
properly-designed transformer the primary in- 
ductance will be so large that the magnetizing 
current will be quite small. The power consumed 
by the transformer when the secondary is “open” 
—that is, not delivering power—is only the 
amount necessary to supply the losses in the iron 
core and in the resistance of the wire with which 
the primary is wound. 

When power is taken from the secondary wind- 
ing, the secondary current sets up a magnetic 
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field that opposes the field set up by the primary 
current. But if the induced voltage in the primary 
is to equal the applied voltage, the original field 
must be maintained. Consequently, the primary 
must draw enough additional current to set up a 
field exactly equal and opposite to the field set up 
by the secondary current. © 

In practical calculations on transformers it may 
be assumed that the entire primary current is 
caused by the secondary “load.” This is justifiable 
because the magnetizing current should be very 
small in comparison with the primary “load” 
current at rated power output. 

If the magnetic fields set up by the primary 
and secondary currents are to be equal, the 
primary current multiplied by the primary turns 
must equal the secondary current multiplied by 
the secondary turns. From this it follows that 


Nn 
Ib=—Is 
np 
where [y = Primary current 
I, = Secondary current 
Np = Number of turns on primary 
ns = Number of turns on secondary 
Example: Suppose that the secondary of the 
transformer in the previous example is deliver- 


ing a current of 0.2 ampere to a load. Then 
the primary current will be 


Ip = 2 y= A X02 = 7X02 = 14amp, 


Although the secondary voltage is higher than 
the primary voltage, the secondary current is 
lower than the primary current, and by the 
same ratio. 


Power Relationships; Efficiency 


A transformer cannot create power ; it can only 
transfer it and change the e.m.f. Hence, the power 
taken from the secondary cannot exceed that 
taken by the primary from the source of applied 
e.m.f, There is always some power loss in the 
resistance of the coils and in the iron core, so in all 
practical cases the power taken from the source 
will exceed that taken from the secondary. Thus, 


P o— nP i 
where P, = Power output from secondary 
P,; = Power input to primary 
n <== Efficiency factor 


The efficiency, n, always is less than 1. It is usu- 
ally expressed as a percentage; if m is 0.65, for 
instance, the efficiency is 65 per cent. 
Example; A transformer has an efficiency of 
85% at its full-load output of 150 watts. The 


power input to the primary at full secondary 
load will be 


Po 150 
P= a 7088” 176.5 watts 


A transformer is usually designed to have its 
highest efficiency at the power output for which 
it is rated. The efficiency decreases with either 
lower or higher outputs. On the other hand, the 
losses in the transformer are relatively small at 
low output. but increase as more power is taken. 


Transformers 


The amount of power that the transformer can 
handle is determined by its own losses, because 
these heat the wire and core. There is a limit to 
the temperature rise that can be tolerated, be- 
cause too-high temperature either will melt the 
wire or cause the insulation to break down. A 
transformer can be operated at reduced output, 
even though the efficiency is low, because the ac- 
tual loss also will be low under such conditions. 

The full-load efficiency of small power trans- 
formers such as are used in radio receivers and 
transmitters usually lies between about 60 and 90 
per cent, depending upon the size and design. 


Leakage Reactance 


In a practical transformer not all of the mag- 
netic flux is common to both windings, although 
in well-designed transformers the amount of flux 
that “cuts” one coil and not the other is only a 
small percentage of the total flux. This leakage 
flux causes an e.m.f. of self-induction; conse- 
quently, there are small amounts of leakage in- 
ductance associated with both windings of the 
transformer. Leakage inductance acts in exactly 
the same way as an equivalent amount of ordi- 
nary inductance inserted in series with the circuit. 


Fig. 2-33—The equivalent circuit of a transformer in- 
cludes the effects of leakage inductance and resistance 
of both primary and secondary windings. The resistance 
Ro is an equivalent resistance representing the core 
losses, which are essentially constant for any given ap- 
plied voltage and frequency. Since these are compara- 
tively small, their effect may be neglected in many ap- 
proximate calculations. 


It has, therefore, a certain reactance, depending 
upon the amount of leakage inductance and the 
frequency. This reactance is called leakage re- 
actance, 

Current flowing through the leakage reactance 
causes a voltage drop. This voltage drop increases 
with increasing current, hence it increases as 
more power is taken from the secondary. Thus, 
the greater the secondary current, the smaller the 
secondary terminal voltage becomes. The resist- 
ances of the transformer windings also cause 
voltage drops when current is flowing; although 
these voltage drops are not in phase with those 
caused by leakage reactance, together they result 
in a lower secondary voltage under load than is 
indicated by the turns ratio of the transformer. 

At power frequencies (60 cycles) the voltage at 
the secondary, with a reasonably well-designed 
transformer, should not drop more than about 10 
per cent from open-circuit conditions to full load. 
The drop in voltage may be considerably more 
than this in a transformer operating at audio fre- 
quencies because the leakage reactance increases 
directly with the frequency. 
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Impedance Ratio 
In an ideal transformer—one_ without losses 
or leakage reactance—the following relationship 


is true: 
—7( Nes 
Yh 2) 
where Zy = Impedance looking into primary 
terminals from source of 
power 
Z. = Impedance of load connected to 
secondary 
N,/N, = Turns ratio, primary to second- 
ary 


That is; a load of any given impedance con- 
nected to the secondary of the transformer will be 
transformed to a different value “looking into” 
the primary from the source of power. The im- 
pedance transformation is proportional to the 
square of the primary-to-secondary turns ratio. 


Example: A transformer has a primary-to- 
secondary turns ratio of 0.6 (primary has 6/10 
as many turns as the secondary) and a load of 
3000 ohms is connected to the secondary. The 
impedance looking into the primary then will 


be a 
2= z,(Ne) = 3000 X (0.6)? = 3000 X 0.36 
N 4 = 1080 ohms 

By choosing the proper turns ratio, the im- 
pedance of a fixed load can be transformed to any 
desired value, within practical limits. If trans- 
former losses can be neglected, the transformed 
or “reflected” impedance has the same phase 
angle as the actual load impedance; thus if the 
load is a pure resistance the load presented by the 
primary to the source of power also will be a 
pure resistance. ; 

The above relationship may be used in prac- 
tical work even though it is based on an “ideal” 
transformer. Aside from the normal design re- 
quirements of reasonably low internal losses and 
low leakage reactance, the only requirement is 
that the primary have enough inductance to 
operate with low magnetizing current at the 
voltage applied to the primary. : 

The primary impedance of a transformer—as 
it appears to the source of power—is determined 
wholly by the load connected to the secondary 
and by the turns ratio. If the characteristics of 
the transformer have an appreciable effect on the 
impedance presented to the power source, the 
transformer is either poorly designed or is not 
suited to the voltage and frequency at which it 
is being used. Most transformers will operate 
quite well at voltages from slightly above to well 
below the design figure. 


Impedance Matching 


Many devices require a specific value of load 
resistance (or impedance) for optimum opera- 
tion. The impedance of the actual load that is to 
dissipate the power may differ widely from this 
value, so a transformer is used to change the 
actual load into an impedance of the desired 
value. This is called impedance matching. From 


the preceding, N zx 
pl: aad 
Neg V2 
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where N,/N. = Required turns ratio, primary to 
, secondary 
Z> = Primary impedance required 
Z, = Impedance of load connected to 
secondary 


Example: A vacuum-tube a.f. amplifier re- 
quires a load of 5000 ohms for optimum per- 
formance, and is to be connected to a loud- 
speaker having an impedance of 10 ohms. The 
turns ratio, primary to secondary, required in 
the coupling transformer is 


Np Zz 4/202 
Ld =P = —— La 
N. “| Zz jo” 7 ¥ 500 22.4 


The primary therefore must have 22.4 times as 
many turns as the secondary. 


Impedance matching means, in general, ad- 
justing the load impedance—by means of a 
transformer or otherwise—to a desired value. 
However, there is also another meaning. It is 
possible to show that any source of power will 
deliver its maximum possible output when the 
impedance of the load is equal to the internal 
impedance of the source. The impedance of the 
source is said to be “matched” under this con- 
dition. The efficiency is only 50 per cent in such 
a case; just as much power is used up in the 
source as is delivered to the load. Because of the 
poor efficiency, this type of impedance matching 
is limited to cases where only a small amount of 
power is available and heating from power loss 
in the source is not important. 


Transformer Construction 


Transformers usually are designed so that 
the magnetic path around the core is as short as 
possible, A short magnetic path means that the 
transformer will operate with fewer turns, for a 
given applied voltage, than if the path were long. 


‘ . om 


LAMINATION SHAPE 


SHELL TYPE 


CORE TYPE 


Fig. 2-34—Two common types of transformer construc- 
tion. Core pieces are interleaved to provide a continu- 
ous magnetic path. 


A short path also helps to reduce flux leakage 
and therefore minimizes leakage reactance. 
Two core shapes are in common use, as shown 
in Fig. 2-34. In the shell type both windings are 
placed on the inner leg, while in the core type 
the primary and secondary windings may be 
placed’ on separate legs, if desired. This is some- 
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times done when it is necessary to minimize 
capacitive effects between the primary and sec- 
ondary, or when one of the windings must op- 
erate at very high voltage. 

Core matérial for small transformers is usually 
silicon steel, called “transformer iron.” The core 
is built up: of laminations, insulated from each 
other (by a thin coating of shellac, for example) 
to prevent the flow of eddy currents. The lami- 
nations are interleaved at the ends to make the 
magnetic path as continuous as possible and thus 
reduce flux leakage. 

The number of turns required in the primary 
for a given applied emf. is determined by the 
size, shape and type of core material used, arid 
the frequency. The number of turns required is 
inversely proportional to the cross-sectional area 
of the core. As a rough indication, windings of 
small power transformers frequently have about 
six to eight turns per volt on a core of 1-square- 
inch cross section and have a magnetic path 10 
or 12 inches in length. A longer path or smaller 
cross section requires more turns per volt, and 
vice versa. 

In most transformers the coils are wound in 
layers, with a thin sheet of treated-paper insula- 
tion between each layer. Thicker insulation is 
used between coils and between coils and core. 


Autotransformers 


The transformer principle can be utilized with 
only one winding instead of two, as shown in 
Fig. 2-35; the principles just discussed apply 


/ron Core 


Line 
+ 
A 


load 
Fig. 2-35—The autotransformer is based on the trans- 
former principle, but uses only one winding. The fine 
and load currents in the common winding (A) flow in 
opposite directions, so that the resultant current is the 
difference between them, The voltage across A is pro- 
portional to the turns ratio. : 


equally well. A one-winding transformer is called 
an autotransformer. The current in the common 
section (A) of the winding is the difference be- 
tween the line (primary) and the load (second- 
ary) currents, since these currents are out of 
phase, Hence if the line and load currents are 
nearly equal the common section of the winding 
may be wound with comparatively small wire. 
This will be the case only when the primary 
(line) and secondary (load) voltages are not 
very different. The autotransformer is used 
chiefly for boosting or reducing the power-line 
voltage by relatively small amounts. Continu- 
ously-variable autotransformers are commercially 
available under a variety of trade names; 
“Variac” and “Powerstat” are typical examples. 


The Decibel 
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THE DECIBEL 


In most radio communication the received sig- 
nal is converted into sound. This being the case, 
it is useful to appraise signal strengths in terms 
of relative loudness as registered by the ear. A 
peculiarity of the ear is that an increase or de- 
crease in loudness is responsive to the ratio of 
the amounts of power involved, and is practically 
independent of absolute value of the power, For 
example, if a person estimates that the signal is 
“twice as loud” when the transmitter power is 
increased from 10 watts to 40 watts, he will also 
estimate that a 400-watt signal is twice as loud 
as a 100-watt signal. In other words, the human 
ear has a logarithmic response. 

This fact is the basis for the use of the 
relative-power unit called the decibel (abbrevi- 
ated db.) A change of one decibel in the power 
level is just detectable as a change in loudness 
under ideal conditions. The number of decibels 
corresponding to a given power ratio is given by 
the following formula: 


Pa 


Db, = 10 log = P, 


Common logarithms (base 10) are used. 


Voltage and Current Ratios 


Note that the decibel is based on power ratios. 
Voltage or current ratios can be used, but only 
when the impedance is the same for both values 
of voltage, or current. The gain of an amplifier 
cannot be expressed correctly in db. if it is based 
on the ratio of the output voltage to the input 
voltage unless both voltages are measured across 
the same value of impedance. When the im- 
pedance at both points of measurement is the 
same, the following formula may be used for 
voltage or current ratios: 


Vs 
Db. = 20 log = 
BF 


1 


or 20 log : 
1 


Decibel Chart 


The two formulas are shown graphically in 
Fig. 2-36 for ratios from 1 to 10, Gains (in- 
creases) expressed in decibels may be added 
arithmetically; losses (decreases) may be sub- 
tracted. A power decrease is indicated by pre- 
fixing the decibel figure with a minus sign. Thus 
+6 db. means that the power has been multiplied 
by 4, while —6 db. means that the power has been 
divided by 4. 
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Fig. 2-36—Decibel chart for power, voltage and current 

ratios for power ratios of 1:1 to 10:1. In determining 

decibels for current or voltage ratios the currents (or 

voltages) being compared must be referred to the same 
value of impedance. 


The chart may be used for other ratios by 
adding (or subtracting, if a loss) 10 db. each time 
the ratio scale is multiplied by 10, for power 
ratios; or by adding (or subtracting) 20 db. each 
time the scale is multiplied by 10 for voltage or 
current ratios. For example, a power ratio of 2.5 
is 4 db. (from the chart). A power ratio of 10. 
times 2.5, or 25, is 14 db. (10 + 4), and a power 
ratio of 100 times 2.5, or 250, is 24 db. (20 + 4). 
A voltage or current ratio of 4 is 12 .db., a voltage 
or current ratio of 40 is 32 db. (20 + 12), and one’ 
of 400 is 52 db. (40 + 12). 


RADIO-FREQUENCY CIRCUITS 


RESONANCE IN SERIES CIRCUITS 


Fig. 2-37 shows a resistor, capacitor and in- 
ductor connected in series with a source of alter- 
nating current, the frequency of which can be 
varied over a wide range. At some low frequency 
the capacitive reactance will be much larger than 
the resistance of R, and the inductive reactance 
will be small compared with either the reactance 
of C or the resistance of R. (R is assumed to be 
the same at all frequencies.) On the other hand, 
at some very high frequency the reactance of c 
will be very small and the reactance of L will be 
very large. In either case the current will be 
small, because the net reactance is large. 


At some intermediate frequency, the reactances 
of C and L will be equal and the voltage drops 
across the coil and capacitor will be equal and 
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c 
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Fig. 2-37.—A series circuit containing L, C and R is 


“resonant” at the applied frequency when the react- 
ance of C is equal to the reactance of L. 
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180 degrees out of phase. Therefore they cancel 
each other completely and the current flow is 
determined wholly by the resistance, R. At that 
frequency the current has its largest possible 
value, assuming the source voltage to be constant 
regardless of frequency. A series circuit in which 
the inductive and capacitive reactances are equal 
is said to be resonant. 

The principle of resonance finds its most ex- 
tensive application in radio-frequency circuits. 
The reactive effects associated with even small 
inductances and capacitances would place drastic 
limitations on r.f. circuit operation if it were not 
possible to “cancel them out” by supplying the 
right amount of reactance of the opposite kind— 
in other words, “tuning the circuit to resonance.” 


Resonant Frequency 


The frequency at which a series circuit is 
resonant is that for which Xi. = Xo. Substitut- 
ing the formulas for inductive and capacitive re- 
actance gives 


1 
Pm OAVIC 
where f = Frequency in cycles per second 
L = Inductance in henrys 


C = Capacitance in farads 
wr == 3.14 


These units are inconveniently large for radio- 
frequency circuits. A formula using more appro- 
priate units is 
10° 
Po WLC 

where f= Frequency in kilocycles (kc.) 

L = Inductance in microhenrys (yh.) 

C = Capacitance in picofarads (pf.) 

wz 3.14 


Example: The resonant frequency of a series 
circuit containing a 5-uh. inductor and a 35- 
pf. capacitor is 


f 108 108 
aeV/VIC 6.28% V5 X35 
108 


= 108 8 18 12.050 ke 
~ 6,28 X% 13.2 83 i " 


The formula for resonant frequency is not 
affected by resistance in the circuit. 


Resonance. Curves 


If a plot is drawn of the current flowing in the 
circuit of Fig. 2-37 as the frequency is varied 
(the applied voltage being constant) it would 
look like one of the curves in Fig. 2-38. The shape 
of the resonance curve at frequencies near reso- 
nance is determined by the ratio of reactance to 
resistance. 

If the reactance of either the coil or capacitor is 
of the same order of magnitude as the resistance, 
the current decreases rather slowly as the fre- 
quency is moved in either direction away from 
resonance. Such a curve is said to be broad. On 
the other hand, if the reactance is considerably 
larger than the resistance the current decreases 


ELECTRICAL LAWS AND CIRCUITS 


0 


RELATIVE CURRENT 


20 “10 o +10 +20 
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Fig. 2-38—Current in a series-resonant circuit with 
various values of series resistance. The valves are 
arbitrary and would not apply to all circuits, but rep- 
resent a typical case. It is assumed that the reactances 
(at the resonant frequency) are 1000 ohms. Note that 
at frequencies more than plus or minus ten per cent 
away from the resonant frequency the current is sub- 
stantially unaffected by the resistance in the circuit. 


rapidly as the frequency moves away from reso- 
nance and the circuit is said to be sharp. A 
sharp circuit will respond a great deal more read- 
ily to the resonant frequency than to frequencies 
quite close to resonance; a broad circuit will 
respond almost equally well to a group or band 
of frequencies centering around the resonant 
frequency. 

Both types of resonance curves are useful. A 
sharp circuit gives good selectivity—the ability 
to respond strongly (in terms of current ampli- 
tude) at one desired frequency and discriminate 
against others, A broad circuit is used when the 
apparatus must give about the same response | 
over a band of frequencies rather than to a single 
frequency alone. 


Q 


Most diagrams of resonant circuits show only 
inductance and capacitance ; no resistance is indi- 
cated. Nevertheless, resistance is always present. 
At frequencies up to perhaps 30 Mc. this resist- 
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FREQUENCY 
Fig. 2-39—Current in series-resonant - circuits having 
different Qs. In this graph the current at resonance is 
assumed to be the same in all cases. The lower the Q, 
the more slowly the current decreases as the applied 
frequency is moved away from resonance. 


Radio-Frequency Circuits 


ance is mostly in the wire of the coil. Above this 
frequency energy loss in the capacitor (princi- 
pally in the solid dielectric which must be used 
to form an insulating support for the capacitor 
plates) also becomes a, factor. This energy loss is 
equivalent to resistance. When maximum sharp- 
ness or selectivity is needed the object of design 
is to reduce the inherent resistance to the lowest 
possible value. 

The value of the reactance of either the induc- 
tor or capacitor at the resonant frequency of a 
series-resonant circuit, divided by the series re- 
sistance in the circuit, is called the Q (quality 
factor) of the circuit, or 


where Q = Quality factor 
X = Reactance of either coil or-capacitor 
in ohms 

r = Series resistance in ohms 

Example: The inductor and capacitor in a 
series circuit each have a reactance of 350 
ohms at the resonant frequency, The re- 
sistance is 5 ohms. Then the Q is 

X 350 


at ge 


The effect of Q on the sharpness. of resonance 
of a circuit is shown by ‘the curves of Fig. 2-39, 
In these curves the frequency change is shown 
in percentage above and below the resonant 
frequency. Qs of 10, 20, 50 and 100 are shown; 
these values cover much of the range commonly 
used in radio work. The unloaded Q of a circuit 
is determined by the inherent resistances asso- 
ciated with the components. 


Voltage Rise at Resonance 


When a voltage of the resonant frequency is 
inserted in series in a resonant circuit, the volt- 
age that appears across either the inductor or 
capacitor is considerably higher than the applied 
voltage. The current in the circuit is limitéd only 
by the resistance and may have a relatively high 
value; however, the same current flows through 
the high reactances of the inductor and capacitor 
and causes large voltage drops. The ratio of the 
reactive voltage to the applied voltage is equal to 
the ratio of reactance to resistance. This ratio is 
also the Q of the circuit. Therefore, the voltage 
across either the inductor or capacitor is equal 
to QE, where E is the voltage inserted in series. 
This fact accounts for the high voltages devel- 
oped across the components of series-tuned an- 
tenna couplers (see chapter on “Transmission 
Lines”). 


RESONANCE IN PARALLEL CIRCUITS 


When a variable-frequency source of constant 
voltage is applied to a parallel circuit of the type 
shown in ’Fig. 2-40 there is a resonance effect 
similar to that in a series circuit. However, in this 
case the “line” current (measured at the point 
indicated) is smallest at the frequency for which 
the inductive and capacitive reactances are equal. 
At that frequency the current through L is ex- 
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actly canceled by the out-of-phase current 
through C, so that only the current taken by R 
flows in the line. At frequencies below resonance 
the current through L is larger than that through 
C, because the reactance of L is smaller and 
that of C higher at low frequencies; there is 
only partial cancellation of the two reactive 
currents and the line current therefore is larger 
than the current taken by R alone. At frequencies 
above resonance the situation is reversed and 
more current flows through C than through L, 
so the line current again increases. The current 
at resonance, being determined wholly by R, 
will be small if R is large and large if R is small. 
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Fig. 2-40—Circuit illustrating parallel resonance. 


The resistance R shown in Fig. 2-40 is not 
necessarily an actual resistor. In many cases it 
will be the series resistance of the coil “trans- 
formed” to an equivalent parallel resistance (see 
later). It may be antenna or other load resistance 
coupled into the tuned circuit. In all cases it rep- 
resents the total effective resistance in the circuit. 

Parallel and series resonant circuits are quite 
alike in some respects. For instance, the circuits 
given at A and B in Fig. 2-41 will behave identi- 
cally, when an external voltage is applied, if (1) 
L and C are the same in both cases; and (2) R 
multiplied by r equals the square of the reac- 
tance (at resonance) of either L or C. When 
these conditions are met the two circuits will 
have the same Q. (These statements are ap- 
proximate, but are quite accurate if the Q is 10 
or more.) The circuit at A is a series circuit if it 
is viewed from the “inside”—that is, going around 
the loop formed by L, C and r—so its Q can be’ 
found from the ratio of X to r. 

Thus a circuit like that of Fig. 2-41A has an 


equivalent parallel impedance (at resonance) 
este 


of R ="; X is the reactance of either the 


inductor or the. capacitor. Although R is not 
an actual resistor, to the source of voltage the 


(A) 


"Fig. 2-41—Series and parallel equivalents when the 
two circuits are resonant. The series resistance, r, in A 
is replaced in B by the equivalent parallel resistance 

(R == XG/r = Xi/r) and vice versa. 


(B) 
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parallel-resonant circuit “looks like” a pure 
resistance of that value. It is “pure” resistance 
because the inductive and capacitive currents are 
180 degrees out of phase and are equal ; thus there 
is no reactive current in the line. In a practical 
circuit with a high-Q capacitor, at the resonant 
frequency the parallel impedance is 
Zr=QX 

where Z, =: Resistive impedance at resonance 

Q = Quality factor of inductor 

X =: Reactance (in ohms) of either the 

inductor or capacitor 
Example: The parallel impedance of a cir- 


cuit with a coil Q of 50 and having inductive 
and capacitive reactances of 300 ohms will be 


Zr = QX = 50 X 300 = 15,000 ohms. 


At frequencies off resonance the impedance 
is no longer purely resistive because the inductive 
and capacitive currents are not equal. The off- 
resonant impedance therefore is ¢omplex, and 
is lower than the resonant impedance for the 
reasons previously outlined. 

' The higher the Q of the circuit, the higher the 
parallel impedance. Curves showing the varia- 
tion of impedance (with frequency) of a parallel 
circuit have just the same shape as the curves 
showing the variation of current with frequency 
in a series circuit. Fig. 2-42 is a set of such curves. 
A set of curves showing the relative response as 
a function of the departure from the resonant 
frequency would be similar to Fig. 2-39. The —3 
db. bandwidth (bandwidth at 0.707 relative re- 
sponse) is given by 

Bandwidth ~3 db. f,/Q 
where f. is the resonant frequency and Q the cir- 
cuit Q. It is also called the “half-power” band- 
width, for ease of recollection. 
Parallel Resonance in Low-Q Circuits 


The preceding discussion is accurate only for 
Qs of 10 or more. When the Q is below 10, reso- 
nance in a parallel circuit having resistance in 
series with the coil, as in Fig. 2-41A, is not so 
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Fig. 2-42.—Relative impedance of parallel-resonant 

circuits with different Qs. These curves are similar to 

those in Fig. 2-39 for current in a series-resonant circuit. 

The effect of Q on impedance is most marked near the 
resonant frequency. 
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easily defined, There is a set of values for L and 
C that will make the parallel impedance a pure 
resistance, but with these values the impedance 
does not have its maximum possible value. An- 
other set of values for L and C will make the 
parallel impedance a maximum, but this maxi- 
mum value is not a pure resistance. Either 
condition could be called “resonance,” so with 
low-Q circuits it is necessary to distinguish be- 
tween maximum impedance and resistive im- 
pedance parallel resonance. The difference be- 
tween these L and C values and the equal reac- 
tances of a series-resonant circuit is appreciable 
when the Q is in the vicinity of 5, and becomes 
more marked with still lower Q. values. 


Q of Loaded Circuits 


In many applications of resonant circuits the 
only power lost is that dissipated in the resistance 
of the circuit itself. At frequencies below 30 Mc. 
most of this resistance is in the coil, Within 
limits, increasing the number of turns in the 
coil increases the reactance faster than it raises 


the resistance, so coils for circuits in which the 


Q must be high are made with relatively large in- 
ductance for the frequency. 


(A) (B) 


Fig. 2-43—-The equivalent circuit of a resonant circuit 

delivering power to a load. The resistor R represents 

the load resistance. At B the load is tapped across part 

of L, which by transformer action is equivalent to using 
a higher load resistance across the whole circuit. 


However, when the circuit delivers energy to 
a load (as in the case of the resonant circuits 
used in transmitters) the energy consumed in 
the circuit itself is usually negligible compared 
with that consumed by the load. The equivalent 
of such a circuit is shown in Fig. 2-43A, where 
the parallel resistor represents the load to which 
power is delivered. If the power dissipated in the 
load is at least ten times as great as the power 
lost in the inductor and capacitor, the parallel im- 
pedance of the resonant circuit itself will be so 
high compared with the resistance of the load 


‘that for all practical purposes the impedance of 


the combined circuit is equal to the load resist- 
ance. Under these conditions the Q of a parallel- 
resonant circuit loaded by a resistive impedance is 


q=% 
x 
where R = Parallel load resistance (ohms) 
X = Reactance (ohms) 
Example: A resistive load of 3000 ohms is 
connected across a resonant circuit in which 


the inductive and capacitive reactances are 
each 250 ohms. The circuit Q is then 


R>_ 3000 


O=3 7 a50 7 
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The “effective’ Q of a circuit loaded by a 
parallel resistance becomes higher when the re- 
actances are decreased, A circuit loaded with a 
relatively low resistance (a few thousand ohms) 
must have low-reactance elements (large capaci- 
tance and small inductance) to have reasonably 
high Q. 


Impedance Transformation 


An important application of the parallel- 
resonant circuit is as an impedance-matching de- 
vice in the output circuit of a vacuum-tube rf. 
power amplifier. As described in the chapter on 
vacuum tubes, there is an optimum value of load 
resistance for each type of tube and set of operat- 
ing conditions. However, the resistance of the 
load to which the tube is to deliver power usually 
is considerably lower than the value required for 
proper tube operation. To transform the actual 
load resistance to the desired value the load may 
be tapped across part of the coil, as shown in 
Fig. 2-43B. This is equivalent to connecting a 
higher value of load resistance across the whole 
circuit, and is similar in principle to impedance 
transformation with an iron-core transformer. In 
high-frequency resonant circuits the impedance 
ratio does not vary exactly as the square of the 
turns ratio, because all the magnetic flux lines do 
not cut every turn of the coil. A desired reflected 
impedance usually must be obtained by experi- 
mental adjustment. 

When the load resistance has a very low value 
(say below 100 ohms) it may be connected in 
series in the resonant circuit (as in Fig. 2-41A, 
for example), in which case it is transformed to 
an equivalent parallel impedance as previously 
described. If the Q is at least 10, the equivalent 
parallel impedance is 

xX? 
Zr = mn 
where Z, = Resistive parallel impedance at reso- 
nance 
X = Reactance (in ohms) of either the 
coil or capacitor 
r = Load resistance inserted in series 

If the Q is lower than 10 the reactance will have 
to be adjusted somewhat, for the reasons given in 
the discussion of low-Q circuits, to obtain a re- 
sistive impedance of the desired value. 


Reactance Values 


The charts of Figs. 2-44 and 2-45 show react- 
ance values of inductances and capacitances in 
the range commonly used in r.f. tuned circuits 
for the amateur bands, With the exception of the 
3.5-4 Mc. band, limiting values for which are 
shown on the charts, the change in reactance over. 
a band, for either inductors or capacitors, is small 
enough so that a single curve gives the reactance 
with sufficient accuracy for most practical pur- 


poses. L/C Ratio 
The formula for resonant frequency of a circuit 


shows that the same frequency always will be 
obtained so long as the product of L and C is con- 


45 


100, 


Gy 


INDUCTANCE IN MICROHENRYS 
¥-. 


O41 
0 20 «30 4050 100 200 300400500 = 1000» 2000 


INDUCTIVE REACTANCE IN OHMS 


Fig. 2-44—Reactance chart for inductance values 
commonly used in amateur bands from 1.75 to 220 Me. 


stant. Within this limitation, it is evident that L 
can be large and C small, L small and C large, etc. 
The relation between the two for a fixed fre- 
quency is called the L/C ratio, A high-C circuit 
is one that has more capacitance than “normal” 
for the frequency; a low-C circuit one that has 
less than normal capacitance. These terms depend 
to a considerable extent upon the particular ap- 
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Fig. 2-45—Reactance chart for capacitance values com- 
monly used in amateur bands from 1.75 to 220 Mc. 
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plication considered, and have no exact numeri- 
cal meaning. 


LC Constants 


It is frequently convenient to use the numerical 
value of the LC constant when a number of cal- 
culations have to be made involving different 
L/C ratios for the same frequency. The constant 
for any frequency is given by the following 
equation : IC= 25,330 

f 


where L = Inductance in microhenrys (zh.) 
C = Capacitance in micromicrofarads 


(upt.) 
f = Frequency in megacycles 


Example: Find the inductance required to 
resonate at 3650 kc. (3.65 Mc.) with capaci- 
tances of 25, 50, 100, and 500 wut. The LC 
constant is 

0 
IC 25,33 25,330 


™ (3.65)? 13.35 


=s 1900 


With 25 wuf. L = 1900/C = 1900/25 
= wh. 
50 wut. L = 1900/C = 1900/50 
= 38 uh. 
100 auf. L = 1900/C = 1900/100 
= 19 wh. 
500 wwf. L = 1900/C = 1900/500 
= 3.8 wh. 


COUPLED CIRCUITS 


Energy Transfer and Loading 


Two circuits are coupled when energy can be 
transferred from one to the other, The circuit 
delivering power is called the primary circuit; 
the one receiving power is called the secondary 
circuit. The power may be practically all dissi- 
pated in the secondary circuit itself (this is usu- 
ally the case in receiver circuits) or the second- 
ary may simply act as a medium through which 
the power is transferred to a load. In the latter 
case, the coupled circuits may act as a radio- 
frequency impedance-matching device. The 
matching can be accomplished by adjusting the 
loading on the secondary and by varying the 
amount of coupling between the primary and 
secondary. 


Coupling by a Common Circuit Element 


One method of coupling between two resonant 
circuits is through a circuit element common to 
both. The three common variations of this type 
of coupling are shown in Fig. 2-46; the circuit 
element common to both circuits carries the sub- 
script M. At A and B current circulating in 
L,C, flows through the common element, and the 
voltage developed across this element causes 
- current to flow in LoCy. At C,Cy and C, forma 
capacitive voltage divider across L,C,, and some 
of the voltage developed across L,C, is applied 
across LoCo. 

If both circuits are resonant to the same 
frequency, as is usually the case, the value of 
coupling reactance required for maximum energy 
transfer can be approximated by the following, 
based on Ly = Ly, Cy = Cy and Q, = Qe: 
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(A) 


(Cc) 
Fig. 2-46—Three methods of circuit coupling. 


(A) Ly ~~ L£4/04; (B) Cy ~ O10); (C) 
Cy ~ C,/Q4. 
, The coupling can be increased by increasing 
the above coupling elements in A and C and 
decreasing the value in B. When the coupling is 
increased, the resultant bandwidth of the com- 
bination is increased, and this principle is some- 
times applied to “broad-band” the circuits in a 
transmitter or receiver, When the coupling ele- 
ments in A and C are decreased, or when the 
coupling element in B is increased, the coupling 
between the circuits is decreased below the 
critical coupling value on which the above ap- 
proximations are based. Less than critical cou- 
pling will decrease the bandwidth and the energy 
transfer; the principle is often used in receivers 
to improve the selectivity. 


Inductive Coupling 


Figs, 2-47 and 2-48 show inductive coupling, or 
coupling by means of the mutual inductance be- 
tween two coils. Circuits of this type resemble the 
iron-core transformer, but because only a part of 
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Fig. 2-47—Single-tuned inductively coupled circuits. 


the magnetic flux lines set up by one coil cut the 
turns of the other coil, the simple relationships 
between turns ratio, voltage ratio and impedance 


Coupled Circuits 


ratio in the iron-core transformer do not hold. 

Two types of inductively-coupled circuits are 
shown in Fig. 2-47. Only one circuit is resonant. 
The circuit at A is frequently used in receivers for 
coupling between amplifier tubes when the tuning 
of the circuit must be varied to respond to signals 
of different frequencies. Circuit B is used prin- 
cipally in transmitters, for coupling a radio- 
frequency amplifier to a resistive load. 

In these circuits the coupling between the 
primary and secondary coils usually is “tight”— 
that is, the coefficient of coupling between the 
coils is large. With very tight coupling either cir- 
cuit operates nearly as though the device to 
which the untuned coil is connected were simply 
tapped across a corresponding number of turns 
on the tuned-circuit coil, thus either circuit is ap- 
proximately equivalent to Fig. 2-43B. 

By proper choice of the number of turns on 
the untuned coil, and by adjustment of the 
coupling, the parallel impedance of the tuned cir- 
cuit may be adjusted to the value required for 
the proper operation of the device to which it is 
connected. In any case, the maximum energy 
transfer possible for a given coefficient of cou- 
pling is obtained when the reactance of the un- 
tuned coil is equal to the resistance of its load. 

The Q and parallel impedance of the tuned 
circuit are reduced by coupling through an un- 
tuned coil in much the same way as by the 
tapping arrangement shown in Fig. 2-43B. 


Coupled Resonant Circuits 


When the primary and secondary circuits are 
both tuned, as in Fig. 2-48, the resonance effects 
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Fig. 2-48—Inductively-coupled resonant circuits. Circuit 
A is used for high-resistance loads (load resistance 
much higher than the reactance of either L2 or C, at the 
resonant frequency). Circuit B is suitable for low resist- 
ance loads (load resistance much lower than the re- 
actance of either Lz or Cz at the resonant frequency). 


in both circuits make the operation somewhat 
more complicated than in the simpler circuits just 
considered. Imagine first that the two circuits are 
not coupled and that each is independently tuned 
to the resonant frequency. The impedance of each 
will be purely resistive. If the primary circuit is 
connected to a source of r.f. energy of the resonant 
frequency and the secondary is then loosely 
coupled to the primary, a current will flow in the 
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secondary circuit. In flowing through the re- 
sistance of the secondary circuit and any load 
that may be connected to it, the current causes a 
power loss. This power must come from the 
energy source through the primary circuit, and 
manifests itself in the primary as an increase in 
the equivalent resistance in series with the pri- 
mary coil. Hence the Q and parallel impedance 
of the primary circuit are decreased by the 
coupled secondary. As the coupling is made 
greater (without changing the tuning of either 
circuit) the coupled resistance becomes larger 
and the parallel impedance of the primary con- 
tinues to decrease. Also, as the coupling is made 
tighter the amount of power transferred from the 
primary to the secondary will increase to a 
maximum at one value of coupling, called critical 
coupling, but then decreases if the coupling is 
tightened still more (still without changing the 
tuning). 

Critical coupling is a function of the Qs of the 
two circuits. A higher coefficient of coupling’ is 
required to reach critical coupling when the Qs 
are low; if the Qs are high, as in receiving appli- 
cations, a coupling coefficient of a few per cent 
may give critical coupling. 

With loaded circuits such as are used in trans- 
mitters the Q may be too low to give the desired 
power transfer even when the coils are coupled 
as tightly as the physical construction permits. 
In such case, increasing the Q of either circuit 
will be helpful, although it is generally better to 
increase the Q of the lower-Q circuit rather than 
the reverse. The Q of the parallel-tuned primary 
(input) circuit can be increased by decreasing the 
L/C ratio because, as shown in connection with 
Fig. 2-43, this circuit is in effect loaded by a 
parallel resistance (effect of coupled-in resist- 
ance). In the parallel-tuned secondary circuit, 
Fig. 2-48A, the Q can be increased, for a fixed 
value of load resistance, either by decreasing the 


'L/C ratio or by tapping the load down (see Fig. 


2-43). In the series-tuned secondary circuit, Fig, 
2-48B, the Q may be increased by increasing the 
L/C ratio. There will generally be no difficulty in 
securing sufficient coupling, with practicable 
coils, if the product of the Qs of the two tuned 
circuits is 10 or more. A smaller product will 
suffice if the coil construction permits tight cou- 
pling. 


Selectivity 


In Fig. 2-47 only one circuit is tuned and the 
selectivity curve will be essentially that of a 
single resonant circuit. As stated, the effective Q 
depends upon the resistance connected to the un- 
tuned coil. 

In Fig. 2-48, the selectivity is increased. It ap- 
proaches that of a single tuned circuit having a Q 
equalling the sum of the individual circuit Qs—if 
the coupling is well below critical (this is not the 
condition for optimum power transfer discussed 
immediately above) and both circuits are tuned 
to resonance. The Qs of the individual circuits 
are affected by the degree of coupling, because 
each couples resistance into the other; the 
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Fig. 2-49—Showing the effect on the output voltage 
from the secondary circuit of changing the coefficient of 
coupling between two resonant circuits independently 
tuned to the same frequency. The voltage applied to 
the primary is held constant in amplitude while the 
frequency is varied, and the output voltage is measured 
across the secondary. 


RELATIVE OUTPUT VOLTAGE 


tighter the coupling, the lower the individual Qs 
and therefore the lower the over-all selectivity. 

If both circuits are independently tuned to 
resonance, the over-all selectivity will vary about 
as shown in Fig. 2-49 as the coupling is varied. 
With loose coupling, A, the output voltage 
(across the secondary circuit) is small and the 
selectivity is high. As the, coupling is increased 
the secondary voltage also increases until critical 
coupling, B, is reached. At this point the output 
voltage at the resonant frequency is maximum 
but the selectivity is lower than with looser 
coupling. At still tighter coupling, C, the output 
voltage at the resonant frequency decreases, but 
as the frequency is varied either side of resonance 
it is found that there are two “humps” to the 
curve, one on either side of resonance. With very 
tight coupling, D, there is a further decrease in 
the output voltage at resonance and the “humps” 
are farther away from the resonant frequency. 
Curves such as those at C and D are called flat- 
topped because the output voltage does not 
change much over an appreciable band of fre- 
quencies. 

Note that the off-resonance humps have the 
same maximum value as the resonant output volt- 
age at critical coupling. These humps are caused 
by the fact that at frequencies off resonance the 
secondary circuit is reactive and couples reac- 
tance as well as resistance into the primary. The 
coupled resistance decreases off resonance, and 
each hump represents a new condition of critical 
coupling at a frequency to which the primary is 
tuned by the additional coupled-in reactance from 
the secondary. 

Fig, 2-50 shows the response curves for various 
degrees of coupling between two circuits tuned 
to a frequency fy. Equals Qs are assumed in both 
circuits, although the curves are representative 
if the Qs differ by ratios up to 1.5 or even 2 to 1. 


In these ,cases, ‘a value of Q =VWQ,Qz. should 
be used. 


Band-Pass Coupling 


Over-coupled resonant circuits are useful where 
substantially uniform output is desired over a 
continuous band of frequencies, without read- 
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Fig. 2-50--Relative response for a single tuned circuit 
and for coupled circuits. For inductively-coupled circuits 


(Figs. 2-46A and 2-48A), k = where M is the 
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mutual inductance. For capacitance-coupled circuits 
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respectively, 


justment of tuning. The width of the flat top of 
the resonance curve depends on the Qs of the two 
circuits as well as the tightness of coupling; the 
frequency separation between the humps will in- 
crease, and the curve become more flat-topped, 
as the Qs are lowered. 

Band-pass operation also is secured by tuning 
the two circuits to slightly different frequencies, 
which gives a double-humped resonance curve 
even with loose coupling. This is called stagger 
tuning. To secure adequate power transfer over 
the frequency band it is usually necessary to use 
tight coupling and experimentally adjust the cir- 
cuits for the desired performance. 

Link Coupling 

A modification of inductive coupling, called 
link coupling, is shown in Fig. 2-51. This gives 
the effect of inductive coupling between two coils 
that have no mutual inductance; the link is 
simply a means for providing the mutual induct- 
ance. The total mutual inductance between two 
coils coupled by a link cannot be made as great 
as if the coils themselves were coupled. This is 
because the coefficient of coupling between air- 
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Fig. 2-51—Link coupling. The mutual inductances at 

both ends of the link are equivalent to mutual induct- 

ance between the tuned circuits, and serve the same 
purpose, 
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Fig. 2-53-—Basic filter sections and design formulas. In the ‘above formulas R is in ohms, C in farads, L in henrys, 
‘and # in cycles per second. 


Impedance Matching 


core coils is considerably less than 1, and since 
there are two coupling points the over-all cou- 
pling coefficient is less than for any pair of coils. 
In practice this need not be disadvantageous be- 
cause the power transfer can be made great 
enough by making the tuned circuits sufficiently 
high-Q. Link coupling is convenient when ordi- 
nary inductive coupling would be impracticable 
for constructional reasons. 

The link coils usually have a small number of 
turns compared with the resonant-circuit ‘coils. 
The number of turns is not greatly important, 
because the coefficient of coupling is relatively 
independent of the number of turns on either coil ; 
it is more important that both link coils should 
have about the same inductance. The length of the 
link between the coils is not critical if it is very 
small compared with the wavelength, but if the 
length is more than about one-twentieth of a 
wavelength the link operates more as a transmis- 
sion line than as a means for providing mutual 
inductance. In such case it should be treated by 
the methods described in the chapter on Trans- 
mission Lines. 


IMPEDANCE-MATCHING CIRCUITS 


The coupling circuits discussed in the preced- 
ing section have been based either on inductive 
coupling or on coupling through a common cir- 
cuit element between two resonant circuits. These 
are not the only circuits that may be used for 
transferring power from one device to another. 
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Fig. 2-52—Impedance-matching networks adaptable to 
amateur work. (A) L network for transforming to a 
lower value of resistance. (B) L network for transform- 
ing to a higher resistance value. (C) Pi network. Ri is the 
larger of the two resistors; Q is defined as R:/Xo.. 
(D) Tapped tuned circuit used in some receiver applica- 
tions. The impedance of the tuned circuit is transformed 
to a lower value, Rin, by the capacitive divider. 
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There is, in fact, a wide variety of such circuits 
available, all of them being classified generally as 
impedance-matching networks. Several net- 
works frequently used in amateur equipment are 
shown in Fig, 2-52. ‘ 


The L Network 


The L network is the simplest possible im- 
pedance-matching circuit. It closely resembles 
an ordinary resonant circuit with the load resist- 
ance, R, Fig. 2-52, either in series or parallel. 
The arrangement shown in Fig. 2-52A is used 
when the desired impedance, Rin, is larger than 
the actual load resistance, R, while Fig. 2-52B 
is used in the opposite case. The design equations 
for each case are given in the figure, in terms of 
the circuit reactances. The reactances may be 
converted to inductance and capacitance by 
means of the formulas previously given or taken 
directly from the charts of Figs. 2-44 and 2-45. 

When the impedance transformation ratio is 
large—that is, one of the two impedances is of 
the order of 100 times (or more) larger than the 
other—the operation of the circuit is exactly 
the same as previously discussed in connection 
with impedance transformation with a simple 
LC resonant circuit. 

The Q of an L network is found in the same 
way as for simple resonant circuits. That is, it is 
equal to X1/R or Rin/Xo in Fig. 2-52A, and to 
X1/Rix or R/Xo in Fig. 2-52B, The value of 
Q is determined by the ratio of the impedances 
to be matched, and cannot be selected inde- 


. pendently. In the equations of Fig. 2-52 it is as- 


sumed that both R and Rr are pure resistances. 


The Pi Network 


The pi network, shown in Fig. 2-52C, offers 
more flexibility than the L since the operating Q 
may be chosen practically at will. The only limi- 
tation on the circuit values that may be used is 
that the reactance of the series arm, the inductor 
L in the figure, must not be greater than the 
square root of the product of the two values of 
resistive impedance to be matched. As the circuit 
is applied in amateur equipment, this limiting 
value of reactance would represent a network 
with an undesirably low operating Q, and the cir- 
cuit values ordinarily used are well on the safe 
side of the limiting values. 

In its principal application as a “tank” circuit 
matching a transmission line to a power amplifier 
tube, the load Ry will generally have a fairly 
low value of resistance (up to a few hundred 
ohms) while R,, the required load for the tube, 
will be of the order of a few thousand ohms. 
In such a case the Q of the circuit is defined as 
R,/X qq, 80 the choice of a value for the operat- 
ing Q immediately sets the value of Xq, and hence 
of C,. The values of X go and X,, are then found 
from the equations given in the figure. 

Graphical solutions for practical cases are given 
in the chapter on transmitter design in the dis- 
cussion of plate tank circuits. The L and C values 
may be calculated from the reactances or read 
from the charts of Figs. 2-44 and 2-45. 


Filters 


Tapped Tuned Circuit 


The tapped tuned circuit of Fig. 2-52D is use- 
ful in some receiver applications, where it is de- 
sirable to use a high-impedance tuned circuit as 
a lower-impedance load. When the Q of the in- 
ductor has been determined, the capacitors can 
be selected to give the desired impedance trans- 
formation and the necessary resultant capac- 
itance to tune the circuit to resonance. 


FILTERS 


A filter is an electrical circuit configuration 
(network) designed to have specific characteris- 
tics with respect to the transmission or attenua- 
tion of various frequencies that may be applied to 
it. There are three general types of filters: low- 
pass, high-pass, and band-pass. 

A low-pass filter is one that will permit all 
frequencies below a specified one called the cut- 
off frequency to be transmitted with little or no 
loss, but that will attenuate all frequencies above 
the cut-off frequency. 

A high-pass filter similarly has a cut-off fre- 
quency, above which there is little or no loss in 
transmission, but below which there is consider- 
able attenuation. Its behavior is the opposite of 
that of the low-pass filter. 

A band-pass filter is one that will transmit a 
selected band of frequencies with substantially 
no loss, but that will attenuate all frequencies 
either higher or lower than the desired band. 

The pass band of a filter is the frequency spec- 
trum that is transmitted with little or no loss. 
The transmission characteristic is not necessarily 
perfectly uniform in the pass band, but the varia- 
tions usually are small. 

The stop band is the frequency region in which 
attenuation is desired. The attenuation may vary 
in the stop band, and in a simple filter usually is 
least near the cut-off frequency, rising to high 
values at frequencies considerably removed from 
the cut-off frequency. 

Filters are designed for a specific value of 
purely resistive impedance (the terminating im- 
pedance of the filter). When such an impedance 
is connected to the output terminals of the filter, 
the impedance looking into the input terminals 
has essentially the same value, throughout most 
of the pass band. Simple filters do not give per- 
fectly uniform performance in this respect, but 
the input impedance of a properly-terminated 
filter’ can be made fairly constant, as well as 
closer to the design value, over the pass band 
by using m-derived filter sections. 

A discussion of filter design principles is be- 
yond the scope of this Handbook, but it is not 
difficult to build satisfactory filters from the cir- 
cuits and formulas given in Fig. 2-53. Filter 
circuits are built up from elementary sections as 
shown in the figure. These sections can be used 
alone or, if greater attenuation and sharper cut- 
off (that is, a more rapid rate of rise of attenua- 
tion with frequency béyond the cut-off frequency) 
are required, several sections can be connected in 
series, In the low- and high-pass filters, f. repre- 
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sents the cut-off frequency, the highest (for the 
low-pass) or the lowest (for the high-pass) fre- 
quency transmitted without attenuation. In the 
band-pass filter designs, f, is the low-frequency 
cut-off and f, the high-frequency cut-off. The 
units for L, C, R and f are henrys, farads, ohms 
and cycles per second, respectively. 

All of the types shown are “unbalanced” (one 
side grounded ). For use in balanced circuits (e.g., 
300-ohm transmission line, or push-pull audio 
circuits), the series reactances should be equally 
divided between the two legs. Thus the balanced 
constant-k m-section low-pass filter would use 
two inductors of a value equal to L,/2, while the 
balanced constant-k w-section high-pass filter 
would use two capacitors each equal to 2Cx. 

If several low- (or high-) pass sections are to 
be used, it is advisable to use m-derived end 
sections on either side of a constant-k center sec- 
tion, although an m-derived center section can be 
used, The factor m determines the ratio of the 
cut-off frequency, fe, to a frequency of high at- 
tenuation, fo. Where only one m-derived sec- 
tion is used, a value of 0.6 is generally used for m, 
although a deviation of 10 or 15 per cent from 
this value is not too serious in amateur work. 
For a value of m= 0.6, fo will be 1.25f. for the 
low-pass filter and 0.8f. for the high-pass filter. 
Other values can be found from 


m= 4 ja a ‘) for the low-pass filter and 


m = 4 1- ( =) tor the high-pass filter. 
c 


The output sides of the filters shown should be 
terminated in a resistance equal to R, and there 
should be little or no reactive component in the 
termination. 


PIEZOELECTRIC CRYSTALS 


A number of crystalline substances found in 
nature have the ability to transform mechanical 
strain into an electrical charge, and vice versa. 
This property is known as the piezoelectric ef- 
fect. A small plate or bar cut in the proper way 
from a quartz crystal and placed between two 
conducting electrodes will be mechanically 
strained when the electrodes are connected to a 
source of voltage. Conversely, if the crystal is 
squeezed between two electrodes a voltage will be 
developed between the electrodes. 

Piezoelectric crystals can be used to transform 
mechanical energy into electrical energy, and vice 
versa. They are used in microphones and phono- 
graph pick-ups, where mechanical vibrations are 
transformed into alternating voltages of corres- 
ponding frequency. They are also used in head- 
sets and loudspeakers, transforming electrical 
energy into mechanical vibration. Crystals of 
Rochelle salts are used for these purposes. 


Crystal Resonators 


Crystalline plates also are mechanical resona- 
tors that have natural frequencies of vibration 
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ranging from a few thousand cycles to tens of 
megacycles ‘per second, The vibration frequency 
depends on the kind of crystal, the way the plate 
is cut from the natural crystal, and on the dimen- 
sions of the plate. The thing that makes the crys- 
tal resonator valuable is that it has extremely 
high Q, ranging from a minimum of about 20,000 
to as high as 1,000,000. 

Analogies can be drawn between various me- 
chanical properties of the crystal and the elec- 


trical characteristics of a tuned circuit. This. 


leads to an “equivalent circuit” for the crystal. 
The electrical coupling to the crystal is through 
the holder plates between which it is sandwiched ; 
these plates form, with the crystal as the dielec- 
tric, a small capacitator like any other capacitor 
constructed of two plates with a dielectric be- 
tween. The crystal itself is equivalent to a series- 
resonant circuit, and together with the capaci- 
tance of the holder forms the equivalent circuit 
shown in Fig. 2-54. At frequencies of the order of 


Fig. 2-54—Equivalent cir- 

cuit of a crystal reso- 

nator. L, C and R are the L 

electrical equivalents of 

mechanical properties of c Ce 
the crystal; Cn is the ca- 

pacitance of the holder 

plates with the crystal R 

plate between them. 


450 ke., where crystals are widely used as resona- 
tors, the equivalent L may be several henry’s and 
the equivalent C only a few hundredths of a 
micromicrofarad. Although the equivalent R is 
of the order of a few thousand ohms, the react- 
ance at resonance is so high that the Q of the 
crystal likewise is high. 

A circuit of the type shown in Fig. 2-54 has a 
series-resonant frequency, when viewed from the 
circuit terminals indicated by the arrowheads, 
determined by L and C only. At this frequency 
the circuit impedance is simply equal to R, pro- 
viding the reactance of Cu is large compared with 
R (this is generally the case). The circuit also 
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has a parallel-resonant frequency determined by 
L and the equivalent capacitance of C and Ch 
in series. Since this equivalent capacitance is 
smaller than C alone, the parallel-resonant fre- 
quency is higher than the series-resonant fre- 
quency. The separation between the two resonant 
frequencies depends on the ratio of Ci to C, and 
when this ratio is large (as in the case of a crystal 
resonator, where C; will be a few pwuf. in the 
average case) the two frequencies will be quite 
close together. A separation, of a kilocycle or 
less at 455 ke. is typical of a quartz crystal. 
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Fig. 2-55—Reactance and resistance vs. frequency of a 
circuit of the type shown in Fig. 2-54. Actual values of 
reactance, resistance and the separation between the 
series- and parallel-resonant frequencies, f:, and fs, 
respectively, depend on the circuit constants. 


Fig. 2-55 shows how the resistance and react- 
ance of such a circuit vary as the applied fre- 
quency is varied. The reactance passes through 
zero at both resonant frequencies, but the resist- 
ance rises to a large value at parallel resonance, 
just as in any tuned circuit. 

Quartz crystals may be used either as simple 
resonators for their selective properties or as the 
frequency-controlling elements in oscillators as 
described in later chapters. The series-resonant 
frequency is the one principally used in the former 
case, while the more common forms of oscillator 
circuit use the parallel-resonant frequency. 


PRACTICAL CIRCUIT DETAILS 


COMBINED A.C. AND D.C. 


Most radio circuits are built around vacuum 
- tubes, and it is the nature of these tubes to require 
direct current (usually at a fairly high voltage) 
for their operation. They convert the direct cur- 
rent into an alternating current (and sometimes 
the reverse) at frequencies varying from well 
down in the audio range to well up in the super- 
high range. The conversion process almost in- 
variably requires that the direct and alternating 
currents meet somewhere in the circuit. 

In this meeting, the a.c. and dic. are actually 
combined into a single current that “pulsates” 
(at the a.c. frequency) about an average value 
equal to the direct current. This is shown in Fig. 
2-56. It is convenient to consider that the alter- 


Fig, 2-56—Pulsat- 
ing d.c., composed 
of an alternating 
current or voltage 
superimposed on a 
steady direct cur- 
rent or voltage. 
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nating current is superimposed on the direct cur- 
rent, so we may look upon the actual current-as 
having two components, one d.c. and the other a.c. 

In an alternating current the positive and nega- 
tive alternations have the same average ampli- 
tude; so when the wave is superimposed on a 
direct current the latter is alternately increased 
and decreased by the same amount. There is thus 


Practical Circuit Details 


no average change in the direct current. If a dic. 
instrument is being used to read the current, the 
reading will be exactly the same whether or not 
the a.c. is superimposed. 

However, there is actually more power in such 
a combination current than there is in the direct 
current alone. This is because power varies as the 
square of the instantaneous value of the current, 
and when all the instantaneous squared values 
are averaged over a cycle the total power is 
greater-than the dic. power alone. If the ac. is a 
sine wave having a peak value just equal to the 
d.c., the power in the circuit is 1.5 times the dic, 
power. An instrument whose readings are pro- 
portional to power will show such an increase. 


Series and Parallel Feed 


Fig. 2-57 shows in simplified form how d.c, and 
a.c. may be combined in a vacuum-tube circuit. 
In this case, it is assumed that the a.c. is at 
radio frequency, as suggested by the coil-and- 
‘capacitor tuned circuit. It is also assumed that 
rf. current can easily flow through the d.c. 
supply; that is, the impedance of the supply at 
radio frequencies is so small as to be negligible. 

In the circuit at the left, the tube, tuned circuit, 
and d.c. supply all are connected in series. The 
direct current flows through the rf. coil to get to 
the tube; the r.f. current generated by the tube 


D.C 
Supply 


Series Feed 


Parallel Feed 


_ Fig. 2-57—Illustrating series and parallel feed. 


flows through the d.c. supply to get to the tuned 
circuit. This is series feed. It works because the 
impedance of the d.c. supply at radio frequencies 
is so low that it does not affect the flow of +,f. 
current, and because the d.c. resistance of the coil 
is so low that it does not affect the flow of direct 
current. 

In the circuit at the right the direct current 
does not flow through the r.f. tuned circuit, but 
instead goes to the tube through a second coil, 
RFC (radio-frequency choke). Direct current 
cannot flow through L because a blocking ca- 
pacitance, C, is placed in the circuit to prevent 
it. (Without C, the dic. supply would be short- 
circuited by the low resistance of L.) On the 
other hand, the r.f. current generated by the tube 
can easily flow through C to the tuned circuit be- 
cause the capacitance of C is intentionally chosen 
to have low reactance (compared with the im- 
pedance of the tuned circuit) at the radio fre- 
quency. The r.f. current cannot flow through the 
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d.c. supply because the inductance of RFC is in- 
tentionally made so large that it has a very high 
reactance at the radio frequency. The resistance 
of RFC, however, is too low to have an appre- 
ciable effect on the flow of direct current. The two 
currents are thus in parallel, hence the name 
parallel feed. 

Either type of feed may be used for both a-f. 
and r.f. circuits. In parallel feed there is no d.c. 
voltage on the a.c. circuit, a desirable feature 
from the viewpoint of safety to the operator, be- 
cause the voltages applied to tubes—particu- 
larly transmitting tubes—are dangerous. On the 
other hand, it. is somewhat difficult to make an 
r.f. choke work well over a wide range of fre- 
quencies. Series feed is often preferred, therefore, 
because it is relatively easy to keep the impedance 
between the a.c. circuit and the tube low. 


Bypassing 

In the series-feed circuit just discussed, it was 
assumed that the d.c. supply had very low im- 
pedance at radio frequencies. This is not likely 
to be true in a practical power supply, partly 
because the normal physical separation between 
the supply and the r.f. circuit would make it 
necessary to use rather long connecting wires or 
leads. At radio frequencies, even a few feet of 
wire can have fairly large reactance—too large 
to be considered a really “low-impedance” con- 
nection. 

An actual circuit would be provided with a 
bypass capacitor, as shown in Fig. 2-58. Capaci- 
tor C is chosen to have low reactance at the 
operating frequency, and is installed right in the 
circuit where it can be wired to the other parts 
with quite short connecting wires, Hence the r.f. 
current will tend to flow through it rather than 
through the d.c. supply. 

To be effective, the reactance of the bypass 


Fig. 2-58—Typical use 

of a bypass capacitor 

and r.f. choke in a 
series-feed circuit. 


capacitor should not be more than one-tenth of 
the impedance of the bypassed part of the cir- 
cuit. Very often the latter impedance is not 
known, in which case it is desirable to use the 
largest capacitance in the bypass that circum- 
stances permit. To make doubly sure that r-f. 
current will not flow through a non-r.f. circuit 
such as a power supply, an r.f. choke, may be 
connected in the lead to the latter, as shown in- 
Fig, 2-58, : 

The same type of bypassing is used when audio 
frequencies are present in addition to r.f. Because 
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the reactance of a capacitor changes with fre- 
quency, it is readily possible to choose a capaci- 
tance that will represent a very low reactance at 
radio frequencies but that will have such high 


reactance at audio frequencies that it is practi-- 


cally an open circuit. A capacitance of 0.001 yf. 
is practically a short circuit for r.f., for example, 
but is almost an open circuit at audio frequencies. 


(The actual value of capacitance that is usable - 


will be modified by the impedances concerned.) 
Capacitors also are used in audio circuits to carry 
the audio frequencies around a d.c. supply. 


Distributed Capacitance and Inductance 


In ‘the discussions earlier in this chapter it 
was assumed that a capacitor has only capaci- 
tance and that an inductor has only inductance. 
Unfortunately, this is not strictly true. There is 
always a certain amount of inductance in a con- 


ductor of any length, and a capacitor is bound © 


to have a little inductance in addition to its 
intended capacitance. Also, there is always ca- 
pacitance between two conductors or between 
‘parts of the same conductor, and thus there is 
appreciable capacitance between the turns of an 
inductance coil. 

This distributed inductance in a capacitor and 
the distributed capacitance in an inductor have 
important practical effects. Actually, every ca- 
pacitor is in effect a series-tuned circuit, res- 
onant at the frequency where its capacitance and 
inductance have the same reactance. Similarly, 
every inductor is in effect a parallel-tuned cir- 
cuit, resonant at the frequency where its induc- 


tance and distributed capacitance have the same | 


reactance. At frequencies well below these nat- 
ural resonances, the capacitor will act like a 
capacitance and the coil will act like an inductor. 
Near the natural resonance points, the inductor 
will have its highest impedance and the capaci- 
tor will have its lowest impedance. At frequen- 
cies above resonance, the capacitor acts like an 
inductor and the inductor acts like a capacitor. 
Thus there is a limit to the amount of capacitance 
that can be used at a given frequency. There is a 
similar limit to the inductance that can be used. 
At audio frequencies, capacitances measured in 
microfarads and inductances measured in henrys 
are practicable. At low and medium radio fre- 
quencies, inductances of a few mh. and capac- 
itances of a few thousand pf. are the largest prac- 
ticable. At high radio frequencies, usable induc- 
tance values drop to a few wh. and capacitances 
to a few hundred pf. 

Distributed capacitance and inductance are 
important not only in r.f. tuned circuits, but in 
bypassing and choking as well. It will be appre- 
ciated that a bypass capacitor that actually acts 
like an inductance, or an r.f. choke that acts 
like a low-reactance capacitor, cannot work as 
it is intended they should. 


Grounds 
Throughout this book there are frequent refer- 
ences to ground and ground potential. When a 
connection is said to be “grounded” it does not 
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necessarily mean that it actually goes to earth. 
What it means is that an actual earth connection 
to that point in the circuit should not disturb the 
operation. of the circuit in any way. The term 
also is used to indicate a “common” point in the 
circuit where power supplies and metallic sup- 
ports (such as a metal chassis) are electrically 
tied together. It is general practice, for example, 
to “ground” the negative terminal of a d.c. power 
supply, and to “ground” the filament or heater 
power supplies for vacuum tubes. Since the 
cathode of a vacuum tube is a junction point 
for grid and plate voltage supplies, and since the 
various circuits connected to the tube elements 
have at least one point connected to cathode, 
these points also are “returned to ground.” 
Ground is therefore a common reference point 
in the radio circuit. “Ground potential” means 
that there is no “difference of potential”—no 
voltage—between the circuit point and the earth. 


Single-Ended and Balanced Circuits 


With reference to ground, a circuit may. be 
either single-ended (unbalanced) or balanced. 
In a single-ended circuit, one side of the circuit 
(the cold side) is connected to ground. In a bal- 
anced circuit, the electrical midpoint is connected 
to ground, so that the circuit has two “hot” ends 
each at the same voltage “above” ground. 

Typical single-ended and balanced circuits are 
shown in Fig. 2-59. R.f. circuits are shown in 
the upper row, while iron-core transformers 
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Fig. 2-59—Single-ended and balanced circuits. 


(such as are used in power-supply and audio 
circuits) are shown in the lower row. The rf. 
circuits may be balanced either by connecting 
the center of the coil to ground or by using a 
“balanced” or “split-stator” capacitor and con- 
necting its rotor to r.f. ground. In the iron-core 
transformer, one or both windings may be tapped 
at the center of the winding to provide the ground 
connection. ° 


Shielding 


Two circuits that are physically near each 
other’ usually will be’ coupled to each other in 
some degree even though no coupling is intended. 
The metallic parts of the two circuits form a 
small capacitance through which energy can be 
transferred by means of the electric field. Also, 
the magnetic field about the coil or wiring of 
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one circuit can couple that circuit to a second 
through the latter’s coil and wiring. In many 
cases these unwanted couplings must be pre- 
vented if the circuits are to work properly. 

Capacitive coupling may readily be prevented 
by enclosing one or both of the circuits in 
grounded low-resistance metallic containers, 
called shields. The electric field from the circuit 
components does not penetrate the shield. A 
metallic plate, called a baffle shield, inserted be- 
tween two components also may suffice to pre- 
vent electrostatic coupling between them. It 
should be large enough to make the components 
invisible to each other. 

Similar metallic shielding is used at radio fre- 
quencies to prevent magnetic coupling. The 
shielding effect for magnetic fields increases with 
frequency and with the conductivity and thick- 
ness of the shielding material. 

A closed shield is required for good magnetic 
shielding; in some cases separate shields, one 
about each coil, may be required. The baffle shield 
is rather ineffective for magnetic shielding, al- 
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though it will give partial shielding if placed at 
right angles to the axes of, and between, the coils 
to be shielded from each other. 

Shielding a coil reduces its inductance, because 
part of its field is canceled by the shield. Also, 
there is always a small amount of resistance in 
the shield, and there is therefore an energy loss. 
This loss raises the effective resistance of the 
coil, The decrease in inductance and increase in 
resistance lower the Q of the coil, but the reduc- 
tion in inductance and Q will be small if the 
spacing between the sides of the coil and the 
shield is at least half the coil diameter, and if the 
spacing at the ends of the coil is at least equal to 
the coil diameter. The higher the conductivity of 
the shield material, the less the effect on the 
inductance and Q. Caper is the best material, 
but aluminum is quite satisfactory. 

For good magnetic shielding at audio fre- 
quencies it is necessary to enclose the coil ina . 
container of high-permeability iron or steel. In 
this case the shield can be quite close to the coil 
without harming its performance. 


U.H.F. CIRCUITS 


RESONANT LINES 


In resonant circuits as employed at the lower 
frequencies it is possible to. consider each of the 
reactance components as a separate entity. The 
fact that an inductor has a certain amount of 
self-capacitance, as well as some resistance, while 
a capacitor also possesses a small self-inductance, 
can usually be disregarded. 

At the very-high and ultrahigh frequencies it 
is not readily possible to separate these com- 
ponents. Also, the connecting leads, which at 
lower frequencies would serve merely to join the 
capacitor and coil, now may have more induct- 
ance than the coil itself. The required inductance 
coil may be no more than a single turn of wire, 
yet even this single turn may have dimensions 
comparable to a wavelength at the operating fre- 
quency. Thus the energy in the field surrounding 
the “coil” may ‘in part be radiated. At a suffi- 
ciently high frequency the loss by radiation may 
represent a major portion of the total energy in 
the. circuit. 

For these reasons it is common practice to 
utilize resonant sections of transmission line as 
tuned circuits at frequencies above 100 Mc. or 
so. A quarter-wavelength line, or any odd mul- 
tiple thereof, shorted at one end and open at the 
other exhibits large standing waves, as described 
in the section on transmission lines. When a 
voltage of the frequency at which such a line is 
resonant is applied to the open end, the response 
is very similar to that of a parallel resonant cir- 
cuit. The equivalent relationships are shown in 
Fig. 2-60. At frequencies off resonance the line 
displays qualities comparable with the inductive 
and capacitive reactances of a conventional tuned 
circuit, so sections of transmission line can be 
used in much the same manner as inductors and 
capacitors. 
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Fig. 2-60—Equivalent coupling circuits for parallel-line, | 
coaxial-line and conventional resonant circuits. 


To minimize radiation loss the two conductors 
of a paratlel-conductor line should not be more 
than about one-tenth wavelength apart, the spac- 
ing being measured between the conductor axes. 
On the other hand, the spacing should not be less 
than about twice the conductor diameter because 
of “proximity effect,” which causes eddy currents 
and an increase in loss. Above 300 Mc. it is diffi- 
cult to satisfy both these requirements simul- 
taneously, and the radiation from an open line. 
tends to become excessive, reducing the Q. In 
stich case the coaxial type of line is to be pre- 
ferred, since it is inherently shielded. 

Representative methods for adjusting coaxial 
lines to resonance are shown in Fig. 2-61. At the 
left, a sliding shorting disk is used to reduce the 
effective length of the line by altering the posi- 
tion of the short-circuit. In the center, the same 
effect is accomplished by using a telescoping tube 
in the end of the inner conductor to vary its 
length and thereby the effective length of the line. 
At the right, two possible methods of using 
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Fig. 2-61—Methods of tuning coaxial resonant lines. 


parallel-plate capacitors are illustrated. The ar- 
rangement with the loading capacitor at the open 
end of the line has the greatest tuning effect per 
unit of capacitance ; the alternative method, which 
is equivalent to tapping the capacitor down on 
the line, has less effect on the Q of the circuit. 
Lines with capacitive “loading” of the. sort il- 
lustrated will be shorter, physically, than un- 
loaded lines resonant at the same frequency. 
Two methods of tuning parallel-conductor 
lines are shown in Fig. 2-62. The sliding short- 


Fig. 2-62—Methods of tuning parallel-type resonant 
lines, 


circuiting strap can be tightened by means of 
screws and nuts to make good electrical con- 
tact. The parallel-plate capacitor in the second 
drawing may be placed anywhere along the line, 
the tuning effect becoming less as the capacitor 
is located nearer the shorted end of the line. Al- 
though a low-capacitance variable capacitor of 
ordinary construction can be used, the circular- 
plate type shown is symmetrical and thus does 
not unbalance the line, It also has the further ad- 
vantage that no insulating material is required. 


WAVEGUIDES 


A waveguide is a conducting tube through 
which energy is transmitted in the form of elec- 
tromagnetic waves. The tube is: not considered 
as carrying a current in the same sense that the 
wires of a two-conductor line do, but rather as a 
boundary which confines the waves to the en- 
closed space. Skin effect prevents any electro- 
magnetic effects from being evident outside the 
guide. The energy is injected at one end, either 
through capacitive or inductive coupling or by 
radiation, and is received at the other end, The 
wavegiide then merely confines the energy of 
the fields, which are propagated through it to 
the receiving end by means of reflections against 
its inner walls. 

Analysis of waveguide operation is based on 
the assumption that the guide material is a per- 
fect conductor of electricity. Typical distributions 


ELECTRICAL LAWS AND CIRCUITS 


of electric and magnetic fields in a rectangular 
guide are shown in Fig. 2-63. It will be observed 
that the intensity of the electric field is greatest 
(as indicated by closer spacing of the lines of 
force) at the center along the + dimension, Fig. 
2-63(B), diminishing to zero at the end walls. 
The latter is a necessary condition, since the 
existence of any electric field parallel to the walls 
at the surface would cause an infinite current to 
flow in a perfect conductor. This represents an 
impossible situation. 


Modes of Propagation 


Fig. 2-63 represents a relatively simple dis- 
tribution of the electric and magnetic fields. 
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Fig. 2-63—Field distribution in a rectangular wave- 
guide. The TE1o mode of prépagation is depicted. 


There is in general an infinite number of ways 
in which the fields can arrange themselves in a 
guide so long as there is no upper limit to the 
frequency to be transmitted. Each. field config- 
uration is called. a mode, All modes may be 
separated into two general groups. One group, 
designated TM (transverse magnetic), has the 
magnetic field entirely transverse to the. direc- 
tion of propagation, but has a component of 


electric field in that direction. The other type, 


designated TE (transverse electric) has the 
electric field entirely transverse, but has a com- 
ponent of magnetic field in the direction. of 
propagation: TM waves are sometimes called 
E waves, and TE waves are sometimes called 
H waves, but the TM and TE designations are 
preferred. 

The particular mode of transmission is iden- 
tified by the group letters followed by two sub- 
script numerals; for example, TE, 5, TM,,,, etc. 
The number of possible modes increases with 


Waveguides 


frequency for a given size of guide. There is only 
one possible mode (called the dominant mode) 
for the lowest frequency that can be transmitted. 
The dominant mode is the one generally used 
in practical work. 


Waveguide Dimensions 


In the rectangular guide the critical dimension 
is + in Fig. 2-63; this dimension must be more 
than one-half wavelength at the lowest frequency 
to be transmitted. In practice, the y dimension 
usually is made about equal to 44 to avoid the 
possibility of operation at other than the dom- 
inant mode. 

Other cross-sectional shapes than the rectangle 
can be used, the most important being the circular 
pipe. Much the same considerations apply as in 
the rectangular case. 

Wavelength formulas for rectangular and cir- 
cular guides are given in the following table, 
where + is the width of a rectangular guide and 
r is the radius of a circular guide, All figures are 
in terms of the dominant mode. 


Rectangular Circular 

Cut-off wavelength ...... 2x 3.41r 
Longest wavelength trans- 
mitted with little atten- 
Wation vessiceceseeee 
Shortest wavelength before 
next mode becomes pos- 
sible .....scseae Meta 


1.64 3.27 


lle 2.87 


Cavity Resonators 


Another kind of circuit particularly applicable 
at wavelengths of the order of centimeters is the 
cavity resonator, which may be looked upon as 
a section of a waveguide with the dimensions 
chosen so that waves of a given length can be 
maintained inside. 

Typical shapes used for resonators are the 
cylinder, the rectangular box and the sphere, as 
shown in Fig. 2-64. The resonant frequency de- 
pends upon the dimensions of the cavity and the 
mode of oscillation of the waves (comparable to 
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Fig. 2-64—Forms of cavity resonators. 


the transmission modes in a waveguide). For 
the lowest modes the resonant wavelengths are 
as follows: 


Cylinders ois ajea creat ataiesa'e- Saisie-te eels 2.61r 
Square box sca ceases ceysasavdaed 1.414 
Sphere ....... ccc cece eeeeneees sees 2.287 
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The resonant wavelengths of the cylinder and 
square box are independent of the height when 
the height is less than a half wavelength. In other 
modes of oscillation the height must be a multiple 
of a half wavelength as measured inside the 
cavity. A cylindrical cavity can be tuned by a 
sliding shorting disk when operating in such a 
mode. Other tuning methods include placing ad- 
justable tuning paddles or “slugs” inside the 
cavity so thatthe standing-wave pattern of the 
electric and magnetic fields can be varied. 

A form of cavity resonator in practical use is 
the re-entrant cylindrical type shown in Fig. 2-65, 
In construction it resembles a concentric line 
closed at both ends with capacitive loading at 
the top, but the actual mode of oscillation may 
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CROSS-SECTIONAL VIEW 


Fig. 2-65—Re-entrant cylindrical cavity resonator. 


differ considerably from that occurring in coaxial 
lines. The resonant frequency of such a cavity 
depends ‘upon the diameters of the two cylinders 
and the distance d between the cylinder ends. 
Compared with ordinary resonant circuits, cav- 
ity resonators have extremely high Q. A value 
of Q of the order of 1000 or more is readily ob- 
tainable, and Q values of several thousand can 
be secured with good design and construction. 


Coupling to Waveguides and Cavity 
Resonators 


Energy may be introduced into or abstracted 
from a waveguide or resonator by means of 
either the electric or magnetic field. The energy 
transfer frequently is through a coaxial line, two 
methods for coupling to which are shown in Fig. 
2-66. The probe shown at A is simply a short 
extension of the inner conductor of the coaxial - 
line, so oriented that it is parallel to the electric 
lines of -force. The loop shown at B is arranged 
so that it encloses some of the magnetic lines of 
force. The point at which maximum coupling 
will be secured depends upon the particular mode 
of propagation in the guide or cavity; the 
coupling will be maximum when the coupling 
device is in the most intense field. 

Coupling can be varied by turning the probe or 


‘loop through a 90-degree angle. When the probe 


is perpendicular to the electric lines the coupling 
will be minimum ; similarly, when the plane of the 
loop is parallel to the magnetic lines the coupling 
will have its minimum value. 


(A) (B) 


Fig. 2-66—Coupling to waveguides and resonators. 
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MODULATION, HETERODYNING AND BEATS 


Since one of the most widespread uses of radio 
frequencies is the transmission of speech and 
music, it would be very convenient if the audio 
spectrum to be transmitted could simply be shifted 
up to some radio frequency, transmitted as radio 
waves, and shifted back down to audio at the 
receiving point. Suppose the audio signal to be 
transmitted by radio is a pure 1000-cycle tone, 
and we wish to transmit it at 1 Mc. (1,000,000 
cycles per second). One possible way might be 
to add 1.000 Mc. and 1 kc. together, thereby 
obtaining a radio frequency of 1.001 Mc. No 
simple method for doing this directly has been 
devised, although the effect is obtained and used 
in “single-sideband transmission.” 

When two different frequencies are present 
simultaneously in an ordinary circuit (specifi- 
cally, one in which Ohm’s Law holds) each be- 
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Fig. 2-67—Amplitude-vs.time and amplitude-vs.-fre- 
quency plots of various signals. (A) 1% cycles of an 
audio signal, assumed to be 1000 c.p.s. in this example. 
(B) A radio-frequency signal, assumed to be 1 Mc.; 
1500 cycles are completed during the same time as the 
1% cycles in A, so they cannot be shown accurately, 
(C) The signals of A and B in the same circuit; each 
maintains its own identity. (D) The signals of A and B 
in a circuit where the amplitude of A can control the 
amplitude of B, The 1-Mc. signal is modulated by the 
1000-cycle signal. 

E, F, G and H show the spectrums for the signals in 
A, B, C and D, respectively. Note the new frequencies 
in H, resulting from the modulation process. 


haves as though the other were not there. The 
total or resultant voltage (or current) in the 
circuit will be the sum of the instantaneous values 
of the two at every instant. This is because there 
can be only one value of current or voltage at 
any single point in a circuit at any instant. Figs. 
2-67A and B show two such frequencies, and C 
shows the resultant. The amplitude of the 1-Mc. 
current is not affected by the presence of the 1-kc. 
current, but the axis is shifted back and forth at 
the 1-kc. rate. An attempt to transmit such a 
combination as a radio wave would result in 
only the radiation of the 1-Mc. frequency, since 
the 1-kc. frequency retains its identity as an 
audio frequency and will not radiate. 

There are devices, however, which make it pos- 
sible for one frequency to control the amplitude 
of the other. If, for example, a 1-kc. tone is used 
to control a 1-Mc. signal, the maximum r.f. out- 
put will be obtained when the 1-kc. signal is at 
the peak of one alternation and the minimum will 
occur at the peak of the next alternation. The 
process is called amplitude modulation, and the 
effect is shown in Fig. 2-67D. The resultant 
signal is now entirely at radio frequency, but with 
its amplitude varying at the modulation rate. 
(1 ke.). Receiving equipment adjusted to receive 
the 1-Mce. r-f. signal can reproduce these changes 
in amplitude, and reveal what the audio signal is, 
through a process called detection. 

It might be assumed that the only radio fre- 
quency present in such a signal is the original 
1.000 Mc., but such is not the case. Two new 
frequencies have appeared. These are the sum 
(1.000 + .001) and the difference (1.000 — .001) 
of the two, and thus the radio frequencies appear- 
ing after modulation are 1.001, 1.000 and .999 Mc. 

When an audio frequency is used to control the 
amplitude of a radio frequency, the process is 
generally called “amplitude modulation,” as men- 
tioned, but when a radio frequency modulates 
another radio frequency it is called heterodyn- 
ing. The processes are identical. A general term 
for the sum and difference frequencies generated 
during heterodyning or amplitude modulation is 
“beat frequencies,” and a more specific one is 
upper side frequency, for the sum, and lower 
side frequency for the difference, 

In the simple example, the modulating signal 
was assumed to be a pure tone, but the modu- 
lating signal can just as well be a band of fre- 
quencies making up speech or music. In this case, 
the side frequencies are grouped into the upper 
sideband and the lower sideband. Fig. 2-67H 
shows the side frequencies appearing as a result 
of the modulation process. 

Amplitude modulation (a.m.) is not the only 
possible type nor is it the only one in use. Such 
signal properties as phase and. frequency can 
also be modulated. In every case the modulation 
process leads to the generation of a new set (or 
sets) of radio frequencies symmetrically disposed 
about the original radio (carrier) frequency. 


Chapter 3 


Vacuum-Tube Principles 


CURRENT IN A VACUUM 


The outstanding difference between the 
vacuum tube and most other electrical devices 
is that the electric current does not flow through 
a conductor but through empty space—a 
vacuum, This is only possible when “free” 
electrons—that is, electrons that are not at- 
tached to atoms—are somehow introduced 
into the vacuum. Free electrons in an evacuated 
space. will be attracted to’a positively charged 
object within the same space, or will be repelled 
by a negatively charged object. The movement 
of the electrons under the attraction or repulsion 
of such charged objects constitutes the current 
in the vacuum. 

The most practical way to introduce a suffi- 
ciently large number of electrons into the evac- 
uated space is by thermionic emission. 


Thermionic Emission 


If a piece of metal is heated to incandescence 
in a vacuum, electrons near the surface are given 
enough energy of motion to fly off into the sur- 
rounding space. The higher the temperature, the 


greater the number of electrons emitted. The. 


name for the emitting metal is cathode. 

If the cathode is the only thing in the vacuum, 
most of the emitted electrons stay in its imme- 
diate vicinity, forming a “cloud” about the cath- 


Transmitting tubes are in the back and center rows. 
Receiving tubes are in the front row (I. to r.): miniature, 
pencil, planar triode (two), Nuvistor and 1-inch diam- 
eter cathode-ray tube. 


ode. The reason for this is that the electrons in 
the space, being negative electricity, form a neg- 
ative charge (space charge) in the region of the 
cathode. The space charge repels those electrons 


nearest the cathode, tending to. make them fall 


back on it. 


POSITIVE 
PLATE 


Fig. 3-1—Conduction by thermionic emission in a 
vacuum tube. The A battery is used to heat the cathode 
to a temperature that will cause it to emit electrons. 
The B battery makes the plate positive with respect to 
the cathode, thereby causing the emitted electrons to be 
attracted to the plate. Electrons captured by the plate 
flow back through the B battery to the cathode. 


Now suppose a second conductor is introduced 
into the vacuum, but not connected to anything 
else inside the tube. If this second conductor is 
given a positive charge by connecting a voltage. 
source between it and the cathode, as indicated 
in Fig. 3-1, electrons emitted by the cathode are 
attracted to the positively charged conductor. 
An electric current then flows through - the 
circuit formed by the cathode, the charged con- 
ductor, and the voltage source. In Fig. 3-1 this 
voltage source is a battery (“B” battery); a 
second battery (“A” battery) is also indicated 
for heating the cathode to the proper operating 
temperature. 

The positively charged conductor is usually 
a metal plate or cylinder (surrounding the. 
cathode) and is called an anode or plate. Like 
the other working parts of a tube, it is a tube 
element or electrode. The tube shown in Fig. 
3-1 is a two-element or two-electrode tube, 
one element being the cathode and the other the 
anode or plate. 

Since electrons are negative electricity, they 
will be attracted to the plate only when the 
plate is positive with respect to the cathode. 
If the plate is given a negative charge, the 
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Fig. 3-2—Types of cathode construction. Directly heated cath- 
odes or “filaments” are shown at A, B, and C. The inverted V 
filament is used in small receiving tubes, the M in both receiv- 
ing and transmitting tubes. The spiral filament is a transmitting- 
tube type. The indirectly-heated cathodes at D and E show two 
types of heater construction, one a twisted loop and the other 
bunched heater wires. Both types tend to cancel the magnetic 


fields set up by the current through the heater. 


electrons will be repelled back to the cathode 
_ and no current will flow. The vacttum tube there- 
fore can conduct only in one direction. 


Cathodes 


Before electron emission can occur, the cath- 
ode must be heated to a high temperature. How- 
ever, it is not essential that the heating current 
flow through the actual material that does the 
emitting; the filament or heater can be electri- 
cally separate from the emitting cathode. Such a 
cathode is called indirectly heated, while an 
emitting filament is called a directly heated 
cathode. Fig. 3-2 shows both types in the forms 
which they commonly take. 

Much greater electron emission can be ob- 
tained, at relatively low temperatures, by using 
special cathode materials rather than pure metals. 
One of these is thoriated tungsten, or tung- 
sten in which thorium is dissolved. Still greater 
efficiency is achieved in the oxide-coated cath- 
ode, a cathode in which rare-earth oxides form 
a coating over a metal base. 

Although the oxide-coated cathode has much 
the highest efficiency, it can be used successfully 
only in tubes that operate at rather low plate 
voltages. Its use is therefore confined to receiv- 
ing-type tubes and to the smaller varieties of 
transmitting tubes. The thoriated filament, on 
the other hand, will operate well in high-voltage 
tubes. 


Plate Current 


If there is only a small positive voltage 
on the plate, the number of electrons 
reaching it will be small because the 
space charge (which is negative) pre- 
vents those electrons nearest the cathode 
from being attracted to the plate. As the 
plate voltage is increased, the effect of 
the space charge is increasingly overcome 
and the number of electrons attracted to 
the plate becomes larger. That is, the 
plate current increases with increasing 
plate voltage. 


VACUUM-TUBE PRINCIPLES 


Fig. 3-3 shows a typical plot of plate 
current vs. plate voltage for a two-ele- 
ment tube or diode. A curve of this type 
can be obtained with the circuit shown, 
if the plate voltage is increased in small 
steps and a current. reading taken (by 
means of the current-indicating instru- 
ment>—a milliammeter) at each volt- 
age. The plate current is zero with no 
plate voltage and the curve rises until a 
saturation point is reached. This is 

©) where the positive charge on the plate 
has substantially overcome the space 
charge and almost all the electrons are 
going to the plate. At higher voltages the 
plate current stays at practically the same 
value. 

The plate voltage multiplied by the 
plate current is the power input to the 
tube. In a circuit like that of Fig. 3-3 this 
power is all used in heating the plate. If 
the power input is large, the plate temperature 
may rise to a very high value (the plate may be- 
come red or even white hot), The heat developed 
in the plate is radiated to the bulb of the tube, and 
in turn radiated by the bulb to the surrounding 
air. 


RECTIFICATION 


Since current can flow through a tube in only 
one direction, a diode can be used to change al- 
ternating current into direct current. It does this 
by permitting current to flow only when the anode 
is positive with respect to the cathode. There is 
no current flow when the plate is negative. 

Fig. 3-4 shows a representative circuit. Al- 
ternating voltage from the secondary of the 
transformer, T, is applied to the diode tube in 
series with a load resistor, R. The voltage 
varies as is usual with a.c., but current flows 
through the tube and R only when the plate is 
positive with respect to the cathode—that 
is, during the half-cycle when the upper end of 
the transformer winding is positive. During the 
negative half-cycle there is simply a gap in the 
current flow. This rectified alternating current 
therefore is an intermittent direct current. 

The load resistor, R, represents the actual cir- 
cuit in which the rectified alternating current 
does work, All tubes work with a load of one type 
or another ; in this respect a tube is much like a 
generator or transformer. A circuit that did not 
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Fig. 3-3—The diode, or two-element tube, and a typical curve 
showing how the plate current depends upon the voltage applied 


to the plate. 


Vacuum-Tube Amplifiers 


provide a load for the tube 
would be like a short-circuit 
across a transformer ; no useful 
purpose would be accomplished 
and the only result would be 
the generation of heat in the 
transformer. So it is with vac- 
tum tubes; they must cause 
power to be developed in a load 
in order to serve a useful pur- 
‘pose. Also, to be efficient most 
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Fig. 3-4—Rectification in a diode. 

Current flows only when the plate 

is positive with respect to the cath- 

ode, so that only half-cycles of 

current flow through the load re- 
sistor, R. 
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Applied 
Voltage 


of the power must do useful 
work in the load and not be 
used in heating the plate of the tube. Thus the 
voltage drop across the load should be much 
higher than the drop across the diode. 

With the diode connected as shown in Fig. 3-4, 


the polarity of the current through the load is as 
indicated. If the diode were reversed, the polarity 
of the voltage developed across the load R would 
be reversed. : 


VACUUM-TUBE AMPLIFIERS 


TRIODES 
Grid Control 


If a third element—called the control grid, or 
simply grid—is inserted between the cathode 
and plate as in Fig. 3-5, it can be used to control 
the effect of the space charge. If the grid is given 
a positive voltage with respect to the cathode, the 
positive charge will tend to neutralize the nega- 
tive space charge. The result is that, at any 


Fig. 3-5—Construction of 
an elementary triode vac- 
uum tube, showing the di- 
rectly-heated cathode (fil- 
ament), grid (with an end 
view of the grid wires) 
and plate. The relative 
density of the space 
charge is indicated 
roughly by the dot density. 


selected plate voltage, more electrons will flow to 
the plate .than if the grid were not present. On 
the other hand, if the grid is made 
negative with respect to the cathode 
the negative charge on the grid will 4 
add to the space charge. This will 
reduce the number of electrons that 


of the grid voltage on the plate current can be 
shown by a set of characteristic curves. A typi- 
cal set of curves is shown in Fig. 3-6, together 
with the circuit that is used for getting them. For 
each value of plate voltage, there is a value of 
negative grid voltage that will reduce the plate 
current to zero; that is, there is a value of nega~ 
tive grid voltage that will cut off the plate cur- 
rent. 

The curves could be extended by making the 
grid voltage positive as well as negative. When 
the grid is negative, it repels electrons and there- 
fore none of them reaches it; in other words, no 
current flows in the grid circuit. However, when 
the grid is positive, it attracts electrons and a 
current (grid current) flows, just as current 
flows to the positive plate. Whenever there is 
grid current there is an accompanying power loss 
in the grid circuit, but so long as the grid is neg- 
ative no power is used. 

It is obvious that the grid can.act as a valve to 
control the flow of plate current. Actually, the 
grid has a much greater effect on plate current 
flow than does the plate voltage. A small change 
in grid voltage is just as effective in bringing 
about a given change in plate current as is a large 
change in plate voltage. 

The fact that a small voltage acting on the grid 


can reach the plate at any selected 


plate voltage. 

The grid is inserted in the tube 
to control the space charge and not 
to attract electrons to itself, so it is 
made in the form of a wire mesh or 
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the open spaces in the grid to reach 
the plate. 


spiral. Electrons then can go through “220 
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Fig. 3-6—Grid-voltage-vs.-plate-current curves at various fixed values 


of plate voltage (Ep) for a typical small triode. Characteristic curves of 


Characteristic Curves 
For any particular tube, the effect 


this type can be taken by varying the battery voltages in the circuit 


at the right. 
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is equivalent to a large voltage acting on the 
plate indicates the possibility of amplification 
with the triode tube. The many uses of the elec- 
tronic tube nearly all are based upon this ampli- 
fying feature. The amplified output is not ob- 
tained from the tube itself, but from the voltage 
source connected between its plate and cathode. 
The tube simply controls the power from this 
source, changing it to the desired form. 

To utilize the controlled power, a load must be 
connected in the plate or “output” circuit, just as 
in the diode case. The load may be either a re- 
sistance or an impedance. The term “impedance” 
is frequently used even when the load is purely 
resistive. 


Tube Characteristics 


The physical construction of a triode determines 
the relative effectiveness of the grid and plate 
in controlling the plate current. The control of 
the grid is increased by moving it closer to the 
cathode or by making the grid mesh finer. 

The plate resistance of a vacuum tube is the 
a.c. resistance of the path from cathode to plate. 
For a given grid voltage, it is the quotient of a 
small change in plate voltage divided by the re- 
sultant change in plate current. Thus if a 1-volt 
change in plate voltage caused a plate-current 
change of 0.01 ma. (0.00001 ampere), the plate 
resistance would be 100,000 ohms. 

The amplification factor (usually designated 
by the Greek letter 4) of a vacuum tube is de- 
fined as the ratio of the change in plate voltage 
to the change in grid voltage to effect equal 
changes in plate current. If, for example, an in- 
crease of 10 plate volts raised the plate current 
1.0 ma., and an increase in (negative) grid volt- 
age of 0.1 volt were required to return the plate 
current to its original value, the amplification 
factor would be 100. The amplification factors 
of triode tubes range from 3 to 100 or so. A high-» 
tube is one with an amplification of perhaps 30 
or more; medium-y tubes have amplification fac- 
tors in the approximate range 8 to 30, and low-yz 
tubes in the range below 7 or 8.-The uw of a 
triode is useful in computing stage gains. 

The best all-around indication of the effective- 
ness of a tube as an amplifier is its gridplate 
transconductance—also called mutual conduc- 
tance or g™. It is the change in plate current di- 
vided by the change in grid voltage that caused 
the change; it can be found by dividing the am- 
plification factor by the. plate resistance. Since 
current divided by voltage is conductance, trans- 
conductance is measured in the unit of conduc- 
tance, the mho. 

Practical values of transconductance are very 
small, so the micromho (one millionth of a mho) 
is the commonly-used unit. Different types of 
tubes have transconductances ranging from a few 
hundred to several thousand. The higher the 
transconductance the greater the possible ampli- 
fication. 


VACUUM-TUBE PRINCIPLES. 


AMPLIFICATION 


The way in which a tube aniplifies is best 
shown by a type of graph called the dynamic 
characteristic. Such a graph, together with the 
circuit used for obtaining it, is shown in Fig. 3-7. 


Grid Voltage 


Fig. 3-7—Dynamic characteristics of a small triode with 
various load resistances from 5000 to 100,000 ohms. 


The curves are taken with the plate-supply volt- 
age fixed at the desired operating value. The dif- 
ference between this circuit and the one shown in 
Fig. 3-6 is that in Fig. 3-7 a load resistance is 
connected in series with the plate of the tube. Fig. 
3-7 thus shows how the plate current will vary, 
with different grid voltages, when the plate cur- 
rent is made to flow through a load and thus do 
useful work. 

The several curves in Fig. 3-7 are for various 
values of load resistance.’ When the resistance is 
small (as in the case of the 5000-ohm load) the 
plate current changes rather rapidly with a given 
change in grid voltage. If the load resistance is 
high (as in the 100,000-ohm curve), the change 
in plate current for the same grid-voltage change 
is relatively small; also, the curve tends to be 
straighter. 

Fig. 3-8 is the same type of curve, but with the 
circuit arranged so that a source of alternating 
voltage (signal) is inserted between the grid and 
the grid battery (“C” battery). The voltage of 
the grid battery is fixed at — 5 volts, and from 
the curve it is seen that the plate current at this 
grid voltage is 2 milliamperes. This current flows 
when the load resistance is 50,000 ohms, as indi- 
cated in the circuit diagram. If there is no a.c. 
signal in the grid circuit, the voltage drop in the 
load resistor is 50,000 x 0.002 = 100 volts, leav- 
ing 200 volts between the plate and cathode. 

When a sine-wave signal having a peak value 
of 2 volts is applied in series with the bias voltage 
in the grid circuit, the instantaneous voltage at 
the grid will swing to —3 volts at the instant the 
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Fig. 3-8—Amplifier operation. When the plate current 
various in response to the signal applied to the grid, a 
varying voltage drop appears across the load, Rp, as 
shown by the dashed curve, Ep. Ip is the plate current. 


signal reaches its positive peak, and to — 7 volts 
at the instant the signal reaches its negative peak. 
The maximum plate current will occur at the in- 
stant the grid voltage is — 3 volts. As shown by 
the graph, it will have a value of 2.65 milliam- 
peres. The minimum plate current occurs at the 
instant the grid voltage is — 7 volts, and has a 
value of 1.35 ma. At intermediate values of grid 
voltage, intermediate plate-current values will 
occur. 

The instantaneous voltage between the plate 
and cathode of the tube also is shown on the 
graph. When the plate current. is maximum, the 
instantaneous voltage drop in R, is 50,000 x 
0.00265 = 132.5 volts; when the plate current is 
minimum the instantaneous voltage drop in R, is 
50,000 x 0.00135 = 67.5 volts. The actual voltage 


between plate and cathode is the difference be-- 


tween the plate-supply potential, 300 volts, and 
the voltage drop in the load resistance. The plate- 
to-cathode voltage is therefore 167.5 volts at 
maximum plate current and 232.5 volts at mini- 
mum plate current. F 

This varying plate voltage is an a.c. voltage 
superimposed on the steady plate-cathode poten- 
tial of 200 volts (as previously determined for no- 
signal conditions). The peak value of this a.c. 
output voltage is the difference between either 
the maximum or minimum plate-cathode voltage 
and the no-signal value of 200 volts. In the il- 
lustration this difference is 232.5 — 200 or 200 
— 167.5; that is, 32.5 volts in either case. Since 
‘the grid signal voltage has a peak value of 2 
volts, the voltage-amplification ratio of the 
amplifier is 32.5/2 or 16.25. That is, approxi- 
mately 16 times as much voltage is obtained from 
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the plate circuit as is applied to the grid circuit. 

As shown by the drawings in Fig, 3-8, the 
alternating .component of the plate voltage 
swings in the negative direction (with reference 
to the no-signal value of plate-cathode voltage) 
when the grid voltage swings in the positive di- 
rection, and vice versa. This means that the alter- 
nating component of plate voltage (that is, the 
amplified signal) is 180 degrees out of phase with 
the signal voltage on the grid. 

Bias 

The fixed negative grid voltage (called grid 
bias) in Fig. 3-8 serves a very useful purpose. 
One object of the type of amplification shown in 
this drawing is to obtain, from the plate circuit, 
an alternating voltage that has the same wave- 
shape as the signal voltage applied to the grid. To 
do so, an operating point on the straight part of 
the curve must be selected. The curve must be 
straight in both directions from the operating 
point at least far enough to accommodate the 
maximum value of the signal applied to the grid. 
If the grid signal swings the plate current back 
and forth over a part of the curve that is not 
straight, as in Fig. 3-9, the shape of the a.c. wave 
in the plate circuit will not be the same as the 
shape of the grid-signal wave. In such a case the 
output wave shape will be distorted. 

A second reason for using negative grid bias is 
that any signal whose peak positive voltage does 
not exceed the fixed negative voltage on the grid 
cannot cause grid current to flow. With no cur- 
rent flow there is no power consumption, so the 
tube will amplify without taking any power from 
the signal source. (However, if the positive peak 
of the signal does exceed the negative bias, cur- 
rent will flow in the grid circuit during the time 
the grid is positive.) 

Distortion of the output wave shape that results 
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Fig. 3-9—Harmonie distortion resulting from choice of 

an operating point on the curved part of the tube char- 

acteristic. The lower half-cycle of plate current does not 
have the same shape as the upper half-cycle. 
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from working over a part of the curve that is not 
straight (that is, a nonlinear part of the curve) 
has the effect’ of transforming a sine-wave grid 
signal into a more complex waveform. As 
explained in an earlier chapter, a complex wave 
can be resolved into a fundamental and a series 
of harmonics. In other words, distortion from 
nonlinearity causes the generation of harmonic 
frequencies—frequencies that are not present in 
the signal applied to the grid. Harmonic distor- 
tion is undesirable in most amplifiers, although 
there are occasions when harmonics are deliber- 
ately generated and used. 


Audio Amplifier Output Circuits 


The useful output of a vacuum-tube. amplifier 
is the alternating component of plate current or 
plate voltage. The d.c. voltage on the plate of the 
tube is essential for the tube’s operation, but it 
almost invariably would cause difficulties if it 
were applied, along with the a.c. output voltage, 
to the load. The output circuits of vacumm tubes 
are therefore arranged so that the a.c. is trans- 
ferred to the load but the d.c. is not. 

Three types of coupling are in common use at 
audio frequencies. These are resistance coupling, 
impedance coupling, and transformer coupling. 
They are shown in Fig. 3-10. In all three cases 
the output is shown coupled to the grid circuit of 
a subsequent amplifier tube, but the same types of 
circuits can be used to couple to other devices 
than tubes. : 

In the resistance-coupled circuit, the a.c. volt- 
age developed across the plate resistor R, (that 
is, the a.c. voltage between the plate and cathode 
of the tube) is applied to a second resistor, R,, 
through a coupling capacitor, C,. The capacitor 
“blocks off” the d.c. voltage on the plate of the 
first tube and prevents it from being applied to 
the grid of tube B. The latter tube has negative 
grid bias supplied by the battery shown. No cur- 
rent flows on the grid circuit of tube B and there 
is therefore no d.c. voltage drop in R,; in other 
words, the full voltage of the bias battery is 
applied to the grid of tube B. 

The grid resistor, R,, usually has a rather high 
value (0.5 to 2 megohms). The reactance of the 
coupling capacitor, C,, must be low enough com- 
pared with the resistance of R, so that the a.c. 
voltage drop in C, is negligible at the lowest fre- 
quency to be amplified. If R, is at least 0.5 
megohm, a 0.1-uf. capacitor will be amply large 
for the usual range of audio frequencies. 

So far as the alternating component of plate 
voltage is concerned, it will be realized that if the 
voltage drop in C, is negligible then R, and R, 
are effectively in parallel (although they are 
quite separate so far as d.c. is concerned). The 
resultant parallel resistance of the two is there- 
fore the actual load resistance for the tube: That 
is why R, is made as high in resistance as possi- 
ble; then it will have the least effect on the load 
represented by R,. 

The impedance-coupled circuit differs from 
that using resistance coupling only in the sub- 
stitution of a high inductance (as high as several 
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Fig. 3-10—Three types of coupling are in common use 

at audio frequencies. These are resistance coupling, 

impedance coupling, and transformer coupling. In all 

three cases the output is shown coupled to the grid 

circuit of a subsequent amplifier tube, but the same 

types of circuits can be used to couple to other devices 
then tubes. 


hundred henrys) for the plate resistor, The ad- 
vantage of using an inductor rather than a re- 
sistor at this point is that the impedance of the 
inductor is high for audio frequencies, but its © 
resistance is relatively low. Thus it provides a 
high value of load impedance for a.c. without an 
excessive d.c. voltage drop, and consequently the 
power-supply voltage does not have to be high 
for effective operation. 

The transformer-coupled amplifier uses a 
transformer with its primary connected in the 
plate circuit of the tube and its secondary con- 
nected to the load (in the circuit shown, a follow- 
ing amplifier). There is no direct connection be- 
tween the two windings, so the plate voltage on 
tube A is isolated from the grid of tube B. The 
transformer-coupled amplifier has the same ad- 
vantage as the impedance-coupled circuit with re- 
spect to-loss of d.c. voltage from the plate supply. 
Also, if the secondary has more turns than the pri- 
mary, the output voltage will be “stepped up” in 
proportion to the turns ratio. 

Resistance coupling is simple, inexpensive, and 
will give the same amount of amplification—or 
voltage gain—over a wide range of frequencies ; 
it will give substantially the same amplification 


Power Amplifiers 


at any frequency in the audio range, for example. 
Impedance coupling will give somewhat more 
gain, with the same tube and same plate-supply 
voltage, than resistance coupling. However, it is 
not quite so good over a wide frequency range; 
it tends to “peak,” or give maximum gain, over 
a comparatively narrow band of frequencies. 
With a good transformer the gain of a trans- 
former-coupled amplifier can be kept fairly con- 
stant over the audio-frequency range. On the 
other hand, transformer coupling in voltage 
amplifiers (see below) is best suited to triodes 
having amplification factors of about 20 or less, 
for the reason that the primary inductance of a 
practicable transformer cannot be made large 
enough to work well with a tube having high 
plate resistance. 


Class A Amplifiers 


An amplifier in which voltage gain is the pri- 
mary consideration is called a voltage amplifier. 
Maximum voltage gain is secured when the load 
resistance or impedance is made as high as pos- 
sible in comparison with the plate resistance of 
the tube. In such a case, the major portion of the 
voltage generated will appear across the load. 

Voltage amplifiers belong to a group called 
Class A amplifiers. A Class A amplifier is one 
operated so that the wave shape of the output 
voltage is the same as that of the signal voltage 
applied to the grid. If a Class A- amplifier .is 
biased so that the grid is always negative, even 
with the largest signal to be handled by the. grid, 


it is called a Class A, amplifier. Voltage ampli- 


fiers are always Class A, amplifiers, and their 
primary use is in driving a following Class A, 
amplifier. 


Power Amplifiers 


The end result of any amplification is that the 
amplified signal does some work. For example, 
an audio-frequency amplifier usually drives a 
loudspeaker that in turn produces sound waves. 
The greater the amount of a.f. power supplied to 
the speaker the louder the sound it will produce. 


Signal 


‘Fig. 3-11—An elementary power-amplifier circuit in 
which the power-consuming load is coupled to the plate 
circuit through an impedance-matching transformer. 


Fig. 3-11 shows an elementary power-ampli- 
fier circuit. It is simply a transformer-coupled 
amplifier with the load connected to the second- 
ary. Although the load is shown as a resistor, it 
actually would be some device, such as a loud- 
speaker, that employs the power usefully. Every 
power tube requires a specific value of load re- 
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sistance from plate to cathode, usually some 
thousands of ohms, for optimum operation. The 
resistance of the actual load is rarely the right 
value for “matching” this optimum load resist- 
ance, so the transformer turns ratio is chosen to 
reflect. the proper value of resistance into the 
primary. The turns ration may be either step-up 
or step-down, depending on whether the actual 
load resistance is higher or lower than the load 
the tube wants. 

The power-amplification ratio-of an amplifier 
is the ratio of the power output obtained from 
the plate circuit to the power required from the 
ac. signal in the grid circuit. There is no power 
lost in the grid circuit of a Class A, amplifier, 
so such an amplifier has an infinitely large power- 
amplification ratio. However, it is quite possible 
to operate a Class A amplifier in such a way that 
current flows in its grid circuit during at least 
part of the cycle. In such a case power is used up 
in the grid circuit and the power amplification 
ratio is not infinite. A tube operated in this fash- 
ion is known as a Class A, amplifier. It is neces- 
sary to use a power amplifier to drive a Class Ay 
amplifier, because a voltage amplifier cannot de- 
liver power without serious distortion of the 
wave shape. 

Another term used in connection with power 
amplifiers is power sensitivity. In the case of a 
Class A, amplifier, it means the ratio of power 
output to the grid signal voltage that causes it. 
If grid current flows, the term usually means the 
ratio of plate power output to grid power input. 

The a.c. power that is delivered to a load by an 
amplifier tube has to be paid for in power taken 
from the source of plate voltage and current. In 
fact, there is always more power going into the 
plate circuit of the tube than is coming out as 
useful output. The difference between the input 
and output power is used up in heating the plate 
of the tube, as explained previously. The ratio of 
useful power output to d.c. plate input is called 
the plate efficiency. The higher the plate effi-_ 
ciency, the greater the amount of power that can 
be taken from a tube having a given plate- 
dissipation rating. 


Parallel and Push-Pull 


When it is necessary to obtain more power 
output than one tube is capable of giving, two or 
more similar tubes may be connected in parallel. 
In this case the similar elements in all tubes are 
connected together. This method is shown in 
Fig. 3-12 for a transformer-coupled amplifier. 
The power output is in proportion to the number 
of tubes used ; the grid signal or exciting voltage 
required, however, is the same as for one tube. 

If the amplifier operates in such a way as to 
consume power in the grid circuit, the grid power 
required is in proportion to the number of tubes 
used. 

An increase in power output also can be se- 
cured by connecting two tubes in push-pull. In 
this case the grids and plates of the two tubes 
are connected to opposite ends of a balanced cir- 
cuit as shown in Fig. 3-12. At any instant the 
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Fig. 3-12—Parallel and push-pull a.f. amplifier circuits. 


PUSH-PULL 


ends of the secondary winding of the input trans- 
former, T,, will be at opposite polarity with 
respect to the cathode connection, so the grid of 
one tube is swung positive at the same instant 
that the grid of the other is swung negative. 
Hence, in any push-pull-connected amplifier the 
voltages and currents of one tube are out of phase 
with those of the other tube. 

In push-pull operation the even-harmonic 
(second, fourth, etc.) distortion is balanced out 
in the plate circuit. This means that for the same 
power output the distortion will be less than with 
parallel operation. 

The exciting voltage measured between the 
two grids must be twice that required for one 
tube. If the grids consume power, the driving 
power for the push-pull amplifier is twice that 
taken by either tube alone. 


Cascade Amplifiers 


It is readily possible to take the output of one 
amplifier and apply it as a signal on the grid of 
a second amplifier, then take the second ampli- 
fier’s output and apply it to a third, and so on. 
Each amplifier is called a stage, and stages used 
successively are said to be in cascade. 


Class B Amplifiers 


Fig 3-13 shows two tubes connected in a push- 
pull circuit. If the grid bias is set at the point 
where (when no signal is applied) the plate cur- 
rent is just cut off, then a signal can cause 
plate current to flow in either tube only when the 
signal voltage applied to that particular tube is 
positive with respect to the cathode. Since in the 
balanced grid circuit the signal voltages on the 
grids of the two tubes always have opposite po- 
larities, plate current flows only in one tube at a 
time. 

The graphs show the operation of such an 
amplifier. The plate current of tube B is drawn 
inverted to show that it flows in the opposite di- 
rection, through the primary of the output trans- 
former, to the plate current of tube 4. Thus each 
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half of the output-transformer primary works 
alternately to induce a half-cycle of voltage in 
the secondary. In the secondary of Ty, the 
original waveform is restored. This type of oper- 
ation is called Class B amplification. 

The Class B amplifier has considerably higher 
plate efficiency than the Class A amplifier. Fur- 
thermore, the dic. plate current of a Class B am- 
plifier is proportional to the signal voltage on the 
grids, so the power input is small with small 
signals. The d.c. plate power input to.a Class A 
amplifier is the same whether the signal is large, 
small, or absent altogether; therefore the maxi- 
mum d.c. plate input that can be applied to a 
Class A amplifier is equal to the rated plate dissi- 
pation of the tube or tubes. Two tubes in a Class 
B amplifier can deliver approximately twelve 
times as much audio power as the same two tubes 
in a Class A amplifier. 

A Class B amplifier usually is operated in such 
a way as to secure the maximum possible power 
output. This requires rather large values of plate 
current, and to obtain them the signal voltage 
must completely overcome the grid bias during 
at least part of the cycle, so grid current flows 
and the grid circuit consumes power. While the 
power requirements are fairly low (as compared 
with the power output), the fact that the grids 
are positive during only part of the cycle means 
that the load on the preceding amplifier or 
driver stage varies in magnitude during the cy- 
cle; the effective load resistance is high when the 
grids are not drawing current and relatively low 
when they do take current. This must be allowed 
for when designing the driver. 

Certain types of tubes have been designed 
specifically for Class B service and can be oper- 
ated without fixed or other form of grid bias 
(zero-bias tubes). The amplification factor is so 
high that the plate current is small without 
signal. Because there is no fixed bias, the grids 
start drawing current: immediately whenever a 
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‘Fig. 3-13—Class B amplifier operation. 


Class B Amplifiers 


signal is applied, so the grid-current flow is 
countinuous throughout the cycle. This makes the 
load on the driver much more constant than is 
the case with tubes of lower u biased to plate-cur- 
rent cut-off. 

Class B amplifiers used at radio frequencies 
are known as linear amplifiers because they are 
adjusted to operate in such a way that the power 
output is proportional to the square of the rf, 
exciting voltage. This permits amplification of a 
modulated r.f. signal without distortion. Push- 
pull is not required in this type of operation; a 
single tube can be used equally well. 


Class AB Amplifiers 


A Class AB audio amplifier is a push-pull 
amplifier with higher bias than would be normal 
for pure Class A operation, but less than the cut- 
off bias required for Class B. At low signal 
levels the tubes operate as Class A amplifiers, and 
the plate current is the same with or without 
signal. At higher signal levels, the plate current 
of one tube is cut off during part of the negative 
cycle of the signal applied to its grid, and the 
plate current of the other tube rises with the 
signal. The total plate current for the amplifier 
also rises above the no-signal level when a large 
signal is applied. 

In a properly designed Class AB amplifier the 
distortion is as low as with a Class A stage, but 
the efficiency and power output are considerably 
higher than with pure Class A operation. A Class 
AB amplifier can be operated either with or with- 
out driving the grids into the positive region. A 
Class AB, amplifier is one in which the grids are 
never positive with respect to the cathode; there- 
fore, no driving power is required—only voltage. 
A Class AB, amplifier is one that has grid- 
current flow during part of the cycle if the 
applied signal is large; it takes a small amount of 
driving power. The Class AB, amplifier will de- 
liver somewhat more power (using the same 
tubes) but the Class AB, amplifier avoids the 
problem of designing a driver that will deliver 
power, without distortion, into a load of highly 
variable resistance. 


Operating Angle 


Inspection of Fig. 3-13 shows that either of 
the two tubes actually is working for only half 
the a.c. cycle and idling during the other half. 
It is convenient to describe the amount of time 
during which plate current flows in terms of 
electrical degrees. In Fig: 3-13 each tube has 
“180-degree” excitation, a half-cycle being equal 
to 180 degrees. The number of degrees during 
which plate current flows is called the operating 
angle of the amplifier. From the descriptions 
given above, it should be clear that a Class A 
amplifier has 360-degree excitation, because plate 
current flows during the whole cycle. In a Class 
AB amplifier the operating angle is between 180 
and 360 degrees (in each tube) depending on 
the particular operating conditions chosen. The 
greater the amount of negative grid bias, the 
smaller the operating angle becomes. 
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An operating angle of less than 180 degrees 
leads to a considerable amount of distortion, be- 
cause there is no way for the tube to reproduce 
even a half-cycle of the signal on its grid. Using 
two tubes in push-pull, as in Fig 3-13, would 
merely put together two distorted half-cycles. 
An operating angle of less than 180 degrees 
therefore cannot be used if distortionless output 
is wanted. 


Class C Amplifiers 


In power amplifiers operating at radio fre- 
quencies distortion of the r.f. wave form is rela- 
tively unimportant. For’ reasons described later 
in this chapter, an r-f. amplifier must be operated 
with tuned circuits, and the selectivity of such 
circuits “filters out” the r.f. harmonics resulting 
from distortion. 

A radio-frequency power amplifier therefore 
can be used with an operating angle of less than 
180 degrees. This is call Class C operation. The 
advantage is the that plate efficiency is increased, 
because the loss in the plate is proportional, 
among other things, to the amount of time during 
which the plate current flows, and this time is 
reduced by decreasing the operating angle. 

Depending on the type of tube, the optimum 
load resistance for a Class C amplifier ranges 
from about 1500 to 5000 ohms. It is usually 
secured by using tuned-circuit arrangements, of 
the type described in the chapter on circuit funda- 
mentals, to transform the resistance of the actual 
load to the value required by the tube. The grid 
is driven well into the positive region, so that 
grid current flows and power is consumed in the 
grid circuit. The smaller the operating angle, the 
greater the driving voltage and the larger the 
grid driving power required to develop full out- 
put in the load resistance. The best compromise 
between driving power, plate efficiency, and power 
output usually results when the minimum plate 
voltage (at the peak of the driving cycle, when 
the plate current reaches its highest value) is 
just equal to the peak positive grid voltage. Under 
these conditions the operating angle is usually be- 
tween 120 and 150 degrees and the plate efficiency 
lies in the range of 60 to 80 per cent. While higher 
plate efficiencies are possible, attaining them re- 
quires excessive driving power and grid bias, to- 
gether with higher plate voltage than is “normal” 
for the particular tube type. 

With proper design and adjustment, a Class C 
amplifier can be made to operate in such a way 
that the power input and output are proportional 
to the square of the applied plate voltage. This is 
an important consideration when the amplifier is 
to be plate-modulated for radiotelephony, as 
described in the chapter on amplitude modulation. 


FEEDBACK 


It is possible to take a part of the amplified 
energy in the plate circuit of an amplifier and 
insert it into the grid circuit. When this is done 
the amplifier is said to have feedback.. 

If the voltage that is inserted in the grid cir- 
cuit is 180 degrees out of phase with the signal 
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voltage acting on the grid, the feedback is called 
negative, or degenerative. On the other hand, if 
the voltage is fed back in phase with the grid 
signal, the feedback is called positive, or re- 
generative. 


Negative Feedback 


With negative feedback the voltage that is fed 
back opposes the signal voltage. This decreases 
the amplitude of the voltage acting between the 
grid and cathode and thus has the effect of reduc- 
ing the voltage amplification. That is, a larger 
exciting voltage is required for obtaining the 
same output voltage from the plate circuit. 

The greater the amount of negative feedback 
(when properly applied) the more independent 
the amplification becomes of tube characteristics 
and circuit conditions. This tends to make the 
frequency-response characteristic of the amplifier 
flat—that is, the amplification tends to be the 
same at all frequencies within the range for 
which the amplifier is designed. Also, any distor- 
tion generated in the plate circuit of the tube 
‘tends to “buck itself out.” Amplifiers with nega- 
tive feedback are therefore comparatively free 
from harmonic distortion. These advantages are 
worth while if the amplifier otherwise has enough 
voltage gain for its intended use. 


Fig. 3-14—Simple circuits for producing feedback. 


In the circuit shown at A in Fig. 3-14 resistor 
R, is in series with the regular plate resistor, R, 
and thus is a part of the load for the tube. There- 
fore, part of the output voltage will appear across 
R,. However, R, also is connected in series with 
the grid circuit, and so the output voltage that 
appears across R, is in series with the signal 
voltage. The output voltage across R, opposes 
the signal voltage, so the actual a.c. voltage be- 
tween the grid and cathode is equal to the 
difference between the two voltages. 

The circuit shown at B in Fig. 3-14 can be used 
to give either negative or positive feedback. The 
secondary of a transformer is connected back 
into the grid circuit to insert a desired amount of 
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feedback voltage. Reversing the terminals of 
either transformer winding (but not both simul- 
taneously) will reverse the phase. 


Positive Feedback 


Positive feedback increases the amplification 
because the feedback voltage adds to the original 
signal voltage and the resulting larger voltage on 
the grid causes a larger output voltage. The 
amplification tends to be greatest at one fre- 
quency (which depends upon the particular cir- 
cuit arrangement) and harmonic distortion is 
increased. If enough energy is fed back, a. self- 
sustaining oscillation—in which energy at essen- 
tially one frequency is generated by the tube 
itseli—will be set up. In such case all the signal 
voltage on the grid can be supplied from the 
plate circuit ; no-external signal is needed because 
any small irregularity in the plate current—and 
there are always some such irregularities—will 
be amplified and thus give the oscillation an 
opportunity to build up. Positive feedback finds 
a major application in such “oscillators,” and in 
addition is used for selective amplification at both 
audio and radio frequencies, the feedback being 
kept below the value that causs self-oscillation. 


INTERELECTRODE CAPACITANCES 


Each pair of elements in a tube formas a small 
capacitor, with each element acting as a capac- 
itor “plate.” There are three such capacitances 
in a triode—that between the grid and cathode, 
that between the grid and plate, and that be- 
tween the plate and cathode. The capacitances 
are very small—only a few micromicrofarads at 
most—but they frequently have a very pro- 
nounced effect on the operation of an amplifier 
circuit. 


Input Capacitance 


It was explained perviously that the a.c. grid 
voltage and a.c. plate voltage of an amplifier 
having a resistive load are 180 degrees out of 
phase, using the cathode of the tube as a reference 
point. However, these two voltages are in phase 
going around the circuit from plate to grid as 
shown in Fig. 3-15. This means that their sum is 
acting between the grid and plate; that is, across 
the grid-plate capacitance of the tube. 

As a result, a capacitive current flows around 
the circuit, its amplitude being directly propor- 
tional to’ the sum of the a.c. grid and plate 


Fig. 3-15—The a.c. voltage appearing between the 
grid and plate of the amplifier is the sum of the signal 
voltage and the output voltage, as shown by this sim- 
plified circuit. Instantaneous polarities are indicated. 


Screen-Grid Tubes 


voltages and to the grid-plate capacitance. The 
source of grid signal must furnish this amount of 
current, in addition to the capacitive current that 
flows in the grid-cathode capacitance. Hence the 
signal source “sees” an effective capacitance that 
is larger than the grid-cathode capacitance. This 
is known as the Miller Effect. 

The greater the voltage amplification the 
greater the effective input capacitance. The input 
capacitance of a resistance-coupled amplifier is 
given by the formula 


C input = Cu + Cy (A + 1) 


where C,, is the grid-to-cathode capacitance, 
C,, is the grid-to-plate capacitance, and A is the 
voltage amplification. The input capacitance may 
be as much as several hundred micromicrofarads 
when the voltage amplification is large, even 
though the interelectrode capacitances are quite 
small. 


Output Capacitance 


The principal component of the output ca- 
pacitance of an amplifier is the actual plate-to- 
cathode capacitance of the tube. The output ca- 
pacitance usually need not be considered in audio 
amplifiers, but becomes of importance at radio 
frequencies. 


Tube Capacitance at R.F. 


At radio frequencies the reactances of even 
very small interelectrode capacitances drop to 
very low values. A resistance-coupled amplifier 
gives very little amplification at r.f., for example, 
because the reactances of the interlectrode “ca- 
pacitors” are so low that they practically short- 
circuit the input and output circuits and thus the 
tube is unable to amplify. This is overcome at 
radio frequencies by using tuned circuits for the 
grid and plate, making the tube capacitances part 
of the tuning capacitances. In this way the cir- 
cuits can have the high resistive impedances nec- 
essary for satisfactory amplification. 

The grid-plate capacitance is important at 
radio frequencies because its reactance, rela- 
tively low at r.f., offers a path over which energy 
can be fed back from the plate to the grid. In 
practically every case the feedback is in the right 
phase and of sufficient amplitude to cause self- 
oscillation, so the circuit becomes useless as an 
amplifier. 

Special “neutralizing” circuits can be used to 
prevent feedback but they are, in general, not 
too satisfactory when used in radio receivers. 
They are, however, used in transmitters. 


SCREEN-GRID TUBES 


The grid-plate capacitance can be reduced to a 
negligible value by inserting a second grid be- 
tween the control grid and the plate, as indicated 
in Fig. 3-16. The second grid, called the-screen 
grid, acts as an electrostatic shield to prevent 
capacitive coupling between the control grid and 
plate. It is made in the form of a grid or coarse 
screen so that electrons can pass through it, 

Because of the shielding action of the screen 
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Fig. 3-16—Representative arrangement of elements in 
a screen-grid tetrode, with part of plate and screen cut 
away. This is “single-ended” construction with a button 
base, typical of miniature receiving tubes. To reduce 
capacitance between control grid and plate the leads 
from these elements are brought out at opposite sides; 
actual tubes probably would have additional shielding 
between these leads. 


grid, the positively charged plate cannot attract 
electrons from the cathode as it does in a triode. 
In order to get electrons to the plate, it is 
necessary to apply a positive voltage (with 
respect to the cathode) to the screen. The screen 
then attracts electrons much as does the plate in 
a triode tube. In traveling toward the screen the 
electrons acquire such velocity that most of them 
shoot between the screen wires and then are 
attracted to the plate. A certain proportion do 
strike the screen, however, with the result that 
some current also flows in the screen-grid circuit. 

To be a good shield, the screen grid must 
be connected to the cathode through a circuit 
that has low impedance at the frequency being 
amplified. A bypass capacitor from screen grid 
to cathode, having a reactance of not more than a a 
few hundred ohms, is generally used. 

A tube having a cathode, control grid, screen 
grid and plate (four elements) is called a tetrode. 


Pentodes 


When an electron traveling at appreciable 
velocity through a tube strikes the plate it dis- 
lodges other electrons which “splash” from the 
plate into the interelement space. This is called 
secondary emission. In a triode the negative grid 
repels the secondary electrons back into the plate 
and they cause no disturbance. In the screen-grid 
tube, however, the positively charged screen 
attracts the secondary electrons, causing a re- 
verse current to flow between screen and plate. 

To overcome the effects of secondary emission, 
a third grid, called the suppressor grid, may be 
inserted between the screen and plate. This grid 
acts as a shield between the screen grid and plate 
so the secondary electrons cannot be attracted 
by the screen grid. They are herice attracted back 
to the plate without appreciably obstructing the 
regular plate-current flow. A five-element tube 
of this type is called a pentode, 
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Although the screen grid in either the tetrode 
or pentode greatly reduces the influence of the 
plate upon plate-current flow, the control grid 
still can control the plate current in essentially 
the same way that it does in a triode. Conse- 
quently, the grid-plate transconductance -(or 
mutual conductance) of a tetrode or pentode will 
be of the same order of value as in a triode of 
corresponding structure. On the other hand, 
since a change in plate voltage has very little 
effect on the plate-current flow, both the ampli- 
fication factor and plate resistance of a pentode 
or tetrode are very high. In small receiving 
pentodes the amplification factor is of the otder 
of 1000 or higher, while the plate resistance may 
be from 0.5 to 1 or more megohms. Because of 
the high plate resistance, the actual voltage 
amplification possible with a pentode is very 
much less than the large amplification factor 
might indicate. A voltage gain in the vicinity of 
50 to 200 is typical of a pentode stage. 

In practical screen-grid tubes the grid-plate 
capacitance is only a small fraction of a micro- 
microfarad. This capacitance is too small to 
cause an appreciable increase in input capaci~- 
tance as described in the preceding section, so the 
input capacitance of a screen-grid tube is simply 
the sum of its grid-cathode capacitance and con- 
trol-grid-to-screen capacitance. The output ca- 
pacitance of a screen-grid tube is equal to the 
»capacitance between the plate and screen. 

In addition to their applications as radio- 
frequency amplifiers, pentodes or tetrodes also 
are used for audio-frequency power amplifica- 
tion. In tubes designed for this purpose the chief 
function of the screen is to serve as an accelera- 
tor of the electrons, so that large values of plate 
current can be drawn at relatively low plate volt- 
ages. Such tubes have quite high power 
sensitivity compared with triodes of the same 
power output, although harmonic distortion is 
somewhat greater. 


Beam Tubes 


A beam tetrode is a four-element screen-grid 
tube constructed in such a way that the electrons 
are formed into concentrated beams on their 
way to the plate. Additional design features 
overcome the effects of secondary emission so 
that a suppressor grid is not needed. The “beam” 
construction makes it possible to draw large 
plate currents at relatively low plate voltages, 
and increases the power sensitivity. 

For power amplification at both audio and 
radio frequencies beam. tetrodes have largely 
supplanted the non-beam types because large 
power outputs can be secured with very small 
amounts of grid driving power. 


Variable-» Tubes 


The mutual conductance of a vacuum tube de- 
creases when its grid bias is made more negative, 
assuming that the other electrode voltages are 
held constant. Since the mutual conductance con- 
trols the amount of amplification, it is possible 
to adjust the gain of the amplifier by adjusting 
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the grid bias. This method of gain control is uni- 
versally used in radio-frequency amplifiers de- 
signed for receivers. 

The ordinary type of tube has what is known 
as a sharp-cutoff characteristic. The mutual 
conductance decreases at a uniform rate as the 
negative bias is increased. The amount of signal 
voltage that such a tube can handle without 
causing distortion is not sufficient to take care of 
very strong signals. To overcome this, some tubes 
are made with a variable- characteristic—that 
is, the amplification factor decreases with in- 
creasing grid bias. The variable-» tube can han- 
die a much larger signal than the sharp-cutoff 
type before the signal swings either beyond the 
zero grid-bias point or the plate-current cutoff 
point. 


INPUT AND OUTPUT IMPEDANCES 


The input impedance of a vacuum-tube ampli- 
fier is the impedance “seen” by the signal source 
when connected to the input terminals of the 
amplifier. In the types of amplifiers previously 
discussed, the input impedance is the impedance 
measured between the grid and cathode of the 
tube with operating voltages applied. At audio 
frequencies the input impedance of a Class Ay 
amplifier is for all practical purposes the input 
capacitance of the stage. If the tube is driven into 
the grid-current region there is in addition a re- 
sistance component in the input impedance, the 
resistance having an average value equal to E2/P, 
where £& is the r.m.s. driving voltage and P is the 
power in watts consumed in the grid. The re- 
sistance usually will vary during the a.c. cycle 
because grid current may flow only during part 
of the cycle; also, the grid-voltage/grid-current 
characteristic is seldom linear. 

The output impedance of amplifiers of this 
type consists of the plate resistance of the tube 
shunted by the output capacitance. 

At radio frequencies, when tuned circuits are 
employed, the input and output impedances are 
usually pure resistances; any reactive compo- 
nents are “tuned out” in the process of adjust- 
ing the circuits to resonance at the operating 
frequency. 


OTHER TYPES OF AMPLIFIERS 


In the amplifier circuits so far discussed, the 
signal has been applied between the grid and 
cathode and the amplified output has been taken 
from the plate-to-cathode circuit. That is, the 
cathode has been the meeting point for the input 
and output circuits. However, it is possible to 
use any one of the three principal elements as the 
common point. This leads to two additional kinds 
of amplifiers, commonly called the grounded- 
grid amplifier (or grid-separation circuit) and 
the cathode follower. 

These two circuits are shown in simplified 
form in Fig. 3-17. In both circuits the resistor 
represents the load into which the amplifier 
works; the actual load may be resistance-capaci- 
tance-coupled, transformer-coupled, may be a 
tuned circuit if the amplifier operates at radio 


Cathode Circuits and Grid Bias 


Fig. 3-17—In the 
upper circuit, the 
grid is the junction 
point between the 
input and output 
circuits. In the lower 
drawing, the plate 
is the junction. In 
either case the out- 
put is developed in 
the load resistor, 
R, and may be 
coupled to a fol- 
lowing amplifier by 
the usual methods. 
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frequencies, and so on. Also, in both circuits the 
batteries that supply grid bias and plate power 
are assumed to have such negligible impedance 
that they do not enter into the operation of the 
circuits. 


Grounded-Grid Amplifier 


In the grounded-grid amplifier the input signal 
is applied between the cathode and grid, and the 
output is taken between the plate and grid. The 
grid is thus the common element. The a.c. com- 
ponent of the plate current has to flow through 
the signal source to reach the cathode. The 
source of signal is in series with the load through 
the plate-to-cathode resistance of the tube, so 
some of the power in the load is supplied by the 
signal source. In transmitting applications this 
fed-through power is of the order of 10 per cent 
of the total power output, using tubes suitable 
for grounded-grid service. 

The input impedance of the grounded-grid 
amplifier consists of a capacitance in parallel 
with an equivalent resistance representing the 
power furnished by the driving source of the grid 
and to the load. This resistance is of the order of 
a few hundred ohms. The output impedance, neg- 
lecting the interelectrode capacitances, is equal 
to the plate resistance of the tube. This is the 
same as in the case of the grounded-cathode 
amplifier. 

The grounded-grid amplifier is widely used 
at v.h.f. and u.h.f., where the more conventional 
amplifier circuit fails to work prop- 
erly. With a triode tube designed for 
this type of operation, an r.f. amplifier 
can be built that is free from the type 
of feedback that causes oscillation. 
/This requires that the grid act as a 
shield between the cathode and plate, 
reducing the plate-cathode capacitance 
to a very low value. 


Cathode Follower 


The cathode follower uses the plate 
of the tube as the common element. 
The input signal is applied between 
the grid and plate (assuming negli- 
gible impedance in the batteries) and 


71 


the output is taken between cathode and plate. 
This circuit is degenerative; in fact, all of the 
output voltage is fed back into the input circuit 
out of phase with the grid signal. The input signal 
therefore has to be larger than the output volt- 
age; that is, the cathode follower gives a loss in 
voltage, although it gives the same power gain as 
other circuits under equivalent operating condi- 
tions. 

An important feature of the cathode follower 
is its low output impedance, which is given by 
the formula (neglecting interelectrode capaci- 


rp 

Zout t+ ia 

tances) where 1, is the tube plate resistance and 
# is the amplification factor. Low output imped- 
ance is a valuable characteristic in an amplifier 
designed to cover a wide band of frequencies. 
In addition, the input capacitance is only a frac- 
tion of the grid-to-cathode capacitance of the 
tube, a feature of further benefit in a wide-band 
amplifier. The cathode follower is useful as a 
step-down impedance transformer, since the in- 
put impedance is high and the output impedance 
is low. 


CATHODE CIRCUITS AND GRID BIAS 


Most of the equipment used by amateurs is 
powered by the a.c. line. This includes the fila- 
ments or heaters of vacuum tubes. Although 
supplies for the plate (and sometimes the grid) 
are usually rectified and filtered to give pure d.c. 
— that is, direct current that is constant and 
without a superimposed a.c. component — the 
relatively large currents required by filaments 
and heaters usually make a rectifier-type d.c. 
supply impracticable. 


Filament Hum 


Alternating current is just as good as direct 
current from the heating standpoint, but some of 
the ac. voltage is likely to get on the grid and — 
cause a low-pitched “a.c. hum” to be superim- 
posed on the output. 

Hum troubles are worst with directly-heated 
cathodes or filaments, because with such cath- 
odes there has to be a direct connection between 
the source of heating power and the rest of the 
circuit. The hum can be minimized by either of 
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Fig. 3-18—Filament center-tapping methods for use with di- 


rectly heated tubes. 
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the connections shown in Fig. 3-18. In both cases 
the grid- and plate-return circuits are connected 
to the electrical midpoint (center tap) of the fila- 
ment supply. Thus, so far as the grid and plate 
are concerned, the voltage and current on one 
side of the filament are balanced by an equal and 
opposite voltage and current on the other side. 
The balance is never quite perfect, however, so 
filament-type tubes are never completely hum- 
free. For this reason directly-heated filaments 
are employed for the most part in power tubes, 
where the hum introduced is extremely small in 
comparison with the power-output level. 

With indirectly heated cathodes the chief prob- 
lem is the magnetic field set up by the heater. 
Occasionally, also, there is leakage between the 
heater and cathode, allowing a small a.c. voltage 
to get to the grid. If hum appears, grounding 
one side of the heater supply usually will help to 
reduce it, although sometimes better results are 
obtained if the heater supply is center-tapped and 
the center-tap grounded, as in Fig. 3-18. 


Cathode Bias 


In the simplified amplifier circuits discussed in 
this chapter, grid bias has been supplied by a bat- 
tery. However, in equipment that operates from 
the power line cathode bias is almost universally 
used for tubes that are operated in Class A (con- 
stant d.c. input). 

The cathode-bias method uses a_ resistor 
(cathode resistor) connected in series with the 
cathode, as shown at R in Fig. 3-19. The direc- 
tion of plate-current flow is such that the end of 
the resistor nearest the cathode is positive. The 
voltage drop across R therefore places a negative 
voltage on the grid. This negative bias is ob- 
tained from the steady d.c. plate current. 


Plote 4 
=Voltage + 


Fig. 3-19—Cathode biasing. R is the cathode resistor 
and C is the cathode bypass capacitor. 


If the alternating component of plate current 
flows through R when the tube is amplifying, the 
voltage drop caused by the a.c. will be degenera- 
tive (note the similarity between this circuit and 
that of Fig. 3-14A). To prevent this the resistor 
is bypassed by a capacitor, C, that has very low 
reactance compared’ with the resistance of R. 
Depending on the type of tube and the particular 
kind of operation, R may be between about 100 
and 3000 ohms. For good bypassing at the low 
audio frequencies, C should be 10 to 50 micro- 
farads (electrolytic capacitors are used for this 
purpose). At radio frequencies, capacitances of 
about 100 wef. to 0.1 wf. are used; the small val- 
ues are sufficient at very high frequencies and 
the largest at low and medium frequencies. In 
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the range 3 to 30 megacycles a capacitance of 
0.01 uf. is satisfactory. 

The value of cathode resistor for an amplifier 
having negligible d.c. resistance in “its plate cir- 
cuit (transformer or impedance coupled) can 
easily be calculated from the known operating 
conditions of the tube. The proper grid bias 
and plate current always are specified by the 
manufacturer. Knowing these, the required re- 
sistance can be found by applying Ohm’s Law. 

Example: It is found from tube tables that 
the tube to be used should have a negative grid 
bias of 8 volts and that at this bias the plate 


current will be 12 milliamperes (0.012 amp.). 
The required cathode resistance is ‘then 


. 5 = 667 ohms. 


R= 7 “6012 - 


The nearest standard value, 680 ohms, would 
be close enough. The power used in the re- 
sistor is 


P = EI =8 X 0.012 = 0.096 watt. 


A %%-watt or %-watt resistor would have 
ample rating. 


The current that flows through R is the total 
cathode current. In an ordinary triode amplifier 
this is the same as the plate current, but in a 
screen-grid tube the cathode current is the sum 
of the plate and screen currents. Hence these 
two currents must be added when calculating the 
value of cathode resistor required for a screen- 
grid tube. 


Example: A receiving pentode requires 3 
volts negative bias. At this bias and the rec- 
ommended plate and screen voltages, its plate 
current is 9 ma. and its screen current is 2 ma. 
The cathode current is therefore.11 ma. (0.011 
amp.). The required resistance is 

Ez 3 
R=7 = D011 ~ 272 ohms. 
A 270-ohm resistor would be satisfactory. The 
power in the resistor is 


P=EI=3 X 0,011 == 0.033 watt. 


The cathode-resistor method of biasing is self- 
regulating, because if the tube characteristics 
vary slightly from the published values (as they 
do in practice) the bias will increase if the plate 
current is slightly high, or decrease if. it is 
slightly low. This tends to hold the plate current 
at the proper value. 

Calculation of the cathode resistor for a re- 
sistance-coupled amplifier is ordinarily not prac- 
ticable by the method described above, because 
the plate current in such an amplifier is usually 
much smaller than the rated value given in the 
tube tables. However, representative data for the 
tubes commonly used as resistance-coupled am- 
plifiers are given in the chapter on audio am- 
plifiers, including cathode-resistor values. 


“Contact Potential” Bias 


In the absence of any negative bias voltage on 
the grid of a tube, some of the electrons in the 
space charge will have enough velocity to reach 
the grid. This causes a small current (of, the 
order of microamperes) to flow in the external 
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circuit between the grid and cathode. If the cur- 
rent is made to flow through a high resistance 
—a megohm or so — the resulting voltage drop in 
’ the resistor will give the grid a negative bias of 
the order of one volt.. The bias so obtained is 
called contact-potential bias. 

Contact-potential bias can be. used to advan- 
tage in circuits operating at low signal levels 
(Jess than one volt peak) since it eliminates the 
cathode-bias resistor and bypass capacitor. It 
is principally used in low-level resistance-cou- 
pled audio amplifiers. The bias resistor is con- 
nected directly between grid and cathode, and 
must be isolated from the signal source by a 
blocking capacitor. 


Screen Supply 


In practical circuits using tetrodes and pen- 
todes the voltage for the screen frequently is 
taken from the plate supply through a resistor. 
A typical circuit for an r.f. amplifier is shown in 
Fig. 3-20. Resistor R is the screen dropping re- 
sistor, and C is the screen bypass capacitor. In 
flowing through R, the screen current causes a 
voltage drop in R that reduces the plate-supply 
voltage to the proper value for the screen. When 
the plate-supply voltage and the screen current 
are known, the value of R can be calculated from 
Ohm’s Law. 


Example: An r.f. receiving pentode has a 
rated screen current of 2 milliamperes (0.002 
amp.) at normal operating conditions. The 
rated screen voltage is 100 volts, and the plate 
supply gives 250 volts. To put 100 volts on 
the screen, the drop across R must be equal 
to the difference between the plate-supply 
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Q Plate Voltage 

Fig. 3-20—Screen-voltage supply for a pentode tube 

through a dropping resistor, R. The screen bypass 

capacitor, C, must have low enough reactance to bring 

the screen to ground potential for the frequency or 
frequencies being amplified. 


voltage and the screen voltage; that is, 
250 — 100 = 150 volts. Then 
E 150 
R= T = 9002 75,000 ohms. 


The power to be dissipated in the resistor is 


P= EI = 150 X 0.002 = 0.3 watt. 
A \%- or 1-watt resistor would be satisfactory. 


The reactance of the screen bypass capacitor, 
C, should be low compared with the screen-to- 
cathode impedance. For radio-frequency applica- 
tions a capacitance in the vicinity of 0.01 yf. is 
amply large. 

In some vacuum-tube circuits the screen volt- 


age is obtained from a voltage divider connected 


across the plate supply. The design of voltage 
dividers is discussed at length in Chapter 7 on 
Power Supplies. 


OSCILLATORS 


It was mentioned earlier that if there is 
enough positive feedback in an amplifier circuit, 
self-sustaining oscillations will be set up. When 
an amplifier is arranged so that this condition 
exists it is called an oscillator. 

Oscillations normally take place at only one 
frequency, and a desired frequency of oscillation 
can be obtained by using a resonant circuit tuned 
to that frequency. For example, in Fig. 3-21A 
the circuit LC is tuned to the desired frequency 
of oscillation. The cathode of the tube is con- 
nected to a tap on coil L and the grid and plate 
are connected to opposite ends of the tuned cir- 
cuit. When an rf. current flows in the tuned 
circuit there is a voltage drop across L that in- 
creases progressively along the turns. Thus the 
point at which the tap is connected will be at an 
intermediate potential with respect to the two 
ends of the coil. The amplified current in the 
plate circuit, which flows through the bottom 
section of L, is in phase with the current already 
flowing in the circuit and thus in the proper 
relationship for positive feedback. 

The amount of feedback depends on the posi- 
tion of the tap. If the tap is too near the grid end 
the voltage drop between grid and cathode is too 
small to give enough feedback to sustain oscilla- 
tion, and if it is too near the plate end the im- 


pedance between the cathode and plate is too 
small to permit good amplification. Maximum 


COLPITTS CIRCUIT 


Fig. 3-21—Basic oscillator circuits. Feedback voltage is 

obtained by tapping the grid and cathode across a 

portion of the tuned circuit. In the Hartley circuit the 

tap is on the coil, but in the Colpitts circuit the voltage 
is obtained from the drop across a capacitor. 


74 


feedback usually is obtained when the tap is 
somewhere near the center of the coil. 

The circuit of Fig. 3-21A is parallel-fed, Cb 
being the blocking capacitor. The value of C> 
is not critical so long as its reactance is low 
(not more than a few hundred ohms) at the 
operating frequency. 

Capacitor C, is the grid capacitor. It and R. 
(the grid leak) are used for the purpose of ob- 
taining grid bias for the tube. In most oscillator 
circuits the tube generates its own bias. During 


the part of the cycle when the grid is positive 


with respect to the cathode, it attracts electrons. 
These electrons cannot flow through L back to 
the cathode because C, “blocks” direct current. 
They therefore have to flow or “leak” through 
R, to cathode, and in doing so cause a voltage 
drop in R, that places a negative bias on the grid. 
The amount of bias so developed is equal to the 
grid current multiplied by the reistance of Ry 
(Ohm’s Law). The value of grid-leak resistance 
required depends upon the kind of tube used and 
the purpose for which the oscillator is intended. 
Values range all the way from a few thousand to 
several hundred thousand ohms. The capacitance 
of Cz should be large enough to have low reac- 
tance (a few hundred ohms) at the operating 
frequency. 

The circuit shown at B in Fig. 3-21 uses the 
voltage drops across two capacitors in series in 
the tuned circuit to supply the feedback. Other 
than this, the operation is the same as just de- 
scribed. The feedback can be varied by varying 
the ratio of the reactance of C, and Cy (that 
is, by varying the ratio of their capacitances). 

Another type of oscillator, called the tuned- 
plate tuned-grid circuit, is shown in Fig. 3-22; 


Voltage 


Fig. 3-22—The tuned-plate tuned-grid oscillator. 


Resonant circuits tuned approximately to the 
same frequency are connected between grid and 
cathode and between plate and cathode. The two 
coils, L, and Ly, are not magnetically coupled. 
The feedback is through the grid-plate capaci- 
tance of the tube, and will be in the right phase 
to be positive when the plate circuit, CyLo, is 
tuned to a slightly higher frequency than the 
grid circuit, LyC,. The amount of feedback can 
be adjusted by varying the tuning of either cir- 
cuit. The frequency of oscillation is determined 
by the tuned circuit that has the higher Q. The 
grid leak and grid capacitor have the same func- 
tions as in the other circuits. In this case it is 
convenient to use series feed for the plate circuit, 
so Cy is a bypass capacitor to guide the r.f. 
current around the plate supply. 

There are many oscillator circuits (examples 
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of others will be found in later chapters) but the 
basic feature of all of them is that there is posi- 
tive feedback in the proper amplitude and phase 
to sustain oscillation. 


Oscillator Operating Characteristics 


When an oscillator is delivering power to a 
load, the adjustment for proper feedback will 
depend on how heavily the oscillator is loaded 
— that is, how much power is being taken from 
the circuit. If the feedback is not large enough— 
grid excitation too small — a small increase in 
load may tend to throw the circuit out of oscilla- 
tion. On the other hand, too much feedback will 
make the grid current excessively high, with the 
result that the power loss in the grid circuit be- 
comes larger than necessary. Since the oscillator 
itself supplies this grid power, excessive feed- 
back lowers the over-all efficiency because what- 
ever power is used in the grid circuit is not 
available as useful output. 

One of the most important considerations in 
oscillator design is frequency stability. The prin- 
cipal factors that cause a change in frequency are 
(1) temperature, (2) plate voltage, (3) loading, 
(4) mechanical variations of circuit elements. 
Temperature changes will cause vacuum-tube 
elements to expand or contract slightly, thus 
causing variations in the interelectrode capaci- 
tances. Since these are unavoidably part of the 
tuned circuit, the frequency will change corres- 
pondingly. Temperature changes in the coil or 
the tuning capacitor will alter the inductance or 
capacitance slightly, again causing a shift in the 
resonant frequency. These effects are relatively 
show in operation, and the frequency change 
caused by them is called drift. 

A change in plate voltage usually will cause 
the frequency to change a small amount, an effect 


-called dynamic instability. Dynamic instability 


can be reduced by using a tuned circuit of high 
effective Q. The energy taken from the circuit 
to supply grid losses, as well as energy supplied 
to a load, represent an increase in the effective 
resistance of the tuned circuit and thus lower 
its Q. For highest stability, therefore, the cou- 
pling between the tuned circuit and the tube and 
load must be kept as loose as possible. Pref- 
erably, the oscillator should not be required to 
deliver power to an external circuit, and a high 
value of grid leak resistance should be used since 
this helps to raise the tube grid and plate resist- 
ances as seen by the tuned circuit. Loose coupling 
can be effected in a variety of ways — one, for 
example, is by “tapping down” on the tank for 
the connections to the grid and plate. This is 
done in the “series-tuned” Colpitts circuit widely 
used in variable-frequency oscillators for ama- 
teur transmitters and described in a later chap- 
ter. Alternatively, the L/C ratio may be made 
as small as possible while sustaining stable os- 
cillation (high C) with the grid and plate con- 
nected to the ends of the circuit as shown in 
Figs. 3-21 and 3-22. Using relatively high plate 
voltage and low plate current also is desirable. 

In general, dynamic stability will be at maxi- 


Clipping Circuits 


mum when the feedback is adjusted to the least 
value that permits reliable oscillation. The use 
of a tube having a high value of transconduct- 
ance is desirable, since the higher the transcon- 
ductance the looser the permissible coupling to 
the tuned circuit and the smaller the feedback re- 
quired. 

Load variations act in much the same way as 
plate-voltage variations. A temperature change 
in the load may also result in drift. 

Mechanical variations, usually caused by vi- 
bration, cause changes in inductance and/or ca- 
pacitance that in turn cause the frequency to 
“wobble” in step with the vibration. 

Methods of minimizing frequency variations in 
oscillators are taken up in detail in later chap- 
ters. 


Ground Point 


In the oscillator circuits shown in Figs. 3-21 
and 3-22 the cathode is connected to ground. It 
is not actually essential that the radio-frequency 
circuit should be grounded at the cathode; in 
fact, there are many times when an rf. ground 
on some other point in the circuit is desirable. 
The r.f. ground can be placed at any point so 
long as proper provisions are made for feeding 
the supply voltages to the tube elements. 

Fig. 3-23 shows the Hartley circuit with the 
plate end of the circuit grounded. The cathode 


CLIPPING 


Vacuum tubes are readily adaptable to other 
types of operation than ordinary (without sub- 
stantial distortion) amplification and the genera- 
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tion of single-frequency oscillations. Of partic- 
ular interest is the clipper or limiter circuit, 
because of its several applications in receiving 
and other equipment. 


Diode Clipper Circuits 


Basic diode clipper circuits are shown in Fig. 
3-24, In the series type a positive d.c. bias volt- 
age is applied to the plate of the diode so it is 
normally conducting. When a signal is applied 
the current through the diode will change pro- 
portionately during the time the signal voltage is 
positive at the diode plate and for that part of 


Fig. 3-24—Series and shunt 
diode clippers. Typical oper- 
ation is shown at the right. - 
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Fig. 3-23—Showing how the plate may be grounded for 
rf, in a typical oscillator circuit (Hartley). 


and control grid are “above ground,” so far as 
the r.f. is concerned. An advantage of such a 
circuit is that the frame of the tuning capacitor 
can be grounded. The Colpitts circuit can also 
be used with the plate grounded and the cathode 
above ground; it is only necessary to feed the 
d.c. to the cathode through an r.f. choke. 

A tetrode or pentode tube can be used in any 
of the popular oscillator circuits, A common 
variation is to use the screen grid of the tube as 
the anode for the Hartley or Colpitts oscillator 
circuit. It is usually used in the grounded anode 
circuit, and the plate circuit of the tube is tuned 
to the second harmonic of the oscillator fre- 
quency. 


CIRCUITS 


the negative half of the signal during which the 
instantaneous voltage does not exceed the bias. 
When the negative signal voltage exceeds the 
positive bias the resultant voltage at the diode 
plate is negative and there is no conduction. 
Thus‘part of the negative half cycle is clipped 
as shown in the drawing at the right. The 
level at which clipping occurs depends on the 
bias voltage, and the proportion of signal clip- 
ping depends on the signal strength in relation 
to the bias voltage. If the peak signal voltage 
is below the bias level there is no clipping and 
the output wave shape is the same as the input 
wave shape, as shown in the lower sketch. The 
output voltage results from the current flow 
through the load resistor R. 

In the shunt-type diode clipper negative bias 
is applied to the plate so the diode is normally 
nonconducting. In this case the signal voltage 
is fed through the series resistor R to the output 
circuit (which must have high impedance com- 
pared with the resistance of R). When the nega- 
tive half of the signal voltage exceeds the bias 
voltage the diode conducts, and because of the 
voltage drop in R when current flows the output 
voltage is reduced. By proper choice of R in rela- 
tionship to the load on the output circuit the 
clipping can be made equivalent to that given by 
the series circuit. There is no clipping when the 
peak signal voltage is below the bias level. 

Two diode circuits can be combined so that 
both negative and positive peaks are clipped. 
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Fig. 3-25—Triode clippers. A—Single triode, using shunt-type 
diode clipping in the grid circuit for the positive peak and 
plate-current cut-off clipping for the negative peak. B— 
Cathode-coupled clipper, using plate-current cut-off clipping 


for both positive and negative peaks. 


Triode Clippers 


The circuit shown at A in Fig. 3-25 is capable 
of clipping both negative and positive signal 
peaks. On positive peaks its operation is similar 
to the shunt diode clipper, the clipping taking 
place when the positive peak of the signal. volt- 
age is large enough to drive the grid positive. 
The positive-clipped signal is amplified by the 
tube as a resistance-coupled amplifier. Negative 
peak clipping occurs when the negative peak of 
the signal voltage exceeds the fixed grid bias and 
thus cuts off the plate current in the output cir- 
cuit. 

In the cathode-coupled clipper shown at B in 
Fig. 3-25 V, is a cathode follower with its out- 
put circuit directly connected to the cathode of 
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Vy, which is a grounded-grid amplifier. The 
tubes are biased by the voltage drop across R,, 
which carries the d.c. plate currents of both 
tubes. When the negative peak of the signal volt- 
age exceeds the dic. voltage across R, clipping 
occurs in 7, and when the positive peak exceeds 
the same valte of voltage V,’s plate current is 
cut off. (The bias developed in R, tends to be con- 
stant because the plate current of one tube in- 
creases when the plate current of the other de- 
creases.) Thus the circuit clips both positive and 
negative peaks. The clipping is symmetrical, pro- 
viding the d.c. voltage drop in R, is small enough 
so that the operating conditions of the two tubes 
are substantially the same. For signal voltages 
below the clipping level the circuit operates as a 
normal amplifier with low distortion. 


_U.H.F. AND MICROWAVE TUBES 


The Klystron 


In the klystron tube the electrons emitted by 
the cathode pass through an electric field estab- 
lished by two grids in a cavity resonator called 
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Fig. 3-26—Circuit diagram of the klystron oscillator, 
showing the feedback loop coupling the frequency-con- 
trolling cavities. 


the buncher. the h.f. electric field between the 
grids is parallel to the electron stream. This field 
accelerates the electrons at one moment and re- 
tards them at another with the variations of the 
rf. voltage applied. The resulting velocity-modu- 
lated beam travels through a field-free “drift 
space,” where the slower-moving electrons are 
gradually overtaken by the faster ones. The elec- 
trons emerging from the pair of grids therefore 
are separated into groups or “bunched” along the 
direction of motion. The velocity-modulated elec- 
tron stream then goes to a catcher cavity where 
it again passes through two parallel grids, and 
the rf. current created by the bunching of the 
electron beam induces an r.f. voltage between the 
grids.. The catcher cavity is made resonant at the 
frequency of the velocity-modulated electron 
beam, so that an oscillating field is set up within it 
by the passage of the electron bunches’ through 
the grid aperture. 

lf a feedback loop is provided between the two 
cavities, as shown in Fig. 3-26, oscillations will 
occur. The resonant frequncy depends on the 
electrode voltages and on the shape of the cavi- 
ties, and may be adjusted by varying the supply 
voltage and altering the dimensions of the 
cavities. Although the bunched beam current is 
rich in harmonics the- output wave form is re- 
markable pure because the high Q of the catcher 
cavity suppresses the unwanted harmonics, 


Semiconductor 


Devices 


Materials whose conductivity falls approxi- 
mately midway between that of good conductors 
(e.g., copper) and good insulators (e.g., quartz) 
are called semi-conductors. Some of these ma- 
terials (primarily germanium and silicon) can, 
by careful processing, be used in solid-state 
electronic devices that perform many or all of 
the functions of thermionic tubes. In many appli- 
cations their small size, long life and low power 
requirements make them superior to tubes. 

The conductivity of a material is proportional 
to the number of free electrons in the material. 
Pure germanium and pure silicon crystals have 
relatively few free electrons. If, however, care- 
fully controlled amounts of “impurities” (mate- 
rials having a different atomic structure, such as 
arsenic or antimony) are added, the number of 
free electrons, and consequently the conductivity, 
is increased. When certain other impurities are 
introduced (such as aluminum, gallium or in- 
dium) are introduced, an electron deficiency, or 
hole, is produced. As in the case of free electrons, 
the presence of holes encourages the flow of elec- 
trons in the semiconductor material, and the con- 
ductivity is increased. Semiconductor material 
that conducts by virtue of the free electrons is 
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Chapter 4 


called n-type material ; material that conducts by 
virtue of an electron deficiency is called p-type. 


Electron and Hole Conduction 


If a piece of p-type material is joined to a piece 
of n-type material as at A in Fig. 4-1 and a voltage 
is applied to the pair as at B, current will flow 
across the boundary or junction between the two 
(and also in the external circuit) when the battery 
has the polarity indicated. Electrons, indicated by 
the minus symbol, are attracted across the junc- 
tion from the n material through the p material 
to the positive terminal of the battery, and holes, 
indicated by the plus symbol, are attracted in the 
opposite direction across the junction by the neg- 
ative potential of the battery. Thus current flows 
through the circuit by means of electrons moving 
one way and holes the other. 

If the battery polarity is reversed, as at C, 
the excess electrons in the n material are at- 
tracted away from the junction and the holes in 
the p material are attracted by the negative po- 
tential of the. battery away from the junction. 
This leaves the junction region without any cur- 
rent carriers, consequently there is no conduction. 

In other words, a junction of p- and n-type 
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Representative semiconductor types. Various styles of transistors are shown in the back row. High-power 

types are at the left, medium-power types are at the center, and small-signal types are at the far right. 

At the extreme right in the back row is an epoxy-encapsulated field-effect transistor. The eight components 

at the left (in the front row) are silicon and germanium diodes in various package styles. The device at 

the extreme lower-right (with many leads) is an integrated-circuit assembly. Immediately to the left of it 
is a varactor diode. 
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materials constitutes a rectifier. It differs from 
the tube diode rectifier in that there is a measur- 
able, although comparatively very small, reverse 
current. The reverse current results from the 
presence of some carriers of the type opposite to 
those which principally characterize the material. 

With the two plates separated by practically 
zero spacing, the junction forms a capacitor of 
relatively high capacitance. This places a limit on 
the upper frequency at which semiconductor de- 
‘vices of this construction will operate, as com- 
pared with vacuum tubes. Also, the number of 
excess electrons and holes in the material de- 
pends upon temperature, and since the conduc- 
tivity in turn depends on the number of excess 
holes and electrons, the device is more tempera- 
ture sensitive than is a vacuum tube. 

Capacitance may be reduced by making the 
contact area very small. This is done by means 
of a point contact, a tiny p-type region being 
formed under the contact point during manu- 
facture when n-type material is used for the main 
body of the device. 
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Fig. 4-2—At A, a germanium point-contact diode. At 

B, construction of a silicon junction-type diode. The 

symbol at C is used for both diode types and indicates 

the direction of minimum resistance measured by con- 

ventional methods. At C, the arrow corresponds to the 

plate (anode) of a vacuum-tube diode. The bar repre- 
sents the tube’s cathode element. 


SEMICONDUCTOR DEVICES 


Fig. 4-1—A p-n junction (A) and its 
behavior when conducting (B) and non- 
conducting (C). 


SEMICONDUCTOR DIODES 


Point-contact and junction-type diodes are used 
for many of the same purposes for which tube 
diodes are used. The construction of such diodes 
is shown in Fig. 4-2. Germanium and silicon are 
the most widely used materials; silicon finds 
much application as a microwave mixer diode. 
As compared with the tube diode for r.f. applica- 
tions, the semiconductor point-contact diode has 
the advantages of very low interelectrode capaci- 
tance (on the order of 1 pf. or less) and not re- 
quiring any heater or filament power. 

The germanium diode is characterized by rela- 
tively large current flow with small applied volt- 
ages in the “forward” direction, and small, al- 
thoygh finite, current flow in the reverse or 
“back” direction for much larger applied voltages. 
A typical characteristic curve is shown in Fig. 4-3. 
The dynamic resistance in either the forward or 
back direction. is determined by the change in 
current that occurs, at any given point on the 
curve, when the applied voltage is changed by a 
small amount. The forward resistance shows some 
variation in the region of very small applied volt- 
ages, but the curve is for the most part quite 
straight, indicating fairly constant dynamic resist- 
ance. For small applied voltages, the forward re- 
sistance is of the order of 200 ohms or less in 
most such diodes. The back resistance shows con- 
siderable variation, depending on the particular 
voltage chosen for the measurement. It may run 
from a few thousand ohms to well over a megohm. 
In applications such as meter rectifiers for r.f. 
indicating instruments (r.f. voltmeters, wave- 
meter indicators, and so on) where the load re- 
sistance may be small and the applied voltage of 
the order of several volts, the resistances vary 
with the value of the applied voltage and are con- 
siderably lower. 


Junction Diodes 


Junction-type diodes made of silicon are em- 
ployed widely as rectifiers. Depending upon the 
design of the diode, they are capable of rectify- 
ing currents up to 40 or 50 amperes, and up to 
reverse peak voltages of 1000. They can be con- 
nected in series or in parallel, with suitable-cir- 
cuitry, to provide higher capabilities than those 
given above. A big advantage over thermionic 
rectifiers is their large surge-to-average-current 
ratio, which makes them suitable for use with 
capacitor-only filter circuits. This in turn leads to 


Semiconductor Diodes 


improved no-load-to-full-load voltage characteris- 
tics. Some consideration must be given to the 
operating temperature of silicon diodes, although 
many carry ratings to 150° C or so. A silicon 
junction diode requires a forward voltage of from 
0.4 to 0.7 volts to overcome the junction potential 
barrier. 


Ratings 


Semiconductor diodes are rated primarily in 
terms of maximum safe inverse voltage and 
maximum average rectified current. Inverse 
voltage is a voltage applied in the direction oppo- 
site to that which would be read by a d.c. meter 
connected in the current path. 

It is also customary with some types to specify 
standards of performance with respect to forward 
and back current. A minimum value of forward 
current is usually specified for one volt applied. 
The voltage at which the maximum tolerable back 
current is specified varies with the type of diode. 


Fig. 4-3—Typical point 50 
contact germanium diode 
characteristic curve. Be- Q 
cause the back current is § 
much smaller than the for- © 
ward current, a different 3 
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Fig. 4-4—Typical characteristic of a zener diode. In 
this example, the voltage drop is substantially constant 
at 30 volts in the (normally) reverse direction. Com- 
pare with Fig. 4-3. A diode with this characteristic 
would be called a “30-volt zener diode.” 
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Zener Diodes 


The “Zener diode” is a special type of silicon 
junction diode that has a characteristic similar 
to that shown in Fig. 4-4, The sharp break from 
non-conductance to conductance is called the 
Zener Knee; at applied voltages greater than this 
breakdown point, the voltage drop across the 
diode is essentially constant over a wide range 
of currents. The substantially constant voltage 
drop over a wide range of currents allows this 
semiconductor device to be used as a constant 
voltage reference or control element, in a man- 
ner somewhat similar to the gaseous voltage- 
regulator tube. Voltages for Zener diode action 
range from a few volts to several hundred and 
power ratings run from a fraction of a watt to 50 
watts. 

Zener diodes can be connected in series to ad- 
vantage; the temperature coefficient is improved 
over that of a single diode of equivalent rating 
and the power-handling capability is increased. 

Examples of Zener-diode applications are given 
in Fig. 4-5. The illustrations represent some of 
the more common uses to which Zeners are put. 
Many other applications are possible, though not 
shown here. 


Voltage-Variable Capacitor Diodes 


Voltage-variable capacitors, or varactors, are 
p-n junction diodes that behave as capacitors of 
reasonable Q when biased in the reverse direc- 
tion. They are useful in many applications because 
the actual capacitance value is dependent upon the 
d.c. bias voltage that is applied. In a typical capa- 
citor the capacitance can be varied over a 10-to-1 
range with a bias change from 0 to — 100 volts. 
The current demand on the bias supply is on the 
order of a few microamperes. 

Typical applications include remote control of 
tuned circuits, automatic frequency control of 
receiver local oscillators, and simple frequency’ 
modulators for communications and for sweep- 
tuning applications. Diodes used in these applica- 
tions are frequently referred to as “Varicap” or 
“Epicap” diodes. 

An important transmitter application of the 
varactor is as a high-efficiency frequency multi- 
plier. The basic circuits for varactor doublers 
and triplers is shown in Fig. 4-6, at A and B, In 
these circuits the fundamental frequency flows 
around the input loop. Harmonics generated by 
the varactor are passed to the load through a 
filter tuned to the desired harmonic. In the case of 
the tripler circuit at B, an idler circuit, tuned to 
the second harmonic, is required. Tripling, effi- 
ciencies of 75 per cent are not too difficult to come 
by, at power levels of 10 to 20 watts. 

An important receiver application of the varac- 
tor is as a parametric amplifier. The diode is 
modulated by r.f. several times higher in fre- 
quency than the signal. This pump r.f. adds 
energy to the stored signal charge. To provide 
the necessary phase relationship between the sig- 
nal and the pump, an idler circuit is included. 
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Fig. 4-5—Typical uses for Zener diodes. 
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Fig. 4-6 


Fig. 4-6C illustrates how a voltage-variable 
capacitor diode can be used to tune a v.f.o. These 
diodes can be used to tune other rf. circuits also, 
and are particularly useful for remote tuning of 
rf. circuits, such as might be encountered in 


vehicular installations. These diodes, because of 
their small size, permit tuned-circuit assemblies 
to be quite compact. Since the Q of the diode is 
a vital consideration in r.f. applications, this 
factor must be taken into account when designing 
a circuit. Present-day manufacturing processes 
have produced units with a Q in excess of 200 at 
50 Mc. 


Tunnel Diode 


Much hope is held for the future use of the 
“tunnel diode,” a junction semiconductor of spe- 
cial construction that has a “negative resistance” 
characteristic at low voltages. This characteris- 
tic (decrease of current with increase of volt- 
age) permits the diode to be used as an oscillator 
and as an amplifier. Since electrical charges 
move through the diode with the speed of light, 
in contrast to the relatively slow motion of elec- 
trical charge carriers in other semiconductors, 
it has been possible.to obtain oscillations at fre- 
quencies as high as 5000 Mc., making them par- 
ticularly useful as amplifiers and oscillators in 
microwave equipment, 


TRANSISTORS 


Fig. 4-7. shows a “sandwich” made from two 
layers of p-type semiconductor material with a 
thin layer of n-type between. There are in effect 
two p-n junction diodes back to back. If a 
positive bias is applied to the p-type material at 
the left, current will flow through the left- 
hand junction, the holes moving to the right 
and the electrons from the n-type material 


moving to the left. Some of the holes moving 
into the n-type material will combine with the 
electrons there and be neutralized, but some of 
them also will travel to the region of the right- 
hand janction. 

If the p-n combination at the right is biased 
negatively, as shown, there would normally be 
no current flow in this circuit (see Fig. 4-1C). 
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Fig. 4-7—The basic arrangement of a transistor. This 
represents a junction-type p-n-p unit. 


However, there are now additional holes avail- 
able at the junction to travel to point B and 
electrons can travel toward point A, so a current 
can flow even though this section of the sandwich 
is biased to prevent conduction. Most of the cur- 
rent is between A and B and does not flow out 
through the common connection to the n-type 
material in the sandwich. 

A semiconductor combination of this type is 
called a transistor, and the three sections are 
known as the emitter, base and collector, re- 
spectively. The amplitude of the collector current 
depends principally upon the amplitude of the 
emitter current; that is, the collector current is 
controlled by the emitter current. 


Power Amplification 


Because the collector is biased in the back di- 
vection the collector-to-base resistance is. high. 
On the other hand, the emitter and collector 
currents are substantially equal, so the power in 
the collector: circuit is larger than the power in 
the emitter circuit (P =J*? R, so the powers 
are proportional to the respective resistances, if 
the currents are the same). In practical transis- 
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Fig. 4-8—Schematic and pictorial representations of 
junction-type transistors. In analogous terms the base 
can be thought of as a tube’s grid, the collector as a 
plate, and the emitter as a cathode (see Fig. 4-12). 
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tors emitter resistance is of the order of a few 
hundred ohms while the collector resistance is 
hundreds or thousands of times higher, so power 
gains of 20 to 40 db. or even more are possible. 


Types 


The transistor may be one of the types shown 
in Figs. 4-8 and 4-9. The assembly of p- and n- 
types materials may be reversed, so that p-n-p and 
n-p-n transistors are both possible. 

The first two letters of the n-p-n and p-n-p 
designations indicate the respective polarities of 
the voltages applied to the emitter and collector 
in normal operation.. In a p-n-p transistor, for 
example, the emitter is made positive with respect 
to both the collector and the base, and the col- 
lector is made negative with respect to both the 
emitter and the base. 

Another type of transistor is the “overlay.” 
Overlay transistors contain an emitter structure 
which is made up of many separate emitters, con- 
nected together by diffused and metalized regions. 
A precise photographic process—photolitHog- 
raphy—is used in the manufacture of the overlay 
structure. This technique provides an increased 
emitter edge-to-area ratio over that of earlier 
transistor types. Because of its improved emitter 
geometry, the transistor’s input time-constant ‘is 
superior to other types of transistors, thus mak- 
ing it extremely useful in high-frequency appli- 
cations. Overlay transistors are being used at 
1000 Mc. and higher, and are capable of produc- 
ing a power output of 1 watt or more in the upper 
uf. region, Greater power-output levels are 
possible in the h.f., v.h.f., and lower u.h-f. regions 
when using overlay transistors. These transistors 
are also useful as frequency multipliers, especially 
as doublers and triplers, and are able to provide 
an actual power gain in the process. In this ap- 
plication, the collector-to-base junction performs 
as a varactor diode, thus helping to eliminate 
the need for varactor diodes at operating fre~ 
quencies below approximately 432 Mc. An illus- 
tration of overlay-transistor frequency multipli- 
cation is shown in Fig. 4-9 at C and D. 


Junction Transistors 


The majority of transistors being manufactured 
are one or another version of junction transistors. 
These may be grown junctions, alloyed or fused 
junctions, diffused junctions, epitaxial junctions 
and electroetched and/or electroplated junctions. 
The diffused-junction transistor, in widespread 
use because the product of this type of manufac- 
ture is generally consistent, involves applying the 
doping agent to a semiconductor wafer by electro- 
plating, painting, or exposing the surface to a 
gaseous form of the dopant. A carefully-controlled 
temperature cycling causes the dopant to diffuse 
into the surface of the solid. The diffused layer 
is then a different type than the base material. 
Epitaxial junctions refers to growth of new 
layers on the original base in such a manner that 
the new (epitaxial) layer perpetuates the crystal- 
line structure of the original. 
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Fig. 4-9—Pictorials of Mesa and Planar transistors at 
A and B. At C and D, Overlay transistor frequency 
multipliers—a doubler and a 'tripler. 


Transistor Structures 


There are two popular terms used to describe 
the general physical structure of many transistors. 
As shown in Fig. 4-9A, the mesa transistor is 
formed by etching away the metal around the 
emitter and base connections, leaving the junc- 
tions exposed and with very small cross sections. 
This construction makes for good high-frequency 
response. 

In the planar construction shoved in Fig. 4-9B, 
the junctions are protected at the upper surface 
by an impervious layer of silicon oxide. This 
reduces leakage and increases current gain at 
low signal levels. 

Note that in either type of ‘construction, the 
collector lead also serves as a heat sink to cool 
the transistor. 


TRANSISTOR CHARACTERISTICS 


. An important characteristic of a transistor is 
its current amplification factor. This is the ratio 
of the change in collector current to a small 
change in emitter current, measured in the com- 
mon-base circuit described later, and is compara- 
ble with the voltage amplification factor («) of a 
vacuum tube. The current amplification factor is 
almost, but not quite, 1 in a junction transistor. 
The gain-bandwidth product (fr) is the fre- 
quency at which the current amplification be- 
comes unity, or 1. The fr ratings range from 500 
ke. to frequencies in the upper u.h.f. region. The 
fr indicates in a general way the frequency spread 
over which the transistor is useful. 

Each of the three elements in the transistor 
has a resistance associated with it. The emitter 
and collector resistances were discussed earlier. 
There is also a certain amount of resistance as- 
sociated with the base, a value of a few hundred 
to 1000 ohms being typical of the base resistance. 
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The values of all three resistances vary with 
the type of transistor and the operating voltages. 
The collector resistance, in particular, is sensi- 
tive to operating conditions. 


Characteristic Curves 


The operating characteristics of transistors 
can be shown by a series of characteristic curves. 
One such set of curves is shown in Fig. 4-10. It 
shows the collector current vs. collector voltage 
for a number of fixed values of emitter current. 
Practically, the collector current depends almost 
entirely on the emitter current and is independ- 
ent of the collector voltage. The separation be- 
tween curves representing equal steps of emitter 
current is quite uniform, indicating that almost 
distortionless output can be obtained over the 
useful operating range of the transistor. 

Another type of curve is shown in Fig. 4-11, 
together with the circuit used for obtaining it. 
This also shows collector current vs. collector 
voltage, but for a number of different values of 
base current. In this case the emitter element is 
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Fig. 4-10—A typical collector-current vs. collector-voltage 
characteristic of a junction-type transistor, for various 
emitter-current values. The circuit shows the setup for 
taking such measurements. Since the emitter resistance is 
low, a current-limiting resistor, R, is connected in series 
with the source of current. The emitter current can be set 
at a desired value by adjustment of this resistance. 
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used as the common point in the circuit. The 
collector current is not independent of collector 
voltage with this type of connection, indicating 
that the output resistance of the device is fairly 
low. The base current also is quite low, which 
means that the resistance of the base-emitter 
circuit is moderately high with this method of 
connection. This may be contrasted with the 
high values of emitter current shown in Fig. 4-10. 


Ratings 

The principal ratings applied to transistors are 
maximum collector dissipation, maximum col- 
lector voltage, maximum collector current, and 
maximum emitter current, The voltage and cur- 
rent ratings are self-explanatory. 

The collector dissipation is the power, ex- 
pressed in watts or milliwatts, that can safely be 
dissipated by the transistor as heat. With some 
types of transistors provision is made for trans- 
ferring heat rapidly through the container, and 
such units usually require installation on a heat 
“sink,” or mounting that can absorb heat. 
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Fig. 4-11~-Collector current vs. collector voltage for vari- 
ous values of base current, for a junction-type transistor. 
The values are determined by means of the circuit 
shown. : 


The amount of undistorted output power that 
can be obtained depends on the collector voltage, 
the collector current being practically independ- 
ent of the voltage in a given transistor. Increas- 
ing the collector voltage extends the range of 
linear operation, but must not be carried beyond 
the point where either the voltage or dissipation 
ratings are exceeded. 


TRANSISTOR AMPLIFIERS 


Amplifier circuits used with transistors fall 
into one of three types, known as the common- 
base, common-emitter, and common-collec- 
tor circuits. These are shown in Fig. 4-12 in 
elementary form. The three circuits correspond 
approximately to the grounded-grid, grounded- 
cathode and cathode-follower circuits, respec- 
tively, used with vacuum tubes. 

The important transistor parameters in these 
circuits are the short-circuit current transfer 
ratio, the cut-off frequency, and the input and 
‘output impedances. The short-circuit current 
transfer ratio is the ratio of a small change in 
output current to the change in input current 
that causes it, the output circuit being short- 
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circuited. The cut-off frequency is the frequency 
at which the amplification decreases to 0.707 
times its 1-kc. value. The input and output im- 
pedances are, respectively, the impedance which 
a signal source working into the transistor would 
see, and the internal output impedance of the tran- 
sistor (corresponding to the plate resistance of a 
vacuum tube, for example). 


Common-Base Circuit 


The input circuit of a common-base amplifier 
must be designed for low impedance, since the 
emitter-to-base resistance is of the order of 25//. 
ohms, where J. is the emitter current in milli- 
amperes. The optimum output load impedance, 
R1i, may range from a few thousand ohms to 
100,000, depending upon the requirements. 

The current transfer ratio is alpha (a) and the 
cut-off frequency is defined as the frequency at 
which the value of alpha (for a common-base 
amplifier) drops to 0.707 times its 1-kc. value. 

In this circuit the phase of the output (collec- 
tor) current is the same as that of the input 
(emitter) current. The parts of these currents 
that flow through the base resistance are like- 
wise in phase, so the circuit tends to be regenera- 
tive and will oscillate if the current amplification 
factor is greater than 1. 
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Fig. 4-12—Basic transistor amplifier circuits. Rx, the 
load resistance, may be an actual resistor or the pri- 
mary of a transformer. The input signal may be supplied 
from a transformer secondary or by resistance-capaci- 
tance coupling. In any case it is to be understood that 
a d.c, path must exist between the base and emitter. 

P-n-p transistors are shown in these circuits. If 
n-p-n types are used the battery polarities must be 
reversed, 
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- Common-Emitter Circuit 


The common-emitter circuit shown in Fig. 
4-12 corresponds. to the ordinary grounded- 
cathode vacuum-tube amplifier. As indicated by 
the curves of Fig. 4-11, the base current is small 
and the input impedance is therefore fairly high — 
several thousand ohms in the average case. The 
collector resistance is some tens of thousands of 
ohms, depending on the signal source impedance. 
The current transfer, alpha, ratio in the common- 
emitter circuit is equal to 


a 
l-a 


Since a is close to 1 (0.98 or higher being repre- 
sentative), the short-circuit current gain in the 
grounded-emitter circuit may be 50 or more. 
The cut-off frequency is equal to the a cut-off 
frequency multiplied by (1 — a), and therefore 
is relatively low. (For example a transistor with 
an a cut-off of 1000 kc. and a = 0.98 would 
have a cut-off frequency of 1000 x 0.02 = 20 
kc. in the common-emitter circuit.) 

Within its frequency limitations, the common 
emitter circuit gives the highest power gain of 
the three. 

In this circuit the phase of the output (col- 
lector) current is opposite to that of the input 
(base) current so such feedback as occurs 
through the small emitter resistance is negative 
and the amplifier is stable. 


Common-Collector Circuit 
Like the vacuum-tube cathode follower, the 
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common-collector transistor amplifier has high 
input impedance and low output impedance. The 
latter is approximately equal to the impedarice of 
the signal input source multiplied by (1 — a). 
The input resistance depends on the load resist- 
ance, being approximately equal to the load 
resistance divided by (1 — a). The fact that 
input resistance is, directly related to the load 
resistance is a disadvantage of this type of am- 
plifier if the load is one whose resistance or 
impedance varies with frequency. 

The current transfer ratio with this circuit is 


1 


l—a 


and the cut-off frequency is the same as in the 
grounded-emitter circuit. The output and input 
currents are in phase. 


PRACTICAL CIRCUIT DETAILS | 


The bipolar transistor is no longer restricted 
to use in low-voltage circuits. Many modern-day 
transistors have collector-to-emitter ratings of 
300 volts or more. Such transistors are useful in 
circuits that operate directly from the 115-volt 
ac. line following rectification, For. this reason, 
battery power is no longer the primary means 
by which to operate transistorized equipment. 
Many low-voltage transistor types are capable 
of developing a considerable amount of a.f. or 
rf. power, hence draw amperes of current from 
the power supply. Dry batteries are seldom 
practical in circuits of this type. The usual ap- 
proach in powering high-current, high-wattage 
transistorized equipment is to employ a wet-cell 
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Fig. 4-13—Transistor bias and bias-stabilization techniques which are commonly used. 
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Fig. 4-14—Changing the circuit polarity. 


storage battery, or operate the equipment from 
a 115-volt a.c. line, stepping the primary voltage 
down to the desired level by means of a trans- 
former, then rectifying the a.c. with silicon diodes. 


Coupling and Impedance Matching 


Coupling arrangements for introducing the sig- 
nal into the circuit, and for taking it out, are 
similar to those used in vacuum-tube circuits. 
However, the actual component values will differ 
considerably, as will the impedance levels of the 
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two types of circuit. Typical impedance charac- 
teristics were discussed in the foregoing section 
of this chapter. It 18 not uncommon to encounter 
collector impedance levels of 10 ohms or less in 
high-power a.f. or r.f..amplifier stages. In circuits 
of this type; especially if supply voltages on the 
order of 28 volts or less are used, the collector 
current will be quite high—one ampere or more. 
This high d.c. current not only creates an im- 
pedance-matching problem, it complicates the 
problem of design because of the need for power- 
handling chokes, resistors, and other current- 
carrying components. Some typical impedance- . 
matching techniques for r.f. amplifier circuits are 
shown in Fig. 4-15, illustrating how a collector 
impedance of less than 50 ohms can be matched 
to a 50-ohm termination. 

In r.f.. power-amplifier circuits it is common 
practice to operate two or more transistors in 
parallel to obtain a specified power level. The in- 
put and output tuned circuits become somewhat 
more involved because of the need for controlling 
the drive to each transistor, and because of the 
extremely low impedance levels that would be 
encountered were the transistors connected in 
parallel, using conventional methods. A typical 
circuit in which three high-power transistors are 
operated in parallel is given in Fig. 4-16. Each 
base has a separate input tuned circuit to permit 
equalization of the collector currents of each 
transistor. Although the collectors of the tran- 
sistors could be parallel-connected, directly, the 
technique of Fig. 416 provides better efficiency 
because it permits parallel operation at a some- 
what higher impedance level. 


Transistor Polarity 


The manner in which a given transistor stage is 
wired, with regard to power supply polarity, will 
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Fig. 4-15—Practical methods for matching low collector impedances to 50-ohm loads. 
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Fig. 4-16—-Current-equalization method. 
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Fig. 4-17—Typical transistor oscillator circuits. Com- 
ponent values are discussed in the text. 
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depend upon the transistor used, n-p-n or p-n-p. 
Either type will work in the circuit, regardless 
of the power supply polarity—negative or positive 
chassis ground. It is merely necessary to re- 
arrange the circuit ground-return connections to 
suit the power-supply polarity. An example of 
how an n.p.n. transistor can be made to operate 
with either a negative-or posi- 
550-0HM tive-ground system is shown in 
Loan Fig, 414. Similarly, a p.n-p. 
c4 transistor can be used with either 
polarity. The circuit would not 
have to be rearranged were it convenient to re- 
move the p.n.p. transistor and replace it with an 
npn. type, or vise versa. By employing the 
method shown in Fig. 4-14, it is practical to have 
a single power-supply polarity arrangement 
while utilizing a mixture of n.p.n. and p.n.p. tran- 
sistors in one piece of equipment. 
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Biasing Methods and Bias Stabilization 


Typical single-battery common-emitter circuits 
are shown in Fig, 4-13 at A and B. R,, in series 
with the emitter, is for the purpose of “swamping 
out” the resistance of the emitter-base diode ; this 
swamping helps to stabilize the emitter current. 
The resistance of'R, should be large compared 
with that of the emitter-base diode, which, as 
stated earlier, is approximately equal to 25 
divided by the emitter current in ma. 

Since the current in R, flows in such a direction 
as to bias the emitter negatively with respect to 
the base (a p-n-p transistor is assumed), a base- 
emitter bias slightly greater than the drop in R, 
must be supplied. The proper operating point is 
achieved through adjustment of voltage divider 
RRs, which is proportioned to give the desired 
value of no-signal collector current. 

In the transformer-coupled circuit, input sig- 
nal currents flow through R, and Ro, and there 
would be a loss of signal power at the base-emitter 
diode if these resistors were not bypassed by Cy 
and Cy. The capacitors should have low react- 
ance compared with the resistances across which 
they are connected. In the resistance-coupled 
circuit R, serves as part of the bias voltage di- 
vider and also as part of the load for the signal- 
input source. As seen by the signal source, Rg is 
in parallel with R, and thus becomes part of the 
input load resistance. Cg must have low reactance 
compared with the parallel combination of Ro, Rg 
and the base-to-emitter resistance of the transis- 
tor. The load impedance will determine the re- 
actance of C4. 

The output load resistance in the transformer- 
coupled case will be the actual load as reflected 
at the primary of the transformer, and its proper 
value will be determined by the transistor char- 
acteristics and the type of operation (Class A, B, 
etc.). The value of Rr in the resistance-coupled 
case is usually such as to permit the maximum 
a.c. voltage swing in the collector circuit without 
undue distortion, since Class A operation is 
usual with this type of amplifier. 


Transistor Oscillators 


Transistor currents are sensitive to temperature 
variations, and so the operating point tends to 
shift as the transistor heats. The shift in operating 
point is in such a direction as to increase the heat- 
ing, leading to “thermal runaway” and possible 
destruction of the transistor. The heat developed 
depends on the amount of power dissipated in the 
transistor, so it is obviously advantageous in this 
respect to operate with as little internal dissipa- 
tion as possible: ie., the d.c. input should be kept 
to the lowest value that will permit the type of 
operation desired and should never exceed the 
rated value for the particular transistor used. 

A contributing factor to the shift in operating 
point is the collector-to-base leakage current 
(usually designated Jeo) — that is, the current 
that flows from collector to base with the emitter 
connection open. This current, which is highly 
temperature sensitive, has the effect of increas- 
ing the emitter current by an amount much 
larger than Jo itself, thus shifting the operating 
point in such a way as to increase the collector 
current. This effect is reduced to the extent that 
Ieo can be made to flow out of the base terminal 
rather than through the base-emitter diode. In 
the circuits of Fig. 4-13, bias stabilization is im- 
proved by making the resistance of R, as large 
as possible and both Ry and Rg as small as possi- 
ble, consistent with gain and battery economy. 

It is common practice to employ certain devices 
in the bias networks of transistor stages that en- 
hance the stability of the bias. Thermistors or 
diodes can be used to advantage in such circuits. 
Examples of both techniques are given in Fig. 
4-13 at C and D. Thermistors (temperature- 
sensitive resistors) can be used to compensate 
the rapid increase in collector current which is 
brought about by an increase in temperature. As 
the temperature in that part of the circuit in- 
creases, the thermistor’s resistance decreases, re- 
ducing the emitter-to-base voltage (bias). As the 
bias is reduced in this manner, the collector cur- 
rent tends to remain the same, thus providing bias 
stabilization. 

Resistors Rk, and R, of Fig. 4-13D. are selected 
to give the most effective compensation over a 
particular temperature range. 

A somewhat better bias-stabilization technique 
can be realized by using the method shown in Fig. 
4-13C. In this instance, a diode is used between 
the base of the transistor and ground, replacing 
the resistor that is used in the circuits at A and 
B. The diode establishes a fixed value of forward 
bias and sets the no-signal collector current of 
the transistor. Also, the diode bias current varies 
in direct proportion with the supply voltage, tend- 
ing to hold the no-signal collector current of the 
transistor at a steady value. If the diode is in- 
stalled thermally close to the transistor with 
which it is used (clamped to the chassis near the 
transistor heat sink), it will provide protection 
against bias changes brought about by tempera- 
ture excursions. As the diode temperature in- 
creases so will the diode bias current, thus lower- 
ing the bias voltage. Ordinarily, diode bias 
stabilization is applied to Class B stages. With 
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germanium transistors, diode bias stabilization 
reduces collector-current variations to approxi- 
mately one fifth of that obtainable with thermistor 
bias protection. With silicon transistors, the cur- 
rent variations are reduced to approximately one 
fifteenth the thermistor-bias value. 


TRANSISTOR OSCILLATORS 


Since more power is available from the output 
circuit than is necessary for its generation in the 
input circuit, it is possible to use some of the 
output power to supply the input circuit with a 
signal and thus sustain self-oscillation. Repre- 
sentative self-controlled oscillator circuits, based 
on vacuum-tube circuits of the same names, are 
shown in Fig. 4-17. 

The upper frequency limit for oscillation is 
principally a function of the cut-off frequency 
of the transistor used, and oscillation will cease 
at the frequency at which there is insufficient 
amplification to supply the energy required to 
overcome circuit losses. Transistor oscillators 
usually will operate up to, and sometimes well 
beyond, the a cut-off frequency of the particular 
transistor used. 

The approximate oscillation frequency is that 
of the tuned circuit, L,C,. Ry, Rg and R, have the 
same functions as in the amplifier circuits given 
in Fig. 4-17. Bypass capacitors Cy and C3 should 
have low reactances compared with the resist- 
ances with which they are associated. 

Feedback in these circuits is adjusted in the 
same way as with tube oscillators: position of 
the tap on L, in the Hartley, turns and coupling 
of Ly in the tickler circuit, and ratio of the sec- 
tions of C, in the Colpitts, 


FIELD-EFFECT TRANSISTORS 


Still another semiconductor device, the field- 
effect transistor, is superior to conventional tran- 
sistors in many applications. Because it has a high 
input impedance, its characteristics more nearly 
approach those of a vacuum tube. 


The Junction FET 


Field-effect transistors are divided into two 
main groups: junction FETS, and insulated-gate 
FETS. The basic JFET is shown in Fig. 4-18. 

The reason for the terminal names will become 
clear later. A d.c. operating condition is set up by 
starting a current flow between source and drain. 
This current flow is made up of free electrons 
since the semiconductor is n-type in the channel, 
So a positive voltage is applied at the drain. This 
positive voltage attracts the negatively-charged 
free electrons and the current flows (Fig. 4-19). 
The next step is to apply a gate voltage of the 
polarity shown in Fig. 419, Note that this 
reverse-biases the gates with respect to the 
source, channel, and drain. This reverse-bias gate 
voltage causes a depletion layer to be formed 
which takes up part of the channel, and since the 
electrons now have less volume in which to move 
the resistance is greater and the current between 
source and drain is reduced. If a large gate 
voltage is applied the depletion regions meet, and 
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Fig. 4-18—The junction field-effect transistor. 
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Fig. 4-19—Operation of the JFET under applied bias. A 
depletion region (light shading) is formed, compressing 
- the channel and increasing its resistance to current flow, 
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Fig. 4-20—The insulated-gate field-effect transistor. 


consequently the source-drain current is reduced 
nearly to zero. Since the large source-drain cur- 
rent changed with a relatively small gate voltage, 
the device acts as an amplifier. In the operation 
of the JFET, the gate terminal is never forward 
biased, because if it were the source-drain cur- 
rent would all be diverted through the forward- 
biased gate junction diode. 

The resistance between the gate terminal and 
the rest of the device is very high, since the gate 
terminal is always reverse biased, so the JFET 
has a very high input resistance. The source 
terminal is the source of current carriers, and 
they are drained out of the circuit at the drain. 
The gate opens and closes the amount of channel 
current which flows. Thus the operation of a FET 
closely resembles the operation of the vacuum 
tube with its high grid input impedance. Compar- 
ing the JFET to a vacuum tube, the source cor- 
responds to the cathode, the gate to the grid, and 
the drain to the plate. 


Insulated-Gate FET 


The other large family which makes up field- 
effect transistors is the insulated-gate FET, or 
IGFET, which is pictured schematically in Fig. 
4-20. In order to set up a dc. operating con- 
dition, a positive polarity is applied to the drain 
terminal. The substrate is connected to the 
source, and both are at ground potential, so the 
channel electrons are attracted to the positive 
drain. In order to regulate this source-drain cur- 
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rent, voltage is applied to the gate contact. The 
gate is insulated from the rest of the device by 
a piece of insulating glass so this is not a p-n 
junction between the gate and the device—thus 
the name insulated gate. When a negative gate 
polarity is applied, positive-charged holes from 
the p-type substrate are attracted towards the 
gate and the conducting channel is made more 
narrow; thus the source-drain current is re- 
duced. When a positive gate voltage is con- 
nected, the holes in the substrate are repelled 
away, the conducting channel is made larger, and 
the source-drain current is increased. The 
IGFET is more flexible since either a positive or 
negative voltage can be applied to the gate. The 
resistance between the gate and the rest of the 
device is extremely high because they are sepa- 
rated by a layer of glass—not as clear as window 
glass, but it conducts just. as poorly, Thus the 
IGFET has an extremely high input impedance. 
In fact, since the leakage through the insulating 
glass is generally much smaller than through the 
reverse-biased p-n gate junction in the JFET, the 
IGFET has a much higher input impedance. 
Typical values of R,, for the IGFET are over a 
million megohms, while R,, for the JFET ranges 
from megohms to over a thousand megohms. 


Characteristic Curves 


The characteristic curves for the FETs de- 
scribed above are shown in Figs. 4-21 and 4-22, 
where drain-source current is plotted against 
drain-source voltage for given gate & voltages. 

The discussion of the JFET so far has left both 
gates separate so the device can be used as a 
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Fig. 4-21—Typical JFET characteristic curves. 
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Fig. 4-22—Typical IGFET characteristic curves. 
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tetrode in mixer applications. However, the 
gates can be internally connected for triode appli- 
cations. When using the IGFET the substrate is 
always a.c.-shorted to the source, and only the 
insulated gate is used to control the current flow. 
This is done so that both positive and negative 
polarities can be applied to the device, as opposed 
to JFET operation where only one polarity can 
be used, because if the gate itself becomes forward 
biased the unit is no longer useful. 


Classifications 


Field-effect transistors are classed into two 
main groupings for application in circtits, en- 
hancement mode and depletion mode. The en- 
hancement-mode devices are those specifically 
constructed so that they have no channel. They 
become useful only when a gate voltage is applied 
that causes a channel to be formed. IGFETs can 
be used as enhancement-mode devices since both 
polarities can be applied to the gate without the 
gate becoming forward biased and conducting. 

A depletion-mode unit corresponds to Figs. 
4-18 and 4-20 shown earlier, where a channel 
exists with no gate voltage applied. For the JFET 
we can apply a gate voltage and deplete the chan- 
nel, causing the current to. decrease. With the 
IGFET we can apply a gate voltage of either 
polarity so the device can be depleted (current de- 
creased) or enhanced (current increased). 

To sum up, a depletion-mode FET is one which 
has a channel constructed; thus it has a current 
flow for zero gate voltage. Euhancement-mode 
FETs are those which have no channel, so no 
current flows with zero gate voltage. The latter 
type devices are useful in logic applications. 

Circuit symbols approved for FETs are shown 
in Fig. 4-23. Both depletion-mode and enhance- 
ment-mode devices. are illustrated. 

A typical application is the crystal oscillator 
circuit of Fig. 4-24. Note the resemblance to a 
vacuum-tube oscillator circuit. 


SILICON CONTROLLED RECTIFIERS 


The silicon controlled rectifier, also known as 
a Thyristor, is a four-layer (p-n-p-n or n-p-n-p) 
three-electrode semiconductor rectifier. The three 


terminals are called anode, cathode and gate, Fig. 


4-25B. 

The SCR differs from the diode silicon 
rectifier in that it will not conduct until the volt- 
age exceeds a value called the forward breakover 
voltage. The value of this voltage can be con- 
trolled by the gate current. As the gate current is 
increased, the value of the forward breakover 
voltage is decreased. Once the rectifier conducts 
in the forward direction, the gate current no 
longer has any control, and the rectifier behaves 
as a low-forward-resistance diode. The gate re- 
gains control when the current through the recti- 
fier is cut off, as during the other half cycle. 

The SCR finds wide use in power-control 
applications, and in time-delay circuits. An ex- 
ample of SCR power control is given in Chapter 
20. It is a highly-efficient means for controlling 
power from an-a.c. supply. 
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Fig. 4-23—Symbols for most-commonly available field- 
effect transistors. 
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THE UNIJUNCTION TRANSISTOR 


Another useful type of semiconductor, though | 
used infrequently in amateur radio work, is the 
unijunction (UJT) transistor. Structurally, it is 
built on an n-type silicon bar which has ohmic 
contacts—base one (B1) and base two (B2)—at 
opposite ends of the bar, A rectifying contact, the 
emitter, is attached between B1 and B2 on the bar. 
In normal operation, B1 is grounded and a posi- 
tive bias is applied to B2. When the emitter is 
forward biased, emitter current will flow and the 
device will conduct. 

The UJT finds widespread use in relaxation- 
oscillator circuits, in pulse- and sawtooth-genera- 
tor circuits, and in timing circuits. The symbol 
for UJTs is given in Fig. 4-25 at C. At E, a typi- 
cal UJT relaxation oscillator is used to trigger 
an SCR as was done with the neon lamp of Fig. 
4-25D. Circuit values are only representative. 
Actual values depend upon the devices used and 
the operating voltages involved. 


INTEGRATED CIRCUITS 


One of the newer developments in the solid- 
state field is the integrated circuit (IC). As the 
term “integrated” implies, several circuit com- 
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Fig. 4-25—Unijunction transistor and SCR symbols, and typical circuit applications. 


ponents are contained on one semiconductor chip, 
and are housed in one package. It is not uncom- 
mon to see as many as 8 or more transistors con- 
tained on a single integrated-circuit chip. The 
same chip might contain 10 or more resistors, 
several capacitors, and many individual diodes. 
From this it cart be seen that a single integrated- 
circuit device is capable of replacing a large 
number of separate, or discrete, components— 
aiding greatly in achieving more compact elec- 
tronic packaging than might be possible with 
discrete components doing the same job. The 
advantages do not end there, however. This form 
of modular packaging makes possible the rapid 
servicing or assembling of electronics equipment, 
since an entire circuit.section—such as audio am- 
plifier, an i.f. amplifier, a flip-flop, or other com- 
plex circuit—can be contained on a single IC. 
Perhaps more significant among the advantages 
of their use, the various components on the IC 
chip feceive nearly identical processing, hence are 
closely matched in characteristics. This close 
match can be maintained over a wide range of 
operating temperatures because all of the com- 
ponents are subject to the same changes in tem- 
perature. For this reason an IC of appropriate 
type ‘can be used advantageously in balanced- 
modulator circuits, or any circuit requiring like 
characteristics of the transistors and diodes. 


IC Structures 


The basic IC is formed on a uniform chip of 
n-type or p-type silicon, Impurities are intro- 
duced into the chip, their depth into it being de- 
termined by the diffusion temperature and time. 
The geometry of the plane surface of the chip is 
determined by masking off certain areas, applying 
photochemical techniques, and applying a coating 
of insulating oxide. Certain areas of the oxide 
coating are then opened up to allow the formation 
of interconnecting leads between sections of the 
IC. When capacitors are formed on the chip, the 
oxide serves as the dielectric material. Fig. 4-26 


shows a representative three-component IC in 
both pictorial and schematic form, Most inte- 
grated circuits are housed in TO-5 type cases, or 
in flat-pack epoxy blocks. ICs may have as many 
as 12 or more leads which connect to the various 
elements on the chip. 


Types of IC Amplifiers 


Some ICs are called differential amplifiers and 
others are known as operational amplifiers. The 
basic differential-amplifier IC consists of a pair 
of transistors that have similar input circuits. The 
inputs can be connected so as to enable the tran- 
sistors to respond to the difference between two 
voltages or currents. During this function, the cir- 
cuit effectively suppresses like voltages or cur- 
rents. For. the sake of simplicity we may think 
of the differential pair of transistors as a push- 
pull amplifier stage. Ordinarily, the differential 
pair of transistors are fed from a controlled, 
constant-current source (Q, in Fig. 427A. Q, 
and Q, are the differential pair in this instance). 
Q, is commonly called a transistor current sink, 
Excellent balance exists between the input ter- 
minals of differential amplifiers becatise the base- 
to-emitter voltages and current gains (beta) of 
the two transistors are closely matched. The 
match results from the fact that the transistors 
are formed next to one another on the same  sili- 
con chip. 

Differential ICs are useful as linear amplifiers 
from dic. to the v.h.f. spectrum, and can be em- 
ployed in such circuits as limiters, product de- 
tectors, frequency multipliers, mixers, amplitude 
modulators, squelch, rf. and if. amplifiers, and 
even in signal-generating applications. Although 
they are designed to be used as differential am- 
plifiers, they can be used in other types of circuits 
as well, treating the various IC components as 
discrete units. 

Operational-amplifier ICs are basically very- 
high-gain direct-coupled amplifiers that rely on 
feedback for control of their response character- 
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istics. They contain cascaded differential ampli- 
fiers of the type shown in Fig. 4-27A. A separate 
output stage, Q,-Q,, Fig. 4-27B, is contained on 
the chip. Although operational ICs can be suc- 
cessfully operated under: open-loop conditions, 
they are generally controlled by externally- 
applied negative feedback. Operational amplifiers 
are most often used for video amplification, as 
frequency-shaping (peaking, notching, or band- 
pass) amplifiers, or as integrator, differentiator, 
or comparator amplifiers. As is true of differen- 
tial ICs, operational ICs can be used in circuits 
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where their components are treated as discrete 
units. ; 
Diode ICs are also being manufactured in the 
same manner as outlined in the foregoing section. 
Several diodes can be contained on a single sili- 
con wafer to provide a near-perfect match be- 
tween diode characteristics. The diode arrange- 
ment can take the form of a bridge circuit, series- 
connected groups, or as separate components. 
Diode ICs of this kind are extremely adaptable 
to balanced-modulator circuitry, or to any ap- 
plication requiring closely matched diodes. 
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Fig. 4-26—Pictorial and schematic illustrations of a 
simple IC device. 
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Fig. 4-27—-At A, a representative circuit for a typical differential IC. An Operational Amplifier IC is illustrated 
at B, also in representative form. 
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Chapter 5 


Receiving Systems 


A good receiver in the amateur station makes 
the difference between mediocre contacts and 
solid QSOs, and its importance cannot be over- 
emphasized. In the less crowded v.h.f. bands, 
sensitivity (the ability to bring in weak signals) 
is the most important factor in a receiver. In the 
more crowded amateur bands, good sensitivity 
must be combined with selectivity (the ability to 
distinguish between signals separated by only a 
small frequency difference). To receive weak 
signals, the receiver must furnish enough ampli- 
- fication to amplify the minute signal power de- 
livered by the antenna up to a useful amount of 
power that will operate a loudspeaker or set 
of headphones. Before the amplified signal can 
operate the speaker or phones, it must be con- 
verted to audio-frequency power by the process 
of detection. The sequence of amplification is not 
too important—some of the amplification can 
take place (and usually does) before detection, 
and some can be used after detection. 

There are two basic considerations for any 
receiver for the several communications modes. 
Essentially the bandwidth (what the receiver will 
accept) must be consistent with the type of signal, 
and the detector must be suitable for recovering 
the intelligence. Double-sideband ‘phone signals 
(a.m., fm.) require more bandwidth (at least 6 
to 8 kc.) than single-sideband ’phone (2 to 3 ke.), 
and Al, or c.w., requires the least of all (0.2 to 
0.5 kc.). Since “narrow bandwidth” is synony- 
mous with “high selectivity,” maximum selectivity 
can be used with code and minimum selectivity 
with wide-band f.m. Greater-than-optimum band- 
width can, of course, be used with any mode, but 


the price will be a reduction in selectivity. 

Detectors fall into three categories: a.m., f.m. 
and heterodyne. A true a.m. detector depends 
upon the presence of a transmitted carrier-fre- 
quency signal to complete the detection process. 
A good f.m. detector will be insensitive to signal- 
amplitude changes and respond only to frequency 
changes. Heterodyne detectors are used for sin- 
gle-sideband ’phone or for code signals; they de- 
pend for their operation on the presence of a 
locally-generated steady signal. If the detector 
ig made to oscillate and produce the steady signal, 
it is known as an autodyne detector. Modern 
superheterodyne receivers use a separate oscil- 
lator (beat-frequency oscillator, or ““b,f.0.”). 
Summing up the differences, "phone receivers 
can’t use as much selectivity as code receivers, 
and code and s.s.b. receivers require a detector 
with a locally-generated steady frequency to give 
a readable signal. Entertainment receivers, of 
the type used for a.m. “broadcast” or fm. “hi 
fi”, can receive only a.m. or fm. ’phone signals 
and not code and single-sideband signals because 
no beat-frequency oscillator is included with the 
detector circuit. 

Communications receivers include a.m. and 
heterodyne detectors, and the better ones have 
some means for varying the selectivity, to match 
the mode being received. A single-sideband re- 
ceiver or a highly-selective code receiver should 
have a slow tuning rate, for convenience and ease 
of operation. Without it, the sideband signals 
become difficult to tune in accurately, and one 
can tune right “through” a weak code signal with- 
out hearing it. 


RECEIVER CHARACTERISTICS 


Sensitivity 

In commercial circles “sensitivity” is defined 
as the strength of the signal (in microvolts) at 
the input of the receiver that is required to pro- 
duce a specified audio power output at the speaker 
or headphones. This is a satisfactory definition 
for broadcast and communications receivers 
operating below about 20 Mc., where atmospheric 
and man-made electrical noises normally mask 
any noise generated by the receiver itself. 

Another commercial measure of . sensitivity 
defines it as the signal at the input of the re- 
ceiver required to give a signal-plus-noise out- 
put some stated ratio (generally 10 db.) above 
the noise output of the receiver. This is a more 


useful sensitivity measure for the amateur, since 
it indicates how well a weak signal will be heard 
and is not merely a measure of the over-all am- 
plification of the receiver. However, it is not an 
absolute method, because the bandwidth of the 
receiver plays a large part in the result. 

The random motion of the molecules in the 
antenna and receiver circuits generates small 
voltages called thermal-agitation noise voltages. 
Thermal-agitation noise is independent of fre- 
quency and is proportional to the (absolute) 
temperature, the resistance component of the 
impedance across which the thermal agitation is 
produced, and the bandwidth. Noise is generated 
in vacuum tubes by random irregularities in the 
current flow within them; it is convenient to ex- 
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press this shot-effect noise as an equivalent re- 
sistance in the grid circuit of a noise-free tube. 
This equivalent noise resistance is the resistance 
(at room temperature) that placed in the grid 
circuit of a noise-free tube will produce plate- 
circuit noise equal to that of the actual tube. The 
equivalent noise resistance of a vacuum tube in- 
creases with frequency. 

An ideal receiver would generate no noise in its 
tubes and circuits, and the minimum detectable 
signal would be limited only by the thermal noise 
in the antenna. In a practical. receiver, the limit 
is determined by how well the amplified antenna 
noise overrides the other noise in the plate cir- 
cuit of the input stage. (It is assumed that the 
first stage in any good receiver will be the deter- 
mining factor; the noise contributions of subse- 
quent stages should be insignificant by com- 
parison.) At frequencies below 20 or 30 Mc. the 
site noise (atmospheric and man-made noise) is 
generally the limiting factor. 

The degree to which a practical receiver ap- 
proaches the quiet ideal receiver of the same 
bandwidth is given by the noise figure of the 
receiver. Noise figure is defined as the ratio of 
the signal-to-noise power ratio of the ideal re- 
ceiver to the signal-to-noise power ratio of the 
actual receiver output. Since the noise figure is a 
ratio, it is usually. given in decibels; it runs 
around 5 to 10 db. for a good communications 
receiver below 30 Mc. Although noise figures of 
2 to 4 db. can be obtained, they are of little or no 
use below 30 Mc. except in extremely quiet loca- 
tions or when a very small antenna is used. The 
noise figure of a receiver is not modified by 
changes in bandwidth. Measurement technique is 
described in Chapter 21. 


Selectivity 


Selectivity is the ability of a receiver to dis- 
criminate against signals of frequencies differing 
from that of the desired signal. The over-all 
selectivity will depend upon the selectivity and 
the number of the individual tuned circuits. 

The selectivity of a receiver is shown graph- 
ically by drawing a curve that gives the ratio of 
signal strength required at various frequencies 
off resonance to the signa! strength at resonance, 
to give constant output. A resonance curve of 
this type is shown in Fig. 5-1. The bandwidth is 
the width of the resonance. curve (in cycles or 
kilocycles) of a receiver at a specified ratio; in 
the typical curve of Fig. 5-1 the bandwidths for 
response ratios of 2 and 1000 (described as “-6 
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Fig. 5-l1—Typical selectivity curve of a modern super- 

heterodyne receiver. Relative response is plotted 

against deviations above and’ below the resonance 

frequency. The scale at the left is in terms of voltage 

tatios, the corresponding decibel steps are shown at 
the right. 


db.” and “-60 db.”) are 2.4 and 12.2 kc. respec- 
tively, 

The bandwidth at 6 db. down must be sufficient 
to pass the signal and its sidebands if faithful 
reproduction of the signal is desired. However, 
in the crowded amateur bands, it is generally 
advisable to sacrifice fidelity for intelligibility. 
The ability to reject adjacent-channel signals 
depends upon the skirt selectivity of the receiver, 
which is determined by the bandwidth at high 
attenuation. In a receiver with excellent skirt 
selectivity, the ratio of the 6-db. bandwidth to the 
60-db. bandwidth will be about 0.25 for code and 
0.5 for phone. The minimum usable bandwidth at 
6 db. down is about 150 cycles for code reception © 
and about 2000 cycles for phone. 


Stability 


The stability of a receiver is its ability to “stay 
put” on a signal under varying conditions of gain- 
control setting, temperature, supply-voltage 
changes and mechanical shock and distortion. 
The term “unstable” is also applied to a receiver 
that breaks into oscillation or a regenerative con- 
dition with some settings of its controls that are not 
Specifically intended to control such a condition. 


DETECTION AND DETECTORS 


Detection is the process of recovering the 
modulation from a signal (see “Modulation, 
Heterodyning and Beats”, page 58), Any device 
that is “nonlinear” (i.e, whose output is not 
. exactly proportional to its input) will act as an 
a.m. detector. It can be used as a detector if an im- 
pedance for the desired modulation frequency is 
connected in the oytput circuit. 


Detector sensitivity is the ratio of desired de- 
tector output to the input. Detector linearity is a 
measure of the ability of the detector to reproduce 
the exact form of the modulation on the incoming 
signal. The resistance or impedance of the de- 
tector is the resistance or impedance it presents 
to the circuits it is connected to. The input re- 
sistance is important in receiver design, since if 
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it is relatively low it means that the detector 
will consume power, and this power must be 
furnished by the preceding stage, The signal- 
handling capability means the ability to accept 
signals of a specified amplitude without overload- 
ing or distortion. 


Diode Detectors 


The simplest detector for a.m. is the diode. A 
germanium crystal is an imperfect form of diode 
(a small current can usually pass in the reverse 
direction), but the principle of' detection in a 
semiconductor diode is similar to that in a vac- 
uum-tube diode. 

Circuits for both half-wave and full-wave di- 
odes are given in Fig. 5-2. The simplified half- 
wave circuit at 5-2A includes the r.f. tuned 
circuit, LC,, a coupling coil, Ly, from which 
the rf. energy is fed to L,Cy, and the diode, D, 
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Fig. 5-2—Simplified and practical diode detector cir- 
cuits. A, the elementary half-wave diode detector; B, a 
practical circuit, with rf. filtering and audio output 
coupling; C, full-wave diode detector, with output 
coupling indicated. The circuit, LCi, is tuned to the 
signal frequency; typical values for Co and Ri in A and 
C are 250 pf. and 250,000 ohms, respectively; in 8B, 
Co and Cs are 100 pf. each; Ri, 50,000 ohms; and Ro, 
250,000 ohms. C4 is 0.1 uf. and Rs may be 0.5 to 1 
megohm. 
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with its load resistance, R,, and bypass capac- 
itor, Cy. ; 
The progress of the signal through the de- 
tector or rectifier is shown in Fig. 5-3. A typi- 
cal modulated signal as it exists in the tuned 
circuit is shown at A. When this signal is ap- 
plied to the rectifier tube, current will flow only 
during the part of the r.f. cycle when the plate 
is positive with respect to the. cathode, so that 
the output of the rectifier consists of half-cycles 
of r.f. These current. pulses flow in the load cir- 
cuit comprised of R, and Co, the resistance of 
R, and the capacity of Cy being so proportioned 
that C, charges to the peak value of the rectified 
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Pig. 5-3—Diagrams showing the detection process. 


voltage on each pulse and retains enough charge 
between pulses so that the voltage across Ry is 
smoothed out, as shown in C. Cy, thus acts as a 
filter for the radio-frequency component of the 
output of the rectifier, leaving a d.c. compo- 
ent that varies in the same way as the modulation 
on the original signal. When this varying dc. 
voltage is applied to a following amplifier through 
a coupling capacitor (C4 in Fig. 5-2), only the 
variations in voltage are transferred, so that the 
final output signal is a.c., as shown in D. 

In the circuit at 5-2B, R, and Cy have been 
divided for the purpose of providing a more 
effective filter for r.f. It is important to prevent 
the appearance of any rf. voltage in the output 
of the detector, because it may cause overload- 
ing of a succeeding amplifier tube. The audio- 
trequency variations can be transferred to 
another circuit through a coupling capacitor, 
C4, to a load resistor, Rg, which usually is a 
“potentiometer” so that the audio volume can 
be adjusted to a desired level. 

Coupling to the potentiometer (volume con- 
trol) through a capacitor also avoids any flow 
of dc. through the control. The flow of dic. 
through a high-resistance volume control often 
tends to make the control noisy (scratchy) after 
a short while. : 

The full-wave diode circuit at 5-2C differs 
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Fig. 5-4—Circuits for plate detection. A, triode; B, pen- 
tode, The input circuit, L2C:, is tuned to the signal 
frequency. Typical values for the other components are: 


Com- 


ponent Circuit A Circuit B 


Cs 0.5 pf. or larger. 
Cs 0.001 to 0.002 pf. 250 to 500 pf. 

Ce 0.1 pf. 0.1 yf. 

Cs 0.5 uf. or larger. 

Ri 25,000 to 150,000 ohms. 10,000 to 20,000 ohms. 
Ra 50,000 to 100,000 ohms. 100,000 to 250,000 ohms. 


0.5 uf. or larger. 


Rs 50,000 ohms. 
Ry ‘ 20,000 ohms. 
RFC 2.5 mh, 2.5 mh, 


Plate voltages from 100 to 250 volts may be used. Ef- 
fective screen voltage in B should. be about 30 volts. 


in operation from the half-wave circuit only in 
that both halves of the rf. cycle are utilized. 
The full-wave circuit has the advantage that 
r.f, filtering is easier than in the half-wave cir- 
cuit. As a result, less attenuation of the higher 
audio frequencies will be obtained for any given 
degree of r.f. filtering: 

The reactance of Cy must be small compared 
to the resistance of R, at the radio frequency 
being rectified, but at audio frequencies must 
be relatively large compared to R,. If the capac- 
ity of Cy is too large, response at the higher 
audio frequencies will be lowered. 

Compared with most other detectors, the gain 
of the diode is low, normally running around 
0.8 in audio work. Since the diode consumes 
power, the Q of the tuned circuit is reduced, 
bringing about a reduction in selectivity. The 
loading effect of the diode is close to one-half the 
load resistance. The detector linearity is good, 
and the signal-handling capability is high. 


Plate Detectors 


The plate detector is arranged so that recti- 
fication of the rf. signal takes place in the plate 
circuit of the tube. Sufficient negative bias is ap- 
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plied to the grid to bring the plate current nearly 
to the cut-off point, so that application of a sig- 
nal to the grid circuit causes an increase in av- 
erage plate current. The average plate current 
follows the changes in signal in a fashion similar 


' to the rectified current in a diode detector. 


In general, transformer coupling from the 
plate circuit of a plate detector is not satisfac- 
tory, because the plate impedance of any tube 
is very high when the bias is near the plate- 
current cut-off point. Impedance coupling may 
be used in place of the resistance coupling shown 
in Fig. 5-4. Usually 100 henrys or more induc- 
tance is required. 

The plate detector is more sensitive than the 
diode because there is some amplifying action in 
the tube. It will handle large signals, but is not 
so tolerant in this respect as the diode. Linearity, 
with the self-biased circuits, shown, is good. Up 
to the overload point the detector takes no power 
from the tuned circuit, and so does not affect 
its Q and selectivity. 


Infinite-lmpedance Detector 


The circuit of Fig. 5-5 combines the high 
signal-handling capabilities of the diode detector 
with low distortion and, like the plate detector, 
does not load the tuned circuit it connects to. 
The circuit resembles that of the plate detector, 
except that the load resistance, R,, is connected 
between cathode and ground and thus is common 
to both grid and plate circuits, giving negative 
feedback for the audio frequencies. The cathode 
resistor is bypassed for r.f. but not for audio, 
while the plate circuit is bypassed to ground for 
both” audio and radio frequencies. An r.f. filter 
can be connected between the cathode and C, to 
eliminate any rf. that might otherwise appear 
in the output. 

The plate current is very low at no signal, 
increasing with signal as in the case of the plate 
detector. The voltage drop across Ry, conse- 
quently increases with signal. Because of this 
and the large initial drop across R,, the grid usu- 
ally cannot be driven positive by the signal, and 
no grid current can be drawn. 


R. F INPUT 3 


-B 


AR 
OUTPUT 


Fig. 5-5—The infinite-impedance detector. The input 
circuit, LeCi, is tuned to the signal frequency. Typical 
values for the other components are: 


Ce—250 pf. Ri—0.15 megohm, 
Cs—0.5 pf. R2—25,000 ohms. 
C.—0.1 yf. Rs—0.25-megohm volume control. 


A tube having a medium amplification factor (about 
20) should be used. Plate voltage should be 250 volts. 
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Fig. 5-6—Three versions of the 
“product detector” circuit. In 
the circuit at A separate tubes 
are used for the signal circuit 
cathode follower, the b.f.o. 
cathode follower and the 
mixer tube. In B the mixer 
and b.f.o. follower are com- 
bined in one tube, and a low- 
pass filter is used in the out- 
put. In C two germanium 
diodes are switched in and 
out of conduction by the b.f.o. 
voltage. 
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até detector output is the product of the two signals, 
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Heterodyne and Product Detectors 


Any of the preceding a.m. detectors becomes a 
heterodyne detector when a local-oscillator 
(b.£.0.) signal is added to it. The b.f.o. signal is 
normally coupled into the input circuit through 
a small capacitor. The b.f.o. signal amplitude 
should be large (5 to 20 times) compared with 
the strongest incoming code or -s.s.b. signal, if 
distortion is to be minimized. Although any a.m. 
detector used with a b.f.o. much greater in am- 
plitude than the incoming signal will give low 
distortion of the detected signal, the name 
“product detector” has been given to heterodyne- 
detector circuits in which particular attention 
is paid to maintaining low distortion and inter- 
modulation products. 

In the product-detector circuit of Fig. 5-6A, 
the first two triodes are used as cathode followers, 
for the signal and for the b.f.o. working into a 
common cathode resistor (1000 ohms). The 
third triode also shares this cathode resistor and 


consequently the same signals, but it has an audio. 


load in its plate circuit and it operates at a higher 
grid bias (by virtue of the 2700-ohm resistor in 
its cathode circuit). The signals and the b.f.o. 
mix in this third triode. If the b.f.o. is turned off, 
a modulated signal running through the signal 
cathode follower should yield little or no audio 
output from the detector, up to the overload 
point of the signal cathode follower. Turning on 
the bf.o. brings in modulation, because now the 


The plates of the cathode followers are grounded 
and filtered for the if. and the 4700-nuf. capacitor 
from plate to ground in the output triode fur- 
nishes a bypass at the if. The b.f.0. voltage should 
be about 2 r.m.s., and the signal should not exceed 
about 0.3 volts: r.m.s. 

The circuit in Fig. 5-6B is a simplification re- 
quiring one less triode. Its principle of operation 
is substantially the same except that the addi- 
tional bias for the output tube is derived from 
rectified b.f.o. voltage across the 100,000-ohm re- 
sistor. The degree 6f plate filtering in either cir- 
cuit will depend upon the frequencies involved. 
At low intermediate frequencies, more elaborate 
filtering is required. 

The circuit of Fig. 5-6C uses two germanium 
diodes, although a 6AL5 can be substituted. As 
shown, the high back resistance of the diodes 
is used as a d.c. return; if the 6AL5 is used the 
diodes must be shunted by 1-megohm resistors. 
The b.f.o. voltage should be at least 10 to 20 times 
the amplitude of the incoming signal. 


REGENERATIVE DETECTORS 


By providing controllable r-f. feedback (re- 
generation) in a triode or pentode detector cir- 
cuit, the incoming signal can be amplified many 
times, thereby greatly increasing the sensitivity 
of the detector. Regeneration also increases the 
effective Q of the circuit and thus the selectivity. 
The grid-leak type of detector is most suitable 
for the purpose. 

The grid-leak detector is a combination diode 
rectifier and audio-frequency amplifier. In the 
circuit of Fig. 5-7A, the grid corresponds to the 
diode plate and the rectifying action is exactly 


Regenerative Detectors 


RFC 70 


the same as in a diode. The d.c. voltage from 
rectified-current flow through the grid leak, R,, 
biases the grid negatively, and the audio-fre- 
quency variations in voltage across R, are ampli- 
fied through the tube as in a normal a.f. amplifier. 
In the plate circuit, Ry is the plate load resistance 
and C, and RFC a filter to eliminate r.f. in the 
output circuit. 

A grid-leak detector has considerably greater 
sensitivity than a diode. The sensitivity is fur- 
ther increased by using a screen-grid tube 
instead of a triode. The operation is equivalent 
to that of the triode circuit. The screen bypass 
capacitor should have low reactance for both 
radio and audio frequencies. 

The circuit in Fig. 5-7B is regenerative, the 
feedback being obtained by feeding some signal 
from the plate circuit back to the grid by induc- 
tive coupling. The amount of regeneration must 
be controllable, because maximum regenerative 
amplification is secured at the critical point 
where the circuit is just about to oscillate. The 
critical point in turn depends upon circuit condi- 
tions, which may vary with the frequency to 
which the detector is tuned. An oscillating de- 
tector can be detuned slightly from an incoming 
c.w. signal to give autodyne reception. 

The circuit of Fig. 5-7B uses a variable bypass 
capacitor, Cs, in the plate circuit to control re- 
generation. When the capacitance is small the 
tube does not regenerate, but as it increases 
toward maximum its reactance becomes smaller 
until there is sufficient feedback to cause oscil- 
lation. If L, and Lg are wound end-to-end in the 
same direction, the plate connection is to the 
outside of the plate or “tickler” coil, L,, when the 
grid connection is to the outside end of Ly. 

Although the regenerative grid-leak detector 
is more sensitive than any other type, its many 
disadvantages commend it for use only in the 
simplest receivers. The linearity is rather poor, 
and the signal-handling capability is limited. The 
signal-handling capability can be improved by 
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Fig. 5-7—(A) Triede grid-leak detector combines diode 
detection with triode amplification. Although shown 
here with resistive plate load, Ra, an audio choke coil 
or transformer could be used. 

(B) Feeding some signal from the plate circuit back 
to the grid makes the circuit regenerative. When feed- 
back is sufficient, the circuit will oscillate. Feedback is 
controlled here by varying reactance at Cs; with fixed 
capacitor at that point regeneration could be con. 
trolled by varying plate voltage or coupling between 
Ls and Ls. 


reducing R, to 0.1 megohm, but the sensi- 
tivity will be decreased. The degree of an- 
tenna coupling is often critical. 


Tuning 
For c.w. reception, the regeneration con- 
trol is advanced until the detector breaks into 
a “hiss,” which indicates that the detector is 
oscillating. Further advancing the regenera- 
tion control will result in a slight decrease in 
the hiss. 

Code signals can be tuned in and will give a tone 
with each signal depending on the setting of the 
tuning control, as shown in Fig 5-8. A low- 
pitched beat-note cannot be obtained from a strong 
signal because the detector “pulls in” or “blocks.” 

The point just after the detector starts oscil- 
lating is the most sensitive condition for code 
reception. Further advancing the regeneration 
control makes the receiver less prone to blocking, 
but also less sensitive to weak signals. 

If the detector is in the oscillating condition 
and an a.m. phone signal is tuned in, a steady audi- 
ble beat-note will result. While it is possible to lis- 
ten to phone if the receiver can be tuned to exact 
zero beat, it is more satisfactory to reduce the 
regeneration to the point just before the receiver 
goes into oscillation. This is also the most sensi- 
tive operating point. 
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Fig. 5-8—As the tuning dial of a receiver is turned past 
a code signal, the beat-note varies from a high tone 
down through “zero beat” (no audible frequency dif- 
ference) and back up to a high tone, as shown at A, 
B and C. The curve is a graphical representation of the 
action. The beat exists past 8000 or 10,000 cycles but 
usually is not heard because of the limitations of the 
audio system. 
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TUNING AND BAND-CHANGING METHODS 


Tuning 


The resonant frequency of a circuit can be 
shifted by changing either the inductance or the 
capacitance in the circuit. Panel control of in- 
ductance is used to tune a few commercial re- 
ceivers, but most receivers depend upon panel-. 
controlled variable capacitors for tuning. 


Tuning Rate 


For ease in tuning a signal, it is desirable that 
the receiver have a tuning rate in keeping with 
the type of signal being received and also with 
the selectivity of the receiver. A tuning rate of 
500 ke. per knob. revolution is normally satis- 
factory for a broadcast receiver, but 100 kc. per 
revolution is almost too fast for easy s.s.b. recep- 
tion—around 25 to 50:ke. being more desirable. 


Band Changing 


The same coil and tuning capacitor cannot be 
used for, say, 3.5 to 14 Me. because of the imprac- 
ticable maximum-to-minimum capacitance ratio 
required. It is necessary, therefore, to provide a 
means for changing the circuit constants for var- 
ious frequency bands. As a matter of convenience 
the same tuning capacitor usually is retained, but 
new coils are inserted in the circuit for each band. 

One method of changing inductances is to use 
a switch having an appropriate number of con- 
tacts, which connects the desired coil and dis- 
connects the others. The unused coils are some- 


(A) (B) 


to 25-pf. maximum), is used in parallel with 
capacitor Cy, which is usually large enough (100 
to 140 pf.) to cover a 2-to-1 frequency range. The 
setting of Cy will determine the minimum capaci- 
tance of the circuit, and the maximum capacitance 
for bandspread tuning will be the maximum 
capacitance of C, plus the setting of Cy. The in- 
ductance of the coil can be adjusted so that the 
maximum-minimum ratio will give adequate 
bandspread. It is almost impossible, because of the 
non-harmonic relation of the various band limits, 
to get full bandspread on all bands with the same 
pair of capacitors. Cy is variously called the band- 
setting or main tuning capacitor. It must be re- 
set each time the band is changed. : 

If the capacitance change of a tuning capacitor 
is known, the total fixed shunt capacitance (Fig. 
5-9A) for covering a band of frequencies can be 
found from Fig. 5-10. 


Example: What fixed shunt capacitance 
will allow a capacitor with a range of 5 to 
30 pf. to tune 3.45 to 4.05 Mc.? 

(4.05 — 3.45) + 4.05 = 0.148. 

From Fig. 5-10, the capacitance ratio is 
0.38, and hence the minimum capacitance is 
(30 — 5) + 0.38 = 66 pf. The 5-pf. minimum 
of the tuning capacitor, the tube capacitance 
and any stray capacitance must be included in 
the 66 pf. 


The method shown at Fig. 5-9B makes use of 
capacitors in series. The tuning capacitor, Cy, 
may have a maximum capacitance of 100 wp. or 


(C) C, 


Fig. 5-9—Essentials of the three basic bandspread tuning systems. 


times short-circuited by the switch, to avoid 
undesirable self-resonances. 

Another method is to use coils wound on forms 
that can be plugged into suitable sockets, These 
plug-in coils are advantageous when space is at a 
premium, and they are also very useful when 
considerable experimental work is involved. 


Bandspreading 


The tuning range of a given coil and variable 
capacitor will depend upon the inductance of the 
coil and the change in tuning capacitance. To 
cover a wide frequency range and still retain a 
suitable tuning rate over a relatively narrow fre- 
quency range requires the use of bandspreading. 
Mechanical bandspreading utilizes some me- 
chanical means to reduce the tuning rate; a 
typical example is the two-speed planetary drive 
to be found in some receivers. Electrical band- 
spreading is obtained by using a suitable circuit 
configuration. Several of these methods are 
shown in Fig: 5-9. 

In A, a small bandspread capacitor, C, (15- 
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Fig. 5-10—Minimum circuit capacitance required in the 
circuit of Fig. 5-9A as a function of the capacitance 
change and the frequency change. Note that maximum 
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frequency and minimum capacitance are used. 


Superheterodyne 


more. The minimum capacitance is determined 
principally by the setting of C3, which usually 
has low capacitance, and the maximum capaci- 
tance by the setting of Cy, which is of the order 
of 25 to 50 pf. This method is capable of close 
adjustment to practically any desired degree of 
bandspread. Either Cy and Cg must be adjusted 
for each band or separate preadjusted capacitors 
must be switched in. 

The circuit at Fig. 5-9C also gives complete 
spread on each band. Cy, the bandspread capaci- 
tor, may have any convenient value; 50 pf. is 
satisfactory. C, may be used for continuous fre- 
quency coverage (“general coverage”) and as a 
bandsetting capacitor. The effective maximum- 
minimum capacitance ratio depends upon C, and 
the point at which C, is tapped on the coil. The 
nearer the tap to the bottom of the coil, the 
greater the bandspread, and vice versa. For a 
given coil and tap, the bandspread will be greater 
if Cy is set at higher capacitance. C 2 May be con- 
nected permanently across the individual inductor 
and preset, if desired. This requires a separate 
capacitor for each band, but eliminates the neces- 
sity for resetting C, each time. 


Ganged Tuning 


The tuning capacitors of the several rf. cir- 
cuits may be coupled together mechanically and 
operated by a single control. However, this oper- 
ating convenience involves more complicated con- 
struction, both electrically and mechanically. It 
becomes necessary to make the various circuits 
track—that is, tune to the same frequency for a 
given setting of the tuning control. 

True tracking can be obtained only when the 
inductance, tuning capacitors, and circuit induc- 
tances and minimum and maximum capacitances 
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are identical in all “ganged” stages. A small trim- 
mer or padding capacitor may be connected 
across the coil, so that various minimum capac- 
itances can be compensated. The use of the trim- 
mer necessarily increases the minimum circuit 
capacitance but is a necessity for satisfactory 
tracking. Midget capacitors having maximum ca- 
pacitances of 15 to 30 pf. are commonly used. 

The same methods are applied to bandspread 
circuits that must be tracked. The circuits are 
identical with those of Fig. 5-9. If both general- 
coverage and bandspread tuning are to be avail- 
able, an additional trimmer capacitor must be 
connected across the coil in each circuit shown. 
If only amateur-band tuning is desired, however, 
the C, in Fig. 5-9B, and C, in Fig. 5-9C, serve 
as trimmers. 

The coil inductance can be adjusted by starting 
with a larger number of turns than necessary 
and removing a turn or fraction of a turn at a 
time until the circuits track satisfactorily. An 
alternative method, provided the inductance is 
reasonably close to the correct value initially, is 
to make the coil so that the last turn is variable 
with respect to the whole coil. 

Another method for trimming the inductance 
is to use an adjustable brass (or copper) or pow- 
dered-iron core. The brass core acts like a single 
shorted turn, and the inductance of the coil is 
decreased as the brass core, or “slug,” is moved 
into the coil. The powdered-iron core has the 
opposite effect, and increases the inductance as 
it is moved into the coil. The Q of the coil is not 
affected materially by the use of the brass slug, 
provided the brass slug has a clean surface or is 
silverplated. The powdered-iron core will raise 
the Q of a coil, provided the iron is suitable for 
the frequency in use. Good powdered-iron cores 
can be obtained for use up to about 50 Mc. 


THE SUPERHETERODYNE 


Many years ago (early 1930s) practically the 
only type of receiver to be found in amateur sta- 
tions consisted of a regenerative detector and 
one or more stages of audio amplification. Re- 
ceivers of this type can be made quite sensitive 
but strong signals block them easily and, in our 
present crowded bands, they are seldom used 
except in emergencies. They have been replaced 
by superheterodyne receivers, ‘generally called 
“superhets.” 


The Superheterodyne Principle 


In a superheterodyne receiver, the frequency 
of the incoming signal is heterodyned to a new 
radio frequency, the intermediate frequency 
(abbreviated “if.”), then amplified, and finally 
detected. The frequency is changed by modu- 
lating the output of a tunable oscillator (the 
high-frequency, or local, oscillator) by the 
incoming signal in a mixer or converter stage 
to produce a side frequency equal to the inter- 
mediate frequency. The other side frequency is 
rejected by selective circuits. The audio-frequency 


signal is obtained at the detector. Code signals 
are made audible by autodyne or heterodyne 
reception at the detector stage; this oscillator is 
called the “beat-frequency oscillator” or b.f.0. 

As a numerical example, assume that an inter- 
mediate frequency of 455’kc. is chosen and that 
the incoming signal is at 7000 kc. Then the high- 
frequency oscillator frequency: may be set to 
7455 kc., in order that one side frequency (7455 
minus 7000) will be 455 ke. The high-frequency 
oscillator could also be set to 6545 ke. and give 
the same difference frequency. To produce an 
audible code signal at the detector of, say, 1000 
cycles, the autodyning or heterodyning oscillator 
would be set to either 454 or 456 kc. 

The frequency-conversion process permits rf. 
amplification at a relatively low frequency, the 
if. High selectivity and gain can be obtained at 
this frequency, and this selectivity and gain are 
constant. The separate oscillators can be designed 
for good stability and, since they are working at 
frequencies considerably removed from the sig- 
nal frequencies, they are not normally “pulled” 
by the incoming signal. 
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Fach hf. oscillator frequency will cause if. re- 
sponse at two signal frequencies, one higher and 
one lower than the oscillator frequency. If the 
oscillator is set to 7455 ke. to tune to a 7000-kc. 
signal, for example, the receiver can respond also 
to a signal on 7910 kc., which likewise gives a 
455-kc, beat. The undesired signal is called the 
image. It’ can cause unnecessary interference if 
it isn’t eliminated. 

The radio-frequency circuits of the receiver 
(those used before the signal is heterodyned 
to the if.) normally are tuned to the desired 
signal, so that the selectivity of the circuits re- 
duces or eliminates the response to the image 
signal. The ratio of the receiver voltage output 
from the desired signal to that from the image is 
called the signal-to-image ratio, or image ratio, 

The image ratio depends upon the selectivity 
of the rf. tuned circuits preceding the mixer 
tube. Also, the higher the intermediate fre- 
’ quency, the higher the image ratio, since raising 
the if. increases the frequency separation be- 
tween the signal and the image and places the 
latter further away from the resonance peak of 
the signal-frequency input circuits. Most re- 
ceiver designs represent a compromise between 
economy (few input tuned circuits) and image 
rejection (large number of tuned circuits). 


Other Spurious Responses 


In addition to images, other signals to which 
the receiver is not ostensibly tuned may be heard. 
Harmonics of the high-frequency oscillator may 
beat with signals far removed from the desired 
frequency to produce output at the intermediate 
frequency; such spurious responses can be re- 
duced by adequate selectivity before the mixer 
stage, and by using sufficient shielding to prevent 
signal pick-up by any means other than the an- 
tenna. When a strong signal is received, the har- 
monics generated by rectification in the detector 
may, by stray coupling, be introduced into ‘the 
rf. or mixer circuit and converted to the inter- 
mediate frequency, to go through the receiver 
in the same way as an ordinary signal. These 
“birdies” appear as a heterodyne beat on the 
desired signal, and are principally bothersome 
when the frequency of the incoming signal is 
not greatly different from the intermediate fre- 
quency. The cure is proper circuit isolation and 
shielding. 

Harmonics of the beat oscillator also may be 
converted -in similar fashion and amplified 
through the receiver; these responses can be re- 
duced by shielding the beat oscillator and by 
careful mechanical design. 


The Double-Conversion Superheterodyne 


At high and very-high frequencies it is diffi- 
cult to secure an adequate image ratio when the 
intermediate frequency is of the order of 455 kc. 
To reduce image response the signal frequently 
is converted first to a rather high (1500, 5000, 
or even 10,000 kc.) intermediate frequency, and 
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then — sometimes after further amplification— 
reconverted to a lower if. where higher adja- 
cent-channel selectivity can be obtained. Such a 
receiver is called a double-conversion superhet- 
erodyne. 


FREQUENCY CONVERTERS 


A circuit tuned to the intermediate frequency 
is placed in the plate circuit of the mixer, to offer 
a high impedance load for the if. current that is 
developed. The signal- and oscillator-frequency 
yoltages appearing in the plate circuit are re- 
jected by the selectivity of this circuit. The if. 
tuned circuit should have low impedance for 
these frequencies, a condition easily met if they 
do not approach the intermediate frequency. 

The conversion efficiency of the mixer is the 
ratio of if. output voltage from the plate circuit 
to rf. signal voltage applied to the grid. High 
conversion efficiency is desirable. The mixer 
tube noise also should be low if a good signal-to- 
noise ratio is wanted, particularly if the mixer is 


the first tube in the receiver. 


A change in oscillator frequency caused by 
tuning of the mixer grid circuit is called pulling. 
Pulling should be minimized, because the stabil- 
ity of the whole receiver depends critically upon 
the stability of the hf. oscillator. Pulling de- 
creases with separation of the signal and 
hf.-oscillator frequencies, being less with high 
intermediate frequencies. Another type of pull- 
ing is caused by regulation in the power supply. 
Strong signals cause the voltage to change, 
which in turn shifts the oscillator frequency. 


Circuits 


If the mixer and high-frequency oscillator are 
separate tubes, the converter portion is called 
a “mixer.” If the two are combined in one en- 
velope (as is often done for reasons of economy 
or efficiency), the stage is called a “converter.” 
In either case the function is the same. 

Typical mixer circuits are shown in Fig. 5-11. 
The variations are chiefly in the way in which 
the oscillator voltage is introduced. In 5-11A, a 
pentode functions as a plate detector at if.; the os- 
cillator voltage is capacitance-coupled to the grid 
of the tube through C. Inductive coupling may be 
used instead. The conversion gain and input se- 
lectivity generally are good, so long as the sum 
of the two voltages (signal and oscillator) im- 
pressed on the mixer grid does not exceed the 
grid bias. It is desirable to make the oscillator 
voltage as high as possible without exceeding 
this limitation. The oscillator power required is 
negligible. If the signal frequency is only 5 or 10 
times the i.f., it may be difficult to develop enough 
oscillator voltage at the grid (because of the 
selectivity of the tuned input circuit). However, 
the circuit is a sensitive one and makes a good 
mixer, particularly with high-transconductance 
tubes like the 6AH6, 6AKS or 6U8 (pentode 
section). Triode tubes can be used as mixers in 
grid-injection circuits, but they are commonly 
used at 50 Mc. and higher, where mixer noise 
may become a significant factor. The triode 
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Fig. 5-11—Typical circuits for separately excited mixers. 

Grid injection of a pentode mixer is shown at A, cath- 

ode injection at B, and separate excitation of a penta- 

grid conVerter is given in C. Typical values for C will 

be found in Table 5-I—the values below are for the 
pentode mixer of A and B. 


C1—10 to 50 pf. Ry—1.0 megohm. 
Cz—5 to 10 pf. Rs—0.47 megohm. 
Cs, Cy, Cs—O.001 pf. Ri—1500 ohms. 
_ Ri—6800 ohms. 
Positive supply voltage can be 250 volts with a’ 6AH6, 


150 with a 6AK5. 


mixer has the lowest inherent noise, the pentode 
is next, and the multigrid converter tubes are 
the noisiest. : 

The circuit in Fig. 5-11B shows cathode in- 
jection at the mixer. Operation is similar to the 
grid-injection case, and the same considerations 
apply. 

It is difficult to avoid “pulling” in a triode or 
pentode mixer, and a pentagrid mixer tube pro- 
vides much better isolation. A typical circuit is 
shown in Fig. 5-11C, and tubes like the 6SA7, 
6BA7 or 6BE6 are commonly used. The oscil- 
lator voltage is introduced through an “injec- 
tion” grid. Measurement of the rectified current 
flowing in Ry is used as a check for. proper oscil- 
lator-voltage amplitude. Tuning of the signal- 
grid circuit can have little effect on the oscillator 
frequency because the injection grid is isolated 
from the signal grid by a screen grid that is at 
rf. ground potential. The pentagrid mixer is 
much noisier than a triode or pentode mixer, but 


its isolating characteristics make it a very use- | 


ful device. 


Fig. 5-12—Typical circuit using the 7360 beam-deflection 
tube as a mixer. Typical values, of components are listed 
_below. 
Ri—390 ohms 
Rs—22,000 ohms 
Rs—120,000 ohms 


C:—0.01 to 0.005 pf. 
Co—0.01 yf. 
Cs—0.002 pf. 
R.—1500 ohms 
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Pentagrid tubes like the 6BE6 or 6BA7 are 
sometimes used as “converters” performing the 
dual function of mixer and oscillator. The usual 
circuit resembles Fig. 5-11C, except that the No. - 
1 grid connects via Cy to the top of a grounded 
parallel tuned circuit, and the cathode (without 
R, and C3) connects to a tap near the grounded 
end of the coil. This forms a Hartley oscillator 
circuit. Typical values are given in Table 5-I. 
Correct location of the cathode tap is monitored 
by the grid current; raising the tap increases the 
grid current because the strength of oscilla- 
tion is increased, 

A more stable receiver generally results, par- 
ticularly at the higher frequencies, when separate 
tubes are used for the mixer and oscillator. Prac- 
tically the same number of circuit components is 
required whether or not a combination tube is 
used, so that there is very little difference to be 
realized from the cost standpoint. 

Typical circuit constants for converter. tubes 
are given in Table 5-I. The grid leak referred 
to is the oscillator grid leak or inyection-grid 
return, Ry of Figs. 5-11C and 5-12. , 

The effectiveness of converter tubes of the 
type just described becomes less as the signal 
frequency is increased. ‘Some oscillator voltage 
will be coupled to the signal grid through “space- 
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TABLE 5-1 
Circuit and Operating Values for Converter Tubes 


Plate voltage = 250 
SELF-EXCITED 


Cathode 
Resistor 


Leak Grid 
Grid 
22,000 


22,000 


Screen 
Resistor 


12,000 
22,000 
27,000 47,000 
18,000 22,000 


2 Octal base, metal. 


Tube 


1 Miniature tube 


’ 


charge” coupling, an effect that increases with 
frequency. If there is relatively little frequency 
difference between oscillator and signal, as for 
example a 14- or 28-Mc. signal and an if. of 455 
ke., this voltage can become considerable because 
the selectivity of the signal circuit will be unable 
to reject it. If the signal grid is not returned 
directly to ground, but instead is returned 
through a resistor or part of an a.g.c. system, 
considerable bias can be developed which will 
cut down the gain. For this reason, and to reduce 
image response, the i.f. following the first con- 
verter of a receiver should be not less than 5 or 
10 per cent of the signal frequency. 

Another type of mixer uses a 7360 beam- 
deflection tube, connected as shown in Fig. 5-12. 
The signal is introduced at the No. 1 grid, to 
modulate the electron stream running from 
cathode to plates. The beam is deflected from 
one plate to the other and back again by the 
b.f.0. voltage applied to one of the deflection 
plates. (If oscillator radiation is a problem, push- 
pull deflection by both deflection plates should 
be used:) Although the if. signal flows in both 
plates, it isn’t necessary to use a push-pull output 
circuit unless if. feedthrough is a potential prob- 
lem. 


Transistors in Mixers 
Typical transistor circuitry for a mixer operat- 
ing at frequencies below 20 Mc. is shown in Fig. 
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Fig. 5-13—Typical transistor mixer circuit. 
Li—Low-impedance inductive coupling to ‘oscillator. 
T.—Transistor if. transformer. Primary impedance of 

50,000 ohms, secondary impedance of 800 
ohms (Miller 2066). 


Current 


Screen voltage = 100, or through specified resistor from 250 volts 


SEPARATE EXCITATION 
Grid 
Leak 

22,000 

22,000 


Grid 
Current 


0.35 ma. 
0.5 


Screen 
Resistor 


15,000 
22,000 


Cathode 

Resistor 
68 
150 


150 22,000 0.5 


18,000 


5-13. The local oscillator current is injected in 
the emitter circuit by inductive coupling to L,; 
L, should have low reactance at the oscillator 
frequency. The input from the rdf. amplifier 
should be at low impedance, obtained by induc- 
tive coupling or tapping down on the tuned cir- 
cuit. The output transformer T, has the collector 
connection tapped down on the inductance to 
maintain a high Q in the tuned circuit. 


Audio Converters 


Converter circuits of the type discussed ear- 
lier can be used to advantage in the reception of 
code and s.s.b. signals, by introducing the local 
oscillator on the No. 1 grid, the signal on the 
No. 3 grid, and working the tube into an audio 
load. Its operation can be visualized as hetero- 
dyning the incoming signal into the audio range. 
The use of such circuits for audio conversion has 
been limited to selective if. amplifiers operating 
below 500 kc. and usually below 100 ke. An ordi- 
nary a.m. signal cannot be received on such a de- 
tector unless the tuning is adjusted to make the 
local oscillator zero-beat with the incoming car- 
rier, : 

Since the beat oscillator modulates the elec- 
tron stream completely, a large beat-oscillator 
component exists in the plate circuit. To prevent 
overload of the following audio amplifier stages, 
an adequate if. filter must be used in the output 
of the converter. 

The “product detector” of Fig. 5-6 is also a 
converter circuit, and the statements above for 
audio converters apply to the product detector. 


THE HIGH-FREQUENCY OSCILLATOR 


Stability of the receiver is dependent chiefly 
upon the stability of the tunable h.f. oscillator, 
and particular care should be given this part of 
the receiver. The frequency of oscillation should 
be insensitive to mechanical shock and changes in 
voltage and loading. Thermal effects (slow 
change in frequency because of tube or circuit 
heating) should be minimized. They can be re- 
duced by using ceramic instead of bakelite insu- 
lation in the r.f. circuits, a large cabinet relative 
to the chassis (to provide for good radiation of 
developed heat), minimizing the number of 
high-wattage resistors in the receiver and put- 
ting them in the separate power supply, and not 
mounting the oscillator coils and tuning ca- 


HLF. Oscillator 


pacitor too close to a tube. Propping up the lid 
of a receiver will often reduce drift by lowering 
the terminal temperature of the unit. 

Sensitivity to vibration and shock can be 
minimized by using good mechanical support for 
coils and tuning capacitors, a heavy chassis, and 
by not hanging any of the oscillator-circuit com- 
ponents on long leads. Tie points should be used 
to avoid long leads. Stiff short leads are excellent 
because they can’t be made to vibrate. 

Smooth tuning is a great convenience to the 
operator, and can be obtained by taking. pains 
with the mounting of the dial and tuning ca- 
pacitors. They should have good alignment and 
no backlash. If the capacitors are mounted off 
the chassis on posts instead of brackets, it is al- 
most impossible to avoid some back-lash unless 
the posts have extra-wide bases. The capacitors 
should be selected with good wiping contacts to 
the rotor, since with age the rotor contacts can 
be a source of erratic tuning. All joints in the 
oscillator tuning circuit should be carefully sol- 
dered, because a loose connection or “rosin 
joint”. can develop trouble that is sometimes hard 
to locate. The chassis and panel materials should 
be heavy and rigid enough so that pressure on the 
tuning dial will not cause torsion and a shift in 
the frequency. 

In addition, the oscillator must be capable of 
furnishing sufficient r.f. voltage.and power for 
the particular mixer circuit chosen, at all fre- 
quencies within the range of the receiver, and its 
harmonic output should be as low as possible to 
reduce the possibility of spurious responses. 

The oscillator plate power should be as low 
as is consistent with adequate output. Low 
plate power will reduce tube heating and thereby 
lower the frequency drift. The oscillator and 
mixer circuits should be well isolated, preferably 
by shielding, since coupling other than by the 
intended means may result in pulling. 

If the h.f.-oscillator frequency is affected by 
changes in plate voltage, a voltage-regulated 
plate supply (VR tube) can be used. : 


Circuits 


Several oscillator circuits are shown in Fig. 
5-14. The Hartley circuit (A) is shown with the 
cathode “above ground” (anode at r.f. ground 
potential), which permits grounding the tuning 
capacitor rotor. However, when the cathode is 
placed above ground (in any oscillator circuit) 
there is a good possibility of hum modulation 
of the oscillator output at 14 Mc. and higher 
when a.c.-heated-cathode tubes are used. 

The Colpitts (B) and the plate-tickler (C) 
circuits are shown with the cathodes grounded, 
although the Colpitts is often used in the 
grounded-anode configuration. 

Besides the use of a fairly high C/L ratio in 
the tuned circuit, it is necessary to adjust the 
feedback to obtain optimum results. Too much 
feedback may cause “squegging” of the oscillator 
and the generation of several frequencies simul- 
taneously ; too little feedback will cause the out- 
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put to be low. In the Hartley circuit, the feedback 
is increased by moving the tap toward the grid 
end of the coil. In the Colpitts the feedback is 
determined by the ratio C/C3. More feedback is 
obtained in the plate-tickler circuit by increasing 
the number of turns in L, or by moving Ly closer 
to Ly. 


(C) 


Fig. 5-14—High-frequency oscillator circuits. A, 
Hartley grounded-plate oscillator; B, Colpitts grounded- 
cathode oscillator; C, plate-tickler feedback grounded- 
cathode oscillator. Coupling to the mixer may be 
taked from points X and Y. Coupling from Y will re- 
duce pulling effects but gives less voltage than from X. 


Typical values for components are as follows: 
Ci—20 to 100 pf. 
C2—0.005 to 0.01 yf. 
Ri—20,000 to 100,000 ohms. 
Re—10,000 ohms or higher, or good r.f. choke. 
Oscillator output can be adjusted by changing r.f. 
feedback (see text) or by value of Re. 
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THE INTERMEDIATE-FREQUENCY AMPLIFIER 


One major advantage of the superhet is that 
high gain and selectivity can be obtained by using 
a good if. amplifier. This can be a one-stage 
affair in simple receivers, or two or three stages 
in the more elaborate sets. 


Choice of Frequency 


The selection of an intermediate frequency is 
a compromise between conflicting factors. The 
lower the if. the higher the selectivity and gain, 
but a low if. brings the image nearer the desired 
signal and hence decreases the image ratio. A 
low if. also increases pulling of the oscillator 
frequency. On the other hand, a high if. is benefi- 
cial to both image ratio and pulling, but the gain 
is lowered and selectivity is harder to obtain by 
simple means. 

An if. of the order of 455 kc. gives good selec- 
tivity and is satisfactory from the standpoint of 

{mage ratio and oscillator pulling at frequencies 
up to 7 Mc. The image ratio is poor at 14 Me. 
when the mixer is connected to the antenna, but 
adequate when there is a tuned r.f. amplifier be- 
tween antenna and mixer. At 28 Mc. and on the 
very high frequencies, the image ratio is very 
poor unless several r.f. stages are used. Above 14 
Mc., pulling is likely to be bad without very loose 
coupling between mixer and oscillator. 

With an if. of about 1600 kc., satisfactory 
image ratios can be secured on 14, 21 and 28. Mc. 
with one r.f, stage of good design. For frequen- 
cies of 28 Mc. and higher, a common solution is 
to- use double conversion, choosing one high if. 
for image reduction (5 and 10 Me. are frequently 
used) and a lower one for gain and selectivity. 

In choosing an i.f. it is wise to avoid frequen- 
cies'on which there is considerable activity by 
the various radio services, since such signals may 
be picked up directly on the if. wiring. Shifting 
the if. or better shielding are the solutions to 
this interference problem. 


Fidelity; Sideband Cutting 


Amplitude modulation of a carrier generates 
sideband frequencies numerically equal to the 
carrier frequency plus and minus the modula- 
tion frequencies present. If the receiver is to 
give a faithful reproduction of modulation that 
contains, for instance, audio frequencies up to 
5000 cycles, it must at least be capable of ampli- 
fying equally all frequencies contained ina band 
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extending from 5000 cycles above or below the 
carrier frequency. In a superheterodyne, where 
all carrier frequencies are changed to the fixed 
intermediate frequency, the i-f. amplification 
must be uniform over a band 5 kc. wide, when the 
carrier is set at one edge. If the carrier is set 
in the center, a 10-kc. band is required. The sig- 
nal-frequency circuits usually do not have 
enough over-all selectivity to affect materially 
the “adjacent-channel” selectivity, so that only 
the if.-amplifier selectivity need be considered. 

If the selectivity is too great to permit uni- 
form amplification over the band of frequencies 
occupied by the modulated signal, some of the 
sidebands are “cut.” While sideband cutting re- 
duces fidelity, it is frequently preferable to sac- 
rifice naturalness of reproduction in favor of 
communications effectiveness. 

The selectivity of an if.-amplifier, and hence 
the tendency to cut sidebands, increases with the 
number of tuned circuits and also is greater 
the lower the intermediate frequency. From the 
standpoint of communication, sideband cutting 
is never serious with two-stage amplifiers at fre- 
quencies as low as 455 kc. A two-stage if. ampli- 
fier at 85 or 100 kc. will be sharp enough to cut 
some of the higher-frequency sidebands, if good 
transformers are used. However, the cutting is 
not at all serious, and the gain in-selectivity is 
worthwhile in crowded amateur bands. 


Circuits 


Lf. amplifiers usually consist of one or two 
stages. At 455 ke. two transformer-coupled stages 
generally give all the gain usable, and also give 
suitable selectivity for phone reception. 

A typical circuit arrangement is shown in Fig. 
5.15. A second stage would simply duplicate the 
circuit of the first. The if. amplifier practically 
always uses a remote cut-off pentode-type tube 
operated as a Class-A amplifier. For maximum 
selectivity, double-tuned transformers are used 
for interstage coupling, although single-tuned 
circuits or transformers with untuned primaries 
can be used for coupling, with a consequent loss 
in selectivity. All other things being equal, the 
selectivity of an if. amplifier is proportional to 
the number of tuned circuits in it. 

In Fig. 5-15, the gain of the stage is reduced 
by introducing a negative voltage to the lead 
marked “A.c.c.” or a positive voltage to R, at 


Fig. 5-15—Typical _intermediate-fre- 
quency amplifier circuit for a super- 


Seca heterodyne receiver. Representative 
PINES values for components are as follows: 
| STAGE Ci, Cs, Ca, Co—0.02 pf. at 455 ke; 0.01 

+ uf. at 1600 ke. and higher. 


Co-—0.01 pf. 

Ri, Re—See Table 5-II. 
Rs, Rs—1500 ohms. 
R.—0.1 megohm. 


LF. Amplifiers 


the poifit marked “MANUAL GAIN CONTROL.” In 
either case, the voltage increases the bias on the 
tube and reduces the mutual conductance and 
hence the gain. When two or more stages are 
used, these voltages are generally obtained from 
common sources. The decoupling resistor, Rg, 
helps to prevent unwanted interstage coupling. 
C, and R, are part of the automatic gain-control 
circuit (described later) ; if no a.g.c. is used, the 
lower end of the i.f.-transformer secondary is 
connected to chassis. 


Tubes for !.F. Amplifiers 


Variable-» (remote cut-off) pentodes are al- 
most invariably used in i. amplifier stages, 
since grid-bias gain control is practically always 
applied to the i. amplifier. Tubes with high 
plate resistance will have least effect on the se- 
lectivity of the amplifier, and those with ‘high 
mutual conductance will give greatest gain. The 
choice of if. tubes normally has no effect on the 
signal-to-noise ratio, since this is determined by 
the preceding mixer and r.f. amplifier. 

Typical values of cathode and screen resistors 
for common tubes are given in Table 5-II. The 
6BA6, 6BJ6 and 6BZ6 are recommended for if. 


work because they have desirable remote cut-off © 


characteristics. The indicated screen resistors 


TABLE 5-II 


Cathode and Screen-Dropping 
Resistors for R.F. or I.F. Amplifiers 


Plate Screen Cathode Screen 
Volts Volts Resistor Ri Resistor Ra 


6AC72 300 62,000 
6AH62 300 150 62,000 
6AKS4 180 120 27,000 
6AU62 250 150 33,000 
6BA6* 250 - 100 33,000 
6BH6? 250 150 33,000 
6BJ6* 250 100 47,000 
6BZ62* 200 150 20,000 
6CB6 209 150 56,000 
6DCé2 200. 135 24,000 
6SG74* 250 125 27,000 
6SH71 250. 150 39,000 
6SJ7* 250 100 180,000 
6SK71* 250 100 56,000 


1 Octal base, metal. 4 Miniature tube 
* Remote cut-off type. 


Tube 


drop the plate voltage to the correct screen 
voltage, as Ry in Fig. 5-15. 

When two or more stages are used the high 
gain may tend to cause instability and oscillation, 
so that good shielding, bypassing, and careful 
’ circuit arrangement to prevent stray coupling 
between input and output circuits are necessary. 

When vacuum tubes are used, the plate and 
grid leads should be well separated. With tubes 
it is advisable to. mount the screen bypass 
capacitor directly on the bottom of the socket, 
crosswise. between the plate and. grid pins, to 
provide additional shielding. As a further pre- 
caution against capacitive coupling, the grid and 
plate leads should be “dressed” close to the 
chassis, 
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The tuned circuits of if. amplifiers are built 
up as transformer units consisting of a metal 
shield container in which the coils and tuning 
capacitors are mounted. Both air-core and pow- 
dered iron-core universal-wound coils are used, 
the latter having somewhat higher Qs and hence 
greater selectivity and gain. In universal wind- 
ings the coil is wound in layers with each turn 
traversing the length of the coil, back and forth, 
rather than being wound perpendicular to the 
axis as in ordinary single-layer coils..In a 
straight multilayer winding, a fairly large capac- 
itance can exist between layers. Universal wind- 
ing, with its “criss-crossed” turns, tends to 
reduce distributed-capacitance effects. 

For tuning, air-dielectric tuning capacitors are 
preferable to mica compression types because 
their capacitance is practically unaffected by 
changes in temperature and humidity. Iron-core 
transformers may be tuned by varying the in- 
ductance (permeability tuning), in which case 
stability comparable to that of variable air-ca- 
pacitor tuning can be obtained by use of high- 
stability fixed mica or ceramic capacitors. Such 
stability is of great importance, since a circuit 
whose frequency “drifts” with time eventually 
will be tuned to a different frequency than the 
other circuits, thereby reducing the gain and 
selectivity of the amplifier. 

The normal interstage if.. transformer is 
loosely coupled, to give good selectivity consist- 
ent with adequate gain. A so-called diode trans- 
former is similar, but the coupling is tighter, to 
give sufficient transfer when working into the 
finite load presented by a diode detector. Using 
a diode transformer in place of an interstage 
transformer would result in loss of selectivity; 
using an interstage transformer to couple to 
the diode would result in loss of gain, 

Besides the conventional i.f. transformers just 
mentioned, special units to give desired selectiv- - 
ity characteristics have been used. For higher- 
than-ordinary adjacent-channel selectivity, tri- 
ple-tuned transformers, with a third tuned 
circuit inserted between the input and output 
windings, have been made. The energy is trans- 
ferred from the input to the output windings via 
this tertiary winding, thus adding its selectivity 
to the over-all selectivity of the transformer. 

A method of varying the selectivity is to vary 
the coupling between primary and secondary, 
overcoupling being used to broaden the selec- 
tivity curve. Special circuits using single tuned 


circuits, coupled in any of several different ways, 


have been used in some receivers. 


Selectivity 


The over-all ‘selectivity of the if. amplifier 
will depend on the frequency and the number of 
stages. The following figures are indicative of 
the bandwidths to be expected with good-quality 
circuits in amplifiers so constructed as to keep 
regeneration at a minimum : 
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Fig. 5-16—Typical circuit for a two- 
stage transistor if. amplifier. The 
stages are neutralized by the 5- and 
8.2-pf. capacitors. Unless specified 
otherwise, capacitances are in pf. 


T:—50K to 800-ohm secondary (Miller 


2066). 

T2—30K to 500-ohm secondary (Miller 
2067). 

Ts—20K to 5K secondary (Miller 
2068). 

Tuned Circuit Bandwidth, ke. 
Circuits Frequency Q —6 db, —20 db. —60 db. 
4 50 ke. 60 0.5 0.95 2.16 
4 455 ke. 75 3.6 6.9 16 
6 1600 ke. 90 8.2 15 34 


Transistor |. F. Amplifier 


A typical circuit for a two-stage transistor if. 
-amplifier is shown in Fig. 5-16. Constants are 
given for a 455-kc. amplifier, but the same gen- 
eral circuitry applies to an amplifier at any fre- 
quency within the operating range of the tran- 
sistors. When high frequencies are used, it is 
generally advisable to neutralize the amplifier to 
avoid overall oscillation; this is done by con- 
necting the small capacitors of a few yuf. from 
base to primary, as shown in the diagram. 

Automatic gain control is obtained by using 
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the developed d.c. at the 1N34A diode detector 
ta modify the emitter bias current on the first 
stage. As the bias current changes, the input and 
output impedances change, and the resultant 
impedance mismatches causes a reduction in 
gain. Such a.g.c. assumes, of course, that the 
amplifier is set up initially in a matched con- 
dition. 


THE DETECTOR AND 
BEAT OSCILLATOR 


Detector Circuits 


The detector of a superheterodyne ‘receiver 
performs the same function as the detector in 
the simple receiver, but usually operates at a 
higher input level because of the relatively great 
amplification ahead of it. Therefore, the ability 
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Fig. 5-17—Delayed automatic gain-control cir- 

cuits using a twin diode (A) and a dual-diode 

triode. The circuits are essentially the same and 

differ only in the method of biasing the a.g.c. 

rectifier. The a.g.c. control voltage is applied to 

the controlled stages as in (C), For these circuits 
typical values are: 


Ci, Co, C4--100 pf. 

Cs, Cs, Cz, Ce—0.01 pf. 

Ce—5-nf. electrolytic. 

Ri, Ro, Rio—O.1 megohm. 

R.—0.47 megohm. 

Rs—2 megohms. 

R.—0.47 megohm. 

Rs, Re~-Voltage divider to give 2 to 10 volts bias 
at ] to 2 ma. drain. 

R;—0.5-megohm volume control. 

Rs—Correct bias resistor for triode section of 
dual-diode triode. 
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Automatic Gain Control 


to handle large signals without distortion is pref- 
erable to high sensitivity. The diode detector is 
universally used, since it is especially adapted 
to furnishing carrier-derived automatic gain or 
volume control. The basic circuits have been 
described, although in many cases the diode 
elements are incorporated in a multipurpose tube 
that contains an amplifier section in addition to 
the diode. 

Audio-converter circuits and product detec- 
tors are used for code or s.s.b. detectors. 


The Beat Oscillator 


Any standard oscillator circuit may be used for 
the beat oscillator required for heterodyne re- 
ception. Special beat-oscillator transformers are 
available, usually consisting of a tapped coil 
with adjustable tuning; these are most con- 
veniently used with the circuits shown in Fig. 
5-14A. and B, with the output taken from Y. 
A variable capacitor of about 25-pf. capacitance 
can be connected between cathode and ground 
to provide fine adjustment of the frequency. The 
beat oscillator usually is coupled to the second- 
detector tuned circuit through a fixed capacitor 
of a few pul. 

The beat oscillator should be sell shielded, to 
prevent coupling to any part of the receiver ex- 
cept the second detector and to prevent its har- 
monics from getting into the front end and being 

_amplified along with desired signals, The b.f.o. 
power should be as low as is consistent with 
sufficient audio-frequency output on the stron- 
gest signals. However, if the beat-oscillator out- 
put is too low, strong signals will not give a 
proportionately strong audio signal. Contrary to 
some opinion, a weak b.f.o. is never an advantage. 


AUTOMATIC GAIN CONTROL 


Automatic regulation of the gain of the re- 
ceiver in inverse proportion to the signal 
strength is an operating convenience in phone 
reception, since it tends to keep the output level 
of the receiver constant regardless of input-sig- 
nal strength. The average rectified d.c. voltage, 
developed by the received signal across a resis- 
tance in a detector circuit, is used to vary the 
bias on the r.f. and if. amplifier tubes. Since this 
voltage is proportional to the average amplitude 
of the signal, the gain is reduced as the signal 
strength becomes greater. The control will be 
more complete and the output more constant as 
the number of stages to which the a.g.c. bias is 
applied is increased. Control of at least two stages 
is advisable. 


Carrier-Derived Circuits 


Although some receivers derive the a.g.c. volt- 
age from the a.m. detector, the usual practice 
is to use a separate a.g.c. rectifier. Typical cir- 
cuits are shown in Figs. 5-17A and 5-17B. The 
two rectifiers can be combined in one tube, as in 
the 6H6 and 6ALS. In Fig. 5-17A V7, is the diode 
detector ; the signal is developed across R,R, and 
coupled to the audio stages through C3. Cy, Ry 
and Cy, are included for rf. filtering, to prevent 
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a large r.f. component being coupled to the audio 
circuits. The a.g.c. rectifier, 75, is coupled to the 
last if. transformer through C4, and most of the 
rectified voltage is developed across Ry. V2 does 
‘not rectify on weak signals, however; the fixed 
bias at R; must be exceeded before rectification 
can take nlaee: The developed negative a.g.c. bias 
is fed to the controlled stages through R,. 

The circuit of Fig. 5-17B is similar, except 
that a dual-diode triode tube is used. Since this 
has only one common cathode, the circuitry is 
slightly different but the principle is the same. 
The triode stage serves as the first audio stage, 
and its bias is developed in the cathode circuit 
across Rg. This same bias is applied to the a.g.c. 
rectifier by returning its load resistor, Rg, to 
ground. To avoid placing this bias on the detec- 
tor, V4, its load resistor R,R, is returned to 
cathode, thus avoiding any bias on the detector 
and permitting it to respond to weak signals. 

The developed negative a.g.c. bias is applied 
to the controlled stages through their grid cir- 
cuits, as shown in Fig. 5-17C. C,Ry and CgRy 
serve as filters to avoid common coupling and 
possible feedback and oscillator. The a.g.c. is 
disabled by closing switch Sj. 

The a.g.c. rectifier bias in Fig. 5-17B is set by 
the bias required for proper operation of V3. If 
less bias for the a.g.c. rectifier is required, Rg 
can be tapped up on Rg instead of being returned 
to chassis ground. In Fig. 5-17A, proper choice 
of bias at R, depends upon the over-all gain of 
the receiver and the number of controlled stages. 
In general, the bias at R, will be made higher for 
receivers with more gain and more stages. 


Time Constant 


The time constant of the resistor-capacitor 
combinations in the a.g.c. circuit is an important 
part of the system. It must be long enough so 
that the modulation on the signal is completely 
filtered from the d.c. output, leaving only an 
average d.c. component which follows the rela-. 
tively slow carrier variations with fading. 
Audio-frequency variations in the a.g.c. voltage 
applied to the amplifier grids would reduce the 
percentage of modulation on the incoming sig- 
nal. But the time constant must not be too long 
or the a.g.c. will be unable to follow rapid fading. 
The capacitance and resistance values indicated 
in Fig. 5-17 will give a time constant that is 
satisfactory for average reception. 


C.W. and S.S.B. 


A.g.c. can be used for-c.w. and s.s.b. reception 
but the circuit is usually more complicated. The 
ag.c. voltage must be derived from a rectifier 
that is isolated from the beat-frequency oscil- 
lator (otherwise the rectified b.f.o. voltage will 
reduce the receiver gain even with no signal 
coming through). This is done by using a sepa- 
rate a.g.c, channel connected to an if. amplifier 
stage ahead of the second detector (and b.f.o.) 
or by rectifying the audio output of the detector. 
If the selectivity ahead of the a.g.c. rectifier isn’t 
good, strong adjacent-channel signals may de- 
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velop a.g.c. voltages that will reduce the receiver 
gain while listening to weak signals. When clear 
channels are available, however, c.w. and s.s.b. 
a.g.c. will hold the receiver output constant over 
a wide range of signal inputs. A.g.c. systems de- 
signed to work on these signals should have 
-fast-attack and slow-decay characteristics to 
work satisfactorily, and often a selection of time 
constants is made available. 

The a.g.c. circuit shown in Fig, 5-18 is appli- 
cable to many receivers without too much modi- 
fication, Audio from the receiver is amplified in 
V,, and rectified in Voy. The resultant voltage 
is applied to the a.g.c. line through Vyq. The 
capacitor C, charges quickly and will remain 
charged until discharged by Vy,. This will 
occur some time after the signal has disappeared, 
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Fig. 5-18—Audio “hang” a.g.c. system. If 
manual control of gain is in if. and r.f. 
cathode circuits, point “A” is connected to 
chassis ground. If a negative. supply is avail- 
able, manual gain control can be negative 
bias applied between point “A” and ground. 
Ri—Normal audio volume control. in receiver. 
Ti—1:3 step-up .audio transformer. 

The hang time can be adjusted by chang- 
ing the value of the recovery diode time 
constant (4.7 megohms shown here). The 
a.g.c. line in the receiver must have no d.c. 
return to ground and the receiver should 
have good skirt selectivity. 


because the audio was stepped up through T, 
and rectified in Vy,, and the resultant used to 
charge Cy. This voltage holds V1, cut off for an 
appreciable time, until Cy discharges through the 
4.7-megohm resistor. The threshold of compres- 
sion is set, by adjusting the bias on the diodes 
(changing the value of the 3.3K or 100K re- 
sistors). There can be no d.c. return to ground 
from the a.g.c. line, because C, must be dis- 
charged only by 1. Even a v.t.v.m. across the 
a.g.c. line will be too low a resistance, and the 
operation of the system must be observed by the 
action of the S meter. 

Occasionally a strong noise pulse may cause 
the a.g.c. to hang until C, discharges, but most of 
the time the gain should return very rapidly to 
that set by the signal. A.g.c. of this type is very 
helpful in handling netted s.s.b. signals of widely 
varying strengths, 


NOISE REDUCTION 


Types of Noise 


In addition to tube and circuit noise, much 
of the noise interference experienced in recep- 
tion of high-frequency signals is caused by do- 
mestic or industrial electrical equipment and by 
automobile ignition systems. The interference is 
of two types in its effects. The first is the “hiss” 
type, consisting of overlapping pulses similar in 
nature to the receiver noise. It is largely reduced 
by high selectivity in the receiver, especially for 
code reception. The second is the “pistol-shot” 
or “machine-gun” type, consisting of separated 
impulses of high amplitude. The “hiss” type of 
interference usually is. caused by commutator 
sparking in d.c. and series-wound a.c. motors, 
while the “shot” type results from separated 
spark discharges (a.c. power leaks, switch and 
key clicks, ignition sparks, and the like). 

The only known approach to reducing tube 
and circuit noise is through better “front-end” 
design and through more over-all selectivity. 


impulse Noise 


Impulse noise, because of the short duration 
of the pulses compared with the time between 


them, must have high amplitude to contain much — 


average energy. Hence, noise of this type strong 
enough to cause much interference generally has 


an instantaneous amplitude much higher than 
that of the signal being received. The general 
principles of devices intended to reduce such 
noise is to allow the desired signal to pass 
through the receiver unaffected, but to make the 
receiver inoperative for amplitudes greater than 
that of the signal, The greater the amplitude of 
the pulse compared with its time of duration, the 
more successful the noise reduction. 5 

Another approach is to “silence” (render in- 
operative) the receiver during the short dura- 
tion time of any individual pulse. The listener 
will not hear the “hole” because of its short 
duration, and very effective noise reduction is 
obtained. Such devices are called “silencers” 
rather than “limiters.” 

In passing through selective receiver circuits, 
the time duration of the impulses is increased, 
because of the Q of the circuits. Thus the more 
selectivity ahead of the noise-reducing device, 
the more difficult it becomes to secure good 
pulse-type noise suppression. 


Audio Limiting 
A considerable degree of noise reduction in 
code reception can be accomplished by am- 
plitude-limiting arrangements applied to the 


audio-output circuit of a receiver. Such limiters 
also maintain the signal output nearly constant 
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during fading. These output-limiter systems are 
simple, and they are readily adaptable to most 
receivers without any modification of the re- 
ceiver itself. However, they cannot prevent noise 
peaks from overloading previous stages. 


DETECTOR NOISE 
LIMITER CIRCUITS 


Most audio limiting circuits are based on one 
of two principles. In a series limiting circuit, a. 
normally conducting element (or elements) is 
connected in the circuit in series and operated 
in such a manner that it becomes non-conductive 
above a given signal level. In a shunt limiting 
_ circuit, a non-conducting element is connected 
in shunt across the circuit and operated so that 
it becomes conductive above a given signal 
level, thus. short-circuiting the signal and pre- 
venting its being transmitted to the remainder 
of the amplifier. The usual conducting element 
will be a forward-biased diode, and the usual 
non-conducting element will be a back-biased 
diode. In many applications the value of bias 
is set manually by the operator; usually the 
clipping level will be set at about 5 to 10 volts. 

A full-wave clipping circuit that operates at a 
low level (approximately 1% volt) is shown in 
Fig. 5-19. Each diode is biased by its own contact 
potential, developed across the 2.2-megohm re- 
sistors. The .001-yf. capacitors become charged 
to close to this value of contact potential. A 
negative-going signal in excess of the bias will 
be shorted to ground by the upper diode; a posi- 
tive-going signal will be conducted by the lower 
diode. The conducting resistance of the diodes is 
small by comparison with the 220,000 ohms in 
series with the circuit, and little if any of the 
excessive signal will appear across the 1-megohm 
volume control. In order that the clipping does 
not become excessive and cause distortion, the 
input signal must be held down by a gain control 
ahead of the detector. This circuit finds good 
application following a low-level detector. 

To minimize hum in the receiver output, it is 
desirable to ground the center tap of the heater 
transformer, as shown, instead of the more 
common practice of returning one side of the 
heater circuit to chassis. 
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Fig. 5-19—Full-wave shunt limiter using contact-poten- 

tial-biased diodes. A low-level limiter (% volt), this 

circuit finds greatest usefulness following a product 
detector. 

Ci, Co—Part of low-pass filter with cutoff below lf 

RFCi—Part of low-pass filter; see Ci. 

T:—Center-tapped heater transformer. 


A circuit for a higher-level audio limiter is 
shown in Fig. 5-20. Because it operates at a 
higher level, ‘it is ideal for use between receiver 
output and headphones, requiring no alteration 
to the receiver. The principle of operation is 
similar to that of the preceding limiter; when 
the signal level exceeds the level of the bias pro- 
vided by the flashlight cells, the diodes conduct 
and short-circuit the signal. 

Detector noise-limiting circuits that auto- 
matically adjust themselves to the received 
carrier level are shown in Fig. 5-21. In either 
circuit, 7, is the usual diode detector, R,R, is 
the diode load resistor, and Cy is an r.f. bypass. 
A negative voltage proportional to the carrier 
level is developed across Cy, and this voltage 
cannot change rapidly because Rg and Cy, are 
both large. In the circuit at A, diode V» acts 
as a conductor for the audio signal up to the 
point where its anode is negative with respect to 
the cathode. Noise peaks that exceed the maxi- 
mum carrier-modulation level will drive the an- 
ode negative instantaneously, and during this 
time the diode does not conduct. The long time 
constant of CR, prevents any rapid change of 
the reference voltage. In the circuit at B, the 
‘diode V9 is inactive until its cathode voltage ex- 
ceeds its anode voltage. This condition will 
obtain under noise peaks and when it does, the 
diode V short-circuits the signal and no voltage 
is passed on to the audio amplifier. Diode recti~ 
fiers such as the 6H6 and 6AL5 can be used for 
these types of noise limiters. Neither circuit is 
useful for c.w. or s.s.b. reception, but they are 
both quite effective for am. phone work. The 
series circuit (A) is slightly better than the 


shunt circuit. 


Fig. 5-20—Circvit diagram of a simple audio limiter, 
to be plugged into the headphone jack of a receiver. 
The flashlight cells draw very little current (it depends 
upon the back resistance of the crystal diodes), but it 
is advisable to open S:, when the limiter is not in. use. 
Crystal diodes can be 1N34As or similar. 
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LF. NOISE SILENCER 


The if. noise silencer circuit shown in Fig. 
5-22 is designed to be used in a receiver as far 
along from the antenna stage as possible but 
ahead of the high-selectivity section of the re- 
ceiver. Noise pulses are amplified and rectified, 
and the resulting negative-going d.c. pulses are 
used to cut off an amplifier stage during the 
pulse. A manual “threshold” control is set by the 
operator to a level that only permits rectification 
of the noise pulses that rise above the peak am- 
plitude of the desired signal. The clamp diode, 
Vy,, short circuits the positive- going pulse 

“overshoots.” Running the 6BE6 controlled if. 
amplifier at low screen voltage makes it pos- 
sible for the No. 3 grid (pin 7) to cut off the 
stage at a lower voltage than if the screen were 
operated at the more-normal 100 volts, but it 
also reduces the available gain through the stage. 
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Fig. 5-21—Self-adjusting series (A) and 
shunt (B) noise limiters. The functions of Vi 


and Vz can be combined in one tube like 
the 6H6 or 6AL5, 


Ci—100 pf. 

Co,Cs—0.05 pf. 

Ri—-0.27 meg. in A; 47,000 ohms in B. 
Ry—0.27 meg. in A; 0.15 megs in B. 
Rs—1.0 megohm. 

R4—0.82 megohm. 

Rs—6800 ohms. 


It is necessary to avoid if. feedback around 
the 6BE6 stage, and the closer RFC, can be to 
self-resonant at the if. the better will be the fil- 
tering. The filtering cannot be improved by in- 
creasing the values of the 150-pf.’ capacitors 
because this will tend to “stretch” the pulses and 
reduce the signal strength when the silencer is 
operative. 


SIGNAL-STRENGTH AND 
TUNING INDICATORS 


The simplest tuning indicator is a milliamme- 
ter connected in the d.c. plate lead of an a.g.c.- 
controlled r.f. or if. stage. Since the plate cur- 
rent is reduced as the a.g.c. voltage becomes 
higher with a stronger signal, the plate current 
is a measure of the signal strength. The meter 
can have a 0-1, 0-2 or 0-5 ma. movement, and it 
should be shunted by a 25-ohm rheostat which is 


“#2809 
CONTROLLED Lf TO SELECTIVE 
100K eBe6|, STAGES 
MIXER OR z 
FE AMP ¢ ——— an} V nee 
\ iA y 
“4 ai Nias 6AL5 
| R, - 50 Aut. 
l owl tat 
‘ ie 27000 1 
‘deeeqe ce em fae core wm em fe or some wll i 
RFC, 
4700 
NOISE AMP NOISE RECT. 
6CB6 V, 
3 18 
q 6ALS 
\ 
are 
3 3] 
ryt, 
pall at. 
Soeg es (soppf. 
THRESHOLD 
0 +250 
sk 190K 
iw. 


Fig. 5-22—Practical circuit diagram of an i.f. noise si- 
lencer. For best results the silencer should be used 
ahead of the high-selectivity portion of the receiver. 

Ti—Interstage if. transformer 


‘Tz—Diode if. transformer. 


Ri—33,000 to 68,000 ohms, depending upon gain up 
to this stage. 
RFC:—R.f. choke, preferably self-resonant at if. 


Tuning Indicators 


Fig. 5-23—Tuning indicator or S-meter circuits for super- 
heterodyne receivers. 


MA—0-1 or 0-2 milliammeter. Ri—R4—See text. 


used to set the no-signal reading to full scale on 
the meter. If a “forward-reading” meter is de- 
sired, the meter can be mounted upside down. 

Two other S-meter circuits are shown in Fig. 
5-23. The system at A uses a milliammeter in a 
bridge circuit, arranged so that the meter read- 
ings increase with the a.g.c. voltage and signal 
strength. The meter reads approximately in a 
linear decibel scale and will not be “crowded.” 

To adjust the system in Fig. 5-23A, pull the 
tube out of its socket or otherwise break the 
cathode circuit so that no plate current flows, 
and adjust the value of resistor R, across the 
meter until the scale reading is maximum. The 
value of resistance required will depend on the 
internal resistance of the. meter, and must be 
determined by trial and error (the current is 
approximately 2.5 ma.). Then replace the tube, 
allow it to warm up, turn the a.g.c. switch to 
“off” so the grid is shorted to ground, and adjust 
the 3000-ohm variable resistor for zero meter 
current. When the a.g.c. is “on,” the meter will 
follow the signal variations up to the point where 
the voltage is high enough to cut off the meter 
tube’s plate current. With a 6J5 or 6SN7GT this 
will occur in the neighborhood of 15 volts, a 
high-amplitude signal. 

The circuit of Fig. 5-23B requires no addi- 
tional tubes. The resistor Ry is the normal cath- 
ode resistor of an a.g.c.-controlled if. stage; its 
cathode resistor should be returned to chassis 
and not to the manual gain control. The sum of 
Rg plus R, should equal the normal cathode re- 
sistor for the audio amplifier, and they should be 
proportioned so that the arm of R, can pick off a 
voltage equal to the normal cathode voltage for 
the i.f. stage. In some cases it may be necessary 
to interchange the positions of Rg and R, in the 
circuit. 

The zero-set control R, should be set for no 
reading of the meter with no incoming signal, 
and the 1500-ohm sensitivity control should be 
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set for a full meter reading with the if, tube 
removed from its socket. 

Neither of these S-meter circuits can be 
“pinned,” and only severe misadjustment of the 
zero-set control can injure the meter. 


HEADPHONES AND LOUDSPEAKERS 


There are two basic types of headphones in 
common use, the magnetic and the crystal. A 
magnetic headphone uses a small electromagnet 
that attracts and releases a steel diaphragm in 
accordance with the electrical output of the radio 
receiver; this is similar to the “receiver” por- 
tion of the household telephone. A crystal head- 
phone uses the piezoelectric properties of a pair 
of Rochelle-salt or other crystals to vibrate a 
diaphragm in accordance with the electrical out- 
put of the radio receiver. Magnetic headphones 
can be used in circuits where d.c. is flowing, such 
as the plate circuit of a vacuum tube, provided 
the current is not too heavy to be carried by the 
wire in the coils; the limit is usually a few 
milliamperes. Crystal headphones can be used 
only on a.c. (a steady d.c. voltage will damage 
the crystal unit), and consequently must be 
coupled to a tube through a device, such as a 
capacitor or transformer, that isolates the d.c. 
but passes the a.c. Most modern receivers have 
a.c. coupling to the headphones and hence either 
type of headphone can be used, but it is wise to 
look first at the circuit diagram in the instruc- 
tion book and make sure that the headphone jack 
is connected to the secondary of the output 
transformer, as is usually the case. 

In general, crystal headphones will have con- 
siderably wider and “flatter” audio response than 
will magnetic headphones (except those of the 
“hi-fi” type that sell at premium prices). The 
lack of wide response in the magnetic head- 
phones is sometimes an advantage in code recep- 
tion, since the desired signal can be set on the 
peak and be given a boost in volume over the 
undesired signals at slightly different ‘frequen- 
cies. ‘ 

Crystal headphones are available only in high- 
impedance values around 50,000 ohms or so, 
while magnetic headphones run around 10,000 
to 20,000 ohms, although they can be obtained in 
values as low as 3.2 ohms. Usually the impedance 
of a headphone set is unimportant because there 
is more than enough power available from the 
radio receiver, but in marginal cases it is possible 
to improve the acoustic output through a better 
match of headphone to output impedance. When 
headphone sets are connected in series or in 
parallel they must be of similar impedance levels 
or one set will “hog” most of the power. 

Loud speakers are practically always of the 
low-impedance permanent-field dynamic variety, 
and the loudspeaker output connections of a 
receiver can connect directly to the voice coil of 
the loudspeaker. Some receivers also provide a 
“500-ohm output” for connection to a long line to 
a remote loudspeaker. A loudspeaker requires 
mounting in a suitable enclosure if full low- 
frequency response is to be obtained. 
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IMPROVING RECEIVER SELECTIVITY 


INTERMEDIATE-FREQUENCY 
AMPLIFIERS 


As mentioned earlier in this chapter, one of 
the big advantages of the superheterodyne re- 
ceiver is the improved selectivity that is possible. 
This selectivity is obtained in the if. amplifier, 
where the lower frequency allows more selec- 
tivity per stage than at the higher signal fre- 
quency. For normal a.m. (double-sideband) re- 
ception, the limit to useful selectivity in the if, 
amplifier is the point where too many of the high- 
’ frequency sidebands are lost. The limit to selec- 
tivity for a single-sideband signal, or a double- 
sideband a.m. signal treated as an s.s.b. signal, 
is about 1000 to 1500 cycles, but reception is much 
more normal if the bandwidth is opened up to 
2000 or 2500 cycles. The correct bandwidth for 
f.m. or p.m. reception is determined by the devia- 
tion of the received signal; sideband cutting of 
‘these signals results in distortion. The limit to 
useful selectivity in code work is around 150 or 
200 cycles for hand-key speeds, but this much 
selectivity requires excellent stability in both 
transmitter and receiver, and a slow receiver 
tuning rate for ease of operation. 


Single-Signal Effect 


In heterodyne c.w. reception with a super- 
heterodyne receiver, the beat oscillator is set 
to give a suitable audio-frequency beat note 
when the incoming signal is converted to the 
intermediate frequency. For example, the beat 
oscillator may be set to 454 kc. (the if. being 
455 kc.) to give a 1000-cycle beat note. Now, if 
an interfering signal appears at 453 ke., or 
if the receiver is tuned to heterodyne the in- 
coming signal to 453 kc., it will also be hetero- 
dyned by the beat oscillator to produce a 1000- 
cycle beat. Hence every signal can be tuned 
in at two places that will give a 1000-cycle beat 


(or any other low audio frequency). This audio- _ 


frequency image effect can be reduced if the 
if. selectivity is such that the incoming signal, 
when heterodyned to. 453 kc., is attenuated to a 
very low level. 

When this is done, tuning through a given 
signal will show a strong response at the desired 
beat note on one side of zero beat only, instead 
of the two beat notes on either side of zero beat 
characteristic of less-selective reception, hence 
the name: single-signal reception. 

The necessary selectivity is not obtained with 
nonregenerative amplifiers using ordinary tuned 
circuits unless a low if. or a large number of 
circuits is used. 


Regeneration 


Regeneration can be used to give a single- 
signal effect, particularly when the i-f. is 455 ke. 
or lower. The resonance curve of an if. stage at 
critical regeneration (just below the oscillating 
point) is extremely sharp, a bandwidth of 1 ke. 


at 10 times down and 5 kc. at 100 times down 
being obtainable in one stage. The audio-fre- 
quency image of a given signal thus can be re- 
duced by a factor of nearly 100 for a 1000-cycle 
beat note (image 2000 cycles from resonance). 

Regeneration is easily introduced into an i.f. 
amplifier by providing a small amount of ca- 
pacity coupling between grid and plate. Bring- 
ing a short length of wire, connected to the grid, 
into the vicinity of the plate lead usually will 
suffice. The feedback. may be controlled by the 
regular cathode-resistor gain control. When the 
if. is regenerative, it is preferable to operate the 
tube at reduced gain (high bias) and depend on 
regeneration to bring up the signal strength. 
This prevents overloading and increases selec- 
tivity. 

The higher selectivity with regeneration re- 
duces the over-all response to noise generated 
in the earlier stages of the receiver, just as does 
high selectivity produced by other means, and 
therefore improves the signal-to-noise ratio. 
However, the regenerative gain varies with sig- 
nal strength, being less on strong signals. 


Crystal-Filters; Phasing 


Probably the simplest means for obtaining 
high selectivity is by the use of a piezoelectric 
quartz crystal as a selective filter in the if. ampli- 
fier. Compared to a good tuned circuit, the Q of 
such a crystal is extremely high. The crystal is 
ground resonant at the if. and used as a selective 
coupler between if. stages. For single-signal re- 
ception, the audio-frequency image can be re- 
duced by 50 db. or more. Besides practically 
eliminating the a.f. image, the high selectivity of 
the crystal filter provides good discrimination 
against adjacent slgpals and alsa reduces the 
noise, 

Two crystal-filter circuits are shown in Fig. 
5-24. The circuit at A (or a variation) is found 
in many of the current communications receiv- 
ers. The crystal is connected in one side of a 
bridge circuit, and a phasing capacitor, C, is 
connected in the other. When C, is set to balance 
the crystal-holder capacitance, the resonance 
curve of the filter is practically symmetrical; the 
crystal acts as a series-resonant circuit of very 
high Q and allows signals over a narrow band of 
frequencies to pass through to the following 
tube. More or less capacitance at C, introduces 
a tunable “rejection notch.” The Q of the load 
circuit for the filter is adjusted by the setting of 
R,, which in turn varies the bandwidth of the 
filter from “sharp” to a bandwidth suitable for 
phone reception. Some of the components of this 
filter are special and not generally available to 
amateurs. 


BAND-PASS FILTERS ; 

A single high-Q circuit (e.g., a quartz crystal 
or regenerative stage) will give adequate single- 
signal reception under most circumstances. For 


Band-Pass Filters 


+ 


(B) - 


Fig. 5-24—A variable-selectivity crystal filter (A) and a 
band-pass crystal filter (B). 


phone reception, however, either single-sideband 
or a.m., a band-pass characteristic is more de- 
sirable. A band-pass filter is one that passes 
without unusual attenuation a desired band of 
frequencies and rejects signals outside this band. 
A good band-pass filter for single-sideband re- 
ception might have a bandwidth of 2500 cycles 
at -6 db. and 10 ke. at -60 db.; a filter for a.m. 
would require twice these bandwidths if both 
sidebands were to be accommodated. 

The simplest band-pass crystal filter is one 
using two crystals, as in Fig. 5-24B. The two 
crystals are separated slightly in frequency. If 
the frequencies are only a few hundred cycles 
apart the characteristic is a good one for c.w. 
reception. With crystals about 2 kc. apart, a 
reasonable phone characteristic is obtained. Fig. 
5-1 shows a selectivity characteristic of an am- 
plifier with a bandpass (at -6 db.) of 2.4 kc., 
which is typical of what can be expected from a 
two-crystal band-pass filter. 

More elaborate crystal filters, using four and 
six crystals, will give reduced bandwidth at 
-60. db. without decreasing the bandwidth at 
-6 db. The resulting increased “skirt selec- 
tivity” gives better rejection of adjacent-chan- 
nel signals. “Crystal-lattice” filters of this type 
are available commercially for frequencies up to 
10 Mc. or so, and they have also been built by 
amateurs from inexpensive transmitting-type 
crystals. (See Vester, “Surplus-Crystal High- 
Frequency Filters,’ QST, January, 1959; 
Healey, “High-Frequency Crystal Filters for 
S.S.B.,” OST, October, 1960.) 

“Mechanical filters” can be built at frequen~ 
cies below 1 Mc. These are made up of three 
sections: an input transducer, a mechanically- 
resonant filter section, and an output transducer. 


. 


The transducers use the principle of magne-_ 


tostriction to convert the electrical signal to 
mechanical energy and back again. The mechani- 
cally-resonant section consists .of carefully- 


. 


1 
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machined metal disks supported and coupled by 
thin rods. Each disk has a resonant frequency 
dependent upon the material and its dimensions, 
and the effective Q of a single disk may be in 
excess of 2000.. Consequently a mechanical filter 
can be built for either narrow or broad bandpass 
with a nearly rectangular curve. Mechanical fil- 
ters are available commercially and are used in 
both receivers and single-sideband transmitters. 

The signal-handling capability of a mechani- 
cal filter is limited by the magnetic circuits to 
from 2 to 15 volts r.m.s., a limitation that is 
of no practical importance provided it is recog- 
nized and provided for. Crystal filters are lim- 
ited in their signal-handling ability only by the 
voltage breakdown limits, which normally would 
not be reached before the preceding amplifier 
tube was overloaded. A more serious practical 
consideration in the use of any high-selectivity 
component is the prevention of coupling “around” 
the filter (coupling from input to output outside 
the filter), which can only degrade the action of 
the filter. 

Band-pass filters can also be made by using a 
number of high-Q inductance-and-capacitance 
circuits, but their use is generally restricted to 
frequencies around 100 kc. At higher frequencies 
it is easier to get desirable selectivity by other 
means. 


Q Multiplier 


The “Q Multiplier” is a stable regenerative 
stage that is connected in parallel with one of 
the if. stages of a receiver. In one condition it 
narrows the bandwidth and in the other condi- 
tion it produces a sharp “null” or rejection 
notch. A “tuning” adjustment controls the fre- 
quency of.the peak or null, moving it across the 
normal pass band of the receiver if. amplifier. 
The shape of the peak or null is always that of a 
single tuned circuit (Fig. 2-50) but the effective 
Q is adjustable over a wide range. A Q Multi- 
plier is most effective at an. if. of 500 ke. or. 
less; at higher frequencies the rejection notch 
becomes wide enough (measured in cycles per 
second) to reject a major portion of a phone 
signal. Within its useful range, however, the Q 
Multiplier will reject an interfering carrier 
without degrading the quality of the desired 
signal. 

In the “peak” condition the Q Multiplier can 
be made to oscillate by advancing the “peak” 
(regeneration) control far enough, and in this 
condition it can be made to serve as a beat- 
frequency oscillator. However, it cannot be made 
to serve as a selective element and as a b.f.o. 
at the same time. Some inexpensive receivers 
may combine either a Q Multiplier or some other 
form of regeneration with the b.f.o. function, and 
the reader is advised to check carefully any in- 
expensive receiver he intends to buy that offers 
a regenerative type of selectivity, in order to 
make sure that the selectivity is available when 
the b.f.o. is turned on. 

Vacuum-tube versions of the Q Multiplier for 
455-ke. if. amplifiers are available in kit form. 
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A Q Multiplier will be of no use on c.w. or s.s.b. 
reception when used with a receiver that employs 
an oscillating if. stage for the b.f.o. Some of the 
inexpensive “communications” receivers are of 
this type. 


Tee Notch Filter 


At low intermediate frequencies (50 — 100 kc.) 
the T notch filter of Fig. 5-25 will provide a sharp 
tunable null. 


+250 


Fig. 5-25—Typical T-notch filter, to provide a sharp 

rejection notch at a low i.f. Adjustment of L changes 

‘the frequency of the notch; adjustment of R controls 
the depth. 


The inductor L resonates with C atthe rejec- 
tion frequency, and when R = 4X,/Q the rejec- 
tion is maximum. (X,, is the coil reactance and Q 
is the coil Q). In a typical 50-ke. circuit, C 
might be 3900 pf. making ZL approximately 
2.6 mh. When R is greater than the maximum- 
attenuation value, the circuit still provides some 
rejection, and in use the inductor is detuned or 
shorted out when the rejection is not desired. 

At higher frequencies, the. T-notch filter is not 
sharp enough with available components to re- 
ject only a narrow band of frequencies. 


Additional I.F. Selectivity 


Many commercial communications receivers, 
and particularly the older ones, do not have 
sufficient selectivity for amateur use, and their 
performance can be improved by additional if. 
selectivity. One method is to loosely couple a 
BC-453 aircraft receiver (war surplus, tuning 
190 to 550 kc.) to the front end of the 455-ke. 
if. amplifier in the communications receiver 
and use the resultant output of the BC-453. 
’ The aircraft receiver uses an 85-kc. if. ampli- 
fier that is sharp for voice work (6.5 kc. wide 
at -60 db.) and it helps considerably in backing 
up single-crystal filters for improved c.w. re- 
ception, 

The BC-453—sometimes called “The Poor 
Man’s Q-Fiver”—uses 12-volt heater tubes and 
is designed for 24-volt operation. If a 24-volt 
transformer is available, no wiring changes will 
be necessary. If a 12-volt transformer is avail- 
able, the heaters can be rewired. It is usually 
less expensive to obtain the proper transformer 
than it is to buy 6.3-volt tubes for the receiver. 
Any plate-voltage source.of 125 to 250 volts at 
40 to 80 ma. will be adequate for the B+ supply. 
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A b.f.o, switch and audio and if. gain controls 
should be added to the BC-453 before.it is used 
with the short-wave receiver. Its performance 
can be checked by tuning in aircraft beacons or 
low-frequency broadcast stations. 

Maximum selectivity will be obtained from 
the BC-453 when the plungers in the if. cans, 
accessible by unscrewing the caps, are pulled 
up as far as they will go. 

The BC-453 can be coupled to the receiver 
through a length of shielded wire or small co- 
axial line. The inner conductor is connected to 
the antenna post of the BC-453 and the shield 
is connected to the case, The shield should be 


“connected at the other end to the short-wave 


receiver chassis, and the inner conductor, suitably 
insulated, should be wrapped once or twice 
around the plate pin of the first i.f. amplifier 
tube in the short-wave receiver. It may require 
a little experimentation before the proper cou- 
pling is obtained; the objective is enough cou- 
pling so that the short-wave receiver noise will 
mask any BC-453 noise, but not so much coupling 
that the BC-453 is overloaded. Reports of poor 
performance when using the BC-453 have prac- 
tically always reduced to overload of the surplus 
aircraft receiver through too much coupling or 
coupling at a high-level point in the short-wave 
receiver. 

If a BC-453 is not available, one can still enjoy 
the benefits of improved selectivity. It is only 
necessary to heterodyne to a lower frequency the 
455-ke. signal existing in the receiver i.f. ampli- 
fier and then rectify it after passing it through 
a homemade sharp low-frequency amplifier. The 
J. W. Miller Company offers 50- and 100-kc. 
transformers for this application. 


RADIO-FREQUENCY AMPLIFIERS 


While selectivity to reduce audio-frequency 
images can be built into the if. amplifier, dis- 
crimination against radio-frequency images can 
only be obtained ‘in tuned circuits or other selec~ 
tive elements ahead of the first mixer or con- 
verter stage. These tuned circuits are usually 
used as the coupling networks for one or more 
vacuum tubes or transistors, and the combina- 
tions of circuits and amplifying devices are called 
radio-frequency amplifiers. The tuned circuits 


contribute to the rf. image rejection and the 


amplifying device(s) determines the noise figure 
of the receiver. : 

Knowing the Q of the coil in each tuned circuit 
between the antenna and the first mixer or con-' 
verter stage, the image rejection capability can 
be computed by using the chart in Fig. 2-50. The 
Q of the input tuned circuit (coupled to the an- 
tenna) should be taken as about one-half the un- 
loaded Q of that circuit, and the Q of any other 
tuned circuit can be assumed to be the unloaded 
Q to a first approximation (the vacuum tubes 
will reduce the circuit Q to some extent, espe- 
cially at M4 Mc. and higher). 

In general, receivers with an if. of 455 ke. can 
be expected to have some noticeable image re- 


’ 


R.F. Amplifiers 


sponse at 14 Mc. and higher if there are only two 
tuned circuits (one r.f. stage) ahead of the mixer 
or converter. Regeneration in the r.f. amplifier 
will reduce image response, but regeneration usu- 
ally requires frequent readjustment when tun- 
ing across a band. Regeneration is, however, a 
useful device for improving the selectivity of an 
rf. amplifier without requiring a multiplicity 
of tuned circuits; a practical example will be 
found later in this chapter. 

With three tuned circuits between the antenna 
and the first mixer, and an if. of 455 kc., no im- 
ages should be encountered up to perhaps 25 Mc. 
Four tuned circuits or more will eliminate any 
images at 28 Mc. when an if. of 455 ke. is used. 

Obviously, a better solution to the rf. selec- 
tivity problem (elimination of image response) 
is to use an if. higher than 455 kc., and most 
modern receivers use an if. of 1600 kc. or higher. 
The owner of a receiver with a 455-ke if. am- 
plifier can enjoy image-free reception on the 
higher frequencies by using a crystal-controlled 
converter ahead of the receiver and utilizing the 
receiver as a “tunable if. amplifier” at 3.5 or 
7.0-Mc. 

For best selectivity r.f. amplifiers should use 
high-Q circuits and tubes with high input and 
output resistance. Variable-» pentodes are prac- 
tically always used, although triodes (neutral- 
ized or otherwise connected so that they won’t 
oscillate) are often used on the higher frequen- 
cies because they introduce less noise. However, 
their lower plate resistance will load the tuned 
circuits. Pentodes are better where maximum im- 
age rejection is desired, because they have less 
loading effect on the tuned circuits. 

The gain and selectivity of the input circuit can 
be increased by rf. Q multiplication. Fig. 5-26 
is a typical circuit for this regenerative addition 
that uses the antenna coil, L,, as the feedback 
coil to make V, regenerative. This in effect adds 
“negative resistance” to L,, to increase the Q. 
As the gain of V, is increased by decreasing the 
bias (Q-mult. control), the regeneration builds 
up until VY, oscillates. It is operated below this 
point. The setting of the control may vary with 
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Fig. 5-26—R.f. Q multiplier for receiver input circuit. 

The antenna coil is used for feedback to Vi, which 
then introduces “negative resistance” to Lo. 
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the antenna being used, and it may be necessary 
at higher frequencies to tap the antenna down on 
L,, as indicated. Rf. Q multiplication is not a 
cure for a poor inductor at L,, however. 


Transistor R. F. Amplifier 


A typical r.f. amplifier circuit using a 2N370 
transistor is shown in Fig. 5-27. Since it is de- 
sirable to maintain a reasonable Q in the tuned 
circuits, to reduce r.f. image response, the base 
and collector are both tapped down on their 
tuned circuits. An alternative method, using low- 
impedance inductive coupling, is shown in Fig. 
5-27B ; this method is sometimes easier to adjust 
than the taps illustrated in Fig. 5-27A. The tuned 
circuits, L,C, and L,C,, should resonate at the 
operating frequency, and they should be mounted 
or shielded to eliminate inductive coupling be- 
tween each other. 


TO MIXER 
BASE 


(8) 


Fig. 5-27—Transistor r.f. amplifier circuit. The low-im- 

pedance connections to the base and collector can be 

(A) taps on the inductors or (B) low-impedance coupling 
links..LiC1, L2C2a—Resonant at signal frequency. 


FEEDBACK 


Feedback giving rise to regeneration and 
oscillation can occur in a single stage or it may 
appear as an over-all feedback through several 
stages that are on the same frequency. To avoid 
feedback in a single stage, the output must be 
isolated from the input in every way possible, 
with the vacuum tube furnishing the only cou- 
pling between the two circuits. An oscillation 
can be obtained in an r-f. or if. stage if there is 
any undue capacitive or inductive coupling be- 
tween output and input circuits, if there is too 
high an impedance between cathode and ground 
or screen and ground, or if there is any appre- 
ciable impedance through which the grid and 
plate currents can flow in common. This means 
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good shielding of coils and tuning capacitors in 
rf. and if. circuits, the use of good bypass 
capacitors (mica or ceramic at rf. paper or 
ceramic at if.), and returning all bypass capaci- 
tors (grid, cathode, plate and screen) for a given 
stage with short leads to one spot on the chassis. 
When single-ended tubes are used, the screen or 
cathode bypass capacitor should be mounted 
across the socket, to serve as shield between 
grid and plate pins. Less care is required as the 
frequency is lowered, but in high-impedance cir- 
cuits, it is sometimes necessary to shield grid and 
plate leads and to be careful not to run them close 
together. ; 

To avoid over-all feedback in a multistage 
amplifier, attention must be paid to avoid run- 
ning any part of the output circuit back near the 
input circuit without first filtering it carefully. 
Since the signal-carrying parts of the circuit 
(the “hot” grid and plate leads) can’t be filtered, 
the best design for any multistage amplifier is a 
straight line, to keep the output as far away 
from the input as possible. For example, an r.f. 
amplifier might run along a chassis in a straight 
line, run into a mixer where the frequency is 
changed, and then the if. amplifier could be run 
back parallel to the r.f. amplifier, provided there 
was a very large frequency difference between 
the r.f. and the if. amplifiers. However, to avoid 
any possible coupling, it would be better to run 
the if. amplifier off at right angles to the r.f.- 
amplifier line, just to be on the safe side. Good 
shielding is important in preventing over-all os- 
cillation in high-gain-per-stage amplifiers, but it 
becomes less important when the stage gain 
drops to a low value. In a high-gain amplifier, the 
power leads (including the heater circuit) are 
common to all stages, and they can provide the 
over-all coupling if they aren’t properly filtered. 
Good bypassing and the use of series isolating 
resistors will generally eliminate any possibility 
of coupling through the power leads. R.f. chokes, 
instead of resistors, are used in the heater leads 
where necessary. 


CROSS-MODULATION 


Since a one- or two-stage r.f. amplifier will 
have a bandwidth measured in hundreds of kc. 
at 14 Mc. or higher, strong signals will be ampli- 
fied through the r.f. amplifier even though it is 
not tuned exactly to them. If these signals are 
strong enough, their amplified magnitude may 
be measurable in volts after passing through 
several rf, stages. If an undersired signal is 
strong enough after amplification in the r-f. 
stages to shift the operating point of a tube (by 
driving the grid into the positive region), the 
undesired signal will modulate the desired signal. 
This effect is called cross-modulation, and is of- 
ten encountered in receivers with several r.f. 
stages working at high gain. It shows up as.a 
superimposed modulation on the signal being 
listened to, and often the effect is that a signal 
can be tuned in at several points. It can be re- 
duced or eliminated by greater selectivity in the 
antenna and r.f. stages (difficult to obtain), the 
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use of variable-~ tubes in the r.f. amplifier, re- 
duced gain in the rf. amplifier, or reduced 
antenna input to the receiver. The 6BJ6, 6BA6 
and 6DC6 are recommended for r.f. amplifiers 
where cross-modulation may be a problem. 

A receiver designed for minimum cross-modu- 
lation will use as little gain as possible ahead 
of the high-selectivity stages, to hold strong un- 
wanted signals below the cross-modulation point. 
Cross-modulation often takes place in double- 
conversion superheterodynes at the second con- 
verter stage because there is insufficient selec- 
tivity up to this point and at this point the 
signals have quite appreciable amplitudes. When- 
ever interference drops out quite suddenly with 
a reduction in the setting of the gain control, 
cross-modulation should be suspected. Normally, 
of course, the interference would reduce in ampli- 
tude in proportion to the desired signal as the 
gain setting is reduced. 


Gain Control 


To avoid cross-modulation and other over- 
load effects in the mixer and r.f. stages, the gain 
of the rf. stages is usually made adjustable. 
This is accomplished by using variable-» tubes 
and varying the d.c. grid bias, either in the grid 
or cathode circuit. If the gain control is* auto- 
matic, as in the case of a.g.c., the bias is con- 
trolled in the grid circuit. Manual control of r.f, 
gain is generally done in the cathode circuit. A 
typical r.f. amplifier stage with the two types of 
gain control is shown in schematic form in Fig. 
5-28, The a.g.c. control: voltage (negative) is 
derived from rectified carrier or signal at the 
detector before the audio amplifier, or in the case 
of a c.w. or s.s.b. receiver it can be derived from 
rectified audio. The manual gain control voltage 
(positive with respect to chassis) is usually de- 
rived from a potentiometer across the B+ supply, 
since the bias can be changed even though little 
plate current is being drawn. 


Tracking 
In a receiver with no r.f. stage, it is no incon~ 


AGC. MANUAL 
CONTROL GAIN-CONTROL. 
VOLTAGE VOLTAGE 


’ Fig. 5-28—Typical radio-frequency. amplifier circuit for 


a superheterodyne receiver. Representative values for 
components are as follows: 


Ci to C.—0.01 uf. below 15 Mc., 0.001 pf. at 30 Me. 
Ri, Re—See Table 5-1. 
Rs—1800 ohms. 


Receiver Sensitivity 


12AX7 


Fig. 5-29—A practical squelch circuit for cutting off the 
receiver output when no signal is present. 


venience to adjust the high-frequency oscillator 
and the mixer circuit independently, because 
the mixer tuning is broad and requires little 
attention over an amateur band. However, when 
r.f. stages are added ahead of the mixer, the r.f. 
stages and mixer will require retuning over an 
entire amateur band. Hence most receivers with 
one or more rf. stages gang all of the tuning con- 
trols to give a single-tuning-control receiver. 
Obviously there must exist a constant difference 
in frequency (the if.) between the oscillator and 
the mixer/r.f. circuits, and when this condition 
is achieved the circuits are said to track. 

In amateur-band receivers, tracking is sim- 
plified by choosing a bandspread circuit that 
gives practically straight-line-frequency tuning 
(equal frequency change for each dial division), 
and then adjusting the oscillator and mixer tuned 
circuits so that both cover the same total number 
of kilocycles. For example, if the if. is 455 ke. 
and the mixer circuit tunes from 7000 to 
7300 kc. between two given points on the dial, 
then the oscillator must tune from 7455 to 7755 
kc. between the same two dial readings. With 
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the bandspread arrangement of Fig. 5-9A, the 
tuning will be practically straight-line-frequency 
if Cy (bandset) is 4 times or more the maximum 
capacitance of C, (bandspread), as is usually the 
case for. strictly amateur-band coverage. Cy, 
should have semicircular plates. 


SQUELCH CIRCUITS 


An audio squelch circuit is one that cuts off the 
receiver output when no signal is coming 
through the receiver. It is useful in mobile or net 
work where the no-signal receiver noise may be 
as loud as the signal, causing undue operator fa- 
tigue during no-signal periods. 

A practical squelch circuit is shown in Fig. 
5-29. A dual triode (12AX7) is used as an ampli- 
fier and as a control tube. When the a.g.c.. volt- 
age is low or zero, the lower (control) triode 
draws plate current. The consequent voltage 
drop across the adjustable resistor in the plate 
circuit cuts off the upper (amplifier) triode 
and no signal or noise is passed. When the 
a.g.c. voltage rises to the cut-off value of the 
control triode, the tube no longer draws cur- 
rent and the bias on the amplifier triode is 
now only its normal operating bias, furnished by 
the 1000-ohm resistor in the cathode circuit. 
The tube now functions as an ordinary amplifier 
and passes signals. The relation between the 
a.g.c. voltage and the signal turn-on point is ad- 
justed by varying the resistance in the plate 
circuit of the control triode. 

Connections to the receiver consist of two a.f. 
lines (shielded), the a.g.c. lead, and chassis 
ground. The squelch circuit is normally inserted 
between detector. output and the audio volume 
control of the receiver. Since the circuit is. used 
in the low-level audio point, its plate supply 
must be free from a.c. or objectionable hum will 
be introduced. 


IMPROVING RECEIVER SENSITIVITY 


The sensitivity (signal-to-noise ratio) of a re- 
ceiver on the higher frequencies above 20 Mc. 
is dependent upon the band width of the receiver 
and the noise contributed by the “front end” of 
the receiver. Neglecting the fact that image re- 
jection may be poor, a receiver with no rf. stage 
is generally satisfactory, from a sensitivity point, 
in the 3.5- and 7-Mc. bands. However, as the 
frequency is increased and the atmospheric noise 
becomes less, the advantage of a good “front, 
end” becomes apparent. Hence at 14 Mc. and 
higher it is worth while to use at least one stage 
of r.f. amplification ahead of the first detector 
for best sensitivity as well as image rejection. 
The. multigrid converter tubes have very poor 
noise figures, and even the best pentodes and 
triodes are three or four times noisier when used 
as mixers than they are when used as amplifiers. 

If the purpose of an r.f. amplifier is to improve 
the receiver noise figure at 14 Mc. and higher, 
a high-gm pentode or triode should be used. 
Among the pentodes, the best tubes are the 


6AH6, 6AK5 and the 6BZ6, in the order named. 
The 6AK5 takes the lead around 30 Mc. The 
6J4, 6J6, and triode-connected 6AK5 are the best 
of the triodes. For best noise figure, the an- 
tenna circuit should be coupled a little heavier 
than optimum. This cannot give best selectivity 
in the antenna circuit, so it is futile to try to 
maximize sensitivity and selectivity in this cir- 
cuit. 

When a receiver is satisfactory in every 
respect (stability and selectivity) except sensi- 
tivity on 14 through 30 Mc., the best solution for 
the amateur is to add a preamplifier, a stage of 
r.f. amplification designed expressly to improve 
the sensitivity. If image rejection is lacking in 
the receiver, some selectivity should be built into 
the preamplifier (it is then called a preselector). 
If, however, the receiver operation is poor on the 
higher frequencies but is satisfactory on the 
lower ones, a “converter” is the best solution. 

Some commercial receivers that appear to lack 
sensitivity on the higher frequencies can be im- 
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proved simply by tighter coupling to the antenna. 
This can .be accomplished by changing the 
antenna feed line to the right value (as deter- 
mined from the receiver instruction book) or by 
using a simple matching device as described 
later in this chapter..Overcoupling the input cir- 
cuit will often improve sensitivity but it will, of 
course, always reduce the image-rejection con- 
tribution of the antenna circuit. 


Regeneration 


Regeneration in the r.f. stage of a receiver 
(where only one stage exists) will often improve 
the sensitivity because the greater gain it pro- 
vides serves to mask more completely the first- 
mixer noise, and it also provides a measure of 
automatic matching to the antenna through 
tighter coupling. However, accurate ganging be- 
comes a problem, because of the increased selec- 
tivity of the regenerative r.f. stage, and the re- 
ceiver almost invariably becomes a two-handed- 
tuning device. Regeneration should not be 
overlooked as an expedient, however, and ama- 
teurs have used it with considerable success. 


TUNING A 


C.W. Reception 


In a receiver without selectivity, it doesn’t 
much matter where the b.f.o. is set, so long as 
it is within the pass band of the receiver. How- 
ever, in a receiver with selectivity, the b.f.o. 
should be offset, to give single-signal code re- 
ception. The proper setting of the b.f.o. is easy to 
find. In the absence of incoming signals, it will be 
found that, as the b.f.o. control is tuned, the pitch 
of the background noise will go from high to 
low and back to high again. The setting that gives 
the lowest pitch represents the setting of the b.f.o. 
in the center of the pass band. Setting the b-f.o. 
for a higher pitch (to the noise) will give more 
or less single-signal effect on incoming signals, 
depending upon the selectivity of the receiver. If 
the receiver uses a crystal filter that has a “re- 
jection notch” or “phasing” control, setting the 
notch on the audio image will improve the single- 
signal effect. 

The best receiver condition for the reception 
of code signals will have the first rf. stage run- 
ning at maximum gain, the following r.f., mixer 
and if. stages operating with just enough gain to 
maintain the signal-to-noise ratio, and the audio 
gain set to give comfortable headphone or 
speaker volume. The audio volume should be 
controlled by the audio gain control, not the if. 
gain control.. Under the above conditions, the 
selectivity of the receiver is being used to best 
advantage, and cross-modulation is minimized. It 
precludes the use of a receiver in which the gains 
of the rf. and if. stages are controlled simulta- 
neously. 


Single-Sideband Phone Reception 
The receiver is set up for s.s.b. reception in a 
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High-gm tubes are the best as regenerative am- 
plifiers, and the feedback should not be controlled 
by changing the operating voltages (which 
should be the same as for the tube used in a high- 
gain amplifier) but by changing the loading or 
the feedback coupling. This is a tricky pro- 
cess and another reason why regeneration is not 
too widely used. : 


Gain Control 


In a receiver front end designed for best sig- 
nal-to-noise ratio, it is advantageous in the re- 
ception of weak signals to eliminate the gain 
control from the first r.f. stage and allow it to 
run “wide open” all of the time. If the first stage 
is controlled along with the if. (and other rf. 
stages, if any), the signal-to-noise ratio of the 
receiver will suffer. As the gain is reduced, the 
gm of the first tube is reduced, and its noise fig- 
ure becomes higher. A good receiver might well 
have two gain controls, one for the first r.f. stage 
and another for the if. (and any other r.f.) 
stages. The first r.f. stage gain would be re- 
duced only for extremely strong signals. 
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manner similar to that for single-signal code re- 
ception, except that a suitable band width for 
s.s.b. (2 to 3 kc.) is used. The b.f.0. must be set 
off to one side of the pass band if good use is to 
be made of the selectivity. To determine which 
side to set it, remember this rule: A selective 
receiver can be set up for /ower-sideband recep- 
tion by setting the b.f.o. so that there is little 
or no signal on the low-frequency side of zero 
beat when tuning through a steady carrier or c.w. 
signal. Lower sideband is customarily used on 
3.9 and 7 Mc., upper on the higher frequencies. 

Unless the receiver has an a.g.c. system suit- 
able for s.s.b. reception (fast attack, slow decay), 
the operator must be very careful not to let the 
receiver overload. If the receiver does overload, 
it will be impossible to obtain good s.s.b. recep- 
tion. Run the receiver with as little if. gain as 
possible, consistent with a good signal-to-noise 
ratio, and run the audio gain high. ! 

Carefully tune in an s.s.b. signal using only the 
main tuning dial. When the voice becomes natural 
sounding and understandable, the signal is prop- 
erly tuned. If the incoming signal is on lower 
sideband, tuning the receiver to a lower frequency 
will make the voice sound lower pitched. An 
upper-sideband signal will sound higher pitched 
as the receiver is tuned to a lower frequency. 

If the receiver has excellent selectivity, as 21% 
ke. or less, it will be desirable to experiment 
slightly with the b.f.o. setting, remembering that 
each adjustment of the b.f.o. calls for a similar 
adjustment of the main tuning control. If the 
selectivity is quite high, setting the b.f.o. too 
far from the pass band will limit the incoming 
signal to-the high audio frequencies only. Con- 
versely, setting it too close will limit the response 
to the low audio frequencies. 


Alignment and Servicing 


A.M. Phone Reception 


In reception of a.m. phone signals, the normal 
procedure is to set the r.f. and if. gain at maxi- 
mum, switch on the a.g.c., and use the audio gain 
control for setting the volume. This insures 
maximum effectiveness of the a.g.c. system in 
compensating for fading and maintaining con- 
stant audio output on either strong or weak sig- 
nals. On occasion a strong signal close to the 
frequency of a weaker desired station may take 
control of the a.g.c., in which case the weaker 
station may disappear because of the reduced 
gain, In this case better reception may result if 
the a.g.c. is switched off, using the manual rf. 
gain control to set the gain at a point that pre- 
vents “blocking” by the stronger signal. 

When receiving an a.m. signal on a frequency 
within 5 to 20 kc. from a single-sideband signal 
it may also be necessary to switch off the a.g.c. 
and resort to the use of manual gain control, 
unless the receiver has excellent skirt selectivity. 

A crystal filter will help reduce interference in 
phone reception. Although the high selectivity 
cuts sidebands and reduces the audio output at 
the higher audio frequencies, it is possible to use 
quite high selectivity without destroying intelli- 
gibility. As in code reception, it is advisable to do 
all tuning with the filter in the circuit. Variable- 
selectivity filters permit a choice of selectivity 
to suit interference conditions. 

An undesired carrier close in frequency to a 
desired carrier will heterodyne with it to pro- 
duce a beat note equal to the frequency differ- 
ence. 
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Spurious Responses 


Spurious responses can be recognized without 
a great deal of difficulty. Often it is possible to 
identify an image by the nature of the trans- 
mitting station, if the frequency assignments 
applying to the frequency to which the receiver 
is tuned are known. However, an image also can 
be recognized by its behavior with tuning. If the - 
signal causes a heterodyne beat note with the 
desired signal and is actually on the same fre- 
quency, the beat note will not change as the re- 
ceiver is tuned through the signal; but if the in- 
terfering signal is an image, the beat will vary in 
pitch as the receiver is tuned. The beat oscillator 
in the receiver must be turned off for this test. 
Using a crystal filter with the beat oscillator on, 
an image will peak on the side of zero beat op- 
posite that on which desired signals peak, 

Harmonic response can be recognized by the 
“tuning rate,” or movement of the tuning dial 
required to give a specified change in beat note. 
Signals getting into the if. via high-frequency 
oscillator harmonics tune more rapidly (less dial 
movement) through a given change in beat note 
than do signals received by normal means. 

Harmonics of the beat oscillator can be rec- 
ognized by the tuning rate of the. beat-oscillator 
pitch control. A smaller movement of the control 
will suffice for a given change in beat note than 
that necessary with legitimate signals. In poorly- 
designed or inadequately-shielded and -filtered re- 
ceivers it is often possible to find b.f.o. har- 
monics below 2 Mc., but they should be very 
weak or non-existent at higher frequencies. 


ALIGNMENT AND SERVICING OF SUPERHETERODYNE 
RECEIVERS 


LF. Alignment 


A calibrated signal generator or test oscillator 
is a useful device for alignment of an if. ampli- 
fier. Some means for measuring the output of 
the receiver is required. If the receiver has a 
tuning meter, its indications will serve. Lacking 
an S meter, a high-resistance voltmeter or a vac- 
uum-tube voltmeter can be connected across the 
second-detector load resistor, if the second de- 
tector is a diode. Alternatively, if the signal 
generator is a modulated type, an a.c. voltmeter 
can be connected across the primary of the trans- 
former feeding the speaker, or from the plate 
of the last audio amplifier through a 0.1-yi. 
blocking capacitor to the receiver chassis. Lack- 
ing an a.c. voltmeter, the. audio output can be 
judged by ear, although this method is not as ac- 
curate as the others. If the tuning meter is used 
as an indication, the a.g.c. of the receiver should 
be turned on, but any other indication requires 
that it be turned off. Lacking a test oscillator, a 
steady signal tuned through the input of the re- 
ceiver (if the job is one of just touching up the 


if, amplifier) will be suitable. However, with no 
oscillator and tuning an amplifier for the first 
time, one’s only recourse is to try to peak the 
if. transformers on “noise,” a difficult task if 
the transformers are badly off resonance, as they 
are apt to be. It would be much better to haywire 
together a simple oscillator for test purposes. 
Initial alignment of a new if. amplifier is as 
follows: The test oscillator is set to the correct 
frequency, and its output is coupled through a 
capacitor to the grid of the last if. amplifier 
tube. The trimmer capacitors of the transformer 
feeding the second detector are then adjusted 
for maximum output, as shown by the indicating 
device being used. The oscillator output lead is 
then clipped on to the grid of the next-to-the-last 
i. amplifier tube, and the second-from-the-last 
transformer trimmer adjustments are peaked for 
maximum output. This process is continued, 
working back from the second detector, until all 
of the if. transformers have been aligned. It 
will be necessary to reduce the output of the test 
oscillator as more of the if. amplifier is brought 
into use. It is desirable in all cases to use the 
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minimum signal that will give useful output 
readings. The i.f. transformer in the plate circuit 
of the mixer is aligned with the signal introduced 
to. the grid of the mixer. Since the tuned circuit 
feeding the mixer grid may have a very low im- 
pedance at the if, it may be necessary to boost 
the test generator output or to disconnect the 
tuned circuit temporarily from the mixer grid. 

If the if. amplifier has a crystal filter, the 
filter should first be switched out and the align- 
ment carried out as above, setting the test oscil- 
lator as closely as possible to the crystal fre- 
quency. When this is completed, the crystal 
should be switched in and the oscillator fre- 
quency varied back and forth over a small range 
either side of the crystal frequency to find the 
exact frequency, as indicated by a sharp rise in 
output. Leaving the test oscillator set on the 
crystal peak, the if. trimmers should be re- 
aligned for maximum output, The necessary 
readjustment should be small. The oscillator fre- 
quency should be checked frequently to make 
sure it has not drifted from the crystal peak. 

A modulated signal is not of much value for 
aligning a crystal-filter if. amplifier, since the 
high selectivity cuts sidebands and the results 
may be inaccurate if the audio output is used as 
the tuning indication. Lacking the a.g.c. tuning 
meter, the transformers may be conveniently 
aligned by ear, using a weak unmodulated sig- 
nal adjusted to the crystal peak. Switch on the 

beat oscillator, adjust to a suitable tone, and 
align the if. transformers for maximum audio 
output. ’ 

An amplifier that is only slightly out of align- 
ment, as a result of normal drift or aging, can 
be realigned by using any steady signal, such as 
a local broadcast station, instead of the test os- 
cillator. One’s 100-kc, standard makes an ex- 
cellent signal source for “touching up” an if. 
amplifier. Allow the receiver to warm up thor- 
oughly, tune in the signal, and trim the i.f. for 
maximum output. 

If you bought your receiver instead of making 
it, be sure to read the instruction book carefully 
before attempting to realign the receiver. Most 
instruction books include alignment details, and 
any little special tricks that are peculiar to the 
receiver will also be described in detail. 


R.F, Alignment 


The objective in aligning the rf. circuits 
of a gang-tuned receiver is to secure adequate 
tracking over each tuning range. The adjust- 
ment may be carried out with a test oscillator of 
suitable frequency range, with harmonics from 
your 100-kc. standard or other known oscillator, 
or even on noise or such signals as may be heard. 
First set the tuning dial at the high-frequency 
end of the range in use. Then set the test oscil- 
lator to the frequency indicated by the receiver’ 
dial. The test-oscillator output may be connected 
to the antenna terminals of the receiver for this 
test. Adjust the oscillator. trimmer capacitor 
in the receiver to give maximum response on 
the test-oscillator signal, then reset the receiver 
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dial to the low-frequency end of the range. Set 
the test-oscillator frequency near the frequency 
indicated by the receiver dial and tune the test 
oscillator until its signal is heard.in the receiver. 
If the frequency of the signal as indicated by the 
test-oscillator calibration is higher than that 
indicated by the receiver. dial, more inductance 
(or more capacity in the tracking capacitor) is 
needed in the receiver oscillator circuit; if the 
frequency is lower, less inductance (less track- 
ing capacity) is required in the receiver oscil- 
lator. Most commericial receivers provide some 
means for varying the inductance of the coils or 
the capacity of the tracking capacitor, to permit 
aligning the receiver tuning with the dial calibra- 
tion. Set the test oscillator to the frequency indi- 
cated by the receiver dial, and then adjust the 
tracking capacity or inductance of the receiver 
oscillator coil to obtain maximum response. Af- 
ter making this adjustment, recheck the high- 
frequency end of the scale as_ previously 
described. It may be necessary to go back and 
forth between the ends of the range several times 
before the proper combination of inductance and 
capacity is secured. In many cases, better over- 
all tracking will result if frequencies near but 
not actually at the ends of the tuning range are 
selected, instead of taking the extreme dial set- 
tings. 

After the oscillator range is properly adjusted, 
set the receiver and test oscillator to the high- 
frequency end of the range. Adjust the mixer 
trimmer capacitor for maximum hiss or signal, 
then the rf. trimmers. Reset the tuning dial 
and test oscillator to the low-frequency end of 
the range, and repeat ; if the circuits are properly 
designed, no change in trimmer settings should 
be necessary. If it is necessary to increase the 
trimmer capacity in any circuit, more inductance 
is needed; conversely, if less. capacity resonates 
the circuit, less inductance is required. 

Tracking seldom is perfect throughout a tun- 
ing range, so that a check of alignment at inter- 
mediate points in the range may show it to be 
slightly off. Normally the gain variation will be 
small, however, and it will suffice to bring the 
circuits into line at both ends of the range. If 
most reception is in a particular part of the 
range, such as an amateur band, the circuits may 
be aligned for maximum performance in that 
region, even though the ends of the frequency 
range as a whole may be slightly out of align- 
ment, 


Oscillation in R.F. or I.F. Amplifiers 


Oscillation in high-frequency amplifier and 
mixer circuits shows up as squeals or “birdies” 
as ‘the tuning is varied, or by complete lack of 
audible output if the oscillation is strong enough 
to cause the a.g.c. system to reduce the receiver 
gain drastically. Oscillation can be caused by 
poor connections in the common ground circuits. 
Inadequate or defective bypass capacitors in 
cathode, plate and screen-grid circuits also can 
cause such oscillation. A metal tube with an un- 
grounded shell may cause trouble. Improper 


Improving Performance 


screen-grid voltage, resulting from a shorted or 
too-low screen-grid series resistor, also may be 
responsible for such instability. 

Oscillation in the if. circuits is independent 
of high-frequency tuning, and is indicated by 
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a continuous squeal that appears when the gain 
is advanced with the c.w. beat oscillator on. It 
can result from defects in if.-amplifier circuits. 
Inadequate screen or plate bypass capacitance is 
a common cause of such oscillation. 


IMPROVING THE PERFORMANCE OF RECEIVERS 


Frequently amateurs unjustly criticize a re- 
ceiver’s performance when actually part of the 
‘ trouble lies with the operator, in. his lack of 
knowledge about the receiver’s operation or in 
his inability to recognize a readily curable fault. 
The best example of this is a complaint about 
“lack of selectivity” when the receiver contains 
an if, crystal filter and the operator hasn’t 
bothered to learn how to use it properly. “Lack 
of sensitivity” may be nothing more than poor 
alignment of the r.f. and mixer tuning. The cures 
for these two complaints are obvious, and the 
details are treated both in this chapter and in the 
receiver instrtction book. 

However, many complaints about selectivity, 
sensitivity, and other points are justified. In- 
expensive, and most second-hand, receivers can- 
not be expected to measure up to the perform- 
ance standards of some of the current and top- 
priced receivers. Nevertheless, many amateurs 
overlook the possibility of improving the per- 
formance of these “bargains” (they may or may 
not be bargains.) by a few simple additions or 
modifications. From time to time articles in OST 
describe improvements for specific receivers, and 
it may repay the owner of a newly-acquired 
second-hand. receiver. to examine past issues and 
see if an applicable article was published. The 
annual index in each December issue is a help 
in this respect. 

Where no applicable article can be found, a 
few general principles can be laid down. If the 
complaint is the inability to separate stations, 
better if. (and occasionally audio) selectivity is 
indicated. The answer is not to be found in 
better bandspread tuning of the dial as is some- 
times erroneously concluded. For code reception 
the addition of a_“Q Multiplier” to the icf. 
amplifier is a simple and effective attack; a Q 
Multiplier is at its best in the region 100 to 900 
ke., and higher than this its effectiveness drops 
off. The Selectoject is a selective audio device 
based on similar principles. For phone reception 
the addition of a Q Multiplier will help to reject 
an interfering carrier, and the use of a BC-453 
as a “Q5-er” will add adjacent-channel selectiv- 
ity. ; 

With the addition of more if. selectivity, it 
may be found that the receiver’s tuning rate 
(number of ke. tuned per dial revolution) is too 
high, and consequently the tuning with good i-f. 
selectivity becomes too critical. If this is the 
case, a 5-to-1 reduction planetary dial drive 
mechanism may be added to make the tuning 
rate more favorable. These drives are sold by 
the larger supply houses and can usually be added 
to the receiver if a suitable mounting bracket is 


made from sheet metal. If there is already some 
backlash in the dial mechanism, the addition. of 
the planetary drive will magnify its effect, so it 
is necessary to minimize the backlash before at- 
tempting to improve the tuning rate. While 
this is not possible in all cases, it should be in- 
vestigated from every angle before giving up. 
Replacing a small tuning knob with a larger one 
will add to ease of tuning; in many cases after 
doing so it will then be desirable or necessary to 
raise the receiver higher above the table. 

If the receiver appears to lack the ability to 
bring in the weak signals, particularly on the 
higher-frequency bands, the performance can of- 
ten be improved by the addition of an antenna 
coupler (described elsewhere in this chapter) ; it 
will always be improved by the addition of a pre- 
selector (also described elsewhere in this chapter). 

If the receiver shortcoming is inadequate r.f. 
selectivity, as indicated by r.f. “images” on the 
higher-frequency bands, a simple antenna coup- 
ler will often add sufficient selectivity to cure the 
trouble. However, if the images are severe, it is 
likely that a preselector will be required, pref- 
erably of the regenerative type. The preselector 
will also add to the ability of the receiver to 
detect weak signals at 14 Mc. and higher. 

In many of the inexpensive receivers the fre- 
quency calibration of the dial is not very accu- 
rate. The receiver’s usefulness for determining 
band limits will be greatly improved by the ad- 
dition of a 100-kc. crystal-controlled frequency 


standard. These units can be built or purchased. - 


complete at very reasonable prices, and no. ama- 
teur station worthy of the name should be with- 
out one. = 

Some receivers that show a considerable fre- 
quency drift as they are warming up can be 
improved by the simple expedient of furnishing 
more ventilation, by propping up the lid or by 
drilling extra ventilation holes. In many cases 
the warm-up drift can be cut in half. A 7-watt 
115-volt lamp mounted under the receiver chassis 
and wired so that it is turned on when the re- 
ceiver is turned off will maintain the receiver 
temperature above the room temperature and 
will reduce the warm-up drift. The auxiliary heat 
source is also of help in reducing or eliminating 
the ill effects of condensation in the receiver, 
where the receiver is used in a damp location. 

Receivers that show frequency changes with 
line-voltage or gain-control variations can be 
greatly improved by the addition of regulated 
voltage on the oscillators (high-frequency and 
b.f.o.) and the screen of the mixer tube. There 
is usually room in any receiver for the addition 
of a VR tube of the right rating. 
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Some receivers, particularly those that are 
lacking in front-end. selectivity, are subject to 
cross-talk and overload from adjacent-frequency 
ham or commercial stations. This condition is 
particularly common with simple receivers that 
use bipolar transistors in the r.f. and mixer stages. 
With the latter, the range of linear operation is 
small compared to that of vacuum tubes. Large 
signals send”the transistors into the nonlinear 
operating region, causing severe crosstalk. 

The most common cross-talk problem in ham 
radio is that which caused by the presence of 
nearby broadcast stations in the 550- to 1600-Kc. 
range. In some regions, the ham bands—when 
tuned in on even the best receivers—are a mass 
of distorted “pop” music, garbled voices, and 
splatter. It should be pointed out at this juncture 
that the broadcast stations themselves seldom are 
at fault, (although in isolated instances they are 
capable of generating spurious output if operat- 
- ing in a faulty manner). 

The most direct approach to the problem of 
broadcast-station interference is to install a re- 
jection filter between the antenna feed line and 
the input terminals of the receiver. Such a filter, 
if capable of providing sufficient attenuation, 
prevents the broadcast-station signals from reach- 
ing the ham receiver’s front end, thus solving the 
cross-talk problem. 

An effective band-rejection filter, containing 
two m-derived pi sections in cascade, is shown in 
Fig. 5-29A.7 It offers sharp rejection to signals in 
the 500- to 1600-kc. range but does not impair re- 
ception above or below the broadcast band, It is 
designed for use in low-impedance lines, par- 
ticularly those that are 50 or 75 ohms. 

The band-rejection filter is housed in a 3% X 
2% X 15-inch Minibox. Phono connectors are 
used for J, and J,—an aid to cost reduction. 
Different-style fittings can be used if the builder 
wishes. Standard-value components are used 
throughout the filter and the values specified 
must be used if good results are to be had. 

In situations where a single broadcast station 
is involved in the cross-talk problem, a simple 
series- or parallel-tuned wave trap, tuned to the 
frequency of the interfering station, may prove 
adequate in solving the problem. Such a trap can 
be installed as shown in Fig. 5-29B). The trap 
inductors can be made from ferrite-bar broadcast 
radio loop antennas and tuned to resonance by 


1 Originally described in greater depth, and with ex- 
amples of additional filter types, in OST, Dec., 1967. 
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- REDUCING BROADCAST STATION INTERFERENCE 


means of a 365-pf. Variable capacitor. Traps of 
this type should be enclosed in a metal box, as is 
true of the band-rejection filter. 


= ane a Senos — 

Fig. 5-29A—Capacitance is in uf. Capacitors are disk 
or tubular ceramic. 

Jip- Ja-~Phono jack. 

Li, Ls—10-uh. inductor (Miller 7OFIO5A1_ suitable). 

Le, Ly—33-4h. inductor (Miller 7OF335A1_ suitable). 

Le—4.7-u4h. inductor (Miller 70F476A1 suitable). 


ANT. 


ANT, 


() 


BAND-REJECTION 

FILTER 
Fig. 5-29B—Examples of series- and parallel-tuned 
single-frequency traps (installed) are shown at A and 
B. At C, Fli represents the band-rejection filter de- 
scribed in the text. If possible, the filter used should 
be bolted to the chassis or case of the receiver. The 
receiver should have a good earth ground connected 
to it. 


FRONT-END OVERLOAD PROTECTION FOR THE RECEIVER 


It is not uncommon to experience front-end 
overloading when the station receiver is subjected 
to ‘an extremely strong signal. Frequently, it be- 
comes necessary to install some type of external 
attenuator between the antenna and the input of 
the receiver to minimize the bad effects caused by 


the strong signal, or signals.’ Ideally, such an 
attenuator should be designed to match the im- 
pedance of the antenna feed line and the input 
impedance of the receiver. Also, the attenuator 


1_Andrade, “Recent Trends in Receiver Front-End De- 
sign, OST, June 1962. 
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Fig. 5-29C—Resistor networks for the attenuator are mounted on the switches and grounded to lugs held by 
the switches. Note that outer conductor of coaxial cable is fanned out and grounded either side of switch. 


should be variable, enabling the user to have some 
control over the amount of attenuation used. 
Manufacturer’s of some modern receiving equip- 
ment build attenuators into the front end of their 
receivers, offering benefits that are not available 
from the normal rif. gain-control circuit. 
Examples of two such attenuators are given in 


Figs. 5-29F and 5-29E, In Fig. 5-29F a ladder- 


Fig. 5-29D—Iinside view of the attenuator box. The re- 
sistors are mounted directly on the switch, using short 
pigtails wherever possible. Wide strips of copper are 
used for the input and output: leads. 


Jl 


Fig. 5-29F—Circuit diagram of 
the step attenuator. All resistors 


type attenuator which gives a 0 to 40-decibel 
range of control in five steps.? A simple. step at- 
tenuator is illustrated in Fig. 5-29E.° The latter 
offers an attenuation range of 3 to 33 decibels in 
3-db. steps by closing one or more of four slide 
switches, Both units are designed for use in low- 
impedance lines. The one in Fig, 5-29F is de- 
signed for a mid-range impedance of 60 ohms, 
making it satisfactory for use with receivers hav- 
ing a 50- or 75- ohm input. Although designed for 
an impedance of 50 ohms, the attenuator of Fig. 
5-29E will work satisfactorily with 75-ohm re- 
ceiver inputs for the purposes outlined here. 

Standard-value 1%-watt resistors are used in 
both assemblies. Both attenuators will give good 
results from the broadcast band through 30 Mc. 
Isolation between the attenuator sections is not 
good enough to make either unit particularly 
effective above 30 Mc. 

Either attenuator can be used ahead of the re- 
ceiver, or can be built into the receiver as an 
integral part of the circuit. Such a device is par- 
ticularly useful ahead of receivers that do not 
have an r.f. gain control, such as simple regenera- 
tive receiving sets. 


2_QST, Gimmicks and Gadgets, Oct., 1967, 
&8_QST, Gimmicks and Gadgets, August 1967. 


OUTPUT 
Fig. 5-29E—Schematic of the attenu- 
ator. Resistance is in ohms. Resistors 
are \%-watt composition, 10% toler- 
SU ROSITIONS ance. Si is a phenolic rotary 1-section, 
Boron 2-pole, 5-position switch. J1 and Ja are 
fea 50 be: standard coax connectors. Approxi- 
E40 06. mate attenuation in decibels is given 


for each switch position. 


are ¥-watt composition. RG- ena. j b RG-58/U 
Pi, Pe—phono plugs, or similar. Y—>» Ss SGN 
S:-S,—D.p.d.t. slide switch (Con- P, 
tinental-Wirt or equiv.) 
330D 330. 


12 DB. 12 DB. 
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RECEIVER MUTING - 


Receiver protection means preventing injury to 
the receiver during transmission periods. A basic 
method is to remove the receiver from the antenna 
and simultaneously short-circuit the input ter- 
minals; this is an excellent method, and suitable 
coaxial relays are available for the purpose. If a 
high-powered transmitter is used, the receiver 
may still be overloaded by the leakage signal, and 
some means for simultaneous gain reduction must 
be provided. In many installations one of the 
operator’s hands is adequate. 

When a separate receiving antenna is used, 

connected to the receiver at all times, the receiver 
will be overloaded by the transmitted signal un- 
less suitable protection is provided. This can be 
input protection or gain reduction. When an 
electronic t.r. switch is used (see Chapter 22) 
simultaneous gain reduction must be provided if 
receiver overload is to be avoided. 
If the receiver is protected against injury, the 
easiest method for protecting the operator’s ears 
is to short circuit (or disconnect) the audio out- 
put. This is usually done with a relay; it can be 
the same relay that provides a transmitter func- 
tion, since the armature can be grounded. Other 
methods include providing gain reduction through 
additional bias, or rf. keyed audio amplifiers that 
transfer from receiver to a monitoring signal. 

The muting system shown in Fig. 5-30 can be 
used with any grid-block or tube-keyed trans- 
mitter, and it is particularly applicable to the 
VR-tube differential keying circuit of Chap. 7. 
Referring to Fig. 5-30, R,, R. and C, have the 
same values and functions that the similar com- 
ponents of any grid-block system have. When the 
key is open, a small current will flow through Rg, 
the 0A2 and Ry, and the voltage drop across Kg 
will be sufficient to cut off the 6C4. With the 6C4 
cut off, there is no current through R, and con- 
sequently no voltage appearing across Ry. 

When the key is closed, there is insufficient 
voltage across the 0A2 to maintain conduction, 
and consequently there is no current flow through 
R,. With zero voltage between grid and cathode, 
the 6C4 passes current. The drop across Ry, and 
thus the negative voltage applied to the a.g.c. line 


RECEPTION OF F.M. 


Receivers for fm. and p.m. signals differ 
from others principally in two features — there 
is no need for linearity preceding detection (in 
fact, it is advantageous if amplitude variations in 
signal and background noise can be “washed 
out”), and the detector must be capable of con- 
verting frequency variations in the incoming sig- 
nal into amplitude variations. 

Frequency- or phase-modulated signals can 
be received after a fashion on any ordinary re- 
ceiver. The receiver is tuned to put the carrier 
frequency part-way down on one side of the 
selectivity curve. When the frequency of the sig- 


in the receiver, is determined by the value of Ry. 
Thus the key-down gain of the receiver can be 
adjusted to permit listening to one’s own signal, 
by increasing the value of R, until the receiver 
output level is a comfortable one. To utilize the 
same antenna for transmitting and receiving, and 
thus benefit during receiving from any directional 
properties of the antenna, an electronic transmit- 
receive switch can be used. 

The receiver a.g.c. bus can be located by refer- 
ence to the receiver instruction manual, and con- 
nection be made to it through a length of shielded 
wire. The a.g.c. switch in the receiver must be 
turned to on for the muter to be effective. 

If desired, the muting circuit can be built into 
the transmitter, or it can be mounted on a shelf 
or small chassis behind the receiver. The two 
negative voltages can be furnished by one supply 
and a reasonably heavy voltage divider ; the main 
requirement of the supply is that the nominal 
—125 volts remain below the normal voltage 
drop of the 0A2 (150 volts). Installation of the 
muting circuits should have little or no effect on 
the keying characteristic of the transmitter ; if it 
does the characteristic can be restored by proper 
values for Ry, Ry and Cy. 


TO GRID OF 
KEYED STAGE 
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Fig. 5-30—Circuit diagram of a receiver muter for use 
with grid-block or tube keying. 

C,—Shaping capacitor, see text. 

R:, Re—Shaping resistors, see text. 


.Rs—0.1 megohm. 


Ri—15,000-ohm 2-watt potentiometer. 


AND P.M. SIGNALS 


nal varies with modulation it swings as indicated 
in Fig. 5-31A, resulting in an a.m. output varying 
between X and Y. This is then rectified as an 
a.m. signal. 

With receivers having steep-sided selectivity 
curves, the method is not very satisfactory be- 
cause the distortion is quite severe unless the fre- 
quency deviation is small, since the frequency 
deviation and output amplitude is linear over only 
a small part of the selectivity curve. 

A detector designed expressly for f.m. or p.m. 
has a characteristic similar to that shown in Fig. 
5-31B. The output is zero when the unmodulated 


Reception of F.M. and P.M. Signals 


O 
+6 (250-300V.) 


Fig.. 5-32—Limiter-discriminator circuit. 


Ci—About 500 ohms reactance at i.f. 
Ti—Discriminator transformer for i.f. used. Push-pull 
diode transformer may be substituted. 


carrier is tuned to the center, 0, of the character- 
istic. When the frequency swings higher, the 
tectified output amplitude increases in the posi- 
tive direction (as chosen in this example), and 
when the frequency swings lower the output 
amplitude increases in the negative direction. 
Over the range in which the characteristic is 
a straight line the conversion from f.m. to a.m. 
is linear and there is no distortion. One type of 
detector that operates in this way is the fre- 
quency discriminator, which combines the f.m.- 
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Fig. 5-31—F.m. or p.m. detection characteristics, A— 
“Slope detection,” using the sloping side of the re- 
ceiver’s selectivity curve to convert f.m. or p.m. to a.m. 
for subsequent rectification. B—Typical discriminator 
characteristic. The straight portion of this curve be- 
tween the two peaks is the useful region. The peaks 
should: always lie outside the pass band of the 
receiver's selectivity curve. 


RFC:—High reactance at i.f. 
Vi~Sharp-cutoff pentode, 
Ve—Dual diode (6AL5). 


to-a.m. conversion with rectification to give an 
af. output from the f.m. signal. 


Limiter and Discriminator 


A practical discriminator circuit is shown in 
Fig. 5-32. The f.m.-to-a:m. conversion takes 
place in transformer T,, which operates at the 
intermediate frequency of a superheterodyne 
receiver. The voltage induced in the trans- 
former secondary, S, is 90 degrees out of phase 
with the primary current. The primary voltage 
is introduced at the center tap on the second- 
ary through C, and combines with the second- 
ary voltages on each side of the center tap so 
that the resultant voltage on one side of the 
secondary leads the primary voltage and the 
voltage on the other side lags by the same phase 
angle, when the circuits are resonated to the 
unmodulated carrier frequency. When rectified, 
these two voltages are equal and of opposite 
polarity. If the frequency changes, there is a shift 
in the relative phase of the voltage components 
that results in an increase in output amplitude on. 
one side of the secondary and a corresponding 
decrease in amplitude on the other side. Thus the 
voltage applied to one diode of V. increases while 
the voltage applied to the other diode decreases. 
The difference between these two voltages, after 
rectification, is the audio-frequency output of the 
detector, 

The ouput amplitude of a simple discrimina- 
tor depends on the amplitude of the input r.f. 
signal, which is undesirable because the noise- 
reducing benefits of f.m. are not secured if the 
receiving system is sensitive to amplitude vari- 
ations. A discriminator is always preceded by 
some form of amplitude limiting, therefore. 
The conventional type of limiter also is shown 
in Fig. 5-32. It is simply a pentode if. ampli- 
fier, V,, with its.operating conditions chosen so 
that it “saturates” on a relatively small signal 
voltage. The limiting action is aided by grid 
rectification, with grid-leak bias developed in 
the 50,000-ohm resistor in the grid circuit. An- 
other contributing factor is low screen voltage,. 
the screen voltage-divider constants being 
chosen to result in about 50 volts on the screen. 
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A FOUR TRANSISTOR REGENERATIVE RECEIVER 


AND CODE 


The receiver shown in Figs. 5-33 through 5-36 
is an improved, up-dated version of the simple 
regenerative sets so popular in the thirties. It is 
a six-band battery-powered receiver covering the 
amateur frequencies, and these alone, between 3.5 
and 51 Mc. A simple code-practice oscillator is 
incorporated by providing a switch position that 
applies positive feedback between the receiver’s 
two audio stages. ; 

Construction of the receiver is not too difficult 
and the voltages are safe, making it an ideal be- 


ginner’s project. All-in-all, the receiver performs” 


surprisingly well for the small amount of circuitry 
involved. Its sensitivity is such that a.m., c.w. and 
s.s.b. signals of 0.1 wv. or greater are audible in 
the headset. 

Referring to Fig. 5-34, two wavetraps, Ly-C, 
and Lo-Cy, greatly reduce the chance of front end 
overload from nearby broadcast signals. In loca- 
tions away from broadcast stations the traps may 
be left out. La, Ly, C4, Cs, and Cy form a common 
input circuit for both the oscillator, Q,, and the 
detector, Qo. Using separate transistors for each 
function gives the receiver better signal handling 
capabilities than if a single regenerative detector 
were used. The oscillator is a Colpitts, doing away 
with the need for winding a tickler coil. Regener- 
ation is controlled by varying the emitter bias 
of Q}. C7, RFC, and Cg, an r-f. filter in the col- 
lector circuit of Qo, keep r.f. from reaching the 
base of the first audio amplifier stage, Q,. The 
audio coupling choke, L,, is an inexpensive 5.5- 
henry power supply filter choke. Volume control 
R, varies the amount of signal reaching the base 
of the audio output stage, Q,. Q, has a high- 
impedance headset (24,000 ohms) as its collector 
load. The headset leads are kept from acting as 
antennas (creating hand-capacity effects on the 
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higher bands) by being isolated from the power 
supply and Q, with rf. chokes. 

For code practice, the audio stages are made 
to oscillate by feeding back some of the signal 
from the collector of Q,4 to the base of Qs via 
Cy and Rg. Oscillations are keyed in the col- 
lector supply lead of Q4. Rg no longer acts as.a 
volume control; it now varies the pitch of the 
oscillator. 


Construction 


The receiver is built on a 13 X 5 X 3-inch 
aluminum chassis with a 13 x 7-inch aluminum 
bottom plate serving as the front panel. All holes 
are drilled and deburred before permanently 
mounting any of the components. Initially the 
bottom plate is fastened to the chassis with seven 
6-32 machine screws and hex nuts, Four %4-inch 
holes are drilled for mounting the insulated tip 
jacks shown in Fig. 5-33. The jacks are spaced 
1%4 inches from the bottom of the panel and 
respectively 414, 314, 134 and 34 inches from the 
right edge. Cg is bolted to both the front panel 
and the chassis. With Cg, resting on the chassis, 
the center of its tuning shaft is located 7%4 inches 
from the right edge of the panel. At the same 
height a dot is marked 5% inch to the left of this 
point and another 5% inch to the right. The front 
panel is removed and a 3-inch mounting hole 
drilled for Cg. Two No, 28 holes are drilled at 
the dots. Three 3%-inch holes are drilled’ 2% 
inches from the top of the panel at points 11, 334 
and 114 inches from the right edge. The tuning 
dial is temporarily held in position and two small 
holes located and drilled for the dial pointer. This 
completes the front panel drilling. 

As shown in Fig. 5-35, there are four sets of 
terminal strips running from the front of the 


Fig. 5-33—Front view of 
the four-transistor _re- 
generative receiver and 
code practice oscillator. 
The set covers the ama- 
teur frequencies between 
3.5 and 51 Mc. in six 
bands. Six self-contained 
flashlight batteries power 
the receiver with a cur- 
rent drain of only 6 ma. 
The tuning dial is a Jack- 
son Brothers type 4489. 


BTi—Six 1.5-volt flashlight batteries (size D) in series. 

C:—9-180-pf. mica compression trimmer. 

Ci, Cs—See coil and capacitor table. 

Ce—35-pf. variable (Hammarlund HF-35). 

Ji, Je, Js—Copper alligator clips (Mueller 60CS). 

Ju, Js—Insulated tip jacks. 

Li—30-69-h. adjustable coil (Miller 4408). 

L:—68-130-uh. adjustable coil (Miller 4409). 

Ls, La—See coil and capacitor table. 

Ls—5.5-henry 50-ma. filter choke (Knight 62 G 135). 

Q:—Qi—Replacement transistors (RCA) 

Ri—3000-ohm control, linear taper with make-one 
break-one switch (CTS IRC Q11-112 with IRC 
76-4 switch). 

Re—10,000-ohm control, audio taper with switch (CTS 
IRC Q13-116 with IRC 76-1 switch). 

RFC, RFC2—2500-zh. (Millen 34300-2500). 

RFCs, RFCs—68-zh. (Millen 34300-68). 

RFC, RFCe—8.2-uh. (Millen J300-8.2). 

Si—Part of Ro, see above. 

Se—Rotary, 1-section, 3-pole, 6-position, non-shorting 
(Mallory 3236J). 

Ss—Part of Ri, see above. 


DETECTOR AUDIO AMP AUDIO AMP RECg = 
J, Q 
RFC3 PHONES | 
RFC w. 
K 47K n 
Ra Rs O° 
Js ™ 
KEY F»] 
@ 
a 
8. 
< 
© 
= 
OE Saga, RECEIVE R3 
Olt KEY 180K 
Jol 
Fig. 5-34—Circuit diagram of transistor regenerative receiver. Unless otherwise indicated, 
10K capacitors are in pf. (picofarads or yyf.), resistancés are in ohms, resistors are 12-watt. 
Capacitors marked with polarity are electrolytic; those marked with asterisk are dipped 
silver mica. For simplicity, only one set of components is shown at Sea-B-o. 
TRANSISTOR REGENERATIVE RECEIVER COIL AND CAPACITOR TABLE 
Capacitors are dipped silver mica, values are in picofarads. Ls coils are closewound with No. 20 hookup 
wire. C, capacitors are connected at the bottom end of Lz coils, Cs capacitors at top end. 
Band Cy Cs Ls ; Ls 
3.5 180 5 t. wound directly over Ly. 30-69-uh. (Miller 4408) 
7.0 39 2 t. spaced %g inch below L,. 14.8-31-yh. (Miller 4407) 
14.0 15 1 t. spaced %¢ inch below Ly. 6.7-15-wh. (Miller 4406) 
21.0 15 1 t. spaced % inch below L4. 3.1-6.8-uh: (Miller 4405) 
28.0 51 1 t. spaced % inch below Ly. 0.9-1.6-uh. (Miller 4403) 
50.0 39 1 t. spaced 1% inch below L,. 0.4-0.8-uh. (Miller 4501) a 
ied 
N“ 
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Fig. 5-35—Top view of the regenerative receiver. On the back of the front panel, from right to left, are the band- 

switch, So, tuning capacitor, Ce, regeneration control, Ri, and volume control, Re. The six antenna coils are clus- 

tered around $2, with the two trap coils, Li and Ls, just behind them. To the left of the coils are four groups of 

tie-points, each supporting one stage of the receiver. They are, from right to left, oscillator Qu, detector Qs, first 
; audio Qs and output Qu. 


chassis to the rear. Each set is spaced 234 inches 
from the previous set, with the first mounting hole 
being 1 inch from the left edge and 1% inch from 
the rear, Ly, the coil nearest the lower right 
corner in Fig. 5-35, is spaced 34 inch from the rear 
and 2 inches from the right edge of the chassis. 
Ly is spaced 34 inch from L,. The remaining coils, 
from left to right, operate on the 50, 28, 21, 14, 
7 and 3.5-Mc. bands. The 21- and 14-Mc. coils 
are 214 inches from the rear and 1 inch apart. 
The 28- and 7-Mc. coils are 3 inches from the rear 
and 2 inches apart, and the 50- and 3.5-Mc. coils 
are 334 inches from the rear and 3 inches apart. 
Four commonly mounted grounding lugs for L, 
and C, chassis connections ‘are located halfway 
between the 50- and 3.5-Mc. coils. The location 
of the remaining tie-point and feedthrough holes 
is readily determined from inspection of Fig. 5- 
35. 

The two 6-32 threaded spacers (for mounting 
the dial drive) are attached to the front side of the 
panel. Cg is bolted to the panel, after which. the 
location of the chassis mounting hole for Cg can 
be marked and drilled. 

The front: panel is attached to the chassis and 
the various components mounted. Prior to mount- 
ing the dial mechanism, the dial pointer is fas- 
tened to the panel. Sy is positioned with its Sg, 
pole nearest the chassis and in line with L, and 
L,. Pole Soy is above Sg, and to the right, while 


Soq is to the left at the same height above the 
chassis as Sy,. All the coils are mounted with 
their upper terminals pointing left as shown in 
Fig. 5-35. (Caution is necessary, as the coil leads 
can be broken from their mounting rings.) J, 
J, and J, are soldered directly to the tie points 
at the rear of the coils. 

The stage tie-points are all laid out in the same 
fashion. From the rear of the chassis to the front, 
each first-and sixth terminal is a ground connec- 
tion, each second an emitter, each fourth a base 
and each eighth terminal a collector connection. 
All base to negative-battery resistors are soldered 
between the fourth and seventh terminals (the 
negative 9-volt line runs between the seventh 
terminals). The transistors are mounted with 
their collector and emitter leads at full length. - 
Base and shield leads are trimmed short to 
reach the tie-points. : 

In wiring the bandswitch, So, the link coils 
(L,) are wound and connected first. Care must 
be exercised, as many of the inductors use fine 
wire, which easily breaks under strain. C4 capa- 


.citors are connected second, with all the Soq 


connections next. Ly is wired to pole Sp,. Poles 
Sop and So, are wired to their respective oscil- 
lator tie-points. Cg capacitors are connected be- 
tween. the various coils and Sj. The remaining 
wiring should be short and direct as shown in 
Figs. 5-35 and 5-36. 


Transistor Receiver 


Once the set has been constructed, check the 
wiring carefully with the schematic diagram. 
Make sure none of the wires in the S 2 area short 
together. Check the polarity of the battery con- 
nections ; chassis ground is connected to positive 
through S,. 


Alignment 


Plug a pair of high-impedance headphones 
(20,000 ohms or so) in J,. Lower-impedance 
headphones will work but at reduced output. 
Connect an antenna to J, and run a good ground 
lead to Jz. Turn the audio gain control full on, 
switch Sy to the 3.5-Me. position, and set Cg at 
maximum capacitance. Advance the regeneration 
control (turn R, toward emitter end) until the 
receiver starts to oscillate (a thumping sound 
is heard and background noise increases). 

If a signal generator or frequency standard is 
available, setting L, is no trick at all. However, 
in most cases it will probably be necessary to 
snoop around until a signal of known frequency 
is found, by tuning C, and by resetting the core 
in L,. The Canadian time-signal station, CHU, 
may be heard at 3330 kc., or the U.S. station 
WWY at 5 Mc. Once an amateur station is 
heard, it should be relatively easy to trim Ly 
so that the entire 3.5-Mc. band is covered. If 
a bec. receiver is available (superheterodyne 
type), its oscillator will be on 1750 kc. when the 
set is tuned to 1295 kc. The second harmonic of 
the receiver’s oscillator will be on 3500 ke., and 
it should be possible to hear it with the two re- 
ceivers set close to each other. 

If a local broadcast station can: be heard all 
of the time, regardless of the setting of C gy one 
or both of the antenna traps should be tuned to 
reject it. B.c. interference will normally only be 
present when a transmitter is fairly close or 
super-powered, 

The higher-frequency bands can be found in 
a similar manner, If a grid-dip meter is avail- 
able or can be borrowed, getting the coils close 
to correct will be a simple matter, since the 
circuits can be “dipped” or the grid-dip meter 
can be used as the sigtial source. Lacking the 
meter, an absorption wavemeter can be used. 
Tune in a signal (frequency not known) and 
bring the wavemeter within a few inches of the 
active L,. As the wavemeter is tuned, the signal 
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will make a sudden jump in frequency as the 
wavemeter is tuned through the frequency of 
oscillation of the receiver. On the 28- and 50-Mc. 
bands, no signals may be heard. However, with 
the background noise at a good level (by setting 
Ry), there will be a change in the noise as the 
wavemeter is tuned through the receiver fre- 
quency. 


Use 


For c.w. reception, the regeneration control is 
advanced just to the point of oscillation. The 
noise will take on a different sound at this point. 
Very strong signals may overload the detector 
and become impossible to tune in at low beat 
notes. This can be overcome by further advancing 
the regeneration control or by reducing the an- 
tenna coupling (connect the antenna to J, and 
open up the plates of C,). 

S.s.b. is tuned in with the regeneration control 
set at the same point as for c.w. Cg is carefully 
tuned about the signal until the voice becomes 
intelligible. Overloading is conquered in the same 


' manner as for code reception. 


Hand-capacitance effects are usually the result 
of using an inadequate ground system. As with 
any regenerative receiver, an antenna blowing 
in the wind can cause the frequency to change. 
This effect is more noticeable on the higher 
frequencies. Optimum performance can be had 
on 50 Mc. by connecting the antenna to J 1 and 
adjusting C, for maximum sensitivity. 

To use the receiver as a code-practice oscillator, 
plug a key into J, and turn off the regeneration 
control. The audio output of the set will now be 
fixed, and the volume control R,, will become 
a pitch control. 


Receiver Protection 


In arranging the station, use coaxial cable be- 
tween the antenna transfer relay or switch and 
the receiver (and transmitter). Under these con- . 
ditions, the transistors should operate within 
their ratings. Both Q, and Q. normally operate 
with an emitter-to-base voltage of +0.2 volt, 
so unless this potential shifts more than 0.7 volts 
in the opposite direction, the transistors should 
be safe. (The emitter-to-base voltage should not 
exceed ~0.5 volts, measured with the collector 
lead temporarily disconnected.) 


Fig. 5-36~Interior view of the chas- 
sis. Three double. battery holders 
(Keystone type 176) support six 1.5- 
volt flashlight batteries. The large 
choke near the center of the chassis 
is the audio coupling choke, Ls. In 
the lower left corner are r.f. chokes 
3 through 6, Ra Rs, Je and Js. 
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THE JUNIOR “MISER’S DREAM” 


A slightly different approach to receiver design 
was presented in the May, 1965, OST, under the 
subhead “A Description of the ‘Miser’s Dream’ ”. 
The receiver to be described uses some of the 
principles set forth but has simplified circuitry 
and less expensive components. It is a receiver 
that will give a good account of itself in single- 
sideband and code reception; it has no provision 
for a.m. reception in the traditional manner (en- 
velope detection). A.m. signals can be received 
by tuning them as single-sideband signals and 
zero-beating the b.f.o. and the incoming carrier. 

There are three places where it does not pay to 
cut corners in the JMD design. A good tuning 
capacitor is important (a British import is used 
here), one that has a low torque requirement so 
the dial drive can move it easily. A two-speed 
dial drive is used, so that signals may be tuned 
readily, but one can go from one part of a band 

- to another in a hurry. The dial can be calibrated, 
and it is easy to read. The third essential luxury 
is the input coils. Others of similar inductance 
are available, but the coils specified make a dif- 
ference in the performance. Despite the fact that 
a “Q Multiplier” is used with these coils, their 
basic high Q makes them preferable to some less- 
expensive substitute. 

Referring to the circuit diagram in Fig. 5-40, 
a 7360 mixer follows the antenna tuned circuit. 
R.£. image rejection is aided by the “Q multiplier” 
on the input circuit and the high if. (3300 kc.). 
The Q multiplier is a triode with its grid loosely 
coupled to the tuned input circuit and its plate 
connected to the antenna coil for feedback. When 
the gain of the tube is increased sufficiently, by 
decreasing the cathode bias, the tube becomes 
regenerative and “negative resistance” is intro- 
duced into the C,L, circuit, raising the effective 


For simplicity in the circuit, only one set of 
coils is shown in the circuit, along with one posi- 


tion of the bandswitch, S,. It should be kept in 
mind that there are five positions of Sy. 

The oscillator is a Colpitts, which permits the 
use of commercial adjustable inductors without 
the need for adding feedback windings. Feedback 
is determined by the value of C; bandspread is 
controlled by the choice of C4. The tuning capaci- 
tor, Cy, is shunted by a fixed capacitor to make 
the tuning more nearly “straight-line-frequency 
tuning” than would otherwise be the case. The 
oscillator is 3.3 Mc. above the signal on 3.5 and 
7 Mc.; it is 3.3 Mc. below the signal frequency 
on the other bands. This means that the b.f.o. 
does not have to be reset for s.s.b. reception on 
any of the five bands. 

‘The mixer is followed by a simple two-crystal 
filter that provides good s.s.b. selectivity and 
reasonable single-signal c.w. reception. To get 
the necessary low-impedance push-pull drive for 
the filter, a capacitive divider is used in the tuned 
circuit. RFC, is self-resonant near 3.3-Mc., so 
that both ends of the coil L, are “hot”. 

The 0.1-megohm grid leak of the if. amplifier 
stage serves as the termination for the crystal 
filter, and manual or automatic gain control 
voltage is fed to the base of the resistor. Manual 
gain is obtained from a potentiometer, Ro, that 
is also the load resistor of a small negative supply. 
When the base of this resistor is disconnected 
from ground (by opening the circuit at J,), the 
full —17 volts is applied to the if. grid. 

Two tuned circuits used in the plate of the 
if. amplifier are coupled with a 5-pf. capacitor. 
The second tuned circuit drives a product detector 
using back-to-back 1N67A diodes. The diodes 
are switched by the b.f.0.; the back resistance of 
the diodes is used as the d.c. return. A Colpitts 
oscillator is also used in the b-f.0., again permit- 
ting the use of a commercial coil. 

Audio from the detector is fed to the audio 
section via the volume control, R,. Full detector 


Fig. 5-38—This five-tube receiver is 
band switched, 3.5 through 30 Mc. 
The oscillator tuning dial (Miller 
MD-8) has a two-speed drive. Input 
stage is a 7360 mixer with r.f. Q 
multiplication. 

Panel controls, counterclockwise 
around the dial, are (upper left) 
audio, if. gain, b.f.o., band switch, 
input tuning and Q multiplication. 
Audio and i.f. gain controls carry 
push-pull switches for a.g.c. and a.c. 
Headphone jack is on side of chassis. 


Five-Tube Receiver 
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Fig. 5-39—View of underside of receiver shows shield partition running across chassis, B.f.o. capacitor is mounted 

on the shield (left); the input tuning capacitor is supported by a small bracket (right). Input coils are mounted 
in line between shield and band switch; the oscillator coils are mounted near front panel. 

Band-switch sections are spaced 1, 11 and 2 inches from index head. Shield partition is 3% inches from 
front of chassis, just missing nuts that hold i.f. shield cans in place. 


audio is applied to the a.g.c. amplifier, Vo,. The 
amplified audio is rectified in a full-wave circuit 
and added to the manually-set bias level. The 
load of the rectifier has a long time constant, 
to hold on between words or dots and dashes. 
While the a.g.c. works, it is not as effective as it 
would be if several stages were gain-controlled. 
This merely points up the fact that if an a.g.c. 
system is to be “flat” over a wide range, a large 
number of stages must be controlled. 

The power supply uses a bridge-rectifier sys- 
tem to furnish +160 volts for the tubes. Initially 
the receiver was tried without stabilizing the two 
oscillator voltages, but with a.g.c. changing the 
bias on the if. stage, the supply voltage changes 
were enough to change the oscillator frequencies, 
so the 0B2 regulator is a good investment. The 
negative supply steals a little a.c. from the heater 
line. and voltage doubles to the peak (17 volts). 

An if. trap, L, and 270 pf., is shown in the 
antenna lead. This can be dispensed with if no 
interference is heard on this frequency. It will 
be untunable interference; regardless of the set- 
ting af C, or Cy it will be heard. However, the 
trap has high rejection and will handle any if. 


interference that may be encountered. None has 
been heard with the receiver in the Connecticut | 
location, but that doesn’t mean it will never be. 


Construction 


Reference to Figs. 5-38, 5-39 and 5-42 will give 
the locations of most of the major components. It 
is suggested that the panel be drilled for the con- 
trols it shares with the chassis, since these con- 
trols are used to hold the chassis in place. Next 
the hole for the dial drive can be located by plac- 
ing the shaft of tuning capacitor, Cy, against the 
panel and marking the spot. A template is fur- 
nished with the dial that helps in locating the var- 
ious holes. It will be found that the two bottom 
screws for the dial cover come so close to the 
chassis undersurface that it isn’t possible to put 
the nuts on them; this is no hardship, since the 
two top screws hold the cover firmly in place. 
Time spent in careful location of the dial and 
tuning capacitor is time well spent; the dial 
should turn the capacitor easily. A Millen 39016 
shaft coupling is used between dial and capacitor. 

The shield across the center of the chassis (Fig. 
5-39) is tied to the top of the chassis and to the 
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left-hand side with 6-32 hardware. It serves as a 
shield and as a reinforcement for the chassis. It 
is made from a strip of 314-inch wide aluminum; 
the lips are 44-inch wide, making the finished 
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grounded only at J,, to minimize chassis cur- 
rents. The grounded ends of L, tie to the outer 
conductor; the cable is held in place because the 


dicated, capacitance is in picofarads, re- 


a 5 4 * F inner conductor is soldered to the arm of Sjp. 
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portion (to. plate end) is wound, and finally the top 

(ground end) is wound. Note that winding is made in 

same direction as original. (C) Top view of bottom 

collar, showing example of 2¥2-turn Lo, tapped at % 
turn from ground end. 


The winding of L, on L, is one task that re- 
quires a little planning. The tap for the winding 
is soldered to the wire before the winding is 
started. Decide which holes on the insulating col- 
lar will be used for the three leads of Ly (see 
Fig. 5-41) and install the tap (which runs to 
Sip) first. Holding it in place, wind the re- 
mainder of the coil, first in one direction and 
then in the other. The direction of winding is 
important to the correct operation of the Q mul- 
tiplier. 


sistance is in ohms, resistors are ¥% watt. Capacitors marked with polarity are electrolytic. Coaxial cable is RG- 


Fig. 5-40—Circuit diagram of the five-tube receiver. Unless othe 


Testing the Receiver 


15B with all but two plates removed) 


Cs, Cs—See coil table 
ler S-34 shield can) 


35B) 
Cs—Oscillator tuning, 100-pf. variable (Miller 2101) 


It is probably easier to shoot any trouble in 
the receiver if only one set of coils (Lp, L, and 
L4) are installed at first. First plug in only the 
0B2, and short J, to chassis with a phono plug 


C:—Input tuning, 35-pf. variable (Hammarlund MAPC- 
Cs—B.f.0. tuning, 2-plate variable (Hammarlund MAPC- 
L;—19.0-41.0-uh. adjustable (Miller 42A335CBI in Mil- 


Li—4.5-10.0-4h. adjustable (Miller 42A826CBI) 


CR,-CRs—200-p.i.v. 750-ma. silicon diode 
Lz, Ls, Li—See coil table 


Ja, Jsa—Phono jack 
J2—Phone jack 


and jumper. Plug in P, and pull out S3. The 0B2 
should light. Plug in a pair of headphones and all 
tubes except /,. (If high-impedance headphones 
are used, the alternative connection to T, should 
be used.) With the audio volume wide open, 
touching pin 2 of V,, with a screwdriver should 
produce a loud click in the headphones. 

The alignment can be expedited if a short-wave 
receiver or a signal generator can be borrowed. 
The receiver can be used to listen for the signals 
from the JMD b.f.o. and high-frequency oscil- 
lator, and the signal generator can be used to 
provide signals for aligning the i-f. circuits and 
the input. Lacking these, a grid-dip meter can be 
used to provide a signal source and to check the 
resonances of the tuned circuits. If a 100-kc. oscil- 
lator is available, it can be used to align the re- 
ceiver. A last desperate measure is to use a broad- 
cast receiver as a signal generator ; when the b.c. 
receiver is tuned to 1195 ke. its oscillator will 
be on 1650 kc, if the if. is 455 kc., as is usually 
the case. The second harmonic is 3300 kc. 

First introduce the 3300-kc. signal at pin 1 of 
the 6AU6. (If the grid-dip oscillator is used, it 
should be coupled loosely.) Tune L, until a beat 
note is heard. Peak Lg and L,. With Y, and Y 
out of the socket, substitute a 10-pf. capacitor 
for one of the crystals, introduce the signal at pin 
8 of the 7360, and peak L;. 

Plug in V, and set the Q-multiplier control at 
maximum bias (minimum Q multiplication). 
Couple a signal at J, and tune it in by position- 
ing the core of L,.. Peak it with the core of Lg. 
At all times use the lowest useful signal level. 

Once the signal can be tuned in with Cy and 
peaked with C,, tune in a steady signal and 
check that the if. is tuned to the crystal fre- 
quencies. If it is, the pitch of the background hiss 
should change markedly when the b.f.o. control, 
Cy, is turned. It should be possible to set the 
control for a fairly high pitch, tune through a 


RECEIVING SYSTEMS 


Fig. 5-42—The five-tube receiver is 
built on an 8 X 12 X 3-inch alu- 
minum chassis, and the 7% X 12% 
inch panel is cut from Y-inch alv- 
minum rack panel stock. Tubes near 
the panel, from left to right, are 
7360 mixer, 6BK7 Q multiplier and 
oscillator, and 12AT7 audio ampli- 
fier. Tubes on right are 12AX7 (near 
small transformer) and OB2. An- 
tenna jack at left, next to Li adjust- 
ment screw. 


signal, and find the signal is much louder on one 
side of zero beat than on the other (signal-signal 
c.w. reception). If the if. is not on the crystal 
frequency, it will be necessary to retune Lz, Leg, 
L, and Lg slightly until the right setting is found. 

The a.g.c. action can be checked by monitoring 
the cathode voltage of the 6AU6. With S, pulled 
out, a loud signal should cause the cathode voltage 
to drop, indicating that the plate current has been 
reduced. 

Check the Q multiplier action by advancing 
the control. The tuning of C, should become in- 
creasingly sharper and any signal coming in 
should get louder. It should be possible for the Q 
multiplier to be pushed into oscillation in any 
range with no antenna attached ; whether or not it 
can be done with the antenna connected depends 
upon how heavily the antenna loads the circuit. 

The antenna trap can be tuned by introducing 
a 3.300-Mc. signal at J, and tuning L, for mini- 
mum. Since the trap is quite close to 3.5 Mc., it 
will be found that the trap also attenuates 3.5-Mc. 
signals slightly. This is hardly worth worrying 
about, but if it is found that there is no interfer- 
ence at the if., the trap can be omitted. 

Best reception will be obtained when the regu- 
lar transmitting antenna is used with the re- 
ceiver. 


JMD Coil and Capacitor Table 


Band Lat Le tap? Ls? LS Cat Cst 
3.5 Mc. 4% 13% 42A225CBI 4404 680 pf. 680 pf. 
7 4% 1% 42A105CBI 4404 150 470 
14 3% WY 42A336CBI 4404 150 330 
% 42A156CBI 4403 120 270 
3% 42A106CBI 44035 220 220 


21 2% 
28 2% 


1 No, 28 enam. 

2 See Fig. 5-42 

3J. W. Miller Co. part number 

4 dipped silver-mica capacitor 

6 With all but 534 turns removed 


Converter 
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FET CONVERTER FOR 40 AND 80 pal eta 


This converter is designed to be used ahead 
of a BC-453 Command receiver to provide re- 
ception of the 80- and 40-meter bands. Although 
the BC-453, sometimes called a “Q-Fiver,” is 
ideal as an if., there is no reason why this unit 
cannot be used in combination with low-cost 
communications receivers to bolster their ability 
to receive 80- and 40-meter signals. Such re- 
ceivers often lack front-end selectivity, band- 
spread, and stability. This converter can be loose- 
coupled to the Ist i.f. stage of the set and used 
in place of the receiver’s own front end, the re- 
ceiver thus providing the necessary 455-ke. i.f., 
b.f.o., and audio channel. With the latter ar- 
rangement, the main receiver should have some 
means by which to control the if. gain. Ordi- 
narily, a 10,000-ohm linear-taper control can be 
wired into the cathode lead of the Ist if. ampli- 
fier for this purpose and will work satisfactorily. 


MIXER 

3.5-7.3 Mc Qe 5 

“om opp — ef) 

Ss 
ANT. 14 365 365 “513 we + 
.001 } 

2 >RC2 
sia TUNING 


© 
80 40 Bs 
laggy ° C3 C4 
(80 M)=3955-4455 Kc. BG 25 30 


(40 M,)=7455- 1755 Ke. 


Fig. 5-43—Front-panel view of the converter. 


001 J2 


Q1, Q2 


EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 


270 IN MICROFARADS ( wf. ); OTHERS 


ARE IN PICOFARADS (pf. OR wmt.); 
RESISTANCES ARE IN OHMS; 
= 1000 


aK, 


= Silver Mica gr 


Fig. 5-44—Schematic diagram of the converter. 


BT,—9-volt battery (RCA VS306 or equal). 

C:—Two-gang 365-pf.-per-section broadcast-type vari- 
able. (J. W. Miller 2112). 

Co—Gimmick capacitor consisting of two j-inch lengths 
of insulated No. 20 hookup wire. Twist 5 times. 
A 2-pf. fixed capacitor can be substituted. 

C3—25-pf. variable (Millen 28025 recommended). 

C.—3-30-pf. trimmer. 

CRi—High-speed switching diode. (1N914 or similar.) 

Ji, Ja—Phono connector. 

L.—3 turns on cold end of Ls, part of original Lz stock. 

L:—18 turns of No. 22 wire, l-inch dia. (18 turns of 
B & W Miniductor No. 3016, l-inch dia., 32 
t.p.i.). 

Le—Same as Le, but with 19 turns. 


L.-14.8 to 31-uh. 
4407). 
ls—8 turns No. 30 enam. close-wound over cold end 

of Ly, (Reverse leads if Qe does not oscillate.) 
Le—3.1 to 6.8-4h. slug-tuned inductor (J. W. Miller 
4405). 
Lr-—5 turns No. 30 enam. close-wound over cold end 
of Le. (Reverse leads if Qz does not oscillate.) 
Qi, Qs—JFET semicond. Motorola MPFI05 or equiv. 
Si—D.p.d.t. slide switch. 
S2, Ss—S.p.s.t. slide switch, 
T1—455-ke. if. transformer (J. W. Miller 12-C2). 
Y:—455-ke. fundamental-type crystal. Channel 327 or 
329 surplus Lf. crystal suitable. JAN Crystals, 
Ft. Myers, Fla.) 


slug-tuned inductor (J. W. Miller 
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Field-effect transistors (JFETs) are used in 
this circuit, one as a mixer and the other as an 
oscillator, Fig. 5-44. A double-tuned input cir- 
cuit covers both the 80- and 40-meter bands with- 
out the need for switching, and provides excellent 
front-end selectivity for discriminating against 
unwanted out-of-band signals. Additional se- 
lectivity is provided at the if. by means of Y,, 
a series-connected 455-kc, crystal. The crystal is 
switched in and out of the circuit by means of 
a switching diode, CR,, which places a short cir- 
cuit across Y, when the added selectivity is not 
desired. A forward bias is applied to CR, (by 
means of switch S.) when Y, is to be taken out 
of the circuit. The forward bias causes the diode 
to conduct, thus enabling it to perform as a 
switch. A 47,000-ohm resistor on the anode side 
of CR,, and the secondary winding of T, on the 
cathode side of CR,, serve to isolate the rf. 
circuit from ground. 

Power for the converter is supplied by a dry 
battery, BT, which delivers 9 volts, A 12-volt 

- power supply can also be used. No circuit changes 
need to be made if the latter is employed, but if 
mobile operation is contemplated there should 
be provisions to regulate the supply voltage. A 
9.1-volt Zener diode and a suitable dropping re- 
sistor (approx. 100 ohms) between the converter 
and the 12-volt line should suffice for mobile op- 
eration. 


Construction 


A 9% X 5 &X 2-inch aluminum chassis con- 
tains the converter. The front panel is fashioned 
from a piece of 16-gauge aluminum and is 10 x 


614 inches. The dial mechanism is a J. W. Miller 


MD-5. The panel is finished in two-tone gray. 
Masking tape was used to divide the two sections 
of the paint job during the spraying process. 
Aerosol spray-can paint was used. Decals—both 
white and black—give the equipment a final pro- 
fessional touch and identify the panel controls. 


Testing and Adjustment 


Output from J2, 455 kc., should be fed to the 
input of the BC-453 if. receiver by means of a 
short length of coax cable. The BC-453 should 
be tuned to the frequency of Y,. If the converter 
is to be used with the if. strip (455 kc.) of a 
standard communications receiver, a jack should 
be installed on the rear apron of the communi- 
cations receiver—near the ist if. stage—and a 
5-pf. capacitor connected between the center lug 
on the jack and the control-grid pin on the lst 
if, amplifier tube socket. If the latter arrange- 
ment is used, it may be necessary to remove the 
mixer tube from its socket to prevent unwanted 
signals from reaching the i-f. strip from the front 
end of the receiver. 

Attach an antenna to J, and turn the power 
switch, Ss, to on. Select either the 80- or 40- 
meter band by setting S, to the proper position. 
Next, tune C, for a peak in receiver background 
noise, then tune in a signal in the ham band. 
Repeak C, for maximum received signal strength 
each time the main tuning is adjusted to a new 
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Fig. 5-45—Top-chassis view of the FET converter. Ci is 

at the upper left, just ahead of Yi. 7: is to the right of 

Y1, and Cg is to the upper right of Tz. Input and out- 

put phono jacks are on the rear apron of the chassis. 
BTz is under the chassis. 


frequency setting. Switch crystal Y, into the 
circuit (Sp, open) and adjust both sides of T, 
for maximum output. Rock the tuning control 
of the BC-453, slightly, for peak signal output 
and do not again change its dial setting. This 
will be the correct if. for the crystal frequency 
of Y,. 

Adjustment of L, and L, comes next, A signal 
generator is handy here, but if one is not avail- 
able a grid-dip oscillator will permit rough 
alignment of the converter’s oscillator. Feed a 
3.4-Mc. signal into J,, set Cg at maximum ca- 
pacitance (fully meshed) and adjust L, until 
the signal is heard. Next, set Cg at minimum 
capacitance and adjust the generator to 4.1 Mc. 
Adjust C, until the signal is heard. Repeat these 
two adjustments until the tuning range of the 
converter is from 3.4 to 4.1 Mc. allowing a 
slight frequency margin at each end of the dial 
as indicated. After adjusting the 80-meter band, 
switch to 40 meters and set GC, at maximum 
capacitance. Peak C, for maximum receiver 
noise and adjust Lg until a 6.9-Mc. signal from 
the generator is heard. Do not adjust C4 for 
40-meter operation. The high end of 40 meters 
will appear somewhere near mid-scale on the 
main tuning dial. Intermediate calibration marks 
can be inked in on the dial plate by using a 
100-ke. calibrator to locate check points. A grid- 
dip oscillator can also be used for fine calibration 
by beating it against a well-calibrated com- 
munications receiver, then tuning in the same 
signal on the FET converter. 

There will be two settings of C, that will give 
a peak response for each band. One peak will 
occur at the image frequency of the incoming 
signal and should not be used. Make sure the 
proper peak is selected. 


10-15- and 20-Meter Converter 
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A CRYSTAL-CONTROLLED CONVERTER FOR 20, 15 


AND 10 


The cure for most of the high-frequency ills 
of many receivers is the installation of a good 
crystal-controlled converter between the antenna 
and the receiver. The converter shown in Figs. 
5-46 and 5-48 is intended to be used ahead of a 
receiver that tunes from 3.5 to 4.0 Mc. For 
example, on the 10-meter band, the 24.5 Mc. 
crystal heterodynes a 28.0-Mc. signal to 3.5 Mc., 
a 28.1-Mc. signal to 3.6 Mc., and so on. Used 
with a receiver that tunes the 80-meter band 
only, the 15- and 20-meter bands are covered 
with something left over, while only 500-kc. seg- 
ments of the 10-meter band can be covered with- 
out switching crystals. 

Referring to Fig. 5-46, the converter consists 
of a 6BA6 r.f. amplifier and a triple-triode mixer, 
cathode follower and crystal oscillator. R.f. stage 
gain is controlled by varying the cathode bias. 
The signal circuits, tuned by C, and Cy, cover 14 
to 30 Mc. and are peaked by the operator for the 
band in use. Selector switch S, switches crystals 
and tuned circuits in the oscillator; on 10 meters 
the same tuned circuit is used with the two crys- 
tals. Mixer gain is improved by tuning the output 


: a 


Fig. 5-46—"Backyard” view of the three-band converter. 


METERS 


with L,, a broad setting that suffices for the 
500-ke. range. 


Construction 


The converter is built on a5 xX 7 X.2-inch 
aluminum chassis. The 6BA6 socket is oriented 
so that pin 1 is closest to C,, and the 6D10 socket 
should be arranged with pin 7 toward Cy. The 
most important wiring is at the 6BA6 socket. 
Pin 2 and the center pin should be grounded to 
the chassis through a short lead. The 0.001-yf. 
cathode and screen bypass capacitors should be 
mounted over the socket, to provide further 
shielding for the grid and plate leads. Generous 
use throughout of tie points is advisable, so that 
both ends of resistors and capacitors will be 
supported. 

Coils L, and Ly are made from a piece of 
3%~-inch diameter 16 t.p.i. stock (B&W 3011 Mini- 
ductor). Space equivalent to 4 turns is left be- 
tween the coils, by unwinding two turns in each 
direction from the point where the wire is cut. 
The near ends of L, and Ly go to the outer 
conductor of the short length of RG-174/U and 


ae 


Simple construction (no panel) makes this unit easy 


to build. The r.f. amplifier tube is the miniature one at the right, just above the power transformer. The “Com- 
pactron” at the left is a triple triode, used as a mixer, cathode follower, and crystal-controlled oscillator. Converter 


output is in the 3.5-4.0-Mc. band. 
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CATHODE 


.001 FOLLOWER 
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au 150V. 


Fig. 5-47—Circuit diagram of the three-band crystal-controlled converter. 


Ci, Co—100-pf. midget variable (Hammarlund MAPC- 
100B), 

CR:—400 p.i.v. 750-ma. silicon diode. 

Ji, Je—Phono jack. 

Li—4 turns No. 20, %-inch diam., 16 t.p.i. (B&W 3011), 
M% inch from Le. 

Ls—9% turns No. 20, %-inch diameter, 16 t.p.i. (B&W 


3011). 

Ly-81%2 turns No. 24, I-inch diameter, 32 t.p.i. (B&W 
3016). 

L.—8% turns No. 20, %-inch diameter, 16 ft.p.i. (B&W 
3011). 


the rotor of C, respectively. The coils should be 
set in place parallel to the side wall of the chassis. 
Coil Ly is made of similar coil stock, and Ls 
is made from larger stock (B&W 3016) that will 
slip over the smaller stock. For initial testing 
slip L, on to the ground end of L,, so that the 
last turn of L, falls at the center of L,. The out- 
side end of L, (farthest from grid end of L,) 
goes to the 6BA6 plate. Lg and L, should be 
mounted parallel to the front of the chassis. 


Adjustment 


When the wiring has been completed and 
checked, plug the tubes and crystals into their 
sockets and turn the adjustment screws of Lg, 
L, and L, so that the cores are as close to the 
chassis as possible. Use a length of coaxial line 
and suitable plugs to connect the output of the 
converter to the antenna terminals of the receiver. 
Plug in P, and turn on Sj. Monitor the oscillator 
action by temporarily measuring the voltage 
across the 1000-ohm resistor running to the base 
of Lg. Adjust each oscillator plate coil by setting 
Sp to the proper point and then screw in the coil 
core until the voltage across the resistor takes 
a sudden rise. This indicates the stage has stopped 


Ls—60-120 yh. (Miller 4511). 
Le—1.35-2.75 wh. (Miller 21A226RBI). 
Ly;—2.2-4.1 wh. (Miller 21TA336RB!). 
Le—2.4-5.8 wh. (Miller 21A476RBI). 
P,—Fused line plug, Ya-amp. 

R:—2000 ohms, linear taper, ¥% watt (IRC Q11-110). 
Si—Part of Ri (IRC 76-1). 

T1125 y. at 50 ma., 6.3 v. at 2 amp. 
Y1—25.0 Mc. (International Crystal FA-9). 
Y2—24.5 Mc. (International Crystal FA-9). 
Ys—17.5 Mc. (International Crystal FA-9). 
Y.—10.5 Me. (International Crystal FA-9). 


oscillating. Back the core out at least a turn or 
two from this setting. 

With an antenna connected to the converter, 
normal tuning of C, is sharp, while Cy, is less 
critical. The input circuit, L,L9, is intended for 
use with 50- or 75-ohm line from the antenna 
or antenna coupler. With a high-impedance an- 
tenna, such as a short wire, it is quite possible 
that the r.f. stage will oscillate; this is not an un- 
desirable condition. 

The coupling between L, and Ly, is best ad- 
justed with a 68-ohm resistor temporarily con- 
nected at J,. With R, set for maximum gain, 
swinging C, and C, around their maximum values 
should result in no r.f.-stage oscillation on 14 Mc. 
(Oscillation is indicated by harsh, rough sounds 
coming from the receiver, with the b.f.o. on.) 
Increasing the coupling by moving L, farther on 
to L, should induce oscillation eventually ; the 
desired setting is one that gives no oscillation. 
Check also on 21 and 28 Mc. When the con- 
verter is free from oscillation at maximum gain 
on every band, it may be found that removing 
the 68-ohm resistor will permit oscillation on 
one or more band. This is normal and nothing to 
worry about. 


10-15- and 20-Meter Converter 
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Fig. 5-48—The “works” of the converter are hidden beneath the chassis. Input circuit on right tunes 14 to 30 Mc., 
as does the mixer input at center. Coils are at right angles to avoid r.f.-stage oscillation. Coils at left are switched 
circuits for various crystals. Coil at upper left peaks mixer output for better overall gain. 


When a 10-meter signal is tuned in, the setting 
of Cy may be exactly at minimum. If this occurs, 
the coupling between Lg and L, will have to be 
reduced. When the tuning ranges of C, and C, 
have been checked, mark the tuning areas for 
ready reference, since the tuning is sharp. Finally, 
in the center of any band, peak Ls on a signal. 

Occasionally it may be found that the settings 
of C, and Cy haveé no effect on the strength of 

“an incoming signal. When this is the case, it 
is an 80-meter signal that is being copied. There 
are two ways the 80-meter signal can get through 
or around the converter. If the tunable receiver 
has a pair of terminals for the antenna connec- 


tion, instead of a phono jack or coaxial re- 
ceptacle, the signal may be getting in at the an- 
tenna terminals. If so, the solution is to provide 
better shielding at this point, by installing a 
phono jack or coaxial receptacle. 

The second possibility is that an extremely 
strong signal can get through the converter by 
capacitive coupling through the coils and tubes. 
When this is the case, the signal can be mini- 
mized or eliminated by using a “wave trap” tuned 
to 80 meters. A wave trap of this type is included 
in the description of the HB-65 receiver else- 
where in this chapter; it includes a 7-Mc. trap 
which, in this case, can be omitted. 


ADAPTOR PLUG 


The sketch shows an exploded view of an 
adaptor plug which adapts a conventional u.h.f. 
series connector for mating with a phono jack. 


—Robert J. Jarnutowski, K9ITS 


$0-239 t- INCH 83-1H PHONO 
CONNECTOR LENGTH No. 12 HOOD PLUG 


mi}. Pa 


U.h.f. series-to-phono-plug adaptor. 
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THE “SELECTOJECT” 


The Selectoject is a receiver adjunct that can be 
used as a sharp amplifier or as a single-frequency 
rejection filter. The frequency of operation may be 
set to any point in the audio range by turning a 
single knob, The degree of selectivity (or depth 
of the null) is continuously adjustable. In phone 
work, the rejection notch can be used to reduce 
or eliminate a heterodyne. In c.w. reception, in- 
terfering signals may be rejected or, alternatively, 
the desired signal may be picked out and am- 
plified. The Selectoject may also be operated as 
a variable-frequency audio oscillator by advanc- 
ing the “selectivity” control far enough in the 
selective-amplifier condition. The Selectoject is 
connected between the receiver headphone output 
connector and a pair of high-impedance head- 
‘phones (4000-24,000 ohms). Its power require- 
ment is only 2 ma. at 9 volts. 


The wiring diagram of the Selectoject is shown 
in Fig. 5-49. Resistors marked with an asterisk 
can be within 10 per cent of the nominal value 
but they should be as close to each other as pos- 
sible. An ohmmeter is quite.satisfactory for do- 
ing the matching. The Selectoject can be built in 
any small Minibox or utility cabinet or even di- 
rectly in the receiver as suits the builder. A small, 
self-contained transistor battery will easily power 
the unit. 

In operation, overload of the receiver or the 
Selectoject should be avoided, or all the possible 
selectivity may not be realized. 

The Selectoject is useful as a means of obtain- 
ing much of the performance of a “Q Multiplier” 
for a receiver lacking one. (Built by Norman 
Posepanko, WA6KGP, and Walter Lange, 
WI1YDS.) 


PHONES 
Ja 


Fig. 5-49—Schematic diagram of Selectoject. Capacitors are rated 10 volts or better; those marked with polarity 
are electrolytic; capacitances are in microfarads (uf.) Unless specified otherwise, resistors are Ye-watt, 10 
per cent tolerance, resistances are in ohms. Resistors and capacitors marked with asterisk are matched as 


closely as possible. 


BT,—Nine-volt transistor battery (Eveready 216). 

Ji—Phono jack. 

Je—Open circuit phone jack. 

R:—100,000-ohm control, audio taper (IRC CTS PQ13- 
128). 

Re—Ganged 250,000-ohm, linear taper potentiometers 


(IRC CTS PQ11-130 with IRC CTS M11-130). 
Rs~—-100,000-ohm control, linear taper (IRC CTS PQ11- 
128). 
$i—Five-pole 3-position ceramic rotary switch (Centra- 
lab PA-2015). 


2200 


Loran Blanker 
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SILENCER FOR 160-METER LORAN PULSE INTERFERENCE 


One of the discouraging things about operation 
on 160 meters is the ear-splitting interference 
from loran. Conventional noise limiters—those 
placed at the end of the if. system or early in the 
atidio amplifier—often do little good. The am- 
plitude of the pulses is so great that cure must 
take place early in the receiver. 

The ‘circuit shown in Fig. 5-53 gives consider- 
able improvement over the type of noise silencer 
shown earlier in this chapter when ljoran inter- 
ference is experienced. While built for a Collins 
75A~-4 receiver, the principle can be applied to 
any fixed (not tunable) if. amplifier, ahead of the 
highly-selective circuits. A pair of diodes are used 
in a balanced blanker circuit, instead of the single- 
ended mixer-type tube of the usual noise-silencer 
circuit. 


Construction 


The device was assembled ona 3 «5% x 1% 
inch chassis so that it could be located in an ex- 
isting space in the rear of the 75A-4 receiver. 
Supply voltages were taken from the receiver 
power system. 

The only complication in construction was 
modification of the if. transformers Ty, T, and 
T,. At the T, position best results were ob- 
tained by using close coupling between the coils 
and tuning the primary alone, For T, and T, 


FROM CATH, FOLLOWER 
MIXER PLATE 


EXCEPT AS INDICATEO, 
DECIMAL VALUES OF 
CAPACITANCE ARE IN 
MICROFARADS (wuf,), 
OTHERS ARE IN 
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nothing appeared to be available commercially 
that would match the low impedances involved 
in the blanking circuit, Inasmuch as no selectiv- 
ity was needed or desired at this point in the cir- 
cuit, standard if. transformers were also modified 
to give maximum coupling between primary and 
secondary, and in these instances tuning was dis- 
pensed with altogether. 

In the standard units which were chosen the 
primaries and secondaries are wound on a card- 
board core, spaced about 34-inch apart, with a 
powdered-iron core about 14-inch long centered 
under each winding. A wooden spacer approxi- 
mately 34-inch long separates the two iron cores. 
The modification consists of removing the section 
of cardboard core separating the two windings 
so that on re-assembly the coils are immediately 
adjacent to each other, and centered on a single 
iron core common to both windings. 

First, remove the leads to the top winding (i.e., 
the coil located farthest from the trimmer capaci- 
tors) using care not to break any strands of the 
Litz wire. As a check, measure the d.c. resistance 
of each coil before beginning the operation—and 
then again after the unit is finally reassembled. 

Second, using a razor blade or sharp knife, 
make a circular cut around the cardboard core 
about half-way between the two windings. When 
the cut is sufficiently deep the top coil and its iron 
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Fig. 5-53—Circuit diagram of the loran blanker. 0.01-uf. capacitors are ceramic; 0.1-uf. capacitors are paper M = 


mica, Except as indicated, fixed resisters are ¥2 w. Plate supply voltages from 150 to 200 volts are satisfactory. 


Ci—3-pf. tubular trimmer (Centralab 829-3) 
Ri—2500-ohm control, linear taper. 


R2—5000-ohm control, linear taper, with switch (S1). 


Si—S.p.s.t., on Re 


Tx, Te—Interstage i-.f., 455 ke. (Miller 612-C2) modified 
as described in text. 

Ta, Ts—Push-pull diode i.f., 455 ke. (Miller 612-C3) mod- 
ified as described in text. 
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core can be pulled free from the bottom assembly. 
This will expose the separator between the iron 
cores, which should be removed. Next, melt the 
wax from the inside edges of both windings by 
holding near a hot soldering iron. Carefully make 
another circular cut around the remaining sec- 
tions of the cardboard cores as close as practical 
to each of the windings. This will expose the two 
iron cores, which should also be removed from the 
tube. Using cement to hold the parts in place, 
insert a single iron core into the cardboard tube 
so that when the windings are brought together 
the core will be centered equally beneath both. 
When finished, the coils should be about 4.- to 
Y-inch apart. Set aside to dry. 

To facilitate final wiring of Tj, T; and Ty, a 
small double insulated tie point should be ce- 
mented to the bottom of each of the cardboard 
cores. This is desirable in T, so that the secondary 
trimmer may be dispensed with, and in T, so 
that one side of each of the trimmer capacitors 
can remain disconnected. In T, the tie points are 

_also needed so that the trimmers can be rewired 

and used as balancing capacitors. To save space 
and for convenience in wiring, the diodes as- 
sociated with T, and Ty, are mounted on the 
transformer assemblies. 

The chassis layout should be such that all leads 
and bypass capacitors are as short and direct as 
possible to avoid feedthrough during the blanking 
cycle, The pentode section of 7, is neutralized. 


Adjustment 


Before installing the silencer, make a relative 
check of receiver gain by noting the S-meter read- 
ing (antenna disconnected) of the crystal cali- 
brator at, say, 28.5 Mc. and again at 1.8 Mc. 
These data will be useful in comparing over-all 
gain and in adjusting the silencer after the in- 
stallation has been completed. The leads from the 
receiver’s mixer circuits to and from the blanker 
should be kept short, since the capacitance of the 
input cable adds to the tuning capacitance across 
the primary of T,, and the capacitance of the out- 
put cable is added to the if. circuit to which it 
connects. If the input cable has to be more than 
six inches long, it will probably be necessary to 
take turns off the primary of 7, in order to reso- 
nate the circuit. 

After the silencer is wired and has been con- 
nected to the receiver, the following tune-up pro- 
cedure is recommended : 

1. Turn on the receiver, with the antenna dis- 
connected and the silencer switched off. 

2. The neutralizing adjustment is carried out 
by turning on the receiver’s b.f.o, and allowing 
V yp to oscillate by running the neutralizing screw 
out. First align 7, with the noise amplifier off. 
Then set R, for maximum gain and swing the 
trimmer on the primary of T, through its range; 
a beat note will be heard when the circuit goes 
through resonance. Slowly increase the neutraliz- 
ing capacitance, while swinging the T, trimmer 
through resonance, until oscillation stops. Then 
shut off the b.f.o. and carefully adjust the neu- 
tralizing capacitance until a setting is found 
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where the 7, trimmer can be swung through res- 
onance with only a normal change in amplitude 
of the background hiss, with none of the typical 
“hollow” sound that accompanies regeneration. 
Proper neutralizing will minimize “ringing” and 
lengthening of the blanking pulses. 

3. Tune in the calibrator signal and adjust the 
primary and secondary of T, to resonance. Over- 
all gain of the receiver will probably be 1 or 2S 
points higher than before. (Do not re-adjust 
sensitivity controls at this time.) 

4. Switch on the silencer. Connect a high- 
resistance voltmeter or v.t.v.m. between Test 
Point “A” and ground. Advance the silencer gain 
control until a voltmeter reading is obtained. 
Tune primary of T, for resonance. 

5. The balancing controls are next adjusted. 
Tune in the calibrator at 1.8 Mc. with an S meter 
reading of 40 to 60 db. over S9. Start with R, 
potentiometer at middle of its range and the 
balancing capacitors (across the primary of T,) 
backed off about 2 turns from maximum. Connect 
a small source of d.c. voltage between Test Point 
“B” and ground so that the balanced diodes are 
biased about 10 to 15 volts positive. This should 
hold the silencer in the “blanked out” condition. 
The calibrator signal should now be 30 to 40 db. 
weaker than before. Adjust the balancing capaci- 
tors and R, for minimum S-meter reading. The 
settings are broad and non-critical. Remove the 
voltage from Test Point “B” at the conclusion 
of the adjustment. 

6. Replace the antenna on the receiver and 
tune in a strong loran signal. Advance the silencer 
control. If the device is working properly a 
marked reduction or even elimination of loran 
interference should take place as the silencer con- 
trol is adjusted. 

7. As a final check of the silencer, connect an 
oscilloscope between Test Point “B” and ground, 
and adjust the sweep frequency in the vicinity 
of 30 cycles per second. Square-topped blanking 
pulses, corresponding to each of the received loran 
pulses, should appear as the silencer control is 
advanced. 

A further suggestion may be helpful on the 
lower frequencies when strong interference is en- 
countered. It is usual amateur practice to use the 
transmitting antenna for reception because it ob- 
viously has the best chance of pulling in distant 
signals. If the antenna is resonant near the re- 
ceiving frequency—which it usually is—the loran 
signals, static bursts or other interference may 
be so strong at the receiver input that overload- 
ing will occur somewhere along the line prior to 
the blanking circuit. The answer, of course, is 
to put an attenuator in the antenna lead to the 
receiver. This is good practice on the lower fre- 
quencies in any event because the general back- 
ground noise, as well as the wanted and un- 
wanted signals, are far above the internal noise of 
the receiver, An old broadcast-band tuning ca- 
pacitor, placed in series with the antenna lead 
as a variable attenuator, will often do wonders in 
helping to pull in the weak ones. 

(From Hoover, QST, Jan., 1963) 
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A SIMPLE AUDIO FILTER 


Many receivers incorporate only one degree of 
selectivity, suitable for s.s.b. reception. Code re- 
ception can often be improved by the addition of 
an audio filter to the output of the receiver. The 
audio-filter circuit’ shown in Fig. 5-54 includes 
a power supply and an audio amplifier, and its use 
requires no change to the receiver itself. The 
tuned circuits, L;Cy and L,Cg, use toroid trans- 
formers made for teletype units. These inexpen- 
sive inductors are available through several 
sources that advertise in QST Ham-Ads every 
month, If loudspeaker reception is not contem- 
plated, T, can be omitted and the alternative 
output connection can be used. 

Two degrees of selectivity are available. When 
S', is closed, two tuned circuits are active, and the 
bandwidth at 20 db. down is just a little over 100 
cycles. With S', open, the bandwidth increase to 
about 1100 cycles. The peak frequency is about 
750 cycles. 

A2x 5 7-inch chassis is sufficient to house 
the filter, or it might be built in a suitable Mini- 
box. There is nothing very critical about the 
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parts arrangement other than keeping the input 
and output circuits well isolated from each other. 
Machine screws 1% inches long, rubber grom- 
mets and washers can be used to hold the toroids. 

With both tuned circuits working, the selectiv- 
jty is extremely sharp, and some “ringing” will 
be apparent. This is perfectly normal, the in- 
escapable result of confining the response to a 
narrow band of frequencies. If the ringing is con- 
sidered excessive, try changing the value of C, 
slightly. 

(From QST, December, 1966.) 
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Fig. 5-55—This drawing shows the method of connecting 
the windings of the 88-mh. toroid to obtain the 
required inductance. 
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Fig. 5-54—Cirevit diagram of the audio filter. All capacitances are in yf. Capacitors marked with polarity are 
electrolytic. Resistances are in ohms; all resistors are 4-watt. 


C:—0.01 yf., disk ceramic. : 

Ce, Cs-~0.5 uf., paper (see text). 

CRi—Silicon rectifier, 400 volts p.i.v. or more. 
J:—Headphone jack, open-circuit type. 

Ja—Phone jack. 

Li, L2—88-mh. toroid (see text). 

P:—Headphone plug. 

$:—Single-pole, four-position wafer switch, with a.c. 


switch mounted on back (Centralab 1465 or 
similar). 

S.—See S.. 

S.—Single-pole, single-throw toggle. 

T:—Output transformer, 10,000-ohm primary, 3.5-ohm 
secondary (Knight 54 A 1448 or equivalent). 

Te—Power transformer, 125 volts, 15 ma.; 6.3 volts, 0.06 
amp. (Knight 54 A 1410 or equivalent). 


A QRM FILTER FOR PHONE WORK 


Audio filters are useful in reducing the level 
of unwanted energy which lies above and below 
the speech-frequency range used in communica- 
tions work. The filter circuit of Fig. 5-57 rejects 
low-frequency rumble and’ high-frequency chat- 
ter, making phone reception somewhat less diff- 
cult during busy periods in the bands. The less 
selective the station receiver is, the more pro- 
nounced will be the effect of the Torofil, 


The Circuit 


The Torofil has a narrower passband than most 
audio filters. It is down 3 db. from peak output at 
600 c.p.s. and again at 1900 c.p.s., and is rea- 
sonably flat in response from 700 ta 1500 c.p.s. 
The low-frequency rolloff is very pronounced, 
being down some 10 db. at 500 c.p.s. This charac- 
teristic does not affect the intelligibility of a 
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Fig. 5-56—Parts arrangement inside the filter cabinet. 
The toroids are held in place by a long 6-32 screw, a 
washer, and a 6-32 hex nut. There is nothing critical 

about the layout. 


phone signal, but it does impart a somewhat un- 
natural quality to it. 

The Torofil is designed for use in 4-ohm 
speaker leads, The insertion loss is in the order 


of only 3 db., so no additional audio amplification - 


is needed ; most receivers have ample reserve gain 
to make up for the slight loss through the filter. 
Telephone-type toroid inductors* are used for 
L, and Ly, Fig. 5-57. Transformers are used 
at the input and output of the filter to effect an 
1 These toroids are available from some electronic sur- 


plus outlets, Check the classified ads in QST for additional 
sources, 
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impedance match between the filter and the 4-ohm 
terminations. The impedance of the filter at 1000 
c.p.s. is approximately 500 ohms. This is a handy 
figure because it enables the builder to use stan- 
dard 500-ohms-to-voice-coil transformers at T, 
and T,. 

S; has been included so the Torofoil can be 
taken out of the circuit at the operator’s discre- 
tion. When it is switched to out, the filter ele- 
ments are bypassed and normal operation is 
restored. 


Construction 


The circuit is built in a home-made box that 
measures 3 X 5 X 2 inches. (A_ standard 
3 X 4 X 5 Minibox would allow ample room for 
all of the parts.) Rubber feet on the bottom cover 
of the box prevent damage to any equipment the 
filter is placed on. 

The toroids are bolted to the chassis with 214- 
inch 6-32 machine screws. Plastic washers are 
used between the inductors, between the chassis 
and the inductor nearest the chassis, and between 
the remaining toroid and the metal washer that 
holds the assembly in place. The 6-32 toroid 
mounting bolt should have spaghetti tubing over 
it to prevent the bolt threads from damaging the 
insulation on the coil’s windings. Use only enough 
tension to hold the inductors snugly in place. 


Using the Filter 


To install the Torofil disconnect the speaker 
from the receiver’s voice-coil terminals then con- 
nect the filter in series with the speaker line.” 

For headphone operation a jack that matches 
the headphone plug can be wired in parallel with 
J. Some headphones have restricted frequency 
response, making it unnecessary to use an audio 
filter, but others—hi-fi types in particular—will 
reproduce everything that comes through the re- 
ceiver’s audio line. The Torofil will be a useful 
accessory when used with the latter. 
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Fig. 5-57—Schematic of the audio filter. Capacitors are paper. The 560-ohm resistor is a \4-watt composition 
unit, and need not be included in the circuit. It was added experimentally to prevent “ringing,” a condition 
that will not occur under normal circumstances. 


Ji, Je— Phono connector. 
L,, Lz—Telephone-style toroid inductor, 88 mh. If coil 


has 4 leads (2 windings), connect the windings 


in series, 


S: — D.p.d.t. slide switch. 7 
Tz, T2—500-ohm to 3.2-ohm matching transformer 
(Stancor A-8101 or equivalent). 


Chapter 6 


Oscillators, Multipliers 
and Power Amplifiers 


Regardless of the transmission mode—code, 
a.m., single sideband, radioteletype, amateur TV 
—vacuum tubes and semiconductors are common 
elements to the transmitters. They are used as 
oscillators, amplifiers, frequency multipliers and 
frequency converters. These four building blocks, 
plus suitable power supplies, are basically all that 
is required to make any of the popular transmis- 
sion systems. 

‘The simplest code transmitter is a keyed 
oscillator working directly into the antenna; a 
more elaborate (and practical) code transmitter 
will include one or more frequency-multiplication 
stages.and one or more power-amplifier stage. 
Any code transmitter will obviously require a 
means for keying it. The bare skeleton is shown in 
Fig. 6-1A. The r.f. generating and amplifying sec- 
tions of a double-sideband ’phone transmitter (a.m. 
or f.m.) are similar to those of a code transmitter. 

The over-all design depends primarily upon the 
bands in which operation is desired, and the 
power output. A simple oscillator with satisfac- 
tory frequency stability may be used as a trans- 
mitter at the lower frequencies, but the power 
output obtainable is small. As a general rule, the 
output of the oscillator is fed into one or more 
amplifiers to bring the power fed to the antenna up 
to the desired level. 

An amplifier whose output frequency is the 
same as the input frequency is called a straight 
amplifier. A buffer amplifier is the term some- 
times applied to an amplifier stage to indicate 
that its primary purpose is one of isolation, 
rather than power gain. 

Because it becomes increasingly difficult to 
maintain oscillator frequency stability as the 
frequency is increased, it is most usual prac- 
tice in working at the higher frequencies to 
operate the oscillator at a low frequency and 
follow it with one or more frequency multi- 
pliers as required to arrive at the desired out- 
put frequency. A frequency multiplier is an 
amplifier that delivers output at a multiple 
of the exciting frequency. A doubler is a mul- 
tiplier that gives output at twice the exciting 
frequency; a tripler multiplies the exciting fre- 
quency by three, etc. From the viewpoint of any 
particular stage in a transmitter, the preceding 
stage is its driver. 

As a general rule, frequency multipliers should 
nat be used to feed the antenna system directly, 
but should feed a straight amplifier which, in 
turn, feeds the antenna system. 

Good frequency stability is most easily ob- 
tained through the use of a crystal-controlled 
oscillator, although a different crystal is needed 


for each frequency desired (or multiples of that 
frequency). A self-controlled oscillator or 
v.f.o. (variable-fréquency oscillator) may be 
tuned to any frequency with a dial in the 
manner of a receiver, but requires great care in 
design and construction if its stability is to com- 
pare with that of a crystal oscillator. 

In all types of transmitter stages, screen-grid 
tubes have the advantage over triodes that they 
require less driving power. With a lower-power 
exciter, the problem of harmonic reduction is 
made easier. 

The best stage or stages to key in a code trans- 
mitter is a problem by itself, to be discussed in 
a later chapter. An f.m. transmitter (Fig. 6-1B) 
can only be modulated in the oscillator stage; a 
closely-allied type of transmitter (phase-mod- 
ulated) can be modulated in a multiplier or am- 
plifier stage. An a.m. ’phone transmitter, Fig. 
6-1C, can only be modulated in the output stage, 
unless the modulated stage is followed by a linear 
amplifier. However, following an amplitude-mod- 
ulated stage by a linear amplifier is an inefficient 
process, convenient as an expedient but not rec- 
ommended for best efficiency. 
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Fig. 6-1—Block diagrams showing the types of trans- 
mitters that typically use frequency multipliers followed 
by power amplifiers. The code transmitter (A) may or 
may not include multipliers and amplifiers. An f.m. 
transmitter must be modulated in the oscillator stage 
and is usually followed by several multiplier stages be- 
fore the output amplifier. An a.m. ‘phone transmitter is 
most efficient when modulated in the output stage, al- 
though it can be modulated in the driver stage and use 
a following linear amplifier on the same frequency. 
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Following the generation of a single-sideband 
*phone signal, its frequency can be changed only 
by frequency conversion (not multiplication), in 
exactly the same manner that signals in a re- 
ceiver are heterodyned to a different frequency. 


CRYSTAL OSCILLATORS 


The frequency of a crystal-controlled oscil- 
lator is held constant to a high degree of accu- 
racy by the use of a quartz crystal. The frequency 
depends almost entirely on the dimensions of the 
crystal (essentially its thickness) ; other circuit 
values have comparatively negligible effect. 
However, the power obtainable is limited by the 
heat the crystal will stand without fracturing. 
The amount of heating is dependent upon the 
r.f{. crystal current which, in turn, is a function 
of the amount of feedback required to provide 
proper excitation. Crystal heating short of the 
danger point results in frequency drift to an 
extent depending upon the way the crystal is 
cut. Excitation should always be adjusted to the 
minimum necessary for proper operation. 


Crystal-Oscillator Circuits 


The simplest crystal-oscillator circuit is shown 
in Fig. 6-2A. An equivalent circuit is shown 
in Fig. 6-2B, where C4 represents the grid- 
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the oscillator itself is not entirely independent of 
adjustments made in the plate tank circuit when 
the latter is tuned near the fundamental fre- 
quency of the crystal, the effects can be satis- 
factorily minimized by proper choice of the oscil- 
lator tube. 

The circuit of Fig. 6-3A is known as the Tri- 
tet. The oscillator circuit is that of Fig. 6-2C. 
Excitation is controlled by adjustment of the 
tank L1C1, which should have a low L/C ratio, 
and be tuned considerably to the high-frequency 
side of the crystal frequency (approximately 5 
Mc. for a 3.5-Mc. crystal) to prevent over-ex- 
citation and high crystal current. Once the proper 
adjustment for average crystals has been found, 
Cy may be replaced with a fixed capacitor of 
equal value. 

The oscillator circuit of Fig. 6-3B is that of 
Fig. 6-2A. Excitation is controlled by Co. 

The oscillator of the grid-plate circuit of Fig. 
6-3C is the same as that of Fig. 6-3B, except that 
the ground point has been moved from the cath- 
ode to the plate of the oscillator (in other words, 
to the screen of the tube). Excitation is adjusted 
by proper proportioning of Cg and C;. 

When most types of tubes are used in the cir- 
cuits of Fig. 6-3, oscillation will stop when the 
output plate circuit is tuned to the crystal fre- 


to 
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Fig. 6-2—Simple crystal oscillator circuits. A—Pierce. B—Equivalent of circuit A. C—Simple triode oscillator. C; 
is a plate blocking capacitor, C2 an output coupling capacitor, and Cs a plate bypass. C, and Cs are discussed in 
the text. Ce and Ll, should tune to the crystal fundamental frequency. Ri is the grid leak. 


cathode capacitance and Cs indicates the plate- 
cathode, or output capacitance. The ratio of 
these capacitors controls the excitation for the 
oscillator, and good practice generally requires 
that both of these capacitances be augmented 
by external capacitors, to provide better control 
of the excitation. 

The circuit shown in Fig. 6-2C is the equiva- 
lent of the tuned-grid tuned-plate circuit dis- 
cussed in the chapter on vacuum-tube principles, 
the crystal replacing the tuned grid circuit. 

The most commonly used crystal-oscillator cir- 
cuits are based on one or the other of these two 
simple types, and are shown in Fig. 6-3. Although 
these circuits are somewhat more complicated, 
they combine the functions of oscillator and am- 
plifier or frequency multiplier in a single tube. In 
all of these circuits, the screen of a tetrode or 
pentode is used as the plate in a triode oscillator. 
Power output is taken from a separate tuned 
tank circuit in the actual plate circuit. Although 


quency, and it is necessary to operate with the 
plate tank circuit critically detuned for maxi- 
mum output with stability. However, when the 
6AG7, 5763, or the lower-power 6AH6 is used 
with proper adjustment of excitation, it is possi- 
ble to tune to the crystal frequency without 
stopping oscillation. The plate tuning character- 
istic should then be similar to Fig. 6-4. These 
tubes also operate with less crystal current than 
most other types for a given power output, and 
less frequency change occurs when the plate 
circuit is tuned through the crystal frequency 
(less than 25 cycles at 3.5 Mc.). 

Crystal current may be estimated by observing 
the relative brilliance of a 60-ma. dial lamp con- 
nected in series with the crystal. Current should 
be held to the minimum for satisfactory output 
by careful adjustment of excitation. With the 
operating voltages shown, satisfactory output 
should be obtained with crystal currents of 40 
ma. or less, 


Oscillators 


In these circuits, output may be obtained at 
multiples of the crystal frequency by tuning the 
plate tank circuit to the desired harmonic, the 
output dropping off, of course, at the higher har- 
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Fig. 6-3--Commonly used crystal-controlled oscillator 
circuits. Values are those recommended for a 6AG7 or 
5763 tube. (See reference in text for other tubes.) 


Ci—Feedback-control capacitor—3.5-Me. crystals—ap- 
prox. 220-pf. mica—7-Mc. crystals—approx. 
150-pf. mica. 

Co—Output tank capacitor—100-pf. variable for single- 
band tank; 250-pf. variable for two-band tank. 

Cs—Screen bypass—0.001-Hf, disk ceramic. 

C.—Plate bypass—0.001-“f. disk ceramic. 

Cs—Output coupling capacitor—50 to 100 pf. 

Ce—Excitation-control capacitor—30-pf. trimmer. 

C;—Excitation capacitor—220-pf. mica for 6AG7; 100- 
pf. for 5763. 

Cs—D.c. blocking capacitor—0.001-Hf. mica. 

Co—Excitation-control capacitor—220-pf. mica. 

R:—Grid leak—0.1 megohm, 1% watt. 

Ro—-Screen resistor—47,000 ohms, 1 watt. 

Li—Excitation-control inductance—3.5-Mc. crystals—ap- 
prox. 4 wh.; 7-Mc. erystals—approx. 2 uh. 

1.—Output-circuit coil—single band:—3.5 Mc.—17 Hh,; 
7 Mc.—8 wh; 14 Mc.—2.5 wh.; 28 Me—1 wh. 
Two-band operation: 3.5 & 7 Mc.—7.5 Lh.; 7 
& 14 Mc.—2.5 Hh. 

RFC,—2.5-mh. 50-ma. r.f. choke. 
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monics. Especially for harmonic operation, a 
low-C plate tank circuit is desirable. 

For best performance with a 6AG7 or 5763, 
the values given under Fig. 6-3 should be fol- 
lowed closely. , 


VARIABLE-FREQUENCY OSCILLATORS 


The frequency of a v.f.o. depends entirely on 
the values of inductance and capacitance in the 
circuit. Therefore, it is necessary to take careful 
steps to minimize changes in these values not 
under the control of the operator. As examples, 
even the minute changes of dimensions with 
temperature, particularly those of the coil, may 
result in a slow but noticeable change in fre- 
quency called drift. The effective input capaci- 
tance of the oscillator tube, which must be 
connected across the circuit, changes with vari- 
ations in electrode voltages. This, in turn, causes 
a change in the frequency of the oscillator. To 
make use of the power from the oscillator, a load, 
usually in the form of an amplifier, must be 
coupled to the oscillator, and variations in the 
load may reflect on the frequency. Very slight 
mechanical movement of the components may 
result in a shift in frequency, and vibration can 
cause modulation. 


V.F.O. Circuits 


Fig. 6-5 shows the most commonly used cir- 
cuits. They are all designed to minimize the 
effects mentioned above. All are similar to the 
crystal oscillators of Fig. 6-3 in that the screen 
of a tetrode or pentode is used as the oscillator 
plate. The oscillating circuits in Figs. 6-5A 
and B are the Hartley type; those in C and D are 
Colpitts circuits. (See chapter on vacuum-tube 
principles.) In the circuits of A, B and C, all of 
the above-mentioned effects, except changes in 
inductance, are minimized by the use of a high-Q 
tank circuit obtained through the use of large 
tank capacitances. Any uncontrolled changes in 
capacitance thus become a very small percentage 
of the total circuit capacitance. 

In the series-tuned Colpitts circuit of Fig. 
6-5D (sometimes called the Clapp ‘circuit), a 
high-Q circuit is obtained in a different manner. 
The tube is tapped across only a small portion 
of the oscillating tank circuit, resulting in very 
loose coupling between tube and circuit. The 
taps are provided by a series of three capacitors 
across the coil. In addition, the tube capacitances 
are shunted by large capacitors, so the effects of 
the tube—changes in electrode voltages and 
loading —are still further reduced. In contrast 
to the preceding circuits, the resulting tank 
circuit has a high L/C ratio and therefore the 


Fig. 6-4—Plate tuning 
characteristic of circuits 
of Fig. 6-3 with preferred 
types (see text). The 
plate-current dip at res- 
onance broadens and is 
less pronounced when 
the circuit is loaded. 
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tank current is much lower than in the circuits 
using high-C tanks. As a result, it will usually 
be found that, other things being equal, drift 
will be less with the low-C circuit. 

For best stability, the ratio of C12 or Cig 
(which are usually equal) to Cio + C11 should 
be as high as possible without stopping oscilla- 
tion. The permissible ratio will be higher the 
higher the Q of the coil and the mutual conduct- 
ance of the tube, If the circuit does not oscillate 
over the desired range, a coil of higher Q must 
be used or the capacitance of Cy2 and Cyg re- 
duced: Load Isolation 

In spite of the precautions already discussed, 
the tuning of the output plate circuit will cause a 
noticeable change in frequency, particularly in 
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the region around resonance. This effect can be 
reduced considerably by designing the oscillator 
for half the desired frequency and doubling fre- 
quency in the output circuit. 

It is desirable, although not a strict necessity 
if detuning is recognized and taken into account, 
to approach as closely as possible the condition 
where the adjustment of tuning controls in the 
transmitter, beyond the v.f.o. frequency control, 
will have negligible effect on the frequency. This 
can be done by substituting a fixed-tuned circuit 
in the output of the oscillator, and. adding 
isolating stages whose tuning is fixed between the 
oscillator and the first tunable amplifier stage in 
the transmitter. Fig. 6-6 shows such an arrange- 
ment that gives good isolation. In the first stage, 
a 6C4 is connected as a cathode follower. This 
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Fig. 6-5—V.f.o. circuits. Approximate values for 3.5-4.0-Mc. output are given below. Grid circuits are tuned to 
half frequency (1.75 Mc.). 


C:—Oscillator bandspread tuning capacitor—200-pf. 
variable. 

C2—Output-circuit tank capacitor—47-pf. 
Cs—Oscillator tank capacitor—600-pf. zero-tempera- 
ture-coefficient mica. 
C.—Grid coupling capacitor—100-pf. 

ture-coefficient mica. 
Cs—Screen bypass—0.001-ut. disk ceramic. 
Ce—Plate bypass—0.001-uf. disk ceramic. 
C;—Output coupling capacitor—50 to 100-pf. mica. 
Cs—Oscillator tank capacitor—750-pf. zero-tempera- 
ture-coefficient mica. 
C.—Oscillator tank capacitor—0.0033-uf. zero-temper- 
ature-coefficient mica, | 
Cio—Oscillator bandspread padder—100-pf. variable 
air. 


zero-tempera- 


‘Cu-—Oscillator bandspread tuning capacitor—50-pf. 


variable. 

Cis, Cis—Tube-coupling capacitor—0.002-“f. zero-tem- 
perature-coefficient mica, 

Ri—47,000 ohms, Y% watt. 

Li~Oscillator tank coil—10 “h., tapped about one- 
third-way from grounded end. 

L2—Output-circuit tank coil—20-40 uh., adjustable. 

Ls—Oscillator tank coil—10 th. 

Ls—Oscillator tank coil—10 jth. 

La—Oscillator tank coil—70 th. 

ls—Output coil—100-140 uh., adjustable, 

RFC:, RFCs—100 wh. r.f. choke. 

Vi—6AG7, 5763 or 6AH6 preferred; other types 
usable. 

Vi—6AG7, 5763 or 6AH6 required for feedback ca- 
pacitances shown. 


Oscillators 


drives a 5763 buffer amplifier whose input circuit 
is fixed-tuned to the v.f.o outout band. For best 
isolation, the 6C4 should not be driven into grid 
current. This can be achieved by adding a 100-pf. 
capacitor from 6C4 grid to ground (to form, with 
the coupling capacitor, a voltage divider) or by 
reducing the oscillator supply voltages. 


Chirp, Pulling and Drift 


Any oscillator will change frequency with an 
extreme change in plate and screen voltages, and 
the use of stabilized sources for both is good prac- 
tice. But steady source voltages cannot-alter the 
fact of the extreme voltage changes that take 
place when an oscillator is keyed or heavily 
amplitude-modulated. Consequently some chirp or 
f.m. is the inescapable result of oscillator keying 
or heavy amplitude modulation. 

A keyed or amplitude-modulated amplifier 
presents a variable load to the driving stage. If 
the driving stage is an oscillator, the keyed or 
modulated stage (the variable load) may “pull” 
the oscillator frequency during the keying or 
modulation. This may cause a “chirp” on c.w. or 
incidental f.m. on a.m. ’phone. In either case the 
cure is to provide one or more “buffer” or iso- 
lating stages between the oscillator stage and 
the varying load. If this is not done, the keying 
or modulation may 
be little better than V.F.0. 
when the oscillator 
itself is keyed or 
modulated. 

Frequency drift 
is minimized by 
limiting the tem- 
perature excursions 
of the frequency- 
determining compo- 
nents to a minimum. 
This calls for good 
ventilation and a 
minimum of heat- 
generating compo- 
nents. 

Variable capaci- 
tors should have 
ceramic insulation, 
good bearing contacts and should preferably be 
of the double bearing type. Fixed capacitors 
should have zero temperature coefficients. The 
tube socket should have ceramic insulation. 


Temperature Compensation 


If, despite the observance of good oscillator 
construction practice, the warm-up drift of an 
oscillator is too high, it is caused by high- 
temperature operation of the oscillator. If the 
ventilation cannot be improved (to reduce the 
ultimate temperature), the frequency drift of the 
oscillator can be reduced by the addition of a 
“temperature-coefficient capacitor”. These are 
available in negative and positive coefficients, in 
contrast to the zero-coefficient “NPO” types. 

Most uncorrected oscillators will drift to a 
lower frequency as the temperature rises. Such 


CATH. FOLLOWER 


149 


an oscillator can be corrected (at a frequency /f) 
by adding an N750-type capacitor (-750 parts per 
million per °C) of a value determined by making 
two sets of measurements. Measure the drift f, 
from cold to stability (e.g., 14% hours). To the 
cold (cooled-off) oscillator, add a trial N750 ca- 
pacitor (e.g., 50 pf.) and retune the cold oscillator 
to frequency f (by retuning a padder capacitor or 
the tuning capacitor). Measure the new warm-up 
drift f, over the same period (e.g., 1% hours). 
The required corrective N750 capacitor is then 


Corrective C = Certa1 rear 

—h 
If the trial capacitor results in a drift to a 
higher frequency, the denominator becomes 


At fe 
Oscillator Coils 


The Q of the tank coil used in the oscillating 
portion of any of the circuits under discussion 
should be as high as circumstances (usually: 
space) permit, since the losses, and therefore 
the heating, will be less. With recommended care 
in regard to other factors mentioned previously, 
most of the drift will originate in the coil, The 
coil should be well spaced from shielding and 
other large metal surfaces, and be of a type that 
radiates heat well, such as a commercial air- 


BUFFER 
5763 


Fig. 6-6—Circuit of an isolating amplifier for use between y.f.o. and first tunable 

stage. Unless otherwise specified, all capacitances are in picofarads, all resistors are 

Ye watt, Li, for the 3.5-Mc. band, consists of 100-140 wh. adjustable inductor, RFC1 is 
100 yh. All capacitors are disk ceramic. 


wound type, or should be wound tightly on a 
threaded ceramic form so that the dimensions will 
not change readily with temperature. The wire 
with which the coil is wound should be as large 
as practicable, especially in the high-C circuits. 


Mechanical Vibration 


To eliminate mechanical vibration, components 
should be mounted securely. Particularly in the 
circuit of Fig. 6-5D, the capacitor should pref- 
erably have small, thick plates and the coil 
braced, if necessary, to prevent the slightest me- 
chanical movement. Wire connections between 
tank-circuit components should be as short as 
possible and flexible wire will have less tendency 
to vibrate than solid wire. It is advisable to cush- 
ion the entire oscillator unit by mounting on 
sponge rubber or other shock mounting. 
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Tuning Characteristic 


If the circuit is oscillating, touching the grid of 
the tube or any part of the circuit connected to it 
will show a change in plate current. In tuning the 
plate output circuit without load, the plate cur- 
rent will be relatively high until it is tuned near 
resonance where the plate current will dip to a 
low value, as illustrated in Fig. 6-4. When the 
output circuit is loaded, the dip should still be 
found, but broader and much less pronounced as 
indicated by the dashed line. The circuit should 
not be loaded beyond the point where the dip is 
still recognizable. 


Checking V.F.O. Stability 


A v.f.o. should be checked thoroughly before 
it is placed in regular operation on the air. Since 
succeeding amplifier stages may affect the signal 
characteristics, final tests should be made with 
the complete transmitter in operation. Almost 
any v.f.o. will show signals of good quality and 
stability when it is running free and not con- 
* nected to a load. A well-isolated monitor is a 
necessity. Perhaps the most convenient, as well 
as one of the most satisfactory, well-shielded 
monitoring arrangements is a receiver combined 
with a crystal oscillator, as shown in Fig. 6-7. 
(See “Crystal Oscillators,” this chapter.) The 
crystal frequency should lie in the band of the 
lowest frequency to be checked and in the fre- 
quency range where its harmonics will fall in the 
higher-frequency bands. The receiver b.f.o. is 
turned off and the v.f.o. signal is tuned to beat 
with the signal from the crystal oscillator in- 
stead. In this way any receiver instability caused 
by overloading of the input circuits, which may 
result in “pulling” of the h.f. oscillator in the 
receiver, or by a change in line voltage to the 
receiver when the transmitter is keyed, will not 


OSCILLATORS, MULTIPLIERS, AMPLIFIERS 


affect the reliability of the check. Most crystals 
have a sufficiently low temperature coefficient 
to give a check on drift as well as on chirp and 
signal quality if they are not overloaded. 

Harmonics of the crystal may be used to beat 
with the transmitter signal when monitoring at 
the higher frequencies. Since any chirp at the 
lower frequencies will be magnified at the higher 
frequencies, accurate checking can best be done 
by monitoring at a harmonic. 

The distance between the crystal oscillator and 
receiver should be adjusted to give a good beat 
between the crystal oscillator and the transmitter 
signal, When using harmonics of the crystal 
oscillator, it may be necessary to attach a piece 


RECEIVER= BFO OFF 

© 
XTAL , 
Fig. 6-7—Setup for checking v.f.o, stability. The re- 
ceiver should be tuned preferably to a harmonic of 
the v.f.o. frequency. The crystal oscillator may oper- 


ate somewhere in the band in which the v.f.o. is 
operating. The receiver b.f.o. should be turned off. 


of wire to the oscillator as an antenna to give 
sufficient signal in the receiver. Checks may 
show that the stability is sufficiently good to 
permit oscillator keying at the lower frequencies, 
where break-in operation is of greater value, 
but that chirp becomes objectionable at the 
higher frequencies. If further improvement does 
not seem possible, it would be logical in this case 
to use oscillator keying at the lower frequencies 
and amplifier keying at the higher frequencies. 


R.F, POWER-AMPLIFIER TANKS AND COUPLING 


In the remainder of this chapter the vacuum 
tubes will be shown, for the most part, with in- 
directly-heated cathodes. However, many trans- 
mitting tubes use directly heated filaments for 
the cathodes; when this is done the filament 
“center-tap” connection will be used, as shown 
in Fig. 6-8. 


PLATE TANK Q 


R.f. power amplifiers used in amateur trans- 
mitters are operated under Class-C or -AB 
conditions (see chapter on tube fundamentals). 
The main objective, of course, is to deliver as 
much fundamental power as possible into a load, 
R, without exceeding the tube ratings. The load 
resistance R may be in the form of a transmis- 
sion line to an antenna, or the grid circuit of an- 
other amplifier. A further objective is to mini- 
mize the harmonic energy (always generated by 
a Class C amplifier) fed into the load circuit. In 
attaining these objectives, the Q of the tank cir- 
cuit is of importance. When a load is coupled in- 
ductively, as in Fig. 6-10, the Q of the tank circuit 


will have an effect on the coefficient of coupling 
necessary for proper loading of the amplifier. 
In respect to all of these factors, a tank Q of 10 to 
20 is usually considered optimum. A much lower 
Q will result in less efficient operation of the am- 
plifier tube, greater harmonic output, and greater 
difficulty in coupling inductively to a load. A 
much higher Q will result in higher tank current 
with increased loss in the tank coil. 

The Q is determined (see chapter on electrical 


OW) 


Fig. 6-8—Filament center-tap con- 
nections to be substituted in place 
of cathode connections shown in 
diagrams when filament-type tubes 
are substituted. T; is the filament 
transformer. Filament bypasses, C:, 
should be 0.01-#f. disk ceramic 
capacitors. If a self-biasing (cath- 
ode) resistor is used, it shovid be 
placed between the center tap 
and ground. 
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Fig. 6-9—Chart showing plate tank capacitance re- 
quired for a Q of 10. Divide the tube plate voltage 
by the plate current in milliamperes. Select the ver- 
"tical line corresponding to the answer obtained. Fol- 
low this vertical line to the diagonal line for the 
band in question, and thence horizontally to the left 
to read the capacitance. For a given ratio of plate- 
voltage/plate current, doubling the capacitance shown 
doubles the Q, etc. When a split-stator capacitor is 
used in a balanced circuit, the capacitance of each 
section may be one half of the value given by the 
chart. 


laws and circuits) by the L/C ratio and the load 
resistance at which the tube is operated. The tube 
load resistance is related, in approximation, to 
the ratio of the d.c. plate voltage to dic. plate 
current at which the tube is operated and can be 
computed from: 


py Ss Plate volts X 500 
ae Plate ma. 


The amount of C that will give a Q of 10 for 
various ratios is shown in Fig. 6-9. For a given 
plate-voltage/plate-current ratio, the Q will vary 
directly as the tank capacitance, twice the 
capacitance doubles the Q, etc. For the same Q, 
the capacitance of each section of a-split-stator 
capacitor in a balanced circuit should be half 
the value shown. 
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These values of capacitance include the output 
capacitance of the amplifier tube, the input capac- 
itance of a following amplifier-tube if it is cou- 
pled capacitively, and all other stray capaci- 
tances. At the higher plate-voltage/plate-current 
ratios, the chart may show values of capacitance, 
for the higher frequencies, smaller than those 
attainable in practice. In such a case, a tank Q 
higher than 10 is unavoidable. 


INDUCTIVE-LINK COUPLING 


Coupling to Flat Coaxial Lines 


When the load R in Fig. 6-10 is located for 
convenience at some distance from the amplifier, 
or when maximum harmonic reduction is de- 
sired, it is advisable to feed the power to the 
load through a low-impedance coaxial cable. 
The shielded construction of the cable prevents 
radiation and makes it possible to install the line 
in any convenient manner without danger of 
unwanted coupling to other circuits. 

If the line is more than a small fraction of a 
wavelength long, the load resistance at its output 
end should be adjusted, by a matching circuit if 
necessary, to match the impedance of the cable. 
This reduces losses in the cable and makes the 
coupling adjustments at the transmitter inde- 
pendent of the cable length. Matching circuits 
for use between the cable and another transmis- 
sion line are discussed in the chapter on trans- 
mission lines, while the matching adjustments 
when the load is the grid circuit of a following 
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Fig. 6-10—Inductive-link output coupling circuits. 

C,—Plate tank capacitor—see text and Fig. 6-9 for 
capacitance, Fig. 6-33 for voltage rating. 

Ce—Screen bypass—voltage rating depends on 
method of screen supply. See paragraphs on 
screen considerations. Voltage rating same 
as plate voltage will be safe under any con- 
dition. 

C;—Plate bypass—0.001-“f. disk ceramic or mica. 
Voltage rating same as Ci, plus safety factor. 

Li—To resonate at operating frequency with Ci. See 
LC chart and inductance formula in electrical- 
laws chapter, or use ARRL Lightning Calcula- 
tor. 

L,—Reactance equal to line impedance. See reactance 
chart and inductance formula. in electrical- 
laws chapter, or use ARRL Lightning Calcula- 
tor. 

R—Representing load. 
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Fig. 6-11—With flat transmission lines, power transfer 

is obtained with looser coupling if the line input is 

tuned to resonance. C: and Li should resonate at the 

operating frequency. See table for maximum usable 

value of Ci. If circuit does not resonate with maxi- 

mum Cx or less, inductance of Li must be increased, 
or added in series at Ls. 


amplifier are described elsewhere in this chapter. 

Assuming that the cable is properly terminated, 
proper loading of the amplifier will be assured, 
using the circuit of Fig. 6-11A, if 

1) The plate tank circuit has reasonably high 
value of Q. A value of 10 is usually sufficient. 

2) The inductance of the pick-up or link coil 
is close to the optimum value for the frequency 
and type of line used. The optimum coil is one 
whose self-inductance is such that its reactance 
at the operating frequency is equal to the charac- 
teristic impedance, Zo, of the line. 

3) It is possible to make the coupling between 
the tank and pick-up coils very tight. 

The second in this list is often hard to meet. 
Few manufactured link coils have adequate in- 
ductance even for coupling to a 50-ohm line at 
low frequencies. 


Capacitance in pf. Required for Coupling to 
Flat Coaxial Lines with Tuned Coupling Circuit * 


Frequency 
Band 
Me. 

3.5 
7 
14 
21 
28 
1 Capacitance values are maximum usable. 


Note: Inductance in circuit must be adjusted to 
resonate at operating frequency. 


Characteristic Impedance of Line 
52 
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If the line is operating with a low s.w.r., the 
system shown in Fig. 6-11A will require tight 
coupling between the two coils. Since the sec- 
ondary (pick-up coil) circuit is not resonant, the 
leakage reactance of the pick-up coil will cause 
some detuning of the amplifier tank circuit. This 
detuning effect increases with increasing cou- 
pling, but is usually not serious. However, the 
amplifier tuning must be adjusted to resonance, 
as indicated by the plate-current dip, each time 
the coupling is changed. 


Tuned Coupling 


The design difficulties of using “untuned” 
pick-up coils, mentioned above, can be avoided 
by using a coupling circuit tuned to the operat- 
ing frequency. This contributes additional se- 
lectivity as well, and hence aids in the suppres- 
sion of spurious radiations. 

If the line is flat the input impedance will be 
essentially resistive and equal to the Zo of the 
line, With coaxial cable, a circuit of reasonable 
Q can be obtained with practicable values of in- 
ductance and capacitance connected in series with 
the line’s input terminals. Suitable circuits are 
given in Fig. 6-11 at B and C, The Q of the cou- 
pling circuit often may be as low as 2, without 
running into difficulty in getting adequate cou- 
pling to a tank circuit of proper design. Larger 
values of Q can be used and will result in in- 
creased ease of coupling, but as the Q is in- 
creased the frequency range over which the cir- 
cuit will operate without readjustment becomes 
smaller. It is usually good practice, therefore, to 
use a coupling-circuit Q just low enough to per- 
mit operation, over as much of a band as is nor- 
mally used for a particular type of communica- 
tion, without requiring retuning. 

Capacitance values for a Q of 2 and line 
impedances of 52 and 75 ohms are given in the 
accompanying table. These are the maximum 
values that should be used. The inductance in the 
circuit should be adjusted to give resonance at 
the operating frequency. If the link coil used for 
a particular band does not have enough induc- 
tance to resonate, the additional inductance may 
be connected in series as shown in Fig. 6-11C, 


Characteristics 


In practice, the amount of inductance in the 
circuit should be chosen so that, with somewhat 
loose coupling between L1 and the amplifier tank 
coil, the amplifier plate current will increase 
when the variable capacitor, Cy is tuned through 
the value of capacitance given by the table. The 
coupling between the two coils should then be 
increased until the amplifier loads normally, 
without changing the setting of Cy. If the trans- 
mission line is flat over the entire frequency band 
under consideration, it should not be necessary to 
readjust Cy when changing frequency, if the 
values given in the table are used. However, it is 
unlikely that the line actually will be flat over 
such a range, so some readjustment of Cy may be 
needed to compensate for changes in the input 
impedance of the line. If the input impedance 


Pi-Section Output Tanks 


variations are not large, C1 may be used as a 
loading control, no changes in the coupling be- 
tween Li and the tank coil being necessary. 

The degree of coupling between Li and the 
amplifier tank coil will depend on the coupling- 
circuit Q. With a Q of 2, the coupling should be 
tight — comparable with the coupling that is 
typical of “fixed-link” manufactured coils. With 
a swinging link it may be necessary to increase 
the Q of the coupling circuit in order to get suffi- 
cient power transfer. This can be done by in- 
creasing the L/C ratio. 


PI-SECTION OUTPUT TANK 


A pi-section tank circuit may also be used in 
coupling to an antenna or transmission line, as 
shown in Fig. 6-12, The optimum values of ca- 
pacitance for Cy and Coe, and inductance for Ly 
are dependent upon values of tube power input 
and output load resistance, 


Ly OUTPUT 


Fig, 6-12—Pi-section output tank circuit. 

C:—Input or plate tuning capacitor. See text or Fig. 
6-13 for reactance. Voltage rating equal to 
d.c. plate voltage; twice this for plate modu- 
lation, 

C2—Output or loading capacitor. See text or Fig. 
6-15 for reactance. See text for voltage rat- 
ing. 

Cs—Screen bypass. See Fig. 6-10. 

Ci—Plate bypass. See Fig. 6-10. 

Cs—Plate blocking capacitor—0.001-uf. disk ceramic 
or mica. Voltage rating same as Ci. 

Li—See text or Fig. 6-14 for reactance. 

RFC:—See later paragraph on r.f, chokes. 

RFC,—2.5-mh. receiving type (to reduce peak voltage 
across both Ci: and C: and to blow plate 
power supply fuse if Cs fails). 


Values of reactance for C1, Ly and Cg may be 
taken directly from the charts of Figs. 6-13, 6-14 
and 6-15 if the output load resistance is the usual 
52 or 72 ohms. It should be borne in mind that 
these values apply only where the output load is 
resistive, ie, where the antenna and line have 
been matched. 


Output-Capacitor Ratings 


The voltage rating of the output capacitor will 
depend upon the s.w.r. If the load is resistive, 
receiving-type air capacitors should be adequate 
for amplifier input powers up to 1 kw. with 
plate modulation when feeding 52- or 72-ohm 
loads. In obtaining the larger capacitances re- 


153 


PI-NETWORK DESIGN CHARTS FOR FEEDING 52- 
OR 72-OHM COAXIAL TRANSMISSION LINES 
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Fig. 6-13—Reactance of input capacitor, Ci, as a 
function the ratio of plate voltage to plate current. 
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Fig. 6-14—Reactance of tank coil, Li, as a function 
of plate voltage and current, for pi networks, 
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Fig. 6-15—Reactance of loading capacitor, C:, as a 
function of plate voltage and current, for pi networks. 
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quired for. the lower frequencies, it is common 
practice to switch fixed capacitors in parallel 
with the variable air capacitor. While the voltage 
rating of a mica or ceramic capacitor may not be 
exceeded in a particular case, capacitors of these 
types are limited in current-carrying capacity. 
Postage-stamp silver-mica capacitors should be 
adequate for amplifier inputs over the range from 
about 70 watts at 28 Mc. to 400 watts at 14 Mc. 
and lower. The larger mica. capacitors (CM-45 
case) having voltage ratings of 1200 and 2500 
volts are usually satisfactory for inputs varying 
from about 350 watts at 28 Mc. to 1 kw. at 14 Me. 
and lower. Because of these current limitations, 
particularly at the higher frequencies, it is ad- 
visable to use as large an air capacitor as prac- 
ticable, using the micas only at the lower frequen- 
cies. Broadcast-receiver replacement-type capaci- 
tors can be obtained reasonably. Their insulation 
should be adequate for inputs of 500 watts or 
more. 


Neutralizing with Pi Network 


Screen-grid amplifiers using a pi-network out- 
put circuit may be neutralized by the system 
shown in Figs. 6-23 B and C, : 


TRANSISTOR OUTPUT CIRCUITS 


Since r.f. power transistors have a low output 

impedance (on the order of 5 ohms or less), the 
problem of coupling the transistor to the usual 

50-ohm load is the reverse of the problem with a 
vacuum-tube amplifier. The 50-ohm load must be 
transformed to a low resistance. 

Two common circuits are shown in Fig. 6-16. 
That at A is the familiar pi network, differing 
only in the relative values. C, will be larger. than 
the output loading capacitor, Cy, and L, will be 
small by comparison with the value used with 
vacuum tubes at the same frequency. The choke, 
RFC,, should have an impedance no higher than 
10 times the output impedance of the transistor, 
if low-frequency parasitics are to be avoided. 
See Chapter Two for pi network formulas. 

A circuit with somewhat more harmonic at- 
tenuation is shown in Fig. 6-16B. In designing 
such a circuit, which is actually two pi networks 
in cascade, the first section is designed for, say, 
5 to 16 ohms, and the second for 16 to 50. Cs 
is then the sum of the output capacitance of the 
first network and the input of the second. 

A third network, a variation of the L network, 
is shown in Fig. 6-16C. In this circuit, the effec- 
tive inductance in the L network is the nef in- 
ductive reactance in the L,C, branch. Thus tun- 
ing C, has the effect of varying the inductance 
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in the L network. See Chapter Two for L net- 
work formulas. Output loading is controlled by 
Cy, but it will interlock with C, and Cg. 

In a power r.f. common emitter transistor am- 
plifier, the excitation is introduced between base 
and emitter. With minimum resistance in the d.c. 
circuit, the operation will be Class B. Adding 
a few ohms in series for bias will result in Class-C 
operation. The bias resistor should be bypassed 
for the operating frequency. If an r.f. choke is 
used, its impedance should be 5 to 50 times the 
transistor input impedance. 

Parallel operation of power transistors is not 
recommended, because one transistor may “hog” 
the current. However, push-pull operation (and 
particularly Class-C) provides no such problems. 
It does compound the required tank-circuit com- 
ponents, however, unless one goes to single- 
inductor inductive coupling circuitry. 

Early tests of transistor r.f. power amplifiers 
should be made with low voltage, a dummy load 
and no drive. Some form of output indicator 
should be included. When it has been established 
that no instability exists, the drive can be applied 
in increments and adjustment made for maximum 
output. The amplifier should never be operated 
at high voltage and no load. 


Fig. 6-16—Output circuits for use with r.f. power tran- 
sistors. (A) Simple pi network. (B) Double pi network, 
for better harmonic attenuation. (C) L network. 


R.F. AMPLIFIER-TUBE OPERATING CONDITIONS 


In addition to proper tank and output-coupling 
circuits discussed in the preceding sections, an 
r.f. amplifier must be provided with suitable 
electrode voltages and an r.f. driving or excita~ 
tion voltage (see vacuum-tube chapter). 


All r.f. amplifier tubes require a voltage to 
operate the filament or heater (a.c. is usually 
permissible), and a positive dic. voltage between 
the plate and filament or cathode (plate voltage). 
Most tubes also require a negative d.c. voltage 


Transmitting-Tube Ratings 


(biasing voltage) between control grid (Grid 
No. 1) and filament or cathode. Screen-grid 
tubes require in addition a positive voltage 
(screen voltage or Grid No. 2 voltage) between 
screen and filament or cathode. 

Biasing and plate voltages may be fed to the 
tube either in series with or in parallel with the 
associated r.f. tank circuit as discussed in the 
chapter on electrical laws and circuits. 

It is important to remember that true plate, 
screen or biasing voltage is the voltage between 
the particular electrode and filament or cathode. 
Only when the cathode is directly grounded to 
the chassis may the electrode-to-chassis voltage 
be taken as the true voltage. 

The required r.f. driving voltage is applied 
between grid and cathode. 


Power Input and Plate Dissipation 


Plate power input is the dc. power input to 
the plate circuit (d.c. plate voltage X dic. plate 
current).—Screen power input likewise is the 
d.c. screen voltage < the d.c. screen current. 

Plate dissipation is the difference between the 
rf. power delivered by the tube to its loaded 
plate tank circuit and the d.c. plate power input. 
The screen, on the other hand, does not deliver 
any output power, and therefore its dissipation 
is the same as the screen power input. 


TRANSMITTING-TUBE RATINGS 


Tube manufacturers specify the maximum 
values that should be applied to the tubes they 
produce. They also publish sets of typical oper- 
ating values that should result in good efficiency 
and normal tube life. 

Maximum values for all of the most popular 
transmitting tubes will be found in the tables of 
transmitting tubes in the last chapter. Also in- 
cluded are as many sets of typical operating 
values as space permits, However, it is recom- 
mended that the amateur secure a transmitting- 
tube manual from the manufacturer of the tube 
or tubes he plans to use. 


CCS and ICAS Ratings 


The same transmitting tube may have differ- 
ent ratings depending upon the manner in which 
the tube is to be operated, and the service in 
which it is to be used. These different ratings are 
based primarily upon the heat that the tube can 
safely dissipate. Some types of operation, such as 
with grid or screen modulation, are less efficient 
than others, meaning that the tube must dissipate 
more heat. Other types of operation, such as c.w. 
or single-sideband phone are intermittent in na- 
ture, resulting in less average heating than in 
other modes where there is a continuous power 
input to the tube during transmissions. There are 
also different ratings for tubes used in transmit- 
ters that are in almost constant use (CCS — 
Continuous Conimercial Service), and for tubes 
that are to be used in transmitters that average 
only a few hours of daily operation (ICAS — 
Intermittent Commercial and Amateur Service). 
The latter are the ratings used by amateurs wha 
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wish to obtain maximum output with reasonable 
tube life. 


Maximum Ratings 


Maximum ratings, where they differ from the 
values given under typical operating values, are 
not normally of significance to the amateur ex- 
cept in special applications. No single maximum 
value should be used unless all other ratings can 
simultaneously be held within the maximum 
values. As an example, a tube may have a max- 
imum plate-voltage rating of 2000, a maximum 
plate-current rating of 300 ma., and a maximum 
plate-power-input rating of 400 watts. There- 
fore, if the maximum plate voltage of 2000 is 
used, the plate current should be limited to 
200 ma. (instead of 300 ma.) to stay within the 
maximum power-input rating of 400 watts. 


SOURCES OF ELECTRODE VOLTAGES 


Filament or Heater Voltage 


The heater voltage for the indirectly heated 
cathode-type tubes found in low-power classifi- 
cations may vary 10 per cent above or below 
rating without seriously reducing the life of the 
tube. But the voltage of the higher-power fila- 
ment-type tubes should be held closely between 
the rated voltage as a minimum and 5 per cent 
above rating as a maximum. Make sure that the 
plate power drawn from the power line does not 
cause a drop in filament voltage below the proper 
value when plate power is applied. 

Thoriated-type filaments lose emission when 
the tube is overloaded appreciably. If the over- 
load has not been too prolonged, emission some- 
times may be restored by operating the filament 
at rated voltage with all other voltages removed 
for a period of 10 minutes, or at 20 per cent 
above rated voltage for a few minutes. 


Plate Voltage 


D.c. plate voltage for the operation of r.f. am- — 
plifiers is most often obtained from a trans- 
former-rectifier-filter system (see power-supply 
chapter) designed to deliver the required plate 
voltage at the required current. However, bat- 
teries or other d.c.-generating devices are some- 
times used in certain types of operation (see 
portable-mobile chapter). 


Bias and Tube Protection 


Several methods of obtaining bias are shown 
in Fig. 6-17. In A, bias is obtained by the voltage 
drop across a resistor in the grid dic. return 
circuit when rectified grid current flows. The 
proper value of resistance may be determined by 
dividing the required biasing voltage by the d.c. 
grid current at which the tube will be operated. 
Then, so long as the r.f. driving voltage is ad- 
justed so that the d.c. grid current is the recom- 
mended value, the biasing voltage will be the 
proper value. The tube is biased only when ex- 
citation is applied, since the voltage drop across 
the resistor depends upon grid-current flow. 
When excitation is removed, the bias falls to 
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Fig. 6-17—Various systems for obtaining protective and operating bias for r.f. amplifiers. A—Grid-leak. 
B—Battery. C—Combination battery and grid leak. D—Grid leak and adjusted-voltage bias pack, E—Combi- 
nation grid leak and voltage-regulated pack. F—Cathode bias. 


zero, At zero bias most tubes draw power far in 
excess of the plate-dissipation rating. So it is 
advisable to make provision for protecting the 
tube when excitation fails by accident, or by in- 
tent as it does when a: preceding stage in a c.w. 
transmitter is keyed, 

If the maximum c.w. ratings shown in the tube 
tables are to be used, the input should be cut to 
zero when the key is open. Aside from this, it is 
not necessary that plate current be cut off com- 
pletely but only to the point where the rated 
dissipation is not exceeded. In this case plate- 
modulated phone ratings should be used for c.w. 
operation, however. 

With triodes this protection can be supplied 
by obtaining all bias from a source of fixed volt- 
age, as shown in Fig. 6-17B. It is preferable, 
however, to use only sufficient fixed bias to pro- 
tect the tube and obtain the balance needed for 
operating bias. from a grid leak, as in C. The 
grid-leak resistance is calculated as above, except 
that the fixed voltage is subtracted first. 

Fixed bias may be obtained from dry batteries 
or from a power pack (see power-supply chap- 
ter). If dry batteries are used, they should be 
checked periodically, since even though they may 
show normal voltage, they eventually develop a 
high internal resistance. Grid-current flow 


through this battery resistance may increase the 


bias considerably above that anticipated. The life 
of batteries in bias service will be approximately 
the same as though they were subject to a drain 
equal to the grid current, despite the fact that the 


Rs AND 
G,] OPERATING BIAS 
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grid-current flow is in such a direction as to 
charge the battery, rather than to discharge it. 

In Fig. 6-17F, bias is obtained from the volt- 
age drop across a resistor in the cathode (or 
filament center-tap) lead. Protective bias is ob- 
tained by the voltage drop across Rs as a result 
of plate (and screen) current flow. Since plate 
current must flow to obtain a voltage drop across 
the resistor, it is obvious that cut-off protective 
bias cannot be obtained. When excitation is ap- 
plied, plate (and screen) current increases and 
the grid current also contributes to the drop 
across Rs, thereby increasing the bias to the op- 
erating value. Since the voltage between plate 
and cathode is reduced by the amount of the volt- 
age drop across Rs, the over-all supply voltage 
must be the sum of the plate and operating-bias 
voltages. For this reason, the use of cathode bias 
usually is limited to low-voltage tubes when the 
extra voltage is not difficult to obtain, 

The resistance of the cathode biasing resistor 
Rs should be adjusted to the value which will 
give the correct operating bias voltage with rated 
grid, plate and screen currents flowing with the 
amplifier loaded to rated input. When excitation 
is removed, the input to most types of tubes will 
fall to a value that will prevent damage’ to the 
tube, at least for the period of time required to 
remove plate voltage. A disadvantage of this 
biasing system is that the cathode r.f. connection 
to ground depends upon a bypass capacitor. From 
the consideration of v.h.f. harmonics and sta- 
bility with high-perveance tubes, it is preferable 


Feeding the Grid 


to make the cathode-to-ground impedance as 
close to zero as possible. 


Screen Voltage 


For c.w. operation, and under certain condi- 
tions of phone operation (see amplitude-modula- 
tion chapter), the screen may be operated from 
a power supply of the same type used for plate 
supply, except that voltage and current ratings 
should be appropriate for screen requirements. 
The screen may also be operated through a series 
resistor or voltage-divider from a source of 
higher voltage, such as the plate-voltage supply, 
thus making a separate supply for the screen 
unnecessary. Certain precautions are necessary, 
depending upon the method used. 

It should be kept in mind that screen current 
varies widely with both excitation and loading. 
If the screen is operated from a fixed-voltage 
source, the tube should never be operated with- 
out plate voltage and load, otherwise the screen 
may be damaged within a short time. Supplying 
the screen through a series dropping resistor 
from a higher-voltage source, such as the plate 
supply, affords a measure of protection, since the 
resistor causes the screen voltage to drop as the 
current increases, thereby limiting the power 
drawn by the screen. However, with a resistor, 
the screen voltage may vary considerably with 
excitation, making it necessary to check the volt- 
age at the screen terminal under actual operating 
conditions to make sure that the screen voltage 
is normal. Reducing excitation will cause the 
screen current to drop, increasing the voltage; 
increasing excitation will have the opposite ef- 
fect. These changes are in addition to those 
caused by changes in bias and plate loading, so 
if a screen-grid tube is operated from a series 
resistor or a voltage divider, its voltage should 
be checked as one of the final adjustments after 
excitation and loading have been set. 

An approximate value for thé screen-voltage 
dropping resistor may be obtained by dividing 
the voltage drop required from the supply volt- 
age (difference between the supply voltage and 
rated screen voltage) by the rated screen current 
in decimal parts of an ampere. Some further ad- 
justment may be necessary, as mentioned above, 
so an adjustable resistor with a total resistance 
above that calculated should be provided. 


Protecting Screen-Grid Tubes 


Considerably less grid bias is required to cut 
off an amplifier that has a fixed-voltage screen 
supply than one that derives the screen voltage 
through a high value of dropping resistor. When 
a “stiff? screen voltage supply is used, the 
necessary grid cut-off voltage may be determined 
from an inspection of the tube curves or by ex- 
periment. ; 

When the screen is supplied from a series 
dropping resistor, the tube can be protected by 
the use of a clamper tube, as shown in Fig. 6-18. 
The grid-leak bias of the amplifier tube with 
excitation is supplied also to the grid of the 
clamper tube, This is usually sufficient to cut off 
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Fig. 6-18—Screen clamper circuit for protecting 
screen-grid power tubes. The VR tube is needed only 
for complete screen-voltage cut-off. 


the clamper tube. However, when excitation is 
removed, the clamper-tube bias falls to zero and 
it draws enough current through the screen drop- 
ping resistor usually to limit the input to the 
amplifier to a safe value. If complete screen- 
voltage cut-off is desired, a VR tube may be in- 
serted in the screen lead as shown. The VR-tube _ 
voltage rating should be high enough so that it 
will extinguish when excitation is removed. 


FEEDING EXCITATION TO THE GRID 


The required r.f. driving voltage is supplied 
by an oscillator generating a voltage at the de- 
sired frequency, either directly or through inter- 
mediate amplifiers or frequency multipliers. 

As explained in the chapter on vacuum-tube 
fundamentals, the grid of an amplifier operating 
under Class C conditions must have an exciting 
voltage whose peak value exceeds the negative 
biasing voltage over a portion of the excitation 
cycle. During this portion of the cycle, current 
will flow in the grid-cathode circuit as it does in 
a diode circuit when the plate of the diode is 
positive in respect to the cathode. This requires © 
that the r.f. driver supply power. The power re- 
quired to develop the required peak driving 
voltage across the grid-cathode impedance of 
the amplifier is the r.f. driving power. 

The tube tables give approximate figures for 
the grid driving power required for each tube 
under various operating conditions. These fig- 
ures, however, do not include circuit losses. In 
general, the driver stage for any Class C ampli- 
fier should be capable of supplying at least three 
times the driving power shown for typical oper- 
ating conditions at frequencies up to 30 Mc.,, 
and from three to ten times at higher frequencies. 

Since the d.c. grid current relative to the bias- 
ing voltage is related to the peak driving voltage, 
the d.c. grid current is commonly used as a con- 
venient indicator of driving conditions. A driver 
adjustment that results in rated dic. grid current 
when the d.c. bias is at its rated value, indicates 
proper excitation to the amplifier when it is 
fully loaded. 

In coupling the grid input circuit of an ampli- 
fier to the output circuit of a driving stage the 
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Fig. 6-19—Coupling excita- 

tion to the grid of an r.f. 

power amplifier by means 

of a low-impedance coaxial 
line. 


Ci, Ca, bi, ls—See corresponding components in Fig. 6-10. 
C.—Amplifier grid tank capacitor—see text and Fig. 6-20 for capacitance, Fig. 6-34 for voltage rating. 


C,—0.001-Hf. disk ceramic. 


L,-To resonate at operating frequency with C2. See LC chart inductance formula in electrical-laws chapter, or 


use ARRL Lightning Calculator. 


L,—Reactance equal to line impedance—see reactance chart and inductance formula in electrical-laws chapter, 


or use ARRL Lightning Calculator. 


R is used to simulate grid impedance of the amplifier when a low-power s.w.r. indicator, such as a resist- 
ance bridge, is used. See formula in text for calculating value. Standing-wave indicator SWR is 


inserted only while line is made flat. 


_ objective is to load the driver plate circuit so that 
the desired amplifier grid excitation is obtained 
without exceeding the plate-input ratings of the 
driver tube. 


Driving Impedance 


The grid-current flow that results when the 
grid is driven positive in respect to the cathode 
over a portion of the excitation cycle represents 
an average resistance across which the exciting 
voltage must be developed by the driver. In 
other words, this is the load resistance into which 
the driver plate circuit must be coupled. The ap- 
proximate grid input resistance is given by: 


Input impedance (ohms) 


driving power (watts) 
d.c. grid current (ma.)? X 620,000 


For normal operation, the driving power and grid 
current: may be taken from the tube tables. 

Since the grid input resistance is a matter of a 
few thousand ohms, an impedance step-down is 
necessary if the grid is to be fed from a low- 
impedance transmission line. This can be done 
by the use of a tank as an impedance-transform- 
ing device in the grid circuit of the amplifier as 
shown in Fig, 6-19. This coupling system may be 
considered either as simply a means of obtaining 
mutual inductance between the two tank coils, or 
as a low-impedance transmission line. If the line 
is longer than a small fraction of a wave length, 
and if a s.w.r. bridge is available, the line is more 
easily handled by adjusting it as a matched trans- 
mission line. 


Inductive Link Coupling with Flat Line 


In adjusting this type of line, the object is to 
make the s.w.r. on the line as low as possible 
over as wide a band of frequencies as possible so 
that power can be transferred over this range 
without retuning. It is assumed that the output 
coupling considerations discussed earlier have 
been observed in connection with the driver plate 


circuit. So far as the amplifier grid circuit is 
concerned, the controlling factors are the Q of 
the tuned grid circuit, LeCe, (see Fig. 6-20) the 
inductance of the coupling coil, L4, and the de- 
gree of coupling between Lg and L4. Variable 
coupling between the coils is convenient, but not 
strictly necessary if one or both of the other 
factors can be varied, An s.w.r. indicator (shown 
as “SWR” in the drawing) is essential. An indi- 


DRIVING POWER (WATTS) 


D.C. GRID CURRENT (MA)? 


Fig. 6-20—Chart showing required grid tank capaci- 
tance for a Q of 12. To use, divide the driving power 
in watts by the square of the d.c. grid current in 
milliamperes and proceed as described under Fig. 
6-9. Driving power and grid current may be taken 
from the tube tables. When a split-stator capacitor 
is used in a balanced grid circuit, the capacitance 
of each section may be half that shown. 


Interstage Coupling 


cator such as the “Micromatch” (a commercially 
available instrument) may be connected as shown 
and the adjustments made under actual operating 
conditions; that is, with full power applied to 
the amplifier grid. 

Assuming that the coupling is adjustable, start 
with a trial position of L4 with respect to Le, and 
adjust C2 for the lowest s.w.r. Then change the 
coupling slightly and repeat. Continue until the 
s.w.r. is as low as possible; if the circuit con- 
stants are in the right region is should not be 
difficult to get the s.w.r. down to 1 to 1. The Q 
of the tuned grid circuit should be designed to 
be at least 10, and if it is not possible to get.a 
very low s.w.r. with such a grid circuit the prob- 
able reason is that Lg is too small. Maximum 
coupling, for a given degree of physical coupling 
will occur when the inductance of L4 is such that 
its reactance at the operating frequency is equal 
to the characteristic impedance of the link line. 
The reactance can be calculated as described in 
the chapter on electrical fundamentals if the 
inductance is known; the inductance can either 
be calculated from the formula in the same 
chapter or measured as described in the chapter 
on measurements, ‘ 

Once the s.w.r. has been brought down 'to 1 to 
1, the frequency should be shifted over the band 
so that the variation in s.w.r. can be observed, 
without changing C2 or the coupling between La 
and 4. If the s.w.r. rises rapidly on either side of 
the original frequency the circuit can be made 
“flatter” by reducing the Q of the tuned grid cir- 
cuit. This may be done by decreasing C, and cor- 
respondingly increasing Lg to maintain reso- 
nance, and by tightening the coupling between Lo 
and Ls, going through the same adjustment 
process again. It is possible to set up the system 
so that the s,w.r. will not exceed 1.5 to 1 over, for 
example,.the entire 7-Mc. band and proportion- 
ately on other bands. Under these circumstances 
a single setting will serve for work anywhere in 
the band, with essentially constant power trans- 
fer from the line to the power-amplifier grids. 

If the coupling between Ly and L, is not ad- 
justable the same result may be secured by vary- 
ing the L/C ratio of the tuned grid circuit — that 
is, by varying its Q. If any difficulty is encoun- 
tered it can be overcome by changing the number 
of turns in L4 until a match is secured. The two 
coils should be tightly coupled. 

When a resistance-bridge type s.w.r. indicator 
(see measurements chapter) is used it is not 
possible to put the full power through the line 
when making adjustments. In such case the oper- 
ating conditions in the amplified grid circuit can 
be simulated by using a carbon resistor (14 or 
1 watt size) of the same value as the calculated 
amplifier grid impedance, connected as indicated 
by the arrows in Fig. 6-19. In this case the ampli- 
fier tube must be operated “cold”— without fila- 
ment or heater power. The adjustment process 
is the same as described above, but with the 
driver power reduced to a value suitable for 
operating the s.w.r. bridge. 

When the grid coupling system has been ad- 
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justed so that the s.w.r. is close to 1 to 1 over the 
desired frequency range, it is certain that the 
power put into the link line will be delivered to 
the grid circuit. Coupling will be facilitated if the 
line is tuned as described under the earlier’ sec- 
tion on output coupling systems. 


Link Feed with Unmatched Line 


When the system is to be treated without re- 
gard to transmission-line effects, the link line 
must not offer appreciable reactance at the oper- 
ating frequency. Any appreciable reactance will 
in effect reduce the coupling, making it impos- 
sible to transfer sufficient power from the driver 
to the amplifier grid circuit. Coaxial cables es- 
pecially have considerable capacitance for even 
short lengths and it may be more desirable to 
use a spaced line, such as Twin-Lead, if the 
tadiation can be tolerated. 

The reactance of the line can be nullified only 
by making the link resonant. This may require 
changing the number of turns in the link coils, 
the length of the line, or the insertion of a tun- 
ing capacitance. Since the s.w.r. on the link line 
may be quite high, the line losses increase be- 
cause of the greater current, the voltage increase 
may be sufficient to cause a breakdown in the in- 
sulation of the cable and the added tuned circuit 
makes adjustment more critical with relatively 
small changes in frequency. 

These troubles may not: be encountered if the 
link line is kept very short for the highest fre- 
quency. A length of 5 feet or more may be tol- 
erable at 3.5 Mc., but a length of a foot at 28 Mc. 
may be enough to cause serious effects on the 
functioning of the system. 

Adjusting the coupling in such a system must 
necessarily be largely a matter of cut and try. 
If the line is short enough so as to have negligi- 
ble reactance, the coupling between the two tank 
circuits will increase within limits by adding 
turns to the link coils, or by coupling the link 
coils more tightly, if possible, to the tank coils. ° 
If it is impossible to change either of these, a 
variable capacitor of 300 uuf. may be connected 
in series with or in parallel with the link coil at 
the driver end of the line, depending upon which 
connection is the most effective. 

If coaxial line is used, the capacitor should be 
connected in series with the inner conductor, If 
the line is long enough to have appreciable react- 
ance, the variable capacitor is used to resonate 
the entire link circuit. 

The size of the link coils and the length of the 
line, as well as the size of the capacitor, will 
affect the resonant frequency, and it may take an 
adjustment of all three before the capacitor will 
show a pronounced effect on the coupling. 

When the system has been made resonant, 
coupling may be adjusted by varying the link 
capacitor. 


Simple Capacitive Interstage Coupling 


The capacitive system of Fig. 6-21A is the 
simplest of all coupling systems. In this circuit, 
the plate tank circuit of the driver, CiL4, serves 
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Fig. 6-21—Capacitive-coupled amplifiers. 
A-—Simple capacitive coupling. B—Pi-sec- 
fion coupling. 


Ci—Driver plate tank capacitor—see text and Fig. 6-9 for capacitance, Fig, 6-33 for voltage rating. 

Cs—Coupling capacitor—50 to 150 pf. mica, as necessary for desired coupling. Voltage rating sum of driver 
plate and amplifier biasing voltages, plus safety factor. 

C:—Driver plate bypass capacitor—0.001-#f. disk ceramic or mica. Voltage rating same as plate voltage. 


Ci—Grid bypass—0.001-Hf, disk ceramic, 
Cs—Heater bypass—0.001-“f, disk ceramic. 


Ce—Driver plate blocking capacitor—0.001-pf. disk ceramic or mica. Voltage rating same as Co 


Cr—Pi-section input capacitor—see text referring to Fig. 6-12 for capacitance. Voltage rating—see Fig. 6-33A. 

Cs—Pi-section output capacitor—100-pf. mica. Voltage rating same as driver plate voltage plus safety factor. 

li—To resonate at operating frequency with Ci. See LC chart and inductance formula in electrical-laws chapter, 
or use ARRL Lightning Calculator. 

La—Pi-section inductor—See Fig. 6-12. Approx. same as [3. 


RFC,—Grid r.f. choke—2.5-mh. 
RFC.—Driver plate r.f. choke—2.5 mh. 


also as the grid tank of the amplifier. Although it 
is used more frequently than any other system, 
it is less flexible and has certain limitations that 
must be taken into consideration. 

The two stages cannot be separated physically 
any appreciable distance without involving loss 
in transferred power, radiation from the cou- 
pling lead and the danger of feedback from this 
lead. Since both the output capacitance of the 
driver tube and the input capacitance of the 
amplifier are across the single circuit, it is some- 
times difficult to obtain a tank circuit with a 
sufficiently low Q to provide an efficient circuit 
at the higher frequencies. The coupling can be 
varied by altering the capacitance of the coupling 
capacitor, C2. The driver load impedance is the 
sum of the amplifier grid resistance and the 
reactance of the coupling capacitor in series, the 
coupling capacitor serving simply as a series 
reactor. The driver load resistance increases with 
a decrease in the capacitance of the coupling 
capacitor. 

When the amplifier grid impedance is lower 
than the optimum load resistance for the driver, 
a transforming action is possible by tapping the 
grid down on the tank coil, but this is not recom- 


mended because it invariably causes an increase 
in v.h.f, harmonics and sometimes sets up a para- 
sitic circuit. 

So far as coupling is concerned, the Q of the 
circuit is of little significance. However, the other 
considerations discussed earlier in connection 
with tank-circuit Q should be observed. 


Pi-Network Interstage Coupling 


A pi-section tank circuit, as shown in Fig. 
6-21B, may be used as a coupling device between 
screen-grid amplifier stages. The circuit can also 
be considered a coupling arrangement with the 
grid of the amplifier tapped down on the circuit 
by means of a capacitive divider. In contrast to 
the tapped-coil method mentioned previously, this 
system will be very effective in reducing v.h.f. 
harmonics, because the output capacitor, Cg, pro- 
vides a direct capacitive shunt for harmonics 
across the amplifier grid circuit. 

To be most effective in reducing v.h.f. har- 
monics, Cg should be a mica capacitor connected 
directly across the tube-socket terminals. Tap- 
ping down on the circuit in this manner also 
helps to stabilize the amplifier at the operating 
frequency because of the grid-circuit loading 


Neutralizing 


provided by Cg. For the purposes both of sta- 
bility and harmonic reduction, experience has 
shown that a value of 100 pf. for Cg usually is 
sufficient. In general, C7 and Le should have 
values approximating the capacitance and in- 
ductance used in a conventional tank circuit. 
A reduction in the inductance of Le results in an 
increase in coupling because Cz must be in- 
creased to retune the circuit to resonance. This 
changes the ratio of C7 to Cg and has the effect of 
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moving the grid tap up on the circuit. Since the 
coupling to the grid is comparatively loose under 
any condition, it may be found that it is impos- 
sible to utilize the full power capability of the 
driver stage. If sufficient excitation cannot be ob- 
tained, it may be necessary to raise the plate volt- 
age of the driver, if this is permissible. Other- 
wise a larger driver tube may be required. As 
shown in Fig. 6-21B, parallel driver plate feed 
and amplifier grid feed are necessary. 


R.F. POWER AMPLIFIER CIRCUITRY | 


STABILIZING AMPLIFIERS 


A straight amplifier operates with its input and 
output circuits tuned to the same frequency. 
Therefore, unless the coupling between these two 
circuits is brought to the necessary minimum, the 
amplifier will oscillate as a tuned-plate tuned-grid 
circuit. Care should be used in arranging com- 
ponents and wiring of the two circuits so that 
there will be negligible opportunity for coupling 
external to the tube itself. Complete shielding 
between input and output circuits usually is re- 
quired. All r.f. leads should be kept as short as 
possible and particular attention should be paid 
to the r.f. return paths from plate and grid tank 
circuits to cathode. In general, the best arrange- 
ment is one in which the cathode connection to 
ground, and the plate tank circuit are on the same 
side of the chassis or other shielding. The “hot” 
lead from the grid tank (or driver plate tank) 
should be brought to the socket through a hole 
in the shielding. Then when the grid tank capaci- 
tor or bypass is grounded, a return path through 
the hole to cathode will be encouraged, since 
transmission-line characteristics are simulated. 

A check on external coupling between input 
and output circuits can be made with a sensitive 
indicating device, such as the one diagrammed in 
Fig. 6-22, The amplifier tube is removed from 
its socket and if the plate terminal is at the 
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Fig. 6-22—Circuit of sensitive neutralizing indicator. 

Xtal is a 1N34 germanium diode, MA a 0-1 direct- 

current milliammeter and C a 0.001-#f, mica bypass 
capacitor. 


socket, it should be disconnected. With the driver 
stage running and tuned to resonance, the indi- 
cator should be coupled to the output tank coil 
and the output tank capacitor tuned for any in- 
dication of rf. feedthrough. Experiment with 
shielding and rearrangement of parts will show 
whether the isolation can be improved. 


Screen-Grid Tube Neutralizing Circuits 


The plate-grid capacitance of screen-grid tubes 
is reduced to a fraction of a micromicrofarad by 


Fig. 6-23—Screen-grid neutralizing circuits. A~Induc- 
tive neutralizing. B-C—Capacitive neutraliz- 
ing. 

Ci—Grid bypass capacitor—approx. 0.001-f. mica. 
Voltage rating same as biasing voltage in 
B, same as driver plate voltage in C. 

Ce—Neuvtralizing capacitor—approx. 2 to 10 pupf.— 
see text. Voltage rating. same as amplifier 
plate voltage for c.w., twice this value for 
plate modulation, 

Li, Le—Neutralizing link—usually a turn or two will be 
sufficient. 
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the interposed grounded screen. Nevertheless, 
the power sensitivity of these tubes is so great 
that only a very small afount of feedback is 
necessary to start oscillation. To assure a stable 
amplifier, it is usually necessary to load the grid 
circuit, or to use a neutralizing circuit. 

Fig. 6-23A shows how a screen-grid amplifier 
may be neutralized by the use of an inductive link 
fine coupling the input and output tank circuits 
in proper phase. If the initial connection proves 
to be incorrect, connections to one of the link 
coils should be reversed. Neutralizing is ad- 
justed by changing the distance between the 
link coils and the tank coils. 

A capacitive neutralizing system for screen- 
grid tubes is shown in Fig. 6-23B. Ce is the 
neutralizing capacitor. The capacitance should 
be chosen so that at some adjustment of C2, 


Ci _ Tube grid-plate capacitance (or Cgp) 
CG, Tube input capacitance (or Cyx) 


The grid-cathode capacitance must include all 
strays directly across the tube capacitance, in- 
cluding the capacitance of the tuning-capacitor 
stator to ground, This may amount to 5 to 20 
wef. In the case of capacitance coupling, as 
shown in Fig. 6-23C, the output capacitance of 
the driver tube must be added to the grid- 
cathode capacitance of the amplifier in arriving 
at the value of Cy. 


Neutralizing a Screen-Grid Amplifier Stage 


There are two general procedures available for 
indicating neutralization in a screen-grid ampli- 
fier stage, If the screen-grid tube is operated with 
or without grid current, a sensitive output indi- 
cator can be used. If the screen-grid tube is 
operated with grid current, the grid-current 
reading can be used as an indication of neutrali- 
zation. When the output indicator is used, both 
screen and plate voltages must be removed from 
the tubes, but the d.c. circuits from plate and 
screen to cathode must be completed. If the grid- 
current reading is used, the plate voltage may 
remain on but the screen voltage must be zero, 
with the dic. circuit completed between screen 
and cathode. 

The immediate objective of the neutralizing 
process is reducing to a minimum the rf. driver 
voltage fed from the input of the amplifier to 
its output circuit through the grid-plate capac- 
itance of the tube. This is done by adjusting 
carefully, bit by bit, the neutralizing capacitor 
or link coils until an r.f. indicator in the output 
circuit reads minimum, or the reaction of the un- 
loaded plate-circuit tuning on the grid-current 
value is minimized. 

The device shown in Fig. 6-22 makes a sensitive 
neutralizing indicator. The link should be coupled 
to the output tank coil at the low-potential or 
“ground” point. Care should be taken to make 
sure that the coupling is loose enough at all 
times to prevent burning out the meter or the 
rectifier. The plate tank capacitor should be re- 
adjusted for maximum reading after each change 
in neutralizing. 


OSCILLATORS, MULTIPLIERS, AMPLIFIERS 


When the grid-current meter is used as a neu- 
tralizing indicator, the screen should be grounded 
for rf. and d.c., as mentioned above. There will 
be a change in grid current as the unloaded plate 
tank circuit is tuned through resonance. The 
neutralizing capacitor (or inductor) should be 
adjusted until this deflection is brought to a mini- 
mum. As a final adjustment, screen voltage should 
be returned and the neutralizing adjustment con- 
tinued to the point where minimum plate current, 
maximum grid current and maximum screen cur~ 
rent occur simultaneously. An increase in grid 
current when the plate tank circuit is tuned 
slightly on the high-frequency side of resonance 
indicates that the neutralizing capacitance is too 
small. If the increase is on the low-frequency side, 
the neutralizing capacitance is too large. When 
neutralization is complete, there should be a 
slight decrease in grid current on either side of 
resonance, , 


Grid Loading 


The use of a neutralizing circuit may often be 
avoided by loading the grid circuit if the driving 
stage has some power capability to spare. Load- 
ing by tapping the grid down on the grid tank 
coil (or the plate tank coil of the driver in the 
case of capacitive coupling), or by a resistor 
from grid to cathode is effective in stabilizing an 
amplifier, but either device may increase v.h.f. 
harmonics. The best loading system is the use of 
a pi-section filter, as shown in Fig. 6-21B. This 
circuit places a capacitance directly between grid 
and cathode. This not only provides the desirable 
loading, but also a very effective capacitive short 
for v.h.f. harmonics. A 100-pf. mica capacitor 
for Cg, wired directly between tube terminals, 
will usually provide sufficient loading to stabilize 
the amplifier. 


V.H.F. Parasitic Oscillation 


Parasitic oscillation in the v.h.f. range will 
take place in almost every r.f. power amplifier. 
To test for v-h.f. parasitic oscillation, the grid 
tank coil (or driver tank coil in the case of ca- 
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Fig. 6-24—A—Usual parasitic circuit. B—Resistive load- 
ing of parasitic circuit. C—Inductive coupling of 
loading resistance into parasitic circuit. 


Neutralizing 


pacitive coupling) should be short-circuited with 
a clip lead. This is to prevent any possible t.g.t.p. 
oscillation at the operating frequency which 
might lead to confusion in identifying the para- 
sitic. Any fixed bias should be replaced with a 
grid leak of 10,000 to 20,000 ohms. All load on 
the output of the amplifier should be discon- 
nected. Plate and screen voltages should be re- 
duced to the point where the rated dissipation is 
not exceeded. If a Variac is not available, volt- 
age may be reduced by a 115-volt lamp in series 
with the primary of the plate transformer. 

With power applied only to the amplifier under 
test, a search should be made by adjusting the 
input capacitor to several settings, including 
minimum and maximum, and turning the plate 
capacitor through its range for each of the grid- 
capacitor settings. Any grid current, or any dip 
or flicker in plate current at any point, indi- 
cates oscillation. This can be confirmed by an 
indicating absorption wavemeter tuned to the 
frequency of the parasitic and held close to the 
plate lead of the tube. 

The heavy lines of Fig. 6-24A show the usual 
parasitic tank circuit, which resonates, in most 
cases, between 150 and 200 Mc. For each type of 
tetrode, there is a region, usually below the para- 
sitic frequency, in which the tube will be self- 
neutralized. By adding the right amount of in- 
ductance to the parasitic circuit, its resonant 
frequency can be brought down to the frequency 
at which the tube is self-neutralized. However, 
the resonant frequency should not be brought 


down so low that it falls close to TV Channel 6° 


(88 Mc.). From the consideration of TVI, the 
circuit may be loaded down to a frequency not 
lower than 100 Mc. If the self-neutralizing fre- 
quency is below 100 Mc., the circuit should be 
loaded down to somewhere between 100 and 120 
Mc. with inductance. Then the parasitic can be 
suppressed by loading with resistance, as shown 
in Fig. 6-24B, A coil of 4 or 5 turns, 4% inch in 
diameter, is a good starting size. With the tank 
capacitor turned to maximum capacitance, the 
circuit should be checked with a g.d.o. to make 
sure the resdnance is above 100 Mc. Then, with 
the shortest possible leads, a noninductive 100- 
ohm 1-watt resistor should be connected across 
the entire coil. The amplifier should be tuned up 
to its highest-frequency band and operated at 
low voltage. The tap should be moved a little at 
a time to find the minimum number of turns re- 
quired to suppress the parasitic. Then voltage 
should be increased until the resistor begins to 
feel warm after several minutes of operation, 
and the power input noted. This input should be 
compared with the normal input and the power 
rating of the resistor increased by this propor- 
tion ; ie., if the power is half normal, the wattage 
rating should be doubled. This increase is best 
made by connecting l-watt carbon resistors in 
parallel to give a resultant of about 100 ohms. 
As power input is increased, the parasitic may 
start up again, so power should be applied only 
momentarily until it is made certain that the 
parasitic is still suppressed. If the parasitic starts 
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up again when voltage is raised, the tap must be 
moved to include more turns. So long as the 
parasitic is suppressed, the resistors will heat up 
only from the operating-frequency current. 

Since the resistor can be placed across only 
that portion of the parasitic circuit represented 
by L,, the latter should form as large a portion 
of the circuit as possible. Therefore, the tank 
and bypass capacitors should have the lowest 
possible inductance and the leads shown in heavy 
lines should be as short as possible and of the 
heaviest practical conductor. This will permit Ly 
to be of maximum size without tuning the cir- 
cuit below the 100-Mc. limit. 

Another arrangement that has been used suc- 
cessfully is shown in Fig. 6-24C. A small turn 
or two is inserted in place of Ly, and this is cou- 
pled to a circuit tuned to the parasitic frequency 
and loaded with resistance. The heavy-line circuit 
should first be checked with a g.d.o. Then the 
loaded circuit should be tuned to the same fre- 
quency and coupled in to the point where the 
parasitic ceases. The two coils can be wound on 
the same form and the coupling varied by sliding 
one of them. Slight retuning of the loaded circuit 
may be required after coupling. Start out with 
low power as before, until the parasitic is sup- 
pressed. Since the loaded circuit in this case car- 
ries much less operating-frequency current, a 
single 100-ohm 1-watt resistor will often be suf- 
ficient and a 30-pf. mica trimmer should serve 
as the tuning capacitor, Cy. 


Low-Frequency Parasitic Oscillation 


The screening of most transmitting screen-grid 
tubes is sufficient to prevent low-frequency para- 
sitic oscillation caused by resonant circuits set up 
by r.f. chokes in grid and plate circuits. Should 
this type of oscillation (usually between 200 and 
1200 kc.) occur, see paragraph under triode am- 
plifiers, 


PARALLEL AND PUSH-PULL AMPLIFIERS 


The circuits for parallel-tube amplifiers are the 
same as for a single tube, similar terminals of 
the tubes being connected together. The grid im- 
pedance of two tubes in parallel is half that of a 
single tube, This means that twice the grid tank 
capacitance shown in Fig. 6-20 should be used 
for the same Q. 

The plate load resistance is halved so that the 
plate tank capacitance for a single tube (Fig. 
6-10) also should be doubled. The total grid cur- 
rent will be doubled, so to maintain the same grid 
bias, the grid-leak resistance should be half that 
used for a single tube. The required driving 
power is doubled. The capacitance of a neutral- 
izing capacitor, if used, should be doubled and 
the value of the screen dropping resistor should 
be cut in half, 

In treating parasitic oscillation, it is often 
necessary to use a choke in each plate lead, 
rather than one in the common lead to avoid 
building in a push-pull type of v.h-f, circuit, a 
factor in obtaining efficient operation at higher 
frequencies, 
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Basic push-pull circuits are shown in Fig. 
6-26C and D. Amplifiers using this circuit are 
cumbersome to bandswitch and consequently are 
not very popular below 30 Mc. However, since 
the push-pull configuration places tube input 
and output capacitances in series, the circuit is 
widely used at 50 Mc. and higher. 


TRIODE AMPLIFIERS 


Circuits for triode amplifiers are shown in 
Fig. 6-26. All triode straight amplifiers (not 
multipliers) must be neutralized. From the tube 
tables, it will be seen that triodes require con- 

we siderably more driving power than screen-grid 
ORIVER tubes. However, they also have less power sensi- 
tivity, so that greater feedback can be tolerated 
without the danger of instability. 
RFC RFC Triode amplifiers can be neutralized using 
T An either the sensitive output rectifier or the grid- 
current meter as an indicator. In either case, the 
i plate voltage must be zero and the d.c. circuit 


‘a complete between plate and cathode. 


+ ~BiAs Fit. Low-Frequency Parasitic Oscillation 


When 1.f. chokes are used in both grid and 
plate circuits of a triode amplifier, the split- 
stator tank capacitors combine with the r.f. 
chokes to form a low-frequency parasitic circuit, 


Fig. 6-25—When a pi-network output circuit is used 

with a triode, a balanced grid circuit must be pro- 

vided for neutralizing. A—Inductive-link input. B— 
Capacitive input coupling. 
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Fig. 6-26—Triode amplifier circuits. A—Link coupling, single tube. B—Capacitive coupling, single tube. C—Link 
coupling, push-pull, D—Capacitive coupling, push-pull. Aside from the neutralizing circuits, which are manda- 
tory with triodes, the circuits are the same as for scree n-grid tubes, and should have the same values through- 
out, The neutralizing capacitor, C;, should have a capacitance somewhat greater than the grid-plate capaci- 
tance of the tube. Voltage rating should be twice the d.c. plate voltage for c.w., or four times for plate 
modulation, plus safety factor. The resistance Ri should be at least 100 ohms and it may consist of part or 
preferably all of the grid leak. For other component values, see similar screen-grid diagrams. 
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Grounded-Grid Amplifiers 
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Fig. 6-27—A—Grounded-grid triode input circuit. B—Tetrode input circuit with grid and screen directly in 
parallel. C—Tetrode circuit with d.c. voltage applied to the screen. Plate circuits are conventional, 


unless the amplifier circuit is arranged to prevent 
it. In the circuit of Fig. 6-26B, the amplifier grid 
is series fed and the driver plate is parallel fed. 
For low frequencies, the r.f. choke in the driver 
plate circuit is shorted to ground through the 
tank coil. In Figs. 6-26C and D, a resistor is sub- 
stituted for the grid r.f. choke. This resistance 
should be at least 100 ohms. If any grid-leak re- 
sistance is used for biasing, it should be substi- 
tuted for the 100-ohm resistor. 


Triode Amplifiers with Pi-Network Output 


Pi-network output tanks, designed as de- 
scribed earlier for screen-grid tubes, may also be 
used with triodes, However, in this case, a bal- 
anced input circuit must be provided for neu- 
tralizing. Fig. 6-25A shows the circuit when 
inductive-link input coupling is used, while B 
shows the circuit to be used when the amplifier 
is coupled capacitively to the driver. Pi-network 
circuits cannot be used in both input and output 
circuits, since no means is provided for neu- 
tralizing, 


GROUNDED-GRID AMPLIFIERS 


Fig. 6-27A shows the input circuit of a grounded- 
grid triode amplifier. In configuration it is sim- 
ilar to the conventional grounded-cathode circuit 
except that the grid, instead of the cathode, is at 
ground potential. An amplifier of this type is 
characterized by a comparatively low input im- 
pedance and a relatively high driver-power re- 
quirement. The additional driver power is not 
consumed in the amplifier but is “fed through” 
to the plate circuit where it combines with the 
normal plate output power. The total r.f. power 
output is the sum of the driver and amplifier out- 
put powers less the power normally required to 
drive the tube in a grounded-cathode circuit. 

Positive feedback is from plate to cathode 
through the plate-cathode capacitance of the 
tube. Since the grounded grid is interposed be- 
tween the plate and cathode, this“capacitance is 
small, and neutralization usually is not necessary. 

In the grounded-grid circuit the cathode must 
be isolated for r.f. from ground. This presents a 
practical difficulty especially in the case of a 
filament-type tube whose filament current is 
large. In plate-modulated phone operation the 
driver power fed through to the output is not 
modulated. 

The chief application for grounded-grid ampli- 


fiers in amateur work below 30 Mc. is in the case 
where the available driving power far exceeds 
the power that can be used in driving a conven- 
tional grounded-cathode amplifier. 

D.c. electrode voltages and currents in 
grounded-grid triode-amplifier operation are the 
same as for grounded-cathode operation. Ap- 
proximate values of driving power, driving im- 
pedance, and total power output in Class C 
operation can be calculated as follows, using in- 
formation normally provided in tube data sheets. 
R.m.s, values are of the fundamental components: 


Ey = rms. value of r.f. plate voltage == 
d.c. plate volts + d.c, bias volis — peakr.f. grid volts 
141 


Ip = r.m.s. value of rf. plate current 


_ rated power output watts 
Ey 
Eg = r.m.s. value of grid driving voltage 


_ peak rf. grid volts 
1.41 


Ig = r.m.s. value of r.f. grid current 


_ rated driving power watts 
cee | eames 
Driving power (watts) = Eg (Ip + Ig) 


Then 

Driving impedance (ohms) = ELE 
Power fed through from driver stage (watts) =Eglp 
Total power output (watts) = Ip (Eg + Ep) 


Screen-grid tubes are also used sometimes in 
grounded-grid amplifiers. In some cases, the 
screen is simply connected in parallel with the 
grid, as in Fig. 6-27B, and the tube operates as a 
high-# triode. In other cases, the screen is by- 
passed to ground and operated at the usual dic. 
potential, as shown at C. Since the screen is still 
in parallel with the grid for r.f., operation is very 
much like that of a triode except that the positive 
voltage on the screen reduces driver-power re- 
quirements. Since the information usually fur- 
nished in tube-data sheets does not apply to 
triode-type operation, operating conditions are 
usually determined experimentally. In general, 
the bias is adjusted to produce maximum output 
(within the tube’s dissipation rating) with the 
driving power available. 
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Fig. 6-28 shows two methods of coupling a 
grounded-grid amplifier to the 50-ohm output of 
an existing transmitter. At A an L network ‘is 
used, while a conventional link-coupled tank is 
shown at B. The values shown will be approxi- 
mately correct for most triode amplifiers oper- 
ating at 3.5 Mc, Values should be cut in half each 
time frequency is doubled, ie. 250 auf. amd 7.5 
#h. for 7 Mc., etc. 


Filament Isolation 


In indirectly-heated cathode tubes, the low 
heater-to-cathode capacitance will often provide 
enough isolation to keep r.f. out of the heater 
transformer and the a.c. lines. If not, the heater 
voltage must bé applied through r.f. chokes. 

In a directly-heated cathode tube, the filament 
must be maintained above r.f. ground. This can 
be done by using a pair of filament chokes or by 
using the input tank circuit, as shown in Fig. 
6-29. In the former method, a double solenoid 
(often wound on a ferrite core) is generally used, 
although separate chokes can be used. When the 
tank circuit is used, the tank inductor is wound 
from two (insulated) conductors in parallel or 
from an insulated conductor inside a tubing outer 
conductor. 


(A) ae (B) 


Fig. 6-29—Methods of isolating filament from ground. 
A—R.f. chokes in filament circuit. B—Filament fed 
through input tank inductor. 


FIL. TRANS. 


OUTPUT POWER AMPLIFIERS FOR 
TRANSMITTERS 


C.w. or F.M.: In a c.w. or f.m. transmitter, any 
class of amplifier can be used as an output or 
intermediate amplifier. (For reasonable effi- 
ciency, a frequency multiplier must be operated 
Class C.) Class-C operation of the amplifier 
gives the highest efficiency (65 to 75 per cent), 
but it is likely to be accompanied by appreciable 
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Fig. 6-28—Two 
ways to couple a 
low-impedance 
driver to a 
grounded-grid_in- 
put. A—L network. 
B — Link - coupled 
tank circuit. 
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harmonics and consequent TVI possibilities. If 
the excitation is keyed in a c.w. transmitter, 
Class-C operation of subsequent amplifiers will, 
under certain conditions, introduce key clicks 
not present on the keyed excitation (see chapter 
on “Code Transmission”). The peak envelope 
power (p.e.p.) input or output of any c.w. (or 
f.m.) transmitter is the “key-down” input or out- 
put. 

A.m.: In an amplitude-modulated phone trans- 
mitter, plate modulation of a Class-C output am- 
plifier results in the highest output for a given 
input to the output stage. The efficiency is the 
same as for c.w. or f.m. with the same amplifier, 
from 65 to 75 per cent. (In most cases the manu- 
facturer rates the maximum allowable input on 
plate-modulated phone at about % that of c.w. or 
fm.). A plate-modulated stage running 100 watts 
input will deliver a carrier output of from 65 to 
75 watts, depending upon the tube, frequency and 
circuit factors. The p.e.p. output of any a.m. sig- 
nal is four times the carrier output power, or 260 
to 300 watts for the 100-watt input example. 

Grid- (control or screen) modulated output am- 
plifiers in a.m. operation run at a carrier efficiency 
of 30 to 35 per cent, and a grid-modulated stage 
with 100 watts input has a carrier output of 30 
to 35 watts. (The p.e.p. output, four times the 
carrier output, is 120 to 140 watts. 

Running the legal input limit in the United 
States, a plate-modulated output stage can de- 
liver a carrier output of 650 to 750 watts, while 
a screen- or control-grid-modulated output ampli- 
fier can deliver only a carrier of 300 to 350 watts, 

S.s.B.: Only linear amplifiers'can be used to 
amplify s.s.b. signals without distortion, and this 
limits the choice of output amplifier operation to 
Classes A, AB,, AB, and B. The efficiency of 
operation of these amplifiers runs from about 20 
to 65 per cent. In all but Class-A operation the 
indicated (by plate-current meter) input will vary 
with the signal, and it is not possible to talk about 
relative inputs and outputs as readily as it is with 
other modes. Therefore linear amplifiers are 
rated by p.e.p. (input or output) at a given dis- 
tortion levél, which indicates not only how much 
s.s.b. signal they will deliver but also how effec- 
tive they will be in amplifying an a.m. signal. 

LINEAR AMPLIFIERS FoR A.M.: In considering 
the practicality of adding a linear output amplifier 
to an existing a.m. transmitter, it is necessary to 
know the carrier output of the a.m. transmitter 
and the p.e.p. output rating of the linear ampli- 
fier. Since the p.e.p. output of an a.m. signal is 


Frequency Multipliers 


four times the carrier output, it is obvious that a 
linear with a p.e.p. output rating of only four 
times the carrier output of the a.m. transmitter 
is no amplifier at all. If the linear amplifier has 
a p.e.p. output rating of 8 times the a.m. trans- 
mitter carrier output, the output power will be 
doubled and a 3-db. improvement will be ob- 
tained. In most cases a 3-db. change is just dis- 
cernible by the receiving operator. 

By comparison, a linear amplifier with a p.e.p. 
output rating of four times an existing s.s.b., c.w. 
or f.m. transmitter will quadruple the output, a 
6-db. improvement. It should be noted that the 
linear amplifier must be rated for the mode 
(s.s.b., c.w. or f.m.) with which it is to be used. 

GROUNDED-GRID AMPLIFIERS: The preceding 
discussion applies to vacuum-tube amplifiers con- 
nected in grounded-cathode or grounded-grid 
circuits. However, there are a few points that 
apply only to grounded-grid amplifiers, 

A tube operated in a given class (AB,, B, C) 
will require more driving power as a grounded- 
grid amplifier than as a grounded-cathode ampli- 
fier. This is not because the grid losses run higher 
in the grounded-grid configuration but because 
some of the driving power is coupled directly 
through the tube and appears in the plate load 
circuit. Provided enough driving power is avail- 
able, this increased requirement is of no concern 
in c.w. or linear operation. In a.m. operation, 
however, the fed-through power prevents the 
grounded-grid amplifier from being fully modu- 
lated (100 per cent). 
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Single-Tube Multiplier 


Output at a multiple of the frequency at 
which it is being driven may be obtained from 
an amplifier stage if the output circuit is tuned 
to a harmonic of the exciting frequency instead 
of to the fundamental. Thus, when the fre- 
quency at the grid is 3.5 Mc., output at 7 Mc., 
10.5 Mc., 14 Mc., etc., may be obtained by tuning 
the plate tank circuit to one of these frequencies, 
The circuit otherwise remains the same as that 
for a straight amplifier, although some of the 
values and operating conditions may require 
change for maximum multiplier efficiency. 

A practical limit to efficiency and output within 
normal tube ratings is reached when the multi- 
plier is operated at maximum permissible plate 
voltage and maximum permissible grid current. 
The plate current should be reduced as necessary 
to limit the dissipation to the rated value by in- 
creasing the bias and decreasing the loading. 

Multiplications of four or five sometimes are 
used to reach the bands above 28 Mc. from a 
lower-frequency crystal, but in the majority of 
lower-frequency transmitters, multiplication in 
a single stage is limited to a factor of two or 
three. Screen-grid tubes make the best multipliers 
because their high power-sensitivity makes them 
easier to drive properly than triodes. 

Since the input and output circuits are not 
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tuned close to the same frequency, neutralization 
usually will not be required. Instances may be 
encountered with tubes of high trans-conduct- 
ance, however, when a doubler will oscillate in 
t.g.t.p. fashion. The link neutralizing system of 
Fig. 6-23A is convenient in such a contingency 


Push-Push Multipliers 


A two-tube circuit which works well at even 
harmonics, but not at the fundamental or odd 
harmonics, is shown in Fig. 6-30. It is known as 
the push-push circuit. The grids are connected 
in push-pull while the plates are connected in 
parallel. The efficiency of a doubler using this 
circuit approaches that of a straight amplifier. 

This arrangement has an advantage in some 
applications. If the heater of one tube is turned 
off, its grid-plate capacitance, being the same as 
that of the remaining tube, serves to neutralize 


~BIAS +HV 


Fig. 6-30—Circuit of a push-push frequency multiplier 
for even harmonics. 

Cil: and Czls—See text. 

Cs—Plate bypass—O.001-“f, disk ceramic or mica. 


the circuit. Thus provision is made for either 
straight amplification at the fundamental with a 
single tube, or doubling frequency with two tubes. 

The grid tank circuit is tuned to the frequency 
of the driving stage and should have the same 
constants as indicated in Fig. 6-20 for balanced 
grid circuits. The plate tank circuit is tuned to 
an even multiple of the exciting frequency, and 
should have the same values as a straight ampli- 
fier for the harmonic frequency (see Fig. 6-10), 
bearing in mind that the total plate current of 
both tubes determines the C to be used. 


Push-Pull Multiplier 


A single- or parallel-tube multiplier will deliver 
output at either even or odd multiples of the 
exciting frequency. A push-pull stage does not 
work as a doubler or quadrupler but it will work 
as a tripler. 


METERING 


Fig. 6-31 shows how a voltmeter and milliam- 
meter should be connected to read various volt- 
ages and currents. Voltmeters are seldom in- 
stalled permanently, since their principal use is in 
preliminary checking. Also, milliammeters are 
not normally installed permanently in all of the 
positions shown. Those most often used are the 
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Fig. 6-31—Diagrams showing placement of voltmeter 
and milliammeter to obtain desired measurements. 
A-Series grid feed, parallel plate feed and series 
screen voltage-dropping resistor. B—Parallel grid 
feed, series plate feed and screen voltage divider. 


=-0 o+ 
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ones reading grid current and plate current, or 
grid current and cathode current. 

Milliammeters come in various current ranges. 
Current values to be expected can be taken from 
the tube tables and the meter ranges selected 
accordingly. To take care of normal overloads 
and pointer swing, a meter having a current 
range of about twice the normal current to be 
expected should be selected. 

Grid-current meters connected as shown in 
Fig. 6-31 and meters connected in the cathode 
circuit need no special precautions in mounting 
on the transmitter panel so far as safety is con- 
cerned. However, milliammeters having zero- 
adjusting screws on the face of the meter should 
be recessed behind the panel so that accidental 
contact with the adjusting screw is not possible, 
if the meter is connected in any of the other posi- 
tions shown in Fig. 6-31. The meter can be 
mounted on a small subpanel attached to the 
front panel with long screws and spacers. The 
meter opening should. be covered with glass or 
celluloid. Illuminated meters make reading 
easier. Reference should also be made to the TVI 
chapter of this Handbook in regard to wiring and 
shielding of meters to suppress TVI. 


Meter Switching 


Milliammeters are expensive items and there- 
fore it is seldom feasible to provide metering of 
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grid, screen and plate currents of all stages. 
The exciter stages in a multistage transmitter 
often do not require metering after initial ad- 
justments. It is common practice to provide a 
meter-switching system by which a single milli- 
ammeter may be switched to read currents in as 
many circuits as desired. Two such meter- 
switching circuits are shown in Fig. 6-32. In 
Fig. 6-32A the resistors R (there could be more, 
of course) are connected in the various circuits 
in place of the milliammeters shown in Fig. 6-31. 
If the resistance of R is much higher than the 
internal resistance of the milliammeter, it will 
have no practical effect upon the reading of the 
meter. Care should be taken to observe proper 
polarity in making the connections between the 
resistors and the switch, and the switch should 
have adequate insulation and be of the “non- 
shorting” type. The circuit is used when the cur- 
rents to be metered are of the same order. 

When the meter must read currents of widely 
differing values, a low-current meter should be 
used as a voltmeter to measure the voltage drop 
across a resistor of, say, 10 to 100 ohms, An 
example of this circuit is shown in Fig. 6-32B; 
the resistor in series with the meter serves as the 
voltmeter multiplier (see chapter on measure- 
ments). Both the line resistor and the higher 
multiplier can be varied, to give a wide range 
for the single meter. Standard values of resistors 
can usually be found for any desired range. 


AMPLIFIER ADJUSTMENT 


Earlier sections in this chapter have dealt with 
the design and adjustment of input (grid) and 


O ® 
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Fig. 6-32—Two circuits for switching a single milliam- 
meter. (A) Where all currents are of the same order, 
the single meter is switched across resistors having 10 
to 20 times the internal resistance of the meter. (B) 
Where a wide range of currents is to be metered, a 
low-current meter is used as a voltmeter. 


Amplifier Adjustment 


output (plate) coupling systems, the stabilization 
of amplifiers, and the methods of obtaining the 
required electrode voltages. Reference to these 
sections should be made as necessary in follow- 
ing a procedure of amplifier adjustment. 

The objective in the adjustment of an inter- 
mediate amplifier stage is to secure adequate 
excitation to the following stage. In the case of 
the output or final amplifier, the objective is to 
obtain maximum power output to the antenna. 
The adjustment must be consistent with the tube’s 
voltage, current and dissipation ratings. 

Adequate drive to a following amplifier is 
normally indicated when rated grid current in the 
following stage is obtained with the stage operat- 
ing at rated bias, the stage loaded to rated plate 
current, and the driver stage tuned to resonance. 
In a final amplifier, maximum output is normally 
indicated when the output coupling is adjusted 
so that the amplifier tube draws rated plate 
current when it is tuned to resonance. 

Resonance in the plate circuit is normally 
indicated by the dip in plate-current reading 
as the plate tank capacitor is tuned through its 
range. When the stage 
is unloaded, or lightly 
loaded, this dip in plate a 
current will be quite pro- 
nounced. As the loading 
is increased, the dip-wiil 
become less noticeable. 
See Fig, 6-4. However, in (A) 
the base of a screen-grid 
tube whose screen is fed 
through a series resistor, 
maximum output may not 
be simultaneous with the 
dip in plate current. The 
reason for this is that the 
screen current varies 
widely as the plate circuit 
is tuned through resonance. 
This variation in. screen 
current causes a corre- 
sponding variation in the 
voltage drop across the 
screen resistor. In this 
case, maximum output 
may occur at an adjust- 
ment that results in an 
optimum combination of 
screen voltage and near- 
ness to resonance. This 
effect will seldom be ob- 
served when the screen is 
operated from a fixed 
voltage source. 

The first step in the adjustment of an amplifier 
is to stabilize it, both at the operating frequency 
by neutralizing it if necessary, and at parasitic 
frequencies by introducing suppression circuits. 

If “flat” transmission-line coupling is used, the 
output end of the line should be matched, as de- 
scribed in this chapter for the case where the 
amplifier is to feed the grid of a following stage, 
or in the transmission-line chapter if the ampli- 
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fier is to feed an antenna system. After proper 
match has been obtained, all adjustments in cou- 
pling should be made at the input end of the line. 

Until preliminary adjustments of excitation 
have been made, the amplifier should be operated 
with filament voltage on and fixed bias, if it is 
required, but screen and plate voltages off. With 
the exciter coupled to the amplifier, the coupling 
to the driver should be adjusted until the ampli- 
fier draws rated grid current, or somewhat above 
the rated value. Then a load (the antenna grid 
of the following stage, or a dummy load) should 
be coupled to the amplifier. 

With screen and plate voltages (preferably re- 
duced) applied, the plate tank capacitor should 
be adjusted to resonance as indicated by a dip 
in plate current. Then, with full screen and plate 
voltages applied, the coupling to the load should 
be adjusted until the amplifier draws rated plate 
current. Changing the coupling to the load will 
usually detune the tank circuit, so that it will be 
necessary to readjust for resonance each time a 
change in coupling is made. An amplifier should 
not be operated with its plate circuit off reso- 
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+HV 
(E) Fig. 6-33—Diagrams showing the 
peak voltage for which the plate 
tank capacitor should be rated for 
c.w. operation with various circuit 
arrangements. E is equal to the 
dic. plate voltage. The values 
should be doubled for plate mod- 
ulation. The circuit is assumed to 
be fully loaded. Circuits A, C and 
E require that the tank capacitor 
(H) +Hv be insulated from chassis or 
ground, and from the control. 


nance for any except the briefest necessary time, 
since the plate dissipation increases greatly when 
the plate circuit is not at resonance. Also, a 
screen-grid tube should not be operated without 
normal load for any appreciable length of time, 
since the screen dissipation increases. 

It is normal for the grid current to decrease 
when the plate voltage is applied, and to decrease 
again as the amplifier is loaded more heavily. As 
the grid current falls off, the coupling to the 
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driver should be increased to maintain the grid 
current at its rated value. 


COMPONENT RATINGS AND 
INSTALLATION 


Plate Tank-Capacitor Voltage 


In selecting a tank capacitor with a spacing 
between plates sufficient to prevent voltage 
breakdown, the peak r.f. voltage across a tank 
circuit under load, but without modulation, may 
be taken conservatively as equal to the d.c. plate 
voltage. If the dc. plate voltage also appears 
across the tank capacitor, this must be added to 
the peak r.f. voltage, making the total peak volt- 
age twice the dic. plate voltage. If the amplifier 
is to be plate-modulated, this last value must be 
doubled to make it four times the d.c. plate 
voltage, because both d.c. and r.f. voltages 
double with 100-per-cent plate modulation, At 
the higher plate voltages, it is desirable to 
choose a tank circuit in which the d.c. and modu- 
lation voltages do not appear across the tank 
capacitor, to permit the use of a smaller capac- 
itor with less plate spacing. Fig. 6-33 shows the 
peak voltage, in terms of d.c. plate voltage, to be 
expected across the tank capacitor in various 
circuit arrangements. These peak-voltage values 
are given assuming that the amplifier is loaded 


to rated plate current. Without load, the peak 


r.f. voltage will run much higher. 

The plate spacirig to be used for a given peak 
voltage will depend upon the design of the varia- 
ble capacitor, influencing factors being the me- 
chanical construction of the unit, the insulation 
used and its placement in respect to intense 
fields, and the capacitor plate shape and degree 
of polish. Capacitor manufacturers usually rate 
their products in terms of the peak voltage 
between plates. Typical plate spacings are shown 
in the following table. 


Typical Tank-Capacitor Plate Spacings 


Spacing Peak Spacing Peak Spacing Peak 


(In.) Voltage (In.) Voltage (In.) Voltage 
0.015 1000 0.07 3000 0.175 7000 
0.02 1200 0.08 3500 0.25 9000 
0.03 1500 0.125 4500 0.35 11000 
0.05 2000 0.15 6000 0.5 13000 


Plate tank capacitors should be mounted as 
close to the tube as temperature considerations 
will permit, to make possible the shortest capaci- 
tive path from plate to cathode. Especially at the 
higher frequencies where minimum circuit ca- 


pacitance becomes important, the capacitor 
should be mounted with its stator plates well 
spaced from the chassis or other shielding. In 
circuits where the rotor must be insulated from 
ground, the capacitor should be mounted on 
ceramic insulators of size commensurate with the 
plate voltage involved and — most important of 
all, from the viewpoint of safety to the operator 
—a well-insulated coupling should be used be- 
tween the capacitor shaft and the dial. The sec- 
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Fig. 6-34—The voltage rating of the grid tank capaci- 
tor in A should be equal to the biasing voltage plus 
about 20 per cent of the plate voltage. 


tion of the shaft attached to the dial should be 
well grounded. This can be done conveniently 
through the use of panel shaft-bearing units. 


Grid Tank Capacitors 


In the circuit of Fig. 6-34A, the grid tank ca- 
pacitor should have a voltage rating approxi- 
mately equal to the biasing voltage plus 20 per 
cent of the plate voltage. In the balanced circuit 
of B, the voltage rating of each section of the 
capacitor should be this same value. 

The grid tank capacitor is preferably mounted 
with shielding between it and the tube socket for 
isolation purposes. It should, however, be 
mounted close to the socket so that a short lead 
can be passed through a hole to the socket. The 
rotor ground lead or bypass lead should be run 
directly to the nearest point on the chassis or 
other shielding. In the circuit of Fig. 6-34A, the 
same insulating precautions mentioned in connec- 
tion with the plate tank capacitor should be used. 


Plate Tank Coils 


The inductance of a manufactured coil usu- 
ally is based upon the highest plate-voltage/ 
plate-current ratio likely to be used at the 
maximum power level for which the coil is de- 
signed. Therefore in the majority of cases, the 
capacitance shown by Figs. 6-9 and 6-20 will be 
greater than that for which the coil is designed 
and turns must be removed if a Q of 10 or more 
is needed. At 28 Mc., and sometimes 21 Mc., the 
value of capacitance shown by the chart for a 
high plate-voltage/plate-current ratio may be 
Jower than that attainable in practice with the 
components available. The design of manufac- 
tured coils usually takes this into consideration 
also and it may be found that values of capaci- 
tance greater than those shown (if stray capaci- 
tance is included) are required to tune these 
coils to the band, 

Manufactured coils are rated according to the 
plate-power input to the tube or tubes when the 
stage is loaded. Since the circulating tank current 
is much greater when the amplifier is unloaded, 
care should be taken to operate the amplifier 
conservatively when unloaded to prevent damage 
to the coil as a result of excessive heating. . 


Component Ratings 


Tank coils should be mounted at least their 
diameter away from shielding to prevent a 
marked loss in Q. Except perhaps at 28 Mc., it is 
not important that the coil be mounted quite 
close to the tank capacitor. Leads up to 6 or 8 
inches are permissible. It is more important to 
keep the tank capacitor as well as other compo- 
nents out of the immediate field of the coil. For 
this reason, it is preferable to mount the coil so 
that its axis is parallel to the capacitor shaft, 
either alongside the capacitor or above it. 

There are many factors that must be taken 
into consideration in determining the size of wire 
that should be used in winding a tank coil. The 
considerations of form factor and wire size that 
will produce a coil of minimum loss are often of 
less importance in practice than the coil size that 
will fit into available space or that will handle the 
required power without excessive heating. This 
is particularly true in the case of screen-grid 
tubes where the relatively small driving power 
required can be easily obtained even if the losses 
in the driver are quite high. It may be considered 
preferable to take the power loss if the physical 
size of the exciter can be kept down by making 
the coils small. . 

The accompanying table shows typical con- 
ductor sizes that are usually found to be adequate 
for various power levels. For powers under 25 
watts, the minimum wire sizes shown are largely 
a matter of obtaining a coil of reasonable Q. So 
far as the power is concerned, smaller wire could 
be used, 


Wire Sizes for Transmitting Coils 


Power Input (Watts) | Band (Mc.) Wire Size 


28-21 6 
1000 14.7 8 
3.5-1.8 10 


28-21 8 
14-7 12 
3.5-1.8 14 


28-21 12 
14-7 14 
3.5-1.8 18 


28-21 14 
14-7 18 
3.5-1.8 22 


28-21 18 
25 or Jess* 14-7 24 
3.5-1.8 28 


*Wire size limited principally by consideration of Q. 


Space-winding the turns invariably will result 
in a coil of higher Q, especially at frequencies 
above 7 Mc., and a form factor in which the 
turns spacing results in a coil length between 1 
and 2 times the diameter is usually considered 
satisfactory. Space winding is especially desir- 
able at the higher power levels because the heat 
developed is dissipated more readily.. The power 
lost in a tank coil that develops appreciable heat 
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at the higher-power levels does not usually rep- 
resent a serious loss percentagewise. A more 
serious consequence, especially at the higher fre- 
quencies, is that coils of the popular “air-wound” 
type supported on plastic strips may deform. In 
this case, it may be necessary to use wire (or 
copper tubing) of sufficient size to make the coil 
self-supporting. Coils wound on tubular forms 
of ceramic or mica-filled bakelite will also stand 
higher temperatures. 


Plate-Blocking and Bypass Capacitors 


Plate-blocking and bypass capacitors should 
have low inductance. Between 3.5 and 30 Mc. a 
capacitance of 0.001 uf. is commonly used. The 
voltage rating should be 50% above the peak sup- 
ply voltage. 

Disk ceramic capacitors are to be preferred as 
bypass capacitors, since when they are applied 
correctly (see TVI chapter), they are series 
resonant in the TV range and thus very useful in 
filtering power leads. 


R. F. Chokes 


The characteristics of any r.f. choke will vary 
with frequency, from characteristics resembling 
those of a parallel-resonant circuit, of high im- 
pedance, to those of a series-resonant circuit, 
where the impedance is lowest. In between these 
extremes, the choke will show varying amounts 
of inductive or capacitive reactance. 

In series-feed circuits, these characteristics are 
of relatively small importance because the r.f. 
voltage across the choke is negligible. In a 
parallel-feed circuit, however, the choke is 
shunted across the tank circuit, and is subject to 
the full tank r.f. voltage. If the choke does not 
present a sufficiently high impedance, enough 
power will be absorbed by the choke to cause it to 
burn out. - 

To avoid this, the choke must have a suffi- 
ciently high reactance to be effective at the low- 
est frequency, and yet have no series resonances - 
near the higher-frequency bands. 

Universal pie-wound chokes of the “receiver” 
type (2.5 mh., 125 ma.) are usually satisfactory 
if the plate voltage does not exceed 750. For 
higher voltages, a single-layer solenoid-type 
choke of correct design has been found satisfac- 
tory. The National type R-175A and Raypar 
RL-100, RL-101 and RL-102 are representative 
manufactured types. 

Since the characteristics of a choke will be 
affected by any metal in its field, it should be 
checked when mounted in the position in which 
it is to be used, or in a temporary set-up simu- 
lating the same conditions. The plate end of the 
choke should not be connected, but the power- 
supply end should be connected directly, or by- 
passed, to the chassis. The g.d.o. should be cou- | 
pled as close to. the ground end of the choke as 
possible. Series resonances, indicating the fre- 
quencies of greatest loss, should be checked with 
the choke short-circuited with a short piece of 
wire. Parallel resonances, indicating frequencies 
of least loss, are checked with the short removed. 
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Fig. 6-35—Top-chassis layout of the 
transmitter and power supply. The oscil- 
lator stage is at the right of the trans- 
mitter chassis, the tune-operate switch 
is at the top-center of the chassis, and 
the p.a. stage is at the left. The heat 
sink for Qs is visible at the far left corner 
of the transmitter chassis—just behind 
the p.a. coil. Q: is behind the plug-in coil 
at the right rear of the chassis. 


A TRANSISTOR 5-WATTER FOR 80 AND 40 


This transmitter is capable of spanning great 
distances with its signal if used with a good an- 
tenna. It is easy to build and get operating, and 
at moderate cost. (Originally described in QST, 
June 1967.) Because it operates from 12 or 28 
volts d.c., it is useful not only in a fixed station, 
but as a portable c.w. rig. It can be used to drive a 
vacuum-tube amplifier if higher power is desired. 


The R.F. Circuit 


In the circuit of Fig. 6-36, Q, serves as a 
modified Pierce oscillator with the crystal Y, 
connected between its base and collector. A 
1000-pf. silver-mica capacitor is used between the 
base of Q, and ground to regulate feedback. The 
d.c. supply lead is broken at J, for keying, and a 
100-ohm resistor and 10-yf. capacitor form a 
shaping network to give a click-free c.w. signal. 

Q, and Qz are 5-watt n.p.n. transistors selected 
because of their low cost and reasonably-high 
upper-frequency limit (fp=100 Mc.). Many 
other types could be made to work in the circuit, 
probably with greater output and better efficiency. 
However, the 2N2102s do a fine job here even 
though the efficiency falls off slightly at 40 meters. 

Equal outputs on both 80 and 40 meters no 
doubt could be obtained if u.hf.-type transistors 
were used, but these are far more costly than the 
2N2102s. Among the “hotter” transistors are the 
2N3553, 40280, 40290, 2N3118, and others. If the 
builder is not experienced with transistor circuit 
design, it would be best to stick to the ZN2102s. 
Other types would require different bias resistor 
values, different driving-power levels, and differ- 
ent impedance-matching taps on the tuned cir- 
cuits. Also, the “hotter” transistors might cause 
circuit instability, which is sometimes hard to 
cure in transistor rigs. 

L,L, is a plug-in coil assembly wound for a 
good impedance match between the collector of 
Q, and the base of Qo. A 33-ohm resistor and 
0.01-uf. capacitor are connected between the cold 
end of L, and ground. The resistor permits Qzy to 
be driven farther into the class-C bias region than 


would be possible without it, adding somewhat 
to the efficiency of the stage. Depending on the 
transistor used, the value of the base-leak resistor 
could be something other than 33 ohms for best 
efficiency. Ordinarily, the value will be some- 
where between 10 and 100 ohms. If the builder 
wishes he can use a 100-ohm potentiometer in 
place of the fixed resistor and adjust it for opti- 
mum transmitter output. 

A 56-ohm resistor is shown bridged across the 
base winding, Ly. This resistor was added to 
“load” the input circuit of Q, when a slight 
amount of instability was noted on 40 meters. 
The resistor cured the problem, but it may not 
be necessary to use it in other models. It can be 
eliminated if there is no instability. 

The collector of Q, is tapped down on Lz, a 
plug-in coil, to provide a suitable impedance 
match to the antenna circuit, thus assuring max- 
imum power transfer. L, is wound to match 50 
ohms, but will work into a 75-ohm termination 
too. To use the transmitter with random-wire 
antennas, or feed lines of higher impedance than 
75 ohms, a transmatch can be employed.1 

A 250-ma. pilot lamp, I,, is connected in series 
with the d.c. collector lead to Qo, serving not only 
as a fuse but as a current indicator, Because the 
bulb causes a voltage drop of approximately 10 
volts (key down) it limits the power input to Qo 


‘during tuneup. The bulb is shorted out by Sy, in 


normal operation. A No. 47 bulb, J,, in series 
with the ground return side of L, serves as an rf. 
output indicator for tuneup, and is shorted out by 
S1p for normal operation. It lights to full brilli- 
ance when the transmitter is working into a 
proper load. 


Power Supply Circuit 


The power supply circuit of Fig. 6-40, takes 
advantage of the “electronic-filtering” concept 


1See Chapter 13 for examples of transmatch con- 
struction and use. 
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Fig. 6-36—Schematic diagram of the two-transistor transmitter. Except as indicated, decimal-value capaci- 
tances are in yf; others are in pf. Polarized capacitors are electrolytic; other fixed capacitors are disk ce- 
ramic. Resistances are in ohms (k == 1000). Resistors are Y2-watt composition. 


Ci, Ce—-100-pf. miniature variable (Millen 20100). 

1,~—250-ma. pilot lamp. 

lz—150-ma, pilot lamp. 

Ji—Open-circuit jack. 

Je—Phono connector. 

L:i—80 meters —. 36 turns No. 24 enam. on 1-inch dia. 
form, close-wound. Tap 15% turns 
from Ci end. 

40 meters == 18 turns No. 20 enam. close-wound 
on 1-inch dia. form. Tap at 534 turns 
from Ci end. 

Le—80 meters = 6 turns No, 24 enam. close-woynd 
over cold end of Li. 


described in other QST articles.2:3 Although at 
first glance the circuit may look like that of a 
regulated power supply, it isn’t. For good d.c. 
regulation, Q, would need a voltage reference 
between its base and the negative side of the 
supply. However, the circuit offers some regula- 
tion and performs far better in that respect than 
would be the case if the operating voltage were 
taken directly from the bridge rectifier and filter 
capacitor. 

The regulation is sufficient for the transmitter 
of Fig. 6-36. From no load to full-load cur- 
rent of about 250 ma. the voltage drop is approxi- 
mately four volts—from 28 volts to 24 volts. 
Better regulation could be had by:reducing the 
value of the 220-ohm resistor between the col- 
lector and base of Qs, but this would increase the 
ripple in the output of the supply. The values 
given represent a good compromise. The r.f. out- 
put of the transmitter is free of noticeable a.c. 
ripple when operated from this power supply. 


Assembling the Equipment 


Home-made open-end aluminum chassis are 
used for both the power supply and the trans- 
mitter. The transmitter is built on a base which 
measures 1 xX 4 X 5 inches. A Bud CB-1620 
would be a suitable substitute. The power supply 
chassis measures 1 & 5 X 5 inches; a Bud CB- 


2A Transistor Power Supply’, QST, June 1962. 
8“Galeski, The Imp TR’, QST, Dec. 1961, page 10. 


40 meters = 4 turns No. 20 enam, close-wound 
over cold end of Li. 
ls—80 meters = 36 turns No. 24 enam. close-wound 


on l-inch dia. form. Tap 12 turns 
from cold end. 

40 meters = 18 turns No. 20 enam. wire, close- 
wound on J-inch dia, form. Tap 6 
turns from cold end. 


Ls—80 meters = 5 turns No. 24-enam., close-wound 
over cold end of Ls 
40 meters = 4 turns No. 20-enam., close-wound 


over cold end of Ls 
Si~—D.p.s.t. slide switch. 
Yi—3.5- or 7.0-Mc. fundamental-cut crystal. 


1629 would work nicely there. A single chassis 
could contain the entire lash-up. 

A heat sink is used to cool Qo, and details 
of the home-made model are given in Fig. 
6-38. The main body of the heat sink is a 
piece of aluminum angle, available from most 
hardware stores. The transistor is press-fit into 


Fig. 6-37--Underside of the transmitter chassis. The 

oscillator circuit is at the right. The p.a. stage is at the 

left. Connection to 1 and fz are soldered directly to 
the bases of the bulbs. 
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Fig. 6-38—Layout and assembly details of the home- 
made heat sink for Qs. The completed assembly is in- 
sulated from the main chassis of the transmitter by 
using insulating washers or rubber grommets (see text). 


a hole bored in the angle stock. A thin coating of 
silicone grease can be spread over the case of the 
transistor to provide more efficient heat transfer 
to the heat sink.4 The complete transistor heat 
sink assembly is electrically isolated from the 
main chassis of the transmitter by means of in- 
sulating washers. Small rubber grommets (two) 
will work equally as well. No need to worry about 
the dielectric quality of the insulating material if 
rubber or fiber is used. At 80 and 40 meters there 
will be no measurable r.f. loss because the col- 
lector of Q» is operating at low impedance. Under 
normal conditions, the heat sink does not get hot 
enough to cause deterioration of rubber eromunets 
if they are used, 

Pilot lamps J, and J, are held in sinks by in- 
serting them into 34-inch-diameter rubber grom- 
mets, as shown in the photos. The connections to 
the bulbs are soldered directly to their bases. 

Transistor Q, is insulated from the power- 
supply chassis by a mica spacer and two nylon 
washers. The mounting hardware is furnished 
with the transistor. A thin layer of silicone grease 
is used between the transistor and the mica spacer, 
and between the spacer and the chassis. The 
chassis provides sufficient surface area to perform 
well as a heat sink for Q,. 


Winding the Coils 


The coils are hand-wound on Millen 45005 
mica-filled forms.5 Small-diameter holes are 
drilled in the forms to allow the ends of the wind- 
ings to be passed through to the inside and then 
down into the base pins, where they are soldered 
in place. The ends of the windings should be 
brought into the coil forms directly over the base 
pins in which the wires will be soldered ; this will 
assure the shortest possible leads and will prevent 
the wires from crossing over one another inside 


4 Silicone grease is generally available from electronics 
supply houses for approximately $2.00 per tube. It is a 
worthwhile investment for those who experiment with 
power transistors, 

5 The Millen coil forms listed here, and other single 
lot Millen components, can be purchased directly from the 
manufacturer, the James Millen Mfg. Co., Inc., 150 Ex- 
change Street, Malden, Mass. 
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the coil form. The main windings are wound first. 
The secondary windings, L, and L,, are wound 
over the cold ends of their respective primary 
windings to assure tight coupling—necessary in 
this circuit for optimum power transfer. A single 
layer of masking tape is used between the pri- 
mary and secondary windings to prevent the pos- 
sibility of short circuiting. The completed coils 
can be coated with coil cement to hold the turns 
firmly in place. 


Operation 


With the power supply connected to the trans- 
mitter, a dummy load connected to Jy, and a 
crystal plugged in at Y,, apply power and key 
the transmitter. With S, in the TUNE position, 
adjust C, and C, for maximum brightness of Io. 
Normally, this point will not occur when the 
collector current is at its absolute dip (minimum 
value of current). While tuning Cy, watch for a 
point at which J, shows maximum brightness 
with the least amount of brightness at I,. Get as 
close as possible to the minimum-current condi- 
tion at J, without sacrificing lamp brilliance at 
I. In other words, do not let Q. draw any more 
current than is necessary for maximum r.f. out- 
put. If the circuit is performing properly, Q» will 
draw between 200 and 225 ma. after tuneup. At 
this current, J, will be lit to normal brightness, 
or nearly so. 

The next step is to adjust C, while monitoring 
the c.w. signal from the transmitter. It should be 


Fig. 6-39—A look into the underside of the: power 

supply. The silicon rectifiers are mounted between two 

insulated terminal strips (right). The filter capacitors 
are installed in a similar fashion. 


5-Watt Transmitter 


CRI-CR4 
INC. 


TI 


{tS VOLTS 
A.C. 
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J3 


O+ 
1000 28 VOLTS 
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Fig. 6-40—Schematic diagram of the 28-volt power supply. Capacitance is in yf. 
Capacitors are disk ceramic except those with polarity marking, which are electrolytic. 
Resistance is in ohms; resistors are Y2-watt composition. 


CR,-CR4, inc.—750-ma. 50-p.i.v. top-hat rectifiers. 

Is—Neon panel-lamp assembly with built-in dropping 
resistor. 

Js, Ja—Insulated banana jack, one red (positive) and 


possible to secure a clickless, chirp-free note. The 
transmitter should be in the oPERATE position 
for this test and the r.f. gain in the receiver should 
be retarded until the c.w. signal is coming in at 
S9 or less. Also, the receiver’s a.g.c. should be 
disabled for this check. 

Following these adjustments, the transmitter 
can be put into service. Tuneup into an antenna 
system should be done in the same manner as into 
the dummy load. J, can again be used during 
adjustment to indicate maximum transmitter 
output. 

To protect the transistor, S, should always be 
in the TUNE position while the transmitter is be- 
ing tuned up. 


one black (negative). 

Se—S.p.s.t. toggle switch. 

T1—25.2 volt, l-ampere filament transformer (Stancor 
P-6469 or equivalent). 


Some Final Comments 


The transmitter was tried with a 12-volt power 
supply and it fired up without difficulty. The 
power output was a bit less than one-half the 
amount available with the 28-volt supply. (Out- 
put at 28 volts was 3.2 watts on 80 and 2.6 watts 
on 40.) In fact, the circuit performed satisfac- 
torily at 6 volts, but the power output was less 
than one watt. 

This transmitter is not practical for use on 
frequencies above 40 meters. The limiting factor 
here is the transistor type. With v.h.f. power 
transistors in the circuit, 20-meter operation 
should be possible. 


USING A.M. WITH TRANSISTOR RIGS 


When amplitude modulating transistorized 
transmitters, certain rules must,be followed. The 
collector supply voltage of the stage, or stages, 
being modulated should be set no higher than one 
fourth the safe maximum collector-to-emitter 
voltage specified by the transistor manufacturer. 
This will allow for the four-times collector-volt- 
age swing which occurs during the peak of the 
modulation cycle. With the 5-watter in the fore- 
going text, no more than 20 volts should be used 
to supply Q, if it is to be modulated. Also, modu- 
lation should not be applied unless the transmitter 
is properly loaded into,a dummy or an antenna. 
Without a suitable load, the modulator will de- 
velop high peaks of voltage, which can in turn 
destroy the transistor stage being modulated. 

The same rules apply for transistor rigs as do 
for vacuum-tube types when it comes to effect- 

‘ing an impedance match between the modulator 
and the modulated stages of the transmitter ; use 
an audio power equal to one half the d.c. input 


to the modulated stages. If 100-percent modula- 
tion is to be obtained, it is usually necessary to 


‘ modulate the driver stage as well as the p.a., 


when a driver stage is used after the oscillator. 
If the p.a. runs at 5 watts input, the modulator 
should deliver at least 2.5 watts of undistorted 
audio output for good modulation. Push-pull class 
AB- or B-type modulators (transistorized) are 
recommended. 

The modulator load impedance can be calcu- 
lated by dividing the collector supply voltage by 
the collector current (loaded) in amperes. At 
5 watts input (20-volt collector supply), the 
transmitter in the preceding text will present 
an 80-ohm load to the modulator. With no driver 
stage to modulate, 80-percent modulation is about 
the best that can be expected because of r.f. feed- 
through from the oscillator stage. 

The tuning of the driver and p.a. stages will 
usually have a marked effect on the quality of 
the modulated signal. It is suggested that an os- 
cilloscope be used when tuning for the best 
waveform obtainable during modulation. 
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A FIVE-BAND “FIFTY WATTER” 


The transmitter shown in Figs. 6-41 through 
6-45 is easy. to construct and to get working. 
Metal work is minimized by using a “box-on- 
chassis” arrangement. This complete enclosure 
also provides good shielding, a “must” in avoid- 
ing TVI. 

Referring to the circuit diagram, Fig. 6-42, 
a 12BY7 is used as a crystal oscillator stage. 
Fundamental or harmonic energy from the crystal 
is selected by the setting of S,. The coils of L, 
through L, are adjusted only during the initial 
test procedure. Eighty-meter crystals are used 
for operation on 80 and 40 meters ; 7-Mc. crystals 
are used on 7, 14, 21, and 28 Mc. 

The 6DQ6B is used as a straight-through am- 
plifier at all times. Its output circuit is a pi net- 
work designed to work into loads of 50 to 75 
ohms. Switch Sy selects the correct number of 
turns in L, for each band, and it also adds capaci- 

_ tance across both Cg and C, in the 3.5-Mc. posi- 
tion. RFC, is a safety device that will blow the 
fuse if by any chance the 0.01-uf. plate blocking 
capacitor should fail. The 6DQ6B is a high-gain 
tube, and both a neutralizing circuit (C,,C,) and 
a parasitic suppressor (RFC) are included to 
insure a clean signal. 

The function switch, S's, selects the type of 
operation desired. In the TUNE position, the am- 
plifier screen is grounded, to limit plate current 
during the tune-up procedure. In the norx posi- 
tion, both oscillator and amplifier are keyed, for 
break-in operation. In cat, the amplifier cathode 
is removed from the keying line, and only the 
oscillator operates when the key is pressed. This 
permits the operator to locate his frequency in 
the band with respect to other signals. In amp, 
the oscillator runs continuously, and only the 


amplifier is keyed. This is recommended opera- 
tion on the higher frequencies, where oscillator 
keying may become chirpy. The 47-ohm resistor 
and the 4-uf. capacitor across the key jack shape 
the keying and minimize key clicks; the 0.01-zf. 
capacitor is an r.f. filter. ; 

The 0-1 milliammeter is connected as a volt- 
meter to read the voltage drops across resistors 
in the grid, plate and screen leads. With the 
values shown, this gives a full-scale reading of 
the currents in those leads of 5, 200 and 20 ma., 
respectively. By using every other position on 
S',, the insulation between contacts is increased. 

Two power supplies are used. The first supply, 
using T, and a full-wave bridge circuit, supplies 
170 volts to the amplifier screen grid and to the 
oscillator plate and screen. The second supply 
(T, and a full-wave rectifier) delivers 460 volts 
to the amplifier plate. The supplies are turned 
on by switch S,, and the neon lamp, J,, warns 
the operator when power is present. 


Construction 


A127 X 3-inch aluminum chassis is used as 
the base for the transmitter. Placed on top of 
this, and held by six 6-32 screws is a 12 x 6 X 7- 
inch aluminum box (Premier AC-1276). For 
ventilation three rows of holes (349” diameter on 
3%” centers) are drilled on the box sides and the 
rear wall. Reynolds perforated aluminum is used 
as a top cover. One of the aluminum panels 
supplied with the box is used as a bottom plate. 
Four rubber feet are mounted on the bottom plate 
to avoid scratching the operating table. 

Although layout is not critical (except for the 
mounting of Cy), it is advisable to follow the 
photographs. as closely as possible. 4-40 hardware 


Fig. 6-41—The five-band 50-watt 
transmitter is a two-tube unit much 
superior to the “simple 1-tube” trans- 
mitters often recommended for new- 
comers to amateur radio. The cab- 
inet combines a chassis and an 
aluminum “utility box.” 

Switch under meter permits read- 
ing grid, screen and plate current 
of output stage. From left to right 
along base: neon bulb indicator, a.c. 
switch, quartz crystal, grid band- 
switch, function switch, key jack. 
Lower knob at right is loading con- 
trol, upper knob is for plate tuning. 
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Fig. 6-42—Circuit diagram of the five-band 50 watter. Unless indicated otherwise, capacitances are in pf. and. 
resistances are in ohms, 2-watt. Capacitors marked with polarity are electrolytic; capacitors with decimal value 
of uf. are disc ceramic. 


Ci—140-pf. variable (Hammarlund APC-140). 

Ce—One-inch wide aluminum strip. See Fig. 6-37. 

C3—140-pf. variable (Hammarlund) HFA-140-A), 

C.—150-pf. zero-temp.-coefficient (Centralab type TCZ). 

Cs—1100-pf. variable. 3-section, 365 pf. per section, 
stator sections connected in parallel, trimmers 
removed (Allied Radio 43A3522). 

Ce—680 pf., 500 volts, dipped mica. 

CRi-CR.—400 p.i.v. 750-ma. silicon diode. 

CRs, CRe—1000 p.i.v. 400-ma. silicon diode (1N3563). 

l—Neon indicator (Drake R-117-603). 

Ji—Coaxial receptacle $O-239. 

J2z—Open-circuit phone jack. 

Li—.68-1.25 wh. adjustable (Miller 2TA106RBI). 

Le—.68~1.25 uh. adjustable (Miller 21A106RBI). 

Ls—1.35-2.75 wh. adjustable (Miller 21A236RBl). 

Li—9.4-15.0 wh. adjustable (Miller 21A155RBl). 

lL;—27.5-58 wh. adjustable (Miller 21A475RBI). 

Le—31¥% turns No. 16, 8 t.p.i., 1% inch diameter (B&W 
3018) tapped from Cs end: 234, 6%, 10%, 22% 


turns. 


L;—5.5-henry 50-ma. choke (Allied Radio 5442135). 

M,—0-1 milliammeter (Lafayette 99G5040). 

P:—Fused plug, 1¥4-amp. fuses. 

RFC1-RFCs—1-mh. 125-ma. r.f. choke (Miller 4662). 

RFCe—7 turns No. 18 space-wound on 100-ohm 1-watt 
composition resistor. 

S1—2-pole 6-position (5 used) rotary switch (Mallory 
3226)). 

Si~2-pole 6-position (4 used) rotary switch (Centralab 
PA-2003). 

Ss—3-pole 4-position rotary switch (Mallory 3234J). 

S.—2-pole: 6-position (1, 3, 5, used) rotary switch (Mal- 
lory 3226J). 

Ss—S.p.s.t. toggle. 

Ti—125-volt 50-ma., 6.3-volt 2-amp. transformer (Knight 
54A1411). 

Ts—700 v.c.t. 90-ma., 6.3-volt 3.5-amp. transformer 
(Knight 54A1429), 

(Knight products handled by Allied Radio, Chicago.) 
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Fig. 6-43—Top view of the 50 
watter shows the two power 
transformers (left rear) and 


the smaller filter choke. The 
J2BY7 crystal-oscillator tube 
(left of coil) has a tube shield 
around it. The coil is sup- 
ported at left end by ceramic 
standoff insulator, at right 
end by plate tuning capaci- 
tor. Plate choke to the 6DQ6 
is masked by parasitic sup- 
pressor, RFC, to right of tube. 

The one-inch wide strip of 
aluminum alongside the 6DQ6, 
together with the 6DQ6 plate, 
is neutralizing capacitor Cs. 
The strip extends up from the 


chassis 3 inches; it is sup- 
‘ported at the bottom by a ce- 


is required at the 12BY7 socket and the crystal 
socket, otherwise 6-32 hardware is standard. 

Liberal use has been made of tie points, solder 
lugs, and grommets. Make sure that each com- 
ponent is supported at both ends. Short r-f. leads 
are essential. Bypassing is done from the tube 
socket pin directly to a ground lug with as short 
leads as possible. Care should be taken to obtain 
good solder joints. Avoid excess heat in soldering 
any of the coils used. Lg uses the entire B & W 
stock specified. Before tapping the coil, unwind 
Y% turn from each end. Indent the turn each 
side of the desired tap by pushing gently with 
a screw driver. One end of Lg is supported by 
by C3, the other end by a 1-inch ceramic standoff 
insulator. The unused 5-volt winding of Ty, is 
taped and tucked along the side of the chassis. 
Be sure to observe proper polarity on all diodes 
and electrolytic capacitors. 


Operation 


Connect a 50-watt lamp at J, with a suitable 
connector. Plug in a 40-meter crystal in the ap- 
propriate socket and a key in the key jack. Set 
both bandswitches to the 28 Mc. position, the 
function switch to the TUNE position, and the 
meter switch to the Grip position. Plug in the 
a.c. line cord and turn on the transmitter with 
S';. Allow 30 seconds or so for the heaters of the 
tubes to light. Then press the key and adjust L, 
for 1.0 ma. of drive (0.2 on.the meter). Now 
is the correct time to neutralize the final ampli- 
fier. With the operating controls in the positions 


stated, and the key depressed, tune C, for a dip © 


in grid current. The object is to adjust C, so that 
swinging C, results in a minimum dip in grid 
current (one meter division or less). During the 
neutralization process it will be necessary to re- 
peak L, to yield the specified grid current. Once 
the resonance dip in grid current is minimized, 
the transmitter may be considered neutralized. 
With the transmitter still in the TUNE condition, 
switch to 21 Mc. and adjust L, for 1.0 ma. grid 


ramic feedthrough insulator. 


current. Do the same on 14 Mc. adjusting L,; 
similary adjust L, for 7 Mc. Then plug in an 80- 
meter crystal and adjust L; for 1.0 ma, grid cur- 
rent on 3.5 Mc. 

Choose a given band to check out the final 
amplifier. Insert the proper crystal and switch 
S, and S, to the band of operation. With S, still 
in the TUNE position, switch S, to read plate cur- 
rent. Close the key and tune Cy until a dip is 
noted, Then switch S, to the BOTH position. Check 
the dip by tuning C,. Proceed to load the amplifier 
by decreasing the capacitance of C,, until the plate 
current is 120 ma., (0.6 on the meter). Dip again 
using C3, and load again to 120 ma. using Cs. 
During the tuning process the lamp should get 
progressively brighter. 

As a final check on proper amplifier operation, 
switch S, to SCREEN. Screen current should be 
between 8 and 10 ma. (0.4 and 0.5 on the meter). 
If screen current is higher, the cause may be 
two fold; either there is a mismatch in the out- 
put circuit or grid drive is not properly adjusted. 
The latter can be remedied by adjusting L,-L, 
until the screen current is of the proper value. 

Working into an antenna is similar to the light 
bulb, although control settings may vary. When 
working into an antenna, check the amplifier 
screen current, as it will give you a good indica- 
tion as to how well everything is working. 

Keying Monitor 

The optional r.f.-powered keying monitor, 
shown in Fig, 6-45, uses a small portion of the 
rf. output to power an audio oscillator. With 
this simple addition, the operator can follow his 
sending and be sure at all times that his code 
is similar to the published one. While the monitor 
does not disclose chirps and clicks on the trans- 
mitted signals, it does tell the truth about the 
relative lengths of dots, dashes and spaces. 

‘The monitor can be assembled on a single tie- 
point strip (right, Fig. 6-44). The receiver output 
is fed to J, (Jy if the receiver output is un- 
grounded, as in the regenerative receiver, Chapter 
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Fig. 6-44—View under chassis of 50 watter shows how tie points are used to support components. Silicon-diode 
rectifiers are mounted on strips at lower left. Strip assembly at extreme right is optional keying monitor (see 
Fig. 6-45). Use of rubber grommets when leads pass through chassis is considered good practice. 


Five). The headphones are plugged in at J,. If the monitor circuit is used with a higher- 
When the transmitter is on and power is de- powered transmitter, the value of R, should be 
livered to the antenna, a fraction of the power adjusted to give approximately --6 volts at the 
is rectified and powers the monitor. point marked in Fig. 6-45. 


z 01 


Fig. 6-45—Cireuit diagram of the r.f.-powered keying monitor. Point marked “RF” connects to ungrounded 
lead of Ja (Fig. 6-42). This circuit can be used with any transmitter, simply by selecting an input resistor, Ri, that 
gives about —6 volts at the point shown. 


Ji—Phono jack, for grounded receiver input. output. 
Ja, Js—Tip jacks, for receiver with ungrounded output. Qu, Q2—2N406 or equivalent. 
Ja—Phone jack (insulated from chassis) for headphone 
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A 75-WATT TRANSMITTER FOR 80 THROUGH 10 METERS 


The two-tube transmitter shown in Fig.. 6-46 
will operate on 80, 40, 20, 15, and 10 meters and 
is capable of up to 75 watts of input power to the 
p.a. TVI shielding and filtering have been in- 
cluded in the design. Low-cost construction can 
be realized by garnering many of the components 
from a junked TV chassis, many of which can be 
purchased for a few dollars, or might even be 
obtained free of charge. 


The Circuit 


A 6BQ5 is used as a grid-plate oscillator with 
either 80- or 40-meter crystals. The plate circuit 
of the oscillator can be tuned to twice or three 
times the crystal frequency to provide the proper 
driving frequency to the 6HF5 amplifier stage, as 
required for output on the 80- through 10-meter 
bands. The amplifier can be run with as much as 
100 watts input, depending on the power supply 
‘and the tank circuit loading. 

One feature of this rig is the incorporation of 
a reflectometer between the pi-network tank cir- 
cuit and the output terminal. The tank circuit is 
designed to work into a 50-ohm load, and the 
reflectometer will show when such a load is ob- 
tained. Also, the reflectometer will provide a 
tune-up output indicator showing when r.f, energy 
is flowing to the antenna system. 

In order to keep construction costs down, an 
old TV power transformer is used to power the 
transmitter. Most TV transformers are in the 
600- to 700-volt range, center-tapped, and will 
provide about 400 volts d.c. out of the type of filter 
circuit used in this transmitter. They have plenty 
of current capability and it is an easy matter to 
get 75 watts or more power. 

Also, many of the fixed resistors and capacitors 
used in this unit can be found in the old sets. 

Amplifier grid and plate currents are measured 
by a 0-1 milliammeter connected as a voltmeter. 
Full scale for grid current is 10 ma. and for plate 
current is 400 ma. In addition, the same meter 
can be switched to read the rectified forward and 
reflected currents for the reflectometer. 

Cathode keying is employed in the rig, and by 
use of S', either the amplifier alone or both stages 
together can be keyed. 

In order to simplify construction, plug-in coils 
are used in both the grid and plate circuits of the 
amplifier. This type of construction eliminates the 
complicated switch wiring necessary for a com- 
pletely bandswitching rig. In addition, it has the 
advantage that only those coils really desired need 
be made up. 

One of the problems in using plug-in coils is 
that of providing adequate shielding for TVI. 
This is taken care of by using coil shields which 
can easily be removed for bandchanging. TVI, 
while not the problem it was in the early days of 
television, must still be reckoned with. This rig 
has adequate shielding in that the critical points 
are taken care of. 


Fig. 6-46—The controls across the chassis front from 

the left are: tune-up switch, meter switch, grid tuning, 

meter sensitivity control, amplifier tuning and loading 

control. The two coil shields are Millen type 80011. 

Note that the amplifier shield is perforated with 14- 

inch diameter holes. This is done to permit ventilation 
of the amplifier coil. 


Construction 


A3 x 10 X 12-inch aluminum chassis is used 
to house the rig, In order to obtain adequate 
shielding, the amplifier tube, ”,, is mounted on 
a 2X 2%4-inch bracket below the chassis top. As 
mentioned before, the plug-in coils are covered by 
coil shields, and the oscillator tube, V, mounted 
above deck also has a tube shield. In addition, 
the keying lead which runs from S, on the front 
of the chassis to the key jack on the back is run 
in shielded line and by-passed at both ends with 
0.001-pf. disk ceramic capacitors. With a bottom 
plate on the chassis, the r.f. shielding is tight. 
Also, a terminal strip is mounted as close as pos- 
sible to where the a.c. line enters the chassis and 
both sides of the a.c. line are bypassed with 0.001- 
pf. disk ceramic capacitors. This reduces the 
chance of harmonics escaping via the a.c. line. 
Reynolds perforated aluminum is used for the 
bottom plate and is attached with self-tapping 
screws. 

The panel meter should also be shielded. The 
simplest way to shield the meter is to cut a piece 
of copper flashing to fit around the meter and 
another. piece to make the back shield where the 
meter terminals are. The holes in the back shield 
should be made large enough to clear the meter 
terminals. These copper-flashing pieces are easy 
to solder together, so it is a simple matter to 
make an effective shield. The shield is soldered to 
lugs mounted under the meter mounting screws. 
The meter leads should be bypassed at the meter 
terminals with 0.001-pf. disk ceramics. Connect 
the capacitors between the terminal lugs and the 
copper flashing, keeping the capacitor leads as 
short as possible. 

When mounting C, on the chassis front, be 
sure the shaft of. the rotor doesn’t touch the 


75-Watt Transmitter 


6omft. 330K 
001 a50V. Ww, 
HSV 
6BQ5 G6HF5 
330K 
500! a{ js af jie a5 1W. 
Sy ON 


6.3V. 


Ci—3-30 pf. trimmer. 

Co—100-pf. silver mica. 

Cs—100-pf. variable (Millen 26100 or similar). 

C4—270-pf. silver mica. 

Cs—1.5-7-pf. trimmer (Centralab 801, 
or similar), 

Ce—140-pf. variable (Millen 22140 or similar). 
C,—3-section variable, 365-400 pf. per section (broad- 
cast t.r.f. type), with sections in, parallel, 

Cs, Co, Cro—See coil table. 

CRi, CRe—1N34A germanium diodes. 

CRs, CRa—1000-volt p.i.v., 600-ma. silicon diodes. 
Ji:—Open-circuit key jack. 

Js—Coax chassis connector, type SO-239. 


Erie 557-10R 


chassis, beacuse both the rotor and stator must 
be insulated from the chassis. The type of capaci- 
tor used for Cy has mounting studs on éither side 
of the rotor, so it is simply a matter of making 
the rotor hole large enough to clear the rotor. 
An octal socket is used for Jg, the crystal socket. 

In order to provide ventilation for the amplifier 
tube, 14-inch holes are drilled in the chassis top, 
directly over the'tube, as is apparent in the top- 
view photograph. 


Reflectometer Details 


Fig. 6-48 shows the construction details of the 
reflectometer. It is similar in construction to the 
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EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 

IN MICROFARADS ( wf); OTHERS 
ARE IN PICOFARADS (pf. OR waf.); 
RESISTANCES ARE IN OHMS; 

K* 1000 


Fig. 6-47—Circuit diagram of the 75-watt transmit- 
ter. Resistors are Y-watt unless otherwise indicated. 
All 0.01- and 0.001-uf. capacitors are disk ceramic; all- 
other fixed capacitors are silver mica with the exception 
of the electrolytics, which are marked with polarity. 


Li, Le—See coil table. 

Mi—0-1-d.c. milliammeter. 

Ri—27,000 ohms, 2 watt. 

R2—20,000-ohm control. 

Rs—5000 ohms, 20 watts, with slider. 

RFC:—RFCa, inc.—750-uh. r.f. choke (Millen 34300-750). 

S:—Two-pole, five-position rotary, three positions used 
(Centralab 1003, Mallory 3226J). 

Se—Same type as Si, four positions used. 

$3—Single-pole, single-throw toggle. 

Ti—TV transformer; see text (or Stancor P-6315). 

Y:—3.5- or 7-Mc. crystal. 

Z:—9 turns No. 20 space-wound on a 100-ohm, 1-watt 
resistor, 


Varimatch * except that RG-58/U is used instead 
of copper tubing. A piece of copper flashing or 
other solid metal is cut to the dimensions speci- 
fied, a 4g-inch-diameter hole is drilled as shown, 
and the piece is then bent into a U. The end of the 
U is mounted in the corner of the chassis, as 
shown in the bottom-view photograph, so that it 
is flush with the chassis back and is centered 
around Jy. The outer braid of the coaxial cable 
is soldered at one end to the inner-conductor pin 
of J, and at the other end to a short piece of solid 
wire connected to the terminal point mounted on 


1De Maw, ‘The Varimatcher,” QST, May 1966. 
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Fig. 6-48—-Construction details of the ele- 
ments of the reflectometer. 


top of the U at the .-inch hole. Make sure that 
the short length of wire connected to the outer 
shield doesn’t short to the edge of the hole. A 
length of solid wire, sufficiently rigid to support 
itself, is connected from the tie point to the stators 
of Cy. 

When soldering the 50-ohm resistor to the 
inner conductor of the reflectometer pick-up sec- 
tions be sure that none of the hair-like wires of 
the outer braid short to the connection. Also, 
make the resistor leads as short as possible. In 
this unit, the other end of the resistor is soldered 
directly to the copper flashing, with lead lengths 
held to less than 1% inch. 


Coil Winding 


Table I contains a coil-winding table for the 
transmitter. 

Fig. 6-49 shows the wiring of the 80- and 40- 
meter amplifier plug-in coils. These coils require 
additional capacitators, as Cg and C, do not have 
sufficient capacitance for working into a 50-ohm 
impedance on these bands. The additional capaci- 
tors should be silver mica and should be mounted 
inside the plug-in forms. 


3.5Mc. 7 Me. 
ae) °° 
ake aoden 
Cg rege ayo? Cio 
“Cg Covet 100 


H 
cto 330 rty 8200 rte 


COIL FORMS AS VIEWED 
FROM THE BOTTOM 


Fig. 6-49—Connections for the 3.5- and 7-Mc. plug-in 
coils with their respective capacitors. 
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Neutralization 


Install the 15-meter coils, leaving the shield can 
off the p.a. coil, Ly. Temporarily disconnect the 
plate and screen-grid voltage leads from V4. Turn 
the transmitter on, switch the meter to read grid 
current, and tune the oscillator stage to read 
maximum grid current with the key closed. Next, 
couple a wavemeter to L,” (C, set at maximum 
capacitance) and tune C, for a maximum indica- 
tion on the wavemeter. After this has been done, 
adjust C,, the neutralizing capacitor, for mini- 
mum indication on the wavemeter. Be sure to 
use an insulated screwdriver for this adjustment. 
Repeat the foregoing process to overcome the 
slight interreaction between C, and Cg which 
usually occurs during the first adjustments. An 
alternate method for neutralizing the amplifier 
stage, though not as effective, is to tune C; for the 
least effect in p.a. grid-current reading as Cg is 
tuned through its range—plate and screen volt- 
ages still removed. 


Operation 


The plate and screen-grid voltage leads should 
be reconnected tothe circuit at V, following neu- 
tralization, 

When you first turn on the rig, observe the 
VR tubes to see if they are lit. Initially, the com- 
plete resistance of Rg should be in the circuit. 
If the tubes are ‘not lit, turn off the transmitter 
and use an insulated screwdriver to short the 
plus-B line to chassis. (This is a safety precaution 
because the electrolytic capacitors in the supply 
are slow to discharge and you are liable to get 
a shock if you touch the plus-B line.) Next, re- 
duce the amount of resistance by moving the 
slider on Rg, then turn on:the rig and see if the 
VR tubes light. If not, turn off the rig, short the 
capacitors again and move the slider. The object 
is to have the VR tubes lit both with the key up, 
and with the key down and the rig running full 
input. It may take a few adjustments of Rg to 
accomplish this. 

Next, the transmitter can be operated into a 
dummy load.'A 100-watt light bulb will be satis- 
factory for this purpose. Connect the dummy to 
Jy. 
*Set $ 1 in the tune-up position. Switch S, to read 
grid current, and tune C, for maximum grid cur- 
rent, The current should be 5 ma. or. more. Next, 
switch the meter to read plate current, open the 
key, and set S, to either position 1 or 3. C, should 
be set at maximum capacitance. Close the key 
and tune C, for a dip (minimum) in plate current. 
The bulb should light dimly. Next, start decreas- 
ing the capacitance of C,, continually reresonat- 
ing C, and watching the bulb. The bulb should 
become almost as brilliant as- when it is screwed 
into a regular light socket. 

Next, detune C, while watching the bulb and 
it should first brighten, then dim. Adjust Cg to 
the point where the lamp is brightest and then 


2 The Radio Amateur’s Handbook, Measurements Chap- 
ter, 


-75-Watt Transmitter 


3.5 Mc. 

7 Mc. 
14 Me. 
21 Mc. 


28 Mc. 


Crystal 


3.5 Mc 
3.5 or 
7 Me. 
7 Me, 


7 Mc. 


7 Me. 


Table | 


Grid, L, 
25 wht 
16 turns, close-wound 
9 turns spaced over 
1-inch winding length 
4 turns spaced over 
l-inch winding length 


Use 14-Mc. coil 
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Pi Network, Ly 


17 turns, close-wound 7, 
20 turns, close-wound* 
7 turns spaced over 1- 
inch winding length 

6 turns spaced over 1- 
inch winding length 


3% turns spaced over 
l-inch winding length 


All coils wound with No. 16 enamel or Nylclad copper wire. Coil forms are 1!4-inch diameter, 
Allied Radio type 24-5P (four-prong), and 24-5P (five-prong). 


125-wh. r.f. choke (Millen 34300-25). 
3 Cs — 330-pf. silver mica, 

8 Ce — 820-pf. silver mica. 

4 Cio — 100-pf. silver mica. 


check the grid current. It should be slightly more 
than 1 ma., all that is required for maximum out- 
put from the transmitter. 

Next, switch the meter to read forward power 
and set R, so the reading is full scale. Then 
switch the meter to read reflected power and note 
the reading. A 100-watt lamp bulb is not a perfect 
50-ohm load so there should be some reading on 
the meter; With a perfect load the meter would 
read zero, indicating a 1-to-1 s.w.r. In this case, 
with the bulb at nearly the same brilliance as 
when plugged into the 115-volt a.c. line, the re- 
flected reading will be about 3 on the meter, which 
was calibrated from 0 to 10. 

In the grid circuit of Vy, C, is an adjustable 
feedback capacitor. Tune up the transmitter on 


the highest frequency band that coils have been 
made for. Then with the rig running into the 
dummy, set the meter to read grid current and 
adjust C, for maximum drive. 

The transmitter is designed to work into low- 
impedance loads between 50 and 100 ohms. For 
this reason, the transmission line should be 50- or 
75-ohm coax and the feed line should be matched 
to the antenna being used. For single-wire an- 
tennas, or those using balanced feeders, a Trans- 
match can be used between the transmitter and 
the feed line. Details on this are given in chapter 
133 


® McCoy, “A Transmatch for Balanced and Unbal- 
anced Lines,” QST, Oct. 1966. ; 


Fig. 6-50—The oscil- 
lator components are 
grouped in the upper 
left hand corner in 
this view. At the lower 
left hand corner are 
the power supply 
parts. The trimmer just 
to the rear of the 
meter is Cs, the neu- 
tralizing capacitor. At 
the lower right hand 
corner is the reflec- 
tometer. 
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A STABLE F.E.T. V.F.O. 


The v.f.o. shown in Figs. 6-51 through 6-55 
furnishes output from 3.5 to 4, 5.0 to 5.5, and 
from 8 to 9 Mc. and first appeared in QST, Dec. 
1966. Output is on the order of two volts, peak 
value. Consequently, it is necessary to use the 
v.f.o. with transmitters that do not require an 
excitation voltage in excess of the amount stated. 
If more v.f.o. output is needed, the unit can be 
used to drive an outboard class A buffer stage, 
vacuum-tube or solid-state type, to build up the 
peak output to the level required by the trans- 
mitter, 

This v.f.o. is extremely stable and is useful as 
a frequency-controlling device for an 80-meter 
transmitter, a single-sideband transmitter with 
a 9-Mce. if., or it can be used to control the fre- 
quency of a 6- or 2-meter transmitter. Coil data 
for each of these ranges is given in the accom- 

panying table. 


Mechanical Details 


Like a vacuum-tube unit, the MOS v.f.o. re- 
quires great care in the mounting of the oscillator 
components. The complete v.f.o. is housed in a 
4x 5 x 6-inch aluminum utility box. The MOS 
oscillator, less its tuned circuits, is mounted on 
an H. H. Smith No. 1070 terminal strip, as shown 
in the bottom view. The two-stage amplifier is 
mounted on a similar strip. 

Power is carried to the closed unit by means 
of 1500-pf. feed-through capacitors mounted at 


IN914 


% Adjust fot 2v. peak output 


3N128 


OUTPUT 


Fig. 6-51—The FET v.f.o. The panel is Y-inch alumi- 
num, 7 by 10 inches. (Designed and built by G. D. 
Hanchett, W2YM.) 


the rear of the utility box along with the 25-pf. 
frequency-setting capacitor. The tuning capacitor 
should be a high-quality, two-bearing type; in 
this particular oscillator, a Millen 23100 MKF 
was used. 

Maximum rigidity of the oscillator circuit is 
obtained by the use of a special bracket formed 
from one of the utility box covers. The box cover 
material is soft aluminum and can be bent easily 


Jt 


Fig. 6-52—Circuit diagram of the variable-frequency oscillator and buffer. Except as indicated, capacitances are 
in pf. (uuf.). Resistances are in ohms (K = 1000); resistors are 12-watt composition. 


C:—Double-bearing variable (Millen 23100 or 23050— 
see table below). 

Co—25-pf. air trimmer (Hammarlund APC-25 or equiva- 
lent). 

Cs, C4, Cs, Co—Silver mica; see table below for values. 

C7—2200-pf. silver mica. 

Cs, Co, Cio—Ceramie disk. 


Cio, Cu—Feedthrough type. 

J1—Coaxial connector, chassis mounting. 

Li—See table below. 

R:—12,000 to 47,000 ohms; select for 2-volt peak output 
level at input to transmitter. 

RFC:—Miniature 2.5-mh. r.f. choke, iron core (Millen 
4300-2500). 


F.E.T. V.F.O. 


with the aid of wood blocks and a vise. Hardwood 
blocks and a hammer are used to make the bends 
square and sharp. When bolted securely to the 
front and back of the oscillator box, the bracket 
not only supports the circuit components but helps 
stiffen the box itself. 

To facilitate mounting the variable capacitor, 
the holes for the mounting feet are slotted. In 
addition, during assembly the shaft nut and 
mounting spacers are tightened to the side of 
the box first, and then the 6-32 screws for the 
feet are tightened. Special clamps designed to 
hold the coil are cut from thin lucite or poly- 
styrene in strips 14 inch wide.and 214 inches long. 
Holes are drilled at both ends of each strip so that 
they can be bolted to the standoff insulators. 

The silver-mica capacitors, which form a part 
of the tuned circuit, must be mounted so that there 
is no possibility of motion. Small feed-through 
insulators are used as tie points to hold them as 
shown in the inside top view. For maximum 
reinforcement of the entire unit, new covers were 
cut from %-inch aluminum panel stock and 
fastened to the boxes with a liberal number of 
self-tapping screws. ; 

Although any suitable dial and panel arrange- 
ment could be used, the particular one shown 
employs a Millen 10037 “no string” panel dial. 
The dial is mounted on a small panel and the 
assembly in turn is bolted to the v.f.o. box with 
14-inch metal pillars. Though large, the dial is 


Fig. 6-53—The tuned 


circuit is supported by 
a bent aluminum steel 
extending from the 
front to the rear of the 
4 by 5 by 6-inch box. 
The trimmer capacitor, 
Cs, is mounted on the 
rear wall, as are also 
the coaxial output con- 
nector and feed- 
through bypass ca- 
pacitors for the power 
leads. 
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Tuned-Circuit Table 


3.540 50-55 8.0-9.0 
Me. Me. Me. 


L, — No. of turns 1434* 114% 


Wire size 20 18 
Turns/inch 16 
Diam., inches 


*B & W 3015, Polycoils 1748, AirDux 
816T. 

* B & W 3014, Polycoils 1746, AirDux 
808T. 


“free from any noticeable backlash and provides 


adequate illumination and an easy-to-read scale. 

The panel is provided with a single-pole, 
double-throw switch, which can be connected 
so that in the “spot” position only the v.f.o. supply 
can be turned on, but in the transmit position this 
function is transferred to the main transmitter 
power-supply control so that it is activated by the 


. transmit/receive switch, 
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Fig. 6-54—Circuit of regulated power 

supply for the FET v.f.o. Capaci- 

tances are in pf., capacitors are Ty 
electrolytic. Resistors are ¥4-watt. For 
mobile use, a 12-volt car battery may 
be substituted for rectifier/filter sup- 

ply to the left of line AB. 
CRi—10-volt 1-watt Zener diode. 
CRe—6.8 volt 1-watt Zener diode, 
T:—6.3-volt 1.2 amp. filament trans- 
former. 


Fig. 6-54 shows a suggested power-supply cir- 
cuit for 120-volt, 60-cycle operation. The regu- 
lator in this circuit also can be used for mobile 
work. A vacuum-tube v.f.o. article prompted 
many requests for information on how the unit 
could be adapted for use at other frequencies.1 
Generally speaking, this MOS transistor circuit 
is useful at any frequency up to and including the 
144-Mc., band. Coil and capacitor information is 
provided for three frequency ranges : a 3.5 to 4.0- 
mc, range for 80-meter transmitters, a 5 to 5.5- 
Me. range for s.s.b transmitters, and an 8- to 
9-MC. range for 50- and 144-Mc. transmitters. 


Adjustment 


Output from the v.f.o. can be monitored on a 
general-coverage communications receiver by 
connecting a coax lead from J, of the v.f.o, to the 


1Hanchett, “Stability with Simplicity’, QST, Oct. 
1960. 


and buffer 


Fig. 6-55—Oscillator are 
mounted on two tie-point strips underneath the tuned 
circuit. The lower strip supports the oscillator com- 
ponents, with the 3N128 projecting downward from 
the center of the strip in this view. The upper strip is 
for the two-stage buffer; in this case the transistors 
project upward on either side of the mounting screw. 
The short Jength of coax cable runs to the connector 
on the rear of the shield box. 


components 
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2N3241 


1N3193 


wo} -------------=---|> 


antenna terminals of the receiver. The signal will 
be quite strong, so turn the receiver r.f. gain 
control down until a moderately-strong v.f.o. 
signal is heard. The signal should be clean and 
stable. 

Cy should be adjusted to provide the desired 
v.f.o. coverage over the chosen frequency range. 
The dial can be calibrated by comparing it with 
the dial on the receiver. If more accurate calibra- 
tion is desired—provided the test receiver is not 
accurate enough—a BC-221 or similar frequency 
standard can be used to establish check points for 
dial calibration. 


160-METER OPERATION WITH THE 
FET V.F.O. 


The following information is given for those 
who may want to operate the W2YM v.f.o. be- 
tween 1.8 and 2.0 Mc. These component values 
were tried with the circuit of Fig. 6-52 and pro- 
vided stable operation. The tuning range of the | 
v..o. covers from approximately 1775 to 2050 kc. 
Greater bandspread can be obtained, if desired, 
by making C, smaller and by increasing the value 
of C3. Capacitors Cy, Cs, and C, have the same 
value that is recommended for 80-meter opera- 
tion, though increasing their capacitance values 
could lead to even greater frequency stability dur- 
ing 160-meter operation. ‘ 

The modification requires that a 20-uh. in- 
ductor be used at L,. The new coil can be wound 
on a James Millen 45000 1-inch diameter coil 
form, or equal. It should consist of 45 turns of 
No. 18 enamel wire, close-wound. A suitable 
amount of Miniductor stock can be substituted if 
desired. C, will be 100 pf., Cy. will remain a 25-pf. 
trimmer, and C, will be a 100-pf. silver-mica 
unit. C, = 390 pf, C, and C, are each 680 pf. 
All three are silver-mica capacitors, Cg should 
be changed to a 0.1-zf. disk ceramic for opera- 
tion in the 1.8 to 2.0-Mc. range. 


200-Watt Linear 
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AN 811-A 200-WATT GROUNDED-GRID LINEAR AMPLIFIER 


The amplifier shown in Figs. 6-56, 6-58 and 
6-59 requires about 15 watts of excitation power 
to drive it to full peak input (200 watts) on 3.5 
through 30 Mc. For convenience and compact- 
ness, the amplifier is completely self-contained ; 
silicon-diode rectifiers in the plate and bias sup- 
plies contribute materially to the small size. 

Referring to the circuit diagram in Fig. 6-57, 
the input impedance of the grounded-grid 811-A 
amplifier (about 300 ohms) is stepped down 
through an “L” network to offer approximately 
50 ohms as a load for the driver. The network 
makes for little or no complication, since the cir- 
cuits are fixed-tuned and, once adjusted, need not 
be touched again. It will be noted that on the 15- 
and 10-meter bands no lumped capacitance is used 
in the network; this is because the capacitance of 
the length of RG-58/U running from S\, is suf- 
ficient. 

The filament choke, RFC,, is an inexpensive 
homemade one (described later). Since the fila- 
ment winding of the power transformer has no 
center tap, two 22-ohm resistors are used to pro- 
vide a center tap for the filament circuit. In the 
band-switched plate circuit, a commercial induc- 
tor (with two winding pitches) is used, and be- 
cause the output capacitor is not large enough on 
80 meters, on that band an additional 500 pf. is 
switched in by So. 


To meter grid or plate current, a 0-1 milli- 
ammeter is used as a 0-1 voltmeter to measure 
the drop across 10 ohms in the grid circuit or 2.5 
ohms in the plate circuit, giving 0-100 and 0-400 
ma. full-scale readings respectively. 

A panel operate-standby switch, S4, removes 
the fixed grid bias during operate periods. If an 
external control is available, is in a VOX- 
controlled s.s.b. exciter, S4 is left open and the 
external circuit connected through J». 

All of the power is derived from a single husky 
TV power transformer. The plate power is de- 
rived from a voltage-doubling circuit using in- 
expensive silicon diodes and 450-volt electrolytic 
capacitors. The filament voltage for the 811-A is 
obtained from one transformer secondary, and 
another 6.3-volt secondary is utilized in a voltage- 
doubling circuit to provide cut-off bias for the 
811-A, to avoid diode-noise problems if an elec- 
tronic t.r. switch is used. High-voltage filtering 
is furnished by four 40-uf. capacitors connected 
in series, 


Construction 


The amplifier is built on a 10 & 12 X 3-inch 
aluminum chassis, with a panel and back panel of 
0.063-inch aluminum measuring 9 x 12 inches. 
One-inch aluminum angle stock is used to make 
side and top lips that take the perforated- 


Fig. 6-56—The 200-watt grounded-grid amplifier with its perforated-metal cover re- 

moved. This compact amplifier uses an 811-A and a simple 1300-volt power supply. To: 

simplify construction, two bandswitches are used (input at lower left, plate at upper 
right). The single meter can be switched to read either grid or plate current. 
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AMPLIFIER 


INPUT RG-58/U 


BIl-A 


OSCILLATORS, MULTIPLIERS, AMPLIFIERS 


RFC. 


OUTPUT 


080 S00 pf. 
o SKY. 


Fig. 6-57—Circuit diagram of the 200-watt grounded-grid linear amplifier. Unless specified, all capacitances are 
in picofarads (pf. or uuf.), all resistors are 1% watt, all resistances are in ohms. Capacitors marked with polarity 
are electrolytic; 0.01-uf. capacitors are 1200-volt disk ceramic. 


Ci—250-pf. variable, 0.045-inch spacing (Johnson type 
154-1). 

Ca~3-gang capacitor, 365 pf. each section (Allied 
Radio 43A3522). Sections connected in paral- 
lel. 

CRi, CR2—200 p.i.v. 750 ma. silicon (RCA 1N3253 or 

equiv.). 

CRs, CRa—Each three 600-p.i.v. 500-ma. silicon diodes 

in series (RCA 1N3195 or equiv.). 

Ji, Ja—Coaxial receptacle, chassis type (SO-239). 

Jo—Open-circuit jack. 

L:—5-9-uh., adjustable (Miller 4505). 

Le-3-5-uh., adjustable (Miller 4504). 

Ls, La—1-1.6-uch., adjustable (Miller 4502). 

Ls—0.4-0.8-u4h., adjustable (Miller 4501). 

Le—22 turns No. 14, 2-inch diam., 8 t.p.i. tapped 2, 3, 5, 

and 10 turns from Ci end (Air-Dux Pl 1608D6). 


P;—Mounting plate a.c. plug (Amphenol 61-M1). 
RFC:—Dual winding, 29 turns No. 14 Formvar or 
Nylclad, spacewound on ferrite rod. See text. 


' RFCo—4 turns No. 14, 56-inch diam., 1% inch long, 


wound outside two 100-ohm 1-watt resistors 
in parallel, 
RFCs—1-mh. rf. choke (National R-154U). 
$:—2-pole. 6-position rotary ceramic (Centralab PA- 
2003). 
S.—1I-pole 6-position rotary ceramic (Centralab PA- 
2001). 
S3—D.p.d.t. toggle. 
Sa, Ss—S.p.s.t. toggle. 
T.—560 v.ct. 400 ma; 6.3 v. 8.5 a; 6.3 v. 45 a. 
(Stancor P-8167). 
Knobs are Barker & Williamson 901; bar knobs are 
National HRB. 


200-Watt Linear 


aluminum cover. The cover, not shown in the 
photographs, is a single piece 10 inches wide bent 
in a broad “U” shape; it is held to the lips by 
sheet-metal screws. 

Capacitors Cy and Cy are fastened to the top of 
the chassis by 6-32 hardware; C, is located far 
enough in from the edge so that its stator will 
clear the cane-metal side by 4 inch or better. The 
plate bandswitch, Sy, is supported by an alumi- 
num bracket that is fastened to the rear of Cy. 
The 500-pf. plate-blocking capacitor and the 
RFC, assembly are supported by the top of 
RFC3, and the 500-pf. 80-meter output padding 
capacitor is bolted to the chassis below S,. Plate 
coil Lg is supported by two 23-inch ceramic 
pillars. To reduce the height taken by the 811-A 
above the chassis, the 811-A socket is supported 
below the chassis by mounting it (Amphenol 
49RSS4) in a recessed shell (Amphenol 61-61). 

Underneath the chassis, the two toggle 
switches, the 6.3-volt pilot lamp, and the band- 
switch S', are mounted on the front lip of the 
chassis. The input inductors, L, through L,, are 
clustered around the bandswitch, as are the sev- 
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eral capacitors associated with this circuit. 
Lengths of RG-58/U run from the arms of Sy 
to the input jack, J,, and the 811-A socket. The 
unused socket pin (No. 2) is used as a tie point 
for the coaxial line and the 0.01-zf. coupling 
capacitor. 

The filament choke, RFC), is made by winding 
No. 14 Formvar or Nylclad wire on a 7!4-inch 
length of %4-inch diameter ferrite antenna core 
(Lafayette Radio, N.Y.C., MS-333). To obtain 
a high-Q coil, the two windings are wound par- 
allel but spaced by lacing twine to give 29 turns 
in each coil. The coil is wound by securing the 
two ends and the length of spacing twine in a vise, 
securing the other wire ends to a 2-terminal strip 
held in place by a %4-inch diameter nylon cable 
clamp, and then winding the coils as the wires are 
stretched taut. Each turn of the core winds two 
turns of wire and one of twine. The twine is left 
on the coil, and no insulation is required between 
wires and core when the recommended surface 
covering (Formvar or Nylclad) is used. The 
choke assembly is supported below the chassis by 
1-inch ceramic posts and the nylon cable clamps. 


Fig. 6-58—A top view of the 811-A amplifier. The adjusting screws for the five switched — 
input circuits project through the chassis under the meter. A bracket fastened to the 
back plate of the plate tuning capacitor (lower left) supports the plate bandswitch. 
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The bias-supply rectifiers, resistors and capaci- 
tors or mounted on a multiple tie-point strip. 
In the high-voltage supply, the diodes and capaci- 
tors are mounted on a 4 X 7-inch piece of Ye- 
inch thick prepunched phenolic terminal board 
(Vector 85G24EP) with push-in terminals (Vec- 
tor T-28). The resistors, both 50-ohm 5-watt and 
25,000-ohm 10-watt, are mounted on tie points or 
narrow strips of terminal board located several 
inches from the diode and capacitor. board. The 
reason for this is simple: the resistors become hot 
and might damage the diodes if mounted too close 
to them. The 2.5-ohm 3-watt resistor consists of 
three 7.5-ohm 1-watt resistors connected in par- 
allel, 


Tuning 


When the wiring has been completed and the 
power supply checked (-++1500 volts no-load, about 
1450 with the 811-A drawing idling current of 
30 ma.), the amplifier can be checked on a band 
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with a driver capable of delivering a peak signal 
of 15 watts or so. A dummy load should be used 
during initial tests, and an output indicator (r.f. 
ammeter or voltmeter) is very useful. Using a 
c.w. signal to drive the amplifier, it should be 
found possible to load the amplifier so that at 
plate-circuit resonance the plate current is 160 
ma. and the grid current is about 27 ma. As the 
drive is reduced the grid and plate currents 
should drop back at roughly the same rate. If 
the amplifier is not loaded heavily enough, the 
grid current will run proportionately higher than 
the plate current. There is, of course, no real sub- 
stitute for a two-tone linearity test, as outlined in 
Chapter Eleven, but the above figures will serve 
as a rough guide. When the amplifier has been 
loaded to the figures above with a c.w. driving 
source, an s.s.b. signal driving it to peak output 
will kick the plate meter to about 80 ma. (0.2 on 
meter) or the grid meter to 15 ma. (0.15 on 
meter). 


Fig. 6-59—The 811-A socket is mounted below the chassis in a recessed shell. One end of 

the homemade filament choke is supported near the socket, and the other end is 

mounted near the transformer. Four 25,000-ohm bleeder resistors (bottom) and two 

50-ohm resistors (upper left) are mounted well away from the plate-supply diodes 
(left) and bias diodes (top center, to right of filament choke). 
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A COMPACT 3-400Z GROUNDED-GRID AMPLIFIER 


The amplifier shown in Figs. 6-60 through 
6-64 easily handles a kilowatt p.e.p. input at 3000 
volts. It has been designed with ease of con- 
struction and operation in mind, and to this end 
as few special parts and machine operations as 
possible are required. Probably the major oper- 
ation is adding an arm to the band switch, to 
ground a plate padding capacitor in the 3.5-Mc. 
Position, This enables a smaller plate tuning 
capacitor to be used than would be the case if the 
variable were required to furnish all of the capaci- 
tance on this lowest-frequency band. 

Referring to the wiring diagram in Fig. 6-61, 
the circuit is about as simple as it could be made. 
No tuned input circuit is used, since it was found 
that any of the s.s.b. units in the 75- to 100-watts 
output class could drive it without any trouble. 
If drive were marginal, as when only 35 watts 
peak were available, a coupling network might 
offer a slight advantage. Two r.f. chokes and a 
1000-pf. bypass are used in the high-voltage lead 
because a high-impedance circuit like this is 
harder to filter than one where the current is 
higher and the voltage is lower. The plate coil is 
a standard 500-watt unit that runs cold at a kilo- 
watt c.w. or s.s.b. 

The 50,000-ohm resistor in the center tap of 
the filament transformer biases the tube to cut-off 
during “stand-by” periods and eliminates the 
“diode noise” caused by the static plate current. 
Leads to J, and J, from the VOX or other con- 
trol short the resistor during transmit periods. 

The connections on J, are similar to those on 
the 3-1000Z amplifier shown later in this chapter, 
with the exception of the lead marked “vm”, 
This variation permits mounting the voltmeter on 


the transmitter panel instead of in the power sup- 
ply. The power supply design is similar to that 
for the larger amplifier, with the exception of the 
power transformer (600 va.), more filter capaci- 
tance and more compact rectifiers. The smaller 
transformer costs 60 per cent of the larger; it 
is highly recommended unless one plans some day 
to move up to the 3-1000Z amplifier. 

Front and back panels and base plate are all 
standard unfinished 14-inch thick aluminum rack 
panels. They are trimmed to 15 inches. The angle 
stock holding the pieces together, and furnishing 
the faces for support of the cover, are 34 X 344° X 
1/16-inch Reynolds stock. A short piece is also 
used for supporting the fan, cut away as shown 
in Fig. 6-71. 

The tube socket (Eimac SK-410) is held to the 
tapped base plate by long 6-32 screws. Prior to 
installation, one-half of the skirt is removed, so 
that the fan can move air under the socket and 
cool the pins (see Fig. 6-64). The three grid pins 
are grounded to individual soldering lugs. 

To conserve space, the filament transformer 
must be modified so that the leads come out the 
side. This is done by removing the end bells and 
drilling a hole in the side through which the leads 
can be threaded. 

To modify switch Sy, first remove the rear 
shaft bearing and replace the ceramic insulators 
with shorter (34-inch) ones. Two pairs of 
¥-inch polystyrene washers (Millen 38601) can 
be to expose the end of the switch shaft. A brass 
shaft coupling, cut to a length of 7/16 inch, is 
drilled and tapped 6-32 at right angles to the 
normal set-screw hole. The spring stock (0.20 x 
¥% silver solder) is wrapped half around the 


Fig. 660—The com- 
pact kilowatt ampli- 
fier with its perfo- 
rated-metal cover re- 
moved, Using a 3-400Z 
in a grounded-grid 
circuit, it handles a 
kilowatt p.e.p. input 
at 3000 volts with 
ease. The (2-inch) 
meters monitor plate 
voltage, grid current 
and plate current. 
Panel is 7 X 15 inches; 
the bottom plate is 8% 
inches wide. (Built by 
Robert Smith, WILLF, 
Simsbury, Conn.) 
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Fig. 6-61—Circuit diagram of the kilowatt grounded-grid amplifier. 
Unless specified otherwise, capacitances are in picofarads. 


B,—-65 c.f.m. fan (Rotron Whisper, with Rotron 16415 
plug-in cord assembly). 


C:—100-pf. variable, 0.125-inch spacing (Johnson 
154-14). 
Co—1000-pf. variable, 0.045-inch spacing (Johnson 


154-30, available direct from manufacturer). 

Ja, Jo—Coaxial receptacle (Dow-Key DK-60P). 

Js—Coaxial receptacle UG-560/U (Amphenol 82-805). 

Ja, Js—Phono jack. 

Je—Octal male connector (Amphenol 86-CP8 in 61-61 
shell). 

Li—4 turns %-inch strap, 1% diam. 

Ls—20 turns No. 10, 3-inch diam. 11 turns at Li end, 
4 t.p.i.; remainder 6 t.p.i. Tapped 1, 3, 5 and 
11 turns from Ly end. (L1 and Le: Illumitronics 
195-1). 

Ri-—-Two 43-ohm thermistors in series (CG 25-926). 


coupling and fastened at two points with short 
6-32 screws through the new hole. The original 
set screw is left exposed. (Silver solder is avail- 
able at welding supply houses ; the type used here 
is called “Handy Harmon Easy Flow”). The 
fixed contact is supported by a ceramic insulator 
mounted on the base plate. “Time” the switch so 
that it engages as the switch is rotated from the 
7- to the 3.5-Mc. position. 


Adjustment 


An output indicator is a useful adjunct when 
tuning a grounded-grid linear, The amplifier 


RFC;—-24 double turns No. 14 Formvar or Nyclad, close- 
wound on 5%-inch length of %4-inch diam. ferrite 
rod (Lafayette Radio 32 R 6103). 
RFC,—2 turns No. 14, 1% inch diam., 2 t.p.i., on Ri. 
RFC;—90-zh. 500-ma. r.f. choke (B & W 800). 
RFC,, RFC;—2.5-mh. 300-ma. (National R-300U). 
$:—2-pole 6-position (5 used) heavy-duty ceramic switch 
(Radio Switch Corp. type 86-B, Marlboro, N.J.) 
See text. 
Sa, Ss—Heavy-duty toggle switch. 
T.—5-v. 13-ampere transformer (Triad F-9A). See text. 
50-pf. 7%-ky. capacitor is Centralab 850S-50Z. 
500- and 1000-pf. 5-kv. capacitors are Centralab 8585S. 
1000-pf. and 0.01-uf. capacitors are disc ceramic. 
Meters are Simpson Model 1212. Dial lights are Drake 
Econoglow 117 with 100K resistor. 


should be tested with a dummy load, to acquaint 
the builder with the tuning. If the drive is a 
steady carrier, adjust the amplifier for 330 ma. 
plate current (at 3000 volts) and 100 ma. grid 
current. If sufficient test equipment is available 
for the “two-tone test”, this adjustment can be 
confirmed or modified accordingly. With a 
dummy load connected and with C, half meshed, 
switching to 28 Mc. and setting C, at minimum 
capacitance should give no indication of grid cur- 
rent: (with no excitation). If there is an indica- 
tion of grid current, it indicates the existence of 
a parasitic oscillation, and a turn may have to be 
added to RFC. 


3-400Z Amplifier 


Fig. 6-62—The rear wall of the compact kilowatt has been removed to reveal the “works.” Coaxial receptacles 
at left are output and input jacks; receptacle at center (near tube) is high-voltage connector. A 50-pf. 3.5-Mc. 
plate loading capacitor can be seen mounted on the plate tuning capacitor (upper left); the 500-pf. 3.5-Mc. 
output loading capacitor is mounted on the base behind the coil (just visible to right of variable loading ca- 


pacitor). 
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Fig. 6-63 (left)—The power supply for the 3-400Z am- 
plifier is built on a 12-inch length of 8%4-inches high 
rack panel. The four sides, which take a protective 
cover of perforated aluminum, are made from % x % 
aluminum angle. 

A junction box to which the four primary leads are 
connected, is supported by the aluminum bracket on 
the upper left of the transformer. The bolts that hold 
this bracket support the Vectorboard on the right that 
carries the two current-limiting resistors. 

As a safety precaution, to alert the operator that 
the primary is energized (relays do stick on occasion), 
a pilot light is connected across the primary leads. 

Circuit diagram is similar to Fig. 6-90, with exception 
of transformer used (BTC 6181) and voltmeter con- 
nected noted in text. 


Fig. 6-64 (above)—Close-up view with 
the tube and fan removed discloses 
details of switch Sis. It is made from 
a brass shaft coupling and a length 
of silver solder; in the 3.5-Mc, posi- 
tion it contacts a fixed arm and 
grounds the 50-pf. fixed capacitor 
(upper left). 

Mounting plate for fan is trimmed 
away for maximum ventilation under 
tube socket. The fan is mounted on a 
piece of 4-inch foam rubber and held 
in position by two screws through 
rubber grommets in the vertical plate. 
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ONE-BAND KILOWATT AMPLIFIERS 


Separate kilowatt amplifiers on each of the 
bands 80 through 10 meters has always been the 
ne plus ultra of transmitter construction. How- 
ever, space limitations and cost are the two key 
factors that have prevented many from realizing 
this goal. The amplifiers to be described are com- 
pact and are constructed economically; the 
builder may wish to construct one amplifier for 
his favorite band or the group of five for versa- 
tile all-band operation. Advantages of the sep- 
arate-amplifier philosophy include optimum cir- 
cuit Q for every band, simplified construction 
and band switching, less chance for tube failure 
because each amplifier is pretuned, and fast band 
changing for the contest-minded. The supply 
voltages remain on all the amplifiers; only the 
filament and excitation power are switched to the 
desired final amplifier. 

The availability and proven dependability of 
the 813 make a pair of them the logical choice for 
the kilowatt amplifier. A shrewd amateur should 
have no trouble procuring the tubes through 
surplus channels or by bartering with local hams. 

Referring to the circuit diagram, Fig. 6-66, the 


Fig. 6-65—Individual kilowatt amplifiers for two bands 
plus complete metering and all contro! circuits and 
power supplies (except plate) fit handily into a table 
rack. Amplifiers for five bands plus the plate supply 
will mount in floor rack. Band switch at lower left 
(Ss in Fig. 6-66) switches filament supply, excitation 
and output connections to all amplifiers in use; 
screen and plate supplies are connected to all 
amplifiers at all times. 


amplifier control unit contains the filament, bias 
and screen supplies, A 3-position mode switch, 
So, selects the bias for either Class-AB, or -C 
operation, and in the third position grounds the 
screen grids, to limit the plate current during 
initial tuning. Another 3-position switch, Si, 
allows the total or individual screen currents to 
be read. The latter position is useful in matching 
tubes. The high-voltage supply should furnish 
from 1750 to 2250 volts. 


Construction 


Each amplifier is assembled on a 13 X 17-inch 
aluminum bottom plate. Two 5 X 13 X 3-inch 
aluminum chassis are used as the sides of the 
enclosure. The paint is removed from the back 
of a 7-inch aluminum rack panel, and a piece of 
Reynolds cane metal is sandwiched between the 
panel and the two chassis. A rectangular window 
in the panel provides additional ventilation and 
a means for inspecting the color of the tube 
plates. The top and back of the enclosure are 
formed from a single piece of cane metal, bent to 
fit the chassis rear and top. Three lengths of 
1 X 1X %-inch aluminum angle stock are used 
in the corners of the enclosure, as can be seen 
in Figs. 6-81 and 6-82. 

The variable tank capacitors, C4, are mounted 
on 1-inch stand-off insulators, to bring the shafts 
to the proper panel height. In the 10-meter am- 
plifier the capacitor shaft must remain above 
r.f. ground, anda suitable insulated shaft cou- 
pling is used. On the other bands, the rotors of 
the capacitors are grounded to the chassis 
through metal straps. 

On 20, 15 and 10 meters the tank coils are 
wound self-supporting of %-inch diameter soft- 
drawn copper tubing, and they are supported by 
their leads. On 80 and 40 the coils are lengths of 
Air-Dux stock, and they are supported by small . 
ceramic insulators. 

The special plate r.f. chokes, RFC, are con- 
structed by close-winding No. 24 enameled wire 
on 34-inch diameter ceramic insulators. Four-inch 
long insulators (National GS-4) are used on the 
80- and 40-meter bands, and 2-inch long insula- 
tors (National GS-3) are used on the other 
bands. In each case the original base of the in- 
sulator is removed and the insulator is mounted 
on a stand-off (Johnson 135-20). The high- 
voltage lead and the “cold” end of the choke 
are connected to a soldering lug mounted be- 
tween the two insulators. 

Bridge neutralization is included in the 20-, 
15- and 10-meter amplifiers. The neutralizing ca- 
pacitors are made from two 14-inch wide alumi- 
num strips 5 inches long. One strip is connected 
directly to the plate lead at C3 and the other is 
supported by a ceramic feed-through insulator 
that connects to the rotor of Cz. The amplifiers 
are neutralized by adjusting the spacing between 
the aluminum strips. . ; 

The metal ring surrounding the base of the 813 
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Fig. 6-66—Cirevit diagram of a single parallel-813s amplifier and the control section. Diagram of each 
amplifier is similar, except as noted below. Unless specified otherwise, capacitances are in yf., ca- 
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pacitors marked with polarity are electrolytic, fixed capacitors are ceramic, resistances are in ohms. 


C:—Not used on 80 or 40 meters; see text. 

Cs—Two 500-pf. 20-kv. ceramic (Centralab TV-207) 
in parallel on 80 m.; single 500-uHf. 20-kv. 
ceramic on other bands. 

C7—0.001-yf. I-kv. ceramic on 80 and 40 m.; 240-pf. 
silver mica on other bands. 

lL—6-v. pilot lamp. 

la, Is—115-v. pilot lamp. 

Js, J2—Coaxial cable receptacle. 

Ki—S.p.d.t. relay, 115-v. a.c. coil. 

ls, La—-Not required on 80 or 40 m.; 6 turns No. 14 
on Y%-inch diam. 

R,—10,000 ohms, 2 watts, composition. 


R2—50,000 ohms, 4 watts (Mallory M5OMPK). 
RFC;—2.5-mh. 75-ma, r.f. choke. 

RFC,—See text. 

RFC;—2.5-mh, 300-ma. r.f. choke. 

$:—Two-pole 3-position rotary switch, shorting type. 
S2—Two-pole 3-position rotary switch, non-shorting type. 
Sa—S.p.s.t. lock switch (AHH 81715-L). 

Si, Se—S.p.s.t. toggle. 

Ss—Time delay relay (Amperite 115N060). 

S:—Heavy duty d.p.s.t. toggle. 

Ti—10-volt 10-ampere filament transformer. 
Te—250-volt 25-ma. transformer (Stancor PS-8416). 


_Ts—800-v.c.t. 200-ma., 5- and 6.3-v. heater windings. 
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Fig. 6-67—View of the 80-meter amplifier with its cane-metal covering removed. As in each 
amplifier, the chassis is made from two 5 X 13 X 3-inch chassis and a 13 X 17-inch base 
plate. Input and low-voltage leads make up to terminals and jack in center foreground. 


should be grounded to the chassis. A piece of 
Eimac Finger Stock or a homemade contact can 
be used for the purpose. 

All power wiring is done with shielded wire 
and bypassed as described in Chapter Twenty- 
three. The filament leads should be made from 
No. 14 (or heavier) shielded wire. 

The screen and bias supplies plus station con- 
trol circuits are built on a rack-mounting chassis 
(Bud CB-1373) behind a 7-inch panel. In the 


Class-C position of Sy, +400 volts is applied to 
the screens and —150 is connected to the grids. 
In the Class-AB, position, the screen voltage is 
increased to 700 and the grid bias is dropped to a 
value determined by the setting of Re. This latter 
setting should be one that gives best linearity 
without exceeding a no-signal plate input of 150 
watts for the two 813s; it depends on the plate 
voltage available. A heavy bleed on the screen 
supply helps the regulation, 


Coil and Capacitor Table 


40 


100 nef. 


(Johnson 100L15) | (Johnson 100L15) 


“150 mu. 
(Johnson 150E45) 


150 unt. 
(Johnson 150E45) 


325 wy. 


710 put. (Hammarlund 


(2-gang 365 upf.) 


50 pp. 
(Johnson 50L15) 


35 wut. 
(Johnson 35E45) 


325 put. 
(Hammarlund 
MC-325-M) 


20 15 10 


50 pe. 
(Johnson 50L15) 


50 wut. 
(Hammarlund 
MC-50-MX) 


50 ppt. 
(Johnson 50L15) 


35 wpe. 
(Johnson 35E45) 


325 wmf. 
*(Hammarlund 
MC-325-M) 


325 pet. 
(Hammarlund 
MC-325-M) 


MC-325-M) 


100 wu. 
(CRL 8508S-100N) 


3 t. No. 22* 


500 wut. 
(Centralab TV-207) 


4t. No. 22* 


32 t.p.i. No. 24, 
1 inch long, 1 inch 
diam. (B&W 3016) . 


6 t.p.i. No. 12, 
3 inch long, 3 inch 
diam, (Air Dux 
2406) 


16 t.p.i. No. 20 


diam. (B&W 3015) 


4 t.p.i. No. 12, 
334 inch long, 2% 
inch diam, (Air 

Dux 2004) 


*Insulated hookup wire, wound over C, end of L,. 


2t. No. 22* 


8 t.p.i No. 18 
1% inch long, 1 inch|134 inch long, 1 inch 
diam. (B&W 3014) 


2 tpi. 14-inch 
copper tubing, 414 
inch long, 2% id. 


1t. No. 22* 1 t. No, 22* 


8 t.p.i. No. 18 
¥% inch long, 1 inch 
diam. (B&W 3014) 


2 t.p.i. 14-inch 
copper tubing, 2 inch 
jong, 2% id. C, tap 

2 turns, 


8 t.p.i. No. 18 
% inch long 1 inch 
diam. (B&W 3014) 


2 tpi, 14-inch 
Copper tubing, 3 
inch long, 2% i.d. 
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The unit shown in Fig. 6-65 uses an Ohmite 
Model 111 switch at Sg. This is ganged with an- 
tenna and excitation switches to permit one- 
control bandswitching. The relay Ky is actuated 


when the plate supply is turned on; when the re- 
lay is open a high bias is applied to the 813s to 
reduce the plate current to 0 ma. and eliminate 
receiver noise caused by static plate current. 


Fig. 6-68—Top view of the 15-meter amplifier. The neutralizing capacitator consists of 
two strips of aluminum, supported by the plate-blocking capacitor and a feedthrough 
insulator. It is mounted over the r.f. choke between the two 813 tubes. 


Fig. 6-69—As in the other amplifiers, the 10-meter final uses shielded wires in the filament, 
screen, and grid-return circuits. For tuning this amplifier uses a small variable capacitor 
connected across half of the plate coil, to maintain a favorable L/C ratio, 


Grounded-Grid Amplifier 


A HIGH-POWER GROUNDED-GRID AMPLIFIER 
AND POWER SUPPLY 


Fig. 6-70—The 3-1000Z 
grounded-grid linear and 
its solid-state power sup- 
ply are shown here with 
a 12-inch rule to show the 
relative sizes of the units. 
The chart frame. on the 
top of the power-supply 
housing holds the clear 
plastic through which the 
voltmeter can be read. 

The amplifier is 
mounted on short legs to 
allow air to be drawn in 
at the bottom and blown 
up past the tube. The 
meters indicate grid (left) 
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and plate current and relative output (below). Knobs at right (B & W 901) control plate (top), band switching 


and loading. (Built by Robert Smith, WILLF.) 


The grounded-grid linear amplifier and power 
supply shown in Fig. 6-70 are designed for the 
amateur power limit in single-sideband operation. 
The amplifier uses a 3-1000Z triode to handle a 
p.e.p. input of 2 kw. on peaks. The amplifier and 
supply each occupy just over 1 cubic foot and are 
made from readily available components. The 
3-1000Z requires a driver capable of supplying at 
least 65 watts p.e.p. : 

Referring to the amplifier circuit diagram in 
Fig. 6-84, the grid of the triode is grounded for 
both r.f. and d.c. The cathode is maintained above 
r.f. ground by feeding it through a homemade 
filament choke wound on a ferrite rod. Although 
the input impedance of the grounded-grid 3-1000Z 
is close to 50 ohms and would provide a good 
match for a driver with fixed-impedance output, 
a pi network input circuit, C,C,L, is used to 
supply some Q to the circuit, for better linearity. 
The Q is low, however, and once adjusted an 
input circuit requires no further attention for 
operation anywhere within its band. For sim- 
plicity in the circuit diagram, only one set of 
capacitors and inductor is shown in Fig. 6-84. 

The plate tank circuit uses a commercial coil 
assembly (Air Dux .195-2) that has been re- 
arranged to conserve space and fit better into the 
compact package. The bandswitch is made from 
the products of two different companies, ganged 
together to provide an input-circuit 2-pole switch 
and a plate-circuit single-pole switch. The plate- 
circuit switch is modified slightly, as described 
later, to permit the switching in of a plate load- 
ing capacitor on 75 meters. 

During “receive” periods a 50,000-ohm resistor 
in the filament-transformer center tap practically 
cuts off the plate current; leads from it are 
brought to two phone jacks so that the resistor 
can be shorted out during “transmit” by a set of 
contacts on the antenna transfer relay (ot by the 
VOX control if an electronic t.r. switch is used). 


Three meters are used in the amplifier. The 
grid and plate currents are read separately by 
a 0-500 milliammeter and a 0-1 ammeter. The 
third meter is a relative-output indicator me- 
tering the r.f. voltage at the output. D.c. for the 
meter is derived from a germanium-diode recti- 
fier connected to a resistive r.f. voltage divider. 

Panel switches and associated neon indicators 
are provided for control of the filament (and 
blower) and high-voltage power. 


Construction 


Two identical pieces of 14-inch thick aluminum, 
11% inches high and 1214 inches wide, are used 
for the front panel and the rear plate. These may 
be cut from 12%4-inch rack-panel material (Bud 
SFA-1837) if no other source is available. The. 
major chassis that supports the tube socket and 
the filament transformer is a standard one mea- 
suring 7 X 12 x 3 inches (Premier ACH-433). 
It is held to the front panel by the two toggle 
switches and the two indicator lamp housings 
(Dialco 951308X) and to the rear panel by the 
25,000-ohm variable resistor in the output-me- 
tering circuit and various screws that hold J,, 
J, and J in place (see Fig. 6-73). The plate 
choke, RFCs, is mounted on this chassis, with a 
1000-pf. 5-kv. ceramic capacitor (Centralab 
858-S) near its base; the high-voltage lead is 
brought from the base of the r.f. choke (and from 
the capacitor) through the chassis in a ceramic 
feedthrough insulator. The output-indicator 
circuitry, consisting of the 22,000- and 470-ohm 
resistors, the 1N34A rectifier and the 0.001-pf. 
capacitor, is also mounted on the chassis (see 
Fig. 6-75). These are mounted on a multiple tie- 
point strip fastened to the top edge of the chassis 
near C,. The assembly is shielded by a 234 x 2% 
xX 15-inch “Minibox” (Bud CU-3000-A). 

The input circuitry and S,, and Sy, are housed 
in a 4X 42-inch aluminum case (Premier 
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Fig. 6-71—Circuit diagram of the 3-1000Z amplifier. Unless specified otherwise, capacitances are in picotarads (pf. 
or wpf.). 


B.—65 c.f.m. fan (Rotron “Whisper”. 

C1, Co—See L; Coil Table 

Cs—100-pf. variable, 0.125-inch 
154-14). 

C.—1000-pf. variable, (Johnson 154-30, buy direct). 

CRi—1N34A or equivalent. 

Jis—Coaxial receptacle, SO-239. 

Ja—Coaxial receptacle (Dow-Key DK-60P). 

Js—Coaxial receptacle, UG-560/U (Amphenol 82-805). 

Ja: Js—Phono jack 

Je—Octal male connector (Amphenol 86-CP8 in Am- 
phenol 61-61 shell). 

Li—See Li coil table. 

Lo—4 t. 5/16-inch strap, 1¥zinch diam., 2 t.p.i. 

ls—4 turns Y%-inch tubing, 3-inch diam., 2 t.p.i. Tapped 
1% turns from Ls end. 

Li-16 turns No. 8, 3%-inch diam., 4 t.p.i. Tapped 7 
turns from Ls end. 


spacing (Johnson 


AC-442) held to the main chassis by two %4-inch 
panel bearings; the RG-58/U leads to the 
switches are run through the holes in the bearings. 
The switch section is mounted on one removable 
plate of the case; the other plate is not used. 

To conserve space and to provide a shaft ex- 
tension for ganging, switch Sj, must be modi- 
fied slightly. This is done by removing the rear 
shaft bearing and replacing the two ceramic in- 
sulators with shorter (54-inch long) ones. If suit- 
able insulators cannot be found in surplus (8-32 


Li, Lo and Ls are parts of commercial kilowatt coil 
assembly (Air-Dux 195-2). ; 
Ri—Two 35-ohm “Thermistors” in series (GC 25-918). 
RFC,—28 double turns No. 10 Formvar or Nylelad, 
closewound on ¥4-inch diam., 7¥2-inch long ferrite 
rod (Lafayette Radio, N.Y.C., 32 R 6103). 
RFC.—2 turns No. 10, 1%-inch diam., 2 t.p.i., on Ri. 
RFCs—90-zh. 500-ma. r.f. choke (B & W 800). 
S:—-2-pole 6-position (5 used) ceramic rotary switch 
(Centralab PA-2003) gcdnged to 1-pole 6-posi- 
tion (5 used) heavy-duty ceramic switch (Com- 
munications Products 86-B, Marlboro, N. J.). 
See text. 


_ Sa, Ss—S.p.s.t. toggle. 


Ti—7¥a-volt 21-ampere filament transformer (Stancor 
P-6457). Meters are Simpson Model 127; 1000- 
pf. 5-kv. capacitors are Centralab 858-S; 50-pf. 
5-kv. capacitor is Centralab 8505. 


tapped holes are required), they can be machined 
from suitable insulating material. When the rear 
bearing is replaced, it should first be reversed. 
The combination of reversing the rear bearing 
and using a shorter pair of insulators leaves 
enough shaft extending to take a flexible shaft 
coupling (Millen 39005). This coupling is con- 
nected to a similar coupling on Sy,4-, through 
a length of '%4-inch diameter insulating rod. 
To provide an extra grounding contact, switch 
Sio must be further modified. A brass collar that 


Grounded-Grid Amplifier 


Fig. 6-72—Rear view of the 
3-1000Z amplifier with the’ 
back wall removed. Note the 
two ceramic capacitors 
mounted on the plastic strip 
below the plate tuning capaci- 
tor (top left), The left-hand 
capacitor is cut into the cir- 
cuit on 3.5 Mc. by the spring 
arm on the switch shaft (see 
text). 


will fit the shaft is required. It is drilled and 
tapped to fasten to the shaft and also to hold a 
strap made of spring material (silver solder rib- 
bon, 0.020 x 34 inch was used, trimmed to the 
width of the collar). The strap is located on the 
shaft so that in the 3.5-Mc. position it will contact 
the 100-pf. 5-kv. ceramic capacitor supported by 
a strip of plexiglas hung from C, (see Fig. 6-72). 
The switch is supported on the panel by four 
l-inch high ceramic cone insulators (Johnson 
135-501) mounted base-to-base. On the panel, 
shaft bearings are used for the switch shaft and 
the two capacitor shafts. 

The tank coil assembly is modified by first re- 
moving the strap coil and the copper tubing coil 
from the polystyrene strip that supports them. 
Then saw a 3-inch long strip from one end and 
mount it at right angles to the original strip with 
cement or brass screws (see Fig. 6-72). Coil L,, 
the wire coil, is supported by the polystyrene 
strip, which rests on the bottom plate at the out- 
side and on the basic chassis on the inside. The in- 


Fig. 6-73—A view under the sub chassis of the 
amplifier. The filament choke can be seen sup- 
ported off the side wall by ceramic stand-off 
insulators and plastic cable clamps. A lip on the 
tube socket (right foreground) has been removed 
to provide more space and better air flow; the 
three grid pins of the socket are grounded to 
the chassis by short straps. Don’t try to bend the 
terminals out of the way before sawing off the 
lip; remove them entirely. 

The resistor mounted on a tie-point strip and 
visible under the left end of the filament choke is 
the 50,000-chm cathode resistor used for 
stand-by bias; leads from it run in shielded wire 
to Ja and Js. Wires and plug dangling over the 
side run to the blower (see Fig. 6-87). 

The jack on the rear wall closest to the near 
side (foreground) ‘is Js, the high-voltage cable 
jack. A 1000-pf. 5-kv. capacitor is mounted on 

the chassis just inside this point. 
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side end of L, is bent up and a loop formed in 
the end. Coil L, is bolted to this loop with a brass 
8-32 machine screw, and the tap running to the 
20-meter pin on the switch is taken off at the same 
junction. All coil taps were made of %4g-inch 
wide straps cut from copper flashing. The coil 
L. is supported at one end by an end of L, and 
at the other by a copper strap fastened to the 
stator of C, (see Fig. 6-75). 

Two 1000-pf. 5-kv. capacitors and the parasitic 
suppressor, RFC,R,, are supported by the top 
of RFC, and a flexible strap runs from the other 
end of the parasitic suppressor to the plate cap. 
To avoid contact between the cap and the am- 
plifier cover, two layers must be cut off the top of 
the plate connector (Eimac HR-8). 

The chimney (Eimac SK-516) is held in place 
around the 3-1000Z by four metal clips, and the 
socket (Eimac SK-510) is modified slightly as 
mentioned in the caption for Fig. 6-86. The blower 
is mounted on the 12 x 11% xX %-inch bottom 
plate so that it is not directly under the tube 
socket but near the front panel. Rubber (they 
could be turned wooden) feet attached to the 
bottom plate support the amplifier above the 
operating table and allow the free flow of air 
into the blower. 
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tL, COIL TABLE 


Band C. L. 


yp 
80 1600 pf. (Arco VCM- 
35B162K) 
40 910 pf. (Arco VCM- 
20B911K) 
20 430 pf. (Arco VCM- 
20B431K) 
15 300 pf. (Arco VCM- 
20B301K) 
10 220 pf. (Arco VCM- 4t., spaced to 
20B221K) fill form. 


Capacitors are 1000-v. silver mica. Inductors 
wound with No. 16 Formvar or Nylelad on %- 
inch diam, slug-tuned form (National XR-50). 


C. 


3 1 


16 t., closewound 
8 t., closewound 


6 t., closewound 


4 +., closewound 


To conserve space, the filament transformer 
T, must be modified so that the leads come out 
the bottom. This is done by removing the end 
bells, blocking the original holes with paper and 
drilling new holes for the leads. 

There is a little trick to winding the filament 
choke, RFC, primarily because. the wire is so 
heavy that it cannot be wound directly on the 
ferrite rod without springing out. To overcome 
this, the dual winding of the choke is wound first 
on a length of 74-inch wooden dowel. When it is 
released it will spring out slightly, enough to 
permit it to be slipped off the dowel and on to 
the ferrite core. One-half inch nylon cable clamps 
mounted on 5-inch standoff insulators hold the 
core in place on the inside wall of the chassis 
(see Fig. 6-73). Formvar or Nyclad wire is rec- 
ommended for the choke because with it there is 
very little chance that the insulation will be 
chipped off as the core is inserted in the coils. 

It will be noted: that the three grid leads are 
connected directly to the chassis. There are slots 
in the SK-510 socket especially provided to allow 
low-inductance ground terminations to be made 
to each of the grid terminals. The grounding 
straps are slipped through the slots and soldered 
to the socket pins. 

The 7 * 7 X 2-inch chassis that shields the 
three meters is held to the panel by a single 
screw that threads into a metal stud. To clear the 
shielded wires running up to the meters from the 
hole in the main chasis, a suitable slot is cut on 
one side of the shield chassis. 


Power Supply 


A power supply delivering 2500 to 3000 volts 
at 400 to 350 ma. will be suitable for use with the 
amplifier. The supply shown in Figs. 6-76 is built 
with sixteen silicon diodes costing 85 cents each. 
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Referring to the circuit diagram of the supply, 
Fig. 6-77, a transformer with a dual primary is 
used, to permit operation from either a 115- or 
a 230-volt line. The higher voltage is recom- 
mended. No fuses are shown; it is expected that 
the supply will be protected by the fuses (or cir- 
cuit breakers) in the wall outlet box. 

The filter capacitors are called “computer 
grade” capacitors; the 25K resistors across them 
serve both as the bleeder resistor and the equaliz- 
ing resistors. In operation, the idling current of 
the amplifier (180 ma.) further bleeds the supply. 
The 0-5000 voltmeter is included to comply with 
the FCC regulations. It is a good idea to get into 
the habit of watching the voltage decay when the 
power supply is turned off; in this way you are 
less likely to get mixed up with a residual charge 
in the capacitors. An interlock switch in series 
with the relay makes it necessary to replace the 
cover before turning on the supply. : 

The 10-ohm resistor between the negative ter- 
minal and chassis allows plate-current metering 
in the negative lead with no difference in poten- 


Fig. 6-74—Blower is mounted on bottom plate of am- 

plifier near the front panel (not directly under the 

tube). A.c. power connector for blower is stock item 
(Rotron 16415). 


tial between power-supply and amplifier chassis. 

The power supply construction is not critical, 
and the main considerations are adequate insula- 
tion and safety precautions. The string of silicon 
diodes and their associated capacitors and resis- 
tors are mounted on a 3.x 914-inch strip of pre- 
punched terminal board (Vector 85G24EP), with 
push-in terminals (Vector T28) serving as tie 
points. The rectifiers are mounted on one side 
of the board, the resistors and capacitors on the 
other. The strip is mounted on the 12 x 13 xX %- 
inch aluminum base plate with a pair of panel 
brackets (Raytheon MB-128). 

The pair of 50-ohm resistors is mounted on a 
71% < 134-inch strip of pre-punched terminal 
board, supported by two 14-20 bolts, 5 inches 


Fig. 6-75—Another view of the grounded-grid ampli- 
fier, showing the output voltmeter (shield cover re- 
moved) components mounted on a multiple tie point 
strip. The metal stud between the meters receives the 
screw that holds down the meter shield (7 X 7 X 2-inch 
chassis). 


Grounded Grid Amplifier 


Fig. 6-76—In this view 
of the power supply, 
four filter capacitors 
have been removed to 
show how the silicon 
diodes are mounted 
on one side of the 
terminal board; equal- 
izing resistors and ca- 
pacitors are mounted 
on the other side. 
The meter mounting 
bracket is held to the 


base plate by two of 
the bolts that run 
through the feet of 
the transformer. Small 
switch in the fore- 
ground is the inter- 
lock; control relay is 
mounted on base 
plate to left of termi- 
nal block, 


long, that replace two of the original transformer 
bolts. This strip also serves as a stop to prevent 
the cover and the resistors coming in contact. 

The bank of eight 240-uf. capacitors is insulated 
from the base plate by a sheet of 434 x 9 X %4- 
inch clear plastic (Lucite or Plexiglas). A similar 
sheet with clearance holes is mounted higher and 
holds the capacitors in place. The 25K bleeder 
resistors mount on the capacitor terminals. 

The high-voltage cable running to the ampli- 
fier is a length of RG-8/U terminated in a high- 
voltage coaxial plug (UG-59B/U). At the power 
supply end, the braid is peeled back for about 
a foot on the insulating material, to provide a 
suitably long leakage path. Disregard of this small 
point may result in voltage breakdown along the 
surface of the insulating material. The shield braid 
is connected to the base plate, which serves as the 
chassis ground. Wires to the a.c. line should be 
No. 14 or heavier (a cable marked “14-3 Type 
SJ 300 V” was used in this unit), and No. 16 wire 
will suffice for the control wiring. 

If desired, a precision resistor can be used for 
Rg, the voltmeter multiplier. However, selected 
standard 20-percent resistors will serve as well. 


Safety Precautions 


A 3000-volt power supply with a 30-yf. filter 
capacitor is a lethal device. There is no such 
thing as a “slight electrical shock” from a power 
supply like this one. Make absolutely certain that 
the voltmeter indication has coasted down to zero 


before removing the protective cover or touching - 


anything remotely connected to the high-voltage 
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lead, Even then it is a good idea to use a “short- 
ing stick” across the output as a double check. 


Adjustment of the Amplifier 


An amplifier of this quality and power level 
deserves the best of treatment, and to that end 
it is recommended that the operator familiarize 
himself with its operation by using a dummy load, 
an oscilloscope and some method of “pulsing” 
the drive. This will enable the operator to work. 
the amplifier at its maximum legal capacity with 
a minimum of spurious radiation. 

Lacking the equipment mentioned above, it is 
possible to approach proper operating conditions 
by the following rules of thumb. They are in- 
tended, however, to serve only as rough guides. 

With a sideband exciter set for c.w. operation, 
feed its output to the amplifier at input jack J,, 
through a length of RG-58/U or RG-8/U termi- 
nated in a PL-259 coaxial plug. If an s.w.r. indica- 
tor (for 50-ohm cable) is available, insert it in 
the line and switch it to read reflected power. 
With the filament of the amplifier turned on, but 
with the plate voltage turned off, tune the side- 
band exciter at low output level, using the grid- 
current indication in the grounded-grid amplifier 
as the output indicator. Peak L,. It may be found 
that a little reflected power is indicated, but that 
is not important at this time. The exciter tuning 
and loading should approximate those obtained 
with any other 50-ohm load. 

Plate voltage can now be applied, but it is 
recommended that early tests be carried out at 
half operating voltage, until it has been estab- 
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230v. 
(A) SIMPLIFIED SCHEMATIC 
O ® 
: 470K 470K 470K 
Olaf, ole. ole. 


(B) CR, CR DETAIL 


qT 


INTERLOCK 


OSCILLATORS, MULTIPLIERS, AMPLIFIERS 


R, CRa 


HV, 


CONTROL 
COMMON A.C. 


FILAMENT 


(C) Cy.Cg DETAIL.VOLTMETER ON Cp ONLY. 


Fig. 6-77—Schematic diagram of the 3000-volt power supply. 


Ci-C.—240uf. 450-volt electrolytic (Mallory 
€G241T450D 1). 

K:—D.p.s.t. relay, 25-ampere contacts (Potter & Brum- 
field PR7AY, 115-v.a.c. coil). 

Py-—Coaxial plug, UG-59B/U (Amphenol 82-804). 

Ri, Re—50-ohm 25-watt wirewound (Ohmite 0200D). 

Re—Selected 0.47- and 0.68-megohm, 2 watt, in series, 


lished that it is possible to tune to the various 
bands. Never apply plate voltage to the amplifier 
without a load (dummy or antenna) being con- 
nected, because there is danger of burning out 
CR, under these circumstances. Having estab- 
lished that the circuits can be tuned, the ampli- 
fier can be tested at full voltage. The loading 
and excitation (single tone, same as steady 
carrier or c.w.) should be adjusted to give the 
readings shown below, with the understanding 
that these are only general guides and are not 
strict limits. Notice that these conditions repre- 
sent tuning to a steady 1 kilowatt input, the only 
possible legal procedure (without pulsing, which 


Plate Voltage 2500 3600 
No-Signal Plate Current 160 ma. 180 ma. 
Single-Tone 100 ma. 75 ma. 
Grid Current 

Single-Tone 400 ma. 330 ma. 


Plate Current 


S:—S.p.s.t. miniature switch (Acro BRD2-5L). 

Ti—1100-v. 600 v.a. transformer, dual primary (BTC- 
6181, Berkshire Transformer Corp., Kent, 
Conn.) 

25K, 20-watt resistors are Ohmite Brown Devil 1845, 

A7OK resistors are Y2-watt, 0.01-uf. capacitors are 1000- 
volt disk ceramic. 


is illegal except into a dummy load). When a set 
of these conditions has been met, adjust the out- 
put of the exciter to drive the amplifier just to an 
indicated 1 kilowatt plate input on peaks. 

As a final touch, adjust the input circuits for 
minimum reflected power. 

Although the amplifier should have no v.h.f. 
parasitic with the suppressor as shown (RFC,R, 
in Fig. 6-71), the amplifier should be tested for 
one. Disconnect the exciter, connect a dummy 
load to the output, switch to 21 or 28 Mc. and 
apply filament and then plate power. With one 
hand on the plate power supply switch, swing the 
plate capacitor, C,, through its range, starting 
at maximum capacitance. If a parasitic is pos- 
sible, it will probably show up as Cg approaches 
minimum capacitance; it will be indicated by a 
sudden increase in plate current and the appear- 
ance of grid current. If a parasitic does appear, 
it will be necessary to increase the inductance of 
RFC, (after turning off the plate power!) by 
pushing the turns together or adding another turn. 


A.L. C. Circuits 


A. L. C. 


Automatic level control—or automatic load 
control, as it is called alternatively—is a form 
of delayed automatic gain control applied to a 
transmitter. Its purpose is to prevent modula- 
tion peaks from exceeding the linear range of 
operation. The principle is quite similar to that 
of a.g.c. as used in receivers. That is, some of 
the output of the last stage is rectified to de- 
velop a dic. voltage that can be used to control 
the gain of an earlier low-level stage in such a 
way that the final output level will not rise above 
a predetermined value. 

In the single-sideband transmitter the a.l.c. 
circuit is designed to allow modulation peaks 
to reach the linear peak-envelope level, but not 
to exceed it. To achieve this, the circuit is 
adjusted so that it comes into operation only 
when the amplitude is close to the peak-enve- 
lope value; that is, the gain control is delayed 
until the point of maximum output is almost 
reached, but then comes into action rapidly so 
the amplitude cannot reach the - “flattening” 
point. 


Rectification of Plate Output 


Typical circuits are shown in Fig. 6-78, The 
circuit at A can be applied to amplifiers using 
any type of tube or circuit—i.e, triode or 
tetrode, grid-driven or cathode-driven. It works 
directly from the plate of the amplifier, taking 
a relatively-small sample of the r.f. voltage 
through the capacitive voltage divider C,Cg. 


This is rectified by the diode of CR, to de-. 


velop a control voltage, negative with respect 
to ground, across the 1-megohm load resistor. 
The diode is back biased from a positive volt- 
age source, the bias voltage being adjustable 
by means of the “level-set” potentiometer Rj. 
CR, will be unable to rectify until the rf. 
voltage exceeds the bias voltage, and by setting 
Ry, properly no gain-control voltage will de- 
velop until the r.f. amplitude is close to the 
peak-envelope point. 

The dic. control voltage is used to increase 
the negative bias on a low-level amplifier or 
mixer, preferably the former, as shown at C. 
The controlled tube should be of the variable-u 
type. The time constant of the control-voltage 
circuit should be such that the control voltage 
will rise rapidly when rectification begins, but 
will hold down the gain during syllables of 
speech. The time constant can be adjusted by 
shunting additional capacitance. C3, across the 
1-megohm resistor, Rp, in Fig. 6-78A (the 0.01uf. 
capacitor is simply an r.f. bypass). A value of 
about 0.1 uf. is representative. 

The capacitive divider C,Cy should be de- 
signed to apply about 20 volts peak to CR, 
when the amplifier is delivering peak-envelope 
output. The total capacitance of Cy and C, in 
series should not exceed 5 to 10 p.f.—i.e., should 
be small in comparison with the tank tuning 
capacitance so tuning will not -be seriously 
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CIRCUITS 


FINAL 
AMP 
(A) 
+ 40V. — CONTROL 
, VOLTAGE 
ouT 
FINAL 
AMP 
(B) 
CONTROL 
VOLTAGE 
OUT 
(C) 


CONTROL 
VOLTAGE 
IN 


FIG. 6-78—Automatic level control circuits. 


(A) Control voltage obtained by sampling the rf. 
output voltage of the final amplifier. The diode 
back bias, 40 volts or so maximum, may be taken 
from any convenient positive voltage source in the 
transmitter. Ri may be a linear control having a 
maximum resistance of the order of 50,000 ohms. 
CR: may be a 1N34A or similar germanium diode. 
Other values are discussed in the text. 


.(B) Control voltage obtained from grid circuit of a 
Class AB: tetrode amplifier. Ti is an interstage 
audio transformer having a turns ratio, secondary 
to primary, of 2 or 3 to 1. An inexpensive trans- 
former may. be used since the primary and second- 
ary currents are negligible. CR: may be a 1N34A 
or similar; time constant of ReCs is discussed in the 
text. 


(C). Applying control voltage to the controlled am- 
plifier or mixer. 
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affected. For estimating values, the amplifier 
peak output r.f. voltage can be assumed to be 
equal to 75 per cent of the dc. plate voltage. 
For example, if the amplifier d.c. plate voltage 
is 1500, the peak r.f. voltage will be of the 
order of 0.75 x 1500 = 1100 volts, approxi- 
mately. Since about 20 volts is required, the 
divider ratio would be 1100/20, or 55 to 1. 
This is also (approximately) the ratio of the 
capacitance of Cy to that of Cy. Thus if C, 
is 5 pf., Cy should be 5 x 55 = 270 pf. 


Tetrode Grid Rectification 


The circuit of Fig. 6-78B is less flexible and 
can be used only with grid-driven tetrodes 
operated Class AB,. It makes use of the fact 
that a small amount of rectification occurs in 
the grid-cathode circuit of a tetrode AB, am- 
plifier before the driving voltage actually causes 
the net grid voltage to be zero and the grid cur- 
rent becomes large enough to cause flattening. 
This rectification causes a small audio-frequency 
_ current to flow in the grid circuit. In the cir- 
cuit shown, the current causes an a.f. voltage 
to be developed in the secondary of trans- 
former T,; this voltage is rectified by CR, 
and filtered to negative dc. by R, and Cy. The 
resultant d.c. voltage is used to control an am- 
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plifier or mixer as in Fig. 6-78C. The time 
constant of RC, should be chosen as described 
above. Resistance-capacitance coupling can be 
substituted for the transformer, although when 
this is done a voltage-doubling rectifier is gen- 
erally used so the control voltage will be stepped 
up. Alternatively, an audio amplifier can be 
inserted between the grid circuit and the rec- 
nies: Controlled Stage 

The circuits shown here can be modified as 
necessary to suit individual amplifier and exciter 
circuits. The details will vary with the actual 
equipment, but should not be difficult to work 
out if the principles. of the system are under- 
stood. Either circuit is capable of developing 
the few volts of control voltage necessary to 
prevent the amplifier from being driven into 
the nonlinear region. The greater the gain 
between the control amplifier and the stage at 
which the control voltage is taken off (usually 
the final amplifier) the less control voltage 
required. That is, the control voltage should 
be applied to an early stage in the exciter. 
Preferably, too, the stage should be one operat- 
ing on a frequency different from that of the 
final stage, to reduce the possibility of un- 
wanted feedback. 


TEMPERATURE COMPENSATION OF OSCILLATORS 


Finding the right values and coefficients of 
temperature-compensating capacitors for an 
oscillator circuit can be a long and tedious task. 
The following method is used to compensate 
an oscillator in the Hallicrafters HT-32 s.s.b. 
transmitter; the principle is applicable to any 
amateur rig. 

In the HT-32 v.f.o. a series-tuned Colpitts 
(Clapp) circuit is used and, as is necessary 
in any good oscillator, everything is built like 
the proverbial battleship. Two capacitors of 
different temperature coefficients are used with 
a variable differential capacitor, as shown in 
Fig. 6-79. The oscillator is tested by recording 
the frequency change with temperature. The 
direction of the drift then indicates which way 
the differential capacitor must be moved to 
minimize the deviation. 


FIG. 6-79—The v.f.o. in the HT-32 can be set to the best 
condition of temperature compensation through the 
use of a differential capacitor of N1500 and NPO 
coefficients. Changing the rotor position of Cs permits 
effective adjustment of the coefficient from an NPO 
characteristic to N1500. 


Chapter 7 


Code Transmission 


Keying a transmitter properly involves much 
more than merely turning it on and off with a 
fast manually-operated switch (the key). If the 
output is permitted to go from zero to full in- 
stantaneously (zero “rise” time), side frequencies, 
or key clicks, will be generated for many kilo- 
cycles either side of the transmitter frequency, 
at the instant the key is closed. Similarly, if the 
output drops from full to zero instantaneously 
(zero “decay” time), side frequencies will be gen- 
erated at the instant of opening the key. The 
amplitude of the side-frequency energy decreases 
with the frequency separation from the trans- 
mitter frequency. To avoid key clicks and thus 
to comply with the FCC regulations covering 
spurious radiations, the transmitter output must 
be “shaped” to provide finite rise and decay times 
for the envelope. The longer the rise and decay 
times, the less will be the side-frequency energy 
and extent. 

Since the FCC regulations require that “. .. 
the frequency of the emitted wave shall be as 
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Fig. 7-1—Typical oscilloscope displays of a code trans- 
mitter. The rectangular-shaped dots or dashes (A) have 
serious key clicks extending many ke. either side of the 
transmitter frequency. Using proper shaping circuits in- 
creases the rise and decay times to give signals with the 
envelope form of B. This signal would have practically 
no key clicks. Carrying the shaping process too far, as in 
C, results in a signal that is too “soft” and is not quite 
as easy to copy as B. 

Oscilloscope displays of this type are obtained by 
coupling the transmitter r.f. to the vertical plates (Chap- 
ter 11) and using a slow sweep speed synchronized to 
the dot speed of an automatic key. 


constant as the state of the art permits”, there 
should be no appreciable change in the trans- 
mitter frequency while energy is being radiated. 
A slow change in frequency, taking place over 
minutes of time, is called a frequency drift; it 
is usually the result of thermal effects on the 
oscillator. A fast frequency change, observable 


during each dit or dah of the transmission, is 
called a chirp. Chirp is usually caused by a non- 
constant load on the oscillator or by d.c. voltage 
changes on the oscillator during the keying cycle. 
Chirp may or may not be accompanied by drift. 

If the transmitter output is not reduced to 
zero when the key is up, a backwave (sometimes 
called a “spacing wave”) will be radiated. A 
backwave is objectionable to the receiving op- 
erator if it is readily apparent; it makes the 
signal slightly harder to copy. However, a slight 
backwave, 40 db. or more below the key-down 
signal, will be discernible only when the signal- 
to-noise ratio is quite high. Some operators lis- 


To Key Jack or 


A Cc, Keyed Stage 
grounded Side . 
B aie To Key Jack or 
C, Keyed Stage 
Grounded Side 


Fig. 7-2—Typical filter circuits to apply at the key (and 
relay, if used) to minimize r.f. clicks. The simplest cir- 
cvit (A) is a small capacitor mounted at the key. If this 
proves insufficient, an r.f. choke can be added to the un- 
grounded lead (B). The value of C, is .001 to .O1 uf., 
RFC; can be 0.5 to 2.5 mh., with a current-carrying 
ability sufficient for the current in the keyed circuit. In 
difficult cases another small capacitor may be required 
on the other side of the r.f. choke. In all cases the r.f. 
filter should be mounted right at the key or relay term- 
inals; sometimes the filter can be concealed under the 
key. When cathode or center-tap keying is used, the 
resistance of the r.f. choke or chokes will add cathode 
bias to the keyed stage, and in this case a high- 
current low-resistance choke may be required, or com- 
pensating reduction of the grid-leak bias (if it is used) 
may be needed. Shielded wire or coaxial cable makes a 
good keying lead. 

A visible spark on “‘make”’ can often be reduced by 
the addition of a small (10 to 100 ohms) resistor in 
series with C; (inserted at point “’x’’). Too high a value 
of resistor reduces the arc-suppressing effect on “break.” 


tening in the shack to their own signals and 
hearing a. backwave think that the backwave 
can be heard on the air. It isn’t necessarily so, 
and the best way to check is with an amateur a 
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mile or so away. If he doesn’t find the backwave 
objectionable on the $9+ signal, you can be 
sure that it won’t be when the signal is weaker. 


When any circuit carrying d.c. or a.c. is closed 
or opened, the small or large spark (depending 
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Fig. 7-3—The basic cathode (A) and center-tap (B) key- 
ing circuits. In either case Ci is the r.f. return to ground, 
shunted by a larger capacitor, Cs, for shaping. Voltage 
ratings at least equal to the cut-off voltage of the tube 
are required. 7; is the normal filament transformer. Ci 
and Cs can be about 0.01 yf. 

The shaping of the signal is controlled by the values 
of Re and Ce. Increased capacitance at Cz will make the 
signal softer on break; increased resistance at Rz will 
make the signal softer on make. 

Values at Cs will range from 0.5 to 10 yf., depending 
upon the tube type and operating conditions. The value 
of Rz will also vary with tube type and conditions, and 
may range from a few to one hundred ohms. 
When tetrodes or pentodes are keyed in this manner, a 
smaller value can sometimes be used at Cz if the screen- 
voltage supply is fixed and not obtained from the plate 
supply through a dropping resistor. If the resistor de- 
creases the output (by adding too much cathode bias) 
the value of Ri should be reduced. 

Oscillators keyed in the cathode can’t be softened on 
break indefinitely by increasing the value of Cz because 
the grid-circuit time constant enters into the action. 


upon the voltage and current) generates r.f. dur- 
ing the instant of make or break. This rf. click 
covers a frequency range of many megacycles. 
When a transmitter is keyed, the spark at 
the key (and relay, if one is used) causes a 
click in the receiver. This click has 
no effect on the transmitted signal. 
Since it occurs at the same time that 
a click (if any) appears on the trans- 
mitter output, it must be eliminated 
if one is to listen critically to his 
own signal within the shack. A small 
rf. filter is required at the contacts 
of the key (and relay); typical cir- 
‘cuits and values are shown in Fig. 7-2. 
To check the effectiveness of the rf. 
filter, listen on a band lower in fre- 
quency than the one the transmitter 
is tuned to, with a short receiving 
antenna and the receiver gain ‘backed 
off. 


Fig. 7-4—The basic circuit for blocked-grid keying is shown at A, 
Ri is the normal grid leak, and the blocking voltage must be at 
least several times the normal grid bias. The click on make can be 
reduced by making Ci larger, and the click on break can be re- 
duced by making Rz larger. Usually the value of Re will be 5 to 20 
times the resistance of Ri. The power supply current requirement 
depends upon the value of Rs, since closing the key circuit places 
Re across the blocking voltage supply. 

An allied circuit is the vacuum-tube keyer of B. The tube Vi is 
connected in the cathode circuit of the stage to be keyed. The 
values of Ci, Ri and Rz determine the keying envelope in the same 
way that they do for blocked-grid keying. Values to start with 
might be 0.47 megohm for Ri, 4.7 megohm for Re and 0.0047 pf. 
for Ci. 

The blocking voltage supply must deliver several hundred volts, 
but the current drain is very low. The 2A3 or other low plate- 
resistance triode is suitable for Vi. To increase the current-carrying 
ability of a tube keyer, several tubes can be connected in parallel, 

A vacuum-tube keyer adds cathode bias and drops the supply 
voltages to the keyed stage and will reduce the output of the stage. 
In oscillator keying it may be impossible to use a v.t. keyer without 
changing the oscillator d.c. grid return from ground to cathode. 


What Transmitter Stage To Key. 


A. satisfactory code signal, free 
from chirp and key clicks, can be am- 
plified by a linear amplifier without 
affecting the keying characteristics in 
any way. If, however, the satisfac- 
tory signal is amplified by one or 
more non-linear stages (e.g., a Class-C 
multiplier or amplifier), the signal 
envelope will be modified. The rise 
and decay times will be decreased, pos- 
sibly introducing significant key clicks 
that were not present on the signal 
before amplification. It is possible to 
compensate for the effect by using 
longer-than-normal rise and decay 
times in the excitation and letting the 
amplifier(s) modify the signal to an 
acceptable one. 

Many two-, three- and even four- 
stage v.f.o.-controlled transmitters are 
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Fig. 7-5—When the driver-stage plate voltage is roughly 
the same as the screen voltage of a tetrode final ampli- 
fier, combined screen and driver keying is an excelleni 
system. The envelope shaping is determined by the 
values of L:, Cx, and Rs, although the r.f. bypass capaci- 
tors Cy, Ca and Cs also have a slight effect. Ry serves as 
an excitation control for the final amplifier, by control- 
ling the screen voltage of the driver stage. If a triode 


driver is used, its plate voltage can be varied for excita- 


tion control. 

The inductor Li will not be too critical, and the sec- 
ondary of a spare filament transformer can be used if a 
low-inductance choke is not available. The values of 
Cy and Rs will depend upon the inductance and the 
voltage and current levels, but good starting values are 
0.1 yf. and 50 ohms. 

To minimize the possibility of electrical shock, it is 
recommended that a keying relay be used in this cir- 
cuit, since both sides of the circuit are “hot.” As in any 
transmitter, the signal will be chirp-free only if keying 
the driver stage has no effect on the oscillator frequency. 

(The Sigma 41FZ-35-ACS-SIL 6-volt a.c. relay is well- 
suited for keying applications.) > 


incapable of chirp-free output-amplifier keying 
because keying the output stage has an effect 
on the oscillator frequency and “pulls” it. Key- 
ing the amplifier presents a variable load to 
its driver stage, which in turn is felt as a variable 
load on the previous stage, and so on back to 
the oscillator. Chances of pulling are especially 
high when the oscillator is on the same frequency 
as the keyed output stage, but frequency multi- 
plication is no guarantee against pulling. Another 
source of reaction is the variation in oscillator 
supply voltage under keying conditions, but this 
can usually be handled by stabilizing the oscillator 
supply with a VR tube. If the objective is a com- 
pletely chirp-free transmitter, the first step is 
to make sure that keying the amplifier stage 
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(or stages) has no effect on the frequency. This 
can be checked by listening on the oscillator 
frequency while the amplifier stage is keyed. 
Listen for chirp on either side of zero beat, to 
eliminate the possibility of a chirpy receiver 
(caused by line-voltage changes or b.f.o. pulling). 

An amplifier can be keyed by any method that 
reduces the output to zero. Neutralized stages 
can be keyed in the cathode circuit, although 
where powers over 50 or 75 watts are involved it 
is often desirable to use a keying relay or vacuum 
tube keyer, to minimize the chances for electrical 
shock, Tube keying drops the supply voltages 
and adds cathode bias, points to be considered 
where maximum output is required. Blocked-grid 
keying is applicable to many neutralized stages, 
but it presents problems in high-powered ampli- 
fiers and requires a source of negative voltage. 
Output stages that aren’t neutralized, such as 
many of the tetrodes and pentodes in widespread 
use, will usually leak a little and show some 
backwave regardless of how they are keyed. In a 
case like this it may be necessary to key two 
stages to eliminate backwave. They can be keyed 
jn the cathodes, with blocked-grid keying, or in 
the screens. When screen keying is used, it is not 
always sufficient to reduce the screen voltage to 
zero; it may have to be taken to some negative 
value to bring the key-up plate current to zero, 
unless fixed negative control-grid bias is used. It 
should be apparent that where two stages are 
keyed, keying the earlier stage must have no 
effect on the oscillator frequency if completely 
chirp-free output is the goal. 

Shaping of the keying is obtained in several 
ways. Vacuum-tube keyers, blocked-grid and 
cathode-keyed systems get suitable shaping with 
proper choice of resistor and capacitor values, 
while screen-grid keying can be shaped by using 
inductors or resistors and capacitors. Sample 
circuits are shown in Figs. 7-3, 7-4 and 7-5, to- 
gether with instructions for their adjustment. 
There is no “best” adjustment, since this is a 
matter of personal preference and what you want 
your signal to sound like. Most operators seem 
to like the make to be heavier than the break. 
All of the circuits shown here are capable of a 
wide range of adjustment. 

If the negative supply in a grid-block keyed 


"stage fails, the tube will draw excessive key-up 


current. To protect against tube damage in this 
eventuality, an overload relay can be used or, 
more simply, a fast-acting fuse can be included in 
the cathode circuit. 


VACUUM-TUBE KEYERS 


The practical tube-keyer circuit of Fig. 7-6 can 
be used for keying any stage of any transmitter. 
Depending upon the power level of the keyed 
stage, or more or fewer type 2A3 tubes can be 
connected in parallel to handle the necessary cur- 
rent. The voltage drop through a single 2A3 
varies from about 60 volts at 50 ma. to 40 volts at 
25 ma. Tubes added in parallel will reduce the 
drop in proportion to the number of tubes used. 


When connecting the output terminals of the 
keyer to the circuit to be. keyed, the grounded 
output terminal of the keyer must be connected 
to the transmitter ground. Thus the keyer can be 
used only in negative-lead or cathode keying. 
When used in cathode keying, it will introduce 
cathode bias to the stage and reduce the output. 
This can be compensated for by a reduction in 
the grid-leak bias of the stage. If an oscillator 
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Fig. 7-6—-Wiring diagram of a practical vacuum-tube keyer. 


stage is keyed, the keyer should be connected in 
the negative lead, not the cathode. 

The negative-voltage supply can be eliminated 
if a negative voltage is available from some other 
source, such as a bias supply. A simplified version 
of this circuit could eliminate the switches and 


associated resistors and capacitors, since they are 
incorporated only to allow the operator to select 
the combination he prefers. But once the values 
have been selected, they can be soldered perman- 
ently in place. Adjustment of the keying char- 
acteristic is the same as with blocked-grid keying. 


OSCILLATOR KEYING 


One may wonder why oscillator keying hasn’t 


been mentioned earlier, since it is widely used. 


A sad fact of life is that excellent oscillator key- 
ing is infinitely more difficult to obtain than is 
excellent amplifier keying. If the objective is no 
detectable chirp, it is probably impossible to ob- 
tain with oscillator keying, particularly on the 
higher frequencies. The reasons are simple. Any 
keyed-oscillator transmitter requires shaping at 


the oscillator, which involves changing the oper- . 


ating conditions of the oscillator over a signifi- 
cant period of time. The output of the oscillator 
doesn’t rise to full value immediately so the drive 
on the following stage is changing, which in turn 
may reflect a variable load on the oscillator. No 
oscillator has been devised that has no change 
in frequency over its entire operating voltage 
range and with a changing load. Furthermore, 
the shaping of the keyed-oscillator envelope 
usually has to be exaggerated, because the follow- 
ing stages will tend to sharpen up the keying and 
introduce clicks unless they are operated as linear 
amplifiers. 

Acceptable oscillator keying can be obtained 
on the lower-frequency bands, and the methods 
used to key amplifiers can be used, but chirp- 
free clickless oscillator keying is probably not 
possible at the higher frequencies. Often some 
additional shaping of the signal will be intro- 
duced on “make” through the use of a clamp tube 
in the output amplifier stage, because the time 
constant of the screen bypass capacitor plus 
screen dropping resistor increases the screen- 
voltage rise time, but it is of no help on the 
“break” portion of the signal. 


Break-In Keying 


The usual argument for oscillator keying is 
that it permits break-in operation (see below, 
also Chapter 22). If break-in operation is not 
contemplated and as near perfect keying as pos- 


sible is the objective, then keying an amplifier 
or two by the methods outlined earlier is the 
solution. For operating convenience, an auto- 
matic transmitter “turner-onner” (see Campbell, 
OST, Aug., 1956), which will turn on the power 
supplies and switch antenna relays and receiver 
muting devices, can be used, The station switches 
over to the complete “transmit” condition where 
the first dot is sent, and it holds in for a length of 
time dependent upon the setting of the delay. It 
is equivalent to voice-operated phone of the type 
commonly used by s.s.b. stations. It does not per- 
mit hearing the other station whenever the key 
is up, as does full break-in, 

Full break-in with excellent keying is not easy 
to come by, but it is easier than many amateurs 
think. Many use oscillator keying and put up 
with a second-best signal. 


Differential Keying 


The principle behind “differential” keying is to 
turn the oscillator on fast before a keyed ampli- 
fier stage can pass any signal and turn off the 
oscillator fast after the keyed amplifier stage has 
cut off. A number of circuits have been devised 
for accomplishing the action. One of the simplest 
can be applied to any grid-block keyed amplifier 
or tube-keyed stage by the addition of a triode 
and a VR tube, as in Fig. 7-7. Using this keying 
system for break-in, the keying will be chirp- 
free if it is chirp-free with the VR tube removed 
from its socket, to permit the oscillator to run all 
of the time. If the transmitter can’t pass this test, 
it indicates that more isolation is required be- 
tween keyed stage and oscillator. 

Another VR-tube differential keying circuit, 
useful when the screen-grid circuit of an amplifier 
is keyed, is shown in Fig. 7-8. The normal screen 
keying circuit is made up of the shaping capacitor 
C,, the keying relay (to remove dangerous volt- 
ages from the key), and the resistors R, and Ry. 


Oscillator Keying 
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Fig. 7-7—When satisfactory blocked-grid or tube key- 
ing of an amplifier stage has been obtained, this VR- 
tube break-in circuit can be applied to the transmitter 
to furnish differential keying. The constants shown here 
are suitable for blocked-grid keying of a 6146 amplifier; 
with a tube keyer the 6J5 and VR tube circuitry would 
be the same. 

With the key up, sufficient current flows through Rs 
to give a voltage that will cut off the oscillator tube. 
When the key is closed, the cathode voltage of the 6J5 
becomes close to ground potential, extinguishing the 
VR tube and permitting the oscillator to operate. Too 
much shunt capacity on the leads to the VR tube, and 
too large a value of grid capacitor in the oscillator, may 
slow down this action, and best performance will be 
obtained when the oscillator (turned on and off this 
way) sounds “clicky.” The output envelope shaping is 
obtained in the amplifier, and it can be made softer by 
increasing the value of Cy. If the keyed amplifier is a 
tetrode or pentode, the screen voltage should be ob- 
tained from a fixed voltage source or stiff voltage di- 
vider, not from the plate supply through a dropping 
resistor. 


The + supply should be 50 to 100 volts higher 
than the normal screen voltage, and the — voltage 
should be sufficient to ignite the VR tube, Vo, 
through the drop in R, and R. Current through 
Ry will be determined by voltage required to cut 
off oscillator; if 10 volts will do it the current 
will be 1 ma. For a desirable keying character- 
istic, Ry will usually have a higher value than R,. 
Increasing the value of C, will soften both “make” 
and “break.” 

The tube used at Vy will depend upon the 
available negative supply voltage. If it is between 
120 and 150, a 0A3/VR75 is recommended. 
Above this a 0C3/VR105 can be used. The diode, 
V,, can be any diode operated within ratings. A 
6AL5 will suffice with screen voltages under 250 
and bleeder currents under 5 ma. For maximum 
life a separate heater transformer should be used 
for the diode, with the cathode connected to one 
side of the heater winding. 


Clicks in Later Stages 


It was mentioned earlier that key clicks can be 
generated in amplifier stages following the keyed 
stage or stages. This can be a puzzling problem 
to an operator who has spent considerable time 
adjusting the keying in his exciter unit for click- 
less keying, only to find that the clicks are bad 
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when the amplifier unit is added. There are two 
possible causes for the clicks: low-frequency 
parasitic oscillations and amplifier “clipping.” 

Under some conditions an amplifier will be 
momentarily triggered into low-frequency para- 
sitic oscillations, and clicks will be generated 
when the amplifier is driven by a keyed exciter. 
If these clicks are the result of low-frequency 
parasitic oscillations, they will be found in 
“sroups” of clicks occurring at 50- to 150-kc. 
intervals either side of the transmitter frequency. 
Of course low-frequency parasitic oscillations 
can be generated in a keyed stage, and the op- 
erator should listen carefully to make sure that 
the output of the exciter is clean before he blames 
a later amplifier. Low-frequency parasitic oscilla- 
tions are usually caused by poor choice in r.f. 
choke values, and the use of more inductance in 
the plate choke than in the grid choke for the 
same stage is recommended. 

When the clicks introduced by the addition of 
an amplifier stage are found only near the trans- 
mitter frequency, amplifier “clipping” is indi- 
cated. It is quite common when fixed bias is used 
on the amplifier and the bias is well past the 
“cut-off” value. The effect can usually be mini- 
mized by using a combination of fixed and grid- 
leak bias for the amplifier stage. The fixed bias 
should be sufficient to hold the key-up plate cur- 
rent only to a low level and not to zero. 

A linear amplifier (Class AB,, AB, or B) will 
amplify the excitation without adding any clicks, 
and if clicks show up a low-frequency parasitic. 
oscillation is probably the reason. 


KEYED STAGE 


OSCILLATOR 


Fig. 7-8—-VR-tube differential keying in an amplifier 
screen circuit. 

With key up and current flowing through Vi and Vs, 
the oscillator is cut off by the drop through Rs. The 
keyed stage draws no current because its screen grid is 
negative. Ci is charged negatively to the value of the — 
source. When the relay is energized, Ci charges through 
Ri to a + value. Before reaching zero (on its way -+) 
there is insufficient voltage to maintain ionization in V2, 
and the current is broken in Rs, turning on the oscillator 
stage. As the screen voltage goes positive, the VR tube, 
V2, cannot reignite because the diode, V:, will not con- 
duct in that direction. The oscillator and keyed stage 
remain on as long as the relay is closed. When the relay 
opens, the voltage across C; must be sufficiently negative 
for V2 to ionize before any bleeder current will pass 
through Rs. By this time the screen of the keyed stage is 
so far negative that the tube has stopped conducting. 
(See Fig. 7-5 for suitable relay.) 
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The average operator finds that a speed of 20 
to 25 words per minute is the limit of his ability 
with a straight hand key. However, he can in- 
crease his speed to 30 to 40 w.p.m. by the use of a 
“speed key.” The mechanical speed keys, avail- 
able in most radio stores, give additional speed by 
making strings of dots when the key lever is 
pushed to the right; dashes are made manually 
by closing the key to the left. After practicing 
with the speed key, the operator obtains the cor- 
rect “feel” for the key, which allows him to re- 
lease the dot lever at exactly the right time to 
make the required number of dots. A speed key 
can deliver practically perfect code characters 


KEYING 


In radio telegraphy the basic code element is 
the dot, or unit pulse. The time duration of a 
dot and a space is that of two unit pulses. A 
dash is three unit pulses long. The space between 
letters is three unit pulses; the space between 
words is seven unit pulses. A speed of one baud 
is one pulse per second. 

Assuming that a speed key is adjusted to give 
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when used by an operator who knows what good 
code sounds like; however, one will not com- 
pensate for an operator’s poor code ability. 

An electronic speed key will not compensate 
for an operator’s poor sending ability, either. 
However, the electronic speed key has the fea- 
ture that it makes strings of both dots and of 
dashes, by proper manipulation of the key lever, 
and in current designs the dashes are self-com- 
pleting. This means that it is impossible to send 
anything but the correct length of dash when the 
key lever is closed on the dash side. It is, of 
course, possible to send an incorrect number of 
dashes through poor operator timing. 


SPEEDS 


the proper dot, space and dash values mentioned 
above, the code speed can be found from 


dots /min, 


Speed (w.p.m.) = 
‘peed (w.p.m.) 75 

E.g.: A properly adjusted electronic key gives a string 
of dots that counts to 10 dots per second. Speed = (60 X 
10) + 25 = 24 w.p.m. 


A SOLID-STATE KEYER 


This circuit is a modern version of a keyer 
that was invented by W9TO.1 It is compact, in- 
expensive to build (under $25), and easy to 
construct. It employs both integrated circuits 
(ICs) and bipolar transistors.. The complete 
package measures 4 X 5 X 6 inches when fully 
assembled. : 


The Circuit 


The logic functions in the Micro-TO keyer 
(Fig. 7-10) are performed by silicon inte- 
grated circuits, The boxes labeled FF, and FF, 
(“L923) are called J-K flip-flops, and contain 
some 15 transistors and 17 resistors; the details 
of the inner workings need not concern us. For 
our purposes, the flip-flops behave in the follow- 
ing way: Whenever the trigger input (Pin 2) is 
brought from positive (more than 0.7 volt) to 
ground (less than 0.2 volt) the flip-flop can go 
into a new state. If both the inputs (Pins 1 and 3) 
are held at ground during the negative-going 
trigger pulse, the outputs (Pins 5 and 7) will 
complement (assume opposite states), while if 
Pin 3 is grounded and Pin 1 is held positive the 
flip-flop will go into the state in which Pin 5 
is grounded no matter what the initial state. 
Whenever the dot lever is closed and Pin 1 of 
the dot flip-flop FF, thereby grounded, the 
pulse generator, which will be discussed in 


1 This circuit originally described in QST, Aug. 1967, 
p. 17, by K3CUW. 


greater detail below, begins to deliver a string of 
pulses into the dot flip-flop trigger input. Ground- 
ing the dash contact also grounds the dot contact 
through CR,. A series of dots will appear at the 
dot flip-flop outputs as long as one of the levers 
is closed. The output of the dot flip-flop feeds 
through some gates in G,, «L914 (which consists 
of two pairs of paralleled transistors) to key the 


Fig. 7-9—This electronic speed keyer is 100 percent 
solid state and uses both integrated circuits and bi- 
polar transistors. It operates over a speed range of 
10 to 50 w.p.m. and contains its own built-in monitor. 


Solid-State Keyer 
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EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 
IN MICROFARADS ( yf. ); OTHERS 
ARE IN PICOFARADS (pf. or wat); 
RESISTANCES ARE IN OHMS; 
K= 1000 
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Fig. 7-10—Schematic of the Micro-TO keyer. Capacitances are in yf., polarity indicates electrolytic, others 
are ceramic. Resistances are in ohms (K = 1000); resistors are 1%4-watt. Component designations not listed below 
are for identification in board layout, Fig. 2. 


CRi, CRe—Must be germanium diodes. 

FFi, FF2—J-K flip-flop (Fairchild u1923). 
Gi—Dval-input gate (Fairchild L914). 
l—Neon glow pilot lamp. 

Ki-~S.p.s.t. reed relay (Magnecraft W102X1). 
LSi—3-inch 10-chm speaker (Philmore). 
Q:-Qs,_ incl.—Must be silicon transistors. 


relay. When the dash lever is closed, Pin 1 on the 
dash flip-flop FF, is also grounded and this flip- 
flop is ready to change state whenever Pin 7 of 
the dot flip-flop goes to ground. Thus, when the 
dash lever is closed, the dot flip-flop changes state 
with the first trigger pulse and this in turn 
triggers the dash flip-flop. At the end of the first 
dot, the dash flip-flop is still set and holds the 
relay in via the output gate. CR, keeps the dot 
generator going even if the dash lever is released, 
and the keyer goes on to make a second dot. This 
time when Pin 7 goes to ground it resets the dash 
flip-flop and, finally, after the end of the second 
dot the relay opens and the keyer is ready to 
generate the next character. A little thought will 
reveal that once a character has started it is 
impossible to alter it with the keyer paddle. 
Also, there is no space in the middle of a dash, 


Ri—100,000-ohm control, linear taper, 2 watts, compo- 
sition, 

Si—S.p.s.t. switch on Ri. 

Se~-S.p.s.t. center-off toggle switch. 


T:—6.3-volt 0.6-amp. filament transformer (Stancor - 


P6465 or equivalent). 
Tz--Transistor output transformer, 500 ohms c.t. to 16 
ohms (Argonne AR-118). 


as is found in some keyers, so dashes are self- 
completing without a need for filters on the 
paddle leads (except, of course, for some 0.001’s 
to keep .r.f. out of the keyer). 

The pulse generator is somewhat novel. Ignor- 
ing Q, for the moment, the combination of Q, 
and Q, resembles a unijunction transistor. Both 
Q, and Qs are normally off, and the base of Q; 
sits at 1.5 volts as determined by the 100-ohm 
divider resistors. C, charges through R, until 
the Q, emitter reaches about 2.1 volts (1.5 volts 
plus the base-emitter voltage drop), at which 
point Q, begins to turn on. Current begins to 
flow into the base of Q, and it also begins to turn 
on. This lowers the base voltage on Q,, making 
it come on a little more; Q, then feeds more cur- 
rent to Qs, making it come on harder, and so on: 
a cataclysmic collapse occurs which discharges 
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C, and generates the negative pulse required by 
the dot flip-flop. When there is not enough charge 
on C, to keep things going, Q, and Q, turn off, 
the base of Q, goes back to 1.5 volts, and the 
whole process repeats. Now putting Q, back 
into the circuit, we see that with the key levers 
open it is normally conducting and, since the 
collector-emitter voltage on a saturated silicon 
transistor is less than the base-emitter drop 
required to turn it on, it diverts any current 
that otherwise would go into the base of Qs. 
The collapsing process cannot begin, and C, 1s 
clamped at 2.1 volts by the base-emitter diode 
of Q,. The instant the dot on dash lever is closed, 
however, Q» is turned off and the collapse takes 
place immediately. The circuit is insensitive 
to dirty paddle contacts, and once the clock 
has started the interval between pulses is always 
the same. If a free-running pulse generator is 
desired, a switch can be installed to open the 
base lead of Qy. A speed range of 10 to 50 w.p.m. 
is obtained with the constants shown, 

An inexpensive reed relay is used to key the 
transmitter. It has operate and release times of 
less than 1 millisecond; including contact 
bounce, causing negligible keying delays at 
speeds below 100 w.p.m. The relay contacts 
occasionally stick together if the relay is used 
with transmitter keying lines having large bypass 
capacitors. A 220-ohm resistor has been added in 
series with one of the leads to eliminate the surge 
that causes the sticking. This small resistance has 
a negligible effect on the usual high-impedance 
grid-block keying line. The relay is not recom- 
mended for use with cathode-keyed transmitters 
running much more than 30 watts. 

The monitor is a makeshift affair depending on 
speaker resonance and transformer inductance to 
generate an audio tone. The values indicated 
work for the particular speaker-transformer com- 
bination indicated; if other parts are used the 
values of the 6800-ohm resistor and 0.22-nf. 
capacitor will probably need to be changed. 
The waveform is a series of pulses which are 
damped out by the speaker resonance, and the 
resulting tone, while rough, is not annoying. 
The waveform can be made sinusoidal, but the 
keying then becomes clicky. The volume is 
determined by the value of the 100-ohm resistor 
in the Q, emitter lead. 
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Fig. 7-11—Components for the keyer are mounted 

on a piece of perforated Vector circuit board. The con- 

trols and some of the large components are mounted 

on the walls of the utility cabinet. The monitor speaker 
is attached to one lid of the box. 


Construction 


The keyer is housed in a 3 & 4 X 5-inch 
aluminum utility cabinet. The small components 


are’ mounted on a 234 X 41%g-inch piece of 


Vectorbord. The speaker is bolted to the bottom 
of the box, in which a few holes are drilled, and 
the box is mounted on rubber feet so the sound 
can get out. The controls are mounted along 
the lower part of the box, and the wiring board 
is fastened with small brackets near the top so it 
will clear the controls and speaker. The relay is 
held to the side of the cabinet with a pair of 
cable clamps. 

The Fairchild economy epoxy-cased integrated 
circuits used may be hard to find. The name of 
the nearest distributor can be obtained from 
Fairchild Semiconductor, Marketing Services 
Dept., P.O. Box 1058, Mountain View, Califor- 
nia. The Motorola HEP integrated circuit line, 
which is available at many electronics stores, 
could probably be used if the power supply and 
relay voltages were changed. Other silicon 
transistor types could be substituted. The total 
cost of the keyer, including the monitor, is under 
$25.00. 


R.F.-POWERED C.W. MONITOR 


This monitor is powered by rectified r.f. from the transmitter. The pickup wire can be a small probe 
placed near the feed line or near the p.a. tank of the transmitter—danger, high voltage! 


Fig. 7-11A—R.f.-powered c.w. monitor. CR: is a 1N34A 

diode. The transistor is a 2N1178, 2N4125, or similar. 

Ts is a 12,000-ohm primary to 3.2-ohm secondary trans- 
former (Thordarson 22848 or equal). 


PICK-UP WIRE 


SPEAKER 
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RELAY DRIVER FOR USE WITH SOLID-STATE KEYERS 


Some of today’s transistorized electronic key- 
ers will not operate with all transmitters because 
of the limitations of the transistor in the switching 
stage of the keyer. In many cases, voltages above 
minus 100 volts and currents greater than 30 to 
40 ma. will damage the switching transistor. 

One solution (Fig. 7-12) to this problem is 
the addition of an external circuit to actuate a 
keying relay. The relay contacts then key the 
transmitter. In the normal state, V, is cut off 
by the negative voltage from the power supply 
and the tube does not conduct, leaving the keying 
circuit open, When the electronic keyer circuit 
closes, the grid of V7, is at zero volts and the tube 
. conducts, energizing the relay and closing the 
keying circuit of the transmitter. 


Construction 


The keyer in the photograph is built on a home- 
made chassis, but any chassis about 4 x 6 x 2 
inches will do. A smaller chassis could be used if 
power for the circuit is obtained from the trans- 
mitter. The wiring and layout are not critical. 
To keep down the noise, the relay should be 
mounted on rubber grommets or similar cushion- 
ing material. 

Although other relays will work in the circuit, 
the one specified is designed for high-speed op- 
eration. Most ordinary relays will cause keying 
problems at high speeds because of contact 
bounce. The relay used here will have no problem 
following speeds of at least 40 to 50 w.p.m. 

With the addition of three parts, the relay 
driver can be used to key a transmitter from a 
tape recorder or other audio source. For contest 
work, a CQ tape could be made up and a switch 
would select either the electronic keyer or the 
tape recorder with the CQ tape. 

The circuit (Fig. 7-13) uses the audio volt- 
age from the output of a tape recorder, which 
is stepped up by 7, and rectified. This dic. voltage 
is then fed to the input of the relay driver and 
overrides the negative voltage at the grid of the 
tube. 


Fig. 7-13—Schematic of the relay driver is shown at 

A. The tape-recorder adaptor is at B. Capacitance is in 

uf. The polarized capacitor is electrolytic. The 0.01-uf. 

unit is a disk ceramic. Resistance is in ohms, K = 1000. 

Resistors are %2 watt composition unless otherwise 
noted. 


CRi, CRe—Silicon diode, 400 p.r.v., 100 ma. or NvAC 3 
more. OO" 


CRs—Silicon diode, 200 p.r.v., 100 ma. or more. 

Ki:—1000-ohm keying relay, s.p.s.t. contacts (Sigma 41F 
1000S-SIL). , 

S:—S.p.s.t. toggle. 

T:—125 volts, 15 ma., 6.3 volts, 0.6 amp. (Stancor PS- 
8415). 

Te—Output Transformer, 5000 ohms to 3.2 ohms. 

TB:—TB4, inc.—2-lug terminal strip (Millen E-302 or 
similar), 


(INPUT 


3.27 
rare fl 
TAPE 2 

RECORDER 


Fig. 7-12—The relay driver is at the right and is a 
self-contained unit. The smaller assembly at the left 
is the tape-recorder adaptor of Fig. 7-13B. 


Parts layout is not critical. The adapter may be 
put on the same chassis as the relay driver or a 
2% X 2% X 15-inch Minibox may be used. 

To operate, the tape recorder is connected to 
TB, and the output (7B,) is connected to TB, 
of the relay driver. The volume control of the 
tape recorder should be adjusted to provide 
enough audio to follow the keying. 

Caution: This circuit is designed for use with 
only those keyers that are set up to switch a 
negative voltage, Heath HD-10, etc. 


Si ON 6.3V. 
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CODE TRANSMISSION 


BREAK-IN OPERATION 


Smooth c.w. break-in operation involves pro- 
tecting the receiver from permanent damage by 
the transmitter power and insurance that the re- 
ceiver will “recover” fast enough to be sensitive 
between dots and dashes, or at least between 
letters and words. None of the ‘available an- 
tenna transfer relays is fast enough to follow 
keying, so the simplest break-in. system is the 
use of a separate receiving antenna. If the 
transmitter power is low (25 or 50 watts) and 
the isolation between transmitting and receiving 
antennas is good, this method can be satis- 
factory. Best isolation is obtained by mounting 
the antennas as far apart as’possible and at right 
angles to each other. Feedline pick-up should 
be minimized, through the use of coaxial cable 
or 300-ohm Twin-Lead. If the receiver recovers 
fast enough but the transmitter clicks are both- 
ersome (they may be caused by the receiver 

overload and so exist only in the receiver) their 
effect on the operator can be minimized through 
the use of an output limiter (see Chapter Five). 

When powers above 25 or 50 watts are used, 
or where two antennas are not available, special 
treatment is required for quiet break-in on the 
transmitter frequency. A means must be pro- 
vided for limiting the power that reaches the 
receiver input; this can be either a direct short- 
circuit or a limiting device like an electronic TR 
switch (see Chapter Twenty two). Further, a 
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means must be provided for momentarily reducing 
the gain through the receiver, which enables 
the receiver to “recover” faster. 

The system shown in Fig. 7-14 permits quiet 
break-in operation of high-powered stations. It 
may require a simple operation on the receiver, 
although many commercial receivers. already 
provide the connection and require no internal 
modification. The circuit for use with a separate 
receiving antenna is shown in Fig. 7-12A; the 
slight change for use with a TR switch and a 
single antenna is shown in B. Ry is the regular 
receiver rf. and if. gain control. The ground 
lead is run to chassis ground through a rheostat, 
R,. A wire from the junction runs to the key- 
ing relay, K,. When the key is up, the ground 
side of R, is connected to ground through the 
relay arm, and the receiver is in its normal 
operating condition. When the key is closed the 
relay closes, which breaks the ground connec- 
tion from R, and applies additional bias to the 
tubes in the receiver. This bias is controlled by 
Ry. When the relay closes, it also closes the 
circuit to the transmitter keying circuit. A 
simple rf. filter at the key suppresses the local 
clicks caused by the relay current. This circuit 
is superior to any working on the a.g.c. line of 
the receiver because the cathode circuit(s) have 
shorter time constants than the a.g.c. circuits 
and will recover faster. 


RECEIVER 


Fig. 7-14—Two variations of a circuit for 
smooth break-in operation, using (A) 

- separate receiving dntenna or (B) an 
electronic TR switch. The leads shown as 
heavy lines should be kept as short as 
possible, to minimize direct transmitter 
pick-up. 

Ri—Receiver manual gain control. 

Ra—5000- or 10,000-chm wire-wound 
potentiometer. 

RFC,, RFCs—1- to 2¥-mh. r.f. choke, cur- 
rent rating adequate for appli- 
cation. 

Ki:—S.p.d.t. keying relay (Sigma 41FZ- 
35-ACS-SIL or equiv.). Although 
battery and d.c. relay are shown, 
any suitable a.c. or d.c. relay and 
power source can be used, 
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Chapter 8 


Audio Amplifiers and 
Double-Sideband Phone 


The audio amplifiers used in radiotelephone 
transmitters operate on the principles outlined 
earlier in this book in the chapter on vacuum 
tubes. The design requirements are determined 
principally by the type of modulation system to 
be used and by the type of microphone to be 
employed. It is necessary to have a clear under- 
standing of modulation principles before the 
problem of laying out a speech system can be 
approached successfully. Those principles are 
discussed under appropriate headings. 

The present chapter deals with the design of 
audio amplifier systems for communication pur- 
poses. In voice communication the primary ob- 
jective is to obtain the most effective transmis- 
sion; i.e, to make the message be understood at 
the receiving point in spite of adverse conditions 
created by noise and interference. The methods 
used to accomplish this do not necessarily coin- 
cide with the methods used for other purposes, 


such as the reproduction of music or other pro- 
gram material. In other words, “naturalness” in 
reproduction is distinctly secondary to  intelli- 
gibility. 

The fact that satisfactory intelligibility can be 
maintained in a relatively narrow band of fre- 
quencies is particularly fortunate, because the 
width of the channel occupied by a phone trans- 
mitter is directly proportional to the width of the 
audio-frequency band. If the channel width is 
reduced, more stations can occupy a given band 
of frequencies without mutual interference. 

In speech transmission, amplitude distortion of 
the voice wave has very little effect on intelligi- 
bility. The importance of such distortion in com- 
munication lies almost wholly in the fact that 
many of the audio-frequency harmonics caused 
by it lie outside the channel needed for intelli- 
gible speech, and thus will create unnecessary 
interference to other stations. 


SPEECH EQUIPMENT 


In designing speech equipment it is necessary 
to know (1) the amount of audio power the 
modulation system must furnish and (2) the out- 
put voltage developed by the microphone when 
it is spoken into from normal distance (a few 
inches) with ordinary loudness. It then becomes 
possible to choose the number and type of ampli- 
fier stages needed to generate the required audio 
power without overloading or undue distortion 
anywhere in the system. 


MICROPHONES 


The level of a microphone is its electrical out- 
put for a given sound intensity. Level varies 
greatly with microphones of different types, and 
depends on the distance of the speaker’s lips 
from the microphone. Only approximate values 
based on averages of “normal” speaking voices 
can be given. The values given later are based on 
close talking ; that is, with the microphone about 
an inch from the speaker’s lips. 

The frequency response or fidelity of a mi- 
crophone is its relative ability to convert sounds 
of different frequencies into alternating current. 
For understandable speech transmission only a 
limited frequency range is necessary, and intelli- 
gible speech can be obtained if the output of the 
microphone does not vary more than a few deci- 
bels at any frequency within a range of about 
200 to 2500 cycles. When the variation expressed 
in terms of decibels is small between two fre- 


quency limits, the microphone is said to be flat 
between those limits. 

In general, microphones are designed either to 
respond equally well in most directions or to have 
poor response in one direction. This latter type is 
called uni-directional and is useful in solving 
acoustic-feedback problems. 


Carbon Microphones 


The carbon microphone consists of a metal 
diaphragm placed against an insulating cup con- 
taining loosely-packed carbon granules (micro- 
phone button). When used with a vacuum-tube 
amplifier, the microphone is connected in the 
cathode circuit of a triode, as shown in Fig. 8-1A. 

Sound waves striking the diaphragm cause it 
to vibrate in accordance with the sound, and the 
pressure on the granules alternately increases 
and decreases, causing a corresponding decrease 
and increase in the electrical resistance of the 
microphone. The instantaneous value of this re- 
sistance determines the instantaneous value of 
plate current through the tube, and as a conse- 
quence the voltage drop across the plate load re- 
sistor increases and decreases with the increases 
and decreases in granule pressure. 

The carbon. microphone finds its major ama- 
teur application in mobile and portable work; a 
good microphone in the circuit of Fig. 8-1A will 
deliver 20 to 30 volts peak output at the trans- 
former secondary. 
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Crystal Microphones 


The crystal microphone makes use of the 
piezoelectric properties of Rochelle-salt crystals. 
This type of microphone requires no battery or 
transformer and can be connected directly to the 
grid of an amplifier tube. It is a popular type 
of microphone among amateurs; it has good fre- 
quency response and is available in inexpensive 
models. The input circuit is shown in Fig. 8-1B. 

Although the level of crystal microphones 
varies with different models, an output of 0.03 
volt or so is representative for communication 
types. The level is affected by the length of the 
cable connecting the microphone to the first am- 
plifier stage; the above figure is for lengths of 
6 or 7 feet. The frequency characteristic is unaf-~ 
fected by the cable, but the load resistance 
(amplifier grid resistor) does affect it; the lower 


frequencies are attenuated as the value of load 


resistance is lowered. A grid-resistor value of at 
least 1 megohm should be used. 

The ceramic microphone utilizes the piezo- 
electric effect in certain types of ceramic ma- 
terials to achieve performance very similar to 
that of the crystal microphone. It is less affected 
by temperature and humidity. Output levels are 
similar to those of crystal microphones for the 
same type of frequency response. 


Dynamic Microphones 

The dynamic microphone somewhat resem- 
bles a dynamic loud-speaker. A lightweight voice 
coil is rigidly attached to a diaphram, the coil 
being suspended between the poles of a perma- 
nent magnet. Sound causes the diaphram to 
vibrate, thus moving the coil between the magnet 
poles and generating an aternating voltage. 

Dynamic microphones are inherently low- 
impedance devices, but they are supplied as 
straight low-impedance microphones or with a 
built-in transformer to raise the impedance level. 
Used with the high-impedance output the micro- 
phone is suitable for working directly into the 
grid of the input amplifier stage. If the connecting 
cable must be unusually long, a low-impedance 
microphone should be used, with a step-up trans- 
former at the speech-amplifier end of the cable. 

In general, the dynamic microphones have the 
smoothest peak-free response and widest fre- 
quency range, and they are also the least sus- 
ceptible to damage from shock and extremes of 
temperature and humidity. 


Miscellaneous Microphones 

Two other types of microphones, now rarely 
used in amateur radio, are the condenser and the 
ribbon (or velocity) microphone. The con- 
denser microphone uses a tightly-stretched metal 
diaphram as one plate of a capacitor, and the 
sound vibrations move the diaphram and change 
the capacitance. The condenser microphone re- 
quires a polarizing voltage of several hundred 
volts, and a one- or two-stage pre-amplifier is 
usually included in the microphone housing. The 
condenser microphone is noted for its low dis- 
tortion and excellent frequency response. 


AUDIO AMPLIFIERS AND DOUBLE-SIDEBAND PHONE 


In a ribbon microphone, the element acted upon 
by the sound waves is a thin corrugated metallic 
ribbon suspended between the poles of a magnet. 
The microphone has a bi-directional (figure-8) 
pattern and good frequency response. 


THE SPEECH AMPLIFIER 


The af. amplifier stage that causes the r-f. 
output to be varied is called the modulator, and 
all the amplifier stages preceding it comprise 
the speech amplifier. Depending on the modu- 
lator used, the speech amplifier may be called 
upon to deliver power ranging from zero (only 
voltage required) to 20 or 30 watts. 


H-Z 
(C) BYNAMIC 


(D) Low-Z DYNAMIC 


Fig. 8-1—Speech input circuits used with various types 
of microphones. 


Before starting the design of a speech ampli- 
fier, therefore, it is necessary to have selected a 
suitable modulator for the transmitter. This se- 
lection must be based on the power required to 
modulate the transmitter; this power in turn is 
determined by the mode of transmission and the 
particular method of modulation. With the modu- 
lator determined, its driving-power requirements 
(audio power required to excite the modulator 
to full output) can be determined from the tube 
tables in a later chapter. Generally speaking, ‘it 
is advisable to choose a tube or tubes for the 
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FOLLOWING STAGE 


C3 
Ra 


Fig. 8-2—Resistance-coupled voltage-amplifier — cir- 

cuits. A, pentode; B, triode. Designations are as 

follows: 

C:—Cathode bypass capacitor, 

C:—Plate bypass capacitor. 

Cs—Output coupling capacitor (blocking capacitor), 

Cu—Screen bypass capacitor. 

R:—Cathode resistor. 

R2—Grid resistor. 

R;3—Plate resistor. 

Ri—Next-stage grid resistor. 

Rs—Plate decoupling resistor. 

Re—Screen resistor. 

Values for suitable tubes are given in Table 8-1. 

Values in the decoupling circuit, CoRs are not critical. 

Ry may be about 10% of Rs; an 8- or 10-Hf. electro- 
lytic capacitor is usually large enough at Co. 


last stage of the speech amplifier that will be cap- 
able of developing at least 50 per cent more power 
than the rated driving power of the modulator. 
This will provide a factor of safety so that losses 
in coupling transformers, etc., will not upset the 
calculations. 


Voltage Amplifiers 


If the modulator stage is a Class AB, or B 
amplifier, the last stage of the speech amplifier 
must deliver power enough to drive it. However, 
if the modulator is operated Class A or AB,, 
the preceding stage can be simply a voltage 
amplifier. From there on back to the micro- 
phone, all stages are voltage amplifiers. 

The important characteristics of a voltage am- 
plifier are its voltage gain, maximum undistorted 
output voltage, and its frequency response. 
The voltage gain is the voltage-amplification 
ratio of the stage. The output voltage is the 
maximum a.f, voltage that can be secured from 
the stage without distortion. The amplifier fre- 
quency response should be adequate for voice 
reproduction ; this requirement is easily satisfied. 

The voltage gain and maximum undistorted 
output voltage depend on the operating condi- 
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tions of the amplifier. Data on the popular types 
of tubes used in speech amplifiers are given in 
Table 8-I, for resistance-coupled amplification. 
The output voltage is in terms of peak voltage 
rather than r.m.s.; this makes the rating inde- 
pendent of the waveform. Exceeding the peak 
value causes the amplifier to distort, so it is more 
useful to consider only peak values in working 
with amplifiers. ; 


Resistance Coupling 


Resistance coupling generally is used in volt- 
age-amplifier stages. It is relatively inexpensive, 
good frequency response can be: secured, and 
there is little danger of hum pick-up from stray 
magnetic fields associated with heater wiring. It 
is the most satisfactory type of coupling for the 
output circuits of pentodes and high-s triodes, 
because with transformers a sufficiently high 
load impedance cannot be obtained without con- 
siderable frequency distortion. Typical circuits 
are given in Fig. 8-2 and design data in Table 8-I. 


Transformer Coupling 


Transformer coupling between stages ordi- 
narily is used only when power is to be trans- 
ferred (in such a case resistance coupling is very 
inefficient), or when it is necessary to couple be- 
tween a single-ended and a push-pull stage. Tri- 
odes having an amplification factor of 20 or less 
are used in transformer-coupled voltage ampli- 
fiers. With transformer coupling, tubes should 
be operated under the Class A conditions given 
in the tube tables at the end of this book. 

The circuit for coupling single-ended to push- 
pull stages is shown in Fig. 8-3. The transformer 
primary is in series with the plate of the tube, 
and thus must carry the tube plate current. When 
the following amplifier operates without grid 
current, the voltage gain of the stage is practi- 
cally equal to the u of the tube multiplied by the 
transformer ratio. This circuit also is suitable 
for transferring power (within the capabilities 
of the tube) to a following Class AB, or Class B 
stage. 


INPUT 


Fig. 8-3.—Transformer-coupled amplifier circuit for 
driving a push-pull amplifier. The cathode resistor, 
Ri, is calculated from the rated plate current and grid 
bias as given in the tube tables. 
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TABLE 8-I--RESISTANCE-COUPLED VOLTAGE-AMPLIFIER DATA 


Data are given for a plate supply of 300 volts, Departures of as much as 50 per cent from this supply voltage will not 
materially change the operating conditions or the voltage gain, but the output voltage will be in proportion to the ratio of 
the new voltage to 300 volts. Voltage gain is measured at 400 cycles. Capacitor values given are based on 100-cycle 
cutoff. For increased low-frequency response, all capacitors may be made larger than specified (cut-off frequency in 
inverse proportion to capacitor values provided all are changed in the same proportion). A variation of 10 per cent in the 
values given has negligible effect on the performance, 


Next-Stage 
Plate Grid Screen Cathode Screen Cathode Blocking Output 
Resistor Resistor Resistor Resistor Bypass Bypass Capacitor Volts Voltage 
Megohms Megohms Megohms Ohms BE. Bf, bf. (Peak}1 Gain? 
0.22 0.530 780 0.077 13.2 0.0082 53 200 
0.22 0.47 0.540 783 0.077 13.2 0.0053 65 270 
1.0 0.540 800 0.077 13.1 0.0033 74 316 
6AU6A 0.47 1.15 1590 0.057 8.4 0.0045 56 275 
12AU6 0.47 1.0 1.22 1650 0.049 7.4 0.0027 72 357 
2.2 1.31 1720 0.045 7.2 0.0017 82 418 
1.0 2.50 3300 0.036 5.3 0.0022 57 352 
1.0 2.2 2.80 3500 0.031 4.2 0.0015 72 466 
0.1 _— 974 — 4.0 0.028 37 34 
0.1 0.22 _ 1404 — 3.1 0.015 57 34 
0.47 — 2169 — 2.5 0.0083 78 33 
6AB4 0.22 _ 2510 —_ 19 0.015 50 33 
12AT7 0.22 0.47 — 4200 —_— 1.3 0.0074 78 33 
(one triode) 1.0 — 4950 _— 11 0.0046 85 32 
0.47 —_— 5700 — 0.90 0.0076 57 33 
0.47 1.0 — 8720 —_ 0.62 0.0041 81 32 
2.2 — 9700 _ 0.57 0.0030 88 32 
0.22 0.600 980 0.085 13.0 0.0085 51 223 
0.22 0.47 0.680 1090 0.084 12.0 0.0055 64 288 
1.0 0.700 1150 0.081 11.0 0.0033 74 334 
6AG5, 0.47 1.25 2000 0.064 7.9 0.0045 52 285 
6BC5, 0.47 1.0 1.34 2150 0.061 7.6 0.0029 67 363 
6CB6A 2.2 1.53 2350 0.057 7.1 0.0019 79 A416 
1.0 2.60 4000 0.044 5.2 0.0023 51 334 
1.0 2.2 3.00 4700 0.038 43 0.0015 69 427 
0.1 — 1500 — 44 0.027 40 34 
0.1 0.22 —_— 1800 —_— 3.6 0.014 54 38 
0.47 — 2100 —_—_ 3.0 0.0065 63 41 
Peeler 0.22 = 2600 = 2.5 0.013 51 42 
12SL7GT , 0.22 0.47 —_— 3200 — 1.9 0.0065 65 46 
(one triode) 1.0 — 3700 — 1.6 0.0035 77 48 
0.47 — 5200 _ 1.2 0.006 61 48 
0.47 1.0 — 6300 — 1.0 0.0035 74 50 
2.2 — 7200 —_— 0.9 0.002 85 51 
0.1 _ 1300 —- 4.6 0.027 43 45 
0.1 0.22 — 1500 _ 4.0 0.013 57 52 
0.47 — 1700 _—_ 3.6 0.006 66 57 
6AV6, 12AV6, 0.22 — 2200 — 3.0 0.013 54 59 
AX7TA 0,22 0.47 2800 _ 2.3 0.006 69 65 
fone triode) NOD — 0003, 
0.47 _—— 4300 — 1.6 0,006 62 59 
0.47 1.0 — 5200 —- 1.3 0.003 77 73 
2.2 — 5900 —_ 1.1 0.002 92 75 
0.047 — 1300 — 3.6 0.061 59 14 
0.047 0.1 — 1580 _— 3.0 0.032 73 15 
65, 6CG7, 0,22 — 1800 — 2.5 0.015 83 16 
(one triode) 0.1 — 2500 — 1.9 0.031 68 16 
6SN7GTB, 0.1 0.22 — 3130 —_— 1.4 0.014 82 16 
(one triode) 0.47 — 3900 — 1.2 0.0065 96 16 
12SN7GT A 
0.22 — 4800 —_— 0.95 0.015 68 16 
0,22 0.47 —_— 6500 _—_ 0.69 0.0065 85 16 
1.0 — 7800 — 0.58 0.0035 9 16 
0.047 —_— 870 — Al 0.065 38 12 
0.047 0.1 —— 1200 — 3.0 0.034 52 12 
0.22 — 1500 — 2.4 0.016 68 12 
6C4, 0.1 — 1900 — 1.9 0.032 44 12 
12AU7A 0.1 0.22 — 3000 — 1.3 0.016 68 12 
{one triode} 0.47 — 4000 — 1.1 0.007 80 42 
0.22 — 5300. — 0.9 0.015 57 12 
0.22 0.47 — 8800 — 0.52 0.007 82 12 
1.0 — 11000 — 0.46 0.0035 92 12 


1 Voltage across next-stage grid resistor at grid-current point. 
2 At 5 volts r.m.s. output. 
8 Cathode-resistor values are for phase-inverter service. 


Speech Equipment 


Phase Inversion 


Push-pull output may be secured with resist- 
ance coupling by using phase-inverter or phase- 
splitter circuits as shown in Fig. 8-4. 

The circuits shown in Fig. 8-4 are of the “self- 
balancing” type. In A, the amplified voltage 
from V1 appears across R5 and R7 in series. The 
drop across R7 is applied to the grid of Vs, and 
the amplified voltage from V2 appears across Rg 
and 7 in series. This voltage is 180 degrees out 
of phase with the voltage from V’y, thus giving 
push-pull output. The part that appears across 
R7 from V2 opposes the voltage from 71 across 
Rz, thus reducing the signal applied to the grid 
of V2. The negative feedback so obtained tends 
to regulate the voltage applied to the phase- 
inverter tube so that the output voltages from 
both tubes are substantially equal. The gain is 
slightly less than twice the gain of a single-tube 
amplifier using the same operating conditions. 

In the single-tube circuit shown in Fig. 8-4B 
the plate load resistor is divided into two equal 
parts, Rg and Ryo, one being connected to the 
plate in the normal way and the other between 
cathode and ground. Since the voltages at the 
plate and cathode are 180 degrees out of phase, 
the grids of the following tubes are fed equal a.f. 
voltages in push-pull, The grid return of V3 is 
made to the junction of Rg and Rio so normal 
bias will be applied to the grid. This circuit is 
highly degenerative because of the way Rio is 
connected. The voltage gain is less than 2 even 
when a high-z triode is used at V3. 


Gain Control 


A means for varying the over-all gain of the 
amplifier is necessary for keeping the final output 
at the proper level for modulating the transmit- 
ter. The common method of gain control is to 
adjust the value of a.c. voltage applied to the 
grid of one of the amplifiers by means of a volt- 
age divider or potentiometer. 

The gain-control potentiometer should be near 
the input end of the amplifier, at a point where 
the signal voltage level is so low there is no 
danger that the stages ahead of the gain control 
will be overloaded by the full microphone out- 
put. In a high-gain amplifier it is best to operate 
the first tube at maximum gain, since this gives 
the best signal-to-hum ratio. The control is usu- 
ally placed in the grid circuit of the second stage. 


DESIGNING THE SPEECH AMPLIFIER 


The steps in designing a speech amplifier are 
as follows: 

1) Determine the power needed to modulate 
the transmitter and select the modulator. In the 
case of plate modulation, a Class B amplifier may 
be required. Select a suitable tube type and de- 
termine from the tube tables at the end of this 
book the grid driving power required, if any. 

2) As a safety factor, multiply the required 
driver power by at least 1.5. 


Fig. 8-4—Self-balancing phase-inverter circuits. V1 
and V2 may be a double triode such as the 12AU7 
or 12AX7, Va may be any of the triodes listed in 
Table 8-1, or one section of a double triode. 
Ri—Grid resistor (1 megohm or less). 
R.—Cathode resistor; use one-half value given in 
Table 8-1 for tube chosen. 


Rs, Ra—Plate resistor; select from Table 8-1. 

Rs, Re—Following-stage grid resistor (0.22 to 0.47 
megohm). 

R:—0.22 megohm, 

Rs—Cathode resistor; select from Table 8-1. 

Re, Rio~Each one-half of plate load resistor given in : 
Table 8-1. 

Ci—10-Hf. electrolytic. 

C2, Cs—0.01- to 0.1-#f. paper, 


3) Select a tube, or pair of tubes, that will 
deliver the power determined in the second step. 
This is the last or output stage of the speech- 
amplifier. Receiver-type power tubes can be used 
as determined from the receiving-tube tables. If 
the speech amplifier is to drive a Class B modu- 
lator, use a Class A or AB, amplifier. 

4) If the modulator must operate Class AB, to 
develop the required power output, use a low- 
or medium-# triode to drive it. If more power is 
needed than can be obtained from one tube, use 
two in push-pull in the driver. In either case 
transformer coupling will have to be used, and 
transformer manufacturers’ catalogs should be 
consulted for a suitable type. ; 

5) If the modulator stage operates Class A 
or AB,, it may be driven by a voltage amplifier. 
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If the modulator stage is push-pull, the driver 
may be a single tube coupled through a trans- 
former with a balanced secondary, or may be 
a dual-triode phase inverter. Determine the sig- 
nal voltage required for full output from the 
modulator. If it is a single-tube Class A amplifier, 
the peak signal is equal to the grid-bias voltage; 
if push-pull Class A, the peak-to-peak signal 
voltage is equal to twice the grid bias; if Class 
AB,, twice the bias voltage when fixed bias is 
used ; if cathode bias is used, twice the bias fig- 
ured from the cathode resistance and the maxi- 
mum_-signal cathode current. 

6) From Table 8-I, select a tube capable of 
giving the required output voltage and note its 
rated voltage gain. A double-triode phase in- 
verter (Fig. 8-4A) will have approximately 
twice the output voltage and twice the gain of 
one triode operating as an ordinary amplifier. If 
the driver is to be transformer-coupled to the 
last stage, select a medium-y triode and calculate 

the gain and output voltage as described earlier. 

7) Divide the voltage required to drive the 
modulator by the gain of the driver stage. This 
gives the peak voltage required at the grid of the 
driver stage. 

8) Find the output voltage, under ordinary 
conditions, of the microphone to be used. This 
information should be obtained from the manu- 
facturer’s catalog. If not available, the figures 
given in the section on microphones in this 
chapter will serve. 

9) Divide the voltage found in (7) by the out- 
put voltage of the microphone. The result is the 
over-all gain required from the microphone to 
the grid of the driver stage. To be on the safe 
side, double or triple this figure. 

10) From Table 8-I, select a combination of 
tubes whose gains, when multiplied together, 
give approximately the figure arrived at in (9). 
These amplifiers will be used in cascade. If high 
gain is required, a pentode may be used for the 
first speech-amplifier stage, but it is not advis- 
able to use a second pentode because of the 
possibility of feedback and self-oscillation. In 
“most cases a triode will give enough gain, as a 
second stage, to make up the total gain required. 
If not, a medium-# triode may be used as a third 
stage. 

A high-z double triode with the sections in 
cascade makes a good low-level amplifier, and 
will give somewhat greater gain than a pentode 
followed by a medium-yz triode. With resistance- 
coupled input to the first section the cathode of 
that section may be grounded (contact potential 
bias), which is helpful in reducing hum. 


SPEECH-AMPLIFIER CONSTRUCTION 


Once a suitable circuit has been selected for 
a speech amplifier, the construction problem 
resolves itself into avoiding two difficulties — 
excessive hum, and unwanted feedback. For 
reasonably humless operation, the hum voltage 
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should not exceed about 1 per cent of the maxi- 
mum audio output voltage—that is, the hum 
and noise should be at least 40 db. below the 
output level. ; 

Unwanted feedback, if negative, will reduce 
the gain below the calculated value ; if positive, is 
likely to cause self-oscillation or “howls.” Feed- 
back can be minimized by isolating each stage 
with decoupling resistors and capacitors, by 
avoiding layouts that bring the first and last 
stages near each other, and by shielding of “hot” 
points in the circuit, such as grid leads in low- 
level stages. . 

Speech-amplifier equipment, especially voltage 
amplifiers, should be constructed on metal chassis, 
with all wiring kept below the chassis to take ad- 
vantage of the shielding afforded. Exposed leads, 
particularly to the grids of low-level high-gain 
tubes, are likely to pick up hum from the electric 
field that usually exists in the vicinity of house 
wiring. Even with the chassis, additional shield- 
ing of the input circuit of the first tube in a high- 
gain amplifier usually is necessary. In addition, 
such circuits should be separated as much as 
possible from power-supply transformers and 
chokes and also from any audio transformers 
that operate at fairly high power levels; this will 
minimize magnetic coupling to the grid circuit 
and thus reduce hum or audio feedback. 

The microphone and cable usually are con- 
structed with suitable shielding; this should be 
connected to the speech-amplifier chassis, and it 
may be necessary to connect the chassis to a 
ground such as a water pipe. 

Heater wiring should be kept as far as possi- 
ble from grid leads, and either the center-tap or 
one side of the heater-transformer secondary 
winding should be connected to the chassis. If 
the center-tap is grounded, the heater leads to 
each tube should be twisted together to reduce 
the magnetic field from the heater current. With 
either type of connection; it is advisable to 
lay heater leads in the corner formed by a fold 
in the chassis, bringing them out from the cor- 
ner to the tube socket by the shortest possible 
path. 

Tubes used in the low-level stages of high-gain 
amplifiers must be shielded; tube shields are ob- 
tainable for that purpose. It is a good plan to en- 
close the entire amplifier in a metal box, or at 
least provide it with a cane-metal cover, to avoid 
feedback difficulties caused by the r-f. field of the 
transmitter. R.f. picked up on exposed wiring, 
leads or tube elements causes overloading, dis- 
tortion, and self-oscillation of the amplifier. 

When using paper capacitors as bypasses, be 
sure that the terminal marked “outside foil” is 
connected to ground. This utilizes the outside foil 
of the capacitor as a shield around the “hot” 
foil, When paper capacitors are used for cou- 
pling between stages, always connect the outside 
foil terminal to the side of the circuit having 
the lower impedance to ground. Usually, this 
will be the plate side rather than the following- 
grid side. 
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AMPLITUDE MODULATORS AND THEIR DRIVERS 


CLASS AB AND B MODULATORS 


Class AB or B modulator circuits are basically 
identical no matter what the power. output of the 
modulator. The diagrams of Fig. 8-5 therefore 
will serve for any modulator of this type that the 
amateur.may elect to build. The triode circuit is 
given at A and the circuit for tetrodes at B. 
When small tubes with indirectly heated cath- 
odes are used, the cathodes should be connected 
to ground. 
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Fig. 8-5—Amplitude-modulator circuit diagrams. Tubes 
and circuit considerations are discussed in the text. 


Modulator Tubes 


The audio ratings of various types of trans- 
mitting tubes are given in the chapter containing 
the tube tables. Choose a pair of tubes that is 
capable of delivering sine-wave audio power 
equal to somewhat more than half the dc. input 
to the modulated Class C amplifier. It is some- 
times convenient to use tubes that will operate 
at the same plate voltage as that applied to the 
Class C stage, because one power supply of ade- 
quate current capacity may then suffice for both 
stages. 

In estimating the output of the modulator, re- 
member that the figures given in the tables are 
for the tube output only, and do not include out- 
put-transformer losses. To be adequate for modu- 
lating the transmitter, the modulator should have 


a theoretical power capability 15 to 25 per cent 
greater than the actual power needed for modu- 
lation. 


Matching to Load 


In giving audio ratings on power tubes, manu- 
facturers specify the plate-to-plate load imped- 
ance into which the tubes must operate to deliver 
the rated audio power output. This load imped- 
ance seldom is the same as the modulating im- 
pedance of the Class C r.f. stage, so a match must 
be brought about by adjusting the turns ratio of 
the coupling transformer. The required turns 
ratio, primary to secondary, is 


Zp 
Nie V2 
Zm 
where N == Turns ratio, primary to 
secondary 


Zm = Modulating impedance of 
Class C r.f. amplifier 


Zy = Plate-to-plate load imped- 
ance for Class B tubes 
Example: The modulated r.f. amplifier is 


to operate at 1250 volts and 300 ma. The power 
input is 


P=EI= 1250 X 0.3 = 375 watts 


so the modulating power required is 375/2 == 
188 watts. Increasing this by 25% to allow for 
losses and a reasonable operating margin gives 
188 X 1.25 = 236 watts. The modulating im- 
pedance of the Class C stage is 


+ = ey = 4167 ohms, 


2m ~ 3 


From the RCA Transmitting Tube Manual a 
pair of 811As at 1250 plate volts will deliver 
235 watts to a load of 12,400 ohms, plate-to- 
plate. The primary-to-secondary turns ratio of 
the modulation transformer therefore should be 


2 se qa me VI9F wm 17211. 
Zm 4170 


The required transformer ratios for the ordinary 
range of impedances are shown graphically in 
Fig 8-6. 

Many modulation transformers are provided 
with primary and secondary taps, so that various 
turns ratios can be obtained to meet the require- 
ments of particular tube combinations. How- 
ever, it may be that the exact turns ratio re- 
quired cannot be secured, even with a tapped 
modulation transformer. Small departures from 
the proper turns ratio will have no serious effect 
if the modulator is operating well within its capa- 
bilities ; if the actual turns ratio is within 10 per 
cent of the ideal value, the system will operate 
satisfactorily. Where the discrepancy is larger, 
it is usually possible to choose a new set of 
operating conditions for the Class C stage to 
give a modulating impedance that can be 
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matched by the turns ratio of the available 
transformer. This may require operating the 
Class C amplifier at higher voltage and less plate 
current, if the modulating impedance must be 
increased, or at lower voltage and higher current 
if the modulating impedance must be decreased. 
However, this ptocess cannot be carried very far 
without exceeding the ratings of the Class C 
tubes for either plate voltage or plate current, 
even though the power input is kept at the same 
figure. 


Suppressing Audio Harmonics 


Distortion in either the driver or Class B mod- 
ulator will cause a.f. harmonics that may lie out- 
side the frequency band needed for intelligible 
speech transmission. While it is almost impossi- 
ble to avoid some distortion, it is possible to cut 
down the amplitude of the higher-frequency 
harmonics. 

The purpose of capacitors C, and Cz across 
the primary and secondary, respectively, of the 

Class B output transformer in Fig. 8-5 is to re- 
duce the strength of harmonics and unnecessary 
high-frequency components existing in the mod- 
ulation. The capacitors act with the leakage 
inductance of the transformer winding to form 
a rudimentary low-pass filter. The values of 
capacitance required will depend on the load 
resistance (modulating impedance of the Class 
C amplifier) and the leakage inductance of the 
particular transformer used. In general, capaci- 
tances between about 0.001 and 0.01 pf. will be 
required; the larger values are necessary with 
the lower values of load resistance. The voltage 
rating of each capacitor should at least be equal 
to the d.c. voltage at the transformer winding 
with which it is associated. In the case of Ca, 
part of the total capacitance required will be 
supplied by the plate bypass or blocking capacitor 
in the modulated amplifier. 

A still better arrangement is to use a low-pass 
filter as shown later, even though clipping is not 
deliberately employed. , 


Grid Bias 


Certain triodes designed for Class B audio 
work can be operated without grid bias. Besides 
eliminating the grid-bias supply, the fact that 
grid current flows over the whole audio cycle 
means that the load resistance for the driver is 
fairly constant. With these tubes the grid-return 
lead from the center-tap of the input trans- 
former secondary is simply connected to the fila- 
ment center-tap or cathode. 

When the modulator tubes require bias, it 
should always be supplied from a fired voltage 
source, When only a small amount of bias is re- 
quired it can be obtained conveniently from a 
few dry cells. The battery is charged by the grid 
current rather than discharged, but nevertheless 
it will deteriorate with time. It should be re- 
placed if the voltage measured across it varies 
with the signal by more than 10 per cent or so. 
As an alternative to batteries, a regulated bias 
supply may be used. 
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Fig. 8-6—Transformer ratios for matching a Class C 

modulating impedance to the required plate-to-plate 

load for the Class B modulator, The ratios given on 

the curves are from total primary to secondary. Re- 
sistance values are in kilohms. 


Plate Supply 


In addition to adequate filtering, the voltage 
regulation of the plate supply should be as good 
as it can be made. If the d.c. output voltage of 
the supply varies with the load current, the volt- 
age at maximum current determines the amount 
of power that can be taken from the modulator 
without distortion. A supply whose voltage drops 
from 1500 at no load to 1250 at the full modulator 
plate current is.a 1250-volt supply, so far as the 
modulator is concerned, and any estimate of the 
power output available should be based on the 
lower figure. 

Good dynamic regulation—i.e., with suddenly 
applied loads—is equally as important as good 
regulation under steady loads, since an instanta- 
neous drop in voltage on voice peaks also will limit 
the output and cause distortion. The output ca- 
pacitor of the supply should have as much capaci- 
tance as conditions permit. A value of at least 
10 uf. should be used, and still larger values are 
desirable. It is better to use all the available 
capacitance in a single-section filter rather than 
to distribute it between two sections. 

It is particularly important, in the case of a 
tetrode Class AB, stage, that the screen-voltage 
power-supply ‘source have excellent regulation, 
to prevent distortion. The screen voltage should 
be set near but not over the recommended value 
for the tube. The audio impedance between screen 
and cathode must be low. 


Overexcitation 


When a modulator is overdriven in an attempt 
to secure more than the rated power, distortion 
increases rapidly. The high-frequency harmonics 
which result from the distortion modulate the 
transmitter, producing unwanted sidebands which 
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Fig. 8-7—Typical speech-amplifier driver for 5-10 watts output. Capacitances are in uf. Resistors are V2 watt un- 
less specified otherwise. Capacitors with polarity indicated are electrolytic. 


CRi, CRs—Silicon diode, 800 p.i.v. 

Li—10h., 110-ma. filter choke. 

Ta—Class-B driver transformer, 3000 ohms plate-to- 
plate; secondary impedance as required by 


can cause serious interference over a band of fre- 
quencies several times the channel width tfe- 
quired for speech. (This can happen even though 
the modulation percentage is less than 100 per 
cent, if the modulator is incapable of delivering 
the audio power required to modulate the trans- 
mitter.) ; 

As shown later, such a condition may be 
reached by deliberate design, in case the modu- 
lator is to be adjusted for peak clipping. But 
whether it happens by accident or intention, the 
splatter and spurious sidebands can be eliminated 
by inserting a low-pass filter (Fig. 8-11) between 
the modulator and the modulated amplifier, and 
then taking care to see that the actual modulation 
of the r.f. amplifier does not exceed 100 per cent. 


Operation Without Load 


Excitation should never be applied to a Class 
B modulator until after the Class C amplifier is 
turned on and is drawing the value of plate cur- 
rent required to present the rated load to the 
modulator. With no load to absorb the power, 
the primary impedance of the transformer rises 
to a high value and excessive audio voltages may 
be developed in the primary — frequently high 
enough to break down the transformer insulation. 


Class-B tubes used; 15-watt rating. 
Ti—Power transformer, 520 volts c.t., 90 ma.; 6.3 volts, 
3 amp. 


DRIVERS FOR CLASS-B 
MODULATORS 


Class ABe and Class B amplifiers are driven - 
into the grid-current region, so power is con- 
sumed in the grid circuit. The preceding stage or 
driver must be capable of supplying this power at 
the required peak audio-frequency grid-to-grid 
voltage. Both of these quantities are given in the 
manufacturer’s tube ratings. The grids of the 
Class B tubes represent a varying load resistance 
over the audio-frequency cycle, because the grid 
current does not increase directly with the grid 
voltage. To prevent distortion, therefore, it is 
necessary to have a driving source that will main- 
tain the wave form of the signal without distor- 
tion even though the load varies. That is, the 
driver stage must have good regulation. To: this 
end, it should be capable of delivering somewhat 
more power than is consumed by the Class B 
grids, as previously described in the discussion 
on speech amplifiers. 


Driver Tubes 


To secure good voltage regulation the internal 
impedance of the driver, as seen by the modula- 
tor grids, must be low. The principal component 
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of this impedance is the plate resistance of the 
driver tube or tubes as reflected through the 
driver transformer. Hence for low driving- 
source impedance the effective plate resistance of 
the driver tubes should be low and the turns ratio 
of the driver transformer, primary to secondary, 
should be as large as possible. The maximum 
turns ratio that can be used is that value which 
just permits developing the modulator grid-to- 
grid a.f. voltage required for the desired power 
output. The rated tube output (see tube tables) 
should be reduced by about 20 per cent to allow 
for losses in the Class B input transformer. 

Low-z triodes such as the 6CK4 have low plate 
resistance and are therefore good tubes to use 
as drivers for Class ABs or Class B modulators. 
Tetrodes such as the 6V6 and 6L6 make very 
poor drivers in this respect when used without 
negative feedback, but with such feedback the 
effective plate resistance can be reduced to a 
value comparable with low-# triodes. 

In a push-pull driver stage using cathode bias, 
if the amplifier operates Class A the cathode 
resistor need not be bypassed, because the af. 
currents from each tube flowing in the cathode 
resistor are out of phase and cancel each other. 
However, in Class AB operation this is not true; 
considerable distortion will be generated at high 
signal levels if the cathode resistor is not by- 
passed. The bypass capacitance required can be 
calculated by a simple rule: the cathode resistance 
in ohms multiplied by the bypass capacitance in 
microfarads should equal at least 25,000. The 
voltage rating of the capacitor should be equal 
to the maximum bias voltage. This can be found 
from the maximum-signal plate current and the 
cathode resistance. 


Example: A pair of 6CK4s is to be used in 
Class AB, self-biased. From the tube tables, 
the cathode resistance should be 350 ohms 
and the maximum-signal plate current 80 
ma. From Ohm’s Law, 

E = RI = 350 X 0.08 = 27 volts 


From the rule mentioned previously, the by- 
pass capacitance required is 


C = 25,000/R = 25,000/350 = 71 pf. 


A 100-4. 50-volt electrolytic capacitor would 
be satisfactory. 


Fig. 8-7 is a typical circuit for a speech ampli- 
fier suitable for use as a driver for a Class AB, 
or Class B modulator. An output of about 10 
watts can be realized with the power supply 
circuit shown (or any similar well-filtered supply 
delivering 300 volts under load). This is sufficient 
for driving any of the power triodes commonly 
used as modulators. The 6CK4s in the output 
stage are operated Class AB. The circuit pro- 
vides several times the voltage gain needed for 
crystal or ceramic microphones. 

The two sections of a 12AX7 tube are used in 
the first two stages of the amplifier. These are 
resistance coupled, the gain control being in the 
grid circuit of the second stage. 

The third stage uses a medium-s# triode which 
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Fig. 8-8—Negative-feedback circuits for drivers for 
Class B modulators, A—Single-ended beam-tetrode 
driver. If V1 and Vo are a 6J5 and 6V6, respectively, or 
one section of a 6CG7 and a 6AQ5, the following values 
are suggested: Ri, 47,000 ohms; Ro, 0.47 megohm; Rs, 
250 ohms; Rs, Rs, 22,000 ohms; Ci, 0.01 uf.; Co, 50 pf. 

B—Push-pull beam-tetrode driver. If Vi is a 6J5 or 
6CG7 and V2 and Vs 6Lés, the following values are sug- 
gested: Ri, 0.1 megohm; Re, 22,000 ohms; Rs, 250 ohms; 
Ci, 0.1 wf; Co, 100 pf. 


is coupled to the 6CK4 grids through a trans- 
former having a push-pull secondary. The ratio 
may be of the order of 2 to 1 (total secondary to 
primary) or higher; it is not critical since the 
gain is sufficient without a high step-up ratio. 
The turns ratio of transformer T, for the pri- 
mary to one-half secondary, is approximated by 


sah PZ 
= V035 E, 


where P = driving power required by modu- 
lator tubes 


N 


Z=plate load impedance of driver 
tube(s) 

E, = peak grid-to-grid voltage for driven 
tubes 


(This approximation is useful for any driver 
tube, or tubes, driving Class AB, or Class B 
modulators. Select driver tube(s) capable of de- 
livering 1% times the grid-driving power re- 
quired. ) 

In the case of AB, 6CK4s with fixed bias and 
300 plate volts, Z = 3000 ohms. 

Grid bias for the 6CK4s is furnished by a sep- 
arate supply using a silicon rectifier and a TV 
“booster” transformer, T4. The bias should be 
set to —62 volts or to obtain a total plate cur- 
rent of 80 ma. 

In building an amplifier of this type the con- 
structional precautions outlined earlier should 


Negative Feedback 


be observed. The Class AB, modulators de- 
scribed subsequently in this chapter are repre- 
sentative of good constructional practice. 


Negative Feedback 


Whenever tetrodes or pentodes are used as 
drivers for Class B modulators, negative feedback 
should be used in the driver stage. 

Suitable circuits for single-ended and push- 
pull tetrodes are shown in Fig. 8-8. Fig. 8-8A 
shows resistance coupling between the preceding 
stage and a single tetrode, such as the 6V6, that 
operates at the same plate voltage as the preced- 
ing stage. Part of the af. voltage across the pri- 
mary of the output transformer is fed back to the 
grid of the tetrode, Vy, through the plate resistor 
of the preceding tube, Y,. The total resistance 
of R, and R, in series should be ten or more times 
the rated load resistance of Vy. Instead of the 
voltage divider, a tap on the transformer primary 
can be used to supply the feedback voltage, if 
such a tap is available. 

The amount of feedback voltage that appears 
at the grid of tube V, is determined by R,, Ry 
and the plate resistance of V 4, as well as by the 
relationship between R, and R,. Circuit values 
for typical tube combinations are given in detail 
in Fig. 8-8. 

The push-pull circuit in Fig. 8-8B requires an 
audio transformer with a split secondary. The 
feedback voltage is obtained from the plate of 


each output tube by means of the voltage dividers | 


R, Ry. The blocking capacitor, C y prevents the 
dc. plate voltage from being applied to Ry, Ro; 
the reactance of this capacitor should be low, 
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compared with the sum of R, and Ro, at the low- 
est audio frequency to be amplified. Also, the sum 
of Ry and Re should be high (ten times or 
more) compared with the rated load resistance 
for V2 and V3. ; 

In this circuit the feedback voltage that is 
developed across Re appears at the grid of Ve 
(or 73) through the transformer secondary and 
grid-cathode circuit of the tube, provided the 
tubes are not driven to grid current. The per cent 
feedback is : 


Soy Be 
Ri + Rs 


where » is the feedback percentage, and R, and 
Re are connected as shown in the diagram. The 
higher the feedback percentage, the lower the 
effective plate resistance. However, if the per- 
centage is made too high the preceding tube, 1, 
may not be able to develop enough voltage, 
through Ty, to drive the push-pull stage to maxi- 
mum output without itself generating harmonic 
distortion. Distortion in V4 is not compensated 
for by the feedback circuit. 

If V2 and V3 are 6L6s operated self-biased in 
Class AB, with a load resistance of 9000 ohms, 
V1 is a 6J5 or similar triode, and Ty has a turns 
ratio of 2-to-1, total secondary to primary, it is 
possible to use over 30 per cent feedback without 
going beyond the output-voltage capabilities of 
the triode, Twenty per cent feedback will reduce 
the effective plate resistance to the point where 
the output voltage regulation is better than that 
of 2A3s without feedback. The power output 
under these conditions is about 20 watts. 
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INCREASING THE EFFECTIVENESS OF THE PHONE TRANSMITTER 


The effectiveness of a double-sideband trans- 
mitter can be increased to a considerable extent 
by taking advantage of speech characteristics. 
Measures that may be taken to make the modula- 
tion more effective include band compression 
(filtering), volume compression, and speech 
clipping. 


Compressing the Frequency Band 


Most of the intelligibility in speech is con- 
tained in the medium band of frequencies; that 
is, between about 500 and 2500 cycles. On the 
other hand, a large portion of speech power is 
normally found below 500 cycles. If these low 
frequencies are attenuated, the frequencies that 
carry most of the actual intelligence can be 
increased in amplitude without exceeding 100- 
per cent modulation, and the effectiveness of the 
transmitter is correspondingly increased. 

One simple way to reduce low-frequency re- 
sponse is to use small values of coupling capaci- 
tance between resistance-coupled stages. A time 
constant of 0.0005 second for the coupling capac- 
itor and following-stage grid resistor will have 
little effect on the amplification at 500 cycles, but 
will practically halve it at 100 cycles. In two 
cascaded stages the gain will be down about 5 db. 
at 200 cycles and 10 db. at 100 cycles. When the 


grid resistor is 4% megohm a coupling capacitor 
of 0.001 uf. will give the required time constant. 

The high-frequency response can be reduced 
by using “tone control” methods, utilizing a ca- . 
pacitor in series with a variable resistor con- 
nected across an audio impedance at some point 
in the speech amplifier. A good spot for the tone 
control is across the primary of the output trans- 
former of the speech amplifier. The capacitor 
should have a reactance at 1000 cycles about equal 
to the load resistance required by the amplifier 
tube or tubes, while the variable resistor in series 
may have a value equal to four or five times the 
load resistance. The control can be adjusted while 
listening to the amplifier, the object being to 
cut the high-frequency response without unduly 
sacrificing intelligibility. 

Restricting the frequency response not only 
puts more modulation power in the optimum fre- 
quency band but also reduces hum, because the 
low-frequency response is reduced, and helps re- 
duce the width of the channel occupied by the 
transmission, because of the reduction in the 
amplitude of the high audio frequencies. 


Volume Compression 


Although it is obviously desirable to modulate 
the transmitter as completely as possible, it is 
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difficult to-maintain constant voice intensity when 
speaking into the microphone. To overcome this 
variable output level, it is possible to use auto- 
matic gain control that follows the average (not 
instantaneous) variations in speech amplitude. 
This can be done by rectifying and filtering some 
of the audio output and applying the rectified 
and filtered dic. to a control electrode in an 
early stage in the amplifier. 

A practical circuit for this purpose is shown 
in Fig. 8-9. V,, a medium-p triode, has its grid 
connected in parallel with the grid of the last 
speech amplifier tube (the stage preceding the 
power stage) through the gain control R,. The 
amplified output is coupled to a full-wave recti- 
fier, V2. The rectified audio output develops a 
negative d.c. voltage across C1R3, which has a 
sufficiently long time constant to hold the voltage 
at a reasonably steady value between syllables 
and words. The negative d.c. voltage is applied as 
control bias to the suppressor grid of the first 
tube in the speech amplifier (this circuit requires a 

- pentode first stage), effecting a reduction in gain. 
The gain reduction is substantially proportional 
to the average microphone output and thus tends 
to hold the amplifier output at a constant level. 

An adjustable bias is applied to the cathodes of 
V2 to cut off the tube at low levels and thus 
prevent rectification until a desired output level 
is reached. Re is the “threshold control” which 
sets this level. Ry, the gain control, determines 
the rate at which the gain is reduced with in- 
creasing signa! level. 

The hold-in time can be increased by increas- 
ing the resistance of Rs. C2 and R4 may not be 
necessary in all cases; their function is to prevent 
‘too-rapid gain reduction on a sudden voice peak. 
The “rise time” of this circuit can be increased 
by increasing C2 or Ra, or both. 

The over-all gain of the system must be high 
enough so that full output can be secured at a 
moderately low voice level. 


Speech Clipping and Filtering 


In speech wave forms the average power con- 
tent is considerably less than in a sine wave of 
the same peak amplitude. Since modulation per- 
centage is based on peak values, the modulation 
or sideband power in a transmitter modulated 
100 per cent by an ordinary voice wave form will 
be considerably less than the sideband power in 
the same transmitter modulated 100 per cent by 
a sine wave. The modulation percentage with 
voice wave forms is determined by peaks having 
relatively low average power content. 

If the low-energy peaks are clipped off, the 
remaining wave form will have a considerably 
higher ratio of average power to-peak amplitude. 
More sideband power will result, therefore, when 
such a clipped wave is used to modulate the 
transmitter 100 per cent. Although clipping dis- 
torts the wave form and the result therefore does 
not sound exactly like the original, it is possible 
to secure a worth-while increase in modulation 
power without sacrificing intelligibility. Once 
the system is properly adjusted it will be impos- 
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sible to overmodulate the transmitter because the 
maximum output amplitude is fixed. 

By itself, clipping generates the same high- 
order harmonics that overmodulation does, and 
therefore will cause splatter. To prevent this, 
the audio frequencies above those needed for 
intelligible speech must be filtered out, after clip- 
ping and before modulation. The filter required 
for this purpose should have relatively little at- 
tenuation below about 2500 cycles, but high atten- 
uation for all frequencies above 3000 cycles. 

It is possible to use as much as 25 db. of clip- 
ping before intelligibility suffers; that is, if the 
original peak amplitude is 10 volts, the signal can 
be clipped to such an extent that the resulting 
maximum amplitude is less than one volt. If the 
original 10-volt signal represented the amplitude 
that caused 100-per-cent modulation on peaks, 
the clipped and filtered signal can then be ampli- 
fied up to the same 10-volt peak level for modu- 
lating the transmitter. 


+250 


Fig. 8-9—Speech-amplifier output compression circuft. 
Vi—6C4, 6C5, 6CG7, 6J5, 12AU7, etc. 

V2—6H6, 6AL5, etc. i 

T:—Interstage audio, single plate to p.p. grids. 


There is a loss in naturalness with “deep” clip- 
ping, even though the voice is highly intelligible. 
With moderate clipping levels (6 to 12 db.) there 
is almost no change in “quality” but the voice 
power is increased considerably. 

Before drastic clipping can be used, the speech 
signal must be amplified several times more than 
is necessary for normal modulation. Also, the 
hum and noise must be much lower than the 
tolerable level in ordinary amplification, because 
the noise in the output of the amplifier increases 
in proportion to the gain. 

One type of clipper-filter system is shown in 
Fig. 8-10. The clipper is a peak-limiting rectifier 
of the same general type that is used in receiver 
noise limiters. It must clip both positive and 
negative peaks. The gain or clipping control sets 
the amplitude at which clipping starts. Follow- 
ing the low-pass filter for eliminating the har- 
monic distortion frequencies is a second gain 
control, the “level” or modulation control. This 
control is set initially so that the amplitude- 
limited output of the clipper-filter cannot cause 
more than 100 per cent modulation. 


if 


Clipping and Filtering 


Fig. 8-10—Practical speech clipper circuit 
with low-pass filter. Capacitances below 
0.001 uf. are in pf. Resistors are % watt. 
L:~—20 henrys, 900 ohms (Stancor C-1515). 
$:—D.p.d.t. toggle or rotary. 


It should be noted that the peak amplitude of 
the audio wave form actually applied to the mod- 
ulated stage in the transmitter is not necessarily 
held at the same relative level as the peak am- 
plitude of the signal coming out of the clipper 
stage. When the clipped signal goes through the 
filter, the relative phases of the various fre- 
quency components that pass through the filter 
are shifted, particularly those components near 
the cut-off frequency. This may cause the peak 
amplitude out of the filter to exceed the peak 
amplitude of the clipped signal applied to the 
filter input terminals. Similar phase shifts can 
occur in amplifiers following the filter, especially 
if these amplifiers, including the modulator, do 
not have good low-frequency response. With 
poor low-frequency response the more-or-less 
“square” waves resulting from clipping tend to 
be changed into triangular waves having higher 
peak amplitude. Best practice is to cut the low- 
frequency response before clipping and to make 
all amplifiers following the clipper-filter as flat 
and distortion-free as possible. 

The best way to set the modulation control 
in such a system is to check the actual modula- 
tion percentage with an oscilloscope. With 
the gain control set to give a desired clipping 
level with normal voice intensity, the level con- 
trol should be adjusted so that the maximum 
modulation does not exceed 100 per cent no mat- 
ter how much sound is applied to the microphone. 

The practical clipper-filter circuit shown in 
Fig. 8-10 may be inserted between two speech- 
amplifier stages (but after the one having the 
gain control) where the level is normally a few 
volts. The cathode-coupled clipper circuit gives 
some over-all voltage gain in addition to perform- 
ing the clipping function. 


To: 
Plate of 
Modulated 
Amplifier 


Fig. 8-11—Splatter-suppression filter for use at high 
level, shown here connected between a Class B mod- 
ulator and plate-modulated r.f. amplifier. Values for 
Li, Ci and Cz are determined as described in the text, 
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High-Level Clipping and Filtering 


Clipping and filtering also can be done at high 
level —that is, at the point where the modulation 
is applied to the r.f. amplifier —instead of in the 
low-level stages of the speech amplifier. In one 
rather simple but effective arrangement of this 
type the clipping takes place in the modulator 
itself. This is accomplished by carefully adjusting 
the plate-to-plate load resistance for the mod- 
ulator tubes so that they saturate or clip peaks 
at the amplitude level that represents 100 per 
cent modulation. The load adjustment can be 
made by choice of output transformer ratio or 
plate-voltage/plate-current ratio of the modu- 
lated r.f. amplifier. It is best done by examining 
the output wave form with an oscilloscope. 

The filter for such a system consists of a choke 
coil and capacitors as shown in Fig. 8-11. The 
values of L and C should be chosen to form a 
low-pass filter section having a cut-off frequency 
of about 2500 cycles, using the modulating im- 
pedance of the r.f. amplifier as the load resistance. 
For this cut-off frequency the formulas are 
63.6 


and Ci = Cy = 


ai 
7850 R, 


where R ‘is in ohms, L1 in henrys, and Cy and Ce 
in microfarads. For example, with a plate-modu- 
lated amplifier operating at 1500 volts and 200 - 
ma. (modulating impedance 7500 ohms) Ly 
would be 7500/7850 = 0.96 henry and Cy or 
C2 would be 63.6/7500 = 0.0085 uf. Bypass ca- 
pacitors in the plate circuit of the r.f. amplifier 
should be included in C2. Voltage ratings for Cy 
and C, when connected as shown must be at 
least twice the d.c. voltage applied to the plate of 
the modulated amplifier. L and C values can vary 
10 per cent or so without seriously affecting the 
operation of the filter. 

Besides simplicity, the high-level system has 
the advantage that high-freyuency components 
of the audio signal fed to the modulator grids, 
whether present legitimately or as a result of 
‘amplitude distortion in lower-level stages, are 
suppressed along with the distortion components 
that arise in clipping. Also, the undesirable effects 
of poor low-frequency response following clip- 
ping and filtering, mentioned in the preceding 
section, are avoided. Phase shifts can still occur 
in the high-level filter, however, so adjustments 
preferably should be made by using an oscillo- 
scope to theck the actual modulation percentage 
under all conditions of speech intensity. 


Ly 
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A LOW-POWER MODULATOR 


A modulator suitable for plate modulation of 
low-power transmitters, or for screen or con- 
trol-grid modulation of high-power amplifiers, 
is pictured in Figs. 8-12 and 8-13. The undis- 
torted output of the amplifier is approximately 
8 watts. This is sufficient for modulating the plate 
of an rf. amplifier running up to 16 watts input, 
or for modulating the control or screen grids 
of rf. amplifier tubes having plate-dissipation 
ratings up to 250 watts. 


The Circuit 


Referring to Fig. 8-14, T, is an audio step- 
down transformer which couples the audio signal 
from a high-impedance microphone into the base 
of the first transistor amplifier, Q,. Rf. filtering 
is provided in the base circuit of Q, (100-ohm 
resistor and the 470-pf. capacitor). R, controls 
the output level of the modulator. 

Q», the second preamplifier transistor, in- 
creases the amplitude of the audio signal to a 
level sufficient enough to drive a complementary 
amplifier consisting of Q, and Q4. The comple- 
mentary amplifier eliminates the need for an 
audio transformer by taking advantage of the 
individual characteristics of an n-p-n- (Q,) and 
a p-n-p. (Q4) transistor. During the positive half 
of the cycle, Q, conducts, and during the negative 
half cycle, QO, conducts. 

The audio power amplifier consists of two 
40310 transistors (Q,,Qg) series-connected, op- 
erating in class B push-pull. Such an arrangement 
provides low distortion as well as low idling cur- 
rent. The output of the amplifier stage is capacity- 
coupled via C, to T, which matches the modula- 
tor output impedance (8 ohms) ‘to the impedance 
presented by the transmitter. 

As shown in Fig. 8-14, a 5.0 v. to 115-volt fila- 
ment transformer is used as a modulation trans- 
former with the primary winding connected to Jo. 
This transformer will match a load of 5000 ohms 
impedance to the 8-ohm amplifier output imped- 
ance. For a load of 2700 ohms, a 6.3 v. to 115-volt 
filament transformer may be used. Another al- 


Fig. 8-12—Top view of the modulator chassis. The 
audio section is mounted along the left side of the 
chassis. Tz is mounted at the left rear. The power sup- 
ply is located at the right rear of the chassis with the 
core of T3 mounted at right angles to that of Tz to 
avoid hum pick-up. 


ternative would be to use an 18-watt universal 
output transformer! with its primary winding 
(high impedance) connected to Jp. The proper 
transformer taps in this case will have to be de- 
termined experimentally. 

A 0.01-uf. capacitor is connected across the out- 
put of T, to help reduce undesirable high-fre- 
quency audio response. In addition, the 68,000 
ohm resistor connected to To, feeds back a small 
amount of out-of-phase audio voltage to the base 
of Qo, thereby reducing the chance of overdriving 
the modulator. Thermal stability is maintained 
through the use of diodes CR, and CR, 


Fig. 8-13—Bottom view of 
the modulator chassis. T: is 
mounted just to the left of 
the microphone jack J: at the 
right of the chassis. The 
power supply components are 
mounted on a single termi- 
nal strip located in the lower 
center portion of the chassis. 
Ci is the large capacitor at 
the upper left of the chassis. 
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The power supply, utilizing a 26.8-volt filament 
transformer, is connected as a full-wave bridge 
circuit. A single high-capacitance filter is used, 
which provides good filtering and adequate dy- 
namic regulation, 


Construction 


Both the modulator and its power supply are 
built on a single 11 x 7 x 2-inch aluminum chassis 
using conventional wiring techniques. Transistor 
sockets are used for Q,-Q4, inc., to avoid heat 
damage during construction. Qs and Qs, are 
mounted using the hardware provided by the 
manufacturer. A homemade mounting for T, is 
constructed by physically inverting the trans- 
former assembly in its mounting frame. A small 
copper strap is then soldered to the frame..The 
copper strap (along with the transformer) is 
then fastened to the chassis using two machine 
screws. Care should be taken to observe proper 
electrolytic capacitor and diode polarity, Also, 
make sure that the transistors are properly con- 
nected. 

In testing the unit, at no time should the modu- 
lator be operated without a load, whether it be a 
resistive dummy load, or the transmitter, Ad- 
just the gain control R,, until the level of 

yvaudio is sufficient for proper modulation, If 
@available, an oscilloscope should be used to 
determine the proper percentage of modulation. 
a a ee ee 


1Stancor A3852, Stancor A3870, Knight 54A2022, 
ete, 


l—Neon panel assembly with resistor (designed for 
Ts—26.8-volt l-amp. filament transformer (Knight 54D- 


T:—200,000-ohm to 1000-chm miniature audio trans- 


a 
; = = 
oa = at 
. + 2 
a PG ss 
€ 6 ao x* 
har nN og 
- 96 =< 5 
2 3 o 3 
2s é a 
ne 2s o 3 
ag 23 5 = 6 
gt £8 f Ege 
28 a 2 £ 
len . mo) o . 
o 6 § > ec Pa 
a ax. 5 2 3 co S 
SSreEots oftg 2 
g 2 2 2o5 . Aas or ft 
eu YR S>6S4 =< See & 
9 = ; 5 7 Qe. f f 5 25 
SO fe 2oss ge 5s =e 
eR 5 cree dqdte og ‘ r) 
o Se SO te (omeme) 5 
2 | > 2a ° os og 3 
zi. teaeere 6 <€ © 
ro v yw 9a RP VEe es 2 E y 
Kem ©C€OoR £5O te er a S22 Ge 
eo | - @ew~anN TOA 9° os S 
~2@es SESanal sis s 
Soe ZEZSoCSoLS a 3 
O92 ZePTTVERBaS 
a5 '» 
Loe ez {hee hog 
900 SACGGCCGaew A 
Sooaaosgoe ess 
EVES BS 4 
= = c om 
3s 2.5 2 ra 
PEs soo lS 88 
r 9 Qo = <2 
ove et, CBS SS 
P4 o a - 
[see5ngss 
+ 33 2 @ tl 
=o 24 = ¢ ey 
ooaEL vores, | 
” of ECU ey 
La io] Py 
. woe YOM E 
P2<ecoc®egxgte«a 
mEso Gh ESOS €o 


232 


AUDIO AMPLIFIERS AND DOUBLE-SIDEBAND 


PHONE 


TRANSISTORIZED CLIPPER/AMPLIFIER 


An am. signal can be made more effective by 
employing speech compression or clipping in the 
modulator circuit. The average voice power can 
be increased by as much as 12 or 15 db. without 
serious impairment of the audio quality. Under 
weak-signal conditions, such an increase is ex- 
tremely worthwhile. Clippers of the type de- 
scribed here are not satisfactory for use with 
s.s.b, transmitters because of the distortion that 
they introduce. This unit is self-contained and 
can be installed between the microphone and the 
audio input jack of most am. or d.s.b. trans- 
mitters. 


The Circuit 


The circuit (Fig. 8-20B) uses three transistors. 
When no clipping is used, the transistors work 
as straight amplifiers. Gain for the circuit is 
adjusted by Ry. The maximum gain is about 15 

_ db. if R, is set just below the clipping point. To 
use the circuit as a clipper, R, is adjusted for the 
amount of clipping desired. The silicon diodes, 
CR,, CRg, will begin clipping at an audio level of 
about 0.6 volt peak. Q, makes up for the gain 
lost by clipping. 


Construction 


The clipper is built in the top of a3 x 4 X 5- 
inch Minibox. The input jack, audio gain control 
and clipping control are mounted on one end, 
with the output strip on the other end. A three- 
terminal strip is used for the output connection 
to permit the clipper to be used with a push-to- 
talk microphone. Cables can be made up to fit 
the type of input connector used on the trans- 
mitter. 

The remainder of the circuit is mounted on an 
etched circuit board.* Standard layout can be used 


BOTTOM VIEW 


RAs 


PT.T. LINE 


Fig. 8-20A—Inside view showing the etched circuit 
board. The clipper diodes are near the upper edge of 
the board in this view. Qs is at the left, Qe is at the right, 
and Q: is below Qe with a paper capacitor in between. 


by those who do not wish to make up an etched 
board.2 The battery is held in place with a Key- 
stone No. 95 battery clamp. The circuit board is 
mounted on l-inch spacers. Rubber feet prevent 
the cabinet from scratching desk tops. 

In use, R, is adjusted to the desired level of 
clipping and Ry is set for the audio output level 
needed for full modulation of the transmitter. 
The adjustment may be made either with an 
oscilloscope or by on-the-air checks, 


1A full-size template for the etched circuit board is 
available for 25 cents from the American Radio Relay 
League, 225 Main St., Newington, Conn. 06111. 

2 Etched-Circuit processing is described in detail in 
Chap. 20. 


OUTPUT AMP 


CLIPPER 
t 47k 


Fig. 8-20B—Circuit diagram of the speech-amplifier/ clipper. Capacitances are in pf. unless noted differently; 
capacitors with polarity indicated are electrolytic; 0.1-uf. capacitors are paper (Sprague 4PS-P10); 0.02-yf. 
capacitor is disk ceramic. Fixed resistors are 14-watt; resistances are in ohms (K = 1000). 


CRi, CRe—Any type silicon diode. 
Ji—3-conductor microphone jack. 


Je—3-terminal strip (Millen E-303). 
Ri, Re—10,000-chm control, linear taper. 


50-Watt A.M. Modulator 
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A 50-WATT A.M. MODULATOR 


Although the trend is toward s.s.b. telephony, 
particularly below 30 Mc., there are still many 
applications for a.m., on any amateur band. The 
modulator to be described is intended for the am- 
ateur who wants a complete station, ready for any 
occasion. Several up-to-the-minute features have 
been included in the circuit, so that it reflects the 
most modern thinking about a.m. techniques. 
Speech clipping and filtering is used, to maximize 
the effective “talk power” without causing 
adjacent-channel QRM. Control circuits enable 
the operator to choose between manual operation, 
push-to-talk or foot-switch control when activat- 
ing the transmitter and modulator. During c.w. 
operation of the transmitter, footswitch control 
is still available by merely throwing the phone- 
c.w. switch on the modulator to the c.w. position. 
Jacks located on the rear of the modulator chas- 
sis make available the necessary connections to 
external control circuits. 

For the modern look, rocker-type switches are 
used for a.c. and d.c. control of the power supply. 
To match the switches, rectangular pilot-lamp as- 
semblies are used as indicators. 

Circuit 

Referring to the circuit diagram, Fig. 8-16, the 
input circuit is intended for use with the normal 
high-impedance microphone. R.f. filtering is in- 
cluded, to minimize the chances for r.f. feedback 
and its resultant howls and squeals. After ampli- 
fication through V1, and V1, the signal is 
clipped by CR, and CR,. The clipping level is set 
by R,. The setting of R, determines the output 
level of the modulator after clipping takes place. 
Audio harmonics generated by the clipper are 
filtered out by L, and the associated filter capaci- 
tors. The signal is amplified further by V, and 
then transformer-coupled to the grids of Vg, and 
V4. 
Chipping and filtering maintains the average 
modulation level higher than it would be in the 
absence of clipping. It improves the effectiveness 
of a.m. without detracting noticeably from the 
intelligibility. 

Although a Stancor P-6315 power transformer 
is used in the power-supply section of the modu- 
lator, an old TV-set transformer could be substi- 
tuted for Ts. Most TV sets use transformers of 
similar specifications and these will do a good 
job. The rest of the power supply is of common 
design. Bias is developed by borrowing voltage 
from one side of the secondary winding of Ts, 


through a 0.02—uf. capacitor, and rectifying it- 


through CR,. Approximately —30 volts is needed 
at the 7027A grids to establish the correct op- 
erating conditions. If the builder prefers to have 
adjustable bias a 100,000-ohm, 2-watt control can 
be installed in place of Ry, and the bias voltage 
taken from the arm of the control. 


Fig. 8-15—A look at the top of the modulator chasis. The 
power supply is located on the right, the speech ampli- 
fier tubes are at the upper left, and the modulation 
transformer is at the lower left. The control relay, Ki, is 
at the center of the chassis, just behind the meter. 


' 


Because silicon rectifiers are used for CR, 
through CR,, and because capacitor-input filter- 
ing is employed, the power supply delivers ap- 
proximately 450 volts. A 600-volt capacitor is 
used at C, to allow adequate safety margin for 
the surge voltage of the supply. 

Rectified voltage from CRg is used to operate 
relay K,. The relay is used to break the center- 
tap connection of Tg, to turn off the supply. The 
relay can be manually activated by S, when S¢ is 
in the MANUAL position, When Sg is in the P.1.T. 
position, K, can be controlled by the microphone 
switch or by a foot switch which connects to Js. - 
During c.w. operation, Sy is turned to the c.w. 
position and the foot switch can be employed to 
activate the control circuits of an r.f. deck, and 
the antenna relay, by using it to short circuit J,’s 
control line. When operating c.w., the secondary 
winding of T, is switched out of the B-plus line 
at Jo, by switch S,. A spare set of relay contacts 
is connected to J, and can be used to control other 
external devices, should the need arise. 


Construction 


The general layout is shown in Figs. 8-15 and 
8-17. A 10 17 x 3-inch aluminum chassis serves 
asa foundation for the modulator. A 7-inch alu- 
minum rack panel is made fast to the chassis by 
attaching it with a pair of steel chassis brackets. 
The brackets give added rigidity to the chassis 
—a necessity because of the heavy transformers 
used. 

Square holes for mounting T, and T, were cut 
in the chassis with a hand nibbling tool. A saber 
saw or keyhole saw would work just as well. The 
holes for the rocker switches and the indicator 
lamps were made in the panel and chassis by first 
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50-Watt Modulator 


Fig. 8-17—A bottom-chassis view of the 50-watt modu- 
lator. The power supply section is at the left, the speech 
amplifier and clipper circuits are at the upper right, and 
the terminal block of the modulation transformer is at 
the lower right. The phone-c.w. switch is visible at the 
top-center of the chassis, just above the relay socket. 


2 positions used. (Centralab 2506.) 
5-volt winding not used. (Stancor P-6315.) 


Ts—12.6 volts at 1.5 amperes (Knight 6-K-94 HF). 


Li~—20 h., 15 ma. filter choke (Stancor C-1515). 

2-1 h., 300 ma. choke (Stancor C-2326). 
Mi—0-300 ma. d.c. meter (Simpson Model 1227 shown). 
Ri, Re—500,000-ohm control, audio taper. 

Si~S.p.s.t. rocker switch (Carling TILA50-BL). 
Se—Ceramic rotary, 1-section, 3-pole, 3-position switch. 
Ss—S.p.s.t. rocker switch (Carling TILA5O-RD). 
Ti—Interstage transformer, 1:3 ratio (Stancor A-63-C). 
T.—50-watt, vari-match modulation transformer (U.T.C. 
Ts—7 40 volts c.t. at 275 ma., 6.3 volts c.t. at 7 amperes. 
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(1N2862 


(1 N3256 suitable.) 
12-volt d.c. relay. (Guardian 1225-3C-12D 
with matching Guardian relay socket.) 


CR;—Silicon rectifier, 400 p.r.v., 750 ma. 


suitable). 
CRs—Silicon rectifier, 50 p.r.v., 750ma. (1N2858 suita- 


2113). 
lz—Neon panel lamp assembly, red (Leecraft 31-2111). 


Ji—3-terminal microphone jack (see text). 


ble). 


CRi, CRe—Small-signal silicon diode. (IN914A suitable.) 
Fi—1-amp. fuse. 


CRs-CRe, inc.—Silicon rectifier, 800 p.r.v., 500 ma. 
l—Neon panel lamp assembly, amber (Leecraft 31- 


Je, Ja—Millen high-voltage jack, type 37001. 
Js, Je—2-terminal connector (Millen E-302A). 
Js—Phono connector. 


Ki-~3.p.d.t. 
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drilling numerous small holes around the desired 
cut-out area, knocking the resulting slug out of 
the metal, and then filing the holes to size. If a 
21-inch punch is not available for making the 
meter hole in the panel, a fly cutter can be used. 
If neither tool is available, the system used for 
cutting the switch and pilot-light holes can be 
employed. 


Operation 


The plate-to-plate load impedance for the mod- 
ulator tubes is 6600 ohms with the voltages used. 
Once the load into which the modulator will work 
is determined, the matching sheet which is sup- 
plied with the modulation transformer can be con- 
sulted for the correct primary and secondary con- 
nections. 

Because of the resistance and capacitance val- 
ues used in the speech-amplified stages of the 
modulator, and because of the characteristics of 
the clipper-filter, the audio response is reasonably 
flat from 300 to 3000 cp.s., falling off rapidly 
above and below that range. This feature will 
help to keep the on-the-air signal narrow and 
clean. ; 

The idling current of the modulator output 
tubes is approximately 70 ma. The maximum 
plate current on voice peaks should not exceed 
200 ma. Because of the type of bias circuit used 
with this modulator, overdriving the 7027As will 
result in an increase in bias which will in turn 
reduce the plate current of the modulator. This 
condition will be readily apparent if the operator 
observes the plate-current meter. The increase in 
bias results from the flow of grid current when 
the 7027As are driven too hard. The added bias 
charges Cy beyond its normal —30-volt level and 
causes the plate current to decrease. This change 
is particularly evident when the operator ceases to 
talk into the microphone, when the plate current 
will slowly return to the normal no-signal value 
as Cy discharges back to its —30-volt level. This - 
bias quirk serves as a convenient built-in over- 
drive indicator. 

The microphone connector, J,, can be selected 
to match the user’s microphone plug. Any 3-ter- 
minal type will be satisfactory if push-to-talk 
operation is desired. 

The amount of clipping used will be pretty 
much the choice of the operator. Between 6 and 
10 decibels of clipping seems best. Some may pre- 
fer to clip as much as 12 or 15 db.,.but the more 
clipping that is used, the bassier the audio will 
seem to be, at times impairing the readability of 
the signal. By setting R, far in a counter-clock- 
wise position and advancing R, for near-maxi- 
mum gain, the clipper will be effectively disabled. 
An oscilloscope is useful for determining the var- 
ious settings of R, and R, that will be desired 
by the operator. These set-things can be logged 
for future use. 

A word of caution: Do not attempt to operate 
the modulator without a proper load. Operating 
without a secondary load can destroy the modula- 
tion transformer. 
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CLASS B MODULATOR WITH FILTER 


Representative Class B modulator construc- 
tion is illustrated by the unit shown in Figs. 8-18 
and 8-20. This modulator includes a splatter 


Fig. 8-18—A typical Class B modulator arrangement. 

This unit uses a pair of 811As, capable of an audio 

power output of 340 watts, and includes a splatter 

filter. The modulation transformer is at the left and 

the splatter choke at the right. All high-voltage ter- 

minals are covered so they cannot be touched 
accidentally. 


filter, C,C,L, in the circuit diagram, Fig. 8-19, 
and also has provision for short-circuiting the 
modulation transformer secondary when c.w. is 
to be used. 

The audio input transformer is not built into 


TO PLATE 
OF RF. AMR 


5 Vv. TO MOD. 
PLATE SUPPLY 


Fig. 8-19—Circuit diagram of the Class B. modulator. 

Ci, Ce, Li-—See text. (Li: is Chicago Transformer type 
SR-300). 

Ki—D.p.d.t. relay, high-voltage insulation (Advance 
type 400). .. 

M--0-500 d.c. milliammeter, bakelite case. 

T:—Variable-ratio modulation transformer (Chicago 
Transformer type CMS-1). 

T.—Filament transformer, 6.3 v., 8 amp. 

1,—6.3-volt pilot light. 

Xi, X2—Chassis-type 115-volt plugs, male. 

Xs—Chassis-type 115-volt receptacle, female, 

Si—S.p.s.t. toggle. 


this unit, it being assumed that this transformer 
will be included in the driver assembly as is cus- 
tomary. If the modulator and speech amplifier- 
driver are mounted in the same rack or cabinet, 
the length of leads from the driver to the modu- 
lator grids presents no problem. The bias re- 
quired by the modulator tubes at their higher 
plate-voltage ratings should: be fed through the 
center tap on the secondary of the driver trans- 
former. At a plate voltage of 1250 or less no bias 
is needed and the center-tap connection on the 
transformer can be grounded. 

The values of Cy, Ce and Ly depend on the 
modulating impedance of the Class C r.f. ampli- 
fier. They can be determined from the formulas 
given in this chapter in the section on high-level 
clipping and filtering. The splatter filter will be 
effective regardless of whether the modulator 
operating conditions are chosen to give high-level 
clipping, but it is worth while to design the sys- 
tem for clipping at 100 per cent modulation if 


‘the tube curves are available for that purpose. 


The voltage ratings for Cy and C2 should at 
least equal the dic. voltage applied to the modu- 
lated r.f. amplifier. 

A relay with high-voltage insulation is used 


- to short-circuit the secondary of T, when the 


Fig. 8-20—The relay and filament transformer are 
mounted below the chassis. C1, C2 and Ki are mounted 
on small stand-off insulators. 


relay coil is not energized. A normally closed 
contact is used for this purpose. The other arm 
is used to close the primary circuit of the modu- 
lator plate supply when the relay is energized. 
Shorting the transformer secondary is necessary 
when the r.f. amplifier is keyed, to prevent an 
inductive discharge from the transformer wind- 
ing that would put “tails” on the keyed charac- 
ters and, with cathode keying of the amplifier, 
would cause excessive sparking at the key con- 
tacts. The control circuit should be arranged in 
such a way that Ky is not energized during c.w. 
operation but is energized by the send-receive 
switch during phone operation. 

Careful attention should be paid to insulation 
since the instantaneous voltages in the secondary 
circuit of the transformer will be at least twice 
the dic. voltage on the r.f. amplifier. If a “hi-fi” 
amplifier of 10 watts or more output is avail- 
able, it can be used as the driver for the 811As 
by coupling as shown in Fig. 8-21. 


A Class-B Modulator 


811A 


HI-FI 
AMPLIFIER 


a) 
16 
Oo 
16.0 80 
OUTPUT 40 
O 
com. 


O 
BIAS OR SHORT. 
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Fig. 8-21—A “hi-fi” audio amplifier will drive a 

Class-B modulator; a suitable coupling transformer 

is required. The connections shown here are for a 

pair of 811As. The amplifier should have an output 
rating of at least 10 watts. 


T1—10-watt line-to-voice-coil transformer (Stancor 


A-8104). 


AMPLITUDE MODULATION 


As described in the chapter on circuit funda- 
mentals, the process of modulation sets up groups 
of frequencies called sidebands, which appear 
symmetrically above and below the frequency of 
the unmodulated signal or carrier. If the instan- 
taneous values of the amplitudes of all these sep- 
arate frequencies are added together, the result 
is called the modulation envelope. In ampli- 
tude modulation (a.m.) the modulation enve- 
lope follows the amplitude variations of the 
signal that is used to modulate the wave. 

For example, modulation by a 1000-cycle tone 
will result. in a modulation envelope that varies 
in amplitude at a 1000-cycle rate, The actual r.f. 
signal that produces such an envelope consists 
of three frequencies —the carrier, a side fre- 
quency 1000 cycles higher, and a side frequency 
1000 cycles lower than the carrier. These three 
frequencies easily can be separated by a receiver 
having high selectivity. In order to reproduce 
the original modulation the receiver must have 
enough bandwidth to accept the carrier and the 
sidebands simultaneously. This is because an a.m. 
detector responds to the modulation envelope 
rather than to the individual signal components, 
and the envelope will be distorted in the receiver 
unless all the frequency components in the signal 
go through without change in their amplitudes. 

In the simple case of tone modulation the two 
side frequencies and the carrier are constant in 
amplitude—it is only the envelope amplitude 
that varies at the modulation rate. With more 
complex modulation such as voice or music the 
amplitudes and frequencies of the side frequen- 
cies vary from instant to instant. The amplitude 
of the modulation envelope varies from instant 
to instant in the same way as the complex audio- 
frequency signal causing the modulation. Even in 
this case the carrier amplitude is constant if the 
transmitter is properly modulated. 


A.M. Sidebands and Channel Width 


Speech can be electrically reproduced, with 
high intelligibility, in a band of frequencies lying 
between approximately 100 and 3000 cycles. 
When these frequencies are combined with a 
radio-frequency carrier, the sidebands occupy the 
frequency spectrum from about 3000 cycles below 
the carrier frequency to 3000 cycles above — 
a total band or channel of about 6 kilocycles. 

Actual speech frequencies extend up to 10,000 
cycles or more, so it is possible to occupy a 20-kc. 


channel if no provision is made for reducing its 
width. For communication purposes such a chan- 
nel width represents a waste of valuable spec- 
trum space, since a 6-kc, channel is fully adequate 
for intelligibility. Occupying more than the min- 
imum channel creates unnecessary interference. 
Thus speech equipment design and transmitter 
adjustment and operation should be pointed 
toward minimum channel width. 


THE MODULATION ENVELOPE 


In Fig. 8-22 the drawing at A shows the un- 
modulated r.f. signal, assumed to be a sine wave 
of the desired radio frequency. The graph can 
be taken to represent either voltage or current. 

In B, the signal is assumed to be modulated by 
the audio frequency shown in the small drawing 
above. This frequency is much lower than the 
carrier frequency, a necessary condition for good 
modulation. When the modulating voltage is 
“positive” (above its axis) the envelope ampli- 
tude is increased. above its unmodulated ampli- 
tude; when the modulating voltage is “negative” 
the envelope amplitude is decreased. Thus the 
envelope grows larger and smaller with the po- 
larity and amplitude of the modulating voltage. 

The drawings at C shows what happens with 
stronger modulation. The envelope amplitude is 
doubled at the instant the modulating voltage’ 
reaches its positive peak. On the negative peak 
of the modulating voltage the envelope amplitude 
just reaches zero. 


Percentage of Modulation 


When a modulated signal is detected in a re- 
ceiver, the detector output follows the modula- 
tion envelope. The stronger the modulation, 
therefore, the greater is the useful receiver out- 
put. Obviously, it is desirable to make the modu- 
lation as strong or “heavy” as possible. A wave 
modulated as in Fig. 8-22C would produce more 
useful audio output than the one shown at B. 

The “depth” of the modulation is expressed 
as a percentage of the unmodulated carrier am- 
plitude. In either B or C, Fig. 8-22, X represents 
the unmodulated carrier amplitude, Y is the max- 
imum envelope amplitude on the modulation up- 
peak, and Z is the minimum envelope amplitude 
on the modulation downpeak. 

In a properly operating modulation system the 
modulation envelope is an accurate reproduction 
of the modulating wave, as can be seen in Fig. 
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(A) 


‘Fig. 8-22—Graphical representation of (A) r.f. output 

unmodulated, (B) modulated - 50%, (C) modulated 

100%. The modulation envelope is shown by the 
thin outline on the modulated wave. 


8-22 at B and C by comparing one side of the 
outline with the shape of the modulating wave. 
(The lower outline duplicates the upper, but 
simply appears upside down in the drawing.) 
The percentage of modulation is 
Y—xX 
x 

X—Z < 
% Mod. =—— X 100 (downward modulation) 
If the wave shape of the modulation is such that 
its peak positive and negative amplitudes are 
equal, then the modulation percentage will be 
the same both up and down. If the two percent- 
ages differ, the larger of the two is customarily 
specified. 


% Mod. = 


X 100 (upward modulation), or 


Power in Modulated Wave 


The amplitude values shown in Fig. 8-22 cor- 
respond to current or voltage, so the drawings 
may be taken to represent instantaneous values 
of either. The power in the wave varies as the 
square of either the current or voltage, so at the 
peak of the modulation up-swing the instantane- 
ous power in the envelope of Fig. 8-22 is four 
times the unmodulated carrier power (because 
the current and voltage both are doubled). At 
the peak of the down-swing the power is zero, 
since the amplitude is zero. These statements are 
true of 100 per cent modulation no matter what 
the wave form of the modulation. The instan- 
taneous envelope power in the modulated signal 
is proportional to the square of its envelope am- 
plitude at every instant. This fact is highly im- 
portant in the operation of every method of am- 
plitude modulation. 

It is convenient, and customary, to describe 
the operation of modulation systems in terms of 
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sine-wave modulation. Although this wave shape 
is seldom actually used in practice (voice wave 
shapes depart very considerably from the sine 
form) it lends itself to simple calculations and 
its use as a standard permits comparison between 
systems on a common basis. With sine-wave 
modulation the average power in the modulated 
signal over any number of full cycles of the 
modulation frequency is found to be 1% times 
the power in the unmodulated carrier. In other 
words, the power output increases 50 per cent 
with 100 per cent modulation by a sine wave. 
This relationship is very useful in the design 
of modulation systems and modulators, because 
any such system that is capable of increasing the 
average power output by 50 per cent with sine- 
wave modulation automatically fulfills the re- 
quirement that the instantaneous power at the 
modulation up-peak be four times the carrier 
power. Consequently, systems in which the addi- 
tional power is supplied from outside the modu- 
lated r.f. stage (eg., plate modulation) usually 
are designed on a sine-wave basis as a matter of 
convenience. Modulation systems in which the 
additional power is secured from the modulated 
r.f. amplifier (e.g., grid modulation) usually are 
more conveniently designed on the basis of peak 
envelope power rather than average power. 
The extra power that is contained in a modu- 
lated signal goes entirely into the sidebands, half 
in the upper sideband and half into the lower. As 
a numerical example, full modulation of a 100- 
watt carrier by a sine wave will add 50 watts of 
sideband power, 25 in the lower and 25 in the 
upper sideband. Supplying this additional power 
for the sidebands is the object of all of the vari- 
ous systems devised for amplitude modulation. 
No such simple relationship exists with com- 
plex wave forms. Complex wave forms such as 
speech do not, as a rule, contain as much average 
power as a‘ sine wave. Ordinary speech wave 
forms have about half as much average power as 
a sine wave, for the same peak amplitude in 
both wave forms, Thus for the same modulation 
percentage, the sideband power with ordinary 
speech will average only about half the power 
with sine-wave modulation, since it is the peak 
envelope amplitude, not the average power, that 
determines the percentage of modulation. 


Unsymmetrical Modulation 


In an ofdinary electric circuit it is possible to 
increase the amplitude of current flow indefi- 
nitely, up to the limit of the power-handling 
capability of the components, but it cannot very 
well be decreased to less than zero. The same 
thing is true of the amplitude of an r.f. signal; it 
can be modulated upward to any desired extent, 
but it cannot be modulated downward more than 
100 per cent. 

When the modulating wave form is unsymmet- 
rical it is possible for the upward and down- 
ward modulation percentages to be different. A 
simple case is shown in Fig. 8-23. The positive 
peak of the modulating signal is about 3 times 
the amplitude of the negative peak. If, as shown 


The Modulation Envelope 


in the drawing, the modulating amplitude is ad- 
justed so that the peak downward modulation 
is just 100 per cent (Z = 0) the peak upward 
modulation is 300 per cent (Y = 4X). The car- 
rier amplitude is represented by X, as in Fig. 
8-22. The modulation envelope reproduces the 
wave form of the modulating signal accurately, 
hence there is no distortion. In such a modulated 
signal the increase in power output with modu- 
lation is considerably greater than it is when the 
modulation is symmetrical and therefore has to 
be limited to 100 per cent both up and down. 


gers ( e 


Fig. 8-23—Modulation by an unsymmetrical wave 

form. This drawing shows 100% downward modula- 

tion along with 300% upward modulation. There 

Mis no distortion, since the modulation envelope is an 

accurate reproduction of the wave form of the 
modulating voltage. 


In Fig. 8-23 the peak envelope amplitude, Y, is 
four times the carrier amplitude, X, so the peak- 
envelope power is 16 times the carrier power. 
When the upward modulation is more than 100 
per cent the power capacity of the modulating 
system obviously must be increased sufficiently 
to take care of the much larger peak amplitudes, 


Overmodulation 
If the amplitude of the modulation on the 


Waveshape of 
Modulating Voltage 


Fig. 8-24—An overmodulated signal. The modulation 
envelope is not an accurate reproduction of the wave 
form of the modulating voltage. This or any type of 
distortion occurring during the modulation process 
generates spurious sidebands or “splatter.” 
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downward swing becomes too great, there will 
be a period of time during which the r.f. output 
is entirely cut off. This is shown in Fig. 8-24. The 
shape of the downward half of the modulating 
wave is no longer accurately reproduced by the 
modulation envelope, consequently the modula- 
tion is distorted. Operation of this type is called 
overmodulation. The distortion of the modula- 
tion envelope causes new frequencies (harmonics 
of the modulating frequency) to be generated. 
These combine with the carrier to form new side 
frequencies that widen the channel occupied by 
the modulated signal. These spurious frequencies 
are commonly called “splatter.” 

It is important to realize that the channel 
occupied by an amplitude-modulated signal is 
dependent on the shape of the modulation en- 
velope. If this wave shape is complex and can be 
resolved into a wide band of audio frequencies, 
then the channel occupied will be correspond- 
ingly large. An overmodulated signal splatters 
and occupies a much wider channel than is neces- 
sary because the “clipping” of the modulating 
wave that occurs at the zero axis changes the 
envelope wave shape to one that contains high- 
order harmonics of the original modulating fre- 
quency. These harmonics appear as side frequen- 
cies separated by, in some cases, many kilocycles 
from the carrier frequency. 

Because of this clipping action at the zero axis, 
it is important that care be taken to prevent 
applying too large a modulating signal in the 
downward direction. Overmodulation downward 
results in more splatter than is caused by most 
other types of distortion in a phone transmitter. 


GENERAL REQUIREMENTS 


For proper operation of an amplitude-modu- 
lated transmitter there are a few general require- 
ments that must be met no matter what particular 
method of modulation may be used. Failure to 
meet these requirements is accompanied by dis- 
tortion of the modulation envelope. This in turn 
increases the channel width as compared with 
that required by the legitimate frequencies con- 
tained in the original modulating wave. 


Frequency Stability 


For satisfactory amplitude modulation, the car- 
tier frequency must be entirely unaffected by 
modulation. If the application of modulation 
causes a change in the carrier frequency, the fre- 
quency will wobble back and forth with the mod- 
ulation. This causes distortion and widens the 
channel taken by the signal. Thus unnecessary 
interference is catised to other transmissions. 

In practice, this undesirable frequency modu- 
lation is prevented by applying the modulation 
to an r.f. amplifier stage that is isolated from 
the frequency-controlling oscillator by a buffer 
amplifier. Amplitude modulation applied di- 
rectly to an oscillator always is accompanied by 
frequency modulation. Under existing FCC reg- 
ulations amplitude modulation of an oscillator is 
permitted only on frequencies above 144 Mc. 
Below that frequency the regulations require that 
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100% MODULATION UP-PEAK 


RF AMPLITUDE 


VA —— 


MODULATING SIGNAL 


Fig. 8-25—The modulation characteristic shows the 

relationship between the instantaneous envelope am- 

plitude of the r.f. output (or voltage) and the instan- 

taneous amplitude of the modulating voltage. The 

ideal characteristic is a straight line, as shown by 
curve A, 


an amplitude-modulated transmitter be com- 
pletely free from frequency modulation. 


Linearity 


At least up to the limit of 100 per cent upward 
modulation, the amplitude of the r.f. output 
should be directly proportional to the amplitude 
of the modulating wave. Fig. 8-25 is a graph of 
an ideal modulation characteristic, or curve 
showing the relationship between r.f. output am- 
plitude and instantaneous modulation amplitude. 
The modulation swings the r.f. amplitude back 
and forth along the curve 4, as the modulating 
voltage alternately swings positive and negative. 
Assuming that the negative peak of the modulat- 
ing wave is just sufficient to reduce the r.f. out- 
put to zero (modulating voltage equal to —1 in 
the drawing), the same modulating voltage peak 
in the positive direction (+1) should cause the 
r.f. amplitude to reach twice its unmodulated 
value. The ideal is a straight line, as shown by 
curve A, Such a modulation characteristic is per- 
fectly linear. 

A nonlinear characteristic is shown by curve 
B. The r.f. amplitude does not reach twice the 
unmodulated carrier amplitude when the modu- 
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lating voltage reaches its positive peak. A mod- 
ulation characteristic of this type gives a 
modulation envelope that is “flattened” on the up- 
peak ; in other words, the modulation envelope is 
not an exact reproduction of the modulating 
wave. It is therefore distorted and harmonics 
are generated, causing the transmitted signal to 
occupy a wider channel than is necessary. A 
nonlinear modulation characteristic can easily 
result when a transmitter is not properly de- 
signed or is misadjusted. 

The modulation capability of the transmitter 
is the maximum percentage of modulation that 
is possible without objectionable distortion from 
nonlinearity. The maximum capability can never 
exceed 100 per cent on the down-peak, but it is 
possible for it to be higher on the up-peak. The 
modulation capability should be as close to 100 
per cent as possible, so that the most effective 
signal can be transmitted. 


Plate Power Supply 


The dic. power supply for the plate or plates 
of the modulated amplifier ‘should be well fil- 
tered; if it is not, plate-supply ripple will modu- 
late the carrier and cause annoying hum. The 
ripple voltage should not be more than about 1 
per cent of the d.c. output voltage. 

In amplitude modulation the plate current of 
the modulated r.f. amplifier varies at an audio- 
frequency rate; in other words, an alternating 
current is superimposed on the d.c. plate cur- 
rent. The output filter capacitor in the plate 
supply must have low reactance, at the lowest 
audio frequency in the modulation, if the trans- 
mitter is to modulate equally well at all audio 
frequencies. The capacitance required depends 
on the ratio of dic. plate current to plate voltage 
in the modulated amplifier. The requirements 
will be met satisfactorily if the capacitance of the 
output capacitor is at least equal to 


I 
C= 25 5 


. 


where C= Capacitance of output capacitor in: 


HE. 

I= D.c. plate current of modulated am- 
plifier in milliamperes 

E= Plate voltage of modulated amplifier 


Example: A modulated amplifier operates at 1250 
volts and 275 ma. The capacitance of the output capaci- 
tor in the plate-supply filter should be at least 

I 275 


C = 25 5. = 25 X Tye = 25 X 0.22 = 5.5 uf. 


AMPLITUDE MODULATION METHODS 


MODULATION SYSTEMS 

As explained in the preceding section, ampli- 
tude modulation of a carrier is accompanied by 
an increase in power output, the additional power 
being the “useful” or “talk power” in the side- 


bands. This additional power may be supplied 


from an external source in the form of audio- 


frequency power. It is then added to the un- 
modulated power input to the amplifier to be 
modulated, after which the combined power is 
converted to r.f. This is the method used in 
plate modulation. It has the advantage that the 
r.f. power is generated at the high efficiency 
characteristic of Class C amplifiers — of the or- 
der of 65 to 75 per cent but has the accom- 


Methods 


CLASS-C 


Fig. 8-26—Plate modulation of a Class C r.f, ampli- 
fier. The r.f. plate bypass capacitor, C, in the am- 
plifier stage should have reasonably high reactance 
at audio frequencies. A value of the order of 0.001 
uf. to 0.005 yf. is satisfactory in practically all cases. 


panying disadvantage that generating the audio- 
frequency power is rather expensive. 

An alternative that does not require relatively 
large amounts of audio-frequency power makes 
use of the fact that the power output of an am- 
plifier can be controlled by varying the potential 
of a tube element — such as a control grid or a 
screen. grid— that does not, in itself, consume 
appreciable power. In this case the additional 
power during modulation is secured by sacrific- 
ing carrier power; in other words, a tube is 
capable of delivering only so much total power 
within its ratings, and if more must be delivered 
at full modulation, then less is available for the 
unmodulated carrier. Systems of this type must 
of necessity work at rather low efficiency at the 
unmodulated carrier level. As a practical work- 
ing rule, the efficiency of the modulated r.f. am- 
plifier is of the order of 30 to 35 per cent, and 
the unmodulated carrier power output obtainable 
with such a system is only about one-fourth to 
one-third that obtainable from the same ampli- 
fier with plate modulation. 

It is well to appreciate that no simple modula- 
tion scheme that purports to get around this 
limitation of grid modulation ever has actually 
done so. Methods have been devised that have 
resulted in modulation at high over-all efficiency, 
without requiring audio power, by obtaining the 
necessary additional power from an auxiliary r.f. 
amplifier. This leads to circuit and operating 
complexities that make the.systems unsuitable 
for amateur work, where rapid frequency change 
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and simplicity of operation are almost always 
essential. 

The method discussed in this section are the 
basic ones. Variants that from time to time attain 
passing popularity can readily be appraised on 
the basis of the preceding paragraphs. A simple 
grid modulation system that claims high effi- 
ciency should be looked upon with suspicion, 
since it is almost certain that the high efficiency, 
if actually achieved, is obtained by sacrificing 
the linear relationship between modulating signal 
and modulation envelope that is the first essential 
of a good modulation method. 


PLATE MODULATION 


Fig. 8-26 shows the most widely used system 
of plate modulation, in this case with a triode r.f. 
tube. A balanced (push-pull Class A, Class AB 
or Class B) modulator is transformer-coupled 
to the plate circuit of the modulated r.f. ampli- 
fier. The audio-frequency power generated by 
the modulator is combined with the d.c. power in 
the modulated-amplifier plate circuit by transfer 
through the coupling transformer, T, For 100 
per cent modulation the audio-frequency power 
output of the modulator and the turns ratio of 
the coupling transformer must be such that the 
voltage at the plate of the modulated amplifier 
varies between zero and twice the d.c. operating 
plate voltage, thus causing corresponding varia- 
tions in the amplitude of the r.f. output. 


Audio Power 


As stated earlier, the average power output 
of the modulated stage must increase during 
modulation. The modulator must be capable of 
supplying to the modulated r.f. stage sine-wave 
audio power equal to 50 per cent of the d.c. plate 
input. For example, if the d.c. plate power input 
to the r.f. stage is 100 watts, the sine-wave audio 
power output of the modulator must be 50 watts. 


Modulating Impedance; Linearity 


The modulating impedance, or load resist- 
ance presented to the modulator by the modulated 
r.f£. amplifier, is equal to 


mn = Ep X 1000 ohms 
Ip 


where Ey = D.c. plate voltage 
I,=D.c. plate current (ma.) 

E>» and Ip are measured without modulation. 

The power output of the r.f. amplifier must 
vary as the square of the instantaneous plate 
voltage (the r.f. output voltage must be propor- 
tional to the plate voltage) for the modulation to 
be linear. This will be the case when the ampli- 
fier operates under Class C conditions. The lin- 
earity depends upon having sufficient grid excita- 
tion and proper bias, and upon the adjustment of 
circuit constants to the proper values. 


Adjustment of Plate-Modulated Amplifiers 

The general operating conditions for Class C 
operation are described in the chapter on trans- 
mitters. The grid bias and grid current required 
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Fig. 8-27—Plate and screen modulation of a Class C 
v.f. amplifier using a screen-grid tube. The plate r.f. 
bypass capacitor, Ci, should have reasonably high 
reactance at all audio frequencies; a value of 0.001 
to 0.005 “f. is generally satisfactory. The screen 
bypass, C2, should not exceed 0.002 Hf, in the usual 
case, 

When the modulated amplifier is a beam tetrode 
the suppressor connection shown in this diagram may 
be ignored. If a base terminal is provided on the 
‘tube for the beam-forming plates, it should be con- 
nected as recommended by the tube manufacturer. 


for plate modulation usually are given in the 
operating data supplied by the tube manufac- 
turer; in general, the bias should be such as to 
give an operating angle of about 120 degrees at 
the dic. plate voltage used, and the grid excita- 
tion should be great enough so that the ampli- 
fier’s plate efficiency will stay constant when the 
plate voltage is varied over the range from zero 
to twice the unmodulated value. For best linear- 
ity, the grid bias should be obtained from a fixed- 
bias source of about the cut-off value, supple- 
mented by enough grid-leak bias to bring the 
total up to the required operating bias. 

The maximum permissible dic. plate power 
input for 100 per cent modulation is twice the 
sine-wave audio-frequency power output avail- 
able from the modulator. This input is obtained 
by varying the loading on the amplifier (keeping 
its tank circuit tuned to resonance) until the 
product of d.c. plate voltage and plate current is 
the desired power. The modulating impedance 
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Fig. 8-28—Plate modulation of a beam tetrode, using 

an audio impedance in the screen circuit. The value 

of Li discussed in the text. See Fig. 8-27 for data 
on bypass capacitors Ci and C:. 
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under these conditions must be transformed to 
the proper value for the modulator by using the 
correct output-transformer turns ratio. This 
point is considered in detail in an earlier section 
in this chapter. 

Neutralization, when triodes are used, should 
be as nearly perfect as possible, since regenera- 
tion may cause nonlinearity. The amplifier also 
must be completely free from parasitic oscilla- 
tions. 

Although the total power input (dc. plus 
audio-frequency a.c.) increases with modulation, 
the d.c. plate current of a plate-modulated am- 
plifier should not change when the stage is modu- 
lated. This is because each increase in plate volt- 
age and plate current is balanced by an equiva- 
lent decrease in voltage and current on the next 
half-cycle of the modulating wave. D.c. instru- 
ments cannot follow the a.f. variations, and since 
the average dc. plate current and plate voltage 
of a properly operated amplifier do not change, 
neither do the meter readings. A change in plate 
current with modulation indicates nonlinearity. 
On the other hand, a thermocouple r.f. ammeter 
connected in the antenna or transmission line 
will show an increase in r.f. current with modu- 
lation, because instruments of this type respond 
to, power rather than to current or voltage. 


Screen-Grid Amplifiers 


Screen-grid tubes of the pentode or beam- 
tetrode type can be used as Class C plate-modu- 
lated amplifiers by applying the modulation to 
both the plate and screen grid. The usual method 
of feeding the screen grid with the necessary d.c. 
and modulation voltages is shown in Fig. 8-30. 
The dropping resistor, R, should be of the proper 
value to apply normal d.c. voltage to the screen 
under steady carrier conditions. Its value can be 
calculated by taking the difference between plate 
and screen voltages and dividing it by the rated 
screen current, 

The modulating impedance is found by divid- 
ing the d.c. plate voltage by the sum of the plate 
and screen currents. The plate voltage multiplied 
by the sum of the two currents gives the power 
input to be used as the basis for determining the 
audio power required from the modulator. 

Modulation of the screen along with the plate 
is necessary because the screen voltage has a 
much greater effect on the plate current than the 
plate voltage does. The modulation characteristic 
is nonlinear if the plate alone is modulated. How- 
ever, some beam tetrodes can be modulated satis- 
factorily by applying the modulating power to 
the plate circuit alone, provided the screen is con- 
nected to its d.c. supply through an audio im- 
pedance. Under these conditions the screen be- 
comes self-modulating, because of the variations 
in screen current that occur when the plate volt- 
age is varied. The circuit is shown in Fig. 8-28. 
The choke coil Ly is the audio impedance in the 
screen circuit; its inductance should be large 
enough to have a reactance (at the lowest de- 
sired audio frequency) that is not less than the 
impedance of the screen. The screen impedance 


Plate and Grid Modulation 


can be taken to be approximately equal to the 
d.c. screen voltage divided by the dc. screen 
current in amperes, 


Choke-Coupled Modulator 


The choke-coupled Class A modulator is shown 
in Fig. 8-29. Because of the relatively low power 
output and plate efficiency of a Class A ampli- 
fier, this method is seldom used except for a 
few special applications. There is considerably 
less freedom in adjustment, since no transformer 
is available for matching impedances. 

The modulating impedance of the r.f. amplifier 
must be adjusted to the value of load impedance 
required by the particular modulator tube used, 
and the power input to the r.f. stage should not 
exceed twice the rated a.f. power output of the 
modulator for 100 per cent modulation. The 
plate voltage on the modulator must be higher 
than the plate voltage on the r.f. amplifier, for 
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Fig. 8-29—Choke-coupled Class A modulator. The cath- 
ode resistor, R2, should have the normal value for 
operation of the modulator tube as a Class A power 
amplifier. The modulation choke, L:1, should be 5 
henrys or more. A value of 0.001 to 0.005 uf. is 
satisfactory at C2, the r.f. amplifier plate bypass’ ca- 

pacitor. See text for discussion of Ci and R:. 


100 per cent modulation, because the a.f. voltage 
developed by the modulator cannot swing to zero 
without. a great deal of distortion. Ry provides 
the necessary d.c. voltage drop between the mod- 
ulator and r.f. amplifier. The d.c. voltage drop 
through Ry must equal the minimum instantane- 
ous plate voltage on the modulator tube under 
normal operating conditions. Cy, an audio-fre- 
quency bypass across Ry, should have a capaci- 
tance such that its reactance at 100 cycles is not 
more than about one-tenth the resistance of 
R,. Without R,C, the percentage of modulation 
is limited to 70 to 80 per cent in the average case. 
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GRID MODULATION 


The principal disadvantage of plate modula- 
tion is that a considerable amount of audio power 
is necessary. This requirement can be avoided by 
applying the modulation to a grid element in the 
modulated amplifier. However, serious disadvan- 
tages of grid modulation are the reduction in 
the carrier power output obtainable from a given 
r.f. amplifier tube and the more rigorous op- 
erating requirements and more complicated 
adjustment. 

The term “grid modulation” as used here ap- 
plies to all types — control grid, screen, or sup- 
pressor — since the operating principles are ex- 
actly the same no matter which grid is actually 
modulated. With grid modulation the plate volt- 
age is constant, and the increase in power output 
with modulation is obtained by making both the 
plate current and plate efficiency vary with the 
modulating signal as shown in Fig. 8-30. For 
100 per cent modulation, both plate current and 
efficiency must, at the peak of the modulation 
up-swing, be twice their carrier values. Thus at 
the modulation-envelope peak the power input 
is doubled, and since the plate efficiency also is 
doubled at the same instant the peak envelope 
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Fig. 8-30—In a perfect grid-modulated amplifier both 
plate current and plate efficiency would vary with 
the modulating voltage as shown. 
When this is so the modulation characteristic is as 
given by curve A in Fig. 8-25, and the peak envelope 
output power is four times the unmodulated carrier 
power. The variations in plate current with modula- 
tion, indicated above, do not register on a d.c. 
meter, so the plate meter shows no change when the 
signal is modulated. 


instantaneous 


output power will be four times the carrier 
power. The efficiency obtainable at the envelope 
peak depends on how carefully the modulated 
amplifier is adjusted, and sometimes can be as 
high as 80 per cent. It is generally less when the 
amplifier is adjusted for good linearity, and un- 
der average conditions a round figure of %, or 66 
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per cent, is representative. The efficiency without 
modulation is only half the peak efficiency, or 
about 33 per cent. This low average efficiency 
reduces the permissible carrier output to about 
one-fourth the power obtainable from the same 
tube in c.w. operation, and to about one-third the 
carrier output obtainable from the tube with 
plate modulation. 

The modulator is required to furnish only the 
audio power dissipated in the modulated grid 
under the operating conditions chosen. A speech 
amplifier capable of delivering 3 to 10 watts is 
usually sufficient. 

Grid modulation does not give quite as linear a 
modulation characteristic as plate modulation, 
even under optimum operating conditions. When 
misadjusted the nonlinearity may be severe, re- 
sulting in bad distortion and splatter. 


Plate-Circuit Operating Conditions 


The dic. plate power input to the grid-modu- 
lated amplifier, assuming a round figure of 44 (33 
per cent) for the plate efficiency, should not ex~ 
ceed 114 times the plate dissipation rating of the 
tube or tubes used in the modulated stage. Use 
the maximum plate voltage permitted by the 
manufacturer’s ratings, because the optimum 
operating conditions are more easily achieved 
with high plate voltage and the linearity also 
is improved. 


Example: Two tubes having plate dissipation 
ratings of 55 watts each are to be used with grid 
modulation. 
The maximum permissible power input, at 33% 

efficiency, is 
P=1.5 X& (2 & 55) = 1.5 X 110 = 165 watts 
The maximum recommended plate voltage for 
these tubes is 1500 volts. Using this figure, the 
average plate current for the two tubes will be 
pe P 168 
E1500 

At 33% efficiency, the carrier output to be ex- 
pected is $5 watts. 

The plate-voltage/plate-current ratio at twice carrier 
plate current is 


= 0.11 amp. = 110 ma. 


The tank-circuit L/C ratio should be chosen 
on the basis of twice the average or carrier plate 
current. If the L/C ratio is based on the plate 
voltage/plate current ratio under carrier condi- 
tions the Q may be too low for good coupling to 
the output circuit. 


Screen Grid Modulation 


Screen modulation is probably the simptest 
form of grid modulation and the least critical of 
adjustment. The most satisfactory way to apply 
the modulating voltage to the screen is through 
a transformer, as shown in Fig. 8-31. With 
practical tubes it is necessary to drive the screen 
somewhat negative with respect to the cathode 
to get complete cut-off of r.f. output. For this 
reason the peak modulating voltage required for 
100 per cent modulation is usually 10 per cent or 
so greater than the d.c. screen voltage. The latter, 
in turn, is approximately half the rated screen 
voltage recommended by the manufacturer under 


AUDIO AMPLIFIERS AND DOUBLE-SIDEBAND PHONE 


e 


Excitation 


+8.6. +8 


Fig. 8-31—Screen-grid modulation of beam tetrode. 

Capacitor C is an r.f. bypass capacitor and should 

have high reactance at audio frequencies. A value 

of 0.002 uf. is satisfactory. The grid leak can have 

the same value that is used for c.w. operation of 
the tube. 


maximum ratings for radiotelegraph operation. 

The audio power required for 100 per cent 
modulation is approximately one-fourth the d.c. 
power input to the screen in c.w. operation, but 
varies somewhat with the operating conditions. 
A receiving-type audio power amplifier will suf- 
fice as the modulator for most transmitting tubes. 
The relationship between screen voltage and 
screen current is not linear, which means that 
the load on the modulator varies over the audio- 
frequency cycle. It is therefore highly advisable 
to use negative feedback in the modulator circuit. 
If excess audio power is available, it is also 
advisable to load the modulator with a resistance 
(R in Fig. 8-31) its value being adjusted to 
dissipate the excess power. There is no simple 
way to determine the proper resistance except 
experimentally, by observing its effect on the 
modulation envelope with the aid of an oscillo- 
scope. 

On the assumption that the modulator will be 
fully loaded by the screen plus the additional 
load resistor ‘R, the turns ratio required in the 
coupling transformer may be calculated as fol- 
lows: 

—__Fa__ 

2.54/PRi 
where N is the turns ratio, secondary to primary ; 
Ea is the rated screen voltage for c.w. operation; 
P is the rated audio power output of the modu- 
lator ; and Ry is the rated load resistance for the 
modulator. 


N 


Adjustment 


A. screen-modulated amplifier should be ad- 
justed with the aid of an oscilloscope connected 
to give a trapezoid pattern (see Chapter Eleven). 
A tone source for modulating the transmitter is 
a convenience, since a steady tone will give a 
steady pattern on the oscilloscope. A steady pat~- 
tern is easier to study than one that flickers with 
voice modulation. 

Having determined the permissible carrier 
plate current as previously described, apply r.f. 
excitation and d.c. plate and screen voltages. 
Without modulation, adjust the plate loading to 
give the required plate current, keeping the plate 
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tank circuit tuned to resonance. Next, apply 
modulation and increase the modulating voltage 
until the modulation characteristic shows curva- 
ture (see later in this chapter for use of the os- 
cilloscope). If curvature occurs well below 100 
per cent modulation, the plate efficiency is too 
high at the carrier level. Increase the plate 
loading slightly and readjust the r.f. grid excita- 
tion to maintain the same plate current; then 
apply modulation and check the characteristic 
again. Continue until the characteristic is as 
linear as possible from zero to twice the carrier 
amplitude. 

In general, the amplifier should be heavily 
loaded. Under proper operating conditions the 
plate-current dip as the amplifier plate circuit is 
tuned through resonance will be little more than 
just discernible. Operate with the grid current as 
low as possible, since this reduces the screen cur- 
rent and thus reduces the amount of power re- 
quired from the modulator. 

With proper adjustment the linearity is good 
up to about 90 per cent modulation. When the 
screen is driven negative for 100 per cent modu- 
lation there is a kink in the modulation charac- 
teristic at the zero-voltage point. This introduces 
a small amount of envelope distortion. The kink 
can be removed and the over-all linearity im- 
proved by applying a small amount of moduiat- 
ing voltage to the control grid simultaneously 
with screen modulation. 

In an alternative adjustment method not re- 
quiring an oscilloscope the r.f. amplifier is first 
tuned up for maximum output without modula- 
tion and the rated dic. screen voltage (from a 
fixed-voltage supply) for c.w. operation applied. 
Use heavy loading and reduce the grid excitation 
until the output just starts to fall off, at which 
point the resonance dip in plate current should 
be small. Note the plate current and, if possible, 
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Fig. 8-32—Screen modulation by a “clamp” tube. 

The grid leak is the normal value for c.w. operation 

and C2 should be 0.002 pf. or less. See text for dis- 

cussion of Ci, Ri, Rz and Rs. Rs should have’ the proper 

value for Class A operation of the modulator tube, 

but cannot be calculated unless triode curves for 
the tube are available. 
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the r.f. output current, and then reduce the d.c. 
screen voltage until the plate current is one-half 
its previous value. The r.f. output current should 
also be one-half its previous value at this screen 
voltage. The amplifier is then ready for modula- 
tion, and the modulating voltage may be in- 
creased until the plate current just starts to shift 
upward, which indicates that the amplifier is 
modulated 100 per cent. With voice modulation 
the plate current should remain steady, or show 
just an occasional small upward kick on intermit- 
tent peaks. 


“Clamp-Tube” Modulation 


A method of screen-grid modulation that is 
convenient in transmitters provided with a screen 
protective tube (“clamp” tube) is shown in Fig. 
8-32. An audio-frequency signal is applied to the 
grid of the clamp tube, which then becomes a 
modulator. The simplicity of the circuit is some- 
what deceptive, since it is considerably more 
difficult from a design standpoint than the trans- 
former-coupled arrangement of Fig. 8-31. 

For proper modulation the clamp tube must be 
operated as a triode Class A amplifier; the 
method is essentially identical with the choke- 
coupled Class A plate modulator of Fig. 8-29 ex- 
cept that a resistance, Re, is substituted for the 
choke. Ry, in the usual case, is the screen drop- 
ping resistor normally used for c.w. operation. 
Its value should be at least two or three times 
the load resistance required by the Class A mod- 
ulator tube for optimum audio-frequency output. 

Like the choke-coupled modulator, the clamp- 
tube modulator is incapable of modulating the r.f. 
stage 100 per cent unless the dropping resistor, 
Ri, and audio bypass, Cy, are incorporated in the 
circuit. The same design considerations hold, 
with the addition of the fact that the screen must 
be driven negative, not just to zero voltage, for 
100 per cent modulation, The modulator tube 
must thus be operated at a voltage ranging from 
20 to 40 per cent higher than the modulated 
screen. 

Adjustment with this system, once the design 
voltages have been determined, is carried out in 
the same way as with transformer-coupled screen 
modulation, preferably with the oscilloscope. 
Without the oscilloscope, the amplifier may first 
be adjusted for c.w. operation as described ear- 
lier, but with the modulator tube removed from 
its socket. The modulator is then replaced, and 
the cathode resistance, Rg, adjusted to reduce the 
amplifier plate current to one-half its c.w. value. 
The amplifier plate current should remain con- 
stant with modulation, or show just a small up- 
ward flicker on occasional voice peaks. 


Controlled Carrier 


As explained earlier, a limit is placed on the 
output obtainable from a grid-modulation system 
by the low r.f. amplifier plate efficiency (approxi- 
mately 33 per cent) under unmodulated carrier 
conditions. The plate efficiency increases with 
modulation, since the output increases while the 
d.c. input remains constant, and reaches a maxi- 
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Fig. 8-33—Circuit for carrier control with screen 
modulation. A small triode such as the 6C4 can be 
used as the control amplifier and a 6Y6G is suitable 
as a carrier-control tube. T, is an interstage audio 
transformer having a 1-to-1 or larger turns ratio, Rs 
is a 0.5-megohm volume control and also serves as 
‘the grid resistor for the modulator, A germanium 
crystal may be used as the rectifier. Other values 
are discussed in the text. 


mum in the neighborhood of 50 per cent with 100 
per cent sine-wave modulation. If the power in- 
put to the amplifier can be reduced during periods 
when there is little or no modulation, thus reduc- 
ing the plate loss, advantage can be taken of the 
higher efficiency at full modulation to obtain 
higher effective output. This can be done by 
varying the d.c. power input to the modulated 
stage in accordance with average variations in 
voice intensity, in such a way as to maintain just 
sufficient carrier power to keep the modulation 
high, but not exceeding 100 per cent, under all 
conditions. Thus the carrier amplitude is con- 
trolled by the average voice intensity. Properly 
utilized, controlled carrier permits increasing the 
carrier output at maximum level to a value about 
equal to the rated plate dissipation of the tube, 
twice the output obtainable with constant carrier. 

It is desirable to control the power input just 
enough so that the plate loss, without modula- 
tion, is safely below the tube rating. Excessive 
control is disadvantageous because the distant 
receiver’s a.v.c. system must continually follow 
the variations in average signal level. The circuit 
of Fig. 8-36 permits adjustment of both the 
maximum and minimum power input, and al- 
though somewhat more complicated than some 
circuits that have been used is actually simpler to 
operate because it separates the functions of 
modulation and carrier control. A portion of the 
audio voltage at the modulator grid is applied to 
a Class A “control amplifier”? which drives a 
rectifier circuit to produce a d.c. voltage negative 
with respect te ground. C; filters out the audio 
variations, leaving a d.c. voltage proportional to 
the average voice level. This voltage is applied 
to the grid of a “clamp” tube to control the d.c. 
screen voltage and thus the r.f. carrier level. 
Maximum output is obtained when the carrier- 
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Fig. 8-34—Suppressor-grid modulation of an rf, 
amplifier using a pentode-type tube. The suppressor- 
grid r.f. bypass capacitor, C, should be the same 
as the grid bypass capacitor in control-grid 
modulation. 


control tube grid is driven to cut-off, the voice 
level at which this occurs being determined by 
the setting of Rg. The input without modulation 
is set to the desired level (usually about equal 
to the plate dissipation rating of the modulated 
stage) by adjusting Ry. R, may be the normal 
screen-dropping resistor for the modulated beam 
tetrode, but in case a separate screen supply is 
used the resistance need be just large enough to 
give sufficient voltage drop to reduce the no- 
modulation power input to the desired value. 

C1R1 and CeRs3 should have a time constant 
of about 0.1 second. An oscilloscope is required 
for proper adjustment. 


Suppressor Modulation 


Pentode-type tubes do not, in general, modu- 
late well when the modulating voltage is applied 
to the screen grid. However, a satisfactory mod- 
ulation characteristic can be obtained by apply- 
ing the modulation to the suppressor grid. The 
circuit arrangement for suppressor-grid modula- 
tion of a pentode tube is shown in Fig. 8-34. 

The method of adjustment closely resembles 
that used with screen-grid modulation. If an 
oscilloscope is not available, the amplifier is first 
adjusted for optimum c.w. output with zero bias 
on the suppressor grid, Sufficient negative bias is 
then applied to the suppressor to drop the plate 
current and r.f. output current to half their 
original values. The amplifier is then ready for 
modulation. 

Since the suppressor is always negatively 
biased, the modulator is not required to furnish 
any power and a voltage amplifier can be used. 
The suppressor bias will vary with the type of 
pentode and the operating conditions, but usually 
will be of the order of —100 volts. The peak a.f. 
voltage required from the modulator is equal to 
the suppressor bias. 


Control-Grid Modulation 


Although control-grid modulation may be 
used with any type of r.f. amplifier tube, it is 
seldom used with tetrodes and pentodes because 
screen or suppressor modulation is generally 
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Fig. 8-35—Control-grid modulation of a Class C 

amplifier. The r.f. grid bypass capacitor, C, should 

have high reactance at audio frequencies (0.005 pf, 
or less). * 


simpler to adjust. However, control-grid modu- 
lation is the only form of grid modulation that 
is applicable to triode amplifiers. A typical triode 
circuit is given in Fig. 8-35. 

In control-grid modulation the dic. grid bias is 
the same as in normal Class C amplifier service, 
but the r.f. grid excitation is somewhat smaller. 
The audio voltage superimposed on the d.c. bias 
changes the instantaneous grid bias at an audio 
rate, thus varying the operating conditions in the 
grid circuit and controlling the output and effi- 
ciency of the amplifier. 

The change in instantaneous bias voltage with 
modulation causes the rectified grid current of 
the amplifier to vary, which places a variable 
load on the modulator. To reduce distortion, re- 
sistor R in Fig. 8-35 is connected in the output 
circuit of the modulator as a constant load, so 
that the over-all load variations will be mini- 
mized. This resistor should be equal to or somé- 
what higher than the load into which the 
modulator tube is rated to work at normal audio 
output. It is also recommended that the modu- 
lator circuit incorporate as much negative feed- 
back as possible, as a further aid in reducing the 
internal resistance of the modulator and thus 
improving the “regulation”—-that is, reducing the 
effect of load variations on the audio output volt- 
age. The turns ratio of transformer T should be 
about 1 to 1 in most cases. 

The load on the r.f. driving stage also varies 
with modulation. This in turn will cause the ex- 
citation voltage to vary and may cause the 
modulation characteristic to be nonlinear. To 
overcome it, the driver should be capable of two 
or three times the r.f. power output actually re- 
quired to drive the amplifier. The excess power 
may be dissipated in a dummy load (such as an 
incandescent lamp of appropriate power rating) 
that then performs the same function in the rf. 
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Fig. 8-36—Circuit arrangement for cathode modula- 

tion of a Class C r.f. amplifier. Values of bypass ca- 

pacitors in the r.f. circuits should be the same as 
for other modulation methods. 


circuit that resistor R does in the audio circuit. 

The d.c. bias source in this system should have 
low internal resistance. Batteries or a voltage- 
regulated supply are suitable. Grid-leak bias 
should not be used. | 

Satisfactory adjustment of a control-grid mod- 
ulated amplifier requires an oscilloscope. The 
scope connections are similar to those for screen- 
grid modulation, with audio from the modula- 
tor’s output transformer secondary applied to the 
horizontal plates through a blocking capacitor 
and volume control, and with r.f. from the plate 
tank circuits coupled to the vertical plates. The 
adjustment procedure follows that for screen 
modulation as previously described. 
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Fig. 8-37—Cathode-modulation performance curves, 

in terms of percentage of plate modulation plotted 

against percentage of Class C telephony tube ratings. 

Win—D.c. plate input watts in terms of percentage of 
plate-modulation rating. 

W.—Carrier output watts in per cent of plate-mod- 
ulation rating (based on plate efficiency of 
77.5%). ; 

W, ~—Audio power in per cent of d.c. watts input. 

Np —Plate efficiency of the amplifier in percentage. 
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Circuit 

The fundamental circuit for cathode modula- 
tion is shown in Fig. 8-36. It is a combination of 
the plate and grid methods, and permits a carrier 
efficiency midway between the two. Audio power 
is introduced in the cathode circuit, and both 
grid bias and plate voltage are modulated. 

Because part of the modulation is by the 
control-grid method, the plate efficiency of the 
modulated amplifier must vary during modu- 
lation. The carrier efficiency therefore must be 
lower than the efficiency at the modulation peak. 
The required reduction in efficiency depends 
upon the proportion of grid modulation to 
plate modulation; the higher the percentage of 
plate modulation, the higher the permissible 
carrier efficiency, and vice versa. The audio 
power required from the modulator also varies 
with the percentage of plate modulation, being 
greater as this percentage is increased. 

The way in which the various quantities 
vary is illustrated by the curves of Fig. 8-37. 
In these curves the performance of the cath- 
ode-modulated r.f. amplifier is plotted in terms 
of the tube ratings for plate-modulated telephony, 
with the percentage of plate modulation as a base. 
As the percentage of plate modulation is de- 
creased, it is assumed that the grid modulation is 
increased to make the over-all modulation reach 
100 per cent. The limiting condition, 100 per cent 
plate modulation and no grid modulation, is at 
the right (A); pure grid modulation is repre- 
sented by the left-hand ordinate (B and C). 


Modulating Impedance 


The modulating impedance of a cathode- 
modulated amplifier is approximately equal to 
Ev 
m— 

Ip 
where m= Percentage of plate modulation (ex- 

pressed as a decimal) 

E,»=D.c. plate voltage on modulated 
amplifier 

Ih =D.c. plate current of modulated 
amplifier 
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The modulating impedance is the load into 
which the modulator must work, just as in the 
case of pure plate modulation. This load must be 
matched to the load required by the modulator 
tubes by proper choice of the turns ratio of the 
modulation transformer. 


Conditions for Linearity 


R.f. excitation requirements for the cathode- 
modulated amplifier are midway between those 
for plate modulation and control-grid modula- 
tion. More excitation is required as the per- 
centage of plate modulation is increased. Grid 
bias should be considerably beyond cut-off ; fixed 
bias from a supply having good voltage regula- 
tion is preferred, especially when the percentage 
of plate modulation is small and the amplifier is 
operating more nearly like a grid-bias modulated 
stage. At the higher percentages of plate modu- 
lation a combination of fixed and grid-leak bias 
can be used, since the variation in rectified grid 
current is smaller. The grid leak should be by- 
passed for audio frequencies. The percentage of 
grid modulation may be regulated by choice of a 
suitable tap on the modulation-transformer 
secondary. 

The cathode circuit of the modulated stage 
must be independent of other stages in the trans- 
mitter. When directly heated tubes are modu- 
lated their filaments must be supplied from a 
separate transformer. The filament bypass capac- 
itors should not be larger than about 0.002 ef. 
to avoid bypassing the a.f. modulation. 

In most respects, the adjustment procedure 
is similar to that for grid-bias modulation, The 
critical adjustments are antenna loading, grid 
bias, and excitation. 

Adjustments should be made with the aid of 
an oscilloscope connected in the same way as for 
grid-bias modulation. With proper antenna load- 
ing and excitation, the normal wedge-shaped pat- 
tern will be obtained at 100 per cent modulation. 
As in the case of grid-bias modulation, too light 
antenna loading will cause flattening of the up- 
ward peaks of modulation as also will too high 
excitation. The cathode current will be practi- 
cally constant with or without modulation under 
the proper operating conditions. 


FREQUENCY AND PHASE MODULATION 


It is possible to convey intelligence by modu- 
lating any property of a carrier, including its 
frequency and phase. When the frequency of the 
carrier is varied in accordance with the varia- 
tions in a modulating signal, the result is fre- 
quency modulation (f.m.). Similarly, varying 
the phase of the carrier current is called phase 
modulation (p.m.). 

Frequency and phase modulation are not in- 
dependent, since the frequency cannot be varied 
without also varying the phase, and vice versa. 
The difference is largely a matter of definition. 


The effectiveness of fm. and p.m. for com- 
munication purposes depends almost entirely 
on the receiving methods. If the receiver will 
respond to frequency and phase changes but is 
insensitive to amplitude changes, it will dis- 
criminate against most forms of noise, partic- 
ularly impulse noise such as is set up by ignition 
systems and other sparking devices. Special 
methods of detection are required to accomplish 
this result. 

Modulation methods for fm, and p.m. are 
simple and require practically no audio power. 


Frequency and Phase Modulation 


There is also the advantage that, since there is 
no amplitude variation in the signal, interference 
to broadcast reception resulting from rectifica- 
tion of the transmitted signal in the audio cir- 
cuits of the BC receiver is substantially elimi- 
nated. These two points represent the principal 
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Fig. 8-38—Graphical representation of frequency mod- 

ulation. In the unmodulated carrier at A, each r.f. 

cycle occupies the same amount of time. When the 

modulating signal, B, is applied, the radio frequency 

is increased and decreased according to the ampli- 
tude and polarity of the modulating signal. 


reasons for the use of f.m. and p.m. in amateur 
mote Frequency Modulation 

Fig. 8-38 is a representation of frequency 
modulation. When a modulating signal is ap- 
plied, the carrier frequency is increased during 
one half-cycle of the modulating signal and de- 
creased during the half-cycle of opposite po- 
larity. This is indicated in the drawing by the 
fact that the r.f. cycles occupy less time (higher 
frequency) when the modulating signal is posi- 
tive, and more time (lower frequency) when 
the modulating signal is negative. The change 
in the carrier frequency (frequency deviation) 
is proportional to the instantaneous amplitude 
of the modulating signal, so the deviation is 
small when the instantaneous amplitude of the 
modulating signal is small, and is greatest when 
the modulating signal reaches its peak, either 
positive or negative. 

As shown by the drawing, the amplitude of 
the signal does not change during modulation. 


Phase Modulation 


If the phase of the current in a circuit is 
changed there is an instantaneous frequency 
change during the time that the phase is being 
shifted. The amount of frequency change, or 
deviation, depends on how rapidly the phase 
shift is accomplished. It is also dependent upon 
the total amount of the phase shift. In a prop- 
erly operating p.m. system the amount of phase 
shift is proportional to the instantaneous am- 
plitude of the modulating signal. The rapidity 
of the phase shift is directly proportional to the 
frequency of the modulating signal. Conse- 
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quently, the frequency deviation in p.m. is pro- 
portional to both the amplitude and frequency 
of the modulating signal. The latter represents 
the outstanding difference between f.m. and 
p.m., since in f.m. the frequency deviation is 
proportional only to the amplitude of the modu- 
lating signal. 


Modulation Depth 


Percentage of modulation in f.m. and p.m. 
has to be defined differently than for a.m. 
Practically, “100 per cent modulation” is reached 
when the transmitted signal occupies a channel 
just equal to the bandwidth for which the 
receiver is designed. If the frequency deviation 
is greater than the receiver can accept, the re- 
ceiver distorts the signal. However, on another 
receiver designed for a different bandwidth the 
same signal might be equivalent to only 25 per 
cent modulation. 

In amateur work “narrow-band” f.m. or p.m. 
(frequently abbreviated n.f.m.) is defined as 
having the same channel width as a properly 
modulated a.m. signal. That is, the effective 
channel width does not exceed twice the highest 
audio frequency in the modulating signal. N.f.m. 
transmissions based on an upper audio limit of 
3000 cycles therefore should occupy a channel 
not significantly wider than 6 ke. 


F.M. and P.M. Sidebands 


The sidebands set up by f.m. and p.m. differ 
from those resulting from am. in that they 
occur at integral multiples of the modulating 
frequency on either side of the carrier rather 
than, as in a.m., consisting of a single set of 
side frequencies for each modulating frequency. 
An fim. or p.m. signal therefore inherently 
occupies a wider channel than a.m. 

The number of “extra” sidebands that occur 
in f.m. and p.m. depends on the relationship be- 
tween the modulating frequency and the fre- 
quency deviation. The ratio between the fre- 
quency deviation, in cycles per second, and the 
modulating frequency, also in cycles per second, 
is called the modulation index. That is, 


Carrier frequency deviation 
Modulating frequency 


Modulation index= 


Example: The maximum frequency devia- 
tion in an f.m, transmitter is 3000 cycles either 
side of the carrier frequency. The modulation 
index when the modulating frequency is 1000 
cycles is 

3000 
Modulation index =T000 3 
At the same deviation with 3000-cycle modula- 
tion the index would be 1; at 100 cycles it 
would be 30, and so on. 


In p.m. the modulation index is constant re-- 
gardless of the modulating frequency; in f.m. it 
varies with the modulating frequency, as shown 
in the above example. In an f.m. system the 
ratio of the maximum carrier-frequency devia- 
tion to the highest modulating frequency used is 
called the deviation ratio. 
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2.0 
MODULATION INDEX 


Fig. 8-39 shows how the amplitudes of the 
carrier and the various sidebands vary with the 
modulation index. This is for single-tone modu- 
lation; the first sideband (actually a pair, one 
above and one below the carrier) is displaced 
from the carrier by an amount equal to the 
modulating frequency, the second is twice the 
modulating frequency away from the carrier, 
and so on. For example, if the modulating fre- 
quency is 2000 cycles and the carrier frequency 
‘is 29,500 ke., the first sideband pair is at 29,498 
ke. and 29,502 kc., the second pair is at 29,496 
ke. and 29,504 ke., the third at 29,494 kc. and 
29,506 ke., etc. The amplitudes of these side- 
bands depend on the modulation index, not on 
the frequency deviation. 

Note that, as shown by Fig. 8-39, the carrier 
strength varies with the modulation index. (In 
amplitude modulation the carrier strength is 
constant; only the sideband amplitude varies.) 
At a modulation index of approximately 2.4 the 
carrier disappears entirely. It then becomes 
“negative” at a higher index, meaning that its 
phase is reversed as compared to the phase 
without modulation. In f.m. and p.m. the energy 
that goes into the sidebands is taken from the 
carrier, the fotal power remaining the same re- 
gardless of the modulation index. 

Since there is no change in amplitude with 
modulation, an f.m. or p.m. signal can be am- 
plified without distortion by an ordinary Class 
C amplifier. The modulation can take place in a 
very low-level stage and the signal can then be 
amplified by either frequency multipliers or 
straight amplifiers. 

If the modulated signal is passed through one 
or more frequency multipliers, the modulation 
index is multiplied by the same factor that the 
carrier frequency is multiplied. For example, if 
modulation is applied on 3.5 Mc. and the final 
output is on 28 Mc. the total frequency multi- 
plication is 8 times, so if the frequency deviation 
is 500 cycles at 3.5 Mc. it will be 4000 cycles at 
28 Mc. Frequency multiplication offers a means 
for obtaining practically any desired amount of 
frequency deviation, whether or not the modula- 
tor itself is capable of giving that much devia- 
tion without distortion. 


Narrow-Band F.M. and P.M. 


“Narrow-band” f.m. or p.m., the only type 
that is authorized by FCC for use on the lower 
frequencies where the phone bands are crowded, 
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Fig. 8-39—How the amplitude of the pairs of 
sidebands varies with the modulation index in 
an f.m. or p.m. signal. If the curves were ex- 
tended for greater values of modulation index 
it would be seen that the carrier amplitude 
goes through zero at several points. The same 
statement also applies to the sidebands. 
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is defined as f.m. or p.m. that does not occupy 
a wider channel than an a.m. signal having the 
same audio modulating frequencies, 

Tf the modulation index (with single-tone 
modulation) does not exceed 0.6 or 0.7, the most 
important extra sideband, the second, will be at 
least 20 db. below the unmodulated carrier level, 
and this should represent an effective channel 
width about equivalent to that of an a.m. signal. 
In the case of speech, a somewhat higher modu- 
lation index can be used. This is because the 
energy distribution in a complex wave is such 
that the modulation index for any one frequency 
component is reduced, as compared to the index 
with a sine wave having the same peak ampli- 
tude as the voice wave. 

The chief advantage of narrow-band f.m. or 
p.m. for frequencies below 30 Mc. is that it 
eliminates or reduces certain types of interfer- 
ence to broadcast reception. Also, the modulat- 
ing equipment is relatively simple and inexpen- 
sive. However, assuming the same unmodulated 
carrier power in all cases, narrow-band f.m. or 
p.m. is not as effective as a.m. with the methods 
of reception used by most amateurs. As shown 
by Fig. 8-39, at an index of 0.6 the amplitude of 
the first sideband is about 25 per cent of the un- 
modulated-carrier amplitude; this compares 
with a sideband amplitude of 50 per cent in the 
case of a 100 per cent modulated a.m. trans- 
mitter. When copied on an a.m. receiver, a nar- 
row-band f.m. or p.m. transmitter is about 
equivalent to a 100 per cent modulated am. 
transmitter operating at one-fourth the carrier 
power. On a suitable (f.m.) receiver, fm. is as 
good or better than a.m., watt for watt. 


Comparison of F.M. and P.M. 


Frequency modulation cannot be applied to an 
amplifier stage, but phase modulation can; p.m. 
is therefore readily adaptable to transmitters 
employing oscillators of high stability such as 
the crystal-controlled type. The amount of 
phase shift that can be obtained with good 
linearity is such that the maximum practicable 
modulation index is about 0.5. Because the phase 
shift is proportional to the modulating fre- 
quency, this index can be used only at the high- 
est frequency present in the modulating signal, 
assuming that all frequencies will at one time or 
another have equal amplitudes. Taking 3000 
cycles as a suitable upper limit for voice work, 
and setting the modulation index at 0.5 for 3000 


Frequency and Phase Modulation 


cycles, the frequency response of the speech- 
amplifier system above 3000 cycles must be 
sharply attenuated, to prevent sideband splatter. 
Also, if the “tinny” quality of p.m. as received 
on an f.m. receiver is to be avoided, the p.m. 
must be changed to f.m., in which the modula- 
tion index decreases in inverse proportion to 
the modulating frequency. This requires shaping 
the speech-amplifier frequency-response curve 
in such a way that the output voltage is in- 
versely proportional to. frequency over most of 
the voice range. When this is done the maxi- 
mum modulation index can only be used at some 
relatively low audio frequency, perhaps 300 to 
400 cycles in voice transmission, and must de- 
crease in proportion to the increase in fre- 
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quency. The result is that the maximum linear 
frequency deviation is only one or two hundred 
cycles, when p.m. is changed to fm. To increase 
the deviation for ni.m. requires a frequency 
multiplication of 8 times or more. 

It is relatively easy to secure a fairly large 
frequency deviation when a self-controlled os- 
cillator is frequency-modulated directly. (True 
frequency modulation of a crystal-controlled 
oscillator results in only very small deviations 
and so requires a great deal of frequency mul- 
tiplication.) The chief problem is to maintain 
a satisfactory degree of carrier stability, since 
the greater the inherent stability of the oscil- 
lator the more difficult it is to secure a wide 
frequency swing with linearity. 


METHODS OF FREQUENCY AND PHASE MODULATION 


A simple and satisfactory device for produc- 
ing f.m. in the amateur transmitter is the re- 
actance modulator. This is a vacuum tube con- 
nected to the r.f. tank circuit of an oscillator in 
such a way as to act as a variable inductance or 
capacitance. 

Fig. 8-40 is a represéntative circuit. The con- 
trol grid of the modulator tube is connected 
across the oscillator tank circuit, C,L,, through 
resistor Rk, and blocking capacitor Cg. Cg repre- 
sents the input capacitance of the modulator 
tube. The resistance of R, is made large com- 
pared to the reactance of Cg, so the rf. current 
through R,C, will be practically in phase with 
the r.f. voltage appearing at the terminals of 
the tank circuit. However, the voltage across 
Cg will lag the current by 90 degrees. The rf. 
current in the plate circuit of the modulator 
will be in phase with the grid voltage, and con- 
sequently is 90 degrees behind the current 
through C,, or 90 degrees behind the r.f. tank 
voltage. This lagging current is drawn through 
the oscillator tank, giving the same effect as 
though an inductance were connected across the 
tank. The frequency increases in proportion to 
the amplitude of the lagging plate current of 
the modulator. The audio voltage, introduced 
through a radio-frequency choke, RFC,, varies 
the transconductance of the tube and thereby 
varies the r.f. plate current. 

The modulated oscillator usually is operated 
on a relatively low frequency, so that a high 
order of carrier stability can be secured. Fre- 
quency multipliers are used to raise the fre- 
quency to the final frequency desired. 

A reactance modulator can be connected to a 
crystal oscillator as well as to the self-controlled 
type. However, the resulting signal is more 
phase-modulated than it is frequency-modu- 
lated, for the reason that the frequency devia- 
tion that can be secured by varying the tuning 
of a crystal oscillator is quite small. 

The sensitivity of the modulator (frequency 
change per unit change in grid voltage) depends 
on the transconductance of the modulator tube. 
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Fig. 8-40—Reactance modulator using a high-trans- 

conductance pentode (6BA6, 6CL6, etc.). 

Cy—R.f. tank capacitance (see text). 

Ce, Cs—0.001-uf. mica. 

Ca, Cs, Co—0.0047-uf. mica, 

Cr—10-nf. electrolytic. 

Cs—Tube input capacitance. 

R:—47,000 ohms. 

R2—0.47 megohm. 

Re—Screen dropping resistor; to give proper screen 
voltage on modulator tube. 

Ri—Cathode bias resistor; Class-A operation. 

Li—R.f. tank inductance. 

RFC,—2.5-mh. r.f. choke. 


It increases when R, is made smaller in com- 
parison with C,. It also increases with an in- 
crease in L/C ratio in the oscillator tank cir- 
cuit. However, for highest carrier stability it is 
desirable to use the largest tank: capacitance 
that will permit the desired deviation to be se- 
cured while keeping within the limits of linear 
operation. 

A change in any of the voltages on the modu- 
lator tube will cause a change in r.f. plate cur- 
rent, and consequently a frequency change. 
Therefore it is advisable to use a regulated 
power supply for both modulator and oscillator. 
At the low voltage used (250 volts or less) the 
required stabilization can be secured by means 
of gaseous regulator tubes. 
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Speech Amplification 


The speech amplifier preceding the modulator 
follows ordinary design, except that no power is 
taken from it and the a.f. voltage required by 
the modulator grid usually is small — not more 
than 10 or 15 volts, even with large modulator 
tubes. Because of these modest requirements, 
only a few speech stages are needed; a two- 
stage amplifier consisting of a pentode followed 
by a triode, both resistance-coupled, will more 
than suffice for crystal microphones. 


PHASE MODULATION 


The same type of reactance-tube circuit that 
is used to vary the tuning of the oscillator tank 
in f.m. can be used to vary the tuning of an 
amplifier tank and thus vary the phase of the 
tank current for p.m. Hence the modulator cir- 
cuit of Fig. 8-40 can be used for p.m. if the re- 
actance tube works on an amplifier tank instead 
of directly on a self-controlled oscillator. 

The phase shift that occurs when a circuit is 
‘detuned from resonance depends on the amount 
of detuning and the Q of the circuit. The higher 
the Q, the smaller the amount of detuning 
needed to secure a given number of degrees of 
phase shift. If the Q is at least 10, the relation- 
ship between phase shift and detuning (in kilo- 
cycles either side of the resonant frequency) 
will be substantially linear over a phase-shift 
range of about 25 degrees. From the standpoint 
of modulator sensitivity, the Q of the tuned 
circuit on which the modulator operates should 
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be as high as possible. On the other hand, the 
effective Q of the circuit will not be very high 
if the amplifier is delivering power to a load 
since the load resistance reduces the Q. There 
must therefore be a compromise between modu- 
lator sensitivity and r.f. power output from the 
modulated amplifier. An optimum figure for Q 
appears to be about 20; this allows reasonable 
loading of the modulated amplifier and the nec- 
essary tuning variation can be secured from a 
reactance modulator without difficulty. It is ad- 
visable to modulate at a low power level, as in 
a stage where receiving-type tubes are used. 

Reactance modulation of an amplifier stage 
usually also results in simultaneous -amplitude 
modulation because the modulated stage is de- 
tuned from resonance as the phase is shifted. 
This must be eliminated by feeding the modu- 
jated signal through an amplitude limiter or 
one or more “saturating” stages — that is, am- 
plifiers that are operated Class C and driven 
hard enough so that variations in the amplitude 
of the grid excitation produce no appreciable 
variations in the final output amplitude. 

For the same type of reactance modulator, 
the speech-amplifier gain required is the same 
for p.m. as for fm. However, as pointed out 
earlier, the fact that the actual frequency devi- 
ation increases with the modulating audio fre- 
quency in p.m. makes it necessary to cut off the 
.frequencies above about 3000 cycles before 
modulation takes place. If this is not done, un- 
necessary sidebands will be generated at fre- 
quencies considerably away from the carrier. 


F.M. FROM CRYSTAL OSCILLATORS 


A practical way to obtain f.m. with transmitters 
that use crystal oscillators is to employ the 
method shown in Fig. 8-41. The junction capac- 
itance of CR, is varied by the incoming audio 
voltage. As the capacitance of CR, changes, the 
oscillator frequency varies because the crystal is 
“pulled” by the action of the Varactor diode. 
Only a few volts of audio are needed to provide 
the necessary frequency swing. A simple transis- 
torized audio amplifier of two or three stages is 
usually sufficient for this purpose. The amount of 
frequency swing is controlled by the setting of 
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the audio-gain control (deviation control). 
This type of circuit is useful with transmitters 
operating at 50 Mc. and higher. The oscillator 


+9.1V. (REG) 


is followed by additional frequency-multiplier 
stages, thus assuring ample frequency deviation 
to provide a suitable f.m. signal. This technique, 
though shown here with a class-A oscillator- 
tripler, can be applied to other oscillator circuits 
too. It can be used with overtone crystal oscil- 
lators as well, provided the order of frequency 
multiplication in the transmitter is high enough 
to give ample frequency swing at the carrier fre- 
quency. 


Fig. 8-41—Schematic of a transistor oscillator whose 
frequency is “pulled” by means of a variable-capac- 
itance diode to obtain f.m. Ri is an r.f. isolating re- 
sistor. CR: is a small Varactor diode. In some circuits a 
high-frequency small-signal silicon diode (or v.h.f. sil- 
icon transistor) is used for this same purpose. CRe is a 
Zener diode. 


Chapter 9 


Single-Sideband Phone 


A fully modulated a.m. signal has two-thirds 
of its power in the carrier and only one-third 
in the sidebands. The sidebands carry the in- 
telligence to be transmitted; the carrier “goes 
along for the ride” and serves only to demodu- 
late the signal at the receiver. By eliminating 
the carrier and transmitting only the sidebands 
or just one sideband, the available transmitter 
power is used to greater advantage. To recover 
the intelligence being transmitted, the carrier 
must be reinserted at the receiver, but this is 
no great problem with a proper detector circuit. 

Assuming that the same final-amplifier tube 
or tubes are used either for normal a.m. or for 
single sideband, carrier suppressed, it can be 
shown that the use of s.s.b. can give an effective 
gain of up to 9 db. over a.m. — equivalent to 
increasing the transmitter power 8 times. Elimi- 
nating the carrier also eliminates the heterodyne 
interference that so often spoils communication 
in congested phone bands. 


DOUBLE-SIDEBAND GENERATORS 


The carrier can be suppressed or nearly elimi- 
nated by an extremely sharp filter or by using a 
balanced modulator. The basic principle in any 
balanced modulator is to introduce the carrier 
in such a way that it does not appear in the out- 
put but so that the sidebands will. This require- 
ment is satisfied by introducing the audio in 
push-pull and the r.f. drive in parallel, and con- 
necting the output in push-pull. Balanced modu- 
lators can also be connected with the r.f. drive 
and audio inputs in push-pull and the output in 
parallel with equal effectiveness. The choice of 
a balanced modulator circuit is generally deter- 
mined by constructional considerations and the 
method of modulation preferred by the builder. 
Vacuum-tube balanced modulators can be oper- 
ated at high power levels and the double-side- 
band output can be used directly into the an- 
tenna, A d.s.b. signal can be copied by the same 
methods that are used for single-sideband sig- 
nals, provided the receiver has sufficient selec- 
tivity to reject one of the sidebands. 

In any balanced-modulator circuit there will 
be no output with no audio signal. When audio 
is applied, the balance is upset, and one branch 
will conduct more than the other. Since any 
modulation process is the same as “mixing” 
in receivers, sum and difference frequencies 
(sidebands) will be generated. The modulator 
is not balanced for the sidebands, and they will 
appear in the output. 

In the rectifier-type balanced modulators 
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Fig. 9-1—Typical rectifier-type balanced modulators. 

The circuit at A is called a “bridge” balanced mod- 
ulator and has been widely used in commercial work. 

The balanced modulator at B is shown with constants 
suitable for operation at 450 ke. It is useful for work- 
ing into a crystal bandpass filter. T, is a transformer 
designed to work from the audio source into a 600-ohm 
load, and T. is an ordinary i.f. transformer with the 
trimmer reconnected in series with a 0.001-#f. capacitor, 
for impedance-matching purposes from the modulator. 
The capacitor C; is for carrier balance and may be 
found unnecessary in some instances—it should be tried 
connected on either side of the carrier input circuit and 
used where it is more effective. The 250-ohm potentio- 
meter is normally all that is required for carrier bal- 
ance. The carrier input should be sufficient to develop 
several volts across the resistor string. 

The circuit at C is shown with constants suitable, for 
operation at 3.9 Mc. Ts is a step-down output trans- 
former (Stancor A3250, 10,000 to 200 ohms), shunt-fed 
to eliminate d.c. from the windings. li can be a small 
coupling coil wound on the “cold’’ end of the carrier- 
oscillator tank coil, with sufficient coupling to give two 
or three volts of r.f. dcross its output. Lz is a slug-tuned 
coil that resonates to the carrier frequency with the 
effective 0.001 uf, across it. The 1000-ohm potentio- 

meter is for carrier balance. 
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Fig. 9-2—A twin-diode balanced-modulator circuit. 
This is essentially the same as the circuit in Fig. 9-1C, 
and differs only in that a twin diode is used instead of 
semiconductor rectifiers. The heater circuit for the twin 
diode can be connected in the usual way (one side 
grounded or center tap grounded). 


shown in Fig. 9-1, the diode rectifiers are con- 
nected in such a manner that, if they have equal 
forward resistances, no r.f. can pass from the 
carrier source to the output circuit via either of 
the two possible paths. The net effect is that no 
r.f. energy appears in the output. When audio is 
applied, it unbalances the circuit by biasing the 
diode (or diodes) in one path, depending upon 
the instantaneous polarity of the audio, and 
hence some r.f. will appear in the output. The 
r.f. in the output will appear as a double-side- 
band suppressed-carrier signal. (For a more 
complete description of diode-modulator opera- 
tion, see “Diode Modulators,” QST, April, 1953, 
p. 39.) 

In any diode modulator, the r.f. voltage 
should be at least 6 or 8 times the peak audio 
voltage, for minimum distortion. The usual 
operation involves a fraction of a volt of audio 
and several volts of r.f. The diodes should be 
matched as closely as possible — ohmmeter 
measurements of their forward resistances is 
the usual test. 

(The circuit of Fig. 9-1B is described more 
fully in Weaver and Brown, “Crystal Lattice 
Filters for Transmitting and Receiving,” QST, 
August, 1951. The circuit of Fig. 9-1C is suit- 
able for use in a double-balanced-modulator 
circuit and is so described in “SSB, Jr.,” Gen- 
eral Electric Ham News Sideband Handbook.) 

Vacuum-tube diodes can also be used in the 
two- and four-diode balanced-modulator cir- 
cuits, and many operators consider them superior 
to the dry rectifier circuits. A typical balanced 
modulator circuit using a twin diode (6AL5, 
6H6, etc.) is shown in Fig. 9-2. In phasing-type 
s.s.b. generators (described later) two of these 
modulators are required, and they are usually 
worked into a common output circuit. (For a 
description of a complete s.s.b. exciter using 
6AL5 balanced modulators, see Vitale, “Cheap 
and Easy S.S.B.,” QST, March, 1956, and May, 
1958.) 

Another form of balanced modulator uses 
the type 7360 “beam-deflection” tube, and it is 
capable of a high order of carrier suppression 
(60 db.) with good output (4 volts peak-to- 
peak) and low distortion (45 db.). A typical 
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application is shown in the s.s.b. generators 
described later in this chapter. 


SINGLE-SIDEBAND GENERATORS 


Two basic systems for generating s.s.b. sig- 
nals are shown in Fig. 9-3. One involves the 
use of a bandpass filter having sufficient selec- 
tivity to pass one sideband and reject the other. 
Inductor-capacitor filters having suitable char- 
acteristics can only be constructed for relatively 
low frequencies (below 1 Mc.). “Mechanical” fil- 
ters are available in the same frequency range. 
From 0.2 to 10 Mc., good sideband rejection can 
be obtained with filters using four or more 
quartz crystals. Oscillator output at the filter 
frequency is combined with the audio signal in a 
balanced modulator, and only the upper and lower 
sidebands appear in the output. One of the side- 
bands is passed by the filter and the other re- 
jected, so that an s.s.b. signal is fed to the 
mixer. The signal is there mixed with the out- 
put of a high-frequency r.f. oscillator to pro- 
duce the desired output frequency. For addi- 
tional amplification a linear r.f. amplifier (Class 
A or Class B) must be used. When the s.s.b. 
signal is generated around 500 kc. it may be 
necessary to convert twice to reach the oper- 
ating frequency, since this simplifies the prob- 
lem of rejecting the “image” frequencies result- 
ing from the heterodyne process. The problem 
of image frequencies in the frequency conver- 
sions of s.s.b. signals differs from the problem 
in receivers because the beating-oscillator fre- 
quency becomes important. Either balanced 
modulators or sufficient selectivity must be used 
to attenuate these frequencies in the output and 
hence minimize the possibility of unwanted 
radiations. (Examples of filter-type exciters can 
be found in various issues of QST and in Single 
Sideband for the Radio Amateur.) 

The second system is based on the phase 
relationships between the carrier and sidebands 
in a modulated signal. As shown in the diagram, 
the audio signal is split into two components 
that are identical except for a phase difference 
of 90 degrees. The output of the r.f. oscillator 
(which may be at the operating frequency, if 
desired) is likewise split into two separate com- 
ponents having a 90-degree phase difference. 
One r.f. and one audio component are combined 
in each of two separate balanced modulators. 
The carrier is suppressed in the modulators, 
and the relative phases of the sidebands are 
such that one sideband is balanced out and the 
other is augmented in the combined output. If 
the output from the balanced modulators is high 
enough, such an s.s.b. exciter can work directly 
into the antenna, or the power level can be in- 
creased in a following amplifier. 

Properly adjusted, either system is capable of 
good results. Arguments in favor of the filter 
system are that it is somewhat easier to adjust 
without an oscilloscope, since it requires only a 
receiver and a y.t.v.m. for alignment, and it is 
more likely to remain in adjustment over a long 
period of time. The chief argument against it, 
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from the amateur viewpoint, is that it requires 
quite a few stages and at least one frequency 
conversion after modulation. The phasing sys- 
tem requires fewer stages and can be designed 
to require no frequency conversion, but its 
alignment and adjustment are often considered 
to be a little “trickier” than that of the filter 
system. This probably stems from lack of 
familiarity with the system rather than any 
actual difficulty, and now that commercial pre- 
adjusted audio-phasing networks are available, 


FILTER-TYPE 


The basic configuration of a filter-type s.s.b. 
exciter was shown in Fig. 9-3. Suitable filters, 
sharp enough to reject the unwanted side fre- 
quencies a few hundred cycles and above from 
the carrier frequency, can be built in the range 
20 kc. to 10 Mc. The low-frequency filters gen- 
erally use iron-cored inductors, and the new 
toroid forms find considerable favor at fre- 
quencies up to 50 or 60 kc. These filters are of 
normal band-pass constant-k and m-derived 
configuration, In the range 450 to 500 kc., either 
crystal-lattice or electro-mechanical filters are 
used. Low-frequency filters are manufactured 
by Barker & Williamson and by Burnell & Co., 
and electro-mechanical filters are made by the 
Coilins Radio Co. Crystal filters are available 
from International Crystal and McCoy Elec- 
tronics in the megacycles range; homemade 
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Fig. 9-3—Two basic systems for gener- 
ating single-sideband suppressed-carrier 
signals. Representations of a typical en- 
velope picture (as seen on an oscillo- 
scope) and spectrum picture (as seen on 
a very selective panoramic receiver) are 
shown above and below the connecting 
links, 


most of the alignment difficulty has been elimi- 
nated. In most cases the phasing system will 
cost less to apply to an existing transmitter. 

Regardless of the method used to generate a 
s.s.b. signal of 5 or 10 watts, the minimum cost 
will be found to be higher than for an a.m. 
transmitter of the same low power. However, 
as the power level is increased, the s.s.b. trans- 
mitter becomes more economical than the a.m. 
rig, both initially and from an operating stand-. 
point. 
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filters generally utilize war-surplus crystals. 
The frequency of the filter determines how 
many conversions must be made before the op- 
erating frequency is reached. If the filter fre- 
quency is 30 kc. or so, it is wise to convert first 
to 500 or 600 kc. and then convert to the 3.9-Mc. 
band, to avoid the image that would almost 
surely result if the conversion from 30 to 3900 
kc. were made without the intermediate step. 
When a filter at 500 kc. is used, only one con- 
version is necessary to operate in the 3.9-Mc. 
band, but 14-Mc. and higher-frequency opera- 
tion would require at least two conversions to 
hold down the images (and local-oscillator sig- 
nals if balanced mixers aren’t used) and make 
them easy to eliminate. : 
The choice of converter circuit depends 
largely on the frequencies involved and the im- 
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pedance level. At low frequencies (up to 500 
ke.) and low impedances, rectifier-type balanced 
modulators are often used for mixers, because 
the balanced modulator does not show the local- 
oscillator frequency in its output and one source 
of spurious signal is minimized. At high im- 
pedance levels, and at the higher frequencies, 

_vacuum tubes are generally used, in straight 
converter or balanced-modulator circuits, de- 
pending upon the need for minimizing the local- 
oscillator frequency in the output. 

Sideband filters in the 30- to 50-kc. range are 
usually low-impedance devices, and rectifier- 
type balanced modulators are common practice. 
Sideband filters in the if. range are higher-im- 
pedance circuits and vacuum-tube balanced 
modulators are the rule in this case. An ex- 
ample of one that can be used with the high- 
impedance (15,000 ohms) mechanical filter is 
shown in Fig. 9-4. The filter can be followed 
by a converter or amplifier tube, depending 
upon the signal level. Some models of the me- 
chanical filters have a 23-db. insertion loss, while 
others have only 10. 

Crystal-lattice filters are also used to reject 
the unwanted sideband. These filters can be 
made from crystals in the if. range — many of 
these are still available from stores selling mili- 
tary surplus, A popular configuration is the 
“cascaded half lattice” shown in Fig. 9-5. The 
crystals used in this filter can be obtained at 
frequencies in the if. range, and ones that are 
within the ranges of the modified if. trans- 
formers will be satisfactory. Two 100-n#f. 
capacitors are connected across the secondary 
winding of two of the transformers to give 
push-pull output. The crystals should be ob- 
tained in pairs 1.8 kc. apart. The if. trans- 


uf 


SINGLE-SIDEBAND PHONE 


AMPLIFIER OR 


ig. 9-4— 7 
CONVERTER Fig One type of bal 


anced-modulator circuit that 
can be used with a mechanical 
filter (Collins F455-31 or F500- 
31 series) in the if. range. The 
filters are furnished in various 
types of mountings, and the 
values of Ci and C. will de- 
pend upon the type of filter 

selected. 
T:—Plate-to-push-pull-grids 
audio transformer. 


formers can be either capacitor-tuned as shown, 
or they can be slug-tuned. 

A. variable-frequency signal generator of 
some kind is required for alignment of the filter, 
but this can be nothing more elaborate than a 
shielded b.f.0. unit. The signal should be intro- 
duced at the balanced modulator, and an output 
indicator connected to the plate circuit of the 
vacuum tube following the filter. With the 
crystals out of the circuit, the transformers can 
be brought close to frequency by plugging in 
small capacitors (2 to 5 w#f.) in one crystal 
socket in each stage and then tuning the trans- 
formers for peak output at one of the two 
crystal frequencies. The small capacitors can 
then be removed and the crystals replaced in 
their sockets. 

Tuning the signal source slowly across the 
pass band of the filter and watching the output 
indicator will show the selectivity characteristic 
of the filter. The objective is a fairly flat 
response for about two ke. and a rapid drop-off 
outside this range. It will be found that small 
changes’ in the tuning of the transformers will 
change the shape of the selectivity character- 
istic, so it is wise to make a small adjustment of 
one trimmer, swing the frequency across the 
band, and observe the characteristic. After a 
little experimenting it will be found which way 
the trimmers must be moved to compensate for 
the peaks that will rise when the filter is out 
of adjustment. 

The (suppressed) carrier frequency must be 
adjusted so that it falls properly on the slope of 
the filter characteristic. If it is too close to the 
filter mid-frequency the sideband rejection will 
be poor; if it is too far away there will be a 
lack of “lows” in the signal. 
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Fig. 9-5—A cascaded half-lattice crystal filter that can be used for sideband 

selection. The crystals are surplus type in FT-243A holders. Y: and Ya should be 

the same frequency and Ya and Yq should be 1.8 ke. higher. T1, Ta, Ts—450-ke. if. 
transformers. 
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When an s.s.b. signal is generated at some 
frequency other than the operating frequency, it 
is necessary to change frequency by heterodyne 
methods. These are exactly the same as those 
used in receivers, and any of the normal mixer 
or converter circuits can be used. One exception 
to this is the case where the heterodyning oscil- 
lator frequency is close to the desired output 
frequency. In this case, a balanced mixer should 
be used, to minimize the heterodyning oscillator 
frequency in the output. 

To increase the power level of an s.s.b. signal, 
a linear amplifier must be used. A linear ampli- 
fier is one that operates with low distortion, 
and the low distortion is obtained by the proper 
choice of tube and operating conditions. Physi- 
cally there is little or no difference between a 
linear amplifier and any other type of r.f. ampli- 
fier stage. The circuit diagram of a tetrode r.f. 
amplifier is shown in Fig. 9-6; it is no dif- 
ferent basically than the similar ones in Chapter 
Six. The practical differences can be found in 
the supply voltages for the tube and their spe- 
cial requirements. The proper voltages for a 
number of suitable tubes can be found in Table 
9-I; filament-type tubes will require the addi- 
tion of the filament bypass capacitors Cy and C49 
and the completion of the filament circuit by 
grounding the filament-transformer center tap. 
The grid bias, E,, is furnished through an rf. 
choke, although a resistor can be used if the 
tube is operated in Class AB, (no grid current). 
The screen voltage, Z,, must be supplied from a 
“stiff” source (little or no voltage change with 
current change) which eliminates the use of a 
dropping resistor from the plate supply unless 
a voltage-regulator tube is used. 

Any r.f. amplifier circuit can be adapted to 


Fig. 9-6—Circuit diagram of a tetrode linear am- 
plifier using link-coupled input tuning and pi net- 
work output coupling. The grid, screen and plate 
voltages (E, F2 and Es) are given in Table 9-1 for 
a number of tubes. Although the circuit is shown for 
an indirectly-heated cathode tube, the only change 
required when a filament type tube is used is the 
addition of the filament bypass capacitors Cy and 
Cio. 
Minimum voltage ratings for the capacitors are 
given in terms of the poWer supply voltages. 


Ci—Grid tuning capacitor, 3F,. 

C2—Neutralizing capacitor, 2E3. 

Cs—Grid-circuit bypass capacitor, part of neutralizing 
circuit, 3E:. 

C.—Plate tuning capacitor, 1.5Es. 

Cs—Output loading capacitor. 0.015 spacing for kilo- 
watt peak. 

Ce—Plate coupling capacitor, 2Es. 

C,—Screen bypass capacitor, 2Es. 


linear operation through the proper selection of 
operating conditions. For example, the tetrode 
circuit in Fig. 9-6 might be modified by the 
use of another neutralizing scheme, but the re- 
sultant amplifier would still be linear if the proper 
operating conditions were observed. A triode 
or pentode amplifier circuit would differ only in 
detail; typical circuits can be found in Chapter 
Six, 

The simplest linear amplifier is the Class-A 
amplifier, which is used almost without exception 
throughout receivers and low-level speech ampli- 
fiers. (See Chapter Three for an explanation of 
the classes of amplifier operation.) While its 
linearity can be made relatively good, it is in- 
efficient. The theoretical limit of efficiency is 50 
per cent, and most practical amplifiers run about 
25 per cent at full output. At low levels this is 
not worth worrying about, but when the 2- to 
10-watt level is exceeded the efficiency should be 
considered, in view of the tube, power-supply and 
operating costs. 

Class-AB, operation provides excellent linear 
amplifiers if suitable tubes are used. Primary ad- 
vantages of Class-AB, amplifiers are that they 
give greater output than straight Class-A am- 
plifiers using the same tubes, and they too do not 
require any grid driving power (no grid current 
drawn at any time). Triodes can be used in Class 
AB, but tetrodes or pentodes are to be preferred. 
Class-AB, operation requires high peak plate 
current without grid current, which is easier to 
obtain with multigrid tubes (tetrodes and pen- 
todes) than with triodes. 

Maximum linear output is obtained from tet- 
rodes, pentodes and most triodes when they are 
operated class ABy. This operation, however, in- 
creases the driving-power requirements and, 


L. 
ouT 
on Ca 
fr s 
i 
\ Ps 
Cg Cio 
Ty 


| 


Cs—H.v. bypass capacitor, 2Es. 

Co, Cio—Filament bypass capacitor. 

li—Grid inductor. 

l.—Plate inductor. 

Ri—Grid circuit swamping resistor, required for ABs. 
See text. 

RFC:—Grid-circuit r.f. choke. 

RFC.—Plate r.f. choke. 

T:—Filament transformer, 
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what is more important, requires that driver 
regulation (ability to maintain wave form under 
varying load) be good or excellent. This is not 
an easy requirement to meet, and the current 
trend is to use tetrodes or pentodes in AB, or 
zero-bias Class-B triodes. 

Class~B amplifiers are theoretically capable of 
78.5 per cent efficiency at full output, and practi- 
cal amplifiers run at 60-70 per cent efficiency at 
full output. Triodes normally designed for Class- 
B audio work can be used in rf. linear amplifiers 
and will operate at the same power rating and 
efficiency provided, of course, that the tube is 
capable of operation at the radio frequency. The 
operating conditions for r.f. are substantially the 
same as for audio work — the only difference is 
that the input and output transformers are re- 
placed by suitable r.f. tank circuits, Further, in 
rf. circuits it is readily possible to operate only 
one tube if only half the power is wanted — push- 
pull is not a necessity in Class-B r.f. work. 

For proper: operation of grounded-cathode 
Class-B amplifiers, and to reduce harmonics and 
facilitate coupling, the input and output circuits 
should not have a low C-to-L ratio. A good 
guide to the proper size of tuning capacitor will 
be found in Chapter Six; use the voltage-to- 
current ratio of p.e.p. conditions. It is essential 
that the amplifier be so constructed, wired and 
neutralized that no trace of regeneration or 
parasitic instability remains. Needless to say, 
this also applies to the preceding stages. 

In a Class-AB, amplifier, the control-grid 
bias supply can be anything. However, the 
screen supply should have good regulation; its 
voltage should remain constant under the varying 
current demands. If the maximum screen current 
does not exceed 30 or 35 ma., a string of VR tubes 
in series can be used to regulate the screen volt- 
age. If the current demand is higher, it may be 
necessary to use an electronically regulated 
power supply or a heavily bled power supply 
with a current capacity of several times the cur- - 
rent demand of the screen circuit. 

Where VR tubes are used to regulate the 
screen supply, they should be selected to give a 
regulated voltage as close as possible to the tube’s 
rated voltage, but it does not have to be exact. 
Minor differences in idling plate current can be 
made up by readjusting the grid bias. 

The plate voltage applied to the linear ampli- 
fier should be held as constant as possible under 
the varying current-demand conditions. This con- 
dition can be met by using low-resistance trans- 
formers and inductors and by using a large value 
of output capacitor in the power-supply filter. 
An output capacitor value three or four times the 
minimum required for normal filtering is reason- 
able. 

Grounded-grid operation of zero-bias triodes 
is finding increasing popularity among § s.s.b. 
operators. A zero-bias triode that requires 10 
or 15 watts driving power in a grounded-cathode 
circuit will need several times this for full out- 
put in the grounded-grid configuration. This is 
not because the grid losses increase—they don’t 
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254 (147}8 
300 
170(105)? 
Tincludes bias loss, grid dissipation, and feed-through power, 


270 (55) 
280 (55)? 
400 (265)* 
400 (274) 
333 
B00 (550) 
670 


SApproximate; adjust to give stated zero-signal plate current. 


5Minimum distortion products at 1 k.w. p.e.p. input. 


Current 


Zero-Sig. 
D.C. Plate 


4Minimum distortion products. 


STwo-tone signal. 
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4-1000A! 
1Grid and screen connected together. 


2Screen current. 
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—but in grounded-grid operation a large portion 
of the input signal finds its way to the output. 
Since many of the sideband-exciter designs that 
one starts with are in the 50- to 100-watt out- 
put class, a grounded-grid amplifier makes better 
use of the exciter output than would a Class-AB, 
amplifier. 

It is not necessary to use indirectly-heated 
cathode type tubes in grounded-grid circuits; 
filament-type tubes can be used just as effec- 
tively. However, it is necessary to raise the 
filament above r.f. ground with filament chokes 
between the filament transformer and the tube 
socket. The inductance of the rf. chokes does not 
have to be very high, and 5 to 10 wh. will usually 
suffice from 80 meters on down. The current- 
carrying capacities of the r.f. chokes must be 
adequate for the tube or tubes in use, and if the 
resistance of the chokes is too high the filament 
voltage at the tube socket may be too low and 
the tube life will be endangered. In such a case, 
a higher-voltage filament transformer can be 
used, with its primary voltage cut down until the 
’ voltage at the tube socket is within the proper 
limits. 

Although filament chokes can be wound on 
wooden or ceramic forms (e.g., large cylindrical 
ceramic antenna insulators), they can be made 
more compact and with lower resistance (less 
voltage drop) by winding them on ferrite rods. 
Individual chokes for each side of the filament 
are desirable if they must be wound on wood 
or ceramic, but when wound on ferrite a dual 
winding is satisfactory. The single winding 
choke(s) should be wound with heavy wire 
spaced (with string) one-half to one wire diam- 
eter. In the ferrite-cored choke the two parallel 
enameled wires are treated as one wire; see Chap- 
ter Six for two examples of homemade filament 
chokes. 

When considerable power is available for driv- 
ing the grounded-grid stage, the matching be- 
tween driver stage and the amplifier is not too 
important. However, when the driving power is 
marginal or when the driver and amplifier are to 
be connected by a long length of coaxial cable, a 
matching circuit can be used in the input of the 
grounded-grid amplifier. The input impedance of 
a grounded-grid amplifier is in the range of 50 
to 400 ohms, depending upon the tube or tubes 
and their operating conditions. When data for 
grounded-grid operation is available (see Table 
9-II), the input impedance can be computed from 


= (peak r.f. driving voltage)* 


a 2 X driving power 


From this and the equations for a pi or L net- 
work, a suitable matching circuit can be devised. 
It should have a low Q, about 3 or 4. 

Tables 9-I and 9-II list a few of the more 
popular tubes commonly used for s.s.b. linear- 
amplifier operation. Except where otherwise 
noted, these ratings are those given by the manu- 
facturer for audio work and as such are based on 
a sine-wave signal. These ratings are adequate 
ones for use in s.s.b, amplifier design, but they 
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are conservative for such work and hence do not 
necessarily represent the maximum powers that 
can be obtained from the tubes in voice-signal 
s.s.b. service. In no case should the average plate 
dissipation be exceeded for any considerable 
length of time, but the nature of a s.s.b. signal 
is such that the average plate dissipation of the 
tube will run well below the peak plate dissipa- 
tion. 

Getting the most out of a linear amplifier is 
done by increasing the peak power without ex- 
ceeding the average plate dissipation over any 
appreciable length of time. This can be done by 
raising the plate voltage or the peak current (or 
both), provided the tube can withstand the 
increase. However, the manufacturers have not 
released any data on such operation, and any ex- 
trapolation of the audio ratings is at the risk of 
the amateur. A 35- to 50-per cent increase above 
plate-voltage ratings should be perfectly safe in 
most cases. In a tetrode or pentode, the peak plate 
current can be boosted some by raising the screen 
voltage. In all instances there will be an optimum 
set of driving and loading conditions for any given 
set of plate and grid (and screen) voltages, but 
the tube manufacturer can obviously give only 
a few (and they are likely to be conservative). 
The only dependable approach to determining 
the proper conditions for an “unknown” linear 
(one operating at other than manufacturer’s 
ratings) is by using an oscilloscope and dummy 
load. 

When running a linear amplifier at consider- 
ably higher than the audio ratings, the “two-tone 
test signal” should never be applied at full ampli- 
tude for more than a few seconds at any one 
time. The above statements about working tubes 
above ratings apply only when a voice signal is 
used—a prolonged whistle or two-tone test sig- 
nal may damage the tube. It is possible, however, 
to “key” ot “pulse” the two-tone test signal so 
that the linearity of an amplifier can be checked 
at high peak-to-average plate dissipation ratios. 
For example, an electronic “bug” key can be used 
to switch the two-tone test signal on and off at 
a rapid rate (a string of “dots”). This will reduce 
the average-to-peak plate-dissipation ratio to a 
low figure. (For another method of adjusting 
linear amplifiers safely at high input, see Good- 
man, “Linear Amplifiers and Power Ratings,” 
QST, August, 1957.) 

Linear amplifiers are rated in “p.e.p. input” or 
“D.e.p. output.” The “p.e.p.” stands for peak 
envelope power. P.e.p. input is not indicated by 
the maximum reading the plate milliammeter 
kicks to; it is the input that would be indicated 
by the plate milliammeter and voltmeter if the 
amplifier were driven continuously by a single r.f. 
signal of the peak amplitude the amplifier can 
handle within its allowable distortion limits. In 
other words, it is the “key-down input” within 
the allowable distortion limits. The p.e.p. output 
is the r.f. output under these same conditions. As 
implied in the preceding paragraph, it may be 
impossible to measure the p.e.p. input or output 
directly without injuring the tube or tubes. 


S.S.B. Transceivers 
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A “transceiver” combines the functions of 
transmitter and receiver in a single package. 
In contrast to a packaged “transmitter-receiver”, 
it utilizes many of the active and passive elements 
for both transmitting and receiving. S.s.b. trans- 
ceiver operation enjoys widespread popularity for 
several justifiable reasons. In most designs the 
transmissions are on the same (suppressed-car- 
rier) frequency as the receiver is tuned to. The 
only practical way to carry on a rapid multiple- 
station “round table” or net operation is for all 
stations to transmit on the same frequency. 
Transceivers are ideal for this, since once the 
receiver is properly set the transmitter is also. 
Transceivers are by nature more compact than 
transmitter-receivers, and thus lend themselves 
well to mobile and portable use. 

Although the many designs available on the 
market differ in detail, there are of necessity 
many points of similarity. All of them use the 
filter type of sideband generation, and the filter 
unit furnishes the receiver i.f. selectivity as well. 
The carrier oscillator doubles as the receiver 
(fixed) b.f.o. One or more mixer or if. stage or 
stages will be used for both transmitting and 
receiving. The receiver S meter may become the 
transmitter plate-current or output-voltage indi- 
cator. The v.f.o. that sets the receiver frequency 
also determines the transmitter frequency. The 


same signal-frequency tuned circuits may be used 
for both transmission and reception, including the 
transmitter pi-network output circuit. 

Usually the circuits are switched by a multiple- 
contact relay, which transfers the antenna if nec- 
essary and also shifts the biases on several stages. 
Most commercial designs offer VOX (voice- 
controlled operation) and MOX (manual opera- 
tion). Which is preferable is a controversial 
subject; some operators like VOX and others 
prefer MOX. 

The complexity of a multiband s.s.b. transceiver 
is such that most amateurs buy them fully built 
and tested. There are, however, some excellent 
designs available in the kit field, and any amateur 
able to handle a soldering iron and follow instruc- 
tions can save himself considerable money by 
assembling an s.s.b. transceiver kit. 

Some transceivers include a feature that per- 
mits the receiver to be tuned a few kc. either side 
of the transmitter frequency. This consists of a 
voltage-sensitive capacitor, which is tuned by 
varying the applied d.c. voltage. This can be a 
useful device when one or more of the stations 
in a net drift slightly. Other transceivers include 
provision for a crystal-controlled transmitter fre- 
quency plus full use of the receiver tuning. This 
is useful for “DXpeditions” where net operation 
(on the same frequency) may not be desirable. 


PROTECTING LINEARITY OF AMPLIFIERS 


Single-sideband transmission differs from a.m. 
in several ways, but the principal difference is 
the use of linear amplifiers at high power levels. 
With a.m., linear amplifiers may be used but they 
are sadly inefficient (because they must also am- 
plify the carrier). In s.s.b. operation, the signal 
can only be amplified in a linear amplifier; a 
Class-C amplifier cannot handle an s.s.b. signal 
without distorting it and producing new and un- 
wanted signal products. 

The important factor in linear-amplifier opera- 
tion is control of the excitation (signal to the 
amplifier). A linear amplifier can be overdriven; 
a Class-C amplifier cannot without going to ex- 
tremes. When a linear amplifier is overdriven it 
is no longer linear, and distortion is the result. 
When a plate-modulated Class-C amplifier is 
driven heavily, it works better. (When it is over- 
modulated, distortion results.) 

One way to control excitation to an r.f. ampli- 
‘fier is to clip or limit it, as is done in a.m. recep- 
tion and transmission. While this is useful in 
double-sideband transmission (see previous chap- 
ter), in s.s.b. transmission clipping generates too 
many new high-frequency components, which can 
limit the signal-handling capability of the linear 
amplifier. (See “Pulsed Two-Tone Oscillator”, 
Chapter 21.) 

It is possible to clip an s.s.b. signal, but the 
clipped signal must be followed by another side- 
band filter that reprocesses the signal. (See 


Squires and Clegg, “Speech Clipping for S.S.B.”, 
QST, July, 1964.) 

The signal-handling ability of a linear amplifier 
can be held at maximum by several methods. One 
is to use compression in the early stages of the 
exciter. This is similar to the automatic gain 
control used in most receivers; a large signal 
causes the gain to be reduced through the system, . 
and the gain reduction is at a syllabic rate. 

A method in vogue in many s.s.b. systems is 
automatic level control (ALC), which insures 
that the output amplifier is not driven beyond 
linearity. This assumes that the exciter is well 
within its limits of linearity, an obvious qualifica- 
tion. One form of ALC, readily adaptable for 
use with a Class AB; linear amplifier, uses a high 
resistance in the d.c. grid return of the linear 
amplifier. If the amplifier is driven into grid cur- 
rent, a voltage will be developed across the grid 
resistor. This voltage is rectified and fed to the 
grid of a low-level amplifier in the sideband 
exciter. While the action is a lot like “closing the 
barn door after the horse is stolen”, the method 
is effective. 

Another method, applicable to any class of 
linear-amplifier operation, uses a back-biased 
diode to meter the r.f. voltage at the grid or the 
output of the amplifier. When the voltage exceeds 
the bias, and the diode conducts, the resultant d.c. 
is applied to a low-level stage (or several stages) 
to reduce the gain. 
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TESTING A SIDEBAND TRANSMITTER 


Many amateurs are still afraid to adjust their 
sideband transmitters. Granted, a sideband rig is 
a complex piece of equipment, but that is no rea- 
son why a hands-off attitude should be so domi- 
nant. A large number of amateurs just do not take 
the time to become familiar with sideband tech- 
niques. With a small investment in test equip- 
ment and a little practice, any amateur can keep 
his transmitter in top condition. 

Even if the transmitter never fails to operate, 
component aging, tube changes and the difference 
in temperature in your shack between winter and 
summer will affect the performance of balanced 
modulators and phase-shift networks. These 
circuits will require readjustment from time to 
time. And, too, even a perfect transmitter can 
be operated in such a way that it sounds horrible. 
The damage has been done if you wait until others 
on the band (or the FCC) inform you that 
something is wrong with your transmitter. 


Test Equipment 


To observe the rapidly-changing levels in a 
sideband transmitter an oscilloscope is absolutely 
necessary. No meter can keep up with the 
dynamic variations encountered with the human 
voice. There are monitor scopes sold that will fill 
the bill completely, or any shop-type scope which 
has an internal horizontal sweep generator and 
external vertical deflection-plate connections may 
be used with the tuning unit to be described. 
Several inexpensive scope kits are also available. 

An audio generator is the other piece of test 
equipment required. The standard sort of audio 
generator will do; one often can be borrowed from 
local RTT Yers or high-fi buffs, or a simple audio 
generator may be constructed to give a selection 
of frequencies.* 

The generator should have good sine-wave 
output and low distortion. A two-tone generator 
makes testing even easier. 

For the service-type oscilloscope an r.f. pickup 
unit is used to sample the output of the trans- 
mitter, and a tuned circuit builds up the rf. 
voltage to provide adequate vertical deflection 


1 Baxter, “A Transistor Audio Oscillator,” QST, Feb. 
ruary, 1965. 


Fig. 9-7—A typical test setup for a 
sideband transmitter. 
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for the scope. See Figs. 9-7 and 9-8. The pickup 
unit is constructed in a 4 X 2% < 2%4-inch Mini- 
box. The tuning unit has link-coupled input; each 
link is made by winding two turns of hookup 
wire around the center of the coil and cementing 
it down. Solder lugs are used on the ends of the 
leads. from the Miniductor coil and link to facil- 
itate coil changing. The shaft of the variable 
capacitor must be insulated from ground. In the 
unit in the photograph, the capacitor is mounted 
on a 34-inch stand-off insulator, as is the terminal 
strip. The chassis of the tuning unit is made 
from a 4 x 8-inch piece of aluminum sheet stock, 
although a wooden block wouid do just as well, 
as you would not need to use the stand-off 
insulators. 

Only a small amount of energy is used by the 
tuning unit, so the pickup may be left in the 
transmitter output line for on-the-air monitoring. 

A typical test setup is shown in Fig 9-7. All 
testing should be done with a dummy load, The 
audio or two-tone generator is connected to the 
microphone jack of the transmitter, except when 
a mike is used for speech patterns. The generator 
should be adjusted so that its output is about at 
the level of the microphone you normally use. 
Gain adjustments should be made at the trans- 
mitter with the mike gain control. The pickup 
unit is inserted between the transmitter and 
dummy load, and the tuning unit should be 
placed so short connections can be made to the 
scope. Don’t forget to ground the scope to the 
tuning unit. A length of RG-58/U or RG-59/U 
is used to connect the tuning unit to the pickup 
unit. 

The transmitter to be tested should be tuned up 
in the c.w. position, or in the sideband position 
with a single audio tone injected for normal 
input. Then adjust the tuning unit to give about 
half-scale deflection on the scope face, and turn 
on the horizontal sweep generator in the oscil- 
loscope. Then you are ready to start testing. 


Speech Patterns 


Speech patterns offer rather a poor way of 
telling what is going on in the sideband trans- 
mitter because they come and go so fast. Yet with 
a little experience one can learn to recognize 


PICK-UP 
UNIT 


\veRTICAL 
PLATES 


Testing a Sideband Transmitter 
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Fig. 9-8—R.f. sampling and tuning units to pro- 
vide deflection voltage for the vertical plates 
of an oscilloscope. 


signs of transmitted carrier and flattening, These 
are useful later in monitoring on-the-air operation 
with a scope. 

Connect a microphone to. the transmitter, set 
the oscilloscope sweep for about 30 c.p.s. and say 
a few words..The number “five” will produce a 
“Christmas tree” pattern similar to Fig 9-9A. 
Each different word will produce a different pat- 
tern, which is one of the reasons why speech 
patterns are so hard to interpret. The important 
thing here is to observe the peaks to see if they 
are sharp, as in Fig, 9-9A. Fig. 9-9B is the num- 
ber “five” again but this time the mike gain is set 
way too high; the final stage is being overdriven 
resulting in clipping of the voice peaks as the 
final tube reaches plate-current. saturation. 
Underloading the final stage will produce the 
same result. Operating a transmitter this way will 
produce a lot of splatter, making you unpopular 
with your neighbors on the band. Usually, reduc- 
ing the gain control a little will remove all signs 
of flattening. Try different settings of the gain 
control until you can tell a correct pattern from 
one showing clipping. 

If, when the mike gain is reduced to zero, the 
scope pattern shows you still have some output, 
you may be transmitting carrier. Adjustment of 
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the balanced modulator, which is covered later 
will be necessary. 


Two-Tone Tests 


A sideband transmitter should be a linear 
device from mike jack to output connector—for 
each audio frequency put in you should get out 
an r.f. frequency, with no distortion of the wave- 
form. The basis of a two-tone test is that you 
inject two audio signals, from which you should 
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get out only two rf. signals. No tube is ever 
perfectly linear, so some mixing of the two ‘tones 
will occur, but all of the new signals produced 
should be so weak in comparison with the main 
output of the transmitter that you cannot detect 
their presence in a scope pattern. What you will 
see is the pattern of two sine-wave signals as they 
add and subtract, forming peaks and valleys. 

A two-tone test’s main advantage is that it will 
produce a stationary pattern that may be exam- 
ined for defects. It is not easy to tell with your 
eye exactly what is a pure sine wave on a scope. 
Complex patterns are even more difficult, so it is 
a good idea to draw the correct pattern carefully 
on a piece of tracing paper, which they may be 
placed over the actual pattern on the scope face 
for comparison. Remember that this test will 
show major defects in the transmitter only. 

To make the test, apply the output of the two- 
tone generator to the mike jack, set the ’scope 
sweep for about 200 c.p.s., and check the pattern 
to see that both tones are of equal level. If they 
are not equal level, the valleys of the waveform 
will not meet at a single point on the zero line. 
Fig. 9-10A shows the correct pattern; note that 
the crossover is in the form of an X. Another way 
to obtain a two-tone test signal is to use a single 


(B) 


Fig. 9-9—(A) Speech pattern of a correctly adjusted sideband transmitter. (B) The same transmitter with excessive 
drive causing peak clipping in the final amplifier. 
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(C) 
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Fig. 9-10—Sideband two-tone test patterns: (A) a correctly adjusted transmitter, (B) mild peak clipping and (C) 
severe peak clipping caused by excessive drive or underloading of the amplifier, (D) incorrect amplifier bias 
causing rounding of the crossover points, (E) pattern with modulation caused by carrier leak-through. 


audio tone and unbalance the carrier to the point 
where it forms the pattern shown in Fig, 9-10A. 

Examine closely Fig. 9-10A—this is the correct 
pattern. Note the clean rounded peaks and 
straight sides of the envelopes, and again how an 
X is formed at the crossover. Fig. 9-10B shows 
mild flattening of the peaks, and 9-10C severe 
flattening. The cause is the same: an amplifier 
stage being overdriven or underloaded. Cutting 
the drive level or increasing the loading should 
result in the Fig. 9-10A pattern. 

Incorrect bias adjustment can also cause a 
stage to be nonlinear. This defect will show up as 
rounding of the crossover points as in Fig. 9-10D. 
The manufacturer’s instruction manual should be 
consulted for the proper bias value and the loca- 
tion of the bias control. This control should be 
adjusted for the proper operating bias. Incorrect 
bias will also show up as high or low values of 


(A) 


(C) 


resting plate current. If a correct resting current 
and pattern cannot be obtained the tube may be 
bad and should be replaced. 

Fig. 9-19E indicates what happens when an 
external two-tone generator is used and carrier 
leak-through is also present. The carrier causes 
the peaks of the two-tone pattern to have dif- 
ferent heights. If this happens, you should first 
null out the carrier, then go back to the two-tone 
testing. 


Carrier Balance 


For carrier balance adjustments only one tone 
is used. The carrier shows up as a sine-wave 
modulation, similar to what you may have seen 
in a.m. The carrier-balance control(s) should 
be adjusted until the sine-wave modulation 
disappears. Fig. 9-11A shows the single-tone test 
with sine-wave modulation caused by a partially 


(B) 


(D) 


Fig. 9-11—Phasing-type exciter patterns with single-tone input and constant oscilloscope sweep frequency: (A) 
carrier leak-through, (B) insufficient unwanted-sideband suppression, (C) both carrier leak-through and unwanted 
sideband, (D) incorrect pattern for single-tone input. 


Testing a Sideband Transmitter 


265 


Fig. 9-12—The variable capacitor is used to adjust the vertical deflection on the scope. The tuning unit should be 
mounted near the oscilloscope so short leads to the deflection plates may be used. An extra lead is provided to 
ground the tuning unit to the scope. 


suppressed carrier, and Fig. 9-11D shows the pat- 
tern after the carrier has been balanced out. 

The location of the carrier-balance controls 
may be found in the instruction manual if they 
are not located on the front panel. Phasing rigs 
usually have two controls, while the filter types 
have one control and a variable capacitor. In 
either case the action of these adjustments is 
somewhat interlocking. The first should be ad- 
justed, then the second, repeating in turn until 
the carrier is nulled out. 

Carrier balance may also be adjusted with the 
aid of a communications receiver if it has an S 
meter. The receiver should be coupled to the 
transmitter so you have a strong, S9 signal. Then 
adjust the balanced modulator as before for the 
least amount of indicated signal on the S meter. 
During this test the mike gain should be reduced 
to zero, so no modulation appears on the carrier, 


The Phasing Exciter 


With a single-tone input, the phasing-type 
exciter owner may find he has a pattern resem- 
bling Fig. 9-11C. This pattern is formed when you 


Fig. 9-13—Oscilloscope modification for making r.f. 
connections to deflection plates without going through 
amplifiers. A—Representative amplifier-r.f. 
coupling. B—Modified for alternative connection to ex- 
ternal source. Ry and R, should be 1 megohm or more, 
l-watt rating. For vertical r.f. deflection C; and C, 
should be mica or ceramic, voltage rating according 
to plate voltage on vertical amplifiers; capacitance may 
be 500 pf. or more. For audio input to horizontal 
plates, C, and Cy should be 0.1-uf. paper, 600 volts. 


internal 


have carrier leak-through and also the unwanted 
sideband is only partially suppressed. The 
unwanted sideband, like the carrier, shows up as 
sine-wave modulation, but at twice the frequency. 
For a scope sweep of about 400 c.p.s. Fig. 9-11A 
shows carrier unbalance, Fig. 9-11B insufficient 
unwanted-sideband suppression, and Fig. 9-11C is 
a combination of the two. 

If you need to realign a phasing-type exciter, 
read carefully the manufacturer’s instructions. 


DEFL. AMP. 
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Different models will require different proce- 
dures, so we shall only go over the high points. 

Use a single-tone test, and null out the carrier. 
Carrier balance should be checked again during 
the alignment of the phasing generator, for it will 
upset your pattern if any carrier creeps in. 

The phasing generator will have audio balance 
and r.f. phasing adjustments, which may number 
two, three or four. Injecting a single tone, these 
controls are manipulated until the unwanted 
sideband is suppressed, as indicated by the dis- 
appearance of ripple from the scope pattern. 
You should achieve a pattern like Fig. 9-11D. 
Then the transmitter should be switched to the 
other sideband and checked again for suppression 
of the unwanted. No doubt you will see some sign 
that in this position you do not have complete sup- 
pression of the unwanted sideband. This is prob- 
ably due to the stray effects in the sideband 
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switching. Thus you must reach a compromise 
in the setting of the audio balance and r.f, phase 
that gives good suppression of the unwanted 
when the transmitter is operated on either side- 
band. If you have achieved a pattern like Fig. 
9-11D you have carrier and unwanted-sideband 
suppression of 35 to 40 db. This is about the limit 
of suppression you can see on an oscilloscope. 

If your transmitter has passed all the above 
tests, you can be sure it is working well. Further 
tests that will show the small distortion that you 
cannot see on a scope will require much more 
advanced techniques, and are beyond the scope 
of this article.? In most cases, anything that does 
not show up in these tests will never be noticed 
on the air. 

2For more information see Single Sideband Principles 


and Circuits, Pappenfus, Bruene, and Schoenike, 
McGraw-Hill, Inc., 1964. 


THE TRANSVERTER CONCEPT 


It is common practice to use outboard trans- 
mitting or receiving converters, or both com- 
bined (Transverters), to extend the range of a 
s.s.b. transmitter, receiver, or transceiver. Such 
a circuit is shown in Fig. 9-13A and is repre- 
sentative of the arrangement that is used by v.h.f. 
operators to get from 14 Mc. to 144 Mc. without 
major changes to’ the circuit of the transceiver. 
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Fig. 9-13A 


This circuit enables the user to receiver two- 
meter signals as well as transmit them on s.s.b. 
Similar arrangements can be made for other v.h.f. 
bands, or for h.f. and u.h.f. operation. 

It is necessary to reduce the output power of 
the transceiver to a suitable level (about 0.5 watt) 
when using a transverter. This can be done by 
turning off the p.a. stage and “stealing” some rf. 
from the driver stage. For a full description of 
this unit see OST, Sept. 1963, page 28. 


O+150V., 35MA, 


50-Watt Transceiver 
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A 50-WATT P.E.P. OUTPUT TRANSCEIVER FOR 75 


This easy-to-build s.s.b. transceiver uses low- 
cost components, many of which should be avail- 
able in the builder’s junk box. Although some of 
the circuitry is a bit unorthodox, on-the-air test- 
ing of several units that used the circuit of Fig. 
9-151 indicated that the design is thoroughly 
practical. Commonly-available tube types are 
used, and a simple sideband filter using surplus 
crystals provides good suppression in the trans- 
mit mode, and a fairly narrow pass-band for 
reception. Only four crystals are needed, in all. 


Circuit Principles 


The complete wiring diagram of the transmit- 
ter (save for the heater wiring shown in Fig. 9-16) 
appears in Fig. 9-15. Several features were taken 
from a QST article 2, so any similarity is not 
coincidental. When receiving, the incoming 4-Mc. 
signal is amplified in the 6AU6A rf. stage, and 
then combined in the 6BE6 receiver mixer with 
a 3545-kc. signal from the v.f.o. to produce a 
signal at 455 kc. in the output of the mixer. This 
signal is fed through the selective crystal filter 
(Y2¥Y,) to a single if. stage using another 
6AU6A. The amplified 455-ke. signal is coupled 
into the 1N34A diode detector where it is com- 
bined with the signal from the 455-kc. crystal- 
controlled 6C4 b.f.o. to produce audio output. The 
audio signal is amplified in the triode section of 
the 6EB8, and brought up to speaker level in the 
pentode section of the same tube. The r.f. gain 
control, Rs, which is applied to the rf. and i-f. 
stages, provides smooth control of audio output, 

“so a separate audio gain control was not deemed 
necessary. 

When transmitting, the crystal-controlled b.f.o. 
serves as the carrier generator at 455 kc. The 
oscillator signal is fed to a balanced modulator 
using a 12AT7. When the output circuit is ad- 
justed for balance by potentiometer Ry, the car- 
rier is suppressed. The application of audio from 
the speech amplifier results in a double-sideband 
suppressed-carrier signal at 455 kc: which is fed 
to a crystal filter consisting of T;, Y4, Ty, Y2 and 
Y,. (The 6BE6 receiver mixer is not active on 
transmit.) The filter attenuates the upper side- 
band by 20 to 30 db. The remaining lower-side- 
band signal is amplified in the if. stage, and 
passed along to the transmitter mixer, a 6CS6. 
Here it is combined with the 3545-ke. signal from 
the v.f.o. to produce mixer output at 4 Mc.—the 
same frequency as the receiving section. The 
4-Mc. l.s.b, signal is amplified in the 12BY7A 
stage which drives the 6146 final amplifier. A 
pi-section output circuit provides a match to a 
low-impedance load. 


1 This unit originally described in QST, June 1967, 
page 29. 

2 Taylor, “A 75-Meter S.S.B. Transceiver”, QST, 
April, 1961. 


Fig. 9-14—This model was constructed by W5RQJ. The 
dial is homemade, but may be replaced by a conven- 
tional type. At the left-hand end of the panel are the 
loading and tuning controls of the pi-net-work output 
circuit; at the right-hand end are controls for receiver 
and transmitter audio. Along the bottom, from left to 
right, are receiver r.f. trimmer, mobile power relay 
switch, buffer tuning control, ahd modulator balance 
control. 


Control Circuit 


Reviewing the foregoing, it will be seen that 
three stages are common to the receiving and 
transmitting sections. These are the v.f.o., the 
b.f.o./carrier oscillator, and the if. amplifier with 
its crystal filter. Other stages are switched in and 
out, as necessary, by the four-pole double-throw 
relay, K,, which also switches the antenna. On 
receive, 250 volts is applied to the r.f. amplifier, : 
rf. gain control, receiving mixer, detector, and 
receiving audio. (The mixer is switched in the 
cathode circuit by a separate relay pole to avoid 
diode mixing in the receiver mixer while trans- 
mitting.) In addition, another pole of the relay 
disconnects the two 8-uf. bypass capacitors in the 
speech amplifier. This was found to be necessary 
to avoid audio oscillation in the speech amplifier 
which occurred as the capacitor discharged after 
removal of voltage from the amplifier when 
switching from transmit back to receive. 

When transmitting, voltage is removed from 
the stages mentioned above, and applied to the 
balanced modulator, the speech amplifier, trans- 
mitter mixer, and driver stage. The cathode re- 
sistor of the i.f. amplifier is switched to ground to 
remove it from the influence of the r.f. gain con- 
trol and place it at full gain on transmit. (This 
switching also grounds the cathode resistor of the 
r.f. stage, of course, but since plate voltage has 
been removed from this stage, complications that 
might arise from this source are avoided.) Power 
to the final is not switched. 

One side of the relay coil is connected to the 
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50-Watt Transceiver 


Fixed capacitors of decimal value, unless listed below or ind! 


9-15—Circuit of the 75-meter transceiver. 
cated otherwise in the diagram, are disk ceramic and, unless indicated otherwise, are 500-volt. 


silver mica or NPO ceramic, 500-volt, except where polari 


Fig. 


Others are 


indicates electrolytic. Unless indicated otherwise, 


resistors are ¥2-watt. 


Jz—Chassis-mounting coaxial receptacle. Ri—Audio-taper control. 


Ci—"Gimmick” capacitor made by twisting two short 


Re, R3, Ra—Linear control. 


Js—8-contact chassis-mounting male connector (Cinch- 


lengths of insulated wire together. 
Co—Air trimmer (Hammarlund APC-50-B). 


Cs—Mylar capacitor. 


_ Si—D.p.s.t. rotary switch (see Fig. 2 for second section). 
Ti—Interstage audio transformer, single plate to p.p. 


Jones). 
Ki—Four-pole double-throw 


d.c. 


115 volts, 


relay, 


grids (Stancor A-63-C). 
Te, Ts—Miniature 455-kc. if. input transformer (Miller 


(Potter & Brumfield KL17D, or similar). 


L.—10 turns No. 30 enameled, wound over ground end 


C4—Midget air variable Vlohnson 167-11, or similar). 
Cs—Miniature air trimmer (Johnson 160-110). 


12-C}). 
T3—Miniature 455-ke. i.f. output transformer (Miller 12- 


of Lo. 
Le, Ls, Ls, Le—35 turns No. 30 enameled, wound on 


Ce—Air trimmer (Hammarlund APC-25-B, or similar). 


C,-Air variable (Millen 19325, or similar; see text). 


C2). 
T4~—Audio output transformer, 5000 ohms to voice coil. 


Y1, Yo, Y4—455-ke. crystal (see text). 
Y3—453.148-ke. crystal (see text). 


%-inch ceramic iron-slug form. 
La—28 turns No. 26 enameled on %-inch cerami 


Cs—Three-section broadcast-band t.r.f. variable capaci- 


lc Iron- 


tor, sections in parallel. 


Co—7—45-pf. ceramic trimmer. 


slug form, wound tightly and doped. 
L;—24 turns No. 22 enameled on %-inch ceramic form 


J:—Three-circuit microphone connector. 


(surplus form). 
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250-volt line through a 10,000-ohm series resistor. 
The coil circuit is completed to ground through 
the p.t.t. switch at the microphone. 


The V.F.O. 


A variation of the Vackar circuit, first noted in 
OST several years ago, is used in this important 
part of the transceiver. This circuit is easily ad- 
justed, and: provides constant output and adequate 
drive through very small coupling capacitances, 
with a plate voltage of only 108 volts. This voltage 
is regulated by an OB2 fed from the 250-volt 
supply through a 7000-ohm resistor. One section 
of a 12AT7 (V4) is used in the oscillator, while 
the other section (V gp) is in a cathode follower 
driven by the oscillator. The latter serves to 
isolate the v.f.o. from the two mixers which it 
feeds. With this configuration, frequency shift is 
a matter of only a few cycles, comparing very 
favorably in this respect to commercial gear. No 
y.f.o. temperature compensation is included ; drift 
is nominal after a thorough warm-up. 


Crystals 


Surplus crystals in the 455-kc. range are used. 
The low-numbered FT-241 crystals, from Chan- 
nel 38 to about Channel 75, are in a range that 
can be tuned to with ordinary 34-inch 455-ke, if. 
transformers. Two Channel 45 crystals (Y, and 
Y,), and one Channel 44 crystal (Y,) are used 
in the filter. These crystals are fairly close to 
455 Ke. and Y, differs from the other two by 
about 1852 cycles. Using a Channel 45 crystal at 
Y, in the b-f.o./carrier oscillator, and tuning as 
described presently, lower-sideband output will 


6AUGA 6146 


Fig. 9-16—Heater wiring 
diagram for either 6- or 
12-volt operation. I, is a 
No. 47 6.3-volt 0.15- 
ampere pilot bulb. For 
12-volt operation, the 12- 
volt terminal should be 
connected to Pin 4 of the 
plug for Js, Fig. 9-15, 
Gnd. to Pin 6, no connec- 
tion to the 6-volt terminal. 
For 6-volt operation, Sis 
should be transferred to 
the 6-volt line at X, the 
6-volt terminal should be 
connected to Pin 5, the 
12-volt terminal and Gnd. 
to Pin 6. 


O 
GND. 6V. lav. 
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be produced. For those unable to obtain the sur- 
plus crystals, Texas Crystals, Fort Myers, Flor- 
ida, or JAN Crystals, also of Fort Myers, adver- 
tises crystals in the 455-kc. range, 25-cycle 
tolerance, in FT-241 holders. Three crystals of 
the same frequency are needed—two for the filter 
and one for the b.f.o. The additional crystal for 
the filter should be approximately 1800 to 2000 
cycles lower in frequency. 


Construction and Adjustment 


An 8 x 12 x 2-inch chassis provides enough 
space to avoid crowding of components if the lay- 
out shown in the photos is followed reasonably 
closely. A panel 5% inches high will provide 
clearance for the 6146 without submounting the 
socket. The dial is home-brew. The gearing was 
salvaged from old Command-set mechanisms. 
However, a National 5-to-1-ratio planetary-drive 
dial, or any similar conventional dial, may be used. 

Careful orientation of the tube sockets will fur- 
nish convenient tie points for resistors and bypass 
capacitors and hold wiring between stages to a 
minimum. Low-potential wiring can be run 
around the edges of the chassis in bends and 
corners for neater appearance. As indicated in the 
diagram, shielded wire should be used for the 
connections to the microphone jack and gain 
control in the speech amplifier, for the balanced- 
modulator output connection, and in the coupling 
line between the if. amplifier and the transmitter 
mixer. Shielded wire is also preferable for heater 
circuits and other low-potential wiring. 

The transceiver can be built a stage or section 
at a time, testing each as it is completed. It is 
suggested that the v.f.o. be constructed first, using 
short leads. The tuning capacitor, C4, is placed 
above the chassis in a shielding box, with a con- 
necting wire running through a small hole to the 
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Fig. 9-17—Grouped at left 
center are Ti, Re and Co, 
the latter two mounted 
on a shielding bracket. Ls 
is below the bracket. To 
the right is the box shield- 
ing the coil and other 
components of the v.f.o./ 
cathode follower. Below 
the box are Le and driver 
tuning capacitor, Ce. 
L1/k2 and C2 are in the 
shielding compartment in 
the upper right-hand cor- 
ner, and L3 is to the im- 
mediate left. 


coil, which is enclosed in a second shielding box 
on the underside of the chassis. Coil turns may 
have to be pruned, and capacitance juggled, to 
achieve the proper 200-kc. tuning range for the 
yv.f.o. Assuming that the carrier-oscillator crystal 
is for Channel 45 (about 455 kc.), the upper limit 
of the v.f.o. range would be 3545 kc. to tune the 
transceiver to 4000 kc. The lower end of the range 
would be 3345 kc., to tune the transceiver to 3800 
kc. Keeping the v.f.o. frequency on the lower side 
of the incoming signal seems to result in less drift 
than when the v.f.o. is tuned to the upper side. 
Listening on a receiver while adjusting the v.f.o. 
will assist the builder in getting the circuit into 
the proper tuning range. 

After the v.f.o. is working, the receiver section 
can be constructed. To align the if. amplifier 
stage, couple output from a modulated signal gen- 
erator to the receiver mixer stage with all four 
crystals in place. Tune the signal generator ex- 
actly to the frequency of the b.f.o. crystal. Remove 
this crystal, and peak if. transformers T, and T, 
for maximum audio output. Replace the b.f.o. 
crystal. Final alignment of the crystal-filter and 
if. stage can be done after construction of the 
transmitter stages. 

Now peak the receiver mixer coil, L,, at 3900 
ke. (A grid-dip oscillator will be helpful in rough 
tuning of circuits in the transmitter as well as in 
the receiver section.) The rf. stage is rough- 
tuned by the slug of L,L,, and the circuit is 
peaked by the 50-pf. trimmer, Cy, which should 
be mounted on the panel. 

After the receiving section is working, the 
transmitter section should be checked out. Peak 
the transmitter mixer coil, L;, at 3900 kc. In 
operation, the output of the mixer will fall off 
some at either end of the band, but should still be 
adequate for full drive to the final. Peak Lg at 
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Fig. 9-18—Lined up along the rear edge of the chassis, from right to left, are the 6AU6 receiver r.f-amplifier 
tube, 6BE6 receiver mixer tube, Tz, Y2 and Y3, the 6AU6A i.f. tube, Ts, the 6EB8 receiving-audio tube, 6C4 
carrier/b.f.o., and Ys. Li/Le is to the right of output connector, and L3 to the left. The 12AT7 v.f.o. tube is im- 
mediately to the rear of the box shielding the v.f.o. tuning capacitor, C4. The adjusting screw of Ly and the 
screwdriver shaft of trimmer Cs are discernible to the right of the 12AT7. The tube above and to the left of 
the box is the 12BY7A driver. Lo is mounted between the box and the panel, and cannot be seen. Grouped at 
the upper left are the 12AX7 transmitting audio tube (above 1), the 6CS6 transmitting mixer (below the 
meter), Ts and Y, and the 12AT7 balanced-modulator tube. Ls is to the right of the meter. At the upper right 
are the 6146 and components of the pi network. L; is mounted on the output capacitor Cs. The tube to the 
right of the changeover relay is the 0B2 regulator. On the rear apron 
are the power connector, Js, and the shaft of the bias control, Ri. 


3900 ke. with Cy set at mid capacitance. It will be 
noticed that part of the tuning capacitance in this 
stage is fixed to confine the tuning range to the 
vicinity of 4 Mc., thus avoiding the possibility of 
tuning to some other response in the output of 
the mixer. Those more mechanically able could 
gang-tune the mixer and driver stages by adding 
a small variable capacitor across the mixer coil, 
and coupling its shaft to that of the driver tuning 
capacitor, Cg, to obtain full output across the 
band. 

No special constructional precautions are neces- 
sary in the driver and final stages, except that a 
shield should be placed across the 12BY7A 
socket. Pins 3 and 9 of this tube are grounded, 
and the shield can be placed across these two 
pins when the socket is properly oriented on the 
chassis. The relay should be mounted on the 
chassis reasonably close to the pi-network com- 
ponents, since one pole of the relay switches the 
antenna. 

The biasing control, R, should be set for a 
final-amplifier idling current of 25 to 30 ma. 

If the transceiver has been constructed in sec- 
tions, as suggested, proper alignment of the filter 
system, consisting of the three filter crystals and 
three if. transformers, can now best be done by 
feeding a sine-wave audio signal at low level, 
1000 to 2000 cycles, into the microphone input, 
and observing the output wave form on a scope. 


A little careful twisting on the i.f. transformer 
slugs will produce the proper pattern on the 
scope, indicating when the pass band of the filter 
is adjusted for maximum suppression of the un- 
wanted sideband, and the carrier. 

Additional information on filter alignment will 
be found in Single Sideband for the Radio 
Amateur. 

In actual operation, transmitter adjustment is 
very simple. Press the push-to-talk switch. Set 
the v.f.o. to frequency, turn the carrier-balance 
control to one side, tune the final for maximum 
output, then adjust Ry and Cy for minimum final- 
amplifier idling current. If Cy has no effect when 
connected to one plate of the 12AT7, it should 
be transferred to the other plate. That’s all there 
is to it. 

A. field-strength meter can be used when 
tuning the final, but the plate-current dip is a 
fairly satisfactory indicator. During adjustment 
with the scope, the proper setting of the gain con- 
trol to prevent overdrive and splatter should be 
determined. 

Power Supply 

For home-station operation, a power supply 
delivering 600 volts at 150 ma., 250 volts at 75 ma., 
and 100 volts of bias can be used. The Heath 
HP-10 supply can be used for mobile work. The 
heater wiring diagram of Fig. 9-16 provides 
for either 6- or 12-volt operation, 
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A MECHANICAL FILTER SIDEBAND EXCITER 


Generating a single-sideband signal at 455 kc. 
permits the use of a relatively inexpensive me- 
chanical filter. The only disadvantage, if it is a 
disadvantage, is the need for double conversion 
to reach the operating frequency, to minimize the 
chances for significant image signals at the higher 
frequencies. 

The s.s.b. exciter shown in Figs. 9-6, 9-7, 9-9 
and 9-11 uses a mechanical filter at 455 ke. to gen- 
erate an upper-sideband signal. Converting with 
one v.f.o. and one crystal-controlled oscillator, a 
lower-sideband signal is available on 75 and 40 
meters, and an upper-sideband output is delivered 
on 20 and 15 meters. The output of the band- 
switched exciter is 40 watts p.e.p. on, 75 meters, 
dropping to 20 watts on 15. Manual- or voice- 
controlled (VOX) operation is included. 

Referring to the circuit diagram, Fig. 9-8, a 
12AX7 is used in the speech-amplifier circuit. A 
7360 beam-deflection tube is used as the balanced 
mixer. The 7360 also serves as the crystal oscil- 
lator; the 1N34A diode limits the amplitude of 
the oscillations to a suitable value. A second 
crystal (455 kc.) is used for tune up when 
changing bands; when switching to the tune-up 
crystal the balanced mixer is simultaneously 
unbalanced. 

The double-sideband suppressed-carrier output 
of the 7360 is fed to the mechanical filter, where 


the lower sideband is filtered out. The signal is 
amplified by a 6AU6 and fed to a 7360 balanced 
mixer (balanced for the oscillator signal). The 
oscillator signal, produced by a v.f.o. tuning 
2.445 to 2.695 Mc., permits covering 250 kc. in 
each of the four bands. The output of the balanced 
mixer, an upper-sideband signal in the range 
2.900 to 3.150 Mc., is coupled to another 7360 
mixer. It is here that the sideband signal is 
finally heterodyned to the operating frequency. 
The signal is amplified by a 6EH7 stage before 
driving the Class-AB, 6550 output stage. The 
6550 is a tube designed for good linear operation. 

In the control circuit, the relay K, does all of 
the necessary switching. Connected in the plate 
circuit of Vop, it is normally open because the 
tube is biased to cut-off by the —15 volts on its 
grid. This bias can be removed, and the relay 
actuated, by turning S, to TUNE or by closing the 
REMOTE or the push-to-talk circuits. In VOX 
operation, audio from the microphone is amplified 
by the 6AB4 and rectified by the 1N67 diode. 
When no microphone signal is present, the grid 
voltage on V,, is close to zero and the tube is 
conducting, limited only by the 0.22-megohm plate 
resistor. The voltage at the plate is relatively 
low and the NE-2 cannot fire. However, the 
rectified audio applied to the grid of Vy, cuts 
off the tube, the voltage at the plate rises, and 
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Fig. 9-19—The mechanical-filter sideband exciter has an 8 X 16-inch panel. The Inverted-U strip around the panel 
holds the cane-metal shield in place. The tuning dial is a Miller MD-7. 

The toggle switch below the meter switches the meter to grid or plate of the 6550 output stage. Controls along 
the bottom, from the left: audio gain, tune-mox-spot-vox switch, excitation (6EH7 driver cathode bias control), 6550 
grid tuning, and output loading control. The two bar knobs are on the band switches; knob at upper right for out- 


put plate tuning. 
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Fig. 9-20—View with the perforated metal shielding removed. Note that panel is larger than chassis, to permit 
centering of main tuning dial on panel. Tubes in black magnetic shields (Millen 80801-D-3) are 7360 balanced 
modulator. and mixers. Balanced modulator is at right rear, just to left of two crystals. Mechanical filter is in line with 
balanced modulator; the filter is small black object running parallel to reinforcing plate for v.f.o. tuning capaci- 
tor. The 6AU6 amplifier is to left of near end of filter. Three unshielded tubes clustered around electrolytic capaci- 
tor in near center are voltage-regulator tubes. Tube in shield near output coaxial fitting is 6BH6 crystal oscillator. 
VOX tubes and control relay at near right’ (one tube hidden). 


the NE-2 fires. The grid of Vyp is pulled up to 
zero volts and V5, conducts. The relay closes, 
and will not open until the NE-2 no longer con- 
ducts. This happens when the negative voltage 
at the grid of Vy, drops to a low value. The 
delay or hold-in time can be varied with the 
setting of the grid resistor, R;. So that signals 
from the receiver loudspeaker will not actuate 
the VOX, receiver output is rectified and used as 
a bias voltage for the 1N67 at the grid of Voy. 
When the ANTI vox control is set properly, re- 
ceiver output will not actuate the VOX but the 
operator speaking into the microphone can. 


Construction 


. The sideband exciter is built on a 10 x 14 x 3- 
inch chassis. The panel is shaped as a very shal- 
low U (see Fig. 9-10); the sides serve as lips 
for fastening the panel to the chassis and as 
support for side screening. The main shield parti- 
tion that runs across the chassis parallel to the 
panel is 434 inches from the panel. The right- 
hand compartment is 514 inches wide; the left- 
hand one is 4 inches wide. At the right rear, the 


partitions are 1 inch and 3% inches, respectively, 
from the rear apron. 

On the top of the chassis, the oscillator section 
is reinforced with a 4 x 4-inch plate of %-inch 
thick aluminum panel stock. The dial reduction 
unit is mounted on two pieces of aluminum angle 
bolted to the reinforcing plate. 

To provide good support for the bandswitch, 
Sy, the indexing head is fastened to the central 
shield partition and the far end of the switch is 
fastened to the rear apron. To install the switch, 
it is necessary to cut slots in the two small parti- 
tions and in the rear apron. 

Switch section Sy, is a 2-pole switch with the 
two poles connected together. This allows some- 
what shorter leads to be run from the contacts 
to the coils in the grid circuit of the 6EH7. 

A small panel at the rear of the exciter carries 
the terminal strip for the remote functions keyed 
by the relay, and also the VOX controls and the 
6550 bias potentiometer. 

Coils Ly and L, are mounted side by side, as 
close together as possible, to give the tight coup- 
ling necessary for bandpass action. 
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Fig. 9-21—Circuit diagram of the .mechanical-filter sideband generator. Unless specified otherwise, decimal values of 
capacitance are in microfarads (uf.), others are in picofarads (pf. or wuf.), resistors are 1 watt, resistances are 
in ohms, r. f. chokes are in uh. Capacitors with polarity are electrolytic; capacitors with asterisk are dipped silver 
mica. For simplicity, only one set of components is shown at Sos—s—-c_p—u-r. 


Ci—5-25-pf. ceramic disk trimmer (Erie 557-000-39R). 

Ce—8-50-pf. ceramic disk trimmer (Erie 557-000-34R). 

Ca—100-pf. variable (Miller 2101), 

C4~50-pf. variable (Hammarlund MAPC-50). 

Cs, Ce, Cr, Co—See coil table. 

Cs—35-pf. variable (Hammarlund MAPC-35B). 

Cio—10-pf. variable (Hammarlund MAC-10). 

Cu-~200-pf. variable (Hammarlund MC-200-M). 

Cie—1095-pf. variable. 3-section, 365-pf. per section, 
broadcast-type variable, stator sections con- 
nected in parallel (Miller 2113). 

FLy—-455 ke. mechanical filter (Collins F455FB-21), 

Ji—Three-conductor open circuit phone jack. 

Ja, Ja, Ja—Phono jack. 

Js—Coaxial receptacle (SO-239). 

Jse—Octal socket (Amphenol 77MIP8). 

Ki—5000-ohm four pole double throw relay (Potter- 
Brumfield ML17D). 

Li—40 +. No. 20, 1-inch diam., 16 t.p.i. (B&W 3015). 

Le, Lsp~-12.9-27.5-uh. adjustable inductors spaced 4-inch 
apart, center-to-center (Miller 42A225CBI). 

Ly, Ls, Lr—See coil table. : 

L.—0.680-1.25-uh. adjustable inductor (Miller 42A106- 
CBI). 

fs—10 t. No. 18, %-inch diam., 8 t.p.i. (B&W 3010). 

L,—26 t. No. 20, I-inch diam., 16 t.p.i., tapped 5 and 
13 turns from Ls end (B&W 3015). 

Li~1.5-henry 200-ma. filter choke (Knight 61 G 406). 

M:—0-1-ma. (Parker S-25). 

Ri—25,000-ohm 2-watt potentiometer (Ohmite CU2531). 

R2—2500-ohm 2-watt potentiometer (Ohmite CU2521). 


Rs—0.5-megohm control, audio taper. 

Ri—I-megohm control, linear taper. 

Rs-—10-megohm control, linear taper. 

Re—0.5-megohm control, linear taper. 

R:—5000-ohm 2-watt potentiometer (Ohmite CLU5021). 

Rs—10,000-ohm 5-watt wirewound potentiometer (Cen- 
tralab WW). 

Re—50,000-ohm 5-watt wirewound potentiometer (Cen- 
tralab WW), 

RFC:—1000-uzh. 150-ma. r.f. choke (Millen J300-1000), 

RFC2, RFCs, RFCs—1000-uh. 75-ma. r.f. choke (National 
R-50). 

RFC,—3 turns No. 14, spaced diameter of wire, wound 
on 47-ohm, 1-watt resistor. 

RFC;—2500-h. 300-ma. r.f. choke (National R-300U). 

Si—6-pole (5 used) 5-position (4 used) two-section non- 
shorting ceramic rotary switch (Centralab PA- 
2021). 

Se—Four-section ceramic rotary switch (Centralab PA- 
302 index, Pa&-0, PA-2 and PA-3 wafers, four 
positions used). 

Sea-n—2-pole 6-position shorting wafer (PA-2). 
S2c-p—2-pole 6-position non-shorting wafer (PA-3). 
Son—Same as Sec. See text. 

Ser—t-pole 12 position shorting wafer (PA-O). 

Ss—l-pole 6-position (4 used) non-shorting ceramic 
rotary switch (Centralab 2501). 

T1—455-ke. interstage transformer (Miller 912-C2). 

Te—Small output transformer, 4000-ohm to voice coil. 

TBi—Six-terminal strip (Cinch-Jones 17-6). 

Y:—See coil table. 
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Coil, Capacitor and Crystal Table 


Capacitors are dipped silver mica, values are in picofarads, Center-to-center spacings between La and Ls are in 
inches, Crystal frequencies are in Mc. 


Band (Mc.) Cs, Ca Cr Co La, Ls, Lr Spacing | Yi (Mc.) 


3.9 470 pf. 240 pf. 240 pf. 3.60-8.50-u4h. (Miller 42A686CBI) 


0.680-1.25 wh. (Miller 42A106CBI) 


Se ean 
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Fig. 9-22—View under chassis shows partitions used for both shielding and reinforcement. Coil in upper central 
compartment is v.f.o. inductor, supported by two stand-off insulators. 
Partitions in lower right are slotted so that band switch can be installed. Lips of chassis are removed to permit 


installation of partitions. 


The power supply is a separate unit, built on 
a5 x7 2-inch chassis. Removing the power 
transformer from the exciter chassis reduces the 
possibility of stray 60-cycle magnetic fields 
modulating the 7360 balanced modulator. It is, 
however, a good idea to protect further by using 
the magnetic shields on these beam-deflection 
tubes when good balance is desired. 


Alignment 


The exciter can be aligned with a v.t.v.m. and 
an r.f. probe, although things will proceed a little 
faster if a BC-453 (or other receiver tuning 455 
kc.) and a receiver covering 2.9 to 3.15 Mc. are 
available. It is assumed a ham-bands receiver is 
on hand. 

Since the high-voltage supply will not be re- 
quired during early testing, it should be tem- 
porarily disconnected at the input to the filter, 
after it has been determined that the power supply 
delivers the right voltages. Plug in the crystals, 
the voltage-regulator tubes, and the 7360 balanced 
modulator. With S, at rung, r.f. will be detected 
with the probe at the input to the filter if the 
455-kc. crystal is oscillating. Install the 6AU6 and 
check its plate circuit for r.f. with the probe. Peak 
C, and Cy. If a 455-ke. receiver is used instead of 
a probe, use a shielded pick-up loop so the signal 
source can be localized. 

Transfer the probe or pick-up loop to Pin 8 
of the first balanced mixer socket and peak both 


circuits in 71. Install the 12AU7A v.f.o. tube and 
check for oscillation with the probe or a receiver. 
The r.f. voltage at the output of the cathode fol- 
lower, Vaz, should be about 2 to 3 volts peak. 
Install the 7360 first balanced mixer. If a re- 
ceiver that tunes 3-4 Mc. is available, set the sig- 
nal in Ly (by tuning the v.f.o.) to 3.025 Mc. Listen 
at Ly and peak L, and Lz. Tune the receiver to 
2570 ke. (the v.f.o. frequency) and adjust R, for 
minimum signal in Lg. 

Plug in the second balanced mixer tube and the 
6BH6, and on each of the bands peak L, and L, 
for maximum signal at Pin 2 of the 6£H7 socket. 
Plug in the 6£H7 and peak L, in each band; 
repeak L, at the same time. Temporarily dis- 
connect the screen voltage from the 6550 socket, 
install the 6550, and neutralize the stage in the 
21-Mc. band. With the probe or receiver at Lz, 
on any band switch to spor and adjust R, and Ry, 
for minimum signal. 

Set the arm of Ry to the end nearest the 
47,000-ohm resistor, reconnect the plate and 
screen supply leads to the 6550, and connect a 
dummy load at J. After the exciter has been 
turned on and warmed up, switch S, to read 
cathode current, and adjust the bias control, Rg, 
for a cathode-current reading of 50 ma. (0.25 on 
the meter) with S, in the Mox position. Back off 
the excitation with R,, and turn on the exciter 
through the push-to-talk switch on the micro- 
phone or by closing the circuit at J. Slowly ad- 
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Fig. 9-23—Circuit diagram of power supply. 0.001-pf. and 0.01-uf. capacitors are 1000-volt disk ceramic. Capaci- 
tors marked with polarity are electrolytic. Resistances are’ in ohms, 


CRi-CR,—1000 p.i.v. 400-ma. silicon (1N3563). 
CRs—600 p.i.v. 1000-ma. silicon (GE-504). 
Py—Fused plug. : 
Pe—Octal plug (Amphenol 86-PM8). 


vance the excitation control and tune the final for 
a loaded condition of about 100-ma. cathode cur- 
rent. Although it should be possible to drive the 
6550 to grid current (on all bands except 21 Mc.), 
the tube is never operated that way. 

Install the 12A.X7, V,, and check the signal. 
The cathode current will just kick to 60 ma. on 
peaks (0.3 on the meter) with the particular 
meter specified, but the p.e.p. input will be close 


Fig. 9-24—The  side- 
band exciter power 
supply is a separate 
unit. Filter capacitors 
and silicon diodes are 
underneath 5 X 7 X 
2-inch chassis. 


$:—S.p.s.t. toggle. 

T:—540 v.c.t. at 260 ma., 6.3 v. at 8.8 a., 5 v. at 3a. 
(Stancor P-8356), 

Ta-—6.3 v. at 1.2 a. (Stancor P-6134), 


to 100 ma. An oscilloscope and two-tone testing is 
by far the best approach to optimum performance, 
however, and it is highly recommended. 

In the VOX circuit, experiment will determine 
the best settings for the controls. The. hold-in 
will increase with increased resistance in the grid 
of Vy. A speaker-microphone relationship that 
allows the arm of R, to be set near ground is 
desirable. 
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A PHASED SINGLE-SIDEBAND EXCITER 


The sideband generator shown in Figs. 9-12 
and 9-13 uses the phasing principle outlined 
earlier (Fig. 9-3B) to produce an upper or 
lower single-sideband signal. It will also gen- 
erate a double-sideband signal, with or without 
carrier. The generator features the new beam- 
deflection 7360 tube in the balanced modulator 
portion of the circuit, and it is complete (with 
power supply) except for the frequency-con- 
trolling source. A watt or two of rf. from a 
y.f.0. or crystal-controlled oscillator is sufficient 
for the unit. 

Referring to the circuit diagram in Fig. 9-14, 
a 12AT7 twin triode serves as the speech am- 
plifier. An audio phase-shift network (Barker 
& Williamson Model 350 204) plugs in the octal 
socket Jy. This preadjusted network has the 
property of delivering two audio signals differ- 
ing in phase by 90 degrees + 1.5 degrees over 
the range 300 to 3000 cycles. The audio network 
‘is protected against low- and high-frequency 
components outside this range by the coupling- 
capacitance values and the low-pass filter 
C,C2L,L5. The two audio signals from the net- 
work are equalized by the pHasE control and 
amplified by V., and Vo, and applied to the de- 
flection plates of the 7360 balanced modulators. 
The r.f. introduced at J, is split and shifted + 


and — 45 degrees in the r.f. phase-shift network 
to give a net difference of 90 degrees. 

The output of the balanced modulators is 
amplified by a Class-A 6CL6, which has suffi- 
cient output to drive two or three 6146s in Class 
AB,. The tube complement and power supply 
shown in the circuit diagram are such that the 
6CL6 can be overdriven on 75, 40 and 20 meters 
(but Class-A operation demands that the tube 
never be driven into grid current). On 15 and 
10 meters this reserve gain is lacking, and con- 
sequently inductor and phase-shift values for 
these bands are not given. 

For ease of adjustment the grid, screen and 
plate currents of the 6CL6 can be measured, by 
proper settings of S,. Further, the input and 
output r.f. voltages can be metered, for con- 
venience in setting the excitation and the output 
tuning. 

To simplify the construction and adjustment, 
plug-in coils and r.f. phase-shift networks are 
used (Fig. 9-15). The r.f. network is made up 
of 100-ohm resistors and suitable capacitors 
(100-ohms reactance at the operating fre- 
quency) ; once adjusted it will hold sufficiently 
over an amateur band. 

The mode switch, Sj, shifts from one side- 
band output to another by shifting the deflection 


Fig. 9-25—This phasing-type single (and double) sideband generator features the 7360 beam-deflection tube 
in the balanced-modulator section. The 6CL6 output amplifier (behind meter) delivers sufficient output to drive 
one or more 6146 amplifier tubes in Class AB. Plug-in coils are used to simplify construction. 

The rf. phase-shift network (coil form at extreme left, with two capacitor shafts visible) is plug-in for each 
band. The audio phase-shift network (B & W Type 2Q4 No. 350) is housed in the tube envelope in front of 
the audio transformer at rear left. The unshielded tube at rear center is a voltage-regulator tube; two black 
knobs in front of the VR tube are on the carrier balance controls. 

Toggle switches on the panel, left to right, are transmit-receive, power and spotting (carrier insert). Two 
knobs at left, above the microphone ‘jack, turn the mode (lower) and the tune-operate switches. Knob under the 

meter is on the 5-position meter switch. 
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Fig. 9-26—View underneath the chassis of the sideband generator. Tuning capacitors are mounted close under 

the sockets for the associated plug-in coils. At rear of the chassis (bottom in this view), two terminals are used for 

bias measurement, and the 4-terminal barrier strip is for making connection to remote control and v.f.o. on-off 

circuits. Two inductors, part of the low-pass audio filter that protects the audio phase-shift network, are mounted 
near the r.f. input jack (lower left). 


plate to which the audio is applied in one of the 
balanced modulators. A third position of the 
switch disables one of the balanced modulators, 
resulting in double-sideband output from the 
generator. A spotting switch, So, is used to mo- 
mentarily unbalance a balanced modulator and 
allow r.f. to feed through in an amount suffi- 
cient to be heard in the receiver. The amount of 
unbalance is determined by the setting of the 
SPOT LEVEL resistor. A second circuit of Sy is 
available to turn on the external oscillator at 


the same time. The TUNE-OPERATE switch, So, is. 


used to ground the 6CL6 screen during tune-up 
procedures. 

The power supply includes a bias supply for 
the 6CL6 amplifier stage. When switch Sg is 
closed, normal operating bias is applied to the 
6CL6, but when it is opened the bias will rise to 
the power-supply level and reduce the 6CL6 
plate current to zero. This is useful if the 6CL6 
generates “diode noise’ on standby that is 
audible in the receiver. Remote connections 
allow the same bias to be applied to a following 
amplifier during standby, or they can be used to 
open and close the circuit normally controlled 
by Sg. 


Construction 


The physical arrangement of the major com- 
ponents is shown in Figs. 9-12 and 9-13. The 
generator is built on an 8 X 17 x 3-inch alumi- 
num chassis, with a 7-inch high relay rack panel 
held to it by the components along the bottom 
front. Millen 80008 234-inch diameter aluminum 
shields are used at the sockets for L,, L, and 
the r.f. phase-shift network. A minor departure 


from convention is the location of the AupIo 
GAIN control on the chassis instead of the front 
panel, but the control is used so seldom that the 
location is justified. 

No special considerations are required in wir- 
ing the audio section other than the usual pre- 
cautions against hum pickup. Before installing 
L, and Ly they should be set to their correct 
value of 25 mh. An impedance bridge or Q 
meter can be used for the purpose, if available. 
If not, they can be set with an audio oscillator 
and v.t.v.m. (or oscilloscope). Connect an in- 
ductor in parallel with one of the 0.1-#f. capac- - 
itors, and connect the combination to the audio 
oscillator output through a high resistance 
(100K or so). Connect the v.t.v.m. (or ’scope) 
across the parallel-tuned circuit, and adjust the 
inductor for maximum voltage across the com- 
bination when the audio oscillator is set at 3200 
cycles. Repeat for the other inductor and capac- 
itor, and do not change the slug settings again. 
The filter will have a cut-off frequency of 3200 
cycles. 

R.f. wiring should be made short and direct 
wherever possible. Input and output are run to 
jacks J, and J, in RG-58/U coaxial cable. Try 
to maintain symmetry of leads in the balanced- 
modulator portion of the circuit. 

Coil and r.f. phase-shift network dimensions 
are given in the coil table. Ls is a manufactured 
product used as is; L, and Lg are made from 
coil stock and mounted inside the polystyrene 
plug-in coil forms. The L, form also carries 
padding capacitors for C, (these aren’t shown 
in Fig. 9-15). A 39-puf. padder for Cg, used 
only on 75 meters, can be connected to a spare 
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Fig. 9-27—-Schematic diagram of the sideband generator. Unless specified otherwise, resistors are ¥-watt, .01- 
and .002-uf. capacitors are disk ceramic, 600 volts; .1- and .2-“f, capacitors are tubular paper, 400 volts; 
capacitors marked with polarities are electrolytic. 


Cy, C2—0.1-uf, 200-v. paper = 10 per cent (Sprague 
2TM-P1). 

Cs—Dual 100-pf. variable (Hammarlund HFD-100), 

C.—15-pf. variable (Hammarlund MAPC-15). 

Cs—100-pf. variable (Hammarlund APC-100B). 

Ce—100-pf. variable (Hammarlund HFA-100A). 

C;—Dual 365-pf. variable, stators in parallel (broad- 
cast replacement type). 

Cs, Cio—See coil table. 

Ce, Cu—32-pf. variable (Johnson 30M8 160-130). 

CRi—360 p.i.v. 200-ma. silicon (Sarkes-Tarzian K-200). 

l,—6.3-v. panel light. 

Ji—Microphone connector (Amphenol 75-PC1M). 

Js—Octal tube socket, for phase-shift network. 


pin on the socket for L,, with the other capac- 
itor terminal connected to the chassis. A jumper 
m the 75-meter L, will then connect the padder 
across Cg. 

By cutting a small notch in each side of the 
coil form, the two trimmer capacitors Cy and Cy, 
can be mounted side by side in the coil form. 


Js, Ja-—Coaxial-plug receptacle (SO-239). 

Li, Le~-4—30 mh. slug-tuned coil (Miller 6315) adjusted 
to 25 mh. See text. 

ls, Lu, Ls—See coil table. 

Le~-10-henry 110-ma. filter choke (Knight 62G139). 

P,;—Fuse plug. 

$:—3-pole 3-position rotary switch. 

S2—D.p.d.t. toggle. 

Ss—Single-pole 2-position non-shorting rotary switch. 

S,—Two-pole 5-position rotary switch, non-shorting. 

Ss, Se—S.p.s.t. toggle. : 

T1—20,000-to-600 ohms tube-to-line transformer (Thor- 
darson 22591). 

Ts—520 v.c.t. at 90 ma., 5 v., 6.3 v. (Knight 61G412). 


Since the rotor terminals of Cy and Cy, would 
normally touch each other when the two capaci- 
tors are in place, each terminal must be snipped 
off close to the ceramic. A piece of tinned wire 
is then soldered to the remaining portion of the 
terminal and led across the ceramic and up 
through the hole that will be farther from the 
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other trimmer capacitor when the two are.in 
place. The connections to Cg, C49 and the two 
100-ohm 1-watt (composition, not wirewound) 
resistors must be made before the wires are 
snaked through the coil-form pins and soldered. 
Before soldering to the coil-form pins, the 
lengths of leads to the stators of Cy and Cy, can 
be measured and soldered. The leads to the 
rotors from the coil-form pins are long leads 
that are led up from the pins through the holes 
in the ceramic end supports. When these long 
leads have been soldered to the leads from the 
rotors they will serve to hold Cy and Cy, in 
place. 


Adjustment 


An audio oscillator or other source of low- 
distortion single-tone audio is a necessity in the 
preliminary adjustment of the sideband genera- 
tor. An oscilloscope is also very useful, but it is 
possible to adjust the generator with only the 
source of single-tone a-f., a selective receiver and 
a v.t.v.m. 
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To align the generator just described, 
connect an audio oscillator to the micro- 
phone jack, J,, through an attenuator 
(see Chapter Eleven). Open the 500K 

Sop AUDIO GAIN control in the generator 
about half way and apply a 1000-cycle 
audio tone. Adjust the input level for 
approximately 1 volt a.c. at the plates of 
Vo, and Vy, with the 500-ohm Bat- 
ANCE control set at half resistance. It 
will be found that the pHaseE control 
will be offset under these conditions ; 
this is perfectly natural since the at- 
tenuations through the two channels of 
the audio phase-shift network are not equal. If 
a good oscilloscope is available (identical phase 
shifts through vertical and horizontal amplifiers), 
the outputs from V,, and Vy, should give a 
circle on the scope face when the vertical and 
horizontal gains are equalized. 

Apply r.f. from the v.f.o. or crystal-controlled 
oscillator at J4, and increase its amplitude until 
the meter shows full scale with S, turned full 
clockwise. A full-scale reading will be close 
to 3% volts peak at the No. 3 pins of the 7360 
balanced-modulator tubes. With S 3 in the TUNE 
position, and S\, switched to read the grid cur- 
rent of the 6CL6, it should be possible to tune 
Cz and Cs and get an indication of grid current, 
Turn off the generator by pulling the line plug 
and temporarily open one side of the 10-ohm 
resistor in the plate-voltage lead to the 6CL6. 
The 6CL6 stage can now be neutralized, using 
for an indicator a receiver connected to the out- 
put jack Js. Use a length of coaxial cable from 
J, to the receiver, and install an attenuator net- 
work at the receiver antenna terminals, Adjust 


282 


the neutralizing capacitor for minimum signal at 
the receiver, with all circuits resonated, S, on 
TUNE, and the signal backed off below the grid- 
current level. 

Turn off the power, reconnect the 10-ohm re- 
sistor, and connect a dummy load to the output 
of the sideband generator. Couple the scope 
and/or receiver to the dummy load or Le. 

With the oscillator running, tune the balanced 
modulator and 6CL6 circuits for maximum out- 
put — this resonates these circuits. Next adjust 
the 5K BALANCE potentiometers for minimum 
output, Then introduce a single audio tone of 
around 1000 cycles at the microphone terminal. 
Here again it may be necessary to use a resist- 
ance voltage divider to hold the signal down and 
prevent overload. Advance the gain control and 
look at or listen to the output signal from the 
6CL6. It is most likely to be a heavily modu- 
lated signal. Try various settings of Cy and Cy, 
until the modulation is minimized, and experi- 
ment as well with slight touches on the BALANCE 
and PHASE controls. Sy should be in the OPERATE 
positions during these adjustments. With the 
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Fig. 9-28—Plug-in coils and 
r.f. phase-shift networks for 
the sideband generator. 
Output tank coils (right) 
include additional padding 
capacitor for C7, as given 
in the coil table. Polysty- 
rene coil forms are 4-pin 
(Allied Radio 46U695) and 
5-pin (Allied Radio 46U696). 


v.t.v.m. check the rf. voltages at the No. 3 pins 
of the 7360s — they should be the same within 
a few per cent, If not, they.can be brought into 
this condition by readjustment of Cy and Cy, 
consistent with minimum modulation on the 
output signal. 

The s.s.b. signal with single-tone audio input 
is a steady unmodulated signal. While it may 
not be possible to eliminate the modulation en- 
tirely, it will be possible to get it down to a 
satisfactorily low level. Conditions that will pre- 
vent this are improper r.f. phasing, lack of | 
carrier balance (suppression), distortion in the 
audio signal (at the source or through overload 
in the speech amplifier), and lack of audio bal- 
ance at the 12AT7 audio amplifier. 

A final check on the signal can be made with 
the receiver in its most selective condition. Exam- 
ing the spectrum near the signal, the side signals 
other than the main one (carrier, unwanted side- 
bands, and sidebands from audio harmonics) 
should be at least 30 db. down from the desired 
signal. : 

The bias potentiometer for the 6CL6 ampli- 
fier should be set ini- 
tially for a bias of 
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Band 
(meters) Ls Ls Cr pad*** Ce, C1o*** 
i i a 
47 t. No. 24, 32 tpi, 
1% diam.; 3 turn link 
(B & W 80 MCL) 


LL TR, 


25 t. No, 22, 16 tpi, 


41 turns* 27 turns* 910 pf. 390 pf. 


20 turns* 19 turns* 200 pf. 


1% diam.; 3 turn link 
(B & W 40 MCL) 


470 pf. 


i eee 
13 t. No. 18, 8 t.p.i., 
1% diam.; 2 turn link 
(B & W 20 MCL) 


ea ee a ey 
*32 t.p.i. No. 24, 1 inch diam. (B & W 3016 Miniductor). 
*"16 t.p.i. No. 20, 34 inch diam. (B & W 3011 Miniductor). 
***Silver mica, + 5 per cent tolerance, 


17 turns** 16 turns** 270 pf. 91 pf. 


about—3 volts (plate 
and screen currents 
of about 30 and 7 
ma.). Under-maxi- 
mum-signal _condi- 
tions, just short of 
running into grid cur- 
rent, the plate current 
will kick up slightly. 
The best indicator is 
the output meter. 
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TRANSISTORIZED VOX 


The circuit of Fig. 9-30 can be used with 
any s.s.b. transmitter that does not have VOX 
provisions. Many commercial transmitters and 
transceivers are designed for push-to-talk opera- 
tion, only, This VOX unit can be used with such 
equipment, or incorporated into the circuit of any 
home-built s.s.b. exciter. 


The Hookup 


Operation of the VOX circuit is simple. Audio 
from a high-impedance microphone is amplified 
by Q1, Qo, and Qs. Next, it is rectified, then ap- 
plied to the base of Q, which operates the relay, 
K,. Contacts on the relay are connected to the 
push-to-talk circuit of the transmitter. Once the 
relay has closed, it will hold in for any desired 
amount of time, up to several seconds. In Fig. 
9-30, transistor Q, is operated as an emitter 
follower to present a high impedance to the micro- 
phone and to act as a relatively low-impedance 
source for driving Q5. Transistors Q, and Qs 
are audio amplifiers. Audio output from Q, feeds 
into the VOX rectifier, CR,, which is part of a 
control circuit similar to that described by 
W3UWYV several years ago.2 

The negative bias developed at R, is applied to 
the base of Q, through CR,. This increases Q,’s 
collector current and closes the relay, K,. Diode 
CR, acts as a gate to prevent any positive-going 
signal from getting to the base of Q,. 

To prevent signals from the shack speaker 
from triggering the VOX, an anti-trip circuit is 
built in. Some of the output from the receiver 
(which can be taken from the speaker connection 
at the receiver) is rectified by CR, which is 
connected so that it produces a positive bias to 
buck the negative bias from CR, developed 
through the VOX stages. 

The transistors used in this circuit can be most 
any of the available small-signal audio types. The 
ones shown here were chosen because they are 
all available for about 35 cents each. 

Power for the VOX unit is a 15-volt battery, 
BT,, regulated at 10 volts by a Zener diode, CR. 
It was found to be absolutely necessary to use 
the Zener diode, especially in mobile service, since 
the relay hold-in delay time will change with 
battery voltage. The Zener diode shown is a 
one-watt unit available for less than two dollars 
from Allied Radio. Actually, a 4%4-watt unit will 
do and can be used instead of the one specified. If 
the VOX device is to be used exclusively for 
mobile work, the car battery can’ be used instead 
of the dry-cell battery. The circuit is designed for 
voltages between 12 and 15 volts and for either 
positive or negative battery grounds. 


1 Campbell, ‘ ‘Tattoo-—Automatic C.W. Transmitter 
Control,” QST, August 1956, p. 18. 

2 Packham, “A Transistorized Control Unit,” QST, 
November 1955, p. 32. 


Fig. 9-29—The completed VOX unit. It goes between 
the microphone and the transmitter. The miniature 
knobs are Johnson Collet type 116-603. 


Construction 


The case for the VOX is a Minibox that mea- 
sures 2144 X 2% xX 5 inches (Bud 3004A). Close 
inspection of Fig. 9-31 will show where most 
of the components are mounted although more 
conventional construction and layout can be used 
in a larger chassis or box. Only two lug-type 
terminal strips (H. H. Smith 830) were neces- 
sary. One is a strain reliever for the output cable 
and the other is a tie point for mounting the Zener 
diode. The battery holder is a modified Keystone 
type 166. Originally, this holder had a spring clip 
on both sides to help hold the battery in place. 
However, the battery used here is too wide for 
the holder and the side clips must be removed. 
The end clips with the terminals have sufficient 
holding power to keep the battery in place. 

Most of the components—resistors, capacitors, 
transistors, and diodes—are mounted on 13% x 
2-inch prepunched terminal boards (Vector 
85G24EP). The boards are attached to one side 
of the Minibox case (see Fig. 9-31) with 
small angle brackets (General Cement H570-F). 
All of the electrolytic capacitors used here are 
Sprague type TE 10-volt subminiatures. Layout 
of the components on the terminal boards is not 
critical, except from a mechanical standpoint. 
That is, junctions and connections should be 
arranged so that it will be convenient to make 
board-to-board or board-to-external-component 
connections. 
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Fig. 9-30—Circuit diagram of the VOX unit. Capacitances are in pf.; resistances are in ohms; K = 1000, Resistors 
are -watt. Capacitors with polarity marking are electrolytic. 


BT:—15-volt battery (Burgess K10). 


C:—-200-uf. subminiature electrolytic + capacitor 
(Sprague TE-1119.6). 
CRi—10-volt Zener diode (International Rectifier 


Z1110 or equiv.). 
CReu—IN295A crystal diodes. 


J,—3-conductor military type phone jack (Switchcraft 
C-12B), 


The two controls, DELAY and ANTI-TRIP, must 
be insulated from the Minibox chassis if their 
cases are used as tie points, as in Fig. 4. This can 
be done easily by using extruded fibre washers 
with 14-inch holes (General Cement 6528-C) and 
flat fibre washers with 14-inch holes (General 
Cement 6516-C). Finally, the 5000-ohm relay is 
attached to the Minibox with its own mounting 
screw. The relay is designed for use in radio- 
controlled models and has a pull-in current of 
about 1.5 ma. 

The project is completed by putting small 
rubber feet on the Minibox bottom. 


Operation 


Using the VOX is a simple matter of plugging 
the microphone into the VOX unit and plugging 
the VOX cable into the microphone jack of the 
transmitter. There are no gain controls on the 
unit; it runs wide open all the time. 

Delay between the time of the last word spoken 
into the mike and the time the relay opens can 
be adjusted from almost zero to several seconds 
with control Ry. The time constant is determined 
by the value of capacitor C, and the resistance, 
R,Rg, across it. It may be necessary to juggle 
these values around somewhere to get the desired 
range of delay. 


Je—Phono jack. 

K:—5000-ohm relay (Advance RC1C5000D or Argonne 
AR-21). 

P;—3-cond. military type phone plug (Switchcraft 480). 

Q:-Qu, ine.—2N406 transistors (See text). 

R,—100,000-chm miniature contro! (Mallory MLC-15L). 

Ro—5000-ohm miniature control (Mallory MLC-53L). 

Rs—3300-ohm, 2-watt resistor. 

$:—Miniature toggle switch. 


To use the device for semibreak-in operation 
on c.w., connect the relay terminals to the send- 
receive control circuits of the transmitter- 
receiver, A tone source (code practice oscillator, 
signal generator, etc.) must be keyed in parallel 
with the transmitter. The keyed tone is fed to the 
microphone input of the VOX unit. Fig. 9-32 
shows a typical hookup for this kind of operation. 

T, is a filament transformer or an output 
transformer with the low-impedance side con- 
nected to the VOX unit. This is necessary since 
the VOX will trip when its input is connected 
to an unshielded high-impedance circuit, because 
of hum or electrical noise pickup. Capacitor Cy 
is used to isolate the dic. keying circuit in the 
transmitter. The value of C, is not critical; 
something like 0.01 uf. will do. 

When using the VOX on c.w., the first dot or 
dash made with the key will close the VOX 
relay, turning on the transmitter. The relay will 
remain closed (the transmitter will stay on) be- 
tween characters and words or even sentences, if 
desired. After a pause in keying, the relay will 
open and turn off the transmitter. The amount of 
delay is adjustable with the DELAY control. Other 
control circuits can be added to the system for 
receiver muting, antenna switching, or similar. 
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Fig. 9-31—The finished VOX unit 
with its cover removed takes on 
a compact look, although a large 
part of the space inside the classis 
actually is taken up by the bat- 
tery and its holder. This view also 
shows the phono connector and 
the output cable. 


It is also possible to remove C, completely so Ky, will be keyed along with it. This way, a 
that there is, for all practical purposes, no delay tape recorder or receiver can key the station 
at all. When a keyed tone is fed into the VOX transmitter, 
unit from a tape recorder or a receiver, the relay, , 


: t 

Fig. 9-32—A keyed tone, fed into Tone CT) vox | ecpuoneeene 

the VOX unit, will give semibreak- CONTROL 

in operation for the station c.w. ~~ ¢, 

rig. Tz is a filament or output 

transformer. C1 is .01 pf. 
XMTR KEY 
TERMINALS 

A STABLE 5-MC. V.F.O. FOR S.S.B. it can be used in s.s.b. receivers as well as trans~ ° 


This v.f.o. circuit is stable and can be built in mitters. (From QST, Nov. 1965, page 29, 
a small box. Because it tunes from 5 to 5.5 Mc. K6KWX.) (a6 
V.FO, sw 


5.0-5.5Mc. 


TEMP. 
COMP. 


EXCEPT AS INDICATED, DECIMAL VALUES OF 
CAPACITANCE ARE IN MICROFARADS ( wf.); 
OTHERS ARE IN PICOFARADS (pf. or apt.) 6.3V. - 

RESISTANCES ARE IN OHMS; K * 1000, Nov. 


Fig. 9-32—Circuit of the 5-Mc. Nuvistor v.f.o. Fixed capacitors: SM indicates silver mica; others, unless listed be- 
low, are disk ceramic. Resistors: 2-watt composition, unless indicated otherwise. 


C:—100-pf. midget variable (Bud CE-2004). C:—22-pf., N750 neg. temp. coefficient ceramic. 
Cy—32-pf. air trimmer (Johnson 160-140). Ce, Cr—0.001-uf. feedthrough capacitor (Erie 357-102). 
Cs—20-pf. differential capacitor (Johnson 160-311). L.—8% turns No. 18, 1-inch diam., 10 turns per inch. 


C.—22-pf. NPO ceramic. 


Chapter 10 


Specialized Communications 


Systems 


The field of specialized amateur communica- 
tions systems includes radioteletype, amateur 
television, amateur facsimile, and repeaters 
(fixed and mobile). Radio control of models is 
not a “communications” system in the amateur 
(two-way) sense. The specialized hobby of radio 
control has a large following, but “citizen-band” 
provisions for frequency allocations and operator 
registrations divorce if from the strictly ham- 
radio field (unless one wishes to avoid the QRM). 
By far the greatest activity in the specialized 

fields is to be found in radioteletype (RTTY). 

Activity in amateur TV (ATV) can be found 
primarily in a number of population centers 
around the country. Most of the work is based on 
converted entertainment receivers and manufac- 
turer’s-surplus camera tubes (Vidicons). ATV 
is permitted on the amateur bands above 420 Mc., 
and this and the broadband nature of the trans- 
missions precludes extensive DX work. (See 
QST, November, 1962). 


“Slow-scan TV” is essentially facsimile and a 
narrow-band system that is permitted in any of 
the ’phone bands. It is a completely electronic 
system, however ; no. photographic techniques are 
required. Depending upon the definition (number 
of lines) and the bandwidth, pictures can be 
transmitted in 6 seconds or less. (See QST 
Aug., 1958; Jan., 1961; March, 1964). 

Hilltop-located unmanned repeater stations 
make extended-range v.h.f. contacts readily possi- 
ble with normal equipment. Ten or so such sta- 
tions are scattered around the country. Each one 
is a special problem, involving satisfying the FCC 
that all legal reguirements (no unauthorized ac- 
cess, log-keeping, master control) be met. (See 
Green, OST, July, 1962.) 

An earth-orbiting satellite 144-Mc. repeater 
(OSCAR III) was successfully used in early 
1965; OSCAR IV was put in orbit in Dec., 1965. 
QST carries up-to-date reports on the progress of 
and means for utilizing and tracking OSCARs. 


RADIOTELETY PE 


Radioteletype (abbreviated RTTY) is a form 
of telegraphic communication employing type- 
writer-like machines for 1) generating a coded 
set of electrical impulses when a typewriter key 
corresponding to the desired letter or symbol is 
pressed, and 2) converting a received set of 
such impulses into the corresponding printed 
character. The message to be sent is typed out 
in much the same way that it would be written 
on a typewriter, but the printing is done at the 
distant receiving point. The teletypewriter at 
the sending point also prints the same material, 
for checking and reference. 

The machines used for RTTY are far too 
complex mechanically for home construction, 
and if purchased new would be highly expen- 
sive, However, used teletypewriters in good 
mechanical condition are available at quite 
reasonable prices: These are machines retired 
from commercial service but capable of entirely 
satisfactory operation in amateur work. They 
may be obtained from several sources on condi- 
tion that they will be used purely for amateur 
purposes and will not be resold for commercial 
use. 

A number of RTTY societies and clubs exist 
around the country, and some of them’ publish 
bulletins giving technical and operating infor- 
mation. Some of them have also accepted respon- 
sibility to help in club distribution of certain 


The Model 15 page printer, shown here with table, 
is used in a great many RTTY stations. 
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Radioteletype 


Western Union surplus teletypewriter equipment. 
For an up-to-date list of these clubs and sources 
of equipment, send a self-addressed stamped en- 
velope and your request to: 

American Radio Relay League 

RTTY T.LS. 

225 Main Street 

Newington, Conn. 06111 


Types of Machines 


There are two general types of machines, the 
page printer and the tape printer. The former 
prints on a paper roll about the same width as 
a business letterhead. The latter prints on paper 
tape, usually gummed on the reverse side so it 
may be cut to letter-size width and pasted on a 
sheet of paper in a series of lines. The page 
printer is the more common type in the equip- 
ment available to amateurs. 

The operating speed of most machines is such 
that characters are sent at the rate of about 60 
words per minute, Ordinary teletypewriters are 
of the start-stop variety, in which the pulse- 
forming mechanism (motor driven) is at rest 
until a typewriter key is depressed. At this time 
it begins operating, forms the proper pulse se- 
quence, and then comes to rest again before the 
next key is depressed to form the following 


The Model 32 page printer is one of the newer types; 
it can be obtained directly from the manufacturer 
at a price that is reasonably attractive to the amateur. 
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Fig. 10-1—Pulse sequence in the teletype code. Each 

character begins with a start pulse, always a “space,” 

and ends with a “stop” pulse, always a “mark.” The 

distribution of marks and spaces in the five elements 

between start and stop determines the particular 
character transmitted. 


character. The receiving mechanism operates 
in similar fashion, being set into operation by 
the first pulse of the sequence from the trans- 
mitter. Thus, although the actual transmission 
speed cannot exceed about 60 w.p.m. it can be 
considerably slower, depending on the typing 
speed of the operator. 

It is also possible to transmit by using per- 
forated tape. This has the advantage that the 
complete message may be typed out in advance 
of actual transmission, at any convenient speed; 
when transmitted, however, it is sent at the ma- 
chine’s normal maximum speed. A special 
transmitting head and tape perforator are re- 
quired for this process. A reperforator is a 
device that may be connected to the conven- 
tional teletypewriter for punching tape when 
the machine is operated in the regular way. It 
may thus be used either for an original mes- 
sage or for “taping” an incoming message for 
retransmission, 


Teletype Code 


In the special code used for teletype every . 
character has five “elements” sent in sequence. 
Each element has two possible states, either 
“mark” or “space,” which are indicated by 
different types of electrical impulses (ie., mark 
might be indicated by a negative voltage and 
space by a positive voltage). In customary prac- 
tice each element occupies a time of 22 milli- 
seconds. In addition, there is an initial “start” 
element (space), also 22 milliseconds long, to 
set the sending and receiving mechanisms in 
operation, and a terminal “stop” element (mark) 
31 milliseconds long, to end the operation and 
ready the machine for the next character. 

This sequence is illustrated in Fig. 10-1, 
which shows the letter G with its start and stop 
elements. The letter code as it would appear on 
perforated tape is shown in Fig. 10-2, where 
the black dots indicate marking pulses. Figures 
and arbitrary signs — punctuation, etc. — use 
the same set of code impulses as the alphabet, 
and are selected by shifting the carriage as in 
the case of an ordinary typewriter. The car- 
riage shift is accomplished by transmitting 
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LETTERS— ABCODEFGHIJKLMN 
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Fig. 10-2—Teletype letter code as it 
appears on perforated tape. Start 
and stop elements do not appear on 
tape. Elements are numbered from 
top to bottom, and dots indicate 
marking pulses. Numerals, punctua- 
tion signs, and other arbitrary sym- 
bols are secured by carriage shift. 


CAR. RET. 
LINE FEED 


There are no lower-case letters on a teletypewriter. Where blanks appear in the above chart in the “FIGS” line, 
characters may differ on different machines. 


either the “trrs” or “rics” code symbol as 
required. There is also a “carriage return” 
code character to bring the carriage back to the 
starting position after the end of the line is 
reached on a page printer, and a “line feed” 
character to advance the page to the next line 
after.a line is completed. 


Additional System Requirements 


To be used in radio communication, the 
pulses (d.c.) generated by the teletypewriter 
must be utilized in some way to key a radio 
transmitter so they may be sent in proper se- 
quence and usable form to a distant point. At 
the receiving end the incoming signal must be 
converted into d.c. pulses suitable for operating 
the printer. These functions, shown in block 
form in Fig. 10-3, are performed by electronic 
units known respectively as the keyer and re- 
ceiving converter. 

The radio transmitter and receiver are quite 
conventional in design. Practically all the spe- 
cial features needed can be incorporated in the 
keyer and converter, so that any ordinary ama- 
teur equipment is suitable for RTTY with little 
modification. 


Transmission Methods 


It is quite possible to transmit teletype sig- 
nals by ordinary “on-off” or “make-break” key- 
ing such as is used in regular hand-keyed c.w. 
transmission. In practice, however, frequency- 
shift keying is preferred because it gives defi- 
nite pulses on both mark and space, which is 
an advantage in printer operation. Also, since 
f.s.k. can be received by methods similar to 
those used for f.m. reception, there is consider- 
able discrimination against noise, both natural 
and man-made, distributed uniformly across 
the receiver’s pass band, when the received 
signal is not too weak. Both factors make for 
increased reliability in printer operation. 


RECEIVING 
CONVERTER 


TELETYPEWRITER 


Fig. 10-3—Radioteletype in block form. 


Frequency-Shift Keying 


General practice with f.s.k. is to use a fre- 
quency shift of 850 cycles per second, although 
FCC regulations permit the use of any value 
of frequency shift up to 900 cycles. The smaller 
values of shift have been shown to have a 
signal-to-noise-ratio advantage in commercial 
circuits, and are currently being experimented 
with by amateurs. At present, however, the 
major part of amateur RTTY work is done . 
with the 850-cycle shift. This figure also is used 
in much commercial work. The nominal! trans- 
mitter frequency is the mark condition and the 
frequency is shifted 850 cycles (or whatever 
shift may have been chosen) lower for the space 
signal. 

On the v.h.f, bands where A2 transmission is 
permitted audio frequency-shift keying (a.f.s.k.) 
is generally used. In this case the r.f. carrier is 
transmitted continuously, the pulses being 
transmitted by frequency-shifted tone modula- 
tion. The audio frequencies used have been 
more-or-less standardized at 2125 and 2975 
cycles per second, the shift being 850 cycles as 
in the case of straight f.s.k. (These frequencies 
are the 5th and 7th harmonics, respectively, of 
425 cycles, which is half the shift frequency, 
and thus are convenient for calibration and 
alignment purposes.) With a.fis.k. the lower 
audio frequency is customarily used for mark 
and the higher for space. 


THE RECEIVING CONVERTER 


The very simple “starter” converter circuit 
shown in Fig. 10-4 is only an afternoon’s project, 
but will enable the beginning RTTYer to get his 
feet wet practically as soon as he has a machine. 
Only the space pulses are used in this converter. 
The 5763 keyer tube, V,, draws enough current 
to hold the printer magnets closed when there is 
no audio at J,. When a signal is heard its voltage 
is stepped up in the transformer and rectified by 
CR,, giving a negative-going pulse for each audio 
tone received. Thus the machine magnets are 
held in the mark condition until a space signal is 
received ; the 5763 is then biased to cutoff by the 
negative pulse, and the magnet current is cut off. 
When the space pulse ends, the mark current 
again flows. In this way the machine receives the 
pulses as sent, and prints a letter. The circuit is 
self-limiting, in that plate current ceases the in- 
stant the negative pulse reaches the tube’s cutoff 
bias, so all pulses strong enough to reach cutoff 
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MACHINE 
MAGNETS 


O 
6.3V. AC, +220V. DC. 


Fig. 10-4—Circuit diagram of the simple converter. The 100,000 ohm resistor is %2-watt composition, and the 
0.02-uf. capacitor may be ceramic or Mylar type. 


CRi—Silicon diode, 400 volts p.i.v., 750 ma. (GE504, 
1N540, etc.). 

E;, Eo—Binding posts. 

Ji—Phono jack. 


cause the plate-current pulse to be square- 
topped at a constant amplitude. 

The circuit may be constructed ina 4 x 2 x 
1%-inch Minibox or other convenient housing. 
The 10-watt resistor should be mounted for best 
cooling as it gets quite warm in operation, Care 
should be used in soldering the silicon’ diode, 
since excess heat may damage it. Otherwise, 
there are no special precautions to be taken. 

After checking the wiring, connect the unit to a 
power supply and place a 0-100 milliammeter 
between binding posts Z, and Ey. After warm-up, 
the meter should show about 60 ma. plate current 
to the 5763 (for parallel operation of the mag- 
nets). If the current is much higher than 60 
ma., enough resistance should be added in the 
B-plus lead to reduce the current to 60 ma. If the 
current initially is below 55 ma. with a 220-volt 
supply, the tube probably has weak emission and 
will not draw enough current to key the selector 
magnets. 

Audio from the speaker jack of the receiver to 
be used should be connected to J. Tune in a 
strong, steady carrier with the b.f.o. turned on. 
Turn on the receiver audio gain and watch the 
current meter. As the audio gain is advanced, the 
current should drop until finally it is reduced to 
zero. If the current increases with audio, diode 
CR, is wired in reverse. 

For best operation the selector magnets of the 
Teletype machine should be wired in parallel. 
Connect the magnets to the binding posts with 
the 100-ma. meter in series as shown in Fig. 
1. The meter is an aid to tuning the signal 
correctly. Another good tuning indicator is an 
oscilloscope, if you have one. The vertical plates 
should be connected to the plate and cathode 
of the 5763. With the horizontal sweep set for 
about 30 cycles, it is possible to observe the 
output pulses directly. 

Pick a strong commercial f.s.k. station that is 
testing at a steady rate to start with. Set your 
receiver to maximum selectivity, and tune 
through the RTTY signal. You will notice that 
the signal is made up of pulses on two frequen- 
cies, one 850 cycles or less lower in frequency 
than the other. Only one of the signals, has the 


T:—Audio output transformer, 5000-ohm primary, 3-ohm 
secondary (Knight 62 G 064 or an equivalent 
output transformer salvaged from a b.c. re- 
ceiver may be used). 


space information that will provide correct copy 
with this system. It may be necessary to try both 
pulse signals to find the correct one. In receivers 
with no sharp c.w. selectivity the mark signal 
may be set to zero beat, where it will cause no 
interference to the space signal. 

Turn on the machine. It will “run open” until 
the converter is turned on. The machine should 
then be silent until the audio gain is advanced, 
when it should start to print. Adjust the audio 
gain of the receiver for best copy, or for the 
squarest-looking pulse on the scope. By trial and 
error adjustment of the audio note and the audio 
gain it is possible to get quite good .Teletype 
copy. Remember that any QRM or noise will up- 
set the apple cart, as the converter can not dis- 
criminate between them and the wanted signal. 
The converter shown in Fig. 10-5 is a develop- 
ment of the W2PAT circuit with changes to 
operate the magnets directly. Considering its 
moderate cost and relatively simple construction 
it will provide good, trouble-free operation. 

This circuit uses both components of the f.s.k. 
signal. The two audio tones resulting from b.f.o. - 
detection in the receiver are taken from the 
speaker output jack, and are clipped to a maxi- 
mum amplitude of about % volt by silicon diodes 
CR, and CR. This clipped signal is next ampli- 
fied by V,, with some additional limiting through 
grid saturation, and is then applied through R, to 
two tuned audio circuits consisting of L, and L, 
with their associated capacitors. These are ad- 
justed for 850 cycles difference in frequency. L, 
and Ly are TV width coils, which work very well 
in this application. The signals peaked by the 
tuned circuit are applied, respectively, to detec- 
tors Vy, and Vyy. The outputs of the detectors 
are coupled to a combiner tube, V3, through neon 
lamps. The lamps provide a sharp make-break 
characteristic as they fire and extinguish, and are 
mounted on the front panel to do double duty as 
tuning indicators. A reversing switch is included 
at this point as an aid in tuning the RTTY signal. 
The combined signals form a single amplified out- 
put pulse in /,. This is used to control the keyer 
tube VY’, in the same way as the 5763 described in 
the “starter” converter. The meter M, may be 
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10-5—Receiving demodulator for f.s.k. Teletype 
darson WC-19, Meissner 20-1034). 


with polarities indicated are electrolytic. 


or ceramic; larger values are 450-volt paper. Capacitors 
CRi, CRz—Silicon diode, 50 volts or more p.i.v. 


Li, Le—TV width coils, about 30 mh. (Miller 6319, Thor- 
T:—Power transformer, 700 volts c.t., 100 ma.; 6.3 volts, 


P,—Chassis-mounting a.c. connector, male. 
R2—50,000-ohm control, linear taper, 4 watts. 
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omitted to save cost, but if it is, a 0-100 milliam- 
meter should be connected in series with the lead 
to the machine magnets, for initial testing. The 
shack v.o.m. may be used. 

When power is applied to the converter the. 
neon lamps should first fire, and then die out as 
V., starts to draw current. An audio oscillator 
should be connected to J, and the tuned circuits 
adjusted for resonance on the frequencies chosen. 
(If the shack doesn’t have an audio oscillator 
check with the local hi-fi bugs — they often have 
one.) For v.hf., where the keying is audio fre- 
quency, the standard frequencies of 2125 and 
2975 c.p.s. should be used. However, if operation 
is intended only on the h.f. bands, the tones may 
be any pair that can be passed by the receiver 
audio section without attenuation, are separated 
by 850 cycles, and are not harmonically related. 
Several sets of frequencies were tried with this 
converter, and all seemed to work equally well. 
As each tuned circuit is resonated, its associated 
neon lamp should first. 

Connect the machine magnets to the converter 
and adjust R, for 30 or 60 ma., depending on 
whether the magnets are in series or parallel. 
Then tune in a signal on the receiver with the 
b.f.o. on, to provide an audio beat with the in- 
coming signal. Set the balance control, Ry, so 
that the lamps have equal brightness. If the sig- 
nal is correctly tuned, both neons should be flick- 
ering on and off with the Teletype pulses. If the 
machine prints garbled letters, throw the revers- 
ing switch to the other position and try again. If 
you still can not copy anything, the station may 
have a shift other than 850 cycles, or some other 
speed than 60 w.p.m. Many commercial services 
do not use these standards any more, but most 
amateur stations do. After a few days’ practice, 
one can guess whether a station has the correct 
shift and speéd by listening to the audio output 
of the. receiver. 
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FREQUENCY-SHIFT KEYERS 


The keyboard contacts of the teletypewriter 
actuate a direct-current circuit that operates the 
printer magnets, and a pair of terminals is pro- 
vided that connect to a key. In the “resting” 
condition the contacts are closed (mark). In 
operation the contacts open for “space.” These 
contacts may be used to operate a keyer circuit 
of the radio transmitter, provided it is not 
‘foaded” to such an extent that it affects the 
operation of the printer. 

Perhaps the simplest satisfactory circuit for 
frequency-shift keying a v.f.o. is the one shown 
in Fig. 10-6. This uses a diode to switch a capa- 
citor in and out of the circuit. Although shown 
for 455 kc., the v-f.o. can be made to operate on 
any reasonable frequency by substituting suitable 
inductance and capacitance values. 

The triode oscillator uses the series-tuned Col- 
pitts circuit, with the actual frequency adjustment 
done by changing the inductance. The closed 
contacts of the printer complete the voltage- 
dividing circuit (1000- and 100K resistors), and 
the 1N67 is heavily back-biased. The effect is 
to open the circuit between C, and Cy, and Cy is 
substantially out of the circuit. 

When the contacts open, the 1N67 no longer 


conducts. The net capacitance that is inserted, ’ 


determined by the setting of C,, the shift adjust- 
ment. 

A buffer amplifier follows the v.f.o., with a 
capacitance voltage divider reducing the avail- 
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able voltage to the amplifier but furnishing fur- 
ther buffer action. At 455 kc., it should be possible 
to short circuit the output terminals without 
shifting the oscillator frequency more than a few 
cycles. As in any oscillator, solid construction 
and the use of good components is recommended. 


Frequency Adjustment 


The frequency shift, whatever the type of cir- 
cuit, should be made as nearly exact as avail- 
able equipment will permit, since the shift must 
match the frequency difference between the 
filters in the receiving converter if the signals 
are to be usable at the receiving end. An accu- 
rately calibrated audio oscillator is useful for 
this purpose. To check, the mark frequency 
should be tuned in on the station receiver, with 
the b.f.0. on, and ‘the receiver set to exact zero 
beat.. (See Chapter 21 on measurements for 
identification of exact zero beat). The space 
frequency should then be adjusted to exactly 
the desired shift. This may be done by adjusting 
for an auditory zero beat between the beat tone 
from the receiver and the tone from the audio 
oscillator. If an oscilloscope is available, the 
frequency adjustment may be accomplished by 
feeding the receiver tone to the vertical plates 
and the audio-oscillator tone to the horizontal 
plates, and then adjusting the space frequency 
for the elliptical pattern that indicates the two 
frequencies are the same. 
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EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 

IN MICROFARADS ( wf. ); OTHERS 
ARE IN PICOFARADS (pf. oR wyf.); 
RESISTANCES ARE iN OHMS; 

K* 1000 


Fig. 10-6—Simple f.s.k. keyer for RTTY, for 455-ke. 


operation. 


Ci—8-50-pf. trimmer (Centralab 822-AN) 
Co—10-pf. silver mica 


Ji~-Shorting type headphone jack 
L1—430-850-uh. adjustable coil (Miller 42A684CBI) 


RCFi—1-mh, subminiature choke (Millen J300-1000) 


A comprehensive series of articles on RTTY, 
far beyond the possible scope of this Handbook, 
was carried monthly in QST during 1965 and 


1966. Written by Irvin Hoff, K8DKC, and start- 
ing in the January 1965 issue, they are recom- 
mended reading for any RTTY enthusiast. 


Chapter 11 


Testing and Monitoring 


Transmissions 


Testing and measuring of power output and 
frequency are not treated in this chapter, since 
they are treated elsewhere. It should be pointed 
out, however, that the fine points of frequency 
measurement become increasingly important as 
one operates closer to a band edge. 

A little knowledge of how to test one’s own 
equipment is worth more than most of the 
solicited reports obtained over the air during a 
lifetime. Unsolicited adverse criticism is some- 

thing else again; it usually indicates a signal 


TESTING 


The easiest way to find out what your keyed 
signal sounds like on the air is to trade stations 
with a near-by ham friend some evening for a 
short QSO. If he is a half mile or so away, 
that’s fine, but any distance where the signals are 
still S9 will be satisfactory. 

After you have found out how to work his 
rig, make contact and then have him send slow 
dashes, with dash spacing. (The letter “T” at 
about 5 w.p.m.) With minimum selectivity, cut 
the r.f. gain back just enough to avoid receiver 
overloading (the condition where you get crisp 
signals instead of mushy ones) and tune slowly 
from out of beat-note range on one side of the 
signal through to zero and out the other side. 
Knowing the tempo of the dashes, you can 
readily identify any clicks in the vicinity as yours 
or someone else’s. A good signal will have a 
thump on “make” that is perceptible only where 
you can also hear the beat note, and the click on 
“break” should be practically negligible at any 
point. If your signal is like that, it will sound 
good, provided there are no chirps. Then have 
your friend run off a string of fast dots with the 
bug — if they are easy to copy, your signal has no 
“tails” worth worrying about and is a good one 
for any speed up to the limit of manual keying. 
Make one last check with the selectivity in, to see 
that the clicks off the signal frequency are 
negligible even at high signal level. 

If you don’t have any friends with whom to 
trade stations, you can still check your keying, 
although you have to be a little more careful. 
The first step is to get rid of the r.f. click at the 
key. This requires an rf. filter (see Chapter 7). 

With no click from a spark at the key, discon- 
nect the antenna from your receiver and short the 
antenna terminals with a short piece of wire. Tune 
in your own signal and reduce the r.f. gain to the 


so bad that it is a menace to the welfare of the 
band, not to mention the long and continued life 
of one’s license ! 

“Testing” involves the checking of new or mod- 
ified equipment, to determine if it is working 
as it should. “Monitoring” is the continuous 
checking during every transmission, to insure that 
nothing has failed or that inherent limits have 
not been exceeded. Obviously the fields are over- 
lapping, and “checking” procedures may be used 
for continuous monitoring. 


KEYING 


point where your receiver doesn’t overload. De- 
tune any antenna trimmer the receiver may have. 
If you can’t avoid overload within the rf. gain- 
control range, pull out the r.f. amplifier tube and 
try again. If you still can’t avoid overload, listen 
to the second harmonic as a last resort. An over- 
loaded receiver can generate clicks. 

Describing the volume level at which you 
should set your receiver for these “shack” tests 
is a little difficult. The rf. filter should be effec- 
tive with the receiver running wide open and 
with an antenna connected. When you turn on 
the transmitter and take the steps mentioned 
to reduce the signal in the receiver, run the 
audio up and the r.f. down to the point where 
you can just hear a little “rushing” sound with the 
b.f.0. off and the receiver tuned to the signal. This 
is with the selectivity in. At this level, a properly. 
adjusted keying circuit will show no clicks off the 
rushing-sound range. With the b.f.o. on and the 
same gain setting, there should be no clicks out- 
side the beat-note range. When observing clicks, 
make the slow-dash and dot tests outlined pre- 
viously. 

Now you know how your signal sounds on the 
air, with one possible exception. If keying your 
transmitter makes the lights blink, you may. not 
be able to tell too accurately about the chirp 
on your signal. However, if you are satisfied with 
the absence of. chirp when tuning either side of 
zero beat, it is safe to assume that your receiver 
isn’t chirping with the light flicker and that the 
observed signal is a true representation. No chirp 
either side of zero beat is fine. Don’t try to make 
these tests without first getting rid of the r-f. 
click at the key, because clicks can mask a chirp. 

The least satisfactory way to check your key- 
ing is to ask another ham on the air how your 
keying sounds, It is the least satisfactory because 
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Monitoring 


most hams are reluctant to be highly critical of 
another amateur’s signal. In a great many cases 


MONITORING 


In general, there are two common methods for 
monitoring one’s “fist” and signal. The first type 
involves the use of an audio oscillator that is 
keyed simultaneously with the transmitter. 

The second method is one that permits receiv- 
ing the signal through one’s receiver, and this 
generally requires that the receiver be tuned to 
the transmitter (not always convenient unless 
working on the same frequency) and that some 
method be provided for preventing overloading 
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they don’t actually know what to look for or how 
to describe any aberrations they may observe. 


OF KEYING 


of the receiver, so that a good replica of the trans- 
mitted signal will be received. Except where 
quite low power is used, this usually involves a 
relay for simultaneously shorting the receiver 
input terminals and reducing the receiver gain. 
Methods are shown in Chapter 5. 

An alternative is to use an r.f.-powered audio 
oscillator. This follows the keying very closely 
(but tells nothing. about the quality—chirps or 
clicks—of the signal). 


THE “MATCHTONE” 


The “Matchtone” is a c.w. tone-generating 
monitor using a transistor audio oscillator. A 
diode rectifier in the antenna circuit or the dic. 
from a “Monimatch” (see Chap. 13) serves as the 
keyed source of d.c. power. In addition to the 
usual function it can be used by the sightless 
amateur as an audible transmitter-antenna tuning 
indicator. 

While direct monitoring of c.w. transmissions 
via the receiver is a preferred method because it 
can reveal much about the keying characteristics, 
transmissions offset from the receiving frequency 
call for a separate monitor. The self-powered 
transistorized monitor fills the bill nicely. The 
use of the r.f bridge, already connected in the 
r.f. transmission line, as a source of power for the 
monitor is a logical choice. 

The circuit of the Matchtane and the connec- 
tions to the Monimatch and the receiver are 
shown in Fig. 11-1, A small 2- or 3-to-1 push-pull 
grid-to-plate audio interstage transformer is used 
for feedback as well as for coupling to the 
receiver. If a transformer having a p.p. grid wind- 
ing is not available from the junk box, the audio 
coupling to the receiver can be obtained by con- 
necting C’, to the ungrounded end of Ry. While use 
of a low value of capacitance for Cy is necessary 
to avoid excessive shunting of the high impedance 
receiver audio circuit, the value shown will pro- 
vide sufficient coupling for a good audio tone level 
from the monitor. A third possibility for the audio 
out-put connection from the monitor is to substi- 
tute the headphones for R,, together with a single- 
pole double-throw switch or relay to switch 
the phones between the monitor and the re- 
ceiver. The on-off switch, S',, can be made a part 
of Ry by use of a volume control switch attach- 
ment. 

The value shown for C, gives an audio pitch 
in the 500-1000 cycle range, depending somewhat 
on the particular transformer, the setting of Ry 
and the transmitter output power. Other values 
of C, can be used to adjust the pitch to the 


MONI MATCH 
FWD = GND. ~—REFL. 
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RECEIVER 

tsr AUDIO 
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Fig. 11-1—Circuit of the Matchtone. Section enclosed in 

dashed line is the Monimatch and its indicating circuit; a 

simple r.f. rectifier will also serve as the d.c. source. 

Braid of shielded lead to audio grid should connect to 

receiver chassis. 

Ci—Paper. 

C:—Mica or ceramic. 

Qi—2N109, CK722 or similar. 

R:—1000 ohms, ¥2 watt. 

Re—-0.25-megohm volume control. 

Si—S.p.s.t. toggle. 

Ti—Push-pull interstage audio transformer, 2:1 or 3:1 
total grid to plate. 
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operator’s individual preference. Ry may be ad- 
justed to compensate for the changes in the dic. 
current from the rectifier or Monimatch caused 
by a change in transmitter frequency band or 
power. Using a 2N109 transistor, the circuit 
should oscillate with usable audio level with as 
little as 0.1 ma. d.c. flowing to ground through the 
monitor. Other low-cost transistors such as the 
2N107 and the 2N170 should work equally well 
in the circuit. 


MONITORING TRANSMISSIONS 


Because the pitch of the audio tone is to some 
degree dependent upon the d.c. voltage obtained 
from the source, the pitch gives a reasonably 
accurate indication of correct final amplifier plate 
circuit tuning (maximum power output) and, if 
an antenna tuner is used, will also indicate res- 
onance of the tuner to the transmitter output 
frequency. This characteristic of the Matchtone 
should be of considerable aid to sightless ama~ 
teurs. (From QST, January, 1958.) 


CHECKING A.M. PHONE OPERATION 


USING THE OSCILLOSCOPE 


Proper adjustment of a phone transmitter is 
aided immeasurably by the oscilloscope. The 
scope will give more information, more accu- 

‘ rately, than almost any collection of other instru- 
ments that might be named. Furthermore, an 
oscilloscope that is entirely satisfactory for the 
purpose is not necessarily an expensive instru- 
ment; the cathode-ray tube and its power supply 
are about all that are needed. Amplifiers and 
linear sweep circuits are by no means necessary. 

In the simplest scope circuit, radio-frequency 
voltage from the modulated amplifier is applied 
to the vertical deflection plates of the tube, usu- 
ally through blocking capacitors as shown in the 
oscilloscope circuit in the chapter on measure- 
ments, and audio-frequency voltage from the 
modulator is applied to the horizontal deflection 
plates. As the instantaneous amplitude of the 
audio signal varies, the r.f. output of the trans- 
mitter likewise varies, and this produces a 
wedge-shaped pattern or trapezoid on the screen. 
If the oscilloscope has a built-in horizontal 
sweep, the r.f. voltage can be applied to the 
vertical plates as before (never through an am- 
plifier) and the sweep will produce a pattern that 
follows the modulation envelope of the transmit- 
ter output, provided the sweep frequency is lower 
than the modulation frequency. This produces a 
wave-envelope modulation pattern. 


The Wave-Envelope Pattern 


The connections for the wave-envelope pattern 
are shown in Fig. 11-6A. The vertical deflection 
plates are coupled to the amplifier tank coil (or 
an antenna coil) through a low-impedance (coax, 
twisted pair, etc.) line and pick-up coil. As shown 
in the alternative drawing, a resonant circuit 
tuned to the operating frequency may be con- 
nected to the vertical plates, using link coupling 
between it and the transmitter. This will elimi- 
nate r.f. harmonics, and the tuning control is a 
means for adjustment of the pattern height. 

If it is inconvenient to couple to the final tank 
coil, as may be the case if the transmitter is 
tightly shielded, the pick-up loop may be coupled 
to the tuned tank of a matching circuit or an- 
tenna coupler. Any method (even a short antenna 
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Fig. 11-6—Methods of connecting the oscilloscope for 

modulation checking. A—connections for wave-en- 

velope pattern with any modulation method; B—con- 

nections for trapezoidal pattern with plate or screen 
modulation. 


coupled to the tuned circuit shown in the “alter- 
nate input connections” of Fig. 11-6A) that 
will pick up enough r.f. to give a suitable pattern 
height may be used. 

The position of the pick-up coil should be 
varied until an unmodulated carrier pattern, Fig. 
11-7B, of suitable height is obtained. The hori- 
zontal sweep voltage should be adjusted to make 
the width of the pattern somewhat more than 
half the diameter of the screen. When voice 
modulation is applied, a rapidly changing pattern 
of varying height will be obtained. When the 
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| 
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OVER MODULATION 


Fig. 11-7—Wave-envelope and trapezoidal patterns 
representing different conditions of modulation. 


(E) 


maximum height of this pattern is just twice that 
of the carrier alone, the wave is being modulated 
100 ‘percent. This is illustrated by Fig. 11-7D, 
where the point X represents the horizontal 
sweep line (reference line) alone, YZ is the car- 
rier height, and PQ is the maximum height of 
the modulated wave. 

If the height is greater than the distance PQ, 
as illustrated in E, the wave is overmodulated in 
the upward direction. Overmodulation in the 
downward direction is indicated by a gap in the 
pattern at the reference axis, where a single 


bright line appears on the screen. Overmodula- 


tion in either direction may take place even 
when the modulation in the other direction is 
less than 100 per cent. 


The Trapezoidal Pattern 


Connections for the trapezoid or wedge pat- 
tern as used for checking a.m. are shown in Fig, 
11-6B. The vertical plates of the c.r. tube are 
coupled to the transmitter tank through a pick-up 
loop, preferably using a tuned circuit, as shown 
in the upper drawing, adjustable to the operat- 
ing frequency. Audio voltage from the modu- 
lator is applied to the horizontal plates through 
a voltage divider, R1R2. This voltage should be 
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adjustable so a suitable pattern width can be 
obtained; a 0.25-megohm volume control can be 
used at Re for this purpose. 

The resistance required at Ry will depend on 
the d.c. voltage on the modulated element. The 
total resistance of Ry and Re in series should 
be about 0.25 megohm for each 100 volts. For 
example, if a plate-emodulated amplifier operates 
at 1500 volts, the total resistance should be 3.75 
megohms, 0.25 megohm at Re and the remainder, 
3.5 megohms, in Ry. Ry should be composed of 
individual resistors not larger than 0.5 megohm 
each, in which case 1-watt resistors will be satts- 
factory. 

For adequate coupling at 100 cycles the capaci- 
tance, in microfarads, of the blocking capacitor, 
C, should be at least 0.05/R, where R is the total 
resistance (Ry + Re) in megohms. In the ex- 
ample above, where FR is 3.75 megohms, the’ ca- 
pacitance should be 0.05/3.75 = 0.013 wf. or 


Fig. 11-8—Top—A typical pattern ob- 


tained with screen modulation adjusted for optimum 


trapezoidal 


conditions. The sudden change in slope near the 
point of the wedge occurs when the screen voltage 
passes through zero. Center—If there is no audio 
distortion, the unmodulated carrier will have the 
height and position shown by the white line super- 
imposed on the sine-wave modulation pattern. Bof- 
tom—Even-harmonic distortion in the audio system, 
when the audio signal applied to the speech ampili- 
fier is a sine wave, is indicated by the fact that the 
modulation pattern’-does not extend equal horizontal 
distances on both sides of the unmodulated carrier. 
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more. The voltage rating of the capacitor should 
be at least twice the dic. voltage applied to the 
modulated element. 

Trapezoidal patterns for various conditions of 


modulation are shown in Fig. 11-7 at F to J,- 


each alongside the corresponding wave-envelope 
pattern. With no signal, only the cathode-ray 
spot appears on the screen. When the unmodu- 
lated carrier is applied, a vertical line appears; 
the length of the line should be adjusted, by 
means of the pick-up coil coupling, to a con- 
venient value. When the carrier is modulated, 
the wedge-shaped pattern appears; the higher 
the modulation percentage, the wider and more 
pointed the wedge becomes. At 100 percent 
modulation it just makes a point on the axis, X, 
at one end, and the height, PQ, at the other end 
is equal to twice the carrier height, YZ. Over- 
modulation in the upward direction is indicated 
by increased height over PQ, and downward by 
an extension along the axis X at the pointed end. 


CHECKING A.M. TRANSMITTER 
PERFORMANCE 


_ The trapezoidal pattern is generally more use- 
ful than the wave-envelope pattern for check- 
ing the operation of a phone transmitter. How- 
ever, both types of patterns have their special 
virtues, and the best test setup is one that makes 
both available. The trapezoidal pattern is better 
adapted to showing the performance of a modu- 
lated amplifier from the standpoint of inherent 
linearity, without regard to the wave form of the 
audio modulating signal, than is the wave-enve- 
lope pattern. Distortion in the audio signal also 
can be detected in the trapezoidal pattern, al- 
though experience in analyzing scope patterns 
is required to recognize it. 

If the wave-envelope pattern is used with a 


Unmodulated carrier. 


Approximately 50 percent modulation. 
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sine-wave audio modulating signal, distortion in 
the modulation envelope is easily recognizable; 
however, it is difficult to determine whether the 
distortion is caused by lack of linearity of the 
r.f. stage or by a.f. distortion in the modulator. 
If the trapezoidal pattern shows good linearity 
in sucha case the trouble obviously is in the 
audio system. It is possible, of course, for both 
defects to be present simultaneously. If they 
are, the rf. amplifier should be made linear first ; 
then any distortion in the modulation envelope 
will be the result of improper operation in the 
speech amplifier or modulator, or in coupling 
the modulator to the modulated r.f. stage. 


R. F. Linearity 


The trapezoidal pattern is a graph of the mod- 
ulation characteristic of the modulated amplifier. 
The sloping sides of the wedge show the rf. 
amplitude for every value of instantaneous mod- 
ulating voltage. If these sides are perfectly 
straight lines, as drawn in Fig. 11-7 at H and I, 
the modulation characteristic is linear. If the 
sides show curvature, the characteristic is non- 
linear to an extent shown by the degree to which 
the sides depart from perfect straightness. This is 
true regardless of the modulating wave form. 


Audio Distortion 


If the speech system can be driven by a good 
audio sine-wave signal instead of a microphone, 
the trapezoidal pattern also will show the pres- 
ence of even-harmonic distortion (the most com- 
mon type, especially when the modulator is over- 
loaded) in the speech amplifier or modulator. If 
there is no distortion in the audio system, the 
trapezoid will extend horizontally equal distances 
on each side of the vertical line representing the 
unmodulated carrier. If there is even-harmonic 


100 percent modulation. 


Fig. 11-9—Oscilloscope patterns showing proper modulation of a plate-and-screen modulated tetrode rf. 

amplifier. Upper row, trapezoidal patterns; lower row, corresponding wave-envelope patterns. In the latter 

a linear sweep having a frequency one-third that of the sine-wave audio modulating frequency was used, 
so that three cycles of the modulation envelope show in the pattern, 
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Modulation over 100 percent. 


Improper screen-circuit time constant, 
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Insufficient audio power. 


Fig. 11-10—Improper operation or design. These pictures are to the same scale as those in Fig. 11-9, on 
the same transmitter and with the same test setup. 


distortion the trapezoid will extend farther to 
one side of the unmodulated-carrier position than 
to the other. This is shown in Fig. 11-8. The 
probable cause is inadequate power output from 
the modulator, or incorrect load on the modu- 
lator. 

An audio oscillator having reasonably good 
sine-wave output is highly desirable for testing 
both speech equipment and the phone transmit- 
ter as a whole. With an oscillator and the scope, 
the pattern is steady and can be studied closely 
to determine the effects of adjustments. 

In the case of the wave-envelope pattern, dis- 
tortion in the audio system will show up in the 
modulation envelope (with a sine-wave input 
signal) as a departure from the sine-wave form, 
and may be checked by comparing the envelope 
with a drawing of a sine-wave. Attributing any 
such distortion to the audio system assumes, of 
course, that a check has been made on the linear- 
ity of the modulated r.f. amplifier, preferably by 
use of the trapezoidal pattern. 


Typical Patterns 


Figs. 11-8, 11-9 and 11-10 show some typical 
scope patterns of modulated signals for different 
conditions of operation. The screen-modulation 
patterns, Fig. 11-8, also show how the presence 
of even-harmonic audio distortion can be de- 
tected in the trapezoidal pattern. The pattern to 
be sought in adjusting the transmitter is the 
one at the top in Fig. 11-9, where the top and 
bottom edges of the pattern continue in straight 
lines up to the point representing 100 percent 
modulation. If these edges tend to bend over 
toward the horizontal at the maximum height of 
the wedge the amplifier is “flattening” on the 
modulation up-peaks, This is usually caused by 
attempting to get too large a carrier output, and 
can be corrected by tighter coupling to the an- 
tenna or by a decrease in the d.c. screen voltage. 


Fig. 11-9 shows patterns indicating proper 
operation of a plate-and-screen modulated. tet- 
rode r.f. amplifier. The slight “tailing off” at the 
modulation down peak (point of the wedge) can 
be minimized by careful adjustment of excitation 
and plate loading. 

Several types of improper operation are shown 
in Fig. 11-10. In the photos at the left the linear- 
ity of the r.f. stage is good but the amplifier is 
being modulated over 100 percent. This is 
shown by the maximum height of the pattern 
(compare with the unmodulated carrier of Fig. 
10-20) and by the bright line extending from the 
point of the wedge (or between sections of the 
envelope). 

The patterns in the center, Fig. 11-10, show 
the effect of a too-long time constant in the - 
screen circuit, in an amplifier getting its screen 
voltage through a dropping resistor, both plate 
and screen being modulated. The “double-edged” 
pattern is the result of audio phase shift in the 
screen circuit combined with varying screen-to- 
cathode resistance during modulation. The over- 
all effect is to delay the rise in output amplitude 
during the up-sweep of the modulation cycle, 
slightly distorting the modulation envelope as 
shown in the wave-envelope pattern. This effect, 
which becomes more pronounced as the audio 
modulating frequency is increased, is usually ab- 
sent at low modulation percentages but develops 
rapidly as the modulation approaches 100 per- 
cent. It can be reduced by reducing the screen 
bypass capacitance, and also by connecting re- 
sistance (to be determined experimentally, but 
of the same order as the screen dropping resist- 
ance) between screen and cathode. 

The right-hand pictures in Fig. 11-10 show the 
effect of insufficient audio power. Although the 
trapezoidal pattern shows good linearity in the 
r.f{. amplifier, the wave-envelope pattern shows 
flattened peaks (both positive and negative) in 
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_ Fig. 11-11—Upper photo—Audio phase shift in cou- 
pling circuit between transmitter and horizontal de- 
flection plates. Lower photo—Hum on 
vertical’ deflection plates. 


the modulation envelope even though the audio 
signal applied to the amplifier was a sine wave. 
More speech-amplifier gain merely increases the 
flattening without increasing the modulation per- 
centage in such a case. The remedy is to use a 
larger modulator or less input to the modulated 
r.f. stage. In some cases the trouble may be 
caused by an incorrect modulation-transformer 
turns ratio, causing the modulator to be over- 
loaded before its maximum power output capa- 
bilities are reached. 


Faulty Patterns 


The pattern defects shown in Fig. 11-10 are 
only a few out of many that might be observed 
in the testing of a phone transmitter, all capable 
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Accurate checking of the operation of an 
fm. or p.m. transmitter requires different 
methods than the corresponding checks on an 
a.m. set. This is because the common forms of 
measuring devices either indicate amplitude 
variations only (a d.c. milliammeter, for ex- 
ample), or because their indications are most 
easily interpreted in terms of amplitude. There 
is no simple measuring instrument that indi- 
cates frequency deviation directly. 

However, there is one favorable feature in 
fm. or p.m. checking. The modulation takes 
place at a very low level and the stages follow- 
ing the one that is modulated do not affect the 
linearity of modulation so long as they are 
properly tuned. Therefore the modulation may 
be checked without putting the transmitter on 
the air, or even on a dummy antenna. The power 
is simply cut off the amplifiers following the 
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of being interpreted in terms of improper opera- 
tion in some part of the transmitter. However, 
it is not always the transmitter that is at fault 
when the scope shows an unusual pattern. The 
trouble may be in some defect in the test setup. 

Patterns representative of two common faults 
of this nature are shown in Fig. 11-11. The upper 
picture shows the trapezoidal pattern when the 
audio voltage applied to the horizontal plates of 
the cr. tube is not exactly in phase with the 
modulation envelope. The normal straight edges 
of the wedge are transformed into ellipses which 
in the case of 100 percent modulation (shown) 
touch at the horizontal axis and reach maximum 
heights equal to the height of the normal wedge 
at the modulation up-peak. Such a phase shift 
can occur (and usually will) if the audio voltage 
applied to the c.r. tube deflection plates is taken 
from any point in the audio system other than 
where. it is applied to the modulated r.f. stage, 
The coupling capacitor shown in Fig. 11-6 must 
have very low reactance compared with the re- 
sistance of Ry and Re in series — not larger than 
a few percent of the sum of the two resistances. 

The wave-envelope pattern in Fig. 11-11 shows 
the effect of hum on the vertical deflection plates. 
This may actually be on the carrier or may be 
introduced in some way from the a.c. line 
through stray coupling between the scope and the 
line or because of poor grounding of the scope, 
transmitter or modulator. 

It is important that r.f. from the modulated 
stage only be coupled to the oscilloscope, and 
then only to the vertical plates. If r.f. is present 
also on the horizontal plates, the pattern will 
lean to one side instead of being upright: If the 
oscilloscope cannot be moved to a position where 
the unwanted pick-up disappears, a small bypass 
capacitor (10 wwf. or more) should be connected 
across the horizontal plates as close to the 
cathode-ray tube as possible. An r.f. choke (2. 5 
mh. ‘or smaller) may also be connected in series 
with the ungrounded horizontal plate. 


P.M. TRANSMITTERS 


modulation stage. A selective receiver is an es- 
sential part of the checking equipment of an f.m. 
or p.m. transmitter, particularly for narrow-band 
fm. or p.m. 

The quantities to be checked in an f.m. or 
p.m. transmitter are the linearity and frequency 
deviation. The methods of checking differ in 
detail. 


Reactance-Tube F.M. 


It is possible to calibrate a reactance modu- 
lator by applying an adjustable d.c. voltage’ to 
the modulator grid and noting the change in 
oscillator frequency as the voltage is varied. A 
suitable circuit for applying the adjustable 
voltage is shown in Fig. 11-15. The battery 
voltage is 3 to 6 volts (two or more dry cells in 
series). The arrows indicate clip connections so 
that the battery polarity can be reversed. 


Checking F.M. and P.M. Transmitters 


TO MOD. GRID 
RESISTOR 


Fig. 11-15—D.c. method of checking frequency deviation. 
Ri is 500 to 1000 ohms. 


The oscillator frequency deviation should be 
measured by using a receiver in conjunction 
with an accurately calibrated frequency meter, 
or by any means that will permit accurate 
measurement of frequency differences of a few 
hundred cycles. One simple method is to tune 
in the oscillator on the receiver (disconnecting 
the receiving antenna, if necessary, to keep the 
signal strength well below the overload point) 
and then set the receiver b.f.o. to zero beat. 
Then increase the d.c. voltage applied to the 
modulator grid from zero in steps of about % 
volt and note the beat frequency at each 
change. Then reverse the battery terminals and 
repeat. The frequency of the beat note may be 
measured by comparison with a calibrated 
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Cycles Deviation From Resonance 


Grid-Voltage Deviation 
From Operating Bias 


Fig. 11-16—A typical curve of frequency deviation vs. 
modulator grid voltage. 


audio-frequency oscillator. Note that with the 
battery polarity positive with respect to ground 
the radio frequency will move in one direction 
when the voltage is increased, and in the other 
direction when the polarity is reversed. When 
several readings have been taken a curve may be 
plotted to show the relationship between grid 
voltage and frequency deviation. 

A sample curve is shown in Fig. 11-16. The 
usable portion of the curve is the center part 
which is essentially a straight line. The bend- 
ing at the ends indicates that the modulator is 
no longer linear; this departure from linearity 
will cause harmonic distortion and will broaden 
the channel occupied by the signal. In the ex- 
ample, the characteristic is linear 1.5 kc. on 
either side of the center or carrier frequency. 

A good modulation indicator is a “magic- 
eye” tube such as the 6E5. This should be con- 
nected across the grid resistor of the reactance 
modulator as shown in Fig. 11-17. Note its de- 
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flection (using the d.c. voltage method as in 
Fig. 11-15) at the maximum deviation to be 
used, For narrow-band f.m. the proper devia- 
tion is approximately 2000 cycles (this maxi- 
mum deviation is based on an upper af. limit 
of 3000 cycles and a deviation ratio of 0.7) at 
the output frequency. This deflection represents 
“100 per cent modulation” and with speech in- 
put the gain should be kept at the point where 
it is just reached on voice peaks. If the trans- 
mitter is used on more than one band, the gain 
control should be marked at the proper setting 


TO GRID 


SPEECH— 
AMP 

GAIN 

CONTROL 


e 
+250V. 


Fig. 11-17—6E5 modulation indicator for f.m. or p.m. 

modulators. To insure sufficient grid voltage for a good 

deflection, it may be necessary to connect the gain 
control in the modulator grid circuit. 


for each band, because the signal amplitude 
that gives the correct deviation on one band 
will be either too great or too small on another. 


Checking with a Selective Receiver 


With p.m. the d.c. method of checking just 
described cannot be used, because the fre- 
quency deviation at zero frequency (d.c.) also 
is zero. For narrow-band p.m. it is necessary to 
check the actual width of the channel occupied 
by the transmission. (The same method also 
can be used to check f.m.) For this purpose it 
is necessary to have a selective receiver and a 
3000-cycle audio oscillator or generator. 

Keeping the signal intensity in the receiver 
at a medium level, tune in the carrier at the 
output frequency. Do not use the a.v.c. Switch 
on the beat oscillator, and set the receiver filter 
at its sharpest. Peak the signal on the crystal 
and adjust the b.f.o. for any convenient beat note. 
Then apply the 3000-cycle tone to the speech 
amplifier (through an attenuator, if necessary, 
to avoid overloading) and increase the audio 
gain until there is a small amount of modula- 
tion. Tuning the receiver near the carrier fre- 
quency will show the presence of sidebands 
3 kc. from the carrier. With low input, these two 
should be the only sidebands detectable. 

Now increase the audio gain and tune the 
receiver over a range of about 10 kc. on both 
sides of the carrier. When the gain becomes 
high enough, a second set of sidebands spaced 
6 ke. on either side of the carrier will be de- 
tected. The signal amplitude at which these 
sidebands become detectable is the maximum 
speech amplitude that should be used. 

When this method of checking is used with 
a reactance-tube-modulated f.m. (not p.m.) 
transmitter, the linearity of the system can be 
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checked by observing the carrier as the af. gain 
is slowly increased. The beat-note frequency 
will stay constant so long as the modulator 
is linear, but nonlinearity will be accompanied 
by a shift in the average carrier frequency 
that will cause the beat note to change in fre- 
quency. If such a shift occurs at the same time 
that the 6-kc. sidebands appear, the extra side- 
bands may be caused by modulator distortion 
rather than by an excessive modulation index. 


R.F. Amplifiers 


The r.f. stages in the transmitter that follow 
the modulated stage may be adjusted as for c.w. 


ADJUSTMENT OF 


One of the more important features of the 
linear amplifier is that the ordinary plate and 
grid meters are at best only a poor indicator of 
what is going on. As the meters bounce back and 

‘forth, even a person who is thoroughly familiar 
with this kind of amplifier would be hard put to 
sense whether the input power registered is 
attributable to (a) overdrive and underload, 
which yield distortion, splatter, TVI, etc., or (b) 
underdrive and too-heavy loading, resulting in 
inefficiency and loss of output, 

The simplest and best way to get the whole 
story is to make a linearity test; that is, to send 
through the amplifier a signal whose amplitude 
varies from zero up to the peak level in a certain 
known manner and then observe, by means of an 
oscilloscope, whether this same waveform comes 
out of the amplifier at maximum ratings. 


Test Equipment 


Even the simplest type of cathode-ray oscil- 
loscope can be used for linearity tests, so long as 
it has the regular internal sweep circuit. If this 
instrument is not already part of the regular sta- 
tion equipment, it might be well to purchase one 
of the several inexpensive kits now on the market, 
so that it will be on hand not only to make initial 
tests but also as a permanent monitor during 
all operation. Barring a purchase, it is recom- 
mended at least that a scope be borrowed to 
make the linearity checks; the regular plate and 
grid meters can serve thereafter to indicate 
roughly changes in operating conditions. 

All linearity tests require that the vertical 
plates of the scope be supplied with r.f. from 
the amplifier output. To avoid interaction within 
the instrument, it is usually best to connect di- 
rectly to the cathode-ray tube terminals at the 
back of the cabinet. A pick-up device and its con- 
nections to the oscilloscope are shown in Fig. 
11-18. Normally, the pick-up loop should be 
coupled to the dummy load, antenna tuner, or 
transmission line; ie, to a point in the system 
beyond where any tuning adjustments are to be 
made. 

The only other piece of test equipment will 
be an audio oscillator. Since only one frequency 
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operation. All tank circuits should be carefully 
tuned to resonance. With fm. or p.m., all rf. 
stages in the transmitter can be operated at the 
manufacturer’s maximum c.w. ratings. 

The output power of the transmitter should 
be checked for amplitude modulation. It should 
not change from the unmodulated-carrier value 
when the transmitter is modulated. If no output 
indicator is available, a flashlight lamp and 
loop can be coupled to the final tank coil to 
serve as a current indicator. If the carrier 
amplitude is constant, the lamp brilliance will 
not change with modulation. If a.m. is indicated, 
the cause is almost certain to be nonlinearity in 
the modulator. 


LINEAR AMPLIFIERS 


Fig. 11-20-—Fixed-frequency audio oscillator having 
good output waveform. The frequency can be varied 
by changing the values of C, and Cs. 
Li—Small speaker output transformer, secondary not 

used. 


is needed, the simple circuit of Fig. 11-20 works 
quite well. Some equipment has a circuit similar 
to this one built right into the exciter audio 
system. 

Two-Tone Test 


The two-tone test involves sending through 
the amplifier or the system a pair of rf. signals 
of equal amplitude and a thousand cycles or so 
apart in frequency. The combined envelope of 
two such signals looks like two sine waves folded 
on one another. If this waveform comes out of 
the final, well and good; if not, there is work to 
do. 

There are two commonly used ways to generate 
the two-tone signal, and the choice of which to 
use depends on the: particular type of exciter 
available. ; 


Method A — for Filter or Phasing Exciters: 


1) Turn up the carrier insertion until a carrier 
is obtained at about half the expected output 
amplitude. 

2) Connect an audio oscillator to the micro- 
phone input and advance audio gain until (when 
the carrier and the one sideband are equal) the 
scope pattern takes on the appearance of full 
modulation; i.e, the cusps just meet at the 
center line. See Fig. 11-21, photo No. 1. 

3) To change the drive through the system, 
increase or decrease the carrier and audio set- 
tings together, maintaining equality of the two 
signals. 


Adjusting Linear Amplifiers 


Method B — for Phasing Exciters: 


1) Disable the audio input to one balanced 
modulator, by removing a tube or by tempo- 
rarily short-circuiting an audio transformer. 

2) Connect the audio oscillator and advance 
audio gain to get the desired drive. Note that 
with one balanced modulator cut out, the re- 
sultant signal will be double-sideband with no 
carrier, hence two equal r.f. signals, 


Double-Trapezoid Test 


When Method B can be used with phasing 
exciters, it is possible to derive a somewhat more 
informative pattern by making a connection 
from the exciter audio system to the horizontal 
signal input of the oscilloscope and using this 
audio signal, instead of the regular internal 
sweep, to cause the horizontal deflection. Those 
who are familiar with the regular trapezoid test 
for a.m. transmitters will recognize this set-up 
as being the same, except that instead of one 
trapezoid, this test produces two triangles point- 
ing toward each other. 

Each individual triangle is subject to the same 
analysis as the regular trapezoid pattern; i.e. 
the sloping sides of the pattern should be straight 
lines for proper operation. Since it is much easier 
to tell whether a line is straight or not than to 
judge the correctness of a sine curve, the double 
trapezoid has the advantage of being somewhat 
more positive and sensitive to slight departures 
from linearity than is the regular two-tone pat- 
tern. 

If the audio can be picked off at the plate of 


the audio modulator tube that is still working, 


the input signal need not be a pure sine wave; 
merely whistling or talking into the microphone 
should produce the appropriate pattern. If, be- 
cause of the exciter layout, it is necessary to pick 
up the audio signal ahead of the phase-shift 
network, it will then be necessary to use a good 
sine-wave audio oscillator as before. Also, with 
the latter set-up, the pattern will probably have 
a loopy appearance at first, and phase correction 
will be needed to make the figure close up. This 
can be done either by varying the audio. fre- 
quency or by putting a phaser in series with the 
horizontal input to the scope, as shown in Fig. 
11-22. 


SCOPE 


FROM EXCITER 
AUDIO 


Fig. 11-22—“Phaser” circuit for the oscilloscope. 


Ratings 
Before proceeding with linearity tests, it is 
well to have in mind the current and power 
levels to expect. A suppressed-carrier signal is 
exactly like an audio signal, except for its fre- 
quency, so the audio ratings for any tube are 
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(3) 


Fig. 11-21—Correct Patterns. 1—Desired two-tone test 


pattern. 2—Desired double-trapezoid test pattern. 

3—Typical voice pattern in a correctly adjusted am- 

plifier, scope set for 30-cycle sweep. Note that peaks 
are clean and sharp. 


perfectly applicable for linear r.f. service where 
no carrier is involved. On the other hand, the 
ratings sometimes shown for Class B r.f. tele- 
phony are not what is wanted, because they are 
for conventional a.m. transmission with carrier. 

If audio ratings are not given for the desired 
tube type, it will be safe to assume that the 
maximum-signal input for Class-B or -ABg serv- 
ice is about 10 per cent less than the key-down 
Class-C c.w. conditions. The input will have to 
be held somewhat lower in Class-AB, operation 
because the average efficiency is lower and, also, 
the tube can draw only a limited amount of cur- 
rent at zero grid voltage. ; 

The maximum-signal conditions determined 
from tube data correspond in s.s.b. work to the 
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very peak of the r.f. envelope; when a two-tone 
test signal (or voice) is used, the plate milliam- 
meter does not indicate the peak plate current. 
The relationship between peak current and indi- 
cated current is variable with voice signals, but 
with the two-tone test signal applied there is a 
definite relationship between indicated (d.c.) cur- 
rent and peak current. Knowing the ratio of the 
idling current to the plate current with the two- 
tone test signal, /./Jac, one can find the factor 
that can be applied to give the peak current. 
For example, an amplifier draws 50 ma. with no 
signal and 250 ma. (before flattening) with the 
two-tone test signal. Io/lae = 0.2, and Ipx/Tac = 
1.45, from Fig. 11-21. Thus Jy, = 1.45 x 250 = 
363 ma. 


(7) 


Fig. 11-23—Improper Amplifier Operation. 4--Over- 
drive, indicated by flattening of peaks. 5—Same as 4, 
double-trapezoid test. 6—Too much bias, causing cross- 
over to become pinched together rather than cutting 
straight across center line. 7—Same as 6, double-trap- 
ezoid test. 8—Two-tone test with v.h.f. parasitics. Note 
fuzzy halo or fringe. In milder cases the fuzziness will 
appear just at the peaks. 9—Two-tone test with funda- 
mental frequency parasitics, accompanied by overdrive. 
10—Severe overdrive and parasitics. 11--Voice pattern 
showing flattening of peaks due to overdrive, When 
flattening Is apparent on the voice pattern, the case is 
a severe one. 
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(12) 


(15) (19) 


Fig. 11-24—Improper Test Setup. 12—Two r.f. signals 
unequal. In Method A, caused by improper settings of 
either carrier or audio control. Method B, either carrier 
leakage through disabled modulater or unequal side- 
bands due to selective action of some high-Q circuit off 
resonance. 13—Same as 12, double-trapezoid test 
(Method B). 14—Distorted audio. A clue to this defect 
is that successive waves are not identical. 15—Same dis- 
tortion as 14, but switched to double trapezoid test 
pattern. Note that correct pattern prevails regardless of 
poor audio signal. 16—Carrier leakage through working 
modulator (Method B only). 17—Same as 16, double 
trapezoid, 18—(Note tilt to left.) Caused by incomplete 
suppression of unwanted sideband (Method A) or by 
rf. leakage into horizontal circuits of scope. 19—Double 
trapezoid with audio phase shift in test setup. 


Should the resulting peak input (0.363 x 
plate voltage) be different than the design value 
for the particular amplifier tube, the drive and 
loading adjustments can be changed in the 
proper directions (always adjusting the loading 
so that the peaks of the envelope are on the verge 
of flattening) and the proper value reached. 


Adjusting Linear Amplifiers 


(23) 


Using the Linearity Tests 


The photos (Figs. 11-21, 11-23 and 11-24) have 
been taken to show many of the typical patterns 
that may be encountered with either of the test 
arrangements described previously. They are 
classified separately as to those representing 
correct conditions (Fig. 11-21), faulty operation 
of the rf. amplifier (Fig. 11-23), and various 
other patterns that look irregular but which 
really represent a peculiarity in the test set-up or 
the exciter but not in the final (Fig: 11-24). 

Aside from the problem of parasitics, which 
may or may not be a difficult one, it should be 
possible without much difficulty to achieve the 
correct linearity pattern by taking action as in- 
dicated by the captions accompanying the 
photos. It can then be assumed that the am- 
plifier is not contributing any distortion to the 
signal so long as the peak power level indicated 
by the test is not exceeded. It is entirely pos- 
sible, however, that good linearity will be ob- 
tained only by holding the power down to a 
level considerably below what is expected, or 
conversely that there will be signs of excessive 
plate dissipation at a level that the tubes should 
handle quite easily. In such cases, some atten- 
tion should be given to the plate loading, as 
discussed below. 

The several patterns of Fig. 11-25 show how 
loading affects the output and efficiency of a 
linear amplifier. In the first two, loading is rela- 
tively light and limiting takes place in the final 
plate circuit. Reserve power is still available in 
the driver, evidenced by the fact that heavier 
loading on the final allows the peak output to 
increase up to the optimum level of the third 
pattern. With still heavier loading the output 
ceases to increase but in fact drops somewhat; 
even though the input power goes up all the 
time, the efficiency goes down rapidly. In the 
last two patterns, the driver is the limiting 
element in the system, and the extra power- 
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(22) 


Fig. 11-25—Amplifier Loading Char- 
acteristics. Two-tone patterns taken 
at the output of a Class-B linear 
amplifier with constant drive and 
successively heavier loading. Meas- 
ured input power: 20—90 watts; 21 
—135 watts; 22—250 watts; 23— 
330 watts; 24—400 watts. 


handling capability of the final, due to heavier 
loading, is wasted by inability of the driver to 
do it justice. 

1) For good efficiency, the final itself must be 
the limiting element in the power-handling ca- 
pability of the system. 

2) If the final is not being driven to its limit, 
it should be loaded less heavily until such is the 
case, 

3) If the power level obtained above is less 
than should be expected, more driving power is 
needed. , 

There are several ways to tell whether or not 
the final is being driven to its limit. One way is 
to advance the drive until peak limiting is ap- 
parent in the output, then move the oscilloscope 
coupling link over to the driver plate tank and 
see whether or. not the same limiting appears 
there. Another way is to decrease or increase the 
final loading slightly and note whether the limit-" 
ing output level increases or decreases corre- 
spondingly. If it does not, the final is not con- 
trolling the system. Still another but similar 
method is to detune the final slightly while 
limiting is apparent, and if proper drive condi- 
tions prevail the pattern will improve when the 
amplifier plate is detuned. 

The intermediate and driver stages will follow 
the same laws, except that what is called “load- 
ing” on a final is often referred to as “impedance 
matching” when going between tubes. More 
often than not, an apparent lack of power trans- 
fer from a driver to its succeeding stage is due 
to a poor match. In Class-AB, or -B service, a 
step-down type of coupling is required between 
power stages, and a person accustomed to the 
conventional plate-to-grid coupling capacitor 
technique will be surprised to find how effective 
it is to tap the driven stage down on its tank — 
or otherwise to decouple the system. For ex- 
ample, an 807 driving a pair of 81ls requires a 
voltage step-down of about 3 or 4 to 1 from 
plate to each grid. 


Chapter 12 


Power Supplies 


The electrical power required to operate ama- 
teur radio equipment is usually taken from the 
a.c. lines when the equipment is operated where 
this power is available; in mobile operation the 
prime source of power is usually the storage bat- 
tery. 

The high-voltage dic. for the plates of vacuum 
tubes used in receivers and transmitters is de- 
rived from the commercial a.c. by the use of a 
transformer-rectifier-filter system. The trans- 
former changes the voltage of the a.c. to a suit- 
able value, the rectifier(s) converts it to pul- 


 sating d.c., and the filter reduces the pulsations 


to a. suitably low level. Essentially pure direct 
current is required to prevent hum in the output 
of receivers, speech amplifiers, modulators and 
transmitters. In the case of transmitters, pure 
d.c. plate supply is also dictated by government 
regulations, 


When the prime power source is d.c. (battery), 
the d.c. is first changed to a.c. and is then fol- 
lowed by the transformer-rectifier-filter system. 

The cathode-heating power can be a.c. or dic. 
in the case of indirectly-heated cathode tubes, 
and a.c. or d.c. for filament-type tubes if the tubes 
are operated at a high power level (high-powered 
audio and r.f. applications). Low-level operation 
of filament-type tubes generally requires d.c. on 
the filaments if undue hum is to be avoided. 

Power-supply filters are low-pass devices using 
series inductors and shunt capacitors. A config- 
uration in which the first element following the 
rectifier is an inductor is called a “choke-input 
filter,” to distinguish it from a “capacitor-input 
filter.” The type of filter (choke or capacitor in- 
put) has a large effect on the peak current 
through the rectifiers and upon the output volt- 
age, 


RECTIFIER CIRCUITS 


Half-Wave Rectifier 


Fig. 12-1 shows three rectifier circuits covering 
most of the common applications in amateur 
equipment. Fig. 12-1A is the circuit of a half-wave 
rectifier. The rectifier is a device that will conduct 
current in one direction but not in the other. Dur- 
ing one half of the a.c. cycle the rectifier will con- 
duct and current will flow through the rectifier to 
the load. During the other half of the cycle the 
rectifier does not conduct and no current flows to 
the load. The shape of the output wave is shown 
in (A) at the right. It shows that the current al- 
ways flows in the same direction but that the flow 
of current is not continuous and is pulsating in 


_ amplitude. 


The average output voltage—the voltage read 


~ by the usual d.c. voltmeter—with this circuit (no 


filter connected) is 0.45 times the r.m.s. value of 
the a.c. voltage delivered by the transformer sec- 
ondary. Because the frequency of the pulses is 
relatively low (one pulsation per cycle), consid- 
erable filtering is required to provide adequately 
smooth d.c. output, and for this reason this circuit 
is usually limited to applications where the cur- 
rent involved is small, such as supplies for 
cathode-ray tubes and for protective bias in a 
transmitter. 

The peak reverse voltage, the voltage the 
rectifier must withstand when it isn’t conducting, 
varies with the load. With a resistive load it is 
the peak a.c. voltage (1.4 Epyg) but with a ca- 


pacitor load drawing little or no current it can 
rise to 2.8 Epyg. 

Another disadvantage of the half-wave rectifier 
circuit is that the transformer must have a con- 
siderably higher primary volt-ampere rating (ap- 
proximately 40 per cent greater), for the same 
d.c. power output, than in other rectifier circuits. 


Full-Wave Center-Tap Rectifier 


The most universally used rectifier circuit is 
shown in Fig. 12-1B. Essentially an arrangement 
in which the outputs of two half-wave rectifiers 
are combined, it makes use of both halves of the 
a.c. cycle. A transformer with a center-tapped 
secondary is required with the circuit. 

The average output voltage is 0.9 times the 
r.m.s. voltage of half the transformer secondary ; 
this is the maximum voltage that can be obtained 
with a suitable choke-input filter. The peak out- 
put voltage is 1.4 times the r.m.s. voltage of half 
the transformer secondary ; this is the maximum 
voltage that can be obtained from a capacitor- 
input filter (at little or no load). 

The peak reverse voltage across a rectifier unit 
is 2.8 times the r.m.s. voltage of half the trans- 
former secondary. 

As can be seen from the sketches of the output 
wave form in (B) to the right, the frequency of 
the output pulses is twice that of the half-wave 
rectifier. Therefore much less filtering is required. 
Since the rectifiers work alternately, each handles 
half of the load current, and the load-current rat- 
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Rectifiers 


+ 
A.C. E TO 
LINE RMS FILTER 
(A) 


HALF - WAVE 


Fig. 12-1—Fundamental rectifier cir- 
cuits, A—Half-wave (Epry = 1.4 Erus 


A.C. 
with resistive load, = 2.8 Exus with LINE | 
capacitor-input filter). B—Full-wave. 


C—Full-wave bridge. Output voltage 
values do not include rectifier voltage (B) 
drops. 


FULL - WAVE 
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(C) BRIDGE 


ing of each rectifier need be only half the total 
joad current drawn from the supply. 

Two separate transformers, with their pri- 
maries connected in parallel and secondaries con- 
nected in series (with the proper polarity) may 
be used in this circuit. However, if this substitu- 
tion is made, the primary volt-ampere rating must 
be reduced to about 40 per cent less than twice 
the rating of one transformer. 


Full-Wave Bridge Rectifier 


Another full-wave rectifier circuit is shown in 
Fig. 12-1C. In this arrangement, two rectifiers 
operate in series on each half of the cycle, one 
rectifier being in the lead to the load, the other 
being in the return lead. The current flows 
through two rectifiers during one half of the 
cycle and through the other two rectifiers during 
the other half of the cycle. The output wave shape 
(C), to the right, is the same as that from the 
simple center-tap rectifier circuit. The maximum 
output voltage into a resistive load or a properly- 
designed choke-input filter is 0.9 times the r.m.s. 
voltage delivered by the transformer. secondary ; 
with a capacitor-input filter and a very light load 
the output voltage is 1.4 times the secondary r.m.s. 
voltage. The peak reverse voltage per rectifier is 
1.4 times the secondary r.m.s. voltage. Each recti- 
fier in a bridge circuit should have a minimum 
load-current rating of one-half the total load cur- 
rent to be drawn from the supply. 


Other Rectifier Circuits 


The basic rectifier circuits shown in Fig. 12-1 
are the ones generally encountered. Variations 
of these, and a family of “voltage-multiplying” 
circuits, will be treated later in this chapter. 


Semiconductor Rectifiers 


Selenium and silicon rectifiers are finding in- 
creasing application in power supplies for ama- 
teur equipment, and they will eventually supplant 
high-vacuum and mercury-vapor rectifiers. The 
semiconductors have the advantages of compact- 
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ness, low internal voltage drop, low operating 
temperature and high current-handling capability. 
Also, no filament transformers are required. 

In general, selenium rectifiers find their pri- 
mary application at relatively low voltages (130 
r.m.s. or less) and for load currents up to about 
one ampere. 

Silicon rectifiers are available in a wide range 
of voltage and current ratings. In peak inverse 
voltage (p.i.v.) ratings of 600 and less, silicon 
rectifiers carry current ratings as high as 400 am- 
peres, and at 1000 p.i.v. the current ratings may be 
750 ma. or so. The extreme compactness of silicon 
types makes feasible the stacking of several units 
in series for higher voltages. Standard stacks are 
available that will handle up to 10,000 p.iv. at a 
dic. load current of 500 ma., although they are 
comparatively expensive and the amateur can do 
much better by stacking the rectifiers himself. 
To equalize the p.iv. drops and to guard against | 
transient voltage spikes, it is good practice to 
shunt each rectifier with a half-megohm resistor 
and a 0.01-ué. capacitor, as shown in Fig. 12-2. 
Silicon rectifiers carry surge-current ratings, and 
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Fig. 12-2—When silicon rectifiers are connected in series 
for high-voltage operation, the reverse voltage drops 
can be equalized by using equalizing resistors of about 
one-half megohm. To protect against voltage “spikes” 
that may injure an individual rectifier, each rectifier 
should be bypassed by a 0.01-uf. capacitor. Connected 
as shown, two 400-p.i.v. silicon rectifiers can be used 
as an 800-p.i.v. rectifier, although it is preferable to 
include a safety factor and call it a “750-p.i.v.” recti-' 
fier. The rectifiers, CR: and CRs, should be the same 
type (same type number and ratings). 
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series limiting resistors are required if the trans- 
former winding resistance and reactance are too 
low to limit the current to a suitable value. 


High-Vacuum Rectifiers 


High-vacuum rectifiers depend entirely upon 
the thermionic emission from a heated filament 
and are characterized by a relatively high 
internal resistance. For this reason, their applica- 
tion usually is limited to low power, although 
there are a few types designed for medium and 
high power in cases where the relatively high 
internal voltage drop may be tolerated. This high 
internal resistance make them less susceptible to 
damage from temporary overload and they are 
free from the bothersome electrical noise some- 
times associated with other types of rectifiers. 

Some rectifiers of the high-vacuum full-wave 
type in the so-called receiver-tube class will han- 
dle up to 275 ma. at 400 to 500 volts d.c. output. 
Those in the higher-power class can be used to 
handle up to 500 ma. at 2000 volts dic. in full- 
wave circuits. Most low-power high-vacuum rec- 
‘tifiers are produced in the full-wave type, while 
those for greater power are invariably of the half- 
wave type, two tubes being required for a full- 
wave rectifier circuit. A few of the lower-voltage 
types have indirectly heated cathodes, but are 
limited in heater-to-cathode voltage rating. 


Mercury-Vapor Rectifiers 


The voltage drop through a mercury-vapor 
rectifier is practically constant regardless of the 
load current. It ranges from 10 to 15 volts, depend- 
ing upon the tube type. Rectifiers of this type, 
however, have a tendency toward a type of oscil- 
lation which produces noise in nearby receivers, 
sometimes difficult to eliminate. R-f. filtering in 
the primary circuit and at the rectifier plates as 
well as shielding may be required. As with high- 
vacuum rectifiers, full-wave types are available 
in the lower-power ratings only. For higher 
power, two tubes are required in a full-wave cir- 
cuit. 


Rectifier Ratings 


All rectifiers are subject to limitations as to 
breakdown voltage and current-handling capa- 
bility. Some tube types are rated in terms of the 
maximum r.m.s. voltage that should be applied to 
the rectifier plate. This is sometimes dependent 
on whether a choke- or capacitive-input filter is 
used. Others, particularly mercury-vapor and 
semiconductor types, are rated according to max- 
imum peak inverse voltage (p.i.v.)—the peak 
voltage between anode and cathode while the 
rectifier is not conducting. 

Rectifiers are rated also as to maximum d.c. 
load current, and some may carry peak-current 
ratings in addition. To assure normal life, all 
ratings should be carefully observed. 


Operation of Hot-Cathode Rectifiers 


In operating rectifiers requiring filament or 
cathode heating, as shown in Fig. 12-3, care should 
be taken to provide the correct filament voltage at 
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the tube terminals. Low filament voltage can 
cause excessive voltage drop in high-vacuum rec- 
tifiers and a considerable reduction in the inverse 
peak-voltage rating of a mercury-vapor_ tube. 
Filament connections to the rectifier socket should 
be firmly soldered, particularly in the case of the 
larger mercury-vapor tubes whose filaments op- 
erate at low voltage and high current. The socket 
should be selected with care, not only as to con- 
tact surface but also as to insulation, since the 
filament usually is at full output voltage to 
ground. Bakelite sockets will serve at voltages up 
to 500 or so, but ceramic sockets, well spaced 
from the chassis, always should be used at the 
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Fig. 12-3—The fundamental rectifier circuits of Fig. 12-1 
redrawn for use with hot-cathode rectifiers. In many 
applications the filament transformer would be sepa- 
rate from the high-voltage transformer, and in many 
applications the full-wave rectifier in a single envelope 
would be replaced by two half-wave rectifiers. Low- 
voltage bridge circuits sometimes use rectifiers with 
indirectly-heated cathodes that have high heater-to- 
cathode voltage ratings; this reduces the number of 
cathode-heating windings required for the power 
supply. . 


Filters 


higher voltages. Special filament transformers 
with high-voltage insulation between primary and 
secondary are required for rectifiers operating at 
potentials in excess of 1000 volts inverse peak. 
In a supply furnishing a -+ voltage with respect 
to ground, the insulation must at least be able to 
withstand any possible voltage, plus 1000 or 2000 
volts safety factor. Most rectifier filament trans- 
formers intended for high-voltage service carry 
5000- or 10,000-volt insulation ratings. 

The rectifier tubes should be placed in the 
equipment with adequate space surrounding them 
to provide for ventilation. When mercury-vapor 
tubes are first placed in service, and each time 
after the mercury has been disturbed, as by re- 
moval from the socket to a horizontal position, 
they should be run with filament voltage only for 
30 minutes before applying high voltage. After 
that, a delay of 30 seconds is recommended each 
time the filament is turned on. 

Hot-cathode rectifiers may be connected in 
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Fig. 12-4—Connecting 
mercury-vapor rectifiers in 
parallel for heavier cur- 
rents, Ri and Re should 
have the same value, be- 
tween 50 and 100 ohms, 
and corresponding _fila- 
ment terminals should be 
connected together. 


parallel for current higher than the rated current 
of a single unit. This includes the use of the sec- 
tions of a double diode for this purpose. With 
mercury-vapor types, equalizing resistors of 50 
to 100 ohms should be connected in series with 
each plate, as shown in Fig. 12-4, to maintain an 
equal division of current between the two recti- 
fiers. If one tube tends to “hog” the current, the 
increased voltage drop across its resistor will de- 
crease the voltage applied to the tube. 


FILTERS 


The pulsating d.c. waves from the rectifiers 
shown in Fig. 12-1 are not sufficiently constant in 
amplitude to prevent hum corresponding to the 
pulsations. Filters consisting of capacitances and 
inductances are required between the rectifier and 
the load to smooth out the pulsations to an es- 
sentially constant d.c. voltage. Also, upon the de- 
sign of the filter depends to a large extent the 
d.c. voltage output, the voltage regulation of the 
power supply and the maximum load current that 
can be drawn from the supply without exceeding 
the peak-current rating of the rectifier. 


Load Resistance 


In discussing the performance of power-supply 
filters, it is sometimes convenient to express the 
load connected to the output terminals of the 
supply in terms of resistance. The load resistance 
is equal to the output voltage divided by the 
total current drawn, including the current drawn 
by the bleeder resistor. 


Type of Filter 


Power-supply filters fall into two classifica- 
tions, capacitor input and choke input. Capacitor- 
input filters are characterized by relatively high 
output voltage in respect to the transformer volt- 
age. Advantage of this can be taken when silicon 
rectifiers are used or with any rectifier when the 
load resistance is high. Silicon rectifiers have a 
higher allowable peak-to-d.c. ratio than do therm- 
ionic rectifiers. This permits the use of capacitor- 
input filters at ratios of input capacitor to load 
resistance that would seriously shorten the life 
of a thermionic rectifier system. When the series 
resistance through a rectifier and filter system is 
appreciable, as when high-vacuum rectifiers are 
used, the voltage regulation (see subsequent sec- 
tion) of a capacitor-input power supply is poor. 

The output voltage of a properly-designed 
choke-input power supply is less than would be 


obtained with a capacitor-input filter from the 
same transformer. 


Voltage Regulation 


The output voltage of a power supply always 
decreases as more current is drawn, not only be- 
cause of increased voltage drops on the trans- 
former, filter chokes and the rectifier (if high- 
vacuum rectifiers are used) but also because the 
output voltage at light loads tends to soar to the 
peak value of the transformer voltage as a result 
of charging the first capacitor. By proper filter 
design the latter effect can be eliminated. The 
change in output voltage with load is called volt- 
age regulation and is expressed as a percentage. 


100 (E, — Eg) 
E, 


Example: No-load voltage = FE: = 1550 volts, 
Full-load voltage = Ez: = 1230 volts. 
100 (1550 —1230) 


1230 


Per cent regulation = 


Percentage regulation = 


32,000 
= 1230 

A steady load, such as that represented by a 
receiver, speech amplifier or unkeyed stages of a 
transmitter, does not require good (low) reg- 
ulation so long as the proper voltage is obtained 
under load conditions. However, the filter capaci- 
tors must have a voltage rating safe for the high- 
est value to which the voltage will soar when 
the external load is removed. 

A power supply will show more (higher) regu- 
lation with long-term changes in load resistance 
than with short temporary changes. The regula- 
tion with long-term changes is often called the 
static regulation, to distinguish it from the 
dynamic regulation (short temporary load 
changes). A load that varies at a syllabic or keyed 
rate, as represented by some audio and r.f. am- 
plifiers, usually requires good dynamic regulation 
(15 per cent or less) if distortion products are 


=26 per cent, 
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Fig. 12-5.—Capacitive-input filter circuits. A—Simple ca- 
pacitive. B—Single-section. C—Double-section. 


to be held to a low level. The dynamic regulation 
of a power supply is improved by increasing the 
value of the output capacitor. 

When essentially constant voltage, regardless 
of current variation is required (for stabilizing 
an oscillator, for example), special voltage-regu- 
lating circuits described elsewhere in this chapter 
are used, 


Bleeder 


A bleeder resistor is a resistance connected 
across the output terminals of the power supply. 
Its functions are to discharge the filter capacitors 
as a safety measure when the power is turned off 
and to improve voltage regulation by providing 
a minimum load resistance. When voltage regula- 
tion is not of importance, the resistance may be 
as high as 100 ohms per volt. The resistance value 
to be used for voltage-regulating purposes is dis- 
cussed in later sections. From the consideration 
of safety, the power rating of the resistor should 
be as conservative as possible, since a burned-out 
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bleeder resistor is more dangerous than none at 
all ! 
Ripple Frequency and Voltage 


The pulsations in the output of the rectifier 
can be considered to be the resultant of an alter- 
nating current superimposed upon a steady direct 
current. From this viewpoint, the filter may be 
considered to consist of shunting capacitors 
which short-circuit the a.c. component while not 
interfering with the flow of the d.c. component, 
and series chokes which pass d.c. readily but 
which impede the flow of the a.c. component. 

The alternating component is called the ripple. 
The effectiveness of the filter can be expressed in 
terms of per cent ripple, which is the ratio of the 
r.m.s. value of the ripple to the d.c. value in terms 
of percentage. Any multiplier or amplifier supply 
in a code transmitter should have less than 5 per 
cent ripple. A linear amplifier can tolerate about 
3 per cent ripple on the plate voltage. Bias sup- 
plies for linears, and modulator and modulated- 
amplifier plate supplies, should have less than 1 
per cent ripple. V.f.0.s, speech amplifiers and re- 
ceivers may require a ripple reduction to 0.01 per 
cent. 

Ripple frequency is the frequency of the pulsa- 
tions in the rectifier output wave—the number of 
pulsations per second, The frequency of the rip- 
ple with half-wave rectifiers is the same as the 
frequency of the line supply—60 cycles with 60- 
cycle supply. Since the output pulses are doubled 
with a full-wave rectifier, the ripple frequency is 
doubled—to 120 cycles with 60-cycle supply. 

The amount of filtering (values of inductance 
and capacitance) required to give adequate 
smoothing depends upon the ripple frequency, 
more filtering being required as the ripple fre- 
quency is lowered. 


Transformer Winding Resistance 


The effective transformer secondary resistance 
is given by 
Ry = Ree + N?R pri 


where N is the transformer turns ratio, secondary 
to primary (voltage ratio at. no load), and 
Rpt and Rsee are the primary and secondary 
resistances respectively. In the case of a full- 
wave rectifier circuit, N is the ratio of one-half 
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Fig. 12-6—D.c. output voltages 


from a full-wave rectifier cir- 
cuit as a function of the filter 
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Fig. 12-7—Graph showing the relationship between the 
d.c. load current and the rectifier peak plate current 
with capacitive input for various values of load and 
input resistance. 


50,000 


secondary to primary and R,,, is the resistance 
of half of the secondary winding. 


CAPACITIVE-INPUT FILTERS 


Capacitive-input filter systems are shown in 
Fig. 12-5. Disregarding voltage drops in the 
chokes, all have the same characteristics except 
in respect to ripple. Better ripple reduction will 
be obtained when LC sections are added, as 
shown in Figs. 12-5B and C. 


Output Voltage 


To determine the approximate d.c. voltage out- 
put when a capacitive-input filter is used, refer- 
ence should be made to the graph of Fig. 12-6. 


Example: 


Transformer r.m.s. voltage—-350 
Peak a.c. voltage = 1.4 K 350 = 495 
Load resistance—-2000 ohms 
Series resistance—200 ohms 
200 + 2000 = 0.1 
Input capacitor C = 20 pf. 
R (thousands) X C = 2 X 20=,40 
From curve 0.1 and RC = 40, d.c. voltage 
= 495 X 0.75 = 370 : 


Regulation 


If a bleeder resistance of 20,000 ohms is used 
in the example above, when the load is removed 
and R becomes 20,000, the d.c. voltage will rise 
to 470. For minimum regulation with a capacitor- 
input filter, the bleed resistance should be as high 
as possible, or the series resistance should be low 
and the filter capacitance high, without exceed- 
ing the transformer or rectifier ratings. 
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Maximum Rectifier Current 


The maximum current that can be drawn from 
a supply with a capacitive-input filter without 
exceeding the peak-current rating of the rectifier 
may be estimated from the graph of Fig. 12-7.. | 
Using values from the preceding example, the 
ratio of peak rectifier current to d.c. load current 
for 2000 ohms, as shown in Fig. 12-7, is 3. There- 
fore, the maximum load current that can be 
drawn without exceeding the rectifier rating is 44 
the peak rating of the rectifier. For a load cur- 
rent of 185 ma., as above, the rectifier peak cur- 
rent rating should be at least 3 « 185 = 555 ma. 

With bleeder current only, Fig. 12-7 shows that 
the ratio will increase to 71%. But since the bleeder 
draws 23.5 ma. d.c., the rectifier peak current will 
be only 176 ma. 


Ripple Filtering 


The approximate ripple percentage after the 
simple capacitive filter of Fig. 12-5A may be deter- 
mined from Fig, 12-8. With a load resistance of 
2000 ohms, for instance, the ripple will be ap- 
proximately 10% with an 8-yf. capacitor or 
20% with a 4-ut. capacitor. For other capaci- 
tances, the ripple will be in inverse proportion to 
the capacitance, e.g., 5% with 16 pf., 40% with 
2 uf., and so forth. 

The ripple can be reduced further by the addi- 
tion of LC sections as shown in Figs. 12-5B and C. 
Fig. 12-9 shows the factor by which the ripple 
from any preceding section is reduced depending 
on the product of the capacitance and inductance 
added. For instance, if a section composed of a 
choke of 5 h. and a capacitor of 4 uf. were to be 
added to the simple capacitor of Fig. 12-5A, the 
product is 4 x 5= 20. Fig. 12-9 shows that the 
original ripple (10% as above with 8 af. for ex- 
ample) will be reduced by a factor of about 0.09. 
Therefore the ripple percentage after the new 
section will be approximately 0.09 x 10 = 0.9%. 
If another section is added to the filter, its reduc- ' 
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Fig. 12-8—Showing approximate 120-cycle percentage 
ripple across filter input capacitor for various loads. 


TPPL! 


c 


INPUT T OUTPUT 


0.2 


QUTPUT RIPPLE 


TNPU 


2 


0.05 


0,02 —+——~ 
-CYCLE RIPPLE 


0.01 


RIPPLE -REDUCTION FACTOR = 


° 
r= 
° 
a 


20 50 100 200 500 


o 
s 


L¢h).x C (wh) 


Fig. 12-9—Ripple-reduction factor for various values of 
L and C in filter section. Output ripple = input rip- 
ple X ripple factor. 


tion factor from Fig. 12-9 will be applied to the 
0.9% from the preceding section; 0.9 x 0.09 = 
0.081% (if the second section has the same LC 
product as the first). 


CHOKE-INPUT FILTERS 


With thermionic rectifiers better voltage regu- 
lations results when a choke-input filter, as shown 
in Fig. 12-10, is used. Choke input permits better 
utilization of the thermionic rectifier, since a 
higher load current usually can be drawn without 
exceeding the peak current rating of the rectifier. 


Minimum Choke Inductance 

A choke-input filter will tend to act as a capaci- 
tive-input filter unless the input choke has at 
least a certain minimum value of inductance 
called the critical value. This critical value is 
given by 
E (volts) 

I (ma.) 


where E is the output voltage of the supply, and 
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Fig. 12-10—Choke-input filter circuits, A—Single-section, 
B—Double-section. 


POWER SUPPLIES 


I is the current being drawn through the filter. 

If the choke has at least the critical value, the 
output voltage will be limited to the average 
value of the rectified wave at the input to the 
choke (see Fig. 12-1) when the current drawn 
from the supply is small. This is in contrast to the 
capacitive-input filter in which the output volt- 
age tends to soar toward the peak value of the 
rectified wave at light loads. Also, if the input 
choke has at least the critical value, the rectifier 
peak current will be limited to about twice 
the d.c. current drawn from the supply. Most 
thermionic rectifiers have peak-current ratings of 
three to four times their maximum d.c. output- 
current ratings. Therefore, with an input choke 
of at least critical inductance, current up to the 
maximum output-current rating of the therm- 
ionic rectifier may be drawn from the supply 
without exceeding the peak-current rating of the 
rectifier. 


Minimum-Load—Bleeder Resistance 


From the formula above for critical inductance, 
it is obvious that if no current is drawn from the 
supply, the critical inductance will be infinite. So 
that a practical value of inductance may be used, 
some current must be drawn from the supply at 
all times the supply is in use. From the formula 
we find that this minimum value of current is 


E (volts) 


Levit 

Thus, if the choke has an inductance of 20 h., 
and the output voltage is 2000, the minimum load 
current should be 100 ma. This load may be pro- 
vided, for example, by transmitter stages that 
draw current continuously (stages that are not 
keyed). However, in the majority of cases it will 
be most convenient to adjust the bleeder resist- 
ance so that the bleeder will draw the required 
minimum current. In the above example, the 
bleeder resistance should be 2000/0.1 = 20,000 
ohms. 

From the formula for critical inductance, it is 
seen that when more current is drawn from the 
supply, the critical inductance becomes less. 
Thus, as an example, when the total current, in- 
cluding the 100 ma. drawn by the bleeder, rises to 
400 ma., the choke need have an inductance of 
only 5 h. to maintain the critical value. This is 
fortunate, because chokes having the required in- 
ductance for the bleeder load only and that will 
maintain this value of inductance for much larger 
currents are very expensive. 


I (ma.) = 


Swinging Chokes 


Less costly chokes are available that will main- 
tain at least critical value of inductance over the 
range of current likely to be drawn from practi- 
cal supplies. These chokes are called swinging 
chokes. As an example, a swinging choke may 
have an inductance rating of 5/25 h. and a cur- 
rent rating of 200 ma. If the supply delivers 1000 
volts, the minimum load current should be 
1000/25 = 40 ma. When the full load current of 
200 ma. is drawn from the supply, the inductance 
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Fig. 12-11—Diagram showing various 

voltage drops that must be taken into 

consideration in determining the re- 

quired transformer voltage to deliver 
the desired output voltage. 


will drop to 5 h. The critical inductance for 200 
ma. at 1000 volts is 1000/200 = 5 h. Therefore 
the 5/25-h. choke maintains the critical induct- 
ance at the full current rating of 200 ma. At all 
load currents between 40 ma. and 200 ma., the 
choke will adjust its inductance to the approxi- 
mate critical value. 

Table 12-I shows the maximum supply output 
voltage that can be used with commonly-avail- 
able swinging chokes to maintain critical induct- 
ance at the maximum current rating of the 
choke. These chokes will also maintain critical 
inductance for any lower values of voltage, or 
current down to the required minimum drawn by 
a proper bleeder as discussed above. 

In the case of supplies for higher voltages in 
particular, the limitation on maximum load re- 


TABLE 12-1! 


Max. 
volts 


3.5/13.5 525 
2/12 400 12K 
5/25 1000 25K 
2/12 500 12K 
1200 20K 
1500 25K 
1600 20K 
2500 25K 


4/20 
5/25 
4/20 
5/25 


1 Maximum bleeder resistance for critical in- 
ductance. 

2Minimum current (bleeder) for critical in- 
ductance. 


sistance may result in the wasting of an appreci- 
able portion of the transformer power capacity in 
the bleeder resistance. Two input chokes in series 
will permit the use of a bleeder of twice the 
resistance, cutting the wasted current in half. 
Another alternative that can be used in ac.w. 
transmitter is to use a very high-resistance 
bleeder for protective purposes and only suf- 
ficient fixed bias on the tubes operating from the 
supply to bring the total current drawn from the 
supply, when the key is open, to the value of 
current that the required bleeder resistance 
should draw from the supply. Operating bias iv 
brought back up to normal by increasing the 
grid-leak resistance. Thus the entire current ca- 
pacity of the supply (with the exception of the 
small drain of the protective: bleeder) can be 
used in operating the transmitter stages. With 
this system, it is advisable to operate the tubes 
at phone, rather than c.w., ratings, since the av- 
erage dissipation is increased. 


Output Voltage 


Provided the input-choke inductance is at least 
the critical value, the output voltage may be cal- 
culated quite closely by the following equation: 


E, =09E, — (Ig +p) (Ri + Rg) — 


where E, is the output voltage; E, is the r.m.s. 
voltage applied to the rectifier (r.m.s. voltage 
between center-tap and one end of the second- 
ary in the case of the center-tap rectifier); I, 
and J,, are the bleeder and load currents, respec- 
vel in amperes; R, and Ry are the resistances 
of the first and second filter chokes; and E, is the 
voltage drop across the rectifier. The various 
voltage drops are shown in Fig. 12-11. At no 
load I,,-is zero, hence the no-load voltage may 
be calculated on the basis of bleeder current only. 
The voltage regulation may be determined from 
the no-load and full-load voltages using the 
formula previously given. 


Ripple with Choke Input 


The percentage ripple output from a single- 
section filter may be determined to a close ap- 
proximation from Fig. 12-12. 

Example: Lb = 5h, C = 4 yf., LC = 20. 

From Fig. 12-12, percentage ripple = 7 per cent. 


Example: L == 5 h. What capacitance is 
needed to reduce the ripple to 1 per cent? Fol- 
lowing the 1-per-cent line to its intersection 
with the diagonal, thence down to the LC scale, 
read LC = 120, 120/5 = 24uf. 
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Fig. 12-12—Graph showing combinations of inductance 
and capacitance that may be used to reduce 120-cycle 
ripple with a single-section choke-input filter. 
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In selecting values for the first filter section, the 
inductance of the choke should be determined by 
the considerations discussed previously. Then the 
capacitor should be selected that when combined 
with the choke inductance (minimum inductance 
in the case of a swinging choke) will bring the 
ripple down to the desired value. If it is found 
impossible to bring the ripple down to the de- 
sired figure with practical values in a single sec- 
tion, a second section can be added, as shown 
in Fig. 12-10B and the reduction factor from Fig. 
12-9 applied as discussed under capacitive-input 
filters. The second choke should not be of the 
swinging type, but one having a more or less 
constant inductance with changes in current 
(smoothing choke). 


OUTPUT CAPACITOR 


If the supply is intended for use with a Class-A 
a.f. amplifier, the reactance of the output capacitor 
should be low for the lowest audio frequency ; 
16 uf. or more is usually adequate, When the 

- supply is used with a Class-B amplifier (for mod- 
ulation or for s.s.b. amplification) or a c.w. trans- 
mitter, increasing the output capacitance will re- 
sult in improved dynamic regulation of the supply. 
However, a region of diminishing returns can be 
reached, and 20 to 30 uf. will usually suffice for 
any supply subjected to large changes at a syllabic 
(or keying) rate. 


RESONANCE 

Resonance effects in the series circuit across 
the output of the rectifier which is formed by 
the first choke and first filter capacitor must be 
avodied, since the ripple voltage would build up 
to large values. This not only is the opposite ac- 
tion to that for which the filter is intended, but 
also may cause excessive rectifier peak currents 
and abnormally high inverse peak voltages. For 
full-wave rectification the ripple frequency will 
be 120 cycles for a 60-cycle supply, and resonance 
will occur when the product of choke inductance 
in henrys time capacitor capacitance in micro- 
farads is equal to 1.77. The corresponding figure 
for 50-cycle supply (100-cycle ripple frequency) 
is 2.53, and for 25-cycle supply (50-cycle ripple 
frequency) 13.5. At least twice these products of 
inductance and capacitance should be used to en- 
sure against resonance effects. With a swinging 
choke, the minimum rated inductance of the choke 
should be used. 


RATINGS OF FILTER COMPONENTS 


In a power supply using a choke-input filter 
and properly-designed choke and bleeder resistor, 
the no-load voltage across the filter capacitors 
will be about nine-tenths of the a.c. r.m.s. volt- 
age. Nevertheless, it is advisable to use capaci- 
tors rated for the peak transformer voltage. This 
large safety factor is suggested because the volt- 
age across the capacitors can reach this peak 
yalue if the bleeder should burn out and there is 
no load on the supply. 

In a capacitive-input filter, the capacitors 
should have a working-voltage rating at least 
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as high, and preferably somewhat higher, than 
the peak-voltage rating of the transformer. 
Thus, in the case of a center-tap rectifier having 
a transformer delivering 550 volts each side of 
the center-tap, the minimum safe capacitor 
voltage rating will be 550 x 1.41 or 775 volts. 
An 800-volt capacitor should be used, or pref- 
erably a 1000-volt unit. 


Filter Capacitors in Series 


Filter capacitors are made in several different 
types. Electrolytic capacitors, which are avail- 
able for peak voltages up to about 800, combine 
high capacitance with small size, since the dielec- 
tric is an extremely thin film of oxide on alumi- 
num foil. Capacitors of this type may be con- 
nected in series for higher voltages, although the 
filtering capacitance will be reduced to the re- 
sultant of the two capacitances in series. If this 
arrangement is used, it is important that each of 
the capacitors be shunted with a resistor of about 
50 ohms per volt of supply voltage, with a power 
rating adequate for the total resistor current at 
that voltage. These resistors may serve as all or 
part of the bleeder resistance (see choke-input 
filters). Capacitors with higher-voltage ratings 
usually are made with a dielectric of thin paper 
impregnated with oil. The working voltage of a 
capacitor is the voltage that it will withstand 
continuously. 


Filter Chokes 


The input choke may be of the swinging type, 
the required minimum no-load and full-load in- 
ductance values being calculated as described 
above. For the second choke (smoothing 
choke) values of 4 to 20 henrys ordinarily are 
used. When filter chokes are placed in the posi- 
tive leads, the negative being grounded, the wind- 
ings should be insulated from the core to with- 
stand the full dic. output voltage of the supply 
and be capable of handling the required load cur- 
rent. 

Filter chokes or inductances are wound on 
iron cores, with a small gap in the core to pre- 
vent magnetic saturation of the iron at high cur- 
rents. When the iron becomes saturated its per- 
meability decreases, consequently the inductance 
also decreases. Despite the air gap, the induct- 
ance of a choke usualy varies to some extent 
with the direct current flowing in the. winding ; 
hence it is necessary to specify the inductance at 
the current which the choke is intended to carry. 
Its inductance with little or no direct current 
flowing in the winding will usually be consider- 
ably higher than the value when full load current 
is flowing. 


NEGATIVE-LEAD FILTERING 


For many years it has been almost universal 
practice to place filter chokes in the positive leads 
of plate power supplies. This means that the 
insulation between the choke winding and its core 
(which should be grounded to chassis as a safety 
measure) must be adequate to withstand the out- 
put voltage of the supply. This voltage require- 


Transformers 


Fig. 12-13-—-In most applications, the filter chokes may 

be placed in the negative instead of the positive side of 

the circuit. This reduces the danger of a voltage break- 
down between the choke winding and core. 


ment is removed if the chokes are placed in the 
negative lead as shown in Fig. 12-13. With this 
connection, the capacitance of the transformer 


313 


secondary to ground appears in parallel with the 
filter chokes tending to bypass the chokes. How- 
ever, this effect will be negligible in practical 
application except in cases where the output rip- 
ple must be reduced to a very low figure. Such 
applications are usually limited to low-voltage 
devices such as receivers, speech amplifiers and 
v.f.o.s where insulation is no problem and the 
chokes may be placed in the positive side in the 
conventional manner. In higher-voltage applica- 
tions, there is no reason why the filter chokes 
should not be placed in the negative lead to reduce 
insulation requirements. Choke terminals, nega- 
tive capacitor terminals and the transformer 
center-tap terminal should be well protected 
against accidental contact, since these will assume 
full supply voltage to chassis should a choke burn 
out or the chassis connection fail. 


PLATE AND FILAMENT TRANSFORMERS 


Output Voltage 


The output voltage which the plate trans- 
former must deliver depends upon the required 
d.c. load voltage and the type of filter circuit. 

With a choke-input filter, the required r.m.s. 
secondary voltage (each side of center-tap for a 
center-tap rectifier) can be calculated by the 
equation: 


A= taf B+ 1(R, +R+R)] 


where F, is the required dic. output voltage, I 
is the load current (including bleeder current) 
in amperes, R, and Ry are the d.c. resistances of 
the chokes, and R, is the series resistance (trans- 
former and rectifier) rectifier. E, is the open- 
circuit r.m.s. voltage. 

The approximate transformer output voltage 
required to give a desired d.c. output voltage with 
a given load with a capacitive-input filter system 
can be calculated with Fig, 12-11. 


Example: 
Required d.c. output volts — 500 
Load current to be drawn — 100 ma, (0.1 
amp) 


Load resistance = re ee 5000 ohms. 


500 

A 

Input capacitor — 10 pf. 

If the series resistance ig 200 ohms, Fig. 
12-6 shows that the ratio of d.c. volts to the 
required transformer peak voltage is 0.85. 
The ratio to the r.m.s, voltage is 0.85 X 1.414 
= 1.2, 

The required transformer terminal voltage 
under load with chokes of 200 and 300 ohms is 


E, + 1(R +Re+ R) 
1.2 
500 + 0.1 (200 + 300 + 200 ) 
12 


R= 


570 
bale oy aa 473 volts, 


Volt-Ampere Rating 


The volt-ampere rating of the transformer 
depends upon the type of filter (capacitive or 
choke input). With a capacitive-input filter the 
heating effect in the secondary is higher because 
of the high ratio of peak to average current, con- 
sequently the volt-amperes handled by the trans- 
former may be several times the watts delivered 
to the load. With a choke-input filter, provided 
the input choke has at least the critical induct- 
ance, the secondary volt-amperes can be calcu- 
lated quite closely by the equation: 

Sec. V.A, = 0.00075EI 


where & is the total r.m.s. voltage of the sec- 
ondary (between the outside ends in the case of a 
center-tapped winding) and J is the d.c. output 
current in milliamperes (load current plus bleeder 
current). The primary volt-amperes will be 10 
to 20 per cent higher because of transformer | 
losses. 


Broadcast & Television Replacement Trans- 
formers in Amateur Transmitter Service 


Small power transformers of the type sold for 
replacement in broadcast and television receivers 
are usually designed for service in terms of use 
for several hours continuously with capacitor- 
input filters. In the usual type of amateur trans- 
mitter service, where most of the power is drawn 
intermittently for periods of several minutes with 
equivalent intervals in between, the published 
ratings can be exceeded without excessive trans- 
former heating. 

With capacitor input, it should be safe to draw 
20 to 30 per cent more current than the rated 
value. With a choke-input filter, an increase in 
current of about 50 per cent is permissible. If a 
bridge rectifier is used, the output voltage will 
be approximately doubled. In this case, it should 
be possible in amateur transmitter service to 
draw the rated’ current, thus obtaining about 
twice the rated output power from the trans- 
former. 
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This does not apply, of course, to amateur 
transmitter plate transformers which are usually 
already rated for intermittent service. 


Filament Supply 


Except for tubes designed for battery opera- 
tion, the filaments or heaters of vacuum tubes 
used in both transmitters and receivers are uni- 
versally operated on alternating current obtained 
from the power line through a step-down trans- 
former delivering a secondary voltage equal to 
the rated voltage of the tubes used. The trans- 
former should be designed to carry the current 
taken by the number of tubes which may be con- 
nected in parallel across it, The filament or heater 
transformer generally is center-tapped, to provide 
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a balanced circuit for minimizing hum. In high- 
level circuits where hum is not a problem, one 
side of the heater circuit is usually grounded. 
In filament circuits, or in low-level circuits 
using heater-type tubes, the center tap of the 
transformer is grounded. 

For medium- and high-power rf. stages of 
transmitters, and for high-power audio stages, 
it is desirable to use a separate filament trans- 
former for each section of the transmitter, in- 
stalled near the tube sockets. This avoids the 
necessity for abnormally large wires to carry 
the total filament current for all stages without 
appreciable voltage drop. Maintenance of rated 
filament voltage is highly important, especially 
with thoriated-filament tubes, since under- or 
over-voltage may reduce filament life. 


TYPICAL POWER SUPPLIES 


Fig. 12-14 shows typical power-supply circuits 
-using thermionic and semiconductor rectifiers. 
Many transformers listed in the catalogs as 
broadcast or television replacement transformers 
have a 5-volt rectifier filament winding. When 
semiconductor rectifiers. are used, the 5-volt 
winding can be ignored or it can be used in a 
voltage-multiplying circuit to furnish a negative 
bias supply. 


qT 


15V. AC. 


HSVAC 


For a given transformer and semiconductor 
rectifiers, the voltage at point “A” can be found 
from Fig. 12-6. With thermionic rectifiers, it 
is necessary to refer to a graph for the particu- 
lar rectifier tube; these charts can be found in 
the tube manuals sold by RCA and others, The 
voltages at points “B” and “‘C” can then be calcu- 
lated using Ohm’s Law, knowing the resistances 
of the filter chokes and the load current. 


Fig. 12-14—Typical a.c. power-supply circuits for re- 
ceivers and low-powered transmitters. The 5-volt wind- 
ing of the thermionic-rectifier supply should have a 
current rating of at least 2 amperes for types 5Y3 and 
5V4, and 3 amperes for a 5U4. 


VOLTAGE CHANGING 


Series Voltage-Dropping Resistor 


Certain plates and screens of the various 
tubes in a transmitter or receiver often require 


a variety of operating voltages differing from 
the output voltage of an available power supply. 
In most cases, it is not economically feasible to 


Voltage Changing 
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Fig. 12-15—A—A series voltage-dropping resistor. 
B—Simple voltage divider. 
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provide a separate power supply for each of the 
required voltages. If the current drawn by an 
electrode, or combination of electrodes operating 
at the same voltage, is reasonably constant under 
normal operating conditions, the required voltage 
may be obtained from a supply of higher voltage 
by means of a voltage-dropping resistor in series, 
as shown in Fig. 12-15A. The value of the series, 
resistor, R,, may be obtained from Ohm’s Law, 


R= Fa where E, is the voltage drop required 


from the supply voltage to the desired voltage 
and J is the total rated current of the load. 


Example: The plate of the tube in one stage 
and the screens of the tubes in two other stages 
require an operating voltage of 250. The near- 
est available supply voltage is 400 and the 
total of the rated plate and screen currents 
is 75 ma. The required resistance is 


400—250 150 
R= 0.075 "0.075 = 2000 ohms. 


The power rating of the resistor is obtained 
from P (watts) = J?R = (0.075)2 (2000) = 
11.2 watts. A 20-watt resistor is the nearest 
safe rating to be used. 


Voltage Dividers 


The regulation of the voltage obtained in this 
manner ovviously is poor, since any change in 
current through the resistor will cause a di- 
rectly proportional change in the voltage drop 
across the resistor. The regulation can be im- 
proved somewhat by connecting a second resistor 
from the low-voltage end of the first to the nega- 
tive power-supply terminal, as shown in Fig. 12- 
15B. Such an arrangement constitutes a voltage 
divider. The second resistor, Ry, acts as a con- 
stant load for the first, R,, so that any variation 
in current from the tap becomes a smaller per- 
centage of the total current through R,. The heav- 
ier the current drawn by the resistors when they 
alone are connected across the supply, the better 
will be the voltage regulation at the tap. 

‘Such a voltage divider may have more than a 
single tap for the purpose of obtaining more than 
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one value of voltage. A typical arrangement is 


shown in Fig. 12-15C. The terminal voltage is E, 
and two taps are provided to give lower voltages, 
E, and E,, at currents I, and I, respectively. The 
ainaller the resistance bersresa taps in proportion 
to the total resistance, the lower the voltage 
between the taps. For convenience, the voltage 
divider in the figure is considered to be made up 
of separate resistances Ry, Ry, Rg, between taps. 
Rs! carries only the bleeder current, I,; Ry carries 
I, in addition to I; R, carries I,, I, and Iz. To 
calculate the resistances required, a lender cur- 
rent, Iz, must be assumed; generally it is low 
compared with the total load current (10 per 
cent or so). Then the required values can be 
calculated as shown in the caption of Fig. 12-15C, 
I being in decimal parts of an ampere. 

The method may be extended to any desired 
number of taps, each resistance section being 
calculated by Ohm’s Law using the needed volt- 
age drop across it and the total current through . 
it. The power dissipated by each section may be 
calculated by multiplying J and E or J? and R. 


The “Economy” Power Supply 


In many transmitters of the 100-watt class, an 
excellent method for obtaining plate and screen 


Fig. 12-16—The 


“economy” power supply circuit is a 
combination of the full-wave and bridge-rectifier circuits. 


voltages without wasting power in resistors is by 
the use of the “economy” power-supply circuit. 
Shown in Fig. 12-16, it is a combination of the 
full-wave and bridge-rectifier circuits. The vol- 
tage at E, is the normal voltage obtained with 
the full-wave circuit, and the voltage at E, is 
that obtained with the bridge circuit (see Fig. 
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Fig. 12-18—Full-wave voltage- 
doubling: circuit. Values of acc. 
limiting resistors, Ri, depend 
upon allowable surge currents 


of rectifiers. 
(A) 


12-1). The total d.c. power obtained from the 
transformer is, of course, the same as when the 
transformer is used in its normal manner. In 
c.w. and s.s.b. applications, additional power can 
usually be drawn without excessive heating, 


R 
4 


Fig. 12-17—If the current demand is low, a simple half- 
wave rectifier will deliver a voltage increase. Typical 
values, for Erms == 117 and a load current of 1 ma.: 
Ci—50-pf., 250-v. electrolytic. 

Eoutput—160 volts. 

Ri—22 ohms. 


‘especially if the transformer has a rectifier fila- 
ment winding that isn’t being used, 


VOLTAGE-MULTIPLYING CIRCUITS 


Although vacuum-tube rectifiers can be used in 
voltage-multiplying circuits, semiconductor rec- 
tifiers are usually more convenient. Selenium can 
be used in the low-voltage ranges; silicon recti- 
fiers singly or in series are used at the higher 
voltages. 

A simple half-wave rectifier circuit is shown 
in Fig. 12-16. Strictly speaking this is not a 
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Epeax * 2.8ERms 


Epry * 2.8 Erus 


voltage-multiplying circuit. However, if the cur- 
rent demand is low (a milliampere or less), the 
d.c. output voltage will be close to the peak volt- 
age of the source, or 1.4E,,,,. A typical applica- 
tion of the circuit would be to obtain a low bias 
voltage from a heater winding; the + side of the 
output can be grounded by reversing the polarity 
of the rectifier and capacitor. As with all half- 
wave rectifiers, the output voltage drops quickly 
with increased current demand. 

The resistor R, in Fig. 12-16 is included to 
limit the current through the rectifier, in accord- 
ance with the manufacturer’s rating for the diode. 
If the resistance of the transformer winding is 
sufficient, R, can be omitted. 

Several types of voltage-doubling circuits are 
in common use. Where it is not necessary that 
one side of the transformer secondary be at 
ground potential, the voltage-doubling circuit of 
Fig. 12-18 is used. This circuit has several ad- 
vantages over the voltage-doubling circuit to be 
described later. For a given output voltage, com- 
pared to the full-wave rectifier circuit (Fig. 12- 
1B), this full-wave doubler circuit requires only 
half the p.i.v. rating. Again for a given output 
voltage, compared to a full-wave bridge circuit 
(Fig. 12-1C) only half as many rectifiers (of the 
same p.i.v. rating) are required. 

Resistors R, in Fig. 12-18 are used to limit the 
surge currents through the rectifiers. Their values 
are based on the transformer voltage and the 
rectifier surge-current rating, since at the instant 
the power supply is turned on the filter capacitors 
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Voltage Stabilization 
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(A) 


(C) 
look like a short-circuited load. Provided the 
limiting resistors can withstand the surge cur- 
rent, their current-handling capacity is based on 
the maximum load current from the supply. 

Output voltages approaching twice the peak 
voltage of the transformer can be obtained with 
the voltage-doubling circuit of Fig. 12-18. Fig. 
12-19 shows how the voltage depends upon the 
ratio of the series resistance to the load resistance, 
and the product of the load resistance times the 
filter capacitance. 

When one side of the transformer secondary 
must be at ground potential, as when the a.c. is 
derived from a heater winding, the voltage- 
multiplying circuits of Fig. 12-20 can be used. In 
the voltage-doubling circuit at A, C, charges 
through the left-hand rectifier during one half 
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Fig. 12-20—Voltage-multiplying circuits with one side of 

transformer secondary grounded. (A) Voltage doubler 

(B) Voltage tripler (C) Voltage quadrupler. 
Capacitances are typically 20 to 50 uf., depending 

upon output current demand. D.c. ratings of capacitors 

are related to Epeax (1.4 Eac): 

Ci—Greater than Fpeax 

C.—Greater than 2Epeax 

C3-——Greater than 3Epeak 

C.--Greater than 4Epoax 


of the a.c. cycle; the other rectifier is nonconduc- 
tive during this time. During the other half of the 
cycle the right-hand rectifier conducts and Cy be- 
comes charged; they see as the source the trans- 
former plus the voltage in C,. By reversing the 
polarities of the capacitors and rectifiers, the — 
side of the output can be grounded. 

A voltage-tripling circuit is shown in Fig. 12- 
20B. On one half of the a.c. cycle C 1 is charged 
to the source voltage through the left-hand recti- 
fier. On the opposite half of the cycle the middle 
rectifier conducts and Cy, is charged to twice the 
source voltage, because it sees the transformer 
plus the charge in C, as the source. At the same 
time the right-hand rectifier conducts and, with 
the transformer and the charge in Cy as the 
source, C, is charged to three times the trans- 
former voltage. The — side of the output can be 
grounded if the polarities of all of the capacitors 
and rectifiers are reversed. 

The voltage-quadrupling circuit of Fig. 12-20C 
works in substantially similar fashion. 

In any of the circuits of Fig. 12-20, the 
output voltage will approach an exact multiple (2, 
3 or 4, depending upon the circuit) of the peak a.c. 
voltage when the output current drain is low and 
the capacitance values are high, 


VOLTAGE STABILIZATION 


Gaseous Regulator Tubes 


There is frequent need for maintaining the 
voltage applied to a low-voltage low-current cir- 
cuit at a practically constant value, regardless 
of the voltage regulation of the power supply or 
variations in load current. In such applications, 
gaseous regulator tubes (0C3/VR105, 0D3/ 
VR150, etc.) can be used to good advantage. The 
voltage drop across such tubes is constant over a 
moderately wide current range. Tubes are avail- 
able for regulated voltages near 150, 105, 90 and 
75 volts. 

The fundamental circuit for a gaseous regu- 
lator is shown in Fig. 12-21A. The tube is con- 
nected in series with a limiting resistor, R,, 
across a source of voltage that must be higher 
than the starting voltage. The starting voltage 
is about 30 to 40 per cent higher than the oper- 
ating voltage. The load is connected in parallel 
with the tube. For stable operation, a minimum 
tube current of 5 to 10 ma. is required. The 
maximum permissible current with most types 
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Fig. 12-21—Voltage-stabilizing circuits using VR tubes. 


is 40 ma.; consequently, the load current cannot 
exceed 30 to 35 ma. if the voltage is to be stabi- 
lized over a range from zero to maximum load 
current. 

The value of the limiting resistor must lie 
between that which just permits minimum tube 
current to flow and that which just passes the 
maximum permissible tube current when there is 
no load current. The latter value is generally 
used. It is given by the equation: 


jae cat emer 
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where R is the limiting resistance in ohms, Eg 
is the voltage of the source across which the tube 
and resistor are connected, E, is the rated voltage 
drop across the regulator tube, and J is the maxi- 
mum tube current in amperes, (usually 40 ma., 
or 0.04 amp.). 

Fig. 12-21B shows how two tubes may be used 
in series to give a higher regulated voltage than 
is obtainable with one, and also to give two values 
of regulated voltage. The limiting resistor may 
be calculated as above, using the sum of the volt- 
age drops across the two tubes for Z,. Since the 
upper tube must carry more current than the 
lower, the load connected to the low-voltage tap 
must take small current. The total current taken 


+ 


A00V. 
FILTERED 2 MEG. 


O+ 


OUTPUT 


Fig, 12-23—Electronic voltage-regulator circuit. Resistors 
are ¥2 watt unless specified otherwise. 


by the loads on both taps should not exceed 30 to 
35 ma. Regulation of the order of 1 per cent can 
be obtained with these regulator circuits. 

The capacitance in shunt with a VR tube 
should be limited to 0.1 wf. or less. Larger values 
may cause the tube drop to oscillate between the 
operating and starting voltages. 

A single VR tube may also be used to regulate 
the voltage to a load current of almost any value 
so long as the variation in the current does not 
exceed 30 to 35 ma. If, for example, the average 
load current is 100 ma., a VR tube may be used 
to hold the voltage constant provided the cur- 
rent does not fall below 85 ma. or rise above 115 
ma. In this case, the resistance should be calcu- 
lated to drop the voltage to the VR-tube rating 
at the maximum load current to be expected plus 
5 ma. Under constant load, effects of line-voltage 
changes may be eliminated by basing the resist- 
ance on load current plus 15 ma. 


Zener Diode Regulation 


A Zener diode can be used to stabilize a voltage 
source in much the same way as the gaseous reg- 
ulator tube is used. The typical circuit is shown 
in Fig. 12-22. Note that the bar or cathode side 
of the diode is connected to the positive side of 
the supply. 

Zener diodes are available in a wide variety of 
voltages and power ratings. The voltages range 
from 3 or 4 to 200, while the power ratings 
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(power diode can dissipate) run from less than 
0.25 watt to 50 watts. The ability of the Zener 
diode to stabilize a voltage is dependent upon 
the Zener impedance of the diode, which can be 
as low as one ohm or less in a low-voltage high- 
power Zener to as high as a thousand ohms in 
a low power high-voltage Zener diode. 


+ + UNREG. 


+ REG. 


Fig. 12-22—Zener diode voltage regulation. 


Electronic Voltage Regulation 


Several circuits have been developed for regu- 
lating the voltage output of a power supply elec- 
tronically. While more complicated than the VR- 
tube circuits, they will handle higher voltages 
currents and the output voltage may be varied 
continuously over a wide range. In the circuit of 
Fig. 12-23, the 0C3 regulator tube supplies a refer- 
ence of approximately +105 volts for the 6AU6 
control tube. When the load connected across the 
output terminals increases, the output voltage 
tends to decrease. This makes the voltage on the 
control grid of the 6AU6 less positive, causing 
the tube to draw less current through the 2- 
megohm plate resistor. As a consequence the grid 
voltage on the 807 series regulator becomes more 
positive and the voltage drop across the 807 de- 
creases, compensating for the reduction in out- 
put voltage. With the values shown, adjustment 
of R, will give a regulated output from 150 to 
250 volts, at up to 60 or 70 ma. A 6L6-GB can be 
substituted for the type 807; the available out- 
put current can be increased by adding tubes in 
parallel with the series regulator tube. When this 
is done, 100-ohm resistors should be wired to 
each control grid and plate terminal, to reduce 
the chances for parasitic oscillations. 

Another similar regulator circuit is shown in 
Fig. 12-24. The principal difference is that screen- 
grid regulator tubes are used. The fact that a 
screen-grid tube is relatively insensitive to 
changes in plate voltage makes it possible to ob- 
tain a reduction in ripple voltage adequate for 
many purposes simply by supplying filtered d.c. 
to the screens with a consequent saving in weight 
and cost. The accompanying table shows the 
performance of the circuit of Fig. 12-24. Column I 


Table of Performance for Circuit of Fig. 12-24 


I if II 


450 v. 22 ma. 
425 v. 45 ma. 


Output voltage — 300 
150 ma. 
125 ma, 
100 ma. 

75 ma. 
50 ma. 
25 ma. 
10 ma. 


2.3 mv. 
2.8 mv. 
2.6 mv. 
2.5 mv. 
3.0 mv. 
3.0 mv. 
2.5 my. 


3 mv. 
4 mv. 
6 mv. 
8 mv. 
9.5 mv. 
3 mv. 
2.3 mv. 


400 v. 72 ma. 
375 v. 97 ma. 
350 vy. | 122 ma. 
325 v, | 150 ma. 
300 v. | 150 ma. 


High-Voltage Regulators 


shows various output voltages, while Column II 
shows the maximum current that can be drawn at 
that voltage with negligible variation in output 
voltage. Column III shows the measured ripple 
at the maximum current. The second part of the 
table shows the variation in ripple with load cur- 
rent at 300 volts output. 


High-Voltage Regulators 


Regulated screen voltage is required for screen- 
grid tubes used as linear amplifiers in single-side- 
band operation. Figs. 12-25 through 12-28 show 
various different circuits for supplying regulated 
voltages up to 1200 volts or more. 

In the circuit of Fig. 12-25, gas-filled regulator 
tubes are used to establish a fixed reference volt- 
age to which is added an electronically regulated 
variable voltage. The design can be modified to 
give any voltage from 225 volts to 1200 volts, 
with each design-center voltage variable by plus 

The output voltage will depend upon the num- 

ber and voltage ratings of the VR tubes in the 
string between the 991 and ground. The total 
or minus 60 volts. 
VR-tube voltage rating needed ‘can be determined 
by subtracting 250 volts from the desired output 
voltage. As examples, if the desired output volt- 
age is 350, the total VR-tube voltage rating 
should be 350 — 250 = 100 volts. In this case, a 
VR-105 would be used. For an output voltage of 
1000, the VR-tube voltage rating should be 
1000 - 250 = 750 volts. In this case, five VR-150s 
would be used in series. : 

The maximum voltage output that can be ob- 
tained is approximately equal to 0.7 times the 
r.m.s, voltage of the transformer T,. The current 


15 VAC. 


Fig. 12-24—Cirecvit diagram of 

an ___ electronically-regulated 

power supply rated at 300 
volts max., 150 ma. max. 


Ci, Ca, Cs—16-uf. 600-volt electrolytic. 
Cs—0.015-uf. paper. 

C.-—-0.1-uf. paper. 

Ri--0.3 megohm, 1% watt. 

Re, Rs—100 ohms, 2 watt. 

R.—510 ohms, % watt. 

Rs, Rs—30,000 ohms, 2 watts. 
Re—0.24 megohm, 2 watt. 

Rr—0.15 megohm, % watt. 
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rating of the transformer must be somewhat 
above the load current to take care of the voltage 
dividers and bleeder resistances. 

A single 6L6 will handle 90 ma. For larger 
currents, 6L6s may be added in parallel. 

The heater circuit supplying the 6L6 and 
6SJ7 should not be grounded. The shaft of R, 
should be grounded. When the output voltage is 
above 300 or 400, the potentiometer should be 
provided with an insulating mounting, and should 
be controiled from the panel by an extension shaft 
with an insulated coupling and grounded control. 

In some cases where the plate transformer has 
sufficient current-handling capacity, it may be 
desirable to operate a screen regulator from the 
plate supply, rather than from a separate supply. 
This can be done if a regulator tube is used that 
can take the required voltage drop. In Fig. 12-26, 
a type 211 or 812A is used, the control tube 
being a 6AQ5. With an input voltage of 1800 to 
2000, an output voltage of 500 to 700 can be 
obtained with a regulation better than 1 per cent 
over a current range of 0 to 100 ma. 

In the circuit of Fig. 12-27, a V-70D (or 8005) 
is used as the regulator, and the control tube is 
an 807 which can take the full output voltage, 
making it unnecessary to raise it above ground 
with VR tubes. If taps are switched on R,, the 
output voltage can be varied over a wide range. 
Increasing the screen voltage decreases the out- 
put voltage. For each position of the tap on Rj, 
decreasing the value of Rg will lower the mini- 
mum output voltage as Ry is varied, and decreas- 
ing the value of R, will raise the maximum output 
voltage. However, if these values are made too 
small, the 807 will lose control. 


Re—9100 ohms, 1 watt. 

Rio—0.1-megohm potentiometer. 

Ri1—43,000 ohms, 2 watt. 

Li—8-hy., 40-ma. filter choke. 

Si—S.p.s.t. toggle. 

T2—Power transformer: 375-375 volts r.m.s., 160 ma. - 
6.3 volts, 3 amps.; 5 volts, 3 amps. 
(Thor. 22R33). 
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Fig. 12-25—High-voltage regulator circuit by W4PRM and W8GZ. Resistors are 1 watt unless indicated otherwise. 


Ci—4-uf. paper, voltage rating above peak-voltage 
output of Ti. 

C2--40 yf., voltage rating above d.c. output voltage. 
Can be made up of a combination of electro- 
lytics in series, with equalizing resistor. (See sec- 
tion on ratings of filter components.) 

Cs—O.1-uf. paper, 600 volts. 

C.—12-uf; electroyltic, 450 volts. 

Ce—4-uf. paper, voltage rating above voltage rating of 
VR string. 


At 850 volts output, the variation over a cur~ 
rent change of 20 to 80 ma. should be negligible. 


At 1500 volts output with the same current | 


change, the variation in output voltage should be 
less than three per cent. Up to 88 volts of grid 
bias for a Class A or Class AB, amplifier may 
be taken from the potentiometer across the refer- 
ence-voltage source. This bias cannot, of course, 
be used for biasing a stage that is drawing grid 
current. 

A somewhat different type of regulator is the 
shunt regulator shown in Fig. 12-28. The VR tubes 
and R, in series are across the output. Since the 
voltage drop across the VR tubes is constant, 


Fig. 12-26—Screen regulator circuit 
designed by W9OKA. Resistances are 
in ohms (K = 1000). 
Ri—6000 ohms for 211; 2300 ohms 

for 812A, 20 watts. 
Ro—25,000 ohms, 10 watts. 
Rg—Output voltage control, 0.1-meg- 
ohm, 2-watt potentiometer. 
T.—Filament transformer: 10 volts, 
3.25 amp. for 211; 6.3 volts, 
4 amp. for 812A. 
T.—Filament transformer: 6.3 volts, 
1 amp. 


Ri—50,000-ohm, 4-watt potentiometer. 

Re—Bleeder resistor, 50,000 to 100,000 ohms, 25 watts 
(not needed if equalizing resistors mentioned 
above are used). 

Ti—See text. 

Te—Filament transformer; 5 volts, 2 amp. 

Ts—Filament transformer; 6.3 volts, 1.2 amp. 

Vi, Va, Vs—See text. 


any change in output voltage appears across Rp. 
This causes a change in grid bias on the 811-A 
grid, causing it to draw more or less current in 
inverse proportion to the current being drawn by 
the amplifier screen. This provides a constant 
load for the series resistor Ry. 

The output voltage is equal to the sum of the 
VR drops plus the grid-to-ground voltage of the 
811-A. This varies from 5 to 20 volts between 
full load and’ no load. The initial adjustment is 
made by placing a milliammeter in the filament 
center-tap lead, as shown, and adjusting R, for 
a reading of 15 to 20 ma, higher than the mormal 
peak screen current. This adjustment should be 
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+850 TO 
1500 V. REG. 


Fig, 12-27—This regulator circuit used by WISUN operates from the plate supply and requires no VR string. A 
small supply provides screen voltage and reference bias for the control tube. 
Unless otherwise marked, resistances are in ohms. 


Ti—Power transformer: 470 volts center 
tapped, 40 ma.; 5 volts, 2 amps.; © 
6.3 volis, 2 amps. 

Ts—Filament transformer: 7.5 volts, 3.25 
amp. (for V-70D). 


made with the amplifier connected but with no 
excitation, so that the amplifier draws idling cur- 
rent. After the adjustment is complete, the meter 
may be removed from the circuit and the fila- 
ment center tap connected directly to ground. 
Adjustment of the tap on R, should, of course, 
be made with the high voltage turned off. 

Any number of VR tubes may be used to pro- 
vide a regulated voltage near the desired value. 
The maximum current through the 811-A should 
be limited to the maximum plate-current rating 
of the tube. If larger currents are necessary, two 
811-As may be connected in parallel. Over a 
current range of 5 to 60 ma., the regulator holds 
the output voltage constant within 10 or 15 volts. 


Fig. 12-28—Shunt screen regulator used by 
W2AZW. 


Ci—0.01 uf., 400 volts if needed to suppress 
oscillation. 

M:—See text. 

Ri—Adjustable wire-wound resistor, resist- 
ance and wattage as required. 


FROM: HIGH 
VOLTAGE 
POWER 

SUPPLY 


(K = 1000). Capacitors are electrolytic. 
Ri—50,000-ohm, 50-watt adjustable resistor. 
Ra—0.1-megohm 2-watt potentiometer. 
R3—4.7 megohms, 2 watts. 

R,—0.1 megohm, 4 watt. 


+1500 v, 
TO PLATES 


+750 Vv. 
REG. TO 
SCREENS 


BIAS SUPPLIES 


The chief function of a bias supply for the rf. 
stages of a transmitter is that of providing pro- 
tective bias (in a code transmitter) or operating 
bias (for a linear amplifier), or both. 


Simple Bias Supplies for Class-C Amplifiers 


Fig. 12-29A shows the diagram of a simple bias 
supply. R, should be the recommended grid leak 


for the amplifier tube. No grid leak should be 
used in the transmitter with this type of supply. 
The output voltage of the supply, when amplifier 
grid current is not flowing, should be some value 
between the bias required for plate-current cut- 
off and the recommended operating bias for the 
amplifier tube. The transformer peak voltage (1.4 
times the r.m.s. value) should not exceed the rec- 


FROM BIAS 
supply V® ee 


FROM BIAS 
SUPPLY 


FROM BIAS 
SUPPLY 


(C) 


Fig. 12-30—I!Ilustrating the use of VR tubes in stabilizing 
protective-bias supplies. Ri is a resistor whose valve is 
adjusted to limit the current through each VR tube to 
5 ma. before amplifier excitation is applied. R and Ra 


are current-equalizing resistors of 50 to 1000 ohms. 


PRI 

(A) 
PRI 

(B) : 
PRI 


(G) 


POWER SUPPLIES 


FROM BIAS 
SUPPLY 


FROM BIAS 
SUPPLY 


(F) 


ommended operating-bias value, otherwise the 
output voltage of the supply will soar above the 
operating-bias value with rated grid current. 

This soaring can be reduced to a considerable 
extent by the use of a voltage divider across 
the transformer secondary, as shown at B. Such 
a system can be used when the transformer volt- 
age is higher than the operating-bias value. The 
tap on Ry should be adjusted to give amplifier 
cut-off bias at the output terminals. The lower 
the total value of Ro, the less the soaring will be 
when grid current flows. 

A full-wave circuit is shown in Fig. 12-29C.R, 
and R, should have the same total resistance and 
the taps should be adjusted symmetrically. In 
all cases, the transformer must be designed to 
furnish the current drawn by these resistors plus 
the current drawn by R,. 


Regulated Bias Supplies 


The inconvenience of the circuits shown in 
Fig. 12-29 and the difficulty of predicting values 
in practical application can be avoided in most 
cases by the use of gaseous voltage-regulator 
tubes across the output of the bias supply, as 


Fig. 12-29—Simple bias-supply circuits. In A, the peak 
transformer voltage must not exceed the operating value 
of bias. The circuits of B (half-wave) and C (full-wave) 
may be used to reduce transformer voltage to the recti- 
fier, Ri is the recommended grid-leak resistance. 


PRI 


PRI 


Bias Supplies 


; Xx 
6.3VAC 
NISVAC, y 
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Fig. 12-31—Cireuit diagram of an electronically regulated bias supply. 


Ci—20-uf, 450-volt electrolytic. 
Co—20-uf. 150-volt electrolytic. 
Ri:—5000 ohms, 25 watts. 
R2—22,000 ohms, 12 watt. 
Rs—68,000 ohms, 2 watt. 
R,—0.27 megohm, 12 watt. 
Rs—3000 ohms, 5 watts. 


shown in Fig. 12-30A. A VR tube with a voltage 
rating anywhere between the biasing-voltage 
value which will reduce the input to the amplifier 
to a safe level when excitation is removed, and 
the operating value of bias, should be chosen: R, 

is adjusted, without amplifier excitation, until 
the VR tube ignites and draws about 5 ma. Addi- 
tional voltage to bring the bias up to the operating 


value when excitation is applied can be obtained 


from a grid leak resistor, as discussed in the 
transmitter chapter. 

Each VR tube will handle 40 ma. of grid cur- 
rent. If the grid current exceeds this value under 
any condition, similar VR tubes should be added 
in parallel, as shown in Fig. 12-30B, for each 40 
ma., or less, of additional grid current. The re- 


Fig. 12-32—Convenient means of obtaining biasing volt- 

age. A—From a low-voltage plate supply. B—From 

spare filament winding. T. is a filament transformer, of 

a voltage output similar to that of the spare filament 

winding, connected in reverse to give 115 volts r.m.s. 
output. 


Re—0.12 megohm, '% watt. 

R,—0.1-megohm potentiometer. 

Re—27,000 ohms, 2 watt. 

Li—20-hy. 50-ma. filter choke. 

Ti—Power transformer: 350 volts r.m.s. 
each side of center 50 ma.; 5 volts, 
2 amp.; 6.3 volts, 3 amp. 


sistors Ry are for the purpose of helping to main- 
tain equal currents through each VR tube, and 
should have a value of 50 to 1000 ohms or. more. 

If the voltage rating of a single VR tube is 
not sufficiently high for the purpose, other VR 
tubes may be used in series (or series-parallel if 
required to satisfy grid-current requirements) as 
shown in the diagrams of Fig. 12-30C and D. 

If a single value of fixed bias will serve for 
more than one stage, the biasing terminal of each 
such stage may be connected to a single supply 
of this type, provided only that the total grid 
current of all stages so connected does not ex- 
ceed the current rating of the VR tube or tubes. 
Alternatively, other separate VR-tube branches 
may be added in any desired combination to the 
same supply, as in Fig. 12-30E, to adapt them to 
the needs of each stage. 

Providing the VR-tube current rating is not’ 
exceeded, a series arrangement may be tapped 
for lower voltage, as shown at F. 

The circuit diagram of an_ electronically 
regulated bias-supply is shown in Fig. 12-31. The 
output voltage may be adjusted to any value be- 
tween 20 volts and 80 volts and the unit will 
handle grid currents up to 200 ma. over the range 
of 30 to 80 volts, and 100 ma. over the remainder 
of the range. If higher current-handling capacity 
is required, more 6080s can be connected in par- 
allel with Vg. The regulation will hold to about 
0.001 volt per milliampere of grid current. The 
regulator operates as follows: Since the voltage 
drop across VY, and V, is in parallel with the 
voltage drop across V, and R,, any change ‘in 
voltage across /, will appear across Rs because 
the voltage drops across both VR tubes remain 
constant. R, is a cathode biasing resistor for V4, 
so any voltage change across it appears as a grid- 
voltage change on Vy. This change in grid voltage 
is amplified by /, and appears across Ry which 
is connected to the plate of VY, and the grids of 
V. This change in voltage swings the grids of ’, 
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more positive or negative, and thus varies the 
internal resistance of V, maintaining the voltage 
drop across V’, practically constant. 


Other Sources of Biasing Voltage 


In some cases, it may be convenient to ob- 
tain the biasing voltage from a source other than 
a separate supply. A half-wave rectifier may be 
connected with reversed polarization to obtain 
biasing voltage from a low-voltage plate supply, 
as shown in Fig. 12-32A. In another arrangement, 
shown at B, a spare filament winding can be used 


POWER SUPPLIES 


to operate a filament transformer of similar volt- 
age rating in reverse to obtain a voltage of about 
130 from the winding that is customarily the 


‘primary. This will be sufficient to operate a VR75 


or VR90 regulator tube. 

A bias supply of any of the types discussed 
requires relatively little filtering, if the output- 
terminal peak voltage does not approach the oper- 
ating-bias value, because the effect of the supply 
is largely “washed out” when grid current flows, 
as it does in a Class-C amplifier. Stages operated 
Class AB require well-filtered bias. 


POWER-LINE CONSIDERATIONS 


POWER LINE CONNECTIONS 

If the transmitter is rated at much more than 
100 watts, special consideration should be given 
to the a.c. line running into the station. In some 


residential systems, three wires are brought in ' 


from the outside to the distribution board, while 
in other systems there are only two wires. In the 
three-wire system, the third wire is the neutral 
which is grounded. The voltage between the 
other two wires normally is 230, while half of 
this voltage (115) appears between each of these 


wires and neutral, as indicated in Fig. 12-33A. In. 


systems of this type, usually it will be found that 
the 115-volt household load is divided as evenly 
as possible between the two sides of the circuit, 
half of the load being connected between one 
-wire and the neutral, while the other half of 
the load is connected between the other wire and 
neutral. Heavy appliances, such as electric stoves 
and heaters, normally are designed for 230-volt 
operation and therefore are connected across the 
two ungrounded wires. While both ungrounded 
wires should be fused, a fuse should never be used 
in the wire to the neutral, nor should a switch 
be used in this side of the line. The reason for 
this is that opening the neutral wire does not 
disconnect the equipment. It simply leaves the 
equipment on one side of the 230-volt circuit in 
series with whatever load may be across the 
other side of the circuit, as shown in Fig. 12-33B. 
Furthermore, with the neutral open, the volt- 
age will then be divided between the two sides 
in inverse proportion to the load resistance, 


NO FUSE 
= Vor switcu 
. 
Fuse, | FUSE A 
{SV (I5V- 
230V | | | | 
(A) (B) 


the voltage on one side dropping below normal, 
while it soars on the other side, unless the loads 
happen to be equal. 

The usual line running to baseboard outlets 
is rated at-15 amperes. Considering the power 
consumed by filaments, lamps, modulator, re- 
ceiver and other auxiliary equipment, it is not 
unusual to find this 15-ampere rating exceeded 
by the requirements of a station of only mod- 
erate power. It must also be kept in mind that 
the same branch may be in use for other house- 
hold purposes through another outlet. For this 
reason, and to minimize light blinking when key- 
ing or modulating the transmitter, a separate 
heavier line should be run from the distribution 
board to the station whenever possible. (A three- 
volt drop in line voltage will cause noticeable 
light blinking.) 

If the system is of the three-wire type, the 
three wires should be brought into the station 
so that the load can be distributed to keep the 
line balanced. The voltage across a fixed load 
on one side of the circuit will increase as the 
load current on the other side is increased. The 
rate of increase will depend upon the resistance 
introduced by the neutral wire. If the resistance 
of the neutral is low, the increase will be corre- 
spondingly small. When the currents in the two 
circuits are balanced, no current flows in the 
neutral wire and the system is operating at maxi- 
mum efficiency. 

Light blinking can be minimized. by using 
transformers with 230-volt primaries in the power 
supplies for the keyed or intermittent part of the 


(C) 


Fig. 12-33—Three-wire power-line circuits. A—normal 3-wire-line termination. No fuse should be used in the 

grounded (neutral) fine. B—Showing that a switch in the neutral does not remove voltage from either side of the 

line. C—Connections for both 115- and 230-volt transformers. D—Operating a 115-volt plate transformer from the 
230-volt line to avoid light blinking. 71 is a 2-to-1 step-down transformer. 


Construction 


load, connecting them across the two ungrounded 
wires with no connection to the neutral, as shown 
in Fig. 12-33C. The same can be accomplished by 
the insertion of a step-down transformer whose 
primary operates at 230 volts and whose sec- 
ondary delivers 115 volts. Conventional 115-volt 
transformers may be operated from the secondary 
of the step-down transformer (see Fig. 12-33D). 

When a special heavy-duty line is to be in- 
stalled, the local power company should be con- 
sulted as to local requirements. In some local- 
ities it is necessary to have such a job done by a 
licensed electrician, and there may be special 
requirements to be met in regard to fittings and 
the manner of installation. Some amateurs termi- 
nate the special line to the station at a switch box, 
while others may use electric-stove receptacles 
as the termination. The power is then distributed 
around the station by means of conventional out- 
lets at convenient points. All circuits should be 
properly fused. 


Fusing 


All transformer primary circuits should be 
properly fused. To determine the approximate 
current rating of the fuse to be used, multiply 
each current being drawn from the supply in 
amperes by the voltage at which the current is 
being drawn. Include the current taken by 
bleeder resistances and voltage dividers. In the 
case of series resistors, use the source voltage, 
not the voltage at the equipment end of the 
resistor. Include filament power if the transformer 
_is supplying filaments. After multiplying the 
various voltages and currents, add the individual 
products. Then divide by the line voltage and 
add 10 or 20 per cent. Use a fuse with the nearest 
larger current rating. 


LINE-VOLTAGE ADJUSTMENT 


In certain communities trouble is sometimes 
experienced from fluctuations in line voltage. 
Usually these fluctuations are caused by a vari- 
ation in the load on the line and, since most 
of the variation comes at certain fixed times of 
the day or night, such as the times when lights 
are turned on at evening, they may be taken 
care of by the use of a manually operated com- 
pensating device. A simple arrangement is shown 
in Fig. 12-34A. A toy transformer is used to 
boost or buck the line voltage as required. The 
transformer should have a tapped secondary 
varying between 6 and 20 volts in steps of 2 
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or 3 volts and its secondary should be capable 
of carrying the full load current. 

The secondary is connected in series with the 
line voltage and, if the phasing of the windings 
is correct, the voltage applied to the primaries 
of the transmitter transformers can be brought 
up to the rated 115 volts by setting the toy-trans- 
former tap switch on the right tap. If the phas- 
ing of the two windings of the toy transformer 
happens to be reversed, the voltage will be re- 
duced instead of increased. This connection may 
be used in cases where the line voltage may be 
above 115 volts. This method is preferable to 
using a resistor in the primary of a power trans- 
former since it does not affect the voltage regu- 
lation as seriously. The circuit of 12-34B illus- 
trates ,the tse of a variable autotransformer 
(Variac) for adjusting line voltage. 


Constant-Voltage Transformers 


Although comparatively expensive, special ~ 
transformers called constant-voltage trans 
formers are available for use in cases where it 
is necessary to hold line voltage and/or filament 
voltage constant with fluctuating supply-line 
voltage. They are rated over a range of 17 v.a, 
at 6.3 volts output up to several thousand v.a. at 
115 or 230 volts. On the average they will hold 
their output voltages within one per cent under 
an input-voltage variation of 30 per cent. 


TO TO 
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Fig. 12-34—Two methods of transformer primary control. 

At A is a tapped toy transformer which may be con- 

nected so as to boost or buck the line voltage as_re- 

quired. At B is indicated a variable transformer or auto- 

transformer (Variac) which feeds the transformer 
primaries. 


CONSTRUCTION OF POWER SUPPLIES 


The length of most leads in a power supply 
is unimportant, so that the arrangement of com- 
ponents from this consideration is not a factor 
in construction. More important are the points 
of good high-voltage insulation, adequate con- 
ductor size for filament wiring, proper ventila- 
tion for rectifier tubes and — most important of 
all — safety to the operator. Exposed high- 


voltage terminals or wiring which might be 
bumped into accidentally should not be per- 
mitted to exist. They should be covered with 
adequate insulation or placed inaccessible to con- 
tact during normal operation and adjustment of 
the transmitter, Power-supply units should be 
fused individually. All negative terminals of 
plate supplies and positive terminals of bias sup- 


326 


plies should be securely grounded to the chassis, 
and the chassis connected to a waterpipe or radia- 
tor ground. All transformer, choke, and capacitor 
cases should also be grounded to the chassis. A.c. 
power cords and chassis connectors should be 
arranged so that exposed contacts are never 
“live.” Starting at the conventional a.c. wall out- 
let which is female, one end of the cord should 
be fitted with a male plug. The other end of the 
cord should have a female receptacle. The input 
connector of the power supply should have a male 
receptacle to fit the female receptacle of the 
cord. The power-output connector on the power 
supply should be a female socket. A male plug 
to fit this socket should be connected to the cable 
going to the equipment. The opposite end of the 
cable should be fitted with a female connector, 
and the series should terminate with a male con- 
nector on the equipment. There should be no 
“live” exposed contacts at any point, regardless 
of where a disconnection may be made. 

Rectifier filament leads should be kept short 

to assure proper voltage at the rectifier socket. 
’ Through a metal chassis, grommet-lined clear- 
ance holes will serve for voltages up to 500 or 
750, but ceramic feed-through insulators should 
be used for higher voltages, Bleeder and voltage- 
dropping resistors should be placed where they 
are open to air circulation. Placing them in con- 
fined space reducés the rating. 

For operating convenience it is desirable to 
have separate filament transformers for the recti- 
fier tubes, rather than to use combination filament 

and plate transformers. If a combination power 

transformer is used, the high voltage may be 
turned off by using a switch between the trans- 
former center tap and chassis. The switch should 
be of the rotary type with good insulation between 
contacts. The shaft of the switch must be 
grounded, 


SAFETY PRECAUTIONS 


All power supplies in an installation should 
be fed through a single main power-line switch 
so that all power may be cut off quickly, either 
before working on the equipment, or in case of 
an accident. Spring-operated switches or relays 
are not sufficiently reliable for this important 
service. Foolproof devices for cutting off all 
power to the transmitter and other equipment are 
shown in Fig. 12-35. The arrangements shown in 
Fig. 12-35A and B are similar circuits for two- 
wire (115-volt) and three-wire (230-volt) sys- 
tems. S is an enclosed double-throw knife switch 
of the sort usually used as the entrance switch in 
house installations. J is a standard a.c. outlet and 
P a shorted plug to fit the outlet. The switch 
should be located prominently in plain sight and 
members of the household should be instructed 
in its location and use, J is a red lamp located 
alongside the switch. Its purpose is not so much 
to serve as a warning that the power is on as it is 
to help in identifying and quickly locating the 
switch should it become necessary for someone 
else to cut the power off in an emergency. 
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The outlet J should be placed in some corner 
out of sight where it will not be a temptation for 
children or others to play with. The shorting plug 
can be removed to open the power circuit if there 
are others around who might inadvertently throw 
the switch while the operator is working on the 
rig. If the operator takes the plug with him, it 
will prevent someone from turning on the power 
in his absence and either injuring themselves or 
the equipment or perhaps starting a fire. Of ut- 
most importance is the fact that the outlet J must 
be placed in the ungrounded side of the line. 

Those who are operating low power and feel 
that the expense or complication of the switch 
isn’t warranted can use the‘shorted-plug idea as 
the main power switch. In this. case, the outlet 
should be located prominently and identified by 
a signal light, as shown in Fig 12-35C. 

The test bench ought to be fed through the 
main power switch, or a similar arrangement at 
the bench, if the bench is located remote from 
the transmitter. 

A bleeder resistor with a power rating giving 
a considerable margin of safety should be used 
across the output of all transmitter power sup- 
plies so that the filter capacitors will be dis- 
charged when the high-voltage transformer is 
turned off. 


Fig. 12-35—Reliable arrangements for cutting off all 
power to the transmitter. S is an enclosed double-pole 
knife-type switch, J a standard a.c. outlet. P a shorted 
plug to fit the outlet and J a red lamp. 

A is for a two-wire 115-volt line, B for a three-wire 
230-volt system, and C a simplified arrangement for 
low-power stations. 


A Transistor-Battery Substitute 
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A TRANSISTOR-BATTERY SUBSTITUTE 


The supply described here is a low-voltage dry- 
battery substitute. A switch is used to select 1 of 6 
common battery voltages in the 3- to 18-volt 
range. Up to 1 ampere of d.c. is available at the 
output. ‘ 

As shown in Fig. 12-37, the circuit of the bat- 
tery substitute consists of a filament transformer 
and a full-wave bridge rectifier, followed by a 
capacitor-input filter and a transistorized series 
regulator. Zener diode CR, provides a more or 
less constant voltage reference for the regulator 
transistor, Q,.C, filters out any ripple that might 
appear across CR,z. S, selects the appropriate 
Zener. Current through CR, is limited to a safe 
value by R,. Originally R, was not in the circuit; 
however, Q, ran hot during periods of heavy 
current drain at low output voltages. R, provides 
a small bleeder load for the supply, and C, is an 
rf. bypass. : : 

This circuit was chosen over the continuously- 
adjustable type of supply because most transistor 
equipment operates at standard battery voltages ; 
there is little call or need for other potentials. 
Although the supply was designed to provide 
outputs of 3, 6, 9, 12, 15 and 18 volts, these aren’t 
the precise values obtained. Fortunately, few 
battery-operated items are exacting in their volt- 
age requirements. 

The output of the supply is equal to the Zener 
voltage minus the emitter-to-base bias voltage of 
Q,. Both the Zener voltage and the bias voltage 
change with load variations. The bias voltage 
measures close to zero with only a bleeder load 
and rises to approximately 0.3 volt with a 1000- 


HSV. 
AL. 


Fig. 12-36—Top view of the transistor-battery sub- 
stitute. Up to 1000 ma. of dic. is available at 3, 6, 9, 
12, 15 or 18 volts; the rotary switch, located just be- 
low the output binding posts, selects the desired po- 
tential. A heat sink for the regulator transistor is pro- 
vided by a Wakefield type NC680-1.25B circuit board 
cooler. The transistor is insulated from the heat sink 
with a mica spacer furnished with the transistor. 


ma. load. An increase in load current lowers the 
unregulated d.c. input voltage which appears 
across CR, and Ry. Zener current is reduced, 
decreasing the voltage at which the diode regu- 
lates. How much the voltage drops depends upon 


Fig. 12-37—Schematic diagram of the power 

supply. Capacitances are in pf.; capacitors 

marked with a polarity are electrolytic. Re- 

sistances are in ohms; Ri and Rs are compo- 
sition; Ra is wirewound, 


Ci, Ce—2000-uf. 50 volts dic. electrolytic (Mallory 
CG23U50C1). 

Cs—0.01-nf, disk ceramic, 

CRi—CRz, inc.—50 p.i.v. 3-amp. silicon diode (Motorola 
1N4719). 

CRs—Voltage regulator diodes; see text and Zener 
diode table. 


l,—Neon lamp assembly with resistor (Leecraft 32-2111). 

Qi—2N1970, 

Si—S.p.s.t. toggle switch. 

Se—Phenolic rotary, 1 section, 2-pole (1 used), 6- 
position, shorting (Mallory 3126J). 

Ti-—Filament transformer, 25.2 volts, 2 amp. (Knight 54 
D 4140 or similar). 
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Fig. 12-38—Interior view of the transistor power sup- 
ply. Three Richco type V-1011 plastic component clips 
are used to insulate each of the two electrolytic capaci- 
tors from the chassis. The rectifier diodes are mounted 
between two 8-terminal tie points at the right side of 
the box. Since one pole of the rotary switch and the 
contacts associated with this pole aren’t needed for 
switching, they are wired together and used as a com- 
mon tie point for the Zener diodes. The lamp assembly 
at the top of the photograph is a push-in type requiring 
no mounting hardware. 


the characteristics of the particular Zener em- 
ployed.t 


Construction 


The power supply is constructed ona 5 X 7 X 
3-inch aluminum chassis as shown in Figs, 12-36 
and 12-38. The heat sink is mounted directly to 
the chassis and the transistor is insulated from 
the heat sink with the mica washer supplied with 


1A more complete description of the circuit is given 
in the March 1967 issue of QST, page 32. 
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the transistor. Plastic component clips are em- 
ployed to insulate the two large electrolytic ca- 
pacitors from the chassis. Although the negative 
side of the circuit can be grounded to the chassis, 
it is advisable to isolate the circuit from the case 
so that the power supply may be used safely with 
equipment that requires a positive ground. 


A 0-130 VOLT A.C. BENCH SUPPLY 
This unit is invaluable for general testing and 
trouble shooting in the home workshop. It pro- 
vides a protected variable line-voltage source 
which is isolated from the main ac. line for rea- 
sons of safety. Such a unit is handy for testing 


unknown transformers, defective power supplies, 
and new equipment (at reduced line voltage). 
When connected to a suitable transformer and 
rectifier, it can be used to provide a variable d.c. 
supply. Full details are given by W9NLT in June 
1965 OST. 


Fig. 12-39—Wiring diagram of the protected testing unit. 


CB:—Double-pole magnetic circuit breaker, 115 volts, 
a.c., current rating to match ratings of Ti or To; 
see text (Heinemann, Wood Electric Type 190, 
or similar). 

Ji, Je—A.c. outlet with grounding terminal (Amphenol 
160-2, or similar). 

M1--0-150 a.c. voltmeter; see text. 

Ti—A.c. power plug with ground terminal. 

Ti—115/115-volt isolation transformer. Typical: 
250 watts—UTC R-74. 


350 watts—Stancor P-6415. 

600 watts--UTC R-75. 
T:—Variable-voltage transformer, 115-volt, 
input, 0-130—140-volt output. 

Typical: 

3-amp.—GE 9H30LATOX. 

4amp.—GE 9H4OAAI0X, Superior 21, Stan- 
dard 375BU. 

7.5-amp.—GE 9H6OAA10X, Superior 
Standard S500BU. 


60-cycle 


116U, 


Chapter 13 


Transmission Lines 


The place where r.f. power is generated is 
very frequently not the place where it is to be 
utilized. A transmitter and its antenna are a 
good example: The antenna, to radiate well, 
should be high above the ground and should 
be kept clear of trees, buildings and other 
objects that might absorb energy, but the 
transmitter itself is most conveniently in- 
stalled indoors where it is readily accessible. 

The means by which power is transported 
from point to point is the r.f. transmission line. 


OPERATING 


If a source of e.m.f.—a battery, for example 
—is connected to the ends of a pair of in- 
sulated parallel wires that extend outward for 
an infinite distance, electric currents will im- 
mediately become detectable in the wires near 
the battery terminals. The electric field of the 
battery will cause free electrons in the wire 
connected to the positive terminal to be at- 
tracted to the battery, and an equal number of 
free electrons in the wire connected to the 
negative terminal will be repelled from the 
battery. These currents do not flow instan- 
taneously throughout the length of the wires; 
the electric field that causes the electron 
movement cannot travel faster than the speed 
of light, so a measurable interval of time 
elapses before the currents become evident 
even a relatively short distance away. 

For example, the currents would not be- 
come detectable 300 meters (nearly 1000 feet) 
from the battery until at least a microsecond 
(one millionth of a second) after the connec- 
tion was made. By ordinary standards this is a 
very short length of time, but in terms of 
radio frequency it represents the time of one 


Fig. 13-1—Equivalent of a transmission line in lumped 
circuit constants. 


complete cycle of a 1000-kilocycle current — 
a frequency considerably lower than those 
with which amateurs communicate. 

The current flows to charge the capacitance 


At radio frequencies a transmission line ex- 
hibits entirely different characteristics than it 
does at commercial power frequencies. This is 
because the speed at which electrical energy 
travels, while tremendously high as compared 
with mechanical motion, is not infinite. The 
peculiarities of r.f. transmission lines result 
from the fact that a time interval comparable 
with an r.f. cycle must elapse before energy 
leaving one point in the circuit can reach 
another just a short distance away. 


PRINCIPLES 


between the two wires. However, the con- 
ductors of this “linear” capacitor also have 
appreciable inductance. The line may be 
thought of as being composed of a whole 
series of small inductances and capacitances 
connected as shown in Fig. 13-1, where each 
coil is the inductance of a very short section 
of one wire and each capacitor is the capaci- 
tance between two such short sections. 


Characteristic Impedance 


An infinitely long chain of coils and capaci- 
tors connected as in Fig. 13-1, where the small 
inductances and capacitances all have the 
same values, respectively, has an important 
property. To an electrical impulse applied at. 
one end, the combination appears to have an 
impedance — called the characteristic impe- 
dance or surge impedance — approximately 
equal to VV L/C where L and C are the induc- 
tance and capacitance per unit length. This 
impedance is purely resistive. 

In defining the characteristic impedance as 
VL/C, it is assumed that the conductors have 
no inherent resistance — that is, there is no 
I?R loss in them — and that there is no power 
loss in the dielectric surrounding the conduc- 
tors. There is thus no power loss in or from 
the line no matter how great its length. This 
may not seem consistent with calling the 
characteristic impedance a pure resistance, 
which implies that the power supplied is all 
dissipated in the line. But in an infinitely 
long line the effect, so far as the source of 
power is concerned, is exactly the same as 
though the power were dissipated in a resist- 
ance, because the power leaves the source and 
travels outward forever along the line. 

The characteristic impedance determines 
the amount of current that can flow when a 
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given voltage is applied to an infinitely long 
line, in exactly the same way that a definite 
value of actual resistance limits current flow 
when a voltage is applied. 

The inductance and capacitance per unit 
length of line depend upon the size of the con- 
ductors and the spacing between them. The 
closer the two conductors and the greater 
their diameter, the higher the capacitance and 
the lower the inductance. A line with large 
conductors closely spaced will have low im- 
pedance, while one with small conductors 
widely spaced will have relatively high im- 
pedance. 


“Matched” Lines 


Actual transmission lines do not extend to 
infinity but have a definite length and are con- 
nected to, or terminate in, a load at the 
“output” end, or end to which the power is 
delivered. If the load is a pure resistance of a 
value equal to the characteristic impedance 
of the line, the line is said to be matched. 
To current traveling along the line such a 
load just looks like still more transmission 
line of the same characteristic impedance. 

In other words, a short line terminated in a 
purely resistive load equal to the characteristic 
impedance of the line acts just as though it 
were infinitely long. In a matched transmis- 
sion line, power travels outward along the 
line from the source until it reaches the load, 
where it is completely absorbed. 


R.F. on Lines 


The principles discussed above, although 
based on direct-current flow from a battery, 
also hold when an r.f. voltage is applied to the 
line. The difference is that the alternating 
voltage causes the amplitude of the current at 
the input terminals of the line to vary with 
the voltage, and the direction of current flow 
also periodically reverses when the polarity of 
the applied voltage reverses. The current ata 
given instant at any point along the line is the 
result of a voltage that was applied at some 
earlier instant at the input terminals. Since the 
distance traveled by the electromagnetic fields 
in the time of one cycle is equal to one wave- 
length (Chapter 2), the instantaneous ampli- 
tude of the current is different at all points in 
a one-wavelength section of line. In fact, the 
current flows in opposite directions in the 
same wire in successive half-wavelength sec- 
tions. However, at any given point along the 
line the current goes through similar varia- 
tions with time that the current at the input 
terminals did. 

Thus the current (and voltage) travels 
along the wire as a series of waves having a 
length equal to the speed of travel divided 
by the frequency of the a.c. voltage. On an 
infinitely long line, or one properly matched 
by its load, an ammeter inserted anywhere in 
the line will show the same current, because 
the ammeter averages out the variations in 
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current during a cycle. It is only when the 
line is not properly matched that the wave 
motion becomes apparent through observa- 
tions made with ordinary instruments. 


STANDING WAVES 


In the infinitely long line (or its matched 
counterpart) the impedance is the same at any 
point on the line because the ratio of voltage 
to current is always the same. However, the 
impedance at the end of the line in Fig. 13-2 is 
zero — or at least extremely small — because 
the line is short-circuited at the end. The out- 
going power, on meeting the short-circuit, 
reverses its direction of flow and goes back 
along the transmission line toward the input 
end. There is a large current in the short- 
circuit, but substantially no voltage across 
the line at this point. We now have a voltage 
and current representing the power going 
outward (incident power) toward the short- 
circuit, and a second voltage and current rep- 
resenting the reflected power traveling back 
toward the source. 

The reflected current travels at the same 
speed as the outgoing current, so its instan- 
taneous value will be different at every point 
along the line, in the distance represented by 
the time of one cycle. At some points along 
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Fig. 13-2—Standing waves of voltage and current 
along short-circuited transmission line. 


the line the phase of the incident and reflected 
currents will be such that the currents cancel 
each other while at others the amplitude will 
be doubled. At in-between points the ampli- 
tude is between these two extremes. The 
points at which the currents are in and out of 
phase depend only on the time required for 
them to travel and so depend only on the 
distance along the line from the point of 
reflection. 

In the short-circuit at the end of the line the 
two current components are in phase and the 
total current is large. At a distance of one-half 
wavelength back along the line from the 
short-circuit the outgoing and reflected com- 
ponents will again be in phase and the re- 
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sultant current will again have its maximum 


value. This is also true at any point that is a © 


multiple of a half wavelength from the short- 
circuited end of the line. 

The outgoing and reflected currents will 
cancel at a point one-quarter wavelength, 
along the line, from the short-circuit. At this 
point, then, the current will be zero. It will 
also be zero at all points that are an odd multi- 
ple of one-quarter wavelength from the short- 
circuit. 

If the current along the line is measured at 
successive points with an ammeter, it will be 
found to vary about as shown in Fig. 13-2B. 
The same result would be obtained by measur- 
ing the current in either wire, since the am- 
meter cannot measure phase. However, if the 
phase could be checked, it would be found 
that in each successive half-wavelength sec- 
tion of the line the currents at any given 
instant are flowing in opposite directions, as 
indicated by the solid line in Fig. 13-2C. 
Furthermore, the current in the second wire is 
flowing in the opposite direction to the current 
in the adjacent section of the first wire. This is 
indicated by the broken curve in Fig. 13-2C. The 
variations in current intensity along the trans- 
mission line are referred to as standing waves, 
The point of maximum line current is called a 
current loop or current antinode and the point 
of minimum line current is called a current 
node. 


Voltage Relationships 


Since the end of the line is short-circuited, 
the voltage at that point has to be zero. This can 
only be so if the voltage in the outgoing wave is 
met, at the end of the line, by a reflected voltage 
of equal amplitude and opposite polarity. In other 
words, the phase of the voltage wave is reversed 
when reflection takes place from the short- 
circuit. This reversal is equivalent to an extra 
half cycle or half wavelength of travel. As a 
result, the outgoing and returning voltages 
are in phase a quarter wavelength from the 
end of the line, and again out of phase a half 
wavelength from the end. The standing waves 
of voltage, shown at D in Fig. 13-2, are there- 
fore displaced by one-quarter wavelength 
from the standing waves of current. The 
drawing at E shows the voltages on both 
wires when phase is taken into account. The 
polarity of the voltage on each wire reverses 
in each half wavelength section of transmis- 
sion line. A voltage maximum is called a 
voltage loop or antinode and a voltage min- 
imum is called a voltage node. 


Open-Circuited Line 


If the end of the line is open-circuited in- 
stead of short-circuited, there can be no cur- 
rent at the end of the line but a large voltage 
can exist. Again the incident power is reflected 
back toward the source. The incident and re- 
flected components of current must be equal 
and opposite in phase at the open circuit in 
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order for the total current at the end of the 
line to be zero. The incident and reflected 
components of voltage are in phase and add 
together. The result is again that there are 
standing waves, but the conditions are re- 
versed as compared with a short-circuited line. 
Fig. 13-3 shows the open-circuited line case. 
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Fig. 13-3—Standing waves of current and voltage along 
an open-circuited transmission line. 


Lines Terminated in Resistive Load 


Fig. 13-4 shows a line terminated in a 
resistive load. In this case at least part of the 
incident power is absorbed in the load, and so 
is not available to be reflected back toward 
the source. Because only part of the power is 
reflected, the reflected components of voltage 
and current do not have the same magnitude 
as the incident components. Therefore neither 
voltage nor current cancel completely at any 
point along the line. However, the speed at 
which the incident and reflected components 
travel is not affected by their amplitude, so 
the phase relationships are similar to those in. 
open- or short-circuited lines. 

It was pointed out earlier that if the load 
resistance, Zp, is equal to the characteristic 
impedance, Zp, of the line all the power is 
absorbed in the load. In such a case there is 
no reflected power and therefore no standing 
waves of current and voltage. This is a special 
case that represents the change-over point 
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Fig. 13-4—Standing waves on a transmission line ter- 
minated in a resistive load. 
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between “short-circuited” and “open-circuited” 
lines. If Zp is less than Zo, the current is 
largest at the load, while if Z, is greater than 
Z, the voltage is largest at. the load. The two 
conditions are shown at B and C, respectively, 
in Fig. 13-4. 

The resistive termination is an important 
practical case. The termination is seldom an 
actual resistor, the most common terminations 
being resonant circuits or resonant antenna 
systems, both of which have essentially resis- 
tive impedances. If the load is reactive as well 
as resistive, the operation of the line resembles 
that shown in Fig. 13-4, but the presence of 
reactance in the load causes two modifica- 
tions: The loops and nulls are shifted toward 
or away from the load; and the amount of 
power reflected back toward the source is 
increased, as compared with the amount re- 
flected by a purely resistive load of the same 
total impedance. Both effects become more 
pronounced as the ratio of reactance to re- 
‘sistance in the load is made larger. 


Standing-Wave Ratio 


The ratio of maximum current to minimum 
current along a line, Fig. 13-5, is called the 
standing-wave ratio. The same ratio holds for 
maximum voltage and minimum voltage. It is 
a measure of the mismatch between the load 
and the line, and is equal to 1 when the line is 
perfectly matched. (In that case the “maxi- 
mum” and “minimum” are the same, since the 
current and voltage do not vary along the 
line.) When the line is terminated in a purely 
resistive load, the standing-wave ratio is 


(13-A) 


Where S.W.R. = Standing-wave ratio 


Zn = Impedance of load (must be 
pure resistance) 
Zo = Characteristic impedance of 
line 
Example: A line having a characteristic im- 


pedance of 300 ohms is terminated in a resis- 
tive load of 25 ohms. The s.w.r. is 
Zo 300 
Zan 3 =12tol 
It is customary to put the larger of the two 
quantities, Zp or Zo, in the numerator of the 


S.W.R. = 


CURRENT 
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Fig. 13-5—Measurement of standing-wave ratio. In this 
drawing, Imax is 1.5 and Imin is 0.5, so the s.w.r. 
= Imax Imin = 1.5/0.5 = 3 to I. 
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fraction so that the s.w.r. will be expressed by 
a number larger than 1. 

It is easier to measure the standing-wave 
ratio than some of the other quantities (such 
as the impedance of an antenna) that enter 
into transmission-line computations. Conse- 
quently, the s.w.r. is a convenient basis for 
work with lines. The higher the s.w.r., the 
greater the mismatch between line and load. 
In practical lines, the power loss in the line 
itself increases with the s.w.r., as shown later. 


INPUT IMPEDANCE 


The input impedance of a transmission line 
is the impedance seen looking into the send- 
ing-end or input terminals; it is the impedance 
into which the source of power must work 
when the line is connected. If the load is per- 
fectly matched to the line the line appears to 
be infinitely long, as stated earlier, and the 
input impedance is simply the characteristic 
impedance of the line itself. However, if there 
are standing waves this is no longer true; the 
input impedance may have a wide range of 
values. 

This can be understood by referring to Figs. 
13-2, 13-3, or 13-4. If the line length is such 
that standing waves cause the voltage at the 
input terminals to be high and the current 
low, then the input impedance is higher than 
the Z,) of the line, since impedance is simply 
the ratio of voltage to current. Conversely, 
low voltage and high current at the input 
terminals mean that the input impedance is 
lower than the line Z). Comparison of the 
three drawings also shows that the range of 
input impedance values that may be encoun- 
tered is greater when the far end of the line 
is open- or short-circuited than it is when the 
line has a resistive load. In other words, the 
higher the s.w.r. the greater the range of 
input impedance values when the line length 
is varied. 

In addition to the variation in the absolute 
value of the input impedance with line length, 
the presence of standing waves also causes 
the input impedance to contain both reactance 
and resistance, even though the load itself 
may be a-pure resistance. The only exceptions 
to this occur at the exact current loops or 
nodes, at which points the input impedance is 
a pure resistance. These are the only points at 
which the outgoing and reflected voltages and 
currents are exactly in phase: At all other 
distances along the line the current either 
leads or lags the voltage and the effect is 
exactly the same as though a capacitance or 
inductance were part of the input impedance. 

The input impedance can be represented 
either by a resistance and a capacitance or by 
a resistance and an inductance. Whether the 
impedance is inductive or capacitive depends 
on the characteristics of the load and the 
length of the line. It is possible to represent 
the input impedance by an equivalent circuit 
having resistance and reactance either in ser- 
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ies or parallel, so long as the total impedance 
and phase angle are the same in either case. 

The magnitude and character of the input 
impedance is quite important, since it deter- 
mines the method by which the power source 
must be coupled to the line. The calculation of 
input impedance is rather complicated and its 
measurement is not feasible without special 
equipment. Fortunately, in amateur work it is 
unnecessary either to calculate or measure it. 
The proper coupling can be achieved by rela- 
tively simple methods described later in this 
chapter. 


Lines Without Load 


The input impedance of a short-circuited or 
open-circuited line not an exact multiple of 
one-quarter wavelength long is practically a 
pure reactance. This is because there is very 
little power lost in the line. Such lines are 
frequently used as “linear” inductances and 
capacitances. 

If a shorted line is less than a quarter-wave 
long, as at X in Fig. 13-2, it will have induc- 
tive reactance. The reactance increases with 
the line length up to the quarter-wave point. 
Beyond that, as at Y, the reactance is capacitive, 
high near the quarter-wave point and becom- 
ing lower as the half-wave point is approached. 
It then alternates between inductive and ca- 
pacitive in successive quarter-wave sections. 
Just the reverse is true of the open-circuited 
line. 

At exact multiples of a quarter wavelength 
the impedance is purely resistive. It is appar- 
ent, from examination of B and D in Fig. 13-2, 
that at points that are a multiple of a half 
wavelength—i.e., %, 1, 1% wavelengths, etc. 
—from the short-circuited end of the line the 
current and voltage have the same values that 
they do at the short circuit. In other words, if 
the line were an exact multiple of a half wave- 
length long the generator or source of power 
would “look into” a short circuit. On the other 
hand, at points that are an odd multiple of a 
quarter wavelength—i.e., 1%4, 34, 1%, etc. — 
from the short circuit the voltage is maximum 
and the current is zero. Since Z = E/I, the 
impedance at these points is theoretically in- 
finite. (Actually it is very high, but not in- 
finite. This is because the current does not 
actually go to zero when there are losses in 
the line. Losses are always present, but us- 
ually are small.) 


Impedance Transformation 


The fact that the input impedance of a line 
depends on the s.w.r. and line length can be 
used to advantage when it is necessary to 
transform a given impedance into another 
value, 

Study of Fig. 13-4 will show that, just as in 
the open- and short-circuited cases, if the line 
is one-half wavelength long the voltage and 
current are exactly the same at the input 
terminals as they are at the load. This is also 
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true of lengths that are integral multiples of 
a half wavelength. It is also true for all values 
of s.w.r. Hence the input impedance of any 
line, no matter what its Z», that is a multiple 
of a half wavelength long is exactly the same 
as the load impedance. Such a line can be used 
to transfer the impedance to a new location 
without changing its value. 

When the line is a quarter wavelength long, 
or an odd multiple of a quarter wavelength, 
the load impedance is “inverted.” That is, if 
the current is low and the voltage is high at 
the load, the input impedance will be such as 
to require high current and low voltage. The 
relationship between the load impedance and 
input impedance is given by 
Zo 
ZR 
where Z, = Impedance looking into line (line 

length an odd multiple of one- 
quarter wavelength) 

Zy = Impedance of load (must be pure 
resistance) 

Z, = Characteristic impedance of line 


Zg = (13-B) 


Example: A quarter-wavelength line having 
a characteristic impedance of 500 ohms is ter- 
minated in a resistive load of 75 ohms. The 
impedance looking into the input or sending 
end of the line is 


= 3333 ohms 


Zz (500)? — 250,000 
Zs = = “a 


Zn O78 
If the formula above is rearranged, we have 
Zo = /ZsZR (13-C) 


This means that if we have two values of im- 
pedance that we wish to “match,” we can do 
so if we connect them together by a quarter- 
wave transmission line having a characteristic 
impedance equal to the square root of their 
product. A quarter-wave line, in other words, 
has the characteristics of a transformer. 


Resonant and Nonresonant Lines 


The input impedance of a line operating 
with a high s.w.r. is critically dependent on 
the line length, and resistive only when the 
length is some integral multiple of one-quarter 
wavelength. Lines cut to such a length and 
operated with a high s.w.r. are called “tuned” 
or “resonant” lines. On the other hand, if the 
s.w.r. is low the input impedance is close to 
the Z,) of the line and does not vary a great 
deal with the line length. Such lines are called 
“flat,” or “untuned,” or “nonresonant.” 

There is no sharp line of demarcation be- 
tween tuned and untuned lines. If the s.w.r. 
is below 1.5 to 1 the line is essentially flat, and 
the same input coupling method will work 
with all line lengths. If the s.w.r. is above 3 
or 4 to 1 the type of coupling system, and its 
adjustment, will depend on the line length 
and such lines fall into the “tuned” category. 

It is usually advantageous to make the 
s.w.r. as low as possible. A resonant line be- 
comes necessary only when a considerable 
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mismatch between the load and the line has 
to be tolerated. The most important practical 
example of this is when a single antenna is 
operated on several harmonically related fre- 
quencies, in which case the antenna impedance 
will have widely different values on different 
harmonics. 


RADIATION 


Whenever a wire carries alternating current 
the electromagnetic fields travel away into 
space with the velocity of light. At power-line 
frequencies the field that “grows” when the 
current is increasing has plenty of time to 
return or “collapse” about the conductor when 
the current is decreasing, because the alterna- 
tions are so slow. But at radio frequencies 
fields that travel only a relatively short dis- 
tance do not have time to get back to the 
conductor before the next cycle commences. 
The consequence is that some of the electro- 
magnetic energy is prevented from being re- 
stored to the conductor; in other words, 
energy is radiated into space in the form of 
electromagnetic waves. 

The lines previously considered have con- 
sisted of two parallel conductors of the same 
diameter. Provided there is nothing in the 
system to destroy symmetry, at every point 
along the line the current in one conductor 
has the same intensity as the current in the 
other conductor at that point, but the currents 


PRACTICAL LINE 


The foregoing discussion of transmission 
lines has been based on a line consisting of 
two parallel conductors. The parallel-conductor 
line is but one of two general types, the other 
being the coaxial or concentric line. The co- 
axial line consists of a conductor placed in the 
center of a tube. The inside surface of the 
tube and the outside surface of the smaller 
inner conductor form the two conducting 
surfaces of the line. 

In the coaxial line the fields are entirely 
inside the tube, because the tube acts as a 
shield to prevent them from appearing out- 


No. 12 or /4 


2°to 6" 


Fig. 13-6—Typical construction of open-wire line. The 

line conductor fits in a groove in the end of the 

spacer, and is held in place by a tie-wire anchored 
in a hole near the groove. 
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flow in opposite directions. This was shown 
in Figs. 13-2C and 13-3C. It means that the 
fields set up about the two wires have the 
same intensity, but oppostie directions. The 
consequence is that the total field set up about 
such a transmission line is zero; the two fields 
“cancel out.” Hence no energy is radiated. 

Practically, the fields do not quite cancel 
out because for them to do so the two con- 
ductors would have to occupy the same space, 
whereas they are actually slightly separated. 
However, the cancellation is substantially com- 
plete if the distance between the conductors is 
very small compared to the wavelength. 
Transmission line radiation will be negligible 
if the distance between the conductors is 0.01 
wavelength or less, provided the currents in 
the two wires are balanced. 

The amount of radiation also is proportional 
to the current flowing in the line. Because of 
the way in which the current varies along the 
line when there are standing waves, the effec- 
tive current, for purposes of -radiation, be- 
comes greater as the s.w.r. is increased. For 
this reason the radiation is least when the line 
is flat. However, if the conductor spacing is 
small and the currents are balanced, the radia- 
tion from a line with even a high s.w.r. is 
inconsequential. A small unbalance in the line 
currents is far more serious — and is just as 
serious when the line is flat as when the s.w.r. 
is high, 
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side. This reduces radiation to the vanishing 
point. So far as the electrical behavior of 
coaxial lines is concerned, all that has pre- 
viously been said about the operation of 
parallel-conductor lines applies. There are, 
however, practical differences in the construc- 
tion and use of parallel and coaxial lines. 


PARALLEL-CONDUCTOR LINES 


A type of parallel-conductor line sometimes 
used in amateur installations is one in which 
two wires (ordinarily No. 12 or No. 14) are 
supported a fixed distance apart by means of 
insulating rods called “spacers.” The spacings 
used vary from two to six inches, the smaller 
spacings being necessary at frequencies of the 
order of 28 Mc. and higher so that radiation 
will be minimized. The construction is shown 
in Fig. 13-6. Such a line is said to be air- 
insulated. The characteristic impedance of such 
“open-wire” lines is between 400 and 600 
ohms, depending on the wire size and spacing. 

Parallel-conductor lines also are occasional- 
ly constructed of metal tubing of a diameter 
of 4 to % inch. This reduces the character- 
istic impedance of the line. Such lines are 
mostly used as quarter-wave transformers, 
when different values of impedance are to be 
matched. 

Prefabricated parallel-conductor line with 


Line Characteristics 


air insulation, developed for television recep- 
tion, can be used in transmitting applications. 
This line consists of two conductors separated 
one-half to one inch by molded-on spacers. 
The characteristic impedance is 300 to 450 
ohms, depending on the wire size and spacing. 

A convenient type of manufactured line is 
one in which the parailel conductors are im- 
bedded in low-loss insulating material (poly- 
ethylene). It is commonly used as a TV lead- 
in and has a characteristic impedance of about 
300 ohms. It is sold under various names, the 
most common of which is “T'win-Lead.” This 
type of line has the advantages of light weight, 
close and uniform conductor spacing, flexi- 
bility and neat appearance. However, the 
losses in the solid dielectric are higher than in 
air, and dirt or moisture on the line tends to 
change the characteristic impedance. Moisture 
effects can be reduced by coating the line with 
silicone grease. A special form of 300-ohm 
Twin-Lead for transmitting uses a polyethyl- 
ene tube with the conductors molded diamet- 
rically opposite; the longer dielectric path in 
such line reduces moisture troubles. 

In addition to 300-ohm line, Twin-Lead is 
obtainable with a characteristic impedance of 
75 ohms for transmitting purposes. Light- 
weight 75-and 150-ohm Twin-Lead also is 
available. 


Characteristic Impedance 


The characteristic impedance of an air-insu- 

lated parallel-conductor line is given by: 
Zp = 216 log 2 (13-D) 
where Z, = Characteristic impedance 
6 = Center-to-center distance between 
conductors 
a= Radius of conductor (in same 
units as 5) 
It does not matter what units are used for a 
and b so long as they are the same units. Both 
quantities may be measured in centimeters, 
inches, etc. Since it is necessary to have a 
table of common logarithms to solve practical 
problems, the solution is given in graphical 
form in Fig. 13-7 for a number of common 
conductor sizes. 

In solid-dielectric parallel-conductor lines 
such as Twin-Lead the characteristic imped- 
ance cannot be calculated readily, because part 
of the electric field is in air as well as in the 
dielectric. 


Unbalance in Parallel~Conductor Lines 


When installing parallel-conductor lines 
care should be taken to avoid introducing 
electrical unbalance into the system. If for 
some reason the current in one conductor is 
higher than in the other, or if the currents in 
the two wires are not exactly out of phase 
with each other, the electromagnetic fields 
will not cancel completely and a considerable 
amount of power may be radiated by the line. 
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Maintaining good line balance requires, first 
of all, a balanced load at its end. For this 
reason the antenna should be fed, whenever 
possible, at a point where each conductor 
“sees” exactly the same thing. Usually this 
means that the antenna system should be fed 
at its electrical center. However, even though 
the antenna appears to be symmetrical phys- 
ically, it can be unbalanced electrically if the 
part connected to one.of the line conductors 
is coupled to something (such as house wiring 
or a metal pole or roof) that is not duplicated 
on the other part of the antenna. Every effort 
should be made to keep the antenna as far as 
possible from other wiring or sizable metallic 
objects. The transmission line itself will cause 
some unbalance if it is not brought away from 
the antenna at right angles to it for a distance 
of at least a quarter wavelength. 

In installing the line conductors take care 
to see that they are kept away from metal. 
The minimum separation between either con- 
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Fig. 13-7—-Chart showing the characteristic impedance 
of spaced-conductor parallel transmission lines with air 
dielectric. Tubing sizes given are for outside diameters. 


ductor and all other wiring should be at least 
four or five times the conductor spacing. The 
shunt capacitance introduced by close prox- 
imity to metallic objects can drain off enough 
current (to ground) to unbalance the line cur- 
rents, resulting in increased radiation. A shunt 
capacitance of this sort also constitutes a 
reactive load on the line, causing an imped- 
ance “bump” that will prevent making the 
line actually flat. 


COAXIAL LINES 


The most common form of coaxial line con- 
sists of either a solid or stranded-wire inner 
conductor surrounded by polyethylene dielec- 
tric. Copper braid is woven over the dielectric 
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to form the outer conductor, and a waterproof 
vinyl covering is placed on top of the braid. 
This cable is made in a number of different 
diameters. It is moderately flexible, and so is 
convenient to install. This solid coaxial cable is 
commonly available in impedances approxi- 
mating 50 and 70 ohms. 

Air-insulated coaxial lines have lower losses 
than the solid-dielectric type, but are rarely 
used in amateur work because they are ex- 
pensive and difficult to install as compared 
with the flexible cable. The common type of 
air-insulated coaxial line uses a solid-wire 
conductor inside a copper tube, with the wire 
held in the center of the tube by means of 
insulating “beads” placed at regular intervals. 


TABLE 13-I 


Transmission-Line Data 


Charac- Capaci- Power 
Description or teristic Velocity tance Rating? 
Type Number Imped- Factor per foot Watts 
ance pf. at 30 Mc. 


Type 


RG-8A/U 

RG-58A/U 

RG-17A/U 

621-1111 

RG-11A/U 

RG-59A/U 

621-1001 

Air-insulated 200-600 0.9753 
214-023! 75 0.71 
214-0561 300 0.82 
214-0761 300 0.84 
214-0221 300 0.85 


Coaxial 


a8 
a3 
oe 

fo} 
ar} 


1Amphenol type numbers and data. Similar lines 
may be made by other manufacturers but losses and 
maximum ratings may differ. Type 214-056 is 
standard receiving ‘“Twin-Lead”; 214-022 has No. 
16 Copperweld conductors for extra strength. 

2Maximum operating volts, r.m.s. 

8Average figure for lines insulated with ceramic 
spacers at intervals of a few feet. 


Characteristic Impedance 


The characteristic impedance of an air- 
insulated coaxial line is given by the formula 
Zo = 138 log (13-E) 

where Z. = Characteristic impedance 
b = Inside diameter of outer conductor 
a= Outside diameter of inner con- 

ductor (in same units as b) 
The formula for coaxial lines is approxi- 
mately correct for lines in which bead spacers 
are used, provided the beads are not too 
closely spaced. When the line is filled with a 
solid dielectric, the characteristic impedance 
as given by the formula should be multiplied 
by 1/\/K, where K is the dielectric constant 
of the material. 


ELECTRICAL LENGTH 


In the discussion of line operation earlier in 
this chapter it was assumed that currents 
traveled along the conductors ‘at the speed of 
light. Actually, the velocity is somewhat less, 
the reason being that electromagnetic fields 
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travel more slowly in material dielectrics than 
they do in free space. In air the velocity is 
practically the same as in empty space, but a 
practical line always has to be supported in 
some fashion by solid insulating materials. 
The result is that the fields are slowed down; 
the currents travel a shorter distance. in the 
time of one cycle than they do in space, and 
so the wavelength along the line is less than 
the wavelength would be in free space at the 
same frequency. 

Whenever reference is made to a line as 
being so many wavelengths (such as a “half 
wavelength” or “quarter wavelength”) long, 
it is to be understood that the electrical length 
of the line is meant. Its actual physical length 
as measured by a tape always will be some- 
what less. The physical length corresponding 
to an electrical wavelength is given by 


V 
Length in feet = a 
where f = Frequency in megacycles 
V = Velocity factor 


(13-F) 


The velocity factor is the ratio of the actual 
velocity along the line to the velocity in free 
space. Values of V for several common types 
of lines are given in Table 13-1. 


Example: A 75-foot length of 300chm Twin- 
Lead is used to carry power to an antenna at 
a frequency of 7150 kc. From Table 13-I, V is 
0.82. At this frequency (7.15 Mc.) a wave- 
length is 


84 
Length (feet) = oe = X 0.82 


= 137.6 X< 0,82 = 112.8 ft. 


The line length is therefore 75/112.8 = 0.665 
wavelength, 


Because a quarter-wavelength line is fre- 
quently used as a linear transformer, it is 
convenient to calculate the length of a 
quarter-wave line directly. The formula is 


V 

Length (feet) = a 

where the symbols have the same meaning as 
above. 


LOSSES IN TRANSMISSION LINES 


There are three ways by which power may 
be lost in a transmission line: by radiation, by 
heating of the conductors (J?R loss), and by 
heating of the dielectric, if any. Radiation 
losses are in general the result of “antenna 
currents” on the line, resulting from undesired 
coupling to the radiating antenna. They can- 
not readily be estimated or measured, so the 
following discussion is based only on conduc- 
tor and dielectric losses. 

Heat losses in both the conductor and the 
dielectric increase with frequency. Conductor 
losses also are greater the lower the charac- 


(13-G) 


Impedance 
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Fig. 13-8—Attenvation 
data for common types 


REA 


of transmission lines. 
Curve A is the nominal 
attenuation of 600-ohm 


open-wire line with No. 
12 conductors, not in- 
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cluding dielectric loss in 
spacers nor possible ra- 


Rne-8/u [2 


diation losses. Addition- 
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al line data are given 
in Table 13-1. 
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teristic impedance of the line, because a higher 
current flows in a low-impedance line for a 
given power input. The converse is true of 
dielectric losses because these increase with 
the voltage, which is greater on high-imped- 
ance lines. The dielectric loss in air-insulated 
lines is negligible (the only loss is in the in- 
sulating spacers) and such lines operate at 
high efficiency when radiation losses are low. 
It is convenient to express the loss in a 
transmission line in decibels per unit length, 
since the loss in db. is directly proportional to 
the line length. Losses in various types of 
lines operated without standing waves (that 
is, terminated in a resistive load equal to the 
characteristic impedance of the line) are given 
in graphical form in Fig. 13-8. In these curves 
the radiation loss is assumed to be negligible. 
When there are standing waves on the line 
the power loss increases as shown in Fig. 13- 
9. Whether or not the increase in loss is 
serious depends on what the original loss 
would have been if the line were perfectly 
matched. If the loss with perfect matching 
is very low, a large s.w.r. will not greatly 
affect the efficiency of the line —i.e., the ratio 
of the power delivered to the load to the 
power put into the line. 

Example: A 150-foot length of RG-11/U 

cable is operating at 7 Mc. with a 5-to-l s.w.r. 

If perfectly matched, the loss from Fig. 13-8 

would be 1.5 X 0.55. = 0.825 db. From Fig. 

13-9 the additional loss because of the s.w.r. is 


0.73 db, The total loss is therefore 0.825 + 
0.95 = 1.775 db. 


An appreciable s.w.r. on a solid-dielectric 
line may result in excessive loss of power at 
the higher frequencies. Such lines, whether of 
the parallel-conductor or coaxial type, should 
be operated as nearly flat as possible, particu- 
larly when the line length is more than 50 feet. 
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Fig. 13-9—Effect of standing-wave radio on line loss. 
The ordinates give the additional loss in decibels for 
the loss, under perfectly matched conditions, shown on 
horizontal scale. 
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TESTING OLD COAXIAL CABLE 


Unknown coaxial cable or cable that has been 
exposed to the weather may have losses above 
the published figures for the cable type. If one 
has access to a sensitive s.w.r. bridge, the cable 
can be checked for losses at the frequency to be 
used. Connect the cable to the bridge and a low- 
powered source of rf., and short circuit the far 
end of the cable. The s.w.r. measurement can then 
be transformed to the line loss (when perfectly 
terminated) by referring to Fig. 13-10. 


Fig. 13-10—By short-circuiting the far end of a length 

of transmission line and measuring the s.w.r. at the 

transmitter end, the loss in the line (when perfectly 

terminated) can be found from this chart. (Cholewski, 
QST, January, 1960) 
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LOADS AND BALANCING DEVICES 


The most important practical load for a 
transmission line is an antenna which, in most 
cases, will be “balanced”—that is, symmetri- 
cally constructed with respect to the feed 
point. Aside from considerations of matching 
the actual impedance of the antenna at the 
feed point to the characteristic impedance of 
the line (if such matching is attempted) a bal- 
anced antenna should be fed through a bal- 
anced transmission line in order to preserve 
symmetry with respect to ground and thus 
avoid difficulties with unbalanced currents on 
the line and consequent undesirable radiation 
from the transmission line itself. 

If, as is often the case, the antenna is to be 
fed through coaxial line (which is inhérently 
unbalanced) some method should be used for 
connecting the line to the antenna without up- 
setting the symmetry of the antenna itself. 
This requires a circuit that will isolate the 
balanced load from the unbalanced line while 
providing efficient power transfer. Devices for 
doing this are called baluns. The types used 
between the antenna and transmission line are 
generally “linear,” consisting of transmission- 
line sections as described in Chapter 14. 

The need for baluns also arises in coupling 
a transmitter to a balanced transmission line, 
since the output circuits of most transmitters 
have one side grounded. (This type of output 
circuit is desirable for a number of reasons, 
including TVI reduction.) The most flexible 
type of balun for this purpose is the inductive- 
ly coupled matching network described in a 
subsequent section in this chapter. This com- 
bines impedance matching with balanced-to- 
unbalanced operation, but has the disadvan- 
tage that it uses resonant circuits and thus 
can work over only a limited band of fre- 
quencies without readjustment. However, if a 
fixed impedance ratio in the balun can be tol- 
erated, the coil balun described below can be 


used without adjustment over a frequency 
range of about 10 to 1 — 3 to 30 Mc.,, for 
example. Alternatively, a similarly wide band 
can be covered by a properly designed trans- 
former (with the same impedance limitation) 
but the design principles and materials used in 
such transformers are quite specialized. Their 
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Fig. 13-11—Baluns for matching between push-pull and 
single-ended circuits. The impedance ratio is 4 to 1 
from the push-pull side to the unbalanced side. Coiling 
the lines (lower drawing) increases the frequency 
range over which satisfactory operation is obtained. 


construction is beyond the scope of this 
Handbook. 


Coil Baluns 


The type of balun known as the “coil balun” 
is based on the principles of a linear transmis- 
sion-line balun as shown in the upper drawing 
of Fig. 13-11. Two transmission lines of equal 
length having a characteristic impedance Zo 
are connected in series at one end and in par- 
allel at the other. At the series-connected end 
the lines are balanced to ground and will 
match an impedance equal to 2Z>. At the par- 
allel-connected end the lines will be matched 
by an impedance equal to Z./2. One side may 
be connected to ground at the parallel-con- 
nected end, provided the two lines have a 
length such that, considering each line as a 


Baluns 


single wire, the balanced end is effectively 
decoupled from the parallel-connected end. 
This requires a length that is an odd multiple 
of %4 wavelength. 

A definite line length is required only for 
decoupling purposes, and so long as there is 
adequate decoupling the system will act as a 
4-to-1 impedance transformer regardless of 
line length. If each line is wound into a coil, 
as in the lower drawing, the inductances so 
formed will act as choke coils and will tend to 
isolate the series-connected end from any 
ground connection that may ‘be placed on the 
parallel-connected end. Balun coils made in 
this way will operate over a wide frequency 
range, since the choke inductance is not criti-~ 
cal. The lower frequency limit is where the 
coils are no longer effective in isolating one 
end from the other; the length of line in each 
coil should be about equal to a quarter wave- 
length at the lowest frequency to be used. 

The principal application of such coils is in 
going from a 300-ohm balanced line to a 75- 
ohm coaxial line. This requires that the Z> of 
the lines forming the coils be. 150 ohms. 
Commercial (B&W) coils are available. 

A balun of this type is simply a fixed-ratio 
transformer, when matched. It cannot com- 
pensate for inaccurate matching elsewhere in 
the system. With a “300-ohm” line on the 
balanced end, for example, a 75-ohm coax 
cable will not be matched unless the 300-ohm 
line actually is terminated in a 300-ohm load. 


TWO BROAD-BAND 
TOROIDAL BALUNS 


Air-wound balun transformers are somewhat 
bulky when designed for operation in the 1.8- to 
30-Mc. range. A more compact broad-band trans- 


11 


Fig. 13-11C—Schematic 
and pictorial representa- 
tions of the balun trans- 
formers. Ti and Ts are 
wound on CF-123 toroid 
cores (see footnote 1, and 
the text). J: and J4 are 
SO-239-type coax connec- 
tors, or similar. Jo, Js, Js, 
and Je are steatite feed- 
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Fig. 13-11D—Layout of a kilowatt 4:1 toroidal balun 
transformer. Phenolic insulating board is mounted be- 
tween the transformer and the Minibox wall to prevent 
short-circuiting. The board is held in place with epoxy 
cement. Cement is also used to secure the transformer 
to’the board. For outdoor use, the Minibox cover can 
be installed, then sealed against the weather by 
applying epoxy cement along the seams of the box. 


former can be realized by using toroidal ferrite 
core material as the foundation for bifilar-wound 
coil balun transformers.. Two such baluns are 
described here. 

In Fig. 13-13C at A, a 1:1 ratio balanced-to- 
unbalanced-line transformer is shown. This trans- 
former is useful in converting a 50-ohm balanced - 
line condition to one that is 50 ohms, unbalanced. 
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Similarly, the transformer will work between 
balanced and an unbalanced 75-ohm impedances. 
A 4:1 ratio transformer is illustrated in Fig. 
13-11C at B. This balun is useful for converting a 
200-ohm : balanced condition to one that is 50 
ohms, unbalanced. In a like manner, the trans- 
former can be used between a balanced 300-ohm 
point and a 75-ohm unbalanced line. Both balun 
transformers will handle 1000 watts of r.f. power 
and are designed to operate from 1.8 through 
60 Mc. 

Low-loss high-frequency ferrite core material 
is used for T, and T..1.3 The cores are made from 
Q-2 material and cost approximately $5.50 in 
single-lot quantity. They are 0.5 inches thick, 
have an O.D. of 2.4 inches; and the I.D. is 1.4 
inches. The permeability rating of the cores is 
40. A packaged one-kilowatt balun kit, with 
winding instructions for 1:1 or 4:1 impedance 
transformation ratios, is. available, but uses a 
core of slightly different dimensions.” 


Winding Information 


The transformer shown in Fig. 13-11C at A has 
a trifilar winding consisting of 10 turns of No. 14 
formvar-insulated copper wire. A 10-turn bifilar 
winding of the same type of wire is used for the 
balun of Fig. 13-11C at B. If the cores have rough 
edges, they should be carefully sanded until 
smooth enough to prevent damage to the wire’s 
formvar insulation. The windings should be 
spaced around the entire core as shown in Fig. 
13-11D. Insulating. tape need not be used be- 
tween the core material and the windings because 
the ferrite material is essentially nonconductive. 


Using the Baluns 
For indoor applications, the transformers can 


be assembled open-style, without benefit of a, 


protective enclosure. For outdoor installations, 
such as at the antenna feed point, the balun should 
be encapsulated in epoxy resin or mounted in a 
suitable weather-proof enclosure. A Minibox, 
sealed against moisture, works nicely for the 
latter. 


NONRADIATING LOADS 


Typical examples of nonradiating loads for 
a transmission line are the grid circuit of a 
power amplifier (considered in the chapter on 
transmitters), the input circuit of a receiver, 
and another transmission line. This last case 
includes the “antenna tuner” —a misnomer 
because it is actually a device for coupling a 
transmission line to the transmitter. Because 
of its importance in amateur installations, the 
antenna coupler is considered separately in a 
later part of this chapter. 


2 Available in single-lot quantity from Indiana General 
Corp., Electronics Div., Keasby, New Jersey. Address 
all correspondence to Mr. Joseph C. Venerus, Prod. Engi- 
neering Mer. 

2Ami-Tron Associates, 12033 Otsego Street, North 
Hollywood, California 

8 Toroid cores are also available from Ferroxcube Corp. 
of America, Saugerties, New York. 
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Coupling to a Receiver 


A good match between an antenna and its 
transmission line does not guarantee a low 
standing-wave ratio on the line when the an- 
tenna system is used for receiving. The s.w.r. 
is determined wholly by what the line “seés” 
at the receiver’s antenna-input terminals. For 
minimum s.w.r. the receiver input circuit must 
be matched to the line, The rated input im- 
pedance of a receiver is a nominal value that 
varies over a considerable range with fre- 
quency. Methods for bringing about a proper 
match are discussed in the chapter on receivers. 

The most desirable condition is that in 
which the receiver is matched to the line Z 9 
and the line in turn is matched to the antenna. 
This transfers maximum power from the an- 
tenna to the receiver with the least loss in the 
transmission line. 


COUPLING TO RANDOM-LENGTH 
ANTENNAS 


Several impedance-matching schemes are 
shown in Fig. 13-11E, permitting random-length 
wires to be matched to normal lo-Z transmitter 
outputs. The circuit used will depend upon the 
length of the antenna wire and its impedance at 
the desired operating frequency. Ordinarily, one 
of the four methods shown will provide a suitable 
impedance match to an end-fed random wire, but 
the configuration will have to be determined ex- 
perimentally. For operation between 3.5 and 30 
Mc., C, can be a 200-pf. type with suitable plate 
spacing for the power level in use. C, and C, 


should be 500-pf. units to allow for flexibility inj 


matching. L,, L,, and L, should be tapped or 
rotary inductors with sufficient L for the operat- 
ing frequency. L, can bé a tapped Miniductor coil 
with ample turns for the band being used. An 
s.w.r. bridge should be used as a match indicator, 


TRAN. ANT. 


TRAN: 
(LO-Z) ul (H-Z) (L0-z) cl L5 
cl 
L3 ch 
TRAN. Ee ANT. TRAN. 
(LO-Z) TAP (z (LO-Z) L4 
UNKNOWN) C2 C3 


Fig. 13-11E—Networks for matching a lo-Z transmitter 
output to random-length end-fed wire antennas. 
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COUPLING THE TRANSMITTER TO THE LINE 


2C5 


The type of coupling sys- 
tem that will be needed to - 
transfer power adequately TRANS: 
from the final r.f. amplifier to 
the transmission line depends 
almost entirely on the input 
impedance of the line. As 


shown earlier in this chapter, el 
the input impedance is deter- 

mined by the standing-wave L, 
ratio and the line length. The ,J..- 


simplest case is that where 

the line is terminated in its 

characteristic impedance so C, 
that the s.w.r. is 1 to 1 and 

the input impedance is equal 

to the Z, of the line, regard- 

less of line length. 

Coupling systems that will deliver power in- 
to a flat line are readily designed. For all 
practical purposes the line can be considered 
to be flat if the s.w.r. is no greater than about 
1.5 to 1. That is, a coupling system designed 
to work into a pure resistance equal to the 
line Z will have enough leeway to take care of 
the small variations in input impedance that 
will occur when the line length is changed, if 
the s.w.r. is higher than 1 to 1 but no greater 
than 1.5 to 1. 

Current practice in transmitter design is to 
provide an output circuit that will work into 


(C) 


such a line, usually a coaxial line of 50 to 75 


ohms characteristic impedance. The design of 
such output circuits is discussed in the chapter 
on high-frequency transmitters. If the input 
impedance of the transmission line that is 
to be connected to the transmitter differs 


appreciably from the value of impedance 
into which the transmitter output circuit 
is designed to operate, an  impedance- 


matching network must be inserted between 
the transmitter and the line input terminals. 


IMPEDANCE-MATCHING CIRCUITS 
FOR TRANSMISSION LINES 

As shown earlier in this chapter, the input 
impedance of a line that is operating with a 


TO 
ror TRANS. 


2g 
25 
TO al 
TRANS: 
Ls Lowz HIGH 
Cp 
Cc, sd 
2s 
(D) 


Fig. 13-12—Simple circuits for coupling a transmitter 
to a balanced line that presents a load different than 
the transmitter design output impedance. (A) and (B) 
are respectively series- and parallel-tuned circuits using 
‘variable inductive coupling between coils, and (C) and 
(D) are similar but use fixed inductive coupling and a 
variable series capacitor, C:. A series-tuned circuit 
works well with a low-impedance load; the paraltel 
circuit is better with high-impedance loads (several 
hundred ohms or more). : 


high standing-wave ratio can vary over quite 
wide limits. The simplest type of circuit that 
will match such a range of impedances to 50 to 
75 ohms is a simple series- or parallel-tuned 
circuit, approximately resonant at the operating 
frequency. If the load presented by the line at 
the operating frequency is low (below a few 
hundred ohms), a series- tuned circuit should 
be used. When the load is higher than this, the. 
parallel-tuned circuit is easier to use. 
Typical simple circuits for coupling between 
the transmitter with 50- to 75-ohm coaxial-line 
output and a balanced transmission line are 
shown in Fig. 13-12. The inductor L, should 
have a reactance of about 60 ohms (see Fig. 
2-44) when adjustable inductive coupling is 
used (Figs. 13-12A and 13-12B). When a 


Cs 


Fig. 13-13—Coupling from a transmitter designed for 50- to 75-ohm output to a coaxial line with a 3- or 4-to-1 
s.w.r. is readily accomplished with these circuits. Essential difference between the circuits is (A) adjustable induc- 
tive coupling and (B) fixed inductive coupling with variable series capacitor. 

In either case the circuit can be adjusted to give a 1-to-1 s.w.r. on the meter in the line to the transmitter. 

The coil ends marked “x” should be adjacent, for minimum capacitive coupling. 
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variable series capacitor is used, L, should have 
a reactance of about 120 ohms. The variable 
capacitor, C,, should have a reactance at maxi- 
mum capacitance of about 100 ohms. 

On the secondary side, L, and C, should be 
capable of being tuned to resonance at about 
80 percent of the operating frequency. In the 
series-tuned circuits, for a given low-impedance 
load looser coupling can be used between L, and 
L, as the L,-to-C, ratio is increased. In the 
parallel-tuned circuits, for a given  high- 
impedance load looser coupling can be used be- 
tween L, and L, as the C)-to-L, ratio is in- 
creased. The constants are not critical; the 
rules of thumb are mentioned to assist in cor- 
recting a marginal condition where sufficient 
transmitter loading cannot be obtained. 

Coupling to coaxial lines that have a high 
s.w.r., and consequently may present a trans- 
mitter with a load it cannot couple to, is done 
with an unbalanced version of the series-tuned 
circuit, as shown in Fig. 13-13. The rule given 
‘above for coupling ease and L,-to-C, ratio ap- 
plies to these circuits as well. 

The most satisfactory way to set up initially 
any of the circuits of Figs. 13-12 or 13-13 is 
to connect a coaxial s.w.r. bridge in the line to 
the transmitter, as shown in Fig. 13-13. The 
“Monimatch” type of bridge, which can handle 
the full transmitter power and may be left in 
the line for continuous monitoring, is excellent 
for this purpose. However, a simple resistance 
bridge such as is described in the chapter on 
measurements is perfectly adequate, requiring 
only that the transmitter output be reduced to a 
very low value so that the bridge will not be 
overloaded. To adjust the circuit, make a trial 
setting of the coupling (coil spacing in Figs. 
13-12A and B and 13-13A, Cy setting in others) 
and adjust C, or Cy for minimum s.w.r. as in- 
dicated by the bridge. If the s.w.r. is not close 
to 1 to 1, readjust the coupling and retune C, 
or Cy continuing this procedure until the s.w.r. 
is practically 1 to 1. The settings may then be 
logged for future reference. 

In the series-tuned circuits of Figs. 13-12A 
and 13-12C, the two capacitors should be set at 
similar settings. The “2C,” indicates that a 
balanced series-tuned coupler requires twice the 
capacitance in each of two capacitors as does an 
unbalanced series-tuned circuit, all other things 
being equal. 

It is possible to use circuits of this type with- 
out initially setting them up with an s.wer. 
bridge. In such a case it is a matter of cut- 
and-try until adequate power transfer between 
the amplifier and main transmission line is 
secured. However, this method frequently re- 
sults in a high s.w.r. in the link, with conse- 
quent power loss, “hot spots” in the coaxial 
cable, and tuning that is critical with frequency. 
The bridge method is simple and gives the 
optimum operating conditions quickly and with 
certainty. 
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A WIDE-RANGE COUPLER FOR 
BALANCED TRANSMISSION LINES 


Matching networks or “Transmatches” for un- 
balanced (coaxial) lines are normally satisfied 
by the circuits shown in Fig. 13-13. The limita- 
tions of coaxial line with high standing-wave 
ratios automatically put a limit on the power 
ratings of the components in the network. 

It is different with open-wire (balanced) line. 
They can operate with much higher standing- 
wave ratios than coaxial lines can, for the same 
loss or without failure. As a result, couplers de- 
signed for use with open-wire lines may be called 
upon to withstand higher voltages and currents 
at any given power level than would a coupler 
used with coaxial line. For this reason, couplers 
designed to be used with open-wire lines often 
seem to require components out of proportion to 
the power being handled. However, the antenna 
system with the open-wire line and the “large” 
coupler may be an efficient system on three or 
four amateur bands, while the “convenient” sys- 
tem may be a compromise with efficiency on two 
or three bands. 

A wire antenna, fed at the center with open- 
wire line, is the most efficient multiband antenna 
devised to date. A transmission-line coupler of 
the type to be described is required, because the 
transmission line is “tuned” (it always has a high 
s.w.r.). The coupler permits the antenna system 
to present a proper load to the transmitter, with 
maximum overall efficiency. Regardless of the 
s.w.r. on the open-wire line, the coupler trans- 
forms the load to a non-reactive 50 ohms. A 
built-in “Monimatch” s.w.r. indicator shows 
when the correct tuning has been obtained. 

Since low-impedance loads require series tun- 
ing, and high-impedance loads require parallel 
tuning, provision is included for both types of 
circuits. Tapped coils tend to be lossy at the 
higher frequencies and suitable switches are ex- 
pensive, so the coupler uses plug-in coils for effi- 
ciency and clip leads for simplicity. 

The choice of series or parallel tuning is ob- 
tained by using a split-stator capacitor (Cg, in 
Fig. 13-18) and an inductor, Lo, that may or may 
not be split in the center. When the inductor is 
not opened, the transmission line is connected 
across the entire coil, to provide parallel tuning. 
Series tuning is obtained by opening the coil 
and connecting the transmission line to the break. 
The several combinations are shown in Fig. 
13-18. 

A good idea of the construction can be ob- 
tained from Figs. 13-17 and 13-19. All construc- 
tion is straightforward and conventional, with 
the possible exception of the Monimatch. The 
jack bar for the inductors (Millen 41305) is 
mounted above a hole through which the co- 
axial line (inner conductor) from P, passes, as 
well as the return back to the stator of C, and, 
on the 80-meter unit, the jumper to the stator 
of Cy. Cy is supported by a small aluminum 
bracket, to bring its shaft to the same height 
as that of Cy. A Millen 39106 shaft coupling is 
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Fig. 13-17—Wide-range transmission-line coupler has. provision for high- or low-C series or parallel tuning. A 
built-in Monimatch simplifies the tuning and insures offering the proper load to the transmitter. 

The Monimatch section is at the lower left. Coaxial line running from it loops around and outer conductor 
is grounded at C; rotor. On front panel, left-hand dial tunes Ci and right-hand dial turns split-stator Cs. 


TRANS. 
P, 
C 
( 
! zm Fe Af EF 
| 
| PARALLEL PARALLEL 
| LOw-C HIGH-C 
I 
0-50HA, Cl Lo Le 

| ‘C3 ANT. ANT. 
; 
| 

SERIES SERIES 

LOW-C HIGH-C 


Fig. 13-18—Circuit diagram of the wide-range coupler: Capacitor C; connects to Lz in several ways through 
use of clip leads, Similarly, the transmission line may be connected either to the outside of the inductor Le 
(parallel tuning) or to the inside (series tuning). 


C,—325-pf. variable (Hammarlund (MC-325) 

Ce—Same as Ci; used on 80 meters only. Jumper on 
Le plug bar connects Cz in circuit. 

Cs—Dual 100-pf. transmitting variable (Johnson 154- 
510) 

CRi, CRe—1N34A or similar diode 

Ji, Je—Coaxial chassis receptacle, $O-239 

Li, La—See coil table. 


Mi—0-50 microammeter (Lafayette 99G5042) 

P:—Coaxial plug, PL-259 

Ri, Re—-68-ohm V-watt composition. See text. 

Re—30,000-ohm '4-watt potentiometer, linear taper. 

Si—Single-pole 5-position (two used) rotary switch 
(Mallory 3215J) . 

Rz, Rs—1000 ohm, % watt. For use below 50 watts, 
substitute 1 mh. r.f. choke. (Miller 7OF103AI) 
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Fig. 13-19—The coupler is 
built on a 13 X 5 X 3-inch 
aluminum chassis. The front 
panel is 8 X 10% inches. 
Split-stator Cz is supported on 
l-inch ceramic cone insulators, 
and the four alligator clips 
that take the transmission 
line are mounted on 1¥-inch 
cone insulators. Note clip lead 
connected to split-stator ca- 
pacitor rotor connection: this 


used to C,; a Hammarlund FC-46-S is used at 
C3. Alligator clips used to take the transmission 
line are forced on to decapitated brass screws and 
soldered in place. The pair of clips at the rear of 
the chassis are used with series tuning; those 
on the side with parallel. This preserves the 
symmetry, provided the transmission line is 
brought down vertically to the coupler. 

The Monimatch is made from a 6-inch length 
of RG-8/U. The vinyl outer covering is removed 


and the outside braid slipped off. One inch of. 


polyethylene insulation is removed at each end, 
revealing l-inch lengths of inner conductor and 
leaving 4 inches of polyethylene. Two 4%-inch 
lengths of No. 14 wire are taped to opposite sides 
of the polyethylene. Tin the ends of the wires 
before fastening them in place with the tape. 


Slip the outer braid back over the assembly and. 


tape it tightly in place. The 1-inch excess outer 
conductor at each end is unbraided and twisted 
together to form four leads at each end. These 
leads are to be connected to soldering lugs under 
each corner of J, and Jy, while the inner con- 
ductor is soldered to the inner connection of J, 
and Jo. 

If a 50-ohm dummy load is available, it can be 
used to test the Monimatch. Starting with the 
value of 68 ohms at R, and Rg, check the re- 
flected indication when the transmitter is con- 
nected to J, and the dummy load is connected to 
Jo, Then try resistors a few ohms either side of 
this value, until a good null is obtained. Reverse 
the connections to J, and J, and check the value 
of Ry in the same manner. It is not absolutely 
essential that a perfect null be obtained; it is 
more a matter of pride, since it won’t make much 
difference to the transmitter if it is offered 48 or 
52 ohms instead of the magic 50. 

It is possible to make an educated guess on 
what kind of load (high- or low-impedance) the 
line presents in the shack, based on the electrical 


can be connected to lug on 
chassis or to one side of Lz. 


length of the line. However, it is more likely that 
a little “cut and try” is in order. The coil table 
shows some values and the ranges of impedances 
they will handle. It is suggested that initial ex- 
periments be carried on at low power (50 to 
100 watts). Try parallel tuning first. If a match 
cannot be obtained with any settings of C, and 
Cz (Cy in circuit if on 80 meters), leave the coil 
connected for parallel tuning but tap the trans- 
mission line in towards the center of the coil. If 
this is the condition that will permit a “reflected” 
reading of zero, series tuning is indicated and the 
coil should be opened at the center and the series 
connection used on that band. The wire is clipped 
at the center of the coil and bent out and up- 
wards; the two clip leads from the rear of the 
chassis are used to make the connection. The 
temporary tests on individual turns can be made 
with clips that have been flattened at the tips. 

When constructing the coils, the leads from 
L, must be “snaked” between the turns of L,. To 
insulate the leads, use a couple of the ceramic 
bushings furnished with Centralab index heads 
for ceramic switch sections (Centralab PA-301). 


Antenna Coupler Coil Table 


Range—ohms Li L2 


Turns Turns 
Series Material Material 


80-700 12 39 BB 
25-600 6 13. (¢C 
25-700 3 
50-500 3 
20-100 4 


Material A: No. 16, 2 inch diam., 10 t.p.i. (B&W 
3907-1) ; 
B: No. 14, 2% inch diam., 8 t.p.i. (B&W 
3906-1) 
C: No. 12, 2% inch diam., 6 t.p.i. (B&W 
3905-1) 


Parallel 


800-4000 
600-5000 
14 600-5000 


21 500-5000 
21 1500-5000 


Antennas 


An antenna system can be considered to in- 
clude the antenna proper (the portion that radi- 
ates the r.f. energy), the feed line, and any cou- 
pling devices used for transferring power from 
the transmitter to the line and from the line to 
the antenna. Some simple systems may .omit the 
transmission line or one or both of the coupling 
devices. This chapter will describe the antenna 
proper, and in many cases will show popular 
types of lines, as well as line-to-antenna cou- 
plings where they are required. However, it 
should be kept in mind that any antenna proper 
can be used with any type of feedline if a suit- 
able coupling is used between the antenna and 
the line. Changing the line does not change ihe 
type of antenna. 


Selecting an Antenna 


In selecting the type of antenna to use, the 
majority of amateurs are somewhat limited 
through space and structural limitations to sim- 
ple antenna systems, except for v.h.f. operation 
where the small space requirements make the use 
of multielement beams readily possible. This 
chapter will consider antennas for frequencies as 
high as 30 Mc.—a later chapter will describe the 
popular types of v.h.f. antennas. However, even 
though the available space may be limited, it is 
well to consider the propagation characteristics 
of the frequency band or bands to be used, to in- 
sure that best possible use is made of the avail- 
able facilities. The propagation characteristics of 
the amateur-band frequencies are described in 
Chapter Fifteen. In general, antenna construc- 
tion and location become more critical and im- 
portant on the higher frequencies. On the 
lower frequencies (3.5 and 7 Mc.) the vertical 
angle of radiation and the plane of polarization 
may be of relatively little-importance; at 28 Mc. 
they may be all-important. 


Definitions 


The polarization of a straight-wire antenna 
is determined by its position with respect to the 
earth. Thus a vertical antenna radiates verti- 
cally polarized waves, while a horizontal antenna 
radiates horizontally polarized waves in a direc- 
tion broadside to the wire and vertically polar- 
ized waves at high vertical angles off the ends of 
the wire. The wave from an antenna in a slanting 
position, or from the horizontal antenna in direc- 
tions other than mentioned above, contains 
components of both ‘horizontal and vertical 
polarization. 

The vertical angle of maximum radiation 
of an antenna is determined by the free-space 
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pattern of the antenna, its height above ground, 
and the nature of the ground. The angle is meas- 
ured in a vertical plane with respect to a tangent 
to the earth at that point, and it will usually vary 
with the horizontal angle, except in the case of a 
simple vertical antenna. The horizontal angle of 
maximum radiation of an antenna is determined 
by the free-space pattern of the antenna. 

The impedance of the antenna at any point 
is the ratio of the voltage to the current at that 
point. It is important in connection with feeding 
power to the antenna, since it constitutes the load 
to the line offered by the antenna. It can be 
either resistive or complex, depending upon 
whether or not the antenna is resonant. 

The field strength produced by an antenna is 
proportional to the current flowing in it. When 
there are standing waves on an antenna, the 
parts of the wire carrying the higher current 
have the greater radiating effect. All resonant 
antennas have standing waves—only terminated 
types, like the terminated rhombic and termi- 
nated “V,” have substantially uniform current 
along their lengths. 

The ratio of power required to produce a given 
field strength with a “comparison” antenna to 
the power required to produce the same field 
strength with:a specified type of antenna is called 
the power gain of the latter antenna. The field is 
measured in the optimum direction of the an- 
tenna under test. The comparison antenna is gen- 
erally a half-wave antenna at the same height 
and having the same polarization as the antenna 
under consideration. Gain usually is expressed 
in decibels. 

In unidirectional beams (antennas with most 
of the radiation in only one direction) the front- 
to-back ratio is the ratio of power radiated in 
the maximum direction to power radiated in the 
opposite direction. It is also a measure of the 
reduction in received signal when the beam di- 
rection is changed from that for maximum re- 
sponse to the opposite direction. Front-to-back 
ratio is usually expressed in decibels. 

The bandwidth of an antenna refers to the 
frequency range over which a property falls 
within acceptable limits. The gain bandwidth, 
the front-to-back-ratio bandwidth and the 
standing-wave-ratio bandwidth are of prime 
interest in amateur work. The gain bandwidth 
is of interest because, generally, the higher the 
antenna gain is the narrower the gain bandwidth 
will be. The s.w.r. bandwidth is of interest be- 
cause it is an indication of the transmission-line 
efficiency over the useful frequency range of the 
antenna. 
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ANTENNAS 


GROUND EFFECTS 


The radiation pattern of any antenna that is 
many wavelengths distant from the ground and 
all others objects is called the free-space pat- 
tern of that antenna. The free-space pattern of 
an antenna is almost impossible to obtain in 
practice, except in the v.hf. and uhf. ranges. 
Below 30 Mc., the height of the antenna above 
ground is a major factor in determining the radi- 
ation pattern of the antenna. 

When any antenna is near the ground the free- 
space pattern is modified by reflection of radiated 
waves from the ground, so that the actual pat- 
tern is the resultant of the free-space pattern and 
ground reflections. This resultant is dependent 
upon the height of the antenna, its position or 
orientation with respect to the surface of the 
ground, and the electrical characteristics of the 
ground. The effect of a perfectly reflecting 
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Fig. 14-1—Effect of ground on radiation of horizontal 
antennas at vertical angles for four antenna heights. 
This chart is based on perfectly conducting ground. 


ground is such that the original free-space field 
strength may be multiplied by a factor which has 
a maximum value of 2, for complete reinforce- 
ment, and having all intermediate values to zero, 
for complete cancellation. These reflections only 
affect the radiation pattern in the vertical 
plane—that is, in directions upward from the 
earth’s surface—and not in the horizontal plane, 
or the usual geographical directions. 

Fig. 14-1 shows how the multiplying factor 
varies with the vertical angle for several repre- 
sentative heights for horizontal antennas. As the 
height is increased the angle at which complete 
reinforcement takes place is lowered, until for a 
height equal to one wavelength it occurs at a 
vertical angle of 15 degrees. At still greater 
heights, not shown on the chart, the first maxi- 
mum will occur at still smaller angles. 


Radiation Angle 


The vertical angle of maximum radiation is 
of primary importance, expecially at the higher 


frequencies. It is advantageous, therefore, to 
erect the antenna at a height that will take ad- 
vantage of ground reflection in such a way as 
to reinforce the space radiation at the most de- 
sirable angle. Since low angles usually are most 
effective, this generally means that the antenna 
should be high—at least one-half wavelength at 
14 Mc., and preferably three-quarters or one 
wavelength, and at least one wavelength, and 
preferably higher, at 28 Mc. The physical height 
required for a given height in wavelengths de- 
creases as the frequency is increased, so that 
good heights are not impracticable; a half wave- 
length at 14 Mc. is only 35 feet, approximately, 
while the same height represents a full wave- 
length at 28 Mc. At 7 Mc. and lower frequencies 
the higher radiation angles are effective, so that 
again a useful antenna height in not difficult of 
attainment. Heights between 35 and 70 feet are 
suitable for all bands, the higher figures being 
preferable. 


Imperfect Ground 


Fig. 14-1 is based on ground having perfect 
conductivity, whereas the actual earth is not a 
perfect conductor. The principal effect of actual 
ground is to make the curves inaccurate at the 
lowest angles; appreciable high-frequency radi- 
ation at angles smaller than a few degrees is prac- 
tically impossible to obtain over horizontal 
ground. Above 15 degrees, however, the curves 
are accurate enough for all practical purposes, 
and may be taken as indicative of the result to be 
expected at angles between 5 and 15 degrees. 

The effective ground plane—that is, the plane 
from which ground reflections can be considered 
to take place—seldom is the actual surface of the 
ground but is a few feet below it, depending upon 
the character of the soil. 


Impedance 
Waves that are reflected directly upward from 
the ground induce a current in the antenna in 
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Fig. 14-2—Theoretical curve of variation of radiation 
resistance for a very thin half-wave horizontal antenna 
as a function of height in wavelength above perfectly 
reflecting ground. 


Definitions 


passing, and, depending on the antenna height, 
the phase relationship of this induced current to 
the original current may be such as either to in- 
crease or decrease the total current in the an- 
tenna. For the same power input to the antenna, 
an increase in current is equivalent to a decrease 
in impedance, and vice versa. Hence, the imped- 
ance of the antenna varies with height. The the- 
oretical curve of variation of radiation resistance 
for a very thin half-wave antenna above perfectly 
reflecting ground is shown in Fig. 14-2. The im- 
pedance approaches the free-space value as the 
height becomes large, but at low heights may 
differ considerably from it. 


Chaice of Polarization 


Ss 


Polarization of the transmitting antenna is 
generally unimportant on frequencies between 
3.5 and 30 Mc. However, the question of whether 
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the antenna should be installed in a horizontal 
or vertical position deserves consideration for 
other reasons. A vertical half-wave or quarter- 
Wave antenna will radiate equally well in all 
horizontal directions, so that it is substantially 
nondirectional, in the usual sense of the word. 
If installed horizontally, however, the antenna 
will tend to show directional effects, and will 
radiate best in the direction at right angles, or 
broadside, to the wire. The radiation in such a 
case will be least in the direction toward which 
the wire points. 

The vertical angle of radiation also will be 
affected by the position of the antenna. If it were 
not for ground losses at high frequencies, the 
vertical half-wave antenna would be preferred 
because it would concentrate the radiation 
horizontally, and this low-angle radiation is pref- 
erable for practically all work. 


THE HALF-WAVE ANTENNA 


A fundamental form of antenna is a single wire 
whose length is approximately equal to half the 
transmitting wavelength. It is the unit from 
which many more-complex forms of antennas 
are constructed, It is known as a dipole antenna. 

The length of a half-wave in space is: 


492 


Length (feet) = 
edeey) Freq. (Mc.) 


(14-A) 


The actual length of a half-wave antenna will 
not be exactly equal to the half-wave in space, 
but depends upon the thickness of the conductor 
in relation to the wavelength as shown in Fig. 
14-3, where K is a factor that must be multiplied 
by the half wavelength in free space to obtain the 
resonant antenna length. An additional shorten- 
ing effect occurs with wire antennas supported 
by insulators at the ends because of the capaci- 
tance added to the system by the insulators (end 
effect). The following formula is sufficiently ac- 


curate for wire antennas at frequencies up to 30 
Mce.: 


Length of half-wave antenna (feet) = 
492 X 0.95 468 


= (14-B) 
Freq. (Mc.) — Freq. (Mc.) 


Example: A half-wave antenna for 7150 ke. 
(7.15 Me.) is - == 65.45 feet, or 65 feet 5 


& 


inches, 


Above 30 Mc. the following formulas should 
be used, particularly for antennas constructed 
from rod or tubing. K is taken from Fig. 14-3. 

Length of half-wave antenna (feet) = 

492 XK 


— (14-C) 
Freq. (Mc.) 
or length (inches) = ede SG (14-D) 


Freq. (Mc.) 


Example: Find the length of a half wave- 
length antenna at 28.7 Mc., if the antenna is 
made of \4-inch diameter tubing. At 28.7 Mc., 


492 
a half wavelength in space isag7= 17,14 feet, 


from Eq. 14-A. Ratio of half wavelength to 
conductor diameter (changing wavelength to 
17.14 X 12 
ane x) = 411. From Fig. 14-3, 
K = 0.97 for this ratio. The length of the an- 
492 X 0.97 
tenna, from Eq. 14-C, is OPE x 07) 16.63 
feet, or 16 feet 7%4 inches. The answer is ob- 
tained directly in inches by substitution in Eq. 


(5905 X 0.97) f 
14-D; 77 199.6 inches, 


inches) is 


RESISTANCE AT RESONANCE 


~ 50 400 200 500 = 1000 $000 
RATIO OF HALF WAVELENGTH TO CONDUCTOR DIAMETER 


Fig. 14-3—Effect of antenna diameter on length for 

half-wave resonance, shown as a multiplying factor, K, 

to be applied to the free-space half wavelength (Equa- 

tion 14-A). The effect of conductor diameter on the 
center impedance also is shown. 


Current and Voltage Distribution 


When power is fed to an antenna, the current 
and voltage vary along its length. The current 
is maximum (loop) at the center and nearly 
zero (node) at the ends, while the opposite is 
true of the r.f. voltage. The current. does not 
actually reach zero at the current nodes, because 
of the end effect; similarly, the voltage is not 
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Fig. 14-4—The above scales, based on Eq. 14-B, can be used 
to determine the length of a half-wave antenna of wire. 


‘zero at its node because of the resistance of the 
antenna, which consists of both the r.f. resistance 
of the wire (ohmic resistance) and the radiation 
resistance, The radiation resistance is an equiva- 
lent resistance, a convenient conception to indi- 
cate the radiation properties of an antenna. The 
radiation resistance is the equivalent resistance 
that would dissipate the power the antenna radi- 
ates, with a current flowing in it equal to the 
antenna current at a current loop (maximum). 
The ohmic resistance of a half wavelength an- 
tenna is ordinarily small enough, compared with 
the radiation resistance, to be neglected for all 
practical purposes. 


Impedance 


‘The radiation resistance of an infinitely-thin 
half-wave antenna in free space is about 73 ohms. 
The value under practical conditions is com- 
monly taken to be in the neighborhood of 60 to 
70 ohms, although it varies with height in the 
manner of Fig. 14-2. It increases toward the 
ends. The actual value at the ends will depend on 
a number of factors, such as the height, the phys- 
ical construction, the insulators at the ends, and 
the position with respect to ground. 


Conductor Size 


The impedance of the antenna also depends 
tipon the diameter of the conductor in relation 
to the wavelength, as indicated in Fig. 14-3. If 
the diameter of the conductor is increased the 
capacitance per unit length increases and the in- 
ductance per unit fength decreases. Since the 
radiation resistance is affected relatively little, 
the decreased L/C ratio causes the Q of the an- 
tenna to decrease, so that the resonance curve 
becomes Jess sharp. Hence, the antenna is cap- 
able of working over a wide frequency range. 
This effect is greater as the diameter is in- 
creased, and is a property of some importance at 
the very-high frequencies where the wavelength 
is small. 
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Radiation Characteristics 


The radiation from a dipole antenna is not 
uniform in all directions but varies with the 
angle with respect to the axis of the wire. It is 
most intense in directions perpendicular to the 
wire and zero along the direction of the wire, 
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Fig. 14-5—The free-space radiation pattern of a half- 
wave antenna. The antenna is shown in the vertical 
position, and the actual “doughnut” pattern is cut in 
half to show how the line from the center of the an- 
tenna to the surface of the pattern varies. In practice 
this pattern is modified by the height above ground 
and if the antenna is vertical or horizontal. Fig. 14-1 
shows some of the effects of height on the vertical 
angle of radiation. 


with intermediate values at intermediate angles. 
This is shown by the sketch of Fig. 14-5, which 
represents the radiation pattern in free space. The 
relative intensity of radiation is proportional to 
the length of a line drawn from the center of the 
figure to the perimeter. If the antenna is vertical, , 
as shown, then the field strength will be uniform 
in all horizontal directions ; if the antenna is hori- 


Fig. 14-6—Illustrating the importance 
of vertical angle of radiation in deter- 
mining antenna directional effects. Off 
the end, the radiation is greater at 
higher angles. Ground reflection is 
neglected in this drawing of the free- 
space pattern of a horizontal antenna. 


zontal, the relative field strength will depend 
upon the direction of the receiving point with 
respect to the direction of the antenna wire. 
The variation in radiation at various vertical 
angles from a half wavelength horizontal an- 


_tenna is indicated in Figs. 14-6 and 14-7. 


FEEDING A DIPOLE ANTENNA 


Since the impedance at the center of a dipole 
is in the vicinity of 70 ohms, it offers a good 
match for 75-ohm two-wire transmission lines. 
Several types are available on the market, with 
different power-handling capabilities. They can 
be connected in the center of the antenna, across 
a small strain insulator to provide a convenient 
connection point. Coaxial line of 75 ohms imped- 
ance can also be used, but should be used with a 
1:1 balun transformer to assure symmetry. In 
either case, the transmission line should be run 
away at right angles to the antenna for at least 
one-quarter wavelength, if possible, to avoid 
current unbalance in the line caused by pick-up 


Feeding Dipoles 


Fig. 14-7—Horizontal pattern of a horizontal half-wave 
antenna at three vertical radiation angles. The solid line 
is relative radiation at 15 degrees. Dotted lines show 
deviation from the 15-degree pattern for angles of 9 
and 30 degrees. The patterns are useful for shape only, 
since the amplitude will depend upon the height of the 
antenna above ground and the vertical angle con- 
sidered. The patterns for all three angles have been 
proportioned to the same scale, but this does not mean 
that the maximum amplitudes necessarily will be the 
same. The arrow indicates the direction of the horizontal 
antenna wire. 


from the antenna, The antenna length is cal- 
culated from Equation 14-B, for a half wave- 
length antenna. When No. 12 or No. 14 enameled 
wire is used for the antenna, as is generally the 
case, the length of the wire is the overall length 
measured from the loop through the insulator 
at each end. This is illustrated in Fig. 14-8, 

The use of 75-ohm line results in a “flat” line 
over most of any amateur band. However, by 
making the half-wave antenna in a special man- 
ner, called the two-wire or folded dipole, a good 
match is offered for a 300-ohm line. Such an an- 
tenna is shown in Fig. 14-9. The open-wire line 
shown in Fig. 14-9 is made of No. 12 or No. 14 
enameled wire, separated by lightweight spacers 
of Lucite or other material (it doesn’t have to be 
a low-loss insulating material), and the spacing 
can be on the order of from 4 to 8 inches, de- 
pending upon what is convenient and what the 
operating frequency is. At 14 Mc., 4-inch separa- 
tion is satisfactory, and 8-inch spacing can be 
used at 3.5 Mc. 


No. I4 wire 


Fig. 14-8—Consiruction of a dipole fed with 75-ohm 
line. The length of the antenna is calculated from Equa- 
tion 14-B or Fig. 14-4, 


earned from formuta al 
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Fig. 14-9—The construction of an open-wire folded 
dipole fed with 300-ohm line. The length of the antenna 
is calculated from Equation 14-B or Fig, 14-4. 


The half wavelength antenna can also be made 
from the proper length of 300-ohm line, opened 
on one side in the center and connected to the 
feedline. After the wires have been soldered to- 
gether, the joint can be strengthened by molding 
some of the excess insulating material (poly- 
ethylene) around the joint with a hot iron, or a 
suitable lightweight clamp of two pieces of Lu- 
cite can be devised. 

Similar in some respects to the two-wire 
folded dipole, the three-wire folded dipole of Fig. 
14-10 offers a good match for a 600-ohm line. It 
is favored by amateurs who prefer to use an open- 
wire line instead of the 300-ohm insulated line. 


Fig. 14-10-—The construction of a 3-wire folded dipole 
is similar to that of the 2-wire folded dipole. The end 
spacers may have to be slightly stronger than the others 
because of the greater compression force on them. The 
length of the antenna is obtained from Equation 14-B 
or Fig. 14-4. A suitable line can be made from No. 14 
wire spaced 5 inches, or from No. 12 wire spaced 6 
inches. 


The three wires of the antenna proper should all 
be of the same diameter. 

Another method for offering a match to a 600- 
ohm open-wire line with a half wavelength an- 
tenna is shown in Fig. 14-11. The system is called 
a delta match. The line is “fanned” as it ap- 
proaches the antenna, to have a gradually in- 
creasing impedance that equals the antenna 
impedance at the point of connection. The dimen- 
sions are fairly critical, but careful measurement 
before installing the antenna and matching sec- 
tion is generally all that is necessary. The length 
of the antenna, L, is calculated from Equation 
14-B or Fig. 14-4. The length of section C is 
computed from: 
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ates Freq. (Mc.) 


(14-E) 


The di- 


Fig. 14-11—Delta-matched antenna systems. 
mensions C, D, and E are found by formulas given in 
the text. It is important that the matching section, E, 


come straight away from the antenna. 


The feeder clearance, E, is found from 
148 


E (feet) = ———_—- (14-F) 
Freq. (Mc.) 
Example: For a frequency of 7.1 Mc., the 
length 

= “ = 65.91 feet, or 65 feet 11 inches 

Ce “4 = 16.62 feet, or 16 feet 7 inches, 
148 

R= 717 20.84 feet, or 20 feet 10 inches. 


Since the equations hold only for 600-ohm 
line, it is important that the line be close to this 
value. This requires 5-inch spaced No. 14 wire, 
6-inch spaced No. 12 wire, or 334-inch spaced 
No. 16 wire. 

lf a half wavelength antenna is fed at the cen- 
ter with other than 75-ohm line, or if a two-wire 
dipole i is fed with other than 300-ohm line, stand- 
ing waves will appear on the line and coupling to 
the transmitter may become awkward for some 
line lengths, as described in Chapter 13. How- 


THE “INVERTED 


Fig. 14-13—The inverted V antenna is a dipole with 

the ends lower than the center. It is convenient to use 

because it requires only one high support, which also 

supports the weight of the coaxial transmission line. 

Shown here in its simplest form, with a glass insulator 

in the center, a deluxe version can be made with a 
waterproof fitting, 
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ever, in many cases it is not convenient to feed 
the half-wave antenna with the correct line (as 
is the case where multiband operation of the 
same antenna is desired), and sometimes it is not 
convenient to feed the antenna at the center. 
Where multiband operation is desired (to be dis- 
cussed later) or when the antenna must be fed 
at one end by a transmission line, an open-wire 
line of from 450 to 600 ohms impedance is gen- 
erally used. The impedance at the end of a half 
wayelength antenna is in the vicinity of several 
thousand ohms, and hence a standing-wave ratio 
of 4 or 5 is not unusual when the line is con- 
nected to the end of the antenna. It is advisable, 
therefore, to keep the losses in the line as low as 
possible. This requires the use of ceramic or 
Micalex feeder spacers, if any appreciable power 
is used. For low-power installations in dry cli- 
mates, dry wood spacers boiled in paraffin are 
satisfactory. Mechanical details of half wave- 
length antennas fed with open-wire lines are 
given in Fig. 14-12. Regardless of the power 
level, solid-dielectric Twin-Lead is not recom- 
mended for this use. 
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Fig. 14-12—The half-wave antenna can be fed at the 
center or at the end with an open-wire line. The antenna 
length is obtained from Equation 14-B or Fig. 14-4. 


Vv” ANTENNA 


A popular and effective antenna on 40 and 80 
meters is the so-called “inverted V” antenna. 
Actually it is a half-wave dipole with the ends 
lower than the center; a true “V” antenna is 
usually several wavelengths long. However, the 
convenience of installation of the antenna (only 
one high support is required) makes it a useful 
low-frequency antenna. 

Referring to Fig. 14-13, an inverted V antenna 
with the wires at 45 degrees to the vertical will 
require a support about 60 feet high for an 80- 
meter antenna and about 35 feet for a 40-meter 
version, if the ends are to be no closer than 10 
feet from the ground. As with any antenna, ad- 
ditional height is an advantage. 

When its ends are near the ground, the length 
of the wire in an inverted V antenna is slightly 
shorter than when the dipole is strung in a 
straight line, and the overall length can be ap- 
proximated by 


Length (feet) = 464 


Freq. (Mc.) 


Long-Wire Antennas 


Example: For a frequency of 3.9 Mc., the length equals 
464+ 3.9=—119 feet, 


The impedance of the inverted V antenna is 
lower than that of a linear dipole, and 50-ohm 
coaxial cable is recommended for the trans- 
mission line, Since the exact angle of the wires, 
the presence of nearby objects and the height 
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above ground will all affect the impedance and 
the frequency of resonance, it is desirable to cut 
the antenna a little long at first and check for 
resonance by finding the frequency of minimum 
s.w.r, If the minimum s.w.r. occurs at a fre- 
quency well below the desired operating fre- 
quency, trim small equal amounts off of each 
end of the inverted V and repeat the test. 


LONG-WIRE ANTENNAS 


An antenna will be resonant so long as an 
integral number of standing waves of current 
and voltage can exist along its length; in other 
words, so long as its length is some integral mul- 
tiple of a half wavelength. When the antenna is 
more than a half-wave long it usually is called 
a long-wire antenna, or a harmonic antenna. 


Current and Voltage Distribution 


Fig. 14-14 shows the current and voltage dis- 
tribution along a wire operating at its funda- 
mental frequency (where its length is equal to a 
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Fig. 14-14—Standing-wave current and voltage distri- 
bution along an antenna when it is operated at various 
harmonics of its. fundamental resonant frequency. 


half wavelength) and at its second, third and 
fourth harmonics. For example, if the funda- 
mental frequency of the antenna is 7 Mc., the 
current and voltage distribution will be as shown 
at A. The same antenna excited at 14 Mc. would 
have current and voltage distribution as shown 
at B. At 21 Mc., the third harmonic of 7 Mc., 
the current and voltage distribution would be as 
in C; and at 28 Mc., the fourth harmonic, as in 
D. The number of the harmonic is the number 
of half waves contained in the antenna at the 
particular operating frequency. 

The polarity of current or voltage in each 


standing wave is opposite to that in the adjacent 
standing waves. This is shown in the figure by 
drawing the current and voltage curves succes- 
sively above and below the antenna (taken as a 
zero reference line), to indicate that the polarity 
reverses when the current or voltage goes 
through zero. Currents flowing in the same di- 
rection are in phase; in opposite directions, out 
of phase. 

It is evident that one antenna may be used 
for harmonically-related frequencies, such as the 
various amateur bands. The long-wire or har- 
monic antenna is the basis of multiband opera- 
tion with one antenna. 


Physical Lengths 
The length of a long-wire antenna is not an 
exact multiple of that of a half-wave antenna 
because the end effects operate only on the end 
sections of the antenna; in other parts of the 
wire these effects are absent, and the wire length 
is approximately that of an equivalent portion of 
the wave in space. The formula for the length of 

a long-wire antenna, therefore, is 


492 (N—0.05) 
Freq. (Mc.) 
where N is the number of half-waves on the 

antenna, 


Length (feet) = (14-G) 


Example: An antenna 4 half-waves long at 
14.2 Mc. would be 492 (4 — 0.05) 7 492 XK 3.95 
14.2 14.2 
= 136.7 feet, or 136 feet 8 inches. 


It is apparent that an antenna cut as a half- 
wave for a given frequency will be slightly off 
resonance at exactly twice that frequency (the 
second harmonic), because of the decreased in- 
fluence of the end effects when the antenna is 
more than one-half wavelength long. The effect 
is not very important, except for a possible un- 
balance in the feeder system and consequent radi- 
ation from the feedline. If the antenna is fed in 
the exact center, no unbalance will occur at any 
frequency, but end-fed systems will show an un- 
balance on all but one frequency in each harmonic 
range. 


Impedance and Power Gain 


The radiation resistance as measured at a cur- 
rent loop becomes higher as the antenna length 
is increased. Also, a long-wire antenna radiates 
more power in its most favorable direction than 
does a half-wave antenna in its most favorable 
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Fig. 14-15—Curve A shows variation in radiation re- 

sistance with antenna length. Curve B shows power in 

lobes of maximum radiation for long-wire antennas as a 

ratio to the maximum radiation for a half-wave an- 
tenna. 


direction. This power gain is secured at the ex- 
pense of radiation in other directions. Fig. 14-15 
shows how the radiation resistance and the power 
in the lobe of maximum radiation vary with the 
antenna length. 


Directional Characteristics 


As the wire is made longer in terms of the 
number of half wavelengths, the directional ef- 


= 


nea 
NEE 
. 


Fig. 14-16—Horizontal patterns of radiation from a 

full-wave antenna. The solid line shows the pattern for a 

vertical angle of 15 degrees; dotted lines show deviation 

from the 15-degree pattern at 9 and 30 degrees. All 

three patterns are drawn to the same relative scale; ac- 

tual amplitudes will depend upon the height of the an- 
tenna. 
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Fig. 14-17—Horizontal patterns of radiation from an 
antenna three half-waves long. The solid line shows the , 


pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. Minor lobes coincide for all three angles. 


fects change. Instead of the “doughnut” pattern 
of the half-wave antenna, the directional char- 
acteristic splits up into “lobes” which make 
various angles with the wire. In general, as the 
length of the wire is increased the direction in 
which maximum radiation occurs tends to ap- 
proach the line of the antenna itself. 

Directional characteristics for antennas one 
wavelength, three half-wavelengths, and two 
wavelengths long are given in Figs. 14-16, 
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Fig. 14-18—Horizontal patterns of radiation from an 
antenna two wavelengths long. The solid line shows the 
pattern for a vertical angle of 15 degrees; dotted lines 
show deviation from the 15-degree pattern at 9 and 30 
degrees. The minor lobes coincide for all three angles. 


Multiband Antennas 


14-17 and 14-18, for three vertical angles of radi- 
ation. Note that, as the wire length increases, 
the radiation along the line of the antenna be- 
comes more pronounced. Still longer antennas 
can be considered to have practically “end-on” 
directional characteristics, even at the lower radi- 
ation angles. 


Methods of Feeding 
In a long-wire antenna, the currents in adja- 


MULTIBAND 


As suggested in the preceding section, the 
same antenna may be used for several bands by 
operating it on harmonics. When this is done it 
is necessary to use tuned feeders, since the im- 
pedance matching for nonresonant feeder opera- 
tion can be accomplished only at one frequency 
unless means are provided for changing the 
length of a matching section and shifting the 
point at which the feeder is attached to it. 

A dipole antenna that is center-fed by a solid- 
dielectric line is useless for even harmonic 
operation; on all even harmonics there is a volt- 
age maximum occurring right at the feed point, 
and the resultant impedance mismatch causes a 
large standing-wave ratio and consequently high 
losses arise in the solid dielectric. It is wise not 
to attempt to use on its even harmonics a half- 
wave antenna center-fed with coaxial cable. On 
odd harmonics, as between 7 and 21 Mc., a cur- 
rent loop will appear in the center of the antenna 
and a fair match can be obtained. High-impedance 
solid-dielectric lines such as 300-ohm Twin- 
Lead may be used in an emergency, provided the 
power does not exceed a few hundred watts, but 
it is an inefficient feed method. 

When the same antenna is used for work in 
several bands, the directional characteristics 
will vary with the band in use. 


Simple Systems 


The. most practical simple multiband antenna 
is one that is a half wavelength long at the low- 
est frequency and is fed either at the center or 
one end with an open-wire line. Although the 
standing wave ratio on the feedline will not ap- 
proach 1.0 on any band, if the losses in the line 
are low the system will be efficient. From the 
standpoint of reduced feedline radiation, a center- 
fed system is superior to one that is end-fed, 
but the end-fed arrangement is often more con- 
venient and should not be ignored as a possibility. 
The center-fed antenna will not have the same 
radiation pattern as an end-fed one of the same 
length, except on frequencies where the length of 
the antenna is a half wavelength. The end-fed 
antenna acts like a long-wire antenna on all 
bands (for which it is longer than a half wave- 
length), but the center-fed one acts like two an- 
tennas of half that length fed in phase. For ex- 
ample, if a full-wavelength antenna is fed at one 
end, it will have a radiation pattern as shown in 
Fig. 14-16, but if it is fed in the center the pat- 
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cent half-wave sections must be out of phase, as 
shown in Fig. 14-14. The feeder system must not 
upset this phase relationship. This is satisfied by 
feeding the antenna at either end or at any cur- 
rent loop. A two-wire feeder cannot be inserted 
at a current node, however, because this invari- 
ably brings the currents in two adjacent half- 
wave sections in phase. A long wire antenna is 
usually made a half wavelength at the lowest fre- 
quency and fed at the end. 


ANTENNAS 


tern will be somewhat similar to Fig. 14-7, with 
the maximum radiation broadside to the wire. 
Either antenna is a good radiator, but if the 
radiation pattern is a factor, the point of feed 
must be considered. 

Since multiband operation of an antenna does 
not permit matching of the feedline, some at- 
tention should be paid to the length of the feed- 
line if convenient transmitter-coupling arrange- 
ments are to be obtained. Table 14-I gives some 
suggested antenna and feeder length for multi- 
band operation. In general, the length of the 
feedline can be other than that indicated, but the 
type of coupling circuit may change. 

Open-wire line feed is recommended for an an- 
tenna of this type, since the losses will run too 
high in solid-dielectric line. For low-power appli- 
cations up to a few hundred watts, open-wire TV 
line is convenient and satisfactory to use. How- 
ever, for high-power installations up to the kilo- 
watt limit, an open-wire line with No. 14 or No. 


TABLE 14-1 
Multiband Tuned-Line-Fed Antennas 


Feeder 
Length 
(Ft.) 


Type of 
Coupling 
Circuit 


Band 


Antenna 
Length (Ft.) 


With end feed: 


45 : Series 
Parallel 


Series 
Parallel 


Parallel 
Series 


Parallel 


Series 
Parallel 


Parallel 
Series 


Antenna lengths for end-fed antennas are ap- 
proximate and should be cut to formula length at 
favorite operating frequency. 

Where parallel tuning is specified, it will be 
necessary in some cases to tap in from the ends of 
the coil for proper loading — see Chapter.13 for 
examples of antenna couplers. 
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——<—_—— 4 — —_——— a fact when the space available does not 
permit building an antenna a half-wave 
long. In this case the ends may be bent, 
either horizontally or vertically, so that the total 
length equals a half wave, even though the 
straightaway horizontal length may be as short 
as a quarter wave. The operation is illustrated 


Junng U t 
Apparatus 
Fig. 14-19—Practical arrangement of a shortened an- 
tenna. When the total length, A + B + B + A, is the 
same as the antenna length plus twice the feeder length 
of the center-fed antennas of Table 14-1, the same type 
of coupling circuit will be used. When the feeder length 
or antenna length, or both, makes the sum different, the 
type of coupling circuit may be different but the ef- 
fectiveness of the antenna is not changed, unless A ++ A 
is less than a quarter wavelength. 


Fig. 14-20—Folded arrangement for shortened antennas. 

The total length is a half-wave, not including the feed- 

ers. The horizontal part is made as long as convenient 

and the ends dropped down to make up the required 

length. The ends may be bent back on themselves like 

feeders to cancel radiation partially. The horizontal sec- 
tion should be at least a quarter wave long. 


12 conductors should be used. This can be built = _ . 
from soft-drawn wire and ceramic or other suit- 1m Fig. 14-20. Such an antenna will be a somewhat 


able spacers, or it can be bought ready-made. better radiator than a quarter wavelength antenna 
. on the lowest frequency, but is not so desirable 
Antennas for Restricted Space for multiband operation because the ends play an 


If the space available for the antenna is not increasingly. important part as the frequency is 
large enough to accommodate the length nec- raised. The performance of the system in such a 
essary for a half wave at the lowest frequency case is difficult to predict, especially if the ends 
to be used, quite satisfactory operation can be are vertical (the most convenient arrangement) 
secured by using a short antenna and making because of the complex combination of horizontal 
up the missing length in the feeder system. The and vertical polarization which results as well as 
antenna itself may be as short as a quarter wave- the dissimilar directional characteristics. How- 
length and will radiate fairly well, although of ever, the fact that the radiation pattern is incap- 
course it will not be as effective as one a half able of prediction does not detract from the 
wave long. Nevertheless such a system is useful general usefulness of the antenna. For one-band 
where operation on the desired band otherwise operation with a “flat” line, end-loading with 
would be impossible. coils (5 feet or so in from each end) is practical 

Tuned feeders are a practical necessity with and efficient. 
such an antenna system, and a center-fed antenna Withee cbc 
will give best all-around performance. With end Windom” or Off-Center-Fed Antenna 
feed the feeder currents become badly un- A multiband antenna that enjoyed consider- 
balanced. able popularity in the 1930s is the “off-center 

With center feed, practically any convenient feed” of “Windom,” named after the amateur who 
length of antenna can be used. If the total length wrote a comprehensive article about it. Shown in 
of antenna plus twice feedline is the same as in Fig. 14-21A, it consists of a half wavelength an- 
Table 14-I, the type of tuning will be the same tenna on the lowest-frequency band to be used, 
as stated. This is illustrated in Fig. 14-19. If the with a single-wire feeder connected 14% off cen- 
total length is not the same, different tuning con- ter. The antenna will operate satisfactorily on 
ditions can be expected on some bands. This the even-harmonic frequencies, and thus a single 
should not be interpreted as a fault in the an- antenna can be made to serve on the 80-, 40-, 
tenna, and any tuning system (series or parallel) | 20-, and 10-meter bands. The single-wire feeder 
that works well without any trace of heating is shows an impedance of approximately 600 ohms 
quite satisfactory. Heating may result when the to ground, and consequently the antenna coupling 
taps with parallel tuning are made too close to system must be capable of matching this value to 
the center of the coil—it can often be corrected the transmitter. A tapped parallel-tuned circuit 
by using less total inductance and more capaci- or a properly-proportioned pi-network coupler 
tance. is generally used. Where TVI is a problem, the 
antenna coupler is required, so that a low-pass 
filter can be used in the connecting link of coaxial 

Since the field strength at a distance is pro- line. 
portional to the current in the antenna, the Although theoretically the feed line can be of 
high-ctrrent part of a dipole antenna (the center any length, some lengths will tend to give trou- 
quarter wave, approximately) does most of ble with “too much r.f. in the shack,” with the 
the radiating. Advantage can be taken of this consequence that rf. sparks can be drawn from 
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Fig. 14-21—Two versions of the off-center-fed antenna. 
(A) Single-wire feed shows approximately 600 ohms 
impedance to ground and is most conveniently coupled 
to the transmitter as shown. The pi-network coupling 
will require more capacity at C; than at Ce. Li is best 
found by experiment—an inductance of about the same 
size as that used in the output stage is a good starting 
point. The parallel-tuned circuit will be a tuned circuit 
that resonates at the operating frequency with L and C 
close to those used in the output stage. The tap is found 
by experiment, and it should be as near the top of L as 
it can and still give good loading of the transmitter. 
(B) Two-wire off-center feed uses 300-ohm TV line. 
Although the 300-ohm line can-be coupled directly to 
some transmitters, it is common practice to step down 
the impedance level to 75 ohms through a pair of 
“balun” coils. 


the transmitter’s metal cabinet and/or v.f.o. 
notes will develop serious modulation. If such is 
found to be the case, the feeder length should be 
changed. 

A newer version of the off-center-feed antenna 
uses 300-ohm TV Twin-Lead to feed the an- 
tenna, as shown in Fig. 14-21B. It is claimed that 
the antenna offers a good match for the 300-ohm 
line on four bands and, although this is more 
wishful thinking than actual truth, the system 
is widely used and does work satisfactorily. It 
is subject to the same feed line length and “r.f.- 
in-the-shack” troubles that the single-wire ver- 
sion enjoys. However, in this case a pair of 
“balun” coils can be used to step down the im- 
pedance level to 75 ohms and at the same time 
alleviate some of the feedline troubles. This an- 
tenna system is popular among amateurs using 
multiband transmitters with pi-network-tuned 
output stages. 

With either of the off-center-fed antenna sys- 
tems, the feedline should run away from the an- 
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tenna at right angles for as great a’distance as 
possible before bending. No sharp bends should 
be allowed anywhere in the line. 


Multiband Operation with Coaxial 
Line Feed 


The proper use of coaxial line requires that 
the standing-wave ratio be held to a low value, 
preferably below 2:1. Since the impedance of an 
ordinary antenna changes widely from band to 
band, it is not possible to feed a simple antenna 
with coaxial line and use it on a number of bands 
without tricks of some kind. The single excep- 
tion to this is the use of 75-ohm coaxial line to 
feed a 7-Mc. half-wave antenna, as in Fig. 14-19; 
this antenna can also be used on 21 Mc. and the 
s.w.r. in the line will not run too high. 

One multiband antenna system that can be 
used by anyone without much trouble is shown 
in Fig. 14-22. Here separate dipoles are con- 
nected to one feedline. The 7-Mc. dipole also 
serves on 21 Mc. A low s.w.r. will appear on the 
feedline in each band if the dipoles are of the 
proper length. The antenna system can be built 
by suspending one set of elements from the one 
above, using insulator-terminated wood spread- 
ers about one foot long. An alternative is to let 
one antenna droop several feet under the other, 
bring ropes attached to the insulators back to a 
common support point. It has been found that a 
separation of only an inch or two between dipoles 
is satisfactory. By using a length of the Twin- 
Lead used for folded dipoles (one Copperweld 
conductor and one soft-drawn), the strong wire 
can be used for the low-frequency dipole. The 
soft-drawn wire is then used on a higher band, 
supported by the solid dielectric. 

A vertical antenna can be operated on several 
bands and fed with a single length of coaxial line 
provided the antenna is no longer than 0.6 wave- 
length at the highest frequency and that a suit- 
able matching network for each band is used at . 
the base. A good radial or ground system is re- 
quired. The matching sections can be housed in a 


Fig. 14-22—An effective ‘“‘all-band” antenna fed with a 
single length of coaxial line can be constructed by join- 
ing several half wavelength antennas at their centers 
and feeding them at the common point. In the example 
above, a low s.w.r. will be obtained on 80, 40, 20 and 
15 meters. (The 7-Mc. antenna also works at 21 Mc.) If 
a 28-Mc. antenna were added, 10-meter operation could 
also be included. The antenna lengths can be computed 
from formula 14-B. The shorter. antennas can be sus- 
pended a foot or two below the longest one or fanned 
out in the same horizontal plane. 
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weatherproof box and changed manually or by 
stepping relays; their form will vary from 
parallel-tuned circuits to L_ sections. (See 
McCoy, OST, December, 1955, for description of 
L-section coupler.) 


Multiband “Trap” Antennas 


Another approach to the problem of multiband 
operation with a single untuned feedline is the 
use of parallel-tuned circuits installed in the an- 
tenna at the right points to “divorce” the re- 
mainder of the antenna from the center section 
(part fed by coaxial line) as the transmitter is 
changed to a higher-frequency band. This prin- 
ciple of the divorcing circuits is utilized in a com- 

_ mercial “all-band” vertical antenna, and a 5-band 
kit for horizontal antennas is also available com- 
mercially. The divorcing circuits are also used in 
several commercial multiband beams for the 14-, 
21- and 28-Mc. bands. 


The multiband antenna system shown in Fig. \ 


14-23 may be of interest to the ham who wishes 
to work on several bands but doesn’t have suffi- 
cient space for an 80-meter antenna and conse- 
quently is limited to 40 meters and below. (A 
five-band antenna requires more than a 100-foot 
span; see Greenberg, QST, October, 1956.) 

On 40 meters the traps serve as inductors to 
load the system to 7 Mc. On 20, the traps (reso- 
nant to 14.1 Mc.) divorce the B sections from the 
antenna proper. On 28 Mc. the entire antenna 
becomes approximately a 5/2-wavelength radia- 
tor. - 

As shown in Fig. 14-24, each trap is literally 
built around an “egg” or “strain” insulator. In 
this type of insulator, the hole at one end is at 
right angles to the hole at the other end, and the 
wires are fastened as in Fig. 14-25. These insula- 
tors have greater compressive strength than ten- 
sile strength and will not permit the an- 
tenna to fall should the insulator break, 
since the two interlooped wires prevent 
it. There is ample space within the in- 
ductor for both the insulator and ca- 
pacitor. The plastic covers are not es- 
sential but are considered desirable 
because they provide mechanical pro- 


Fig. 14-24—The 14-Mc. trap is enclosed in a 

weatherproof cover made of plastic sheet. 

The ceramic capacitor and strain insulator 
are inside the coil. 


Ce 
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Fig. 14-23—Sketch showing dimen- 

sions of a trap dipole covering the 

40-,.20- and 10-meter bands. The 
total span is less than 60 feet. 


tection: and prevent the accumulation of ice or 
soot and tars which may not wash off the traps 
when it rains. 

Electrically, each trap consists of a 25-upf. 
capacitor shunted by 4.7 wh. of inductance. A 
Centralab ceramic transmitting capacitor 857- 
25Z, rated at 15,000 volts d.c., is shown and will 
safely handle a kilowatt. Other ceramic capaci- 
tors rated at approximately 6000 volts would be 
satisfactory, as well as cheaper. The inductors 
are made of No. 12 wire, 2% inches in diameter, 
6 turns per inch (B & W 3905-1 coil stock). 

One may wish to choose a different frequency 
in the 20-meter band for which optimum results 
are desired; for example, 14.05 Mc. for c.w. op- 
eration, 14.25 Mc. for phone operation, or per- 
haps 14.175 Mc. for general coverage. In any 
case, the number of inductor turns is adjusted 
accordingly. 


Trap Adjustment 


As a preliminary step, loops of No. 12 wire are 
fitted to one of the egg insulators in the normal 
manner (see Fig. 14-25), except that after the 
wraps are made, the end leads are snipped off 
close to the wraps. A capacitor is then placed in 
position and bridged with short leads across the 
insulator and soldered sufficiently to provide tem- 
porary support. The combination is then slipped 
inside about 10 turns of the inductor, one end of 
which should be soldered to an insulator-capac- 
itor lead. 

Adjustment to the resonant frequency can now 
proceed, using a grid-dip meter. 

Coupling between the g.d.o. and. the trap 
should be very loose. To insure accuracy, the 
station receiver should be used to check the g.d.o. 
frequency. The inductance should be reduced 4 
turn at a time. If one is careful, the resonant fre- 


Verticals 


Fig. 14-25—Method of connecting the antenna wire 

to the strain insulator. The antenna wire is cut off 

close to the wrap before checking the resonant fre- 
quency of the trap. 


quency can easily be set to within a few kilo- 
cycles of the chosen figure. 

The reason for snipping the end leads close to 
the wraps and the inclusion of the loops through 
the egg insulator soon becomes apparent. The 
resonant frequency of the capacitor and inductor 
alone is reduced about 20 kc. per inch of end lead 
length and about 350 kc. by the insulator loops. 
The latter add approximately 2 yuf. to the fixed 
capacitor value and account for the total of 27 
“ef. shown in Fig. 14-23. 


Assembly 


Having determined the exact number of in- 
ductor turns, the trap is taken apart and reas- 
sembled with leads of any convenient length. One 
may, of course, connect the entire lengths of sec- 
tions 4 and B to the trap at this time, if desired. 
But, if more convenient, a foot or two of wire can 
be fastened and the remaining lengths soldered 
on just before the antenna is raised. 

The protective covers are most readily formed 
by wrapping two turns (plus an overlap of 4 
inch) of 0.020-inch polystyrene or lucite sheeting 
around a 3-inch plastic disk held at the center of 
the cylinder so formed. The length of the cover 
should be about 4 inches, A very small amount of 
plastic solvent (a cohesive cement that actually 
softens the plastic surfaces) should then be ap- 
plied under the edge of the overlap and the joint 
held firmly for about two minutes to insure a 
strong, tight seal. The disk is pushed out and the 
inner seam of the sheeting sealed. 

The trap is then placed in the plastic cylinder 
and the end disks marked where the antenna 
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wires are to pass through. After drilling these 
holes, the disks are slipped over the leads, pressed 
into the ends of the cylinder and a small amount 
of solvent applied to the periphery to obtain a 
good seal. 

Some air can flow in and out of the trap 
through the antenna-wire holes, and this will 
prevent the accumulation of condensation. 


Length Adjustment 


Standing-wave ratios are not uniform through- 
out the band or bands for which an antenna is 
designed. In a trap antenna, the choice of fre- 
quencies for best performance is a compromise. 
After making the traps resonant at 14.1 Mc, 
sections A are adjusted for resonance. Sections 
B are then adjusted for resonance at approxi- 
mately 7.2 Mc. For the dimensions shown, with 
the antenna about 250 ft. above street level and 
35 ft. above electrical ground, an s.w.r. of virtu- 
ally 1 to 1 was obtained at 7.2 Mc., with maxi- 
mums of 1.3 and 1.1 at 7:0 and 7.3 Mc., respec- 
tively. In the 20-meter band, the s.w.r. was also 
lto 1 at 14.1 Mc., 1.1 at 14.0 Mc. and 1.3 at 14.3 
Mc. In the 10-meter band, the s.w.r. was 1.3 to 1 
at 28.0 Mc., 1.1 at 28.4 Mc., 1.5 at 29 Mc., and only 
2.4 at the upper extreme of the band. The s.w.r. 
on 21 Mc. will be high because the antenna is 
not resonant in that band. 

RG-59/U cable forms the transmission line 
and is connected to the antenna. After connect- 
ing the cable and antenna wires, the connection 
should be coated with several layers of insulating 
varnish to make certain that the junction is 
watertight. ; 


VERTICAL ANTENNAS 


A vertical quarter-wavelength antenna is often 
used in the low-frequency amateur bands to 
obtain low-angle radiation. It is also used when 
there isn’t enough room for the supports for a 
horizontal antenna. For maximum effectiveness 
is should be located free of nearby objects and it 
should be operated in conjunction with a good 
ground system, but it is still worth trying where 
these ideal conditions cannot be obtained. 

Four typical examples and suggested methods 
for feeding a vertical antenna are shown in Fig. 
14-26. The antenna may be wire or tubing sup- 
ported by wood or insulated guy wires. When 
tubing is used for the antenna, or when guy wires 
(broken up by insulators) are used to reinforce 
the structure, the length given by the formula is 
likely to be long by a few per cent. A check of 
the standing-wave ratio on the line will indicate 
the frequency at which the s.w.r. is minimum, 


and the antenna length can be adjusted accord- 
ingly. 

A good ground connection is necessary for the 
most effective operation of a vertical antenna 
(other than the ground-plane type). In some 
cases a short connection to the cold-water system 
of the house will be adequate. But maximum 
performance usually demands a separate ground 
system. A single 4- to 6-foot ground rod driven 
into the earth at the base of the antenna is usu- 
ally not sufficient, unless the soil has exceptional 
conductivity. A minimum ground system that 
can be depended upon is 6 to 12 quarter wave- 
length radials laid out as the spokes of a wheel 
from the base of the antenna. These radials can 
be made. of heavy aluminum wire, of the type 
used for grounding TV antennas, buried at least. 
6 inches in the ground. This is normally done by 
slitting the earth with a spade and pushing the 
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Fig. 14-26—A quarter-wavelength antenna can be fed 
directly with 50-ohm coaxial line (A) with a low 
standing-wave ratio, or a coupling network can be used 
(B) that will permit a line of any impedance to be used. 
In (B), bi and C; should resonate to the operating 
frequency, and Li should be larger than is normally 
used in a plate tank circuit at the same frequency. By 
using multiwire antennas, the quarter-wave vertical can 
be fed with (C) 150-or (D) 300-ohm line, 
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wire into the slot, after which the earth can be 
tamped. down. 

The examples shown in Fig. 14-26 all require 
an antenna insulated from the ground, to provide 
for the feed point. A grounded tower or pipe can 
be used as a radiator by employing “shunt feed,” 
which consists of tapping the inner conductor of 
the coaxial-line feed up on the tower until the 
best match is obtained, in much the same manner 
as the “gamma match” (described later) is used 
on a horizontal element. If the antenna is not an 
electrical quarter wavelength long, it is neces- 
sary to tune out the reactance by adding capacity 
or inductance between the coaxial line and the 
shunting conductor. A metal tower supporting a 
TV antenna or rotary beam can be shunt-fed 
only if all of the wires and leads from the sup- 
ported antenna run down the center of the tower 
and underground away from the tower. 


THE GROUND-PLANE ANTENNA 


A ground-plane antenna is a vertical quarter- 
wavelength antenna using an artificial metallic 
ground, usually consisting of four rods or wires 
perpendicular to the antenna and extending radi- 
ally from its base. Unlike the quarter-wavelength 
vertical antennas without an artificial ground, 
the ground-plane antenna will give low-angle 
radiation regardless of the height above actual 
ground. However, to be a true ground-plane an- 
tenna, the plane of the radials should be at least 
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a quarter wavelength above ground. Despite this 
one limitation, the antenna is useful for DX 
work in any band below 30 Mc. 

The vertical portion of the ground-plane an- 
tenna can be made of self-supported aluminum 
tubing, or a top-supported wire depending upon 
the necessary length and the available supports. 
The radials are also made of tubing or heavy 
wire depending upon the available supports and 
necessary lengths. They need not be exactly sym- 
metrical about the base of the vertical portion. 

The radiation resistance of a ground-plane an- 
tenna varies with the diameter of the vertical 
element. The radiation resistance is usually -in 
the vicinity of 30 ohms, and the anterina can be 
fed with 75-ohm coaxial line with a quarter- 
wavelength section of 50-ohm line between line 
and antenna. For multiband operation, a ground- 
plane antenna can be fed with tuned open-wire 
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Fig. 14-27—(A) Basic ground-plane antenna. The prac- 
tical antenna usually is fed by coaxial line; the vertical 
section is tubing or wire, and the radials are also 
tubing or wire. Radials may slope down (and be actual 
guy wires for support). 

(B) The unusual DDRR vertically-polarized antenna. 
Length around top (open) wire or bottom (closed) wire, 
in feet, = 252/f (Mc.) (E.g., 64.7 feet for 3.9 Mc.). 
Height h = 8.5/f (Mc.) (E.g., 2.2 feet at 3.9 Mc.) The 
feedpoint distance, x, is given approximately by x = 
28/f (Mc.). (E.g., 7.2 feet at 3.9 Mc.) 


160-Meter Antennas 


line, or the vertical section can be quarter- 


wavelength pieces for each band. The radials: 


should be a quarter wavelength at the lowest fre- 
quency. : 


The DDRR Antenna 


A new (and controversial) vertically-polarized 
antenna is the DDRR (directional-discontinuity 
ring radiator) shown in Fig. 14-27B. (See Elec- 
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tronics, January, 1963). If an excellent ground is 
available, the bottom wire would not be required, 
otherwise it should be laid on the ground or the 
roof or whatever flat plane the DDRR is placed 
over. The antenna shown is the version tried by 
W@MOkX, which is simpler to construct than the 
original circular configuration. This is an antenna 
that merits further investigation by experimen- 
tally-inclined amateurs. 


ANTENNAS FOR 160 METERS 


Results on 1.8 Mc. will depend to a large extent 
on the antenna system and the time of day or 
night. Almost any random long wire that can be 
tuned to resonance will work during the night 
but it will generally be found very ineffective 
during the day. A vertical antenna—or rather an 
antenna from which the radiation is predomi- 
nantly vertically polarized—is probably the best 
for 1.8-Mc. operation. A horizontal antenna 
(horizontally-polarized radiation) will give bet- 
ter results during the night than the day. The 
vertically-polarized radiator gives a strong 
ground wave that is effective day or night, and 
it is to be preferred on 1.8 Mc. 

The low-angle radiation from a horizontal an- 
tenna % or 4% wavelength above ground is 
almost insignificant. Any reasonable height is 
small in terms of wavelength, so that a horizontal 
antenna on 160 meters is a poor radiator at 
angles useful for long distances (“long,” that is, 
for this band). Its chief usefulness is over rela- 
tively short distances at night. 


Bent Antennas 


Since ideal vertical antennas are generally out 
of the question for practical amateur work, the 
best compromise is to bend the antenna in such a 
way that the high-current portions of the antenna 
run vertically. It is advisable to place the antenna 
so that the highest currents in the antenna occur 
at the highest points above actual ground. Two 
antenna systems designed along these lines are 
shown in Fig. 14-28. The antenna of Fig. 14-28B 
uses a full half wavelength of wire but is bent so 
that the high-current portion runs vertically. The 
horizontal portion running to L,C, should run 
8 or 10 feet above ground, 


Grounds 


A good ground connection is generally impor- 
tant on 160 meters. The ideal system is a num- 
ber of wire radials buried a foot or two under- 
ground and extending 50 to 100 feet from the 
central connection point. The use of any less 
than six or eight radials is inadvisable. 

If the soil is good (not rocky or sandy) and 
generally moist, a low-resistance connection to 
the cold-water pipe system in the house will of- 
ten serve as an adequate ground system, The con- 
nection should be made close to where the pipe 
enters the ground, and the surface of the pipe 
should be scraped shiny before tightening the 


clean ground clamp around the cold-water pipe. 

A 6- or 8-foot length of l-inch water pipe, 
driven into the soil at a point where there is 
considerable natural moisture, can be used for the 
ground connection. Three or four pipes driven 
into the ground 8 or 10 feet apart and all joined 
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Fig. 14-28—Bent antenna for the 160-meter band. In 
the system at A, the vertical portion (length X) should be 
made as long as possible. In either antenna system, LiCi 
should resonate at 1900 kc., roughly. To adjust Lz in an- 
tenna A, resonate L:C; alone to the operating frequency, 
then connect it to the antenna system and adjust La for 
maximum loading. Furthur loading can be obtained by 
increasing the coupling between L1 and the link. 


together at the top with heavy wire are more 
effective than the single pipe. 

The use of a counterpoise is recommended 
where a buried system is not practicable or 
where a pipe ground cannot be made to have low 
resistance because of poor soil conditions, A 
counterpoise consists of a number of wires sup- 
ported from 6 to 10 feet above the surface of the 
ground. Generally the wires are spaced 10 to 15 
feet apart and located to form a square or poly- 
gonal configuration under the vertical portion of 
the antenna, : 
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LONG-WIRE DIRECTIVE ARRAYS 


As the length (in wavelengths) of an antenna 
is increased, the lobes of maximum radiation 
make a more acute angle with the wire. Two 
long wires can be combined in the form of a hor- 
izontal “V”, in the form of a horizontal rhombus, 
or in parallel, to provide a long-wire directive 
array. In the “V” and rhombic antennas the main 
lobes reinforce along a line bisecting the acute 
angle between the wires; in the parallel antenna 
the reinforcement is along the line of the lobe. 
This reinforcement provides both gain and di-~ 
rectivity along the line, since the lobes in other 
directions tend to cancel. When the proper con- 
figuration for a given length and height above 
ground is used, the power gain depends upon the 
length (in wavelengths) of the wires. 

Rhombic and “V” antennas are normally bi- 


directional along the bisector line mentioned 
above. They can be made unidirectional by ter- 
minating the ends of the wires away from the 
feed. point in the proper value of resistance. 
When properly terminated, “V” and rhombic an- 
tennas of sufficient length work well over a 
three-to-one or four-to-one frequency range and 
hence are useful for multiband operation. 

Antenna gains of the order of 10 to 15 db. can 
be obtained with properly-constructed long-wire 
arrays. However, the pattern is rather sharp 
with gains of this order, and rhombic and “V” 
beams are not used by amateurs as commonly as 
they were, having been displaced by the rotatable 
multi-element Yagi beam. Further information 
on these antennas can be found in The ARRL 
Antenna Book. 


BEAMS WITH DRIVEN ELEMENTS 


By combining individual half-wave antennas 
into an array with suitable spacing between the 
antennas (called elements) and feeding power to 
them simultaneously, it is possible to make the 
radiation from the elements add up along a single 
direction and form a beam. In other directions 
the radiation tends to cancel, so a power gain is 
obtained in one direction at the expense of ra- 
diation in other directions. There are several 
methods of arranging the elements. If they are 
strung end to end, so that all lie on the same 
straight line, the elements are said to be col- 
linear. If they are parallel and all lying in the 
same plane, the elements are said to be broad- 
side when the phase of the current is the same 
in all, and end-fire when the currents are not in 
phase. 


Collinear Arrays 


Simple forms of collinear arrays, with the cur- 
rent distribution, are shown in Fig. 14-29. The 
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two-element array at A is popularly known as 
“two half-waves in phase” or a double Zepp an- 
tenna. It will be recognized as simply a center- 
fed dipole operated at its second harmonic. 

By extending the antenna, as at B, the addi- 
tional gain of an extended double Zepp antenna 
can be obtained. Carrying the length beyond that 
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shown will result in an “X”-shaped pattern that 
no longer has the maximum radiation at right 
angles to the wire. 

Collinear arrays may be mounted either hori- 
zontally or vertically. Horizontal mounting gives 
increased horizontal directivity, while the verti- 
cal directivity remains the same as for a single 
element at the same height. Vertical mounting 
gives the same horizontal pattern as a single ele- 
ment, but improves the low-angle radiation. 


Broadside Arrays 


Parallel antenna elements with currents in 
phase may be combined as shown in Fig. 14-30 
to form a broadside array, so named because the 
direction of maximum radiation is broadside to 
the plane containing the antennas. Again the 
gain and directivity depend upon the spacing of 
the elements. 

Broadside arrays may be suspended either with 
the elements all vertical or with them horizontal 


Fig. 14-29—Collinear antennas in 
phase. The system at A is known as 
“two half waves in phase” and has a 
gain of 1.8 db. over a half-wave an- 
tenna. By lengthening the antenna 
slightly, as in B, the gain can be in- 
creased to 3 db. Maximum radiation 
is at right angles to the antenna. The 
antenna at A is sometimes called a 
“double Zepp” antenna, and that at 
B is known as an “extended double 
Zepp.” 
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and one above the other (stacked). In the former 
case the horizontal pattern becomes quite sharp, 


’ while the vertical pattern is the same as that of 


one element alone. If the array is suspended 
horizontally, the horizontal pattern is equivalent 
to that of one element while the vertical pattern 
is sharpened, giving low-angle radiation. 


Driven Elements 


Fig. 14-30—Simple broadside array 
using horizontal elements. By making 
the spacing S equal to % wavelength, 
the antenna at A can be used at the 
corresponding frequency and up to 
twice that frequency. Thus when de- 
signed for 14 Mc. it can also be used 
on 21 and 28 Mc. The antenna at B 
can be used on only the design band. 
This array is bidirectional, with maxi- 
mum radiation “broadside” or per- 
pendicular to the antenna plane (per- 


pendicularly through this page). Gain a 
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varies with the spacing S, running 
from 2% to almost 5 db. (See Fig. (A) 
14-32), 


Broadside arrays may be fed either by tuned 
open-wire lines or through quarter-wave match- 
ing sections and flat lines. In Fig. 14-30B, note 
the “crossing over” of the phasing section, which 
is necessary to bring the elements into proper 
phase relationship. 
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Fig. 14-31—Top view of a horizontal end-fire array. The 
system is fed with an open-wire line at x and y; the line 
can be of any length. Feed points x and y are equidis- 
tant from the two insulators, and the feed line should 
drop down vertically from the antenna. The gain of the 
system will vary with the spacing, as shown in Fig. 14-32, 
and is a maximum at % wavelength. By using a length 
of 33 feet and a spacing of 8 feet, the antenna will work 
on 20, 15 and 10 meters. 


End-Fire Arrays 


Fig. 14-31 shows a pair of parallel half-wave 
elements with currents out of phase. This is 
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Fig. 14-32—Gain vs. spacing for two parallel half-wave 
elements combined as either broadside or end-fire 
arrays. 
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known as an end-fire array because it radiates 
best along the plane of the antennas, as shown, 

The end-fire array may be used either verti- 
cally or horizontally (elements at the same 
height), and is well adapted to amateur work 
because it gives maximum gain with relatively 
close element spacing. Fig. 14-32 shows how the 
gain varies with spacing. End-fire elements may 
be combined with additional collinear and broad- 
side elements to give a further increase in gain 
and directivity. 

Either tuned or untuned lines may be used with 
this type of array. Untuned lines preferably are 
matched to the antenna through a quarter-wave 
matching section or phasing stub. 


Combined Arrays 


Broadside, collinear and end-fire arrays may 
be combined to give both horizontal and vertical 
directivity, as well as additional gain, The lower 
angle of radiation resulting from stacking ele- 
ments in the vertical plane is desirable at the 
higher frequencies. In general, doubling the 
number of elements in an array by stacking will 
raise the gain from 2 to 4 db. 

Although arrays can be fed at one end as in © 
Fig. 14-30B, it is not especially desirable in the 
case of large arrays, Better distribution of 
energy between elements, and hence better over- 
all performance will result when the feeders are 
attached as nearly as possible to the center of 
the array. 
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Fig. 14-33—A four-element combination broadside- 
collinear array, popularly known as the “lazy-H” an- 
tenna. A closed quarter-wave stub may be used at the 
feed point to match into an untuned transmission line, 
or tuned feeders may be attached at the point indi- 
cated. The gain over a half-wave antenna is 5 to 6 db. 
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A four-element array, known as the “lazy-H” 
‘antenna, has been quite frequently used. This 
arrangement is shown, with the feed point indi- 
cated, in Fig. 14-33. (Compare with Fig. 
14-30B). For best results, the bottom section 
should be at least a half wavelength above 
ground. 

It will usually suffice to make the length of 
each element that given by Equations 14-B or 
14-C, The phasing line between the parallel ele- 
ments should be of open-wire construction, and 
its length can be calculated from: 

Length of half-wave line (feet) = 


ey 
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eal (14-H) 
Freq. (Mc.) 
Example: A half-wavelength phasing line for 
480 


28.8 Mc. would be ona 16.66 feet = 16 feet 


8 inches, 


The spacing between elements can be made equal 
to the length of the phasing line. No special ad- 
justments of line or element length or spacing 
are needed, provided the formulas are followed 
closely, 


DIRECTIVE ARRAYS WITH PARASITIC ELEMENTS 


Parasitic Excitation 


The antenna arrays previously described are 
bidirectional; that is, they will radiate in direc- 
tions both to the “front” and to the “back” of 
. the antenna system. If radiation is wanted in 
only one direction, it is necessary to use different 
element arrangements. In most of these arrange- 
ments the additional elements receive power by 
induction or radiation from the driven element 
generally called the “antenna,” and reradiate it 
in the proper phase relationship to achieve the 
desired effect. These elements are called para- 
sitic elements, as contrasted to the driven ele- 
ments which receive power directly from the 
transmitter through the transmission line. 

The parasitic element is called a director when 
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Fig. 14-34—Gain vs. element spacing for an antenna and 
one parasitic element. The reference point, 0 db., is the 
field strength from a half-wave antenna alone. The 
greatest gain is in direction A at spacings of less than 
0.14 wavelength, and in direction B at greater spacings. 
The front-to-back ratio is the difference in db. between 
curves A and B. Variation in-radiation resistance of the 
driven element also is shown. These curves are for a self- 
resonant parasitic element. At most spacings the gain 
as a reflector can be increased by slight lengthening of 
the parasitic element: the gain as a director can be in- 
creased by shortening. This also improves the front-to- 
back ratio. 
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it reinforces radiation on a line pointing to it 
from the antenna, and a reflector when the re- 
verse is the case. Whether the parasitic element 
is a director or reflector depends upon the para- 
sitic-element tuning, which usually is adjusted 
by changing its length. 


Gain vs. Spacing 


The gain of an antenna with parasitic elements 
varies with the spacing and tuning of the ele- 
ments and thus for any given spacing there is a 
tuning condition that will give maximum gain at 
this spacing. The maximum front-to-back ratio 
seldom if ever, occurs at the same condition that 
gives maximum forward gain. The impedance of 
the driven element also varies with the tuning 
and spacing, and thus the antenna system must 
be tuned to its final condition before the match 
between the line and the antenna can be com- 
pleted. However, the tuning and matching may 
interlock to some extent, and it is usually neces- 
sary to run through the adjustments several 
times to insure that the best possible tuning has 
been obtained. 


Two-Element Beams 


A 2-element beam is useful where space or 
other considerations prevent the use of the 
larger structure required for a 3-element beam. 
The general practice is to tune the parasitic ele- 
ment as a reflector and space it about 0.15 wave- 
length from the driven element, although some 
successful antennas have been built with 0.1- 
wavelength spacing and director tuning. Gain vs. 
element spacing for a 2-element antenna is given 
in Fig. 14-34, for the special case where the para- 
sitic element is resonant. It is indicative of the 
performance to be expected under maximum- 
gain tuning conditions. 


Three-Element Beams 


A theoretical investigation of the 3-element 
case (director, driven element and reflector) has 
indicated a maximum gain of slightly more than 
7 db. A number of experimental investigations 
have shown that the optimum spacing between 
the driven element and reflector is in the region 
of 0.15 to 0.25 wavelength, with 0.2 wavelength 
representing probably the best over-all choice. 
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Fig. 14-35—Gain of 3-element Yagi 


363 


versus director spacing, the reflector 
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spacing being fixed at 0.2 wave- 
length. 


GAIN IN DB 
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With 0.2 wavelength reflector spacing, Fig. 14-35 
shows the gain variation with director spacing. 
It is obvious that the director spacing is not es- 
pecially critical, and that the over-all length of the 
array (boom length in the case of a rotatable an- 
tenna) can be anywhere between 0.35 and 0.45 
wavelength with no appreciable difference in gain. 

Wide spacing of both elements is desirable not 
only because it results in high gain but also be- 
cause adjustment of tuning or element length 
is less critical and the input resistance of the 
driven element is higher than with close spacing. 
The latter feature improves the efficiency of the 
antenna and makes a greater band width possi- 
ble. However, a total antenna length, director to 
reflector, of more than 0.3 wavelength at fre- 
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Fig. 14-36—Element lengths for a 3-element beam. 
These lengths will hold closely for tubing elements sup- 
ported at or near the center. 


quencies of the order of 14 Mc. introduces con- 
siderable difficulty from a constructional stand- 
point, so lengths of 0.25 to 0.3 wavelength are 
frequently used for this band, even though they 
are less than optimum. 

In general, the gain of the antenna drops off 
less rapidly when the reflector length is increased 
beyond the optimum value than it does for a cor- 
responding decrease below the optimum value. 
The opposite is true of a director. It is therefore 
advisable to err, if necessary, on the long side 
for a reflector and on the short side for a direc- 
tor. This also tends to make the antenna perform- 
ance less dependent on the exact frequency at 
which it is operated, because an increase above 
the design frequency has the same effect as in- 
creasing the length of both parasitic elements, 
while a decrease in frequency has the same effect 
as shortening both elements. By making the di- 
rector slightly short and the reflector slightly 
long, there will be a greater spread between the 
upper and lower frequencies at which the gain 
starts to show a rapid decrease. 

When the over-all length has been decided 
upon, the element lengths can be found by re- 
ferring to Fig. 14-36. The lengths determined by 
these charts will vary slightly in actual practice 
with the element diameter and the method of 
supporting the elements, and the tuning of a 
beam should always be checked after installation. 
However, the lengths obtained by the use of the 
charts will be close to correct in practically all . 
cases, and they can be used without checking if 
the beam is difficult of access. 

The preferable method for checking the beam 
is by means of a field-strength meter or the 
S-meter of a communications receiver, used in 
conjunction with a dipole antenna located at 
least 10 wavelengths away and as high as or 
higher than the beam that is being checked. A 
few watts of power fed into the antenna will give 
a useful signal at the observation point, and the 
power input to the transmitter (and hence the 
antenna) should be held constant for all of the 
readings. Beams tuned on the ground and then 
lifted into place are subject to tuning errors and 
cannot be depended upon. The impedance of the 
driven element will vary with the height above 
ground, and good practice dictates that all final 
matching between antenna and line be done with 
the antenna in place at its normal height above 
ground. 


Simple Systems: the Rotary Beam 


Two- and 3-element systems are popular for 
rotary-beam antennas, where the entire antenna 
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Fig. 14-37--The most popular methods of feeding the 
- driven element of a beam antenna are (A) the gamma 
match and (B) the T match. The aluminum tubing or rod 
used for the matching section is usually of smaller diam- 
eter than the antenna element; its length will vary 
somewhat with the spacing and number of elements in 
the beam. The coaxial line in the phasing section can be 
coiled in a 2- or 3-foot diameter coil instead of hanging 
as shown. 


system is rotated, to permit its gain and direc- 
tivity to be utilized for any compass direction. 
They may be mounted either horizontally (with 
the plane containing the elements parallel to the 
earth) or vertically. 

A 4-element beam will give still more gain 
than a 3-element one, provided the support is 
sufficient for about 0.2 wavelength spacing be- 
tween elements. The tuning for maximum gain 
involves many variables, and complete gain and 
tuning data are not available. 

The elements in close-spaced (less than one- 
quarter wavelength element spacing) arrays 
preferably should be made of tubing of one-half 
to one-inch diameter. A conductor of large diam- 
eter not only has less ohmic resistance but also 
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has lower Q; both these factors are important 
in close-spaced arrays because the impedance of 
the driven element usually is quite low compared 
to that of a simple dipole antenna. With 3- and 
4-element close-spaced arrays the radiation re- 
sistance of the driven element may be so low 
that ohmic losses in the conductor can consume 
an appreciable fraction of the power. 


Feeding the Rotary Beam 


Any of the usual methods of feed (described 
later under “Matching the Antenna to the Line”) 
can be applied to the driven element of a rotary 
beam. Tuned feeders are not recommended for 
lengths greater than a half wavelength unless 
open lines of copper-tubing conductors are used. 
The popular choices for feeding a beam are the 
gamma match with series capacitor and the T 
match with series capacitors and a half-wave- 
length phasing section, as shown in Fig. 14-37. 
These methods are preferred over any others be- 
cause they permit adjustment of the matching 
and the use of coaxial line feed. The variable 
capacitors can be housed in small plastic cups for 
weatherproofing ; receiving types with close spac- 
ing can be used at powers up to a few hundred 
watts. Maximum capacity required is usually 140 
uuf. at 14 Mc. and proportionately less at the 
higher frequencies. 

If physically possible, it is better to adjust the 
matching device after the antenna has been in- 
stalled at its ultimate height, since a match made 
with the antenna near the ground may not hold 
for the same antenna in the air. 


Sharpness of Resonance 


Peak performance of a multielement parasitic 
array depends upon proper phasing or tuning of 
the elements, which can be exact for one fre- 
quency only, In the case of close-spaced arrays, 
which because of the low radiation resistance 
usually are quite sharp-tuning, the frequency 
range over which optimum results can be secured 
is only of the order of 1 or 2 per cent of the 
resonant frequency, or up to about 500 kc. at 28 
Mc. However, the antenna can be made to work 
satisfactorily over a wider frequency range by 


Fig. 14-38—The cubical 
quad antenna, consisting 
of two square loops one 
of which is driven and the 
other is used as a parasitic 
reflector. The planes of 
the loops are parallel, and 
the loops are coaxial al- 
though shown ‘offset in 
these drawings for clarity. 
Note the difference in 
feed points in A and B; 
the shift in feed point is 

necessary if both loop 

orientations are to trans- 

mit signals of the same 

polarization (horizontal in 
(B) both cases shown here). 
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Fig. 14-39—End and side views of a quad. Upper insert shows method of fastening antenna wire to support arms. 
Center insert shows construction of support-arm mounting bracket. Lower insert shows method of attaching feed 
line and stub to the center insulators. Two small egg insulators are used, fastened to end of lower boom as shown 


with a small nail, 


251 
The length of one side is found from L (feet) =-~———~ 


adjusting the director or directors to give maxi- 
mum gain at the highest frequency to be covered, 
and by adjusting the reflector to give optimum 
gain at the lowest frequency. This sacrifices 
some gain at all frequencies, but maintains more 
uniform gain over a wider frequency range. 

The use of large-diameter conductors will 
broaden the response curve of\an array because 
the larger diameter lowers the Q. This causes 
the reactances of the elements to change rather 
slowly with frequency, with the result that the 
tuning stays near the optimum over a consider- 
ably wider frequency range than is the case with 
wire conductors. 


Combination Arrays 


It is possible to combine parasitic elements 
with driven elements to form arrays composed 
of collinear driven and parasitic elements and 
combination broadside-collinear-parasitic  ele- 
ments. Thus two or more collinear elements 
might be provided with a collinear reflector or 
director set, one parasitic element to each driven 
element. Or both directors and reflectors might 
be used. A broadside-collinear array can be 
treated in the same fashion, 


THE “QUAD” ANTENNA 


The “cubical quad” or, simply, “quad” antenna 


Fig. 14-40—A 15/10-meter quad. Tuning stubs for the 

reflectors are looped back along the tie bars. Total 

weight of this assembly, not including the mast, is 13 
pounds. 
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consists of a pair of square loops, one-quarter 
wavelength on a side or one-wavelength around 
the periphery, one loop being driven and the 
other used as a parasitic reflector. The separa- 
tion between the two is usually of the order of 
0.15. to 0.2 wavelength, with the planes of the 
loops parallel. 

Fig. 14-38 shows typical quad arrangements, 
that at B being the more frequently used. The 
reflector is tuned by means of a stub to a lower 
frequency than the one at which the fed loop is. 
driven, just as is done with the conventional 
straight elements in a driven element-reflector 
array of the parasitic type. With the reflector in 
place and properly tuned the impedance of the 
driven element at the feed point is of the same 
order as the characteristic impedance of coaxial 
cable, so ordinarily the standing-wave ratio on 
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the transmission line will be low enough so that 
no special means need be included for matching. 

A few measurements on the quad have indi- 
cated that its gain is roughly comparable with 
that of a three-element Yagi of ordinary design. 
Early quads consisted only of driven element and 
parasitic reflector; recent designs have included 
two parasitic directors, with consequent improved 
gain. (See Bergren, OST, May, 1963.). The two- 
element quad is, however, the one most commonly 
in use. 

The quad is a more cumbersome structure 
than an ordinary parasitic beam, but is light in 
weight and relatively inexpensive. Diagonal 
spreaders, usually of bamboo (fiberglas poles are 
also available) are used to support the corners of 
the loop, the loop itself being made of ordinary 
antenna wire. The spreaders usually are mounted 
on a boom which in general is similar to the booms 
used with Yagi antennas and is also similarly 
mounted on the mast or tower and rotated. The 
light weight permits rotation by a TV rotator. 
Constructional details of a typical quad are given 

‘in Fig. 14-39, 

If the fishing poles are well treated with a 
weatherproofing compound they will last several 
years. Weatherproofing compounds are available 
at all lumber dealers. Get straight poles with no 
splits in them, No insulators are necessary, the 
poles themselves acting as long insulators. The 
easiest way to mount the antenna wire on the 
arms is to lay a long length of wire on the ground 
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and mark it at the approximate quarter-wave 
intervals, and use these marks to indicate where 
the wire fastens to the pole. 

Dual and triple quads can be built for the 
bands 20 through 10 meters. One such antenna 
is shown in Fig. 14-40, a dual quad for 15 and 10 
meters. The same supporting structure is used 
for the two antennas, making the boom length 
equal to 0.15 to 0.2 wavelengths at the lower- 
frequency band. Separate coaxial cable feed lines 
are brought down from the two driven elements. 
In a two-band quad (20/15 or 15/10) the length 
of one side is obtained from 

L (feet) = 250 -+- (Mc.) 

In the case of any quad or combination of 
quads, each quad should be tuned up separately 
for maximum forward gain by adjusting the stub 
length on the reflector element and checking the 
field strength with a nearby ham, If accessible, 
the reflector element can be resonated with a 
grid-dip meter to a frequency just below the 
lowest to be used; this is a good starting place 
for further adjustment. The resonance of the 
antenna system can be checked by finding the 
frequency that gives the lowest s.w.r. on the feed 
line; this lowest s.w.t is not necessarily 1.0. If 
the resonant frequency is higher than the desired 
frequency, lengthen the driven element; shorten 
the element if the resonant frequency is too low. 
In the dual antennas that have been constructed, 
there has been little or no evidence of interaction 
of tuning. 


MATCHING THE ANTENNA TO THE LINE 


The load for a transmission line may be any 
device capable of dissipating r.f. power. When 
lines are used for transmitting applications the 
most common type of load is an antenna. When 
a transmission line is connected between an an- 
tenna and a receiver, the receiver input circuit 
(not the antenna) is the load, because the power 
taken from a passing wave is delivered to the 
receiver. ' 

Whatever the application, the conditions exist- 
ing at the load, and only the load, determine the 
standing-wave ratio on the line. If the load is 
purely resistive and equal in value to the charac- 
teristic impedance of the line, there will be no 
standing waves. If the load is not purely resis- 
tive, and/or is not equal to the line Z), there will 
be standing waves. No adjustments that can be 
made at the input end of the line can change the 
s.w.t., nor is it affected by changing the line 
length. 

Only in a few special cases is the load in- 
herently of the proper value to match a prac- 
ticable transmission line. In all other cases it is 
necessary either to operate with a mismatch and 
accept the s.w.r. that results, or else to take steps 
to bring about a proper match between the line 
and load by means of transformers or similar 
devices. Impedance-matching transformers may 
take a variety of physical forms, depending on 
the circumstances, 


Note that it is essential, if the s.w.r. is to be 
made as low as possible, that the load at the point 
of connection to the transmission line be purely 
resistive. In general, this requires that the load 
be tuned to’ resonance. If the load itself is not 
resonant at the operating frequency the tuning 
sometimes can be accomplished in the matching | 
system, 


THE ANTENNA AS A LOAD 


Every antenna system, no matter what its 
physical form, will have a definite value of im- 
pedance at the point. where the line is to be con- 
nected. The problem is to transform this antenna 
input impedance to the proper value to match 
the line. In this respect there is no one “best” 
type of line for a particular antenna system, be- 
cause it is possible to transform impedances. in 
any desired ratio. Consequently, any type of line 
may be used with any type of antenna. There are 
frequently reasons other than impedance match- 
ing that dictate the use of one type of line in pre- 
ference to another, such as ease of installation, 
inherent loss in the line, and so on, but these are 
not considered in this section. 

Although the input impedance of an antenna 
system is seldom known very accurately, it is of- 
ten possible to make a reasonably close estimate 
of its value. The information earlier in this chap- 
ter can be used as a guide. 


Matching 


Matching circuits may be constructed using 
ordinary coils and capacitors, but are not used 
very extensively because they must be supported 
at the antenna and must be weatherproofed. The 
systems to be described use linear transfomers. 


The Quarter-Wave Transformer or 
“Q" Section 


As mentioned previously (Chapter 13), a 
quarter-wave transmission line may be used as an 
impedance transformer. Knowing the antenna im- 
pedance and the characteristic impedance of the 
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Fig. 14-41—“Q” matching section, a quarter-wave im- 
pedance transformer. 


transmission line to be matched, the required — 


characteristic impedance of a matching section 
such as is shown in Fig. 14-41 is 


Zm VZ2y (14-1) 
where Z, is the antenna impedance and Z, is 
the characteristic impedance of the line to which 
it is to be matched. 

Example: To match a 600-ohm line to an an- 


tenna presenting a 72-ohm load, the quarter- 
wave matching section would require a charac- 


teristic impedance of 1/72 X 600 = 43,200 

== 208 ohms. 
The spacings between conductors of various 
sizes of tubing and wire for different surge im- 
pedances are given in graphical form in the chap- 
ter on “Transmission Lines.” (With 14-inch tub- 
ing, the spacing in the example above should be 
1.5 inches for an impedance of 208 ohms.) 

The length of the quarter-wave matching sec- 

tion may be calculated from 


Length (feet) = a 


(14-J 
where V = Velocity factor 

f = Frequency in Mc. 

Example: A quarter-wave transformer of 


RG-11/U is to be used at 28.7 Mc. From the 
table in Chapter Thirteen, V = 0.66. 


246 X 0.66 
Length =—— 
g' 7 5.67 feet 
== 5 feet 8 inches 


The antenna must be resonant at the operating 
frequency. Setting the antenna length by formula 
is amply accurate with single-wire antennas, but 
in other systems, particularly close-spaced ar- 
rays, the antenna should be adjusted to resonance 
before the matching section is connected. 

When the antenna input impedance is not 
known accurately, it is advisable to construct 
the matching section so that the spacing between 
conductors can be changed. The spacing then 
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may be adjusted to give the lowest possible s.w.r. 
on the transmission line. 


Folded Dipoles 


A half-wave antenna element can be made to 
match various line impedances if it is split into 
two or more parallel conductors with the trans- 
mission line attached at the center of only one of 
them. Various forms of such “folded dipoles” 
are shown in Fig. 14-42, Currents in all conduc- 
tors are in phase in a folded dipole, and since the 
conductor spacing is small the folded dipole is 
equivalent in radiating properties to an ordinary 
single-conductor dipole. However, the current 
flowing into the input terminals of the antenna 
from the line is the current in one conductor 
only, and the entire power from the line is de- 
livered at this value of current. This is equiva- 
lent to saying that the input impedance of the 
antenna has been raised by splitting it up into 
two or more conductors. 


ee 


Fig. 14-42—The folded dipole, a method for using the’ 
antenna element itself to provide an impedance trans- 
formation. 


The ratio by which the input impedance of the 
antenna is stepped up depends not only on the 
number of conductors in the folded dipole but 
also on their relative diameters, since the distri- 
bution of current between conductors is a func- 
tion of their diameters. (When one conductor is 
larger than the other, as in Fig. 14-42C, the 
larger one carries the greater current.) The 
ratio also depends, in general, on the spacing 
between the conductors, as shown by the graphs 
of Figs. 14-43 and 14-44, An important special 
case is the 2-conductor dipole with conductors 
of equal diameter; as a simple antenna, not a 
part of a directive array, it has an input resist- 
ance close enough to 300 ohms to afford a good 
match to 300-ohm Twin-Lead. 

The required ratio of conductor diameters to 
give a desired impedance ratio using two con- 
ductors may be obtained from Fig. 14-43. Sim- 
ilar information for a 3-conductor dipole is given 
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Fig. 14-43—Impedance transformation ratio, two-conduc- 
tor folded dipole. The dimensions di, dz and s are shown 
on the inset drawing. Curves show the ratio of the 
impedance (resistive) seen by the transmission line to 
the radiation resistance of the resonant antenna system. 
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Fig. 14-44—Impedance transformation ratio, three-con- 
ductor folded dipole. The dimensions di, dz and s are 
shown on the inset drawing. Curves show the ratio of 
the impedance (resistive) seen by the transmission line to 
the radiation resistance of the resonant antenna system, 
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in Fig. 14-44. This graph applies where all three 
conductors are in the same plane. The two con- 
ductors not connected to the transmission line 
must be equally spaced from the. fed conductor, 
and must have equal diameters. The fed conduc- 
tor may haye a different diameter, however. The 
unequal-conductor method has been found par- 
ticularly useful in matching to low-impedance 
antennas such as directive arrays using close- 
spaced parasitic elements. 

The length of the antenna element should be 
such as to be approximately self-resonant at the 
median operating frequency. The length is 
usually not highly critical, because a folded di- 
pole tends to have the characteristics of a “thick” 
antenna and thus has a relatively broad fre- 
quency-response curve. 


“T” and “Gamma” Matching Sections 


The method of matching shown in Fig. 
14-45A is based on the fact that the impedance 
between any two points along a resonant antenna 
is resistive, and has a value which depends on the 
spacing between the two points. It is therefore 
possible to choose a pair of points between which 
the impedance will have the right value to match 
a transmission line. In practice, the line cannot 
be connected directly at these points because the 
distance between them is much greater than the 
conductor spacing of a practicable transmission 
line. The “T” arrangement in Fig. 14-45A over- 
comes this difficulty by using a second conductor 
paralleling the antenna to form a matching sec- 
tion to which the line may be connected. 

The “T” is particularly suited to use with a 
parallel-conductor line, in which case the two 
points along the antenna should be equidistant 
from the center so that electrical balance is main- 
tained. 

The operation of this system is somewhat com- 
plex. Each “T” conductor (y in the drawing) 
forms with the antenna conductor opposite it a 
short section of transmission line. Each of these 
transmission-line sections can be considered to 
be terminated in the impedance that exists at the 


‘point of connection to the antenna. Thus the part 


of the antenna between the two points carries a 
transmission-line current in addition to the nor- 
mal antenna current. The two transmission-line 


(B) 


Fig. 14-45—The “T” match and “gamma” match. 


Matching 


matching sections are in series, as seen by the 
main transmission line. 

If the antenna by itself is resonant at the op- 
erating frequency its impedance will be purely 


resistive, and in such case the matching-section, 


lines are terminated in a resistive load. However, 
since these sections are shorter than a quarter 
wavelength their input impedance—ie., the im- 
pedance seen by the main transmission line look- 
ing into the matching-section terminals—will be 
reactive as well as resistive. This prevents a 
perfect match to the main transmission line, 
since its load must be a pure resistance for per- 
fect matching. The reactive component of the 
input impedance must be tuned out before a 
proper match can be secured. 

One way to do this is to detune the antenna 
just enough, by changing its length, to cause 
reactance of the opposite kind to be reflected to 
the input terminals of the matching section, thus 
cancelling the reactance introduced by the latter. 
Another method, which is considerably easier to 
adjust, is to insert a variable capacitor in series 
with the matching section where it connects to 
the transmission line, as shown in Fig. 14-37. 
The capacitor must be protected from the 
weather. 

The method of adjustment commonly used is 
to cut the antenna for approximate resonance 
and then make the spacing x some value that is 
convenient constructionally. The distance y is 


then adjusted, while maintaining symmetry with . 


respect to the center, until the s.w.r. on the trans- 
mission line is as low as possible. If the s.w.r. is 
not below 2 to 1 after this adjustment, the an- 
tenna length should be changed slightly and the 
matching-section taps adjusted again. This proc- 
ess may be continued until the s.w.r. is as close 
to 1 to 1 as possible. 

When the series-capacitor method of reactance 
compensation is used (Fig. 14-37), the antenna 
should be the proper length to be resonant at the 
operating frequency. Trial positions of the 
matching-section taps are taken, each time ad- 
justing the capacitor for minimum s.w.r., until 
the standing waves on the transmission line are 
brought down to the lowest possible value. 

The unbalanced (“gamma”) arrangement in 
Fig. 14-45B is similar in principle to the “T,” 
but is adapted for use with single coax line. The 
method of adjustment is the same. 


BALANCING DEVICES 


An antenna with open ends, of which the half- 
wave type is an example, is inherently a balanced 
radiator. When opened at the center and fed with 
a parallel-conductor line this balance is main- 
tained throughout the system, so long as the 
causes of unbalance discussed in the transmis- 
sion-line chapter are avoided. 

If the antenna is fed at the center through a 
coaxial line, as indicated in Fig. 14-46A, this bal- 
ance is upset because one side of the radiator is 
connected to the shield while the other is con- 
nected to the inner conductor. On the side con- 
nected to the shield, a current can flow down 
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Fig. 14-46—Radiator with coaxial feed (A) and methods 
of preventing unbalance currents from flowing on the 
outside of the transmission line (B and C). The half-wave 
phasing section shown at D is used for coupling between 
an unbalanced and a balanced circuit when a 4-to-1 
impedance ratio is desired or can be accepted, 
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over the outside of the coaxial line, and the fields 
thus set up cannot be canceled by the fields from 
the inner conductor because the fields inside the 
line cannot escape through the shielding afforded 
by the outer conductor. Hence these “antenna” 
currents flowing on the outside of the line will be 
responsible for radiation. 


Linear Baluns 


Line radiation can be prevented by a number 
of devices whose purpose is to detune or decouple 
the line for “antenna” currents and thus greatly 
reduce their amplitude. Such devices generally 
are known as baluns (a contraction for “bal- 
anced to unbalanced”), Fig. 14-46B shows one 
such arrangement, known as a bazooka, which 
uses a sleeve over the transmission line to form, 
with the outside of the outer line conductor, a 
shorted quarter-wave line section. As described 
earlier in this chapter, the impedance looking into 
the open end of such a section is very high, so that 
the end of the outer conductor of the coaxial line 
is effectively insulated from the part of the line 

‘below the sleeve. The length is an electrical 
quarter wave, and may be physically shorter if 
the insulation between the sleeve and the line is 
other than air. The bazooka has no effect on the 
impedance relationships between the antenna and 
the coaxial line. 

Another method that gives an equivalent ef- 
fect is shown at C. Since the voltages at the an- 
tenna terminals are equal and opposite (with 
reference to ground), equal and opposite cur- 
rents flow on the surfaces of the line and second 
conductor. Beyond the shorting point, in the 
direction of the transmitter, these currents com- 
bine to cancel out. The balancing section “looks 
like” an open circuit to the antenna, since it is a 
quarter-wave parallel-conductor line shorted at 
the far end, and thus has no effect on the normal 
antenna operation. However, this is not essential 
to the line-balancing function of the device, and 
baluns of this type are sometimes made shorter 
than a quarter wavelength in order to provide the 
shunt inductive reactance required in certain 
types of matching systems. 

Fig. 14-46D shows a third balun, in which 
equal and opposite voltages, balanced to ground, 
are taken from the inner conductors of the main 
transmission line and half-wave phasing section. 
Since the voltages at the balanced end are in 
series while the voltages at the unbalanced end 
are in parallel, there is a 4-to-1 step-down in im- 
pedance from the balanced to the unbalanced side. 
This arrangement is useful for coupling between 
a balanced 300-ohm line and a 75-ohm coaxial 
line, for example. 


RECEIVING ANTENNAS 

Nearly all of the properties possessed by an 
antenna as a radiator also apply when it is used 
for reception. Current and voltage distribution, 
impedance, resistance and directional character- 
istics are the same in a receiving antenna as if it 
were used as a transmitting antenna. This recip- 
rocal behavior makes possible the design of a 
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Fig. 14-47—Antenna changeover for receiving and trans- 

mitting in two-wire (A) and coaxial line (B). The low- 

pass filter for TVI reduction should be connected be- 
tween switch or relay and the transmitter. 


receiving antenna of optimum performance based 
on the same considerations that have been dis- 
cussed for transmitting antennas. - 

The simplest receiving antenna is a wire of 
random length. The longer and higher the wire, 
the more energy it abstracts from the wave. Be- 
cause of the high sensitivity of modern receivers, 
sometimes only a short length of wire strung 
around the room is used for a receiving antenna, 
but such an antenna cannot be expected to give 
good performance, although it is adequate for 
loud signals on the 3.5- and 7-Mc. bands. It will 
serve in emergencies, but a longer wire outdoors 
is always better. 

The use of a tuned antenna improves the oper- 
ation of the receiver, because the signal strength 
is greater than with a wire of random length. 
Where local electrical noise is a problem, as from 
an electrical appliance, a measure of relief can 
often be obtained by locating the antenna as high 
above and as far as possible from the noise source 
and power lines. The lead-in wire, from the cen- 
ter of the antenna, should be a coaxial line or 
shielded twin-conductor cable (RG-62/U). If 
the twin-conductor cable is used, the conductors 
connect to the antenna binding posts and the 
shield to the ground binding post of the receiver. 


Antenna Switching 


Switching of the antenna from receiver to 
transmitter is commonly done with a change- 
over relay, connected in the antenna leads or the 
coupling link from the antenna tuner. If the relay 
is one with a 115-volt a.c. coil, the switch or 
relay that controls the transmitter plate power 
will also control the antenna relay. If the con- 
venience of a relay is not desired, porcelain knife 
switches can be used and thrown by hand. 

Typical arrangements are shown in Fig. 14-47. 
If coaxial line is used, a coaxial relay is recom- 


Masts 


mended, although on the lower-frequency bands 
a regular switch or change-over relay will work 
almost as well. The relay or switch contacts 
should be rated to handle at least the maximum 
power of the transmitter. 
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An additional refinement is the use of an elec- 
tronic transmit-receive switch, which permits full 
break-in operation even when using the trans- 
mitting antenna for receiving. For details and 
circuitry on t.r. switches, see Chapter Eight. 


ANTENNA CONSTRUCTION 


The use of good materials in the antenna 
system is important, since the antenna is exposed 
to wind and weather. To keep electrical losses 
low, the wires in the antenna and feeder system 
must have good conductivity and the insulators 
must have low dielectric loss and surface leakage, 
particularly when wet. 

For short antennas, No. 14 gauge hard-drawn 
enameled copper wire is a satisfactory conductor. 
For long antennas and directive arrays, No. 14 
or No. 12 enameled copper-clad steel wire 
should be used. It is best to make feeders and 
matching stubs of ordinary soft-drawn No. 14 or 
No. 12 enameled copper wire, since hard-drawn 
or copper-clad steel wire is difficult to handle 
unless is is under considerable tension at all 
times. The wires should be all in one piece; 
where a joint cannot be avoided, it should be 
carefully soldered. Open-wire TV line is excel- 
lent up to several hundred watts. 

In building a two-wire open line, the spacer 
insulation should be of as good quality as in the 
antenna insulators proper. For this reason, good 
ceramic spacers are advisable. Wooden dowels 
boiled in paraffin may be used with untuned lines, 
but their use is not recommended for tuned lines. 
The wooden dowels can be attached to the feeder 
wires by drilling small holes and binding them to 
the feeders. 

At points of maximum voltage, insulation is 
most important, and Pyrex glass or ceramic in- 
sulators with long leakage paths are recom- 
mended for the antenna. Insulators should be 
cleaned once or twice a year, especially if they 
are subjected to much smoke and soot. 

In most cases poles or masts are desirable to 
lift the antenna clear of surrounding buildings, 
although in some locations the antenna will be 
sufficiently in the clear when strung from one 
chimney to another or from a housetop to a tree, 
Small trees usually are not satisfactory as points 
of suspension for the antenna because of their 
movement in windy weather. If the antenna is 
strung from. a point near the center of the trunk 
of a large tree, this difficulty is not so serious. 
Where the antenna wire must be strung from one 
of the smaller branches, it is best to tie a pulley 
firmly to the branch and run a rope through the 
pulley to the antenna, with the other end of the 
rope attached to a counterweight near the 
ground. The counterweight will keep the ten- 
sion on the antenna wire reasonably constant even 
when the branches sway or the rope tightens and 
stretches with varying climatic conditions. 

Telephone poles, if they can be purchased and 
installed economically, make excellent supports 
because they do not ordinarily require guying 
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Fig. 14-48—Details of a simple 40-foot “A’-frame mast 
suitable for erection in locations where space is limited. 


in heights up to 40 feet or so. Many low-cost 
television-antenna supports are now available, 
and they should not be overlooked as possible 
antenna aids. ; 


“A"-FRAME MAST 


The simple and inexpensive mast shown in 
Fig. 14-48 is satisfactory for heights up to 35 or 
40 feet. Clear, sound lumber should be selected. 
The completed mast may be protected by two or 
three coats of house paint. 

If the mast is to be erected on the ground, a 
couple of stakes should be driven to keep the 
bottom from slipping and it may then be “walked 
up” by a pair of helpers. If it is to go on a roof, 
first stand it up against the side of the building 
and then hoist it from the roof, keeping it verti- 
cal. The whole assembly is light enough for two 
men to perform the complete operation—lifting 
the mast, carrying it to its permanent berth, and 
fastening the guys—with the mast vertical all 
the while. It is entirely practicable, therefore, 
to erect this type of mast on any small, flat area 
of roof. 

By using 2 < 3s or 2 X 4s, the height may be 
extended up to about 50 feet. The 2 x 2 is too 
flexible to be satisfactory at such heights. 
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Fig. 14-49—A simple 
and sturdy mast for 
heights in the vicinity 
of 40 feet, pivoted at 
the base for easy erec- 
tion. The height can 
be extended to 50 feet 
or more by using 2 X 
4s instead of 2 & 3s. 


SIMPLE 40-FOOT MAST 


The mast shown in Fig. 14-49 is relatively 
strong, easy to construct, readily dismantled, and 
costs very little. Like the “A”-frame, it is suit- 
able for heights of the order of 40 feet. 

The top section is a single 2 x 3, bolted at 
the bottom between a pair of 2 X 3s with an 
overlap of about two feet. The lower section thus 
has two legs spaced the width of the narrow side 
of a2 x 3. At the bottom the two legs are bolted 
to a length of 2 x 4 which is set in the ground. 
A short length of 2 x 3 is placed between the 
two legs about halfway up the bottom section, to 
maintain the spacing. 

The two back guys at the top pull against the 
antenna, while the three lower guys prevent 
buckling at the center of the pole. 

The 2 x 4 section should be set in the ground 
so that it faces the proper direction, and then 
made vertical by lining it up with a plumb bob. 
The holes for the bolts should be drilled before- 
hand. With the lower section laid on the ground, 
bolt A should be slipped in place through the 
three pieces of wood and tightened just enough 
so that the section can turn freely on the bolt. 
Then the top section may be bolted in place and 
the mast pushed. up, using a ladder or another 
20-foot 2 X 3 for the job. As the mast goes up, 
the slack in the guys can be taken up so that the 
whole structure is in some measure continually 
supported. When the mast is vertical, bolt B 
should be slipped in place and both 4 and B 
tightened. The lower guys can then be given a 
final tightening, leaving those at the top a little 
slack until the antenna is pulled up, when they 
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should be adjusted to pull the top section into 
line. 


GUYS AND GUY ANCHORS 


For masts or poles up to about 50 feet, No. 12 
iron wire is a satisfactory guy-wire material. 
Heavier wire or stranded cable may be used for 
taller poles or poles installed in locations where 
the wind velocity is likely to be high. 

More than three guy wires in any. one set 
usually are unnecessary. If a horizontal antenna 
is to be supported, two guy wires in the top set 
will be sufficient in most cases. These should run 
to the rear of the mast about 100 degrees apart 
to offset the pull of the antenna. Intermediate 
guys should be used in sets of three, one 
running in a direction opposite to that of the an- 
tenna, while the other two are spaced 120 degrees 
either side. This leaves a clear space under the 
antenna. The guy wires should be adjusted to 
pull the pole slightly back from vertical before 
the antenna is hoisted so that when the antenna 
is pulled up tight the mast will be straight. 

When raising a mast that is big enough to tax 
the available facilities, it is some advantage to 
know nearly exactly the length of the guys. 
Those on the side on which the pole is lying can 
then be fastened temporarily to the anchors be- 
forehand, which assutes that when the pole is 
raised, those holding opposite guys will be able 
to pull it into nearly vertical position with no 
danger of its getting out of control. The guy 
lengths can be figured by the right-angled-tri- 
angle rule that “the sum of the squares of the 
two sides is equal to the square of the hypote- 
nuse.” In other words, the distance from the 
base of the pole to the anchor should be measured 
and squared. To this should be added the square 
of the pole length to the point where the guy is 
fastened, The square root of this sum will be the 
length of the guy. 

Guy wires should be broken up by strain in- 
sulators, to avoid the possibility of resonance 
at the transmitting frequency. Common practice 
is to insert an insulator near the top of each guy, 
within a few feet of the pole, and then cut each 
section of wire between the insulators to a 
length which will not be resonant either on the 
fundamental or harmonics. An insulator every 
25 feet will be satisfactory for frequencies up to 
30 Mc. The insulators should be of the “egg” 
type with the insulating material under compres- 
sion, so that the guy will not part if the insu- 
lator breaks. 

Twisting guy wires onto “egg” insulators 
may be a tedious job if the guy wires are long 
and of large gauge. A simple time- and finger- 
saving device (piece of heavy iron or steel) can 
be made by drilling a hole about twice the dia- 
meter of the guy wire about a half inch from one 
end of the piece. The wire is passed through the 
insulator, given a single turn by hand, and then 
held with a pair of pliers at the point shown in 
Fig. 14-50. By passing the wire through the hole 
in the iron and rotating the iron as shown, the 
wire may be quickly and neatly twisted. 
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Fig. 14-50—Using a lever for twisting heavy guy wires. 


Guy wires may be anchored to a tree or build- 
ing when they happen to be in convenient spots. 
For small poles, a 6-foot length of 1-inch pipe 
driven into the ground at an angle will suffice. 


HALYARDS AND PULLEYS 


Halyards or ropes and pulleys are important 
items in the antenna-supporting system. Partic- 
ular attention should be directed toward the 
choice of a pulley and halyards for a high mast 
since replacement, once the mast is in position, 
may be a major undertaking if not entirely im- 
possible. 

Galvanized-jron pulleys will have a life of only 
a year or so. Especially for coastal-area instal- 
lations, marine-type pulleys with hardwood 
blocks and bronze wheels and bearings should be 
used. 

For short antennas and temporary installa- 
tions, heavy clothesline or window-sash cord 
may be used. However, for more permanent jobs, 
¥%-inch or 44-inch waterproof hemp rope should 
be used. Even this should be replaced about once 
a year to insure against breakage. 

It is advisable to carry the pulley rope back up 
to the top in “endless” fashion in the manner of 
a flag hoist so that if the antenna breaks close 
to the pole, there will be a means for pulling the 
hoisting rope back down. 


BRINGING THE ANTENNA OR 
FEED LINE INTO THE STATION 


The antenna or transmission line should be 
anchored to the outside wall of the building, as 
shown in Fig. 14-52, to remove strain from the 


Fig. 14-52—A—Anchoring feeders takes the 

strain from feedthrough insulators or window 

glass. B—Going through a full-length screen, a 

cleat is fastened to the frame of the screen on 

the inside. Clearance holes are cut in the cleat 
and also in the screen. 
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lead-in insulators. Holes cut through the walls 
of the building and fitted with feed-through in- 
sulators are undoubtedly the best means of 
bringing the line into the station. The holes 
should have plenty of air clearance about the 
conducting rod, especially when using tuned lines 
that develop high voltages. Probably the best 
place to go through the walls is the trimming 
board at the top or bottom of a window frame 
which provides flat surfaces for lead-in insula- 
tors. Cement or rubber gaskets may be used to 
waterproof the exposed joints. 

Where such a procedure is not permissible, 


Fig. 14-51—An antenna lead-in panel may be placed 

over the top sash or under the lower sash of a window. 

Substituting a smaller height sash in half the window will 

simplify the weatherproofing problem where the sash 
overlaps. 


the window itself usually offers the best oppor- 
tunity. One satisfactory method is to drill holes 
in the glass near the top of the upper sash. If 
the glass is replaced by plate glass, a stronger 
job will result. Plate glass may be obtained from 
automobile junk yards and drilled before placing 
in the frame. The glass itself provides insula- 
tion and the transmission line may be fastened to 
bolts fitting the holes. Rubber gaskets will render ' 
the holes waterproof. The lower sash should be 
provided with stops to prevent damage when it 
is raised. If the window has a full-length screen, 
the scheme shown in Fig. 14-52B may be used. 

As a less permanent method, the window may 
be raised from the bottom or lowered from the 
top to permit insertion of a board which carries 
the feed-through insulators. This lead-in ar- 
rangement can be made weatherproof by making 
an overlapping joint between the board and win- 
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dow sash, as shown in Fig. 14-51, or by using 
weatherstrip material where necessary. 


ROTARY-BEAM 


It is a distinct advantage to be able to shift 
the direction of a beam antenna at will, thus 
securing the benefits of power gain and direc- 
tivity in any desired compass direction. A favor- 
ite method of doing this is to construct the 
antenna so that it can be rotated in the hori- 
zontal plane. The use of such rotatable antennas 
is usually limited to the higher frequencies—14 
Mc. and above—and to the simpler antenna-ele- 
ment combinations if the structure size is to be 
kept within practicable bounds. For the 14-, 21- 
and 28-Mc. bands such antennas usually consist 
_ of two to four elements and are of the parasitic- 
array type described earlier in this chapter. At 
50 Mc. arid higher it becomes possible to use 
more elaborate arrays because of the shorter 
wavelength and thus obtain still higher gain. An- 
’ tennas for these bands are described in another 
chapter. 

The problems in rotary-beam construction are 
those of providing a suitable mechanical support 
for the antenna elements, furnishing a means of 
rotation, and attaching the transmission line so 
that it does not interfere with the rotation of the 
ew Elements 

The antenna elements usually are made of 
metal tubing so that they will. be at least par- 
tially self-supporting, thus simplifying the sup- 
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Fig. 14-53—Details of telescoping tubing for beam 
elements. 


porting structure. The large diameter of the con- 
ductor is beneficial also in reducing resistance, 
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Coaxial line can be brought through clearance 
holes without additional insulation. 


CONSTRUCTION 


which becomes an important consideration when 
close-spaced elements are used. 

Aluminum alloy tubes are generally used for 
the elements. The elements frequently are con- 
structed of sections of telescoping tubing making 
length adjustments for tuning quite easy. Elec- 
trician’s thin-walled conduit also is suitable for 
rotary-beam elements. Regardless of the tubing 
used, the ends should be plugged up with corks 
sealed with glyptal varnish. 

The element lengths are made adjustable by 
sawing a 6- to 12-inch slot in the ends of the 
larger-diameter tubing and clamping the smaller 
tubing inside. Homemade clamps of aluminum 
can be built, or hose clamps of suitable size can 
be used. An example of this construction is 
shown in Fig. 14-53. If steel clamps are used, 
they should be cadmium- or zinc-plated before 
installation. 

Supports 

Metal is commonly used to support the ele- 
ments of the rotary beam. For 28 Mc., a piece of 
2-inch diameter duraluminum tubing makes a 
good “boom” for supporting the elements. The 
elements can be made to slide through suitable 
holes in the boom, or special clamps and brac- 
kets can be fashioned to support the elements. 
Fittings for TV antennas can often be used on 
21- and 28-Mc. beams. “Irrigation pipe” is a good 
source of aluminum tubing up to diameters of 6 
inches and lengths of 20 feet. Muffler clamps can 
be used to hold beam elements to a boom. 

Most of the TV antenna rotators are satisfac- 
tory for turning the smaller beams. 

With all-metal construction, delta, “gamma” 
or “J”-match are the only practical matching 
methods to use to the line, since anything else 
requires opening the driven element at the cen- 
ter, and this complicates the support problem for 
that element. 


“PLUMBER’S-DELIGHT” CONSTRUCTION 


The lightest beam to build is the so-called 
“plumber’s delight”, an array constructed en- 
tirely of metal, with no insulating members be- 
tween the elements and the supporting structure. 
Some suggestions for the constructional details 
are given in Figs. 14-54, 14-55 and 14-56. These 
show portions of a 4-element 10-meter beam, but 
the same principles hold for 15- and 20-meter 
beams. 

Boom material can be the irrigation pipe sug- 
gested earlier (available from Sears Roebuck). 
Muffler clamps and homemade brackets (alumi- 
num or cadmium-plated steel) can be used to 
hold the parasitic elements to the boom. The muf- 
fler clamps and all hardware should be cadmium- 
plated to forestall corrosion; the plating can be 
done at a plating shop and will not be very ex- 


pensive if it is all done at the same time. 

Muffler clamps and a steel plate can be used 
to hold the boom to the supporting mast, as 
shown in Fig. 14-55. For maximum strength, the 
mast section should be a length of galvanized 
iron pipe. The plate thickness should run from 
346 inch for a 10-meter beam to % inch or more 
for a 20-meter beam. Steel plates of this thick- 
ness are best cut in a welding shop, where it can 
be done quickly for a nominal fee. After the plate 
has been cut and the muffler-clamp holes drilled, 
the plate, clamps and hardware should be plated. 

The photograph in Fig. 14-56 shows one way 
a T-matched driven element can be assembled 
with its half-wave balun. Three coaxial chassis 
receptacles are fastened to a 14-inch thick sheet 
of phenolic that is supported below the driven 
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Fig. 14-54—A three-element plumber’s-delight beam 
for 10-meter operation. The dimensions were taken 
from the chart in Fig. 14-36. The mast is recessed a 
considerable distance into the tower to lessen the 
strain imposed upon the rotator by wind loading. 


A pair of 2-meter ‘“Squalos’ are mounted above the 


10-meter beam but do not interfere with its operation. 


element by three aluminum straps. The two T 
rods are also supported by the phenolic sheet at 
the inner ends and by suitable straps at the outer 
ends where they make up to the driven element. 


Rotation 


It is common practice to use a motor to rotate 
the beam. There are several complete motor 
driven rotators on the market, and they are easy 
to mount, convenient to use, and require little or 
no maintenance. Generally speaking, light-weight 
units are better because they reduce the tower 
load. 

The speed’ of rotation should not be too 
great—one or 11% r.p.m. is about right. This re- 
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Fig. 14-56—(Diagram, above) Details of a coaxial-line 
termination board and T-match support for a 10-meter 
beam. The balun of a half-wavelength of coaxial line 
is coiled and then fastened to the boom with tape (right). 
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quires a considerable gear reduction from the 
usual 1750-r.p.m. speed of small induction mo- 
tors; a large reduction is advantageous because 
the gear train will prevent the beam from turn- 
ing in weather-vane fashion in a wind. The usual 
beam does not require a great deal of power for 
rotation at slow speed, and a %-hp. motor will 
be ample. A reversible motor should be used. 
War-surplus “prop pitch” motors have found 
wide application for rotating 14-Mc. beams, 
while TV rotators can be used with many 28-Mc. 
lightweight beams. 

Driving motors and gear housings will stand 
the weather better if given a coat of aluminum 
paint followed by two coats of enamel and a coat 
of glyptal varnish. Even commerical units will 
last longer if treated with glyptal varnish. Be 
sure that the surfaces are clean and free from 
grease before painting. Grease can be removed 
by brushing with kerosene and then squirting 
the surface with a solid stream of water. The 
work can then be wiped dry with a rag. 

The power and control leads to the rotator 
should be run in electrical conduit or in lead 
covering, and the metal should be grounded. 


Fig. 14-55—The boom can be tied to the mast with 
muffler clamps and a steel plate. The coaxial line from 
the driven element is taped to the boom and mast. 
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ANTENNAS 


A COMPACT 14-Mc. 3-ELEMENT BEAM 


A 20-meter beam no larger than the usual 
10-meter beam can be made by using center- 
loaded elements and close spacing. Such an an- 
tenna will show good directivity and can be ro- 
tated with a TV-antenna rotator. 

Constructional details of the elements are 
shown in Figs. 14-57 and 14-58. The loading coils 
are space-wound by interwinding plumb line 
(sometimes known as chalk line) with the No. 
12 wire coils. The coil ends are secured by dril- 
ling small holes through the polystyrene bar, as 
shown in Fig. 14-60. The coils should be sprayed 
or painted with Krylon before installing the pro- 
tective Lucite tubes. 

The beam will require 4-foot lengths of the 
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tubings indicated in Fig. 14-57A. For good tele- 
scoping, element-wall thickness. of 0.058 inch is 
recommended. The ends of the tubing sections 
should be slotted to permit adjustment, and se- 
cured with clamps, so that the joints will not 
work loose in the wind. Perforated ground 
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Fig. 14-58—Detailed sketch of the 
loading and coupling coils at the cen- 
ter of the driven element, and its 
mounting. Similar loading coils (see 
text) are used at the centers of the 
director and reflector. 
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clamps can be used for this purpose. The boom 
is a 12-foot length of 1%4-inch o.d. 61ST alumi- 
num tubing, with 0.125-inch wall. 

The line is coupled and matched at the center 
of the driven element through adjustment of the 
link wound on the outside of the Lucite tubing. 
To check the adjustment of the elements, first 
resonate the driven element to the desired fre- 
quency in the 14-Mc. band with a grid-dip oscil- 
lator. Then resonate the director to approxi- 
mately 14.8 Mc., and the reflector to approxi- 
mately 13.6 Mc. This is not critical and only 
serves as rough point for the final tuning, 
which is done by use of a conventional field- 
strength indicator. Check the transmitter load- 


Fig. 14-57—Dimensions of a compact 14- 
Mc. beam. A—Side view of a typical ele- 
ment. TV-antenna “U” clamps hold the 
support arms to the boom. Birnbach 4176 
insulators support the elements. B—Top 
plan of the beam showing element spac- 
ing and loading-coil dimensions. Elements 
are made of aluminum tubing. Construc- 
tion of the loading coils and adjustment 
of the elements are discussed in the text. 
End-section lengths of 41 inches for the 
reflector, 40 inches for the driven ele- 
ment, and 10 inches for the director will 
be close to optimum. 


ing and readjust if necessary. Adjust the director 
for maximum forward gain, and then adjust the 
reflector for maximum forward gain. At this 
point, check the driven element for resonance 
and readjust if necessary. Turn the reflector to- 
ward the field-strength indicator and adjust for 
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Rotary Beams 


back cut-off. This must be done in small steps. 
Do not expect the attenuation off the sides of a 
short beam to be as high as that obtained with 
full-length elements. The s.w.r. of the line feed- 
ing the antenna can be checked with a bridge, 
and after the elements have been tuned, a final 
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adjustment of the s.w.r. can be made by adjust- 
ing the coupling at the antenna loading coil turns 
and spacing. As in any beam, the s.w.r. will de- 
pend upon this adjustment and not on any that 
can be made at the transmitter. Transmitter 
coupling is the usual for any coaxial line. 


A “ONE-ELEMENT ROTARY” FOR 21 Mc. 


The directional properties of a simple half- 
wavelength antenna become more apparent at 
higher frequencies, and it is possible to take ad- 
vantage of this fact to build a “one-element ro- 
tary” for 21 or 28 Mc. To take advantage of the 
directional properties of the antenna, it is only 


vise or by laying the end of the tubing on a hard 
surface and then hammering it flat. This will 
provide enough space to accommodate the coax 
fitting (Amphenol type 83-1R). A 54-inch hole 
will be needed in the flat section to clear’ the 
shell of the coax fitting. 
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Fig. 14-59—(A) Diagram of the 21-Mc. an- 
tenna and mounting. The U-bolts that hold 
the 2 by 2 to the floor flange are standard 
2-inch TV mast type bolts. (B) A more de- 
tailed drawing of the coil and coax-fitting 
mountings. The 4-inch spacing between turns 
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necessary to rotate it 180 degrees. It can be ro- 
tated by hand, as will be described, or by a 
small TV antenna rotator. A 28-Mc. antenna 
should be made, full size (14-C) and fed at the 
center with RG-11/U. 

The 21-Mc. antenna is made from two pieces 
of 14-inch diameter electrical thin-wall steel tub- 
ing or conduit. This tubing is readily available 
at any electric supply shop. It comes in 10-foot 
lengths and, while 20 feet is short for a half- 
wave antenna at 21-Mc., with loading the length 
is just about right for 52-ohm line feed. (A half- 
wavelength antenna would normally be fed with 
72-ohm cable, since the antenna offers a good 
match for this impedance value. In this antenna 
system, the shorter elements, plus the small 
coil, offer a good match for 52-ohm cable.) If 
aluminum tubing is available, it can be used in 
place of the conduit, and the antenna will be 
lighter in weight. As shown in Figs. 14-59 and 
14-60, the two pieces of tubing are supported by 
four stand-off insulators on a four-foot-long 
2 by 2. The coax fitting for the feed line is 
mounted on the end of one of the lengths of tub- 
ing. A mounting point is made by flattening the 
end of the tubing for a length of about 1% inches. 
The tubing can.be flattened by squeezing it in a 


RG-8/U OR 
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The coil, Ly, is made from '%-inch diameter 
copper tubing. It consists of 5 turns spaced 4 
inch apart and is 1 inch inside diameter. The coil 
is connected in series with the inner conductor 
pin on the coax fitting and the other half of the 
antenna. To secure a good connection at the coax 
fitting, the coil lead should be wound around the 
inner-conductor pin and soldered. The other end 
of the coil can be connected with a screw and nut. 


Mounting 


The antenna can be mounted on a 1-inch floor 
flange and held in place by two 2-inch bolts, as 
shown in Fig. 14-61. The floor flange can be 
connected to a 12-foot length of 1-inch pipe 
which will serve as a mast. Television antenna 
wall mounts can be used to support the mast. 

In the installation shown in Fig. 14-61, 19-inch 
wall mounts were used in order to clear the 
eaves of the house. A 2-inch long piece of 
1%-inch pipe was used as a sleeve, and it was 
clamped in the U bolt on the bottom wall mount. 
A \-inch hole was drilled through the mast 
pipe approximately 6 inches from the bottom. 
Then a 1%4-inch bolt was slipped through the 
hole and the mast was then mounted in the sleeve 
on the bottom wall mount. The bolt acted as a 


378 


Fig. 14-60—A close-up of the coil and coax 

fitting mountings. Be sure that the coil 

doesn’t short out to the outer conductor when 

soldering the coil end to the inner conductor 
pin on the coax fitting. 


bearing point against the top of the sleeve. An- 
other 14-inch hole was drilled through the mast 
‘about three feet above the bottom wall mount. 
A piece of %4-inch metal rod, six inches long, 
was forced through the hole so that the rod pro- 
jected on each side of the mast. To turn the 
mast, a piece of rope was attached to each end 


Fig. 14-61—Over-all view of the antenna and mounting. 
The feedline comes out of the bottom of the mast and 
through the wall into the shack. 
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of the rod and the rope was brought into the 
shack, so that the antenna could be rotated by 
the “arm-strong” method. Obviously, one could 
spend more money for a “de luxe” version and 
use a TV antenna rotator and mast. 

RG-8/U 52-ohm coax cable is recommended 
to feed the antenna. For power inputs up to 100 
watts,. the smaller and less expensive RG-58/U 
can be used. However, when you buy RG-58/U, 
be sure that the line is made by a reputable manu- 
facturer (such as Amphenol or Belden). Some 
of the line made for TV installations is of in- 
ferior quality and is likely to have higher losses. 
The feedline was fed up through the mast pipe 
and through a 34-inch hole in the 2 by 2. An 
Amphenol 83-1SP fitting on the end of the coax 
line connects to the female fitting on the antenna. 


Coupling to the Transmitter 


It may be found that, when the feed line is 
coupled to the transmitter, the antenna won’t 
take power. Since the line is terminated at the 
antenna in its characteristic impedance of 52 
ohms, the output of the final r.f. amplifier must 
be adjusted to couple into a 52-ohm load. Where 
the output coupling device is a variable link, 
all that may be needed is the correct setting of 
the link. If the link is fixed, one end of the link 
can be grounded to the transmitter chassis and 
the other end of the link connected in series 
with a small variable capacitor to the inner con- 
ductor of the feed line. The outer conductor of 
the coax is. grounded to the transmitter chassis. 
The capacitor is tuned to the point where the 
final amplifier is properly loaded. For transmit- 
ters having a pi-network output circuit, it is 
merely a matter of adjusting the network to the 
point where the amplifier is properly loaded. 


Chapter 15 


Wave Propagation 


Much of. the appeal of amateur communica- 
tion liesin the fact that the results are not al- 
__-ways predictable. Transmission conditions on 
the same frequency vary with the year, season 
and with the time of day. Although these varia- 
tions usually follow certain established patterns, 
many peculiar effects can be observed from time 
to time. Every radio amateur should have some 
understanding of the known facts about radio 
wave propagation so that he will stand some 
chance of interpreting the unusual conditions 


when they occur. The observant amateur is in 
an excellent position to make worthwhile con- 
tributions to the science, provided he has suf- 
ficient background to understand his results. 
He may discover new facts about propagation 
at the very-high frequencies or in the micro- 
wave region, as amateurs have in the past. In 
fact, it is through amateur efforts that most of 
the extended-range possibilities of various radio 
frequencies have been discovered, both by acci- 
dent and by long and careful investigation. 


CHARACTERISTICS OF RADIO WAVES 


Radio waves, like other forms of electromag- 
netic radiation such as light, travel at a speed 
of 300,000,000 meters per second in free space, 
and can be reflected, refracted, and diffracted. 

An electromagnetic wave is composed of 
moving fields of electric and magnetic force. 
The lines of force in the electric and magnetic 
fields are at right angles, and are mutually per- 
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Fig. 15-1—Representation of electric and magnetic 

lines of force in a radio wave. Arrows indicate instan- 

faneous directions of the fields for a wave traveling 

toward the reader, Reversing the direction of one set 
of lines would reverse the direction of travel. 


pendicular to the direction of travel. A simple 
representation of a wave is shown in Fig. 15-1. 
In this drawing the electric lines are perpen- 
dicular to the earth and the magnetic lines are 
horizontal. They could, however, have any posi- 
tion with respect to earth so long as they remain 
perpendicular to each other. 

The plane containing the continuous lines of 
electric and magnetic force shown by the grid- 


ot mesh-like drawing in Fig. 15-1 is called the 
wave front. 

The medium in which electromagnetic waves 
travel has a marked influence on the speed with 
which they move. When the medium is empty 
space the speed, as stated above, is 300,000,000 
meters per second. It is almost, but not quite, 
that great in air, and is much less in some other 
substances. In dielectrics, for example, the speed 
is inversely proportional to the square root of 
the dielectric constant of the material. 

When a wave meets a good conductor it can- 
not penetrate it to any extent (although it will 
travel through a dielectric with ease) because 
the electric lines of force are practically short- \ 
circuited, 

Polarization 

The polarization of a radio wave is taken as 
the direction of the lines of force in the electric 
field. If the electric lines are perpendicular to 
the earth, the wave is said to be vertically 
polarized; if parallel with the earth, the wave 
is horizontally polarized. The longer waves, 
when traveling along the ground, usually main- 
tain their polarization in the same plane as was 
generated at the antenna. The polarization of 
shorter waves may be altered during” travel, 
however, and sometimes will vary quite rapidly. 


Spreading 


The field intensity of a wave is inversely pro- 
portional to the distance from the source. Thus 
if in a uniform medium one receiving point is 
twice as far from the transmitter as another, 
the field strength at the more distant point will 
be just half the field strength at the nearer 
point. This results from the fact that the energy 
in the wave front must be distributed over a 
greater area as the wave moves away. from the 
source. This inverse-distance law is based on 
the assumption that there is nothing in the 
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medium to absorb energy from the wave as it 
travels. This is not the case in practical com- 
munication along the ground and through the 
atmosphere. 


Types of Propagation 


According to the altitudes of the paths along 
which they are propagated, radio waves may 
be classified as ionospheric waves, tropospheric 
‘waves or ground waves. 

The ionospheric or sky wave is that part 
of the total radiatior, that is directed toward 
the ionosphere. Depending wien variable con- 
ditions in that region, as as upon transmit- 
ting wave length, the ionospheric wave may or 
may not be returned to earth by the effects of 
refraction and reflection. 

The tropospheric wave is that part of the 
total radiation that undergoes refraction and 
reflection in regions of abrupt change of dielec- 
tric constant in the troposphere, such as may 


IONOSPHERIC 
PROPERTIES OF THE IONOSPHERE 


Except for distances of a few miles, nearly 
all amateur communication on frequencies be- 
low 30 Mc. is by means of the sky wave, Upon 
leaving the transmitting antenna, this wave 
travels upward from the earth’s surface at such 
an angle that it would continue out into space 
were its path not bent sufficiently to bring it back 
to earth. The medium that causes such bending 
is the ionosphere, a region in the upper atmos-~ 
phere, above a height of about 60 miles, where 
free ions and electrons exist in sufficient quan- 
tity to have an appreciable effect on wave travel. 

The ionization in the upper atmosphere is be- 
lieved to be caused by ultraviolet radiation from 
the sun. The ionosphere is not a single region 
but is composed of a series of layers of varying 
densities of ionization occurring at different 
heights. Each layer consists of a central region 
of relatively dense ionization that tapers off in 
intensity both above and below. 


Refraction 
The greater the intensity of ionization in a 
layer, the more the path of the wave is bent. 
The bending, or refraction (often also called 
reflection), also depends on the wavelength; the 
longer the wave, the more the path is bent for 
a given degree of ionization. Thus low-fre- 
quency waves are more readily bent than those 
of high frequency. For this reason the lower 
frequencies — 3.5 and 7 Mc.——are more “reli- 
able” than the higher frequencies— 14 to 28 
Mc.; there are times when the ionization is of 
such low value that waves of the latter fre- 
quency range are not bent enough to return to 
earth. : 
Absorption 
In traveling through the ionosphere the wave 
gives up some of its energy by setting the ion- 
ized particles into motion, When the moving 
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occur at the boundaries between air masses of 
differing temperature and moisture content. 
The ground wave is that part of the total ra- 
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Fig. 15-2—Showing how both d\, +d reflected waves 
may be received simu.raneously. . : 
M. 

diation that is directly affected by the presence 
of the earth and its surface features. The 
ground wave has two components. One is the 
surface wave, which is an earth-guided wave, 
and the other is the space wave (not to be con- 
fused with the ionospheric or sky wave). The 
space wave is itself the resultant of two com- 
ponents —- the direct wave and the ground-re- 
flected wave, as shown in Fig. 15-2. 
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ionized particles collide with others this energy 
is lost. The absorption from this: cause is 
greater at lower frequencies. It also increases 
with the intensity of ionization, and with. the 
density of the atmosphere in the ionized region. 


Virtual Height 


Although an ionospheric layer is a region of 
considerable depth it is convenient to assign to 
it a definite height, called the virtual height. 
This is the height from which a simple reflec- 
tion would give the same effect as the gradual 


Fig. 15-3—Bending in the ionosphere, and the echo or 
reflection method of determining virtual height. 


bending that actually takes place, as illustrated 
in Fig. 15-3. The wave traveling upward is bent 
back over a path having an appreciable radius 
of turning, and a measurable interval of time is 
consumed in the turning process. The virtual 
height is the height of a triangle having equal 
sides of a total length proportional to the time 
taken for the wave to travel from T to R. 


Normal Structure of the lonosphere 


The lowest useful ionized layer is called the 
E layer. The average height of the region of 
maximum ionization is about 70 miles, The air 
at this height is sufficiently dense so that the 
ions and electrons set free by the sun’s radiation 


The lonosphere 


do not travel far before they meet and recom- 
bine to form neutral particles, so the layer can 
maintain its normal intensity of ionization only 
in the presence of continuing radiation from the 
sun. Hence the ionization is greatest around 
local noon and practically disappears after sun- 
down. 

In the daytime there is a still lower ionized 
area, the D region. D-regien Jonization is pro- 
portional to the height of the sun and is greatest 
at noon. The lower amateur-band frequencies 
(1.8 and 3.5 Mc.) are almost completely ab- 
.. satbed by this layer, and only the high-angle 
radiation is reflected by the E layer. (Lower- 
angle radiation travels farther through the D 
region and is absorbed.) 

The second principal layer is the F layer, 
which has a height of about 175 miles at night. 
At this altitude the air is so thin that recom- 
bination of ions and electrons takes place very 
slowly. The ionization decreases after sundown, 
reaching a minimum just before sunrise. In the 
daytime the F layer splits into two parts, the 
F, and F, layers, with average virtual heights 
of, respectively, 140 miles and 200 miles. These 
layers are most highly ionized. at about local 
noon, and merge again at sunset into the F layer. 


SKY-WAVE PROPAGATION 


Wave Angle 


The smaller the angle at which a wave leaves 
the earth, the less the bending required in the 
ionosphere to bring it back. Also, the smaller 
the angle the greater the distance between the 
point where the wave leaves the earth and that 
at which it returns. This is shown in Fig. 15-4. 
The vertical angle that the wave makes with a 
tangent to the earth is called the wave angle or 
angle of radiation. 


Skip Distance 


More bending is required to return the wave 
to earth when the wave angle is high, and at 
times the bending will not be sufficient unless 
the wave angle is smaller than some critical 
value. This is illustrated in Fig. 15-4, where 4 
and smaller angles. give useful signals 
while waves sent at higher angles pene- 
trate the layer and are not returned. 
The distance between T and R, is, 
therefore, the shortest possible distance, 
at that particular frequency, over which 
communication by ionospheric refrac- 
tion can be accomplished. 

The area between the-end of the use- 
ful ground wave and the beginning of 
ionospheric-wave reception is called the 
skip zone, and the distance from the 
transmitter to the nearest point where 
the sky wave returns to earth is called 
the skip distance. The extent of the 
skip zone depends upon the frequency 
and the state of the ionosphere, and 
also upon the height of the layer in 
which the refraction takes place. The 
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higher layers give longer skip distances for the 
same wave angle. Wave angles at the transmit- 
ting and receiving points are usually, although not 
always, approximately the same for any given 
wave path. 


Critical and Maximum Usable Frequencies 


If the frequency is low enough, a wave sent 
vertically to the ionosphere will be reflected back 
down to the transmitting point. If the frequency is 
then gradually increased, eventually a frequency 
will be reached where this vertical reflection just 
fails to occur, This is the critical frequency for 
the layer under consideration. When the operat- 
ing frequency is below the critical value there is 
no skip zone. 

The critical frequency is a useful index to the 
highest frequency that can be used to transmit 
over a specified distance—the maximum usable 
frequency (m.u.f.). If the wave leaving the 
transmitting point at angle A in Fig, 15-4 is, for 
example, at a frequency of 14 Mc., and if a 
higher frequency would skip over the receiving 
point R,, then 14 Mc. is the mu. for the dis- 
tance from T to Ry. 

The greatest possible distance is covered when 
the wave leaves along the tangent to the earth; 
that is, at zero wave angle. Under average condi- 
tions this distance is about 4000 kilometers or 
2500 miles for the Fy layer, and 2000 km. or 
1250 miles for the E layer. The distances vary 
with the layer height. Frequencies above these 
limiting m.u.f.’s will not be returned to earth at 
any distance. The 4000-km. m.u.f. for the Fy 
layer is approximately 3 times the critical fre- 
quency for that layer, and for the E layer the 
2000-km. m.u.f. is about 5 times the critical 
frequency. 

Absorption in the ionosphere is least at the 
maximum usable frequency, and increases very 
rapidly as the frequency is lowered below the 
m.u.f, Consequently, best results with low . 
power always are secured when the frequency 
is as close to the m.u.f. as possible. 

It is readily possible for the ionospheric wave 
to pass through the E layer and be refracted 
back to earth from the F, F, or Fy layers, This 


Fig. 15-4—Refraction of sky waves, showing the critical wave 
angle and the skip zone. Waves leaving the transmitter at angles 
above the critical (greater than A) are not bent enough to be 
returned to earth. As the angle is decreased, the waves return to 
earth at increasingly greater distances. 
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is because the critical frequencies are higher in 
the latter layers, so that a signal too high in 
frequency to be returned by the £ layer can still 
come back from one of the others, depending 
upon the time of day and the existing conditions. 


Multihop Transmission 


On returning to the earth the wave can be 
reflected upward and travel again to the iono- 
sphere. There it may once more be refracted, and 
again bent back to earth. This process may be 


repeated several times. Multihop seek a 


of this nature is necessary for transmissiqn 
over great distances because of the limited 
heights of the layers and the curvature of the 
earth, which restrict the maximum one-hop 
distance to the values mentioned in the preced- 
ing section. However, ground losses absorb 
some of the energy from the wave on each re- 
flection (the amount of the loss varying with 
the type of ground and being least for reflection 
from sea water), and there is also absorption in 
_ the ionosphere at each reflection, Hence the 
smaller the number of hops the greater the sig- 
nal strength at the receiver, other things being 
equal, Fading 

Two or more parts of the wave may follow 
slightly different paths in traveling to the re- 
ceiving point, in which case the difference in 
path lengths will cause a phase difference to 
exist between the wave components at the re- 
ceiving antenna. The total field strength will be 
the sum of the components and may be larger 
or smaller than one component alone, since the 
phases may be such as either to aid or oppose. 
Since the paths change from time to time, this 
causes a variation in signal strength called 
fading. Fading can also result from the com- 
bination of. single-hop and multihop waves, or 
the combination of a ground wave with an iono- 
spheric or tropospheric wave. 

Fading may be either rapid or slow, the 
former type usually resulting from rapidly- 
changing conditions in the ionosphere, the latter 
occurring when transmission conditions are 
relatively stable. Severe changes in signal 
strength of 10 to 20 db. or more are called “deep” 
fades, in contrast to the more normal “shallow” 
fades of a few db. 

It frequently happens that transmission con- 
ditions are different for waves of slightly dif- 
ferent frequencies, so that in the case of voice- 
modulated transmission, involving sidebands 
differing slightly from the carrier in frequency, 
the carrier and various sideband components 
may not be propagated in the same relative 
amplitudes and phases they had at the trans- 
mitter. This effect, known as selective fading, 
causes severe distortion of the signal. The dis- 
tortion is most marked on amplitude-modulated 
signals and at high percentages of modulation ; 
it is possible to reduce the effects considerably 
by using “exalted-carrier reception” and “single- 
sideband” techniques that, in effect, reduce the 
modulation percentage at the receiver. 


WAVE PROPAGATION 


Back Scatter 


Even though the operating frequency is above 
the m.u.f. for a given distance, it is usually 
possible to hear signals from within the skip 
zone. This phenomenon, called back scatter, 
is caused by reflections from distances beyond 
the skip zone. Such reflections can occur when 
the transmitted enérfsy “strikes the earth at a 
distance and some of it is reHected back into the 
skip zone to the receiver. Such scztter signals 
are weaker than those normally propagated, 


_and also have a rapid fade or “flutter” that 


makes them easily recognizable. 

A certain amount of scattering of the wave 
also takes place in the ionosphere because the 
ionized region is not completely uniform. Scat- 
tering in the normal propagation direction is 
called forward scatter, and is responsible for 
extending the range of transmission beyond 
the distance of a regular hop, and for making 
communication possible on frequencies greater 
than the actual m.u.f. 


OTHER FEATURES OF 
IONOSPHERIC PROPAGATION 


Cyclic Variations in the lonosphere 


Since ionization depends upon ultraviolet ra- 
diation, conditions in the ionosphere vary with 
changes in the sun’s radiation. In addition to the 
daily variation, seasonal changes result in higher 
critical frequencies in the E layer in summer, 
averaging about 4 Mc. as against a winter av- 
erage of 3 Mc. The F layer critical frequency 
is of the order of 4 to 5-Mc. in the evening. 
The F, layer, which has a critical frequency 
near 5 Mc. in summer, usually disappears en- 
tirely in winer. The daytime maximum critical 
frequencies for the F, are highest in winter (10 
to 12 Mc.) and lowest in summer (around 7 
Mc.). The virtual height of the Fy layer, which 
is about 185 miles in winter, averages 250 miles 
in summer, These values are representative of 
latitude 40 deg. North in the Western hemi- 
sphere, and are subject to considerable varia- 
tion in other parts of the world. 

Very marked changes in ionization also occur 
in step with the 11-year sunspot cycle. Although 
there is no apparent direct correlation between 
sunspot activity and critical frequencies on a 
given day, there is a definite correlation between 
average sunspot activity and critical frequencies. 
The critical frequencies are highest during sun- 
spot maxima and lowest during sunspot minima. 
During the period of minimum sunspot activity, 
the lower frequencies —7 and 3.5 Mc, — fre- 
quently are the only usable bands at night. At 
such times the 28-Mc, band is seldom useful for 
long-distance work, while the 14-Mc. band per- 
forms well in the daytime but is not ordinarily 
useful at night. 


lonosphere Storms 


Certain types of sunspot activity cause con- 
siderable disturbances in the ionosphere Ciono- 


Prediction Charts 


sphere storms) and are accompanied by dis- 
turbances in the earth’s magnetic field (magnetic 
storms). Ionosphere storms are characterized 
by a marked increase in absorption, so that ra- 
dio conditions become poor. The critical frequen- 
cies. also drop to relatively low values during a 
storm, so that only the lower frequeneies are use- 
ful for communication. Ionosphere storms may 
last from a few hours-t3 séVeral days. Since the 
sun rotates on its axis once every 28 days, dis- 
turbances tend to recur at such intervals, if the 
sunspots responsible do not become inactive in 
the meantime. Absorption is ustially low, and 
radio conditions good, just preceding a storm. 


Sporadic-E lonization 


Scattered patches or clouds of relatively dense 
ionization occasionally appear at heights ap- 
proximately the same as that of the E layer, for 
reasons not yet known. This sporadic-E ioniza- 
tion is most prevalent in the equatorial regions, 
where it is substantially continuous. In northern 
latitudes it is most frequent in the spring and 
early summer, but is present in some degree a 
fair percentage of the time the year ’round. It 
accounts for much of the night-time short distance 
work on the lower frequencies (3.5 and 7 Mc.) 
and, when more intense, for similar work on 14 
to 28 Mc. Exceptionally intense sporadic-E ioni- 
zation permits work over distances exceeding 400 
or 500 miles on the 50-Mc. band. 

There are indications of a relationship be- 
tween sporadic-E ionization and average sunspot 

_activity, but it does not appear to be directly 
related to daylight and darkness since it may 
occur at any time of the day. However, there is 
an apparent tendency for the ionization to peak 
at mid-morning and in the early evening. 


Tropospheric Propagation 

Changes in temperature and humidity of air 
masses in the lower atmosphere often permit 
work over greater than normal ground-wave 
distances on 28 Mc. and higher frequencies, The 
effect can be observed on 28 Mc., but it is gen- 
erally more marked on 50 and 144 Mc. The 
subject is treated in detail later. 


PREDICTION CHARTS 


The Institute for Telecommunication Sciences 
and Aeronomy (formerly CRPL) offers iono- 
spheric prediction charts with which it is possible 
to predict with considerable accuracy the maxi- 
mum usable frequency that will hold over any 
path on the earth during a monthly period. The 
charts can be obtained from the Superintendent of 
Documents, U. S. Government Printing Office, 
Washington, D.C. 20402, for 25 cents per copy or 
$2.50 per year. They are called “ITSA Iono- 
spheric Predictions.” The use of the charts is 
explained in Handbook 90, “Handbook for CRPL 
Tonospheric Predictions,’ available for 40 cents 
from the same address. 

Predictions on E-layer propagation may be 
obtained from information included in Hand- 
book 90. 
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PROPAGATION IN THE BANDS 
BELOW 30 MC. 


The 1.8-Mc., or “160-meter,” band offers re- 
liable working over ranges up to 25 miles or so 
during daylight. On winter nights, ranges up to 
several thousand miles are not impossible. Only 
small sections of the band are currently avail- 
able to amateurs, because of the loran (naviga- 
tion) service in that part of the spectrum. 

The 3.5-Mc., or “80-meter,” band is a more 
useful band during the night than during the 
daylight hours. In the daytime, one can seldom 
hear signals from a distance of greater than 200 
miles or so, but during the darkness hours dis- 
tances up to several thousand miles are not un- 
usual, and transoceanic contacts are regularly 
made during the winter months. During the 
summer, the static level is high. 

The 7-Mc., or “40-meter,” band has many of 
the same characteristics as 3.5, except that the 
distances that can be covered during the day and 
night hours are increased. During daylight, dis- 
tances up to a thousand miles can be covered 
under good conditions, and during the dawn and 
dusk periods in winter it is possible to work sta- 
tions as far as the other side of the world, the 
signals following the darkness path. The winter 
months are somewhat better than the summer 
ones, In general, summer static is much less of a 
problem than on 80 meters, although it can be 
serious in the semitropical zones. 

The 14-Mc., or “20-meter,” band is probably 
the best one for long-distance work. During the 
high portion of the sunspot cycle it is open to 
some part of the world during practically all of 
the 24 hours, while during a sunspot minimum 
it is generally useful only during daylight hours 
and the dawn and dusk periods. There is prac- 
tically always a skip zone on this band. 

The 21-Mc., or “15-meter,” band shows highly 
variable characteristics depending on the sun- _ 
spot cycle. During sunspot maxima it is useful 
for long-distance work during a large part of 
the 24 hours, but in years of low sunspot activ- 
ity it is almost wholly a daytime band, and 
sometimes unusable even in daytime. However, 
it is often possible to maintain communication 
over distances up to 1500 miles or more by 
sporadic-E ionization which may occur either 
day or night at any time in the sunspot cycle. 

The 28-Mc. (“10-meter) band is generally 
considered to be a DX band during the daylight 
hours (except in summer) and good for local 
work during the hours of darkness, for about 
half the sunspot cycle. At the very peak of the 
sunspot cycle, it may be “open” into the late 
evening hours for DX communication. At the 
sunspot minimum the band is usually “dead” for 
long-distance communication, by means of the 
Fy layer, in the northern latitudes. Nevertheless, 
sporadic-E propagation is likely to occur at any 
time, just as in the case of the 21-Mc. band. 

There will often be exceptions to the general 
conditions described above, and their observation 
is a very interesting facet of amateur radio. 
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PROPAGATION 


The importance to the amateur of having some 
knowledge of wave propagation was stressed at 
the beginning of this chapter. An understanding 
of the means by which his signals reach their 
destination is an even greater aid to the v.h.f. 
worker. Each of his bands shows different char- 
acteristics, and knowledge of their peculiarities 
is as yet far from complete. The observant user 
of the amateur v.h.f. assignments has a good 
opportunity to contribute to that knowledge, 
and his enjoyment of his work will be greatly 
enhanced if he knows when to expect unusual 
propagation conditions. 


CHARACTERISTICS OF THE 
V.H.F. BANDS 


An outstanding feature of our bands from 50 
Mc. up is their ability to provide consistent and 
interference-free communication within a lim- 
ited range. All lower frequencies are subject to 
‘varying conditions that impair their effective- 
ness for work over distances of 100 miles or less 
at least part of the time, and the heavy occu- 
pancy they support results in severe interference 
problems in areas of dense population. The v.h.f. 
bands, being much wider, can handle many times 
the amateur population without crowding, and 
their characteristics for local work are more 
stable. It is thus to the advantage of amateur 
radio as a whole to make use of 50 Me. and 
higher bands for short-range communication 
wherever possible. 

In addition to reliable local coverage, the 
v.h.f. bands also exhibit several forms of long- 
distance propagation at times, and use of 50 and 
144 Mc. has been taken up in recent years by 
many isolated amateurs who must depend on 
these propagation peculiarities for all or most of 
their contacts. It is particularly important to 
these operators that they understand common 
propagation phenomena. The material to follow 
supplements information presented earlier in 
this chapter, but deals with wave propagation 
only as it affects the occupants of the world 
above 50 Mc. First let us consider each band. 

50 to 54 Mc.: This band is borderline territory 
between the DX frequencies and those normally 
employed for local work. Thus just about every 
form of wave propagation found throughout the 
radio spectrum appears, on occasion, in the 50- 
Mc. region. This has contributed greatly to the 
popularity of the 50-Mc. band. 

During the peak years of a sunspot cycle it 
is occasionally possible to work 50-Mc. DX of 
world-wide proportions, by reflection of signals 
from the F, layer. Sporadic-E skip provides con- 
tacts over distances from 400 to 2500 miles or so 
during the early. summer months, regardless of 
the solar cycle. Reflection from the aurora 
regions allows 100- to 1000-mile work during 
pronounced ionospheric disturbances. The ever- 
changing weather pattern offers extension of the 
normal coverage to as much as 300 to 500 miles. 


WAVE PROPAGATION 


ABOVE 50 MC. 


This develops most often during the warmer 
months, but may occur at any season. In the ab- 
sence of any favorable propagation, the average 
well-equipped 50-Mc. station should be able to 
work regularly ever a radius of 75 to 100 miles 
or more, depending on local terrain. 

144 to 148 Mc.: lonospheric effects are greatly 
reduced at 144 Mc. F,-layer reflection is unlikely, 
and sporadic-E skip is rare. Aurora DX is fairly 
common, ae signals are generally weaker than 
on 50 Mc. Tropospheric effects are more pro- 
nounced than\on 50 Mc., and distances covered 
during favorablé-weather conditions are greater 
than on lower bands. Air-mass boundary bend- 
ing has been responsible for communication on 
144 Mc. over distances in excess of 2500 miles, 
and 500-mile work is fairly common in the 
warmer months. The reliable range under nor- 
mal conditions is slightly less than on 50 Mc, 
with comparable equipment. 

220 Mc. and Higher: Ionospheric propagation 
is unlikely at 220 Mc. and up, but tropospheric 
bending is more prevalent than on lower bands. 
Amateur experience on 220 and 420 Mc. is show- 
ing that they can be as useful as 144 Mc., when 
comparable equipment is used. Under minimum 
conditions the range may be slightly shorter, but 
when signals are good on 144 Mc., they may be 
better on 220 or 420. Even above 1000 Mc. there 
is evidence of tropospheric DX. 


PROPAGATION PHENOMENA 


The various known means by which v.h.f. 
signals may be propagated over unusual dis- 
tances are discussed below. 

F,-Layer Reflection: Most contacts made on 28 
Mc. and lower frequencies are the result of re- 
flection of the wave by the Fy layer, the ioniza- 
tion density of which varies with solar activity, 
the highest frequencies being reflected at the 
peak of the 11-year solar cycle. The maximum 
usable frequency (m.u.f.) for F, reflection also 
follows other well-defined cycles, daily, monthly, 
and seasonal, all related to conditions on the 
sun and its position with respect to the earth. 

At the low point of the 11-year cycle, such as 
in the early ’50s, the m.uf. may reach 28 Mc. 
only during a short period each spring and fall, 
whereas it may go to 60 Mc. or higher at the 
peak of the cycle. The fall of 1946 saw the first 
authentic instances of long-distance work on 50 
Mc. by Fo-layer reflection, and as late as 1950 
contacts were made in the more favorable areas 
of the world by this medium. The rising curve 
of the current solar cycle again made Fy DX 
on 50 Mc. possible in the low latitudes in the 
winter of 1955-6. DX was worked over much of 
the earth in the years 1956 through 1959, falling 
off in 1960. Loss of the 50-Mc. band to television 
in some countries will limit the scope of 50-Mc. 
DX in years to come. 

The F, mu.f. is readily determined by ob- 
servation, and it may be estimated quite accur- 
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1500-2500 miles 


2000 miles and up 


Fig 15-5—The principal means by which v.h.f. signals may be returned to earth, showing the approximate distances 
over which they are effective. The Fo layer, highest of the reflecting layers, may provide 50-Mc. DX at the peak of the 
11-year sunspot cycle. Such communication ‘may be world-wide in scope. Sporadic ionization of the E region produces 
the familiar “short skip’ on 28 and 50 Mc. It is most common in early summer and in late December, but may occur at 
any time, regardless of the sunspot cycle. Refraction of v.h.f. waves also takes place at air-mass boundaries, making 
possible communication over distances of several hundred miles on all y.h.f, bands. Normally it exhibits no skip zone. 


ately for any path at any time. It is predictable 
for months in advance, enabling the v.h.f. worker 
to arrange test schedules with distant stations 
at propitious times. As there are numerous com- 
mercial signals, both harmonics and funda- 
mental transmissions, on the air in the range 
between 28 and 50 Mc., it is possible to deter- 
mine the approximate m.u.f. by careful listen- 
ing in this range. Daily observations will show 
if the m.uf. is rising or falling, and once the 
peak for a given month is determined it can be 
assumed that another will occur about 27 days 
later, this cycle coinciding with the turning of 
the sun on its axis. The working range, via Fy 
skip, is roughly comparable to that on 28 Mc., 
though the minimum distance is somewhat 
longer. Two-way work on 50 Mc. by reflection 
from the Fy, layer has been accomplished over 
distances from 2200 to 12,000 miles. The maxi- 
mum frequency for Fy reflection is believed to 
be about 70 Mc. 

Sporadic-E Skip: Patchy concentrations of 
ionization in the E-layer region are often respon- 
sible for reflection of signals on 28 and 50 Mc. 
This is the popular “short skip” that provides 
fine contacts on both bands in the range between 
400 and 1300 miles. It is most common in May, 
June and July, during morning and early eve- 
ning hours, but it may occur at any time or 
season. Multiple-hop effects may appear, making 
possible work over more than 2500 miles. 

The upper limit of frequency for sporadic-E 
skip is not positively known, but scattered 
instances of 144-Mc. propagation over dis- 
tances in excess of 1000 miles indicate that E- 
layer reflection, possibly aided by tropospheric 
effects, may be responsible. 


Aurora Effect: Low-frequency communica- 
tion is occasionally wiped out by absorption in 
the ionosphere, when ionospheric storms, associ- 
ated with variations in the earth’s magnetic field, 
occur. During such disturbances, however, v.h.f. 
signals may be reflected back to earth, making 
communication possible over distances not nor- 
mally workable in the v.h.f. range. Magnetic 
storms may be accompanied by an aurora-bore- 
alis display, if the disturbance occurs at night 
and visibility is good. Aiming a beam at the 
auroral curtain will bring in signals strongest, 
regardless of the direction to the transmitter. 

Aurora-reflected signals are characterized by 
a rapid flutter, which lends a “dribbling” sound 
to 28-Mc. carriers and may render modulation 
on 50- and 144-Mc. signals completely unread- 
able. The only satisfactory means of communi- 
cation then becomes straight c.w. The effect may 
be noticeable on signals from any distance other 
than purely local, and stations up to about 1000 
miles in any direction may be worked at the 
peak of the disturbance. Unlike the two methods 
of propagation previously described, aurora 
effect exhibits no skip zone. It is observed fre- 
quently on 50 and 144 Mc. in northeastern 
U.S. A. usually in the early evening hours or 
after midnight. The highest frequency for au- 
roral reflection is not yet known, but pronounced 
disturbances have permitted work by this me- 
dium in the 220-Mc. band. 

Tropospheric Bending: The most common 
form of v.h.f. DX is the extension of the normal 
operating range associated with easily observed 
weather phenomena. It is the result of the 
change in refractive index of the atmosphere at 
the boundary between air masses of differing 
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temperature and humidity characteristics. Such 
boundaries usually lie along the western or south- 
ern edges of a stable slow-moving area of high 
barometric pressure (fair, calm weather) in the 
period prior to the arrival of a storm. 

A typical upper-air sounding showing tem- 
perature and water-vapor gradients favorable 
to v.h.f. DX is shown in Fig. 15-6. An increase 
in temperature and a sharp drop in water-vapor 
content are seen at about 4000 feet. 

Such a favorable condition develops most 
often in the late summer or early fall, along the 
junction between air masses that may have come 
together from such widely separated points as 
the Gulf of Mexico and Northern Canada. Under 
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quencies ate relatively inactive. It is probable 
that this tendency continues on up through the 
microwave range, and there is good evidence 
to indicate that our assignments in the u.h.f. 
and s.h.f. portions of the frequency spectrum 
may someday support communication over dis- 
tances far in excéss of the optical range. 

Scatter: Forward scatter, both-ionospheric and 
tropospheric, may be used for marginal. com- 
munication in the v.h.f. bands. Both provide 
very weak but consistent signals over distances 
that were once thought impossible on frequen- 
cies higher than about 30 Mc. 

Tropospheric scatter is prevalent all through 
the v.h.f. and microwave regions, and is usable 
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Fig. 15-6—Upper-air conditions that produce extended-range communication on the v.h.f. bands. At the left is shown 
the U. S. Standard Atmosphere femperature curve, The humidity curve (dotted) is that which would result if the 
relative humidity were 70 per cent from the ground level to 12,000 feet elevation. There is only slight refraction 
under this standard condition. At the right is shown a sounding that is typical of marked refraction of v.h.f. waves, 
Figures in parentheses are the “mixing ratio”’—grams of water vapor per kilogram of dry air. Note the sharp break 
in both curves at about 4000 feet. (From Collier, “Upper-Air Conditions for 2-Meter DX,” QST, September, 1955.) 


stable weather conditions the two air masses 
may retain their original character for several 
days at a time, usually moving slowly eastward 
across the country. When the path between two 
v.h.f. stations separated by fifty to several hun- 
dred miles lies along such a boundary, signal 
levels run far above the average value. 

Many factors other than air-mass movement 
of a continental character provide increased 
v.hf. operating range. The convection along 
coastal areas in warm weather is a good exam- 
ple. The rapid cooling of the earth after a hot 
’ day, with the air aloft cooling more slowly, is an- 
other, producing a rise in signal strength in the 
period starting just after sundown. The early 
morning hours just after midnight may be the 
best time of the day for extended.v.h.f. range. 

The v.h.f. enthusiast soon learns to correlate 
various weather manifestations with radio- 
propagation phenomena. By watching tempera- 
ture, barometric pressure, changing cloud for- 
mations, wind direction, visibility, and other 
easily-observed weather signs, he can tell with a 
reasonable degree of accuracy what is in pros- 
pect on the v.h.f. bands. 

The responsiveness of. radio waves to vary- 
ing weather conditions increases with fre- 
quency. The 50-Mc. band is more sensitive to 
weather variations than is the 28-Mc. band, and 
the 144-Mc. band may show strong signals from 
far beyond visual distances when lower fre- 


over distances up to about 400 miles. Iono- 
spheric scatter, augmented by meteor bursts, usu- 
ally brings in signals over 600 to 1300 miles, on 
frequencies up to about 100 Mc. Either form of 
scatter requires high power, large antennas 
and c.w. technique to provide useful communi- 
cation. 

Back scatter, of the type heard on the 
lower-frequency bands, is also heard occasionally 
on 50 Mc., when Fp or sporadic-E skip is 
present. 

Reflections from Meteor Trails: Probably the 
least-known means of v.h.f. wave propagation 
is that resulting from the passage of meteors 
across the signal path. Reflections from the ion- 
ized meteor trails may be noted as a Doppler- 
effect whistle on the carrier of a signal already 
being received, or they may cause bursts of 
reception from stations not normally receivable. 
Ordinarily such reflections are of little value in 
communication, since the increases in signal 
strength are of short duration, but meteor 
showers of considerable magnitude and dura- 
tion may provide fluttery signals from distances 
up to 1500 miles on both 50 and 144 Mc. 

As meteor-burst signals are relatively weak, 
their detection is greatly aided if high power 
and high-gain antennas are used. Two-way 
communication of sorts has been carried on by 
this medium on 50 and 144 Mc. over distances 
of 600 to 1300 miles. 


Chapter 16 


V.H.F: and U.H.F. Receiving 


Good receiving equipment is essential in v.h-f. 
and w.h.f. work. The important considerations are 
good signal-to-noise ratio, high sensitivity, and 
excellent stability. These attributes are generally 
secured by using’ crystal-controlled converters 
ahead of a well-engineered communications re- 
ceiver, the latter serving as a tunable if. at 
some frequency in the 1.8 to 30-Mc. range. Al- 
though there are many commercially-built v.h.f. 
and u.h.f. converters on the market, the amateur 
can frequently meet his particular receiving needs 
better by custom-designing his own equipment— 
often at reduced cost. 

The greatest practical degree of selectivity 
should be used in v.h.f./u.h.f. reception and is an 
important factor in improving the signal-to-noise 


ratio of the system. It is not uncommon to em- 
ploy bandwidths of 100 or 200 c.p.s. in the re- 
ception of weak c.w. signals such as those en- 
countered in scatter and “moonbounce” communi- 
cations. Good receiving selectivity also lessens 
the problem of QRM in areas of high v.h.f. ac- 
tivity. Broadband receiving equipment of the 
war-surplus variety finds but limited application 
in this period of improved techniques. The pos- 
sible exception is the use of simple superregen- 
erative receivers whose broad response character- 
istics are acceptable for short-range applications 
involving hand-held or battery-operated portable/ 
emergency equipment. The basic design of super- 
regenerative detectors is treated later in this 
chapter. 


R.F. AMPLIFIER DESIGN 


The noise generated within the receiver plays 
a vital role in the reception of weak signals. 
From 50 Mc. and down, external noise is a limit- 
ing factor. At 144 Mc. and higher the tube or 
semiconductor choice, plus the application of good 
design techniques, determines how good the 
signal-to-noise ratio will be. Noise figure in 
the “front end” of the v.h.f. receiver is more 
important a consideration than is the matter 
of gain. 

Modern-day techniques have provided the 
industry with planar-triode tubes that offer 
good v.h.f, and u.h.f. performance, Similarly, 
state-of-the-art advances have resulted in the 
availability of low-noise, high-gain bipolar and 
field-effect transistors for effective use above! 
50 Mc. The remaining considerations in r.f.\ 
amplifier design are the matters of front-end 
overload, cross-talk, and the susceptibility of 
the tube or semiconductor to damage. The 
latter is frequently caused by high r.f. levels 
or transients which reach the control element 
of the tube or transistor. Front-end protection 
is discussed later in this chapter. 


Stabilization 


Neutralization is usually necessary when 
triode tubes are used as amplifiers, the pos- 
sible exception being when the tube is used 
as a grounded-grid amplifier. The same rules 
apply in the use of transistors. Some form of 
neutralization is ordinarily required unless 
the bipolar transistor is operated in common-base 
configuration, or if an FET is used, in common- 
gate arrangement. The grounded-grid, common- 
base, or common-gate amplifiers do not offer as 
much selectivity through the r.f. stages of the 
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PROTECT. 
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Fig. 16-1—At A, schematic of a neutralized Nuvistor 

r.f. amplifier showing a‘ relay in a protection circuit. 

At B, an insulated-gate FET r.f. amplifier which is 

protected from strong-signal damage by a pair of 

diodes. Cn is the neutralizing capacitor in both 
circuits. 
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receiver as can be expected with the more com- 
mon grounded-cathode, common-emitter, or 
common-source hookups. 

A single-ended neutralized triode is shown in 
Fig. 16-1A. This method is sometimes referred 
to as “sloppy-capacitor” neutralization. A similar 
circuit featuring an insulated-gate FET is illus- 
trated at B. Typical values for operation at 144 
Mc. are given in the schematic. In these circuits 
it is important that the B-plus end of the output 
coil be “above ground” at r.f., providing a tap 
point for opposite-phase neutralization voltage. 
This voltage is supplied to the input circuit 
through Cn, The 6800-ohm resistor at A, and the 
1000-ohm resistor at B, serve to keep that part 
of the circuit above r.f. ground. It ip seaport 
that the 1000-ohm resistor be of that value, or 
greater, if good isolation is to be had. The setting 
of Cn will depend upon the circuit, its layout, and 
the tube or transistor type employed. A shield 
plate should be mounted across the socket be- 
tween the input and output halves of the tube or 

_ transistor circuit. The shield should be grounded 
securely to the chassis. 

The cascode r.f. amplifier stages shown in Fig. 
16-2 have a good noise figure and provide excel- 
lent broadband characteristics. It has been said 
that this configuration is extremely stable and 
requires very little attention as far as stability 
is concerned. Not so, because modern-day v.h.f. 
tubes have high transconductance, as do most 
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y.hf, and u.h.f. transistors. Because of the high 
gain with such tubes or transistors, instability 
can be a serious problem. For this reason the use 
of neutralization is mandatory if good stability 
is to be realized. Also, the neutralization circuit, 
when carefully adjusted, will enhance the noise 
figure of the stage. Metal shields, grounded to 
the chassis, should be installed between the tuned 
circuits as illustrated in Fig. 16-2. By dividiag 
the input and output tuned circuits in this manner, 
stray coupling is reduced and there is less chance 
for instability. 

In Fig. 16-2, at A, separate Nuvistor tubes are 
used in a cascode arrangement. Ln is the neutral- 
izing inductor and resonates with the grid-plate 
capacitance of the first tube. At B, a twin-triode 
tube—especially designed for cascode service—is 
neutralized by capacitive divider consisting of 
Cn and a 30-pf. fixed capacitor. L is self-res- 
onant at the signal frequency by virtue of the 
tube capacitances, and this combination forms 
somewhat of an impedance-matching network for 
coupling V,, to Vy. In both circuits the neutral- 
izing component is adjusted for the best noise 
figure. The initial adjustment can best be made 
by temporarily disconnecting the filament voltage 
from the amplifier and adjusting Zn or Cn for 
minimum signal feed through to the output of the 
amplifier. A number of twin triodes have been ° 
designed especially for v.hf. cascode service. 
Among them are the 6BS8, 6BZ7, 6BQ7A, and 
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Fig. 16-2—A schematic diagram of a two-tube cascode r.f. amplifier stage using Nuvistors. Protective diodes are 

used at the input terminals and the amplifier is neutralized by inductor Ln. The filament circuit is decoupled by 

means of r.f. chokes. The chokes must be able to handle the filament current of the 6DS4s. At B, an example of 

a typical cascode amplifier which utilizes a dual-triode tube designed specifically for that application. Cn serves 
as a neutralizing capacitor. The component values given at A and B are typical for 144-Mc. operation. 


R.F. Amplifiers 


Fig. 16-3—Schematic diagrams of 
a two-stage grounded-grid ampli- 
fier, at A, and a single-stage 
common-gate r.f. amplifier, at B. 
The tube heaters in the circuit at 
A are kept above rf. ground by 
means of r.f. chokes which pre- 
sent a high impedance at the 
“operating frequency. The chokes 
must be able to carry the heater 
current of the tubes. C is used as. 
an impedance-matching capaci- 
tor. The input tap on L also’ plays 
a role in the impedance matching 
procedure. L is self-resonant with 
the circuit capacitance, at the 
operating frequency. Protective 
diodes are bridged between the 
high-Z end of L and ground. In 
the circuit at B, a JFET serves ina 
typical v.h.f. rf. stage with its 
gate grounded, Protective diodes 
are shown between the source 
element and ground. Component 
values shown for both circuits are 


typical for 144-Mc. 
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6ES8. Pin 9 of these tubes connects to an internal 
shield which, when grounded, aids in isolating 
V1, from Vyp. 

Grounded-grid amplifier techniques are shown 
in Fig. 16-3. The grid, base, or gate is grounded, 
depending upon the device employed. The signal 
is fed into the cathode, emitter, or source element 
of the stage—a low-impedance point in the cir- 
cuit. Output is taken from the plate, collector, or 
drain element which exhibits a much higher im- 
pedance than does the input circuit of the stage. 
This configuration, if properly constructed, has 
excellent stability characteristics and should not 
require neutralization. Effective bypassing and 
input-output isolation are the prime factors in 
keeping the grounded-grid amplifiers “tame.” 
These’ amplifiers are easily adjusted and are use- 
ful in broadband applications. Because stage gain 
may be low with grounded-grid amplifiers, two 
or more stages—isolated physically and de- 
coupled in the filamant and B-plus lines—are 
sometimes connected in cascade. Tubes that are 
well-suited to grounded-grid service include the 
6CW4, 6DS4, 5842 (417A), 416B, 7588, 7768, 
and 7784, Disk-seal and “pencil-tube” types are 
commonly used at frequencies above 500 Mc. 
There are a variety of bipolar and field-effect 
transistors that lend themselves well to common- 
gate or common-base r.f. amplifier service. It 
would be impractical to list specific types here 
because of rapid advances which are being made 
in semiconductor state of the art. Improved types 
are constantly being introduced, only to make 
previous types obsolete. 


Protective Measures 


Most v.hf. and u.h.f. tubes and transistors are 
easily damaged by excessive voltage or current 
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levels. Generally, the control element—grid, gate, 
or base—is subjected to abnormal values of volt- 
age from time to time, a condition which can lead 
to the immediate or ultimate destruction of the 
tube or transistor. Such voltages can come from 
static buildup on the antenna system, or from ex- 
cessive r.f. levels from a nearby transmitter. An 
r.f. stage that is exposed to such conditions can 
be destroyed at once, or may show a gradual de- 
cline in gain and noise figure until its inferior 
performance is noted. In the case of a tube-type 
amplifier, the grid element may draw excessive 
current which in turn causes the element to warp 


OUTPUT 


and short out to the plate or cathode, or both. ° 


With insulated-gate FET amplifiers, high tran- 
sient voltages can perforate the gate insulation 
and cause a short between the gate and the re- 
maini elements. With junction FETs and 
bipolar transistors, excessive input voltages can 
cause too much current to flow in the gate or base 
circuit. This in turn heats the semiconductor 
junction and destroys the gate-source, or base- 
emitter junctions. Tubes can usually survive these 
excesses somewhat better than transistors can. 

The first rule for front-end protection is to use 
a good-quality antenna-transfer relay—prefer- 
ably one that has a shorting contact across the 
receiver port during the transmit cycle. Only 
first-quality coaxial relays should be used. When 
vacuum-tube r.f. amplifiers are used, a small relay 
is sometimes employed to open the cathode circuit 
of the tube during the transmit period, or to apply 
cut-off bias to the grid of the tube. These tech- 
niques are useful in preventing tube destruction 
from high levels of rf. leakage. A spare set of 
contacts on the same relay might be used to short 
out the low-Z input terminal to the r.f. stage dur- 
ing transmit (Fig. 16-1A). 
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It is common practice in the protection of tran- 
sistorized r.f. stages to install a pair of small- 
signal diodes across the input tuned circuit as 
shown in Fig. 16-1B. Each diode is connected in 
opposite polarity to its mate and will conduct 
when the input voltage reaches approximately 
0.2 volts for germanium types, or 0.6 volts for 
silicon diodes. The back-to-back feature enables 
the diodes to protect the transistor during both 
the positive and negative halves of the incoming 
r.f. cycle. Attention should be paid to the quality 
of the diodes used, lest the Q of the tuned circuit 
be lowered. Only high-back-resistance diodes 
should be employed. Most microwave diodes, or 
diodes designed for very high-speed switching, 
are suitable. 


Reducing Spurious Responses 


In areas where a high level of v.hf. or uh. 
activity prevails in the amateur radio bands, or 
where strong commercial v.h.f. or u.h.f. stations 
operate near the amateur bands, front-end over- 
load or cross-talk is often a serious problem in the 
receiving converter. 

Although many types of bipolar transistors are 
capable of operating at v.h.f. and u.h.f. with very 
low noise figures, they exhibit poor dynamic 
range and linearity. For this reason they are less 
satisfactory than are tubes or FETs for use in r-f. 
and mixer circuits designed for good immunity 
against cross-talk and overloading. Furthermore, 
if a.g.c. is applied to them in an effort to provide a 
greater practical range of signal-handling capa- 
bility, the a.g.c. circuitry becomes somewhat com- 
plex in design. Alternatively, FETs are now 
available for low-noise use in the v.h.f. and u.h.f. 
ranges and offer even better dynamic range and 
linearity than do most vacuum tubes. By employ- 
ing the latter much can be done to resolve the 
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problems of overload and cross-talk. Protection 
against out-of-band signals can be enhanced by 
the use of highly-selective tuned circuits in the 
r.f. and mixer stages of the receiver, or by install- 
ing high-Q coaxial filters.(of the type described 
in Chapter 23) between the input of the converter 
and the transmission line. oda. 

A common problem with some converters is the 


appearance of spurious responses, sometiries-~ - 


called “birdies.” Harmonics from the converter’s 
oscillator chain appear in the tuning range of the 
receiver and manifest themselves as unmodulated 
carriers, Additional responses can at times result 
from beat notes between these harmonics and the 
main receiver’s local oscillator. Much can be done 
to prevent “birdies” by using a high oscillator 
frequency in the converter, thus reducing the re- 
quired number of multiplier stages. Harmonics 
from the oscillator chain can also reach the mixer 
stage of the converter and permit unwanted sig- 
nals to be received. These conditions can be re- 
duced, or eliminated, by isolating the oscillator 
chain from the rest of the converter—physically 
and electrically. A shield compartment should be 
used to contain the oscillator section of the con- 
verter, and all power leads that enter and leave 
the compartment should be well filtered. Series- 
or parallel-tuned harmonic traps can be used be- 
tween the last stage of the chain and the injection 
point in the mixer stage, helping to prevent un- 
wanted energy from reaching the mixer. A high- 
pass filter, designed to attenuate those frequencies 
that lie below the desired injection frequency, can 
be installed between the mixer and the oscillator 
chain to reduce spurious responses. Similarly, a 
low-pass filter can be used between the converter 
output and the input of the main receiver to iso- 
late the two oscillator chains, thus reducing the 
chance of additional spurious responses. 


MIXER CIRCUITS 


The most simple v.h.f. or u-h.f, mixer is a sili- 
con diode. This device finds frequent application 
in the upper uh.f. region, and at microwave 
frequencies. Although diode mixers are simple 
and inexpensive, they have certain characteristics 
that make them less desirable than thermionic 
mixers at frequencies below 1000 Mc. The main 
disadvantages of crystal mixers are high noise fig- 
ure—generally from 8 to 15 decibels—and their 
susceptibility to r.f£. burnout. Diode mixers gener- 
ally require about 0.5 ma. of crystal current for 
optimum performance. About 0.5 mw. of oscilla- 
tor injection is needed to provide this amount of 
crystal current. At least 10 times that amount of 
injection should be available from the oscillator 
chain to permit light coupling and to allow for 
losses in the circuit. 

At frequencies below 1215 Mc., transistor or 
vacuum-tube mixers of the type illustrated in Fig. 
16-4 can be used for the amateur radio frequen- 
cies—432 Mc., and down. Pentode mixers gen- 
erally give higher output and may require less os- 
cillator injection than triodes do. Also, specially- 
developed mixer-type pentodes can handle larger 


signals than triodes, lessening the chance of 
overload and cross-talk. Unfortunately, most 
tubes of this type are too noisy for practical use 
above the 6-meter band. MOS and junction-type 
field-effect transistors are excellent performers in 
mixer applications and are fast becoming the 
choice of the circuit designers. 

In Fig. 16-4A a Nuvistor is used as a mixer 
in a typical v.hf. circuit. The input circuit is of 
the bandpass variety, providing good selectivity— 
an aid in the rejection of unwanted signals. A 
100-ohm cathode resistor is used to prevent the 
Nuvistor from exceeding its plate-dissipation 
ratings. A 10-pf. capacitor is connected from the 
plate pin of the tube socket to ground, aiding in 
the prevention of oscillation which sometimes oc- 
curs near the signal frequency because of stray 
inductance. At B, a bipolar transistor is used as a 
mixer and is connected in a common-base manner, 
Again, the bandpass technique is used at the input 
of the stage (emitter circuit) to provide needed 
selectivity. Oscillator injection is fed into the 
emitter leg of the circuit through a 0.001-nf. 
blocking capacitor. The injection voltage can be 
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Fig. 16-4—Schematic diagrams of typical v.h.f. or u.h.f. mixers. Bandpass circuits are employed at the input of the 

mixers at A, B, and C. The actual value of Ci and Cz will depend upon the impedance of the circuits, and on the 

desired bandwidth. Design data for bandpass circuits are given in Chapter 2. At D, a typical diode-mixer con- 

figuration is shown. L and C form a resonant circuit at the signal frequency. CRi, a IN21C or similar, serves as the 

mixer and is mounted inside the cavity assembly. Cs is the capacitance that exists between the case of the diode 

and the wall of the cavity, usually about 5 pf. A metering jack is available for reading the diode current, gener- 
ally about 0.5 ma. with normal oscillator injection. 


taken from the emitter circuit. of the oscillator 
stage, or from some other low-impedance point. 
At 16-4C an insulated-gate FET is used as a 
mixer. Bandpass coupling is employed for the 
same reasons as previously stated. This circuit is 
similar to that of A, except for operating voltages. 
A typical diode mixer is illustrated at D. A reso- 


nant cavity is the heart of this circuit and is tuned 
to the signal frequency. Input and output circuits 
are low impedance and are effected by means of 
links or taps near the cold end of the cavity. Or- 
dinarily, the mixer diode is mounted inside the 
cavity as shown. Diode mixers are seldom used 
below 420 Mc. 


OSCILLATORS 


Modern-day v.h.f. and u.hf. receiving equip- 
ment has a high order of selectivity. For this 
reason the oscillator chain of the receiving con- 
verter should be electrically and mechanically as 
stable as is practical. 

A suitable approach to this problem is the use 
of crystal-controlled oscillators, with frequency 
multipliers when needed, to obtain the required 
mixer injection-signal voltage. Examples of two 
crystal-controlled 3rd-overtone oscillators are 
given in Fig. 16-5 at A and B. To enhance the 
frequency stability of the oscillator at A, the plate 
voltage is regulated at 150 volts by a VR tube. 
The filaments are supplied with regulated d.c. 
voltage (using a 6.3-volt Zener-diode regulator) 
to further assure stability. The latter technique is 
not always necessary and is more likely to be ap- 
plied to tunable oscillators in standard communi- 


cation receivers, especially in those units that are 
used as tunable if. receivers for v.hf. or uh.f. 
converters. The circuit at B is a standard bipolar- 
transistor overtone oscillator and uses a Zener- 
regulated 9.1-volt d.c. supply. For best long-term 
stability, crystal ovens can be used to maintain 
the crystal temperature. Also, the oscillator stage 
c t running day and night for added long- 
term stability. 

A typical transistorizéd tunable v.h-f. oscillator 
is illustrated at D. Again, the supply voltage is 
regulated by a Zener diode. To reduce oscillator 
pulling, a buffer stage should be used between 
the tunable oscillator and the mixer stage of the 
receiver or converter. Tunable oscillators are 
seldom used at the v.h.f. and u.h.f. levels because 
they lack sufficient stability to be practical by 
today’s standards. They do find limited applica- 
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tion in broad-band receivers and in portable / 


equipment. 

At C, in Fig. 16-5, an illustration is given of 
how a semiconductor diode can be used as a fre- 
quency multiplier. In this circuit the desired out- 
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put frequency for the mixer is 130 Mc. A series- 
tuned 86.67-Mc. trap is used to attenuate the 
second-harmonic of the oscillator output fre- 
quency. The 130-Mc. tuned circuit should have a 
high Q to provide good selectivity. 
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Fig. 16-5—Typical v.h.f./u.h.f. converter oscillator circuits. At A, an overtone oscillator with plate and filament 

voltage regulation. At B, a similar circuit using a bipolar n-p-n transistor. The circuit at C illustrates a typical di- 

ode multiplier arrangement which is driven by a transistorized overtone oscillator. A JFET tunable oscillator is 

shown at D. Its tuning range is typical for receiving 50- to 54-Mc. signals with a 14-Mc. i.f. The value of R depends 
upon the current drawn by the circuit. 


SUPERREGENERATIVE DETECTORS 


One of the simplest types of v.h.f. receiver is the 
superregenerator. It employs the superregenera- 
tive detector, a device which is useful from the 
upper h.f. region well into the microwave spec- 
trum. This detector offers circuit simplicity and 
good sensitivity. It is particularly useful and prac- 
tical in lightweight equipment, and offers a low- 
cost approach to receiver design. Superregenera- 
tors lend themselves handily to use in simple, 
light-weight transceiver circuits. This is espe- 
cially true where low-drain, hand-held units are 
concerned, These advantages are counterbalanced 
to some extent by the poor selectivity character- 
istics of the superregenerator, its inability to 
demodulate other than a.m. and wide-band fm. 
signals, and its high noise level. Reradiation is 
also a problem with this type of detector, requir- 
ing some form of isolation between it and the an- 
tenna system—usually an r.f. amplifier stage. 
Where simple equipment is required, the advan- 
tages outweigh the bad features, however. 


The superregenerative principle can be applied 
to any type of oscillator. Representative circuits 
are given in Fig. 16-6. 

The sensitivity of this type of detector results 
from the use of an alternating quench voltage, 
usually in the range between 20 and 350 kc. A 
good rule of thumb in selecting the quench fre- 
quency is to maintain a ratio of approximately 100 
between the signal and quench frequency. The 
detector is set so that it goes into oscillation on 
each positive peak of the quench voltage. On each 
negative swing of the quench voltage, the oscil- 
lating detector is cut off. The operating point is 
controlled by the regeneration control, R,, at A, 
B, and C of Fig. 16-6. At D, a fixed level of bias 
is established by adjusting R,, permitting the 
positive half of the quench cycle to send V’, into 
an oscillating condition when it overrides the 
fixed-bias level. During the negative-going por- 
tion of the cycle, V, is cut off. This principle per- 
mits the regeneration to be increased far beyond 
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the amount usable in a straight regenerative 
detector, hence excellent sensitivity results. 

The quench frequency is above the audible 
range, therefore it is not heard in the output 
of the receiver. It is necessary, however, to 
filter out any quench voltage that may appear 
at the detector output, preventing it from 
reaching subsequent audio stages. At A, B, 
and D of Fig. 16-6, RFC, C3, and C, form a 
quench filter for this purpose. At C, R, and 
C, serve as the quench filter. The plate, col- 
lector, or drain circuit—depending upon the 
device used as a detector—will have pulses of 
current at the quench frequency. During no- - 
signal periods, this action establishes a cer- 
tain average current in that part of the circuit. 
During signal periods, and depending upon 
the amplitude of the incoming signal, the 
character of these pulses changes. Because of 
this action, the average plate, collector, or 
drain current varies in amplitude at an audio 
rate, bringing about the demodulation of the 
incoming signal. 

The selectivity of a superregenerative re- 
ceiver can be made comparable to that of some 
of the less selective superheterodynes—300 to 
400 ke.—by utilizing a strip-line or cavity-type 
tuned circuit in the detector. The Q of this 
type of circuit is superior to that obtainable 
with lumped-inductance tuned circuits. The 
selectivity of a superregenerator is deter- 
mined by the response curve of this single 
tuned circuit, and not by a series of tuned 
circuits in cascade as would be the case in a 
tr.f, or superheterodyne receiver. Therefore, 
it is desirable to use high-Q circuits, Also, the 
lower the quench frequency, the better the se- 
lectivity will be. This results from a marked 
reduction in multiple resonance effects. 


Fig. 16-6—Representative circuits of superregenera- 
tors. At A, a self-quenching vacuum-tube detector. 
At B, an equivalent circuit using a bipolar n-p-n 
transistor. The circuit at C uses a JFET in a standard 
self-quenching arrangement. At D, a superregenera- 
tive detector which uses an outboard quench oscil- 
lator to provide the interruption frequency for the 
detector. At A, B, and C, Ri and C2 determine the 
quench rate. Rs is used as a regeneration control, 
and RFC; keeps the cathode, emitter, or source cir- 
cuits above ground at the signal frequency. Ri also 
establishes the operating bias for the detectors. At 
A, B, and D, Cs, RFCz, and C. form a filter network 
for removing the quench frequency from the detec- 
tor’s output. R, and Cs serve in the same manner at 
C. In all four circuits, Re and the associated elec- 
trolytic capacitor form an audio decoupling circuit, 
preventing motorboating when the audio amplifier 
section of the receiver is added. In all cases, Lo and Cy 
are tuned to the signal frequency. The fixed capacitor 
in paralle! with Ci providing a minimum capacitance 
for the tuned circuit, helping to maintain the Q of the 
tank across the entire tuning range—a requisite for 
smooth superregeneration. Vi should be a high-mu v.h.f. 
triode such as a 6CW4, V2 could be a 6C4 or similar 
triode. Q,, at B, should be a medium- or high-beta v.h.f, 
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transistor such as a 2N3932. Q, at C should be a high- 
transconductance junction FET designed for v.h.f. use. 
The eae these detectors, at the frequency in- 
dicated, is-stch that a 30-percent modulated 0.5-uv. 
signal should be perfectly discernible when the output 
from the detectors is fed into a conventional audio 
channel. Capacitance is in pf. except decimal-value 
capacitances which are in uf. Polarized capacitors are 
electrolytic. Resistance is in ohms. K == 1000. 
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Fig. 16-7—Top view of the 6- and 2-meter FET converters. Both units are built in standard- 
__ size Miniboxes. The 6-meter model is at the right. 


SIMPLE FET CONVERTERS FOR 6 AND 2 METERS 


The converters shown in Fig. 16-7 employ 
JFET (junction field-effect transistors) in the 
rf, and mixer stages, and offer good immunity 
to front-end overload and cross-talk—features 
not easy to realize in similar circuits that use 
bipolar transistors. (Originally described in 
QST, May 1967.) The Motorola MPF102 FETs 
are inexpensive and offer good performance on 
6 and 2 meters. 

For applications where a simple, inexpensive, 
crystal-controlled converter is desired, either of 
these units should be satisfactory. Because they 
operate from 9 or 12 volts, d.c., they can be put to 
good use in mobile or portable work. 


The 6-Meter Circuit 


A7 to I1-Mc. if. is used for the 6-meter con- 
verter of Fig. 16-8. Any communications re- 
ceiver that tunes from 7 to 11 Mc. can be used as 
an if. Alternatively, this converter can be used 
with a 6- to 9-Mc. Command receiver, provided a 
high order of selectivity is not desired. 

Diodes CR, and CR, are bridged between J, 
and ground to limit the level of r.f. or transient 
voltages at the converter input. This measure was 
taken for the protection of the r.f. amplifier, Q,. 
Since Q, is operated as a common-gate amplifier, 
no neutralization circuit is necessary. A shield 
plate is needed, however, between bandpass cir- 
cuits L,L, and LL, to prevent stray coupling. 
The bandpass circuits provide better input se- 
lectivity than single-tuned circuits, hence reduce 
image response. Qy, the mixer, operates in a com- 
mon-source circuit with its oscillator injection fed 
into the source by means of Lg. The oscillator, 
a 2N706A, uses a standard overtone crystal cir- 
cuit operating at 43 Mc. 


The converter can be operated from 9 volts, 
drawing approximately 7 milliamperes, or from 
12 volts with a current drain of about 12 ma. 


2-Meter Converter 


Referring to Fig. 16-10, CR, and CR, are used 
as protective diodes as in the 6-meter version. Q4 
works as a neutralized r.f. amplifier, with Ly 
serving as the neutralizing inductor. Ly is shielded 
from the L,,L4. bandpass circuit as shown in the 
photographs. 

Mixer stage Q, is common-source connected 
and combines the incoming 2-meter signal with a 
130-Mc. oscillator signal to provide an if. of 14 
to 18 Mc. This if. range was chosen to allow for 
dial-calibration convenience—14.0 Mc. equals 
144.0 Mc., and so on. Oscillator injection is by 
means of a 5-pf. capacitor at the gate of Qs. 

An overtone oscillator is used at Q4, producing 
output at 43.333 Mc. This frequency is multi- 
plied to 130 Mc. by means of diode CR, which is 
connected between Ly, and L,7. The tuned cir- 
cuit, L,,C,4, provides selectivity and peaks the 
130-Mc. output from CRs. 

The converter draws 6 milliamperes when 
operated from 9 volts. With a 12-volt supply, 
the drain is 8 ma. 


Construction 


Each unit is assembled ina 3 x 5% X 2%4- 
inch Minibox. Shield partitions are placed across 
the inside of each chassis as shown in the photos. 
The shields are made from pieces of 16-gauge 
aluminum and the dimensions are not critical, 
The main idea here is to break up the stray- 
coupling paths between the tuned circuits of the 
various stages. 


FET Converter 


R.E AMP. 


50-54 Mc. 


MPF -i02 


cB 


EXCEPT AS INDICATED, DECIMAL : 0 
VALUES OF CAPACITANCE ARE 

IN MICROFARADS ( wf. ); OTHERS 
ARE IN PICOFARADS (pf, OR wat); 


RESISTANCES ARE IN OHMS; 
K= 1000 
8 
2N706A 33K 
BOTTOM ¢ ¢c 
VIEW 


395 


sor -}—-----]---- u3 


O+ 


osc, 43Mc. 


T Daa 0.Cc. 


osc 


BOTTOM 
VIEW 


1000 MPF-102 


Fig. 16-8—Schematic of the 6-meter FET converter. All resistors are ‘-watt composition. All capacitors are 
disk or tubular ceramic. 


CR, CRs—Small-signal germanium diode (IN34A suit- 
able). 

Ji, Ja—Phono connector. 

Js, Ja—Insulated banana jack, one red, one black. 

Ly Li, inc.—0.68 ywh., slug-tuned (Millen 69054-0.68*), 
Li has tap added at 2nd turn from ground end. 

Ls—11 to 24 uh, slug-tuned (Miller 4507). 

Le—5 turns small-gauge insulated wire over cold end 
of Ls. 


L—0.33 yuh., slug-tuned (Millen 69054-0.33*), 
ls—1 turn small-gauge insulated wire over cold end 
of Ly. 
Y1—43.0-Mc. third-overtone crystal (International Crys 
tal Co.). 
* Available directly from James Millen Mfg. Co. 150 
Exchange Street, Malden, Mass. 


= 


Fig. 16-9—Looking into the under side of the 6-meter converter the oscillator stage is at the left, the mixer is in 
the center, and the r.f. stage is at the far right. Shield partitions divide the sections. 


9ORI2V. 
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Fig. 16-10—Schematic of the 2-meter FET converter. Resistors are ¥2-watt composition. Fixed capacitors are 
tubular or disk ceramic unless otherwise noted. 


Ci-Cy, inc.—1.5 to 7-pf. ceramic trimmer. 

CRs, CRy—Small-signal germanium diode (1N34A). 

CRs—Small-signal crystal diode for v.h.f. use (IN82A 
suitable). 

Js, Jo—BNC chassis fitting. 
Jz, Je—Insulated banana jack, one red and one black. 
Lo—4 turns No. 20 tinned copper wire, 54g in dia., 
inch Jong. Tap one turn from ground end. 
Li—10 turns No. 24 enam. wire, close-wound on 14- 
inch dia. ceramic slug-tuned form (Miller 
4500-4). 

Lu—5 turns No. 20 tinned-copper wire, 54g inch dia., 
% inch long. 


14-18 Mc. 
.001 


5 


TO 
CONV. é I 


EXCEPT AS INDICATED, DECIMAL 
VALUES OF CAPACITANCE ARE 

IN MICROFARADS ( wf. ); OTHERS 
ARE IN PICOFARADS (pf. oR pat); 
RESISTANCES ARE IN OHMS; 
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Liz—4 turns No. 20 tinned copper wire 54g inch dia., 
Ye inch long. 

Lis—5 to 9 wh., slug-tuned (Miller 4505). 

Lu—5 turns small-gauge insulated wire over cold end 
of Lis, 

Lis—5 turns No, 24 enam. close-wound on %4-inch dia. 
ceramic slug-tuned form (Miller 4500-4). 

Lis—2 turns small-gauge insulated wire over cold end 
of Lis. 

Liz—6 turns No. 20 tinned-copper wire, 54g dia., 2 inch 
long. Diode tap ¥ turn from ground end. 

Y2—43.333-Mc. third-overtone crystal (International 
Crystal Co.). 


L.F. AMP 
2N706A 


14-18 Me. 


TO 
REC, 


Fig. 16-11—Typical i.f. amplifier circuit for use between the 2-meter converter and the tunable i-f. receiver. 

Resistors are 2 watt composition. Capacitors are disk ceramic. Cs can be a 1.5 to 7-pf. ceramic trimmer. Input 

and output tuned-circuit coils can be wound on Miller 4500-2 slug-tuned ceramic forms or equal. The amplifier 

could be built on a small Minibox, or could be incorporated in the 2-meter converter. Cs is a neutralizing 
capacitor and should be adjusted for best circuit stability. 
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Fig. 16-12—Bottom view of the 2-meter converter. The oscillator chain is at the left end of the chassis, the 
mixer is in the center and the r.f. stage is at the right. The neutralizing inductor is in the mixer compartment, 
adjacent to the shield partition. 


Transistor sockets, per se, were not used in 
these converters. The 6-meter model uses stan- 
dard Nuvistor sockets. The 2-meter version uses 
8-pin subminiature tube sockets, all of which hap- 
pened to be available in the junk drawer. The 
latter are too expensive to buy as “new” items, at 
least for this application, so it is recommended 
that either Nuvistor sockets or good-quality 
transistor sockets be used in both converters. A 
word of caution: Most of the low-cost imported 
transistor sockets found in bargain houses are 
too flimsy to be reliable. They become intermit- 
tent, even during nonrigorous use. 

Phono connectors are used for the input and 
output jacks on the 6-meter unit. BNC fittings 
are used in the 2-meter converter. 

Banana jacks, one red and one black, are 
mounted on the rear wall of each converter 
chassis and are used as connectors for the supply 
voltage. The color coding helps remind the op- 
erator to observe the correct battery polarity 
when hooking up the equipment. 

Small E. F. Johnson feedthrough bushings are 
used between the sections of the converters. The 
bushings are mounted on the shield partitions 
and are used to route the signal leads from one 
stage to another. In the 2-meter model, neutraliz- 
ing inductor Ly, is supported by its coil terminals 
between two of the feedthrough bushings by 


soldering it in place with short lengths of stiff 
wire. 


Converter Adjustment 


The completed converters should be given a | 
thorough visual inspection before applying 
power to them. Make sure that there are no 
physical short circuits, and inspect the work to 
see that no joints have been left unsoldered. An 
ohmmeter can be used to make a superficial 
check for d.c. shorts in the B+ line. The semi- 
conductors should not be removed from their 
sockets for this test. A normal reading for the 
6-meter converter will be approximately 1000 
ohms with the ohmmeter connected between the 
B+ and B— minus jacks. A reading of 2000 
ohms is typical for the 2-meter unit. If the ohm- 
meter leads are reversed, the readings will be 
about 500 ohms fess than these values. 

With the converter connected to the antenna 
system (or v.h.f. signal generator), and with its 
output connected to a suitable if. receiver, tune 
in a weak signal in the part of the band where 
you, expect to operate. Peak all of the tuned 
caus for maximum signal strength. If the 
signal cannot be found, chances are that the oscil- 

lator stage is not operating. Carefully adjust the 
oscillator collector tuned circuit, L, or Ly,, until 
an increase in receiver noise is noted. This should 
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indicate that the oscillator “kicked” in. Once the 
point is found where the oscillator starts working, 
unscrew the coil slug two or three more turns 
(this will assure quick starting of the oscillator 
each time the converter is turned on). Then tune 
in a weak signal and peak the stages as described 
in the foregoing. 

It should be possible to stagger-tune the two 
bandpass circuits of the 6-meter converter so 
that near-uniform response across approximately 
500 kc. of the band can be achieved.t A little 
experimenting should be all that is required to 
accomplish this. The 2-meter converter, when 
stagger-tuned, will not provide uniform response 
across a spread of more than about 700 ke. 
without a sacrifice in converter gain. If wider 
coverage is required, an if. amplifier of the type 
illustrated in Fig. 16-11 should be used between 
the converter and the if. receiver.2 Some may 
wish to include the i.f. amplifier as a permanent 
part of the 2-meter converter. A slightly larger 
chassis could be used and the added stage could 

_be contained in a separate compartment. Con- 
verter gain is adequate in the 6-meter model. 


1 The actual bandwidth of the converters will be deter- 
mined to a greater extent by the characteristics of the i.f. 
output tuned circuits, By lowering the Q of the i.f. output 
circuits, greater band-width will be possible, but at the cost 
of reduced converter gain, 

®The overall converter gain of the 2-meter model is 
rather low. For this reason, the tunable i.f. receiver 
should have good sensitivity in the 14- to 18-Mc. range. 
If not, the i.f. amplifier circuit shown in Fig. 16-11 can 
be built as an outboard assembly—or as a part of the 
converter—and used between the output of the converter 
and the input of the i.f. receiver. 
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Performance 


Both converters were tested at 9 and 12 volts, 
The performance showed little difference when 
going from 9 to 12 volts, making them useful as 
mobile converters or as portable units operated 
from a self-contained 9-volt battery. A small 
transistor radio battery will give many hours of 
operation. A Burgess D6, or equivalent, is a bit 
huskier and should last almost as long as its 
normal shelf life. 

Although the noise figures of these converters 
were not measured, it should be on the order of 
2.5 db. 

Stability is good with either unit and “birdies” 
were not evident when tuning across either if. 
range. If the r.f. stage is unstable in the 2-meter 
unit—evidenced by “blurps” and squeals when 
L, or Ly; are adjusted—simply adjust L,, a turn 
at a time until the condition disappears. 

For those who have noise generators and wish 
to set the converters up for the best noise figure, 
the taps on the input coils can be adjusted for 
optimum performance. The neutralization circuit 
in the 2-meter model should also be adjusted for 
the lowest noise figure. 

There is no reason why these converters can- 
not be modified to work into i.f.s other than those 
specified. It will be necessary to select the ap- 
propriate oscillator crystals if this is done, and to 
make modifications to the tuned circuits in the os- 
cillator chain, The if. output coil will have to be 
altered for resonance at the chosen intermediate 
frequency, 


SERIES-RESONANT BYPASSING 


It is well-known that the inexpensive disk- 
ceramic and “dog-bone” types of capacitors are 
relatively ineffective for bypassing above about 
100 Mc. or so. This is due mainly to their con- 
siderable lead inductance, even when they are 
connected as close to the elements to be by- 
passed as possible. Actually this lead induct- 
ance can be used to advantage, by selecting 
lead lengths that make the capacitor series-reso- 
nant at the frequency to be bypassed. 

This approach is recommended by WA2- 
KYF, who supplied the information in Table 
13-I, showing capacitor and lead-length combi- 
nations for effective bypassing of r.f. energy at 
frequencies commonly encountered in vhf. 
work. The values are not particularly critical, as 
a series-resonant circuit is broad by nature. The 
impedance of a series-resonant bypass is very 
close to zero ohms at the frequency of reso- 
nance, and it will be lower than most conven- 
tional capacitors for a considerable range of 
frequency. 

A high-capacitance short-lead combination is 
preferable to a lower value with longer leads, 
because the former will be less likely to allow 


TABLE 16-1 


Values of capacitance in pf. required for reso- 
nance of frequencies commonly encountered in 
amateur-band y.h.f. work, for leads of 4, Ye and 
1 inch in length, 


Frequency %-Inch Y%-Inch 1-Inch 


Me. Leads Leads Leads 
48-50 800 400 200 
72 390 180 . 91 
96 220 100 56 

144 100 47 25 
220 39 20 10 


unwanted coupling to other circuits. For exam- 
ple, a 100-pf. capacitor with 14-inch leads is a 
better bet than a 25-pf. with 1-inch leads, for 
bypassing at 144 Mc. The series-resonant by- 
pass is worth a try in any circuit where insta- 
bility is troublesome, and conventional bypass- 
ing has been shown to be ineffective. Screen, 
heater and cathode circuits are usually good can- 
didates. 


Low-Noise 144-Mc. Converter 


Fig. 16-13—A look at 
the completed 2-meter 
etched-cirevit FET/IC 
converter and its 12- 
volt a.c.-operated 
power supply. The 
converter is at the 
right, mounted in a 
Vector case. The 
power supply is at the 
left and is housed in | 
a 4x 5 x inch © 
aluminum chassis. It 
has a bottom plate to 
which four rubber feet 
have been attached. 


ae 


A LOW-NOISE 144-Mc. 


A noise figure of approximately 2.5 db. is pos- 
sible with this circuit It uses solid-state devices 
throughout, a feature which contributes to its 
compactness. An integrated-circuit if. amplifier 
boosts the overall gain of the converter to a 
suitable preset level for the station receiver with 
which it is used. Total cost of the converter 
should not exceed 30 dollars if all components 
are purchased as new items. By garnering the 
small parts—resistors, capacitors, hardware, and 
the like—from an old TV chassis, or from the 
workshop junk box, a considerable savings can 
be realized. 


The Circuit 


A standard cascode configuration makes up 
the r.f. amplifier section of the converter, Fig. 
16-14. Two junction-type FETs, Q, and Qo, 
comprise that part of the circuit. Although the 
circuit was quite stable without neutralization, 
L414 was included in the interest of securing a low 
noise figure. Q, and Q» have separate d.c. feed, 
making it unnecessary to select transistors with 
similar characteristics as might be required were 
they series-connected. A bandpass circuit, 
L,C,L,4, couples Qs to the mixer, Qz. 

The oscillator chain consists of three bipolar 
transistors, Q,, Q;, and Og. Q,4 operates in a 
third-overtone circuit and provides output at 
58 Mc. The high frequency of Y, was chosen to 


reduce the number of multiplier stages required, 


and to cut down on harmonic frequencies whi 

might cause spurious responses and “birdies” 
in the output of the converter. Ry, a 22-ohm 
resistor, was added because a parasitic condition 
was noted while tuning 1,5. Adding the resistor 
cured the problem. Link L,, couples the oscillator 
output to the base of Q,, which serves as a 
doubler to 116 Mc. A two-turn link, L,3, connects 


1 Circuit originally described by W1CER, QST, Sept. 
1967. 
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to another two-turn link, L,, on the mixer coil 
(L4) to provide 116-Mc. injection to the mixer. 
Transistor Q, acts as a Zener diode, regulating 
the oscillator’s dic. supply at approximately 9 
volts. The collector and base leads of Q, are 
grounded in this application. | 

Output from the mixer, Qg, is at/28 Mc. The if. 
amplifier stage uses an integrated\circuit device, 
AR,. Stage gain is controlled b: applying a 
positive bias to terminal 5 of the integrated cir- 
cuit by means of R,. As the movable arm of Ry 
is brought closer to ground the gain of the if. 
amplifier increases. R, varies the gain from zero 
to roughly 30 db. 

Diode CR,, an ordinary top-hat type rectifier, 
is used in series with the d.c. feed to the converter. 
When connected as shown — anode toward the 
power’ supply — the transistors cannot be dam- 
aged if the polarity of the power supply is wrong. - 
CR, acts like an open circuit when the negative 
terminal of the power supply is connected to its 
anode. 

Overall r.f. stability is enhanced by the use of 
decoupling networks between stages, and through 
the use of flashing-copper shields between some 
of the tuned circuits. An aluminum shield divides 
the etched-circuit board down the center and 
helps to isolate the r.f, and mixer stages from 
the oscillator chain. 


The Etched-Circuit Board 


A 4% x 6% x Me-inch copper-clad phenolic 
circuit board (Vector CU65/45-1) is used as a 
chassis for the unit.’ 

Etch-resistant material, such as paint or Vec- 
toresist rub-on transfers can be used to protect 
the portions of the board that aren’t to be re- 
moved. 


2 Scale-size template of circuit-board pattern is avail- 
able from ARRL for 25 cents plus s.a.s.e. 

8 Complete information on circuit-board etching is 
given in Chap, 20. 
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Fig. 16-15—Schematic of the con- 
verter’s power supply. The 2000-uf. 
capacitor is electrolytic, others are 
disk ceramic, 1000-volt units. The 
56-ohm resistor was selected to give 
the proper power-supply voltage 
when used with the circuit of Fig. 
16-14 (12 volts d.c.) 


OUTPUT 


CR1-CR,, inc.—Silicon rectifier, 50 p.rv., 1 ampere. 


Ti—12-volt, 1-ampere filament transformer. 


SV, AC. 


Ji—Phono jack, 
Si—S.p.s.t. toggle. 


Once the board is etched and cleaned, the holes 
can be drilled. A 100-watt soldering iron will 
be required when soldering the copper shields 
to the circuit board. It will be necessary to 
cut away those portions of the shields which 
might come in contact with ungrounded sec- 
tions of the etched circuit. A nibbling tool 
is useful for this. Since patterns are not available 
for the shields, some cut-and-try effort will be 
necessary. Ordinary plumber’s-style flashing cop- 
per was used for the shields in this model. Light- 
gauge brass could also be used. The center shield 
is made from aluminum stock and is bolted to 
the circuit board with 4-40 hardware. All shields 
are 114 inches high. 


Assembling the Converter 


Fig. 16-17 shows the layout of the under side 
of the circuit board (copper-clad side). Key com- 
ponents are labeled on the template to show their 
placement.? The positions of the various semi- 
conductors are given to show where the indi- 
vidual leads of each are connected. Once the key 
parts are installed, it should become apparent 
where the rest of the parts will be placed. The 
text photos will also help the builder to deter- 
mine where the small parts go. 

Miniature coax cable is used between L, and 
Ly3. A tightly-twisted pair of insulated hookup 
wires would no doubt serve as well in that part 
of the circuit. The 22-ohm resistor in the collector 
circuit of Q4 is mounted between the coil terminal 
of L49 and the collector strip of that stage. 


Power Supply 


A 12-volt d.c. power source is required to op- 
erate this converter. Because the circuit draws 
approximately 45 ma., battery power does not 
appear to be the most practical answer to the 
power supply problem. An a.c. operated 12-volt 
supply is recommended for fixed-station use. A 
recommended circuit is given in Fig. 16-15. 
The complete assembly is housed ina 4 x 5 x 2- 
inch aluminum chassis which is enclosed by an 
aluminum bottom plate. Rubber feet prevent 
damage to table tops. 

If portable operation is anticipated, the con- 
verter can be powered by eight D-size flashlight 
cells, series-connected, to provide several hours 
of intermittent use. Needless to say, a 12-volt 
auto battery could assure many more hours of 


h—a 115-volt a.c. neon lamp assembly. 


portable or mobile operation. If mobile operation | 
is planned, it would be prudent to connect an 
18-volt Zener diode between the positive ter- 
minal of J, and ground, thus protecting the 
transistors from transient peaks which commonly 
occur in the automotive electrical system. Such 
voltage spikes often exceed the safe maximum- 
voltage ratings of the transistors being used. 
Under normal conditions, the Zener will not con- 
oure Checkout and Testing 

Before applying the operating voltage at Js, a 
thorough check for short circuits between sec- 
tions of the etched circuit should be instituted, 
Make certain that pigtails or small blobs of 
solder do not form bridges between the copper 
strips. 

If available, a v.hf. signal generator should 
be connected to J, for initial testing and align- 
ment. The output of the converter, taken from 
Jo, should be fed into a communications receiver 
that is capable of being tuned from 28 to approxi- 
mately 30 Mc. With power applied to the con- 
verter, tune in a signal at approximately 145 
Mc. (29 Me. on the main receiver dial). Adjust 
Ly, Lo, Lg, Ly, Lg, and Lg for maximum output 
from the converter. If the signal cannot bé found, 
chances are that the oscillator, Q,, has not’ 
started. If this is the case, adjust L,,) until a 
slight increase in noise is evident, indicating that 
Q, is receiving injection voltage. The slug in Ly, 
should be set approximately three turns toward 
minimum inductance from the setting at which 
the crystal “kicks” in. This will assure reliable 
starting of the oscillator each time the converter 
is turned on. Cy should be adjusted for maximum 
converter output. 

L, should be adjusted with the aid of a noise 
generator. It should be set for the best nf. 
possible. Adjustment of the input tap on L, will 
also have a marked effect on the noise figure. 
The tap point given for L, proved to be optimum 
for this model and will be satisfactory in most 
instances. There will be some interaction be- 
tween L, and L,,, requiring two or three adjust- 
ments before optimum results are secured. 

A reasonably flat response from the converter 
can be realized over a two-megacycle range. It is 
necessary to stagger-tune the r.f. and mixer 
coils, as well as those in the if. channel. L, was 
tuned for best noise figure at 144 Mc. Ly was 
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Fig. 16-16—A head-on view of the top surface of the etched-circuit board. The i.f. gain-control knob is at the up- 

per right. The input jack for the 12-volt supply is just tothe left of the gain control. The i.f. output jack is at the 

lower right, and the r.f. input jack is at the lower left on the board, The IC is located at the far right, just above 
the i.f. output connector. 


peaked at 144.5 Mc., Lg was tuned for a peak 
at 145 Mc., and L, was optimized at 145.5 Mc. 
Those wishing to operate in other parts of 
the 2-meter band can use a similar tuning pro- 
cedure, Lg was tuned for maximum response at 
28.5 Mc. The if. output coil, Lg, was peaked at 
29.9 Mc. The converter response is flat within 3 
decibels from 144 to 146 Mc. when tuned in this 
way. 

After the tuneup is completed, adjust Ry, 
through its range. If AR, is functioning correctly, 
the converter gain should vary markedly from 
one end of the control’s range to the other, 


Some Final Comments 


Cross-talk and overload immunity are good 
with this circuit. A 100,000-uv. signal failed to 
swamp the front-end of this converter. On-the- 
air tests when the band was heavily occupied 
with strong local signals —-some very strong 
signals that were within two or three blocks of 
the test location — proved the converter to be 
free of the aforementioned problems. No “bird- 
ies” or other spurious responses could be found 
when tuning across the lower two megacycles of 
the 2-meter band. The converter was being used 
with a Collins 75A-1. When the unit was fed into 
a Collins 51S-1, no spurious signals could be 


found when the entire 144- to 148-Mc. range: 


was tuned. The oscillator stability was good, 
permitting the converter to return to the same 
receiving frequency each time it was cycled. 
Line voltage changes had no noticeable effect 
on the oscillator stability. 

A modern-style Vector printed-circuit chassis 
base is used to house this converter. These units 
are supplied in sections, enabling the user to fab- 
ricate a variety box sizes and shapes. The side 
channels are grooved to accommodate printed- 
circuit boards. This box was made up from one 
pair of Fram-Loc rails which measure 2 x 65% 
inches (Vector SR2-6.6/062) and one pair of 
rails which are 2 inches high and 434 inches long 
(Vector SR1-4.6/062). 

An aluminum cover panel (Vector PL4566) 
serves as a bottom plate. Four rubber feet were 
attached to the bottom cover in this model, This 
box cost approximately $2.40, minus the circuit 
board. There is no reason why a standard chassis 
or Minibox could not be used as a base. The cir- 
cuit board could then be mounted over a cut-out 
area just slightly smaller in area than the board. 

The photos show that large 0.005-uf. disk 
capacitors were used. The smaller 0.005-uf. 50- 
volt disk capacitors that are available from most 
supply houses would have resulted in a neater- 
appearing layout. Either type is satisfactory, 
however. 
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Fig. 16-17—Bottom view of the etched-circuit board. Wiring has been completed and the general layout is appar- 

ent. The i.f. gain control and 12-volt power jack are at the lower right. The input circuit and r.f. stages are at 

the upper left. The mixer is at the upper.center, and the IC i.f. amplifier is at the upper right. The oscillator 

chain extends along the lower portion of the board. The interstage shields are in place, but are difficult to see 
in this photo. 


REDUCING SPURIOUS RESPONSES 


Depending upon the occupancy of the radio 
spectrum in a given area—number of commercial 
stations operating—and the operating frequencies 
involved, it is possible to experience problems 
caused by spurious responses during v.h.f. and 
u.hf. reception. Such signals usually show up at 
one or more places in the if. tuning range of 
crystal-controlled converters, 

With converters of the type shown in Fig. 
16-14, strong commercial signals can enter the 
circuit through the unshielded portion of the 
chassis (circuit board in this instance) and beat 
with the signals in the local-oscillator chain to 
produce unwanted responses. In areas where this 
condition prevails, the converter should be en- 
closed in an r.f.-tight metal box. Also, the power 
leads which enter the converter chassis should 
contain r.f. filtering. Power-lead filtering should 
be included in the design of any converter that is 
to be used in areas where strong v.h.f. or uh. 
commercial stations operate. 

Commercial signals can also enter the con- 
verter at the input terminal, via the antenna 


lead. As is often the case, signals that enter the 
front-end section can cause the aforementioned . 
problems as well as encouraging image responses. 
The best cure for this ailment is to install a 
highly-selective filter at the input of the con- 
verter. Bandpass strip-line filters of the kind 
described in Chapter 23 are excellent and should 
offer 40 or more db. of attenuation to signals 
that lie outside the amateur band being used. For 
144-Mc. reception, use a 144-Mc. filter, and fol- 
low a like procedure for operation on the other 
bands, 

Frequently, an operator may employ a v.hf. 
Transmatch (Fig. 18-20) in the antenna system. 
When this is done, the Transmatch provides ad- 
ditional tuned-circuit selectivity ahead of the re- 
ceiver, thus aiding in the reduction of images and 
spurious responses. 

The converter’s oscillator chain should be free 
of parasitics, oscillator squegging from too much 
feedback, and other random oscillations, to assure 
that unwanted responses or “birdies” will not 
appear. 
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A 220-Mc. CONVERTER 


The 220-Mc. converter, Figs. 16-18 and 16-19, 
is similar to the 144-Mc. converter in both con- 
struction and circuitry. A cascode r.f. stage is 
used ahead of the mixer, and a diode frequency 
quadrupler is used to furnish a 206-Mc. local- 
oscillator signal from a 51.5-Mc. crystal oscilla- 
tor. Two tuned circuits are used between r.f. 
stage and mixer, coupled by a small capacitance. 
Because the 220-Me. band is 5 Mc. wide, the re- 
ceiver following this converter must tune from 
14 to 19 Mc. 

The inductors L,, Ls, L4 and L, are first wound 
on a \%-inch diameter rod or drill and then 
spaced to meet the specifications. They are sup- 
ported by soldering the ends directly to tube 
pins, ground lugs or capacitor terminals. The 
Nuvistor sockets are set in %-inch diameter 
holes in which two notches have been filed to 
accept the tabs; the tabs are then bent over and 
‘held to the chassis by washers and 4-40 hard- 
ware. The two 0.001-vf. capacitors bypassing 
the grid of the second 6CW4 and the bottom 
end of L, are mica “button” capacitors. When 
mounting the tubular trimmer capacitors that are 
used to tune the signal circuits, it will be neces- 
sary to notch the holes slightly to clear the 
mounting. 

The adjustment of the converter is quite simi- 
lar to that of the 144-Mc. converter, and the in- 


structions given earlier apply equally as well to 
the 220-Mc. band. Depending upon the local 
operating habits, it may be desirable to peak the 
circuits for a particular portion of the band. In 
areas where TV sets are tuned to Channel 7, 
there may be substantial TV-receiver local- 
oscillator radiation that will mess up the first 
megacycle or two of the band, and consequently 
the amateur activity will peak around 222 or 223 
Mc. Both a grid-dip oscillator or signal genera- 
tor, and a.noise generator will be found to, be 
very useful in getting best results from the con- 
verter. 


Power Supply 


The circuit for a suitable power supply is 
given in Fig. 16-20. Any power supply of 180 
volts or more (enough to fire a 0D3) will be 
suitable; depending upon the voltage available 
the value of R, may have to be changed. R, 
should have a value such that with no current 
being taken from terminal 6 the current through 
the 0D3 is between 30 and 40 ma. 


Using Other Intermediate Frequencies 


The if. tuning range beginning at 14 Mc. was 
selected as the most desirable for most receivers. 
Other ranges may be preferred, and the if. can 
be altered easily enough. The injection frequency 
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Fig. 16-18—Circuit diagram of the 220-Mc. crystal-controlled converter. Unless specified otherwise, resistors are 
Ya watt, resistances are in ohms, capacitances in yf. 


C1, Ce, Ca—1-6 pf. tubular trimmer (Centralab 829-6). 

Cs—2 pf., made by twisting two insulated wires 1 inch. 

Cs—15-pf. variable (Hammarlund MAC-15). 

Ji:—Chassis-mounting coaxial receptacle (SO-239). 

Js—Phono jack. 

Li—2% +. No. 18 spaced wire diam., 4 inch i-d., 
tapped % t. from ground end. 

Ls—0.12 - 0.19 wh. adjustable inductor (Miller 
20A157RBI). 

ls~-2% t. No. 18 spaced twice wire diam., % inch i.d. 


Li—4 +. as Ls, tapped 1 turn from ground end. 

Ls—4.7 - 10.0 #h. adjustable inductor (Miller 
20A826RBI). 

Le—0.43 - 0.85 uh. adjustable inductor (Miller 
20A687RBI). 

L—1% t. insulated wire wound on ground end of Lo. 
le—4 t. No. 18 spaced three times wire diam., 4 inch 
i.d., tapped 1% t, from ground end. 

P;—Chassis-mounting octal plug (Amphenol 86-CP8). 


220-Mc. Converter 


405 


Fig. 16-19—View underneath the chassis of the 220-Mc. converter. The long shielded wire runs 

from Ls at the lower left to the output jack. Silver-button mica capacitors (Centralab ZA-102) 

that bypass the plate coil and the control grid of the second 6CW4 (center left) are also used 

to support several resistors. Coil Ls is supported by the terminals of Cs (bottom center). Chassis 
is part of 3 X 4 X 5-inch Minibox. 


is lower than the signal frequency by whatever 
if. you intend to use. For example, a 50-Mc. 
converter with a 7-Mc. if. would have a crystal 
and injection frequency of 50-7, or 43 Mc. The 
144-Mc. converter would have a 137-Mc. injec- 
tion frequency, and the crystal would be one- 
third of this, or 45.667 Mc. 

Generally speaking, single-conversion com- 
munications receivers (most inexpensive types, 
and all older receivers) work best with low in- 
termediate frequencies, such as 7 Mc. or lower. 
Double-conversion receivers will be satisfactory 
in the 14-Mc. range in almost every case, and 
some are stable enough to do well around 30 Mc. 
At least one communications receiver, the NC- 
300, has a range designed especially for v.h.f. 
converter use, starting at 30.5 Mc. 

See the Table on page 415 for information on 
injection frequencies and crystal frequencies 
recommended for v.h.f. and u.-hf. converters, 


qT 


1tSV, 


Fig. 16-20—Typical power supply for the 50-, 144- or 
220-Mc. converter. 


Ci, C2—40-f, separate section dual capacitor (Sprague 
TCS-48), 

CRi, CRe—400 p.i.v. silicon rectifier (1N1763 or equiv.) 

Jx—Octal socket. 

P,—Line plug, preferably fused. 

R:--3000 ohms, 5-watt wirewound. 

Si—S.p.s.t. toggle. 

T:—125 v. at 50 ma., 6.3 v. at 2.0 amp. (Knight 61 G 
411 or equiv.). 
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Fig. 16-21—This pair of 420-Mc. transceivers will be all ready to go as soon as 
the handset connectors are plugged in the panel sockets. Each handful is a com- 
plete station, built around the 6CW4 Nuvistor and a pair of transistors. 


A SIMPLE 420-MC. TRANSCEIVER 


A transceiver is a compact radio station that 
uses some (or all) of the components for both 
transmitting and receiving. In the 1930s, trans- 
ceivers were very popular for portable and mobile 
work in the 5- and 214-meter bands (forerunners 
of the present 50- and 144-Mc., assignments). In 
a transceiver, one tube is used as a modulated 
oscillator while transmitting and as a super- 
regenerative detector for receiving, and the audio 
system is used as modulator and as audio ampli- 
fier. The broad signal from the modulated oscil- 
lator is readily received with good audio quality 
by the superregenerative detector, and the in- 
herent a.g.c. action of the detector allows the 
receiver to handle a wide range of signal levels 
without attention to a gain control. 

The transceiver shown in Figs. 16-21 and 16-24 
is a simple self-contained unit that is readily 
portable and will furnish communication up to 
25 or 30 miles over line-of sight ranges, and less 
than that over masked routes, depending upon the 
terrain. It can be built for just over $25. 


The Circuit 


The 420-Mc. transceiver circuit, Fig. 16-22, is 
similar to an old stand-by of the 1930s except 
for the transistors in the audio system. The 
6CW4, V,, is used as either a superregenerative 


detector or modulated oscillator. When transmit- 
ting, a 2N107 with a microphone in the emitter 
circuit serves as a speech amplifier, and a 2N270 
is used as the. modulator. During receiving, the 
transistors amplify the output of the superregen- 
erative detector. The value of 470 ohms for Rg 
may seem small, but it worked out best in terms 
of smooth operation of the detector, and the two- 
stage transistor amplifier provides plenty of audio 
output. 

An inexpensive power transformer, T,, is used 
as a combination audio output and modulation 
transformer. The impedance ratio of the trans- 
former is not optimum for the handset headphone, 
but the two transistor amplifiers provide enough 
gain for adequate audio. A 3.2-ohm loudspeaker 
is a better impedance match for the transistor 
through T,, and will give ample volume for fixed- 
station operation when plugged into Jo. 

Considerable time was spent in trying various 
rf. chokes in the circuit, and maximum transmit- 
ter output was obtained when the values shown 
in Fig. 16-22 were used. 


Construction 


Parts placement can be quite critical. Unless 
the constructor has had previous u.h.f. experi- 
ence, it is best to wire the transceiver exactly as 
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Fig. 16-22—Circuit diagram of the 420-Mc. transceiver. Unless specified otherwise, capacitances are in picofarads 
(pf. or wpuf.), resistances are in ohms, resistors are ¥4 watt. Capacitors marked with polarity are electrolytic. 


BT:—6-volt “A” battery (Burgess F4Pl). 

BT:—45-volt miniature “B’ battery (Burgess XX30). 

C:—8.7-pf. midget tuning capacitor (Hammarlund MAC- 
10 or Johnson 160-104), 

Cx—7.3-pf. subminiature variable (Johnson 189-3). 

HS:—Western Electric El, available through many sur- | 

plus outlets. 

Ji—Coaxial connector, $O-239, 

Ja—Open-circuit phone jack. 

Js—4-conductor connector (Cinch-Jones $-304-AB). 

Li, Lo—See text and Fig. 16-19. 


described and with the parts specified. Once the 
builder has gained some experience with a work- 
ing unit, he will be in a much better position to 
experiment and make changes if he so desires. 

Construction of the transceiver is started by 
cutting and drilling a piece of 3 x 3 X %-inch 
Plexiglas or polystyrene to the dimensions shown 
in Fig. 16-23A. Seven one-inch tapped spacers are 
mounted on the Plexiglas sheet with 6-32 x %- 
inch screws. Using Figs. 16-24 and 16-25 as 
guides, mount terminal strips.under three of these 
screws. Insert the 6CW4 in its socket. Push the 
Nuvistor through the %g-inch hole so that its 
socket rests on top of the Plexiglas sheet. Make 
sure no part of the Nuvistor socket comes in con- 
tact with any other metal part near it. Position 
the socket so that Pin 4 is on the left, as shown in 
Fig. 16-25, 

Solder the small trimmer capacitor, Cy, to the 
main tuning capacitor, Cy, and then mount C, 
in the 14-inch hole next to the Nuvistor socket. 
Put two soldering lugs under the screw labeled A 
in Fig. 16-25. Connect a wire from Pin 12 of the 


P:—4-conductor plug (Cinch-Jones P-304-CCT). 
RFC,—1.0-uh. r.f. choke (Stancor RTC-8515 or Miller 
. 4602), 
RFCs, RFC,—10-uh. r.f. choke (Stancor RTC-8522 or 
Miller 4612), 
RFCs—2.4-uh. rf. choke (Stancor RTC-8517 or Miller 
4606). 
S:—4-pole 2-position lever switch (Centralab 1458). 
Ss—S.p.s.t. toggle switch. 
T1—Small power transformer, 115-v. primary, 250-v. c.t. 
and 6.3-y. secondary (Knight, Allied Radio 62 
G 008), 


Nuvistor socket to one of these lugs. Position 
this lug so that one end of the coupling loop, L,, 
can later be soldered to it. 

Next mount the three electrolytics, Cg, Cz, and 
Cy, on the Plexiglas board. On the middle termi- 
nal strip, solder a one-inch piece of bare wire to 
the ground lug and a two-inch piece of insulated 
wire to the next terminal. On the bottom terminal 
strip, solder a two-inch insulated wire to the 
center lug. : 

In sequence Rz, Ry, Rz, Rg, Rg, and Rg can 
now be soldered in place. Q, is mounted on the 
middle terminal strip and Q. on the lower. Solder 
the oscillator coil (dimensions shown in Fig. 16- 
23B) in place and then the three r.f. chokes, 
RFC,, RFC,, and RFC,. Mount two 0.01-xf. 
disk-ceramic capacitors, C3 and C4, on the top 
terminal strip. Assembly of components on the 
Plexiglas board is now complete. 

Drill the front panel of the Minibox, using 
Figs. 16-21 and 16-26 as a guide. Make a strap 
from a 7 X %-inch piece of scrap aluminum to 
secure the batteries to the lower half of the Mini- 
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box. Mount the send-receive switch, Sy, just 
above the strap, bolting it to the chassis with the 
same screw that holds the end of the strap. The 
switch spring should be on the right side as indi- 
cated in Fig. 16-21. Solder Rg, Rg, Ry, and C, on 
the appropriate switch contacts. 

Mount and wire the handset socket, the speaker 


V.H.F. AND U.H.F. RECEIVING 


Fig. 16-23—(A) Details of the Plexiglas or polystyrene 

sheet that supports the components. (B) Dimensions of 

coils L: and Le. The material is No. 12 tinned copper 
wire. 


jack, Jy, and the on-off switch, S,. Mount the an- 
tenna connector, J;, in the center of the top of the 
Minibox. After connecting an insulated shaft ex- 
tender to the tuning capacitor, C,, attach the 
Plexiglas board and its associated components to 
the Minibox with seven 6-32 x 14-inch screws. 
One end of the free soldering lug (located at 
point A, Fig. 16-25) is bolted under the lower 
right mounting nut of J,. Cover the coupling 
loop (dimensions shown in Fig. 16-23B) with 
spaghetti and solder it in place. Solder RFC, 
between C, and Sy, Solder all remaining leads 
with the exception of the transformer connec- 
tions. Bolt the transformer to two one-inch 
spacers. Mount these spacers to the Minibox, 
keeping the black leads of the transformer to-* 
ward the outside of the box. Finish the wiring 
by soldering the transformer leads. 

Make a whip antenna for the transceiver from 
a 914-inch piece of No. 12 tinned copper wire and 
a PL-259 coax connector. Bend the top half inch 
of the wire into a circle as a safety precaution. 


Alignment 


Install the batteries, plug in the whip and 
handset, turn on Sy, and switch S, to the receive 
position. A hissing sound should be heard. Mesh 


Fig. 16-24—Inside view of a 420-Mc. transceiver. The plastic sheet that supports 
most of the components is at the upper right. 


( 


420-Mc. Transceiver 


SWITCH SPRING ON 
THIS SIDE 


the main tuning capacitor plates half way and set 
C, to minimum capacitance. Position a 0-100 
knob on the insulated shaft extender so that the 
dial reads 50, Using a 432-Mc. signal source, ad- 
just Cy until 432 Mc. is heard at a dial setting of 
50. Vary the coupling between the oscillator coil 
and output loop for maximum sensitivity, retun- 
ing C, to keep the dial at a mid-scale. Units ad- 
justed in such a manner should cover about 415 
to 455 Mc. and be able to detect a modulated 
signal of 2 microvolts. An unmodulated carrier of 
50 to 100 wv. or more should silence the receiver 
hiss. 

A good signal source for calibrating the re- 
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Fig. 16-26—Location of holes on the panel. The panel is 

part of a 4 X 5 &X 6-inch Minibox (Bud CU-3007A). 

The square hole, E, takes the 4-pin connector (Cinch- 

Jones §-304-AB) used to connect the handset to the 
transceiver. 
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Fig. 16-25—Location of com- 
ponents on the clear plastic 
sheet, One 3-terminal and 
two 5-terminal _tie-point 
strips are required. 


ceiver is a 2-meter transmitter. Its 3rd harmonics 
should provide accurate calibration points from 
432 to 444 Mc. Also useful, but normally not as 
accurate, are grid-dipper and signal-generator 
harmonics. 

To see if the receiver is working at its best, it is 
advisable to try different values of R, and also to 
try smaller values for Cy. This experimentation is 
necessary because minor variations in wiring, the 
transistor and tube characteristics may cause 
differences in performance. Of the two units 
shown in the first photograph, the receiver of one 
required no capacitance at Cy to give the same 
performance and sensitivity as the receiver re- 
quiring a Cy of 270 pf. 

Because of different tube operating conditions, 
the transmitter operates at a slightly higher fre- 
quency than the receiver. This can be corrected 
with a compensating circuit; however, too much 
power is lost in the process to make it worth - 
while. If only one of the transceiver operators 
will retune his dial to the same setting after each 
transmission, this deficiency should prove to be 
no great handicap. The plate power input to the 
transmitter should be about 0.2 to 0.25 watt. 

For maximum transmitter output it is impor- 
tant that the A battery be up to par. As the fila- 
ment battery deteriorates, power output drops 
off rapidly. However, the receiver will perform 
satisfactorily with low battery voltage. 


Operation 


In field testing two of these units, it was found 
that at all times horizontal polarization was equal 
to or better than vertical polarization. The great- 
est DX so far has been a 30-mile line-of-sight 
contact between Glastonbury, Conn., and West- 
field, Mass. Since only simple whips were used 
for antennas, much greater range should be pos- 
sible with beams at both ends. Non-line-of-sight 
contacts will, of course, be over much shorter 
distances, the maximum range depending upon 
the size of the obstructions and the antennas in 
use. 
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A TRANSISTORIZED PREAMPLIFIER FOR 432 MC. 


This preamplifier uses two RCA 2N3478 tran- 
sistors in cascade to produce a noise figure of less 
than 5 decibels. The 2N3478 is a low-cost TV- 
type semiconductor that sells for less than $2.00 
and performs nearly as well in this circuit as did 
some higher-priced units that were tried. 

Trough-line construction is used to provide 
tuned circuits with high Q characteristics, a valu- 
able feature in the reduction of unwanted signals 
in the u.h.f. spectrum. The entire preamplifier can 
be fashioned with ordinary workbench tools if 
the layout of Fig. 16-30 is followed. 


Construction 


Lines L,, Ly and Lg are %4-inch copper tubing. 
fitted tightly into holes in one end of the box, and 
soldered directly to the fixed elements of the 
ceramic trimmers at the other. No need to use ex- 
pensive glass trimmers—the Centralab 829 series 
are low cost and will do the job nicely. The end 
of the tubing is countersunk slightly with a ™%4- 
inch drill, to fit over the silvered end of the 
trimmer. This is better mechanically and elec- 
trically than using the flexible wire lead on the 
trimmer for making this connection. 

Dimensions of the box are shown in Fig. 16-30. 
Although Ye-inch thick brass is used in this 
model, flashing copper would be good enough, and 
should be easier for the kitchen-table worker to 
handle. 

Although the box, partitions, and lines are 
silver-plated in this unit, it is not essential to the 
performance. Without silver plating, copper is 
better than brass, electrically. Brass is easier to 
work with hand tools and is easily silver plated.1 
The partitions are held in place with two spade 
bolts each. 

The transistors are in the left and center com- 
partments, about 134 inches up from the bottom, 
as seen in Fig. 16-29. They hang by their leads, 
which are kept as short as possible. The base leads 
go directly to feed-through capacitors, C, and Cg. 
The bias networks, R,-R, and R,-R,, are con- 
nected externally. - 

The emitter leads are connected to the junc- 
tions of the blocking capacitors and 1000-ohm 
resistors, without support other than that afforded 
by these parts. The collector leads run through 
14-inch holes in the two partitions. As indicated 
in Fig. 16-30, the collector circuits are in the cen- 
ter and right-hand compartments. Collector volt- 
age is fed in through C, and C,, from the top of 
the box. 


Adjustment 


Tuning of the preamplifier is very simple. The 
circuits are first peaked for maximum gain, and 
the input circuit is adjusted for best signal-to- 
noise ratio. No attempt was made to adjust the 


1 Three methods for doing silver plating at home are 
described in Chapter 13 of The Radio Amateur’s V.H.F. 
Manual. ere 


Fig. 16-27—The two-stage preamplifier for 432 Me. 
The box is silver-plated brass, but flashing copper 
could be used with equally good results. Connections 
to the bases and collectors are brought out on feed- 
through bypass capacitors, to permit changing the op- 
erating conditions. (Described in QST, Feb. 1966.) 


tap positions, as the amplifier seemed to work 
up to the specifications for the transistors, just 
as assembled. The value of R, in the bias network 
of the first stage is the principal critical factor, 
and it will vary with different types of transistors. 
We used a 5000-ohm control at this point, with 
a 10-ma. meter connected in the negative lead to 
monitor the total current drain. The optimum 
value for R, was about 2800 ohms, and the current 
to the first stage was about 2 ma. Higher current 
drain causes noise to rise faster than signal level, 
and much lower current costs some gain. About 
200 ohms either way is enough to make a notice- 
able difference in noise figure or gain. 

The value of Rg can be juggled to suit require- 
ments. It is not often necessary to run this stage 
at maximum gain, since noise figure is controlled 
mainly by the first stage. With about 1000 ohms 
at R, there is ample gain, with complete sta- 
bility. More gain is available, with higher resistor 
values (more current drain) but instability may 
develop with some transistors. There should be no 
problem in getting adequate gain with the 
2N3478s, and holding gain down by means of Rg 
need not “cost you” in noise figure. 

Total drain at 9 volts is about 4 ma. Higher 
or lower voltages may be used if R, and Rg are 
adjusted in the manner outlined above, using the 
lowest current drain that gives optimum noise 
figure (R,) and gain (R,). A gain in excess of 
19 decibels should be possible if the preamplifier 
is functioning properly. 

The same precautions outlined in the section 
on 50, 144, and 220-mc. solid-state preamplifiers 
should be followed when taking steps to prevent 
burnout of the transistors. 


432-Mc. Preamplifier All 
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Fig. 16-28—Schematic diagram and parts 
information for the 432-Mc. preamplifier. 
Resistors are Y4-watt or less. Capaci- 
tances are in microfarads (uf.) where 
shown on the diagram; values not criti- 
cal. Broken lines show approximate 
positions of shield partitions. 


Cx, Ca, Cs—1 to 7.5-pf. cylindrical trimmer (Centralab 
829-7). 

Ca, Cs, Co, Cr—0.001-uf. feedthrough bypass; 500-pf. 
also usable (Centralab FT-500 or 1000). 

Ju, Jz—Coaxial connector, BNC type. 

L:—\%-inch copper tubing 314 inches long. Drill out end 
slightly to fit over capacitor body. Tap L; at 2 
inches and 1% inches, Lz at 1 inch and 2 inches, 
Ls at 2 inches and % inch, all up from grounded 
end, See Fig. 16-00. 

Qu, Qr—2N3478. (Other types suitable). 

Ri—Adjust for maximum gain and best signal-to-noise 
ratio. (See text). 

Rs—Adjust value for maximum gain, if necessary. (See 
text.) 

Ra, Ru—~Labeled for text reference. 


Fig. 16-29—Interior of the 432-Mc, amplifier, with 
the input circuit at the left. Partitions are held in place 
with spade bolts and no heavy soldering is required. 


ea 


Fig. 16-30—Principal dimensions of the box, partitions and cover for the 432- 
Me. amplifier. Material is 1/32-inch sheet brass, silver plated. Flat plates should 
a be cut as shown then bent up along broken lines. Where precise bending cannot 
be done it is recommended that the cover be bent up to fit after the box is made. 
Hole sizes should be checked with available parts. Those shown are as follows: 
A—% inch, B—No. 28 drill, C—No. 28 drill, with 3/32 
by 1/32 notches, D—3/16 inch. The three “A” holes in 
the bottom lip of the case should be a press fit for the 
tubing used for Ly, Le and Ls. 
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432-Mc. CONVERTER 


Circuit design and mechanical construction can 
be very simple with transistors. The methods em- 
ployed in this converter for 432 Mc. evolved from 
the need to match the transistors effectively. The 
trough lines make adjustment of matching easy, 
and their high Q provides better selectivity than 
would be obtainable with coils. Selectivity is im- 
portant with transistors, which are susceptible to 
mixing effects from strong signals outside the 
desired passband, and because image rejection in 
a receiver for the 420-Mc. band would normally 
be relatively poor with an intermediate frequency 
as low as 14 Mc. Image rejection with this con- 
verter is about 40 db., and gain ahead of the mixer 
is as much as 40 db., if need be. 

Bias networks for the grounded-base r-f. stages 
are mounted externally, to permit easy variation 
of operating conditions. Either n.p.n. or p.n.p. 
- transistors may be used in either r.f. stage, merely 
by reversing the battery polarity on the stage in 
question. 


Circuit and Layout 


The converter uses four transistors and two 
diodes, with trough-line circuits in all u.hf. 
stages. The best available u.h.f. transistor should 
be used in the first r.f. amplifier, but less expen- 
sive ones do very well in all other stages. A wide 
choice of transistors is available, and many dif- 
ferent types can be used if the polarity of voltages 
applied is corrected for the transistors substituted 
for those shown. The Motorola 2N3280 used here 
for Q,, and 3284 used for Qy and Qy, are p.n.p.; 
the 2N706 oscillator, Qg, is n.p.n. Inexpensive 
substitutes are 2N3478s and Amperex 2N3399s 
for Q, and Qo, and a 40235 for the oscillator. A 
Motorola 2N3284 was found to be best for the 
multiplier. The silicon n.p.n. types require polarity 
reversal from that shown. 

As may be seen from the interior photograph, 
Fig. 16-32, the r.f. circuits are in three troughs, at 
the left, These are high-Q lines, tuned at the top 


end and grounded at the lower. The transistors 
and input and output coupling leads are tapped 
at various points along these lines. Adjustment 
of loading is thus made continuously variable, an 
advantage over coils, wherein taps must be 
changed a turn at a time, or the builder runs into 
inconvenient arrangements. 

The mixer diode may be seen projecting into 
the output compartment, lower right. The larger 
compartment above this houses the oscillator- 
multiplier chain, with the diode multiplier circuit, 
a line similar to those used in the r-f. stages. 


Construction 


Copper flashing or brass of similar thickness, or 
heavier, can be used to make the chassis and par- 
titions. Dimensions of the box and hole locations 
are given in Fig. 4. No attempt is made to give 
hole sizes, as parts used by builders are likely to 
vary somewhat from those used by the writer. 
Hole centers should work out the same, but 
mounting hole sizes required may be different, 
so check your parts before drilling the metal- 
work, Holes are identified in Fig. 4 as follows: 
tuning capacitors—A, crystal socket—B, feed- 
through capacitors—C, coaxial connectors—D. 

Next, bend the chassis beginning with the long 
sides, then the bottom tabs, and last the short 
end sides. All joints should preferably be silver- 
soldered together. If ordinary solder is used, 
the bond ‘between overlapping surfaces can be 
strengthened with small screws or rivets. Mount 
I,, Ly, Ls, and Lg by inserting the end of the 
wire through the hole provided, and then solder 
from the outside of the chassis. The chassis and 
lines can be silver plated at this point, if you have 
facilities for doing the job. This should not be 
considered a necessity, as converters have been 
built without plating and they work very well. 

The button-type feedthrough capacitors speci- 
fied may be hard to find, and rather expensive, 
but are preferred. Other types will work, and 


Fig. 16-31—The complete 432-Mc. semicon- 
ductor converter is hardly larger than a man’s 
hand. In this model, ordinary insulating feed- 
through bushings were used, and bypassing was 
done on the top side of the case, instead of 


doing the whole job with feedthrough capaci- 

tors, as indicated in Fig. 16-33 Tuning screws for 

the three r.f. circuits are at left-front portion 
of the chassis. 

(Designed and built by John Clark, K2AOP.) 


432-Mc. Converter 


Fig. 16-32—Interior of the 
432-Me. converter. R.f. circuits 
are at the left, in separate 
troughs. Large compartment 
at the upper right contains 
the crystal oscillator and 
multiplier circuits. Section at 
the lower right has the mixer 
diode projecting into its left 
end, and the injection cou- 
pled through the top. The 
mixer output circuit, LiCe, is 
the principal occupant of this 
compartment. 
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Fig. 16-33-—-Schematic diagram and parts information for the 432-Mc. solid-state converter. 


C1, Ce, Cs—0.5- to 3-pf. ceramic or glass trimmer (Cen- 
tralab 829-3). 

Cu, Cs, Cio—820-pf. disk ceramic (0.001-uf, also suit- 
able), 

Cr, Cs, Co, Cro, Ciz—O.001-uf. feedthrough capacitor 
(Erie 654-017102K. Centralab FT-1000 also 
suitable). 

Ce—27-pf. dipped mica. 

Cu, Cis—5-pf. dipped mica. 

Cis, Cre—1- to 10-pf. ceramic or glass trimmer (Centra- 
lab 829-10). 

CRi—U.h.f, mixer diode (Sylvania 1N82A). 

CRe—Silicon signal diode (GE 1N4009). 

Ja, Je—Coaxial fitting. 

Li, Le, Ls, le—No. 12 wire, 2% inches long. Tap lL: at 1 


and 1% inches, Le at % and 1 inch, Ls at % and 
1% inches, Ls at % and 1% inches. 

L4—No. 26 enamel wound as per text on %-inch iron- 
slug form (CTC 1534-2-2, slug coded red). 

Ls, le—No. 26 enamel wound as per text on %-inch 
iron-slug form (CTC 1534-4-2, slug coded 
white). 

L,—4¥ turns No. 16 enamel, %-inch diam., % inch long. 
Tap at 1 and 2 turns, 

Qu, Q2, Qs, Qe—See text. 

Ri, Re—5000-ohm miniature control. All other resistors 
V2 watt or less, values as marked. 

Rs, Ri—for text reference. 

Yi—5th-overtone crystal, 
Crystal Co.). 


69.666 Mc. (International 
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V.H.F. AND U.H.F. RECEIVING 


PARTITION 
4 REQUIRED 


Fig. 16-34—Principal dimensions of the chassis and partitions. Hole dimensions are not given, as they will 
vary with components used. Locations should be similar to those shown, if parts generally similar to the original 
are employed. Lettered holes are as follows: A—ceramic trimmers, B—crystal socket, C—feedthroughs, D—coaxial 
; fittings. 


ordinary feed through bushings can be used if by- 
passed effectively. 

Before any connections are made, tin all tran- 
sistor and diode leads to aid in solder. Do this, 
and all other soldering to semiconductors, with 
no more heat than necessary. Hold the lead in 
long-nose pliers, close to the device, making the 
pliers serve as a heat sink to prevent overheating. 

The only areas that may present problems are 
the rf. amplifier emitter leads and the connec- 
tions to L;. Mount the 1000-ohm resistor to Cy 
first, then C, between it and L, close to the hole 


in the partition. The transistor emitter lead, with 


insulated sleeving over it, will then connect to C4 
through the hole. Assembly of the second stage 
follows the same procedure as the first. 

Connections to L, must be done carefully to 
prevent shorting out turns. The diode is mounted 
first, one turn up from ground, then the transistor 
connects to the second turn. A’ thin-tipped iron 
must be used to be successful. The rest of the 
wiring is point-to-point with the shortest possible 
leads on all components. 

The mixer output coil, L,, may be wound as 
follows: Set the collars on the form so that Ter- 
minal 1 is at 12 o’clock, as you look down on the 
form, Terminals 2 and 3 at 3 o’clock, and Ter- 
minal 4 at 6 o’clock. Starting at Terminal 2, the 
grounded end, wind No, 26 enameled wire coun- 
terclockwise 51%4 turns, and ‘solder to Terminal 1. 
Continue 514 turns in the same direction, solder 
to Terminal 4, and then 1134 turns to Terminal 
3. When Cg is connected across the coil, leave a 
half-inch lead at the top for grounding. 

The oscillator coil form is prepared for winding 
by putting Terminal 1 at 12 o’clock, 2 at 3 o'clock, 
3 at 6 o'clock and the tap at 9 o'clock. Start 
L, at the top, Terminal 1, winding clockwise 7% 
turns, tapped at 34 turn, ending at Terminal 3. 
Lg is 134 turns between Terminals 1 and 2, also 
clockwise. In making the tap on L,, clean the 


enamel off about 3 inches of the wire, double this 
back on itself, and twist the loop tightly. Tin it 
throughout its length, to make the lead to the 
crystal socket. 


Adjustment 


With an absorption wavemeter (or grid-dip 
meter not oscillating) adjusted to 70 Mc. and 
coupled into Ls, screw the slug in slowly from 
full out. The oscillator should start abruptly at 
about half in, and decrease gradually as the slug 
continues into the coil. The proper setting for the 
slug is 4 turn further in than the point where 
oscillations start. Improper operation is indicated 
if the oscillator does not follow this pattern or if 
birdies are heard near 14 Mc. when the receiver 
is connected to the converter. These indicate os- 
cillation in Q4, in which case the value of the 
1000-ohm resistor must be decreased. No oscilla- 
tion means it must be increased in value, or re- 
moved. 

Assemble an r.f. probe by attaching a wire to 
the cathode of a 1N82 diode, and taping the diode 
onto a pencil. A high-impedance meter is then 
used to measure rectified current between the 
probe and circuit ground. Touching the probe to 
the L, side or CR, should produce some meter 
movement which then can be peaked with Cy,. 
Determine the frequency by sweeping 140 to 209 
Mc. with the absorption wavemeter, while watch- 
ing the meter on the probe. You will find that 
there will be a very noticeable dip on the probe 
meter. An r-f. indication on the grid-dip meter is 
unlikely, because of its lack of sensitivity. Move 
the probe to the Lg side of CRy. The 418-Mc. 
tank circuit (LgC 4g) should tune from about 250 
to 550 Mc. Starting with the screw full in, the 
second peak should fall at 418 Mc. It can be 
checked with Lecher wires, but the converter will 
work as long as the tank is tuned to one of the 
peaks. 


432-Mc. Converter 


The alignment of the rf. stages will be very 
simple if a 432-Mc. signal is available. The third 
harmonic of a strong two-meter signal below 
144.1 Mc. will also serve. Without a signal, one 
may have a great deal of difficulty peaking the 
three high-Q r.f. tanks. 

Using a strong signal, with R, and R, at maxi- 
mum resistance, adjust Cy, Cy, Cg and L, for 
maximum signal at 14 Mc. in a receiver con- 
nected to the converter. When the signal has been 
peaked up, recheck Cg. The various peaks noted 
previously will produce differing conversion 
gains. The peak that produces the greatest output 
will be the one at 418 Mc. Now set R, to just 
below the point where oscillation develops in the 
first rf. stage, then decrease Ry. The first stage 
should be run at near maximum gain or the sig- 
nal-to-noise ratio may suffer. The second stage 
is relatively unimportant when the first stage is 
working properly. There will be no measurable 
drop in performance with any transistor having 
a noise figure of 6 db. or so. 

_ The positions of the taps on the lines will pro- 
vide adequate performance for most builders. If 
you want to optimize the noise figure, use a signal 
generator through a cable properly terminated or 
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very long, to reduce s.w.r. A high s.w.r. into the 
converter, indicated by a high degree of insta- 
bility, will make improvements in noise perform- 
ance impossible. With a proper load, the first 
stage should begin to oscillate with about 5 volts 
at the junction of R, and Rj. If the stage will not 
oscillate, either move C, further from the ground 
end of the line, or move the input tap closer to the 
ground. 

If the stage oscillates with less than 4.5 volts 
at the R,-R, junction, either couple the antenna 
tighter by moving the input tap higher on the 
line, L,, or move C4 lower. Keep in mind the pro- 
cedure outlined above for achieving maximum 
gain while the signal-to-noise ratio is optimized. 
Careful adjustment of the first stage will provide 
a very good noise figure and a first-stage gain of 
at least 20 db. When the first stage is near op- 
timum gain the front end bandwidth between the 
3-db. points will be less than 300 ke. 

The use of a noise generator for optimizing the 
r.f. stages at 432 Mc., or for comparisons with 
other front ends, is not recommended. A signal 
generator or weak-signal source will be far more 
likely to produce a correct alignment than a noise 
generator, 
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TABLE 16-1 


Crystal frequencies recommended for use with popular v.h.f. and u.h.f. converter i.f.s. 


Crystal frequency for if. range from 


7 Me. 
43.0 Mc. 
45.667 Mc. 
53.25 Me. 


46.44 Mc. 


14 Mc. 
36 Mc. 
43.333 Mc. 
51.5 Me. 


28 Mc, 30.5 Mc. 


22.0 Mc. 19.5 Me. 
38.667 Me. 37.833 Mc. 
48.0 Mc. 47.375 Me. 


44.9 Mc. 44.611 Mc. 


Other i.f. tuning ranges can be used, but will require different crystal frequencies and suitable L-C combina- 


tions in the multiplier chain to effect proper resonance. 


TABLE 16-I1 


Required mixer injection frequencies from the oscillator chain when using the tunable i.f. ranges listed in 
Table 16-l. Ordinarily, the crystal frequency is multiplied 3 times in 144-Mc. converters, 4 times for 220 Mc., 


and 9 times for 432. 
Band 
Mc. 


50 
144 
220 


418 Mc. 


36 Mc. 
130 Mc. 
206 Mc. 


Injection frequenctes for t.f.s. of 


14 Mc. 


28 Mc. 30.5 Me. 


22 Mc. 19.5 Mc. 
116 Mc. 113.5 Mc. 
192 Mc. 189.5 Mc. 


404 Mc. 401.5 Me. 
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Fig. 16-35—This 432-Me. r.f. ampli- 
fier and crystal-controlled converter 
features “strip-line” circuits for im- 
proved gain and_ selectivity. Both 
units mount on a shallow pan that 
also contains the power supply. The 
rf. amplifier (center) uses 4 
grounded-grid 6CW4. 
(Designed and built by Doug De- 
Maw, WICER Meriden, Conn.) 


A STRIP-LINE CONVERTER FOR 432 MC. 


The strip-line converter shown in Fig. 16-35 
provides superior performance to that obtained 
with lumped circuits. Strip-line tanks are used 
in the r.f., mixer and local-oscillator stages ; their 
selectivity is far superior to that of coil-and- 
capacitor circuits for this frequency range. This 
converter can be duplicated with a minimum of 
effort and can be put into operation without 
elaborate test equipment. 

Referring to the circuit in Fig. 16-36, a 
grounded-grid 6CW4 r-.f. stage is used. An input 
matching network, Cy, C, and L,, permits ad- 
justment for best noise figure. The strip-line 
plate circuit is inductively coupled (Lg) to the 
mixer stage via a short length of cable. The 
input circuit to the 6CW4 mixer is also a strip 
line, inductively coupled to both r-f. amplifier and 
local oscillator. A conventional multiplier chain 
multiplies the 33.625-Mc. crystal signal 12 times 
to 403.5 Mc., where the desired energy is se- 
lected in the last strip-line circuit. 

Power-supply (Fig. 16-39) requirements are 
simple, but the voltages are stabilized through 
the use of two regulator tubes. 


Construction of the Amplifier 


The r.f. amplifier subassembly is built on a 
154 x 10 X 2-inch Minibox (Bud CU-3013A). 
By using a subassembly, other experimental r.f. 
amplifiers can be substituted without disturbing 
the mixer-oscillator section. The 6CW4 socket 
is mounted on a small brass plate (1 x 14 
inches) and held in place by soldering the socket 
tabs to the plate. The plate-is bolted to the 
Minibox with 4-40 hardware. A brass plate, 
mounted across the 6CW4 socket, is used to iso- 
late the input and output circuits. Pins 4 and 10 
solder to the partition. 

The plate line, Ly, is a 54 X 7-inch strip of 
brass. The 6CW4 socket end is bent down and 


soldered to Pin 2. A 33-ohm resistor is soldered 
to the plate pin and to a point on the line one inch 
away (for parasitic suppression). L» is cen- 
tered in the Minibox and held in place by a 34- 
inch high ceramic insulator. The far end is sol- 
dered to the C, stator plates. The coupling loop, 
Lg, is supported by J. and Cy. 

Plate and heater voltages are fed through 


500-pf. feedthrough capacitors. Tube socket pins, 


pirated from a 14~pin Compactron socket, serve 
as receptacles to be slipped over the external 
leads of the feedthrough capacitors. This rapid 
disconnect system is convenient during periods 
of experimentation ; it is also used on the mixer- 
oscillator section. 


Mixer-Oscillator Construction 


The mixer and oscillator-multiplier chain are 
built on a 10 X 4 X 2-inch chassis, although a 
commercial 5 X 91%4 X 2%4-inch one (Bud AC- 
401) can be substituted. An aluminum divider 
strip down the middle helps to isolate the mixer 
from the oscillator-multiplier chain, and an- 
other small divider isolates the multiplier plate 
line, L,, from the multiplier string. L,, is sup- 
ported near the divider end by a ¥-inch high 
standoff insulator, and the other end is soldered 
to the stator plates of Cg. The mixer grid strip, 
L,, is mounted on two 34-inch insulators; one 
end is soldered to the stator plates of Cs. The 
mixer tube socket is mounted on a small brass 
plate and soldered in place. The brass plate is 
held to the chassis by two screws, the mount for 
L, and the output jack, J,. 


Adjustment 


A grid-dip meter can be used for rough align- 
ment of Ly, Lg, Ly and Ly. If the g.d.o. will 
cover the uh. range, the remaining tuned cir- 


432-Mc. Converter 
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Fig. 16-36—Circuit diagram of the 432-Mc. r.f. amplifier and converter. Capacitors marked “B” are button mica; 
capacitors marked “F” are feedthrough type. 


Ci—5-25 pf. (Erie 557-000-39R). 

Cs, Cu, Ce—1 5-7 pf. (Erie 557-000-10R). 

Cs, Cs, Cs—10-pf. miniature yariable (Hammarlund 
MAC-10). 

Cz, Co—5-pf. piston trimmer, 

Ji-Je~Type BNC chassis receptacle. 

Ja-~Phono jack. 

L:—3¥% turns Winch wide copper ribbon, Y-inch id., 
1 inch long. 

ko—Brass strip 5 x 7 inches. 

ls, lz, Liz, Lis—-No. 12 wire, formed as in Fig. 16-24, 
lower right. 


L.—2.8-5.0 wh. adjustable (Miller 4504). 

Ls—4 turns No. 22 enam. wound over cold end of Ly. 

le—Brass strip 5 x 6 inches. 

Le—1.0-1.6 wh. adjustable (Miller 4502). 

lo~6 turns No. 22 enam. closewound on \%4-inch form 
(Miller 4500). 

Lio—5 turns No. 16, % diam., 5 turns per inch. 

Lu—Brass strip % x 5% inches. 

RFC;, RFC2—9 turns No. 22 enam. closewound on 10,- 
000-ohm Y4-watt resistor, 

RFCs, RFC,—14 turns No, 22 insulated hook-up wire, %- 
diam., closewound. 


Fig. 16-37—View of underside of r.f. amplifier. Shield 
straddles tube socket. 
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Fig. 16-38—View of underside of mixer (top) and oscillator-multiplier string. Small partition isolates 403.5-Me. 
strip-line circuit from multiplier chain; connection from Vop plate passes through hole in partition. 


cuits can also be pre-aligned. If not, the signal- 
frequency circuits can be peaked to an “on-the- 
air” signal. 

After peaking the tuned circuits, vary the 
spacing between links L,, Lz, Ly, and Ly, and 
their respective strips, working toward maxi- 
mum gain. After any change in spacing, read- 
just the series capacitor and also the strip-line 
tuning capacitor. This readjustment is necessary 
because there is some interaction between con- 
trols. 

The converter noise figure is determined 
largely by the adjustment of the preamplifier 


input network. A noise generator will be neces- 
sary to insure optimum performance. (See chap- 
ter on measurements for further discussion.) 
Lacking a noise generator, C, and C, can be 
juggled, with the antenna connected and a weak 
signal tuned in, for the best signal-to-noise ratio 
that can be determined by ear. 

With the crystal frequency chosen, 432.0 Mc. 
can be tuned in at 28.5 Mc. on the station receiver. 
Since the greater part of the 432-Mc. activity 
occurs at, or near, 432.0 Mc., most receivers will 
permit sufficient band coverage above and be- 
low this frequency. 


+1 osc/ 
506 MULT. 


ATOK 470K 
5v. 
T 
FUSE 
2 AMP. Ss 
OFF 
115 V,A.C. 


Fig. 16-39—Circuit diagram of power supply for 432-Mc. converter. 


CRi-CR. Silicon diode, 400 p.iv., 500 ma. (RCA 


1N3194) 
li—No. 47 pilot lamp 


S:, Se—S.p.s.t. toggle 
T1500 v.ct. at 75 ma, 6.3 v. at 2.5 a. (Triad 
R-108A) 


1296-Mc. Converter 
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A CRYSTAL-CONTROLLED CONVERTER FOR 1296 Mc. 


The converter described is the result of an 
effort to simplify circuits and construction of a 
converter for 1296 Mc. to a point where it could 
be duplicated with a minimum of effort, and a 
limited amount of equipment. 

Only five tubes are used, and one of these is a 


ture. It was found that mounting the crystal 
inside the chassis, where it is protected from 
drafts, resulted in much better stability than 
mounting above the chassis. The three multi- 
plier stages are quite conventional and need 
very little comment, with one possible excep- 


Fig. 16-40—From the top, the 1296-Mc. converter looks much like conventional designs for the v.h.f. bands. Across 
the lower portion of the chassis are the cascode i.f. amplifier stage and its output jack, left, the power connec- 
tions shielded by means of an aluminum film can, the voltage regulator tube, and the 12AT7 crystal oscillator. In 
the upper right are the 6CY5 and 6AK5 frequency multipliers. The black nuts, left center, 
\ are used for tension on the adjusting screws for the u.h.f. circuits. 


voltage regulator for the crystal oscillator. One 
half of a 12AT7, V,,4, is an overtone oscillator 
at approximately 53.4 Mc. The second half, 7p, 
doubles to 106.8 Mc. A 6CY5, Vy, doubles to 
213.6 Mc. and drives a 6AK5 doubler to 427 Mc. 
The output of /, drives a DR303 diode multiplier 
to 1282 Mc. The 1282-Mc. energy is coupled to 
the mixer crystal along with the input signal, 
and the 14-Mc. difference frequency is amplified 
by a 6DJ8 cascode if. stage and coupled with a 
link to the output jack. 


The Injection System 


The crystal oscillator is operated at low volt- 
age and with a regulated plate supply to improve 
stability, a critical factor in operation at 1296 
Mc. Variations in oscillator frequency that 
would go unnoticed at lower frequencies be- 
come disturbing at 1296 Ma, for even though 
the oscillator frequency is high to start with, it 
is being multiplied twenty-four times. Oscillator 
stability is improved if the crystal is not sub- 
jected to large and sudden changes in tempera- 


tion: Pins 2 and 7 of the 6AKS5 should be 
grounded as directly as possible. Any stray 
inductance in the cathode lead seems to have a 
large effect on the output power of this stage. 

Crystal diode multipliers may be new to some, 
but they provide a very simple way to get small 
amounts of r.f. at this frequency. Several types 
of crystal diodes may be used, When the con- 
verter was first constructed, various types were 
tried, and 1N82 diodes gave the best perform- 
ance. Later, a DR303 was tried, and it gave 
about twice the output. 


U.H.F. Circuitry 


The tuned circuits at 1282 and 1296 Mc. are 
halfwave coaxial lines, shorted at each end and 
tuned capacitively at their centers. The outer 
conductors are formed of thin brass sheet, sol- 
dered at the joints. Dimensions are not critical, 
except for length, and the circuit will probably 
work if the length is within plus or minus % 
inch. The center conductors are %4-inch brass 
rod, drilled and tapped at each end. The lines are 
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Fig. 16-41—Circuit diagram and parts information for the 1296-Mc. converter, Decimal values of capacitors are in bf. 


C1, Co, Cs—0.5- to 5-pf. trimmer (Erie 532-08-OR5). 

Cz, Ce—Cavity tuning screws; see text. 

Co—U.h.f. bypass: 1% > %-inch brass plate, insulated 
from end of r.f. assembly with .005-inch 
plastic film. See Figs. 16-30 and 16-32. 

Cr, Cs—0.001-uf. feedthrough bypass (Centralab FT- 
1000). 

CR:—Multiplier. diode, DR303 or 1N82. 

CRe—Mixer diode, 1N21B, C, D, E, or MA 421B. 

Ji, Je—Coaxial fitting, BNC type. 

Ja—Closed-circuit jack. 


tuned by 8-32 screws which provide a small 
variable capacitance to ground at the center of 
each line. A nut is soldered on the inside of 
each trough to provide threads, and a nylon nut 
(or short length of nylon rod tapped 8-32) is 
used on top of the chassis as a jam nut, This 
provides tension on the screw to give smooth 
tuning. The mixer-crystal holder is made by 
soldering a %4-inch length of %-inch id, %6- 
inch o.d. brass tubing in the 5¢-inch hole in the 
mixer bypass plate, then making two saw cuts 
across the end of the tubing at 90-degree angles 
to form fingers, These are bent in until they 
grip the large end of the crystal firmly. The 
mixer bypass plate is insulated by covering the 
side away from the crystal holder with cello- 
phane tape, and is mounted on the end of the 
trough lines with 4-40 screws and insulating 
shoulder washers. The holder for the small end 
of the crystal is a contact removed from an 
octal tube socket. ° 

The antenna input connector is a UG 1094/U 
BNC fitting. It must be spaced up with a few 
3-inch i.d. washers so that the threads will just 
reach through the chassis and the trough line 
with enough length for the nut. The center con- 


Li—11 turns No, 22 enam. close-wound on %-inch slug- 
tuned form (CTC PLS-6 or LSM). 

Lo—4 turns like Li. ; 

Ls—6 turns No. 22 tinned, %-inch diam., % inch long, 
center-tapped. 

Li~3 turns like Ls, % inch long. 

Ls—1 turn insulated hookup wire at center of Ly. 

ls, L:~25 turns No. 28 enam. closewound on form like 
Li. Tap on Ls 3% turns from cold end. 

Le—4 turns insulated hookup wire around B-+- end of Lr. 

RFC:—11 t. No. 22 spacewound on 1-watt resistor. 


nection of the fitting should be cut down so that 
it clears the 14-inch rod that is the trough line 
center conductor. If desired, a type N fitting 
could be used by drilling out the hole for the 
larger fitting. The input loop is soldered to the 
end of the trough line about %¢ inch up from 
the bottom, and run straight over to the input 
fitting. The coupling loop to the mixer crystal 
is soldered to the end of the trough line 
between the mixer crystal and the center con- 
ductor. The entire u.h.f. portion of the con- 
verter can be silver plated, if means are avail- 


‘able, but this is not mandatory. 


Filtering 


The power to the converter should be filtered 
to prevent signals in the if. range from getting 
into the converter and back into the receiver. 

This is accomplished by bringing in B+ 
through a 47-ohm resistor and a feedthrough 
bypass capacitor. The filament power comes 
through a choke wound on a 1-watt resistor and 
through a feedthrough bypass. To cover the 
exposed terminals on top of the converter, an 
aluminum can that 35-mm. film is packaged in 
was used. The top was flattened by placing the 


1296-Mc. Converter 


top over a large dowel and hammering out the 
bulge. The top is then drilled for the feed- 
through capacitors and the terminal strip 
mounting screw. The top is held in place on the 
top of the chassis with these components. The 
power cable is brought in through -a grommet 
in the bottom of the film can. The paint can be 
removed from the film can with lacquer thinner. 


Adjustment 


The oscillator and multiplier stages can be 
checked out as in any converter, using a grid-dip 
meter to tune circuits, up to the 213-Mc. stage. 
The output of the 427-Mc. stage can be checked 
by temporarily disconnecting the multiplier 
diode where it connects to the side of the trough 
line and putting.a meter in series with the diode 
to ground. Current here should be 6 ma. or 
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Fig. 16-42—Details of the sheet-metal 
parts of the trough-line tank circuits. 
The small plate at the left is insulated 
from the end of the trough assembly 
with thin sheet teflon. Slot in the parti- 
tion, upper portion of drawing, provides 
space for the mixer crystal, as shown in 
Figs. 16-30 and 16-31, 


more. If insufficient current is obtained, try in- 
creasing the value of grid leak for the 6AK5 
stage from 15K to 33K or 47K. The diode should 
then be reconnected and a 0-l-ma. meter con- 
nected to the mixer current jack. The tuning 
screw in the 1282-Mc. trough line should be ad- 
justed until crystal current is obtained. If the 
crystal current is less than 0.2 ma., solder a %4- 
inch long piece of wire to the contact at the small 
end of the mixer crystal and bend the other end 
near the center conductor of 1282-Mc. line, and 
readjust the tuning. 

Next, adjust the tuning of the 1296-Mc. line 
until the crystal current dips. This indicates that 
the input circuit is tuned to 1282 Mc. Back the 
screw out slightly, and you will be near 1296 
Mc. Connect the converter to a receiver tuned to 
14 Mc. and adjust the if. amplifier coils for 


Fig. 16-43—Bottom view of the 1296-Mc. converter. Oscillator multiplier components are at the right: Note the 
diede multiplier in the lower right corner of the 1282-Mc. tank circuit. The mixer crystal is at the left end of the 
tank circuits. 
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AND U.H.F. RECEIVING 


Fig. 16-44—Close-up view of the u.h.f. circuits, These are halfwave lines, tuned at their midpoints. The mixer 
crystal is held in place by a slotted brass sleeve, soldered to a capacitor plate on the outside of the trough, 
Though it is not visible in the picture, the capacitor plate is insulated from the trough end with a thin film of 
plastic. Screws that hold the inner conductors in position are insulated from the capacitor plate by fiber washers. 


maximum noise in the receiver. At this point 
you can listen for the harmonic of a 144- or 432- 
Mc. transmitter and peak up the input on that 
signal. For further improvement a crystal diode 
noise generator will be required. 

With a noise generator, experiment with size 
and shape of input coupling and mixer coupling 
loops, and local oscillator injection. It may be 
worthwhile, also, to try different taps on the if. 
input coil. When changing mixer crystals, do 
not decide which is best until you have opti- 
mized these adjustments for the particular 
crystal in question. A 1N21E may seem no 
better than the 1N21B you started with, until 
things are peaked up for the new crystal. Then 
there is a difference. 

It is important that the shortest possible feed- 


line be used-at this frequency. RG-8/U is com- 
monly used, but has about 9-db. loss per 100 
feet. The converter has a BNC input connector 
as RG-55/U cable is used between the converter 
and the antenna relay, a distance of three feet. 
From the relay to the antenna, RG-8/U is used. 
Double-shielded cables such as RG-71/U 93- 
ohm or RG-55/U 53-ohm cable should be used 
between converters and the receiver to keep 
signals at the intermediate frequency from leak- 
ing to the receiver. 


(From March, 1961, OST.) 


K6AXN provided a drawing of the converter top plate 
which can be used as a template for drilling. Copies of 
this template will be sent free of charge upon receipt of 
a stamped self-addressed envelope. Address ARRL Tech- 
nical Dept., Newington, Connecticut 06111. 


1215 Mc. and higher 


The September, 1960, issue of OST carried an 
article on the conversion of the war-surplus 
APX-6 transponder to a 1215-Mc. transmitter 
receiver. Anyone interested in this frequency 
will do well to consider the unit, since it is an 
inexpensive way to get started on the band. 

The August, 1960, issue of OST described an 


experimental transceiver for 5650 Mc. based on 
using the 2K26 reflex klystron as transmitter 
and receiver local oscillator. Elementary wave- 
guide techniques are used with a horn antenna. 

An account of experimental two-way com- 
munication above 20 kMc. was carried in the 
May, 1959, issue of OST. 


Noise Blanker 
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NOISE BLANKER FOR VHF AND UHF RECEPTION 


Automobile ignition‘ noise is often troublesome 
at 50 and 144 Mc. Above 200 Mc., radar pulses 
originating from the Government Radio Posi- 
tioning Service contribute further to poor recep- 
tion. The simple unit shown in Figs. 16-45 and 
16-47 is connected between crystal-controlled 
converter and station receiver; it is capable of 
resolving most pulse-interference problems en- 
countered by the v.h.f./u.h.f. operator. 

Referring to the circuit in Fig. 16-46, the noise 
blanker consists of two amplifier stages, stagger- 
tuned to provide a bandwidth of about 1.5 Mc. 
The i.f. spectrum, including the interfering pulses, 
is amplified in these two stages and then coupled 
into a pair of back-to-back diodes. The first of 
these is a germanium second-detector diode; the 
other is a high-grade silicon computer-grade 
diode. The silicon diode has a forward voltage 
requirement of about % volt, which sets the 
clipping level. A high-gain audio amplifier con- 
nected at E permits audio monitoring of the 
entire blanker band. This is not practical for 
weak signals, but it does provide continuous 
monitoring on a lightly occupied band. 

The if. output coupling is through C,, which 
is physically merely a wire running from J, 
near (but not touching) L,. Because the ampli- 
fier has high gain and is lightly loaded, heater 
chokes are included to reduce the chances for 
feedback via this common path. 


Construction and Adjustment 


In wiring the blanker, keep the disk-capacitor 
leads short. Use a ground lug at each socket, 
and run a wire from it to Pin 3 and the center 
(shield) pin. When installing the diodes, protect 


001 


Fig. 16-45—I.f. noise blanker is used between crystal- 

controlled converter and h.f. receiver to clip noise or 

radar pulses. Built in 3 X 4 X 5-inch utility box (LMB’ 

U-C 971), the unit requires no attention except when 
gain is changed to meet conditions. 


the diodes by using a pair of long-nosed pliers as 
a heat sink, and don’t remove them until the 
solder junction has cooled. 

After the circuit has been wired and checked 
for errors, place the tubes in their sockets and 
adjust the inductors with the aid of a grid-dip 
meter. Then connect the converter, the blanker 


cy OUTPUT 


Fig. 16-46—Circuit diagram of the noise blanker. 


Ci—Coupling capacitor; see text. 
CRi—1N60 or similar. 

CR2--TID-37 or similar switching diode. 
E—Insulated pin jack. 

Js, Je—U.h.f. chassis receptacle, SO-239, 
Pi—3-pin male cable connector. 


Ri—5000-ohm 2-watt wirebound potentiometer, linear 
taper. 

Re—Diode load resistor; see text. 

RFC,, RFC.—500-h. r.f. choke. 

RFCs, RFCs—80 turns Né. 24 enam., bank-wound on 0.1- 
megohm '4-watt resistor. 
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RECEIVING 


V.H.F. AND U.H.F. 


Fig. 16-47—Construction of noise blanker is conventional with possible exception of coupling capacitor, Ci, the wire 
running nowhere from the output jack at left. 


and the receiver together and apply power. Set 
the gain control, R,, for maximum gain. Thermal 
noise from the converter should be heard in the 
receiver. ; 

To stagger-tune the blanker, signal sources at, 
say, 144, 145 and 146 Mc. should be available. 
Using the 144-Mc. signal, tune the receiver to 
14.0 (or 28.0) Mc. and peak L,. Swinging to a 
145-Mc. signal, tune the receiver and then peak 
Ly, Finally repeat with the 146-Mc. signal and 
Ly. Repeat until a reasonably flat response is 
achieved through the blanker. If the overall re- 
sponse of the converter is reasonably flat, the 
blanker can be adjusted in a similar manner on 
the thermal noise of the converter. 

Adjust C, (by moving the wire from Jy) so 
that the overall gain, with or without the blanker 
in the system, is the same. A signal and the 
S-meter reading is adequate for this adjustment. 
R, will normally be run “wide open’, unless a 
converter of unusually high gain is used ahead 
of the blanker. If pulse noise is not completely 
removed, it may be because the gain up to the 
diodes is insufficient (which can be corrected by 
an additional stage of 1.f. following the converter) 
or the diodes are defective. 

The performance of the noise blanker in on- 
the-air operation leaves little to be desired from 
the standpoint of external noise elimination in 
whi. work. With or without noise, the insertion 
of the noise blanker in the circuit has no discern- 


ible effect on the readability of a weak signal. In 
the presence of pulse-type noise the signal con- 
tinues to be perfectly readable and the noise is 
not eviderit at all in the output of the receiver. 
Radar pulses strong enough to draw grid current 
in the r.f. stage of the if. receiver are completely 
eliminated by the use of this blanker. However, 
like all good things, there are some drawbacks 
to the use of a noise blanker, The worst of these 
is that a very strong local signal will overload the 
noise blanker and cross-modulate other signals 
on the band. This is an inherent trait of noise- 
blanker circuits for which no solution has been 
found. In order to obtain sufficiently strong blank- 
ing pulses, high-gain amplifiers are required and 
high-gain amplifiers necessarily overload. This 
disadvantage is far outweighed by the ability to 
copy weak signals in the presence of strong pulse- 
type interference. Even when the blanker is over- 
loaded, signals which could not be heard through 
radar interference without it are readable. 


All coils wound closewound with No. 30 enam. 
on %-inch diameter forms (Miller 4400). 


li tap Le bs 
30 10 30 36 
10 4 10 


Chapter 17 


V.H.F. and U.H.F. Transmitting 


Through the hard work of radio amateurs the 
world over, v.hf., u.h.f., and microwave tech- 
niques have advanced tremendously in the past 


decade. Because new communication modes have © 


been explored, then subsequently refined, such 
media as E.M.E. (“moonbounce”), scatter, 
meteor shower, and satellite communications have 
become practical for amateur radio work. With 
these state-of-the-art advances has come the need 
for better equipment than was heretofore neces- 
sary. Because high orders of receiving selectivity 
are employed, the frequency stability of the v.h.f. 
or uh. transmitter must be excellent. Noise- 
cancelling devices have made possible the recep- 
tion of very weak signals, further extending the 
usable communications path of some modes, As 
the technology has advanced, higher levels of 
transmitter power have become possible—even in 
the upper u.hf. region—bringing the maximum 
legal power level within the financial and tech- 
nical reach of most radio amateurs. Reliability, 
frequency stability, and purity of emissions have 
become the watchwords of dedicated v.h.f./u.h-f. 
experimenters. No longer is war surplus equip- 
ment the “standard” in v.h.f. work. Most modern- 
day v.hf. or wh.f. operators employ home-built 
transmitting and receiving equipment, or at least 
use composite stations made up from high-quality 
commercial and home-built gear. 

For the reasons outlined in the foregoing para- 
graph, and so the state-of-the-art will continue 
to advance in amateur radio, today’s v.h.f./u-h.f. 
enthusiast should strive to build and operate 
equipment that reflects the technical concepts of 
the times, The success or failure of any v.h.f. or 
u.h.f. operation is dependent not only upon the 
skill of the operator, but also on the quality of the 
equipment being used.  ~ 


Crystal Oscillators 


Fundamental- or harmonic-type crystal-con- 
trolled oscillators of the type described in Chapter 
6 can be used for v.hf. and u.h.f. transmitters. 
If variable-frequency control is desired, some 
form of VXO or v.f.o. can be employed. Alter- 
natively, overtone crystal oscillators of the type 
illustrated in Chapter 16 can be used in the ex- 
citer. The choice of frequency-controlling element 
is usually influenced by the overall efficiency de- 
sired (the higher the oscillator frequency, the 
fewer multiplier stages required), the transmit 
mode (low-frequency oscillators being better for 
wide-band f.m.), and the desire to lessen the 
chances of harmonic radiation—the higher oscil- 
lator frequencies being better in this respect. 

Overtone crystals oscillate on some approxi- 
mate odd multiple of their fundamental cut. That 
is to say, for example, a 24-Mc. third-overtone 
crystal is actually ground for 8 Mc. but its third 


overtone may not be an exact multiple of 8 Mc. 
The same is true of crystals designed for 5th- 
overtone use. The manufacturers of overtone 
crystals provide recommended circuits for tran- 
sistor or vacuum-tubé use so that they can guar- 
antee, within a certain tolerance, the overtone 
frequency of their crystals. Generally, any sig- 
nificant departure from the prescribed circuit 
values will cause a shift in crystal frequency. Al- 
though fundamental-cut crystals of the war sur- 
plus variety can often be made to oscillate on their 
3rd or 5th overtones, it is impossible to predict the 
frequency at which the overtone will occur. Gen- 
erally, the overtone frequency will fall several 
kilocycles or more away from what would be the 
exact harmonic frequency of the crystal. 

It is important that some form of voltage regu- 
lation be used on the crystal oscillator stage of the 
exciter if good frequency stability if to be had. 
The techniques shown in the first part of Chapter 
16 are applicable to v.h.f. and u.h.f. exciters and 
should be considered in the design. Further, for 
best overall stability, the oscillator stage should 
not be required to deliver power. It is best to op- 
erate the oscillator at a very low power level and 
build up the output from the oscillator by means 
of a buffer stage, 


Frequency Multipliers 


Information on frequency multipliers is given 
in Chapter 6 of this book. Frequency multipliers, 
though for v.h.f., u.h.f., or for the h.f. bands, op- 
erate in the same manner. It is important to pro- 
vide for ample driving power from the preceding 
stage of the exciter if the frequency multiplier 
stage is to be properly excited. All too often, the | 
final amplifier stage in a v.h.f. or u.h.f. transmitter 
lacks sufficient grid drive to operate efficiently. 
The cause of low grid drive can usually be at- 
tributed to skimpy design in the exciter, or to 
poor design of the interstage coupling circuits. 

To assure adequate grid drive, each stage of the 
exciter should be checked to make certain that it 
is being driven hard enough to develop its rated 
grid current and grid voltage. Also, for safety 
reasons, this is particularly important in circuits 
that do not use some form of protective bias. 
A tube that depends solely upon the bias 
developed across a grid resistor can exceed its 
rated plate dissipation and become damaged if not 
driven adequately from the preceding stage of the 
exciter. For this reason it is wise to provide at 
least enough protective bias, by means of a 
cathode resistor or fixed-bias supply, to limit the 
plate dissipation of the exciter tubes to somewhat 
less than their maximum ratings during the ab- 
sence of grid drive. 

The amount of grid bias and grid current re- 
quired by an exciter stage is dependent upon the 
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task performed by the tube. The requirements are 
different for a buffer stage than for a doubler or 
a tripler. Frequency multipliers require a value of 
bias that is several times cutoff. For doublers and 
triplers, the grid circuit operates with about the 
same amount of current as does a buffer stage, 
but requires a grid resistor of from twice to sev- 
eral times the ohmic value used for a buffer. 
Therefore, the developed grid bias is consider- 
ably higher than for straight-through buffer op- 
eration. A fair rule of thumb in designing fre- 
quency multipliers is to consult the tube tables for 
the proper grid-current and grid-resistor values 
for the tube used (for use as a straight amplifier), 
then double the grid resistor’s ohmic value for 
doublers, and triple it for triplers. Maintaining 
the same amount of grid current will provide the 
higher bias required, enabling the tube to operate 
with a suitable angle of plate-current flow for its 
particular order of multiplication. (The efficiency 
of a frequency multiplier stage is dependent upon 
the angle of plate-current flow.) Multipliers pro- 
. vide efficiencies that are approximate reciprocals 
of the harmonics at which the stages operate: A 
doubler will be about 50 percent efficient ; a tripler 
33 percent; a quadrupler 25 percent. It is impor- 
tant to realize that the driving power require- 
ments that manufacturers specify for a given tube 
type are apt to be somewhat misleading, especially 
for v.hf. and w.h.f. service. If a tube chart calls 
for 0.5 watt of driving power for a class C am- 
plifier operating at, say, 50 Mc., this means that 
this amount of power must reach the grid element 
of the tube. In practice, and particularly at v.h.f. 
and u.h.f., it could take as much as 5 or 6 watts 
of driving power from the preceding stage to pro- 
vide the required 0.5-watt level at the control grid 
of the driven stage. A good rule in designing v.h.f. 
and u.h.f. exciters is to plan on having approxi- 
mately 10 times the required driving power avail- 
able, thus providing sufficient leeway in available 
drive. It is also a good idea to select a driver or 
multiplier tube that is not required to operate at, 
or near, its maximum safe power level when sup- 
plying the drive required by the following stage. 
If 10 watts of driving power are needed, one 
should select a tube that can provide 15 or 20 
watts of power output without being operated 
at its maximum ratings. This practice will assure 
longer tube life and offer greater transmitter re- 
liability. 


Amplifiers 


Most v.h.f. and u.hf. amplifier stages are op- 
erated class C or class AB,. The AB, mode is 
useful for amplifying s.s.b., c.w., or low-level a.m. 
signals. An AB,-type amplifier requires but little 
power from the driver stage, and is frequently the 
choice of v.h.f. operators. A.m. operators who use 
lé6w-power commercial transceivers can con- 
veniently increase their transmitted power level 
from five or 10 watts to as much as 300 watts 
(output) by means of an AB, linear amplifier. 
External-anode tubes such as the 4CX250 series 
are often used in these amplifiers. Class-C opera- 
tion is frequently the choice of the operator who 
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Fig. 17-1—Representative circuits for neutralizing 
v.h.f, single-ended amplifiers. The same techniques are 
applicable to stages that operate in push-pull. At A, 
C1 is connected in the manner that is common to most 
v-h.f. or u.h.f. amplifiers. The circuits at B and C are 
required when the tube is operated above its natural 
self-neutralizing frequency. At B, Ci is connected be- 
tween the grid and plate of the amplifier. Ordinarily, 
a short length of stiff wire can be soldered to the grid 
pin of the tube socket, then routed through the chassis 
and placed adjacent to the tube envelope, and parallel 
to the anode element. Neutralization is effected by 
varying the placement of the wire with respect to the 
anode of the tube, thus providing variable capacitance 
at Cy. The circuit at C is a variation of the one shown 
at B. It too is useful when a tube is operated above its 
self-neutralizing frequency. In this instance, Ci pro- 
vides a low-Z screen-torground path at the operating 
frequency. RFC in all circuits shown are v.h.f. types 
and should be selected for the operating frequency of 
the amplifier. 


V.H.F. TVI Prevention 


desires good efficiency when operating c.w., f.m., 
or am., the latter with high-level modulation. 

Where space conservation is not a prime con- 
sideration, lumped-inductance plate tanks are gen- 
erally avoided. The strip-line, coaxial, parallel- 
line, or resonant-cavity tank circuits offer better 
efficiency, higher Q, and good thermal stability in 
comparison to coil/capacitor-style tank circuits. 
Lumped inductance tank circuits are useful in 
portable and mobile equipment, or in other com- 
pact assemblies. : 


Stabilization 


Neutralization of v.hf. and u.h.f. amplifiers is 
required if good stability is desired. Unfortu- 
nately, the stray inductance and capacitance in- 
troduced by most neutralizing circuits may be ex- 
cessive for operation at 220 Mc. and higher. In 
such instances grounded-grid amplifiers can be 
used. The latter seldom require neutralization, 
but because part of the driving power appears in 
the output, both the driver and the amplifier must 
be modulated when a.m. is used—provided 100 
percent modulation is desired. Grounded-grid am- 
plifiers are ideal, however, for the amplification 
of f.m., s.s.b., and c.w. signals. Conventional neu- 
tralization techniques are discussed in Chapter 6 
and are applicable to most v.h.f. amplifiers. If, 
however, certain tubes are used in the upper v.h.f. 
region, but were designed for use in the h.f. and 
lower v.h.f. regions (such as 6146s, 4-125As, and 
similar types), it may be nécessary to employ the 
type of neutralization circuit illustrated in Fig. 
17-1 at B. The more common type of neutraliza- 
tion circuit is shown at A. The circuit at B is 
useful when the tube is operated above its self- 
neutralizing frequency. This circuit is necessary 
when the screen-lead inductance of the tube is too 
high to permit the proper division of voltage be- 
tween the internal capacitances of the tube when 
conventional neutralization is attempted. Another 
technique for neutralizing such a tube is shown in 
Fig. 17-1 at C. This method reduces the voltage 
developed across the screen-lead inductance by 
series-tuning the screen lead to ground, thus pro- 
viding a low-impedance screen-to-ground path at 
the operating frequency. When this type of neu- 
tralization is employed, retuning of the neutraliz- 
ing capacitor, C,, is necessary when major 
changes in the operating frequency are carried 
out. A panel-controlled variable capacitor can be 
used for C, if greater operating convenience is 
desired. The screen-lead r.f. choke and its asso- 
ciated bypass capacitor serve as a decoupling net- 
work. Neutralization of transistorized v.h.f. am- 
plifiers is not practical except in the case of 
single-frequency amplifiers that are looking into a 
constant load impedance, Frequently, the addition 
of neutralization circuits to transistorized r.f. am- 
plifiers contributes to, rather than cures, the 
instability problem. 

Another problem faced by the v.h.f./u.hf. op- 
erator is that of parasitic oscillation in one or 
more stages of the transmitter. Such oscillations 
usually occur above the self-neutralizing fre- 
quency of the tube being used, and in some in- 
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stances the neutralizing circuit can contribute to 
the parasitic condition by increasing the level of 
the r.f. feedback at the parasitic frequency. A 
common cure for this form of instability is the 
addition of a parasitic choke to the plate circuit 
of the unstable stage. The circuits of Fig. 17-2 
A and B are commonly used in 6-meter trans- 
mitters. However, the circuit at A will absorb 
sufficient fundamental energy to burn up in all 
but the lowest-power transmitters. A better ap- 
proach is to use the parasitic choke illustrated at 
B. In this circuit the choke.is coupled to the plate 
circuit and tuned to the parasitic frequency. Since 
a minimum amount of the fundamental energy 
will be absorbed by the trap, heating should no 
longer be a problem. 

At 144 Mc. and higher, it is difficult to con- 
struct a parasitic choke that will not be resonant 
at or near the operating frequency. Should u.h.f. 
parasitics occur, an effective cure can often be 
realized by shunting a 56-ohm. 1-watt resistor 
across a small section of the plate end of the tuned 
circuit as shown in Fig. 17-2, at C. The resistor 
should be attached as near the plate connector as 
is practical. Such a trap can often be constructed 
by bridging the resistor across a portion of the 
flexible strap-connector that is used in some 
transmitters to join the anode fitting to the 
plate-tank inductor. 

Instability in solid-state v.h.f. and u.h.f, ampli- 
fiers can often be traced to oscillations in the 1.f. 
and h.f. regions. Because the gain of the transis- 
tors is very high at the lower frequencies, insta- 
bility is almost certain to occur unless proper 
bypassing and decoupling of stages is carried out. 
Low-frequency oscillation can usually be cured 
by selecting a bypass-capacitor value that is ef- 
fective at the frequency of oscillation and connect- 
ing it in parallel with the v.h.f. bypass capacitor 
in the same part of the circuit. It is not unusual, 
for example, to employ a 0.1-uf. disk ceramic in 
parallel with a 0.001-uf. disk capacitor in such 
circuits as the emitter, base, or collector return, | 
The actual values used will depend upon the fre- 
quencies involved. This technique is shown in Fig: 
17-2D. 

Other methods for transmitter stabilization, 
such as interstage shielding, are discussed in 
Chapter 6 and are applicable to v.-hf. and uh. 
construction. 


V.H.F. TV] PREVENTION AND CURE 


The principal causes of TVI from vhf. 
transmitters are as follows: 

1) Adjacent-channel interference in Channels 
2 and 3 from 50 Mc. 

2) Fourth harmonic of 50 Mc. in Channels 11, 
12 or 13, depending on the operating frequency. 

3) Radiation of unused harmonics of the os- 
cillator or multiplier stages. Examples are 9th 
harmonic of 6 Mc., and 7th harmonic of 8 Mc. 
in Channel 2; 10th harmonic of 8 Mc. in Channel 
6; 7th harmonic of 25-Mc. stages in Channel 7; 
4th harmonic of 48-Mc. stages in Channel 9 or 
10; and many other combinations. This may in- 
clude if. pickup, as in the cases of 24-Mc. inter- 
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Fig. 17-2—Representative circuits for v.h.f. parasitic suppression are shown at A, B, 
and C. At A, Z: (for 6-meter operation) would typically consist of 3 or 4 turns of No. 
14 wire wound on a 100-ohm 2-watt non-inductive resistor. Z; overheats in all but very 
low power circuits. The circuit: at B, also for 6-meter use, is more practical where 
heating is concerned. Z2 is tuned to resonance at the parasitic frequency by C. Each 
winding of Zz consists of two or more turns of No. 14 wire—determined experimen- 
tally—wound over the body of a 100-ohm 2-watt (or larger) noninductive resistor. 
At C, an illustration of u.h.f. parasitic suppression as applied to a 2-meter amplifier. 
Noninductive 56-ohm 2-watt resistors are bridged across a short length of the con- 
necting lead between the tube anode and the main element of the tank inductor, thus 
forming Zs and Zs. 

The circuit at D illustrates how bypassing for both the operating frequency and 
lower frequencies is accomplished. Low-frequency oscillation is discouraged by the 
addition of the 0.1-uf. disk ceramic capacitors. RFC, and RFCs are part of the de- 
coupling network used to isolate the two stages. This technique is not required in 

vacuum-tube circuits. 


V.H.F. Linear Amplifiers 


ference in receivers having 21-Mc. if. systems, 
and 48-Mc. trouble in 45-Mc. i-f’s. 

4) Fundamental blocking effects, including 
modulation bars, usually found only in the lower 
channels, from 50-Mc. equipment. 

5) Image interference in Channel 2 from 144 
Mc., in receivers having a 45-Mc. if. 

6) Sound interference (picture clear in some 
cases) resulting from rf. pickup by the audio 

circuits of the TV receiver. 


There are many other possibilities, and wht. 
TV in general use will add to the list, but nearly 
all can be corrected completely, and the rest can 
be substantially reduced. 

Items 1, 4 and 5 are receiver faults, and nothing 
can be done at the transmitter to reduce them, 
except to lower the power or increase separation 
between the transmitting and TV antenna sys- 
tems. Item 6 is also a receiver fault, but it can 
be alleviated at the transmitter by using f.m. or 
c.w. instead of a.m. phone. 

Treatment of the various harmonic troubles, 
Items 2 and 3, follows the standard methods de- 
tailed elsewhere in this Handbook. It is sug- 
gested that the prospective builder of new v.h-f. 
equipment familiarize himself with TVI preven- 
tion techniques, and incorporate them in new 
construction projects. 

Use as high a starting frequency as possible, 
to reduce the number of harmonics that might 
cause trouble. Select crystal frequencies that do 
not have harmonics in TV channels in use locally. 
Example: The 10th harmonic of 8-Mc. crystals 
used for operation in the low part of the 50-Mc. 
band falls in Channel 6, but 6-Mc. crystals for 
the same band have no harmonic in that channel. 

If TVI is a serious problem, use the lowest 
transmitter power that will do the job at hand. 

Keep the power in the multiplier and driver 
stages at the lowest practical level, and use link 
coupling in preference to capacitive coupling. 

Plan for complete shielding and filtering of the 
rf. sections of the transmitter, should these steps 
become necessary. 

Use coaxial line to feed the antenna system, 
and locate the radiating portion as far as possible 
from TV receivers and their antenna systems. 


TIPS ON LINEAR V.H.F. AMPLIFIERS 


If you must use an a.m. linear, don’t expect 
70 per cent efficiency from it. Don’t expect 50. 
Expect and see that you get, no more than 35 per 
cent from a Class AB, linear, or no more than 
about half the rated plate dissipation for the tubes 
used. This means 350 watts out of the 50-Mc. 
amplifier, Fig. 17-23, with a kilowatt in, even 
though you can get 750 watts out of it in Class 
C. For the 144-Mc. amplifier, Fig. 17-26, 200 
watts out with 700 in is about the safe maximum 
for a.m. linear service. These are optimum fig- 
ures; you may get less, but you can’t get more 
and be linear. 


About Driver Stages 


Obviously the driver stage is important in the 
linear picture. If we are going to amplify it in 
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exactly its original form, the signal had better 
be good to start with. A distorted splattering 
signal fed to a linear results in more of the same; 
lots more! The exciter should be stable and its 
output stage as perfectly modulated as we can 
make it. Since the driver operates at very low 
level, this is not hard to do. If an exciter is being 
built especially to drive a linear, it might be well 
to go with a neutralized-triode output stage, with 
no more than about 5 watts input. A Class-A 
modtlator employing inverse feedback and some 
form of output limiting would be good. Peak | 
limiting is important, to keep the average modula- 
tion percentage high and prevent overmodulation. 

Most v.hf. transmitters will have a lot more 
output than is needed, so the drive applied to 
the amplifier must be reduced in some way. De- 
tuning the driver output circuit or the ampli- 
fier grid circuit will not do, as it may leave the 
driver without a proper load, and impair its 
modulation quality. A simple solution is to con- 
nect a 50-ohm dummy load parallel with the 
driver output. A coaxial T fitting is connected 
to the driver output receptacle. The dummy load 
is connected to one side of the T, and the ampli- 
fier grid input to the other. The amplifier grid 
circuit still may have to be detuned slightly, if 
the exciter output is more than 2 or 3 watts, 
but this will not be harmful for only a small 
reduction in drive. Driver output may also be 
reduced by lowering its plate or plate-and-screen 
voltage, though it is well to check the quality 
to be sure that linear modulation characteristics 
are being obtained in the driver. 


Checking Signal Quality 


The Heath Monitor Scope, Model SB-610, is 
ideal for use with a v.hf. linear, as it may be 
left connected to the transmission line for con- 
tinuous monitoring. Some modification may be 
necessary for effective use of this scope on 144 
Mc., though it works nicely on 50 Mc. and lower 
bands as is. Two coaxial receptacles of the SO- ° 
239 type are mounted on the back of the scope, 
with their inner terminals joined by a wire 
about 134 inches long. The transmitter is con- 
nected to one receptacle andthe antenna coax to 
the other. The unshielded wire inside the scope 
causs an appreciable impedance bump in a 144- 
Mc. line. This may be corrected by connecting 
a coaxial T fitting to one of the terminals, and 
using its two arms to make the above connec- 
tions from transmitter to antenna line. Internal 
scope connections and functions remain intact, 
and the impedance bump is held to manageable 
proportions. 

The scope, milliammeters in the grid, screen 
and plate circuits of the amplifier, and a power- 
indicating device in the coaxial line are useful 
in setting up the linear for maximum effective- 
ness. The power meter will tell you if you are 
getting all you should from the amplifier. If 
you're getting too much, the ‘scope will tell you. 
The meters are necessary to assure operation at 
both safe and optimum conditions. 

The tube manufacturers’ data sheets give 
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typical operating conditions for various classes 
of service, usually including a.m. linear. These 
are the best guides available and you'll do well 
to follow them closely, especially when just 
learning your way around with a linear. They do 
not tell the whole story, however. They are 
merely “typical”; there may be other combina- 
tions that will work well, if you know how to 
read the indications your meters and scope pro- 
vide. Conversely, it may be possible to radiate 
a less-than-admirable signal, when meter indica~ 
_tions alone seem to be in order. You'll need that 
scope! 

In using the high-powered 6- and 2-meter lin- 
ears the plate voltage can be almost anything, 
provided that the amplifier is adjusted carefully 
whenever the plate voltage is changed. From 
800 to 2000 volts has been used on 4CX250Rs 
and Bs. Screen voltage should be what the sheet 
calls for; in this case 250 volts for Class C and 
350 volts for Class AB. Bias should be variable 
and adjusted so that the tube or tubes will draw 
the recommended no-drive plate current. In this 
instance it’s about 100 ma. per tube. It is well to 
start with bias on the high side (no-drive plate 
current low) to be on the safe side until set up 
correctly. 

With the amplifier running in this fashion, 
feed in enough drive to make the plate current 
rise and output start to appear. Tune the final 
plate circuit and adjust the loading controf for 
maximum output, as indicated by the height of 
the scope pattern or by the power-indicating 
meter in the transmission line. Disregard the 
final plate current, so long as it is at a safe value 
(Do not tune for dip; tune for maximum out- 
put.) Run up the drive now to the point where 
grid current just starts to show, and then back 
it off slightly. Readjust the plate and loading 
controls for maximum output. Be sure that you’re 
putting every watt you can into the transmis- 
sion line for this amount of grid drive. Maximum 
loading is a must for linear operation. 

Try modulating the driver, while watching 
the scope pattern. Using a single tone should 
produce the usual pattern. At 100 per cent modu- 
lation, the peaks and valleys should be sharp 
and the valleys (negative peaks) just reach the 
zero line. Positive peaks are just twice the total 
height of the unmodulated envelope. If you don’t 
have some form of negative-peak limiting, watch 
out for excessive modulation in that direction. 
That’s where the splatter comes from first if 
audio and rf, operation is clean otherwise. In 
watching your voice modulation beware of the 
bright flashes at the zero line of the modulation 
pattern that indicate. over-modulation on nega- 
tive voice peaks. 

Practice the adjustment routine with a dummy 
load connected to the transmitter, and you'll 
soon get the hang of it. Deliberately over-drive 
the amplifier and see how quickly you can detect 
the results on the scope pattern. Observe the 
meter action, too. You'll see that you can’t draw 
any grid current without spoiling the picture. 


You'll also see that when the scope picture is - 
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right the plate current stands still on all modula- 
tion peaks. The screen current will probably be 
just a bit negative. Output will absolutely not 
exceed 35 per cent of the input. If it does, you've 
got some meter inaccuracies, or you're cheating 
on the interpretation of the scope pattern. The 
scope is the final authority; you have to believe 
it. ; 

Now, once over lightly again. Loading is all- 
important. Keep it at the maximum output you 
can get for a given value of grid drive. Recheck 
it for every frequency change or change in plate 
voltage. Grid current will always be zero. Grid 
drive can be lower than optimum as regards out- 
put, but never more than optimum. (You can 
read grid voltage for a reference on amount of 
grid drive, if you like.) Thé scope will tell you 
very clearly the minute you go too high. So 
will the sound of the signal, but this may be hard 
to determine, if your receiver overloads on your 
own signal. Most receivers will. Final plate cur- 
rent will rise with increasing grid drive, but it 
must stand still during modulation. If it kicks on 
modulation peaks, you’ve got distortion, and very 
likely splatter. 

All adjustments react on one another to some 
extent, and each time you change any operating 
condition you have to go through the routine 
completely again. This sounds as if you’d spend 
the rest of your life tuning the rig, but once you 
get the hang of it you can make the necessary 
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corrections in seconds. C 


Using Other Modes 


Since a.m. linear is the most critical of all, it 
is in order to switch to any other mode without 
making any adjustments, if you want to switch 
instantly. A good linear is more versatile than 
this, however. It’s possible to do a lot better than 
the a.m. conditions on sideband, and still stay 
in the AB, mode. Efficiency on c.w. will shoot 
up markedly with just a slight increase in grid 
drive, with no other changes. Same for f.m., 
which is identical to c.w., as far as the tubes in 
the final are concerned. If you want the ultimate 
in c.w. or fm. output, switch to 250 volts on the 
screen, and run up the grid drive some more. 
Drive level is very uncritical, so about all you 
have to watch for is to keep the final input below 
the kilowatt level, and avoid swinging the plate 
current on fm. Readjustment of the plate tuning 
and loading will be needed for top efficiency. 
Plate-modulated voice service is quite similar to 
the c.w. conditions, except that the maximum 
plate voltage permissible is lower with most 
tubes. The grid drive requirements are usually 
slightly higher for good plate modulation condi- 
tions than they are for c.w. or fm., and the bias 
should be juggled for best modulation character- 
istics. 

An in-depth discussion about the tuneup 
and operation of linear amplifiers is given in 
Chapters 9 and 11 of this book. Oscilloscope 
patterns are also given and are applicable to 
v.hf. and uh.f. operation as well as to the hf 
bands. . 


6 and 2-Meter Transmitters 


431 


50-WATT TRANSMITTERS FOR 6 AND 2 


The two transmitters (Figs. 17-1 and 17-4) 
have several features in common. They were de- 
signed with the cost-conscious amateur in mind, 
they represent the simplest good construction 
techniques available, they share a common modu- 
lator design, and they include provision for good 

_c.w. operation. (Many transmitters in this fre- 
quency range have poor code performance or ig- 
nore the problem altogether.) Although shown 
for crystal control, a jack is included in the cir- 
cuit for external v.f.o. control when desired. 


The 50-Mc. Transmitter 


Referring to the circuit diagram, Fig. 17-3, the 
crystal oscillator circuit uses a 25-Mc. overtone 
crystal. V.f.o. input through J, should be at a 
level of 10 volts or better, to obtain adequate 
frequency multiplication in V,,. The doubler sec- 
tion of V, drives the neutralized output amplifier, 
a 6146B. Two tuned circuits between driver and 
amplifier are used to improve the selectivity and 
minimize the chances for out-of-band signals. The 
output amplifier is neutralized to improve both 
the code and the a.m.’ performance. The TUNE- 
OPERATE switch, 5, enables the operator to adjust 
the final-stage grid current without running full 
power. 

A5 x 9% & 2-inch chassis is used. The area 
around the 6146B output amplifier is enclosed by 
a perforated-aluminum box (Fig. 17-1) that is 
5-54 inches wide, 5-inches deep, and 4-inches 
high. Edges of the shielded compartment are 
made of 34-inch angle material, which can be bent 
in a vise from sheet aluminum. Standard angle 
stock can of course be substituted. Sheet-metal 
screws hold the perforated aluminum to the cor- 
ner stock. The aluminum front panel is 10-inches 
wide and 6%4-inches high. 

The neutralizing capacitor, Cs, is a 2%4-inch 
piece of No. 14 wire mounted alongside the 6146B. 
‘The plate of the tube serves as one plate of the 


Fig. 17-2—A look at the underside of the 6-meter 

chassis. Vi is at the right and the p.a., Ve is on the left. 

Banana jacks for metering the grid and plate current 
are located on the rear apron of the chassis. 
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Figure 17-1—Top view of the 6-meter r.f. deck. The VR 

tubes are at the upper left, V1 is to the right of them, 

and the tuning knob for C, is just above Vi. The 6146B 

p.a. and its plate tank are enclosed in the shielded area 
at the right. 


capacitor and the wire is the other plate. The 
wire is supported by a small feedthrough bushing. 

A critical part of the wiring is the r.f. ground- 
ing of the 6146B cathode. To this end a small “Y” 
of sheet copper (see Fig. 17-7) was used to bond 
the three cathode pins together, and each pin has 
its own 0.005-uf. ceramic bypass to ground. A 
shielded wire runs to the key jack, J,. 


The 144-Mc. Transmitter 


The construction of the 144-Mc. transmitter is 
similar to that of the 50-Mc unit. Chassis and 
power-amplifier shield cage dimtnsions are the 
same. 

Referring to the circuit diagram, Fig. 17-7, the 
oscillator is designed to use 8-Mc. crystals. It 
can also be controlled by an external v-f.o. that 
has 8-, 12- or 24-Mc. output. When a v.f.o. is 
used, S', should be closed, to short out the cathode . 
choke. 

The output amplifier, a 6146B, is neutralized 
in the same way that the 50-Mc. amplifier was. 
However, the output circuit is series-tuned, in 
contrast to the. pi network of the 50-Mc. unit. 
Series tuning is used to obtain the best possible 
L-to-C ratio at 144 Mc.; it requires inductive 
coupling to the antenna transmission line. 

The 6146B socket is mounted on a 2-inch square 
brass plate, so that the cathode bypass capacitor 
leads can be soldered to the plate. An alternative 
would be to solder to the aluminum chassis using 
aluminum solder. The same copper “Y” treatment 
of the cathode pins is used. 


Modulater and Power Supply 


The modulator and power supply are built on 
a 10x 12 x 3-inch aluminum chassis. The modu- 
lator circuit is conventional, although rf. filter- 
ing of the microphone input is included, as pro- 
tection against r.f. feedback. The modulator uses 
a pair of 7868 tetrodes, inexpensive tubes used 
primarily in hi-fi amplifiers. As used here, they 
deliver 30 watts of audio power. 
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Ci, C2—-30-pf. miniature variable (Millen 20029): 

Ca—Neutralizing stub (see text). 

C.—30-pf. double-spaced miniature variable (Hammar- 
lund HF-30X). 

Cs—140-pf. miniature variable (Millen 19140). 

Ji--Phono connector. 

J2--SO-239 coax fitting.” 

Js, Ja, Jo, J7—Insulated banana jacks. 

Js—Closed-circuit jack. 

Js—5-pin male connector (Amphenol 86CP5 suitable). 

Li~8 turns No. 22 enam. close-wound on %-inch dia, 
ceramic slug-tuned form. (Miller 4400 form.) 

lo—-5 turns No. 20, space-wound, 56-inch dia. (5 turns of 
Polycoils 1736 or B&W 3007 stock. See Ls data 
before preparing.) 


Silicon diodes are used throughout the power 
supply. A relay is included in the power supply, 
and it is used to control receiver muting and the 
antenna changeover relay. The relay is controlled 
by the send-receive switch, S's, which also con- 
trols the plate power supply. Another switch, S‘,, 
turns off the modulator and bypasses the modula- 

_ tion transformer for c.w. operation. 

The main consideration in the wiring of the 
modulator is to avoid hum. To this end the 
12AX7 wiring should be done carefully, keep- 
ing the “hot” heater lead (to Pin 9) away from 
Pins 1 and 2. 


Testing 
A three-foot-long power cable is used between 


the modulator/power-supply chassis and the r.f., 


strip in use. The cable should have a male con- 
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Fig. 17-3—Schematic diagram of the 6-meter r.f. circuit. Fixed capacitors are disc ceramic 
unless otherwise noted. Resistors are ¥2 watt composition unless specified differently. 


Ls-1% turns No. 20, space-wound, %-inch dia. (Part of 
Le Miniductor stock at cold end of Le See inset.) 

Li—1% turns No. 20, space-wound, %-inch dia. (1% 
turns of same type Miniductor stock as used for 
le, See inset). 

Ls—9 turns No. 20, space-wound, %-inch dia., center 
tapped. (Length of same type Miniductor stock 
used for Lo. See inset.) 

Le—6 turns No. 14 enam., 56-inch dia., 9/16 inch long. 

Ri-Re—5 per cent tolerance, or better. 

RFC;-RFC;—7-uh. r.f. choke. (Millen 300-8.2 suitable). 

Si—S.p.d.t. toggle. 

Y,:—25-Mc. overtone crystal. 

Z:--6 turns No. 14 enam., wound on 56-ohm, 1-watt 
resistor. Solder ends of coil to resistor pigtails. 


nector to mate with J,g and a female connector 
for connection J, or J 44. 

Plug the power cable into J, of the 50-Mc. 
assembly. Attach a 0-1 milliammeter to J, and J4. 
Place S| in the TUNE position and connect a 50- or 
75-ohm dummy. load to Jy. Apply power and 
adjust L,, C, and C, for maximum grid current 
as indicated on the meter. (Full-scale deflection 
is 10 ma. in the grid circuit.) It may be necessary 
to detune L, slightly from the peak setting in or- 
der to insure quick starting of the oscillator each 
time the transmitter is turned on. Use Cy to adjust 
the grid current to approximately 3 ma. 

Turn off the transmitter and plug the milliam- 
meter into J, and J,. (Full-scale deflection now 
represents 200 ma.) Place S, in the OPERATE 
position and turn the transmitter on. With C, 
set at maximum capacitance, quickly tune C’, for 


6 and 2-Meter Transmitters 


Fig. 17-4—Top-chassis view of the 2-meter rf, assembly. 
The p.a. compartment is at the right. Copper strap, is 
used to connect the 6146B plate cap to the plate coil. 
The neutralizing stub is adjacent to the 6146B tube 
envelope. The oscillator stage is at the lower left of 
the photo, the VR tube is directly above it, and the 
buffer and doubler are at the center of the chassis. 
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Fig. 17-5—Top-chassis view of the modulator/ power 
supply the audio section is at the right side of the 
chassis and the power supply is at the left. 


a dip in plate current. Adjust C, toward mini- 
mum capacitance until the meter indicates 100 ma. 
(0.5 on meter) at resonance. It will be necessary 
to readjust C, for a dip in plate current as Cs 
is tuned. The off-resonance plate current should 
go as high as 150 ma. if the amplifier is working 
properly. 

To neutralize the amplifier, first set the grid 
and plate currents to their normal values with a 
dummy load, as previously described. Then switch 
S, to TUNE and rotate C, while watching the 
grid-current reading. If the grid current drops 
when the plate tank is tuned to resonance, try 
another position of the neutralizing wire (closer 
to or farther from tube plate). Position the wire 
so that tuning C, under these conditions has little 
or no effect on the grid current. An alternative 
method of neutralizing is to connect a sensitive 
wavemeter to Jy and adjust the neutralizing for 
minimum output with S, in the TUNE position. 
Caution: When adjusting the neutralization wire, 
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Fig. 17-6—The underside of the 2-meter rf. unit. The 

oscillator/tripler is at the lower right of the. photo and 

the buffer is just to the left of it, Doubler stage Vs is at 

the upper-center. A brass ring surrounds the socket of 

Vs and is used as a ground buss. The 6146B p.a. is at 
the left of the chassis. 


be careful to avoid contact. with the 6146B plate 
voltage. Turn off the transmitter each time the 
wire is adjusted. 

The tune-up procedure for the 2-meter assem- 
bly is similar to that of the 50-Mc. unit. With the 
meter plugged in at Jy) and J,,, and with Sx in 
the TUNE position, apply power to the transmitter 
and peak Lz, Lg, Cz and Cg for maximum grid 
current. Should it be impossible to get a reading 
on the meter, the circuits will have to be “rough 
tuned” by using a sensitive wavemeter or a grid- 
dip meter. If the grid-dip meter is used, the trans- 
mitter should be turned off. Once aligned, the 
transmitter will be able to run the rated 3 ma. of 
grid current; C, can be used as a drive control 
to set the grid current to the desired value. 

With a dummy load connected to J, place 
Sg in the operate position and quickly adjust Cy9 
for a dip in plate current, as indicated by the 
milliammeter plugged in at J,, and Jy4. Cy, will 
serve as a loading control to bring the plate cur- 
rent to the desired value. 

Neutralization is carried out in exactly the 
same way as it was on 50 Mc. 


Operation 


Because the 6146Bs are operated well below 
their maximum ratings, tube life should be excel- 
lent. Both units can be run at 50 watts input on 
phone and 60 watts input on ¢.w. A plate current 
of 120 ma. is recommended for voice operation 
and 140 ma. plate current is satisfactory for c.w. 

When the transmitters are placed in operation, 
the lid should be screwed in place on the amplifier 
shield cages. Bottom plates, preferably with rub- 
ber feet attached, should be installed. 

The shaping network, Fig. 17-8A, can be housed 
in a smalf Minibox and used with either trans- 
mitter. The electrolytic capacitor and the 33-ohm 
resistor shape the keying; the other resistor and 
capacitor sefve as an arc suppressor for the key 
contacts. 
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Fig. 17-8—Schematic diagram of the power supply and 30-watt modulator. Capacitors are dise ceramic. Those 
bearing polarity marking are electrolytic. Resistors are 4% watt composition unless noted otherwise. 


CRi-CRs—1000 p.o.v., 750-ma. silicon diode. Ss—D.p.s.t. toggle. 
CRe—600 p.o.v., 250-ma. silicon diode. Se—Ceramic rotary, 1 section, 2 poles, 5 positions. 
l:—No. 47 lamp or equal. 2 positions used. (Centralab 2505). 
la--NE-51 neon. Ti—Interstage transformer, 1:3 step-up ratio, (Stancor 
Jaz—Single-terminal microphone connector. A-63-C.) . 
Jus—5-pin female connector (Amphenol 77MIP5). Te—Varimatch modulation transformer, 30 watts. (UTC- 
Jip—-4-terminal barrier strip (Millen E-304), $19.) 
Ki—D.p.d.t. 115-volt a.c. relay. Two contacts not used. Ts—Power tranformer. 370 volts at 275 ma., 6.3 volts 

(Guardian 1R-1220-2C-115A;) at 7 amperes, 5 volts at 3 amperes (not used), 
Lis—2.6-h., 300-ma. filter choke (Stancor C-2706). Stancor P-6315 or equivalent type from old TV 
Ro--500,000-ohm control, audio taper. set. 
RFC,;—8.5-uh. choke (Millen J300-8.2). T4—~Power transformer (bias). 125 volts at 25 ma. (Stan- 
S.—S.p.s.t. toggle. cor PS-8415). ; 

33 J 
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Fig. 17-8A—Schematic diagram of the key-shaping network. The unit is housed in a small-size Minibox and is 

installed between the key and the key jack of the r.f. deck in use during c.w. operation. The shaper is removed from 

the circuit during phone operation. P: is a PL-55 style plug and Joo is an open-circuit jack. The 4-uf. capacitor is 
electrolytic. Resistors are % wait composition. 
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A 40-WATT TRANSMITTER FOR 220 MC. 


The crystal-controlled transmitter shown in 
Figs. 17-9 and 17-11 will run 30 to 40 watts at 220 
Mc. Referring to Fig. 17-10, a simple overtone 
oscillator circuit uses one section of a 12ZAT7 dual 
triode. The crystal may be between 8.15 and 8.33 
Mc. or 24.45 and 25.0 Mc. In either case, the 
frequency of oscillation is in the latter range, as 
the crystal works on the third overtone. The 
second section of the 12AT7 is a tripler to 73 to 
75 Mc. This stage has a balanced plate circuit,.so 
that its output may be capacitively coupled to the 
grids of a second 12AT7, working as a push-pull 
tripler to 220 Mc. ; 

Though the oscillator-tripler circuit works 
well as shown, slightly better oscillator stability 
and second tripler grid drive may be obtained with 
the 6CX8 circuit shown as an alternative. The 
circuit remains the same from the plate of Vg on. 

The plate circuit of the push-pull tripler is 
inductively coupled to the grid ‘circuit of an 
Amperex 6360: dual tetrode amplifier that runs 
straight through on 220 Mc. Similar inductive 
coupling transfers the drive to the grid circuit 
of the final amplifier stage, an Amperex 6252 
dual tetrode. This tube is a somewhat more effi- 
cient outgrowth of the 832A, which may also be 
used, though with lower efficiency and output. 
Base connections are the same for both tubes. 

The grid return of the 6252 is brought out to 
the terminal strip on the back of the unit, to 
allow for connection of a grid meter. Both this 
point and the tip jack in the 6360 grid circuit 
have 1000-ohm resistors completing the grid re- 
turns to ground, so that operation of the stages 
is unaffected if the meters are removed. 

Instability in tetrode amplifiers for v.h.f. serv- 
ice may develop as a result of the ineffective 
bypassing of the screen. In the case of the 6360 
stage stable operation was obtained with no by- 
passing at all, while on the 6252 a mica trimmer 
is connected from the screen terminal to ground. 
It is operated near the minimum setting. 


Construction 


The transmitter is built on an aluminum plate 
6 by 17 inches in size. This screws to a standard 
chassis of the same dimensions, which serves as 
both shield and case. Cut-outs about three inches 
square are made in the chassis and base plate, 
above and below the tube, to allow for ventilation. 
These openings are fitted with perforated alumi- 


num or screening to preserve shielding. The case 
should be equipped with rubber feet, to avoid 
marring the surface it rests on, and to allow air 
circulation around the tube. 

The tube sockets and all the controls except 


. the tuning capacitor of the oscillator are mounted 


along the center line of the cover plate. The 
220-Mc. stages are inductively coupled, using 
hairpin loop tank circuits the dimensions of which 
are given in Fig. 17-10, The tuning range of these 
circuits is affected by the widths and lengths of 
the loops, so some variation can be had by 
squeezing the sides together or spreading them 
apart. ; 
It is important that the method of mounting 
the 6252 socket be followed closely. An alu- 
minimum bracket about 2% inches high and 4 
inches wide supports the socket. Note that the 
socket and tube are on the same side of the plate. 
Holes are drilled in the plate in line with the con- 
trol grid terminals to pass the grid leads. These 
holes are 34-inch diameter, and are equipped with 
rubber grommets to prevent accidental shorting 
of the grid leads to ground. The shape of the grid 
inductance should be such that its leads pass 
through the centers of the holes. The socket is 
supported on %g-inch metal pillars. It may be 
necessary to bend the socket lugs slightly to keep 
them from shorting to the mounting plate. The 
heater lead comes to the top of the plate, and the 
cathode lead bends around the bottom of it. 
Power leads are made with shielded wire, and 
are brought out to a terminal strip on the back 
of the chassis. These leads and the coax to the 
output connector should be long enough so that 
the plate on which the transmitter is built can 
be lifted off the chassis and inverted. 


Adjustment 


Initial test should be made with a power sup- 
ply that delivers no more than 250 volts, and as 
little as 150. to 200 volts can be used. If the 
voltage is more than 250, insert a 5000-ohm 10- 
watt resistor in series with the power lead tem- 
porarily. Plate voltage should be applied to the 
various stages separately, starting with the os- 
‘cillator, making sure that each stage is working. 

A milliammeter of 50- to 100-ma. range should 
be connected temporarily in series with the 
1000-ohm resistor in the oscillator plate lead. 
When power is applied the current should be 


Fig. 17-9—Top view of the 220-Mc. 

transmitter. Final amplifier tube is in- 

side the chassis, below the screened 

ventilation hole. Power connections, 

keying jack and output terminal are 
on the back of the chassis 
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Fig. 17-10—Schematic diagram and parts information 


for the 220-Mc. transmitter. Capacitor values below 


0.001 yf. are in pf. Resistors 2 watt unless specified. The 6CX8 oscillator-tripler may be substituted for slightly 


improved stability and drive. 


Ci—50-pf. miniature variable (Hammarlund MAPC- 
50-B). 

Cz Ca, Co—8-pf. miniature butterfly variable (Johnson 
160-208). 

Cs, Ce—3-30-pf. mica trimmer. 

C,—Butterfly variable, 1 stator and 1 rotor (Johnson 
167-21, with plates removed), 

Cs—15-pf. miniature variable (Hammarlund MAPC- 
15-B). 

Ji—Tip jack, insulated. . 

Jo~-Closed-circuit phone jack. 

Js—Coaxial chassis fitting, SO-239. 

Li—15 t. No. 20 tinned, %-inch diam., 1 inch long (B 
& W Miniductor No. 3003). Tap at 4 turns from 
crystal end; see text. 


not more than about 10 ma. Rotate C, and note 
if an upward kick occurs, probably near the 
middle of the range of C,. At this point the stage 
is oscillating. Lack of oscillation indicates too 
low feedback, or a defective crystal. Listen for 
the note on a communications receiver tuned near 
24 Mc., if one is available. There should be no 
more than a slight change in frequency when a 
metallic. tool is held near the tuned circuit, or 
when the circuit is tuned through its range. The 
note should be of pure crystal quality. If it has a 
rough sound, or changes with vibration, the oscil- 
lator is not controlled by the crystal. This in- 
dicates too much feedback, and the tap on the 


Le—12 t. No. 18 tinned, %4-inch diam., 1 inch long, cen- 
ter-tapped. 

Ls, Li, bs, Le—U-shaped loops No. 18 enam., center- 
tapped. Dimensions given on drawing. 

Ly—2 +. No. 14 enam., 1-inch, 1-inch diam., leads % inch 


long. Center-tapped, space turns 4 inch apart. . 


ls—1 t. No. 18 enam., inserted between turns of L:. 
Cover with insulating sleeving. 

La, Ls—3-uh. (approx.) iron-slug coil (Miller 4404), Link 
Li and Lo with 1-turn loops of insulated hookup 
wire. 

Ri—23,500 ohms, 2 watts. 
resistors in parallel.) 

RFCi—25 t. No. 28 enam. on 1-watt high-value resistor. 


(Two 47,000-ohm 1-watt 


coil, L,, should be moved near the crystal end. 

The proper amount of feedback is the lowest 
tap position that allows the oscillator to start 
readily under load. If 24-Mc. crystals are used, 
the tap, can be lower on the coil than with 8-Mc. 
crystals. When 8-Mc. crystals are operated on 
the third overtone, as in this case, the frequency 
of oscillation may not be exactly three times 
that marked on the crystal holder. 

Now apply plate voltage to the second half of 
the 12AT7, again using a temporary plate meter 
connected in series with the 100-ohm decoupling 
resistor that feeds plate power to Ly. Current 
will be about 10 ma., as with the oscillator. Tune 
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C, for maximum output, as indicated by the 
brilliance of a 2-volt 60-ma. pifot lamp connected 
to a i-turn loop of insulated wire coupled to Ly. 
Check the frequency of this stage with a wave- 
meter. 


Now connect a low-range milliammeter (not - 


more than 10 ma.) between the test point, J,, 
and ground. Apply power to the push-pull tripler, 
again using a temporary milliammeter connected 
in the lead to the plate coil, L,. Tune the plate 
circuit for maximum indication on the grid meter. 
Plate current will be about 20 ma. Adjust the 
position of L, with respect to L, for maximum 
grid current. Now go back over all previous ad- 
justments and set them carefully for maximum 
grid current. Adjust the balancing padder, Cg, 
retuning C, each time this is done, until the com- 
bination of C, and C, that gives the highest grid 
current is found. Check the frequency to be sure 
that the stage is tripling to 220 Mc. 

Now apply power to the 6360 plate circuit, 
again using the temporary meter to check the 
current. Connect the low-range milliammeter 
between the grid-metering terminal on the con- 
nector strip and ground. Set the screen trimmer, 
Cg, near minimum, and tune the 6360 plate cir- 
cuit for maximum grid current. With 300 volts 
on the preceding stages, it should be possible to 
get at least 4 ma. Adjust the spacing between 
Ls and Lg carefully for maximum grid current, 
returning C’; each time this is done. Plate current 
should not exceed 55 ma. 

Check for neutralization of the final amplifier 
by tuning C, through resonance while watching 
the grid-current meter. If there is no change, or 
only a slight rise as the circuit goes through 
resonance, the stage is near enough to neutraliza- 
tion to apply plate power. The 6252 has built-in 
cross-over capacitance, intended to provide neu- 
tralization in the v.h.f. range, so it is likely to be 
stable at this frequency. If there is a downward 
kick in the grid current at resonance, adjust the 
screen trimmer until it disappears. If best neu- 
tralization shows at minimum setting of the 
screen trimmer, eliminate the trimmer. 

With an antenna or dummy load connected 
at Js, final plate voltage can be applied. Tune 
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the final plate circuit for maximum output, with 
a meter of 100 ma. or higher range connected to 
read the combined plate and screen current. This 
meter may be connected in the power lead, or it 
can be plugged into the cathode jack. In the latter 
position it will read the combined plate, screen 
and grid currents. Tune for maximum output 
and note the plate current. If it is much over 100 
ma., loosen the coupling between L, and Ly. The 
input shoul not be over 50 watts. 

A final check for neutralization should now be 
made. Pull out the crystal or otherwise disable 
the early stages of the transmitter. The grid cur- 
rent and output should drop to zero. If they do 
not, adjust the screen trimmer until they do. 
Make this test only very briefly, as the tubes will 
draw excessive current when drive is removed. 
When perfect neutralization is achieved, maxi- 
mum output will be found at a setting of C, at 
which plate current is at a minimum and grid 
current at maximum. 


Operation 


All stages should be run as lightly as possible, 
for stable operation and long tube life. No more 
than 300 volts should be run on the exciter 
stages, and if sufficient grid drive can be obtained, 
lower voltage is desirable. The 6360 stage runs 
with rather low drive, and its efficiency is con- 
sequently poor, but it delivers enough power to 
drive the 6252, even when run at 250 volts. 

Observe the plates of the tubes when the 
transmitter is operated in a darkened room. There 
should be no reddening of the plates. If one side 
of any of the last three stages shows red and the 
other does not it is evidence of unbalance. This 
can usually be corrected by adjustment of the 
balancing trimmer, Cy, in the first tripler plate 
circuit. Lack of symmetry in lead lengths or un- 
balanced capacitance to ground in any of the r.f. 
circuits may also lead to lopsided operation. 

Though the 6252 is rated for up to 600 volts 
on the plates, it is recommended that no more 
than 400 be used in this application, particularly 
if the stage is to be modulated for voice work. In 
the latter case, the plate-screen current of the 
6252 is run through the secondary of the output 

transformer on the modulator hav- 
ing an output of 20 watts or so. 


oe Fig. 17-11—Interior view of the, 220-Mc. 
transmitter. All 4r.f.. components are 


mounted on an aluminum plate, which 
is screwed to the top of a standard 6 x 


17-inch chassis. 


The crystal oscillator is at the far 
right. Next to the left is the first tripler 
plate coil, mounted over its trimmer, with 
the mica balancing padder, Cz, above. 
The 12AT7 tripler, the test point, Ji, the 
tuning capacitor C,, the tripler plate 
and amplifier grid loops, Ls and Ls, the 
6360 socket, the 6360 plate and am- 
plifier grid loops, the 6252, and its 
tuned circuits follow in that order. 


Exciter For 144 Mc. 
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AN A.M./C.W EXCITER FOR 144 MC. 


The transmitter shown in Figs. 17-12 and 17-14 
is a low-powered c.w. and a.m. exciter designed 
to be used “barefoot” for local QSOs or as a 
high-quality driver for any Class AB, linear am- 
plifier up to the legal: limit. Since an amplified 
signal is only as good as the original signal, the 
emphasis is on quality in this exciter. If its out- 
put is too high for the following linear amplifier, 
a method for reducing the drive is given. 

Referring to Fig. 17-13, the r.f. string uses a 
6CX8 followed by a 6BA8. The 6CX8 tetrode 
oscillator triples to 24 Mc. and drives the 6CX8 
triode tripler to 72 Mc. The output is used to 
drive the 6BA8 triode doubler to 144 Mc., fur- 
nishing sufficient drive for the neutralized 6BA8 
tetrode amplifier at 144 Mc. Realistic (instead of 
“token”) c.w. operation is obtained by cathode 
keying the last two stages and giving values for 
the shaping resistor and capacitor. Good a.m. 
performance is insured by the use of a well-de- 
signed speech amplifier and an adequate Class-A 
modulator stage. A regulated screen voltage is 
supplied to the oscillator stage (V4) to prevent 
chirp caused by changes in power-supply voltage 
during c.w. operation. This same feature con- 
tributes to better stability of the a.m. signal. The 
crystal-y.f.o. switch, Sj, converts V,, from an 
oscillator to an amplifier when the switch is 
placed in the v.f.o. position. An external v.f.o. 
can then be attached at J,, supplying an 8- or 
24-Mc. signal to the exciter. With S, in the 
crystal position (open), standard 8-Mc. crystals 


can be used for frequency control. The tuned cir- 
cuits, L,, Ly, and Ls, have sufficiently broad re- 
sponse to permit output frequency excursions of 
1 Mc. without need for retuning the stages. A 
gimmick capacitor is used to neutralize the p.a. 
stage (Vy,) and is necessary if stable operation - 
is to be secured. The screen-grid capacitor, Cy, 
is series-resonant at 144 Mc. and aids in stabiliza- 
tion of the output stage. For c.w. operation, the 
cathodes of V,, and Vy, are connected in paral- 
lel and keyed at J,. A shaping network, consist- 
ing of a 0.47-uf. capacitor and a 1000-ohm resis- 
tor, is connected between the keyed cathodes and 
the key jack. This network eliminates make-and- 
break clicks, resulting in a well-shaped keying 
characteristic. An r.f,-sampling test point (E) 
is available for tuneup of the exciter. 

Special attention was given to the audio section 
of the exciter in an effort to reduce distortion 
to a minimum, while making certain that 100 
per cent modulation was possible. The modulator 
is capable of producing far more audio than is 
necessary, which permits the 6BQ5 tube. to 
operate below the point where distortion becomes 
a significant consideration. R.f. filtering is used 
at Jy, and at the grid of V3,, to prevent the 
squealing and howling common to many v.hf. 
transmitters. 

Additional r.f. isolation is offered by the shield 
partition which divides the two halves of the 
chassis. The intercircuit wiring, which passes 
through this shield, is routed through FT (feed- 


Fig. 17-12—A top-chassis view of the low-power exciter. Shown at the right~a 5-watt step attenuator 
for reducing the output of the exciter when used with a linear amplifier. 
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EXCEPT AS INDICATED, DECIMAL VALUES OF 
CAPACITANCE ARE IN MICROFARADS ( wt.); 
OTHERS ARE IN PICOFARADS ( pf. oR wt); 
RESISTANCES ARE IN OHMS; K = 1000, 


Fig. 17-13—Schematic diagram of the 2-meter assembly. Resistors are ¥4-watt composition type unless otherwise 
noted. Capacitors are disk ceramic except those bearing polarity markings, which are electrolytic. 
F indicates feedthrough type. SM is silver mica. 


C:—100-pf. disk ceramic with pigtails cut to Y-inch 
length. 

Ce, Cs—30 pf. variable (Hammarlund MAC-30). 

C.—.47-uf, mylar or molded paper capacitor. 

CRi— 1N34A, 

E—One therminal of feedthrough capacitor. 

Ji—BNC chassis receptacle (UG-290/U), 

Ja—Closed:circuit key jack. 

Js—Coax chassis connector (SO-239), 

Ja—Microphone connector. 

Js~—5-pin male chassis connector (Amphenol 86-CP5). 

Li~11 turns No. 24 enam. close-wound on %-inch diam. 
iron-slug form. 

la—5 turns No, 24 enam. close-wound on \4-inch diam; 
iron-slug form. 


through) capacitors to aid further in decoupling. 
Three stages of speech amplification are used, to 
avoid having marginal speech gain—a shortcom- 
ing of many v.h.f. transmitters. The values chosen 
for the coupling capacitors, grid resistors and 
plate resistors in the modulator will provide 
optimum response in the 400- to 3000-cycle range. 
This system helps to eliminate the hum component 


Ls—2 turns No. 20 bus wire, spaced to occupy '4-inch 
area on \%-inch dia, iron-slug form. 

L4.—6 turns No. 20 bus, ¥%-inch dia. x 1 inch long, center 
tapped. 

L;—2 turns No. 22 insulated hook-up wire, %-inch dia. 
inserted into center of Ly. 

Ri—0.5 megohm control, audio taper. 

RFC,, RFC:—1.8-uh. r.f. choke (Ohmite Z-144). 

Si-S.p.s.t. slide switch. 

S2—D.p.d.t. toggle switch. 

T,—5-watt modulation transformer (Stancor A-3812 
using one half of center-tapped winding as 
primary). 

Y:—8-Mc. fundamental erystal. 


in the signal, while passing the most effective por- 
tion of the voice range. Switch S, disables the 
modulator during c.w. operation and shorts out 
the secondary winding of T}. 

The power supply requirements for the exciter 
are 250 volts at 150 ma. and 6.3 ‘volts at 3 am- 
peres. A measured r.f. power output of 2.1 watts , 
was secured, using a Thruline watt-meter termi- 
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Fig. 17-14—Under-chassis view of the exciter, showing the r-f. circuitry in the lower compartment. The medu- 
lator is contained in the boxed-in area at the top. 
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Fig. 17-15—Close-up view of 
the r.f. attenuator assembly. 
The pilot lamps are mounted 
in %-inch rubber grommets. 


nated by a 50-ohm non-inductive dummy load. 


Construction 


The 2-meter exciter is built ona5 « 9% X 2- 


inch aluminum chassis. The circuit wiring in the 
rf. section of the chassis should be carried out 
in the manner shown in Fig. 17-14. All leads 
carrying r.f. should be kept as short and direct as 
possible, to minimize the possibility of stray in- 
ductance. Similar treatment should be given to 
the leads on the various bypass capacitors and re- 
sistors used in the r.f. circuitry. 

Two crystal sockets are mounted on the 
chassis to facilitate using both the popular FT- 
243 units and the less-common pin size of another 
war-surplus type crystal. 

The v.f.o. input jack, J,, and the crystal/v.f.o. 
switch are located on the rear apron of the 
chassis near V,. Ceramic tube sockets are used 
at V, and V., reducing r.f. losses in that part of 


the circuit. The key jack and its related shaping 
network are near the front edge of the chassis. 
The plate-tank inductor and capacitors Cy and 
Cz are to the left of this area (Fig. 17-14). The 
rf. output jack, Jz, is located on the rear of the 
chassis and is connected to L, through a short 
length of 50-ohm subminax coax cable. 

Turning next to the audio portion of the as- 
sembly, the microphone connector and phone/ 
c.w. switch are on the front wall of the chassis. 
The modulation-level control is mounted on the 
top surface of the chassis and is adjacent to 
V, and S,. The power-supply connector, J5, is 
located on the rear wall of the chassis, near 
the 6BQ5 modulator tube. Test point E is be- 
tween C, and the 0A2 voltage-regulator tube. 
A 5 X 9%-inch aluminum plate, with four 
rubber feet attached, is used to enclose the 
bottom of the chassis after the final testing is 
completed. 
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OUTPUT 
Je 


Fig. 17-16—Schematie diagram of the r.f. attenuator. 


Ii-l, ine.—No. 47 pilot lamps. 
Ja, Ja—Coax chassis connectors (SO-239). 


Tune-up and Operation 


Prior to applying the B-plus and heater volt- 
ages to the completed exciter, place the tubes 
in their sockets and adjust coils L,, Ly and Lg 
to resonance with a grid-dip meter. The correct 
frequency for each of these inductors is shown 
in Fig. 17-13. Next, attach a dummy load at J, 
and apply power to the unit, using either crystal 
or v.f.o. control. The power swamper described 
later will serve as a dummy load during tuneup 
and testing. A v.t.v.m., adjusted to read 0-15 
volts d.c., can be attached between test point E 
and ground. Observing the reading on the v.t.v.m. 
meter, adjust L, through L, for maximum in- 
dication, which should be in the region of 5 volts 
after all stages are peaked. The spacing between 
L, and L, can be adjusted until optimum power 
output is secured. 

The next step will be to neutralize the p.a. 
stage. Temporarily disconnect the plate and 
screen voltage from V5, and attach a sensitive 
rf. sampling device at Jy. The detector can be a 
2-meter field-strength meter connected to the 
exciter by a short length of coax cable, with a 
50- or 100-microampere meter for an indicating 
device. Instruments of this type are described in 
the chapter on measurements. Then the neutraliz- 
ing stub (black wire to the immediate right of 
L, in Fig. 17-14) is moved back and forth near 
L,, with the exciter operating in the c.w. position, 
until a minimum reading is noted on the neutraliz- 
ing indicator’s meter. The spacing shown between 
the stub and L,, in Fig. 17-14, is typical. 

In checking the modulator portion of the cir- 
cuit, a No. 47 pilot lamp can be substituted for 
the dummy load at J. Tune the transmitter for 
maximum bulb brilliancy by adjusting C. and 
C,. With a crystal or ceramic microphone con- 
nected to J,, and with the switch S, in the voice 
position, adjust R, while speaking into the micro- 
phone. When the bulb shows an increase in 
brilliancy (about 25 per cent), a suitable setting 
for R, will have been reached. Further adjust- 
ment of the audio level can be carried out with the 
help of other stations after the transmitter is 
placed in actual on-the-air operation. 

If the 6CX8 tetrode oscillates with no crys- 
tal in place, remove the 15-pf. capacitor from 


Ri--Re, ince.—330-ohm, 1-watt carbon resistors. 
Si—Single pole, 5-position ceramic wafer switch, non- 
shorting. 


grid to cathode. It has been found that some 
makes of 6CX8 will not oscillate with the capa- 
citor in the circuit, but some makes will. 

Operating conditions for the transmitter are 
as follows: Oscillator plate current, 18 ma.; 
tripler plate current, 10 ma.; doubler plate cur- 
rent, 8 ma.; final grid current, 1.5 ma.; amplifier 
plate and screen current (combined value) 34 
ma.; modulator plate current, 50 ma. 


The Swamping Device 


In some instances it will be desirable to include 
Provision for attenuating the output signal from 
the exciter before applying it to a linear ampli- 
fier. It is better to “swamp out” a portion of the 
excess r.f. drive than to detune the last stage of 
the exciter, or grid circuit of the linear, in an 
effort to reduce the level of signal input to the 
amplifier. The modulator portion of the exciter 
should at all times have a proper load to look 
into, which can only be maintained by permitting 
the p.a. stage to draw normal plate current. 
Do not reduce the coupling between L, and Ls 
in an attempt to lower the output from the ex- 
citer unless the level of modulation is similarly 
altered. . 

If too much drive is available for the linear 
amplifier, the unit shown in Fig. 17-15 can be’ 
used. The swamper is housed in a 244 xX 214 X 
4-inch Minibox and has a step-attenuator switch 
which places as many as four No. 47 bulbs in 
series with the exciter’s output. A 55-ohm dummy 
load, consisting of six 330-ohm 1-watt resistors, 
is permanently bridged across the input terminals 
of the swamper. This provides the exciter with 
a constant load and further attenuates the output 
signal. Depending upon the efficiency of the grid 
circuit in the linear amplifier, this accessory may 
or may not be required. The circuit for the 
swamper is given in Fig. 17-16. 

The a.m./c.w. exciter can also- be used as a 
low-power 2-meter transmitter for local opera- 
tion, portable work, or during field-day activities. 
As an exciter, it will lend itself nicely to applica- 
tion with the 4CX250 2-meter linear amplifier 
described later. Other tubes, such as the 4X150A, 
operated Class AB, can be driven to full rated 
input by this little exciter. By making appropriate 
modifications to the heater wiring, this unit will 
serve as a mobile transmitter. 
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A SIMPLE VARACTOR 


As pointed out in the chapter on semiconduc- 
tors, a varactor tripler circuit requires the pres- 
ence of an “idler” circuit tuned to the second 
harmonic of the fundamental frequency. The fun- 
damental frequency and the second harmonic beat 
together to give the third harmonic output. This 
conversion action (rather than distortion action 
as in a vacuum-tube frequency multiplier) means 
that an a.m. signal can be used to excite a varactor 
tripler, and the a.m. will be maintained in the out- 
put at the third harmonic. Thus a 144-Mc. a.m. 
signal can be used to drive a varactor tripler to 
obtain an a.m. signal at 432 Mc. 

The tripler shown in Fig. 17-17 will deliver 
about 14 watts at 432 Mc. when driven with 20 
watts at 144 Mc. It features a “strip line” output 
circuit for good selectivity and efficiency. Refer- 
ring to the circuit diagram, Fig. 17-18, C,C, form 
a capacitive-divider input circuit to provide a 50- 
ohm load for the transmitter driving the tripler. 
. These tune with L, to 144 Mc. The varactor is an 
Amperex H4A (1N4885). L, and Cg tune to 288 
Mc. to form the idler circuit, and L,C, provides 
coupling adjustment to the strip-line circuit tuned 
to 432 Mc. Ly and Cg provide output coupling. 

The tripler is built ina 5 x 7 X 2-inch chassis. 
A shield is formed to fit the length of the chassis 
2 inches from one wall, forming a 2-inch square 
trough inside the chassis. A National TPB poly- 
styrene feedthrough connects the varactor to L. 

Details of the strip-line circuit construction are 
shown in Fig. 17-20. The line is a 5-inch brass 
strip % inch wide, having a 14-inch “foot” at the 
bottom for bolting the strip to the chassis. The 
input and output links are tuned with TV-type 
ceramic trimmers. The low-potential ends of L 
and L, are soldered directly to the tops of these 
trimmers. C’; is made by cutting two 1-inch disks 
from sheet brass. One disk is soldered to the end 
of L4, and a mount for the other disk is fashioned 
from a Miller 4400 coil form. The ceramic form 
itself is broken off the mount, and the slug re- 
moved from the end of the threaded rod. The disk 
is then soldered to the end of the rod. The coil- 
form base is mounted on the chassis so that the 
two disks are opposite each other. For better 
mechanical stability of the tuning shaft, a 6-32 
lock nut can be placed on the shaft. 


Tuning Up 


A varactor multiplier is simple to tune, pro- 
vided one has the proper test equipment. But test 
equipment for 432 Mc. is not easy to come by. 
Most constructors will find they have to spend 
more time making test gear to check the varactor 
than in building the multiplier itself. Fig. 17-21 
shows two possible test setups for checking a 
multiplier unit. The first requires a nonreactive 
50-ohm dummy load, and the second uses a trans- 
match with a 300-ohm load. Most of the dummy 
loads available to amateurs are too reactive at 
432 to be any good. The constructor may make 
his own 50-ohm load from 100 feet of RG-58/U 
coax. This length of coax, terminated with a 50- 
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ohm, 2-watt composition resistor, will provide a 
nonreactive load that will handle the power from 
the varactor multiplier—and give the builder a 
good lesson in the losses of coax lines! 

Another approach is to make a dummy load 
from carbon resistors and use a transmatch to 
tune out any reactance in the load. This resonant 
load, when used with an s.w.r. indicator, will give 
a check on the harmonic content of the varactor’s 
output. (More about this later.) When the varac- 
tor multiplier is working, the transmatch can be 
used in the station to match Twin-Lead feeders. 

The 432-Mc. transmatch circuit is shown in 
Fig. 17-19. It is constructed from a 4% X 734- 
inch piece of sheet copper, with a 1%4-inch lip 
bent on either end. Two hairpin loops are used for 
L, and Ly. Ly is supported by a 34-inch standoff 
insulator. A crystal socket is used as an output 
connector as it has the proper pin size and spacing 
for the popular Twin-Lead connectors. The taps 
given in Fig. 17-19 for Ly should be good for any 
low-reactance 300-ohm load. Other impedances 
will require changing the position of the taps. 

In either test setup, a filter is used to insure 
that the output you are measuring is 432-Mc. en- 
ergy and not some other harmonic. A simple 
strip-line filter like the unit described in the chap- 
ter on Interference with other Services will do 
the job. A power indicator is the hardest item of 
all to come up with. Bird wattmeters are very ex- 
pensive; it may, however, be possible to borrow 
one from a local business-radio repairman. Sev- 
eral models of Micromatch-type bridges that 
work on 432 are available on the surplus market.* 
One of these units is a good investment for any- 
one seriously interested in 432 work. If you are 
not able to get a wattmeter, a simple relative indi- 
cator such as a wavemeter can be used at the 
load. 

The s.w.r. bridge between the 144-Mc. exciter 
and the varactor multiplier indicates when the 
yaractor input circuit is properly tuned. The in- 
put circuit of any of the varactor multipliers 
should be adjusted for a minimum s.w.r, reading. 
Then adjust the idler and output circuits for max- 
imum output on 432 Mc. As the second-harmonic 
frequency is approached, the idler adjustment will 
make the output jump up. 

The tuning adjustments will vary with changes 
in the drive level. First adjustments should be 
made with 10 or 15 watts from the exciter. After 
all the tuned circuits are adjusted correctly at 
this power level, the drive may be increased to 
about 30 watts for the H4A. With higher-power 
varactors, higher drive levels can be used. For 
any drive level, the varactor circuits should be 
tuned for best power output. 

If you are using the 432-Mc. transmatch, you 
can get a check on the harmonic output by ad- 
justing the transmatch for a 1:1 s.w.r. between 
the multiplier and transmatch. Then remove the 
strip-line filter and recheck the s.w.r. If the s.w.r. 


* Try E. C. Hayden, Bay Saint Louis, Mississippi. 
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has gone up, you can be sure some harmonic en- 
ergy is getting out. Often these harmonics will 
not cause any trouble even when the multiplier is 
used directly into the antenna, but remember that 
if they are there you will never see a 1:1 match 
to your antenna. 


Fig. 17-17—The 432-Mc. varactor tripler. The input 
circuit is at the lower right and the varactor with its 
~ biasing resistor is at the center. The strip-line tank cir- 3} 
cuit in the trough is tuned by a homemade capacitor | 
described in the text. 


Ci—15-pf. variable (Hammarlund MAPC-15). 
game 4 Cs—25-pf. variable (Hammarlund MAPC-25). 
Cs—15-pf. variable (Johnson 160-107). 
Ci, Co—10-pf. ceramic trimmer (Centralab 829-10). 
Cs—See text, 
Ja, Ja—BNC coaxial receptacle, chassis- 
mounting. 
Li—6 turns No. 16, %4g-inch diam., 
mUreOr inch long. 
Ls—3 turns No. 12, 34-inch diam., % 
inch long. 


a 
a 
Fig. 17-18—Circuit diagram of the 432-Mc. varactor tripler. A strip-line output 
circuit is used for better attenuation of unwanted harmonics than is possible 
with lumped-constant circuits. “ 


a 
Fig. 17-19—432-Mc. transmatch diagram, 
ion C:—15-pf. variable (Johnson 160-107), 
7 i C2—8-8-pf. dual-section variable (Johnson 160-208). 
ee is % Ji—BNC coaxial receptacle, chassis mounting. 


Je—Crystal socket. 
Li—Hairpin loop No. 14 wire; see above. 
La—Hairpin loop No. 10, wire; see above; tap as shown. 


Fig. 17-20—432-Mc. tank-circuit details for the varactor 
tripler. Ls and Ls are coupling loops made from No. 14 


wire, and L, is a Y-inch wide brass strip. Fig. 17-21—Test setups for checking varactor multipliers. 
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KILOWATT AMPLIFIERS FOR 50 — 
AND 144 MC. . 


The amplifiers shown in Fig. 17-22 were de- 
signed for versatility. Though capable of run- 
ning at the maximum legal power for. amateur 
stations, they operate efficiently at much lower 
levels. They work well as linears, for use with 
aim. or s.s.b., or they can be modulated or keyed 
in high-efficiency Class-C service. Though the 
tube type shown is expensive when purchased 
new, an effective substitute is commonly avail- 
able on the surplus market at much lower cost. 
Operated’ as a rack-mounted pair, as pictured, 
the amplifiers offer convenient band-changing 


from 50 to 144 Mc., merely by snapping on the’ 


appropriate heater voltage switch, and changing 
the air connection from one to the other. 

The external-anode type of transmitting tube 
has many variations. The family originated with 
the 4X150A many years ago, and tubes of the 
- early type are still available, and widely used. 
A later version, with improved cooling, is the 
4X250B, capable of higher power but otherwise 
very similar to the 4X150A. More recently the 
insulation was changed from glass to. ceramic, 
and the prefix became 4CX. All the general 
types thus far mentioned were made with varid- 
tions in basing and heater voltage that will be 
apparent to any reader of tube catalogs. The 
4CX250R used here is a special rugged ver- 
sion, otherwise very similar to the 4CX250B, and 
interchangeable with it for amateur purposes. 
Similar types are supplied by other makers as 
the 7034/4X150A 7203/4CX250B and 7580. 
There is another version for linear-amplifier 
service only, called the 4CX350A. 

If one then goes to other basing arrangements 


similar power ‘capabilities may be found in the 
4CX300A, 8122 and others, but differerices in 
tube capacitance might require modification of 
the circuit elements described here. The air-sys- 
tem sockets (required for all external-anode 


. tubes mentioned) may be the same for all types 


in the second paragraph, but those just above 
require different sockets. 

Both amplifiers take a kilowatt on c.w. or s.s.b. 
with ease. The 144-Mc. model must be held to 
600 watts input for plate-modulated service to 
stay within the manufacturer’s ratings. On 50 
Mc. the three tubes in parallel loaf along at 1000 
watts in the low-duty-cycle modes. The permis- 
sible input on a.m. phone is 900 watts. Class C 
efficiency is on the order of 75 per cent, over a 
wide range of plate voltages. It is possible to 
run all the way from 800 to 2000 volts on the 
amplifier plates without altering screen voltage 
or drive levels appreciably. 


Mechanical Layout . 


The amplifiers are similar packages, to mount 
together harmoniously, though this is of only in- 
cidental interest to the fellow concerned with 
one band or the other. They are built in stand- 
ard 4 by 10 by 17-inch aluminum chassis, 
mounted open side up and fitted with shield 
covers. In the author’s station a single blower is 
used for all transmitters. This explains the air- 
intake sleeve seen on the back of each ampli- 
fier. An air hose from the remote blower is 
pushed into the amplifier being used. 

The transmitters are all hooked up together, 
to meters, power circuits, audio equipment and 


Fig. 17-22—The kilowatt amplifiers for 50 
and 144 Mc. in a rack made from alumi- 
num angle stock. At the bottom is a 
meter panel with controls for meter and 


- mode switching. 


50-Mc. Amplifier 


power supplies common to all. Changing bands 
involves mainly the switching on of the desired 
heater circuits, and the insertion of the air hose 
in the proper intake sleeve. Separate antenna 
relays are provided for each final stage, and 
power switching and plugging and unplugging 
are largely eliminated. 

Tube sockets are the air-system type, mounted 
on 4-inch high partitions with folded-over edges 
that are drawn up tightly to the top, bottom, 
front and back of the chassis with self-tapping 
screws. Air is fed into the grid compartments at 
the left side, as viewed from the front. Its only 
path is through the sockets and tube anodes, and 
out through screened holes in the right side of 
the chassis. Panels are standard 534-inch alumi- 
num. Controls for the amplifiers are similar, 
though their locations are slightly different. No 
attempt was made to achieve symmetry through 
mechanical gadgetry, since the unbalance of the 
front panels is not unpleasing. The rack shown 
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in Fig. 17-22 was made up from aluminum angle 
stock to fit the job. Several screen and bias con- 
trol arrangements were tried before the circuit 
shown in Fig. 17-27 was settled upon. Meters — 
read driver plate current, and amplifier grid, 
screen and plate currents. Switches enable the 
operator to check the grid and screen currents 
to each tube in the 144-Mc. amplifier separately, 
and the screen currents in the 50-Mc. amplifier 
likewise. A mode switch provides proper screen 
operating conditions for a.m., linear or c.w. 
service. 


The 50-Mc. Amplifier 


The use of three tubes in parallel in the 50- 
Mc. amplifier was an experiment, tried with the 
expectation that parasitics, unbalance, excessive 
tank circuit heating and all manner of troubles 
would develop. These problems never material- 
ized; use of paralleled tubes seemed to intro- 
duce no problems on its own, and extensive 


EL. To HIGH VOLTAGE 


Fig. 17-23—Schematic diagram and parts information for the 50-Mc. amplifier. 


Cr—200-pf. variable, .03-inch spacing (Johnson 167-12 
or 200115). 

Ca, Co, Cio—.001-uf. disk ceramic. 

Cie, Cis, Cuu—Bypass built into special air-system socket, 

l1—Green-jewel pilot lamp holder. 

Js, Je—Coaxial chassis receptacle, 

Js—8-pin male power fitting. 

Ji—H.v. power connector female (half of Millen 37501). 

Li--1 turn insulated wire about 1-inch diam. Make from 
inner conductor of coax running to J:. Strip 
jacket and braid back about 4 inches. Insert 

Ci—100-pf. miniature trimmer (Hammarlund MAPC- 
100). 

C2—35-pf. per section split-stator (Hammarlund HFD- 
35X). 

Cs—Nevtralizing capacitance—see text. 

Cu, Cs, Cru—500-pf. 5000-volt transmitting capacitor 

: .(Centralab 8585-500). 

Ce—Tuning capacitor made from 3-inch aluminum disks 
—see text and Fig. 3. 


between center turns of Ls. 
Ls—8 turns No. 14, %-inch diam., 1%4-inches long, center. 
tapped. 
La—3 turns 2 inches diam., 3 inches long, %-inch copper 
tubing. 
P:—High-voltage power connector, male (half of Millen 
37501). 
Ps—-8-pin cable connector to match Js, female. 
Ri—20-ohm 10-watt slider-type resistor. Set so that 
heater voltage is 6.0 at socket. 
Re, Rs, Ra—150-ohm 1%-watt resistor. Connect at socket 
screen terminal. 
RFC:—No. 32 enamel! wire, close-wound full length of 
1-watt resistor, 10,000 ohms or higher. 
RFCs—No. 28 d.s.c. or enamel-wound 1% inch on Y-inch 
Teflon rod. Space turns 1 wire diam. 8.3 wh. 
For winding information see QST, Nov. 1963, 
p. 43. 

$i—S.p.s.t. toggle. 

Ti—6.3-volt 8-amp. Adjust Ri to give 6.0 volts. 
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experience with the amplifier has confirmed 
the worth of the idea. This happy state of af- 
fairs involves a few basic considerations that 
should be stated here. 

1) Paralleling straps in the grid and plate 
circuits were made “three of a kind.” The two 
going to the outer grids were bent identically, 
and then the one for the middle tube was bent 
back on itself as necessary to use the same total 
length of strap. The same was done in the plate 
circuit. 

2) The grid circuit was split-stator tuned, to 
get a reasonably-sized grid coil, even with the 
combined input capacitance of the three tubes 
plus circuit capacitance—some 60 pf. or more. 
This also provided a means for easy neutraliza- 
tion. 

3) The pi-network plate circuit is tuned with 
a handmade disk capacitor. This has a far lower 
minimum C than the more conventional tuning 
capacitor, and it is devoid of the side bars and 
multiple ground paths that are so often the 

cause of parasitics in v-h.f. amplifiers. No para- 
sitic resonances were found in this amplifier, 
other than one around 100 Mc. introduced ap- 
parently by the r.f. choke. This caused a blowup 
when grid-plate feedback developed with a sim- 
ilar choke in the grid circuit. The problem was 
solved easily by use of a low-Q choke of different 
inductance in the grid circuit. Do not use a 
high-quality r.f. choke for RFC,! 

4) All power leads except the high-voltage 
one are in the grid compartment, and made with 
shielded wire. Where the high voltage comes 
into the plate compartment it is bypassed at 
the feed-through fitting. 

5) The plate circuit is made entirely of copper 
strap and tubing, for highest possible Q and low 
resistance losses. It may be of interest that the 
entire tank circuit was silver-plated after the 
photographs were made. Efficiency measure- 
ments made carefully before and after plating 
showed identical results. 

Looking at the interior view, Fig. 17-24, we see 
the grid compartment at the left. The coaxial 
input fitting, J, in Fig. 17-24, is in the upper left 
corner of the picture. Coax runs from this, out 
of sight on the left wall, terminating in a loop, 
L,, made from its inner conductor. This is in- 
serted between turns at the center of the grid 
coil, Ly. The series capacitor, Cy, is just visible 
on the left chassis wall. It is not particularly criti- 
cal in adjustment, so no inconvenience results 
from its location away from the front panel. 

Screen voltage, bias, and 115 volts a.c. come 
through an 8-pin fitting, J3, mounted between 
the air intake and the heater transformer, Ty. On 
the front pafiel are the heater switch, Sy, and the 
pilot-lamp ‘holder. . 

The three air-system sockets (Eimac SK-600 
or Johnson 124-111-1 with chimneys) are cen- 
tered on the partition, spaced so that there is 
about 14 inch between their flanges. The small 
angle brackets that come with the sockets should 
be tightened down with their inner ends bearing 
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against the ceramic chimneys, to hold them in 
place. Note that the 150-ohm isolating resistors 
Ry, Rg, and R, are connected right at the screen 
terminals. 

Both grid and plate straps are cut from flash- 
ing copper 54-inch wide. Lengths are not criti- 
cal, except that all grid straps should be the 
same length, and all plate straps identical. The 
plate straps are made in two pieces soldered 
together in T shape, to wrap around the anode 
and join at the coupling capacitors, C, and C,. 
These T-shaped connections could be cut from a 
sheet of copper in one piece, with a little plan- 
ning. 

The copper-tubing plate coil, L,, is mounted 
on stand-off insulators not visible in the picture. 
Connections to the coulping capacitors the tun- 
ing capacitor, Cg, and the loading capacitor, Cy 
are made with copper strap. It will be seen that 
these various pieces are bolted together, but they 
were also soldered. The connection from Cy to 
the output fitting, Jp, is a single strap of copper, 
bolted and soldered to Lz. 

The disk tuning capacitor can be made in 
several ways. Flashing copper is easy to work, 
and the 144-Mc. capacitor was made of this 
material. A more sturdy disk can be made from 
%-inch aluminum. Those shown in Fig, 17-24 
were 3-inch meter cutouts from an aluminum 
panel. Disk-type neutralizing capacitors (if you 
can find them; they’re not common catalog items 
these days) provide ready-made disks and lead 
screws for tuning. For the latter we used 3-inch 
14-20 brass screws from the neighborhood hard- 
ware store. A panel bushing with brass nuts 
soldered to it provided the lead-screw sleeve. 
The stationary disk is supported on %4-inch-di- 
ameter Teflon rod, a material also used for the 
rf. choke form. Teflon works easily and is un- 
excelled for insulating applications where high 
temperatures are encountered. We found it 
reasonably priced, in various diameters, at a lo- 
cal plastics house. 

The plate rf, choke, RFC,, is important. You'll 
probably have to make it to get one of sufficiently 
good quality. For more on this see information 
under Fig. 17-23. Two coupling capacitors were 
paralleled because we’ve experienced trouble with 
exploding capacitors in pi-network plate circuits 
in the past. Maybe one would have handled the 
job, but two do for sure. 


Some Possible Variations 


It is always risky to suggest variations on a 
design unless they have been checked out in 
use, as bugs may develop in unforeseen ways. 
The following are ideas only, to be used at the 
builder’s risk, since they have not been tested 
by the designer. : 

You might not care for three tubes in parallel. 
Two should work equally well, handling .a kilo- 
watt except in a.m. linear or plate-modulated 
service. 

For those who can afford it, a vacuum variable 


50 and 144-Mc. Amplifiers 


Fig. 17-24—Interior of the 

50-Mc. amplifier. Note 

method of paralleling 

grid and plate connec- 

tions. Cylinder at upper 

left is for detachable air 
hose. 


capacitor should be ideal for Cg. One with about 
10 pf. maximum capacitance should do nicely. 

For lower: tube cost, 4X150As from surplus 
should work without mechanical changes. Use 
plenty of air, if you intend to push the ratings 
of the 150As. A 100-c.f.m. blower is not too 
much. The ability of the anode structure to with- 
stand heat is the main difference between the 
150A and later versions of this tube, and some 
people have gotten away with 250 ratings with 
150-type tubes. In this connection, the 50-Mc. 
amplifier will take a kilowatt at 1200-to 1500 
volts, if your power supply will handle the cur- 
rent. This approach, plus plenty of air, is prefer- 
able to using plate voltages much in excess of the 
4X150A ratings. 


The 144-Mc. Plumber's Special 


Use of 15-inch copper tubing for a 2-meter 
tank circuit is by no means new.* We simply 
went one step further and made the entire cir- 
cuit from standard plumbing components. All 
the heavy metal you see in the plate compart- 
ment of Fig. 17-25 came from the plumbing coun- 
ter of the local Sears store. The picture and Fig. 
17-26 should be largely self-explanatory. 

At the tube end of the plate line, L, in Fig. 
17-26, we have brass castings normally used to 
join sections of the copper pipe. They make a 
nice sliding fit over the tube anodes. For tighter 
fit, cut thin brass shim stock and insert as much 
as needed between the anode and the sleeve. 
The end of the fitting can be slotted and then 
clamped firm on the anode with a hose clamp, as 
an alternative. The short at the B-plus end of the 


“High-Efficiency 2-Meter Kilowatt,” QST, Feb. 1960, 
p. 30. “Top Efficiency at 144 Mc. with 4X250Bs,” Brey- 
fogle, QST, Dec. 1961, p. 44. 
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line is made with two T fittings, with their 
flanges cut down to % inch and slipped over a 
short section of the pipe that is not visible. Joints 
throughout the assembly were silver-soldered 
with a torch, but conventional soldering should 
do equally well. The flanges at the open ends of 
the T fittings are cut down to about 14-inch in 
length. ; 

The last instruction and the information about 
the plate line given under Fig. 17-26 apply only 
if the fittings are identical to those obtained by 
the builder. Since there are several types of 
fittings available from plumbing supply houses, 
the following overall dimensions should be 
heeded: tube end of the plate line to center-line 
of short—10%% inches; spacing of pipes center to 
center—3¥4 inches. 

In using tube types other than those specified, 
it may be that some change in plate circuit in- 
ductance will be needed. A simple check will 
show if this is needed. Slip the castings and pipe 
together without soldering, and assemble the 
plate circuit temporarily. Check the tuning 
range by means of a grid-dip meter. No plate or 
heater voltage is neéded for this rough check, 
but it is well to have the coulping loop in place, 
and a 50-ohm resistor connected across Jp. 

The coupling loop, L;, is cut from a single 
piece of flashing copper % inch wide. This deliv- 
ered slightly more output to the load than was 
obtained with loops of wire of various lengths 
tried. The loop should be positioned so that the 
bottom edge is approximately flush with the bot- 
tom of the pipes. Optimum coupling to a 50-ohm 
load is achieved when the closed end of the 
“U” is about 4% inch lower than the open end. 
Looking down at the plate-line assembly, the 
coupling loop is centered between the pipes. 

The loop and plate line are supported on 
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Teflon rod insulators. The r.f. choke is also 
wound on Teflon. Note its position outside the 
U of the plate line. First mounted inside the 
loop, it went up in a furious burst of smoke 
when high power was applied to the amplifier. 

Our tuning disks are 3-inch sheets of flashing 
copper. For nicer appearance and better me- 
chanical stability, use %-inch aluminum as in 
the 50-Mc. model. Three-inch brass 4-20 screws 
are threaded through the pipe fittings. The rear 
one is held in place with a lock nut, and the 
other is rotated by the tuning knob, a bakelite 
shaft coupling, and a length of %4-inch Teflon 
rod running in a panel bushing. 

A third disk is mounted adjacent to the rear 
portion of the tank circuit. Its position is adjusted 
to achieve perfect balance in the tank circuit, 
but in practice this turned out to have no meas- 
urable effect. It is felt that a really good choke at 
RFC,, and careful adjustment of Cy, can prac- 
tically eliminate the effect of any slight wunbal- 
ance if the point of connection of RFC, to the 
tank circuit is not bypassed to ground. 

The 144-Mc. grid circuit, L,L., looks like two 
coils, but actually is a coiled-up half-wave line. 
This is somewhat more compact than a half- 
wave line with its conductors out straight, and it 
seems equally effective. The grids are connected 
to the outer ends and the tuning capacitor to the 
inner. The point of connection of the bias-feed 
resistors should be determined in the same way 
as with the usual half-wave line: by coupling in 
144-Mc. energy and touching a pencil lead along 
the inductance while watching the grid current. 
The correct point for final connection of the re- 
sistors is that at which no reaction on grid cur- 
rent is observed. Isolating resistors here, and for 
feeding screen voltage to the sockets, are prefer- 
able to r.f. chokes. The inner conductor of the 
coaxial line is used to make the coupling loop, 
L3, which is placed between the inner ends of 
the grid circuit. 
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Balanced drive is maintained by adjustment of 
the differential capacitor, Cy, connected in par- 
aliel with Cy, and mounted on the side of the 
chassis adjacent to it. The series capacitor, Cg, 
is out of sight under the tuning capacitor, which 
is mounted on standoff insulators. It is adjusted 
by inserting a small screwdriver in a hole in the 
side of the chassis, but if we were doing it again 
we’d mount C, on the side wall, just under Cy, 
to make it more readily adjustable. Note that the 
rotor of Cy is ungrounded. 


About Neutralization 


These amplifiers were tested without neutrali- 
zation and we almost got away with it, but use of 
all modes, particularly a.m. linear and s.s.b., 
imposes strict requirements on stability. Conven- 
tional cross-over neutralization employed in the 
144-Mc. amplifier is omitted from Fig. 17-24 in. 
the interests of clarity. The schematic representa- 
tion, C, in Fig. 17-23, is not very informative 
either. 

In the 50-Mc. amplifier the lead visible in 
Fig. 17-24, attached to the rear stator terminal of 
Cy, runs to a polystyrene feedthrough bushing 
(National TPB) mounted in the partition be- 
tween the rear and middle sockets. Even. this 
bushing’s wire stub projecting into the plate 
compartment turned out to be too much “C,” 
and it was trimmed off 1/16th inch at.a time, - 
until minimum feedthrough was indicated on a 
wavemeter coupled to L, and tuned to the driv- 
ing frequency. 

Similar feedthrough bushings are used in the 
144-Mc. amplifier, but here a small wire had to 
be added to each one, The wire connected to 
the grid of the front tube is aimed toward the 
anode of the rear tube, and vice versa. Small 
sheets of thin brass or copper should be fas- 
tened under the adjacent edges of the sockets, 
and bent up at right angles to the partition. 
These 34-inch high barriers act to shield the 


Fig. 17-25—Interior of the 144- 
Mc. amplifier, showing the plate 
circuit. made from standard 
plumbing components, Brass pipe 
junctions make connection to the 
anodes, and T fittings are modi- 
fied to form the short at the end 
of the line. 


TOPIN tg 


50 and 144-Mc. Amplifiers 


4CX250R's 


Cs 


to crip merer, L123 4 56 7 8 JP 
all i TO SCREEN TO NISV.A.C, 


METER, SWITCH, AND 
REGULATED 250 OR 350 VOLTS 


Fig. 17-26—Schematic diagram and parts in- 
formation for the 144-Mc. amplifier. 
Ci—5-pf. differential trimmer (Johnson 160-303 or 

6MA11). 

Cs—15-pf. per section split-stator (Hammarlund HFD- 
15X). Leave rotor ungrounded, 

Cs—30-pf. miniature trimmer (Hammarlund MAC-30). 

C4—Tuning capacitor made with 3-inch disks. See text. 

Cs—3-inch disk movable with respect to L.. See text. 

Ce—50-pf. variable (Hammarlund MC-50). 

C,—500-pf. 5000-volt (Centralab 858S-500). 

Cs, Co~-Bypass capacitor built into air-system socket. 

li--Green-jewel pilot lamp holder. 

Jz, Jz—Coaxial chassis receptacle. 

Js—8-pin male chassis connector. 

Ji—High-voltage power connector, female (half of 
Millen 37501). 

li, La—3% turns No. 14, 5%-inch diam., turns spaced \%- 
inch. Ra and Rs tap on about | turn in from 
grid end. See text. 

Le—1-turn inner conductor of coax from Ji, about %4 
inch diam. Remove jacket and braid about 3 
inches. Adjust position with respect to li, La for 
maximum grid current, 

Li—Plate line 15-inch copper pipe, with junctions and 
T fittings. Exposed portion of pipe is 8 inches 
Jong. Cut right end of T fittings to %-inch 
shoulder, and joined ends to %-inch shoulders. 


Ls—Y2-inch strap of flashing copper, U portion 4 inches . 


long and 1% inch wide. Make loop and connec- 
tions from single piece. Support Ly and L5 on 
standoffs of ceramic or Teflon. 
Pi—High-voltage connector, male (half of Millen 37501). 
Ps—8-pin female cable connector to match Js. 
Ri:—20-ohm 10-watt slider-type. Adj. for 6.0 v. at socket, 
Re, Re, Ra, Rs—150-ohm ¥2-watt resistor, 
Si~S.p.s.t. toggle. 
Ti—6.3. volt 8-amp. Adjust Ri for 6.0 volts. 
RFCi~-2.15 uh. r.f. choke. No. 22 enamel closewound 
1346 inch on \%-inch Teflon rod. 


So 
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screen rings of the tubes from the. feedback 
“capacitors” and assure that the coupling is from 
grid to opposite plate, and not to the screen.* 
Length and position of the feedback wires are 
adjusted for minimum feedthrough of driver 
energy to the plate circuit, as described 
above. About a half inch of wire was 
needed in addition to the terminal stub 
in this case. ; 

When used as linear. amplifiers the 
tubes must be -biased to permit them to 
draw considerable plate current with no 
drive, so perfect neutralization is a 

“must.” Properly neutralized, the 


HIGH VOLTAGE amplifiers will be stable when run at 


or near maximum safe plate dissipa- 
tion with no drive, even when the grid and plate 
circuits are swung through their entire ranges. 
If they will not pass this test the amplifiers are 
not ready to be used for linear service. 


Controls and Metering 


Almost everyone who builds his own: equip- 
ment has a favored way of controlling it, so the 
system shown schematically in Fig. 17-27 may not 
suit everyone. It is for use in a station where 
power supplies are actuated by closing the pri- 
mary circuits to all that the operator wants to 
have come on for transmitting purposes. They are 
mounted away from the transmitting position, 
and a cable carries the various voltages to the 
rf. position, At the left, J,, J3, J and Js are 
terminals carrying all voltages from the power- 
supply position. These are distributed through 
meters, controls and output fittings, J, J, and 
Jy, to various transmitters. Circuit breakers at 
the supply position are used to turn everything 
off when the station is closed down. 

Adjustable bias, 50 to 90 volts negative, is 
brought in through Pin 2 to a 50-ma. meter and 
appropriate shunts that keep the circuit that is 
not being metered closed. The switch S , enables 
the operator to read the grid currents separately 
in the 144-Mc. amplifier. Grid voltage may be 
read when required, at Jy. : 

Similarly, a 500-volt positive source is con- 
nected through Pin 3, a voltage-regulating sys- 
tem, an audio choke, a 100-ma. meter and a 
3-position switch, Sy, to the screens. Currents 
can be read separately here, too, and this facility 
is important in determining that all tubes are 
running within ratings. The VR system is 
switched by Sg, to provide regulated 250 or 350 
volts to the screens. Ganged to it is Sy, which 
shorts the audio choke for all modes except 
plate-modulated a.m. This must be done, as the 
choke will cause trouble on the other modes. 
The series-parallel VR-tube bank is by no means 
an ideal regulating system, but it prevents soar- 
ing of the screen voltage under conditions of 
low or negative screen current. These occur 


*An air-system socket is now available that has built- 
in shielding of the screen ring. The Eimac number is 
SK-620, 
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TO -C,50TO 
90v. 


TO 
+500V, 


ORIVER) 
PLATE 
SUPPLY, 


TO PINS 
Pee 6ANDZ, Jig 
St deze 10 
1@ 
“1 
Js 0 0-1000 
J:—8-pin male power connector, 
Ja, Jo, Jao, Jx1—Tip jack. 
' Js—A.c. connector, male. 
Ju Js—High-voltage feedthrough connector (Millen 
37501). 
Je, Jz, Jse—8-pin female power connector. 
L:i—10 hy. 50-ma. choke. Must be shorted out for other 
than plate-modulated service. 


only in linear operation, and on c.w. when the 
key is up. It is not particularly important that 
screen voltage be held constant for high screen 
current, as in plate-modulated a.m. and key- 
down c.w. conditions with low plate voltage. 
The screen voltage will be kept down by the 
heavy load on the supply at such times. Actually 


a single string of three regulator tubes will do ~ 


the job quite well, and both amplifiers have 
been worked successfully with this simpler screen 
arrangement. Current through the regulator tube 
strings can be measured between Jy or Jy, 
and ground. 


Operation 


Because a variety of tubes may be used, with 
a wide range of conditions as to plate voltage and 
drive, we’re not going to be too specific here. If 
you follow the tube manufacturer’s recommen- 
dations for the plate voltage you intend to use 
you won’t be far wrong. All tubes of this class 
are quite versatile as to drive level and plate 
voltage ; unless you are running close to the max- 
imum plate-input ratings the principal factor to 
watch is screen dissipation, as far as safety of the 
tubes is concerned. Set up your amplifier with a 
dummy load and then try the various conditions 
given in tube data sheets, observing the opera- 
tion on all meters. In this way you'll soon learn 
your way around. A few words of preliminary 
advice may, however, be in order. 

First, don’t feel that you have to run a kilo- 
watt right off the bat. Put a Variac in your final 
plate supply primary and run the voltage down 
for initial testing, or use a lower-voltage supply 
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S5OMc. 144Mc. OTHER 


Fig. 17-27—Schematic diagram and 
parts information for the control unit 
used with the v.h.f. amplifiers. Resis- 
tors are \4-watt composition, unless 
specified; values in ohms. 


P:—8-pin female cable plug. 

R:—2000-ohm 25-watt resistor. Value may be reduced 
to as low as 1000 ohms if regulation a high 
values of screen current is desired, provided 
current measured in Jio and Ji does not exceed 
40 ma. under low-screen-current conditions. 

$i—Single pole 2-position switch, 

S2—Single-pole 3-position switch. 

Ss—Double-pole 3-position switch. 


until you become familiar with the way the rig 
works. Watch the screen current closely, particu- 
larly at low plate voltage or with high grid 
drive or light loading. The provision for checking 
individual screen currents is important, other- 
wise you may learn too late that one tube has 
been taking all or most of what you have seen 
on a meter that reads total screen current only. 
In the push-pull amplifier it may be advanta- 
geous to balance screen currents by C,, rather 
than grid currents, if balance of both screen and 
grid currents does not occur at one setting. 

Tune up for Class C and get the feel of the 
amplifiers before trying linear operation. Use a 
scope; there is no sure way to set up and op- 
erate a linear without one. The Heath Monitor 
Scope, HO-10, is ideal for this job because of its 
built-in tone oscillator and in-the-transmission- 
line features. Running a linear, either sideband 
or a.m., without a scope check is inviting trouble. 

For higher plate efficiencies go to s.s.b., c.w. 
or plate-modulated a.m. In any of these modes 
these amplifiers will give you the biggest legal. 
signal around, if that’s what you want. Or they’ll 
throttle down nicely to 300 watts input or less, 
merely by lowering the plate voltage. They'll 
work efficiently at much lower inputs if the 
screen voltage is dropped appropriately. Chances 
are that you'll still have a signal that will stand 
out in most neighborhoods, on either 6 or 2. 

Additional information on the construction and 
operation of v.h.f. and uhf. linear amplifiers is 
given in The Radio Amateur’s V.H.F. Manual, 
{st Edition, Chapter 6. Several circuits are de- 
scribed therein. 


432-Mc. Amplifier 


Fig. 17-28—Though the con- 
struction is not apparent 
from the outside of the en- 
closure, the 432-Mc. amplifier 
is built on two standard alu- 
minum chassis. The smaller is 


mounted in a vertical position 


at the right end of this: view, 
to house the grid circuit. Air 
intake is through the right- 
angle plumbing _fitting 
mounted on its cover plate. 
(Built by Dick Stevens, 
WIQW4J.) 
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A KILOWATT AMPLIFIER FOR 432 MC. 


The amplifier described here is an adaptation 
of a similar circuit described in QST.1 A great 
deal of attention has been given to the matter of 
heating, a common cause of drift in operating con- 
ditions for u.h.f. power amplifiers. To enhance the 
free flow of air, large intake and outlet vents have 
been included in the design. A blower capacity of 
100 c.f.m. or more should be used to assure ade- 
quate ventilation and good thermal stability. 


Structural Details 


The input end of the amplifier is shown, with 
its cover plate removed, in Fig, 17-31. The chassis 
on which the tube sockets are mounted is 7 by 9 
by 2 inches, A strip of 4-inch aluminum mounted 
horizontally 6 inches up from the bottom carries 
the tuning capacitors of the grid circuit, which 
will be described later. The input coupling loop, 
Ly, in Fig. 17-29, is supported on a standoff in- 
sulator at its right end, and by the stator bar of 
C,, at the left. 

The tube sockets are a bit different from those 
in most amplifiers described for amateur use. 
They are made up of parts by Johnson that may 
be used in any combination the builder desires. 
This amplifier contains the plastic base type, with 
cathode grounding contacts that are also the 
mounting lugs. These assemblies are Johnson 
Part No. 124-114-1, visible in the grid compart- 
ment. In the plate compartment we see the screen 
bypassing rings (Johnson Part No. 124-113-1) 
and ceramic chimneys (124-111-1). Using this ar- 
rangement cuts down the builder’s investment for 
air-system sockets, but it necessitates individual 
bypassing of socket terminals. See Fig. 17-29. 

The top view, Fig. 17-31, shows most of the 


1 Margot, “A Practical Kilowatt Amplifier ‘for 432 
Mc.,” August, 1964, OST, p. 47. 


plate circuit construction. The half-wave plate 
lines are copper pipes 154-inch outside diameter 
and 65% inches long, with spring finger stock %4 
inch wide at the tube end, overlapped to give a 
7-inch over-all length. The finger stock is first 
fastened in place with small screws, and then 
soldered, The pipes are supported at the far end 
from the tubes on 2-inch ceramic cone standoffs, 
shored up with bushings about 14 inch high, to 
bring them to the proper height. These can be 
metal or insulating material. 

Tuning is done by means of a vane of alu- 
minum 41% inches wide and 314 inches long. This 
is supported on a 14-inch fiber rod, which is ro- 
tated by means of a 5-to-1 planetary drive ' 
mounted on the front wall of the case. A shaft 
bearing on the rear wall maintains shaft align- 
ment. The shaft center is 214 inches in from the 
end and 174 inches down from the top of the case. 
Using a planetary drive gives smooth control of 
the tuning. The actual tuning range is about one 
half of a knob rotation. This can be marked on 
the front panel, to prevent running the vane down 
to the point where it will touch the plate line. The 
vane is not grounded, so there will be no damage, 
other than a momentary detuning of the amplifier, 
should the vane actually touch the pipes, but it is 
just as well to prevent this from happening. 

The botton chassis is 7 by 11 by 3 inches in 
size. The bottom view, Fig. 17-32, shows the high- 
voltage by-passes, C, and Cg, near the center. At 
the left is the adjustable bias supply, not shown 
in Fig. 16-28. Provision is made for metering the 
screen and plate circuits individually. A switch on 
the front panel selects either screen circuit, or a 
combination of both, for monitoring on an exter- 
nal meter. Separate high-voltage feedthrough in- 
sulators, Jz and J,, on the back wall, permit 
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Fig. 17-29—Looking into the grid compartment of the 432-Mc. amplifier, we see the %-wave tank, its tuning 
and balancing capacitors, and the sockets for the two tubes. 


separate plate metering, if desired. Screen volt- 
age, heater voltage and a.c. for operation of the 
bias supply are brought in through an 8-pin 
fitting on the rear wall, A coaxial antenna 
changeover relay with N-type fittings is mounted 
on the rear wall. 


Circuits and Wiring 


The high input capacitance of the tubes pre- 
vents use of a quarter-wave grid circuit at 432 
Mc. Even a half-wave line would be very short, 
so a 34-wave circuit is used for L,. This is plainly 
visible in the end view, Fig. 17-29. The main grid 
tuning capacitor, Cy, is a small butterfly. To help 
in maintaining electrical balance, Cg and Cy are 
connected in parallel with each half of Cy, These 
three capacitors are mounted on the aluminum 
strip, also seen in the end view. 

_ The half-wave plate circuit has already been 
discussed in some detail. Plate voltage is fed into 
the two pipes comprising L, through small r.f. 
chokes that are not visible in the photographs. 
These tap onto the pipes at 414 inches back from 
the open end of the line, and run to the feed- 
through insulators that are seen in the right cen- 
ter portion of Fig. 17-32. 


The heater and screen terminals are bypassed 
individually, as shown in Fig. 17-29, Leads from 
the sockets are brought down in shielded wire to 
feed-through bypass capacitors Cy, Cy7 and Cy,, 
near the bottom of the grid compartment, where 
they run through the wall into the bottom of the 
assembly. They do not show in any of the pic- 
tures. The grid inductance, Lj, is connected to C44 
at the bottom of the U, and thence to feed- 
through Cy, in line with the three similar capaci- 
tors mentioned above. 

All circuits are extensively decoupled for r.f. 
before entering the bottom compartments, so the 
latter is not shielded, and ordinary hookup wire 
can be used therein. 


Checking Amplifier Balance 


Maintaining the highest possible operating 
efficiency is important if the amplifier is to be 
run at the maximum ratings for the tubes, since 
the efficiency is bound to be somewhat lower at 
432 Mc. than would be expected on lower bands. 
A properly-balanced circuit is important here. 
Unless you have more than two tubes available 
there is not much that can be done about d.c. 


432-Mc. Amplifier 


7203/4CX250B 


Cy 


TO GRID 
METER 
AND BIAS 


SCREEN 
VOLTAGE 


Fig. 17-30—Circuit diagram and parts information 
for the 432-Mc. amplifier. 

Ci, Cs, Ca, Cs—9-pf. miniature variable (Johnson 160- 
104 or 9M11), 

Cz—8-pf. per section miniature butterfly variable (John- 
son 160-208 or 9MB11). 

Ce—Aluminum tuning vane, 3% by 4% inches. See text 
and Fig. 3. 

Cr, Cs—500-pf. 20-kv. TV-type capacitor. 

Co, Cro—500-pf. 6-kv. disk ceramic. 

Cn, Ci, Cis, Crs, Cis—500-pf. button-mica. 

Cro, Ciz, Cis, Cio—500-pf. feedthrough bypass. 

Ceo, Ca—0.001 disk ceramic. 

Ja, Je—N-type coaxial chassis fitting, UG-58 A/U. 

Js, Ja—High-voltage feedthrough connector (Millen 
37501). 

Li—U-shaped loop, %-inch copper tubing. U portion 41% 
inches fong, with 1-inch ends bent 90 degrees. 
Overall length 11 inches, width ¥% inch, ¢. to ¢. 


balance. It is checked by running any safe com- 
bination of d.c. grid bias, screen voltage and plate 
voltage that will permit about 250 ma. total plate 
current to flow without drive applied. If the two 
tubes are identical the screen currents should be 
the same. The plate currents will also be identical. 
If they are dissimilar, select the two tubes that 
are most nearly alike. 

R.f. balance is adjusted by applying drive and 
adjusting the grid balancing capacitors, C, and 
C,, so that the screen currents are as nearly equal 
as possible. Repeak C, each time either balancing 
capacitor is changed. The screen currents are a 
sensitive indication of r.f. balance, 

Adjusting the plate circuit and output coupling 


for maximum power output requires a power indi- - 


cating device in the coaxial line to the antenna or 
dummy load. Use about 1000 volts on the plates 
at first, and adjust the bias until about 150 to 
200 ma. plate current per tube is drawn, Adjust 
the tuning vane position, the setting of the series 
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Ls—U-shaped loop ¥% inch wide and 2 inches long, with 
Ys-inch ends bent 90 degrees. Make from No. 
14 wire 5 in. long. Space ¥% in. from Ly. 

Ls—U-shaped loop 2 inches long and 1 inch wide. Make 
from No. 14 wire about 5% inches long. Position 
about ¥% inch above Ly. 

li—15¢-inch o.d. copper pipe, 654 inches long, with 
Yeinch finger stock overlapped to make total 
length of 7 inches. See text and Fig. 3. Plate 
voltage taps are 414 inches from the open end. 

RFC:-RFC,, incl.—12 turns No. 24, % inch long, 34¢- 
inch diam. (Ohmite: Z-460). 

RFCs, RFCe—6 turns No. 18, %4-inch diam., % inch long. 

$i—3-position 3-section switch. 


capacitor, C,, and the position of the output 
coupling loop, Ls, for the maximum power output. 
Each of these settings will change somewhat with- 
power level, so it is desirable to set up the 
coupling loop finally at the power level that will 
be run most often, or at the maximum power 
that will be used, since it is not possible to change 
it once the cover is fastened in place. 


Operation 


If the amplifier is to be operated Class C only, 
screen voltage can be set at 250 volts and left 
that way. Extremely good regulation is not im- 
portant. For linear service there should be provi- 
sion for increasing screen voltage to 350, and it 
should be regulated. The higher screen voltage is 
also desirable if the amplifier is to be operated on 
c.w. or f.m. with lower than optimum grid drive. 

For full amplifier efficiency the driver output 
should be about 50 watts, but good operation 
under all conditions except plate-modulated Class 
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Fig. 17-31—Top rear 
view of the 432-Mc. 


‘C is possible with far less drive. At 1 kilowatt 
input on c.w., the output is in excess of 550 watts, 
and the amplifier operates stably without drifting 
of output or operating conditions. 

If the driver power available is below that for 
maximum Class C efficiency, adjust: the bias so 
that no-drive plate current is well below the rated 
plate dissipation for the tubes. Then apply what- 
ever drive is obtainable, and adjust the screen 


Fig. 17-32— Bottom 
view of the 432-Mc. 
amplifier. Bias supply 
is built into lower left 
corner of the main 
chassis. High-voltage 
leads and by-passes 
are at the right 
center, 


_ kilowatt, showing the 
half-wave plate line 
and its tuning vane. 


voltage for maximum efficiency. Output up to 
within a few percent of the maximum obtainable 
will be possible with far below the rated grid 
drive, on f.m., c.w. or s.s.b. Operation as an a.m. 
linear may also be attractive, if one is satisfied 
with something less than the maximum obtain- 
able output. The varactor multiplier is often a 
good solution to the driver problem in such cir- 
cumstances. Such a unit is described on page 444. 
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GROUNDED-GRID AMPLIFIER FOR 1296 MC. 


There are few tubes available that will provide 
the radio amateur with low-cost construction 
while at the same time delivering moderate power 
output in the 1215-Mc. region. One popular low- 
cost tube is the 2C39, Also available are its newer 
brothers the 2C39A, 2C39B, 3CX100A5, and 
7289, All look pretty much alike, but only the 
early versions have appeared on the surplus 
market. This amplifier uses 2C39As in a cavity 
assembly and is capable of delivering 100 watts 
or more as a linear amplifier, with a gain of 6 
to 10 decibels. It can be built with simple hand 
tools. 


Amplifier Details 


U.h.f. circuits, particularly those involving 
cavities, do not lend themselves well to con- 
ventional schematic presentation, but the circuit 
diagram, Fig. 17-34, may aid the reader in 
identifying the components and understanding 
their functions. The structural features of the 
amplifier are not all apparent from the photo- 
graphs, so are described in some detail, using 
component designations of Fig. 17-36 in re- 
ferring to the various parts. 

This is a grounded-grid amplifier. The large 
square box visible in the pictures houses the 
cathode input circuit. The whole assembly is 
shown from the top in Fig. 17-33, and from 
the bottom in Fig. 17-35, Details of the prin- 
cipal metal parts are given in Fig. 17-36. It 
will be seen that the bottom cover of the cathode 
compartment (part D in Fig. 17-36) is cut 
diagonally to permit access to the cathode circuit 
for adjustment purposes, The tuned circuit, L,- 

_ Cog, is effectively a halfwave line, tuned at the end 
opposite to the tubes. The inductance, part E in 
Fig. 17-36, is tuned by means of a beryllium 
copper spring finger, visible in the lower left cor- 
ner of Fig. 17-35. It is actuated by an adjust- 
ment screw running through a shoulder nut 
mounted in the removable cover plate. Input 
coupling is capacitive, through C,, a small glass 
trimmer at the center of the line, between the 
tubes. An approximate input match is established 
by adjustment of this capacitor. 

The plate circuit, L,-C3, is a square tuned 
cavity. not visible in the pictures. It is made by 
bending part G into a square, and soldering jt 
to the top of part C and to the bottom of part B, 
with all lined up on a common center. The Out- 
side of the cavity is at rf. ground potential. The 
tubes are mounted on a diagonal, at equal dis- 
tances from the center. The plate tuning capaci- 
tor, Cy, is coaxial. Its movable element is a 6-32 
screw, running through a shoulder nut in the top 
plate of the bypass capacitor, C4, soon to be de- 
scribed. The fixed portion is a metal sleeve 54g 
inch inside diameter and 5% inch high, soldered to 
the top side of part C. It is centered on a 6-32 
binder-head screw, threaded into the center hole 
in part C. This screw also holds a 34-inch insulat- 


1 Described in Jan. 1968 QST, 


1296-Me. 


Fig. 17-33—The 2-tube amplifier. Two 
2C39As are used in this grounded-grid setup. The 
large square base unit houses the cathode input circuit. 
The plate cavity is not visible, as it is obscured by the 
plate bypass assembly seen here. (Built by WB6IOM) 


ing spacer that supports the cathode inductor, part 
E, Output coupling is by means of a fixed loop, 
L;, on a BNC or TNC coaxial fitting mounted in 
the 3-inch hole in part G, the cavity wall. 

The bypass capacitor, C,, consists of the top 
cover of the plate cavity, part B, a layer of 0.02- 
inch Teflon sheet, and the top plate, part A. 
This combination does not act as a pure capaci- 
tance, because of the large size of the plates in 
terms of wavelength at 1296 Mc. It is important 
not to make substitutions here, as variations in 
size of the plates or thickness of the insulation 
may cause the capacitor to become resonant. 
The plates are held together with nylon screws. 
Metal screws with insulating sleeving, and in- . 
sulating shoulder washers, may also be used. 
Nylon screws and other insulation, other than 
Teflon, may melt if the bypass capacitor becomes 
resonant. Nylon is very lossy at 1296 Mc. 


Construction 


Major sheet-metal parts are cut from 0.04 or 
0.05-inch sheet brass. The cutting, bending and 
soldering can be done with hand tools. The solder- 
ing is done readily over a kitchen stove, or with 
a 300-watt or larger soldering iron. Silver plating 
is recommended, to assure good r.f. contact 
throughout. Several methods usable in the home 
are outlined in The Radio Amateur’s V.H.F. 
Manual. All sheet brass parts are shown in Fig. 
17-36, with dimensions and hole locations. Note 
that the bottom plate of the cathode assembly, 
part D, is cut diagonally, and fitted with spring 
finger stock to assure good electrical continuity 
when the assembly is closed. 

On the smaller part of D is a 6-32 screw that 
runs through a shoulder nut soldered into the 
sheet, with the head of the screw on the outside 
when the cover is in place. The end of the screw 
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bears on the beryllium copper spring finger, % 
inch wide, bent so that its position with respect 
to the cathode circuit varies with the position of 
the screw. Its position and approximate size 
should be evident from Fig. 17-35. The bottom 
end is soldered to the inside of part C. The free 
end should be wrapped with smooth insulating 
tape, so that the cathode bias will not be shorted 
out if the capacitor is closed down too far, 

Spring finger stock is used to provide flexible 
low-inductance contact with the plate, grid and 
cathode elements of the tubes. Finger stock 
numbers are given for stock obtained from In- 
strument Specialty Co., Little Falls, N. J. The 
material used for tube contact purposes is No. 
97-380. That on the triangular cover plate is 
97-134. If tubes with recessed grid rings are 
used (example: the 7289) it is necessary to solder 
a small piece of brass against the bottom of the 
grid finger stock, to prevent the tube from being 
pushed in too far. Otherwise it is impossible 
to remove the tube without damage to either the 
finger stock or the tube. The finger stock used 
in the grid, plate and cathode holes should be 
preformed to fit, and then soldered in with a 200- 
watt or larger iron. That on part D is soldered 
to the outside of the plate. It may be necessary to 
strengthen the cover plate with a strip of brass 
soldered to the inside, opposite to the finger 
stock, to prevent bulging. This should protrude 
about %g¢ inch from the edge of the cover plate. 
Any intermittent contact here will detune the 
input circuit severely. 

The finger stock in the plate bypass should 
be flush with the sheet metal on the side facing 
the cavity. With the grid and cathode connec- 
tions the stock may protrude somewhat. The 
soldering of the cavity parts should be done first. 
The parts should be lined up carefully, clamped 
together, and then soldered in place over a gas 
flame for preheating, doing the actual soldering 
with a small iron. Check alignment prior to final 
cool-down. The output BNC fitting can be sol- 
dered in at this time, adding the coupling loop 


V.H.F. AND U.H.F. TRANSMITTING 
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Fig. 17-34—Representative circuit. of the 1296-Mc. 

cavity amplifier. The plate cavity and tuning device are 

indicated by LeCs, the cathode inductance and tuning 

capacitor by L:C2, Note that the heater supply must 

not be grounded. 

Ci—5-pf. glass trimmer. 

Ce—Beryllium-copper spring finger; see text and Fig. 
17-35. 

Cs—Coaxial plate capacitor (see text). 

C.—Plate bypass capacitor, composed of parts A and B, 
Fig. 17-36 separated by 0.02-inch Teflon sheet. 
See text. 

Cs, Ce, Cr—Feed-through bypass, 500 pf. 

Ji, Jo—Coaxial jack, BNC or TNC type. 

Li—Cathode inductor, part E, Fig. 17-36. See text and 
Fig. 17-35. 

Le—Plate cavity, composed of parts C, B, and G of 
Fig. 17-36. See text. 

Ls—Copper strap % inch wide, from pin of Jz to top 
side of part C. 

RFC;, RFC, RFD;s—10 turns No. 22 enamel, 
diam., 1 inch long. 

R:i—50 to 100 ohms, 2 watts (see text). 


Ye-inch 


later. It is merely a strip of copper or brass, 3% 
inch wide, soldered between the center pin of J, 
and the cavity bottom. The strip should rest 
against the teflon shoulder of the fitting, and ex- 
tend 1% inch beyond the center pin before being 
bent 90 degrees down to the cavity bottom. Solder 
solidly to part A, and to the full length of the pin 
on J. Now put in the finger stock. If a small iron 
is used, preheating with the gas flame, the heavy 
brass parts will not come loose. The top cover of 
the plate cavity; part B, is then soldered in place, 
using a clamp as before. 

In cutting the Teflon insulation for the plate 
bypass, make tube holes only just large enough 


Fig. 17-35—Bottom (or back) view of the cathode circuit 
and housing, showing the divided cover plate, part D 
in Fig. 17-36. Inside are the cathode inductance, part 
E, and the spring-finger tuning capacitor plate, C2. 
The heater and cathode feed-through bypasses and the 
input coaxial fitting are on the cover plate, near the 
center. The outside surface of the removable cover plate 
is shown. 
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to clear the tube. There should 
also be some area of insulation 
around the outer edges of the top 
plate. These precautions are helpful in preventing 
arc-over. 

Connection to the tube heaters is made by 
bending a U-shaped piece of beryllium copper or 
spring bronze to make a snug fit in the heater cup 
at the end of the tube. The air-wound r.f. choke 
is connected directly to this, with the other end 
running to the feed-through bypasses. The heat- 
ers being brought out separately permits a check 
on condition of tubes, by turning off the heaters 
one at a time. Leaving the tube in place, but cold, 
does not detune the system, and a comparison of 
the tubes may be made in this way. Note that 
neither side of the heater circuit can be grounded. 


Tuning and Operation 


When construction is completed and checked 
out, apply heater power to the tubes. Connect a 
milliammeter in series with the cathode resistor. 
Set the input glass trimmer at the middle of 
its range, and place the cover plate in position, 
but without putting in the screws as yet. Keep 
some pressure on it by hand to insure uniform 
contact. Apply 10 to 20 watts of driving power, 
tune Cy, and observe the cathode current. Open 
the cathode compartment, move the input 
trimmer, replace the cover, and observe the 
current again. Repeat until highest current is 
achieved, but do not go over 120 ma. Reduce 
driving power, if necessary, to keep below this 
level. Fasten the cover plate in place, and re- 
check cathode current. 

Supply cooling air, if this has not already 
been done. Be sure that adequate air flow is 
provided, especially if the plate input is to be 
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Fig. 17-36—Principal sheet- 
metal parts of the 1296-Mc. 
amplifier: top plate of the by- 
pass capacitor, A; its bottom 
plate and top cover of the 
plate cavity, B; top plate of 
the cathode assembly, C; and 
two-piece bottom cover, D. 
The long strip, F, is the side 
walls of the cathode assem- 
52" bly, and G is the side walls of 
the plate cavity, both before 
bending into their square 
shape. 


near maximum ratings. If there is to be no cowl- 
ing around the tube fins an air stream of some 
150 c.f.m. from a low-pressure blower across the 
area of the tube fins is required. With an en- 
closure confining the air flow to a path through 
the fins a 30 c.f.m. high pressure blower should 
suffice. In either case it does no harm to have 
more. If you have a quiet blower it probably is 
not enough! 

Connect a 50-ohm termination to J, and apply 
plate power, preferably at a lower voltage than 
the maximum that will be used eventually. Ap- 
ply drive, and tune the input circuit for maximum 
plate current, and the output circuit for maxi- 
mum output. A suitable indicator is an incandes- 
cent lamp connected at the end of a 50-foot length 
of RG-58 cable. This will be so lossy that it will 
look like 50 ohms, regardless of the termination, 
and the lamp will show relative output. Maximum 
output may not coincide with minimum plate 
current. 

Once the amplifier appears to be working 
normally, plate voltage may be increased, re- 
checking the tuning adjustments for each change 
in plate voltage. Use a value of cathode resistor 
that will result in about 50 ma. plate current 
with no drive. With 1000 volts on the plates do 
not operate the amplifier for more than a few 
seconds at a time under key-down conditions. 
With a normal c.w. keying duty cycle you can 
run up to 400 ma. plate current. With s.s.b. you 
may run up to 600 ma. peak current, or a 300-ma. 
indicated meter reading during normal voice op- 
eration. With the expected 100 watts output, with 
300 to 400 in, the RG-58 cable should melt in a 
few minutes. This is not a very satisfactory 
method of measuring output, and some reliable 
power-indicating meter should be used for at 
least an intermittent check, if at all possible. 


Chapter 18 


V.H.F. And U.H.F. Antennas 


DESIGN CONSIDERATIONS 


At 50 Mc. and higher it is usually important 
to have the antenna work well over all or most 
of the band in question, and as the bands are 
wider than at lower frequencies the attention of 
the designer must be focused on broad fre- 
quency response. This may be attained in some 
instances through sacrificing other qualities such 
as high front-to-back ratio. 

The loss in a given length of transmission line 
rises with frequency. V.h.f. feedlines, therefore, 
should be kept as short as possible. Matching of 
the impedances of the antenna and transmission 

_line should be done with care, and in open loca- 
tions a high-gain antenna at relatively low 
height may be preferable to a low-gain system 
at great height. Wherever possible, however, the 
v.h.f. array should be well above heavy foliage, 
buildings, power lines or other obstructions. 

The physical size of a v.h.f. array is usually 
more important than the number of elements. A 
4-element array for 432 Mc. may have as much 
gain over a dipole as a similarly designed array 
for 144 Mc., but it will intercept only one-third 
as much energy in receiving. Thus to be equal in 
communication, the 432-Mc. array must equal 
the 144-Mc. antenna in capture area, requiring 
three times as many elements, if similar element 
configurations are used in both. 


Polarization 


Tests made over long paths have indicated that 
there is little difference in results obtained from 
vertically- or horizontally-polarized antennas. 
The choice of polarization is usually based upon 
which polarity is in vogue in a given geographi- 
cal area. Unfortunately, standardization has not 
occurred in this regard despite the fact that most 
v.h.f. and u.h-f. stations in the U.S.A. are equipped 
for horizontal polarization. 

Horizontal arrays are generally more effective 
than vertical systems are when it comes to dis- 
criminating against man-made noise pulses. Sim- 
ple 3- or 4-element arrays are more effective 
when horizontal than when vertical, as their ra- 
diation patterns are broad in the plane of the ele- 
ments and are sharp in the plane perpendicular 
to them. 

Vertical antennas are beneficial for base-station 
and mobile use where non-directional coverage is 
desired. Similarly, such antennas are useful for 
net operation. Vertical antennas can be designed 
to provide gain while still radiating an omnidi- 
rectional pattern. Vertical polarization, because 
it is of the opposite sense to that of home TV 
antennas, helps to lessen TVI from v.hf. ham 
transmitters. 


Horizontally-polarized mobile antennas—ha- 
los, turnstiles, and the like—provide a signal with 
considerably less flutter than do vertical anten- 
nas. The latter transmit and receive less effec- 
tively because trees, power poles, and most man- 
made structures have a vertical format, hence 
momentarily obstruct a vertically-polarized sig- 
nal more seriously than were the antenna hori- 
zontally polarized. 


Feed-Line Choice 


Line losses increase with frequency. For this 
reason it is particularly important that a good 
grade of transmission line be used, and that it be 
properly matched to the antenna. Open-wire line 
offers the least amount of loss and is commer- 
cially available in 300- and 450-ohm impedances. 
It is more difficult to install than is coaxial cable, 
hence is not as popular with most operators. 
UhA. foam-filled 300-ohm TV ribbon is satis- 
factory for use as a low-loss line in regions where 
the air is dry most of the time and where the 
atmosphere has a low salt or chemical content. 

Coaxial cables of good dielectric quality are 
fast becoming preferred by loss-conscious ama- 
teurs. Some of the more common lines are listed 
in Fig. 18-1. War surplus coax should be avoided 
at all cost because much of that type of line is 
old and no longer has good dielectric properties. 
In time, the polyethylene material becomes “poi- 
soned” and acts as a high-resistance conductor. 
Similarly, the shield braid deteriorates from cor- 
rosion and becomes ineffective. Small-diameter 
coax lines of the RG-58 and RG-59 variety are 
very lossy in the v.h.f. and uhf. regions and 
should be avoided except when used as short 
interconnecting cables, Low-cost flat TV ribbon 
should also be avoided because some of it is ex- 
tremely lossy in the v.h.f. region. 


Impedance Matching 


The impedance-matching techniques employed 
in v.h.f. and u.h.f. work are the same as those used 
in h.f. antenna design. The more common meth- 
ods are described in detail in Chapter 14. Most 
v.hf. antennas employ Gamma-Match, “T”- 
Match, or “Q”-section impedance-matching de- 
vices. Also, folded dipoles can be designed to 
provide a terminal impedance that allows them 
to work with balanced lines of standard ohmic 
values. Where an unbalanced (coax) line is con- 
nected to a balanced feed point on a driven ele- 
ment, some form of balancing device should be 
used to prevent skewing of the antenna pattern 
and to prevent line radiation. Examples of bal- 
ancing devices are given in Fig. 14-46. The types 
shown at B and D are preferred at 50 Mc. and 
higher. 
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FEED LINE CHARACTERISTICS 


Impedance (Ohms) Velocity 
(nominal) Factor 


0.66 
0.66 
0.66 
0.66 
0.66 
0.81 
0.81 
0.81 


Type of 
Line 


RG-58A 52 
RG-59A 73 
RG-8A 52 
RG-HA 75 
RG-17A 52 
*AM-5012P 50 
*AM-7512P 75 
*AM-5078P 50 
*AM-7578P 75 0.81 
Open Wire 300-450 0.97 


Flat Ribbon 300 0.8 
(8225) 


Foam-Filled 
Ribbon (8275) 


300 0.8 


Pf. Per Ft. 


DB. Atten. Per 100 Ft. 
100 Mc. 300 Mc. 1000 Mc. 


28.5 4.2 79 16 0,195 
21 3.8 7.0 14 0.242 
295 2.1 4.2 9 0.4 
20.5 2.1 3.8 78 0.4 
29.5 085 ° 18 42 0.87 
25 0.75 1.6 3.1 0.5 
16.7 0.75 1.6 3.1 0.5 
25 0.5 1.0 2.2 0.875 
16.7 0.5 1.0 2.2 0.875 
— 0.18 0.6 1.0 —_ 


4.4 1.1 2.2 5.0 — 


Dia. 
(inches) 


4.6 1.05 2.12 48 


* Semiflexible. aluminum-jacketed foam-filled line. Times Wire and Cable, Wallingford, Conn. 
** Belden type. Loss figures are for dry, clean line. Losses increase rapidly when line is wet. 


Fig. 18-1—Modern v.h.f./u.h.f. feed lines and some of their characteristics. RG-58A and RG-59A types are 


a 


When the impedance of a particular antenna is 
unknown—frequently the case with multi-element 
Yagis—the universal stub of Fig. 18-2 can be 
used. This adjustable transformer will match the 
transmission line to the antenna and will tune out 
reactance in the driven element. The stub can be 
made from copper or aluminum tubing and 
equipped with sliding clips, or it can be a section 
of 300- or 450-ohm open-wire line with some 
form of adjustable shorting bar. The transmis- 
sion line can be open wire or twin lead. If a coax- 
ial line is used, a balun transformer should be 
connected between the line and the stub. 

To adjust the stub, insert an s.w.r. indicator in 
the main feed line and short out the end of the 
stub farthest from the antenna. Using low trans- 
mitter power, slide the feeders up and down on 
the stub until a point is found where the s.w.r. 
is the lowest. Then turn the transmitter off and 
move the shorting strap a short distance up on the 
stub and readjust the line connection for the 
lowest s.w.r. reading. Repeat the foregoing pro- 
cedure until the s.w.r. is as close to 1:1 as pos- 
sible. Once the correct tap and short points are 
found, permanent connections can be made and 
the portion of the matching stub below the short- 
ing strap can be cut off and discarded. Complete 
information on the use of matching stubs is given 
in The A.R.R.L. Antenna Book, Chapter 3. 


Elements, Lengths, And Spacings 


When designing a v-h.f. or u.hf. array, atten- 
tion must be given to both the physical and elec- 


not recommended for long runs at 50 Mc. and higher. 


trical properties of the system. The electrical fea- 
tures will’ be dictated for the most part by the 
type of performance required. Mechanical de- 
sign offers a myriad of possibilities, however, 
and the exact approach taken will depend upon 
the builder’s budget, the availability of materials, 
and his engineering skill. 

Because v.h.f. and u.h.f. arrays are relatively 
small and lightweight compared to directive ar- 
rays for the h.f. spectrum, TV antennas offer an’ 
excellent source of tubing and boom stock. Many 
TV antennas can be modified for use in the ham 
bands by merely pruning the elements to length 
and relocating-them on the boom for the desired 
spacing. Brass and aluminum brazing and weld- 
ing rods—available from most welding supply 
houses—make good element material. Aluminum 


DRIVEN ELEMENT 


OPEN-WIRE. LINE 
OR BALUN Ay OR MORE 


my 


Fig. 18-2—Combination tuning and matching stub for 
feeding v.h.f. and u.h.f. antennas. The sliding short is 
used to tune out reactance of the driven element or 
phasing system. Transmission line, balanced or coaxial 
balun, is attached at the point of lowest s.w.r. 
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clothesline wire is rigid enough to be used for 
element stock on 220- and 432-Mc. beams. No. 
10 copperweld wire is excellent material for 
432-Mc. beams. Coat hangers can be straightened 
and cut to length for indoor attic antennas. Most 
hardware stores sell do-it-yourself aluminum 
tubing, angle stock, and sheeting. TV antenna 
masting can be used for boom material. Thin-wall 
electrical conduit, though not recommended for 
antenna elements, can be used as boom and mast 
stock. 

Dimensions for Yagi or collinear arrays and 
their matching devices can be taken from Table 
18-I. The driven element is usually cut to the 
formula: 


5540 
Freq. (Mc.) 


This is the basis of the lengths in Table 18-I, 
which are suitable for the tubing or rod sizes 
commonly used, Arrays for 50 Mc. usually have 
¥% to l-inch elements. For 144 Mc. % to %-inch 
stock is common. Rod or tubing % to % inch 

"in diameter is suitable for 220 and 420 Mc. Note 
that the element lengths in the table are for the 
middle of the band concerned. For peaked per- 
formance at other frequencies the element 
lengths should be altered according to the figures 
in the third line of the table. 

Reflector elements are usually about 5 percent 
longer than the driven element. The director 
nearest the driven element is 5 percent shorter, 
and others are progressively shorter, as shown 
in the table. Parasitic elements should also be 
adjusted according to Line 3 of the table, if peak 
performance is desired at some frequency other 
than midband. 

Parasitic element lengths of Table 18-I are 
based on element spacings of 0.2 wavelength. 
This is most often used in v.h.f. arrays, and is 
suitable for up to 4 or 5 elements. Other spac- 
ings can be used, however. If the element lengths 
are adjusted properly there is little difference in 
gain with reflector spacings of 0.15 to 0.25 wave- 
length. The closer the reflector is to the driven 
element, the shorter it must be for optimum for- 
ward gain, and the greater will be its effect on 
the driven element impedance. 

Directors may also be spaced over a similar 
range. Closer spacing than 0.2 wavelength for 
arrays of two or three elements will require a 
longer director than shown in Table 18-I. Thus 
it can be seen that close-spaced arrays tend to 
work over a narrower frequency range than 
wide-spaced ones, when they are tuned for best 
performance. They also result in lower driven- 
element impedance, making them more difficult 
to feed properly. Spacings less than 0.15 wave- 
length are not commonly used in v.h.f. arrays 
for these reasons, 


PRACTICAL V.H.F. AND U.H.F. ARRAYS 


The antenna systems pictured and described 
herewith are examples of ways in which the 
information in Table 18-I can be used in arrays 
of proven performance, Dimensions can be taken 


Length (in inches) = 


V.H.F. AND U.H.F. ANTENNAS 


TABLE 18-1 
Dimensions for V.H.F. Arrays in Inches 


52* 146* 222.5% 
24% 
0.12 


26% 


Freq. (Mc.) 


Driven Element 106.5 38 


Change per Mc.* 2 0.25 


111% 40 
101% 36 2354 
99% 23% 
97% 23 
234 53 
333% 
26% 
1314 
105% 
0.15 Wavelength 12 8 


17%4 


*Dimensions given for element lengths are for 
the middle of each band. For other frequencies 
adjust lengths as shown in the third line of table. 
Example: A dipole for 50.0 Mc. would be 106.5 
-+- 4 = 110.5 inches. 

Apply change figure to parasitic elements as well. 
For phasing lines or matching sections, and for 
spacing between elements, the midband figures are 
sufficiently accurate. They apply only to open- 
wire lines. 

Parasitic-element lengths are optjmum for 0.2 
wavelength spacing. 


Reflector 


ist Director 


2nd Director 


3rd Director 


1.0 Wavelength 
0.625 Wavelength 147 


0.5 Wavelength 


0.25 Wavelength 


0.2 Wavelength 16 


Balun loop (coax) 26.5 


from the table, except where otherwise noted. If 
the builder wishes to experiment with element 
lengths, it may be possible in some instances to 
increase the forward gain of the system by mak- 
ing the directors the same length—at a sacrifice 
in bandwidth, Similarly, the elerent lengths can 
be experimented with—staggering their dimen- 
sions—to secure greater bandwidth, but at the 
cost of reduced gain. Normally, the dimensions 
given in Table 18-1 will provide good all-around 
performance for average use. 


PARASITIC ARRAYS 


Single-bay arrays of 2 or more elements are 
widely used in 50-Mc. work. These may be built 
in many different ways, using the dimensions 
given in the table. Probably the strongest and 
lightest structure results from use of aluminum 
or dural tubing (usually 144 to 1% inches in di- 
ameter) for the boom, though wood is also usable. 
If the elements are mounted at their midpoints 
there is no need to use insulating supports. Usu- 
ally the elements are run through the boom and 
clamped in place in a manner similar to that 
shown in Fig. 18-6. Where a metal boom is used 
the joints between it and the elements must be 
tight, as any movement at this point will result 
in noisy reception. 


Popular Matching Devices 


Most common of the balanced-feed impedance- 
matching devices are the Delta or “Y” match, the 


Parasitic Arrays 


so-called “hairpin” match—a modified version 
of the “Y” match, and the T Match. The Gamma 
Match is the favored device for direct connection 
to coax lines in unbalanced feed systems. 


T-Match 


The type of matching system used depends 
upon the type of feed line or phasing harness em- 
ployed in the array. The T Match is the least dif- 
ficult to adjust of the balanced systems and lends 
itself readily to providing the popular feedpoint 
impedances of 200 and 300 ohms. The latter im- 
pedance is useful when 300-ohm balanced feeders 
are used, or, a 4:1 balun can be connected to the 
T Match to convert the 300-ohm balanced termi- 
nal of the antenna to a 75-ohm unbalanced condi- 
tion, suitable for use with 75-ohm coaxial feed 
line. If the T Match is adjusted for 200 ohms, a 
4:1 balun permits the use of 50-ohm coaxial feed 
line. Whatever the arrangement, unbalanced feed- 
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Fig. 18-3—Popular matching techniques for use with 
vhf, arrays. At A, adjustable clamps and capacitance, 
C, provide the required variables to secure an im- 
pedance match. At B, dimensions a and b are varied 
until a 1:1 s.w.r. is secured. Plastic spreader nearest 
the Delta section can be made to permit adjustment 
of dimension b. Dimension a is varied by means of 
adjustable clamps. Typical 144-Mc. dimensions are: 
a= 10 inches, b = 8 inches. Gamma match at C is 
used when coaxial feed line is connected directly to 
the driven element. Adjustable clamp and C are ad- 
justed until a 1:1 s.w.r. is obtained. Typical values are 
given for 50- and 144-Mc. 
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Fig. 18-4—The 6-element 50-Mc. array mounted and 
ready for use. A quad configuration of 5-element 
144-Mc. Yagis is shown above the 6-meter beam. 


ers should not be used with a balanced-feed 
driven element without the use a balanced-to- 
unbalanced transformer, for the reasons outlined 
earlier in this chapter. 

A thorough discussion of T-Match design and 
adjustment is given in The A.R.R.L. Antenna 
Book, Chapter 3. Typical dimensions for an ad- 
justable T Match are given in Fig. 18-3, at A. 


Delta Match 


The delta is the simplest of matching devices 
to be described here. It is particularly useful for 
feeding antennas with balanced transmission line. 
Baluns, however, can be used between the delta 
and a coaxial feeder to convert from a balanced 
to an unbalanced condition while at the same time 
transforming the antenna’s feedpoint impedance - 
to that of the coax line. 

The less desireable features of the delta are 
its mechanical instability, particularly below 220 
Mc., and its tendency to radiate, which may in- 
terfere with the effectiveness of a multi-element 
array. It is more critical to adjust than is the T 
Match. Information on deltas is given in Fig. 
18-3, at B. 


Gamma Match 


Gamma-match feed is well suited to unbalanced 
transmission lines, permitting direct connection 
to the driven element of the antenna. The shield 
braid of the coax line connects to the center of the 
driven element and the center conductor is fed 
through a variable capacitor which connects to 
a metal arm which is tapped out on one half of 
the driven element. The tap point and the setting 
of the variable capacitor are juggled until a 1:1 
s.w.r. is obtained. The gamma can be considered 
as one half of a T Match. With both systems, 
small mica compression trimmers can be used 
for the variable capacitors when the transmitter 
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Fig. 18-5—Dimensions for the 50-Mc. array. Ci should 
be mounted in a weatherproof box, as near to the 
gamma rod as possible. The shield braid of the coax 
cable is grounded to the center of the driven element. 


power does not exceed approximately 100 watts 
input. Miniature receiving-type variable capaci- 
tors are suitable for powers up to 500 watts, pro- 
vided a low s.w.r. is maintained. Double-spaced 
receiving-type variable capacitors are satisfac- 
tory for transmitters running between 500 and 
1000 watts. The gamma- or T-match capacitors 
should be enclosed in a weatherproof plastic box 
and mounted as near to their related matching 
devices as possible. Gamma-match information is 
given in Fig, 18-3, at C. In-depth treatment of 
the subject is presented in The A.R.R.L. An- 
tenna Book, Chapter 3. 


6-ELEMENT 50-MC. ARRAY 


The high-performance Yagi of Figs. 18-4 and 
18-5 is built on a 20-foot boom, and features 
“plumber’s-delight” construction. The 114” diam- 
eter boom is made from two 10-foot lengths of 
aluminum TV masting which: have been fitted 
together and locked in place with sheet-metal 
screws. Support braces are used to prevent the 
boom from sagging and are visible in the photo. 
A gamma match is employed to permit the use 
of 50-ohm transmission line. The long boom and 
wide-spaced elements result in a sharp horizontal 
radiation pattern. This antenna is designed to 
work well over the low end of the band, 50 to 
51 Me. 


Construction 


The elements are attached to the boom as 
shown in Fig. 18-6, Details for fabricating the 
mounting hardware are given in Fig. 18-7. A de- 
tailed description of this antenna was published in 
QST, October 1966, p. 33, The array is mounted 
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at its center of gravity, rather than at its physi- 
cal center. The boom is braced to prevent droop- 


_ing, at points about 5 feet out from the mounting 


point. Braces are aluminum tubing, flattened at 
the ends, and clamped to the boom and the verti- 
cal member. Suspension bracing, as shown in Fig. 
18-4, provides strength with lightweight supports. 


Adjustment 


Matching requires an s.w.r. bridge. It can 
be done properly in no other way. Mount the 
beam at least a half wavelength above ground 
and clear of trees and wires by at least the 
same distance. Set the transmitter at a fre- 
quency in the middle of the range you want to 
work (50.3 is a good spot for low-end opera- 
tion) and adjust the position of the clip and 
the variable capacitor, Cl, for minimum s.w.r. 
Move first one variable and then the other until 
zero reflected power is indicated. Tighten the 
clip solidly, then seal the variable capacitor’s en- 
closure against the weather. Dow Corning Silas- 
tic RT V-732 sealant is available in 2-ounce tubes 
and is ideal for sealing antenna connections and 
coax fittings that are used out of doors. 


13-ELEMENT YAGI FOR 144 MC. 


A low-cost high-gain array for 2-meter opera- 
tion is shown in Fig. 18-8. If properly constructed 
and adjusted, it should be capable of at least 15 
db. of forward gain. Such an antenna is excellent 
for DX work. Two such antennas, stacked 114 
wavelengths apart, should not be overlooked as a 
possibility for stringent DXing such as “scatter” 
communications, 


Fig. 18-6—Mechanical details of the clamps used for 
attaching the elements to the boom of the 50-Mc. array. 


Adjusting Antennas 
fee 


O~-No.22 Drill O | 


Fig. 18-7—Layout information for the home-made ele- 
ment mounts used on the 50-Mc. Yagi. Aluminum sheet, 
Vg inch thick or greater, should be used. 


The boom length is 24 feet, requiring that three 
sections of aluminum TV masting be spliced to- 
gether and braced with support arms (such as 
used in the 6-element 50-Mc. array) to prevent 
the boom from drooping. If 10-foot mast sections 
are used, it will be necessary to remove about six 
feet of stock from one of the sections. 

Details for the folded-dipole driven element 
are given in Fig, 18-8. When used as shown, the 
s.w.r. will be less than 2:1, a tolerable level. If 
precise matching is desired, the universal match- 
ing stub, described earlier in this. chapter, can 
be used between the 200-ohm feedpoint and the 
balun. 


A 220-MC. BEAM ANTENNA 


An effective easy-to-build Yagi for 220-Mc. 
use is shown in Fig. 18-9. This optimum-spaced 
11-element array, if carefully constructed and ad- 
justed, should be capable of at least 13 decibles 
of forward gain. A stacked array consisting of 
two or four of these beams should be excellent for 
DX applications. 


465 


A folded-dipole driven element is employed 
and is designed to provide a feedpoint impedance 
of approximately 200 ohms. A 4:1 balun is used 
to step the impedance down to 50 ohms, unbal- 
anced, so that coaxial feed line can be used. A 1:1 
match can be secured by using a universal match- 
ing stub in the same fashion as described for the 
2-meter Yagi. 

The boom is a 2 X 2-inch piece of lumber, 12 
feet long. There is no reason why a metal boom 
could not be used, but if such is the case, the ele- 
ment lengths may have to be changed to assure 
optimum perfermance. This Yagi is cut for the 
low end of the band and works nicely from 220 to 
221 Mc. 


11-ELEMENT YAGI FOR 432 MC. 


The high-performance array. shown in Fig. 18- 
10 was described in QST, April 1966, page 19. 
The illustration shows one bay of the 4-bay array 
originally described. Used by itself, it will per- 
form well and is capable of providing moderate 
coverage on 432 Mc. with a few watts of trans~- 
mitter power. 

The boom is fashioned from a piece of 1 x 1- 
inch lumber, 6 feet in length. A delta match is 
employed and its dimensions are given in Fig. 
18-10. The gain of this antenna should be simi- 
lar to that of the 220-Mc. array described in the 
foregoing text. 


STACKED YAGI ARRAYS 


The gain (in power) obtainable from a single 
Yagi array can be approximately doubled by 
stacking two or more of them vertically and feed- 
ing them in phase.’ This refers to horizontal sys- 
tems, of course. Vertically-polarized bays are 
usually stacked side by side. The principles 
to follow apply in either case. 

The spacing between bays should be at least 
one-half. wavelength, and more is desirable. For 
dipoles or Yagis of up to five elements. opti- 
mum spacing between bays is about 54 wave- 
length, but with longer Yagis the spacing can 


1 Brown—“The Wide-Spread Twin-Five’’ CQ, March, 
1950. 
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Fig. 18-8—Dimensions for the high- 
performance 144-Mc. long Yagi. Per- 
formance above 145 Me. deteriorates 
considerably. Element lengths should 
be scaled down if operation in the 
upper two mégacycles of the band is contemplated. 
The boom length of this array approaches 24 feet. 
Parasitic elements are made from hard-drawn alu- 
minum rod such as is available from welding supply 
houses. (Original design data by W2NLY and W6QKI, 
QST, Jan. 1956.) 
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Fig. 18-9—Construction data for a high-performance 

220-Mc. Yagi. Parasitic elements are made from Y-inch 

- diameter aluminum rod. Balun precautions of Fig. 18-8 
should be followed. 


be increased to one wavelength or more. Bays 
of 6 elements or more, spaced one wavelength, 
are commonly used in antennas for 144 Me. 
and higher frequencies, Optimum spacing for 
long Yagis is about two wavelengths. 

Where half-wave stacking is to be employed, 
the phasing line between bays can be treated as 
a double “Q” section. If two bays, each de- 
signed for 300-ohm feed, are to be stacked a 
half wavelength apart and fed at the midpoint 
between them, the phasing line should have an 
impedance of about 380 ohms. No. 12 wire 
spaced one inch will do for this purpose. The 
midpoint then can be fed either with 300-ohm 
line, or with 72-ohm coax and a balun. 
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When a spacing of 3 wavelength between 
bays is employed, the phasing lines can be coax. 
(The velocity factor of coax makes a full 
wavelength of line actually about 54 Wavelength 
physically.) The impedance at the midpoint be- 
tween two bays is slightly less than half the 
impedance of either bay alone, due to the 
coupling between bays. This effect decreases 
with increased spacing. 

When two bays are spaced a full wavelength 
the coupling is relatively slight. The phasing 
line can be any open-wire line, and the im- 
pedance at the midpoint will be approximately 
half that of the individual bays. Predicting 
what it will be with a given set of dimensions is 
difficult, as many factors come into play. It will 
usually be of a value that can be fed through 
the combination of a “Q” section and a trans- 
mission line of 300 to 450 ohms impedance. An 
adjustable “Q” section, or an adjustable stub 
like to one shown in Fig, 18-2, may be used 
when the antenna impedance is not known. 


LARGE COLLINEAR ARRAYS 
FOR 144 MC. AND HIGHER 


High gain and very broad frequency response 
are desirable characteristics found in curtains 
of half-wave elements fed in phase and backed 
up by reflectors. The reflector can be made up 
of parasitic elements, or it can be a screen ex- 
tending approximately a quarter wavelength 
beyond the ends of the driven elements. There 
is not a large difference between the two types 
of reflectors, except that higher front-to-back 
ratio and somewhat broader frequency response 
are achieved with the plane reflector. 


16-Element Arrays 


A collinear system that may be used on 144, 
220 or 420 Mc. is shown. in Fig. 18-12. It may be 
fed directly with 300-ohm transmission line, or 
through coaxial line and a balun. The 16-element 
array, Figs, 18-11 and 18-12, uses 0.2 
wavelength spacing. Dimensions may 
be taken from Table 18-I, and figures 
6' fang for the middle of the band will give 

good performance across either band. 

The supporting frame may be made of wood or 
metal. All elements can be mounted at their mid- 
points, and no insulators need be used. The ele- 
ments should be mounted in front of the support- 

ing frame, to keep metal out of the field 
made of the array. This method is preferable 


trom Bor Y¥e2 Alum.Rod. tg that wherein mechanical balance is 


maintained through mounting the driven elements 
in front and the reflectors in back of the support- 
ing structure. 

Combination of collinear arrays may be car- 
ried further. Pairs of 16-element systems fed in 


Fig. 18-10—Dimensions for the 432-Mc. Yagi array. 

Great care should be given to the balun assembly, 

keeping leads as short as possible. Balun should be 
weatherproofed after being attached to the boom. 


Collinear Antennas 


Fig. 18-11—Schematic of a 16-element collinear array. 

An adjustable matching stub, Fig. 18-2, can be attached 

at the feed point if precise matching is desired. Re- 
flector-to-director spacing is 0.2 wavelength. 


phase are common, and even 64-element arrays 
(four 16-element beams fed in phase) are used in 
some stations on 144 Mc. Configurations of 32 
to 64 elements are not difficult to build and sup- 
port at 220 or 420 Mc. An example of two 16- 
element beams mounted on the same support is 
pictured in Fig. 18-12, 


ARRAYS FOR 220 AND 420 MC. 


The use of high-gain antenna systems is al. 
most a necessity if work is to be done over any 
great distance on 220 and 420 Mc. Experimenta- 
tion with antenna arrays for these frequencies 
is fascinating indeed, as their small size permits 
trying various element arrangements and feed 
systems with ease. Arrays for 420 Mc., particu- 
larly, are convenient for study and demonstration 
of antenna principles, as even high-gain systems 
may be of table-top proportions. 

In some instances a good arrangement is ob- 
tained by mounting beams “back to back” on a 
single rotator. For example, a 16-element 220- 
Mc. array might be mounted with a 24-element 
420-Mc. array (two 12-element assemblies 
mounted one above the other) and fed with 
separate transmission lines. 

(For an example of stacking several com- 
mercial 220-Mc. beams, see “A 66-Element 
Stacked-Yagi Array for 220 Mc.,” QST, Jan- 
uary, 1959.) 


Parabolic Reflectors 


A plane sheet may be formed into the shape 
of a parabolic curve and used with a. driven 
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radiator situated at its focus, to provide a 
highly directive antenna system. If the para- 
bolic reflector is sufficiently large so that the 
distance to the focal point is a number of wave- 
lengths, optical conditions are approached and 
the wave across the mouth of the reflector is a 
plane wave. However, if the reflector is of the 
same order of dimensions as the operating 
wavelength, or less, the driven radiator is ap- 
preciably coupled to the reflecting sheet and 
minor lobes occur in the pattern. With an aper- 
ture of 10 to 20 wavelengths, a practical size for 
microwave work, a beam width of approximately 
5 degrees may be achieved. 

A reflecting paraboloid must be carefully de- 
signed and constructed to obtain ideal per- 
formance. The antenna must be located at the 
focal point. The most desirable focal length of 
the parabola is that which places the radiator 
along the plane of the mouth; this length is 
equal to one-half the mouth radius. : 


CIRCULAR POLARIZATION 


The need for circular antenna polarization— 
either left- or right-hand circularity—arises 
when a v.h.f. or u.h.f. station is employed for 
space communications. Such antennas are com- 
monly used for E.M.E. (earth-moon-earth), fre- 
quently called “moonbounce,” communications, 
and for Satellite work. Generally, such a station 
is equipped for both right- and left-hand circu- 
larity. Some stations use crossed dipoles, direc- 
tors, and reflectors to provide the equivalent of 
one vertical and one horizontal Yagi on a single 
boom. A switchable phasing harness is used to 


A stacked array for 144 Mc. (WIAW) which uses 56- 

wavelength spacing. The phasing lines and the ¥2-wave- 

length balun are joined in a weatherproof box. Element 

lengths for such an array can be taken from table 
18-1. Element spacing is 0.2 wavelength. 
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provide either right- or left-hand circularity at 
the operator’s discretion. Parabolic antennas can 
be used in a similar fashion. The need for cir- 
cular polarization and sense switching results 
from a condition known as “Faraday rotation.” ? 


HELICAL BEAM ANTENNAS 


A simple, yet practical approach to circular 
polarization is seen in the use of helical antennas.® 
Either right- or left-hand circular polarization 
can be had by winding the helix spiral with a 
right- or left-hand thread..The 8-turn helix of 
Fig. 18-13 is cut for 432-Mc. and has left-hand 
circularity. It is made up from a 213-inch length 
of aluminum clothesline wire. This length in- 
cludes an extra 6 inches of wire, most of which 
is snipped away when the beam is pruned for a 
1:1 s.w.r. after completion. Each turn of. the 
helix is one wavelength long, resulting in a turn 
diameter of 0.31 wavelength. The distance be- 
tween each turn is 0.25 wavelength. The turns 
are stapled to wooden support arms. The latter 
should be coated with liquid fibreglass or exterior 
spar varnish to make them weatherproof. The 
screen reflector is one wavelength (25 inches) 
square. A type-N coax fitting is soldered in place 
at the exact center of the screen to provide a 
connector for the quarter-wavelength matching 
section which converts the antenna’s nominal 
140-ohm impedance to that of the 50-ohm trans- 
mission line. The transformer should have an 
impedance of 83.7 ohms. Once the antenna is 
completed, and after its matching transformer is 
attached, an s.w.r. bridge can be connected in the 
line, power applied to the system, and the far end 


2 Kelso, Radio Ray Propagation in the Ionosphere, 
McGraw-Hill, p. 45, 137. 
3 DeMaw, “The Basic Helical Beam,” QST, Nov. 1965. 
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Fig. 18-12—Two 16- 
element collinear ar- 
rays = spaced 1% 
wavelength apart and 
fed in phase. 


of the helix trimmed (14 inch at a time) for the 
lowest s.w.r. possible. 

The support arms are made from sections of 
1 X 1 wood ‘and are each 60 inches long. The 
spacing between them is 8.25 inches, outer dimen- 
sion. The screen of the antenna in Fig. 18-13 is 
tacked to the support arms for temporary use. 
A wooden framework for the screen would pro- 
vide a more rugged antenna structure.® The theo- 
retical gain of an 8-turn helical is approximately 
14 decibels. Where both right- and left-hand cir- 
cularity is desired, two antennas can be mounted 
om a common framework, a few wavelengths 
apart, and éach antenna can be wound for the 
opposite sense. 


OTHER ANTENNA TYPES 


This section describes a few antenna systems 
that have not received wide-spread attention, 
mainly because little has been written about their 
use in the v.h.f. spectrum. These arrays, as well 
as many other “old standards,” can provide ex- 
cellent performance when used for the purposes 
outlined here. 

The antennas of Figs. 18-15 through 18-17 pro- 
vide moderate power gains over a dipole and are, 
for the most part, bidirectional. They can be used 
as portable antennas, eliminating the need for 
carrying a beam-type array to remote operating 
locations. All that is needed to support these 
systems are a couple of trees or similar mounts. 
They can be positioned for maximum effective- 
ness in the desired direction. Because they are 
bidirectional, it is possible to obtain good cov- 
erage in two directions—often an advantage. 
Some of these antennas are small enough to be 
used indoors, either in the attic or in a bedroom 
ham shack. The smaller arrays can be pinned to 
the wall with thumb tacks, or suspended from 


Helical Antenna 


the rafters in the attic. Although the latter ap- 
proach is a compromise condition as far as erect- 
ing a highly-effective antenna is concerned, it is 
often the only choice for a city dweller. 

The 3-element collinear array of Fig. 18-16, 
and the 10-wavelength long wire of Fig. 18-17 
are natural candidates for backyard erection and 
will fit into even the smallest of city lots. Al- 
though not recommended as substitutes for the 
high-performance arrays described earlier in this 
chapter, these simple systems will do a creditable 
job for the operator that is not able to erect a 
tower, or mast-supported multi-element rotary 
array. Long-wire and collinear antennas are de- 
scribed in detail in The A.R.R.L. Antenna Book. 

The four-bay “cubical-quad” antenna system 
described here, Fig. 18-18, is highly effective as 
a DX antenna and is comparable in performance 
to some of the Yagi antennas described earlier. 
Since it is inexpensive to build, and can be made 


Fig. 18-13—An 8-turn 432-Mc. helical array. The helix 

is made from aluminum clothesline wire, but copper 

tubing could be used as well. The screen reflector is 

fashioned from galvanized: hardware cloth. This beam 
is wound for left-hand circular polarization. 


from readily-available materials, it is worthy of 
consideration by those who are building their 
first 2-meter beam. 


2-Meter Lazy H 


This antenna is handy for the apartment 
dweller in that it can be built in a few minutes 
and is readily adaptable to wall mounting by 
means of Scotch tape or thumb tacks. It has a 
theoretical gain of 5.9 db. over a dipole, bidirec- 
tional—-the equivalent of doubling the transmit- 
ter power two times. 

Originally described in QST, December 1966, 
this array is a scaled-down version the Lazy H 
which has been popular with some low-band op- 
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Fig. 18-14—An example of a 4-bay helical array cut for 

1296-Mc. use. This stacked system offers approximately 

6 db. more gain than a single bay is capable of pro- 

viding. (Described in detail, QST, August 1963, by 
K6UQH.) 


erators. It consists of four half-wavelength ele- 
ments which are fed with a transposed phasing 
line, and matched to the transmission line by 
means of a quarter-wavelength adjustable stub, 
T,. Although a 300-ohm (twinlead) feeder is 
shown in the illustration, there is no reason why 
a %-wavelength balun (4:1) could not be tapped 
to the appropriate points to T, to enable the user 
to employ 75-ohm coax as a feed line. 


Construction 


A 10-foot length of a.c. zip cord can be used 
for making up the elements and the phasing line 
for the 2-meter array.. The cord can be split at 
one end and the two conductors (each with its 
insulation remaining) pulled apart, making two 
10-foot sections of wire. Each wire should be 
pruned to a length of 115.5 inches and arranged 
in the configuration shown in Fig. 18-15. The 
center sections, B-B, are crossed, and use a plas- 
tic insulator, 314 inches square, to maintain uni- 
form spacing between the two wires of the phas- 
ing line. The insulator should be located at the 
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Fig. 18-15—Dimensions for the 144-Mc. Lazy H. This 
array is useful for the apartment dweller who cannot 
have an outdoor antenna. 
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Fig. 18-16—A 3-element collinear for use indoors, in 
the back yard, or for portable operation. 


exact center of the line. The insulation will have 
to be stripped from the wires at the point marked 
X so that the matching transformer, 7,, can be 
soldered in place. T, can be a 20-inch section of 
450-ohm open-wire line, or a home-made trans- 
_ former consisting of two 20-inch lengths of No. 
12 bare wire, spaced approximately one inch 
apart. 


Adjustment 


If 300-ohm feeders are used, they can be 
tapped up on T, to a point about 8% inches from 
the bottom of the transformer. This should pro- 
vide a close match. If precise matching is de- 
sired, a 4:1 coax balun can be connected to the 
300-ohm feed line and an s.w.r. bridge inserted 
in the 75-ohm feeder below the balun. The tap 
points on T, should then be adjusted for a 1:1 
s.w.r. By making suitable changes in the dimen- 
sions of A, B, and T,, the Lazy H can be built 
for 6-meter operation. Maximum radiation oc- 
curs at right angles to the plane of the antenna. 
The array, when mounted as shown, radiates a 
horizontally-polarized beam. 


3-ELEMENT COLLINEAR 


This array has a theoretical gain of 3.2 db., 
bidirectional. It radiates a horizontally-polarized 
signal and is small enough to be used indoors if 
need be. The 2-meter version is short enough to 
be pinned to a wall in the ham shack, provided 
approximately 10 feet of wall space is available. 
The 6-meter version requires about 29 feet of 
space and will fit into most attics. Either version 
could be used more effectively if erected out of 
doors, as high as possible. Three-element col- 

‘linears of this kind are handy for “hill topping” 
and other portable work. 


Construction 


Dimensions for 6- or 2-meter operation are 
given in Fig. 18-16. The phrasing stubs, b, can 
be made from lengths of 300-ohm twinlead, or 
from suitable lengths of open-wire line. Each stub 
is shorted at the end opposite the antenna. The 
center stub, T,, is made slightly longer than 4 
wavelength to permit some latitude of adjust- 
ment. It can be composed of two lengths of No. 
12 bare wire, spaced 1 inch center to center. 
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Plastic spacers should be used to maintain 

even spacing. If some 450-ohm open-wire line 

is handy, it can be used for T,. The half-wave 
elements, a, can be made from No. 14 or No, 12 
copper wire, stranded or solid. 


Adjustment 


A 4:1 coax balun can be tapped on T, and 75- 
ohm coax line can be used for a feeder. If this 
is done, an s.w.r. bridge should be connected in 
the line and the taps on T,, plus the short on the 
bottom end of T,, adjusted for a 1:1 s.w.r. Once 
the proper adjustments are made, the balun can 
be replaced by 300-ohm twinlead and the trans- 
mitter connected to the line through a Trans- 
match of the type described at the end of this 
chapter. The Transmatch will permit greater 
changes in operating frequency before the s.w.r. 
“seen” by the transmitter is too high for satisfac- 
tory operation. 


A 2-METER LONG WIRE 


Although long-wire antennas (Chap. 14) are 
usually thought of as h.f. antennas, they are very 
useful in the v.h.f. region. An antenna is not truly 
a “long wire” until it contains several wave- 
lengths of wire. A long piece of wire, in terms 
of inches or feet, is not a true long wire as far 
as proper antenna terminology is concerned, The 
long, single wire described here, Fig. 18-17, has a 
theoretical gain of 7.4 db. over a dipole and 
radiates its major lobes in bidirectional fashion. 
There are also a number of minor lobes which 
leave the antenna at many different radiation 
angles, The aforementioned features make the 
antenna useful for general coverage in a given 
area, but with two major lobes that can be used 
to favor specific areas. 


a COA) ———— 
(a5) Feo 


Oo 


Tl @ (feet)= Pie = 67 tole" 


& (feet)= Fi) = 1944" 


300-ohum line 


(Zo = 218 OhMS, approx,) 


Fig. 18-17—A 144-Mc. 10-wavelength long-wire an- 
tenna. This system is suitable for portable operation, 
or it can be erected in the back yard for local and 
medium-distance work. The matching section Ti, can be 
eliminated and tuned feeders can be attached directly 
to the feed point. A v.h.f. Transmatch, described later 
in this chapter, can be used to tune the line. If 300- 
ohm u.h.f. ribbon line is employed, the mismatch will 
be on the order of 2:1 and will not seriously impair 
operation. 


Long-Wire Antenna 
}+—-- 40° —__+ 


@ = 46¥4300-ohm line. (144.5 Mc.) 
b= 61% 300-0hm line (144.5 Mc.) 


(wacludes velocity factor) 
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L1 = 20 each side G257A) 
L2= 20" each Side | 
STUB = 8" /ong, "wide 


LI-L2 Spacing = 12" 


Fig. 18-18—A four-bay cubical-quad. array for 144-Mc. At A, the harnessing details. The 0.75 wavelength sections 
of 300-ohm ribbon line step the impedance up from 75 ohms to 1200 ohms at d. Paralleling the line sections 
at d halves the impedance which results in a 600-ohm condition. Two I-wavelength line sections of 300-ohm line 
repeat the 600-ohm impedances at ef, placing them in parallel to give a resultant impedance of 300 ohms. The 
line sections should be dressed along the wooden support structure, and taped in place in a symmetrical fashion. 
At B, details for one bay of the array. The sketch at C shows a perspective view of the assembled array. 


The antenna is 10 wavelengths long and is fed 
at a current loop, one-quarter wavelength in from 
one end. The approximate impedance of the 
antenna is 160 ohms, requiring that a quarter- 
wave transformer, T,, approximately 218 ohms, 
be used to step the impedance up to 300 ohms. 
The latter impedance is convenient for connec- 
tion to standard 300-ohm twinlead, or to a 4:1 
balun for use with 75-ohm coaxial cable. The 
values given in Fig. 18-17 are approximate and 
may not provide a 1:1 s.w.r. ratio. However, con- 
ditions will be good enough to permit satisfac- 
tory operation. If precise matching is desired, the 
universal stub of Fig. 18-2 can be connected to 
the 160-ohm feed point of the antenna, 

Maximum radiation is off the ends of the an- 
tenna—not off the broad side. A radiation angle 
of roughly 18 degrees is typical for this antenna 
when mounted a few wavelengths above flat 
ground. 

This antenna, if cut to 10 wavelengths on 50 
Mc., would be quite long—nearly 200 feet. For 
this reason, it might not be too practical for 
6-meter use. It could, however, be cut down to 
five or six wavelengths and still be useful, but 
at reduced gain. The feed impedance is differ- 


ent for each number of wavelengths used, requir- 
ing that T, be tailored accordingly. A universal _ 
adjustable. stub could be used if other than 10 
wavelengths are used. This antenna is handy for 
portable operation and can be rolled up and car- 
ried in the trunk of the car. When in use, it can 
be strung between a couple of trees, or similar 
supports, 


4-BAY QUAD FOR 144 MC. 


The approximate gain of a single 2-element 
cubical quad is 5.7 db. over that of a dipole. The 
front-to-back ratio is on the order of 25 decibels, 
with a front-to-side ratio that is extremely high. 
The antenna of Fig. 18-18, by virtue of its ad- 
ditional bays, has a theoretical gain of 11.7 
decibels. By arranging four quads as shown, 
greater aperture results and the array becomes 
useful for long-range communications. A. single 
bay, Fig. 18-18B, can be gainfully employed as 
a medium-range antenna and performs well for 
local work also. Interlaced quads, cut for 6- and 
2-meter operation, have been used successfully 
by some. : 

The driven element of a cubical quad has a 
balanced feed point. Therefore, the array of Fig. 
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18-18A is fed with a balanced, symmetrical phas- 
ing harness. A coaxial-cable phasing harness 
could be employed (DeMaw, “A Quad-Quad 
Array,” 73, May 1964) but causes a skew of 
approximately 10 degrees in the radiated pat- 
tern. Also, it is not uncommon to encounter 
feeder radiation when connecting unbalanced 
feeders to balanced antenna terminals. Feeder 
radiation is particularly troublesome when using 
stacked arrays. 

A spacing of 0.12 wavelength is used between 
the driven elements, L,, and the reflectors, Ly, 
to provide a feed impedance of approximately 75 
ohms. The bays are spaced 14 wavelength away 
from one another. Line sections a are made from 
34-wavelength sections of 300-ohm foam-filled 
TV ribbon and serve as matching transformers 
to convert the 75-ohm feed impedance of each 
bay to 1200 ohms, at d. By joining sections 4, 
at d, the impedance is halved and becomes 600 
ohms. Two additional lines, b, each one wave- 
length long, place the two 600-ohm impedances 
in parallel at e-f, providing a feed impedance of 
300 ohms for the array. The system can be fed 
directly with 300-ohm line and a transmatch, or 
a balun (4:1) can be used at e-f and 75-ohm line 
(RG-11/A) can be used between the antenna and 
the equipment. Line sections @ were cut to 34 
wavelength because standard '%4-wavelength 
transformers would have been too short, physi- 
cally, to reach between the driven elements. Care 
must be taken to connect the various lines as 
shown in Fig. 18-18A, thus assuring the correct 
phase relationship between the bays. 


Construction 


An in-depth description of the supporting 
frame for this array will not be given here, De- 
tails for the framework of one bay are given 
in Fig. 18-18B. Support arms for the composite 
array can be cut from 2 X 2 or 1 X 2-inch 
lumber. If a metal framework is used, both ele- 
ments (L, and L,) should be mounted in front 


V.H.F. AND U.H.F. ANTENNAS 


of the framework to prevent interference with the 
antenna’s performance. 

The elements are fashioned from aluminum 
clothesline wire, available from Sears, Roebuck 
& Co., and from most hardware stores. The ends 
of L1 are flattened with a hammer, then drilled 
to accommodate 4-40 hardware and solder lugs 
for connection to line sections a. The stub on the 
reflector is a continuation of L2. Plastic blocks, 
¥% inch thick, attach to the frame as shown, 
serving as insulators and tie points for the ele- 
ments. 


Adjustment 


Each bay should be adjusted separately, prior 
to attaching the phasing harness. Mount all bays 
on the supporting frame and raise the system to 
a height of at least two wavelengths above 
ground. Place a field-strength meter several 
wavelengths in front of the array and attach a 
length of 75-ohm line between one of the bays 
and the transmitter. Adjust the reflector stub 
for maximum field-strength. Repeat the forego- 
ing with each of the 4 bays. The harness can 
now be attached and no further adjustment 
should be necessary. If the operator wishes, he 
can install a universal adjustable stub, Fig. 18-2, 
at points e-f and tune the stub to give a 1:1 
s.w.r. between the line and the antenna. By using 
a 4:1 coaxial balun, and tapping it on the uni- 
versal stub, a 200-ohm point can be found, thus 
permitting the use of 50-ohm coaxial transmis- 
sion line. 

The bandwidth of this array is such that op- 
eration from 144 to 145.5 Mc, can be carried out 
without a significant increase in s.w.r. The an- 
tenna has provided excellent performance over 
long paths, resulting in a marked reduction in 
signal fading over that which was possible with 
Yagis and collinear arrays. Some operators have 
experimented with this basic design and have 
used as many as. 5 elements per bay (3 directors), 
reporting an apparent increase in overall gain of 
as much as one § unit. 


V BEAMS AND RHOMBICS 


By combining long-wire antennas it is pos- 
sible to realize excellent gain and directivity in 
v.hf. and u.h.f. operation. Long-wire antennas 
can be combined to form V beams or rhombics. 
When made several wavelengths long on each 
leg, such antennas perform in an excellent man- 
ner for long-haul point-to-point communica- 
tions. 

Information concerning leg lengths and other 
important dimensions is given in The Radio 
Amateur’s V.H.F. Manual, 1st Edition, Chapter 
8. Additional design information is available in 
The ARRL Antenna Book, all editions. 

V beams and rhombics, when not terminated 
by a non-inductive resistor whose value matches 
their characteristic impedance, are bidirectional 


as far as the radiated signal is concerned. When 
the termination is added at the end of the antenna 
opposite the feed point, either type becomes uni- 
directional with maximum radiation off the 
terminated end. 

It is practical to stack one or more v.h. 
rhombic or V-beam antennas for added gain and 
increased aperature. Either antenna type can be 
fed with open-wire line and used with a Trans- 
match of the type described in Chapter 17. 

Rhombic antennas have been used successfully 
for 144-Mc. em.e. (moonbounce) communica- 
tions, Their dimensions are such that is is often 
practical to erect them on ordinary-size city 
lots. Their usefullness should not be overlooked 
for point-to-point and DX work. 


Transmatch 
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A TRANSMATCH FOR 50 AND 144 MC. WITH S.W.R. BRIDGE 


The antenna coupler (Transmatch) shown in 
Fig. 18-19 will permit unbalanced transmitter 
output lines (50-75 ohms) to be matched to 
balanced feeders in the 300 to 450-ohm impedance 
range. Also, “coax-to-coax” matching is possible 
with this circuit, permitting 50-ohm lines to be 
matched to 75-ohm lines, or vice versa. In situ- 
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ations where a high s.w.r. condition exists 
where an antenna is being used in a part of the 
band to which it has not been tuned—this 
coupler will enable the transmitter to look into a 
flat load, thus permitting maximum loading for 
better efficiency. The Transmatch will of course 
permit matching between unbalanced lines of 
like impedance as well—50-ohm to 50-ohm, or 
75-ohm to 75-ohm lines. 

Couplers of this type are beneficial in the re- 
duction of harmonic energy from the transmitter, 
an aid to TVI reduction. It should be possible to 
realize a 30-db.-or-greater decrease in harmonic 
level by using this Transmatch between the 
transmitter and the feed line. When connected 
ahead of the receiver as well—a common ar- 
rangement—the added selectivity of the coupler’s 
tuned circuits will help to reduce images and 
other undesired receiver responses from out-of- 
band signals. The built-in Monimatch-type s.w.r. 
indicator! enables the operator to tune the 
Transmatch for minimum reflected power, as- 
suring a good match between the transmitter and 
the feed line. It is wise to remember that the use 
of devices of this kind will not correct for any 
mismatch that exists at the antenna end of the 
line. Although it assures a good match between 
the transmitter and the line, it can only disguise 
the fact that a mismatch exists at the antenna. 


The Circuit 


Balanced circuits are used for both bands, Fig. 
18-20. Butterfly capacitors are employed to aid 
in securing good circuit symmetry. The links 
of each tuned circuit, L, and Ls, are series- 
tuned by single-ended capacitors to help 
tune out reactance in the line. Switch 5, trans- 
fers the s.w.r. bridge element from one tuned 
circuit to the other, providing visual indication 
of the matching adjustments. A section of S 1 
(Sg) shorts out the unused tuned circuit to pre- 
vent interaction between the circuits. Switch Sy 
selects either the forward- or reflected-power 
sampling circuits from the bridge and supplies 
their rectified d.c. voltages to R,, the meter sensi- 
tivity control. Ry is used to adjust M, to full 
scale when Sy is set to read forward power. 


Construction 


A home-made 12 x 5  X 5-inch aluminum 
cabinet is used to contain the circuit.2 If a similar 
layout is followed, keeping all leads as short as 
practical, there is no reason why the complete 


1 McCoy, ‘‘Monimatch Mark IY’, Feb. 1957, QST. 
3 DeMaw, ‘‘The Easy Box’, September 1966, OST. 


Fig. 18-19—This 6- and 2-meter antenna coupler 

has a built-in s.w.r. bridge and permits power levels 

up to 500 watts. This unit will work with balanced or 
unbalanced feeders. 


unit cannot be housed in a commercially-available 
chassis or cabinet. The r.f. tuning controls are 
mounted in a straight line across the front of the 
cabinet. The s.w.r. bridge element, Fig. 18-20 
B, is bolted to. the bottom of the case (in- 
side) between the input jack, J,, and the band- 
change switch, S',, Shielded audio cable is used to 
connect the output of the bridge to the lugs on 
Sy. Short lengths of RG-58/U coax cable con- 
nect Ly and Ls to Sy,4. The shield braids of 
both cables should be grounded to the chassis 
at each end. 

A 2-lug terminal strip is bolted to the chassis 
directly under the center of L,. Similarly, a 
second terminal strip with two lugs is mounted 
under the midpoint of L,4. These strips serve as 
mounting points for links L, and Ly. No. 12 
buss wire (bare) connects the rotors of all four 
tuning capacitors in to one another. The ground 
buss is also connected to the main chassis at one 
point. This procedure assures a better ground 
return for the capacitors than might be possible 
by relying upon the physical contact provided 
by the shaft bushings. ; 

The coil taps are effected by bending standard 
No. 6 solder lugs around the coil wire at the 
proper spots, then soldering the lugs in place. No. 
20 buss wire is used to connect the taps of Ly, 
to jacks J, and Jy. A short piece of 300-ohm 
twin line connects the taps of Ly to J, and J, 
A No. 6 solder lug is bolted to the outside (back) 
of the cabinet as near to J, as possible. Another 
such lug is placed adjacent to J,. When op- 
erating coax-to-coax style, a short jumper 
wire connects J, to its ground lug, or J, to its 
ground lug, depending on the band being op- 
erated. The jumper must be removed for 
balanced-feeder operation. 

The cabinet is finished in two-tone gray. 
Masking tape was used to facilitate the division 
between the two colors. Standard aerosol-type 
spray-can paints were used. Decals were added 
to identify the controls and to give the unit a 
professional look. 
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Ci:~—26-pf. per section butterfly (E. F. Johnson 167-22). 

C2—100-pf. miniature variable (Millen 20100). 

Cs—35-pf. miniature variable (Millen 20035). 

C.—10-pf. per section butterfly (E. F. Johnson 167-21). 

CRi, CRe—Germanium diode, 1N34A or equal. 

Ja, Jeo, Ja, Ja—Insulated binding post. 

Js, Je, J7—SO-239-style chassis connector. 

Li—7 turns No. 10 copper wire, 11-inch dia., spaced 
one wire thickness between turns. Tap 2/4 turns 
from each end. 


Ls—Two turns No. 14 enam. or spaghetti-covered bare 


wire, 2¥%-inch dia., over center of Li. 
ls—Two turns No. 14 enam. or spaghetti-covered bare 


The Bridge Element 


The s.w.r. element is of the Monimatch variety, 
popularized in QST in the 1950s.1 The circuit is 
given in Fig. 18-20A, with its physical layout 
shown in Fig, 18-20 at B. The inner line, Le, 
is a 4-inch length of 14-inch o.d. copper tubing. 
One end of Lg is soldered directly to the center 
lug of J,, the remaining end supported by a 
small standoff insulator. The line is mounted in 
plastic blocks for additional support, making sure 
that it is centered within the walls of L,, the 
aluminum outer channel. J, should be mounted 
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Fig. 18-20—At A, the schematic diagram of the v.h.f. Transmatch. Capacitance is in pf. unless otherwise 
noted. Resistance is in ohms, K = 1000. At B, physical layout of the bridge element ‘and the plastic insulating 
blocks. 
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144-148 Mc. 


50-75 
OHM TRANS. 
OUTPUT 


PLASTIC BLOCK 
(2 USED) 


wire, 1¥4-inch dia., over center of Li. 

L.—5 turns No. 10 copper wire, l-inch dia., spaced one 
wire thickness between turns. Tap 114 turns from 
each end. 

Ls—3-inch length of No. 16 solid wire. 

Le—4-inch length of %4-inch dia. copper tubing, 

Li—Same as Ls. 

Ls—See drawing. 

R,—25,000-ohm control, linear taper. 

$:—2-pole 2-position rotary, single section, phenolic 
switch (Centralab 1462). 

So—S.p.s.t. rotary, single section, 
(Centralab 1460). 


phenolic switch 


on the back wall of the box so as to be centered 
on the axis of Lg when it is in position. The 
pickup lines, L; and L,, are made from No. 16 
wire, each 3 inches in length, and are spaced 4% 
inch away from Lg, being supported by the plastic 
blocks. Once they are in place, a drop of Duco 
cement should be added at each point where they 
pass. through the plastic blocks, thus. securing 
them. The 150-ohm terminating resistors (14- 
watt units) are mounted inside the channel, Lg, 
and are soldered to ground lugs. Diodes CR, and 
CR, attach to the remaining ends of wires and are 
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Fig. 18-21—Inside view of the Transmatch, The 6- 

meter circuit is at the left, the s.w.r. bridge element is 

at the center, and the 2-meter circuit is to the right of 

the bridge element. The meter, Sz, and R; are at the 
far right. 


routed out through small holes in the walls of 
Lg. It is important that the physical placement of 
the diodes, the resistors, and the pickup wires be 
executed in symmetrical fashion. The better the 
symmetry, the better will be the balance of the 
bridge, electrically. The diodes are their related 
0.001-uf. bypass capacitors are attached to small 
terminal strips that are mounted near the holes 
in Lg. If matched resistors and matched diodes 
are used in the bridge circuit, electrical balance 
will be even better than is possible with random- 
selected components. Since the bridge is but a 
relative-reading instrument, the latter condition 
is not vital, however. 


Operation 


Attach the v.h.f. transmitter to J, with a short 
length of coax cable. Connect a balanced feeder. 
to J, and Jy (for 50-Mc. operation), or to J4 
and J; (for 144-Mc. operation). Set S, to the 
desired band position and switch S, to read for- 
ward power. Initially, R, should be set for 
minimum meter sensitivity. Apply power from 
the transmitter—low power until initial tuning is 
completed—and adjust R, for full-scale meter 
reading. Next, set Sy to the reflected-power po- 
sition, Adjust C, and Cy, alternately (for 50-Mc. 
operation) for minimum meter reading. For 


144-Mc. operation, tune C, and Cy in the same 
manner. Repeat the tuning until no further re- 
duction in reflected power is possible. The meter 
should fall to zero, indicating a 1:1 match. 
Switch S‘, back to the forward position and set 
R, for a full-scale meter reading. No further 
adjustments will be needed until the transmitter 
frequency is moved 50 kc. or more. The tuning 
procedure is identical for matching coax to coax. 
In doing so, however, the antenna feed . line 
(coax) is connected to either J; or J, and the 
shorting strap (discussed earlier) must be con- 
nected to J, or J4. In some situations, it may be 
possible to get a better match by leaving the 
shorting strap off. 

After the coupler is tuned up, the transmitter 
power can be increased to its normal level. This 
unit will handle power levels up to 500 watts 
(transmitter output power) provided the coupler 
is tuned for a matched condition at all times. 
Reduced power (less than 50 watts) shoyld be 
used during initial tuneup, thus preventing parts 
from being damaged by heating or arcing. The 
coupler should never be operated without a load 
connected to its output terminals. Such operation 
will usually destroy the 150-ohm resistors and 
the diodes, CR, and CR,, in additon to causing 
arcs in the Transmatch. 
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Chapter 19 


Mobile and Portable- 
Emergency Equipment 


Amateur mobile operation provides many op- 
portunities for exercising one’s individuality and 
for developing original ideas in equipment. Each 
installation has its own special problems. 

Simple a.m. mobile receiving systems are based 
on the use of an hf. converter working into a 
standard car broadcast receiver tuned to 1500 kc., 
which serves as the if. and audio amplifiers. The 
car receiver is modified to take a noise limiter 
and to provide power for the converter. 

While a few mobile a.m. transmitters may run 
final-amplifier powed inputs of 100 watts or more, 
. an input of 30 to 50 watts is a more usual figure, 
unless the car is equipped with a special battery- 
charging system. Transistor amplifiers for modu- 
lator stages (instead of vacuum tubes) reduce 
the power-supply requirements. 

S.s.b. transceivers offer the most effective use 
of the total available power. 

Mobile c.w. operation has been accomplished 
by a few hardy driver-operators, but never with 
the best wishes of highway safety agencies. “Por- 
table” c.w. operation (from a parked car), or 
mobile operation by a passenger, are worthy 
considerations for emergency work. 

If the mobile station is a, single package, such 
as an s.s.b. transceiver, it will usually be mounted 


under the dashboard over the transmission tunnel. . 


The power supply is best mounted in the engine 
compartment or in the trunk. If the station con- 
sists of several units (exclusive of power supply), 
tuning dials requiring observation should be 
mounted where they can be seen by the operator 
with a minimum of acrobatics. Power-control 
switches, which can be operated without direct 
observation, are not subject to this restriction. 
Common spots for the location of tunable con- 
verters or receivers are on top or bottom of the 
instrument panel, or attached to the steering post. 


The send-receive switch, which usually con- 
trols a heavy-duty relay (to avoid having to carry 
heavy current), can be incorporated in the unit 
mounted closest to the driver-operator. 

Frequency within any of the phone bands some- 
times is changed remotely by means of a stepping- 
switch system that switches crystals. In most 
cases, however, extensive frequency excursions 
within a band, and band-changing, require stop- 
ping the car to make the necessary transmitter 
and antenna changes. 

When a mobile a.m. transmitter is used, only 
the frequency-control unit (v.f.o. or crystal- 
selector switch) need be readily available to the 
operator. The transmitter proper can be mounted 
anywhere if small, and in the trunk if large. 

Most mobile antennas consist of a vertical 
whip with some system of adjustable loading for 
the lower frequencies. Power supplies are of the 
vibrator, motor-generator, or transistor type 
operating from the car storage battery. 

Units intended for use in mobile installations 
should be assembled with greater than ordinary 
care, since they will be subject to considerable 
vibration. Soldered joints should be well made 
and wire wrap-arounds should be used to 
avoid dependence upon the solder for mechan- 
ical strength. Self-tapping screws should be 
used wherever feasible, otherwise lock-washers 
should be provided. Any shafts that are nor- 
mally operated at a permanent or semi-perma~ 
nent setting should be provided with shaft locks 
so they cannot jar out of adjustment. Where 
wires pass through metal, the holes should be 
fitted with rubber grommets to prevent chaf- 
ing. Any cabling or wiring between units should 
be securely clamped in place where it cannot 
work loose to interfere with the operation of the 
car. 


NOISE ELIMINATION 


Electrical-noise interference to reception in a 
car arise from several different sources. Trouble 
may be experienced with ignition noise, generator 
and voltage-regulator hash, or wheel static. 

A noise limiter added to the car broadcast re- 
ceiver will go far in reducing some types, espe- 
cially ignition noise from passing cars as well as 
your own. But for the satisfactory reception of 
weaker signals, some treatment of the car’s elec- 
trical system will be necessary. 


Tire Static 
The traditional cure for tire static is to inject 


“antistatic powder” into the tire tubes. However, 
few garages or other suppliers stock such a pow- 
der these days, and the injector (for getting the 
antistatic powder into the tubes) is even harder 
to find. 

“Antistatic powder” is nothing more than the 
graphite powder used for lubricating locks. The 
dry graphite powder is packaged in a small plastic 
tube similar to a small toothpaste tube. To use 
it for eliminating tire static, deflate the tires, 
squeeze the graphite into the tubes and re-inflate 
the tires. Tire men state that the powder has no 
adverse effect on the tube. 
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Noise Elimination 


Ignition Interference 


Fig. 19-1 indicates the measures that may be 
taken to suppress ignition interference. The 
capacitor at the primary of the ignition coil 
should be of the coaxial type; ordinary types 
are not effective. It should be placed as close to 
the coil terminal as possible. In stubborn cases, 
two of these capacitors with an r.f. choke be- 
tween them may provide additional suppression. 
The size of the choke must be determined ex- 
perimentally, The winding should be made with 
wire heavy enough to carry the coil primary 
current. A 10,000-ohm suppressor resistor should 
be inserted at the center tower of the distributor, 
a 5000-ohm suppressor at each spark-plug tower 
on the distributor, and a 10,000 ohm suppressor 
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Fig. 19-1—Ignition system with recommended suppres- 
sion methods, 


at each spark plug. The latter may be built-in or 
external. A good suppressor element should be 
molded of material having low capacitance. 
Several concerns manufacture satisfactory sup- 
pressors, In extreme cases, it may be neces- 
sary to use shielded ignition wire. Suppressor 
ignition wire kits having the resistance dis- 
tributed throughout the length of the wire are 
available from some automobile supply dealers. 
Distributed resistance of this type is somewhat 
superior to lumped resistance and may be used 
if the lead lengths are right to fit your car. They 
should not be cut, but used as they are sold. 


D.C. Generator Noise 


Generator hash is caused by sparking at the 
commutator. The pitch of the noise varies with 
the speed of the motor. This type of noise may 
be eliminated by using a 0.1- to 0.25 uf. coaxial 
capacitor in the generator armature circuit. This 
capacitor should be mounted as near the arma- 
ture terminal as possible and directly on the 
frame of the generator. 

To reduce the noise at 28 Mc., it may be 
necessary to insert a parallel trap, tuned to the 
middle of the band, in series with the generator 
output lead. The coil should have about 8 turns 
of No. 10 wire, space-wound on a 1-inch diam- 
eter and should be shunted with a 30-p.f. mica 
trimmer. It can be pretuned by putting it in the 
antenna lead to the home-station receiver tuned 
to the middle of the band, and adjusting the 
trap to the point of minimum noise. The tuning 
may need to be peaked up after installing in the 
car, since it is fairly critical. 
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Fig. 19-2—Bypasses in- 
stalled to reduce regula- 
tor interference. A capaci- 
tor should never be 
connected across the gen- 
erator field lead without 
the small series resistor 
indicated. 


dp 


Practically all of the newer cars use alternators 
(generators of a.c.) in conjunction with silicon- 
diode rectifiers for battery charging. The system 
provides better battery charging and less head- 
light-intensity variation at low engine speeds. 
However, normal care and maintenance is re- 
quired for minimum radio noise. Alternator noise 
will be caused by dirty collector rings, and the 
rings and brushes should be cleaned every 10,000 
miles for best radio performance. 


Voltage-Regulator Interference 


In eliminating voltage-regulator noise, the use 
of two coaxial capacitors, and a resistor-mica- 
capacitor combination, as shown in Fig. 19-2, 
are effective. A 0.1- to 0.25-uf. coaxial capacitor 
should be placed between the battery terminal 
of the regulator and the battery, with its case 
well grounded. Another capacitor of the same 
size and type should be placed between the gen- 
erator terminal of the regulator and the gener- 
ator. A 0.002-uf. mica capacitor with a 4-ohm 
carbon resistor in series should be connected 
between the field terminal of the regulator and 
ground. Never use a capacitor across the field 
contacts or between field and ground without 
the resistor in series, since this greatly reduces 
the life of the regulator. In some cases, it may 
be necessary to pull double-braid shielding over 
the leads between the generator and regulator. 
It will be advisable to run new wires, grounding 
the shielding well at both ends. If regulator 
noise persists, it may be necessary to insulate 
the regulator from the car body. The wire 
shielding is then connected to the regulator case 
at one end and the generator frame at the other. 


Wheel Static 


Wheel static shows up as a steady popping 
in the receiver at speeds over about 15 m.p.h. 
on. smooth dry streets. Front-wheel static col- 
lectors are available on the market to eliminate 
this variety of interference. They fit inside the 
dust cap and bear on the end of the axle, effec- 
tively grounding the wheel at all times. Those 
designated particularly for your car are prefer- 
able, since the universal type does not always 
fit well. They are designed to operate without 
lubrication and the end of the axle and dust cap 
should be cleaned of grease before the installa- 
tion is made. These collectors require replace- 
ment about every 10,000 miles. 

Rear-wheel collectors have a brush that bears 
against the inside of the brake drum. It may be 
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necessary. to order these from the factory 
through your dealer. 


Tracing Noise 


To determine if the receiving antenna is 
picking up all of the noise, the shielded lead-in 
should be disconnected at the point where it 
connects to the antenna. The motor should be 
started with the receiver gain control wide open. 
If no noise is heard, all noise is being picked 
up via the antenna. If the noise is still heard 
with the antenna disconnected, even though it 
may be reduced in strength, it indicates that 
some signal from the ignition system is being 
picked up by the antenna transmission line, The 
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Fig. 19-3—Diagram showing addition (heavy lines) of 

series noise limiter to car radio receiver. A high back- 

resistance silicon diode is required (see text) but a 

vacuum-tube diode may be substituted if there is suffi- 

cient room in the receiver. A switch across the diode 

will remove the noise-limiting action, but leads to the 
switch must be short and shielded. 


lead-in may not be sufficiently-well shielded, or 
the shield not properly grounded. Noise may 
also be picked up through the. battery circuit, 
although this does not normally happen if the 
receiver is provided with the usual r.f.-choke- 
and-bypass capacitor filter. 

In case of noise from this source, a direct 
wire from the “hot” battery terminal to the 
receiver is recommended. 

Ignition noise varies in repetition rate with 
engine speed and usually can be recognized by 
that characteristic in the early stages. Later, 
however, it may resolve itself into a popping 
noise. that does not always correspond with 
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engine speed. In such a case, it is a good idea to 
remove all leads from the generator so that the 
only source left is the ignition system. 

Regulator and generator noise may be de- 
tected by racing the engine and cutting the 
ignition switch. This eliminates the ignition 
noise. Generator noise is characterized by its 
musical whine contrasted with the ragged raspy 
irregular noise from the regulator. 

With the motor running at idling speed, or 
slightly faster, checks should be made to try to 
determine what is bringing the noise into the 
field of the antenna. It should be assumed that 
any control rod, metal tube, steering post, etc., 
passing from the motor compartment through 
an insulated bushing in the firewall will carry 
noise to a point where it can be radiated to the 
antenna. All of these should be bonded to the 
firewall with heavy wire or braid. Insulated 
wires can be stripped of r.f. by bypassing’ them 
to ground with 0.5-uf. metal-case capacitors. 
The following should not be overlooked: bat- 
tery lead at the ammeter, gasoline gauge, igni- 
tion switch, headlight, backup and taillight leads 
and the wiring of any accessories running from 
the motor compartment to the instrument panel 
or outside the car. 

The firewall should be bonded to the frame 
of the car and also to the motor block with 
heavy braid. If the exhaust pipe and muffler are 
insulated from the frame by rubber mountings, 
they should likewise be grounded to the frame 
with flexible copper braid. 


Noise Limiting 


Fig. 19-3 shows the alterations that may be 
made in the existing car-receiver circuit to pro- 
vide for a noise limiter. The dark lines show the 
additional circuitry for a self-adjusting series 
limiter. It is important that the diode CR, be 
silicon and of the high back-resistance type. Some 
silicon diodes will give only fair results and ger- 
manium diodes will not work at all. The 1N658 
computer diode works well in this application and 
its performance can be compared to that of a 
vactium tube. The limiter can be switched out’ of 
the circuit by shorting the diode CR,, but the 
leads,to the switch should be as short as possible 
and must be shielded. 

The switch that cuts the limiter in and out 


‘of the circuit may be located for convenience 


on or near the converter panel. Regardless of 
its placement, however, the leads to the switch 
should be shielded to prevent hum pick-up. 

Several other noise limiter circuits are de- 
scribed in ARRL’s publication, The Mobile 
Manual For Radio Amateurs. The Mobile Man- 
ual also describes a combination noise limiter 
and audio squelch circuit. Squelch circuits are 
designed to suppress receiver background noise 
in the absence of signals (see Chapter 5) ; their 
chief use is in fixed-frequency (net) operation. 

At least one manufacturer produces a complete 
noise limiter unit. The unit is mounted external 
to the main chassis and takes operating voltages 
from the receiver. 


160-Meter Converter 
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160-Meter FET Mobile Converter 


This simple converter has good immunity to 
cross-talk and overload from strong signals. It 
operates from a 12-volt supply, but can also be 
used for portable work while using a 9-volt 
battery. 

The circuit is shown in Fig. 19-4. Signals ar- 
riving from the antenna are routed through FL,, 
a band-rejection filter which is designed to at- 
tenuate signals in the range of 500 to 1600 kc., 
thus helping to reduce broadcast-station response 
in the tunable if. range of this converter. The 
JFET rf. amplifier, Q,, has a tuned circuit in its 
gate lead, and another in the drain circuit. Cy 
is operated from the front panel, permitting the 
operator to peak the input circuit when moving 
from one part of the band to another. A bandpass 
coupler, consisting of L, and L,g (and some 
fixed-value capacitors), is used between the r.f. 
and mixer. stages to provide added selectivity. 
Once tuned as described later, this circuit re- 
quires no further attention. 

For high Q, thus good selectivity, the input 
tuned circuit, C,-L,, uses a toroid core. Wind- 
ings L, and .L, use heavy wire—No, 14 gauge— 
so that the pigtails are stiff enough to be used 
as supports for the inductor. Other mounting 
methods can be used, thus eliminating the need for 
heavy wire in those windings. The main wind- 
ing, Lg, uses small-diameter wire. 

A second JFET, Qs, is used as a mixer. A 
Pierce oscillator, Q,, employs a bipolar tran- 
sistor and supplies injection voltage to the mixer 
through a small coupling capacitor. An untuned 
output circuit is used at Q, to eliminate the need 
for special tuning controls or impedance- 


matching circuits between the converter and the 
input of the car radio. 

Switch S, permits the operator to turn the 
converter off when not operating in the 160- 
meter band. The same switch routes the antenna 
around the converter (oUT position) so that re- 


ception of standard broadcast stations is possible. 
In some instances it may be necessary to insert 
a small trimmer capacitor in series with the con- 
verter bypass lead of S, (3-30 pf. or similar) to 
compensate for the reactance presented to the 
input circuit of the car radio by the 160-meter 
mobile antenna. The trimmer will also help to 
reduce the added capacitance of the longer coax 
line section. Some radios will not peak up when 
their input trimmers are adjusted, unless this 
capacitor is added to the circuit. 

A dc. chassis ground is not used in this circuit 
to allow the converter to be used with either a 
positive or negative ground system. R.f. ground- 
ing to the chassis is provided by C3. If a negative 
ground vehicle is used, Cg can be “omitted and a 
solid connection made between this point and the 
chassis. 


Construction 


The converter may be assembled in any con- 
venient form provided the leads are kept short 
and in-line layout is followed. A sample layout 
is suggested by the photograph. All of the com- 
ponents are housed in a 5%4 X 3 X 2-inch Mini- 
box (CU-2106-A) that can be mounted on or 
near the car’s dashboard. Tie strips mounted in 
the box give good support to the components. 

Miniature 50-ohm coax cable is used where 
long runs of r.f. wiring are required, stich as be- 
tween J, Jy, and Sy. 


Tuneup and Use 


Determine if the oscillator, Q3, is performing 
properly by monitoring its signal on a general- 
coverage receiver, or by coupling a wavemeter to 
Ly. Next, connect a signal generator to Jj, or 
tune in a 160-meter signal, and tune C, for a peak. 
The response should be quite pronounced be- 
cause of the high-Q inductor, Lg. When adjust- 
ing the bandpass circuit, tune L, for a peak at © 


View of the 160-meter con- 
verter, Input, output, and bat- 
tery connectors are on the 
panel, at the left. The in-out 
switch and peaking control 
are on the right side of the 
panel, FL, components are 
soldered to tie strips (not 
visible) just below the in-out 
switch, Si. The Li,Ls,Ls toroid 
assembly is visible between 
S: and tuning capacitor Ci. 
The two slug-tuned coils at 
the center are L; and Ls, The 
oscillator section is at the left. 
The other half of the Minibox 
(not shown here) is attached 
to the car’s dashboard. When 
mounting the converter, sim- 


ply snap it into place in the 
cover, 
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Fig. 19-4—Circuit of the 160-meter FET converter. Fixed-value capacitors are disk ceramic, except Ca which is 
electrolytic. Resistors are Ya-watt composition units. 


C:—100-pf. midget variable. 
Ce—Electrolytic capacitor. 

Cs—For text reference. 

FLi—For text reference. 

Ja, Ja—Phono jack or similar. 

Li—10-uh. inductor (Millen 34300-10). 
L:—5-vh. inductor (Millen 34300-5). 
Ls—-33-uh. inductor (Millen J300-33). 
Li—6 turns No. 14 enam. over Le winding. 
Ls—Same as Li. : 


1900 ke., then adjust L, for resonance at 1800 ke.’ 


In areas where the 1900- and 2000-kc. band seg- 
ments are used, the bandpass circuit can be 
peaked for those parts of the band. The converter 
should now be ready for use. 

With the oscillator frequency shown, 2600 kc., 
the 1800-kc. end of 160 meters will tune in at 
800 ke. on the car radio dial. The other end of 
the band, 2000 kc., will appear at 600 kc. on the 
car radio dial. Other crystal frequencies can be 
used, but should be selected to give an if. tuning 
range that does not include strong local broad- 
cast stations, 

Filter FL, may not be required in areas where 
local broadcast stations do not exist. Or, the 
filter can be built outboard and used as an ac- 
cessory when operating in metropolitan areas. 
If the filter is not used, the antenna lead from S, 
should connect directly to L4. There will be some 


le—55 turns No. 30 enam. wire evenly wound over 
CF-111-Q2 toroid core (Indiana General 
Corp.) see footnote 1. 

Li, Lse—Variable inductor, 92 through 187 uh. (J. W. 
Miller 21A154RBl). 

Lo—6.8-vh, inductor (J. W. Miller 21A686RBI). 

Qu, Qo—MPF104 or MPF105 (Motorola JFET type). 

Qs—2N706A or similar. 

$1—3-p.d.t. slide switch (Cont.-Wirt G369 or equal). 


insertion loss through FL,, but not enough to 
impair reception in the 160-meter band. 

A suitable length of Miniductor stock, or simi- 
lar, can be substituted for Lg. If this is done, 
approximately 75 uh. of jdditetance will be re- 
quired. The Q will be somewhat less, but good 
results can be expected. Links L, and Ly will-still 
use 6 turns of insulated wire, but they will. be 
wound over the ground (cold) end of Lg. 

JFETs can withstand a considerable amount of 
gate voltage, peak-to-peak value, therefore no 
input-protection diodes are included in the cir- 
cuit. No difficulties. should be observed provided 
a good-quality coaxial relay is used for antenna 
switching between. the converter and the 160- 
meter mobile transmitter, 


1 Available from Indiana General Corp., through 
Termag Corp., 88-06 Van Wyck Expressway, Jamaica, 
N. Y. 11418, 


50-Mc. Receiver 
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A SIMPLE TRANSISTORIZED RECEIVER FOR 50 MC. 


The transistorized 6-meter receiver 
uses two FETs and three bipolar tran- 
sistors in a sensitive super-regenera- 
tive lineup. The main-tuning control 
does not need a vernier drive be- 
cause of the broad-tuning effect of 
this type of detector. A vernier drive 
can be added, however, if the opera- 
tor wishes. 


The receiver shown in the photographs is use- 
ful for a.m. reception, and offers fair reception of 
wide-band f.m. signals. Because it is completely 
transistorized, it can be used advantageously in 
portable and mobile work. The receiver operates 
from a 12-volt d.c. supply and draws approxi- 
mately 400 milliamperes. 

Q, is used as a common-gate r.f. amplifier and 
because it is an FET (field-effect transistor) it 
offers good immunity to cross-modulation and 
overload. Q, performs as a common-gate super- 
regenerative detector and is also an FET. C. 3 is 
used to provide feedback. C, is a trimmer ca- 
pacitor and Cs is the main-tuning control. Ry 
controls the superregeneration of the detector. 
Ry, C4, and Cz; make up the quench-frequency 
network, providing an interruption frequency that 
is just above the audible range—desireable for 
best selectivity. R, and C, filter out the quench 
frequency from the audio output of the detector, 
keeping that energy from reaching Qs, the first 
audio stage. R, is the audio gain control. 

A three-stage audio amplifier consisting of Qs, 
Q,, and Q, is used to provide up to 2 watts of 
output. Negative d.c. feedback is used in the audio 
channel to assure stable operation despite changes 
in temperature and supply voltage. T, matches 
the 24-ohm collector impedance of Qs to an 
8-ohm speaker, 


Construction 


A4x 5 &X 6-inch utility cabinet is used to 
enclose the receiver. A. hand-formed chassis is 
made from .16-gauge aluminum and measures 
4 X 5 inches with a 114-inch high lip at the rear. 
The front and side lips are 34 of an inch wide. A 
bench vise was used in forming the chassis shown. 


Transistor sockets are used to mount Q, 
through Q,4. Q, is mounted on the chassis, per- 
mitting the chassis to serve as a heat sink. Os 
is insulated from the chassis by means of the 
hardware that is supplied with it. Silicone grease 
should be used between the transistor and the 
mica spacer, and between the mica spacer and the 
chassis. This will assure better heat transfer. 

Perforated aluminum of the hardware store 
variety is used for the speaker grille. It is held 
in place between the speaker and panel by means 
of the speaker’s mounting screws. 

To provide proper grounding of C,’s rotor, a 
lead is connected to the rotor terminal and is 
passed through a small hole in the chassis where 
the free end is soldered to a ground lug. Keep 
this lead as short as possible and use large- 
diameter wire. 


- Operation 


The bandwidth of the receiver is similar to 
that of most “supergennys.” A 1000-nv. signal, 
100 percent modulated, occupies approximately 
400 kilocycles of the tuning range. Weaker sig- 
nals are narrower, stronger signals are broader. 
Nevertheless, there are many benefits to be 
realized from the use of this recéiver. It has 
excellent a.g.c.-type action, good sensitivity, and 
has an inherent noise-limiting action that is use- 
ful for mobile applications, or in noisy areas. A 
0.3-nv., 30 percent modulated signal at J 1. will 
produce a plainly audible signal at the speaker. 
A well-modulated phone signal of 2 or 3 micro- 
volts intensity should be perfectly readable under 
normal conditions. 

With an antenna connected to J,, and with R, 
set at mid range, adjust R, until a rushing sound 


482 MOBILE EQUIPMENT 


R.F.AMP DET. ' J3 
C3 MPFIO2 « 
MPFI02 “1-0 Key 
50-54 Me. at 19 50754 Me. ea (Siem) 
Jt Ci s P: ct pcm y q i RFC: 
ANT. Lt 28 ape ee RECI, list 7 Ce Buh Sut 
i - H R3 +47 15V. 
e C2 4-25. [6 CA C5} 12K Sud 
1, Q2 3, Q4 3 esTo 
ae : m ps ss 1000 ae | Shor flow 
Soo |# . 
g ‘ SV + 
RI . : 
ny SM= Silver Mica 
BOTTOM VIEW REGEN. 
A AUDIO AMP —_ AUDIO AMP. pe 
40309 ! 
dh 1 t0-z 
he) | SPKR. 
S))_17] REMOTE 
o~0-12|+ toy, 
STBY. (3|- . 


Fig. 19-5—Schematic diagram of the receiver. Unless otherwise noted, all resistors are 1% watt. Resistance is in 
ohms. K = 1000. Capacitors are disk ceramic unless otherwise indicated. Capacitors with polarity marks are 
electrolytic. Capacitance is in pf. Dashed lines indicate an optional circuit which is discussed in the text. 


Ci—1.5 to 7-pf. ceramic trimmer. 

Co—25-pf. miniature variable (Hammarlund MAPC-25-B 
shown). 

Cs-Ce, inc.—For text reference purposes. 

Ji—Phono jack. 

Jo—3-terminal connector (Millen E-303). 

Js—Open-circuit key jack (if used). 

li—2 turns small dia. insulated wire over ground end 
of Ls. 

L:—9 turns No. 24 enam. wire, close-wound on Y%-inch 
dia. iron-slug form. (Miller 4500-4 form used.) 
ls—10 turns No. 20 tinned copper wire, air-wound to 

V-inch dia. Space one wire thickness between 


turns. 


Q1-Qs, inc.—For text reference. 

Ri—25,000-chm linear-taper control, 

Re, Rs—For text reference. 

R.—10,000-ohm audio-taper control. _ 

Rs—l-ohm 3-watt resistor, or 6 feet of No. 32 enam. 
wire scramble-wound over the body of a 100,000- 
ohm 1-watt resistor. (A I-ohm length of nichrome 
wire is also suitable.) 

RFC:, RFC:—8.2-uh, choke (Millen J300-8.2 suitable). 

S:—S.p.s.t. slide switch. 

T,—Output transformer, 24 ohms to 8 ohms. (Lafayette 
33R7501, or equivalent.) 2 watts or more in power 
rating. 


Top view of the receiver chassis. The output trans- 
former, Ti, is at the left. Qs, Qu, and Qs are along the 
rear edge of the chassis. Qi and Q2 are at the right- 
front of the chassis. A Millen E-303 terminal is at the 
left of the chassis apron and is used for connecting 
the receiver to the 12-volt power source. The re- 
generation control is to the right of the power supply 
terminal. The antenna jack is at the far right on the 
rear apron. 


50-Mc. Receiver 
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The r.t. and detector stages are at the upper left. Ls and C; are mounted on an insulated terminal strip. The 
ground lug for C2’s rotor is just to the left of the slide switch. 


is heard from the speaker. R, should be set just 
slightly beyond the point where the rushing 
sound is first heard. There should be no “dead” 
spots when Cy, is tuned through its range—ap- 
proximately 50 to 55 Mc. If there are any so- 
called dead spots, advance R, slightly and again 
tune the receiver through its range, repeating 
the procedure until smooth superregeneration 
results across the entire 5-Mc. range. Maximum 
sensitivity occurs when R, is set just above the 
point where the rushing noise begins. Next, ad- 
just L, for peak response while listening to a 
weak signal. The response will be rather broad, 
making readjustment unnecessary once Ly is 
peaked for the middle of the 6-meter band. C, 
should be adjusted to set the tuning range of 
C, within the limits of the band. 


Code-Practice Option 


An optional circuit, to permit code practice, is 
shown in the diagram of Fig, 19-5 and is repre- 
sented by dashed lines connected to the junction 
of RFC», Cy, and Ry. Two components are re- 
quired if the addition is made—a 0.1-nf. capacitor 
and an open-circuit key jack. When the key is 
closed, at J, the 0.1-uf. capacitor is placed in 


parallel with C, and Cs, lowering the quench 
frequency into the audible range. The larger the 
value of the paralleled capacitance, the lower the 
pitch of the note will be. If the option is desired, 
J, can be mounted either on the front panel, or on 
the rear apron of the chassis. R, can be adjusted 
so that super-regeneration ceases, preventing the 
hiss noise from being heard during code practice. 


Concerning the Transistors 


All of the semiconductors used in this receiver 
are of the low-cost variety. The MPF102s are 
manufactured by Motorola for use up to 100 Mc. 
They are available at $1.00 each from any Mo- 
torola distributor. The bi-polar transistors, Qs, 
Q,, and Qs, are made by RCA and are available 
from most mail-order houses by ordering them 
by their part numbers. 

Care should be taken to prevent damage to 
the transistors. Do not use the receiver in the 
immediate vicinity of a 6-meter transmitter un- 
less the antenna is disconnected from J1 during 
transmit. A coax relay that shorts out the re- 
ceiver input during transmit periods is recom- 
mended. Do not pull the transistors from their 
sockets while the receiver is turned on. 
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A FEATHERWEIGHT PORTABLE STATION FOR 50 MC. 


Fig. 19-6—The 50-Mc. tran- 
sistor station, complete with 
microphone, battery and an- 
tenna system, weighs in at 
under 3 pounds. The antenna 
coupler built in a small plas- 
tic parts box is used with 
random “long wires.” Coax- 
fed antennas connect direct- 
ly to the BNC fitting on the 
top of the case. 


The transceiver shown in Figs. 19-6 through 
19-121 is an effective portable station for normal 
vhf. hamming as well; light enough to be car- 
ried to the most inaccessible spots, and easy on 
battery power. 


How It Works 


In receiving, a simple two-transistor converter 
works into an inexpensive pocket broadcast re- 
ceiver. With this scheme, sensitivity is good. 

The transmitter r.f. section also uses two tran- 
sistors. It is modulated by a ready-made audio 
unit that requires only minor modification to 
adapt it to this purpose. This transmitter delivers 
no more than 100 milliwatts output, which is 
about the limit that is practical for very light- 
weight batteries: It does well on a small 9-volt 
battery, and provision is made for connection to 
the car’s' 12-volt. system through the lighter 
socket, if long hours of use are intended. 


The Receiver Section 


The iront end of the receiving system is made 
tunable. Leaving the receiver set on 1600 kc. gives 
uniform image rejection across the band, and pre- 
vents interference from strong broadcast signals. 
A tunable oscillator works at half the desired in- 
jection frequency, tuning 24.1 to just above 25 Mc. 
The second harmonic beats with signals from just 
below 50 Mc. to about 52, to give an if. of 1600 
kc. One transistor serves as both mixer and os- 
cillator. An R.F. amplifier stage, Q,, gives some 
gain and helps the front-end selectivity. Layout is 
not critical, and only two precautions seem nec- 
essary. First, if one of the small imported dials is 
used, be sure that the mounting arrangement does 
not introduce drag. The torque capability of these 


1 “Featherweight Portable Station for 50 Mc.,” QST, 
Nov, 1964, p. 24. 
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Japanese imports is rather low, but if the capaci- 
tor turns freely they do, the tuning job nicely. 
They are available under many names; this one 
was an Argonne (Lafayette) AR-105, 2-inch 
model. Its small knob was replaced by a larger 
unit, for easier tuning. Second, be sure that the 
if. output coil, L; in Fig. 19-8 is in position to 
couple to the loopstick antenna of the broadcast 
receiver. This is not critical, but there are so 
many different receiver arrangements that we 
cannot be too specific about where to mount the 
receiver and the mixer output coil. Variations of 
a half inch either way make no great difference, 
so long as there is inductive coupling between 
the two. ~ 

In the unit pictured the broadcast receiver is 
mounted in the top left portion of the case, 
speaker facing up. The combination volume 
control and switch is accessible through a rec- 
tangular hole cut in the back wall of the case. 
The earphone jack also is reached through a 
hole in the back wall. Two small aluminum 
brackets hold the receiver in place, against the 
top of the case. 

Looking at the front panel, Fig. 19-6, we see 
the send-receive switch just below the vernier 
dial. In the lower right corner of the panel is 
the slug adjustment of the r-f. coil, Ly. At the 
left is the interstage coil adjustment, L,. At the 
upper right is the oscillator coil, Lg. To the up- 
per left of the main dial is the mixer output 
coil, Lx. This is tuned to 1600 ke. by the 470-pf. 
capacitor across it, which looks like an r.f. by- 
pass to the 24-Mc. energy from the oscillator 
circuit. 

The back-of-panel view, Fig. 19-7, shows that 
most of the converter parts (left side) are 
mounted on tie-point strips. There are three of 
these: one running vertically at the edge, one 
horizontally between the tuning capacitor and 
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the send-receive switch, and a third vertically 
at the right, adjacent to the transmitter assem- 
bly. 

The transistors are soldered into the circuit 
without using sockets, The r.f. amplifier, Q,, is at 
the lower left, the mixer-oscillator, Qo, is near 
the upper center of the rear view. The heavy grey 
leads are small-size coax, connecting the output 
fitting to the send-receive switch and transmitter 
output. 


The Transmitter 


Of many transistors tried for transmitting 
service, three types, all n-p-n, gave outstanding 
results. Since the opposite polarity, p-n-p, 
worked best for receiving we have some circuit 
differences between the transmitting and re- 
ceiving portions of Fig. 19-8. The whole station 
is wired for positive ground, which is more-or- 
less standard procedure in transistor work. (The 
packaged audio unit and the broadcast receiver 
are wired that way.) If the station is to be op- 
erated from the battery in an American or other 
negative-ground car, the case should be isolated 
from ground. : 

The 2N706 is the one that was found satisfac- 
tory for transmitting. With the biasing shown, in- 
put to the oscillator is about 50 milliwatts and the 
amplifier 200 milliwatts, with a new 9-volt bat- 
tery. 

The transmitter is assembled on perforated 
insulating material known as Vectorbord, 24% by 
2%4 inches in size, using push-in terminals for 
mounting and wiring the small components. 
Mounting screws at each corner are joined with 
No. 18 wire, which acts as a ground bus. The side 
of the transmitter toward the panel is set away 
from it by 34¢-inch metal pillars and 4-40 nuts at 
each corner, . 

Little trouble should be encoun- 
tered in duplicating results. Note the 
polarity of the crystal oscillator 
feedback loop, Lg, and the amplifier 
coupling, Ly, with respect to the os- 
cillator collector coil. 


Installing the Modulator 


The modulator is a 5-transistor 
audio amplifier available ready- 
made from Lafayette Radio Elec- 


Fig. 19-7—Interior view of the transistor 

rig. The converter portion is at the left. 

The coil above and to the right of the 

tuning capacitor is the i.f. output coil, 

Ls, which couples to a small broadcast 

receiver visible in the upper part of the 
case in Fig. 19-9, 
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tronic Corp, Model PK-544. The PK-544 is 
intended for use with a speaker, so its output 
transformer has an 8-ohm secondary. For modu- 
lator service this transformer should be replaced 
with one having 500-ohm center-tapped primary 
and secondary windings, Lafayette supplies an 
Argonne AR-162 for this purpose. If a high- 
impedance crystal or ceramic microphone (latter 
preferred) is used, an input transformer with a 
200,000-ohm primary and 1000-ohm secondary is 
required, Lafayette’s TR-120 is suitable. 

No gain control is included with the PK-544, 
and none is really needed. A fixed resistor, Rj, 
is connected across the gain control terminals, 
the value selected to suit the user’s preference 
as to voice level and microphone. We found 470 
to 820 ohms suitable for various microphones 
tried. 

The modulator is mounted on the inside back 
wall of the case, in back of the converter. The 
microphone connector is also on the back wall, 
near the modulator input terminals. The modu- 
lator is shown in outline form at the lower left of 
Fig. 19-6, with the various terminals at the ap- 
proximate positions of the original. 


Battery Options 


Provision is made for use of the internal bat- 
tery, BT,, an external battery of larger size, 
BT., or a 12-volt car battery. The car battery 
may be either positive or negative ground, but 
if it is the latter be sure that the case of the 
rig is isolated from the car ground. With the 
simple plug-in arrangements shown, no switch- 
ing is required to change the power source. 

The broadcast receiver is operated from its own 
battery and is turned on and off with its own 
volume control and switch. When operating from 
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Fig. 19-8—Schematic diagram and parts information for the complete 50-Mc. station. Resistors are com- 
position, ¥2-watt or less unless specified. Capacitors Ci through C; are dipped silver-mica. Others are ceramic 
unless indicated. Decimal values are in yuf.; others in p.f. unless indicated, 


BT:—9-volt battery. (Eveready No. 246, Burgess 2N6 
are largest usable size). 

BT:—9-volt battery. Can be 6 flashlight cells in series 
or any 9-volt unit. 

Cs—15-pf. miniature variable (Hammarlund HF-15, 
modified for desired bandspread; see text). 

Co—1000-uf. 12-volt electrolytic. 

Js—Coaxial chassis fitting, BNC type. 

Jo—3-pin male power connector, 

Js—Phono jack or other microphone. connector. 

Li2 turns No. 22 enamel wound over bottom turns of 
fs, 

Ls—10 turns No. 22 enamel closewound on \4-inch iron- 
slug ceramic form (Miller 4500). Tap at 4 turns, 

ls—8 turns like Le; no tap. 

L.—-2 turns No 22 enamel over bottom turns of Ls. 

Ls—14.8 to 31-uh, adjustable coil (Miller 4407). 

Le—8 turns No. 22 enamel, % inch long on 4-inch iron- 
slug ceramic form (Miller 4500). Tap at center. 

Ly, Lio—7 turns like Ls. 

Ls—2 turns No. 22 enamel wound near middle of Ly. 
Connect top of winding to ground, but wind 
in same direction as Ly. 


Lp—3 turns No. 22 enamel over bottom of Lz, in same 
direction, 

Lu—2 turns No. 22 enamel at bottom of Lio. 

Pi, Po, Ps—3-pin female plug. 

P.—Plug for automotive cigar lighter socket. 

Qi, Qe—Germanium v.h.f, transistor. 2N1177 preferred. 

Qs, Qu—Silicon u.h.f. transistor, n.p.n. type, 2N706. 

Ri—Resistor substituted for gain control, value to suit 
microphone and desired voice level, 470 to 
820 ohms. 

$:—2-pole 3-position wafer switch, subminiature type. 

Ti, Te—Integral parts of the Lafayette PK-544 audio 
amplifier, not shown in above diagram. 

Ts—Miniature microphone transformer, 200,000-ohm 
primary, 1000-ohm secondary (Lafayette TR- 
120). 

Ti—Miniature modulation transformer, both windings 
500 ohms, center-tapped (Lafayette AR-162). 
Substitute for Te. 

Y:—50-Mc. crystal for desired transmitting frequency 
(International Crystal Mfg. Co. Type FA-5 or 
FA-9. FA-5 has small pins. 
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the car battery use the arrangement shown in 
the schematic diagram. The plug P, connects to 
the rig in the same manner as Py. A bleeder 
across the battery helps regulation and C9, a low- 
voltage high-capacitance electrolytic, helps too. 
The 10-ohm %-watt series resistors connected 
in the line to a cigar-lighter plug, P,, act as fuses, 
in case you inadvertently ground the case when 
working with a car having negative ground. 


Adjustment and Use: 


Putting the receiver to work is mainly a mat- 
ter of tuning for maximum noise and signal 
strength. Set the broadcast receiver at the high 
end of its range and apply voltage to the con- 
verter. The noise level will rise markedly if the 
oscillator is working. Adjust the slug in L, for 
maximum noise, and you should be able to hear 
any strong 50-Mc. signals if the oscillator tun- 
ing range is right. Set the band where you want 
it by means of the slug in Lg. Peak Ly and Ly 
for maximum response on a 50-Mc. signal, and 
you're in business, 

Bandspread and tuning range can be adjusted 
to suit one’s preference by modifying the tuning 
capacitor, Cg, or the capacitive feedback net- 
work, C,-C7. To make for easy tuning, we cut 
C., to one rotor and two stator plates, which pro- 
vides about two megacycles tuning range. You 
can get a rough check on the oscillator tuning 
range with an absorption wavemeter. 

There may be a slight tendency toward 
acoustic feedback between the speaker and the 
oscillator circuit components, but this is not 
troublesome if the audio volume is set a bit 
down from the maximum position. Most receivers 


Fig. 19-10—Back of the transmitter section, showing the 
two transistors and tuned circuits. The crystal oscillator 
is at the left. 
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Fig. 19-9—Panel side of the trans- 

mitter assembly. Holes are drilled in 

the front panel for mounting the peg- 

board chassis, and to permit the 

crystal socket and coil slug screws to 

project through. Note grounding bus 
around edges. 


draw 8 to 10 ma. with the audio 
turned down. Room-filling audio 
takes up to 40 ma. on audio peaks. 
Levels sufficient for use within 
3 feet or so of the speaker re- 
quire very little current, and that 
will give a good many hours of 
listening, even on a small 9-volt 
battery. 

Transmitter adjustment is 
simple, You merely tune first for 
maximum output from the oscil- 
lator and amplifier. Current 
drain of the amplifier increases 
with drive, so it is a good indica- 
tion of oscillator peaking. Fiddling with coupling 
may be needed, both as to number of turns and 
position of the coupling windings, particularly if 


transistors other than those specified are used. 


Once you have obtained satisfactory output it is 
well to listen to the signal with a selective re- 
ceiver with the b.f.o. on. Tune the oscillator for 
best stability and freedom from frequency modu- 
lation, even if it means a slight reduction in 
output. 

A 2-volt 60-ma. (No 48) pilot lamp makes a 
good load. With everything working well there 
is a good glow in the lamp, and this will brighten 
markedly on modulation peaks, 
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Fig. 19-11—Looking into 


the case we see the small 


Antenna Ideas 


With low power a good antenna is a must. (Re- 

member, 70 milliwatts is 30 db. down from the 
average 50-Mc station output !) 

Whip antennas are ineffective for anything but 
purely local work, so the “long-wire” idea was 
tried. Long wires have gain and directivity. They 
respond to various polarizations and are ex- 
tremely light. The antenna coupler system of 
Figs. 19-12 and 13 was worked out to cut down 
spurious receiver responses, as well as to facili- 
tate transmitter loading. 

Various wire lengths can be plugged into the 
jacks connected to taps on L,. A balanced line, 
or even a V or rhombic, can be plugged into J, 
and Jy. Anything will work, but usually the 
longer the better. Tune in a signal on the receiver 
and peak the coupler for maximum signal 
strength. 

The coupler can be connected directly to the 
BNC fitting on the transceiver, or a length of 
coax can be used. The support for the far end 
of the wire can be a tree, building, or whatever 
happens to be handy. If there is room to maneu- 
ver, walk around (maypole fashion) until maxi- 
mum signal is found. Contacts have been made at 
distances up to 125 miles on several occasions em- 
ploying this approach. 


broadcast receiver, upper 


left, the ready-made modu- 
lator, right, and the built-in 
9-volt battery, lower left. 


Fig. 19-12—The miniature antenna coupler is built 
in a hinged plastic parts box 134 by 2% by 1% inches in 
size, End-fed long wires or balanced-line antenna 
systems can be accomodated, through use of the ap- 
propriate taps on the tuned circuit. 
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Fig. 19-13—Circuit of the antenna coupler and its application in feeding a long wire in portable work. Tip 

jacks Ji and Jo may be used for a balanced-line system. Any of the three jacks may be used for random- 

length long wires, merely by checking for best reception. Peak C: for maximum signal on receiving. Gain 
and directivity of the long wire will depend on length and slope. 


C.—11-pf. per section butterfly variable (Johnson 160— 
211 or 11MB11). 

C2—Fixed ceramic capacitor, 39 to 68 pf. Check with 
variable temporarily, if possible. 

“L-18 turns No. 24, ¥ inch diameter, 32 t.p.i. Tap at 


5 turns from each end and 1% turns from one 
end (B&W No. 3004). 

1s—2 turns insulated hookup wire around center, of Li. 

Ja, Jo, Js—Tip jack. 

Je-—BNC cable fitting. Connect Je and rotor of Ci with 
copper strip. 
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A 40-WATT “EXTENDED-BAND” MOBILE TRANSMITTER 


The mobile transmitter shown in Figs. 19-14 
through 19-20 is capable of 40 watts input on 
any band from 160 to 6 meters. It is not band- 
switched; coil data are given for each band, and 
it is only a matter of a few minutes to unsolder 
the coils and substitute those for another band. 
This single-band construction permits maximum 
efficiency with minimum expenditure. 

Referring to the circuit diagram in Fig. 


Fig. 19-14—Front view 
of the “extended-band” 
mobile transmitter, re- 
moved from its case. The 
transmitter uses a trans- 
istor modulator and a 
separate semiconductor 
power supply. Panel 
controls, counterclock- 
wise from the meter, are 
meter switch, operating 
switch, gain control, 
power switch, grid tun- 
ing, output loading and 
plate tuning. An L- 
shaped shield of perfo- 
rated aluminum nor- 
mally covers the center 
(amplifier) compartment. 


19-16, only two tubes are used in the r.f. sec- 
tion. The pentode portion of a 6CX8 is used 
as a crystal-controlled oscillator which, on 
bands 160 through 40 meters, drives the t2GJ5 
output amplifier directly. On the higher fre- 
quency bands, the triode section of the 6CX8 
is used as a frequency multiplier. To modify 
the diagram for low-frequency operation, break 
the two plate leads at the points marked “x” 


Fig. 19-15—Rear view of the 
transmitter with coils for 6- 
meter operation in place. The 
cast-aluminum transistor heat 
sink, at bottem of photo- 
graph, is a Cesco type HS-4, 
A slot is cut in the rear of the 
cabinet to clear the heat sink. 
All transistors are mounted 


using mica spacers (furnished 

with transistors) smeared with 

heat-conducting 
grease. 
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Fig. 19-16—Circuit diagram of the 40-watt “extended-band” mobile transmitter for negative-ground 12-volt cars. 
Unless noted otherwise, resistances are in ohms, resistors are 2 watt, capacitances are in picofarads. 


C:—50-pf. variable (Hammarlund APC-50-B). 

Cs—100-pf. variable (Hammarlund HF-100). 

Cs, Cs—470-pf. mica, used only on 160 and 80 meters. 

C.—2-gang 365-pf. variable (Miller 2112), sections in 
parallel except on 6 meters where only one 
section used. 

Cs—0.003 uf. on 160 meters, 470 pf. on 80 meters. 

Ce—0.001-uf. feedthrough (Centralab FT-1000). 

Cr—2-9-pf. variable (Johnson 9M11). 

1,—6-v. lamp, part of Ss (GE 1768). 

Ji—Phono jack. 

Js—Broadcast antenna connector (Cinch-Jones 81F). 

Js—Six-connector chassis socket (Cinch-Jones AB S-306). 

Je—Two-pin microphone receptacle (Amphenol 80 
PC2F). 

Ki—D.p.d.t. relay, 12-v. coil (Potter & Brumfield KT 11D). 

Li, Ls, Ls—See table. i 

Ri—1000 ohms; required on 80 and 40 meters only. 

Re~—-0.5-megohm volume control. 

Re—3.3-ohm 5%, 1 watt. 


and connect the plate of V,, to the “hot” end 
of the C,L, tank circuit. For stable operation, 
the 12GJ5 amplifier is neutralized. The pi- 
network output circuit is designed to couple to 
a load on the order of 50 ohms. 

The speech amplifier uses a 6CX8, and the 
input circuit is designed to take either a ceramic 
(or crystal) or a carbon microphone; a slide 
switch, S,, makes the changeover a simple mat- 
ter. When switched for use with a carbon 
microphone, the grid of the input stage is 
grounded and the microphone works into the 


R.—0.1-ohm +5% 5-watt wirewound (IRC AS-5). 

Rs—500 ohms, 10-watt wirewound. 

RFC;—160 through 10 meters: 2.5-mh, 125-ma. (Millen 
34300-2500). Six meters: 8.2 yh., 300-ma. 
(Miller RFC-50). 

$.—D.p.s.t. toggle, 6 amp. at 125 v.a.c. (C-H 8370-K7). 

$Sa—Three-position illuminated lever switch (Switchcraft 


25312). 
Ss—Three-position double-pole lever switch (Centralab 
PA-7001). a 


S.—D.p.d.t. miniature slide switch (Con Wirt G126). 

T:—300 mw. transistor output transformer, 3000 to 
16/8/4 ohms (Knight 62 G 371). 

Ta—6.3-v. 3-amp. filament transformer (Triad F-16X). 

Yi~See table. 

Zi—Five turns No. 20 on 47-ohm 1-watt resistor, spaced 
to occupy full length. 

(Knight transformer carried by Allied Radio, Chicago. 

Milliammeter is TM-400, carried by Lafayette Radio, 

N.Y.C.) 


cathode. A small transistor output transformer 
drives the bases of a pair of 2N441 modulators, 
and a filament transformer is used as the output 
transformer back to the r.f. amplifier. The simple 
yet versatile modulator is capable of delivering 
over 20 watts of audio at low distortion. 

The power supply, Figs. 19-19 and 19-20, is a 
separate unit housed ina 3 Xx 4 X 5-inch.Mini- 
box mounted at a distance from the transmitter. 

Control circuits are mounted on the transmit- 
ter panel, and S, bears special mention. It-is a 
3-position, locking, lever switch that is back- 
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illuminated (by J,, Fig. 19- 
16). Depending upon the po- 
sition of the switch, however, 
the color of the illumination 
changes. The switch offers a 
number of colors; this par- 
ticular one was set up to be 
red on prr (push-to-talk), 
blue on spor (frequency set- 
ting) and orange on TUNE. 
In the spor position an exter- 
nal receiver-muting relay is 
disabled along with the am- 
plifier so that the oscillator 
can be heard in the receiver. 
In the TUNE position the am- 
plifier is cathode-biased by 
R;, to limit the off-resonance 
plate current and prevent the 
power supply from dropping 
out of oscillation during mis- 
tuning conditions. 

The meter switch, Sz, al- 
lows the single meter to in- 
dicate grid, cathode or mod- 
ulator current. With the 
resistors shown, the full-scale 
readings are 10 ma., 200 ma. 
and 5 amperes, respectively. 


Construction 


The transmitter is built on 
the aluminum chassis that is 
included with the 4%4—6 x 9% 
X 7%-inch cabinet (Califor- 
nia Chassis LTC-464). The 
amplifier section is enclosed 
in a modified section of a 
3 xX 4 X 5-inch Minibox, as 
shown in Figs. 19-14 and 19- 
15. A %-inch strip is re- 
moved from the Minibox to 
allow it to fit in the cabinet, 
and a cover of perforated alu- 
minum is bolted in place at 
the top and rear. 

Fig. 19-15 shows the 1% 
xX %-inch strip of copper, 
mounted on a 1-inch long ce- 
ramic insulator, that serves as 
a support for C, and a tie- 
point for Z,, RFC, and the 
0.005-uf. plate-blocking ca- 
pacitor, 

Referring to Fig. 19-14, 
the grid tuning capacitor, Cy, 
is mounted on a small alu- 
minum bracket. The capaci- 
tor is insulated from the panel 
shaft by a small shaft cou- 
pling (Millen 39001). “Hot” 
r.f. leads passing through the 
chassis, as the lead from Ky, 
to C4 (visible in Fig. 19-17), 
were made with feedthrough 
bushings (National TPB). 


Li 


As above 


As above 


approx. 
(Miller 4407 


+As above 


approx. 
(Miller 4406) 


rox, 


app 
(Miller 4404) 


Not used, pentode 
tuned by C1 


7 Mc. : 20 wh. 


14Mc. : 7% wh. 


25 Mc. : 2% wh. 


COIL TABLE 


La 


50-uh. choke 
(Millen 34300-50) 


24-#h. choke 
(Miller 4626) 


10-uzh, choke 
(Miller 4612) 


2.4-h. choke 
(Miller 4606) 


1.5-#h, choke 
(Miller 4604) 


0.75-uh. choke 
(Miller 4592) 


3 turns B 
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Ls 


18 turns A,? 
2-inch ferrite’ 


14 turns A, 
1%-inch ferrite 


11 turns A, 
l-inch ferrite 


18 turns A 
12 turns A 
9 turns B* 


7 turns No. 12, 8.3 
¥Y% diam., 8 t.p.i. Me. 


1 Material A is No. 20 wound 16 t.p.i., 54 diam. (B & W 3007). 
2Ferrite rod is ™%4-inch diameter (Lafayette Radio, N.Y.C., 


32R6103) 


8 Material B is No. 18 wound 8 t.p.i., 344 diam. (B & W 3010). 


Fig. 19-17—Bottom view of thé mobile transmitter. The binding posts at 
the rear of the unit are for the 12-volt connections (Johnson 111 series). 
Shielded wire is used to the microphone connector and to the gain control. 
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Fig. 19-18—Coils used in the transmitter. 

Ferrite rod used in coils on lower frequencies 

raises inductance and Q without sacrificing 
space. 


Testing 
The power supply should deliver voltages of 
approximately 375 and 180. If any difficulty is 
experienced with lack of oscillation, check the 
wiring on the primary side of T, (Fig. 19-20). 
Recommended crystal frequencies. for opera- 
tion in the various bands are given in the coil 


i 
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table. Coils and padder capacitor should be se- 
lected from the table to suit the band to be used. 

Coils L, and L, can be resonated to the proper 
frequency with a grid-dip meter, or they can 
be adjusted for maximum deflection on an ab- 
sorption wavemeter with S, in the spoT po- 
sition. The amplifier should be resonated in the 
TUNE position with C, at maximum capacitance 
and with grid drive applied. The 
final can then be loaded in the 
PTT condition to a cathode-cur- 
rent condition of 100 to 120 ma. 
The grid current should run 
about 2 ma. 

Under idling conditions the 
modulator current should be 
about % ampere, kicking up on 
voice peaks to about 2 amperes. 


' Fig. 19-19~-Power supply for the 40- 
watt mobile transmitter. The two 
12-volt leads between the transmitter 
and this supply (in the homemade 
4-wire connecting cable) should be 
no smaller than No. 14. The home- 


made cable is shielded by a length 


of 5%-inch copper braid (Belden 8672) 


and covered with plastic tubing. Each 

end of the braid is connected to the 

corresponding chassis through a 
spade lug. 


Fig. 19-20—Circuit diagram of 

the power supply. Capacitances 

are in pf., resistances are in 
ohms, 

Ja—Four-connector chassis 
socket (Cinch-Jones AB 
$-304). 

Ta—Transistor power trans- 
former, 375 v.c.t. at 200 
ma., 12-v. input (Triad 
TY-81). 

Plugs on connecting cable 
between power supply and 
transmitter are  Cinch-Jones 
CCT P-304 and CCT P-306. 
Muting relay in receiver is 
s.p.d.t. miniature,  12-v.d.c. 
coil (Potter & Brumfield RS 5D), 
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A MINIWATT 2-METER TRANSCEIVER 


Fig. 19-21—The 144-Mc.  trans- 


mitter-receiver is small enough (8 X 


Many times a small transceiver proves useful 
in places where mobile equipment can not go. The 
2-meter transceiver shown here is just the thing 
for mountain topping, and with a 19-inch whip 
antenna it will make a good walkie-talkie for 
Civil Defense work. It is simple in construction, 
thanks to the use of a superregenerative receiver 
and a ready-made audio amplifier/modulator as- 
sembly. 

The transceiver is completely self-contained, 
including a 9-volt battery. Total battery drain 
is 30 ma. receiving and about 80 ma. transmitting. 

The audio section for both transmitting and 
receiving is a commercially-made printed-circuit 


amplifier (Round Hill Associates type AA-100). - 


Two output impedances are provided, low im- 
pedance for the speaker and high impedance for 
modulating the transmitter. 

The transmitter r.f. section, Fig. 19-24, uses 
three 2N706s. The oscillator, Q,, is an overtone 
type using 48-Mc. crystals, This stage is induc- 
tively coupled to Qo, which triples to 144 Mc. and 
is in turn inductively coupled to the 144-Mc. am- 
plifier, Q,. The amplifier gives an output of about 
50 milliwatts through a modified pi-network tank 
circuit. 

The receiver circuit, also shown in Fig. 19-24, 
uses two more 2N706s. The base of the rf. 
amplifier, Q4, is grounded and the emitter is con- 
nected to the antenna through a fixed capacitor. 
The collector circuit is tuned, and is capacitively 
coupled to the detector tuned-circuit coil, L,. 
The detector circuit, a superregenerative type, 
was described in an earlier issue of QST.1 The 
audio output is coupled through a driver trans- 
former, T,, to the audio gain control, R,, and 
goes from there to S,,. This switch section selects 
either the audio from T, in receiving, or the 
microphone input in transmitting. The resistors 
in the microphone input circuit act as a voltage 
divider to prevent overdriving the amplifier as a 


1DeMaw, “A Two-Meter Pocket Receiver,” QST, 
June, 1966. 


6 X 3% inches) to be hand-carried 

but can be used for table-top opera- 

tion, too. A self-contained: 9-volt 

transistor battery supplies all the 
power needed. 


modulator. (The gain control in the audio module, 
VR, in the AA-100 circuit diagram, is set for 
maximum gain.) 


Construction 


The transmitter and receiver are built on a 
single piece of 244 x 434-inch type 85G24EP 
Vectorbord using type T28 push-in terminals for 
junctions. As shown in the inside view, the board 
is mounted to the case, an 8 x 6 X 3%4-inch Mini- 
box (Bud CU-3009-A), by an angle bracket 
which runs the length of the board. The battery 
is held in place with an angle bracket at the base ; 
no top bracket is needed since the top of the case 
holds it firmly in place. The audio assembly is 
mounted at right angles to the r.f. board, and is 
supported by %-inch metal spacers to keep the 
etched wiring underneath clear of the case and 
thus avoid short circuits. A smaller case could be 
used by mounting the audio board vertically and 
modifying the panel layout appropriately. 

The two views of the r.f. section on its Vector- 
bord should make the layout of this part of the 
transceiver reasonably clear. 


Testing and Alignment 


After the wiring has been completed and the 
transceiver has been given a visual inspection for 
physical short circuits and wiring errors, the re- 
ceiver portion can be checked out. With the power 
applied, and with S, in the “receive” position, 
the regeneration control, Ry, should be advanced 
(decreasing its resistance) until a loud rushing 
noise is heard from the speaker. The rushing 
sound indicates that superregeneration is occur- 
ring. Maximum receiver sensitivity will be real- 
ized when Ry is set just a bit beyond the point 
where superregeneration commences. If Q, does 
not go into superregeneration, the transistor itself 
may be defective, or the bias-resistor value 
(150,000-ohm resistor between the base of Qs 
and the primary of T,) may need to be altered 
slightly. The value given in Fig. 19-24 proved to 

(continued on p. 496) 
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Fig. 19-22—Bottom view of the transmitter-receiver board. Le is at the right with Li at the top left and ls 
below it. At the lower left is the final tank coil, L5. Bus wire connects between some of the push-in terminals 
to serve as ground and 9-volt lines for circuit connections at various points on the perforated-board chassis. 


woapgcenvanss oP: es 


Fig. 19-23—Top view of the transmitter-receiver board. The transmitter is at the right with Q, to the right 

of the crystal, Qz to the right of Qi, and Qs below Qz. The receiver is at the left with Q, at the top and Qs 

below it. Coil L; is at the lower left. An aluminum bracket is used to mount this assembly to the main chassis. 
Capacitors Ci and Ce are to the right of 7: (lower center of photo). 
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be satisfactory for several 2N706s tried. Nor- 
mally, the resistance value should not be less 
than 68,000 ohms nor more than 270,000 ohms for 
good performance. 

After getting Q, operating, L, should be ad- 
justed to provide coverage from 144 to 148 Mc. 
A rough check can be made by listening to the 

. signal from a grid-dip oscillator while tuning 
C, from minimum to maximum capacitance. By 
spreading or compressing the turns of L,, the 
receiver can be made to tune to 144 Mc. when C, 
is set for maximum capacitance. There should 
be no “dead spots” (absence of hiss noise) as Cs 
is tuned through its range. If such are noted, it 
may be necessary to advance R, until smooth 
superregeneration occurs across the entire band. 
Fine calibration of the receiver can best be done 
by using an accurate signal generator or by listen- 
ing to the signal from a 2-meter transmitter 
whose operating frequency is known. An alternate 
method is to use the 5th-harmonic signal from a 
10-meter transmitter for calibration (28.8 Mc. x 
5 = 144 Mc, 29 Mc. X 5 = 145 Mc., and so on). 
Last, with an antenna connected and with a weak 
two-meter signal tuned in, adjust Lg for best 
receiver sensitivity. The peak will be broad. There 
may be some interaction between the tuning of 
L, and that of L,. If so, it may be necessary to 
readjust L, slightly for proper band coverage. 

When tuning up the transmitter, a dummy 
load (a 56-ohm one-watt resistor or a No. 49 
pilot lamp are suitable) should be attached to J. 2 
With the power applied and with S, in the 
“transmit” position, L, should be adjusted until 
the oscillator, Q,, starts. By coupling a wave- 
meter (or grid-dip meter in the wavemeter mode) 
to L,, output from the oscillator will be apparent 
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Fig. 19-25—Inside 
view of the trans. 
ceiver. Transmitter: 


receiver board is at 
the left. Audio module 
is in the center of the 
chassis. The 9-volt bat- 
tery is at the lower 
right and is held -in 
place by means of a 
home-made aluminum 
bracket. 


when the stage is oscillating. The slug in L, 
should be screwed two or three turns beyond 
(toward minimum inductance of L,) the point 
at which the crystal “kicks in.” This will assure 
rapid starting of the oscillator stage when 
switching from receive to transmit. Next, the 
wavemeter should be coupled to Lg while tuning 
the slug ‘in L, for maximum indication on the 
wavemeter. The last stage of the transmitter, 
Qs, can best be tuned by adjusting C, and C, 
for maximum bulb brilliance when a No. 49 
lamp is connected at Jy. If the transmitter is 
performing properly, the bulb will light to 
approximately one third its normal brightness. 
Alternatively, the amplifier stage can be con- 
nected to an antenna and tuned up for maximum 
reading on the S meter of a 2-meter receiver. 
The final touches can be put to the transmitter 
tuning while listening to the signal on a 2- 
meter receiver with modulation applied. It will 
be necessary to adjust L, and C, (antenna con- 
nected to the transceiver) experimentally until 
the best audio quality is obtained. There may be 
a slight sacrifice in power output when this point 
is found. Another method is to attach a sensitive 


_s.w.r. bridge? between Jy and the feed line to the 


antenna and use it as a relative-output indicator 
when tuning L, and Cy. While speaking into the 
microphone, adjust L, and C, for the least upward 
or downward swing of the s.w.r. meter (forward- 
power position). This is the point at which the 
audio quality is usually best. Tuning C, will 
have some effect on the audio quality during 
the overall procedure, but will have a more 
marked effect on the loading of the p.a. stage. 


2McCoy, “The Millimatch”, OST, August, 1967. 


Relay Box 


497 


A RELAY BOX FOR MOBILE GEAR 


Some mobile equipment requires an external 
circuit control when changing over from the 
transmit to the receive mode. If separate trans- 
mitting and receiving units are contained in the 
system, an external relay box of the type shown 
in Fig. 19-26 can be used for antenna switching, 
receiver muting, and transmitter activation, Al- 
though K, is an open, leaf-type relay, it does 
not create an s.w.r. problem when used with 
equipment that operates between 1.8 and 30 Mc. 
For v.h.f. operation, a good quality coaxial relay 
should be used. 


Construction 


The control circuit is housed ina 54% x 3 x 
2-inch Minibox. The relay terminals are facing 
toward the SO-239 coax connectors so that the 
lead lengths between the relay and the connectors 
can be kept short. Number 12 tinned copper wire 
is used for the connections, Insulated number-24 
hookup wire is used for making the connections 
between K, and TB,, TBy, and TB,. The ter- 
minal blocks are ceramic units, but any satis- 
factory substitute can be used. It might be more 
convenient in some installations to use mating 
plugs and sockets for connection to the relay 
box, providing a quick-disconnect feature for 
those who frequently carry the equipment to and 
from the car, 


The Relay 


K, was chosen because of its low 
price and minimal interleaf capacitance. 
If 6-volt dc. operation is desired, a 


Fig. 19-28—Underside of the box showing 

the relay terminals facing toward the co- 

axial connectors. The wiring between the 

terminal blocks and Ki is dressed neatly 

along the chassis. Twisting the wires together 
gives added rigidity. 


Fig. 19-26—Top view of the mobile relay box. The 

antenna connectors are in the foreground. TB:, to 

which the 12-volt supply is connected, is on the rear 

wall of the box and is not visible. TBz and TBs, the 

connectors for the remote lines, are located on the top- 
rear of the box. 


KA14DY relay with a 6-volt coil can be sub- 
stituted for the 12-volt model shown here. The 
relay contacts are rated at five amperes and have 
gold-flashed silver contacts, assuring low d.c. 
resistance between mating elements. Ten-ampere 
contacts are available in the KA14DG model re- 
lay, but at slightly higher cost. 


Using the Relay Box 


K, can be controlled from a remote point by 
breaking the 12-volt line which feeds it (line to 
TB,). A toggle switch can be mounted at the 
operating position, or a switch already contained 
in the transmitter or receiver might be employed 
as a control for K,. Alternatively, a spare set of 
relay contacts—if available—in the mobile gear 
can be used to activate K, from a push-to-talk or 
VOX circuit. 

The relay box can be mounted anywhere in 
the car that is convenient for the particular in- 
stallation. 


J 


Ji 
ANT. 


+ 
12 VOLTS 
D.C. _ 


TBI K1 


Fig. 19-27—Schematic diagram of the relay circuit. 

Ju, Jo, and Js are SO-239-style coax connectors. Relay 

K, is a 3-pole double-throw type (Potter and Brumfield 

KA14DY with 12-volt d.c. coil), TB: is a two-terminal 

connector (Millen E-302). TBz and TBs are three- 
terminal connectors (Millen E-303). 
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MOBILE EQUIPMENT 


THE MOBILE ANTENNA 


For mobile operation in the range between 1.8 
and 30 Mc., the vertical whip antenna is almost 
universally used. Since longer whips present 
mechanical difficulties, the length is usually lim- 
ited to a dimension that will resonate as a 
quarter-wave antenna in the 10-meter band. The 
car body serves as the ground connection. This 
antenna length is approximately 8 feet. 

With the whip length adjusted to resonance in 
the 10-meter band, the impedance at the feed 
point, X, Fig. 19-29, will appear as a pure re- 
sistance at the resonant frequency. This resist- 
ance will be composed almost entirely of radia- 
tion resistance (see index), and the efficiency 
will be high. However, at frequencies lower 
than the resonant frequency, the antenna will 
show an increasingly large capacitive reactance 
and a decreasingly small radiation resistance. 

The equivalent circuit is shown in Fig. 19-30, 
For the average 8-ft. whip, the reactance of the 


Fig. 19-29—The quarterwave 
whip at resonance will show 
a pure resistance at the 
feed point X. 


Yad 


x 


hy 


capacitance, Cs, may range from about 150 ohms 
at 21 Mc. to as high as 8000 ohms at 1.8 Mc, 
while the radiation resistance, Rr, varies from 
about 15 ohms at 21 Mc. to as low as 0.1 ohm at 
1.8 Mc. Since the resistance is low, considerable 
current must flow in the circuit if any appreciable 
power is to be dissipated as radiation in the re- 
sistance. Yet it is apparent that little current 
can be made to flow in the circuit so long as the 
comparatively high series reactance remains. 


Ca 
RR 


Fig. 19-30—At frequencies below the resonant fre- 

quency, the whip antenna will show capacitive react- 

ance as weil as resistance. Rp is the radiation resist- 
ance, and Ca represents the capacitive reactance. 


Eliminating Reactance 


The capacitive reactance can be canceled out 
by connecting an equivalent inductive reactance, 
L1, in series, as shown in Fig. 19-31, thus tuning 
the system to resonance. 

Unfortunately, all coils have resistance, and 
this resistance will be added in series, as indi- 
cated at Ro in Fig. 19-32. While a large coil may 


Fig. 19-31 — The capacitive 
reactance at frequencies 
lower than the resonant fre- 
quency of the whip can be 
canceled out by adding an 
Lb equivalent inductive react- 
ance in the form of a loading 
coil in series with the 


me antenna, 


radiate some energy, thus adding to the radiation 
resistance, the latter will usually be negligible 
compared to the loss resistance introduced. How- 
ever, adding the coil makes it possible to feed 
power to the circuit. 


Ground Loss 


Another element in the circuit dissipating 
power is the ground-loss resistance. Fundamen- 
tally, this is related to the nature of the soil in 
the area under the antenna. Little information 
is available on the values of resistance to be 
expected in practice, but some measurements 
have shown that it may amount to as much as 
10 or 12 ohms at 4 Mc. At the lower frequencies, 
it may constitute the major resistance in the 
circuit. 


Rr 


Fig. 19-32—Equivalent circuit of a loaded whip an- 

tenna. Ca represents the capacitive reactance of the 

antenna, Li an equivalent inductive, reactance. Ro is 

the loading-coil resistance, Rg the ground-loss resist- 
ance, and Rp the radiation resistance. 


Fig. 19-32 shows the circuit including all of 
the elements mentioned above. Assuming Ca 
lossless and the loss resistance of the coil to be 
represented by Ro, it is seen that the power out- 
put of the transmitter is divided among three 
resistances—Ro, the coil resistance; Re, the 
ground-loss resistance; and Rr, the radiation re- 
sistance. Only the power dissipated in Rr is 
radiated. The power developed in Ro and Re is 
dissipated in heat. Therefore, it is important that 
the latter two resistances be minimized. 


MINIMIZING: LOSSES 


There is little that can be done about the 
nature of the soil. However, poor electrical con- 
tact between large surfaces of the car body, and 
especially between the point where the feed line 
is grounded and the rest of the body, can add 
materially to the ground-loss resistance. For 
example, the feed line, which should be grounded 
as close to the base of the antenna as possible, 
may be connected to the bumper, while the 
bumper may have poor contact with the rest of 
the body because of rust or paint. 


Mobile Antennas 
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TABLE 19-1 


Approximate Values for 8-ft. Mobile Whip 


Base Loading 


Loading Ry (Q50) Rg (0300) Ry 
Ohms 


Lin. Ohms 


345 


7200 
14,200 
21,250 
29,000 


Feed R* 
Ohms 


Matching 


Ohms Lun * 


0.1 


1800 

3800 

7200 
14,200 8.6 15 
21,250 2.5 . 6.6 


11 


27 


Ro = Loading-coil resistance; Rr = Radiation resistance. 
* Assuming loading coil Q = 300, and including estimated ground-loss 


resistance. 


Suggested coil dimensions for the required loading inductances are shown 


in a following table. 


Loading Coils 


The accompanying tables show the approxi- 
mate loading-coil inductance required for the 


LENGTH OF RADIATOR IN FEET 


ANTENNA CAPACITANCE — jupif, 


Fig. 19-33—Graph showing the approximate capaci- 

tance of short vertical antennas for various diameters 

and lengths, at 3.9 Mc. These values should be ap- 
proximately halved for a center-loaded antenna, 


various bands. The graph of Fig. 19-33 shows 
the approximate capacitance of whip antennas of 
various average diameters and lengths. For 1.8, 
4 and 7 Mc., the loading-coil inductance required 
(when the loading coil is at the base) will be ap- 
proximately the inductance required to resonate 
in the desired band with the whip capacitance 
taken from the graph. For 14 and 21 Mc., this 
rough calculation will give more than the re- 


quired inductance, but it will serve as a starting 
point for final experimental adjustment that 
must always be made. 

Also shown in table 19-I are approximate 
values of radiation resistance to be expected 
with an 8-ft. whip, and the resistances of loading 
coils — one group having a Q of 50, the other 
a Q of 300. A comparison of radiation and coil 
resistances will show the importance of reducing | 
the coil resistance to a minimum, especially on 
the three lower-frequency bands. 

To minimize loading-coil loss, the coil should 
have a high ratio of reactance to resistance, ie., 
high Q. A 4-Mc. loading coil wound with small 
wire on a small-diameter solid form of poor qual- 
ity, and enclosed in a metal protector, may have 
a Q as low as 50, with a resistance of 50 ohms or 
more. High-Q coils require a large conductor, 
“sir-wound” construction, turns spaced, the 
best insulating material available, a diameter 
not less than half the length of the coil (not 
always mechanically feasible), and a minimum 
of metal in the field. Such a coil for 4 Mc. may 
show a Q of 300 or more, with a resistance of 
12 ohms or less. This reduction in loading-coil 
resistance may be equivalent to increasing the 
transmitter power by 3 times or more. Most 
low-loss transmitter plug-in coils of the 100- 
watt size or larger, commercially produced, show 
a Q of this order. Where larger inductance 
values are required, lengths of low-loss space- 
wound coils are available. 
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Center Loading 


The radiation resistance of the whip can be 
approximately doubled by placing the loading 
coil at the center of the whip, rather than at the 
base, as shown in Fig. 19-34. (The optimum 
position varies with ground resistance. The 
center is optimum for average ground resist- 
ance.) However, the inductance of the loading 
coil must be approximately doubled over the 
value required at the base to tune the system to 
resonance. For a coil of the same Q, the coil 
resistance will also be doubled. But, even if this 


Fig. 19-34—Placing the load- 
ing coil at the center of the 
whip antenna, instead of at 
the base, increases the radia- 
tion resistance, although a 
larger coil must be used. 


pe 


is the case, center loading represents a gain in 
antenna efficiency, especially at the lower fre- 
quencies. This is because the ground-loss re- 
sistance remains the same, and the increased 
radiation resistance becomes a larger portion of 
the total circuit resistance, even though the -coil 
resistance also increases. However, as turns are 
added to a loading coil (other factors being 
equal) the inductance (and therefore the react- 
ance) increases at a greater rate than the re- 
sistance, and the larger coil will usually have a 
higher Q. 


Fig. 19-35—A field-strength meter is placed on the car 
roof and is used to indicate maximum output when 
tuning the antenna to resonance. In this installation, a 
telescoping antenna section is used above the loading 
coil. The length of the top section is varied until its 
capacitance provides resonance in combination with 
the fixed-inductance, weatherproof-loading coil. This 
photo shows a temporary mobile mount made from 
Ye-inch thick steel plate which has been bent to catch 
on the top lip of the bumper. The lower portion at- 
taches to the car body with two %4-inch diameter bolts. 
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Fig. 19-36—K1MET prunes a capacity hat for antenna 

resonance at the low end of the 160-meter band. The 

Webster Big-K antenna is first tuned for the high seg- 

ment of the band. The capacity hat is clipped on when 

operation on the “low end” is desired. Fine adjustments 

can be made by increasing or decreasing the spacing 
between the two No. 10 wires. 


Top-Loading Capacitance 


Because the coil resistance varies with the in- 
ductance of the loading coil, the resistance can be 
reduced, beneficially, by reducing the number of 
turns on the coil. This can be done by adding 
capacitance to that portion of the mobile antenna 
that is above the loading coil. To achieve reso- 
nance, the inductance of the coil is reduced pro- 
portionally. Capacity “hats,” as they are often 
called, can consist of a single stiff wire, two 
wires or more (Fig. 19-36), or a disk made up 
from several wires, like the spokes in a wheel. 


TABLE 19-Il 


Suggested Loading-Coil Dimensions 


Form or 
B& W Type 


Polystyrene 


Wire Diam. Length 
Size In. In. 


Req'd 
Lun. 


700 190 22 
345 18 


Turns 


Polystyrene 
Polystyrene 


Polystyrene 
160T 


80B less 7 t. 


80T 


80B less 18 t. 
80T less 12 t. 


40B less 4 t. 
40T less 5 t. 


40B less 10 t. 
40T 


2 15B 
4% 15T 


1% 2 10B 
4% 10T 


NN | AA | 90 90 
win mwa an 


me 
NN 
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A solid metal disk can also be used. The larger 
the capacity hat, in terms of mass, the greater 
the capacitance. The greater the capacitance, the 
smaller the amount of inductance needed in the 
loading coil for a given resonant frequency. 

Although there are two schools of thought 
concerning the attributes of center-loading and 
base-loading, it has not been established that 
one system is superior to the other, especially 
in the lower part of the hf. spectrum. For this 
reason both the base- and _ center-loading 
schemes are popular. Capacity-hat loading is ap- 
plicable to either system. Since more inductance 
is required for center-loaded whips to make 
them resonant at a given frequency, capacity hats 
should be particularly useful in improving their 
efficiency, 


Tuning the Band 


Especially at the lower frequencies, where the 
resistance in the circuit is low compared to the 
coil reactance, the antenna will present a very 
high-Q circuit, making it necessary to retune 
even for small changes in frequency. Though 
there are many ways to accomplish this, the 
capacity-hat system of Fig. 19-36 is one of the 
simplest. The hat is made from two pieces of 
No. 10 buss wire which have been soldered to a 
medium-size battery clamp. The clamp is attached 
just above the coil when it is desired to operate 
on a frequency which lies below the frequency 
to which the loading coil has been previously 
tuned. The capacity hat can be used with any 
loading coil, home-made or commercial style, 
and can be employed during initial adjustment of 
the system. The spacing between the wires can 
be varied to shift the antenna’s resonance above 
or below a given frequency. 

The antenna system of Fig. 19-35, a Webster 
Big-K, is set for 160-meter operation. The top 
whip section consists of two pieces of stock, one 
of which telescopes into the other. A machine 
screw locks the two sections together after an- 
tenna resonance has been effected. A field- 
strength meter can be used for adjusting the 
system, tuning the antenna (by varying the 
length of the top section) for maximum field- 
strength reading. Similarly, an s.w.r. bridge can 
be used, tuning the system for minimum reflected 
power at the operating frequency. 


REMOTE ANTENNA RESONATING 


Fig. 19-37 shows circuits of two remote-con- 
trol resonating systems for mobile antennas. As 
shown, they make use of surplus d.c. motors 
driving a loading coil removed from a surplus 
ARC-5 transmitter. A standard coil and motor 
may be used in either installation at increased 
expense. 

The control circuit shown in Fig. 19-37A is a 
three-wire system (the car frame is the fourth 
conductor) with a double-pole double-throw 
switch and a momentary (normally off) single- 
pole single-throw switch. S, is the motor revers- 
ing switch. The motor runs so long as S, is 
closed. 


Fig. 19-37—-Circuit of the remote mobile-whip tuning 
systems, 


Ki—D.p.d.t. latching relay. 

Si, Ss, Ss, Ss—Momentary-contact s.p.s.t., normally 
open. 

S:—D.p.d.t. toggle. 

Se, S7—S.p.s.t. momentary-contact microswitch, normally 
open. 


The circuit shown in Fig. 19-37B uses a latch- 
ing relay, in conjunction with microswitches, to 
automatically reverse the motor when the roller 
reaches the end of the coil. S, and S, operate 
the relay, K,, which reverses the motor. 5S, is the 
motor on-off switch. When the tuning coil roller 
reaches one end or the other of the coil, it closes 
Sg or Sz, as the case may be, operating the relay 
and reversing the motor. 

The procedure in setting up the system is to 
prune the center loading coil to resonate the 
antenna on the highest frequency used without 
the base loading coil. Then, the base loading coil 
is used to resonate at the lower frequencies. 
When the circuit shown in Fig. 19-37A is used 
for control, S, is used to start and stop the motor, 
and Sy, set at the “up” or “down” position, will 
determine whether the resonant frequency is 
raised or lowered. In the circuit shown in Fig. 
19-37B, S, is used to control the motor. 5‘, or Sx 
is momentarily closed (to activate the latching 
relay) for raising or lowering the resonant 
frequency. The broadcast antenna is used with 
a wavemeter to indicate resonance. 

(Originally described in QST, Dec., 1953.) 

Several companies offer motor tuning for get- 
ting optimum performance over a low-frequency 
band. (For a complete description of the com- 
mercially available remotely-tuned systems, see 
Goodman, “Frequency Changing and Mobile 
Antennas,” Q.ST, Dec., 1957.) 
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FEEDING THE ANTENNA 


It is usually found most convenient to feed 
the whip antenna with coax line. Unless very 
low-Q loading coils are used, the feed-point im- 
pedance will always be appreciably lower than 
52 ohms — the characteristic impedance of the 
commonly-used coax line, RG-8/U or RG-58/U. 
Since the length of the transmission line will 
seldom exceed 10 ft., the losses involved will be 
negligible, even at 29 Mc., with a fairly-high 
s.w.t. However, unless a line of this length is 
made reasonably flat, difficulty may be encoun- 
tered in obtaining sufficient coupling with a link 
to load the transmitter output stage. 

One method of obtaining a match is shown in 
Fig. 19-38. A small inductance, Lu, is inserted 
at the base of the antenna, the loading-coil in- 
ductance being reduced correspondingly to main- 
tain resonance. The line is then tapped on the 
coil at a point where the desired loading is ob- 
tained. Table 19-I shows the approximate in- 
ductance to be used between the line tap and 
ground. It is advisable to make the experimental 
matching coil larger than the value shown, so 
that there will be provision for varying either 
side of the proper position. The matching coil 
can also be of the plug-in type for changing 
bands, 


Fig. 19-38 — A method of 


matching the loaded whip to | Ly 
52-ohm coax cable. Lr is the 
loading coil and Lu the 
matching coil. 
52, COAX 
Ly 


Adjustment 


For operation in the bands from 29 to 1.8 Mc., 
the whip should first be resonated at 29 Mc. with 
the matching coil inserted, but the line discon- 
nected, using a grid-dip oscillator coupled to the 
matching coil. Then the line should be attached, 
and the tap varied to give-proper loading, using 
a link at the transmitter end of the line whose 
reactance is approximately 52 ohms at the oper- 
ating frequency, tightly coupled to the output 
tank circuit. After the proper position for the 
tap has been found, it may be necessary to read- 
just the antenna length slightly for resonance. 
This can be checked on a field-strength meter 
several feet away from the car. 

The same procedure should be followed for 
each of the other bands, first resonating, with the 
g.d.o. coupled to the matching coil, by adjusting 
the loading coil. 

After the position of the matching tap has 
been found, the size of the matching coil can be 
reduced to only that portion between the tap and 
ground, if desired. If turns are removed here, it 
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will be necessary to reresonate with the loading 
coil. 

If an entirely flat line is desired, a s.w.r. indi- 
cator should be used while adjusting the line 
tap. With a good match, it should not be neces- 
sary to readjust for resonance after the line tap 
has been set. 

It should be emphasized that the figures shown 
in the table are only approximate and may be 
altered considerably depending on the type of 
car on which the antenna is mounted and the 
spot at which the antenna is placed. 


ANTENNAS FOR 50 AND 144 MC. 


A Simple Vertical Antenna 


The most convenient type of antenna for 
mobile v.h.f. work is the quarter-wave vertical 
radiator, fed with 50-ohm coaxial line. The an- 
tenna, which may be a flexible telescoping “fish 
pole,” can be mounted in any of several places 
on the car. An ideal mounting spot is on top of 
the car, though rear-deck mounting presents a 
better spot for esthetic reasons. Tests have 
shown that with the car in motion there is no 
observable difference in average performance of 
the antennas, regardiess of their mounting posi- 
tions. There may be more in the way of direc- 
tional effects with the rear-deck mount, but the 
overall advantage of the roof mount is slight. 

A good match may be obtained by feeding 
the simple vertical with 50-ohm line. However, 
it is well to provide some means for tuning the 
system, so that all variables can be taken care 
of. The simplest tuning arrangement consists of 
a variable capacitor connected between the low 
side of the transmitter coupling coil and ground, 
as shown in Fig. 19-39. This capacitor should 


Fig. 19-39—Method of feeding quarter-wave 

mobile antennas with coaxial line. C: should 

have a maximum capacitance of 75 to 100 pf. 
for 28- and 50-Mc. work. 

Ly is an adjustable link. 


RG-88/U 


have a maximum capacitance of 75 to 100 uxf. 
for 50 Mc., and should be adjusted for maximum 
loading with the least coupling to the trans- 
mitter. Some method of varying the coupling to 
the transmitter should be provided. 


Horizontal Polarization 


Horizontally polarized antennas have a con- 
siderable advantage over the vertical whip under 
usual conditions of mobile operation. This is 
particularly true when horizontal polarization is 
used at both ends of a line-of-sight circuit, or 
on a longer circuit over reasonably flat terrain. 
An additional advantage, especially on 6 meters, 
is a marked reduction in ignition noise from 
neighboring cars as well as from the station car. 


Mobile Antennas 


TWO-METER TURNSTILE 

An effective omnidirectional 2-meter mobile or 
fixed-station antenna is the “turnstile,” Fig. 
19-41. This horizontally-polarized antenna pro- 


vides somewhat better performance than does’ 


the “halo” antenna. It is decidedly better than a 
simple %4-wave whip. : 

Two half-wave dipoles are crossed and fed 90 
degrees out of phase by equal amounts of power. 
A quarter-wavelength stub assures the proper 
phase relationship of the second dipole. A 
quarter-wavelength Q-section, made from 50- 
ohm line, is used to match the 36-ohm antenna 
feed-point impedance to the 75-ohm transmission 
line. The Q-section can be omitted if a slight mis- 
match (less than 2:1) is tolerable. If this is 
done, the transmission line to the rig should be 
replaced by 50-ohm cable. The antenna pattern 
is nearly circular. 

Mechanical details for the antenna are given 
in Fig. 19-40. The center insulator block can be 
made from a piece of Plexiglas, polystyrene, or 
similar substance of high dielectric quality. 
Phenolic material is the most rugged and is less 
likely to shatter in cold weather. The elements 
can be fashioned from %-inch diameter alumi- 
num rods, but brass is more durable and is better 
able to withstand stress. Brass brazing rod is 
available from most automotive parts houses, or 
from welding shops, and is excellent material for 
turnstile elements. No. 10 copperweld wire also 
works well and is virtually indestructible. 


Two-meter turnstile antenna shown mounted on the 
front of an automobile. The miniature coax cable which 


feeds the antenna is taped to its 44-inch diameter steel 
supporting rod. The ends of the antenna elements 
should be flattened, or rounded, to make them safer 
in the event of accidental contact with the human body. 
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Fig. 19-40—Mechanical details of the turnstile. 
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Fig. 19-41—Schematic drawing of the turnstile antenna. 
Crossed dipoles are fed 90 degrees out of phase 
through a quarter-wave section of coax line. The 
quarter-wavelength Q-section matches the antenna’s 
36-ohm feed impedance to that of the 75-ohm feed line. 


A Horizontally Polarized Two-Band 
Antenna for V.H.F. 


One type of horizontally-polarized antenna, 
called the “halo,” is shown in Fig. 19-40, It is 
a dipole bent into a circle, with the ends capaci- 
tively loaded to reduce the circumference. Since 
the 50- and 144-Mc. bands are almost in third 
harmonic relationship, it is possible to build a 
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single halo that will work on both bands. The 
antenna is changed from one band to another by 
changing the spacing between the end loading 
plates and adjusting the matching mechanism. 


Mechanical Details 


The halo is made of %¢-inch aluminum fuel- 
line tubing. This material is both strong and 
very light, but any tubing of about ™%-inch 
diameter could be used equally well. The loop is 
67 inches in circumference and the capacitor 
plates are 214 inches square, with the corners 
rounded off. 

To fasten the capacitor plates to the ends of 
the tubing, aluminum rod stock is turned down 
on a lathe to make a tight fit into the ends. This 
is tapped for 6-32 thread, and then forced into 
the tubing ends. Holes are drilled through tub- 
ing and inserts, at each end of the halo, and a 
screw run through each to keep the inserts from 
turning around or slipping out. The binding- 
head screws that hold the plates to the inserts 
-are equipped with lock washers. The holes for 
mounting the ceramic cone spacer are drilled di- 
rectly below the center, midway between the 
center and the edge of the capacitor plates. 

The halo is set into a slot cut in the vertical 
support. This slot should be just big enough to 
permit the halo to be forced into it. The halo 
has to be stiffened, so cut it at the center and 
insert about 2 inches of aluminum rod, again 
turned down on a lathe to fit tightly inside the 
tubing. The two pieces of tubing are then pushed 
together, over the insert, and drilled each side of 
center to pass 6~32 screws. The halo and insert 
are also drilled at the midpoint, to pass the 
mounting screw. This is an 8-32 screw, 1% 
inches long. If lathe facilities are not available, 
the mounting of the capacitor plates and the 
securing of the halo to the vertical support can 
be handled with angle brackets. 

Mechanical stability is important so straps 
of aluminum % inch wide are wrapped around 
the halo either side of the mounting post. These 
are bent at right angles and the ends pulled 
together with a bolt. 


Fig. 19-42—The 2-band halo as it 

appears when set up for 50-Mc. 

operation. Changing to 144 Me. in- 

volves decreasing the plate spacing 

by swapping cone insulators, and 

resetting the gamma-matching clip 
and series capacitor. 


MOBILE EQUIPMENT 


The matching arm is 14% inches long, of the 
satne material as the halo itself. It is mounted 
below the halo on two 34-inch cone standoffs. 
For convenience in detaching the feed. line a 
coaxial fitting is mounted on an L bracket bolted 
to the vertical support. The stator bar of the 
25-pf. variable capacitor (Johnson 167-2) is 
soldered directly to the coaxial fitting. The rotor 
of the capacitor is connected to the gamma arm 
through a piece of stiff wire. For further stiffen- 
ing an aluminum angle bracket is screwed to the 
lower mounting stud of the capacitor and the 
other end mounted under the screw that holds 
the first cone standoff in place. Contact between 
the arm and the halo proper is made through a 
strap of %4-inch wide aluminum bent to form a 
sliding clip. Be sure that a clean tight contact is 
made between the tubing and the clip, as high 
current flows at this point. A poor or varying 
contact will ruin the effectiveness of the antenna. 


Adjustment 


The capacity-loaded halo is a high-Q device so 
it must be tuned on-the-nose, or it will not work 
properly. The only reliable method for adjusting 
a halo is to use a standing-wave bridge, making 
tuning and matching adjustments for minimum 


_reflected power. Using a field-strength meter and 


attempting to adjust for maximum radiated 
power can give confusing indications, and is 
almost certain to result in something less than 
maximum effectiveness. 

The adjustment process with this design can 
be simplified if the halo is first resonated ap- 
proximately to the desired frequency ranges with 
the aid of a grid-dip meter. Set the clip at about 
one inch in from the end of the arm, and the 
series capacitor at the middle of its range. Check 
the resonant frequency of the loop with the grid- 
dip meter, with the 34-inch spacer between the 
capacitor plates. It should be close to 50 Mc. If 
the frequency is too low, trimming the corners 
of the plates or putting shims under the ceramic 
spacer will raise it somewhat. If the frequency 
is too high already, make new and slightly 
larger capacitor plates. 


Mobile Antennas 


Next, insert an s.w.r. bridge between the an- 
tenna and the transmission line. Apply power 
and swing the capacitor through its range, not- 
ing whether there is a dip in reflected power at 
any point. If the reflected power will not drop 
to zero, slide the clip along the gamma arm and 
retune the capacitor, until the lowest reading 
possible is obtained. If this is still not zero, the 
halo is not resonant. If the halo capacitance is 
on the low side, moving the hands near the 
plates will cause the reflected power to drop. 
Closer spacing of the plates, larger plates or a 
longer halo loop are possible solutions. 

These adjustments should be made on a fre- 
quency near the middle of the range you expect 
to use. Adjusting for optimum at 50.25 Mc., for 
example, will result in usable operation over the 
first 500 kc. of the band, and a good match (be- 
low 1.5 to 1) from 50.1 to 50.4.. The s.w.r. wiil 
rise rapidly either side of this range. 

To tune up on 144 Mc., insert the 14-inch cone 
between the capacitor plates. Slide the clip back 
on the gamma arm about 3 to 4 inches and repeat 
the adjustment for minimum reflected power, 
using a frequency at the middle of a 2-Mc. range. 
Tuning up at 145 Mc., for example, will give 
quite satisfactory‘operation from the low end to 
146 Mc., the halo being much broader in fre- 
quency response when it is operated on its third 
harmonic. In this model the series capacitor in 
the gamma arm was at about the middle of its 
range for 50 Mc., and. near minimum for 144 
Mc. Slight differences in mechanical construction 
may change the value of capacitance required, 
so these settings should not be taken as im- 
portant. . 

The photograph, Fig. 19-40, shows a method 
used to avoid running the chance that the sec- 
ond ceramic cone would be missing when a band 
change was to be made. The head was cut from 
a 6-32 screw, leaving a threaded stud about % 
inch long. This is screwed into one of the ceramic 
cones. The other cone then serves as a nut, to 
tighten down the capacitor plate. In changing 
bands merely swap cones. (Original description 
appeared in QST, Sept., 1958.) 

Commercial versions of the one- and two-band 
halo antennas are available. 
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A “MINI-WHEEL” ANTENNA 
FOR 432-MC. MOBILE 


The “Mini-Wheel” antenna was created for 
mobile operation on 432.9 Mc. in the Detroit 
area, where there are about 35 stations active 
on this band. Since almost all 432-Mc. activity is 
horizontally polarized, the design was based on 
the 2-meter Big Wheel,’ which is both horizon- 
tally polarized and omnidirectional. The antenna 
is only 15 inches in diameter, and can be con- 
structed and tuned up in the workshop.? No power 
gain is claimed for it, and it won’t compete with 
a good beam, but it is a practical mobile antenna 
and will give an excellent account of itself. 


Fig. 19-43—The assembled Mini-Wheel viewed from the 
bottom. The matching stub is on the near corner of the 


block-and-plate assembly. In use, the antenna is ~ 
mounted horizontally with the BNC fitting projecting 
downward. (Built by G. Poland, W8FWF.) 


As shown in Fig. 19-44, the three antenna ele- 
ments are each 2634 inches long, including 14 inch 
for soldering at each end, The material used here 
was No. 10 bare copper wire. The center mount- 
ing block is made of half-inch thick fiber—other 
insulating materials would do—and is sand- 
wiched between two plates made from 42-inch 
copper. Brass could be used instead. One end of 
each element is soldered to the top plate, with 
the element overlapping the plate by 1% inch. 
The other ends of the elements are soldered to the 
bottom plate, as shown in the drawing and 
photograph. A large soldering gun will handle the 
job with ease. 

It is strongly advised that the elements be 
preshaped before attempting to mount and 

1 Mellen and Milner, ““The Big Wheel on Two”, QST, 


September, 1961. 
2 First described in QST, Oct. 1967, 
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solder them. Final shaping can be done after 
assembly. Each element should fill a 120-degree 
arc, so that when all three are assembled the rim 
will be approximately a complete circle. Working 
in a clockwise direction, the beginning radial por- 
tion of each element should be directly over the 
trailing radial portion of the preceding element. 

A matching stub made of 44-inch copper strap, 
1 inch long, is soldered between the top and bot- 
tom plates, overlapping the plates 14 inch at each 
end. About % inch of stub is all that is necessary 
for matching to a 50-ohm line, A slight adjust- 


%q HOLES 
X% a: 
Hedi. HOLE WA Fig. 19-44—Construction details of the 
| Mini-Wheel 432-Mc. antenna. 
fod, 


nox 
TOP 
COPPER PLATES 


pe PTAEREN. ment of the length may be 


needed .when making final 
tuneup. 

The BNC fitting (other 
types can be used) is soldered 
to the bottom plate by making 
a fillet of solder around the 

shoulder on the fitting. The center ter- 
minal is connected to the top plate. 

In the car installation the feed line can 
be a short (not over 5 or 6 feet) piece of RG- 
58/AU. RG-8/U is preferable, and an adapter 
(UG-255/U) can be used for making the connec- 
tion to the BNC fitting. 

In mobile operation, many contacts have been 
made over a distance of over 50 miles, as well as 
over shorter distances. 

It should be possible to boost the signal by 
approximately 3 db, by using two stacked Mini- 
Wheels. The stacking distance would be about 
15 inches. 


SOLDER FITTING 
TO BOTTOM PLATE 


MOBILE POWER SUPPLY 


By far the majority of amateur mobile in- 
stallations depend upon the car storage battery 
as the source of power. The tube types used in 
equipment are chosen so that the filaments or 
heaters may be operated directly from the 
battery. High voltage may be obtained from 
a supply of the vibrator-transformer-rectifier 
type, a small motor generator or a transistor- 
transformer-rectifier system operating from the 
car battery. Transistorized vibrator eliminators 
are available for modernizing old vibrator sup- 
plies. 


Filaments 


Because tubes with directly heated cathodes 
(filament-type tubes) have the advantage that 
they can be turned off during receiving periods 
and thereby reduce the average load on the 
battery, they are preferred by some for trans- 
mitter applications. However, the choice of 
types with direct heating is limited and the 
saving may not always be as great as antici- 
pated, because directly heated tubes may re- 
quire greater filament power than those of 
equivalent rating with indirectly heated cath- 
odes. In most cases, the power required for 
transmitter filaments will be quite small com- 
pared to the total power consumed. 


Plate Power 

Transistor-transformer-rectifier plate supplies 
currently available operate with an efficiency of 
approximately 80 per cent. These compact, light- 
weight supplies use no moving parts (vibrator 
or armature) or vacuum tubes, and draw no 
starting surge current. Most transistorized sup- 
plies are designed to operate at 12 volts d.c. 
and some units deliver 125 watts or more. 

“Inverter” units, both in the transistor, vibra- 
tor and rotating types, are also available. These 
operate at 6 or 12 volts d.c. and deliver 115 volts 
a.c. This permits operating standard a.c.-powered 
equipment in the car. Although these systems 
have the advantage of flexibility, they are less 
efficient than the previously mentioned systems 
because of the additional losses introduced by 
the transformers used in the equipment. Portable 
inverters that make connection to the car battery 
by plugging into the dash cigarette-lighter re- 
ceptacle are available up to about 100 watts ca- 
pacity. Where direct connection to the battery is 
used, inverters up to about 500 watts capacity are 
available. 


Mobile Power Considerations 


Since the car storage battery is a low-voltage 
source, this means that the current drawn 


Mobile Power Supply 


from the battery for even a moderate amount 
of power will be large. Therefore, it is impor- 
tant that the resistance of the battery circuit 
be held to a minimum by the use of heavy con- 
ductors and good solid connections. A heavy- 
duty relay should be used in the line between the 
battery and the plate-power unit. An ordinary 
toggle switch, located in any convenient position, 
may then be used for the power control. A 
second relay may sometimes be advisable for 
switching the filaments. If the power unit must 
be located at some distance from the battery 
(in the trunk, for instance) the 6- or 12-volt 
cable should be of the heavy military type, to 
minimize the voltage drop. 

A complete mobile installation may draw 
30 to 40 amperes or more from the 6-volt bat- 
tery or better than 20 amperes from a 12-volt 
battery. This requires a considerably increased 
demand from the car’s battery-charging gen- 
erator. The voltage-regulator systems on cars 
of recent years will take care of a moderate 
increase in demand if the car is driven fair dis- 
tances regularly at a speed great enough to 
insure maximum charging rate. However, if 
much of the driving is in urban areas at slow 
speed, or at night, it may be necessary to 
modify the charging system. Special commu- 
nications-type generators, such as those used 
in police-car installations, are designed to 
charge at a high rate at slow engine speeds. 
The charging rate of the standard system can 
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be increased within limits by tightening up 
slightly on the voltage-regulator and current- 
regulator springs. This should be done with cau- 
tion, however, checking for excessive generator 
temperature or abnormal sparking at the com- 
mutator. 

The average 6-volt car generator has a rating 
of 35 amperes, but it may be possible to adjust 
the regulator so that the generator will at least 
hold even with the transmitter, receiver, lights, 
etc., all operating at the same time. 

If higher transmitter power is used, it may 
be necessary to install an a.c. charging system. 
In this system, the generator delivers a.c. and 
works into a rectifier. A charging rate of 75 
amperes is easily obtained. Commutator trouble 
often experienced with d.c. generators at high 
current is avoided, but the cost of such a system 
is rather high. 

Some mobile operators prefer to use a sep- 
arate battery for the radio equipment. Such a 
system can be arranged with a switch that cuts 
the auxiliary battery in parallel with the car 
battery for charging at times when the car 
battery is lightly loaded. The auxiliary battery 
can also be charged at home when not in use. 

A tip: many mobile operators make a habit 
of carrying a pair of heavy cables five or six 
feet long, fittted with clips to make a connec- 
tion to the battery of another car in case the 
operator’s battery has been allowed to run too 
far down for starting. 


THE AUTOMOBILE STORAGE BATTERY 


The success of any mobile installation depends 
to a large extent upon intelligent use and main- 
tenance of the car’s battery. 

The storage battery is made up of units con- 
sisting of a pair of coated lead plates immersed 
in a solution of sulphuric acid and water. Cells, 
each of which delivers about 2 volts, can be 
connected in series to obtain the desired battery 
voltage. A 6-volt battery therefore has three 
cells, and a 12-volt battery has 6 cells. The 
average stock car battery has a rated capacity 
of 600 to 800 watt-hours, regardless of whether 
it is a 6-volt or 12-volt battery. 


Specific Gravity and the Hydrometer 


As power is drawn from the battery, the acid 
content of the electrolyte is reduced. The acid 
content is restored to the electrolyte (meaning 
that the battery is recharged) by passing a 
current through the battery in a direction op- 
posite to the direction of the discharge current. 

Since the acid content of the electrolyte varies 
with the charge and discharge of the battery, it 
is possible to determine the state of charge by 
measuring the specific gravity of the electrolyte. 

An inexpensive device for checking the s.g. is 
the hydrometer which can be obtained at any 
automobile supply store. In checking the s.g., 
enough electrolyte is drawn out of the cell and 
into the hydrometer so that the calibrated bulb 


floats freely without leaning against the wall of 
the glass tube. 

While the readings will vary slightly with bat- 
teries of different manufacture, a reading of 
1,275 should indicate full charge or nearly full 
charge, while a reading below 1.150 should. 
indicate a battery that is close to the discharge 
point. More specific values can be obtained from 
the car or battery dealer. 

Readings taken immediately after adding 
water, or shortly after a heavy discharge period 
will not be reliable, because the electrolyte will 
not be uniform throughout the cell. Charging 
will speed up the equalizing, and some mixing 
can be done by using the hydrometer to with- 
draw and return some of the electrolyte to the 
cell several times. 

A battery should not be left in a discharged 
condition for any appreciable length of time. 
This is especially important in low temperatures 
when there is danger of the electrolyte freezing 
and ruining the battery. A battery discharged to 
an s.g. of 1.100 will start to freeze at about 20 
degrees F., at about 5 degrees when the s.g. is 
1.150 and at 16 below when the s.g. is 1.200. 

If a battery has been run down to the point 
where it is nearly discharged, it can usually be 
fast-charged at a battery station. Fast-charging 
rates may be as high as 80 to 100 amperes for a 
6-volt battery. Any 6-volt battery that will ac- 
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cept a charge of 75 amperes at 7.75 volts during 
the first 3 minutes of charging, or any 12-volt 
battery that will accept a charge of 40 to 45 
amperes at 15.5 volts, may be safely fast-charged 
up to the point where the gassing becomes so 
excessive that electrolyte is lost or the tempera- 
ture rises above 125 degrees. 

A normal battery showing an s.g. of 1.150 
or less may be fast-charged for 1 hour. One 
showing an s.g. of 1.150 to 1.175 may be fast- 
charged for 45 minutes. If the s.g. is 1.175 
to 1.200, fast-charging should be limited to 30 
Peau: Care of the Battery 

The battery terminals and mounting frame 
should be kept free from corrosion. Any corro- 
sive accumulation may be removed by the use of 
water to which some household ammonia or 
baking soda has been added, and a stiff-bristle 
brush. Care should be taken to prevent any of 
the corrosive material from falling into the cells. 
Cell caps should be rinsed out in the same solu- 
tion to keep the vent holes free from obstructing 
dirt. Battery terminals and their cable clamps 
should be polished bright with a wire brush, and 
coated with mineral grease. 


Voltage Checks 


Although the readings of s.g. are quite reliable 
as a measure of the state of charge of a normal 
battery, the necessity for frequent use of the 
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hydrometer is an inconvenience and will not 
always serve as a conclusive check on a defective 
battery. Cells may show normal or almost normal 
s.g. and yet have high internal resistance that 
ruins the usefulness of the battery under load. 

When all cells show satisfactory s.g. readings 
and yet the battery output is low, service stations 
check each cell by an instrument that measures 
the voltage of each cell under a heavy load. 
Under a heavy load the cell voltages should 
not differ by more than 0.15 volt. 

A load-voltage test can also be made by meas- 
uring the voltage of each cell while closing the 
starter switch with the ignition turned off. In 
many cars it is necessary to pull the central dis- 
tributor wire out to prevent the motor starting. 


Electrolyte Level 


Water is evaporated from the electrolyte, but 
the acid is not. Therefore water must be added 
to each cell from time to time so that the plates 
are always completely covered. The level should 
be checked at least once per week, especially 
during hot weather and constant operation. 

Distilled water is preferred for replenishing, 
but clear drinking water is an acceptable substi- 
tute. Too much water should not be added, since 
the gassing that accompanies charging may force 
electrolyte out through the vent holes in the 
caps of the cells. The electrolyte expands with 
temperature. 


EMERGENCY AND INDEPENDENT POWER SOURCES 


Emergency power supply which operates in- 
dependently of a.c. lines is available, or can be 
built in a number of different forms, depending 
upon the requirements of the service for which 
it is intended. 

The most practical supply for the average 
individual amateur is one that operates from 
a car storage battery. Such a supply may take 
the form of a small motor generator (often called 
a dynamotor), a rotary converter, a vibrator- 
transformer-rectifier combination, or transistor 
supply. 


Dynamotors 


A dynamotor differs from a motor generator 
in that it is a single unit having a double arma- 
ture winding. One winding serves for the driving 
motor, while the output voltage is taken from 
the other. Dynamotors usually are operated from 
6-, 12-, 28- or 32-volt storage batteries and 
deliver from 300 to 1000 volts or more at various 
current ratings. 

Successful operation of dynamotors requires 
heavy direct leads, mechanical isolation to reduce 
vibration, and thorough r.f. and ripple filtration. 
The shafts and bearings should be thoroughly 
“run in” before regular operation is attempted, 
and thereafter the tension of the bearings should 
be checked occasionally to make certain that no 
looseness has developed. 


In mounting the dynamotor, the support 
should be in the form of rubber mounting 
blocks, or equivalent, to prevent the transmis- 
sion of vibration mechanically. The frame of 
the dynamotor should be grounded through a 
heavy flexible connector. The brushes on the 
high-voltage end of the shaft should be by- 
passed with 0.002 uf. mica capacitors to a com- 
mon point on the dynamotor frame, preferably 
to a point inside the end cover close to the brush 
holders. Short leads are essential. It may prove 
desirable to shield the entire unit, or even to 
remove the unit to a distance of three or four 
feet from the receiver and antenna lead. 

When the dynamotor is used for receiving, a 
filter should be used similar to that described 
for vibrator supplies. A 0.01-uf. 600-volt (d.c.) 
paper capacitor should be connected in shunt 
across the output of the dynamotor, followed by 
a 2.5-mh. r.f. choke in the positive high-voltage 
lead. From this point the output should be run to 
the receiver power terminals through a smooth- 
ing filter using 4- to 8-#f. capacitors and a 15- or 
30-henry choke having low d.c. resistance. 


Vibrator Power Supplies 


The vibrator type of power supply consists 
of a special step-up transformer combined with 
a vibrating interrupter (vibrator). When the 
unit is connected to a storage battery, plate 
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power is obtained by passing current from the 
battery through the primary of the transformer. 
The circuit is made and reversed rapidly by the 
vibrator contacts, interrupting the current at 
regular intervals to give a changing magnetic 
field which induces a voltage in the secondary. 
The resulting square-wave dc. pulses in the 
primary of the transformer cause an alternating 
voltage to be developed in the secondary. This 
high-voltage a.c. in turn is rectified, either by a 
vacuum-tube rectifier or by an additional syn- 
chronized pair of vibrator contacts. The rectified 
output is pulsating d.c., which may be filtered by 
ordinary means. The smoothing filter can be a 
single-section affair, but the output capacitance 
should be fairly large — 16 to 32 uf. 

Fig. 19-44 shows the two types of circuits. At 
A is shown the nonsynchronous type of vibra- 
tor. When the battery is disconnected the reed 
is midway between the two contacts, touching 
neither. On closing the battery circuit the magnet 
coil pulls the reed into contact with one contact 
point, causing current to flow through the lower 
half of the transformer primary winding. Simul- 
taneously, the magnet coil is short-circuited, de- 
énergizing it, and the reed swings back. Inertia 
carries the reed into contact with the upper point, 
causing current to flow through the upper half of 
the transformer primary. The magnet coil again 
is energized, and the cycle repeats itself. 

The synchronous circuit of Fig. 19-44B is 
provided with an extra pair of contacts which 
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Fig. 19-45—Basic types of vibrator power-supply circuits. 
A—Nonsynchronous. B—Synchronous. 


rectifies the secondary output of the transformer, 
thus eliminating the need for a separate rectifier 
tube. The secondary center-tap furnishes the 
positive output terminal when the relative polari- 
ties of primary and secondary windings are 
correct. The proper connections may be deter- 
mined by experiment. 

The buffer capacitor, Cy, across the trans- 
former secondary, absorbs the surges that occur 
on breaking the current, when the magnetic field 
collapses practically instantaneously and hence 
causes very high voltages to be induced in the 
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secondary. Without this capacitor excessive 
sparking occurs at the vibrator contacts, shorten- 
ing the vibrator life. Correct values usually lie 
between 0.005 and 0.03 zf., and for 250-300-volt 
supplies the capacitor should be rated at 1500 to 
2000 volts dic. The exact capacitance is critical, 
and should be determined experimentally. The 
optimum value is that which results in least 
battery current for a given rectified dc. output 
from the supply. In practice the value can be 
determined by observing the degree of vibrator 
sparking as the capacitance is changed. When 
the system is operating properly there should 
be practically no sparking at the vibrator con- 
tacts. A 5000-ohm resistor in series with C, will 
limit the secondary current to a safe value should 
the capacitor fail. 

Vibrator-transformer units are available in a 
variety of power and voltage ratings. Repre- 
sentative units vary from one delivering 125 to 
200 volts at 100 ma. to others that have a 400- 
volt output rating at 150 ma. Most units come 
supplied with “hash” filters, but not all of them 
have built-in ripple filters. The requirements for 
ripple filters are similar to those for a.c. supplies. 
The usual efficiency of vibrator packs is in the 
vicinity of 70 per cent, so a 300-volt 200-ma. unit 
will draw approximately 15 amperes from a 6- 
volt storage battery. Special vibrator trans- 
formers are also available from transformer 
manufacturers so that the amateur may build his 
own supply if he so desires. These have d.c. out- 
put ratings varying from 150 volts at 40 ma. to 
330 volts at 135 ma. 

Vibrator-type supplies are also available for 
operating standard a.c. equipment from a 6- or 
12-volt storage battery in power ratings up to 
100 watts continuous or 125 watts intermittent. 


“Hash” Elimination 


Sparking at the vibrator contacts causes r.f. 
interference (“hash,” which can be distinguished 
from hum by its harsh, sharper pitch) when 
used with a receiver. To minimize this, r.f. filters 
are incorporated, consisting of RFC, and C, in 
the battery circuit, and RFC, with C, in the d.c. 
output circuit. 

Equally as important as the hash filter is 
thorough shielding of the power supply and 
its connecting leads, since even a small piece of 
wire or metal will radiate enough r.f. to cause 
interference in a sensitive amateur receiver. 

The power supply should be built on a metal 
chassis, with all unshielded parts underneath. A 
bottom plate to complete the shielding is advis- 
able. The transformer case, vibrator cover and 
the metal shell of the tube all should be grounded 
to the chassis. If a glass tube is used it should be 
enclosed in a tube shield. The battery leads should 
be evenly twisted, since these leads are more 
likely to radiate hash than any other part of a 
well-shielded supply. Experimenting with differ- 
ent values in the hash filters should come after 
radiation from the battery leads has been re- 
duced to a minimum. Shielding the leads is not 
often found to be particularly helpful. 
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A 12-VOLT TO 250 VOLT D.C. CONVERTER 


Small transceivers such as the Heath TWOer 
and Heath SI Xer types require a separate power 
supply when operated from 12 volts dc. Low- 
power home-built mobile and portable transmit- 
ters can also be powered from such a 12-volt 
source. The unit described here, when operated 
from 12-volts, will deliver approximately 250 
volts d.c. at 100 ma., continuous-duty fashion. 
Transistorized d.c. to d.c. converters are quieter, 
more efficient, and less noisy (electrically) than 
are dynamotors or vibrator power supplies, For 
the foregoing reasons, this power unit is ideal 
for use with the type of equipment mentioned at 
the beginning of this discussion. It is designed 
to operate in a common-collector hookup (Fig. 
19-48) so that it may be used with a negative- 
ground automotive electrical system. With 
positive-ground vehicles, the entire assembly 
should be mounted on a piece of bakelite, Ma- 
sonite board, or similar insulating material to 
- isolate it from the car frame. This will prevent 
short circuiting the car’s battery. 


The Circuit 


Referring to Fig. 19-48, when the power is ap- 
plied to the primary of T,, one of the transistors 
—Q, or Q,—will conduct heavily (dependent 
upon the slight d.c. imbalance which always 
exists among the passive and active elements of 
the primary circuit), while the remaining tran- 
sistor is cut off. Assuming that Q, conducts first, 
for illustration purposes only, the voltage in- 
duced in the feedback windings (terminals 10 
and 11, and 8 and 9) will level off as the trans- 
former reaches saturation, causing Q, to conduct, 
while cutting off Q,. This switching process con- 
tinues to repeat, producing an alternating square 


Fig. 19-47—Looking into the bottom of the power 

supply, T1 is at the left, just below Ji. The fuse holder 

and the Millen E302 input connector are visible at the 
right of the assembly. 
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Fig. 19-46—Top view of the d.c. to d.c. converter. 

The input terminals and the fuse holder are on the 

front edge of the box. Switching transistors Q. and Qa 

are mounted on a home-made heat sink which is at- 

tached to the top of the box. The output jack, Jo,’ is 
on the rear wall of the box (not visible). 


wave at the secondary of T,. This square wave 
is rectified by diodes CR, through CR,, and is 
filtered by Cy. Cy is used to suppress transient 
spikes, 


Construction 


The power supply is built ina 3 x 4 X 5-inch 
Minibox. The input terminals, a Millen E302 
connector, and the fuse holder are mounted on 
one end of the top cover. 

Transformer, T,, and the 5-pin power-output 
socket, Jy, are mounted on the opposite end of the 
cover, The extra three terminals on J, are avail- 
able for control-circuit wiring should the builder 
wish to mount a switching relay in the box. 

The transistors, Q, and Qo, are installed on 
home-made heat sinks and the complete assembly 
is attached to the top surface of the Minibox lid. 
Details of the heat sink are evident in Fig. 19-46. 
The larger channel is fashioned from a piece of 
aluminum stock that was four inches long and 
five inches wide. Its lips are one inch high. A 
second piece of aluminum, 214 inches wide and 
four inches long, is formed into a channel whose 
lips are %4 inch high, These dimensions are not 
critical. It is important, however, that the inner- 
channel width of the smaller piece is large enough 
to permit the mounting of Q, and Qz inside it. 
Silicone grease, available from most electronics 
supply houses, should be spread thinly between 
the transistors and the heat sink, between the 
two heat-sink channels, and between the lower 
heat-sink channel and the Minibox. The grease 
contributes to better heat transfer between the 
various parts of the heat-sink assembly. After a 
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Fig. 19-48—Schematic diagram of the converter. Resistance is in ohms, Resistors are composition unit. Polarity- 

marked capacitors are electrolytic, Ci is a 1000-volt disk ceramic. CRi-CRi, ine., are 600 p.r.v., 750-ma. top-hat 

rectifiers. Q: and Qs are 2N2869/2N301s. (2N376, 2N235A, or 2N1146 types are suitable). J: is a 5-pin female 
' tube. socket. T, is a Triad TY-78 transformer. 


sustained 100-ma. load on the supply, the tran- 
sistors and the heat sink should be just slightly 
warm to the touch. . 

The primary wiring of the converter should 
contain heavy-gauge insulated wire, No. 18 or 
larger. A 6-ampere fuse protects the supply from 
short-circuit or overload damage. 


A Final Word 


A recommended circuit is furnished with the 
Triad transformer and shows variable resistors 
for R, through R,. Although the manufacturer 
states that the resistors can be adjusted for mini- 
mum spiking on the waveform, no significant 
changes were noted here when adjusting the re- 
sistors. For this reason, fixed-value resistors are 


12-VOLT D.C. TO 115-VOLT A.C 


The 115-watt inverter shown in Fig. 19-49 can 
be used for portable/mobile operation to power 
small transceivers, receivers, test equipment, or 
accessories. It will also prove its worth in emer- 
gency situations: where a small amount of a.c. 
power is needed for p.a. systems, portable lights, 
or similar. 

The unit shown here provides 60 c.p.s. output, 
square wave, and has taps for 110, 115, or 125- 
volts. Because of the square-wave output, some 
hash noise may appear in the output of trans- 
mitters or receivers that are operated from the 
supply. If so, some form of filtering may be neces- 
sary at the output of the inverter.1 


1A, brute-force line filter is often helpful in reducing 


* this type of hash. Commercial units of this kind are avail- 


able from most wholesale houses (J. W. Miller Co. 
No. 7818). A home-made filter might consist of two 
scramble-wound inductors containing 10 feet (each) of 
No. 12 enameled copper wire. A coil would be placed 
in each leg of the a.c. output, Four 0.1-#f. 600-volt paper 
capacitors would be needed. They would be connected 
between the ends of each coil and ground. Such a filter 
could be built on the inverter chassis, or contained in 
its own case, outboard fashion. 


shown in Fig. 19-48. Also, Q, and Q, can be de- 
stroyed quickly if the resistors are set for too 
little resistance. 

It was determined that the RCA 2N301s per- 
formed well and provided the output voltage and 
current characteristics stated by the manufac- 
turer of the transformer. Other types were tried, 
resulting in a wide variety of output voltages. 
With some, the full-load voltage was as low as 
85 volts. With others (high-beta, high-F, 
ratings) the output voltage was as high as 395 
volts under load. The transistor characteristics 
have a great deal to do with the performance of 
the converter, hence it is best to use the types 
specified by Triad (see Fig. 19-48), or the 
2N301s used in this model. 


INVERTER 


Fig. 19-49—Top view of the d.c. to a.c. inverter. The 
transistors and their heat sink are at the right. Two 
a.c. outlets are used, offering greater convenience 
than would be possible with a single receptacle. A 
neon lamp lights when the unit is operating. 
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BOTTOM 
VIEW Qt, Q2 


Construction 


The inverter is built on a home-made large- 
size Minibox-style base which measures 8 X 6. 
2 inches. A Bud CU-3009-A Minibox can be 
used as a chassis. Rubber feet are attached to the 
bottom cover of the Minibox. The feet were 
added to help prevent the assembly from scratch- 
ing the automobile’s finish if it is to be placed on 
the hood or trunk of the car during portable use. 

A large heat sink is used for cooling Q, and 
Q,. The unit shown here is 4 inches long, is 3 
inches wide, and is 2 inches high. It was manu- 
factured by Delco Radio (part number 7281366). 
Any heat sink of .similar dimensions will work 
satisfactorily. Because the circuit is operated in 
a comton-collector configuration, the transistors 
need not be insulated from the heat sink, nor is it 
necessary to insulate the heat sink from the 
chassis. Silicone grease is used between the tran- 
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Fig. 19-51—A look at the underside of the chassis. The 

resistors and capacitors are mounted between insu- 

lated terminal strips. A.c. zip cord, paralleled, is used 
for the heavy-duty primary wiring. 


(1]* 2 votrs 
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Fig. 19-50—Schematic diagram of the inverter. Ca- 

pacitance is in yf. Polarized capacitors are electro- 
lytic. Resistance is in ohms. 

Ci—1-uf. 600 volt capacitor (paper type 
only). 

L—Neon panel-lamp assembly with built-in 
dropping resistor. 


Ja, Ja—Standard female-type a.c. outlet 
socket. 
Qi, Q:—High-wattage power transistor. 


2N278 used here. (2N678, 2N1146, 
2N173 suitable.) 
Si—D.p.s.t. toggle switch with sections in 
parallel. 
Ti—Inverter transformer, 12 volts d.c. to 115 
volts a.c. (Triad TY-75A.) 
TBi—Two-terminal connector (Millen 37302 
suitable). 


- OC. 


sistors and the heat sink, and between the heat 
sink and the chassis. This contributes to efficient 
heat transfer between the transistors and the 
thermal hardware. 

All leads carrying primary current should be 
of large circular-mil size in order to prevent a 
voltage drop in that part of the circuit. Parallel 
sections of a.c. zip cord are used in this model. 
They are used between the input terminal block 
and the fuse holder, between the fuse holder and 
the toggle switch, and between the switch and 
the primary leads of T,. A d.p.s.t. toggle switch 
is used at S, to permit both sections to be used 
in parallel, increasing the current-handling ca- 
pacity. ; 

Two a.c. outlets are located on the top-front 
of the chassis so that more than one piece of 
equipment can be plugged in at the same time. 


Operation 


In using the inverter, it is wise to have some 
kind of a load be connected across the output of 
the unit when it is turned on. Without a sec- 
ondary load, transients can occur and cause the 
destruction of the switching transistors, Q, and 
Qo. The best. procedure is to attach the equip- 
ment to the inverter’s outlet receptacle, turn the 
equipment on, then activate the inverter by turn- 
ing it on with S,. In turning the system off, this 
process should be reversed—turning the inverter 
off first, then the equipment. 

Motor-operated equipment such as tape re- 
corders and record players will not function satis- 
factorily from. this inverter and should not be 
used with it. Also, make certain that the equip- 
ment which is to be operated from the inverter 
does not draw more than 100 watts if continuous- 
duty operation is planned. The inverter should 
safely handle intermittent loads of up to 175 
watts. 

For maximum efficiency, the inverter should 
be connected directly to the car battery terminals 
by means of large-diameter conductors. The 
shorter the conductor length, the less voltage 
drop there will be in the line. 


Batteries 


GASOLINE-ENGINE DRIVEN 
GENERATORS 


For higher-power installations, such as for 
communications control centers during emer- 
gencies, the most practical form of independent 
power supply is the gasoline-engine driven 
generator which provides standard 115-volt 
60-cycle supply. 

Such generators are ordinarily rated at a 
minimum of 250 or 300 watts. They are avail- 
able up to ten kilowatts, or big enough to handle 
the highest-power amateur rig. Most are ar- 
ranged to charge automatically an auxiliary 6- 
or 12-volt battery used in starting. Fitted with 
self-starters and adequate mufflers and filters, 
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Fig. 19-52—Connections used for eliminating interfer- 
ence from gas-driven generator plants. C should be 1] 
wf., 300 volts, paper, while C2 may be 1 pf. with a 
voltage rating of twice the d.c. output voltage de- 
livered by the generator. X indicates an added con- 
nection between the slip ring on the grounded side 
of the line and the generator frame. 


they represent a high order of performance and 
efficiency. Many of the larger models are liquid- 
cooled, and they will operate continuously at 
full load. 

The output frequency of an engine-driven 
generator must fall between the relatively nar- 
row limits of 50 to 60 cycles if standard 60-cycle 
transformers are to operate efficiently from this 
source. A 60-cycle electric clock provides a 
means of checking the output frequency with a 
fair degree of accuracy. The clock is connected 
across the output of the generator and the sec- 
ond hand is checked closely against the second 
hand of a watch, The speed of the engine is 
adjusted until the two second hands are in 
synchronism, 

Output voltage should be checked with a 
voltmeter since a standard 115-volt lamp bulb, 
which is sometimes used for this purpose, is 
very inaccurate. 


Noise Elimination 


Electrical noise which may interfere with 
receivers operating from engine-driven a.c, 
generators may be reduced or eliminated by 
taking proper precautions. The most important 
point is that of grounding the frame of the 
generator and one side of the output. The 
ground lead should be short to be effective, 
otherwise grounding may actually increase the 
noise. A water pipe may be used if a short con- 
nection can be made near the point where the 
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pipe enters the ground, otherwise a good sepa- 
rate ground should be provided. 

The next step is to loosen the brush-holder 
locks and slowly shift the position of the 
brushes while checking for noise with the re- 
ceiver. Usually a point will be found (almost 
always different from the factory setting) 
where there is a marked decrease in noise. 

From this point on, if necessary, bypass 
capacitors from various brush holders to the 
frame, as shown in Fig. 19-50, will bring the 
hash down to within 10 to 15 per cent of its 
original intensity, if not entirely eliminating it. 
Most of the remaining noise will be reduced 
still further if the high-power audio stages 
are cut out and a pair of headphones is con- 
nected into the second detector. 


DRY CELL BATTERIES 


Dry-cell batteries are a practical source of 
power for supplying portables or equipment which 
must be transported on foot. A knowledge of the 
several kinds and their features will help in the 
selection of the most economical battery for a 
given application. 

Zinc-carbon cells (1.5 volts) lose their power 
even when not in use, if allowed to stand idle 
for a year or more. This makes them uneconomi- 
cal if not used more or less continuously. Their 
life depends also upon the discharge rate ; the life 
is shorter under steady discharge than it is under 
intermittent discharge. (E.g., the AA penlite cell 
has a typical life to 1.0 volt of 14 hours at a steady 
30-ma. discharge rate and a life of 33 hours at a 
4-hours-per-day 20-ma. discharge. The No. 6 cell 
has a 43-hour life at a continuous 0.5-ampere dis- 
charge, but it jumps to 80 hours at a 4-hours-per- 
day 0.5-ampere drain.) 

Alkaline-manganese cells (1.2 volts) find in- 
creasing application in portable radios, tape re- 
corders, shavers and other portable devices. They 
are capable of high discharge rates over extended . 
periods ; heavy current can be drawn continuously 
without sacrificing ampere-hour capacity. 

The mercury cell (1.35 volts) has a high ratio 
of ampere-hour capacity to volume at high cur- 
rent drains. The shelf life is excellent, and mer- 
cury batteries are well suited for emergency 
portable operation even after many months of 
storage. At relatively low current drain, the mer- 
cury cell will deliver substantially constant volt- 
age during its life. (E.g., an AA penlite cell out- 
put voltage will drop to only 1.2 volts after 80 
hours of service at 25 ma.) 

The nickel-cadmium. cell (1.25 volts) also 
shows little voltage change during its useful life. 
It is more expensive than any of the cells men- 
tioned above, but it has the big advantage that it 
can be recharged. It finds widespread application 
anywhere a portable rechargeable power source 
is required. Typically, the AA penlite size has 0.5 
ampere-hour capacity at a 5-hour discharge rate, 
while the D flashlight size has a 4-ampere-hour 
capacity at a 5-hour discharge rate. 

1“Choosing Batteries,’ QST, Sept. 1967, p. 40. 


Chapter 20 


Construction Practices 


TOOLS AND MATERIALS 


While an easier, and perhaps a better, job 
‘ can be done with a greater variety of tools 
available, by taking a little thought and care 
it is possible to turn out a fine piece of 
equipment with only a few of the common 
hand tools. A list of tools which will be in- 
dispensable in the contruction of radio equip- 
ment will be found on this page. With these 
tools it should be possible to perform any of 
. the required operations in preparing panels 
and metal chassis for assembly and wiring. 


INDISPENSABLE TOOLS 


Long-nose pliers, 6-inch. 

Diagonal cutting pliers, 6-inch. 

Wire stripper. 

Screwdriver, 6- to 7-inch, 14-inch blade. 

Screwdriver, 4- to S-inch, %-inch blade. 

Scratch awl or scriber for marking lines. 

Combination square, 12-inch, for laying out work. 

Hand drill, %4-inch chuck or larger, 2-speed type 
preferable. 

Electric soldering iron, 100 watts, 14-in. tip. 

Hack saw, 12-inch blades. 

Center punch for marking hole centers. 

Hammer, ball-peen, 1-lb. head. 

Heavy knife. 

Yardstick or other straightedge. 

Carpenter’s brace with adjustable hole cutter or 
socket-hole punches (see text). 

Large, coarse, flat file. 

Large round or rat-tail file, %-inch diameter. 

Three or four small and medium files—flat, round, 
half-round, triangular. 

Drills, particularly %4-inch and Nos, 18, 28, 33, 
42 and 50. e 

Combination oil stone for sharpening tools. 

Solder, rosin-core. 

Medium-weight machine oil. 


ADDITIONAL TOOLS 


Bench vise, 4-inch jaws. 

Tin shears, 10-inch, for cutting thin sheet metal. 

Taper reamer, 14-inch, for enlarging small holes. 

Taper reamer, l-inch, for enlarging holes. 

Countersink for brace. 

Carpenter’s plane, 8 to 12-inch, for woodworking. 

Carpenter’s saw, crosscut. 

Motor-driven emery wheel for grinding. 

Phillips screwdriver. 

Long-shank screwdriver with screw-holding clip 
for tight places. 

Set of “Spintite’ socket wrenches for hex nuts. 

Set of small, flat, open-end wrenches for hex nuts. 

Set of Allen wrenches, 

Set of spline wrenches. 

Wood chisel, 14-inch, 

Cold chisel, 14-inch. 

Wing dividers, 8-inch, for scribing circles, 

Set of machine-screw taps and dies. 

Dusting brush, 

Socket punches, esp. 56”, 34”, 14%” and 114”. 


It is an excellent idea for the amateur who 
does constructional work to add to his supply 
of tools from time to time as finances permit. 

Radio-supply houses, mail-order retail stores 
and most hardware stores carry the various tools 
required when building or servicing amateur 
radio equipment. While power tools (electric drill 
or drill press, grinding wheel, etc.) are very use- 
ful and will save a lot of time, they are not es- 
sential. 


Twist Drills 


Twist drills are made of either high-speed 
steel or carbon steel. The latter type is more 
common and will usually be supplied unless 
specific request is made for high-speed drills. 
The carbon drill will suffice for most ordinary 
equipment construction work and costs less 
than the high-speed type. : 

While twist drills are available in a number 
of sizes, those listed in bold-faced type in 
Table 20-I will be most commonly used in 
construction of amateur equipment. It is usu- 
ally desirable to purchase several of each of 
the commonly used sizes rather than a stand- 
ard set, most of which will be used infre- 
quently if at all. 


Care of Tools 


The proper care of tools is not alone a 
matter of pride to a good workman. He also 
realizes the energy which may be saved and 
the annoyance which may be avoided by the 
possession of a full kit of well-kept sharp- 
edged tools. 

Drills should be sharpened at frequent in- 
tervals so that grinding is kept at a minimum 
each time. This makes it easier to maintain 
the rather critical surface angles required for 
best cutting with least wear. Occasional 
oilstoning of the cutting edges of a drill 
or reamer will extend the time between 
grindings. 

The soldering iron can be kept in good 
condition by keeping the tip well tinned with 
solder and not allowing it to run at full volt- 
age for long periods when it js not being used. 
After each period of use, the tip should be 
removed and cleaned of any scale which may 
have accumulated. An oxidized tip may be 
cleaned by dipping it in sal ammoniac while 
hot and then wiping it clean with a rag. If 
the tip becomes pitted it should be filed until 
smooth and bright, and then tinned immedi- 
ately by dipping it in solder. 
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Motor Control 


. 


Useful Materials 


Small stocks of various miscellaneous ma- 
terials will be required in constructing radio 
apparatus, most of which are available from 
hardware or radio-supply stores. A repre- 
sentative list follows: 


Sheet aluminum, solid and perforated, 16 or 
18 gauge, for brackets and shielding. 

Y% xX \-inch aluminum angle stock. 

14-inch diameter round brass or aluminum 
rod for shaft extensions. 

Machine screws: Round-head and flat-head, 
with nuts to fit. Most useful sizes: 4-40, 
6-32 and 8-32, in lengths from % inch to 
1% inches. (Nickel-plated iron will pe 
found satisfactory except in strong r.f. 
fields, where brass should be used.) 

Bakelite, lucite and polystyrene scraps. 

Soldering lugs, panel bearings, rubber 
grommets, terminal-lug wiring strips, 
varnished-cambric insulating tubing. 

Shielded and unshielded wire. 

Tinned bare wire, Nos. 22, 14 and 12. 


Machine screws, nuts, washers, soldering 
lugs, etc., are most reasonably purchased in 
quantities of a gross. Many of the radio-supply 
stores sell small quantities and assortments that 
come in handy. 


SCR MOTOR-SPEED CONTROL 


Most electric hand drills operate at a single 
high speed ; however, from time to time, the need 
arises to utilize low or medium speeds. Low 
speeds are useful when drilling in tight spaces 
or on exposed surfaces where it is important that 
the drill bit doesn’t slip, and when drilling bake- 
lite, Plexiglas and similar materials. Medium 


LOAD 
(uTPUn 


INPUT 
5 VAC. 


Fig. 20-A—Circuit diagram. of the SCR motor-speed 
control. 


Ci—0.15-uf. 200-v. paper tubular. 

lLh—NE-2 neon lamp. 

Ji—Chassis-mounting line socket (Amphenol 61-F1). 
Q:—C20B SCR (General Electric). 
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Fig. 20-B—Small enough to fit in the palm of your 
hand; the SCR motor-speed control is housed in a small 
Minibox. 


speeds are useful for drilling non-ferrous metals 
such as aluminum and brass. One way to accom- 
plish these ends with a single-speed electric driil 
is to use a silicon-controlled-rectifier (SCR) 
speed control. 

The circuit of an SCR speed control is shown 
in Fig. 20-A. The SCR, CR, acts like an open 
circuit until it receives a positive trigger pulse 
between gate and cathode. If at this time the 
anode is negative with respect to the cathode, 


‘nothing will happen and the SCR will still ap- 


pear to be an open circuit. If, however, the anode 
is positive with respect to the cathode when the 
positive trigger pulse arrives at the gate, the SCR 
will function like a normal diode and conduct.’ 
Once triggered, the SCR will continue to conduct 
until the voltage between the anode and the cath- 
ode returns to zero and reverses polarity. It will 
then cease to conduct and not conduct again, even 
when the correct forward polarity appears, until 
the gate receives another positive pulse. The tim- 
ing of the gate pulse determines the instant at 
which conduction begins during a possible 180- 
degree conduction period for sine wave input. 
The trigger circuit consists of Cy, Ry, Ry and 
neon lamp J,. When the voltage across C’, reaches 


CATHODE 
(LONG CONTACT) 
; GATE 


(CASE) 
C20B 


Ri—4700-chm 14-watt composition. 
R2—50,000-ohm linear-taper control. 
Si—S.p.s.t. toggle. 
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the ignition voltage of J,, the neon lamp fires and 
sends a pulse to the gate of the SCR. The setting 
of R, determines the charging rate of C, and 
thus the conduction angle of the SCR. Decreas- 
ing Ry increases the speed of an electric drill 
plugged in the output connector, J. 


Construction 


Because of the small complement of parts, the 
SCR speed control can be constructed inside a 
- very small container. The model described was 
built in a 234 x 2% x 15-inch Minibox. Since 
the mounting stud and main body of the SCR are 
common with the anode, care should be used to 
mount the SCR clear from surrounding objects. 
In the unit shown, two soldering lugs were sol- 
dered together and the narrow ends connected to 
one side of the female output connector ; the large 
ends were used as a fastening point for the SCR 
anode stud. 


Operation 


Although the circuit described is intended to be 
used to reduce the speed of electric hand drills 
that draw six amperes or less, it has many other 
applications. It can be used to regulate the tem- 
perature of a soldering iron, which is being used 
to wire a delicate circuit, or it may be used for 
dimming lamps or for controlling the cooking 
speed of a small hot plate. Note, however, if the 
circuit is used with a device drawing from three 
‘to six amperes for a continuous period of over ten 
minutes, it will be necessary to provide a heat 
sink (insulated from the chassis) for the SCR 
anode case. 


CHASSIS WORKING 


With a few essential tools and proper pro- 
cedure, it will be found that building radio 
gear on a metal chassis is a relatively simple 
matter. Aluminum is to be preferred to steel, not 
only because it is a superior shielding material, 
but because it is much easier to work and to 
provide good chassis contacts. 

The placing of components on the chassis 
is shown quite clearly in the photographs in 
this Handbook. Aside from certain essential 
dimensions, which usually are given in the 
text, exact duplication is not necessary. 


Fig. 20-1—Method of measuring the heights of capaci- 
tor shafts, etc. If the square is adjustable, the end of 
the scale should be set flush with the face of the head. 


CONSTRUCTION PRACTICES 


TABLE 20-1 


Numbered Drill Sizes 
Drilled for 
Tapping Iron, 
Steel or Brass™ 


Will Clear 
Screw 


Diameter 
(mils) 


228.0 — 
221.0 12-24 
213.0 — 

209.0 12-20 
205.0 
204.0 
201.0 
199.0 
196.0 
193.5 
191.0 
189.0 
185.0 
182.0 
180.0 
177.0 
173.0 
169.5 
168.0 
161.0 
159.0 
157.0 
154.0 
152.0 
149.5 
147.0 
144.0 
140.0 
136.0 
128.5 
120.0 
116.0 
113.0 
111.0 
110.0 
106.5 
104.0 
101.5 
099.5 
098.0 
096.0 
093.5 
089.0 
086.0 
082.0 
081.0 
078.5 
076.0 
073.0 
070.0 
067.0 
063.5 
059.5 
055.0 


Number 


at 
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Pd 
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bildurdi 


> 
Bliilg 
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Eritiiig 


IELEII 


PEELE ITItel 
P1111& 


*Use one size larger for tapping bakelite and 
phenolics. 


uch trouble and energy can be saved by 
spending sufficient time in planning the job. 
When all details are worked out beforehand 
the actual construction is greatly simplified. 
Cover the top of the chassis with a piece of 
wrapping paper or, preferably, cross-section 
paper, folding the edges down over the sides 
of the chassis and fastening with adhesive 
tape. Then assemble the parts to be mounted 
on top of the chassis and move them about 
until a satisfactory arrangement has been 
found, keeping in mind any parts which are 
to be mounted underneath, so that interfer- 


Chassis Working 


ences in mounting may be avoided; Place ca- 
pacitors and other parts with shafts extending 
through the panel first, and arrange them so 
that the controls will form the desired pattern 
on the panel. Be sure to line up the shafts 
squarely with the chassis front. Locate any 
partition shields and panel brackets next, 
and then the tube sockets and any other parts, 
marking the mounting-hole centers of each 
accurately on the paper. Watch out for capac- 
itors whose shafts are off center and do not 
line up with the mounting holes. Do not for- 
get. to mark the centers of socket holes and 
holes for leads under i.f. transformers, etc., as 
well as holes for wiring leads. The small holes 
for socket-mounting screws are best located 
and center-punched, using the socket itself as 
a template, after the main center hole has 
been cut. 

By means of the square, lines indicating ac- 
curately the centers of shafts should be ex- 
tended to the front of the chassis and marked 
on the panel at the chassis line, the panel 
being fastened on temporarily. The hole cen- 
ters\ may then be punched in the chassis with 
the center. punch. After drilling, the parts 
which require mounting underneath may be 
located and the mounting holes drilled, mak- 
ing sure by trial that no interferences exist 
with parts mounted on top. Mounting holes 


A B 


Fig. 20-2—To cut rectangular holes in a chassis corner, 
holes may be filed out as shown in the shaded portion 
of B, making it possible to start the hack-saw blade 
along the cutting line. A shows how a single-ended 
handle may be constructed for a hack-saw blade. 


along the front edge of the chassis should be 
transferred to the panel, by once again fas- 
tening the panel to the chassis and marking it 
from the rear. 

Next, mount on the chassis the capacitors 
and any other parts with shafts extending to 
the panel, and measure accurately the height 
of the center of each shaft above the chassis, 
as illustrated in Fig. 20-1. The horizontal dis- 
placement of shafts having already been 
marked on the chassis line on the panel, the 
vertical displacement can be measured from 
this line. The shaft centers may now be 
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marked on the back of the panel, and the 
holes drilled. Holes for any other panel equip- 
ment coming above the chassis line may then 
be marked and drilled, and the remainder of 
the apparatus mounted. Holes for terminals 
etc., in the rear edge of the chassis should be 
marked and drilled at the same time that they 
are done for the top. 


Drilling and Cutting Holes 


When drilling holes in metal with a hand 
drill it is important that the centers first be 
located with a center punch, so that the drill 
point will not “walk” away from the center 
when starting the hole. When the drill starts 
to break through, special care must be used. 
Often it is an advantage to shift a two-speed 
drill to low gear at. this point. Holes more 
than %4 inch in diameter should be started with 
a smaller drill and reamed out with the larger 
drill. 

The chuck on the usual type of hand drill 
is limited to Y%-inch drills. Although it is 
rather tedious, the 14-inch hole may be filed 
out to larger diameters with round files. An- 
other method possible with limited tools is 
to drill a series of small holes with the hand 
drill along the inside of the circumference of the 
large hole, placing the holes as close together 
as possible. The center may then be knocked 
out with a cold chisel and the edges smoothed 
up with a file. Taper reamers which fit into 
the carpenter’s brace will make the job easier. 
A large rat-tail file clamped in the brace 
makes a very good reamer for holes up to the 
diameter of the file. 

For socket holes and other large holes in an 
aluminum chassis, socket-hole punches should be 
used. They require first drilling a guide hole to 
pass the bolt that is turned to squeeze the punch 
through the chassis. The threads of the, bolt 
should be oiled occasionally. 

Large holes in steel panels or chassis are best 
cut with an adjustable circle cutter. Occasional 
application of machine oil in the cutting groove 
will help. The cutter first should be tried out on 
a block of wood, to make sure that it is set for the 
right diameter. 

The burrs or rough edges which usually 
result after drilling or cutting holes may be 
removed with a file; or sometimes more con- 
veniently with a sharp knife or chisel. It is a 
good idea to keep an old wood chisel sharp- 
ened and available for this purpose. 


Rectangular Holes 


Square or rectangular holes may be cut out 
by making a row of small holes as previously 
described, but is more easily done by drilling 
a %-inch hole inside each corner, as illus- 
trated in Fig. 20-2, and using these holes 
for starting and turning the hack saw. The 
socket-hole punch and the square punches 
which are now available also may be of con- 
siderable assistance in cutting out large rec- 
tangular openings. . 
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SEMICONDUCTOR HEAT SINKS 


Homemade heat sinks can be fashioned from 
brass, copper or aluminum stock by employing 
ordinary workshop tools. The dimensions of the 
heat sink will depend upon the type of transistor 
used, and the amount of heat that must be con- 
ducted away from the body of the semiconductor. 

Fig. 20-C shows the order of progression for 
forming a large heat sink from aluminum or brass 
channels of near-equal height and depth. The 
width is lessened in parts (B) and (C) so that 

each channel will fit into the preceding one as 
shown in the completed model at (D). The three 
pieces are bolted together with 8-32 screws and 
nuts. Dimensions given are for illustrative pur- 
poses only. 

Heat sinks for smaller transistors can be fab- 
ricated as shown in Fig. 20-E. Select a drill 
bit that is one size smaller than the diameter of 
the transistor case and form the heat sink from 
1/16 inch thick brass, copper or aluminum stock 
as shown. in steps (A), (B), and (C). Form the 

“stock around the drill bit by compressing it in 
a vise (A). The completed heat sink is press- 
fitted over the body of the semiconductor as 
illustrated at (D). The larger the area of the heat 
sink, the greater will be the amount of heat 
conducted away from the transistor body. In 
some applications, the heat sinks shown in 
Fig. 20-E may be two or three inches in height 
(power transistor stages). 

Another technique for making heat sinks for 
TO-5 type transistors (1) and larger models 


HEAT SINK 


DRILL_ BIT 
“ ie INCH STOCK 


COMPLETED 
HEAT SINK 


CONSTRUCTION PRACTICES 
(C) (D) 


i" Alum, Drill to M6 dia. 
Bugle stock ay wneil Qt 


x" 
Bol to, brass Or 
“Ali i angle Alum. sock 
jazinase HEAT SINK DETAILS 


Fig. 20-D—Layout and assembly details of another 

homemade heat sink. The completed assembly can be 

insulated from the main chassis of the transmitter by 
using insulating washers. 


(1) is shown in Fig. 20-D. This style of heat sink 
will dissipate considerably more heat than will 
the type shown in Fig. 20-E, The main body 
of the sink is fashioned from a piece of %-inch 
thick aluminum angle bracket—available from 
most hardware stores. A hole is bored in the 
angle stock to allow the transistor case to fit 
snugly into it. The transistor is held in place by 
a small metal plate whose center hole is slightly 
smaller in diametes than the case of the tran- 
sistor. Details are given in Fig. 20-D. 

A thin coating of silicone grease, available 
from most electronics supply houses, can be ap- 
plied between the case of the transistor and the 
part of the heat sink with which it comes in con- 
tact. The silicone grease will aid the transfer 
of heat from the transistor to the sink, This prac- 
tice can be applied to all models shown here. In 
the example given in Fig. 20-C, the grease 
should be applied between 
the three channels before 
they are bolted together, as 
well as between the tran- 
sistor and the channel it 
contacts. 


ORILL BIT 


FORM HERE 


(B) 


Fig. 20-E—Steps used in construct- 
ing heat sinks for small transistors. 


Chassis Working 


CONSTRUCTION NOTES 


If a control shaft must be extended or 
insulated, a flexible shaft coupling with ad- 
equate insulation should be used. Satisfactory 
support for the shaft extension, as well as 
electrical contact for safety, can be provided 
by means of a metal panel bearing made for 
the purpose. These can be obtained singly for 
use with existing shafts, or they can be 
bought with a captive extension shaft in- 
cluded. In either case the panel bearing gives 
a “solid” feel to the control. 

The use of fiber washers between ceramic 
insulation and metal brackets, screws or nuts 
will prevent the ceramic parts from breaking. 


STANDARD METAL GAUGES 


Birmingham 
or Stubs3 


American U.S. 
Standard? 


Gauge 
No of BL&S.t 


+2893 
2576 
2294 


.300 
1284 
259 
.2043 .238 
11819 .220 
.1620 : .203 
11443 1180 
11285 . 1165 
1144 1148 
.1019 134 
.09074 .120 
08081 .109 
.07196 3 .095 
.06408 : .083 
.05707 .072 
.05082 .065 
.04526 .058 
.04030 .049 
.03589 .042 
.03196 .035 
.02846 .032 
02535 .028 
02257 .028125 2025 
.02010 .025 .022 
.01790 .021875 .020 
.01594 .01875 .018 
.01420 .0171875 .016 
.01264 .015625 .014 
.01126 .0140625 013 
.01003 .0125 .012 
.008928 .0109375 .010 
.007950 .01015625 .009 
.007080 009375 
.006350 .00859375 
005615 .0078125 
.005000 .00703125 
.004453 .006640626 
.003965 
.003531 
.003145 


' Used for aluminum, copper, brass and non- 
ferrous alloy sheets, wire and rods. 

2 Used for iron, steel, nickel and ferrous al- 
loy sheets, wire and rods. 

3 Used for seamless tubes; also by some manu- 
facturers for copper and brass. 
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Cutting and Bending Sheet Metal 


If a sheet of metal is too large to be cut 
conveniently with a hack saw, it may be 
marked with scratches as deep as possible 
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along the line of the cut on both sides of the 
sheet and then clamped in a vise and worked . 
back and forth until the sheet breaks at the 
line. Do not carry the bending too far until 
the break begins to weaken; otherwise the 
edge of the sheet may become bent. A pair of 
iron bars or pieces of heavy angle stock, as 
long or longer than the width of the sheet, 
to hold it in the vise will make the job easier. 
“C” clamps may be used to keep the bars 
from spreading at the ends. The rough edges 
may be smoothed with a file or by placing a 
large piece of emery cloth or sandpaper on a 
flat surface and running the edge of the metal 
back and forth over the sheet. 
Bends may be made similarly. 


‘ 


Finishing Aluminum 

Aluminum chassis, panels and parts may 
be given a sheen finish by treating them in a 
caustic bath. An enamelled or plastic container, 
such as a dishpan or infant’s bathtub, should be 
used for the solution. Dissolve ordinary household 
lye in cold water in a proportion of 4% to % 
can of lye per gallon of water. The stronger 
solution will do the job more rapidly. Stir the 
solution with a stick of wood until the lye 
crystals are completely dissolved. Be very 
careful to avoid any skin contact with the so- 
lution. It is also harmful to clothing. Suffi- 
cient solution should be prepared to cover the 
piece completely. When the aluminum is im- 
mersed, a very pronounced bubbling takes 
place and ventilation should be provided to 
disperse the escaping gas. A half hour to two 
hours in the solution should be sufficient, 
depending upon the strength of the solution 
and the desired surface. 

Remove the aluminum from the solution 
with sticks and rinse thoroughly in cold water 
while swabbing with a rag to remove the 
black deposit. When dry, finish by spraying on 
a light coat of clear lacquer. 


Soldering 


The secret of good soldering is to use the 
right amount of heat. Too little heat will pro- 
duce a “cold-soldered joint”; too much may in- 
jure a component. The iron and the solder should 
be applied simultaneously to the joint. Keep the 
iron clean by brushing the hot tip with a paper 
towel. Always use rosin-core solder, never acid- 
core. Solders have different melting points, de- 
pending upon the ratio of tin to lead. A 50-50 
solder melts at 425° F, while 60-40 melts at 
371° F. When it is desirable to protect from 
excessive heat the components being soldered, 
the 60-40 solder is preferable to the 50-50. (A 
less-common solder, 63-37, melts at 361° F.) 

When soldering transistors, crystal diodes or 
small resistors, the lead should be gripped with 
a pair of pliers up close to the unit so that the 
heat will be conducted away. Overheating of a 
transistor or diode while soldering can cause 
permanent damage. Also, mechanical stress will 
have a similar effect, so that a small unit should 
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be mounted so that there is no appreciable me- 
chanical strain on the leads. 

Trouble is sometimes experienced in soldering 
to the pins of coil forms or male cable plugs. It 
helps if the pins are first cleaned on the inside 
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Fig. 20-3—Methods of lacing cables. The method shown 
at C is more secure, but takes more time than the 
method of B. The latter is usually adequate for most 
ah amateur requirements. 


RIGHT 


with a suitable twist drill and then tinned by 
flowing rosin-core solder into them, Immediately 
clear the surplus solder from each hot pin by 
a whipping motion or by blowing through the 
pin from the inside of the form or plug. Before 
inserting the wire in the pin, file the nickel plate 
from the tip. After soldering, round the solder 
tip off with a file. 

When soldering to the pins of polystyrene 
coil forms, hold the pin to be soldered with a 
pair of heavy pliers, to form a “heat sink” and 
insure that the pin does not heat enough in the 
coil form to loosen and become misaligned. 

Wiring 

The wire used in connecting amateur equip- 
ment should be selected considering both the 
maximum current it will be called upon to 
handle and the voltage its insulation must stand 
without breakdown. Also, from the consideration 
to TVI, the power wiring of all transmitters 
should be done with wire that has a braided 
shielding cover. Receiver and audio circuits may 
also require the use of shielded wire at some 
points for stability, or the elimination of hum, 

No. 20 stranded wire is commonly used for 
most receiver wiring (except for the high- 
frequency circuits) where the current does 
not exceed 2 or 3 amperes. For higher-current 
heater circuits, No. 18 is available. Wire with 
cellulose acetate insulation is good for volt- 
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ages up to about 500. For higher voltages, 
thermoplastic-insulated wire should be used. 
Inexpensive wire strippers that make the re- | 
moval of insulation from hook-up wire an 
easy job are available on the market. 

When power leads have several branches in 
the chassis, it is convenient to use fiber-insulated 
multiple tie points as anchorages or junction 
points. Strips of this type are also useful as 
insulated supports for resistors, r.f. chokes and 
capacitors. High-voltage wiring should have ex- 
posed points held to a minimum ; those which can- 
not be avoided should be made as inaccessible as 
possible to accidental contact or short-circuit. 

Where shielded wire is called for and ca- 
pacitance to ground is not a factor, Belden 
type 8885 shielded grid wire may be used. If 
capacitance must be minimized, it may be 
necessary to use a piece of car-radio low- 
capacitance lead-in wire, or coaxial cable. 

For wiring high-frequency circuits, rigid 
wire is often used. Bare soft-drawn tinned 
wire, sizes 22 to 12 (depending on mechanical 
requirements), is suitable. Kinks can be re- 
moved by stretching a piece 10 or 15 feet long 
and then cutting into short lengths that can 
be handled conveniently. R.f. wiring should 
be run directly from point to point with 
a minimum of sharp bends and the wire 
kept well spaced from the chassis or other 
grounded metal surfaces. Where the wiring 
must pass through the chassis or a partition, 
a clearance hole should be cut and lined with 
a rubber grommet. In case insulation becomes 
necessary, varnished cambric tubing (spa- 
ghetti) can be slipped over the wire. 

In transmitters where the peak voltage 
~does not exceed 2500 volts, the shielded grid 
wire mentioned above should be satisfactory 
for power circuits. For higher voltages, Bel- 
den type 8656, Birnbach type 1820, or shielded 
ignition cable can be used. In the case of fila- 
ment circuits carrying heavy current, it may 
be necessary to use No. 10 or 12 bare or 
enameled wire, slipped through spaghetti, and 
then covered with copper braid pulled tightly 
over the spaghetti. The chapter on TVI 
shows the manner in which shielded wire 
should be applied. If the shielding is simply 
slid back over the insulation and solder flowed 
into the end of the braid, the braid usually 
will stay in place without the-necessity for 
cutting it back or binding it in place. The 
braid should be cleaned first so that solder will 
take with a minimum of heat. ; 

R4. wiring in transmitters usually follows 
the method described above for receivers with 
due respect to the voltages involved. 

Where power or control leads run together 
for more than a few inches, they will present 
a better appearance when bound together 
in a single cable. The correct technique is 
illustrated in Fig. 20-3; both plastic and waxed- 
linen lacing cords are available. Plastic cable 
clamps are available to hold the laced cable. 

To give a “commercial look” to the wiring 


Connectors 


BNC Connectors 


1.—Cut end of cable 
even. 
2.—Remove vinyl jac- 


ket 144"°—don’t nick braid. 


3.—Push braid back and 
remove 4” of insulation 
and conductor. 


4.—Taper braid. 


5.~Slide sleeve over 
tapered braid. Fit inner 
shoulder or sleeve square- 
ly against end of jacket. 


6.—With sleeve in place, 
comb out braid, fold back 
smooth as shown, and 
trim 3%”. 


7.—Bare center conduc- 
tor %"—don’t nick con- 
ductor. 


8.—Tin center  con- 
ductor of cable. Slip 
female contact in place 
and solder. Remove 
excess solder. Be sure 
cable dielectric is not 
heated excessively and 
swollen so as to pre- 
vent dielectric entering 
body. 


9.—Push into body 
as far as it will go. 
Slide nut into body 
and screw into place, 
with wrench, until 
it ig moderately tight. 
Hold cable and shell 


rigidly and_ rotate 
nut, 
10.—This assembly 


procedure applies to 
BNC jacks. The as- 
sembly for plugs is 
the same except for . 
the use of male con- 
tacts and a plug 
body. 


NUT 


it 


4 


CABLE 


SLEEVE 


FEMALE CONTACT 
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83-1SP Plug 


1.—Cut end of ca- 
ble even. Remove 
vinyl jacket 14%”°— 
don’t nick braid, 


2--Bare %” of 
center conductor— 
don’t nick conductor. 
Trim braided shield 


Ye" and tin. Slide 
coupling ring on 
cable. 


3.—Screw the plug 
assembly on cable. 
Solder plug assembly 
to braid through sol- 
der holes. Solder 
conductor to contact 
sleeve. 


4.—Screw coupling 
ring on assembly. 


83-1SP Plug with Adapters Ben 


_ 
wS, i we 
at 
32 


ADAPTER 


COUPLING RING 


1.—Cut end of cable even. Remove vinyl jacket _2149”-— 
don’t nick braid. Slide coupling ring and adapter on cableg 


EREXX 
eile 


3.—Compress braid around cable. Position adapter to 
dimension shown.Press braid down over body of adapter 
to dimension shown. Press braid down over body of 
adapter and trim. 


4.——Bare 14” of center conductor—don’t nick conductor. 
Pre-tin exposed center conductor. 


5, 6.—Same as 3 and 4 under 83-1SP Plug. 


Fig. 20-4—Cable-stripping dimensions and assembly instructions for several popular cooxial-cable plugs. This 
material courtesy Amphenol Connector Division, Amphenol-Borg Electronics Corp. 


Se eee 
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of any unit, run any cabled leads along the 
edge of the chassis. If this isn’t possible, the 
cabled leads should then run parallel to an 
edge of the chassis. Further, the generous use 
of tie points (mounted parallel to an edge of the 
chassis), for the support of one or both ends of 
a resistor or fixed capacitor, will add to the ap- 
pearance of the finished unit. In a similar manner, 
“dress” the small components so that they are 
parallel to the panel or sides of the chassis. 


Winding Coils 


Close-wound coils are readily wound on the 
specified form by anchoring one end of a 
length of wire (in a vise or to a doorknob) 
and the other end to the coil form. Straighten 
any kinks in the wire and then pull to keep 
the wire under slight tension. Wind the coil 
to the required number of turns while walk- 
ing toward the anchor, always maintaining a 
slight tension on the wire. 

To space-wind the coil, wind the coil simul- 
_ taneously with a suitable spacing medium 
(heavy thread, string or wire) in the manner 
described above. When the winding is com- 
plete, secure the end of the coil to the coil- 
form terminal and then carefully unwind the 
spacing material. If the coil is wound under 
suitable tension, the spacing material can be 
easily removed without disturbing the wind- 
ing. Finish the space-wound coil by judicious 
applications of Duco cement, to hold the 
turns in place. 

The “cok!” end of a coil is the end at or close 
to chassis or ground potential. Coupling links 
should be wound on the cold end of a coil, to 
minimize capacitive coupling. 


CIRCUIT-BOARD FABRICATION 


Many modern-day builders prefer the neat- 
ness and miniaturization made possible by the 
use of etched or printed circuit boards. There 
are additional benefits to be realized from the 
use of circuit boards: Low lead inductances, ex- 
cellent physical stability of the components and 
interconnecting leads, and good repeatability of 
the basic layout of a given project. The latter 
attribute makes the use of circuit boards ideal for 
group projects. 


Methods 


Perhaps the least complicated approach to cir- 
cuit-board fabrication is the use of unclad per- 
forated board into which a number of push-in 
terminals have been installed. The perforated 
board can be obtained with one of many hole 
patterns, dependent upon the needs of the builder. 
Perforated terminal boards are manufactured by 
such firms as Vector, Kepro, and Triad. Their 
products are available from the large mail-order 
houses. 

Once the builder plots the layout of his circuit 
on paper, push-in terminals can be installed in 
the “perf” board to match the layout which was 
done on paper. The terminals serve as tie points 
and provide secure mounting-post anchors 
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for the various components. Selected terminals 
can be wired together to provide ground and 
B-plus lines, Although this technique is the most 
basic of the methods, it is entirely practical. 

An approach to etched-circuit board assembly 
can be realized by cutting strips of flashing cop- 
per, hobby copper, or brass shim stock into the 
desired shapes and lengths, then gluing them to 
a piece of unclad circuit board. Epoxy cement 
is useful for the latter. Alternatively, the strips 
can be held in place by means of brass eyelets 
which have been installed with a hand eyelet tool. 
If standard unclad. circuit board is not handy, 
linolium or Formica sheeting can be made to 
serve as a base for the circuit board. If this tech- 
nique is used, the metal strips should be soldered 
together at each point where they join, assuring 
good electrical contact. 

Etched-circuit boards provide the most pro- 
fessional end result of the three systems described 
here. They are the most stable, physically and 
electrically, and can be easily repeated from a 
single template. Etched-circuits can be formed 
on copper-clad perforated board, or on unpunched 
copper-clad board. There is no advantage in 
using the perforated board as a base unless push- 
in terminals are to be used. 


: Planning and Layout 


The constructor should first plan the physical 
layout of the circuit by sketching a pictorial dia- 
gram on paper, drawing it to scale. Once this has 
been done, the interconnecting leads can be inked 
in to represent the copper strips that will remain 
on the etched board. The Vector Company sells 
layout paper for this purpose. It is marked with 
the same patterns that are used on their per- 
forated boards. 

After the basic etched-circuit design has been 
completed the designer should go over the pro- 
posed layout several times to insure against 
errors. When the foregoing has been done, the 
pattern can be painted on the copper surface of 
the board to be etched. Etch-resistant solutions 
are available from commercial suppliers and can 
be selected from their catalogs. Some builders 
prefer to use India ink for this purpose. Perhaps 
the most readily-available material for use in 
etch-resist applications is ordinary exterior 
enamel paint. The portions of the board to be 
retained are covered with a layer of paint, applied 
with an artist’s brush, duplicating the pattern 
that was drawn on the layout paper. The job 
can be made a bit easier by tracing over the 
original layout with a ballpoint pen and carbon 
paper while the pattern is taped to the copper 
side of the unetched circuit board. The carbon 
paper is placed between the pattern and the cir- 
cuit board. After the paint has been applied, it 
should be allowed to dry for at least 24 hours 
prior to the etching process. The Vector Com- 
pany produces a rub-on transfer material that can 
also be used as etch-resist when laying out cir- 
cuit-board patterns. Thin strips of ordinary mask- 
ing tape, cut to size and firmly applied, serve 
nicely as etch-resist material too. 


Component Values 


Fig. 20-4—A home-made stand for processing etched- 
circuit boards. The heat lamp maintains the etchant- 
bath temperature between 90 and 115 degrees, F 
and is mounted on an adjustable arm. The tray for 
the bath is raised and lowered at one end by the action 
of a motor-driven eccentric disk, providing the neces- 
sary agitation of the chemical solution. A darkroom 


thermometer monitors the temperature of the bath. 
’ 


The Etching Process 


Almost any strong acid bath will serve as an 
etchant, but the two chemical preparations rec- 
ommended here are the safest to use. A bath can 
be prepared by mixing 1 part ammonium per- 
sulphate crystals with 2 parts clear water. A 
normal quantity of working solution for most 
amateur radio applications is composed of 1 cup 
of crystals and 2 cups of water. To this mixture 
add % teaspoon of mercuric chloride crystals. 
The latter serves as an activator for the bath. 
Ready-made etchant kits which use these chemi- 
cals are available from Vector. A two-bag kit 
is sold as item 2594 and costs just over $1. Com- 
plete kits which contain circuit boards, etchant 
powders, etch-resist transfers, layout paper, and 
plastic etchant bags are also available from Vec- 
tor at moderate prices. 

Another chemical bath that works satisfac- 
torily for copper etching is made up from one 
part ferric chloride crystals and 2 parts water. 
No activator is required with this bath. Ready- 
made solutions (one-pint and one-gallon sizes) 
are available through some mail-order houses at 
low cost. They are manufactured by Kepro Co. 
and carry a stock number of E-1PT and E-1G, 
respectively. One pint costs less than a dollar. 


523 


Etchant solutions become exhausted after a 
certain amount of copper has been processed, 
therefore it is wisé to keep a. quantity of the 
bath on hand if frequent use is anticipated. With 
either chemical bath, the working solution should 
be maintained at a temperature between 90 and 
115 degrees, F. A heat lamp can be directed 
toward the bath during the etching period, its 
distance set to maintain the required temperature. 
A darkroom thermometer is handy for monitor- - 
ing the temperature of the bath. 

While the circuit board is immersed in the 
solution, it should be agitated continuously to 
permit uniform reaction to the chemicals. This 
action will also speed up the etching process 
somewhat. Normally, the circuit board should be 
placed in the bath with the copper side facing 
down, toward the bottom of the tray. The tray 
should be non-metallic, preferably a Pyrex dish 
or a photographic darkroom tray. 

The photograph, Fig. 20-4, shows a home-made 
etching stand made up from a heat lamp, some 
lumber, and an 8-r.p.m. motor. An eccentric disk 
has been mounted on the motor shaft and butts 
against the bottom of the etchant tray. As the 
motor turns, the eccentric disk raises and lowers 
one end of the tray, thus providing continuous 
agitation of the solution. The heat lamp is 
mounted on an adjustable, slotted wooden arm. 
Its height above the solution tray is adjusted to 
provide the desired bath temperature. Because 
the etching process takes: between 15 minutes 
and one hour—dependent upon the strength and 
temperature of the bath—such an accessory is 
convenient. 

After the etching process is completed, the- 
board is removed from the tray and washed 
thoroughly with fresh, clear water. The etch- 
resist material can then be rubbed off by apply- 
ing a few brisk strokes with medium-grade steel 
wool, WARNING: Always use rubber gloves 
when working with etchant powders and solu- 
tions. Should the acid bath come in contact with 
the body, immediately wash the affected area with 
clear water. Protect the eyes when using these 
acid baths. 


COMPONENT VALUES 


Values of €omposition resistors and small 
capacitors (mica and ceramic) are specified 
throughout this Handbook in terms of “pre- 
ferred values.” In the preferred-number sys- 
tem, all values represent (approximately) a 
constant-percentage increase over the next 
lower value. The base of the system is the 
number 10. Only two significant figures are 
used. 

“Tolerance” means that a variation of plus 
or minus the percentage given is considered 
satisfactory. For example, the actual resist- 
ance of a “4700-ohm” 20-per-cent resistor can 
lie anywhere between 3700 and 5600 ohms, 
approximately. The permissible variation in 
the same resistance value with 5-per-cent tol- 
erance would be in the range from 4500 to 


' 4900 ohms, approximately. 
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TABLE 20-II 
Approximate Series-Resonance Frequencies of 
Disc Ceramic Bypass Capacitors 


Capacitance 


0.01 yf 
0.0047 
0.002 
0.001 
0.0005 
0.0001 


1 Total lead tenth of 1 inch 
4 Total lead lenth of % inch 


. first 
‘Signiticant figure 

~ Second 
significant figure 


Mica. capacitors- ioe 
(AWS paper rS~ 
¢ tilvet) 


., first . f 
Significant figure Decimal 
Second multiplier 
Significant figure 
Second 
. _ Flrst Significant figure. 
Significant figure ji 


/ 
significant figure 


a-First Significant figure 
BSecond significant figure 
c-Decimal multiplier 


Fixed ceramic capacitors 


Fig. 20-5—Color coding of fixed mica, molded paper 
and tubular ceramic capacitors. The color code for mica 
and molded paper capacitors is given in Table 20-11. 
Table 20-IV gives the color code for tubular 
ceramic capacitors. 


In the component specifications in this 
Handbook, it is to be understood that when 
no tolerance is specified the largest tolerance 
available in that value will be satisfactory. 

Values that do not fit into the preferred- 
number system (such as 500, 25,000, etc.) 
easily can be substituted. It is obvious, for 
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example, that a 5000-ohm resistor falls well 
within the tolerance range of the 4700-ohm 
20-per-cent resistor used in the example above. 
It would not, however, be usable if the toler- 
ance were specified as 5 per cent. 


COLOR CODES 


Standardized color codes are used to mark 
values on small components such as compo- 
sition resistors and mica capacitors, and to 
identify leads from transformers, etc. The 
resistor-capacitor number color code is given 
in Table 20-II. 


Fixed Capacitors 


The methods of marking “postage-stamp” 
mica capacitors, molded paper capacitors, and 
tubular ceramic capacitors are shown in Fig. 
20-5. : 

Capacitors made to American War Standards 
or Joint Army-Navy specifications are marked 
with the 6-dot code shown at the top. Practically 
all surplus capacitors are in this category. 

The 3-dot EIA code is used for capacitors hav- 
ing a rating of 500 volts and +20% tolerance 
only; other ratings and tolerances are covered 
by the 6-dot EIA code. 


Examples: A capacitor with a 6-dot code has 
the following markings: Top row, left to right, 
black, yellow, violet; bottom row, right to left, 
brown, silver, red. Since the first color in the 
top row is black (significant figure zero) this is 
the AWS code and the capacitor has mica di- 
electric, The significant figures are 4 and 7, the 
decimal multiplier 10 (brown, at right of sec- 
ond row), so the capacitance is 470 wuf. The 
tolerance is - 10%. The final color, the charac- 
teristic, deals with temperature coefficients and 
methods of testing (see Table 20-V on page 
$10). 

A capacitor with a 3-dot code has the follow- 
ing colors, left to right: brown, black, red. 
The significant figures are 1, 0 (10) and the 
multiplier is 100. The capacitance is therefore 
1000 uf. 

A capacitor with a 6-dot code has the follow- 
ing markings: Top row, left to right, brown, 
black, black; bottom row, right to left, black, 
gold, blue. Since the first color in the top row 
is neither black nor silver, this is the EIA 
code, The significant figures are 1, 0, 0 (100) 
and the decimal multiplier is 1 (black). The 
capacitance is therefore 100 wuf. The gold dot 
shows that the tolerance is + 5% and the blue 
dot indicates 600-volt rating. 


Ceramic Capacitors 


Conventional markings for ceramic capaci- 
tors are shown in the lower drawing of Fig. 
20-5. The colors have the meanings indicated 
in Table 20-III. In practice, dots may be used 
instead of the narrow bands indicated in Fig. 
20-5. 


Example: A ceramic capacitor has the fol- 
lowing markings: Broad band, violet; narrow 
bands or dots, green, brown, black, green. The 
significant figures are 5, 1 (51) and the decimal 
multiplier is 1, so the capacitance is 51 yf. 
The temperature coefficient is — 750 parts per 
million per degree C., as given by the broad 
band, and the capacitance tolerance is 15%. 


Color Codes 


TABLE 20-I11 
Resistor-Capacitor Color Code 


Significant Decimal Tolerance Voltage 
Figure Multiplier (%)  Rating* 


1 — 

10 100 

100 200 

1,000 300 
10,000 400 
100,000 500 
1,000,000 600 
10,000,000 700 
100,000,000 : 800 
1,000,000,000 900 
1000 

2000 

500 


Color 


Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
Gold 
Silver 
No color 


11 i CoOnnnswprnro 


* Applies to capacitors only. 


TABLE 20-IV > 
Color Code for Ceramic Capacitors 


Capacitance 
Tolerance 


More Less 
than than 
10 puf. 10 pnt. 
(in J) Cin wuf.) 


ct 20 2.0 
+1 


22 


Dec- 
imal 
Multi- 
plier 


Signt- 
ficant 
Figure 


Color 


Black 0 
Brown 1 
Red 2 
Orange 3 
Yellow 4 
Green 5 
Blue 6 
Violet - 7 
Gray 8 
White 9 


TABLE 20-V 
Capacitor Characteristic Code 


Temperature 
Coefficient 
b.p.m./deg. C. 


Capacitance 
Drift 


cé 1000 

cE 500 

+200 

+100 

—20 to +100 
0 to +70 


5% +1 une. 
+3% +1 up. 

+ 0.5% 

+ 0.3% 

+$0.1% +0.1 wpe. 
0.05% +0.1 wy. 


Fixed Composition Resistors 


Composition resistors (including small wire- 
wound units molded in cases identical with 
the composition type) are color-coded as 
shown in Fig. 20-6. Colored bands are used 
on resistors having axial leads; on radial-lead 
resistors the colors are placed as shown in 
the drawing. When bands are used for color 
coding the body color has no significance. 

Examples: A resistor of the type shown in 
the lower drawing of Fig. 20-6 has the follow- 
ing color bands: A, red; B, red; C, orange; 
D, no color. The significant figures are 2, 2 
(22) and the decimal multiplier is 1000, The 
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value of resistance is therefore 22,000 ohms 
and the tolerance is + 20%. 

A resistor of the type shown in the upper 
drawing has the following colors: body (A), 
blue; end (B), gray; dot, red; end (D), gold. 
The significant figures are 6, 8 (68) and the 
decimal multiplier is 100, so the resistance is 
6800 ohms. The tolerance is = 5%. 


ee 

Fig. 20-6—Color coding of fixed composition resistors. 

The color code is given in Table 20-III. The colored 

areas have the following significance: 

A—First significant figure of resistance in ohms. 

B—Second significant figure. 

C—Decimal multiplier. 

D—Resistance tolerance in per cent. If no color is shown 
the tolerance is +20%. 


1.F. Transformers 


Blue — plate lead. 

Red —“B” -+ lead. 

Green — grid (or diode) lead. 
Black — grid (or diode) return. 


Nore: If the secondary of the i.f.t. is center- 
tapped, the second diode plate lead is green- 
and-black striped, and black is used for the 
center-tap lead. 


A.F. Transformers Wh 


Blue — plate (finish) lead of primary. 

Red —“B” + lead (this applies whether the 
primary is plain or center-tapped). 

Brown — plate (start) lead on center-tapped 
primaries. (Blue may be used for this lead if 
polarity is not important.) 

Green — grid (finish) lead to secondary. 

Black — grid return (this applies whether the 
secondary is plain or center-tapped). 

Yellow —grid (start) lead on center-tapped 
secondaries. (Green may be used for this 
lead if polarity is not important.) 
Nore: These markings apply also to line-to- 

grid and tube-to-line transformers. 


Power Transformers 


1) Primary Leads w.ssccseesserseseeseenees Jesseretes Black 
If tapped: 
Common . 


2) High- Voltage Plate Winding... cscs Red 
« Center-Tap........ Red and Yellow Striped 

3) Rectifier Filament Winding... Yellow 
Center-Tap....... Yellow and Blue Striped 
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4) Filament Winding No, 1... 
Center-Tap......Green and Yellow S$ triped 
5) Filament Winding No. 2............Brown 
Center-Tap....Brown and Yellow Striped 
6) Filament Winding No. 3... seen late 
Center-Tap........Slate and Yellow Striped 


TABLE VI 


Color Code for Hookup Wire 
Wire 
Color Type of Circuit 


Black Grounds, grounded elements, and returns. 

Brown Heaters or filaments, off ground. 

Red. Power supply B plus. 

Crange Screen grids and Base 2 of transistors. 

Yellow Cathodes and transistor emitters. 

Green Control grids, diode plates, and Base i 
of transistors. ; 

Blue Plates and transistor collectors, 

Violet Power supply, minus leads. 

Gray A.c. power line leads. 

White Bias supply, B or C minus, a.g.c. 


Wires with tracers are coded in the same manner as 
selid-color wires, allowing additional circuit identi- 
fication over solid-color wiring. The body of the wire 
is white and the color band spirals around the wire 
lead. When more than one color band is used, the 
widest band represents the 1st color. 


Zolerance 


Mi! Spec. Ident. 
(silver) (silver) 


Ist Fig. Gray) Decimal 2nd. Fig 
(gold) 


(A) 8.2uh. 410% 


Mil Spec. ident. 


UB os Tolerance 


(gold) 


Ist Fig. Orange) 
(6ro 


(B) 330uh. 45% 


Fig. 20-7—Color coding for tubular encapsulated 

rf. chokes. At A, an example of the coding for. an 

8.2-uh. choke is given. At B, the color bands for a 
330-uh. inductor are illustrated. 
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Color Figure Multiplier Tolerance 
Black 
Brown 
Red 
Orange 
Yellow 
Green 
Blue 
Violet 
Gray 
White 
None 20% 
Silver 10% 
Gold 5% 


I 

10 
100 
1,000 


WONTAR wWNH HO 


Multiplier is the factor by which the two color figures 
are multiplied to obtain the inductance value of the 
choke coil. 
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TABLE 20-V1! 


Metric Multiplier Prefixes 
Multiples and submultiples of fundamental units 
(e.g., ampere, farad, gram, meter, watt) may be 


indicated by the following prefixes. 
prefix 


abbreviation multiplier 

1018 
10° 
106 
108 
102 
10-1 
10-2 
10-8 
10-6 
10-9 
10-18 


tera 
giga 
mega 
kilo 
hecto 
deci 
centi 
milli 
micro 
nano 
pico 
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PILOT-LAMP DATA 


Lamp. Bead Base Bulb RATING: | 
No. Color (Miniature) Type Volts Amp. 


T-3%4 6-8 0.15 
T-3%4 6-8 0.15 
T-3% 2.5 0.5 
T-3%4 3.2 “ 
T-3% 2.5 0.5 
T-3% 6-8 0.25 
T-3%4 3.2 bd 
T-3% 6-8 0.25 
T-3% 6-9 0.15 
T-3% 2.0 0.06 
T-3% 2.0 0.06 
T-3% 21 0.12 
G-3% 6-8 0.2 
G-3%4 6-8 0.2- 
G-3% 14.4 

G-4%4 6-8 0.4 
Screw T-3% 2.9 

Bayonet T-3%4 2.9 

Screw G-5 

Bayonet G-5 

T-3%4 

T-3% 

T-3%4 

T-3% 


Screw 
Bayonet 
Screw 
Screw 
Bayonet 


40 Brown 
Brown 
41 White 
42 Green 
43 White 
44 Blue Bayonet 
45 2 Bayonet 
Blue Screw 
471 Brown 
48 Pink 
498 Pink 
White 
50 White 
$1" White 
53 _ 
55 White 
2928 White 
292A5 White 
1455 Brown 
14554 Brown 
1487 _ 
1488 _ 
1813 _ 
1815 _ 


Bayonet 
Screw 

Bayonet 
Bayonet 
Screw 

Bayonet 
Bayonet 
Bayonet 


Screw 


Bayonet 
Bayonet 
Bayonet 


140A and 47 are interchangeable. 

8 Have frosted bulb, 

849 and 49A are interchangeable. 

Replace with No. 48. 

5 Use in 2.5-volt sets where regular bulb burns 
out too frequently. 

* White in G.E. and Sylvania; green in Na- 
tional Union, Raytheon and Tung-Sol. 

** 0.35 in G.E. and Sylvania; 0.5 in National 
Union, Raytheon and Tung-Sol: 
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Wire Table 
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Measurements 


It is practically impossible to operate an 
amateur station without making measure- 
ments at one time or another. Although quite 
crude measurements often will suffice, more 
refined equipment and methods will yield 
more and better information. With adequate 
information at hand it becomes possible to 
adjust a piece of equipment for optimum 
performance quickly and surely, and to de- 
sign circuits along established principles 
rather than depending on cut-and-try. 

Measuring and test equipment is valuable 
‘during construction, for testing components 
before installation. It is practically indispen- 
sable in the initial adjustment of radio gear, 
not only for establishing operating values but 
also for tracing possible errors in wiring. It 
is likewise needed for locating breakdowns 
and defective components in existing equip- 
ment. 

The basic measurements are those of cur- 
rent, voltage, and frequency. Determination 
of the values of circuit elements—resistance, 
inductance and capacitance — are almost 
equally important. The inspection of wave- 
form in audio-frequency circuits is highly 
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e 
useful. For these purposes there is available 
a wide assortment of instruments, both com- 
plete and in kit form; the latter, particularly, 
compare very favorably in cost with strictly 
home-built instruments and are frequently 
more satisfactory both in appearance and 
calibration. The home-built instruments 
described in this chapter are ones having fea- 
tures of particular usefulness in amateur ap- 
plications, and not ordinarily available com- 
mercially. 

In using any instrument it should always 
be kept in mind that the accuracy depends 
not only on the inherent accuracy of the in- 
strument itself (which, in the case of com- 
mercially built units is usually within a few 
per cent, and in any event should be speci- 
fied by the manufacturer) but also the condi- 
tions under which the measurement is made. 
Large errors can be introduced by failing to 
recognize the existence of conditions that 
affect the instrument readings. This is par- 
ticularly true in certain types of r.f. measure- 
ments, where stray effects are hard to eliminate, 
and in the measurement of dic. and a.c. voltages 
across extremely high-impedance circuits. 


VOLTAGE, CURRENT, AND RESISTANCE 


D.C. MEASUREMENTS 


A direct-current instrument — voltmeter, 
ammeter, milliammeter or microammeter — 
is a device using electromagnetic means to 
deflect a pointer over a calibrated scale in propor- 
tion to the current flowing. In the D’Arsonval 
type a coil of wire, to which the pointer is at- 
tached, is pivoted between the poles of a perma- 
nent magnet, and when current flows through 
the coil it causes a magnetic field that interacts 
with that of the magnet to cause the coil to turn. 
The design of the instrument is usually such as 
to make the pointer deflection directly propor- 
tional to the current. 

A less expensive type of instrument is the 
moving-vane type, in which a pivoted soft- 
iron vane is pulled into a coil of wire by the 
magnetic field set up when current flows 
through the coil. The farther the vane ex- 
tends into the coil the greater the magnetic 
pull on it, for a given change in current, so 
this type of instrument does not have “linear” 
deflection—the intervals of equal current are 
crowded together at the low-current end and 


spread out at the high-current end of the scale. 

The same basic instrument is used for 
measuring either current or voltage. Good- 
quality instruments are made with fairly high 
sensitivity -—- that is, they give full-scale 
pointer deflection with very small currents — 
when intended to be used as voltmeters. The 
sensitivity of instruments intended for meas- 
uring large currents can be lower, but a 
highly sensitive instrument can be, and fre- 
quently is, used for measurement of currents 
much greater than needed for full-scale de- 
flection. 

Panel-mounting instruments of the 
D’Arsonval type will give a smaller deflection 
when mounted on iron or steel panels than 
when mounted on nonmagnetic material. 
Readings may be as much as ten per cent low. 
Specially calibrated meters should be ob- 
tained for mounting on such panels. 


VOLTMETERS 


Only a fraction of a volt is required for 
full-scale deflection of a sensitive instrument 
(1 milliampere or less full scale) so for meas- 
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D.C. Measurements 


+ + 
MULTIPLIER 


SHUNT 


Fig. 21-1—How voltmeter multipliers and milliammeter 
shunts are connected to extend the range of a d.c. 
meter. 


uring voltage a high resistance is connected 
in series with it, Fig. 21-1. Knowing the cur- 
rent and the resistance, the voltage can easily 
be calculated from Ohm’s Law. The meter 
is calibrated in terms of the voltage drop 
across the series resistor or multiplier. Prac- 
tically: any desired full-scale voltage range 
can_be obtained by proper choice of multiplier 
resistance, and voltmeters frequently have 
several ranges selected by a switch. . 

The sensitivity of the voltmeter is usually 
expressed in “ohms per volt.” A sensitivity of 
1000 ohms per volt means that thé resistance 
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Fig. 21-2—Effect of voltmeter resistance on accuracy of 
readings. It is assumed that the d.c. resistance of the 
screen circuit is constant at 100 kilohms. The actual 
current and voltage without the voltmeter connected 
are 1 ma. and 100 volts. The voltmeter readings will 
differ because the different types of meters draw differ- 
ent amounts of current through the 150-kilohm resistor. 


of the voltmeter is 1000 times the full-scale 
voltage, and by Ohm’s Law the current re- 
quired for full-scale deflection is 1  milli- 
ampere. A sensitivity of 20,000 ohms per volt, 
another commonly used value, means that the 
instrument is a 50-microampere meter. The 
higher the resistance of the voltmeter the 
more accurate the measurements in  high- 
resistance circuits. This is because the current 
flowing through the voltmeter will cause a 
change in the voltage between the points 
across which the meter is connected, com- 
pared with the voltage with the meter ab- 
sent, as shown in Fig. 21-2. 


Multipliers 


The required multiplier resistance is found 
by dividing the desired full-scale voltage by 
the current, in amperes, required for full- 
scale deflection of the meter alone. Strictly, 
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the internal resistance of the meter should be 
subtracted from the value so found, but this 
is seldom necessary (except perhaps for very 
low ranges) because the meter resistance will 
be negligibly small compared with the multi- 
plier resistance. An exception is when the 
instrument is already provided with an in- 
ternal multiplier, in which case the multiplier 
resistance required to extend the range is 


R= Ra(n— 1) 


where R is the multiplier resistance, Rm is the 
total resistance of the instrument itself, and n 
is the factor by which the scale is to be multi- 
plied. For example, if a 1000-ohms-per-volt 
voltmeter having a calibrated range of 0-10 
volts is to be extended to 1000 volts, Rm is 
1000 X 10 = 10,000 ohms, n is 1000/10 = 100, 
and R = 10,000(100 — 1) = 990,000 ohms. 

If a milliammeter is to be used as a volt- 
meter, the value of series resistance can be 
found by Ohm’s Law: 

1000£ 
R baad ae ae 
where E is the desired full-scale voltage and I 
the full-scale reading of the instrument in 
milliamperes. 


Accuracy 


The accuracy of a voltmeter depends on the 
calibration accuracy of the instrument itself 
and the accuracy of the multiplier resistors. 
Good-quality instruments are generally rated 
for an accuracy within plus or minus 2 per 
cent. This is also the usual accuracy rating 
of the basic meter movement. 

When extending the tange of a voltmeter 
or converting a low-range milliammeter into 
a voltmeter the rated accuracy of the instrument 
is retained only when the multiplier resistance is 
precise. Precision wire-wound resistors are used 
in the multipliers of high-quality instruments. - 
These are relatively expensive, but the home con- 
structor can do quite well with 1% tolerance 
composition resistors. They should be “derated” 
when used for this purpose — that is, the actual 
power dissipated in the resistor should not be 
more than 4% to % the rated dissipation — 
and care should be used to avoid overheating 
the body of the resistor when soldering to the 
leads. These precautions will help prevent 
permanent change in the resistance of the 
unit. 

Ordinary composition resistors are gener- 
ally furnished in 10% or 5% tolerance ratings. 
If possible errors of this order can be ac- 
cepted, resistors of this type may be used as 
multipliers. They should be operated below 
the rated power dissipation figure, in the in- 
terests of long-time stability. 


MILLIAMMETERS AND AMMETERS. 


A microammeter or milliammeter can be 
used to measure currents larger than its full- 
scale reading by connecting a resistance 
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shunt across its terminals as shown in Fig. 
21-1. Part of the current flows through the 
shunt and part through the meter. Knowing 
the meter resistance and the shunt resistance, 
the relative currents can easily be calculated. 
The value of shunt resistance required for a 
given full-scale current range is given by 


where R is the shunt, Rm is the internal 
resistance of the meter, and n is the factor by 
which the original meter scale is to be multi- 
plied. The internal resistance of. a milliam- 
meter is preferably determined from the 
manufacturer’s catalog, but if this information 
is not available it can be measured by the 
method shown in Fig. 21-3. Do not attempt to 
use an ohmmeter to measure the internal 


Fig. 21-3—Determining the internal resistance of a 
milliammeter or microammeter. Ri is an adjustable resis- 
tor having a maximum value about twice that necessary 
for limiting the current to full scale with Rz discon- 
nected; adjust it for exactly full-scale reading. Then 
connect Re and adjust it for exactly half-scale reading. 
The resistance of Ra is then equal to the internal resist- 
ance of the meter, and the resistor may be removed 
from the circuit and measured separately. Internal re- 
sistances vary from a few ohms to several hundred 
ohms, depending on the sensitivity of the instrument. 


resistance of a milliammeter; the instrument 
may be ruined by doing so. 

Homemade milliammeter shunts can be 
constructed from any of the various special 
kinds of resistance wire, or from ordinary 
copper wire if no resistance wire is available. 
The Copper Wire Table in this Handbook 
gives the resistance per 1000 feet for various 
sizes of copper wire. After computing the 
resistance required, determine the smallest 
wire size that will carry the full-scale current 
(250 circular mils per ampere is a satisfactory 
figure for this purpose). Measure off enough wire 
to provide the required resistance. Accuracy can 
be checked by causing enough current to flow 
through the meter to make it, read full scale 
without the shunt; connecting the shunt should 
then give the correct reading on the new range. 


Current Measurement with a Voltmeter 


A current-measuring instrument should 
have very low resistance compared with the 
resistance of the circuit being measured; 
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Fig. '21-4—Voltmeter method of measuring current. This 

method permits using relatively large values of resist- 

ance in the shunt, standard values of fixed resistors fre- 

quently being usable, If the multiplier resistance is 20 

(or more) times the shunt resistance, the error in assum- 

ing that all the current flows through the shunt will not 
be of consequence in. most practical applications, 


otherwise, inserting the instrument will cause 
the current to differ from its value with the 
instrument out of the circuit. (This may not 
matter if the instrument is left permanently 
in the circuit.) However, the resistance of 
many circuits in radio,equipment is quite high 
and the circuit operation is affected little, if at 
all, by adding as much as‘a few hundred ohms 
in series. In such cases the voltmeter method 
of measuring .current, shown in Fig. 21-4, is 
frequently convenient. A voltmeter — or low- 
range milliammeter provided with a multi- 
plier and operating as a voltmeter — having 
a full-scale voltage range of a few volts, is 
used to measure the voltage drop across a 
comparatively high resistance acting as a 
shunt. The formula previously given is used 
for finding the proper value of shunt resist- 
ance for a given scale-miultiplying factor, Rm 
in this case being the multiplier resistance. 


D.C. Power 


Power in direct-current circuits is deter- 
mined by measuring the current and voltage. 
When these are known, the power is equal 
to the voltage in volts multiplied by the cur- 
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Fig. 21-5—Measuring resistance with a voltmeter and 
milliammeter. If the approximate resistance is known 
the voltage can be selected to cause the milliammeter, 
MA, to read about half scale. If not, additional resist- 
ance should be first connected in series with R to limit 
the current to a safe value for the milliammeter. The 
set-up then measures the total resistance, and the value 
of R can be found by subtracting the known additional 
resistance from the total. 


Ohmmeters 


rent in amperes. If the current is measured 
with a milliammeter, the reading of the in- 
strument must be divided by 1000 to convert 
it to amperes. 


RESISTANCE MEASUREMENTS 


Measurement of d.c. resistance is based on 
measuring the current through the resistance 
when a known voltage is applied, then using 
Ohm’s Law. A simple circuit is shown in Fig. 
21-5. The internal resistance of the ammeter or 
milliammeter, MA, should be low compared 
with the resistance, R, being measured, since 
the voltage read by the voltmeter, VY, is the 
voltage across MA and R in series. The in- 
struments and the d.c. voltage should be 
chosen so that the readings are in the upper 
half of the scale, if possible, since the percent- 
age error is less in this region. 

‘An ohmmeter is an instrument consisting 
fundamentally of a voltmeter (or milliam- 
meter, depending on the circuit used) and a 
small dry battery as a source of d.c. voltage, 
calibrated so the value of an unknown resist- 
ance can be read directly from, the scale. 
Typical ohmmeter circuits are shown in Fig. 
21-6. In the simplest type, shown in Fig.21-6A, 
the meter and battery are connected in series 
with the unknown resistance. If a given de- 
flection is obtained with terminals A-B 
shorted, inserting the resistance to be meas- 
ured will cause the meter reading to decrease. 
When the resistance of the voltmeter is 
known, the following formula can be applied: 


where R is the resistance under measurement, 
e is the voltage applied (A-B shorted), 
E is the voltmeter reading with R con- 
* nected, and 
Rn is the resistance of the voltmeter. 


The circuit of Fig. 21-6A is not suited to 
measuring low values of resistance (below a 
hundred ohms or so) with a high-resistance 
voltmeter. For such measurements the circuit 
of Fig. 21-6B can be used. The milliammeter 
should be a 0-1 ma. instrument, and R, should 
be equal to the battery voltage, e, multiplied 
by 1000. The unknown resistance is 


R= IhRm 
h-d; 
where R is the unknown, 
Rm is the internal resistance of the mil- 
liammeter, 
I, is the current in ma. with R discon- 
nected from terminals A-B, and 
I, is the current in ma. with R con- 
nected. 


The formula is approximate, but the error 
will be negligible if e is at least 3 volts so that 
Ry, is at least 3000 ohms. 

A third circuit for measuring resistance is 
shown in Fig. 21-6C. In this case a high- 
resistance voltmeter is used to measure the 
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Fig. 21-6—Ohmmeter circuits. Values are discussed in 
the text, 


voltage drop across a reference resistor, Ro, 
when the unknown resistor is connected so 
that current flows through it, Ry, and the bat- 
tery in series. By suitable choice of Ry (low 
values for low resistance, high values for 
high-resistance unknowns) this circuit will 
give equally good results on all resistance 
values in the range from one ohm to several 
megohms, provided that the voltmeter re- 
sistance, Rm, is always very high (50 times or 
more) compared with the resistance of Ry. A 
20,000-ohms-per-volt instrument (50-namp. 
movement) is generally used. Assuming that © 
the current through the voltmeter is negli- 
gible compared with the current through Rg, 
the formula for the unknown is 


where R and R, are as shown in Fig. 21-6C, 
e is the voltmeter reading with A-B 
shorted, and 
& is the voltmeter reading with R con- 
nected. 


The “zero adjuster,” Ry, is used to set the 
voltmeter reading exactly to full scale when 
the meter is calibrated in ohms. A 10,000-ohm 
variable resistor is suitable with a 20,000- 
ohms-per-volt meter. The battery.,voltage is 
usually 3 volts for ranges up to 100,000 ohms 
or so and 6 volts for higher ranges. 


A. C. Measurements 


Several types of instruments are available 
for measurement of low-frequency alternating 
currents and voltages. The better-grade panel 
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instruments for power-line frequencies are of 
the dynamometer type. This compares with 
the D’Arsonval movement wsed for doc. 
measurements, but instead of a permanent 
magnet the dynamometer movement has a 
field coil which, together with the moving 
coil, is connected to the a.c. source. Thus the 
moving coil is urged to turn in the same direc- 
tion on both halves of the a.c. cycle. 

Moving-vane type instruments, described 
earlier, also are used for a.c. measurements. 
This is possible because the pull exerted on 
the vane is in the same direction regardless 
of the direction of current through the coil. 
The calibration of a moving-vane instrument 
on a.c. will, in general, differ from its d.c. 
calibration. 


© AC. VOLTAGE 


Fig. 21-7—Rectifier-type a.c. voltmeter circuit, with 
“linearizing’” resistor and digde for back-current cor- 
rection, 


For measurements in the audio-frequency 
range, and in applications where high imped- 
ance is required, the rectifier-type a.c. instru- 
ment is generally used. This is essentially a 
sensitive d.c. meter, of the type previously 
described, provided with a rectifier for con- 
verting the a.c. to d.c. A typical rectifier-type 
voltmeter circuit is shown in Fig. 21-7. The 
half-wave meter rectifier, CR,, is frequently 
of the copper-oxide type, but crystal diodes 
can be used. Such a rectifier is not “perfect” 


Fig. 21-8—Vacuum-tube voltmeter 
circuit, 


Ci, Ce—0.002- to 0.005-uF. mica, 

Cz—-0.01 “f., 1000 to 2000 volts, VAG 
paper or mica. 

Ci—16 uf. electrolytic, 150 volts. 

CRi—400 p.i.v. rectifier. 

Ri—1 megohm, 1 watt. 

Rs to Rs, inc.—To give desired voltage ranges, totaling 
10 megohms. 

Re, Rr—2 to 3 megohms. 

Rs—10,000-ohm variable. 

Ro, Rio—2000 to 3000 ohms. 

Ri:—5000- to 10,000-ohm control. 

Riz—10,000 to 50,000 ohms. 

Ris, Ru—App. 25,000 ohms. A 50,000-chm slider-type 
wire-wound can be used. : 
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— that is, the application of a voltage of re- 
versed polarity will result in a small current 
flow—and so CR, is used for eliminating the 
effect of reverse current in the meter circuit. 
It does this by. providing a low-resistance 
path across CR, and the meter during the a.c. 
alternations when CR, is not conducting. 
Resistor R, shunted across M, is used for 
improving the linearity of the circuit. The 
effective resistance of the rectifier decreases 
with increasing current, leading to a calibra- 
tion scale with nonuniform divisions. This is 
overcome to a considerable extent by “bleed- 
ing” several times as much current through 
Ry as flows through M, so the rectifier is al- 
ways carrying a fairly large current. 
Because of these expedients and the fact 
that with half-wave rectification the average 
current is only 0.45 times the r.m.s. value of 
a sine wave producing it, the impedance of a 
rectifier-type voltmeter is rather low com- 
pared with the resistance of a d.c. voltmeter 
using the same meter. Values of 1000 ohms 
per volt are representative, when the d.c. in- 
strument is a 0-200 microammeter. : 
The d.c. instrument responds to the aver- 
age value of the rectified alternating current. 
This average current will vary with the shape 
of the a.c. wave applied to the rectifier, and 
so the meter reading will not be the same for 
different wave forms having the same maxi- 
mum values or the same r.m.s. values. Hence 
a “wave-form error” is always present unless 
the a.c. wave is very closely sinusoidal. The 
actual calibration of the instrument usually 
is in terms of the r.m.s. value of a sine wave. 
Modern rectifier-type a.c. voltmeters are 
capable of good accuracy, within the wave- 
form limitations mentioned above, through- 
out the audio-frequency range. 


Ris—10 megohms. 

Rie—3 megohms. 

Riz—10-megohm variable. 

T:—130-volt 15-ma. transformer (only secondary shown). 
M—0-200 amp. to 0-1 ma. range. 

V.—Dual triode, 12AU7. 

V.—Dual diode, 6AL5. 


V.t.v.m. 


COMBINATION INSTRUMENTS— 
THE V.O.M. 


Since the same basic instrument is used for 
measuring current, voltage and resistance, the 
three functions can readily be combined in 
one unit using a single meter. Various models 
of the “v.o.m.” (volt-ohm-milliammeter) are 
available commercially, both completely as- 
sembled and in kit form. The less expensive 
ones use a 0-1 milliammeter as. the basic in- 
strument, providing voltmeter ranges at 1000 
ohms per volt. The more elaborate meters of 
this type use a microammeter—0-50 micro- 
amperes, frequently—with voltmeter resist- 
ances of 20,000 ohms per volt. With the more 
sensitive instruments it is possible to make 
resistance measurements in the megohms 
range. A.c. voltmeter scales also are fre- 
quently included. 

The v.o.m., even a very simple one, is among 
the most useful instruments for the amateur. 
Besides current and voltage measurements, it 
can be used for checking continuity in cir- 
cuits, for finding defective components be- 
fore installation — shorted capacitors, open 
or otherwise defective resistors, etc. — shorts 
or opens in wiring, and many other checks 
that, if applied during the construction of a 
piece of equipment, save much time and 
trouble. It is equally useful for servicing, 
when a component fails during operation. 


THE VACUUM-TUBE VOLTMETER 


The usefulness of the vacuum-tube volt- 
meter (v.t.v.m.) is based on the fact that a 
vacuum tube can amplify without taking 
power from the source of voltage applied to 
its grid. It is therefore possible to have a 
voltmeter of extremely high resistance, and 
thus take negligible current from the circuit 
under measurement, without using a dic. in- 
strument of exceptional sensitivity. 

The v.t.v.m. has the disadvantage that it 
requires a source of power for its operation, 
as compared with a regular d.c. instrument. 
Also, it is susceptible to r.f. pick-up when 
working around an operating-transmitter, un- 
less well shielded and filtered. The fact that 
one of its terminals is grounded is also disad- 
vantageous in some cases, since a.c. readings 
in particular may be inaccurate if an attempt 
is made to measure a circuit having both 
sides “hot” with respect to ground. Never- 
theless, the high resistance of the v.t.v.m. 
more than compensates for these disadvan- 
tages, especially since in the majority of 
measurements they do not apply. 

While there are several possible circuits, 
the one commonly used is shown in Fig. 21-8. 
A dual triode, Vy, is arranged so that, with 
no voltage applied to the left-hand grid, equal 
currents flow through both sections. Under 
this condition the two cathodes are at the 
same potential and no current flows through 
M, The currents can be adjusted to balance 
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by potentiometer R,,, which takes care of 
variations in the tube sections and in the 
values of cathode resistors Ry and R49. When 
a positive d.c. voltage is applied to the left- 
hand grid the current through that tube sec- 
tion increases, so the current balance is upset 
and the meter indicates. The sensitivity of the 
meter is regulated by Rg, which serves to ad- 
just the calibration. R,., common to the cath- 
odes of both tube sections, is a feed back re- 
sistor that stabilizes the system and makes 
the readings linear. Rg and C, form a filter for 
any a.c. component that may be present, and 
Rg is balanced by R, connected to the grid of 
the second tube section. 

To stay well within the linear range of op- 
eration the scale is limited to 3 volts or less 
in the average commercial instrument. Higher 
ranges are obtained by means of the voltage 
divider formed by R, to Rg, inclusive. As many 
ranges as desired can be used. Common prac- 
tice is to use 1 megohm at R,, and to make 
the sum of Ry to R,, inclusive, 10 megohms, 
thus giving a total resistance of 11 megohms, 
constant for all voltage ranges. R, should be 
at the probe end of the d.c. lead to minimize 
capacitive loading effects when measuring 
d.c. voltages in r.f. circuits. 

Values to be used in the circuit depend con- 
siderably on the supply voltage and the sensi- 
tivity of the meter, M. Ry, and Ry .—R,,4, should 
be adjusted by trial so that the voltmeter cir- 
cuit can be brought to balance, and to give 
full-scale deflection on M with about 3 volts 
applied to the left-hand grid. The meter con- 
nections can be reversed to read voltages that 
are negative with respect to ground. 


A.C, Voltage 


For measuring a.c. voltages up to 4 Mc., the 
rectifier circuit in the lower left of Fig. 21-8 
is used. One diode of V is a half-wave recti- | 
fier and the other acts as a balancing device, 
adjustable by Ry, against contact potential 
effects that would cause a residual d.c. voltage 
to appear at the v.t.v.m. grid. 

The rectifier output voltage is proportional 
to the peak amplitude of the a.c. wave, rather 
than to the average or r.m.s. values. Since the 
positive and negative peaks of a complex 
wave may not have equal amplitudes, a dif- 
ferent reading may be obtained on such wave 
forms when the voltmeter probe terminals are 
reversed. This “turnover” effect is inherent in 
any peak-indicating device, but is not neces- 
sarily a disadvantage. The fact that the read- 
ings are not the same when the voltmeter 
connections are reversed is an indication that 
the wave form under measurement is unsym- 
metrical. In some measurements, as in audio 
amplifiers, a peak measurement is more useful 
than an r.m.s. or average-value measurement 
because amplifier capabilities are based on the, 
peak amplitudes. 

The scale calibration usually is based on the 
r.m.s. value of a sine wave, Rg being set so 
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that the same scale can be used either for a.c. 
or d.c. The r.m.s. reading can easily be con- 
verted to a peak reading by multiplying by 
1.41. 


INSTRUMENT CALIBRATION 


When extending the range of a d.c. instru- 
ment, calibration usually is necessary —al- 
though resistors for voltmeter multipliers 
often can be purchased to close-enough tol- 
erances so that the new range will be ac- 
curately known. However, in calibrating an 
instrument such as a v.t.v.m. a known voltage 
must be available to provide a starting point. 
Fresh dry cells have an open-circuit terminal 
voltage of approximately 1.6 volts, and one or 
more of them may ‘be connected in series to 
provide several calibration points on the low 
range. Gas regulator tubes in a power supply, 
such as the 0C3, 0D3, etc. also provide a 
stable source of voltage whose value is known 
within a few per cent. Once a few such points 

_are determined the voltmeter ranges may be 
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ABSORPTION FREQUENCY METERS 


The simplest possible frequency-measuring 
device is a resonant circuit, tunable over the 
desired frequency range and having its tuning 
dial calibrated in terms of frequency. It op- 
erates by extraeting a small amount of energy 
from the oscillating circuit to be measured, 
the frequency being determined by the tuning 
setting at which the energy absorption is 
maximum (Fig. 21-9). 

Such an instrument is not capable of very 


Fig. 21-9—Absorption frequency meter and a typical 
application. The meter consists simply of a calibrated 
resonant circuit LC. When coupled to an amplifier or 
oscillator the tube plate current will rise when the fre- 
quency meter is tuned to resonance. A flashlight lamp 
may be connected in series at X to give a visual indica- 
tion, but it decreases the selectivity of the instrument 
and makes it necessary to use rather close coupling to 
the circuit being measured. 


high accuracy, because the Q of the tuned cir- 
cuit cannot be high enough to avoid uncer- 
tainty as to the exact dial setting and because 
any two coupled circuits interact to some ex- 
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extended readily by adding multipliers or a 
voltage divider as appropriate. 

Shunts for a milliammeter may be adjusted 
by first using the meter alone in series with a 
source of voltage and a resistor selected to 
limit the current to full scale. For example, a 
0-1 milliammeter may be connected in series 
with a dry cell and a 2000-ohm variable re- 
sistor, the latter being adjusted to allow ex- 
actly 1 milliampere to flow. Then the shunt 
is added across the meter and its resistance 
adjusted to reduce the meter reading by ex- 
actly the scale factor, n. If m is 5, the shunt 
would be adjusted to make the meter read 0.2 
milliampere, so the full-scale current will be 
5 ma. Using the new scale, the second shunt 
is added to give the next range, the same pro- 
cedure being followed. This can be carried 
on for several ranges, but it is advisable to 
check the meter on the highest range against 
a separate meter used as a standard, since 
the errors in this process tend to be cumu- 
lative. 


OF FREQUENCY 


tent and change each others’ tuning. Never- 
theless, the absorption frequency meter or 
“wavemeter” is a highly useful instrument. 
It is compact, inexpensive, and requires no 
power supply. There is no ambiguity in its 
indications, as is frequently the case with the 
heterodyne-type instruments. 

When an absorption meter is used for 
checking a transmitter, the plate current 
of the tube connected to the circuit being 
checked can provide the necessary resonance 
indication. When the frequency meter is 
loosely coupled to the tank circuit the plate 
current will give a slight upward flicker as 
the meter is tuned through resonance. The 
accuracy is greatest when the loosest possible 
coupling is used. 

A receiver oscillator may be checked by 
tuning in a steady signal and heterodyning it 
to give a beat note as in ordinary c.w. recep- 
tion. When the frequency meter is coupled to 
the oscillator coil and tuned through reson- 
ance the beat note will change. Again, the 
coupling should be made loose enough so that 
a just-perceptible change in beat note is 
observed. 

An approximate calibration for the meter, 
adequate for most purposes, may be obtained 
by comparison with a calibrated receiver. The 
usual receiver dial calibration is sufficiently 
accurate. A simple oscillator circuit covering 
the same range as the frequency meter will 
be useful in calibration. Set the receiver to a 
given frequency, tune the oscillator to zero 
beat at the same frequency, and adjust the fre- 
quency meter to resonance with the oscillator 
as described above. This gives one calibration 
point. When a sufficient number of such 
points has been obtained a graph may be 


Frequency Meters 


drawn to show frequency vs. dial settings on 
the frequency meter. 


INDICATING FREQUENCY METERS 


The plain absorption meter requires fairly 
close coupling to the oscillating circuit in 
order to affect the plate current of a tube suf- 
ficiently to give a visual indication. However, 
by adding a rectifier and d.c. microammeter 
or milliammeter, the sensitivity of the instru- 
ment can be increased to the point where very 
loose coupling will suffice for a good reading. 
A typical circuit for this purpose is given in 
Fig. 21-10. : 


Fig. 21-10—Circvit of typical wavemeter with built-in 
indicator. The circuit responds to the frequency for 
which iC: is resonant; a small amount of energy is 
coupled to Lz, rectified by CR: and indicated by the 
meter. By plugging in a pair of headphones at Ji, any 
modulation on the signal will be heard. 
Ls—1 to 2 turns or 10 percent of L1, whichever is greater, 
Wound adjacent to or over grounded end of Li. 
MA~Microammeter or 0-1 milliammeter. 


The rectifier, a crystal diode, is coupled to 
the tuned circuit L,C, through a coupling coil, 
L,, having a relatively small number of turns. 
The step-down transformer action from L, to 
L, provides for efficient energy transfer from 
the high-impedance tuned circuit to the low- 
impedance rectifier circuit. The number of 
turns on L, can be adjusted for maximum 
reading on the d.c. milliammeter; when doing 
this, use a fixed value of coupling between L, 
and the source of energy. The proper number 
of turns for this purpose will depend on the 
sensitivity of M,. Less than optimum coupling is 
preferable, in most cases, since heavy loading 
lowers the Q of the tuned circuit L,C, and 
makes it less selective. The coupling is re- 
duced by reducing the number of turns on Lo. 

The meter can be used with a pick-up loop 
and coaxial line connected to J, Energy 
picked up by the loop is fed through the cable 
to Ly and thence. coupled to L,C,. This is a 
convenient method of coupling to circuits 
where it would be physically difficult to se- 
cure inductive coupling to L,. The pick-up 
cable should not be self-resonant, as a trans- 
mission-line section, at any frequency within 
the range in which it is to be used. A 5-foot 
length of RG-58/U is useful up to about 30 Mc.; 
a one-foot length is good to about 200 Mc. 

By plugging a headset into the output jack, J 2 
(phones having 2000 ohms or greater resist- 
ance should be used for greatest sensitivity) 
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the frequency meter can be used as a monitor 
for modulated transmissions. 


Sensitive Wavemeter 


If a v.t.v.m, is available, its sensitivity can be 
used to provide good resonance indications in a 
wavemeter when very low power levels are in- 
volved. At normal power levels very loose coup- 
ling will suffice for a good reading. A typical 
circuit for this purpose is given in Fig. 21-1], 
and Fig. 21-12 shows most of the details of con- 
struction. By using manufactured stock B & W 
“Miniductor”) for the.coils, it is possible to dupli- 
cate the wavemeter fairly closely and thus use 
the same calibration. Starting with a few known 
points, the calibration can be completed as har- 
monics of an oscillator are identified. 

The tuning capacitor, C,, is mounted in a hole 
in the center of one end of the Minibox cover, 
When the capacitor is installed, a small pointer 
of wire or scrap aluminum should be put under 
the mounting nut and adjusted to come just above 
the edge of the tuning knob (Johnson 116-222-1). 
The knob should read “0” at minimum capaci- 
tance. A two-terminal screw-type strip (screws 
spaced 1% inch) is mounted at the center of the 
opposite end of the Minibox cover, raised above 
the cover by the thickness of a 4-40 nut. The two 
terminal lugs pass through 5/16-inch clearance 
holes; one is grounded to a soldering lug held by 
one of the 4-40 screws that secure the strip, and 
the other is connected to the stator of C, by a 
piece of wire (No. 24) unwound from the coil 
stock. One end of the 1N34A diode is soldered 
to the appropriate-terminal lug and the other is 
soldered to an insulated tie point located near the 
insulated terminal for the v.t.v.m., which is 
mounted near the center of the large wall of the 
Minibox cover. 

The “plugs” for the coils (except the highest- 
frequency range) are made from three-terminal 
tie points. By trimming two adjacent terminals, | 
as shown in Fig. 21-12, it will be found that the 
“plug” will just slip under the two screws of the 
strip used as a socket. One altered terminal fits 
under one screw, and the other two terminals 
“straddle” the other screw. The coil ends are 
soldered to the two active terminals and, in the 
case of the larger coils, the coils are cemented to 
the strip with Duco cement for additional sup- 
port. The “hairpin” coil made from the paper 
clip has its ends bent past the active portion at 
an angle of about 80 degrees, as can be seen in 
Fig. 21-12. 


IN34A 


Fig. 21-11—Circuit diagram of the simple wavemeter. 

Ci~100-uuf, variable (Hammarlund MC-100-M). 

Li—Made from T-inch diameter, No. 24 wire, 32 t.p.i. 
coil stock (B&W 3016). See coil table. 
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When using the wavemeter, connect the 
y.t.v.m. to the two terminals and set the v.t.v.m. 
to its lowest voltage range. Normally it will be 
necessary only to couple the wavemeter coil very 
loosely to the circuit under test, if it is a trans- 
mitter circuit ; the wavemeter has sufficient sensi- 
tivity to measure the rf. in a receiver oscillator 
circuit. 

With reasonable care, the frequency limits for 
the various coils will fall within 5 per cent of 
those given in the coil table. With this as a 
starting point, it is a simple matter to find ad- 
ditional (and accurate) calibration points from 
receiver oscillators and crystal oscillators and 
their harmonics. 


THE SECONDARY FREQUENCY 
STANDARD 

The secondary frequency standard is a 
highly stable low-power oscillator generating a 
fixed frequency, usually 100 kc. It is nearly al- 
ways crystal-controlled, and inexpensive 100-kc. 
crystals are available for the purpose. Since the 
harmonics are multiples of 100 ke. throughout the 
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Fig. 21-12—This simple wavemeter is useful for check- 
ing the frequency of a transmitter, to insure that it is 
properly tuned in an amateur band. It also serves to 
identify the correct harmonic when frequency-multiply- 
ing in a transmitter or crystal-controlled converter. 

Housed in a 4X24%4X2\4-inch “Minibox” (Bud CU- 
3003A), the wavemeter has a range of 2.5 to 160 Mc. 
through the use of five coils. The coils “plug” into a 
2-contact screw-type terminal strip; the “coil” shown 
in place covers 50 to 160 Mc. and is made from a paper 
clip. The other coils (two shown) use 3-terminal in- 
sulated mounting strips for plugs and coil supports. 

The v.t.v.m. indicator connects to the terminals on 
the back wall: one is the screw holding the tie point, 
and the other is an insulated terminal (Johnson 105-602 
nylon tip jack). 


spectrum, some of them can be compared directly 
with the standard frequencies transmitted by 
WwWy. 

The edges of most amateur bands also are 
exact multiples of 100 kc., so it becomes pos- 
sible to determine the band edges very ac- 
curately. This is an important consideration 
in amateur frequency measurement, since the 
only regulatory requirement is that an ama- 
teur transmission be inside the assigned band, 
not on a specific frequency. 


WAVEMETER COIL TABLE 


Ama- 
Coil Range teur 
(turns) + (Mc.) Band 


64 2.35-6.1 80 
21 4,9-13.0 40 


6 12,5-33.0 


2 28.5 -81.0 6 
Hairpin 49-160 2 


1 B&W 3016 coil stock plus lead length. 

20—-100 for 180-degree rotation, 100 = mini- 
mum capacitance. 

8 Made from paper clip, Active loop is 4g¢ inch 
wide, 3% inch long. 


100-KC. apob tebe STANDARD 


The frequency standard shown in Figs. 21-13 
and 21-14 combines the features of compactness 
and battery-powered operation to provide the 
builder with a simple, yet stable calibrator. Using 
a 2N2925 “economy” type transistor, the solid- 
state oscillator provides useful calibration sig- 
nals at 100-kc. intervals up to approximately 60 
Mc. 

The standard shown is built on an etched-cir- 
cuit board and is mounted on a 31%4 x 2% X 1%- 


Fig. 21-13—Circuit of the 100-Kc. frequency standard. 
Resistances are in ohms. Resistors are 2 watt. K-1000. 
BTi—9-volt transistor radio battery. 

C,—50 pf. (Centralab type 827 or Elmenco type 404). 
Ji—Phono jack. 

Qi—For text reference. 


Osc, 


2N2925 12opt Jt 


RFC,—10-Mh. choke (Miller 6306). 
Si—S.p.s.t. slide: switch. 
Y:—100-ke, crystal (International Type F-13). 


OUTPUT 


100-Kc. Frequency Standard 


tite ones naan 


Fig. 21-14—-A 100-Ke. frequency standard. Q, is 
mounted in the center of the circuit board with C; to 
its left. RFC: and J are to the right of Quy. 


inch Minibox. Conventional wiring techniques, 
using a logical parts placement, may be used if 
desired, S, is mounted on the Minibox front 
lip. It controls the power to the unit, which is 
supplied by a single 9-volt battery, mounted in 
the Minibox cover. A homemade U-type bracket 
holds the battery in place. 

Connection between the calibrator and the re- 
ceiver is made by joining J, and the receiver 
antenna terminal, using a short length of coaxial 
cable. The frequency of the standard should be 
set for zero beat with WWV by adjusting Cy. 
The station receiver can be used for this purpose 
if it tunes to the frequency of WWV. 


Adjusting to Frequency 


The. frequency can be adjusted exactly to 
100 ke. by making use of the WWV trans- 
missions tabulated later in this chapter. Select 
the WWYVV frequency that gives a good signal 
at your location at the time of day most con- 
venient. Tune it in with the receiver b.f.o. off 
and wait for the period during which the 
modulation is absent. Then switch on the 100- 
ke. oscillator and adjust its frequency, by 
means of C, until its harmonic is in zero beat 
with WWV. The exact setting is easily found 
by observing the slow pulsation in back- 
ground noise as the harmonic comes close to 
zero beat, and adjusting to where the pulsa- 
tion disappears or occurs at a very slow rate. 
The pulsation can be observed even more 
readily by switching on the receiver’s b.f.o., 
after approximate zero beat has been secured, 
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and observing the rise and fall in intensity 
(not frequency) of the beat tone. For best 
results the WWYV signal and the signal from 
the 100-kc. oscillator should be about the 
same strength. It is advisable not to try to 
set the 100-kc. oscillator during the periods 
when the WWYV signal is tone-modulated, 
since it is difficult to tell whether the har-~ 
monic is being adjusted to zero beat with the 
carrier or with a sideband. 


Using the Standard 


Basically, the 100-kc. standard provides a 
means for indicating the exact receiver dial 
settings at which frequencies that are multiples 
of 100 kc. are to be found. The harmonics of 
the standard can thus be used to check the 
dial calibration of a receiver, and many of 
the better-grade communications receivers 
either include a 100-kc. oscillator for this 
purpose or have provision for installing one 
as an accessory. The actual frequency of at 
least one 100-kc. point in a given amateur 
band must be known, of course, but this is 
generally an easy matter since the activity in 
amateur bands usually makes identification of 
the band-edge “marker signal” quite simple. 
After one frequency is known, the consecu- 
tive 100-kc. harmonic signals are simply 
counted off from it. 

Although the 100-kc. standard does not 
make possible the exact measurement of a 
frequency, it is readily possible to determine 
whether or not the signal is in a particular 
100-kc. segment. If the unknown signal tunes 
in between, say, 21,200 and 21,300 kc., as indi- 
cated by the markqr signals in the receiver, 
its frequency obviously lies between those 
two figures. For purposes of complying with 
the amateur regulations it is usually sufficient 
to know that the signal is above, or below, 
some specified 100-kc. point, since the edges 
of the amateur bands or sub-bands usually © 
are at such points. If a closer measurement 
is desired a fairly good estimate usually can 
be made by counting the number of dial divi- 
sions between two 100-kc. points and dividing 
the number into 100 to find how many kilo- 
cycles there are per dial division. 

In using the receiver to check one’s own 
transmitting frequency it is necessary to take 
special precautions to reduce the strength of 
the signal from the transmitter to the point 
where it does not overload the receiver nor 
create spurious responses that could be taken 
for the actual signal. This invariably means 
that the receiving antenna must be discon- 
nected from the receiver, and it may be neces- 
sary, in addition, to short-circuit the receiver’s 
antenna input terminals. Try to reduce stray 
pickup to such an extent that the transmit- 
ter’s signal is no stronger than normal in- 
coming signals at the regular gain-control 
settings. With some receivers this may re- 
quire additional shielding around the signal- 
frequency circuits, and perhaps filtering of the 
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MEASUREMENTS 


STANDARD FREQUENCIES AND TIME SIGNALS 


* ANNOUNCMENT 
INTERVALS AS 
AT RIGHT 


The National Bureau of Standards main- 
tains two radio transmitting stations, WWV 
at Fort Collins, Colo. and WWVH at Puu- 
nene, Hawaii, for broadcasting standard radio 
frequencies of high accuracy. WWV broad- 
casts are on 2.5, 5, 10, 15, 20 and 25 Mc., and 
those from WWVH are on 5, 10, and 15 Mc. 
The r.f signals are modulated by pulses at 
1 c.p.s., and also by standard audio frequencies 
alternating between 440 and 600 c.p.s. 

Transmissions are continuous, with the 


following exceptions: The WWYV trans- 
missions are interrupted for a 4-minute 
period beginning at approximately 45 min- 
utes after the hour, as indicated above; the 
WWVH transmissions are interrupted for 
a 4-minute period beginning 15 minutes after 
the hour. 


Time Signals 


The 1-c.p.s. modulation is a 5-millisecond pulse at 
intervals of precisely one second, and is heard as 
a tick. The pulse transmitted by WWV consists 
of 5 cycles of 1000-cycle tone; that transmitted by 
WWVH consists of 6 cycles of 1200-cycle tone. On 
the WWYV transmissions, the 440- or 600-cycle tone 
is blanked out beginning 10 milliseconds before and 
ending 25 milliseconds after the pulse. On the 
WWVH transmissions, the pulse is superimposed 
on the tone. The pulse on the 59th second is omitted, 
and for additional identification the zero-second pulse 
is followed by another 100 milliseconds later. On 
WWYV during the minutes identified by coarse cross- 
hatching (above) a high-speed pulse code is trans- 
mitted, giving the time of day and the accuracy of 
the time. It sounds like an erratic “buzz.” 


Propagation Notices 


Following the announcement intervals every 5 min- 
utes, propagation notices applying to transmission 
paths over the North Atlantic are transmitted from 
WWYV on 2.5, 5, 10, 15, 20, and 25 Mc. Similar 
forecasts for the North Pacific are transmitted from 
WWVH. 


ONE-MINUTE 
ANNOUNCEMENT 
INTERVALS 


4 


"Sugainn o* 


? 


WWVB and WWVL at Fort’ Collins, 
Colorado, transmit standard frequency sig- 
nals at 60~and 20 kc., respectively. 

Transmitted frequencies from WWV are 
accurate to 5 parts in 1011. Frequencies are 
based on an atomic standard, and daily correc- 
tions to the transmitted frequencies are 
subsequently published each month in the 
Proceedings of the IEEE. 

Complete information on the services can 
be found in Miscellaneous Publication 236, 
“Standard Frequencies and Time Services”, 
for sale for 15 cents by the Superintendent 
of Documents, U. S. Government Printing 
Office, Washington, D.C. 20402. _ 


These notices, in telegraphic code, consist of a letter 
and a number. The letter applies to the transmission- 
path conditions at the time of the broadcast: N for 
normal, U for unsettled, and W for disturbed. The 
number is the forcast for the next six hours and is 
defined as follows: 


6—fair-to-good 
7—good 
8—very good 
9—excellent 


1—useless 5—fair 
2—-very poor 

3—poor 

4— poor-to-fair 


If, for example, conditions are normal when the 
forecast is issued but are expected to become ‘‘poor-to- 
fair” during the next six hours, the forecast would be 
broadcast as N4. 


CHU 


CHU, the Canadian time-signal station, transmits 
on 3330.0, 7335.0 and 14,670.0 kc. Voice announcement 
of the minute is made each minute; the 29th second 
time tick is omitted. Voice announcements are made 
in English and French. Se 


Grid-Dip Meter 


a.c. and speaker leads where they leave the 
chassis, to prevent energy picked up on these 
leads from getting into the front end of the 
receiver. 


More.Precise Methods 


The methods described above are quite 
adequate for the primary purpose of amateur 
frequency measurements—that is, determin- 
ing whether or not a transmitter is operating 
inside the limits of an amateur band, and the 
approximate frequency inside the band. For 
measurement of an unknown frequency to a 
high degree of accuracy more advanced meth- 
ods can be used. Accurate signals at closer 
intervals can be obtained by using a multi- 
vibrator in conjunction with the 100-kc. 
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standard, and thus obtaining signals at inter- 
vals of, say, 10 kc. or some other integral 
divisor of 100. Temperature control is fre- 
quently used on the 100-kc. oscillator to give 
a high order of stability (Collier, “What Price 
Precision?”, OST, September and October, 
1952). Also, the secondary standard can be 
used in conjunction with a variable-frequency 
interpolation oscillator to fill in the standard 
intervals (Woodward, “A Linear Beat-Fre- 
quency Oscillator for Frequency Measure- 
ment,” QST, May, 1951). An interpolation 
oscillator and standard can be combined in 
one instrument to give signals throughout the 
spectrum. One application of this type was de- 
scribed in QST for May, 1949 (Grammer, “The. 
Additive Frequency Meter”). 


: TEST OSCILLATORS AND SIGNAL GENERATORS 


THE GRID-DIP METER 


The grid-dip meter is a simple vacuum-tube 
oscillator to which a microammeter or low- 
range milliammeter has been added for reading 
the oscillator grid current. A 0-1 milliammeter 
is sensitive enough in most cases. The grid-dip 
meter is so called because if the oscillator is 
coupled to a tuned circuit the grid current will 
show a decrease or “dip” when the oscillator is 
tuned through resonance with the unknown cir- 
cuit. The reason for this is that the external 
circuit will absorb energy from the oscillator 
when both are tuned to the same frequency; the 
loss of energy from the oscillator circuit causes 
the feed-back to decrease and this in turn is 
accompanied by a decrease in grid current. The 
dip in grid current is quite sharp when the cir- 
cuit to which the oscillator is coupled has 
reasonably high Q. 

The grid-dip meter is most useful when it 
covers a wide frequency range and is compactly 
constructed so that it can be coupled to circuits 
in hard-to-reach places such as in a transmitter 
or receiver chassis, It can thus be used to check 
tuning ranges and to find unwanted resonances 
of the type described in the chapter on TVI. 
Since it is its own source of r.f. energy it does 
not require the circuit being checked to be en- 
ergized. In addition to resonance checks, the 
grid-dip meter also can be used as a signal 
source for receiver alignment and, as described 
later in this chapter, is useful in measurement 
of inductance and capacitance in the range of 
values used in r.f. circuits. 

The grid-dip meter shown in Fig. 21-15 is 
representative, although this particular unit has 
a higher frequency limit than similar inexpen- 
sive units. It uses the 6CW4 (Nuvistor) triode 
for the oscillator, and it can be used with the 
power supply and metering circuit shown in 
Fig. 21-18. 

Referring to the circuit in Fig. 21-16, a re- 
sistor, Ry, is plugged in with each coil (the 
resistor is mounted in the coil form). It forms 


Fig. 21-15—Grid-dip meter covering the range 1.7 to 
275 Mc., with the 90-165 Mc. coil in place. The power 
supply and transistor meter booster are a separate unit 
(see Fig. 21-17). The split-stator tuning capacitor is 
made from a single-stator variable. The Nuvistor tube 
socket is mounted on a small bracket, and a tie point 
under the bracket supports associated capacitors and 
resistors that aren’t supported by socket and tuning- 
capacitor terminals. 


a voltage divider with the normal grid leak, R,, 
and brings the metering circuit into the best 
range for the transistor booster. 

The construction of the meter is straightfor- 
ward; a small aluminum bracket supports the 
Nuvistor socket within the 244 x 2% x 4inch 
Minibox that is used as a housing. A 5-pin 
socket (Amphenol 78-S5S) is mounted at one 
end of the Minibox, and the variable capacitor 
stator leads are soldered directly to two of the 
pins. Coils in the low-frequency ranges are 
wound with enameled wire on 34-inch diameter 
forms. In the intermediate ranges coil stock 
(B&W Miniductor) is mounted inside the coil 
forms, with one end of the coil close to the open 
end of the form, for ease in coupling. The two 
highest-range coils are hairpin loops of No. 14 
wire, covered with insulation as a safety pre- 
caution. In every case the associated R, is 
mounted in the coil form. The highest range 
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requires that only the base of the coil form be 
used, since the loop is shorter than the form. 

The power supply for the grid-dip meter may 
be included with the oscillator, but since this 
increases the bulk and weight a separate supply 
is often desirable. The power supply shown in 
Fig. 21-18 uses a miniature power transformer 
with a silicon rectifier and a simple filter to give 
approximately 120 volts for the oscillator plate. 
It also uses a transistor booster for the meter 
because it was designed for use with a u.hf. 
grid-dip meter. A supply to be used with only 
the unit of Fig. 21-15 could eliminate the tran- 
sistor by using a 0-1 milliammeter between lead 
3 of P, and chassis ground. In this case Rp, 
could also be eliminated, and the B-++ for pin 
4 of P, should be derived from the arm of a 
0.1-megohm potentiometer connected across the 
power supply. The adjustable plate voltage 
source is necessary to bring the grid current 
into the range of the meter. 

The instrument may be calibrated by listening 
to its output with a calibrated receiver, The 
calibration should be as accurate as possible, 
although “frequency-meter accuracy” is not re- 
quired in the applications for which a grid-dip 
meter is useful. 

The grid-dip meter may be used as.an indi- 
cating-type absorption wavemeter by removing 
the plate voltage and using the grid and cathode 
of the tube as a diode. However, this type of 
circuit is not as sensitive as the crystal-detector 
type shown earlier in this chapter, because of 
the high-resistance grid leak in series with the 
meter. 

In using the grid-dip meter for checking the 
resonant frequency of a circuit the coupling 
should be set to the point where the dip in grid 
current is just perceptible. This reduces inter- 
action between the two circuits to a minimum 
and gives the highest accuracy. With too-close 
coupling the oscillator frequency may be 
“pulled” by the circuit being checked, in which 
case different readings will be obtained when 
resonance is approached from the high-frequen- 
cy side as compared with approaching from the 
low side. 


U.H.F. Grid-Dip Oscillator 


The range of the grid-dip meter shown in 
Fig. 21-17 is from 275 to 725 Mc. a higher 
range than any of the inexpensive meters now 
available. It is able to cover these high fre- 
quencies by virtue of the 6CW4 (Nuvistor) 
tube and the series-tuned circuit. Unfortunately 
the series-tuned circuit becomes impractical with 
this tube at lower frequencies, and to cover the 
lower frequencies the circuit of Fig. 21-16 must 
be used. The u.h.f. grid-dip oscillator uses a 
transistor amplifier to amplify the changes 
across the unusually-low value of grid resistor. 
The low value of grid resistor is required be- 
cause higher values will cause the oscillator to 
“squegg.” 

The grid-dip meter is built in a 2% xX 24% X 
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6CW4 Ry P, 


Fig. 21-16—Circvit diagram of the grid-dip meter. 

C:—50 puf. per section (Johnson 167-11 with stator 
bars sawed between 6th and 7th plates). 

Co, Co—100-HHF, ceramic. 

C4, Cs, Co—0.001-uf. disk ceramic. 

P,—4-pin chassis plug (Amphenol 86-CP4), 

Ri—47,000 ohms, % watt. 

Re—See table below. 

Rs—10,000 ohms. 


Range Ly Ro 
1.7-3.2 Mc, 195 turns No. 34 enam.* 680 
2.7-5.0 110 turns No. 30 enam.* 470 
4.4-7.8 51% turns No. 30 enam.* 470 
7.5-13,.2 24% turns No. 30 enam.* 470 
12-22 3114. No. 24 (B&W 3004)** 1000 
20-36 14 +. No. 24 (B&W 3004)** 680 
33-60 81% t. No. 20 (B&W 3003)*** 680 
54-99 3% t. No. 20 (B&W 3003)*** 1000 
90-165 3%-inch loop No. 14, 1500 
Yinch separation 
150-275 1%-inch loop No. 14, 3300 


Y-inch separation 


*Wound on 34-inch diameter polystyrene form (Allied 
Radio 47D6693). 


#**32 tpi, #416 tp. 


4-inch Minibox, and the power supply and meter 
circuit is built in a similar enclosure. In use the 
two Miniboxes are connected by a short length 
of four-conductor cable. 

The “heart” of the meter is the oscillator 
section, which is built on a 134  1%-inch piece 
of %-inch thick polystyrene. The Nuvistor 
socket is mounted in one corner and the tuning 
capacitor is mounted a little above center. The 
coil socket, a National CS-6, is mounted on the 
end of the Minibox. The polystyrene sheet is 
supported by four l-inch 6-32 screws, and the 
sockets and variable capacitor are positioned so 
that direct connections can be made between 
plate pin and coil socket, capacitor rotor and 
coil socket, and capacitor stator and grid pin. 
The various resistors and r.f. chokes are sup- 
ported at one end by a multiple-terminal tie 
strip mounted on the polystyrene sheet and at the 
other end by the socket pins and other termi- 
nals. 

The coils are made from No. 10 tinned copper 
wire; as a safety precaution they are covered 
except at the tips by clear plastic insulation. 
Details are given in Fig. 21-19. 

Frequency calibration of the meter can be 
started by reference to u.h.f. TV stations in the 
area, if any, or by reference to 420-Mc. ama- 
teur gear. ° 
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Fig. 21-17—Grid-dip meter for the 300- to 700-Mc. range. The oscillator section is at the left in its own case, and the 

power supply plus transistorized indicator is at the center and right. In the oscillator section, the 6CW4 (Nuvistor) 
socket is to the left of the tuning capacitor. 


Fig. 21-18—Circuit diagram of the u.h.f. grid-dip meter. 
C.—8-eF, midget variable (Hammarlund MAC-10 with | Ri—330 ohms, 1 watt. 


one rotor plate removed). Re—47,000 ohms, 2 watt. 

Co2—150 pf. ceramic. Rs—10,000 ohms. 
Cs—0.001-uf. ceramic. Rs--22 ohms, watt. 
C.—20-“f., 250-volt electrolytic. Rs—10,000-ohm potentiometer. . 
CR,—400 p.i.v. rectifier (Sarkes Tarzian 2F4). RFCi, RFCs—22-uh. r.f. choke (Millen 34300-22), 
J;—4-pin tube socket. RFCs, RFC,—0.82-u4h, r.f. choke (Millen 34300-.82). 
M,—0-500 microammeter. Sia, Sin—D.p.s.t., part ofRs. Switches should be open 
P,—4-pin plug (Amphenol 86-CP4), when Rs at maximum resistance. 
Q:—2N2613 transistor, T:—6.3- and 125-v. transformer (Knight 61 G 410). 

Range Dimension “L” “Mm! - 
271-324 Mc. 2% Ms M 
312-378 3% _ ae 
372-463 2 ~_ L 
413-519 1% - 
446-565 1% - | 
544-730 y* - ‘ 


0.5 —>| 0.5 > 


Fig. 21-19—Details of the coils used in the u.h.f. grid- 
dip meter. The material is No. 10 tinned-copper wire. 
One turn in end of low-frequency coil. 


“Shape closed end to be nearly square. 
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MEASUREMENTS 


AN F.E.T. AUDIO GENERATOR 


The generator described here uses one FET 
and four conventional transistors in a bridged-T 
circuit. Its three bands cover respectively 25 to 
250, 250 to 2500 and 2500 to 25,000 cycles. Three 
variable output ranges are provided (0.01, 0.1 
and 1 volt rms.) for resistive loads of 600 
ohms or more. 

The oscillator circuit, shown in Fig. 21-21 con- 
sists of a Siliconix type U112 FET voltage 
amplifier, Q,, and two 2N404’s, Q,. and Qz, in a 
Darlington-configuration emitter-follower. Two 
feedback paths are provided. Lamp J, and ca- 
pacitor C, form a positive feedback path between 
the source electrode of Q, (marked S) and the 
emitter of Q3. The bridged-T network consisting 
of Rg, Rs, Cy and C, completes a negative- 
feedback loop between the gate electrode of Q, 
(marked G) and the emitter of Q,. Oscillations 
occur at the null frequency of the bridge, where 
_ degeneration is at a minimum (i.e., the degenera- 
tive feedback becomes slightly less than the re- 
generative feedback). R, adjusts the degree of 
positive feedback for minimum waveform dis- 
tortion. Lamp J, tends to keep the output voltage 
constant throughout the oscillator range by regu- 
lating the amount of positive feedback. 

Trimmer C, balances the capacitance of one 
side of the bridged-T with that of the other for 
proper tracking of the tuning capacitor, Cy. 
Switch S, selects the desired audio band by 
changing the resistive elements in the bridged-T 
network, 

The oscillator is coupled to an amplifier stage, 
Q,, through a coupling capacitor and RX, at- 
tenuates the input signal enough to prevent 
overdriving Q,. An emitter-follower isolation 
stage, Q,;, completes the all-transistor line up. 
A 10,000-ohm control, R5, in the base lead of Qs 
varies the overall output level. Switch S, turns 
the unit on and off and selects (from a resistive 
attenuator network) one of three output levels 
(1, 0.1 or 0.01 volts). 


Construction 


The FET oscillator is constructed ina 5 x 6 
x 9-inch utility cabinet as shown in the photo- 
graphs, Output connectors J, and J, are mounted 
on top of the box. Three double battery holders 
are on the right side, rear view. A Jackson 
Brothers type 4511DAF 6:1 planetary drive is 
mounted on the front panel along with both 
potentiometers and both switches. Switched re- 
sistors are mounted directly on S', and Sg. Cy is 
insulated from the cabinet with ceramic pillers 
and from the planetary drive by a Millen type 
39016 insulated shaft coupling. Trimmer Cy is 
fastened to the rear of C, with two 440 machine 
screws and hex nuts. The 6-watt lamp holder 
is bolted to the left side of the cabinet below the 
tuning capacitor. All of the remaining compo- 
nents are mounted on a 634 Xx 4184g-inch sheet 
of prepunched terminal board (Vector 85G24EP ) 
with push-in terminals (Vector T-28). Six %4- 


Fig. 21-20—Front view of the FET audio oscillator. 

The generator is completely self-contained. Battery 

drain is only 16 ma. The large tuning dial is a modi- 
fied Johnson type 116-262. 


inch 6-32 threaded spacers support the terminal 
board above the base of the cabinet. For neat- 
ness and ease of wiring the parts arrangement 
on the board more or less resembles the circuit 
diagram; however, any reasonable layout should 
work without difficulty. 

Care should be taken while soldering the 
various components, as too much heat can dam- 
age a transistor or permanently change the 
value of a composition resistor. A heat sink 
should be used wherever necessary. 

The tuning dial as received from the manu- 
facturer consists of a knob, a phenolic skirt and 
an etched satin aluminum calibrated dial scale. 
Disassemble the unit and discard the skirt. 
Bolt a small plate of aluminum to the vernier 
drive assembly. Attach the dial scale to this 
plate and the knob to the tuning shaft. Later, a 
calibrated paper scale can be pasted on the 
aluminum dial. ! 


Testing 


Once the unit has been constructed and the 
wiring checked, install the six flashlight bat- 
teries in their holders and the 22.5 volt battery 
BT, in its holder. Connect a length of shielded 
cable between either J, or J, and the vertical 
input terminals of an oscilloscope. Set Cy at 
maximum capacitance and R,; full on (arm 
of Rs at maximum resistance to ground). With 
the band switch in the “C” position (see resistor 
table), set the range switch at maximum output 
(1 volt). Adjust R, for good output waveshape 
at an amplitude of about 1 volt rms. Tune Cy; 
to the high end of the band and adjust Cy for 
the same output level as on the low end. Output 
should now be constant within 1 db. across the 
band, with good waveshape. It might be neces- 
sary to readjust R, and C, a few times before 


Audio Generator 543 


EMITTER 
zea FS Sec OSCILLATOR AMPLIFIER FOLLOWER 


WAVEFORM 
ADJUST 


44 
OUTPUT 


Ye 
OUTPUT 


Fig. 21-21—-Circuit diagram of the transistor audio oscillator. Wnless specified otherwise, all capacitors are 
miniature electrolytics, all capacitances are in microfarads (uf.) Resistors marked with an asterisk are V2 watt -— 
5 percent, others are + 10 percent, resistances are in ohms. 


BT:—Six 1.5-volt flashlight batteries (size D) in series. Re, Re—See resistor table. 
BTz—Small 22.5-volt battery. (Eveready 505, RCA  R;—10,000-ohm control, linear taper (Ohmite CU1031). 


VS 705, or similar.) Si:—Phenolic rotary, I-section, 4-poles (3 used) 3- 
C:—Dual variable, 365-pf. per section, compression positions non-shorting type (Mallory 3243J). 

trimmers removed (Miller 2112), S2—Phenolic rotary, 1-section, 3-poles 4-positions short- 
C2—8-50-pf. ceramic-disc trimmer (Erie 557-000U2PO- ing type (Mallory 3134J), 

34R). Field-effect transistor U112 is available from Siliconix 
1,—6-watt 120-volt lamp (GE 6S6). Incorporated, 1140 West Evelyn Ave., Sunnyvale, Calif. 
dx, Jo—Phono jacks. 94086, 


Ri—500-ohm control, linear taper (Ohmite CLU5011). 


Fig. 21-22—Interior view of the i ‘ . en 
audio generator. Three 1-inch ce- 
ramic stand-offs insulate the tuning 
capacitor from the side of the cabi- 
net. The amplitude control is to the 
right of the large variable. From left 
to right, along the lower half of the 
front panel, are the waveform-adjust | 
control, the band switch, and the at- 
tenuvator switch. Parts are arranged 
on the terminal board in a manner 
similar to the schematic diagram. 
Oscillator components are on the 
left, amplifier parts in the center 
and emitter-follower circuitry is at 
the right. The two double side-to-side 
battery holders nearest the front of 
the cabinet are Keystone type 176. 
The holder for BT. is at the upper 
right, but is not visible. A Keystone 
type 186 double end-to-end holder 
is at the rear. 
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this is achieved. Check the other two bands for 
purity of waveform and constant output. Note 
that on the lowest-frequency band the output 
level drops off below 60 cycles, being 3 db. down 
at 30 cycles and 6 db. down at 25 cycles (0.5 
volts r.m.s. output). Also note that because of 
the thermal delay in J, and the circuit time con- 
stant, it takes a few seconds for the output am- 
plitude to settle down after a frequency change. 

All transistors of any one type aren’t neces- 
sarily uniform, and it may at first appear to be 
impossible to get a full 1 volt (r.m.s.) of undis- 
torted output on any of the bands. In this case, 
a slight change of a bias or load resistance will 
put the circuit in working order. For instance, 
if the base-to-ground resistor of Q, is too small, 
there will be distortion on the negative half of 
the cycle. If Q,’s base-to-negative-supply resistor 
is too low in value, there will be distortion on the 
positive half cycle. 

Any individual band of frequencies (“A,” 
“B” or “C’) might be distorted or not present 
at all if the correct R,-to-R, ratio for that band 
is not maintained. If the output waveforms 
throughout any one range are distorted, slightly 
decrease Ry or increase Ry. If the oscillator will 
not oscillate on any one band, slightly increase 
Ry or decrease Rg. Once the correct relationships 
are established, R, should not have to be reset 
upon changing bands, 


Resistor Table 


Band Range 


(¢.p.s.) Ry 


40 Meg. 
(22 Meg. & 18 Meg./8.2 Meg. 
in series) 
3.9 Meg. 
390 K 


R, 
| 


A | 25-250 


B | 250-2500 
C | 2.5K-25K 


750 K 
68 K 


Calibration 


Once the unit performs satisfactorily, the 
audio oscillator may be calibrated using Lissa- 
jous patterns. Connect the generator to the 
vertical input terminals of a scope and a source 
of 60 cycles to the horizontal input terminals. 
Several calibration points between 30 and 600 
cycles in both bands “A” and “B” ‘can easily 
be found using this method. Calibration fre- 
quencies between 300 and 6000 cycles in bands 
“B” and “C” can be located using the 440- 
and 600-cycle tones transmitted by WWYV. 
Just connect the audio output of a receiver 
tuned to WWYV to the horizontal input termi- 
nals of the scope. Above 6000 cycles (and also 
below) hi-fi and stereo test records. will prove 
useful. Of course if you can borrow a calibrated 
oscillator, calibration will be relatively simple. 

Once enough calibration points have been lo- 
cated, make a three-band paper scale as shown 
in the front view. Spray the paper with clear 
acrylic plastic (to protect it from finger marks) 
and cement it to the aluminum dial scale. 
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DIODE NOISE GENERATORS 


A noise generator is a device for creating a 
controllable amount of rf. noise (“hiss’-type 
noise) evenly distributed throughout the spec- 
trum of interest. The simplest type of noise gen- 
erator is a diode, either vacuum-tube or. crystal, 
with d.c. flowing through it. The current is also 
made to flow through a load resistance which 
usually is chosen to equal the characteristic 
impedance of the transmission line to be con- 
nected to the receiver’s input terminals. The re- 
sistance then substitutes for the line, and the 
amount of r.f. noise fed to receiver input is con- 
trolled by varying the d.c. through the diode. 

The noise generator is useful for adjusting 
the “front-end” circuits of a receiver for: best 
noise figure (see Chapter Five). A simple cir- 
cuit using a crystal diode is shown in Fig. 
21-26. The unit can be built into.a small metal 
box; the main consideration is that the circuit 
from C, through to P, be as compact as pos- 
sible. A calibrated knob on FR, will permit 
resetting the generator to roughly the same spot 
each time, for making comparisons. If the leads 
are short, the generator can be used through 
the 144-Mc. band for receiver comparisons. 

To use the generator, screw the coaxial fit- 
ting on the receiver’s input fitting, open Sj, 
and measure the noise output of the receiver 


Fig. 21-26—Circuit of a simple crystal-diode noise 

generator. 

BT:—Dry-cell battery, any convenient type. 

Ci—500-uwuf. ceramic, disk or tubular. 

CRi—Silicon diode, 1N21 or 1N23. Diodes with “R” 
suffix have reversed polarity. (Do not use ordé- 
nary germanium diodes). 

Pi—Coaxial fitting, cable type. 

Ri:—50,000-ohm control, c.c.w. logarithmic taper. 

Ro—51 or 75 ohms, ¥2-watt composition. 

Si—S.p.s.t. toggle (may be mounted on R:). 


using an ac. vacuum-tube voltmeter or sim- 
ilar af. voltage indicator., Make sure that the 
receiver’s r.f. and audio gain controls are set 
well within the linear range, and do not use 
ag.c. Then turn on the noise generator and 
set R, for an appreciable increase in output, 
say twice the original noise voltage, and note 
the dial setting. Receiver front-end adjust- 
ments may then be made with the object of 
attaining the same noise increase with the 
lowest possible d.c. through the diode—that is, 
with the largest resistance at Ry. 

While the simple crystal-diode noise genera- 
tor is a useful device within the shack for evalu- 
ating receiver performance, it does not permit 
good comparisons with other receivers measured 


Diode Noise Generators 


Fig. 21-27—Two diode noise generators and 

(left) their power supply. Useful generator 

range is (right) 7 to 90 Mc. and (center) 
90 to 450 Mc. 


with other noise generators. Diode 
noise generators that allow the noise 
figure to be measured are shown in 
Figs. 21-27 and 21-29. Referring to 
the circuit diagram in Fig. 21-28, a 5722 
noise diode is used in place of the crystal 
diode. A power supply that can be used with either 
generator unit (which differ only in their filter- 
ing and plug connector) is shown in Fig. 21-30. 
The heart of the supply is a heavy-duty filament 
rheostat, Ry, that is used to control the diode 
filament temperature. With Sy in the N.F. po- 
sition, the 0-1 milliammeter reads the current 
through the diode by measuring the voltage 
across the 100-ohm resistor. Full-scale reading 
is 10 ma. or 50 ma., depending upon the position 
of Sz. The meter also serves as an output indi- 
cator for the receiver when S, is in the our 
position. Terminals are provided for connecting 
the meter mounted in the power supply to the 
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receiver speaker terminals, so that the receiver 
output can be monitored. 

An important part of the design of the noise- 
generator power supply is the resistor R,. This 
tapped resistor serves as an output load for the 
receiver. With S, in the orF position, and Sy in 
the ouT position, the receiver output is rectified 
by the 1N34A and a suitable meter indication 
can be obtained by variation of the receiver 
volume control. When S, is switched to on, only 
a fraction of the receiver noise output is recti- 
fied and, at the same time, the diode noise gen- 
erator is turned on. If the meter now reads half 
the receiver output noise power, and the re- 
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Fig. 21-28—Circuit diagram of the diode noise generators and power supply. Unless indicated otherwise, re- 
sistances are in ohms, resistors are ¥2-watt, capacitances are in pf. 


Ci-Cs—0.001-nf. disk ceramic in 7-90 Mc.; button 
(Centralab ZA-102) in 90-450 Mc. 

Ca, Cs—0.001-xf. disk ceramic 

CR:—400 p.i.v. silicon rectifier. 

P,—PL-259 in 7-90 Mc.; UG-260B/U in 90-450 Mc. 

Ri--5-ohm 10-watt adjustable, tap set at about 3% ohms 
to ground. See text. 


Re—Approximately 5600 ohms. See text. 

Rs—4-ohm 50-watt rheostat (Ohmite 0311). 

RFC:, RFC2—-7-90 Mec.: Approximately 9 wh. 38 turns 
No. 22 Nylclad on Y-inch diameter form 
(Millen 69046), slug set for maximum inductance. 
90-450 Mc.: 0.22 wh. (Miller RFC-420). 

T1—125 volts at 50 ma., 6.3 v. at 2 a. (Knight 61 G 411). 
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ceiver noise output has been doubled by the 
noise from the diode noise generator, the meter 
reading will remain the same for either position 
of Sy. Since the meter needle will “wiggle” back 
and forth about a mean reading, it is much easier 
to match readings that are made at the same 
point on the meter scale than it is to “‘read” 
the meter at two different points on the scale. 
The tap on R, is set to 70.7 per cent of the 
full resistance. If the “5-ohm” resistor is ex- 
actly 5.00 ohms, the tap should be set to read 
3.54 ohms (0.707 x 5.00 = 3.54) to ground. 
The resistor Ry may not have a value of ex- 
actly 5.6K, as shown in Fig. 21-28. It should be 
considered as an adjustment of the voltmeter 
multiplier for the meter in the N.F. position. By 
proper selection of Ry, opening Sg will give a 
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Fig. 21-30—Power supply for the noise generators is 

housed in a 7-inch wide sloping-panel cabinet (Bud 

AC-1613). Switches, from left to right, are (referring 
to Fig. 21-25) Ss, Si and Sz. 
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Fig. 21-29—Each diode noise generator is 
housed ina 4 X 2% X 1%-inch “Mini- 
box” (Bud CU-2102-A). Power connec- 
tions are made through double-pin male 
receptacles (Amphenol 80 PC2M), and 
the r.f. connection is made to the re- 
ceiver or converter by a suitable plug. 
The plug on the 7- to 90-Mc. generator 
(left) is a PL-259 held to the face of the 
“Minibox’ by a small copper plate and 
a UG-176/U reducing adapter. 


meter reading of 1/5~the reading when Sy is 
closed. Check this for several points on the 
meter, obtaining various values of current by 
changing the setting of Rg. 

To measure the noise figure of a receiver, 
connect the applicable noise-diode unit to the 
input of the receiver to be checked. Connect the . 
output of the receiver to the spKR terminals. 
With S', in the orF position, and Sy in the out 
position, run the gain controls of the receiver 
up to get a suitable reading on the meter. A 
“suitable” reading is one that is somewhat less 
than the maximum that can be obtained; it is 
very important that the receiver be operated at 
all times well below any overload or limiting 
point. Note the reading of the meter and throw 
S, to on. Slowly decrease the value at Rg and 
watch the meter. When the meter reading 
matches the previous reading (when 5 was at 
oFF), flip Sy to read the diode current. It is 
good practice to do this the first time with Sy at 
50x, to avoid possible injury to the meter. When 
the process has been repeated several times, and 
a reasonably “firm” figure for the diode current 
has been obtained, the noise figure can be found 
from 

Noise figure = 20IR 
where JI = diode current in amperes 
R= generator resistance in ohms 


Thus if the diode current is 5 ma. and the re- 
sistance is 50 ohms, the noise figure is 5.0 (20 X 
0.005 x 50 = 5.0). The noise figure is often ex- 
pressed in db. above a perfect receiver; in the 
example it would be 7 db. (10 log 5= 10 x 0.7 
=7). 

It should be appreciated that the current 
through the 100-ohm resistor must be measured 
with a reasonable degree of accuracy, and the 
accuracy of this circuit should be confirmed by 
comparison with another meter or by the use of 
low-tolerance components. 


R.F. MEASUREMENTS 


R.F. CURRENT 


R.f. current-measuring devices use a thermo- 
couple in conjunction with an ordinary d.c. 
instrument. The thermocouple is made of two 
dissimilar metals which, when heated, gener- 
ate a small d.c. voltage. The thermocouple is 


heated by a resistance wire through which the 
r.f. current flows, and since the d.c. voltage 
developed is proportional to the heating, which 
in turn is proportional to the power used by 
the heating element, the deflections of the dic. 
instrument are proportional to power rather 
than to current. This causes the calibrated 
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scale to be compressed at the low-current end 
and spread out at the high-current end. The 
useful range of such an instrument is about 3 
or 4 to 1; that is, an rf. ammeter having a 
full-scale reading of 1 ampere can be read with 
satisfactory accuracy down to about 0.3 am- 
pere, one having a full scale of 5 amperes can 
be read down to about 1.5 amperes, and so on. 
No single instrument can be made to handle a 
wide range of currents. Neither can the rf 
ammeter be shunted satisfactorily, as can be 
done with d.o. instruments, because even a 
very small amount of reactance in the shunt 
will cause the readings to be highly dependent 
on frequency. 

Fig. 21-31 shows a convenient way of using 


Fig. 21-31—R.f. ammeter mounted in a Minibox, with 
u.h.f, style connectors for placing meter in series with 
a coaxial line. The meter can be used for r.f. power 
measurements (P = I? R) when connected between a 
transmitter and a nonreactive load of known resistance. 


an r.f. ammeter for measuring current in a co- 
axial line. The instrument is simply mounted 
in a metal box with a short lead from each 
terminal to a coaxial fitting. The shunt ca- 
pacitance of an ammeter mounted in this way 
has only a negligible effect on accuracy at 
frequencies as high as 30 Mc. if the instru- 
ment has a bakelite case. Metal-cased meters 
should be mounted ona bakelite panel which 
in turn can be mounted behind a cut-out that 
clears the meter case by 4 inch or so. 


R.F. VOLTAGE 


An r.f. voltmeter is a rectifier-type instru- 
ment in which the r.f. is converted to d.c., 
which is then measured with a d.c. instru- 
ment. The best type of rectifier for most ap- 
plications is a crystal diode, such as the 1N34 
and similar types, because its capacitance is 
so low as to have little effect on the behavior 
of the r.f. circuit to which it is connected. 
The principal limitation of these rectifiers is 
their rather low value of safe inverse peak 
voltage. Vacuum-tube diodes are considerably 
better in this respect, but their size, shunt 
capacitance, and the fact that power is re- 
quired for heating the cathode constitute se- 
rious disadvantages in many agplications. 

One of the principal uses for. such volt- 
meters is as null indicators in r.f. bridges, as 
described later in this chapter. Another useful 
application is in measurement of the voltage 
between the conductors of a coaxial line, to 
show when a transmitter is adjusted for op- 
timum output. In either case the voltmeter 
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impedance should be high compared with that 
of the circuit under measurement, to avoid 
taking appreciable power, and the relationship 
between r.f. voltage and the reading of the 
d.c. instrument should be as linear as possible 
—that is, the dic. indication should be directly 
proportional to the r.f. voltage at all points 
of the scale. : 

All rectifiers show a variation in resistance 
with applied voltage, the resistance being 
highest when the applied voltage is small. 
These variations can be fairly well “swamped 
out” by using a high value of resistance in 
the d.c. circuit of the rectifier. A resistance of 
at least 10,000 ohms is necessary for reason- 
ably good linearity with a 0-1 milliammeter. 
High resistance in the d.c. circuit also raises 
the impedance of the r.f. voltmeter and re- 
duces its power consumption. 

The basic voltmeter circuit is shown in Fig. 
21-32. It is simply a half-wave rectifier with a 
meter and a resistor, R,, for improving the 
linearity. The time constant of C,R, should be 
large compared with the period of the lowest 
radio frequency to be measured —a condition 
that can easily be met if R, is at least 10,000 
ohms and C, is 0.001 uf. or more—so C, will 
stay charged near the peak value of the r.f. 
voltage. The radio-frequency choke may be 
omitted if there is a low-resistance d.c. path 
through the circuit being measured. Cy pro- 
vides additional r.f. filtering for the d.c. circuit. 


1N34 R, 


CIRCUIT 
UNOER 
MEASUREMENT 


Fig. 21-32—R.f. voltmeter circuit using a crystal rectfier 
and d.c. microammeter or 0-1 milliammeter. 


The simple circuit of Fig. 21-32 is useful for 
voltages up to about 20 volts, a limitation im- 
posed by the inverse-peak voltage ratings of 
crystal diodes. A dual range voltmeter circuit, 
0-20 and 0-100 volts, is shown in Fig. 21-33. 


| 1000, 


Fig. 21-33—Dual-range r.f. voltmeter circuit. Capaci- 
tances are in #f.; capacitors are disk ceramic. 

CR:—1N34 or equivalent. 

Ji, Je—Coaxial connectors, chassis-mounting type. 

Ri—3300 ohms, 2 watts. 

Re—1000 ohms, 1 watt. 

Rs—App. 22,000 ohms (see text), ¥ watt. 

S.--S.p.d.t. rotary switch (Centralab 1460). 
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Fig. 21-34—Dual-range r.f. voltmeter for use in coaxial 
line, using a 0-1 d.c. milliammeter. The voltage-divider 
resistors, Ri and Rz (Fig. 21-30) are at the center in the 


lower compartment. The bypass capacitors and Rs are. 


mounted on a tie-point strip at the right. The unit is 

built ina 4 & 6 X&X 2 inch aluminum chassis, with an 

aluminum partition connecting the two sides of the box 

to form a shielded space. A bottom plate, not shown, is 
used to complete the shielding. 


A voltage divider, R,R,, is used for the higher 
range. An instrument using this circuit is 
shown in Fig. 21-34. It is designed for con- 
nection into a coaxial line. The principal con- 
structional precautions are to keep leads short, 
and to mount the components in such a way 
as to minimize stray coupling between them 
and to keep them fairly well separated from 
metal surfaces. 

For accurate calibration (the power method 
described below may be used) Rg should be 
adjusted, by selection of resistors or using 
two in series to obtain the desired value, so 
that the meter reads full scale, with S, set for 
the low range, with 20 volts r.m.s. on the line. 
A frequency in the vicinity of 14 Mc. should 
be used. Then, with S, set for the high range, 
various resistors should be tried at R, or Ry 
until with the same voltage the meter reads 
20 per cent of full scale. The resistance varia- 
tions usually will be within the range of 10 
per cent tolerance resistors of the values spe- 
cified. The readings at various other voltages 
should be observed in order to check the 
linearity of the scale. 


Calibration 


Calibration is not necessary for purely com- 
parative measurements. A calibration in actual 
voltage requires a known resistive load and 
an r.f. ammeter. The setup is the same as for 
r.f. power measurement as described later. 


V.T.V.M. R.F. PROBE 


Rf. up to about 30 volts peak and a fre- 
quency of 200 Mc. is most conveniently meas- 
ured with a v.t.v.m. (Fig. 21-8) and an rf. 
probe. An r.f. probe is merely a rectiher that 
is used in conjunction with a v.t.v.m. to read 
r.f. voltages. 

The unit shown in Figs. 21-35 and 21-37 
and schematically in Fig. 21-33 is similar in 
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circuitry to most of the conventional peak- 
indicating, shunt-type commercial r.f. probes. 
However, it can be constructed for consider- 
ably less than the cost of a commercial unit. 
If all parts, including the shielded wire, alli- 
gator clip, tie point, resistor, phone plug, tube 
socket, tube shield, capacitor, and diode are 
purchased new, the total cost of the unit is 
approximately $2.25. 


Fig. 21-35—The r.f. probe is used in conjunction with a 
vacuum-tube voltmeter. The case of the probe is con- 
structed from a 7-pin ceramic tube socket and a 2%4- 
inch tube shield-A half-inch grommet at the top of the 
tube shield prevents the output lead of the probe from 
chafing. The flexible copper-braid grounding lead and 
alligator clip provide a low-inductance return path 
from the test circuit. The d.c. output of the probe goes 
to the phone plug, which plugs into the d.c. input jack 
of the v.t.v.m. 


The isolation capacitor, crystal diode, and 
resistor are mounted on a bakelite 5-lug ter- 
minal strip, as shown in Fig. 21-38. One end 
lug should be rotated 90 degrees so that it 
extends off the end of the strip. All other lugs 
should be cut off flush with the edge of the 
strip. Where the inner conductor connects 
to the terminal lug, unravel the shield three- 
quarters of an inch, slip a piece of spaghetti 
over it, and then solder the braid to the 
ground lug on the terminal strip. Remove the 
spring from the tube shield, slide it over the 
cable, and crimp it to the remaining quarter 
inch of shield braid. Solder both the spring 
and a 12-inch length of flexible copper braid 
to the shield. 

Next, cut off the pins on a seven-pin minia- 
ture ceramic or mica shield-base tube socket. 
Use a socket with a cylindrical center post, 
such as the Johnson 120-277. Crimp the ter- 
minal lug previously bent out at the end of 


Fig. 21-36—The r.f. probe circuit. 


Inductance and Capacitance 


Fig. 21-37--Close-up of the inside of the probe. The 
IN34A crystal diode rectifier, calibrating resistor, and 
input capacitor are mounted tight to the terminal strip 
with shortest leads possible. Spaghetti tubing is placed 
on the diode leads to prevent accidental short circuits. 
The tube-shield spring and flexible-copper grounding 
lead are soldered to the cable braid (the cable is RG- 
58/U coax). The tip can be either a phone tip or a 
short pointed piece of heavy wire. 


the strip and insert it into the center post of 
the tube socket from the top. Insert the end 
of a phone tip or a pointed piece of heavy 
wire into the bottom of the tube socket center 
post, and solder the lug and tip to the center 
post. Insert a half-inch grommet at the top of 
the tube shield, and slide the shield over the 
cable and flexible braid down onto the tube 
socket. The spring should make good contact 
with the tube shield to insure that the tube 
shield (probe case) is grounded. Solder an 
alligator clip to the other end of the flexible 
braid and mount a phone plug on the free end 
of the shielded wire. 

Mount components close to the terminal 
strip, to keep lead lengths as short as possible 
and minimize stray capacitance. Use spaghetti 
over all wires to prevent accidental shorts. 
When soldering the crystal diode, hold the 
end to be soldered with a pair of long-nose 
pliers, to conduct damaging heat away from 
the diode. 

The a.c. input voltage that the probe can 
handle safely is limited to about 21 volts 
r.m.s. or 30 volts peak, as a result of the 60- 
volt peak-inverse rating of the 1N34A crystal 
diode. The phone plug on the probe cable 
plugs into the d.c. input jack of the v.t.v.m., 
and r.m.s. voltages are read on the vacuum- 
tube voltmeter’s negative d.c. scale. When us- 
ing the probe be sure that any dc. voltage on 
the circuit being checked does not exceed the 
dc. voltage rating of Cy. 

its accuracy of the probe is approximately 

+ 10 per cent from 50 ke. to 250 Mc. For 
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Fig. 21-38—Component mounting details. 
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example, if the error of the v.t.v.m. used with 
the probe is + 5 per cent, then the over-all 
error of the measuring system is + 15 per 
cent. At low values of input voltage, below 
a volt or so, the accuracy of the probe is 
somewhat poorer because of the nonlinearity 
of the IN34A crystal diode. At these lower in- 
put voltages the output of the probe more 
closely approaches a square-law relationship 
than a linear one. 

The approximate input impedance of a 
probe of this type is 6000 ohms shunted by 
1.75 wef. (at 200 Mc.), and the amount of 
error introduced because of circuit loading by 
the probe is dependent on the impedance of 
the source of the a.c. voltage being measured. 

The shunt rectifier delivers a dic. voltage close 
to the rf. peak voltage. When the probe is used 
with an 11-megohm input resistance v.t.v.m., the 
meter reading is close to 0.71 of the peak r.f. 
voltage. Thus for a sine waveform, the v.t.v.m. 
reads r.m.s, directly. 


R.F. POWER 


Measurement of r.f. power requires a re- 
sistive load of known value and either an 
rf, ammeter or a calibrated r.f. voltmeter. . 
The power is then either J2R or E?/R, where 
R is the load resistance in ohms. 

The simplest method of obtaining a load of 
known resistance is to use an antenna system 
with coax-coupled matching circuit of the 
type described in the chapter on transmission - 
lines. When the circuit is adjusted, by means 
of an s.w.r. bridge, to bring the s.w.r. down to 
1 to 1 the load is resistive and of the value 
for which the bridge was designed (52 or 75 
ohms). 

The r.f. ammeter should be inserted in the 
line in place of the s.w.r. bridge after the 
matching has been completed, and the trans- 
mitter then adjusted — without touching the 
matching circuit— for maximum current. A 
0-1 ammeter is useful for measuring the ap- 
proximate range 5-50 watts in 52-ohm line, or 
7.5-75 watts in 75-ohm line; a 0-3 instrument 
can be used for 13-450 watts in 52-ohm line 
and 20-675 watts in 75-ohm line. The accuracy 
is usually greatest in the upper half of the 
scale. 

An r.f. voltmeter of the type described in 
the preceding section also can be used for 
power measurement in a similar setup. It 
has the advantage that, because its scale is 
substantially linear, a much wider range of 
powers can be measured with one instrument. 


INDUCTANCE AND CAPACITANCE 


The ability to measure inductance and ca- 
pacitance saves time that might otherwise be 
spent in cut-and-try. A convenient instrument 
for this purpose is the grid-dip oscillator, de- 
scribed earlier in this chapter. 

For measuring inductance, use is made of a 
capacitance of known value as shown at A in 


550 


UNKNOWN 
INDUCTANCE 
A) ™ STANDARD 
GRID-OIF: CAPACITANCE 
a es 
STANDARD 


INDUCTANCE 
(B) > UNKNOWN 
GRID-DIP [3 CAPACITANCE 
METER 


Fig. 21-39—Setups for measuring inductance and 


capacitance with the grid-dip meter. 


Fig. 21-39. With the unknown coil connected 
to the standard capacitor, couple the grid-dip 
meter to the coil and adjust the oscillator 
frequency for the grid-current dip, using the 
loosest coupling that gives a detectable indi- 
cation. The inductance is then given by the 


formula 
25,330 


Lyn. = C upt-f?me. 


The reverse procedure is used for measur- 
ing capacitance — that is, a coil of known 
inductance is used as a standard as shown at 


B. The unknown capacitance is 


25,330 
Cunt. = L#" fe. 


The accuracy of this method depends on 
the accuracy of the grid-dip meter calibration 
and the accuracy with which the standard 
values of L and C are known. Postage-stamp 
silver-mica capacitors make satisfactory ca- 
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pacitance standards, since their rated toler- 
ance is +5 per cent. Equally good inductance 
standards can be made from commercial 
machine-wound coil material. 

A single pair of standards will serve for 
measuring the L and C values commonly used 
in amateur equipment. A good choice is 100 
upf. for the capacitor and 5 wh. for the coil. 
Based on these values the chart of Fig. 21-41 
will give the unknown directly in terms of 
the resonant frequency registered by the 
grid-dip meter. In measuring the frequency 
the coupling between the grid-dip meter and 
resonant cirewit should be kept at the 


Fig. 21-40—A convenient mounting, using binding-post 
plates, for L and C standards made from commercially- 
available parts. The capacitor is a 100-uuf. silver mica 
unit, mounted so the lead length is as nearly zero as 
possible, The inductance standard, 5 #h., is 17 turns of 
No. 3015 B & W Miniductor, 1-inch diameter, 
16 turns per inch, 
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Fig. 21-41—Chart for determining unknown values of L and C in the range of 0.1 to 100 ph. 
and 2 to 1000 #Hf., using standards of 100 “uf. and 5 #h. 


Testing Semiconductors 


smallest value that gives a definite indication. 

A correction should be applied to measure- 
ments of very small values of L and C to in- 
clude the effects of the shunt capacitance of 
the mounting for the coil, and for the induc- 
tance of the leads to the capacitor. These 
amount to approximately 1 ywuf. and 0.03 
uh., respectively, with the method of mount- 
ing shown in Fig. 21-40. 


Coefficient of Coupling 


The same equipment can be used for meas- 
urement of the coefficient of coupling between 
two coils. This simply requires two measure- 
ments of inductance (of one of the coils) with 
the coupled coil first open-circuited and then 
short-circuited. Connect the 100-#ef. standard 
capacitor to one coil and measure the induct- 
ance with the terminals of the second coil 
open. Then short the terminals of the second 
coil and again measure the inductance of the 
first. The coefficient of coupling is given by 


Ig 
k Ji-# 


where k = coefficient of coupling 
L,= inductance of first coil with terminals of 
second coil open 
L,== inductance of first coil with terminals of 
second coil shorted. 


R.F. RESISTANCE 


Aside from the bridge methods used in 
transmission-line work, described later, there 
is relatively little need for measurement of 
r.£. resistance in amateur practice. Also, meas- 
urement of resistance by fundamental meth- 
ods is not practicable with simple equipment. 
Where such measurements are made, they are 
usually based on known characteristics of 
available resistors used as standards. 

Most types of resistors have so much in- 
herent reactance and skin effect that they do 
not act like “pure” resistance at radio fre- 
quencies, but instead their effective resistance 
and impedance vary with frequency. This is 
especially true of wire-wound resistors. Com- 
position (carbon) resistors of 25 ohms or 
more as a rule have negligible inductance for 
frequencies up to 100 Mc. or so. The skin 
effect also is small, but the shunt capacitance 
cannot be neglected in the higher values of 
these resistors, since it reduc& their imped- 
ance and makes it reactive. However, for 
most purposes the capacitive effects can be 
considered to be negligible in composition 
resistors of values up to 1000 ohms, for fre- 
quencies up to 50 to 100 Mc., and the r.f. 
resistance of such units is practically the 
same as their dic. resistance. Hence they can 
be considered to be practically pure resistance 
in such applications as r.f. bridges, etc., pro- 
vided they are mounted in such a way as to 
avoid magnetic coupling to other circuit com- 
ponents, and are not so close to grounded 
metal parts as to give an appreciable increase 
in shunt capacitance. 
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TESTING UNKNOWN RECTIFIERS 


There are many “bargain” rectifiers adver- 
tised ; many of these are indeed bargains if they 
live up to their claimed characteristics. Checking 
them is not too difficult; a few meters and a 
couple of voltage sources are required. 

Two basic checks can be made on any unknown 
silicon rectifier; a p.i.v. (peak inverse voltage) 
test and a (forward) current rating test. 


Fig. 21-41—Test circuit for determining p.i.v. rating of 
unknown rectifiers. 

CRi—400 p.i.v. silicon, to protect meter. 

CRe—Diode under test. 

E—Voltage source, low current. 

Ri—About 1000 ohms per inverse volt. See text. 


Referring to Fig. 21-44, the p.iv. test requires 
a source of adjustable high voltage, a high-sensi- 
tivity voltmeter and a microammeter. The maxi- 
mum of the high-voltage source should be about 
21% times the expected p.i.v. Typical values for 
R,, the limiting resistor, are 50,000 ohms for a 50 
Pv. rectifier and 0.5 megohm for a 400 p.iv. 
diode. 

To test an unknown rectifier, the voltage E 
is increased slowly while the two meters are 
monitored. A good silicon diode will show very 
little reverse current until a value of about 10 sa. 
is reached ; then the reverse current will increase 
rapidly as the voltage is increased. The diode 
should be given a p.iv. rating of about 80 per 
cent of the voltage at which the current started to 
increase rapidly. 


Example: A diode was tested and found to 
run 9 wa, reverse current at 500 volts, after 
which the current increased rapidly as the 
voltage was increased. The diode was rated at 
400 p.i.v. (0.8 x 500 = 400) 


Ry 


Fig. 21-42—Test circuit for checking semiconductor 

diode current rating. 

A—Ammeter or milliammeter, 2 to 5 times expected 
current rating. 

CRi-CRs—400 p.i.v. silicon diode 

CRi—Diode under test. 

E—10 to 25 volts 

Ri—Sufficient to limit current to maximum expected rat- 
ing of CR, 
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The current rating of a diode is checked by 
using the test circuit of Fig. 21-42. It is essen- 
tially a measurement of the voltage drop across 
the rectifier; a v.t.v.m. can be used. 

The test consists of setting R, for the rated 
current through the diode, as indicated by A. If 
the voltage drop across the diode is greater than 
3 volts, throw away the diode. If the drop with 
0.75 ampere through the diode is 1.4 volts, rate the 
diode at 400 ma. A diode goods for 3 amperes will 
show less than 1.5 volts drop at that current; a 
diode good for 2 amperes will show 2.5 volts or 
less drop at 2 amperes forward current. If an 
alleged 3-ampere diode shows 2 volts drop, re- 
duce its rating to 2 amperes. 


A Simple Transistor Tester 


The transistor test circuit shown in Fig. 21-43 
is useful to the experimenter or inveterate pur- 
chaser of “bargain” transistors. It can be built on 
a piece of Vectorboard; the two flashlight cells 
can be plugged into a battery holder. The contacts 
marked C, B and E can be a transistor socket or 
three leads terminated in miniature clips, or both. 


Fig. 21-43—Circuit diagrams of the transistor tester. 
Resistors are 2 watt. 

B:—Two C cells connected in series 

M:—O-1 milliameter (Lafayette 99 C 5052) 

$i, S2, Ss—D.p.d.t. miniature slide switch 


After connecting the transistor to be tested and 
with S, at Leak, S, should be tried in both 
positions if the transistor type is unknown. In the 
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Fig. 21-44—This simple transistor checker is assembled 

on a piece of perforated circuit board. Transistor under 

test is plugged into the socket under the meter. Short 

flexible leads with alligator clips can be wires in 

parallel with the base, emitter, and collector pins of 

the socket, permitting tests of large transistors which 
cannot be plugged in. 


correct position, only a small reading should ap- 
pear on the meter, This is the collector-emitter 
leakage current. 

With S, closed to GAIN, a current of 30ua. (LO) 
or slightly more than 1 ma. (H1) is fed to the 
base. In the Lo position the meter maximum is 
less than 1 ma.; in the Hr position the maximum 
is about 200 ma. 


ANTENNA AND TRANSMISSION-LINE MEASUREMENTS 


Two principal types of measurements are 
made on antenna systems: (1) the standing- 
wave ratio on the transmission line, as a 
means for determining whether or not the 
antenna is properly matched to the line (al- 
ternatively, the input resistance of the line 
or antenna may be measured); (2) the com- 
parative radiation field strength in the vicinity 
of the antenna, as a means for checking the 
directivity of a beam antenna and as an aid 
in adjustment of element tuning and phasing. 
Both types of measurements can be made 
with rather simple equipment. 


FIELD-STRENGTH MEASUREMENTS 


The radiation intensity from an antenna is 
measured witha device that is essentially a 


very simple receiver equipped with an indi- 
cator to give a visual representation of the 
comparative signal strength. Such a field- 
strength meter is used with a “pick-up an- 
tenna” which should always have the same 
polarization as the antenna being checked — 
e.g., the pick-up antenna should be horizontal 
if the transmitting antenna is. Care should be 
taken to prevent stray pickup by the field- 
strength meter or by any transmission line that 
may connect it to the pickup antenna. 
Field-strength measurements preferably 
should be made at a distance of several wave- 
lengths from the transmitting antenna being 
tested. Measurements made within a wave- 
length of the antenna may be misleading, be- 
cause of the possibility that the measuring 


Field Strength 


equipment may be responding to the com- 
bined induction and radiation fields of the 
antenna, rather than to the radiation field 
alone. Also, if the pick-up antenna has dimen- 
sions comparable with those of the antenna 
under test it is likely that the coupling be- 
tween the two antennas will be great enough 
to cause the pick-up antenna to tend to be- 
come part of the radiating system and thus 
result in misleading field-strength readings. 

A desirable form of pick-up antenna is a 
dipole installed at the same height as the 
antenna being tested, with low-impedance 
line such as 75-ohm Twin-Lead connected at 
the center to transfer the r.f. signal to the 
field-strength meter. The length of the dipole 
need only be great enough to give adequate 
meter readings. A half-wave dipole will give 
high sensitivity, but such length will not be 
needed unless the distance is several wave- 
lengths and a relatively insensitive meter is 
used, 


Field-Strength Meters 


The crystal-detector wavemeter described 
earlier in this chapter may be used as a field- 
strength meter. It may be coupled to the 
transmission line from the pick-up antenna 
through the coaxial-cable jack, J,. 

The indications with a crystal wavemeter 
connected as shown in Fig. 21-10 will tend to 
be “square law” — that is, the meter reading 
will be proportional to the square of the r.f. 


Fig. 21-45—Transistor d.c. amplifier applied to the 
wavemeter of Fig. 21-10 to increase sensitivity. Com- 
ponents not listed below are the same as in Fig. 21-10. 
Bi—Smail flashlight cell. 

M.--0-1 d.c. milliammeter (see text). 

Qi—2N705, 2N1638, etc. 

Ry---10,000-ohm control. 


voltage. This exaggerates the effect of rela- 
tively small adjustments to the antenna sys- 
tem and gives a false impression of the im- 
provement secured. The meter reading can 
be made more linear by connecting a fairly 
large resistance in series with the milliam- 
meter (or microammeter). About 10,000 ohms 
is required for good linearity. This consider- 
ably reduces the sensitivity of the meter, but 
the lower sensitivity can be compensated for 
by making the pick-up antenna sufficiently 
large. 
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Transistorized Wavemeter and 
Field-Strength Meter 


A sensitive field-strength meter can be 
made by using a transistor as a d.c. amplifier 
following the crystal rectifier of a wavemeter. 
A circuit of this type is shown in Fig. 21-42. 
Depending on the characteristics of the par- 
ticular transistor used, the amplification of 
current may be 10 or more times, so that a 
0-1 milliampere d.c. instrument becomes the 
equivalent of a sensitive microammeter. 

The circuit to the left of the dashed line in 
Fig. 21-42 is the same as the wavemeter cir- 
cuit of Fig. 21-10, and the transistor amplifier 
can easily be accommodated in the case 
housing the wavemeter. 

The transistor is connected in the common- 
emitter circuit with the rectified d.c. from the 
crystal diode flowing in the base-emitter cir- 
cuit. Since there is a small residual current 
in the collector circuit with no current flow- 
ing in the base-emitter circuit, the d.c. meter 
is connected in a bridge arrangement so the 
residual current can be balanced out. This is 
accomplished, in the absence of any signal 
input to the transistor base, by adjusting R, 
so that the voltage drop across it is equal to 
the voltage drop from collector to emitter in 
the transistor. R, and Rg5, being of the same 
resistance, have equal voltage drops across 
them and so there is no difference of poten- 
tial across the meter terminals until the col- 
lector current increases because of current 
flow in the base-emitter circuit. 

The collector current in a circuit of this 
type is not strictly proportional to the base 
current, particularly for low values of base 
current. The meter readings are not directly 
proportional to the field strength, therefore, 
but tend toward “square law” response just 
as in the case of a simple diode with little 
or no resistance in its dic. circuit. For this 
reason the d.c. meter, M,, should not have 
too-high sensitivity if reasonably linear re- 
sponse is desired. A 0-1 milliammeter will be | 
satisfactory. 


IMPEDANCE AND STANDING-WAVE 
RATIO 


Adjustment of antenna matching systems 
requires some means either of measuring the 
input impedance of the antenna or transmis- 
sion line, or measuring the standing-wave 
ratio. “Bridge” methods are suitable for either 
measurement. 

There are many varieties of bridge circuits, 
the two shown in Fig. 21-43 being among the 
most popular for amateur purposes. The simple 
resistance bridge of Fig. 21-43A consists es- 
sentially of two voltage dividers in parallel 
across a source of voltage. When the voltage 
drop across R, equals that across Rg the 
drops across Ry and Ry, are likewise equal and 
there is no difference of potential between 
points A and B. Hence the voltmeter reading 
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(A) & ve: R= GER 
L 


Fig. 21-46—Basic bridge circuits. (A) Resistance bridge; 

(B) resistance-capacitance bridge. The latter circuit is 

used in the “Micromatch,”’ with R, a very low resistance 

(1 ohm or less) and the ratio C:/C2 adjusted accord- 
ingly for a desired line impedance. 


is zero and the bridge is said to be “balanced.” 
If the drops across R, and Rg are not equal, 
points A and B are at different potentials and 
the voltmeter will read the difference. The 
operation of the circuit of Fig. 21-43B is sim- 
ilar, except that one of the voltage dividers is 
capacitive instead of resistive. 

Because of the characteristics of practical 
components at radio frequencies, the circuit 
of Fig. 21-43A is best suited to applications 
where the ratio R,/R, is fixed; this type of 
bridge is particularly well suited to measure- 
ment of standing-wave ratio. The circuit of 
Fig. 21-43B is well adapted to applications 
where a variable voltage divider is essential 
(since C, and Cy may readily be made vari- 
able) as in measurement of unknown values 
of Ry. 


S.W.R. Bridge 


In the circuit of Fig. 21-43A, if R, and Ry 
are made equal, the bridge will be balanced 
when Ry; = Rg. This is true whether Ry, is an 
actual resistor or the input resistance of a per- 
fectly matched transmission line, provided Rg 
is chosen to equal the characteristic imped- 
ance of the line. Even if the line is not prop- 
erly matched, the bridge will still be balanced 
for power traveling outward on the line, since 
outward-going power sees only the Z, of the 
line until it reaches the load. However, power 
reflected back from the load does not “see” 
a bridge circuit and the reflected voltage reg~ 
isters on the voltmeter. From the known rela- 
tionship between the outgoing or “forward” 
voltage and the reflected voltage, the s.w.r. is 
easily calculated: 


where 7, is the forward voltage and V’, is the 
reflected voltage. The forward voltage is 
equal to E/2 since Rg and R;, (the Zg of the 
line) are equal. It may be measured either by 
disconnecting Ry, or shorting it. 


MEASUREMENTS 


Measuring Voltages 


For. the s.w.r. formula above to apply with 
reasonable accuracy (particularly at high 
standing-wave ratios) the current taken by 
the voltmeter must be inappreciable compared 
with the currents through the bridge “arms.” 
The voltmeter used in bridge circuits employs 
a crystal diode rectifier (see discussion earlier 
in this chapter) and in order to meet the 
above requirement — as well as to have linear 
response, wifich is equally necessary for cali- 
bration purposes — should use a resistance of 
at least 10,000 ohms in series with the milli- 
ammeter or microammeter. 

Since the voltage applied to the line is 
measured by shorting or disconnecting Ry, 
(that is, the line input terminals), while the 
reflected voltage is measured with R,, con- 
nected, the load on the source of voltage E 
is different in the two measurements. If the 
regulation of the voltage source is not perfect, 
the voltage E will not remain the same under 
these two conditions. This can lead to large 
errors. Such errors can be avoided by using 
a second voltmeter to maintain a check on 
the voltage applied to the bridge, readjusting 
the coupling to the voltage source to main- 
tain constant applied voltage during the two 
measurements. Since the “input” voltmeter is 
simply used as a reference, its linearity is 
not important, nor does its reading have to 
bear any definite relationship to that of the 
“bridge” voltmeter, except that its range has 
to be at least twice that of the latter. 

A practical circuit incorporating these fea- 
tures is given in Fig. 21-44. 


+ - + 
INPUT 3 BRIDGE 
VM VM 


Fig. 21-47—Bridge circuit for s.w.r. measurements. This 
circuit is intended for use with a d.c. voltmeter, range 
5 to 10 volts, having a resistance of 10,000 ohms 
per volt or greater. 

Ci, Ca, Ca, Cx—0.005- or 0.01-2f. disk ceramic. 

Ri, Reo—47-ohm composition, 4% or 1 watt. 

Rs—52- or 75-ohm (depending on line impedance) 
composition, 42 or 1 watt; precision type pre- 
ferred. 

Ru, Rs—10,000 ohms, 14 watt. 

J, Je—Coaxial connectors. 

Meter connects to either “input” or “bridge” posi- 
tion as required. 


S.W.R. Bridge 


AN S.W.R. BRIDGE FOR ro rows 


One problem i in using very low-powered trans- 
mitters is the difficulty in making antenna adjust- 
ments or’ checking output when tuning up. 
The regular garden variety of reflectometer, such 
as the Monimatch, isn’t sensitive enough. The 
Millimatch, described here, provides adequate 
sensitivity—even for v.h.f. rigs with output levels 
as low as 10 milliwatts. 


Millimatch Circuit 


The Millimatch is similar to the Monimatch 

Mark II}, except that a transistor current am- 
plifier has been added. Fig. 21-49 is the cir- 
cuit of the Millimatch.2 Of all the reflectometers 
that have been described since the original Moni- 
match, the Mark II is one of the best designs for 
accuracy of readings at v.h.f., up to and including 
the 144-Mc. band. 
_ Referring to Fig. 21-49, the J, end of the 
Millimatch is connected to the transmitter and 
the J, end to the antenna. When the transmitter 
is turned on, r.f. current flowing along the con- 
ductor between the fittings induces: voltages in 
L, and Ly. The voltage induced in L, is pro- 
portional to the forward line voltage, and the 
voltage induced in Ly is proportional to the re- 
flected line voltage. The L, voltage is rectified 
by CR,, and the d.c. is applied to the base of Q. 
Q, amplifies this d.c., which is then read on Mj. 
When S, is switched to read’ reflected voltage, 
the voltage in Ly is rectified by CR, and fed 
through the amplifier. 

The standing-wave ratio on the coaxial line 
is found by first switching S, to read forward 
voltage and adjusting sensitivity control, Rg, 
so that M, reads exactly full scale; then S, is 
switched to reflected voltage and the meter 
reading noted. Let’s assume the meter is cali- 
brated from 0 to 10 in even divisions. The 
formula for determining the s.w.r. is quite simple: 


Vo + V, 
S.W.R. = Vo. 
where V7, is the forward voltage and V, is the 
reflected voltage. For example, suppose that we 
set Rg so that M, reads full scale, or 10, in the 
forward position, and when we switch to reflected 
we have a reading of 3, This would amount to 


10+3 


= 1.840 1. 
10—3 bai 


However—and this is a point that some ama- 
teurs overlook—many reflectometers are not 
truly accurate instruments for measuring s.w.r. 
They are excellent for showing when a matched 
condition (an s.w.r. of 1 to 1) exists, but under 
any other condition the voltage readings are not 
dependable, because of poor linearity of the diode 
rectifiers used at CR, and CRg. If the diodes 
were perfectly linear over the entire range of re- 


2McCoy, ‘“Monimatch Mark II,” Feb. 1957, QST. 
2 Described in QST, Aug., 1967. 
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Fig. 21-48—This is the completed Millimatch. At 
the left is the sensitivity control, Re. S1 is in the center, 
and Q: at the right. 


flected and forward voltages being measured, the 
formula above would give accurate s.w.r. checks. 
If sufficient resistance is used in series with the 
diodes, their output tends to become more linear, 
but the sensitivity is reduced. We used R4 and 
R5 to improve the accuracy, and the loss in 
sensitivity is more than made up for by the 
amplifier, Q,. In the Millimatch, another factor 
that gets into the act to upset the accuracy of 
s.w.r. readings is the linearity of the transistor 
used as an amplifier. However, regardless of the 
accuracy of s.w.r. readings, the bridge is ex- 
cellent for showing when a match is achieved. 


Fig. 21-49 — Circuit oof] 

diagram of the Milli- SENSITIVITY 2 

match. Resistances are sie 

in ohms (K == 1000). 

0.001-uf. capacitors 

are disk ceramic. 

CRi, CRe—1N34A germanium diode. 

Ji, Jo—Coax chassis receptacle, SO-239. 

li, Lo—See text. 

M:—0-1 milliammeter. A more sensitive type can be 
used, but is not required, 

Ri, Re—150 ohms, % watt carbon or composition for 50- 
ohm bridge, 100 ohms for 75-ohm unit. 

Ru, Rs—18,000 ohms, % watt. 

Re—25,000-chm control, miniature type. 

$:—2-pole, 3 position switch (Mallory 3223J or similar.) 
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Additionally, by setting S, in the forward po- 
sition, the relative rf. output of the transmitter 
can be observed on M,, this is a valuable tool 
when tuning up a transmitter. 


Construction Information 


The Millimatch is enclosed in a 24% xX 2%4 X 
5-inch Minibox. The transmission-line section 
consists of an inner conductor (a piece of 14-inch 
o.d. copper tubing, 454 inches long) and two 
pieces of copper flashing for the outer conductor. 
These two pieces measure 1 inch wide and 4% 
inches long, plus a %4-inch lip at each end for 
mounting under the screws that secure J, and 
Jy. Separation between the copper strips and 
inner conductor is maintained by two insulated 
spacers, Fig. 21-50. These spacers also serve 


Fig. 21-50—Dimensions of the insulating spacers used 
to hold bridge wires and outer conductor strips in place. 


to space the pickup wires L, and Ly at the cor- 
rect distance from the inner conductor. Any 
available insulating material of reasonably low 
loss, such as bakelite or polystyrene, can be used 
for the spacers. 

Mounted on the front of the Minibox are M,, 
S',, and Rg. Almost any of miniature panel meters 
available from radio distributors can be used 
for M, as long as they don’t protrude more than 
14% inches behind the panel. 

Mount J, and J, as close to the rear of the 
Minibox as possible, as shown in the photographs. 
Slide the spacers over the copper tubing and 
then tin the inside ends of the tubing with solder. 


MEASUREMENTS 


Also tin the inner-conductor terminals of J, 
and Jy. Slide the ends of the tubing over the 
conductor terminals and solder. You can then 
mount the copper strips in place. 

The pickup wires, L, and Lo, are 334-inch 
lengths of No. 14 tinned wire. The wires are 
centered in the spacers as shown in the photo- 
graph and cemented in place with Duco cement. 
R, and R, are %4-watt resistors and must be 
carbon or composition, not wire-wound. For a 
50-ohm bridge use 150-ohm resistors and for a 
75-ohm unit, use 1Q0-ohm resistors. The ends of 
the resistors that are soldered to L, and Ly are % 
inch long. Tin the ends of the pickup wires and 
the ends of the resistors with solder and solder 
the resistors in place, Don’t overheat the re- 
sistor as too much heat can change the value. 
The remaining ends of the resistors are soldered 
to lugs mounted under screws that hold J, and 
J,, keeping the leads as short as possible. 

When connecting CR, and CR, to the pickup 
wires, use a heat sink on the lead between the 
body of the diode and the lead being soldered. 
Too much heat can easily ruin the diode. 

Although a transistor socket was used for 
mounting Q,, it could be mounted by its own 
leads if desired. The battery was installed by 
soldering wires to both ends, no holder being 
used. 

Almost any p-n-p type transistor will work 
for Q,. Several were tried—2N114, 2N117, 
2N705, and 4JD1A67—and they all had more 
than adequate gain. 


Testing and Using The Millimatch 


Connect the Millimatch to your transmitter, 
using 50- or 75-ohm coax as required. Leave the 
antenna end of the bridge unconnected. Turn 
on the rig, switch $1 to forward and set the 
sensitivity for about half-scale reading. Next, 
switch to reflected. The readings for forward and 
reflected should be about the same. Next, if you 
want to check the accuracy of the bridge, connect 
a l-watt carbon resistor of the appropriate value, 
50 or 75 ohms, between the inner hole and outer 
shell of Jy. Switch S', to forward and adjust the 
sensitivity to full scale. Then switch to reflected 
and the reading should drop to zero. 

You may find that when you first turn on the 
Millimatch, you will get a slight reading on the 
meter without the transmitter being on. This 
is the “no-signal current” in the transistor. 
Whatever the no-signal current reading is, and 
it will be very small, assume this value as “zero” 
when the transmitter is turned on and worked 
into a matched load. 

You can check the accuracy of the s.w.r. 
readings with the formula previously mentioned 
by using dummy—load resistances of various 
values. For example, a 150-ohm resistor will 
represent a 3-to-1 s.w.r. with a 50-ohm bridge. 


Fig. 21-51—This photo shows the inside of the Milli- 

match. Pickup line L, is mounted in the grooves on the 

insulated spacers. CR, is at the left. At the right, just 
in front of the sensitivity control, is Q: in its socket. 


S.W.R. Indicator 
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A VARIMATCHER S.W.R. INDICATOR 


The s.w.r. bridge of Fig. 21-52 is easy to build 
and has excellent sensitivity, even at 1.8 Mc.+ 
It is designed for use from 1.8 to 30 Mc. and is 
capable of handling the power from a 1-kw. 
transmitter. It is designed to be used with 50- 
or 75-ohm lines and can be set up for either 
impedance by a simple adjustment procedure, 
described later. Although precise measurements 
of s.w.r. cannot be made with this style of bridge, 
it is satisfactory for amateur radio use. 


How It Works 


R. f. from the transmitter is applied to the 
bridge at J,, Fig. 21-53. The current flows along 
ZL, and out through J, to the load. The pickup 
line, Lo, is centered in L,. Because Ly is inside 
L,, and because the line current does not flow on 
the inner wall of L,, coupling between the two 
takes place only at the ends. This arrangement 
offers two benefits: The reflected- and forward- 
power portions of the pickup line, L,, are di- 
vorced from one another physically, resulting in 
better isolation between the two halves of the 
pickup element. This contributes to better bal- 
ance in the bridge. Also, with this construction 
it has been found that it is unnecessary to 
tinker with the value of terminating resistance, 
regardless of the element length or shape. The 
termination is approximately 51 ohms for 50- 
ohm lines and 33 ohms for 75-ohm lines. 

The bridge has an outer conductor (Fig. 21- 
53), Ls, for the coaxial element (outer channel 
and L,) which is necessary to prevent stray 
coupling between the forward- and reflected- 
power ends of Ly. 

Some of the forward power is sampled by 
section A of Ly and rectified by CR,. Similarly, 
the reflected power is sampled by section B of 
L, and is rectified by CR, The meter switch, 
S,, routes the direct current from CR, and CR, 
to the sensitivity control, Ry, and then to the 
l-ma. meter. The meter is adjusted for full-scale 
deflection with S, in the FoRwarp position by 
varying the resistance of Ry, and if the line is 
matched to the load, there will be no reading 
when the meter is switched to read reflected 
power. The higher the standing-wave ratio, the 
greater will be the meter deflection in the RE- 
FLECTED position. 


Building the Biidge 

Ordinary hand tools can be used for building 
the Varimatcher. The cabinet is home made and 
is 91% inches long, 3 inches high, and 3 inches 
deep.2 The bridge channel, L,, can be formed in 
a bench vise. The 14-inch diameter copper tube, 
L,, can be cut to length with a hacksaw or 
tubing cutter. The hole in the center of L, is 
made with the narrow side of a flat file. The 
important consideration when forming the parts 
of the bridge is to maintain symmetry. The 


1DeMaw, The Varimatcher, QST, May 1966. 
2The Easy Box, QST, Sept. 1966, p. 17. 


Fig. 21-52—Front view of the Varimatcher  s.w.r. 

bridge. The unit is housed in a home-made cabinet. 

The sensitivity control is at the right. The forward- 

reflected power switch is at the center of the front 

panel. The bridge null control and the two coax fittings 
are on the rear wall of the box. 


walls of L, shoule be 7 inch apart across the 
entire length of the channel. The center hole in 
L, should be equidistant from the ends of the 
line. Pickup line L, is made from the inner con- 
ductor and polyethylene insulation of a piece 
of RG-59/U coax cable. The ends of Ly should 
protrude equally from L, (Fig. 4). The connec- 
tion to R, is made by a short length of bus wire 
(the shorter the better) from the center of L, to 
the center lug on Ry. 

The tap on Ly should be made before the 
pickup line is inserted into L,. This can easily be 
done by cutting away approximately % inch 
of the poly insulation at the dead center of Ly 
and soldering a 2-inch length of No. 20 bus wire 
to the element. The bus wire should be folded 
back against the pickup line and pulled through 
L, until it is visible at the center hole of the 
copper tubing. It is a simple matter to pull it 
out through the hole for connection to R, after 
which a few drops of epoxy cement should be 
placed in the hole. This will insulate the center- 
tap wire and will anchor Ly inside L,, assuring 
long-term symmetry. (Do not insert L, into Ly 
until after L, is soldered to J, and Jy). 

The coax fittings, J, and Jy, are mounted on 
one wall of L,, Fig. 21-55, and R, is at the center, 
of the same wall. L, is centered in L, and sol- 
dered to J, and J. Fixed resistors can be used in 
place of control R, if only one transmission line 
impedance is to be used. The resistors should be 
14-watt composition units, preferably with 5- 
percent tolerance. Normally, the lead length 
between the fixed resistors and the center of Ly 
should be kept as short as possible. The 14-watt 
resistors showed no evidence of capacitive or 
inductive reactance that would cause bad effects 
in the 1.8- to 30-Mc. range. 

The bridge shown in Fig. 21-52 uses an Allen- 
Bradley 100-ohm linear-taper control for Ry. 
Of the many brands tried, the. Allen-Bradley 
(Ohmite) potentiometer was the least reactive. 
In practice, it compares favorably to the %4-watt 
fixed resistors used. The bridge was nulled at 
30 Mc. and held calibration over the entire range 
from 1.8 to 30 Mc. 
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Fig. 21-53—Schematic: diagram of the 
Varimatcher, Capacitors are 1000-volt disk 
ceramic and values are in pf. Layout dimen- 
sions for the bridge. At B, the outer chan- 
nel (Ls). At C, the back side of Ls. Shown 
at D, the copper tubing dimensions (Li) and 
Free the inner line Lo. Lz fits into Li after the buss 
wire is soldered to the center of La. 


TRANS. L3 OUTER WALL 


CRi, CRe—Matched germanium diodes. 
IN34A or equal. 

Js, Jo—SO-239 coax fitting. 

Li Lo, Ls—See Fig. 4, 

M:—1-ma. meter. 


Ri—100-ohm, linear-taper carbon control 
(Ohmite CLU-10011). See text for 
fixed resistor values. 

Rs—25,000-ohm linear-taper control. 

Si—S.p.d.t. toggle or slide switch. 


Fig. 21-54—Rear view of the Varimatcher. The screw- 

driver adjust control at the center of the panel is Ri, 

the bridge-null potentiometer. A two-tone paint job 

gives the cabinet a professional look. Light and dark 
gray spray-can paints were used. 


Fig. 21-55—Bridge element of. the Varimatcher. Style of construction permits mounting the bridge in trans- 

mitter cabinets, transmatch housings, or individual cabinets. The diode pigtails are routed through the holes in 

the outer channel and are soldered to the terminal lugs. The 0.001-pf. capacitors are also soldered to the 
terminal strips at the ends of the channel. 


Impedance Bridge 


When soldering CR, and CR, into the circuit, 
be sure to grasp the pigtails of the diodes with 
a pair of long-nose pliers so as to conduct heat 
away from the bodies of the diodes. This will 
prevent damage to them. The wiring from the 
cathode ends of CR, and CRg is not critical and 
can be routed along the sides of the cabinet. 


Adjusting the Varimatcher 


The bridge should be checked out on the 10- 
meter band. A Heath Cantenna or equivalent 50- 
ohm dummy load can be connected to Jo. The 
more accurate the termination at Jy, the more 
accurate the bridge will be. 

With a few watts of power applied at J,, 
adjust R, for full-scale deflection of the meter 
whiie S, is in the Forwarp position. Then set 
S, to the REFLECTED position and adjust R, for 
a null in the meter reading. This should be zero 
deflection when the circuit is working properly. 
If the bridge is to be set up for use with 75-ohm 
loads, the procedure is the same but a 75-ohm 
dummy must be used. If fixed resistors are used 
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in place of the control at R,, no tinkering should 
be required to secure a perfect null. 

After nulling the bridge, check again and make 
sure that full-scale meter deflection occurs in 
the forward position of S,. Next, reverse the 
cables at J, and Jo, set S, to the REFLECTED 
position, and see if a full-scale meter reading 
results. If CR, and CR, are reasonably well 
matched, the meter réadings will match up. If 
you do not wish to purchase a set of matched 
diodes, and have a supply of IN34s on hand, 
you can select a pair that will work well in the 
circuit by measuring the front and back re- 
sistance of a few of them and picking a pair 
that are about the same value. 


Using the Bridge 
The Varimatcher will handle the full output 
of a kilowatt transmitter. With R, wired into the 
circuit as shown in Fig. 21-53, the resistance 
in series with CR, and CRy, must be decreased 
to maintain a full-scale meter reading as the 
transmitter power is increased. 


IMPEDANCE BRIDGE 


The bridge shown in Figs. 21-48 to 21-50, 
inclusive, uses the basic circuit of Fig. 21-40B 
and incorporates a “differential” capacitor to 
obtain an adjustable ratio. When a resistive 
load of unknown value is connected in place 
of R,, the C,/C, ratio may be varied to attain 
a balance, as indicated by a null reading. The 
capacitor settings can be calibrated in terms 
of resistance at R,, so the unknown value can 
be read off the calibration. 

The differential capacitor consists of two 
identical capacitors on the same shaft, ar- 
ranged so that when the shaft is rotated to 
increase the capacitance of one unit, the 
capacitance of the other decreases. The prac- 
tical circuit of the bridge is given in Fig. 
21-49. Satisfactory operation hinges on ob- 
serving the same constructional precautions 
as in the case of the s.w.r. bridge. Although a 
high-impedance voltmeter is not essential, 
since the bridge is always adjusted for a null, 
the use of such a voltmeter is advisable be- 
cause its better linearity makes the actual 
null settings more accurately observable, 

With the circuit arrangement and capacitor 
shown, the useful range of the bridge is from 
about 5 ohms to 400 ohms. The calibration is 
such that the percentage accuracy of reading 
is approximately constant at all parts of the 
scale. The midscale value is in the range 50—75 
ohms, to correspond to the Zg of coaxial cable. 
The reliable frequency range of the bridge 
includes all amateur bands from 3.5 to 54 Mc. 


Checking and Calibration 


A bridge constructed as shown in the pho- 
tographs should show a complete null at all 
frequencies within the range mentioned above 
when a 50-ohm “dummy” load of the type 


described earlier in connection with the s.w.r. 
bridge is connected to the load terminals. The 
bridge may be calibrated by using a number 
of %4-watt 5% tolerance composition resistors 
of different values in the 5400 ohm range as 
loads, in each case balancing the bridge by 
adjusting C, for a null reading on the meter. 
The leads between the test resistor and J» 
should be as short as possible, and the cali- 
bration preferably should be done in the 3.5- 
Mc. band where stray inductance and capaci- 
tance will have the least effect. 


Fig. 21-56—An RC bridge for measuring unknown val- 

ues of impedance. The bridge operates at an r.f. input 

voltage level of about 5 volts. The aluminum box is 
3 by 4 by 5 inches. 


(NPUT 
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Fig. 21-57—Circuit of the impedance bridge. Resistors 
are composition, 1 watt except as noted. Fixed capaci- 
tors are ceramic. 

Ci—Differential capacitor, 11-161 yuf. per section (Mil- 

len 28801). 
CRi--Germanium diode (1N34, 1N48, etc.). 
Ja, Jo—Coaxial connectors, chassis type. 
M:—0-500 microammeter. 


Using the Bridge 


Strictly speaking, a simple bridge can meas- 
ure only purely resistive impedances. When 
the load is a pure resistance, the bridge can 
be balanced to a good null (meter reading 


Fig. 21-58—All components except the meter are 
mounted on one of the removable sides of the box. The 
variable capacitor is mounted on an L-shaped piece of 
aluminum (with half-inch lips on the inner edge for 
bolting to the box side) 2 inches wide, 2% inches high 
and 2% inches deep, to shield the capacitor from the 
other components. The terminals project through holes 
as shown, with associated components mounted directly 
on them and the load connector, Js. Since the rotor of 
C, must not be grounded, the capacitor is operated by 
an extension shaft and insulated coupling. 

The lead from J: to Cia should go directly from the 
input connector to the capacitor terminal (lower right) 
to which the 68-ohm resistor is attached. The 4700-ohm 

resistor is soldered across J3. 
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zero). If the load has a reactance component 
the null will not be complete; the higher the 
ratio of reactance to resistance in the load the 
poorer the null reading. The operation of the 
bridge is such that when an exact null cannot 
be secured, the readings approximate the re- 
sistive component of the load for very low 
values of impedance, and approximate the 
total impedance at very high values of im- 
pedance. In the mid-range the approximation 
to either is poor, for loads having consider- 
able reactance. 

In using the” bridge for adjustment of 
matching networks C; is set to the desired 
value (usually the Zo of the coaxial line) and 
the matching network is then adjusted for the 
best possible null. 


PARALLEL-CONDUCTOR LINES 


Bridge measurements made directly on par- 
allel-conductor lines are frequently subject 
to considerable error because of “antenna” 
currents flowing on such lines. These cur- 
rents, which are either induced on the line by 
the field around the antenna or coupled into 
the line from the transmitter by stray capaci- 
tance, are in the same phase in both line 
wires and hence do not balance out like the 
true transmission-line currents. They will 
nevertheless actuate the bridge voltmeter, 
causing an indication that has no relationship 
to the standing-wave ratio. 


S.W.R. Measurements 


The effect of “antenna” currents on s.w.r. 
measurements can be largely overcome by 
using a coaxial bridge and coupling it to the 
parallel-conductor line through a_ properly 
designed impedance-matching circuit. A suit- 
able circuit is given in Fig. 21-51. An antenna 
coupler can be used for the purpose. In the 
balanced tank circuit the “antenna” or parallel 
components on the line tend to balance out 
and so are not passed on to the s.w.r. bridge. 
It is essential that L, be coupled to a “cold” 
point on Ly to minimize capacitive coupling, 
and also desirable that the center of Ly be 
grounded to the chassis on which the circuit 
is mounted. Values should be such that LoC, 
can be tuned to the operating frequency and 
that L, provides sufficient coupling, as de- 
scribed in the transmission-line chapter. The 
measurement procedure is as follows: 

Connect a noninductive (%- or 1-watt car- 
bon) resistor, having the same value as the 
characteristic impedance of the parallel-con- 
ductor line, to the “line” terminals. Apply r.f. 
to the bridge, adjust the taps on Ly (keeping 
them equidistant from the center), while vary- 
ing the capacitance of C, and Cy, until the 
bridge shows a null. After the null is obtained, 
do not touch any of the circuit adjustments. 
Next, short-circuit the “line” terminals and 
adjust the r.f. input until the bridge volt- 
meter reads full scale. Remove the short- 
circuit and test resistor, and connect the regu- 
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Fig. 21-59—Circuit for using coaxial s.w.r. bridge for 

measurements on parallel-conductor lines. Values of 

circuit components are identical with those used for the 

similar “antenna-coupler” circuit discussed in the chap- 
ter on transmission lines, 


lar transmission line. The bridge will then 
indicate the standing-wave ratio on the line. 
The circuit requires rematching, with 
the test resistor, whenever the frequency is 
changed appreciably. It can, however, be used 
over a portion of an amateur band without 
readjustment, with negligible error. 


Impedance Measurements 


Measurements on parallel-conductor lines 
and other balanced loads can be made with 
the impedance bridge previously described by 
using a balun of the type shown schematically in 
Fig. 21-52. This is an autotransformer having a 
2-to-1 turns ratio and thus provides a 4-to-1l 
step-down in impedance from a balanced load 
to the output circuit of the bridge, one side 
of which is grounded. L, and L, must be as 
tightly coupled as possible, and so should be 
constructed as a bifilar winding. The circuit 
is resonated to the operating frequency by 
Cy, and Cy, serves to tune out any residual 
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Fig. 21-60—Tuned balun for coupling between balanced 

and unbalanced lines. iy and Le should be built as a 

bifilar winding to get as tight coupling as possible 
between them. Typical constants are as follows: 


Freq., Mc. fi, Le Cy C2 

28 3 turns each on 2. 4 puf. 420 BEF. 
inch form, equally 
spaced over 
inch, total. 

14 Same as 28 Mc. 39 wef, 0.0015 yf. 

7 8 turns of 150-ohm None 0.001 pf. 
Twin-Lead, no 
spacing between 
turns, on 23-inch 
dia. form, 

3.5 Same as 7 Mc. 62 wef. 0.0045 Hf, 


Capacitors in unit shown in Fig. 21-50 are NPO disk 
ceramic. Units may be paralleled to obtain proper 
capacitance, 


reactance that may be present because the 
coupling between the two coils is not quite 
perfect. 


THE OSCILLOSCOPE 


The cathode-ray oscilloscope gives a visual 
representation of signals at both audio and 
radio frequencies and can therefore be used 
for many types of measurements that are not 
possible with instruments of the types dis- 
cussed earlier in this chapter. In amateur 
work, one of the principal uses of the scope 
is for displaying an amplitude-modulated sig- 
nal so a phone transmitter can be adjusted 
for proper modulation and continuously mon- 
itored to keep the modulation precentage 
within proper limits. For this purpose a very 
simple circuit will suffice, and a typical circuit 
is described later in this section. 

The versatility of the scepe can be greatly 
increased by adding amplifiers and linear 
deflection circuits, but the design and adjust- 
ment of such circuits tends to be complicated 
if optimum performance is to be secured, 
and is somewhat outside the field of this sec- 
tion. Special components are generally re- 
quired. Oscilloscope kits for home assembly 
are available from a number of suppliers, and 
since their cost compares very favorably with 
that of a home-built instrument of compa- 
rable design, they are recommended for se- 
rious consideration by those who have need 
for or are interested in the wide range of 


measurements that is possible with a fully- 
equipped scope. 


Types of Sweeps 


A sawtooth sweep-voltage wave shape, such 
as is shown in Fig. 21-55, is called a linear 
sweep, because the deflection in the horizontal 
direction is directly proportional to time. If 
the sweep were perfect the fly-back time, or 
time taken for the spot to return from the 
end (H) to the beginning (J or A) of the 
horizontal trace, would be zero, so that the 
line HI would be perpendicular to the axis 
Y-Y’. Although the fly-back time cannot be 
made zero in practicable sweep-voltage gen- 
erators it can be made quite small in com- 
parison to the time of the desired trace 4H, 
at least at most frequencies within the audio 
range. The line H’I’ is called the return trace; 
with a linear sweep it is less brilliant than 
the pattern, because the spot is moving much 
more rapidly during the fly-back time than 


‘during the time of the main trace. 


The linear sweep shows the shape of the 
wave in the same way that it is usually rep- 
resented graphically. If the period of the a.c. 
voltage applied to the vertical plates is con- 
siderably less than the time taken to sweep 
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horizontally across the screen, several cycles 
of the vertical or “signal” voltage will appear 
in the pattern. 


Fig. 21-61—A.c.- 
wy voltage waveshape 
= as viewed on an 
= * 
we oscilloscope screen, 
showing the forma- 
tion of the pattern 
from the horizontal 
H (sawtooth) and ver- 
1 wet HORIZONTAL tical sweep voltages. 


Y 


For many amateur purposes a satisfactory 


horizontal sweep is simply a 60-cycle voltage 
of adjustable amplitude. In modulation moni- 
toring (described in the chapter on amplitude 
modulation) audio-frequency voltage can be 
taken from the modulator to supply the 
horizontal sweep. For examination of audio- 
frequency wave forms, the linear sweep is 
essential. Its frequency should be adjustable 
over the entire range of audio frequencies to 
be inspected on the oscilloscope. 


Lissajous Figures 


When sinusoidal a.c. voltages are applied 
to the two sets of deflecting plates in the 


PATTERNS FREQ. RATIO 
Fig. 21-62—Lissajous fig- 
ures and corresponding 
frequency ratios for a 90- 
at d . . 

legree phase relationship 
between the voltages ap- 
plied to the two sets of 

deflecting plates. 
: 3:t 


oscilloscope the resultant pattern depends on 
the relative amplitudes, frequencies and phase 
of the two voltages. If the ratio between the 
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two frequencies is constant and can be ex- 
pressed in integers a stationary pattern will 
benproduced. This makes it possible to use 
the oscilloscope for determining an unknown 
frequency, provided a variable frequency 
standard is available, or for determining cali- 
bration points for a variable-frequency oscil- 
lator if a few known frequencies are available 
for comparison. 

The stationary patterns obtained in this 
way are called Lissajous figures. Examples 
of some of the simpler Lissajous figures are 
given in Fig. 21-56. The frequency ratio is 
found by counting the number of loops along 
two adjacent edges. Thus in the third figure 
from the top there are three loops along a 
horizontal edge and only one along the ver- 
tical, so the ratio of the vertical frequency 
to the horizontal frequency is 3 to 1. Similarly, 
in the fifth figure from the top there are four 
loops along the horizontal edge and three 
along the vertical edge, giving a ratio of 4 to 3. 
Assuming that the known frequency is applied 
to the horizontal plates, the unknown fre- 
quency is 


where f, = known frequency applied to hori- 

zontal plates, 

fg= unknown frequency applied to 
vertical plates, 

ny = number of loops along a vertical 
edge, and ; 

M%=number of loops along a hori- 
zontal edge. 


An important application of Lissajous fig- 
ures is in the calibration of audio-frequency 
signal generators. For very low frequencies 
the 60-cycle power-line frequency is held ac- 
curately enough to be used as a standard in 
most localities. The medium audio-frequency 
range can be covered by comparison with the 
440. and 600-cycle modulation on the WWV 
transmissions. An oscilloscope having both 
horizontal and vertical amplifiers is desirable, 
since it is convenient to have a means for 
adjusting the voltages applied to the deflec- 
tion plates to secure a suitable pattern size. 
It is possible to calibrate over a 10-to-1 range, 
both upwards and downwards, from each of 
the latter frequencies and thus cover the audio 
range useful for voice communication. 


Basic Oscilloscope Circuit 


The essential oscilloscope circuit is shown 
in Fig. 21-57. The minimum requirements are: 
supplying the various electrode potentials, 
plus controls for focusing and centering the 
spot on the face of the tube and adjusting the 
spot intensity. The circuit of Fig. 21-57 can 
be used with electrostatic-deflection tubes 
from two to five inches in face diameter, with 
voltages up to 2500. This includes practically 
all the types popular for small oscilloscopes. 

The circuit has provision for introducing 
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100K 


220K 


signal voltages to the two sets of deflecting 
plates. Either set of deflecting electrodes 
(D,Dy, or D3D4) may be used for either hori- 
zontal or vertical deflection, depending on 
how the tube is mounted. 

In the circuit of Fig. 21-57 the centering con~ 
trols are not too high above electrical ground, so 
no special insulating of the controls is required. 
However, the focusing and intensity controls are 
at a high voltage above ground and therefore 


should be carefully insulated. Insulated couplings 


or extension shafts should be used. 

The tube should be protected from stray 
magnetic fields, either by enclosing it in an 
iron or steel box or by using one of the special 
cr, tube shields available. Ii the heater trans- 
former (or other transformer) is mounted in the 
same cabinet, care must be used to place it so the 
stray field around it does not deflect the spot. 
The spot cannot be focussed to a fine point when 
influenced by a transformer field. The heater 
transformer must be well insulated, and one side 
of the heater should be connected to the cathode. 


Modulation Monitoring 


Methods for connecting the oscilloscope to a 
transmitter for checking or monitoring modula- 
tion are given in Chapter Eleven. 

When one changes from a.m, to single side- 
band, he can no longer use the familiar trapezoid 
oscilloscope pattern for monitoring his transmis- 
sions. If the scope includes a sawtooth horizontal 
sweep oscillator there is no problem, of course, 
but there is an easy conversion for a scope with 
no oscillator. ; 

A 60-cycle transformer with a center-tapped 
winding is required. An old 250- to 350-v.c.t. 
transformer will do. The exact value carKt be 
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Fig. 21-63—Oscilloscope circuit for 
modulation monitoring. Constants 
are for 1500- to 2500-volt high- 
voltage supply. For 1000 to 1500 
volts, omit Rs and connect the bottom 
end of R; to the top end of Ro. 
Ci-Cs, inc.—-1000-volt disk ceramic. 
Ri, Ra, Re, Ru—Volume-control type, 
linear taper. Ro and Ru must 
be well insulated from chassis. 
Ra, Ra, Rs, Re, Rio—Y2 watt. 
Rz, Rs—1 watt. 
Vi-—Electrostatic-deflection cathode- 
ray tube, 2- to 5-inch. See 
tube tables for base connec- 
tions and heater ratings of 
type chosen, 


UISV. 
60 CRS. 
FOCUS 


500 K 


HORZ. 
CENTERING 


Focus 


Fig. 21-64—A linear time base for an oscilloscope can 

be obtained from the “center” portion of a sine wave. 

Coupling the a.c. to the grid gives “intensity modula- 

tion” that blanks the retrace. 

C:—Ceramic capacitor of adequate voltage rating. 

T:—250-to 350-volt center-tapped secondary. If voltage 
is too high, use dropping resistor in primary 
side. 


specified because the horizontal deflection sensi- 
tivity varies with different types of tubes. The 
voltage should merely be sufficient to deflect the 
spot well off the screen on either side. You now 
have a substantially linear sweep but it is as 
bright on retrace as on left to right. To blank it 
in one direction, it is only necessary to couple the 
a.c, to the No. 1 grid of the scope. The circuit 
is shown in Fig. 21-58. 

It will be found that the spot cannot be focused 
as sharply as before, and you will have to settle 
for a wider trace. However, it is still quite ade- 
quate for monitoring a linear amplifier’s output. 


Frequency Limitations of Oscilloscopes 


Most commercial or kitted oscilloscopes 
include vacuum-tube amplifiers between: the 
input terminals and the deflection plates, to 
increase the sensitivity and usefulness of the 
instrument. Depending upon the construction 
of the amplifiers, their useful frequency range 
may be only as high as several hundred kc., 
although more expensive instruments will in- 
clude amplifiers that work in the megacycle 
range. No such frequency limits apply when the 
connection is made directly to the deflection 
plates, and consequently r.f. at 20. to 30 Mc. can 
be applied by the methods described in Chapter 
Eleven. 


Assembling a 
station 


The actual location inside the house of the 
“shack”— the room where the transmitter and 
receiver are located — depends, ‘of course, on 
the free space available for amateur activities. 
Fortunate indeed is the amateur with a separate 
room that he can reserve for his hobby, or the 
few who can have a special small building sep- 
arate from the main house. However, most ama- 
teurs must share a room with other domestic 
activities, and amateur stations will be found 
tucked away in a corner of the living room, a 
bedroom, or even in a large closet! A spot in the 
cellar or the attic can almost be classed as a 
separate room, although it may lack the “finish” 
of a normal room. 

Regardless of the location of the station, how- 
ever, it should be designed for maximum operat- 
ing convenience and safety. It is foolish to have 
the station arranged so that the throwing of sev- 
eral switches is required to go from “receive” to 
“transmit,” just as it is silly to have the equip- 
ment arranged so that the operator is in an 
uncomfortable and cramped position during his 
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This modern-day satellite-communications station is used 
by the Sohio Moonobounce group. This photo, sub- 
mitted by W8FKC, shows a pen recorder at the left, a 
tape deck at the right of the pen recorder. This rack- 
and-panel installation is neat and functional, placing 
all of the equipment within easy reach of the operator. 


Chapter 22 


operating hours. The reason for building the 
station as safe as possible is obvious, if you are 
interested in spending a number of years with 
your hobby! 


CONVENIENCE 


The first consideration in any amateur station 
is the operating position, which includes the 
operator’s table and chair and the pieces of 
equipment that are in constant use (the receiver, 
send-receive switch, and key or microphone). 
The table should be as large as possible, to 
allow sufficient room for the receiver or receiv- 
ers, transmitter frequency control, frequency- 
measuring equipment, monitoring equipment, con- 


‘trol switches, and keys and microphones, with 


enough space left over for the logbook, a pad 
and pencil, and perhaps a large ash tray. Suit- 
able space should be included for radiogram 
blanks and a call book, if these accessories are 
in frequent use. If the table is small, or the 
number of pieces of equipment is large, it is 
often necessary to build a shelf or rack for the 
auxiliary equipment, or to mount it in some less 
convenient location in or under the table. If one 
has the facilities, a semicircular “console” can 
be built of wood, or a simpler solution is to 
use two small wooden cabinets to support a 
table top of wood or Masonite. A flush-type 
door will make an excellent table top. Home- 
built tables or consoles can be finished in any 
of the available oil stains, varnishes, paints or 
lacquers. Many operators use a large piece of 
plate glass over part of their table, since it 
furnishes a good writing surface and can cover 
miscellaneous charts and tables, prefix lists, 
operating aids, calendar, and similar accessories. 

If the major interests never require frequent 
band changing, or frequency changing within a 
band, the transmitter can be located some dis- 
tance from the operator, in a location where 
the meters can be observed from time to time. If 
frequent band or frequency changes are a part 
of the usual operating procedure, the trans- 
mitter should be mountéd close to the oper- 
ator, either along one side or above the re- 
ceiver, so that the controls are easily accessible 
without the need for leaving the operating 
position, 

A compromise arrangement would place the 
v.f.o. or exciter at the operating position and 
the transmitter proper in some convenient loca- 
tion not adjacent to the operator. Since it is 
usually possible to operate over a portion of a 
band without retuning the transmitter stages, an 
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Controls 


operating position of this type is an advantage 
over one in which the operator must leave his 
position to change frequency. 


Controls 


The operator has an excellent chance to exer- 
cise his ingenuity in the location of the operat- 
ing controls. The most important controls in the 
station are the receiver tuning dial and the 
send-receive switch. The receiver tuning dial 
should be located four to eight inches above the 
operating table, and if this requires mounting 
the receiver off the table, a small shelf or 
bracket will do the trick. With the single ex- 
ception of the amateur whose work is almost 
entirely in traffic or rag-chew nets, which re- 
quire little or no attention to the receiver, it 
will be found that’ the operator’s hand is on 
the receiver tuning dial most of the time. If 
the tuning knob is too high or too low, the 
hand gets cramped after an extended period of 
operating, hence the importance of a properly 
located receiver, The majority of c.w. operators 
tune with the left hand, preferring to leave the 
right hand free for copying messages and han- 
dling the key, and so the receiver should be 
mounted where the knob can be reached by the 
left hand. Phone operators aren’t tied down this 
way, and tune the communications receiver with 
the hand that is more convenient. 

The hand key should be fastened securely to 
the table, in a line just outside the right shoulder 
and far enough back from the front edge of the 
table so that the elbow can rest on the table. 
A good location for the semiautomatic or “bug” 
key is right next to the hand-key, although some 
operators prefer to mount the automatic key in 
front of them on the left, so that the right fore- 


arm rests on the table parallel to the front edge. , 


The best location for the microphone is di- 
rectly in front of the operator, so that he doesn’t 
have to shout across the table into it, or run up 
the speech-amplifier gain so high that all manner 
of external sounds are picked up. If the micro- 
phone is supported by a boom or by a flexible 
“goose neck,” it can be placed in front of the 
operator without its base taking up valuable 
table space. 

In any amateur station worthy of the name, 
it should be necessary to throw no more than 
one switch to go from the “receive” to the 
“transmit” condition. In phone stations, this 
switch should be located where it can be easily 
reached by the hand that isn’t on the receiver. 
In the case of c.w. operation, this switch is most 
conveniently located to the right or left of the 
key, although some operators prefer to have it 
mounted on the left-hand side of the operating 
position and work it with the left hand while 
the right hand is on the key. Either location is 
satisfactory, of course, and the choice depends 
upon personal preference. Some operators use a 
foot- or knee-controlled switch, which is a conve- 
nience but doesn’t allow too much freedom of 
position during long operating periods. 

If the microphone is hand-held during phone 
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operation, a “push-to-talk” switch on the micro- 
phone is convenient, but hand-held microphones 
tie up the use of one hand and are not too de- 
sirable, although they are widely used in mobile 
and portable work. 

The location of other switches, such as those 
used to control power supplies, and phone/c.w. 
change-over, is of no particular importance, and 
they can be located on the unit with which they 
are associated. This is not strictly true in the 
case of the phone/c.w. DX man, who sometimes 
has need to change in a hurry from c.w. to phone. 
In this case, the change-over switch should be 
at the operating table, although the actual change- 
over may be done by a relay controlled by the 
switch. 

If a rotary beam is used the control of the 
beam should be convenient to the operator. The 
direction indicator, however, can be located any- 
where within sight of the operator, and does not 
have to be located on the operating table unless 
it is included with the control. 


Frequency Spotting 


The operator should be able to turn on only 
the oscillator of his transmitter, so that he can 
spot accurately his location in the band with 
respect to other stations. This allows him to 
see if he has anything like a clear channel, or 
to see what his frequency is with respect to 
another station. Such a provision can be part 
of the “send-receive” switch. Switches are avail- 
able with a center “off” position, a “hold” position 
on one side, for turning on the oscillator only, 
and a “lock” position on the other side for 
turning on the transmitter and antenna relay. If 
oscillator keying is used, the key serves the 
same purpose, provided a “send-receive” switch 
is available to disable the rest of the transmitter 
and prevent a signal going out on the air during 
adjustment of the oscillator frequency. 

For phone operation, the telegraph key or 
an auxiliary switch can control the transmitter 
oscillator, and the “send-receive”’ switch can 
then be wired into the control system so as 
to control the oscillator as well as the other 
circuits, 


Comfort 


Of prime importance is the comfort of the 
operator. If you find yourself getting tired after 
a short period of operating, examine your sta- 
tion to find what causes the fatigue. It may 
be that the chair is too soft or hasn’t a straight 
back or is the wrong height for you. The key 
or receiver may be located so that you assume 
an uncomfortable position while using them. If 
you get sleepy fast, the ventilation may be at 
fault. (Or you may need sleep !) 


POWER CONNECTIONS AND CONTROL 


Following a few simple rules in wiring your 
power outlets and control circuits will make it 
an easy job*to change units in the station. If 
the station is planned in this way from the start, 
or if the rules are recalled when you are re- 
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building, you will find it a simple matter to revise 
your station from time to time without a major 
rewiring job. 

It is neater and safer to run a single pair of 
wires from the outlet over to the operating table 
or some central point, rather than to use a num- 
ber of adapters at the wall outlet. 


Interconnections 


The ac. wiring of most stations will entail 
little more than finding sufficient wall outlets 
to accept the power-cable plugs from the several 
units. However, a more sophisticated station 
would provide the various outlets at some 
inconspicuous area at the operating table or 
console. If the transmitter power is in excess 
of 500 watts it is advisable to provide 230 volts 
for its power supply (if it will work from 230 
volts) rather than the more common 115-volt 
source. The higher voltage source will provide 
better regulation, and the house lights are less 
likely to “blink” with keying or modulation. A 
single switch, either on the wall of the “shack” 
or at the operating position, should control all 
of the 115- and/or 230-volt outlets; this makes 
it a simple matter to turn on the station to the 
“standby” condition. 

The nature of the send-receive control circuitry 
depends so much upon the equipment in use that 
it is impossible to give anything but the broadest 
principles to follow. With commercial equip- 
ment, the instruction books usually provide some 
suggestions. In some cases the antenna-transfer 
relay is provided also, so that the antenna ‘is 
connected to the transmitter and a cable from 
the transmitter is connected to the receiver. 
- Normally the receiver is connected to the antenna 
through this relay. When the transmitter is “on” 
the relay transfers the antenna to the transmitter 
output circuit. 

Lacking a built-in antenna transfer relay, 
many amateurs make do with a short separate 
wire for the receiving antenna. While this is ac- 
ceptable in many instances, it is seldom as effec- 
tive (on receiving) as using the same antenna for 
transmitting and receiving. A separate antenna 
relay can be used; several models are available, 
for use with coaxial or open-wire line. Models are 
available for use with 115-volt a.c. or 12-volt dic. 
Some have an auxiliary set of contacts that can 
be used to control the transmitter “on” function 
and/or the receiver “mute” circuit. 


Break-In and Push-To-Talk 


In c.w. operation, “break-in” is any system 
that allows the transmitting operator to hear 
the other station’s signal during the “key-up” 
periods between characters and letters. This 
allows the sending station to be “broken” by the 
receiving station at any. time, to shorten calls, 
ask for “fills” in messages, and speed up opera- 
tion in general. With present techniques, it re- 
quires the use of a separate receiving antenna 
or an electronic “tr.” switch and, with high 
power, some means for protecting the receiver 
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from the transmitter when the key is “down.” 
If the transmitter is low-powered (50 watts or 
so), no special equipment is required except the 
separate receiving antenna and a receiver that 
“recovers” fast. Where break-in operation is 
used, the output stage should be disabled when 
adjusting the oscillator to a new frequency, to 
avoid radiating an unnecessary signal. 

“Push-to-talk” is an expression derived from 
the “pusm” switch on some microphones, and it 
means a phone station with a single control for 
all change-over functions, Strictly speaking, it 
should apply only to a station where this single 
send-receive switch must be held in place during 
transmission periods, but any fast-acting switch 
will give practically the same effect. A control 
switch with a center “orr’ position, and one 
‘ST0LD” and one “LOCK” position, will give more 
flexibility than a straight “push” switch. The 
one switch must control the transmitter, the 
receiver “on-off” circuit and, if one is used, the 
antenna change-over relay. The receiver control 
is necessary to disable its output during transmit 
periods, to avoid acoustic feedback. A “foot 
switch” on the floor at the operating position 
is a convenient control. 


A practical solution for the limited-space dweller is 

shown here. This neat home-built ham station is housed 

in a metal filing cabinet/desk combination. When not 

in use, the station can be closed up and locked, mak- 

ing it accessible to only the operator. (This station was 
designed and built by WB2FSYV) 


Safety 


Many s.s.b. transmitters provide for “VOX” 
(voice-controlied operation), where the trans- 
mitter is turned on atttomatically at the first 
voice syllable and is held on for a half second 
or more after the voice stops. Operation with a 
VOX-operated s.s.b. transmitter is similar to 
c.w. break-in, in that a separate receiving antenna 
or an antenna transfer relay or an electronic t.r. 
switch is required. Several examples of electronic 
tr. switches are given at the end of this chapter. 


Switches and Relays 


It is dangerous to use an overloaded switch 
in the power circuits. After it has been used for 
some time, it may fail, leaving the power on the 
circuit even after the switch is thrown to the 
“orF’ position. For this reason, large switches, 
or relays with adequate ratings, should be used 
to control the plate power. Relays are rated by 
coil voltages (for their control circuits) and by 
their contact current and voltage ratings. Any 
switch or relay for the power-control circuits of 
an amateur station should be conservatively 
rated; overloading a switch or relay is very poor 
economy. Switches rated at 20 amperes at 125 
volts will handle the switching of circuits at the 
kilowatt level, but the small toggle switches 
rated 3 amperes at 125 volts should be used only 
in circuits up to about 150 watts. 

When relays are used, the send-receive switch 
closes the circuits to their coils. The energized 
relays close the heavy-duty relay contacts. Since 
the relay contacts are in the power circuit being 
controlled, the switch handles only the relay-coil 
current. As a consequence, this switch can have 
a low current rating. 


modern amateur 


This radio station is 
equipped for use from the h.f. bands 
through the u.h.f. spectrum. The equipment 
is neatly arranged to provide the operator 
with easy access to the various pieces of 
gear. The foundation unit is a home-made 
console which is fashioned from plywood, 
stained to the desired color, and finished off 
with several coats of varnish. The relay 
racks at the right and left of the operating 
position are mounted on dollies so that they 
can be moved with ease. The row of books 
across the top shelf of the console are used 
to record, in alphabetical order, information 
which relates to radio amateurs worked, 
their equipment, and other pertinent data 
to be kept on record. This station belongs 
to W1FZJ/KP4 and WIHOY/KP4 in Arecibo, 
P.R. 
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SAFETY 


Of prime importance in the layout of the 
station is the personal safety of the operator 
and of visitors, invited or otherwise, during 
normal operating practice. If there are small 
children in the house, every step must be taken 
to prevent their accidental contact with power 
leads of any voltage. A locked room is a fine 
idea, if it is possible, otherwise housing the trans- 
mitter and power supplies in metal cabinets is an 
excellent, although expensive, solution. Lacking 
a metal cabinet, a wooden cabinet or a wooden 
framework covered with wire screen is the next- 
best solution. Many stations have the power sup- 
plies housed in metal cabinets in the operating 
room or in a closet or basement, and this cabinet 
or entry is kept locked — with the key out of 
reach of everyone but the operator. The power 
leads are run through conduit to the transmitter, 
using ignition cable for the high-voltage leads. If 
the power supplies and transmitter are in the 
same cabinet, a lock-type main switch for the 
incoming line power is a good precaution. 

A simple substitute for a lock-type main switch 
is an ordinary line plug with a short connecting 
wire between the two pins. By wiring a female 
receptacle in series with the main power line in 
the transmitter, the shorting plug will act as the 
main safety lock. When the plug is removed and 
hidden, it will be impossible to energize the trans- 
mitter, and a stranger or child isn’t likely to spot 
or suspect the open receptacle. 

An essential adjunct to any station is a short- 
ing stick for discharging any high voltage to 
ground before any work is done in the transmit- 
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ter. Even if interlocks and power-supply bleeders 
ate used, the failure of one or more of these 
components may leave the transmitter in a dan- 
gerous condition. The shorting ‘stick is made by 
mounting a small metal hook, of wire or rod, on 
one end of a dry stick or bakelite rod. A piece of 
ignition cable or other well-insulated wire is then 
run from the hook on the stick to the chassis or 
common ground of the transmitter, and the stick 
is hung alongside the transmitter. Whenever the 
power is turned off in the transmitter to permit 
work on the rig, the shorting stick is first used to 
touch the several high-voltage leads (plate r.f. 
choke, filter capacitor, tube plate connection, etc. ) 
to insure that there is no high voltage at any of 
these points. 


Fusing 


A minor hazard in the amateur station is the 
possibility of fire through the failure of a com- 
ponent. If the failure is complete and the com- 
ponent is large, the house fuses will generally 
blow. However, it is unwise and inconvenient to 
depend upon the house fuses to protect the lines 
running to the radio equipment, and every power 
supply should have its primary circuit individu- 
ally fused, at about 150 to 200 per cent of the 
maximum rating of the supply. Circuit breakers 
can be used instead of fuses if desired. 


Wiring 


Control-circuit wires running between the op- 
erating position and a transmitter in another part 
of the room should be hidden, if possible. This 
can be done by running the wires under the floor 
or behind the base molding, bringing the wires 
out to terminal boxes or regular wall fixtures, 
Such construction, however, is generally only 
possible in elaborate installations, and the aver- 
age amateur must content himself with trying to 
make the wires as inconspicuous as possible. If 
several pairs of leads must be run from the op- 
erating table to the transmitter, as is generally 
the case, a single piece of rubber- or vinyl- 
covered multiconductor cable will always look 
neater than several pieces of rubber-covered 
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lamp cord, and it is much easier to sweep around 
or dust. 

Solid or stranded wire connected to a screw 
terminal (a.c. plug, antenna binding posts, etc.) 
should either be “hooked” around a clockwise 
direction or, better yet, be terminated in a 
soldering lug. If the wire is hooked in a counter- 
clockwise position, it will tend to move out from 
under the screw head as the screw is tightened. 

The antenna wires always present a problem, 
unless coaxial-line feed is used. Open-wire line 
from the point of entry of the antenna line should 
always be arranged neatly, and it is generally best 
to support it at several points. Many operators 
prefer to mount any antenna-tuning assemblies 
right at the point of entry of the feedline, to- 
gether with an antenna changeover relay (if one 
is used), and then the link from the tuning as- 
sembly to the transmitter can be made of incon- 
spicuous coaxial line. If the transmitter is 
mounted near the point of entry of the line, it 
simplifies the problem of “What to do with the 
feeders?” 


Lightning and Fire Protection 


The National Electrical Code (NFPA No. 70) 
adopted by the National Fire Protection Asso- 
ciation, although purely advisory as far as the 
NFPA is concerned, is of interest because it is 
widely used in law and for legal regulatory pur- 
poses, Article 810 deals with radio and television 
equipment, and Section C treats specifically ama- 
teur transmitting and receiving stations, Perti- 
nent paragraphs are reprinted below: 


810-11. Material. Antenna and lead-in conductors 
shall be of hard-drawn copper, bronze, aluminum alloy, 
copper-clad steel or other high-strength, corrosion-resistant 
material. Soft-drawn or medium-drawn copper may be 
used for lead-in conductors where the maximum span be- 
tween points of support is less than 35 feet. 

810-12. Supports. Outdoor antenna and lead-in con- 
ductors shall be securely supported. They shall not 
be attached to poles or similar structures carrying 
electric light or power wires or trolley wires of more 
than 250 volts between conductors. Insulators sup- 
porting the antenna conductors shall have sufficient 
mechanical strength to safely support the conductors, 


A convenient and inexpensive operation position can be made by purchasing an unfinished door panel, attach- 
ing wooden or wrought iron legs, and finishing the surface of the table with a coat of spar varnish or similar 
heavy-duty material. This station is owned by WICKK and WNIHTY of Meriden, Conn. 


Electric Code 


Lead-in conductors shall be securely attached to the 
antenna, 

810-13. Avoidance of Contacts with Conductors of 
Other Systems. Outdoor antenna and lead-in conduc- 
tors from an antenna to a ‘building shall not cross 
over electric light or power circuits and shall be kept 
well away from all such circuits so as to avoid the 
possibility of accidental contact. Where proximity to 
electric light and power service conductors of tess 
than 250 volts between conductors cannot be avoided, 
the installation shall be such as to provide a clearance 
of at least two feet. It is recommended that antenna 
conductors be so installed as not to cross under elec- 
tric light or power conductors. 

810-14. Splices. Splices and joints in antenna span 
shall be made with approved splicing devices or by 
such other means as will not appreciably weaken the 
conductors. 

Soldering may ordinarily be expected to weaken the 
conductor, Therefore, the joint should be mechanically 
secure before soldering. 

810-15. Grounding. Masts and metal structures sup- 
porting antennas shall be permanently and effectively 
grounded, without intervening splice or connection. 

810-21, Grounding Material. The grounding conduc- 
tor shall, unless otherwise specified, be of copper, 
aluminum, copper-clad steel, bronze, or other cor- 
rosion-resistant material. 

810-22. Insulation. The grounding conductors may 
be uninsulated. 

810-23. Supports. The grounding conductors shall 
be securely fastened.in place and may be directly at- 
tached to the surface wired over without the use of 
insulating supports. Where proper support cannot be 
provided the size of the grounding conductor shall 
be increased proportionately. 

810-24. Mechanical Protection. The grounding con- 
ductor shall be protected where exposed to physical 
damage or the size of the grounding conductor shall 
be increased proportionately to compensate for the 
lack of protection, 

810-25. Run in Straight Line. The grounding con- 
ductor shall be run in as straight a line as practicable 
from the antenna mast and/or lightning arrestor to 
the grounding electrode. 

810-26. Grounding Electrode. The grounding con- 
ductor shall be connected to a metallic underground 
water piping system. Where the building is not 
supplied with a (suitable) water system (one buried 


deeper than ten feet) the connection shall be made to. 


the metal frame of the building when effectively 
grounded or to a grounding electrode. At a pent- 
house or similar location the ground conductor may 
be connected to a water pipe or rigid conduit. 

810-27, Grounding Conductor. The grounding con- 
ductor may be run either inside or outside the build- 
ing, 

810-52, Size of Antenna. Antennas for amateur 
transmitting and receiving stations shall be of a size 
not less than given in Table 810-52. 


Table 810-52 


Size of Amateur-Station Outdoor Antenna 
Conductors 


Minimum Size of 
Conductors 


When Maximum Open 
Span Length Is 


Less than Over 
Material 150 feet 150 feet 


Hard-drawn copper 14 10 
Copper-clad steel, bronze 

or other high-strength 

material 14 12 


810-53. Size of Lead-In Conductors, Lead-in con- 
ductors for transmitting stations shall, for various 
maximum span lengths, be of a size at least as great 
as that of conductors for antenna specified in 810-52. 

810-54, Clearance on Building. Antenna conductors 
for transmitting stations, attached to buildings, shall 
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be firmly mounted at least 3 inches clear of the sur- 
face of the building on nonabsorptive insulating sup- 
ports, such as treated pins or brackets, equipped with 
insulators having not less than 3-inch creepage and 
airgap distances. Lead-in conductors, attached to 
buildings shall also conform to these requirements, 
except when they are enclosed in a continuous metal 
shield which is permanently and effectively grounded. 
In this latter case the metallic shield may also be 
used as a conductor, 

810-55. Entrance to Building. Except where pro- 
tected with a continuous metal shield which is per- 
menently and effectively grounded, lead-in conductors 
for transmitting stations shall enter building by one 
of the following methods: 

(a) Through a rigid, noncombustible, nonabsorp- 
tive insulating tube or bushing. 

(b) Through an opening provided for the purpose 
in which the entrance conductors are firmly secured 
so as to provide a clearance of at least 2 inches. 

(c) Through a drilled window pane. 

810-56. Protection Against Accidental Contact. 
Lead-in conductors to radio transmitters shall be so 
located or installed as to make accidental contact 
with them difficult, 

810-57. Lightning Arrestors—Transmitting Stations. 
Each conductor of a lead-in for outdoor antenna shall 
be provided with a lightning arrestor or other suit- 
able means which will drain static charges from the 
antenna system, 

Exception No. 1. When protected by a continuous 
metallic shield which is permanently and effectively 
grounded. 

Exception No. 2. Where the antenna is permanently 
and effectively grounded. 

810-59, Size of Protective Ground. The protective 
ground conductor for transmitting stations shall be 
as large as the lead-in, but not smaller than No. 10 
copper, bronze or copper-clad steel. 

810-60. Size of Operating Grounding Conductor. 
The operating grounding conductor for transmitting 
stations shall be not less than No. 14 copper or its 
equivalent, 

810-70. Clearance from Other Conductors. All con- 
ductors inside the building shall be separated at least 
4 inches from the conductors of other light or signal 
circuit unless separated therefrom by conduit or some 
firmly fixed non-conductor such as porcelain tubes 
or flexible tubing. 

810-71. General. Transmitters shall comply with the 
following: 

(a) Enclosing. The transmitter shall be enclosed 
in a metal frame or grille, or separated from the 
operating space by a barrier or other equivalent 
means, all metallic parts of which are effectually con- 
nected to ground. 

(b) Grounding of Controls. All external metallic 
handles and controls accessible to the operating per- 
sonnel shall be effectually grounded. 

No circuit in excess of 150 volts between conduc- 
tors should have any parts exposed to direct contact. 
A complete dead-front type of switchboard is pre- 
ferred. 

(c) Interlocks on Doors. All access doors shall 
be provided with interlocks which will disconnect 
all voltages in excess of 350 volts between conductors 
when any access door is opened. 

(d) Audio Amplifiers. Audio amplifiers which are 
located outside the transmitter housing shall be suit- 
ably housed and shall be so located as to be readily 
accessible and adequately ventilated. 


If coaxial line is used and an antenna has a dic. 
return throughout (gamma match, etc.), compli- 
ance with 810-57 above is readily achieved by 
grounding the shield of the coax at the point 
where it is nearest to the ground outside the 
house. Use a heavy wire—the aluminum wire sold 
for grounding TV antennas is good. If the cablé 
can be run underground, one or more grounding 
stakes should be located at the point where the 
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cable enters the ground, at the antenna end. A 
grounding stake, to be effective in soils of average 
conductivity, should be not less than 8 feet long. 


ADJUST No 4 or LARGER 


‘s] 
TO GROUND 


SAME SPACING AS FEEDERS: 


Fig. 22-1—A simple lightning arrester made from 
three stand-off or feed-through insulators and sec- 
tions of VYax¥s-inch brass or copper strap. It should be 
installed in the open-wire or Twin-Lead line at the point 
where it is nearest the ground outside the house. The 
heavy ground lead should be as short and direct as 
possible. Gap setting should be minimum for trans- 
mitter power. 


Galvanized 34-inch iron pipe is acceptable, as is 
54-inch steel rod or 14-inch non-ferrous rod. Mak- 
ing connection to the outside of the outer con- 
ductor of the coaxial line will normally have no 
effect on the s.w.r. in the line, and consequently it 
can be done at any point or points. A commercial 
model of a lightning arrester for coaxial line is 
available. 

In some areas the probability of lightning 
surges entering the home via the 120/240-volt 
line may be high. A portion of the lightning surges 
originating on an overhead primary feeder can 
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pass through the distribution transformer by elec- 
trostatic and electromagnetic coupling to the sec- 
ondary circuit, even though the primary is pro- 
tected by distribution-class lightning arresters. 
Radio equipment can be protected from these 
surges by the use of a “secondary service lightning 
arrester.” A typical unit is the G.E. Model 
9L15CCBO007, marketed as the Home Lightning 
Protector. It is mounted at the weatherhead or in 
the service entrance box. 

Rotary beams using a T or gamma match and 
with each element connected to the boom will 
usually be grounded through the supporting 
metal tower. If the antenna is mounted on a 
wooden pole or on the top of the house, a No. 4 
or larger wire should be connected from the 
beam to the ground by the shortest and most 
direct route possible, using insulators where the 
wire comes close to the building. From a light- 
ning-protection standpoint, it is desirable to run 
the coaxial and control lines from a beam down 
a metal tower and underground to the shack. If 
the tower is well grounded and the antenna is 
higher than any surrounding objects, the com- 
bination will serve well as a lightning rod. 

The sole purpose of lightning rods or grounded 
roofs is to protect a building in case a lightning 
stroke occurs; there is no accepted evidence that 
any form of protection can prevent a stroke.* 

Experiments have indicated that a high verti- 
cal conductor will generally divert to itself direct 
hits that might otherwise fall within a cone- 
shaped space of which the apex is the top of the 
conductor and the base a circle of radius approx- 
imately two times the height of the conductor. 
Thus a radio mast may afford some protection to 
low adjacent structures, but only when low- 
impedance grounds are provided. 


* See “Code for Protection Against Lightning,” Na- 
tonal Bureau of Standards Handbook 46, for sale by 
the Superintendent of Documents, Washington 25, D.C. 


This homemade console, 
built of plywood and fin- 
ished with light tan 
speckled spray paint, ef- 
fectively conceals all 
power and antenna leads. 
The top of the console 
lifts off for access to the 
equipment. 
Cherry-finished Formica 
is used for the desk top; 
there is a wooden top at 
the same height behind 
the console face, and the 
receiver and transmitters 
rest on wooden runners 
that elevate the equip- 
ment for greater conven- 
ience. A central control 
unit ‘(behind the micro- 
phone) carries power 
switches, pilot lamps and 
beam-heading _ indicator. 
(K3NCN, Philadelphia, 
Pa.) 


T.R. Switches 
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ELECTRONIC TRANSMIT-RECEIVE SWITCHES 


Some antenna relays are not fast enough to 
switch an antenna from transmitter to receiver 
and back at normal keying speeds. As a conse- 
quence, when it is desired to use the same antenna 
for transmitting and receiving (a “must” when 
directional antennas are used) and to operate c.w. 
break-in or voice-controlled sideband, an elec- 
tronic switch is used in the antenna. The word 
“switch” is a misnomer in this case; the trans- 
mitter is connected to the antenna at all times and 
the t.r. “switch” is a device for preventing burn- 
out of the receiver by the transmitter. 

One of the simplest approaches is the circuit 
shown in Fig. 22-2. The 6C4 cathode follower 
couples the incoming signal.on the line to the 
receiver input with only a slight reduction in 
gain. When the transmitter is “on,” the grid of 
the 6C4 is driven positive and the rectified cur- 
rent biases the 6C4 so that it can pass very little 
power on to the receiver. The factors that limit 
the r.f voltage the circuit can handle are the 
voltage break-down rating of the 47-yuf. capaci- 
tor and the voltage that may be safely applied 
between the grid and cathode of the tube. 

To avoid stray pick-up on the lead between 
the cathode and the antenna terminal of the re- 
ceiver, this lead should be. well-shielded. Fur- 
ther, the entire unit should be shielded and 
mounted at the transmitter antenna terminals. 
In wiring the tube socket, input and output cir- 
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Fig. 22-2—Schematic diagram of cathode-follower 1.r. 
switch. Resistors are Y2-watt. The unit should be as- 
sembled in a small chassis or shield can and mounted on 
or very close to the receiver antenna terminals. The 
transmitter transmission line can be connected at the 
coaxial jack with an M-358 Tee adapter. 

The heater and plate power can be “borrowed” from 
the receiver in most cases. (Herzog, ex-W9LSK, 
K2AHB, QST, May, 1956) 


cuit components should be separated to reduce 
feed-through by stray coupling. 

The cable run to the receiver can be any con- 
venient length, but if the t.r. switch is not lo- 
cated at or quite near to the transmitter there 
may be conditions where a loss of received signal 
will be noticed, caused by resonant conditions 
in the cable and the transmitter output circuit. 
This effect is more likely to be observed as one 
moves higher in frequency (to 21 and 28 Mc.). 


SELF-CONTAINED ALL-BAND ELECTRONIC T.R. SWITCH 


The t.r. switch shown in Fig. 22-3 differs in 
several ways from the preceding example. It con- 
tains its own power supply and consequently can 
be used with any transmitter/receiver combina- 


Fig. 22-3—The knob af the left is used for peaking the 

tuned circuit. At the right is the bandswitch. Only four 

positions are shown and the 15-meter position also 
covers 10 meters, as mentioned in the text. 


tion without “borrowing” power. It will add gain 
and front-end selectivity to the receiver. A home- 
made switch-coil-capacitor is shown in the unit, 
enabling the constructor to build his own. 

Referring to the circuit diagram in Fig. 22-4, 
one triode of a 12AU7 is used as an amplifier 
stage, followed by the other triode as a cathode- 
follower stage to couple between the tuned cir- 
cuit and the receiver. As in the simpler switch, 
the triodes are biased during transmission periods 
by rectified grid current, and insufficient power is 
fed to the receiver to injure its input circuit. 

The t.r. switch is intended to mount behind the 
transmitter near its output terminal, so that the 
connecting cable is short. The lead from the t.r. 
switch to the receiver can be any reasonable 
length. Components are mounted above and below 
the chassis. In wiring the switch, a length of 
RG-58/U should be used between the cathode- 
follower load (resistor and r.f. choke) and the 
output jack J,, ta minimize “feedthrough” around 
the tube. A pair of 0.01 uf. capacitors across the 
a.c. line where it enters the chassis helps to hold 
down the r.f. that might otherwise ride in on 
the a.c. line. 

In operation, it is only necessary to switch the 
unit to the band in use and peak capacitor C, for 
maximum signal or background noise. A signifi- 
cant increase in signal or background noise 
should be observed on any band within the range 
of the coil/capacitor combination. 


+150 TO 250V, 
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Fig. 22-4—Circuit diagram of the t.r. switch. Unless otherwise specified, resistors are ¥2 watt; decimal value fixed 
capacitors are disk ceramic, others are mica with the exception of Cz, which is electrolytic. B—method of using 
a half-wave transformer for 7. Circuit designations not listed below are for text reference. 


C.—100-pf. variable (Millen 20100 or similar). 
Cra, Crp—~20/20-uf., electrolytic 250 volts or more. 
Li—See Fig. 3. 

Ja, Jo, Js—Coax chassis receptacle, type SO-239. 


$:—Single-pole, four-position wafer switch (Mallory 
3115J, 3215J, or similar). 


TVI and T.R. Switches 


The preceding t.r. switches generate harmonics 
when their grid circuits are driven positive, and 


S:—S.p.s.t. toggle switch. 

Ti—Power transformer, full-wave, 125-0-125 25 ma., 
6.3 volts, 1 amp. (Stancor PS-8416, Knight 
54A2008). B—half-wave, 125 v. 15 ma., 6 volts, 
0.6 amp. (Stancor PS-8415, Knight 54A1410). 

CRi, CRe—Silicon rectifier, 400 volts or more, any cur- 
rent rating over 40 ma. 


these harmonics can cause TVI if steps are not 
taken to prevent it. Either switch should be well- 
shielded and used in the antenna transmission 
line between transmitter and low-pass filter. 


7o junction of 
2,03, and 


Statot of C4 AT 


21-28Mc. 14Mc. 7Mc. 
TO S/T 


Fig. 22-5—Drawing of L: and associated taps. Li 
is 44 turns of No. 24, 32 turns per inch, 1 inch 
diameter (Miniductor 3016, Air Dux 832T). To 
solder the tap leads, indent each turn adjacent 
to the tap point. This will allow soldering room. 


Fig. 22-6—The power transformer and _ filter 
components are mounted at the upper left. Just 
to the right of center is the socket for the 12AU7. 


Chapter 23 


INTERFERENCE WITH) 
OTHER SERVICES 


Every amateur has the obligation to make 
sure that the operation of his station does not, 
because of any shortcomings in equipment, 
cause interference with other radio and audio 
services. It is unfortunately true that much of the 
interference that amateurs cause to broadcast and 
television reception is directly the fault of b.c. 
and TV receiver construction, Nevertheless, the 
amateur can and should help to alleviate inter- 
ference even though the responsibility for it 
does not lie with him. 

Successful handling of interference cases re- 
quires winning the listener’s cooperation. Here 
are a few pointers on how to go about it. 


Clean House First 


The first step obviously is to make sure that 
the transmitter has no radiations outside the 
bands assigned for amateur use. The best check 
on this is your own am. or TV receiver. It is 
always convincing if you can demonstrate that 
you do not interfere with reception in your own 
home. 


Don’t Hide Your Identity 


Whenever you make equipment changes — or 
shift to a hitherto unused band or type of emis- 
sion — that might be expected to change the 
interference situation, check with your neigh- 
bors. If no one is experiencing interference, so 
much the better; it does no harm to keep the 
neighborhood aware of the fact that you are 
operating without bothering anyone. 

Should you change location, announce your 
presence and conduct occasional tests on the 
air, requesting anyone whose reception is being 
spoiled to let you know about it so steps may 
be taken to eliminate the trouble. 


Act Promptly 


The average person will tolerate a limited 
amount of interference, but the sooner you take 
steps to eliminate it, the more agreeable the 
listener will be; the longer he has to wait for 
you, the less willing he will be to cooperate. 


Present Your Story Tactfully 


When you interfere, it is natural for the com- 
plainant to assume that your transmitter is at 
fault. If you are certain that the trouble is not 
in your transmitter, explain to the listener that 
the reason lies in the receiver design, and that 
some modifications may have to be made in the 
receiver if he is to expect interference-free 
reception. 

Arrange for Tests 


Most listeners are not very competent ob- 
servers of the various aspects of interference. 
If at all possible, enlist the help of another 
amateur and have him operate your transmit- 
ter while you see for yourself what happens at 
the affected receiver. 


In General 


In this “public relations” phase of the prob- 
lem a great deal depends on your own attitude. 
Most people will be willing to meet you half 
way, particularly when the interference is not 
of long standing, if you as a person make a 
good impression. Your personal appearance is 
important. So is what you say about the re- 
ceiver — no one takes kindly to hearing his pos- 
sessions derided. If you discuss your interfer- 
ence problems on the air, do it in a constructive 
way—one calculated to increase listener co- 
operation, not destroy it. 


INTERFERENCE WITH STANDARD BROADCASTING 


Interference with a.m. broadcasting usually 
falls into one or more rather well-defined cate- 
gories. An understanding of the general types 
of interference will avoid much cut-and-try in 
finding a cure. 


Transmitter Defects 


Out-of-band radiation is something that must 
be cured at the transmitter. Parasitic oscilla- 
tions are a frequently unsuspected source of 
such radiations, and no transmitter can be con- 
sidered satisfactory until it has been thoroughly 
checked for both low- and high-frequency par- 


asitics. Very often parasitics show up only as 
transients, causing key clicks in c.w. transmit- 
ters and “splashes” or “burps” on modulation 
peaks in a.m. transmitters. Methods for detect- 
ing and eliminating parasitics are discussed in 
the transmitter chapter. 

In c.w. transmitters the sharp make and 
break that occurs with unfiltered keying causes 
transients that, in theory, contain frequency 
components through the entire radio spectrum. 
Practically, they are often strong enough in the 
immediate vicinity of the transmitter to cause 
serious interference to broadcast reception. Key 
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clicks can be eliminated by the methods detailed 
in the chapter on keying. 

A distinction must be made between clicks 
generated in the transmitter itself and those 
set up by the mere opening and closing of the 
key contacts when current is flowing. The 
latter are of the same nature as the clicks heard 
in a receiver when a wall switch is thrown to 
turn a light on or off, and may be more trouble- 
some nearby than the clicks thiat actually go 
out on the signal. A filter for eliminating them 
usually has to be installed as close as possible 
to the key contacts. 

Overmodulation in'a.m. phone transmitters 
generates transients similar to key clicks. It 
can be prevented either by using automatic 
systems for limiting the modulation to 100 
per cent, or by continuously monitoring the 
modulation. Methods for both are described 
in the chapter on amplitude modulation, 

BCI is frequently made worse by radiation 
from the power wiring or the r.f. transmission 
. line. This is because the signal causing the in- 
terference, in such cases, is radiated from wir- 
ing that is nearer the broadcast receiver than 
the antenna itself. Much depends on the method 
used to couple the transmitter to the antenna, a 
subject that is discussed in the chapters on trans- 
mission lines and antennas. If it is at all possible 
the antenna itself should be placed so that it is 
not in close proximity to house wiring, tele- 
phone and power lines, and similar conductors. 


Image and Oscillator-Harmonic Responses 


Most present-day broadcast receivers use a 
built-in loop antenna as the grid circuit for the 
mixer stage. The selectivity is not especially 
high at the signal frequency. Furthermore, an 
appreciable amount of signal pick-up usually 
occurs on the a.c. line to which the receiver is 
connected, the signal so picked up being fed to 
the mixer grid by stray means. 

As a result, strong signals from nearby trans- 
mitters, even though the transmitting frequency 
is far removed from the broadcast band, can 
force themselves to the mixer grid. They will 
normally be eliminated by the i.f. selectivity, 
except in cases where the transmitter frequency 
is the image of the broadcast signal to which 
the receiver is tuned, or when the transmitter 
frequency is so related to a harmonic of the 
broadcast receiver’s local oscillator as to pro- 
duce a beat at the intermediate frequency. 

These image and oscillator-harmonic re- 
sponses tune in and out on the broadcast re- 
ceiver dial just like a broadcast signal, except 
that in the case of harmonic response the 
tuning rate is more rapid. Since most receivers 
use an intermediate frequency in the neighbor- 
hood of 455 ke., the interference is a true image 
only when the amateur transmitting frequency 
is in the 1800-kc. band. Oscillator-harmonic 
responses occur from 3.5- and 7-Mc. transmis- 
sions, and sometimes even from higher fre- 
quencies. 

Since images and harmonic responses occur 
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at definite frequencies on the receiver dial, it is 
possible to choose operating frequencies that 
will avoid putting such a response on top of the 
broadcast stations that are favored in the vicin- 
ity. While your signal may still be heard when 
the receiver is tuned off the local stations, it will 
at least not interfere with program reception. 
There is little that can be done to most re- 
ceivers to cure interference of this type except 
to reduce the amount of signal getting into the 
set through the a.c. line. A line filter such as is 
shown in Fig. 23-1 often will help accomplish 
this. The values used for the coils and capaci- 
tors are in general not critical. The effectiveness 
of the filter may depend considerably on the 
ground connection used, and it is advisable to 
use a short ground lead to a cold-water pipe if 
at all possible. The line cord from the set should 
be bunched up, to minimize the possibility of 
pick-up on the cord. It may be necessary to in- 
stall the filter inside the receiver, so that the 
filter is connected between the line cord and the 
set wiring, in order to get satisfactory operation. 


Cross-Modulation 


With phone transmitters, there are occasion- 
ally cases where the voice is heard whenever the 
broadcast receiver is tuned to a b.c. station, but 
there is no interference when tuning between 
stations. This is cross-modulation, a result of 
rectification in one of the early stages of the re- 
ceiver. Receivers that are susceptible to this 
trouble usually also get a similar type of inter- 
ference from regular broadcasting if there is a 
strong local b.c. station and the receiver is tuned 
to some other station, 

The remedy for cross-modulation in the re- 
ceiver is the same as for images and oscillator- 
harmonic response — reduce the strength of the 
amateur signal at the receiver by means of a 
line filter. 

The trouble is not always in the receiver, 
since cross modulation can occur in any nearby 
rectifying circuit— such as a poor contact in 
water or steam piping, gutter pipes, and other 
conductors in the strong field of the transmit- 
ting antenna—external to both receiver and 
transmitter. Locating the cause may be difficult, 
and is best attempted with a battery-operated 
portable broadcast receiver used as a “probe” 
to find the spot where the interference is most 
intense. When such a spot is located, inspection 
of the metal structures in the vicinity should 
indicate the cause. The remedy is to make a 
good electrical bond between the two conductors 
having the poor contact. 


Audio-Circuit Rectification 


The most frequent cause of interference from 
operation at 21 Mc. and higher frequencies is 
rectification of a signal that by some means gets 
into the audio system of the receiver. In the 
milder cases an amplitude-modulated signal will 
be heard with reasonably good quality, but is 
not tunable — that is, it is present no matter 
what the frequency to which the receiver dial 
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is set. An unmodulated carrier may have no ob- 
servable effect in such cases beyond causing a 
little hum. However, if the signal is very strong 
there will be a reduction of the audio output 
level of the receiver whenever the carrier is 
thrown on. This causes an annoying “jumping” 
of the program when the interfering signal is 
keyed. With phone transmission the change in 
audio level is not so objectionable because it 
occurs at less frequent intervals. Rectification 
ordinarily gives no audio output from a fre- 
quency-modulated signal, so the interference 
can be made almost unnoticeable if f.m. or p.m. 
is used instead of a.m. 


Ly 


GNO. 


Fig. 23-1—“Brute-force’”’ a.c. line filter for receivers. 
The values of Ci, Cz and Cs are not generally critical; 
capacitances from 0.001 to 0.01 yf. can be used. i, 
and ls can be a 2-inch winding of No. 18 enameled 
wire on a half-inch diameter form. In making up such 
a unit for use external to the receiver, make sure that 
there are no exposed conductors to offer a shock 
hazard. 


Interference of this type usually results from 
a signal on the power line being coupled by 
some means into the audio circuits, although the 
pickup also may occur on the set wiring itself, A 
“brute-force” line filter as described above may 
or may not be completely effective, but in any 
event is the simplest thing to try. If it does not 
do the job, some modification of the receiver 
will be necessary. This usually takes the form 
of a simple filter connected in the grid circuit 
of the tube in which the rectification is occur- 
ring. Usually it will be the first audio amplifier, 
which is commonly a diode-triode type tube. 

Filter circuits that have proved to be effective 
are shown in Fig. 23-2. In A, the value of the 
grid leak in the combined detector/first audio 
tube is reduced to 2 to 3 megohms and the grid 
is bypassed to chassis by a 250-uuf. mica or 
ceramic capacitor. A somewhat similar method 
that does not require changing the grid resistor 
is shown at B. In C, a 75,000-ohm (value not 
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Fig. 23-2—Methods of elimi- 
nating r.f. from the grid of a 
combined detector/first-audio 
stage. At A, the value of the 
grid leak is reduced to 2 or 2083 
3 megohms, and a bypass 
capacitor is added. At B, both 
grid and cathode are 
bypassed, (a) 
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critical) resistor is connected between the grid 
pin on the tube socket and all other grid con- 
nections. In combination with the input capac: 
itance of the tube this forms a low-pass filter 
to prevent r.f. from reaching the grid. In some 
cases, simply bypassing the heater of the de- 
tector/first audio tube to chassis with a 0.001-z4. 
or larger capacitor will suffice. In all cases, 
check to see that the ac. line is bypassed to 
chassis; if it is not, install bypass capacitors 
(0.001 to 0.01 y#f.). 


Handling BCI Cases 


Assuming that your transmitter has been 
checked and found to be free from spurious 
radiations, get another amateur to operate your 
station, if possible, while you make the actual 
check on the interference yourself. The follow- 
ing procedure should be used. 

Tune the receiver through the broadcast band, 
to see whether the interference tunes like a 
regular b.c. station. If so, image or oscillator- 
harmonic response is the cause. If there is in- 
terference only when a b.c. station is tuned in, 
but not between stations, the cause is cross 
modulation. If the interference is heard at all 
settings of the tuning dial, the trouble is pickup 
in the audio circuits. In the latter case, the re- 
ceiver’s volume control may or may not affect 
the strength of the interference, depending on 
the means by which your signal is being rectified. 

Having identified the cause, explain it to the 
set owner. It is a good idea to have a line filter 
with you, equipped with enough cord to replace 
the set’s line cord, so it can be tried then and 
there. If it does not eliminate the interference, 
explain to the set owner that there is nothing 
further that can be done without modifying the 
receiver. Recommend that the work be done by 
a competent service technician, and offer to ad- 
vise the service man on the cause and remedy. 
Don’t offer to work on the set yourself, but if 
you are asked to do so use your own judgment 
about complying; set owners sometimes com- 
plain about the over-all performance of the 
receiver afterward, often without justification. 
If you work on it, take it to your station so the 
effect of changes you make can be seen. Return 
the receiver promptly when you have finished. 


MISCELLANEOUS TYPES OF 
INTERFERENCE 

The operation of amateur phone transmitters 
occasionally results in interference on telephone 
lines and in audio amplifiers used in public-ad- 
dress work and for home music reproduction. 
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The cause is rectification of the signal in an 
audio circuit. 


Telephone Interference 


Telephone interference can be cured by con- 
necting a bypass capacitor (about 0.001 uf.) 
across the microphone unit in the telephone 
handset. The telephone companies have capaci- 
tors for this purpose. When such a case occurs, 
get in touch with the repair department of the 
phone company, giving the particulars. Section 
500-150-100 of the Bell System Practices Plant 
Series gives detailed instructions. Do not try to 
work on the telephone yourself. 


Hi-Fi and P. A. Systems 


In interference to public-address and “hi-fi” 
installations the principal sources of signal pick- 


TELEVISION INTERFERENCE 


_ Interference with the reception of television 
signals usually presents a more difficult problem 
than interference with am. broadcasting. In 
BCI cases the interference almost always can 
be attributed to deficient selectivity or spurious 
responses in the b.c. receiver. While similar de- 
ficiencies exist in many television receivers, it is 
also true that amateur transmitters generate 
harmonics that fall inside many or all tele- 
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up are the ac. line or a line from the power 
amplifier to a speaker. All amplifier units should 
be bonded together and connected to a good 
ground such as a cold-water pipe. Make sure 
that the a.c. line is bypassed to chassis in each 
unit with capacitors of about 0.01 uf. at the 
point where the line enters the chassis, The 
speaker line similarly should be bypassed to 
the amplifier chassis with about 0.01 yf. 

If these measures do not suffice, the shield- 
ing on the amplifiers may be inadequate. A 
shield cover and bottom pan should be installed 
in such cases. 

The spot in the system where the rectification 
is occurring often can be localized by seeing if 
the interference is affected by the volume con- 
trol setting; if not, the cause is in a stage 
following the volume control. 


(See also Chap. 17) 


vision channels. These spurious radiations cause 
interference that ordinarily cannot be elimi- 
nated by anything that may be done at the re- 
ceiver, so must be prevented at the transmitter 
itself. 

The over-all situation is further complicated 
by the fact that television broadcasting is in 
three distinct bands, two in the v.h.f. region 
and one in the u.h.f. 


V.H.F. TELEVISION 


For the amateur who does most of his trans- 
mitting on frequencies below 30 Mc. the TV 
band of principal interest is the low v.h.f. band 
between 54 and 88 Mc. If harmonic radiation 
can be reduced to the point where no inter- 
ference is caused to Channels 2 
to 6, inclusive, itis almost certain yp 
that any harmonic troubles with 
channels above 174 Mc. will dis- 
appear also. 

The relationship between the 0 
v.hf. television channels and har- 
monics of amateur bands from 14 
through 28 Mc. is shown in Fig. 6 
23-3. Harmonics of the 7- and 
3.5-Mc. bands are not shown be- 
cause they fall in every television 
channel. However, the harmonics 
above 54 Mc. from these bands 
are of such high order that they 
are usually rather low in ampli- 
tude, although they may be strong 
enough to interfere if the tele- 
vision receiver is quite close to 
the amateur transmitter. Low- 
order harmonics — up to about &% 
the sixth — are usually the most 
difficult to eliminate. 

Of the amateur v.h.f. bands, 
only 50 Mc. will have harmonics 
falling in a v.h.f. television chan- 
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Fig. 23-3—Relationship of amateur-band = 210 
harmonics to v.h.f. TV channels, Harmonic 
interference from transmitters operating 
below 30 Mc. is most likely to be serious aig 
in the low-channel group (54 to 88 Mc.). 


nel (channels 11, 12 and 13). However, a trans- 
mitter for any amateur v.h.f. band may cause in- 
terference if it has multiplier stages either oper- 
ating in or having harmonics in one or more of 
the v.h.f. TV channels. The r.f. energy on such 
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Fig. 23-4—Location of picture and sound carriers in a monochrome television channel, and 
relative intensity of interference as the location of the interfering signal within the channel is 


varied without changing its strength. The three regions are not actually sharply defined as 


shown in this drawing, but merge into one another gradually. 
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frequencies can be radiated directly from the 
transmitting circuits or coupled by stray means to 
the transmitting antenna. 


Frequency Effects 


The degree to which transmitter harmonics or 
other undesired radiation actually in the TV 
channel must be suppressed depends principally on 
two factors, the strength of the TV signal on the 
channel or channels affected, and the relationship 
between the frequency of the spurious radiation 
and the frequencies of the TV picture and 
sound carriers within the channel. If the TV 
signal is very strong, interference can be elim- 
inated by comparatively simple methods. How- 
ever, if the TV signal is very weak, as in 
“fringe” areas where the received picture is 
visibly degraded by the appearance of set noise 
or “snow” on the screen, it may be necessary to 
go to extreme measures, 

In either case the intensity of the interference 
depends very greatly on the exact frequency of 
the interfering signal. Fig. 23-4 shows the place- 
ment of the picture and sound carriers in the 
standard TV channel. In Channel 2, for ex- 
ample, the picture carrier frequency is 54 + 1.25 
= 55.25 Mc. and the sound carrier frequency is 
60 — 0.25 = 59.75 Mc. The second harmonic of 
28,010 ke. (56,020 ke. or 56.02 Mc.) falls 56.02 —~ 
54 = 2.02 Mc. above the low edge of the chan- 
nel and is in the region marked “Severe” in Fig. 
23-4. On the other hand, the second harmonic of 
29,500 ke. (59,000 ke. or 59 Mc.) is 59—54= 5 
Mc. from the low edge of the channel and falls 
in the region marked “Mild.” Interference at 


Fig. 23-5—"Cross-hatching,” caused by the beat be- 
tween the picture carrier and an interfering signal 
inside the TV channel. 


this frequency has to be about 100 times as 
strong as at 56,020 kc. to cause effects of equal 
intensity. Thus an operating frequency that puts 
a harmonic near the picture carrier requires 
about 40 db. more harmonic suppression in 
order to avoid interference, as compared with 
an operating frequency that puts the harmonic 
near the upper edge of the channel. 

For a region of 100 kc. or so either side of 
the sound carrier there is another “Severe” 
region where a spurious radiation will interfere 
with reception of the sound program, and this 
region also should be avoided. In general, a 
signal of intensity equal to that of the picture 
carrier will not cause noticeable interference if 
its frequency is in the “Mild” region shown in 
Fig. 23-4, but the same intensity in the “Severe” 
region will utterly destroy the picture. 


Interference Patterns 


The visible effects of interference vary with 
the type and intensity of the interference: Com- 
plete “blackout,” where the picture and sound 
disappear completely, leaving the screen dark, 
occurs only when the transmitter and receiver 
are quite close together. Strong interference 
ordinarily causes the picture to be broken up, 
leaving a jumble of light and dark lines, or 
turns the picture “negative” — the normally 
white parts of the picture turn black and the 
normally black parts turn white. “Cross-hatch- 
ing” — diagonal bars or lines in the picture — 
accompanies the latter, usually, and also repre- 
sents the most common type of less-severe in- 
terference. The bars are the result of the beat 
between the harmonic frequency and the picture 
carrier frequency. They are broad and relatively 
few in number if the beat frequency is com- 
paratively low — near the picture carrier — and 
are numerous and very fine if the beat fre- 
quency is very high — toward the upper end of 
the channel. Typical cross-hatching is shown in 
Fig. 23-5. If the frequency falls in the “Mild” 
region in Fig. 23-4 the cross-hatching may be 
so fine as to be visible only on close inspection 
of the picture, in which case it may simply cause 
the apparent brightness of the screen to change 
when the transmitter carrier is thrown on and 
off. 

Whether or not cross-hatching is visible, an 
amplitude-modulated transmitter may cause 
“sound bars” in the picture. These look about 
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Fig. 23-6—"Sound bars” or “modulation bars” accom- 

panying amplitude modulation of an interfering signal. 

In this case the interfering carrier is strong enough to 

destroy the picture, but in mild cases the picture is 

visible through the horizontal bars. Sound bars may 

accompany modulation even though the unmodulated 
carrier gives no visible cross-hatching. 


as shown in Fig. 23-6. They result from the 
variations in the intensity of the interfering sig- 
nal when modulated. Under most circumstances 
modulation bars will not occur if the amateur 
transmitter is frequency- or phase-modulated. 
With these types of modulation the cross-hatch- 
ing will “wiggle” from side to side with the 
modulation. 

Except in the more severe cases, there is 
seldom any effect on the sound reception when 
interference shows in the picture, unless the fre- 
quency is quite close to the sound carrier. In 
the latter event the sound may be interfered 
with even though the picture is clean. 

Reference to Fig. 23-3 will show whether or 
not harmonics of the frequency in use will fall 
in any television channels that can be received 
in the locality. It should be kept in mind that 
not only harmonics of the final frequency may 
interfere, but also harmonics of any frequencies 
that may be present in buffer or frequency-mul- 
tiplier stages. In the case of 144-Mc. transmit- 
ters, frequency-multiplying combinations that 
require a doubler or tripler stage to operate on 
a frequency actually in a low-band v.h.f. chan- 
nel in use in the ‘locality should be avoided. 


Harmonic Suppression 


Effective harmonic suppression has three sep- 
arate phases: 

1) Reducing the amplitude of harmonics 
generated in the transmitter. This is a matter 
of circuit design and operating conditions. 

2) Preventing stray radiation from the 
transmitter and from associated wiring. This 
requires adequate shielding and filtering of all 
circuits and leads from which radiation can 
take place. 

3) Preventing harmonics from being fed 
into the antenna. 

It is impossible to build a transmitter that will 
not generate some harmonics, but it is obviously 
advantageous to reduce their strength, by cir- 
cuit design and choice of operating conditions, 
by as large a factor as possible before attempt- 
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ing to prevent them from being radiated. Har- 
monic radiation from the transmitter itself or 
from its associated wiring obviously will cause 
interference just as readily as radiation from 
the antenna, so measures taken to prevent har- 
monics from reaching the antenna will not re- 
duce TVI if the transmitter itself is radiating 
harmonics. But once it has been found that the 
transmitter itself is free from harmonic radia- 
tion, devices for preventing harmonics from 
reaching the antenna can be expected to produce 
results. 


REDUCING HARMONIC GENERATION 


Since reasonably efficient operation of rf. 
power amplifiers always is accompanied by har- 
monic generation, good judgment calls for oper- 
ating all frequency-multiplier stages at a very 
low power level — plate voltages not exceeding 
250 or 300. When the final output frequency is 
reached, it is desirable to use as few stages as 
possible in building up to the final output power 
level, and to use tubes that require a minimum 
of driving power. 


Circuit Design and Layout 


Harmonic currents of considerable amplitude 
flow in both the grid and plate circuits of r.f. 
power amplifiers, but they will do relatively 
little harm if they can be effectively bypassed to 
the cathode of the tube. Fig. 23-7 shows the 
paths followed by harmonic currents in an am- 
plifier circuit; because of the high reactance of 
the tank coil there is little harmonic current in 
it, so the harmonic currents simply flow through 
the tank capacitor, the plate (or grid) blocking 
capacitor, and the tube capacitances. The lengths 
of the leads forming these paths is of great 
importance, since the inductance in this circuit 
will resonate with the tube capacitance at some 
frequency in the v.h.f. range (the tank and 
blocking capacitances usually are so large com- 
pared with the tube capacitance that they have 
little effect on the resonant frequency). If such 
a resonance happens to occur at or near the 
same frequency as one of the transmitter har- 
monics, the effect is just the same as though a 
harmonic tank circuit had been deliberately in- 
troduced; the harmonic at that frequency will 
be tremendously increased in amplitude. 

Such resonances are unavoidable, but by keep- 
ing the path from plate to cathode and from 
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Fig. 23-7—-A v.h.f. resonant circuit is formed by the 

tube capacitance and the leads through the tank and 

blocking capacitors, Regular tank coils are not shown, 

since they have little effect on such resonances. C; is 

the grid tuning capacitor and Cz is the plate tuning 

capacitor. C3 and C, are the grid and plate blocking 
or bypass capacitors, respectively. 


Preventing Radiation 


grid to cathode as short as is physically possible, 
the resonant frequency usually can be raised 
above 100 Mc. in amplifiers of medium power. 
This puts it between the two groups of tele- 
vision channels, 

It is easier to place grid-circuit v.h.f. reson- 
ances where they will do no harm when the 
amplifier is link-coupled to the driver stage, 
since this generally permits shorter leads and 
more favorable conditions for bypassing the 
harmonics than is the case with capacitive coup- 
ling. Link coupling also reduces the coupling 
between the driver and amplifier at harmonic 
frequencies, thus preventing driver harmonics 
from being amplified. 

The inductance of leads from the tube to the 
tank capacitor can be reduced not only by short- 
ening but by using flat strip instead of wire 
conductors, It is also better to use the chassis:as 
the return from the blocking capacitor or tuned 
circuit to cathode, since a chassis path will have 
less inductance than almost any other form of 
connection. 

The v.h.f. resonance points in amplifier tank 
circuits can be found by coupling a grid-dip 
meter covering the 50-250 Mc. range to the grid 
and plate leads. If a resonance is found in or 
near a TV channel, methods such as those 
described above should be used to move it well 
out of the TV range. The grid-dip meter also 
should be used to check for v.h.f. resonances in 
the tank coils, because coils made for 14 Mc. 
and below usually will show such resonances. 
In making the check, disconnect the coil entirely 
from the transmitter and move the grid-dip 
meter coil along it while exploring for a dip in 
the 54-88 Mc. band. If a resonance falls in a TV 
channel that is in use in the locality, changing 
the number of turns will move it to a less- 
troublesome frequency. 


Operating Conditions 


Grid bias and grid current have an important 
effect on the harmonic content of the r.f. cur- 
rents in both the grid and plate circuits. In 
general, harmonic output increases.as the grid 
bias and grid current are increased, but this is 
not necessarily true of a particular harmonic. 
The third and higher harmonics, especially, will 
go through fluctuations in amplitude as the grid 
current is increased, and sometimes a rather 
high value of grid current will minimize one 
harmonic as compared with a low value. This 
characteristic can be used to advantage where 
a particular harmonic is causing interference, 
remembering that the operating conditions that 
minimize one harmonic may greatly increase 
another. 

For equal operating conditions, there is little 
or no difference between single-ended and push- 
pull amplifiers in respect to harmonic generation. 
Push-pull amplifiers are frequently trouble- 
makers on even harmonics because with such 
amplifiers the even-harmonic voltages are in 
phase at the ends of the tank circuit and hence 
appear with equal amplitude across the whole 


579 


tank coil, if the center of the coil is not 
grounded. Under such circumstances the even 
harmonics can be coupled to the output circuit 
through stray capacitance between the tank and 
coupling coils. This does not occur in a single- 
ended amplifier having an inductively coupled 
tank, if the coupling coil is placed at the cold 
end, or with a pi-network tank. 


Harmonic Traps 


If a harmonic in only one TV channel is par- 
ticularly bothersome — frequently the case when 
the transmitter operates on 28 Mc.—a trap 
tuned to the harmonic frequency may be in- 
stalled in the plate lead as shown in Fig. 23-8. 
At the harmonic frequency the trap represents 
a very high impedance and hence reduces the 
amplitude of the harmonic current flowing 
through the tank circuit. In the push-pull circuit 
both traps have the same constants. The L/C 
ratio is not critical but a high-C circuit usually 
will have least effect on the performance of the 
plate circuit at the normal operating frequency. 

Since there is a considerable harmonic volt- 
age across the trap, radiation may occur from 
the trap unless the transmitter is well shielded. 
Traps should be placed so that there is no cou- 
pling between them and the amplifier tank 
circuit. 

A trap is a highly selective device and so is 
useful only over a small range of frequencies. 
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Fig. 23-8—Harmonic traps in an amplifier plate circuit. 
L and C should resonate at the frequency of the har- 
monic to be suppressed. C may be a 25- to 50-yf. 
midget, and L usually consists of 3 to 6 turns about 
inch in diameter for Channels 2 through 6. The in- 
ductance should be adjusted so that the trap resonates 
at about half capacitance of C before being installed 
in the transmitter. The frequency may be checked. with 
a grid-dip meter. When in place, the trap should be 
adjusted for minimum interference to the TV picture. 
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A second- or third-harmonic trap on a 28-Mc. 
tank circuit usually will not be effective over 
more than 50 ke. or so at the fundamental fre- 
quency, depending on how serious the interfer- 
ence is without the trap. Because they are crit- 
ical of adjustment, is is better to prevent TVI 
by other means, if possible, and use traps only 
as a last resort. 


PREVENTING RADIATION FROM 
THE TRANSMITTER 


The extent to which interference will be 
caused by direct radiation of spurious signals 
depends on the operating frequency, the trans- 
mitter power level, the strength of the televi- 
sion signal, and the distance between the trans- 
mitter and TV receiver. Transmitter radiation 
can be a very serious problem if the TV signal 
is weak, if the TV receiver and amateur trans- 
mitter are close together, and if the trans- 
mitter is operated with high power. 


Shielding 


Direct radiation from the transmitter circuits 
and components can be prevented by proper 
shielding. To be effective, a shield must com- 
pletely enclose the circuits and parts and must 
have no openings that will permit r.f. energy 
to escape. Unfortunately, ordinary metal boxes 
and cabinets do not provide good shielding, 
since such openings as louvers, lids, and holes 
for running in connections allow far too much 
leakage. 

A primary requisite for good shielding is that 
all joints must make a good electrical connection 
along their entire length. A small slit or crack 
will let out a surprising amount of r.f. energy; 
so will ventilating louvers and large holes such 
as those used for mounting meters. On the other 
hand, small holes do not impair the shielding 
very greatly, and a limited nuniber of ventilating 
holes may be used if they are small — not over 
¥4 inch in diameter. Also, wire screen makes 
quite effective shielding if the wires make good 
electrical connection at each crossover. Perfo- 
rated aluminum such as the “do-it-yourself” sold 
at hardware stores also is good, although not 
very strong mechanically. If perforated mate- 
rial is used, choose the variety with the smallest 
openings. The leakage through large openings 
can be very much reduced by covering such 
openings with screening or perforated alumi- 
num, well bonded to all edges of the opening. 

The intensity of r.f. fields about coils, capaci- 
tors, tubes and wiring decreases very rapidly 
with distance, so shielding is more effective, 
from a practical standpoint, if the components 
and wiring are not too close to it. It is advis- 
able to have a separation of several inches, if 
possible, between “hot” points in the circuit and 
the nearest shielding. 

For a given thickness of metal, the greater 
the conductivity the better the shielding. Copper 
is best, with aluminum, brass and steel follow- 
ing in that order. However, if the thickness is 
adequate for structural purposes (over 0.02 


INTERFERENCE WITH OTHER SERVICES 


inch) and the shield and a “hot” point in the 
circuit are not in close proximity, any of these 
metals will be satisfactory. Greater separation 
should be used with steel shielding than with 
the other materials not only becatise it is con- 
siderably poorer as a shield but also. because it 
will cause greater losses in near-by circuits than 
would copper or aluminum at the same distance. 
Wire screen or perforated metal used as a 
shield should also be kept at some distance from 
high-voltage or high-current r.f. points, since 
there is considerably more leakage through the 
mesh than through solid metal. 

Where two pieces of metal join, as in forming 
a corner, they should overlap at least a half inch 
and be fastened together firmly with screws or 
bolts spaced at close-enough intervals to main- 
tain firm contact all along the joint. The con- 
tact surfaces should be clean before joining, and 
should be checked occasionally— especially steel, 
which is almost certain to rust after a period of 
time. 

The leakage through a given size of aperture 
in shielding increases with frequency, so such 
points as good continuous contact, screening of 
large holes, and so on, become even more im- 
portant when the radiation to be suppressed is 
in the high band — 174-216 Mc. Hence 50- and 
144-Mc. transmitters, which in general will 
have frequency-multiplier harmonics of rela- 
tively high intensity in this region, require spe- 
cial attention in this respect if the possibility of 
interfering with a channel received locally exists. 


Lead Treatment 


Even very good shielding can be made com- 
pletely useless when connections are run to ex- 
ternal power supplies and other equipment from 
the circuits inside the shield. Every such con- 
ductor leaving the shielding forms a path for 
the escape of r.f., which is then radiated by the 
connecting wires. Hence a step that is essential 


Fig. 23-9—Proper method of bypassing the end of a 

shielded lead using disk ceramic capacitor. The 0.001- 

Lf. size should be used for 1600 volts or less; 500 “Hf, 

at higher voltages. The leads are wrapped around the 

inner and outer conductors and soldered, so that the 

lead length is negligible. This photograph is about 
four times actual size. 
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in every case is to prevent harmonic currents 
from flowing on the leads leaving the shielded 
enclosure, 

Harmonic currents always flow on the d.c. or 
a.c. leads connecting to the tube circuits. A very 
effective means of preventing such currents 
from being coupled into other wiring, and one 
that provides desirable bypassing as well, is to 
use shielded wire for all such leads, maintain- 
ing the shielding from the point where the lead 
connects to the tube or r.f. circuit right through 
to the point where it leaves the chassis. The 
shield braid should be grounded to the chassis 
at both ends and at frequent intervals along the 
path, 

Good bypassing of shielded leads also. is es- 
sential, Bearing in mind that the shield braid 
about the conductor confines the harmonic cur- 
rents to the inside of the shielded wire, the ob- 
ject of bypassing is to prevent their escape. 
Fig. 23-9 shows the proper way to bypass. The 
small 0.001-pf. ceramic disk capacitor, when 
mounted on the end.of the shielded wire as shown 
in Fig. 23-9, actually forms a series-resonant 
circuit in the 54-88-Mc. range and thus represents 
practically a short circuit for low-band TV har- 
thonics. The exposed wire to the connection ter- 
minal should be kept as short as is physically pos- 
sible, to prevent any possible harmonic pickup 
exterior to the shielded wiring. Disk capacitors 
in the useful capacitance range of 500 to 1000 
pf. are available in several voltage ratings up to 
6000 volts. 

These bypasses are essential at the connec- 
tion-block terminals, and desirable at the tube 
ends of the leads also. Installed as shown with 
shielded wiring, they have been found to be 
so effective that there is usually no need for 
further harmonic filtering. However, if a test 
shows that additional filtering is required, the 
arrangement shown in Fig. 23-10 may be used. 
Such an r.f. filter should be installed at the tube 
end of the shielded lead, and if more than one 
circuit is filtered care should be taken to keep 
the r.f{. chokes separated from each other and 
so oriented as to minimize coupling between 
them. This is necessary for preventing harmon- 
ics present in one circuit from being coupled 
into another. 

In difficult cases involving Channels 7 to 13 — 
i.e, close proximity between the transmitter and 
receiver, and a weak TV signal — additional 
lead-filtering measures may be needed to pre- 
vent radiation of interfering signals by 50- and 
144-Mc. transmitters. A recommended method 
is shown in Fig. 23-11. It uses a shielded lead by- 
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Fig. 23-10—Additional r.f. filtering of sup- 
ply leads may be required in regions where 
the TV signal is very weak, The r.f. choke 
should be physically small, and may consist 
of a l-inch winding of No. 26 enameled 
wire on a Y%-inch form, close-wound. Manu- 
factured single-layer chokes having an in- 
ductance of a few microhenries also may 
be used. 


passed with a ceramic disk as described above, 
with the addition of a low-inductance feed- 
through type capacitor and a small r.f. choke, 
the capacitor being used as a terminal for the 
external connection. For voltages above 400, a 
capacitor of compact construction (as indicated 
in the caption) should be used, mounted so that 
there is a very minimum of exposed lead, inside 
the chassis, from the capacitor to the connection 
terminal. 

As an alternative to the series-resonant by- 
passing described above, feed-through type ca- 
pacitors such as the Sprague “Hypass” type 
may be used as terminals for external connec- 
tions. The ideal method of installation is to 
mount them so they protrude through the chas- 
sis, with thorough bonding to the chassis all 
around the hole in which the capacitor is 
mounted. The principle is illustrated in Fig. 
23-12. 

Meters that are mounted in an r.f. unit should 
be enclosed in shielding covers, the connections 
being made with shielded wire with each lead 
bypassed as described above. The shield braid 
should be grounded to the panel or chassis im- 
mediately outside the meter shield, as indicated 
in Fig. 23-13. A bypass may also be connected 
across the meter terminals, principally to pre- 
vent any fundamental current that may be pres- 
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Fig. 23-11—Additional lead filtering for harmonics or 
other spurious frequencies in the high v.h.f. TV band 
(174-216 Mc.) 

C:—0.001-zf, disk ceramic. 

C2z—500- or 1000-pf. feed-through bypass (Centralab 
FT-1000. Above 500 volts, substitute Cen- 
tralab 858S-500.) 

RFC—14 inches No. 26 enamel close-wound on %;-inch 
diam. form or resistor. 
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Fig. 23-12—The best method of using the “Hypass”’ 

type feed-through capacitor. Capacitances of 0.01 to 

0.1 yf. are satisfactory. Capacitors of this type are 

useful for high-current circuits, such as filament and 

115-volt leads, as a substitute for the r.f. choke shown 

in Fig. 23-10, in cases where additional lead filtering 
is needed. 


ent from flowing through the meter itself. As 
an alternative to individual meter shielding the 
- meters may be mounted entirely behind the 
panel, and the panel holes needed for observa- 
tion may be covered with wire screen that is 
carefully bonded to the panel all around the hole. 

Care should be used in the selection of shielded 
wire for transmitter use. Not only should the 
insulation be conservatively rated for the d.c. 
voltage in use, but the insulation should be of 
material that will not easily deteriorate in solder- 
ing. The r.f. characteristics of the wire are not 
especially important, except that the attenuation 
of harmonics in the wire itself will be greater 
if the insulating material has high losses at 
radio frequencies; in other words, wire intended 
for use at dic. and low frequencies is preferable 
to cables designed expressly for carrying r.f. 
The attenuation also will increase with the 
length of the wire; in general, it is better to 


0.001 Dist 
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Fig. 23-13—Meter shielding and bypassing. It is essen- 

tial to shield the meter mounting hole since the meter 

will carry r.f. through it to be radiated. Suitable 

shields can be made from 2%- or 3-inch diameter 
metal cans or small metal chassis boxes. 
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make the leads as long as circumstances permit 
rather than to follow the more usual practice of 
using no more lead than is actually necessary. 
Where wires cross or run parallel, the shields 
should be spot-soldered together and connected 
to the chassis, For high voltages, automobile 
ignition cable covered with shielding braid is 
recommended. 

Proper shielding of the transmitter requires 
that the r.f. circuits be shielded entirely from 
the external connecting leads. A situation such 
as is shown in Fig. 23-15, where the leads in the 
r.f. chassis have been shielded and properly fil- 
tered but the chassis is mounted in a large 
shield, simply invites the harmonic currents to 


travel over the chassis and on out over the leads 


outside, the chassis. The shielding about the r.f. 
circuits should make complete contact with the 
chassis on which the parts are mounted. 


Checking Transmitter Radiation 


A check for transmitter radiation always 
should be made before attempting to use low- 
pass filters or other devices for preventing har- 
monics from reaching the antenna system. The 
only really satisfactory indicating instrument is 
a television receiver. In regions where the TV 
signal is strong an indicating wavemeter such 
as one having a crystal or tube detector may be 
useful; if it is possible to get any indication at 
all from harmonics either on supply leads or 
around the transmitter itself, the harmonics are 
probably strong enough to cause interference. 
However, the absence of any such indication 
does not mean that harmonic interference will 
not be caused. If the techniques of shielding and 
lead filtering described in the preceding section 
are followed, the harmonic intensity on any 
external leads should be far below what any 
such instruments can detect. 

Radiation checks should be made with the 
transmitter delivering full power into a dummy 
antenna, such as an incandescent lamp of suit- 
able power rating, preferably installed inside the 
shielded enclosure. If the dummy must be ex- 
ternal, it is desirable to connect it through a coax- 
matching circuit such as is shown in Fig. 23-16. 
Shielding the dummy antenna circuit is also de- 
sirable, although it is not always necessary. 

Make the radiation test on all frequencies that 
are to be used in transmitting, and note whether 
or not interference patterns show in the re- 
ceived picture. (These tests must be made while 
a TV signal is being received, since the beat 
patterns will not be formed if the TV picture 
carrier is not present.) If interference exists, 
its source can be detected by grasping the var- 
ious external leads (by the insulation, not the 
live wire!) or bringing the hand near meter 
faces, louvers, and other possible points where 
harmonic energy might escape from the trans- 
mitter. If any of these tests cause a change — 
not necessarily an increase — in the-intensity of 
the interference, the presence of harmonics at 
that point is indicated. The location of such 
“hot” spots usually will point the way to the 
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Fig. 23-15—A metal cabinet can be an adequate shield, 
but there will still be radiation if the leads inside can 
pick up r.f. from the transmitting circuits. 


remedy. If the TV receiver and the transmitter 
can be operated side-by-side, a length of wire 
connected to one antenna terminal on the re- 
ceiver can be used as a probe to go over the 
transmitter enclosure and external leads. This 
device will very quickly expose the spots from 
which serious leakage is taking place. 

As a final test, connect the transmitting an- 
tenna or its transmission line terminals to the 
outside of the transmitter shielding. Interfer- 
ence created when this test is applied indicates 
that weak currents are on the outside of the 
shield and can be conducted to the antenna when 
the normal antenna connections are used. Cur- 
rents of this nature represent interference that 
is conducted over low-pass filters, and hence can- 
not be eliminated by such filters. 


TRANSMITTING ANTENNA 
CONSIDERATIONS 


When a well-shielded transmitter is used in 
conjunction with an effective low-pass filter, and 
there is no incidental rectification in the area, it 
is impossible to have “harmonic-type” TVI, re- 
gardless of the type of transmitting antenna. How- 
ever, the type of transmitting antenna in use can 
be responsible for “fundamental-overload” TVI. 

To minimize the chances of TVI, the trans- 


Fig. 23-16—Dummy-antenna circuit for checking har- 
monic radiation from the transmitter and leads. The 
matching circuit helps prevent harmonics in the output 
of the transmitter from flowing back over the trans- 
mitter itself, which may occur if the lamp load is simply 
connected to the output coil of the final amplifier. See 
fransmission-line chapter for details of the matching 
circuit, Tuning must be adjusted by cut-and-try, as the 
bridge method described in the transmission-line chap- 
fer will not work with lamp loads because of the 
change in resistance when the lamps are hot. 
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mitting antenna should be located as far as pos- 
sible from the receiving antenna. The chances of 
fundamental overload at the television receiver 
are reduced when a horizontal transmitting an- 
tenna or beam is mounted higher than the TV 
antenna. Other things being equal, fundamental 
overload is more likely to occur with a vertical 
transmitting antenna than with a horizontal one, 
because the vertical antenna has a stronger field 
at a low angle. If a ground-plane antenna can be 
located well above the height of the TV receiv- 
ing antenna, there is less likelihood of fundamental 
overload than when it is at the same height or be- 
low the television antenna. 

The s.w.r. on the line to the transmitting an- 
tenna has no effect on TVI. However, when the 
line to the antenna passes near the TV antenna, 
radiation from the line can be a source of TVI. 
Methods for minimizing radiation from the line 
are discussed in the chapter on transmission lines. 


PREVENTING HARMONICS FROM 
REACHING THE ANTENNA 


The third and last step in reducing har- 
monic TVI is to keep the spurious energy gen- 
erated in or passed through the final stage from 
traveling over the transmission line to the 
antenna. It is seldom worthwhile even to at- 
tempt this until the radiation from the trans- 
mitter and its connecting leads has been reduced 
to the point where, with the transmitter deliver- 
ing full power into a dummy antenna, it has 
been determined by actual testing with a televi- 
sion receiver that the radiation is below the 
level that can cause interference. If the dummy 
antenna test shows enough radiation to be seen 
in a TV picture, it is a practical certainty that 
harmonics will be coupled to the antenna system 
no matter what preventive measures are taken. 

In inductively coupled output systems, some 
harmonic energy will be transferred from the - 
final amplifier through the mutual inductance 
between the tank coil and the output coupling 
coil. Harmonics of the output frequency trans- 
ferred in this way can be greatly reduced by 
providing sufficient selectivity between the final 
tank and the transmission line. A good deal of 
selectivity, amounting to 20 to 30 db. reduction 
of the second harmonic and ‘much higher reduc- 
tion of higher-order harmonics, is furnished by 
a matching circuit of the type shown in Fig. 
23-16 and described in the chapter on transmis- 
sion lines, An “antenna coupler” is therefore a 
worthwhile addition to the transmitter, 

In 50- and 144-Mc. transmitters, particularly, 
harmonics not directly associated with the out- 
put frequency — such as those generated in low- 
frequency early stages of the transmitter — may 
get coupled to the antenna by stray means. For 
example, a 144-Mc. transmitter might have an 
oscillator or frequency multiplier at 48 Mc., fol- 
lowed by a tripler to 144 Mc. Some of the 48- 
Mc. energy will appear in the plate circuit of 
the tripler, and if passed on to the grid of the 
final amplifier will appear as a 48-Mc. modula- 
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Fig. 23-17—The stray capacitive coupling between 
coils in the upper circuit leads to the equivalent cir- 
cuit shown below, for v.h.f. harmonics. 


tion on the 144-Mc. signal. This will cause a 
spurious signal at 192 Mc., which is in the high 
“TV band, and the selectivity of the tank circuits 
may not be sufficient to prevent its being coupled 
to the antenna. Spurious signals of this type can 
be reduced by using link coupling between the 
driver stage and final amplifier (and between 
earlier stages as well) in addition to the sup- 
pression afforded by using an antenna coupler. 


Capacitive Coupling 


The upper drawing in Fig. 23-17 shows a 
parallel-conductor link as it might be used to 
couple into a parallel-conductor line through a 
matching circuit. Inasmuch as a coil is a sizable 
metallic object, there is capacitance between 
the final tank coil and its associated link coil, 
and between the matching-circuit coil and its 
link. Energy coupled through these capacitances 
travels over the link circuit and the transmission 
line as thouigh these were merely single conduc- 
tors. The tuned circuits simply act as masses of 
metal and offer no selectivity at all for capaci- 
tively-coupled energy. Although the actual ca- 
pacitances are small, they offer a good coupling 
medium for frequencies in the v.h.f. range. 

Capacitive coupling can be reduced by coupling 
to a “cold” point on the tank coil — the end con- 
nected to ground or cathode in a single-ended 
stage. In push-pull circuits having a split-stator 
capacitor with the rotor grounded for r.f,, all 
parts of the tank coil are “hot” at even har- 
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Fig. 23-18—Methods of coupling and grounding link 

circuits to reduce capacitive coupling between the tank 

and link coils. Where the link is wound over one end 

of the tank coil the side toward the hot end of the 
tank should be grounded, as shown at B. 
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Fig. 23-19—Shielded coupling coil constructed from 
coaxial cable. The smaller sizes of cable such as RG- 
59/U are most convenient when the coil diameter is 
3 inches or less, because of greater flexibility. For 
larger coils RG-8/U or RG-11/U can be used. 


monics, but the center of the coil is “cold” at 
the fundamental and odd harmonics. If the 
center of the tank coil, rather than the rotor 


_of the tank capacitor, is grounded through a 


bypass capacitor the center of the coil is “cold” 
at all frequencies, but this arrangement is not 
very desirable because it causes the harmonic 
currents to flow through the coil rather than the 
tank capacitor and this increases the harmonic 
transfer by pure inductive coupling. 

With either single-ended or balanced tank cir- 
cuits the coupling coil should be grounded to the 
chassis by a short, direct connection as shown 
in Fig. 23-18. If the coil feeds a balanced line or 
link, it is preferable to ground its center, but if 
it feeds a coax line or link one side may be 
grounded, Coaxial output is much preferable to 
balanced output, because the harmonics have to 
stay inside a properly installed coax system and 
tend to be attenuated by the cable before reach- 
ing the antenna coupler. 

At high frequencies -—and possibly as low as 
14 Mc. — capacitive coupling can be greatly 
reduced by using a shielded coupling coil as 
shown in Fig. 23-19. The inner conductor of a 
length of coaxial cable is used to form a one- 
turn coupling coil. The outer conductor serves as 
an open-circuited shield around the turn, the 
shield being grounded to the chassis. The shield- 
ing has no effect on the inductive coupling. Be- 
cause this construction is suitable only for-one 
turn, the coil is not well adapted for use on the 
lower frequencies where many turns are re- 
quired for good coupling. Shielded coupling 
coils having a larger number of turns are avail- 
able commercially. A shielded coil is particu- 
larly useful with push-pull amplifiers when the 
suppression of even harmonics is important. 

A shielded coupling coil or coaxial output will 
not prevent stray capacitive coupling to the an- 
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Fig. 23-20—Right (B) and wrong (A and C) ways to 

connect a coaxial line to the transmitter. In A or C, 

harmonic energy coupled by stray capacitance to the 

outside of the cable will flow without hindrance to the 

antenna system. In B the energy cannot leave the 

shield and can flow out only through, not over, the 
cable, 


tenna if harmonic currents can flow over the oui- 
side of the coax line. In Fig. 23-20, the arrange- 
ment at either A or C will allow r.f. to flow 
over the outside of the cable to the antenna 
system. The proper way to use coaxial cable is 
to shield the transmitter completely, as shown at 
B, and make sure that the outer conductor of 
the cable is a continuation of the transmitter 
shielding. This prevents r.f. inside the transmit- 
ter from getting out by any path except the 
inside of the cable. Harmonics flowing through 
a coax line can be stopped by an antenna coupler 
or low-pass filter installed in the line. 


Low-Pass Filters 


A low-pass filter properly installed in a coaxial 
line, feeding either a matching circuit (antenna 
coupler) or feeding the antenna directly, will 
provide very great attenuation of harmonics. 
When the main transmission line is of the par- 
allel-conductor type, the coax-coupled match- 
ing-circuit arrangement is highly recommended 
as a means for using a coax low-pass filter. 

A low-pass filter will transmit power at the 
fundamental frequency without appreciable loss 
if the line in which it is inserted is properly 
terminated (has a low s.w.r.). At the same time 
it has large attenuation for all frequencies above 
the “cut-off” frequency. 

Low-pass filters of simple and inexpensive con- 
struction for use with transmitters operating be- 
low 30 Mc. are shown in Figs. 23-21 and 23-23. 
The former is designed to_use mica capacitors 
of readily available capacitance values, for com- 
pactness and low cost. Both use the same cir- 
cuit, Fig. 23-22, the only difference being in the 
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Fig. 23-21—An inexpensive low-pass filter using silver- 
mica postage-stamp capacitors. The box is a 2 by 4 by 
6 aluminum chassis. Aluminum shields, bent and folded 
at the sides and bottom for fastening to the chassis, 
form shields between the filter sections. The diagonal 
arrangement of the shields provides extra room for 
the coils and makes it easier to fit the shields in the 
box, since bending to exact dimensions is not essential. 
The bottom plate, made from sheet aluminum, extends 
a half inch beyond the ends of the chassis and is pro- 
vided with mounting holes in the extensions. It is held 
on the chassis with sheet-metal screws. 


Land C values. Technically, they are three-sec- 
tion filters having two full constant-k sections 
and two m-derived terminating half-sections, 
and their attenuation in the 54-88-Mc. range 
varies from over 50 to nearly 70 db., depending 
on the frequency and the particular set of values 
used. At high frequencies the ultimate attenua- 
tion will depend somewhat on internal resonant 
conditions associated with component lead 
lengths. These leads should be kept as short as 
possible. 

The power that filters using mica capacitors 
can handle safely is determined by the voltage 
and current limitations of the capacitors. The — 
power capacity is least at the highest frequency. 
The unit using postage-stamp silver mica ca- 
pacitors is capable of handling approximately 50 
watts in the 28-Mc. band, when working into a 
properly-matched line, but is good for about 150 
watts at 21 Mc. and 300 watts at 14 Mc. and 
lower frequencies. A filter with larger mica 
capacitors (case type CM-45) will carry about 
250 watts safely at 21 Mc., this rating increasing 
to 500 watts at 21 Mc. and a kilowatt at 14 
Mc. and lower. If there is an appreciable mis- 
match between the filter and the line into which 
it works, these ratings will be considerably de- 
creased, so in order to avoid capacitor failure 
it is highly essential that the line on the output 
side of the filter be carefully matched. 

The power capacity of these filters can be in- 
creased considerably by substituting r.f. type 
fixed capacitors (such as the Centralab 850 
series) or variable air capacitors, in which event 
the power capability will be such as to handle 
the maximum amateur power on any band. The 
construction can be modified to accommodate 
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Fig. 23-22—Low-pass filter circuit. In the table below 
the letters refer to the following: 


A—Using 100- and 70-pf. 500-volt silver mica capaci- 
tors in parallel for C2 and Cs. 

B—Using 70- and 50-pf. silver mica capacitors in 
parallel for Cs and Cs. 

C—Using 100- and 50-pf. mica capacitors, 1200-volt 
(case-style CM-45) in parallel for C2 and Cs. 

D and E—Using variable air capacitors, 500- to 1000- 
volt rating, adjusted to values given. 


A E 
52 2 75 
36 3 40 
44.4 50 
25.5 28.3 
32.5 36.1 
50 32 
170 106 - 
5% 6% turns* 
8 9% turns* 
9 8 8% 11% turns* 


*No. 12 or 14 wire, %-inch inside diameter, 8 t.p.i. 


variable air capacitors as shown in Fig, 23-23. 

Using fixed capacitors of standard tolerances, 
there should be little difficulty in getting proper 
filter operation. A grid-dip meter with an accu- 
rate calibration should be used for adjustment of 
the coils. First, wire up the filter without L, and 
L4. Short-circuit J, at its inside end with a screw- 
driver or similar conductor, couple the grid-dip 
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Fig. 23-23—Low-pass filter using variable air capacitors. 

The box is a 2 by 5 by 7 chassis, fitted with a bottom 

plate of similar construction to the one used in Fig. 
23-21. 


meter to L, and adjust the inductance of L,, by 
varying the turn spacing, until the circuit reson- 
ates at fo as given in the table. Do the same thing 
at the other end of the filter with L,. Then couple 
the meter to the circuit formed by Ly, Cy and Cg, 
and adjust L, to resonate at the frequency f, as 
given by the table. Then remove Ls, install 
Ly, and Ly, and adjust Ly, to make the cir- 
cuit formed by Ly, Ly, Cy and C, (without the 
short across J,) resonate at fg as given in the 
table. Do the same with L, for the circuit formed 
by Ly, Ls, Cg and Cy. Then replace Ly, and check 
with the grid-dip meter at any coil in the filter; 
a distinct resonance should be found at or very 
close to the cut-off frequency, f,. 


FILTERS FOR V.H.F. TRANSMITTERS 


High rejection of unwanted frequencies is pos- 
sible with the tuned-line filters of Fig. 23-24. 
Examples are shown for each band from 50 
through 450 Mc. Construction is relatively sim- 
ple, and the cost is low. Standard boxes are used, 
for ease of duplication. : 

The filter of Fig. 23-25 is selective enough to 
pass 50-Mc. energy and attenuate the 7th har- 
monic of an 8-Mc. oscillator, that falls in TV 
Channel 2, With an insertion loss at 50 Mc. of 
about 1 db., it can provide up to 40 db. of attenua- 
tion to energy at 57 Mc. in the same line. This 
should be more than enough attenuation to take 
care of the worst situations, provided that the 
radiation is by way of the transmitter output coax 
only. The filter will not eliminate intefering 
energy that gets out from power cables, the a.c. 
line, or from the transmitter circuits themselves. 
It also will do nothing for TVI that results from 
deficiencies in the TV receiver. 

The 50-Mc. filter, Fig. 23-25, uses a folded line, 
in order to keep it within the confines of a stand- 
ard chassis. The case is a 6 by 17 by 3-inch chassis 
(Bud AC-433) with a cover plate that fastens in 
place with self-tapping screws. An aluminum 


Fig. 23-24—High-Q strip-line filters for 50 Mc. (top), 
220, 144 and 420 Mc. Those for the two highest bands 
are half-wave line circuits. All use standard chassis. 


Low-Pass Filter 


Fig. 23-25—Interior of the 50- 

Mc. strip-line filter. Inner con- 

ductor of aluminum strip is 

bent into U shape, to fit in- 

side a standard 17-inch 
chassis. 


Fig. 23-27-—-A half-wave strip 
line is used in the 220-Mc. 
filter. It is grounded at both 
ends and turned at the center. 


partition down the middle of the assembly is 14 
inches long, and the full height of the chassis, 3 
inches. 

The inner conductor of the line is 32 inches 
long and 1%g¢ inch wide, of 46-inch brass, copper 
or aluminum. This was made from two pieces of 
aluminum spliced together to provide the 32- 
inch length. Splicing seemed to have no ill effect 
on the circuit Q. The side of the “U” are 2% 
inches apart, with the partition at the center. The 
line is supported on ceramic standoffs. These 
were shimmed up with sections of hard wood or 
bakelite rod, to give the required 14-inch height. 

The tuning capacitor is a double-spaced vari- 
able (Hammarlund, HF-30-X) mounted 1% 
inches from the right end of the chassis. Input 
and output coupling loops are of No. 10 or 12 
wire, 10 inches long. Spacing away from the line 
is adjusted to about % inch. 

The 144-Mc. model, is housed in a 244 by 2% 
by 12-inch Minibox (Bud CU-2114-A). 

One end of the tubing is slotted 1%4 inch deep 
with a hacksaw. This slot takes a brass angle 
bracket 134 inches wide, 1%4 inch high, with a 
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Fig. 23-26—The 144-Mc. filter 
has an inner conductor of 4 
inch copper tubing 10 inches 
long, grounded to the left 
and of the case and supported 
at the right end by the tuning 
capacitor. 


Eas bee 


¥4-inch mounting lip. This 14-inch lip is soldered 
into the tubing slot, and the bracket is then 
bolted to the end of the box, so as to be cen- 
tered on the end plate. ; 

The tuning capacitor (Hammarlund HF-15- 
X) is mounted 114 inches from the other end of 
the box, in such a position that the inner con- 
ductor can be soldered to the two stator bars. 

The two coaxial fittings (SO-239) are 44¢ inch 
in from each side of the box, 34 inches from 
the left end. The coupling loops are No. 12 wire, 
bent so that each is parallel to the center line of 
the inner conductor, and about 1 inch from its 
surface. Their cold ends are soldered to the brass 
mounting bracket. 

The 220-Mc. filter uses the same size box as 
the 144-Ms. model. The inner conductor is 4.- 
inch brass or copper, 54 inch wide, just long 
enough to fold over at each end for bolting to the 
box. It is positioned so that there will be % inch 
clearance between it and the rotor plates of the 
tuning capacitor. The latter is a Hammarlund 
HF-15-X, mounted slightly off-center in the box, 
so that its stator plates connect to the exact mid- 
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point of the line. The 54g-inch mounting hold in 
the case is 544 inches from one end. The SO-239 
coaxial fittings are 1 inch in from opposite sides 
of the box, 2 inches from the ends. Their coupling 
links are No. 14 wire, 1% inch from the inner con- 
ductor of the line. 

The 420-Mc. filter is similar in design, using 
a 15% by 2 by 10-inch Minibox (Bud CU-2113- 
A). A half-wave line is used, with disk tuning 
at the center. The disks are 44-inch brass, 11%4- 
inch diameter. The fixed one is centered on the 
inner conductor, the other mounted on a No. 6 
brass lead-screw. This passes through a threaded 
bushing, which can be taken from the end of 
a discarded slug-tuned form. An advantage of 
these is that usually a tension device is included. 
If there is none, use a lock nut. 

Type N coaxial connectors were used on the 
420-Mc. model. They are 54 inch in from each 
side of the box, and 134 inches in from the 
ends. Their coupling links of No. 14 wire are %g 
inch from the inner conductor. 


Adjustment and Use 


If you want the filter to work on both trans- 
mitting and receiving, connect the filter between 
antenna line and s.w.r. indicator. With this ar- 
rangement you need merely adjust the filter for 
minimum reflected power reading on the s.w.r. 
bridge. This should be zero, or close to it, if the 
antenna is well-matched. The bridge should be 
used, as there is no way to adjust the filter 
properly without it. If you insist on trying, adjust 
for best reception of signals on frequencies close 
to the ones you expect to transmit on. This 
works only if the antenna is well matched. 

When the filter is properly adjusted (with the 
s.w.t. bridge) you may find that reception can be 
improved by retuning the filter. Don’t do it, if 
you want the filter to work best on the job it was 
intended to do; the rejection of unwanted energy, 
transmitting or receiving. If you want to improve 
reception with the filter in the circuit, work on 
the receiver input circuit. To get maximum power 
out of the transmitter and into the line, adjust the 
transmitter output coupling, not the filter. If the 
effect of the filter on reception bothers you, con- 
nect it in the line from the antenna relay to the 
transmitter only. 


SUMMARY 


The methods of harmonic elimination out- 
lined in this chapter have been proved beyond 
doubt to be effective even under highly unfavor- 
able conditions. It must be emphasized once 
more, however, that the problem must be solved 
one step at a time, and the procedure must be 
in logical order. It cannot be done properly 
without two items of simple equipment: a grid- 
dip meter and wavemeter covering the TV 
bands, and a dummy antenna. 


To summarize: 

1) Take a critical look at the transmitter on 
the basis of the design considerations outlined 
under “Reducing Harmonic Generation”. 
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2) Check all circuits, particularly those con- 
nected with the final amplifier, with the grid-dip 
meter to determine whether there are any reso- 
nances in the TV bands. If so, rearrange the 
circuits so the resonances are moved out of the 
critical frequency region. 

3) Connect the transmitter to the dummy an- 
tenna and check with the wavemeter for the 
presence of harmonics on leads and around the 
transmitter enclosure. Seal off the weak spots 
in the shielding and filter the leads until the 
wavemeter shows no indication at any harmonic 
frequency. 

4) At this stage, check for interference with 
a TV receiver. Jf there is interference, deter- 
mine the cause by the methods described pre- 
viously and apply the recommended remedies 
until the interference disappears. 

5) When the transmitter is completely clean 
on the dummy antenna, connect it to the regu- 
lar antenna and check for interference on the 
TV receiver. If the interference is not bad, an 
antenna coupler or matching circuit installed as 
previously described should clear it up. Alter- 
natively, a low-pass filter may be used. If 
neither the antenna coupler nor filter makes any 
difference in the interference, the evidence is 
strong that the interference, at least in part, is 
being caused by receiver overloading because 
of the strong fundamental-frequency field about 
the TV antenna and receiver. A coupler and/or 
filter, installed as described above, will invari- 
ably make a difference in the intensity of the in- 
terference if the interference is caused by trans- 
mitter harmonics alone. 


Le: 
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Fig. 23-28—The proper method of installing a low-pass 
filter between the transmitter and antenna coupler or 
matching circuit. If the antenna is fed through coax 
the antenna coupler may be omitted but the same 
construction should be used between the transmitter 
and filter. To be effective, the filter should be thor- 
oughly shielded. 


6) If there is still interference after instal- 
ling the coupler and/or filter, and the evidence 
shows that it is probably caused by a harmonic, 
more attenuation is needed. A more elaborate 
filter may be necessary. However, it is well at . 
this stage to assume that part of the interfer- 
ence may be caused by receiver overloading, and 
take steps to alleviate such a condition before 
trying highly-elaborate filters, traps, etc., on the 
transmitter. 


HARMONICS BY RECTIFICATION 

Even though the transmitter is completely 
free from harmonic output it is still possible for 
interference to occur because of harmonics 


TV Receiver Deficiencies 


generated outside the transmitter. These result 
from rectification of fundamental-frequency 
currents induced in conductors in the vicinity of 
the transmitting antenna. Rectification can take 
place at any point where two conductors are in 
poor electrical contact, a condition that fre- 
quently exists in plumbing, downspouting, BX 
cables crossing each other, and numerous other 
places in the ordinary residence. It also can 
occur in any exposed vacuum tubes in the sta- 
tion, in power supplies, speech equipment, etc., 
that may not be enclosed in the shielding about 
the r.f. circuits. Poor joints anywhere in the 
antenna system are especially bad, and rectifica- 
tion also may take place in the contacts of an- 
tenna changeover relays. Another common 
cause is overloading the front end of the com- 
munications receiver when it is used with a 
separate antenna (which will radiate the har- 
monics generated in the first tube) for break-in. 

Rectification of this sort will not only cause 
harmonic interference but also is frequently re- 
sponsible for cross-modulation effects. It can be 
detected in greater or less degree in most loca- 
tions, but fortunately the harmonics thus gen- 
erated are not usually of high amplitude. How- 
ever, they can cause considerable interference 
in the immediate vicinity in fringe areas, espe- 
cially when operation is in the 28-Mc. band. The 
amplitude decreases rapidly with the order of 
the harmonic, the second and third being the 
worst. It is ordinarily found that even in cases 
where destructive interference results from 28- 
Mc. operation the interference is comparatively 
mild from 14 Mc., and is negligible at still lower 
frequencies, 

Nothing can be done at either the transmitter 
or receiver when rectification occurs. The rem- 
edy is to find the source and eliminate the poor 
contact either by separating the conductors or 
bonding them together. A crystal wavemeter 
(tuned to the fundamental frequency) is useful 
for hunting the source, by showing which con- 
ductors are carrying r.f. and, comparatively, 
how much. 

Interference of this kind is frequently inter- 
mittent since the rectification efficiency will 
vary with vibration, the weather, and so on. The 
possibility of corroded contacts in the TV re- 
. ceiving antenna should not be overlooked, es- 
pecially if it has been up a year or more. 


TV RECEIVER DEFICIENCIES 


Front-End Overloading 


When a television receiver is quite close to 
the transmitter, the intense r.f. signal from the 
transmitter’s fundamental may overload one or 
more of the receiver circuits to produce spuri- 
ous responses that cause interference. 

If the overload is moderate, the interference 
is of the same nature as harmonic interference; 
it is caused by harmonics generated in the early 
stages of the receiver and, since it occurs only 
on channels harmonically related to the trans- 
mitting frequency, is difficult to distinguish 
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from harmonics actually radiated by the trans~ 
mitter. In such cases additional harmonic sup- 
pression at the transmitter will do no good, but 
any means taken at the receiver to reduce the 
strength of the amateur signal reaching the 
first tube will effect an improvement. With very 
severe overloading, interference also will occur 
on channels not harmonically related to the 
transmitting frequency, so such cases are easily 
identified. Cross-Modulation 

Upon some circumstances overloading will 
result in cross-modulation or mixing of the 
amateur signal with that from a local f.m. or 
TV station. For example, a 14-Mc. signal can 
mix with a 92-Mc. f.m. station to produce a beat 
at 78 Mc. and cause interference in Channel 5, 
or with a TV station on Channel 5 to cause 
interference in Channel 3. Neither of the chan- 
nels interfered with is in harmonic relationship 
to 14 Mc. Both signals have to be on the air 
for the interference to occur, and eliminating 
either at the TV receiver will eliminate the 
interference. 

There are many combinations of this type, 
depending on the band in use and the local fre- 
quency assignments to f.m. and TV stations. 
The interfering frequency is equal to the ama- 
teur fundamental frequency either added to or 
subtracted from the frequency of some local 
station, and when interference occurs in a TV 
channel that is not harmonically related to the 
amateur transmitting frequency the possibilities 
in such frequency combinations should be in- 


vestigated. 1. F. Interference 


Some TV receivers do not have sufficient 
selectivity to prevent strong signals in the inter- 
mediate-frequency range from forcing their 
way through the front end and getting into the 
if. amplifier. The once-standard intermediate 
frequency of, roughly, 21 to 27 Mc, is subject 
to interference from the fundamental-frequency - 
output of transmitters operating in the 21-Mc. 
band. Transmitters on 28 Mc. sometimes will 
cause this type of interference as well. 

A form of if. interference peculiar to 50-Mc. 
operation near the low edge of the band oc- 
curs with some receivers having the standard 
“41-Mc.” if., which has the sound carrier at 
41.25 Mc. and the picture carrier at 45.75 Mc. 
A 50-Mce. signal that forces its way into the i.f. 
system of the receiver will beat with the if. 
picture carrier to give a spurious signal on or 
near the if. sound carrier, even though the in- 
terfering signal is not actually in the nominal 
passband of the if. amplifier. 

There is a type of if. interference unique to 
the 144-Mc. band in localities where certain 
wh.f. TV channels are in operation, affecting 
only those TV: receivers in which double-con- 
version type plug-in u.h.f. tuning strips are 
used, The design of these strips involves a first 
intermediate frequency that varies with the TV 
channel to be received and, depending on the 
particular strip design, this first if. may be in 
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or close to the 144-Mc, amateur band. Since 
there is comparatively little selectivity in the 
TV signal-frequency circuits ahead of the first 
if., a signal from a 144-Mc. transmitter will 
“ride into” the if., even when the receiver is 
at a considerable distance from the transmitter. 
The channels that can be affected by this type 
of if. interference are: 
Receivers with 
41-Mc. 
second i.f. 

Channels 20-25, inc. 
Channels 51-58, inc. 
Channels 82 and 83. 


Receivers with 
21-Mc. 
second t.f. 
Channels 14-18, inc. 
Channels 41-48, inc. 
Channels 69-77, inc. 


If the receiver is not close to the transmitter, a 
trap of the type shown in Fig. 23-31 will be 
effective. However, if the separation is small 
the 144-Mc. signal will be picked up directly on 
the receiver circuits and the best solution is to 
readjust the strip oscillator so that the first if. 
is moved to a frequency not in the vicinity of 
the 144-Mc. band. This has to be done by a 
competent technician. 

Lf. interference is easily identified since it 
occurs on all channels—although sometimes the 
intensity varies from channel to channel—and 
the cross-hatch pattern it causes will rotate 
when the receiver’s fine-tuning control is varied. 
When the interference is caused by a harmonic, 
overloading, or cross modulation, the structure 
of the interference pattern does not change (its 
intensity may change) as the fine-tuning control 


is varied. High-Pass Filters 


In all of the above cases the interference can 
be eliminated if the fundamental signal strength 
can be reduced to a level that the receiver can 
handle. To accomplish this with signals on 
bands below 30 Mc., the most satisfactory de- 
vice is a high-pass filter having a cut-off fre- 
quency between 30 and 54 Mc., installed at the 
tuner input terminals of the receiver. Circuits 
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Fig. 23-29—High-pass filters for installation at the TV 

receiver antenna terminals, A—balanced filter for 300- 

ohm line, B—for 75-ohm coaxial line, Important: Do 

not use a direct ground on the chassis of a trans- 

formerless receiver. Ground through a 0.001-#f. mica 
capacitor. 


INTERFERENCE WITH OTHER SERVICES 


that have proved effective are shown in Figs. 
23-29 and 23-30. Fig. 23-30 has one more sec- 
tion than the filters of Fig. 23-29 and as a 
consequence has somewhat better cut-off char- 
acteristics. All the circuits given are designed 
to have little or no effect on the TV signals but 
will attenuate all signals lower in frequency 
than about 40 Mc. These filters preferably 
should be constructed in some sort of shielding 
container, although shielding is not always nec- 
essary. The dashed lines in Fig. 23-30 show how 
individual filter coils can be shielded from each 
other. The capacitors can be tubular ceramic 
units centered in holes in the partitions that 
separate the coils. 

Simple high-pass filters cannot always be ap- 
plied successfully in the case of 50-Mc. trans- 
missions, because they do not have sufficiently- 
sharp cut-off characteristics to give both good 
attenuation at 50-54 Mc. and no attenuation 
above 54 Mc. A more elaborate design capable 
of giving the required sharp cut-off has’ been 
described (Ladd, “50-Mc. TVI—Its Causes and 
Cures,” QST, June and July, 1954). This article 
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Fig. 23-30—Another type of high-pass filter for 300- 
ohm line. The coils may be wound on Y%-inch diameter 
plastic knitting needles, Important: Do not use a direct 
ground on the chassis of a transformerless receiver. 
Ground through a 0.001-#f. mica capacitor. 


also contains other information useful in coping 
with the TVI problems peculiar to 50-Mc. op- 
eration. As an alternative to such a filter, a 
high-Q wave trap tuned to the transmitting 
frequency may be used, suffering only the dis- 
advantage that it is quite selective and therefore 
will protect a receiver from overloading over 
only a small range of transmitting frequencies 
in the 50-Mc. band. A trap of this type is shown 
in Fig. 23-31. These “suck-out” traps, while 
absorbing energy at the frequency to which they 
are tuned, do not affect the receiver operation 
otherwise. The assembly should be mounted near 
the input terminals of the TV tuner and its case 
should be grounded to the TV set chassis. The 
traps should be tuned for minimum TVI at the 
transmitter operating frequency. An insulated 
tuning tool should be used for adjustment of the 
trimmer capacitors, since they are at a “hot” point 
and will show considerable body-capacitance 
effect. 

High- -pass filters are available commercially at 
moderate prices, In this connection, it should be 
understood by all parties concerned that while 
an amateur is responsible for harmonic radia- 


Antenna Installation 


Parallel-tuned traps for installation in the 300-ohm 
line to the TV set. The traps should be mounted in an 
aluminum Minibox with a shield partition between 
them, as shown. For 50 Me, the coils should have 9 
turns of No. 16 enamel wire, close wound to a diam- 
eter of % inch. The 144-Mc traps should contain coils 
with a total of 6 turns of the same type wire, close- 
wound to a diameter of %4 inch. Traps of this type can 
be used to combat fundamental-overload TVI on the 
lower-frequency bands as well. 


tion from his transmitter, it is no part of his 
responsibility to pay for or install filters, wave 
traps, etc. that may be required at the receiver 
to prevent interference caused by his funda- 
mental frequency. Proper installation usually re- 
quires that the filter be installed right at the input 
terminals of the r.f. tuner of the TV set and 
not merely at the external antenna terminals, 
which may be at a considerable distance from 
the tuner. The question of cost is one to be 
settled between the set owner and the organiza- 
tion with which he deals. 

Some of the larger manufacturers of TV re- 
ceivers have instituted arrangements for coop- 
erating with the set dealer in installing high- 
pass filters at no cost to the receiver owner. 
FCC-sponsored TVI Committees, now operat- 
ing in many cities, have all the information 
necessary for effectuating such arrangements. 
To find out whether such a committee is func- 
tioning in your community, write to the FCC 
field office having jurisdiction over your loca- 
tion. A list of the field offices is contained in 
The Radio Amateur’s License Manual, pub- 
lished by ARRL. 

If the fundamental signal is getting into the 
receiver by way of the line cord a line filter 
such as that shown in Fig, 23-1 may help. To be 
most effective it should be installed inside the 
receiver chassis at the point where the cord 
enters, making the ground connections directly 
to chassis at this point. It may not be so helpful 
if placed between the line plug and the wall 
socket unless the r.f. is actually picked up on 
the house wiring rather than on the line cord 


itself. Antenna Installation 


Usually, the transmission line between the TV 
receiver and the actual TV antenna will pick up 
a great deal more energy from a nearby trans- 
mitter than the television receiving antenna 
itself. The currents induced on the TV trans- 
mission line in this case are of the “parallel” 
type, where the phase of the current is the same 
in both conductors. The line simply acts like 
two wires connected together to operate as one. 
lf the receiver’s antenna input circuit were per- 
fectly balanced it would reject these “parallel” 
or “unbalance” signals and respond only to the 
true transmission-line (“push-pull”) currents; 
that is, only signals picked up on the actual 
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antenna would cause a receiver response. How- 
ever, no receiver is perfect in this respect, and 
many TV receivers will respond strongly to 
such parallel currents. The result is that the 
signals from a nearby amateur transmitter are 
much more intense at the first stage in the TV 
receiver than they would be if the receiver re- 
sponse were confined entirely to energy picked 
up on the TV antenna alone. This situation can 
be improved by using shielded transmission line 
—coax or, in the balanced form, “twinax”— 
for the receiving installation. For best results 
the line should terminate in a coax fitting on 
the receiver chassis, but if this is not possible 
the shield should be grounded to the chassis 
right at the antenna terminals. 

The use of shielded transmission line for the 
receiver also will be helpful in reducing re- 
sponse to harmonics actually being radiated 
from the transmitter or transmitting antenna. 
In most receiving installations the transmission 
line is very much longer than the antenna itself, 
and is consequently far more exposed to the 
harmonic fields from the transmitter. Much of 
the harmonic pickup, therefore, is on the re- 
ceiving transmission line when the transmitter 
and receiver are quite close together. Shielded . 
line, plus relocation of either the transmitting 
or receiving antenna to take advantage of 
directive effects, often will result in reducing 
overloading, as well as harmonic pickup, to a 
level that does not interfere with reception. 


U.H.F. TELEVISION 


Harmonic TVI in the u.hf. TV band is far 
less troublesome than in the v.h.f. band. Har- 
monics from transmitters operating below 30 
Mc. are of such high order that they would 
normally be expected to be quite weak; in addi- 
tion, the components, circuit conditions and 
construction of low-frequency transmitters are 
such as to tend to prevent very strong har- 
monics from being generated in this region. 
However, this is not true of amateur v.h.f. 
transmitters, particularly those working in the 
144-Mc. and higher bands. Here the problem 
is quite similar to that of the low vhf. TV 
band with respect to transmitters operating be- 
low 30 Mc. 

There is one highly favorable factor in u.h.f. 
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TABLE 23-1 
Harmonic Relationship—Amateur V.H.F. Bands 
and U.H.F. TV Channels 


Fundamental Channel 
Freq. Range Affected 


1440-1445 31 
144.5-146.0 32 
146.0-147.5 33 
147.5-148.0 34 
144.0-144.4 55 
144.4-145.6 56 
145.6-146.8 57 
146.8-148 58 
144-144.33 79 
144.33-145.33 80 
145.33-147.33 81 
147.33-148 82 
220-220.67 45 
220.67-222.67 46 
222.67-224.67 47 
224.67-225 48 
220-221 82 
221-222.5 83 
420-421 75 
421-424 76 
424-427 77 
427-430 78 
430-433 79 
433-436 80 


Amateur 
Band Harmonic 


144 Me. 4th 


TV that does not exist in the most of the v.h.f. 
TV band: If harmonics are radiated, it is possi- 
ble to move the transmitter frequency sufficiently 
(within the amateur band being used) to avoid 
interfering with a channel that may be in use in 
the locality. By restricting operation to a portion 
of the amateur band that will not result in har- 
monic interference, it is possible to avoid the 
necessity for taking extraordinary precautions to 
prevent harmonic radiation. 

The frequency assignment for u.h.f. tele- 
vision consists of seventy 6-megacycle channels 
(Nos. 14 to 83, inclusive) beginning at 470 Mc. 
and ending at 890 Mc. The harmonics from 
amateur bands above 50 Mc. span the u.h.f. 
channels as shown in Table 23-I. Since the 
assignment plan calls for a minimum separation 
of six channels between any two stations in one 
locality, there is ample opportunity to choose a 
fundamental frequency that will move a har- 
monic out of range of a local TV frequency. 


COLOR TELEVISION 


The color TV signal includes a subcarrier 
spaced 3.58 megacycles from the regular picture 
carrier (or 4.83 Mc. from the low edge of the 
channel) for transmitting the color information. 
Harmonics which fall in the color subcarrier 
region can be expected to cause break-up of 
color in the received picture. This modifies the 
chart of Fig. 23-3 to introduce another “severe” 
region centering around 4.8 Mc. measured from 
the low-frequency edge of the channel. Hence 
with color television reception there is less oppor- 


INTERFERENCE WITH OTHER SERVICES 


tunity to avoid harmonic interference by choice 
of operating frequency. In other respects the 
problem of eliminating interference is the same 
as with black-and-white television. 


INTERFERENCE FROM TV RECEIVERS 


The TV picture tube is swept horizontally by 
the electron beam 15,750 times per second, using 
a wave shape that has very high harmonic con- 
tent. The harmonics are of appreciable ampli- 
tude even at frequencies as high as 30 Mc., and 
when radiated from the receiver can cause 
considerable interference to reception in the 
amateur bands. While measures to suppress 
radiation of this nature are required by FCC 
in current receivers, nany older sets have had 
no such treatment. The interference takes the 
form of rather unstable, a.c.-modulated signals 
spaced at intervals of 15.75 ke. 

Studies have shown that the radiation takes 
place principally in three ways, in order of their 
importance: (1) from the ac. line, through 
stray coupling to the sweep circuits; (2) from 
the antenna system, through similar coupling; 
(3) directly from the picture tube and sweep- 
circuit wiring. Line radiation often can be 
reduced by bypassing the a.c. line cord to the 
chassis at the point of entry, although this is 
not completely effective in all cases since the 
coupling may take place outside the chassis 
beyond the point where the bypassing is done. 
Radiation from the antenna is usually sup- 
pressed by installing a high-pass filter on the 
receiver. The direct radiation requires shielding 
of high-potential leads and, in some receivers, 
additional bypassing in the sweep circuit; in 
severe cases, it may be necessary to line the 
cabinet with screening or similar shielding ma- 
terial. 

Incidental radiation of this type from TV and 
broadcast receivers, when of sufficient intensity 
to cause serious interference to other radio 
services (such as amateur), is covered by Part 
15 of the FCC rules, When such interference 
is caused, the user of the receiver is obligated 
to take steps to eliminate it. The owner of an 
offending receiver should be advised to contact 
the source from which the receiver was pur- 
chased for appropriate modification of the re- 
ceiving installation. TV receiver dealers can 
obtain the necessary information from the set 
manufacturer, 

It is usually possible to reduce interference 
very considerably, without modifying the TV 
receiver, simply by having a good amateur-band 
receiving installation. The principles are the 
same as those used in reducing “hash” and 
other noise — use a good antenna, such as the 
transmitting antenna, for reception; install it 
as far as possible from a.c. circuits; use a good 
feeder system such as a properly balanced two- 
wire line or coax with the outer conductor 
grounded; use coax input to the receiver, with 
a matching circuit if necessary; and check the 
receiver to make sure that it does not pick up 
signals or noise with the antenna disconnected. 


Chapter 24 


Operating a Station 


The enjoyment of amateur radio comes mostly 
from the operation of our station once we have 
finished its construction. Upon the station and 
its operation depend the communication records 
that are made. The standing of individuals as 
amateurs and respect for the capabilities of the 
whole institution of amateur radio depend to a 
considerable extent on the practical communica- 
tions established by amateurs, the aggregate of 
all our station efforts. 

An operator with a slow, steady, clean-cut 
method of sending has a big advantage over 
the poor operator. The technique of speaking in 
connected thoughts and phrases is equally im- 
portant for the voice operator. Good sending is 
partly a matter of practice but patience and judg- 
ment are just as important qualities of an operd- 
tor as a good “fist.” 

Operating knowledge embracing standard pro- 
cedures, development of skill in employing c.w. 
to expand the station range and operating effec- 
tiveness at minimum power levels and some net 
know-how are all essentials in achieving a trium- 
phant amateur experience with top station rec- 
ords, personal results, and demonstrations of 
what our stations can do in practical communi- 
cations. 


OPERATING COURTESY AND 
TOLERANCE 


Normal operating interests in amateur radio 
vary considerably. Public service is of course the 
most important activity (more about this later). 
Other interests include rag-chewing, working 
DX, contest operating, award-seeking, or experi- 
menting on the air. Inevitably, amateurs in pur- 
suit of their own favorite activity often get into 
each other’s hair. 

Interference is one of the things we amateurs 
have tq live with. However, we can conduct our 
operating in a way designed to alleviate this as 


“LA LONG CALL 
1S UNNECESSARY” 


much as possible. Before putting the transmitter 
on the air, listen on your own frequency. If you 
hear stations engaged in communication on that 
frequency, stand by until you are sure no inter- 
ference will be caused by your operations, or 
shift to another frequency. No amateur or any 
group of amateurs has any exclusive claim to any 
frequency in any band but we must work together, 
each respecting the rights of others. Remember, 
those other chaps can cause you as much inter- 
ference as you cause them, sometimes more! 

In this chapter we'll recount some fundamen- 
tals of operating success, cover major procedures 
for successful general work and include proper 
forms to use in message handling and, other 
fields. Note also the sections on special activities, 
awards and organization. These permit us all to 
develop through our organization more success 
together than we could ever attain by separate. 
uncoordinated efforts. 


C.W. PROCEDURE 


The best c.w. operators observe certain op- 
erating procedures regarded as “standard prac- 
tice,” as follows: ; 

1) Calls. A short, snappy call is usually the 
most effective. Standard practice for years has 
been the “three by three,” that is the station be- 
ing called three times followed by the called 
station three times, thus: WONWX WYNWX 
WONWX DE WIAW WiAW WIAW AR. 
But much depends on the circumstances. In a 
contest, a “one by one” may be more effective. 
The general principle is to keep it short, so as 
not to clutter up the air with unnecessary QRM. 

CQ. One hears many stations calling CQ over 
and over without signing. Three CQ’s followed 
by one or two identifications repeated not more 
than three times should be sufficient under any 
circumstances. Use a general CQ only when you 
are willing to work any station who answers 
you, Listen on the frequency first; don’t plop on 
a QSO in progress. 

The directional CQ: The best way to find some 
specific state, country or place is to listen and 
call when what you are looking for is heard. 
Directional or selective CQ’s usually just cause 
unnecessary interference. However, occasionally 
they work, and it is preferable to call a selective 
CQ than to call a general one and not answer if 
the station replying is not what you want. Ex- 
ample: A station looking for Vermont might 
call: CQ VT CQ VT CQ VT DE W4IA W4IA 
W4IA K. Keep such calls short. Repeat fre- 
quently if no results, 
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OPERATING A STATION 


OPERATING ABBREVIATIONS AND PREFIXES 


Q SIGNALS 


Given below are a number of Q signals whose 
meanings most often need to be expressed with 
brevity and clearness in amateur work. (Q ab- 
breviations take the form of questions only when 
each is sent followed by a question mark.) 


QRG 


Will you tell me my exact frequency (or that 


Ofvccerehaic )? Your exact frequency (or that 
O85 ibis AB exces Ser ke, 

QRH Does my frequency vary? Your frequency var- 
ies. , 

QRI How is the tone of my transmission? The tone of 
your transmission is..... (1. Good; 2. Vari- 
able; 3. Bad). 

QRK What is the intelligibility of my signals (or those 
of...)? The intelligibility of your signals 
(or those of...) is..(1. bad; 2. poor; 3. fair; 
4. good; 5. excellent. 

QRL Are you busy? I am busy (or I am busy with 
Pecks He ). Please do not interfere. 

QRM Are you being interfered with? I am being in- 
terfered with..(1. nil; 2. slightly; 3. moder- 
ately; 4. severely; 5, extremely). 

QRN Are you troubled by static? I am troubled by 
static.. (1-5 as under QRM). 

QRO Shall I increase power? Increase power. 

QRP Shall I decrease power? Decrease power. 

QRQ Shall I send faster? Send faster (..... w.p.m.). 

QRS Shall I send more slowly? Send more stowly 
(.... W.p.m.). 

QRT Shall I stop sending? Stop sending. 

QRU Have you anything for me? I have nothing for 
you. 

QRV Are you ready? I am ready. 

QRW Shall I inform..... that you are calling him on 

nn 2 ke.? Please inform.....that I am call- 
ing on..... ke 

QRX When will you call me again? I will call you 
again at...... hours (on........ ke.). 

QRY What is my turn? Your turn is Number... 

QRZ Who is calling me? You are being called by..... 
(on...... ke.). 

QSA What is the strength of my signals (or those of 
Saeed )? The strength of your signals (or 
those of..... » Hie face (1. Searcely percep- 
tible; 2. Weak; 3. Fairly good; 4. Good; 5. 
Very good). 

QSB Are my signals fading? Your signals are fading. 

QSD Is my keying defective? Your keying is defec- 
tive. 

QSG Shall I send..... messages at a time? Send..... 
messages at a time. 

QSK Can you hear me between your signals and if 
so can I break in on your transmission? I can 
hear you between my signals; break in on my 
transmission, 

QSL Can you acknowledge receipt? I am acknowledg- 
ing receipt, 

QSM Shall I repeat the last message which I sent you, 
or some previous message? Repeat the last 
message which you sent me [or message(s) 
number(s}..... 1. 

QSN Did you hear me (or...) on..ke.? I did hear 
you (or...) on...ke. 

Qso Can you communicate with....direct or by re- 
lay? I can communicate with.....direct (or 
by relay through..... ). 

QSP Will you relay to..... ? I will relay to.... 


QsU Shall I send or reply on this frequency (or on 
..k.c.)? Send or reply on this frequency (or 
on. .ke.) 

Shall I send a series of Vs on this frequency (or 
...ke.)? Send a series of Vs on this fre- 


quency (or..... ke.). 


Will you send on this frequeney (or on....kc.)? 
I am going to send on this frequency (or on 


QSV 


QSw 


Will you listen to.....om..... ke.? I am listen- 
ing to..... On..... ke. 

Shall I change to transmission on another fre- 
quency? Change to transmission on another 
frequency (or on....ke.). 

Shall I send each word or group more than once? 
Send each word or group twice (or... .times). 

Shall I cancel message number....as if it had 
not been sent? Cancel message number..... 
as if it had not been sent. 

Do you agree with my counting of words? I do 
not agree with your counting of words; I will 
repeat the first letter or digit of each word or 
group. 

How many messages have you to send? I have 
....messages for you (or for..... ). 

What is your location? My location is..... 

What is the correct time? The time is...... 


Have you news of..(call sign)? Here is news 
of.. (call sign). 


Special abbreviations ‘adopted by ARRL: 


QST General call preceding a message addressed to all 
amateurs and ARRL members, This is in ef- 
fect “CQ ARRL.” 


QRRR Official ARRL “land SOS.” A distress call for 
emergency use only by a station in an emer- 
gency situation. 


QSX 
QSY 


QSZ 
QTA 


QTB 


QTC 


QTH 
QTR 
QUA 


The R-S-T System 
READABILITY 
1 — Unreadable. 
2— Barely readable, some words distinguishable. 
3 — Readable with considerable difficulty. 
4 — Readable with practically no difficulty. 
5 — Perfectly readable. 


SIGNAL STRENGTH 
1— Faint signals, barely perceptible. 
2— Very weak signals. 
3 — Weak signals. 
4— Fair signals. 
5 — Fairly good signals. 
6 -— Good signals. 
7 — Moderately strong signals. 
8 — Strong signals. 
9 — Extremely strong signals. 


TONE 
1— Extremely rough hissing note. 
2— Very rough a.c. note, no trace of musicality. 
3 — Rough low-pitched a.c. note, slightly musical. 
4--- Rather rough a.c. note, moderately musical. 
5 — Musically-modulated note. 
6 — Modulated note, slight trace of whistle. 
7 — Near d.c. note, smooth ripple. 
8 — Good d.c. note, just a trace of ripple. 
9 — Purest dic. note. 


. 


If the signal has the characteristic stability of 
crystal control, add the letter X to the RST report. 
If there is a chirp, the letter C may be added to so 
indicate. Similarly for a click, add K. 

This reporting system is used on both c.w. and 
voice, leaving out the “tone” report on voice. 


C.W. Procedure 


Hams who do not raise stations readily may 
find that their sending is poor, their calls ill- 
timed or their judgment in error. When condi- 
tions are right to bring in signals from the desired 
locality, you can call them. Short calls, at 
about the same frequency, with breaks to listen, 
will raise stations with minimum time and trouble. 

2) Answering a Call: Call three times (or 
less) ; send DE; sign three times (or less) ; after 
contact is established decrease the use of the call 
signals of both stations to once only. When a 
station receives a call but does not receive the 
call letters of the station calling, QRZ? may be 
used. It means “By whom am I being called?” 
QRZ should not be used in place of CQ. 

3) Ending Signals and Sign-Off: The proper 
use of AR, K, KN, SK and CL ending signals is 
as follows: 

AR—End of transmission. Recommended 
after call to a specific station before contact has 
been established. 


Example: W6ABC W6ABC W6ABC 


DE W9LMN W9LMN AR. Also at the end 
of transmission of a radiogram, immediately 
following the signature, preceding identifica- 
tion. 


K—Go ahead (any station). Recommended 
after CQ and at the end of each transmission dur- 
ing QSO when there is no objection to others 
breaking in. 

Example: CQ CQ CQ DE W1ABC WI1ABC 
K or W9XYZ DE W1ABC K. 

KN—Go ahead (specific station), all others 
keep out. Recommended at the end of each 
transmission during a QSO, or after a call, when 
calis from other stations are not desired and will 
not be answered. 


Example: W4FGH DE EL4A KN. 


SK—End of QSO or communication. Rec- 
ommended before signing last transmission at end 
of a QSO. 

Example: .... SK W8LMN DE WSBCD. 


CL—I am closing station. Recommended when 
a station is going off the air, to indicate that it 
will not listen for any further calls. 

Example: .... SK W7HIJ DE W2JKL 
CL. 

4) Testing. When it is necessary to make test 
signals on the air they should continue for not 
more than ten seconds and must be identified by 
your call letters. Avoid excessive testing, but 
always listen before using any frequency for this 
purpose. Use a dummy load if possible. 

5) Receipting for conversation or traffic: 
Never receipt for a transmission until it has been 
entirely received. “R” means only “transmission 
received as sent.” Use R only when all is re- 
ceived correctly. 

6) Repeats. When part of a transmission is 
lost, a call should be followed by correct abbre- 
viations to ask for repeats. When a few words on 
the end of a transmission are lost, the last word 
received correctly is given after? AA, meaning 
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“all after.” When a few words at the beginning 


of a transmission are lost, ?AB for “all before” 


a stated word should be used. The quickest way 
to ask for a fill in the middle of a transmission is 
to send the last word received correctly, a ques- 
tion mark, then the next word received correctly. 
Or send “?BN [word] and [word].” 

Do not send words twice (QSZ) unless it is 
requested. Send single. Do not fall into the bad 
habit of sending double without a request from 
fellows you work. Don’t say “QRM” or “QRN” 
when you mean “QRS.” 


General Practices 


Here are a few recommended general prac- 
tices to make your c.w. operating more profi- 
cient: 

_1) Use the “double dash” or “break” sign 
(BT) to separate thoughts or sentences in a 
rag chew, instead of punctuation. 

2) Make full use of c.w. abbreviations to 
shorten transmissions. (See list on p. 601.) 
Avoid such inanities as “over to you” and “how 
copy?” on c.w. They are unnecessarily long and 
HW? says the same thing. 

3) Use the letter R in place of a decimal or a 
colon in time designations. (E.g., 3R5 MC, 
2R30 PM. 

4) “Break in” is helpful in all c.w. operation. 
Being able to hear the other station between 
the spaces in your sending enables him to “break” 
you if he is not receiving you, thus preventing 
“blind” transmission. It also enables you to hear 
a called station if he comes back to someone else, 
preventing unnecessary calling. 

5) “Swing” in sending is not the mark of a 
good operator. Send evenly, watch your spacing. 
It is very easy to get into the habit of running 
your words together. Correct your errors; the 
other guy is no mindreader. 

6) A long dash can be used for a zero in 
casual ragchewing, but avoid it in call letters and 
formal messages. ; 

7) It is good practice to repeat unusual words 
and things you want to make sure the other op- 
erator receives. A question mark after a word 
means that you intend repeating it. 

8) Be sure you identify as required by FCC 
regs. 


On Good Sending 


Assuming that an operator has learned sending 
properly, and comes up with a precision “fist” 
— not fast, but clean, steady, making well- 
formed rhythmical characters and spacing beau- 
tiful to listen to — he then becomes subject to 
outside pressures to his own possible detriment 
in everyday operating. He will want to “speed it 
up” because the operator at the other end is 
going faster, and so he begins, unconsciously, to 
run his words together or develops a “swing.” 

Perhaps one of the easiest ways to get into 
bad habits is to do too much playing around 
with special keys. Too many operators spend 
only enough time with a straight key to acquire 
“passable” sending, then subject their newly- 
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developed “fists” to the entirely different move- 
ments of bugs, side-swipers, electronic keys, or 
what-have-you. All too often, this results in the 
ruination of what might have become a very good 
“fist.” * 

Think about your sending a little. Are you 
satisfied with it? You should not be—ever. 
Nobody’s ‘sending is perfect, and therefore every 
operator should continually strive for improve- 
ment. Do you ever run letters together — like Q 
for MA, or P for AN — especially when you are 
in a hurry? Practically everybody does at one 
time or another. Do you have a “swing”? Any 
recognizable “swing” is a deviation from per- 
fection. Strive to send like tape sending; copy a 
WIAW Bulletin and try to send it with the same 
spacing using a local: oscillator on a subsequent 
transmission. 

Check your spacing in characters, between 
characters and between words occasionally, a 
recording of your fist on an inked tape recorder 
will show up your faults as nothing else will. 
_ Practice the correction of faults. 


Using A Break-in System 


The technical requirements for c.w. break-in 
are detailed elsewhere in this Handbook (see 
Ch. 7). Once this part of it is accomplished, the 
full advantages of break-in operation can be 
realized. Unnecessarily long calls are avoided, 
QRM is reduced, more communication per hour 
can be realized. Brief calls with frequent short 
pauses for reply can approach (but not equal) 
break-in efficiency. 

With break-in, ideas and messages to be trans- 
mitted can often be pulled right through the holes 
in the QRM and QRN. “Fills” are unnecessary. 
Neither operator need send for any period of time 
without being copied, Once you get used to it, 
break-in is a “must.” 

In traffic-handling circles, the station without 
break-in is considered at best an indifferent traf- 
fic-handling station. But even in day-to-day 
QSOing, break-in can be a great advantage. 

In calling, the transmitting operator sends the 
letters “BK” at intervals during his call so that 
stations hearing the call may know that break-in 
is in use and take advantage of the fact. He 
pauses at intervals during his call, to listen for a 
moment for a reply. If the station being called 
does not answer, the call can be continued. 

With a tap of the key, the man on the receiv- 
ing end can interrupt (if a word is missed). 
The other operator is constantly monitoring, 
awaiting just such directions. It is not necessary 
that you have perfect facilities to take advantage 
of break-in when the stations you work are 
break-in-equipped. After an invitation to break 
is given (and at each pause) press your key—and 
contact can start immediately. 


VOICE OPERATING 


The use of proper procedure to get best results 
is just as important as in using code. In telegra- 
phy words must be spelled out letter by letter. 
It is therefore but natural that abbreviations and 


OPERATING A STATION 


Voice-Operating Hints 

1) Listen before calling. 

2) Make short calls with breaks to listen. Avoid 
long CQs; do not answer over-long CQs. 

3) Use push-to-talk or voice control. Give essen- 
tial data concisely in first transmission. 

4) Make reports honest. Use definitions of 
strength and readability for reference. Make your 
reports informative and useful. Honest reports 
and full word description of signals save amateur 
operators from FCC trouble. 

5) Limit transmission length. Two minutes or 
less will convey much information. When three or 
more stations converse in round tables, brevity is 
essential. 

6) Display sportsmanship and courtesy. Bands 
are congested . .. make transmissions meaningful 
... give others a break. 

7) Check transmitter adjustment . . . avoid 
a.m, overmodulation and splatter. On s.s.b. check 
carrier balance carefully. Do not radiate when 
moving v.f.o, frequency or checking n.f.m. swing. 
Use receiver b.f.o, to check stability of signal. 
Complete testing before busy hours! 


shortcuts should have come into widespread use. 
In voice work, however, abbreviations are not 
necessary, and should have less importance in our 
operating procedure. 

The letter “K’ has been agreed to in tele- 
graphic practice so that the operator will not 
have to pound out the separate letters that spell 
the words “go ahead.” The voice operator can 
say the words “go ahead” or “over,” or “come 
in please.” 

One laughs on c.w. by spelling out HI. On 
phone use a laugh when one is called for. Be nat- 
ural as you would with your family and friends. 

The matter of reporting readability and 
strength is as important to phone operators as 
to those using code. With telegraph nomen- 
clature, it is necessary to spell out words to de- 
scribe signals or use abbreviated signal reports. 
But on voice, we have the ability to “say it with 
words.” “Readability four, strength eight” is 
the best way to give a quantitative report, but re- 
porting can be done so much more meaningfully 
with ordinary words: “You are weak but in the 
clear and I can-understand you, so go ahead,” or 
“Your signal is strong but you are buried under 
local interference.” Why not say it with words? 


Voice Equivalents to Code Procedure 


Voice Code Meaning 
Go ahead; over K_ Self-explanatory 
Wait; stand by AS Self-explanatory 
Received R Receipt for a correctly- 


transcribed message or 
for “solid’’ transmis- 
sion with no missing 
portions 


Phone-Operating Practice 


Efficient voice communication, like good c.w. 
communication, demands good operating. Ad- 
herence to certain points “on getting results” 
will go a long way toward improving our phone- 
band operating conditions. 

Use push-to-talk technique. Where possible ar- 
range on-off switches, controls or voice-con- 


Voice Operating 


trolled break-in for fast back-and-forth ex- 
changes. This will help reduce the length of 
transmissions and keep brother amateurs from 
calling you a “monologuist” — a guy who likes 
to hear himself talk! 

Listen with care. Keep noise and “back- 
grounds” out of your operating room to facilitate 
good listening. It is natural to answer the strong- 
est signal, but take time to listen and give some 
consideration to the best signals, regardless of 
strength. Every amateur cannot run a kilowatt 
transmitter, but there is no reason why every 
amateur cannot have a signal of good quality, 
and utilize uniform operating practices to aid in 
the understandability and ease of his own com- 
munications. ; 

Interpose your call regularly and at frequent 
intervals. Three short calls are better than one 
long one. In calling CQ, one’s call should cer- 
tainly appear at least once for every five or six 
CQs. Calls with frequent breaks to listen will 
save time and be most productive of results. In 
identifying, always transmit your own call last. 
Don’t say “This is WIABC standing by for 
W2DEF”; say “W2DEF, this is W1ABC,. over.” 
FCC regulations show the call of the transmit- 
ting station sent last. 

Monitor your own frequency, This helps in 
timing calls and transmissions. Transmit only 
when the frequency is clear and there is a chance 
of being copied successfully—not when you are 
merely “more QRM.” Timing transmissions is 
an art to cultivate. 

Keep modulation constant. By turning the gain 
“wide open” you are subjecting anyone listening 
to the diversion of whatever noises are present 
in or near your operating room, to say nothing of 
the possibility of feedback, echo due to poor 
acoustics, and modulation excesses due to sud- 
den loud noises. Speak near the microphone, and 
don’t let your gaze wander all over the station 
causing sharply-varying input to your speech 
amplifier; at the same time, keep far enough 
from the microphone so your signal is not modu- 
lated by your breathing. Change distance to the 
microphone or gain only as necessary to insure 
uniform transmitter performance without splatter 
or distortion. 

Make connected thoughts and phrases. Don’t 
mix disconnected ideas or subjects. Ask questions 
consistently. Pause for a moment and then get the 
answers. 

Have-a pad of paper handy. It is convenient 
and desirable to jot down questions as they come, 
in order not to miss any. It will help you to make 
intelligent to-the-point replies. 

Steer clear of inanities and soap-opera stuff. 
Our amateur radio and personal reputation as 
serious communications workers depend on us. 

Avoid repetition. Don’t repeat back what the 
other fellow has just said. Too often we hear: 
“Okay on your new antenna there, okay on re- 
ceiving me okay, okay on the trouble you're hav- 
ing with your receiver, okay on the company who 
just came in with some ice cream and cake, 
okay ... [etc.}.” Just say you received everything 
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O.K. Don’t try to prove it. 

Use phonetics only as required. When clarify- 
ing genuinely doubtful expessions and in getting 
your call identified positively we suggest use of 
the ARRL Phonetic List or the International 
Civil Aviation Organization list. The ARRL list 
was designed for amateur use (no confusion be- 
tween phonetics and station location). Whichever 
you learn, don’t overdo its use. 

The speed of radiotelephone transmission 
(with perfect accuracy) depends almost entirely 
upon the skill of the two operators involved. One 
must learn to speak at a rate allowing perfect 
understanding as weil as permitting the re- 
ceiving operator to copy down the message text, 
if that is necessary. Because of the similarity of 
many English speech sounds, the use of word lists 
has been found necessary. All voice-operated sta- 
tions should use a standard list as needed to 
identify call signals or unfamiliar expressions. 


WORD LISTS FOR VOICE WORK 


ARRL ICAO ARRL ICAO 
A—ADAM ALFA N—NANCY NOVEMBER 
B—BAKER BRAVO 0 —OTTO OSCAR 
C—CHARLIE CHARLIE P —PETER PAPA 
D—DAVID DELTA Q-—-QUEEN QUEBEC 
E-——EDWARD ECHO R—ROBERT ROMEO 
F—FRANK FOXTROT 8 —SUSAN SIERRA 
G—GEORGE GOLF T—THOMAS TANGO 
H—HENRY HOTEL U—UNION UNIFORM 
I —IDA INDIA V—VICTOR VICTOR 
J —JOHN JULIETT W—WILLIAM WHISKEY 
K —KING KILO X—X-RAY X-RAY 
L—LEWIS LIMA Y—YOUNG YANKEE 
M—MARY MIKE Z—ZEBRA ZULU | 
Example: W1AW ... W 1 ADAM WILLIAM... 
W1AW 


Round Tables. The round table has many ad- 
vantages if run properly. It clears frequencies of 
interference, especially if all stations involved 
are on the same frequency, while the enjoyment 
value remains the same, if not greater. By use of 
push-to-talk, the conversation can be kept lively . 
and interesting, giving each station operator am- 
ple opportunity to participate without waiting 
overlong for his turn. 

Round tables can become very unpopular if 
they are not conducted properly, The monologu- 
ist, off on a long spiel about nothing in par- 
ticular, cannot be interrupted; make your trans- 
missions short and to the point. “Butting in’ is 
discourteous and unsportsmanlike; don’t enter a 
round table, or any contact between two other 
amateurs, unless you are invited. It is bad enough 
trying to copy through prevailing interference 
without the added difficulty of poor voice qual- 
ity; check your transmitter adjustments fre- 
quently. In general, follow the precepts as here- 
inbefore outlined for the most enjoyment in 
round tables as well as any other form of radio- 
telephone communication. 


WORKING DX 


Most amateurs at one time or another make 
“working DX” a major aim. As in every other 
phase of amateur work, there are right and 
wrong ways to go about getting best results in 
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working foreign stations, and it is the intention 
of this section to outline a few of them. 

The ham who has trouble raising DX stations 
readily may find that poor transmitter efficiency 
is not the reason. He may find that his sending is 
poor, or his calls ill-timed, or his judgment in 
error, When conditions are right to bring in the 
DX, and the receiver sensitive enough to bring 
in several stations from the desired locality, the 
way for U.S. and Canadian stations to work DX 
is to use the appropriate frequency and timing 
and call these stations, as against the common 
practice of calling “CQ DX.” 

The call CQ DX means slightly different 
things to amateurs in different bands: 

a) On v.hf. CQ DX is a general call ordi- 
narily used only when the band is open, under 
favorable “skip” conditions. For v.h.f. work, such 
a call is used for looking for new states and 
countries, also for distances beyond the custom- 
ary “line-of-sight” range on most v.h.f. bands. 

b) CQ DX on our 7-, 14-, 21- and 28-Mc. 
-bands may be taken to mean “General call to any 
foreign station.” The term “foreign station” usu- 
ally refers to any station in a foreign continent. 
(Experienced amateurs in the U. S. A. and Can- 


DX OPERATING CODE 
(For W/VE Amateurs) 


Some amateurs interested in DX work have 
caused considerable confusion and QRM in their 
efforts to work DX stations. The points below, if 
observed by all W/VE amateurs, will go a long 
way toward making DX more enjoyable for every- 
body. 

1. Call DX only after he calls CQ, QRZ?, signs 


SK, or phone equivalents thereof 
2. Do not call a DX station: 
a. On the frequency of the station he is 
working until you are sure the QSO is 
over. This is indicated by the ending sig-' 


nal SK on c.w. and any indication that 
the operator is listening, on phone 

. Because you hear someone else calling 
him 

. When he signs KN, AR, CL, or phone 
equivalents 

. Exactly on his frequency 

. After he calls a directional CQ, unless of 
course you are in the right direction. or 
area. 

3. Keep within frequency-band limits. Some DX 
stations operate outside. Perhaps they can get 
away with it, but you cannot 

4. Observe calling instructions of DX stations. 
“100” means call ten kc. up from his frequency, 
“15D” means 15 kc. down, etc. 

5, Give honest reports. Many foreign stations 
depend on W and VE reports for adjustment of 
station and equipment 

6. Keep your signal clean. Key clicks, chirps, 
hum or splatter give you a bad reputation and may 
get you a citation from FCC. 

7. Listen for and call the station you want. Call- 
ing CQ DX is not the best assurance that the rare 
DX will reply. 

8. When there are several W or VE stations 
waiting to work a DX station, avoid asking him 
to “listen for a friend.” Let your friend take his 
chances with the rest. Also avoid engaging DX sta- 
tions in rag-chews against their wishes. 


OPERATING A STATION 


ada do not use this call, but answer such calls 
made by foreign stations. ) 

c) CQ DX used on 3.5 Mc. under winter-night 
conditions may be used in this same manner. At 
other times, under average 3.5-Mc. propagation 
conditions, the call may be used in domestic 
work when looking for new states or countries 
in one’s own continent, usually applying to sta- 
tions located over 1000 miles distant from you. 

The way to work DX is not to use a CQ call 
at all (in our continent). Instead, use your best 
tuning skill — and listen — and listen —. and 
listen. You have to hear them before you can 
work them. Hear the desired stations first; time 
your calls well. Use your utmost skill. A sensi- 
tive receiver is often more important than the 
power input in working foreign stations. If you 
can hear stations in a particular country or area, 
chances are that you will be able to work some: 
one there. 


°.-D0 A LOT OF SNOOPING” 


One of the most effective ways to work DX is 
to know the operating habits of the DX stations 
sought. Doing too much transmitting on the DX 
bands is not the way to do this. Again, listening 
is effective. Once you know the operating habits 
of the DX station you are after you will know 
when and where to call, and when to remain 
silent waiting your chance. 

Some DX stations indicate where they will 
tune for replies by use of “10U” or “15D.” (See 
point 4 of the DX Operating Code.) In voice 
work the overseas operator may say “listening 
on 14,225 ke.” or “tuning upward from 28,500 
ke.” Many a DX station will not reply to a call 
on his exact frequency. 

ARRL has recommended some operating pro- 
cedures to DX stations aimed at controlling some 
of the thoughtless operating practices sometimes 
used by W/VE amateurs. A copy of these recom- 
mendations (Operating Aid No. 5) can be ob- 
tained free of charge from ARRL Headquarters. 

In any band, particularly at line-of-sight fre- 
quencies, when directional antennas are used, 
the directional CQ such as CQ W5, CQ north, 
etc., is the preferable type of call. Mature ama- 
teurs agree that CQ DX is a wishful rather than 
a practical type of call for most stations in the 
North Americas looking for foreign contacts. 
Ordinarily, it isa cause of unnecessary ORM. 

Conditions in the transmission medium often 
make it possible for the signals from low- 
powered transmitters to be received at great dis- 
tances. In general, the higher the frequency band 
the less important power considerations become, 
for occasional DX work. This accounts in part 
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KEEP AN ACCURATE AND COMPLETE STATION LOG AT ALL TIMES. F.C.C. REQUIRES IT. 


A page from theofficial ARRL log is shown above, answering every Government requirement in respect to sta- 

tion records. Bound logs made up in accord with the above form can be obtained from Headquarters for a nominal 

sum or you can prepare your own, in which case we offer this form as a suggestion. The ARRL log has a special 
wire binding and lies perfectly flat on the table. 


for the relative popularity of the 14-, 21- and 
28-Mc. bands amoung amateurs who like to work 
DX. : 


KEEPING AN AMATEUR STATION LOG 


The FCC requires every amateur to keep a 
complete station operating record (log) that 
shows (1) the date and time of each transmis- 
sion, (2) all calls and transmissions made, 
whether contacts resulted or not, (3) the input 
power to the last stage of the transmitter, (4) 
the frequency band used, (5) the time of ending 
each contact (QSO), and (6) the signature of 
the licensed operator. Written messages handled 


in standard form must be included in the log or 
kept on file for a period of at least one year. 

But a log can be more than just a legal record 
of station operation. It can be a “diary” of your 
amateur experience. Make it a habit to enter 
thought and comments, changes in equipment, 
operating experiences and reactions, anything 
that might make enjoyable reminiscences in years 
to come. Your log is a reflection of your per-' 
sonal experience in amateur radio. Make it both 
neat and complete. 

ARRL headquarters stocks log books and mes- 
sage blanks for the convenience of amateurs. See 
the catalog section of this Handbook. 


PUBLIC SERVICE OPERATING 


Amateurs interested in rendering public serv- 
ice in operating have “closed ranks” in the 
Amateur Radio Public Service Corps, a new 
name for a very old concept. ARPSC links two 
time-honored ARRL operating entities, the 
Amateur Radio Emergency Corps (AREC) and 
the National Traffic System (NTS) along with 
the Radio Amateur Civil Emergency Service 
(RACES) ; these three entities are the “Emer- 
gency,” “Traffic” and “Civil Defense” divisions 
of ARPSC respectively. 

Practically speaking, little change has been 
made in any of them. All continue as before, 
AREC to provide communication for peacetime 
emergency, NTS to handle amateur traffic on a 
daily basis and RACES to provide emergency 
backup for civil defense. The big difference is that 
all three now conduct regular liaison with each 
other and NTS, in an emergency, conducts long 
haul traffic with efficiency and dispatch through 
the system’s facilities in accordance with an 
emergency communications plan making provi- 
sion for special extended operation of the system 
during time of emergency. 

The detailed workings of the AREC, NTS and 
RACES are fully explained in separate ARRL 


publications available without charge to amateurs 
interested. In this Handbook we will confine our- . 
selves mostly.to basics. 


MESSAGE HANDLING 


Amateur operators in the United States and 
a few other countries enjoy a privilege not avail- 
able to amateurs in most countries—that of 
handling third-party message traffic. In the early 
history of amateur radio in this country, some 
amateurs who were among the first to take ad- 
vantage of this privilege formed an extensive 
relay organization which became the ARRL. 

Thus, amateur message-handling has had a 
long and honorable history and, like most serv- 
ices, has gone through many periods of develop- 
ment and change. Those amateurs who handled 
traffic in 1914 would hardly recognize it the way 
some of us do it today, just as equipment in those 
days was far different from that in’ use now. 
Progress has been made and new methods have 
been developed in step with advancement in com- 
munication techniques of all kinds. Amateurs 
who handled a lot of traffic found that organized 
operating schedules were more effective than 
random relays, and as techniques advanced and 
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messages increased in number, trunk lines were 
organized, spot frequencies began to be used, 
and there came into existence a number of 
traffic nets in which many stations operated on 
the same frequency to effect wider coverage in 
less time with fewer relays; but the old methods 
are still available to the amateur who handles 
only an occasional message. 

Although message handling is as old an art as 
is amateur radio itself, there are many amateurs 
who do not know how to handle a message and 
have never done so. As each amateur grows 
older and gains experience in the amateur sery- 
ice, there is bound to come a time when he will 
be called upon to handle a written message, 
during a communications emergency, in casual 
contact with one of his many acquaintances on 
the air, or as a result of a request from a non- 
amateur friend. Regardless of the occasion, if it 
comes to you, you will want to rise to it! Con- 
siderable embarrassment is likely to be experi- 
enced by the amateur who finds he not only does 

_not know the form in which the message should 
be prepared, but does not know how to go about 
putting it. on the air. 

Traffic work need not be a complicated or 
time-consuming activity for the casual or occa- 
sional message-handler. Amateurs may partici- 
pate in traffic work to whatever extent they wish, 
from an occasional message now and then to be- 
coming a part of organized traffic systems. This 
chapter explains some principles so the reader 
may know where to find out more about the sub- 
ject and may exercise the message-handling priv- 
ilege to best effect as the spirit and opportunity 
ee Responsibility 

Amateurs who originate messages for trans- 
mission or who receive messages for relay or de- 
livery should first consider that in doing so they 
are accepting the responsibility of clearing the 
message from their station on its way to its des- 
tination in the shortest possible time. Forty- 
eight hours after filing or receipt is the generally- 
accepted rule among traffic-handling amateurs, 
but it is obvious that if every amateur who re- 
layed the message allowed it to remain in his sta- 
tion this long it might be a long time reaching 
its destination. Traffic should be relayed or de- 
livered as quickly as possible. 


Message Form 


Once this responsibility. is realized and ac- 
cepted, handling the message becomes a matter 
of following generally-accepted standards of 
form and transmission. For this purpose, each 
message is divided into four parts: the preamble, 
the address, the text and the signature. Some of 
these parts themselves are subdivided. It is nec- 
essary in preparing the message for transmission 
and in actually transmitting it to know not only 
what each part is and what it is for, but to know 
in what order it should be transmitted, and to 
know the various procedure signals used with it 
when sent by c.w. If you are going to send a 
message, you may as well send it right. 


OPERATING A STATION 


Standardization is important! There is a great 
deal of room for expressing originality and indi- 
viduality in amateur radio, but there are also 
times and places where such expression can only 
cause confusion and inefficiency. Recognizing 
the need for standardization in message form 
and message transmitting procedures, ARRL 
has long since recommended such standards, and 
most traffic-interested amateurs have followed 
them. In general, these recommendations, and 
the various changes they have undergone from 
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RADIOGRAM 


DAGMAR JOKNSON 
29 WEST MULBERRY STREET 
CANTON OHIO 


PLEASE LET US KNOW YOUR PLANS FOR SUMMER VISIT x LOVE 
RITA 


Here is an example of a plain-language message as 
it would be prepared for delivery. If the message were 
for relay instead of delivery, the information at the 
bottom would be filled in instead of that in the box. 


year to year, have been at the request of amateurs 
participating in this activity, and they are com- 
pletely outlined and explained in Operating an 
Amateur Radio Station, a copy of which is avail- 
able upon request or by use of the coupon at the 
end of this chapter. 


Clearing a Message 


The best way. to clear a message is to put it 
into one of the many organized traffic networks, 
or to give it to a station that can do so. There 
are many amateurs who make the handling of 
traffic their principal operating activity, and 
many more still who participate in this activity 
to a greater or lesser extent. The result is a sys- 
tem of traffic nets which spreads to all corners of 
the United States and covers most U. S. posses- 
sions and Canada. Once a message gets into one 
of these nets, regardless of the net’s size or cov- 
erage, it is systematically routed toward its des- 
tination in the shortest possible time. 

Amateurs not experienced in message handling 
should depend on the experienced message-han- 
dler to get a message through, if it is important; 
but the average amateur can enjoy operating 
with a message to be handled either through a 
local traffic net or by free-lancing. The latter may 
be accomplished by careful listening for an ama- 
teur station at desired points, directional CQs, 
use of recognized calling and net frequencies, 
or by making and keeping a schedule with an- 
other amateur for regular work between specified 
points. He may. well aim at learning and enjoy- 
ing through doing. The joy and accomplish- 
ment in thus developing one’s operating skill to 
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the peak of perfection has a reward all its own. 

If you decide to “take the bull by the horns” 
and put the message into a traffic net yourself 
(and more power to you if you do!), you will 
need to know something about how traffic nets 
operate, and the special Q signals and procedure 
they use to dispatch all trafic with a maximum 
of efficiency. The frequency and operating time of 
the net in your section, or of other nets into which 
your message can go, is given in ARRL’s Net 
Directory. This annually-revised publication is 
available on request. Listening for a few min- 
utes at the time and frequency indicated should 
acquaint you with enough fundamentals to enable 
you to report into the net and indicate your traf- 
fic. From that time on you follow the instruc- 
tions of the net control station, who will tell you 
when and to whom (and on what frequency, if 
different from the net frequency) to send your 
message. Since c.w. nets use the special “QN” 
signals, it is helpful to have a list of these before 
you (available from ARRL Hq., Operating Aid 
No. 9A). 


Network Operation 


About this time, you may find that you are en- 
joying this type of operating activity and want to 
know more about it and increase your profi- 
ciency. Many amateurs are happily “addicted” 
to traffic handling after only one or two brief 
exposures to it. Much traffic is at present being 
conducted by c.w., since this mode of communi- 
cation seems to be popular for record purposes— 
but this does not mean that high code speed is a 
necessary prerequisite to working in traffic net- 
works. There are many nets organized specifi- 
cally for the slow-speed amateur, and most of the 
so-called “fast” nets are usually glad to slow 
down to accommodate slower operators. 

It is a significant operating fact that code 
speed or word speed alone does not make for 
efficiency—sometimes the contrary! A high- 
speed operator who. does not know procedure 
can “foul up” a net much more completely 
and more quickly than can a slow operator. 
It is a proven fact that a bunch of high-speed 
operators who are not “savvy” in net operation 
cannot accomplish as much during a specified 
period as an equal number of slow operators. who 
know net procedure. Don’t let low code speed 
deter you from getting into traffic work. Given 
a little time, your speed will reach the point 
where you can easily hold your own. Concentrate 
first on learning the net procedures. 

Much traffic is also handied on phone. This 
mode is exceptionally well suited to short-range 
traffic work and requires knowledge of phonetics 
and procedure peculiar to voice operation. Pro- 
cedure is of paramount importance on phone, 
since the public may be listening. 

Teamwork is the theme of net operation. The 
net which functions most efficiently is the net 
in which all participants are thoroughly familiar 
with the procedure used, and in which operators 
refrain from transmitting except at the direction 
of the net control station, and do not occupy time 
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with extraneous comments, even the exchange 
of pleasantries. There is a time and place for 
everything. When a net is in session it should con- 
centrate on handling traffic until all traffic is 
cleared. Before or after the net is the time for 
rag-chewing and discussion. Some details of net 
operation are included in Operating an Amateur 
Radio Station, mentioned earlier, but there is no 
substitute for actual participation. 


The National Traffic System 


To facilitate and speed the movement of mes- 
sage traffic, there is in existence an integrated 
national system by means of which originated 
traffic can normally reach its destination area the 
same day the message is originated. This system 
uses the state or section net as a basis. Each sec- 
tion net sends a representative to a “region” 
net (normally covering a call area) and each 
“region” met sends a representative to an 
“area” net (normally covering a time zone). 
After the area net has cleared all its traffic, its 
members then go back to their respective re- 
gion nets, where they clear traffic to the vari- 
ous section net representatives. By means of con- 
necting schedules between the area nets, traffic 
can flow both ways so that traffic originated on 
the West Coast reaches the East Coast with a 
maximum of dispatch, and vice versa. In gen- 
eral section nets function at 1900, region nets 
at 1945, area nets at. 2030 and the same or 
different regional personnel again at 2130. Some 
section nets condu¢t a late session at 2200 to 
effect traffic delivery the same night. Local 
standard time is referred to in each case. 

The NTS plan somewhat spreads traffic oppor- 
tunity so that casual traffic may be reported into 
nets for efficient handling one or two nights per 
week, early or late; or the ardent traffic man can 
operate in both early and late groups and in be- 
tween to roll up impressive totals and speed traf- 
fic reliably to its destination. Old-time traffic . 
men who prefer a high degree of organization 
and teamwork have returned to the traffic game 
as a result of the new system. Beginners have 
shown more interest in becoming part of a sys- 
tem nationwide in scope, in which anyone can 
participate. The National Traffic System has 
vast and intriguing possibilities as an amateur 
service, It is open to any amateur who wishes to 
participate. 

The above is but the briefest, résumé of what is 
of necessity a rather complicated arrangement of 
nets. and schedules. Complete details of the Sys- 
tem and its operation are included in the ARRL 
Public Service Communications Manual. 


EMERGENCY COMMUNICATION 


One of the most important ways in which the 
amateur serves the public, thus making his ex- 
istence a national asset, is by his preparation for 
and his participation in communications emer- 
gencies. Every amateur, regardless of the extent 
of his normal operating activities, should give 
some thought to the possibility of his being the 
only means of communication should his com- 
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munity be cut off from the outside world. It has 
happened many times, often in the most unlikely 
places; it has happened without warning, find- 
ing some amateurs totally unprepared; it can 
happen to you. Are you ready? 

There are two principal ways in which any 
amateur can prepare himself for such an even- 
tuality. One is to provide himself with equip- 
ment capable of operating on any type of 
emergency power (i.e., either a.c. or d.c.), and 
equipment which can readily be transported to 
the scene of disaster. Mobile equipment is espe- 
cially desirable in most emergency situations. 

Such equipment, regardless of how elaborate 
or how modern, is of little use, however, if it 
is not used properly and at the right times; and 
so another way for an amateur to prepare him- 
self for emergencies, by no means less important 
than the first, is to learn to operate efficiently, 
There are many amateurs who feel that they 
know how to operate efficiently but who find 
themselves considerably handicapped at the cru- 

. cial time by not knowing proper procedure, by 
being unable, due to years of casual amateur 
operation, to adapt themselves to snappy, abbre- 
viated transmissions, and by being unfamiliar 
with message form and procedures. It is dan- 
gerous to overrate your ability in this; it is bet- 
ter to assume you have things to learn. 

In general it can be said that there is more 
emergency equipment available than there are 
operators who know properly how to operate 
during emergency conditions, for such condi- 
tions require clipped, terse procedure with com- 
plete break-in on c.w. and fast push-to-talk on 
phone. The casual rag-chewing aspect of ama- 
teur radio, however enjoyable and worth-while 
in its place, must be forgotten at such times in 
favor of the business at hand. There is only one 
way to gain experience in this type of operation, 
and that is by practice. During an emergency is 
no time for practice; it should be done before- 
hand, as often as possible, on a regular basis. 

This leads up to the necessity for emergency 
organization and preparedness. ARRL has long 
recognized this necessity and has provided for it. 
The Section Communications Manager (whose 
address appears on page 6 of every issue of 
QST) is empowered to appoint certain qualified 
amateurs in his section for the purpose of co- 
ordinating emergency communication organiza- 
tion and preparedness in specified areas or com- 
munities. This appointee is known as an Emer- 
gency Coordinator for the city or town. One 
should be specified for each community. For co- 
ordination and promotion at section level a Section 
Emergency Coordinator arranges for and recom- 
mends the appointments of various Emergency 
Coordinators at activity points throughout the 
section. Emergency Coordinators organize ama- 
teurs in their communities according to local 
needs for emergency communication facilities. 

The community amateurs taking part in the 
local organization are members of the Amateur 
Radio Emergency Corps (AREC). All ama- 
teurs are invited to register in the AREC, 
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whether they are able to play an active part in 
their local organization or only a supporting 
role. Application blanks are available from your 
EC, SEC, SCM or direct from ARRL Head- 
quarters. In the event that inquiry reveals no 
Emergency Coordinator appointed for your com- 
munity, your SCM would welcome a recom- 
mendation either from yourself or from a radio 
club of which you are a member. By holding an 
amateur operator license, you have the respon- 


Before Emergency 


PREPARE yourself by providing emergency power 
for your station, 

TEST your emergency equipment and operating 
ability in the annual Simulated Emergency Test and 
Field Day. 

REGISTER with your ARRL Emergency Coor- 
dinator. If none, offer your services to local and civic 
relief agencies and explain what amateur radio can do 
during disasters, 


In Emergency 


LISTEN before you transmit, always! 

REPORT to your Emergency Coordinator so he 
will have latest data on your facilities. Offer local 
civic and relief agencies your services directly in the 
absence of an EC, 

RESTRICT all on-the-air work in accordance with 
FCC regulations, Sec. 97.107. 

QRRR is the official ARRL c.w. “land SOS,” a 
distress call for emergency only. The phone equiva- 
lent is ‘CQ Emergency.” 

RESPECT the fact that success in emergency de- 
pends on circuit discipline. The net control station 
is the supreme authority. 

COOPERATE with those we serve. Be ready to 
help, but stay off the air unless there is a specific 
job to be done that you can handle more efficiently 
than any other station. 

COPY bulletins from W1AW. During emergen- 
cies, special bulletins are transmitted. 


After Emergency 


REPORT to ARRL Headquarters promptly and 
fully so that the Amateur Service can receive full 
credit. 


sibility to your community and to amateur radio 
to uphold the traditions of the service. 

Among the League’s publications is a booklet 
entitled Public Service Commumcations. This 
booklet, while small in size, contains a wealth of 
information on AREC organization and func- 
tions and is invaluable to any amateur participat- 
ing in emergency or civil defense work. It is free 
to AREC members and should be in every ama- 
teur’s shack. Drop a line to the ARRL Com- 
munications Department if you want a copy, or 
use the coupon at the end of this chapter. 


The Radio Amateur Civil Emergency Service 


Following World War II there was established 
within our government the Federal Civil De- 
fense Administration (FCDA), which, at the 
behest of ARRL and other amateurs, considered 
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the role of the amateur in civil defense com- 
munication should the U.S. become embroiled 
in another war. This resulted, in 1951, in the 
establishment of the Radio Amateur Civil Emer- 
gency Service (RACES) with rules promul- 
gated by FCC as a part of the Amateur Radio 
Service. FCDA has evolved into the present Of- 
fice of Civil Defense, part of the Department of 
the Army, and although the RACES rules have 
undergone several minor changes they are still 
essentially the same as originally put into effect. 
In 1966, by action of the ARRL Board of Direc- 
tors, RACES was recognized as an essential part 
of the amateur’s public service effort by includ- 
ing it nominally in the League’s Amateur Radio 
Public Service Corps as. a division thereof. 

RACES is intended solely for civil defense 
communication through the medium of amateur 
radio and is designed to continue operation dur- 
ing any extreme national emergency such as war. 
It shares certain segments of frequencies with the 
regular (i.e, normal) Amateur Service on a 
nonexclusive basis. Its regulations are a sub- 
part of the familiar amateur regulations (Part 
97) and are included in full in the ARRL License 
Manual. : 

If every amateur participated, we would still 
be short of the total operating personnel re- 
quired properly to implement RACES. As the 
service which bears the responsibility for the 
successful implementation of this important 
function, we face not only the task of installing 
(and in some cases building) the necessary 
equipment, but also of the training of thousands 
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Amateur operation must have point and con- 
structive purpose to win public respect. Each 
individual amateur is the ambassador of the en- 
tire fraternity in his public relations and attitude 
toward his hobby. ARRL field organization adds 
point and purpose to amateur operating. 

The Communications Department of the 
League is concerned with the practical operation 
of stations in all branches of amateur activity. 
Appointments or awards are available for rag- 
chewer, traffic enthusiast, phone operator, DX 
man and experimenter. 

There are seventy-four ARRL Sections in 
the League’s field organization, which embraces 
the United States, Canada and certain other 
territory. Operating affairs in each Section are 
supervised by a Section Communications Man- 
ager (SCM) elected by members in that section 
for a two-year term of office. Organization ap- 
pointments are made by the SCMs, elected as 
provided in the Rules and Regulations of the 
Communications Department, which accompany 
the League’s By-Laws and Articles of Associa- 
tion. SCM addresses for all sections are given 
in full in each issue of OST. SCMs welcome 
monthly activity reports from all amateurs in 
their sections, regardless of status. 

Whether your activity embraces phone or 
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of additional people. This can and should be a 
function of the local unit of the Amateur Radio 
Emergency Corps under its EC and his assist- 
ants, working in close collaboration with the lo- 
cal civil defense organization. 

The first step in organizing RACES locally is 
the appointment of a radio officer by the local 
civil defense director, possibly on the recommen- 
dation of his communications officer. A complete 
and detailed communications plan must be ap- 
proved successively by local, state and OCD 
regional directors, by the OCD national office, 
and by FCC. Once this has been accomplished, 
applications for station authorizations under this 
plan can be submitted direct to FCC. OST 
carries further information from time to time, 
and ARRL will keep its field officials fully in- 
formed by bulletins as the situation requires. A 
complete bibliography of QST articles dealing 
with the subject of civil defense and RACES is 
available upon request from the ARRL Commu- 
nications Department. 

In the event of war, civil defense will place 
great reliance on RACES for back-up radio 
communication. Even in peacetime, RACES can 
be of great value in natural disaster communica- 
tions. As a part of our Amateur Service and our 
Public Service Corps, it deserves our whole- 
hearted and enthusiastic support and will permit 
us to continue to function in the public service, 
as amateurs, in RACES in wartime as we func- 
tion in AREC and NTS during peacetime. If 
interested, inquire of your local civil defense 
agency and get signed up with your radio officer. 
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telegraphy, or both, there is a place for you in 
the League organization. 


LEADERSHIP POSTS 


To advance each type of station work and - 
group interest in amateur radio, and to develop 
practical communications plans with the great- 
est success, appointments of leaders and or- 
ganizers in particular single-interest fields are 
made by SCMs. Each leadership post is impor- 
tant. Each provides activities and assistance for 
appointee groups and individual members along 
the lines of natural interest. Some posts further 
the general ability of amateurs to communicate 
efficiently at all times by pointing activity 
toward networks and round tables; others are 
aimed specifically at establishment of provisions 
for organizing the amateur service as a stand- 
by communications group to serve the public in 
disaster, civil defense need or emergency of any 
sort. The SCM appoints the following in accord- 
ance with section needs and individual qualifica- 
tions: 


PAM Phone Activities Manager. Organizes activities 
for voice operators in his section. Promotes 
phone nets and recruits Official Phone Station 
appointees. The appointment of VHF-PAM is 


open to both general and technician licensees. 
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RM Route Manager. Organizes and coordinates c.w. 
traffic activities. Supervises and promotes nets 
and recruits Official Relay Station appointees. 


SEC Section Emergency Coordinator. Promotes and 
administers section emergency radio organiza- 
tion. 

EC Emergency Coordinator. Organizes amateurs of 


a community or other local area for emergency 
radio service; maintains liasion with officials and 
agencies served, also with other local communi- 
cation facilities. Sponsors tests, recruits for 
AREC and encourages alignment with RACES. 


STATION APPOINTMENTS 


ARRL’s field organization has a place for 
every active amateur who has a station. The 
Communications Department organization ex- 
ists to increase individual enjoyment and station 
effectiveness in amateur radio work, and we ex- 
tend a cordial invitation to every amateur to 
participate fully in the activities, to report 
results monthly, and to apply to the SCM for one 
of the following station appointments. ARRL 
membership and the conditional class or higher 
license or VE equivalent is prerequisite to all ap- 

_ pointments, except where otherwise indicated. 


WELL FIND 


Official Phone Station. Sets high voice operating 
standards and procedures, furthers phone nets 
and traffic. 

Official Relay Station. Traffic service, operates 
c.w. nets; noted for 15 w.p.m, and procedure 
ability. Open to RTTY traffickers. 

Official Bulletin Station, Transmits ARRL and 
FCC bulletin information to amateurs. Open to 
Technician licensees. 

Official V.H.F. Station. Collects and reports 
v.h.f,-u.h.f.-s.h.f. propagation data, may engage 
in facsimile, TT, TV, work on 50 Mc. and/or 
above. Takes part as‘ feasible in v.h.f. traffic 
work, reports same, supports v.h.f. nets, ob- 
serves procedure standards. Open to both Novice 
and. Technician licensees. 

0o Official Observer. Sends cooperative notices to 
amateurs to assist in frequency observance, in- 
sures high-quality signals, and prevents FCC 
trouble. 


OPS 
ORS 
OBS 


OVS 


Emblem Colors 


Members wear the ARRL emblem with black- 
enamel background. A red background for an 
emblem will indicate that the wearer is SCM. 
SECs, ECs, RMs, and PAMs may wear the em- 
blem with green background. Observers and all 
station appointees are entitled to wear blue em- 
blems. 


NETS 


Amateurs gain experience and pleasure and 
add much accomplishment to the credit of all of 
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amateur radio, when organized into effective nets 
interconnecting cities and towns. 

The successful operation of a net depends a lot 
on the Net Control Station. This station should 
be chosen carefully and be one that will not hesi- 
tate to enforce each and every net rule and set 
the example in his own operation. 

A progressive net grows, obtaining new mem- 
bers both directly and through other net mem- 
bers. Bulletins may be issued at intervals to keep 
in direct contact with the members regarding 
general net activity, to keep tab on net procedure, 
make suggestions for improvement, keep track of 
active members and weed out inactive ones. 

A National Traffic System is sponsored by 
ARRL to facilitate the over-all expeditious 
relay and delivery of message traffic. The system 
recognizes the need for handling traffic beyond 
the section-level networks that have the popular 
support of both phone and c.w. groups (OPS and 
ORS) throughout the League’s field organiza- 
tion. Area and regional provisions for NTS are 
furthered by Headquarters correspondence. The 
ARRL Net Directory, revised each fall, includes 
the frequencies and times of operation of the hun- 
dreds of different nets operating on amateur band 
frequencies. 


RADIO CLUB AFFILIATION 


ARRL is pleased to grant affiliation to any 
amateur society having (1) at least 51% of the 
voting club membership as full members of the 
League, and (2) at least 51% of members govern- 
ment-licensed radio amateurs. In high school ra- 
dio clubs bearing the school name, the first 
above requirement is modified to require one 
full member of ARRL in the club. Where a soci- 
ety has common aims and wishes to add strength 
to that of other club groups and strengthen ama- 
teur radio by affiliation with the national ama- 
teur organization, a request addressed to the 
Communications Manager will bring the neces- 
sary forms and information to initiate the appli- 
cation for affiliation. Such clubs receive field- 
organization bulletins and special information at 
intervals for posting on club bulletin boards or 
for relay to their memberships. A travel plan 
providing communications, technical and secre- 
tarial contact from the Headquarters is worked 
out seasonally to give maximum benefits to as 
many as possible of the thirteen hundred active 
affiliated radio clubs. Papers on club work, sug- 
gestions for organizing, for constitutions, for 
radio courses of study, etc., are available on re- 
quest. 


Club Training Aids 


One section of the ARRL Communications De- 
partment handles the Training Aids Program. 
This program is a service to ARRL affiliated 
clubs. Material is aimed at education, training 
and entertainment of club members. Interesting 
quiz material is available. 

Training Aids include such items as motion- 
picture films, film strips, slides, audio tapes and 
lecture outlines. Bookings are limited to ARRL- 
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affiliated clubs, since the visual aids listings are 
not sufficiently extensive to permit such services: 
to other groups. : 

All Training Aids materials are loaned free 
(except for shipping charges) to ARRL affii- 
ated clubs. Numerous groups use this ARRL 
service to good advantage. If your club is affil- 
iated but has.not yet taken advantage of this serv- 
ice, you are missing a good chance to add the 
available features to your meeting programs and 
general club activities. Watch club bulletins and 
OST or write the ARRL Communications De- 
partment for TA-21. 


WI1AW 

The Maxim Memorial Station, WIAW, is 
dedicated to fraternity and service. Operated by 
the League headquarters, W1A W is located adja- 
cent to the Headquarters offices on a seven-acre 
site. The station is on the air daily, except 
holidays, and available time is divided between 
the different bands and modes. Telegraph and 
phone transmitters are provided for all bands 
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from 1.8 to 144 Mc. The normal frequencies. in 
each band for voice, c.w. and RTTY transmis- 
sions are as follows: 1805, 1820, 3555, 3625, 3945, 
7080, 7255, 14,095, 14,100, 14,280, 21,075, 21,410, 
28,080, 29,000, 50,700 and 145,600 kc. Operating- 
visiting hours and the station schedule are listed 
every month in OST. 

Operation is roughly proportional to amateur 
interest in different bands and modes, with one 
kw. except on 160 and v.h4. bands. WIAW’s daily 
bulletins and code practice aim to give opera- 
tional help to the largest number. 

WIAW was established as a living memorial to 
Hiram Percy Maxim, to carry on the work and 
traditions of amateur radio. The station is on 
the air daily and is open to visitors at all times 
it is in operation. The W1AW schedule of opera- 
tion and visiting hours is printed each month in 
the Operating News section of QST. All schedules 
are kept in GMT. 


OPERATING ACTIVITIES 


Within the ARRL field organization there are 
several special activities. The first weekend of 
every month is an occasion for ARRL officials, 
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officers, and directors to get together over the air. 
This activity is known to the gang as LO 
(League officials) time. For all appointees, quar- 
terly CD (Communications Department) parties 
are scheduled additionally to develop operating 
ability and a spirit of fraternalism. 

In addition to those for appointees ahd officials, 
ARRL sponsors various other activities open to 
all amateurs. The DX-minded amateur may par- 
ticipate in the Annual ARRL International DX 
Competition during February and March. This 
popular contest may bring you the thrill of work- 
ing new countries and building up your DXCC 
totals; certificate awards are offered to top 
scorers in each country and ARRL section (see 
page 6 of any QST) and to club leaders. Then 
there is the ever-popular Sweepstakes in Novem- 
ber. Of domestic scope; the SS affords the op- 
portunity to work new states for that WAS 
award. A Novice activity is planned annually. 
The interests of v.h.f. enthusiasts are also pro- 
vided for in contests held in January, June and 
September of each year. Where enough logs 
(three) are received to constitute minimum 
“competition” a certificate in spot activities, such 
as the “SS” and v.hf. party, is awarded the lead- 
ing newcomer for his work considered only in 
competition with other newcomers. 

As in all our operating, the idea of having a 
good time is combined in the Annual Field Day 
with the more serious thought of preparing our- 
selves to render public service in times of emer- 
gency. A premium is placed on the use of equip- 
ment without connection to commercial power 
sources. Clubs and individual groups always en- 
joy themselves in the “FD,” and learn much 
about the requirements for operating under 
knockabout conditions afield. 

ARRL contest activities are diversified to ap- 
peal to all operating interests, and will be found 
announced in detail in issues of QST preceding 
the different events. 


AWARDS 


The League-sponsored operating activities 
heretofore mentioned have useful objectives 
and provide much enjoyment for members of 
the fraternity. Achievement in amateur radio 
is recognized by various certificates offered 
through the League and detailed below. 


WAS Award 


WAS means “Worked All States.” An ama- 
teur, anywhere in the world, who succeeds in 
getting confirmed contacts with all fifty U.S. 
states and sends them in for examination, may 
receive this award from the League. There is a 
nominal service charge to those amateurs located 
within the League’s operating territory (U.S., 
possessions, Puerto Rico and Canada) who are 
not ARRL members. For others, there is no 
charge except postage, which is expected to ac- 
company the cards. 

You can make the contacts over any period of 
time and on any or all amateur. bands. If you 
wish, you may have your WAS award issued for 
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some special way in which you made it, such as 
all c.w., all phone, all on one band, all with low 
power, etc. — only providing all cards submitted 
plainly show that a contact took place under the 
special circumstances for which you wish the 
award issued. 

Before you send in your cards, drop the ARRL 
Communications Department a line requesting a 
copy of the rules and an application blank. 


DX Century Club Award 


The DXCC is one of the most popular and 
sought-after awards in all of amateur radio, and 
among the most difficult to acquire. Its issuance is 
carefully supervised at ARRL headquarters by 
an Assistant Communications Manager who 
spends almost full time on this function alone. 

To obtain DXCC, an amateur must make two- 
way contact with 100 “countries” listed on ARRL 
Operating Aid #7, which also contains the com- 
plete rules. Written confirmations are required 
for proof of contact. Such confirmations must 
_ be sent to ARRL headquarters, where each one 
is carefully scrutinized to make sure it actually 
confirms a contact with the applying amateur, 
that it was not altered or tampered with, and 
that the “country” claimed is actually on the 
ARRL list. Further safeguards are applied to 
maintain the high standards of this award. A 
handsome king-size certificate is sent to each 
amateur qualifying. 

The term “country” is an arbitrary one not 
necessarily agreeing with the dictionary defini- 
tion of such. For DXCC purposes, many bodies 
of land not having independent status politically 
are classified as countries. For example, Alaska 
and Hawaii, while states of the U.S., are consid- 
ered separate “countries” because of their dis- 
tance from the mainland. There are over 300 such 
designations on the ARRL list. Once a basic 
DXCC is issued, the certificate can be endorsed, 
by sticker, for ‘additional countries by sending 
the additional cards in to headquarters for check- 
ing. 

A separate DXCC award is also available for 
stations making all contacts by phone. 

Because of the meticulous care in checking 
cards and handling this award, amateurs in the 
U.S., its possessions (including P.R.) and Can- 
ada who are not League members, are charged 
a nominal service fee both for basic DXCC and 
endorsements. Before sending in your cards, be 
sure you are familiar with the rules (ARRL 
Operating Aid No. 7), which are quite detailed. 
Also, get a copy of the DXCC application form 
(CD-164). 


WAC Award 


The WAC award, Worked All Continents, is 
issued by the International Amateur Radio 
Union (IARU) upon proof of contact with each 
of the six continents. Amateurs in the U.S.A., 
Possessions and Canada should apply for the 
award through ARRL, headquarters society of 
the IARU. Those elsewhere must submit direct 
to their own IARU member-society. Residents 
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of countries not represented in the Union may 
apply directly to ARRL for the award. Two 
basic types of WAC certificates are issued. One 
contains no endorsements and is awarded for 
c.w, or a combination of c.w. and phone con- 
tacts; the other is awarded when all work is done 
on phone. There is a special endorsement to the 
phone WAC when all of the confirmations sub- 
mitted clearly indicate that the work was done on 
two-way s.s.b. The only special band endorse- 
ments are for 3.5 and 50 Mc. 


Code Proficiency Award 


Many hams can follow the general idea of a 
contact “by ear” but when pressed to “write it 
down” they “muff” the copy. The Code Pro- 
ficiency Award permits each amateur to prove 
himself as a proficient operator, and sets up a 
system of awards for step-by-step gains in copy- 
ing proficiency. It enables every amateur to 
check his code proficiency, to better that pro- 
ficiency, and to receive a certification of his re- 
ceiving speed. 

This program is a whale of a lot of fun. The © 
League will give a certificate to any licensed 
radio amateur who demonstrates that he can 
copy perfectly, for at least one minute, plain- 
language Continental code at 10, 15, 20, 25, 30 or 
35 words per minute, as transmitted monthly from 
W1AW and W60OWP. 

As part of the ARRL Code Proficiency pro- 
gram W1AW transmits plain-language practice 
material each evening at speeds from 5 to 35 
w.p.m., occasionally in reverse order, All ama- 
teurs are invited to use these transmissions to 
increase their code-copying ability. Non-ama- 
teurs are invited to utilize the lower speeds, 5, 
7% and 10 w.p.m., which are transmitted for the 
benefit of persons studying the code in prepara- 
tion for the amateur license examination. Refer 
to any issue of QST for details of the practice 
schedule. 


Rag Chewers Club 


The Rag Chewers Club is designed to en- 
courage friendly contacts and discourage the 
“hello-good-by” type of QSO. It furthers frater- 
nalism through amateur radio. 

Membership certificates are awarded to ama- 
teurs who report a fraternal-type contact with 
another amateur lasting a half hour or longer. 


THE AMERICAN RADIO RELAY LEAGUE, INC. 


Headquarters, Newreavor, Commmericur, U.S. A. 


Certificate of Code Proficiency 


By thie cenificae asd say appended endorsements to show addivionl qualifestions, the 
Communication Department of the Americen Radio Relay League cxprescs its recognition of 
merit and progress in code proficiency on the past of 
JOHN Q. HAMM, WAgXHH 
sto kl tin desde the Isic art of she mu amateue, ercepion by ene of 
“I Moe : 


phind 
ch Lee seit Doe af the A RIL. oui 
fron WIAW, Nov. a 1905, 


S889 “tr 


Awards 


This does not mean a half hour spent trying to 
get a message through or in trying to work a 
rare DX station, but a solid half hour of pleasant 
“visiting” with another amateur discussing sub- 
jects of mutual interest and getting to know each 
other. 

Members sign “RCC” after their calls to indi- 
cate that they are interested in a chat, not just 
a contact. 

Operating Aids 

The following Operating Aids are available 
free, upon request: 1) ARRL Phonetic Alphabet. 
2) Ending Signais. 3) The RST System. 4) 
Emergency Operating. 5) DX Operating Code. 6) 
Contest Duplicate Contact Record. 7) DXCC 
Countries List. 8) W.A.S. Record. 92) ARRL 
Message Form. 10) GMT Time Conversion 
Chart. 11) Efficient use of Amateur Bands. 12) 
ARRL NCEF List and Rules for use. 13) Ready 
Reference Information. 


A-1 Operator Club 


The A-1 Operator Club should include in its 
ranks every good operator. To become a mem- 
ber, one must be nominated by at least two 
operators who already belong. General keying or 
voice technique, procedure, copying ability, 
judgment and courtesy all count in rating candi- 
dates under the club rules detailed at length in 
Operating an Amateur Radio Station. Aim to 
make yourself a fine operator, and one of these 
days you may be pleasantly surprised by an invi- 
tation to belong to the A-1 Operator Club, which 
carries a worth-while certificate in its own 
right. 


Brass Pounders League 


Every individual reporting more than a speci- 
fied minimum in official monthly traffic totals is 
given an honor place in the QST listing known as 
the Brass Pounders League and a certificate to 
recognize his performance is furnished by the 
SCM. In addition, a BPL Trafic Award 
(medallion) is given to individual amateurs 
working at their own stations after the third 
time they “make BPL” provided it is duly re- 
ported to the SCM and recorded in QST. 

The value to amateurs in operator training, 
and the utility of amateur message handling 
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to the members of the fraternity itself as well as 
to the general public, make message-handling 
work of prime importance to the fraternity 
Fun, enjoyment, and the feeling of having done 
something really worth while for one’s fellows is 
accentuated by pride in message files, records, 
and letters from those served. 


Old Timers Club 


The Old Timers Club is open to anyone who 
holds an amateur call at the present time, and 
who held an amateur license (operator or sta- 
tion) 20-or-more years ago. Lapses in activity 
during the intervening years are permitted. 

If you can qualify as an “Old Timer,” send 
an outline of your ham career. Indicate the date 
of your first amateur license and your present 
call. If eligible for the OTC, you will be added to 
the roster and will receive a membership cer- 
tificate. 


YOUR COMMUNICATIONS 
DEPARTMENT 


The material in this chapter, and in the tables 
which follow, represent services offered by the 
ARRL Communications Department, a part of 
your headquarters establishment and the League 
organization unique in amateur radio but as old 
as the League itself. Its functions represent a 
principal reason why ARRIL. is a membership 
organization and not just a “publishing house.” 
The CD consists of branches devoted to admin- 
istration, public service, awards, affiliated clubs, 
contests and the headquarters station—all of 
which are designed to serve the amateur fra- 
ternity and the ARRL member. 

We invite you to participate in these organized 
programs. Amateur radio is capable of giving en- 
joyment, self-training, social and organizational 
benefits in proportion to what the individual ama- 
teur puts into it. All amateurs are invited to be- 
come ARRL members, to work toward awards, © 
to accept the challenge and opportunities offered 
in field organization appointments. Your amateur 
radio life is only half complete otherwise. 

Two free publications are offered which will 
assist immeasurably in all your amateur operat- 
ing pursuits. See page 602 and send for them to- 
day. 
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COUNTRIES LIST ¢ (Use A.R.R.L. Op. Aid 7 for DXCC purposes.) 
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eRe Portuguese qnies oo Honcador Cay Newfoundland, Hee 
eas “ees Macao veceaceeeeessse Swan Islands ritish Honduras 
CT1 .. Portugal KS6 . _American Samoa VPA siciee be oa ciereas we Anguilla 
CT2 +sea+.-Azores KV4. ... Virgin Islands VP2A wo cece ees Antigua, Barbuda 
CT3. Madeira Islands KW6 .... Wake Island VP2V ..... British Virgin Islands 
cx . Uruguay KX6. ...»Marshall Islands NP2D? oiire ta correo ees Dominica 
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FO. Conia J aes ern ee ane oT OL ..... rn Greene vee > 3 Geriverbielnens 122d "lands 
see eemeeeeeeee ss Guadeloupe — ON cece cceeeee ree ennee ium Fi abra Islands 
FH8 ..... serene Comore Yslands OR oo veeeeees (See CROAA-AM) © VOQ9 . Chagos Islands 
FK8 .....-...- F B a Cal <F fond OX RP! visa ees vie Greenland VO ecccainaewetuie ce ais Desroches 
FL8 ......-0-- rench Somalilan OM ee adie anc Faroe Islands V9 cave erowines narietas Farquhar 
EM \eeeeeseeeee gauss Mertiniaue OZ raticcas esate inde iia ecarels Denmark V9 abs esis tere od dies Seychelles 
FOB... se eeee eee Clipperton Islan PA, PE, PIL ........5. Netherlands VR1 British Phoenix Islands 
FOB. weees servers See ennee” < Edaengten see Netherlands Antilles © VR1 :Gilbert & Ellice Islands 
FO8M_... +--+ +o faint 1 Nanda ELM, Giaiqhesdulenmiia’s Sint Maarten & Ocean Island 
FP8 .St. Pierre & Miquelon Islan [n PR oes leew eee eheenes Andorra VRB eiiaie ich alte ass Fiji Islands 
ae en eeeneeeens fore. e 8 Nova pes Sep e Brazil Ma .Fanning & Chrlatnes Telands 
dh tie iae cee. eek Sa ee eS Se ee ernando de oronha eeeeveeees se Glomon islands 
ce PSSA YORE ORES. uemnies PYG ..St. Peter & St. Paul’s Rocks VRS cece eee e ee eeee Tonga Islands 
ages ae Ayah b, A eee Sait t Martin PY Gecicas saienestreeis sacl Trindade & VRG wc en ee eeeees Pitcairn Island 
Fua yy! Sea eidcs et Martim Vaz Islands ve MAE EEE Se Coed 8 Gs ae spree 
FF weet gt had nore wnerereescasere Uurinam Vd vensaceveveeaenee ong. Ong 
a cee Wallis & Futuna Islands SL, SM... .seeeeereeees Sweden VS9A,P,S...-:. ‘Aden & Socotra 
Gu: rencaywulane England La aheadacuae ecw’ Poland veoen Peallveie - esieatan Hed 
tS A Mi ahp aie Miter te a ce Die disce ccna’ 0, sre 0 866 wanice.6 -...++-Kuria Muria Islands 
GC 111s LGuernsey'& Dependencies 10 Eprpt  VSeM, 80) °.1..s Maldive, Isends 
SI SV ha caviar raion tanec ee ee 90 .aeeeeeeeees (See MP4 
BD oss tenses Se Rip alee EOE” BV hasten veneaages ts Dodecanese VU .Andaman and Nicobar Islands 
GM ee Scotland SV vcccccccccecneanssevns Greece VU wicca od eee aiken ek Xe Oe India 
GWE Lav av ecwnascvgeins Wales TAs oo sire aiaveeceveis a ave aje 8.05 St ae ie ealaietee Oe Lacon seer Icy 
Sy ES - © THE oc ccc cece cee e eee ees sdcelan sere cee nese scaeeeneee 
BAY HG ea cede ss orice: Hungary Yk CRN rie Guatemala XE, XP... cece seen see Mexico 
TL viowa we esae ene eeene Costa Rica +.) reer ee Revilla Gigedo 
TI9 wc cccccneenar eens Cocos Island Da eee TER ere ee (See 
TY <5 deviesptt vatencentene aa Cameroun PY ROT a Ore rari Voltaic Rep 
yb ere Central African Republic KU cect ereseceeenvewes Cambodia 
iy eee eenee Congo Republic KV 5 a icnteeh es 4 ue (See 3W8) 
¢ See Gabon Republic RWS ecevhihewiedad eeerenter ens Laos 
MET. wiseccinie tad bye fo aratien Chad Republic MTD veh vinnie bare hink Chan ox Burma 
TU cae unis veda d ees Ivory Coast YA viscccccevecceues Aighanistan 
ae sence aeeees TT fet SVE acssstissacoiaiierafe- ore» 85 Ge asisce Ira 
ee CD: ) al Republic Voie sceednt eavecateied 6 6 (See FU8 
arate E15} TA, UV, UW1-6, UN}. . European Yk peserecace ace aia’ istexete, e000 0 and cus) 
. Panama Russian S.F.S.R. YN, YNG.... cee e eee ee Nicaragua 
Honduras UAL ....eeeee (See CE9AA-AM) Vo so biei 5 ie Saree cain wa, nenssai bats Rumania 
. Thailand oe cals pion’ fos, uhe Franz mh osef Land VS oils dian ears elversew vate’ Salvador 
...Watican  UA2 .osceeee cece iningradsk VU vecceeevcetceseune Yugoslavia 
audi Arabia UA. UV, UW9, @........ Asiatic VV gi ace ea ndasa og Venezuela 
.... Italy Russian S.F.S.R. VIVO Cie dn gael d Aves Island 
Sardinia et UTS, UYS wc... eee Ukraine DAS ievca.srulas aie Siar age OT Rie 9% Albania 
..Japan UC2....... White Russian S.S.R. VAs Y ee Oe Gibraltar 
ongolia Ube a Wadcavteye ew ese are, sera Azerbaijan VA ee re eee (See 5B4) 
Svalbard UFG ccccccces ccc eeereans Georgia Viel rr ee Palestine 


an Mayen UG6 wcccsccecccconcs .» Armenia ZDB cesccsscvecevcercees Gambia 


e e 
Abbreviations 609 
(Al oe ee ee Swaziland  3V8 ....ccssecccecceeees Tunisia DD wigs seivdia ta Carwrerstene 308 (See HZ) 
LD? ives tee erase rete aceys St. Helena 3W8, XVS ......00e, +... Vietnam ‘SF. . Indonesia 
ZDB io vise screenager Ascension Island SY, gestsdissiieistuedr ni aa ehaie ouvet  8P . . Barbados 
LDS pcan vend eek Tristan da Cunha & 487 evinces rer ree ... Ceylon gy. (See CE9AA-AM) 
Gough Islands . 4U ........0+5.+.+-1.1.U. Geneva 8Q. ..(See US9M) 
istecete 8 GOs eintere ceases ase hodesia BW osvueeeevidceersaes eosWemen =—«- BR naar ccessesnccceecns Guyana 
: Cayman Islands AKAD occ ise win as Geneea ces Israel veeee. Saudi Arabia/Iraq N.Z. 
Cook Islands 5A ..... e Watevin ne Bers bea Case Nee Libya 8Z5 oo. .ee Senda go eer . (See 9K3) 
ZIV oroceuaseisresaus aces Manihiki Islands SBA AG Sy hse waka tale cares Cyprus hee AS 1) 
ZK D iaiatecg ace Sabiace eiereceiarscace 8A Niue Lj ee eee Tanganyika 
ZL ...Auckland Isl.'& Campbell Isl. SN fc6 vinaerd aba ace aetie dace Nigeria 
VeeEeee Rogeaes atham Islands 5R8 .........+....Malagasy Rep. 
LG iio ai varies Kermadec Islands NUR e eer Te erence Mauritania 
ZL ssiz vidio niecgeaie bead Soak New Zealand B75 eisinesae ease nes bed Niger Rep. 
OLS ih hea uae (See CE9AA-AM) CS Aer rere ere eee Togo Neutral Zone 
ZM7 ..... Tokelau (Union) Islands BWihiiestaakseeeee Western Samoa 9L1 ...... seeeeesss.nierra Leone 
LE iank conve cree wines’ Paraguay BS. eressscterpiaver nics vbiesis 8 a6 Uganda 9MZ2 ...... «+..Malaya 
ZS1, 2, 4, 5, 6...... South Africa OLE: ice wa a aa weNe Hed ba enya 9M6 . Sarawak 
DS! ys dicieenteees Prince Edward & 60152). 6 ceva cond anes Somali Rep. 9M8 . Sabah 
-Marion Islands OWS. oe ieies seceeenaes Senegal. Rep. 9ON1 . Nepal 
YASS Oe South-West Africa () Geer rencr err eer rere Jamaica 995 of Congo 
ei bieosalare aja eMac vial ees Botswana 7G1 v.....0002...Rep. of Guinea 905 - Burundi 
Minerva Reefs LE 4 ties coun e see orenee sotho 9V1 Singapore 
Lid y heed tendered Spratly Is. 7Q vceeeeceveneeeeees Nyasaland 9X5 seeeees Rwanda 
eee Monaco TX vice ecccveenceeeeecs Algeria 9Y4 ..........Trinidad & Tobago 
INTERNATIONAL PREFIXES 
AAA-ALZ United States of America OKA-OMZ Czechoslovaki 
AMA-AOZ pain ONA-OTZ Belgium = 
APA-ASZ Pakistan OUA-OZZ Denmark 
ATA-AWZ India PAA-PIZ Netherlands 
AXA-AXZ Commonwealth of Australia PJA-PJZ Netherlands Antilles 
AYA-AZZ Argentine Republic PKA-POZ Republic of Indonesia 
BAA-BZZ China PPA-PYZ Brazil 
CAA-CEZ Chile PZA-PZZ Surinam 
CFA-CKZ Canada RAL-222 (Service abbreviations) 
CLA-CMZ ‘tuba AA-RZZ Union of Soviet Socialist Republics 
CN PGne Morsne SAA-SMZ Sweden 
- ‘uba SNA-SRZ People’s Republic of Poland 
CPA-CPZ Bolivia SSA-SSM nite i 
peace Fortuguere Overseas. Provinces SSN-STZ ena Arab Bepaliie 
- ortuga: UA-SUZ i t 
CVA-CXZ Uruguay . SVASEE “Gree aieh Repebile 
CYA-CZZ Canada TAA-TCZ Turkey 
DAA-DTZ Germany TDA-TDZ Guatemala 
DUA-DZZ Republic of the Philippines TEA-TEZ Costa Rica 
EAA-EHZ Spain TFA-TFZ Iceland | 
EIA-EJZ Ireland TGA-TGZ Guatemala 
EKAE KZ Walon of Soviet Socialist Republica THA-THZ France and French Community 
‘ iberia . i 
EMA-EOZ Union of Soviet Socialist Republics TAS Be bite a Ganiacon 
ran TKA-TKZ i 
ERA-ERZ Union of Soviet Socialist Republics TEATIZ Ceatmat ave erengh Community 
ee Hot | RAI Eins Ses Srey, 
EUA-EWZ _ Bielorussian Soviet Socialist Republic TOA-TQZ Fine Peden Cosa 
EXA-EZZ Union of Soviet Socialist Republics TRA-TRZ Republic of Gabon y 
FAA-FZZ France and French Community TSA-TSZ Tunisi 
GAA-GZZ United Kingdom TTA-TTZ Re ubiic of Chad 
HAA-HAZ Hungarian People’s Republic TUA-TUZ Republic of the Ivory Coast 
HBA-HBZ = Switzerland TVA-TXZ France, French Comnzunit 
HCA-HDZ — Ecuador TYA-TYZ — Republic of Dah sf 
BEA HEZ Suiterlend blie of Poland TZA-TZZ_ Republic of Mali 
- eople’s Republic of Polan 2 : * tali : 
HGA-HGZ Hungarian People’s Republic URAUPZ — Yriot of Sevict Seviaist Republics 
HHA-HHZ Republic of Haiti | UUA-UZZ Union of Soviet Socialist Republics 
HIA-HIZ Dominican Republic 
HN eae Hepublic of Colombia VARS eesti of Australia 
- orea 
HNA-HNZ Ira VPAVSZ Sig o Territori 
HOA-HPZ Republic of Panama VTAVWZ  indig ~ o78¢88 Perritories 
u renee pepublle of Honduras VXA-VYZ Cana, da 
- ailan 
HT Ae Nicaragua WAN ZZ Commonwealth of Australia 
HUA-HUZ Republic of Et Salvador XAARIG- United States of America 
HVA-HVZ Vatican City State Ryjaxos Mexico 
HWA-HYZ France and French Community eae "A.XPZ Canada 
HZA-HZZ = Saudi Arabia Toa xee  penmark 
IAA-IZZ Italy and Mandated Territories Fe4 XSZz Chile 
AA-JSZ apan ; China 
TA-JVZ ongolian People’s Republic XTA-XTZ Republic of the Upper Volta 
WA-JXZ Norway XUA-XUZ Cambodia 
YA-JYZ ordan XVA-XVZ Viet-Nam 
ZA-JZZ ie New Guinea XWA-XWZ Laos 
AA-KZZ United States of America XXA-XXZ Portuguese Overseas Provinces 
“LN Norway XYA-XZZ urma | 
LOA-LWZ Argentine Republic YAA-YAZ — Afghanistan 
LXA-LXZ Luxembourg YBA-YHZ Republic of Indonesia 
LYA-LYZ — Lithuania YIA-YIZ raq 
LZA-LZZ People’s Republic of Bulgaria YJA-YJZ New Hebrides 
MAA-MZZ United Kingdom YKA-YKZ Syria 
NAA-NZZ United States of America YLA-YLZ Latvia 
QAA-OCZ Peru YMA-YMZ Turkey 
ODA-ODZ Lebanon YNA-YNZ Nicaragua 
OQEA-OEZ Austria YOA-YRZ Roumanian People’s Republic 
OFA-OJZ Finland YSA-YSZ Republic of El Balvador 
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YTA-YUZ 


5RA-5SZ 


AA 
A 


Yugoslavia 

Venezuela 

Yugoslavia 

Albania 

British Overseas Territories 
New Zealand 

British Overseag Territories 
Paraguay 

British Overseas Territories 
Republic of South Africa 
Brazil 

Great Britain 

Monaco 

Canada 

Chile 

China 

Tunisia 

Viet-Nam 

Guinea 

Norway 

People’s Republic of Poland 
Mexico 

Republic of the Philippines 
Union of Soviet Socialist Republics 
Venezuela 

Yugoslavia 

Ceylon 

Peru 

United Nations 

Republic of Haiti 

Yemen 

State of Israel 

International Civil Aviation Organization 
State of Israel 


Libya 

Republic of Cyprus 
Morocco 

Tanzania 

Colombia 

Liberia 

Nigeria 

Denmark 

Malagasy Republic 


ABBREVIATIONS 


All after 

All before 

About 

Address 

Again 

Antenna 

Broadcast interference 
Broadcast listener 

Break; break me; break in 
All between; been 


es 

Confirm; I confirm 

Check 

I am closing my station; call 

Called; calling 

Could 

See you later 

Come 

Continuous wave 

Delivered 

Distance, foreign countries 

And, & 

Fine business; excellent 

Go ahead (or resume sending) 

Good-by 

Give better address 

Good evening 

Going 

Good morning 

Good night 

Ground 

Good 

The telegraphic laugh; high 
ere; hear 

Have 

How 

A poor operator 

Milliamperes 

Meree + prefix to radiogram 


° 

Nothing doing 

Nothing; I have nothing for you 
No more 

Number 


OPERATING A STATION 


STA-5TZ 
SUA-5UZ 


9YA-9ZZ 


Islamic Republic of Mauretania 
Republic of the Niger 
Togolese Republic 
Western Samoa 
Uganda 
Kenya 
United Arab Republic 
Syria 
Mexico 
Korea 
Somalia 
Pakistan 
Sudan ; 
Republic of the Senegal 
Malagasy Republic 
ae 
iberia 
Indonesia 
japan. 
alawi 
Algeria 
Sweden 
Algeria 
Saudi Arabia 
Indonesia 
Japan 
Sweden 
India 
Saudi Arabia 
San Marino 
Tran 
Ethiopia 
hana 
Malta 
Zambia 
Kuwait 
Sierra Leone 
Malaysia 


epal : 
Republic of the Congo (Leopoldville) 
Burundi 
Malaysia 
Rwanda 
Trinidad and Tobago 


FOR C.W. WORK 


Abbreviations help to cut down unnecessary transmission. However, make it a rule not to abbreviate unnecessarily 
when working an operator of unknown experience, 


Now; I resume transmission 
Old boy 
Old man 
Operator 
Old timer; old top 
Preamble 
Please 
Power 
Press 
Received as transmitted; are 
Received 
Receiver 
Refer to; referring to; reference 
Station equipment 
Repeat; I repeat 
Said 
Signature; signal 
Operator’s personal initials or nickname 
Schedule 
Sorry 
Service;. prefix to service message 
Traffic 
Tomorrow 
Thanks 
That 
Thank you 
Television interference 
ext 
Your; you’re; yours 
Variable-frequency oscillator 
Very 
Word after 
Word before 
Word; words 
Worked; working 
Well; will 
Would 
Weather 
Transmitter 


Young lady 
Best regards 
Love and kisses 


» Operating an Amateur Radio Station covers 
the details of practical amateur operating. In it 
you will find information on Operating Practices, 
Emergency Communication, ARRL Operating Ac- 

tivities and Awards, the ARRL Field Organization, 
' Handling Messages, Network Organization, “Q” 
Signals and Abbreviations used in amateur oper- 
ating, important extracts from the FCC Regula- 
tions, and other helpful material. It’s a handy 
reference that will serve to answer many of the 
questions concerning operating that arise during 
your activities on the air. 
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P Public Service Communications is the “bible of 
the Amateur Radio Public Service Corps. Within its 
pages are contained the fundamentals of operation 
of the Amateur Radio Emergency Corps (AREC), the 
National Traffic System (NTS), and the Radio Ama- 
teur Civil Emergency Service (RACES), the three 
“divisions” of ARPSC, including diagrams of how 
each is organized and how it operates. The role of 
the American Red Cross and FCC's regulations con- 
cerning amateur operation in emergencies also come 
in for some special attention. 


The two publications described above 


may be obtained without charge by 


any Handbook reader. Either or 


both will be sent upon request. 


AMERICAN RADIO RELAY LEAGUE 
225 Main Street 
Newington, Conn. 06111 


Please send me, without charge, the following: 
(] OPERATING AN AMATEUR RADIO STATION 


C] PUBLIC SERVICE COMMUNICATIONS 


INGING 3562550. oiera 8, tach eae ees atte ae ene eee 
(Please Print) 


Address ...... teserauale) Amit swine ote Sah SuttcheGetensifeve 


Vacuum Tubes 


Chapter 25 


and Semiconductors 


For the convenience of the designer, the re- 
ceiving-type tubes listed in this chapter are 
grouped by filament voltages and construction 
types (glass, metal, miniature, etc.). For ex- 
ample, all miniature tubes are listed in Table 
I, all metal tubes are in Table IJ, and so on. 

Transmitting tubes are divided into triodes 
and tetrodes-pentodes, then listed according 
to rated plate dissipation. This permits direct 
comparison of ratings of tubes in the same 
power classification. 

For quick reference, all tubes are listed in 
numerical-alphabetical order in the index. 
Types having no table reference are either ob- 
solete or of little use in amateur equipment. 
Base diagrams for these tubes are listed. 


Tube Ratings 


Vacuum tubes are designed to be operated 
within definite maximum (and minimum) rat- 
ings. These ratings are the maximum safe op- 
erating voltages and currents for the elec- 
trodes, based on inherent limiting factors such 
as permissible cathode temperature, emission, 
‘and power dissipation in electrodes. 

In the transmitting-tube tables, maximum 
ratings for electrode voltage, current and dis- 
sipation are given separately from the typical 
operating conditions for the recommended 
classes of operation. In the receiving-tube 
tables, ratings and operating data are combined. 
Where only one set of operating conditions ap- 
pears, the positive electrode voltages shown 
(plate, screen, etc.) are, in general, also the maxi- 
mum rated voltages. 

For certain air-cooled transmitting tubes, 
there are two sets of maximum values, one 
designated as CCS (Continuous Commercial 
Service) ratings, the other ICAS (Intermit- 
tent Commercial and Amateur Service) rat- 
ings. Continuous Commercial Service is de- 
fined as that type of service in which long 
tube life and reliability of performance under 
continuous operating conditions are the prime 
consideration. Intermittent’ Commercial and 
Amateur Service is defined to include the 


many applications where the transmitter de- 
sign factors of minimum size, light weight, 
and maximum power output are more import- 
ant than long tube life. ICAS ratings are con- 
siderably higher than CCS ratings. They 
permit the handling of greater power, and 
although such use involves some sacrifice in 
tube life, the period over which tubes. give 
satisfactory performance in intermittent serv- 
ice can be extremely long. 

The plate dissipation values given for trans- 
mitting tubes should not be exceeded during 
normal operation. In plate modulated ampli- 
fier applications, the maximum allowable 
carrier-condition plate dissipation is approxi- 
mately 66 percent of the value listed and will 
rise to the maximum value under 100 percent 
sinusoidal modulation. 


Typical Operating Conditions 


The typical operating conditions given for 
transmitting tubes represent, in general, maxi- 
mum ICAS ratings where such ratings have 
been given by the manufacturer. They do not 
represent the only possible method of opera- 
tion of a particular tube type. Other values of 
plate voltage, plate current, etc., may be used so 
long as the maximum ratings for a particular 
voltage or current are not exceeded. 

Detailed information and characteristic curves 
are available from tube and semiconductor manu- 
facturers, in books sold through radio dealers or 
direct from: the factory. 


Semiconductors 


The semiconductor tabulation in this chapter 
is restricted to some of the more common tran- 
sistors. The units listed were selected to represent 
those types that are useful for most amateur 
radio experimental applications. These transistors 
were ‘chosen for their low cost and availability. 
Most of them can be obtained from the large mail- 
order houses or from the local manufacturer’s 
distributor. Because there are thousands of tran- 
sistor types on today’s market, this list is by no 
means complete. 


INDEX TO TUBE TABLES 


I — Miniature Receiving Tubes.......... V16 
II — 6.3-Volt Metal Receiving Tubes.... V21 
III — 6.3-Volt Glass Tubes, Octal Bases. V22 
IV — 6.3-Volt Lock-In Base Tubes...... V22 
V —1.5-Volt Battery Tubes.......... oo. = V23 
VI— Special Receiving Tubes.......... V23 


VII — Control and Regulator Tubes .... V24 
VIII — Rectifiers .......... Waaiotiisanh we V24 
IX — Triode Transmitting Tubes ...... va25 
X — Multigrid Transmitting Tubes ..... V29 
XI — Semiconductor Diodes .......... V31 

bibss Paredes V32 


XII — Semiconductors 


Vi 


Vacuum-Tube Data 


V2 


INDEX TO VACUUM-TUBE TYPES 
Base-diagram section pages V5-V15. Classified data pages V16-V34. 


Type Page Base Type Page Base Type Page Base 
2 11 4-250A....Ch. 9 5BK 

4-400A. V30 5BK 

BD A..,.Ch. 9 SRK 


v31i — 

BAG... "9b 

5ABPi-7-11 — 14 

SADP1-7-11 —— 143 

7K SAMP1....— 140 
: — 1 


HITTITE i gtiistinet 


Bobs 


<<< 
3s 


a 

Hea 

33 

5G. 

Hes vai BA 

KB. . V16 SCE 

16. TAU 
8N 
aa. 
TAU 


100. 
4 


Llligsttiiir 
aT) 
ae 
> 
3 


TAX 
bY 8DU 
7AM 
5Y. 7DK 
6AF 6Q 
4A 7AG 


ISISIIISSSIIELIIISITEET 
a AO 
bes} ie 
rs] Ist 
3 cy 


V16 

V16 

V16 6AU 

— 6CA 1 8Y. 

— , 6CB 8EL 

v16 6AR 8AP 

=, OX vié 7BK 

Vi6 6A —  S8BE 

V16 6BR . V16 9BX 

—~ TDW — TBD 

=, 4G — §8N 

V24 9U —, 9CA 
5BZ - V16 7BD 
9 vi6 7BK 


 V16 7CV 
: V16 76M 


Page Base Type ; Page Base 


» ¥22 7 
= . V18 70V 
V17 9AT V18 9AQ 
v22 8BD V18 93G 
vl7 9DC V18 9A! 
—, TBZ V18 7F: 
V17 TEG V18 7FP 
V17 7DF V18 9DE 

+a OAT V18 9L8 
YE vee 
=>. 70M 
. V22 6AM v23 SHF 
VI7 9AT Vv22 Pts 
=, 9BC V22 7AC 
V17 OFA V22 7AC 
— 9BK Vi8 OKA 
=, 9BB 
V7 9AT 5) 
. MIT TBT 
. V1I7 SFE 
=, SFP 
Viz 7BT 
ViT 9FG 
—, SBU 
. VIT7 OFS 
. V25 ODI 
= ae 
17 9) 


eo 
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Page Base Type Page Base Type Page Base Page Base 
.». VI8 9DX 12CT8..... V19 SDA 21EX6..... -—- SBT -—. 6H 
. 12005. aon TCV 22.... — 4K V25 4C 
6. —, SE — 4B 
V26 2D —_ 4¢ 
— Fe.l V25 4C 
— 73 V25 4AD 
at a 
— 6CK 
-—- 6CK 
—~ 4CG 
— 6D 
— 3 
— 8T 
— 9BQ 


— 7AC 
— 7s 
— 7CV 
— 5BT 
— 5BT 
— 5BT 
— 6AM 
— 8AF 
— 5BT 
— 6AM 
— 5BT 
— Cy 
= v20 7C0V 
= —— 7S 4D 
= TW 7 4 
os 6M Fig. 43 
= —. 8AD AT 
= Vv26 3G 
v22 8BF —" 4eG 
= SY. - 7s 
— Bgac = 7 
— 8AL ~~ BAA 
— 8A4E ~ bE 
— 8BL = 46 
— sv —_ 5AA 
— &v v25 6E 
— UR a 
— &8Bs = : 
— TAI pe : 
— 8BZ Bg 
=e Fig. 39 
— 5AB = 48 
— is — Fig. 57 
-- TBZ = 8 
9AM meet 
6BN = 
= oe — 3N 
— 9px = is 
— 4g — Fig.39 
— 14G = 
-— 2 V28 4BC 
= a V28 4BC 
-- 9AG v20 7EK — Fig.59 
— fF — 7 Fig. 63 
-— B — 8K Fig. 61 
— - 7S Fig. 43 
—. 8A — 8BU 4D 
v19 9EU — WV yo7 4B 
— 70 v20 7CV —" Fig. 32 
vi9 7BK — 8cB = Me 68 
V19 7CH — 8R = wie 44 
= 9A — 8s V26 — 
v19 7BT — 6AB —” Fig. 50 
V19 9A — TAZ Lia= Fig: 50 
Vi9 7BK — §8BK = Ge 
= — §BK — Fig. 55 
_ — 8N i 
V1 = 8N i= 4E 
— §8BD .— 7BD 
— §8BD v20 9V 
— §sBD 
= § 
—- 8Q 
— 8BD 
— 8R 
v20 9A 
— 3 
—_ 78 
v25 5BS 


Tetlsttit 
3 
Re 
3g 
A 


I< 
u 
=) 


< 
s 
a 
me 
Q' 
Q 


Pidddytdal 


igligi iit 
= 
> 


12BQ6GT. 
12BQ6GTB 
12BR7A.... 


o 
eg 
fot 
by 


Oo 
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> 
10 
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Vacuum-Tube Data V4 


Page Base 


A 
a 
& 
2 
a 


Page Base Type 


GL8012A... 


Fig. 54 
3. 


issslstlli littl 
awe 

is 

2 


ge 

<3 
lok} 
08 | 
hd 


gst 
3 
3 
E 


iglitt 
~ 
i 
x 


=. 68 
v20 9V. 
— TBF 
— 5CA 
— 9X 
io 68 
+s. 9AB 
> V27 Fig. 3 
 V28 Fig. 3 
i= Tad : 
io Fig, 21 : 
:¥20 94D : 
:— Tac : 
-o, les ‘ 
: ¥26 Fig. 21 ; 
v29 Fig. 7 am 
— 6AR - 
— TCH - 
=, TBF - 
v29 5AW ~ 
‘= 8R oo 
) V24 2aG Sts 
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E.1.A. VACUUM-TUBE BASE DIAGRAMS 


Socket connections correspond to the base designations given in the column headed ‘*Base’’ in the classified tube-data tables, 
Bottom views are shown throughout, Terminal designations are as follows: 


A = Anode D == Deflecting Plate IS = Internal Shield RC = Ray-Control Eelectrode 
B = Beam F =Filament — K == Cathode Ref == Reflector 

BP == Bayonet Pin FE = Focus Elect. NC = No Connection S = Shell 

BS = Base Sleeve G =Grid e P = Plate (Anode) TA = Target 

Cc = Ext. Coating H = Heater P, = Starter-Anode U = Unit 

CL = Collector - 1C == Internal Con, Par = Beam Plates © = Gas-Type Tube 


Alphabetical subscripts D, P, T and HX indicate, respectively, diode unit, pentede unit, triode unit or hexode unit in multi- 


unit types. Subscript CT indicates filament or heater tap. 

Generally when the No. 1 pin of a metal-type tube in Table II, with the exception of all triodes, is shown connected to the 
shell, the No. 1 pin in the glass (G or GT) equivalent is connected to an internal shield. 

* Qn 12AQ, 12AS and 12CT: index = large lug; ¢ = pin cut off 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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Vacuum-Tube Data 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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Vacuum-Tube Data v10 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 


Vil Chapter 25 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


‘Bottom views are shown. Terminal designations on sockets and * meaning are given on page V5. 


Vacuum-Tube Data V14 


TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 
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TUBE BASE DIAGRAMS 


Bottom views are shown. Terminal designations on sockets are given on page V5. 


TABLE |— MINIATURE RECEIVING TUBES V16 


Fit. or Capacitances a a a 
Heater pf. £ eo E 
Type Name : Base 6 Se rs é 3 
v. jamp.| Cn | c c 2;) 23 | 38 [83] 8¢ 23 
: Sf ete az | ae | es |<) Se | FS 
1A3 H.f. Diode “| SAP 14 | 0.15 =~ = =~ Max. a.c, voltage per plate — 117. Max, oatput current —0.5 ma. 
1L4 Sharp Cut-off Pent. 6AR 14 | 005 | 36 75 
1L6 Pentagrid Conv. [ 7D¢ 14 { 0.05 75 [12.0 
1R5 Pentagrid Conv. [_7aT 14 | 0.05 7.0 [12.0 
1$4 Pentagrid Pwr. Amp. TAY 14 | Ol = — 
185 | Diode—Pentode At AMP_| gay 
Rf. Amp. Screen Resistor 3 meg., grid 10 meg. 
1T4 Variable- Pent. 8AR 3.5 | 500K 
1U4 Sharp Cut-off Pent. GAR 1.6 | 1 meg. 
105 Diode Pentode 6BW 16 | 600K 
Ai Amp. 44? 63K | 3700 405 | 4.5K 
Beam Pwr. A, Amp.! 882 = = 805 | 9KE 
2630 Pent, ABrAmps| 7° a ee eee Oe 
ABz Amp.? 1202 = = 405 | 3.88 
2EASt Sharp Cut-oif Pent. ; 10 150K | 8000 —j- 
2ENS{ Dual Diode Max. a.c. voltage per plate —200. Max. output current —5.0 ma. 
~75 90 26 | 1492 | 90K 0.6 
3A4 Pwr. Amp. Pent. = 0 22 Thiz | 100K 1900 8K 07 
3A5 H.f. Dual Triode!® -25 | — _ 37 
3DK6t | Sharp Cut-off Pent. —6.5 | 150 38 | 12 
21 9.5 
304 Pwr, Amp. Pent. 90 i7 77 
3s Pwr. Amp. Pent, 14 | 4 
4EW6t | Sharp Cut-off Pent. 
6AB4 U.h.f. Triode 
5 A; Amp. 
BAF4A U.h.f. — Triode Osc. 950 Mc. 
6AG5 Sharp Cut-off Pent. 180" 
GAHG Sharp Cut-off Pent. Amp. 160* 
Pent. Triode Amp. 150 | 160* 
Gala U.h.f. Triode 125 68* 
| 180 |” 200*_| 
BAKS Sharp Cut-off Pent. | 150 | 330" | 
"120 | 200" | 
GAKE Pwr, Amp. Pent, | 7BK | | 180 | -9 | 
GALS Dual Diode?®” M 
BAM4 =| U.hf. Triode [150 [ 100* | 
SAMBAt | Diode — Sharp Cut-off Pent. 9¢ 200 | 120* 
GAN4 U.h.f. Triode 200 | 100* 
GANS Beam Pwr. Pent. 120 | 120* 
Medium-» Triode 200 —6 
SANBAT |-Sharp Cutoff Pent. 200_| 180 
180 | -85 
6AQSAt | Beam Pwr. Pent. 0 | <125 
Dual Diode — 100 =! 
BAGS | High-u Triode 20 | —3 
6AQ8 High-u Twin Triode 250 | -2 — = 10 9.7K | 6000 - [- _ 
250 | -16.5 7 250 | 57/10) 352 65K | 2400 345 | 7K’ | 3.2 
SARE cj Eee Aine Ret 70 | 18 [250 | 55/10, 3 | 6k | 2300_[ 32°] _7.6K| 34 
GARB Sheet Beam TV Color Ckts. — Synchronous Detector — Burst Gate 
6ASS Beam Pwr. Amp. ll 5600 358 
GAS6 Sharp Cut-off Pent. 
BASS Diode — Sharp Cut-off Pent. 
GATE Duplex Diode — High-u Triode 
Medium-i Triode 
SATBAL Sharp Cut-off Pent. 
GAUGAt | Sharp Cut-off Pent. 
Medium-y Triode 
SAUBAY Sharp Cut-off Pent. 
BAVE Dual Diode — High-» Triode 
High-~ Triode 
GAWBAT Sharp Cut-off Pent. 
Medium-u Triode 
SAX8 [Sharp Cutoff Pent. 
Medium-u Triode 
GAzB Semiremote Cut-off Pent. 
6BAG Remote Cut-off Pent. 
6BA7 Pentagrid Conv. 
Medium-u Triode 
BBAGAT Sharp Cut-off Pent. 
6BC4 U.h.f. Medium- Triode ‘ 
6BCS Sharp Cut-off Pent. 18 | 0.03 250 ] 180* {| 150 21 
6BC7 Triple Diode Max. diode current per plate = 12 Ma. Max. htr.-cath. volts = 200 
$BC8 Medium-u Dual Triode!® 13 14 150 | 220" — = 10 = 6200 35 
100 | -l 100 5 1B 150K | 2500 = 
6BDE Remote Cut-off Pent. 5.0 0.005 750 100 3 g B00K 7000 = 


TABLE t—MINATURE RECEIVING TUBES -- Continued 
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TABLE I—MINIATURE RECEIVING TUBES —Continued 


Fil. or Capacitances r] 
Heater pe 8 
Type Name Base s 
Vv. | Amp. a Cout 3 
a] 
6DEG Sharp Cut-off Pent. TCM 03 19 
Dissimilar — 0.527 
a wr | 62] oo it 
6D58 Twin Triede em | \. | 18 
6DKE Sharp Cut-off Pent. : 
Dissimilar — 0.34 
SDR? | Dual Triode | sue | [08 | 55] 10 
6DS4 High-» Triode 0135] 4.1 7 
6DS5 Beam Pwr, Amp, 08 95 250] 
“GOTS [Pwr Amp. Pent, "| SHIN | [0.76 | 108 | 
SDTe [Sharp Cut-off Pent. | TEN | P03 [58 Ha 
GOTe | High-y Dual Triode’™ [aE 27 fa 
6DV4 Triode 0,135] 3.7 15 
‘ Beam Pwr. Amp. Ea P12 [4 | 200 
High-y Triode | sux | o70) 22 200 3 
Sharp Cut-off Pent. 3 9.0 200 18 
Medium-y Triode | 70K | 0.225] 2.2 ~ 15 2.0K | 6700 
BEAS i | 250 0.95 | 50K | 8000 = 
ne ca = 2K | 8500 = 
Sharp Cut-off Pent. § . 9 330 4 12 80K | 6400 —- f- = 
6EBS Dual Diode 6BT Max. PIV. 550, Max. D.C. output current 5.5 ma. 
re ut —[-¥0 = es 
Sharp Cut-off Pent. [or [330 = 7 25 7K 25K | — _] = 
EHS | Power Pentode ~~S«YSCST_| 0.65 ty | ms [a TK | _14.6K 1a 
6EH7 | Remote Cut-off Pent, |_| 9AQ | 005 Ho 90 7 45 | 12 500K 12.5K = 
BEHB Triode we | 18 _ = 13.5 = 7500 | 40 | — 
Pentagrid Conv. 0,02 12 TK 76000 7 — | = 
bE) Sharp Cut-off Pent. 9AQ 005 } 200 47 10 350K 1K | — = 
BERS TFN 0.38 a 0 10 8K 10.5K | 80 = 
GESS TFP 05 200 — 10 8K | 9000 15 = 
GEE Dual Triode SDE T9730] = [15 = 125K | 34 = 
seu? Twin Triode EG 15 100 05 | 80K | 1250 = 
CEUs pF OF | 0.02 | 150 18 5K | 8500 | 40 = 
Pentode 17 125 12 ao | — | = 
GEVS | Sharp Cut-off Tet, | EW 0.035 [250] Pe ee ee 
co [ee Hel ps fet TT Te aston off 
Triode tiodes No. 2 & 3 
GFGS | Pentode CGA a ee ee ee 
seer {Tod ca a a a 
Pentode Ca Oe ee 
SFH | TEP | (06 [sf =r f — P =P [seo 000 
oFMe |=— Max. a.c, voltage = 200. Max. d.c. output current — 5 ima. 
; 300 -3 = 1 58K 70 {| — _ 
BFQSAY [135 | = 5500 | 60 | — = 
OFS5 135 240K = = 
GFVE a 80 100K — = 
event enade———————| | 30 5 200K =f = 
GFW8 Medium-y Twin Triode | SA) | 34 100 = 3] — -_ 
OFYS | Tetrode TFN] a7 135 r— | 7 [— | — 
6605 __| Pwr. Pent. 70 110 | —75 | 50 — |e [21 
6s Triode 2 34 HY -1 pe 4 | — = 
Pentode 8 | 24 -l [13 | 150K = ][- = 
GKS | High-» trode iFP | 3.55 is | | ee 
6GM6 Pentode 10 — = _ - 
pane [High-u Triode sox | =2 = a 
Sharp Cut-off Pent. Pit. | 42 | | — | = = 
6GS8 Twin Pentode a Eee 67.5 = = 
6GU5 Beam Pent. 7 3.2 135 = = 
High-« Triode = = = = ia 
me Pentode | — | = = 
raw Tek == 
Gaws | V.nf. Triode = 
SGzZ5 5 | 38 = 1 
Sharp Cut-off Pent. 5. 3.4 = = 
SHE? Medium-y Triode _ 3 70 = 
High-z Triode 2. 26 70 = 
GHGS Pwr. Amp. Pent. 7BZ eae = 45 
BHKS | Triode 76M r 44 [26 _| % = 
BHME] | High-u Triode 76M | 43 | 29 | 80 = 
HOS | Sharp Cut-off Triode | 7GM I P50 735 | 18 = 
BHS6 | Sharp Cut-off Pent. [| 7BK | = rea = 
ra ne 3B] Os wf = 
Sharp Cut-off Pent. 12 5 -— |[- = 
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Fil. or Capacitances a on a 
: 4 ; Heater pf. — 3 3 E 
pe jame jase = s = t < 
: lew acale z 2! 8. | 2,| 2, | 2S |eél eq [#2 
mp.) Cin | Cour | Cor | $3| 8f| 22) 22 | €2 | 2a) 82 | 58 
6)4 Grounded-Grid Triode 7BQ 63 | 04 75 3.9 0.12 15 _ = 
Medium-, A, Amp.!° 85 = = 
SAT | dual Triode Mixer | "BF 16 18 Osc. peak voltage = 3V 
GIC6A Sharp Cut-off Pent. 9PM — —~ 
Med.-u Triode = — 
aca Sharp Cut-off Pent. SPA — — 
6)K8 Dual V.h.f. Triode 9A) — — 
Sharp Cut-off Pent, I = = 
5KOS [Medium-» Triode ane 125 7a 
. Medium-u Triode 13 125 — - 
SKE T-Sharp Cut-off Pent aDe ors | 125 = 
Sharp Cut-off Pent, I 
GKRS Medium-» Triode ea 
6KT6 Remote Cut-off Pent. 
High-z Triode 
oKTs Sharp Cut-off Pent. 
6KY6 Sharp Cut-off Pent. 
Sharp Cut-off Pent. 
8K28 FE Medium-y Triode 
Sharp Cut-off Pent. 
6LIe Medium-» Triode 
High-u« Triode 
sya Sharp Cut-off Pent. 
6S4A Medium-u Triode 
6T4 U.N. Triode 
GTSAL Triple Diode-High-» Triode 
Medium- Triode 2.5 0.4 : 
SUGAT |--Sharp Cut-off Pent, 3] 
Medium-» Triode . 0.5 14 
SXBAL Sharp Cut-off Pent. 3 | o 3} 07] 0.05 
A; Amp. 
12AB5 Beam Pwr. Amp. AB, Amp? 07 
12AC6 Remote Cut-off Pent. 0,005 
T2AD6 | Pentagrid Conv. | 7cH | 703 | 
12AE6A | Dual Diode — Medium-, Triode (2. | 
T2AE7 | Low-u Dissimilar [39] 
Double Triode 134 | 
Taare | Rf. Pent. | 7BK | 0,006 
12A)6 Dual Diode —High-u Triode | 7BT | }2. | 
12AL8 | Medium-1 Triode 
Tetrode 
5K A 
12AQ5 Beam Pwr, Amp. . . 5 0.35 BOK] 37501 70° | 10K* 110 
ji A 15! 15K 4000 60 ~ =~ 
12aT? High-» Dual Triode!? Te 109K T $500 0 |= = 
7 ; 1.67 118 625K] 3100 19.5] — = 
12AU7A | Medium-y Dual Triode!? 15 — 105 TIK 1 2200 7 1 = 
; , 1,97 _ 9 6.1K { 6100 37 = = 
T2AV7 Medium-j Dual Triode!® 19° = ie 4.8K | 8500 I — = 
12AW6 Sharp Cut-off Pent. 0.025 2 7 800K 5000 42 - = 
12AXTA High-x A, Amp."® lt = 12 62,5K | 1600 100 _— = 
Dual Triode Class B 178 402 145 | 16K® | 7.5 
1RAYT Medium-4 A, Amp. 13 _ 3 ~ 1750 40 { —~ =— 
‘ Dual Triode!? Low-Level Amp. ° Plate resistor = 20K. Grid resistor = 0.1 meg. V.G, = 12.5 
. ‘ 19? 15K 4000 60 = = 
12AZ7At | High-~ Dual Triode!? 198 10oK T5500 60 = as 
12B4At | Low-, Triode 48 1.03K¢ 6300 6.5]. — - 
7 
12BHTAL| Medium-u Dual Triode!® a 53k } 3100 | iss] — | — 
12BL6 Sharp Cut-off Pent. 0.006 500K 1350 = = = 
7 A ‘i 15K 4000 60 = = 
12BR7A{] Dual Diode — Medium-y Triode 19 T0.9K | 5500 0 |= = 
12BV7 Sharp Cut-off Pent. 0.055 90K 12K | 1100 | — | - 
12BX6 Pentode 0.007 550K 7100 = 
J2BY7At| Sharp Cut-off Pent. 0,055 90K 12K — 
a R OFF | 257 
12BZ7 High-z Dual Triode!® Ose T Oe 31.8K ; 3200 100 - 
T20N5 Pentode = 0.25 40K | 3800 = = 
12078 Medium-» Triode O19 | 22 - 8.2K | 4400 0 =— 
Sharp Cut-off Pent. 24 0.044 150K 7000 = = 
120 X6 Sharp Cut-off Pent. 6.2 0.05 40K =_ ~ 
12DE8 Diode —- Remote Cut-off Pent. 57 0.006 300K -— [- = 
120K7 Dual Diode — Tetrode = = 4K - 3.5K | 0.01 
120U8 | Dual Diode — Tetrode 13 = 480 72[ — = 
12DM7 | Twin Triode 0.39 | 17 80K 100 | — _ 
12007 Beam Pwr. Pent. 3.8 0.1 53K —f{- _ 
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Fil. or Capacitances a os a 
Heater pf. > —E | gs — 
Type Name Base = 5 H 6 g& % 6 3 
22| ee] 22] 2.) 2.1] 24 1 88) $8) ea] fe 
vj Amp. en | Cour | Coo | 23) Go | dS| de| ee| 22 | £3 | Es) $2] $3 
Dual Diode Max. a.c. voltage = 16, Max. d.c. output current = 5 ma. 
12087 | Pwr, Tetrode sae (ec aa a — | 616 | 0 | 40 TK | _72] 800] 04 
12D16 Pentode JEN | 12.6 | 0.15 — _ —4.5 | 100 2.1 il 150K - =~ Ss 
High-, 12.6 | 0.15 16 0.46 
12077 | dual Triode $4 63 [03 | 16] 038 Berge (Sra mame eee sat (se Weal (a Pee 
12007 Dual Diode Max, average diode current = 10 ma, 
Tetrode = [te [is [2 TK [eo [— [aK 
1207 Dual Diode Max. average diode current = 10 ma. 
Triode 0.38 = = = 04 19K 750 14 = - 
12D V8 Dual Diode — Tetrode 1.0 18* 6.82 7.6 | 1250 005 
z -2 _ _ 1.2 62.5K | 1600 100 — = 
12DW7 Double Triode —§5 = = 05 77K | 2300 7 = = 
Diode 197 — 2700 95] — = 
"DWE | pissimilar Dual Triode 0 Te] | 6500} 64] 
12DY8 Sharp Cut-off Triode 0 — = 1,2 10K 2000 20 = = 
Tetrode — 126{ 2 14 5K 6000 _ = = 
12026 Pwr. Amp. Pent. = 126] 22 452 | 25K | 3800 —{[- = 
T2EA6 R.F. Pent. 34 12.6} 1.4 3.22 32K 3800 _ _ Ss 
1268 Medium- Triode —22 _ _ 24 6K 4700 25 _ _ 
Peni. —16 12,6, — 0.66 | 750K 2000 = _ _ 
12ED5{ | Pwr. Amp. Pent. —4,5 { 150 il 362 14K 8500 = — 1.5 
12EG6 Dual Control Heptode = 12.6) 2.4 0.4 150K 800 —|— = 
T2EK8 Rf. Pent, 40 12.6] 2 44 40K 4200 _ = _ 
T2EL6 Dual Diode -- High-u Triode 0 _ — 0.75 45K 1200 55 = _ 
12EM6 Diode — Tetrode 0 12.6] 1 6 4K 5000 - - ~ 
12F8 Dual Diode — Remote 
Cut-off Pent, 0.38 1 333K 1000 ~ _ - 
12FK6 Dual Diode — Low-y Triode - 13 6.2K | 1200 7TAy — _ 
12FM6 Dual Diode — Med.- Triode _ 18 5.6K | 2400 13.5] —~ _ 
12Fa8 Twin Double Plate Triode =- 1b 76K 1250 95 = = 
12FRB Pentode 0.7 19 400K 2700 = — a. 
Triode ~- Diode _ 1.0 =- 1200 10 | — - 
12FT6 Dual Diode -- Triode = 2 7.6K | 1900 mB | — = 
12FX5 Beam Pwr, Pent. (12 f 3 [= = — [30K] 137 
1m Sean a en a eo a 
Heptode | — {13 | 500K [ —" fT -- TT - 
T2GA6 [0.80 {0.30 | Tmeg. [40 — [= T= 
om ee eon 
128 {15 [12s [6K [5500 — [27K] 0.02 
12K5 | gore | 8 {800 | 7000 [5.6] 800 0.035 
12R5t Beam Pwr. Pent. 1tV | 3.3 | 40° [7 13K [7000 | ~ [— f — 
1207 Dual Medium-u Triode?? = 1 12.5K | 1600 0 | -— = 
I8FWEAT} Remote Cut-off Pent, 4] i 250K | 4400 — | - = 
18FX6At] Oual Control Heptode = 23 | 400K ~ — |—- = 
18FY6A}{ High-» Triode — Diode = 0.6 77K 1300 100 = = 
25F5 Beam Pwr. Pent. 3/7_{ 36/37 16K 5800 = 20K | 12 
32ETS Beam Pwr. Pent. = = 21.9K | 5900 = 28K | 1.2 
34G05 | Beam Pwr. Pent. 3 35 13K | $700 ~ 25K | 14 
35B5 Beam Pwr. Amp. 3/7 412 = 5800 405 2.5K | 1.5 
50B5 Beam Pwr. Amp. 478.5 | 502 14K 7500 496 2.5K [19 
SOF KS Pwr, Pent. 12 32 14K 128K] — 3K 12 
1218A U.h.f. Triode = 1g = 10,75K 55 = — 
5686 Beam Pwr. Pent. EY 27 45K | 3100 = 9K 27 
8687 | Medium-y: Dual Triode!® Ss ree beeen perce ca a cee 
5722 Noise Generating Diode 35 
BME! High-w Triode 0.55 — | 2% ek} 2K | af — | — 
5878 Sharp Cut-off Pent. 9AD 24 0.15 250 =3 100 0.4 18 | 2meg, | 1000 =- = = 
$386 Medium-» Dual Triode!® gC) ql 12 100 200* = = 9.6 4.25K | 4000 7 =- = 
6887 Dual Diode 88T Max. peak inverse plate voltage = 360 V. Max. d.c. plate current each diode = 10 ma. 
6973 Pwr, Pentode 9EU 6 0.4 73K 4800 = =- 
TI89A Pwr. Pentode gcy . 6.5 0.5 40K H.3K = 
Sharp Cut-off 24 04 170K | 7800 = 
7250 | Medium-« Trode ie 026 f 15 LIK | 4500 = 
7586 Medium-y-Triode 12AQ 16 22 3000 11.5K = 
1587 Sharp Cut-off Tet. 12AS 14 0.01 200K 10.5K = 
7895 High-u Triode 12AQ l7 0.9 6800 9400 _ 
8056 Medium-y Triode 12AQ i7 21 1.6K | 8000 _ 
8058 High-u Triode 12¢T 0.046] 13 = 10K = 
8393 Medium-» Triode 12A0 Li 24 3000 115K = 
8628 High- Triode 12AQ 3.4 17 41K 3100 7K = 
8677 Power Triode 120T 12 - 3K | 5400 14 
9001 Sharp Cut-off Pent. 7BD 3 0.01 Imeg. | 1400 = 
9002 U.b.f. Triode 7BS Ll 14 114K | 2200 = 
9003 Remote Cut-off Pent. 7BD 3 0.1 5 i 700K 1800 = 
9006 ULb.f. Diode 6BH Max. a.c. voltage = 270, Max. dic. output current = 5 ma. 


} Centrolled heater warm-up characteristic, 

Q Oscillator gridteak or screen-dropping resistor ohms. 
* Cathode resistor ohms. 
** Space-charge grid. 


t Per Plate. 

2 Maximum-signal current for full-power output. 
3 Values are for two tubes in push-pull. 

‘ Unless otherwise noted. 


5 No signal plate ma. 

6 Effective plate-to-plate. 
7 Triode No. 1. 

®Triode No. 2. 


5 Oscillator grid current ma. 
40 Values for each section. 

1 Micromhos. 

12 Through 33K. 


V21 TABLE 11—METAL RECEIVING TUBES 
Characteristics given in this table apply to all tubes having type numbers shown, including 
metal tubes, glass tubes with “G” suffix, and bantam tubes with “GT” suffix. ’ 
Fer “G" and “GT’-tubes not listed (not having metal counterparts), see Tables Ill, V, Vi and Vill. 


a rT oo 
jaa | ose | ila|i 
Type Name 22 2 ge 3? 
Cot 22/33 gg | 5S ai lg 
aa | GH ad | es 3 x 
baa Pentagrid Conv fu [estos [- |] - | - - trrmescoc eae cs ae ee 
’ : Epp (Osc.) 250 V. through 20K. Grid resistor (Osc.) 50K. Ip = 4 ma. ta = 0.4 ma. 
Gg [owmceorrm [mw [os [own | [ow Here eee type tet =} — t= 
1952 1 300_[ 180+ | Goxt] 2.5 [10 TP meg [ 9000 [O— 
AGT [ PwrAmp. Pent | BY =f 63 065 [13 [7.5 [006 [300 [ -3 | 150 | 7/9 {30/31 [130K | KT — [10K 3 
6e8 | Dual-Diode—Pent, | | @€ | 63 [03 [ 6 [ 9 [0005 [250 [| -3 [125 | 23 | 10 [600K | 1325 
Ay Amp. p250 [20 | agey — 31/34 | 26K [2600 [68 [4K | 0.8 
mene [350 | 730° [ise — ste | ron] 
ee Ee ee ee ee 
OFS Pwr. Amp. Pent. 07 0.2 [250 [165 [250 J 6/11 [34/36 80K [2600 | TK 32 
| 205 [-20 [285 7/13 [ 38/40 [78K {2500 | — TK 48 
AB, Amp. 1375 [-26 | 250 | 5/20 f 34e2 | 82 ow 185 
2 Amp. 1 375 | 340" [250 8/18 [4/77 | aT KT 9 
WS | Medium-.Trode —s—(i—*—‘iC | = 63 [OS | 34 [36 [347 [20 | 3 | — Po — foo | 7m | 200 | a 
a Sharp Cut-- Ay Amp. fos | 7 fie [ome FR ee me te = 
off Pent. Biased Detector [250 | 1oK*{ 100 | Zero signal cathode current = 0.43 ma. 0.5 meg. 
ma Variable-4 Rf Amp. fos [7 [x [os Pett ef es | eet = 
Pent. Mixer (250 [-10" [100 J Ose. peak volts 7 [| 
Ke Triode — Hexode Pe ee {ode = 
Hexode Conv, Triode fioo [ soK#[ — | — [38 TT ty (sc.) = 0.15 ma. 
A, Amp2.§ j250 [-20 0 arey oa TK [a0 8K 4 
Self Bias | 300_ | 218* 3/46 | 51/55 | | i270]; 45K [65 
Ay Amp. ESR Dee 
Fixed Bias (350_[-i8 [250 25/7 | 54/66 [33K] 5200 | ee aK [108 
A, Amp | 260 [ t25* 250 [10/15 [120/130 — S66 TSK? 13.8 
. Self Bias 270 7 125* 7 270 [il/i7 frais] — TT 82 KT 185 
ateee Ay Amps ate ae a pa ae ee 45 
Fixed Bias =W75 | 270 | Ti/i7 7134/155 57005 | 353 [5K | 175 
1 360_| 270" [270 [5/17 [8b/100 [ae OK? 2s 
AB, Amp* 360-225 [2707] 5/il_[ee/io fa an | 8 
Fixed Bias | 360 [22.5 | 270 [5/15 [ee/ise a 66K? 65 
AB, Amp. | 360 [-18 {205 3.6/1 [78/2 eK 
Fixed Bias 360 [-225 | 270 | 5/16 [88/205 [ —  [ — et 3K? 4 
guy | Pentagrid — AL Amp. fsa [os | P= ee ook Toe [=a 
Mixer Amp. ixer 250. | -6 {150 | 92 [33 [imeg, [350 [-15" | — TT 
awrer | sass8 mete [ole |—-|-|- Bee te 
Twin Triode Ay Amp. p20 | -5 | — fT — 6 isk [si fT — 
07 | Dual Diode—High-n triode [TWF [63 [Os [5 [38 [ia a0 | 3 [ — [ — fot [sek | 1200 7 — 
RT| Dual Diode—Triode FTW? OT 63 POS | 48 [3a [24 [250 [ -9 | — | — | 95 | 85K | 1900 | 16 | 10K | 028 
BSATGT | PentagridConv. sf OR? G3 POS f 95 | 12 Tots [250 | oO | 100 | 8 | 34 [800K | Grid No. 1 resistor 20K. 
yoo fT -1 | 100 [192 | 36 | 50K | 90 T — | — | 
8SB7¥ | Pentagrid Conv. (250 | -i [100 [10] 38 [imeg [ 90 7 — [| — [= 
[250 | 22K] 12K*} 12/13 [6.8/6.5 | Osc. Section in 88—108 Mc. Service, 
6SC7 | High-y Dual trode’ sd BSC BS OS Tz 3 2 mo Te eK ae 
OSF5__[High-w trode SC*CGAB CVG OR 4 36 [24 [0 | 2 f — fT — | 09 | 66K [1500 100] 
OSF7__{ Diode —Variable-y Pent. | 7AZ_ 63 [03 [55 [ 6 | 0004 [250 | -1 [100 [33°] tea [ook 2050 | - fT — | 
sa7_ Wf Amp. Pent dT BK 63 [03 | 85 [7 [0.003 [250] -25 | 150 [34 [92 Pimeg | 4000 | — [ — fT — 
SSHT } EE Ap Pent Pes ett tree tie pt = 
BSIF [Sharp Cut-off Pent, CT ON P63 03 [| 6 Ot 7 0005 [250 | -3 [100 [08 3 T imeg | 1650 | — [| — [| = 
GSKT | Variable-u Pent. | ON 63 [03 [ 6 | 7 [000s [20 | -3 [100 [26 | 92 [woo [200 | — [> — = 
GSO7GT | Oval Diode—High-u Triode | BO 63 [03 [32 7 3 Fé [aso ft -2 fp — ff oo Pik [00 [100 | — 
GSR7 | Dual Diode—Triode | BQ TS TOS [36 [28 p24 [eb | 9 | — 7 — J] 95 [85K | 190 | i | — | — 
| 180 [| —85 | 180- | 3/4 _[ 29/30 | 50K [3700 Bote TSK 2 
| 260 | 12.5 [250] 45/7 | 45/47 TSK T4100 tastey SK 45 
BYGGTA | Beam Pwr. Amp. [315 [13] 25 2.276 [ass [OK | 3750_[ ie TK J 55 
Pra [aso [15 250 T5713 [70/79 [0K | 375030" | TORT [10 
ene 285 [19 “| 285 | 4/135 | 76/92 | 70K | 3600 [3B eK? 14 
1620 | Sharp Cut-off Pent. CT RL 63 P03 [7 | 2 [0.005 [250 | -3 | 100 [O52 | imeg | 1225 [ — | ~ | — 
5693 | Sharp Cut-off Pent. ——sdT ON [63 | 03 [53 [62 | 0005 [20 | -3 [100 | O85 [ 3 | imeg [ 1650 [| — | — | = 
* Cathode resistor-chms. 4 Also type 6SJ7Y. 4 Osc. grid leak — Scrn. res. 32 Micromhos. 
1 Screen tied to plate. - 5 Values are for single tube or section. *Values for two units, 13 Unless otherwise noted. 
2No connection to Pin No. 1 for 6L6G, 6Q7G, 6RGT/G, § Values are for two tubes in push-pull. 10 Peak a.f. grid voltage. 144, voltage. ; 
6S7G, 6SA7GT/G and 6SF5-GT. 7 Plate-to-plate value. 31 Peak a.f. G-G voltage, 45 Units connected in paraltel. 


3 Grid bias = 2 volts if separate oscillator excitation is used. 


TABLE Ill—6.3-VOLT GLASS TUBES WITH OCTAL BASES V22 
(For “G" and “GT"-type tubes not listed here, se0 equivalent type in Tables Il and VIII; characteristics and connections will be similar) 


Sreenee = z ep t 
Type > S| §2] 6 143 
£8| ve 2, ef | 4 vw, | £8 
as| cs ss | €3 =| 88 |£8 
aa| oa zé | £3 | &s & |36 
0 


4 
| Se | ome | 
28 Cour | Cy 
23 it P 
i uter edge of any of the three illuminated areas displaced 4g in. min. outward with +5 
all | tte. Ray nazar | — | ecw | 63 | ous] — | - | — | vets 4 lec, Silay kiward lp. wih 5 won No patorn Nth 6 vows.’ 
woor See [fw fete [uta] stm ls [|] fu [fn | | 
GARG [Beam Pent [| — | BBG {63 | 12 [i [7 [055 [250 | -225 [ 250 7 5 | = 
Dual Diode — 
wer | Ba me [efor f [os fom lan fs fo fal fh : 
won [stag | [wo fos [as [os anos [mw [aw | — | — [i | : 
GAUSGT | Beam Pwr. Amp? [10 | eck [63 [125 | lis fo 7 [05 fis [-20 [175 | 68 fF 60 | = 
GAVSGA [Beam Pwr. Amp3 [eck [63 [12 [4 7 [057 | 20 [225 | iso [2 fo = 
GBGGGA | Beam Pwr. Amp.? a [ser [63 [09 [i | 6 Tog | 20 [is [ao a = 
GBLIGTA | Medium-y Dual Triode! | — | e8D_ [63 [15 [ ae] oo [6 [a0 | -9 | — [7 4a | = 
Be oer fu fon feta [is [7 [oe [oo [-asf@ [a | : 
SBX7GT j Goat ee etc aes | -~ |= | #2 = 
GCBSA [Beam Pwr. Amp? [26 [seb | 63 | 25 | [04] 175 75 | 6 [| 9 = 
GCDGA | Beam Pwr Amp? | 20 | set [63 | 25 [2 [95 Posy is [30 [is [55 [75 [7.2K | = 
CK4  [Low-wTriode | — | B63 [25] 8 1k Pee 50 [-26 | — [| = 
BCLS | Beam Pwr Amp? | 25 | eGD [63 [25 [20 | ns [or | 1% | -40 | 1% = 
cu Beam Pwr. Amps | il | GAM [63 [12 [15 [7 085 | 260 | ~225 | 150 | 21 = 
peeaT | Beam Pwr.Amp. | — [7s [63 [12 — | — fF — TV 200 | aoe [25 kh fa? eK 38 
GONG | Beam Pwr. Pent? [5 | sey [63 [25 | 22 [is pos] 25 [18 [125 | 63 [70 [aK = 
son | Dissimilar — [ao [sa [oo Pee te = 
Dual Triode 46 [17 55 | 550 | -95 | — [ — Te Tk = 
6bQ5 Beam Pwr. Amp.? aye [63 [25 [3 [i fos fis [-25 [a5 5 oT = 
D058 | Beam Pwr. Amp’ | 18 | AM [63 [12 [15 [77 [055 [250 [-225 | 150 [24 [75 | 20K | = 
eoz7 | Twin Pwr. Penti 32 pes ise Pin 8 06 | 300 120" 260 0 = 12 
GES | lectos fay —Trede jf ORF 8S 03 ft te] = = = 
we [Bane | — | #90 [68 [0s Fe Pe t= stm = 
Dual Triode [13 [8 | 550 [-25 [| 95 710 5 = 
GEF6 [Beam Pwr. Amer [ — [7s [63 [os [us [9 [08 [a0 [-i8 [20 | 2 oT 00 PT 
GEX6 [| Beam Pwr Amps | 22 | SBT [63 | 225 | 2 | 85 [7 ii | 75 [-30 [1% [33 [67 [85K | 700 | — To — | ~ 
GEYe {Beam Pwr. Pent. [| — [vac | 63 | 068 | 85 [77 | 07 "1360 [-175 [300 [3 [44 | OKT 4400 PP 
bEz5 | Beam Pwr. Pent. | — [vac | 63 [08 | 9 [7 [06 | 350 [-20 [300 [35 (as [OK | a0 
GFHE | Beam Pwr. Pent. [| — [6AM | 63 [i233 [8 [04 [770 [-225 | 220 | 7 [75 | aK | e000 TT 
BGWE | Beam Power Amp? | 175] GAM [63 [iz [17 [7 [os [ao [-225 | 50 [21 [70 | tsK | 700 [ — f — [ — 
GKEGT | "Pwr. Amp. Pent." [ — [7s [63 [oa [55 [ 6 [05 [35 [-21 [250 [4/9 [2/28 | ok’ | 2100 | — [9K 45 
GS8GT | Triple-Diode—Triode ["— [scp [63 [03 | 12] 5 [2 [20 [-2 [ — | — [ok 00 Tio 
SD7GT | Semi-Remote Pent. [ — [en [63 [037 |" 9 [7.5 | 0.0035 | 250 | —2 [125 3 [9.5 [700K | 4250 | | | 
BSL7GT | High-u Dual triode! [| — [BD | 63 [03° | 34 [38 [28 | 20 | 2 — | = [23 [aK | 1600 | 70 | ~~ | 
GSN7GTB| Medium-» Dual Triodet | — [ oBD [63 [06 [| 3 [12 [4 [a0 [ef —  — | gk | 2600 | 0 
gweaT | Beam Pwr Amp. | —" [7s 63 [712 is [9 05 [200 | or | 12s | 27a | 46/47 | 2ak [| g000 | — | 4K _ | 38 
BY6GA | Beam Pwr. Amp. is [63 Pras st for [200 fia 135 | 2.2/9 | 61/66 183K | 7100 | — | 26k | 6 
1635 High-u Dual Triode Se [| — | ike | 10.4 
6550 Power Pentode He Hee ett te fie | 27K | 9000 p+ 20 
TO27A_ | Beam Pwr. Amp. [ — | BY {63 [09 | 10 | 75 [15 | 450 | -30 | 350 | 192 —__| 6000 |_ 6K? | 50 
7sa1_ [Beam Pwr Amp. | 9 [eka [63 [08 [10 [5 [025 [aso [ 200r [400 [a te fT — [ — [ — | | 
* Cathode resistor-ohms. ? Plate-to-plate value. 3 Horz. Deflection Amp, “ Micromhos. 
-? Per section. 5 Vert. Deflection Amp. 
TABLE {V—6.3-VOLT LOCK-IN-BASE TUBES 
For other lock-in-base types see Tables V, Vi, and Vil 
#8 
=6 
wt 


| Octode Conv. U3 [OS | 75 | 9 [015 | 250 | 
[Remote Cut-off Pent. | V6.3 [OS | 7 | 65 [0.005 [ 250 | 250" | 250 | 1.9 [68 | 
| Sharp Cut-of Pent, _— [| V__— 6.3 

[Sharp Cut-off Pent. | eV [6.3 [015 | 55 | 65 [0.007 | 100 

| Dual Diode—Pent. | OE 63 [O03 | 46 [55 | | 7.5 _| 
[| Medium-» Dual Tride? [BW 16.3 [03 [ 28 | 14 [12 [250 | soo | — | 

|_Dual Diode—High-w Triode” [| @BF_ [63 [03 [24 [ 20 17 


* Cathode resistor-ohms. 1 Through 20K resistor. ? Each section. 3 Micromhos. 


V23 TABLE V—1.5-VOLT FILAMENT BATTERY TUBES 


Type oe r] % 
ag By | 22 

Fa S2 | 6 

Pentagrid Conv. ~ Epp ANOde-grid = 90 Volts. 

TH5GT — | Diode High-» Triode 275 65 = = 
1ENS Sharp Cut-off Pent. 800 = = = 
INSGT R4. Pentode 7 aE = = 
3E6 Sharp Cut-off Pent. 1700 —¢ a, an 


1 Centei-tap filament permits 1.4 volt operation. ? Micromhos 


TABLE VI--SPECIAL RECEIVING TUBES 


Fil. or Capacitances 


or £ ten £ 
aa Heater pf. > £2 
{ 2s ‘> & ge: 7 = 35 
Type Name a's 26 2 38 as 3° 22 
22 Co | S35 23 £5 Es 83s os 
ra aa an Bs <u ae zo 
GAVII Triple Triode = 12 250 7.7K 2200 V = 
6BI0 Dual Triode 250 7.2K 2500 18 _ 
: Dual Diode 3 Diode current for continuous operation == 5 ma, 
8C10 Triple Triode — ~ 12 | 625K _ 
§D10 Triple Triode = 42 | 13.6K _ 
Dissimilar = 5.5 8.75K = 
SEW? | Dual Triode | = 
6F4 Acorn Triode = = 
Dissimilar - = 
ora Dual Triode = = 
6GE5 Beam Pwr. Pent. = 


6GJ5 Beam Pwr. Pent. 1 
86T5 Beam Pwr. Pent. . 
SHBS Beam Pwr. Pent. 


=) 
nn 


SHES 
git 
BBG 17.5 
GEG 
SJEGA 


6Ki1 


in 


800 
Z9K 
9K 

15K 
y 1sK | 
| 1K | 
| 5.6K | 
| 200K | 
| 15K | 
| 5.5K _| 


ase, SF 


Pylyali yl yl 


6KD6 Beam Pwr. Pent. 
6JF6 Beam Pwr. Pent. 
6KMG Beam Power Amp. 
6L4 Acorn Triode 
Twin Triode 
sm Pentode = 
Triple — 
el Triode — 
TES/1201 | _H.f. Triode = - 
12655 Beam Pwr, Pent. 150 oe 
954 Detector Amp. — A, Amp 100 = 
Pentode (Acorn) Detector 100 250K = 
955 Medium-y Triode (Acorn) | — = - 
Remote Cut-off A, Amp 100 = 
$6 Pent. (Acorn) = Mixer | 5BB | 63 34 100 = 
958A Medium- Triode (Acorn) 5BD | 1.25 06 | 08 2.6 -15 | — = —_ 
959 Sharp Cut-off Pent. (Acorn) — | 5BE 1,25 18 | 25 0.015 -3 67.5} 04 17 | 800K 600 as! = 
6173 U.h.f. “Pencil” Diode = 6.3 | 0.135 Plate to K = 1.1 Peak inverse —375 Volts. Peak |, —50 Ma. Max. d.c. output —5.5 ma, = 
1077” | Ceramic U.hf. Triode 63 | 024 | 19 | Oo1] 10 J 20] -5 [ — [ — 64 7 89K [ 00 T — [ — = 
7360 Beam Deflection 6.3 | 0.35 ~ — Sj For Practical Circuits See Chap. i1 
7685 Beam Pwr, Pent. 16 | 9PX {50 | 015 | i@ | os { 140 | 100 [ MoT i [10 7 — = — fio 45 
7868 Pwr. Pent. 19 | 9NZ 6.3 | 08 ll 44 } 0.15 300 | -10 300 [| 15 [78 29K 10.2K = 3K i 


* Cathode resistor-ohms 1 Micromhos. 


V24 


Tube, 


TABLE VII--CONTROL AND REGULATOR TUBES 


Base | Fit. or Heater | Anas rtrd oie ps Grid Voltags 
Tine | Veits | Amp. | Voltage Voltage Voltage Ma’ Resistor Drop 
Eman fw fe [-[-[-|-|*]>s [ss | - | - 
OABA/VRIS | Voltage Regulator cod [ ~~ fT = TP = fT To 
OAMG Gas Triode Cold | - | - | With 105~120-volt a.c. anode supply, peak starter-anode a.c. voltage is 70 
1267 Starter-Anode Type peak rf. voltage 55. Peak dic. ma = 100. Average d.c. ma = 25, 
ons Gas Pentode [ Fig. 18 |] Cold | — {| — | Plate —750 V., Screen —90 V., Grid +3 V., Pulse —85 V. 
B [ven te fo | -[-[-[-;e fof | 
0B3/¥R90_| Voltage Regulator Cold Sa a ee ee 
0¢2 Voltage Regulator | SBO {Cold Pa 
OC3A/VRI05| Voltage Regulator | aay Cold Pe a oso 
OD3A/VR150| Voltage Regulator | 4ar Gold oo 
221 Grid-Controlled Rectifier a ee eee 8 
Relay Tube | 400 PO = Toe 
eA Control Tube SAY | tm fa | 025 | Ep = 350; Grid volts Pieieeaar = 25; Peak Ma. = 100; 
9061 Voltage Regulator EL a eC OC 
eine 300 | 2 = 
me | ceric | oa |e [ee | 06 apf = i 
967 Grid-fontrolted Rectifier [| 3G@_ | Fil, ~— {25 | 50 T2500 500 te 
1265 | Voltage Regulator | ANN | Cold fT ee a ee a 
1266 Voltage Regulator a A = = 
1267 | RelayTube | WV | | — Characteristics same as OA4G 
2050 Grid-Controlled Rectifier Ht. [63 | 06 UT 650 500 a ee 
565i Voltage Regulator 580 Cid | — | oe = Tig 7 | 1535 | -— [  — 
5662 [_Thyratron—Fuse | Fig. 79 Htr, fT Ty, to fuse — 150 Amp., 60 cycle, half-wave 50V. 
5096 [Relay Service | BN OTOH. 63S ST 5008 100 ma, peak current; 25-ma. average. 
5727 Gas Thyratron | Ht. of 63 [06 P60 = 
5023 Relay or Trigger [ Cld [| ~—~ | — | Max. peak inv, volts = 200; Peak Ma. = 100; Avg. Ma. = 25. 
5962 Voltage Regulator [cold [Ts 
5008 Series Regulator [ sept 6s oe 10 
6308 [Voltage Reguiator S| BEX | Cold Ps aT 
6336A Twin Triode Series-Regutator] SBD | Ht. | 63 | 50 | Ep = 400; Ip 400 ma.; Grid volts = - 300 [ 
6354 Voltage Regulator [Fig 12 [Cold 0 
KY21 Grid-Controlied Rectifier [| — "fF, 25 ao 
RKGT Radio-Controlled Relay Fi, fa 005 a as es 80 
1No base. Tinned wire leads. 3 Peak inverse voltage. 5 Values in microamperes, 
2 At 1000 anode voits. 4 Megohms, 5 Cathode resistor-ohms, 


1K3/133 


2¥2 


TABLE Villi— RECTIFIERS —RECEIVING AND TRANSMITTING 
See Also Table Vil—Controls and Regulator Tubes 


pte a 


Cold 


Full-Wave Rectifier 
Half-Wave Rectifier 
Half-Wave Rectifier 
Half-Wave Rectifier 


222/G84 


Half-Wave Rectifier 
Half-Wave Rectifier 
5 i 


Half-Wave Rectifier 

Half-Wave Rectifier 

Half-Wave Rectifier 
=! i i 


Half-Wave Rectifier 


Futl-Wave Rectifier 


Futl-Wave Rectifier 
Full-Wave Rectifier 


Full-Wave Rectifier 
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TABLE Vili—RECTIFIERS—RECEIVING AND TRANSMITTING — Continued 
See Also Table Vil—Controls and Regulator Tubes 


: 


Fil, or Heater he output inverse 
Type vous Amp. Voltage Current Peak Type 
Per Piate Ma. Voltage 
Sf, [wee |e [a | «|» {e+e mm [ow | 
5uda | Full-Wave Rectifier | sv {SFL OT. Same as Type 523 HV 
; RE ee 
SU4GA ___ Full-Wave Rectifier 5T Fil. ee pom HV 
ee ee ee 
SU4GB ' a 
SASAA Full-Wave Rectifier a HV 
Se 
“5VAGA [Fao Reiger fe a HV 
5x4G Fuil-Wave Rectifier [50 | fi. jf 50 |] 30° | Same as Type 523 HV 
5yY3-@-GT | Full-Wave Rectifier | oy | Fil [5020 Same as Type 80 nV 
5YeG-GT |  Full-WaveRectiner [SQ [Fil] 5.02 Same as Type 80 HV 
523 [ Full-Wave Rectifier | 4 | Fi, | 90 | 30 | SO [20 400 
524 | Full-Wave Rectifier | oe | Ht, | 50 | 20 {ao [ia Tm PV 
BAF3 |__Half-Wave Rectifier | 9c8 | Ht. | 6a | 12 | — | iT a8 
GAL3 |___Half-Wave Rectifier | 9cB | At. | 63 | 155 [7 — 22000 80H 
cava [fu one Renn fps ff i it HY 
GAXSGT Fuli-Wave Rectifier { 68 | We. | 63 | 2 | 450” [ia TT iao P37 WV 
6BW4 | Full-Wave Rectifier | 90) | ir. [| 63 | 09 [a0 [100 Tas TV 
6BX4 [Full-Wave Rectifier |  5BS | Ht, | 63 | 06 f-  — 0 
6BY5G [Full-Wave Rectifier |  6cN | We.  { 63 | 16 [37 soo 
6CA4 [___Full-Wave Rectifier | 9M | Ht. | 63 [ 10 [37 [iso [1000 fo TV 
GDAAA | __Half-Wave Diode | AcG =| Ht. =~ [3 TTS a HT 
DEA Y—_Half-Wave Rectifier | 400 | fi | 63 | 16 f  — [sO 
uaeT [Half-Wave Rectifier | 40G | Wir, | 6d = [2s oT 
wa | Full-Wave Rectifier | OM | Ht | 63 | 06 | oo | 9 of 
ine —| rawaveneatr [pe — me | es | os [Tm | oe | oe 
623 |__Half-Wave Rectifier | 46 | Fil | 63 | 03 | 30 [30 [ —  f of WW 
mae ruewave ect [ams |e [os | 03 | a at i a] 
2525 [—Rectifier-Ooubler_ | o€ | tr | 2 | 03 [Wa fi TT 
sow [Half-Wave Rectifier | spa | At. | 3° | O15 {iz [OT 3 
S5Z4GT |__Half-Wave Rectifier | SAA | Ht. =| ao Sf 2 600 AV 
38256 [_Half-Wave Rectifier | 6aD | Mtr. | 358 [is fo 
36AM3 |___Half-Wave Rectifier | 80 | Ht. | 36 | Of [ty fT HTT 
50004 [ _Half-Wave Rectifier | ‘BQ Htr, 50S 7 <7 
soveaT | Full-Wave Rectifier | 7Q | At. | oO | O15 [1% [eT CU 
3 a MV 
03-V Full-Wave Rectifier ; 207 
TIN7TGT | ___Rectifier-Tetrode | = SAV] Ht. 7 [009 a a 
11723 [___Half-Wave Rectifier | «cB | Ht, —«| sly, ~—Ss|] Se 
816 [_Hal-Wave Rectiier | 4P | fi. —s| = 25 [20 2200 OTST 
838 |___Half-Wave Rectifier | 4P | Ht. | 25 | 50. | — =f  — | 000] 1000, | 
G6B-A-AX | Half-Wave Rectifier | 4P {fi | 25 | 80 T3500] 80 0000S] 000] 
8688 [__Half-Wave Rectifier [| 4P | fi. | = 50] 8.0] 00] 
866 Jr. Fil, 2 2 
872A/872 Half-Wave Rectifier at Fil, 5.0 75 = [—i50 [1000 ~=«[~=S000SSC*dY:SCt:siCéV 
1 Tapped for pit famps. 3 Capacitor input. 5 Using only one-half of filament. 
2 Per pair with choke input. ‘4 Choke input. 
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Maximum Ratings Typical Operation 


Amplification 


Factor 


pation Watts 


Plate Dissi- 
Approx. Output 
| Power Watts 
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Typical Operation 


TABLE IX—TRIODE TRANSMITTING TUBES —Continued 


Maximum Ratings | Cathode | Capacitances 
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1 See page V28 for Key to Class-of-Service abbreviations. 


V27 . TABLE IX—TRIODE TRANSMITTING TUBES —Continued 


Maximum Ratings Cathode Capacitances Typical Operation 
2 3 
2 A 2 o 3 é - 3 Ba 
. #3 2|.2|.2|2 ¢| 2/52] ¢| 3 
we )a2 | 21 €|5e/28 |e. se flie| a} e15e) 32] .8| #2 
28 28 | 26 [gE] ge | 38 ge |22 |2f [28 | cE | EE | 23 | BF 
£ 3 = £2 
eilas |ao lad |ée | &s S% |#8 |SS [ad | od | 22 | 28 | fe 
T__| 1500 {170 | i150 | 18 | 60 | — |i 
Ua 2 reed Hebe Peace ul cr | 1500 | 195 [125 [15 [50 |_| 1a 
1000 | -70 | 5.8 90 
826 55 wo | 40 | 250 | 31 : 1060" —160 Pus | 70 
CO ee 
Fp eras z 
or 60 150 | 30 | 15 | 25 20 P| 800 {—i0 | 8 | 2 [50 _| 50 
[1000 | —35 [20/280] "2707 | 608 | 7.6K [175 
TT [ i500 [70 [ 3 [ 40 [7 200 
at1-at9 65 175 60 | 160 P| 1250 | 140 [45 [100 135 
32/313 | 170" [| 44 | ToaK | 340 
812-A 65 175 | 35 | 60 [1250 [—115 | 140 | 35 130 
1900 | —48 | 28/310] 270° | 50 [132K | 340 
. ef 175 | 60 | [| —. | 200 
5514 65 175 | 60 | 60 15 ; 1250 | -4 | 42] 60 _| tT _[13s 
1500 | _88*_| To5K | 400 
- eae ee me 
ate 5 40 | 40 5.0 P| 2000 | -30 | mo] [6 | — in 
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5 7000 150 | 21 | 8 225 
a 1 25 | 35 | 40 | 12 | 50 | 6. P| 2000 | 130 | 20] 14 210 
AB,’ | 2000 | —190 | 50/250| 600° | 58 350 
5 1500 20 [| 32] 75 720 
8008 85 200 |) 45 : 1250 190 | [90 170 
|_1500_| 4o/sio [310° [4.0 F 10K [300 
A To {19 [39 [7 — [225 
V-10-D as | 1750 | 200 | 45 15 [1500 [-90 [ies [ig | 3g 9 
; p Liso_[ =90 | tes | ig [37 [18s 
10 | -72 | 17 | 16 | 26 12 
2.10084 10 | 3000 | 225 | 60 | 3000 200 | 165} 51 | 18 
3000 [65 [40/215 | 335° [5.08 Sik | 
swat ama |-ao | is |» [a | - | 
100TL ay [00 | 50 | Go [2070 
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ad Ee eer eee 
| 1500_ | 125 "| ee ee 
| i250 [225 [150 [is | 70 | 
3H 100 5 | 3 000 i a 
= 100 [207320 | aio" [8.0] 8K | 
{165 | 40] 8 
254 100 | 4000 | 225 3 | : is 
Too _| t000_[_ 125" 6 
ACXIO0AS"S 51 ag aggre] 52 ! 
3X100A11 | 309 | 1000 | 60 | 40 63 


2039 


Gt2ca9a%> | 100 

a esees 1000} 125] 50 63 
GLI52 125 200 | 60 

805 125 | 1500 | 210 | 70 


AXx3900/ 135 | 2500 | 200 | 40 


566615 


3.15083 

iso | 3000 | 450 } e5 | 40 
Wet W340 
3-150K2 750 
a 160 | 3000 | 450 | 75 | 40 a 
HF2OIA ae | a | 20 | 50 | a 1 0-0 
5728/TI6OL oso | 275 | — | 170 


810 175 | 2500 | 300 | 7 30 | 36 


|= | 
= a 
[ae ie 


2250 | 60 | 70/450 


1 See page V28 for Key to Class-of-Service abbreviations. 
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Typical Operation 
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14 See page V31 for Key to Class-of-Service abbreviations. 
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Typical Operation 


Capacitances 


Maximum Ratings 


\ See page V31 for Key to Class-of-Service abbreviations. 
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28 23/82 | g= é Bf|/u8 | 22 | 8£ | wf] £8!) 92 | 8s - 
za $8 las |E2 FA &$|58 | zd | &38 | 68] £2/ £8 | 28 
atty 7 | 300 | 175 x Fig. 7 —32.5| eo/ai2 | 1925 |— |— Jiao | 7 
; 2 Sh 
a 300 32 Fit 4 Ws [ eps} he 
150 [p32] — 165 
Tis 2 [10 | 17} — | 280 
ae5a> | 65 | 3000 | 10 | 600 Fig. 25 120 a a a a BE 
110 % __fi2 126} -— | 230 
50/250_| 307 | Tao" | 2.67 [20K | 270 
20 7 | $5 135 | — 113 
18548 68 1000 | 8 |300 Fig. 7 x oe ee Sef LN 
iE) 150 i a 
9001 75 | 4000 | 30 | 750 78M 135 it 8 Tuy — 1178 
HK257 150 6 pe) 20 
HKz57B | 79 | 4000 | 25 | 750 15m 135 13 Le = Trg 
PL-17a"}| 75 | 2000 | 10 | 600 Fig. 14 a 
5 =P 
pL-549 | 75 | 2000] 10 | 600 Fig. 14 P00 
TOK | 305 
700 
828 a0 | 2000 | 23° | 750 5) 150 
50/270 
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a 115 | 1000 5 Fig. 77 a0 
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4.250818 
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6158 
4x250B | 250° | 2000 | 12 175 0.04 | 47 
een | 250. | 2000 | 12 
150 0.03 | 44 
70357° | 250 | 2000 | 12 
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Maximum Ratings Cathode Capacitances Typical Operation 


w 2a 2 z 
28 ge % 5 a 22/ «| 32 
ra] = . 9 - 
me [ae] sl eclesieg a al eT 3 i 2.5 /e 
a4 . a = s| o 3 
22 | 25 | 83/82) 22 ae A 3 gS) 33 | 55 
aalas|se ce oa a 6 ao|a3|¢a 
CT 2 805 
5-500A 4000 30 12 - CT 6 580 
AB, _ 612 
CT 
8166 CP 
4-1000A 6000 = 18) — | FB, 
GG 
4C X1000A 3000 400 12 - AB, 
CT 
FL-8285/ 1 000 | 3000 o wy _ 
AB,!3 
1 Grid-resistor. M KEY TO CLASS-OF-SERVICE ABBREVIATIONS 
2 Doubler to 175 Mc. AB, = Class-AB,. 
3 Dual tube. Values for both sections, in push-pull. Interelectrode AB, = Class-AB2. 
“ capacitances, however, are for each section. e Fs Class-B push-pull 7 modulator. 
ripler to ic, -M = Frequency multiptier, 
5 Filament limited to intermittent operation, CP = Class-C plate-modulated telephone. 
pyves ate ist ne tubes ra = Ges telegraph 
jax.-Signal value. iQ = Class-0 amplifier-osc, 
8 Peak grid-to-grid volts. GG = Grounded-grid (grid and screen connected together). 
9 Forced-air cooling required. 18 No Class B data available, 
10 Two tubes triode connected, G» to G, through 20K ©. Input to G2. 16 HK257B 120 Mc. full rating. 
11 Tripler to 200 Mc. 17 Single tone 
12 Typical Operation at 175 Mc. 18 4.1.5 volts. 


13 Linear-amplifier tube-operation data for single-sideband in Chap. 9. 


TABLE Xi—SEMICONDUCTOR DIODES! 
This list contains but a small percentage of the available diode types. A complete listing would be impractical. 
Small-Signal General-Purpose Diodes 


Max. 
Reverse 
amp 


ee 
|General Purpose s—<“C~*~*—‘(L SS CUT 
[Vid Detector C—~C~sSC HS 
[Vid Detector Cd] 
[General Purpose SSCL sSOC‘iRSC 
60-Volt Very Low Z Sa ene ee | 
Microwave Mixer and U.H,F. Diodes 
1N21B3 Mixer Average Freq.—3060 Mc. 10db, Overall Noise Figure. 
1N21E3 Mixer Average Freq.—-3060 Mc. 7db. Overall Noise Figure. 
IN21F8 Mixer Average Freq.—3060 Mc. 6db. Overall Noise Figure. 
1N23C? Mixer Average Freg.—9375 Mc. ip 9.8db. Overall Noise Figure. 
IN23E Mixer Average Freq.—-93/5 Mc. 7.$db. Overall Noise Figure. 
IN82A Mixer Average Freq.—1000 Mc. 14db. Overall Noise Figure. 
1N41663 Mixer Average Freq.—-3060 Mc. 5.5db. Overall Noise Figure. 
Voltage-Variable-Capacitance and Varactor Diodes 
Type Towra). (at 56 Me.) Tuning Ratio Diss. (iw.) 
MV1620 6.8 300 2.0/3.2 400 
MVi628 1b 250 2.0/3.2 400 
MV1636 27 200 2.0/2.5 400 
MV1644 56 150 2.0/2.5 400 
MV1650 100 150 2.0/2.5 400 
MA-4062D P,, 10 watts, fin 400-700 Mc., Junction C 10 pf. at 0 V. 
1N4885 P;, 25 watts, Pout 17 watts, four 450 Mc., Junction C 16 pf, at 40 V, 35 pf. at 6 V. 
Silicon Power Diodes 
T Max. Reverse Max. Forward Average Forward Max. Reverse 
ype Voltage (peak) Current (amps.) Current (amps.) Current (amps.) 
1N1612 50 it 5 i 
1N1613 100 1$ 5 1 
1N3193 200 6 0.5 0.2 
1N3195 600 6 0.5 0.2 
1N3256 800 § 0.4 0.2 
1N3563 1000 4 0.3 0.2 
10B1 100 = 13 = 
10610 1000 = 13 a 
1N4822 600 = 16 = 
1N5054 1000 = 15 = 


1 A bar, plus sign, or color dot usually denotes the cathode end of crystal diodes. 
Diode color code rings are grouped toward the cathode end. 
2 at + 1 volt. 
3 Polarity is such that the base is the anode and the tip is the cathode, R-types have opposite polarity. 


TABLE X!l — SEMICONDUCTORS 


V32 


SMALL-SIGNAL TYPES 


Maximum Ratings Characteristics Other Data 
No. Diss. v \ h f Noise, Use Case | Base i 
watts) | qvoltsy | we) | (tiny | ypo igs (Typ.) Style | Conn, Application 
2N3391A 0.2* 25 100 ma. 250 160 Mc. 19 Audio _ 1 Low-noise Preamps. 
40231 0.5* 18 100 ma. 55 60 Mc. 28 Audio — 7 Preamps. and Drivers 
2N2925 0.2* 25 100 ma. 170 160 Mc. 28 Gen. Purpose =_ 1 Osc., RF. 1.F., ALF. 
2N2613 0.12* —25 —50 ma. 120 10 Mc. 4 Gen. Purpose T0-1 7 RF, LF. ALF. 
2N697 0.6* 40 500 ma. 40 100 Mc. =— Gen. Purpose T0-5 8 RF LE, AP. 
2N706A 0.3* 20 50 ma. 20 400 Mc. = RF. T0-18 8 R-F., Switching 
2N4401 0.31* 40 600 ma. 20 250 Mc. _ Gen. Purpose T0-92 2 Osc., R.F., LF, A.F. 
2N4410 0.31* 80 250 ma. 60 250 Mec. = Gen. Purpose T0-92 2 Ose., R.F., LF. ALP. 
2N3663 0.12* 12 25 ma. 20 900 Me. 4 RF. = i V.H.F./U.H.F. Osc., Amp., Mix. 
TIS48 12* 40 500 ma. 40 500 Me, = RE. T0-92 3 R.F., Switching 
TISS4 0.25* —12 —80 ma. 30 300 Mc. = RF. 10-92 3 RF. Switching 
TIXM10 0.075* —20 —30 ma. 20 630 Mc. 4 RF. 10-72 4 R.F., Preamp., V.H.F./U.H.F. 
40235 0,18* 35 50 ma. 40 1200 Mc. 3.3 RF. — 9 V.H.F./U.H.F. R.F. Amp., Osc., Mix. 
MEDIUM-SIGNAL TYPES 
2N2102 NPN 5t 20 100 Mc. 6 Gen. Purpose TO0-5 8 A,F., R.F. Amps. (Linear) 
40309 5t 70 100 Mc. = Gen. Purpose TO-5 8 A.F., R.F. Amps. (Linear) 
40424 8t 30 25 Mc. =_ H.V. Gen. Purp. T0-66 10 AF./R.F. Osc., Amp. 
2N3553 i 10 500 Me. = RF. T0-39 8 Class A, B, C R.F. Mult. Amp., Osc. 
40280 i = 550 Mc. = RF. T0-39 8 Class C RF. Mult., Amp., Osc. 
2N3866 5t = 800 Mc. = RF. T0-39 8 Class A, B, C R.F. Mult. Amp., Osc. 
2N2631 8.75t = 200 Mc. = RF. T0-39 8 Class C_R.F. Amp., Osc. 
TIP-14 10+ 30 40 Mc. = RF. = 5 R.F./A.F, Osc., Amp. 
40394 fia ~-60 60 Mc. = Gen. Purpose = 8 A.F., RF. Amps., Osc. 
LARGE-SIGNAL TYPES 

40349V2 NPN IL 7t 140 LSA. 25 1 Mc. = H.V. Gen. Purp. = 8 A.F., D.C. Amps. Switch. Ose. 
2naegs =| (NPN | 204 250 1A, 50 | 20Me, — | Hy.cen.purp.| To-s6 | | AE RE Be ae petay Driver, 
40310 NPN aot 35 4A, 20 1 Mc. = Gen. Purpose T0-66 ll Audio, D.C, Amp. A.F., R.F. Osc. 
40312 NPN 29¢ 60 4A, 20 1 Mc. _ Gen. Purpose T0-66 ll Audio, D.C. Amp. A.F., R.F. Osc. 
2N3583 NPN 35t 175 2A. 10 15 Mc. = H.V. Gen. Purp. T0-66 lL RF. AF. Osc., Amp. D.C. Amp. 
2N4396 NPN 62t 60 5A. 60 4 Mc, — Gen. Purpose T0-3 ll R.F., A.F. Osc., Amp. D.C. Amp. 
2N2869 PNP 30t —50 =I0A. 50 200 ke. = Gen. Purpose T0-3 ll A.F., Osc, Amp., Switch. 
MJ480 NPN 87t 40 4A. 30 4Mc, _ Gen. Purpose T0-3 il A.F., Rt. Amp., Osc. 
2N251A_ | PNP YY 90} ff 80 TA fT en. Purpose [0-3 ii [AF Amp. Osc., Switch. 
2nas7B | PNP | 150¢ P60 TA 80 80k Gen. Purpose [70-3 {7 11 | AF. Amp., Ose,, Switch. 
2ni907 | PNP i80t [100 20a P00 Me, PR 0-3 Ta | Class-C RF. Osc, Amp. 
moze. [NPN at BA 880M 0-6] VHLF. Class-C ‘Amp. 
22676 | NPN | 17.5¢ [60 AT 00M R060 12 [VF Class-C Amp. 
enzis7 | PNP [bot | 6080 A100 ke. A 10-36 [3 AF, 0.0 Amp, Switch. 
foams [NPN 140} 80 2A [| — | Wome | — TR {| 103 [Ml | Olass-C @BRF.Amp. 


7 FIELD-EFFECT TRANSISTORS 


Application 
A.F., RF. Amp., Mix., Osc. 


A.F., RF. Amp., Mix., Osc. 


AF, RF. Amp., Mix., Osc. 


AF., RF. Amp., Mix., Osc. 


A.F., RF. Amp., Mix., Ose. 


AF. R.F., Amp., Mix., Osc. 


A.F., R.F. Amp., Mix., Osc. 


| 


V.H.F./U.H.F. R.F. Amp., Mix. Osc. 


* = Ambient Temp. of 25°C (No heat sink). 
t = Case Temp. of 25°C (with heat sink). 


The semiconductors listed in this table were selected to represent those types that are useful for most amateur radio experimental applications. These transistors were chosen for 
their low cost and availability. Most of them can be obtained from the large mail-order houses or from the local manufacturer's distributor. Because there are thousands of 
transistor types on today’s market, this list is by no means complete. It should, however, serve as a useful guide in selecting a specific semiconductor for a given application. 


The leads are marked C - collector, B - base, E - emitter, G - gate, D - drain, and S - source. 
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Choose an RCA Power Tube for every Amateur Application 


At RCA, power tube engineers are constantly 
working to improve the line—to provide the 
best possible tube for each amateur’s choice of 
band, mode, and power. Check the tabulation 
...see your authorized RCA industrial tube dis- 
tributor for the right tubes for your rig—CW or 
phone—in the bands you operate. For specific 
tube data sheets write to RCA Commercial En- 
gineering, Section L173M, Harrison, N.J. 07029. 


RCA Electronic Components and Devices 


The Most Trusted Name in Electronics 
® 


«@ 


A FEW OF TH NY RCA POWER TUBES FOR AMATEUR USE 
[Frequency | Tube Type [Remanis | 


Up to 60 MHz 6146B/8298A| The latest version of the 
original RCA-developed 
“standard’”’ 
pair of General use RF amplifi 
plifier or 
ad Pe AF modulator 
8072 Sdeal for VHF/UHF 
8462 Quick-heat type for mobile use 


Real 
8121 No chimney or expensive socket 
required 
a Oe 
| high | 7650 | KW (CW) input up to 1215 MHz 


Available from Your RCA Industrial Tube Distributor. 


EIBATHEIT 


The World’s Largest 


THE FAMOUS HEATH DELUXE SB-SERIES 


SB-301 Amateur Band Receiver ... SSB, AM, CW, and 
RTTY reception on 80 through 10 meters +15 MHz WWV 
reception. Tunes 6 & 2 meters with SBA-300-3 and SBA- 
300-4 plug-in converters. 

Kit SB-301, 23 Ibs. (less speaker).............. $260.00 


$B-610 Signal Monitor Scope ... operates with trans- 
mitters on 160 through 6 meters at power levels from 15 
watts through 1 kw. Shows transmitted envelope. Operates 
with receiver IF’s up to 6 MHz, showing received signal 
waveforms. Spots over modulation, etc. 

Kit SB-610, 14 Ibs......... ERA germ aa enne tbe: $69.95 


SB-101 80 Through 10 Meter SSB Transceiver... 180 
watts PEP SSB, 170 watts CW. Front panel control for SSB 
or CW selectivity. Provisions for external LMO. Features 
USB/LSB & CW. PTT & VOX. Fixed or mobile optional 
power supplies. Unmatched engineering & design. 

Kit SB-101, 23 Ibs.... 0. eee eee eee $370.00 


SB-200 KW SSB Linear Amplifier ... 1200 watts PEP 
input SSB, 1000 watts CW on 80 through 10 meters, Built in 
antenna relay, SWR meter, and power supply. Can be driven 
by ai popular SSB transmitters (100 watts numinal 
output). 

Kit SB-200, 41 lbs............ seat Pee Lake ate $220.00 


SB-401 Amateur Band SSB Transmitter ... 180 watts 
PEP SSB, 170 watts CW on 80 through 10 meters. Op- 
erates ‘‘Transceive’’ with SB-301 — requires SBA-401-1 
crystal pack for independent operation. 

Kit SB-401, 34 ibs...... 2. cee eee eee $285.00 


SB-630 Amateur Station Console... including 24-hour 
See aves Ue ate qupate bi Sete ucie-vieual 
ignaling, and more. Styled to match your SB-Series station. 
Kit SB-630, 9 Ibs..... i mabiticted iasal ebtie sialeaieis fae $ 74.95 


SB-110 6-Meter SSB Transceiver... puts the famous 
Heath SB-Series on 6”, 180 watts PEP input SSB ... 150 
watts CW — with single-knob linear tuning, 1 ke dial cali- 
bration, and the ultimate in stability. 

Kit SB-110, 23 Ibs..... 0... eee eee eee $299.00 


$B-620 Amateur Radio Spectrum Monitor .. . displays 
all received signals up to 250 kHz either side of receiver 
tuned frequency. New narrow sweep function shows 10 
kHz for single signal analysis. 

Kit SB-620, 15 Ibs..... 0... cece eee ees $119.95 


Selection Of Amateur Radio Equipment 
LOW-COST GEAR FOR THE NOVICE AND BUDGET-MINDED 


New HW-16 Novice CW Transceiver ... a high-per- 
formance 3-band CW transceiver .. . covers the lower 250 
kHz of 80, 40, & 15 meters, 75 watts input for novice class — 
90 watts for general class. Provisions for VFO transmitter 
control with Heathkit HG-10B. 

Kit HW-16, 25 Ibs... ccc cece teen ees $99.50 


HR-10B Amateur Band Receiver ... with new extra- 
durable two-tone wrinkle finish to_match the new “Single- 
Banders” and novice transceiver. Tune AM, CW, and SSB 
with 80 through 10 meter coverage. Provisions for plug-in 


100 kHz crystal calibrator. 
Kit HR-10B, 20 Ibs... 0.1 cece eee eee cee ee ees » $79.95 
Kit HRA-10-1, 100 kHz crystal calibrator, 1 Ib..... . $8.95 


Benton Harbor Lunch Boxes — Complete Trans- 
ceivers . . . for 6 and 2 meters. Feature crystal-controlled 
transmitters with 5-watt input and tunable super-regenera- 
tive receivers with RF stage. Built-in 115 VAC power supply 
and speaker. Mike included. Less crystal. 


Kit HW-29A 6-meter, 9 Ibs... ek. cece cece $44.95 
Kit HW-30 2-meter, 9 IbS.... 0... cece eee tees $44.95 
Kit GP-11, Mobile Vibrator Power Supply, 6 Ibs.. . $17.95 


HEATHKIT 1968 


-------- 
HEATH COMPANY, Dept. 101 
Benton Harbor, Michigan 49022 
O Enclosed is $. 


Please send model (s) 
©) Please send FREE Heathkit Catalog. 


—_—______.____.___, plus shipping. 


HG-10B VFO — Perfect For The DX-60B or HW-16 
..» provides 5 volts RMS signal — plenty of RF for Heathkit 
rigs and ample for most transmitters. Calibrated for 80 
through 2 meters. Requires 108 volts DC @ 25 ma., 6.3 
VAC @ 0.75 amperes. 

Kit HG-10B, 12 Ibs... 11... cece cee eee vane vee $37.95 


DX-60B Phone & CW Transmitter . .. with new wrinkle 
finish matching HR-10B and the new “Single-Banders”. 
Here’s 90 watts on 80 through 10 meters . . . operates at 
reduced power for novice class. 

Kit DX-G6OB, 24 Ibs... 1 occ ccc ee tence eee e ee ne 97995 


HD-10 All Solid-State Electronic Keyer . . . no relays 
to stick, chatter, or punch holes in characters. 15 to 60 wpm 
with 10 to 20 wpm slow speed option. Built-in sidetone. 
Recommended for grid-block keying only; ie., Heathkit 
SB-Series & DX-60A. 

Kit HD-10, 6 Ibs....... 0. cece cece eee e nee - +.» $39.95 


HHATHIEIT"® ra | 


Name. 
: (Please Print) 
Address 
City State. 
Prices & specifications subject to change without notice. AM-179R 


COLLINS 


the most 


talked-about performance 


Collins’ S/Line is respected universally for the quality of its SSB and CW communications. Plug in 
patch cords and you are ready to transceive. Flip a switch and you can operate the transmitter and 


receiver on separate frequencies. 


The popular Collins KWM-2 Transceiver serves as a mobile rig, and as a full-power fixed station 


when teamed with a Collins linear amplifier. 


Ask your Collins representative for details. He will show you how to get best performance and 


value for your station. 
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32S-3 Transmitter 


The 32S-3 is an SSB or CW transmitter with 
nominal output of 100 watts from 3.4 to 5.0 
MHz and from 6.5 to 30.0 MHz. Supplied crys- 
tals cover the 80-, 40-, 20-, and 15-meter bands, 
and 200 kHz of the 10-meter amateur band. Pro- 
visions are made for two additional crystals. — 


The 328-3 features mechanical filter side-band 
generation, permeability-tuned VFO, crystal- 
controlled HF oscillator, RF inverse feedback, 
and automatic load control. The unit has blocked- 
grid keying, spotting control, keying hardness 
control and sidetone level adjust. 


The 32S-3 can operate transceive by using os- 
cillator injection voltages supplied by the 75S- 
3B or any of the 75S series receivers. 


75S-3B, -3C Receivers 


With Collins’ 75S-3B or 75S-3C, you can be 
assured of the finest amateur receiver available 
for reception in the CW, SSB or RTTY modes. 
The 75S-3B provides SSB, CW and AM recep- 
tion from 3.4 to 5.0 and from 6.5 to 30.0 MHz 
by selection of the appropriate HF heterodyning 
crystals. Crystals furnished with the 75S-3B 
cover the 80-, 40-, 20-, and 15-meter amateur 
bands and 200 kHz of the 10-meter band. The 
75S-3C has provisions for 14 additional crystals 
which can be switch-selected from the front 
panel. 

Features incorporated in the 75S-3B and 75S- 
3C include dual conversion with a crystal-con- 
trolled first heterodyning oscillator; band-pass 
first IF; stable permeability-tuned VFO; im- 


proved cross modulation and strong signal char- 
acteristics; 2.1-kHz mechanical filter; excellent 
AGC characteristics; both product and diode 
detectors; rejection notch filter; manual and crys- 
tal-controlled BFO’s; and AGC time constant 
control. The 75S-3B and 75S-3C provide a 
choice of two degrees of selectivity with op- 
tional plug-in filters. Provision is made for 
obtaining power from a DC power supply. 


312B-4 Speaker Console 


The 312B-4 provides a 
unitized control for the 
S/Line or the KWM-2. 
It houses a_ speaker, 
RF directional wattme- 
ter with 200- and 2000-watt scales, and switches 
for station control functions. 


30S-1 Linear Amplifiers 


Collins’ linear amplifiers 
can be driven by the 
KWM-!, KWM-2, 32S- 
3 or equivalent equip- 
ment. 


The 30S-1 is a com- 
pletely self-contained, 
single tube, grounded 
grid linear amplifier that 
provides the full legal 
| power input for SSB, 
CW or RTTY. The tube 
used is the Eimac 4CX- 
1000A. 


The 30S-1 may be used on any frequency be- 
tween 3.4 and 30.0 MHz. A special comparator 
tuning circuit allows tune-up at low power to 
‘avoid exceeding the legal DC input of 1 kw. The 
30S-1 offers push-button selection of linear 
amplifier or exciter output from the front panel. 
Antenna relay is included. The unit is conserva- 
tively rated. 


301-1 Linear Amplifiers 


The compact 30L-1 
(same size as the KWM- 
2) provides for | kw 
PEP input on SSB (500 
watts average DC) and 
1000 watts average on CW. It has a self- 
contained power supply. The unit also features 
instant warm-up time, RF inverse feedback, 
automatic load control and silicon rectifiers. 
Automatic antenna switching from exciter to 
amplifier is included. 


KWMN-2, -2A SSB Transceivers 


The versatile KWM-2 
transceiver serves both 
fixed-station and mobile 
needs on any fourteen 
200-kHz bands from 3.4 
to 5.0 MHz, and from 6.5 to 30.0 MHz. Sup- 
plied crystals cover the 80-, 40-, 20-, and 15- 
meter bands, and 200 kHz of the 10-meter ama- 
teur band. Provision is made for two additional 
crystals. The KWM-2A has provisions for 14 
additional crystals which can be switch-selected 
from the front panel. 


The transceiver operates 80 through 10 meters 
with 175 watts PEP input on SSB or 160 watts 
on CW. 


Top features of the KWM-2 are filter-type SSB 
generation, Collins permeability-tuned oscilla- 
tor, crystal-controlled HF double conversion 
oscillator, VOX and anti-trip circuits, automatic 
load control and RF inverse feedback. 
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MODEL 6000 
FREQUENCY METER 


The Model 6000 Frequency Meter consists of a basic portable case 
containing the batteries, audio frequency circuit, meter, together 
with the required switches and connectors. Plug-in mixer and 
oscillator modules complete the unit which will measure frequen- 
cies from 10 KHz to 600 MHz. Accuracy as close as .000125% can be 
obtained by using the proper oscillator module. 

Special modules allow the instrument to be used as an audio 
frequency meter from 500 Hz to 20 KHz full scale; and in addition 
to be used as a DC voltmeter (10,000 ohms/volt). Ideal for a number 
of jobs in the field and in the laboratory. 

Model 6000 Modular Frequency Meter with 601-A charger, less 


Plug-in MOdUIeS....0.. eee cence eee ee ete cece ener ccecennsereccneceeenne $195.00 
Range Modules (mixers)...............cccccccneceeeeeeeee $25.00 to $45.00 Each 
Oscillator Modules (Crystal controlled 


for frequency measurement)...................- $30.00 to $90.00 Each 
Special Modules 

Audio Frequency......... $45.00 
DC Voltmeter............... $25.00 


where accuracy counts . 


FM - 2400 
FREQUENCY METER 


This instrument is designed for the testing and adjustment of 
mobile and base station transmitters and receivers at predetermined 
frequencies between 25 and 470 MHz. The FM-2400 provides an 
accurate standard frequency signal to which the transmitter can be 
compared. This same signal is also used to be applied to the 
associated receiver(s), thereby assuring an accurate frequency 
adjustment on all parts of the communications system. 

Up to 24 crystals may be inserted into the meter for the selection 
of the frequencies required for testing of the system transmitters 
and receivers. The frequencies can be those of the radio frequency 
channels of operation, and/or of. the intermediate frequencies of 
the receiver between. 100 KHz and 100 MHz. Unit is portable and 
battery operated. 

FM-2400 (meter only).....22......2....:----2eeecccceeeeeeceecescecececerserees $395.00 
R. F. Crystals with temperature run...............2.-2-----2-.02++ $23.50 Each 

(Prices include installation in meter.) 


MODEL 1120 
SECONDARY FREQUENCY STANDARD 


All Transistor Circuits 
Solid State Integrated Dividers 


Using any general coverage communications receiver the Interna- 
tional Model 1120 provides the necessary standard signals for 
measuring frequencies. Easily calibrated against WWV to provide 
an accuracy of 1 x 10° for measuring the frequency of harmonics 
of FM subcarrier frequencies, The Model 1120 is designed for field 
or bench use with its own self contained rechargeable battery and 
charger. Long term stability of +10 cycles over range 40°F to 
100°F. Short term stability of better than 1 x 10’ can be obtained. 
Zero adjustment for oscillator on front panel. All transistor circuits 
provide outputs at 1 MHz, 100 KHz and 10 KHz. Level of signal 
can be set with gain control. 


Cat. No. 620-106.....02.2.2.. cles cence $ 


ICD SERIES INTEGRATED 
CIRCUIT DIVIDERS 


International ICD units are totally integrated circuit 
frequency dividers to replace multivibrators in old 
equipment. Use them for crystal controlled time bases, 
scope calibrators, and clock sources. Packaged in nine 
types providing divide ratios 2 thru 10. No tuning or 
adjustment required. Output pulse has the same sta- 
nae as the driving pulse. Voltage required 3.6 vde 
+10%. 


KEEPING YOU ON FREQUENCY IS) INTERNATIONAL 
OUR BUSINESS... 


Write for International’s complete catalog of precision CRYSTAL MEG. co., INC. 
made crystals and quality electronic equipment 10 NO. LEE @ OKLA, CITY, OKLA. 73102 


FOR EVERY APPLICATION 


IMMEDIATELY AVAILABLE — FROM STOCK 


Over 1.300 items to cover virtually every electronic application. .. . 400 Hermetic items, 
cq proved to MIL-T-27B, eliminate costly test delays. . .. Highest reliability i in the field. . 


| 


* tial oY iat" Immediately available from your local distributor. Write for catalog. 


R a E, TRANSISTOR, 
Rs Maren NG 
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And Special Units to 
Tm eel UNITED TRANSFORMER CO. TRW 


DIVISION OF 1RW INC. + 150 VARICK STREET, NEW YORK, N. Y. 10013 
IN CANADA: A. C. SIMMONDS & SONS LIMITED 


NOW UNDER ONE ROOF 


AEROTRON @) 


Ameco Ham, CB and 
Short Wave Listening Equipment 
is now being manufactured in 
the Award Winning Aerotron plant 
in Raleigh, North Carolina 


Ameco Equipment Corporation, formerly of Mineola, Long Island, New York was re- 
cently acquired as a wholly-owned subsidiary of Aerotron and the entire manufacturing, 
engineering and sales functions have been moved to Raleigh. 


If you are the owner of any of the fine Ameco products and desire service, parts, infor- 
mation or even if you just wish to say ‘‘howdy’’, we’d be happy to hear from you at our 
new address. 


Aerotron is now in its 20th year of manufacturing two-way radio equipment. We have over 
30 models of VHF-FM, Single-sideband, Independent Sideband and accessory equip- 
ment to offer for most any application. 


When you’re in our neighborhood, drop in. We'd be glad to see you. We'll also send you 
the latest Aerotron and Ameco catalogs if you’ll drop us a line. 


You’re among friends at Aerotron. Here are the call letters of some of our employees who are licensed 
amateur operators: W2GHK-W2GHK/4, W4YRY, WA4VCZ, W4WYV, K4SAM, WN4EUF, W4WDN, W4VLZ, 
K4LRS, W4TNG, W4KXW, WA4WDR, WOCUB, W4LOV, WA4EHL, K4NFI. 


AEROTRON, INC., U. S. HIGHWAY 1, NORTH = RALEIGH, NORTH CAROLINA 
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If the 
Electro-Voice 
~ Model 664 

picks up » 
sound here... 


Gy} The holes in the top, sides 
* and rear of the Electro-Voice 
Model 664 make it one of the finest 
dynamic cardioid microphones you 
can buy. These holes reduce sound 
pickup at the sides, and practically 
cancel sound arriving from the rear. 
Only an Electro-Voice Variable-D® 
microphone has them. 


Behind the slots on each side is 
a tiny acoustic “window”’ that leads 
directly to the back of the 664 
Acoustalloy® diaphragm. The route 
is short, small, and designed to let 
only highs get through. The path is 
so arranged that when highs from 
the back of the 664 arrive, they are 
cut in loudness by almost 20 db. 
Highs arriving from the front aren’t 
affected. Why two “windows”? So 
that sound rejection is uniform and 
symmetrical regardiess of micro- 
phone placement. 

The hole on top is for the mid- 
range. It works the same, but with 
a longer path and added filters to 
affect only the mid-frequencies. And 


What are 
all these 


near the rear is another hole for 
the lows, with an even longer path 
and more filtering that delays only 
the bass sounds, again providing 
almost 20 db of cancellation of 
sounds arriving from the rear. This 
“three-way” system of ports insures 
that the cancellation of sound from 
the back is just as uniform as the 
pickup of sound from the front— 
without any loss of sensitivity. The 
result is uniform cardioid effective- 
ness at every frequency for out- 
standing noise and feedback control. 


Most other cardioid-type micro- 
phones have a single cancellation 
port for all frequencies. At best, 
this is a compromise, and indeed, 
many of these ‘“‘single-hole’’ car- 
dioids are actually omnidirectional 
at one frequency or another! 

In addition to high sensitivity to 
shock and wind noises, single-port 
cardioid microphones also suffer 
from proximity effect. As you get 
ultra-close, bass response. rises. 
There’s nothing you can do about 


other 


this varying bass response—except 
use a Variable-D microphone with 
multi-port design* that eliminates 
this problem completely. 

’ Because it works better, the E-V 
664 Dynamic Cardioid is one of 
the most popular directional micro- 
phones for demanding communi- 
cations applications. To learn more 
about Variable-D microphones, 
write for our free booklet, ‘The 
Directional Microphone Story.” 
Then see and try the E-V 664 at 
your nearby Electro-Voice micro- 
phone headquarters. Just $85.00 in 
satin chrome or non-reflecting gray. 


*Pat, No, 3,115,207 


ELECTRO-VOICE, INC., Dept. 182LM 
625 Cecil St., Buchanan, Mich. 49107 


SlecheVorce 


SETTING NEW STANDARDS IN SOUND 


More accurately, the portrait shows only part of a most reliable family. 
The E. F. Johnson Company makes hundreds of fine quality electronic 
components, including: 


CAPACITORS —A dozen basic series of air variable capacitors, 
each in a wide choice of capacity values. They range from sub-miniature 
machined plate capacitors with maximums of 4.2 to 24.5 pf., to larger, 
heavy-duty types with capacity values to 1700 pf. and voltage ratings to 
9000 volts peak. 

There is a reliable Johnson capacitor to fit your application. Whatever 
the size, it offers excellent stability, high Q, low temperature coefficient, 
uniform capacitance, and excellent overall performance at competitive 
prices. 


CONNECTORS —The Johnson line of jacks, plugs and terminals 
meets the needs of both military and commercial designers effectively 
and economically. For printed circuit applications, there are sub-minia- 
ture insulated tip plugs and jacks, plus the unique Test Point Strip / 
Handle for fast, efficient circuit testing. 

Johnson’s line of standard insulated connectors includes tip, banana 
and dual banana plugs, tip and banana jacks, military tip jacks, and 
binding posts. 

RIB-LOC™ components consist of new miniature, one-piece, insu- 
lated terminals and jacks that press-mount with excellent retention 
characteristics. 


TUBE SOCKETS, INSULATORS, PILOT LIGHTS, 


RF COMPONENTS AND HARDWARE- Dependable 
Johnson tube sockets include HF, VHF and UHF types for tubes of 
various power levels. 

Low-loss, high-voltage-breakdown insulators are available in either 
steatite or porcelain. 

Johnson offers 47 pilot light assemblies in neon and incandescent types. 
Standard and wide angle lens caps are available in glass and acrylic. 


Other hardware includes panel bearings, shaft couplings, crystal sock- 
ets and RF chokes, plus a number of heavy-duty RF components for 
broadcast transmitting, RF heating, antenna phasing and other com- 
mercial applications. 


FREE CATALOG gives complete details and specifications, 
including net prices, of E. F. Johnson quality electronic com- 
ponents. Write for your copy today, or ask us about your speci- 
fic application requirements. Special components, to your 
exact requirements, may be available in production quantities. 


® 


E. F. JOHNSON COMPANY 


1848 Tenth Ave. S.W., Waseca, Minnesota 56093 
Providing nearly a half-century of communications leadership 
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HAMMARLUND 


WORLD FAMOUS FOR 
COMMUNICATIONS 


Receivers and Transmitters 
AMATEUR 


for the BEST 
in HF and VHF 


Coast Guard Transmitter /Receiver 
GOVERNMENT 


Land Mobile and Marine Frequencies 
FM Two Way Radios 
(144-174 MC) 


The Superpro 
LABORATORY 


BASE MODEL 


Precision Variable 
Air Capacitors 
STANDARD & SPECIALS 


TRUNK MOUNT MODEL 
HAMMARLUND manuracturING COMPANY 


A GIANNINI SCIENTIFIC COMPANY 


73-88 Hammarlund Drive « Mars Hill, North Carolina 28754 
Export Department: 13 East 40th Street, New York, N. Y. 10016 
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osley 
antenna 
the high 

frequency 


Distinctive, rugged, dependable, top quality 

are just a few of the words aptly describing Mosley 
HF, UHF, VHF Antennas, 

Mosley antennas not only have the look of quality 
but are quality constructed and remarkably 
efficient in opetation. When listening 

throughout the ham bands you’ve undoubtedly 
noticed the Q-5 signals from ham stations using 
Mosley antennas. 

These antennas known world-wide 

by hams and communication experts have 

advanced design, feature virtually trouble-free 
performance. Mosley offers you a wide variety 

of standard antennas from which to choose, 

plus antennas custom made to order, 

Let Mosley help solve your antenna problems, 
Your inquiry giving specific antenna needs will be 
answered promptly. Write Mosley today! 


os larsy EL ateon 2s, She. 


4610 NORTH LINDBERGH BLVD. BRIDGETON, MISSOURI, 63044 
(Export Division) 64-14 Woodside Avenue Woodside, New York, 11377 
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RF COILS - RF CHOKES - FILTERS - COIL FORMS 


= 
sd . 
SOK 
GENERAL 
a CATALOG 


a 1.W. Miller Co. 


Write for 68-page catalog that 
gives specifications and prices 
for all coils and components. 


< es . 
* COL FOR 


“RK CAT#LOG %, . 
\ yiw miiencn 


If you’re considering winding 
your own special coils, write for 
32-pg. Coil Form Cat. No. 266. 


Guide to Better Coil Selecti 

gives 10-point checklist of J. W. MILLER COMPAN 
factors to consider when 

specifying coils. 


CPC Antenna Ratings are 


in Accordance ard BS 3 


| randall 


Test Procedures! 


The Standard — adopted by the Electronic Industries 
Assn. for specific methods of gain, pattern and VSWR 
determination — provides uniform test procedure for 
all manufacturers of base station antennas. 

Each CPC antenna, rated per EIA Standards, is cata- 
logued ‘RS 329"—your assurance of performance to 
specifications! 


DUPLEXERS (144-174 me) 


100 db Isolation for 3 Mc 
or Greater Separation 


*Exact 
frequencies 
must be 
specified 


Cat. No. 499-509 Duplexer for use in the 144-174 Mc range 

consists of three Cat. No. 500-509 Cavities each with a special 

CPC developed notching circuit attached. Two cavities and 

notching circuit assemblies are used on the receiver side of the 

Duplexer, and a single cav- 

Sees ity and notching circuit is 

4 used in the transmitter side. 

The Duplexer is supplied 

.s with mounting brackets 

which allow the unit to be 

mounted on either a vertical 

or horizontal surface. it 

weighs 33 Ibs. and is 127%” 

deep by 16%” wide by 33” 

long. Response curves for a 

typical Cat. No. 499-509 Du- 
plexer are shown at left. 


55 160 165 
FREQUENCY 1N MC 


9.20 dbd GAIN! 


Super Stationmaster 
Base Station Antenna 


Cat. No. 220-509 is a broad- 
band, lightweight antenna 
with a measured omnidi- 
rectional gain of 5.25 db 
across its specified band- 
width. Only three antennas 
are required to cover the 
150-174 Mc band, however, 
the Super Stationmaster is 
available in various over- 
lapping ranges — 150-159 
Mc, 155-164 Mc, 157-166 
Mc, 160-169 Mc and 165- 
174 Mc. A wide-band heavy- 
duty unit, it provides much 
greater lightning protection 
than heretofore available 
in an antenna of this type. 


Specifications 
Nominal input Impedance 
50 O1 


hms 

NSWR ooo doe wes 1.5:1 

Bandwidth ........ 9.0 Mc 
Maximum Power Input 

Watts 

Omnidirectional Gain 5.25 db 

Vertical Beam Width..... 18° 


Lightning Protection 
Direct Ground 
Rated Wind Velocity 100 MPH 
Lateral Thrust at 
Rated Wind ...... 79 Ibs. 
Bending Moment 1’ 
below Ground Plane 
at Rated Wind. .251 ft. Ibs. 
Radiating Element Material 
Copper 
Element Housing Material 


Wy 


>v"'3t PHELPS DODGE fsuangrrone 


MARLBORO, NEW JERSEY 07746 —Telephone: (201) 462-1880 
LOS ANGELES, CALIFORNIA 90065 — Telephone: {213) 245-1143 
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STILL 

A 
WINNING 
PAIR 


Year after year Swan and Henry Radio 
have proven to be tops with amateurs 
the world over. Why? Because Swan 
manufactures fine reliable equipment 
that gives you the most for your money. 
Because Henry Radio gives you the best 
deal .. . generous trades, easy payments 
and the kind of responsible merchan- 
dising that amateurs have learned to 
depend on. That’s why we are number 
one ... the world’s largest distributor 
of amateur radio equipment. 


Attention World Amateurs: Henry Radio makes 
it simple and easy for you to own the finest 


American radio equipment. Write for details. 


6% FINANCE CHARGE * 10% DOWN OR 
TRADE-IN DOWN * NO FINANCE CHARGE 
IF PAID IN 90 DAYS * GOOD RECONDI- 
TIONED APPARATUS * 


500-C TRANSCEIVER 

Matching AC supply with speakers: model 
117-XC and model 230-XC for 230 volts. 
12 volt DC supply for mobile or portable 

operation: model 14-117 


q 


MARK I! LINEAR AMPLIFIER 


5 band, 2000 watts PEP input. Uses two 
Emac 3-400Z grounded grid triodes. 


While you're in — check the improved 
model 250-C 6 meter VHF transceiver and 
the model 350-C, the world famous 
economy version of the 500-C. 


Our reconditioned equipment carries a 15 day trial, 90 day warranty and may be traded back 
within 90 days for full credit toward the purchase of NEW equipment. Write for bulletin. 


TED HENRY (W6UOU) 


ag Radio Stores 


BOB. HENRY (WOARA}) 


Butler, Missouri, 64730 
11240 W. Olympic, Los Angeles, Calif., 90064 


931 N. Euclid. Anaheim, Calif., 92801 
a 


WALT HENRY (W6NRV) 


CALL DIRECT . . . USE AREA CODE 


“World's Largest Distributor of Amateur Radio Equipment” 


816 679-3127 
213 477-6701 
714 772-9200 
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QST Since 1915 QST has been the bible of Amateur Radio. It faithfully reports each 
month the rapid developments which make Amateur Radio so intriguing. QST treats 
equipment, practices, construction and design. It is essential to the well-being of any 
radio amateur. QST goes to every member of the American Radio Relay League. Mem- 
bership: $6.50 per year in the U.S.A., Possessions or Canada, $7.00 Elsewhere, U.S. funds. 
(See page 22 for application blank.) 


THE RADIO AMATEUR’S V.H.F. MANUAL A thorough treatment of v.h.f. Contains 
first authentic v.h.f. history ever written. Covers receiving and transmitting principles, 
techniques and construction. Antenna and feed system design, construction and adjust- 
ment. Microwaves. Test equipment, construction and use. Interference, causes and cures. 
V.h.f. hints and kinks. Emphasis throughout is on tried and tested equipment and practice. 
A book about things that work and the ideas behind them. $2.00 U.S.A., $2.25 Elsewhere. 


A COURSE IN RADIO FUNDAMENTALS This is a study guide and laboratory 
manual based on The Radio Amateur’s Handbook. It describes in detail 40 experiments 
with simple apparatus giving a complete practical knowledge of radio theory and 
design. $1.00 U.S.A., $1.25 Elsewhere. 


UNDERSTANDING AMATEUR RADIO Written for the beginner, it explains in simple 
language the elementary principles of electronic and radio circuits, tells how transmitters, 
receivers and antennas work, and includes complete how-to-build-it information on low- 
cost gear—receivers, phone and code transmitters up to 150 watts, v.h.f. measurements, 
and easy to build antenna systems. A “must” guide for the newcomer in setting up and 
operating his station. $2.00 U.S.A., $2.25 Elsewhere. 


HOW TO BECOME A RADIO AMATEUR The standard elementary guide for the 
prospective amateur. Tells what amateur radio is, and how to get started. Special atten- 
tion is given the needs of the Novice class license. It features equipment which is simple 
in construction, yet with a high degree of flexibility which permits the various units to fit 
into the more elaborate station layouts, which inevitably result as the amateur progresses. 
$1.00. 


THE RADIO AMATEUR’S LICENSE MANUAL Tells how to get your amateur radio 
license. In addition to a large amount of general information, it contains typical questions 
and answers such as are asked in the government examinations. If you know the answers 
to the questions in this book, you can pass the examinations without trouble. 50¢. 


LEARNING THE RADIO TELEGRAPH CODE Designed to train students to handle 
code skillfully and with precision, both in sending and receiving. Practice material is 
included for classwork as well as for home study. Excellent for the student who does not 
have the help of an experienced operator or access to a code machine. 50¢. 


THE ARRL ANTENNA BOOK A comprehensive manual of antenna design and con- 
struction. Both the theory and the practice of all types of antennas used by the amateur,. 
from simple doublets to multi-element rotaries, long wires, rhomboids, vees, mobile whips, 
v.h.f. systems, etc, Feed systems and their adjustment. The most comprehensive and reliable 
information ever published on the subject. $2.00 U.S.A., $2.25 Elsewhere. 


SINGLE SIDEBAND FOR THE RADIO AMATEUR A digest of the best s.s.b. articles 
from QST. The newcomer to Single Sideband as well as the experienced s.s.b. user will 
find it indispensable. Includes discussions of theory and practical how-to-build-it de- 
scriptions of equipment. Covers both reception and transmission. $2.50 U.S.A., $3.00 
Elsewhere. 


THE MOBILE MANUAL FOR RADIO AMATEURS A collection of informative articles 
for the mobile amateur. Describes receivers, transmitters, antennas and power supplies, 
gives particular attention to the special problems encountered in the installation and 
operation of mobile stations. $2.50 U.S.A., $3.00 Elsewhere. 


HINTS AND KINKS An amateur must be resourceful and also a good thinker. He 
must be able to make a small amount of money do a great deal for him. This book is a 


compilation of hundreds of good ideas which amateurs have found helpful. $1 U.S.A., 
$1.25 Elsewhere. 


THE RADIO AMATEUR’S OPERATING MANUAL A ready reference source and 
guide for the amateur who wishes to brush-up on his operating procedures. Includes 
chapters on every operating aspect of amateur radio; NTS, RACES, ARPSC, AREC, ARRL 


etc. A must for the amateur who prides himself on good operating procedures. $1.00 
U.S.A., $1.25 Elsewhere. 


SUPPLIES FOR THE ACTIVE AMATEUR 


ARRL offers many supplies for the active amateur. They are “must” items for the amateur 
who wishes a neat and organized operating position. ARRL supplies include: Type A and 
Type B calculators, World Map, Log Books, Message Blanks, and membership stationery. 
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Sepplication for WMembershif 


AMERICAN RADIO RELAY LEAGUE 


Administrative Headquarters: Newington, Connecticut, U. S. A. 


AmenicaNn Rapio RELAy LEAGUE, 
Newington, Conn., U.S. A. 06111 


Being genuinely interested in Amateur Radio, I hereby apply 
for membership* in the American Radio Relay League. I en- 
close remittance ($6.50 per year in the U. S. or Canada, $7.00 
per year elsewhere, U. S. funds) in payment of dues for 
a Petvaph a eather nie ha year(s), including subscription to QST 
for the same period. Please begin OST with the .............. 
issue. Amount enclosed: $.......... 0000s ccc ence eee ee eeee 


The call of my station is........ 0... cee cece eee eee eens 
The class of my operator’s license is ............0 eee eee ees 
I belong to the following radio societies................5005 


sme mer em wwe eer wm erm weer eee ener eeeene mn seeeesereetese 


Send Membership Certificate [] or Membership Card [] 


Ce 
eS 


eee meee mm meee emer we are tere eee ee ee ee eres ereeeeeerenerene 


City, State, Zip Code 


A bona fide interest in amateur radio is the only essential requirement, but full 
voting membership is granted only to licensed radio amateurs of the 
United States and Canada, Therefore, if you have a license, 
please be sure to indicate it above. 


*Membership is available only to individuals. Life Membership is granted to Full 
Members for $130. Write the Secretary for details. 


The subscription rate of OST to libraries, companies, laboratories and other organi- 
zations is $7.50 per year in the United States, Possessions and Canada, $8.00 else- 
where. 


We don't make 
amateur radio equipment 


But, like you, the Communication Prod- 
ucts Department of General Electric is 
vitally interested in the field of commu- 
nications. 


General Electric started the two-way 
radio business. And, as the world’s larg- 
est electronics manufacturer and the 
largest manufacturer of electrical equip- 
ment, we have been a leader in the 
development of communications equip- 
ment and systems. 


We make communications equipment 
for government, industry, and individu- 
als. Microwave systems, power line car- 
rier, and two-way radios. G.E. has a full 
line of professional communications 
equipment for almost any situation. 


Where's it used? Anywhere in the 
world. In Viet Nam, in the oil fields of 
Iran, in your home town. And General 
Electric offers fast, efficient service 
around the world. 


So, even though we don’t make your 
amateur radio equipment, keep us in 
mind. Maybe you buy communication 
equipment in your business. Or, perhaps 
you would like toadd your talents to 
those of many other radio amateurs 
now working for General Electric in 
Lynchburg, Va., and around the world. 
In either case, direct your inquiry to 
General Electric Co., Communication 
Products Dept., Section 318, Lynch- 
burg, Va. 471 03 


GENERAL @@ ELECTRIC 


VIBROPLEX 


THE PIONEER AND ALWAYS THE LEADER 


WORLD’S NO. 1 KEY 
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Gold-Plated 
Base Top 


: ALL LABOR TAKEN OUT OF SENDING 


SEND BETTER — Vibroplex 
makes uniformly good signals at 
any speed. They are sharp and 
easy to read. You will like them. 


SEND EASTER—Vibroplex is a 


Never tires the arm 


SEND FASTER — Vibroplex 
gives you greater speed. More 
speed than you can ever use. But 
it’s there if you need it. 


SEND LONGER — Vibroplex 


Never upsets the Nerves 


“PRESENTATION” 


The 
“BUG” 


SEMI-AUTOMATIC 


New Super DeLuxe 


VIBROPLEX 


Presentation 


The Super DeLuxe model’s JEWEL 
MOVEMENT completely revolutionizes 
sending. Makes it easy for every operator. 


It has SUPER-SPEED CONTROL 
mainspring; you go from slowest to high- 
est speed without changing weights. 


Vibroplex has TOUCH CONTROL, 
adjustable to your individual desire. 


Vibroplex has FIRM STANCE, a very 
important item, The rubber feet are so 
placed the key stays in position. 


RICHLY DESIGNED — 24k gold- 
plated base top, polished chrom- 
ium machine parts, red trim and 
jeweled movement. DeLuxe, only 
$39.95. : 


perfectly balanced key. You are 
relieved of all nervous and mus- 
cular tension. 


keys last longer. Many keys are 
still in use after 30 or more years. 
Nothing to get out of order. 


Vibroplex Lightning Bug 


Improved design with slotted weights 
that can’t work loose. A bridged 
damper frame that protects key 
against damage. Instantly adjustable 
dot contact spring may be removed 
without disturbing speed weights. Pre- 
cision machining, trouble proof and 
adjustable to any speed. Standard, 
with circuit closer, gray base and 
chrome top parts, priced at Std. $23.95. 
DeLuxe model priced at $29.95. 


Replace your old-fashioned key with 
all {ts annoyances with an improved 
NEW VIBROPLEX. Enjoy sending 
as never before, Choose yours from 
those illustrated here. 


Vibroplex Original 


Acclaimed by thousands of the world’s 
finest operators for ease of operation, 
clean signals and all around sending 
excellence, Precision machined, trou- 
ble-proof and efficient. A strong favor: TRONIC TRANSMITTING — UNITS. 
ite of the elite. Standard, with circuit Features a beautiful base, size 314” by 
closer, grey base and chrome top parts. 4%" and weighing 2% pounds. Red 
$24.95, DeLuxe, with polished chrom- finger and thumb pieces, same large 
ium base and top parts, red trim and 46" contacts on main frame and trun- 
jewel movement. $29.95. nion lever as used in Vibroplex. A real 
beauty, adjustable to suit your speed 
requirements. Standard model, priced 
at $18.95; Deluxe model, with Chrome 
Plated Base, priced at only $24.95. 


*Cord and wedge, $2.75 additional. 


“VIBRO-KEYVER” 


Supplies the answer to many years of 
requests for Vibroplex parts for a key- 
ing mechanism to be used with ELEC- 


NEW SPECIAL ENLARGED Edition of 
PHILLIPS CODE, $2.75 Postpaid 


Also includes: United States Time Chart 
Radio Code Signals “Commercial “ Z" Code 
International Morse Aeronautical “Q" Code 
American Morse Miscellaneous Abbrevia- 
Russian, Greek, Arabic tions, Used on interna- 
Turkish and Japanese Honal wines, submarine 
Protects key against dust, dirt and Morse Codes cable and radio telegrap! 
moisture, and insures safe-keeping World Time Chart circuits, 

when not in use. With lock and Get your copy today! 

key, $6.75. 


Vibroplex Carrying Case 


Keeps key like new, Black simulated 
morocco. Flexible leather handle. 


Every Vibroplex key 
has 3/ it cuntacts aot 
identifies th is availab) le for left- 
Genuine Vibro Slex. hand operation, $2.50 
Accept no substitute extra. © 


Avoid imitations! 


The “BUG” Trade Mark Prices subject to change without notice 


THE VIBROPLEX CO., INnc., 833 Broadway, New York 3, N. Y. 


IF YOU SEND YOU SHOULD USE THE VIBROPLEX 


«@) 
y-Gain 14AV0 


HY-GAIN ANTENNAS, FOR THE MOST POWERFUL SIGNAL UNDER THE SUN 
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LEARN CODE THE MODERN 
ATKO WAY! 


ATKO MINI-KEYER MODEL 10A 


eA new compact dimension from ATKO, makers of the code 
training and examining keyers now used by the F.C.C. in all 
Districts, the Navy, Coast Guard, Air Force, Bureau of Stan- 
_dards, and other governmental agencies in their programs. 
The ATKO MINI-KEYER is actually a complete radio school, with 
the added advantages that it can be used to automatically key your 
transmitter, or monitor your sending. 


FE ATU RES: ; 
@ Uses Wheatstone perforated tape. Standard the world over. $ 50 
Model 10d °54- 


@ Furnished with three reels of triple spaced tape. Large 
library of additional tapes, normal, double or triple spaced, ' 
available at nominal cost. 


@ At 10 words per minute, tapes run for 1 hour. 


© Code speeds trom 5 to 32 wpm controlled by easily @ All solid state design. Needs no warm-up. Operates from 
interchanged capstans. Capstan giving sending rate of 115:Volt 60 cycle AC power tine. No batteries. 

16 wom, which is 5.3 wom with triple spaced tape, eee ® Includes 11 page Instruction Manual. 

with Keyer. This provides excellent means of practicing = ther capstans available for 12, 14, 18, 20, 22, 25, 


sending. With telegraph key connected, the 10A sends a 
perfectly formed character, pauses while you imitate what 30 and 32 wpm at $2.50 each. 


you have just heard. Model 10B identical to 10A except that it contains no tone 
‘@ Has Volume and Broad Band frequency controls. source or speaker. 

@ Will key outside tone source or your transmitter. $ 4 4 50 

@ Equipped with built-in oscillator, speaker and Key jack Model 10B 


for sending practice. 
@ Equipped with Phone jack. Will drive up to 25 pairs of AUTOMATIC TELEGRAPH KEYER CORPORATION 
head phones. Waite FOR DETAILS 275 Madison Ave., New York, New York 10016 


en © mews @ mem © mee @ mem © see Oo ome © mee 6 meer © em © mee 6 ome © eee eo 6 mes 6 me 6 


SWANTENNA & 


DOES THE WORK OF 5 ANTENNAS IN ONE 
S BANDS — 500 WATTS P.E.P. 
80 - 40 - 20-15-10 
YOUR TRANSCEIVER IS BANDSWITCHING—. 
WHY NOT YOUR ANTENNA? 
CHANGE BANDS WHILE DRIVING! 
FIXED STATION PERFORMANCE AND CONVENIENCE 


Costs Less Than Other Types With Equal Power Handling Capabilities 
DON’T STOP TO CHANGE COILS or CARRY 5 ANTENNA SYSTEMS! 


Remote MODEL 55 — $9500 DeLuxe Bumper Mount $9495 


Manual Operation Model 45 — Original KWIK-ON 
$6500 Antenna Connector $3.25 


O® QO SWAN 
ELECTRONICS CORPORATION 


OCEANSIDE, CALIF. 92054 


*PAT. No. 2961657 


26 


CRYSTAL GALLON 


NO WAITING for the FUTURE 


toy 
Buy “The Gest 


SEND FOR OUR 1968 CATALOG OF 
PRECISION QUARTZ CRYSTALS AND ELECTRONICS 
FOR THE COMMUNICATIONS INDUSTRY 


TT 
SENTRY MANUFACTURING COMPANY 
1634 Linwood Boulevard-Oklahoma Gity, Oklahoma 73106 
PHONE: 405-232-1431 — TELEX: 071-361 — TWX: 910-831-3175 


LOW 


World's First 


COST 


117V/12V All-Transistor 


Communications Receiver Is Available Now 
In 190 Radio Shack Stores Coast to Coast! 


THE —FREALISTIC: DX-150 


©@ Over 30 semiconductors — no tubes, no 
nuvistors — the DX-150 is 100% solid state! 


@ SSB/CW/AM reception, covering 535KC 
through 30MC in 4 slide-rule bands! 


© Product detector for SSB/CW, plus fast 
and slow AVC; variable-pitch BFO! 


© /iluminated electrical bandspread fully 
calibrated for the Amateur and CB bands! 


©@ Cascade RF stage; ANL for RF and AF; zener- 
stabilized; OTL audio; illuminated 'S" meter! 


© Built-in monitor speaker plus front-panel 
jack for external (optional) matching speaker! 


THERE’S A STORE NEAR YOU! 


ARIZONA — Phoenix MICHIGAN — Detroit 

ARKANSAS — Little Rock MINNESOTA — Minneapolis, 

CALIFORNIA — Anaheim, St. Paul 
Bakersfield, Covina, Downey, MISSOURI — Kansas City, 
Garden Grove, Inglewood, St. Joseph, St. Louis 

La Habra, Long Beach, NEBRASKA — Omaha 

Los Angeles, Mission Hills, NEW HAMPSHIRE — 

Mountain View, Oakland, Manchester 

Pasadena, Pomona, Reseda, NEW JERSEY— Pennsauken 
Sacramento, San Bruno, NEW MEXICO — Albuquerque 
San Diego, San Francisco, NEW YORK — Alb. 

Santa Ana, Santa Monica, Bingh 1, B Helov'N 
Torrance, West Covina You amton, Butfalo, New 
COLORADO — Denver ork, Schenectady, Syracuse 
CONNECTICUT — Hamden, OHIO — Cincinnati, Cleveland 

Manchester, New Haven, OKLAHOMA — Oklahoma City, 
New London, Orange, Tulsa 
Stamford, West Hartford OREGON — Portland 
FLORIDA — Jacksonville, PENNSYLVANIA — 
Philadelphia, Pittsburgh 


Orlando 
GEORGIA — Atlanta RHODE ISLAND — Providence, 
East Providence 


NS TENNESSEE — Memphis, 
LOUISIANA — New Orleans _ Nashville 
MAINE — Portland 
MARYLAND — Langley Park 
MASSACHUSETTS — Boston, 

Braintree, Brockton, Brookline, -udbo 

Cambridge, Framingham, San Antonio, Sherman, Waco 
Lowell, Medford, Natick, UTAH — Salt Lake City 
Quincy, Saugus, Springfield, VIRGINIA — Arlington, Virginia 
Waltham, West Springfield, Beach 

WASHINGTON — Seattle 


TEXAS — Abilene, Arlington 
Austin, Brownsville, Corpus 
Christi, Dallas, Fort Worth, 
Houston, Lubbock, Midland, 


Worcester 


28 


New, big, exciting, professional — the 
Realistic DX-150 obsoletes tube receivers 
and warm up, banishes forever your depend- 
ence on house current to stay in opera- 
tion. For example: the DX-150 will run 100 
hours on 8 D-cells if current fails, or isn’t 
aig available, or on field day. Additionally, it 
will operate from a car’s cigarette lighter or any other mobile 
or base 12VDC source! Of course a 117VAC power supply is 
built in. DX-150 is a husky brute: 14% x 914 x 612”, with a 
massive silver extruded front panel, solid metal knobs, grey 
metal cabinet, 14 pounds of quality. 


A NEW STANDARD OF RECEIVER VALUE! 
Priced Radio Shack’s way (factory-to-you) the DX-150 saves you 
about $100 off traditional pricing methods. Yet it offers 11 front 
controls; dual power supply; 1214” slide-rule dial in 5 colors; 
continuous coverage from 535KC through 30MC, including 160 
through 10 meters; separate detector circuits for AM (diode) 
and SSB/CW (4-diode bridge); sensitivity good to 0.5uv at 30MC. 
Nobody but nobody but 44-year-old Radio Shack could have 
created this unique product for $119.95. You better believe it! 


REALISTIC DX-150 CUSTOM ACCESSORIES 


\ NE 


om 
pity 
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A 2Q00000Q 
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ORDER BY MAIL! 


Exact-match external Voice - Frequency 
speaker cuts out built-in monitor, includes 
lead and plug. 20-1500: $7.95 (4 Ibs.) 


12VDC portable pack with all cables, plugs, 
8-long-life batteries; includes plug-to-plug 
and plug-to-lighter cord sets. 20-1501: Only 
$7.95 (wt. 4 Ibs. w/batteries) 


IN PERSON! FREE FOLDER! 


{ RADIO { East: 730 Commonwealth Ave., Boston, Mass. 02215 
SHACK { West: 1515 So. University Dr., Ft. Worth, Tex. 76107 1 
Please rush me the item I’ve checked below. Dept. WF "i 

I enclose '$. » plus 50¢ for postage and handling: 


] CJ FREE 1968 Catalog O Matching Speaker, 20-1500, $7.95* 
l CJ FREE DX-150 Folder (J 12 VDC Power Set, 20-1501, $7.95* I 


I (Receiver, 20-150, $119.95* * Plus Shipping Cost: 
IMPORTED 14 ibs., 4 Ibs., 4 Ibs. 


EP Name (print) 
Street. 
I City. State_____ Zip 


COMPLETE 
BEAM 


ULL TILT 


CONTROL 


WITH YOUR 


EZ WAY 
TOWER 


WORLDS MOST 
VERSATILE 
ANTENNA SUPPORT 


Raise Your Beam to optimum 
height for maximum signal 
strength, 


Aim It accurately with your rotor 
securely mounted inside the tower. 
(most models) 


Lower It to protected levels when 
high winds threaten. 


Tilt It down to ground level for 
adjustment and changes without 
dangerous climbing. 


DO IT THE E-Z WAY 


Rugged Aerodynamic Design. 


New Heavy Duty Geared Winches 
now standard equipment on most 
models. 


Free Standing — no guys required 
with rated loads. 


Pre-Assembled Units -— E-Z in- 
stallation. 


Sealed Packaging — full protec- 
tion in transit. 


For full details write for Catalog H~65 


-2a WA 


P.Q. BOX 17196 


ooue ES inc. 


TAMPA, FLORIDA 33612 


A FIRST CLASS 
FCC LICENSE 


..Or your money back! 


you key to future success in electronics is a First-Class 
FCC License. It will permit you to operate and maintain 
transmitting equipment used in aviation, broadcasting, ma- 
rine, microwave, mobile communications, or Citizens-Band. 
Cleveland Institute home study is the ideal way to get your 
FCC License. Here’s why: 
Our electronics course will quickly prepare you for a 
First-Class FCC License. Should you fail to pass the FCC 
examination after completing your course, you will get a 
full refund of all tuition payments. You get an FCC 
License .. . or your money back! 
And only CIE offers you new, up-to-the-minute lessons in all 
these subjects: Logical Troubleshooting, Microminiaturiza- 
tion, Single Sideband Technique, Pulse Theory and Applica- 
tion, Boolean Algebra, and many more. 
You owe it to yourself, your family, your future to get the 
complete details on our “proven effective” Cleveland Institute 
home study. Just send the coupon below for FREE book or 
write to Cleveland Institute of Electronics, 1776 E. 17th St., 
Dept. RH-5, Cleveland, Ohio 44114. 


ENROLL UNDER NEW G.I. BILL 
All CIE courses are available under the new G.I. Bill. 
If you served on active duty since January 31, 1955, 
OR are in service now, check box in coupon for G.1. 
Bill information. 


MAIL COUPON TODAY FOR FREE BOOK 

iS 
Cl Clevetand Institute 
of Electronics 


1776 East 17th Street, Cleveland, Ohio 44114 


Please send me your FREE book,““How 
To Get A Commercial FCC License.” 


H (please print) 

‘ 

f Address 

H 

H City State Zip. 

s 

5 ; 

H Occupation Age 

! ©] Check here for G.1. Bill information. 

' i 
H Accredited Member National Home Study Council 
H A Leader in Electronics Training ... since 1934 RH-5 8 


Je nnenense sas eeeeenesnneenseseenssessssessessaseesserd 
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Learn Code the EASY Way 


Beginners, Amateurs and Ex- 

perts alike recommend the 

INSTRUCTOGRAPH, to learn code 
and increase speed. 


Learning the INSTRUCTOGRAPH way 
will give you a decided advantage in 
qualifying for Amateur or Commercial ex- 
aminations, and to increase your words per 
minute to the standard of an expert. The 
Government uses a machine in giving 
examinations, 


Motor with adjustable speed and spacing 
of characters on tapes permit a speed range 
of from 3 to 40 words per minute. A large 
variety of tapes are available — elemen- 
tary, words, messages, plain language and 
coded groups. Also an “Airways’”’ series for 
those interested in Aviation. : 


MAY BE PURCHASED OR RENTED 


The INSTRUCTOGRAPH is made in sev- 
eral models to suit your purse and all may 
be purchased on convenient monthly pay- 
ments if desired. These machines may also 
be rented on very reasonable terms and if 
when renting you should decide to buy the 
equipment the first three months rental 
may be applied in full on the purchase 
price. 


ACQUIRING THE CODE 


It is a well-known fact that practice and 
practice alone constitutes ninety per cent 
of the entire effort necessary to “Acquire 
the Code,” or, in other words, learn teleg- 
raphy either wire or wireless. The In- 
structograph supplies this ninety per cent: 
It takes the place of an expert operator in 
teaching the student. It will send slowly at 
first, and gradually faster and faster, until 
one is just naturally copying the fastest 
sending without conscious effort. 


BOOK OF INSTRUCTIONS 


Other than the practice afforded by the 
Instructograph, all that is required is well 
directed practice instruction, and that is 
just what the Instructograph's “Book of 
Instructions” does. It supplies the remain- 
ing ten per cent necessary to acquire the 
code. It directs one how to practice to the 
best advantage, and how to take advantage 
of the few “short cuts” known to experi- 
enced operators, that so materially assists 
in acquiring the code in the quickest pos- 
sible time. Therefore, the Instructograph, 
the tapes, and the book of instructions is 
everything needed to acquire the code as 
well as it is possible to acquire it. 


MACHINES FOR RENT OR SALE 


The Snstructograph 


ACCOMPLISHES THESE PURPOSES: 


FIRST: It teaches you to receive telegraph symbols, 
words and messages. 


SECOND: It teaches you to send perfectly. 


THIRD: It increases your speed of sending and 
receiving after you have learned the code. 


With the Instructograph it is not necessary to impose 
on your friends. It is always ready and waiting for you. 
You are also free from Q.R.M. experienced in listening 
through your receiver. This machine is just as valuable 
to the licensed amateur for increasing his speed as. to 
the beginner who wishes to obtain his amateur license. 


Postal Card Witt BRING FULL PARTIC. 


ULARS IMMEDIATELY 


THE INSTRUCTOGRAPH CO. 


5071-H NORTH BROADWAY 
4700-H S. CRENSHAW BLVD. 
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CHICAGO, ILLINOIS 60640 
LOS ANGELES, CALIFORNIA 90043 


frequencies from 30 to 50 MHz including police and fire 
departments. Fully transistorized « AC and 
tional) « Noise Jimiter » Band: spread » Includes BFO. 


© 97 Chambers St, N.Y., N.Y. 
212 — Digby 9-4411 


$10.95 PPD. USA 


cD Accessories always available at ARROW 


AMECO 2 & 6 METER CW/PHONE XMTR WITH 
POWER SUPPLY 
Model TX-62 complete 75 W. 
phone & CW transmitter has 
built-in power supply and 
modulator. Tunes easily by 
adjusting final plate and 
loading caps. 
50-54 Mc. & 144-148 Mc, Xtal 
(8 Mc) controlled or can take VFO, Meter reads final 
grid or cathode current or RF out. Built-in, solid 
state power supply, fused, Mike/Key jack & xtal 
socket on front panel. Size: 11%2x912—6” high, 
shipping weight approx. 20 lbs. 
TX-62, wired and tested $149.95 


2 Nuvistors in cascode give noise 
figures of 1.5 to 3.4 db. depending 
on band. Weak signal performance, 
image and spurious rejection on ali 
receivers are greatly improved. PCL’s 
overall gain in excess of 20 db. 
Panel contains bandswitch, tuning 
capacitor and 3 position switch 
which puts unit into ‘‘OFF,’' 
“Standby” or ‘‘ON,’’ and transfers 
antenna directly to receiver or 
@ through Preamp. Power required — 

120 V. at 7 ma, and 6.3 V. at .27 A. 

—can be taken from receiver or 

Ameco PS-1 supply. Size: 3/x5’x3”, 


ALL BAND 


NUVISTOR PREAMP 
6 THRU 160 


power-supply, wired, $32.95 


NEW, ALL WAVE RECEIVER MODEL R-5 
For Amateurs, Police, 


Fire, Short Wave 
Covers .54 MHz through 54 MHz 
in 5 continuous bands. Includes 
standard broadcast, all foreign 
broadcast, all amateur bands 
through 6 meters, all 27 MHz 
CB channels, all 2-way radic 


portable (op- 
$64.95 kit, $79.95 wired 


ARROW) S:crnonres INC 


@ 525 
516 — Ploneer 2-2290 


A COMPLETE LINE OF 
BROADBAND BALUNS 
From The Quality Leader 


Impedance* Power Price 
Model __Ratio | © (PEP) Ppd. in USA 
6010 50U-50B 2 KW $15.95 
6011 50U-200B 2 KW 15.95 
6012 50U-200U 500 14.95 
6020 75U-75B 2 KW 15.95 
6021 75U-300B 2 KW 15.95 
6022 75U-300U 500 14.95 


*U—Unbalanced 
B—Balanced 


All Units are Rated at Full Power from 2-32 mc 
Complete with Hardware & Mating Connector. 


TRANSLAB INC. 


4754 FEDERAL BLVD. 


SAN DIEGO, CALIF. 


NEW AMECO VFO FOR 6, 2 & 1% METERS 


The new Ameco VFO-621 is a companion unit designed 
to operate. with the Ameco TX-62. It can also be 
used with any other commercial 6, 2, or 144 meter 
transmitter. 

Because it uses the heterodyne principle and trans- 
istorized oscillator circuits, it is extremely stable. An 
amplifier stage provides high output at 24-26 MC. 
The VFO includes a built-in solid state Zener diode 
regulated AC power supply. 

This new VFO is truly an exceptional performer at 
a very low price Model VFO-621 $59.95 net. 


e 900 Rte. 110, Farmingdale, N. Y. 
516 — MYrtle 4-6822 


Jericho Tpke., Mineola, N.Y. © 18 Isaac St., Norwalk, Conn. © 225 Rte. 46, Totowa, N. J. 


203 —- 838-4877 201 —. 256-8555 


TOROIDAL FILAMENT CHOKES 


Model 615 Toroidal Filament Choke—3-30 mc 
¢ 15 Amp CCS—30 Amp ICAS 

* Completely encased and ready for mounting 
* Now used in the Henry 2K and 4K amplifiers! 


Creative Concepts in Communications 


92102 TELEPHONE 714 263-1876 
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ANNOUNCING the 
NEW and ULTIMATE 
in AMPLIFIERS ... 


ONLY $290.00 in Easy to Build Kit Form 
Tubes furnished if ordered with kit for $60.00 
F.o.b. Des Moines, lowa 
e 
Attractively styled, gray or black color 
scheme (your choice) matches most modern 
exciters and transceivers. Rack mount panel 
available at slight additional charge 

e 


BANDIT 2000C 


2000 WATTS PEP 


ALL NEW UNIQUE MANUAL * * * A new pictorial method for the easiest assembly possible. The answer 


to simple and accurate assembly 


x BUILT IN WATTMETER TO MEASURE OUTPUT! 
%& TWO ZERO BIAS TRIODE AMPEREX 8163 TUBES 
FOR MAXIMUM OUTPUT (3-400Z may be used 


% Can be easily driven with average 100 watt 
exciter 
* Internal change-over relays 


otron fan for cool operation 


with reduced output) * 
*% Size ...... 9%" high x 157%” wide x 1314” deep 
* 


% 80 thru 10 meters INCLUDING MARS 

*% Rugged self contained solid state power supply 
Easily changed from 115V to 230V. 

%* 3rd order distortion 
5th order distortion 


weighs approximately 57 pounds 
AM as well as RTTY operation 
% Broadband input .... 50 to 70 ohm unbalanced 
output 


lowa Residents add 3% 
for sales tax 


SOLD ONLY BY: 


Hunter Sales, Ync. 


HUNTER SALES, INC., P.O. Box 1128, Des Moines, lowa 50311 


(=| Hunter JE) 


SOLD ONLY DIRECT 
TO KEEP THIS LOW PRICE! 


Watch QST for new products. 


HANDY DANDYS WERE 
MADE TO KEEP YOUR 
SUPPLIES IN ORDER! 


Handy Dandys are sturdy, plastic caps 
that snap into %” pegboard and hold 
quarter-twist baby food jars. Ideal 
for the ham operator, electronic 
experimenter, home handyman. 
Nothing better for storing small 
parts, resistors, transistors, capac- 
itors, diodes, terminals, connectors, 
tubes, knobs, screws, washers, 
bolts, nails and small tools. Great- 
est invention for keeping your shop neat, at low cost. 


Sample order of 10 for $1; 36 for $3; 72 for $5; 
500 for $32.50. Handy Dandys only—No jars. Shipping 
paid anywhere USA. Send payment with order—No C.O.D. 


WICKLIFFE INDUSTRIES, INC. | oe 


P.O. Box 244, RH WICKLIFFE, OHIO 44092 
cele canteen clic contig ei oe ee ee ee oe ee 
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IMPORTANT BOOKS from EDITORS & ENGINEERS, LTD. 
gD 


SINGLE SIDEBAND: 


THEORY AND PRACTICE 
by Harry D. Hooton, W6TYH 


The one-source guide 
to ssb. Covers the ori- 
gin and principles of 
ssb, derivation of ssb 
signals, carrier sup- 
pression techniques, 
sideband selection, 
carrier generators, 
speech amplifiers and 
filters, ssb generators, 
balanced mixers and converters, low-power ssb 
transmitters, linear r-f amplifiers, ssb communica- 
tions receivers, transceivers, tests and measure- 
ments. Includes chapters on how to build air-tested 
linear amplifiers. 352 pages; hardbound. 

Order No. 350, only ..... cece cece cc cenc cece ee $6.95 


TRANSISTOR TRANSISTOR 
RADIO HANDBOOK 


Leading book on transistorized 
communications equipment 


Covers a wide range of communications uses 
for both amateur and commercial applica- 
tions. Explains circuit theory. Practical con- 
struction projects include audio and speech 
amplifiers, VHF transmitting and receiving 
equipment, SSB exciters, and complete SSB 
transceivers. 180 pages. 

Order No. O44, only... ccc ccc c cece ee eewe eens .- $5.00 


way RADIOTELEPHONE 
ieee LICENSE MANUAL 


Helps you prepare for commer- 
cial radiotelephone operator’s 
license exams. Provides com- 
plete study guide, including 
questions and answers. Covers 
everything you need to know: 1. Questions 
on Basic Law; 2. Basic operating practice; 
3. Basic radiotelephone; 4. Advanced radio- 
telephone. 200 pages. 

Order No, O30, only......ccecccceceeseeceeeces $5.75 


WORLD-WIDE ELECTRONIC TUBE DATA 


Radio Tubes Vade-Mecum. Latest 20th Edition 
(1965-67). Gives operating characteristics and lists 
base connections of all existing radio tubes made in 
all countries. 534 pages. 

Order No. 504, only...... cee cece e cece eceees $11.00 


Equivalent Radio Tubes Vade-Mecum. Latest 18th 

Edition (1963-65) shows tube substitutions (exact 

and pee cue over 43,900 comparisons; 
i 


17TH EDITION 


of the world-famous 


e Most comprehensive how-to-build-it source 
e Problem-solver for designers & builders 


Completely revised and enlarged by William I. 
Orr, W6SAI. This is the comprehensive com- 
munications manual which is the industry 
standard for electronics engineers, technicans, 
and advanced radio amateurs. Explains in 
authoritative detail how to design and build all 
types of radio communications equipment. 


LATEST HOW-TO-BUILD DATA 


The new 17th Edition of the RADIO HANDBOOK 
presents design data on the latest amplifiers, trans- 
mitters, receivers, and transceivers. Includes greatly 
enlarged sections on single-sideband equipment and 
design, and semiconductors. Gives extended cover- 
age to r-f amplifiers, special vacuum-tube circuits, 
and computers. All equipment described is of modern 
design, free of TVI-producing problems. 


THOROUGHLY REVISED & UPDATED 


Provides a complete understanding of the theory 
and construction of all modern circuitry, semicon- 
ductors, antennas, power supplies; full data on work- 
shop practice, test equipment, radio math and cal- 
culations. Includes aspects of the industrial and 
military electronics fields of special interest to the 
engineer and advanced amateur. The 17th Edition 
of the RADIO HANDBOOK provides the broadest 
coverage in the field—complete information on build- 
ing and operating a comprehensive variety of high- 
performance equipment. All data is clearly indexed. 
832 pages; 644 x 914"; hardbound. Invaluable for 
amateurs. electronics engineers. and designers. 

Order No. 167, only... cc ccccc secre nec eeeeeae $12.95 


Order from your electronic parts 
distributor or send coupon below. 


mo EDITORS and ENGINEERS, Ltd. fi 


P.O. Box 68003, New Augusta, Ind., 46206, Dept. an-6el 


Ship me the following books: 
No. 167 [No.030 (No. 482 


includes military tubes of 7 nations. 300 pages. No. 350 No. 504 1 No. 460 | 
Order No. 493, only... ... cece cece vere cceecnee $9.00 I a No. 044 H No. 493 o $ enc. I 
TV & Special Tubes Vade-Mecum. Gives operating | | 
characteristics and base connections of TV picture, | Name | 
CR, and other special-purpose electronics tubes | 
used in all countries. | Add 
No. 482, 18th Ed. (1962-64), only...........- 9.00 | ress | 
No. 460. 15th Ed. (1959), only...........ceeer 9.00 1 
| City. State Zip { 


With SPRAGUE COMPONENTS 


you build Reliability into your equipment! 
CERAMIC CAPACITORS 


CAN-TYPE ELECTROLYTICS 


Twist-Lok® Capacitors 


Hermetically sealed in 
aluminum cases. With- 
stand high temperatures 
(85°C), high surge voltages, 
high ripple currents. 


PAPER-FILM TUBULARS 


—_i— 


Black Beauty® Capacitors 


Dual dielectric (polyester film and paper) 
combines best features of both. Solid 
impregnant, nothing to leak or drip. 
Molded case. Withstand high temper- 
atures, high humidity. 


Cera-mite® Ceramics 

Silvered flat-plate design for high 
by-pass efficiency, high self-resonant 
frequency. Tough moisture-proof coat- 
ing. Available in general application, 
high-K, temperature stable, and tem- 
perature-compensating types. 


Buttonhead Ceramics 

Flat-disc capacitor element 
sealed in top of hex head for 
easy screw-mounting. Low 
self-inductance, high  self- 
resonant frequency. Available for 
by-pass or feed-thru applications. 


OIL CAPACITORS 


P 2h Rectangular Oils 

“f -™ Fortransmitter power sup- 
i plies and other high volt- - 
age applications. Hermet- 
ically sealed in rugged 
metal cases. Oil-impreg- 
nated, oil-filled. High in- 
sulation resistance. 


High uF Capacitors 

Molded phenolic cases. 
Ratings to 10,000 uF. De- 
signed for low voltage 


Sp. (to 50V) filter circuits. 


Orange Drop® Capacitors 


Dual dielectric (polyester 
film and paper), with solid 
impregnant. Double dipped 
in epoxy resin. Radial leads, 
ideal for printed wiring 
boards. 


TUBULAR ELECTROLYTICS 


Atom® Capacitors 

Tiny, dependable single or multiple 
section units. Have low leakage, long 
shelf life. Metal case construction 
with outer Kraft tube. 


MICA CAPACITORS 


“Postage-stamp” Micas 

Silvered (45% cap. tol.) or standard 
(+20% cap. tol.). Carefully-setected, 
electrically graded raw mica assures max- 
imum quality. 


HYPASS® CA 


Littl-Lytic® Capacitors 

Ultra-small, excellent for transistor- 
ized circuitry. All-welded construc- 
tion—no pressure joints to cause 
“opens”. Low leakage, extremely 
long shelf life. 


Transi-lytic® Capacitors 


Miniature low-cost capacitors for 
transistorized and other low voltage 
circuitry. Special low-leakage cur- 
rent construction. Plastic case pro- 
vides excellent resistance to high 
humidity. 


FILM TUBULARS 
cE '~oreen-t RN re 


Isofarad® Capacitors 


For applications that require close 


Screwbase Oils 


Cylindrical screwbase can 
for easy single hole mount- 
ing. Oil-impregnated, oil 
filled. Small size, will fit 
tight spaces. 


PACITORS 


Exclusive 3-terminal feed-thru units 
which effectively by-pass vhf cur-, 
rents. Suppress TVI from trans- 
mitters, diathermy, line-conducted 
radiation, etc. ; 


KWIKETTE® Koolohm® Resistors 
Insulated shell power resistors 
SOLDERING AIDS |. wound with ceramic-insulated wire. 
Completely moisture-proof. Ratings 
Make component replace- J to 120 watts in inductive and non-in- 
ment-quick and easy. Not ductive types. 
just another wire spring 


‘connector! Copperweld a <1" 


wire inner core, inter- 


tolerance (+5%) and zero tempera- mediate layer of flux, Blue Jacket® Resistors _ 

ture coefficient of capacitance. Con- outer jacket of solder... | Vitreous enamel coating guards 
stant capacitance—even under severe all you do is slip Kwikette against humidity and failure from 
temperature changes. FLUX on leads and apply heat! | electrolysis. Ratings from 2 to 10 W. 


For complete data on these and other Sprague compo- 


nents, get Catalog C-617 from your Sprague Distributor, . 
or write to Sprague Products Company, 505 Marshall St., 


North Adams, Massachusetts 01247. 


THE MARK OF RELIABILITY 
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ix MOBILE-RADIO 
MAINTENANCE 


Get into this rapidly growing 
field with 2nd Class Ticket and 


LAMPKIN MOBILE-SERVICE METERS 


LAMPKIN EQUIPMENT IS RELIABLE — INSTRUMENTS 5, 10, 20 YEARS OLD ARE MAINSTAYS 
FOR THOUSANDS OF SHOPS. PROMPT, REASONABLE, DIRECT FACTORY SERVICE. 


THE LAMPKIN FREQUENCY METER IS CORRECTABLE VERSUS WWY. ALL QUARTZ CRYSTALS 
WILL AGE IN FREQUENCY. THE FCC SAYS WWV IS THE FINAL AUTHORITY FOR FREQUENCY 
MEASUREMENTS. 


FOR 0.0001% ACCURACY USE ACCESSORY PPM METER WITH THE 105-8 


FREE BOOKLET—with facts 
and figures—send f or “HOW TO | Measurements Section 
MAKE MONEY IN MOBILE- | Lampkin Laboratories, Inc. 
RADIO MAINTENANCE”. | Bradenton, Florida 33505 


1 Atno obligation to me, please send 


MAIL cou PON TODAY ] (J “How To Make Money in Mobile-Radio Maintenance!” 


' [J Technical data and prices on Lampkin Meters 


‘ 


IE 


LAMPKIN LABORATORIES, INC. oon 
BRADENTON, FLORIDA (iguana 


better sent... 
better received 


with Belden wire and cable 


...@asy to use packaged lengths. 


a 


Antenna Rotor Cables 
Sturdy, flexible, plastic insulated 
cable for rotor applications. Color 
coded. Chrome, vinyl plastic jacket 
resists sun and aging. 


Power Supply Cables 

Excellent mechanical and electrical 
characteristics for long service life. 
Special jacket offers maximum re- 
sistance to abrasion and ozone. 
Use as power supply cords and 
interconnecting cables. Ideal for 
remote control circuits, special 
press-to-talk microphone circuits, 
and other applications. 


FOR FULL INFORMATION CONTACT YOUR BELDEN ELECTRONIC DISTRIBUTOR 


The Belden line gives you maximum efficiency with lowest losses under 
all conditions of operation. There's a Belden wire or cable to meet every 
ham transmitting and receiving need. Shown here is only a small portion 


of this complete line. 


Reade EEO 


Shielded Hook-Up and Grid Wire 
Provide most effective TVI sup- 
pression. Vinyl insulated with 
tinned copper braid shield. Avail- 
able from 24 AWG to 12 AWG. 


Z_X, Nopnonnmnnnnnyr>™ 
——— oO 


Coiled Microphone Cable 
Provides low impedance for mobile 
microphone applications. Neo- 
prene jacket remains flexible at low 
temperatures. Available with or 
without shielded conductors. 


Ham Transmission Lines— 
Parallel Type 

Uniform quality control provides 
uniform impedance. Brown poly- 
ethylene for best weather resis- 
tance and lowest losses. 


Ham Transmission Lines— 

RG/U Type 

Designed for lowest losses, longer 
service life, and maximum depend- 
ability. Cables are essentially flat 
with no peaks in attenuation to re- 
duce signal on either high or low 
frequencies. 


BELDEN \© 


8-7-6A 


BELDEN CORPORATION ° P.O. BOX 5070-A, CHICAGO, ILLINOIS 60680 
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SRNR wg ss Suna 
My Amateur Gear | EUR T 
Sree Ammateiirs Hear with Built-in VFO 


Completely wired ° 2E26 Final—20 Watts DC 


95 e Nuvistor RF Amplifier 
1 4 9 ® Dual Conversion 
© Built-in 117 VAC and 
12 VDC Power Supplies 


99-2575WX—Model HA-410 for 28-29.7 MHz 
99-2579WX—Model HA-460 for 50-52 MHz 


LAFAYETTE MOBILE LINEAR AMPLIFIERS 
FOR 15 THROUGH 2 METERS 


¢ Built-in 12 VDC Toroid Power Supply 
¢ Built-in RF Switching 
© Built-in Metering Circuit for Exciter 


Or Linear RF Power Output 
100 WATTS (PEP) AM, FM, SSB or DSB, and CW As 
40-0106WX—HA-250 For 15-6 Meters......$ 79.95 Low 7 9° Made In U.S.A, 
120 WATTS (PEP) AM, FM AND CW( illustrated) As 


40-0108WX—HA-260 For 2 Meters.......... $139.95 
6 METER SOLID STATE MOBILE TRANSCEIVER 
with Built-in VFO 


No Money Down 


119% 


* 5 Watts DC Input 

* Tunable Receiver, Xtal/VFO Transmitter 
© +200 kHz Vernier Receiver Tuning 

Mode! HA-750 99-2605WX ¢ Sensitivity less than 1 uV for 10 db S/N 

¢ 18-Transistors, 8-Diodes, 2-Zener Diodes 


6-80 METER SSB/AM/CW RECEIVER 
10 TUBES, DUAL CONVERSION 


ov 129” 


oer © Product Detector for CW/SSB,Diode 
Detector for AM & 


© Two Mechanical Filters 
¢ Hluminated Calibrated “‘S” Meter 
¢ Built-in 100 kHz Crystal Calibrator 


HA-500 99-2574WX e “Always-On”’ Oscillator Filament 

, FR E FI Ene LAFAYETTE pane: ELECTRONICS ERE 
Dept. 26-8, P.O. Box 10 
Syosset, L.I., N. y ot1791 SSeS 
LAFAYETTE 1968 | _ Send me the FREE 1966 Lafayette Catalog 680 ———=~«26-8, 
U Namie iat Meni te Rate paused atin dockcarap tse atone ates st 
AND BUYING Guipe 1 %7"° 

i POT OSS 2.2.2 5 ciiccccessusa tans hota css shire veces ide scaa ead uth eben babes vcsenss oes BARTON SeRtub ewes 
K) 12 P, AGES i City dete Ue Sit tanie SG netamnnenees Zone............ State... 


Shurile...stuvve Hams’ NO. 1 CHOICE 


5) 


lif, 


4 
rn | 
\\ y, 


D.C. 
ILLIAMPERES 
Shuri 


» Select the right meter from 260 
catalog types. For instance, 0-1 DC 
Milliammeter at left, 
1000 ohms internal resistance with 
bridge type design to minimize ef- 
fects of external magnetic forces. 
Also available with zero adjuster. 


Model 350 Series 
0-40 db $ meter, illustrated 


HAMS. .. have found these meters a wonderful buy, 
and year after year have made Shurite their No. 1 
choice in its class of panel instrument. . . . For the 
same reasons these meters are preferred by many 
Original Equipment Manufacturers: 


(1) AMERICAN MADE AND GUARANTEED: Every 
meter is manufactured in Shurite’s spotless new 
plant by experienced Connecticut workers. Users 
are protected by a policy of continuing catalogued 
designs, so that additional meters, now or in the 
future will match in panel appearance, mechanical 
details, and electrical values. Backed by Shurite’s 
one year guarantee against defective workmanship 
and material, a meter in warranty will be promptly 
repaired or replaced if sent postpaid to the factory 
with 50¢ handling charge. 
(2) ATTRACTIVE CLEAR-PLASTIC OR METAL CASES: 
Hams are pleased to find a modern, expensive-look- 
ing Model 850 as illustrated costs only 15¢ more 
than an equivalent metal cased meter. Equally good 
news is the longer, more visible scale arc . . . the re- 
movable front...the high temperature case material 
.and the availability of zero adjusters on all Model 
850 AC and DC ranges. (Mounting hole may be 
standard 2-5/32” down to 2-1/32”.) The long-time 
metal cased favorites, basic 550 and 950 Models 
(2-5/32” mounting hole) continue to be popular. 
Zero adjusters are available on all DC ranges of 
these models. 


(3) CHOICE OF MANY TYPES: AC and DC Ammeters, 
AC and DC Milliammeters, AC and DC Voltmeters, 


Ail meters shown less than actual size 


above, has 


’ Model 
550 
Series 


new 0-500 DC Microammeters, DC Resistance Me- 
ters, VU, S, and new Field Strength Meters. AC 
meters are double-vane repulsion type with jeweled 
bearing. DC are polarized-vane solenoid type, mov- 
ing magnet construction, or bridge-type design. Ask 
for Catalog 47 — covering all types, and Bulletin 
VUS-67 with application notes on VU, S, and Field 
Strength Meters. 


(4) EDGEWISE METERS: Model 350, made with new 
high-temperature plastic material, provides an ideal 
way to save panel space and dress up appearance. 
The clear jewel-like front gathers light for easy read- 
ing of the dial. Rectangular mounting hole of the 
meter itself is 1-31/32” x 17/32” and a metal es- 
cutcheon plate 2-3/8” x 7/8” is supplied to insure 
an easy, neat installation. 


(5) WIDELY AVAILABLE: These American made me- 
ters are stocked by many leading electronic parts 
distributors for prompt deliveries. If by any chance, 
you do not find the meter you need, get in touch 
with the factory. 

(6) REASONABLE PRICES:* Typical of the excep- 
tional values are the meters illustrated, 0-50 DC 
Ma, $2.60 in the 550 or 950 Series, $2.70 in the 
850 Series; 0-40 db S Meter in the 350 Series, 
$3.70; 0-1 DC Ma above without zero adjuster, 
$4.25; with zero adjuster, $4.60. 0-150 AC Volts, 
$4.35 in the 550 or 950 Series. Savings made pos- 
sible by large quantity production are reflected in 
the reasonable prices. 


*NOTE — Prices subject to change... 
ACCEPT NO SUBSTITUTES —YOU’LL DO BETTER WITH SHURITE 


SHURITE METERS 


P.0. Box 1818, New Haven, Conn. 06508. 


(j) LEAGUE 
YOU! 


Working together, the members of 
ARRL have for fifty years provided the 
base of support from which our great 
public-service hobby has grown and 
maintained the precious privileges that 
many amateurs now take for granted. 


J erough membership in the League and 
affiliated clubs, many people pool their 
knowledge, their skills, their energy, and 
a small part of their material resources 


to help one another. The result is top-. 


notch training programs and publications, 
top-efficiency traffic nets, community com- 
munications programs—and an amateur 
radio service which is useful to our country 
and deserving of its privileges. 


Mewconers gain from the experience of 
the old timers, and old timers gain from 
the enthusiasm of the beginners. The more 
we work together in the League, the 
greater will be our collective achieve- 
ments—and our security. 


Ech and every radio amateur is vital 
to the League, and the League is vital to 
each and every radio amateur. Join now 
with over 100,000 League members so 
that we can all share more fully in these 
mutual benefits. League membership is 
only $6.50 in the U.S. and Canada, 
$7.00 elsewhere. 


q; you are already a member, help 
strengthen your League by spreading 
this word to others! 


THE AMERICAN RADIO 
RELAY LEAGUE INc. 
Newington, Conn. 06111 


YOU EARN YOUR FCC 
FIRST CLASS LICENSE 


or your money back! 


Mo 


eV 


4 


5 NRI COMMUNICATIONS COURSES 
INCLUDE FCC LICENSE TRAINING 


Earning an FCC License can be quick and easy the NRI 
way. You can concentrate on a short FCC License course— 
“specialize” by training in Mobile, Aviation, or Marine 
Communications—or go all-out with the job-simulated NRI 
course in Complete Communications. It is the only home- 
study training plan that includes professional lab equip- 
ment specifically designed to give you on-the-job, ‘hands 
on” experience as you train. 

Whichever NRI Communications course you choose, with 
an FCC License you're ready to operate, service and install 
transmitting equipment used in broadcasting stations, avia- 
tion, on board ships, and in mobile and Citizens-Band radio. 
And you MUST PASS your FCC exams or NRI refunds 


‘your tuition in full. Can you do it? The NRI record of success 


is outstanding. 87 %, of NRI graduates pass their FCC exams. 


Get full details today about five courses that include FCC 
License preparation, plus seven other training plans offered 
by NRI, the oldest and largest school of its kind. Mail cou- 
pon. No obligation. No sales- 
man will call. NATIONAL | APPROVED UNDER GI 
RADIO INSTITUTE, | BILL, if you served since January 
Electronics Div., Wash- | 31, 1955, or are in service, check 
ington, D.C. GI line in coupon, f 


MAIL NOW for FREE CATALOG 


NATIONAL RADIO INSTITUTE soe | 
Electronics Division, Washington, 0.C. 20016 { 
I 


Please send complete data about FCC Licénse training, other 
NRI courses checked below. (No salesman will call.) 


( FCC License (D TV-Radio Servicing (with color) H 
[1] Complete Communications [1] Advanced Color TV I 
(1 Aviation Communications ([(] Industrial Electronics | 
LD Marine Communications —_[_] Basic Electronics | 
(2) Mobile Communications ~—_[[]_ Electronics for Automation | 
{ 
! 
I 
! 


LD Math tor Electronics CJ Electrical Appliance Repair 
(1) CHECK FOR FACTS ON NEW GI BILL 


| Name ge. 


| Address. 


| 
! ; 
l > aan RTO me | 
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RANSCRIBERS TRANSISTORIZ 4, 
RACK TRANSCEIVERS TRANSM 
THANSDUCERS TRANSFORMER’ 
TRANSISTORS TRANSISTORS TRAP 


TITLES FOR 

ELECTRONIC EQUIPMENT 
Hundreds of preprinted titles re- ; 
searched to give up to 95% of all 
electronic marking. For labeting, 
marking, titling all electronic con- 
trol panels, drawings, prototypes, 


etc. 
No. 958-——Black 
No. 959—White 
No. 960—Refill 
black alphabets) ey) 
No, 961—Refill Set ( s, Ot ae 
white alphabets) . $2.50 32” 
No. 962—Refill Set (12 sheets H 
black numerals 2.50 
No. 963—Refill Set (12 sheets 
white numerals) 0.0... $2.50 


4 
2 
Fy 
2 


TERMINAL & CHASSIS 
MARKING KIT 

All the necessary letters, letter 

combinations and numerals for 

marking chassis, printed circuit 

and terminal boards, rotating com- 
onents, etc. 
lo. 966—Black . 

No, 967—White . 


$4.95 
$4.95 


instruments. 
No. 968R—Refill Set for 968 Kit 


(4 identical sheets—specify 
sheet No. on Order) 


intlart lettering | 


DATAKOAT 


METER & DIAL MARKING KIT 
Arcs, dial patterns, lines, wedges, grad- 
uation lines, switch symbols, alphabets 
and numerals in black, white and red for 
marking standard and special rotary tap 
switches, potentiometers and prototype 
and especially calibrated meter dials. 
Colors provide contrast on scales and 
switches simplifying usage of complex 


No. 968—Meter & Dial Marking Kit $4.95 


THE REVOLUTIONARY METHOD FOR 
MARKING ELECTRONIC EQUIPMENI 


JUST RUB... and it’s printed! 
Sharp « Clean « Fast « Not a Decal e No Water e No Tapes 


INSTANT LETTERING® marking kits bring you all the necessary elements for com 
pletely marking electronic equipment, prototypes, drawings, etc. in this fast new 
easy. -to- ee form. There's even a new drafting symbol kit for better more readable 
schematics 


Words, letters, numerals, switch patterns, arcs, drafting symbols, etc. are printec 
ona Special transparent carrier film. Rubbing over one of these. elements with 4 
ballpoint pen releases it from the carrier film and adheres it to your working surface. 


INSTANT LETTERING® words and symbols transfer to almost any surface including 
glass, plastic, even painted and bare metals. Now you can quickly mark all panels, 
even especially calibrated two-color nomenclatures, pilot light jewels, sub-assem:- 
blies, circuit boards, etc. Reproduction quality INSTANT LETTERING® transfers are 
clean and sharp, leave no background haze or film, make prototypes look like fin- 
ished production equipment and give all equipment and drawings a professional look. 


dry transfer 
ELECTRONIC SYMBOL DRAFTING SET 


The quicker way to more readable schematics. Con- 
tains 40 sheets of electronic symbols including letters 
and numerals. These sheets are made with a new 
diazo-proof adhesive that adheres perfectly to al! vel- 
tum, paper and polyester tracing films. Also included 
is a complete guide to drawing with dry transfer sym- 
bols, Designed to conform with MIL-STD-15-1. 

| No. 970—Etectronic Symbol Drafting Set .......... $15.95 
| No. 970-2 Electronic Symbol Drafting Kit w/pen..$18.95 


No. 970R Refill Set for 970 Set (4 identical 
sheets—specify sheet No. on Order) ... 


drafting set 


et MBF FY TRY ER CARAS OM 
rt ve 


$ 2.00 


NEW DATAMARK KITS 


‘instant Lettering’ quality and speed in handy, economical 
kits at only $1.25 each. These kits are ideal for the home 
experimenter, student, hobbyist—in fact, almost anyone with 
a Settering or marking problem, Datamark Kits are also good 
for the industrial user who needs selected preset words, etc. 
in quantity and at a reasonable price, for marking equipment. 
You'll find a Datamark Kit to solve your marking problems. 


K58B = Audio, TV & Hi-Fi (black) 
kK5aw = Audio, TV & Hi-Fi (white) 
K59B Amateur Radio & CB (black) 
K59W Amateur Radio & CB (white) 
K60B = Experimenter, Home & Intercom (black) 
Keow Experimenter, Home & Intercom (white) 
K61B —s Test & Industrial Equipment (black) 
K61w =‘ Test & Industrial Equipment (white) 
K62 Marks & Switch Patterns (bik. & wht. asstd.) 
K63 Alphabets & Numerals, Ye” ‘ 

(bik., wht. & gold asstd. ) 
K64 Alphabets & Numerals, V4” 

{bTk., wht. & gold asstd.) 
K65 Alphabets & Numerals, 12” 


{blk., wht. & gold asstd.) 
$1.25 Each 


MADE TO YOUR 


OWN SPECIFICATIONS 


STANDARD 
SHEETS 


Clear Protective Coating 


DATAKOAT protective coating is spe- 
clally designed for ‘Instant Letter- 
ing.” Ht is water-ciear, dries quickly 
and protects ‘Instant Lettering” 
from abrasion and weathering. 


DATAKOAT Protective Coating Kit 
contains a 1 ounce bottle of DATA- 
KOAT with applicator brush in the 
cap and a 1 ounce bottle of Thinner. 


No, 04176 
DATAKOAT Spray Coating is the handy 


spray can form of DATAKOAT. 16 
ounce spray can. 


No. 04177 (Glossy) .. 
No. 04178 (Matte) .. 


THE DATAK CORPORATION e PAS 


The amazing new ‘Instant Lettering” 
method of dry transfer lettering brings 
you unequalled quality and speed. By 
shading over the letter with a ballpoint 
pen anyone can produce reproduction 
quality lettering instantly! 

“Instant Lettering” transfers dry to 
practically any surface, smooth or tex- 
tured, even wood and metals, glass, 
plastics and cloth. 

Standard 10” x 15” sheets are avail- 
able in complete alphabets and/or nu- 
merals in a wide variety of type faces 
and colors. Letter sizes range from 8 
point to 3 inch display letters. 


FREE SAMPLE AND COMPLETE TYPE CHART AVAILABLE 


ans 


ars Zager 


armel Lettering” sheets can be made 
to meet all your own special needs. Hun- 
dreds of companies all over the country 
have had their logo, drawings, symbols, 
etc. made. in ‘Instant Lettering.” They 
have found that “Instant Lettering” saves 
time and money, Hundreds ‘of lettering 
and marking problems that were impos- 
sible or too expensive become possible 
and inexpensive with “Instant Lettering.” 
COMPLETE INFORMATION 


AVAILABLE UPON REQUEST. 


85 HIGHLAND AVENUE 
SAIC, NEW JERSEY 07055 


FOR THAT 


The BTI LK-2000 


LINEAR AMPLIFIER 


For SSB, CW, RTTY 

Loafs along at maximum legal input in all modes, 2000 
watts PEP for SSB, 1000 watts for CW-AM-RTTY. 
© Instant transmit—no warm up wait @ ALC for more 
and cleaner Talk Power © High reliability, solid state 
power supply ® Grounded grid, zero bias linear oper- 
ation @ Full 1000 watts plate dissipation with economi- 
cal EIMAC 3-1000Z @ Easy to load and tune @ Real 
signal impact. i] 
Price, Complete, Ready to go......... $795.00) 

’ Compatible with all modern amateur trans- 
mitter-exciters. See your dealer or write.) 

AMATEUR DIVISION : 


Hafstrom Technical Products 


4616 Santa Fe St., San Diego, Calif. 92109 


TUNAVERTER 


POLICE - FIRE - AIRCRAFT - AMATEUR 


TUNABILITY — USABILITY — QUALITY 


TUNABLE, CALIBRATED solid state con- 

verters to change your auto and home 

radios into excellent, sensitive, selective, 

calibrated VHF receivers 
“Of all of the converters tested by Popular 

Electronics there is little doubt that the ‘TRP 

Tunaverter’ is the most versatile.’’— Popular 

Electronics, August, 1967. 


e 6-1 reduction tuning ¢ FREE 24” conn. coax! ¢ 9 volt btry powered! 
e HF—2 gang tuning! e Plug into auto radio! e Size 244 x 344 x 444" 
¢ VHF—3 gang tuning! e American Made! 


¢ 2 WEEK MONEY BACK GUARANTEE 


Models for AM & FM NEW EL 
BAND MODEL COVERS OUTPUT Bi ceed . 
Marine Marine 2.0-2.85 mc 5 xtal provision 
Wi 9.3-10 mc 

26.9-30 mc 

50-54 mc 

144-150 me 

30-38 mc 

37-50 mc 

150-164 mc 

18 118-128 mc 0 

Radiation loop & Ext. Antenna for use with home radios 


Order from: Fast AIR MAIL add $.85 ea warhotax BK rl 
arketing Division o 
HERBERT SALCH & CO. Woodsboro HB68, Texas 78393 Tompkins Radio Products 
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To Manufacturers 

and Distributors of 

Products Used in Short- Wave 
Radio Communication 


Tue Rapio AMATEUR’S HANDBOOK is the standard 
reference on the technique of high-frequency radio 
communication. Now in its forty-fifth edition, 
it is used universally by radio engineers and tech- 
nicians as well as by thousands of amateurs and 
experimenters. Year after year it has sold more 
widely, and now the Handbook has an annual 
distribution greater than any other technical hand- 
book in any field of human activity. To manu- 
facturers whose integrity is established and whose 
products meet the approval of the American Radio 
Relay League technical staff, and to distributors 
who sell these products, we offer use of space in the 
Handbook’s Catalog Advertising Section. This sec- 
tion is the standard guide for amateur, commercial 
and government buyers of short-wave radio equip- 
ment. Particularly valuable as a medium through 
which complete data on products can be made 
easily available to the whole radio engineering and 
experimenting field, it offers an inexpensive method 
of producing and distributing a catalog impossible 
to attain by any other means. We solicit inquiries 
from qualified manufacturers and ‘distributors. 


ADVERTISING DEPARTMENT eee 


American Radio Relay Dengue 


NEWINGTON, CONNECTICUT O61I1 
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Grantham School of Electronics 
1505 N. Western Ave., Hollywood, Calif. 90027 


Please mail me your free catalog, which explains how 
Grantham training can prepare me for my FCC License 
and Associate Degree in electronics. I understand no 
salesman will call. 


Name Age. 
Address 
City State Zip 


FIRST CLASS 


WGenerat Rediotetephone Certitiaate) 


Grantham School of Electronics 


has conferred on 


John Doe 
the degree of 
Associate in Science in Electronics Engineering 


with all the rights and privileges thereunto appertaining. In witness thereof this diploma duly signed 
has been issued by the School Administration upon recommendation of the faculty at the School on this 


Success in Electronics 
Comes as Naturally as 


— 1-2-3 
through Education 


There they are — three big steps — three deliberate 
steps which lead directly to success in electronics. 
Your future is shaped by the moves you make — by 
the steps you take. Begin now with Step #1. 


STEP #1 is a simple request for full information on 
the Grantham Associate Degree Program in Elec- 
tronics. You take this step by filling out and mailing 
the coupon. We mail our catalog to you; we do not 
send a salesman. 


STEP #2 is earning your FCC first class radiotele- 
phone LICENSE and radar endorsement. You com-. 
plete this step in the first two semesters of the Gran- 
tham educational program (by correspondence or in 
residence). Train with the school which gives associ- 
ate-degree credits for your license training, offering 
you the opportunity to advance beyond the FCC 
license level to a college degree in electronics. 


STEP #3 is earning your ASEE DEGREE. This 
degree is conferred when you have earned credit for 
all five semesters of the Grantham curriculum. 

Semesters 1 and 2, as mentioned above, are of- 
fered by correspondence or in residence. 

Semester 3 is offered in residence, or students who 
have extensive practical experience in electronics may 
receive credit for this semester — credit based on 
that experience. 

Semester 4 is offered by correspondence or in 
residence. 


Semester 5 is offered in residence. 


Accreditation, and G.I. Bill Approval 


Grantham School of Electronics is accredited by the 
Accrediting Commission of the National Home Study 


-Council, and is approved for both correspondence 


and resident training under the G.I. Bill. Just mail 
the coupon, or write or telephone us for full informa-. 
tion without obligation. 


Grantham School of Electronics 


818 18th Street, N.W. 
Washington, D.C. 20006 


1505 N. Western Ave. 
Hollywood, Calif. 90027 or 


Telephone: 
(202) 298-7460 


Telephone: 
(213) 469-7878 
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SPECIFY 
CARLINGSWITCH 


THE BIGGEST SINGLE NAME IN SWITCHES 


FINEST QUALITY BEST SERVICE COSTS NO MORE 


Quality insulating material for 
the best arc tracking control. 


Positive make and break 
- action. 


Precision handle operating 
forces. 


Finer contact materials for de- 
pendable performance under 
varying loads. 


Stronger return springs with 
minimum pressure. 


A multitude of circuit ar- 
rangements available. 


Easy to wire terminal arrange- 
ments and styles. 


Exacting lever to bushing 
seals. 


Carling Quality Switches are available in the widest pos- 
sible variety of styles and sizes and have extensive 
applications in the radio electronics field. 

In addition to the popular distributor stocked items pic- 
tured here are thousands of variations and adaptations 
designed for our. customers’ specific needs. We are con- 
stantly engaged in the development of new products and 
welcome the opportunity to serve you. 


Call or see your local distributor. 


Carling 


SWITCHES 


WEST HARTFORD, CONNECTICUT 06110 


Switches shown approximately 3/4 actual size. 


Clechwones 


+ *~ 7361 NORTH AVE. © RIVER FOREST, ILLINOIS 60305 
(WEST SUBURBAN CHICAGO) 


QUALITY MERCHANDISE — QUALITY SERVICE 
. . . SO WHY PAY MORE FOR THE BEST! 


MERCHANDISE IN STOCK — PROMPT DELIVERY 
NATIONALLY ADVERTISED BRANDS, THE LATEST MODELS 


TRIGGER ELECTRONICS — Exclusive Ham 
store — is as near as your phone or mail- 
box! 


another important 
TRIGGER service: 


WE BUY USED HAM 


GEAR FOR CA$H 


PROMPT SERVICE... 
PROMPT CASH! 


ALL PHONES: (AREA 312) 771-8616 


STORE HOURS 
(CENTRAL TIME) 


WEEKDAYS . . . 11:00 A.M. — 8:00 P.M. 
SATURDAYS . . . 9:00 A.M. — 3:00 P.M. 


WRITE TODAY! 


Send for free catalog. 


Hees | 

| 7361 North Avenue i 
River Forest, Illinois Amount | 

J RUSH THE FOLLOWING: Enclosed ] 
ech at ee ] 
| C) Send free catalog. ! 
! NAME. J 
ADDRESS ! 

[ city STATE ZIP I 


46 


INSTANT SHIPMENT on all cash orders of new 
equipment. TRIGGER ELECTRONICS has the 
most complete inventory of amateur radio 
equipment and accessories in stock, for your 
convenience. Shipment is usually made the 
same day your order is received! 


e 
$5.00 DOWN STARTS ANY BUDGET TIME PAY- 
MENT! Order your goodies from this ad! 

e 
MIDWEST BANK CHARGE CARDS HONORED. 

® 
TRIGGER ELECTRONICS is conveniently located 
near the west city limits of Chicago on the main 
street of North Avenue (State Route #64), 3 
blocks west of Harlem Avenue (State Route 
#43). Just 10 miles due west of downtown 
Chicago, or 20 minutes southeast of O’Hare 
Airport. Plenty of free parking. Come in and 
browse. See the latest in ham gear attractively 
displayed. 


IDEAL FOR THE 
NOVICE OR BEGINNER e 753 SSB TRANSCEIVER $139 


: « 720—90 WATT CW $67 
NEW EICO KITS * 723 —60 WATT CW $39 
SPECIALLY PRICED ~ © 722 —VFO W/AC SUPPLY $34 
LIMITED QUANTITY 


A SMALL DEPOSIT WILL HOLD 
ANY UNIT ON LAY-AWAY. 
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PREFACE 


This book deals with the major factors and new techniques in 
filters and attenuators. The problems inherent in this field are 
discussed fully, step-by-step, as a technician would encounter them 
on the job. 

Detailed attention is given to the general characteristics of 
low-pass filters, choke-input filter systems, capacitor-input filter 
systems, tuned low-pass filters, graded filters and cancellation filters. 

The problems of audio filters and radio and television filters 
receive special attention, with special emphasis on decoupling 
filters, tone controls, speech clipping, high-fidelity filters, Scott 
filters and high- and low-frequency compensation filters. ‘The pro- 
lems of traps in television receivers, transmission filters, noise filters, 
crystal filters and interference filters are also fully discussed. 

We have covered large areas such as wave filters and attenuators 
and equalizers and given special treatment to filter classifications, 
characteristic impedance, filter configurations, constant-k and 
derived-m filters, and a host of others dealing with configurations. 
Bridged-T and parallel-T networks and their applications are fully 
dealt with. 

Attenuators and equalizers are discussed, ranging from defini- 
tions and examples of fixed attenuators through amplitude equal- 
izers, phase equalizers and resistance pads, noting their types and 
design. 

Through these discussions the earnest reader will establish a 
foundation for advanced concepts. 

Grateful acknowledgment is made to the staff of the New York 
Institute of Technology for their assistance and cooperation. 


AS. 


New York, New York 
April, 1961 
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Chapter 1 


INTRODUCTION TO FILTERS AND 
ATTENUATORS 


1. The Function of a Filter 


Like many technical words coined initially to describe a specialized 
function, the word filter has broadened in scope with the passing 
years. Despite the many phases of electricity and electronics in 
which it occurs, however, the word has retained its original core 
meaning. Any filter, whether in a power supply, a high-fidelity am- 
plifier, a radiotelephone transmitter, a keying system, an antenna, 
or a transmission line, is a frequency-sensitive device discriminating 
against certain frequencies in favor of others. In most filters dis- 
crimination is accomplished by weakening a preselected range of 
frequencies while others are untouched, causing the system response 
curve to undergo a reduction in amplitude for the filtered range. 
This does not lead to a depression in the response curve (Fig. 1A) 
if the plot of amplitude vs frequency possesses a non-linearity in 
the form of a raised bump, (Fig. 1B). A filter of this type may be 
employed to straighten out the curve. 

Certain filter arrangements may produce frequency discrimination 
by boosting rather than weakening a selected group or range of 
frequencies. Here again, the result of such peaking may raise a 
bump in the response curve which was not there initially (Fig. 2A), 
or may straighten out a curve that has an undesirable depression 
in it(Fig. 2B). 

In discussing the action of any filter network or group of filter 
components working together to consummate the desired frequency 
discrimination, we must consider several factors. Broadly outlined, 
these are: 

(1) The range of frequencies covered. If the filter is designed to 
weaken, or attenuate, a relatively large range, it may be generally 
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described as a wide-band filter. A filter acting upon a small range 
of frequencies is a narrow-band filter. (Fig. 3A and B.) 

(2) The nominal center frequency of the filter — the frequency 
discrimination position in the frequency spectrum. For example, 
audio filters are effective in the audio range, i-f filters in the inter- 
mediate frequency range, and so on. Center frequencies, then, can 
only be given for filters like Fig. 3A and B, and not C and D. 

(3) We usually specify the frequency at which filter action begins, 
for filters producing the attenuation of Fig. 83C or D. The starting 
point must be defined exactly to be precise about the point at which 
any action starts. Let us give a specific example. Suppose a certain 
audio amplifier has the response curve of Fig. 4. (The drawing has 
Seen idealized to make the definition more clear-cut). Calling its 
mid-range voltage gain arbitrarily 0 db, we see that the gain falls 
off at both the low and high ends of the audio band. The —3 db 
point has been conventionally selected as the termination of the 
flat part of the curve; in other words, this amplifier (without filter- 
ing, is said to be flat from 20 cps to 20,000 cps, even though the 
absolutely level part of the curve does not extend below 300 cps nor 
above 8000 cps. The frequency f1 is, therefore, termed the lower 
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cutoff frequency of the amplifier and f2 the upper cutoff frequency. 

Assume now that a filter is introduced to attenuate the response 
at the high end of the band. Using the same —3 db level as for the 
amplifier cutoff frequencies, we say that the cutoff frequency of the 
filter (symbolized f,) is that frequency at which the amplifier gain 
is brought down 3 db below the mid-range gain. Hence, the starting 
point for filter action, or f, in this example, is 8200 cps. 

(4) Filters are sometimes classified in terms of the slope of their 
‘characteristic below f,. The curve of Fig. 3C might be termed 
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Fig. 2. (A) A peaking filter 


will produce a bump in an 
FREQUENCY otherwise linear response 


(A) curve. (B) The action of the 
same filter on a non-linear 
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depression. 
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FILTER 
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gradual cutoff to distinguish it from that of 3D, which is a much 
sharper cutoff type of curve. 


2. Types of Filters — Filter Vocabulary 
The descriptive terms used in the chapters that follow, although 


not solely associated with filters have common and specific technical 
meanings. It would be helpful to know the basic definitions of the 
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Fig. 3. (A) A wide-band filter attenuates a broad range of frequencies on either 

side of its center frequency. (B) A narrow-band filter attenuates a small range on 

either side of the center. (C) This filtering action is gradual. (D) A sharp cutoff 
filter in action. 


more important of these terms. Their exact significance will be 
fully treated in context. 

Transmission: As specifically applied to filters, transmission implies 
the act of carrying a frequency or a range of frequencies from the 
input to the output of the filter without weakening it significantly. 
The —3 db point, as previously discussed, is generally taken as the 
point at which significant weakening begins. 

Attenuation: This term is the opposite of transmission. When 
a signal is reduced in amplitude to the extent of a 3 db drop, as 
compared with its original value, attenuation is said to begin. Any 
further diminution of amplitude may be described in terms of at- 
tenuation in db. 

Rejection: A specific frequency or range of frequencies is said to 
be rejected if it has been attenuated sufficiently to meet predeter- 
mined specifications. For instance, if a given radio signal inter- 
fering with a desired frequency is reduced to a value which makes 
it inaudible in a specific receiver, it is considered rejected. 
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Pass band: A range of frequencies passing through a filter without 
undergoing attenuation. Figure 4 can be used to illustrate. The 
pass band of this amplifier without filter extends from 20-20,000 cps; 
with filter, the pass band covers the range from 20-8200 cps. Hence, 
attenuation occurs below 20 cps and above 8200 cps with filter ac- 
tion. Extrapolating the curve downward enables us to say that all 
frequencies above approximately 10,000 cps are rejected. We may 
also define the filtered amplifier response by saying that all fre- 
quencies between 20 and 8200 cps are transmitted. 


ca 
CUT-OFF FREQUENCY | 
(Fa) 


RELATIVE VOLTAGE GAIN (0B) 


FREQUENCY (CPS) Fe 


Fig. 4. Idealized response of an audio amplifier with and without filtering. The 
cutoff frequency of the filter (f.) is 8200 cps, or the frequency at which the gain 
is 3 db below the mid-range gain. 


Low-Pass Filter: A low-pass filter attenuates all frequencies above 
a selected frequency. The selected frequency is the cutoff frequency 
of the filter (f,) and marks the point above which all frequencies 
are attenuated. (Fig. 5A.) 

High-Pass Filter: A high-pass filter attenuates all frequencies below 
a selected frequency. The latter marks the cutoff frequency of the 
filter and designates the point above which all frequencies are 
transmitted. (Fig. 5B.) 

Bandpass Filter: A bandpass filter transmits a range of frequencies. 
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All frequencies below the lower cutoff (fl) and all frequencies 
above the upper cutoff (f2) are attenuated. (Fig. 5C.) 

Band-Elimination Filter: A band-elimination filter attenuates a 
range of frequencies. The lower cutoff frequency and the upper 
cutoff frequency determine the points beyond which transmission 
begins in both directions (Fig. 5D). 

Untuned Filter: An untuned filter, may be made up of resistive 
and capacitive components, or of inductive and capacitive com- 
ponents, or all three. Such a filter does not resonate at any 
given frequency; it accomplishes the desired filtering action by 
means of high and low impedances properly placed with relation 
to the source and the load. 

Tuned (or Resonant) Filter: A tuned filter operates by virtue of 
either a series or parallel resonant circuit in the transmission sys- 
tem. Such resonant circuits may appear in series with the leads 
from source to load, or in shunt with them. Tuned filters usually 
(but not always) are designed to have very narrow pass or rejection 
bands as compared with untuned filters. 
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(Cc) (0) 


Fig. 5. (A) Low-pass filter. (B) High-pass filter. (C) Bandpass filter. (D) Band- 
elimination filter. 


Chapter 2 


SMOOTHING FILTERS FOR POWER SUPPLIES 


3. General Characteristics of Power Supply Filters 


The output voltage from a rectifier device has a pulsating wave- 
form which must be smoothed to prevent the supply from intro- 
ducing hum into the equipment it supplies with power. Although 
the voltage amplitude variations from a full-wave system are just 
as severe as those obtained by half-wave rectification, full-wave out- 
put is easier to filter because the gaps that require filling in are much 
smaller (Fig. 6). 

A practical filter network generally contains a combination of 
capacitors and resistors, or capacitors and inductors. In some cases, 
all three circuit elements are found in the same filter system. Gen- 
erally L-C circuits are used when the current flowing through the 
load is fairly large and where good voltage regulation is demanded. 
In power supplies provided for small, constant-current electronic 
devices, it is often possible to eliminate the inductor entirely, and 
to use a resistor in its place. Such networks are known as R-C filters 
and may be found in small table-top radios, portable a-c phono- 
graphs, and similar low-power devices. 

The design and construction of a practical power supply requires 
consideration of: 

(a) The maximum tolerable hum or ripple content of the d-c 
output. 

(b) The desired voltage regulation. 

(c) The maximum load current anticipated. 

(d) The output voltage desired. That is, whether the designer 
wishes to make use of the peak value of pulsating voltage fed to the 
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filter, or whether the output voltage may be approximately equal 
to the rms voltage that feeds the rectifier. 

Power supply filters may be classified as either capacitor-input 
or choke-input type. In the first group, a capacitor is the first filter 
element encountered after the rectifier. Such filters are characterized 
by comparatively high voltage output, but poor voltage regulation. 
Choke-input filters begin with an inductor as the first filter element 
and display better regulation but small voltage output as compared 
with a corresponding capacitor-input filter (Fig. 7). Pulsating d-c 
is obtained between the rectifier cathode (or filament) and a com- 
mon ground. 

Voltage regulation is qualitatively defined as the ability of a power 
source to maintain constant voltage output under conditions of 
varying load current. It is generally expressed as a percent in ac- 
cordance with the following equation: 


% reg = 1&2 fa Fy) — 100 x ot (1) 
f ft 


where E, = the no-load voltage and E, = the full-load voltage. For 
example, the no-load voltage of a certain power supply is 500 volts. 


CAPACITOR 
ic INPUT 


PULSATING PULSATING 


Fig. 7. Capacitor and choke-input filters. 
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When loaded fully, the voltage drops to 450 volts. The regulation 
is, therefore: 


% reg = 12 os 450) _ ise 


A theoretically perfect power supply has the same voltage output 
at full-load and at no-load. In that case, the numerator of the 
right-hand member of the equation (1) falls to zero. Thus, perfect 
voltage regulation is represented by zero percent. Again, if the out- 
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Fig. 8. Attenuation characteristic of an untuned low-pass filter. 


put at full-load drops to half the value at no-load, the voltage regu- 
lation turns out to be 100%. 

Most power supply filters fall into the classification of untuned 
low-pass filters having a frequency attenuation characteristic similar 
to that given in Fig. 8. 

This curve is drawn with frequency as its horizontal axis and 
relative attenuation as its vertical axis. In a typical power-supply 
filter, there is theoretically no attenuation of the pure d-c component 
(zero cycles per second.) This assumes that the inductances have 
zero resistance. Thus the curve must start at the origin of the axes. 
The attenuation then rises rapidly and approaches 100% at some 
high frequency, the approach being asymptotic to the 100% ordin- 
ate. Assuming that the attenuation at 280 cps is complete, and ac- 
cepting the fact that the attenuation at zero cps is zero, the vertical 
axis may now be divided into percentages to indicate the relative 
attenuation at various frequencies. Thus, the attenuation in the 
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curve of Fig. 8 for the 60 cps component of normal line a-c is ap- 
proximately 95%. 

There is a continuously rising curve of impedance as the fre- 
quency increases. To realize acceptable filtering action the fre- 
quency at which attenuation begins (f,) must be as low as possible. 
For 60 cycle power supplies, f, must certainly be no higher than 40 
cps. The methods of incorporating f, in filter calculations will be 
discussed later. 


4. Ripple Voltage, Capacitor-Input Filter 


Reduction of output ripple voltage or residual hum to the lowest 
figure commensurate with the permissible bulk and cost of the sys- 
tem is one of the prime purposes of the filter network. The factors 
contributing to the final value of the ripple voltage are the size 
of the filter components, the magnitude of the load current, the 
frequency of the pulsating supply (assumed as either 60 cps or 120 
cps throughout this book) , and the number of filter sections (Fig. 
9). Starting with the simplest type of filter (Fig. 9A) , a single-section 
capacitor arrangement, the ripple voltage can be determined from 
equation (2). The equation has been simplified to yield a close 
approximation of the ripple voltage in terms of percent of its un- 
filtered value. Specifiically, percent ripple expresses the ratio of the 
rms value of the ripple to the d-c value. Thus, a power supply which 
provides 500 volts rms d-c with a ripple of 3% contains J5 rms 
volts of residual hum. Examples of maximum permissible ripple 
percentage for different applications are: 

Transmitter, unmodulated ............0..0..0.... 5%; 
Table-model radio ....0.0.00..000cceee eee 1%; 
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Fig. 9. Capacitor-input filters. (A) Single-section (B) Two-section L-C type (C) 
Three-section L-C type (D) Two-section R-C type. 
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Voice transmitters ....000....000 cece eceeeeeeeeeees 0.25%; 
High-fidelity amplifiers 00000000 less than 0.1%. 
: _ 2245 x 104 
% ripple = ER,Cl (2) 


where f, = pulsating supply frequency, cps. Ry, = load resistance, 
ohms, Cl = capacitance, pf 


Example: Find the percent ripple of a single-section filter of the capacitor-input 
type used after a full-wave recifier if the load resistance is 10,000 ohms 
and the filter capacitor has a value of 20 pf. Assume a 60 cps line 
frequency. 


Solution: Since the rectifier is full-wave, the ripple frequency is 120 cps. Sub- 
stituting the values given in equation (2): 


2245 x 10 
120 x 10,000 x 20 


% ripple = 0.94% 


As shown in equation (2), when the supply frequency is fixed, the 
ripple percentage can be reduced by increasing the load resistance or 
the capacitance of the filter section, or both. Although it is possible 
to obtain low ripple by making the capacitance increasingly larger, it 
is not economical, as large capacitors are expensive. Further, if the 
load varies over an appreciable range, such a filter arrangement dis- 
plays poor voltage regulation. The preferred alternative is adding one 
or more filter sections. 


% ripple 


Equation (2) is equally valid for finding the ripple percentage 
output of the first filter section of a multi-section network. Assum- 
ing that an inductor and a second capacitor are added as in Fig. 
9B, the ripple percentage may now be found from equation (3). 


: % ripple sect. 1 
% ripple = — = (3) 
(2-section) {{10—® (2nf) *L C2} —]} 
where L is the inductance of the choke in henries and C2 is the ca- 
pacitance of the second capacitor in yf. 


Example: Assume that a 10-henry choke and a second 20-yf capacitor are added to 
the filter system of the previous example. Find the percent ripple out- 
put from this section. 


Solution: The percent ripple as previously obtained was 0.94%. Thus: 


eo en 0.94 

ie {[10-* (6.28 x 120)? x 10 x 20] — 1} 

te Ce ae a nee a 
[10-* (6.67 x 105) (2 x 10) — 1] 


= 0.0085 % 
The efficacy of the second filter section is thus easily established. A 
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percent ripple figure of this low value is suitable for most applications, 
except possibly those involving extremely high-gain amplifiers. 


In a manner analogous to the preceeding the reduction in ripple 
percentage due to a third filter section may be computed using a 
slightly modified form of equation (3). In this case, the percent 
ripple for section 2 would appear in the numerator, while the values 
of the second choke and third filter capacitor would be substituted 
for L and C in the denominator. 


The approximate determination of the residual hum of a resistance- 
capacitance filter (Fig. 9D) is handled in much the same way. Equation 
(3) is employed to find the percent ripple from the filter capacitor Cl; 
then, the output ripple is calculated from equation (4). 


Bastien 6.28f, x C2 x RI (4) 


where RI = resistance of series filter resistor in ohms. 
5. Output Voltage and Voltage Regulation, Capacitor Input 


The d-c component of the pulsating voltage that appears at the 
output terminals of a full-wave rectifier may be shown to be related 
to the peak voltage across the same terminals by equation (5). (See 
Fig. 10.) 


d-c component = =. X peak value = 0.638 E (5) 


where E is the peak voltage. If a capacitor is now connected in 
shunt with the output terminals, it charges up to nearly the peak 
voltage, E, if the load resistance is infinite (load current zero) and 
remains that way until current is drawn. As the load current in- 
creases, the average voltage across the capacitor diminishes because 
it is supplying load current throughout the nonconducting interval. 
It is also clear that larger values of capacitance tend to maintain the 
d-c output voltage closer to the peak value because their potential 
does not drop as much for a given load during the nonconducting 
interval. 

A capacitor-input filter is characterized: by a d-c output voltage 
usually substantially larger than the average value of the d-c input 
voltage to the filter; by a diminishing voltage as the load current 
increases; and by a smaller ripple component for large values of 
capacitance. 

The voltage regulation of a capacitor-input filter is poor because 
of the inability of the capacitor to maintain nearly peak voltage as 
the load current rises. In Fig. 10C the average output voltage with 
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Fig. 10. (A) Full-wave cir- 
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INPUT 
CAPACITOR 


LOW LOAD 
TIME ———? RESISTANCE 
(c) 


larger load currents is smaller than it is for small load currents. The 
output voltage vs load current curve of a typical capacitor-input 
filter power supply is illustrated in Fig 11. It is important to recog- 
nize that the ripple voltage must increase as the d-c output com- 
ponent decreases. Hence, capacitor-input filter systems are afflicted 
by increasing hum voltages with larger load currents. 
Capacitor-input filter systems are used in small receivers, public- 
address systems, and low-powered transmitter power supplies. When 
the amount of power required is large, choke-input filters are gen- 
erally preferred. If regulation is important, as in power supplies 
that feed class-B amplifiers, capacitor-input is usually unsatisfactory. 


6. Rectifier Considerations in Capacitor Input Filters 


Filter systems introduce a peak current factor in the selection of 
a rectifier which does not enter into design considerations when 
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RECTIFIER — 5U4GA 

A-C (RMS PER PLATE) 
— 240 VOLTS 

CAPACITOR — 4 4F 


is CAPAGITOR-INPUT : 


Fig. 11. Curve showing out- 
put voltage vs load current. 


FILTER OUTPUT VOLTS (D-C) 


CRITICAL 
cath Saag 
ie) 


25 50 75 100 125 150 175 
LOAD CURRENT (MA) 


filters are not used. Rectifier tubes are normally rated in terms of 
both d-c output current and peak current per plate. For example, 
the 5U4-GA has a d-c output current rating of 225 ma and a peak 
plate current rating per plate of 675 ma. 

During operation, the plate current in the rectifier flows in short 
pulses. The flow occurs only during the period when the input ca- 
pacitor must be brought back to peak charge, after having discharged 
a portion of its energy into the load. The peak current that flows 


CHARGING INTERVAL 


VOLTAGE 


Fig. 12. The relationship 

between current through a 

rectifier tube and the voltage 

across the input capacitor in 

a capacitor-input type of fil- 
ter network. 


| 
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during this interval is a function of the load resistance particularly, 
and of the transformer secondary impedance to a somewhat lesser 
degree. A low value of load resistance discharges the input capacitor 
during the non-conducting portion of the cycle to a much greater 
extent than a high load resistance. Hence, the charging current 
flowing through the rectifier to restore the capacitor to its peak 
potential is also large. The only factor that limits the peak value 
of the charging current is the input impedance (transformer sec- 
ondary impedance) to the rectifier. 

The relationship between the current through the tube and the 
voltage across the input capacitor is shown in Fig. 12. Note that plate 
current flows only during the capacitor charging interval. The 
ratio of peak plate current to d-c output current is high. This means 
that the rectifier tube must be selected for high-peak current rating, 
even when the d-c output current does not appear to warrant it. 
The ratio of peak to d-c output current may be found from a set 
of curves such as those given in Fig. 13. To use the curves, the load 
resistance of the power supply is first determined from the ratio 
of d-c output volts to d-c output amperes. The transformer im- 
pedance (input to rectifier) is then taken from the manufacturer’s 
data, and the ratio of peak to d-c load current is found at the inter- 


Fig. 13. Graph showing the 
relationship between the d-c 
load current and the rectifier 
peak plate current with ca- 
pacitor-input filter for va- 
rious load and input resist- 
ances. (ARRL Handbook). 


RATIO OF PEAK RECTIFIER CURRENT TO D-C LOAD CURRENT 
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section of the input impedance curve and the load resistance co- 
ordinate. Three curves are given to permit interpolation for any 
value of input impedance between 100 and. 500 ohms. 


Example: A transformer having an input impedance of 100 ohms provides a d-c 
output from the rectifier filter system of 400 volts. If the total load 
current is 125 ma, find the peak rectifier plate current. 


Solution: First determine the load resistance. 


eal 
125 


R, = 3200 ohms 


Referring to the curves in Fig. 13, we find that a load resistance inter- 
sects the 100 ohm input impedance curve at a ratio of 4.25 to 1. 
Thus, for a load current of 125 ma, the peak rectifier current rating 
for this example must be at least 4.25 x 125 = 532 ma. A check through 
the tube manual tables discloses that the 5Y3-GT, for example, has a 
full-load d-c output current rating of 125 ma, but its peak plate current 
per plate rating is only 400 ma. A tube like the 5U4-GA with a peak 
current per plate rating of 675 ma would have to be used here. 


Ry, = 


7. Choke-Input Filter — Critical and Optimum Inductance 


A choke-input filter system utilizes an inductance between the 
cathode of the rectifier and the first filter capacitor. Such filter net- 
works may be a single choke and one capacitor, or two chokes 
and two capacitors, as shown in Fig. 14. It is possible to select the 
input choke L of such value as to cause the current through it to 
be continuous when the rectifier is a full-wave type. That is, the 
current through the choke never drops to zero. It is sustained by 
the collapsing field of the inductor during the nonconduction por- 
tion of the a-c cycle. If the load resistance is so large that the load 
current cannot produce a sizable magnetic field in the choke, this 
condition cannot be realized. The filter system behaves, then, very 
much like a capacitor-input type. Only after the load current rises 
above a definite critical value with relation to the choke used, can 
the condition of continuous current be obtained. 

For a given power supply, there exists a value of inductance which 
insures that the current into the filter does not go to zero during 
any portion of the cycle. Its value is a function of the load current 
(or load resistance) and is given by the approximate equation (6) . 
This equation applies to the important 60 cps case in which a full- 
wave rectifier is used. 


— Ru 


he = 7730 ©) 
where R, is the total load resistance consisting of the device being 
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Fig. 14. Choke-input filter configurations normally encountered in power supplies. 


powered, the bleeder, the leakage of the filter capacitors and the 
resistance of the choke itself. 

In practice, a minimum inductance safety factor of 100% is 
employed. That is, the optimum inductance for a filter choke is 
considered to be twice the critical inductance required. 


Example: Find the optimum inductance for a single-phase, full-wave, choke- 
input filter system in a power supply with these characteristics (60 


cps supply) : 


D-c output voltage 0.0.0... esses 
Minimum load current 
Choke resistance ............ Be 
Bleeder resistamce ...............ccccseeeeeeeeeteeneees 


Solution: First find the external load resistance by dividing the output voltage 
by the minimum load current: 


The external load is in parallel with the bleeder resistance, hence, the 
equivalent load is: 
Load = ienamennnnes = 2610 ohms 
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Since the choke is in series with the net load, the actual load resistance 
is the sum of the choke resistance and the equivalent load or: Actual 
load = 100 + 2610 = 2710 ohms. 

Equation (6) determines the critical inductance. 


2710 , 
© = TB0 and L, = 2.4 henries 


Finally, the optimum inductance is twice the critical inductance, so that: 


L,= L, X 2= 24 X 2 = 4.8 henries 
8. Ripple Voltage of Choke-Input Filter Systems 


Two fundamental equations are generally used for determining 
the ripple voltage (in percent) that can be expected from choke- 
input filters. These equations are approximate, but practical. The 
solutions obtained with them are adequate approximations for cir- 
cuit design purposes. 

For a single-section, choke-input filter consisting of one inductance 
LI (henries) and one capacitance Cl (wf) used with a full-wave 
rectifier on a 60 cps line, the ripple percentage is given by: 


where L] is in henries, lee 100 7 
and Cl in pf mepple=arc <2) 


Example: Determine the percent ripple expected from a single-section choke- 
input filter that uses a 10-henry choke and an 8-pf capacitor. 
Solution: Substitution in equation (7) yields: 


: 100 
% ripple = Tox es = 1.25% 


When the filter network contains two chokes and two capacitors and 
is used at 120 cycles, the equation for ripple percentage becomes: 


where LI and L2 are 
expressed in henries, 
and Cl and C2 in pf 


Ree 3 650 
%‘ppe-Triedta: ® 


Example: In a full-wave power supply used on 60 cps, the filter consists of an 
input choke of 5 henries, a first filter capacitor of 8 yf, a second filter 
choke of 30 henries, and a second filter capacitor of 8 yf. Find the 


% ripple. 
Solution: Substituting in equation (8) . 


650 


Bx 50 GP eH? ~ 007% 


% tipple = 


9. Voltage Regulation of Choke-Input Filters 


The regulation of a choke-input filter is superior to that of a 
capacitor-input filter. Calculations for voltage regulation percent- 
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age are handled by the same equation that was employed for capac- 
itor-input filters (equation 1). Referring to Figure 11, it is seen 
that the output voltage drops sharply for small load currents until 
the critical current is reached. For this value, the inductance of the 
choke becomes critical and the regulation immediately improves. 
Note that although the output voltage for output current between 
about 50 ma and 175 ma is lower than for the equivalent capacitor- 
input filter, it is maintained at a fairly constant value. Choke-input 
filters are used in applications where voltage regulation of this order 
is required. 

Choke-input filters possess another positive advantage in that 
their peak-to-average plate current ratio is appreciably small. If 
the load resistance and input choke inductance are related approxi- 
mately as given in equation (9), the rectifier peak plate current 
does not exceed the d-c load current by more than 10%. This is 
much smaller than the margin allowed in any modern rectifier, 
hence it is quite safe. Note that this value of choke inductance is 
approximately the same as the optimum inductance as previously 
defined. 


Total load resistance 
500 (9) 


Example: The total load resistance on a power supply, taking all components into 
account, is 10,000 ohms. What is the minimum acceptable value for 
the input choke in the filter? 


minimum value of LI = 


Solution: Using equation (9) 


10,000 
500 


= 20 henries 


Llimim = 


Example: A 5Y3-GT rectifier has a d-c current rating of 125 ma and a peak plate 
current rating per plate of 400 ma maximum. If the tube is used before 
a choke-input filter in which LI exceeds the optimum inductance at 
125 ma, what is the maximum peak current to be expected on full load? 


Solution: The peak current will then be 125 ma + 10% of 125 ma = 137.5 ma 
which is well below the peak current rating of the tube. 


10. The Output Capacitor 


The output capacitor of any type of power supply, as viewed by 
the load, is in parallel with the filter choke and rectifier components. 
At audio frequencies, or at other high frequencies, the output im- 
pedance of the power supply is essentially the same as the reactance 
of the last capacitor. To prevent instability and positive feedback 
problems in audio systems, the maximum output impedance of the 
power supply must be very low. Usually, this maximum impedance 
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is specified for the lowest frequency to be reproduced in the audio 
amplifier. In this case, the minimum permissible value for the out- 
put capacitor in pf is obtained from equation (10). 


: 159,000 
C.min = a (10) 


where Z (ohms) is the specified output impedance maximum and 
f (cps) is the lowest frequency to be reproduced in the amplifier. 


Example: The lowest frequency to be handled by a high-fidelity amplifier is 20 
cps. The specified maximum output impedance is 500 ohms at this 
frequency. Find the minimum output capacitance. 


Solution: Use equation (10). 


159,000 


Comin = F920 


11. Swinging Choke 


Equation (6) points out that the value required for the critical 
inductance in a choke-input power supply depends upon the load 
resistance value, hence, upon the load current. Since the relation 
between the required choke inductance and the current is an in- 
verse proportion, an appreciable improvement may be made in 
voltage regulation characteristics by utilizing this fact in power 
supplies that handle class-B amplifiers, or similar systems in which 
large variations of load current are anticipated. 

Swinging chokes are usually rated in terms of the maximum d-c 
current they carry, and the range of inductances over which they 
swing for various load currents. Thus, a typical swinging choke 
might be rated as 5 to 30 henries, 200 ma. This means that the 
inductance of the choke is 30 henries at zero load current and 5 
henries at a current of 200 ma. At small values of load current, the 
inductance of the choke is therefore between 30 henries and 5 hen- 
ries, but closer to the larger figure. In designing swinging chokes, 
manufacturers calculate their construction specifications on this 
basis: the choke must have optimum inductance at small values of 
load current and critical inductance at the larger values of load 
current. 


12. Tuned Low-Pass Filters 


Figure 8 shows the superior attenuation characteristics of a tuned 
low-pass filter! in contrast with an untuned type at the frequency 


4Schure, A., Resonant Circuits. New York, John F. Rider Publisher, Inc., 1957 
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of resonance. Since the alternating supply frequency in virtually 
all places where a-c is used is now maintained sufficiently constant 
for synchronous clock motors, it is possible to design a tuned filter 
system economically. However, close design limits are imposed by 
the nature of the system, and so tuned filters are not as popular as 
their advantages appear to warrant. 


Figure 15 illustrates two types of tuned filters whose attentuation 


INPUT G1 C1 OUTPUT 


Fig. 15. (A) Parallel-tuned 
filter having attenuation 
characteristics given in Fig. 
8. (B) Series-tuned filter with 
similar characteristics. In 
both cases, inductor and 
capacitor calculations must 
be carefully performed to 
obtain sharp characteristics. 


dime a T° 


(B) 


characteristics are similar. Design equations are provided for those 
who wish to build them. 


For the filter system of Figure 15A, the following equations may 
be used: 


0.0786 
cl = 7Rk Ve farads (11) 
C2 = 4C1(k?—1) farads (12) 


L1 = R®C henries (R = load resistance) (13) 
f, 
kaze (14) 
The following equations apply to the filter system of Fig. 15B 


0.318 —l 
C3 = f Rk farads (15) 
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L2 = R?C3 henries (16) 
2 
L3 = 4 (el) henries (17) 
f, 
kaze (18) 


where k = £,/f, in which f, = resonant or line frequency, and f, is 
the frequency at which attenuation begins (Fig. 8.) 


13. R-C Filters for Power Supplies 


Resistance-capacitance R-C filters have become extremely popular 
in recent years because they provide adequate filtering when cor- 
rectly designed, and represent a compromise between cost and bulk 
on the one hand, and performance on the other. Low-gain audio 
amplifiers, public-address systems, high-voltage power supplies for 
television receivers, and table-top radio receivers are a few examples 
of their wide application. 

A typical R-C filter appears in Fig. 16. Its operation is approxi- 
mately as follows: Cl charges nearly to the peak voltage of the power 
supply on the conduction portion of the cycle. It is discharged 
through R1 and R2, the latter being the bleeder resistance in par- 
allel with the load. Since R2 is much larger than R1, most of the 
output voltage develops across it and is applied to C2. Although this 


Ri 


Fig. 16. A representative 
R-C filter system used in the 
high voltage power supply RECTIFIER 

of a television receiver. 


Re LOAD 
(BLEEDER) 


capacitor can discharge through either R1 or R2, the polarity of 
the voltage across R1 discourages the discharge through this resis- 
tor. Hence, most of the discharge occurs through R2. Typical 
values for television high-voltage supplies are 0.05 yf for Cl and 
C2, 500,000 ohms for R1, and 5 megohms for R2. 

In radio receivers the bleeder is usually omitted, the plate and 
screen current drain of the power amplifier serving as the principal 
load. In such power supplies, the capacitors are of the order of 40 
to 60 uf, while RI is made approximately 1000 ohms. 

R-C filters have very poor regulation, due to the substitution of 
a resistor for a choke. For this reason, R-C filters are never used 
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where the power requirements are high, because the power loss in 
the filter resistor may become prohibitive under these conditions, 
and the regulation is bad. 


14. Graded Filters 


Various stages in multisection electronic equipment often require 
different filtering. For example, the high-gain stages following a 
microphone or playback in a high-fidelity amplifier system demand 


TO PLATES AND SCREENS 
OF LOW-LEVEL 
(HIGH-GAIN) 
STAGES 


TO PLATES 
AND SCREENS OF 
DRIVERS 


PUSH-PULL 
OUTPUT 
STAGE 


Fig. 17. A graded filter 
consisting of one L-C and 
one R-C section. Such filters 
are economical and tend to 
produce decoupling which 
stabilizes the performance of 
the equipment. 


Rz 


= FROM (BLEEDER) 


RECTIFIER 


extremely low ripple if intolerable hum is to be avoided; in the 
same system, however, the power output stage — usually push-pull 
— may be supplied with plate and screen power having consider- 
ably more hum-voltage contact. It would be unwise and uneco- 
nomical to supply all the stages with the same, well-filtered d-c 
because this procedure increases bulk and cost, and because advant- 
age is not taken of the isolation characteristics inherent in a graded 
filter (Fig. 17) to suppress regeneration. 

In the example of Fig. 17, the power supply provides voltages for 
the plates and screens of two high-gain voltage amplifiers, a class-A 
driver stage, and a push-pull class-AB] power output section. The 
last obtains its d-c power directly from the filter capacitor, since no 
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more filtering than this is needed for a stage operating at this high 
level. The driver stage obtains power at a point where a substantial 
amount of filtering has been accomplished (after the filter choke) , 
thus making use of Cl, L, and C2 as filter components. The low- 
level, high-gain voltage amplifiers, are supplied d-c from a point 
that receives maximum filtration and where the ripple voltage is 
down to an acceptably reduced figure. 

The graded filter used in the example makes it possible to select 
a choke of much smaller current rating, since the largest part of the 
circuit current flows in the push-pull output stage which is not fed 
through the choke. Similarly, the filter resistor may be made very 
low in wattage rating since the high-gain stages demand very little 
current. Note, that the resistor R1 decouples the high-gain stages 
from the driver and that choke L does the same thing for the driver 
and output stage. 


15. Cancellation Filters 


Figure 18 illustrates a cancellation-type of filter network using 
a choke and two resistors. 

Its principle of operation is as follows: the ripple-frequency cur- 
rent passing through L and RI to the load is shifted in phase nearly 
180° at point A with reference to the input phase at point B. The 
same frequency current passing through R2, however, has the same 
phase as the input current. Hence, at point A there are two out-of- 


Fig. 18. A cancellation fil- 
ter for reduction of ripple 
voltage at a specific supply 


frequency. —s FROM RECTIFIER 


phase ripple currents that can cancel each other, theoretically. To 
realize a phase shift as large as 180°, the Q of the filter choke would 
have to be very high. Since most chokes used for filter components 
have Q’s of the order of 9 or 10, at the most, the cancellation is not 
perfect but sufficient enough to improve filter action to a profitable 
extent. The addition of one more filter section (R-C) can result 
in perfect cancellation, but the critical nature of the design re- 
quired makes this a rather unpopular alternative to straightforward 
brute force filters. 
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16. Review Questions 


~I 


Explain why smaller filter components are needed for full-wave power sup- 
plies than for half-wave supplies at the same line frequency. 

Define voltage regulation. Describe the steps in filter design that are taken 
to obtain the best possible voltage regulation. 

Discuss and compare capacitor- and choke-input filter systems from the point 
of view of output voltage and voltage regulation. 


. Find the percent ripple in a full-wave power supply of the capacitor-input 


type in which the load resistance is 20,000 ohms and the filter components 
have the values given below. The line frequency is 60 cps. 


Cl = 60 nf 
C2 = 20 pf 
L = 9 henries 


Explain why a smaller rectifier tube may be used with a choke-input filter 
having the same input and impedance characteristics as an equivalent ca- 
pacitor-input filter. 

A transformer having an input impedance of 50 ohms is used to supply 300 
volts d-c to its load at 200 ma. Find the peak rectifier plate current. 


. Define critical inductance, optimum inductance. 


Determine the percentage ripple from a filter system in which the following 
apply: 


Type: choke-input 
Rectification: half-wave 
Line frequency: 60 cps 
L1, L2: 15 henries each 
Cl: 10 pf 

C2: 4 pf 


. Describe the nature and operation of a swinging choke. 
. With the aid of a diagram, explain the operation of a cancellation filter. 


Chapter 3 


AUDIO FILTERS 


17. General Information 


Wide use is made of filters in audio circuits to perform highly 
specialized functions. Among the simplest of such filters are those 
intended to isolate one amplifier stage from another to prevent de- 
generative or regenerative coupling. Such filters are usually classed 
at decoupling filters. 

Radio receivers and public address systems utilize filter networks 
for the control of tone — usually circuits which produce attenuation 
of either high- or low-audio frequencies. These are the familiar 
tone controls. In more expensive equipment, both treble and bass 
boost circuits may be encountered, as well as attenuation compon- 
ents. 

High-fidelity amplifiers and speaker systems consistently make 
use of filters as crossover networks, i.e., arrangements in which fre- 
quencies below a predetermined value are passed on to the low- 
frequency speaker (woofer), while those above this limit activate 
the high-frequency speaker (tweeter). Such items as presence con- 
trols, rumble filters, and scratch filters also are becoming common 
in hi-fi design. 

In radio transmission, other types of audio filters, such as speech 
clippers, have become popular recently. Understanding of the func- 
tion and limitations of audio filters is, therefore, extremely import- 
ant to any technician who plans to work with, repair, or design 
audio-frequency equipment. 


18. Decoupling Filters 
When two circuits that operate at the same frequency have an 


impedance common to both, there is coupling between them. If 
the phase relationships are such as to bring the two circuits into the 
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same phase, the coupling is regenerative and leads to possible in- 
stability. Degenerative feedback occurs when the common imped- 
ance is between two stages in which the phase differs by 180°. 

The common impedance responsible for the coupling usually 
takes the form of a series element in the power supply. This element 
may be the filter choke, the filter resistor, or a voltage-dropping re- 
sistor. For example, a two-stage resistance-coupled audio amplifier 
has degenerative coupling through the series impedance because 
the plate currents in the two tubes are out-of-phase. The reasons 
for this may be found in an analysis of the action in the circuit 
shown in Fig. 19. 

Consider, V1 and R1 alone for a moment. If the incoming signal 
drives the grid of V1 negative, the tube plate current decreases and 
the voltage drop across R1 decreases, making the plate more posi- 
tive. Any tendency of other parts of the circuit to interfere with this 
effect, i.e., reduce the positiveness of the plate, also reduces the am- 
plification of the stage. Since a positive-going plate V1 causes the 
grid of V2 to go positive as well, the plate current of the second 
tube must increase, bringing about an increased voltage drop across 
R2, hence a more negative plate. Now, referring to the common 
series impedance R, in the power supply, the increased plate current 
in V2 causes a larger voltage drop across R, so that less plate volt- 
age is instantaneously available for V1. Hence, the action of V2 
is to reduce the positiveness of the V1 plate through the voltage 
drop in the common impedance. This tends to reduce the ampli- 
fication of V1; the effect is, therefore, degenerative. 


Fig. 19. Degenerative feed- 

back or coupling between 

two stages of an audio 
amplifier. 
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If a third stage is added to the circuit of Fig. 19, the plate current 
phase relationships bring V1 and V3 into phase. The effect will be 
opposite to that of the two-stage amplifier: the coupling will be 
regenerative and may lead to serious instability in the form of self- 
oscillation. The decoupling filter is designed to minimize such 
coupling and restore stability to the multistage amplifier. 

The application of decoupling is shown in Figure 20. V is the first 
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Fig. 20. The decoupling fil- 
ter consists of Ra and Ca 
acting together. 
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of the three amplifier stages, Ry, is the normal load resistance, Rg 
is the decoupling resistance, and Cy is the decoupling capacitance. 
Such a filter maintains the voltage at point A constant regardless of 
the variations in the voltage drop produced across R, by the follow- 
ing stages. In this way, the fluctuations in plate voltage that might 
cause degenerative or regenerative feedback are eliminated or min- 
imized. 

If the reactance of C, at any frequency to which the amplifier is 
expected to respond is substantially less than Rg plus R,, the de- 
coupling is effective. The factor by which the undesirable coupling 
is reduced is given by: 


Xe 


Factor = RtiR (19) 


where X, is the reactance of the decoupling capacitor, Rg is the 
resistance of the decoupling resistor, and R, is the resistance of the 
common impedance in the power supply. In most decoupling filters, 
Rg is generally made about 1/5 the value of the load resistor while 
C, is seldom less than 8 to 10 pf. A decoupling circuit also acts to 
reduce hum since it appears as an additional power supply filter 
section. 
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19. Tone Control Considerations 


An ideal audio-amplifier system, encompassing the input trans- 
ducer, the amplifier itself, and the final reproduction device, must 
have a frequency response that is linear and level over the whole 
audio spectrum. Since pickup devices such as microphones, phono- 
graph cartridges, phototubes, photocells, and other transducers sel- 
dom have the desired linearity, it is often best to control the fre- 
quency response of the amplifier proper so as to compensate for 
these defects. Reproducers, such as loudspeakers, also contribute 
to the need for frequency compensation. 

Telephone engineers, broadcast and television designers, and re- 
cording engineers make use of highly complex electrical networks 
for frequency compensation. Comparatively simple combinations 
of resistance, capacitance, and inductance, however, are more than 
adequate for the usual applications; we are confining our discussion 
to these simpler forms. 

Basic tone compensation arrangements may be divided into two 
classes: resonant and nonresonant circuits. Such circuits are. not 
confined to simple tone control applications in audio amplifier work, 
they are also in speech clippers, crossover networks, presence con- 
trols, rumble filters, scratch filters, et al. 


20. Resonant Tone Compensation 


In general, a resonant tone control comprises an inductance and 
capacitance which resonate at a preselected frequency, and a resist- 
ance used for damping, or reducing the Q of the resonant pair. 
These circuits are connected as either the plate load of an amplifier 
or the grid load of the amplifier following. In Figure 21, a resonant 
tone control is shown in the plate circuit of the first amplifier tube. 


TO NEXT 
Fig. 21. Resonant tone com- GRID 
pensation circuit as part of 
amplifier plate load. Such a 
cirevit provides either treble 
or bass boost depending up- 
on the frequency chosen for 
resonance. 
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The filter circuit is designed to provide bass boost; that is, the re- 
sonant frequency is adjusted near 100 cps to pick up the normal 
drooping of amplifier response at the low frequencies. 


Three different response curves are given in Figure 22. These 
are the result of selecting different values of damping resistor (R) 
in each case, depending upon the extent of bass boost desired. 
damping increases, of course, as R is made smaller. 
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Fig. 22. A resonant base boost filter. Curve A, shows the undamped frequency 
response (R omitted), B, a medium amount of damping, and C, a highly damped 
response. 


The increase of gain at the resonant frequency of the filter is 
appreciable only when R,, is much smaller than the plate resistance 
of the tube and R, in parallel. A resonant filter of this type is 
most effective when used in the plate circuit of a pentode amplifier 
since this tube has an extremely high plate resistance. 


All simple methods of resonant tone control have an effect on the 
volume of the reproduced audio. These circuits attenuate certain 
frequencies, though they are often referred to as boost circuits. The 
maximum gain at any frequency must always be less than the maxi- 
mum gain of the same amplifier under normal conditions obtained 
for resistance coupling. 
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21. Nonresonant Tone Compensation 


Although nonresonant tone control circuits using inductances are 
encountered, they are unpopular as inductance costs are high, un- 
desirable resonance of the inductor with stray capacitance often 
brings peaks of response at undesirable points, and inductances are 
often responsible for hum due to stray pickup. Most nonresonant 
compensation circuits use only resistors and capacitors. 

Figure 23 represents one of the most successful modern R-C tone 
compensation circuits, found in many high-fidelity kits and factory- 
wired audio amplifiers, and available in printed circuits (shown 
inside dashes) . As it is a modified bridged-T compensation network, 
its analysis requires specialized mathematical treatment which is 
not attempted here. A qualitative description of its operation can 
be briefly presented, however. 

The 0.1 uf capacitor from the plate of the amplifier tube is a 
source of negative feedback. Since its reactance is small even for 
low-audio frequencies, the entire audio range is fed back to terminal 
A of the filter network. 

When the two potentiometers (treble and bass) are centered, the 
phase relationships for both ranges result in a flat response (i.e., 
treble and bass portions of the signal are applied to the amplifier 
grid from the input with neither attenuation nor boost). As either 
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Fig. 23. A prevalent form of tone compensation network providing for bass and 
treble boost and attenuation. The section inside the dashed lines is generally in 
the form of a printed circuit. 
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control is shifted from its central position, the input and feedback 
phases are shifted so that either attenuation or boost occurs, de- 
pending upon the direction of wiper motion. For example, when 
the treble control wiper is moved all the way to the left (to point 
B), full treble boost is obtained. The phase relationships between 
input and fed-back voltages increase the treble response. When the 
wiper is rotated to point A, the fed-back voltage tends to cancel the 
trebles, providing full attenuation. Similarly, the bass-control po- 
tentiometer in position B provides full boost, while in position A 
it provides bass attenuation. Obviously, great care must be taken 
in the design of such a network, particularly for boost purposes, 
because the in-phase condition of the input and fed-back voltages 
tend to produce instability. 

In less elaborate equipment, simpler methods are usually em- 
ployed for attenuation of bass, treble, or both. The treble range 
may be controlled by shunting the plate circuit of a tube by a 
capacitance in series with a tone-control potentiometer (Fig. 24). 
With the tone control resistance at maximum, very little high-fre- 
quency shunting takes place since the impedance of the series com- 
ponents (C and R) is high, even for the high frequencies. As the 
resistance is decreased, more and more shunting occurs, starting with 
the highest frequencies and working down toward the lower ones. 
A measure of control is established, permitting the operator to select 
the frequency at which attenuation begins to become audible. 

Bass attenuation in similar equipment usually takes one or more 
of three forms. The capacitance of the grid coupling capacitor is 
reduced to present higher coupling impedance to the bass range. 
The capacitance of the cathode by-pass capacitor is reduced in any 
amplifier stage to provide a limited amount of bass attenuation. The 
capacitance of the screen by-pass capacitor is reduced to provide 
bass attenuation, particularly when the screen supply current is 
fed to the tube through a high value of dropping resistor. 


Fig. 24. Simple tone con- 
a tro! system found in inex- 
i pensive audio equipment. 
| 
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22. Speech Clipping 


In the transmission of radiotelephone signals involving only 
speech waveforms, an amplituded-modulated radio-frequency carrier 
carries the modulation power in its sidebands, the percentage mod- 
ulation being determined by the relative peak amplitudes present in 
the speech waveform. Unfortunately, the average power content in 
a speech waveform is quite low when compared to a sine wave. As 
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MODULATION 
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WAVEFORM Fig. 25. Speech waveforms 
100% and sine waves compared 


MODULATION for power content. The pow- 
er present in a sine wave 


100% averages much more than 


MODULATION © speech wave because it 
reaches peak valve in every 


SPEECH cycle. 
WAVEFORM 
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shown in Fig. 25, a sine wave reaches peak value during every cycle, 
but a speech wave does this only occasionally. Yet both waveforms 
represent the conditions for 100% modulation of a given r-f am- 
plifier as the peak values are the same. 

It is possible to increase the modulator power in either the speech 
amplifier system or modulator itself so that the power content begins 
to approach the sine wave value. If, at the same time, all peaks 
producing overmodulation are clipped at the 100% point (Fig. 26), 
overmodulation cannot occur due to excessive peak values. How- 
ever, clipping produces many rectangular peaks having the same 
high-order harmonics as produced by overmodulation, so that a 
signal clipped in this manner tends to splatter, or occupy too-wide 
a slice of the r-f spectrum. This is prevented by filtering all audio 
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Fig. 26. The speech wave- 
form of Fig. 25 amplified to 
approach power content of 
sine wave but clipped to 
prevent overmodulation. 
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frequencies not needed for intelligibility of speech after clipping, 
before modulation is applied to the output amplifier. In general, 
intelligibility does not suffer seriously if such a filter does not atten- 
uate any frequencies below 2500 cycles per second, and splatter is 
minimized if attenuation is high for all frequencies above 3000 cps. 


L TO 
MODULATED 
R-F PLATE we 
FROM Fig. 27. Splatter filter for 
MODULATION C1 C2 high level use between the 
TRANSFORMER modulator output and the 


modulated amplifier. 


Splatter filters (Fig. 27) are generally made up of a single in- 
ductor and two equal-value capacitors selected in accordance with 
equations (20) and (21). These equations are based upon a cut- 
off frequency of 2500 cps. 


R 


1 = 77850 (20) 
c1 = ce = BE (21) 


R 


in which L is the choke inductance in henries, C1 and C2 are equal- 
value capacitors in mfd., and R is the modulating impedance of r-f 
power amplifier being modulated. 

Example: Find the filter component values for a 2500 cps cutoff splatter filter 


used between a class B modulator and an r-f amplifier operating at 
1000 volts (plate voltage) 150 ma plate current. 


Solution: Since the plate voltage and plate current of the r-f amplifier determine 
its operating impedance, this is first determined: 


E, 1,000 
= PS. Se 
alls 2 15 


R = 6600 ohms (to 2 sig. figs) . 
Using equation (20) : 


L = .84 henries 
and using equation (21) 


63.6 
6600 


= 0096 pf 


cl = C2 = 


AUDIO FILTERS 35 


In practice, of course, the capacitor value would be selected as .01 pf 
and the value of the choke adjusted accordingly to realize a cutoff fre- 
quency of 2500 cps. 


23. Crossover Networks 


The most effective way of overcoming the inherent loss of volume 
at high and low-audio frequencies on most speakers, is the use of 
two or three separate units. 


In a two-speaker system, one unit is specifically designed for good 
high-frequency response, the other for good low-frequency response. 


The speaker cone moving in and out along the distance necessary 
to pump high-level, low-frequency sound into the listening area, can- 
not move fast enough to reproduce the high frequencies properly. 
Similarly, the vibrating element of a “tweeter”, or high-frequency 
speaker must be small and light, hence the distance covered on low- 
frequency excursions is too small for effective reproduction of this 
range. Should two such speakers be connected to an amplifier 
without special precautions, each one attempts to do the other’s 
job with the result that serious losses occur, as well as distortion. 


The simplest form of filter network directing the highs and lows 
to the corresponding speaker is shown in Fig. 28. In this arrange- 
ment, a large value of capacitance is connected in series with the 
tweeter while the woofer or low-frequency speaker shunts the out- 
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Fig. 28. Simplest configuration for frequency divider or crossover network de- 
signed to feed high- and low-frequency loudspeakers. 
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put transformer directly. The capacitance required depends upon 
the desired response characteristics and the impedances of the two 
speakers. High frequencies are shunted through the tweeter unit 
since the capacitive reactance of C at these frequencies is relatively 
low. Low frequencies appear as power in the voice coil of the 
woofer as the inductive reactance of the voice coil is considerably 
lower for the low frequencies than for the highs, making it possible 
for low-frequency currents to flow through this voice coil with little 
impedance. This simple arrangement is not as satisfactory as circuits 
that utilize inductors and capacitors. 

Figure 29 illustrates a basic, high-performance two-speaker cross- 
over network. In the design of such a network, the crossover fre- 
quency is first selected (usually from 400 cps to 1000 cps) and then 
the components chosen so that resonance is obtained at the crossover 
frequency. LI and C2 constitute a series resonant circuit at the 
crossover frequency, so do L2 and Cl. The constants given in Fig. 
24 were selected for a crossover frequency of approximately 450 cps, 
using speakers with 8-ohm voice coil impedances. 
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Fig. 29. An L-C two-speaker crossover network with resonant elements. 


At the crossover frequency the voltages available across the speaker 
source components (Cl and L2) are equal, as these units are in 
resonance. The impedance match at the crossover frequency is 
maintained substantially constant by action of the series resonant 
circuit containing L1, C2, and the two voice-coil windings. At high 
frequencies the voltage drop across Cl becomes small, while the 
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drop across L2 increases, bringing the tweeter into play. The op- 
posite occurs at low frequencies. 

An idealized response characteristic for a two-speaker crossover 
network is shown in Fig. 30. The crossover frequency is 850 cps. 
The total available sound energy is 72 db. At the crossover fre- 
quency half the total energy is applied to each speaker. At other fre- 
quencies the proportion varies, one speaker getting less power, the 
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Fig. 30. Idealized response of a two-speaker, 850 cps crossover network with a 
total sound power input of 72 db. (Electronic Experimenters Handbook, 1958). 


other speaker more, but the sum of 72 db is constant. 

A frequency division network for a three-speaker system is given 
in Fig. 31. The same general rules apply to the selection of these 
components. Most crossover networks are primarily designed for 
resonance, as described, and are then adjusted experimentally to 
match the speakers used as well as the wishes of the listener. 


24. Presence Control 


This is the filter system in audio-frequency reproduction in which 
the middle range of frequencies is accentuated. Since the human 
voice operates essentially in the mid-range frequencies, increased 
mid-range emphasis for vocal performances lends realism to the 
reproduction and an increased sense of presence to the vocalist. 

A presence control is usually inserted between the preamplifier 
and power amplifier section of the system. Since it has an insertion 
loss, the system should have a reserve of gain of at least 12 db. Since 
most amplifiers are operated conservatively, this reserve is generally 
available. 
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Fig. 31. Three-speaker crossover network. Exact values of components are gener- 
ally obtained experimentally, although approximate values are determined from 
resonance considerations. 


A practical circuit for a presence control appears in Fig. 32. An 
accentuation of 6 db occurs at approximately 2500 cps. Since tastes 
vary as to the extent and frequency of presence, other frequencies 
may be obtained by varying C, and additional accentuation may be 
realized by increasing the resistance of R3. 

The circuit action is easy to see. L and C form a parallel-resonant 
circuit and are selected to resonate at the center presence frequency. 
The frequencies in the vicinity of 2500 cps are accentuated because 
the voltage drop across the L-C combination is greatest in this re- 
gion. With the wiper of R3 at the ground end of the potentiometer, 
full accentuation occurs. When moved to the upper end, the reson- 
ant circuit is shorted out so that the shunt load becomes merely R2. 
This produces zero accentuation, but accounts for the insertion loss. 
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Fig. 32. A practical presence 
R3 control circuit. The extent of 
50K presence is governed by R3. 
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25. Rumble and Scratch Filters 


Phonograph turntables sometimes develop voltages at the input 
of high-gain amplifiers that produce rumbles in the output, at fre- 
quencies that may range from 20 cps to 100 cps. A filter designed to 
eliminate this sound, called a rumble filter, is a high-pass arrange- 
ment having a cut-off frequency in the 20 to 100 cps range. Usually, 
the cutoff point is made adjustable, either by the continuous action 


{ 
SCRATCH RUMBLE 


Fig. 33. A combination rumble and scratch filter designed fo minimize noise from 
defective turntables, low-speed and high-speed records. 


of a potentiometer or by a step switch used to select predeter- 
mined values of capacitance or inductance (Fig. 33). Phonographs 
also suffer from noise voltages due to the scratch of the stylus on 
the disc. For 33-1/3 rpm long-play records, this scratch develops 
after long use and takes the form of a hiss at about 8000 cps. Older 
78 rpm records have an inherent scratch at approximately 4000 cps, 
even when they are new. The scratch intensifies with repeated 
useage and produces frequencies of high amplitude even below this 
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figure. In Fig. 33, the scratch filter consists of S] and its associated 
resistors, capactiors, and inductors while S2 with the associated re- 
sistors and capacitors is the rumble filter. Table 1 provides infor- 
mation on the cutoff frequencies in the various switch positions. 


NENT OUTPUT 


Fig. 34. Turnover and roll-off filter for equalizing any recording to match the 
RIAA response of modern amplifiers. The filter accomplishes this adding or sub- 
tracting from the standard RIAA curve. 


The attenuation rate is approximately 12 db per octave. Thus, if 
the scratch filter switch (S1) is set for attenuation at 4000 cps, the 
response of the filter will be relatively flat up to this frequency, 
whereas at 8000 cps the scratch will be reduced by about 4 to 1. The 
rumble filter would be used on the No. 2 position of $2 for very 
low frequency rumble (50 cps) and on No. 8 position for rumble 
of frequencies in the vicinity of 100 cps. 


TABLE 1 


SWITCH POSITIONS 


($2) Rumble ($1) Scratch 
1 Flat Flat 
2 50 cps 8,000 cps 


3 100 cps 4,000 cps 
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26. High Fidelity Equalizer 


Before 1953, standards were not established for record equaliza- 
tion curves. Record manufacturers adopted individual response 
patterns according to their own lights, so that any amplifier had 
to be equipped with many equalization settings. All records made 
after 1953, are standardized in accordance with the specifications 
of the Record Industry Association of America (RIAA). (This re- 
sponse is called Orthophonic by RCA and associated companies) . 

Many people own excellent recordings made before 1953. To 
render these properly, the standard RIAA response can be mod- 
ified by a filter network as illustrated in Fig. 34. Provisions have 
been made in the design of this circuit to incorporate four positions 
of low-frequency equalization (often called turnover) and four 
positions of high-frequency equalization (de-emphasis or roll-off) . 
Since the two selector switches operate independently, the filter 
can produce 16 different equalization settings so that it accom- 
modates virtually any recording. 

The insertion loss of the network is about 6 db. For reasons given 
previously, this is easily offset by any modern amplifier’s reserve 
gain. 


27. Scott Filter 
An R-C filter for small currents that notches the audio response 


of an amplifier system is shown in Fig. 35. Designed by H. H. Scott 
in 1939, the filter system bears his name and is claimed to provide 


Fig. 35. A resistance-capac- 
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almost complete attenuation at any desired frequency. For ex- 
ample, the Scott filter may be nicely applied for the removal of 
scratch noise that peaks at 8000 cps, such as the hiss that develops 
in the older of LP records; it is quite effective for minimizing 78-rpm 
scratch at 4000 cps and the surrounding frequencies. 

The action of the Scott filter depends upon feedback of one fre- 
quency to the input 180° out of phase with the incoming signal. 
The capacitors and resistors are all of the same values except R,. 
By selecting them carefully, the phase of the input signal can be in- 
verted 180° by the R-C pairs for the frequency to be notched from 
the response. Further fine control is provided by adjusting the tap 
on the last resistor. Since the final values of the R and C compon- 
ents depend upon the input and output inpedances, as well as the 
frequency to be notched, design formulae are not easily provided. 
A typical response curve is given in the insert in Fig. 35. Note that 
the Scott filter does attenuate frequencies higher than the notched 
frequency but the extent of the attenuation is small, and in most 
cases is barely noticeable. 


28. Review Questions 


1. What is the function of a decoupling filter? 

2. Under what conditions are decoupling filters required? Draw an amplifier 

circuit consisting of three stages of amplification, showing a practical de- 

coupling network. 

Explain, with the aid of diagrams, how a resonant tone control filter operates. 

4. What are the underlying principles of nonresonant tone compensation 
systems? 

5. Draw a two-stage amplifier circuit showing a simple type of tone control. 
Explain its operation. 

6. Explain the advantages of speech-clipping in the transmission of speech by 
radiotelephone. Why can’t clipping be used in the transmission of music? 

7. Why are crossover networks used in high-fidelity sound reproduction? Draw 
a diagram showing the basic principles of two-speaker crossover networks. 

8. Determine the values necessary to make up a speech-clipper splatter filter 
having a cutoff at 3000 cps, the filter being placed between the modulator 
and an r-f amplifier operating at 1500 volts (plate) and 200 ma. 

9. Distinguish between the following filters in terms of function and frequencies 
affected: (a) roll-off filter, (b) presence control, (c) turnover filter, (d) 
rumble filter, (e) scratch filter, (f) curve equalizer. 

10. Explain the operation of the Scott notching filter. Use a diagram to help. 
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VIDEO FILTERS 


29. The Need for Video Filters 


Equipment for transmitting and receiving signals containing video 
components, as in television and radar, must meet certain require- 
ments. The amplifiers must respond to frequencies lying within an 
extended range, the lower limit approximately equal to the frame- 
repetition rate in television, the upper limit at least one-half the 
rate of transmitting picture elements. In American television prac- 
tice, these limits are 30 cps and approximately 4,000,000 cps. Am- 
plifiers must pass components within this frequency range with a 
minimum of amplitude distortion and time-delay discrimination. 

A standard R-C coupled amplifier tends to favor the middle-range 
of frequencies, discriminating against the highs and lows. Shunt 
capacitances consisting of input and output capacitances reduce the 
high-frequency gain. Similarly, series impedances such as the coupl- 
ing capacitor cause a diminution of low-frequency gain. Particularly 
at low frequencies, the phase response (time-delay characteristics) 
of an uncompensated amplifier may be quite troublesome. The 
reason is that a very small phase shift in the amplifier circuit meas- 
ured in degrees is a very large time delay in seconds when the fre- 
quency is low.1 

Thus, for extended frequency range coverage, an uncompensated 
amplifier is unsatisfactory. Although frequency compensation cir- 
cuits are not ordinarily viewed as filters, their selective behavior 
earns them a brief discussion in this book. 


iSchure, A., Video Amplifiers. New York, John F. Rider Publisher, Inc., 1959 
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Fig. 36. Fundamental R-C video amplifier showing the position of the shunt peak- 
ing coil L1. Co and C; are tube and stray capacitance which are referred to as Ct 
in the text. 


30. High-Frequency Compensation — Shunt Peaking 


The principal cause of loss of gain at high frequencies is the 
shunting effect of tube and stray capacitances going into C, and C, 
in Fig. 36. Taken together the total shunting capacitance is referred 
to as C,. If a coil having the proper inductance L, is connected in 
series with the load resistor Ry, a substantial improvement can be 
affected in the response curve, the high-frequency gain being boosted 
to an extent determined by the inductance L and Q of the shunt 
peaking coil. In practice, the inductance of the coil is calculated first 
from equation (22) and then trimmed until the desired response 
is obtained. 


Ll = 0.5 CG, Ry? (22) 


in which C, = C, + C, and Ry is plate load resistance of the first 
amplifier tube. C, is best found by measurement, although it may 
be calculated from the known capacitances with corrections for the 
Miller effect. 

When LI] is obtained from equation (22), the resonant frequency 
for this coil and C, is 1.414 times as great as the highest frequency 
to be amplified in the video range. For validity, the value of Ry 
used in equation (22) should be found from: 


ee 1 
~ 2x f, Cc, 


in which f, is the highest frequency to be amplified. For these con- 
ditions, the values of R, and LI are fixed. Other values may be 


Ry (23) 
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used with success but the ones obtained this way represent a good 
compromise between linearity of amplitude response and available 
gain from the amplifier. 


31. High-Frequency Compensation — Series Peaking 


Another method of high-frequency compensation which gives 
higher and more linear phase response is shown in Fig. 37. The 
filter element consists of output capacitance C,, the following input 
impedance C,, and the coupling inductance L which isolates C, 
from C,. The filter is terminated at the point of entry by impedance 
R, and at the remote end by R,. The effect of the coupling capaci- 
tor C, may be ignored since it is effectively a short-circuit at high 
frequency. 

The value of the filter coil and the plate load resistance is de- 
termined first by measuring capacitances C, and C, to determine C,. 
Then L is determined for a given high-frequency limit, f,, by 
equation (24). 

1 
L= gn G, (24) 
This equation is obtained because the resonant frequency of L 
and C, is chosen 1.41 times as great as f,. 
The plate load resistance is selected on the basis of equation (25). 


1.5 
2n f, C, 


Ry = (25) 


Fig. 37. Series peaking sys- 

tem involving the use of a 

series peaking coil between 

the plate of the first amplier 

and the coupling capacitor 
to the next amplifier. 


32. High-Frequency Compensation — Combination Peaking 


Equation (23) shows that the load resistance for the first am- 
plifier tube (R,) must be made equal to the reactance of C, for 
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effective action at the highest frequency for which compensation is 
to be obtained. Equation (25) indicates why the gain of the series 
peaking method of compensation is greater: the value of Ry, may 
be made 1.5 times as great as the reactance of C,, increasing the 
gain of the stage. When both series and shunt peaking are used to- 
gether, a further increase of gain can be realized because, as analysis 
now shows, R,, can be raised in value to 1.8 times the reactance of 
C,. The design equations for combination peaking are: 


1.8 
ease A Cf) 
LI = 0.12 C, Ry? (27) 
L2 = 0.52 C, R,2 (28) 


33. Low-Frequency Compensation Filter 


At low frequencies, the shunt capacitance C, has a very high re- 
actance so that its effect is negligible. The increasing reactances of 
the coupling and by-pass capacitors as 30 cps is approached, however, 
begin to introduce amplitude and phase distortion. Impractically 
large values of coupling capacitance and grid resistance are required 


Fig. 38. A low-frequency 

compensation filter that im- 

Rg proves amplitude and phase 
response. 


for proper performance of the amplifier at frequencies in this low 
range. Should these be employed, the high-frequency response suf- 
fers and the amplifier tends to be unstable, often producing relaxa- 
tion oscillations or motorboating. 

It is customary to use a low-frequency compensation filter in 
series with the output resistor Ry, as illustrated in Fig. 38. This 
combination produces a phase shift that compensates for the time 
delay introduced by coupling components C, and R,, and acts as 
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a decoupling filter, preventing the amplified signal from developing 
a voltage drop across the power supply impedance, thus discouraging 
instability. 

In practice, R is often made as large as possible without causing 
an uneconomical reduction of plate voltage; then the value of C 
is selected to provide effective decoupling without producing oscil- 
lation. 

It also turns out that the low-frequency response of an amplifier 
is affected by the cathode impedance, R,C,. If this is a serious 
factor, the decoupling filter may be designed in accordance with 
equations (29) and (30). With values obtained this way, the 
cathode reactance will be cancelled out as a source of low-frequency 
distortion. The filter will continue to serve in its decoupling role. 


R, = R, Sm Ry (29) 
C, = C, gn Rp (30) 


in which g,, = transconductance of the first tube and Ry, is the 
plate load resistor. R, and C, are the cathode components shown 
in Fig. 38. 


Lw 1 input To 


OUTPUT OF lw TO NEXT at al 
Seen TO co uetben T + sto 
AMPLIFIER | n GRID AMPLIFIER | | 
w 
(A) (B) 


Fig. 39. (A) Series resonant wave trap shunts the grid-input circuit (B) Parallel 
resonant circuit is in series with following grid circuit. (C) Absorption trap is not 
connected in the circuit electrically. 


34. Rejection Filters 


In television signal reception, the sound tends to produce voltages 
that disturb the picture. So does the sound in the lower adjacent 
channel, but not to the same degree. 
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Both types of picture interference are eliminated by rejection 
filters or wave traps. Various types of filters have been used with 
success. Among the simplest are the parallel-resonant type, series- 
resonant type, and the absorption trap (Fig. 39). 


In the series resonant filter, L, and C,, are tuned to the rejection 
frequency. All voltages of this frequency find the shunt path through 
the series-resonant circuit a very low impedance, so rejection-fre- 
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UNITED STATES STANDARD OF TELEVISION SIGNAL TRANSMISSION, 
REPRESENTING THE SIGNAL AS SENT 


Fig. 40. American standard television channel used as a basis of transmissions 
in this country. This is actually the transmitter output curve. 


quency voltages cannot develop between the grid and cathode of 
the succeeding stage. The parallel-resonant circuit (Fig. 39B) pre- 
sents a high impedance to the rejection frequency, causing the major 
voltage drop to occur across the trap rather than at the grid of the 
following i-f amplifier. Absorption traps such as that in (C) are 
normally employed when the i-f amplifier plate-load impedance is 
a single tuned circuit (L). The trap is tuned to the undesired fre- 
quency and is inductively coupled to the plate-load coil. Due to the 
very high Q of the trap circuit, most of the energy present in the 
tuned circuit is passed on to the trap, reducing the Q of the tuned 
i-f coil at the resonant frequency. This decreases the gain of the 
stage enough at the rejection frequency to remove the undesired 
signal from the picture circuits. 
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35. Sideband Suppression Filters in Television 


Normal amplitude modulation, such as that used in video modu- 
lation of the television carrier, always results in two sidebands, one 
above and one below the carrier. Since the signal components in 
the two sidebands contain the identical information, the double 
sideband system of transmission is wasteful of spectrum space. In 
view of this, standard television transmission practice now uses a 
system called vestigial sideband operation, in which the lower side- 
band components are partially removed. Removal of the lower side- 
band, theoretically more economical than vestigial sideband opera- 
tion, is impractical because it presents severe technical problems. 


C2 


TRANSMITTER 


Fig. 41. Vestigial sideband 

filter shown with lumped 

constant elements rather than 

as sections of coaxial trans- 
mission line. 


The band-elimination filter, used does not have ideal cutoff char- 
acteristics, and attempting to remove all the components of the 
undesired sideband inevitably results in phase shifts. Vestigial side- 
band operation compromises by completely removing the unwanted 
components only at a relatively great frequency separation from 
the carrier. Adjacent to the carrier, the unwanted frequency com- 
ponents are left undisturbed. 

The band-rejection filter required to produce the output curve 
shown in Fig. 40 must have attenuation characteristics like those 
shown in Fig. 42. In practice the elements of such a filter are made 
up of segments of coaxial transmission lines. Figure 41 shows the 
filter sections as containing lumped constants to facilitate analysis. 

The upper branch of this two branch filter contains C2, LI, and 
Cl. C2 represents a low impedance path for the high-frequency 
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Fig. 42. Attenuation characteristics of the vestigial sideband filter illustrated in 
Fig. 41. This prevents the production of an output waveform that meets U.S. 


standards. 


sideband which passes on to the antenna. L1 and Cl comprise a 
series resonant circuit, which aids in obtaining the flat-topped, sharp- 
edged pass-band shown in Fig. 40. The lower branch consisting of 
L2, L3, and C3 passes the undesired low-frequency components to 
the dissipative resistor R where the power is converted into heat. 
L3 and C3 form a series-resonant circuit which shapes the output 
waveform to conform with American standards. 


36. Review Questions 


1. 


2. 


Explain why a standard resistance-capacitance coupled oscillator reproduces 
high and low frequencies poorly. 
Describe the operation of a shunt peaking coil as used in the video amplifier 
in a television receiver. 
Assume that the highest frequency to be amplified in a video amplifier is 
4.0 mc, and that the total shunt capacitance is 8.5 yyf. Find: 

(a) a suitable value of load resistor to use for shunt peaking this 

amplifier. 

(b) the inductance of the shunt peaking coil required. 
Describe how you would go about measuring input and output capacitances 
in a video amplifier. 


. Using the figures in question 3, calculate the value of series peaking coil 


required to provide uniform amplification up to 4.0 mc. 


10. 
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Determine the load resistance that would best suit the series peaking coil 
of question 5. 
A television monitor contains a video amplifier that must provide uniform 
amplification up to 6.0 mc. Its input capacitance is 3.6 pyf and its output 
capacitance is 3.2 wf. 

(a) Which compensation method would you use? Whyr 

(b) Determine the values of all components required to compensate the 

the amplifier properly. 

What are the two functions of a low-frequency compensation filter such as 
that given in Fig. 38. How are these functions realized? 
Draw diagrams illustrating three types of rejection filters or traps used in 
television. With the aid of these diagrams explain how the traps operate. 
How does the band-rejection filter of Fig. 41 accomplish the desired objective? 


Chapter 5 


WAVE FILTERS 


37. Filter Classifications 


Wave filters, sometimes known as Zobel filters’, are generally 
described as constant-k or m-derived filters and represent a unique 
family. Many of the filters described in previous chapters are basic- 
ally either constant-k or m-derived types and may be analyzed with 
techniques used for generalized wave filters. Design procedures for 
wave filters are based upon complex mathematics and will not be 
dealt with in this chapter. The technician can derive substantial 
benefit from a discussion of filter types and filter structures, using 
the minimum mathematics needed for comprehension, and bypass- 
ing study of the derivations of the equations and charts needed for 
design work. 

The same is true of bridged-T and parallel-T networks. We 
shall study the general principles of their functioning rather than 
the development of design techniques. For those interested in de- 
sign of any type wave filter, this chapter is recommended as a pre- 
liminary step, followed by a thorough study of design procedures 
that can be found in any of the numerous modern electrical en- 
gineering texts. 

Constant-k and m-derived filters may be placed in roughly four 
classifications: 

Low-pass filter: This has a pass (or transmission) band theoretic- 
ally starting from zero frequency to the frequency at which cutoff 


“Theory and Design of Electric Wave Filters”, Otto Zobel, Bell Tech J, vol. Il, 
p. 1., Jan. 1923 
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is desired, and an attenuation band from the cutoff frequency to 
infinity. 

High-pass filter: The reverse characteristics obtain attenuation- 
band from zero to the cutoff frequency and a passband from cutoff 
to infinity. 

Bandpass filter: Two cutoff frequencies are specified, high and 
low. Transmission will occur between these frequencies and atten- 
uation on either side of them. 

Band-elimination filter: Again, two cutoff frequencies with at- 
tenuation between them and transmission on either side of the 
cutoff frequencies. 

Bridged-T and parallel-T networks will be discussed later, as they 
are of specialized design. 


38. Effectiveness of Attenuation and Transmission 


In the attenuation-band of a given filter, the characteristic im- 
pedance of the filter is a pure reactance. If the load that terminates 
the filter is equal to the characteristic impedance of the filter, the 
generator at the input will see a pure reactance. For this con- 
dition, no power is transmitted to the load, hence, attenuation is 
perfect. This ideal situation is modified in practice because filters 
are often terminated in pure resistances and an impedance mis- 
match exists. between the filter and load. This is reflected back so 
that the input impedance of the filter becomes slightly resistive. 
Thus, some power will be transmitted by the filter into the load 
even in the attenuation band. 

In the transmission band of the same filter, however, the char- 
acteristic impedance is a pure resistance and, if the load is equal to 
the filter’s characteristic impedance, the input generator will be 
working into a pure resistance. Since an ideal filter contains 
only reactive or nondissipative elements, in the theoretical situa- 
tion all of the generator power is transmitted to the resistive 
load. In actual practice, of course, the filter components contain 
resistance so that some power dissipation occurs here as well as in 
the load. Hence, a practical filter transmits most, but not all, of 
the generator power to the load in its transmission band. 


39. Characteristic Impedance 


If a filter is terminated by a load having an impedance such that 
the filter is caused to have the same input impedance, the filter is 
said to be terminated by its characteristic impedance. Sometimes 
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known as surge impedance, the characteristic impedance of a filter 
may be found from: 


Z, = V2.2, (31) 


where Z, = characteristic impedance of the filter 

Z, = input impedance with output terminals open-circuited 

Zp) = input impedance with output terminals short-circuited. 

The term surge impedance is often used with reference to trans- 

mission lines and has a similar significance. If a transmission line 
is terminated by a load equal to the surge impedance of the line, all 
the energy will be transferred to the load and there will be no re- 
flections of energy back along the line. It is helpful to view filter 
sections as portions of an infinite line drawn to show its various 
impedance elements as lumped components. We will use this ap- 
proach in the forthcoming paragraphs. 


40. Basic Filter Configurations 


Transmission lines are recurrent structures having continuously 
distributed impedances. Two wires in space have, besides their 
ohmic resistance, shunt capacitance and series inductance along the 
line. Signifying any type of impedance with the resistor symbol, a 
long line may be drawn as shown in Fig. 43. Each series element 
is labeled Z1 and each shunt element Z2. The basis of filter design 
is a full L section consisting of series element Z1 and shunt element 
Z2, shown between the labeled broken lines in Fig. 43. 


SYMMETRICAL SYMMETRICAL 
T-SECTION ‘TT -SECTION 
{ BASIC FILTER | 
SECTION 
! | ! I I 
ZI 


\ ! { { I 
zi | 24 be <2 fe’ ee 

| 
I 
| 
| z2 
| 
| 

[oe ey | 
Fig. 43. Symbolic representation of a long transmission line, showing its distributed 
impedances as lumped elements of recurring nature. 
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2 
2Z2 2Z2 2Z2 2Z2 


(Cc) (D) 


Fig. 44. (A) Symmetrical T-section type of filter configuration, mid-series termi- 

nated. (B) Symmetrical z-section configuration, mid-shunt terminated. (C) Sym- 

metrical T-section divided into two half-sections by replacing Z2 with two imped- 

ances in parallel, each being evaluated as 2Z2. (D) Symmetrical x-section similarly 
divided, each Z} being replaced by Z1/2. 


A wave filter normally makes use of small, symmetrical sections 
because the number of sections is finite rather than infinite, like the 
line. One section, called the symmetrical T-section, is obtained by 
dividing each of two adjacent series elements in half and including 
between them one shunt element. Thus, the value of each series 
element (or half-element) is now designated as Z1/2 while the 
shunt element remains Z2. (Fig. 44A). Because the symmetrical T- 
section is cut from the infinite line by bisecting each of two series 
elements, it is known as mid-series terminated. 

The symmetrical x-section configuration is obtained by cutting 
down the centers of two successive shunt elements of the infinite 
line, including one series element between them (Fig. 44B). Since 
a shunt impedance thus bisected has a resulting impedance of twice 
the initial value, the filter configuration shows an evaluation of 2Z2 
for each shunt element and Z] for the series element. Such a section 
is said to be mid-shunt terminated. 

For design and analysis purposes, either type of configuration may 
be divided into half-sections as shown in Fig. 44 (C) and (D). 


41. Characteristic Impedances of Filter Sections 


The characteristic impedances of symmetrical T and z-sections 
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are given by the following equations: 


Zysect = YZ Z2 (: + az) (32) 
Z1 Z2 
Zi-sect = Z) (33) 
1+ rae 


Examination of these equations shows that the characteristic im- 
pedances of the two networks depend upon frequency. It is difficult 
to terminate either one with a simple network. 

As a special case, if a filter is terminated in a pure resistance R 
which is made equal to W/ZI Z2, it may be shown that equations 
(32) and (33) may be written: 


Z1 
Z=R 1+ FZ2 (34) 
Zn = —— (35) 
| + 473 


The significance of the expression \/ZI Z2 will become more evi- 
dent in the next section. 


42. Constant-k Filters Defined 


The simplest and most common type of filter section is that in 
which the shunt and series impedances are intentionally selected 


so that 
vzi Z2 = constant = k (36) 


for all frequencies. Furthermore, the terminating resistance for the 
filter is chosen to be equal to k, that is R = k so that the equations 
(34) and (35) are applicable. In constant-k filters, each inductance 
in the shunt and series arms is associated with a capacitor in the 
series and shunt arms, respectively. In an ideal filter the shunt 
and series arms are made of non-dissipative elements wherever pos- 
sible. Assigning the No. 1 to series elements and the No. 2 to shunt 
elements, as before, the required relation between the elements 
for a constant-k filter (that is, to maintain the product of Z1 and Z2 


constant) is: 
L 
tes — er > * Gy 
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Constant-k filters may be set up in any one of the four major classi- 
fications (high-pass, low-pass, bandpass, and band-elimination). In 
the paragraphs that follow, we shall examine the transmission char- 
acteristics of each of these classifications, with applicable equations. 
Remember in each case that equation (37) is adhered to exactly, so 
that the product of Z1 and Z2 is always a constant and is always 
equal to the terminating impedance of the filter. 


43. Low-Pass Constant-k Filter 
A low-pass constant-k filter contains an inductive series element 


(Ll) and a capacitive shunt element (C2). Its transmission curve 
is given in Fig. 45 with its schematic diagram. This is an idealized 
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Fig. 45. Schematic diagram and transmission curve of a low-pass constant-k 
filter. Note that the elements are nondissipative. 


drawing in which the filter elements are nondissipative and there 
are no reflection losses at the terminals. In a practical filter, where 
there is some power dissipation in the elements and where imped- 
ances are not perfectly matched, the cutoff is somewhat more grad- 
ual than the curve indicates. 

The values of the elements are found from equations (38) and 
(39) . 


R 

Ll = 5 (38) 
1 

C2 = TPR (39) 


where {2 = frequency where attenuation begins. The reader should 
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Fig. 46. Schematic diagram and transmission curve of a high-pass constant-k filter. 


test the constant-k quality of these values by setting up the ratio 
as given in equation (37) to show that the square root of L2 over 
Cl comes out equal to R. 


44. High-Pass Constant-k Filter 


As illustrated in Fig. 46, a high-pass constant-k filter contains a 
capacitive series element and an inductive shunt element. In this 
case, the frequency at which full transmission begins is denoted by 
fl. The same idealization assumptions are made for the high-pass 
filter as for the preceding filter and for others that follow, unless 
otherwise noted. Element values may be determined from equa- 
tions (40) and (41). 


i 

Cl = aR sa 
R 

= aT ay 


45. Bandpass Constant-k Filter 


The bandpass constant-k filter (Fig. 47) is considerably more 
complex than the high- or low-pass types. Containing an inductive 
and capacitive element in the shunt and series legs, four equations 
are required to determine the constants. Frequencies f] and f2 are 
the lower and upper limits respectively of the transmission band. 
The design equations are given in (42) through (45). It is again 
suggested that the reader test these equations against the ratios 
given in equation (37) to ascertain for himself that the constant-k 
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relationship between elements is maintained, regardless of the filter’s 
complexity. 


i= Tey (42) 
L2 = 4 (43) 
Cl = Seen (44) 
C2 = EW ke (45) 


46. Band-Elimination Constant-k Filter 


In the band-elimination constant-k filter, the series leg contains 
an inductance and capacitance in parallel while the shunt leg con- 
tains these elements in series. Figure 48 presents the schematic dia- 
gram and transmission characteristics of this filter. The applicable 
equations are given in (46) through (49). 


1 = (i= fo) R 


x x fo fl (46) 
R 
1S =e oy: i) 
1 
a = tok Ge) 
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Fig. 47. Bandpass filter of the constant-k type, showing an idealized transmission 
curve. 
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Fig. 48. Band-elimination filter of the constant-k type showing idealized trans- 
mission curve. 


47. m-Derived Filters Defined 


Even the idealized transmission curves of the constant-k filters 
demonstrate a gradual cutoff characteristic that is unsatisfactory 
for many applications. Sharper cutoff may be realized by incor- 
porating additional impedances in the shunt or series arms so that 
infinite attenuation occurs at some frequency beyond cutoff. With 
the constant-k type of filter used as a prototype, for example, the 
addition of another impedance in one of the arms can produce the 
kind of modified response shown in Fig. 49. In this case a T-section 
low-pass filter (A) is altered by adding L2, a shunting impedance, 
in series with C2B. This filter has a very high attenuation (low 
impedance) at the frequency where L2/C2 resonates; ideally, the 
L2/C2 combination can shunt a zero impedance across the line, caus- 
ing infinite attenuation. When the two components are properly 
selected, this frequency of infinite attenuation (fo) can be placed 
anywhere in the attenuation band. 

Since the filter in Fig. 49B, is derived from the constant-k proto- 
type as we shall show in the next section, the impedances are related 
by a constant (called m), the network in (B) is known as an m- 
derived filter. 


48. m-Derived T-Sections 


It would be desirable to be able to join different filter sections 
of the general type shown in Fig. 49 with each section having an 
infinite attenuation frequency at a different point in the attenuating 
band. In this manner, a high value of attenuation could be realized 
and maintained through the entire region. 
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Fig. 49. Modification of constant-k filter response by adding additional shunt 
impedance. 


To do this without undesirable reflections, one must be certain 
that the characteristic impedances of the different sections are equal 
to each other at all frequencies. If the characteristic impedances 
could be matched at all frequencies — the various filter sections 
would also have the same transmission band. This would have to 
be true because in only the transmission band is Zo a pure resistance. 
(See section 39). 

Consider first the constant-k filter of Fig 50A. The characteristic 
impedance of this filter section is given by equaion (32)1. That is: 


Z1 Z2 
4 


Now let us derive another filter section having new branches called 
ZI)’ and Z2’ with a characteristic impedance of Zo’. Furthermore, 
let us say that Z] and ZI’ are related by a constant multiplier m 
as in equation (50). 


Zo = /21 22 ( + (82) 


ZV = mZ1 (50) 
If the characteristic impedances of both filters are to be the same, 
then we must find a configuration such that 


Zo = Zo! (51) 


iEquation appears earlier under this number 
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Zire Zv2 


Z2 


Fig. 50. (A) Constant-k 
protoype filter from which 
(A) the m-derived filter in B is 
zy zy obtained. (B) m-derived filter 
having the same character- 
istic impedance as the con- 
stant-k prototype. 


(8) 


To fulfill equation (51), it should then be possible to set the 
characteristic impedances of the two filters in Fig. 50 equal to each 
other as follows: 


, - 
na (i+ 22) farm (1+ 22) 
Squaring both sides and simplifying, we have: 
2 n2 
z1 72+ = zy zy + 


Now substituting mZ1 for each Z1’ in accordance with the assump- 
tion made in equation (50), the equation above may be written as: 
2 2 7)2 
ZI 72 + 4 = mZl zy 


Solving this equation for Z2’ yields 


ates Z12 m? Zl? 
Z2’ = Z1 72 + 7 a mI 
mZ1 
The Z1 factor may be cancelled so that: 
Pes Z1 m? Zl 
Z2’ = 72 + 7 re 
m 


and the terms combined to give: 
Z2 ZI mZ1 


Pe ee eee 


m 4m 4 
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more simply written as: 


,_ 2 | (L—m’) ZI 
Zz = — + Tn (52) 


Equation (52), therefore, implies that if the impedance Z2’ in 
Fig. 50B is given the configuration specified by the right members 
of the equation, the characteristic impedance of the constant-k filter 
in (A) will be identical with the characteristic impedance of the 
derived filter in (B). The development above also demands that 
the series arms be given the value of mZ1 as provided in equation 
(50). Thus, the series arms contain one component each (mZ1). 
The shunt arm must contain two components, one with an imped- 
ance of Z2/m and the other with an impedance of (l—m?) Z1/4m. 
Since the filter has been derived from a constant-k type in which 
each series arm is Z1/2 (Fig. 50A), then each series arm in the de- 
rived filter is mZ1/2. Thus, the complete filter appears as shown 
in Fig. 51. 

By using equations (50) and (52) and varying the value of m, 
any number of sections can be designed, differing in respects but 
having the same characteristic impedance. Such filters can be linked 


mZ1/2 mZ1/2 


Fig. 51. m-derived filter 

containing proper impedance (em? )21 
values as compared with 4m 
constant-k prototype so that 

its characteristic impedance 


equals that of the prototype. Zz 
m 


without reflections between them to obtain virtually any attenua- 
tion characteristic desired. The question arises as to the order of 
value that m may assume. The upper portion of the shunt imped- 
ance having the value: 


(1 — m?)Z1 


4m 


provides the answer to this question. In order that this value main- 
tain the proper relationship at all frequencies, the numerator must 
not be permitted to become negative. Hence, m may vary only 
between zero and +1. 
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49. Examples of m-Derived Filter Sections 


To illustrate the design of simple m-derived filter sections from 
constant-k prototypes, we might examine a common low-pass and 
high-pass filter configuration. For example, the constant-k prototype 
of a symmetrical T-section, mid-series terminated (see Fig. 44A) 
arranged for low-pass characteristics appears in Fig. 52A. 


rir- 
n[r- 


Fig. 52. (A) Symmetrical T- 
section mid-series terminated 


(A) low-pass filter (constant-k). 
(B) m-derived low-pass filter 


ue me obtained by applying equa- 
tions (50) and (52) to the 
prototype. 
(i-m®)L 
am 


In the m-derived filter of Fig. 52B, note that the capacitive ele- 
ment is mC (rather than C/m) because of the inverse relationship 
between impedance and capacitance. Since L and Z are related 
directly, the inductive component values have the same form as in 
equation (50) and (52). 

A symmetrical T-section high-pass filter, first in its prototype 
form, then in its m-derived form, is illustrated in Fig. 53. Note the 
application of equations (50) and (52) to the derivation of the 
values of the series and shunt arms. 

Constant-k prototypes may also be used to construct m-derived 
m-sections. The same general procedure obtains the relevant equa- 
tions. Repeat: it is not our purpose to discuss design details, but 
you may follow through with specific filter forms based on general 
principles and examples in this chapter. 

Bandpass and band-elimination filter configurations in both con- 
stant-k and m-derived forms can also be designed, using similar 
mathematical approaches. Design formulae and equation deriva- 
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tions may be found in any of the excellent electronic handbooks 
now available in the public libraries. 


50. Bridged-T and Parallel-T Configurations 


Figure 54 illustrates two other types of filter networks of spe- 
cialized design. In general, these systems are used as band-elimina- 


L Re 
Cr Ce 
Ri 
Fig. 54. (A) Bridged-T net- 
(A) work consisting of LCR com- 
ponents. (B) Parallel-T net- 
Ri Re work coritaining R-C compon- 
ents, only. 
C1 Ce 
Rs Cs 


(8) 
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tion filters, feedback networks for frequency-selective amplifiers and 
oscillators, and calibrated bridges for measuring devices. They are 
characterized by their ability to produce high attenuation for a 
single frequency or group of adjacent frequencies over as narrow 
a band as desired. They are also capable of producing large phase 
shifts — either lagging or leading as the design dictates. With the 
proper selection of components, the maximum phase shift can be 
as much as 180°. It is also comparatively easy to build bridged-T 
and parallel-T networks with a negative transfer function (i.e., out- 
put voltage 180° out-of-phase with the input voltage). Such a net- 
work can be applied to the construction of a single-stage vacuum 
tube oscillator having exceptional frequency stability) . 

The bridged-T network in Fig. 54A is unique in that there is no 
theoretical limit to the minimum width of the attenuation band it 
can introduce. Actually, the practical limitation is set by the Q of 
the inductor in the bridging leg. Because of its sharp, narrow atten- 
uation properties, the bridged-T network is often applied where a 
truly null feedback loop is needed. To illustrate, we shall briefly 
consider the general structure of a frequency-selective amplifier. 


51. Frequency-Selective Amplifier 


If a negative feedback amplifier is set up with a null network in 
the feedback loop (Fig. 55), an amplifier having sharp frequency- 
selective characteristics can be designed. The amount of feedback 
at the null frequency theoretically is zero, so that the gain of the 
amplifier at the null frequency is the same as its gain without feed- 
back. On either side of the null frequency, the attenuation of the 


Fig. 55. General plan of a 

frequency-selective amplifier, 

using a null network in the 
feedback loop. 


filter drops sharply, causing a greater effective negative feedback 
and consequently far less amplifier gain. 

Bandpass-selective amplifiers, having a flat passband rather than 
a single peak, as is obtained with resonant circuits, can be designed 
by using several independent feedback stages, staggered in frequency. 
The frequency to which each feedback stage is tuned may be deter- 
mined as are staggered tuned circuits. 
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52. Review Questions 


10. 


. Give the four basic filter classifications. What are the distinguishing char- 


acteristic (s) of each group? 

If the input impedance of a filter network is 400 ohms with its input ter- 
minals open-circuited, and 4 ohms when the input terminals are short- 
circuited, what is the surge impedance of the network? 

Explain what is meant by a mid-series terminated filter section. How does a 
mid-shunt terminated section differ? 

Why do equations 32 and 33 show that the characteristic impedance of a 
network is a function of frequency? 

Prove that equations 34 and 35 may be derived from equations 32 and 33. 
What assumption is made in this derivation? 

Define a constant-k filter section. Why is this type of filter desired more 
than similar sections not having constant-k characteristics? 

Using equations 38 and 39, determine the values of L and C necessary to 
form a low-pass filter in which the attenuation begins at 1500 cps. The 
characteristic impedance of the filter is to be 600 ohms. 

How does the physical structure of a constant-k bandpass filter differ from a 
constant-k band-elimination filter? 

Describe in your own words how an m-derived filter differs from a constant-k 
type. What are the principal advantages of the m-derived network as con- 
trasted with the constant-k? 

Draw a bridged-T and parallel-T configuration. State how the applications 
of these filters differ from those of the constant-k and m-derived networks. 


Chapter 6 


ATTENUATORS AND EQUALIZERS 


53. Definition of an Attenuator 


A network that introduces an intentional loss in the transmission 
of a signal from one point to another, regardless of frequency, is 
called an attenuator, Generally, a device used for attenuation pur- 
poses maintains a fixed impedance at both its input and output 
ends regardless of the manner in which it is varied. 

Attenuators can be designed to have equal or unequal input and 
output impedances, and to provide varying degrees of attenuation. 
They may be balanced or unbalanced, depending upon the require- 
ments of the application. They may be fixed or variable; for ex- 
ample, the T-pad, used to control the level of a remote speaker is 
a variable attenuator which maintains constant input and output 
impedance at all frequencies. Fixed attenuators introduce a fixed 
loss — as in making a short and long telephone line deliver the 
same signal to a broadcasting studio — or they may match imped- 
ances between a source and load. 

Attenuators are designed to work with particular input and out- 
put impedances. If worked between sources and loads which differ 
from the attenuator values, the transmission loss increases. In addi- 
tion, the design of an attenuator is based on resistive sources and 
loads, hence an inductive or capacitive load will alter the frequency 
response. 


54. Fundamentals of Fixed Attenuators 
Fixed attenuators normally take the T or + form and may be 


unbalanced or balanced (Fig. 56). In the development that follows, 
Z1 will always be taken as the larger impedance while Z2 is the 
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smaller. Either may be the input or output impedance of the net- 
work. 

The loss ratio of an attenuator is normally discussed in terms of 
power and is defined as: 


es 
P, 


in which K is the loss ratio, P} = power input to attenuator, and 
P, = power taken out of network. In studying the balanced and 
unbalanced types, note that half the resistance of a given element 
is transferred to the opposite line to achieve balance. 

Assuming that the input and output impedances are not to be 
equal — such as in an impedance-matching pad — the ratio of Zl 


K = (53) 


Ri Re 


(A) 


(Cc) 


Fig. 56. (A) Unbalanced-T attenuator. (B) Balanced-T attenuator. (C) Unbal- 
anced-x attenuator. (D) Balanced- attenuator. 


to Z2 will exceed unity since ZI is considered the larger of the two 
impedances. For every ratio of Z1/Z2, there is an associated mini- 
mum K that can be realized from the attenuator. This means that 
in designing an attenuator in which the input and output im- 
pedances are fixed by other circuit requirements, a definite mini- 
mum. loss ratio must be anticipated. This can be determined from 
the equation: 


4 _ 221 _ [zy 
Minimum K = Te a ee 4 7 ( 7 1) (54) 


Equation (54) is solved graphically in Fig. 57 where the minimum 
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possible values of K are plotted as functions of Z1/Z2. If K does 
have its minimum value, it can be shown that R2 in either the 
unbalanced- or balanced-T attenuator must equal zero, and that 
R2 in either pi network must become an open circuit (i.e, R1 = 0). 


100 
80 


60 


40 


MINIMUM K 
3 


fe! 
a a ae 
ae ae 2 
Ee im 
1 
1 6 VW 16 ra | 26 31 36 
Z1/Z2 
Fig. 57. Minimum K plotted as a function of Z1/Z2. This graph is useful to 


determine the least possible attenuation ratio to be anticipated with fixed values 
of input and output impedances. 


Example: An attenuator is to be designed that will match a 500-ohm generator 
at its input to a 200-ohm transmission line. Find the minimum atten- 
uation (or loss ratio) . 


Solution: The ratio Z1/Z2 = 500/200 
= 25 


From Fig. 57, a Z1/Z2 ratio of 2.5 yields a minimum-K of 7.8. If 
equation (54) is solved for the same ratio, the result is more exact: 7.87. 


Thus, in this situation no attenuator with a loss that is less than 7.87 
could be designed. 


55. Determination of RT, R2, and R3 in Fixed Attenuators 
Let us examine the equations determining the values of the re- 


sistors required for fixed attenuators — (55) through (59) for the 
balanced- and unbalanced-T, and (60) through (64) for the bal- 
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anced- and unbalanced-pi network. For the T-type of attenuator 


we have 
RI = Z1 (K+) - 2VKZ1 Z2 (55) 
K—-1 
R2 = Z2 (K + z —Pvko Z2 (56) 


If Z1 = Z2, the foregoing equations may be reduced to the following 
forms: 


RI = RQ = ZI ( $1) (58) 
Rs = 221_yR (59) 


The pi-attenuator network equations are as follows: 


R= a ee ROT (60) 


_ K=-) 2 yt 
RO= +h ya—s et) 


K-1 Z1 Z2 
a aa TY ae i (62) 


The preceding equations reduce to simpler form if Z] = Z2 as 


shown below: 
RI = R2 = Zl (Met) (63) 


R3 = 2! a za) (64) 


Example: Using an unbalanced-T network, determine the component values of 


an attenuator that matches a 500-ohm generator to a 200-ohm load with 
the minimum possible loss ratio. 


Solution: Since the loss ratio is to be a minimum, the value of K must be 7.87 as 
determined in the previous example for the same input and output 
impedances. Furthermore, with K = minimum, R2 may be taken as 
zero, hence this calculation may be omitted. Thus, the determination 
of Rl and R3 are necessary. From equations (55) and (57) 


pi = 300(7.87 + 1) — 2f787 x 500 x 200 


787 —1 
Rl = 387 ohms 
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Solution: 
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and 
Ree 787 — 1 
R$ = 258 ohms 
Ri= 3870 


Fig. 58. The unbalanced-T 

network is calculated in this 

example. Note that R: = 

zero and fs therefore omitted 
from the diagram. 


The complete filter thus has the form and values shown in Fig. 58. 
Since K is the ratio of power input to power output, the actual network 
loss in db may be calculated from equation (65) 


Loss = 10 log, K db (65) 
So that in this example the loss is 
Loss = 10 log, 7.87 
= 10 x 0.896 
= 8.96 db 


A balanced-pi network for the same generator and load as the previous 
example is to be designed with an actual loss of 20 db. Determine the 
values of the components required in the network. 


It is necessary to first determine the value of K. Solving equation (65) 
for K: 


20 
logioK = 5 
log,.K = 2 
K = 100 
Substituting and solving equations (60), (61), and (62) 
= (100 — 1) °5 
RI = “oo + 1) —2 x 
Rl = 735 ohms 
100 — 1 
R2 = 700 + 1) = 2YT00 
R2 = 230 ohms 


100 — 1 x_500 
alas ae Gaae 
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R3 = 1570 ohms 


To form a balanced-pi filter, the value of R3 is divided in half and 
distributed equally in the upper and lower lines, thus 44R3 = 785 
ohms and the finished attenuator appears in Fig. 59. 


sass 
> Ra=7852 


Fig. 59 Balanced-pi attenu- 
ator computed. 


+R3*7850 


56. Variable Attenuator Requirements 


Variable attenuators are used as volume controls or faders in high 
quality broadcast equipment, both for transmission and reception. 
Their frequency characteristics should be uniform between 20 and 
20,000 cps, to prevent the occurrence of frequency distortion. Par- 
ticularly where such attenuators are used in low-level circuits — 
such as the output of microphones or preamplifiers — their noise 
level must be very low. Unless the noise level is below —150 db, 
objectionable scratching sounds will be introduced by such low-level 
attenuators. 

Variable attenuators are known as variable pads, constant-imped- 
ance gain controls, and faders. Where noise requirements are rig- 
orous, the structure must be protected against dust and stray fields. 
For this reason, proper shielding and hermetically-sealed enclosures 
are necessary. 

The last factor we shall introduce is insertion loss. Even when 
set at minimum attenuation, a variable pad introduces a loss of 
signal. This loss can be made quite small, especially when Z1/Z2 
approaches unity (Fig. 57) ; that is, K approaches 1 when input and 
output impedances are equal, as in equation (53). For practical 
purposes, a minimum insertion loss of about 2db is considered 
standard by most authorities. Although such a loss is generally un- 
important, it may become significant in some applications and 
should be taken into account. 


57. Types of Variable Pads. 


L-T Attenuator: The so-called L-T structure shown in Fig. 60 
is frequently used as a microphone fader, and often as a mixer for 
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Fig. 60. L-T attenuator for 

use as microphone fader or 

mixer for several micro- 
phones. 


INPUT OUTPUT 


combining the output of several microphones. If a microphone is 
connected directly to its load — such as a transformer or the grid 
of a tube — impedances are assumed to be closely matched. Thus, 
in designing an L-T fader, it is taken for granted that the input and 
output impedances are nearly the same so that the insertion loss is 
generally not more than 2db. 
The resistances in the L-T structure are selected so that: 
(a) the total impedance included between sections AC and DE 
is equal to the load impedance recommended for the input device. 
(b) this impedance is maintained regardless of the position of 
the slider. 
(c) the impedance contained between F and E matches the 
load impedance at the output. 
Ladder Attenuator: The ladder attenuator (Fig. 61) maintains an 
essentially constant impedance in both directions through the mid- 


OUTPUT 
(NPUT 


Fig. 61. Ladder attenuator which maintains constant impedance and has only one 
moving part. 


dle of the attenuation range. Although it contains more individual 
resistors than other types, it has fewer moving parts and is therefore 
often preferred. The minimum attenuation setting of a ladder 
fader normally is equal to its insertion loss, generally of the order 
of 3 to 3.5 db. 

Type-L Attenuator: Consisting of two potentiometers with ganged 
shafts, the L-pad maintains a constant input impedance so that the 
source always work into the same load. Its operation is more easily 
understood by referring to the redrawn version shown in Fig. 62B. 

As R2 is reduced, the load sees a condition which approaches a 
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Fig. 62. (A) L-pad attenuat- 

or using ganged patentio- 

meters. (B) L-pad redrawn 

for the purpose of faciltat- 
ing analysis. 


(A) 


OUTPUT 


(B) 


short-circuit. Simultaneously R1 increases to maintain a constant 
impedance into which the source works. 

Type-T Attenuator: Possibly the most popular of all the unbal- 
anced types of attenuators is the T-pad illustrated in Fig. 63. This 
arrangement is a modification of the L-attenuator; the modification 
is introduced to maintain the same impedance for both source and 
load. The operating principle is, again, easier to understand when 
Fig. 63 is studied. Consider that all the wipers move up and down 
together. As RI increases in resistance, R2 decreases so that the 
voltage applied between the wiper of R3 and ground becomes 
smaller. This is the direction of maximum attenuation. The total 
impedance of the used sections in R] and R2 remains the same. 
Similarly, R3 grows larger as R2 diminishes in resistance, thus 
keeping the output impedance constant. T-pads are highly favored 
as microphone faders and also as remote loudspeaker volume 
controls. 


58. Fundamentals of Equalizers 


Distortionless transmission of signal currents from source, through 
transmission cable, to the load, requires all component frequencies 
to be transmitted with equal attenuation or amplification and with 
equal velocities. Networks containing inductive or capacitive ele- 
ments do not ordinarily fulfill these specifications. Both attenuation 
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and velocity in such networks are affected by the frequency of the 
component. 

An often used method of correcting frequency distortion in a 
transmission system is to incorporate an additional network with an 
attenuation characteristic so related to frequency that the net 
attenuation of the two will be essentially independent of frequency. 


Fig. 63. (A) Conventional 

drawing of T-pad attenuator. 

(B) T-pad redrawn to illus- 

trate the principle of opera- 
tion, 


(A) 


(8) 


The same procedure may be used to compensate for delay (or 
phase) distortion. A combination of transmission and compensa- 
tion network is used in which the total time of transmission is made 
independent of component frequency. The wide use of telephone 
lines in all phases of wired and wireless communication has made 
equalizer engineering virtually a profession in itself. It is often found 
that attenuation equalization is sufficient and that delay distortion 
may be ignored. 

Figure 64 illustrates graphically the function of an attenuation 
equalizer. This is idealized and shows what could be accomplished 
with a perfect equalizer. In practice, actual equalizers can be made 
to approach the ideal only over a limited frequency band. The 
total loss of the combination at all frequencies is greater than the 
maximum loss of the original system, which explains why equalizers 
are always associated with amplifiers that can compensate for the 
loss introduced by equalization. 
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Fig. 64. Ideal equalizer 
performance. Curve A, shows 
the attenuation vs frequency 
characteristic of the transmis- 
sion system. Curve B, is the 
corrective attenuation ap- 
lied by the equalizer. 
Curve C, represents the re- 
sultant curve over the fre- 
quency band. 


LOSS (DB) 


2 4 6 8 1 2 
FREQUENCY —> 


59. Equalizer Types 


Amplitude equalizer design has been developed to a high order 
of perfection, largely by the Bell Laboratories and the Research 
Council of the Academy of Motion Picture Arts and Sciences.! For 
the reader who is interested in equalizer mathematics and design, 
there are excellent papers and articles, as well as special engineering 
texts, devoted to this subject. 

For the purposes of this book, some mention should be made of 
the various types of equalizers in use, without attempting to in- 
vestigate quantitatively the applicable equations. 

It is generally assumed that an amplitude equalizer operates from 
a source impedance that is equal in magnitude to the load imped- 
ance. On this basis, it is possible to design several equalizers having 
different configurations but which offer exactly the same transmis- 
sion and attenuation characteristics as a function of frequency. Kim- 
ball presents design information for seven of these configurations, 
each with eight different categories of attenuation characteristics. 
The configurations are: 


1H. Kimball, Motion Picture Sound Engineering, Princeton, 1938. (An excellent 
treatment of equalizer engineering design.) 


P| 
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(A) Shunt-impedance type 
(B) Series-impedance type 
(C) Full-shunt type 
(D) Full-series type 
(E) T-configuration 
(F) Bridged-T configuration 
(G) Lattice configuration 
Figure 65 presents the general pattern of each configuration for 
an equalizer that has an insertion loss characteristic (attenuation 


| 
u 


SHUNT-IMPEDANCE TYPE SERIES-IMPEDANCE TYPE FULL-SHUNT: TYPE 
{A} (B) (Cc) 


7 
: 
A 


FULL-SERIES TYPE T- CONFIGURATION BRIDGED-T CONFIGURATION 
(D) (F) 


Ki 


LATTICE CONFIGURATION 
(G} 


Fig. 65. Equalizer configurations. 


characteristic) like that shown in Fig. 66. One may well ask why 
seven different configurations should be described if each duplicates 
the others in performance. The answer is that one of the seyen 
generally yields component values which are most easily obtained 
in practical work. 
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Fig. 66. Any of the seven con- 
figurations shown in Fig. 65 can 2 
be designed to have an insertion 
loss characteristic similar to this. 


FREQUENCY 


Because of the eight different categories of attenuation charac- 
teristics, each of the configurations can be altered to produce any 
of the curves given in Fig. 67. Above each curve, the series imped- 
ance configuration that produces it is shown. Remembering that 
each configuration can be similarly modified to yield each of these 
curves, we get 56 possible arrangements. Thus, the equalizer design 
engineer has a wide field from which to select. It is inconceivable 
that any practical transmission system could develop frequency dis- 
tortion characteristics that could not be corrected by one or more of 
the equalizers illustrated. 


60. Phase Equalizers 


Phase equalizers are intended to compensate for velocity errors in 
propagation; that is, a phase equalizer reduces the phase differences 
between various components of the transmitted signal to a minimum 
as they arrive at the load. Theoretically, phase equalizers do not 
affect the amplitude of the signal at all, or do so in a fixed manner, 
regardless of frequency, so they can be added to existing circuits for 
phase correction without changing the gain characteristics. 

A phase equalizer must be a network in which the phase charac- 
teristics can be controlled. Equal transmission times for different 
frequency components requires that the circuit introduce either 
no phase shift or an amount of shift that is directly proportional to 
frequency. This is tantamount to saying that the transmission time 
must be either zero or constant at all frequencies. 
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Fig. 67. Possible equalizer insertion loss curves. Although the series impedance 
equalizer for each curve is illustrated, any one of the other six configurations can 
be designed for the same characteristic. 


Although several types of phase equalizer networks are suitable, 
the most common — and perhaps the simplest — is the lattice type 
shown in Fig. 68. This network has a zero attenuation characteristic 
and phase characteristics are shown in the curve of Fig. 69. Before 
we attempt to utilize the curve, we must define the applicable terms 
and state the pertinent equations. 

As a start, let us define certain symbols of importance: 

f = the frequency at which a certain, known phase shift is de- 
sired. As will be shown, f may have several values where the desired 
phase shift is different for each. 

f, = the frequency at which the lattice-compensator’s phase shift 
is —90°. 


© (DEGREES) 
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L 
c c 
Fig. 68. Lattice-type phase 
compensation network with  ¢ _» « > 
zero attenuation character- Zz Z 


istic. 


a = the reciprocal of f, = 1/f, 

Z = in the input impedance = the output impedance of the lattice. 

© = phase shift of the lattice in degrees 

Using these symbols, the applicable equations for determining 
L and C of the lattice are: 


aZ 
ede - 
L 


Obviously, these equations cannot be used without first deter- 
mining the factor a as defined above. Further, the equations have 
no meaning unless related to a specific situation in which phase 
distortion is occurring and requires correction. After the necessary 


Fig. 69. Phase characteristic of the network shown in Fig. 68. Refer to example 
for clarification of its application. 
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correction is determined, the phase characteristic curve of the lattice 
is used to determine a. Then the values of L and C may be deter- 
mined from equations (66) and (67). 

The technique used is best illustrated by example. The figures 
have been selected so that the curve will yield exact answers. Usually 
the engineer is forced to accept approximate information from the 
curve and correct the values by aligning the actual phase equalizer 
after it has been installed. When properly handled however, the 
correction required is small and amounts to slight trimming of the 
Lor C values. 


Example: A transmission line, handling frequencies between 10 kc and 20 kc, 
introduces phase distortion by producing phase shifts at various fre- 
quencies as follows: 


At 10 ke, the phase shift = —27° 
At 15 kc, the phase shift = —43.5° 
At 20 ke, the phase shift = —63° 


As shown in the solution, a phase equalizer is required. Determine the 
lattice components needed to form a network having a characteristic 
impedance of 100 ohms. 


Solution: (1) First, let us show that a phase equalizer is necessary. If the time 
delay of a transmission line is linearly porportional to frequency, no 
phase distortion will occur.’ In this case, the phase shift at 15 kc 
would have to be 34 X —63° if this linear relationship applied since 
15 ke is 34 of 20 kc where the phase shift is —63°, But the actual phase 
shift at 15 ke is —43.5° rather than 34 x —63 = —47.25°. Thus, there is 
a phase error of +3.75°. Similarly, at 10 kc the phase shift should be 
half that at 20 kc, or % (—63) = —31.5° instead of the shift of —27° 
which actually exists at this frequency. For 10 kc, therefore, the phase 
error of +4.5°. Obviously, compensation is required to eliminate these 
errors. To equalize the phase throughout this range, a compensating 
network having errors the inverse of these must be designed. That is, 


Designer Equalizer Error Frequency 
—4.5° 10 ke 
—3.75° 15 ke 
0° 20 kc 


(2) Now let us study the characteristics of the curve (Fig. 64) to 
determine whether there are three values along the f/f, axis bearing 
same relationship numerically as 10:15:20, and which intersect the 
curve at the correct equalizer error points, as given above. Several 
trials must be made to approach closest to the desired conditions. In 
this example, the three suitable points are encircled on the curve. Note 


*For a more extended treatment of time delay concepts, see R-F Amplifiers by 
A. Schure, New York, John F. Rider Publisher, Inc., 1959 
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that these occur at f/f) equal respectively to 4, 6, and 8 and that 
these numbers are related as 10 is to 15 is to 20. Further, the phase 
shifts at these values of £/fp are —43°, —61.5°, and —77°. 

(3) It must now be shown that the phase shifts produced by the 
equalizer introduce the right corrective error. 

If the phase shift of the equalizer at f/f) = 0.8 —77°, then for a 
linear phase characteristic, the phase shift of the equalizer at f/fp = 
0.6 should by 3% x (—77) = —57.75°. Actually, the shift is —61.5° and 
since this differs from —57.75° by —3.75° (see preceding table), the 
phase error of the equalizer is exactly the figure desired. 

Similarly, we analyze the shift at f/fp = 0.4. For a linear character- 
istic, the shift should be 1% (—77) = —38.5°. Its actual phase shift, 
however, is —43°. The equalizer error is then —43° — (—38.5°) = —4.5°. 
This phase error also corresponds with the desired value given in the 
table. We now have all the factors required to calculate the necessary 
values of L and C for the lattice equalizer. 

(4) The value of f) is next determined. Since this is the frequency 
at which the phase shift of the equalizer is —90°, and since f/fyp = 08 
at £ = 20 kc, then fy must be 25 kc. This follows from the fact that f/f 
at a phase shift of 90° is unity, hence: 


0.8 1 
‘ke = =e and thus fp = 25 ke. 


(5) The value of L may now be determined from the definition 
a and equation (66) given on page 81. Since a = 1/fo, then a 
1/25000 = 4.0 x 10°. 

Substituting in equation (66) : 


4 x 10° x 10 
6.28 


(Note: the impedance characteristic of this equalizer was specified as 
100 ohms. Hence, the factor 10° in the numerator) . 


L = 0.64 millihenries 


ge 


Le=- 


(6) C is determined from equation (67) 


0.64 x 10% 
eae (ae 
C = 0.064 x 10-° farad 
0.64MH 
Fig. 70. The lattice phase 
equalizer computed for the 0.064 nF eae one 


example. Note that this net- 

work is symmetrical and 

therefore may be used in 
either direction. 
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C = 0.064 microfarad. 


The complete lattice, with values is given in Fig. 70. 


61. 
1. 


2. 
8 


oe 


Review Questions 


Describe the function of an attenuator. Specifically, what function is served 
by a fixed attenuator in contrast to a variable type. 
What is meant by the loss ratio of an attenuator? 


. How can one determine the minimum possible loss ratio of a fixed attenu- 


ator? 

Derive equation (58) from the equations that precede it. 

What is the loss ratio (K) of an attenuator having equal input and output 
impedances of, say, 500 ohms? 


. What is the minimum loss ratio of an attenuator that matches a 200-ohm 


transmission line to a 400-ohm load? Find the actual loss in db of this 
attenuator. 

Describe four types of variable attenuators and describe the characteristics 
of each. 

What is an equalizer? What kinds of equalizers are there? 

How does an amplitude equalizer differ from a phase equalizer? 


. What essential characteristics must a phase equalizer possess to be effective? 
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FOREWORD TO THE SIXTEENTH EDITION 
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CHAPTER ONE 


Introduction to Radio 


The field of radio is a division of the much 
larger field of electronics. Radio itself is such 
a broad study that it is still further broken 
down into a number of smaller fields of which 
only shortwave or high-frequency radio is cov- 
ered in this book. Specifically the field of com- 
munication on frequencies from 1.8 to 450 meg- 
acycles is taken as the subject matter for this 
work. 

The largest group of persons interested in 
the subject of high-frequency communication is 
the more than 350,000 radio amateurs located 
in nearly all countries of the world. Strictly 
speaking, a radio amateur is anyone interested 
in radio non-commercially, but the term is ordi- 
narily applied only to those hobbyists possess- 
ing transmitting equipment and a license from 
the government. 

It was for the radio amateur, and particu- 
larly for the serious and more advanced ama- 
teur, that most of the equipment described in 
this book was developed. However, in each 
equipment group, simple items also are shown 
for the student or beginner. The design prin- 
ciples behind the equipment for high-frequency 
radio communication are of course the same 
whether the equipment is to be used for com- 
mercial, military, or amateur purposes, the 
principal differences lying in construction 
practices, and in the tolerances and safety 
factors placed upon components. 

With the increasing complexity of high-fre- 
quency communication, resulting primarily from 
increased utilization of the available spec- 
trum, it becomes necessary to delve more deep- 
ly into the basic principles underlying radio 
communication, both from the standpoint of 
equipment design and operation and from the 
standpoint of signal propagation. Hence, it will 
be found that this edition of the RADIO HAND- 
BOOK has been devoted in greater proportion 
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to the teaching of the principles of equipment 
design and signal propagation. It is in response 
to requests from schools and agencies of the 
Department of Defense, in addition to persist- 
ent requests from the amateur radio fraternity, 
that coverage of these principles has been ex- 
panded. 


1-1 Amateur Radio 

Amateur radio is a fascinating hobby with 
many phases. So strong is the fascination of- 
fered by this hobby that many executives, en- 
gineers, and military and commercial operators 
enjoy amateur radio as an avocation even 
though they are also engaged in the radio field 
commercially. It captures and holds the inter- 
est of many people in all walks of life, and in 
all countries of the world where amateur acti- 
vities are permitted by law. 

Amateurs have rendered much public ser- 
vice through furnishing communications to and 
from the outside world in cases where disaster 
has isolated an area by severing all wire com- 
munications. Amateurs have a proud record of 
heroism and service in such occasion. Many 
expeditions to remote places have been kept 
in touch with home by communication with ama- 
teur stations on the high frequencies. The ama- 
teur’s fine record of performance with the 
‘wireless’? equipment of World War I has been 
surpassed by his outstanding service in World 
War II. 


By the time peace came in the Pacific in 
the summer of 1945, many thousand amateur 
operators were serving in the allied armed 
forces. They had supplied the army, navy, 
marines, coast guard, merchant marine, civil 
service, war plants, and civilian defense or- 
ganizations with trained personnel for radio, 
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radar, wire, and visual communications and 
for teaching. Even now, at the time of this 
writing, amateurs are being called back into 
the expanded defense forces, are returning to 
defense plants where their skills are critically 
needed, and are being organized into communi- 
cation units as an adjunct to civil defense 
groups. 


1-2 Station and Operator Licenses 


Every radio transmitting station in the 
United States no matter how low its power 
must have a license from the federal govern- 
ment before being operated; some classes of 
stations must have a permit from the govern- 
ment even before being constructed. And every 
operator of a transmitting station must have 
an operator’s license before operating a trans- 
mitter. There are no exceptions. Similar laws 
apply in practically every major country. 


There are at present six 
classes of amateur oper- 
ator licenses which have 
been authorized by the Federal Communica- 
tions Commission. These classes differ in 
many respects, so each will be discussed 
briefly. 

(a) Amateur Extra Class. This class of li- 
cense is available to any U. S. citizen who at 
any time has held for a period of two years or 
more a valid amateur license, issued by the 
FCC, excluding licenses of the Novice and 
Technician Classes. The examination for the 
license includes a code test at 20 words per 
minute, the usual tests covering basic amateur 
practice and general amateur regulations, and 
an additional test on advanced amateur prac- 
tice. All amateur privileges are accorded the 
holders of this operator’s license. 

(b) General Class. This class of amateur 
license is equivalent to the old Amateur Class 
B license, and accords to the holders all ama- 
teur privileges except those which may be set 
aside for holders of the Amateur Extra Class 
license. This class of amateur operator’s li- 
cense is available to any U. S. citizen. The 
examination for the license includes a code 
test at 13 words per minute, and the usual ex- 
aminations covering basic amateur practice 
and general amateur regulations. 

(c) Conditional Class. This class of ama- 
teur license and the privileges accorded by it 
are equivalent to the General Class license. 
However, the license can be issued only to 
those whose residence is more than 125 miles 
airline from the nearest location at which FCC 
examinations are held at intervals of not more 
than three months for the General Class ama- 
teur operator license, or to those who for any 
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of several specified reasons are unable to ap- 
pear for examination. 

(d) Technician Class. This is a new class 
of license which is available to any citizen of 
the United States. The examination is the same 
as that for the General Class license, except 
that the code test is at a speed of 5 words per 
minute. The holder of a Technician class li- 
cense is accorded all authorized amateur privi- 
leges in the amateur frequency bands above 
220 megacycles, and in the 50-Mc. band. 

(e) Novice Class. Uhis is a new class of 
license which is available to any U. S. citizen 
who has not previously held an amateur li- 
cense of any class issued by any agency of 
the U. S. government, military or civilian. The 
examination consists of a code test at a speed 
of 5 words per minute, plus an examination on 
the rules and regulations essential to begin- 
ner’s operation, including sufficient elemen- 
tary radio theory for the understanding of those 
rules. The Novice Class of license affords 
severely restricted privileges, is valid for only 
a period of one year (as contrasted to all other 
classes of amateur licenses which run for a 
term of five years), and is not renewable. 

All Novice and Technician class examina- 
tions are given by volunteer examiners, as reg- 
ular examinations for these two classes are 
not given in FCC offices. Amateur radio clubs 
in the larger cities have established examin 
ing committees to assist would-be amateurs 
of the area in obtaining their Novice and Tech- 
nician licenses. 


1-3 The Amateur Bands 


Certain small segments of the radio frequen- 
cy spectrum between 1500 ke. and 10,000 Mc. 
are reserved for operation of amateur radio 
stations. These segments are in general agree- 
ment throughout the world, although certain 
parts of different amateur bands may be used 
for other purposes in various geographic re- 
gions. In particular, the 40-meter amateur band 
is used legally (and illegally) for short wave 
broadcasting by many countries in Europe, 
Africa and Asia. Parts of the 80-meter band 
are used for short distance marine work in Eu- 
rope, and for broadcasting in South America. 
The amateur bands available to American ra- 
dio amateurs aret 


The 160-meter band is di- 
vided into 25-kilocycle 
segments on a regional 
basis, with day and night power limitations, 
and is available for amateur use provided no 
interference is caused to the Loran (Long 
Range Navigation) stations operating in this 
band. This band is least affected by the 11- 


160 Meters 
(1800 Ke.-2000 Ke.) 
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year solar sunspot cycle. The Maximum Us- 
able Frequency (MUF) even during the years 
of decreased sunspot activity does not usually 
drop below 4 Mc., therefore this band is not 
subject to the violent fluctuations found on 
the higher frequency bands. DX contacts on 
on this band are limited by the ionospheric 
absorption of radio signals, which is quite 
high. During winter nighttime hours the ab- 
sorption is often of a low enough value to per- 
mit trans-oceanic contacts on this band. On 
rare occasions, contacts up to 10,000 miles 
have been made. As a usual rule, however, 
160-meter amateur operation is confined to 
ground-wave contacts or single-skip contacts 
of 1000 miles or less. Popular before World 
War II, the 160-meter band is now only sparse- 
ly occupied since many areas of the country 
are blanketed by the megawatt pulses of the 
Loran chains. 


80 Meters The 80-meter band is the 
(3500 Ke.-4000 Ke.) most popular amateur 
band in the continental 
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United States for local ‘‘rag-chewing’’ and 
traffic nets. During the years of minimum sun- 
spot activity the ionospheric absorption on 
this band may be quite low, and long distance 
DX contacts are possible during the winter 
night hours. Daytime operation, in general, is 
limited to contacts of 500 miles or less. Dur- 
ing the summer months, local static and high 
ionospheric absorption limit long distance con- 
tacts on this band. As the sunspot cycle ad- 
vances and the MUF rises, increased iono- 
spheric absorption will tend to degrade the 
long distance possibilities of this band. At 
the peak of the sunspot cycle, the 80-meter 
band becomes useful only for short-haul com- 
munication. 


40 Meters The 40-meter band is high 
(7000 Ke.-7300 Ke.) enough in frequency to be 

severely affected by the 
Ill-year sunspot cycle. During years of mini- 
mum solar activity, the MUF may drop below 
7 Mc., and the band will become very erratic, 
with signals dropping completely out during 
the night hours. Jonospheric absorption of sig- 
nals is not as large a problem on this band as 
it is on 80 and 160 meters. As the MUF grad- 
ually rises, the skip-distance will increase on 
40 meters, especially during the winter months. 
At the peak of the solar cycle, the daylight 
skip distance on 40 meters will be quite long, 
and Stations within a distance of 500 miles or 
so of each other will not be able to hold com- 
munication. DX operation on the 40-meter band 
is considerably hampered by broadcasting sta- 
tions, propaganda stations, and jamming trans- 


mitters. In Europe and Asia the band is in a 
chaotic state, and amateur operation in this re- 
gion is severely hampered. 


20 Meters At the present time, 
(14,000 Ke.-14,350 Ke.) the 2U-meter band is 

by far the most popular 
band for long distance contacts. High enough 
in frequency to be almost obliterated at the 
bottom of the solar cycle, the band neverthe- 
less provides good DX contacts during years 
of minimal sunspot activity. At the present 
time, the band is open to almost all parts of 
the world at some time during the year. Dur- 
ing the summer months, the band is active un- 
til the late evening hours, but during the win- 
tec months the band is only good fora few 
hours during daylight. Extreme DX contacts 
are usually erratic, but the 20-meter band is 
the only band available for DX operation the 
year around during the bottom of the DX cycle. 
As the sunspot count increases and the MUF 
rises, the 20-meter band will become open for 
longer hours during the winter. The maximum 
skip distance increases, and DX contacts are 
possible over paths other than the Great Circle 
route. Signals can be heard the ‘‘long paths,”’ 
180 degrees opposite to the Great Circle path. 


- During daylight hours, absorption may become 


apparent on the 20-meter band, and all signals 
except very short skip may disappear. On the 
other hand, the band will be open for world- 
wide DX contacts all night long. The 20-meter 
band is very susceptible to ‘‘fade-outs”’ 
caused by solar disturbances, and all except 
local signals may completely disappear for 
periods of a few hours to a day or so. 


15 Meters 


This is a relatively 
(21,000 Ke.-21,450 Ke.) 


new band for radio 
amateurs since it has 
only been available for amateur operation 
since 1952. Not too much is known about the 
characteristics of this band, since it has not 
been occupied for a full cycle of solar activi- 
ty. However, it is reasonable ro assume that 
it will have characteristics similar to both the 
20 and 10-meter amateur bands. It should have 
a longec skip distance than 20 meters for a 
given time, and sporadic-E (short-skip) should 
be apparent during the winter months. During 
a period of low sunspot activity, the MUF will 
rarely rise as high as 15 meters, so this band 
will be ‘‘dead’’ for a large part of the year. 
During the next few years, 15-meter activity 
should pick up rapidly, and the band should 
support extremely long DX contacts. Activity 
on the 15-meter band is limited in some areas, 
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since the older model TV receivers have a 
21 Mc. i-f channel, which falls directly in the 
15-meter band. The interference problems 
brought about by such an unwise choice of 
intermediate frequency often restrict operation 
on this band by amateur stations unfortunate 
enough to be situated near such an obsolete 
receiver. 


10- Meters 
(28,000 Ke.-29,700 Ke.) 


During the peak of the 
sunspot cycle, the 10- 
meter band is without 
doubt the most popular 
amateur band. The combination of long skip 
and low ionospheric absorption make reliable 
DX contacts with low powered equipment pos- 
sible. The great width of the band (1700 kc.) 
provides room for a large number of amateurs. 
The long skip (1500 miles or so) prevents near- 
by amateurs from hearing each other, thus 


dropping the interference level. During the win- 


ter months, sporadic-E (short skip) signals 
up to 1200 miles or so will be heard. The 10- 
meter band is poorest in the summer months, 
even during a sunspot maximum. Extremely 
long daylight skip is common on this band, and 
and in years of high MUF the 10-meter band 
will support intercontinental DX contacts dur- 
ing daylight hours. 

The second harmonic of stations operating 
in the 10-meter band falls directly into tele- 
vision channel 2, and the higher harmonics of 
10-meter transmitters fall into the higher TV 
channels. This harmonic problem seriously 
curtailed amateur 10-meter operation during 
the late 40’s. However, with the new circuit 
techniques and TVI precautionary measures 
stressed in this Handbook, 10-meter operation 
should cause little or no interference to near- 
by television receivers of modern design. 


At the peak of the sunspot 
cycle, the MUF occasional- 
ly rises high enough to per- 
mit DX contacts up to 10,000 miles or so on 
6 meters. Activity on this band during such a 
period is often quite high. Interest in this band 
wanes during a period of lesser solar activity, 
as contacts, as a rule, are restricted to short- 
skip work. The proximity of the 6-meter band 
to television channel 2 often causes interfer- 
ence problems to amateurs located in areas 
where channel 2 is active. As the sunspot cy- 
cle increases, activity on the 6-meter band will 
increase. 


Six Meters 
(50 Mc.-54 Mc.) 


The v-h-f bands are 
the least affected by 
the vagaries of the 
sunspot cycle and the Heaviside layer. Their 
predominant use is for reliable communication 
over distances of 150 miles or less. These 


The V-H-F Bonds 
(Two Meters ond ‘‘Up’’) 


bands are sparsely occupied in the rural sec- 
tions of the United States, but are quite heavi- 
ly congested in the urban areas of high popu- 
lation. 

In recent years it has been found that v-h-f 
signals are propagated by other means than by 
line-of-sight transmission. ‘'Scatter signals,” 
Aurora reflection, and air-mass boundary bend- 
ing are responsible for v-h-f communication up 
to 1200 miles or so. Weather conditions will 
often affect long distance communication on 
the 2-meter band, and all the v-h-f bands are 
particularly sensitive to this condition. 

The other y-h-f bands have had insufficient 
occupancy to provide a clear picture of their 
characteristics. In general, they behave much 
as does the 2-meter band, with the weather 
effects becoming more pronounced on the high- 
er frequency bands. 


1-4 Starting Your Study 


When you start to prepare yourself for the 
amateur examination you will find that the cir- 
cuit diagrams, tube characteristic curves, and 
formulas appear confusing and difficult of un- 
derstanding. But after a few study sessions 
one becomes sufficiently familiar with the 
notation of the diagrams and the basic con- 
cepts of theory and operation so that the ac- 
quisition of further knowledge becomes easier 
and even fascinating. 

As it takes a considerable time to become 
proficient in sending and receiving code, it is 
a good idea to intersperse technical study ses- 
sions with periods of code practice. Many 
short code practice sessions benefit one more 
than a small number of longer sessions. Alter- 
nating between one study and the other keeps 
the student from getting ‘stale’? since each 
type of study serves as a sort of respite from 
the other. 

When you have practiced the code long 
enough you will be able to follow the gist of 
the slower sending stations. Many stations 
send very slowly when working other stations 
at great distances. Stations repeat their calls 
many times when calling other stations before 
contact is established, and one need not have 
achieved much code proficiency to make out 
their calls and thus determine their location. 
The Code The applicant for any class of ama- 
teur operator license must be able 
to send and receive the Continental Code 
(sometimes called the International Morse 
Code). The speed required for the sending and 
receiving test may be either 5, 13, or 20 words 
per minute, depending upon the class of li- 
cense, assuming an average of five characters 
to the word in each case. The sending and re- 
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Learning 
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A o@ N ame 

B ameee 0 @e@e 
C eameoame P ecamame 
D amee Q maemo 
E e R eame 

F eceame S eee 

G eapmeape T= 

H ecece U ecap 
Tee V ecoamp 

J eam ap a \W eam ep 

K amee» X epoca 
LL eamee Y ep eae 
M e@ oe 7 emamee 
PERIOD (.) eoape ape a= 
COMMA (,) amp aD ee a> ao 


INTERROGATION (7) 
QUOTATION MARK (*) 
COLON () 
SEMICOLON (3) 
PARENTHESIS () 


QoornouhWn- 


WAIT SIGN (AS) 

DOUBLE DASH (BREAK) 
ERROR (ERASE SIGN) 
FRACTION BAR (/) 

END OF MESSAGE (AR) 

END OF TRANSMISSION (SK) 


© ap ap ap a> 

ecap ap a> 

eccam a» 

ecoeap 

eooce 

a@peecce 

ap apece 

ap ap apee 

ep ap ap ape 

op ap o® @ @ 

@ MEANS ZERO. AND IS WRITTEN IN THIS 
WAY TO DISTINGUISH IT FROM THE LETTER ‘O” 


IT OFTEN IS TRANSMITTED INSTEAD AS ONE 
LONG DASH (EQUIVALENT TO 5 DOTS) 


INTERNAT, DISTRESS SIG. (SOS) © ee am am ameoce 


Figure 1] 


The Continental (or Internotional Morse) Code is used far substontiall 
NOT memorize from the printed page; code is a 


communication. 


oll non-automotic radio 
anguage of SOUND, and 


must not be learned visually; learn by listening as explained in the text. 


i 


ceiving tests run for five minutes, and one 
minute of errorless transmission or reception 
must be accomplished within the five-minute 
interval. 

If the code test is failed, the applicant must 
wait at least one month before he may again 
appear for another test. Approximately 30% of 
amateur applicants fail to pass the test. It 
should be expected that nervousness and ex- 
citement will at least to some degree tempo- 
rarily lower the applicant’s code ability. The 
best prevention against this is to master the 
code at a little greater than the required speed 
under ordinary conditions. Then if you slow 
down a little due to nervousness during a test 
the result will not prove fatal. 


Memorizing 


the Code 


There is no shortcut to code pro- 
ficiency. To memorize the al- 
phabet entails but a few eve- 
nings of diligent application, but considerable 
time is required to build up speed. The exact 
time required depends upon the individual’s 
ability and the regularity of practice. 

While the speed of learning will naturally 
vary greatly with different individuals, about 
70 hours of practice (no practice period to be 
over 30 minutes) will usually suffice to bring 
a speed of about 13 w.p.m.; 16 w.p.m. requires 
about 120 hours; 20 w.p.m., 175 hours. 


Since code reading requires that individual 
letters be recognized instantly, any memoriz- 
ing scheme which depends upon orderly se- 
quence, such as learning all '‘dab’’ letters 
and all ‘dit’ letters in separate groups, is to 
be discouraged. Before beginning with a code 
practice set it is necessary to memorize the 
whole alphabet perfectly. A good plan is to 
study only two or three letters a day and to 
drill with those letters until they become part 
of your consciousness. Mentally translate each 
day’s letters into their sound equivalent 
wherever they are seen, on signs, in papers, 
indoors and outdoors. Tackle two additional 
letters in the code chart each day, at the same 
time reviewing the characters already learned. 

Avoid memorizing by routine. Be able to 
sound out any letter immediately without so 
much as hesitating to think about the letters 
preceding or following the one in question. 
Know C, for example, apart from the sequence 
ABC. Skip about among all the characters 
learned, and before very long sufficient letters 
will have been acquired to enable you to spell 
out simple words to yourself in ‘‘dit dabs."’ 
This is interesting exercise, and for that rea- 
son it is good to memorize all the vowels first 
and the most common consonants next. 

Actual code practice should start only when 
the entire alphabet, the numerals, period, Com- 
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‘| © aD © ap 
dural © > ap ec ap 
ch «@® @@ @@ ep 
€ ec apee 

it > ape a ap 
O Gm @p GpDe 

li © © ap ap 


Figure 2 


These code characters ore used in languages 
other than English. They may occasionally 
be encountered so it is well to know them. 


rr 


ma, and question mark have been memorized 
so thoroughly that any one can be sounded 
without the slightest hesitation. Do not bother 
with other punctuation or miscellaneous sig- 
nals until later. 


Sound — 
Not Sight 


Each letter and figure must be 
memorized by its sound rather 
than its appearance. Code is a 
system of sound communication, the same as 
is the spoken word. The letter A, for example, 
is one short and one long sound in combina- 
tion sounding like dit dah, and it must be re- 
membered as such, and not as ‘‘dot dash.” 


Practice Time, patience, and regularity are 
required to learn the code properly. 
Do not expect to accomplish it within a few 
days. 

Don’t practice too long at one stretch; it 
does more harm than good. Thirty minutes at 
a time should be the limit. 

Lack of regularity in practice is the most 
common cause of lack of progress. Irregular 
Practice is very licele better than no practice 
at all. Write down what you have heard; then 
forget it; do not look back. If your mind dwells 
even for an instant on a signal about which 
you have doubt, you will miss the next few 
characters while your attention is diverted. 

While various automatic code machines, 
Phonograph records, etc., will give you prac- 
tice, by far the best practice is to obtain a 
study companion who is also interested in 
learning the code. When you have both memo- 
rized the alphabet you can start sending to 
each other. Practice with a key and oscillator 
or key and buzzer generally proves superior 
to all automatic equipment. Two such sets 
operated between two rooms are fine—or be- 
tween your house and his will be just that 
much better. Avoid talking to your partner 
while practicing. If you must ask him a ques- 


tion, do it in code. It makes more interesting 
practice than confining yourself to random 
Practice material. 

When two co-learners have memorized the 
code and are ready to start sending to each 
other for practice, it is a good idea to enlist 
the aid of an experienced operator for the first 
practice session or two so that they will get 
an idea of how properly formed characters 
sound. 

During the first practice period the speed 
should be such that substantially solid copy 
can be made without strain. Never mind if this 
is only two or three words per minute. In the 
next period the speed should be increased 
slightly to a point where nearly all of the 
characters can be caught only through con- 
scious effort. When the student becomes pro- 
ficient at this new speed, another slight in- 
crease may be made, progressing in this man- 
ner until a speed of about 16 words per minute 
is attained if the object is to pass the amateur 
13-word per minute code test. The margin of 
3 w.p.m. is recommended to overcome a possi- 
ble excitement factor at examination time. 
Then when you take the test you don’t have to 
worry about the “‘jitters’’ or an “‘off day.”” 

Speed should not be increased to a new 
level until the student finally makes solid 
copy with ease for at least a five-minute 
period at the old level. How frequently in- 
creases of speed can be made depends upon 
individual ability and the amount of practice. 
Each increase is apt to prove disconcerting, 
but remember ‘tyou are never learning when 
you are comfortable.” 

A number of amateurs are sending code 
Practice on the air on schedule once or twice 
each week; excellent practice can be obtained 
after you have bought or constructed your re- 
ceiver by taking advantage of these sessions. 

If you live in a medium-size or large city, 
the chances are that there is an amateur radio 
club in your vicinity which offers free code 
practice lessons periodically. 


Skill When you listen to someone speaking 

you do not consciously think how his 
words are spelled. This is also true when you 
read. In code you must train your ears to read 
code just as your eyes were trained in school 
to read printed matter. With enough practice 
you acquire skill, and from skill, speed. In 
other words, it becomes a habit, something 
which can be done without conscious effort. 
Conscious effort is fatal to speed; we can’t 
think rapidly enough; a speed of 25 words a 
minute, which is a common one in commercial 
operations, means 125 characters per minute 
or more than two per second, which leaves 
no time for conscious thinking. 
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Perfect Formation 
of Chorocters 


When transmitting on the 
code practice set to your 
Partner, concentrate on the 
quality of your sending, nof on your speed. 
Your partner will appreciate it and he could 
not copy you if you speeded up anyhow. 

If you want to get a reputation as having an 
excellent ‘‘fist’’ on the air, just remember that 
speed alone won't do the trick. Proper execu- 
tion of your letters and spacing will make 
much more of an impression. Fortunately, as 
you get so that you can send evenly and accu- 
rately, your sending speed will automatically 
increase. Remember to try to see how evenly 
you can send, and how fast you can receive. 
Concentrate on making signals properly with 
your key. Perfect formation of characters is 
Paramount to everything else. Make every sig- 
nal right no matter if you have to practice it 
hundreds or thousands of times. Never allow 
yourself to vary the slightest from perfect for- 
mation once you have learned it. 

If possible, get a good operator to listen to 
your sending for a short time, asking him to 
criticize even the slightest imperfections. 


It is of the utmost importance to 
maintain uniform spacing in charac- 
ters and combinations of characters. Lack of 
uniformity at this point probably causes be- 
ginners more trouble than any other single fac- 
tor. Every dot, every dash, and every space 
must be correctly timed. In other words, ac- 
curate timing is absolutely essential to intel- 
ligibility, and timing of the spaces between 
the dots and dashes is just as important as 
the lengths of the dots and dashes themselves. 

The characters are timed with the dot as a 
“tyardstick.’’ A standard dash is three times 
as long as a dot. The spacing between parts 
of the same letter is equal to one dot; the 
space between letters is equal to three dots, 
and that between words equal to five dots. 

The rule for spacing between letters and 
words is not strictly observed when sending 
slower than about 10 words per minute for the 
benefit of someone learning the code and de- 
siring receiving practice. When sending at, 
say, 5 w.p.m., the individual letters should be 
made the same as if the sending rate were 
about 10 w.p.m., except that the spacing be- 
tween letters and words is greatly exaggerated. 
The reason for this is obvious. The letter L, 
for instance, will then sound exactly the same 
at 10 w.p.m. as at 5 w.p.m., and when the 
speed is increased above 5 w.p.m. the student 
will not have to become familiar with what 
may seem to him like a new sound, although 
it is in reality only a faster combination of 
dots and dashes. At the greater speed he will 
merely have to learn the identification of the 
Same sound without taking as long to do so. 


Timing 
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Diagrom illustrating relative lengths of 


dashes and spaces referred to the duration 
of a dot. A dash is exactly equal in duratian 
to three dots; spaces between parts of a 
letter equal one dot; those between letters, 
three dots; space between words, five dots. 
Note that a slight increase between two parts 
of a fetter will make it sound like two 
letters. 


Be particularly careful of letters like B. 
Many beginners seem to have a tendency to 
leave a longer space after the dash than that 
which they place between succeeding dots, 
thus making it sound like TS. Similarly, make 
sure that you do not leave a longer space after 
the first dot in the letter C than you do be- 
tween other parts of the same letter; otherwise 
it will sound like NN. 


Sending vs. 
Receiving 


Once you have memorized the 
code thoroughly you should con- 
centrate on increasing your re- 
ceiving speed. True, if you have to practice 
with another newcomer who is learning the 
code with you, you will both have to do some 
sending. But don’t attempt to practice sending 
just for the sake of increasing your sending 
speed. ; 


When transmitting on the code practice set 
to your partner so that he can get receiving 
Practice, concentrate on the quality of your 
sending, not on your speed. 

Because it is comparatively easy to learn 
to send rapidly, especially when no particular 
care is given to the quality of sending, many 
operators who have just received their licenses 
get on the air and send mediocre or worse code 
at 20 w.p.m. when they can barely receive 
good code at 13. Most oldtimers remember their 
own period of initiation and are only too glad 
to be patient and considerate if you tell them 
that you are a newcomer. But the surest way 
to incur their scorn is to try to impress them 
with your “lightning speed,’’ and then to re- 
quest them to send more slowly when they 
come back at you at the same speed. 

Stress your copying ability; never stress 
your sending ability. It should be obvious that 
that if you try to send faster than you can re- 
ceive, your ear will not recognize any mis- 
takes which your hand may make. 
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Figure 4 


PROPER POSITION OF THE FINGERS FOR 
OPERATING A TELEGRAPH KEY 


The fingers hold the knob and act as a cush- 

ion. The hand rests lightly on the key. The 

muscles of the forearm provide the power, 

the wrist acting os the fulcrum. The power 

should not come from the fingers, but rather 
from the forearm muscles. 


Using the Key Figure 4 shows the proper posi- 
tion of the hand, fingers and 
wrist when manipulating a telegraph or radio 
key. The forearm should rest naturally on the 
desk. lt is preferable that the key be placed 
far enough back from the edge of the table 
(about 18 inches) that the elbow can rest on 
the table. Otherwise, pressure of the table 
edge on the arm will tend to hinder the circu- 
lation of the blood and weaken the ulnar nerve 
at a point where it is close to the surface, 
which in turn will tend to increase fatigue 
considerably. 

The knob of the key is grasped lightly with 
the thumb along the edge; the index and third 
fingers rest on the top towards the front or far 
edge. The hand moves with a free up and down 
motion, the wrist acting as a fulcrum. The 
power must come entirely from the arm mus- 
cles. The third and index fingers will bend 
slightly during the sending but not because of 
deliberate effort to manipulate the finger mus- 
cles. Keep your finger muscles just tight 
enough to act as a cushion for the arm motion 
and let the slight movement of the fingers take 
care of itself. The key’s spring is adjusted to 
the individual wrist and should be neither too 
stiff nor too loose. Use a moderately stiff ten- 
sion at first and gradually lighten it as you 
become more proficient. The separation be- 
tween the contacts must be the proper amount 
for the desired speed, being somewhat under 
1/16 inch for slow speeds and slightly closer 
together (about 1/32 inch) for faster speeds. 
Avoid extremes in either direction. 

Do not allow the muscles of arm, wrist, or 


fingers to become tense. Send with a full, free 
arm movement. Avoid like the plague any fin- 
ger motion other than the slight cushioning 
effect mentioned above. 

Stick to the regular hand key for learning 
code. No other key is satisfactory for this pur- 
pose. Not until you have thoroughly mastered 
both sending and receiving at the maximum 
speed in which you are interested should you 
tackle any form of automatic or semi-automatic 
key such as the Vibroplex (‘‘bug’’) or an elec- 
tronic key. 


Difficulties Should you experience difficulty 
in increasing your code speed 
after you have once memorized the characters, 
there is no reason to become discouraged. It 
is more difficult for some people to learn code 
than for others, but there is no justification 
for the contention sometimes made that ‘‘some 
people just can’t learn the code.” It is not a 
matter of intelligence; so don’t feel ashamed 
if you seem to experience a little more than 
the usual difficulty in learning code. Your re- 
action time may be a little slower or your co- 
ordination not so good. lf this is the case, 
remember you can still learn the code. You 
may never learn to send and receive at 40 
w.p.m., but you can learn sufficient speed for 
all non-commercial purposes and even for most 
commercial purposes if you have patience, 
and refuse to be discouraged by the fact that 
others seem to pick it up more rapidly. 

When the sending operator is sending just 
a bit too fast for you (the best speed for prac- 
tice), you will occasionally miss a signal or a 
small group of them. When you do, leave a 
blank space; do not spend time futilely trying 
to recall it; dismiss it, and center attention 
on the next letter; otherwise you'll miss more. 
Do not ask the sender any questions until the 
transmission is finished. 

To prevent guessing and get equal practice 
on the less common letters, depart occasional- 
ly from plain language material and use a jum- 
ble of letters in which the usually less com- 
monly used letters predominate. 

As mentioned before, many students put a 
greater space after the dash in the letter B 
than between other parts of the same letter so 
it sounds like TS. C, F, Q, V, X, Y and Z 
often give similar trouble. Make a list of words 
or arbitrary combinations in which these let- 
ters predominate and practice them, both send- 
ing and receiving until they no longer give you 
trouble. Stop everything else and stick at 
them. So long as they give you trouble you are 
not ready for anything else. 

Follow the same procedure with letters 
which you may tend to confuse such as F and 
L, which are often confused by beginners. 
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Figure 5 

THE SIMPLEST CODE PRACTICE 

SET CONSISTS OF A KEY AND A eae 


BUZZER 


The buzzer is adjusted to give a 
steady, high-pitched whine. If de- 
sired, the phones may be omitted, 
in which case the buzzer should be 
mounted firmly on a sounding board. 
Crystal, magnetic, or dynamic ear- 
phones may be used. Additional 
sets of phones should be connected 
in parallel, not in series. 
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VOLUME CONTROL 


PHONES, 
1To4 
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KEY THESE PARTS REQUIRED 
ONLY IF HEADPHONE 
OPERATION IS DESIRED 


Keep at it until you always get them right 
without having to stop even an instant to think 
about it. 

If you do not instantly recognize the sound 
of any character, you have not learned it; go 
back and practice your alphabet further. You 
should never have to omit writing down every 
signal you hear except when the transmission 
is too fast for you. 

Write down what you hear, not what you 
think it should be. It is surprising how often 
the word which you guess will be wrong. 
Copying Behind All good operators copy sev- 
eral words behind, that is, 
while one word is being received, they are 
writing down or typing, say, the fourth or fifth 
previous word. At first this is very difficult, 
but after sufficient practice it will be found 
actually to be easier than copying close up. 
It also results in more accurate copy and en- 
ables the receiving operator to capitalize and 
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Figure 6 


SIMPLE TRANSISTOR CODE 
PRACTICE OSCILLATOR 


An inexpensive Raytheon CK-722 transistor 
requires only a single 1%-volt flashlight 
bottery for power. The inductance of the ear- 
phone windings forms part of the oscillatory 
circuit. The pitch of the note may be changed 
by varying the value of the two capacitors 
connected across the earphones. 


punctuate copy as he goes along. It is not rec- 
ommended that the beginner attempt to do this 
until he can send and receive accurately and 
with ease at a speed of at least 12 words a 
minute. 

It requires a considerable amount of train- 
ing to dissociate the action of the subcon- 
scious mind from the direction of the conscious 
mind. It may help some in obtaining this train- 
ing to write down two columns of short words. 
Spell the first word in the first column out loud 
while writing down the first word in the second 
column. At first this will be a bit awkward, 
but you will rapidly gain facility with practice. 
Do the same with all the words, and then re- 
verse columns. 

Next try speaking aloud the words in the one 
column while writing those inthe other column; 
then reverse columns, 

After the foregoing can be done easily, try 
sending with your key the words in one col- 
umn while spelling those in the other. It won’t 
be easy at first, but it is well worth keeping 
after if you intend to develop any real code 
proficiency. Do not attempt to catch up. There 
is a natural tendency to close up the gap, and 
you must train yourself to overcome this. 

Next have your code companion send you a 
word either from a list or from straight text; 
do not write it down yet. Now have him send 
the next word; after receiving this second 
word, write down the first word. After receiv- 
ing the third word, write the second word; and 
so on. Never mind how slowly you must go, 
even if it is only two or three words per minute. 
Stay bebind. 

It will probably take quite a number of prac- 
tice sessions before you can do this with any 
facility. After it is relatively easy, then try 
staying two words behind; keep this up until 
it is easy. Then try three words, four words, 
and five words. The more you practice keep- 
ing received material in mind, the easier it 
will be to stay behind. It will be found easier 
at first to copy material with which one is 
fairly familiar, then gradually switch to less 
familiar material. 
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Automatic Code 
Machines 


The two practice sets which 
are described in this chapter 
are of most value when you 
have someone with whom to practice. Automa- 
tic code machines are not recommended to any- 
one who can possibly obtain a companion with 
whom to practice, someone who is also inter- 
ested in learning the code. If you are unable 
to enlist a code partner and have to practice 
by yourself, the best way to get receiving 
practice is by the use of a tape machine (auto- 
matic code sending machine) with several 
practice tapes. Or you can use a set of phono- 
graph code practice records. The records are 
of use only if you have a phonograph whose 
turntable speed is readily adjustable. The tape 
machine can be rented by the month for a rea- 
sonable fee. 

Once you can copy about 10 w.p.m. you can 
also get receiving practice by listening to slow 
sending stations on your receiver. Many ama- 
teur stations send slowly particularly when 
working far distant stations. When receiving 
conditions are particularly poor many commer- 
cial stations also send slowly, sometimes re- 
peating every word. Until you can copy around 
10 w.p.m. your receiver isn’t much use, and 
either another operator or a machine or records 
are necessary for getting receiving practice 
after you have once memorized the code. 


Code Practice If you don’t feel too foolish 
Sets doing it, you can secure a 
measure of code practice with 


the help of a partner by sending ‘‘dit-dah’’ 
messages to each other while riding to work, 
eating lunch, etc. It is better, however, to use 
a buzzer or code practice oscillator in con- 
junction with a regular telegraph key. 

As a good key may be considered an invest- 
ment it is wise to make a well-made key your 
first purchase. Regardless of what type code 
practice set you use, you will need a key, and 
later on you will need one to key your trans- 
mitter. If you get a good key to begin with, 
you won’t have to buy another one later. 

The key should be rugged and have fairly 
heavy contacts. Not only will the key stand 
up better, but such a key will contribute to 
the ‘theavy’’ type of sending so desirable for 
radio work. Morse (telegraph) operators use 
a “‘light’? style of sending and can send some- 
what faster when using this light touch. But, 
in radio work static and interference are often 
present, and a slightly heavier dot is desir- 
able. If you use a husky key, you will tind 
yourself automatically sending in this manner. 

To generate a tone simulating a code signal 
as heard on a receiver, either a mechanical 
buzzer or an audio oscillator may be used. Fig- 
ure 5 shows a simple code-practice set using 
a buzzer which may be used directly simply 
by mounting the buzzer on a sounding board, 
or the buzzer may be used to feed from one to 
four pairs of conventional high-impedance 
phones. 


An example of the audio-oscillator type of 
code-practice set is illustrated in figures 6 
and 7. An inexpensive Raytheon CK-722 trans- 
istor is used in place of the more expensive, 
power consuming vacuum tube. A single ‘‘pen- 
lite’? 14%-volt cell powers the unit. The coils 
of the earphones form the inductive portion 
of the resonant circuit. ‘Phones having an 
impedance of 2000 ohms or higher should be 
used. Surplus type R-14 earphones also work 
well with this circuit. 


Figure 7 


The circuit of Figure 6 is used in this 
miniature transistorized code Practice 
oscillator. Components are mounted in a 
small plastic case. The transistor is 
attached to a three terminal phenolic 
mounting strip. Sub-miniature jacks are 
used for the key and phones connections. 
A hearing aid earphone may also be used, 
as shown. The phone is stored in the 
plastic case when not in use. 


WWW.americanradiohistorv.com 


CHAPTER TWO 


Direct Current Circuits 


All naturally occurring matter (excluding 
artifically produced radioactive substances) is 
made up of 92 fundamental constituents called 
elements. These elements can exist either in 
the free state such as iron, oxygen, carbon, 
copper, tungsten, and aluminum, or in chemi- 
cal unions commonly called compounds. The 
smallest unit which still retains all the origi- 
nal characteristics of an element is the atom. 

Combinations of atoms, or subdivisions of 
compounds, result in another fundamental 
unit, the molecule. The molecule is the small- 
est unit of any compound. All reactive ele- 
ments when in the gaseous state also exist 
in the molecular form, made up of two or more 
atoms. The nonreactive gaseous elements 
helium, neon, argon, krypton, xenon, and 
radon are the only gaseous elements that ever 
exist in a stable monatomic state at ordinary 
temperatures. 


2-1 


An atom is an extremely small unit of 
matter —there are literally billions of them 
making up so small a piece of material as a 
speck of dust. To understand the basic theory 
of electricity and hence of radio, we must go 
further and divide the atom into its main 
components, a positively charged nucleus and 
a cloud of negatively charged particles that 
surround the nucleus. These particles, swirling 
around the nucleus in elliptical orbits at an 
incredible rate of speed, are called orbital 
electrons. 


The Atom 


It is upon the behavior of these electrons 
when freed from the atom, that depends the 
study of electricity and radio, as well as 
allied sciences. Actually it is possible to sub- 
divide the nucleus of the atom into a dozen or 
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so different particles, but this further sub- 
division can be left to quantum mechanics and 
atomic physics. As far as the study of elec- 
tronics is concemed it is only necessary for 
the reader to think of the normal atom as being 
composed of a nucleus having a net positive 
charge that is exactly neutralized by the one 
or more orbital electrons surrounding it. 

The atoms of different elements differ in 
respect to the charge on the positive nucleus 
and in the number of electrons revolving 
around this charge. They range all the way 
from hydrogen, having a net charge of one 
on the nucleus and one orbital electron, to 
uranium with a net charge of 92 on the nucleus 
and 92 orbital electrons. The number of orbital 
electrons is called the atomic number of the 
element. 


From the above it must not be 
thought that the electrons re- 
volve in a haphazard manner 
around the nucleus. Rather, the electrons in 
an element having a large atomic number are 
grouped into rings having a definite number of 
electrons. The only atoms in which these rings 
are completely filled are those of the inert 
gases mentioned before; all other elements 
have one or more uncompleted rings of elec- 
trons. If the uncompleted ring is nearly empty, 
the element is metallic in character, being 
most metallic when there is only one electron 
in the outer ring. If the incomplete ring lacks 
only one or two electrons, the element is 
usually non-metallic. Elements with a ring 
about half completed will exhibit both non- 
metallic and metallic characteristics; carbon, 
silicon, germanium, and arsenic are examples. 
Such elements are called semi-conductors. 


Action of the 
Electrons 


In metallic elements these outer ring elec- 
trons are rather loosely held. Consequently, 
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there is a continuous helter-skelter movement 
of these electrons and a continual shifting 
from one atom to another. The electrons which 
move about in a substance are called free 
electrons, and it is the ability of these elec- 
trons to drift from atom to atom which makes 
possible the electric current. 


If the free electrons are nu- 
merous and loosely held, the 
element is a good conductor. 
On the other hand, if there are few free elec- 
trons, as is the case when the electrons in an 
outer ring are tightly held, the element is a 
poor conductor. If there are virtually no free 
electrons, the element is a good insulator. 


Conductors and 
Insulotors 


2-2 Fundamental Electrical 
Units and Relationships 


electrons in 
a conductor move con- 
stantly about and change 
their position in a haphazard manner. To 
produce a drift of electrons or electric current 
along a wire it is necessary that there be a 
difference in ‘‘pressure’’ or potential between 
the two ends of the wire. This potential dif- 
ference can be produced by connecting a 
source of electrical potential to the ends of 
the wire. 

As will be explained later, there is an ex- 
cess of electrons at the negative terminal of 
a battery and a deficiency of electrons at the 
positive terminal, due co chemical action. 
When the battery is connected to the wire, the 
deficient atoms at the positive terminal attract 
free electrons from the wire in order for the 
positive terminal to become neutral. The 
attracting of electrons continues through the 
wire, and finally the excess electrons at 
the negative terminal of the battery are at- 
tracted by the positively charged atoms at the 
end of the wire. Other sources of electrical 
potential (in addition to a battery) are: an 
electrical generator (dynamo), a thermocouple, 
an electrostatic generator (static machine), a 
photoelectric cell, and a crystal or piezo- 
electric generator. 

Thus it is seen that a potential difference 
is the result of a difference in che number of 
electrons between the two (or more) points in 
question. The force or pressure due to a 
potential difference is termed the electro- 
motive force, usually abbreviated e.m./. or 
E.M.F, It is expressed in units called volts. 

le should be noted that for there to be a 
potential difference between two bodies or 
points it is not necessary that one have a 
positive charge and the other a negative 
charge. If two bodies each have a negative 


Electromotive Force: The free 
Potential Difference 


charge, but one more negative than the other, 
the one with the lesser negative charge will 
act as though it were positively charged with 
respect to the other body. It is the algebraic 
potential difference that determines the force 
with which electrons are attracted or repulsed, 
the potential of the earth being taken as the 
zero reference point. 


The Electric 
Current 


The flow of electrons along a 
conductor due to the application 
of an electromotive force con- 
stitutes an electric current. This drift is in 
addition co the irregular movements of the 
electrons. However, it must not be thought 
that each free electron travels from one end 
of the circuit to the other. On the contrary, 
each free electron travels only a short distance 
before colliding with an atom; this collision 
generally knocking off one or more electrons 
from the atom, which in turn move a short 
distance and collide with other atoms, knock- 
ing off other electrons. Thus, in the general 
drife of electrons along a wire carrying an 
electric current, each electron travels only a 
short distance and the excess of electrons at 
one end and the deficiency at the other are 
balanced by the source of the e.m.f. When this 
source is removed the state of normalcy re- 
turns; there is still the rapid interchange of 
free electrons between atoms, but there is no 
general trend or ‘'net movement"’ in either 
one direction or the other. 


Ampere ond There are two units of measure- 
Coulamb ment associated with current, 

and they are often confused. 
The rate of flow of electricity is stated in 
amperes. The unit of quantity is the coulomb. 
A coulomb is equal cto 6.28 x 10°* electrons, 
and when this quantity of electrons flows by 
a given point in every second, a current of 
one ampere is said to be flowing. An ampere 
is equal to one coulomb per second; a coulomb 
is, conversely, equal co one ampere- second. 
Thus we see that coulomb indicates amount, 
and ampere indicates rate of flow of electric 
current. 

Older textbooks speak of current flow as 
being from the positive terminal of the e.m.f. 
source through the conductor to the negative 
terminal. Nevertheless, it has long been an 
established face that the current flow in a 
metallic conductor is the electronic flow from 
the negative terminal of the source of voleage 
through the conductor to the positive terminal. 
The only exceptions to the electronic direction 
of flow occur in gaseous and electrolytic con- 
ductors where the flow of positive ions toward 
the cathode or negative electrode constitutes 
a positive flow in the opposite direction to the 
electronic flow. (An ion is an atom, molecule, 
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or particle which either lacks one or more 
electrons, or else has an excess of one or 
more electrons.) 

In radio work the terms ‘electron flow’’ and 
‘current’? are becoming accepted as being 
synonymous, but the older terminology is still 
accepted in the electrical (industrial) field. 
Because of the confusion this sometimes 
causes, it is often safer to refer to the direc- 
tion of electron flow rather than to the direc- 
tion of the ‘‘current.’? Since electron flow 
consists actually of a passage of negative 
charges, current flow and algebraic electron 
flow do pass in the same direction. 


The flow of current in a material 
depends upon the ease with 
which electrons can be detached from the 
atoms of the material and upon its molecular 
structure. In other words, the easier it is to 
detach electrons from the atoms the more free 
electrons there will be to contribute to the 
flow of current, and the fewer collisions that 
occur between free electrons and atoms the 
greater will be the total electron flow. 


The opposition to a steady electron flow 
is called the resistance of a material, and is 
one of its physical properties. 

The unit of resistance is the ohm. Every 
substance has a specific resistance, usually 
expressed as ohms per mil-foot, which is deter- 
mined by the material’s molecular structure 
and remperature. A mil-foot is a piece of 
material one circular mil in area and one foot 
long. Another measure of resistivity frequently 
used is expressed in the units microbms per 
centimeter cube. The resistance of a uniform 
length of a given substance is directly pro- 
portional to its length and specific resistance, 
and inversely proportional to its cross-section- 
al area. A wire with a certain resistance for a 
given length will have twice as much resist- 
ance if the length of the wire is doubled. For 
a given length, doubling the cross-sectional 
area of the wire will halve the resistance, 
while doubling the diameter will reduce the 
tesistance to one fourth. This is true since 
the cross-sectional area of a wire varies as 
the square of the diameter. The relationship 
between the resistance and the linear dimen- 
sions of a conductor may be expressed by the 
following equation: 


Resistance 


Where 
R = resistance in ohms 
r= resistivity in Ohms per mil-foot 
! = length of conductor in feet 
A = cross-sectional area in circular mils 


TABLE OF RESISTIVITY 


esistivity in 


Ohms per Temp. Coeff. of 
Circular resistance per °C 
Material ot 20°C, 


Mil-Foot 


0.0049 
0.003 to 0.007 


Aluminum 
Brass 
Cadmium 
Chromium 
Copper 
leon 
Silver 

Zine 
Nichrome 
Constanton 
Mongonin 
Monel 


FIGURE 1 


The resistance also depends upon tempera- 
ture, increasing with increases in temperature 
for most substances (including most metals), 
due to increased electron acceleration and 
hence a greater number of impacts between 
electrons and atoms. However, in the case of 
some substances such as carbon and glass the 
temperature coefficient is negative and the 
resistance decreases as the temperature in- 
creases. This is also true of electrolytes. The 
temperature may be raised by the external ap- 
plication of heat, or by the flow of the current 
itself. In the latter case, the temperature is 
raised by the heat generated when the electrons 
and atoms collide. 


In the molecular structure of 
many materials suchas glass, 
porcelain, and mica all elec- 
trons are tightly held within their orbits and 
there are comparatively few free electrons. 
This type of substance will conduct an elec- 
tcic current only with great difficulty and is 
known as an insulator. An insulator is said to 
have a high electrical resistance. 

On the other hand, materials that have a 
large number of free electrons are known as 
conductors. Most metals, those elements which 
have only one or two electrons in their outer 
ting, are good conductors. Silver, copper, and 
aluminum, in that order, are the best of the 
common metals used as conductors and are 
said to have the greatest conductivity, or low- 
est resistance to the flow of an electric 
current. 


Conductors and 
Insulators 


These units are the volt, 
the ampere, and the obm. 
They were mentioned in the 
preceding paragraphs, but were not completely 
defined in terms of fixed. known quantities. 

The fundamental unit of current, or rate of 
flow of electricity is the ampere. A current of 
one ampere will deposit silver from a speci- 
fied solution of silver nitrate at a rate of 
1.118 milligrams per second. 


Fundamental 
Electrical Units 
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Figure 2 
TYPICAL RESISTORS 
Shown above are various types of resistors used in electronic circuits. The larger units ore 
power resistors. On the left is a variable power resistor. Three precision-type resistors are 
shown in the center with two small composition resistors beneath them. At the right is oa 
composition-type potentiometer, used for audio circuitry. 


The international standard for the ohm is 
the resistance offered by a uniform column of 
mercury at 0°C., 14.4521 grams in mass, of 
constant cross-sectional area and 106.300 
centimeters in length. The expression me gohm 
(1,000,000 ohms) is also sometimes used 
when speaking of very large values of resist- 
ance. 

A volt is the e.m.f. chat will produce a cur- 
rent of one ampere through a resistance of 
one ohm. The standard of electromotive force 
is the Weston cell which at 20°C. has a 
potential of 1.0183 voles across its terminals. 
This cell is used only for reference purposes 
in a bridge circuit, since only an infinitesimal 


RESISTANCE 


i*— CONDUCTORS 


BATTERY 


Figure 3 
SIMPLE SERIES CIRCUITS 
At (A) the battery is in series with a single 
resistor. At (B) the battery is in series with 
two resistors, the resistors themselves being 
in series. The arrows indicate the direction of 
electron flow. 


amount of current may be drawn from it with- 
out disturbing its characteristics. 


Ohm's Law The relationship becween the 

electromotive force (voltage), 
the flow of current (amperes), and the resist- 
ance which impedes the flow of current (ohms), 
is very clearly expressed in a simple but 
highly valuable law known as Ohm's law. 
This law states that the current in amperes is 
equal to the voltage in volts divided by the 
resistance in obms. Expressed as an equation: 

E 


I= 


R 


If che voltage (E) and resistance (R) are 
known, the current (I) can be readily found. 
If the voltage and current are known, and the 
resistance is unknown, the resistance (R) is 

E 
equal to i When the voltage is the un- 
known quantity, it can be found by multiply- 
ing I x R. These three equations are all secured 
from che original by simple transposition. 
The expressions are here repeated for’ quick 
reference: 
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Figure 4 
SIMPLE PARALLEL 
CIRCUIT 


The two resistors R; and R2 are said to be in 
porollel since the flow of current is offered 
two poralle! poths. An electron leaving point 
A will poss either through Ry or Rz, but not 
through both, to reach the positive terminal 
of the battery. If o@ lerge number of electrons 
are considered, the greater number will pass 
through whichever of the two resistors hos 
the lower resistance. 


EE  ——— ————————— 


where Lis the current in amperes, 
R is the resistance in obms, 
E is the electromotive force in volts. 


All electrical circuits fall in- 
to one of three classes: series 
circuits, parallel circuits, and 
series-parallel circuits. A series circuit is 
one in which the current flows in a single 
continuous path and is of the same value at 
every point in the circuit (figure 3). In a par- 
allel circuit there are two or more current 
paths between two points in the circuit, as 
shown in figure 4. Here the current divides at 
A, part going through R, and part through R,, 
and combines at B to return to the battery. 
Figure 5 shows a series-parallel circuit. There 
are two paths between points A and B as in 
the parallel circuit, and in addition there are 
two resistances in series in each branch of 
the parallel combination. Two other examples 
of series-parallel arrangements appear in fig- 
ure 6. The way in which the current splits to 
flow through the parallel branchesis shown by 
the arrows. 

In every circuit, each of the parts has some 
resistance: the batteries or generator, the con- 
necting conductors, and the apparatus itself. 
Thus, if each part has some resistance, no 
matter how little, and a current is flowing 
through it, there will be a voltage drop across 
it. In other words, there will be a potential 
difference between the two ends of the circuit 
element in question. This drop in voltage is 
equal co the product of the current and the 
resistance, hence it is called the IR drop. 

The source of voltage has an internal re- 
sistance, and when connected into a circuit 
so that current flows, there will be an IR drop 
in the source just as in every other part of the 
circuit. Thus, if the terminal voltage of the 
source could be measured in a way that would 
cause no current to flow, it would be found 
to be more than the voltage measured when a 
current flows by the amount of the IR drop 


Application of 
Ohm's Law 


Figure 5 
SERIES-PARALLEL 
CIRCUIT 


In this type of circuit the resistors ore ar- 
ronged in series groups, and these seriesed 
groups are then placed in parallel. 


in the source. The voltage measured with no 
current flowing is termed the no load voltage; 
that measured with current flowing is the load 
voltage. It is apparent that a voltage source 
having a low internal resistance is most de- 
sirable. 


The current flowing in a series 
circuit is equal to the voltage 
impressed divided by the total 
resistance across which the voltage is im- 
pressed. Since the same current flows through 
every part of the circuit, it is merely nec- 
essary to add all the individual resistances to 
obtain the total resistance. Expressed as a 
formula: 


Resistances 
in Series 


Rroral = R, + R2 + Rg +--+. +Ry- 


Of course, if the resistances happened to be 
all the same value, the total resistance would 
be the resistance of one multiplied by the 
number of resistors in the circuit. 


Consider two resistors, one of 
100 ohms and one of 10 ohms, 
connected in parallel as in fig- 
ure 4, with a voltage of 10 volts applied 
across each resistor, so the current through 
each can be easily calculated. 


Resistances 
in Parallel 


E 
bo 
R 
E = 10 volts poe er ee 
R = 100 ohms Santa aeatys 
E = 10 volts 10 
Reig anne I, = cae 1.0 ampere 


Total current = 1, + 1, = 1.1 ampere 


Until it divides at A, the entire current of 
1.1 amperes is flowing through the conductor 
from the battery to A, and again from B through 
the conductor to the battery. Since this is more 
current than flows through the smaller resistor 
it is evident that the resistance of the parallel 
combination must be less than 10 ohms, the 
resistance of the smaller resistor. We can find 
this value by applying Ohm’s law. 
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E = 10 volts 


10 
R = — = 9.09 ohms 
1 = 1.1 amperes LI 
The resistance of the parallel combination is 
9.09 ohms. 

Mathematically, we can derive a simple 
formula for finding the effective resistance of 
two resistors connected in parallel. 

This formula is: 


Rees 
R, +R, 


where R is the unknown resistance, 
R, is the resistance of the first resistor, 
R, is the resistance of the second re- 
sistor. 


If the efféctive value required is known, 
and it is desired to connect one unknown re- 
sistor in parallel with one of known value, 
the following transposition of the above for- 
mula will simplify the problem of obtaining 
the unknown value: 


R,-R 


where R is the effective value required, 
R, is the known resistor, 
R, is the value of the unknown resist- 
ance necessary to give R when 
in parallel with R,. 


The resultant value of placing a number of 
unlike resistors in parallel is equal to the re- 
ciprocal of the sum of the reciprocals of the 
various resistors. This can be expressed as: 


1 

Sey eae 1 
a Se 

Rue Ry Rs Rn 


The effective value of placing any number 
of unlike resistors in parallel can be deter- 
mined from the above formula. However, it 
is commonly used only when there are three 
of more resistors under consideration, since 
the simplified formula given before is more 
convenient when only two resistors are being 
used. 

From the above, it also follows that when 
two or more resistors of the same value are 
placed in parallel, the effective resistance of 
the paralleled resistors is equal to the value 
of one of the resistors divided by the number 
of resistors in parallel. 

The effective value of resistance of two or 
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Figure 6 
OTHER COMMON SERIES-PARALLEL 
CIRCUITS 


more resistors connected in parallel is always 
less than the value of the lowest resistance in 
the combination. It is well to bear this simple 
tule in mind, as it will assist greatly in ap- 
proximating the value of paralleled resistors. 


To find the total resistance of 
several resistors connected in 
Series-parallel, it is usually 
easiest to apply either the formula for series 
resistors or the parallel resistor formula first, 
in order to reduce the original arrangement to 
a simpler one. For instance, in figure 5 the 
series resistors should be added in each 
branch, then there will be but two resistors in 
parallel to be calculated. Similarly in figure 7, 
although here there will be three parallel re- 
sistors after adding the series resistors in 
each branch. In figure 6B the paralleled re- 
sistors should be reduced to the equivalent 
series value, and then the series resistance 
values can be added. 

Resistances in series-parallel can be solved 
by combining the series and parallel formulas 
into one similar to the following (refer to 
figure 7): 


Resistors in 
Series Parallel 


R= 


1 1 1 
tH st ————— 
R,+R, R,+R, Rs +R, +R, 


Voltage Dividers A voltage divider is ex- 

actly what its name im- 
plies: a resistor or a series of resistors con- 
nected across a source of voltage from which 
various lesser values of voltage may be ob- 
tained by connection to various points along 
the resistor. 

A voltage divider serves a most useful pur- 
pose in a radio receiver, transmitter or ampli- 
fier, because it offers a simple means of 
obtaining plate, screen, and bias voltages of 
different values from a common power supply 
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as 
Rs ug R 
Re R t 
R? BLEEDER CURRENT Boma 
FLOWS BETWEEN 
PoNnTs A ano B im: 
EXTERN4&L 
Figure 7 = 5 
ANOTHER TYPE OF = 
SERIES-PARALLEL CIRCUIT 
Figure 8 
SIMPLE VOLTAGE DIVIDER 
source. It may also be used to obtain very low CIRCUIT 


voltages of the order of .01 to .001 volt with 
a high degree of accuracy, even though a 
means of measuring such voltages is lacking. 
The procedure for making these measurements 
can best be given in the following example. 

Assume that an accurately calibrated volt- 
meter reading from 0 to 150 volts is available, 
and that the source of voltage is exactly 100 
volts. This 100 volts is then impressed through 
a resistance of exactly 1,000 ohms. It will, 
then, be found that the voltage along various 
points on the resistor, with respect to the 
grounded end, is exactly proportional to the 
resistance at that point. From Ohm's law, the 
current would be 0.1 ampere; this current re- 
mains unchanged since the original value of 
resistance (1,000 ohms) and the voltage source 
(100 volts) are unchanged. Thus, at a 500- 
ohm point on the resistor (half its entire re- 
sistance), the voltage will likewise be halved 
or reduced to 50 volts. 

The equation (E =I x R) gives the proof: 
E = 500 x 0.1 = 50. At the point of 250 ohms 
on the resistor, the voltage will be one-fourth 
the total value, or 25 volts (E = 250 x 0.1 = 25). 
Continuing with this process, a point can be 
found where the resistance measures exactly 
1 ohm and where the voltage equals 0.1 volt. 
It is, therefore, obvious that if the original 
source of voltage and the resistance can be 
measured, it is a simple matter to predeter- 
mine the voltage at any point along the resist- 
or, provided that the current remains constant, 
and provided that no current is taken from the 
tap-on point unless this current is taken into 
consideration. 


Proper design of a voltage 
divider for any type of radio 
equipment is a_ relatively 
simple matter. The first consideration is the 
amount of “‘bleeder current’? to be drawn. 
In addition, it is also necessary that the de- 
sired voltage and the exact current at each tap 
on the voltage divider be known. 

Figure 8 illustrates the flow of current in a 
simple voltage divider and load circuit. The 
light arrows indicate the flow of bleeder cur- 
rent, while the heavy arrows indicate the flow 
of the load current. The design of a combined 


Voltage Divider 
Calculations 


The orrows indicate the manner in which the 
current flow divides between the voltage divider 
itself and the external load circuit. 


bleeder resistor and voltage divider, such as 
is commonly used in radio equipment, is illus- 
trated in the following example: 


A power supply delivers 300 volts and is 
conservatively rated to supply all needed cur- 
rent for the receiver and still allow a bleeder 
current of 10 milliamperes. The following volt- 
ages are wanted: 75 volts at 2 milliamperes 
for the detector tube, 100 volts at 5 milli- 
amperes for the screens of the tubes, and 
250 volts at 20 milliamperes for the plates of 
the tubes. The required voltage drop across R, 
is 75 volts, across R, 25 volts, across R, 150 
volts, and across R, it is 50 volts. These 
values are shown in the diagram of figure 9. 
The respective current values are also indi- 
cated. Apply Ohm’s law: 


) ee nyo} 

R, = — = — = 7,500 ohms. 
I .01 
E. 25 

R, = — =—— = 2,083 ohms. 
I .012 
E150 

R, = —= — = 8,823 ohms. 
I .017 
E 

R, =— = — =1,351 ohms. 
I .037 


Rrotat = 7,500 + 2,083 + 8,823 + 
1,351 = 19,757 ohms. 


A 20,000-ohm resistor with three sliding taps 
will be of the approximately correct size, and 
would ordinarily be used because of the diffi- 
culty in securing four separate resistors of the 
exact odd values indicated, and because no 
adjustment would be possible to compensate 
for any slight error in estimating the probable 
currents through the various taps. 

When the sliders on the resistor once are 
set to the proper point, as in the above ex- 
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10+ 2+5+20 MA. 
$0 VOLTS DROP 


10245 MA. 
150 VOLTS DROP 


300 VOLTS 


10+ 2 MA. 
25 VOLTS OROP 


BLEEDER CURRENT, 10 MA., 
78 VOLTS DROP 
—- 


— LOAD —--—> 


POWER SUPPLY 


Figure 9 
MORE COMPLEX VOLTAGE DIVIDER 


The method for computing the values of the 
resistors is discussed in the accompanying text. 


ample, the voltages will remain constant at 
the values shown as long as the current re- 
mains a constant value. 


Disadvantages of One of the serious disadvan- 
Voltage Dividers tages of the voltage divider 
becomes evident when the 
the curreatdrawn fromone of the taps changes. 
It is obvious that the voltage drops are inter- 
dependent and, in turn, the individual drops 
are in proportion to the current which flows 
through the respective sections of the divider 
resistor. The only remedy lies in providing a 
heavy steady bleeder current in order to make 
the individual currents so small a part of the 
total current that any change in current will 
result in only a slight-change in voltage. This 
can seldom be realized in practice because of 
the excessive values of bleeder current which 
would be required. 
Kiechhoff’s Laws Ohm’s law is all that is 
necessary to calculate the 
values in simple circuits, such as the pre- 
ceding examples; but in more complex prob- 
lems, involving several loops or more than 
one voltage in the same closed circuit, the 
use of Kirchboff’s laws will greatly simplify 
the calculations. These laws are merely rules 
for applying Ohm’s law. 
Kirchhoff’s first law is concerned with net 
current to a point in a circuit and states that: 


At any point in a circuit the current 

flowing toward the point is equal to 

the current flowing away from the 
point. 


Stated in another way: if currents flowing to 
the point are considered positive, and those 
flowing from the point are considered nega- 


20 VOLTS 


Figure 10 
ILLUSTRATING KIRCHHOFF’S 
FIRST LAW 
The current flowing toward point “A ig equal 
fo the current flowing away from point "A." 


tive, the sum of all currents flowing toward 
and away from the point —taking signs into 
account—is equal to zero. Such a sum is 
known as an algebraic sum; such that the law 
can be stated thus: The algebraic sum of all 
currents entering and leaving a point is zero. 


Figure 10 illustrates this first law. Since the 
effective resistance of the network of resistors 
is 5 ohms, it can be seen that 4 amperes flow 
toward point A, and 2 amperes flow away 
through the two 5-ohm resistors in series. The 
remaining 2 amperes flow away through the 10- 
ohm resistor. Thus, there are 4 amperes flowing 
to point A and 4 amperes flowing away from 
the point. If R is the effective resistance of 
the network (5 ohms), R,=10 ohms, R, =5 
ohms, R, =5 ohms, and E = 20 volts, we can 
set up the following equation: 


4—2-—2=0 


Kirchhoff’s second law is concerned with 
net voltage drop around a closed loop in a 
circuit and states that: 


In any closed path or loop in a circuit 
the sum of the IR drops must equal 
the sum of the applied e.m.f.'s. 


The second law also may be conveniently 
stated in terms of an algebraic sum as: The 
algebraic sum of all voltage drops around a 
closed path or loop in a circuit is zero. The 
applied e.m.f.’s (voltages) are considered 
positive, while IR drops taken in the direction 
of current flow (including the internal drop 
of the sources of voltage) are considered 
negative. 

Figure 11 shows an example of the applica- 
tion of Kirchhoff’s laws to a comparatively 
simple circuit consisting of threeresistors and 
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1. SET VOLTAGE DROPS AROUND EACH LOOP EQUAL TO ZERO. 
I 2 onnas) +2 (hi 12) +3* 0 (first Loop) 
-642 (12-11) +312=0 (secono Loop) 


2. SIMPLIFY 


2Ir+2l1-2tz2+320 2l2-211+312-6=0 


4lr+3 _ Slz2-211-6=0 
our ee 2+6_, 
a5 he 
3. EQUATE 
41143 _ 2ir+6 
2 = 5 
4 SIMPLIFY 
20114152 411412 
Li t-9g AMPERE 
$. RE-SUBSTITUTE 
“1 ' 
ees. 2 os = 1 ampere 
Figure 11 
ILLUSTRATING KIRCHHOFF’S 
SECOND LAW 


The voltage drop around ony closed leep in ec 
network Is equal to zero. 


two batteries. First assume an arbitrary direc- 
tion of current flow in each closed loop of the 
circuit, drawing an arrow to indicate the as- 
sumed direction of current flow. Then equate 
the sum of all IR drops plus battery drops 
around each loop to zero. You will need one 
equation for each unknown to be determined. 
Then solve the equations for the unknown cur- 
rents in the general manner indicated in figure 
11. If the answer comes out positive the di- 
rection of current flow you originally assumed 
was correct. If the answer comes out negative, 
the current flow is in the opposite direction to 
the arrow which was drawn originally. This is 
illustrated in the example of figure 11 where 
the direction of flow of I, is opposite to the 
direction assumed in the sketch. 


In order to cause electrons 
Resistive Circuits to flow through a conductor, 
constituting a current flow, 
it is necessary to apply an electromotive force 
(voltage) across the circuit. Less power is 
expended in creating a small current flow 
through a given resistance than in creating 
a large one; so it is necessary to have a unit 
of power as a reference. 
The unit of electrical power is the watt, 
which is the rate of energy consumption when 


Power in 


an e.m.f. of 1 volt forces a current of 1 ampere 
through a circuit. The power in a resistive 
circuit is equal to the product of the volt- 
age applied across, and the current flowing 
in, a given circuit. Hence: P (watts) =E 
(volts) x I (amperes). 

Since it is often convenient to express 
power in terms of the resistance of the circuit 
and the current flowing through it, a substi- 
tution of IR for E (E = IR) in the above formula 
gives: P =IR xI or P = I’R. In terms of volt- 
age and resistance, P= E?/R. Here, |1=E/R 
and when this is substituted for I the original 
formula becomes P =E x E/R, or P = E?/R. 
To repeat these three expressions: 


P = El, P =I°R, and P = E?/R, 


where P is the power in watts, 
E is the electromotive force in volts, 
and 
I is the current in amperes. 


To apply the above equations to a typical 
problem: The voltage drop across a cathode 
resistor in a power amplifier stage is 50 volts; 
the plate current flowing through the resistor 
is 150 milliamperes. The number of watts the 
resistor will be required to dissipate is found 
from the formula: P =EI, or 50 x .150 =7.5 
watts (.150 amperes is equal to 150 milli- 
amperes). From the foregoing it is seen that 
a 7.5-watt resistor will safely carry the re- 
quired current, yet a 10- or 20-watt resistor 
would ordinarily be used to provide a safety 
factor. 

In another problem, the conditions being 
similar to those above, but with the resistance 
(R = 333% ohms), and current being the known 
factors, the solution is obtained as follows: 
P =[?R = .0225 x 333.33 = 7.5. If only the volt- 
age and resistance are known, P = E?/R = 
2500/ 333.33 = 7.5 watts. It is seen that all 
three equations give the same results; the 
selection of the particular equation depends 
only upon the known factors. 


Power, Energy It is important to remember 
and Work that power (expressed in watts, 

horsepower, etc.), represents 
the rate of energy consumption or the rate of 
doing work. But when we pay our electric bill 


Figure 12 Rt 
MATCHING OF oe Be 
RESISTANCES = 


To deliver the greatest amount ef power to the 
load, the load resistance R; should be equal to 
the internal resistonce of the battery R,. 
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Figure 13 
TYPICAL CAPACITORS 
The two large units are high value filter capaci. 
tors. Shown beneath these are various types of 
by-pass capacitors for r-f and audio application. 


Eee 


to the power company we have purchased a 
specific amount of energy or work expressed 
in the common units of kilowatt-hours. Thus 
rate of energy consumption (watts or kilowatts) 
multiplied by time (seconds, minutes or hours) 
gives us total energy or work. Other units of 
energy are the watt-second, BTU, calorie, erg, 
and joule. 


Heating Effect Heat is generated when a 

source of voltage causes a 
current to flow through a resistor (or, for that 
matter, through any conductor). As explained 
eatlier, this is due to the fact that heat is 
given off when free electrons collide with the 
atoms of the material. More heat is generated 
in high resistance materials than in those of 
low resistance, since the free electrons must 
strike the atoms harder to knock off other 
electrons. As the heating effect is a function 
of the current flowing and the resistance of 
the circuit, the power expended in heat is 
given by the second formula: P = [?R. 


2-3 Electrostatics — Capacitors 


Electrical energy can be stored in an elec- 
trostatic field. A device capable of storing 
energy in such a field is called capacitor 
(in earlier usage the term condenser was 
frequently used but the IRE standards call for 
the use of capacitor instead of condenser) and 


is said to have a certain capacitance. The 
energy stored in an electrostatic field is ex- 
pressed in joules (watt seconds) and is equal 
to CE?/2, where C is the capacitance in farads 
(a unit of capacitance to be discussed) and E 
is the potential in volts. The charge is equal 
to CE, the charge being expressed in coulombs. 


Capacitance and Two metallic plates sep- 
Capacitors arated from each other by 

a thin layer of insulating 
material (called a dielectric, in this case), 
becomes a capacitor. When a source of d-c 
potential is momentarily applied across these 
plates, they may be said to become charged. 
If the same two plates are then joined to- 
gether momentarily by means of a switch, the 
capacitor will discharge. 

When the potential was first applied, elec- 
trons immediately flowed from one plate to the 
other through the battery or such source of 
d-c potential as was applied to the capacitor 
plates. However, the circuit from plate to 
plate in the capacitor was incomplete (the two 
plates being separated by an insulator) and 
thus the electron flow ceased, meanwhile es- 
tablishing a shortage of electrons on one plate 
and a surplus of electrons on the other. 

Remember that when a deficiency of elec- 
trons exists at one end of a conductor, there 
is always a tendency for the electrons to move 
about in such a manner as to re-establish a 
state of balance. In the case of the capacitor 
herein discussed, the surplus quantity of elec- 
trons on one of the capacitor plates cannot 
move to the other plate because the circuit 
has been broken; that is, the battery or d-c po- 
tential was removed. This leaves the capaci- 
tor in a charged condition; the capacitor plate 
with the electron deficiency is positively 
charged, the other plate being negative. 

In this condition, a considerable stress 
exists in the insulating material (dielectric) 
which separates the two capacitor plates, due 
to the mutual attraction of two unlike poten- 
tials on the plates. This stress is known as 
electrostatic energy, as contrasted with elec- 
tromagnetic energy in the case of an inductor. 
This charge can also be called potential 
energy because it is capable of performing 
work when the charge is released through an 
external circuit. The charge is proportional to 
the voltage but the energy is proportional to 
the voltage squared, as shown in the following 
analogy. 

The charge represents a definite amount of 
electricity, or a given number of electrons. 
The potential energy possessed by these 
electrons depends not only upon their number, 
but also upon their potential or voltage. 


Compare the electrons to water, and two 
Capacitors to standpipes, a 1 pfd. capacitor to 
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ELECTROSTATIC 
2” FIELD 


SHORTAGE a7” SURPLUS 
OF ELECTRON ra OF ELECTRONS 


3 


————_ > 
= CHARGING CURRENT 


Figure 14 
SIMPLE CAPACITOR 
tlustrating the imaginary lines of force repre- 
senting the paths along which the repelling force 
of the electrons would act on a free electron 
located between the two capacitor plates. 


a standpipe having a cross section of 1 square 
inch and a 2 pfd. capacitor to a standpipe hav- 
ing a cross section of 2 square inches. The 
charge will represent a given volume of water, 
as the ‘‘charge’’ simply indicates a certain 
number of electrons. Suppose the water is 
equal to 5 gallons. 

Now the potential energy, or capacity for 
doing work, of the 5 gallons of water will be 
twice as great when confined to the 1 sq. in. 
standpipe as when confined to the 2 sq. in. 
standpipe. Yet the volume of water, or ‘‘charge’’ 
is the same in either case. 

Likewise a 1 pfd. capacitor charged to 1000 
volts possesses twice as much potential 
energy as does a 2 pfd. capacitor charged to 
500 volts, though the charge (expressed in 
coulombs: Q = CE) is the same in either case. 


The Unit af Capac- 
itance: The Farad 


If the external circuit of 
the two Capacitor plates is 
completed by joining the 
terminals together with a piece of wire, the 
electrons will rush immediately from one plate 
to the other through the external circuit and 
establish a state of equilibrium. This latter 
phenomenon explains the discharge of a capac- 
itor. The amount of stored energy in a charged 
Capacitor is dependent upon the charging po- 
tential, as well as a factor which takes into 
account the size of the plates, dielectric 
thickness, nature of the dielectric, and the 
number of plates. This factor, which is de- 
termined by the foregoing, is called the capaci- 
tance of a Capacitor andis expressed in farads. 

The farad is such a large unit of capaci- 
tance that it is rarely used in radio calcula- 
tions, and the following more practical units 
have, therefore, been chosen. 


1 microfarad =1/1,000,000 of a farad, or 
.000001 farad, or 10~° farads. 


1 micro-microfarad = 1/1,000,000 of @ micro- 
farad, or .000001 microfarad, or 10-* mi- 
crofarads. 


1 micro-microfarad = one-millionth of one- 
millionth of a farad, or 10~*? farads. 


If the capacitance is to be expressed in 
microfarads in the equation given for energy 
storage, the factor C would then have to be 
divided by 1,000,000, thus: 


C x E? 
2 x 1,000,000 


Stored energy in joules = 


This storage of energy in a capacitor is one 
of its very important properties, particularly 
in those capacitors which are used in power 
supply filter circuits. 


Dielectric 
Moteriols 


Although any substance which has 
the characteristics of a good in- 
sulator may be used as a dielec- 
tric material, commercially manufactured ca- 
pacitors make use of dielectric materials 
which have been selected because their char- 
acteristics are particularly suited to the job at 
hand. Air is a very good dielectric material, 
but an air-spaced capacitor does not have a 
high capacitance since the dielectric constant 
of air is only slightly greater than one. A 
group of other commonly used dielectric mate- 
ials is listed in figure 15. 

Certain materials, such as bakelite, lucite, 
and other plastics dissipate considerable 
energy when used as capacitor dielectrics. 


TABLE OF DIELECTRIC MATERIALS 


SOFTENING 
POINT 
AHRENHEIT 


DIELECTRIC 
CONSTANT 
10 MC 


MATERIAL 


ANILINE -FORMALDEHYDE 
RESIN 

BARIUM TITANATE 
CASTOR OIL 

CELLULOSE ACETATE 
[GLASS.winDOw 
[GLASS,PyREX 
KEL-F FLUOROTHENE 


METHYL - METHACRYLATE — 
Lucire 


MYCALEX, MYKROY 


PHENOL - FORMAL DEHYOE, 
LOwW-LOSS YELLOW 


PHENOL - FORMAL DEHYDE 
BLACK BAKELITE 


PORCELAIN 
POLYETHYLENE 
POLYSTYRENE 
QUARTZ, FUSED 
RUBBER, HARD-EBONITE 
STEATITE 


TEFLON 
TITANIUM DIOXIDE 
TRANSFORMER OIL 


38 0.003 
2.1 [ 0.02 
100-175 9.0006 
UREA - FORMALDEHYDE [260° | 


© 003 
005 
VINYL RESINS [0.02 | 200° 


wOOD, MAPLE 4.4 POOR 


FIGURE 15 
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Capacitors in A-C When a capacitor is con- 
and D.C Circuits nected into a direct-cur- 

rent circuit, it will block 
the d.c., or stop the flow of current. Beyond 
the initial movement of electrons during the 
period when the capacitor is being charged, 
there will be no flow of current because the 
circuit is effectively broken by the dielectric 
of the capacitor. 

Strictly speaking, a very small current may 
actually flow because the dielectric of the 
capacitor may not be a perfect insulator. This 
minute current flow is the leakage current 
previously referred to and is dependent upon 
the internal d-c resistance of the capacitor. 
This leakage current is usually quite notice- 
able in most types of electrolytic capacitors. 

When an alternating current is applied to 
a Capacitor, the capacitor will charge and dis- 
charge a certain number of times per second 
in accordance with the frequency of the alter- 
nating voltage. The electron flow in the charge 
and discharge of a capacitor when an a-c 
potential is applied constitutes an alternating 
current, in effect. It is for this reason that a 
capacitor will pass an alternating current yet 
offer practically infinite opposition to a direct 
current. These two properties are repeatedly 
in evidence in a radio circuit. 


Voltage Rating 
af Capacitars 


Any good parer dielectric 
filter capacitor has such a 
high internal resistance (in- 
dicating a good dielectric) 
that the exact resistance will vary consider- 
ably from capacitor to capacitor even though 
they are made by the same manufacturer and 
are of the same rating. Thus, when 1000 volts 
d.c. is connected across two l-pfd. 500-volt 
capacitors in series, the chances are that the 
voltage will divide unevenly and one capacitor 
will receive more than 500 volts and the other 
less than 500 volts. 


in Series 


Voltage Equalizing By connecting a_ half- 
Resistors megohm l-watt carbon re- 
sistor across each capac- 
itor, the voltage will be equalized because the 
resistors act as a voltage divider, and the 
internal resistances of the capacitors are so 
much higher (many megohms) that they have 
but little effect in disturbing the voltage di- 
vider balance. 
Carbon resistors of the inexpensive type 
are not particularly accurate (not being de- 
signed for precision service); therefore it is 


EQUAL EQUAL 
CAPACITANCE RESISTANCE 


Figure 18 
SHOWING THE USE OF VOLTAGE EQUAL. 
IZING RESISTORS ACROSS CAPACITORS 
CONNECTED IN SERIES 


advisable to check several on an accurate 
ohmmeter to find two that are as close as 
possible in resistance. The exact resistance 
is unimportant, just so it is the same for the 
two resistors used. 


Capacitors in When two capacitors are con- 
Series on A.C. nected in series, alternating 

voltage pays no heed to the 
relatively high internal resistance of each 
capacitor, but divides across the capacitors 
in inverse proportion to the capacitance. Be- 
cause, in addition to the d.c. across a capac- 
itor in a filter or audio amplifier circuit there 
is usually an a-c or a-f voltage component, it 
is inadvisable to series-connect capacitors 
of unequal capacitance even if dividers are 
provided to keep the d.c. within the ratings of 
the individual capacitors. 

For instance, if a 500-volt 1-yfd. capacitor 
is used in series with a 4-pfd. 500-volt capac- 
itor across a 250-volt a-c supply, the 1-pfd. 
capacitor will have 200 volts a.c. across it 
and the 4-pfd. capacitor only 50 volts. An 
equalizing divider to do any good in this case 
would have to be of very low resistance be- 
cause of the comparatively low impedance of 
the capacitors to a.c. Such a divider would 
draw excessive current and be impracticable. 

The safest rule to follow is to use only 
capacitors of the same capacitance and volt- 
age rating and to install matched high resist- 
ance proportioning resistors across the various 
capacitors to equalize the d-c voltage drop 
across each capacitor. This holds regardless 
of how many capacitors are series-connected. 


Electrolytic Electrolytic capacitors use a very 
Capacitors thin film of oxide as the dielec- 

tric, and are polarized; that is, 
they have a positive and a negative terminal 
which must be properly connected in a circuit; 
otherwise, the oxide will break down and the 
capacitor will overheat. The unit then will no 
longer be of service. When electrolytic capac- 
itors are connected in series, the positive ter- 
minal is always connected to the positive lead 
of the power supply; the negative terminal of 
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the capacitor connects to the positive terminal 
of the next capacitor in the series combination. 
The method of connection for electrolytic ca- 
pacitors in series is shown in figure 18. Elec- 
trolytic capacitors have very low cost per 
microfarad of capacity, but also have a large 
power factor and high leakage; both dependent 
upon applied voltage, temperature and the age 
of the capacitor. The modern electrolytic ca- 
pacitor uses a dry paste electrolyte embedded 
in a gauze or paper dielectric. Aluminium foil 
and the dielectric are wrapped in a circular 
bundle and are mounted in acardboard or metal 
box. Etched electrodes may be employed to 
increase the effective anode area, and the 
total capacity of the unit. 


The capacity of an electrolytic capacitor is 
affected by the applied voltage, the usage of 
the capacitor, and the temperature and humidity 
of the environment. The capacity usually drops 
with the aging of the unit. The leakage current 
and power factor increase with age. At high 
frequencies the power factor becomes so poor 
that the electrolytic capacitor acts as a series 
resistance rather than as a capacity. 


2-4 Magnetism 
and Electromagnetism 


The common bar or horseshoe magnet is 

familiar to most people. The magnetic field 
which surrounds it causes the magnet to at- 
tract other magnetic materials, such as iron 
nails or tacks. Exactly the same kind of mag- 
netic field is set up around any conductor 
carrying a current, but the field exists only 
while the current is flowing. 
Magnetic Fields Before a potential, or volt- 
age, is applied to a con- 
ductor there is no external field, because there 
is no general movement of the electrons in 
one direction. However, the electrons do pro- 
gressively move along the conductor when an 
e.m.f. is applied, the direction of motion de- 
pending upon the polarity of the e.m.f. Since 
each electron has an electric field about it, the 
flow of electrons causes these fields to build 
up into a resultant external field which acts in 
a plane at right angles to the direction in 
which the current is flowing. This field is 
known as the magnetic field. 

The magnetic field around a current-carrying 
conductor is illustrated in figure 19. The 
direction of this magnetic field depends en- 
tirely upon the direction of electron drift or 
current flow in the conductor. When the flow 
is toward the observer, the field about the 
conductor is clockwise; when the flow is away 
from the observer, the field is counter-clock- 
wise. This is easily remembered if the left 
hand is clenched, with the thumb outstretched 


bE GEES ote 
ELECTRON ORIFT 
*~ swiTcH 


ae a 
——_____ 
Figure 19 
LEFT-HAND RULE 
Showing the direction of the magnetic fines of 


force produced around a conductor carrying oan 
electric current. 


and pointing in the direction of electron flow. 
The fingers then indicate the direction of the 
magnetic field around the conductor. 

Each electron adds its field to the total ex- 
ternal magnetic field, so that the greater the 
number of electrons moving along the con- 
ductor, the stronger will be the resulting field. 

One of the fundamental laws of magnetism 
is that like poles repel one another and unlike 
poles attract one another. This is true of cur- 
rent-carrying conductors as well as of perman- 
ent magnets. Thus, if two conductors are placed 
side by side and the current in each is flowing 
in the same direction, the magnetic fields will 
also be in the same direction and will combine 
to form a larger and stronger field. If the cur- 
rent flow in adjacent conductors is in opposite 
directions, the magnetic fields oppose each 
other and tend to cancel. 

The magnetic field around a conductor may 
be considerably increased in strength by wind- 
ing the wire into a coil. The field around each 
wire then combines with those of the adjacent 
turns to form a total field through the coil 
which is concentrated along the axis of the 
coil and behaves externally in a way similar 
to the field of a bar magnet. 

If the left hand is held so that the thumb 
is outstretched and parallel to the axis of a 
coil, with the fingers curled to indicate the 
direction of electron flow around the turns of 
the coil, the thumb then points in the direc- 
tion of the north pole of the magnetic field. 


The Magnetic In 


the magnetic circuit, the 
Circuit 


units which correspond to cur- 
; rent, voltage, and resistance 
in the electrical circuit are flux, magneto- 
motive force, and reluctance. 


Flux, Flux 
Density 


As a current is made up of a drift 
of electrons, so is a magnetic 
field made up of lines of force, and 
the total number of lines of force in a given 
magnetic circuit is termed the flux. The flux 
depends upon the material, cross section, and 
length of the magnetic circuit, and it varies 
directly as the current flowing in the circuit. 
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The unit of flux is the maxwell, and the sym- 
bol is the Greek letter ¢ (phi). 

Flux density is the number of lines of force 
per unit area. It is expressed in gauss if the 
unit of area is the square centimeter (I gauss 
=1 line of force per square centimeter), or 
in lines per square inch. The symbol for flux 
density is B if it is expressed in gausses, or 
B if expressed in lines per square inch. 


Magnetomotive The force which produces a 
Force flux in a magnetic circuit 
is called magnetomotive force. 

It is abbreviated m.m.f. and is designated by 
the letter F. The unit of magnetomotive force 
is the gilbert, which is equivalent to1.26 x NI, 
where N is the number of turns and | is the 
current flowing in the circuit in amperes. 
The m.m.f. necessary to produce a given 
flux density is stated in gilberts per centi- 


meter (oersteds) (H), or in ampere-turns per 
inch (H). 
Reluctance Magnetic reluctance corresponds 
to electrical resistance, and is 
the property of a material that opposes the 
creation of a magnetic flux in the material. 
It is expressed in refs, and the symbol is the 
letter R. A material has a reluctance of 1 rel 
when an m.m.f. of 1 ampere-turn (NI) generates 
a flux of 1 line of force in it. Combinations 
of reluctances are treated the same as re- 
sistances in finding the total effective reluc- 
tance. The specific reluctance of any sub- 
stance is its reluctance per unit volume. 
Except for iron and its alloys, most common 
materials have a specific reluctance very 
nearly the same as that of a vacuum. which, 
for all practical purposes, may be considered 
the same as the specific reluctance of air. 


Ohm's Law for The relations between flux, 
Magnetic Circuits magnetomotive force, and 

reluctance are exactly the 
same as the relations between current, volt- 
age, and resistance in the electrical circuit. 
These can be stated as follows: 


Ee 
ear ara 


where @ = flux, F = m.m.f., and R = reluctance. 


F=@R 


Permeability Permeability expresses the ease 

with which a magnetic field may 
be set up in a material as compared with the 
effort required in the case of air. Iron, for ex- 
ample, has a permeability of around 2000 
times that of air, which means that a given 
amount of magnetizing effect produced in an 
iron core by a current flowing through a coil 
of wire will produce 2000 times the flux density 
that the same magnetizing effect would pro- 


duce in air. It may be expressed by the ratio 
B/H or B/H. In other words, 


B B 

=— oF =— 

aa et 
where p is the premeability, B is the flux 
density in gausses, B is the flux density in 
lines per square inch, H is the m.m.f. in 
gilberts per centimeter (oersteds), and H is 
the m.m.f. in ampere-turns per inch. These 

relations may also be stated as follows: 


H=— or H=—, 
u u 


and B=Hu or B=Hp 


It can be seen from the foregoing that per- 
meability is inversely proportional to the 
specific reluctance of a material. 


Permeability is similar to electric 
conductivity. There is, however, 
one important difference: the permeability of 
magnetic materials is not independent of the 
magnetic current (flux) flowing through it, 
although electrical conductivity is substan- 
tially independent of the electric current in a 
wire. When the flux density of a magnetic 
conductor has been increased to the saturation 
point, a further increase in the magnetizing 
force will not produce a corresponding in- 
crease in flux density. 


Soturation 


Calculations To simplify magnetic circuit 

calculations, a magnetization 
curve may be drawn for a given unit of ma- 
terial. Such a curve is termed a B-H curve, and 
may be determined by experiment. When the 
current in an iron core coil is first applied, 
the relation between the winding current and 
the core flux is shown at A-B in figure 20. If 
the current is then reduced to zero, reversed, 
brought back again to zero and reversed to the 


MAGNETIZING FORCE 
H—-—*} 


Figure 20 
TYPICAL HYSTERESIS LOOP 
(B-H CURVE = A-B) 
Showing relationship between the current in the 
winding of an iron core inductor and the core 
flux. A direct current flowing through the induc- 
tance brings the magnetic state of the core to 
some point on the hysteresis loop, such os C. 
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original direction, the flux passes through a 
typical hysteresis loop as shown. 


Residual Mognetism; 
Retentivity 


The magnetism remaining 
in a material after the 
magnetizing force is re- 
moved is called residual magnetism. Reten- 
tivity is the property which causes a magnetic 
material to have residual magnetism after 
having been magnetized. 


Hysteresis; 
Coercive Force 


Hysteresis is the character- 
istic of a magnetic system 
which causes a loss of power 
due to the fact that a negative magnetizing 
force must be applied to reduce the residual 
magnetism to zero. This negative force is 
termed coercive force. By ‘‘negative’’ mag- 
netizing force is meant one which is of the 
opposite polarity with respect to the original 
magnetizing force. Hysteresis loss is apparent 
in transformers and chokes by the heating of 
the core. 
Inductance If the switch shown in figure 19 
is opened and closed, a pulsating 
direct current will be produced. When it is 
first closed, the current does not instanta- 
neously rise to its maximum value, but builds 
up to it. While it is building up, the magnetic 
field is expanding around the conductor. Of 
course, this happens in a small fraction of a 
second. If the switch is then opened. the cur- 
rent stops and the magnetic field contracts 
quickly. This expanding and contracting field 
will induce a current in any other conductor 
that is part of a continuous circuit which it 
cuts. Such a field can be obtained in the way 
just mentioned by means of a vibrator inter- 
ruptor, or by applying a.c. to the circuit in 
place of the battery. Varying the resistance of 
the circuit will also produce the same effect. 
This inducing of a current in a conductor due 
to a varying current in another conductor not 
in acutal contact is called electromagnetic in- 
duction. 


Self-inductonce If an alternating current flows 
through a coil the varying 
magnetic field around each turn cuts itself and 
the adjacent turn and induces a voltage in the 
coil of opposite polarity to the applied e.m.f. 
The amount of induced voltage depends upon 
the number of turns in the coil, the current 
flowing in the coil, and the number of lines 
of force threading the coil. The voltage so 
induced is known as a counter-e.m.f. or back- 
e.m.f., and the effect is termed self-induction. 
When the applied voltage is building up, the 
counter-e.m.f. opposes the rise; when the ap- 
plied voltage is decreasing, the counter-e.m.f. 
is of the same polarity and tends to maintain 


the current. Thus, it can be seen that self- 
induction tends to prevent any change in the 
current in the circuit. 

The storage of energy in a magnetic field 
is expressed in joules and is equal to (LI’)/2. 
(A joule is equal to 1 watt-second. L is de- 
fined immediately following.) 


The Unit of Inductance is usually denoted by 
Inductance; the letter L, and is expressed in 
The Henry benrys. A coil has an inductance 


of 1 henry when a voltage of 1 
volt is induced by a current change of 1 am- 
pere per second. The henry, while commonly 
used in audio frequency circuits, is too large 
for reference to inductance coils, such as 
those used in radio frequency circuits; milli- 
henry ot microhenry is more commonly used, 
in the following manner: 


1 henry = 1,000 
henrys. 


millibenrys, or 10° milli- 


1 millibenry = 1/1,000 of @ henry, .001 henry, 
or 1073 henry. 


1 microbenry = 1/1,000,000 of a henry, or 
-000001 Aenry, or 107~* henry. 


1 microbenry = 1/1,000 of a millibenry, .001 
or 107° millibenrys. 


1,000 microbenrys = 1 millibenry. 


Mutuol Inductance When one coil is near an- 

other, a varying current in 
one will produce a varying magnetic field 
which cuts the turns of the other coil, inducing 
a current in it. This induced current is also 
varying, and will therefore induce another cur- 
rent in the first coil. This reaction between 
two coupled circuits is called mutual induction, 
and can be calculated and expressed in henrys. 
The symbol for mutual inductance is M. Two 
circuits thus joined are said to be inductively 
coupled. 

The magnitude of the mutual inductance de- 
pends upon the shape and size of the two cir- 
cuits, their positions and distances apart, and 
the premeability of the medium. The extent to 


Figure 21 
MUTUAL INDUCTANCE 
The quantity M represents the mutual inductance 
between the two coils L; ond L>. 
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INDUCTANCE OF 
SINGLE-LAYER 
SOLENOID COILS 


R2 N2 


L = ORF IOL 


MICROHENRIES 


WHERE R= RADIUS OF COIL TO CENTER OF WIRE 
L = LENGTH OF COIL 
N= NUMBER OF TURNS 


Figure 22 
FORMULA FOR 
CALCULATING INDUCTANCE 
Through the use of the equation and the sketch 
shown above the Inductance of single-layer 
solenoid coils con be calculated with an ac. 
curacy of about one per cent for the types of 
coils normally used in the h-f and v-h-f range. 


which two inductors are coupled is expressed 
by a relation known as coefficient of coupling. 
This is the ratio of the mutual inductance ac- 
tually present to the maximum possible value. 

The formula for mutual inductance is L = 
L, +L, + 2M when the coils are poled so that 
their fields add. When they are poled so that 
their fields buck. then L =L, +L, — 2M 
(figure 21). 


Inductors in 
Parallel 


Inductors in parallel are com- 
bined exactly as are resistors in 
parallel, provided that they are 
far enough apart so that the mutual inductance 
is entirely negligible. 


Inductors in 
Series 


Inductors in series are additive, 
just as are resistors in series, 
again provided that no mutual 
inductance exists. In this case, the total in- 
ductance L is: 


Lee by th yt oe ie. ete 
Where mutual inductance does exist: 
L=L,+L,+ 2M, 
where M is the mutual inductance. 


This latter expression assumes that the 
coils are connected in such a way that all flux 
linkages are in the same direction, i.e., ad- 
ditive. If this is not the case and the mutual 
linkages subtract from the self-linkages, the 
following formula holds: 


| aay es Be) 


where M is the mutual inductance. 


Ordinary magnetic cores can- 
not be used for radio frequen- 
cies because the eddy current and hysteresis 
losses in the core material becomes enormous 


Core Material 


as the frequency is increased. The principal 
use for conventional magnetic cores is in the 
audio-frequency cange below approximately 
15 ,000 cycles, whereas at very low frequencies 
(50 to 60 cycles) their use is mandatory if 
an appreciable value of inductance is desired. 

An air core inductor of only 1 henry in- 
ductance would be quite large in size, yet 
values as high as 500 henrys are commonly 
available in small iron core chokes. The in- 
ductance of a coil with a magnetic core will 
vary with the amount of current (both a-c and 
d-c) which passes through the coil. For this 
reason, iron core chokes that are used in power 
supplies have a certain inductance rating at a 
predetermined value of d-c. 

The premeability of air does not change 
with flux density; so the inductance of iron 
core coils often is made less dependent upon 
flux density by making part of the magnetic 
path air, instead of utilizing a closed loop of 
iron. This incorporation of an air gap is nec- 
essary in many applications of iron core coils, 
particularly where the coil carries a consider- 
able d-c component. Because the permeability 
of air is so much lower than that of iron, the 
air gap need comprise only a small fraction of 
the magnetic circuit in order to provide a sub- 
stantial proportion of the total reluctance. 


Iron Cored Inductors Iron-core inductors may 
at Radio Frequencies be used at radio frequen- 

cies if the iron is in a 
very finely divided form, as in the case of the 
powdered iron cores used in some types of r-f 
coils and i-f transformers. These cores are 
made of extremely small particles of iron. The 
particles are treated with an insulating mater- 
ial so that each particle will be insulated from 
the others, and the treated powder is molded 
with a binder into cores. Eddy current losses 
are greatly reduced, with the result that these 
special iron cores are entirely practical in cir- 
cuits which operate up to 100 Mc. in frequency. 


2-5 RC and RL Transients 


A voltage divider may be constructed as 
shown in figure 23. Kirchhoff’s and Ohm’s 
Laws hold for such a divider. This circuit is 
known as an RC circuit. 


When switch S in figure 23 is 
placed in position 1, a volt- 
meter across capacitor C will 
indicate the manner in which 
the capacitor will become charged through the 
resistor R from battery B. If relatively large 
values are used for R and C, and if a v-t volt- 
meter which draws negligible current is used 


Time Constant - 
RC and RL 
Circuits 
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PEACENT OF BATTERY 


VOLTAGE E 


TIME 1. IN TERMS OF TIME CONSTANT RC 


REMAINING ON CAPACITOR AFTER 


PERCENT OF CHARGED VOLTAGE 
S1S MOVED TO POSITION 3 


Figure 23 
TIME CONSTANT OF AN R-C CIRCUIT 

Shown ot (A) Is the circuit upon which is based 
the curves of (B) ond (C). (B) shows the rate oat 
which capacitor C will charge from the instont 
at which switch S is placed in position 1}. (C) 
shows the discharge curve of capacitor C from 
the Instant of which switch S is placed in 

position 3. 


to measure the voltage e, the rate of charge of 
the capacitor may actually be plotted with the 
aid of a stop watch. 


Voltage Gradient It will be found that the volt- 

age e will begin to rise 
rapidly from zero the instant the switch is 
closed. Then, as the capacitor begins to 
charge, the rate of change of voltage across 
the capacitor will be found to decrease, the 
charging taking place more and more slowly 
as the capacitor voltage e approaches the bat- 
tery voltage E. Actually, it will be found that 
in any given interval a constant percentage of 
the remaining difference between e and E 
will be delivered to the capacitor as an in- 
crease in voltage. A voltage which changes in 
this manner is saidto increase logarithmically, 
or is said to follow an exponential curve. 


Time Constant A mathematical analysis of 

the charging of a capacitor in 
this manner would show that the relationship 
between the battery voltage E and the voltage 
across the capacitor e could be expressed in 
the following manner: 


e=E (1 —¢7t/RC) 


where e,E,R, and C have the values discussed 
above, ¢=2.716 (the base of Naperian or 
natural logarithms), and t represents the time 
which has elapsed since the closing of the 
switch. With t expressed in seconds, R and C 
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Figure 2 


4 


TYPICAL INDUCTANCES 
The forge inductance Is a 1000-watt tronsmitting coil. To the right and left of this coil are small r-f 
chokes. Several varieties of low power capability coils are shown below, along with various types of r-f 
chokes intended for high-frequency operation. 
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s R (INCLUDING D.C. RESISTANCE 
OF INDUCTOR L)} 


& 


PERCENT OF END CURRENT 


Time tL, 1N TEAMS OF TIME CONSTANT fe 


Figure 25 
TIME CONSTANT OF AN R-L CIRCUIT 
Note thot the time constant for the increase in 
current through an R-L circuit is Identical to 
the rote of increase in voltage across the 
capacitor in on R-C circuit. 


may be expressed in farads and ohms, or R 
and C may be expressed in microfarads and 
megohms. The product RC is called the time 
constant of the circuit, and is expressed in 
seconds. As an example, if R is one megohm 
and C is one microfarad, the time constant 
RC will be equal to the product of the two, 
or one second. 

When the elapsed time t is equal to the 
time constant of the RC network under con- 
sideration, the exponent of ¢ becomes ~1. 
Now ¢7' is equal to 1/e, or 1/2.716, which 
is 0.368. The quantity (1 - 0.368) then is equal 
to 0.632. Expressed as percentage, the above 


means that the voltage across the capaci- 
tor will have increased to 63.2 per cent of 
the battery voltage in an interval equal to the 
time constant or RC product of the circuit. 
Then, during the next period equal to the time 
constant of the RC combination, the voltage 
across the Capacitor will have risen to 63.2 
per cent of the remaining difference in voltage, 
or 86.5 per cent of the applied voltage E. 


RL Circuit In the case of a series combination 
of a resistor and an inductor, as 
shown in figure 25, the current through the 
combination follows a very similar law to that 
given above for the voltage appearing across 
the capacitor in an RC series circuit. The 
equation for the current through the combina- 
tion is: 

(1 — «7 R/L) 


mlm 


where £ represents the current at any instant 
through the series circuit, E represents the 
applied voltage, and R represents the total 
resistance of the resistor and the d-c_ resist- 
ance of the inductor in series. Thus the time 
constant of the RL circuit is L/R, with R ex- 
pressed in ohms and L expressed in henrys. 


When the switch in figure 23 is 
moved to position 3 after the 
capacitor has been charged, the capacitor volt- 
age will drop in the manner shown in figure 
23-C. In this case the voltage across the ca- 
pacitor will decrease to 36.8 per cent of the 
initial voltage (will make 63.2 per cent of the 
total drop) in a period of time equal to the 
time constant of the RC circuit. 


Voltage Decay 


TYPICAL IRON-CORE INDUCTANCES 


At the right is an upright mounting filter choke intended for use in low powered trans- 

mitters and audio equipment. At the center is a hermetically sealed inductance for use 

under poor environmental conditions. To the left is an inexpensive receiving-type choke, 
with @ small iron-core r-f choke directly in front of it. 
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CHAPTER THREE 


Alternating Current Circuits 


The previous chapter has been devoted to 
a discussion of circuits and circuit elements 
upon which is impressed a current consisting 
of a flow of electrons in one direction. This 
type of unidirectional current flow is called 
direct current, abbreviated d.c. Equally as im- 
portant in radio and communications work, 
and power practice, is a type of current flow 
whose direction of electron flow reverses 
periodically. The reversal of flow may take 
place at a low rate, in the case of power sys- 
tems, or it may take place millions of times 
per second in the case of communications 
frequencies. This type of current flow is 
called alternating current, abbreviated a.c. 


3-1 Alternating Current 


Frequency of on 
Alternating Current 


An alternating current is 
one whose amplitude of 
current flow periodically 
rises from zero to a maximum in one direction, 
decreases to zero, changes its direction, 
rises to maximum in the opposite direction, 
and decreases to zero again, This complete 
process, starting from zero, passing through 
two maximums in opposite directions, and re- 
turning to zero again, is called a cycle. The 
number of times per second that a current 
passes through the complete cycle is called 
the frequency of the current. One and one 
quarter cycles of an alternating current wave 
are illustrated diagrammatically in figure 1. 


At present the usable fre- 
quency range for alcernat- 
ing electrical currents extends over the enor- 
mous frequency range from about 15 cycles per 
second to perhaps 30,000,000,000 cycles per 
second. It is obviously cumbersome to use a 
frequency designation in c.p.s. for enormously 
high frequencies, so three common units which 
are multiples of one cycle per second have 
been established. 


Frequency Spectrum 


ee 


CURRENT 


° 


Time —w 


DIRECT CURRENT 


CURRENT 


ALTERNATING CURRENT 


Figure 1 
ALTERNATING CURRENT 
AND DIRECT CURRENT 


Graphical comparison between unidrectional 
(direct) current and alternating current as plotred 
against time. 
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These units are: 


(1) the kilocycle (abbr., ke.), 1000 c.p.s. 

(2) the Megacycle (abbr., Mc.), 1,000,000 
c.p.s. or 1000 ke. 

(3) the kilo-Megacycle (abbr., kMc.), 
1,000,000,000 c.p.s. or 1000 Mc. 


With easily handled units such as these we 
can classify the entire usable frequency range 
into frequency bands. 

The frequencies falling between about 15 
and 20,000 c.p.s. are called audio frequencies, 
abbreviated a.f., since these frequencies are 
audible to the human ear when converted from 
electrical to acoustical signals by a loud- 
speaker or headphone. Frequencies in the 
vicinity of 60 c.p.s. also are called power fre- 
quencies, since they are commonly used to 
distribute electrical power to the consumer. 

The frequencies falling between 10,000 
c.p.s. (10 ke.) and 30,000,000.000 c.p.s. (30 
kMc.) are commonly called radio frequencies, 
abbreviated r./., since they are commonly used 
in cadio communication and allied arts. The 
radio-frequency spectrum is often arbitrarily 
classified into seven frequency bands, each 
one of which is ten times as high in frequency 
as the one just below it in the spectrum (ex- 
cept for the v-l-f band at the bottom end of 
the spectrum). The present spectrum, with 
classifications, is given below. 


Frequency Classification Abbrev. 
10 to 30 ke. Very-low frequencies __ v.1.f 
30 co 300 kc. Low frequencies 1.f. 
300 to 3000 kc. Medium frequencies m.f. 
3 to 30 Mc. High frequencies h.f. 
30 to 300 Mc.  Very-high frequencies v.h.f. 
300 to 3000 Mc. Ultra-high frequencies u.h.f. 
3 to 30 kMc. Super-high frequencies s.h.f. 
30 to 300 kMc. Extremely-high 

frequencies e.h.f. 


Generation of 
Alternating Current 


Faraday discovered that if 
a conductor which forms 
part of a closed circuit is 
moved through a magnetic field so as to cut 
across the lines of force, a current will flow 
in the conductor. He also discovered that, ifa 
conductor in a second closed circuit is brought 
near the first conductor and the current in the 
first one is varied, a current will flow in the 
second conductor. This effect is known as 
induction, and the currents so generated are 
induced currents. In the latter case it is the 
lines of force which are moving and cutting 
the second conductor, due to the varying cur- 
rent strength in the first conductor. 

A current is induced in a conductor if there 
is a relative motion between the conductor 
and a magnetic field, its direction of flow de- 
pending upon che direction of the relative 
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THE ALTERNATOR 


Semi-schematic representation of the simplest 
form of the alternator. 


motion between the conductor and the field, 
and its strength depends upon the intensity of 
the field, the rate of cutting lines of force, and 
the number of curns in the conductor. 
Alternators Amachine that generates an alter- 
nating current is called an alter- 
nator or a-c generator. Such a machine in its 
basic form is shown in figure 2. It consists of 
two permanent magnets, M, the opposite poles 
of which face each other and are machined so 
that they have a common radius. Between 
these two poles, north (N) and south (S), 
a substantially constant magnetic field exists. 
If a conductor in the form of C is suspended 
so that it can be freely rotated between the 
two poles, and if the opposite ends of con- 
ductor C are brought to collector rings, there 
will be a flow of alternating current when con- 
ductor C is rotated. This current will flow out 
through the collector rings R and brushes B 
to the external circuit, X-Y. 

The field intensity between the two pole 
pieces is substantially constant over the entire 
area of the pole face However, when the 
conductor is moving parallel to the lines of 
force at the top or bottom of the pole faces, 
no lines are being cut. As the conductor moves 
on across the pole face it cuts more and more 
lines of force for each unit distance of travel, 
until it is cutting the maximum number of 
lines when opposite the center of the pole. 
Therefore, zero current is induced in the con- 
ductor at the instant it is midway between 
the two poles, and maximum current is in- 
duced when it is opposite the center of the 
pole face. After the conductor has rotated 
through 180° it can be seen that its position 
with respect to the pole pieces will be exactly 
opposite to that when it started. Hence, the 
second 180° of rotation will produce an alter- 
nation of current in the opposite direction to 
that of the first alternation. 

The current does not increase directly as 
the angle of rotation, but rather as the sine 
of the angle; hence, such a current has the 
mathematical form of a sine wave. Although 
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Figure 3 
OUTPUT OF THE ALTERNATOR 


Graph showing sine-wave output current of the 
alternator of figure 2. 


most electrical machinery does not produce a 
strictly pure sine curve, the departures are 
usually so slight that the assumption can be 
regarded as fact for most practical purposes. 
All that has been said in the foregoing para- 
graphs concerning alternating current also is 
applicable to alternating voltage. 


The rotating arrow to the left in figure 3 
represents a conductor rotating in a constant 
magnetic field of uniform density. The arrow 
also can be taken as a vector representing the 
strength of the magnetic field. This means that 
the length of the arrow is determined by the 
strength of the field (number of lines of force), 
which is constant. Now if the arrow is rotating 
at a constant rate (that is, with constant 
angular velocity), then the voltage developed 
across the conductor will be proportional to 
the rate at which it is cutting lines of force, 
which rate is proportional to the vertical 
distance between the tip of the arrow and the 
horizontal base line. 

lf EO is taken as unity or a voltage of 1, 
then the voltage (vertical distance from tip of 
arrow to the horizontal base line) at point C 
for instance may be determined simply by 
referring to a table of sines and looking up the 
sine of the angle which the arrow makes with 
the horizontal. 

When the arrow has traveled from A to point 
E, it has traveled 90 degrees or one quarter 
cycle. The other three quadrants are not shown 
because their complementary or mirror relation- 
ship to the first quadrant is obvious. 

lt is important to note that time units are 
represented by degrees or quadrants. The fact 
that AB, BC, CD, and DE are equal chords 
(forming equal quadrants) simply means that 
the arrow (conductor or vector) is traveling 
at a constant speed, because these points on 
the radius represent the passage of equal 
units of time. 

The whole picture can be represented in 
another way, and its derivation from the fore- 
going is shown in figure 3. The time base is 
represented by a straight line rather than by 


~ 1 CYCLE 
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WHERE F = FREQUENCY IN CYCLES 


Figure 4 
THE SINE WAVE 


illustrating one cycle of a sine wave. One 
complete cycle of alternction is broken up 
into 360 degrees. Then one-half cycle is 180 
degrees, one-quarter cycle is 90 degrees, and 
so on down to the smallest division of the 
wave. A cosine wave has a shape identical to 
a sine wave but is shifted 90 degrees in phase 
— in other words the wave begins at full am- 
plitude, the 90.degree point comes af zero am- 
plitude, the 180-degree point comes at full 
amplitude in the opposite direction of current 
flow, etc. 


angular rotation. Points A, B, C, etc., rep- 
resent the same units of time as before. When 
the voltage corresponding to each point is 
projected to the corresponding time unit, the 
familiar sine curve is the result. 

The frequency of the generated voltage is 
proportional to the speed of rotation of the 
alternator, and to the number of magnetic poles 
in the field. Alternators may be built to produce 
radio frequencies up to 30 kilocycles, and 
some such machines are still used for low 
frequency communication putposes. By means 
of multiple windings, three-phase output may 
be obtained from large industrial alternators. 


From figure 1 we see that the 
value of an a-c wave varies 
continuously. It is often of importance to know 
the amplitude of the wave in terms of the 
total amplitude at any instant or at any time 
within the cycle. To be able to establish the 
instant in question we must be able to divide 
the cycle into parts. We could divide the cycle 
into eighths, hundredths, or any other ratio that 
suited our fancy. However, it is much more 
convenient mathematically to divide the cycle 
either into electrical degrees (360° represent 
one cycle) or into radians. A radian is an arc 
of a circle equal to the radius of the circle; 
hence there are 27 radians per cycle —or per 
circle (since there are 7 diameters per circum- 
ference, there are 27 radii). 


Radian Notation 


Both radian notation and electrical degree 
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notation are used in discussions of alternating 
current circuits. However, trigonometric tables 
are much more readily available in terms of 
degrees than radians, so the following simple 
conversions are useful. 


27 radians = 1 cycle = 360° 


m radians = % cycle = 180° 


7 
a radians = % cycle = 90° 
7 
5 radians = % cycle = 60° 
7 
7 radians = 4 cycle = 45° 


1 
lradian =— cycle = 57.3° 
2n 


When the conductor in the simple alter- 
nator of figure 2 has made one complete revo- 
lution it has generated one cycle and has ro- 
tated through 27 radians. The expression 27f 
then represents the number of radians in one 
cycle multiplied by the number of cycles per 
second (the frequency) of the alternating 
voltage or current. The expression then repre- 
sents the number of radians per second through 
which the conductor has rotated. Hence 27f 
represents the angular velocity of the rotating 
conductor, or of the rotating vector which 
represents any alternating current or voltage, 
expressed in radians per second. 

In technical literature the expression 27f 
is often replaced by w, the lower-case Greek 
letter omega. Velocity multiplied by time 
gives the distance travelled. so 2zft (or wt) 
represents the angular distance through which 
the rotating conductor or the rotating vector 
has travelled since the reference time t = 0. 
In the case of a sine wave the reference time 
t = 0 represents that instant when the voltage 
or the current, whichever is under discussion, 
also is equal to zero. 


Instantaneous Value The instantaneous volt- 
of Voltage or age or current is propor- 
Current tional to the sine of the 

angle through which the 
rotating vector has travelled since ceference 
time t = 0. Hence, when the peak value of the 
ac wave amplitude (either voltage or cur- 
rent amplitude) is known, and the angle through 
which the rotating vector has travelled is 
established, the amplitude of the wave at 
this instant can be determined through use 
of the following expression: 


e = Emax sin 2rft, 


WHERE 

© (THETA) = PHASE ANGLE? 277FT 
a= paoians on 90° 

B=7F RADIANS OR 160° 

c* 2Z RADIANS oR 270° 

O* 277 RADIANS OR 360° 

1 RADIAN ® 57.324 OEGREES 


Figure 5 
ILLUSTRATING RADIAN NOTATION 


The redian Is @ unit of phase angle, equal to 

57.324 degrees. It is commonly used in mathe- 

motical relationships Invalving phase angles 

since such relationships are simplified when 
radian notation Is used. 


where e = the instantaneous voltage 
E =maximum crest value of voltage, 
f = frequency in cycles per second, and 


t= period of time which has elapsed 
since t = 0 expressed as a fraction 
of one second. 


The instantaneous current can be found from 
the same expression by substituting i for e 
and Imax for Emax. 

It is often easier to visualize the process of 
determining the instantaneous amplitude by 
ignoring the frequency and considering only 
one cycle of the a-c wave. In this case, for a 
sine wave, the expression becomes: 


e = Emax sin 0 


where 6 represents the angle through which 
the vector has rotated since time (and ampli- 
tude) were zero. As examples: 


when @ = 30° 

sin 0=0.5 

so e = 0.5 Emax 
when 6 = 60° 

sin 0 = 0.866 

so e = 0.866 Emax 
when 6 = 90° 

sin 0 = 1.0 


so e = Emax 

when @ = 1 radian 
sin 0 =0.8415 
so e = 0.8415 Emax 
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Effective Value The instantaneous value 
of an of an alternating current 


or voltage varies continu- 
ously throughout the cycle. 
So some value of an a-c wave must be chosen 
to establish a relationship between the effec- 
tiveness of an a-c and a d-c voltage or cur- 
rents The heating value of an alternating 
current has been chosen to establish the refer- 
ence between the effective values of a.c. and 
d.c. Thus an alternating current will have an 
effective value of 1 ampere when it produces 
the same heat in a resistor as does ] ampere 
of direct current. 

The effective value is derived by taking the 
instantaneous values of current over a cycle of 
alternating current, squaring these values. 
taking an average of the squares, and then 
taking the square root of the average. By this 
procedure, the effective value becomes known 
as the root mean Square or t.m.s. value. This 
is the value that is read on a-c voltmeters and 
a-c ammeters. The r.m.s. value is 70.7 (for 
sine waves only) per cent of the peak or maxi- 
mum instantaneous value and is expressed as 
follows: . 


Eeff. or Er.m.s. = 0.707 x Ema or 
left. or Is.m.s. = 0.707 x Imax. 


Alternating Current 


The following relations are extremely useful 
in radio and power work: 


Er.m.s. = 0.707 x Emax, and 
Emax 1.414 x Er.m.s. 


Rectified Alternating If an alternating current 
Current or Pulsat- is passed through a recti- 
ing Direct Current fier, it emerges in the 

form of a current of 
varying amplitude which flows in one direc- 
tion only. Such a current is known as rectified 
a.c. or pulsating d.c. A typical wave form of a 
pulsating direct current as would be obtained 
from the output of a full-wave rectifier is 
shown in figure 6. 

Measuring instruments designed for d-c 
operation will not read the peak for instantan- 
eous maximum value of the pulsating d-c out- 
put from the rectifier; they will read only the 
average value. This can be explained by as- 
suming that it could be possible to cut off 
some of the peaks of the waves, using the cut- 
off portions to fill in the spaces that are open, 
thereby obtaining an average d-c value. A 
milliammeter and voltmeter connected to the 
adjoining circuit, or across the output of the 
rectifier, will read this average value. It is re- 
lated to peak value by the following expres- 
sion: 


Eavg = 0.636 x Emax 


w 
4 
> 
bs 
a TIME 
= 
< 
Figure 6 
FULL-WAVE RECTIFIED 
SINE WAVE 


Woveform obtained at the output of o fullwave 

rectifier being fed with a sine wave and having 

100 per cent rectification efficiency. Each 

pulse has the same shape as one-half cycle of 

@ sine wave. This type of current is known os 
pulsating direct current. 


nia, 


It is thus seen that the average value is 63.6 
per cent of the peak value. 


Relationship Between 
Peak, R.M.S. or 
Effective, and 
Average Values 


To summarize the three 
most Significant values 
of an a-c sine wave: the 
peak value is equal to 


1.41 times the r.m.s. or 
effective, and the r.m.s. value is equal to 
0.707 times the peak value; the average value 
of a full-wave rectified a-c wave is 0.636 
times the peak value, and the average value 
of a rectified wave is equal to 0.9 times the 


r.m.s. value. 


R.M.S. 0.707 x Peak 
Average = 0.636 x Peak 
Average =0.9 xR.M.S. 
R.M.S. =1.11 x Average 
Peak = 1.414 x R.M.S. 
Peak = 1.57 x Average 


Applying Ohm's Low 
to Alternating Current 


Ohm’s law applies 
equally to direct or al- 


ternating Current, pro- 
vided the circuits under consideration are 
purely resistive, that is, circuits which have 
neither inductance (coils) nor capacitance 
(capacitors). Problems which involve tube 
filaments, drop resistors, electric lamps, 
heaters or similar resistive devices can be 
solved from Ohm’s law, regardless of whether 
the current is direct or alternating. When a 
capacitor or coil is made a part of the circuit, 
a property common to either, called reactance, 
must be taken into consideration. Ohm’s law 
still applies to a-c circuits containing react- 
ance, but additional considerations are in- 
volved; these will be discussed in a later 


paragraph. 
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CURRENT LAGGING VOLTAGE BY 90° 
(CIRCUIT CONTAINING PURE INDUCTANCE ONLY ) 


Figure 7 
LAGGING PHASE ANGLE 


Showing the manner in which the current lags 

the voltage in an ae elreult containing pure 

inductance only. The lag is equal to one-quarter 
cycle or 90 degrees. 


CURRENT LEADING VOLTAGE BY 90° 
(CIRCUIT CONTAINING PURE CAPACITANCE ONLY ) 


Figure 8 
LEADING PHASE ANGLE 


Showing the manner in which the current leads 

the voltage In an a-c circuit containing pure 

capacitance only. The lead is equal to one- 
quarter cycle or 90 degrees. 


Inductive As was stated in Chapter Two, 
Reactance when a changing current flows 

through an inductor a back- or 
counter-electromotive force is developed, 


opposing any change in the initial current. 
This property of an inductor causes it to offer 
opposition or impedance to a change in cur- 
rent. The measure of impedance offered by an 
inductor to an alternating current of a given 
frequency is known as its inductive reactance. 
This is expressed as X,. 


X= 2zfL, 


where XL =inductive reactance expressed in 
ohms. 

= 3.1416 (27 = 6.283), 

frequency in cycles, 
inductance in henrys. 


7 
f 
LE 


Inductive Reactance 
at Radio Frequencies 


It is very often neces- 
sary to compute induc- 
tive reactance at radio 
frequencies. The same formula may be used, 
but to make it less cumbersome the inductance 
is expressed in millibenrys and the frequency 
in kilocycles. For higher frequencies and 
smaller values of inductance, frequency is 
expressed in megacycles and inductance in 
microhenrys. The basic equation need not be 
changed, since the multiplying factors for 
inductance and frequency appear in numerator 
and denominator, and hence are cancelled out. 
However, it is not possible in the same equa- 
tion to express Lin millihenrys and f in cycles 
without conversion factors. 


It has been explained chat induc- 
tive reactance is the measure of 
the ability of an inductor to offer 
impedance to the flow of an alternating current. 


Capacitive 
Reactance 


Capacitors have a similar Property although 
in this case the opposition is to any change in 
the voltage across the capacitor. This Property 
is called capacitive reactance and is ex- 
pressed as follows: 


Xe = : , 
2nfC 
where X¢ = capacitive reactance in ohms, 
7 = 3.1416 
f = frequency in cycles, 
C = capacitance in farads. 


Capacitive Re- 
actance at 
Radio Frequencies 


Here again, as in the case 
of inductive reactance, the 
units of capacitance and 
frequency can be converted 
into smaller units for practical problems en- 
countered in radio work. The equation may 
be written: 


1,000,000 
Ce oes 
2rfC 
where f = frequency in megacycles, 
C = capacitance in micro-microfarads. 

In the audio range it is often convenient to 
express frequency (f) in cycles and capac- 
itance (C) in microfarads, in which event the 
same formula applies. 


Phase When an alternating current flows 
through a purely resistive circuit, it 
will be found chat the current will go through 
maximum and minimum in perfect step with 
the voltage. In this case the current is said to 
be in step or in phase with the voltage. For 
this reason, Ohm’s law will apply equally well 
for a.c, or d.c. where pure resistances are con- 


cerned, provided that the same values of the 
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a 


wave (either peak or r.m.s.) for both voltage 
and current are used in the calculations. 

However, in calculations involving alternat- 
ing currents the voltage and current are not 
necessarily in phase. The current through the 
circuit may lag behind the voltage, in which 
case the current is said to have lagging phase. 
Lagging phase is caused by inductive react- 
ance. If the current reaches its maximum value 
ahead of the voltage (figure 8) the current is 
said to have a leading phase. A leading phase 
angle is caused by capacitive reactance. 

In an electrical circuit containing reactance 
only, the current will either lead or lag the 
voltage by 90°. If the circuit contains induc- 
tive reactance only, the current will lag the 
voltage by 90°. If only capacitive reactance is 
in the circuit, the current will lead the voltage 
by 90°. 


Reactances 
in Combination 


Inductive and capacitive re- 
actance have exactly opposite 
effects on the phase relation 
between current and voltage in a circuit. 
Hence when they are used in combination 
their effects tend to neutralize. The combined 
effect of a capacitive and an inductive react- 
ance is often called the net reactance of a 
circuit. The net reactance (X) is found by sub- 
tracting the capacitive reactance from the in- 
ductive reactance, X = Xy — Xc. 

The result of such a combination of pure 
reactances may be either positive, in which 
case the positive reactance is greater so that 
the net reactance is inductive, or it may be 
negative in which case the capacitive react- 
ance is greater so that the net reactance is 
Capacitive. The net reactance may also be 
zero in which case the circuit is said to be 
resonant. The condition of resonance will be 
discussed in a later section. Note that induc- 
tive reactance is always taken as being posi- 
tive while capacitive reactance is always 
taken as being negative. 


Impedance; Circuits Pure reactances_ intro- 
Containing Reactonce. duce a phase angle of 
ond Resistance 90° between voltage and 

current; pure resistance 
introduces no phase shift between voltage and 
current. Hence we cannot add a reactance and 
a resistance directly. When a reactance and a 
resistance are used in combination the re- 
sulting phase angle of current flow with re- 
spect to the impressed voltage lies somewhere 
between plus or minus 90° and 0° depending 
upon the relative magnitudes of the reactance 
and the resistance. 

The term impedance is a general term which 
can be applied to any electrical entity which 
impedes the flow of current. Hence the term 
may be used to designate a resistance, a pure 


Y-axis 
“Fs +4A)x (-1) RoTaTES 
va x ag teen THROUGH 180° 
7 \ 
y 180° ’ 


Figure 9 


Operation on the vectar (+A) by the quantity (—1) 
causes vector to rotate through 180 degrees. 


reactance, or a complex combination of both 
reactance and resistance. The designation for 
impedance is Z. An impedance must be de- 
fined in such a manner that both its magnitude 
and its phase angle are established. The 
designation may be accomplished in either of 
two ways —one of which is convertible into 
the other by simple mathematical operations. 


The ‘'3'’ Operator The first method of des- 
ignating an impedance is 
actually to specify both the resistive and the 
reactive component in the form R + jX. In this 
form R represents the resistive component in 
ohms and X represents the reactive Component. 
The ‘'j’? merely means that the X component 
is reactive and thus cannot be added directly 
to the R component. Plus jX means that the 
reactance is positive or inductive, while if 
minus jX were given it would mean that the 
reactive Component was negative or Capacitive. 

In figure 9 we have a vector (+A) lying along 
the positive X-axis of the usual X-Y coordi- 
nate system. If this vector is multiplied by the 
quantity (-1), it becomes (—A) and its position 
now lies along the X-axis in the negative 
direction. The operator (-1) has caused the 
vector to rotate through an angle of 180 de- 


grees. Since (-1) is equal to (J-1 x V=D, the 
same result may be obtained by operating on 
the vector with the operator (V—1 x y-1). 
However if the vector is operated on but once 
by the operator (¥—1), it is caused to rotate 
only 90 degrees (figure 10). Thus the operator 
(/—Dyrotates a vector by 90 degrees. For con- 


venience, this operator is called the j operator. 
In like fashion, the operator (—j) rotates the 
vector of figure 9 through an angle of 270 
degrees, so that the resulting vector (—jA) 
falls on the (-Y) axis of the coordinate system. 
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(+a) x (V=1) rorates 
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\ 
‘N 


X-axis 


Figure 10 


Operation on the vector (+A) by the quantity (j) 
couses vector to rotate through 90 degrees. 


—_—_—_— 


Polar Notation The second method of repre- 
senting an impedance is to 
specify its absolute magnitude and the phase 
angle of current with respect to voltage, in 
the form Z 26. Figure 11 shows graphically 
the relationship between the two common ways 
of representing an impedance. 

The construction of figure 11 is called an 
impedance diagram. Through the use of such 
a diagram we can add graphically a resistance 
and a reactance to obtain a value for the re- 
sulting impedance in the scalar form. With 
zero at the origin, resistances are plotted to 
the right, positive values of reactance (induc- 
tive) in the upward direction, and negative 
values of reactance (capacitive) in the down- 
ward direction. 

Note that the resistance and reactance are 
drawn as the two sides of a right triangle, 
with the hypotenuse representing the resulting 
impedance. Hence it is possible to deter- 
mine mathematically the value of a resultant 
impedance through the familiar right-triangle 
relationship — the square of the hypotenuse is 
equal to the sum of the squares of the other 
two sides: 


Z? = R? 4 xX? 
or |Z| = /R? + X? 
Note also that the angle @ included between 


R and Z can be determined from any of the 
following trigonometric relationships: 


sin 6 = — 


[Z| 


One common problem is that of determining 
the scaler magnitude of the impedance, |Z|, 
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THE tMPE DANCE TRIANGLE 
Showing the graphical construction of a triangle 
for ebtoining the net (scalar) impedance re- 
sulting from the connection of a resistance and 
o reactance in seriez. Shown also alongside is 
the alternative mathematical procedure for 
obtaining the valuez azzociated with the triangle. 


and the phase angle 0, when resistance and 
reactance are known; hence, of converting 
from the Z = R + jX to the [Z| 2 0 form. In this 
case we use two of the expressions just given: 


[Z| = VR? + xX? 
xX xX 
tan 0 =—, (or 6 = tan“'— ) 
R R 


The inverse problem, that of converting 
from the |Z| 2 @ to the R+jX form is done 
with the following relationships, both of which 
are obtainable by simple division from the 
trigonometric expressions just given for de- 
termining the angle @: 


R = [Z| 
jX =|Z|j sin 0 
By simple addition these two expressions may 
be combined to give the relationship between 


the two most common methods of indicating 
an impedance: 


R+jX= [Z| (cos 0+ j sin 0) 


In the case of impedance, resistance, or re- 
actance, the unit of measurement is the ohm; 
hence, the ohm may be thought of as a unit of 
opposition to current flow, without reference 
to the relative phase angle between the ap- 
plied voltage and the current which flows. 

Further, since both capacitive and inductive 
reactance are functions of frequency, imped- 
ance will vary with frequency. Figure 12 
shows the manner in which |Z| will vary with 
frequency in an RL series circuit and in an 
RC series circuit. 


cos 0 


Series RLC Cirevits In a series circuit contain- 
ing R, L, and C, the im- 
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pedance is determined as discussed before ex- 
cept that the reactive component in the ex- 
pressions becomes: (The net reactance — the 
difference between X_ and Xc.) Hence (X, — 


Xc) may be substituted for X in the equations. 
Thus: 


[Z| = VR*+(X_ - Xe)? 


O= pay cel eee sel 


A series RLC circuit thus may present an 
impedance which is capacitively reactive if 
the net reactance is capacitive, inductively 
reactive if the net reactance is inductive, or 
resistive if the capacitive and inductive re- 
actances are equal. 


Addition of 


The addition of complex 
Complex Quantities 


quantities (for example, 
impedances in series) is 
quite simple if the quantities are in the rect- 
angular form. If they are in the polar form 
they only can be added graphically, unless 
they are converted to the rectangular form by 
the relationships previously given. As an ex- 
ample of the addition of complex quantities 
in the rectangular form, the equation for the 
addition of impedances is: 


(R, + jX,) + (R, + jX,)= (R, + R,) + j(X, + X,) 
For example if we wish to add the imped- 
ances (10 +j50) and (20 - j30) we obtain: 
(10 + j50) + (20 — j30) 
= (10 + 20) + j(50 + (-30)) 
= 30 + j(50-30) 
= 30 +520 


Multiplication and 
Division of 
Complex Quantities 


It is often necessary in 
solving certain types of 
circuits to multiply or di- 
vide two complex quan- 
tities. It is a much simplier mathematical 
operation to multiply or divide complex quan- 
tities if they are expressed in the polar form. 
Hence if they are given in the rectangular 
form they should be converted to the polar 
form before multiplication or division is begun. 
Then the multiplication is accomplished by 
multiplying the |Z| terms together and adding 
algebraically the Z 6 terms, as: 


(|Z,{ 24.) (1Z| 2) = |Z,| |Z,|(26, + 26,) 
For example, suppose that the two impedances 
|20| £ 43° and |32| 4-23° are to be multi- 
plied. Then: 
(|20| 2 43°) (|32| 2-23°) = | 20-32| 
(243° + L~23°) 
= 640 Z 20° 


IMPEDANCE |[2| 


0 FREQUENCY =< 


Figure 12 
IMPEDANCE AGAINST FREQUENCY 
FOR R-L AND R-C CIRCUITS 
The Impedance of on R-C circult approaches 
infinity as the frequency approaches rera (d.c.), 
while the impedance of a series R-L circuit 
approaches infinity as the frequency approaches 
infinity. The impedance of an R-C circuit ap- 
proaches the impedance of the series resistor 
as the frequency approaches infinity, while the 
impedance of a series R-L circuit approaches 
the Impedance of the resistor os the frequency 
approaches zero. 


Division is accomplished by dividing the 
denominator into the numerator, and sub- 
tracting the angle of the denominator from 
that of the numerator, as: 


ape. eZ 
aS Gy gear) 
|Z,|20, |Z,| 


For example, suppose that an impedance of 
|50| 267° is to be divided by an impedance 
of |10| 245°. Then: 


|50| 467° [50| 


————- = —_(Z 67° - £ 45°) = |§ |(Z 22°) 
|10| 2 45° TOR 5 


Ohm’s Law for The simple form of Ohm’s 
Complex Quantities Law used for d-c circuits 
may be stated in a more 
general form for application to a-c circuits 
involving either complex quantities or simple 
resistive elements. The form is: 
E 
PS 


Z 


in which, in the general case, 1, E, and Z are 
complex (vector) quantities. In the simple 
case where the impedance is a pure resistance 
with an a-c voltage applied, the equation 
simplifies to the familiar I = E/R. In any case 
the applied voltage may be expressed either 
as peak, r.m.s., or average; the resulting 
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Figure 13 
SERIES R-L-C CIRCUIT 


current always will be in the same type of 
units as used to define the voltage. 

In the more general case vector algebra 
must be used to solve the equation. And, 
since either division or multiplication is in- 
volved, the complex quantities should be ex- 
pressed in the polar form. As an example, 
take the case of the series circuit shown in 
figure 13 with 100 volts applied. The imped- 
ance of the series circuit can best be obtained 
first in the rectangular form, as: 


200 + j(100 —300) = 200 -j200 


Now, to obtain the current we must convert 
this impedance to the polar form. 


|Z| = y 200? + (—200)" 


= ¥ 40,000 + 40,000 


= 80,000 
= 2820 
xX -200 
6 = tan~ — = tan7? —— = tan” ~-1 
R 200 
= ~45° 


Therefore Z = 282 L~-45° 


Note that in a series circuit the resulting im- 
pedance takes the sign of the largest react- 
ance in the series combination. 

Where a slide-rule is being used to make 
the Computations, the impedance may be found 
without any addition or subtraction operations 
by finding the angle @ first, and then using 
the trigonometric equation below for obtain- 
ing the impedance. Thus: 


—200 
@ = tan™! — = tan7? —— = tan“ -1 
200 
= ~45° 
Then |Z| = cos ~45° = 0.707 


cos 


200 
|Z] = ——= 2820 
0.707 
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Since the applied voltage will be the reference 
for the currents and voltages within the cir- 
cuit, we may define it as having a zero phase 
angle: F = 100 40°. Then: 


; 100 20° 
~ 282 L-45° 
= 0.354 245° amperes. 


= 0.354 L0°-(- 45°) 


This same current must flow through all three 
elements of the circuit, since they are in 
series and the current through one must al- 
teady have passed through the other two. 
Hence the voltage drop across the resistor 
(whose phase angle of course is 0°) is: 


E=IR 
E = (0.354 2 45°) (200 20°) 
= 70.8 245° volts 


The voltage drop across the inductive react- 
ance is: 


E =] XL 
E = (0.354 245°) (100 290°) 
= 35.4 2 135° volts 


Similarly, the voltage drop across the capac- 
itive reactance is: 


E=1X¢ 
E = (0.354 4 45°) (300 /-90°) 
= 106.2 L-45° 


Note that the voltage drop across the capac- 
itive reactance is greater than the supply 
voltage. This condition often occurs in a 
series RLC circuit, and is explained by the 
fact that the drop across the capacitive react- 
ance is cancelled to a lesser or greater ex- 
tent by the drop across the inductive reactance. 

It is often desirable in a problem such as 
the above to check the validity of the answer 
by adding vectorially the voltage drops across 
the components of the series circuit to make 
sure that they add up to the supply volrage — 
or touse the terminology of Kirchhoff’s Second 
Law, to make sure that the voltage drops 
across all elements of the circuit, including 
the source taken as negative, is equal to zero. 

In the general case of the addition of a 
number of voltage vectors in series it is best 
to resolve the voltages into their in-phase 
and out-of-phase components with respect to 
the supply voltage. Then these components 
may be added directly. Hence: 


Ep = 70.8 2 45° 
= 70.8 (cos 45° + j sin 45°) 
= 70.8 (0.707 + j0.707) 
= 50 + {50 
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VOLTAGE DROP ACROSS 


Xr 235 4 /135° DROP ACROSS RESISTOR = 
70.8 /45* 
ty 
LINE VOLTAGE = 100 Zo*, 
+180° > 0° 


¢ 
7 


¢ 
7 DROP ACROSS XC=106 2/-45° 


NET OROP ACROSS XL + XC = 70.8/-48° 


Figure 14 


Grophical construction of the voltage drops 
associcted with the series R-L-C circuit of 
figure 13. 


Ex, baa 35.4 Z 135° 
= 35.4 (cos 135° + j sin 135°) 
35.4 (—0.707 + j0.707) 
~25 + j25 
Ec = 106.2 2 45° 
= 106.2 (cos—45° + j sin-45°) 
= 106.2 (6.707 -j0.707) 
= 75 ~j75 
Exp +E, +c = (50 + j50) + (-25 + j25) 
+ (75-475) 
= (50~—25 + 75) + j(50 + 25-75) 
= 100 + j0 
= 100 20°, which is equal to the 
supply voltage. 


It is frequently desirable 
to check computations in- 
volving complex quantities 
by constructing vectors 
representing the quantities on the complex 
plane. Figure 14 shows such a construction 
for the quantities of the problem just com- 
pleted. Note that the answer to the problem 
may be checked by constructing a parallel- 
ogram with the voltage drop across the re- 
sistor as one side and the net voltage drop 
across the capacitor plus the inductor (these 
may be added algrebraically as they are 180° 
out of phase) as the adjacent side. The vector 
sum of these two voltages, which is repre- 
sented by the diagonal of the parallelogram, 
is equal to the supply voltage of 100 volts at 
zero phase angle. 


Checking by 
Construction on the 
Complex Plane 


In a series circuit, such 
as just discussed, the cur- 
rent through all the ele- 


Resistance and Re- 
actance in Parallel 


on -Jan 


1630 
af -3 2.770 


PARALLEL CIRCUIT EQUIVALENT SERIES CIRCUIT 


Figure 15 
THE EQUIVALENT SERIES CIRCUIT 
Showing o@ porallel R-C circult ond the equiv- 


alent series R-C circult which represents the 
same net impedonce as the parolle! circuit. 


ments which go to make up the series circuit 
is the same. But the voltage drops across 
each of the components are, in general, dif- 
ferent from one another. Conversely, in a 
parallel RLC or RX circuit the voltage is, 
obviously, the same across each of the ele- 
ments. But the currents through each of the 
elements are usually different. 

There are many ways of solving a problem 
involving paralleled resistance and reactance; 
several of these ways will be described. In 
general, it may be said that the impedance of 
a number of elements in parallel is solved 
using the same relations as are used for 
solving resistors in parallel, except that com- 
plex quantities are employed. The basic re- 
lation is: 


1 1 1 1 
=—+—t—+....., 
Ziot Z, Z, Zz, 


or when only two impedances are involved: 
Z,Z, 
Z, + Z, 

As an example, using the two-impedance 
relation, take the simple case, illustrated in 
figure 15, of a resistance of 6 ohms in paral- 
lel with a capacitive reactance of 4 ohms. To 
simplify the first step in the computation it is 
best to put the impedances in the polar form 
for the numerator, since multiplication is in- 


volved, and in the rectangular form for the 
addition in the denominator. 


Zio 


(6 L0°) (4 2-%°) 
tot 7 6 a j4 
24 L-90° 
“6 =j4_ 
Then the denominator is changed to the polar 
form for the division operation: 


6 =tan7" ara =tan7' ~— 0.667 =~ 33.7° 
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6 -j4 = 7.21 £-33.7° 
Then: 

24 Z-~90° 
“721 L— 33.7 
= 3.33 (cos ~ §6.3° + j sin ~56.3°) 
= 3.33 [0.5548 + j (-0.832) | 
= 1.85 ~j 2.77 


= 3.33 L£~56.3° 


tot 


Equivalent Series 
Circuit 


Through the series of op- 
erations in the previous 
paragraph we have convert- 
ed a circuit composed of two impedances in 
parallel into an equivalent series circuit com- 
posed of impedances in series. An equivalent 
series circuit is one which, as far as the ter- 
minals are concerned, acts identically to the 
original parallel circuit; the current through 
the circuit and the power dissipation of the 
resistive elements are the same for a given 
voltage at the specified frequency. 


We can check the equivalent series circuit 
of figure 15 with respect to the original cir- 
cuit by assuming that one volt a.c. (at the 
frequency where the capacitive reactance in 
the parallel circuit is 4 ohms) is applied to 
the terminals of both. 

In the parallel circuit the current through 
the resistor will be % ampere (0.166a.) while 
the current through the capacitor will be j % 
ampere (+ j 0.25 a.). The total current will be 
the sum of these two currents, or 0.166 + 
j 0.25 a. Adding these vectorially we obtain: 


I = 0.1667 + 0.257 = 0.09 =0.3 a. 


The dissipation in the resistor will be 17/6 = 
0.166 watts. 

In the case of the equivalent series circuit 
the current will be: 


And the dissipation in the resistor will be: 


W = [R = 0.3? x 1.85 
=0.9 x 1.85 
0.166 watts 


So we see that the equivalent series circuit 
checks exactly with the original parallel cir- 
cuit. 


Parallel RLC 
Circuits 


In solving a more complicated 
circuit made up of more than 
two impedances in parallel we 


R2 x2 —b2 
Bere! RitR2 ere XCr + xC2 Fare Li¢l2 


C2 
f2e€) Ctc2 


® © 


Figure 16 
SIMPLE A-C VOLTAGE DIVIDERS 


may elect to use either of two methods of 
solution. These methods are called the admit- 
tance method and the assumed-voltage method. 
However, the two methods are equivalent 
since both use the sum-of-reciprocals equation: 


1 1 1 1 
Zror Zi 


In the admittance method we use the relation 
Y=1/Z, where Y=G+jB; Y is called the 
admittance, defined above, G is the conduct- 
ance ot R/Z? and B is the susceptance or 
~X/Z?. Then Yrot = 1/Zrtor = Y¥, + Y¥, + Yue °° 
In the assumed-voltage method we multiply 
both sides of the equation above by E, the 
assumed voltage, and add the currents, as: 
E E E E 


=—+—+—...=lz +Ilz,+Iz,... 
I ay er aoa ery ee 


Then the impedance of the parallel com- 
bination may be determined from the relation: 


Zoe = E/I1z tor 


AC Voltage 
Dividers 


Voltage dividers for use with 
alternating current are quite simi- 
lar to d-c voltage dividers. How- 
ever, since Capacitors and inductors oppose 
the flow of a-c current as well as resistors, 
voltage dividers for alternating voltages may 
take any of the configurations shown in fig- 
ure 16. 

Since the impedances within each divider 
are of the same type, the output voltage is in 
phase with the input voltage. By using com- 
binations of different types of impedances, the 
phase angle of the output may be shifted in 
relation to the input phase angle at the same 
time the amplitude is reduced. Several di- 
viders of this type are shown in figure 17. 
Note that the ratio of output voltage to input 
voltage is equal to the ratio of the output 
impedance to the total divider impedance. 
This relationship is true only if negligible 
current is drawn by a load on the output ter- 
minals. 
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® SERIES RESONANT CIRCUIT 
L.. R 
E1 & Xe Ez If the values of inductance and capacitance 
both are fixed, there will be only one resonant 
Xe Xu Es Ea frequency. 
If both the inductance and capacitance are 
escee Re see xe made variable.the circuit may then be changed 
AES KC Vr2s (xu-xel2 or tuned, so that a number of combinations 
© © ese: x of inductance and capacitance can resonate at 
R2+(Mi-Xe)2 the same frequency. This can be more easily 
EarE: eee understood when one considers that inductive 
Vr2 + (xc—-Xe)2 ones + 
R24 (XL Xe)? reactance and capacitive reactance travel in 
opposite directi as the frequency is changed. 
Figure 17 PP rections quency is chang 


COMPLEX A-C VOLTAGE DIVIDERS 


3-2 Resonant Circuits 


A series circuit such as shown in figure 18 
is said to be in resonance when the applied 
frequency is such that the capacitive react- 
ance is exactly balanced by the inductive re- 
actance. At this frequency the two reactances 
will cancel in their effects, and the impedance 
of the circuit will be at a minimum so that 
maximum current will flow. In fact, as shown 
in figure 19 the net impedance of a series 
circuit at resonance is equal to the resistance 
which remains in the circuit after the react- 
ances have been cancelled. 


Resonant Frequency Some resistance is always 

present in a circuit be- 
cause it is possessed in some degree by both 
the inductor and the capacitor. If the fre- 
quency of the alternator E is varied from 
nearly zero to some high frequency, there will 
be one particular frequency at which the in- 
ductive reactance and capacitive reactance 
will be equal. This is known as the resonant 
frequency, and in a series circuit it is the 
frequency at which the circuit current will be 
a maximum. Such series resonant circuits are 
chiefly used when it is desirable to allow a 
certain frequency to pass through the circuit 
(low impedance to this frequency), while at 
the same time the circuit is made to offer 
considerable opposition to currents of other 
frequencies. 


For example, if the frequency were to remain 
constant and the values of inductance and 
capacitance were then changed, the following 
combinations would have equal reactance: 


Frequency is constant at 60 cycles. 


I. is expressed in henrys. 
C is expressed in microfarads (.000001 
farad.) 


E; x Cc Xe 
.265 100 26.5 100 
2.65 1,000 2.65 1,000 
26.5 10,000 265 10.000 
265.00 100,000 .0265 100,000 
2,650.00 1,000,000 .00265 1,000,000 
Frequency From the formula for reson- 


ance, 2nfL = 1/2nfC, the res- 
onant frequency is determined: 


as 


a7 VLC 


of Resonance 


where f = frequency in cycles, 
L = inductance in henrys, 
C = capacitance in farads. 


It is more convenient to express L and C 
in smaller units, especially in making tradio- 
frequency calculations; f can also be ex- 
pressed in megacycles or kilocycles. A very 
useful group of such formulas is: 


25,330 25,330 25,330 
or L = or C= 


Lc FC f7L 
where f = frequency in megacycles, 


L = inductance in microhenrys, 
C = capacitance in micromicrofarads. 


f? 
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RE SISTANCE-REACTANCE - IMPEDANCE 


Figure 19 
IMPEDANCE OF A 
SERIES-RESONANT CIRCUIT 
Showing the variation in reactance of the sepa- 
rote elements and in the net impedance of a 
series resonant circuit (such as figure 18) with 
changing frequency. The vertical fine is drawn 
at the point of resonance (X, — X,= 0) in the 
series circuit. 


eS 


Impedance of Series The impedance across 
Resonant Circuits the terminals of a series 
resonant circuit (figure 


18) is: 


Ze Vr'+(X_ — Xo)" 
where Z = impedance in ohms, 
c 

Xe 

Xb 


resistance in ohms, 


tt 


capacitive reactance in ohms, 
inductive reactance in ohms. 


tt 


From this equation, it can be seen that the 
impedance is equal to the vector sum of the 
circuit resistance and the difference between 
the two reactances. Since at the resonant fre- 
quency X; equals Xc. the difference between 
them (figure 19) is zero, so that at resonance 
the impedance is simply equal to the resist- 
ance of the circuit; therefore, because the 
resistance of most normal radio-frequency 
circuits is of a very low order, the impedance 
is also low. 

At frequencies higher and lower than the 
resonant frequency, the difference between 
the reactances will be a definite quantity and 
will add with the resistance to make the im- 
pedance higher and higher as the circuit is 
tuned off the resonant frequency. 

If X¢ should be greater than X,, then the 
term (X_ — Xc) will give a negative number. 
However, when the difference is squared the 
product is always positive. This means that 
the smaller reactance is subtracted from the 
larger, regardless of whether it be capacitive 
or inductive, and the difference squared. 


IMPEDANCE — PARALLEL RESONANT CIRCUIT 


CURRENT - SERIES RESONANT CIRCUIT ————e 


FREQUENCY 


Figure 20 
RESONANCE CURVE 


Showing the increase in impedance at reson- 

ance for a parallel-resonant circuit, and simi- 

larly, the increase in current af resonance for 

a series-resonent circuit. The sharpness of 

resonance is determined by the Q of the circuit, 

as illustrated by a comparison between A, 
8, and C. 


Current and Voltage 
in Series Resonant 
Circuits 


Formulas for calculating 
currents and voltages in 
a series resonant circuit 
are similar to those of 
Ohm’s law. 


E 
l=— E=IZ 
Zz 
The complete equations: 


E 


9 +(X_ -Xc)? 


E =I Vr +(X_- Xo)" 


I= 


Inspection of the above formulas will show 
the following to apply to series resonant cir- 
cuits: When the impedance is low, the current 
will be high; conversely, when the impedance 
is high, the current will be low. 

Since it is known that the impedance will 
be very low at the resonant frequency, it fol- 
lows that the current will be a maximum at 
this point. If a graph is plotted of the current 
against the frequency either side of resonance, 
the resultant curve becomes what is known as 
a resonance curve. Such a curve is shown in 
figure 20, the frequency being plotted against 
current in the series resonant Circuit. 

Several factors will have an effect on the 
shape of this resonance curve, of which re- 
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sistance and L-to-C ratio are the important 
considerations. The curves B and C in figure 
20 show the effect of adding increasing values 
of resistance to the circuit. lt will be seen 
that the peaks become less and less prominent 
as the resistance is increased; thus, it can be 
said that the selectivity of the circuit is 
thereby decreased. Selectivity in this case 
can be defined as the ability of a circuit to 
discriminate against frequencies adjacent to 
the resonant frequency. 


Because the a.c. or r-f 
voltage across a coil and 
Capacitor is proportional 
to the reactance (for a 
given current), the actual voltages across the 
coil and across the capacitor may be many 
times greater than the terminal voltage of the 
circuit. At resonance, the voltage across the 
coil (or the capacitor) is Q times the applied 
voltage. Since the Q (or merit factor) of a 
series circuit can be in the neighborhood of 
100 or more, the voltage across the capacitor, 
for example, may be high enough to cause 
flashover, even though the applied voltage is 
of a value considerably below that at which 
the capacitor is rated. 


Voltage Across Coil 
and Capacitor in 
Series Circuit 


Circuit Q—Sharp- An extremely important 
property of a capacitor or 
an inductor is its factor- 
of-merit, more generally called its Q. It is this 
factor, Q, which primarily determines the 
sharpness of resonance of a tuned circuit. 
This factor can be expressed as the ratio of 
the reactance to the resistance, as follows: 
2nfL 


R ’ 


where R = total resistance. 


ness of Resonance 


Skin Effect The actual resistance in a wire 
; or an inductor can be far greater 
than the d-c value when the coil is used in a 
radio-frequency circuit; this is because the 
current does not travel through the entire 
cross-section of the conductor, but has a tend- 
ency to travel closer and closer to the surface 
of the wire as the frequency is increased. This 
is known as the skin effect. 

The actual current-carrying portion of the 
wire is decreased, as a result of the skin 
effect, so that the ratio of a-c to d-c resist- 
ance of the wire, called the resistance ratio, 
is increased. The resistance ratio of wires to 
be used at frequencies below about 500 kc. 
may be materially reduced through the use of 
litz wire. Litz wire, of the type commonly used 
to wind the coils of 455-kc. i-f transformers, 
may consist of 3 to 10 strands of insulated 
wire, about No. 40 in size, with the individual 


strands connected together only at the ends of 
the coils. 


Variatian af Q 
with Frequency 


Examination of the equation 
for determining Q might give 
rise to the thought that even 
though the resistance of an inductor increases 
with frequency, the inductive reactance does 
likewise, so that the Q might be a constant. 
Actually, however, it works out in practice 
that the Q of an inductor will reach a relative- 
ly broad maximum at some particular frequency. 
Hence, coils normally are designed in such a 
manner that the peak in their curve of Q with 
frequency will occur at the normal operating 
frequency of the coil in the circuit for which 
it is designed. 

The Q of a capacitor ordinarily is much 
higher than that of the best coil. Therefore, 
it usually is the merit of the coil that limits 
the overall Q of the circuit. 

At audio frequencies the core losses in an 
iron-core inductor greatly reduce the Q from 
the value that would be obtained simply by 
dividing the reactance by the resistance. Ob- 
viously the core losses also represent Circuit 
resistance, just as though the loss occurred 
in the wire itself. 


Parallel! 
Resonance 


In radio circuits, parallel reson- 
ance (more correctly termed anti- 
resonance) is more frequently 
encountered than series resonance; in fact, it 
is the basic foundation of receiver and trans- 
mitter circuit operation. A circuit is shown in 
figure 21. 


The ‘‘Tank"' In this circuit, as contrasted with 
Circuit a circuit for series resonance, L 
(inductance) and C (capacitance) 
are connected in parallel, yet the combination 
can be considered to be in series with the 
remainder of the circuit. This combination 
of L and C, in conjunction with R, the re- 
sistance which is principally included in L, is 
sometimes Called a tank circuit because it ef- 
fectively functions as a storage tank when in- 
corporated in vacuum tube circuits. 

Contrasted with series resonance. there are 
two kinds of current which must be considered 
in a parallel resonant circuit: (1) the line cur- 
rent, as read on the indicating meter M,, (2) 
the circulating current which flows within the 
parallel L-C-R portion of the circuit. See 
figure 21. 

At the resonant frequency, the line current 
(as read on the meter M,) will drop to a very 
low value although the circulating current in 
the L-C circuit may be quite large. It is inter- 
esting to note that the parallel resonant cir- 
cuit acts in a distinctly opposite manner to 
that of a series resonant Circuit, in which the 
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Figure 21 
PARALLEL-RESONANT CIRCUIT 
The inductance L and capacitence C comprise 
the reactive elements of the parallel-resonant 
(anti-resonont) tank circuit, and the resistance 
R Indicates the sum of the r-f resistonce of the 
coll ond copacitor, plus the resistance coupled 
into the circuit from the external load. In most 
cases the tuning copaciter has much lower r-f 
resistance than the coil and can therefore be 
ignored in comparison with the coil resistance 
and the coupled-in resistance. The instrument 
M, Indicctes the “line current’’ which keeps 
the circuit in a state of oscillation — this cur- 
rent is the same as the fundamental component 
of the plote current of c Class C amplifier which 
might be feeding the tonk circuit. The in- 
strument Mz Indicates the "tank current’ which 
ts equal to the line current multiplied by the 
operating Q of the tank circuit. 


current is at a maximum and the impedance is 
minimum at resonance. It is for this reason 
that ina parallel resonant circuit the principal 
consideration is one of impedance rather than 
current. It is also significant that the imped- 
ance curve for parallel circuits is very nearly 
identical to that of the current curve for series 
resonance. The impedance at resonance is 
expressed as: 


2nf L)? 
eae 
R 


where Z = impedance in ohms, 
L = inductance in henrys, 


y 


f = frequency in cycles, 
R = resistance in ohms. 


Or, impedance can be expressed as a func- 
tion of Q as: 


Z = nfLQ, 


showing that the impedance of a circuit is 
directly proportional to its effective Q at 
resonance. 

The curves illustrated in figure 20 can be 
applied to parallel resonance. Reference to the 
curve will show that the effect of adding re- 
sistance to the circuit will result in both a 
broadening out and lowering of the peak of the 
curve. Since the voltage of the circuit is 
directly proportional to the impedance, and 
since it is this voltage that is applied to the 
grid of the vacuum tube in a detector or am- 


plifier circuit, the impedance curve must have 
a sharp peak in order for the circuit to be 
selective. If the curve is broad-topped in 
shape, both the desired signal and the inter- 
fering signals at close proximity to resonance 
will give nearly equal voltages on the grid of 
the tube, and the circuit will then be non- 
selective; i.e., it will tune broadly. 


Effect of L/C Ratio 
in Parallel Circuits 


In order that the highest 
possible voltage can be 
developed across a paral- 
lel resonant circuit, the impedance of this 
circuit must be very high. The impedance will 
be greater with conventional coils of limited 
Q when the ratio of inductance-to-capacitance 
is great, that is, when L is large as compared 
with C. When the resistance of the circuit is 
very low. X, will equal X¢ at maximum im- 
pedance. There are innumerable ratios of L 
and C that will have equal reactance, at a 
given resonant frequency, exactly as in the 
case in a series resonant circuit. 

In practice, where a certain value of in- 
ductance is tuned by a variable capacitance 
over a fairly wide range in frequency, the 
L/C ratio will be small at the lowest fre- 
quency endand large atthe high-frequency end. 
The circuit, therefore, will have unequal gain 
and selectivity at the two ends of the band of 
frequencies which is being tuned. Increasing 
the Q of the circuit (lowering the resistance) 
will obviously increase both the selectivity 
and gain. 


Circulating Tank 
Current at Resonance 


The Q of a circuit has 
a definite bearing on 
the circulating = tank 
current at resonance. This tank current is 
very nearly the value of the line current multi- 
plied by the effective circuit Q. For example: 
an r-f Jine current of 0.050 amperes, with a 
circuit Q of 100, will give a circulating tank 
current of approximately 5 amperes. From this 
it can be seen that both the inductor and the 
connecting wires in a circuit with a high Q 
must be of very low resistance, particularly in 
the case of high power transmitters, if heat 
losses are to be held to a minimum. 

Because the voltage across the tank at 
resonance is determined by the Q, it is pos- 
sible to develop very high peak voltages 
across a high Q tank with but little line cur- 
rent. 


Effect of Coupling 
on Impedonce 


If a parallel resonant cir- 
cuit is coupled to another 
Circuit, such as an antenna 
output circuit, the impedance and the effective 
Q of the parallel circuit is decreased as the 
coupling becomes closer. The effect of closer 
(tighter) coupling is the same as though an 
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Figure 22 


EFFECT OF COUPLING ON CIRCUIT IMPEDANCE AND Q 


actual resistance were added in series with 
the parallel tank circuit. The resistance thus 
coupled into the tank circuit can be con- 
sidered as being reflected from the output or 
load circuit to the driver circuit. 

The behavior of coupled circuits depends 
largely upon the amount of coupling, as shown 
in figure 22. The coupled current in the sec- 
ondary circuitis small, varying with frequency, 
being maximum at the resonant frequency of 
the circuit. As the coupling is increased 
between the two circuits, the secondary res- 
onance curve becomes broader and the reso- 
nant amplitude increases, until the reflected 
resistance is equal to the primary resistance. 
This point is called the critical coupling 
point. With greater coupling, the secondary 
resonance curve becomes broader and develops 
double resonance humps, which become more 
pronounced and farther apart in frequency as 
the coupling between the two circuits is 
increased. 


Tank Circuit 
Flywheel Effect 


When the plate circuit of a 
Class B or Class C operated 
tube is connected to a par- 
allel resonant circuit tuned to the same fre- 
quency as the exciting voltage for the ampli- 
fier, the plate current serves to maintain this 
L/C circuit in a state of oscillation. 

The plate currentis supplied in short pulses 
which do not begin to resemble a sine wave, 
even though the grid may be excited by a sine- 
wave voltage. These spurts of plate current 
are converted into a sine wave in the plate 
tank circuit by virtue of the ''Q’’ or ‘‘flywheel 
effect’’ of the tank. 

lf a tank did not have some resistance 
losses, it would, when given a “‘kick’’ with a 
single pulse, continue to oscillate indefinitely. 
With a moderate amount of resistance or '‘fric- 
tion’? in the circuit the tank will still have 


inertia, and continue to oscillate with de- 
creasing amplitude for a time after being given 
a ‘tkick.’” With such a circuit, almost pure 
sine-wave voltage will be developed across 
the tank circuit even though power is supplied 
to the tank in short pulses or spurts. so long 
as the spurts are evenly spaced with respect 
to time and have a frequency that is the same 
as the resonant frequency of the tank. 

Another way to visualize the action of the 
tank is to recall that a resonant tank with 
moderate Q will discriminate strongly against 
harmonics of the resonant frequency. The dis- 
torted plate current pulse in a Class C ampli- 
fier contains not only the fundamental fre- 
quency (that of the grid excitation voltage) 
but also higher harmonics. As the tank offers 
low impedance to the harmonics and high im- 
pedance to the fundamental (being resonant to 
the latter), only the fundamental — a sine- 
wave voltage — appears across the tank circuit 
in substantial magnitude. 


Loaded and 
Unloaded Q 


Confusion sometimes exists as 
to the relationship between the 
unloaded and the loaded Q of the 
tank circuit in the plate of an r-f power ampli- 
fier. In the normal case the loaded Q of the 
tank circuit is determined by such factors as 
the operating conditions of the amplifier, band- 
width of the signal to be emitted, permissible 
level of harmonic radiation, and such factors. 
The normal value of loaded Q for an c-f ampli- 
fier used for communications service is from 
perhaps 6 to 20. The unloaded Q of the tank 
circuit determines the efficiency of the output 
circuit and is determined by the losses in the 
tank coil, its leads and plugs and jacks if any, 
and by the losses in the tank capacitor which 
ordinarily are very low. The unloaded Q of a 
good quality large diameter tank coil in the 
high-frequency range may be as high as $00 
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to 800, and values greater than 300 are quite 
common. 


Tank Circuit 
Efficiency 


Since the unloaded Q of a tank 
circuit is determined by the 
minimum losses in the tank, 
while the loaded Q is determined by useful 
loading of the tank circuit from the external 
load in addition to the internal losses in the 
tank circuit, the relationship between the two 
Q values determines the operating efficiency 
of the tank circuit. Expressed in the form of 
an equation, the loaded efficiency of a tank 
circuit is: 


Tank efficiency = 1 21 x 100 
u 
where Qu = unloaded Q of the tank circuit 
Qi = loaded Q of the tank circuit 


As an example, if the unloaded Q of the 
tank circuit for a class C r-f power amplifier 
is 400, and the external load is coupled to the 
tank circuit by an amount such that the loaded 
Q is 20, the tank circuit efficiency will be: 
eff. = (1 ~ 20/400) x 100, or (1 ~ 0.05) x 100, 
or 95 per cent. Hence 5 per cent of the power 
output of the Class C amplifier will be lost 
as heat in the tank circuit and the remaining 
95 per cent will be delivered to the load. 


3-3 Nonsinusoidal Waves 
and Transients 


Pure sine waves, discussed previously, are 
basic wave shapes. Waves of many different 
and complex shape are used in electronics, 
particularly square waves, saw-tooth waves, 
and peaked waves. 


Any periodic wave (one that 
repeats itself in definite 
time intervals) is composed of sine waves of 
different frequencies and amplitudes, added 
together. The sine wave which has the same 
frequency as the complex, periodic wave is 
called the fundamental. The frequencies higher 
than the fundamental are called harmonics, 
and are always a whole number of times higher 
than the fundamental. For example, the fre- 
quency twice as high as the fundamental is 
called the second harmonic. 


Wave Composition 


The Square Wave Figure 23 compares a square 
wave with a sine wave (A) 
of the same frequency. If another sine wave 
(B) of smaller amplitude, but three times the 
frequency of (A), called the third harmonic, is 
added to (A), the resultant wave (C) more 
nearly approaches the desired square wave. 


-—— FUNDAMENTAL SINE wave(A ) 
—— FUNDAMENTAL PLUS 
3RD BARMONIC( CG) 


7” — SQUARE WAVE 


oe eres (B) 


¢ x 


Figure 23 
COMPOSITE WAVE-FUNDAMENTAL 
PLUS THIRD HARMONIC 


\Q- FUNDAMENTAL PLUS 3RD HARMONIC 


FUNDAMENTAL PLUS 3RD AND 
STH MARMONICS ( Ee) 


ay ene (D) 


‘ 


Figure 24 
THIRD HARMONIC WAVE PLUS 
FIFTH HARMONIC 


FUNDAMENTAL PLUS 3AD, STH, 
AND 7TH HARMONICS (G) 


7TH BARMONIC {F ) 


PONS PEN FTN, 


Figure 25 
RESULTANT WAVE, COMPOSED OF 
FUNDAMENTAL, THIRD, FIFTH, 
AND SEVENTH HARMONICS 


This resultant curve (figure 24) is added to 
a fifth harmonic curve (D), and the sides of 
the resulting curve (E) are steeper than before. 
This new curve is shown in figure 25 after a 
7th harmonic component has been added to it, 
making the sides of the composite wave even 
steeper. Addition of more higher odd harmonics 
will bring the resultant wave nearer and nearer 
to the desired square wave shape. The square 
wave will be achieved if an infinite number of 
odd harmonics are added to the original sine 
wave. 
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FUND. PLUS 2ND, 38D, 4TH, STH, OTH, 
AND 7TH HARMONICS 


Figure 26 
COMPOSITION OF A SAWTOOTH WAVE 


The Sawtooth Wave In the same fashion, a 

sawtooth wave is made up 
of different sine waves (figure 26). The ad- 
dition of all harmonics, odd and even, produces 
the sawtooth wave form. 


The Peaked Wave Figure 27 shows the com- 

position of a peaked wave. 
Note how the addition of each sucessive har- 
monic makes the peak of the resultant higher 
and the sides steeper. 


Other Waveforms The three preceeding ex- 

amples show how a complex 
periodic wave is composed of a fundamental 
wave and different harmonics. The shape of 
the resultant wave depends uponthe harmonics 
that are added, their relative amplitudes, and 
relative phase relationships. In general, the 
steeper the sides of the waveform, the more 
harmonics it contains. 


AC Transient Cirevits If an a-c voltage is sub- 

stituted for the d-c_ in- 
put voltage in the RC Transient circuits dis- 
cussed in Chapter 2, the same principles may 
be applied in the analysis of the transient 
behavior. An RC coupling circuit is designed 
to have a long time constant with respect to 
the lowest frequency it must pass. Such a 
circuit is shown in figure 28. If a nonsinus- 
oidal voltage is to be passed unchanged 
through the coupling circuit, the time constant 
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Figure 27 
COMPOSITION OF A PEAKED WAVE 


must be long with respect to the period of the 
lowest frequency contained in the voltage 
wave. 


RC Differentiator 
and Integrator 


An RC voltage divider that 
is designed todistort the in- 
put waveform is known as a 
differentiator or integrator, depending upon 
the locations of the output taps. The output 
from a differentiator is taken across the re- 
sistance, while the output from an integrator 
is taken across the capacitor. Such circuits 
will change the shape of any complex a-c 
waveform that is impressed upon them. This 
distortion is a function of the value of the 
time constant of the circuit as compared to 
the period of the waveform. Neither a dif- 
ferentiator nor an integrator can change the 
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Figure 28 
R-C COUPLING CIRCUIT WITH 
LONG TIME CONSTANT 


en 
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Figure 29 
R-C DIFFERENTIATOR AND 
INTEGRATOR ACTION ON 
A SINE WAVE 


shape of a pure sine wave, they will merely 
shift the phase of the wave (figure 29). The 
differentiator output is a sine wave leading 
the input wave, and the integrator output is a 
sine wave which lags the input wave. The sum 
of the two outputs at any instant equals the 
instantaneous input voltage. 

Square Wave Input If a square wave voltage is 
impressed on the circuit of 
figure 30, a square wave voltage output may 
be obtained across the integrating capacitor 
if the time constant of the circuit allows the 
capacitor to become fully charged. In this 
particular case, the capacitor never fully 
charges, and as a result the output of the 
integrator has a smaller amplitude than the 
input. The differentiator output has a maximum 
value greater than the input amplitude, since 
the voltage left on the capacitor from the 
previous half wave will add to the input volt- 
age. Such a circuit, when used as a differen- 
tiator, is often called a peaker. Peaks of 
twice the input amplitude may be produced. 


ReioK Is * DIFFERENTIATOR OUTPUT 


OUTPUT WAVE FORM 
OF GENERATOR 


Oureut oF 
eo OlFFERENTIATOR (CR) 


--- Sv. 
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Figure 30 


R-C DIFFERENTIATOR AND 
INTEGRATOR ACTION ON 
A SQUARE WAVE 


if a back-to-back saw- 
tooth voltage is applied 
to an RC circuit having a time constant one- 
sixth the period of the input voltage, the re- 
sult is shown in figure 31. The capacitor 
voltage will closely follow the input voltage, 
if the time constant is short, and the integra- 
tor output closely resembles the input. The 
amplitude is slightly reduced and there is a 
slight phase lag. Since the voltage across the 
capacitor is increasing at a constant rate, the 
charging and discharging current is constant. 
The output voltage of the differentiator, there- 
fore, is constant during each half of the saw- 
tooth input. 


Sawtaath Wave Input 


Various voltage waveforms 
other than those represented 
here may be applied to short 
RC circuits for the purpose of producing 
across the resistor an output voltage with an 
amplitude proportional to the rate of change of 
the input signal. The shorter the RC time con- 
stant is made with respect to the period of the 
input wave, the more nearly the voltage across 


Miscellaneous 
inputs 


WWW.americanradiohistorv.com 


HANDBOOK 


Transformers 61 


Cie I INTEGRATOR 


@ = 100 v. ouTPurT (€ 
(pean) ec) 
1000 C.P.8. 
OIFFERENTIATOR 
R=350n } nts (en) 


OUTPUT WAVEFORM 
OF GENERATOR 


—- -100 


OUTPUT OF 
INTEGRATOR (€c) 


--- -90 


Figure 31 
R-C DIFFERENTIATOR AND 
INTEGRATOR ACTION ON 
A SAWTOOTH WAVE 


the capacitor conforms to the input voltage. 
Thus, the differentiator output becomes of 
particular importance in very short RC cir- 
cuits. Differentiator outputs for various types 
of input waves are shown in figure 32. 


Square Wave Test The application of a square 
for Audio Equipment wave input signal to audio 

equipment, and the ob- 
servation of the reproduced output signal on 
an oscilloscope will provide a quick and ac- 
curate check of the overall operation of audio 
equipment. Low-frequency and high-frequency 
response, as well as transient response can be 
examined easily. If the amplifier is deficient 
in low-frequency response, the flat top of the 
square wave will be canted, as in figure 33. 
If the high-frequency response is inferior, the 
rise time of the output wave will be retarded 
(figure 34). An amplifier with a limited high- 
and low-frequency response will turn the 
square wave into the approximation of a saw- 
tooth wave (figure 35). 


3-4 Transformers 


When two coils are placed in such inductive 
relation to each other that the lines of force 
from one cut across the turns of the other 
inducing a current, the combination can be 
called a transformer. The name is derived from 
the face that energy is transformed from one 
winding to another. The inductance in which 
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Figure 32 


Differentiator outputs of short r-c circuits for 

various Input voltage waveshopes. The output 

voltage is proportional to the rate of chonge 
of the input voltage. 


ae 


the original flux is produced is called the 
primary; the inductance which receives the 
induced current is called the secondary. In a 
radio receiver power transformer, for example, 
the coil through which the 110-volt a.c. passes 
is the primary, and the coil from which a higher 
or lower voltage than the a-c line potential is 
obtained is the secondary. 

Transformers can have either air or mag- 
netic cores, depending upon the frequencies at 
which they are to be operated. The reader 
should thoroughly impress upon his mind the 
fact that current can be transferred from one 
circuit to another only if the primary current 
is changing or alternating. From this it can be 
seen that a power transformer cannot possibly 
function as such when the primary is supplied 
with non-pul sating d.c. 

A power transformer usually has a magnetic 
core which consists of laminations of iron, 
built up into a square or rectangular form, 
with a center opening or window. The second- 
ary windings may be several in number, each 
perhaps delivering a different voltage. The 
secondary voltages will be proportional to the 
turns ratio and the primary voltage. 
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Figure 33 


Amplifier deficient in low frequency response will distort squore wave opplied to the Input circult, as 
shown. A 60.cycle square wave may be used. 


A: Drop in gain of low frequencies 

B: Leading phase shift at low frequencies 

C: Lagging phase shift at low frequencies 

D:  Accentucted low frequency gain 
Types of Transformers are used in alter- Es = voltage across the secondary 
Transformers nating-current circuits to trans- winding 


fer power at one voltage and im- 
pedance to another circuit at another voltage 
and impedance. There are three main classifi- 
cations of transformers: those made for use 
in power-frequency circuits, those made for 
audio-frequency applications, and those made 
for radio frequencies. 


The Transformation 
Ratio 


In a perfect transformer all 
the magnetic flux lines 
Produced by the primary 
winding link every turn of the secondary wind- 
ing. For such a transformer, the ratio of the 
primary and secondary voltages is exactly 
the same as the ratio of the number of turns 
in the two windings: 


Np Ep 
Ns Es 
where Np = number of turns in the primary 
winding 
Ns =number of turns in the secondary 
winding 


Ep = voltage across the Primary winding 


In practice, the transformation ratio of a 
transformer is somewhat less than the turns 
ratio, since unity coupling does not exist 
between the primary and secondary windings. 


The current that flows in 
the secondary winding as a 
result of the induced voltage must produce a 
flux which exactly equals the primary flux. 
The magnetizing force of a coil is expressed 
as the product of the number of turns in the 
coil times the current flowing in it: 

Np Is 


or — =— 


Ns Ip 


Ampere Turns (NI) 


Np xIp =NsxIs, 


where Ip = primary current 
Is = secondary current 


It can be seen from this expression that 
when the voltage is stepped up, the current 
is stepped down, and vice-versa. 


Leakage Reactance Since unity coupling does 
not exist in a practical 


Figure 34 


Output woveshape of amplifier having deficiency 
in high-frequency response. Tested with 10-ke. 
square wave, 


Figure 35 


Output waveshope of amplifier having limited 
low-frequency and high-frequency response. 
Tested with lke. squore wave. 
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Figure 36 
IMPEDANCE-MATCHING TRANSFORMER 
The reflected impedance Z, varies directly in 
proportion to the secondary: flood Z,, ond 
directly in proportion to the squore of the 

primary-to-secondory turns rotic. 


transformer, part of the flux passing from the 
primary circuit to the secondary circuit fol- 
lows a magnetic circuit acted upon by the 
primary only. The same is true of the second- 
ary flux. These leakage fluxes cause leakage 
reactance in the transformer, and tend to 
cause the transformer to have poor voltage 
regulation. To reduce such leakage reactance, 
the primary and secondary windings should 
be in close proximity to each other. The more 
expensive transformers have interleaved wind- 
ings to reduce inherent leakage reactance. 


In the ideal transformer, the 
impedance of the secondary 
load is reflected back into the 
primary winding in the following relationship: 


Zp =N’Zs, or N=¥y Zp/Zs 


where Zp = reflected primary impedance 
N = turns ratio of transformer 
Zs = impedance of secondary load 


Impedance 
Transformation 


Thus any specific load connected to the 
secondary terminals of the transformer will 
be transformed to a different specific value 
appearing across the primary terminals of the 
transformer. By the proper choice of turns 
ratio, any reasonable value of secondary load 
impedance may be “‘reflected’’ into the pri- 
mary winding of the transformer to produce the 
desired transformer primary impedance. The 
phase angle of the primary ‘‘reflected’’ im- 
pedance will be the same as the phase angle 
of the load impedance. A capacitive second- 
ary load will be presented to the transformer 
source as a capacity, a resistive load will 
present a resistive ‘‘reflection’’ to the primary 
source. Thus the primary source ‘‘sees’’ a 
transformer load entirely dependent upon the 
secondary load impedance and the turns ratio 
of the transformer (figure 36). 


The Auto 
Transformer 


The type of transformer in figure 
37, when wound with heavy wire 
over an iron core, is a common 
device in primary power circuits for the pur- 
pose of increasing or decreasing the line volt- 


STEP-UP 


STEP-OOWN 
INPUT OUTPUT 
VOLTAGE =a — VOLTAGE 


Figure 37 
THE AUTO- TRANSFORMER 


Schematic dicgram of an  auto-tronsformer 
showing the method of connecting it to the line 
ond to the load. When only eo smell amount of 
step up or step down is required, the auto- 
transformer may be much smoller physically 
than would be eo transformer with o separate 
secondary winding. Continuously vorioble 
auto-transformers (Varioc and Powerstat) are 
widely used commercially. 


age. In effect, it is merely a continuous wind- 
ing with taps taken at various points along 
the winding, the input voltage being applied 
to the bottom and also to one tap on the wind- 
ing. If the output is taken from this same 
tap, the voltage catio will be 1-co-1; i.e., the 
input volcage will be the same as the output 
voltage. On the other hand, if the output tap 
is moved down toward the common terminal, 
there will be a step-down in the curs ratio 
with a consequent step-down in voltage. The 
initial setting of the middle input tap is chosen 
so that the number of turns will have suffi- 
cient reactance to keep the no-load primary 
current at a reasonably low value. 


3-5 Electric Filters 


There are many applications where it is 
desirable to pass a d-c component without 
passing a superimposed a-c component, or to 


ae 
ELEMENTARY FILTER SECTIONS 


-TNET WORK 


L=SECTIONS. 


Pi- NETWORK 


fe 


Figure 38 


Complex filters moy be made up from these bosic 
filter sections. 
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Figure 39 


TYPICAL LOW-PASS AND HIGH-PASS FILTERS, ILLUSTRATING SHUNT AND SERIES 
DERIVATIONS 


SS 


pass all frequencies above or below a certain 
frequency while rejecting or attenuating all 
others, or to pass only a certain band or bands 
of frequencies while attenuating all others. 

All of these things can be done by suitable 
combinations of inductance, capacitance and 
resistance. However, as whole books have 
been devoted to nothing but electric filters, it 
can be appreciated that it is possible only to 
touch upon them superficially in a general 
coverage book. 


Filter Operation A filter acts by virtue of its 
Property of offering very high 
impedance to the undesired frequencies, while 
offering but litle impedance to the desired 
frequencies. This will also apply to d.c. with 
a superimposed a-c component, as d.c. can 
be considered as an alternating current of zero 
frequency so far as filter discussion goes. 


Filters are divided into four 
classes, descriptive of the fre- 
quency bands which they are designed to 
transmit: high pass, low pass, band pass and 
band elimination. Each of these classes of 
filters is made up of elementary filter sections 
called L sections which consist of a series 
element (Z,) and a parallel element (Zp) as 


Basic Filters 


illustrated in figure 38. A finite number of L 
sections may be combined into basic filter 
sections, called T networks or pt networks, 
also shown in figure 38. Both the T and pi 
networks may be divided in two to form balf- 
Sections. 


The most common filter sec- 
tion is one in which the two 
impedances Z, and Zg are so related that 
their arithmetical product is a constant: Zax 
Zp =K’ at all frequencies. This type of filter 
section is called a constant-K section. 

A section having a sharper cutoff frequency 
than a constant-K section, but less attenua- 
tion at frequencies far removed from cutoff is 
the M-derived section, so called because the 
shunt or series element is resonated with a 
reactance of the opposite sign. If the comple- 
mentary reactance is added to the series arm, 
the section is said to be shunt derived: if 
added to the shunt arm, series derived. Each 
impedance of the M-derived section is related 
to a corresponding impedance in the constant- 
K section by some factor which is a function 
of the constant m. M, in turn, is a function of 
the ratio between the cutoff frequency and 
the frequency of infinite attenuation, and will 


Filter Sections 
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Figure 40 


Through the use of the curves and equations which accompany the diagrams in the Hlustration above it is 
possible to determine the correct values of Inductance and copocitance for the usual types of pi-section 
filters. 


have some value between zero and one. As the 
value of m approaches zero, the sharpness of 
cutoff increases, but the less will be the 
attenuation at several times cutoff frequency. 
A value of 0.6 may be used for min most appli- 
cations. The ‘‘notch’’ frequency is determined 
by the resonant frequency of the tuned filter 
element. The amount of attenuation obtained 
at the ‘‘notch’’ when a derived section is used 
is determined by the effective Q of the reso- 
nant arm (figure 39). 


Constant-K sections and de- 
rived sections may be cas- 
caded to obtain the combined characteristics 
of sharp cutoff and good remote frequency 
attenuation. Such a filter is known as a com- 
posite filter. The amount of attenuation will 
depend upon the number of filter sections 
used, and the shape of the transmission curve 
depends upon the type of filter sections used. 
All filters have some insertion loss. This 
attenuation is usually uniform to all frequen- 


Filter Assembly 


cies within the pass band. The insertion loss 
varies with the type of filter, the Q of the 
components and the type of termination em- 
ployed. 


Electric Filter 
Design 


Electric wave filters have long 
been used in some amateur sta- 
tions in the audio channel to 
reduce the transmission of unwanted high fre- 
quencies and hence to reduce the bandwidth 
occupied by a radiophone signal. The effec- 
tiveness of a properly designed and properly 
used filter circuit in reducing QRM and side- 
band splatter should not be underestimated. 
In recent years, high frequency filters have 
become commonplace in TV] reduction. High- 
pass type filters are placed before the input 
stage of television receivers to reject the 
fundamental signal of low frequency trans- 
mitters. Low-pass filters are used in the out- 
put circuits of low frequency transmitters to 
prevent harmonics of the transmitter from 
being radiated in the television channels. 
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The chart of figure 40 gives design data 
and procedure on the pi-section type of filter. 
M-derived sections with an M of 0.6 will be 
found to be most satisfactory as the input 
section (or half-section) of the usual filter 
since the input impedance of such a section 


is most constant over the pass band of the 
filter section. 

Simple filters may use eithee L, T, or 7 sec- 
tions. Since the 7 section is the more com- 
monly used type figure 40 gives designdata 
and characteristics for this type of filter. 


A PUSH-PULL 250-TH AMPLIFIER WITH TVI SHIELD REMOVED 


Use of harmonic filters in power leads and antenno circuit reduces radiation of TVi-producing harmonics 
of typical push-pull amplifier. Shielded enclosure completes harmonic reduction measures. 
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In the previous chapters we have seen the 
manner in which an electric current flows 
through a metallic conductor as a result of an 
electron drift. This drift, which takes place 
when there is a difference inpotential between 
the ends of the metallic conductor, is in addi- 
tion to the normal random electron motion 
between the molecules of the conductor. 

The electron may be considered as a minute 
negatively charged particle, having a mass of 
9x 107% gram, and a charge of 1.59 x 107'° 
coulomb. Electrons are always identical, 
regardless of the source from which they are 
obtained. 

An electric current can be caused to flow 
through other media than a metallic conductor. 
One such medium is an ionized solution, such 
as the sulfuric acid electrolyte in a storage 
battery. This type of current flow is called 
electrolytic conduction. Further, it was shown 
at about the turn of the century that an elec- 
tric current can be carried by a stream of free 
electrons in an evacuated chamber. The flow 
of a current in such a manner is said to take 
place by electronic conduction. The study of 
electron tubes (also called vacuum tubes, or 
valves)is actually the study of the control and 
use of electronic currents within an evacuated 
or partially evacuated chamber. 

Since the current flow in an electron tube 
takes place in an evacuated chamber, there 
must be located within the enclosure both a 
source of electrons and a collector for the 
electrons which have been emitted. The elec- 
tron source is called the cathode, and the 
electron collector is usually called the anode. 
Some external source of energy must be ap- 
plied to the cathode in order to impart suffi- 
cient velocity to the electrons within the 
cathode material to enable them to overcome 
the surface forces and thus escape into the 
surrounding medium. In the usual types of 
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electron tubes the cathode energy is applied 
in the form of heat; electron emission from a 
heated cathode is called thermionic emission. 
In another common type of electron tube, the 
photoelectric cell, energy in the form of light 
is applied to the cathode to cause photo- 
electric emission. 


4-1 Thermionic Emission 
Electron Emission of electrons from the 
Emission cathode of a thermionic electron 


tube takes place when the cathode 
of the mube is heated to a temperature suffi- 
ciently high that the free electrons in the 
emitter have sufficient velocity to overcome 
the restraining forces at the surface of the 
material. These surface forces vary greatly 
with different materials. Hence different types 
of cathodes must be raised to different temper- 
atures to obtain adequate quantities of elec- 
tron emission. The several types of emitters 
found in common types of transmitting and 
receiving tubes will be described in the fol- 
lowing paragraphs. 


Cathode Types The emitters or cathodes as 
used in present-day thermi- 
onic electron tubes may be classified into 
two groups: the directly-heated or filament 
type and the indirectly-heated or heater-cathode 
type. Directly-heated emitters may be further 
subdivided into three important groups, all 
of which are commonly used in modern vacuum 
tubes. These classifications are: the pure- 
tungsten filament, the  thoriated-tungsten 
filament, and the oxide-coated filament. 


The Pure Tung- Pure tungsten wire was used 
sten Filoment as the filament in nearly all 
the earlier transmitting and 
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Figure 1 
ELECTRON TUBE TYPES 


The new General Electric 


ceramic triode (6BY4) is shown alongside a con- 


ventional miniature tube (6265) and an octal-based receiving tube (25L6). The ceramic 
tube is designed for rugged service and features extremely low lead inductance. 


receiving tubes. However, the thermionic effi- 
ciency of tungsten wire as an emitter (the 
number of milliamperes emission per watt of 
filament heating power) is quite low, the fila- 
ments become fragile after use, their life is 
rather short, and they are susceptible to burn- 
out at any time. Pure tungsten filaments must 
be run at bright white heat (about 2500° Kel- 
vin). For these reasons, tungsten filaments 
have been replaced in all applications where 
another type of filament could be used. They 
are, however, still universally employed in 
large water-cooled tubes and in certain large, 
high-power air-cooled triodes where another 
filament type would be unsuitable. Tungsten 
filaments are the most satisfactory for high- 
power, high-voltage tubes where the emitter 
is subjected co positive ion bombardment 
caused by the residual gas content of the 
tubes. Tungsten is not adversely affected by 
such bombardment. 


The Thoriated- In the course of experi- 
Tungsten Filament ments made upon tungsten 

emitters, it was found that 
filaments made from tungsten having a small 
amount of thoria (thorium oxide) as an im- 
purity had much greater emission than those 
made from the pure metal. Subsequent develop- 
ment has resulted in the highly efficient car- 
burized thoriated-tungsten filament as used in 
virtually all medium-power transmitting tubes 
today. 

Thoriated-tungsten emitters consist of a 
tungsten wire containing from 1% to 2% thoria. 
The activation process varies between dif- 
ferent manufacturers of vacuum tubes, but 
it is essentially as follows: (1) the tube is 
evacuated; (2) the filament is burned for a 
short period at about 2800° Kelvin to clean 
the surface and reduce some of the thoria 
within the filament to metallic thorium; (3) 


the filament is burned for a longer period at 
about 2100° Kelvin to form a layer of thor- 
ium on the surface of the tungsten; (4) the 
temperature is reduced to about 1600° Kelvin 
and some pure hydrocarbon gas is admitted 
to form a layer of tungsten carbide on the 
surface of the tungsten. This layer of tungsten 
carbide reduces the rate of thorium evapora- 
tion from the surface at the normal operating 
temperature of the filament and thus increases 
the operating life of the vacuum tube. Thor- 
ium evaporation from the surface is a natural 
consequence of the operation of the thoriated- 
tungsten filament. The carburized layer on the 
tungsten wire plays another role in acting as 
a reducing agent to produce new thorium from 
the thoria to replace that lost by evapora- 
tion. This new thorium continually diffuses to 
the surface during the normal operation of 
the filament. The last process, (5), in the 
activation of athoriated tungsten filament con- 
sists of re-evacuating the envelope and then 
burning or ageing the new filament for a con- 
siderable period of time at the normal operat- 
ing temperature of approximately 1900°K. 

One thing to remember about any type of 
filament, patticularly the thoriated type, is 
that the emitter deteriorates practically as 
fast when ‘‘standing by’’ (no plate current) as 
it does with any normal amount of emission 
load. Also, a thoriated filament may be either 
temporarily or permanently damaged by a 
heavy overload which may strip the surface 
layer of thorium from the filament. 


Reactivating 
Thoriated- Tungsten 
Filaments 


Thoriated-tungsten _ fila- 
ments (and only thoriated- 
tungsten filaments) which 
have lost emission as 
a result of insufficient filament voltage, a 
severe temporary overload, a less severe ex- 
tended overload, or even normal operation 
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Figure 2 
V-H-F ond U-H-F TUBE TYPES 
The tube to the left in this photograph Is a 955 “‘acorn’® triode. The 6F4 acorn triode Is very similar in 
appearance to the 955 but has two leads brought out each for the grid and for the plote connection. The 
second tube Is a 446A “‘lighthouse”™ triode. The 2C40, 2C43, and 2C44 are more recent examples of the 
same type tube and ore essentially the some in external appecrance. The third tube from the lef? is a 
2€39 °‘oilcan’’ tube. This tube type ix essentially the inverse of the lighthouse variety since the cathode 
and heater connections come out the small end and the plate ix the large finned radiator on the large end. 
The use of the finned plate radiator makes the ollcan tube capable of approximately 10 times os much 
plate dissipation os the lighthouse type. The tube to the right is the 4X150A beam tetrode. This tube, o 
comparatively recent release, is copable af somewhot greater pawer output thon any of the other tube 
types shown, and is rated for full output af 500 Mc. and of reduced output af frequencies greater than 


1000 Mc. 


may quite frequently be reactivated to their 
original characteristics by a process similar 
to that of the original activation. However, 
only filaments which have not approached too 
close to the end of their useful life may be 
successfully reactivated. 

The actual process of reactivation is rel- 
atively simple. The tube which has gone 
‘flat’? is placed in a socket to which only the 
two filament wires have been connected. The 
filament is then ‘‘flashed’’ for about 20 to 40 
seconds at about 14 times normal rated volt- 
age. The filament will become extremely bright 
during this time and, if there is still some 
thoria left in the tungsten and if the tube did 
not originally fail as a result of an air leak, 
some of this thoria will be reduced to metallic 
thorium. The filament is then burned at 15 to 
25 per cent overvoltage for from 30 minutes to 
3 to 4 hours to bring this new thorium to the 
surface. 

The tube should then be tested to see if it 
shows signs of renewed life. If it does, but is 
still weak, the burning process should be con- 
tinued at about 10 to 15 per cent overvoltage 
for a few more hours. This should bring it 
back almost to normal. If the tube checks still 
very low after the first attempt at reactivation, 
the complete process can be repeated as a 
last effort. 


The Oxide- 
Coated Filament 


The most efficient of all 
modern filaments is the 
oxide-coated type which con- 


sists of a mixture of barium and strontium 
oxides coated upon a nickel alloy wire or 
strip. This type of filament operates at a dull- 
red to orange-red temperature (1050? to 1170° 
K) at which temperature it will emit large 
quantities of electrons. The oxide-coated 
filament is somewhat more efficient than the 
thoriated-tungsten type in small sizes and it 
is considerably less expensiveto manufacture. 
For this reason all receiving tubes and quite 
a number of the low-powered transmitting 
tubes use the oxide-coated filament. Another 
advantage of the oxide-coated emitter is its 
extremely long life — the average tube can be 
expected to run from 3000 to 5000 hours, and 
when loaded very lightly, tubes of this type 
have been known to give 50,000 hours of life 
before their characteristics changed to any 
great extent. 


Oxide filaments are unsatisfactory for use 
at high continuous plate voltages because: (1) 
their activity is seriously impaired by the 
high temperature necessary to de-gas the high- 
voltage tubes and, (2) the positive ion bom- 
bardment which takes place even in the best 
evacuated high-voltage tube causes destruc- 
tion of the oxide layer on the surface of the 
filament. 


Oxide-coated emitters have been found cap- 
able of emitting an enormously large current 
pulse with a high applied voltage for a very 
short period of time without damage. This 
characteristic has proved to be of great value 
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Figure 3 
CUT-AWAY DRAWING OF A 6C4 TRIODE 


in radar work. For example, the relatively 
small cathode in a microwave magnetron may 
be called upon to deliver 25 to 50 amperes at 
an applied voltage of perhaps 25,000 volts for 
a period in the order of one microsecond. 
After this large current pulse has been passed, 
plate voltage normally will be removed for 
1000 microseconds or more so that the cathode 
surface may be restored in time for the next 
pulse of current. If the cathode were to be 
subjected to a continuous current drain of this 
magnitude, it would be destroyed in an ex- 
ceedingly short period of time. 

The activation of oxide-coated filaments 
also varies with tube manufacturers but con- 
sists essentially in heating the wire which has 
been coated with a mixture of barium and 
strontium carbonates to a temperature of about 
1500° Kelvin for a time and then applying a 
potential of 100 to 200 volts through a pro- 
tective resistor co limit the emission current. 
This process reduces the carbonates to oxides 
thermally, cleans the filament surface of 
foreign materials, and activates the cathode 
surface. 

Reactivation of oxide-coated filaments is 
not possible since there is always more than 
sufficient reduction of the oxides and diffusion 
of the metals to the surface of the filament to 
meet the emission needs of the cathode. 


The Heater 
Cathode 


The heater type cathode was de- 
veloped as a result of the re- 
quirement for a type of emitter 
which could be operated from alternating cur- 
rent and yet would not introduce a-c ripple 
modulation even when used in low-level stages. 
Ic consists essentially of a small nickel-alloy 
cylinder with a coating of strontium and bar- 
ium oxides on its surface similar to the coat- 
ing used on the oxide-coated filament. Inside 
the cylinder is an insulated heater element 
consisting usually of a double spiral of tung- 
sten wire. The heater may operate on any volt- 


age from 2 to 117 volts, although 6.3 is the 
most common value. The heater is operated 
at quite a high temperature so that the cathode 
itself usually may be brought to operating 
temperature in a matter of 15 to 30 seconds. 
Heat-coupling between the heater and the 
cathode is mainly by radiation, although there 
is some thermal conduction through the in- 
sulating coating on the heater wire, as this 
coating is also in contact with the cathode 
thimble. 


Indirectly heated cathodes are employed in 
all a-c operated tubes which are designed to 
operate at a low level either for r-f or a-f use. 
However, some receiver power tubes use 
heater cathodes (6L6, 6V6, 6F6, and 6K6-GT) 
as do some of the low-power transmitter cubes 
(802, 807, 815, 3E29, 2E26, 5763, etc.). Heater 
cathodes are employed almost exclusively 
when a number of tubes are to be operated in 
series as in an a.c.-d.c. receiver. A heater 
cathode is often called a uni-potential cathode 
because there is no voltage drop along its 
length as there is in the directly-heated or 
filament cathode. 


The Bombardment 
Cathode 


A special bombardment cath- 
ode is employed in many of 
the new high powered tele- 
vision transmitting klystrons(Eimac 3K 20,000 
LA). The cathode takes the form of a tantalum 
diode, heated to operating temperature by the 
bombafdment of electrons from a directly 
heated filament. The cathode operates at a 
positive potential of 2000 volts with respect 
to the filament, and a d-c bombardment cur- 
rent of 0.66 amperes flows between filament 
and cathode. The filament is designed to 
operate under space-charge limited conditions. 
Cathode temperature is varied by changing the 
bombardment potential between che filament 
and the cathode. 


The Emission The emission of electrons from 
Equation a heated cathode is quite sim- 

ilar to the evaporation of mole- 
cules from the surface of a liquid. The mole- 
cules which leave the surface are those having 
sufficient kinetic (heat) energy to overcome 
the forces at the surface of the liquid. As the 
temperature of the liquid is raised, the ayer- 
age velocity of the molecules is increased, 
and a greater number of molecules will acquire 
sufficient energy to be evaporated. The evapor- 
ation of electrons from the surface of a ther- 
mionic emitter is similarly a function of aver- 
age electron velocity, and hence is a function 
of the temperature of the emitter. 

Electron emission per unit area of emitting 
surface is a function of the temperature T 
in degrees Kelvin, the work function of the 
emitting surface b (which is a measure of the 
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CUT-AWAY DRAWING OF A 6CB6 PENTODE 


surface forces of the material and hence of 
the energy required of the electron before it 
may escape), and of the constant A which 
also varies with the emitting surface. The re- 
lationship between emission current in am- 
peres per square centimeter, I, and the above 
quantities can be expressed as: 


= AT?2¢°8/T 


The bombarding of most metals 
and a few insulators by electrons 
will result in the emission of other 
electrons by a process called secondary emis- 
sion. The secondary electrons are literally 
knocked from the surface layers of the bom- 
barded material by the primary electrons which 
sttike the material. The number of secondary 
electrons emitted per primary electron varies 
from a very small percentage to as high as 
5 to 10 secondary electrons per primary. 


Secondary 
Emission 


The phenomena of secondary emission is 
undesirable for most thermionic electron tubes. 
However, the process is used to advantage in 
certain types of electron tubes such as the 
image orthicon (TV camera tube) and the 
electron-multiplier type of photo-electric cell. 
In types of electron tubes which make use of 
secondary emission, such as the type 931 
photo cell, the secondary-electron-emitting 
surfaces are specially treated to provide a 
high ratio of secondary to primary electrons. 
Thus a high degree of current amplification in 
the electron-multiplier section of the tube is 
obtained. 


The Space 
Charge Effect 


As a cathode is heated so that 
it begins to emit, those elec- 
trons which have been dis- 
charged into the surrounding space form a 
negatively charged cloud in the immediate 
vicinity of the cathode. This cloud of electrons 
around the cathode is called the space charge. 
The electrons comprising the charge are con- 
tinuously changing, since those electrons 
making up the original charge fall back inro 
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AVERAGE PLATE CHARACTERISTICS 
OF A POWER DIODE 


the cathode and are replaced by others emitted 
by it. 


4-2 The Diode 


If a cathode capable of being heated either 
indirectly or directly is placed in an evacuated 
envelope along with a plate, such a two- 
element vacuum tube is called a diode. The 
diode is the simplest of all vacuum tubes and 
is the fundamental type from which all the 
others are derived. 


Characteristics 
of the Diode 


When the cathode within a 
diode is heated, it will be 
found that a few of the elec- 
trons leaving the cathode will leave with suf- 
ficient velocity to reach the plate. If the plate 
is electrically connected back to the cathode, 
the electrons which have had sufficient veloc- 
ity to arrive at the plate will flow back to the 
cathode through the external circuit. This 
small amount of initial plate current is an 
effect found in all two-element vacuum tubes. 

If a battery or other source of d-c voltage 
is placed in the external circuit between the 
plate and cathode so that it places a positive 
potential on the plate, the flow of current from 
the cathode to plate will be increased. This is 
due to the strong attraction offered by the posi- 
tively charged plate for any negatively charged 
particles (figure 5). 


Space-Charge Limited At moderate values of 
Current plate voltage the cur- 

rent flow from cathode 
to anode is limited by the space charge of 
electrons around the cathode. Increased values 


WWww.americanradiohistorv.com 


72 Vacuum Tube Principles 


THE RADIO 


OXIDE COATED 


yATED TUNGSTON 
nok 


TUNGSTEN FILAMENT 


POINT OF MAximMUM SPACE - 
CHARGE -LIMITED EMISSION 


PLATE CURRENT 


PLATE VOLTAGE ———» 


Figure 6 
MAXIMUM SPACE-CHARGE-LIMITED 
EMISSION FOR DIFFERENT 
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of plate voltage will tend to neutralize a 
greater portion of the cathode space charge 
and hence will cause a greater current to flow. 
Under these conditions, with plate current 
limited by the cathode space charge, the plate 
current is not linear with plate voltage. In 
face it may be stated in general that the plate- 
current flow in electron tubes does not obey 
Ohm's Law. Rather, plate current increases as 
the three-halves power of the plate voltage. 
The relationship between plate voltage, F 
and plate current, /, can be expressed as: 


1=K BY? 


where K is a constant determined by the 
geometry of the element structure within the 
electron tube. 


As plate voltage is raised to 
the potential where the cath- 
ode space charge is neuttal- 
ized, all the electrons that the cathode is cap- 
able of emitting are being attracted to the 
plate. The electron tube is said then to have 
reached saturation plate current. Further in- 
crease in plate voltage will cause only a 
relatively small increase in plate current. The 
initial pointe of plate current saturation is 
sometimes called the point of Maximum Space- 
Charge-Limited Emission (MSCLE). 

The degree of flattening in the plate-voltage 
plate-current curve after the MSCLE pointe will 
vary with different types of cathodes. This ef- 
fect is shown in figure 6. The flattening is 
quite sharp with a pure tungsten emitter. With 
thoriated tungsten the flattening is smoothed 
somewhat, while with an oxide-coated cathode 
the flattening is quite gradual. The gradual 
saturation in emission with an oxide-coated 
emitter is generally considered to result from 


Plote Current 
Saturation 


Figure 7 
ACTION OF THE GRID IN A TRIODE 


(A) shows the triode tube with cutoff bias on 
the grid. Note that all the electrons emitted 
by the cathode remain inside the grid mesh. 
(B) shows the same tube with on intermediate 
volue of bias on the grid. Note the medium 
value of plate current and the fact that there 
is a reserve of electrons remaining within the 
grid mesh (C) shows the operation with a 
relatively small amount of bias which with 
certain tube types will allow substantially all 
the electrons emitted by the cathode to reach 
the plate. Emission is said to be saturated in 
this case. In a majority of tube types a high 
value of positive grid voltoge is required be 
fore plate-current saturation tokes place. 


a lowering of the surface work function by the 
field at the cathode resulting from the plate 
potential. 


Electron Energy 
Dissipation 


The current flowing in the 
plate-cathode space of a con- 
ducting electron tube repre- 
sents the energy required to accelerate elec- 
trons from the zero potential of the cathode 
space charge to the potential of the anode. 
Then, when these accelerated electrons strike 
the anode, the energy associated with their 
velocity is immediately released to the anode 
structure. In normal electron tubes this energy 
release appears as heating of the plate or 
anode structure. 


4-3 The Triode 


If an element consisting of a mesh or spiral 
of wire is inserted concentric with the plate 
and between the plate and the cathode, such 
an element will be able to control by electro- 
static action the cathode-to-plate current of 
the tube. The new element is called a grid, and 
a vacuum tube containing a cathode, grid, and 
plate is commonly called a triode. 


Action of 


If this new element through which 
the Grid 


the electrons must pass in their 
course from cathode to plate is made 
negative with respect to the cathode, the nega- 
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Average plate characteristics of this type 

are most commonly used in determining the 

Class A operating characteristics of a 
triode amplifier stage. 


tive charge on this grid will effectively repel 
the negatively charged electrons (like charges 
repel; unlike charges attract) back into the 
space charge surrounding the cathode Hence, 
the number of electrons which are able to pass 
through the grid mesh and reach the plate will 
be reduced, and the plate current will be re- 
duced accordingly. If the charge on the grid 
is made sufficiently negative, all the electrons 
leaving the cathode will be repelled back to 
it and the plate current will be reduced to zero. 
Any d-c voltage placed upon a grid is called 
a bias (especially so when speaking of a con- 
trol grid). The smallest negative voltage which 
will cause cutoff of plate current at a particu- 
lar plate voltage is called the value of cutoff 
bias (figure 7). 


Amplification The amount of plate current in a 
Factor triode is a result of the net field 

at the cathode from interaction 
between the field caused by the grid bias and 
that caused by the plate voltage. Hence, both 
grid bias and plate voltage affect the plate 
current. In all normal tubes a small change in 
grid bias has a considerably greater effect 
than a similar change in plate voltage. The 
ratio between the change in grid bias and the 
change in plate current which will cause the 
same small change in plate current is called 
the amplification factor ot p of the electron 
tube. Expressed as an equation: 


with i, constant (A represents a small incre- 
ment). 

The p can be determined experimentally by 
making a small change in grid bias, thus 
slightly changing the plate current. The plate 
current is then returned to the original value 
by making a change in the plate voltage. The 
ratio of the change in plate voltage to the 
change in grid voltage is the p of the tube 
under the operating conditions chosen for the 
test. 


In a diode it was shown that 
the electrostatic field at the 
cathode was proportional to 
the plate potential, E,, and that the total 
cathode current was proportional to the three- 
halves power of the plate voltage. Similiarly, 
in a triode it can be shown that the field at 
the cathode space charge is proportional to 
the equivalent voltage (E, + E,/p), where 
the amplification factor, p, actually represents 
the relative effectiveness of grid potential and 
plate potential in producing a field at the 
cathode. 

It would then be expected that the cathode 
current in a triode would be proportional to 
the three-halves power of (E, + E,/p). The 
cathode current of a triode can be represented 
with fair accuracy by the expression: 


Current Flow 
in o Triade 


E y2 
Cathode current = K (Es +?) 
mM 


where K is a constant determined by element 
geometry within the triode. 


Plate Resistance The plate resistance of a 
vacuum tube is the ratio of a 
change in plate voltage to the change in plate 
current which the change in plate voltage 
produces. To be accurate, the changes should 
be very small with respect to the operating 
values. Expressed as an equation: 
AE, 


4 E, = constant, A = small 
Al, 


increment 


The plate resistance can also be determined 
by the experiment mentioned above. By noting 
the change in plate current as it occurs when 
the plate voltage is changed (grid voltage 
held constant), and by dividing the latter by 
the former, the plate resistance can be deter- 
mined. Plate resistance is expressed in Ohms. 


The mutual conductance, 
also referred to as trans- 
conductance, is the ratio of a change in the 
plate current to the change in grid voltage 
which brought about the plate current change, 
the plate voltage being held constant. Ex- 
pressed as an equation: 


Transconductance 


Www americanradiohistorv. com 


74 Vacuum Tube Principles 


THE RADIO 


PLATE CURRENT, MA. 


1d Te De RR SEE 
“0-44-20 10 20 Nn a 30 eo 70 “wo v0 1060 
GRID VOLTAGE (Eg) 


Figure 9 

POSITIVE-GRID CHARACTERISTICS 

(lp VS. Ey) OF A TYPICAL TRIODE 
Plote choracteristics of this type ore most 
commanly used In determining the pulse-signal 
operating charccteristics of a triade omplifier 
stage. Note the large emission capability of 
the oxide-coated heater cathode in tubes of the 

general type of the 6J5. 


Al, 
Ga = Ep, = constant, A = small 
AE, increment 
The transconductance is also numerically 
equal to the amplification factor divided by 
the plate resistance. Gq = pp /Rp. 


Transconductance is most commonly ex- 
pressed in microreciprocal-ohms or micro- 
mbos. However, since transconductance ex- 
presses change in plate current as a function 
of a change in grid voltage, a tube is often 
said to have a transconductance of so many 
milliamperes-per-volt. If the transconductance 
in milliamperes-per-volt is multiplied by 1000 
it will chen be expressed in micromhos. Thus 
the transconductance of a 6A3 could be called 
either 5.25 ma./volt or 5250 micromhos. 


Characteristic Curves 
of ao Triode Tube 


The operating character- 
istics of a triode tube 
may be summarized in 
three sets of curves: The I, vs. Ep curve 
(figure 8), the I, vs. E, curve (figure 9) and 
the E, vs. Eg curve (figure 10). The plate 
resistance (R,) of the tube may be observed 
from the I, vs. Ep curve, the transconductance 
(G,,) may be observed from the Ip vs. E, curve, 
and the amplification factor (i) may be deter- 
mined from the E, vs. E, curve. 

The Load Line A load line is a_ graphical 
representation of the voltage 
on the plate of a vacuum tube, and the current 
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Figure 10 
CONSTANT CURRENT (E, vs. E,) 
CHARACTERISTICS OF A 
TYPICAL TRIODE TUBE 
This type of graphical representation Is used 
for Class C amplifier calculations since the 
operating choracteristic of a Class C amplifier 
ts @ straight line when drawn upon @ constant 
current graph. 


passing through the plate circuit of the tube 
for various values of plate-load resistance and 
plate-supply voltage. Figure 11 illustrates a 
triode tube with a resistive plate load, and a 
supply voltage of 300 volts. The voltage at 
the plate of the tube (e,) may be expressed 
as: : 
€p = Ep -() x Ri) 

where E, is the plate supply voltage, ip is the 
plate current, and Ry is the load resistance in 
ohms. 

Assuming various values of ip flowing in 
the circuit, controlled by the internal resist- 
ance of the tube, (a function of the grid bias) 
values of plate voltage may be plotted as 
shown for each value of plate current (ip). The 
line connecting these points is called the 
load line for the particular value of plate-load 
resistance used. The slope of the load line is 
equal to the ratio of the lengths of the vertical 
and horizontal projections of any segment of 
the load line. For this example it is: 

-O01- .02 


Slope = -__———. = -.0001 = - 
100 — 200 


10,000 


The slope of the load line is equal to 
-1/R,. At point A on the load line, the volt- 
age across the tube is zero. This would be 
true for a perfect tube with zero internal volt- 
age drop, or if the cube is short-circuited from 
cathode to plate. Point B on the load line 
corresponds to the cutoff point of the tube, 
where no plate current is flowing. The op- 
erating range of the cube lies between these 
two extremes. For additional information re- 
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The static load line for a typical triode 
tube with o plate lood resistance af 10,000 
ohms. 


garding dynamic load lines, the reader is 
referred to the Radiotron Designer's Handbook, 
4th edition, distributed by Radio Corporation 
of America. 


As an example of the ap- 
plication of tube charac- 
teristics, the constants 
of the triode amplifier circuit shown in figure 
12 may be considered. The plate supply is 


Application of Tube 
Choracteristics 


RL=8K 


Figure 12 
TRIODE TUBE CONNECTED FOR DETER- 
MINATION OF PLATE CIRCUIT LOAD 
LINE, AND OPERATING PARAMETERS 
OF THE CIRCUIT 


300 volts, and the plate load is 8,000 ohms. 
If the tube is considered to be an open circuit 
no plate current will flow, and there is no 
voltage drop across the plate load resistor, 
R,. The plate voltage on the tube is therefore 
300 volts. If, on the other hand, the tube is 
considered to be a_ short circuit, maximum 
possible plate current flows and the full 300 
vole drop appears across R,. The plate volt- 
age is zero, and the place current is 300/8,000, 
or 37.5 milliamperes. These two extreme con- 
ditions define the load line on the I, vs. E, 
characteristic curve, figure 13. 

For this application the grid of the tube is 
returned to a steady biasing voltage of —4 
volts. The steady or quiescent operation of the 
tube is determined by the intersection of the 
load line with the —4 volt curve at point Q. 
By projection from point Q through the plate 
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POLARITY REVERSAL BETWEEN GRID 
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current axis it is found that the value of plate 
current with no signal applied to the grid is 
12.75 milliamperes. By projection from point 
Q through the plate voltage axis it is found 
that the quiescent plate veltage is 198 volts. 
This leaves a drop of 102 volts across Ri 
which is borne out by the relation 0.01275 x 
8,000 = 102 volts. 

An alternating voltage of 4 volts maximum 
swing about the normal bias value of —4 volts 
is applied now to the grid of the triode ampli- 
fier. This signal swings the grid in a positive 
direction to 0 volts, and ina negative direction 
to —8 volts, and establishes the operating 
region of the tube along the load line between 
points A and B. Thus the maxima and minima 
of the plate voltage and plate current are 
established. By projection from points A and 
B through the plate current axis the maximum 
instantaneous plate current is found to be 
18.25 milliamperes and the minimum is 7.5 
milliamperes. By projections from points A and 
B through the plate voltage axis the minimum 
instantaneous plate voltage swing is found to 
be 154 volts and the maximum is 240 volts. 

By this graphical application of the I, vs. 
E, characteristic of the 6SN7 triode the opera- 
tion of the circuit illustrated in figure 12 be- 


Figure 15 
SCHEMATIC REPRESENTATION 
OF INTERELECTRODE 
CAPACITANCE 


comes apparem. A voltage variation of 8 volts 
(peak-to-peak) on the grid produces a variation 
of 84 volts at the plate. 


Polarity Inversion When the signal voltage ap- 

plied to the grid has its 
maximum positive instantaneous value the 
plate current is also maximum. Reference to 
figure 12 shows that this maximum plate cur- 
rent flows through the plate load resistor R,, 
producing a maximum voltage drop across it. 
The lower end of Ry is connected to the plate 
supply, and is therefore held at a constant 
potential of 300 volts. With maximum voltage 
drop across the load resistor, the upper end of 
Ri is at a minimum instantaneous voltage. 
The plate of the tube is connected to this end 
of Ry and is therefore at the same minimum 
instantaneous potential. 

This polarity reversal between instantaneous 
grid and plate voltages is further clarified by 
a consideration of Kirchhoff's law as it ap- 
plies to series resistance. The sum of the IR 
drops around the plate circuit must at all times 
equal the supply voltage of 300 volts. Thus 
when the instantaneous voltage drop across 
R , is maximum, the voltage drop across the 
tube is minimum, and their sum must equal 
300 volts. The variations of grid voltage,plate 
current and plate voltage about their steady 
state values is illustrated in figure 14. 


Interelectrode Capacitance always exists be- 
Capacitance tween any two pieces of metal 

separated by a dielectric. The 
exact amount of capacitance depends upon the 
size of the metal pieces, the dielectric be- 
tween them, and the type of dielectric. The 
electrodes of a vacuum tube have a similar 
characteristic known as the interelectrode 
Capacitance, illustrated in figure 15. These 
direct capacities in a triode are: grid-to- 
cathode capacitance, grid-to-plate capacitance, 
and plate-to-cathode capacitance. The inter- 
electrode capacitance, though very small, has 
a coupling effect, and often can cause un- 
balance in a particular circuit. At very high 
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frequencies (v-h-f), interelectrode capacities 
become very objectionable and prevent the use 
of conventional tubes at these frequencies. 
Special v-h-f tubes must be used which are 
characterized by very small electrodes and 
close internal spacing of the elements of the 
tube. 


4-4 Tetrode or Screen Grid Tubes 


Many desirable characteristics can be ob- 
tained in a vacuum tube by the use of more 
than one grid. The most common multi-element 
tube is the tetrode (four electrodes). Other 
tubes containing as many as eight electrodes 
are available for special applications. 


The Tetrode The quest for a simple and easily 

usable method of eliminating the 
effects of the grid-to-plate capacitance of the 
triode led to the development of the screen- 
grid tube or tetrode. When another grid is 
added between the grid and plate of a vacuum 
tube the tube is called a tetrode, and because 
the new grid is called a screen, as a result of 
its screening or shielding action, the tube is 
often called a screen-grid tube. The inter- 
posed screen grid acts as an electrostatic 
shield between the grid and plate, with the 
consequence that the grid-to-plate capacitance 
is reduced. Although the screen grid is main- 
tained at a positive voltage with respect to 
the cathode of the tube, it is maintained at 
ground potential with respect to r.f. by means 
of a by-pass capacitor of very low reactance 
at the frequency of operation. 

In addition to the shielding effect, the 
screen gridserves another very useful purpose. 
Since the screen is maintained at a positive 
potential, it serves to increase or accelerate 
the flow of electrons to the plate. There being 
large openings in the screen mesh, most of 


the electrons pass through it and on to the 
plate. Due also to the screen, the plate cur- 
rent is largely independent of plate voltage, 
thus making for high amplification. When the 
screen voltage is held at a constant value, it 
is possible to make large changes in plate 
voltage without appreciably affecting the plate 
current, (figure 16). 


When the electrons from the cathode ap- 
proach the plate with sufficient velocity, they 
dislodge electrons upon striking the plate. 
This effect of bombarding the plate with high 
velocity electrons, with the consequent dis- 
lodgement of other electrons from the plate, 
gives rise to the condition of secondary emis- 
sion which has been discussed in a previous 
paragraph. This effect can cause no particular 
difficulty in a triode because the secondary 
electrons so emitted are eventually attracted 
back to the plate. In the screen-grid tube, how- 
ever, the screen is close to the plate and is 
maintained at a positive potential. Thus, the 
screen will attract these electrons which have 
been knocked from the plate, particularly when 
the plate voltage falls to a lower value than 
the screen voltage, with the result that the 
plate current is lowered and the amplification 
is decreased. 

In the application of tetrodes, it is neces- 
sary to operate the plate at a high voltage in 
relation to the screen in order to overcome 
these effects of secondary emission. 


The Pentode The undesirable effects of sec- 

ondary emission from the plate 
can be greatly reduced if yet another element 
is added between the screen and plate. This 
additional element is called a suppressor, and 
tubes in which it is used are called pentodes. 
The suppressor grid is sometimes connected 
to the cathode within the tube; sometimes it is 
brought out to a connecting pin on the tube 
base, but in any case it is established nega- 
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REMOTE CUTOFF GRID STRUCTURE 
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tive with respect to the minimum plate volt- 
age. The secondary electrons that would travel 
to the screen if there were no suppressor are 
diverted back to the plate. The plate current 
is, therefore, not reduced and the amplifica- 
tion possibilities are increased (figure 17). 

Pentodes for audio applications are de- 
signed so that the suppressor increases the 
limits to which the plate voltage may swing; 
therefore the consequent power output and 
gain can be very great. Pentodes for radio- 
frequency service function in such a manner 
that the suppressor allows high voltage gain, 
at the same time permitting fairly high gain 
at low plate voltage. This holds true even if 
the plate voltage is the same or slightly lower 
than the screen voltage. 


Remote Cutoff 
Tubes 


Remote cutoff tubes (variable 
mu) are screen grid tubes in 
which the control grid struc- 
ture has been physically modified so as to 
cause the plate current of the tube to drop off 
gtadually, rather than to have a well defined 
cutoff point (figure 18). A non-uniform control 
grid structure is used, so that the amplifica- 
tion factor is different for different parts of the 
control grid. 

Remote cutoff tubes are used in circuits 
where it is desired to control the amplification 
by varying the control grid bias. The charac- 
teristic curve of an ordinary screen grid tube 
has considerable curvature near the plate cur- 
rent cutoff point, while the curve of a remote 
cutoff cube is much more linear (figure 19). 
The remote cutoff tube minimizes cross- 
talk interference that would otherwise be 
produced. Examples of remote cutoff tubes 
are: 6BD6, 6K7, 6SG7 and 6SK7. 


A beam power tube makes use 
of another method for suppressing 
secondary emission. In this tube 
there are four electrodes: a cathode, a grid, a 
screen, and a plate, so spaced and placed that 
secondary emission from the plate is sup- 
pressed without actual power loss. Because 


Beam Power 
Tubes 


of the manner in which the electrodes are 
spaced, the electrons which travel to the 
plate are slowed down when the plate voltage 
is low, almost to zero velocity in a certain 
region between screen and plate. For this 
reason the electrons form a stationary cloud, 
or space charge. The effect of this space 
charge is to repel secondary electrons emitted 
from the plate and thus cause them to return 
to the plate. In this way, secondary emission 
is suppressed. 

Another feature of the beam power tube is 
the low current drawn by the screen. The 
screen and the grid are spiral wires wound so 
that each turn in the screen is shaded from 
the cathode by a grid turn. This alignment of 
the screen and the grid causes the electrons 
to travel in sheets between the turns of the 
screen so that very few of them strike the 
screen itself. This formation of the electron 
stream into sheets or beams increases the 
charge density in the screen-plate region and 
assists in the creation of the space charge in 
this region. 

Because of the effective suppressor action 
provided by the space charge, and because of 
the low current drawn by the screen, the beam 
power tube has the advantages of high power 
output, high power-sensitivity, and high ef- 
ficiency. The 6L6 is such a beam power tube, 
designed for use in the power amplifier stages 
of receivers and speech amplifiers or modulat- 
ors. Larger tubes employing the beam-power 
principle are being made by various manu- 
facturers for use in the radio-frequency stages 
of transmitters. These tubes feature extremely 
high power-sensitivity (a very small amount 
of driving power is required for a large out- 
put), good plate efficiency, and low grid-to- 
plate capacitance. Examples of these tubes 
are 813, 4-250A, 4X150A, etc. 


Grid-Sereen The grid-screen mu factor (jisg) 
Mu Factar is analogous to the amplification 

factor in a triode, except that 
the screen of a pentode or tetrode is sub- 


WWW.americanradiohistorv.com 


HANDBOOK 


Mixer 


and Converter Tubes 79 


i 


stituted for the plate of a triode. y:s, denotes 
the ratio of a change in grid voltage to a 
change in screen voltage, each of which will 
produce the same change in screen current. 
Expressed as an equation: 


AE 
eg Es I,, = constant, A = small 
AE, increment 


The grid-screen mu factor is important in 
determining the operating bias of a tetrode 
or pentode tube. The relationship between con- 
trol-grid potential and screen potential deter- 
mines the plate current of the tube as well as 
the screen current since the plate current is 
essentially independent of the plate voltage 
in tubes of this type. In other words, when 
the tube is operated at cutoff bias as deter- 
mined by the screen voltage and the grid- 
screen mu factor (determined in the same way 
as with a triode, by dividing the operating 
voltage by the mu factor) the plate current 
will be substantially at cutoff, as will be the 
screen current. The grid-screen mu factor is 
numerically equal to the amplification factor 
of the same tetrode or pentode tube when 
it is triode connected. 


Current Flow 
in Tetrodes 
and Pentodes 


The following equation is the 
expression fortotal cathode cur- 
rent in a triode tube. The ex- 
pression for the total cathode 
current of a tetrode and a pentode tube is the 
same, except that the screen-grid voltage and 
the grid-screen y-factor are used in place of 
the plate voltage and yp of the triode. 


E 3/2 
Cathode current = K ( + ) 
Usg 


Cathode current, of course, is the sum of the 
screen and plate current, plus control grid cur- 
rent in the event that the control grid is posi- 
tive with respect to the cathode. It will be 
noted that total cathode current is independent 
of plate voltage in a tetrode or pentode. Also, 
in the usual tetrode or pentode the plate cur- 
rent is substantially independent of plate 
voltage over the usual operating range— which 
means simply that the effective plate resist- 
ance of such tubes is relatively high. How- 
ever, when the plate voltage falls below the 
normal operating range, the plate current 
falls sharply, while the screen current rises to 
such a value that the total cathode current 
remains substantially constant. Hence, the 
screen grid in a tetrode or pentode will almost 
invariably be damaged by excessive dissipa- 
tion if the plate voltage is removed while the 
screen voltage is still being applied from a 
low-impedance source. 


The Effect of The current equations show how 
Grid Current the total cathode current in 

triodes, tetrodes, and pentodes 
is a function of the potentials applied to the 
various electrodes. If only one electrode is 
positive with respect to the cathode (such as 
would be the case in a triode acting as a 
class A amplifier) all the cathode current goes 
to the plate. But when both screen and plate 
are positive in a tetrode or pentode, the cath- 
ode current divides between the two elements. 
Hence the screen current is taken from the 
total cathode current, while the balance goes 
to the plate. Further, if the control grid in a 
tetrode or pentode is operated at a positive 
potential the total cathode current is divided 
between all three elements which have a posi- 
tive potential. In a tube which is receiving a 
large excitation voltage, it may be said that 
the control grid robs electrons from the output 
electrode during the period that the grid is 
positive, making it always necessary to limit 
the peak-positive excursion of the control 
grid. 


Coefficients of 
Tetrodes and 
Pentodes 


In general it may be stated 
that the amplification factor 
of tetrode and pentode tubes 
is a coefficient which is not 
of much use to the designer. In fact the ampli- 
fication factor is seldom given on the design 
data sheets of such tubes. Its value is usually 
very high, due to the relatively high plate 
resistance of such tubes, but bears little 
relationship to the stage gain which actually 
will be obtained with such tubes. 

On the other hand, the grid-plate transcon- 
ductance is the most important coefficient of 
pentode and tetrode tubes. Gain per stage can 
be computed directly when the Gy is known. 
The grid-plate transconductance of a tetrode 
or pentode tube can be calculated through use 
of the expression: 


fais 
oA ONE? 
with Es, and E, constant. 

The plate resistance of such tubes is of 
less importance than in the case of triodes, 
though it is often of value in determining the 
amount of damping a tube will exert upon the 


impedance in its plate circuit. Plate resist- 
ance is calculated from: 


with Eg and Egg Constant. 


4-5 Mixer and Converter Tubes 


The superheterodyne receiver always in- 
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Figure 20 
GRID STRUCTURE OF 6SA7 
CONVERTER TUBE 


cludes act lease one stage for changing the 
frequency of the incoming signal to the fixed 
frequency of the main intermediate amplifier 
in the receiver. This frequency changing 
process is accomplished by selecting the 
beat-note difference frequency between a 
locally generated oscillation and the incoming 
signal frequency. If the oscillator signal is 
supplied by a separate tube, the frequency 
changing tube is called a mixer. Alternatively, 
the oscillation may be generated by additional 
elements within the frequency changer tube. 
In this case the frequency changer is common- 
ly called a converter tube. 


Conversion 
Conductance 


The conversion conductance(G,) 
is a coefficient of interest in the 
case of mixer or converter tubes, 
or of conventional triodes, tetrodes, or pen- 
todes operating as frequency changers. The 
conversion conductance is the ratio of a 
change in the signal-grid voltage at the input 
frequency to a change in the output current at 
the converted frequency. Hence G, in a mixer 
is essentially the same as transconductance 
in an amplifier, with the exception that the 
input signal and the output current are on dif- 
ferent frequencies. The value of G, in con- 
ventional mixer tubes is from 300 to 1000 
micromhos. The value of G, in an amplifier 
tube operated as a mixer is approximately 0.3 
the G,, of the tube operated as an amplifier. 
The voltage gain of a mixer stage is equal to 
G-Z,_ where Z, is the impedance of the plate 
load into which the mixer tube operates. 


The Diode Mixer The simplest mixer tube is 

the diode. The noise figure, 
or figure of merit, for a mixer of this type is 
not as good as that obtained with other more 
complex mixers; however, the diode is useful 
as a mixer in u-h-f and v-h-f equipment where 
low interelectrode capacities are vital to cir- 
cuit operation. Since the diode impedance is 


Figure 21 
SHOWING THE EFFECT OF CATHODE 
LEAD (NDUCTANCE 
The degenerative action of cathode fead ine 
ductance tends to reduce the effective grid-to- 
cathode voltage with respect to the voltage 
available across the input tuned circuit. Cath- 
ode lead inductance also introduces undesir- 
able coupling berween the input and the our- 
put circuits. 


low, the local oscillator must furnish con- 
siderable power to the diode mixer. A good 
diode mixer has an overall gain of about 0.5. 


The Triode Mixer A triode mixer has better 

gain and a better noise figure 
than the diode mixer. At low frequencies, the 
gain and noise figure of a triode mixer closely 
approaches those figures obtained when the 
tube is used as an amplifier. In the u-h-f and 
v-h-f range, the efficiency of the triode mixer 
deteriorates rapidly. The optimum local oscil- 
lator voltage for a triode mixer is about 0.7 as 
large as the cutoff bias of the triode. Very 
little local oscillator power is required by a 
triode mixer. 


Pentode Mixers and The most common multi- 
Converter Tubes grid converter tube for 

broadcast or shortwave 
use is the penta grid converter, typified by 
the 6SA7, GSB7-Y and 6BA7 tubes (figure 20). 
Operation of these converter tubes and pentode 
mixers will be covered in the Receiver Funda- 
mentals Chapter. 


4-6 Electron Tubes at Very 
High Frequencies 


As the frequency of operation of the usual 
type of electron tube is increased above about 
20 Mc., certain assumptions which are valid 
for operation at lower frequencies must be re- 
examined. First, we find that lead inductances 
from the socket connections to the actual 
elements within the envelope no longer are 
negligible. Second, we find that electron 
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transit time no longer may be ignored; an 
appreciable fraction of a cycle of input signal 
may be required for an electron to leave the 
cathode space charge, pass through the grid 
wires, and travel through the space between 
grid and plate. 


The effect of lead induct- 
ance is two-fold. First, as 
shown in figure 21, the 
combination of grid-lead inductance, grid- 
cathode capacitance, and cathode lead induct- 
ance tends to reduce the effective prid-cathode 
signal voltage for a constant voltage at the 
tube terminals as the frequency is increased. 
Second, cathode lead inductance tends to 
introduce undesired coupling between the 
various elements within the tube. 

Tubes especially designed for v-h-f and 
u-h-f use have had their lead inductances 
minimized. The usual procedures for reducing 
lead inductance are: (1) using heavy lead 
conductors or several leads in parallel (ex- 
amples are the 6SH7 and 6AKS), (2) scaling 
down the tube in all dimensions to reduce 
both lead inductances and_ interelectrode 
capacitances (examples are the 6AK5, 6F4, 
and other acorn and miniature tubes), and (3) 
the use of very low inductance extensions of 
the elements themselves as external connec- 
tions (examples are lighthouse tubes such as 
the 2C40, oilcan tubes such as the 2C29, and 
many types of v-h-f transmitting tubes). 


Effects of 
Lead Inductance 


Effect of 
Transit Time 


When an electron tube is op- 
erated at a frequency high 
enough that electron transit 
time between cathode and plate is an ap- 
preciable fraction of a cycle at the input fre- 
quency, several undesirable effects take place. 
First, the grid takes power from the input 
signal even though the grid is negative at all 
times. This comes about since the grid will 
have changed its potential during the time 
required for an electron to pass from cathode 
to plate. Due to interaction, and a resulting 
phase difference between the field associated 
with the grid and that associated with a mov- 
ing electron, the grid presents a resistance to 
an input signal in addition to its normal 
‘cold’? capacitance. Further, as a result of 
this action, plate current no longer is in phase 
with grid voltage. 

An amplifier stage operating at a frequency 
high enough that transit time is appreciable: 

(a) Is difficult to excite as a result of grid 
loss from the equivalent input grid resistance, 

(b) Is capable of less output since trans- 
conductance is reduced and plate current is 
not in phase with grid voltage. 

The effects of transit time increase with the 
square of the operating frequency, and they 


increase rapidly as frequency is increased 
above the value where they become just ap- 
preciable. These effects may be reduced by 
scaling down tube dimensions; a procedure 
which also reduces lead inductance. Further, 
transit-time effects may be reduced by the 
obvious procedure of increasing electrode po- 
tentials so that electron velocity will be in- 
creased. However, due to the law of electron- 
motion in an electric field, transit time is 
increased only as the square root of the ratio 
of operating potential increase; therefore this 
expedient is of limited value due to other 
limitations upon operating voltages of small 
electron tubes. 


4-7 Special Microwave 
Electron Tubes 


Due primarily to the limitation imposed by 
transit time, conventional negative-grid elec- 
tron tubes are capable of affording worthwhile 
amplification and power output only up to a 
definite upper frequency. This upper frequency 
limit varies from perhaps 100 Mc. for con- 
ventional tube types to about 4000 Mc. for 
specialized types such as the lighthouse tube. 
Above the limiting frequency, the conventional 
negative-grid tube no longer is practicable and 
recourse must be taken to totally different 
types of electron tubes in which electron 
transit time is not a limitation to operation. 
Three of the most important of such microwave 
tube types are the klystron, the magnetron, and 
the travelling wave tube. 


The klystron is a type 
of electcon tube in which 
electron transit time is used to advantage, 
Such tubes comprise, as shown in figure 22, 
a cathode, a focussing electrode, a resonator 
connected to a pair of grids which afford 
velocity modulation of the electron beam 
(called the ‘‘buncher’’), a drift space, and 
another resonator connected to a pair of grids 
(called the ‘‘catcher’’). A collector for the 
expended electrons may be included at the 
end of the tube, or the catcher may also per- 
form the function of electron collection. 


The Power Klystron 


The tube operates in the following manner: 
The cathode emits a stream of electrons which 
is focussed into a beam by the focussing 
electrode. The stream passes through the 
buncher where it is acted upon by any field 
existing between the two grids of the buncher 
cavity. When the potential between the two 
grids is zero, the stream passes through with- 
out change in velocity. But when the potential 
between the two grids of the buncher is in- 
creasingly positive in the direction of electron 


WWwWw.americanradiohistorv.com 


82 Vacuum Tube Principles 


THE RADIO 


COLLECTOR PLATE 


COUPLING LOOPS 


OUTPUT 
TEAMINAL 


VSvA 


Figure 22 
TWO-CAVITY KLYSTRON OSCILLATOR 


A conventional two-cavity klystron is shown 

with a feedback loop connected between the 

two covities so that the tube may be used as 
an oscillator. 


motion, the velocity of the electrons in the 
beam is increased. Conversely, when the field 
becomes increasingly negative in the direction 
of the beam (corresponding to the other half 
cycle of the exciting voltage from that which 
produced electron acceleration) the velocity 
of the electrons in the beam is decreased. 

When the velocity-modulated electron beam 
reaches the drift space, where there is no field, 
those electrons which have been sped up on 
one half-cycle overtake those immediately 
ahead which were slowed down on the other 
half-cycle. In this way, the beam electrons be- 
come bunched together. As the bunched groups 
pass through the two grids of the catcher 
cavity, they impart pulses of energy to these 
grids. The catcher grid-space is charged to 
different voltage levels by the passing electron 
bunches, and a corresponding oscillating field 
is set up in the catcher cavity. The catcher is 
designed to resonate at the frequency of the 
velocity-modulated beam, or at a harmonic of 
this frequency. 

In the klystron amplifier, energy delivered 
by the buncher to the catcher grids is greater 
than that applied to the buncher cavity by the 
input signal. In the klystron oscillator a feed- 
back loop connects the two cavities. Coupling 
to either buncher or catcher is provided by 
small loops which enter the cavities by way of 
concentric lines. 

The klystron is an electron-coupled device. 
When used as an oscillator, its output voltage 
is rich in harmonics. Klystron oscillators of 
various types afford power outputs ranging 
from less than 1 watt to many thousand watts. 
Operating efficiency varies between 5 and 30 
per cent. Frequency may be shifted to some 
extent by varying the beam voltage. Tuning is 
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Figure 23 
REFLEX KLYSTRON OSCILLATOR 
A conventional reflex klystron oscillator of 
the type commonly used as a focal oscillator 
in superheterodyne receivers operating above 
about 2000 Mc. is shown above. Frequency 
modulation of the output frequency of the oscil- 
lator, or a-f-c operction in a receiver, may be 
obtained by varying the negotive voltage on the 
repeller electrode. 


carried on mechanically in some klystrons by 
altering (by means of knob settings) the shape 
of the resonant cavity. 


The Reflex Klystron The two-cavity klystron 

as described in the pre- 
ceding paragraphs is primarily used as atrans- 
mitting device since quite reasonable amounts 
of power are made available in its output cir- 
cuit. However, for applications where a much 
smaller amount of power is required — power 
levels in the milliwatt range — for low-power 
transmitters, receiver local oscillators, etc., 
another type of klystron having only a single 
cavity is more frequently used. 

The theory of operation of the single-cavity 
klystron is essentially the same as the multi- 
cavity type with the exception that the veloc- 
ity-modulated electron beam, after having left 
the ‘tbuncher’’ cavity is reflected back into 
the area of the buncher again by a repeller 
electrode as illustrated in figure 23. The 
potentials on the various electrodes are ad- 
justed to the value such that proper bunching 
of the electron beam will take place just as a 
particular portion of the velocity-modulated 
beam reenters the area of the resonant cavity. 
Since this type of klystron has only one circuit 
it can be used only as an oscillator and not as 
an amplifier. Effective modulation of the fre- 
quency of a single-cavity klystron for FM 
work can be obtained by modulating the re- 
peller electrode voltage. 
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Figure 24 
CUTAWAY VIEW OF 
WESTERN ELECTRIC 416-B/6280 
VHF PLANAR TRIODE TUBE 

The 416-B, designed by the Bell 
Telephone Laboratories is intended 
for amplifier or frequency multiplier 
service in the 4000 mc region. Em- 
ploying grid wires having a diameter 
equal to fifteen wavelengths of light, 
the 416-B has a transconductance of 
50,000. Spacing between grid and 
cathode is .0005", to reduce transit 
time effects. Entire tube is gold plated. 


The Magnetron The magnetron is an_ s-h-f 
oscillator tube normally em- 
ployed where very high values of peak power 
or moderate amounts of average power are 
required in the range from perhaps 700 Mc. 
to 30,000 Mc. Special magnetrons were de- 
veloped for wartime use in radar equipments 
which had peak power capabilities of several 
million watts (megawatts) output at frequen- 
cies in the vicinity of 3000 Mc. The normal 
duty cycle of operation of these radar equip- 
ments was approximately 1/10 of one per 
cent (the tube operated about 1/1000 of the 
time and rested for the balance of the operat- 
ing period) so that the average power output 
of these magnetrons was in the vicinity of 
1000 watts. 
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Figure 25 
SIMPLE MAGNE TRON OSCILLATOR 
An external tank circuit is used with this type 
of magnetron oscillator for operation in the 
lower u-h-f range. 


VOLTAGE 


In its simplest form the magnetron tube is a 
filament-type diode with two half-cylindrical 
plates or anodes situated coaxially with re- 
spect to the filament. The construction is 
illustrated in figure 25A. The anodes of the 
magnetron are connected to a resonant Circuit 
as illustrated on figure 25B. The tube is sur- 
rounded by an electromagnet coil which, in 
turn, is connected to a low-voltage d-c ener- 
gizing source through a rheostat R for control- 
ling the strength of the magnetic field. The 
field coil is oriented so that the lines of 
magnetic force it sets up are parallel to the 
axis of the electrodes. 

Under the influence of the strong magnetic 
field, electrons leaving the filament are de- 
flected from their normal paths and move in 
circular orbits within the anode cylinder. This 
effect results in a negative resistance which 
sustains oscillations. The oscillation fre- 
quency is very nearly the value determined by 
L and C. In other magnetron circuits, the fre- 
quency may be governed by the electron rota- 
tion, no external tuned circuits being em- 
ployed. Wavelengths of less than 1 centi- 
meter have been produced with such circuits. 

More complex magnetron tubes employ no 
external tuned circuit, but utilize instead one 
or more resonant Cavities which are integral 
with the anode structure. Figure 26 shows a 
magnetron of this type having a multi-cellular 
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Figure 26 
MODERN MULTI-CAVITY MAGNE TRON 


Mlustroted is an external-anode strapped mag- 

netron of the type commonly used in radar equip- 

ment for the 10-cm. range. A permanent magnet 

of the general type used with such a magnetron 

is shown in the right-hand portion of the drawing, 

with the magnetron in place between the pole 
Pieces of the magnet. 


anode of eight cavities. It will be noted, also, 
that alternate cavities (which would operate at 
the same polarity when the tube is oscillating) 
are strapped together. Strapping was found to 
improve the efficiency and stability of high- 
power radar magnetrons. In most radar appli- 
cations of magnetron oscillators a powerful 
permanent magnet of controlled characteristics 
is employed to supply the magnetic field 
rather than the use of an electromagnet. 


The Travelling The 
Wave Tube 


Travelling Wave Tube 
(figure 27) consists of a helix 
located within an evacuated 
envelope. Input and output terminations are 
affixed to each end of the helix. An electron 
beam passes through the helix and interacts 
with a wave travelling along the helix to pro- 
duce broad band amplification at microwave 
frequencies. 

When the input signal is applied to the gun 
end of the helix, it travels along the helix wire 
at approximately the speed of light. However, 
the signal velocity measured along the axis 
of the helix is considerably lower. The elec- 
trons emitted by the cathode gun pass axially 
through the helix to the collector, located at 
the output end of the helix. The average veloc- 
ity of the electrons depends upon the potential 
of the collector with respect to the cathode. 
When the average velocity of the electrons is 
greater than the velocity of the helix wave, 
the electrons become crowded together in the 
various regions of retarded field, where they 
impart energy to the helix wave. A power gain 
of 100 or more may be produced by this tube. 


4-8 The Cathode-Ray Tube 


The Cathode-Ray Tube The cathode-ray tube 
is a special type of 
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Figure 27 
THE TRAVELLING WAVE TUBE 


Operction of this tube Is the result of Inter- 
ection between the electron beom and wove 
travelling along the helix. 


electron tube which permits the visual observa- 
tion of electrical signals. It may be incorpo- 
rated into an oscilloscope for use as a test 
instrument or it may be the display device for 
radar equipment or a television receiver. 


A cathode-ray tube always in- 
cludes an electron gun for pro- 
ducing a stream of electrons, a 
grid for controlling the intensity of the elec- 
tron beam, and a luminescent screen for con- 
verting the impinging electron beam into visi- 
ble light. Such a tube always operates in con- 
junction with either a built-in or an external 
means for focussing the electron stream into a 
narrow beam, and a means for deflecting the 
electron beam in accordance with an electrical 
signal. 

The main electrical difference between 
types of cathode-ray tubes lies in the means 
employed for focussing and deflecting the 
electron beam. The beam may be focussed 
and/or deflected either electrostatically or 
magnetically, since a stream of electrons can 
be acted upon either by an electrostatic or a 
magnetic field. In an electrostatic field the 
electron beam tends to be deflected toward the 
positive termination of the field (figure 28). 
In a magnetic field the stream tends to be 
deflected at right angles to the field. Further, 
an electron beam tends to be deflected so that 
it is normal (perpendicular) to the equipotential 
lines of an electrostatic field — and it tends to 
be deflected so that it is parallel to the lines 
of force in a magnetic field. 

Large cathode-ray tubes used as kinescopes 
in television receivers usually are both focused 
and deflected magnetically. On the other hand, 
the medium-size CR tubes used in oscillo- 
scopes and small television receivers usually 
are both focused and deflected electrostat- 
ically. But CR tubes for special applications 
may be focused magnetically and deflected 
electrostatically or vice versa. 

There are advantages and disadvantages to 


Operation of 


the CRT 
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Figure 28 


TYPICAL ELECTROSTATIC 
CATHODE-RAY TUBE 


both types of focussing and deflection. How- 
ever, it may be stated that electrostatic deflec- 
tion is much better than magnetic deflection 
when high-frequency waves areto be displayed 
on the screen; hence the almost universal use 
of this type of deflection for oscillographic 
work. But when a tube is operated at a high 
value of accelerating potential so as to obtain 
a bright display on the face of the tube as for 
television or radar work, the use of magnetic 
deflection becomes desirable since it is rela- 
tively easierto deflect a high-velocity electron 
beam magnetically than electrostatically. 
However, an ion trap is required with mag- 
netic deflection since the heavy negative ions 
emitted by the cathode are not materially de- 
flected by the magnetic field and hence would 
burn an ‘‘ion spot’’ in the center of the lumi- 
nescent screen. With electrostatic deflection 
the heavy ions are deflected equally as well 
as the electrons in the beam so that an ion 
spot is not formed. 


Construction of The construction of atypical 
Electrostatic CRT electrostatic-focus, electro- 

static-deflection cathode-ray 
tube is illustrated in the pictorial diagram of 
figure 28. The indirectly heated cathode K re- 
leases free electrons when heated by the 
enclosed filament. The cathode is surrounded 
by a cylinder G, which has a small hole in its 
front for the passage of the electron stream. 
Although this element is not a wire mesh as 
is the usual grid, it is known by the same 
name because its action is similar: it controls 
the electron stream when its negative potential 
is varied. 

Next in order, is found the first accelerating 
anode, H, which resembles another disk or 
cylinder with a small hole in its center. This 
electrode is run at a high or moderately high 
positive voltage, to accelerate the electrons 
towards the far end of the tube. 

The focussing electrode, F, is a sleeve 
which usually contains two small disks, each 
with a small hole. 

After leaving the focussing electrode, the 
electrons pass through another accelerating 


anode, A, which is operated at a high positive 
potential. In some tubes this electrode is oper- 
ated at a higher potential than the first accel- 
erating electrode, H, while in other tubes both 
accelerating electrodes are operated at the 
same potential. 

The electrodes which have been described 
up to this point constitute the electron gun, 
which produces the free electrons and focusses 
them into a slender, concentrated, rapidly- 
traveling stream for projecting onto the view- 
ing screen. 


Electrostatic To make the tube useful, means 
Deflection must be provided for deflecting 

the electron beam along two axes 
at right angles to each other. The more com- 
mon tubes employ electrostatic deflection 
plates, one pair to exert a force on the beam 
in the vertical plane and one pair to exert a 
force in the horizontal plane. These plates 
are designated as B and C in figure 28. 

Standard oscilloscope practice with small 
cathode-ray tubes calls for connecting one of 
the B plates and one of the C plates together 
and to the high voltage accelerating anode. 
With the newer three-inch tubes and with five- 
inch tubes and larger, all four deflecting plates 
are commonly used for deflection. The positive 
high voltage is grounded, instead of the nega- 
tive as is common practice in amplifiers, etc., 
in order to permit operation of the deflecting 
plates at a d-c potential at or near ground. 

An Aquadag coating is applied to the inside 
of the envelope to attract any secondary elec- 
trons emitted by the flourescent screen. 

In the average electrostatic-deflection CR 
tube the spot will be fairly well centered if all 
four deflection plates are returned to the po- 
tential of the second anode (ground). How- 
ever, for accurate centering and to permit mov- 
ing the entire trace either horizontally or 
vertically to permit display of a particular 
waveform, horizontal and vertical centering 
controls usually are provided on the front of 
the oscilloscope. 


After the spot is once centered, it is neces- 
sary only to apply a positive or negative volt- 
age (with respect to ground) to one of the 
ungrounded or ‘‘free’’ deflector plates in order 
to move the spot. If the voltage is positive 
with respect to ground, the beam will be 
attracted toward that deflector plate, while if 
negative the beam and spot will be repulsed. 
The amount of deflection is directly propor- 
tional to the voltage (with respect to ground) 
that is applied to the free electrode. 

With the larger-screen higher-voltage tubes 
it becomes necessary to place deflecting volt- 
age on both horizontal and both vertical plates. 
This isdone for two reasons: First, the amount 
of deflection voltage required by the high- 
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Figure 29 
TYPICAL ELECTROMAGNETIC 
CATHODE-RAY TUBE 


voltage tubes is so great that a transmitting 
tube operating from a high voltage supply 
would be required to attain this voltage with- 
out distortion. By using push-pull deflection 
with two tubes feeding the deflection plates, 
the necessary plate supply voltage for the de- 
flection amplifier is halved. Second, a certain 
amount of de-focussing of the electron stream 
is always present on the extreme excursions in 
deflection voltage when this voltage is applied 
only to one deflecting plate. When the de- 
flecting voltage is fed in push-pull to both 
deflecting plates in each plane, there is no de- 
focussing because the average voltage acting 
on the electron stream is zero, even though the 
net voltage (which causes the deflection) 
acting on the stream is twice that on either 
plate. 

The fact that the beam is deflected by a 
magnetic field is important even in an oscillo- 
scope which employs a tube using electro- 
static deflection, because it means that pre- 
cautions must be taken to protect the tube from 
the transformer fields and sometimes even the 
earth’s magnetic field. This normally is done 
by incorporating a magnetic shield around the 
tube and by placing any transformers as far 
from the tube as possible, oriented to the posi- 
tion which produces minimum effect upon the 
electron stream. 


Construction of Electro- The electromagnetic 
magnetic CRT cathode-ray tube allows 

greater definition than 
does the electrostatic tube. Also, electro- 
magnetic definition has a number of advan- 
tages when a rotating radial sweep is required 
to give polar indications. 

The production of the electron beam in an 
electromagnetic tube is essentially the same 
as in the electrostatic tube. The grid structure 
is similar, and controls the electron beam in 
an identical manner. The elements of a typical 
electromagnetic tube are shown in figure 29. 
The focus coil is wound on an iron core which 
may be moved along the neck of the tube to 
focus the electron beam. For final adjustment, 
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Figure 30 
Two pairs of coils arranged for electro- 
magnetic deflection in two directions. 


the current flowing in the coil may be varied. 
A second pair of coils, the deflection coils 
are mounted at right angles to each other 
around the neck of the tube. In some cases, 
these coils can rotate around the axis of the 
tube. 

Two anodes are used for accelerating the 
electrons from the cathode to the screen. The 
second anode is a graphite coating (Aquadag) 
on the inside of the glass envelope. The func- 
tion of this coating is to attract any secondary 
electrons emitted by the flourescent screen, 
and also to shield the electron beam. 

In some types of electromagnetic tubes, a 
first, or accelerating anode is also used in 
addition to the Aquadag. 


Electromagnetic 
Deflection 


A magnetic field will deflect 
an electron beam in a direc- 
tion which is at right angles 
to both the direction of the field and the direc- 
tion of motion of the beam. 

In the general case, two pairs of deflection 
coils are used (figure 30). One pair is for 
horizontal deflection, and the other pair is for 
vertical deflection. The two coils in a pair 
are connected in series and are wound in such 
directions that the magnetic field flows from 
one coil, through the electron beam to the 
other coil. The force exerted on the beam by 
the field moves it to any point on the screen 
by application of the proper currents to these 
coils. 


The Trace The human eye retains an image 

for about one-sixteenth second 
after viewing. In a CRT, the spot can be 
moved so quickly that a series of adjacent 
spots can be made to appear as a line, if the 
beam is swept over the path fast enough. As 


WWW.americanradiohistory.com 


HANDBOOK 


Gas Tubes 87 


long as the electron beam strikes in a given 
place at least sixteen times a second, the 
spot will appear to the human eye as a source 
of continuous light with very little flicker. 


At least five types of lumi- 
nescent screen materials 
are commonly available on 
the various types of CR tubes commercially 
available. These screen materials are called 
phosphors; each of the five phosphors is best 
suited to a particular type of application. The 
P-1 phosphor, which has a green flourescence 
with medium persistence, is almost invariably 
used for oscilloscope tubes for visual observa- 
tion. The P-4 phosphor, with white fluores- 
cence and medium persistence, is used on 
television viewing tubes (‘'Kinescopes’’). The 
P-5 and P-11 phosphors, with blue fluores- 
cence and very short persistence, are used 
primarily in oscilloscopes where photographic 
recording of the trace is to be obtained. The 
P-7 phosphor, which has a blue flash and a 
long-persistence greenish-yellow persistence, 
is used primarily for radar displays where 
retention of the image for several seconds 
after the initial signal display is required. 


Screen Materials — 
**Phosphors’”’ 


4-9 Gas Tubes 


The space charge of electrons in the vicinity 
of the cathode in a diode causes the plate-to- 
cathode voltage drop to be a function of the 
current being carried between the cathode and 
the plate. This voltage drop can be rather high 
when large currents are being passed, causing 
a considerable amount of energy loss which 
shows up as plate dissipation. 


Action of 
Positive lons 


The negative space charge can 
be neutralized by the presence 
ofthe proper density of positive 
ions in the space between the cathode and 
anode. The positive ions may be obtained by 
the introduction of the proper amount of gas or 
a small amount of mercury into the envelope of 
the tube. When the voltage drop across the 
tube reaches the ionization potential of the 
gas or mercury vapor, the gas molecules will 
become ionized to form positive ions. The 
positive ions then tend to neutralize the space 
charge in the vicinity of the cathode. The volt- 
age drop across the tube then remains constant 
at the ionization potential of the gas up to a 
current drain equal to the maximum emission 
capability of the cathode. The voltage drop 
varies between 10 and 20 volts, depending 
upon the particular gas employed, up to the 
maximum current rating of the tube. 


Mercury Vapor 
Tubes 


Mercury-vapor tubes, although 
very widely used, have the 
disadvantage that they must be 
operated within a specific temperature range 
(25° to 70°C.) in order that the mercury vapor 
pressure within the tube shall be within the 
proper range. If the temperature is too low, 
the drop across the tube becomes too high 
causing immediate overheating and possible 
damage to the elements. If the temperature is 
too high, the vapor pressure is too high, and 
the voltage at which the tube will ‘'flash back’’ 
is lowered to the point where destruction of 
the tube may take place. Since the ambient 
temperature range specified above is within 
the normal room temperature range, no trouble 
will be encountered under normal operating 
conditions. However, by the substitution of 
xenon gas for mercury it is possible to pro- 
duce a rectifier with characteristics comparable 
to those of the mercury-vapor tube except that 
the tube is capable of operating over the range 
from approximately —70° to 90°C. The 3B25 
rectifier is an example of this type of tube. 


If a grid is inserted between the ca- 
thode and plate of a mercury-vapor 
gaseous-conduction rectifier, a neg- 
ative potential placed upon the added element 
will increase the plate-to-cathode voltage drop 
required before the tube will ionize or ‘‘fire.’”’ 
The potential upon the control grid will have 
no effect on the plate-to-cathode drop after the 
tube has ionized. However, the grid voltage 
may be adjusted to such a value that conduc- 
tion will take place only over the desired 
portion of the cycle of the a-c voltage being 
impressed upon the plate of the rectifier. 


Thyrotron 
Tubes 


Voltage Regulator In a glow-discharge gas tube 
Tubes the voltage drop across the 

electrodes remains constant 
over a wide range of current passing through 
the tube. This property exists because the 
degree of ionization of the gas in the tube 
varies with the amount of current passing 
through the tube. When a large current is 
passed, the gas is highly ionized and the 
internal impedance of the tube is low. When a 
small current is passed, the gas is lightly 
ionized and the internal impedance of the tube 
is high. Over the operating range of the tube, 
the product (IR) of the current through the tube 
and the internal impedance of the tube is very 
nearly constant. Examples of this type of tube 
are VR-150, VR-105 and the old 874. 


Vacuum Tube 
Classification 


Vacuum tubes are grouped into 
three major classifications: 
commercial, ruggedized, and 
premium (or reliable). Any one of these three 
groups may also be further classified for 
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military duty (JAN classification). To qualify 
for JAN classification, sample lots of the 
particular tube must have passed special 
qualification tests at the factory. lt should not 
be construed that a JAN-type tube is better 
than a commercial tube, since some commercial 
tests and specifications are more rigid than 
the corresponding JAN specifications. The 
JAN-stamped tube has merely been accepted 
under a certain set of conditions for military 
service. 


Ruggedized or 


Radio tubes are being used in 
Premium Tubes 


increasing numbers for indus- 
trial applications, such as 
computing and control machinery, and in avia- 
tion and marine equipment. When a tube fails 
in a home radio receiver, it is merely incon- 
venient, but a tube failure in industrial appli- 
cations may bring about stoppage of some vital 
Process, resulting in financial loss, or even 
danger to life. 

To meet the demands of these industrial 
applications, a series of tubes was evolved 
incorporating many special features designed 
to ensure a long and pre-determined operating 
life, and uniform characteristics among similar 
tubes. Such tubes are known as ruggedized or 
premium tubes. Early attempts to select re- 


TRIODE PLATE FLUORESCENT ANODE 
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Figure 31 
SCHEMATIC REPRESENTATION 
OF ‘'MAGIC EYE’’ TUBE 


liable specimens of tubes trom ordinary stock 
tubes proved that in the long run the selected 
tubes were no better than tubes picked at 
random. Long life and ruggedness had to be 
built into the tubes by means of proper choice 
and 100% inspection of all materials used in 
the tube, by critical processing inspection and 
assembling, and by conservative ratings of the 
tube. 

Pure tungsten wire is used for heaters in 
preference to alloys of lower tensile strength. 
Nickel tubing is employed around the heater 
wires at the junction to the stem wires to 
reduce breakage at this point. Element struc- 
tures are given extra supports and bracing. 
Finally, all tubes are given a 50 hour test run 
under full operating conditions to eliminate 
early failures. When operated within their 
ratings, ruggedized or premium tubes should 
provide a life well in excess of 10,000 hours. 

Ruggedized tubes will withstand severe 
impact shocks for shore periods, and will 
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Figure 32 
AMPLIFICATION FACTOR OF TYPICAL MODE 
TUBE DROPS RAPIDLY AS PLATE VOLTAGE 
IS DECREASED BELOW 20 VOLTS 


operate under conditions of vibration for many 
hours. The tubes may be identified in many 
cases by the fact that their nomenclature in- 
cludes a ‘‘W” in the type number, as in 807W, 
5U4W, etc. Some ruggedized tubes are included 
in the ‘*5000”’ series nomenclature. The 5654 
is a ruggedized version of the GAK5, the 5692 
is a ruggedized version of the 6SN7, etc. 


4-10 Miscellaneous Tube Types 


Electron 
Ray Tubes 


The electron-ray tube or magic eye 
contains two sets of elements, one 
of which is a triode amplifier and 
the other a cathode-ray indicator. The plate of 
the triode section is internally connected to 
the ray-control electrode (figure 31), so that 
as the plate voltage varies in accordance with 
the applied signal the voltage on the ray-control 
electrode also varies. The ray-control electrode 
is a metal cylinder so placed relative to the 
cathode that it deflects some of the electrons 
emitted from the cathode. The electrons which 
strike the anode cause it to fluoresce, or give 
off light, so that the deflection caused by the 
ray-control electrode, which prevents electrons 
from striking part of the anode, produces a 
wedge-shaped electrical shadow on the fluores- 
cent anode. The size of this shadow is deter- 
mined by the voltage on the ray-electrode. When 
this electrode is at the same potential as the 
fluorescent anode, the shadow disappears; if 
the ray-electrode is less positive than the 
anode, a shadow appears the width of which 
is proportional to the voltage on the ray-elec- 
trode. Magic eye tubes may be used as tuning 
indicators, and as balance indicators in electri- 
cal bridge circuits. If the angle of shadow is 
calibrated, the eye tube may be used as a volt- 
meter where rough measurements suffice. 
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Figure 33 
CHARACTERISTIC CURVES OF 12AK5 
SPACE-—CHARGE TRIODE 


Controlled Series heater strings ace employed 
Warm-up in ac-de radio receivers and tele- 
Tubes vision sets to reduce the cost, 


size, and weight of the equipment. 
Voltage surges of great magnitude occur in 
series operated filaments because of variations 
in the cate of watm-up of the various tubes. 
As the tubes warm up, the heater resistance 
changes. This change is not the same between 
tubes of various types, or even between tubes 
of the same type made by different manu- 
facturers. Some 6-volt tubes show an initial 
surge as high as 9-volts during warm-up, while 
slow-heating tubes such as the 25BQ6 are 
underheated during the voltage surge on the 
6-volt tubes. 


Standardization of heater characteristics in 
a new group of tubes designed for series heater 
strings has eliminated this trouble. The new 
tubes have either 600 ma. or 400 ma. heaters, 
with acontrolled warm-up time of approximately 
1] seconds. The 5U8, 6CG7, and 12BII7-A are 
examples of controlled warm-up tubes. 


Low Introduction of the 12-volt ignition 
Plate system in American automobiles 
Potential has brought about the design of a 
Tubes series of tubes capable of operation 


with a plate potential of 12-14 
volts. Standard tubes perform poorly at low 
plate potentials, as the amplification factor 
of the tube drops rapidly as the plate voltage 
is decreased (figure 32). Contact potential 
effects, and change of characteristics with 
variations of filament voltage combine to make 
operation at low plate potentials even more 
ertatic. 

By employing special processing techniques 


and by altering the electrode geometry a series 
of low voltage tubes has been developed by 
Tung-Sol that effectively pecform with all elec- 
trodes energized by a 12-volt system. With a 
suitable power output transistor, this makes 
possible an automobile radio without a vibrator 
power supply. A special space-charge tube 
(12K5) has been developed that delivers 40 
milliwatts of audio power with a 12 volt plate 


supply (figure 33). 


The increased number of imported 
tadios and high-fidelity equipment 
have brought many foreign vacuum 
tubes into the United States. Many of these 
tubes are comparable to, or interchangeable 


Foreign 
Tubes 


with standard American tubes. A complete 
listing of the electrical characteristics and 
base connection diagrams of all general- 
purpose tubes made in all tube-producing 
countries outside the "Iron Curtain"’ is con- 
tained in the Radio Tube Vade Mecum (World's 
Radio Tubes) available at most larger cadio 
parts jobbers or by mail from the publishers 
of this Handbook. The Equivalent Tubes Vade 
Mecum (World's Equivalent Tubes) pives all 
replacement tubes for a given type, both exact 
and near-equivalents (with points of differ- 
ence detailed). (Data on TV and special- 
purpose tubes if needed is contained in a com- 
panion volume Television Tubes Vade Mecum). 
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One of the earliest detection devices used 
in radio was the galena crystal, a crude ex- 
ample of a semiconductor. More modern ex- 
amples of semiconductors are the copper- 
oxide rectifier, the selenium rectifier and the 
germanium diode. All of these devices offer 
the interesting property of greater resistance 
to the flow of electrical current in one direc- 
tion than in the opposite direction. Typical 
conduction curves for these semiconductors 
are shown in Figure 1. The copper oxide recti- 
fier action results from the function of a thin 
film of cuprous oxide formed upon a pure cop- 
per disc. This film offers low resistance for 
positive voltages, and high resistance for 
negative voltages. The same action is ob- 
served in selenium rectifiers, where a film of 
selenium is deposited on an iron surface. 


1N34 
CAYSTAL DIOOE 
! 
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Figure 1A 
TYPICAL CHARACTERISTIC CURVE 
OF SEMI-CONDUCTOR DIODE 
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5-1 Atomic Structure of 


Germanium and Silicon 


It has been previously stated that the elec- 
trons in an element having a large atomic 
number are grouped into rings, each ring hav- 
ing a definite number of electrons. Atoms in 
which these rings are completely filled are 
called inert gases, of which helium and argon 
are examples. All other elements have one or 
more incomplete rings of electrons. If the in- 
complete ring is loosely bound, the electrons 
may be easily removed, the element is called 
metallic, and is a conductor of electric current. 
If the incomplete ring is tightly bound, with 
only a few missing electrons, the element is 
called non-metallic and is an insulator of elec- 
tric current. Germanium and silicon fall be- 
tween these two sharply defined groups, and 
exhibit both metallic and non-metallic char- 
acteristics. Pure germanium or silicon may be 
considered to be a good insulator. The addition 
of certain impurities in carefully controlled 
amounts to the pure germanium will alter the 
conductivity of che material. In addition, che 
choice of the impurity can change the direction 
of conductivity through the crystal, some im- 
purities increasing conductivity to positive volt- 
ages, and others increasing conductivity to neg- 
ative voltages. 


5-2 Mechanism of 


Conduction 


As indicated by their name, semiconductors 
are substances which have a conductivity 
intermediate between the high values observed 
for metals and the low values observed for in- 
sulating materials. The mechanism of conduc- 
tion in semiconductors is different from that 
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observed in metallic conductors. There exist 
in semiconductors both negatively charged 
electrons and positively charged particles, 
called holes, which behave as though they 
had a positive electrical charge equal in mag- 
nitude to the negative electrical charge on 
the electron. These holes and electrons drift 
in an electrical field with a velocity which is 
proportional to the field itself: 


Van = poE 


where Van = drift velocity of hole 
E = magnitude of electric field 
ps = mobility of hole 


In an electric field the holes will drift in a 
direction opposite to that of the electron and 
with about one-half the velocity, since the 
hole mobility is about one-half the electron 
mobility. A sample of a semiconductor, such as 
germanium or silicon, which is both chemically 
pure and mechanically perfect will contain in it 
approximately equal numbers of holes and elec- 
trons and is called an imtrinsic semiconductor. 
The intrinsic resistivity of the semiconductor 
depends strongly upon the temperature, being 
about 50 ohm/cm. for germanium at room 
temperature. The intrinsic resistivity of silicon 
is about 65,000 ohm/cm. at the same temper- 
ature. 


If, in the growing of the semiconductor crys- 
tal, a small amount of an impurity, such as 
phosphorous, arsenic or antimony is included 
in the crystal, each atom of the impurity con- 
tributes one free electron. This electron is 
available for conduction. The crystal is said 
to be doped and has become electron-conduct- 


Nb-Pc JUNCTION 


Figure 2B 
PICTORIAL EQUIVALENT OF 
P-N-P JUNCTION TRANSISTOR 
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Figure 3 
CONSTRUCTION DETAIL OF A 
POINT CONTACT TRANSISTOR 


ing in nature and is called N (negative) type 
germanium. The impurities which contribute 
electrons are called donors. N-type germanium 
has better conductivity than pure germanium in 
one direction, and a continuous stream of elec- 
trons will flow through the crystal in this direc- 
tion as long as an external potential of the 
correct polarity is applied across the crystal. 

Other impurities, such as a:uminum, gal- 
lium or indium add one hole to the semicon- 
ducting crystal by accepting one electron for 
each atom of impurity, thus creating additional 
holes in the semiconducting crystal. The ma- 
terial is now said to be hole-conducting, or P 
(positive) type germanium. The impurities 
which create holes are called acceptors, P-type 
germanium has better conductivity than pure 
germanium in one direction. This direction is 
opposite to that of the N-type material. Either 
the N-type or the P-type germanium is called 
extrinsic conducting type. The doped materials 
have lower resistivities than the pure materials, 
and doped semiconductors in the resistivity 
range of .01 to 10 ohm/cm. are normally used 
in the production of transistors. 


5-3 The Transistor 


In the past few years an entire new tech- 
nology has been developed for the application 
of certain semiconducting materials in produc- 
tion of devices having gain properties. These 
gain properties were previously found only in 
vacuum tubes. The elements germanium and 
silicon are the principal materials which ex- 
hibit the proper semiconducting properties per- 
mitting their application in the new ampli- 
fying devices called transistors. However, 
other semiconducting materials, including the 
compounds indium antimonide and lead sulfide 
have been used experimentally in the produc- 
tion of transistors. 
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Figure 4 
ELECTRICAL SYMBOLS 
FOR TRANSISTORS 


There are two basic 
types of transistors, the 
point-contact type and the junction type (fig- 
ure 2). Typical construction detail of a point- 
contact transistor is shown in Figure 3, and 
the electrical symbol is shown in Figure 4. The 
emitter and collector electrodes make contact 
with a small block of germanium, called the 
base. The base may be either N-type or P-type 
germanium, and is approximately .05” long 
and .03” thick. The emitter and collector elec- 
trodes are fine wires, and are spaced about 
.005” apart on the germanium base. The com- 
plete assembly is usually encapsulated in a 
small, plastic case to provide ruggedness and 
to avoid contaminating effects of the atmos- 
phere. The polarity of emitter and collector 
voltages depends upon the type of germanium 
employed in the base, as illustrated in figure 4. 

The junction transistor consists of a piece 
of either N-type or P-type germanium between 
two wafers of germanium of the opposite type. 
Either N-P-N or P-N-P transistors may be 
made. In one construction called the grown 
crystal process, the original crystal, grown 
from molten germanium or silicon, is created 
in such a way as to have the two closely spaced 
junctions imbedded in it. In the other con- 
struction called the fasion process, the crystals 
are grown so as to make them a single con- 
ductivity type. The junctions are then pro- 
duced by fusing small pellets of special metal 
alloys into minute plates cut from the original 
crystal. Typical construction detail of a junction 
transistor is shown in figure 2A. 

The electrical schematic for the P-N-P junc- 
tion transistor is the same as for the point- 
contact type, as is shown in figure 4. 


Types of Transistors 


Transistor Action Presently available types of 
transistors have three es- 
sential actions which collectively are called 
transistor action. These are: minority carrier 
injection, transport, and collection. Figure 2B 
shows a simplified drawing of a P-N-P junc- 
tion-type transistor, which can illustrate this 
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collective action. The P-N-P transistor con- 
sists of a piece of N-type germanium on op- 
posite sides of which a layer of P-type mate- 
tial has been grown by the fusion process. 
Terminals are connected to the two P-sections 
and to the N-type base. The transistor may be 
considered as two P-N junction rectifiers 
placed in close juxaposition with a semi- 
conduction crystal coupling the two rectifiers 
together. The left-hand terminal is biased in 
the forward (or conducting) direction and is 
called the emitter. The right-hand terminal is 
biased in the back (or reverse) direction and 
is called the collector The operating potentials 
are chosen with respect to the base terminal, 
which may or may not be grounded. If an 
N-P-N transistor is used in place of the P-N-P, 
the operating potentials are reversed. 

The P. Nb junction on the left is biased 
in the forward direction and holes from the 
P region are injected into the N» region, pro- 
ducing therein a concentration of holes sub- 
stantially greater than normally present in the 
material. These holes travel across the base 
region towards the collector, attracting neigh- 
boring electrons, finally increasing the avail- 
able supply of conducting electrons in the 
collector loop. As a result, the collector loop 
possesses lower resistance whenever the emit- 
ter circuit is in operation. In junction tran- 
sistors this charge transport is by means of 
diffusion wherein the charges move from a 
region of high concentration to a region of 
lower concentration at the collector. The col- 
lector, biased in the opposite direction, acts 
as a sink for these holes, and is said to col- 
lect them. 

It is known that any rectifier biased in the 
forward direction has a very low internal im- 
pedance, whereas one biased in the back direc- 
tion has a very high internal impedance. Thus, 
current flows into the transistor in a low im- 
pedance circuit, and appears at the output as 
current flowing in a high impedance circuit. 
The ratio of a change in collector current to 
a change in emitter current is called the current 
amplification, ot alpha: 


where a= current amplification 
ie = change in collector current 
ie = change in emitter current 


Values of alpha up to 3 or so may be ob- 
tained in commercially available point-contact 
transistors, and values of alpha up to about 
0.95 are obtainable in junction transistors. 


Alpho Cutoff 
Frequency 


The alpha cutoff frequency of 
a transistor is that frequency 
at which the grounded base 
current gain has decreased to 0.7 of the gain 
obtained at I kc. For audio transistors, the 
alpha cutoff frequency is in the region of 0.7 
Mc. to 1.5 Me. For r-f and switching transis- 
tors, the alpha cutoff frequency may be 5 Mc. 
or higher. The upper frequency limit of oper- 
ation of the transistor is determined by the 
small but finite time it takes the majority car- 
rier to move from one electrode to another. 


Drift Transistors As previously noted, the 
signal current in a con- 
ventional transistor is transmitted across the 
base region by a diffusion process. The transit 
time of the carriers across this region is, there- 
fore relatively long. RCA has developed a 
technique for the manufacture of transistors 
which does not depend upon diffusion for 
transmission of the signal across the base re- 
gion. Transistors featuring this new process are 
known as drift transistors. Diffusion of charge 
carriers across the base region is eliminated and 
the carriers are propelled across the region by 
a “built in” electric field. The resulting reduc- 
tion of transit time of the carrier permits drift 
transistors to be used at much higher fre- 
quencies than transistors of conventional de- 
sign. 

The “built in” electric field is in the base 
region of the drift transistor. This field is 
achieved by utilizing an impurity density 
which varies from one side of the base to the 
other. The impurity density is high next to 
the emitter and low next to the collector. Thus, 
there are more mobile electrons in the region 
near the emitter than in the region near the 
collector, and they will try to diffuse evenly 
throughout the base. However, any displace- 
ment of the negative charge leaves a positive 
charge in the region from which the electrons 
came, because every atom of the base material 
was ofiginally electrically neutral. The dis- 
placement of the charge creates an electric 
field that tends to prevent further electron dif- 
fusion so that a condition of equilibrium is 
reached. The direction of this field is such as 
to prevent electron diffusion from the high 
density area near the emitter to the low density 
area near the collector. Therefore, holes enter- 
ing the base will be accelerated from the emit- 
ter to the collector by the electric field. Thus 
the diffusion of charge carriers across the base 
region is augmented by the built-in electric 
field. A potential energy diagram for a drift 
transistor is shown in figure 5. 
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Figure 5 
POTENTIAL ENERGY DIAGRAM 
FOR DRIFT TRANSISTOR (2N247) 


5-4 Transistor 
Characteristics 


The transistor produces results that may be 
comparable to a vacuum tube, bur there is a 
basic difference between the two devices. The 
vacuum tube is a voltage controlled device 
whereas the transistor is a current controlled 
device. A vacuum tube normally operates with 
its grid biased in the negative or high resist- 
ance direction, and its plate biased in the 
positive or low resistance direction. The tube 
conducts only by means of electrons, and has 
its conducting counterpart in the form of the 
N-P-N transistor, whose majority carriers are 
also electrons. There is no vacuum tube equiv- 
alent of the P-N-P transistor, whose majority 
carriers are holes. 

The biasing conditions stated above provide 
the high input impedance and low output im- 
pedance of the vacuum tube. The transistor is 
biased in the positive or low resistance direc- 
tion in the emitter circuit, and in the negative, 
or high resistance direction in the collector 
circuit resulting in a low input impedance 
and a high output impedance, contrary to and 
opposite from the vacuum tube. A comparison 
of point-contact transistor characteristics and 
vacuum tube characteristics is made in figure 6. 

The resistance gain of a transistor is ex- 
pressed as the ratio of output resistance to 
input resistance. The input resistance of a 
typical transistor is low, in the neighborhood 
of 300 ohms, while the output resistance is 
relatively high, usually over 20,000 ohms. For 
a point-contact transistor, the resistance gain 
is usually over 60. 

The voltage gain of a transistor is the 
product of alpha times the resistance gain, 
and for a point-contact transistor is of the 


:: 
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COLLECTOR MILLIAMPERES 


IN 


PLATE CURRENT, MA. 
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Figure 6 
COMPARISON OF POINT-CONTACT 
TRANSISTOR AND VACUUM TUBE 

CHARACTERISTICS 


order of 3 X 60 = 180. A junction transistor 
which has a value of alpha less than unity 
nevertheless has a resistance gain of the order 
of 2000 because of its extremely high output 
resistance, and the resulting voltage gain is 
about 1800 or so. For both types of transistors 
the power gain is the product of alpha squared 
times the resistance gain and is of the order 
of 400 to 500. 

The output characteristics of the junction 
transistor are of great interest. A typical ex- 
ample is shown in figure 7. It is seen that the 
junction transistor has the characteristics of 
an ideal pentode vacuum tube. The collector 
current is practically independent of the col- 
lector voleage. The range of linear operation 
extends from a minimum voltage of about 0.2 
volts up to the maximum rated collector volt- 
age. A typical load line is shown, which il- 
lustrates the very high load impedance that 
would be required for maximum power trans- 
fer. A grounded emitter circuit is usually used, 
since the output impedance is not as high as 
when a grounded base circuit is used. 
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Figure 7 
OUTPUT CHARACTERISTICS OF 
TYPICAL JUNCTION TRANSISTOR 


The output characteristics of a typical poine- 
contact transistor are shown in figure 6. The 
pentode characteristics are less evident, and the 
output impedance is much lower, with the 
range of linear operation extending down to 
a collector voltage of 2 or 3. Of greater prac- 
tical interest, however, is the input character- 
istic Curve with short-circuited, or nearly short- 
circuited input, as shown in figure 8. It is 
this point-contact transistor characteristic of 
having a region of negative impedance that 
Jends the unit to use in switching circuits. The 
transistor circuit may be made to have two, 
one or zero stable operating points, depending 
upon the bias voltages and the load impedance 
used, 


As is known from net- 
work theory, the small 
signal performance of 
any device in any network can be represented 
by means of an equivalent circuit. The most 
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Figure 8 
EMITTER CHARACTERISTIC CURVE 
FOR TYPICAL POINT CONTACT 
TRANSISTOR 
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Figure 9 
LOW FREQUENCY EQUIVALENT 
(Common Base) CIRCUIT FOR POINT 
CONTACT AND JUNCTION 
TRANSISTOR 


convenient equivalent circuit for the low fre- 
quency small signal performance of both point- 
contact and junction transistors is shown in 
figure 9. r-, tf», and re, are dynamic resistances 
which can be associated with the emitter, base 
and collector regions of the transistor. The 
current generator a]., represents the transport 
of charge from emitter to collector. Typical 
values of the equivalent circuit are shown in 
figure 9. 


Transistor 
Configurations 


There are three basic transis- 
tor configurations: grounded 
base connection, grounded 
emitter connection, and grounded collector 
connection. These correspond roughly to 
grounded grid, grounded cathode, and ground- 
ed plate circuits in vacuum tube terminology 
(figure 10). 

The grounded base circuit has a low input 
impedance and high output impedance, and no 
phase reversal of signal from input to output 
circuit. The grounded emitter circuit has a 
higher input impedance and a lower output 
impedance than the grounded base circuit, and 
a reversal of phase between the input and out- 
put signal occurs. This circuit usually provides 
maximum voltage gain from a transistor. The 
grounded collector circuit has relatively high 
input impedance, low output impedance, and 
no phase reversal of signal from input to out- 
put circuit. Power and voltage gain are both 
low. 

Figure 11 illustrates some practical vacuum 
tube circuits, as applied to transistors. 
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Figure 10 
COMPARISON OF BASIC VACUUM TUBE AND TRANSISTOR CONFIGURATIONS 


5-5 ‘Transistor Circuitry 


To establish the correct operating parameters 
of the transistor, a bias voltage must be estab- 
lished between the emitter and the base. Since 
transistors are temperature sensitive devices, 
and since some variation in characteristics usu- 
ally exists between transistors of a given type, 
attention must be given to the bias system to 


overcome these difficulties. The simple se/f-bias 
system is shown in figure 12A. The base is 
simply connected to the power supply through 
a large resistance which supplies a fixed value 
of base current to the transistor. This bias 
system is extremely sensitive to the current 
transfer ratio of the transistor, and must be ad- 
justed for optimum results with each transistor. 

When the supply voltage is fairly high and 
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Figure 11 
TYPICAL TRANSISTOR CIRCUITS 
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Figure 12 
BIAS CONFIGURATIONS FOR TRANSISTORS. 
The voltage divider system of C is recommended for general transistor use. Ratio of R:/R: 
establishes base bias, and emitter bias is provided by voltage drop across Re. 
Battery Polarity is reversed for N-P-N transistors. 


wide variations in ambient temperature do not 
occur, the bias system of figure 12B may be 
used, with the bias resistor connected from 
base to collector. When the collector voltage 
is high, the base current is increased, moving 
the operating point of the transistor down the 
load line. If the collector voltage is low. the 
operating point moves upwards along the load 
line, thus providing automatic control of the 
base bias voltage. This circuit is sensitive to 
changes in ambient temperature, and may per- 
mit transistor failure when the transistor is 
operated near maximum dissipation ratings. 

A better bias system is shown in figure 12C, 
where the base bias is obtained from a voltage 
divider, (R1, R2), and the emitter is forward 
biased. To prevent signal degeneration, the 
emitter bias resistor is bypassed with a large 
capacitance. A high degree of circuit stability 
is provided by this form of bias, providing the 
emitter capacitance is of the order of 50 #fd. 
for audio frequency applications. 


Audio Circuitry A simple voltage amplifier 
is shown in figure 13. Di- 
rect current stabilization is employed in the 


enitter circuit. Operating parameters for the 


amplifier are given in the drawing. In this case, 
the input impedance of the amplifier is quite 
low. When used with a high impedance driv- 
ing source such as a crystal microphone a step 
down input transformer should be employed 
as shown in figure 13B. The grounded collec- 
tor circuit of figure 13C provides a high input 
impedance and a low output impedance, much 
as in the manner of a vacuum tube cathode 
follower. 


The circuit of a two stage resistance coupled 
amplifier is shown in figure 14A. The input 
impedance is approximately 1100 ohms. Feed- 
back may be placed around this amplifier from 
the emitter of the second stage to the base of 
the first stage, as shown in figure 14B. A 
direct coupled version of the r-c amplifier is 
shown in figure 14C. The input impedance is 
of the order of 15,000 ohms, and an overall 
voltage gain of 80 may be obtained with a 
supply potential of 12 volts. 

It is possible to employ N-P-N and P-N-P 
transistors in complementary symmetry circuits 
which have no equivalent in vacuum tube de- 
sign. Figure 15A illustrates such a circuit. A 
symmetrical push-pull circuit is shown in 
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Figure 13 
P-N-P TRANSISTOR VOLTAGE AMPLIFIERS 
A resistance coupled amplifier employing an inexpensive CK-722 transistor is shown in A. For use with 
a high impedance crystal microphone, a step-down transformer matches the low input impedance of the 
transistor, as shown in B. The grounded collector configuration of C provides an Input impedance of 
about 300,000 ohms. 
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Figure 14 


TWO STAGE TRANSISTOR AUDIO AMPLIFIERS 
The feedback loop of B may be added to the r-c amplifier to reduce distortion, or to control the 
audio response. A direct coupled amplifier is shown in C. 


figure 15B. This circuit may be used to di- 
rectly drive a high impedance loudspeaker, 
eliminating the output transformer. A direct 
coupled three stage amplifier having a gain 
figure of 80 db is shown in figure 15C. 

The transistor may also be used as a class 
A power amplifier, as shown in figure 16A. 
Commercial transistors are available that will 
provide five or six watts of audio power when 
operating from a 12 volt supply. The smaller 
units provide power levels of a few milli- 
watts. The correct operating point is chosen so 
that the output signal can swing equally in the 
positive and negative directions, as shown in 
the collector curves of figure 16B. 

The proper primary impedance of the our- 
put transformer depends upon the amount of 
power to be delivered to the load: 


aE 
Be OP; 
The collector current bias is: 
nee: 
tass E. 


In a class A output stage, the maximum a-c 


power output obtainable is limited to 0.5 the 
allowable dissipation of the transistor. The 
product I-E. determines the maximum collector 
dissipation, and a plot of these values is shown 
in figure 16B. The load line should always lie 
under the dissipation curve, and should encom- 
pass the maximum possible area between the 
axes of the graph for maximum output condi- 
tion. In general, the load line is tangent to the 
dissipation curve and passes through the supply 
voltage point at zero collector current. The d-c 
operating point is thus approximately one-half 
the supply voltage. 

The circuit of a typical push-pull class B 
transistor amplifier is shown in figure 17A. 
Push-pull operation is desirable for transistor 
operation, since the even-order harmonics are 
largely eliminated. This permits transistors to 
be driven into high collector current regions 
without distortion normally caused by non- 
linearity of the collector. Cross-over distortion 
is reduced to a minimum by providing a slight 
forward base bias in addition to the normal 
emitter bias. The base bias is usually less than 
0.5 volt in most cases. Excessive base bias will 
boost the quiescent collector current and there- 
by lower the overall efficiency of the stage. 


NPN PNP 


2N78 2N78 2N77 
NPN NPN PNP 


Figure 15 
COMPLEMENTARY SYMMETRY AMPLIFIERS. 


N-P-N and P-N-P transistors may be combined in circuits which have no equivalent in vacuum tube 
design. Direct coupling between cascoded stages using a single power supply source may be employed, as 
in C. Impedance of power supply should be extremely low. 
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Figure 16 
TYPICAL CLASS-A 
AUDIO POWER 
TRANSISTOR CIRCUIT. 
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The operating point of the class B ampli- 
fier is set on the I.=O axis at the point where 
the collector voltage equals the supply voltage. 
The collector to collector impedance of the 
Output transformer is: 


ere 
P. 


Re-e 


In the class B circuit, the maximum a-c 
power input is approximately equal to five 
times the allowable collector dissipation of 
each transistor. Power transistors, such as the 
2N301 have collector dissipation ratings of 
5.5 watts and operate with class B efficiency 
of about 67%. To achieve this level of opera- 
tion the heavy duty transistor relies upon ef- 
ficient heat transfer from the transistor case 
to the chassis, using the large thermal capacity 
of the chassis as a heat sink. An infinite heat 
sink may be approximated by mounting the 
transistor in the center of a 6” x 6” copper or 
aluminum sheet. This area may be part of a 
iarger chassis. 

The collector of most power transistors is 
electrically connected to the case. For appli- 
cations where the collector is not grounded a 
thin sheet of mica may be used between the 
case of the transistor and the chassis. 

Power transistors such as the Philco T-1041 
may be used in the common collector class B 


configuration (figure 17C) to obtain high 
power output at very low distortions compar- 
able with those found in quality vacuum tube 
circuits having heavy overall feedback. In ad- 
dition, the transistor may be directly bolted to 
the chassis, assuming a negative grounded 
power supply Power output is of the order of 
10 watts, with about 0.5% total distortion. 


R-F Circuitry Transistors may be used for 

radio frequency work provided 
the alpha cutoff frequency of the units is 
sufficiently higher than the operating fre- 
quency. Shown in figure 18A is a typical i-f 
amplifier employing an N-P-N transistor. The 
collector current is determined by a voltage 
divider on the base circuit and by a bias re- 
sistor in the emitter leg. Input and output are 
coupled by means of tuned i-f transformers. 
Bypass capacitors are placed across the bias 
resistors to prevent signal frequency degener- 
ation. The base is connected to a low im- 
pedance untuned winding of the input trans- 
former, and the collector is connected to a tap 
on the output transformer to provide proper 
matching, and also to make the performance of 
the stage relatively independent of variations 
between transistors of the same type. With a 
rate-grown N-P-N transistor such as the G.E. 
2N293, it is unnecessary to use neutralization 
to obtain circuit stability. When P-N-P alloy 
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Figure 17 
CLASS-B AUDIO AMPLIFIER CIRCUITRY. 
The common collector circuit of C permits the transistor ta be bolted directly to the chossis for efficient 
heot transfer from the transistor cose to the chassis. 
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TRANSISTORIZED 1-F AMPLIFIERS. 
Typical P-N-P transistor must be neutralized because of high collector capacitance. Rate 
grown N-P-N transistor does not usually require external neutralizing Circuit. 
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transistors are used, it is necessary to neutra- 
lize the circuit to obtain stability (figure 18B). 

The gain of a transistor i-f amplifier will 
decrease as the emitter current is decreased. 
This transistor property can be used to control 
the gain of an i-f amplifier so that weak and 
strong signals will produce the same audio 
output. A typical i-f strip incorporating this 
automatic volume control action is shown in 
figure 19. 

R-f transistors may be used as mixers or 
autodyne converters much in the same manner 
as vacuum tubes The autodyne circuit is shown 
in figure 20. Transformer Ti feeds back a 
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Figure 20 
THE AUTODYNE CONVERTER CIRCUIT 
USING A 2N168A AS A MIXER. 


avoid OUT 


Figure 19 
AUTOMATIC VOLUME 
CONTROL CIRCUIT 
FOR TRANSISTORIZED 
1-F AMPLIFIER. 


signal from the collector to the emitter caus- 
ing oscillation. Capacitor C: tunes thé oscillator 
circuit to a frequency 455 kc. higher than that 
of the incoming signal. The local oscillator 
signal is inductively coupled into the emitter 
circuit of the transistor. The incoming signal 
is resonated in T: and coupled via a low im- 
pedance winding to the base circuit. Notice 
that the base is biased by a voltage divider 
circuit much the same as is used in audio fre- 
quency operation. The two signals are mixed 
in this stage and the desired beat frequency of 
455 kc. is selected by i-f transformer Ts and 
passed to the next stage. Collector currents of 
0.6 ma. to 0.8 ma. are common, and the local 
oscillator injection voltage at the emitter is in 
the range of 0.15 to 0.25 volts, rms. 

A complete receiver “front end” capable of 
operation up to 23 Mc. is shown in figure 21. 
The RCA 2N247 drift transistor is used for 
the r-f amplifier (TR1), mixer (TR2), and 
high frequency oscillator (TR3). The 2N247 
incorporates an interlead shield, cutting the 
interlead capacitance to .003 pyfd. If proper 
shielding is employed between the tuned cir- 
cuits of the r-f stage, no neutralization of the 
stage is required. The complete assembly ob- 
tains power from a 9-volt transistor battery. 
Note that input and output circuits of the tran- 
sistors are tapped at low impedance points on 
the r-f coilstoachieve proper impedance match. 
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RF AMPLIFIER, MIXER, 
AND OSCILLATOR 
STAGES FOR 
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HIGH FREQUENCY 
RECEIVER. THE RCA 
2N247 DRIFT 
TRANSISTOR IS 
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EFFICIENT OPERATION 
UP TO 23 Me. 
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Sufficient coupling of the proper 
phase between input and output 
circuits of the transistor will per- 
mit oscillation up to and slightly above the 
alpha cutoff frequency. Various forms of tran- 
sistor oscillators are shown in figure 22. A 
simple grounded emitter Hartley oscillator hav- 
ing positive feedback between the base and the 
collector (22A) is compared to a grounded 
base Hartley oscillator (22B). In each case 
the resonant tank circuit is common to the in- 
put and output circuits of the transistor. Self- 
bias of the transistor is employed in both these 
circuits A more sophisticated oscillator em- 
ploying a 2N247 transistor and utilizing a 
voltage divider-type bias system (figure 22C) 
is capable of operation up to 50 Mc. or so. 
The tuned circuit is placed in the collector, 
with a small emitter-collector capacitor provid- 
ing feedback to the emitter electrode. 

A P-N-P and an N-P-N transistor may be 
combined to form a complementary Hartley 
oscillator of high stability (figure 23). The 
collector of the P-N-P transistor is directly 


Transistor 
Oscillators 


coupled to the base of the N-P-N transistor, 
and the emitter of the N-P-N transistor furn- 
ishes the correct phase reversal to sustain os- 
cillation. Heavy feedback is maintained be- 
tween the emitter of the P-N-P transistor and 
the collector of N-P-N transistor. The degree 
of feedback is controlled by Ri. The emitter 
resistor of the second transistor is placed at the 


Figure 23 
COMPLEMENTARY HARTLEY 
OSCILLATOR 
P-N-P and N-P-N transistors form high sta- 
bility oscillator. Feedback between P-N-P 
emitter and N-P-N collector is controlled by 
R;. IN81 diodes are used as amplitude lim- 
iters. Frequency of oscillation is determined 
y b, CeCe. 


RFC 


Figure 22 


TYPICAL TRANSISTOR OSCILLATOR CIRCUITS 
A—Grounded Emitter Hartley 


B—Grounded Base Hartley 


C—2N247 Oscillator Suitable for SO Mc. operation. 
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Figure 24 
NEGATIVE RESISTANCE OF 
POINT-CONTACT TRANSISTOR 
PERMITS HIGH FREQUENCY 
OSCILLATION (50 Mc) WITHOUT 
WITHOUT NECESSITY OF 
EXTERNAL FEEDBACK PATH. 


center of the oscillator coil to eliminate load- 
ing of the tuned circuit. 

Two germanium diodes are employed as 
amplitude limiters, further stabilizing ampli- 
fier operation. Because of the low circuit im- 
pedances, it is permissible to use extremely 
high-C in the oscillator tank circuit, effectively 
limiting oscillator temperature stability to var- 
iations in the tank inductance. 

The point-contact transistor exhibits nega- 
tive input and output resistances over part of 
its Operaing range, due to its unique ability 
to multiply the input current. This character- 
istic affords the use of oscillator circuitry hav- 
ing no external feedback paths (figure 24). 
A high impedance resonant circuit in the base 
lead produces circuit instability and oscillation 
at the resonant frequency of the L-C circuit. 
Positive emitter bias is used to insure thermal 
circuit stability. 
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Figure 25 
RELAXATION OSCILLATOR USING 
POINT-CONTACT OR SURFACE 
BARRIER TRANSISTORS. 
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Transistors have almost unlimit- 
ed use in relaxation and R-C os- 
cillator service. The negative re- 
sistance characteristic of the point contact tran- 
sistor make it well suited to such application. 
Surface barrier transistors are also widely used 
in this service, as they have the highest alpha 
cutoff frequency among the group of “alpha- 
less-than-unity” transistors. Relaxation oscilla- 
tors used for high speed counting require tran- 
sistors capable of operation at repetition rates 
of 5 Mc. to 10 Mc. 

A simple emitter controlled relaxation os- 
cillator is shown in figure 25, together with 
its Operating characteristic. The emitter of the 
transistor is biased to cutoff at the start of the 
cycle (point 1). The charge on the emitter ca- 
pacitor slowly leaks to ground through the 
emitter resistor, Ri. Discharge time is deter- 
mined by the time constant of RiC;. When the 
emitter voltage drops sufficiently low to permit 
the transistor to reach the negative resistance 
region (point 2) the emitter and collector re- 
sistances drop to a low value, and the collector 
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Figure 26 
TRANSISTORIZED BLOCKING OSCILLATOR (A) AND ECCLES-JORDAN 
BI-STABLE MULTIVIBRATOR (B). 


High-alpha transistors must be employed in counting circuits to reduce effects of 
storage time caused by transit lag in transistor base. 
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SCHEMATIC, TRANSISTORIZED BROADCAST BAND (500 - 1600 KC.) SUPERHETERO- 
DYNE RECEIVER. 


“LOOPSTICK* 2*« 
COIL PHONES 
+ 1S-3¥ 


Figure 27 
“WRIST RADIO’ CAN BE MADE 
WITH LOOPSTICK, DIODE, AND 
INEXPENSIVE CK-722 TRANSISTOR. 
A TWENTY FOOT ANTENNA WIRE 
WILL PROVIDE GOOD RECEPTION 
IN STRONG SIGNAL AREAS. 


current is limited only by the collector resistor, 
R:. The collector current is abruptly reduced 
bv the charging action of the emitter capacitor 
CG. (point 3), bringing the circuit back to the 
original operating point. The “spike” of col- 
lector current is produced during the charging 
period of C,. The duration of the pulse and the 
pulse repetition frequency (p.t.f.) are con- 
trolled by the values of C:, Ri, Rz, and Ra. 
Transistors may also be used as blocking 
oscillators (figure 26A). The oscillator may 
be synchronized by coupling the locking signal 
to the base circuit of the transistor. An oscil- 
lator of this type may be used to drive a flip- 
flop circuit as a counter. An Eccles-Jordan 
bi-stable flip-flop circuit employing surface- 
barrier transistors may be driven between “off” 
and “on” positions by an exciting pulse as 
shown in figure 26B. The first pulse drives 
the “on” transistor into saturation. This tran- 
sistor remains in a highly conductive state until 
the second exciting pulse arrives. The transis- 
tor docs not immediately return to the cut-off 


state, since a time lapse occurs before the out- 
put waveform starts to decrease. This storage 
time is caused by the transit lag of the minority 
carriers in the base of the transistor. Proper cir- 
cuit design and the use of high-alpha transis- 
tors can reduce the effects of storage time to a 
minimum. Driving pulses may be coupled to 
the multivibrator through steering diodes as 
shown in the illustration. 


5-6 


With the introduction of the dollar tran- 
sistor, many interesting and unusual experi- 
ments and circuits may be built up by the be- 
ginner in the transistor field. One of the most 
interesting is the “wrist watch” receiver, illus- 
trated in figure 27. A diode and a transistor 
amplifier form a miniature broadcast receiver, 
which may be built in a small box and carried 
on the person. A single 1.5-volt penlite cell 
provides power for the transistor, and a short 
length of antenna wire will suffice in the vi- 
cinity of a local broadcasting station. 


Transistor Circuits 


A transistorized superhetrodyne for broad- 
cast reception is shown in figure 28. No an- 
tenna is required, as a ferrite “loop-stick” is 
used for the r-f input circuit of the 2N136 
mixer transistor. A miniature magnetic "hear- 
ing aid” type earphone may be employed with 
this receiver. 


A simple phonograph amplifier designed 
for use with a high impedance crystal pickup 
is shown in figure 29. Two stages of amplifi- 
cation using 2N109 transistors are used to 
drive two 2N109 transistors in a class B con- 
figuration. Approximately 200 milliwatts of 
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PICKUP 


ZP= 300 


c SPEAKER 


+r at at5ona. 


Figure 29 
HIGH GAIN, LOW DISTORTION AUDIO AMPLIFIER, SUITABLE FOR USE 


WITH A CRYSTAL PICKUP. POWER OUTPUT 


1S 250 MILLIWATTS. 


power may be obtained with a battery supply 
of 12 volts. Peak current drain under maxi- 
mum signal conditions is 40 ma. 


Shown in figure 30 is an inexpensive and 
compact 25 watt transistorized modulator suit- 
able for mobile use with an automobile having 
a 12 volt ignition system. This unit may be 
used to modulate a 6146 r.f. amplifier stage 
running at 400 volts and 125 milliamperes 
plate power input. The two DS-501 power 
transistors (Delco) are mounted on a heat 
sink made of a 6” x 6” x ¥y” aluminum plate. 
The components are mounted on the sink 
which serves as the chassis. Output transformer 


T3 consists of a 6.3 volt filament transformer 
with the ends of the low voltage winding con- 
nected to the collectors of the output transis- 
tors. Resting modulator current is about 0.7 
amperes, rising to nearly 2 amperes on full 
modulation peaks. 

The modulator should be positioned so that 
motor heat and warm air is deflected from the 
unit, or the efficiency of the aluminum heat 
sink will be impaired and damage to the out- 
put transistors may result. A good location for 
the unit is under the dash against the firewall. 

Microphone gain may be adjusted by chang- 
ing the value of the 100 ohm, 2 watt series 
resistor. 


Figure 30. 
TRANSISTORIZED 25 WATT MOBILE MODULATOR. 


T,—150 ohm primary, 490 ohm secondary (center tap on primary not used), Thordarson 


TR-5. 


T,2—400 ohm primary, 4 and 16 ohm secondary. Stancor TA-41. 


T3—6.3 volt center tap, 3a. (See text.) 


Note—Output transistors are insulated from heat-sink by Delco mica insulators 


(# 1221264). 


t1 2N109 


CARBON 


NOTE: cowrroc CiacuiT RETURNS TO 
“HOT~ BATTERY TERMINAL. 


Te DS-501 Ts 


CONTROL 412.6. “12.8 Vv. 


ciRcuIT 
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5-7 Zener Diodes 


The Zener Diode is a semiconductor device 
that can be used as a constant voltage refer- 
ence, of as a control element. Zener diodes 
are available in ratings to 50 watts, with zener 
voltages of approximately 4 voles to 200 volts. 

The zener diode has electrical character- 
istics that are derived from a rectifying junc- 
tion which operates at a reverse bias condition 
not normally used. The zener knee (figure 31) 
and constant voltage plateau are obtained 
when this rectifying junction is back-biased 
above the junction breakdown voltage. The 
break from non-conductance to conductance is 
very sharp. At applied voltages greater than 
the breakdown point, the voltage drop across 
the diode junction becomes essentially con- 
stant for a relatively wide range of currents. 
This is the zener control! region. 

Thermal dissipation is obtained by mount- 
ing the zener diode to a heat sink composed 
of a large area of metal having free access 
to ambient air. 


Zener Diode 
Applications 


The zener diode may be em- 
ployed as a shunt regulator 
(figure 32A) in the manner 
of a typical “VR-tube.” Two zener diodes may 
be employed in the circuit of figure 32B to 
supply very low values of regulated voltage. 
Two opposed zener diodes can be used to pro- 
vide ac. clipping of both halves of the cycle 
(figure 32C). Zener diodes may also be used 
to protect meter movements as they provide a 
very low resistance shunt across the move- 
ment when the applied voltage exceeds a 
certain critical level. 


FIGURE 32 


A-ZENER DIOOE FUNCTIONS AS 
VOLTAGE REGULATOR OVER 
RANGE OF CONSTANT VOLTAGE 
PLATEAU. 

B-TWO ZENER DIODES OF DIFFER- 
ENT VOLTAGE CAN PROVIDE 
SMALL REGULATED VOLTAGE. 

C-OPPOSED ZENER DIODES CLIR 

© BOTH HALVES OF CYCLE OF A.C. 
WAVE. 


INNS ‘our 


FORWARD 
— CHARACTERISTIC 


jeianerea 


i 
'p (VOLTS) 


CONSTANT 
VOLTAGE 
PLATEAU 


FIGURE 31 


BETWEEN “ZENER KNEE? AND POINT OF MAXIMUM ZENER CUR 
RENT, THE ZENER VOLTAGE IS ESSENTIALLY CONSTANT AT 30 VOLTS. 
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CHAPTER SIX 


Vacuum Tube Amplifiers 


6-1 Vacuum Tube Parameters 


The ability of the control grid of a vacuum 
tube to control large amounts of plate power 
with a small amount of grid energy allows the 
vacuum tube to be used as an amplifier. It is 
this ability of vacuum tubes to amplify an 
extremely small amount of energy up to almost 
any level without change in anything except 
amplitude which makes the vacuum tube such 
an extremely valuable adjunct to modern elec- 
tronics and communication. 


Symbols for As an assistance in simplify- 
Vacuum-Tube ing and shortening expressions 
Parameters involving vacuum-tube param- 


eters, the following symbols 
will be used throughout this book: 


Tube Constants 


p— amplification factor 

Rp — plate resistance 

Gm —transconductance 

Msg — grid-screen mu factor 

G. — conversion transconductance(mixer tube) 


Interelectrode Capacitances 


Cx — grid-cathode capacitance 

Gp — grid-plate capacitance 

Cox — plate-cathode capacitance 

Cig — input capacitance (tetrode or pentode) 
Cour — output Capacitance (tetrode or pentode) 


Electrode Potentials 


Epp —d-c_ plate supply voltage (a positive 
quantity) 

Ecc —d-c grid supply voltage (a negative 
quantity) 


Eg, — peak grid excitation voltage (4% total 
peak-to-peak grid swing) 

Epm — peak plate voltage (14 total peak-to-peak 
plate swing) 

€p — instantaneous plate potential 

€, — instantaneous grid potential 

€pmin — Minimum instantaneous plate voltage 

€gmp — maximum positive instantaneous grid 
voltage 

E, — static plate voltage 

E, — static grid voltage 

€co — cutoff bias 


Electrode Currents 


Ip — average plate current 

I, — average grid current 

Ipm — peak fundamental plate current 

ipmax — maximum instantaneous plate current 
Igmax — Maximum instantaneous grid current 
I, — static plate current 


I, — static grid current 


Other Symbols 


P; — plate power input 

P, — plate power ourput 

P, — plate dissipation 

Py — grid driving power (grid plus bias losses) 
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TRIODE PENTODE OR TETRODE 
Figure | 
STATIC INTERELECTRODE CAPACI- 
TANCES WITHIN A TRIODE, PENTODE, 
OR TETRODE 


P, — grid dissipation 

Np — plate efficiency(expressed as a decimal) 
9, — one-half angle of plate current flow 

9, — one-half angle of grid current flow 

Ry, — load resistance 

Z,_ — load impedance 


The relationships between cer- 
tain of the electrode potentials 
and currents within a vacuum 
tube are reasonably constant under specified 
conditions of operation. These relationships 
are called vacuum-tube constants and are 
listed in the data published by the manufac- 
turers of vacuum tubes. The defining equations 
for the basic vacuum-tube constants are given 
in Chapter Four. 


Vacuum- Tube 
Constants 


Interelectrode The values of interelectrode 
Capacitances and capacitance published in 
Miller Effect vacuum-tube tables are the 
static values measured, in 
the case of triodes for example, as shown in 
figure 1. The static capacitances are simply 
as shown in the drawing, but when a tube is 
operating as amplifier there is another con- 
sideration knownas Miller Effect which causes 
the dynamic input capacitance to be different 
trom the static value. The output capacitance 
of an amplifier is essentially the same as the 
static value given in the published tube tables. 
The grid-to-plate capacitance is also the same 
as the published static value, but since the 
Cgp acts as a small capacitance coupling en- 
ergy back from the plate circuit to the grid 
circuit, the dynamic input capacitance is equal 
to the static value plus an amount (frequently 
much greater in the case of a triode) deter- 
mined by the gain of the stage, the plate load 
impedance, and the C,, feedback capacitance. 
The total value for an audio amplifier stage 
can be expressed in the following equation: 


GC \ernamic) x) eqaietts) +(A+ DG) 


where C,, is the grid-to-cathode capacitance, 


Cgp is the grid-to-plate capacitance, and A is 
the stage gain. This expression assumes that 
the vacuum tube is operating into a resistive 
load such as would be the case with an audio 
stage working into a resistance plate load in 
the middle audio range. 

The more complete expression for the input 
admittance (vector sum of capacitance and 
resistance) of an amplifier operating into any 
type of plate load is as follows: 


Input capacitance = C,, +(1 + A cos 0) Cgp 


Input resistance = --) 
o\p 


A sin 6 


Where: C,, = grid-to-cathode capacitance 
Cgp = gtid-to-plate capacitance 


A = voltage amplification of the tube 
alone 
6 =phase angle of the plate load im- 


pedance, positive for inductive 
loads, negative for capacitive 


It can be seen from the above that if the 
plate load impedance of the stage is capaci- 
tive or inductive, there will be aresistive com- 
ponent in the input admittance of the stage. 
The resistive component of the input admit- 
tance will be positive (tending to load the 
circuit feeding the grid) if the load impedance 
of the plate is capacitive, or it will be negative 
(tending to make the stage oscillate) if the 
load impedance of the plate is inductive. 


Neutralization of the effects 
of interelectrode capacitance 
is employed most frequently 
in the case of radio fre- 
quency power amplifiers. Before the introduc- 
tion of the tetrode and pentode tube, triodes 
were employed as neutralized Class A ampli- 
fiers in receivers. This practice has been 
largely superseded in the present state of the 
art through the use of tetrode and pentode 
tubes in which the C,, or feedback capaci- 
tance has been reduced to such a low value 
that neutralization of its effects is not neces- 
sary to prevent oscillation and instability. 


Neutralization 
of Interelectrode 
Capacitance 


6-2 Classes and Types of 
Vacuum-Tube Amplifiers 


Vacuum-tube amplifiers are grouped into 
various classes and sub-classes according to 
the type of work they are intended to perform. 
The difference between the various classes is 
determined primarily by the value of average 
grid bias employed and the maximum value of 
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the exciting signal to be impressed upon the 
grid. 


Class A 
Amplifier 


A Class A amplifier is an amplifier 
biased and supplied with excitation 
of such amplitude that plate cur- 
rent flows continuously (360° of the exciting 
voltage waveshape) and grid current does not 
flow at any time. Such an amplifier is normally 
operated in the center of the grid-voltage 
place-current transfer characteristic and gives 
an output waveshape which is a substantial 
replica of the input waveshape. 


Class A, 
Amplifier 


This is another term applied to the 
Class A amplifier in which grid 
current does not flow over any 
portion of the input wave cycle. 


Class A, This is a Class A amplifier oper- 
Amplifier ated under such conditions that the 

grid is driven positive over a por- 
tion of the input voltage cycle, but plate cur- 
rent still flows over the entire cycle. 


Class AB, This is an amplifier operated under 
Amplifier such conditions of grid bias and 

exciting voltage that plate current 
flows for more than one-half the input voltage 
cycle but for less than the complete cycle. In 
other words the operating angle of plate cur- 
rent flow is appreciably greater than 180° but 
less than 360°. The suffix lindicates that grid 
current does not flow over any portion of the 
input cycle. 


Class AB, A Class AB) amplifier is operated 
Amplifier under essentially the same condi- 

tions of grid bias as the Class 
AB, amplifier mentioned above, but the excit- 
ing voltage is of such amplitude that grid cur- 
rent flows over an appreciable portion of the 
input wave cycle. 


Class B 
Amplifier 


A Class B amplifier is biased sub- 
stantially to cutoff of plate current 
(without exciting voltage) so that 
plate current flows essentially over one-half 
the input voltage cycle. The operating angle 
of plate current flow is essentially 180° The 
Class B amplifier is almost always excited 
to such an extent that grid current flows. 


Closs C 
Amplifier 


A Class C amplifier is biased to a 
value greater than the value re- 
quired for plate current cutoff and 
is excited with a signal of such amplitude 
that grid current flows over an appreciable 
period of the input voltage waveshape. The 
angle of plate current flow in a Class C am- 
plifier is appreciably less than 180° or in 
other words, plate current flows appreciably 


— jp —elp 


y 


r 
+ 


IR 


Figure 2 
TYPES OF BIAS SYSTEMS 


A Grid bias 
B . Cathode bios 
C - Grid leak bias 


less than one-half the time. Actually, the con- 
ventional operating conditions for a Class C 
amplifier are such that plate current flows for 
120° to 150° of the exciting voltage wave- 
shape. 


There are three general types of 
amplifier circuits in use. These 
types are classified on the basis 
of the return for the input and output circuits. 
Conventional amplifiers are called cathode re- 
turn amplifiers since the cathode is effectively 
grounded and acts as the common return for 
both the input and output circuits. The second 
type is known as a plate return amplifier or 
cathode follower since the plate circuit is ef- 
fectively at ground for the input and output 
signal voltages and the output voltage or 
power is taken between cathode and plate. The 
third type is called a grid-return or grounded- 
grid amplifier since the grid is effectively at 
ground potential for input and output signals 
and output is taken between grid and plate. 


Types of 
Amplifiers 


6-3 Biasing Methods 


The difference of potential between grid and 
cathode is called the grid bias of a vacuum 
tube. There are three general methods of 
providing this bias voltage. In each of these 
methods the purpose is to establish the grid 
at a potential with respect to the cathode 
which will place the tube in the desired opera- 
ting condition as determined by its charac- 
teristics. 

Grid bias may be obtained from a source of 
voltage especially provided for this purpose, 
as a battery or other d-c power supply. This 
method is illustrated in figure 2A, and is 
known as fixed bias. 

A second biasing mechod is illustrated in 
figure 2B which utilizes a cathode r@sistor 
across which an IR drop is developed as a 
result of plate current flowing through it. The 
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cathode of the tube is held at a positive po- 
tential with respect to ground by the amount of 
the IR drop because the grid is at ground po- 
tential. Since the biasing voltage depends 
upon the flow of plate current the tube cannot 
be held in a cutoff condition by means of the 
cathode bias voltage developed across the 
cathode resistor. The value of this resistor is 
determined by the bias required and the plate 
current which flows at this value of bias, as 
found from the tube characteristic curves. 
A capacitor is shunted across the bias resistor 
to provide a low impedance path to ground for 
the a-c component of the plate current which 
results from an a-c input signal on the grid. 

The third method of providing a biasing 
voltage is shown in figure 2C, and is called 
grid-leak bias. During the portion of the input 
cycle which causes the grid to be positive 
with respect to the cathode, grid current flows 
from cathode to grid, charging capacitor C,. 
Whenthe grid draws current, the grid-to-cathode 
resistance of the tube drops from an infinite 
value to a very low value, on the order of 
1,000 ohms or so, making the charging time 
constant of the capacitor very short. This en- 
ables C, to charge up to essentially the full 
value of the positive input voltage and results 
in the grid (which is connected to the low po- 
tential plate of the capacitor) being held es- 
sentially at ground potential. During the nega- 
tive swing of the input signal no grid current 
flows and the discharge path of C, is through 
the grid resistance which has a value of 
500,000 ohms or so. The discharge time con- 
stant for C, is, therefore, very long in com- 
parison to the period of the input signal and 
only a small part of the charge on C, is lost. 
Thus, the bias voltage developed by the dis- 
charge of C, is substantially constant and the 
grid is not permitted to follow the positive 
portions of the input signal. 


6-4 Distortion in Amplifiers 


There are three main types of distortion that 
may occur in amplifiers: frequency distortion, 
phase distortion and amplitude distortion. 


Frequency distortion may occur 
when some frequency Components 
of a signal are amplified more than 
others. Frequency distortion occurs at low 
frequencies if coupling capacitors between 
stages are too small, or may occur at high fre- 
quencies as a result of the shunting effects of 
the distributed capacities in the circuit. 


Frequency 
Distortion 


Phase 
Distortion 


In figure 3 an input signal con- 
sisting of a fundamental and a 
third harmonic is passed through 
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Figure 3 


Illustration of the effect of phase distortion 
on input wave containing a third harmonic 
signal 


a two stage amplifier. Although the amplitudes 
of both components are amplified by identical 
ratios, the output waveshape is considerably 
different from the input signal because the 
phase of the third harmonic signal has been 
shifted with respect to the fundamental signal. 
This phase shift is known as phase distortion, 
and is caused principally by the coupling cir- 
cuits between the stages of the amplifier. 
Most coupling circuits shift the phase of a 
sine wave, but this has no effect on the shape 
of the output wave. However, when a complex 
wave is passed through the same coupling 
circuit, each component frequency of the wave- 
shape may be shifted in phase by a different 
amount so that the output wave is not a faith- 
ful reproduction of the input waveshape. 


Amplitude If a signal is passed through a vac- 
Distortion uum tube that is operating on any 

non-linear part of its characteristic, 
amplitude distortion will occur. In such a re- 
gion, a change in grid voltage does not result 
in a change in plate current which is directly 
proportional to the change in grid voltage. For 
example, if an amplifier is excited with a sig- 
nal that overdrives the tubes, the resultant 
signal is distorted in amplitude, since the 
tubes operate over a non-linear portion of their 
characteristic. 


6-5 Resistance- 
Capacitance Coupled 
Audio-Frequency Amplifiers 


Present practice in the design of audio-fre- 
quency voltage amplifiers is almost exclusively 
to use resistance-capacitance coupling be- 
tween the low-level stages. Both triodes and 
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ce 
+® |. 
Re 
Rw 
= ae = 
Figure 4 


STANDARD CIRCUIT FOR RESISTANCE- 
CAPACITANCE COUPLED TRIODE AM- 
PLIFIER STAGE 


pentodes are used; triode amplifier stages 
will be discussed first. 


R-C Coupled 
Triode Stoges 


Figure 4 illustrates the stand- 
ard circuit for a resistance- 
capacitance coupled amplifier 
stage utilizing a triode tube with cathode bias. 
In conventional audio-frequency amplifier de- 
sign such stages are used at medium voltage 


levels (from 0.01 to § volts peak on the grid 
of the tube) and use medium-p triodes such 
as the 6J5 or high-p# triodes such as the 6SF5 
or 6SL7-GT. Normal voltage gain for a single 
stage of this type is from 10 to 70, depending 
upon the tube chosen and its operating con- 
ditions. Triode tubes are normally used in the 
last voltage amplifier stage of an R-C ampli- 
fier since their harmonic distortion with large 
output voltage (25 to 75 volts) is less than 
with a pentode tube. 


Voltage Gain The voltage gain per stage of 
per Stage a resistance-capacitance cou- 

pled triode amplifier can be cal- 
culated with the aid of the equivalent circuits 
and expressions for the mid-frequency, high- 
frequency, and low-frequency range given in 
figure 5. 

A triode R-C coupled amplifier stage is 
normally operated with values of cathode re- 
sistor and plate load resistor such that the 
actual voltage on the tube is approximately 
one-half the d-c plate supply voltage. To 
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Figure 5 
Equivalent circuits and gain equations for a triode R-C coupled amplifier stage. In using these 
equations, be sure to select the values of mu and R, which are proper for the static current ond 


voltages with which the tube will operate. These values may be obtained from curves published 
in the RCA Tube Handbook RC-16. 
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Ce 


Re 


Figure 6 
STANDARD CIRCUIT FOR RESISTANCE- 


CAPACITANCE COUPLED PENTODE AM- 
PLIFIER STAGE 


assist the designer of such stages, data on 
operating conditions for commonly used tubes 
is published in the RCA Tube Handbook RC-16. 
Itis assumed, in the case of the gain equations 
of figure 5, that the cathode by-pass capacitor, 
C,, has a reactance that is low with respect 
to the cathode resistor at the lowest frequency 
to be passed by the amplifier stage. 


R-C Coupled Figure 6 illustrates the stand- 
Pentode Stages ard circuit for a resistance- 

capacitance coupled pentode 
amplifier stage. Cathode bias is used and the 
screen voltage is supplied through a dropping 
resistor from the plate voltage supply. In con- 
ventional audio-frequency amplifier design 
such stages are normally used at low voltage 
levels (from 0.00001 to 0.1 volts peak on the 
grid of the tube) and use moderate-G,, pentodes 


such as the 6SJ7. Normal voltage gain for a 
stage of this type is from 60 to 250, depend- 
ing upon the tube chosen and its operating 
conditions. Pentode tubes are ordinarily used 
the first stage of an R-C amplifier where the 
high gain which they afford is of greatest ad- 
vantage and where only a small voltage output 
is required from the stage. 


The voltage gain per stage of a resistance- 
capacitance coupled pentode amplifier can be 
calculated with the aid of the equivalent cir- 
cuits and expressions for the mid-frequency, 
high-frequency, and low-frequency range given 
in figure 7. 

To assist the designer of such stages, data 
on operating conditions for commonly used 
types of tubes is published in the RCA Tube 
Handbook RC-16. It is assumed, in the case of 
the gain equations of figure 7, that the cathode 
by-pass capacitor, C,, has a reactance that is 
low with respect to the cathode resistor at the 
lowest frequency to be passed by the stage. It 
is additionally assumed that the reactance of 
the screen by-pass capacitor Cy, is low with 
respect to the screen dropping resistor, Rq, at 
the lowest frequency to be passed by the am- 
plifier stage. 


Cascade Voltage When voltage amplifier stages 
Amplifier Stages are operated in such a manner 

that the output voltage of the 
first is fed to the grid of the second, and so 
forth, such stages are said to be cascaded. 
The total voltage gain of cascaded amplifier 


L= -GmEco 


Figure 7 


Equivalent circuits and 
gain equotions for a pen- 
tode R-C coupled amplifier 
stage. In using these eque- 
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1. RL= $00000 OHMS 
2.RL= 100 000 OHMS 
3.RL= 50000 OHMS 
4.RL® 20000 OHMS 
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Figure 8 
The variation of stage gain with frequency 
in an rec coupled pentode amplifter for vari- 
ous values of plate load resistance 


rr 


stages is obtained by taking the product of the 
voltage gains of each of the successive stages. 

Sometimes the voltage gain of an amplifier 
stage is rated in decibels. Voltage gain is 
converted into decibels gain through the use 
of the following expression: db = 20 logig A, 
where A is the voltage gain of the stage. The 
total gain of cascaded voltage amplifier stages 
can be obtained by adding the number of 
decibels gain in each of the cascaded stages. 


R-C Amplifier 
Response 


A typical frequency response 
curve for an R-C coupled audio 
amplifier is shown in figure 8. 
It is seen that the amplification is poor for the 
extreme high and low frequencies. The reduced 
gain at the low frequencies is caused by the 
loss of voltage across the coupling capacitor. 
In some cases, a low value of coupling capaci- 
tor is deliberately chosen to reduce the re- 
sponse of the stage to hum, or to attenuate 
the lower voice frequencies for communication 
purposes. For high fidelity work the product of 
the grid resistor in ohms times the coupling 
capacitor in microfarads should equal 25,000. 
(ie.: 500,000 ohms x 0.05 yefd = 25,000). 

The amplification of high frequencies falls 
off because of the Miller effect of the sub- 
sequent stage, and the shunting effect of resi- 
dual circuit capacities. Both of these effects 
may be minimized by the use of a low value of 
plate load resistor. 


The correct operating bias 
for a high-mu triode such 
as the 6SL7, is fairly crit- 
ical, and will be found to be highly variable 
from tube to tube because of minute variations 
in contact potential within the tube itself. A 
satisfactory bias method is to use grid leak 
bias, with a grid resistor of one to ten meg- 
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Figure 9 


SIMPLE COMPENSATED VIDEO 
AMPLIFIER CIRCUIT 


Resistor R, in conjunction with coil L 
L 
serves to flatten the high-frequency response 
of the stage, while Cc, and Rp serve to equal- 
ize the low-frequency response of this sim- 
ple video amplifier stage. 


ohms connected directly between grid and 
cathode of the tube. The cathode is grounded. 
Grid current flows at all times, and the effec- 
tive input resistance is about one-half the 
resistance value of the grid leak. This circuit 
is particularly well suited as a high gain 
amplifier following low output devices, such 
as crystal microphones, or dynamic micro- 
phones. 


A resistance-capacity 
coupled amplifier can 
be designed to provide 
a good frequency response for almost any 
desired range. For instance, such an amplifier 
can be built to provide a fairly uniform ampli- 
fication for frequencies in the audio range of 
about 100 to 20,000 cycles. Changes in the 
values of coupling capacitors and load re- 
sistors can extend this frequency range to 
cover the very wide range required for video 
service. However, extension of the range can 
only be obtained at the cost of reduced over- 
all amplification. Thus the R-C method of 
coupling allows good frequency response with 
minimum distortion, but low amplification. 
Phase distortion is less with R-C coupling 


R-C Amplifier 
General Characteristics 
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than with other types, except direct coupling. 
The R-C amplifier may exhibit tendencies to 
**motorboat’’ or oscillate if it is used with a 
high impedance plate supply. 


6-6 Video-Frequency 
Amplifiers 


A video-frequency amplifier is one which 
has been designed to pass frequencies from 
the lower audio range (lower limit perhaps 50 
cycles) to the middle r-f range (upper limic 
perhaps 4 to 6 megacycles). Such amplifiers, 
in addition to passing such an extremely wide 
frequency range, must be capable of amplify- 
ing this range with a minimum of amplitude, 
phase, and frequency distortion. Video ampli- 
fiers are commonly used in television, pulse 
communication, and radar work. 

Tubes used in video amplifiers must have 
a high ratio of G,, to capacitance if a usable 
gain per stage is to be obtained. Commonly 
available cubes which have been designed for 
or are suitable for use in video amplifiers are: 
GAU6, 6AGS, 6AKS, 6CB6, GAC7, 6AG7, and 
6K6-GT. Since, at the upper frequency limits 
of a video amplifier the input and ourtpuc 
shunting capacitances of the amplifier tubes 
have rather low values of reactance, low 
values of coupling resistance along with 
peaking coils or other special interstage cou- 
pling impedances are usually used to flatten 
out the gain/frequency and hence the phase/ 
frequency characteristic of the amplifier. 
Recommended operating conditions along with 
expressions for calculation of gain and circuit 
values are given in figure 9. Only a simple 
two-terminal interstage coupling network is 
shown in this figure. 

The performance and gain-per-stage of a 
video amplifier can be improved by the use 
of increasingly complex two-terminal inter- 
stage coupling networks or through the use 
of four-terminal coupling networks or filters 
between successive stages. The reader is re- 
ferred to Terman’s ‘’Radio Engineer's Hand- 
book’’ for design data on such interstage 
coupling networks. 


6-7 Other Interstage 
Coupling Methods 


Figure 10 illustrates, in addition to resist- 
ance-Capacitance interstage coupling, seven 
additional methods in which coupling between 
two successive stages of an audio-frequency 
amplifier may be accomplished. Alchough 
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resistance-capacitance coupling is most com- 
monly used, there are certain circuit condi- 
tions wherein coupling methods other than 
resistance capacitance are more effective. 


Transformer coupling, as _ illus- 
trated in figure 10B, is seldom 
used at the present time between 
two successive single-ended stages of an 
audio amplifier. There are several reasons why 
resistance coupling is favored over transformer 
coupling between two successive single-ended 
stages. These are: (1) a transformer having 
frequency characteristics comparable with a 
properly designed R-C stage is very expensive; 
(2) transformers, unless they are very well 
shielded, will pick up inductive hum from 
nearby power and filament transformers; (3) 
the phase characteristics of step-up interstage 
transformers are poor, making very difficult 
the inclusion of a transformer of this type 
within a feedback loop; and (4) transformers 
are heavy. 

However, there is one circuit application 
where a step-up interstage transformer is of 
considerable assistance to the designer; this 
is the case where it is desired to obtain a 
large amount of voltage to excite the grid of a 
cathode follower or of a high-power Class A 
amplifier from a cube operating at a moderate 
plate voltage. Under these conditions it is pos- 
sible to obtain apeak voltage on the secondary 
of the transformer of a value somewhat greater 
than the d-c plate supply voltage of the tube 
supplying the primary of the transformer. 


Transformer 
Coupling 


Push- Pull Transformer 
interstage Coupling 


Push-pull transformer 
coupling between two 
stages is illustrated in 
figure 10C. This interstage coupling arrange- 
ment is fairly commonly used. The system is 
particularly effective when it is desired, as in 
the system just described, to obtain a fairly 
high voltage to excite the grids of a high- 
power audio stage. The arrangement is also 
very good when it is desired to apply feed- 
back to che grids of the push-pull stage by 
applying the feedback voltage to the low- 
potential sides of the two push-pull second- 
aries. 


Impedance 
Coupling 


Impedance coupling between two 
stages is shown in figure 10D. 
This circuit arrangement is seldom 
used, but it offers one strong advantage over 
R-C interstage coupling. This advantage is 
the fact that, since the operating voltage on 
the tube with the impedance in the plate cir- 
cuit is the plate supply voltage, it is possible 
to obtain approximately twice the peak volt- 
age output that it is possible to obtain with 
R-C coupling. This is because, as has been 
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Figure 10 
INTERSTAGE COUPLING METHODS FOR AUDIO FREQUENCY VOLTAGE AMPLIFIERS 


mentioned before, the d-c plate voltage on an 
R-C stage is approximately one-half the plate 
supply voltage. 


These two circuit ar- 
rangements, illustrated 
in figures 10E and 10F, 
are employed when it is 
desired to use transformer coupling for the 
reasons cited above, but where it is desired 
that the d-c plate current of the amplifier 


Impedance- Transformer 
and Resistance- Trans- 
former Coupling 


stage be isolated from the primary of the cou- 
pling transformer. With most types of high- 
permeability wide-response transformers it is 
necessary that there be no direct-current flow 
through the windings of the transformer. The 
impedance-transformer arrangement of figure 
10E will give a higher voltage output from 
the stage but is not often used since the plate 
coupling impedance (choke) must have very 
high inductance and very low distributed ca- 
pacitance in order not to restrict the range of 
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Figure 11 


Equivalent factors for a pair of similar tri- 
odes operating as a cathode-coupled audio- 
frequency voltage amplifier. 


the transformer which it and its associated 
tube feed. The resistance-transformer arrange- 
ment of figure 10F is ordinarily quite satis- 
factory where it is desired to feed a trans- 
former from a voltage amplifier stage with no 
d.c.in the transformer primary. 


Cathode 


The cathode coupling arrangement 
Coupling 


of figure 10G has been widely used 
only comparatively recently. One 
outstanding characteristic of such a circuit is 
that there is no phase reversal between the 
grid and the plate circuit. All other common 
types of interstage coupling are accompanied 
by a 180° phase reversal between the grid 
circuit and the plate circuit of the tube. 
Figure 11 gives the expressions for deter- 
mining the appropriate factors for an equiva- 
lent triode obtained through the use of a pair 
of similar triodes connected in the cathode- 
coupled circuit shown. With these equivalent 
triode factors it is possible to use the ex- 
pressions shown in figure 5 to determine the 
gain of the stage at different frequencies. The 
input capacitance of such a stage is less than 
that of one of the triodes, the effective grid- 
to-plate capacitance is very much less (it is 
so much less that such a stage may be used 
as an r-f amplifier without neutralization), and 
the output capacitance is approximately equal 
to the grid-to-plate capacitance of one of the 
triode sections. This circuit is particularly 
effective with tubes such as the 6J6, 6N7, and 
GSN7-GT which have two similar triodes in 
ane envelope. An appropriate value of cathode 
resistor to use for such a stage is the value 
which would be used for the cathode resistor 
ef a conventional amplifier using one of the 


same type tubes with the values of plate volt- 
age and load resistance to be used for the 
cathode-coupled stage. 


Inspection of the equations in figure 11 
shows that as the cathode resistor is made 
smaller, to approach zero, the G, approaches 
zero, the plate resistance approaches the Rp 
of one tube, and the mu approaches zero. As 
the cathode resistor is made very large the Gm 
approaches one half that of a single cube of 
the same type, the plate resistance approaches 
twice that of one tube, and the mu approaches 
the same value as one tube. But since the Gy 
of each tube decreases as the cathode resistor 
is made larger (since the plate current will 
decrease on each tube) the optimum value of 
cathode resistor will be found to be in the 
vicinity of the value mentioned in the previous 
paragraph. 


Direct coupling between suc- 
cessive amplifier stages (plate 
of first stage connected directly to the grid of 
the succeeding stage) is complicated by the 
face that the grid of an amplifier stage must 
be operated at an average negative poten- 
tial with respect to the cathode of that stage. 
However, if the cathode of the second ampli- 
fier stage can be operated at a potential more 
positive than the plate of the preceding stage 
by the amount of the grid bias on the second 
amplifier stage, this direct connection between 
the plate of one stage and the grid of the suc- 
ceeding stage can be used. Figure 10H il- 
lustrates an application of this principle in 
the coupling of a pentode amplifier stage to 
the grid of a ‘thot-cathode’’ phase inverter. In 
this arrangement the values of cathode, screen, 
and plate resistor in the pentode stage are 
chosen such that the plate of the pentode is at 
approximately 0.3 times the plate supply po- 
tential. The succeeding phase-inverter stage 
then operates with conventional values of 
cathode and plate resistor (same value of re- 
sistance) in its normal manner. This type of 
phase inverter is described in more detail in 
the section to follow. 


Direct Coupling 


6-8 Phase Inverters 


It is necessary in order to excite the grids 
of a push-pull stage that voltages equal in 
amplitude and opposite in polarity be applied 
to the two grids. These voltages may be ob- 
tained through the use of a push-pull input 
transformer such as is shown in figure 10C. 
It is possible also, without the attendant bulk 
and expense of a push-pull input transformer, 
to obtain voltages of the proper polarity and 
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phase through the use of a so-called phase- 
inverter stage. There are a large number of 
phase inversion circuits which have been de- 
veloped and applied hut the three shown in 
figure 12 have been found over a period of 
time to be the most satisfactory from the point 
of view of the number of components required 
and from the standpoint of the accuracy with 
which the two out-of-phase voltages are held 
to the same amplitude with changes in supply 
voltage and changes in tubes. 

All of these vacuum tube phase inverters 
are based upon the fact that a 180° phase 
shift occurs within a vacuum tube between the 
grid input voltage and the plate output voltage. 
In certain circuits, the fact that the grid input 
voltage and the voltage appearing across the 
cathode bias resistor are in phase is used for 
phase inversion purposes. 


*Hot-Cathode”’ 
Phase Inverter 


Figure 12A illustrates the hot- 
cathode type of phase in- 
verter. This type of phase in- 
verter is the simplest of the three types since 
it requires only one tube and a minimum of 
circuit components. It is particularly simple 
when directly coupled from the plate of a 
pentode amplifier stage as shown in figure 
10H. The circuit does, however, possess the 
following two disadvantages: (1) the cathode 
of the tube must run at a potential of approxi- 
mately 0.3 times the plate supply voltage 
above the heater when a grounded common 
heater winding is used for this tube as well 
as the other heater-cathode tubes in a receiver 
or amplifier: (2) the circuit actually has a 
loss in voltage from its input to either of the 
output grids — about 0.9 times the input volt- 
age will be applied to each of these grids. 
This does represent a voltage gain of about 
1.8 in total voltage output with respect to in- 
put (grid-to-grid output voltage) but it is still 
small with respect to the other two phase 
inverter circuits shown. 

Recommended component values for use 
with a 6J5 tube in this circuit are shown in 
figure 12A. If it is desired to use another tube 
in this circuit, appropriate values for the oper- 
ation of that tube as a conventional amplifier 
can be obtained from manufacturer's tube data. 
The value of R, obtained should be divided by 
two, and this new value of resistance placed 
in the circuit as Ry. The value of Ry from 
tube manual tables should then be used as 
Ry, in this circuit, and then the total of Ry; 
and R,, should be equal to R,. 


**Floating Paraphase"’ 
Phase Inverter 


An alternate type of 
phase inverter some- 
times called the ‘‘float- 
ing paraphase’’ is illustrated in figure 12B. 
This circuit is quite often used with a 6N7 
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Figure 12 


THREE POPULAR PHASE-INVERTER CIR- 
CUITS WITH RECOMMENDED VALUES FOR 
CIRCUIT COMPONENTS 


tube, and appropriate values for the 6N7 tube 
in this application are shown. The circuit 
shown with the values given will give a volt- 
age gain of approximately 21 from the input 
grid to each of the grids of the succeeding 
stage. It is capable of approximately 70 volts 
peak output to each grid. 

The circuit inherently has a small unbalance 
in output voltage. This unbalance can be elim- 
inated, if it is required for some special appli- 
cation, by making the resistor Ry; a few per 
cent lower in resistance value than Rg3. 


Cathede-Coupled The circuit shown in figure 
Phase Inverter 12C gives approximately one- 

half the voltage gain from the 
input grid to either of the grids of the suc- 
ceeding stage that would be obtained from a 
single tube of the same type operating as a 
conventional R-C amplifier stage. Thus, with 
a 6SN7-GT tube as shown (two 6J5'’s in one 
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Figure 13 
VOLTAGE DIVIDER PHASE 
INVERTER 


envelope) the voltage gain from the input 
grid to either of the output grids will be ap- 
proximately 7 — the gain is, of course, 14 from 
the input to both output grids. The phase 
characteristics are such that the circuit is 
commonly used in deriving push-pull deflec- 
tion voltage for a cathode-ray tube from a 
Signal ended input signal. 


The first half of the GSN7 is used as an 
amplifier to increase the amplitude of the ap- 
plied signal to the desired level. The second 
half of the 6SN7 is used as an inverter and 
amplifier to produce a signal of the same 
amplitude but of opposite polarity. Since the 
common cathode resistor, Ry, is not by-passed 
the voltage across it is the algebraic sum of 
the two plate currents and has the same shape 
and polarity as the voltage applied to the in- 
put grid of the first half of the GSN7. When a 
signal, e, is applied to the input circuit, the 
effective grid-cathode voltage of the first 
section is Ae/2, when A is the gain of the 
first section. Since the grid of the second 
section of the GSN7 is grounded, the effect of 
the signal voltage across Ry (equal to e/2 if 
Ry is the proper value) is the same as though 
a signal of the same amplitude but of opposite 
polarity were applied to the grid. The output 
of the second section is equal to —Ae/2 if the 
plate load resistors are the same for both tube 
sections. 


Voltage Divider 
Phase Inverter 


A commonly used phase in- 
verter is shown in figure 13. 
The input section (V,) is con- 
nected as a conventional amplifier. The out- 
put voltage from V, is impressed on the volt- 
age divider Rs-R,. The values of Rs and R, 
are in such a ratio that the voltage impressed 
upon the grid of V, is 1/A times the output 
voltage of V,, where A is the amplification 
factor of V,. The ourput of V, is then of the 


Figure 14 


DIRECT COUPLED 
D-C AMPLIFIER 


same amplitude as the output of V,, but of 
opposite phase. 


6-9 D-C Amplifiers 


Direct current amplifiers are special types 
used where amplification of very slow varia- 
tions in voltage, or of d-c voltages is desired. 
A simple d-c amplifier consists of a single 
tube with a grid resistor across the input 
terminals, and the load in the plate circuit. 


Basic D-C 
Amplifier Circuit 


A simple d-c amplifier 
circuit is shown in 
figure 14, wherein the 
the grid of one tube is connected directly to 
the plate of the preceding tube in sucha 
manner that voltage changes on the grid of 
the first tube will be amplified by the system. 
The voltage drop across the plate coupling 
resistor is impressed directly upon the grid 
of the second tube, which is provided with 
enough negative grid bias to balance out the 
excessive voltage drop across the coupling 
resistor. The grid of the second tube is thus 
maintained in a slightly negative position. 

The d-c amplifier will provide good low fre- 
quency response, with negligible phase dis- 
tortion. High frequency response is limited 
by the shunting effect of the tube capacitances, 
as in the normal resistance coupled amplifier. 

A common fault with d-c amplifiers of all 
types is static instability. Small changes in 
the filament, plate, or grid voltages cannot 
be distinguished from the exciting voltage. 
Regulated power supplies and special balanc- 
ing circuits have been devised to reduce the 
effects of supply variations on these ampli- 
fiers. A successful system is to apply the 
plate potential in phase to two tubes, and to 
apply the exciting signal to a push-pull grid 
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Figure 15 


LOFTIN-WHITE 
D-C AMPLIFIER 


circuit configuration. If the two tubes are 
identical, any change in electrode voltage is 
balanced out. The use of negative feedback 
can also greatly reduce drift problems. 


The ‘‘Loftin-White’’ Two 
Circuit 


d-c amplifier 
stages may be arranged, 
so that their plate 
supplies are effectively in series, as illus- 
trated in figure 15. This is known as a Loftin- 
White amplifier. All plate and grid voltages 
may be obtained from one master power supply 
instead of separate grid and plate supplies. 
A push-pull version of this amplifier (figure 16) 
can be used to balance out the effects of slow 
variations in the supply voltage. 


6-10 Single-ended Triode 
Amplifiers 


Figure 17 illustrates five circuits for the 
operation of Class A triode amplifier stages. 
Since the cathode current of a triode Class Ay 
(no grid current) amplifier stage is constant 
with and without excitation, it is common 
practice to operate the tube with cathode 
bias. Recommended operating conditions in 
regard to plate voltage, grid bias, and load 
impedance for conventional triode amplifier 
stages are given in the RCA Tube Manual, 
RC- 16. 


Extended Class A It is possible, under certain 
Operation conditions to operate single- 

ended triode amplifier stages 
(and pentode and tetrode stages as well) with 
grid excitation of sufficient amplitude that 
grid current is taken by the tube on peaks. 
This type of operation is called Class A, and 
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Figure 16 


PUSH-PULL D-C AMPLIFIER 
WITH EITHER SINGLE-ENDED 
OR PUSH-PULL INPUT 


is characterized by increased plate-circuit 
efficiency over straight Class A amplification 
without grid current. The normal Class A, 
amplifier power stage will operate with a plate 
circuit efficiency of from 20 per cent to perhaps 
35 per cent. Through the use of Class A, 
operation it is possible to increase this plate 
circuit efficiency to approximately 38 to 45 
pec cent. However, such operation requires 
careful choice of the value of plate load im- 
pedance, a grid bias supply with good regula- 
tion (since the tube draws grid current on 
peaks although the plate current does not 
change with signal), and a driver tube with 
moderate power capability to excite the grid 
of the Class A, tube. 

Figures 17D and 17E illustrate two methods 
of connection for such stages. Tubes such as 
the 845, 849, and 304TL are suitable for such 
a stage. In each case the grid bias is approxi- 
mately the same as would be used for a Class 
A, amplifier using the same tube, and as 
mentioned before, fixed bias must be used 
along with an audio driver of good regulation — 
preferably a triode stage with a 1:1 or step- 
down driver transformer. In each case it will 
be found that the correct value of plate load 
impedance will be increased about 40 per cent 
over the value recommended by the tube manu- 
facturer for Class A, operation of the tube. 


Operation Character. 
istics of a Triode 
Power Amplifier 


A Class A power amplifier 
operates in such a way as 
to amplify as faithfully as 
possible the waveform ap- 
plied to the grid of the tube. Large power out- 
put is of more importance than high voltage 
amplification, consequently gain character- 
istics may be sacrificed in power tube design 
to obtain more important power handling capa- 
bilities. Class A power tubes, such as the 45, 
2A3 and GAS7 are characterized by a low 
amplification factor, high plate dissipation 
and relatively high filament emission. 

The operating characteristics of a Class A 
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Figure 17 


Output coupling arrangements for single-ended 
Ciass A triode audio-frequency power amplifiers. 


triode amplifier employing an output trans- 
former-coupled load may be calculated from 
the plate family of curves for the particular 
tube in question by employing the following 
steps: 

1- The load resistance should be approxi- 
mately twice the plate resistance of the 
tube for maximum undistorted power out- 
put. Remember this fact for a quick check 
on calculations. 

2- Calculate the zero-signal bias voltage 
(E,). 
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cs 
7 


w 
’ 


10- 


-(0. 68 x Epp) 
mn 


Where Epp is the actual plate voltage of 
the Class A stage, and yp is the amplifi- 
cation factor of the tube. 


E, 


Locate the E, bias point on the Ip vs. 
E, graph where the E, bias line crosses 
the plate voltage line, as shown in figure 
18. Call this point P. 

Locate on the plate family of curves the 
value of zero-signal plate current, I 
corresponding to the operating point, P. 
Locate 2 x I, (twice the value of Ip) on 
the plate current axis (Y-axis). This 
point corresponds to the value of maxi- 
mum signal plate current, imax. 

Locate point x on the d-c bias curve at 
zero volts (Eg = 0), corresponding to the 
value of imax. 

Draw a straight line (x — y) through points 
x and P. This line is the load resistance 
line. Its slope corresponds to the value 
of the load resistance. 

Load Resistance, (in ohms) 

Cmax ~ min 

imax > imin 

where e is in volts, i is in amperes, and 
R_ is in ohms. 


Check: Multiply the zero-signal plate 
current, Ip, by the operating plate volt- 
age, Ep. If the plate dissipation rating 
of the tube is exceeded, it is necessary 
to increase the bias (E,) on the tube so 
that the plate dissipation falls within 
the maximum rating of the cube. If this 
step is taken, operations 2 through 8 
must be repeated with the new value of 
ae maximum power output, the peak a-c 
grid voltage on the tube should swing to 
2E, on the negative cycle, and to zero- 
bias on the positive cycle. At the peak 
of the negative swing, the plate volt- 
age reaches Cmax and the plate current 
drops to igin. On the positive swing of 
the grid signal, the plate voltage drops 
tO €min and the plate current reaches 
imax. The power output of the cube is: 
Power Output (watts) 


ee (imax — imin) X (€max — min) 
8 


where i is in amperes and e is in volts. 


The second harmonic distortion generated 
in a single-ended Class A triode ampli- 
fier, expressed as a percentage of the 
fundamental ourput signal is: 
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R, = EMAK= Eon, 


OHMS. 
T max. — Lain. 


POWER OUTPUT 


I Oa) E =E 
Po = (Tmax sm) (Emax> Emin.) WATTS: 


SECOND HARMONIC DISTORTION 


(Imax.t [min.) — Ip 


02 = —— X 100 PERCENT 


Tax. — Lain. 


Figure 18 


Formulas for determining the operating con- 

ditions for o Class A triode single-ended gudio- 

frequency power output stage. A typical food 

line hos been drawn on the average plote chor- 

octeriztics of a type 2A3 tube to iflustrate 
the procedure. 


eee 


% 2d harmonic = 


(imax oat imin) 
ae . 
—————___— (x 100) 


Imax — !min 


Figure 18 illustrates the above steps as 
applied to a single Class A 2A3 ampli- 
fier stage. 


6-11 Single-ended Pentode 
Amplifiers 


Figure 19 illustrates the conventional cir- 
cuit for a single-ended tetrode or pentode am- 


Figure 19 


Normal single-ended pentode or beam tetrode 
audio-frequency power output stage. 


plifier stage. Tubes of this type have largely 
replaced triodes in the output stage of re- 
ceivers and amplifiers due to the higher plate 
efficiency (30%—40%) with which they operate. 
Tetrode and pentode tubes do, however, intro- 
duce a considerably greater amount of harmonic 
distortion in their output circuit, particularly 
odd harmonics. In addition, their plate circuit 
impedance (which acts in an amplifier to damp 
loudspeaker overshoot and ringing, and acts 
in a driver stage to provide good regulation) is 
many times higher than that of an equivalent 
triode. The application of negative feedback 
acts both cto reduce distortion and to reduce 
the effective plate circuit impedance of these 
tubes. 


Operating Choracter- 
istics of a Pentode 
Power Amplifier 


The operating character- 
istics of pentode power 
amplifiers may be obtained 
from the plate family of 
curves, much as in the manner applied to 
triode tubes. A typical family of pentode plate 
curves is shown in figure 20. It can be seen 
from these curves that the plate current of the 
tube is relatively independent of the applied 
plate voltage, but is sensitive to screen volt- 
age. In general, the correct pentode load re- 
sistance is about 


0.9 Ep 
[tom 


and the power output is somewhat less than 


Ep xIp 
a 


These formulae may be used for a quick check 
on more precise calculations. To obtain the 
operating parameters for Class A pentode am- 
plifiers, the following steps are taken: 

1- The imax point is chosen so as to fall on 
the zero-bias curve, just above the 
“‘knee’’ of the curve (point A, figure 20). 

2- A preliminary operating point, P, is deter- 
mined by the intersection of the plate 
voltage line, Ep, and the line of ima,/2. 
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TRIAL LOAD LINE. C 
LOAD LINE SOTHAT A 


PLATE MILLIAMPERES 


P (STATIC vaALUE) OMAK 
PLATE VOLTS 


Figure 20 


GRAPHIC DETERMINATION OF OPERAT- 
ING CHARACTERISTICS OF A PENTODE 
POWER AMPLIFIER 


"V"" is the negative control grid voltage at 
the operating point P 


The grid voltage curve that this point 
falls upon should be one that is about 4 
the value of E, required to cut the plate 
current to a very low value (Point B). 
Point B represents igj, on the plate cur- 
rent axis (y-axis). The line i,a,/2 should 
be located half-way between ia, and 
Imin- 

3- A trial load line is constructed about 
point P and point A in such a way that 
the lengths A-P and P-B are approxi- 
mately equal. 

4- When the most satisfactory load line has 
been determined, the load resistance may 
calculated: 


5- The operating bias (E,) is the bias at 
point P. 


6- The power output is: 

Power Output (watts) 
_ imax ~ imin) + 1.41 (Ig = Ty)? x Re 
a 32 


Where I, is the plate current at the point 
on the load line where the grid voltage, 
€g, is equal to: E, - 0.7 E,; and where 
ly is the plate current at the point where 
e, is equal to: E, + 0.7 E,. 

7- The percentage harmonic distortion is: 


Po 


% 2d harmonic distortion 


imax — imin ~ 2 Ip 


= x 100 
Imax — tmin + 1.41 (I, —1y) 
Where I, is the static plate current of 
of the tube. 


% 3d harmonic distortion 
imax — imin ~ 1.41 (1, - ly) 


=——_—_——__—_——_ x 100 
Imax ~ imin + 1-41 (1, — Ty) 


Push-Pull Audio 
Amplifiers 


6-12 


Anumber of advantages are obtained through 
the use of the push-pull connection of two or 
four tubes in an audio-frequency power am- 
plifier. Two conventional circuits for the use 
of triode and tetrode tubes in the push-pull 
connection are shown in figure 21. The two 
main advantages of the push-pull circuit ar- 
rangement are: (1) the magnetizing effect 
of the plate currents of the output tubes is 
cancelled in the windings of the output trans- 
former; (2) even harmonics of the input signal 
(second and fourth harmonics primarily) gen- 
erated in the push-pull stage are cancelled 
when the tubes are balanced. 

The cancellation of even harmonics gener- 
ated in the stage allows the tybes to be oper- 


O +8 PLATE 


PUSH-PULL TRIODE ANO TETRODE 


FIGURE 21 


Www. americanradiohistorv. com 


122 Vacuum Tube Amplifiers THE RADIO 
300 300 
EEE EHH t 
POO ACC jan 
BCC ATE Gina ~~~ RES 


REE eet 


PLATE MILLIAMPERES (IP) 


[als7 ATT RYT TT | 
vatue oF OEE EVE EEISIS AIS TSS a] 
S0(-ZERO SIGNAL ZA A ‘AR 
PLATE CUR. 


PLATE VOLTS 


) 


8 
PLATE MILLIAMPERES (Ip) 


serye ye 


-60 -$0 -40 -30 -20 -10 0 
(Ee) GRID VOLTS (Ee) 


Figure 22 
DETERMINATION OF OPERATING PARAMETERS FOR PUSH-PULL CLASS A 
TRIODE TUBES 


ated Class AB — in other words the tubes may 
be operated with bias and input signals of 
such amplitude that the plate current of alter- 
nate tubes may be cut off during a portion of 
the input voleage cycle. If a tube were operated 
in such a manner in a single-ended amplifier 
the second harmonic amplitude generated would 
be prohibitively high. 

Push-pull Class AB operation allows a plate 
circuit efficiency of from 45 to 60 per cent to 
be obtained in an amplifier stage depending 
upon whether or not the exciting voltage is 
of such amplitude that grid current is drawn 
by the tubes. If grid current is taken on input 
voltage peaks the amplifier is said to be oper- 
ating Class AB and the plate circuit effi- 
ciency can be as high as the upper value just 
mentioned. If grid current is not taken by the 
stage it is said to be operating Class AB, and 
the plate circuit efficiency will be toward the 
lower end of the range just quoted. In all Class 
AB amplifiers the plate current will increase 
from 40 to 150 per cent over the no-signal 
value when full signal is applied. 


The operating char- 
acteristics of push- 
pull Class A ampli- 
fiers may also be 
determined from the plate family of curves for 


Operating Characteristics 
of Push-Pull Class A 
Triode Power Amplifier 


a particular triode tube by the following steps: 

1- Erect a vertical line from the plate volt- 

age axis (x-axis) at 0.6 E, (figure 22), 

which intersects the E, =0 curve. This 

point of intersection (P), interpolated to 

the plate current axis (y-axis) may be 

taken as igas. It is assumed for simplifi- 

cation that imax occurs at the point of 

the zero-bias curve corresponding to 

0.6 Ep. 

2- The power output obtainable from the two 

tubes is: 
imax X 
Power output (P,) sone eid 


where P, is expressed in watts, imax in 
amperes, and E, is the applied plate 
voltage. 


3- Draw a preliminary load line through 
point P to the Ep point located on the 
x-axis (the zero plate current line). This 
load line represents \% of the actual plate- 
to-plate load of the Class A tubes. There- 


fore: 
E,-0.6E, 
Ry, (plate-to-plate) = 4 x _— 
Imax 
= 1.6 E, 
imax 
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where R, is expressed in ohms, E, 
volts, and ima, in amperes. 


Figure 22 illustrates the above steps ap- 
plied to a push-pull Class A amplifier using 
two 2A3 tubes. 


4- The average plate current is 0.636 imax, 
and, multiplied by the plate voltage, Ep, 
will give the average watts input to the 
plates of the two tubes. The power out- 
put should be subtracted from this value 
to obtain the total operating plate dis- 
sipation of the two tubes. If the plate 
dissipation is excessive, a_ slightly 
higher value of Ry should be chosen to 
limit the plate dissipation. 

5- The correct value of operating bias, and 
the static plate current for the push-pull 
tubes may be determined from the E, vs. 
1, curves, which are a derivation of the 
E, vs. lp curves for various values of 
E,; 

6- The E, vs. lp curve may be constructed 
in this manner: Values of grid bias are 
read from the intersection of each grid 
bias curve with the load line. These 
points are transferred to the E, vs. Ip 
graph to produce a curved fine A-B. If 
the grid bias curves of the Ep vs. Ip 
graph were straight lines, the lines of 
the E, vs.1, graph would also be straight 
This is usually not the case. A tangent 
to this curve is therefore drawn, starting 
at point A’, and intersecting the grid 
voltage abscissa (x-axis). This inter- 
section (C) is the operating bias point 
for fixed bias operation. 

7- This operating bias point ae now be 
plotted on the original E, vs. lp family 
of curves (C‘), and the palates) cur: 
rent produced by this bias is determined. 

This operating bias point (C'') does not fall 

on the operating load line, as in the case of a 
single-ended amplifier. 

8- Under conditions of maximum power out- 
put, the exciting signal voltage swings 
from zero-bias voltage to zero-bias volt- 
age for each of the tubes on each half 
of the signal cycle. Second harmonic 
distortion is largely cancelled out. 


8-13 Class B Audio Frequency 
Power Amplifiers 


The Class B audio-frequency power ampli- 
fier (figure 23) operates at a higher plate- 
circuit efficiency than any of the previously 
described types of audio power amplifiers. 
Full-signal plate-circuit efficiencies of 60 to 


QUYUQY 


O 
B+ MOD. 


6+ ORIVER — BIAS 
(GROUND FOR 
ZERO Bias 
OPERATING 
CONDITION) 


Figure 23 
CLASS B AUDIO FREQUENCY 
POWER AMPLIFIER 


70 per cent are readily obtainable with the 
tube types at present available for this type 
of work. Since the plate circuit efficiency is 
higher, smaller tubes of lower plate dissipa- 
tion may be used in a Class B power amplifier 
of a given power output than can be used in 
any other conventional type of audio amplifier. 
An additional factor in favor of the Class B 
audio amplifier is the fact that the power in- 
put to the stage is relatively low under no- 
signal conditions. It is for these reasons that 
this type of amplifier has largely superseded 
other types inthe generation of audio-frequency 
levels from perhaps 100 watts on up to levels 
of approximately 150,000 watts as required for 
large short-wave broadcast stations. 


Disadvantages of 
Closs B Amplifier 
Operation 


There are attendant dis- 
advantageous features tothe 
operation of a power ampli- 
fier of this type; but all 
these disadvantages can be overcome by proper 
design of the circuits associated with the 
power amplifier stage. These disadvantages 
are: (1) The Class B audio amplifier requires 
driving power in its grid circuit; this dis- 
advantage can be overcome by the use of an 
oversize power stage preceding the Class B 
stage with a step-down transformer between 
the driver stage and the Class-B grids. De- 
generative feedback is sometimes employed 
to reduce the plate impedance of the driver 
stage and thus to improve the voltage regula- 
tion under the varying load presented by the 
Class B grids. (2) The Class B stage requires 
a constant value of average grid bias to be 
supplied in spite of the fact that the grid cur- 
rent on the stage is zero over most of the 
cycle but rises to values as high as one-third 
of the peak plate current on the peak of the 
exciting voltage cycle. Special regulated bias 
supplies have been used for this application, 
or B batteries can be used. However, a number 
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of tubes especially designed for Class B audio 
amplifiers have been developed which require 
zero average grid bias for their operation. The 
811A, 838, 805, 809, HY-5514, and TZ-40 are 
examples of this type of tube. All these so- 
called ‘‘zero-bias’’ tubes have rated operating 
conditions up to moderate plate voltages 
wherein they can be operated without grid 
bias. As the plate voltage is increased to 
to their maximum ratings, however, a small 
amount of grid bias, such as could be obtained 
from several 4 %-volt C batteries, is required. 

(3), A Class B audio-frequency power ampli- 
fier or modulator requires a source of plate 
supply voltage having reasonably good regula- 
tion. This requirement led to the development 
of the swinging choke. The swinging choke is 
essentially a conventional filter choke in 
which the core air gap has been reduced. This 
reduction in the air gap allows the choke to 
have a much greater value of inductance with 
low current values such as are encountered 
with no signal or small signal being applied 
to the Class B stage. With a higher value of 
current such as would be taken by a Class B 
stage with full signal applied the inductance 
of the choke drops to a much lower value. 
With a swinging choke of this type, having 
adequate current rating, as the input inductor 
in the filter system for a rectifier power sup- 
ply, the regulation will be improved to a point 
which is normally adequate for a power supply 
for a Class B amplifier or modulator stage. 


Calculation of Operating The following proce- 
Conditions of Class B dure can be used for 
Power Amplifiers the calculation of the 

operating conditions 
of Class B power amplifiers when they are to 
operate into a resistive load such as the type 
of load presented by a Class C power ampli- 
fier. This procedure will be found quite satis- 
factory for the application of vacuum cubes as 
Class B modulators when it is desired to 
operate the tubes under conditions which are 
not specified in the tube operating character- 
istics published by the tube manufacturer. The 
same procedure can be used with equal effec- 
tiveness for the calculation of the operating 
conditions of beam tetrodes as Class AB) 
amplifiers or modulators when the resting 
plate current on the tubes (no signal condi- 
tion) is less than 25 or 30 per cent of the 
maximum-signal plate current. 

1- With the average plate characteristics 
of the tube as published by the manu- 
facturer before you, select a point on 
the E, = E, (diode bend) line at about 
twice the plate current you expect the 
tubes to kick to under modulation. If 
beam tetrode tubes are concerned, select 


a point at about the same amount of plate 
current mentioned above, just to the 
right of the region where the I, line 
takes a sharp curve downward. This will 
be the first trial point, and the plate 
voltage at the point chosen should be 
not more than about 20 per cent of the 
d-c voltage applied to the tubes if good 
place-circuit efficiency is desired. 

2- Note down the value of ipmax and €pmin at 
this point. 

3- Subtract the value of €pmin from the d-c 
place voltage on the tubes. 

4- Substitute the values obtained in the 
following equations: 

Zhe: 
Py ep WEL al = Power output 


2 from 2 tubes 
(Epp — €pmin) 


| pmax 


= Plate-to-plate load for 2 tubes 


Full signal efficiency (N,) = 


78.5 (: _ Span 
Epp 


Effects of Speech All the above equations are 
Clipping true for sine-wave operating 
conditions of the tubes con- 
cerned. However, if a speech clipper is being 
used in the speech amplifier, or if it is desired 
to calculate the operating conditions on the 
basis of the fact that the ratio of peak power 
to average power in a speech wave is approxi- 
mately 4-to-l as contrasted to the ratio of 
2-to-1 in a sine wave —in other words, when 
non-sinusoidal waves such as plain speech or 
speech that has passed through a clipper are 
concerned, we are no longer concerned with 
average power output of the modulator as far 
as its capability of modulating a Class-C ampli- 
fier is concerned; we are concerned with its 
peak-power-output capability. 

Under these conditions we call upon other, 
more general relationships. The first of these 
is: It requires a peak power output equal to 
the Class-C stage input to modulate that input 
fully. 

The second one is: The average power out- 
put required of the modulator is equal to the 
shape factor of the modulating wave multi- 
plied by the input to the Class-C stage. The 
shape factor of unclipped speech is approxi- 
mately 0.25. The shape factor of a sine wave 
is 0.5. The shape factor of aspeech wave that 
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Figure 24 
Typical Class B a-f amplifier 
load line. The load line has 
been drawn on the average 
characteristics of a type 811 
tube. 


DC. PLATE(Le)oa OC GRID(Ic) MA 


has been passed through a clipper-filter ar- 
rangement is somewhere between 0. 25 and 0. 9 
depending upon the amount of clipping that 
has taken place. With 15 or 20 db of clipping 
the shape factor may be as high as the figure 
of 0.9 mentioned above. This means that the 
audio power output of the modulator will be 
90% of the input to the Class-C stage. Thus 
with a kilowatt input we would be putting 
900 watts of audio into the Class-C stage for 
100 per cent modulation as contrasted to per- 
haps 250 watts for unclipped speech modula- 
tion of 100 per cent. 


Sample Calculation Figure 24 shows a set of 
for BI1A Tubes plate characteristics for 

a type B11A tube with a 
load line for Class B operation. Figure 25 
lists a sample calculation for determining the 
proper operating conditions for obtaining ap- 
proximately 185 watts output from a pair of 
the tubes with 1000 volts d-c plate potential. 
Also shown in figure 25 is the method of de- 
termining the proper ratio for the modulation 
transformer to couple between the 811’s or 
811A’s and the anticipated final amplifier 
which is to operate at 2000 plate volts and 
175 ma. plate current. 


Modulation Transformer The method illustrated 
in figure 25 can be used 
in general for the deter- 
mination of the proper transformer ratio to 
couple between the modulator tube and the 
amplifier to be modulated. The procedure can 
be stated as follows: (1) Determine the proper 
plate-to-plate load impedance for the modulator 
tubes either by the use of the type of calcula- 


Calculation 


PLATE VOLTS (Evo) 
AVERAGE PLATE CHARACTERISTICS TYPE 811 AND 811-A 


tion shown in figure 25, or by reference to the 
published characteristics on the tubes to be 
used. (2) Determine the load impedance which 
will be presented by the Class C amplifier 
stage to be modulated by dividing the operating 
plate voltage on that stage by the operating 
value of plate current in amperes. (3) Divide 
the Class C load impedance determined in (2) 


SE 


SAMPLE CALCULATION 


CONDITION: 2 TYPE a1! TUBES, Ebb, = 1000 
INPUT TO FINAL STAGE, 350 w. 
PEAK POWER OUTPUT NEEDED = 350 + 6% = 370 Ww. 
FINAL AMPLIFIER Ebb = 2000 Vv. 
FINAL AMPLIFIER [Lb = .175 A. 
FINAL AMPLIFIER ZL = Bane. 211400 4% 


EXAMPLE cCwHoSE POINT ON 811 CHARACTERISTICS JUST 
TORIGHT oF Ebb= Ecce (F0:nr x, FIG 24) 


Tp max. =.410 A. Ep min. = + 100 
1G MAX. =.100 A. Eo max. = + 60 


PEAK Po =.410 x (1000-100) = .410 x 200 = 360 w. 


= 209 = 
Re 4% 46 6600 1 


Np = 70.9 (1 - 722 )= 70.5 (.9)* 70.5 % 

Wo (AVERAGE WITH SINE WAVE) = POIPEAKL saa.sw 

Win = Ags = 260 w. 

lp (MAXIMUM WITH SINE WAVE) = 280 MA 

WG PEAR = .100 x 80 = Ow 

DRIVING POWER = BER Faw. 
TRANSFORMER: 


= 11400 . 

55 eaco | «29 

TUANS RATIO = vgs = V129 741,14 STEP UP 
ry 


Figure 25 


Typical calculation of operoting conditions for 

eo Class B a-f power amplifier using a pair of 

type 811 or 811A tubes. Plate characteristics 
and load line shown in figure 24. 
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above by the plate-to-plate load impedance for 


the modulator tubes determined in (1) above. 
The ratio determined in this way is the sec- 
ondary-to-primary impedance ratio. (4) Take 
the square root of this ratio to determine the 
secondary-to-primary turns ratio. If the turns 
ratio is greater than one the use of a step-up 
transformer is required. If the turns ratio as 
determined in this way is less than one a step- 
down transformer is called for. 

If the procedure shown in figure °25 has 
been usedto calculate che operating conditions 
for the modulator tubes, the transformer ratio 
calculation can be checked in the following 
manner: Divide the plate voltage on the mod- 
ulated amplifier by the total voltage swing on 
the modulator tubes: 2 (Epp — min). This ratio 
should be quite close numerically to the trans- 
former turns ratio as previously determined. 
The reason for this condition is that the ratio 
between the total primary voltage and the d-c 
plate supply voltage on the modulated stage 
is equal to the turns ratio of the transformer, 
since a peak secondary voltage equal to the 
plate voltage on the modulated stage is re- 
quired to modulate this stage 100 per cent. 


Use of Clipper Speech 
Amplifier with Tetrode 
Modulator Tubes 


When a clipper speech 
amplifier is used in 
conjunction with a Class 
B modulator stage, the 
plate current on that stage will kick to a 
higher value with modulation(due to the greater 
average power output and input) but the plate 
dissipation on the tubes will ordinarily be 
less than with sine-wave modulation. However, 
when tetrode tubes are used as modulators, 
the screen dissipation will be much greater 
than with sine-wave modulation. Care must 
be taken to insure that the screen dissipa- 
tion rating on the modulator tubes is not ex- 
ceeded under full modulation conditions with 
a clipper speech amplifier. The screen dissipa- 
tion is equal to screen voltage times screen 
current. 


Practical Aspects of 
Class B Modulators 


As stated previously, a 
Class B audio amplifier 
requires the driving stage 
to supply well-regulated audio power to the 
grid circuit of the Class B stage. Since the 
performance of a Class Bmodulator may easily 
be impaired by an improperly designed driver 
stage, it is well to study the problems in- 
curred in the design of the driver stage. 

The grid circuit of a Class B modulator may 
be compared to a variable resistance which 
decreases in value as the exciting grid vole- 
age is increased. This variable resistance ap- 
pears across the secondary terminals of the 
driver transformer so that the driver stage is 


called upon to deliver power to a varying load. 
For best operation of the Class B stage, the 
grid excitation voltage should not drop as the 
power taken by the grid circuit increases. 
These opposing conditions call for a high or- 
der of voltage regulation in the driver stage 
plate circuit. In order to enhance the voltage 
regulation of this circuit, the driver tubes must 
have low plate resistance, the driver trans- 
former must have as large a step-down ratio 
as possible, and the d-c resistance of both 
primary and secondary windings of the driver 
transformer should be low. 

The driver transformer should reflect into 
the plate circuit of the driver tubes a load of 
such value that the required driving power is 
just developed with full excitation applied to 
the driver grid circuit. If this is done, the 
driver transformer will have as high a step- 
down ratio as is consistent with the maximum 
drive requirements of the Class B stage. If 
the step-down ratio of the driver transformer is 
too large, the driver plate load will be so 
high chat the power required to drive the Class 
B stage to full output cannot be developed. 
If the step-down ratio is too small the regula- 
tion of the driver stage will be impaired. 


Driver Stage 
Caleulations 


The parameters for the driver 
stage may be calculated from 
the plate characteristic curve, a 
sample of which is shown in figure 24. The 
required positive grid voltage (€g-max) for the 
811A tubes used in the sample calculation is 
found at point X, the intersection of the load 
line and the peak plate current as found on the 
y-axis. This is + 80 volts. If a vertical line 
is dropped from point X to intersect the dotted 
grid current curves, it will be found that the 
grid current for a single 811A at this value of 
grid voltage is 100 milliamperes (point Y). 
The peak grid driving power is therefore 
80 x 0.100 = 8 watts. The approximate average 
driving power is 4 watts. This is an approxi- 
mate figure because the grid impedance is not 
constant over the entire audio cycle. 


A pair of 2A3 tubes will be used as drivers, 
operating Class A, with the maximum excita- 
tion to the drivers occuring just below the 
point of grid current flow in the 2A3 tubes. 
The driver plate voltage is 300 volts, and the 
grid bias is ~62 volts. The peak power devel- 
oped in the primary winding of the driver 
transformer is: 


BE 2 
Peak Power (Py) = 2R, (——+-) 
(watts) Ry + Ry 
where yp is the amplification factor of the 
driver tubes (4.2 for 2A3). E, is the peak grid 
swing of the driver stage (62 volts). Rp is the 
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plate resistance of one driver tube (800 ohms). 
Ry is % the plate-to-plate load of the driver 
stage, and P, is 8 watts. 

Solving the above equation for R,, we 
obtain a value of 14,500 ohms load, plate-to- 
plate for the 2A3 driver tubes. 

The peak primary voltage is: 


E 
eles eee 493 volts 
Rp +R i 


Cpa = 2Ry x 


and the turns ratio of the driver transformer 
(primary to ¥% secondary) is: 


© pri 493 
©g (max) 80 


Plate Circuit One of the commonest causes of 
Impedance distortion in a Class B modu- 
Matching lator is incorrect load impedance 
in the plate circuit. The purpose 
of the Class B modulation transformer is to 
take the power developed by the modulator 
(which has a certain operating impedance) and 
transform it to the operating impedance im- 
posed by the modulated amplifier stage. 
lf the transformer in question has the same 
number of turns on the primary winding as it 
has on the secondary winding, the turns ratio 
is 1:1, and the impedance ratio is also 1:1. If 
a 10,000 ohm resistor is placed across the 
secondary terminals of the transformer, @ re- 
flected load of 10,000 ohms would appear 
across the primary terminals. lf the resistor 
is changed to one of 2376 ohms, the reflected 
primary impedance would also be 2376 ohms. 
lf the transformer has twice as many turns 
on the secondary as on the primary, the turns 
tatio is 2:1. The impedance ratio is the square 
of the turns ratio, or 4:1. lf a 10,000 ohm 
resistor is now placed across the secondary 
winding, a reflected load of 2,500 ohms will 
appear across the primary winding. 


Effects of Plate It can be seen from the 
Cirevit Mis-match above paragraphs that the 

Class B modulator plate 
load is entirely dependent upon the load 
placed upon the secondary terminals of the 
Class B modulation transformer. If the second- 
ary load is incorrect, certain changes will 
take place in the operation of the Class B 
modulator stage. 


When the modulator load impedance is too 
low, the efficiency of the Class B stage 
is reduced and the plate dissipation of the 
tubes is increased. Peak plate current of 
the modulator stage is increased, and satura- 
tion of the modulation transformer core may 
result. ‘'Talk-back’’ of the modulation trans- 


former may result if the plate load impedance 
of the modulator stage is too low. 

When the modulator load impedance is too 
high, the maximum power capability of the 
stage is reduced. An attempt to increase the 
output by increasing grid excitation to the 
stage will result in peak-clipping of the audio 
wave. In addition, high peak voltages may be 
built up in the plate circuit that may damage 
the modulation transformer. 


6-14 Cothode-Follower 


Power Amplifiers 


The cathode-follower is essentially a power 
output stage in which the exciting signal is 
applied between grid and ground. The plate is 
maintained at ground potential with respect to 
input and output signals, and the output signal 
is taken between cathode and ground. 


Types of Cathode- 
Follower Amplifiers 


Figure 26 illustrates four 
types of cathode-follower 
power amplifiers in com- 
mon usage and figure 27 shows the output 
impedance (R,), and stage gain (A) of both 
triode and pentode(or tetrode) cathode-follower 
stages. It will be seen by inspection of the 
equations thatthe stage voltage gainis always 
less than one, that the output impedance of 
the stage is much less than the same stage 
operated as a conventional cathode-return 
amplifier. The output impedance for con- 
ventional tubes will be somewhere between 
100 and 1000 ohms, depending primarily on 
the transconductance of the tube. 

This reduction in gain and output imped- 
ance for the cathode-follower comes about 
since the stage operates as though it has 100 
percent degenerative feedback applied between 
its output and input circuit. Even though the 
voltage gain of the stage is reduced to a value 
less than one by the action of the degenerative 
feedback, the power gain of the stage (if it is 
operating Class A) is not reduced. Although 
more voltage is required to excite a cathode- 
follower amplifier than appears across the load 
circuit, since the cathode ‘‘follows’’ along 
with the grid, the relative grid-to-cathode volt- 
age is essentially the same as in a con- 
ventional amplifier. 


Use of Cathode- Although the cathode-fol- 
Follower Amplifiers lower gives no voltage 

gain, it is an effective 
power amplifier where it is desired to feed a 
low-impedance load, or where it is desired to 
feed a load of varying impedance with a signal 
having good regulation. This latter capability 
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Figure 26 
CATHODE-FOLLOWER OUTPUT 
CIRCUITS FOR AUDIO OR 
VIDEO AMPLIFIERS 


—___—_—_—_——_—_— 


makes the cathode follower particularly effec- 
tive as a driver for the grids of a Class B 
modulator stage. 

The circuit of figure 26A is the type of am- 
plifier, either single-ended or push-pull, which 
may be used as a driver for a Class B modu- 
lator or which may be used for other applica- 
tions such as feeding a loudspeaker where un- 
usually good damping of the speaker is de- 
sired. If the d-c resistance of the primary of 
the transformer T2 is approximately the correct 
value for the cathode bias resistor for the am- 


TRIODE eee Ad ee wR 
alt+s R(t) + Rp 
R Peal tes R, = (Rert+Rea) Re 
‘O(CATHOOE) ut u Rar +Ruot Ry 
PENTODE: g ’ R 
O(CATHODE)= ——— R, 
Gu eA CEG 


A = Gu Rea 


Figure 27 
Equivalent factors for pentode (or tetrode) 
cothode-follower power amplifiers. 


plifier cube, the components Ry and Cy, need 
not be used. Figure 26B shows an arrangement 
which may be used to feed directly a value of 
load impedance which is equal to or higher 
than the cathode impedance of the amplifier 
tube. The value of C, must be quite high, 
somewhat higher than would be used in a con- 
ventional circuit, if the frequency response of 
the circuit when operating into a low-imped- 
ance load is to be preserved. 

Figures 26C and 26D show cathode-follower 
circuits for use with tetrode or pentode tubes. 
Figure 26C is a circuit similar to that shown 
in 26A and essentially the same comments 
apply in regard to the components Ry and Cy, 
and the primary resistance of the transformer 
T2. Notice also that the screen of the tube is 
maintained at the same signal potential as the 
cathode by means of coupling capacitor C4. 
This capacitance should be large enough so 
that at the lowest frequency it is desired to 
pass through the stage its reactance will be 
low with respect to the dynamic screen-to- 
cathode resistance in parallel with Rg T2 in 
this stage as well as in the circuit of figure 
26A should have the proper turns (or imped- 
ance) ratio to give the desired step-down or 
step-up from the cathode circuit to the load. 
Figure 26D is an arrangement frequently used 
in video systems for feeding a coaxial cable of 
relatively low impedance from a vacuum-tube 
amplifier. A pentode or tetrode tube with a 
cathode impedance as a cathode follower 
(1/Gm) approximately the same as the cable 
impedance should be chosen. The 6AG7 and 
6AC7 have cathode impedances of the same 
order as the surge impedances of certain types 
of low-capacitance coaxial cable. An arrange- 
ment such as 26D is also usable for feeding 
coaxial cable with audio or r-f energy where 
it is desired to transmit the output signal 
over moderate distances. The resistor Ry, is 
added to the circuit as shown if the cathode 
impedance of the tube used is lower than the 
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characteristic impedance of the cable. If the 
output impedance of the stage is higher than 
the cable impedance a resistance of appro- 
priate value is sometimes placed in parallel 
with the input end of the cable. The values 
of Cq and Rq should be chosen with the same 
considerations in mind as mentioned in the 
discussion of the circuit of figure 26C above. 


The Cothode-Follower The cathode follower 
in R-F Stages may conveniently be 

used asa method of cou- 
pling c-f or i-f energy between two units sepa- 
rated a considerable distance. In such an 
application a coaxial cable should be used to 
carry the r-f or i-f energy. One such applica- 
tion would be for carrying the output of a v-f-o 
to a transmitter located a considerable dis- 
tance from the operating position. Another 
application would be where ir is desired to 
feed a single-sideband demodulator, an FM 
adaptor, or another accessory with inter- 
mediate frequency signal from a communica- 
tions receiver. A tube such as a 6CB6 con- 
nected in a manner such as is shown in figure 
26D would be adequate for the i-f amplifier 
coupler, while a 6L6 or a GAG7 could be used 
in the output stage of a v-f-o as a cathode 
follower to feed the coaxial line which carries 
the v-f-o signal from the control unit to the 
transmitter proper. 


6-15 Feedback Amplifiers 


It is possible to modify the characteristics 
of an amplifier by feeding back a portion of 
the output to the input. All components, cir- 
cuits and tubes included between the point 
where the feedback is taken off and the point 
where the feedback energy is inserted are 
said to be included within the feedback loop. 
An amplifier containing a feedback loop is 
said to be a feedback amplifier. One stage or 
any number of stages may be included within 
the feedback loop. However, the difficulty of 
obtaining proper operation of a feedback am- 
plifier increases with the bandwidth of the 
amplifier, and with the number of stages and 
circuit elements included within the feedback 
loop. 


Gain and Phase-shife The gain and phase 
in Feedback Amplifiers shift of any amplifier 

are functions of fre- 
quency. For any amplifier containing a feed- 
back loop to be completely stable the gain of 
such an amplifier, as measured from the input 
back to the point where the feedback circuit 
connects to the input, must be less than one 
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Ro = OUTPUT IMPEDANCE OF AMPLIFIER WITH FEEDBACK 
Ry = OUTPUT IMPEDANCE OF AMPLIFIER WITHOUT FEEDBACK 


RL = LOAD IMPEDANCE INTO WHICH AMPLIFIER OPERATES 


Figure 28 
FEEDBACK AMPLIFIER RELATIONSHIPS 


at the frequency where the feedback voltage 
is in phase with the input voltage of the am- 
plifier. If the gain is equal to or more than 
one at the frequency where the feedback volt- 
age is in phase with the input the amplifier 
will oscillate. This fact imposes a limitation 
upon the amount of feedback which may be 
employed in an amplifier which is to remain 
stable. If the reader is desirous of designing 
amplifiers in which a large amount of feed- 
back is to be employed he is referred to a 
book on the subject by H. W. Bode.* 


Types of 
Feedback 


Feedback may be either negative 
or positive, and the feedback vole- 
age may be proportional either to 
output voltage or output current. The most 
commonly used type of feedback with a-f or 
video amplifiers is negative feedback pro- 
portional to output voltage. Figure 28 gives 
the general operating conditions for feedback 
amplifiers. Note that the reduction in distor- 
tion is proportional to the reduction in gain of 
the amplifier, also that the reduction in the 
output impedance of the amplifier is somewhat 
greater than the reduction in the gain by an 
amount which is a function of the ratio of the 


H. W. Bode, ‘Network Anolysis ond Feedbock Ampli- 
fier Design,” D. Van Nostrand Co., 250 Fourth Ave., 
New York 3, N. Y. 
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Figure 29 


SHUNT FEEDBACK CIRCUIT 
FOR PENTODES OR TETRODES 
This circult requires only the addition of 
one resistor, Ro, to the normal circuit for 
such an application. The plate impedance 
and distortion Introduced by the output 
stage are moterially reduced. 


output impedance of the amplifier without 
feedback to the load impedance. The reduction 
in noise and hum in those stages included 
within the feedback loop is proportional to the 
reduction in gain. Ifowever, due to the reduc- 
tion in gain of the output section of the ampli- 
fier somewhat increased gain is cequired of 
the stages preceding the stages included with- 
in the feedback loop. Therefore the noise and 
hum output of the entire amplifier may or may 
not be reduced dependent upon the relative 
contributions of the first part and the latter 
part of the amplifier to hum and noise. If most 
of the noise and hum is coming from the stages 
included within the feedback loop the un- 
desired signals will be reduced in the output 
from the complete amplifier. It is most fre- 
quently true in conventional amplifiers that 
the hum and distortion come from the latter 
stages, hence these will be reduced by feed- 
back, but thermal agitation and microphonic 
noise come from the first stage and wilt not 
be reduced but may be increased by feedback 


unless the feedback loop includes the first 
stage of the amplifier. 


THE RADIO 


Figure 29 illustrates a very simple and ef- 
fective application of negative voltage feed- 
back to an output pentode or tetrode amplifier 
stage. The reduction in hum and distortion 
may amount to 15 to 20 db. The reduction in 
the effective plate impedance of the stage will 
be by a factor of 20 to 100 dependent upon the 
operating conditions. The circuit is commonly 


used in commercial equipment with tubes such 
as the 6SJ7 for V, and the 6V6 or 6L6 for V2. 


6-16 Vacuum-Tube Voltmeters 

The vacuum-tube voltmeter may be considered 
to be a vacuum-tube detector in which the 
rectified d-c current is used as an indication 
of the magnitude of the applied alternating 
voltage. The vacuum tube voltmeter (v.t.v.m.) 
consumes little or no power and it may be 
calibrated at 60 cycles and used at audio or 
radio frequencies with little change in the 
calibration. 


Basic D-C Vacuum- A simple v.t.v.m. is 
Tube Voltmeter shown in figure 30. 

The plate load may be 
a mechanical device, such as a relay ora 
meter, or the output voltage may be developed 
across a resistor and used for various con- 
trol purposes. The tube is biased by Ec and 
a fixed value of plate current flows, causing 
a fixed voltage drop across the plate load 
resistor, Rp. When a positive d-c voltage is 
applied to the input terminals it cancels part 
of the negative grid bias, making the grid 
more positive with respect to the cathode. 
This grid voltage change permits a greater 
amount of plate current to flow, and develops 
a greater voltage drop across the plate load 
resistor. A negative input voltage would de- 
crease the plate current and decrease the 
voltage drop across Rp, The varying voltage 
drop across Rp may be employed as a control 
voltage for relays or other devices. When it is 
desired to measure various voltages, a voltage 


Rpe=METER COIL 


Figure 30 
SIMPLE VACUUM TUBE 
VOLTMETER 
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Oo ZERO-ADJUST 


Figure 31 
0-C VACUUM TUBE VOLTMETER 


range switch (figure 31) may precede the v.t. 
v.m, The voltage to be measured is applied to 
voltage divider, Ri, Rz, R3, by means of the 
‘‘voltage range’’ switch. Resistor R4 is used 
to protect the meter from excessive input 
voltage to the v.t.v.m. In the plate circuit of 
the tube an additional battery and a variable 
resistor (‘‘zero adjustment’?) are used to 
balance out the meter reading of the normal 
plate current of the tube. The zero adjustment 
potentiometer can be so adjusted that the 
meter M reads zero current with no input volt- 
age to the v.t.v.m. When a d-c input voltage 
is applied to the circuit, current flows through 
the meter, and the meter reading is proportion- 
al to the applied d-c voltage. 


Another important use 
of a d-c amplifier is to 
show the exact point of 
balance between two d-c voltages. This is 
done by means of a bridge circuit with two 
d-c amplifiers serving as two legs of the 
bridge (figure 32). With no input signal, and 
with matched triodes, no current will be read 
on meter M, since the IR drops across R1 and 
R2 are identical. When a signal is applied to 
one tube, the IR drops in the plate circuits 
become unbalanced, and meter M indicates 
the unbalance. In the same way, two d-c volt- 
ages may be compared if they are applied to 
the two input circuits. When the voltages are 
equal, the bridge is balanced and no current 
flows through the meter. If one voltage changes, 
the bridge becomes unbalanced and indication 
of this will be noted by a reading of the meter. 


The Bridge-type 
V.T.V.M. 


A Modern VTVM For the purpose of analysis, 
the operation of a modern 
v.t.v.m. will be described. The Heathkit V-7A 
is a fit instrument for such adescription, since 
it is able to measure positive of negative d-c 
potentials, a-c r-m-s values, peak-to-peak 
values, and cesistance. The circuit of this 
unit is shown in figure 33. A sensitive 200 d-c 


© 
0.C. INPUT & { 


Figure 32 
BRIDGE-TYPE VACUUM TUBE 
VOLTMETER 


microammeter is placed in the cathode circuit 
of a 12AU7 twin triode. The zero adjust control 
sets up a balance between the twosections of 
the triode such that with zero input voltage 
applied tothe first grid, the voltage drop across 
each portion of the zero adjust control is the 
same. Under this condition of balance the 
meter will read zero. When a voltage is applied 
to the first grid, the balance in the cathode 
circuits is upset and the meter indicates the 
degree of unbalance. The relationship between 
the applied voltage on the first grid and the 
meter current is linear and therefore the meter 
can be calibrated with a linear scale. Since 
the tube is limited in the amount of current 
it can draw, the meter movement is elec- 
tronically protected. 

The maximum test voltage applied to the 
12AU7 tube is about 3 volts. Higher applied 
voltages are reduced by a voltage divider 
which has a total resistance of about 10 
megohms. An additional resistance of 1-megohm 
is located in the d-c test prod, thereby per- 
mitting measurements to be made in high im- 
pedance circuits with minimum disturbance. 

The rectifier portion of the v.t.v.m. is shown 
in figure 34. When a-c measurements are de- 
sired, a 6AL5 double diode is used as a full 
wave rectifier to provide a d-c voltage pro- 
portionalto the applied a-c voltage. This d-c 
voltage is applied through the voltage divider 
string to the 12AU7 tube causing the meter to 
indicate in the manner previously described. 
The a-c voltage scales of the meter are cali- 
brated in both RMS and peak-to-peak values. 
In the 1.5, 5, 15, 50, and 150 volt positions 
of the range switch, the full a-c voltage being 
measured is applied to the input of the 6AL5 
full wave rectifier. On the 500 and 1500 volt 
positions of the range switch, a divider net- 
work reduces the applied voltage in order to 
limit the voltage input to the 6AL5 to a safe 
recommended level. 
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Figure 33 
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TO VT VM 
DC INPUT 
JACK 


Figure 34 


FULL-WAVE RECTIFIER 
FOR V.T.V.M. 


The a-c calibrate control (figure 33) is used 
to obtain the proper meter deflection for the 
applied a-c voltage. Vacuum tubes developa 
contact potential between tube elements. Such 
contact potential developed in the diode would 
cause a slight voltage to be present at all 
times. This voltage is cancelled out by proper 
application of a bucking voltage. The amount 
of bucking voltage is controlled by the a-c 
balance control. This eliminates zero shift 
of the meter when switching from a-c to d-c 
readings. 

For resistance measurements, a 1.5 volt 
battery is connected through a string of multi- 
pliers and the external resistance to be meas- 
ured, thus forming a voltage divider across 
the battery, and a resultant portion of the 
battery voltage is applied to the 12AU7 twin 


SHIELDED PROBE CASE 


COAXIAL LINE 
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Figure 35 


R-F PROBE SUITABLE 
FOR USE IN IKC-100 MC 
RANGE 


triode. The meter scale is calibrated in re- 
sistance (ohms) for this function. 


Test Probes Auxiliary test probes may 
be used with the v.t.v.m. 
to extend the operating range, or to measure 
tadio frequencies with high accuracy. Shown 
in figure 35 is a radio frequency probe which 
provides linear response to over 100 mega- 
cycles. A crystal diode is used as a rectifier, 
and d-c isolation is provided by a .005 uufd 
Capacitor. The components of the detector are 
mounted within a shield at the end of a length 
of coaxial line, which terminates in the d-c 
input jack of the v.t.v.m. The readings ob- 
tained are RMS, and should be multiplied by 
1.414 to convert to peak readings. 
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High Fidelity Techniques 


The art and science of the reproduction of 
sound has steadily advanced, following the 
major audio developments of the last decade. 
Public acceptance of home music reproduction 
on a “high fidelity” basis probably dates from 
the summer of 1948 when the Columbia L-P 
microgroove recording techniques were intro- 


duced. 


The term high fidelity refers to the repro- 
duction of sound in which the different dis- 
tortions of the electronic system are held below 
limits which are audible to the majority of 
listeners. The actual determination, therefore, 
of the degree of fidelity of a music system is 
largely psychological as it is dependent upon 
the ear and temperament of the listener. By and 
large, a rough area of agreement exists as to 
what boundaries establish a “hi-fi” system. To 
enumerate these boundaries it is first necessary 
to examine sound itself. 


7-1 The Nature of Sound 


Experiments with a simple tuning fork in 
the seventeenth century led to the discovery 
that sound consists of a series of condensations 
and rarefactions of the air brought about by 
movement of air molecules. The vibrations of 
the prongs of the fork are communicated to 
the surrounding air, which in turn transmits 
the agitation to the ear drums, with the result 
that we hear a sound. The vibrating fork pro- 
duces a sound of extreme regularity, and this 
regularity is the essence of music, as opposed to 
noise which has no such regularity. 


As shown in figure 1, the sound wave of 
the fork has frequency, period, and pitch. The 
frequency is a measure of the number of vi- 
brations per second of the sound. A fork tuned 
to produce 261 vibrations per second is tuned 
to the musical note of middle-C. It is of in- 
terest to note that any object vibrating, moving, 
or alternating 261 times per second will pro- 
duce a sound having the pitch of middle-C. 
The pitch of a sound is that property which is 
determined by the frequency of vibration of 
the source, and not by the source itself. Thus 
an electric dynamo producing 261 c.p.s. will 
have a hum-pitch of middle-C, as will a siren, 
a gasoline engine, or other object having the 
same period of oscillation. 


mM) )} 


TUNING FORK 


Figure 1 
VIBRATION OF TUNING FORK PRO- 
DUCES A SERIES OF CONDENSATIONS 
AND RAREFACTIONS OF AIR MOLE- 
CULES. THE DISPLACEMENT OF AIR 
MOLECULES CHANGES CONTINUALLY 
WITH RESPECT TO TIME, CREATING 
A SINE WAVE OF MOTION OF THE 
DENSITY VARIATIONS. 
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FREQUENCY (cycves eer SECOND) | 


wore |e [0 
Equat— 

TEMPERED | 261.6 | 293 7 

SCALE 


Figure 2 
THE EQUAL-TEMPERED SCALE CON- 
TAINS TWELVE INTERVALS, EACH OF 
WHICH IS 1.06 TIMES THE FREQUEN- 
CY OF THE NEXT LOWEST. THE HALF- 
TONE INTERVALS INCLUDE THE 
ABOVE NOTES PLUS FIVE ADDITION- 
AL NOTES: 277.2, 311.1, 370, 415.3, 
466.2 REPRESENTED BY THE BLACK 
KEYS OF THE PIANO. 


The Musical 
Scale 


The musical scale is composed 
of notes or sounds of various 
frequencies that bear a pleasing 
aural relationship to one another. Certain com- 
binations of notes are harmonious to the ear 
if their frequencies can be expressed by the 
simple ratios of 1:2, 2:3, 3:4, and 4:5. Notes 
differing by a ratio of 1:2 are said to be sep- 
arated by an octave. 

The frequency interval represented by an 
octave is divided into smaller intervals, form- 
ing the musical scales. Many types of scales 
have been proposed and used, but the scale of 
the piano has dominated western music for the 
last hundred or so years. Adapted by J. S. 
Bach, the equal-tempered scale (figure 2) has 
twelve notes, each differing from the next by 
the ratio 1:1.06. The reference frequency, or 
American Standard Pitch is A, or 440.0 cycles, 


Harmonics and 
Overtones 


The complex sounds pro- 
duced by a violin or a wind 
instrument bear little resem- 
blance to the simple sound wave of the tuning 
fork. A note of a clarinet, for example (when 
viewed on an oscilloscope) resembles figure 3. 
Vocal sounds are even more complex than this. 
In 1805 Joseph Fourier advanced his monu- 
mental theorem that made possible a mathe- 
matical analysis of all musical sounds by show- 
ing that even the most complex sounds are 
made up of fundamental vibrations plus Aar- 
monics, of overtones. The tonal qualities of 
any musical note may be expressed in terms of 
the amplitude and phase relationship between 
the overtones of the note. 

To produce overtones, the sound source must 
be vibrating in a complex manner, such as is 
shown in figure 3. The resulting vibration is 
a combination of simple vibrations, producing 
a rich tone having fundamental, the octave 
tone, and the higher overtones. Any sound — 


—e TIME 


AMPLITUDE 


Figure 3 
THE COMPLEX SOUND OF A MUSICAL 
INSTRUMENT IS A COMBINATION OF 
SIMPLE SINE-WAVE SOUNDS, CALLED 
HARMONICS. THE SOUND OF LOWEST 
FREQUENCY IS TERMED THE FUNDA- 
MENTAL. THE COMPLEX VIBRATION 
OF A CLARINET REED PRODUCES A 
SOUND SUCH AS SHOWN ABOVE. 


no matter how complex — can be analyzed 
into pure tones, and can be reproduced by a 
group of sources of pure tones. The number 
and degree of the various harmonics of a tone 
and their phase relationship determine the 
quality of the tone. 

For reproduction of the highest quality, these 
overtones must be faithfully reproduced. A mu- 
sical note of 523 cycles may be rich in twen- 
tieth order overtones. To reproduce the origi- 
nal quality of the note, the audio system must 
be capable of passing overtone frequencies of 
the order of 11,000 cycles. Notes of higher 
fundamental frequency demand that the audio 
system be capable of good reproduction up to 
the maximum response limit of the human 
ear, in the region of 15,000 cycles. 


Reproduction 
Limitations 


Many factors enter into the 
problem of high quality audio 
reproduction. Most important 
of these factors influence the overall design of 
the music system. These are: 
1—Restricted frequency range. 
2—Nonlinear distortions. 
3—Transient distortion. 
4—Nonlinear frequency response. 
5—Phase distortion. 
6—Noise, “wow”, and “flurter™. 

A restricted frequency range of reproduction 
will tend to make the music sound “tinny” 
and unrealistic. The fundamental frequency 
range covered by the various musical instru- 
ments and the human voice lies between 15 
cycles and 9,000 cycles. Overtones of the in- 
struments and the voice extend the upper 
audible limit of the music range to 15,000 
cycles or so. In order to fully reproduce the 
musical tones falling within this range of fre- 
quencies the music system must be capable of 
flawlessly reproducing all frequencies within 
the range without discrimination. 
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Figure 4 


Nonlinear qualities such as harmonic and 
intermodulation (1M) distortion are extremely 
objectionable and are created when the output 
of the music system is not exactly proportional 
to the input signal. Nonlinearity of any part 
of the system produces spurious harmonic fre- 
quencies, which in turn lead to unwanted beats 
and resonances. The combination of harmonic 
frequencies and intermodulation products pro- 
duce discordant tones which are disagreeable 
to the ears. 

The degree of intermodulation may be meas- 
ured by applying two tones fi and f: of known 
amplitude to the input of the amplifier under 
test. The relative amplitude of the difference 
tone (f2-f:) is considered a measure of the 
intermodulation distortion. Values of the order 
of 4% IM or less define a high fidelity music 
amplifier. 

Response of the music system to rapid tran- 
sient changes is extremely important. Tran- 
sient peaks cause overloading and shock-excita- 
tion of resonant circuits, leaving a ‘“hang-over” 
effect that masks the clarity of the sound. A 
system having poor transient response will not 
sound natural to the ear, even though the dis- 
tortion factors are acceptably low. 

Linear frequency response and good power 
handling capability over the complete audio 
range go hand in hand. The response should 
be smooth, with no humps or dips in the curve 
over the entire frequency range. This require- 
ment ts particularly important in the electro- 
mechanical components of the music system, 
such as the phonograph pickup and the loud- 
speaker. 

Phase distortion is the change of phase an- 
gle between the fundamental and harmonic 
frequencies of a complex tone. The output 


wave envelope therefore is different from the 
envelope of the input wave. In general, phase 
distortion is difficult to hear in sounds having 
complex waveforms and may be considered to 
be sufficiently low in value if the IM figure of 
the amplifier is acceptable. 

Noise and distortions introduced into the 
program material by the music system must 
be kept to a minimum as they are particularly 
noticeable. Record scratch, turntable “rumble”, 
and “flutter” can mar an otherwise high qual- 
ity system. Inexpensive phonograph motors do 
not run at constant speed, and the slight varia- 
uons in speed impart a variation in pitch 
(wow) to the music which can easily be heard. 
Vibration of the motor may be detected by the 
pickup arm, superimposing a low frequency 
rumble on the music. 

The various distortions that appear in a 
music system are summarized in figure 4, to- 
gether with suggested limits within which the 
system may truly be termed “high fidelity.” 


7-2 The Phonograph 


The modern phonograph record is a thin 
disc made of vinylite or shellac material. Disc 
rotation speeds of 78.3, 33 1/3, and 45 r.p.m. 
are in use, with the older 78.3 r.p.m. speed 
gradually being replaced by the lower speeds. 
A speed of 16 2/3 r.p.m. is used for special 
“talking book” recordings. A continuous groove 
is cut in the record by the stylus of the record- 
ing machine, spiralling inward towards the 
center of the record. Amplitude variations in 
this groove proportional to the sound being 
recorded constitute the means of placing the 
intelligence upon the surface of the record. 
The old 78.3 r.p.m. recordings were cut ap- 
proximately 100 grooves per inch, while the 
newer “micro-groove” recordings are cut ap- 
proximately 250 grooves per inch. Care must 
be taken to see that the amplitude excursions 
of one groove do not fall into the adjoining 
groove. The groove excursions may be con- 
trolled by the system of recording, and by 
equalization of the recording equipment. 


Recording 
Techniques 


The early commercial phono- 
graph records were cut with a 
mechanical-acoustic system that 
produced a constant velocity characteristic with 
the amplitude of cut increasing as the recorded 
frequency decreased (figure 5A). When the 
recording technique became advanced enough 
to reproduce low audio frequencies, it was 
necessary to reduce the amplitude of the lower 
frequencies to prevent overcutting the record. 
A crossover point near 500 cycles was chosen, 
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and a constant amplitude groove was cut below 
this frequency (figure 5B). This system does 
not reproduce the higher audio notes, since the 
recording level rapidly drops into the surface 
noise level of the record as the cutting fre- 
quency is raised. The modern record employs 
pre-emphasis of the higher frequencies to boost 
them out of the noise level of the record 
(figure 5C). When such a record is played 
back on properly compensated equipment, the 
audio level will remain well above the back- 
ground noise level, as shown in figure 5D. 
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Figure 5 
MODERN PHONOGRAPH RECORD EM- 
PLOYS CONSTANT AMPLITUDE CUT 
BELOW CROSSOVER POINT AND HIGH 
FREQUENCY PRE-EMPHASIS (BOOST) 
ABOVE CROSSOVER FREQUENCY. 


The Phonograph 
Pickup 


The most popular types 
of pickup cartridges in 
use today are the high 
impedance crystal unit, and the low im- 
pedance variable reluctance cartridge. The 
crystal pickup consists of a Rochelle salt 
element which is warped by the action of 
the phonograph needle, producing an elec- 
trical impulse whose frequency and ampli- 
tude are proportional to the modulation of 
the record groove. One of the new “transducer” 
crystal cartridges is shown in figure 6. When 
working into a high impedance load, the out- 
put of a high quality crystal pickup is of the 
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Figure 6 
NEW CRYSTAL “TRANSDUCER” 
CARTRIDGE PROVIDES HIGH- 
FIDELITY OUTPUT AT RELATIVELY 
HIGH LEVEL 


order of one-half volt or so, Inexpensive crystal 
units used in 78 f.p.m. record changers and 
ac-dc phonographs may have as much as two 
or three volts peak output. The frequency re- 
sponse of a typical high quality crystal pickup 
is shown in figure 7. 

The variable reluctance pickup is shown in 
figure 8. The reluctance of the air gap in a 
magnetic circuit is changed by the movement 
of the phonograph needle, creating a variable 
voltage in a small coil coupled to the magnetic 
lines of force of the circuit. The output im- 
pedance of the reluctance cartridge is of the 
order of a few hundred ohms, and the output 
is approximately 10 millivolts. 

For optimum performance, an equalized pre- 
amplifier stage is usually employed with the 
reluctance pickup. The circuit of a suitable unit 
is shown in figure 9. Equalization is provided 
by Rs, Ri, and Cs, with a low frequency cross- 
over at about 500 cycles. Total equalization is 
15 db. High frequency response may be limited 
by reducing the value of R: to 5,000 — 15,000 
ohms. 

The standard pickup stylus for 78 r.p.m. 
records has a tip radius of .0025 inch, whereas 
the microgroove (33 1/3 and 45 r.p.m.) stylus 
has a tip radius of .001 inch. Many pickups, 
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Figure 7 
FREQUENCY RESPONSE OF HIGH- 
QUALITY CRYSTAL PHONOGRAPH 
CARTRIDGE. (ELECTROVOICE 56-DS 


POWER POINT TRANSDUCER) 


Figure 8 
“RELUCTANCE” CARTRIDGE ([S 
STANDARD PICK-UP FOR 
MUSIC SYSTEM. 

Low stylus pressure of four grams insures 
minimum record wear, Dual stylus is used 
having two needle tip diameters for long 
playing and 78 R.P.M. recordings. 


therefore, are designed to have interchangeable 
cartridges or needles to accomodate the dif- 
ferent groove widths. 


7-3 The High Fidelity Amplifier 


A block diagram of a typical high fidelity 
system is shown in figure 10. A preamplifier 
is used to boost the output level of the phono- 
graph pickup, and to permit adjustment of in- 
put selection, volume, record compensation, 
and tone control. The preamplifier may be 
mounted directly at the phonograph turntable 
position, permitting the larger power amplifier 
to be placed in an out of the way position. 

The power amplifier is designed to operate 
from an input signal of a volt or so derived 
from the preamplifier, and to build this signal 
to the desired power level with a minimum 
amount of distortion. Maximum power output 
levels of ten to twenty watts are common for 
home music systems. 

The power snpply provides the smoothed, 
d-c voltages necessary for operation of the pre- 
amplifier and power amplifier, and also the 
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Figure 9 
PREAMPLIFIER SUITABLE FOR USE WITH 
LOW LEVEL RELUCTANCE CARTRIDGE. 


WWW.americanradiohistorv.com 


HANDBOOK 


High Fidelity Amplifier 139 


| : ! 
PHONOGRAPH “TWEETERS | 
i aes irc a alt 


POWER 

PREAMPLIFIER OOM ee 

re Wee nN ar 
tuner |= Jt ! 


| 
t 
’ T 
: epee ea 
POWER SPEAKER 
SUPPLY ENCLOSURE 


15V% 
Figure 10 
BLOCK DIAGRAM OF HIGH FIDELITY 
MUSIC SYSTEM. 


BASS BOOST 
AND aT TENUATION 


TREBLE BOOST 
AND ATTENUATION 


pean 


goosr 


INPUT 


OUTPUT 
AVTENUATE 


i 


EQUIVALENT CIRCUITS 


EQUIVALENT CIRCUITS 


eoosr ATTENUATE BoosT ATTENUATE 
IN, IN, Taree ats 

Ri Ri 

Our. our. 
Ra C2 Ra C1 
our OUT. 
a . ie! 
Figure 11 


SIMPLE R-C CIRCUITS MAY BE 
USED FOR BASS AND TREBLE 
BOCST OR ATTENUATION. 


tilament voltages (usually a-c) for the heaters 
of the various amplifier tubes. 

The loudspeaker is a device which couples 
the electrical energy of the high fidelity sys- 
tem to the human ear and usually limits the 
overall fidelity of the complete system. Great 
advances in speaker design have been made in 
the past years, permitting the loudspeaker to 


+20 Lear liae | 
BASS BOOST TREBLE BOOST 
o ] | 
a +10 t T + 
uu 
ee) 
° 
a. 
n 
10) 
3 TREBLE 


100 200 $00 1000 2000 S000 10000 
FREQUENCY (ces) 


10 20 so 


Figure 12 
FREQUENCY RESPONSE CURVES FOR 
THE BASS AND TREBLE BOOST 
AND ATTENUATION CIRCUITS 
OF FIGURE 11. 


hold its own in the race for true fidelity. 
Speaker efficiency runs from about 10% for 
cone units to nearly 40% for high frequency 
tweeters. The frequency response of any speak- 
er is a function of the design and construction 
of the speaker enclosure or cabinet that mounts 
the reproducer. 


Tone 
Compensaton 


Equalizer networks are em- 
ployed in high fidelity equip- 
ment to 1)—tailor the re- 
sponse curve of the system to obtain the correct 
overall frequency response, 2)—to compensate 
for inherent faults in the program material, 
3)—or merely to satisfy the hearing preference 
of the listener. The usual compensation net- 
works are combinations of RC and RL net- 
works that provide a gradual attenuation over 
a given frequency range. The basic RC net- 
works suitable for equlizer service are shown 
in figure 11. Shunt capacitance is employed 
for high frequency attenuation, and_ series 
capacitance is used for low frequency atten- 
uation. A combination of these simple a-c 
voltage dividers may be used to provide almost 
any response, as shown in figure 12. It is 
common practice to place equalizers between 
two vacuum tubes in the low level stages of 
the preamplifier, as shown in figure 13. Bass 
and treble boost and attenuation of the order 
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Figure 14 
TRANSISTORIZED HIGH-FIDELITY PREAMPLIFIER FOR USE WITH 
RELUCTANCE PHONOGRAPH CARTRIDGE. 
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Figure 15 
THE “FLETCHER-MUNSON” CURVE 
ILLUSTRATING THE INTENSITY 
RESPONSE OF THE HUMAN EAR. 


of 15 db may be obtained from such a circuit. 
A simple transistorized preamplifier using 
this type of equalizing network is shown in 
figure 14. 
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Figure 16 
VARIABLE LOUDNESS CONTROL FOR 
USE IN LOW IMPEDANCE PLATE 
CIRCUITS. MAY BE PURCHASED 
AS IRC TYPE LC-1 LOUDNESS 
CONTROL. 


Loudness 
Compensaton 


The minimum threshold of 
hearing and the maximum 
threshold of pain vary great- 
ly with the frequency of the sound as shown 
in the Fletcher-Munson curves of figure 15. 
To maintain a reasonable constant tonal bal- 
ance as the intensity of the sound is changed 
it is necessary to employ extra bass and treble 
boost as the program level is decreased. A 
simple variable loudness control is shown in 
figure 16 which may be substituted for the 
ordinary volume control used in most audio 
equipment. 


The Power 
Amplifier 


The power amplifier stage of 
the music system must supply 
driving power for the loud- 
speaker. Commercially available loudspeakers 
are low impedance devices which present a 
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Figure 17 
IMPEDANCE AND FREQUENCY 
RESPONSE OF ‘4-OHM” 12-INCH 
SPEAKER PROPERLY MOUNTED IN 
MATCHING BAFFLE. 
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Figure 18 
TYPICAL TRIODE 
AMPLIFIER WITH 
FEEDBACK LOOP. 


= MATCHED PAIR RESISTORS 


FEEDBACK RESISTOR 


varying load of two to nearly one hundred 
ohms to the output stage (figure 17). It is 
necessary to employ a high quality output 
transformer to match the loudspeaker load to 
the relatively high impedance plate circuit of 
the power amplifier stage. In general, push- 
pull amplifiers are employed for the output 
stage since they have even harmonic cancelling 
properties and permit better low frequency 
response of the output transformer since there 
is no d-c core saturation effect present. 

To further reduce the harmonic distortion 
and intermodulation inherent in the amplifier 
system a negative feedback loop is placed 
around one or more stages of the unit. Fre- 
quency response is thereby improved, and the 
output impedance of the amplifier is sharply 
reduced, providing a very low source im- 
pedance for the loudspeaker. 


Shown in figure 18 is a basic push-pull 
triode amplifier, using inverse feedback around 
the power output and driver stage. A simple 
triode inverter is used to provide 180-degree 
phase reversal to drive the grid circuit of the 
power amplifier stage. Maximum undistorted 
power output of this amplifier is about 8 watts. 

A modification of the basic triode amplifier 
is the popular Williamson circuit (figure 19) 
developed in England in 1947. This circuit 
rapidly became the “standard of comparison” 
in a few short years. Pentode power tubes are 
connected as triodes for the output stage, and 
negative feedback is taken from the secondary 
of the output transformer to the cathode of 
the input stage. Only the mose linear portion 
of the tube characteristic curve is used. Al- 
though that portion has been extended by 
higher than normal plate supply voltage, it 
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Figure 19 
U. S. VERSION OF BRITISH “WILLIAMSON” AMPLIFIER PROVIDES 10 WATTS POWER 
OUTPUT AT LESS THAN 2% INTERMODULATION DISTORTION. 6SN7 STAGE USES 
DIRECT COUPLING. 


WWW. americanradiohistorv. com 


142 High Fidelity Techniques 


THE RADIO 


80775881 


FROM 
6SN7CT 
PHASE 
INVERTER 


8077/5881 
NOTE! P/N CONNECTIONS ARE 
FOR 807 TUBES 


TO FEEDBACK 
ciacuir 


oureur 


+400 v. 


Figure 20 
“ULTRA-LINEAR” CONFIGURATION OF WILLIAMSON AMPLIFIER DOUBLES POWER OUT- 
PUT, AND REDUCES IM LEVEL. SCREEN TAPS ON OUTPUT TRANSFORMER PERMIT 
“SEMI-TETRODE”’ OPERATION. 


is only a fraction of the curve normally used 
in amplifiers. Thus a comparatively low output 
power level is obtained with tubes capable of 
much more efficient operation under less 
stringent requirements. With 400 volts ap- 
plied to the output stage, a power output of 10 
watts may be obained wtih less than 2% inter- 
modulation distortion. 

A recent variation of the Williamson cir- 
cuit involves the use of a tapped output trans- 
former. The screen grids of the push-pull am- 
plifier stage are connected to the primary taps, 
allowing operating efficiency to approach that 
of the true pentode. Power output in excess 
of 25 watts at less than 2% intermodulation dis- 
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Figure 21 
“BABY HI-FI’ AMPLIFIER [S DWARFED 
BY 12-INCH SPEAKER ENCLOSURE 


This miniature music system is capable of ex- 

cellent performance in the small home or 

apartment. Preamplifier, bass and treble con- 

trols, and volume control are all incorporated 

in the unit. Amplifier provides 4 watts output 
at 4% IM distortion. 


tortion may be obtained with this circuit 
(figure 20). 


7-4 Amplifier Construction 


Wiring 
Techniques 


Assembly and layout of high 
fidelity audio amplifiers fol- 
lows the general technique des- 
cribed for other forms of electronic equipment. 
Extra care, however, must be taken to insure 
that che hum level of the amplifier is extreme- 
ly low. A good hi-fi system has excellent re- 
sponse in the 60 cycle region, and even a 
minute quantity of induced a-c voltage will be 
disagreeably audible in the loudspeaker. Spur- 
ious eddy currents produced in the chassis by 
the power transformer are usually responsible 
for input stage hum. 

To insure the lowest hum level, the power 
transformer should be of the “upright” type 
instead of the “half-shell” type which can 
couple minute voltages from the windings to 
a steel chassis. In addition, part of the windings 
of the half-shell type project below the chassis 
where they are exposed to the input wiring of 
the amplifier. The core of the power trans- 
former should be placed at right angles to the 
core of a nearby audio transformer to reduce 
spurious coupling between the two units to a 
minimum. 

It is common practice in amplifier design 
to employ a ground bus return system for all 
audio tubes. All grounds are returned to a 
single heavy bus wire, which in turn is 
grounded at one point to the metal chassis. 
This ground point is usually at the input jack 
of the amplifier. When this system is used, 
a-c chassis currents are not coupled into the 
amplifying stages. This type of construction is 
illustrated in the amplifiers described later in 
this chapter. 
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Figure 22 
SCHEMATIC, “BABY HI-FI’ AMPLIFIER 


T:—260-0-260 volts at 90 ma., 6.3 volts at 4.0 
amp., upright mounting. Chicago-Standard 
PC-8420. 

T-—10 K, CT. to 8, 16 ohms. Peerless (Altec) 
S-510F. 


CH.—1.5 henry at 200 ma. Chicago Standard C-2327. 
C,A-B-C—30-20-10 yfd. 350 volt. Mallory Fp-330.7 


NOTE—Feedback loop returns to 8 ohm tap on Tz 
when 8 ohm speaker is used. 


Care should be taken to reduce the capaci- 
tance to the chassis of high impedance circuits, 
or the high frequency response of the unit will 
suffer. Shielded “bath-cub” type capacitors 
should not be used for interstage coupling ca- 
pacitors. Tubular paper capacitors are satis- 
factory. These should be spaced well away from 
the chassis. 

It is a poor idea to employ the chassis as a 
common filament return, especially for low 
level audio stages. The filament center-tap of 
the power transformer should be grounded, 
and twisted filament wires run to each tube 
socket. High impedance audio components and 
wiring should be kept clear of the filament 
lines, which may even be shielded in the vicin- 
ity of the input stage. In some instances, the 
filament center tap may be taken from the arm 
of a low resistance, wirewound potentiometer 
placed across the filament pins of the input 
tube socket. The arm of this potentiometer is 
grounded, and the setting of the control is ad- 
justed for minimum speaker hum. 


7-5 The “Baby Hi Fi’ 


A definite need exists for a compact, high 
fidelity audio amplifier suitable for use in the 
small home or apartment. Listening tests have 
shown that an average power level of less than 


one watt in a high efficiency speaker will pro- 
vide a comfortable listening level for a small 
room, and levels in excess of two or three watts 
are uncomfortably loud to the ear. The “Baby 
Hi-Fi” amplifier has been designed for use 
in the small home, and will provide excellent 
quality at a level high enough to rattle the 
windows. 

Designed around the new Electro-Voice min- 
iature ceramic cartridge, the amplifier will pro- 
vide over 4 watts power, measured at the sec- 
ondary of the output transformer. At this level, 
the distortion figure is below 1%, and the IM 
figure is 4%. At normal listening levels, che IM 
is much lower, as shown in figure 24. 


The Amplifier 
Circuit 


The schematic of the ampli- 
fier is shown in figure 22. 
Bass and treble boost con- 
trols are incorporated in the circuit, as is the 
volume control. A dual purpose 12AU7 double 
triode serves as a voltage amplifier with cath- 
ode degeneration. A simple voltage divider 
network is used in the grid circuit to prevent 
amplifier overloading when the ceramic cart- 
ridge is used. The required input signal for 
maximum output is of the order of 0.3 volts. 
The output level of the Electro-Voice cartridge 
is approximately twice this, as shown in figure 
7. The use of the high-level cartridge elimin- 
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Figure 23 
UNDER-CHASSIS 
VIEW OF 
“BABY HI-FI’ 


Low level audio stages are at 
upper feft, with components 
mounted between socket pins 
and potentiometer controls. 
6X5 socket is at lower cen- 
ter of photo with filter 
choke CH: at right. Feed- 
back resistor R: is at lett 
of rectifier socket. 


ates the necessity of high gain amplifiers re- 
quired when low level magnetic pickup heads 
are used. Problems of hum and distortion in- 
troduced by these extra stages are thereby 
eliminated, greatly simplifying the amplifier. 
The second section of the 12AU7 is used for 
bass and treble boost. Simple R-C networks 
are placed in the grid circuit permitting gain 
boost of over 12 db at the extremities of the 
response range of the amplifier. 

A second 12AU7 is employed as a direct 
coupled “hot-cathode” phase inverter, capaci- 
tively coupled to two 6AQ5 pentode connected 
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Figure 24 
INTERMODULATION CURVE FOR 
“BABY HI-FI’’ AS MEASURED ON 
HEATHKIT INTERMODULATION 

ANALYZER. 


output tubes. The feedback loop is run from 
the secondary of the output transformer to the 
cathode of the input section of the phase in- 
verter. 

The power supply of the “Baby Hi-Fi” con- 
sists of a GX5-GT rectifier and a capacitor in- 
put filter. A second R-C filter section is used 
to smooth the d-c voltage applied to the 
12AU7 tubes. A cathode-type rectifier is used 
in preference to the usual filament type to pre- 
vent voltage surges during the warm-up period 
of the other cathode-type tubes. 


Amplifier 
Construction 


The complete amplifier is 
built upon a small “amplifier 
foundation” chassis and cover 
measuring 5°x7”x6” (Bud CA-1754). Height 
of the amplifier including dust cover is 6”. 
The power transformer (T:) and output trans- 
former (T:) are placed in the rear corners of 
the chassis, with the*6X5-GT rectifier socket 
placed between them. The small filter choke 
(CH:) is mounted to the wall of the chassis 
and may be seen in the under-chassis photo- 
gtaph of figure 23. The four audio tubes are 
placed in a row across the front of the chassis. 
Viewed from the front, the 12AU7 tubes are 
to the left, and the 6AQ5 tubes are to the right. 
The three section filter capacitor (CA, B, C) 
is a chassis mounting unit, and is placed be- 
tween the rectifier tube and the four audio 
tubes. Since the chassis is painted, it is im- 
portant that good grounding points be made at 
each tube socket. The paint is cleared away 
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Figure 25 
TYPICAL 
INTERMODULATION 
TEST OF AUDIO 
AMPLIFIER. 

Audio tones of two fre- 
quencies are applied to in- 
put of amplifier under test, 
and amplitude of “‘sum’ or 
“difference” frequency is 
measured, providing relative 
inter-modulation figure. 


beneath the socket bolt heads, and lock nuts 
are used beneath the socket retaining nuts to 
insure a good ground connection. All ground 
leads of the first 12AU7 tube are returned to 
the socket, whereas all grounds for the rest of 
the circuit are returned to a ground lug of 
filter capacitor C.. 

Since the input level to the amplifier is of 
the order of one-half volt, the problem of 
chassis ground currents and hum is not so 
prevalent, as is the case with a high gain input 
stage. 

Phonograph-type coaxial receptacles are 
mounted on the rear apron of the chassis, serv- 
ing as the input and output connections. The 
four panel controls (bass boost, treble boost, 
volume, and a-c on) are spaced equidistant 
across the front of the chassis. 


Amplifier 
Wiring 


The filament wiring should be 
done first. The center-tap of the 
filament winding is grounded to 
a lug of the 6X5-GT socket ring, and the 6.3 
vole leads from the transformer are attached 
to pins 2 and 7 of the same socket. A twisted 
pair of wires run from the rectifier socket to 
the right-hand 6AQ5 socket (figure 23). The 
filament leads then proceed to the next 6AQ5 
socket and then to the two 12AU7 sockets in 
turn. 

The 12AU7 preamplifier stage is wired next. 
A two terminal phenolic tie-point strip is 
mounted to the rear of the chassis, holding the 
12K decoupling resistor and the positive lead 


of the 10 ufd., 450-volt filter capacitor. All 
B-plus leads are run to this point. Most of the 
components of the bass and treble boost system 
may be mounted between the tube socket ter- 
minals and the terminals of the two potentio- 
meters. The feedback resistor R: is mounted 
between the terminal of the coaxial output 
connector and a phenolic tie-point strip placed 
beneath an adjacent socket bolt. 

When the wiring has been completed and 
checked, the amplifier should be turned on, 
and the various voltages compared with the 
values given on the schematic. It is important 
that the polarity of the feedback loop is correct. 
The easiest way to reverse the feedback polarity 
is to cross-connect the two plate leads of the 
6AQ5 tubes. If the feedback polarization is 
incorrect, the amplifier will oscillate at a super- 
sonic frequency and the reproduced signal will 
sound fuzzy to the ear. The correct connection 
may be determined with the aid of an oscillo- 
scope, as the oscillation will be easily found. 
The builder might experiment with different 
values of feedback resistor Ri, especially if a 
speaker of different impedance is employed. 
Increasing the value of R: will decrease the 
degree of feedback. For an 8-ohm speaker, R: 
should be decreased in value to maintain the 
same amount of feedback. 


This amplifier was used in conjunction with 
a General Electric §-1201A 12-inch speaker 
mounted in an Electro-Voice KD6 Aristocrat 
speaker enclosure which was constructed from 
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a kit. The reproduction was extremely smooth, 
with good balance of bass and treble. 


7-6 A Transformerless 


25 Watt Music 
Amplifier 


Because the output transformer is usually 
the weakest link in both frequency response 
and power output of an audio amplifier, 
several methods have been used to drive loud- 
speakers directly from the output tubes. These 
have either used non-conventional high-impe- 
dance loudspeakers, have been very inefficient, 
or have had low power output capabilities. 

The amplifier described in this section 
drives a conventional 16 ohm _ loudspeaker 
with normal class A amplifier efficiency, and 
supplies 25 watts of low distortion output 
throughout the audio range (figure 26). The 
amplifier requires an input signal of approxi- 
mately one volt to drive it to maximum out- 
put. The unit attains its high performance 
through the use of 40 db of inverse feedback. 
Because of the relatively simple power supply 
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requirements and the absence of expensive 
power and audio transformers it is more eco- 
nomical than conventional amplifiers of similar 
performance. 


The Amplifier 
Circuit 


The output stage of this un- 
usual amplifier is the single 
ended, push-pull type as 
shown in figure 27. The quiescent current is 
equal in both tubes with no d.c. current flow- 
ing through the speaker load. The absence of 
an output transformer allows 40 db of feed- 
back to be applied by connecting the voice 
coil of the speaker directly to the cathode of 
the 12AT7 phase-inverter driver. In addition 
to its distortion reducing characteristic, the 
application of feedback serves to reduce the 
hum voltage which might otherwise be present. 
As the gain within the feedback loop is essen- 
tially unity, an additional voltage amplifier 
is used (with separate feedback) to build the 
input voltage up to the voice coil level. 

The power supply is a double half-wave se- 
lenium rectifier circuit developing +140 volts 
and —-140 volts with respect to ground. The 
supply uses large filter capacitors, and no 


Figure 26. 
25-WATT 
TRANSFORMERLESS 
AMPLIFIER PRO- 
VIDES ULTIMATE IN 
LISTENING 
PLEASURE FOR THE 


“GOLDEN EAR.” 


Amplifier employs three 
6082 triode tubes in 
single-ended push-pull 
configuration for maxi- 
mum fidelity. The output 
tubes are placed across 
right end of chassis. 
6SN7 phase inverter is at 
rear, center; and low 
level stages are at the 
front, center. To the left 
are the power supply fil- 
ter capacitors. In this 
particular amplifier, the 
40 ohm, 20 watt fila- 
ment dropping resistor 
was eliminated and a 
small iron core reactor 
was used in its place 
(left, rear corner of the 
chassis). Across front of 
chassis ore (1. to ¢.): 
power switch, input jack, 
and output stage balanc- 
ing potentiometer. 
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Figure 27. 
SCHEMATIC OF 25-WATT MUSIC AMPLIFIER 


extra filtering is required. The output impe- 
dance of the supply is extremely low. To ob- 
tain higher voltage for the low level stages, 
additional selenium rectifiers are used in a 
voltage-adding configuration to obtain +250 
and —250 volts. 
Circuit Details The complete schematic of 
this amplifier is given in 
figure 27. Three type 6082 double triodes are 
employed in the output stage. These are 26.5 
volt versions of the popular 6AS7G. These 
tubes are capable of 700 milliamperes of peak 
plate current per triode section at the plate 
voltage employed. The choice of the 6082 is 
an economy measure to allow the use of a 
series heater string. These tubes cut off at 


about —70 volts, but for this class of service 
the bias is held at —60 volts. A bias control 
is provided for one set of tubes so that the 
dc. current flowing in the tubes may be 
equalized, and to insure that no dic. current 
flows through the speaker voice coil. 


The type 6082 tube is not rated for use 
with fixed bias unless a limiting resistor is 
added in either the plate or the cathode cir- 
cuit. Although this circuit does not use such 
resistors, their omission is feasible only be- 
cause the tubes are used under quiescent con- 
ditions well below maximum ratings. With 
tubes of this type, it may be expected that the 
average current through the voice coil will 
drift with time bur the presence of this un- 
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balance current will generally be of little 
concern. In any event, the circuit has been 
designed so that the output stage can be con- 
veniently rebalanced. 


The Voltoge 
Amplifier 


The low level stages are all 
operated Class A with con- 
ventional circuitry. A separate 
driver is needed for each side of the output 
circuit, as insufficient output is obtained from 
the phase inverter to drive the output tubes 
directly. One side of the phase inverter has a 
larger load than the other, since the input to 
the lower group of output tubes has the 
speaker impedance in the cathode. This causes 
degeneration and necessitates higher input 


Figure 28. 
UNDER-CHASSIS VIEW OF 
TRANSFORMERLESS AMPLIFIER 


Output tube sockets are at left, with power 
supply components at right. Components of 
preamplifier stages are grouped about the 
center sockets, mounted between socket pins 
and phenolic tie-point strips. Line fuse is 
mounted on rear apron of chassis. 
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voltage than the upper group. 

In the first voltage amplifier, bias is ob- 

tained from unbypassed cathode resistors since 
the loss of gain can easily be tolerated. The 
phase inverter-driver, however, has fixed bias 
applied to the grid from the —140 volt 
supply, since maximum gain is desired within 
the main feedback loop. 
The Power Supply The high current power 
supply uses 300 ppfd. 
filter capacitors and 5 ohm protective resis- 
tors. R-C decoupling is used to minimize hum 
in the low level audio stages. As with all 
“power-transformerless” equipment, care must 
be taken when connecting this amplifier to 
other pieces of equipment to ensure that the 
grounded side of the power line is connected 
to the chassis. This may be achieved by the 
use of a polarized line plug, or a small isola- 
tion transformer may be employed. 


The Equalizing 
Circuit 


As would be expected, 40 
db of feedback can only be 
applied within a loop hav- 
ing a minimum of phase shift or circuit in- 
stability will result. Since the loudspeaker 


=> 


HANDBOOK 


fa al 
\] 


-10 


RESPONSE (08) 


10 100 10KC 100 KC 1900 KC 


eaeecetes 


Figure 29. 


Transformerless Amplifier 149 


% HARMONIC DISTORTION 


C) s 40 15 20 25 
POWER OUTPUT (warrs) 


A—Overall frequency response of amplifier 
B—Distortion versus power output of amplifier 


impedance becomes inductive above the audio 
range it causes an increase in phase shift and 
loop gain. To avoid instability an impedance 
can be shunted across the voice coil to prevent 
the output reactance from rising at the higher 
audio frequencies. Three networks that have 
been used successfully for this purpose are 
shown in figure 27. The 180 ohm res ‘tor 
merely limits the maximum impedance ot the 
output system and thus preveias excessive 
feedback. The 0.5 pfd. capacitor places a low 
impedance across the inductive load which is 
effective at the higher audio frequencies. The 
series 16 ohm resistor and 0.01 pfd. capacitor 
places a resistance across the speaker at the 
higher frequencies and an open circuit at the 
lower frequencies. This serves to provide con- 
stant impedance and feedback over the fre- 
quency range of the amplifier. 


The balance adjustment for zero d.c. cur- 
rent through the speaker voice coil can be 
made with a milliammeter in series with the 
coil, or by measuring the voltage across the 
coil with a sensitive voltmeter. 


The amplifier is built upon 
an aluminum chassis measur- 
ing 8” x 10” x 2”. Perfor- 
ated end pieces and '4-inch holes drilled 
around the 6082 tube sockets insure adequate 
ventilation. Layout of the major components 
is shown in figure 26, and placement of the 
under-chassis components is shown in figure 
28. As no ac. power transformer is used, 
ground currents are of small concern, and the 
ground bus wiring technique need not be em- 


Amplifier 
Construction 


ployed. In its place, a tinned copper wire is 
run between the various chassis ground points. 
Ground connections may now be made to the 
socket grounding lugs, or to terminal strip 
ground points. A.c. filament and power leads 
are twisted wherever possible, and are run 
around the outer edges of the chassis. 

Point-to-point wiring technique is used, 
with small capacitors and resistors mounted 
to socket pins or to phenolic tie-point strips 
placed near the sockets. The small silicon rec- 
tifiers are mounted to tie-point strips placed 
near the upright filter capacitors. 

Several of the filrer capacitors do not have 
their negative terminal at ground potential. 
It is therefore necessary to mount the capacitor 
on a phenolic plate and to slip a fiber insu- 
lating jacket over the metal shell. 


Amplifier 
Performance 


The frequency response of 
the amplifier is flat within 
one db from 10 cycles to over 
100 kilocycles. Since R-C coupled circuits are 
used throughout, there is no serious limitation 
on frequency response, and the response is 
down only 4 db at 250,000 cycles. The inter- 
stage coupling networks limit the low fre- 
quency response below 10 cycles. 

Harmonic distortion and intermodulation at 
full rated outpur are exceptionally low and vir- 
tually independent of frequency. The ability 
to deliver 25 watts at 20 cycles and below 
with negligible distortion is practically impos- 
sible in a transformer-type circuit of similar 
mid-frequency power rating. Square wave re- 
sponse of the amplifier as measured between 
20 cycles and 50 kilocycles is extremely good. 
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FILTER DESIGN CHART 


For both Pi-type and T-type Sections 


To tind L, connect cut-off frequency on lett-hand scole (using left-side scale for low-poss and right- 
side scale for high-poss} with foad on left-hand side of right-hand scale by means of a straight-edge. 
Then read the value of L from the point where the edge intersects the left side of the center scale. Read- 
ings are In henries tor frequencies in cycles per second. 


To find C, connect cut-off frequency on left-hand scale (using left-side scale tor low-poss and right- 
side scale tor high poss) with the load on the right-hand side of the right-hand scale. Then read the 
value of C from the point where the straightedge cuts the right side of the center scale. Readings are 
in microtarads for frequencies in cycles per second. 


For frequencies in kilocyctes, C is expressed in thousands of micromicrotarads, L is expressed in 
millihenries. For frequencies in megacycles, L is expressed in microhenries and C is expressed in micromi- 
crofarads. 


For each tenfold increase in the value of load resistance multiply L by 10 and divide C by 10, 
For each tenfold decrease in frequency multiply L by 10 and multiply C by 10. 
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CHAPTER EIGHT 


Radio Frequency 
Vacuum Tube Amplifiers 


TUNED RF VACUUM TUBE AMPLIFIERS 


Tuned r-f voltage amplifiers are used in re- 
ceivers for the amplification of the incoming 
r-f signal and for the amplification of inter- 
mediate frequency signals after the incoming 
frequency has been converted to the intermed- 
iate frequency by the mixer stage. Signal fre- 
quency stages are normally called tuned r-f 
amplifiers and intermediate-frequency stages 
are called i-{ amplifiers. Both tuned r-f and 
i-f amplifiers are operated Class A and nor- 
mally operate at signal levels from a fraction 
of a microvolt to amplitudes as high as 10 to 
50 volts at the plate of the last i-f stage in a 
receiver. 


8-1 Grid Circuit 


Considerations 


Since the full amplification of a receiver fol- 
lows the first tuned circuit, the operating con- 
ditions existing in that circuit and in its cou- 
pling to the antenna on one side and to the 
grid of the first amplifier stage on the other 
are of greatest importance in determining the 
signal-to-noise ratio of the receiver on weak 
Signals. 


First Tuned 
Circuit 


It is obvious that the highest 
ratio of signal-to-noise be im- 
pressed on the prid of the first 
t-f amplifier tube. Attaining the optimum ratio 
is a complex problem since noise will be gen- 
erated in the antenna due to its equivalent 
radiation resistance (this noise is in addition 
to any noise of atmospheric origin) and in the 


15] 


first tuned circuit due to its equivalent cou- 
pled resistance at resonance. The noise volt- 
age generated due to antenna radiation resist- 
ance and to equivalent tuned circuit resistance 
is similar to that generated in a resistor due 
to thermal agitation and is expressed by the 
following equation: 


E,7 = 4kTRAE 


Where: E, = r-m-s value of noise voltage over 
the interval Af 
k = Boltzman’s constant = 1.374 

X 10°?? joule per °K. 
Absolute temperature °K. 
Resistive component of imped- 
ance across which thermal noise 
is developed. 
Af= Frequency band across which 

voltage is measured. 


In the above equation .\f is essentially the 
frequency band passed by the intermediate fre- 
quency amplifier of the receiver under consid- 
eration. This equation can be greatly simpli- 
fied for the conditions normally encountered 
in communications work. If we assume the fol- 
lowing conditions: T = 300° K or 27° C or 
80.5° F, room temperature; Af = 8000 cycles 
(the average pass band of a communications 
receiver or speech amplifier), the equation re- 
duces to: E,.m.s, = 0.0115 YR microvolts. Ac- 
cordingly, the thermal-agitation voltage ap- 
pearing in the center of half-wave antenna (as- 
suming effective temperature to be 300° K) 
having a radiation resistance of 73 ohms is 
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approximately 0.096 microvolts. Also, the ther- 
mal agitation voltage appearing across a 500,- 
000-ohm grid resistor in the first stage of a 
speech amplifier is approximately 8 microvolts 
under the conditions cited above. Further, the 
voltage due to thermal agitation being im- 
pressed on the grid of the first r-f stage in a 
receiver by a first tuned circuit whose reson- 
ant resistance is 50,000 ohms is approximately 
2.5 microvolts. Suffice to say, however, that 
the value of thermal agitation voltage appear- 
ing across the first tuned circuit when the an- 
tenna is properly coupled to this circuit will 
be very much less than this value. 

It is common practice to match the imped- 
ance of the antenna transmission line to the 
input impedance of the grid of the first r-f am- 
plifier stage in a receiver. This is the condi- 
tion of antenna coupling which gives maximum 
gain in the receiver. However, when u-h-f tubes 
such as acorns and miniatures are used at fre- 
quencies somewhat less than their maximum 
capabilities, a significant improvement in sig- 
nal-to-noise ratio can be attained by increas- 
ing the coupling between the antenna and first 
tuned circuit to a value greater than that which 
gives greatest signal amplitude out of the re- 
ceiver. In other words, in the 10, 6, and 2 me- 
ter bands it is possible to attain somewhat im- 
proved signal-to-noise ratio by increasing an- 
tenna coupling to the point where the gain of 
the receiver is slightly reduced. 

It is always possible, in addition, to obtain 
improved signal-to-noise ratio in a v-h-f re- 
ceiver through the use of tubes which have 
improved input impedance characteristics at 
the frequency in question over conventional 
types. 


The limiting condition for sen- 
sitivity in any receiver is the 
thermal noise generated in the antenna and in 
the first tuned circuit. However, with proper 
coupling between the antenna and the grid of 
the tube, through the first tuned circuit, the 
noise contribution of the first tuned circuit 
can be made quite small. Unfortunately, though, 
the major noise contribution in a properly de- 
signed receiver is that of the first tube. The 
noise contribution due to electron flow and 
due to losses in the tube can be lumped into 
an equivalent value of resistance which, if 
placed in the grid circuit of a perfect tube hav- 
ing the same gain but no noise would give the 
same noise voltage output in the plate load. 
The equivalent noise resistance of tubes such 
as the 6SK7, 6SG7, etc., runs from 5000 to 
10,000 ohms. Very high Gg, tubes such as the 
6AC7 and 6AK5 have equivalent noise resist- 
ances as low as 700 to 1500 ohms. The lower 
the value of equivalent noise resistance, the 


Noise Factor 


lower will be the noise output under a fixed 
set of conditions. 

The equivalent noise resistance of a tube 
must not be confused with the actual input 
loading resistance of a tube. For highest sig- 
nal-to-noise ratio in an amplifier the input 
loading resistance should be as high as possi- 
ble so that the amount of voltage that can be 
developed from grid to ground by the antenna 
energy will be as high as possible. The equi- 
valent noise resistance should be as low as 
possible so that the noise generated by this 
resistance will be lower than that attributable 
to the antenna and first tuned circuit, and the 
losses in the first tuned circuit should be as 
low as possible. 

The absolute sensitivity of receivers has 
been designated in recent years in government 
and commercial work by an arbitrary dimension- 
less number known as “noise factor” or N. 
The noise factor is the ratio of noise output 
of a ‘‘perfect”’ receiver having a given amount 
of gain with a dummy antenna matched to its 
input, to the noise output of the receiver under 
measurement having the same amount of gain 
with the dummy antenna matched to its input. 
Although a perfect receiver is not a physically 
realizable thing, the noise factor of a receiver 
under measurement can be determined by cal- 
culation from the amount of additional noise 
(from a temperature-limited diode or other cali- 
brated noise generator) required to increase 
the noise power output of a receiver by a pre- 
determined amount. 


Tube Input 
Loading 


As has been mentioned in a pre- 
vious paragraph, greatest gain 
in a receiver is obtained when 
the antenna is matched, through the r-f cou- 
pling transformer, to the input resistance of 
the r-f tube. However, the higher the ratio of 
tube input resistance to equivalent noise re- 
sistance of the tube the higher will be the sig- 
nal-to-noise ratio of the stage—and of course, 
the better will be the noise factor of the over- 
all receiver. The input resistance of a tube 
is very high at frequencies in the broadcast 
band and gradually decreases as the frequency 
increases. Tube input resistance on conven- 
tional tube types begins to become an import- 
ant factor at frequencies of about 25 Mc. and 
above. At frequencies above about 100 Mc. the 
use of conventional tube types becomes im- 
practicable since the input resistance of the 
tube has become so much lower than the equi- 
valent noise resistance that it is impossible 
to attain reasonable signal-to-noise ratio on 
any but very strong signals. Hence, special 
v-h-f tube types such as the 6AK5, 6AGS, and 
6CB6 must be used. 

The lowering of the effective input resist- 
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ance of a vacuum tube at higher frequencies 
is brought about by a number of factors. The 
first, and most obvious, is the fact that the 
dielectric loss in the internal insulators, and 
in the base and press of the tube increases 
with frequency. The second factor is due to 
the fact that a finite time is required for an 
electron to move from the space charge in the 
vicinity of the cathode, pass between the grid 
wires, and travel on to the plate. The fact that 
the electrostatic effect of the grid on the mov- 
ing electron acts over an appreciable portion 
of a cycle at these high frequencies causes a 
current flow in the grid circuit which appears 
to the input circuit feeding the grid as a re- 
sistance. The decrease in input resistance of 
a tube due to electron transit time varies as 
the square of the frequency. The undesirable 
effects of transit time can be reduced in cer- 
tain cases by the use of higher plate voltages. 
Transit time varies inversely as the square 
root of the applied plate voltage. 

Cathode lead inductance is an additional 
cause of reduced input resistance at high fre- 
quencies. This effect has been reduced in cer- 
tain tubes such as the 6SH7 and the GAK5 by 
providing two cathode leads on the tube base. 
One cathode lead should be connected to the 
input circuit of the tube and the other lead 
should be connected to the by-pass capacitor 
for the plate return of the tube. 

The reader is referredto the Radiation Labo- 
ratory Series, Volume 23: ‘‘Microwave Receiv- 
ers’’ (McGraw-Hill, publishers) for additional 
information on noise factor and input loading 
of vacuum tubes. 


8-2 Plate-Circuit 


Considerations 


Noise is generated in a vacuum tube by the 
fact that the current flow within the tube is not 
a smooth flow but rather is made up of the con- 
tinuous arrival of particles (electrons) at a 
very high rate. This shot effect is a source of 
noise in the tube, bur its effect is referred 
back to the grid circuit of the tube since it is 
included in the equivalent noise resistance 
discussed in the preceding paragraphs. 


Plate Circuit 
Coupling 


For the purpose of this section, 
it will be considered that the 
function of the plate load cir- 
cuit of a tuned vacuum-tube amplifier is to de- 
liver energy to the next stage with the greatest 
efficiency over the required band of frequen- 
cies, Figure 1 shows three methods of inter- 
stage coupling for tuned r-f voltage amplifiers. 
In figure 1A omega (w) is 27 times the reso- 
nant frequency of the circuit in the plate of 
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Figure 1 


Gain equations for pentode r-f amplifier 
stages operating into a tuned load 


the amplifier tube, and L and Q are the induct- 
ance and Q of the inductor L. In figure 1B the 
notation is the same and M is the mutual in- 
ductance between the primary coil and the sec- 
ondary coil. In figure 1C the notation is again 
the same and k is the coefficient of coupling 
between the two tuned circuits. As the co- 
efficient of coupling between the circuits is 
increased the bandwidth becomes greater but 
the response over the band becomes progres- 
sively more double-humped. The response over 
the band is the most flat when the Q's of pri- 
mary and secondary are approximately the same 
and the value of each Q is equal to 1.75/k. 
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Variable-Mu Tubes 
in R-F Stages 


It is common practice to 
control the gain of a suc- 
cession of r-f or i-f am- 
plifier stages by varying the average bias on 
their control grids. However, as the bias is 
raised above the operating value on a conven- 
tional sharp-cutoff tube the tube becomes in- 
creasingly non-linear in operation as cutoff of 
plate current is approached. The effect of such 
non-linearity is to cause cross modulation be- 
tween strong signals which appear on the grid 
of the tube. When a tube operating in such a 
manner is in one of the first stages of a re- 
ceiver a number of signals are appearing on its 
grid simultaneously and cross modulation be- 
tween them will take place. The result of this 
effect is to produce a large number of spurious 
signals in the output of the receiver—in most 


cases these signals will carry the modulation 
of both the carriers which have been cross 
modulated to produce the spurious signal. 

The undesirable effect of cross modulation 
can be eliminated in most cases and greatly 
reduced in the balance through the use of a 
variable-mu tube in all stages which have a-v-c 
voltage or other large negative bias applied to 
their grids. The variable-mu tube has a char- 
acteristic which causes the cutoff of plate cur- 
rent to be gradual with an increase in grid 
bias, and the reduction in plate current is ac- 
companied by a decrease in the effective am- 
plification factor of the tube. Variable-mu tubes 
ordinarily have somewhat reduced Gq as com- 
pared to a sharp-cutoff tube of the same group. 
Hence the sharp-cutoff tube will perform best 
in stages to whicha-v-c voltage is not applied. 


RADIO-FREQUENCY POWER AMPLIFIERS 


All modern transmitters in the medium-fre- 
quency range and an increasing percentage of 
those in the v-h-f and u-h-f ranges consist of 


a comparatively low-level source of radio-fre-" 


quency energy which is multiplied in frequency 
and successively amplified to the desired power 
level. Microwave transmitters are still predom- 
inately of the self-excited oscillator type, but 
when it is possible to use r-f amplifiers in 
s-h-f transmitters the flexibility of their ap- 
plication will be increased. The following por- 
tion of this chapter will be devoted, however, 
to the method of operation and calculation of 
operating characteristics of r-f power ampli- 
fiers for operation in the range of approximate- 
ly 3.5 to 500 Me. 


8-3 Class C R-F 


Power Amplifiers 


The majority of c-f power amplifiers fall into 
the Class C category since such stages can 
be made to give the best plate circuit efficien- 
cy of any present type of vacuum-tube ampli- 
fier. Hence, the cost of tubes for such a stage 
and the cost of the power to supply that stage 
is least for any given power output. Neverthe- 
less, the Class C amplifier gives less power 
gain than either a Class A or Class B ampli- 
fier under similar conditions since the grid of 
a Class C stage must be driven highly posi- 
tive over the portion of the cycle of the excit- 
ing wave when the plate voltage on the ampli- 
fier is low, and must be at a large negative 
potential over a large portion of the cycle so 


that no plate current will flow except when 
plate voltage is very low. This, in fact, is the 
fundamental reason why the plate circuit effi- 
ciency of a Class C amplifier stage can be 
made high—plate current is cut off at all times 
except when the plate-to-cathode voltage drop 
across the tube is at its lowest value. Class 
C amplifiers almost invariably operate into a 
tuned tank circuit as a load, and as a result 
are used as amplifiers of a single frequency 
or of a comparatively narrow band of frequen- 
cies. 


Figure 2 shows the relation- 
ships between the various 
voltages and currents over 
one cycle of the exciting grid voltage for a 
Class C amplifier stage. The notation given in 
figure 2 and in the discussion to follow is the 
same as given at the first of Chapter Six un- 
der ‘‘Symbols for Vacuum-Tube Parameters.’’ 

The various manufacturers of vacuum tubes 
publish booklets listing in adequate detail al- 
ternative Class C operating conditions for the 
tubes which they manufacture. In addition, 
operating condition sheets for any particular 
type of vacuum tube are available for the ask- 
ing from the different vacuum-tube manufac- 
turers. It is, nevertheless, often desirable to 
determine optimum operating conditions for a 
tube under a particular set of circumstances. 
To assist in such calculations the following 
paragraphs are devoted to a method of calcu- 
lating Class C operating conditions which is 
moderately simple and yet sufficiently accu- 
rate for all practical purposes. 


Relationships in 
Class C Stage 
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| FUNDAMENTAL COMPONENT 
OF PLATE CURRENT 


Figure 2 


Instantaneous electrode and tank circuit 
voltages and currents for a Class C r-f power 
amplifier 


Colculotion of Closs 
C Amplifier Operating 
Charecteristics 


Although Class C op- 
erating conditions can 
be determined with the 
aid of the more conven- 


tional grid voltage-plate current operating 
curves, the calculation is considerably sim- 
plified if the alternative ‘‘constant-current 


curve’’ of the tube in question is used. This is 
true since the operating line of a Class C am- 
plifier is a straight line on a set of constant- 
current curves. A set of constant-current curves 
on the 250TH tube with a sample load line 
drawn thereon is shown in figure 5. 

In calculating and predicting the operation 
of a vacuum tube as a Class C radio-frequency 
amplifier, the considerations which determine 
the operating conditions are plate efficiency, 
power output required, maximum allowable 
plate and grid dissipation, maximum allowable 
plate voltage and maximum allowable plate 
current. The values chosen for these factors 
will depend both upon the demands of a par- 
ticular application and upon the tube chosen. 

The plate and grid currents of a Class C 
amplifier tube are periodic pulses, the dura- 
tions of which are always less than 180 de- 
grees. For this reason the average grid cur- 
rent, average plate current, power output, driv- 
ing power, etc., cannot be directly calculated 
bute must be determined by a Fourier analysis 
from points selected at proper intervals along 
the line of operation as plotted upon the con- 
stant-current characteristics. This may be done 
either analytically or graphically. While the 
Fourier analysis has the advantage of accu- 
racy, it also has the disadvantage of being 
tedious and involved. 

The approximate analysis which follows 
has proved to be sufficiently accurate for most 
applications. This type of analysis also has 
the advantage of giving the desired informa- 
tion at the first trial. The system is direct in 
giving the desired information since the im- 
portant factors, power output, plate efficiency, 
and plate voltage are arbitrarily selected at 
the beginning. 


Method of The firse step in the method to 
Calculation be described is to determine the 

power which must be delivered 
by the Class C amplifier. In making this deter- 
mination it is well to remember that ordinarily 
from 5 to 10 per cent of the power delivered 
by the amplifier cube or tubes will be lost in 
well-designed tank and coupling circuits at 
frequencies below 20 Mc. Above 20 Mc. the 
tank and circuit losses are ordinarily some- 
what above 10 per cent. 

The plate power input necessary to produce 
the desired output is determined by the plate 
efficiency: Pig = Pour/Np- 

For most applications it is desirable to oper- 
ate at the highest practicable efficiency. High- 
efficiency operation usually requires less ex- 
pensive tubes and power supplies, and the 
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Relationship between the peak value of the 

fundamental component of the tube plate cur- 

rent, ond overage plate current; os compared 

to the ratio of the instantaneous peak value 

of tube plate current, and average plate 
current 
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Figure 4 


Relationship between the ratio of the peak 

value of the fundamental component of the 

grid excitation voltage, and the average grid 

bios; os compared to the ratio between in- 

stontoneous peok grid current and overage 
grid current 


rn 


amount of artificial cooling required is fre- 
quently less than for low-efficiency operation. 
On the other hand, high-efficiency operation 
usually requires more driving power and in- 
volves the use of higher plate voltages and 
higher peak tube voltages. The better types 
of triodes will ordinarily operate at a plate 
efficiency of 75 to 85 per cent at the highest 
rated plate voltage, and at a plate efficiency 
of 65 to 75 per cent at intermediate values of 
plate voltage. 

The firse determining factor in selecting a 
tube or tubes for a particular application is 
the amount of plate dissipation which will be 
required of the stage. The total plate dissipa- 
tion rating for the tube or tubes to be used in 
the stage must be equal to or greater than that 
calculated from: Pp = Pig — Pout 


After selecting a tube or tubes to meet the 
power output and plate dissipation require- 
ments it becomes necessary to determine from 
the tube characteristics whether the tube se- 
lected is capable of the desired operation and, 
if so, to determine the driving power, grid 
bias, and grid dissipation. 

The complete procedure necessary to deter- 
mine a set of Class C amplifier operating con- 
ditions is given in the following steps: 


1. Select the plate voltage, power output, 
and efficiency. 


2. Determine plate input from: Pj, = 
Pout/Np.- 


3. Determine plate dissipation from: 


Pp= Pin — Pour Pp must not exceed 
maximum rated plate dissipation for tube 
or tubes selected, 


4. Determine average plate current from: 


Ip= P;,/Epp- 


5. Determine approximate pmax from: 


ipmax = 4.9 Ih, for Np = 0.85 
ipmax = 4.5 ly for Np = 0.80 
ipmax = 4.0 ly for Np = 0.75 


ipmax = 3.5 Ip for Np = 0.70 


6. Locate the point on constant-current 


characteristics where the constant plate 
current line corresponding to the ap- 
proximate ipmax determined in step $ 
crosses the line of equal plate and grid 
voltages (diode line). Read epmin at this 
point. In a few cases the lines of con- 
stant plate current will inflect sharply 
upward before reaching the diode line. 
In these cases ¢pmjn Should not be read 
at the diode line but at the point where 
the plate current line intersects a line 
drawn from the origin through these 
points of inflection. 
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FIRST TRIAL POINT 


SESIRILSY Seren leces! 


Ecc=-240  LOADLINE 


PLATE VOLTAGE —VOLTS 


FINAL POINT 


: EIMAC 250TH 
=H] CONSTANT CURRENT 


Ebb = +3500 


FIGURE 5 


Active portion of the operoting load line for an Eimac 250TH Class C r-f power omplifier, 
showing first trial point and the final operating point 


10. 


11. 


12. 


- Calculate Ep» from: Epm = Epp — Cpmin- 


. Calculate the ratio Ip m/Ip from: 


. From the ratio of Ipm/Ip calculated in 


step 8 determine the ratio ipmax/Ip from 
figure 3. 


Calculate a new value for ipmax from 
the ratio found in step 9. 
ipmax — (ratio from step 9) I, 


Read €gmp and igmax from the constant- 
current characteristics for the values of 
€pmin and ipmax determined in steps 6 
and 10. 


Calculate the cosine of one-half the 
angle of plate current flow from: 
Ipm 
cos Oy = 2.32 (—" - 1.57) 
Ih 


13. Calculate the grid bias voltage from: 


1 
Eee = x 
1- cos 6, 
Epm Epp 
[cos o> ( - egnp) - —] 
# u 
for triodes. 
Ecc = 1 Eg, 
————- * [= €gmp cos O— | 
1~ cos 6, the 


for tetrodes, where j,, is the grid-screen 
amplification factor, and E,, is the d-c 
screen voltage. 


14, Calculate the peak fundamental grid ex- 
citation voltage from: 


Em =¢€gmp — Ecce 


15, Calculate the ratio Egm/Ece¢ for the val- 
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ues of E.. and E gm found in steps 13 
and 14, 


16. Read igmax/I¢ from figure 4 for the ratio 
Egm/Ece found in step 15. 


17. Calculate the average grid current from 
the ratio found in step 16, and the value 
Of igmax found in step 11: 


I.= 


Ratio from step 16 


18. Calculate approximate grid driving pow- 
er from: 


P4=0.9 Egle 


19. Calculate grid dissipation from: 
P,=Pat Ecele 
P, must not exceed the maximum rated 
grid dissipation for the tube selected. 


Somple 
Colculation 


A typical example of a Class C 
amplifier calculation is shown 
in the example below. Reference 
is made to figures 3, 4 and 5 in the calcula- 
tion. 


1. Desired power output—800 watts. 


2. Desired plate voltage—3500 volts. 
Desired plate efficiency—80 per cent 
(Np = 0.80) 

Pi, = 800/0.80 = 1000 watts 


3. P, = 1000 — 800 = 200 watts 
Use 250TH; max. Py = 250w; p = 37. 


4. I, = 1000/3500 = 0.285 ampere (285 ma.) 
Max. I, for 250TH is 350 ma. 


5. Approximate ip max = 0.285 X 4.5 
= 1.28 ampere 


6. €pmin = 260 volts (see figure 5 first 
trial point) 
Epm = 3500 — 260 = 3240 volts 

8. Ipm/Ih = 2X0.80X3500/3240 = 
5600/3240 = 1.73 

9. ipmax/Ip = 4.1 (from figure 3) 


10) ipaas = 0:285X4.0= 1517 


ll. €gmp = 240 volts 
igmax = 0.430 amperes 
(Both above from final point on figure 5) 


12. cos 9, = 2.32 (1.73 — 1.57) = 0.37 


(6, = 68. 3°) 
1 
13. E,. = ————-X 
1 — 0.37 


3240 3500 
[0.37 (— ='240) = —] 
37 37 


= — 240 volts 


14. Egm = 240 — (—240) = 480 volts grid 
swing 


15. Egm/Eee = 480/ - 240=- 2 
16. igmax/Ie = 5.75 (from figure 4) 


17. I, = 0.430/5.75 = 0.075 amp. (75 ma. 
grid current) 


18. Pq = 0.9X480X0.075 = 32.5 watts 
driving power 


19. P, = 32.5 — (-240X0.75) = 14.5 watts 
grid dissipation 
Max. P, for 250TH is 40 watts 


The power ourput of any type of r-f ampli- 
fier is equal to: 

InpmEpm/2 =P, 

Ipm can be determined, of course, from the 
tatio determined in step 8 above (in this type 
of calculation) by multiplying this ratio times 
tes 

It is frequently of importance to know the 
value of load impedance into which a Class 
C amplifier operating under a certain set of 
conditions should operate. This is simply Ry, = 
Epm/Ipm- In the case of the operating condi- 
tions just determined for a 250TH amplifier 
stage the value of load impedance is: 


Epm 3240 
L =——= —= 6600 ohms 
Ipm -495 
Ipm 
Ipm =— X Ih 
Ip 
Q of Amplifier In order to obtain good plate 


Tonk Circuit tank circuit tuning and low 
radiation of harmonics from 
an amplifier it is necessary that the plate tank 
circuit have the correct Q. Charts giving com- 
promise values of Q for Class C amplifiers 
are given in the chapter, Generation of R-F 
Energy. However, the amount of inductance 
required for a specified tank circuit Q under 
specified operating conditions can be calcu- 
lated from the following expression: 
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Ri 
wLl=— 
Q 
w =27 X operating frequency 
L = = Tank inductance 
Ry = Required tube load impedance 
Q = Effective tank circuit Q 


A tank circuit Q of 12 to 20 is recommended 
for all normal conditions. However, if a bal- 
anced push-pull amplifier is employed the tank 
receives two impulses per cycle and the cir- 


cuit Q may be lowered somewhat from the 
above values. 


Quick Method of 
Calculating Amplifier 
Plate Efficiency 


The plate circuit effi- 
ciency of a Class B or 
Class C r-f amplifier 
can be determined from 
the following facts. The plate circuit efficiency 
of such an amplifier is equal to the product of 
two factors, F,, which is equal to the ratio of 
Eom tos Epp CES = Epm/ Ep) and BS; which is 
Proportional to the one-half angle of plate cur- 
rent flow, 0,. A graph of F, against both 0, 
and cos 6, Is given in figure 6. Either 6, or 
cos 6, may be used to determine F,. Cos 6 
may be determined either from the procedure 
Previously given for making Class C amplifier 
computations or it may be determined from the 
following expression: 


Example of 


Method 


It is desired to know the one-half 
angle of plate current flow and 
the plate circuit efficiency for 
an 812 tube operating under the following con- 
ditions which have been assumed from inspec- 
tion of the data and curves given in the RCA 
Transmitting Tube Handbook HB-3: 


1. Epp = 1100 voles 
Eee = ~40 volts 


H= 29 
E gm = 120 volts 
Epm = 1000 volts 
2. Fy = Epm/Fpp = 0.91 
— 29 X 40 + 1100 
3. cos 0, = = 
29 X 120 — 1000 
60 
— = 0.025 
2480 


4, F, = 0.79 (by reference to figure 6) 


oe ce es 
Se na a a | a te 
(a HG es 


0 10 20 30 40 $0 60 7 80 90 100 110 120 
Ae iw ELECTRICAL DEGREES | | 
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COS OP 


Figure 6 


Relationship between Factor F2 and the 

half-angle of plate current flow in an ampli- 

fier with sine-wave input and output voltage, 

operating at a grid-bias voltage greater than 
cut-off 


5. Np= F, % F,=0.91 X 0.79 = 0.72 
(72 per cent efficiency) 


F, could be called the plate-voltage-swing 
efficiency factor, and F, can be called the 
operating-angle efficiency factor or the maxi- 
mum possible efficiency of any stage running 
with that value of half-angle of plate current 
flow. 

Np is, of course, only the ratio between 
power output and power input. If it is desired 
to determine the power input, exciting power, 
and grid current of the stage, these can be ob- 
tained through the use of steps 7, 8, 9, and 10 
of the previously given method for power in- 
put and output; and knowing that ipmax is 
0.095 ampere the grid circuit conditions can 
be determined through the use of steps 15, 16, 
17, 18 and 19. 


8-4 Class B Radio 


Frequency Power Amplifiers 


Radio frequency power amplifiers operating 
under Class B conditions of grid bias and ex- 
citation voltage are used in two general types 
of applications in transmitters. The first gen- 
eral application is as a buffer amplifier stage 
where it is desired to obtain a high value of 
power amplification in a particular stage. A 
particular tube type operated with a given 
plate voltage will be capable of somewhat 
greater output for a certain amount of excita- 
tion power when operated as a Class B ampli- 
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PLATE AMPERES (Ie) on SCREEN AMPERES (Ica) 


PLATE VOLTS 


Eca= +400 v. 
Ecatov 


1006 «1100: 1200 


Figure 7 
AVERAGE PLATE CHARACTERISTICS OF 813 TUBE 


fier than when operated as a Class C ampli- 
fier. 


Calculation of the operating 
conditions for this type of 
Class B r-f amplifier can be 
carried out in a manner simi- 
lar to that described in the previous para- 
graphs, except that the grid bias voltage is set 
on the tube before calculation at the value: 
Fee = — Epp/p. Since the grid bias is set at 
cutoff the one-half angle of plate current flow 
is 90°; hence cos 6, is fixed at 0.00. The 
plate circuit efficiency for a Class B r-f am- 
plifier operated in this manner can be deter- 
mined in the following manner: 


) 


The second type of Class B 
r-f amplifier is the so-called 
Class B linear amplifier which 
is often used in transmitters for the amplifica- 
tion of a single-sideband signal or a conven- 
tional amplitude-modulated wave. Calculation 
of operating conditions may be carried out in 
a manner similar to that previously described 
with the following exceptions: The first trial 
operating point is chosen on the basis of the 
100 per cent positive modulation peak of the 
modulated exciting wave. The plate circuit 
and grid peak voltages and currents can then 
be determined and the power input and output 


Calculotion of 
Operating 
Choracteristics 


Np = 78.5 (2 
bb 


The "’Closs B 


Lineor” 


calculated. Then, with the exciting voltage 
reduced to one-half for the no-modulation con- 
dition of the exciting wave, and with the same 
value of load resistance reflected on the tube, 
the plate input and plate efficiency will drop 
to approximately one-half the values at the 
100 per cent positive modulation peak and the 
power output of the stage will drop to one- 
fourth the peak-modulation value. On the nega- 
tive modulation peak the input, efficiency, and 
output all drop to zero. 

In general, the proper plate voltage, bias 
voltage, load resistance and power output 
listed in the tube tables for Class B audio 
work will also apply to Class B linear r-f ap- 
plication. 


Figure 7 illustrates 
the — characteristic 
curves for an 813 
tube. Assume the 
plate supply to be 2000 volts, and the screen 
supply to be 400 volts. To determine the oper- 
ating parameters of this tube as a Class B lin- 
ear r-f amplifier, the following steps should 
be taken: 

1. The grid bias is chosen so that the rest- 
ing plate current will produce approxi- 
mately 1/3 of the maximum plate dissi- 
pation of the tube. The maximum dissi- 


pation of the 813 is 125 watts, so the 
bias is set to allow one-third of this 
value, or 42 watts of resting dissipation. 
At a plate potential of 2000 volts. a 


Colculotion of Oper- 
oting Porometers for o 
Closs B Lineor Amplifier 
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plate current of 21 milliamperes will 
produce this figure. Referring to figure 
7, a grid bias of ~45 volts is approxi- 
mately correct. 

A practical Class B linear r-f amplifier 
runs at an efficiency of about 66% at full 
output, the efficiency dropping to about 
33% with an unmodulated exciting sig- 
nal. In the case of single-sideband sup- 
pressed carrier excitation, a no-excita- 
tion condition is substituted for the un- 
modulated excitation case, and the lin- 
ear amplifier runs at the resting or qui- 
escent input of 42 watts with no exciting 
signal. The peak allowable power input 
to the 813 is: 


Input Peak Power (W,) = 
(watts) 

Plate Dissipation X 100 

x | 
(100 — % plate efficiency) 
125 
— x 100 = 379 watts 

33 


The maximum signal plate current is: 


W, 379 


ipmax = — = ——= 0.189 ampere 
E, 2000 


The plate current flow of the linear am- 
plifier is 180°, and the plate current 
pulses have a peak of 3.14 times the 
maximum signal current: 


3.14 x 0.189 = 0.595 ampere 


Referring to figure 7, a current of 0.605 
ampere (Point A) will flow at a positive 
grid potential of 60 volts and a minimum 
plate potential of 420 volts. The grid is 
biased at —45 volts, so a peak r-f grid 
voltage of 60+ 45 volts = 105 volts is re- 
quired. 


The grid driving power required for the 
Class B linear stage may be found by the 
aid of figure 8. It is one-quarter the pro- 
duct of the peak grid current times the 
peak grid voltage: 


0.02 X 105 


P,= = 0.53 watt 


4 


The single tone power output of the 813 
stage is: 

Pp = 78.5 (Ep ~ epmin) x Ip 
Pp=78.5 (2000 — 420)x .189 = 235 watts 
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Figure 8 
Eg, VS. Ep CHARACTERISTICS OF 813 
TUBE 


rr 


8. The plate load resistance is: 
Ep-e€pmin 1580 
Rt = = 
0.5ipmax 0.5 x .189 
= 6000 ohms 
9. If a loaded plate tank circuit Q of 12 is 
desired, the reactance of the plate tank 
Capacitor at the resonant frequency 
should be: 
R,_ 6000 
Reactance (ohms)=—— =——= 500 ohms 
Q 12 
10. For an operating frequency of 4.0 Mc., 
the effective resonant capacity is: 
106 
o—_——————_ = 80 pit fd. 
6.28 x 4.0 x 500 
11. The inductance required to resonate at 
4.0 Mc. with this value of capacity is: 
500 
L = ———— = 19.9 microhenries 
6.28 x 4.0 
Grid Circuit 1. The maximum positive grid 


Considerations 


potential is 60 volts, and 
the peak r-f grid voltage is 


105 volts. Required driving power is 0.53 watt. 
The equivalent gridresistance of this stage is: 
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10,400 ohms 


2. As in the case of the Class B audio am- 
plifier the grid resistance of the linear 
amplifier varies from infinity to a low 
value when maximum grid current is 
drawn. To decrease the effect of this 
resistance excursion, a swamping resis- 
tor should be placed across the grid tank 
circuit. The value of the resistor should 
be dropped until a shortage of driving 
power begins to be noticed. For this ex- 
ample, a resistor of 3,000 ohms is used. 
The grid circuit load for no grid current 
is now 3,000 ohms instead of infinity, 
and drops to 2400 ohms when maximum 
grid current is drawn. 


3. A circuit Q of 15 is chosen for the grid 
tank. The capacitive reactance required 
is: 


2400 
X¢=——= 160 ohms 
15 


4. At 4.0 Mec. the effective capacity is: 


106 
Cc=- = 248 ppd. 


6.28 x 4 x 154 


5. The inductive reactance required fo reso- 
nate the grid circuit at 4.0 Mc. is: 


160 
L =—— = 6.4 microhenries 


6.28 x 4.0 


6. By substituting the loaded grid resist- 
ance figure in the formula in the first 
paragraph, the grid driving power is now 
found to be approximately 2.3 watts. 


Sereen Circuit 
Considerations 


By reference to the plate 
characteristic curve of the 
813 tube, it can be seen that 
at a minimum plate potential of 500 volts, and 
a maximum plate current of 0.6 ampere, the 
screen current will be approximately 30 milli- 
amperes, dropping to one or two milliamperes 
in the quiescent state. lt is necessary to use 
a well-regulated screen supply to hold the 
screen voltage at the correct potential over 
this range of current excursion. The use of an 
electronic regulated screen supply is recom- 
mended. 


8-5 Special R-F Power 
Amplifier Circuits 


The r-f power amplifier discussions of Sec- 
tions 8-4 and 8-5 have been based on the as- 
sumption that a conventional grounded-cathode 
or cathode-return type of amplifier was in ques- 
tion. lt is possible, however, as in the case of 
a-f and low-level r-f amplifiers to use circuits 
in which electrodes other than the cathode are 
returned to ground insofar as the signal poten- 
tial is concerned. Both the plate-return or 
cathode-follower amplifier and the grid-return 
or grounded-grid amplifier are effective in cer- 
tain circuit applications as tuned r-f power 
amplifiers. 


Disadvantages of 
Grounded-Cathode 
Amplifiers 


An undesirable aspect of 
the operation of cathode- 
return r-f power amplifiers 
using triode tubes is that 
such amplifiers must be neutralized. Princi- 
ples and methods of neutralizing r-f power am- 
plifiers are discussed in the chapter Genera- 
tion of R-F Energy. As the frequency of opera- 
tion of an amplifier is increased the stage be- 
comes more and more difficult to neutralize 
due to inductance in the grid and plate leads 
of the tubes and in the leads to the neutraliz- 
ing Capacitors. In other words the bandwidth 
of neutralization decreases as the frequency 
is increased. In addition the very presence of 
the neutralizing capacitors adds additional 
undesirable capacitive loading to the grid and 
plate tank circuits of the tube or tubes. To 
look at the problem in another way, an ampli- 
fier that may be perfectly neutralized at a fre- 
quency of 30 Mc. may be completely out of 
neutralization at a frequency of 120 Mc. There- 
fore, if there are circuits in both the grid and 
plate circuits which offer appreciable imped- 
ance at this high frequency it is quite possi- 
ble that the stage may develop a ‘‘parasitic 
oscillation’’ in the vicinity of 120 Mc. 


Grounded-Grid 
R-F Amplifiers 


This condition of restricted- 
range neutralization of rf 
power amplifiers can be great- 
ly alleviated through the use of a cathode- 
return or grounded-grid r-f stage. The grounded- 
grid amplifier has the following advantages: 


1. The output capacitance of a stage is re- 
duced to approximately one-half the value 
which would be obtained if the same tube 
or tubes were operated as a conventional 
neutralized amplifier. 


2. The tendency toward parasitic oscillations 
in such a stage is greatly reduced since 
the shielding effect of the control grid be- 
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tween the filament and the plate is effec- 
tive over a broad range of frequencies. 


3. The feedback capacitance within the stage 
is the plate-to-cathode capacitance which 
is ordinarily very much less than the grid- 
to-plate capacitance. Hence neutralization 
is ordinarily not required. If neutralization 
is required the neutralizing capacitors are 
very small in value and are cross con- 
nected between plates and cathodes in a 
push-pull stage, or between the opposite 
end of a split plate tank and the cathode 
in a single-ended stage. 


The disadvantages of a grounded-grid am- 
plifier are: 

1. A large amount of excitation energy is re- 
quired. However, only the normal amount 
of energy is lost in the grid circuit of the 
amplifier tube; all additional energy over 
this amount is delivered to the load cir- 
cuit as useful output. 


2. The cathode of a grounded-grid amplifier 
stage is “‘hot’’ to r.f. This means that the 
cathode must be fed through a suitable im- 
pedance from the filament supply, or the 
secondary of the filament transformer must 
be of the low-capacitance type and ade- 
quately insulated for the r-f voltage which 
will be present. 

3. A grounded-grid r-f amplifier cannot be 
plate modulated 100 per cent unless the 
output of the exciting stage is modulated 
also. Approximately 70 per cent modula- 
tion of the exciter stage as the final stage 
is being modulated 100 per cent is recom- 
mended. However, the grounded-grid r-f 
amplifier is quite satisfactory as a Class 
B linear r-f amplifier for single sideband 
or conventional amplitude modulated waves 
or as an amplifier for a straight c-w or 
FM signal. 


Figure 9 shows a simplified representation 
of a grounded-grid triode r-f power amplifier 
stage. The relationships between input and 
out put power and the peak fundamental com- 
ponents of electrode voltages and currents are 
given below the drawing. The calculation of 
the complete operating conditions for a 
grounded-grid amplifier stage is somewhat more 
complex than that for a conventional amplifier 
because the input circuit of the tube is in 
series with the output circuit as far as the 
load is concerned. The primary result of this 
effect is, as stated before, that considerably 
more power is required from the driver stage. 
The normal power gain for a g-g stage is from 
3 to 15 depending upon the grid circuit con- 
ditions chosen for the output stage. The higher 
the grid bias and grid swing required on the 
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Figure 9 


GROUNDED-GRID CLASS B OR CLASS C 
AMPLIFIER 


The equotions in the above figure give the 

relationships between the fundamental com- 

ponents of grid and plate potential and cur- 

rent, ond the power input and power output 

of the stage. An expression for the approxi- 
mate cathode impedance is given 


output stage, the higher will be the require- 
ment from the driver. 


Calculation of Operating 
Conditions of Grounded 
Grid R-F Amplifiers 


It is most convenient 
to determine the op- 
erating conditions for 
a Class B or Class C 
grounded-grid r-f power amplifier in a two-step 
Process. The first step is to determine the 
Plate-circuit and grid-circuit operating condi- 
tions of the tube as though it were to operate 
as a Conventional cathode-return amplifier 
stage. The second step is then to add in the 
additional conditions imposed upon the oper- 
ating conditions by the fact that the stage is 
to operate as a grounded-grid amplifier. 

For the first step in the calculation the pro- 
cedure given in Section 8-3 is quite satisfac- 
tory and will be used in the example to follow. 
Suppose we take for our example the case of a 
type 304TL tube operating at 2700 plate volts 
at a kilowatt input. Following through the pro- 
cedure previously given: 


1. Desired power ourput—850 watts 
Desired Plate voltage—2700 volts 


Desired plate efficiency—85 per cent 
(Np = 0.85) 
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2. Pj, = 850/0.85 = 1000 watts 


3. Pp, = 1000 — 850 = 150 watts 
Type 304TL chosen; max. P, = 300 
watts, p= 12. 


4. Ip = 1000/2700 = 0.370 ampere 
(370 ma.) 


5. Approximate ipmax = 4-9 X 0.370 = 1.81 
ampere 


6. epmin= 140 volts (from 304TL con- 
stant-current curves) 


7. Epm = 2700 ~ 140 = 2560 volts 


8. Ipm/Ip = 2 X 0.85 X 2700/2560 = 1.79 
9. ipmax/Ip = 4.65 (from figure 3) 
10. ipmax = 4.65 X 0.370 = 1.72 amperes 


Ll. gmp = 140 volts 
igmax — 0.480 amperes 


12. Cos 6, = 2.32 (1.79-1.57) = 0.51 


6, = 59° 
1 
13. Ecce = x 
1-0.51 
2560 2700 
[0.51 (—- 140 -—|] 
12 12 
= —385 volts 


14. Egm = 140-(-385) = 525 volts 
1S. Egp/Ecc = —1.36 


16. igmax/Ic = approx. 8.25 (extrapolated 
from figure 4) 


17. I, = 0.480/8.25 = 0.058 (58 ma. d-c 
grid current) 


18. Pq = 0.9 X 525 X 0.058 = 27.5 watts 


19. P, = 27.5 ~(—385 X 0.058) = 5.2 watts 
Max. P, for 304TL is 50 watts 


We can check the operating plate efficiency 
of the stage by the method described in Sec- 
tion 8-4 as follows: 


F, = Ep m/Epp = 2560/2700 = 0.95 

F, for 6, of 59° (from figure 6) = 0.90 

Np = F, X F, = 0.95 X 0.90 = Approx. 
0.85 (85 per cent plate efficiency) 


Now, to determine the operating conditions 
as a grounded-gridamplifier we must also know 
the peak value of the fundamental components 
of plate current. This is simply equal to 
(Ip m/Ib) Ip, or: 


Ipm = 1.79 X 0.370 = 0.660 amperes (from 4 
and 8 above) 


The total average power required of the 
driver (from figure 9) is equal to Egalpm/2 
(since the grid is grounded and the grid swing 
appears also as cathode swing) plus Pg which 
is 27.5 watts from 18 above. The total is: 


525 X 0.660 
Total drive = ———————- = 172.5 watts 


2 
plus 27.5 watts or 200 watts 


Therefore the total power output of the stage 
is equal to 850 watts (contributed by the 
304TL) plus 172.5 watts (contributed by the 
driver) or 1022.5 watts. The cathode driving 
impedance of the 304TL (again referring to 
figure 7) is approximately: 


Z, = 525/(0.660 + 0.116) = approximately 675 


ohms. 


Circuit diagram, elec- 
trode potentials and cur- 
rents, and _ operating 
conditions for a cath- 
ode-follower r-f power amplifier are given in 
figure 10. This circuit can be used, in addi- 
tion to the grounded-grid circuit just dis- 
cussed, as an r-f amplifier with a triode tube 
and no additional neutralization circuit. How- 
ever, the circuit will oscillate if the imped- 
ance from cathode to ground is allowed to be- 
come Capacitive rather than inductive or re- 
sistive with respect to the operating frequen- 
cy. The circuit is not recommended except for 
v-h-f or u-h-f work with coaxial lines as tuned 
circuits since the peak grid swing required 
on the r-f amplifier stage is approximately 
equal to the plate voltage on the amplifier 
tube if high-efficiency operation is desired. 
This means, of course, that the grid tank must 
be able to withstand slightly more peak volt- 
age than the plate tank. Such a stage may not 
be plate modulated unless the driver stage is 
modulated the same percentage as the final 
amplifier. However, such a stage may be used 
as an amplifier or modulated waves (Class B 
linear) or as a c-w or FM amplifier. 


Plate-Return or 
Cathode- Follower R-F 
Power Amplifier 
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CATHODE-FOLLOWER R-F POWER 
AMPLIFIER 


Showing the relationships between the tube 

potentiols ond currents and the input and 

output power of the stage. The opproximate 
grid impedance also is given. 


The design of such an amplifier stage is 
essentially the same as the design of a 
grounded-grid amplifier stage as far as the 
first step is concerned. Then, for the second 
step the operating conditions given in figure 
10 are applied to the data obtained in the first 
step. As an example, take the 304TL stage 
previously described. The total power required 
of the driver will be (from figure 10) approxi- 
mately (2700X0.58X1.8)/2 or 141 watts. Of 
this 141 watts 27.5 watts (as before) will be 
lost as grid dissipation and bias loss and the 
balance of 113.5 watts will appear as output. 
The total output of the stage will then be ap- 
proximately 963 watts. 


Cothode Tank for The cathode tank circuit 
G-G or C-F for either a grounded-grid 
Power Amplifier or cathode-follower r-f 

power amplifier may be a 
conventional tank circuit if the filament trans- 
former for the stage is of the low-capacitance 
high-voltage type. Conventional filament trans- 
formers, however, will not operate with the 
high values of r-f voltage present in such a 


circuit. If a conventional filament transformer 
is to be used the cathode tank coil may con- 
sist of two parallel heavy conductors (to carry 
the high filament current) by-passed at both 
the ground end and at the tube socket. The 
tuning capacitor is then placed between fila- 
ment and ground. It is possible in certain cases 
to use two r-f chokes of special design to feed 
the filament current to the tubes, with a con- 
ventional tank circuit between filament and 
ground, Coaxial lines also may be used to 
serve both as cathode tank and filament feed 
to the tubes for v-h-f and u-h-f work. 


Control Grid Dissipation Tetrode tubes may be 
in Grounded-Grid Stages operated as pround- 
ed grid (cathode 
driven) amplifiers by tying the grid and screen 
together and operating the tube as a high-u 
triode (figure 11). Combined grid and screen 
current, however, is a function of tube geo- 
metry and may reach destructive values under 
conditions of full excitation. Proper division 
of excitation between grid and screen should 
be as the ratio of the screen-to-grid ampliti- 
cation, which is approximately 5 for tubes 
such as the 4-250A, 4-400A, etc. The proper 
ratio of grid/screen excitation may be achiev- 
ed by tapping the grid at some point on the 
filament choke, as shown. Grid dissipation is 
reduced, Lut the overall level of excitation is 
increased about 30% over the value required 
for simple prounded-grid operation. 


4-250A, 4-400A, ere. 


FIGURE 11 


TAPPED FILAMENT CHOKE REDUCES EXCESSIVE 
GRID DISSIPATION IN G-G CIRCUIT, 


RFC - TWO PARALLEL WINDINGS OF @I4 E WIRE, 49 TURNS 
EACH, 1° DIAM TOTAL LENGTH IS SIX INCHES. GAID 
TAP tt TURNS FROM GROUND END OF ONE WINDING. 
Tt- 6.3 VOLTS aT 14 AMPERES (VOLTAGE DROP ACROSS 
RFC 1S$1 3 vOLTS ) 
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8-6 Class ABI] Radio Frequency 


Power Amplifiers 


Class ABI] rc-f amplifiers operate under 
such conditions of bias and excitation that 
grid current does not flow over any portion of 
the input cycle. This is desirable, since 
distortion caused by grid current loading is 
absent, and also because the stage is capable 
of high power gain. Stage efficiency is about 
58% when a plate current operating angle of 
2109 is chosen, as compared to 62% for Class 
B operation. 

The level of static (quiescent) plate current 
for lowest distortion is quite critical for 
Class ABI tetrode operation. This value is 
determined by the tube characteristics, and is 
not greatly affected by the circuit parameters 
or operating voltages. The maximum d-c plate 
potential is therefore limited by the static 
dissipation of the tube, since the resting plate 
current figure is fixed. The static plate current 
of a tetrode tube varies as the 3/2 power of 
the screen voltage. For example, raising the 
screen voltage from 300 to 500 volts will 
double the plate current. The optimum static 
plate current for minimum distortion is also 
doubled, since the shape of the Eg-Ip curve 
does not change. 

In actual practice, somewhat lower static 
plate current than optimum may be employed 
without raising the distortion appreciably, 
and values of static plate current of 0.6 to 
0.8 of optimum may be safely used, depending 
upon the amount of nonlinearity that can be 
tolerated. 

As with the class B linear stage, the mini- 
mum plate voltage swing of the class AB] 
amplifier must be kept above the d-c screen 
potential to prevent operation in the nonlinear 
portion of the characteristic curve. A low value 
of screen voltage allows greater r-f plate 
voltage swing, cesulting in improvement in 
plate efficiency of the tube. A balance be- 
tween plate dissipation, plate efficiency, and 
plate voltage swing must be achieved for best 
linearity of the amplifier. 

The S-Curve The perfect linear ampli- 
fier delivers a_ signal 
that isa replica of the input signal. Inspection 
of the plate characteristic curve of a typical 
tube will disclose the tube linearity under 
class A operating conditions (figure 12). The 
curve is usually of exponential shape, and 
the signal distortion is held to a small value 
by operating the tube well below its maximum 
output, and centering operation over the most 
linear portion of the characteristic curve. 
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Figure 12 

Eg-lp CURVE 
Amplifier operation is confined to 
most linear portion of characteristic 


curve, 


The relationship between exciting voltage 
in a Class AB1 amplifier and the r-f plate 
circuit voltage is shown in figure 13, Witha 
small value of static plate current the lower 
portion of the line is curved. Maximum un- 
distorted output is limited by the point on the 
line (A) where the instantaneous plate voltage 
down to the screen voltage. This ‘hook’? in 
the line is caused by current diverted from 
the plate to the grid and screen elements of 
the tube. The characteristic plot of the usual 
linear amplifier takes the shape of an S-curve. 
The lower portion of the curve is straightened 
out by using the proper value of static plate 
current, and the upper portion of the curve is 
avoided by limiting minimum plate voltage 
swing to a point substantially above the value 
of the screen voltage. 


The approximate oper- 
ating parameters may be 
obtained from the Con- 
stant Current curves 
(Eg-Ep) oc the Eg-Ip curves of the tube in 
question. An operating load line is first 
approximated. One end of the load line is 
determined by the d-c operating voltage of the 
tube, and the required static plate current. 
As astarting point, let the product of the plate 
voltage and current equal the plate dissipation 
of the tube. Assuming we have a 4-400A 
tetrode, this end of the load line will fall on 
point A (figure 14). Plate power dissipation 
is 360 watts (3000V @ 120 ma). The opposite 
end of the load line will fall on a point deterc- 
mined by the minimum instantaneous plate volt- 
age, and by the maximum instantaneous plate 
current. The minimum plate voltage, for best 
linearity should be considerably higher than 


Operating Parameters 
for the Class ABI 
Lineor Amplifier 
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therefore the load line cannot cross the Eg=0 
line. At the point Ep=600, Eg=0, the maximum 
A B plate current is 580 ma (Point ''B’’). 


Each point the load line crosses a grid volt- 
age axis may be taken as a point for construc- 
RF. tion of the Eg-Ip curve, just as was done in 
Eour figure 22, chapter 6. A constructed curve 
shows that the approximate static bias voltage 
is -74 volts, which checks closely with point A 
of figure 14. In actual practice, the bias volt- 
age is set tohold the actual dissipation slightly 
RIFE below the maximum figure of the tube. 
Fe IN 
Figures The single tone power output is: 
LINEARITY CURVE OF 


Emax—Emi a = 
TYPICAL TETRODE AMPLIFIER as rire minx Ipmax, or 200 600 x .58 = 348 watts 


The plate current-angle efficiency factor for 
this class of operation is 0.73, and the actual 
plate circuit efficiency is: 


At point ‘‘A'’ the instantaneous plate 
voltage is swinging down to the value 
of screen voltage. At point ‘'B"' it is 


swinging well below the screen and is = Px ie is = 
approaching the point where saturation, No=Emax~Emin*0.73, or Te 73 = 58.4% 


or plate current limiting takes place. 


The power input to the stage is therefore 


the screen voltage. In this case, the screen Po x 100 or, 348 = 595 watts 
voltage is 500, so the minimum plate voltage Np 58.4 

excursion should be limited to 600 volts. 

Class ABI operation implies no grid current, The plate dissipation is: 595-348= 247 watts. 


SORE  S 


TOP VIEW OF A 4-250A AMPLIFIER 


Pi-network tetrode amplifier may be operated Class AB, Class B, or Class C by varying potentials 
applied to tube. Same general physical and mechanical design applies in each case. 


ae 
: ‘ee 


WWW.americanradiohistorv.com 


168 R-F Vacuum Tube Amplifiers 


THE RADIC 


4-4004 TUBE 
Escr 500 VOLTS 


VALUE OF 
MAX, PLATE 


DISSIPATION 


Figure 14 
OPERATING PARAMETERS FOR TETRODE LINEAR 
AMPLIFIER ARE OBTAINED FROM CONSTANT-CURRENT 
CURVES. 


It can be seen that the limiting factor for 
this class of operation is the static plate dissi- 
pation, which is quite a bit higher than the 
operating dissipation level. It is possible, at 
the expense of a higher level of distortion, to 
drop the static plate dissipation and to increase 
the screen voltage to obtain greater power out- 
put. If the screen voltage is set at 800, and 
the bias increased sufficiently to drop the 
static plate current to 90 ma, the single tone 
d-c plate current may rise to 300 ma, fora 
power input of 900 watts. The plate circuit 
efficiency is 55.6%, and the power output is 
500 watts. Static plate dissipation is 270 watts. 

At a screen potential of 500 volts, the maxi- 
mum screen current is less than 1 ma, and under 
certain loading conditions may be negative. 
When the screen potential is raised to 800 volts 
maximum screen current is 18 ma. The per- 
formance of the tube depends upon the voltage 
fields set up within the tube by the cathode, 
control grid, screen grid, and plate. The quantity 
of current flowing in the screen circuit is only 
incidental to the fact that the screen is main- 
tained at a positive potential with respect to 
the electron stream surrounding it. 

The tube will pecform as expected so long as 
the screen current, in either direction, does 
not create undesirable changes in the screen 
voltage, or cause excessive screen dissipation. 
Good regulation of the screen supply is there- 


fore required. Screen dissipation is highly 
responsive to plate loading conditions, and the 
plate circuit should always be adjusted so as 
to keep the screen current below the maximum 
dissipation level as established by the applied 
voltage. 


G-G Ciass B Linear 
Tetrode Amplifier 


Certain tetrode and pentode 
tubes, such as the 6AG7, 
837, and 803 perform well 
as grounded grid class B linear amplifiers. In 
this configuration both grids and the suppressor 
are grounded, and excitation is applied to the 
cathode circuit of the tube. So connected, the 
tubes take on characteristics of high-mu triodes. 
No bias or screen supplies are required for 
this type of operation, and reasonably linear 


6AGT7 


#3 


B+ 300-700 Vv. 


Figure 15 


SIMPLE GROUNDED-GRID 
LINEAR AMPLIFIER 
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Figure 16 
3-STAGE KILOWATT LINEAR 
AMPLIFIER FOR 80 OR 40 
METER OPERATION 


500 803 803 $00 


+2500 


An open frame filament transformer may 

be used for T}. Cathode taps are ad- 

justed for proper excitation of following 
stage. 


operation can be had with a very minimum of 
circuit components (figure 15). The input im- 
pedance of the g-g stage falls between 100 
and 250 ohms, eliminating the necessity of 
swamping resistors, even though considerable 
power is drawn by the cathode circuit of the 
g-B stage. 

Power gain of a g-g stage varies from ap- 
proximately 20 when tubes of the GAG7 type 
are used, down to five or six for the 837 and 
803 tubes. One or more g-g stages may be 
cascaded to provide up to a kilowatt of power, 
as illustrated in figure 16. 

The input and output circuits of cascaded 
g-g Stages are in series, and a variation in 
load impedance of the output stage reflects 
back as a proportional change on the input 
circuit. If the first g-g stage is driven by a high 
impedance source, such as a tetrode amplifier, 
any change in gain will automatically be com- 
pensated for. If the gain of V4-V5 drops, the 
input impedance to that stage will rise. This 
change will reflect through V2-V3 so that the 
load impedance of V1! rises. Since V1 has a 
high internal impedance the output voltage 
will cise when the load impedance rises. The 
incceased output voltage will raise the output 
voltage of each g-g stage so that the overall 
output is nearly up to the initial value before 
the drop in gain of V4-V5. 

The tank ciccuits, therefore, of all g-g stages 
must be resonated with low plate voltage and 
excitation applied to the tubes. Tuning of one 
stage will affect the other stages, and the in- 
put and coupling of each stage must be ad- 
justed in turn until the proper power limit is 
reached. 


Operating Data for 
4-400A Grounded 
Grid Linear 
Amplifier 


Experiments have been 
conducted by Collins Ra- 
dio Co. on a grounded grid 
linear amplifier stage 


using a 4—400A tube for the h.f. region. The 
operating characteristics of the amplifier are 
summarized in figure 17. It can be noted that 
unusually low screen voltage is used on the 
tube. The use of lower screen voltage has the 
adverse effect of increasing the driving power, 
but at the same time the static plate current 
of the stage is decreased and linearity is im- 
improved. For grounded grid operation of the 
4-400A,a screen voltage of 300 volts (filament 
to screen) gives a reasonable compromise be- 
tween these factors. 


OPERATING DATA FOR 4-400A/4-250A 
G:G. LINEAR AB1 AMPLIFIER 
(SINGLE TONE ) 


D-C SCREEN VOLTAGE +300 +300 


D-C PLATE VOLTAGE +3000 +3800 


O-c GRID BIAS 


PEAK CATHODE SWING 
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Figure 17 
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The Oscilloscope 


The cathode-ray oscilloscope (also called 
oscillograph) is an instrument which permits 
visual examination of various electrical phe- 
nomena of interest to the electronic engineer. 
Instantaneous changes in voltage, current and 
phase are observable if they take place slow- 
ly enough for the eye to follow, or if they are 
periodic for a long enough time so that the eye 
can obtain an impression from the screen of 
the cathode-ray tube. In addition, the cathode- 
ray oscilloscope may be used to study any 
variable (within the limits of its frequency 
response characteristic) which can be con- 
verted into electrical potentials. This conver- 
sion is made possible by the use of some type 
of transducer, such as a vibration pickup unit, 
pressure pickup unit, photoelectric cell, mi- 
crophone, or a variable impedance. The use 
of such a transducer makes the oscilloscope 
a valuable tool in fields other than electronics. 


9-1 A Typical Cathode-Ray 


Oscilloscope 


For the purpose of analysis, the operation 
of a simple oscilloscope will be described. 
The Du Mont type 274-A unit is a fit instru- 
ment for such a description. The block diagram 
of the 274-A is shown in figure 1. The elec- 
tron beam of the cathode-ray tube can be moved 
vertically or horizontally, or the vertical and 
horizontal movements may be combined to pro- 
duce composite patterns on the tube screen. 
As shown in figure 1, the cathode-ray tube is 


the recipient of signals from two sources: the 
vertical and horizontal amplifiers. The opera- 
tion of the cathode-ray tube itself has been 
covered in Chapter 4; the auxiliary circuits 
pertaining to the cathode-ray tube will be 
covered here. 


The Vertical The incoming signal which is 
Amplifier to be examined is applied to 

the terminals marked Vertical 
Input and Ground. The Vertical Input terminal 
is connected through capacitor C, (figure 2) so 
that the a-c component of the input signal ap- 
pears across the vertical amplifier gain con- 
trol potentiometer, R,. Thus the magnitude of 
the incoming signal may be controlled to pro- 
vide the desired deflection on the screen of 
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Figure 1 


BLOCK DIAGRAM, TYPE 274.A 
CATHODE-RAY OSCILLOSCOPE 
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VERT. amp. R4 
CONTROL 1M 


Figure 2 
TYPICAL AMPLIFIER SCHEMATIC 


the cathode-ray tube. Also, as shown in figure 
1, S, has been incorporated to by-pass the 
vertical amplifier and capacitively couple the 
input signal directly to the vertical deflection 
plate if so desired. 

In figure 2, V, is a 6AC7 pentode tube which 
is used as the vertical amplifier. As the sig- 
nal variations appear on the grid of V,, varia- 
tions in the plate currentof V, will take place. 
Thus signal variations will appear in opposite 
phase and greatly amplified across the plate 
resistor, R,. Capacitor C, has been added a- 
cross R, in the cathode circuit of V, to flatten 
the frequency response of the amplifier at the 
high frequencies. This capacitor because of 
its low value has very little effect at low in- 
put frequencies, but operates more effectively 
as the frequency of the signal increases. The 
amplified signal delivered by V, is now ap- 
plied through the second half of switch S, and 
capacitor C, to the free vertical deflection 
plate of the cathode-ray tube (figure 3). 


The circuit of the horizontal 
amplifier and the circuit of 
the vertical amplifier, de- 
scribed in the above paragraph, are similar. A 
switch in the input circuit makes provision for 
the input from the Horizontal Input terminals 
to be capacitively coupled to the grid of the 
horizontal amplifier or to the free horizontal 
deflection plate thus by-passing the amplifier, 
or for the output of the sweep generator to be 
capacitively coupled to the amplifier, as shown 
in figure 1. 


The Horizontal 
Amplifier 


The Time Base 
Generator 


Investigation of electrical 
wave forms by the use of a 
cathode-ray tube frequently 
requires that some means be readily available 
to determine the variation in these wave forms 
with respect to time. When such a time base 
is required, the patterns presentedon the cath- 
ode-ray tube screen show the variation in am- 
plitude of the input signal with respect to 


INTENSITY MOO. 
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Figure 3 


SCHEMATIC OF CATHODE-RAY TUBE 
CIRCUITS 
A SBPIA cothode-ray tube is used in this 
instrument. As shown, the necessary poten- 
tlals for operating this tube are obtained 
from a voltage divider made up of resistors 
R21 through R26 inclusive. The intensity of 
the beam is adjusted by moving the contact 
on Ro}. This adjusts the potential on the 
cathode more or less negotive with respect 
to the grid which is operoted at the full neg- 
stive volrage—1200 volts. Focusing to the 
desired sharpness is accomplished by ad- 
justing the contact on R23 to provide the 
correct potential for anode no. I. 
pendency between the focus ond the, inten- 
sity controls is inherent in all electrostati- 
cally focused cothode-ray tubes. In short, 
there is an optimum setting of the focus con- 
trol for every setting of the intensity con- 
trol. The second anode of the SBPIA is oper- 
cted of ground potential in this instrument. 
Also one of each pair of deflection plates is 
operated of ground potential. 
The cathode is operated of a high negative 
potential (approximately 1200 volts) so that 
the total overall accelerating voltage of this 
tube is regarded as 1200 volts since the sec- 
ond anode is operoted of ground potential. 
The vertical and horizontal positioning con 
trols which are connected to their respective 
deflection plotes are capable of supplying 
either a positive or negative dec potential 
to the deflection plates. This permits the 
spot to be positioned ot any desired place 
on the entire screen. 


Interde- 


time. Such an arrangement is made possible 
by the inclusion in the oscilloscope of a Time 
Base-Generator. The function of this genera- 
tor is to move the spot across the screen at a 
constant rate from left to right between two 
selected points, to return the spot almost in- 
stantaneously to its original position, and to 
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Figure 4 
SAWTOOTH WAVE FORM 


repeat this procedure at a specified rate. This 
action is accomplished by the voltage output 
from the time base (sweep) generator. The 
rate at which this voltage repeats the cycle 
of sweeping the spot across the screen is re- 
ferred to as the sweep frequency. The sweep 
voltage necessary to produce the motion de- 
scribed above must be of a sawtooth wave- 
form, such as that shown in figure 4. 

The sweep occurs as the voltage varies 
from A to B, and the return trace as the volt- 
age varies from B to C. If A-B is a straight 
line, the sweep generated by this voltage will 
be linear. It should be realized that the saw- 
tooth sweep signal is only used to plot varia- 
tions in the vertical axis signal with respect 
to time. Specialized studies have made neces- 
sary the use of sweep signals of various 
shapes which are introduced from an external 
source through the Horizontal Input terminals. 


The Sowtooth 
Generotor 


The sawtooth voltage neces- 
sary to obtain the linear time 
base is generated by the cir- 
cuit of figure 5, which operates as follows: 

A type 884 gas triode (V;) is used for the 
sweep generator tube. This tube contains an 
inert gas which ionizes when the voltage be- 
tween the cathode and the plate reaches a cer- 
tain value. The ionizing voltage depends upon 
the bias voltage of the tube, which is deter- 
mined by the voltage divider resistors R,,-R,,- 
With a specific negative bias applied to the 


Y SIGNAL TO 
DEFLECTION PLATE 


R10, 1008 F sync ame, 
CONTROL 


884 tube, the tube will ionize (or fire) at a 
specific plate voltage. 

Capacitors C,,-C,, are selectively connected 
in parallel with the 884 tube. Resistor R,, 
limits the peak current drain of the gas triode. 
The plate voltage on this tube is obtained 


through resistors R,,, R2; and R,,. The voltage 
applied to the plate of the 884 tube cannot reach 
the power supply voltage because of the charg- 
ing effect this voltage has upon the capacitor 
which is connected across the tube. This ca- 
pacitor charges until the plate voltage becomes 
high enough to ionize the gas in the tube. At 
this time, the 884 tube starts to conduct and 
the capacitor discharges through the tube until 
its voltage falls to the extinction potential of 
the tube. When the tube stops conducting, the 
capacitor voltage builds up until the tube fires 
again. As this action continues, it results in 
the sawtooth wave form of figure 4 appearing 
at the junction of R,, and R,;. 


Provision has been made so 
the sweep generator may be 
synchronized from the vertical amplifier or 
from an external source. The switch S, shown 
in figure 5 is mounted on the front panel to be 
easily accessible to the operator. 

If no synchronizing voltage is applied, the 
discharge tube will begin to conduct when the 
plate potential reaches the value of Fy, (Firing 
Potential). When this breakdown takes place 
and the tube begins to conduct, the capacitor 
is discharged rapidly through the tube, and the 
plate voltage decreases until it reaches the 
extinction potential E,. At this point conduc- 
tion ceases, and the plate potential rises slow- 
ly as the capacitor begins to charge through 
R,, and Ry. The plate potential will again 
reach a point of conduction and the circuit 
will stare a new cycle. The rapidity of the 
plate voltage rise is dependent upon the circuit 
constants R,,, R2., and the capacitor selected, 


Synchronization 
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Figure 5 
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Figure 6 
ANALYSIS OF SYNCHRONIZATION OF TIME-BASE GENERATOR 


C10-C14, as well as the supply voltage Ey. 
The exact relationship is given by: 


Ee=Es (Ine ) 


Where E,==Capacitor voltage at time t 
E,=Supply voltage (B+ supply — cathode 
bias) 
E=Firing potential or potential at which 
time-base gas triode fires 
E,=Extinction potential or potential at 
which time-base gas triode ceases 
to conduct 
e= Base of natural logarithms 
t== Time in seconds 
r=Resistance in ohms (R,, + R,,) 


c==Capacity in farads (Cyo, 43, 125 13. OF 44) 


The frequency of oscillation will be approx- 
imately: 
EQ 
f==— | ——- 


rc E,-E, 


Under this condition (no synchronizing sig- 
nal applied) the oscillator is said to be free 
running. 

When a positive synchronizing voltage is 
applied to the grid, the firing potential of the 
tube is reduced. The tube therefore ionizes at 
a lower plate potential than when no grid sig- 
nal is applied. Thus the applied snychroniz- 
ing voltage fires the gas-filled triode each 


time the plate potential rises to a sufficient 
value, so that the sweep recurs at the same 
or an integral sub-multiple of the synchroniz- 
ing signal rate. This is illustrated in figure 6. 


Power Supply Figure 7 shows the power sup- 
ply to be made up of two defi- 
nite sections: a low voltage positive supply 
which provides power for operating the ampli- 
fiers, the sweep generator, and the positioning 
circuits of the cathode-ray tube; and the high 
voltage negative supply which provides the 


potentials necessary for operating the various 


Figure 7 
SCHEMATIC OF POWER SUPPLY 
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Figure 9 


PROJECTION DRAWING OF A SINEWAVE 

APPLIED TO THE VERTICAL AXIS AND A 

SAWTOOTH WAVE OF THE SAME FRE- 

QUENCY APPLIED SIMUL TANEOUSLY ON 
THE HORIZONTAL AXIS 


electrodes of the cathode-ray tube, and for 
certain positioning controls. 

The positive low voltage supply consists 
of full-wave rectifier (V;), the output of which 
is filtered by acapacitor input filter (20-20 jifd. 
and 8 If). It furnishes approximately 400 volts. 
The high voltage power supply employs a half 
wave rectifier tube, V,. The output of this rec- 
tifier is filtered by a resistance-capacitor fil- 
cer consisting of 0.5-0.5 pfd. and .18 M. A 
voltage divider network attached from the out- 
put of this filter obtains the proper operating 
potentials for the various electrodes of the 
cathode-ray tube. The complete schematic of 
the Du Mont 274-A Oscilloscope is shown in 
figure 8. 


9.2 Display of Waveforms 


Together with a working knowledge of the 
controls of the oscilloscope, an understanding 
of how the patterns are traced on the screen 
must be obtained for a thorough knowledge of 
oscilloscope operation. With this in mind a 
careful analysis of two fundamental waveform 
patterns is discussed under the following 
headings: 

a. Patterns plotted against time (using the 

sweep generator for horizontal deflection). 

b. Lissajous Figures (using a sine wave for 

horizontal deflection). 


Potterns Plotted 
Against Time 


A sine wave is typical of 
such a pattern and is con- 
venient for this study. This 


TimME——~ 


Figure 10 
PROJECTION DRAWING SHOWING THE RE- 
SULTANT PATTERN WHEN THE FRE- 
QUENCY OF THE SAWTOOTH IS ONE-HALF 
OF THAT EMPLOYED IN FIGURE 9 


wave is amplified by the vertical amplifier 
and impressed on the vertical (Y-axis) deflec- 
tion plates of the cathode-ray tube. Simultane- 
ously the sawtooth wave from the time base 
generator is amplified and impressed on the 
horizontal (X-axis) deflection plates. 

The electron beam moves in accordance 
with the resultant of the sine and sawtooth 
signals. The effect is shown in figure 9 where 
the sine and sawtooth waves are graphically 
represented on time and voltage axes. Points 
on the two waves that occur simultaneously 
are numbered similarly. For example, point 2 
on the sine wave and point 2 on the sawtooth 
wave occur at the same instant. Therefore the 
position of the beam at instant 2 is the result- 
ant of the voltages on the horizontal and ver- 
tical deflection plates at instant 2. Referring 
to figure 9, by projecting lines from the two 
point 2 positions, the position of the electron 
beam at instant 2 can be located. If projec- 
tions were drawn from every other instantane- 
ous position of each wave to intersect on the 
circle representing the tube screen, the inter- 
sections of similarly timed projections would 
trace out a sine wave. 

In summation, figure 9 illustrates the prin- 
ciples involved in producing a sine wave trace 
on the screen of a cathode-ray tube. Each in- 
tersection of similarly timed Projections rep- 
resents the position of the electron beam act- 
ing under the influence of the varying voltage 
waveforms on each pair of deflection plates. 
Figure 10 shows the effect on the pattern of 
decreasing the frequency of the sawtooth 
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Figure 11 


PROJECTION DRAWING SHOWING THE RE- 
“SULTANT LISSAJOUS PATTERN WHEN A 
SINE WAVE APPLIED TO THE HORIZON. 
TAL AXIS IS THREE TIMES THAT AP- 
PLIED TO THE VERTICAL AXIS 


wave. Any recurrent waveform plotted against 
time can be displayed and analyzed by the 
same procedure as used in these examples. 
The sine wave problem just illustrated is 
typical of the method by which any waveform 
can be displayed on the screen of the cathode- 
ray tube. Such waveforms as square wave, 
sawtooth wave, and many more irregular recur- 
rent waveforms can be observed by the same 
method explained in the preceding paragraphs. 


9-3 Lissajous Figures 


Another fundamental pattern is the Lissajous 
figure, named after the 19th century French 
scientist. This type of pattern is of particular 
use in determining the frequency ratio between 
two sine wave signals. If one of these signals 
is known, the other can be easily calculated 
from the pattern made by the two signals upon 
the screen of the cathode-ray tube. Common 
practice is to connect the known signal to the 
horizontal channel and the unknown signal to 
the vertical channel. 

The presentation of Lissajous figures can 
be analyzed by the same method as previously 
used for sine wave presentation. A simple ex- 
ample is shown in figure 11. The frequency 
ratio of the signal on the horizontal axis to the 
signal on the vertical axis is 3 to 1. If the 
known signal on the horizontal axis is 60 cy- 
cles per second, the signal on the vertical 
axis is 20 cycles. 


Figure 12 


METHOD OF CALCULATING FREQUENCY 
RATIO OF LISSAJOUS FIGURES 


The horizontal am- 
plifier should be discon- 
nected from the sweep 
oscillator. The signal 
to be examined should be connected to the 
horizontal amplifier of the oscilloscope. 

2. An audio oscillator signal should be con- 
nected to the vertical amplifier of the oscillo- 
scope. 

3. By adjusting the frequency of the audio 
oscillator a stationary pattern should be ob- 
tained on the screen of the oscilloscope. It is 
not necessary to stop the pattern, but merely 
to slow it up enough to count the loops at the 
side of the pattern. 

4. Count the number of loops which intersect 
an imaginary vertical line AB and the number 
of loops which intersect the imaginary hori- 
zontal line BC as in figure 12. The ratio of 
the number of loops which intersect AB is to 


Obtaining o Lissajous 1, 
Pattern on the screen 
Oscilloscope Settings 
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OTHER LISSAJOUS PATTERNS 
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Figure 14 
LISSAJOUS PATTERNS OBTAINED FROM THE MAJOR PHASE DIFFERENCE ANGLES 


the number of loops which intersect BC as the 
frequency of the horizontal signal is to the 
frequency of the vertical signal. 

Figure 13 shows other examples of Lissa- 
jous figures. In each case the frequency ratio 
shown is the frequency ratio of the signal on 
the horizontal axis to that on the vertical 
axis. 


Phase Differ- 
ence Patterns 


Coming under the heading of 
Lissajous figures is the method 
used to determine the phase 
difference between signals of the same fre- 
quency. The patterns involved take on the 
form of ellipses with different degrees of ec- 
centricity. 

The following steps should be taken to ob- 

tain a phase-difference pattern: 

1. With no signal input to the oscilloscope, 
the spot should be centeredon the screen 
of the tube. 

2. Connect one signal to the vertical ampli- 
fier of the oscilloscope, and the other 
signal to the horizontal amplifier. 

3. Connect a common ground between the 
two frequencies under investigation and 
the oscilloscope. 


4. Adjust the vertical amplifier gain so as 
to give about 3 inches of deflection on a 
5 inch tube, and adjust the calibrated 
scale of the oscilloscope so that the ver- 
tical axis of the scale coincides precise- 
ly with the vertical deflection of the spot. 

5. Remove the signal from the vertical am- 
plifier, being careful not to change the 
setting of the vertical gain control. 

6. Increase the gain of the horizontal am- 
plifier to give a deflection exactly the 
same as that to which the vertical am- 


plifier control is adjusted (3 inches). Re- 
connect the signal to the vertical ampli- 
fier. 

The resulting pattern will give an accurate 
piceture of the exact phase difference between 
the two waves. If these two patterns are ex- 
actly the same frequency but different in phase 
and maintain that difference, the pattern on 
the screen will remain stationary. If, ‘however, 
one of these frequencies is drifting slightly, 
the pattern will drife slowly through 360°. The 
phase angles of 0°, 45°, 90°, 135°, 180°, 
225°, 270°, 315° are shown in figure 14. 

Each of the eight patterns in figure 14 can 
be analyzed separately by the previously used 


Figure 15 


PROJECTION DRAWING SHOWING THE RE- 
SULTANT PHASE DIFFERENCE PATTERN 
OF TWO SINE WAVES 45° OUT OF PHASE 


WWW.americanradiohistorv.com 


178 The Oscilloscope 


THE RADIO 


Y MAXIMUM? I 


¥ INTERCEPT=O 


Y¥ INTERCEPT =.5 


VY MAXKIMUM=1 Y¥_MAXIMUM =I 


¥ INTERCEPT = 7, 


Y INTERCEPT = .7 


Figure 16 


EXAMPLES SHOWING THE USE OF THE FORMULA FOR DETERMINATION OF PHASE 
DIF FERENCE 


projection method. Figure 15 shows two sine 
waves which differ in phase being projected 
on to the screen of the cathode-ray tube. These 
signals represent a phase difference of 45°. 
Ie is extremely important: (1) that the spot 
has been centered on the screen of the cathode- 
ray tube, (2) that both the horizontal and ver- 
tical amplifiers have been adjusted to give 
exactly the same gain, and (3) that the cali- 
brated scale be originally set to coincide with 
the displacement of the signal along the ver- 
tical axis. If the amplifiers of the oscilloscope 
are not used for conveying the signal to the 
deflection plates of the cathode-ray tube, the 
coarse frequency switch should be set to bori- 
zontal input direct and the vertical input 


switch to direct and the outputs of the two 
signals must be adjusted to result in exactly 
the same vertical deflection as horizontal de- 
flection. Once this deflection has been set by 
either the oscillator output controls or the am- 
plifier gain controls in the oscillograph, it 
should not be changed for the duration of the 
measurement. 


Determinotion of 
the Phose Angle 


The relation commonly used 
in determining the phase 
angle between signals is: 


Y intercept 
Sine 6 == 


Y maximum 


Figure 17 
TRAPEZOIDAL MODULATION PATTERN 


Figure 18 
MODULATED CARRIER WAVE PATTERN 


Figure 19 


PROJECTION DRAWING SHOWING TRAPE- 
ZOIDAL PATTERN 
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Figure 20 
PROJECTION DRAWING SHOWING MODU- 
LATED CARRIER WAVE PATTERN 


where 6 = phase angle between signals 

Y intercept = point where ellipse crosses ver- 
tical axis measured in tenths of 
inches. (Calibrations on the 
calibrated screen) 

Y maximum = highest vertical point on ellipse 
in tenths of inches 


Several examples of the use of the formula are 
given in figure 16. In each case the Y inter- 
cept and Y maximum are indicated together 
with the sine of the angle and the angle itself. 
For the operator to observe these various pat- 
terns with a single signal source such as the 
test signal, there are many types of phase 
shifters which can be used. Circuits can be 
obtained from a number of radio text books. 
The procedure is to connect the original sig- 
nal to the horizontal channel of the oscillo- 
scope and the signal which has passed through 
the phase shifter to the vertical channel of 
the oscilloscope, and follow the procedure set 
forth in this discussion to observe the various 
phase shift patterns. 


9-4 Monitoring Transmitter 
Performance with the Oscilloscope 


The oscilloscope may be used as an aid for 
the proper operation of a radiotelephone trans- 
mitter, and may be used as an indicator of the 
overall performance of the transmitter output 
signal, and as a modulation monitor. 


There are two types of patterns 
that can serve as indicators, the 
trapezoidal pattern (figure 17) and the modu- 
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Figure 21 


MONITORING CIRCUIT FOR TRAPEZOI- 
DAL MODULATION PATTERN 


lated wave pattern (figure 18). The trapezoidal 
pattern is presented on the screen by impress- 
ing a modulated carrier wave signal on the ver- 
tical deflection plates and the signal that 
modulates the carrier wave signal (the modu- 
lating signal) on the horizontal deflection 
plates. The trapezoidal pattern can be ana- 
lyzed by the method used previously in analy- 
zing waveforms. Figure 19 shows how the sig- 
nals cause the electron beam to trace out the 
pattern. 

The modulated wave pattern is accomplished 
by presenting a modulated carrier wave on the 
vertical deflection plates and by using the 
time-base generator for horizontal deflection. 
The modulated wave pattern also can be used 
for analyzing waveforms. Figure 20 shows how 
the two signals cause the electron beam to 
trace out the pattern. 


The Tropezoidal The oscilloscope connec- 
Pattern tions for obtaining a trape- 

zoidal pattern are shown in 
figure 21. A portion of the audio output of the 
transmitter modulator is applied to the hori- 
zontal input of the oscilloscope. The vertical 
amplifier of the oscilloscope is disconnected, 
and a small amount of modulated r-f energy is 
coupled directly to the vertical deflection 
plates of the oscilloscope. A small pickup 
loop, loosely coupled to the final amplifier 
tank circuit and connected to the vertical de- 
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Figure 22 


(LESS THAN 100% MODULATION) 


Figure 23 


(100% MODULATION) 


Figure 24 


(OVER MODULATION) 


flection plates by a short length of coaxial 
line will suffice. The amount of excitation to 
the plates of the oscilloscope may be adjusted 
to provide a pattern of convenient size. Upon 
modulation of the transmitter, the trapezoidal 
pattern will appear. By changing the degree of 
modulation of the carrier wave the shape of 
the pattern will change. Figures 22 and 23 
show the trapezoidal pattern for various de- 
grees of modulation. The percentage of modu- 
lation may be determined by the following for- 
mula: 


Modulation percentage = 
E 


“max ~ Emin 


x 100 
Emax + Emin 
where Ea, and Ej, are defined as in 


figure 22. 
An overmodulated signal is shown in figure 


24. 


The Modulated 
Wave Pattern 


The oscilloscope connections 
for obtaining a modulated 
wave pattern are shown in 
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Figure 25 


MONITORING CIRCUIT FOR 
MODULATED WAVE PATTERN 


figure 25. The internal sweep circuit of the 
oscilloscope is applied to the horizontal 
plates, and the modulated r-f signal is applied 
to the vertical plates, as described before. If 
desired, the internal sweep circuit may be sny- 
chronized with the modulating signal of the 
transmitter by applying a small portion of the 
modulator output signal to the external sync 
post of the oscilloscope. The percentage of 
modulation may be determined in the same 
fashion as with a trapezoidal pattern. Figures 
26, 27 and 28 show the modulated wave pat- 
tern for various degrees of modulation. 


9.5 Receiver |-F Alignment 
with an Oscilloscope 


The alignment of the i-f amplifiers of a re- 
ceiver consists of adjusting all the tuned cir- 
cuits to resonance at the intermediate frequen- 
cy and at the same time to permit passage of 
a predetermined number of side bands. The 
best indication of this adjustment is a reso- 
nance curve representing the response of the 
i-f circuit to its particular range of frequencies. 

As a rule medium and low-priced receivers 
use i-f transformers whose bandwidth is about 
5 kc. on each side of the fundamental frequen- 
cy. The response curve of these i-f transform- 
ers is shown in figure 29. High fidelity re- 
ceivers usually contain i-f transformers which 
have a broader bandwidth which is usually 10 
kc. on each side of the fundamental. The re- 
sponse curve for this type transformer is shown 
in figure 30. 

Resonance curves such as these can be dis- 
played on the screen of an oscilloscope. For 
a complete understanding of the procedure it 
is important to know how the resonance curve 
is traced. 
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(LESS THAN 100% MODULATION) 


(100% MODULATION) 


(OVER MODUL ATION) 


To present a resonance curve 
on the screen, a frequency- 
modulated signal source must 
be available. This signal 
source iS a signal generator whose output is 
the fundamental i-f frequency which is fre- 
quency-modulated 5 to 10 ke. each side of the 
fundamental frequency. A signal generator of 
this type generally takes the form of an ordi- 
nary signal generator with a rotating motor 
driven tuned circuit capacitor, called a wob- 


The Resonance 
Curve on the 
Screen 
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Figure 29 


FREQUENCY RESPONSE CURVE OF THE 
I-F OF A LOW PRICED RECEIVER 
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Figure 30 


FREQUENCY RESPONSE OF 
HIGH-FIDELITY I-F SYSTEM 


bulator, or its electronic equivalent, a react- 
ance tube. 

The method of presenting a resonance curve 
on the screen is to connect the vertical chan- 
nel of the oscilloscope across the detector 
load of the receiver as shown in the detectors 
of figure 31 (between point A and ground) and 
the time-base generator output to the horizon- 
tal channel. In this way the d-c voltage across 
the detector load varies with the frequencies 
which are passed by the i-f system. Thus, if 
the time-base generator is set at the frequency 
of rotation of the motor driven capacitor, or 
the reactance tube, a pattern resembling fig- 
ure 32, a double resonance curve, appears on 
the screen. 

Figure 32 is explained by considering fig- 
ure 33. In half a rotation of the motor driven 
capacitor the frequency increases from 445 
ke. to 465 kc., more than covering the range 
of frequencies passed by the i-f system. 
Therefore, a full resonance curve is presented 
on the screen during this half cycle of rota- 
tion since only half a cycle of the voltage pro- 
ducing horizontal deflection has transpired. 
In the second half of the rotation the motor 
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CONNECTION OF THE OSCILLOSCOPE 
ACROSS THE DETECTOR LOAD 
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Figure 32 
DOUBLE RESONANCE CURVE 
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Figure 33 
DOUBLE RESONANCE ACHIEVED BY 
COMPLETE ROTATION OF THE MOTOR 
DRIVEN CAPACITOR 


Figure 34 
SUPER-POSITION OF RESONANCE CURVES 


a 


driven capacitor takes the frequency of the 
signal in the reverse order through the range 
of frequencies passed by the i-f system. In 
this interval the time-base generator sawtooth 
waveform completes its cycle, drawing the 
electron beam further across the screen and 
then returning it to the starting point. Subse- 
quent cycles of the motor driven capacitor and 
the sawtooth voltage merely retrace the same 
pattern. Since the signal being viewed is ap- 
plied through the vertical amplifier, the sweep 
can be synchronized internally. 

Some signal generators, particularly those 
employing a reactance tube, provide a sweep 
output in the form of a sine wave which is 
synchronized to the frequency with which the 
reactance tube is swinging the fundamental 
frequency through its limits, usually 60 cycles 
per second. If such a signal is used for hori- 
zontal deflection, it is already synchronized. 
Since this signal is a sine wave, the response 


curve is observed as it sweeps the spot across 
the screen from left toright; andit is observed 
again as the sine wave sweeps the spot back 
again from right to left. Under these condi- 
tions the two response curves are superim- 
posed on each other and the high frequency 
responses of both curves are at one end and 
the low frequency response of both curves is 
at the other end. The i-f trimmer capacitors 
are adjusted to produce a response curve 
which is symmetrical on each side of the fun- 
damental frequency. 

When using sawtooth sweep, the two re- 
sponse curves can also be superimposed. If 
the sawtooth signal is generated at exactly 
twice the frequency of rotation of the motor 
driven capacitor, the two resonance curves 
will be superimposed (figure 34) if the i-f 
transformers are properly tuned. If the two 
curves do not coincide the i-f trimmer capaci- 
tors should be adjusted. At the point of co- 
incidence the tuning is correct. It should be 
pointed out that rarely do the two curves agree 
perfectly. As a result, optimum adjustment is 
made by making the peaks coincide. This lat- 
ter procedure is the one generally used in i-f 
adjustment. When the two curves coincide, it 
is evident that the i-f system responds equal- 
ly to signals higher and lower than the funda- 
mental i-f frequency. 


9-6 Single Sideband Applications 


Measurement of power output and distortion 
are of particular importance in SSB transmitter 
adjustment. These measurements are related to 
the extent that distortion rises rapidly when 
the power amplifier is overloaded. The useable 
power output of a SSB transmitter is often de- 
fined as the maximum peak envelope power 
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Figure 35 
SINGLE TONE PRESENTATION 


Oscilloscope trace of SSB signal 
modulated by single tone (A). 
Incomplete carrier supression or 
spurious products will show 
modulated envelope of (B). The 
ratio of supression is: 
S = 20 log AtB 
A-B 
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Figure 36 
BLOCK DIAGRAM OF 
LINEARITY TRACER 


obtainable with a specified signal-to-distortion 
tatio. The oscilloscope is a useful instrument 
for measuring and studying distortion of all 
types that may be generated in single sideband 
equipment. 


When aSSB transmitter is modu- 
lated with a single audio tone, 
the r-f output should be a single 
tadio frequency. If the vertical plates of the 
oscilloscope are coupled to the output of the 
transmitter, and the horizontal amplifier sweep 
is set to a slow rate, the scope presentation 
will be as shown in figure 35. If unwanted dis- 
tortion products or carrier are present, the top 
and bottom of the pattern will develop a ‘‘rip- 
ple’’ proportional to the degree of spurious 
products. 


Single Tone 
Observotions 


The Lineority 
Trocer 


The linearity tracer is an aux- 
iliary detector to be used with 
an oscilloscope for quick ob- 
servation of amplifier adjustments and para- 
meter variations. This instrument consists of 
two SSB envelope detectors the outputs of 
which connect to the horizontal and vertical 
inputs of an oscilloscope. Figure 36 shows a 
block diagram of atypical linearity test set-up. 
A two-tone test signal is normally employed 
to supply a SSB modulation envelope, but any 
modulating signal that provides an envelope 
that varies from zero to full amplitude may be 
used. Speech modulation gives a satisfactory 
trace, so that this instrument may be used as 
a visual monitor of transmitter linearity. It is 
pacticularly useful for monitoring the signal 
level and clearly shows when the amplifier 
under observation is overloaded. The linearity 
trace will be a straight line regardless of the 
envelope shape if the amplifier has no dis- 
tortion. Overloading causes a sharp break in 
the linearity curve. Distortion due to too much 
bias is alsoeasily observed and the adjustment 
for low distortion can easily be made. 

Another feature of the linearity detector is 
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SCHEMATIC OF 
ENVELOPE DETECTOR 


that the distortion of each individual stage 
can be observed. This is helpful in trouble- 
shooting. By connecting the input envelope 
detector to the output of the SSB generator, 
the overall distortion of the entire r-f circuit 
beyond this point is observed. The unit can 
also serve as a voltage indicator which is 
useful in making tuning adjustments. 

The circuit of a typical envelope detector 
is shown in figure 37. Two matched germainum 
diodes are used as detectors. The detectors 
are not linear at low signal levels, but if the 
nonlinearity of the two detectors is matched, 
the effect of their nonlinearity on the oscillo- 
scope trace is cancelled. The effect of diode 
differences is minimized by using a diode load 
of 5,000 to 10,000 ohms, as shown. It is im- 
portant that both detectors operate at approx i- 


mately the same signal level so that their 
differences will cancel more exactly. The 
operating level should be 1l-volt or higher. 


It is convenient to build the detector ina 
small shielded enclosure such as an i-f trans- 
former can fitted with coaxial input and output 
connectors. Voltage dividers can be similarly 
constructed so that it is easy to insert the de- 
sired amount of voltage attenuation from the 
various sources. In some cases it is convenient 
to use a pickup loop on the end of a short 
length of coaxial cable. 

The phase shift of the amplifiers in the os- 
cilloscope should be the same and their fre- 
quency response should be flat out to at least 
twenty times the frequency difference of the 
twotest tones. Excellent high frequency charac- 
teristics are necessary because the rectified 
SSB envelope contains harmonics extending 
tothe limit of the envelope detector’s response. 
Inadequate frequency response of the vertical 
amplifier may cause a little ‘‘foot’’ to appear 
on the lower end of the trace, as shown in 
figure 38. If it is small, it may be safely neg- 
lected. 

Another spurious effect often encountered 
is a double trace, as shown in figure 39. This 
can usually be corrected with an R-C network 
placed between one detector and the oscillo- 
scope. The best method of testing the detectors 
and the amplifiers is to connect the input of 
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Figure 38 
EFFECT OF INADEQUATE 
RESPONSE OF VERTICAL 
AMPLIFIER 


Figure 39 
DOUBLE TRACE 


CAUSED BY PHASE 
SHIFT 


the envelope detectors in parallel. A perfectly 
steaight line trace will result when everything 
is working properly. One detector is then con- 
nected to the other r-f source through a voltage 
divider adjusted so that no appreciable change 
in the setting of the oscilloscope amplifier 
controls is required. Figure 40 illustrates some 
typical linearity traces. Trace A is caused by 
inadequate static plate current in class A or 
class B amplifiers or a mixer stage. To regain 
linearity, the grid bias of the stage should be 
reduced, the screen voltage should be raised, 
oc the signal level should be decreased. Trace 
B is a result of poor grid circuit regulation 
when grid current is drawn, or a result of non- 


C2 


OUTPUT 
SIGNAL 


INPUT SIGNAL LEVEL 


Figure 4] 
ORDINATES ON LINEARITY 
CURVE FOR 3RD ORDER 

DISTORTION EQUATION 


linear plate characteristics of the amplifier 
tube at large plate swings. More grid swamping 
should be used, or the exciting signal should 
be reduced. A combination of the effects of A 
and Bare shown in Trace C. Trace DP illustrates 
amplifier overloading. The exciting signal 
should be reduced. 

A means of estimating the distortion level 
observed is quite useful. The first and third 
order distortion components may be derived by 
an equation that will give the approximate 
Signal-to-distortion level ratio of a two tone 
test signal, operating on agiven linearity curve. 
Figure 41 shows a linearity curve with two 
ordinates erected at half and full peak input 
signal level. The length of the ordinates e, 
and e2 may be scaled and used in the following 
equation: 


Signal-to-distortion ratio in db =20 log 8 e;-e2 
2 ei-e2 


QE 


©) 


OE 


TYPICAL LINEARITY TRACES 


Figure 40 
TYPICAL LINEARITY 
TRACES 
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Special Vacuum Tube Circuits 


A whole new concept of vacuum tube appli- 
cations has been developed in recent years. 
No longer are vacuum tubes chained to the 
field of communication. This chapter is de- 
voted to some of the more common circuits en- 
countered in industrial and military applica- 
tions of the vacuum tube. 


10-1 Limiting Circuits 


The term limiting refers to the removal or 
suppression by electronic means of the ex- 
tremities of an electronic signal. Circuits 
which perform this function are referred to as 
limiters or clippers. Limiters are useful in 
wave-shaping circuits where it is desirable to 
square off the extremities of the applied sig- 
nal. A sine wave may be applied to a limiter 
circuit to produce a rectangular wave. A 
peaked wave may be applied to a limiter cir- 
cuit to eliminate either the positive or nega- 
tive peaks from the output. Limiter circuits 
are employed in FM receivers where it is nec- 
essary to limit the amplitude of the signal ap- 
plied to the detector. Limiters may be used to 
reduce automobile ignition noise in short-wave 
receivers, or to maintain a high average level 
of modulation in a transmitter. They may also 
be used as protective devices to limit input 
signals to special circuits. 


185 


The characteristics ofa 
diode tube are such that the 
tube conducts only when the plate is at a posi- 
tive potential with respect to the cathode. A 
positive potential may be placed on the cath- 
ode, but the tube will not conduct until the 
voltage on the plate rises above an equally 
positive value. As the plate becomes more 
positive with respect to the cathode, the diode 
conducts and passes that portion of the wave 
that is more positive than the cathode voltage. 
Diodes may be used as either series or paral- 
lel limiters, as shown in figure 1. A diode may 
be so biased that only a certain portion of the 
positive or negative cycle is removed. 


Diode Limiters 


Audio Peak 
Limiting 


An audio peak clipper consisting 
of two diode limiters may be used 
to limit the amplitude of an au- 
dio signal to a predetermined value to provide 
a high average level of modulation without 
danger of overmodulation. An effective limiter 
for this service is the series-diode gate clip- 
per. A circuit of this clipper is shown in fig- 
ure 2. The audio signal to be clipped is cou- 
pled to the clipper through C,. R, and R, are 
the clipper input and output load resistors. 
The clipper plates are tied together and are 
connected to the clipping level control, R,, 
through the series resistor, R,. R, acts as a 
voltage divider between the high voltage sup- 
ply and ground. The exact point at which clip- 
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Figure 1 
VARIOUS DIODE LIMITING CIRCUITS 


Series diodes limiting positive ond negative peaks are shown in A ond B. Parallel diodes limit- 

ing positive and negative peaks are shown in C ond D. Parallel diodes limiting above and below 

ground are shown in E and F. Parallel diode limiters which poss negative and positive peoks 
are shown in G and H. 
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Ping willoccur is set by R,, which controls the 
Positive potential applied to the diode plates. 
Under static conditions, a d-c voltage is ob- 
tained from R, and applied through R, to both 
plates of the GALS tube. Current flows through 
R,, Rs, and divides through the two diode 
sections of the 6AL5 and the two load resis- 
tors, R, and R,. All pares of the clipper circuit 
are maintained at a positive potential above 
ground. The voltage drop between the plate 
and cathode of each diode is very small com- 
pared to the drop across the 300,000-ohm re- 
sistor (R;) in series with the diode plates. 
The plate and cathode of each diode are there- 
fore maintained at approximately equal poten- 
tials as long as there is plate current flow. 
Clipping does not occur until the peak audio 
input voltage reaches a value greater than the 
static voltages at the plates of the diode. 


Assume that R, has been set to a point that 
will give 4 voles at the plates of the 6AL5. 
When the peak audio input voltage is less than 
4 volts, both halves of the tube conduct at all 
times. As long as the tube conducts, its re- 
sistance is very low compared with the plate 
resistor R,. Whenever a voltage change occurs 
across input resistor R,, the voltage at all of 
the tube elements increases or decreases by 
the same amount as the input voltage change, 
and the voltage drop across R, changes by an 
equal amount. As long as the peak input volt- 
age is less than 4 volts, the 6AL5 acts merely 
as a conductor, and the output cathode is per- 
mitted to follow all voltage changes at the in- 
put cathode. 

If, under static conditions, 4 volts appear at 
the diode plates, then twice this voltage (8 
voles) will appear if one of che diode circuits 
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Figure 2 


THE SERIES-DIODE GATE CLIPPER FOR 
AUDIO PEAK LIMITING 
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Figure 3 
GRID LIMITING CIRCUIT 


is opened, removing its d-c load from the cir- 
cuit. As long as only one of the diodes con- 
tinues to conduct, the voltage at the diode 
plates cannot rise above twice the voltage se- 
lected by R,. In this example, the voltage can- 
not rise above 8 volts. Now, if the input audio 
voltage applied through C, is increased to any 
peak value between zero and plus 4 volts, the 
first cathode of the GALS will increase in volt- 
age by the same amount to the proper value be- 
tween 4 and 8 volts. The other tube elements 
will assume the same potential as the first 
cathode. However, the GALS plates cannot in- 
crease more than 4 volts above their original 
4-volt static level. When the input voltage to 
the first cathode of the GALS increases to 
more than plus 4 volts, the cathode potential 
increases to more than 8 volts. Since the plate 
circuit potential remains at 8 volts, the first 
diode section ceases to conduct until the in- 
put voltage across R, drops below 4 volts. 
When the input voltage swings in a negative 
direction, it will subtract from the 4-volt drop 
across R, and decrease the voltage on the in- 
put cathode by an amount equal to the input 
voltage. The plates and the output cathode will 
follow the voltage level at the input cathode 
as long as the input voltage does not swing 
below minus 4 volts. If the input voltage does 
not change more than 4 volts in a negative 
direction, the plates of the 6AL5 will also be- 
come negative. The potential at the output 
cathode will follow the input cathode voltage 
and decrease from its normal value of 4 volts 
until it reaches zero potential. As the input 
cathode voltage decreases to less than zero, 


the plates will follow. However, the output 
cathode, grounded through R,, will stop at zero 
potential as the plate becomes negative. Con- 
duction through the second diode is impossible 
under these conditions. The output cathode 
remains at zero potential until the voltage at 
the input cathode swings back to zero. 

The voltage developed across output resis- 
tor R, follows the input voltage variations as 
long as the input voltage does not swing to a 
peak value greater than the static voltage at 
the diode plates, determined by R,. Effective 
clipping may thus be obtained at any desired 
level. 

The square-topped audio waves generated 
by this clipper are high in harmonic content, 
but these higher order harmonics may be great- 
ly reduced by a low-level speech filter. 


Grid Limiters A triode grid limiter is shown 
in figure 3. On positive peaks 
of the input signal, the triode grid attempts to 
swing positive, and the grid-cathode resist- 
ance drops to a value on the order of 1000 
ohms or so. The voltage drop across R (usu- 
ally of the order of 1 megohm) is large com- 
pared to the grid-cathode drop, and the result- 
ing limiting action removes the top part of the 
positive input wave. 


10-2 Clamping Circuits 


A circuit which holds either amplitude ex- 
treme of a waveform to a given reference level 
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Figure 4 
SIMPLE POSITIVE AND NEGATIVE CLAMPING CIRCUITS 
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NEGATIVE CLAMPING CIRCUIT EM- 
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Figure 7 
THE CHARGE AND DISCHARGE PATHS 


IN FREE-RUNNING MULTIVIBRATOR OF 
FIGURE 6 


Figure 6 
BASIC MULTIVIBRATOR CIRCUIT 


of potential is called a clamping circuit or a 
d-c restorer. Clamping circuits are used after 
RC cpupling circuits where the waveform 
swing is required to be either above or below 
the reference voltage, instead of alternating 
on both sides of it (figure 4). Clamping cir- 
cuits are usually encountered in oscilloscope 
sweep circuits. If the sweep voltage does not 
always start from che same reference point, 
the trace on the screen does not begin at the 
Same point on the screen each time the sweep 


is repeated and therefore is ‘‘jittery.’’ If a 
clamping circuit is placed between the sweep 
amplifier and the deflection element, the start 
of the sweep can be regulated by adjusting the 
d-c voltage applied to the clamping tube (fig- 
ure 5). 


10-3 Multivibrators 


The multivibrator, or relaxation oscillator, 
is used for the generation of nonsinusoidal 
waveforms. The output is rich in harmonics, 
but the inherent frequency stability is poor. 
The multivibrator may be stabilized by the 
introduction of synchronizing voltages of har- 
monic or subharmonic frequency. 

In its simplest form, the multivibrator is a 
simple two-stage resistance-capacitance cou- 
pled amplifier with che output of the second 
stage coupled through a capacitor to the grid 
of the first tube, as shown in figure 6. Since 
the output of the second stage is of the proper 
polarity to reinforce the input signal applied 
to the first tube, oscillations can readily take 
place, started by thermal agitation noise and 
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Figure 8 
VARIOUS FORMS OF MULTIVIBRATOR CIRCUITS 
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Figure 9 


ECCLES-JORDAN MULTIVIBRATOR CIRCUITS 


miscellaneous tube noise. Oscillation is main- 
tained by the process of building up and dis- 
charging the store of energy in the grid cou- 
pling capacitors of the two tubes. The charg- 
ing and discharging paths are shown in figure 
7. Various forms of multivibrators are shown 
in figure 8. 

The output of a multivibrator may be used 
as a source of square waves, as an electronic 
switch, or as a means of obtaining frequency 
division. Submultiple frequencies as low as 
one-tenth of the injected synchronizing fre- 
quency may easily be obtained. 


The Eccles-Jordan 
Circuit 


The Eccles-Jordan tigger 
circuit is shown in figure 
9A. This is not a true mul- 
tivibrator, but rather a circuit that possesses 
two conditions of stable equilibrium. One con- 
dition is when V, is conducting and V, is cut- 
off; the other when V, is conducting and V, is 
cutoff. The circuit remains in one or the other 
of these two stable conditions with no change 
in operating potentials until some external 
action occurs which causes the nonconducting 
tube to conduct. The tubes then reverse their 
functions and remain in the new condition as 
long as no plate current flows in the cutoff 
tube. This type of circuit is known as a /[lip- 
flop circuit. 


Figure 10 
SINGLE-SWING BLOCKING OSCILLATOR 


Figure 9B illustrates a modified Eccles- 
Jordan circuit which accomplishes a complete 
cycle when triggered with a positive pulse. 
Such a circuit is called a one-shot multivibra- 
tor. For initial action, V, is cutoff and V, is 
conducting. A large positive pulse applied to 
the grid of V, causes this tube to conduct, and 
the voltage at its plate decreases by virtue of 
the IR drop through R;. Capacitor C, is charged 
rapidly by this abrupt change in V, plate volt- 
age, and V, becomes cutoff while V, conducts. 
This condition exists until C, discharges, al- 
lowing V, to conduct, raising the cathode bias 
of V, until it is once again cutoff. 

A direct, cathode-coupled multivibrator is 
shown in figure 8A. Rx is a common cathode 
resistor for the two tubes, and coupling takes 
place across this resistor. It is impossible for 
a tube in this circuit to completely cutoff the 
other tube, and a circuit of this type is called 
a free-running multivibrator in which the con- 
dition of one tube temporarily cuts off the 
other. 
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Figure 12 
POSITIVE AND NEGATIVE COUNTING CIRCUITS 


10-4 The Blocking Oscillotor 


A blocking oscillator is any oscillator which 
cuts itself off after one or more cycles caused 
by the accumulation of a negative charge on 
the grid capacitor. This negative charge may 
gradually be drained off through the grid re- 
sistor of the tube, allowing the circuit to os- 
cillate once again. The process is repeated 
and the tube becomes an intermittent oscilla- 
tor. The rate of such an occurance is deter- 
mined by the R-C time constant of the grid cir- 
cuit. A single-swing blocking oscillator is 
shown in figure 10, wherein the tube is cutoff 
before the completion of one cycle. The tube 
produces single pulses of energy, the time 
between the pulses being regulated by the 
discharge time of the grid R-C network. The 
self-pulsing blocking oscillator is shown in 
figure 11, and is used to produce pulses 
of r-f energy, the number of pulses being de- 
termined by the timing network in the grid cir- 
cuit of the oscillator. The rate at which these 
pulses occur is known as the pulse-repetition 
frequency, or p.r./. 


10-5 


Counting Circuits 


A counting circuit, or frequency divider is 
one which receives uniform pulses, represent- 


Figure 13 
STEP-BY-STEP COUNTING CIRCUIT 


ing units to be counted, and produces a- volt- 
age that is proportional to the frequency of 
the pulses. A counting circuit may be used in 
conjunction with a blocking oscillator to pro- 
duce a trigger pulse which is a submultiple of 
of the frequency of the applied pulse. Either 
positive or negative pulses may be counted. 
A positive counting circuit is shown in figure 
12A, and a negative counting circuit is shown 
in figure 12B. The positive counter allows a 
certain amount of current to flow through R, 
each time a pulse is applied to C,. 

The positive pulse charges C,, and makes 
the plate of V, positive with respect to its 
cathode. V, conducts until the exciting pulse 
passes. C, is then discharged by V,, and the 
circuit is ready to accept another pulse. The 
average current flowing through R, increases 
as the pulse-repetition frequency increases, 
and decreases as the p.r.f. decreases. 

By reversing the diode connections, as 
shown in figure 12B, the circuit is made to 
respond to negative pulses. In this circuit, an 
increase in the p.r.f. causes a decrease in the 
average current flowing through R,, which is 
opposite to the effect in the positive counter. 
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Figure 14 


The step-by-step counter used to trigger a 
blocking oscillotor. The blocking oscillator 
serves os o frequency divider. 
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Figure 15 
THE WIEN-BRIDGE AUDIO OSCILLATOR 


Figure 16 
THE PHASE-SHIFT OSCILLATOR 


A step-counter is similar to the circuits 
discussed, except that a capacitor which is 
large compared to C, replaces the diode load 
resistor. The charge of this condenser is in- 
creased during the time of each pulse, pro- 
ducing a step voltage across the output (figure 
13). A blocking oscillator may be connected 
to a step-counter, as shown in figure 14. The 
oscillator is triggered into operation when the 
voltage across C, reaches a point sufficiently 
positive to raise the grid of V, above cutoff. 
Circuit parameters may be chosen so that a 
count division up to 1/20 may be obtained 
with reliability. 


Resistance-Capacity 
Oscillators 


10-6 


In an R-C oscillator, the frequency is de- 
termined by a resistance capacity network that 
provides regenerative coupling between the 
output and input of a feedback amplifier. No 
use is made of acank circuit consisting of in- 
ductance and capacitance to control the fre- 
quency of oscillation. 

The Wien-Bridge oscillator employs a Wien 
network in the R-C feedback circuit and is 
shown in figure 15. Tube V, is the oscillator 
tube, and tube V, is an amplifier and phase- 
inverter tube. Since the feedback voltage 
through C, produced by V, is in phase with the 
input circuit of V, at all frequencies, oscilla- 
tion is maintained by voltages of any frequen- 
cy that exise in the circuit. The bridge circuit 
is used, then, to eliminate feedback voltages 
of all frequencies except the single frequency 
desired at the output of the oscillator. The 
bridge allows a voltage of only one frequency 
to be effective in the circuit because of the 
degeneration and phase shift provided by this 


circuit. The frequency at which oscillation 
occurs is: 


1 
f = —————._ , when R, x C, = R, x C 
Qn R, rae 1 1 2 2 
A lamp L, is used as the cathode resistor 


of V, asa che ail stabilizer of the oscillator 
amplitude. The variation of the resistance 
with respect to current of the lamp bulb holds 
the oscillator output voltage at a nearly con- 
stant amplitude. 

The phase-shift oscillator shown in figure 
16 is a single tube oscillator using a three 
section phase shift network. Each section of 
the network produces a phase shift in propor 
tion to the frequency of the signal that passes 
through it. For oscillations to be produced, 
the signal from the plate of the tube must be 
shifted 180°. Three successive phase shifts 
of 60° accomplish this, and the frequency of 
oscillation is determined by this phase shift. 
A high-mu triode or a pentode must be used in 
this circuit. In order to increase the frequency 
of oscillation, either the resistance or the 
capacitance must be decreased. 


Figure 17 


THE BRIDGE-TYPE PHASE-SHIFT 
OSCILLATOR 
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Figure 18 
THE NBS BRIDGE-T 
OSCILLATOR CIRCUIT AS USED 
IN THE HEATH AG-9 AUDIO 
GENERATOR 


A bridge-type phase shift oscillator is 
shown in figure 17. The bridge is so propor- 
tioned that at only one frequency is the phase 
shift through the bridge 180°. Voltages of other 
frequencies are fed back to the grid of the tube 
out of phase with the existing grid signal, and 
are cancelled by being amplified out of phase. 


The NBS Bridge-T oscillator developed by 
the National Bureau of Standards consists of 
a two stage amplifier having two feedback 
loops, as shown in figure 18. Loop | consists 
of a regenerative cathode-to-cathode loop, con- 
sisting of Lz, and C3, The bulb regulates the 
positive feedback, and tends to stabilize the 
output of the oscillator, much as in the man- 
ner of the Wien circuit. Loop 2 consists of a 
gtid-cathode degenerative circuit, containing 
the bridge-T. Oscillation will occur at the 
null frequency of the bridge, at which frequen- 
cy the bridge allows minimum degeneration 
in loop 2 (figure 19). 


10-7 Feedback 

Feedback amplifiers have beendiscussed 
in Chapter 6, section 15 of this Handbook. A 
more general use of feedback is in automatic 
control and regulating systems. Mechanical 
feedback has been used for many years in such 
forms as engine speed governors and steering 
servo engines on ships. 

A simple feedback system for temperature 
control is shown in figure 20. This is a cause 
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Figure 19 
BRIDGE-T FEEDBACK 
LOOP CIRCUITS 


Oscillation will occur at the null 
frequency of the bridge, at which 
frequency the bridge 
minimum degeneration in loop 2. 


allows 


and effect system. The furnace (F) raises the 
room temperature (T) to a predetermined value 
at which point the sensing thermostat (TH) 
reduces the fuel flow to the furnace. When the 
room temperature drops below the predeter- 
mined value the fuel flow is increased by the 
thermostat control. An interdependent control 
system is created by this arrangement: the 
room temperature depends upon the thermostat 
action, and the thermostat action depends upon 
the room temperature. This sequence of events 
may be termed a closed loop feedback system. 


ROOM 
FURNACE TEMPERATURE 
(F) 


ee a) 


FEEDBACK 
( ERROR SIGNAL) 


Figure 20 
SIMPLE CLOSED LOOP 
FEEDBACK SYSTEM 


Room temperoture (T) controls 

fuel supply to furnace (F) by feed- 

back foop through Thermostat 
(TH) control. 
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Figure 21 
PHASE SHIFT OF ERROR 
SIGNAL MAY CAUSE OSCILLA- 
TION INCLOSED LOOP SYSTEM 


To prevent oscillation, the gain 

of the feedback loop must be 

less than unity when the phase 

shift of the system reaches 180 
degrees. 


Error Cancellation A feedback control system 
is dependent upon a degree 
of error in the output signal, since this error 
component is used to bring about the correc- 
tion. This component is called the error signal. 


The error, or deviation from the desired signal 
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is passed through the feedback loop to cause 
an adjustment to reduce the value of the error 
signal. Care must be taken in the design of 
the feedback loop to reduce over-control ten- 
dencies wherein the correction signal would 
carry the sytem past the point of correct oper- 
ation. Under certain ciccumstances the new 
error signal would cause the feedback control 
toovercorrect in the opposite direction, result- 
ing in bunting or oscillation of the closed 
loop system about the correct operating point. 

Negative feedback control would tend to 
damp out spurious system oscillation if it were 
not for the time lag or phase shift in the sys- 
tem. If the overall phase shift is equal to one- 
half cycle of the operating frequency of the 
system the feedback: will maintain a steady 
state of oscillation when the circuit gain is 
sufficiently high, as shown in figure 21. In 
order to prevent oscillation, the gain figure of 
the feedback loop must be less than unity when 
the phase shift of the system reaches 180 de- 
grees. In an ideal control system the gain of 
the loop would be constant throughout the 
operating range of the device, and would drop 
rapidly outside the range to reduce the band- 
width of the control system to a minimum. 


The time lag in a closed loop system may 
be reduced by using electronic circuits in place 
of mechanical devices, or by the use of special 
circuit elements having a phase-lead charac- 
teristic. Such devices make use of the proper- 
ties of a capacitor, wherein the current leads 
the voltage applied to it. 
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Electronic 


Mechanical computing machines were first 
produced in the seventeenth century in Eu- 
rope although the simple Chinese abacus (a 
digital computer) had been in use for cen- 
turies. Until the last decade only simple me- 
chanical computers (such as adding and book- 
keeping machines) were in general use. 

The transformation and transmission of the 
volume of information required by modern 


Computers 


technology requires that machines assume many 
of the information processing systems former- 
ly done by the human mind. Computing ma- 
chines can perform routine operations more 
quickly and more accurately than a human be- 
ing, processing mathematical and_ logistical 
data on a production line basis. The computer, 
however, cannot create, but can only follow 
instructions. If the instructions are in error, 


THE IBM 
ad COMPUTER 
rN AND 


— ““MEMORY” 


The “704” Com- 
puter is used with 
32,000 “word” 
memory storage 
unit for research 
programs. Heart 
of this auxiliary 
unit are smali, 
doughnut-shaped 
iron ferrites which 
store information 
by means of mag- 
netism. The unit 
is the first of Ms 
kind to be Instal- 
led with 1B M's 
704 computer. 
Components of the 
system seen in the 
foreground are 
(left) card punch 
and (right) card 
reader. In the 
center of the pic- 
ture is the 704’s 
processing unit. 
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NORTH SHORE 
“FARMERS 


“CORN? “HEN? “FOX? 


BATTERY 


SOUTH SHORE 


Figure 1 
SIMPLE PUZZLES IN LOGIC MAY BE 
SOLVED BY ELECTRIC COMPUTER. 
THE “FARMER AND RIVER” 
COMPUTER IS SHOWN HERE. 


the computer will produce a wrong answer. 

Computers may be divided into two classes: 
the digital and the analog. The digital com- 
puter counts, and its accuracy is limited only by 
the number of significant figures provided for 
in the instrument. The analog computer 
measures, and its accuracy is limited by the 
percentage errors of the devices used, multi- 
plied by the range of the variables they repre- 
sent. 


11-1 


The digital computer operates in discrete 
steps. In general, the mathematical operations 
are performed by combinations of additions. 
Thus multiplication is performed by repeated 
additions, and integration is performed by 
summation. The digital computer may be 
thought of as an “on-off” device operating 
from signals that either exist or do not exist. 
The common adding machine is a simple com- 
puter of this type. The “on-off” or “yes-no” 
type of situation is well suited to switches, elec- 
trical relays, or to electronic tubes. 

A simple electrical digital computer may be 
used to solve the old “farmer and river” prob- 
lem. The farmer must transport a hen, a bushel 
of corn, and a fox across a river in a small 
boat capable of carrying the farmer plus one 
other article. If the farmer takes the fox in 
the boat with him, the hen will eat the corn. 
On the other hand, if he takes the corn, the 
fox will eat the hen. The circuit for a simple 
computer to solve this problem is shown in 
figure 1. When the switches are moved from 
“south shore” to “north shore” in the proper 
sequence the warning buzzer will not sound. 
An error of choice will sound the buzzer. 

A second simple “digital computer” is shown 
is figure 2. The problem is to find the three 


Digital Computers 


‘ 


BATTERY 


NOTE: ali @UrTONS HAVE ONE NORMALLY OPEN CONTACT AND 
ONE NORMALLY CLOSED CONTACT. 


Figure 2 
A SEQUENCE COMPUTER. 


Three correct buttons will sound the buzzer. 


proper push buttons that will sound the buzzer. 
The nine buttons are mounted on a board so 
that the wiring cannot be seen. 


Each switch of these simple computers ex- 
ecutes an “on-off” action. When applied to a 
logical problem “yes-no” may be substituted 
for this term. The computer thus can act out 
a logical concept concerned with a simple 
choice. An electronic switch (tube) may be 
substituted for the mechanical switch to in- 
crease the speed of the computer. The early 
computers, such as the ENIAC (Electronic Nu- 
merical Integrator and Calculator) employed 
over 18,000 tubes for memory and registering 
circuits capable of “remembering” a 10-digit 
number. 


11-2 


To simply and reduce the cost of the digital 
computer it was necessary to modify the system 
of operation so that fewer tubes were used per 
bit of information. The ENIAC-type computer 
requires 50 tubes to register a 5-digit number. 


Binary Notation 


© 
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Figure 3 
BINARY NOTATION MAY BE USED 
FOR DIGITAL DISPLAY. BINARY 
BOARD ABOVE INDICATES “73092.” 
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Figure 4 
BINARY DECIMAL NOTATION. ONLY 
FOUR TUBES ARE REQUIRED TO ' 
REPRESENT DIGITS FROM 1 TO 15. 
THE DIGIT 12” IS INDICATED 
ABOVE. 


The tubes (or their indicator lamps) can be 
arranged in five columns of 10 tubes each. 
From right to left the columns represent units, 
tens, hundreds, thousands, etc. The bottom tube 
in each column represents “zero,” the second 
tube represents “one,” the third tube “two,” 
and so on. Only one tube in each column is 
excited at any given instant. If the number 
73092 is to be displayed, tube number seven 
in the fifth column is excited, tube number 
three in the fourth column, tube number zero 
in the third column, etc. as shown in figure 3. 

A simpler system employs the binary decs- 
mal notation, wherein any number from one 
to fifteen can be represented by four tubes. 
Each of the four tubes has a numerical value 
that is associated with its position in the tube 
group. More than one tube of the group may 
be excited at once, as illustrated in figure 4. 
The values assigned to the tubes in this par- 
ticular group are 1, 2, 4, and 8. Additional 
tubes may be added to the group, doubling the 
notation of the tube thus: 1, 2, 4, 8, 16, 32, 
64, 128, 356, etc. Any numerical value lower 
than the highest group number can be dis- 
played by the correct tube combination. 

A third system employs the binary notation 
which makes use of a dst (binary digit) repre- 
senting a single morsel of information. The 
binary system has been known for over forty 
centuries, and was considered a mystical revel- 
ation for ages since it employed only two sym- 
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BINARY NOTATION SYSTEM 
REQUIRES ONLY TWO NUMBERS, 
190" AND ue el 


bols for all numbers. Computer service usual- 
ly employs “zero” and “one” as these symbols. 
Decimal notation and binary notation for com- 
mon numbers are shown in figure 5. The 
binary notation represents 4-digit numbers 
(thousands) with -ten bits, and 7-digit num- 
bers (millions) with 20 bits. Only one elec- 
tron tube is required to display an information 
bit. The savings in components and primary 
power drain of a binary-type computer over 
the older ENIAC-type computer is obvious. 
Figure 6 illustrates a computer board show- 
ing the binary indications from one to ten. 


Digital 
Computer Uses 


The digital computer is em- 
ployed in a “yes-no” situa- 
tion. It may be used for 
routine calculations that would ordinarily re- 
quire enormous man-hours of time, such as 
checking stress estimates in aircraft design, or 
military logistics, and problems involving the 
manipulation of large masses of figures. 


DECIMAL NOTATION COMPUTER NOTATION 


Figure 6 
BINARY NOTATION AS REPRESENTED 
ON COMPUTER BOARD FOR NUMBERS 
FROM 1 TO 10. 
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(Ri+R2]+R> 
Figure 7 


SUMMATION OF TWO VOLTAGES 
BY ELECTRICAL MEANS. 


11-3 Analog Computers 


The analog computer represents the use of 
one physical system as a model for a second 
system that is usually more difficult to con- 
struct or to measure, and that obeys the equa- 
tions of the same form. The term analog im- 
plies similarity of relations or properties be- 
tween the two systems. The common slide-rule 
is a mechanical analog computer. The speedo- 
meter in an automobile is a differential analog 
computer, displaying information proportional 
to the rate of change of speed of the vehicle. 
The electronic analog computer employs cir- 
cuits Containing resistance, capacitance, and in- 
ductance arranged to behave in accordance with 
analogous equations. Variables are represented 
by d-c voltages which may vary with time. 


+130. 


@our 


@our= K (€14 @2) 


Figure 8 
SUMMATION OF TWO VOLTAGES 
BY ELECTRONIC MEANS. 


Thus complicated problems can be solved by 
d-c amplifiers and potentiometer controls in 
electronic circuits performing mathematical 
functions. 


Addition ond 
Subtraction 


If a linear network is ener- 
gized by two voltage sources 
the voltages may be summed 
as shown in figure 7. Subtraction of quantities 
may be accomplished by using negative and 
positive voltages. A-c voltages may be em- 
ployed for certain additive circuits, and more 


THE 
HEATHKIT 
ELECTRONIC 
ANALOG 
DIGITAL 
COMPUTER 


This “electronic 
stide rule’ simu- 
lates equations or 
physical problems 
electronically, sub- 
stituting one phys- 
ical system as a 
model for a sec- 
ond system that 
is usually more 
difficult or costly 
to construct or 
measure, and that 
obeys equations of 
the same form. 
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Figure 9 
ELECTRONIC MULTIPLICATION 
MAY BE ACCOMPLISHED BY. 
CALIBRATED POTENTIOMETERS, 
WHEN OUTPUT VOLTAGE IS 
PROPORTIONAL TO THE INPUT 
VOLTAGE MULTIPLIED BY A 

CONSTANT (R2/R}). 


complex circuits employ vacuum tubes, as in 
figure 8. Synchronous transformers may be 
used to add expressions of angular rotation, 
and circuits have been developed for adding 
time delays, or pulse counting. 


Multiplication 
and Division 


Electronic multiplication and 
division may be accomplished 
with the use of potentiome- 
ters where the output voltage is proportional to 
the input voltage multiplied by a constant 
which may be altered by changing the physical 
arrangement of the potentiometer (figure 9). 
Variable autotransformers may also be used to 
perform multiplication. 

A simple bridge may be used to obtain an 
output that is the product of two inputs divided 
by a third input, as shown in figure 10. 


Differentiation The time derivative of a 
voltage can be expressed as 


a charge on a capacitor by: 


de 
dt (1) 


and is shown in figure 11A. The charging cur- 
rent is converted into a voltage by the use 
of a resistor, R. If the input to the RC circuit 
is charging at a uniform rate so that the cur- 
rent through C and R is constant, the output 
voltage €o is: 


i=C 


OUTPUT ™ 


Figure 10 
ELECTRONIC MULTIPLICATION BY 
BRIDGE CIRCUIT PROVIDES 
OUTPUT THAT IS PRODUCT OF 
TWO INPUTS DIVIDED BY A 
THIRD INPUT. 


Figure 11 
ELECTRONIC DIFFERENTIATION 


The time derivative of a voltage can be 

expressed as a charge on a capacitor (A). 

Operational amplifier (B) employs feed 

beck principle Ae short differentiation 
time. 


de (2) 


For highest accuracy, a small RC product 
should be used, permitting the maximum pos- 
sible differentiation time. The output of the 
differentiator may be amplified to any suitable 
level. 

A more accurate differentiating device 
makes use of an operational amplifier. This 
unit is a high gain, negative feedback d-c 
amplifier (discussed in section 11-4) with the 
resistance portion of the RC product appearing 
in the feedback loop of the amplifier (figure 
11B). A shorter differentiation time may be 
employed if the junction point between R and 
C could be held at a constant potential. The 
feedback amplifier shown inverts the output 
signal and applies it to the RC network, hold- 
ing the junction potential constant. 


Integration Integration is a process of ac- 
cumulation, or summation, and 
requires a device capable of storing physical 
quantities. A capacitor will store an electrical 
charge and will give the time integral of a 


current in respect to a voltage: 
ee Ne 
@=— ide (3) 
c 


In most computers, the input signal is in 
the form of a voltage, and the input charging 
current of the capacitor must be taken through 
a series resistance as in figure 12. If the inte- 
grating time is short the charging current is 
approximately proportional to the input vol- 
tage. The charging current may be made a 
true measure of the input voltage by the use 


Figure 12 


SIMPLE i 
INTEGRATION e c @our 
CIRCUIT 


Making use of 
charging current 
of capacitor. 
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Figure 13 
“MILLER FEEDBACK” INTEGRATOR 
SUITABLE FOR COMPUTER USE. 


Figure 14 
R-L NETWORK USED FOR 
INTEGRATION PURPOSES. 


RF 
Ri 
er ec eo 


Figure 15 
OPERATIONAL AMPLIFIER (-A) 


Mathematical operations may be performed 

by any operational amplifier, usually a 

stable, high-gain d-c amplifier, such as 
shown in Figure 16. 


of an operational amplifier wherein the ca- 
pacitance portion of the RC product appears 
in the feedback loop of the amplifier, holding 
the junction point between R and C at a con- 
stant potential. A simple integrator is shown 
in figure 13 employing the Méller feedback 
principle. Integration is also possible with an 
RL network (figure 14). 


11-4 The Operational 


Amplifier 


Mathematical operations are performed by 
using a high gain d-c amplifier, termed an 
operational amplifier. The symbol of this unit 
is a triangle, with the apex pointing in the di- 
rection of operation (figure 15). The gain of 
such an amplifier is —A, so: 


Co 


eo = — Aer, of es = ~ 4 - (4) 
If —A approaches infinity, ee will be ap- 
proximately zero. In practice this condition is 
realized by using amplifiers having open loop 
gains of 30,000 to 60,000. If eo is ser ar 100 
volts, ee will be of the order of a few milli- 
volts. Thus, considering eg equal to zero: 


Cis =. oe = —Re 
R= Ror & zu e1 (ey) 
which may be written: 
Re 
c= K x KS 
e ei, where 7 (6) 


This amounts to multiplication by a constant 
coefficient, since Ri and Re may be fixed in 
value. The circuit of a typical operational am- 
plifier is shown in figure 16. 


100K 


(Ri) 


Ro 2 


Amplifier Two voltages may be added by 
Operation the amplifier, as shown in figure 
17. Keeping in mind that er is 
im (RF) 
eo 
Mm (RE) = 


BIAS 


~450v. 


250 v. 


rr - GAIN= -A — ———— 


Figure 16 
HIGH GAIN OPERATIONAL AMPLIFIER, SUCH AS USED IN HEATH COMPUTER. 
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Re 
Ri 
e1 Re €o0 
ec 
C2 
Figure 17 


TWO VOLTAGES MAY BE 
ADDED BY SUMMATION 
AMPLIFIER. 


essentially at zero (ground) potential: 


Re Re 
ga) be 7 
e zu et 7 @: (7) 
or, e=—- KatkKre (8) 
- eRe oR: 
where Sar and K.= R: (9) 


As long as eo does not exceed the input 
range of the amplifier, any number of inputs 
may be used: 


_ Rt Re Re 
Co Zot met: - Fen 
(10) 


or SC mee ir (11) 
Integration is performed by replacing the 
feedback resistor Re with a capacitor Cr, as 
shown in figure 18. For this circuit (with es 
approximately zero) : 


she: oo et 
Sate. Re (12) 
de deo ei deo 
— 0 eter pee —= Cr — 
but g=Cr eo, so a Cr ae and R or 
(13) 
Thuy = deere al) 
us: Co RG 1 
d  e=— de (15) 
an €o — RiG ei 
Cr Figure 18 
RI : INTEGRATION 
Performed by 
er ec €o Summation Amplifier 
——— by replacing feed 


back resistor with a 
capacitor. 


Fare) 


Figure 19 
“MASS-SPRING- 
DAMPER” PROBLEM 
MAY BE SOLVED BY 
ELECTRICAL ANALOGY 
WITH SIMPLE 
COMPUTER. 


11-5 Solving Analog 


Problems 


By combining the above operations in var- 
ious ways, problems of many kinds may be 
solved .For example, consider the mass-spring- 
damper assembly shown in figure 19. The mass 
M is connected to the spring which has an 
elastic constant K. The viscous damping con- 
stant is C. The vertical displacement is y. The 
sum of. the forces acting on mass M is: 


f= H+ cViny (16) 


where f (t) is the applied force, or forcing 
function. 

The first step is to set up the analog com- 
puter circuit so as to obtain an output voltage 
proportional to y for a given input voltage 
proportional to f (t). Equation (16) may be 
rewritten in the form: 


dN ies Seasdyoes 
(17) 
If, in the analog circuit, there is a voltage 
equal to M Y it can be converted to — ay 


de’ dt 
by passing it through an integrator circuit hav- 
ing an RC time constant equal to M. This re- 
sulting voltage can be passed through a second 
integrator stage with unit time constant which 
will have an output volage equal to y. The 


voltages representing y, -, and f (t) can 
: d 
then be summed to give — C > —Ky +f () 
which is the right hand side of equation (17), 
2, 
and therefore equal to M ot . Connecting the 
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Figure 20 
ANALOG SOLUTION FOR “‘MASS-SPRING- 
DAMPER” PROBLEM OF FIGURE 19. 


output of the summing amplifier (A3) to the 
input of the first as shown in figure 20 satis- 
fies the equation. 

To obtain a solution to the problem, the 
initial displacement and velocity must be speci- 
fied. This is done by charging the integrating 
capacitors to the proper voltages. Three oper- 
ational amplifiers and a summing amplifier 
are required. 

A second problem that may be solved by 
the analog computer is the example of a freely 
falling body. Disregarding air resistance, the 
body will fall (due to the action of gravity) 
with a constant acceleration. The equation 
describing this action is: 

poe 
peo ae (18) 
Integration of equation (18) will give the 


velocity, or oaele , and integration a second time 


dt 
will give displacement, or y. The block dia- 
gram of a suitable computer for this problem 
is shown in figure 21. 


If a voltage proportional to g and hence to 
2 


divs ; : oa 
©Y is introduced into the first amplifier, the 


de’ 


d 
output of that unit will be a or the 


dt 


“de 
dt2 dt 
2 
ere Less e eo 
Figure 21 


ANALOG COMPUTER FOR 
“FREELY FALLING BODY” 
PROBLEM. 


velocity. That, in turn, will become y, or dis- 
tance, at the output of the second amplifier. 


Before the problem can be solved on the 
computer it is necessary to determine the time 
of solution desirable and the output amplitude 
of the solution. The time of solution is de- 
termined by the RC constant of the integrating 
amplifiers. If RC is set at unity, computer 
time is equal to real time. The computer time 
desirable is determined by the method of read- 
out. When using an oscilloscope for read-out, 
a short solution time is desirable. For a re- 
corder, longer solution time is better. 


Suppose, for example, in the problem of the 
falling body, the distance of fall in 2.5 seconds 
is desired. Using an RC constant of 1 would 
give a solution time of 2.5 seconds. This would 
be acceptable for a recorder but is slow for an 
oscilloscope. A convenient time of solution for 
the ‘scope would be 25 milliseconds. This is 
1/100 of the real time, so an RC constant of 
01 is needed. This can be obtained with C 
equal to 0.1 pfd, and R equal to 100,000 
ohms. 


Ic is now necessary to choose an input volt- 
age which will noc overdrive the amplifiers. 
The value of g is known to be approximately 
32 ft/sec./sec. A check indicates that if we 
set g equal to 32 volts, the voltage represent- 
ing the answer will exceed 100 volts. Since 
the linear response of the amplifier is only 
100 volts, this is undesirable. An input of 16 
volts, however, should permit satisfactory op- 
eration of the amplifiers. Output voltages near 
zero should also be avoided. In general, output 
voltage should be about 50 volts or so, with 
amplifier gains of 20 to 60 being preferable. 
Thus, for this particular problem the time- 
scale factor and amplitude-scale factor have 
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Figure 22 
ANALOG SOLUTION FOR 
“FALLING BODY PROBLEM” 
OF FIGURE 21. 


TIME IN SECONDS —> 


DISTANCE 


IN 
FEET 


Figure 23 
READ-OUT SOLUTION OF ‘FREELY 
FALLING BODY” PROBLEM. 


been chosen. The problem now looks like 
figure 22. 

To solve the problem, relays A and A’ are 
opened. The solution should now appear on 
the oscilloscope as shown in figure 23. The 
solution of the problem leaves the integrating 
capacitors charged. It is necessary to remove 
this charge before the problem can be rerun. 
This is done by closing relays A and A’. 


INITIAL CONDITION 
UPPLY MES 


BREAK 


c 


RAMP~ FUNCTION 
GENERATOR 


SIGN CHANGING 


Figure 24 
LIMITING CIRCUIT TO SIMULATE 
NON-LINEAR FUNCTIONS SUCH AS 
ENCOUNTERED IN HYSTERESIS, 
BACKLASH, AND FRICTION 
PROBLEMS. 


11-6 Non-linear Functions 


Problems are frequently encountered in 
which non-linear functions must be simulated. 
Non-linear potentiometers may be used to sup- 
ply an unusual voltage source, or diodes may 
be used as limiters in those problems in which 
a function is defined differently for different 
regions of the independent variable. Such a 
function might be defined as follows: 


Ce = Ki, Ch Ki (19) 
e =e, —Ki,e,K: (20) 
eo = Kz, ei,, Ke (21) 


where K; and Kz are constants. 

Various limiting circuits can be used, one of 
which is shown in figure 24. This is a series 
limiter circuit which is simple and does not 
require special components. Commonly en- 
countered problems requiring these or similar 
limiting techniques include hysteresis, back- 
lash, and certain types of friction. 


NOTE: REPLACE C WITH A 1 MEG. RESISTOR 
. FOR FUNCTION SETUP 


X— OUTPUT 


OY —ouTPpuT 


SUMMING 


CONTROL AMPLIFIER AMPLIFIER 
-7T vovrace 
: Figure 25 
SIMPLIFIED DIAGRAM OF FUNCTIONAL “GENERATOR TO APPROXIMATE NON-LINEAR 
FUNCTIONS. 
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Xo Xr Xa X30 ha Xs KetX— 
Figure 26 


TYPICAL NON-LINEAR FUNCTION 
WHICH MAY BE SET UP WITH 
FUNCTION GENERATOR. 


The Function 
Generotor 


A function generator may be 
used to approximate almost 
any non-linear function. This 
is done by use of straight line segments which 
are combined to approximate curves such as 
are found in trigonometric functions as well 
as in stepped functions. In a typical generator 
ten line segments are used, five in the p/us-x 
direction, and five in the msnus-x direction. 
Five GALS double diodes are used. Each line 
segment is generated by a modified bridge 
circuit (figure 25). A ramp function or volt- 
age is fed into one arm of the bridge while 
the opposite arm is connected to a biased diode. 
The other two arms of the bridge combine to 
form the output. The voltage appearing across 
one of these arms is fed through a sign-chang- 
ing amplifier and then summed with the volt- 
age appearing at the opposite arm. If the arm 
of potentiometer P (the slope control) is set 
in the center, the bridge will be balanced and 
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Figure 27 
ELECTRONIC PACKAGE IN 
DIGITAL COMPUTER. 


Stylized diagram of tube package. Lines car- 

rying negative pulses are marked by a small 

circle at each end. Gates are indicated by 
@ semi-circle with “pins” for each input. 


the output of the summing amplifier will be 
zero. If, on the other hand, potentiometer P 
is adjusted one way or the other from center, 
the bridge will be unbalanced and the sum- 
ming amplifier output will vary linearly with 
respect to the input in either a positive or neg- 
ative y direction, depending upon which side 
of center potentiometer P is set. 

The break voltage, or value of x at which a 
straight line segment will begin is set by 
biasing the diode to the particular voltage level 
or value of x desired. The ramp function gen- 
erator has either a positive or negative input 
which because of the 180 degree phase shife 
in the amplifier, gives a minus- or plus-x out- 
put respectively. A typical function such as 
shown in figure 26 may be set up with the 
function generator. The initial condition volt- 


IBM's new "608," the 
first completely tran- 
sistorized calculator 
for commercial appli- 
cations, operates 
without the use of a 
single vacuum tube. 
Transistors-—tiny ger- 
manium devices that 
perform many of the 
functions of conven- 
tional vacuum tubes 
—make possible 50% 
reduction in compu- 
ter-unit size and a 
90% reduction in 
power requirements 
over a comparable 
1BM tube-model ma- 
chine. They are 
mounted, along with 
related circuitry, on 
banks of printed wir- 
ing panels in the 
608, 
The machine's inter- 
nal storage, or ’mem- 
ory,” is made up of 
magnetic cores—mi- 
nute, doughnut-shap- 
ed objects that can 
“remember” informa- 
tion indefinitely, and 
recall it for use in 
calculations in a few 
millionths of a 
second. 
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age is set to the value of X:. The break-voltage 
control is increased until the output of the 
summing amplifier increases abruptly, indi- 
cating the diode is conducting. The input 
voltage from the initial condition power supply 
is set to the value X: The slope control (P) 
is now set to value Y:. A second function gen- 
erator may be used to set points Xs and X,, 
using the break-voltage control and the initial 
condition voltage adjustments. Points Xs and 
Xc are finally set with a third generator. The 
x-output of the function generator system may 
be read on an oscilloscope, using the x-output 
of the ramp-function generator amplifier as 
the horizontal sweep for the oscilloscope. 


11-7 


Digital circuits dealing with “and,” “or, 
and “not” situations may be excited by electri- 
cal pulses representing these logical operations. 
Sorting and amplifying the pulses can be ac- 
complished by the use of electronic packages, 
such as shown in figure 27. Logical operations 
may be accomplished by diode-resistor gates 
operating into an amplifier stage. Negative and 
positive output pulses from the amplifier are 
obtained through diode output gates. The driv- 
ing pulses may be obtained from a standard 
oscillator, operating at or near 1 mc. 

A circuit of a single digital package is shown 
in figure 28. Other configurations, such as a 
“flip-flop” may be used. Many such packages 


Digital Circuitry 


can be connected in series to form operational 
circuits. The input “and” and “or” gates are 
biased to conduction by external voltages. The 
“and” diode gate transmits a pulse only when 
all the input terminals are pulsed positively, 
and the “or” diode gate transmits a positive 
pulse applied to any one of its input terminals. 
The input pulses pass through the gates and 
drive the amplifier stage, which delivers an 
amplified pulse to the positive and negative 
output gates, and to accompanying memory 
circuits. 


Memory Circuits A memory circuit consists 
of some sort of delay line 
which is capable of holding an information 
pulse for a period of time. The amount of 
delay is proportional to the frequency of the 
input signal. A “long” transmission line may 
be used as a delay line with che signal being 
removed from the “far” end of the line after 
being delayed an interval equal to the time 
of transmission along the line. Lines of this 
type are constructed in the manner of a 
coaxial cable, except that the inner conductor 
is a long, thin coil of wire. Orher memory 
circuits make use of magnetostrictive or piezo- 
electric effects to retard the pulse. Information 
may also be stored in electrostatic storage 
tubes, upon magnetic recording tape, and in 
ferro-magnetic cores capable of holding 10,000 
bits of information. 
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Figure 28 
TYPICAL DIGITAL PACKAGE SHOWING INPUT AND OUTPUT DIODE GATES AND 
PULSE AMPLIFIER. 
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CHAPTER TWELVE 


Radio Receiver Fundamentals 


A conventional reproducing device such as 
a loudspeaker or a pair of earphones is in- 
capable of receiving directly the intelligence 
carried by the carrier wave of a radio trans- 
mitting station. It is necessary that an addi- 
tional device, called a radio receiver, be 
placed between the receiving antenna and the 
loudspeaker or headphones. 

Radio receivers vary widely in their com- 
plexity and basic design, depending upon the 
intended application and upon economic fac- 
tors. A simple radio receiver for reception of 
radiotelephone signals can consist of an ear- 
phone, a silicon or germanium crystal as a 
carrier rectifier or demodulator, and a length 
of wire as an antenna. However, such a re- 
ceiver is highly insensitive, and offers no 
Significant discrimination between two sig- 
nals in the same portion of the spectrum. 

On the other hand, a dual-diversity receiver 
designed for single-sideband reception and 
employing double or triple detection might 
occupy several relay racks and would cost 
many thousands of dollars. However, conven- 
tional communications receivers are interme- 
diate in complexity and performance between 
the two extremes. This chapter is devoted to 
the principles underlying the operation of 
such conventional communications receivers. 


205 


12-1 Detection or 
Demodulation 


A detector or demodulator is a device for 
removing the modulation (demodulating) or 
detecting the intelligence carried by an in- 
coming radio wave. 


Radiotelephony 
Demodulation 


Figure 1 illustrates an ele- 
mentary form of radiotele- 
phony receiver employing a 
diode detector. Energy from a passing radio 
wave will induce a voltage in the antenna and 
cause a radio-frequency current to flow from 
antenna to ground through coil L,. The alter- 
nating magnetic field set up around L, links 
with the turns of L, and causes an r-f current 
to flow through the parallel-tuned circuit, 
L,-C,. When variable capacitor C, is adjusted 
so that the tuned circuit is resonant at the 
frequency of the applied signal, the r-f voltage 
is maximum. This r-f voltage is applied to the 
diode detector where it is rectified into a vary- 
ing direct current and passed through the ear- 
phones. The variations in this current corres- 
pond to the voice modulation placed on the 
signal at the transmitter. As the earphone 
diaphragms vibrate back and forth in accord- 
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Figure | 
ELEMENTARY FORM OF RECEIVER 
This is the basis of the “‘crystal set’ type of re- 
ceiver, although a vacuum diode may be used in 
place of the crystal diode. The tank circuit L2-Cy 
is tuned to the frequency it is desired to receive. 
The by-poss capacitor across the phones should 
have a low reactance to the carrier frequency be- 
ing received, but 0 high reactance to the modula 
tion on the received signal. 


ance with the pulsating current they audibly 
reproduce the modulation which was placed 
upon the carrier wave. 

The operation of the detector circuit is 
shown graphically above the detector circuit 
in figure 1. The modulated carrier is shown 
at A, as it is applied to the antenna. B repre- 
sents the same carrier, increased in amplitude, 
as it appears across the tuned circuit. In C 
the varying d-c output from the detector is 
seen. 


Since a c-w telegraphy sig- 
nal consists of an unmodu- 
lated carrier which is inter- 
rupted to form dots and dashes, it is apparent 
that such a signal would not be made audible 
by detection alone. While the keying is a form 
of modulation, it is composed of such low fre- 
quency components that the keying envelope 
itself is below the audible range for hand key- 
ing speeds. Some means must be provided 
whereby an audible tone is heard while the 
unmodulated carrier is being received, the tone 
stopping immediately when the carrier is in- 
terrupted. 

The most simple means of accomplishing 
this is to feed a locally generated carrier of 
a slightly different frequency into the same 
detector, so that the incoming signal will mix 
with it to form an audible beat note. The dif- 
ference frequency, or beferodyne as the beat 
note is known, will of course stop and start 
in accordance with the incoming c-w radio- 
telegraph signal, because the audible hetero- 
dyne can exist only when both the incoming 
and the locally generated carriers are present. 


Radiotelegraphy 
Reception 


TRIODE 


7. COILS WOUND IN 
SAME OFRECTION 


AUDIO OUTPUT 


PLATE -TICKLER REGENERATION WITH “THROTTLE” 
CONDENSER REGENERATION CONTROL. 


PENTODE AUDIO OUTPUT 


CATHODE-TAP REGENERATION WITH SCREEN VOLTAGE 
REGENERATION CONTROL. 


Figure 2 
REGENERATIVE DETECTOR CIRCUITS 


Regenerative detectors are seldom used at the pre- 

sent time due to their poor selectivity. However, 

they do illustrate the simplest type of receiver 

which moy be used either for radiophone or radio- 
telegraph reception. 


The Autodyne 
Detector 


The local signal which is used 
to beat with the desired c-w 
signal in the detector may be 
supplied by a separate low-power oscillator 
in the receiver itself, or the detector may be 
made to self-oscillate, and thus serve the 
dual purpose of detector and oscillator. A de- 
tector which self-oscillates to provide a beat 
note is known as an autodyne detector, and 
the process of obtaining feedback between the 
detector plate and grid is called regeneration. 

An autodyne detector is most sensitive when 
it is barely oscillating, and for this reason 
a regeneration control is always included in 
the circuit to adjust the feedback to the proper 
amount. The regeneration control may be either 
a variable capacitor or a variable resistor, 
as shown in figure 2. : 

With the detector regenerative but not os- 
cillating, it is also quite sensitive. When the 
circuit is adjusted to operate in this manner, 
modulated signals may be received with con- 
siderably greater strength than with a non- 
regenerative detector. 
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HANDBOOK 
12-2 Superregenerative 
Receivers 


At ultra-high frequencies, when it is de- 
sired to keep weight and cost at a minimum, 
a special form of the regenerative receiver 
known as the superregenerator is often used 
for radiotelephony reception. The superregen- 
erator is essentially a regenerative receiver 
with a means provided to throw the detector 
rapidly in and out of oscillation. The frequency 
at which the detector is made to go in and out 
of oscillation varies with the frequency to be 
received, but is usually between 20,000 and 
500,000 times a second. This superregenera- 
tive action considerably increases the sen- 
sitivity of the oscillating detector so that the 
usual ‘‘background hiss” is greatly amplified 
when no signal is being received. This hiss 
diminishes in proportion to the strength of the 
received signal, loud signals eliminating the 
hiss entirely. 


Quench There are two systems in common 
Methods use for causing the detector to break 

in and out of oscillation rapidly. In 
one, a separate interruption-frequency oscilla- 
tor is arranged so as to vary the voltage rapid- 
ly on one of the detector tube elements (usual- 
ly the plate, sometimes the screen) at the high 
rate necessary. The interruption-frequency 
oscillator commonly uses a conventional tick- 
ler-feedback circuit with coils appropriate for 
its operating frequency. 

The second, and simplest, type of super- 
regenerative detector circuit is arranged so 
as to produce its own interruption frequency 
oscillation, without the aid of a separate tube. 
The detector tube damps (or ‘‘quenches’’) itself 
out of signal-frequency oscillation at a high 
rate by virtue of the use of a high value of 
grid leak and proper size plate-blocking and 
grid capacitors, in conjunction with an excess 
of feedback. In this type of ‘‘self-quenched”’ 
detector, the grid leak is quite often returned 
tothe positive side of the power supply (through 
the coil) rather than to the cathode. A repre- 
sentative self-quenched superregenerative de- 
tector circuit is shown in figure 3. 

Except where it is impossible to secure 
sufficient regenerative feedback to permit 
superregeneration, the self-quenching circuit 
is to be preferred; it is simpler, is self-adjust- 
ing as regards quenching amplitude, and can 
have good quenching wave form. To obtain 
as good results with a separately quenched 
superregenerator, very careful design is re- 
quired. However, separately quenched circuits 
are useful when it is possible to make a cer- 
tain tube oscillate on a very high frequency 
but it is impossible to obtain enough regenera- 
tion for self-quenching action. 


ig 


TO AUDIO 
AMPLIFIER 


Figure 3 
SUPERREGENERATIVE DETECTOR CIRCUIT 


A self-quenched superregenerative detector such 

as illustrated above is capable of giving good 

sensitivity in the v-h-f range. However, the circuit 

has the disadvantoge thot its selectivity is rela 

tively poor. Also, such a circuit should be pre- 

ceded by an r-f stoge to suppress the radiation of 
a signal by the oscillating detector. 


The optimum quenching frequency is a func- 
tion of the signal frequency. As the operating 
frequency goes up, so doesthe optimum quench- 
ing frequency. When the quench frequency is 
too low, maximum sensitivity is not obtained. 
When it is too high, both sensitivity and selec- 
tivity suffer. In fact, the optimum quench fre- 
quency for an operating frequency below 15 Mc. 
is in the audible range. This makes the super- 
regenerator impracticable for use on the lower 
frequencies. 

The high background noise or hiss which 
is heard on a properly designed superregener- 
ator when no signal is being received is not 
the quench frequency component; it is tube 
and tuned circuit fluctuation noise, indicating 
that the receiver is extremely sensitive. 

A moderately strong signal will cause the 
background noise to disappear completely, 
because the superregenerator has an inherent 
and instantaneous automatic volume control 
characteristic. This same a-v-c characteristic 
makes the receiver comparatively insensitive 
to impulse noise such as ignition pulses—a 
highly desirable feature. This characteristic 
also results in appreciable distortion of a re- 
ceived radiotelephone signal, but not enough 
to affect the intelligibility. 

The selectivity of a superregenerator is 
rather poor as compared to a superheterodyne, 
but is surprisingly good for so simple a re- 
ceiver when figured on a percentage basis 
rather than absolute kc. bandwidth. 


A‘ superregenerative receiver 
will receive frequency modu- 
lated signals with results comparing favorably 
with amplitude modulation if the frequency 
swing of the FM transmitter is sufficiently 
high. For such reception, the receiver is de- 
tuned slightly to either side of resonance. 


FM Reception 
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Figure 4 
THE FREMODYNE SUPERREGENERATIVE 
SUPERHETERODYNE DETECTOR FOR 
FREQUENCY MODULATED SIGNALS 


Superregenerative receivers radiate a strong, 
broad, and rough signal. For this reason, it is 
necessary in most applications to employ a 
radio frequency amplifier stage ahead of the 
detector, with thorough shielding throughout 
the receiver. 


The Fremodyne The 
Detector 


Hazeltine-Fremodyne 
superregenerative circuit is 
expressly designed for re- 
ception of FM signals. This versatile circuit 
combines the action of the superregenerative 
receiver with the superhetrodyne, converting 
FM signals directly into audio signals in one 
double triode tube (figure 4). One section of 
the triode serves as a superregenerative mixer, 
producing an i-f of 22 Mc., an i-f amplifier, and 
a FM detector. The detector action is accom- 
plished by slope detection tuning on the side 
of the i-f selectivity curve. 

This circuit greatly reduces the radiated 
signal, characteristic of the superregenerative 
detector, yet provides many of the desirable 
features of the superregenerator. The pass- 
band of the Fremodyne detector is about 
400 kc. 


12-3 Superheterodyne 
Receivers 


Because of its superiority and nearly uni- 
versal use in all fields of radio reception, the 
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ESSENTIAL UNITS OF A 
SUPERHETERODYNE RECEIVER 


The bosic portions of the receiver are shown 

in solid blocks. Practicable receivers em- 

ploy the dotted blocks and also usually in- 

clude such additional circuits as a noise 

limiter, an a-v-c circuit, and a crystal filter 
in the i-€ omplifier. 


theory of operation of the superheterodyne 
should be familiar to every radio student and 
experimenter. The following discussion con- 
cerns superheterodynes for amplitude-modula- 
tion reception. It is, however, applicable in 
part to receivers for frequency modulation. 


Principle of 
Operation 


In the superheterodyne, the in- 
coming signal is applied to a 
mixer consisting of a non-linear 
impedance such as a vacuum tube or a diode. 
The signal is mixed with a steady signal gen- 
erated locally in an oscillator stage, with the 
result that a signal bearing all the modulation 
applied to the original signal but of a fre- 
quency equal to the difference between the 
local oscillator and incoming signal frequen- 
cies appears in the mixer output circuit. The 
output from the mixer stage is fed into a fixed- 
tuned intermediate-frequency amplifier, where 
it is amplified and detected in the usual man- 
ner, and passed on to the audio amplifier. Fig- 
ure 5 shows a block diagram of the fundamen- 
tal superheterodyne arrangement. The basic 
components are shown in heavy lines, the 
simplest superheterodyne consisting simply 
of these three units. However, a good com- 
munications receiver will comprise all of the 
elements shown, both heavy and dotted blocks. 


Superheterodyne 
Advantages 


The advantages of super- 
heterodyne reception are 
directly attributable to the 
use of the fixed-tuned intermediate-frequency 
(i-f) amplifier. Since all signals are converted 
to the intermediate frequency, this section of 
the receiver may be designed for optimum se- 
lectivity and high amplification. High ampli- 
fication is easily obtained in the intermediate- 
frequency amplifier, since it operates at a 
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VARIABLE-D 
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Figure 6 
TYPICAL I-F AMPLIFIER STAGE 


relatively low frequency, where conventional 
pentode-type tubes give adequate voltage gain. 
A typical i-f amplifier is shown in figure 6. 
From the diagram it may be seen that both 
the grid and plate circuits are tuned. The tuned 
circuits used for coupling between i-f stages 
are known as i-f transformers. These will be 
more fully discussed later in this chapter. 


Choice of Inter- The choice of a frequency 
mediate Frequency for the i-f amplifier in- 

volves several considera- 
tions. One of these considerations concerns 
selectivity; the lower the intermediate fre- 
quency the greater the obtainable selectivity. 
On the other hand, a rather high intermediate 
frequency is desirable from the standpoint of 
image elimination, and also for the reception 
of signals from television and FM transmitters 
and modulated self-controlled oscillators, all 
of which occupy a rather wide band of frequen- 
cies, making a broad selectivity characteristic 
desirable. Images are a pecularity common to 
all superheterodyne receivers, and for this 
reason they are given a detailed discussion 
later in this chapter. 

While intermediate frequencies as low as 
50 kc. are used where extreme selectivity is 
a requirement, and frequencies of 60 Mc. and 
above are used in some specialized forms of 
receivers, most present-day communications 
superheterodynes use intermediate frequencies 
around either 455 kc. or 1600 kc. 

Home-type broadcast receivers almost al- 
ways use an i-f in the vicinity of 455 kc., 
while auto receivers usually use a frequency 
of about 262 kc. The standard frequency for 
the i-f channel of FM receivers is 10.7 Mc. 
Television receivers use an i-f which covers 
the band between about 21.5 and 27 Mc., al- 
though a new band between 41 and 46 Mc. is 
coming into more common usage. 


Arithmeticol 
Selectivity 


Aside from allowing the use of 
fixed-tuned band-pass amplifier 
stages, the superheterodyne has 


an overwhelming advantage over the tuned 
radio frequency (t-r-f) type of receiver because 
of what is commonly known as arithmetical 
selectivity. 

This can best be illustrated by considering 
two receivers, one of the t-r-f type and one of 
the superheterodyne type, both attempting to 
receive a desired signal at 10,000 kc. and 
eliminate a strong interfering signal at 10,010 
ke. In the t-r-f receiver, separating these two 
signals in the tuning circuits is Practically 
impossible, since they differ in frequency by 
only 0.1 per cent. However, in a superhetero- 
dyne with an intermediate frequency of, for ex- 
ample, 1000 ke., the desired signal will be 
converted to a frequency of 1000 kc. and the 
interfering signal will be converted to a fre- 
quency of 1010 kc., both signals appearing at 
the input of the i-f amplifier. In this case, the 
two signals may be separated much more read- 
ily, since they differ by 1 per cent, or 10 times 
as much as in the first case. 


The Converter The converter stage, or mixer, 
Stage of a superheterodyne receiver 

can be either one of two types: 
(1) it may use a single envelope converter 
tube, such as a 6K8, 6SA7, or 6BEG, or (2) it 
may use two tubes, or two sets of elements in 
the same envelope, in an oscillator-mixer ar- 
rangement. Figure 7 shows a group of circuits 
of both types to illustrate present practice 
with regard to types of converter stages. 

Converter tube combinations such as shown 
in figures 7A and 7B are relatively simple and 
inexpensive, and they do an adequate job for 
most applications. With a converter tube such 
as the 6SB7-Y or the GBA? quite satisfactory 
performance may be obtained for the reception 
of relatively strong signals (as for example 
FM broadcast reception) up to frequencies in 
excess of 100 Mc. However, the equivalent in- 
put noise resistance of such tubes is of the 
order of 200,000 ohms, which is a rather high 
value indeed. So such tubes are not suited for 
operation without an r-f stage in the high- 
frequency range if weak-signal reception is 
desired. 

The 6L7 mixer circuit shown in figure 7C, 
and the 6BA7 circuit of figure 7D, also are 
characterized by an equivalent input noise re- 
sistance of several hundred thousand ohms, so 
that these also must be preceded by one or 
more r-f stages with a fairly high gain per 
stage if a low noise factor is desired of the 
complete receiver. 

However, the circuit arrangements shown 
at figures 7F and 6F are capable of low-noise 
operation within themselves, so that these 
circuits may be fed directly from the antenna 
without an r-f stage and still provide a good 
noise factor to the complete receiver. Note 
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Figure 7 
TYPICAL FREQUENCY-CONVERTER (MIXER) STAGES 


The relative advantages of the different circuits ore discussed in the text 


that both these circuits use control-grid in- 
jection of both the incoming signal and the 
local-oscillator voltage. Hence, paradoxically, 
circuits such as these should be preceded by 
an r-f stage if local-oscillator radiation is to 
be held to any reasonable value of field in- 
tensity. 


Diode Mixers As the frequency of operation of 

a superhererodyne receiver is in- 
creased above a few hundred megacycles the 
signal-to-noise ratio appearing in the plate 
circuit of the mixer tube when triodes or pen- 
todes are employed drops to a prohibitively 
low value. At frequencies above the upper-fre- 


quency limit for conventional mixer stages, 
mixers of the diode type are most commonly 
employed. The diode may be either a vacuum- 
tube heater diode of a special u-h-f design 
such as the 9005, or it may be a crystal diode 
of the general type of the 1N21 through 1N28 
series. 


12-4 Mixer Noise’ 
and Images 


The effects of mixer noise and images are 
troubles common to all superheterodynes. Since 
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both these efiects can largely be obviated by 
the same remedy, they will be considered to- 
gether. 


Mixer noise of the shot-effect 
type, which is evidenced by a 
hiss in the audio output of the receiver, is 
caused by small irregularities in the plate cur- 
rent in the mixer stage and will mask weak 
signals. Noise of an identical nature is gen- 
erated in an amplifier stage, but due to the 
fact that the conductance in the mixer stage 
is considerably lower than in an amplifier 
Stage using the same tube, the proportion of 
inherent noise present in a mixer usually is 
considerably greater than in an amplifier stage 
using a comparable tube. 

Although this noise cannot be eliminated, 
its effects can be greatly minimized by plac- 
ing sufficient signal-frequency amplification 
having a high signal-to-noise ratio ahead of 
the mixer. This remedy causes the signal out- 
put from the mixer to be large in proportion to 
the noise generated in the mixer stage. In- 
creasing the gain after the mixer will be of no 
advantage in eliminating mixer noise difficul- 
ties; greater selectivity after the mixer will 
help to a certain extent, but cannot be carried 
too far, since thistype of selectivity decreases 
the i-f band-pass and if carried too far will 
not pass the sidebands that are an essential 
part of a voice-modulated signal. 


Mixer Noise 


A triode having a high trans- 
conductance is the quietest 
mixer tube, exhibiting somewhat less gain but 
a better signal-to-noise ratio than a compar- 
able multi-grid mixer tube. However, below 30 
Mc. it is possible to construct a receiver that 
will get down to the atmospheric noise level 
without resorting to a triode mixer. The addi- 
tional difficulties experienced in avoiding 
pulling, undesirable feedback, etc., when using 
a triode with control-grid injection tend to make 
multi-grid tubes the popular choice for this 
application on the lower frequencies. 

On very high frequencies, where set noise 
rather than atmospheric noise limits the weak 
signal response, triode mixers are more widely 
used. A 6J6 miniature twin triode with grids 
in push-pull and plates in parallel makes an 
excellent mixer up to about 600 Mc. 


Triode Mixers 


The amplitude of the injection volt- 
age will affect the conversion trans- 
conductance of the mixer, and there- 
fore should be made optimum if maximum sig- 
nal-to-noise ratio is desired. If fixed bias is 
employed on the injection grid, the optimum 
injection voltage is quite critical. If cathode 
bias is used, the optimum voltage is not so 
critical; and if grid leak bias is employed, the 


Injection 
Voltage 


optimum injection voltage is not at all critical 
just so it is adequate. Typical optimum in- 
jection voltages will run from 1 to 10 volts for 
control grid injection, and 45 volts or so for 
screen or suppressor grid injection. 

Images There always are two signal frequen- 
cies which will combine with a given 
frequency to produce the same difference fre- 
quency. For example: assume a superhetero- 
dyne with its oscillator operating on a higher 
frequency than the signal, which is common 
Practice in present superheterodynes, tuned to 
receive a signal at 14,100 ke. Assuming an 
i-f amplifier frequency of 450 ke., the mixer 
input circuit will be tuned to 14,100 kc., and 
the oscillator to 14,100 plus 450, or 14,550 ke. 
Now, a strong signal at the oscillator frequen- 
cy plus the intermediate frequency (14,550 
plus 450, or 15,000 kc.) will also give a dif- 
ference frequency of 450 kc. in the mixer out- 
putand will be heard also. Note that the image 
is always twice the intermediate frequency 
away from the desired signal. Images cause 
repeat points on the tuning dial. 

The only way that the image could be elimi- 
nated in this particular case would be to make 
the selectivity of the mixer input circuit, and 
any circuits preceding it, great enough so that 
the 15,000-kc. signal never reaches the mixer 
grid in sufficient amplitude to produce inter- 
ference. 

For any particular intermediate frequency, 
image interference troubles become increas- 
ingly greater as the frequency to which the 
signal-frequency portion of the receiver is 
tuned is increased. This is due to the fact that 
the percentage difference between the desired 
frequency and the image frequency decreases 
as the receiver is tuned to a higher frequency. 
The ratio of strength between a signal at the 
image frequency and a signal at the frequency 
to which the receiver is tuned producing equal 
output is known as the image ratio. The higher 
this ratio, the better the receiver in regard to 
image-interference troubles. 

With but a single tuned circuit between the 
mixer grid and the antenna, and with 400-500 
ke. i-f amplifiers, image ratios of 60 db and 
over are easily obtainable up to frequencies 
around 2000 kc. Above this frequency, greater 
selectivity in the mixer grid circuit through 
the use of additional tuned circuits between 
the mixer and the antenna is necessary if a 
good image ratio is to be maintained. 


12-5 R-F Stages 


Since the necessary tuned circuits between 
the mixer and the antenna can be combined 
with tubes to form r-f amplifier stages, the 
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Figure 8 
TYPICAL PENTODE R-F AMPLIFIER STAGE 


reduction of the effects of mixer noise and the 
increasing of the image ratio can be accom- 
plished in a single section of the receiver. 
When incorporated in the receiver, this sec- 
tion is known simply as an r-f amplifier; when 
it is a separate unit with a separate cuning 
control it is often known as a preselector. 
Either one or two stages are commonly used 
in the preselector or r-f amplifier. Some pre- 
selectors use regeneration to obtain still 
greater amplification and selectivity. An r-f 
amplifier or preselector embodying more than 
two stages rarely ever is employed since two 
stages will ordinarily give adequate gain to 
override mixer noise. 


R-F Stages in 
the V-H-F Range 


Generally speaking, atmos- 
pheric noise in the frequency 
range above 30 Mc. is quite 
low—so low, in fact, that the noise generated 
within the receiver itself is greater than the 
noise received on the antenna. Hence it is of 
the greatest importance that internally gener- 
ated noise be held to a minimum in a receiver. 
At frequencies much above 300 Mc. there is 
not too much that can be done at the present 
state of the art in the direction of reducing 
receiver noise below that generated in the con- 
verter stage. But in the v-h-f range, between 
30 and 300 Mc., the receiver noise factor in a 
well designed unit is determined by the char- 
acteristics of the first r-f stage. 

The usual v-h-f receiver, whether for com- 
munications or for FM or TV reception, uses 
a miniature pentode for the first c-f amplifier 
stage. The GAKS is the best of presently avail- 
able types, with the GCB6 and the 6DC6 close- 
ly approaching the 6AK5 in performance. But 
when gain in the first r-f stage is not so im- 
portant, and the best noise factor must be ob- 
tained, the first c-f stage usually uses a triode. 

Shown in figure 9 are four commonly used 
types of triode r-f stages for use in the v-h-f 
range. The circuit at (A) uses few components 
and gives a moderate amount of gain with very 
low noise. It is most satisfactory when the 
first r-f stage is to be fed directly from a low- 


6AB4, $ 66. 
694, $12AT7 


GROUNDED- GRID 


a eee 


CATHODE-COUPLED 656 


+120 v. 


LOW NOISE lw 
CASCODE 


+120Vv, 


Ln 
6BK7, 6BQ7A on 6BZ7 


Figure 9 
TYPICAL TRIODE V-H-F 
R-F AMPLIFIER STAGES 


Triode r-f stages contribute the least omount of 
noise output for a given signal level, hence their 
frequent use in the v-h-f range. 


impedance coaxial transmission line. Figure 
9 (B) gives somewhat more gain than (A), but 
requires an input matching circuit. The effec- 
tive gain of this circuit is somewhat reduced 
when it is being used to amplify a broad band 
of frequencies since the effective G, of the 
cathode-coupled dual tube is somewhat less 
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Figure 10 
TYPICAL DOUBLE-CONVERSION SUPERHE TERODYNE RECEIVERS 


Ilustrated at (A) is the basic circuit of a commercial double-conversion superheterodyne receiver. At (B) is 
illustrated the application of on accessory sharp i-f channel for obtaining improved selectivity from a con- 
ventional communications receiver through the use of the double- conversion principle. 


than half the G, of either of the two tubes 
taken alone. 


The Cascode 
Amplifier 


The Cascode r-f amplifier, de- 
veloped at the MIT Radiation 
Laboratory during World War II, 
is a low noise circuit employing a grounded 
cathode triode driving a grounded grid triode, 
as shown in figure 9C. The stage gain of such 
a circuit is about equal to that of a pentode 
tube, while the noise figure remains at the low 
level of a triode tube. Neutralization of the 
first triode tube is usually unnecessary below 
50 Mc. Above this frequency, a definite im- 
provement in the noise figure may be obtained 
through the use of neutralization. The neutral- 
izing coil, Ly, should resonate at the operat- 
ing frequency with the grid-plate capacity of 
the first triode tube. 

The 6BQ7A and 6BZ7 tubes are designed for 
use in cascode circuits, and may be used to 
good advantage in the 144 Mc. and 220 Mc. am- 
ateur bands (figure 9D). For operation at higher 
frequencies, the 6AJ4 tube is recommended. 


As previously mentioned, 
the use of a higher inter- 
mediate frequency will also improve the image 


Double Canversion 


ratio, at the expense of i-f selectivity, by 
placing the desired signal and the image far- 
ther apart. To give both good image ratio at 
the higher frequencies and good selectivity in 
the i-f amplifier, a system known as double 
conversion is sometimes employed. Inthis sys- 
tem, the incoming signal is first converted to 
a rather high intermediate frequency, and then 
amplified and again converted, this time to a 
much lower frequency. The first intermediate 
frequency supplies the necessary wide separa- 
tion between the image and the desired sig- 
nal, while the second one supplies the bulk of 
the i-f selectivity. 

The double-conversion system, as_ illus- 
trated in figure 10, is receiving two general 
types of application at the present time. The 
first application is for the purpose of attaining 
extremely good stability in a communications 
receiver through the use of crystal control of 
the first oscillator. In such an arrangement, 
as used in several types of Collins receivers, 
the first oscillator is crystal controlled and is 
followed by a tunable i-f amplifier which then 
is followed by a mixer stage and a fixed-cuned 
i-f amplifier on a much lower frequency. 
Through such a circuit arrangement the sta- 
bility of the complete receiver is equal to the 
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stability of the oscillator which feeds the sec- 
ond mixer, while the selectivity is determined 
by the bandwidth of the second, fixed i-f am- 
plifier. 

The second common application of the 
double-conversion principle is for the purpose 
of obtaining a very high degree of selectivity 
in the complete communications receiver. In 
this type of application, as illustrated in fig- 
ure 10 (B), a conventional communications re- 
ceiver is modified in such a manner that its 
normal i-f amplifier (which usually is in the 
450 to 915 kc. range) instead of being fed to 
a demodulator and then to the audio system, 
is alternatively fed to a fixed-tune mixer stage 
and then into a much lower intermediate fre- 
quency amplifier before the signal is demodu- 
lated and fed to the audio system. The acces- 
sory i-f amplifier system (sometimes called a 
Q5’er) normally is operated on a frequency of 
175 ke., 85 ke., or 50 ke. 


12-6 Signal-Frequency 
Tuned Circuits 


The signal-frequency tuned circuits in high- 
frequency superheterodynes and tuned radio 
frequency types of receivers consist of coils 
of either the solenoid or universal-wound types 
shunted by variable capacitors. lt is in these 
tuned circuits that the causes of success or 
failure of a receiver often lie. The universal- 
wound type coils usually are used at frequen- 
cies below 2000 kc.; above this frequency the 
single-layer solenoid type of coil is more 
satisfactory. 


The two factors of greatest signi- 
ficance in determining the gain- 
per-stage and selectivity, respec- 
tively, of a tuned amplifier are tuned-circuit 
impedance and tuned-circuit Q. Since the re- 
sistance of modern capacitors is low at ordi- 
nary frequencies, the resistance usually can 
be considered to be concentrated in the coil. 
The resistance to be considered in making Q 
determinations is the r-f resistance, not the 
d-c resistance of the wire in the coil. The lat- 
ter ordinarily is low enough that it may be 
neglected. The increase in r-f resistance over 
d-c resistance primarily is due to skin effect 
and is influenced by such factors as wire size 
and type, and the proximity of metallic objects 
or poor insulators, such as coil forms with 
high losses. Higher values of Q lead to better 
selectivity and increased r-f voltage across 
the tuned circuit. The increase in voltage is 
due to an increase in the circuit impedance 
with the higher values of Q. 
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Figure 11 
ILLUSTRATING “‘COMMON POINT’® 
BY-PASSING 


To reduce the detrimental effects of cathode cir 
cuit inductance in v-h-f stages, all by-pass ca- 
pacitors should be returned to the cathode terminal 
ot the socket. Tubes with two cathode leads con 
give improved performance if the grid return Is 
mode to one cathode terminal while the plate and 
screen by-poss returns ore made to the cathode 
terminal which is connected to the suppressor 
within the tube. 


Frequently it is possible to secure an in- 
crease in impedance in a resonant circuit, and 
consequently an increase in gain from an am- 
plifier stage, by increasing the reactance 
through the use of larger coils and smaller 
tuning capacitors (higher L/C ratio). 


Another factor which in- 
fluences the operation of 
tuned circuits is the input resistance of the 
tubes placed across these circuits. At broad- 
cast frequencies, the input resistance of most 
conventional r-f amplifier tubes is high enough 
so that it is not bothersome. But as the fre- 
quency is increased, the input resistance be- 
comes lower and lower, until it ultimately 
reaches a value so low that no amplification 
can be obtained from the r-f stage. 

The two contributing factors to the decrease 
in input resistance with increasing frequency 
are the transit time required by an electron 
traveling between the cathode and grid, and 
the inductance of the cathode lead common 
to both the plate and grid circuits. As the 


input Resistance 


frequency becomes higher, the transit time 
can become an appreciable portion of the time 
required by an r-f cycle of the signal voltage, 
and current will actually flow into the grid. 
The result of this effect is similar to that 
which would be obtained by placing a resis- 
tance between the tube’s grid and cathode. 


Because the oscillator in a 
superheterodyne operates 
“offset’’ from the other front 
end circuits, it is necessary to make special 
Provisions to allow the oscillator to track 
when similar tuning capacitor sections are 


Superheterodyne 
Tracking 
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Figure 12 
SERIES TRACKING EMPLOYED 
IN THE H-F OSCILLATOR OF A 
SUPERHETERODYNE 


The series tracking capacitor permits the use of 

identical gangs in o ganged capacitor, since the 

tracking capacitor slows down the rate of frequen- 

cy change in the oscillotor so tha? a constant dif- 

ference in frequency between the oscillator and 

the r-f stage (equal to the i-f amplifier frequency) 
may be maintained. 


ganged. The usual method of obtaining good 
tracking is to operate the oscillator on the 
high-frequency side of the mixer and use a 
series tracking capacitor to slow down the 
tuning rate of the oscillator. The oscillator 
tuning rate must be slower because it covers 
a smaller range than does the mixer when both 
are expressed as a percentage of frequency. 
Ac frequencies above 7000 kc. and with ordi- 
nary intermediate frequencies, the difference 
in percentage between the two tuning ranges 
is so small that it may be disregarded in re- 
ceivers designed to cover only a small range, 
such as an amateur band. 

A mixer and oscillator tuning arrangement 
in which a series tracking capacitor is provid- 
ed is shown in figure 12. The value of the 
tracking capacitor varies considerably with 
different intermediate frequencies and tuning 
ranges, capacitances as low as .0001 fd. 
being used at the lower tuning-range frequen- 
cies, and values up to .01 pfd. being used at 
the higher frequencies. 

Superheterodyne receivers designed to cover 
only a single frequency range, such as the 
standard broadcast band, sometimes obtain 
tracking between the oscillator and the r-f cir- 
cuits by cutting the variable plates of the os- 
cillator tuning section to a different shape 
from those used to tune the r-f stages. 


The frequency to which a 
receiver responds may be 
varied by changing the size 
of either the coils or the capacitors in the tun- 
ing circuits, or both. In short-wave receivers 
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BANDSPREAD CIRCUITS 
Parallel bandspread Is illustrated at (A) and (B), 
series bandspread ot (C), and tapped-coi!l band- 
spreod of (D), 


a combination of both methods is usually em- 
ployed, the coils being changed from one band 
to another, and variable capacitors being used 
to tune the receiver across each band. In prac- 
tical receivers, coils may be changed by one 
of two methods: a switch, controllable from 
the panel, may be used to switch coils of dif- 
ferent sizes into the tuning circuits or, alcer- 
natively, coils of different sizes may be 
plugged manually into the receiver, the con- 
nection into the tuning circuits being made by 
suitable plugs on the coils. Where there are 
several plug-in coils for each band, they are 
sometimes arranged to a single mounting strip, 
allowing them all co be plugged in simultan- 
eously. 


Bandspread 
Tuning 


In receivers using large tuning 
capacitors to cover the short- 
wave spectrum with a minimum 
of coils, tuning is likely co be quite difficult, 
owing to the large frequency range covered by 
a small rotation of the variable capacitors. 
To alleviate this condition, some method of 
slowing down the tuning rate, or bandspread- 
ing, must be used. 


Quantitatively, bandspread is usually desig- 
nated as being inversely proportional to the 
tange covered. Thus, a large amount of band- 
spread indicates that a small frequency range 
is covered by the bandspread control. Con- 
versely, a small amount of bandspread is taken 
to meanthat a Jarge frequency range is covered 
by the bandspread dial. 


Types of 
Bandspread 


Bandspreading systems are of 
two general types: electrical and 
mechanical. Mechanical systems 
are exemplified by high-ratio dials in which 
the tuning capacitors rotate much more slowly 
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than the dial knob. In this system, there is 
often a separate scale or pointer dither con- 
nected or geared to the dial knob to facilitate 
accurate dial readings. However, there is a 
practical limit to the amount of mechanical 
bandspread which can be obtained in a dial 
and capacitor before the speed-reduction unit 
and capacitor bearings become prohibitively 
expensive. Hence, most receivers employ a 
combination of electrical and mechanical band- 
spread. In such a system, a moderate reduc- 
tion in the tuning rate is obtained in the dial, 
and the rest of the reduction obtained by elec- 
trical bandspreading. 


In this book and in other radio 
literature, mention is sometimes 
made of stray or circuit capaci- 
tance. This capacitance is in the usual sense 
defined as the Capacitance remaining across 
a coil when all the tuning, bandspread, and 
padding capacitors across the circuit are at 
their minimum capacitance setting. 

Circuit capacitance can be attributed to two 
general sources. One source is that due to the 
input and output capacitance of the tube when 
its cathode is heated. The input capacitance 
varies soméwhat from the static value when 
the tube is in actual operation. Such factors 
as plate load impedance, grid bias, and fre- 
quency will cause a change in input capaci- 
tance. However, in all except the extremely 
high-transconductance tubes, the published 
measured input capacitance is reasonably close 
to the effective value when the tube is used 
within its recommended frequency range. But 
in the high-transconductance types the effec- 
tive capacitance will vary considerably from 
the published figures as operating conditions 
are changed. 

The second source of circuit capacitance, 
and that which is more easily controllable, is 
that contributed by the minimum capacitance 
of the variable capacitors across the circuit 
and that due to capacitance between the wir- 
ing and ground. In well-designed high-fre- 
quency receivers, every effort is made to keep 
this portion of the circuit capacitance at a 
minimum since a large capacitance reduces 
the tuning range available with a given coil 
and prevents a good L/C ratio, and conse- 
quently a high-impedance tuned circuit, from 
being obtained. : 

A good percentage of stray Circuit capaci- 
tance is due also to distributed capacitance 
of the coil and capacitance between wiring 
points and chassis. 

Typical values of circuit capacitance may 
tun from 10 to 75 ppfd. in high-frequency re- 
ceivers, the first figure representing concen- 
triccline receivers with acorn or miniature 
tubes and extremely small tuning capacitors, 


Stray Circuit 
Copacitonce 


and the latter representing all-wave sets with 
bandswitching, large tuning capacitors, and 
conventional tubes. 


12-7 I-F Tuned Circuits 


I-f amplifiers usually employ bandpass cir- 
cuits of some sort. A bandpass circuit is ex- 
actly what the name implies—a circuit for pass- 
ing a band of frequencies. Bandpass arrange- 
ments can be designed for almost any degree 
of selectivity, the type used in any particular 


case depending upon the ultimate application 
of the amplifier. 


1-F Intermediate frequency trans- 
Tronsformers formers ordinarily consist of 
two or more tuned circuits and 
some method of coupling the tuned circuits 
together. Some representative arrangements 
are shown in figure 14. The circuit shown at 
A is the conventional i-f transformer, with the 
coupling, M, between the tuned circuits being 
provided by inductive coupling from one coil 
to the other. As the coupling is increased, the 
selectivity curve becomes less peaked, and 
when a condition known as critical coupling 
is reached, the top of the curve begins to flat- 
ten out. When the coupling is increased still 
more, a dip occurs in the top of the curve. 

The windings for this type of i-f transformer, 
as well as most others, nearly always consist 
of small, flat universal-wound pies mounted 
either on a piece of dowel to provide an air 
core or on powdered-iron for iron core i-f trans- 
formers. The iron-core transformers generally 
have somewhat more gain and better selectivity 
than equivalent air-core units. 

The circuits shown at figure 14-B and C are 
quite similar. Their only difference is the type 
of mutual coupling used, an inductance being 
used at B and a capacitance at C. The opera- 
tion of both circuits is similar. Three reson- 
ant circuits are formed by the components. In 
B, for example, one resonant circuit is formed 
by L,, C,, C, and L, all in series. The fre- 
quency of this resonant circuit is just the same 
as thatof a single one of the coils and capaci- 
tors, since the coils and capacitors are simi- 
lar in both sides of the circuit, and the reson- 
ant frequency of the two capacitors and the 
two coils all in series is the same as that of 
a single coil and capacitor. The second reson- 
ant frequency of the complete circuit is deter- 
mined by the characteristics of each half of 
the circuit containing the mutual coupling de- 
vice. In B, this second frequency will be lower 
than the first, since the resonant frequency of 
L,, C, and the inductance, M, or L,, C, and M 
is lower than that of a single coil and capaci- 
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tor, due to the inductance of M being added to 
the circuit. 

The opposite effect takes place at figure 
14-C, where the common coupling impedance 
is a Capacitor. Thus, at C the second reson- 
ant frequency is higher than the first. In either 
case, however, the circuit hastwo resonant fre- 
quencies, resulting in a flat-topped selectivity 
curve. The width of the top of the curve is 
controlled by the reactance of the mutual 
coupling component. As this reactance is in- 
creased (inductance made greater, Capacitance 
made smaller), the two resonant frequencies 
become further apart and the curve is broad- 
ened. 


In the circuit of figure 14-D, there is induc- 
tive coupling between the center coil and each 
of the outer coils. The result of this arrange- 
ment is that the center coil acts as a sharply 
tuned coupler between the other two. A signal 
somewhat off the resonant frequency of the 
transformer will not induce as much current 
in the center coil as will a signal of the cor- 
rect frequency. When a smaller current is in- 
duced in the center coil, it in turn transfers 
a still smaller current to the output coil. The 
effective coupling between the outer coils in- 
creases as the resonant frequency is ap- 
proached, and remains nearly constant over a 
small range and then decreases again as the 
resonant band is passed. 

Another very satisfactory bandpass arrange- 
ment, which gives a very straight-sided, flat- 
topped curve, is the negative-mutual arrange- 
ment shown at figure 14-E. Energy is trans- 
ferred between the input and output circuits in 
this arrangement by both the negative-mutual 
coils, M, and the common capacitive reactance, 
C. The negative-mutual coils are interwound 
on the same form, and connected backward. 

Transformers usually are made tunable over 
a small range to permit accurate alignment in 
the circuit in which they are employed. This 
is accomplished either by means of a variable 
capacitor across a fixed inductance, or by 
means of a fixed capacitor across a variable 
inductance. The former usually employ either 
a mica-compression capacitor (designated 
"tmica tuned’’), or a small air dielectric vari- 
able capacitor (designated ‘‘air tuned’’). Those 
which use a fixed capacitor usually employ a 
powdered iron core on a threaded rod to vary 
the inductance, and are known as ‘‘permea- 
bility tuned.” 
Shape Factor It is obvious that to pass modu- 
lation sidebands and to allow 
for slight drifting of the transmitter carrier fre- 
quency and the receiver local oscillator, the 
i-f amplifier must pass not a single frequency 
but a band of frequencies. The width of this 
pass band, usually 5 to 8 kc. at maximum 


Figure 14 
|-F AMPLIFIER COUPLING 
ARRANGEMENTS 


The interstage coupling arrangements illustrated 

above give a better shope factor (more straight 

sided selectivity curve) than would the same num- 
ber of tuned circuits coupled by means of tubes. 


width in a good communications receiver, is 
known as the pass band, and is arbitrarily 
taken as the width between the two frequen- 
cies at which the response is attenuated 6 db, 
or is ‘6 db down.’’ However, it is apparent 
that to discriminate against an interfering sig- 
nal which is stronger than the desired signal, 
much more than 6 db attenuation is required. 
The attenuation arbitrarily taken to indicate 


adequate discrimination against an interfering 
signal is 60 db. 
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Figure 15 
1-F PASS BAND OF TYPICAL 
COMMUNICATIONS RECEIVER 


Ie is apparent that it is desirable to have 
the bandwidth at 60 db down as narrow as 
possible, but it must be done without making 
the pass band (6 db points) too narrow for satis- 
factory reception of the desired signal. The 
figure of merit used to show the ratio of band- 
width at 6 db down to that at 60 db down is 
designated shape factor. The ideal i-f curve, 
a rectangle, would have a shape factor of 1.0. 
The i-f shape factor in typical communications 
receivers runs from 3.0 to 5.5. 

The most practicable method of obtaining a 
low shape factor for a given number of tuned 
circuits is to employ them in pairs, as in fig- 
ure 14-A, adjusted to critical coupling (the 
value at which two resonance points just be- 
gin to become apparent). If this gives too 
sharp a “‘nose’’ or pass band, then coils of 
lower Q should be employed, with the coupling 
maintained at the critical value. As the Q is 
lowered, closer coupling will be required for 
critical coupling. 

Conversely if the pass band is too broad, 
coils of higher Q should be employed, the 
coupling being maintained at critical. If the 
pass band is made more narrow by using looser 
coupling instead of raising the Q and main- 
taninig critical coupling, the shape factor will 
not be as good. 

The pass band will not be much narrower 
for several pairs of identical, critically coupled 
tuned circuits than for a single pair. However, 
the shape factor will be greatly improved as 
each additional pair is added, up to about 5 
pairs, beyond which the improvement for each 
additional pair is not significant. Commer- 
cially available communications receivers of 
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Figure 16 
ELECTRICAL EQUIVALENT OF 
QUARTZ FILTER CRYSTAL 


The crystal is equivalent to avery large value of 

inductance in series with small values of capaci- 

tance and resistance, with a larger though still 

small value of capacitance across the whole cir- 

cuit (representing holder capacitonce plus stray 
capacitances). 


good quality normally employ 3 or 4 double 
tuned transformers with coupling adjusted to 
critical or slightly less. 

The pass band of a typical communication 
receiverhaving a 455 kc. i-f amplifier is shown 
in figure 15. 


**Miller As mentioned previously, the dyna- 
Effect’ mic input capacitance ofa tube varies 
slightly with bias. As a-v-c voltage 
normally is applied to i-f tubes for radiorele- 
phony reception, the effective grid-cathode 
capacitance varies as the signal strength 
varies, which produces the same effect as 
slight detuning of the i-f transformer. This 
effect is known as ‘Miller effect,’’ and can 
be minimized to the extent that it is not 
troublesome either by using a fairly low L/C 
ratio in the transformers or by incorporating 
a small amount of degenerative feedback, the 
latter being most easily accomplished by leav- 
ing pare of the cathode resistor unbypassed 
for r.f. 
Crystal Filters The pass band of an inter- 
mediate frequency amplifier 
may be made very narrow through the use of a 
piezoelectric filter crystal employed as a 
series resonant circuit in a bridge arrange- 
ment known as a crystal filter. The shape fac- 
tor is quite poor, as would be expected when 
the selectivity is obtained from the equivalent 
of a single tuned circuit, but the very narrow 
pass band obtainable as a result of the ex- 
tremely high Q of the crystal makes the crys- 
tal filcer useful for c-w telegraphy reception. 
The pass band of a 455 ke. crystal filter may 
be made as narrow as 50 cycles, while the 
narrowest pass band that can be obtained with 
a 455 ke. tuned circuit of practicable dimen- 
sions is about 5 ke. 
The electrical equivalent of a filter crystal 
is shown in figure 16. For a given frequency, 
L is very high, C very low, and R (assuming 
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Figure 17 
EQUIVALENT OF CRYSTAL 
FILTER CIRCUIT 


For a given voltage out of the generator, the volt- 

age developed across Z; depends upon the ratio 

of the impedance of X to the sum of the impedances 

of Z and Z;. Because of the high Q of the crystal, 

its impedance changes rapidly with changes in 
frequency. 


a good crystal of high Q) is very low. Capaci- 
tance C, represents the shunt capacitance of 
the electrodes, plus the crystal holder and 
wiring, and is many times the capacitance of 
C. This makes the crystal act as a parallel 
resonant circuit with a frequency only slightly 
higher than that of its frequency of series 
resonance. For crystal filter use it is the 
series resonant characteristic that we are pri- 
marily interested in. 

The electrical equivalent of the basic crys- 
tal filter circuit is shown in figure 17. If the 
impedance of Z plus Z, is low compared to the 
impedance of the crystal X at resonance, then 
the current flowing through Z,, and the voltage 
developed across it, will be almost in inverse 
proportion to the impedance of X, which has 
a very sharp resonance curve. 

If the impedance of Z plus Z, is made high 
compared to the resonant impedance of X, then 
there will be no appreciable drop in voltage 
across Z, as the frequency departs from the 
resonant frequency of X until the point is 
reached where the impedance of X approaches 
that of Z plus Z,. This has the effect of broad- 
ening out the curve of frequency versus voltage 
developed across Z,, which is another way of 
saying that the selectivity of the crystal filter 
(but not the crystal proper) has been reduced. 

In practicable filter circuits the impedances 
Z and Z, usually are represented by some form 
of tuned circuit, but the basic principle of 
operation is the same. 

Practical Filters It is necessary to balance 
out the capacitance across 
the crystal holder (C,, in figure 16) co prevent 
bypassing around the crystal undesired signals 
off the crystal resonant frequency. The bal- 
ancing is done by a phasing circuit which 
takes out-of-phase voltage from a balanced in- 
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Figure 18 
TYPICAL CRYSTAL FILTER CIRCUIT 


put circuit and passes it to the output side of 
the crystal in proper phase to neutralize that 
passed through the holder capacitance. A rep- 
resentative practical filter arrangement is 
shown in figure 18. The balanced input circuit 
may be obtained either through the use of a 
split-stator capacitor as shown, or by the use 
of a center-tapped input coil. 


Variable-Selec- 
tivity Filters 


In the circuit of figure 18, the 
selectivity is minimum with 
the crystal input circuit tuned 
to resonance, since at resonance the imped- 
ance of the tuned circuit is maximum. As the 
input circuit is detuned from resonance, how- 
ever, the impedance decreases, and the selec- 
tivity becomes greater. In this circuit, the out- 
put from the crystal filter is tapped down on 
the i-f stage grid winding to provide a low 
value of series impedance in the output cir- 
cuit. Ie will be recalledthat for maximum selec- 
tivity, the total impedance in series with the 
crystal (both input and output circuits) must 
be low. If one is made low and the other is 
made variable, then the selectivity may be 
varied at will from sharp to broad. 

The circuit shown in figure 19 also achieves 
variable selectivity by adding a variable im- 
pedance in series with the crystal circuit. In 
this case, the variable impedance is in series 
with the crystal output circuit. The impedance 
of the output circuit is varied by varying the 
Q. As the Q is reduced (by adding resistance 
in series with the coil), the impedance de- 
creases and the selectivity becomes greater. 
The input circuit impedance is made low by 
using a non-resonant secondary on the input 
transformer. 

A variation of the circuit shown at figure 
19 consists of placing the variable resistance 
across the coil and capacitor, rather than in 
series with them. The result of adding the re- 
sistor is a reduction of the output impedance, 
and an increase in selectivity. The circuit be- 
haves oppositely to that of figure 19, however; 
as the resistance is lowered the selectivity 
becomes greater. Still another variation of fig- 
ure 19 is to use the tuning capacitor across 
the output coil to vary the output impedance. 
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Figure 19 
VARIABLE SELECTIVITY 
CRYSTAL FILTER 


This circuit permits of a greater control of selec- 
tivity thon does the circuit of figure 16, and does 
not require a split-stator voriable capacitor. 


As the output circuit is detuned from reso- 
nance, its impedance is lowered, and the 
selectivity increases. Sometimes a set of 
fixed capacitors and a multipoint switch are 
used to give step-by-step variation of the our- 
put circuit tuning, and thus of the crystal 
filter selectivity. 


Rejection 
Notch 


As previously discussed, a filter 
crystal has both a resonant(series 
resonant) and an_ anti-resonant 
(parallel resonant) frequency, the impedance 
of the crystal being quite low at the former 
frequency, and quite high at the latter fre- 
quency. The anti-resonant frequency is just 
slightly higher than the resonant frequency, 
the difference depending upon the effective 
shunt capacitance of the filter crystal and 
holder. As adjustment of the phasing capacitor 
controls the effective shunt capacitance of the 
crystal, it is possible to vary the anti-reso- 
nant frequency of the crystal slightly without 
unbalancing the circuit sufficiently to let un- 
desired signals leak through the shunt capac- 
itance in appreciable amplitude. At the exact 
anti-resonant frequency of the crystal the at- 
tenuation is exceedingly high, because of the 
high impedance of the crystal at this frequen- 
cy. This is called the rejection notch, and 
can be utilized virtually to eliminate the 
heterodyne image or repeat tuning of c-w sig- 
nals. The beat frequency oscillator can be 
so adjusted and the phasing capacitor so ad- 
justed that the desired beat note is of such 
a pitch that the image (the same audio note 
on the other side of zero beat) falls in the re- 
jection notch and is inaudible. The receiver 
then is said to be adjusted for single-signal 
operation. 

The rejection notch sometimes can be em- 
ployed to reduce interference from an un- 
desired phone signal which is very close in 
frequency to a desired phone signal. The filter 
is adjusted to ‘‘broad’’ so as to permit tele- 
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I-F PASS BAND OF TYPICAL 
CRYSTAL FILTER 
COMMUNICATIONS RECEIVER 


phony reception, and the receiver tuned so 
that the carrier frequency of the undesired 
signal falls in the rejection notch. The modu- 
lation sidebands of the undesired signal still 
will come through, but the carrier heterodyne 
will be effectively eliminated and interference 
greatly reduced. 

A typical crystal selectivity curve for a 
communications receiver is shown in figure 20. 


Crystal Filter 
Considerotions 


A crystal filter, especially 
when adjusted for single sig- 
nal reception, greatly reduces 
interference and background noise, the latter 
feature permitting signals to be copied that 
wouldordinarily be too weak to be heard above 
the background hiss. However, when the filter 
is adjusted for maximum selectivity, the pass 
band is so narrow that the received signal 
must have a high order of stability in order to 
stay within the pass band. Likewise, the local 
oscillator inthe receiver mustbe highly stable, 
or constant retuning will be required. Another 
effece that will be noticed with the filter ad- 
justed too ‘‘sharp’’ is a tendency for code 
characters to produce a ringing sound, and 
have a hangover or “‘tails.”’ This effect limits 
the code speed that can be copied satisfac- 
torily when the filter is adjusted for extreme 
selectivity. 


The Collins Mechanical Fil- 
ter (figure 21) is a new con- 
cept in the field of selec- 
tivity. It is an electro-mechanical bandpass 
filter about half the size of a cigarette pack- 
age. As shown in figure 22, it consists of an 
input transducer, a resonant mechanical sec- 


The Mechanical 
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tion comprised of a number of metal discs, and 
an output transducer. 

The frequency characteristics of the reso- 
nant mechanical section provide the almost 
rectangular selectivity curves shown in figure 
23. The input and output transducers serve 
only as electrical to mechanical coupling de- 
vices and do not affect the selectivity charac- 
teristics which are determined by the metal 
discs. An electrical signal applied to the in- 
put terminals is converted into a mechanical 
vibration at the input transducer by means of 
magnetostriction. This mechanical vibration 
travels through the resonant mechanical sec- 
tion to the output transducer, where it is con- 
verted by magnetostriction to an electrical 
signal which appears at the output terminals. 

In order to provide the most efficient electro- 
mechanical coupling, a small magnet in the 
mounting above each transducer applies a mag- 
netic bias to the nickel transducer core. The 
electrical impulses then add to or subtract 
from this magnetic bias, causing vibration of 
the filter elements that corresponds to the 
exciting signal. There is no mechanical motion 
except for the imperceptible vibration of the 
metal discs. 

Magnetostrictively-driven mechanical filters 
have several advantages over electrical equi- 
valents. In the region from 100 kc. to 500 kc., 
the mechanical elements are extremely small, 
and a mechanical filter having becter selectivi- 
ty than the best of conventional i-f systems 
may be enclosed in a package smaller than one 
i-f transformer. 

Since mechanical elements with Q’s of 5000 
or more are readily obtainable, mechanical fil- 
ters may be designed in accordance with the 
theory for lossless elements. This permits fil- 
ter characteristics that are unobtainable with 
electrical circuits because of the relatively 
high losses in electrical elements as compared 
with the mechanical elements used in the 
filters. 
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MECHANICAL FILTER 
FUNCTIONAL DIAGRAM 


t 
Y of Pay 
” by ptm " 
haley Ve 14 
m ra gl 
hy Yt my " 
Whip eatin 
Figure 2] 


COLLINS MECHANICAL FILTERS 


The Collins Mechanical Filter is an 
electro-mechanical bandpass filter which 
surpasses, in one small unit, the se- 
lectivity of conventional, space-consuming 
filters. At the left is the miniaturized 
filter, less than 244" long. Type H is 
next, and two horizontal mounting types 
are at right. For exploded view of Collins 
Mechanical Filter, see figure 46. 


The frequency characteristics of the mechan- 
ical filter are permanent, and no adjustment is 
required or is possible. The filter is enclosed 
in a hermetically sealed case. 

In order to realize full benefit from the me- 
chanical filter’s selectivity characteristics, 
it is necessary to provide shielding between 
the external input and output circuits, capable 
of reducing transfer of energy external to the 
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Figure 23 


Selectivity curves of 455-kc. mechonical filters 
with nominal 0.8-ke. (dotted line) and 3.1-ke. 
(solid line) bandwidth at -6 db. 
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Figure 24 
VARIABLE-OUTPUT B-F-O CIRCUIT 


A beat-frequency oscillator whose output is con- 
trollable is of consideroble ossistance in copying 
c-w signals over o wide range of levels, and such 
© contro! is almost o necessity for satisfoctory 
copying of single-sideband radiophone signals. 


fileer by a minimum value of 100 db. If the in- 
put circuit is allowed to couple energy into 
the output circuit external to the filter, the 
excellent skirt selectivity will deteriorate and 
the passband characteristics will be distorted. 

As with almost any mechanically resonant 
circuit, elements of the mechanical filter have 
multiple resonances. These result in spurious 
modes of transmission through the filter and 
produce minor passbands at frequencies on 
other sides of the primary passband. Design 
of the filter reduces these sub-bands to a low 
level and removes them from the immediate 
area of the major passband. Two conventional 
i-f transformers supply increased attenuation 
to these spurious responses, and are sufficient 
to reduce them to an insignificant level. 


Beat- Frequency 
Oscillotors 


The beat- frequency oscillator, 
usually called the b./.0., is a 
necessary adjunct for recep- 
tion of c-w telegraph signals on superhetero- 
dynes which have no other provision for ob- 
taining modulation of an incoming c-w tele- 
graphy signal. The oscillator is coupled into 
or just ahead of second detector circuit and 
supplies a signal of nearly the same frequency 
as that of the desired signal from the i-f am- 
plifier. If the i-f amplifier is tuned to 455 kc., 
for example, the b.f.o. is tuned to approxi- 
mately 454 or 456 kc. to produce an audible 
(1000 cycle) beat note in the output of the 
second detector of the receiver. The carrier 
signal itself is, of course, inaudible. The b.f.o. 
is not used for voice reception, except as an 
aid in searching for weak stations. 

The b-f-o input to the second detector need 
only be sufficient to give a good beat note on 
an average signal. Too much coupling into the 
second detector will give an excessively high 
hiss level, masking weak signals by the high 
noise background. 

Figure 24 shows a method of manually ad- 
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Figure 25 
TYPICAL CIRCUITS FOR GRID-LEAK, 
DIODE, PLATE AND INFINITE IMPE- 
DANCE DETECTOR STAGES 


juscing the b-f-o output to correspond with the 
strength of received signals. This type of vari- 
able b-f-o output control is a useful adjunct 
to any superheterodyne, since it allows suffi- 
cient b-f-o output to be obtained to beat with 
strong signals or to allow single-sideband 
reception and at the same time permits the 
b-f-o output, and consequently the hiss, to be 
reduced when attempting to receive weak sig- 
nals. The circuit shown is somewhat better 
than those in which one of the electrode volt- 
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Figure 26 
TYPICAL A-V-C CIRCUIT USING A DOUBLE DIODE 
Any of the small dual-diode tubes may be used in this circuit. Or, if desired, a duo-diode- 


triode may be 


used, with the triode acting as the first audio stage. The left-h d diode 
as the detector, while the right-hand side acts os tas sits Re ilcehTRedak oe 


© rectifier. The use of separate 


diodes for detector and ov-c reduces distortion when receiving an AM signal with a high 
modulation percentage. 
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ages on the b-f-o tube is changed, as the latter 
circuits usually change the frequency of the 
b.f.o. at the same time they change the strength, 
making it necessary to reset the trimmer each 
time the output is adjusted. 

The b.f.o. usually is provided with a small 
trimmer which is adjustable from the front 
panel to permit adjustment over a range of § 
or 10 ke. For single-signal reception the b.f.o. 
always is adjusted to the high-frequency side, 
in order to permit placing the heterodyne image 
in the rejection notch. 

In order to reduce the b-f-o signal output 
voltage to a reasonable level which will pre- 
vent blocking the second detector, the signal 
voltage is delivered through a low-capacitance 
(bigh-reactance) capacitor having a value of 
1 to 2 pysfd. 

Care must be taken with the b.f.o. to pre- 
vent harmonics of the oscillator from being 
picked up at multiples of the b-f-o frequency. 
The complete b.f.o. together with the coupling 
circuits to the second detector, should be thor- 
oughly shielded to prevent pickup of the har- 
monics by the input end of the receiver. 

If b-f-o harmonics still have a tendency to 
give trouble after complete shielding and iso- 
lation of the b-f-o circuit has been accom- 
plished, the passage of these harmonics from 
the b-f-o circuit to the rest of the receiver can 
be stopped through the use of a low-pass filter 
in the lead between the output of the b-f-o cir- 
cuit and the point on the receiver where the 
b-f-o signal is to be injected. 


12-8 Detector, Audio, and 
Control Circuits 


Detectors © Second detectors for use in super- 


heterodynes are usually of the 


diode, plate, or infinite-impedance types. Oc- 
casionally, grid-leak detectors are used in re- 
ceivers using one i-f stage or none at all, in 
which case the second detector usually is 
made regenerative. 

Diodes are the most popular second detect- 
ors because they allow a simple method of 
obtaining automatic volume control to be used. 
Diodes load the tuned circuit to which they 
are connected, however, and thus reduce the 
selectivity slightly. Special i-f transformers 
are used for the purpose of providing a low- 
impedance input circuit to the diode detector. 

Typical circuits for grid-leak, diode, plate 
and infinite-impedance detectors are shown 
in figure 25. 


The elements of an automatic 
volume control (a.v.c.) sys- 
tem are shown in figure 26. 
A dual-diode tube is used as a combination 
diode detector and a-v-c rectifier. The left- 
hand diode operates as a simple rectifier in 
the manner described earlier in this chapter. 
Audio voltage, superimposed on a d-c voltage, 
appears across the 500,000-ohm potentiometer 
(the volume control) and the .0001-yfd. capa- 
citor, and is passed on to the audio amplifier. 
The right-hand diode receives signal voltage 
directly from the primary of the last i-f ampli- 
fier, and acts as the a-v-c rectifier. The pul- 
sating d-c voltage across the l-megohm a.v.c.- 
diode load resistor is filtered by a 500,000-ohm 
resistor and a .05-ufd. capacitor, and applied 
as bias to the grids of the r-f and i-f amplifier 
tubes; an increase or decrease in signal 
strength will cause a corresponding increase 
or decrease in a-v-c bias voltage, and thus the 
gain of the receiver is automatically adjusted 
to compensate for changes in signal strength. 


Automatic Vol- 
ume Control 


Wwww_americanradiohistorv.com 


224 Radio Receiver 


Fundamentals 


THE RADIO 


A-C Loading of 
Second Detector 


By disassociating the a.v.c. 
and detecting functions 
through using separate 
diodes, as shown, most of the ill effects of 
a-c Shunt loading on the detector diode are 
avoided. This type of loading causes serious 
distortion, and the additional components re- 
quired to eliminate it are well worth their cost. 
Even with the circuit shown, a-c loading can 
occur unless a very bigh (5 megohms, or more) 
value of grid resistor is used in the following 
audio amplifier stage. 


A.V.C. in In receivers having a beat- 
B-F-0-Equipped frequency oscillator for the 
Receivers reception of radiotelegraph 


signals, the use of a.v.c. 
can result in a great loss in sensitivity when 
the b.f.o. is switched on. This is because the 
beat oscillator output acts exactly like a 
strong received signal, and causes the a-v-c 
circuit to put high bias onthe r-f andi-f stages, 
thus greatly reducing the receiver's sensitivi- 
ty. Due to the above effect, it is necessary to 
provide a method of making the a-v-c circuit 
inoperative when the b.f.o. is being used. The 
simplest method of eliminating the a-v-c ac- 
tion is to short the a-v-c line to ground when 
the b.f.o. is turned on. A two-circuit switch 
may be used for the dual purpose of turning on 
the beat oscillator and shorting out the a.v.c. 
if desired. 


Signal Strength 
indicators 


Visual means for determining 
whether or not the receiver is 
properly cuned, as well as an 
indication of the relative signal strength, are 
both provided by means of tuning indicators 
(S meters) of the meter or vacuum-tube type. 
A d-c milliammeter can be connected in the 
plate supply circuit of one or more r-f or i-f 
amplifiers, as shown in figure 27A, so that the 
change in plate current, due to the action of 
the a-v-c voltage, will be indicated on the in- 
strument. The d-c instrument MA should have 
a full-scale reading approximately equal to the 
total plate current taken by the stage or stages 
whose plate current passes through the instru- 
ment. The value of this current can be esti- 
mated by assuming a plate current on each 
stage (with no signal input to the receiver) of 
about 6 ma. However, it will be found to be 
more satisfactory to measure the actual plate 
current on the stages with a milliammeter of 
perhaps 0-100 ma. full scale before purchasing 
an instrument for use as an S meter. The 
50-ohm potentiometer shown in the drawing is 
used to adjusc the meter reading to full scale 
with no signal input to the receiver. 

When an ordinary meter is used in the plate 
circuit of a stage, for the purpose of indicat- 
ing signal strength, the meter reads backwards 
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Figure 27 
SIGNAL-STRENGTH-ME TER CIRCUITS 
Shown above are four circuits for obtaining a sig- 
nal-strength reading which is a function of incom- 
ing carrier amplitude. The circuits are discussed 
lin the accompanying text. 


with respect to strength. This is because in- 
creased a-v-c bias on stronger signals causes 
lower plate current through the meter. For this 
reason, special meters which indicate zero at 
the right-hand end of the scale are often used 
for signal strength indicators in commercial 
receivers using this type of circuit. Alter- 
natively, the meter may be mounted upside 
down, so that the needle moves toward the 
right with increased strength. 

The circuit of figure 27B can frequently be 
used to advantage in a receiver where the cath- 
ode of one of the r-f or i-f amplifier stages 
runs directly to ground through the cathode 
bias resistor instead of running through a cath- 
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ode-voltage gain control. In this case a 0-1] 
d-c milliammeter in conjunction with a resistor 
from 1000 to 3000 ohms can be used as shown 
as a signal-strength meter. With this circuit 
the meter will read backwards with increasing 
signal strength as in the circuit previously 
discussed. 

Figure 27C is the circuit of a forward-read- 
ingS meter as is often used in communications 
receivers. The instrument is used in an un- 
balanced bridge circuit with the d-c plate re- 
sistance of one i-f tube as one leg of the 
bridge and with resistors for the other three 
legs. The value of the resistor R must be de- 
termined by trial and error and will be some- 
where in the vicinity of 50,000 ohms. Some- 
times the screen circuits of the r-f and i-f 
stages are taken from this point along with 
the screen-circuit voltage divider. 

Electron-ray tubes (sometimes called “magic 
eyes’’) can also be used as indicators of rela- 
tive signal strength in a circuit similar to that 
shown in figure 27D. A 6U5/6G5 tube should 
be used where the a-v-c voltage will be from 
5 to 20 volts and a type GES tube should be 
used when the a-y-c voltage will run from 2 
to 8 volts. 


Audio Amplifiers Audio amplifiers are em- 
ployed in nearly all radio 
receivers. The audio amplifier stage or stages 
are usually of the Class A type, although Class 
AB push-pull stages are used in some re- 
ceivers. The purpose of the audio amplifier is 
to bring the reJatively weak signal from the 
detector up to a strength sufficient to operate 
a pair of headphones or a loud speaker. Either 
triodes, pentodes, or beam tetrodes may be 
used, the pentodes and beam tetrodes usually 
giving greater output. In some receivers, par- 
ticularly those employing grid leak detection, 
it is possible to operate the headphones di- 
rectly from the detector, without audio ampli- 
fication. In such receivers, a single audio 
stage with a beam tetrode or pentode tube is 
ordinarily used to drive the loud speaker. 

Most communications receivers, either home- 
constructed or factory-made, have a single- 
ended beam tetrode (such as a 6L6 or 6V6) or 
pentode (6F6 or GK6-GT) in the audio output 
stage feeding the loudspeaker. If precautions 
are not taken such a stage will actually bring 
about a decrease in the effective signal-to- 
noise ratio of the receiver due to the rising 
high-frequency characteristic of such a stage 
when feeding a loud-speaker. One way of im- 
Proving this condition is to place a mica or 
Paper capacitor of approximately 0.003 fd. 
capacitance across the primary of the output 
transformer. The use of a capacitor in this 
manner tends to make the load impedance seen 
by the plate of the output tube more constant 


over the audio-frequency range. The speaker 
and transformer will tend to present a rising 
impedance to the tube as the frequency in- 
creases, and the parallel capacitor will tend 
to make the total impedance more constant 
since it will tend to present a decreasing im- 
pedance with increasing audio frequency. 

A still better way of improving the frequency 
characteristic of the output stage, and at the 
same time reducing the harmonic distortion, 
is to use shunt feedback from the plate of the 
output tube to the plate of a tube such as a 
6SJ7 acting as an audio amplifier stage ahead 
of the output stage. 


12-9 Noise Suppression 


The problem of noise suppression confronts 
the listener who is located in places where 
interference from power lines, electrical ap- 
pliances, and automobile ignition systems is 
troublesome. This noise is often of such in- 
tensity as to swamp out signals from desired 
stations. 

There are two principal methods for reduc- 
ing this noise: 

(1) A-c line filters at the source of inter- 
ference, if the noise is created by an 
electrical appliance. 

(2) Noise-limiting circuits for the reduc- 
tion, in the receiver itself, of interfer- 
ence of the type caused by automobile 
ignition systems. 


Power Line 
Filters 


Many household appliances, such 
as electric mixers, heating pads, 
vacuum sweepers, refrigerators, 
oil burners, sewing machines, doorbells, etc., 
create an interference of an intermittent na- 
ture. The insertion of a line filter near the 
source of interference often will effect a com- 
plete cure. Filters for small appliances can 
consist of a 0.l-yfd. capacitor connected a- 
cross the 110-volt a-c line. Two capacitors 
in series across the line, with the midpoint 
connected to ground, can be used in conjunc- 
tion with ultraviolet ray machines, refriger- 
ators, oil burner furnaces, and other more stub- 
born offenders. In severe cases of interfer- 
ence, additional filters in the form of heavy- 
duty r1-f choke coils must be connected in 
series with the 110-volt a-c line on both sides 
of the line right at the interfering appliance. 


Peok Noise 
Limiters 


Numerous noise-limiting circuits 
which are beneficial in overcom- 
ing key clicks, automobile ig- 
nition interference, and similar noise impulses 
have become popular. They operate on the 
principle that each individual noise pulse is 
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of very short duration, yet of very high ampli- 
tude. The popping or clicking type of noise 
from electrical ignition systems may produce 
a signal having a peak value ten to twenty 
times as great as the incoming radio signal, 
but an average power much less than the sig- 
nal. 

As the duration of this type of noise peak 
is short, the receiver can be made inoperative 
during the noise pulse without the human ear 
detecting the total loss of signal. Some noise 
limiters actually punch a bole in the signal, 
while others merely /imit the maximum peak 
signal which reaches the headphones or loud- 
speaker. 

The noise peak is of such short duration 
that it would not be objectionable except for 
the face that it produces an over-loading effect 
on the receiver, which increases its time con- 
stant. A sharp voltage peak will give a kick 
to the diaphragm of the headphones or speak- 
er, and the momentum or inertia keeps the 
diaphragm in motion until the dampening of 
the diaphragm stops it. This movement pro- 
duces a popping sound which may completely 
obliterate the desired signal. If che noise pulse 
can be limited to a peak amplitude equal to 
that of the desired signal, the resulting inter- 
ference is practically negligible for moder- 
ately low repetition rates, such as ignition 
noise. 

In addiction, the i-f amplifier of the receiver 
will also tend to lengthen the duration of the 
noise pulses because the relatively high-Q i-f 
tuned circuits will ring or oscillate when ex- 
cited by a sharp pulse, such as produced by 
ignition noise. The most effective noise limiter 
would be placed before the high-Q i-f tuned 
circuits. At this point the noise pulse is the 
sharpest and has not been degraded by pass- 
age through the i-f transformers. In addition, 
the pulse is eliminated before it can produce 
ringing effects in the i-f chain. 


An i-f noise limiter is shown in 
figure 28. This is an adapta- 
tion of the Lamb noise silenc- 
er circuit. The i-f signal is fed into a double 
grid tube, such as a 6L7, and thence into the 
i-f chain. A 6AB7 high gain pentode is capa- 
city coupled to the input of the i-f system. 
This auxiliary tube amplifies both signal and 
noise that is fed co it. It has a minimum of 
selectivity ahead of it so that it receives the 
true noise pulse before it is degraded by the 
i-f strip. A broadly tuned i-f transformer isused 


The Lamb 
Noise Limiter 


to couple the noise amplifier to a 6H6 noise’ 


rectifier. The gain of the noise amplifier is 
controlled by a potentiometer in the cathode 
of the 6AB7 noise amplifier. This potenti- 
ometer controls the gain of the noise amplifier 


2n0 1.F, 


(ST DET. IST ILE. 


Figure 28 
THE LAMB I-F NOISE SILENCER 


stage and in addition sets the bias level on 
the 6HG diode so that the incoming signal will 
not be rectified. Only noise peaks louder than 
the signal can overcome the resting bias of 
the 6H6 and cause it to conduct. A noise pulse 
rectified by the 6HG6 is applied as a negative 
voltage to the control grid of the 6L7 i-f tube, 
disabling the tube, and punching a hole in the 
signal at the instant of the noise pulse. By 
varying the bias control of the noise limiter, 
the negative control voltage applied to the 
6L7 may be adjusted until it is barely suffi- 
cient to overcome the noise impulses applied 
to the #1 control grid without allowing the 
modulation peaks of the carrier to become 
badly distorted. 


Another effective i-f noise 
limiter is the Bishop limiter. 
This is a full-wave shunt type 
diode limiter applied to the primary of the last 
i-f transformer of a receiver. The limiter is 
self-biased and automatically adjusts itself 
to the degree of modulation of the received 
signal. The schematic of this limiter is shown 
in figure 29. The bias circuit time constant is 
determined by C, and the shunt resistance, 
which consists of R, and R, in series. The 
plate resistance of the last i-f tube and the 
capacity of C, determine the charging rate of 
the circuit. The limiter is disabled by opening 
S,, which allows the bias to rise to the value 
of the i-f signal. 


The Bishop 
Noise Limiter 
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Figure 29 
THE BISHOP I-F NOISE LIMITER 


Audio Noise 
Limiters 


Some of the simplest and most 
practical peak limiters for radio- 
telephone reception employ one 
or two diodes either as shunt or series limiters 
in the audio system of the receiver. When a 
noise pulse exceeds a certain predetermined 
threshold value, the limiter diode acts either 
as a short or open circuit, depending upon 
whether it is used in a shunt or series circuit. 
The threshold is made to occur at a level high 
enough that it will not clip modulation peaks 
enough to impair voice intelligibility, but low 
enough to limit the noise peaks effectively. 

Because the action of the peak limiter is 
needed most on very weak signals, and these 
usually are not strong enough to produce proper 
a-v-¢ action, a threshold setting that is cor- 
rect for a strong phone signal is not correct 
for optimum limiting on very weak signals. For 
this reason the threshold control often is tied 
in with the a-v-c system so as to make the 
optimum threshold adjustment automatic in- 
stead of manual. 

Suppression of impulse noise by means of 
an audio peak limiter is best accomplished at 
the very front end of the audio system, and 
for this reason the function of superheterodyne 
second detector and limiter often are combined 
in a composite circuit. 

The amount of limiting that can be obtained 
is a function of the audio distortion that can 
be tolerated. Because excessive distortion 
will reduce the intelligibility as much as will 
background noise, the degree of limiting for 
which the circuit is designed has to be a com- 
promise. 

Peak noise limiters working at the second 
detector are much more effective when the i-f 
bandwidth of the receiver is broad, because a 
sharp i-f amplifier will lengthen the pulses by 
the time they reach the second detector, mak- 
ing the limiter less effective. V-h-f super- 
heterodynes have an i-f bandwidth consider- 
ably wider than the minimum necessary for 
voice sidebands (to take care of drift and in- 
stability). Therefore, they are capable of bet- 


ter peak noise suppression than a standard 
communications receiver having an i-f band- 
width of perhaps 8 kc. Likewise, when a crys- 
tal filrer is used on the ‘'sharp’’ position an 
a-f peak limiter is of little benefit. 


Practical 
Peak Noise 
Limiter Circuits 


Noise limiters range all the 
way from an audio stage 
running at very low screen 
or plate voltage, to elabor- 
ate affairs employing 5 or more tubes. Rather 
than attempt to show the numerous types, many 
of which are quite complex considering the 
results obtained, only two very similar types 
will be described. Either is just about as ef- 
fective as the most elaborate limiter that can 
be constructed, yet requires the addition of 
but a single diode and a few resistors and 
capacitors over what would be employed in a 
good superheterodyne without a limiter. Both 
circuits, with but minor modifications in re- 
sistance and capacitance values, are incor- 
porated in one form or another in different 
types of factory-built communications receiv- 
ers. 

Referring to figure 30, the first circuit shows 
a conventional superheterodyne second de- 
tector, a.v.c., and first audio stage with the 
addition of one tube element, D,, which may 
be either a separate diode or part of a twin- 
diode as illustrated. Diode D, acts as a series 
gate, allowing audio to get to the grid of the 
a-f tube only so long as the diode is conduct- 
ing. The diode is biased by a d-c voltage ob- 
tainedin the same manner as a-v-c control volt- 
age, the bias being such that pulses of short 
duration no longer conduct when the pulse 
voltage exceeds the carrier by approximately 
60 per cent. This also clips voice modulation 
peaks, but not enough to impair intelligibility. 

It is apparent that the series diode clips 
only positive modulation peaks, by limiting 
upward modulation to about 60 per cent. Neg- 
ative or downward peaks are limited automati- 
cally to 100 per cent in the detector, because 
obviously the rectified voltage out of the 
diode detector cannot be less than zero. Limit- 
ing the downward peaks to 60 per cent or so 
instead of 100 per cent would result in but 
little improvement in noise reduction, and the 
results do not justify the additional compon- 
ents required. 

It is important that the exact resistance 
values shown be used, for best results, and 
that 10 per cent tolerance resistors be used 
for R, and R,. Also, the rectified carrier volt- 
age developed across C, should be at least 5 
volts for good limiting. 

The limiter will work well on c-w telegraphy 
if the amplitude of beat frequency oscillator 
injection is not too high. Variable injection is 
to be preferred, adjustable from the front panel. 
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C2 


Vz C,—0.1-“fd. poper 
ees C,—50- Fd. mica 
Cy, —100-j fd. mica 
--- Cy, Cy —-0.01- Fd. paper 
R, R,—1 megohm, 
% watt 
Rs, Ry —220,000 ohms, 
% watt 
Rs, Re—] megohm, 
% watt 
R,—-2-megohm poten- 
tiometer 


Figure 30 
NOISE LIMITER CIRCUIT, WITH ASSOCIATED A-V-C 
This limiter is of the series type, and is self-adjusting to carrier strength for phone reception. For proper 


operation several volts should be developed across t 


he secondary of the lost i-f transformer (IFT) under 


carrier conditions. 


If this feature is not provided, the b-f-o injec- 
tion should be reduced to the lowest value that 
will give a satisfactory beat. When this is 
done, effective limiting and a good beat can 
be obtained by proper adjustment of the r-f 
and a-f gain controls. It is assumed, of course, 
that the a.v.c. is cut out of the circuit for 
c-w telegraphy reception. 


Alternative 
Limiter Circuit 


The circuit of figure 31 is 
more effective than that 
shown in figure 30 under cer- 
tain conditions and requires the addition of 
only one more resistor and one more capaci- 
tor than the other circuit. Also, this circuit 
involves a smaller loss in output level than 
the circuit of figure 30. This circuit can be 
used with equal effectiveness with a com- 
bined diode-triode or diode-pentode tube (6R7, 
6SR7, 6Q7, 6SQ7 or similar diode-triodes, or 
6B8, 6SF7, or similar diode-pentodes) as diode 
detector and first audio stage. However, a 
separate diode must be used for the noise 
limiter, D,. This diode may be one-half of a 
6H6, GALS, 7AG, etc., or it may be a triode 
connected 6J5, 6C4 or similar type. 

Note that the return for the volume control 
must be made to the cathode of the detector 
diode (and not to ground) when a dual tube is 
used as combined second-detector first-audio. 
This means that in the circuit shown in figure 
31 a connection will exist across the points 
where the ‘'X’’ is shown on the diagram since 
a common cathode lead is brought out of the 
tube for D, and V,. If desired, of course, a 
single dual diode may be used for D, and D, 
in this circuit as well as in the circuit of fig- 
ure 30. Switching the limiter in and out with 
the switch S brings about no change in volume. 

In any diode limiter circuit such as the ones 
shown in these two figures it is importance that 


the mid-point of the heater potential for the 
noise-limiter diode be as close to ground 
potential as possible. This means that the 
center-tap of the heater supply for the tubes 
should be grounded wherever possible rather 
than grounding one side of the heater supply 
as is often done. Difficulty with hum pickup 
in the limiter circuit may be encountered when 
one side of the heater is grounded due to the 
high values of resistance necessary in the 
limiter circuit. 

The circuit of figure 31 has been used with 
excellent success in several home-constructed 
receivers, and in the BC-312/BC-342 and BC- 
348 series of surplus communications receiv- 
ers. It is also used in certain manufactured 
receivers. 

An excellent check on the operation of the 
noise limiter in any communications receiver 
can be obtained by listening to the Loran sig- 
nals in the 160-meter band. With the limiter 
out a sharp casping buzz will be obtained 
when one of these stations is tuned in. With 
the noise limiter switched into the circuit the 
buzz should be greatly reduced and a low- 
pitched hum should be heard. 


The Full-Wave 
Limiter 


The most satisafctory diode 
noise limiter is the series full- 
wave limiter, shown in figure 
32. The positive noise peaks are clipped by 
diode A, the clipping level of which may be 
adjusted to clip at any modulation level be- 
tween 25 per cent and 100 per cent. The nega- 
ative noise peaks are clipped by diode B at 
a fixed level. 


The TNS Limiter The Twin Noise Squelch, 

popularized by CQ maga- 
zine, is a combination of a diode noise clipper 
and an audio squelch tube. The squelch cir- 
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This circuit is of the self- 

adjusting type and gives less 

distortion for a given degree 

of modulation than the more 

common limiter circuits. 

R,, R,—470K, 4% watt 

R,;—100K, % wott 

Ry, Rs —1 megohm, % watt 

Rg—2-megohm potentlometer 

C,—-0.00025 mica (approx.) 

C,—0.01-u td. poper 

C,—-0.01-“fd. poper 

C,—0.01-“fd. poper 

D,, D,—6H6, 6AL5S, 7A6, of 
diode sections of a 6S88-GT 


Figure 31 
ALTERNATIVE NOISE LIMITER CIRCUIT 


cuit is useful in eliminating the grinding back- 
ground noise that is the residual left by the 
diode clipper. In figure 33, the setting of the 
470K potentiometer determines the operating 
level of the squelch action and should be set 
to eliminate the residual background noise. 
Because of the low inherent distortion of the 
TNS, it may be left in the circuit at all times. 
As with other limiters, the TNS requires a 
high signal level at the second detector for 
maximum limiting effect. 


12-10 


Speciol Considerations 
in U-H-F Receiver Design 


Transmission 


At increasingly higher frequen- 
Line Circuits 


cies, it becomes progressively 
more difficult to obtain a satis- 
factory amount of selectivity and impedance 
from an ordinary coil and capacitor used as a 
resonant circuit. On the other hand, quarter 


Le T 2NO DET. 


auolo 


Figure 32 
THE FULL-WAVE SERIES AUDIO 
NOISE LIMITER 


wavelength sections of parallel conductors or 
concentric transmiSsion line are not only more 
efficient but also become of practical dimen- 
sions. 


Tuning 


Tubes and tuning capacitors con- 
Short Lines 


nected tothe open end of a trans- 
mission line provide a capaci- 
tance that makes the resonant length less than 
a quarter wave-length. The amount of shorten- 
ing for a specified capacitive reactance is 
determined by the surge impedance of the line 
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Figure 33 
THE TNS AUDIO NOISE LIMITER 
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Figure 34 
COUPLING AN ANTENNA TOA 
COAXIAL RESONANT CIRCUIT 


(A) shows the recommended method for couplin 

a coaxial fine to a coaxial resonant circuit. (B 

shows on altemative method for use with an open- 
wire type of antenna feed fine. 


Cavity CAVITY 


® 


CONCENTRIC LINE 
LINE 


CAVITY) 


CavITY © © ITY 


cribs 
HOLE ELECTRON 
Figure 35 
METHODS OF EXCITING A RESONANT 
CAVITY 


section. lt is given by the equation for reso- 
nance: 


1 
——  =Z, tan! 
2nrfC 
in which 7 == 3.1416, /is the frequency, C the 
capacitance, Z, the surge impedance of the 
line, and tan / is the tangent of the electrical 
length in degrees. 

The capacitive reactance of the capacitance 
across the end is 1/(27 { C) ohms. For reson- 
ance, this must equal the surge impedance of 
the line times the tangent of its electrical 
length (in degrees, where 90° equals a quar- 
ter wave). It will be seen that twice the capac- 
itance will resonate a line if its surge imped- 
ance is halved; also that a given capacitance 
has twice the loading effect when the frequen- 
cy is doubled. 


It is possible to couple into 
a parallel-rod line by tapp- 
ing directly on one or both 
rods, preferably through 
blocking capacitors if any d.c. is present. 
More commonly, however, a hairpin is induc- 
tively coupled at the shorting bar end, either 
to the bar or to the two rods, or both. This 
normally will result in a balanced load. Should 
a loop unbalanced to ground be coupled in, 
any resulting unbalance reflected into the rods 
can be reduced with a simple Faraday screen, 
made of a few parallel wires placed between 
the hairpin loop and the rods. These should 
be soldered at only one end and grounded. 

An unbalanced tap on a coaxial resonant 


Coupling Into 
Lines and 
Coaxial Circuits 


circuit can be made directly on the inner con- 
ductor at the point where it is properly matched 
(figure 34). For low impedances, such as a con- 
centric line feeder, a small one-half turn loop 
can be inserted through a hole in the outer 
conductor of the coaxial circuit, being in ef- 
fect a half of the hairpin type recommended 
for coupling balanced feeders to coaxial re- 
sonant lines. The size of the loop and close- 
ness to the inner conductor determines the 
impedance matching and loading. Such loops 
coupled in near the shorting disc do not alter 
the tuning appreciably, if not overcoupled. 


Resonant 
Cavities 


A cavity is a closed resonant 
chamber made of metal. It is 
known also as a rhumbatron. The 
cavity, having both inductance and capaci- 
tance, supersedes coil-capacitor and capaci- 
tance-loaded transmission-line tuned circuits 
at extremely high frequencies where conven- 
tional L and C components, of even the most 
refined design, prove impractical because of 
the tiny electrical and physical dimensions 
they must have. Microwave cavities have high 
Q factors and are superior to conventional 
tuned circuits. They may be employed in the 
manner of an absorption wavemeter or as the 
tuned circuit in other r-f test instruments, and 
in microwave transmitters and receivers. 
Resonant cavities usually are closed on all 
sides and all of their walls are made of elec- 
trical conductor. However, in some forms, 
small openings are present for the purpose of 
excitation. Cavities have been produced in 
several shapes including the plain sphere, 
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Figure 36 
TUNING METHODS FOR CYLINDRICAL 
RESONANT CAVITIES 


dimpled sphere, sphere with reentrant cones 
of various sorts, cylinder, prism (including 
cube), ellipsoid, ellipsoid-hyperboloid, dough- 
nut-shape, and various reentrant types. In ap- 
pearance, they resemble in their simpler forms 
metal boxes or cans. 

The cavity actually is a linear circuit, but 
one which is superior to a conventional co- 
axial resonator in the s-h-f range. The cavity 
resonates in much the same manner as does a 
barrel or a closed room with reflecting walls. 

Because electromagnetic energy, and the 
associated electrostatic energy, oscillates to 
and fro inside them in one mode or another, 
resonant cavities resemble wave guides. The 
mode of operation in a cavity is affected by 
the manner in which micro-wave energy is in- 
jected. A cavity will resonate to a large num- 
ber of frequencies, each being associated with 
a particular mode or standing-wave pattern. 
The lowest mode (lowest frequency of opera- 
tion) of a cavity resonator normally is the one 
used. 

The resonant frequency of a cavity may be 
varied, if desired, by means of movable plung- 
ers or plugs, as shown in figure 36A, or a 
movable metal disc (see figure 36B). A cavity 
that is too small for a given wavelength will 
not oscillate. 

The resonant frequencies of simple spheri- 
cal, cylindrical, and cubical cavities may be 
calculated simply for one particular mode. 
Wavelength and cavity dimensions (in centi- 
meters) are related by the following simple 
resonance formulae: 


For Cylinder A, = 2.6 x radius 


** Cube A, = 2.83x half of 1 side 
* Sphere A, = 2.28x radius 
Butterfly Unlike the cavity resonator, which 


in its conventional form is a device 
which can tune over a relatively 
narrow band, the butterfly circuit is a tunable 
resonator which permits coverage of a fairly 


Circuit 


® 


Figure 37 
THE BUTTERFLY RESONANT CIRCUIT 
Shown at (A) is the physical appearance of the 
butterfly circuit os used in the v-h-f and lower 
u-h-f range. (B) shows an electrical representa- 
tion of the circuit. 


wide u-h-f band. The butterfly circuit is very 
similar to a conventional coil-variable capaci- 
tor combination, except that both inductance 
and capacitance are provided by what appears 
to be a variable capacitor alone. The Q of this 
device is somewhat less than that of a con- 
centric-line tuned circuit but is entirely ade- 
quate for numerous applications. 


Figure 37A shows construction of a single 
butterfly section. The butterfly-shaped rotor, 
from which the device derives its name, turns 
in relation to the unconventional stator. The 
two groups of stator ‘‘fins’’ or sectors are in 
effect joined together by a semi-circular metal 
band, integral with the sectors, which provides 
the circuit inductance. When the rotor is set 
to fill the loop opening (the position in which 
it is shown in figure 37A), the circuit induct- 
ance and capacitance are reduced to minimum. 
When the rotor occupies the position indicated 
by the dotted lines, the inductance and capaci- 
tance are at maximum. The tuning range of 
practical butterfly circuits is in the ratio of 
1.5:1 to 3.531. 

Direct circuit connections may be made to 
points A and B. If balanced operation is de- 
sired, either point C or D will provide the 
electrical mid-point. Coupling may be effected 
by means of a small singleturn loop placed 
near point E or F. The butterfly thus permits 
continuous variation of both capacitance and 
inductance, as indicated by the equivalent 
circuit in figure 37B, while at the same time 
eliminating all pigtails and wiping contacts. 

Several butterfly sections may be stacked 
in parallel in the same way that variable ca- 
pacitors are built up. In stacking these sec- 
tions, the effectof adding inductances in paral- 
lel is to lower the total circuit inductance, 
while the addition of stators and rotors raises 
the total capacitance, as well as the ratio of 
maximum to minimum capacitance. 
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Butterfly circuits have been applied specifi- 
cally to oscillators for transmitters, super- 
heterodyne receivers, and heterodyne frequen- 
cy meters in the 100-1000-Mc. frequency range. 


The types of resonant circuits de- 
scribed in the previous paragraphs 
have largely replaced conventional 
coil-capacitor circuits in the range above 100 
Mc. Tuned short lines and butterfly circuits 
are used in the range from about 100 Mc. to 
perhaps 3500 Mc., and above about 3500 Mc. 
resonant cavities are used almost exclusively. 
The resonant cavity is also quite generally 
employed in the 2000-Mc. to 3500-Mc. range. 

In a properly designed receiver, thermal 
agitation in che first tuned circuit is amplified 
by subsequent tubes and predominates in the 
output. For good signal-to-set-noise ratio, 
therefore, one must strive for a high-gain low- 
noise r-f stage. Hiss can be held down by giv- 
ing careful attention to this point. A mixer 
has about 0.3 of the gain of an r-f cube of the 
same type; so it is advisable to precede a 
mixer by an efficienc r-f stage. It is also of 
some value to have good r-f selectivity before 
the first detector in order to reduce noises 
produced by beating noise at one frequency 
against noise at another, to produce noise at 
the intermediate frequency in a superheter- 
odyne. 


Receiver 
Circuits 


The frequency limit of a tube is reached 
when the shortest possible external connec- 
tions are used as the tuned circuit, except for 
abnormal types of oscillation. Wires or size- 
able components are often best considered as 
sections of transmission lines rather than as 
simple resistances, capacitances, or induct- 
ances. 

So long as small triodes and pentodes will 
operate normally, they are generally preferred 
as v-h-f tubes over other receiving methods 
that have been devised. However, the input 
capacitance, input conductance, and transit 
time of these tubes limit the upper frequency 
at which they may be operated. The input re- 
sistance, which drops to a low value at very 
short wave-lengths, limits the stage gain and 
broadens the tuning. 


The first tube in a v-h-f receiver is 
most important in raising the signal 
above the noise generated in succes- 
sive stages, for which reason small v-h-f types 
are definitely preferred. 

Tubes employing the conventional grid-con- 
trolled and diode rectifier principles have been 
modernized, through various expedients, for 
operation at frequencies as high, in some new 
types, as 4000 Mc. Beyond that frequency, 
electron transit time becomes the limiting fac- 


V-H-F 
Tubes 


tor and new principles must be enlisted. In 
general, the improvements embodied in exist- 
ing tubes have consisted of (1) reducing elec- 
trode spacing to cut down electron transit 
time, (2) reducing electrode areas to decrease 
interelectrode capacitances, and (3) shorten- 
ing of electrode leads either by mounting the 
electrode assembly close to the tube base or 
by bringing the leads out directly through the 
glass envelope at nearby points. Through re- 
duction of lead inductance and interelectrode 
capacitances, input and output resonant fre- 
quencies due to tube construction have beer: 
increased substantially. 

Tubes embracing one or more of the fea- 
tures just outlined include the later loctal 
types, high-frequency acorns, button-base 
types, and the lighthouse types. Type 6J4 
bucton-base triode will reach 500 Mc. Type 
6F4 acorn triode is recommended for use up to 
1200 Mc. Type 1A3 button-base diode has a 
resonant frequency of 1000 Mc., while type 
9005 acorn diode resonates at 1500 Mc. Light- 
house type 2C40 can be used at frequencies 
up to 3500 Mc. as an oscillator. 


Crystal More than two decades have 
Rectifiers passed since the crystal (mineral) 

rectifier enjoyed widespread use 
in radio receivers. Low-priced tubes complete- 
ly supplanted the fragile and relatively insen- 
sitive crystal detector, although it did con- 
tinue for a few years as a simple meter recti- 
fier in absorption wavemeters after its demise 
as a receiver Component. 

Today, the crystal detector is of new im- 
portance in microwave communication. It is 
being employed as a detector and as a mixer 
in receivers and test instruments used at ex- 
tremely high radio frequencies. At some of 
the frequencies employed in microwave opera- 
tions, the crystal rectifier is the only satis- 
factory detector or mixer. The chief advan- 
tages of the crystal rectifier are very low ca- 
pacitance, relative freedom from transit-time 
difficulties, and its two-terminal nature. No 
batteries or a-c power supply are required for 
its operation. 

The crystal detector consists essentially of 
a small piece of silicon or germanium mount- 
ed in a base of low-melting-point alloy and 
contacted by means of a thin, springy feeler 
wire known as the cat whisker. This arrange- 
ment is shown in figure 38A. 

The complex physics of crystal rectification 
is beyond the scope of this discussion. It is 
sufficient to state that current flows from sev- 
eral hundred to several thousand times more 
readily in one direction through the contact of 
cat whisker and crystal than in the opposite 
direction. Consequently, an alternating current 
(including one of microwave frequency) will 
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Figure 38 
1N23 MICROWAVE-TYPE 
CRYSTAL DIODE 


A small silicon crystal is attached to 


ee 


the base connector and a fine ‘‘cat- 
whisker" wire is set to the most sensi- 
tive spot on the crystal. After adjust- 
ment the ceramic shell is filled with 
compound to hold the contact wire in 
position. Crystals of this type are used 


to over 30,000 mc. 


be rectified by the crystal detector. The load, 
through which the rectified currents flow, may 
be connected in series or shunt with the crys- 
tal, although the former connection is most 
generally employed. 

The basic arrangement of a modern fixed 
crystal detector developed during World War II 
for microwave work, particularly radar, is 
shown in figure 38B. Once the cat whisker of 
this unit is set at the factory to the most sen- 
sitive spot on the surface of the silicon crys- 
tal and its pressure is adjusted, a filler com- 
pound is injected through the filling hole to 
hold the cat whisker permanently in position. 


12-11 


Receiver Adjustment 


A simple regenerative receiver requires 
litdle adjustment other than that necessary 
to insure correct tuning and smooth regenera- 
tion over some desired range. Receivers of 
the tuned radio-frequency type and superheter- 
odynes require precise alignment to obtain the 
highest possible degree of selectivity and 
sensitivity. 

Good results can be obtained from a receiv- 
er only when it is properly aligned and ad- 
justed. The most practical technique for mak- 
ing these adjustments is given below. 
Instruments A very small number of instru- 
ments will suffice to check and 
align a communications receiver, the most im- 
portant of these testing units being a modu- 
lated oscillator and a d-c and a-c voltmeter. 
The meters are essential in checking the volt- 
age applied at each circuit point from the pow- 
er supply. If the a-c voltmeter is of the oxide- 
rectifier type, it can be used, in addition, as 
an output meter when connected across the 


receiver output when tuning to a modulated 
signal. If the signal is a steady tone, such as 
from a test oscillator, the output meter will 
indicate the value of the detected signal. In 
this manner, alignment results may be visually 
noted on the meter. 


T-R-F Receiver 
Alignment 


Alignment procedure in a mul- 
tistage t-r-f receiver is exact- 
ly the same as aligning a 
single stage. If the detector is regenerative, 
each preceding stage is successively aligned 
while keeping the detector circuit tuned to the 
test signal, the latter being a station signal 
or one locally generated by a test oscillator 
loosely coupled to the antenna lead. During 
these adjustments, the r-f amplifier gain con- 
trol is adjusted for maximum sensitivity, as- 
suming that the r-f amplifier is stable and 
does not oscillate. Often a sensitive receiver 
can be roughly aligned by tuning for maximum 
noise pickup. 


Superheterodyne 
Alignment 


Aligning a superhet is a de- 
tailed task requiring a great 
amount of care and patience. 
It should never be undertaken without a thor- 
ough understanding of the involved job to be 
done and then only when there is abundant 
time to devote to the operation. There are no 
short cuts; every circuit must be adjusted in- 
dividually and accurately if the receiver is to 
give peak performance. The precision of each 
adjustment is dependent upon the accuracy 
with which the preceding one was made. 

Superhet alignment requires (1) a good sig- 
nal generator (modulated oscillator) covering 
the radio and intermediate frequencies and 
equipped with an attenuator; (2) the necessary 
socket wrenches, screwdrivers, or ‘‘neutral- 
izing tools’’ to adjust the various i-f and r-f 
trimmer Capacitors; and (3) some convenient 
type of tuning indicator, such as a copper- 
oxide or electronic voltmeter. 

Throughout the alignment process, unless 
specifically stated otherwise, the r-f gain con- 
trol must be set for maximum output, the beat 
oscillator switched off, and the a.v.c. turned 
off or shorted out. When the signal output of 
the receiver is excessive, either the attenuator 
or the a-f gain control may be turned down, but 
never the r-f gain control. 


After the receiver has been 
given a rigid electrical and 
mechanical inspection, and any faults which 
may have been found in wiring or the selec- 
tion and assembly of parts corrected, the i-f 
amplifier may be aligned as the first step in 
the checking operations. 

With the signal generator set to give a modu- 
lated signal on the frequency at which the i-f 


1-F Alignment 
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amplifier is to operate, clip the ‘thot’’ output 
lead from the generator to the last i-f stage 
through a small fixed capacitor to the control 
grid. Adjust both trimmer capacitors in the 
last i-f transformer (the one between the last 
i-f amplifier and the second detector) to reson- 
ance as indicated by maximum deflection of 
the output meter. 

Each i-f stage is adjusted in the same man- 
ner, moving the hot lead, stage by stage, back 
toward the front end of the receiver and back- 
ing off the attenuator as the signal strength 
increases in each new position. The last ad- 
justment will be made to the first i-f trans- 
former, with the hot signal generator lead con- 
nected to the control grid of the mixer. Oc- 
casionally it is necessary to disconnect the 
mixer grid lead from the coil, grounding it 
through a 1,000- or 5,000-ohm resistor, and 
coupling the signal generator through a small 
capacitor to the grid. 

When the last i-f adjustment has been com- 
pleted, it is good practice to go back through 
the i-f channel, re-peaking all of the trans- 
formers. It is imperative that this recheck be 
made in sets which do not include a crystal 
filter, and where the simple alignment of the 
i-f amplifier to the generator is final. 


(-F with 
Crystal Filter 


There are several ways of align- 
ing an i-f channel which con- 
tains a crystal-filtee circuit. 
However, the following method is one which 
has been found to give satisfactory results in 
every case: An unmodulated signal generator 
capable of tuning to the frequency of the filter 
crystal in the receiver is coupled to the grid of 
the stage which precedes the crystal filter in 
the receiver. Then, with the crystal filter 
switched in, the signal generator is tuned 
slowly to find the frequency where the crystal 
peaks. The receiver ‘‘S’’ meter may be used 
as the indicator, and the sound heard from the 
loudspeaker will be of assistance in finding 
the point. When the frequency at which the 
crystal peaks has been found, all the i-f trans- 
formers in the receiver should be touched up 
to peak at that frequency. 


Adjusting the beat oscil- 
lator on a receiver that has 
no front panel adjustment is relatively simple. 
It is only necessary to tune the receiver to 
resonance with any signal, as indicated by 
the tuning indicator, and then turn on the b.f.o. 
and set its trimmer (or trimmers) to produce 
the desired beat note. Setting the beat oscil- 
lator in this way will result in the bear note 
being stronger on one “‘side’’ of the signal 
than on the other, which is what is desired 
for c-w reception. The b.f.o. should not be set 
to zero beat when the receiver is tuned to 
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Figure 39 
THE Q-MULTIPLIER 


The loss resistonce of a high-Q circuit 
is neutralized by regeneration ina 
simple feedback omplifier. A highly 
selective passbond is produced which 
is coupled to the i-f circuit of the 


receiver. 


resonance with the signal, as this will cause 
an equally strong beat to be obtained on both 
sides of resonance. 


Front-End 
Alignment 


Alignment of the front end of a 
home-constructed receiver is a 
relatively simple process, con- 
sisting of first getting the oscillator to cover 
the desired frequency range and then of peak- 
ing the various r-f circuits for maximum gain. 
However, if the frequency range covered by 
the receiver is very wide a fair amount of cut 
and try will be required to obtain satisfactorv 
tracking between the r-f circuits and the oscil- 
lator. Manufactured communications receivers 
should always be tuned in accordance with 
the instructions given in the maintenance man- 
ual for the receiver. 


12-12 Receiving Accessories 

The selectivity of a receiver 
may be increased by raising 
the Q of the tuned circuits of the i-f strip. A 
simple way to accomplish this is to add a con- 
trolled amount of positive feedback to a tuned 
circuit, thus increasing its Q. This is done in 
the O-multiplier, whose basic circuit is shown 
in figure 39. The circuit 1.-C1-C2 is tuned to 


The Q-Multiplier 
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1.F SIGNAL IN 1-F SIGNAL OuT 


Q MULTIPLIER “NULL” 


1-F RESPONSE 


455 KC 
FREQUENCY 


Figure 40 
Q-MULTIPLIER NULL CIRCUIT 


The addition of a second triode permits 
the Q-Multiplier to be used for nulling 
out an unwanted hetrodyne. 


the intermediate frequency, and the loss re- 
sistance of the circuit is neutralized by the 
Positive feedback circuit composed of C3 and 
the vacuum tube. Too great a degree of positive 
feedback will cause the circuit to break into 
oscillation. 

At the resonant frequency, the impedance of 
the tuned circuit is very high, and when shunted 
across an i-f stage will have little effect upon 
the signal. At frequencies removed from reso- 
nance, the impedance of the circuit is low, re- 
sulting in high attenuation of the i-f signal. 
The resonant frequency of the Q-multiplier may 
by varied by changing the value of one of the 
components in the tuned circuit. 

The Q-multiplier may also be used to ‘null’’ 
a signal by employing negative feedback to 
control the plate resistance of an auxiliary 
amplifier stage as shown in figure 40. Since the 
grid-cathode phase shift through the Q-multiplier 
is zero, the plate resistance of a second tube 
may be readily controlled by placing it across 
the Q-multiplier. At resonance, the high nega- 
tive feedback drops the plate resistance of 
V2, shunting the i-f circuit. Off resonance, the 
feedback is reduced and the plate resistance 
of V2 rises, reducing the amount of signal at- 
tenuation in the i-f strip. A circuit combining 
both the ‘‘peak’’ and ‘‘null’’ features is shown 
in figure 41. 


A version of the common 
mixer of converter stage 


The Product Detector 


TO PLATE TERMINAL 
OF FIRST I-F TUBE THRU 
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SELECTIVITY 
CONTROLS 
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Figure 41 
SCHEMATIC OF A 455KC 
Q-MULTIPLIER 


Coil LI is 
reactance of the cooxial line. It is ad- 
justed for maximum signal response. 
LI may be omitted if the Q-multiplier 
is connecfed to the receiver witha 
short length of wire, and the i-f trans- 


required to tune out the 


former within the receiver is retuned. 


may be used as a second detector in a receiver 
in place of the usual diode detector. The diode 
is an envelope detector (section | 2-1) and de- 
velops a d-c output voltage from a single r-f 
signal, and audio ‘‘beats’’ from two or more 
input signals. A product detector (figure 42) 
requires that a local carrier voltage be present 
in order to produce an audio output signal. 


PRODUCT 
DETECTOR 


R-F SIGNAL AUDIO OUTPUT 


LOCAL 
OSCILLATOR 


Figure 42 
THE PRODUCT 
DETECTOR 
Audio output signal is 
developed only when 
local oscillator is on. 
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Figure 43 
PENTAGRID MIXER 
USED AS PRODUCT 

DETECTOR 


Such a detector is useful for single sideband 
work, since the inter-modulation distortion is 
extremely low. 

A pentagrid product detector is shown in 
figure 43. The incoming signal is applied to 
grid 3 of the mixer tube, and the local oscillator 
is injected on grid 1. Grid bias is adjusted for 
operation over the linear portion of the tube 
characteristic curve. When grid 1 injection 
is removed, the audio output from an unmodu- 
lated signal applied to grid 3 should be reduced 
approximately 30 to 40 db below normal de- 
tection level. When the frequency of the local 
oscillator is synchronized with the incoming 
carrier, amplitude modulated signals may be 
received by exalted carrier reception, wherein 
the local carrier substitutes for the transmitted 
carrier of the a-m signal. 

Three triodes may be used as a product 
detector (figure 44). Triodes V1 and V2 act 
as cathode followers, delivering the sideband 
signal and the local oscillator signal to a 
grounded grid triode (V3) which functions as 
the mixer stage. A third version of the product 
detector is illustrated in figure 45. A twin 
triode tube is used. Section VI functions as 
a cathode follower amplifier. Section V2 is a 


BEAT OSC. 
SIGNAL 


Figure 44 
TRIPLE-TRIODE 
PRODUCT DETECTOR 


V1 and V2 act as cathode follow- 
ers, delivering sideband signal 
local oscillator signal to 
grounded grid triode mixer (V3). 


and 


12AUT ‘of 


[-—eaupio Our 


BEATOSC. + 
SICNAL 


Figure 45 
DOUBLE-TRIODE 
PRODUCT DETECTOR 


‘plate’? detector, the cathode of which is 
common with the cathode follower amplifier. 
The local oscillator signal is injected into the 
grid circuit of tube V2. 
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Figure 46 
EXPLODED Vi€w OF COLLINS 
MECHANICAL FILTER 
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CHAPTER THIRTEEN 


Generation of 


Radio Frequency Energy 


A radio communication or broadcast trans- 
mitter consists of a source of radio frequency 
power, or carrier; a system for modulating the 
carrier whereby voice or telegraph keying or 
other modulation is superimposed upon it; and 
an antenna system, including feed line, for 
radiating the intelligence-carrying radio fre- 
quency power. The power supply employed to 
convert primary power to the various voltages 
required by the r-f and modulator portions of 
the transmitter may also be considered part 
of the transmitter. 

Voice modulation usually is accomplished 
by varying either the amplitude or the frequen- 
cy of the radio frequency carrier in accordance 
with the components of intelligence to be 
transmitted. 

Radiotelegraph modulation (keying) normal- 
ly is accomplished either by interrupting, 
shifting the frequency of, or superimposing an 
audio tone on the radio-frequency carrier in 
accordance with the dots and dashes to be 
transmitted. 

The complexity of the radio-frequency gen- 
erating portion of the transmitter is dependent 
upon the power, order of stability, and frequen- 
cy desired. An oscillator feeding an antenna 
directly is the simplest form of radio-frequency 
generator. A modern high-frequency transmitter, 
on the other hand, is a very complex generator. 
Such an equipment usually comprises a very 
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stable crystal-controlled or  self-controlled 
oscillator to stabilize the output frequency, a 
series of frequency multipliers, one or more 
amplifier stages to increase the power up to 
the level which is desired for feeding the an- 
tenna system, and a filter system for keeping 
the harmonic energy generated in the trans- 
mitter from being fed to the antenna system. 


13-1 Self-Controlled 


Oscillators 


In Chapter Four, it was explained that the 
amplifying properties of a tube having three 
or more elements give it the ability to gener- 
ate an alternating current of a frequency de- 
termined by the components associated with 
it. A vacuum tube operated in such a circuit 
is called an oscillator, and its function is 
essentially to convert direct current into radio- 
frequency alternating current of a predeter- 
mined frequency. 

Oscillators for controlling the frequency of 
conventional radio transmitters can be divided 
into two general classes: self-controlled and 
crystal-controlled. 

There are a great many types of self-con- 
trolled oscillators, each of which is best suited 
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© covpitts ELECTRON COUPLED 


@ CLAPP ELECTRON COUPLED 


Figure ] 
COMMON TYPES OF SELF-EXCITED OSCILLATORS 


Fixed capacitor values are typical, but will vary somewhat with the application. 


In the Clapp oscillator circuits (G) and (H), capacitors Cy and C2 


should have o 


reactance of 50 to 100 ohms at the operating frequency of the oscillotor. Tuning of 

these two oscillators is accomplished by capacitor C. In the circuits of (E), (F), and 

(H), tuning of the tank circuit in the plote of the oscillator tube will have relatively 

small effect on the frequency of oscillation. The plate tank circuit olso may, if de- 

sired, be tuned to a harmonic of the oscillation frequency, or a broadly resonant 
circuit may be used in this circuit position. 


to a particular application. They can further 
be subdivided into the classifications of: neg- 
ative-grid oscillators, electron-orbit oscilla- 
tors, negative-resistance oscillators, velocity 
modulation oscillators, and magnetron oscil- 
lators. 


Negative-Grid 
Oscillators 


A negative-grid oscillator is 
essentially a vacuum-tube am- 
plifier with a sufficient por- 
tion of the output energy coupled back into the 
input circuit to sustain oscillation. The con- 


trol grid is biased negatively with respect to 
the cathode. Common types of negative-grid 
oscillators are diagrammed in figure 1. 


The Hartley Illustrated in figure 1 (A) is the 
oscillator circuit which finds the 
most general application at the present time; 
this circuit is commonly called the Hartley. 
The operation of this oscillator will be de- 
scribed as an index to the operation of all 


negative-grid oscillators; the only real differ- 
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ence between the various circuits is the man- 
ner in which energy for excitation is coupled 
from the plate to the grid circuit. 

When plate voltage is applied to the Hartley 
oscillator shown at (A), the sudden flow of 
Plate current accompanying the application of 
plate voltage will cause an electro-magnetic 
field to be set up in the vicinity of the coil. 
The building-up of this field will cause a po- 
tential drép to appear from turn-to-turn along 
the coil. Due to the inductive coupling be- 
tween the portion of the coil in which the plate 
current is flowing and the grid portion, a po- 
tential will be induced in the grid portion. 

Since the cathode tap is between the grid 
and plate ends of the coil, the induced grid 
voltage acts in such a manner as to increase 
further the plate current to the tube. This ac- 
tion will continue for a short period of time 
determined by the inductance and capacitance 
of the tuned circuit, until the flywheel effect 
of the tuned circuit causes this action to come 
to a maximum and then to reverse itself. The 
plate current then decreases, the magnetic 
field around the coil also decreasing, until a 
minimum is reached, when the action starts 
again in the original direction and at a greater 
amplitude than before. The amplitude of these 
oscillations, the frequency of which is de- 
termined by the coil-capacitor circuit, will in- 
crease in a very short period of time to a limit 
determined by the plate voltage of the oscil- 
lator tube. 


The Colpitts Figure 1 (B) shows a version of 

the Colpitts oscillator. It can 
be seen that this is essentially the same cir- 
cuit as the Hartley except that the ratio of a 
pair of capacitances in series determines the 
effective cathode tap, instead of actually us- 
ing a tap on the tank coil. Also, the net ca- 
pacitance of these two capacitors comprises 
the tank capacitance of the tuned circuit. This 
oscillator circuit is somewhat less suscep- 
tible to parasitic (spurious) oscillations than 
the Hartley. 

For best operation of the Hartley and Col- 
pitts oscillators, the voltage from grid to cath- 
ode, determined by the tap on the coil or the 
setting of the two capacitors, normally should 
be from 1/3 to 1/5 that appearing between 
plate and cathode. 

The T.P.T.G. The tuned-plate tuned-grid os- 
cillator illustrated at (C) has 
a tank circuit in both the plate and grid cir- 
cuits. The feedback of energy from the plate 
to the grid circuits is accomplished by the 
plate-to-grid inter-electrode capacitance with- 
in the tube. The necessary phase reversal in 
feedback voltage is provided by tuning the 
grid tank capacitor to the low side of the de- 


sired frequency and the plate capacitor to the 
high side. A broadly resonant coil may be sub- 
stituted for the grid tank to form the T.N.T. 
oscillator shown at (D). 


Electron-Coupled 
Oscillators 


In any of the oscillator cir- 
cuits just described it is 
possible to take energy from 
the oscillator circuit by coupling an external 
load to the tank circuit. Since the tank circuit 
determines the frequency of oscillation of the 
tube, any variations in the conditions of the 
external circuit will be coupled back into the 
frequency determining portion of the oscillator. 
These variations will result in frequency in- 
stability. 

The frequency determining portion of an 
oscillator may be coupled to the load circuit 
only by an electron stream, as illustrated in 
(E) and (F) of figure 1. When it is considered 
that the screen of the tube acts as the plate 
to the oscillator circuit, the plate merely act- 
ing as a coupler to the load, then the sim- 
ilarity between the cathode-grid-screen circuit 
of these oscillators and the cathode-grid-plate 
circuits of the corresponding prototype can be 
seen. 

The electron-coupled oscillator has good 
stability with respect to load and voltage var- 
iation. Load variations have a relatively small 
effect on the frequency, since the only cou- 
pling between the oscillating circuit and the 
load is through the electron stream flowing 
through the other elements to the plate. The 
plate is electrostatically shielded from the 
oscillating portion by the bypassed screen. 

The stability of the e.c.o. with respect to 
variations in supply voltages is explained as 
follows: The frequency will shift in one direc- 
tion with an increase in screen voltage, while 
an increase in plate voltage will cause it to 
shift in the other direction. By a proper pro- 
portioning of the resistors that comprise the 
voltage divider supplying screen voltage, it is 
possible to make the frequency of the oscil- 
lator substantially independent of supply volt- 
age variations. 


The Clapp 
Oscillator 


A relatively new type of oscillator 
circuit which is capable of giving 
excellent frequency stability is 
illustrated in figure 1G. Comparison between 
the more standard circuits of figure 1A through 
IF and the Clapp oscillator circuits of figures 
1G and 1H will immediately show one marked 
difference: the tuned circuit which controls 
the operating frequency in the Clapp oscillator 
is series resonant, while in all the more stand- 
ard oscillator circuits the frequency control- 
ling circuit is parallel resonant. Also, the 
capacitors C, and C, are relatively large in 
terms of the usual values for a Colpitts oscil- 
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lator. In fact, the value of capacitors C, and 
C, will be in the vicinity of 0.001 pfd. to 
0.0025 pfd. for an oscillator which is to be 
operated in the 1.8-Mc. band. 

The Clapp oscillator operates in the follow- 
ing manner: at the resonant frequency of the 
oscillator tuned circuit (L, C) the impedance 
of this circuit is at minimum (since it oper- 
ates in series resonance) and maximum cur- 
rent flows through it. Note however, that C, 
and C, also are included within the current 
path for the series resonant circuit, so that at 
the frequency of resonance an appreciable 
voltage drop appears across these capacitors. 
The voltage drop appearing across C, is ap- 
plied to the grid of the oscillator tube as ex- 
citation, while the amplified output of the 
oscillator tube appears across C, as the driv- 
ing power to keep the circuit in oscillation. 

Capacitors C, and C, should be made as 
large in value as possible, while still permit- 
ting the circuit to oscillate over the full run- 
ing range of C. The larger these capacitors 
are made, the smaller will be the coupling be- 
tween the oscillating circuit and the tube, and 
consequently the better will be oscillator sta- 
bility with respect to tube variations. High Gm 
tubes such as the 6AC7, 6AG7, and 6CB6 will 
permit the use of larger values of capacitance 
at C, and C, than will more conventional tubes 
such as the 6SJ7, 6V6, and such types. In gen- 
eral it may be said that the reactance of ca- 
pacitors C, and C, should be on the order of 
40 to 120 ohms at the operating frequency of 
the oscillator~with the lower values of re- 
actance going with high-G,, tubes and the 
higher values being necessary to permit oscil- 
lation with tubes having G,, in the range of 
2000 micromhos such as the 6SJ7. 

It will be found that the Clapp oscillator 
will have a tendency to vary in power output 
over the frequency range of tuning capacitor 
C. The output will be greatest where C is at 
its largest setting, and will tend to fall off 
with C at minimum capacitance. In fact, if 
capacitors C, and C, have too large a value 
the circuit will stop oscillation near the mini- 
mum Capacitance setting of C. Hence it will 
be necessary to use a slightly smaller value 
of capacitance at C, and C, (to provide an in- 
crease in the capacitive reactance at this 
point), or else the frequency range of the oscil- 
lator must be restricted by paralleling a fixed 
capacitor across C sothat its effective capaci- 
tance at minimum setting will be increased to 
a value which will sustain oscillation. 

In the triode Clapp oscillator, such as shown 
at figure 1G, output voltage for excitation of 
an amplifier, doubler, or isolation stage nor- 
mally is taken from the cathode of the oscil- 
lator tube by capacitive coupling to the grid 
of the next tube. However, where greater iso- 


lation of succeeding stages from the oscillat- 
ing circuit is desired, the electron-coupled 
Clapp oscillator diagrammed in figure 1H may 
be used. Output then may be taken from the 
plate circuit of the tube by capacitive coupling 
with either a tuned circuit, as shown, or with 
an r-f choke or a broadly resonant circuit in 
the plate return. Alternatively, energy may be 
coupled from the output circuit L,-C, by link 
coupling. The considerations with regard to 
C,, C,, and the grid tuned circuit are the same 
as for the triode oscillator arrangement of 
figure 1G. 


Negative Resist- 
ance Oscillators 


Negative-resistance oscil- 
lators often are used when 
unusually high frequency 
stability is desired, as in a frequency meter. 
The dynatron of a few years ago and the newer 
transitron are examples of oscillator circuits 
which make use of the negative resistance 
characteristic between different elements in 
some multi-grid tubes. 

In the dynatron, the negative resistance is a 
consequence of secondary emission of elec- 
trons from the plate of a tetrode tube. By a 
proper proportioning of the electrode voleage, 
an increase in screen voltage will cause a 
decrease in screen current, since the increased 
screen voltage will cause the screen to attract 
a larger number of the secondary electrons 
emitted by the plate. Since the net screen cur- 
rent flowing from the screen supply will be 
decreased by an increase in screen voltage, 
it is said chat the screen circuit presents a 
negative resistance. 


If any type of tuned circuit, or even a re- 
sistance-capacitance circuit, is connected in 
series with the screen, the arrangement will 
oscillate~provided, of course, that the external 
circuit impedance is greater than the negative 
resistance. A negative resistance effect simi- 
lar to the dynatron is obtained in the transitron 
circuit, which uses a pentode with the suppres- 
sor coupled to the screen. The negative re- 
sistance in this case is obtained from a com- 
bination of secondary emission and inter-elec- 
trode coupling, and is considerably more stable 
than that obtained from uncontrolled secondary 
emission alone in the dynatron. A representa- 
tive transitron oscillator circuit is shown in 
figure 2. 

The chief distinction between a conven- 
tional negative grid oscillator and a negative 
resistance oscillator is that in the former the 
tank circuit must act as a phase inverter in 
order to permit the amplification of the tube 
to act as a negative resistance, while in the 
latter the tube acts as its own phase inverter. 
Thus a negative resistance oscillator requires 
only an untapped coil and a single capacitor 
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OB+ 100 - 150 v. 


(A) TRANSITRON OSCILLATOR 


6SN7 or 6/6 


O 8+ 100-180 Vv. 


CATHODE COUPLED OSCILLATOR 


Figure 2 
TWO-TERMINAL OSCILLATOR CIRCUITS 


Both circuits may be used for an audio 

oscillator or for frequencies into the 

veh-f range simply by placing o tank cir- 

cuit tuned to the proper frequency where 

indicated on the drawing. Recommended 

values for the components are given be- 
low for both oscillators. 


TRANSITION OSCILLATOR 

C,—0.01- fd. mica for ¢.#. 10- “fd. elect. for o.f. 

C,—0.00005- fd. mice for r.f. 0.1-ufd. poper for 
f 


o.f. 

C,—0.003- ufd. mice for rf. 0.5-fd. poper fer 
o.f. 

C,——0.01- fd. mica for .f. 8-pfd. elect. for a.f. 

R,—220K %-watt carbon 

R,—1800 ohms 4-watt carbon 

R;—22K 2-watt corbon 

R,—22K 2-watt carbon 


CATHODE-COUPLED OSCILLATOR 

C,—0.00005- zfd. mico for vf. O.1-ufd. poper 
for audio 

C,—0.003- fd. mice for vf. 8-ifd. elect. for 
audio 

R,—47K }4-watt carbon 

R,—I1K T-wott carbon 


as the frequency determining tank circuit, and 
is classed as a two terminal oscillator. In fact, 
the time constant of an R/C circuit may be 
used as the frequency determining element and 
such an oscillator is rather widely used as a 
tunable audio frequency oscillator. 


The Franklin oscillator makes 
use of two cascaded tubes to 
obtain the negative-resistance 
effect (figure 3). The tubes may be either a 
pair of triodes, tetrodes, or pentodes, a dual 
triode, or a combination of a triode and a multi- 
grid tube. The chief advantage of this oscil- 
lator circuit is that the frequency determining 
tank only has two terminals, and one side of 
the circuit is grounded. 

The second tube acts as a phase inverter to 
give an effect similar to that obtained with the 
dynatron or transitron, except that the effective 
transconductance is much higher. If the tuned 
circuit is omitted or is replaced by a resistor, 
the circuit becomes a relaxation oscillator or 
a multivibrator. 


The Franklin 
Oscillator 


The Clapp oscillator has proved 
to be inherently the most stable 
of all the oscillator circuits dis- 
cussed above, since minimum coupling be- 
tween the oscillator tube and its associated 
tuned circuit is possible. However, this in- 


Oscillator 
Stability 


herently good stability is with respect to tube 
variations; instability of the tuned circuit with 
respect to vibration or temperature will of 
course have as much effect on the frequency of 
oscillation as with any other type of oscillator 
circuit. Solid mechanical construction of the 
components of the oscillating circuit, along 
with a small negative-coefficient compensating 
capacitor included as an element of the tuned 
circuit, usually will afford an adequate degree 
of oscillator stability. 


Figure 3 
THE FRANKLIN OSCILLATOR CIRCUIT 


A separate phase inverter tube is used in 

this oscillator to feed a portion of the output 

back to the input in the proper phose to sus- 

tain oscillation. The values of Cy and C2 

should be as smallas will permit oscillations 

to be sustained over the desired frequency 
range. 
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V.F.0O. Transmit- 
ter Controls 


When used to control the fre- 
quency of a transmitter in 
which there are stringent 
limitations on frequency tolerance, several pre- 
cautions are taken to ensure that a variable 
frequency oscillator will stay on frequency. 
The oscillator is fed from a voltage regulated 
power supply, uses a well designed and tem- 
perature compensated tank circuit, is of rugged 
mechanical construction to avoid the effects 
of shock and vibration, is protected against 
excessive changes in ambient room tempera- 
ture, and is isolated from feedback or stray 
coupling from other portions of the transmitter 
by shielding, filtering of voltage supply leads, 
and incorporation of one or more buffer-ampli- 
fier stages. In a high power transmitter a small 
amount of stray coupling from the final ampli- 
fier to the oscillator can produce appreciable 
degradation of the oscillator stability if both 
are on the same frequency. Therefore, the os- 
cillator usually is operated on a subharmonic 
of the transmitter output frequency, with one 
or more frequency multipliers between the os- 
cillator and final amplifier. 


13-2 Quartz Crystal 


Oscillators 


Quartz is a naturally occuring crystal hav- 
ing a structure such that when plates are cut 
in certain definite relationships to the crystal- 
lographic axes. these plates will show the 
piezoelectric effect-the plates will be de- 
formed in the influence of an electric field, 
and, conversely, when such a plate is com- 
pressed or deformed in any way a potential 
difference will appear upon its opposite sides. 

The crystal has mechanical resonance, and 
will vibrate at a very high frequency because 
of its stiffness, the natural period of vibration 
depending upon the dimensions, the method of 
electrical excitation, and crystallographic 
orientation. Because of the piezoelectric pro- 
perties, it is possible to cut a quartz plate 
which, when provided with suitable electrodes, 
will have the characteristics of a series reso- 
nant circuit with a very high L/C ratio and 
very high Q. The Q is several times as high 
as can be obtained with an inductor-capacitor 
combination in conventional physical sizes. 
The equivalent electrical circuit is shown in 
figure 4A, the resistance component simply 
being an acknowledgment of the fact that the 
Q, while high, does not have an infinite value. 

The shunt capacitance of the electrodes and 
associated wiring (crystal holder and socket, 
plus circuit wiring) is represented by the dot- 
ted portion of figure 4B. In a high frequency 
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EQUIVALENT ELECTRICAL CIRCUIT OF 
QUARTZ PLATE IN A HOLDER 


At (A) is shown the equivolent series-reso- 
nant circuit of the crystal itself, at (B) is 
shown how the shunt copacitence of the 
holder electrodes and associated wiring af- 
fects the circuit to the combination circuit 
of (C) which exhibits both series resonance 
and parallel resonance (anti-resonance), the 
separation in frequency between the two 
modes being very smoll and determined by 
the ratio of Cy to C2. 


crystal this will be considerably greater than 
the capacitance component of an equivalent 
series L/C circuit, and unless the shunt ca- 
pacitance is balanced out in a bridge circuit, 
the crystal will exhibit both resonant (series 
resonant) and anti-resonant (parallel resonant) 
frequencies, the latter being slightly higher 
than the series resonant frequency and ap- 
proaching it as C, is increased. 

The series resonance characteristic is em- 
ployed in crystal filter circuits in receivers 
and also in certain oscillator circuits wherein 
the crystal is used as a selective feedback 
element in such a manner that the phase of the 
feedback is correct and the amplitude ade- 
quate only at or very close to the series reso- 
nant frequency of the crystal. 

While quartz, tourmaline, Rochelle salts, 
ADP, and EDT crystals all exhibit the piezo- 
electric effect, quartz is the material widely 
employed for frequency control. 

As the cutting and grinding of quartz plates 
has progressed to a high state of development 
and these plates may be purchased at prices 
which discourage the cutting and grinding by 
simple hand methods for one’s own use, the 
procedure will be only lightly touched upon 
here. 

The crystal blank is cut from the raw quartz 
at a predetermined orientation with respect to 
the optical and electrical axes, the orientation 
determining the activity, temperature coeffi- 
cient, thickness coefficient, and other charac- 
teristics. Various orientations or ‘‘cuts’’ hav- 
ing useful characteristics are illustrated in 
figure 5. 
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The crystal blank is then rough-ground al- 
most to frequency, the frequency increasing 
in inverse ratio to the oscillating dimension 
(usually the thickness). It is then finished to 
exact frequency either by careful lapping, by 
etching, or plating. The latter process con- 
sists of finishing it to a frequency slightly 
higher than that desired and then silver plating 
the electrodes right on the crystal, the fre- 
quency decreasing as the deposit of silver is 
increased. If the crystal is not etched, it must 
be carefully scrubbed and “‘baked’’ several 
times to stabilize ic, or otherwise the frequen- 
cy and activity of the crystal will change with 
time. Irradiation by X-rays recently has been 
used in crystal finishing. 

Unplated crystals usually are mounted in 
pressure holders, in which two electrodes are 
held against the crystal faces under slight 
pressure. Unplated crystals also are some- 
times mounted in an air-gap holder, in which 
there is a very small gap between the crystal 
and one or both electrodes. By making this 
gap variable, the frequency of the crystal may 
be altered over narrow limits (about 0.3% for 
certain types). 

The temperature coefficient of frequency for 
various crystal cuts of the ‘'-T’’ rotated fam- 
ily is indicated in figure 5. These angles are 
typical, but crystals of a certain cut will vary 
slightly. By controlling the orientation and di- 
mensioning, the turning point (point of zero 
temperature coefficient) for a BT cut plate may 
be made either lower or higher than the 75 de- 
grees shown. Also, by careful control of axes 
and dimensions, it is possible to get AT cut 
crystals with a very flat temperature-frequency 
characteristic. 


The first quartz plates used were either Y 
cut or X cut. The former had a very high tem- 
perature coefficient which was discontinuous, 
causing the frequency to jump at certain criti- 
cal temperatures. The X cut had a moderately 
bad coefficient, but it was more continuous, 
and by keeping the crystal in a temperature 
controlled oven, a high order of stability could 
be obtained. However, the X cut crystal was 
considerably less active than the Y cut, es- 
pecially in the case of poorly ground plates. 

For frequencies between 500 kc. and about 
6 Mc., the AT cut crystal now is the most 
widely used. le is active, can be made free 
from spurious responses, and has an excellent 
temperature characteristic. However, above 
about 6 Mc. it becomes quite thin, and a diffi- 
cult production job. Between 6 Mc. and about 
12 Mc., the BT cut plate is widely used. It 
also works well between 500 kc. and 6 Mc., 
but the AT cut is more desirable when a high 
order of stability is desired and no crystal 
oven is employed. 

For low frequency operation on the order of 
100 kc., such as is required in a frequency 
standard, the GT cut crystal is recommended, 
though CT and DT cuts also are widely used 
for applications between 50 and 500 kc. The 
CT, DT, and GT cut plates are known as con- 
four cuts, as these plates oscillate along the 
long dimension of the plate or bar, and are 
much smaller physically than would be the 
case for a regular AT or BT cut crystal for 
the same frequency. 


Crystal Holders = Crystals normally are pur- 


chased ready mounted. The 
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best type mount is determined by the type crys- 
tal and its application, and usually an opti- 
mum mounting is furnished with the crystal. 
However, certain features are desirable in all 
holders. One of these is exclusion of moisture 
and prevention of electrode oxidization. The 
best means of accomplishing this is a metal 
holder, hermetically sealed, with glass insula- 
tion and a metal-to-glass bond. However, such 
holders are more expensive, and a ceramic of 
phenolic holder with rubber gasket will serve 
where requirements are not too exacting. 


Temperature Control; 
Crystal Ovens 


Where the frequency tol- 
erance requirements are 
not too stringent and the 
ambient temperature does not include extremes, 
an AT-cut plate, or a BT-cut plate with opti- 
mum (mean temperature) turning point, will 
often provide adequate stability without re- 
sorting co a temperature controlled oven. How- 
ever, for broadcast stations and other applica- 
tions where very close tolerances must be 
maintained, a thermostatically controlled oven, 
adjusted for a temperature slightly higher than 
the highest ambient likely to be encountered, 
must of necessity be employed. 


Just as a vibrating string can 
be made to vibrate on its har- 
monics, a quartz crystal will 
exhibit mechanical résonance (and therefore 
electrical resonance) at harmonics of its funda- 
mental frequency. When employed in the usuai 
holder, it is possible to excite the crystal 
only on its odd harmonics (overtones). 

By grinding the crystal especially for har- 
monic operation, it is possible to enhance its 
operation as a harmonic resonator. BT and AT 
cut crystals designed for optimum operation 
on the 3d, 5th and even the 7th harmonic are 
available. The Sth and 7th harmonic types, 
especially the latter, require special holder 
and oscillator circuit precautions for satis- 
factory operation, but the 3d harmonic type 
needs little more consideration than a regular 
fundamental type. A crystal ground for optimum 
operation on a particular harmonic may or may 
not be a good oscillator on a different har- 
monic or on the fundamental. One interesting 
characteristic of a harmonic cut crystal is that 
its harmonic frequency is not quite an exact 
multiple of its fundamental, though the dis- 
parity is very small. 

The harmonic frequency for which the crys- 
tal was designed is the working frequency. |t 
is not the fundamental since the crystal itself 
actually oscillates on this working frequency 
when it is functioning in the proper manner. 

When a harmonic-cut crystal is employed, a 
selective tuned circuitmust be employed some- 
where in the oscillator in order to discrimi- 


Harmonic Cut 
Crystals 


EXCITATION 
6J5, ETc. 
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HOT -CATHODE “PIERCE” 
OSCILLATOR 


+B 
100-150. 


BASIC “PIERCE” OSCILLATOR 


Figure 6 


THE PIERCE CRYSTAL OSCILLATOR 
CIRCUIT 


Shown at (A) is the basic Pierce crystal os- 
cillator circuit. A capacitance of 10 to 75 
putd. normally will be required ot Cy for 
optimum operation. If a plote supply vale e 
higher than indicated is to be used, RFC, 
may be replaced by a 22,000-ohm 2-watt re- 
sistor. Shown at (B) is an alternative ar- 
rangement with the r-f ground moved to the 
plate, and with the cathode floating. This 
alternotive circuit has the advantage thot 
the full r-f voltage developed across the 
crystal may be used as excitation to the next 
stage, since one side of the crystal is 
grounded. 


nate against the fundamental frequency or un- 
desired harmonics. Otherwise the crystal might 
not always oscillate onthe intended frequency. 
For this reason the Pierce oscillator, later 
described in this chapter, is not suitable for 
use with harmonic-cut crystals, because the 
only tuned element in this oscillator circuit 
is the crystal itself. 


Crystal Current; 
Heating and Fracture 


For a given crystal op- 
erating as an anti-reso- 
nant tank in a given os- 
cillator at fixed load impedance and plate and 
screen voltages, the r-f current through the 
crystal will increase as the shunt capacitance 
C, of figure 4 is increased, because this effec- 
tively increases the step-up ratio of C, to C;. 
For a given shunt capacitance, C,, the crystal 
current for a given crystal is directly propor- 
tional to the r-f voltage across C,. This vole- 
age may be measured by means of a vacuum 
tube volemeter having a low input capacitance, 
and such a measurement is a more pertinent 
one than a reading of r-f current by means of 
a thermogalvanometer inserted in series with 
one of the leads to the crystal holder. 

The function of a crystal is to provide accu- 
rate frequency control, and unless it is used 
in such a manner as co take advantage of its 
inherent high stability, there is no point in 
using a crystal oscillator. For this reason a 


Www _.americanradiohistorv.com 


HANDBOOK 


Crystal Oscillators 245 


crystal oscillator should not be run at high 
plate input in an attempt to obtain consider- 
able power directly out of the oscillator, as 
such operation will cause the crystal to heat, 
with resultant frequency drift and possible 
fracture. 


13-3 Crystal Oscillator 
Circuits 


Considerable confusion exists as to nomen- 
clature of crystal oscillator circuits, due to a 
tendency to name a circuit after its discoverer. 
Nearly all the basic crystal oscillator circuits 
were either first used or else developed inde- 
pendently by G. W. Pierce, but he has not been 
so credited in all the literature. 

Use of the crystal oscillator in master os- 
cillator circuits in radio transmitters dates 
back to about 1924 when the first application 
articles appeared. 


The Pierce The circuitof figure6A is the sim- 
Oscillator plest crystal oscillator circuit. It 

is one of those developed by 
Pierce, and is generally known among ama- 
teurs as the Pierce oscillator. The crystal 
simply replaces the tank circuit in a Colpitts 
or ultra-audion oscillator. The r-f excitation 
voltage available to the next stage is low, be- 
ing somewhat less than that developed across 
the crystal. Capacitor C, will make more of 
the voltage across the crystal available for 
excitation, and sometimes will be found nec- 
essary to ensure oscillation. Its value is small, 
usually approximately equal to or slightly 
greater than the stray capacitance from the 
plate circuit to ground (including the grid of 
the stage being driven). 

If the r-f choke has adequate inductance, a 
crystal (even a harmonic cut crystal) will al- 
most invariably oscillate on its fundamental. 
The Pierce oscillator therefore cannot be used 
with harmonic cut crystals. 

The circuit at (B) is the same as that of 
(A) except that the plate instead of the cath- 
ode is operated at ground r-f potential. All of 
the r-f voltage developed across the crystal 
is available for excitation to the next stage, 
but still is low for reasonable values of crys- 
tal current. For best operation a tube with low 
heater-cathode capacitance is required. Exci- 
tation for the next stage may also be taken 
from the cathode when using this circuit. 


Tuned-Plate 
Crystal Oscillator 


The circuit shown in fig- 
ure 7A is also one used by 
Pierce, but is more widely 
referred to as the ‘‘Miller’’ oscillator. To avoid 


confusion, we shall refer to it as the tuned- 
plate crystal oscillator. It is essentially an 
Armstrong or tuned plate-tuned grid oscillator 
with the crystal replacing the usual L-C grid 
tank. The plate tank must be tuned to a fre- 
quency slightly higher than the anti-resonant 
(parallel resonant) frequency of the crystal. 
Whereas the Pierce circuits of figure 6 will 
oscillate at (or very close to) the anti-reso- 
nant frequency of the crystal, the circuits of 
figure 7 will oscillate at a frequency a little 
above the anti-resonant frequency of the 
crystal. 

The diagram shown in figure 7A is the basic 
circuit. The most popular version of the tuned- 
plate oscillator employs a pentode or beam 
tetrode with cathode bias to prevent excessive 
plate dissipation when the circuit is not oscil- 
lating. The cathode resistor is optional. Its 
omission will reduce both crystal current and 
oscillator efficiency, resulting in somewhat 
more output for a given crystal current. The 
tube usually is an audio or video beam pentode 
or tetrode, the plate-grid capacitance of such 
tubes being sufficient to ensure stable oscilla- 
tion but not so high as to offer excessive feed- 
back with resulting high crystal current. The 
6AG7 makes an excellent all-around tube for 
this type circuit. 


Pentode 
Harmonic Crystal 
Oscillator Circuits 


The usual type of crystal- 
controlled h-f transmitter 
operates, at least part of 
the time, on a frequency 
which is an integral multiple of the operating 
frequency of the controlling crystal. Hence, 
oscillator circuits which are capable of pro- 
viding output on the crystal frequency if de- 
sired, but which also can deliver output energy 
on harmonics of the crystal frequency have 
come into wide use. Four such circuits which 
have found wide application are illustrated in 
figures 7C, 7D, 7E, and 7F. 

The circuit shown in figure 7C is recom- 
mended for use with harmonic-cut crystals 
when output is desired on a multiple of the 
oscillating frequency of the crystal. As an 
example, a 25-Mc. harmonic-cut crystal may 
be used in this circuit to obtain output on 50 
Mc., or a 48-Mc. harmonic-cut crystal may be 
used to obtain output on the 144-Mc. amateur 
band. The circuit is not recommended for use 
with the normal type of fundame ntal-frequency 
crystal since more output with fewer variable 
elements can be obtained with the circuits of 
7D and 7F. 

The Pierce-harmonic circuit shown in fig- 
ure 7D is satisfactory for many applications 
which require very low crystal current, but 
has the disadvantage that both sides of the 
crystal are above ground potential. The Tri-tet 
circuit of figure 7E is widely used and can 
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Figure 7 
COMMONLY USED CRYSTAL OSCILLATOR CIRCUITS 


Shown at (A) is the basic tuned-plate crystal oscillator with a triode oscillator tube. 
The plate tank must be tuned on the low-capacitance side of resonance to sustain 
oscillation. (B) shows the tuned-plote oscillator as it is normally used, with an o-f 
power pentode to permit high output with relatively low crystal current. 
Schematics (C), (D), (E), and (F) illustrote crystal oscillator circuits which can de- 
liver moderate output energy on harmonics of the oscillating frequency of the crys- 
tal, (C) shows a special circuit which will permit use of a harmonic-cut crystal to 
obtain output energy well into the v-h-f range. (D) is valuable when extremely low 
crystal current is a requirement, but delivers relatively low output. (E) is commonly 
used, but is subject to crystal damage if the cathode circuit is mistuned. (F) is 
recommended as the most generally satisfactory from the standpoints of: low crys- 
tal current regardless of mis-adjustment, good output on harmonic frequencies, one 
side of crystal is grounded, will oscillate with crystals from 1.5 to 10 Mc. without 
adjustment, output tank may be tuned to the crystal frequency for fundamental out- 
put without stopping oscillation or changing frequency. 
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3F 


SPECIAL CIRCUIT FOR USE WITH 
HARMONIC -CUT CRYSTAL. 


COLPITTS HARMONIC OSCILLATOR 


give excellence output with low crystal current. 
However, the circuit has the disadvantages of 
requiring a cathode coil, of requiring careful 
setting of the variable cathode capacitor to 
avoid damaging the crystal when changing fre- 
quency ranges, and of having both sides of 
the crystal above ground potential. 


The Colpicts harmonic oscillator of figure 
7F is recommended as being the most gener- 
ally satisfactory harmonic crystal oscillator 
circuit since it has the following advantages: 
(1) the circuit will oscillate with crystals 
over a very wide frequency range with no 
change other than plugging in or switching in 
the desired crystal; (2) crystal current is ex- 


tremely low; (3) one side of the crystal is 
grounded, which facilitates crystal-switching 
circuits; (4) the circuit will operate straight 
through without frequency pulling, or it may 
be operated with output on the second, third, 
or fourth harmonic of the crystal frequency. 


Crystal Oscillator The tunable circuits of all 
Tuning oscillators illustrated 

should be tuned for maxi- 
mum output as indicated by maximum excita- 
tion to the following stage, except that the 
oscillator tank of tuned-plate oscillators (fig- 
ure 7A and figure 7B) should be backed off 
slightly towards the low capacitance side from 
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Figure 8 
ALL-BAND 6AG7 CRYSTAL OSCILLATOR 
CAPABLE OF DRIVING 
BEAM PENTODE TUBE 


maximum output, as the oscillator then is in 
a more stable condition and sure to start im- 
mediately when power is applied. This is es- 
pecially important when the oscillator is keyed, 
as for break-in c-w operation. 

Crystal Switching It is desirable to keep stray 
shunt capacitances in the 
crystal circuit as low as possible, regardless 
of the oscillator circuit. If a selector switch 
is used, this means that both switch and crys- 
tal sockets must be placed close to the oscil- 
lator tube socket. This is especially true of 
harmonic-cut crystals operating on a compara- 
tively high frequency. In fact, on the highest 
frequency crystals it is preferable to use a 
turret arrangement for switching, as the stray 
capacitances can be kept lower. 


Crystal Oscillator When the crystal oscillator 
Keying is keyed, it is necessary 

that crystal activity and os- 
cillator-tube transconductance be moderately 
high, and that oscillator loading and crystal 
shunt capacitance be low. Below 2500 kc. and 
above 6 Mc. these considerations become es- 
pecially important. Keying of the plate voltage 
(in the negative lead) of a crystal oscillator, 
with the screen voltage regulated at about 
150 volts, has been found to give satisfactory 
results. 


A Versatile 6AG7 
Crystal Oscillator 


The 6AG7 tube may be 
used in a modified Tri-tet 
crystal oscillator, capable 
of delivering sufficient power on all bands 


from 160 meters through 10 meters to fully 
drive a pentode tube, such as the 807, 2E26 
or 6146. Such an oscillator is extremely use- 
ful for portable or mobile work, since it com- 
bines all essential exciter functions in one 
tube. The circuit of this oscillator is shown 
in figure 8. For 160, 80 and 40 meter opera- 
tion the 6AG7 functions as a tuned-plate os- 
cillator. Fundamental frequency crystals are 
used on these three bands. For 20, 15 and 10 
meter operation the 6AG7 functions as a Tri- 
tet oscillator with a fixed-tuned cathode cir- 
cuit. The impedance of this cathode circuit 
does not affect operation of the 6AG7 on the 
lower frequency bands so it is left in the cir- 
cuit at all times. A 7-Mc. crystal is used for 
fundamental output on 40 meters, and for har- 
monic output on 20, 15 and 10 meters. Crystal 
current is extremely low regardless of the out- 
put frequency of the oscillator. The plate cir- 
cuit of the 6AG7 is capable of tuning a fre- 
quency range of 2:1, requiring only two output 
coils: one for 80-40 meter operation, and one 
for 20, 15 and 10 meter operation. In some 


cases it may be necessary to add 5 micromicro- 
farads of external feedback capacity between 
the plate and control grid of the GAG7 tube to 
sustain oscillation with sluggish 160 meter 
crystals. 


Triode Overtone 
Oscillators 


The recent development of 
reliable overtone crystals 
capable of operation on the 
third, fifth, seventh (or higher) overtones has 
made possible v-h-f output from a low frequen- 
cy crystal by the use of a double triode regen- 
erative oscillator circuit. Some of the new 
twin triode tubes such as the 12AU7, 12AV7 
and 6J6 are especially satisfactory when used 
in this type of circuit. Crystals that are ground 
for overtone service may be made to oscillate 
on odd overtone frequencies other than the 
one marked on the crystal holder. A 24-Mc. 
overtone crystal, for example, is a specially 
ground 8-Mc. crystal operating on its third 
overtone. In the proper circuit it may be made 
to oscillate on 40 Mc. (fifth overtone), 56 Me. 
(seventh overtone), or 72 Mc. (ninth overtone). 
Even the ordinary 8-Mc. crystals not designed 
for overtone operation may be made to oscil- 
late readily on 24 Mc. (third overtone) in these 
circuits. 

A variety of overtone oscillator circuits is 
shown in figure 9. The oscillator of figure 9A 
is attributed to Frank Jones, WGA) F. The first 
section of the 6J6 dual triode comprises a re- 
generative oscillator, with output on either the 
third or fifth overtone of the crystal frequency. 
The regenerative loop of this oscillator con- 
sists of a condenser bridge made up of C, and 
C,, with the ratio C,/C, determining the amount 
of regenerative feedback in the circuit. With 
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Figure 9 


VARIOUS TYPES OF OVERTONE OSCILLATORS USING MINIATURE DOUBLE-TRIODE 
TUBES 


an 8-Mc. crystal, output from the first section 
of the 6J6 tube may be obtained on either 24 
Mc. or 40 Mc., depending upon the resonant 
frequency of the plate circuit inductor, L,. The 
second half of the 6J6 acts as a frequency 
multiplier, its plate circuit, L,, tuned to the 
sixth or ninth harmonic frequency when L, is 
tuned to the third overtone, or to the tenth 
harmonic frequency when L, is tuned to the 
fifth overtone. 

Figure 9B illustrates a Colpitts overtone 
oscillator employing a 6JG6 tube. This is an 
outgrowth of the Colpitts harmonic oscillator 
of figure 7F. The regenerative loop in this 


case consists of C,, C, and RFC between the 
grid, cathode and ground of the first section 
of the 6J6. The plate circuit of the first sec- 
tion is tuned to the second overtone of the 
crystal, and the second section of the 6J6 
doubles to the fourth harmonic of the crystal. 
This circuit is useful in obtaining 28-Mc. out- 
put from a 7-Mc. crystal and is highly popular 
in mobile work. 

The circuit of figure 9C shows a typical re- 
generative overtone oscillator employing a 
12AU7 double triode tube. Feedback is con- 
trolled by the number of turns in L,, and the 
coupling between L, and L,. Only enough feed- 
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back should be employed to maintain proper 
oscillation of the crystal. Excessive feedback 
will cause the first section of the 12AU7 to 
oscillate as a self-excited TNT oscillator, 
independent of the crystal. A variety of this 
circuit ts shown in figure 9D, wherein a tapped 
coil, L,, is used in place of the two separate 
coils. Operation of the circuit is the same in 
either case, regeneration now being controlled 
by the placement of the tap on L,. 


A cathode follower overtone oscillator is 
shown in figure 9E. The cathode coil, L,, is 
chosen so as to resonate with the crystal and 
tube capacities just below the third overtone 
frequency of the crystal. For example, with an 
8-\ic. crystal, L, is tuned to 24 Mc.. L, reson- 
ates with the circuit capacities to 23.5 Mc., 
and the harmonic tank circuit of the second 
section of the 12AT7 is tuned either to 48 Mc. 
or 72 Mc. If a 24-Mc. overtone crystal is used 
in this circuit, L, may be tuned to 72 Mc., L, 
resonates with the circuit capacities to 70 
Mc., and the harmonic tank circuit, L,, is tuned 
to 144 Mc. If there is any tendency towards 
self-oscillation in the circuit, it may be elimi- 
nated by a small amount of inductive coupling 
between L, and L;. Placing these coils near 
each other, with the winding of L, correctly 
polarized with respect to L, will prevent self- 
oscillation of the circuit. 

The use of a 144-Mc. overtone crystal is 
illustrated in figure 9F. A 6AB4 or one-half 
of a 12AT7 tube may be used, with output 
directly in the 2-meter amateur band. A slight 
amount of regeneration is provided by the one 
turn link, L,, which is loosely coupled to the 
144-Mc. tuned tank circuit, ., in the plate cir- 
cuit of the oscillator tube. If a 12AT7 tube 
and a 110-Mc. crystal are employed, direct out- 
put in the 220-Mc. amateur band may be ob- 
tained from the second half of the 12AT7. 


13-4 Radio Frequency 
Amplifiers 


The oucput of the oscillator stage in a trans- 
mitter (whether it be self-controlled or crystal 
controlled) must be kept down to a fairly low 
level to maintain stability and to maintain a 
factor of safety from fracture of the crystal 
when one is used. The low power output of 
the oscillator is brought up to the desired 
power level by means of radio-frequency am- 
plifiers. The two classes of r-f amplifiers that 
find widest application in radio transmitters 
are the Class B and Class C types. 


The Class B Class B amplifiers are used in a 
Amplifier radio-telegraph transmitter when 
maximum power gain and mini- 


mum harmonic output is desired in a particu- 
lar stage. A Class B amplifier operates with 
cutoff bias and a comparatively smal! amount 
of excitation. Power gains of 20 to 200 or so 
are obtainable in a well-designed Class B 
amplifier. The plate efficiency of a Class B 
c-w amplifier will run around 65 per cent. 


The Class B Another type of Class B ampli- 
Linear fier is the Class B linear stage 

as employed in radiophone work. 
This type of amplifier is used to increase the 
level of a modulated carrier wave, and de- 
pends for its operation upon the linear rela- 
tion between excitation voltage and output 
voltage. Or, to state the fact in another man- 
ner, the power output of a Class B linear stage 
varies linearly with the square of the excita- 
tion voltage. 

The Class B linear amplifier is operated 
with cutoff bias and a small value of excita- 
tion, the actual value of exciting power being 
such that the power output under carrier con- 
ditions is one-fourth of the peak power capa- 
bilities of the stage. Class B linears are very 
widely employed in broadcast and commercial 
installations, but are comparatively uncommon 
in amateur application, since tubes with high 
plate dissipation are required for moderate 
output. The carrier efficiency of such an am- 
plifier will vary from approximately 30 per 
cent to 35 per cent. 


The Class C ClassC amplifiers are very wide- 
Amplifier ly used in all types of trans- 

mitters. Good power gain may be 
obtained (values of gain from 3 to 20 are com- 
mon) and the plate circuit efficiency may be, 
under certain conditions, as high as 85 per 
cent. Class Camplifiers operate with consider- 
ably more than cutoff bias and ordinarily with 
a large amount of excitation as compared to a 
Class B amplifier. The bias for a normal Class 
C amplifier is such that plate current on the 
stage flows for approximately 120° of the 360° 
excitation cycle. Class C amplifiers are used 
in transmitters where a fairly large amount of 
excitation power is available and good plate 
circuit efficiency is desired. 


Plate Modulated 
Class C 


The characteristic of a Class 
C amplifier which makes it 
linear with respect to 
changes in plate voltage is that which allows 
such an amplifier to be plate modulated for 
tadiotelephony. Through the use of higher bias 
than is required for a c-w Class C amplifier 
and greater excitation, the linearity of such 
an amplifier may be extended from zero plate 
voltage to twice the normal value. The output 
power of a Class C amplifier, adjusted for 
plate modulation, varies with the square of the 
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plate voltage. This is the same condition that 
would take place if a resistor equal to the 
voltage on the amplifier, divided by its plate 
current, were substituted for the amplifier. 
Therefore, the stage presents a resistive load 
to the modulator. 


Grid Modulated 
Class C 


If the grid current to a Class 
C amplifier is reduced to a 
low value, and the plate load- 
ing is increased to the point where the plate 
dissipation approaches the rated value, such 
an amplifier may be grid modulated for radio- 
telephony. If the plate voltage is raised to 
quite a high value and the stage is adjusted 
carefully, efficiencies as high as 40 to 43 per 
cent with good modulation capability and com- 
paratively low distortion may be obtained. 
Fixed bias is required. This type of operation 
is termed Class C grid-bias modulation. 

Grid Excitation Adequate prid excitation 
must be available for Class 
B or Class C service. The excitation for a 
plate-modulated Class C stage must be suffi- 
cient to produce a normal value of d-c grid cur- 
rent with rated bias voltage. The bias voltage 
preferably should be obtained from a combina- 
tion of grid leak and fixed C-bias supply. 

Cutoff bias can be calculated by dividing 
the amplification factor of the tube into the 
d-c plate voltage. This is the value normally 
used for Class B amplifiers (fixed bias, no 
grid resistor). Class C amplifiers use from 14% 
to 5 times this value, depending upon the avail- 
able grid drive, or excitation, and the desired 
plate efficiency. Less grid excitation is need- 
ed for c-w operation, and the values of fixed 
bias (if greater than cutoff) may be reduced, or 
the value of the grid leak resistor can be low- 
ered until normal rated d-c grid current flows. 

The values of grid excitation listed for each 
type of tube may be reduced by as much as 
50 per cent if only moderate power output and 
plate efficiency are desired. When consulting 
the tube tables, it is well to remember that 
the power lost in the tuned circuits must be 
taken into consideration when calculating the 
available grid drive. At very high frequencies, 
the r-f circuit losses may even exceed the 
power required for actual grid excitation, 

Link coupling between stages, particularly 
to the final amplifier grid circuit, normally will 
provide more grid drive than can be obtained 
from other coupling systems. The number of 
turns in the coupling link, and the location of 
the turns on the coil, can be varied with res- 
pect to the tuned circuits to obtain the great- 
est grid drive for allowable values of buffer 
or doubler plate current. Slight readjustments 
sometimes can be made after plate voltage 
has been applied to the driver tube. 


Excessive grid current damages tubes by 
overheating the grid structure; beyond a cer- 
tain point of grid drive, no increase in power 
output can be obtained for a given plate volt- 
age. 


13-5 Neutralization of 
R.F. Amplifiers 


The plate-to-grid feedback capacitance of 
triodes makes it necessary that they be neu- 
tralized for operation as r-f amplifiers at fre- 
quencies above about 500 kc. Those screen- 
grid tubes, pentodes, and beam tetrodes which 
have a plate-to-grid capacitance of 0.1 ppfd. 
or less may be operated as an amplifier with- 
out neutralization in a well-designed amplifier 
up to 30 Mc. 


Neutralizing 
Circuits 


The object of neutralization is 
to cancel or neutralize the ca- 
Pacitive feedback of energy from 
plate to grid. There are two general methods 
by which this energy feedback may be elimi- 
nated: the first, and the most common method, 
is through the use of a capacitance bridge, 
and the second method is through the use of a 
parallel reactance of equal and opposite po- 
larity to the grid-to-plate capacitance, to nul- 
lify the effect of this capacitance. 

Examples of the first method are shown in 
figure 10. Figure 10A shows a capacity neu- 
tralized stage employing a balanced tank cir- 
cuit. Phase reversal in the tank circuit is ob- 
tained by grounding the center of the tank coil 
to radio frequency energy by condenser C. 
Points A and B are 180 degrees out of phase 
with each other, and the correct amount of out 
of phase energy is coupled through the neu- 
tralizing condenser NC to the grid circuit of 
the tube. The equivalent bridge circuit of this 
is shown in figure 11A. It is seen that the 
bridge is not in balance, since the plate-fila- 
ment capacity of the tube forms one leg of the 
bridge, and there is no corresponding capacity 
from the neutralizing condenser (point B) to 
ground to obtain a complete balance. In addi- 
tion, it is mechanically difficult to obtain a 
perfect electrical balance in the tank coil, and 
the potential between point A and ground and 
point B and ground in most cases is unequal. 
This circuit, therefore, holds neutralization 
over a very small operating range and unless 
tubes of low interelectrode capacity are used 
the inherent unbalance of the circuit will per- 
mit only approximate neutralization. 


Split-Stator Figure 10B shows the neu- 
Plate Neutrali- tralization circuit which is 
zation most widely used in single- 


ended r-f stages. The use of 
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Figure 10 
COMMON NEUTRALIZING CIRCUITS FOR SINGLE-ENDED AMPLIFIERS 


a split-stator plate capacitor makes the electri- 
cal balance of the circuit substantially inde- 
pendent of the mutual coupling within the coil 
and also makes the balance independent of the 
place where the coil is tapped. With conven- 
tional tubes this circuit will allow one neutral- 
ization adjustment to be made on, say, 28 Mc., 
and this adjustment usually will hold suffi- 
ciently close for operation on all lower fre- 
quency bands. 

Condenser C, is used to balance out the 
plate-filament capacity of the tube to allow a 
perfect neutralizing balance at all frequencies. 
The equivalent bridge circuit is shown in fig- 
ure 11B. If the plate-filament capacity of the 
tube is extremely low (100TH triode, for ex- 
ample), condenser C, may be omitted, or may 
merely consist of the residual capacity of NC 
to ground. 


A split grid tank circuit 
may also be used for neu- 
tralization of a triode tube as shown in figure 
10C. Our of phase voltage is developed across 
a balanced grid circuit, and coupled through 
NC to the single-ended plate circuit of the 
tube. The equivalent bridge circuit is shown 
in figure 11C. This circuit is in balance until 
the stage is in operation when the loading ef- 
fect of the tube upon one-half of the grid cir- 
cuit throws the bridge circuit out of balance. 
The amount of unbalance depends upon the 
grid-plate capacity of the tube, and the amount 
of mutual inductance between the two halves 


Grid Neutralization 


of the grid coil. If an r-f voltmeter is placed 
between point A and ground, and a second 
voltmeter placed between point B and ground 
the loading effect of the tube will be notice- 
able. When the tube is supplied excitation 
with no plate voltage, NC may be adjusted 
until the circuit is in balance. When plate 
voltage is applied to the stage, the voltage 
from point A to ground will decrease, and the 
voltage from point B to ground will increase, 
both in direct proportion to the amount of cir- 
cuit unbalance. The use of this circuit is not 
recommended above 7 Mc., and it should be 
used below that frequency only with low in- 
ternal capacity tubes. 


Push-Pull 


Neutrolization 


Two tubes of the same type 
can be connected for push-pull 
operation so as to obtain twice 
as much output as that of a single tube. A 
push-pull amplifier, such as that shown in fig- 
ure 12 also has an advantage in that the cir- 
cuit can more easily be balanced than a single- 
tube r-f amplifier. The various inter-electrode 
capacitances and the neutralizing capacitors 
are connected in such a manner that the re- 
actances on one side of the tuned circuits are 
exactly equal to those on the opposite side. 
For this reason, push-pull r-f amplifiers can 
be more easily neutralized in very-high-fre- 
quency transmitters; also, they usually remain 
in perfect neutralization when tuning the am- 
plifier to different bands. 

The circuit shown in figure 12 is perhaps 
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Figure 11 
EQUIVALENT NEUTRALIZING CIRCUITS 


the most commonly used arrangement for a 
push-pull r-f amplifier stage. The rotor of the 
gtid capacitor is grounded, and the rotor of the 
plate tank capacitor is by-passed to ground. 


Shunt or Coil 
Neutralization 


The feedback of energy from 
grid to plate in an unneutral- 
ized r-f amplifier is a result of 
the grid-to-plate capacitance of the amplifier 
tube. A neutralization circuit is merely an 
electrical arrangement for nullifying the effect 
of this capacitance. All the previous neutrali- 
zation circuits have made use of a bridge cir- 
cuit for balancing out the grid-to-plate energy 
feedback by feeding back an equa! amount of 
energy of opposite phase. 

Another method of eliminating the feedback 
effect of this capacitance, and hence of neu- 
tralizing the amplifier stage, is shown in fig- 
ure 13. The grid-to-plate capacitance in the 
triode amplifier tube acts as a capacitive re- 


Figure 12 


STANDARD CROSS-NEUTRALIZED 
PUSH-PULL TRIODE AMPLIFIER 


actance, coupling energy back from the plate 
to the grid circuit. If this capacitance is par- 
alleled with an inductance having the same 
value of reactance of opposite sign, the re- 
actance of one will cancel the reactance of 
the other and a high-impedance tuned circuit 
from grid to plate will result. 

This neutralization circuit can be used on 
ultra-high frequencies where other neutraliza- 
tion circuits are unsatisfactory. This is true 
because the lead length in the neutralization 
circuit is practically negligible. The circuit 
can also be used with push-pull r-f amplifiers. 
In this case, each tube will have its own neu- 
tralizing inductor connected from grid to plate. 

The main advantage of this arrangement is 
that it allows the use of single-ended rank 
circuits with a single-ended amplifier. 

The chief disadvantage of the shunt neutral- 
ized arrangement is that the stage must be re- 
neutralized each time the stage is retuned to 
a new frequency sufficiently removed that the 
grid and plate tank circuits must be retuned to 
resonance. However, by the use of plug-in 
coils it is possible to change to a different 
band of operation by changing the neutral- 
izing coil at the same time that the grid and 
plate coils are changed. 

The 0.0001-ufd. capacitor in series with 
the neutralizing coil is merely a blocking ca- 
Pacitor to isolate the plate voltage from the 
grid circuit. The coil L will have to have a 
very large number of turns for the band of oper- 
ation in order to be resonant with the compara- 
tively smal! grid-to-plate capacitance. But 
since, in all ordinary cases with tubes operat- 
ing on frequencies for which they were de- 
signed, the L/C ratio of the tuned circuit will 
be very high, the coil can use comparatively 
small wire, although it must be wound on air 
or very low loss dielectric and must be insu- 
lated for the sum of the plate r-f voltage and 
the grid r-f volrage. 
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Figure 13 
COIL NEUTRALIZED AMPLIFIER 


This neutrolizotion circuit is very effective 
with triode tubes on any frequency, but is 
porticulorly effective in the v-h-f range. The 
coil L is adjusted so that it resonotes at the 
operating frequency with the grid-to-plate 
copacitonce of the tube. Capacitor C may be 
a very small unit of the low-capacitance 
neutralizing type and is used to trim the cir- 
cuit fo resonance at the operating frequency. 
lf some means of varying the inductance of 
the coil a small amount is available, the 
trimmer capacitor is not needed. 


13-6 Neutralizing 
Procedure 


An r-f amplifier is neutralized to prevent 
self-oscillation or regeneration. A neon bulb, 
a flashlight lamp and loop of wire, or an r-f 
galvanometer can be used as a null indicator 
for neutralizing low-power stages. The plate 
voltage lead is disconnected from the r-{ am- 
plifier stage while it is being neutralized. 
Normal grid drive then is applied to the r-f 
stage, the neutralizing indicator is coupled 
to the plate coil, and the plate tuning capac- 
itor is tuned to resonance. The neutralizing 
capacitor (or capacitors) then can be adjusted 
until minimum r1.f. is indicated for resonant 
settings of both grid and plate tuning capac- 
itors. Both neutralizing capacitors are ad- 
justed simultaneously and to approximately the 
same value of capacitance when a physically 
symmetrical push-pull stage is being neu- 
tralized. 

A final check for neutralization should be 
made with a d-c milliammeter connected in the 
grid leak or grid-bias circuit. There will be 
no movement of the meter reading as the plate 
Circuit is tuned through resonance (without 
plate voltage being applied) when the stage 
is completely neutralized. 

Plate voltage should be completely removed 
by actually opening the d-c plate circuit. If 
there is a d-c return through the plate supply, 
a small amount of plate current will flow when 


grid excitation is applied, even though no pri- 
mary a-c voltageis being fed to the plate trans- 
former. 

A further check on the neutralization of any 
r-f amplifier can be made by noting whether 
maximum grid current on the stage comes at 
the same point of tuning on the plate tuning 
Capacitor as minimumplate current. This check 
is made with plate voltage on the amplifier 
and with normal antenna coupling. As the plate 
tuning capacitor ts detuned slightly from reso- 
nance on either side the grid current on the 
stage should decrease the same amount and 
without any sudden jumps on either side of 
resonance. This will be found to be a very 
precise indication of accurate neutralization 
in either a triode or beam-tetrode r-f amplifier 
stage, so long as the stage is feeding a load 
which presents a resistive impedance at the 
operating frequency. 

Push-pull circuits usually can be more com- 
pletely neutralized than single-ended circuits 
at very high frequencies. In the intermediate 
range of from 3 to 15 Mc., single-ended cir- 
cuits will give satisfactory results. 


Neutralization of 
Screen-Grid R-F 
Amplifiers 


Radio-frequency amplifiers 
using screen-grid tubes can 
be operated without any ad- 
ditional provision for neu- 
tralization at frequencies up to about 15 Mc., 
provided adequate shielding has been provided 
between the input and output circuits. Special 
v-h-f screen-grid and beam tetrode tubes such 
as the 2E26, 807W, and 5516 in the low-power 
category and HK-257B, 4E27/8001, 4-125A, 
and 4-250A in the medium-power category can 
frequently be operated at frequencies as high 
as 100 Mc. without any additional provision 
for neutralization. Tubes such as the 807, 
2E22, HY-69, and 813 can be operated with 
good circuit design at frequencies up to 30 
Mc. without any additional provision for neu- 
tralization. The 815 tube has been found to 
require neutralization in many cases above 
20 Mc., although the 829B tube will operate 
quite stably at 100 Mc. without neutralization. 

None of these tubes, however, has perfect 
shielding between the grid and the plate, a 
condition brought about by the inherent in- 
ductance of the screen leads within the tube 
itself. In addition, unless ‘‘watertight’’ shield- 
ing is used between the grid and plate circuits 
of the tube a certain amount of external leak- 
age between the two circuits is present. These 
difficulties may not be serious enough to re- 
quire neutralization of the stage to prevent 
oscillation, but in many instances they show 
up in terms of key-clicks when the stage in 
question is keyed, or as parasitics when the 
stage is modulated. Unless the designer of the 
equipment can carefully check the tetrode 
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Figure 14 
NEUTRALIZING CIRCUITS FOR 


BEAM TETRODES 


A conventional cross neutralized circuit for use with push-pull beam tetrodes is 
shown ot (A). The neutralizing copacitors (NC) usually consist of smoll plates or 
rods mounted alongside the plate elements of the tubes. (B) and (C) show "grid 


neutralized" circuits for use with o single-ended tetrode stage having either link 
coupling or capacitive coupling into the grid tank. (D) shows a method of tuning the 
screen-lead inductance to accomplish neutrolizotion in a single-frequency v-h-f 
tetrode amplifier, while (E) shows a method of neutralization by increasing the grid- 
to-plate capacitance on a tetrode when the operating frequency is higher than that 
frequency where the tetrode is "self-neutralized"” os o result of series resonance 
in the screen lead. Methods (D) ond (E) normally are not practicable at frequencies 
below obout 50 Mc. with the usual types of beam tetrode tubes. 


CV OOOO CC Cn 


stage for miscellaneous feedback between the 
grid and plate circuits, and make the neces- 
sary circuit revisions to reduce this feedback 
to an absolute minimum, it is wise to neutral- 
ize the tetrode just as if it were a triode tube. 


In most push-pull tetrode amplifiers the sim- 
plese method of accomplishing neutralization 
is to use the cross-neutralized capacitance 
bridge arrangement as normally employed with 
triode tubes. The neutralizing capacitances, 
however, must be very much smaller than used 
with triode tubes, values of the order of 0.2 
pufd. normally being required with beam tetrode 


tubes. This order of capacitance is far less 
than can be obtained with a conventional neu- 
tralizing capacitor at minimum setting, so the 
neutralizing arrangement is most commonly 
made especially for the case at hand. Most 
common procedure is to bring a conductor (con- 
nected to the opposite grid) in the vicinity of 
the plate itself or of the plate tuning capacitor 
of one of the tubes. Either one or two such 
capacitors may be used, two being normally 
used on a higher frequency amplifier in order 
to maintain balance within the stage. 

An example of this is shown in figure 14A. 
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Neutralizing 
Single-Ended 
Tetrode Stages 


A single-ended tetrode r-f am- 
plifier stage may be neutral- 
ized in the same manner as 
illustrated for a push-pull 
stage in figure 14A, provided a split-stator 
tank capacitor is in use in the plate circuit. 
However, in the majority of single-ended tet- 
rode r-f amplifier stages a single-section ca- 
Pacitor is used in the plate tank. Hence, other 
neutralization procedures must be employed 
when neutralization is found necessary. 

The circuit shown in figure 14B is not a 
true neutralizing circuit, in that the plate-to- 
grid capacitance is not balanced out. However, 
the circuit can afford the equivalent effect by 
isolating the high resonant impedance of the 
grid tank circuit from the energy fed back from 
Plate to grid. When NC and C are adjusted to 
bear the following ratio to the grid-to-plate 
capacitance and the total capacitance from 
grid-to-ground in the output tube: 


both ends of the grid tank circuit will be at the 
same voltage with respect to groundas a result 
of r-f energy fed back to the grid circuit. This 
means that the impedance from grid to ground 
will be effectively equal to the reactance of 
the grid-to-cathode capacitance in parallel 
withthe stray grid-to- ground capacitance, since 
the high resonant impedance of the tuned cir- 
cuit in the grid has been effectively isolated 
from the feedback path. lt is important to note 
that the effective grid-to-ground capacitance 
of the tube being neutralized includes the 
rated grid-to-cathode or input capacitance of 
the tube, the capacitance of the socket, wiring 
capacitances and other strays, but it does not 
include the capacitances associated with the 
grid tuning capacitor. Also, if the tube is be- 
ing excited by capacitive coupling from a pre- 
ceding stage (as in figure 14C), the effective 
grid-to-ground capacitance includes the out- 
put capacitance of the preceding stage and 
its associated socket and wiring capacitances. 


Cancellotion of 
Screen-Leod 
Inductance 


The provisions discussed in 
the previous paragraphs are 
for neutralization of the small, 
though still important at the 
higher frequencies, grid-to-plate capacitance 
of beam-tetrode tubes. However, in the vicinity 
of the upper-frequency limit of each tube type 
the inductance of the screen lead of the tube 
becomes of considerable importance. With a 
tube operating at a frequency where the in- 
ductance of the screen lead is appreciable, 
the screen will allow a considerable amount 
of energy leak-through from plate to grid even 


though the socket terminal on the tube is care- 
fully by-passed to ground. This condition takes 
place even though the socket pin is bypassed 
since the reactance of the screen lead 
will allow a moderate amount of r-f potential 
to appear on the screen itself inside the elec- 
trode assembly in the tube. This effect has 
been reduced to a very low amount in such 
tubes as the Hytron 5516, andthe Eimac 4X150A 
and 4XS00A but it is still quite appreciable in 
most beam-tetrode tubes. 

The effect of screen-lead inductance on the 
stability of a stage can be eliminated at any 
particular frequency by one of two methods. 
These methods are: (1) Tuning out the screen- 
lead inductance by series resonating the screen 
lead inductance with a capacitor to ground. 
This method is illustrated in figure 14D and is 
commonly employed in commercially-built equip- 
ment for operation on a narrow frequency band 
in the range above about 75 Mc. The other 
method (2) is illustrated in figure 14E and 
consists in feeding back additional energy 
from plate to grid by means of a small capac- 
itor connected between these two elements. 
Note that this capacitor is connected in such 
a manner as to increase the effective prid-to- 
plate capacitance of the tube. This method 
has been found to be effective with 807 tubes 
in the range above 50 Mc. and with tubes such 
as the 4-125A and 4-250A in the vicinity of 
their upper frequency limits. 

Note that both these methods of stabilizing 
a beam-tetrode v-h-f amplifier stage by can- 
cellation of screen-lead inductance are suit- 
able only for operation overarelatively narrow - 
band of frequencies in the v-h-f range. At low- 
er frequencies both these expedients for re- 
ducing the effects of screen-lead inductance 
will tend to increase the tendency toward os- 
cillation of the amplifier stage. 


Neutrolizing 
Problems 


When a stage cannot be com- 
pletely neutralized, the difficulty 
usually can be traced to one or 
more of the following causes: (1) Filament 
leads not by-passed to the common ground of 
that particular stage. (2) Ground lead from the 
rotor connection of the split-stator tuning ca- 
pacitor to filament open or too long. (3) Neu- 
tralizing capacitors in a field of excessive 
t.f. from one of the tuning coils. (4) Electro- 
magnetic coupling between grid and plate 
coils, or between plate and preceding buffer 
or oscillator circuits. (5) Insufficient shielding 
or spacing between stages, or between grid 
and plate circuits in compact transmitters. 
(6) Shielding placed too close to plate circuit 
coils, causing induced currents in the shields. 
(7) Parasitic oscillations when plate voltage 
is applied. The cure for the latter is mainly a 
matter of cut and try—rearrange the parts, 
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Figure 15 
GROUNDED-GRID AMPLIFIER 


This type of triode amplifier requires no 

neutralization, but can be used only with 

tubes having a relatively low plate-to-cathode 
capacitance 


 —————————————— 


change the length of grid or plate or neutraliz- 
ing leads, insert a parasitic choke in the grid 
lead or leads, or eliminate the grid t-f chokes 
which may be the cause of a low-frequency 
Parasitic(in conjunction with plate r-f chokes). 


Grounded Grid 
Amplifiers 


13-7 


Certain triodes have a grid configuration 
and lead arrangement which results in very low 
plate to filament capacitance when the control 
grid is grounded, the grid acting as an effec- 
tive shield much in the manner of the screen 
in a screen-grid tube. 

By connecting such a triode in the circuit of 
figure 15, taking the usual precautions against 
Stray capacitive and inductive coupling be- 
tween input and output leads and components, 
a stable power amplifier ts realized which re- 
quires no neutralization. 

At ultra-high frequencies, where it is diffi- 
cult to obtain satisfactory neutralization with 
conventional triode circuits (particularly when 
a wide band of frequencies is to be covered), 
the grounded-grid arrangement is about the only 
practicable means of employing a triode am- 
plifier. 

Because of the large amount of degeneration 
inherent in the circuit, considerably more ex- 
citation is required than if the same tube were 
employed in a conventional grounded-cathode 
circuit. The additional power required to drive 
a triode in a grounded-grid amplifier is not 
lost, however, as it shows up in the output cir- 
cuit and adds to the power delivered to the 
load. But nevertheless it means that a larger 
driver stage is required for an amplifier of 


Figure 16 


CONVENTIONAL TRIODE 
MULTIPLIER 


Small triodes such as the 6C4 operate satis- 

factorily as frequency multipliers, and can 

deliver output well into the v-h-f range. Re- 

sistor R normally will have a value in the 
vicinity of 100,000 ohms. 


FREQUENCY 


given output, because a moderate amount of 
power is delivered to the amplifier load by the 
driver stage of a grounded-grid amplifier. 


13-8 Frequency Multipliers 


Quartz crystals and variable-frequency os- 
cillators are not ordinarily used for direct con- 
trol of the output of high-frequency transmit- 
ters. Frequency multipliers are usually em- 
ployed to multiply the frequency to the desired 
value. These multipliers operate on exact mul- 
tiples of the excitation frequency; a 3.6-Mc. 
crystal oscillator can be made to control the 
output of a transmitter on 7.2 or 14.4 Mc., or 
on 28.8 Mc., by means of one or more frequency 
multipliers. When used at twice frequency, 
they are often termed frequency doublers. A 
simple doubler circuit is shown in figure 16. 
It consists of a vacuum tube with its plate cir- 
cuit tuned to twice the frequency of the grid 
driving circuit. This doubler can be excited 
from a crystal oscillator or another multiplier 
or amplifier stage. 

Doubling is best accomplished by operating 
the tube with high grid bias. The grid circuit 
is driven approximately to the normal value of 
d-c grid current through the r-f choke and grid- 
leak resistor, shown in figure 16. The resist- 
ance value generally is from two to five times 
as high as that used with the same tube for 
straight amplification. Consequently, the grid 
bias is several times as high for the same 
value of grid current. 

Neutralization is seldom necessary in a 
doubler circuit, since the plate is tuned to 
twice the frequency of the grid circuit. The 
impedance of the grid driving circuit is very 
low at the doubling frequency, and thus there 
is little tendency for self-excited oscillation. 
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Figure 17 
FREQUENCY MULTIPLIER CIRCUITS 


The output of a triode v-h-f frequency multi- 
plier often may be increased by neutralization 
of the grid-to-plate capacitance as shown at 
(A) above. Such a stage also may be oper- 
oted as a straight amplifier when the occa- 
sion demands. A pentode frequency multi- 
plier is shown at (B). Conventional power 
tetrodes operate sotisfactorily os multipliers 
so long as the output frequency is below 
ebour 100 Mc, Above this frequency special 
v-h-f tetrodes must be used to obtain sotis- 
factory output. 


Frequency doublers require bias of several 
times cutoff; high-u tubes therefore are desir- 
able for this type of service. Tubes which 
have amplification factors from 20 to 200 are 
suitable for doubler circuits. Tetrodes and 
pentodes make excellent doublers. Low-p 
triodes, having amplification constants of from 
3 to 10, are not applicable for doubler service. 
In extreme cases the grid voltage must be as 
high as the plate voltage for efficient doubling 
action, 


Angle of Flow 
in Frequency 
Multipliers 


The angle of plate current flow 
in a frequency multiplier is a 
very important factor in deter- 
mining the efficiency. As the 
angle of flow is decreased for a given value 
of grid current, the efficiency increases. To 
reduce the angle of flow, higher grid bias is 
required so chat the grid excitation voltage 
will exceed the cutoff value for a shorter por- 
tion of the exciting-voltage cycle. For a high 
order of efficiency, frequency doublers should 
have an angle of flow of 90 degrees or less, 
triplers 60 degrees or less, and quadruplers 
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Figure 18 


ILLUSTRATING THE ACTION OF A 
FREQUENCY DOUBLER 


45 degrees or less. Under these conditions 
the efficiency will be on the same order as 
the reciprocal of the harmonic on which the 
stage operates. In other words the efficiency 
of a doubler will be approximately 4% or $0 
per cent, the efficiency of a tripler will be 
approximately 4 or 33 per cent and that of a 
quadrupler will be about 25 per cent. With good 
stage design the efficiency can be somewhat 
greater than these values, but as the angle 
of flow is made greater than these limiting 
values, the efficiency falls off rapidly. The 
reason is apparent from a study of figure 18. 

The pulses ABC, EFG, JKL illustrate 180- 
degree excitation pulses under Class B opera- 
tion, the solid straight line indicating cutoff 
bias. If the bias is increased by N times, to 
the value indicated by the dotted straight line, 
and the excitation increased until the peak 
r-f voleage with respect to ground is the same 
as before, then the excitation frequency can 
be cut in half and the effective excitation 
pulses will have almost the same shape as 
before. The only difference is that every other 
pulse is missing; MNO simply shows where 
the missing pulse would go. However, if the 
Q of the plate tank circuit is high, ic will have 
sufficient flywheel effect to carry over through 
the missing pulse, and the only effect will be 
that the plate input and r-f output at optimum 
loading drop to approximately half. As the in- 
put frequency is half the output frequency, an 
efficient frequency doubler is the result. 

By the same token, a tripler or quadrupler 
can be analyzed, the tripler skipping two ex- 
citation pulses and che quadrupler three. In 
each case the excitation pulse ideally should 
be short enough that it does not exceed 180 
degrees at the output frequency; otherwise the 
excitation actually is bucking the output over 
a portion of the cycle. 

In actual practice, it is found uneconomical 
to provide sufficient excitation to run a tripler 
or quadrupler in this fashion. Usually the ex- 
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Figure 19 
PUSH-PUSH FREQUENCY DOUBLER 


The output of a doubler stage may be materi- 
ally increased through the use of a push-push 
circuit such os illustrated above. 


citation pulses will be at least 90 degrees at 
the exciting frequency, with correspondingly 
low efficiency, but it is more practicable to 
accept the low efficiency and build up the out- 
put in succeeding amplifier stages. The effi- 
ciency can become quite low before the power 
gain becomes less than unity. 


Push-Push Two tubes can be connected in 
Multipliers parallel to give twice the output 

of a single-tube doubler. If the 
grids are driven out of phase instead of in 
phase, the tubes then no longer work simul- 
taneously, but rather one at a time. The effect 
is to fill ‘in the missing pulses (figure 18). 
Not only is the output doubled, but several 
advantages accrue which cannot be obtained 
by straight parallel operation. 

Chief among these is the effective neutral- 
ization of the fundamental and all odd harmon- 
ics, an advantage when spurious emissions 
must be minimized. Another advantage is that 
when the available excitation is low and ex- 
citation pulses exceed 90 degrees, the output 
and efficiency will be greater than for the 
same tubes connected in parallel. 

The same arrangement may be used as a 
quadrupler, with considerably better efficiency 
than for straight parallel operation, because 
seldom is it practicable to supply sufficient 
excitation to permit 45 degree excitation 
pulses. As pointed out above, the push-push 
arrangement exhibits better efficiency than a 
single ended multiplier when excitation is in- 
adequate for ideal multiplier operation. 

A typical push-push doubler is illustrated 
in figure 19. When high transconductance tubes 
are employed, it is necessary to employ a 
split-stator grid tank capacitor to prevent self 
oscillation; with well screened tetrodes or 
pentodes having medium values of transcon- 
ductance, a split-coil arrangement with a sin- 
gle-section capacitor may be employed (the 


Figure 20 
PUSH-PULL FREQUENCY TRIPLER 


The push-pull tripler is advantageous in the 
velef ronge since circuit balance is main- 
tained both in the input and output circuits. 
If the circuit is neutrolized it may be used 
either as o straight amplifier or os a tripler. 
Either triodes or tetrodes may be used; duol- 
unit tetrodes such as the 815, 832A, and 
829B ore particularly effective in the v-h-f 
range. 


center tap of the grid coil being by-passed to 
ground). 


Push-Pull Frequency 
Triplers 


It is frequently desirable 
in the case of u-h-f and 
v-h-f transmitters that 
frequency multiplication stages be balanced 
with respect to ground. Further it is just as 
easy in most cases to multiply the crystal or 
v-f-o frequency by powers of three rather than 
multiplying by powers of two as is frequently 
done on lower frequency transmitters. Hence 
the use of push-pull triplers has become quite 
prevalent in both commercial and amateur 
v-h-f and u-h-f transmitter designs. Such stages 
are balanced with respect to ground and appear 
in construction and on paper essentially the 
same as a push-pull r-f amplifier stage with 
the exception chat the output tank circuit is 
tuned to three times the frequency of the grid 
tank circuit. A circuit for a push-pull cripler 
stage is shown in figure 20. 

A push-pull tripler stage has the further 
advantage in amateur work that it can also be 
used as a conventional push-pull r-f amplifier 
merely by changing the grid and plate coils 
so that they tune to the same frequency. This 
is of some advantage in the case of operating 
the 50-Mc. band with 50-Mc. excitation, and 
then changing the plate coil to tune to 144 
Mc. for operation of the stage as a tripler from 
excitation on 48 Mc. This circuit arrangement 
is excellent for operation with push-pull beam 
tetrodes such as the 6360 and 829B, although 
a pair of tubes such as the 2E26, or 5763 could 
juste as well be used if proper attention were 
given to the matter of screen-lead inductance. 
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It is necessary that the proper value of Q 
be used in the plate tank circuit of any r-f 
amplifier. The following section has been de- 
voted to a treatment of the subject, and charts 
are given to assist the reader in the derermina- 
tion of the proper L/C ratio to be used in a 
radio-frequency amplifier stage. 

A Class C amplifier draws plate current in 
the form of very distorted pulses of short dura- 
tion. Such an amplifier is always operated in- 
to a tuned inductance-capacitance or tank cir- 
cuit which tends to smooth out these pulses, 
by its storage or tank action, into a sine wave 
of radio-frequency output. Any wave-form dis- 
tortion of the carrier frequency results in har- 
monic interference in higher-frequency chan- 
nels. 

A Class A r-f amplifier would produce a sine 
wave of radio-frequency output if its exciting 
waveform were also a sine wave. However, a 
Class A amplifier stage converts its d-c input 
to r-f output by acting as avariable resistance, 
and therefore heats considerably. A Class C 
amplifier when driven hard with short pulses 
at the peak of the exciting waveform acts more 
as an electronic switch, and therefore can con- 
vert its d-c input to r-f output with relatively 
good efficiency. Values of plate circuit effi- 
ciency from 65 to 85 per cent are common in 
Class C amplifiers operating under optimum 
conditions of excitation, grid bias, and load- 


ing. 

Tonk Circuit Q 9 As stated before, the tank cir- 
cuit of a Class C amplifier 
receives energy in the form of short pulses of 
plate current which flow in the amplifier cube. 
But the tank circuit must be able to store 
enough energy so that it can deliver a current 
essentially sine wave in form to the load. The 
ability of a tank to store energy in this man- 
ner may be designated as the effective Q of 
the tank circuit. The effective circuit Q may 
be stated in any of several ways, but essen- 
tially the Q of a tank circuit is the ratio of the 
energy stored to 27 times the energy lost per 
cycle. Further, the energy lost per cycle must, 
by definition, be equal to the energy delivered 
to the tank circuit by the Class C amplifier 
tube or tubes. 

The Q of a tank circuit at resonance is equal 
to its parallel resonant impedance (the reso- 
nant impedance is resistive at resonance) di- 
vided by the reactance of either the capaci- 
tor or the inductor which go to make up the 
tank. The inductive reactance is equal to the 
Capacitive reactance, by definition, at reso- 
nance. Hence we may state: 


M 
CHARACTERISTIC 


GRID SWING 


Figure 21 
CLASS C AMPLIFIER OPERATION 


Plate current pulses ore shown at (A), (B), 
and (C). The dip in the top of the plate cur- 
rent waveform will occur when the excitation 
voltage is such thot the minimum plate volt- 
age dips below the maximum grid voltage. 
A detailed discussion of the operation of 
Class C amplifiers is given in Chapter Seven. 


where R, is the resonant impedance of the 
tank and Xc is the reactance of the tank ca- 
pacitor and X; is the reactance of the tank 
coil. This value of resonant impedance, R,, 
is the load which is presented to the Class C 
amplifier tube in a single-ended circuit such 
as shown in figure 21. 

The value of load impedance, R,, which the 
Class C amplifier tube sees may be obtained, 
looking in the other direction from the tank 
coil, from a knowledge of the operating con- 
ditions on the Class C tube. This load imped- 
ance may be obtained from the following ex- 
pression, which is true in the general case of 
any Class C amplifier: 

Saher 
Rigs see eee 
2 Np lb Epp 


where the values in the equation have the char- 
acteristics listed in the beginning of Chapter 6. 

The expression above is academic, since 
the peak value of the fundamental component 
of plate voltage swing, Epm, is not ordinarily 
known unless ahigh-voltage peak a-c voltmeter 
is available for checking. Also, the decimal 
value of plate circuit efficiency is not ordinari- 
ly known with any degree of accuracy. How- 
ever, in a normally operated Class C amplifier 
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Figure 22 
RELATIVE HARMONIC OUTPUT 
PLOTTED AGAINST TANK CIRCUIT Q 


the plate voltage swing will be approximately 
equal to 0.85 to 0.9 times the d-c plate voltage 
on the stage, and the plate circuit efficiency 
will be from 70 to 80 per cent (Np of 0.7 to 
0.8), the higher values of efficiency normally 
being associated with the higher values of 
plate voltage swing. With these two assump- 
tions as to the normal Class C amplifier, the 
expression for the plate load impedance can 
be greatly simplified to the following approxi- 
mate but useful expression: 


R 
Ry, os d.c. 
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which means simply that the resistance pre- 
sented by the tank circuit to the Class C tube 
is approximately equal to one-half the d-c load 
resistance which the Class C stage presents 
to the power supply (and also to the modulator 
in case high-level modulation of the stage is 
to be used). 

Combining the above simplified expression 
for the r-f impedance presented by the tank to 
the tube, with the expression for tank Q given 
in a previous paragraph we have the following 
expression which relates the reactance of the 
tank capacitor or coil to the d-c input to the 
Class C stage: 


Xc = Xiao Rac. 


2Q 
The above expression is the basis of the 
usual charts giving tank capacitance for the 
various bands in terms of the d-c plate voltage 
and current to the Class C stage, including 
the charts of figure 23, figure 24 and figure 25. 


Harmonic Radia- 
tion vs. Q 


The problem of harmonic 
radiation from transmitters 
has long been present, but 
it has become critical only relatively recently 
along with the extensive occupation of the 
v-h-f range. Television signals are particularly 
susceptible to interference from other signals 
falling within the pass band of the receiver, 
so that the TVI problem has received the major 
emphasis of all the services in the v-h-f range 
which are susceptible to interference from 
harmonics of signals in the h-f or lower v-h-f 
range. 
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Figure 23 
PLATE-TANK CIRCUIT ARRANGEMENTS 


Shown above in the case of each of the tank circuit types is the recommended tank circuit ca- 
pacitance. (A) is a conventional tetrode amplifier, (B) is a coil-neutralized triode amplifier, 
C) is a grounded-grid triode amplifier, (D) is a grid-neutralized triode amplifier. 
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CORRECT VALUES OF TANK CIRCUIT CAPACITANCE (C) FOR 
OPERATING Q OF [2 WITH SINGLE-ENDED SPLIT TANK COILS 


Figure 24 
PLATE-TANK CIRCUIT ARRANGEMENTS 


Shown above for each of the tank circuit types is the recommended tank circuit capacitance at 
the operating frequency for on operating Q of 12. (A) is a split-stator tank, each section of which 
is twice the capacity value read on the graph. (B) is circuit using topped coil for phase reversol. 
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Inspection of figure 22 will show quickly 
that the tank circuit of a Class C amplifier 
should have an operating Q of 12 or greater 
to afford satisfactory rejection of second har- 
monic energy. The curve begins to straighten 
out above a Q of about 15, so that a consider- 
able increase in Q must be made before an ap- 
preciable reduction in second-harmonic energy 
is obtained. Above a circuit Q of about 10 any 
increase will not afford appreciable reduction 
in the third-harmonic energy, sothat additional 
harmonic filtering circuits external to the am- 
plifier proper must be used if increased atten- 
uation of higher order harmonics is desired. 
The curves also show that push-pull amplifiers 
may be operated at Q values of 6 or so, since 
the second harmonic is cancelled to a large 
extent if there is no unbalanced coupling be- 
tween the output tank circuit and the antenna 
system. 


Figures 23, 24 and 25 il- 
lustrate the correct value 
of tank capacity for vari- 
ous circuit configurations. A Q value of 12 
has been chosen as optimum for single ended 
circuits, and a value of 6 has been chosen for 
push-pull circuits. Figure 23 is used when a 
single ended stage is employed, and the ca- 
pacitance values given are for the total ca- 
pacitance across the tank coil. This value in- 
cludes the tube interelectrode capacitance 
(plate to ground), coil distributed capacitance, 
wiring capacities, and the value of any low- 


Capacity Charts for 
Correct Tank Q 


inductance plate-to-ground by-pass capacitor 
as used for reducing harmonic generation, in 
addition to the actual ‘‘in-use’’ capacitance 
of the plate tuning capacitor. Total circuit 
stray capacitance may vary from perhaps 5 
micromicrofarads for a v-h-f stage to 30 micro- 
microfarads for a medium power tetrode h-f 
stage. 

When a split plate tank coil is employed in 
the stage in question, the graph of figure 24 
should be used. The capacity read from the 
graph is the total capacity across the tank 
coil. If che split-stator tuning capacitor is 
used, each section of the capacitor should 
have a value of capacity equal to twice the 
value indicated by the graph. As in the case 
of figure 23, the values of capacity read on 
the graph of figure 24 include all residual cir- 
cuit capacities. 

For push-pull operation, the correct values 
of tank circuit capacity may be determined 
with the aid of figure 25. The capacity values 
obtained from figure 25 are the effective values 
across the tank circuit, and if a split-stator 
tuning capacitor is used, each section of the 
capacitor should have a value of capacity e- 
qual to twice the value indicated by the graph. 
As in the case of figures 23 and 24, the values 
of capacity read on the graph of figure 25 in- 
clude all residual circuit capacities. 

The tank circuit operates in the same man- 
ner whether the cube feeding it is a pentode, 
beam tetrode, neutralized triode, grounded- 
grid triode, whether it is single ended or push- 
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OPERATING Q OF 6 WITH PUSH-PULL TANK CIRCUITS 


Figure 25 
PLATE-TANK CIRCUIT ARRANGEMENTS FOR PUSH-PULL STAGES 


Shown above is recommended tank circuit capacity at operating frequency for a Q of 6. (A) is 
split-stotor tonk, each section of which is twice the copacity value read on the graph. (B) is 
circuit using tapped coil for phase reversal. 


pull, or whether it is shunt fed or series fed. 
The important thing in establishing the oper- 
ating Q of the tank circuit is the ratio of the 
loaded resonant impedance across its termi- 
nals to the reactance of the L and the C which 
make up the cank. 

Due to the unknowns involved in determin- 
ing circuit stray capacitances it is sometimes 
more convenient to determine the value of L 
required for the proper circuit Q (by the method 
discussed earlier in this Section) and then to 
vary the cuned circuit capacitance until reso- 
nance is reached. This method is most fre- 
quently used in obtaining proper circuit Q in 
commercial transmitters. 

The values of Rp for using the charts are 
easily calculated by dividing the d-c plate sup- 
ply voltage by the total d-c plate current (ex- 
pressed in amperes). Correct values of total 
tuning capacitance are shown in the chart for 
the different amateur bands. The shunt stray 
capacitance can be estimated closely enough 
for all practical purposes. The coil inductance 
should then be chosen which will produce 
resonance at the desired frequency with the 
total calculated tuning capacitance. 


Effect of Load- 
ing on Q 


The Q of a circuit depends 
upon the resistance in series 
with the capacitance and in- 
ductance. This series resistance is very low 
for a low-loss coil not loaded by an antenna 
circuit. The value of Q may be from 100 to 600 
under these conditions. Coupling an antenna 


circuit has the effect of increasing the series 
resistance, though in this case the power is 
consumed as useful radiation by the antenna. 
Mathematically, the antenna increases the 
value of R in the expression Q = wL/R where 
L is the coil inductance in microhenrys and 
w is the term 2nf, f being in megacycles. 

The coupling from the final cank circuit to 
the antenna or antenna transmission line can 
be varied co obtain values of Q from perhaps 
3 at maximum coupling to a value of Q equal 
to the unloaded Q of the circuit at zero an- 
tenna coupling. This value of unloaded Q can 
be as high as 500 or 600, as mentioned in the 
preceding paragraph. However, the value of 
Q = 12 will not be obtained at values of nor- 
mal d-c plate current in the Class C amplifier 
stage unless the C-to-L ratio in the tank cir- 
cuit is correct for that frequency of operation. 


i) 
Tuning Capacitor To determine the required 
Air Gap tuning capacitor air gap for 
a particular amplifier cir- 
cuit it is first necessary to estimate the peak 
t-f voltage which will appear between the 
plates of the tuning capacitor. Then, using 
figure 26, it is possible to estimate the plate 
spacing which will be required. 

The instantaneous r-f voltage in the plate 
circuit of a Class C amplifier tube varies from 
nearly zero to nearly twice the d-c plate volt- 
age. If the d-c voltage is being 100 per cent 
modulated by an audio voltage, the r-f peaks 
will reach nearly four times the d-c voltage. 
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FIGURE 26 L Rez Ra(Q2 +1) (exacr) 
Re =Q2 Ra (aPrrox.) 
USUAL BREAKDOWN RATINGS OF 
COMMON PLATE SPACINGS Reaec Ra q: Xb.Xc .Re Re 
Aie-gap in Peak voltage Ra Ra Xe Xt 
inches breokdown XuEXe 


.030 . 1,000 
‘050 2,000 
‘070 3,000 
1100 4,000 
1125 5 4,500 
1150 . $200 
1170 : ‘6,000 
'200 7,500 
.250 9,000 
1350 11,000 
1500 15,000 
‘700 . 20,000 


Recommended air-gop for use when no d-c 
voltage appeors across plate tank condenser 
(when plate circuit is shunt fed, or when the 


plate tank condenser is insulated from 
ground). 


O.C. PLATE PLATE 
VOLTAGE c.w. 


400 -030 

600 -050 

750 -050 
1000 .070 
1250 -070 
1500 .078 
2000 100 
2500 W75 
3000 +200 
3500 -250 


Spacings should be multiplied by 1.5 for 
same sofety factor when d-c voltage appears 
across plote tank condenser. 


These rules apply to a loaded amplifier or 
buffer stage. If either is operated without an 
t-f load, the peak voltages will be greater and 
can exceed the d-c plate supply voltage. For 
this reason no amplifier should be operated 
without load when anywhere near normal d-c 
plate voltage is applied. 

If a plate blocking condenser is used, it 
must be rated to withstand the d-c plate volt- 
age plus any audio voltage. This capacitor 
should be rated at a d-c working voltage of at 
least twice the d-c plate supply in a plate mod- 
ulated amplifier, and at least equal to the d-c 
supply in any other type of r-f amplifier. 


13-10 L and Pi Matching 


Networks 


The L and pi networks often can be put to 
advantageous use in accomplishing an imped- 
ance match between two differing impedances. 
Common applications are the matching between 
a transmission line and an antenna, or between 
the plate circuit of a single-ended amplifier 
stage and an antenna transmission line. Such 
networks may be used to accomplish a match 


Rp= PLATE VOLTAGE 
PE APPROX STATE CURRENT 


co = Re: 225 Ra 
FOR OPERATING CIRCUIT 
Qor is Xce fe 
Aue we 
Figure 27 
THE L NETWORK IMPEDANCE 
TRANSFORMER 


The L network is useful with a moderate 
operating Q for high volues of impedance 
transformation, and it may be used for appli- 
cations other then in the plate circuit of o 
tube with relatively low values of operating 
Q for moderate impedance transformations. 
Exact and approximate design equations are 
given. 


between the plate tank circuit of an amplifier 
and a transmission line, or they may be used 
to match directly from the plate circuit of an 
amplifier to the line without the requirement 
for a tank circuit—provided the network is de- 
signed in such a manner that it has sufficient 
operating Q for accomplishing harmonic atten- 
uation. 


The L Matching The L network is of limited 
Network utility in impedance match- 

ing since its ratio of imped- 
ance transformation is fixed at a value equal 
to (Q?+1). The operating Q may be relatively 
low (perhaps 3 to 6) in a matching network be- 
tween the plate tank circuit of an amplifier 
and a transmission line; hence impedance 
transformation ratios of 10 to 1 and even lower 
may be attained. But when the network also 
acts as the plate tank circuit of the amplifier 
Stage, as in figure 27, the operating Q should 
be at least 12 and preferably 15. An operating 
Q of 15 represents an impedance transforma- 
tion of 225; this value normally will be too 
high even for transforming from the 2000 to 
10,000 ohm plate impedance of a Class C am- 
plifier stage down to a 50-ohm transmission 
line. 

However, the L network is interesting since 
it forms the basis of design for the pi network. 
Inspection of figure 27 will show that the L 
network in reality must be considered as a 
parallel-resonant tank circuit in which Ra 
represents the coupled-in load resistance; 
only in this case the load resistance is di- 
rectly coupled into the tank circuit rather than 
being inductively coupled as in the conven- 
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Figure 28 
THE Pl NETWORK 


The pi network is valuable for use as an im- 
pedance transformer over a wide ratio of 
transformation values. The operating Q should 
be of least 12 and preferably 15 to 20 when 
the circuit is to be used in the plate circuit 
of a Class C amplifier. Design equations 
are given above. The inductor Lyo4 repre- 
sents a single inductance, usually variable, 
with a value equal to the sum of Ly and L>. 


tional arrangement where the load circuit is 
coupled to the tank circuit by means of a link. 
When Ra is shorted, L and C comprise a con- 
ventional parallel-cesonant tank circuit, since 
for propet operation L and C must be resonant 
in order for the network to present a resistive 
load to the Class C amplifier. 


The Pi Network The pi impedance matching 

network, illustrated in figure 
28, is much more general in its application 
than the L network since it offers greater har- 
monic attenuation, and since it can be used 
to match a relatively wide range of impedances 
while still maintaining any desired operating 
Q. The values of C, and L, in the pi network 
of figure 28 can be thought of as having the 
same values of the L network in figure 27 for 
the same operating Q, but what is more impor- 
tant from the comparison standpoint these val- 
ues will be the same as in a conventional tank 
Circust. 

The value of the capacitance may be deter- 
mined by calculation, with the operating Q and 
the load impedance which should be reflected 
to the plate of the Class C amplifier as the 
two knowns—or the actual values of the ca- 


pacitance may be obtained for an operating Q 
of 12 by reference to figures 23, 24 and 25. 

The inductive arm in the pi network can be 
thought of as consisting of two inductances 
in series, as illustrated in figure 28. The first 
portion of this inductance, L,, is that value of 
inductance which would resonate with C, at 
the operating frequency—the same as in a con- 
ventional tank circuit. However, the actual 
value of inductance in this arm of the pi net- 
work, Lio, will be greater than L, for normal 
values of impedance transformation. For high 
teansformation ratios Ly, will be only slightly 
greater than L,; for a transformation ratio of 
1.0, Lio, will be twice as great as L,. The 
amount of inductance which must be added to 
L, to restore resonance and maintain circuit 
Q is obtained through use of the expression 
for X,,, in figure 28. 

The peak voltage rating of the main tuning 
capacitor C, should be the normal value for a 
Class C amplifier operating at the plate volt- 
age to be employed. The inductor Lio: may be 
a plug-in coil which is changed for each band 
of operation, or some sort of variable inductor 
may be used. A continuously variable slider- 
type of variable inductor, such as used in cer- 
tain items of surplus military equipment, may 
be used to good advantage if available, or a 
tapped inductor such as used in the ART-13 
may be employed. However, to maintain good 
circuit Q on the higher frequencies when a 
variable or tapped coil is used on the lower 
frequencies, the tapped or variable coil should 
be removed from the circuit and replaced by 
a smaller coil which has been especially de- 
signed for the higher frequency ranges. 


The peak voltage rating of the output or 
loading capacitor, C,, is determined by the 
power level and the impedance to be fed. If a 
§0-ohm coaxial line is to be fed from the pi 
network, receiving-type capacitors will be 
satisfactory even up to the power level of a 
plate-modulated kilowatt amplifier. In any 
event, the peak voltage which will be im- 
pressed across the output capacitor is ex- 
pressed by: Ep,’ = 2 R,z Wo, where Ep, is the 
peak voltage across the capacitor, R, is the 
value of resistive load which the network is 
feeding, and W, is the maximum value of the 
average power output of the stage. The har- 
monic attenuation of the pi network is quite 
good, although an external low-pass filter will 
be required to obtain harmonic attenuation 
value upward of 100 db such as normally re- 
quired. The attenuation to second harmonic 
energy will be approximately 40 db for an oper- 
ating Q of 15 for the pi network; the value 
increases to about 45 db for a 1:1 transforma- 
tion and falls to about 38 db for an impedance 
step-down of 80:1, assuming that the oper- 
ating Q is maintained at 15. 
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Fe WHERE EB IS PLATE vOLTaGé 
PLATE LOAD (onms) Erte AND 18 1S PLATE CURRENT 
IN AMPERES. 


CB .00025 UF MICA CAPACITOR RATED AT TWICE THE 0.C. 
PLATE VOLTAGE 


RFC1-* 26 ENAMELED, CLOSE-WOUND ON A CERAMIC INSULATOR 
1" 014, 4°LONG OR NATIONAL R-175A 


RFC2- 2¢ MH, NATIONAL R-100 


Estimated Plate 
Laad (ohms) 


Cin wut, 33 Mc 


3.5 Mc 1,800 
7 900 


450 
300 
225 


The actual capacitance setting 
for C, equals the value in this 
table minus the published tube 
output capacitance. Air gop 
approx. 10 mils/100 v E,,. 


Inductance values are for a 
50-ohm load. For a 70-ohm 
load, values are approx. 3% 
higher. 


For 50-ohm transmission line. 
Air gap for C, is approx. 1 
mil/100 v E,. 


For 70-ahm transmission line. 


* Values given are approximations. All components shown in Table 1 are for a Q of 12. For other volves of Q, use 


Qa Ce Qa. 4, 
— = — and 


Ovecac Cre One nls 


components be selected for a circuit Q between 20 and 30. 


= —- When the estimated plate load is higher than 5,000 ahms, it is recammended that the 


Table | Components for Pi-Coupled Final Amplifiers 


Component Chart 
for Pi-Networks 


To simplify design pro- 
cedure, a pi-network chart, 
compiled by M. Seybold, 
W2RYI (reproduced by courtesy of R.C.A. Tube 
Division, Harrison, N.J.) is shown in table 1. 
This chart summarizes the calculations of fig- 
ure 28 for various values of plate load. 


13-1] Grid Bias 


Radio-frequency amplifiers require some 
form of grid bias for proper operation. Prac- 
tically all r-f amplifiers operate in such a man- 
ner that plate current flows in the form of 
short pulses which have a duration of only a 
fraction of an r-f cycle. To accomplish this 


with a sinusoidal excitation voltage, the oper- 
ating grid bias must be at least sufficient to 
cut off the plate current. In very high efficien- 
cy Class C amplifiers the operating bias may 
be many times the cutoff value. Cutoff bias, 
it will be recalled, is that value of grid volt- 
age which will reduce the plate current to 
zero at the plate voltage employed. The method 
for calculating it has been indicated previous- 
ly. This theoretical value of cutoff will not 
reduce the plate current completely to zero, 
due to the variable-p tendency or ‘‘knee’’ 
which is characteristic of all tubes as the 
cutoff point is approached. 


Class C Bias Amplitude modulated Class C 

amplifiers ‘should be operated 
with the grid bias adjusted to a value greater 
than twice cutoff at the operating plate volt- 
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Figure 29 
GRID-LEAK BIAS 


The grid leak on an amplifier or multiplier 
stage may also be used as the shunt feed 
impedance to the grid of the tube when a 
high value of grid leak (greater thon perhaps 
20,000 ohms) is used. When a lower value of 
grid leak is to be employed, an r-f choke 
should be used between the grid of the tube 
ond the grid leak to reduce r-f losses in the 
grid leak resistance. 


a 


age. This procedure will insure that the tube 
is operating at a bias greater than cutoff when 
the plate voltage is doubled on positive modu- 
lation peaks. C-w telegraph and FM trans- 
mitters can be operated with bias as low as 
cutoff, if only limited excitation is available 
and moderate plate efficiency is satisfactory. 
In a c-w transmitter, the bias supply or re- 
sistor should be adjusted to the point which 
will allow normal grid current to flow for the 
particular amount of grid driving 1-f power 
available. This form of adjustment will allow 
more output from the under-excited r-f ampli- 
fier chan when higher bias is used with corre- 
sponding lower values of grid current. In any 
event, the operating bias should be set at as 
low a value as will give satisfactory opera- 
tion, since harmonic generation in a stage in- 
creases rapidly as the bias is increased. 
Grid-Leak Bias A resistor can be connected 
in the grid circuit of a Class 
C amplifier to provide grid-leak bias. This re- 
sistor, R, in figure 29, is part of the d-c path 
in the grid circuit. 

The r-f excitation applied to the grid cir- 
cuit of the cube causes a pulsating direct cur- 
rent to flow through the bias supply lead, due 
to the rectifying action of the grid, and any 
current flowing through R, produces a voltage 
drop across that resistor. The grid of the tube 
is positive for a short duration of each r-f 
cycle, and draws electrons from the filament 
or cathode of the tube during that time. These 
electrons complete the circuit through the d-c 
grid return. The voltage drop across the re- 
sistance in the grid return provides a nega- 
tive bias for the grid. 

Grid-leak bias automatically adjusts itself 
over fairly wide variations of r-f excitation. 
The value of grid-leak resistance should be 
such that normal values of grid current will 
flow at the maximum available amount of r-f 


O 
—BIAS SUPPLY 


Figure 30 


COMBINATION GRID-LEAK AND 
FIXED BIAS 


Grid-leck bias often is used in conjunction 
with a fixed minimum value of power supply 
bias. This arrangement permits the operating 
bias to be established by the excitation ener- 
gy, but in the absence of excitation the elec- 
trode currents to the tube will be held to safe 
values by the fixed-minimum power supply 
bias. If a relatively low value of grid leak 
is to be used, an r-f choke should be con- 
nected between the grid of the tube and the 
grid leok as discussed in figure 29. 


excitation. Grid-leak bias cannot be used for 
grid-modulated or linear amplifiers in which 
the average d-c grid current is constantly 
varying with modulation. 


Safety Bias Grid-leak bias alone provides no 
protection against excessive 
plate current in case of failure of the source 
of r-f grid excitation. A C-battery or C-bias 
supply can be connected in series with the 
gtid leak, as shown in figure 30. This fixed 
protective bias will protect the tube in the 
event of failure of grid excitation. ''Zero-bias’’ 
tubes do not require this bias source in addi- 
tion to the grid leak, since their plate current 
will drop to a safe value when the excitation 
is removed. 

Cathode Bias A resistor can be connected in 
series with the cathode or cen- 
ter-capped filament lead of an amplifier to se- 
cure automatic bias. The plate current flows 
through this resistor, then back to the cathode 
or filament, and the voltage drop across the 
resistor can be applied to the grid circuit by 
connecting the grid bias lead to the grounded 
or power supply end of the resistor R, as shown 
in figure 31. 

The grounded (B-minus) end of the cathode 
resistor is negative relative to the cathode 
by an amount equal to the voltage drop across 
the resistor. The value of resistance must be 
so chosen that the sum of the desired grid 
and plate current flowing through the resistor 
will bias the cube for proper operation. 

This type of bias is used more extensively 
in audio-frequency than in radio-frequency am- 
plifiers. The voltage drop across the resistor 
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Figure 31 
R-F STAGE WITH CATHODE BIAS 


Cathode bias sometimes is advantageous for 
use in an r-f stage that operates with a rela- 
tively small amount of r-f excitation. 


q 


BIA = 
BATTERY — 


Figure 32 
R-F STAGE WITH BATTERY BIAS 


Battery bias is seldom used, due to deteriora- 

tion of the cells by the reverse grid current. 

However, it may be used in certain special 

applications, or the fixed bias voltage may 
be supplied by o bias power supply. 


must be subtracted from the total plate supply 
voltage when calculating the power input to 
the amplifier, and this loss of plate voltage 
in an r-f amplifier may be excessive. A Class 
A audio amplifier is biased only to approxi- 
mately one-half cutoff, whereas an r-f amplifier 
may be biased to twice cutoff, or more, and 
thus the plate supply voltage loss may be a 
large percentage of the total available voltage 
when using low or medium p tubes. 
Oftentimes just enough cathode bias is em- 
ployed in an r-f amplifier to act as safety bias 
to protect the tubes in case of excitation fail- 


ure, with the rest of the bias coming from a 
grid leak. 


Separate Bias 
Supply 


An external supply often is 
used for grid bias, as shown in 
figure 32. Battery bias gives 
very good voltage regulation and is satisfac- 
tory for grid-modulated or linear amplifiers, 
which operate at low grid current. In the case 
of Class C amplifiers which operate with high 
grid current, battery bias is not satisfactory. 
This direct current has a charging effect on 
the dry batteries; after a few months of service 
the cells will become unstable, bloated, and 
noisy. 

A separate a-c operated power supply is 
commonly used for grid bias. The bleeder re- 
sistance across the output of the filter can be 
made sufficiently low in value that the grid 
current of the amplifier will not appreciably 
change the amount of negative grid-bias volt- 
age. Alternately, a voltage regulated grid-bias 
supply can be used. This type of bias supply 
is used in Class B audio and Class B r-f lin- 
ear amplifier service where the voltage regu- 
lation in the C-bias supply is important. For 
a Class C amplifier, regulation is not so im- 
portant, and an economical design of compo- 
nents in the power supply, therefore, can be 
utilized. In this case, the bias voltage must 
be adjusted with normal grid current flowing, 
as the grid current will raise the bias con- 


siderably when it is flowing through the bias- 
supply bleeder resistance. 


Protective Circuits for 
Tetrode Transmitting Tubes 


13-12 


The tetrode transmitting tube requires three 
operating voltages: grid bias, screen voltage, 
and plate voltage. The current requirements of 
these three operating voltages are somewhat 
interdependent, and a change in potential of 
one voltage will affect the current drain of the 
tetrode in respect to the other two voltages. 
In particular, if the grid excitation voltage is 
interrupted as by keying action, or if the plate 
supply is momentarily interrupted, the resulting 
voltage or current surges in the screen circuit 
are apt to permanently damage the tube. 


A simple method of obtain- 
ing screen voltage is by 
means of a dropping resis- 
tor from the high voltage plate supply, as shown 
in figure 33. Since the current drawn by the 
screen is a function of the exciting voltage 
applied to the tetrode, the screen voltage will 
tise to equal the plate voltage under condi- 
tions of no exciting voltage. If the control grid 
is overdriven, on the other hand, the screen 
current may become excessive. In either case, 
damage to the screen and its associated com- 
ponents may result. In addition, fluctuations 
in the plate loading of the tetrode stage will 
cause changes in the screen current of the 
tube. This will result in screen voltage fluc- 
tuations due to the inherently poor voltage 
regulation of the screen series dropping resis- 
tor. These effects become dangerous to tube 
life if the plate voltage is greater than the 
screen voltage by a factor of 2 or so. 


The Series Screen 
Supply 
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Figure 33 
DROPPING- RESISTOR SCREEN SUPPLY 


The Clamp Tube A clamp tube may be added 
to the series screen supply, 
as shown in figure 34. The clamp tube is nor- 
mally cut off by virtue of the d-c grid bias drop 
developed across the grid resistor of the tet- 
rode tube. When excitation is removed from 
the tetrode, no bias appears across the grid 
resistor, and the clamp tube conducts heavily, 
dropping the screen voltage to a safe value. 
When excitation is applied to the tetrode the 
clamp tube is inoperative, and fluctuations of 
the plate loading of the tetrode tube could 
allow the screen voltage to rise to a damaging 
value. Because of this factor, the clamp tube 
does not offer complete protection to the cet- 
rode. 


The Separate 
Screen Supply 


A low voltage screen supply 
may be used instead of the 
series screen dropping resis- 
tor. This will protect the screen circuit from 
excessive voltages when the other tetrode 
operating parameters shift. However, the screen 
can be easily damaged if plate or bias volt- 
age is removed from the tetrode, as the screen 
current will reach high values and the screen 
dissipation will be exceeded. If the screen 
supply is capable of providing slightly more 
screen voltage than the tetrode requires for 
Proper operation, a series wattage-limiting re- 
sistor may be added to the circuit as shown 
in figure 35. With this resistor in the circuit 
it is possible to apply excitation to the tet- 
rode tube with screen voltage present (but in 
the absence of plate voltage) and still not dam- 
age the screen of the tbe. The value of the 
resistor should be chosen so that the product 
of the voltage applied to the screen of the 
tetrode times the screen current never exceeds 
the maximum rated screen dissipation of the 
tube. 


13-13 Interstage Coupling 


Energy is usually coupled from one circuit 
of a transmitter into another either by capaci- 
tive coupling, inductive coupling, ot link cou- 
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Figure 34 
CLAMP-TUBE SCREEN SUPPLY 


pling. The latter is a special form of induc- 
tive coupling. The choice of a coupling method 
depends upon the purpose for which it is to 
be used. 


Capacitive 
Coupling 


Capacitive coupling between an 
amplifier or doubler circuit and a 
preceding driver stage is shown 
in figure 36. The coupling capacitor, C, iso- 
lates the d-c plate supply from the next grid 
and provides a low impedance path for the r-f 
energy between the tube being driven and the 
driver tube. This method of coupling is simple 
and economical for low power amplifier or ex- 
citer stages, but has certain disadvantages, 
particularly for high frequency stages. The 
grid leads in an amplifier should be as short 
as possible, but this is difficult to attain in 
the physical arrangement of a high power am- 
plifier with respect to a capacitively-coupled 
driver stage. 


Disadvantages of 
Capacitive 
Coupling 


One significant disadvan- 
tage of capacitive coupling 
is the difficulty of adjusting 
the load on the driver stage. 
Impedance adjustment can be accomplished 
by tapping the coupling lead a part of the way 
down on the plate coil of the tuned stage of 
the driver circuit; but often when this is done 


o 
LOW VOLTAGE +8 
SCREEN SUPPLY 


Figure 35 
A PROTECTIVE WATTAGE-LIMITING RE- 
SISTOR FOR USE WITH LOW-VOLTAGE 
SCREEN SUPPLY 
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Figure 36 
CAPACITIVE INTERSTAGE COUPLING 


a parasitic oscillation will take place in the 
stage being driven. 

One main disadvantage of capacitive coupl- 
ing lies in the fact that the grid-to-filament 
capacitance of the driven tube is placed di- 
rectly across the driver tuned circuit. This 
condition sometimes makes the r-f amplifier 
difficule to neutralize, and the increased mini- 
mum circuit capacitance makes it difficult to 
use a reasonable size coil in the v-h-f range. 
Difficulties from this source can be partially 
eliminated by using a center-tapped or split- 
stator tank circuit in the plate of the driver 
stage, and coupling capacitively to the oppo- 
site end from the plate. This method places 
the plate-co-filament capacitance of the driver 
across one-half of the tank and the grid-to- 
filament capacitance of the following stage 
across the other half. This type of coupling is 
shown in figure 37. 

Capacitive coupling can be used to advan- 
tage in reducing the total number of tuned cir- 
cuits in a transmitter so as to conserve space 
and cost. It also can be used to advantage be- 
tween stages for driving beam tetrode or pen- 
tode amplifier or doubler stages. 


Inductive coupling (figure 38) re- 
sults when two coils are electro- 
magnetically coupled to one an- 
other. The degree of coupling is controlled by 
varying the mutual inductance of the two coils, 
which is accomplished by changing the spac- 
ing or the relationship between the axes of 
the coils. 


Inductive 
Coupling 


Figure 38 
INDUCTIVE INTERSTAGE COUPLING 


Figure 37 
BALANCED CAPACITIVE COUPLING 


Balanced capacitive coupling sometimes is 

useful when it is desirable to use a relatively 

large inductance in the interstage tank cir- 

cuit, or where the exciting stage is neutral- 
ized as shown above. 


Inductive coupling is used extensively for 
coupling r-f amplifiers in radio receivers. How- 
ever, the mechanical problems involved in ad- 
justing the degree of coupling limit the use- 
fulness of direct inductive coupling in trans- 
mitters. Either the primary or the secondary 
or both coils may be tuned. 


Unity Coupling If the grid tuning capacitor of 
figure 38 is removed and the 
coupling increased to the maximum practicable 
value by interwinding the turns of the two coils, 
the circuit insofar as r.f. is concerned acts 
like that of figure 36, in which one tank serves 
both as plate tank for the driver and grid tank 
for the driven stage. The inter-wound grid 
winding serves simply to isolate the d-c plate 
voltage of the driver from the gridof the driven 
stage, and to provide a return for d-c grid cur- 
rent. This type of coupling, illustrated in fig- 
ure 39, is commonly known as unity coupling. 

Because of the high mutual inductance, both 
primary and secondary are resonated by the 
one tuning Capacitor. 


INTERWOUND 


Figure 39 
"UNITY" INDUCTIVE COUPLING 


Due to the high value of coupling between 

the two coils, one tuning capacitor tunes 

both circuits. This arrangement often is use 

ful in coupling from a single-ended to o push- 
pull stage. 
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Figure 40 


INTERSTAGE COUPLING BY MEANS 
OF A “LINK” 


Link interstage coupling is very commonly 
used since the two stages may be separated 
by a considerable distance, since the amount 
of a coupling between the two stages may be 
easily varied, and since the capacitances of 
the two stages may be isolated to permit use 
of larger inductances in the v-h-f range. 


Link Coupling A special form of inductive 
coupling which is widely em- 
ployed in radio transmitter circuits is known 
as link coupling. A low impedance r-f trans- 
mission line couples the two tuned circuits 
together. Each end of the line is terminated 
in one or more turns of wire, or links, wound 
around the coils which are being coupled to- 
gether. These links should be coupled to each 
tuned circuit at the point of zero r-f potential, 
or nodal point. A ground connection to one 
side of the link usually is used to reduce har- 
monic coupling, or where capacitive coupling 
between two circuits must be minimized. Co- 
axial line is commonly used to transfer energy 
between the two coupling links, although Twin- 
Lead may be used where harmonic attenuation 
is not so important. 
Typical link coupled circuits are shown in 
figures 40 and 41. Some of the advantages of 
link coupling are the following: 


(1) It eliminates coupling taps on tuned cir- 
cuits. 

(2) It permits the use of series power supply 
connections in both tuned grid and tuned 
plate circuits, and thereby eliminates the 
need of shunt-feed r-f chokes. 

(3) It allows considerable separation between 
transmitter stages without appreciable 
r-f losses or stray chassis currents. 

(4) It reduces capacitive coupling and there- 
by makes neutralization more easily at- 
tainable in r-f amplifiers. 

(5) lt provides semi-automatic impedance 
matching between plate and grid tuned 
circuits, with the result that greater grid 
drive can be obtained in comparison to 
Capacitive coupling. 

(6) It effectively reduces the coupling of har- 
monic energy. 


LINK COUPLING 
AT “COLD” CENTER 
ENDS “HOT” 


Figure 41 
PUSH-PULL LINK COUPLING 


The link-coupling line and links can be 
made of no. 18 push-back wire for coupling 
between low-power stages. For coupling be- 
tween higher powered stages the 150-ohm 
Twin-Lead transmission line is quite effective 
and has very low loss. Coaxial transmission is 
most satisfactory between high powered am- 
plifier stages, and should always be used 
where harmonic attenuation is important. 


13-14 Radio-Frequency 


Chokes 


Radio-frequency chokes are connected in 
circuits for the purpose of stopping the pas- 
sage of r-f energy while still permitting a di- 
rect current or audio-frequency current to pass. 
They consist of inductances wound with a 
large number of turns, either in the form of a 
solenoid, a series of solenoids, a single uni- 
versal pie winding, or a series of pie wind- 
ings. These inductors are designed to have as 
much inductance and as little distributed or 
shunt capacitance as possible. The unavoid- 
able small amount of distributed capacitance 
resonates the inductance, and this frequency 
normally should be much lower than the fre- 
quency at which the transmitter or receiver 
circuit is operating. R-f chokes for operation 
on several bands must be designed carefully 
so that the impedance of the choke will be ex- 
tremely high (several hundred thousand ohms) 
in each of the bands. 

The direct current which flows through the 
t-f choke largely determines the size of wire 
to be used in the winding. The inductance of 
r-f chokes for the v-h-f range is much less 
than for chokes designed for broadcast and 
ordinary short-wave operation. A very high 
inductance r-f choke has more distributed ca- 
pacitance than a smaller one, with the result 
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Figure 42 


ILLUSTRATING PARALLEL AND 
SERIES PLATE FEED 


Parallel plate feed is desirable from a sofety 
standpoint since the tonk circuit is at ground 
potential with respect to d.c. However, a 
high-impedance r-f choke is required, and 
the r-f choke must be able to withstand the 
peak r-f voltage output of the tube. Series 
plate feed eliminotes the requirement for a 
high-performance r-f choke, but requires the 
use of a relatively forge value of by-pass 
capacitance at the bottom end of the tank 
circuit, as contrasted to the moderate value 
of coupling capacitance which may be used 
ot the top of the tank circuit for parallel 
plate feed. 


thar it will actually offer Jess impedance at 
very high frequencies. 

Another consideration, just as important as 
the amount of d.c. the winding will carry, is 
the r-f voltage which may be placed across 
the choke without its breaking down. This is 
a function of insulation, turn spacing, frequen- 
cy, number and spacing of pies and other fac- 
tors. 

Some chokes which are designed to have a 
high impedance over a very wide range of fre- 
quency are, in effect, really two chokes: a 
u-h-f choke in series with a high-frequency 
choke. A choke of this type is polarized; that 
is, it is important that the correct end of the 
combination choke be connected to the ‘‘hot’’ 
side of the circuit. 


Shunt ond 
Series Feed 


Direct-current grid and plate 
connections are made either by 
series or parallel feed systems. 
Simplified forms of each are shown in figures 
42 and 43. 

Series feed can be defined as that in which 
the d-c connection is made to the grid or plate 
Circuits at a point of very low r-f potential. 
Shunt feed always is made to a point of high 
rf voltage and always requires a high imped- 
ance t-f choke or a relatively high resistance 
to prevent waste of r-f power. 


Feed 271 


and Series 


Shunt 
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PARALLEL BIAS FEED SERIES BIAS FEED 
Figure 43 


ILLUSTRATING SERIES AND 
PARALLEL BIAS FEED 


Parallel and 
Push-Pull Tube Circuits 


13-15 


The comparative r-f power output from paral- 
lel or push-pull operated amplifiers is the same 
if proper impedance matching is accomplished, 
if sufficient grid excitation is available in 
both cases, and if the frequency of measure- 
ment is considerably lower than the frequency 
limit of the tubes. 


Porollel 
Operation 


Operating tubes in parallel has 
some advantages in transmitters 
designed for operation below 10 
Mc., particularly when tetrode or pentode tubes 
are to be used. Only one neutralizing capacitor 
is required for parallel operation of triode 
tubes, as against two for push-pull. Above 
about 10 Mc., depending upon the tube type, 
parallel tube operation is not ordinarily recom- 
mended with triode tubes. However, parallel 
operation of grounded-grid stages and stages 
using low-C beam tetrodes often will give ex- 
cellent results well into the v-h-f range. 


Push-Pull 


Operation 


The push-pull connection provides 
a well-balanced circuit insofar as 
miscellaneous capacitances are 
concerned; in addition, the circuit can be neu- 
tralized more completely, especially in high- 
frequency amplifiers. The L/C ratio in a push- 
pull amplifier can be made higher than in a 
plate-neutralized parallel-tube operated am- 
plifier. Push-pull amplifiers, when perfectly 
balanced, have less second-harmonic output 
than parallel or single-tube amplifiers, but in 
practice undesired capacitive coupling and 
circuit unbalance more or less offset the theo- 
retical harmonic-reducing advantages of push- 
pull r-f circuits. 
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Comparatively high gain is required in sin- 
gle sideband equipment because the signal is 
usually generated at levels of one watt or less. 
To get from this level to a kilowatt requires 
about 30 db of gain. High gain tetrodes may 
be used to obtain this increase with a minimum 
number of stages and circuits. Each stage con- 
tributes some distortion; therefore, it is good 
practice to keep the number of stages to a 
minimum. It is generally considered good prac- 
tice to operate the low level amplifiers below 
their maximum power capability in order to 
confine mose of the distortion to the last two 
amplifier stages. R-f feedback can then be 
utilized to reduce che distortion in the last 
two stages. This type of feedback is no dif- 
ferent from the common audio feedback used 
in high fidelity sound systems. A sample of 
the output waveform is applied to the ampli- 
fier input to correct the distortion developed 
in the amplifier. The same advantages can be 
obtained at radio frequencies that are obtained 
at audio frequencies when feedback is used. 


14-1 R-F Feedback 


Circuits 


R-f feedback circuits have been developed 
by the Collins Radio Co. for use with linear 
amplifiers. Tests with large receiving and small 
transmitting tubes showed that amplifiers us- 
ing these tubes without feedback developed 
signal-to-distortion ratios no better than 30 db 
or so. Tests were run employing cathode fol- 
lower circuits, such as shown in figure 1A. 
Lower distortion was achieved, buc at the cost 
of low gain per stage. Since the voltage gain 
through the tube is less than unity, all gain 
has to be achieved by voltage step-up in the 
tank circuits. This gain is limited by the dis- 
sipation of the tank coils, since the circuit 
capacitance across the coils in a typical trans- 
mitter is quite high. In addition, the tuning 
of such a stage is sharp because of the high 
Q circuits. 

The cathode follower performance of the 
tube can be retained by moving the r-f ground 


Blas 


Figure 1 
SIMILAR CATHODE FOLLOWER CIRCUITS HAVING DIFFERENT R-F GROUND POINTS. 
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Figure 2 
SINGLE STAGE AMPLIFIER WITH 
R-F FEEDBACK CIRCUIT 


Figure 3 
SINGLE STAGE FEEDBACK 
AMPLIFIER WITH GROUND 
RETURN POINT MODIFIED FOR 
UNBALANCED INPUT AND 
OUTPUT CONNECTIONS. 


point of the circuit from the plate to the cath- 
ode as shown in figure 1B. Both ends of the 
input circuit are at high r-f potential so in- 
ductive coupling to this type of amplifier is 
necessary. 

Inspection of figure 1B shows that by mov- 
ing the top end of the input tank down on a 
voltage divider tap across the plate tank cir- 
cuit, the feedback can be reduced from 100%, 
as in the case of the cathode follower circuit, 
down to any desired value. A typical feedback 
circuit is illustrated in figure 2. This circuit 
is more practical than those of figure 1, since 
the losses in the input tank are greatly reduced. 
A feedback level of 12 db may be achieved 
as a good compromise between distortion and 
Stage gain. The voltage developed across C: 
will be three times the grid-cathode voltage. 


Bias Bt 


Figure 4 


R-F AMPLIFIER WITH FEEDBACK 
AND IMPEDANCE MATCHING 
OUTPUT NETWORK. 


Tuning and loading are accomplished by C: 
and Cs. Ci and L: are tuned in unison to 
establish the correct degree of feedback. 


Inductive coupling is required for this cir- 
cuit, as shown in the illustration. 

The circuit of figure 3 eliminates the need 
for inductive coupling by moving the r-f 
ground to the point common to both tank 
circuits. The advantages of direct coupling be- 
tween stages far outweigh the disadvantages of 
having the r-f feedback voltage appear on the 
cathode of the amplifier tube. 


In order to match the amplifier to a load, 
the circuit of figure 4 may be used. The ratio 
of XL: to XC, determines the degree of feed- 
back, so it is necessary to tune them in unison 
when the frequency of operation is changed. 
Tuning and loading functions are accomplished 
by varying C: and Cs. L: may also be varied to 
adjust the loading. 


Feedback Around a 
Two-Stage Amplifier 


The maximum phase 
shift obtainable over 
two simple tuned cir- 
cuits does not exceed 180 degrees, and feed- 
back around a two stage amplifier is possible. 
The basic circuit of a two stage feedback 
amplifier is shown in figure 5. This circuit 
is a conventional two-stage tetrode amplifier 
except that r-f is fed back from the plate 
circuit of the PA tube to the cathode of the 
driver tube. This will reduce the distortion 
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Figure 5 
BASIC CIRCUIT OF TWO-STAGE AMPLIFIER WITH R-F FEEDBACK 


Feedback voltage is obtained from a voltage divider across the output circuit and 
applied directly to the cathode of the first tube. The input tank circuit is thus 
outside the feedback loop. 


WWW.americanradiohistorv.com 


274 R-F Feedback 


THE RADIO 


of both tubes as effectively as using individual 
feedback loops around each stage, yet will 
allow a higher level of overall gain. With 
only two tuned circuits in the feedback loop, 
it is possible to use 12 to 15 db of feedback 
and still leave a wide margin for stability. It 
is possible to reduce the distortion by nearly 
as many db as are used in feedback. This cir- 
cuit has two advantages that are lacking in the 
single stage feedback amplifier. First, the fila- 
ment of the output stage can now be operated 
at f-f ground potential. Second, any conven- 
tional pi output network may be used. 

R-f feedback will correct several types of 
distortion. It will help correct distortion caused 
by poor power supply regulation, too low grid 
bias, and limiting on peaks when the plate 
voltage swing becomes too high. 


Neutralization 
and R-F Feedback 


The purpose of neutraliza- 
tion of an r-f amplifier 
stage is to balance out ef- 
fects of the grid-plate capacitance coupling in 
the amplifier. In a conventional amplifier us- 
ing a tetrode tube, the effective input capacity 
is given by: 


Input Capacitance = Cin + Cop (1 +A cos 9) 


where: Cin = tube input capacitance 
Cen = grid-plate capacitance 
A = voltage amplification from grid 
to plate 
8 = phase angle of load 


In a typical unneutralized tetrode amplifier 
having a stage gain of 33, the input capaci- 
tance of the tube with the plate circuit in 
resonance is increased by 8 uufd. due to the 
unneutralized grid-plate capacitance. This is 
unimportant in amplifiers where the gain (A) 
remains constant but if the tube gain varies, 
serious detuning and r-f phase shift may result. 
A grid or screen modulated r-f amplifier is an 
example of the case where the stage gain var- 
ies from a maximum down to zero. The gain 
of a tetrode r-f amplifier operating below plate 
current saturation varies with loading so that 
if it drives a following stage into grid current 
the loading increases and the gain falls off. 

The input of the grid circuit is also affected 
by the grid-plate capacitance, as shown in this 
equation: 

1 


Input Resistance = Tepe Ca CARR 


This resistance is in shunt with the grid 
current loading, grid tank circuit losses, and 
driving source impedance. When the plate cir- 


cuit is inductive there is energy transferred 
from the plate to the grid circuit (positive 
feedback ) which will introduce negative resist- 
ance in the grid circuit. When this shunt 
Negative resistance across the grid circuit is 
lower than the equivalent positive resistance 
of the grid loading, circuit losses, and driving 
source impedance, the amplifier will oscillate. 

When the plate circuit is in resonance 
(phase angle equal to zero) the input resist- 
ance dve to the grid-plate capacitance becomes 
infinite. As the plate circuit is tuned to the 
capacitive side of resonance, the input resist- 
ance becomes positive and power is actually 
transferred from the grid to the plate circuit. 
This is the reason that the grid current in an 
unneutralized tetrode r-f amplifier varies from 
a low value with the plate circuit tuned on the 
low frequency side of resonance to a high value 
on the high frequency side of resonance The 
grid current is proportional to the r-f voltage 
on the grid which is varying under these con- 
ditions. In a tetrode class AB: amplifier, the 
effect of grid-plate feedback can be observed 
by placing a r-f voltmeter across the grid cir- 
cuit and observing the voltage change as the 
plate circuit is tuned through resonance. 

If the amplifier is over-neutralized, the ef- 
fects reverse so that with the plate circuit 
tuned to the low frequency side of resonance 
the grid voltage is high, and on the high fre- 
quency side of resonance, it is low. 


A useful “rule of 
thumb” method of 
checking neutraliza- 
tion of an amplifier stage (assuming that it 
is nearly correct to start with) is to tune both 
grid and plate circuits to resonance. Then, ob- 
serving the r-f grid current, tune the plate cir- 
cuit to the high frequency side of resonance. 
If the grid current rises, more neutralization 
Capacitance is required. Conversely, if the grid 
current decreases, less capacitance is needed. 
This indication is very sensitive in a neutral- 
ized triode amplifier, and correct neutraliza- 
tion exists when the grid current peaks at the 
point of plate current dip. In tetrode power 
amplifiers this indication is less pronounced. 
Sometimes in a supposedly neutralized tetrode 
amplifier, there is practically no change in 
grid voltage as the plate circuit is tuned 
through resonance, and in some amplifiers it 
is unchanged on one side of resonance and 
drops slightly on the other side. Another ob- 
servation sometimes made is a small dip in 
the center of a broad peak of grid current. 
These various effects are probably caused by 


Amplifier 
Neutralization Check 
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Figure 6 
SINGLE STAGE R-F AMPLIFIER 
WITH FEEDBACK RATIO OF 
C:/C, to C,,/C,, DETERMINES 
STAGE NEUTRALIZATION 


coupling from the plate to the grid circuit 
through other paths which are not balanced 
out by the particular neutralizing circuit used. 


Feedback and 
Neutralization 
of o One-Stage 
R-F Amplifier 


Figure 6 shows an r-f am- 
plifier with negative feed- 
back. The voltage developed 
across C, due to the voltage 
divider action of Cs and C. 
is introduced in series with the voltage devel- 
oped across the grid tank circuit and is in 
phase-opposition to it. The feedback can be 
made any value from zero to 100% by proper- 
ly choosing the values of Ci and G.. 

For reasons stated previously, it is necessary 
to neutralize this amplifier, and the relation- 
ship for neutralization is: 


G _ Ce 
aa ot 


Ic is often necessary to add capacitance from 
plate to grid to satisfy this relationship 

Figure 7 is identical to figure 6 except that 
it is redrawn to show the feedback inherent in 
this neutralization circuit more clearly. Ca and 
C replace C: and C,, and the main plate tank 
tuning capacitance is C;. The circuit of figure 
7 presents a problem in coupling to the grid 
circuit. Inductive coupling is ideal, but the 
extra tank circuits complicate the tuning of a 
transmitter which uses several cascaded am- 
plifiers with feedback around each one. The 
grid could be coupled to a high source imped- 
ance such as a tetrode plate, but the driver 
then cannot use feedback because this would 
cause the source impedance to be low. A pos- 
sible solution is to move the circuit ground 
point from the cathode to the bottom end of 
the grid tank circuit. The feedback voltage then 
appears between the cathode and ground 
(figure 8). The input can be capacitively 
coupled, and the plate of the amplifier can 
be capacitively coupled to the next stage. Also, 
cathode type transmitting tubes are available 
that allow the heater to remain at ground po- 
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Figure 7 


NEUTRALIZED AMPLIFIER AND 
INHERENT FEEDBACK CIRCUIT. 


Neutralization is achieved by varying 
the capacity of Cn. 


tential when r-f is impressed upon the cathode. 
The output voltage available with capacity 
coupling, of course, is less than the plate- 
cathode r-f voltage developed by the amount 
of feedback voltage across C.. 


14-2 Feedback and 


Neutralization of a 
Two-Stage R-F Amplifier 


Feedback around two r-f stages has the ad- 
vantage that more of the tube gain can be 
realized and nearly as much distortion reduc- 
tion can be obtained using 12 db around two 
stages as is realized using 12 db around each 
of two stages separately. Figure 9 shows a 
basic circuit of a two stage feedback ampli- 
fier. Inductive output coupling is used, al- 
though a pi-network configuration will also 
work well. The small feedback voltage required 
is obtained from the voltage divider C:-C: 
and is applied to the cathode of the driver 
tube. C: is only a few pufd., so this feedback 
voltage divider may be left fixed for a wide 
frequency range. If the combined tube gain is 
160, and 12 db of feedback is desired, the ratio 
of C: to GC is about 40 to 1. This ratio in 
practice may be 400 ppfd. to 2.5 ppfd., for 
example. 

A complication is introduced into this sim- 
plified circuit by the cathode-grid capacitance 
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Figure 8 
UNBALANCED INPUT AND OUTPUT 
CIRCUITS FOR SINGLE-STAGE 
R-F AMPLIFIER WITH FEEDBACK 
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Figure 9 
TWO-STAGE AMPLIFIER WITH FEEDBACK. 


included is o copacitor (Cs) for neutrolizing the cathode-grid capacity of the first tube. V; is neutrolized 
by capacitor Cs, and V: is neutrolized by the correct ratio of C:/Cz. 


of the first tube which causes an undersired 
coupling to the input grid circuit. It is neces- 
sary to neutralize out this capacitance coupling, 
as illustrated in figure 9. The relationship for 
neutralization is: 


oma or 


coo 


The input circuit may be made unbalanced 
by making C, five times the capacity of G. 
This will tend to reduce the voltage across 
the coil and to minimize the power dissipated 
by the coil. For proper balance in this case, 
C. must be five times the grid-filament capaci- 
tance of the tube. 

Except for tubes having extremely small 
gtid-plate capacitance, it is still necessary to 
properly neutralize both cubes. If the ratio of 
C: to C: is chosen to be equal to the ratio of 
the grid-plate capacitance to the grid-filament 
capacitance in the second tube (V:), this tube 
will be neutralized. Tubes such as a 4X-150A 
have very low grid-plate capacitance and prob- 
ably will not need to be neutralized when used 
in the first (V:) stage. If neutralization is 
necessary, capacitor Cs is added for this pur- 
pose and the proper value is given by the 
following relationship: 


Cep na Cer Gs 


lf neither tube requires neutralization, the 
bottom end of the interstage tank circuit may 
be returned to r-f ground. The screen and 
suppressor of the first tube should then be 
grounded to keep the tank output capaci- 
tance directly across this interstage circuit and 
to avoid common coupling between the feed- 
back on the cathode and the interstage circuit. 
A slight amount of degeneration occurs in the 
first stage since the tube also acts as a grounded 
grid amplifier with the screen as the grounded 
grid. The » of the screen is much lower than 
that of the control grid so that this effect may 
be unnoticed and would only require slightly 


more feedback from the output stage to over- 
come. 


Tests For 
Neutralization 


Neutralizing the circuit of 
figure 9 balances out cou- 
pling between the input 
tank circuit and the output tank circuit, but it 
does not remove all coupling from the plate 
circuit to the grid-cathode tube input. This 
latter coupling is degenerative, so applying a 
signal to the plate circuit will cause a signal 
to appear between grid and cathode, even 
though the stage is neutralized. A bench test 
for neutralization is to apply a signal to the 
plate of the tube and detect the presence of a 
signal in the grid coil by inductive coupling 
to it. No signal will be present when the stage 
is neutralized. Of course, a signal could be in- 
ductively coupled to the input and neutraliza- 
tion accomplished by adjusting one branch of 
the neutralizing circuit bridge (Cs for ex- 
ample) for minimum signal on the plate cir- 
cuit. 


Neutralizing the cathode-grid capacitance of 
the first stage of figure 9 may be accomplished 
by applying a signal to the cathode of the tube 
and adjusting the bridge balance for minimum 
signal on a detector inductively coupled to the 
input coil. 


Tuning a Two-Stage 
Feedback Amplifier 


Tuning the two-stage 
feedback amplifier of 
figure 9 is accom- 
plished in an unconventional way because the 
output circuit cannot be tuned for maximum 
output signal. This is because the output cir- 
cuit must be tuned so the feedback voltage 
applied to the cathode is in-phase with che 
input signal applied to the firse grid. When 
the feedback voltage is not in-phase, the result- 
ant grid-cathode voltage increases as shown 
in figure 10. When the output circuit is 
properly tuned, the resultant grid-cathode volt- 
age on the first tube will be at a minimum, and 
the voltage on the interstage tuned circuit will 
also be at a minimum. 
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Figure 10 
VECTOR RELATIONSHIP OF 
FEEDBACK VOLTAGE 


A= Output Circuit Properly Tuned 
B=Output Circuit Mis-Tuned 


The two-stage amplifier may be tuned by 
placing a r-f voltmeter across the interstage 
tank circuit (“hot” side to ground) and tuning 
the input and interstage circuits for maximum 
meter reading, and tuning the output circuit 
for minimum meter reading. If the second tube 
is driven into the grid current region, the grid 
current meter may be used in place of the r-f 
voltmeter. On high powered stages where oper- 
ation is well into the Class AB region, the 
plate current dip of the output tube indicates 
correct output circuit tuning, as in the usual 
amplifier. 


Parasitic Oscillations in 
the Feedback Amplifier 


Quite often low fre- 
quency parasitics 
may be found in 
the interstage circuit of the two-stage feedback 
amplifier. Oscillation occurs in the first stage 
due to low frequency feedback in the cathode 
circuit. R-f chokes, coupling capacitors, and 
bypass capacitors provide the low frequency 
tank circuits. When the feedback and second 
Stage neutralizing circuits are combined, it is 
necessary to use the configuration of figure 11. 
This circuit has the advantage that only one 
capacitor (C:) is required from the plate of 
the output tube, thus keeping the added ca- 
pacitance across the output tank at a minimum. 


+ BIAS 


Figure 11 
INTERSTAGE CIRCUIT COMBINING 
NEUTRALIZATION AND 
FEEDBACK NETWORKS. 
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Figure 12 
INTERSTAGE CIRCUIT WITH 
SEPARATE NEUTRALIZING 
AND FEEDBACK CIRCUITS. 


It is convenient, however, to separate these cir- 
cuits so neutralization and feedback can be 
adjusted independently. Also, it may be de- 
sirable to be able to switch the feedback out 
of the circuit. For these reasons, the circuit 
shown in figure 12 is often used. Switch Si 
removes the feedback loop when it is closed. 

A slight tendency for low frequency para- 
sitic oscillations still exists with this circuit. 
L: should have as little inductance as possible 
without upsetting the feedback. If the value of 
Li is too low, it cancels out part of the re- 
actance of feedback capacitor C. and causes 
the feedback to increase at low values of radio 
frequency. In some cases, a swamping resistor 
may be necessary across Li. The value of this 
resistor should be high compared to the re- 
actance of C, to avoid phase-shift of the r-f 
feedback. 


34-3 Neutralization 


Procedure in 
Feedback-Type Amplifiers 


Experience with feedback amplifiers has 
brought out several different methods of neu- 
tralizing. An important observation is that 
when all three neutralizing adjustments are 
correctly made the peaks and dips of various 
tuning meters all coincide at the point of cir- 
cuit resonance. For example, the coincident in- 
dications when the various tank circuits are 
tuned through resonance with feedback oper- 
ating are: 


A—When the PA plate circuit is tuned 

through resonance: 

1—PA plate current dip 

2—Power output peak 

3—PA r-f grid voltage dip 

4—PA grid current dip 
(Note: The PA grid current peaks 
when feedback circuit is disabled 
and the tube is heavily driven) 
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Figure 13 
TWO-STAGE AMPLIFIER WITH FEED BACK CIRCUIT. 


B—When the PA grid circuit is tuned 
through resonance: 
1—Driver plate current dip 
2—PA r-f grid voltage peak 
3—PA grid current peak 
4—PA power output peak 


C—When the driver grid circuit is tuned 
through resonance: 
1—Driver r-f grid voltage peak 
2—Driver plate current peak 
3—PA r-f grid current peak 
4—PA plate current peak 
5—PA power output peak 


Four meters may be employed to measure 
the most important of these parameters. The 
meters should be arranged so that the follow- 
ing pairs of readings are displayed on meters 
located close together for ease of observation 
of coincident peaks and dips: 


1—PA plate current and power output 

2—PA r-f grid current and PA plate 
current 

3—-PA r-f grid voltage and power out- 
put 

4—Driver plate current and PA r-f 
grid voltage 


The third pair listed above may not be 
necessary if the PA plate current dip is pro- 
nounced. When this instrumentation is pro- 
vided, the neutralizing procedure is as follows: 


1—Remove the r-f feedback 
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Figure 14 
FEEDBACK SHORTING DEVICE. 


2—Neutralize the grid-plate capaci- 
tance of the driver stage 

3—Neutralize the grid-plate capaci- 
tance of the power amplifier (PA) 
stage 

4—Apply r-f feedback 

5—Neutralize driver grid-cathode ca- 
pacitance 


These steps will be explained in more detail 
in the following paragraphs: 


Step 1. The removal of r-f feedback through 
the feedback circuit must be complete. The 
switch (S:) shown in the feedback circuit 
(figure 13) is one satisfactory method. Since 
C. is effectively across the PA plate tank cir- 
cuit it is desirable to keep it across the circuit 
when feedback is removed to avoid appreciable 
detuning of the plate tank circuit. Another 
method that can be used if properly done is 
to ground the junction of C: and C;. Ground- 
ing this common point through a switch or 
relay is not good enough because of common 
coupling through the length of the grounding 
lead. The grounding method shown in figure 
14 is satisfactory. 


Step 2. Plate power and excitation are applied. 
The driver grid tank is resonated by tuning 
for a peak in driver r-f grid voltage or driver 
place current. The power amplifier grid tank 
circuit is then resonated and adjusted for a 
dip in driver plate current. Driver neutraliza- 
tion is now adjusted until the PA r-f grid 
voltage (or PA grid current) peaks at exactly 
the point of driver plate current dip. A handy 
tule for adjusting grid-plate neutralization of 
a tube without feedback: with all circuits io 
resonance, detune the plate circuit to the high 
frequency side of resonance: If grid current 
to next stage (or power output of the stage 
under test) increases, more neutralizing capaci- 
tance is required and vice versa. 


If the driver tube operates class A so that 
a plate current dip cannot be observed, a dif- 
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Figure 15 
FEEDBACK NEUTRALIZING 
CIRCUIT USING 
AUXILIARY RECEIVER. 


ferent neutralizing procedure is necessary This 
will be discussed in a subsequent section. 


Step 3. This is the same as step 2 except it 
is applied to the power amplifier stage. Ad- 
just the neutralization of this stage for a peak 
in power output at the plate current dip. 


Step 4. Reverse step 1 and apply the r-f feed- 
back. 


Step 5. Apply plate power and an exciting sig- 
nal to drive the amplifier to nearly full out- 
put. Adjust the feedback neutralization for a 
peak in amplifier power output at the exact 
point of minimum amplifier plate current. 
Decrease the feedback nexztralization capaci- 
tance if the power output rises when the tank 
circuit is tuned to the high frequency side of 
resonance. 


The above sequence applies when the neu- 
tralizing adjustments are approximately cor- 
rect to start with. If they are far off, some “cut- 
and-try” adjustment may be necessary. Also, 
the driver stage may break into oscillation if 
the feedback neutralizing capacitance is not 
near the correct setting. 


It is assumed that a single tone test signal 
is used for amplifier excitation during the 
above steps, and that all tank circuits are at 
resonance except the one being detuned to 
make the observation. There is some interaction 
between the driver neutralization and the feed- 
back neutralization so if an appreciable change 
is made in any adjustment the others should 
be rechecked. It is important that the grid-plate 
neutralizaticn be accomplished first when using 
the above procedure, otherwise the feedback 
neutralization will be off a little, since it par- 
tially compensates for that error. 


The method of neutralization 
employing a sensitive r-f de- 
tector inductively coupled to 
a tank coil is difficult to apply in some cases 
because of mechanical construction of the 
equipment, or because of undesired coupling. 
Another method for observing neutralization 
can be used, which appears to be more ac- 
curate in actual practice. A sensitive r-f detec- 
tor such as a receiver is loosely coupled to the 
grid of the stage being neutralized, as shown 
in figure 15. The coupling capacitance is of 
the order of one or two pyfd. It must be small 
enough to avoid upsetting the neutralization 
when it is removed because the total grid- 
ground capacitance is one leg of the neutraliz- 
ing bridge. A signal generator is connected at 
point S and the receiver at point R. If Ci is 
not properly adjusted the S-meter on the re- 
ceiver will either kick up or down as the grid 
tank circuit is tuned through resonance. Cie 
may be adjusted for minimum deflection of the 
S-meter as the grid circuit is tuned through 
resonance. 

The grid-plate capacitance of the tube is 
then neutralized by connecting the signal gen- 
erator to the plate of the tube and adjusting 
Cu of figure 13 for minimum deflection again 
as the grid tank is tuned through resonance. 
The power amplifier stage is neutralized in 
the same manner by connecting a receiver 
loosely to the grid circuit, and attaching a 
signal generator to the plate of the tube. The 
r-f signal can be fed into the amplifier output 
terminal if desired. 

Some precautions are necessary when using 
this neutralization method. First, some driver 
tubes (the GCLG, for example) have appre- 
ciably more effective input capacitance when 
in operation and conducting plate current than 
when in standby condition. This increase in 
input capacitance may be as great as three or 
four pufd, and since this is part of the neu- 
tralizing bridge circuit it must be taken into 
consideration. The result of this change in 
input capacitance is that the neutralizing ad- 
justment of such tubes must be made when 
they are conducting normal plate current. Stray 
coupling must be avoided, and it may prove 
helpful to remove filament power from the 
preceding stage or disable its input circuit in 
some manner. 

It should be noted that in each of the above 
adjustments that minimum reaction on the 
grid is desired, not minimum voltage. Some 
residual voltage is inherent on the grid when 
this neutralizing circuit is used. 


Neutralization 
Techniques 
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CHAPTER FIFTEEN 


Amplitude 


If the output of a c-w transmitter is varied 
in amplitude at an audio frequency rate in- 
stead of interrupted in accordance with code 
characters, a tone will be heard on a receiver 
tuned to the signal. If the audio sigaal con- 
sists of a band of audio frequencies com- 
prising voice or music intelligence, then the 
voice or music which is superimposed on the 
radio frequency carrier will be heard on the 
receiver. 

When voice, music, video, or other intelli- 
gence is superimposed on a radio frequency 
carrier by means of a corresponding variation 
in the amplitude of the radio frequency ourput 
of a transmitter, amplitude modulation is the 
result. Telegraph keying of a c-w transmitter 
is the simplest form of amplitude modulation, 
while video modulation in a television trans- 
mitter represents a highly complex form. Sys- 
tems for modulating the amplitude of a carrier 
envelope in accordance with voice, music, or 
similar types of complicated audio waveforms 
are many and varied, and will be discussed 
later on in this chapter. 


15-1 Sidebands 


Modulation is essentially a form of mixing 
or combining already covered in a previous 
chapter. To transmit voice at radio frequencies 
by means of amplitude modulation, the voice 


Modulation 


frequencies are mixed with a radio frequency 
carrier so that the voice frequencies are con- 
verted to radio frequency sidebands. Though 
it may be difficult to visualize, the amplitude 
of the radio frequency carrier does not vary 
during conventional amplitude modulation. 

Even though the amplitude of radio fre- 
quency voltage representing the composite 
signal (resultant of the carrier and sidebands, 
called the envelope) will vary from zero to 
twice the unmodulated signal value during 
full modulation, the amplitude of the carrier 
component does not vary. Also, so long as 
the amplitude of the modulating voltage does 
not vary, the amplitude of the sidebands will 
remain constant. For this to be apparent, how- 
ever, it is necessary to measure the amplitude 
of each component with a highly selective 
fileer. Otherwise, the measured power or volt- 
age will be a resultant of two or more of the 
components, and the amplitude of the resultant 
will vary at the modulation rate. 

If a carrier frequency of 5000 kc. is modu- 
laced by a pure tone of 1000 cycles, or 1 ke., 
two sidebands are formed: one at 5001 kc. 
(the sum frequency) and one at 4999 kc. (the 
difference frequency). The frequency of each 
sideband is independent of the amplitude of 
the modulating tone, or modulation percent- 
age; the frequency of each sideband is deter- 
mined only by the frequency of the modulat- 
ing tone. This assumes, of course, that the 
transmitter is not modulated in excess of its 
linear capability. 
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When the modulating signal consists of 
multiple frequencies, as is the case with 
voice or music modulation, two sidebands will 
be formed by each modulating frequency (one 
on each side of the carrier), and the radiated 
signal will consist of a band of frequencies. 
The band width, ot channel taken up in the 
frequency spectrum by a conventional double- 


sideband amplitude-modulated signal, is equal 
to twice the highest modulating frequency. 
For example, if the highest modulating fre- 
quency is 5000 cycles, then the signal (as- 
suming modulation of complex and varying 
waveform) will occupy a band extending from 
5000 cycles below the carrier to 5000 cycles 
above the carrier. 

Frequencies up to at least 2500 cycles, and 
preferably 3500 cycles, are necessary for good 
speech intelligibility. If a filter is incorpo- 
rated in the audio system to cut out all fre- 
quencies above approximately 3000 cycles, 
the band width of a radio-telephone signal can 
be limited to 6 ke. without a significant loss 
in intelligibility. However, if harmonic distor- 
tion is introduced subsequent co the filter, as 
would happen in the case of an overloaded 
modulator or overmodulation of the carrier, 
new frequencies will be generated and the 
signal will occupy a band wider than 6 kc. 


15-2 Mechanics of 
Modulation 


A c-w or unmodulated r-f carrier wave is 
represented in figure 1A. An audio frequency 
sine wave is represented by the curve of 
figure 1B. When the two are combined or 
**mixed,’’ the carrier is said to be amplitude 
modulated, and a resultant similar to 1C or 
1D is obtained. It should be noted that under 
modulation, each half cycle of r-f voltage 
differs slightly from the preceding one and 
the following one; therefore at no time during 
modulation is the r-f waveform a pure sine 
wave. This is simply another way of saying 
that during modulation, the transmitted r-f 
energy no longer is confined to a single radio 
frequency. 

Ie will be noted that the average amplitude 
of the peak r-f voltage, or modulation enve- 
lope, is the same with or without modulation. 
This simply means that the modulation is 
symmetrical (assuming a symmetrical modu- 
lating wave) and that for distortionless modu- 
lation the upward modulation is limited to a 
value of twice the unmodulated carrier wave 
amplitude because the amplitude cannot go 
below zero on downward portions of the mod- 
ulation cycle. Figure 1D illustrates the maxi- 
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Figure 1 
AMPLITUDE MODULATED WAVE 


Top drawing (A) represents an unmodulated 

corrier wave; (8B) shows the audio output of 

the modulator. Drawing (C) shows the audio 

signol impressed on the carrier wave to the 

extent af 50 per cent modulation; (D) shows 

the corrier with 100 per cent amplitude modu- 
lation. 


mum obtainable distortionless modulation with 
a sine modulating wave, the r-f voltage at the 
peak of the r-f cycle varying from zero to 
twice the unmodulated value, and the r-f power 
varying from zero to four times the unmodu- 
lated value (the power varies as the square 
of the voltage). 

While the average c-f voltage of the modu- 
lated wave over a modulation cycle is the 
same as for the unmodulated carrier, the aver- 
age power increases with modulation. If the 
radio frequency power is integrated over the 
audio cycle, it will be found with 100 per cent 
sine wave modulation the average r-f power 
has increased $0 per cent. This additional 
power is represented by the sidebands, be- 
cause as previously mentioned, the carrier 
power does not vary under modulation. Thus, 
when a 100-watt carrier is modulated 100 per 
cent by a sine wave, the total r-f power is 150 
watts; 100 watts in the carrier and 25 watts 
in each of the two sidebands. 


WWW.americanradiohistorv.com 


282 Amplitude Modulation 


Modulation 
Percentage 


So long as the relative propor- 
tion of the various sidebands 
making up voice modulation is 
maintained, the signal may be received and 
detected without distortion. However, the 
higher the average amplitude of the sidebands, 
the greater the audio signal produced at the 
receiver. For this reason it is desirable to 
increase the modulation percentage, or degree 
of modulation, to the point where maximum 
peaks just hit 100 per cent. If the modulation 
percentage is increased so that the peaks ex- 
ceed this value, distortion is introduced, and 
if carried very far, bad interference to signals 
on nearby channels will result. 


Modulation 
Measurement 


The amount by which a carrier 
is being modulated may be ex- 
pressed either as a modulation 
factor, varying from zero to 1.0 at maximum 
modulation, or as a percentage. The percent- 
age of modulation is equal to 100 times the 
modulation factor. Figure 2A shows a carrier 
wave modulated by a sine-wave audio tone. 
A picture such as this might be seen on the 
screen of a cathode-ray oscilloscope with 
sawtooth sweep on the horizontal plates and 
the modulated carrier impressed on the verti- 
cal plates. The same carrier without modulation 
would appear on the oscilloscope screen as 
figure 2B. 

The percentage of modulation of the posi- 
tive peaks and the percentage of modulation 
of the negative peaks can be determined sepa- 
rately from two oscilloscope pictures such 
as shown. 

The modulation factor of the positive peaks 
may be determined by the formula: 


Emax — cca 
M= 
ccar 
The factor for negative peaks may be de- 
termined from this formula: 
car = Enin 
M=— 
ccar 


In the above two formulas Ea, is the max- 
imum carrier amplitude with modulation and 
Emin is the minimum amplitude; Eca is the 
steady-state amplitude of the carrier with- 
out modulation. Since the deflection of the 
spot on a cathode-ray tube is linear with re- 
spect to voltage, the relative voltages of 
these various amplitudes may be determined 
by measuring the deflections, as viewed on 
the screen, with a rule calibrated in inches 
or centimeters. The percentage of modulation 
of the carrier may be had by multiplying the 
modulation factor thus obtained by 100. The 
above procedure assumes that there is no 
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Figure 2 
GRAPHICAL DETERMINATION OF MODU- 
LATION PERCENTAGE 
The procedure for determining modulation 
percentage from the peak voltage points in- 
dicated is discussed in the text. 


carrier shift, or change in average amplitude, 
with modulation. 

If the modulating voltage is symmetrical, 
such as a sine wave, and modulation is ac- 
complished without the introduction of dis- 
tortion, then the percentage modulation will 
be the same for both negative and positive 
peaks. However, the distribution and phase 
relationships of harmonics in voice and music 
waveforms are such that the percentage modu- 
lation of the negative modulation peaks may 
exceed the percentage modulation of the posi- 
tive peaks, and vice versa. The percentage 
modulation when referred to without regard 
to polarity is an indication of the average of 
the negative and positive peaks. 


Modulation 
Copabitity 


The modulation capability of a 
transmitter is the maximum per- 
centage to which that transmitter 
may be modulated before spurious sidebands 
are generated in the output or before the dis- 
tortion of the modulating waveform becomes 
objectionable. The highest modulation cap- 
ability which any transmitter may have on the 
negative peaks is 100 per cent. The maximum 
permissible modulation of many transmitters 
is less than 100 per cent, especially on posi- 
tive peaks. The modulation capability of a 
transmitter may be limited by tubes with in- 
sufficient filament emission, by insufficient 
excitation or grid bias to a plate-modulated 
stage, too light loading of any type of ampli- 
fier carrying modulated r.f., insufficient power 
output capability in the modulator, or too much 
excitation to a grid-modulated stage or a 
Class B linear amplifier. In any case, the 
FCC regulations specify that no transmitter 
be modulated in excess of its modulation 
capability. Hence, it is desirable to make the 
modulation capability of a transmitter as near 
as possible to 100 per cent so that the carrier 
power may be used most effectively. 
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Systems 


Speech Waveform 
Dissymmetry 


The manner in which the 
human voice is produced 
by the vocal cords gives 
rise to a certain dissymmetry in the waveform 
of voice sounds when they are picked up by 
a good-quality microphone. This is especially 
Pronounced in the male voice, and more so 
on certain voiced sounds than on others. The 
result of this dissymmetry in the waveform is 
that the voltage peaks on one side of the 
average value of the wave will be consider- 
ably greater, often two or three times as great, 
as the voltage excursions on the other side 
of the zero axis. The average value of volt- 
age on both sides of the wave is, of course, 
the same. 

As a result of this dissymmetry in the male 
voice waveform, there is an optimum polarity 
of the modulating voltage that must be ob- 
served if maximum sideband energy is to be 
obtained without negative peak clipping and 
generation of ‘‘splatter’’ on adjacent channels. 

A double-pole double-throw ‘‘phase revers- 
ing’’ switch in the input or output leads of any 
transformer in the speech amplifier system will 
permit poling the extended peaks in the direc- 
tion of maximum modulation capability. The 
optimum polarity may be determined easily by 
listening on a selective receiver tuned to a 
frequency 30 to 50 kc. removed from the de- 
sired signal and adjusting the phase reversing 
switch to the position which gives the least 
“*splatter’? when the transmitter is modulated 
rather heavily. If desired, the switch then may 
be replaced with permanent wiring, so long as 
the microphone and speech system are not to 
be changed. 

A more conclusive illustration of the lop- 
sidedness of a speech waveform may be ob- 
tained by observing the modulated waveform 
of a radiotelephone transmitter on an oscillo- 
scope. A portion of the carrier energy of the 
transmitter should be coupled by means of a 
link directly to the vertical plates of the 
*scope, and the horizontal sweep should be a 
sawtooth or similar wave occurring at a rate 
of approximately 30 to 70 sweeps per second. 

With the speech signal from the speech am- 
plifier connected to the transmitter in one po- 
larity it will be noticed that negative-peak 
clipping~as indicated by bright ‘‘spots’’ in 
the center of the ’scope pattern whenever the 
carrier amplitude goes to zero—will occur at 
a considerably lower level of average modula- 
tion than with the speech signal being fed to 
the transmitter in the other polarity. When the 
input signal to the transmitter is polarized in 
such a manner that the ‘‘fingers’’ of the 
speech wave extend in the direction of posi- 
tive modulation these fingers usually will be 
clipped in the plate circuit of the modulator 
at an acceptable peak modulation level. 


The use of the proper polarity of the incom- 
ing speech wave in modulating a transmitter 
can afford an increase of approximately two 
to one in the amount of speech audio power 
which may be placed upon the carrier for an 
amplitude-modulated transmitter for the same 
amount of sideband splatter. More effective 
methods for increasing the amount of audio 
power on the carrier of an AM phone trans- 
mitter are discussed later in this chapter. 


Because the same intelli- 
gibility is contained in each 
of the sidebands associated 
with a modulated carrier, it is not necessary 
to transmit sidebands on both sides of the 
carrier. Also, because the carrier is simply a 
single radio frequency wave of unvarying am- 
plitude, it is not necessary to transmit the 
carrier if some means is provided for inserting 
a locally generated carrier at the receiver. 

When the carrier is suppressed but both 
upper and lower sidebands are transmitted, it 
is necessary to insert a locally generated 
carrier at the receiver of exactly the same 
frequency and phase as the carrier which was 
suppressed. For this reason, suppressed- 
carrier double-sideband systems have little 
practical application. 

When the carrier is suppressed and only the 
upper or the lower sideband is transmitted, a 
highly intelligible signal may be obtained at 
the receiver even though the locally generated 
carrier differs a few cycles from the frequency 
of the carrier which was suppressed at the 
transmitter. A communications system utiliz- 
ing but one group of sidebands with carrier 
suppressed is known as a single sideband 
system. Such systems are widely used for 
commercial point to point work, and are being 
used to an increasing extent in amateur com- 
munication. The two chief advantages of the 
system are: (1) an effective power gain of 
about 9 db results from putting all the radiat- 
ed power in intelligence carrying sideband 
frequencies instead of mostly into radiated 
carrier, and (2) elimination of the selective 
fading and distortion that normally occurs in 
a conventional double-sideband system when 
the carrier fades and the sidebands do not, or 
the sidebands fade differently. 


Single-Sideband 
Transmission 


15-3 Systems of Amplitude 
Modulation 


There are many different systems and meth- 
ods for amplitude modulating a carrier, but 
most may be grouped under three general clas- 
sifications: (1) variable efficiency systems 
in which the average input to the stage re- 
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mains constant with and without modulation 
and the variations in the efficiency of the 
stage in accordance with the modulating sig- 
nal accomplish the modulation; (2) constant 
efficiency systems in which the input to the 
stage is varied by an external source of modu- 
lating energy to accomplish the modulation; 
and (3) so-called bigh-efficiency systems in 
which circuit complexity is increased to ob- 
high plate circuit efficiency in the modulated 
stage without the requirement of an external 
high-level modulator. The various systems 
under each classification have individual 
characteristics which make certain ones best 
suited to particular applications. 


Variable Efficiency 
Modulation 


Since the average input 
remains constant in a 
stage employing variable 
efficiency modulation, and since the average 
power output of the stage increases with modu- 
lation, the additional average power output 
from the stage with modulation must come from 
the plate dissipation of the tubes in the stage. 
Hence, for the best relation between tube cost 
and power output the tubes employed should 
have as high a plate dissipation rating per 
dollar as possible. 

The plate efficiency in such an amplifier is 
doubled when going from the unmodulated 
condition to the peak of the modulation cycle. 
Hence, the unmodulated efficiency of such an 
amplifier must always be less than 45 per 
cent, since the maximum peak efficiency ob- 
tainable in a conventional amplifier is in the 
vicinity of 90 per cent. Since the peak effi- 
ciency in certain types of amplifiers will be 
as low as 60 per cent, the unmodulated effi- 
ciency in such amplifiers will be in the vici- 
nity of 30 per cent. 

Assuming a typical amplifier having a peak 
efficiency of 70 per cent, the following fig- 
ures give an idea of the operation of an ideal- 
ized efficiency-modulated stage adjusted for 
100 per cent sine-wave modulation. It should 
be kept in mind that the plate voltage is con- 
stant at all times, even over the audio cycles. 


Place input without modulation........ 100 watts 
Output without modulation............-- 35 watts 
Efficiency without modulation......... 35% 


Input on 100% positive modulation 

peak (plate current doubles)........ 200 watts 
Efficiency on 100% positive peak.... 70% 
Output on 100% positive modula- 


tion peak........ccccccce seco eeeeeeee eee 140 watts 
Input on 100% negative peak.......... 0 watts 
Efficiency on 100% negative peak.... 0% 
Output on 100% negative peak........ 0 watts 


Average input with 100% 
modulation...........cccsseceseeeeueees 100 watts 
Average output with 100% modula- 
tion (35 watts carrier plus 17.5 


watts sideband) ................0.0005 §2.5 watts 
Average efficiency with 100% 
modul ation...........ssescecscescceccces 52.5% 


Systems of Efficiency 
Modulation 


There are many sys- 
tems of efficiency mod- 
ulation, but they all 
have the general limitation discussed in the 
previous paragraph—so long as the carrier 
amplitude is to remain constant with and 
without modulation, the efficiency at carrier 
level must be not greater than one-half the 
peak modulation efficiency if the stage is to 
be capable of 100 per cent modulation. 

The classic example of efficiency modula- 
tion is the Class B linear r-f amplifier, to be 
discussed below. The other three common 
forms of efficiency modulation are control- 
gtid modulation, screen-grid modulation, and 
suppressor-grid modulation. In each case, 
including that of the Class B linear amplifier 
note that the modulation, or the modulatec 
signal, is impressed on a control electrode 
of the stage. 


The Class 8 
Lineor Amplifier 


This is the simplest practi- 
cable type amplifier for an 
amplitude-modulated wave 
or a single-sideband signal. The system pos- 
sesses the disadvantage that excitation, grid 
bias, and loading must be carefully controlled 
to preserve the linearity of the stage. Also, 
the grid circuit of the tube, in the usual appli- 
cation where grid current is drawn on peaks, 
presents a widely varying value of load im- 
pedance to the source of excitation. Hence it 
is necessary to include some sort of swamping 
resistor to reduce the effect of grid-imped- 
ance variations with modulation. If such a 
swamping resistance across the grid tank is 
not included, or is too high in value, the posi- 
tive modulation peaks of the incoming modu- 
lated signal will tend to be flattened with 
resultant distortion of the wave being amplified. 

The Class B linear amplifier has long been 
used in broadcast transmitters, but recently 
has received much more general usage in the 
h-f range for two significant reasons: (a) the 
Class B linear is an excellent way of increas- 
ing the power output of a single-sideband 
transmitter, since the plate efficiency with 
full signal will be in the vicinity of 70 per 
cent, while with no modulation the input to 
the stage drops to a relatively low value; and 
(b) the Class B linear amplifier operates with 
relatively low harmonic output since the grid 
bias on the stage normally is slightly less 
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than the value which will cut off plate current 
to the stage in the absence of excitation. 

Since < Class B linear amplifier is biased 
to extended cutoff with no excitation (the 
grid bias at extended cutoff will be approxi- 
mately equal to the plate voltage divided by 
the amplification factor for a triode, and will 
be approximately equal to the screen voltage 
divided by the grid-screen mu factor for a 
tetrode or pentode) the plate current will flow 
essentially in 180-degree pulses. Due to the 
relatively large operating angle of plate cur- 
rent flow the theoretical peak plate efficiency 
is limited to 78.5 per cent, with 65 to 70 per 
cent representing a range of efficiency nor- 
mally attainable, and the harmonic output 
will be low. 

The carrier power output from a Class B 
linear amplifier of a normal 100 per cent mod- 
ulated AM signal will be about one-half the 
rated plate dissipation of the stage, with opti- 
mum operating conditions. The peak output 
from a Class B linear, which represents the 
maximum-signal output as a single-sideband 
amplifier, or peak output with a 100 per cent 
AM signal, will be about twice the plate dis- 
sipation of the tubes in the stage. Thus the 
carrier-level input power to a Class B linear 
should be about 1.5 times the rated plate dis- 
sipation of the stage. 

The schematic circuit of a Class B linear 
amplifier is the same asa conventional single- 
ended or push-pull stage, whether triodes or 
beam tetrodes are used. However, a swamping 
resistor, as mentioned before, must be placed 
across the grid tank of the stage if the oper- 
ating conditions of the cube are such that 
appreciable gridcurrent will be drawn on modu- 
lation peaks. Also, a fixed source of grid bias 
must be provided for the stage. A regulated 
grid-bias power supply is the usual source of 
negative bias voltage. 


Adjustment of a Closs With grid bias adjusted 
B Lineor Amplifier to the correct value, 

and with provision for 
varying the excitation voltage to the stage 
and the loading of the plate circuit, a fully 
modulated signal is applied to the grid circuit 
of the stage. Then with an oscilloscope cou- 
pled to the output of the stage, excitation and 
loading are varied until the stage is drawing 
the normal plate input and the output wave- 
shape is a good replica of the input signal. 
The adjustment procedure normally will re- 
quire a succession of approximations, until 
the optimum set of adjustments is attained. 
Then the modulation being applied to the in- 
put signal should be removed to check the 
linearity. With modulation removed, in the 
case of a 100 per cent AM signal, the input 
to the stage should remain constant, and the 
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peak output of the r-f envelope should fall to 
half the value obtained on positive modula- 
tion peaks. 


Class C. 


One widely used system of 
Grid Modulation 


efficiency modulation for 
communications work is 
Class C control-grid bias modulation. The dis- 
tortion is slightly higher than for a properly 
operated Class B linear amplifier, but the effi- 
ciency is also higher, and the distortion can 
be kept within tolerable limits for communi- 
cations work. 

Class C grid modulation requires high plate 
voltage on the modulated stage, if maximum 
output is desired. The plate voltage is nor- 
mally run about 50 per cent higher than for 
maximum output with plate modulation. 

The driving power required for operation of 
a grid-modulated amplifier under these condi- 
tions is somewhat more than is required for 
operation at lower bias and plate voltage, but 
the increased power output obtainable over- 
balances the additional excitation require- 
ment. Actually, almost half as much excitation 
is required as would be needed if the same 
stage were to be operated as a Class C plate- 
modulated amplifier. The resistor R across 
the grid tank of the stage serves as swamping 
to stabilize the r-f driving voltage. At least 
50 per cent of the output of the driving stage 
should be dissipated in this swamping resistor 
under carrier conditions. 

Acomparatively small amount of audio power 
will be required to modulate the amplifier stage 
100 per cent. An audio amplifier having 20 
watts output will be sufficient to modulate an 
amplifier with one kilowatt input. Proportion- 
ately smaller amounts of audio will be re- 
quired for lower powered stages. However, the 
audio amplifier that is being used as the grid 
modulator should, in any case, either employ 
low plate resistance tubes such as 2A3’s, 
employ degenerative feedback from the output 
stage to one of the preceding stages of the 
speech amplifier, or be resistance loaded with 
a resistor across the secondary of the modu- 
lation transformer. This provision of low driv- 
ing impedance in the gridmodulator is to insure 
good regulation in the audio driver for the grid 
modulated stage. Good regulation of both the 
audio and the r-f drivers of a grid-modulated 
stage is quite important if distortion-free 
modulation approaching 100 per cent is desired, 
because the grid impedance of the modulated 
stage varies widely over the audio cycle. 

A practical circuit for obtaining grid-bias 
modulation is shown in figure 3. The modula- 
tor and bias regulator tube have been com- 
bined in a single 6B4G tube. 

The regulator-modulator tube operates as 
a cathode-follower. The average d-c voltage 
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Figure 3 
GRID-BIAS MODULATOR CIRCUIT 


on the control grid is controlled by the 70, 000- 
ohm wire-wound potentiometer and this poten- 
tiometer adjusts the average grid bias on the 
modulated stage. However, a-c signal voltage 
is also impressed on the control-grid of the 
tube and since the cathode follows this a-c 
wave the incoming speech wave is superim- 
posed on the average grid bias, thus effecting 
grid-bias modulation of the r-f amplifier stage. 
An audio voltage swing is required on the grid 
of the 6B4G of approximately the same peak 
value as will be required as bias-voltage 
swing on the grid-bias modulated stage. This 
voltage swing will normally be in the region 
from SO to 200 peak volts. Up to about 100 
volts peak swing can be obtained from a 6SJ7 
tube as a conventional speech amplifier stage. 
The higher voltages may be obtained from a 
tube such as a 6J5 through an audio trans- 
former of 2:1 or 24:1 ratio. 

With the normal amount of comparatively 
tight antenna coupling to the modulated stage, 
a non-modulated carrier efficiency of 40 per 
cent can be obtained with substantially dis- 
tortion-free modulation up to practically 100 
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per cent. If the antenna coupling is decreased 
slightly from the condition just described, and 
the excitation is increased to the point where 
the amplifier draws the same input, carrier 
efficiency of 50 per cent is obtainable with 
tolerable distortion at 90 per cent modulation. 


The most satisfactory pro- 
cedure for tuning a stage 
for grid-bias modulation of 
the Class C type is as 
follows. The amplifier should first be neutra- 
lized, and any possible tendency toward para- 
sitics under any condition of operation should 
be eliminated. Then the antenna should be 
coupled to the plate circuit, the grid bias 
should be run up to the maximum available 
value, and the plate voltage and excitation 
should be applied. The grid bias voltage 
should then be reduced until the amplifier 
draws the approximate amount of plate cur- 
rent it is desired to run, and modulation corre- 
sponding to about 80 per cent is then applied. 
If the plate curcent kicks up when modulation 
is applied, the grid bias should be reduced; 
if the plate meter kicks down, increase the 
grid bias. 

When the amount of bias voltage has been 
found (by adjusting the fine control, R2, on 
the bias supply) where the plate meter re- 
mains constant with modulation, it is more 
than probable that the stage will be drawing 
either too much or too little input. The an- 
tenna coupling should then be either increased 
or decreased (depending on whether the in- 
put was too little or too much, respectively) 
until the input is more nearly the correct value. 
The bias should then be readjusted until the 
plate meter remains constant with modulation 
as before. By slight jockeying back and forth 
of antenna coupling and grid bias, a point can 
be reached where the tubes are running at 
rated plate dissipation, and where the plate 
milliammeter on the modulated stage remains 
substantially constant with modulation. 

The linearity of the stage should then be 
checked by any of the conventional methods; 
the trapezoidal pattern method employing a 
cathode-ray oscilloscope is probably the most 
satisfactory. The check with the trapezoidal 
pattern will allow the determination of the 
proper amount of gain to employ on the speech 
amplifier. Too much audio power on the grid 
of the modulated stage should not be used in 
the tuning-up process, as the plate meter will 
kick erratically and it will be impossible to 
make a satisfactory adjustment. 


Tuning the 
Grid-Bias 
Modulated Stage 


Screen-Grid 
Modulation 


Amplitude modulation may be 
accomplished by varying the 
screen-grid voltage in a Class 
C amplifier which employs a pentode, beam 
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tetrode, or other type of screen-grid tube. The 
modulation obtained in this way is not es- 
pecially linear, but screen-grid modulation 
does offer other advantages and the linearity 
is quite adequate for communications work. 

There are two significant and worthwhile 
advantages of screen-grid modulation for com- 
munications work: (1) The excitation require- 
ments for an amplifier which is to be modu- 
lated in the screen are not at all critical, and 
good regulation of the excitation voltage is 
not required. The normal rated grid-circuit 
operating conditions specified for Class C 
c-w operation are quite adequate for screen- 
gtid modulation. (2) The audio modulating 
power requirements for screen-grid modulation 
are relatively low. 

A screen-grid modulated r-f amplifier oper- 
ates as an efficiency-modulated amplifier, the 
same as does a Class B linear amplifier and 
a grid-modulated stage. Hence, plate circuit 
loading is relatively critical as in any effi- 
ciency-modulated stage, and must be adjusted 
to the correct value if normal power output 
with full modulation capability is to be ob- 
tained. As in the case of any efficiency-modu- 
lated stage, the operating efficiency at the 
peak of the modulation cycle will be between 
70 and 80 per cent, with efficiency at the car- 
rier level (if the stage is operating in the nor- 
mal manner with full carrier) about half of the 
peak-modulation value. 

There are two main disadvantages of screen- 
gtid modulation, and several factors which 
must be considered if satisfactory operation 
of the screen-grid modulated stage is to be 
obtained. The disadvantages are: (1) As men- 
tioned before, the linearity of modulation with 
respect to screen-grid voltage of such a stage 
is satisfactory only for communications work, 
unless carrier-rectified degenerative feed-back 
is employed around the modulated stage to 
straighten the linearity of modulation. (2) The 
impedance of the screen grid to the modulating 
signal is non-linear. This means that the mod- 
ulating signal must be obtained from a source 
of quite low impedance if audio distortion of 
the signal appearing at the screen grid is to 
be avoided. 


Screen-Grid 
Impedance 


Instead of being linear with re- 
spect to modulating voltage, as 
is the plate circuit of a plate- 
modulated Class C amplifier, the screen grid 
presents approximately a square-law imped- 
ance to the modulating signal over the region 
of signal excursion where the screen is posi- 
tive with respect to ground. This non-linearity 
may be explained in the following manner: At 
the carrier level of a conventional screen- 
modulated stage the plate-voltage swing of 
the modulated tube is one-half the voltage 


swing at peak-modulation level. This condition 
Must exist in any type of conventional effi- 
ciency- modulated stage if 100 per cent posi- 
tive modulation is to be attainable. Since the 
plate-voltage swing is at half amplitude, and 
since the screen voltage is at half its full- 
modulation value, the screen current is rela- 
tively low. But at the positive modulation peak 
the screen voltage is approximately doubled, 
and the plate-voltage swing also is at twice 
the carrier amplitude. Due to the increase in 
plate-voltage swing with increasing screen 
voltage, the screen current increases more than 
linearly with increasing screen voltage. 

In a test made on an amplifier with an 813 
tube, the screen current at carrier level was 
about 6 ma. with screen potential of 190 volts; 
but under conditions which represented a posi- 
tive modulation peak the screen current meas- 
ured 25 ma. at a potential of 400 volts. Thus 
instead of screen current doubling with twice 
screen voltage as would be the case if the 
screen presented a resistive impedance, the 
screen current became about four times as 
great with twice the screen voltage. 

Another factor which must be considered 
in the design of a screen-modulated stage, if 
full modulation is to be obtained, is that the 
power output of a screen-grid stage with zero 
screen voltage is still relatively large. Hence, 
if anything approaching full modulation on 
negative peaks is to be obtained, the screen 
potential must be made negative with respect 
to ground on negative modulation peaks. In 
the usual types of beam tetrode tubes the 
screen potential must be 20 to $0 volts nega- 
tive with respect to ground before cut-off of 
output is obtained. This condition further com- 
plicates the problem of obtaining good linearity 
in the audio modulating voltage for the screen- 
modulated stage, since the screen voltage 
must be driven negatively with respect to 
ground over a portion of the cycle. Hence the 
screen draws no current over a portion of the 
modulating cycle, and over the major portion 
of the cycle when the screen does draw cur- 
rent, it presents approximately a square-law 
impedance. 


Laboratory analysis of a large 
number of circuits for accom- 
plishing screen modulation has 
led to the conclusion that the 
audio modulating voltage must be obtained 
from a low-impedance source if low-distor- 
tion modulation is to be obtained. Figure 4 
shows a group of sketches of the modulation 
envelope obtained with various types of modu- 
lators and also with insufficient antenna coup- 
ling. The result of this laboratory work led 
to the conclusion that the cathode-follower 
modulator of the basic circuit shown in figure 


Circuits for 
Sereen- Grid 
Modulation 
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Figure 4 
SCREEN-MODULATION CIRCUITS 
Three common screen modulation circuits are illustrated above. All three circuits 
ore capable of giving intelligible voice modulation although the waveform distartion 
in the circuits of (A) and (B) is likely to be rather severe. The arrangement at (A) 
is often called ‘*clamp tube’’ screen modulation; by returning the grid leak on the 
clamp tube to ground the circuit will give controlled-carrier screen modulation. This 
circuit has the advantage that it is simple and is well suited to use in mobile trans- 
mitters. (B) is an arrangement using a transformer coupled modulator, and offers no 
particular advantages. The arrangement at (C) is capable of giving good modulation 
linearity due to the low impedance of the cathode-follower modulator. However, due 
to the relatively low heater-cathode ratings on tubes suited for use as the modula- 
tor, a separate heater supply far the modulator tube normally is required. This limi- 
tation makes application of the circuit to the mobile transmitter a special problem, 
since an isolated heater supply normally is not available. Shown at (D) as an assist- 
ance in the tuning of a screen-modulated transmitter (or any efficiency-modulated 
transmitter for that matter) is the type of modulation envelope which results when 
loading to the modulated stage is insufficient. 


5 ts capable of giving good-quality screen- 
grid modulation, and in addition the circuit 
provides convenient adjustments for the car- 
tier level and the output level on negative 


modulation peaks. This latter control, P2 in 
figure 5, allows the amplifier to be adjusted 
in such a manner that negative-peak clipping 
cannot take place, yet the negative modulation 
peaks may be adjusted to a level just above 
that at which sideband splatter will occur. 


The Cathode. 
Follower Modulator 


The cathode follower is 
ideally suited for use as 
the modulator for ascreen- 


grid stage since it acts as a relatively low- 
impedance source of modulating voltage for 
the screen-grid circuit. In addition the cathode- 
follower modulator allows the supply voltage 
both for the modulator and for the screen grid 
of the modulated tube to be obtained from the 
high-voltage supply for the plate of the screen- 
grid cube or beam tetrode. In the usual case 
the plate supply for the cathode follower, and 
hence for the screen grid of the modulated 
tube, may be taken from the bleeder on the 
high-voltage power supply. A tap onthe bleeder 
may be used, or two resistors may be connect- 
ed in series to make up the bleeder, with ap- 
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propriate values such that the voltage applied 
to the plate of the cathode follower is appro- 
priate for the tube to be modulated. It is im- 
portant that a bypass capacitor be used from 
the plate of the cathode-follower modulator 
to ground. 

The voltage applied to the plate of the 
cathode follower should be about 100 volts 
greater than the rated screen voltage for the 
tetrode tube as a c-w Class C amplifier. Hence 
the cathode-follower plate voltage should be 
about 350 volts for an 815, 2E26, or 829B, 
about 400 volts for an 807 or 4-125A, about 
500 volts for an 813, and about 600 volts for 
a 4-250A or a 4E27. Then potentiometer P, 
in figure § should be adjusted until the carrier- 
level screen voltage on the modulated stage 
is about one-half the rated screen voltage 
specified for the tube as a Class C c-w ampli- 
fier. The current taken by the screen of the 
modulated tube under carrier conditions will 
be about one-fourth the normal screen current 
for c-w operation. 

The only current taken by the cathode 
follower itself will be that which will flow 
through the 100,000-ohm resistor between the 
cathode of the 6L6 modulator and the nega- 
tive supply. The current taken from the bleeder 
on the high-voltage supply will be the carrier- 
level screen current of the tube being modu- 
lated (which current passes of course through 
the cathode follower) plus that current which 
will pass through the 100,000-ohm resistor. 

The loading of the modulated stage should 
be adjusted until the input to the tube is about 
50 per cent greater than the rated plate dissi- 
pation of the tube or tubes in the stage. If the 
carrier-level screen voltage value is correct 
for linear modulation of the stage, the loading 
will have to be somewhat greater than that 
amount of loading which gives maximum output 
from the stage. The stage may then be modu- 
lated by applying an audio signal to the grid 
of the cathode-follower modulator, while ob- 
serving the modulated envelope on an oscillo- 
scope. 

If good output is being obtained, and the 
modulation envelope appears as shown in fig- 
ure 4C, all is well, except that P2 in figure 5 
should be adjusted until negative modulation 
peaks, even with excessive modulating signal, 
do not cause carrier cutoff with its attendant 
sideband splatter. If the envelope appears as 
at figure 4D, antenna coupling should be in- 
creased while the carrier level is backed down 
by potentiometer P in figure 5 until a set of 
adjustments is obtained which will give a satis- 
factory modulation envelope as shown in 
figure 4C. 


After a satisfactory set of ad- 


Changing Bands 
justments has been obtained, 
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Figure 5 


CATHODE-FOLLOWER 
SCREEN-MODULATION CIRCUIT 


A detailed discussion of this circuit, which 
also is represented in figure 4C, is given in 
the accompanying text. 


SS 


it is not difficult to readjust the amplifier for 
operation on different bands. Potentiometers 
P) (carrier level), and P, (negative peak level) 
may be left fixed after a satisfactory adjust- 
ment, with the aid of the scope, has once been 
found. Then when changing bands it is only 
necessary to adjust excitation until the correct 
value of grid current is obtained, and then to 
adjust antenna coupling until correct plate 
current is obtained. Note that the correct plate 
current for an efficiency-modulated amplifier 
is only slightly less than the out-of-resonance 
plate current of the stage. Hence carrier-level 
screen voltage must be low so that the out-of- 
resonance plate current will not be too high, 
and relatively heavy antenna coupling must be 
used so that the operating plate current will 
be near the out-of-resonance value, and so that 
the operating input will be slightly greater 
than 1.5 times the rated plate dissipation of 
the tube or tubes in the stage. Since the carrier 
efficiency of the stage will be only 35 to 40 
per cent, the tubes will be operating with plate 
dissipation of approximately the rated value 
without modulation. 


Speech Clipping in The maximum r-f output 
the Modulated Stage of an efficiency-modu- 

lated stage is limited 
by the maximum possible plate voltage swing 
on positive modulation peaks. In the modula- 
lation circuit of figure § the minimum output 
is limited by the minimum voltage which the 
screen will reach on a negative modulation 
peak, as set by potentiometer P,, Hence the 
screen-grid-modulated stage, when using the 
modulator of figure 5, acts effectively as a 
speech clipper, provided the modulating signal 
amplitude is not too much more than that value 
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which will accomplish full modulation. With 
correct adjustments of the operating conditions 
of the stage it can be made to clip positive 
and negative modulation peaks symmetrically. 
However, the inherent peak clipping ability of 
the stage should not be relied upon as a means 
of obtaining a large amount of speech com- 
pression, since excessive audio distortion and 
excessive screen current on the modulated 
stage will result. 


Characteristics of a An important character- 
Typical Screen- istic of the screen-modu- 
Modulated Stage lated stage, when using 

the cathode-follower mod- 
ulator, is that excessive plate voltage on the 
modulated stage is not required. In fact, full 
output usually may be obtained with the larger 
tubes at an operating plate voltage from one- 
half to two-thirds the maximum rated plate 
voltage for c-w operation. This desirable con- 
dition is the natural result of using a low- 
impedance source of modulating signal for 
the stage. 

As an example of a typical screen-modu- 
lated stage, full output of 75 watts of carrier 
may be obtained from an 813 tube operating 
with a plate potential of only 1250 volts. No 
increase in output from the 813 may be ob- 
tained by increasing the plate voltage, since 
the tube may be operated with full rated plate 
dissipation of 125 watts, with normal plate 
efficiency for a screen-modulated stage, 37.5 
per cent, at the 1250-volt potential. 

The operating conditions of a screen-modu- 
lated 813 stage are as follows: 


Plate voltage—1250 volts 

Plate current —160 ma. 

Plate input—200 watts 

Grid current—11 ma. 

Grid bias—110 volts 

Carrier screen voltage—190 volts 
Carrier screen current—6 ma. 
Power output—approx. 75 watts 


With full 100 per cent modulation the plate 
current decreases about 2 ma. and the screen 
current increases about 1 ma.; hence plate, 
screen, and gtid current remain essentially 
constant with modulation. Referring to figure 
5, which was the circuit used as modulator 
for the 813, (E,) measured plus 155 volts, (E) 
measured —50 volts, (E3) measured plus 190 
volts, (Eg) measured plus 500 volts, and the 
r.m,s. swing at (Es) for full modulation meas- 
ured 210 volts, which represents a peak swing 
of about 296 volts. Due to the high positive 
voltage, and the large audio swing, on the 
cathode of the 6L6 (triode connected) modu- 
lator tube, it is important that the heater of 
of this tube be fed from a separate filament 


transformer or filament winding. Note also that 
the operating plate-to-cathode voltage on the 
6L6 modulator tube does not exceed the 360- 
volt rating of the tube, since the operating 
potential of the cathode is considerably above 
ground potential. 


Suppressor-Grid Still another form of effi- 
Modulation ciency modulation may be 

obtained by applying the 
audio modulating signal to the suppressor grid 
of a pentode Class C r-f amplifier. Basically, 
suppressor-grid modulation operates in the 
same general manner as other forms of effi- 
ciency modulation; carrier plate circuit effi- 
ciency is about 35 per cent, and antenna Coup- 
ling must be rather tight. However, suppressor- 
grid modulation has one sizeable disadvantage, 
in addition to the fact that pentode tubes are 
not nearly so widely used as beam tetrodes 
which of course do not have the suppressor 
element. This disadvantage is that the screen- 
grid current to a suppressor-grid modulated 
amplifier is rather high. The high screen cur- 
rent is a natural consequence of the rather high 
negative bias on the suppressor grid, which 
reduces the plate-voltage swing and plate cur- 
rent with a resulting increase in the screen 
current. 

In tuning a suppressor-grid modulated am- 
plifier, the grid bias, grid current, screen volt- 
age, and plate voltage are about the same as 
for Class C c-w operation of the stage. But 
the suppressor grid is biased negatively to a 
value which reduces the plate-circuit effici- 
ency to about one-half the maximum obtainable 
from the particular amplifier. with antenna 
coupling adjusted until the plate input is about 
1.5 times the rated plate dissipation of the 
stage. It is important that the input to the 
screen grid be measured to make sure that the 
rated screen dissipation of the tube is not 
being exceeded. Then the audio signal is ap- 
plied to the suppressor grid. In the normal 
application the audio voltage swing on the 
suppressor will be somewhar greater than the 
negative bias on the element. Hence sup- 
pressor-grid current will flow on modulation 
peaks, so that the source of audio signal volt- 
age must have good regulation. Tubes suitable 
for suppressor-grid modulation are: 2F22, 
837, 4627/8001, 5-125, 804 and 803. A typi- 
cal suppressor-grid modulated amplifier is 
illustrated in figure 6. 


15-4 Input Modulation 
Systems 


Constant efficiency variable-input modula- 
tion systems operate by virtue of the addition 
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257B/8001 stage ore given on the drawing. 
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of external power to the modulated stage to 
effect the modulation. There are two general 
classifications that come under this heading; 
those systems in which the additional power 
is supplied as audio frequency energy from a 
modulator, usually called plate modulation 
systems, and those systems in which the addi- 
tional power to effect modulation is supplied 
as direct current from the plate supply. 

Under the former classification comes Heis- 
ing modulation (probably the oldest type of 
modulation to be applied to a continuous car- 
rier), Class B plate modulation, and series 
modulation. These types of plate modulation 
are by far the easiest to get into operation, 
and they give a very good ratio of power input 
to the modulated stage to power output; 65 to 
80 per cent efficiency is the general rule. It 
is for these two important reasons that these 
modulation systems, particularly Class B plate 
modulation, are at present the most popular 
for communications work. 


Modulation systems coming under the sec- 
ond classification are of comparatively recent 
development but have been widely applied to 
broadcast work. There are quite a few systems 
in this class. Two of the more widely used 
are the Doherty linear amplifier, and the Ter- 
man-Woodyard high-efficiency grid-modulated 
amplifier. Both systems operate by virtue of 
a carrier amplifier and a peak amplifier con- 
nected together by electrical quarter-wave 
lines. They will be described later in this 
section. 

Plate Modulation Plate modulation is the ap- 
plication of the audio power 


to the plate circuit of an r-f amplifier. The r-f 
amplifier must be operated Class C for this 
type of modulation in order to obtain a radio- 
frequency output which changes in exact ac- 
cordance with the variation in plate voltage. 
The r-{ amplifier is 100 per cent modulated 
when the peak a-c voltage from the modulator 
is equal to the d.c. voltage applied to the r-f 
tube. The positive peaks of audio voltage in- 
crease the instantaneous plate voltage on the 
rf tube to twice the d-< value, and the nega- 
tive peaks reduce the voltage to zero. 

The instantaneous plate current to the r-f 
stage also varies in accordance with the modu- 
lating voltage. The peak alternating current 
in the output of a modulator must be equal to 
the d-c plate current of the Class C r-f stage 
at the point of 100 per cent modulation. This 
combination of change in audio voltage and 
current can be most easily referred to in terms 
of audio power in watts. 

In a sinusoidally modulated wave, the an- 
tenna Current increases approximately 22 per 
cent for 100 per cent modulation with a pure 
tone input; an r-f meter in the antenna circuit 
indicates this increase in antenna current. 
The average power of the r-f wave increases 
50 per cent for 100 per cent modulation, the 
efficiency remaining constant. 

This indicates that in a plate-modulated 
radiotelephone transmitter, the audio-frequency 
channel must supply this additional 50 per 
cent increase in average power for sine-wave 
modulation. If the power input to the modu- 
lated stage is 100 watts, for example, the 
average power will increase to 150 watts at 
100 per cent modulation, and this additional 
50 watts of power must be supplied by the 
modulator when plate modulation is used. The 
actual antenna power is a constant percentage 
of the total value of input power. 

One of the advantages of plate (or power) 
modulation is the ease with which proper ad- 
justments can be made in the transmitter. Also. 
there is less plate loss in the r-f amplifier for 
a given value of carrier power than with other 
forms of modulation because the plate effi- 
ciency is higher. 


By properly matching the plate impedance 
of the r-f tube to the output of the modulator, 
the ratio of voltage and current swing to d-c 
voltage and current is automatically obtained. 
The modulator should have a peak voltage 
output equal to the average d-c plate voltage 
on the modulated stage. The modulator should 
also have a peak power output equal to the 
d-c plate input power to the modulated stage. 


The average power output of the modulator will 
depend upon the type of waveform. If the am- 
plifier is being Heising modulated by a Class 
A stage, the modulator must have an average 
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Figure 7 
HEISING PLATE MODULATION 


This type of madulction was the first form 
of plote modulation. It is sometimes known 
as ‘constant current’' modulation. Because 
of the effective I:] ratio of the coupling 
choke, it is impossible to obtain 100 per cent 
modulation unless the plate voltage to the 
modulated stage is dropped slightly by re- 
sistor R. The capacitor C merely bypasses 
the audio around R, so that the full oa-f out- 
put voltage of the modulator is impressed 
on the Class C stage. 
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Figure 8 
CLASS B PLATE MODULATION 


This type of modulation is the most flexible 
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power output capability of one-half the input 
to the Class C stage. If the modulator is a 
Class B audio amplifier, the average power 
required of itmay vary from one-quarter to more 
than one-half the Class C input depending 
upon the waveform. However, the peak power 
output of any modulator must be equal to the 
Class C input to be modulated. 


Heising 
Modulation 


Heising modulation is the oldest 
system of plate modulation, and 
usually consists of a Class A 
audio amplifier coupled to the r-f amplifier by 
means of a modulation choke coil, as shown 
in figure 7. 

The d.c. plate voltage and plate current in 
the r-f amplifier muse be adjusted to a value 
which will cause the plate impedance to match 
the output of the modulator, since the modula- 
tion choke gives a 1-to-1 coupling ratio. A 
series resistor, by-passed for audio frequen- 
cies by means of a capacitor, must be connect- 
ed in series with the plate of the r-f amplifier 
to obtain modulation up to 100 per cent. The 
peak output voltage of a Class A amplifier 
does notreach a value equal to the d-c voltage 
applied to the amplifier and, consequently, 
the d-c plate voltage impressed across the 
r-f tube must be reduced to a value equal to 


the maximum available a-c peak voltage if 
100% modulation is to be obtained. 

A higher degree of distortion can be toler- 
ated inlow-power emergency phone transmitters 
which use a pentode modulator tube, and the 
series resistor and by-pass capacitor are 
usually omitted in such transmitters. 


Closs B 
Plate Modulation 


High-level Class B plate 
modulation is the least ex- 
pensive method of plate 
modulation. Figure 8 shows a conventional 
Class B plate-modulated Class C amplifier. 

The statement that the modulator output 
power must be one-half the Class C input for 
100 per cent modulation is correct only if the 
waveform of the modulating power is a sine 
wave. Where the modulator waveform is un- 
clipped speech, the average modulator power 
for 100 per cent modulation is considerably 
less than one-half the Class C input. 


It has been determined ex- 
perimentally that the ratio 
of peak to average power 
in a speech waveform is approximately 4 to 1 
as contrasted to a ratio of 2 to 1 in a sine 
wave. This is due to the high harmonic con- 
tent of such a waveform, and to the fact that 


Power Relations in 
Speech Waveforms 
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this high harmonic content manifests itself by 
making the wave unsymmetrical and causing 
sharp peaks or ‘‘fingers’’ of high energy con- 
tent to appear. Thus for unclipped speech, the 
average modulator plate current, plate dissi- 
pation, and power output are approximately 
one-half the sine wave values for a given peak 
output power. 

Both peak power and average power are 
necessarily associated with waveform. Peak 
power is just what the name implies; the power 
at the peak of a wave. Peak power, although 
of the utmost importance in modulation, is of 
no great significance in a-c power work, ex- 
cept insofar as the average power may be de- 
tecmined from the peak value of a known wave 
form. 


There is no time element implied in the 
definition of peak power; peak power may be 
instantaneous—and for this reason average 
power, which is definitely associated with 
time, is the important factor in plate dissipa- 
tion. It is possible that the peak power of a 
given waveform be several times the average 
value; for a sine wave, the peak power is twice 
the average value, and for unclipped speech 
the peak power is approximately four times 
the average value. For 100 per cent modula- 
tion, the peak (instantaneous) audio power 
must equal the Class C input, although the 
average power for this value of peak varies 
widely depending upon the modulator wave- 
form, being greater than $0 per cent for speech 
that has been clipped and filtered, $0 per cent 
for a sine wave, and about 25 per cent for typ- 
ical unclipped speech tones. 


The modulation transformer is 
a device for matching the load 
impedance of the Class C am- 
plifier to the recommended load 
impedance of the Class B modulator cubes. 
Modulation transformets intended for com- 
munications work are usually designed to 
carry the Class C plate current through their 
secondary windings, as shown in figure 8. 
The manufacturer’s ratings should be con- 
sulted to insure that the d-c plate current 
passed through the secondary winding does 
not exceed the maximum rating. 

A detailed discussion of the method of 
making modulation transformer calculations 
has been given in Chapter Six. However, to 
emphasize the method of making the calcula- 
tion, an additional example will be given. 

Suppose we take the case of a Class C am- 
plifier operating at a plate voltage of 2000 
with 225 ma. of plate current. This amplifier 
would present a load resistance of 2000 divi- 
ded by 0.225 amperes or 8888 ohms. The plate 
power input would be 2000 times 0.225 or 450 
watts. By reference to Chapter Six we see that 


Modulation 
Transformer 
Calculations 


a pair of 811 cubes operating at 1500 plate 
volts will deliver 225 watts of audio output. 
The plate-to-plate load resistance for these 
tubes under the specified operating conditions 
is 18,000 ohms. Hence our problem is to match 
the Class C amplifier load resistance of 8888 
ohms to the 18,000-ohm load resistance re- 
quired by the modulator tubes. 

A_ 200-to-300 watt modulation transformer 
will be required for the job. If the taps on the 
transformer are given in cerms of impedances 
it will only be necessary to connect the sec- 
ondary for 8888 ohms (or a value approximately 
equal to this such as 9000 ohms) and the pri- 
mary for 18,000 ohms. If it is necessary to 
determine the proper turns ratio required of the 
transformer it can be determined in the follow- 
ing manner. The square root of the impedance 
ratio is equal to the turns ratio, hence: 


8888 = 0.494 = 0.703 
18000 


The transformer must have a turns ratio of 
approximately 1-to-0.7 step down, total pri- 
mary to total secondary. The greater number 
of turns always goes with the higher imped- 
ance, and vice versa. 


Plate-and-Screen 
Modulation 


When only the plate of a 
screen-grid tube is modu- 
lated, it is impossible to ob- 
tain high-percentage linear modulation under 
ordinary conditions. The plate current of such 
a stage is not linear with plate voltage. How- 
ever, if the screen is modulated simultaneously 
with the plate, the instantaneous screen volt- 
age drops in proportion co the drop in the plate 
voltage, and linear modulation can then be ob- 
tained. Four satisfactory circuits for accom- 
plishing combined plate and screen modula- 
tion are shown in figure 9. 

The screen r-f by-pass capacitor C,, should 
not have a greater value than 0.005 pfd., pref- 
erably not larger than 0.001 pfd. It should be 
large enough to bypass effectively all r-f vole- 
age without short-circuiting high-frequency 
audio voltages. The plate by-pass capacitor 
can be of any value from 0.002 pfd. to 0.005 
pfd. The screen-dropping resistor, R,, should 
reduce the applied high voltage to the value 
specified for operating the particular tube in 
the circuit. Capacitor C, is seldom required 
yet some tubes may require this capacitor in 
order to keep C) from attenuating the high fre- 
quencies. Different values between .0002 and 
.002 yfd. should be tried for best results. 

Figure 9C shows another method which uses 
a third winding on the modulation transformer, 
through which the screen-grid is connected to 
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Figure 9 
PLATE MODULATION OF A BEAM TETRODE OR SCREEN-GRID TUBE 
These alternative arrangements for plate modulation of tetrodes or pentodes are dis- 
cussed In detail in the text. The orrangements shown at (B) or (D) ore recommended 
for most applications. 


a low-voltage power supply. The ratio of turns 
between the two output windings depends upon 
the type of screen-grid tube which is being 
modulated. Normally it will be such that the 
screen voltage is being modulated 60 per cent 
when the plate voltage is receiving 100 per 
cent modulation. 

If the screen voltage is derived from a drop- 
ping resistor (not a divider) that is bypassed 
for c.f. but noc a.f., it is possible to secure 
quite good modulation by applying modulation 
only to the plate. Under these conditions, the 
screen tends to modulate itself, the screen 
voltage varying over the audio cycle as a re- 
sult of the screen impedance increasing with 
plate voltage, and decreasing with a decrease 


in plate voltage. This circuit arrangement is 
illustrated in figure 9B. 

A similar application of this principle is 
shown in figure 9D. In this case the screen 
voltage is fed directly from a low-voltage sup- 
ply of the proper potential through a choke L. 
A conventional filter choke having an induc- 
tance from 10 to 20 henries will be satisfac- 
tory for L. 

To afford protection of the tube when plate 
voltage is not applied but screen voltage is 
supplied from the exciter power supply, when 
using the arrangement of figure 9D, a resistor 
of 3000 to 10,000 ohms can be connected in 
series withthe chokeL.In this case the screen 
supply voltage should be at least 14 times as 
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much as is required tor actual screen voltage, 
and the value of resistor is chosen such that 
with normal screen current the drop through 
the resistor and choke will be such that nor- 
mal screen voltage will be applied to the tube. 
When the plate voltage is removed the screen 
current will increase greatly and the drop 
through resistor R will increase to such a 
value that the screen voltage will be lowered 
to the point where the screen dissipation on 
the tube will not be exceeded. However, the 
supply voltage and value of resistor R must 
be chosen carefully so that the maximum rated 
screen dissipation cannot be exceeded. The 
maximum possible screen dissipation using 
this arrangement is equal to: W = E?/4R where 
E is the screen supply voltage and R is the 
combined resistance of the resistor in figure 
9D and the d-c resistance of the choke L. It 
is wise, when using this arrangement to check, 
using the above formula, to see that the value 
of W obtained is less than the maximum rated 
screen dissipation of the tube or tubes used 
in the modulated stage. This same system can 
of course also be used in figuring the screen 
supply circuit of a pentode or tetrode ampli- 
fier stage where modulation is not to be 
applied. 

The modulation transformer for plate-and- 
screen-modulation, when utilizing a dropping 
resistor as shown in figure 9A, is similar to 
the type of transformer used for any plate 
modulated phone. The combined screen and 
plate current is divided into the plate voltage 
in order to obtain the Class C amplifier load 
impedance. The peak audio power required to 
obtain 100 per cent modulation is equal to the 
d-c power input to the screen, screen resistor, 
and plate of the modulated r-f stage. 


15-5 Cathode Modulation 


Cathode modulation offers a workable com- 
promise between the good plate efficiency but 
expensive modulator of high-level plate modu- 
lation, and the poor plate efficiency but in- 
expensive modulator of grid modulation. Cathode 
modulation consists essentially of an ad- 
mixture of the two. 

The efficiency of the average well-designed 
plate-modulated transmitter is in the vicinity 
of 75 to 80 per cent, with a compromise per- 
haps at 77.5 per cent. On the other hand, the 
efficiency of a good grid-modulated transmitter 
may run from 28 to maybe 40 per cent, with 
the average falling at about 34 per cent. Now 
since cathode modulation consists of simul- 
taneous grid and plate modulation, in phase 
with each other, we can theoretically obtain 
any efficiency from about 34 to 77.5 per cent 
from our cathode-modulated stage, depending 


upon the relative percentages of grid and 
plate modulation. 

Since the system is a compromise between 
the two fundamental modulation arrangements, 
a value of efficiency approximately half way 
between the two would seem to be the best 
compromise. Experience has proved this to be 
the case. A compromise efficiency of about 
56.5 per cent, roughly half way between the 
two limits, has proved to be optimum. Cal- 
culation has shown that this value of effi- 
ciency can be obtained from a cathode-modu- 
lated amplifier when the audio-frequency modu- 
lating power is approximately 20 per cent of 
the d-c input to the cathode-modulated stage. 


An Economical Series cathode modulation is 
Series Cathode ideally suited as an economi- 
Modulator cal modulating arrangement 
for a high-power triode c-w 
transmitter. The modulator can be constructed 
quite compactly and for a minimum component 
cost since no power supply is required for it. 
When it is desired to change over from c-w to 
*phone, it is only necessary to cut the series 
modulator into the cathode return circuit of the 
c-w amplifier stage. The plate voltage for the 
modulator tubes and for the speech amplifier 
is taken from the cathode voltage drop of the 
modulated stage across the modulator unit. 


Figure 10 shows the circuit of such a modu- 
lator, designed to cathode modulate a Class C 
amplifier using push-pull 810 tubes, running 
at a supply voltage of 2500, and with a plate 
input of 660 watts. The modulated stage runs 
at about 50% efficiency, giving a power output 
of nearly 350 watts, fully modulated. The volt- 
age drop across the cathode modulator is 400 
volts, allowing a net plate to cathode voltage 
of 2100 volts on the final amplifier. The plate 
current of the 810’s should be about 330 ma., 
and the grid current should be approximately 
40 ma., making the total cathode current of the 
modulated stage 370 ma. Four parallel 6L6 
modulator tubes can pass this amount of plate 
current without difficulty. It must be remem- 
bered that the voltage drop across the cathode 
modulator is also the cathode bias of the modu- 
lated stage. In most cases, no extra grid bias 
is necessary. If a bias supply is used for c-w 
operation, it may be removed for cathode modu- 
lation, as shown in figure 11. With low-mu 
triodes, some extra grid bias (over and above 
that amount supplied by the cathode modulator) 
may be needed to achieve proper linearity of 
the modulated stage. In any case, proper oper- 
ation of a cathode modulated stage should be 
determined by examining the modulated output 
waveform of the stage on an oscilloscope. 


The r-f driver for a cathode-mod- 
ulated stage should have about 
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TO MODULATED AMPLIFIER. 


Figure 10 


SERIES CATHODE MODULATOR FOR A HIGH-POWERED TRIODE R-F 
AMPLIFIER 


Ry 


the same power output capabilities as would 
be required todrive a c-w amplifier to the same 
input as it is desired to drive the cathode- 
modulated stage. However, some form of exci- 
tation control should be available since the 
amount of excitation power has a direct bearing 
on the linearity of a cathode-modulated am- 
plifier stage. If link coupling is used between 
the driver and the modulated stage, variation 
in the amount of link coupling will afford 
ample excitation variation. If much less than 
40% plate modulation is employed, the stage 
begins to resemble a grid-bias modulated 
stage, and the necessity for good r-f regula- 
tion will apply. 


Cathode modulation has 
not proved too satisfac- 
tory for use with beam 
tetrode tubes. This is a result of the small 
excitation and grid swing requirements for 
such tubes, plus the fact that some means for 
holding the screen voltage at the potential of 
the cathode as far as audio is concerned is 
usually necessary. Because of these factors, 
cathode modulation is not recommended for 
use with tetrode r-f amplifiers. 


Cathode Modulation 
of Tetrodes 


15-6 The Doherty and the 
Terman-Woodyard 
Modulated Amplifiers 


These two amplifiers will be described to- 
gether since they operate upon very similar 
principles. Figure 12 shows a greatly simpli- 
fied schematic diagram of the operation of both 
types. Both systems operate by virtue of a car- 
rier tube (V, in both figures 12 and 13) which 


supplies the unmodulated carrier, and whose 
output is reduced to supply negative peaks, 
and a peak tube (V,) whose function is to 
supply approximately half the positive peak 
of the modulation cycle and whose additional 
function is to lower the load impedance on the 
carrier tube so that it will be able to supply 
the other half of the positive peak of the modu- 
lation cycle. 


The peak tube is enabled to increase the 
output of the carrier tube by virtue of an im- 
pedance inverting line between the plate cir- 
cuits of the two tubes. This line is designed 
to have a characteristic impedance of one-half 
the value of load into which the carrier tube 
operates under the carrier conditions. Then a 
load of one-half the characteristic impedance 
of the quarter-wave line is coupled into the 
output. By experience with quarter-wave lines 
in antenna-matching circuits we know that 
such a line will vary the impedance at one 
end of the line in such a manner that the geo- 
metric mean between the two terminal imped- 
ances will be equal to the characteristic im- 
pedance of the line. Thus, if we have a value 
of load of one-half the characteristic imped- 
ance of the line at one end, the other end of 
the line will present a value of twice the char- 
acteristic impedance of the lines to the car- 
rier tube V,, 


This is the situation that exists under the 
carrier conditions when the peak tube merely 
floats across the load end of the line and con- 
tributes no power. Then as a positive peak of 
modulation comes along, the peak tube starts 
to contribute power to the load until at the 
peak of the modulation cycle it is contributing 
enough power so that the impedance at the 
load end of the line is equal to R, instead of 
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CATHODE MODULATOR INSTALLATION 
SHOWING PHONE-C.W. TRANSFER SWITCH 
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the R/2 that is presented under the carrier 
conditions. This is true because at a positive 
modulation peak (since it is delivering full 
power) the peak tube subtracts a negative 
resistance of R/2 from the load end of the 
line. 

Now, since under the peak condition of modu- 
lation the load end of the line is terminated 
in R ohms instead of R/2, the impedance at 
the carrier-tube will be reduced from 2R ohms 
to R ohms. This again is due to the impedance 
inverting action of the line. Since the load re- 
sistance on the carrier tube has been reduced 
to half the carrier value, its output at the peak 
of the modulation cycle will be doubled. Thus 
we have the necessary condition for a 100 
per cent modulation peak; the amplifier will 
deliver four times as much power as it does 
under the carrier conditions. 

On negative modulation peaks the peak cube 
does not contribute; the output of the carrier 
tube is reduced until on a 100 per cent nega- 
tive peak its output is zero. 


The Electrical While an electrical quarter- 
Quarter-Wave wave line (consisting of a pi 
Line network with the inductance 

and capacitance units having 
a reactance equal to the characteristic imped- 
ance of the line) does have the desired im- 
pedance-inverting effect, ic also has the un- 
desirable effect of introducing a 90° phase 
shift across such a line. If the shunt elements 
are capacitances, the phase shift across the 
line lags by 90°; if they are inductances, the 
phase shift leads by 90°. Since there is an un- 


ELECTRICAL A/4 
—JX#Re vi {Eine Zo=R V2 


O 
rt 
> 
a 
Z 
« 
« 
O 


Figure 12 


DIAGRAMMATIC REPRESENTATION OF 
THE DOHERTY LINEAR 


desirable phase shift of 90° between the plate 
circuits of the carrier and peak tubes, an equal 
and opposite phase shift must be introduced in 
the exciting voltage to the grid circuits of the 
two tubes so that the resultant output in the 
place circuit will be in phase. This additional 
phase shift has been indicated in figure 12 and 
a method of obtaining it has been shown in 
figure 13. 


Comparison Between The difference between 
Linear and the Doherty linear am- 
Grid Modulator plifier and the Terman- 

Woodyard grid-modulated 
amplifier is the same as the difference between 
any linear and grid-modulated stages. Modulated 
r.f.is applied to the grid circuit of the Doherty 
linear amplifier with the carrier tube biased to 
cutoff and the peak tube biased to the point 
where ic draws substantially zero plate current 
at the carrier condition. 


In che Terman-Woodyard grid-modulated am- 
plifier the carrier tube runs Class C with com- 
paratively high bias and high plate efficiency, 
while the peak tube again is biased so that it 
draws almost no plate current. Unmodulated 
r.f. is applied to the grid circuits of the two 
tubes and the modulating voltage is inserted 
in series with the fixed bias voltages. From 
one-half to two-thirds as much audio voltage 
is required at the grid of the peak tube as is 
required at the grid of the carrier tube. 


Operating 
Efficiencies 


The resting carrier efficiency of 
the grid-modulated amplifier may 
run as high as is obtainable in 
any Class C stage, 80 per cent or better. The 
resting carrier efficiency of the linear will be 
about as good as is obtainable in any Class 
B amplifier, 60 to 70 per cent. The overall 
efficiency of the bias-modulated amplifier at 
100 per cent modulation will run about 75 per 
cent; of the linear, about 60 per cent. 

In figure 13 the plate tank circuits are de- 
tuned enough to give an effect equivalent to 
the shunt elements of the quarter-wave “line” 
of figure 12. At resonance, the coils L, and 
Lz in the grid circuits of the two cubes have 
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Figure 13 
SIMPLIFIED SCHEMATIC OF A 
“HIGH EFFICIENCY’ AMPLIFIER 
The basic system, comprising a ''carrier” 
tube and a ''peak’’ tube interconnected by 
lumped-constant quarter-wave lines, is the 
same for either grid-bias modulation or for 
use as a linear amplifier of a modulated 
wave. 


each an inductive reactance equal to the ca- 
pacitive reactance of the capacitor C;, Thus 
we have the effect of a pi network consisting 
of shunt inductances and series capacitance. 
In the plate circuit we want a phase shift of 
the same magnitude but in the opposite direc- 
tion; so our series element is the inductance 
L; whose reactance is equal to the character- 
istic impedance desired of the network. Then 
the plate tank capacitors of the two tubes C, 
and C3; are increased an amount past reson- 
ance, so that they have a capacitive reactance 
equal to the inductive reactance of the coil L3, 
It is quite important that there be no coupling 
between the inductors. 

Although both these types of amplifiers are 
highly efficient and require no high-level audio 
equipment, they are difficult to adjust—parti- 
cularly so on the higher frequencies—and it 
would be an extremely difficult problem to de- 
sign a multiband transmitter employing the 
circuit. However, the grid-bias modulation sys- 
tem has advantages for the high-power trans- 
mitter which will be operated on a single fre- 
quency band. 


Other High-Efficiency Many other high-efficien- 
Modulation Systems cy modulation systems 

have beendescribed since 
about 1936. The majority of these, however 
have received little application either by com- 
mercial interests or by amateurs. In most cases 
the circuits are difficult to adjust, or they have 


other undesirable features which make their 
use impracticable alongside the more conven- 
tional modulation systems. Nearly all these 
circuits have been published in the I.R.E. 
Proceedings and the interested reader can re- 
fer to them in back copies of that journal. 


15-7 Speech Clipping 


Speech waveforms are characterized by fre- 
quently recurring high-intensity peaks of very 
short duration. These peaks will cause over- 
modulation if the average level of modulation 
on loud syllables exceeds approximately 30 
per cent. Careful checking into the nature of 
speech sounds has revealed that these high- 
intensity peaks are due primarily to the vowel 
sounds. Further research has revealed that the 
vowel sounds add little to intelligibility, the 
major contribution to intelligibility coming 
from the consonant sounds such as », b, k, 5, 
t, and 1, Measurements have shown that the 
power contained in these consonant sounds 
may be down 30 db or more from the energy in 
the vowel sounds in the same speech passage. 
Obviously, then, if we can increase the rel- 
ative energy content of the consonant sounds 
with respect to the vowel sounds it will be 
possible to understand a signal modulated with 
such a waveform in the presence of a much 
higher level of background noise and inter- 
ference. Experiment has shown that it is pos- 
sible to accomplish this desirable result sim- 
ply by cutting off or clipping the high-intensity 
peaks and thus building up in a relative man- 
ner the effective level of the weaker sounds. 

Such clipping theoretically can be accom- 
plished simply by increasing the gain of the 
speech amplifier until the average level of 
modulation on loud syllables approaches 90 
per cent. This is equivalent to increasing the 
speech power of the consonant sounds by about 
10 times or, conversely, we can say that 10 db 
of clipping has been applied to the voice wave. 
However, the clipping when accomplished in 
this manner will produce higher order side- 
bands known as''splatter,’’ and the transmitted 
signal would occupy a relatively tremendous 
slice of spectrum. So another method of accom- 
plishing the desirable effects of clipping must 
be employed. 


A considerable reduction in the amount of 
splatter caused by a moderate increase in the 
gain of the speech amplifier can be obtained 
by poling the signal from the speech amplifier 
to the transmitter such that the high-intensity 
peaks occur on upward or positive modulation. 
Overloading on positive modulation peaks pro- 
duces less splatter than the negative-peak 
clipping which occurs with overloading on the 
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SPEECH-WAVEFORM AMPLITUDE 
MODULATION 


Showing the effect of using the prop- 
er polarity of a speech wave for 
modulating a transmitter. (A) shows 
the effect of proper speech polarity 
on a transmitter having an upward 
modulation capability of greater 
than 100 per cent. (B) shows the 
effect of using proper speech polar- 
ity on a transmitter having an up- 
ward modulation capability of only 
100 per cent. Both these conditions 
will give a clean signal without 
objectionable splatter. (C) shows 
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negative peaks of modulation. This aspect of 
the problem has been discussed in more detail 
in the section on Speech Waveform Dissymmetry 
earlier in this chapter. The effect of feeding 
the proper speech polarity from the speech am- 
plifier is shown in figure 14. 

A much more desirable and effective method 
of obtaining speech clipping is actually to em- 
ploy a clipper circuit in the earlier stages of 
the speech amplifier, and then to filter out the 
objectionable distortion components by means 
of a sharp low-pass filter having a cut-off fre- 
quency of approximately 3000 cycles. Tests on 
clipper-filter speech systems have shown that 
6 db of clipping on voice is just noticeable, 
12 db of clipping is quite acceptable, and 
values of clipping from 20 to 25 db are toler- 
able under such conditions that a high degree 
of clipping is necessary to get through heavy 
QRM or QRN. A signal with 12 db of clipping 
doesn’t sound quite natural but it is not un- 
pleasant to listen to and is much more read- 
able than an unclipped signal in the presence 
of strorg interference. 

The use of a clipper-filter in the speech am- 
plifier, to be completely effective, requires 
that phase shift between the clipper-filter 
stage and the final modulated amplifier be kept 


to a minimum. However, if there is phase shift 
after the clipper-filrer the system does not 
completely break down. The presence of phase 
shift merely requires that the audio gain fol- 
lowing the clipper-filter be reduced to the point 
where the cant applied to the clipped speech 
waves still cannot cause overmodulation. This 
effect is illustrated in figures 15 and 16. 

The cant appearing on the tops of the square 
waves leaving the clipper-filter centers about 
the clipping level. Hence, as the frequency 
being passed through the system is lowered, 
the amount by which the peak of the canted 
wave exceeds the clipping level is increased. 


Phase Shift 


Correction 


In a normal transmitter having a 
moderate amount of phase shift 
the cant applied to the tops of 
the waves will cause overmodulation on fre- 
quencies below those for which the gain fol- 
lowing the clipper-filrer has been adjusted un- 
less remedial steps have been taken. The fol- 
lowing steps are advised: 

(1) Introduce bass suppression into the speech 

amplifier ahead of the clipper-filter. 


(2) Improve the low-frequency response char- 
acteristic insofar as it is possible in the 
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CLIPPED AND FILTERED SPEECH WAVE 


Figure 15 


ACTION OF A CLIPPER-FILTER 
ON A SPEECH WAVE 


The drawing (A) shows the incom- 
ing speech wave before if reaches 
the clipper stage. (B) shows the 
output of the clipper-filter, illus- 
trating the manner in which the 
peoks are clipped and then the 
sharp edges of the clipped wave 
removed by the filter. (C) shows 
the effect of phase shift in the 
stages following the clipper-filter. 
(C) also shows the manner in which 
the transmitter may be adjusted for 
100 per cent modulation of the 
"*canted’’ peaks of the wave, the 
sloping top of the wave reaching 
obout 70 per cent modulation. 


stages following the clipper-filter. Feed- 
ing the plate current to the final amplifier 
through a choke rather than through the 
secondary of the modulation transformer 
will help materially. 


Even with the normal amount of improvement 
which can be attained through the steps men- 
tioned above there will still be an amount of 
wave cant which must be compensated in some 
manner. This compensation can be done in 
either of two ways. The first and simpler way 
is as follows: 


(1) Adjust the speech gain abead of the clip- 
per-fileer uncil with normal talking into 
the microphone the distortion being intro- 
duced by the clipper-filter circuit is quite 
apparent but not objectionable. This amount 
of distortion will be apparent to the normal 
listener when 10 to 15 db of clipping is 
taking place. 


(2) Tune a selective communications receiver 
about 15 kc. to one side or the other of the 
frequency being transmitted. Use a short 
antenna or no antenna at all on the re- 
ceiver so that the transmitter is not block- 
ing the receiver. 


(3) Again with the normal talking into the 
microphone adjust the gain following the 
clipper-filter to che point where the side- 
band splatter is being heard, and then 
slightly back off the gain after the clip- 
per-fileer until the splatter disappears. 


If the phase shift in the transmitter or mod- 
ulator is not excessive the adjustment proced- 
ure given above will allow a clean signal to be 
radiated regardless of any reasonable voice 
level being fed into the microphone. 

If a cathode-ray oscilloscope is available 
the modulated envelope of the transmitter 
should be checked with 30 to 70 cycle saw- 
tooth waves on the horizontal axis. If the upper 
half of the envelope appears in general the 
same as the drawing of figure 15C, all is well 
and phase-shift is not excessive. However, if 
much more slope appears on the tops of the 
waves than is illustrated in this figure, it will 
be well to apply the second step in compen- 
sation in order to insure that sideband splatter 
cannot take place and to afford a still higher 
average percentage of modulation. This second 
step consists of the addition of a high-level 
splatter suppressor such as is illustrated in 
figure 17. 
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3000 \% WAVE 


CLIPPING LEVEL 


1000 % WAVE 


300 \ WAVE 


Figure 16 


ILLUSTRATING THE EFFECT OF PHASE 
SHIFT AND FILTERED WAVES OF DIF- 
FERENT FREQUENCY 
Sketch (A) shows the effect of o clipper and 
o filter having a cutoff of about 3500 cycles 
on ao wave of 3000 cycles. Note that no hor- 
monics are present in the wave so that phase 
shift following the clipper-filter will have 
no significant effect on the shape of the 
wove. (B) and (C) show the effect of phose 
shift on waves well below the cutoff frequen- 
cy of the filter. Note that the ‘cant’ placed 
upon the top of the wove causes the peck 
value to rise higher ond higher above the 
clipping level as the frequency is lowered. 
it is for this reason that bass suppression 
before the clipper stage is desirable. Im- 
proved low-frequency response following the 
clipper-filter will reduce the phase shift and 
therefore the conting of the wave at the lower 
voice frequencies. 


The use of a high-level splatter suppressor 
after a clipper-filter system will afford the re- 
sult shown in figure 18 since such a device 
will not permit the negative-peak clipping 
which the wave cant caused by audio-system 
phase shift can produce. The high-level splat- 
ter suppressor operates by virtue of the fact 
that ic will not permit the plate voltage on the 
modulated amplifier to go completely to zero 
regardless of the incoming signal amplitude. 


MODULATOR SRAGY, 1616 
836 C2 
i | 
TO 
PLATE-MODULATED 
CLASS-C AMPLIFIER 
FIL. TRANS. 7900-10000 OHMS 
INSULATED LOAD 
FOR HV. \ 
+8 M00. TIS ViA.C. +8 RLF. FINAL 
Figure 17 


HIGH-LEVEL SPLATTER SUPPRESSOR 


This circuit is effective in reducing splatter 
caused by negative-peak clipping in the mod- 
ulated omplifier stage. The use of a two- 
section filter as shown is recommended, al- 
though either a single m-derived of a con- 
stant-k section may be used for greater econ- 
omy. Suitable chokes, along with recom- 
mended capacitor volues, are available from 
several manufacturers. 


Hence negative-peak clipping with its attend- 
ant splatter cannot take place. Such a device 
can, of course, also be used in a transmitter 
which does not incorporate a clipper-fileer sys- 
tem. However, the full increase in average 
modulation level without serious distortion, 
afforded by the clipper-filter system, will noc 
be obtained. 

A word of caution should be noted at this 
time in the case of tetrode final modulated 
amplifier stages which afford screen voltage 
modulation by virtue of a tap or a separate 
winding on the modulation transformer such 
as is shown in figure 9C of this chapter. If 
such a system of modulation is in use, the 
high-level splatter suppressor shown in figure 
17 will not operate satisfactorily since nega- 
tive-peak clipping in the stage can take place 
when the screen voltage goes too low. 


Clipper Circuits Two effective low-level clip- 

per-fileer circuits are shown 
in figures 19 and 20. The circuit of figure 19 
employs a 6J6 double triode as a clipper, each 
half of the 6J6 clipping one side of the im- 
pressed waveform. The optimum level at which 
the clipping operation begins is set by the 
value of the cathode resistor. A maximum of 
12 to 14 db of clipping may be used with this 
circuit, which means that an extra 12 to 14 db 
of speech gain must precede the clipper. For 
a peak output of 8 volts from the clipper-filter, 
a peak audio signal of about 40 volts must be 
impressed upon the clipper input circuit. The 
6C4 speech amplifier stage must therefore be 
considered as a part of the clipper circuit as 
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CuT OFF BY “HIGH-LEVEL 
SPLATTER SUPPRESSOR * 


it compensates for the 12 to 14 db loss of gain 
incurred in the clipping process. A simple low- 
pass filter made up of a 20 henry a.c. - d.c 
replacement type filter choke and two mica 
condensers follows the 6J6 clipper. This fil- 
ter is designed for a cutoff frequency of about 
3500 cycles when operating into a load im- 
pedance of 4 megohm. The output level of 8 
volts peak is ample to drive a triode speech 
amplifier stage, such as a 6C4 or 6J5. 

A 6ALS5 double diode series clipper is em- 
ployed in the circuit of figure 20, and a com- 
mercially made low-pass filter is used to give 
somewhat better high frequency cutoff char- 
acteristics. A double triode is employed as a 
speech amplifier ahead of the clipper circuit. 
The actual performance of either circuit is 
about the same. 

To eliminate higher order products that may 
be generated in the stages following the clip- 
per-fileer, it is wise to follow the modulator 
with a high-level filter, as shown in figure 21. 


These clipper circuits 
have two adjustments: 
Adjust Gain and Adjust Clipping. The Adj. 
Gain control determines the modulation level 
of the transmitter. This control should be set 


Clipper Adjustment 


100 %o NEG. MODULATION 


Soars SPLATTER-CAUSING 
cir as NEGATIVE OVERMODULATION PEAK 


Figure 18 


ACTION OF HIGH-LEVEL 
SPLATTER SUPPRESSOR 


A high-level splatter suppressor 
may be used in a transmitter with- 
out o clipper-filter to reduce nego- 
tive-peok clipping, or such a unit 
moy be used following a clipper- 
filter to allow a higher average 
modulation level by eliminating the 
negotive-peok clipping which the 
wave-cant caused by phase shift 
might produce. 


so that over-modulation of the transmitter is 
impossible, regardless of the amount of clip- 
ping used. Once the Adj. Gain control has 
been roughly set, the Adj. Clip. control may 
be used to set the modulation level to any per- 
centage below 100%. As the modulation level 
is decreased, more and more clipping is intro- 
duced into the circuit, until a full 12 db of 
clipping is used. This means that the Adj. 
Gain control may be advanced some 12 db past 
the point where the clipping action started. 
Clipping action should start at 85% to 90% 
modulation when a sine wave is used for cir- 
cuit adjustment purposes. 


High-Level 
Filters 


Even though we may have cut off 
all frequencies above 3000 or 3500 
cycles through the use of a filter 
system such as is shown in the circuits of fig- 
ures 19 and 20, higher frequencies may again 
be introduced into the modulated wave by 
distortion in stages following the speech am- 
plifier. Harmonics of the incoming audio fre- 
quencies may be generated in the driver stage 
for the modulator; they may be generated in the 
plate circuit of che modulator; or they may be 
generated by non-linearity in the modulated 
amplifier itself. 
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(STANCOR C1515) 
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: TO NEXT 
$00 % GRID 
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EV. MAX, WITH 12 08 
OF CLIPPING. 


ALL RESISTORS 0.5 WATT UNLESS 
OTHERWISE MARKED 

ALL CAPACITORS IN UF UNLESS 
OTHERWISE NOTED. 


Figure 19 
CLIPPER FILTER USING 6J6 DOUBLE TRIODE STAGE 
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TO NEXT 
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PEAK OUTPUT APPROX 
V MAX WITH 12 08 
OF CLIPPING 


ALL RESISTORS 0.5 WATT UNLESS 
OTHERWISE MARKED 

ALL CAPACITORS IN UF UNLESS 
OTHERWISE MARKED. 


Figure 20 
CLIPPER FILTER USING 6AL5 STAGE 


Regardless of the point in the system fol- 
lowing the speech amplifier where the high 
audio frequencies may be generated, these fre- 
quencies can still cause a broad signal to be 
transmitted even though all frequencies above 
3000 or 3500 cycles have been cut off in the 
speech amplifier. The effects of distortion in 
the audio system following the speech ampli- 
fier can be eliminated quite effectively through 
the use of a post-modulator filter. Such a filter 
must be used between the modulator plate cir- 
cuit and the c-f amplifier which is being mod- 
ulated. 

This filter may take three general forms in 
a normal case of a Class C amplifier plate mod- 
ulated by a Class B modulator. The best meth- 
od is to use a high level low-pass filter as 


CLASS C AMPLIFIER 


Figure 21 
ADDITIONAL HIGH-LEVEL LOW-PASS FIL- 
TER TO FOLLOW MODULATOR WHEN A 
LOW-LEVEL CLIPPER FILTER IS USED 
Suitable choke, along with recommended ca- 
pacitor values, is available from several 
manufacturers, 


shown in figure 21 and discussed previously. 
Another method which will give excellent re- 
sults in some cases and poor results in others, 
dependent upon the characteristics of the mod- 
ulation transformer, is to ‘‘build out’’ the mod- 
ulation transformer into a filter section. This 
is accomplished as shown in figure 22 by plac- 
ing mica capacitors of the correct value across 
the primary and secondary of the modulation 
transformer. The proper values for the capaci- 


CLASS C STAGE 


MODULATION 
TRANSFORMER 


© 
B+ CLASS C 


Figure 22 


“BUILDING-OUT” THE MODULATION 
TRANSFORMER 


This expedient utilizes the leckage reoct- 
ance of the modulation transformer in con- 
junction with the capacitors shown to make 
up a single-section low-pass filter. In order 
to determine exact values for Cy and C2 plus 
C3, it is necessary to use a measurement 
setup such as is shown in figure 23. How- 
ever, experiment has shown in the case of a 
number of commercially available modulation 
transformers that o volue for Cy of 0.002-u Fd. 
and C2 plus C3 of 0.004.ufd. will give satis- 
factory results. 
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Figure 23 


TEST SETUP FOR BUILDING-OUT 
MODULATION TRANSFORMER 


Through the use of a test setup such as is 
shown ond the method described in the text 
it is possible to determine the correct values 
for a specified filter characteristic in the 
built-out modulation transformer. 


tors C, and C, must, in the ideal case, be de- 
termined by trial and error. Experiment with 
a number of modulators has shown, however, 
thac if a 0.002 pfd. capacitor is used for C,, 
and if the sum of C) and C; is made 0.004 pfd. 
(0.002 pfd. for C, and 0.002 for C3) the ideal 
condition of cutoff above 3000 cycles will be 
approached in most cases with the ‘‘multiple- 
match”’ type of modulation transformer. 

If it is desired to determine the optimum 
values of the capacitors across the transformer 
this can be determined in several ways, all of 
which require the use of a calibrated audio 
oscillator. One way is diagrammed in figure 23. 
The series resistors R, and R2 should each be 
equal to % the value of the recommended plate- 
to-plate load resistance for the Class B modu- 
lator cubes. Resistor R; should be equal to the 
value of load resistance which the Class C 
modulated stage will present to the modulator. 
The meter V can be any type of a-c voltmeter. 
The indicating instrument on the secondary of 
the transformer can be either a cathode-ray 
oscilloscope or a high-impedance a-c_ volt- 
meter of the vacuum-tube or rectifier type. 

Wich a set-up as shown in figure 23 a plot of 
output voltage against frequency is made, at 
all times keeping the voltage across V con- 
stant, using various values of capacitance for 
C, and C2 plus C3, When the proper values of 
capacitance have been determined which give 
substantially constant output up to about 3000 
or 3500 cycles and decreasing output at all fre- 
quencies above, high-voltage mica capacitors 
can be substituted if receiving types were used 
in the tests and the transformer connected to 
the modulator and Class C amplifier. 


With the transformer reconnected in the 
transmitter a check of the modulated-wave 
output of the transmitter should be made using 
an audio oscillator as signal generator and an 
oscilloscope coupled to the transmitter output. 
With an input signal amplitude fed to the speech 
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RECOMMENDED CURVES FOR 
VOICE COMMUNICATION 


ATTENUATION (DB) 


FREQUENCY (CPS) 


Figure 24 
BASE ATTENUATION CHART 


Frequency attenuation caused by various 

values of coupling capacitor with a grid re- 

sistor of 0.5 megohm in the following stage 
(Re > Rx) 


amplifier of such amplitude that limiting does 
not take place, a substantially clean sine wave 
should be obtained on the carrier of the trans- 
mitter at all input frequencies up to the cutoff 
frequency of the filter system in the speech 
amplifier and of the filter which includes the 
modulation transformer. Above these cutoff 
frequencies very little modulation of the carrier 
wave should be obtained. To obtain a check 
on the effectiveness of the ‘‘built out’? modu- 
lation transformer, the capacitors across the 
primary and secondary should be removed for 
the test. In most cases a marked deterioration 
in the waveform output of the modulator will 
be noticed with frequencies in the voice range 
from 500 to 1500 cycles being fed into the 
speech amplifier. 

A filter system similar to that shown in fig- 
ure 17 may be used between the modulator 
and the modulated circuit in a grid-modulated 
or screen-modulated transmitter. Lower-voltage 
capacitors and low-current chokes may of 
course be employed. 


Bass Suppression Most of the power repre- 

sented by ordinary speech 
(particularly the male voice) lies below 1000 
cycles. If all frequencies below 400 or 500 
cycles are eliminated or substantially atten- 
uated, there is a considerable reduction in 
power but insignificant reduction in intelligi- 
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bility. This means that the speech level may 
be increased considerably without overmodu- 
lation or overload of the audio system. In 
addition, if speech clipping is used, attenua- 
tion of the lower audio frequenctes before the 
clipper will reduce phase shift and canting of 
the clipper output. 

A simple method of bass suppression is to 
reduce the size of the interstage coupling ca- 
pacitors in a resistance coupled amplifier. 
Figure 24 shows the frequency characteristics 
caused by such a suppression circuit. A sec- 
ond simple bass suppression circuit is to 
place a small a.c. - d.c. type filter choke from 
grid to ground in a speech amplifier stage, as 
shown in figure 25. 


Modulated Amplifier The systems described 
Distortion in the preceding para- 

graphs will have no effect 
in reducing a broad signal caused by non- 
linearity in the modulated amplifier. Even 
though the modulating waveform impressed up- 
on the modulated stage may be distortion free, 
if the modulated amplifier is non-linear dis- 
tortion will be generated in the amplifier. The 
only way in which this type of distortion may 
be corrected is by making the modulated am- 
plifier more linear. Degenerative feedback 
which includes the modulated amplifier in the 
loop will help in this regard. 

Plenty of grid excitation and high grid bias 
will go a long way toward making a plate- 
modulated Class C amplifier linear, although 
such operating conditions will make more diffi- 
cult the problem of TVI reduction. If this still 
does not give adequate linearity, the preced- 
ing buffer stage may be modulated 50 per cent 
or so at the same time and in the same phase 
as the final amplifier. The use of a grid leak 
to obtain the majority of the bias for a Class 
C stage will improve its linearity. 

The linearity of a grid-bias modulated r-f 
amplifier can be improved, after proper ad- 
justments of excitation, grid bias, and antenna 
coupling have been made by modulating the 
stage which excites the grid-modulated ampli- 
fier. The preceding driver stage may be grid- 
bias modulated or it may be plate modulated. 
Modulation of the driver stage should be in 
the same phase as that of the final modulated 
amplifier. 


15-8 The Bias-Shift 
Heising Modulator 


The simple Class A modulator is limited to 
an efficiency of about 30%, and the tube must 
dissipate the full power input during periods 
of quiescence. Class AB and class B audio 
systems have largely taken the place of the 
old Heising modulator because of this great 
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USE OF PARALLEL INDUCTANCE 
FOR BASS SUPPRESSION 


Sees 


waste of power. It is possible, however, to 
vary the operating bias of the class A modu- 
lator in such a way as to allow class A oper- 
ation only when an audio signal is applied to 
the grid of the tube. During resting periods, 
the bias can be shifted to a higher value, 
dropping the resting plate current and plate 
dissipation of the tube. When voice waveforms 
having low average power are employed, the 
efficiency of the system is comparable to the 
popular class B modulator. 

The characteristic curve for a class A modu- 
lator is shown in figure 26. Normal bias is 
used, and the operating point is placed in the 
middle of the linear portion of the Eg—Ip curve. 
Maximum plate input is limited by the plate 
dissipation of the tube under quiescent con- 
dition. The bias-shift modulator is biased 
close to plate current cut-off under no signal 
condition (figure 27). Resting plate current 
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Figure 26 
CHARACTERISTIC GRID 
VOLTAGE-PLATE CURRENT 
CURVE FOR CLASS A 
HEISING MODULATOR 
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Figure 27 
BIAS-SHIFT MODULATOR 
OPERATING CHARACTERISTICS 


Modulator is biased close to plate 
current cut-off under no signal, 
condition, B. Upon application 
of audio signal, the bias of the 
stage is shifted toward the class 
A operating point, A. Bios-shift 
voltage is obtained from audio 
signal. 


and plate dissipation are therefore quite low. 
Upon application of an audio signal, the bias 
of the stage is shifted toward the class A 
operating point, preventing the negative peaks 
of the applied audio voltage from cutting off 
the plate current of the tube. As the audio 
voltage increases, the operating bias point is 
shifted to the right on figure 27 until the class 
A operating point is reached at maximum ex- 
citation. 

The bias-shift voltage may be obtained 
directly from the exciting signal by recti- 
fication, as shown in figure 28. A simple low 
pass filter system is used that will pass only 
the syllabic components of speech. Enough 
negative bias is applied to the bias-shift modu- 
lator to cut the resting plate current to the 
desired value, and the output of the bias con- 
trol rectifier is polarized so as to ‘‘buck”’ 
the fixed bias voltage. No spurious modu- 
lation frequencies are generated, since the 
modulator operates class A throughout the 
audio cycle. 

This form of grid pulsing permits the modu- 
lator stage to work with an everall efficiency 
of greater than 50%, comparing favorably with 
the class B modulator. The expensive class B 
driver and output transformers are not required, 
since resistance coupling may be used in the 
input circuit of the bias-shift modulator, and 
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Figure 28 
BLOCK DIAGRAM OF 
BIAS-SHIFT MODULATOR 


a heavy-duty filter choke will serve as an im- 
pedance coupler for the modulated stage. 


Series and Parallel The  bias-shift system 
Control Circuits make take one of several 

forms. A ‘‘series”’ control 
circuit is shown in figure 29. Resting bias is 
applied tothe bias-shift modulator tube through 
the voltage divider R2/R4. The bias control 
tube is placed across resistor R2. Quiescent 
bias for the modulator is set by adjusting R2. 
As the intesnal resistance of the bias control 
tube is varied at a syllabic rate the voltage 
drop across R2 will vary in unison. The modu- 
lator bias, therefore varies at the same rate. 
Excitation for the bias control tube is obtained 
from the audio signal through potentiometer 
Rl which regulates the amplitude of the con- 
trol signal. The audio signal is rectified by 
the bias control rectifier, and filtered by net- 
work R3-Cl in the grid circuit of the bias con- 
trol tube. 

The ‘parallel’? control system is illustrated 
in figure 30. Resting bias for the modulator is 
obtained from the voltage divider R2/R4. 
Potentiometer R2 adjusts the resting bias 
level, determining the static plate current of 
the modulator. Resistor R3 serves as a bias 
resistor for the control tube, reducing its plate 
current to a low level. When an audio signal 
is applied via RI to the grid of the control 
tube the internal resistance is lowered, de- 
creasing the shunt resistance across R2. The 
negative modulator bias is therefore reduced. 
The bias axis of the modulator is shifted from 
the cut-off region to a point on the linear 
portion of the operating curve. The amount of 
bias-shift is controlled by the setting of 
potentiometer R1]. Capacitor C1 in conjunction 
with bias resistor R3 form a syllabic filter for 


WWww_.americanradiohistorv.com 


HANDBOOK 


Heising Modulator 307 


B+ TO MODULATED 


SPEECH R-F AMPLIFIER 


BIAS-SHIFT 
MODULATOR 


B1AS CONTROL 
RECTIFIER 


NEGATIVE 
MODULATOR BIAS 


Figure 29 
“SERIES’’ CONTROL CIRCUIT 
FOR BIAS-SHIFT MODULATOR 


The internal resistance of the 

bias control tube is varied of a 

syllabic rate to change the 

operating bias of the modulator 
tube. 


the control bias that is applied to the modu- 
lator stage. 


A large value of plate dissipation is re- 
quired for the bias-shift modulator tube. For 
plate voltages below 1500, the 211 (VT-4C) 
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Figure 30 
“PARALLEL"' CONTROL 
CIRCUIT FOR BIAS-SHIFT 

MODULATOR 


The resistance to ground of point 

A in the bias network is varied 

et a syllabic rate by the bias 
control tube. 


may be used, while the 304-TL is suitable for 
voltages up to 3000. As with normal class A 


amplifiers, low mu tubes function best in this 
circuit. 
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Frequency Modulation and 
Radioteletype Transmission 


Exciter systems for FM and single sideband 
transmission are basically similar in that modi- 
fication of the signal in accordance with the 
intelligence to be transmitted is normally ac- 
complished at a relatively low level. Then the 
intelligence-bearing signal is amplified to the 
desired power level for ultimate transmission. 
True, amplifiers for the two types of signals 
are basically different; linear amplifiers of the 
Class, A or Class B type being used for ssb 
Signals, while Class C or non-linear Class B 
amplifiers may be used for FM amplification, 
But the principle of low-level generation and 
subsequent amplification is standard for both 
types of transmission. 


16-1 Frequency Modulation 


The use of frequency modulation and the 
allied system of phase modulation has become 
of increasing importance in recent years. For 
amateur communication frequency and phase 
modulation offer important advantages in the 
reduction of broadcast and TV interference 
and in the elimination of the costly high-level 
modulation equipment most commonly employed 
with amplitude modulation. For broadcast work 
FM offers an improvement in signal-to-noise 
ratio for the high field intensities available 
in the local-coverage area of FM and TV broad- 
cast stations. 

In this chapter various points of difference 
between FM and amplitude modulation trans- 
mission and reception will be discussed and 


308 


the advantages of FM for certain types of com- 
munication pointed out. Since the distinguish- 
ing features of the two types of transmission 
lie entirely in the modulating circuits at the 
transmitter and in the detector and limiter cir- 
cuits in the receiver, these parts of the com- 
munication system will receive the major por- 
tion of attention. 

Modulation Modulation is the process of al- 
tering a radio wave in accordance 
with the intelligence to be transmitted. The 
nature of the intelligence is of little impor- 
tance as far as the process of modulation is 
concerned; it is the method by which this in- 
telligence is made to give a distinguishing 
characteristic to the radio wave which will 
enable the receiver to convert it back into in- 
telligence that determines the type of modu- 
lation being used. 

Figure 1 is a drawing of an r-f carrier am- 
plitude modulated by a sine-wave audio volt- 
age. After modulation the resultant modulated 
r-f wave is seen still to vary about the zero 
axis at a constant rate, but the strength of the 
individual r-f cycles is proportional to the am- 
plicude of the modulation voltage. 

In figure 2, the carrier of figure 1 is shown 
frequency modulated by the same modulating 
voltage. Here it may be seen that modulation 
voltage of one polarity causes the carrier fre- 
quency to decrease, as shown by the fact that 
the individual r-f cycles of the carrier are 
spaced farther apart. A modulating voltage of 
the opposite polarity causes the frequency to 
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FIGURE 1 FIGURE 2 


AM AND FM WAVES 


Figure 1 shows a sketch of the scope pattern of 
on amplitude modulated wave at the bottom The 
center sketch shows the modulating wave and the 
upper sketch shows the carrier wave. 

Figure 2 shows at the bottom a sketch of oa fre- 
quency modulated wave. In this cose the center 
sketch also shows the modulating wave and the 
upper sketch shows the carrier wave. Note that 
the corrier wave and the modulating wove ore the 
some in either cose, but thot the waveform of the 
modulated wave is quite different in the two 
coses. 


increase, and this is shown by the r-f cycles 
being squeezed together to allow more of them 
to be completed in a given time interval. 

Figures 1 and 2 reveal two very important 
characteristics about amplitude- and frequen- 
cy-modulated waves. First, it is seen that 
while che amplitude (power) of the signal is 
varied in AM transmission, no such variation 
takes place in FM. In many cases this advan- 
tage of FM is probably of equal or greater im- 
portance than the widely publicized noise re- 
duction capabilities of the system. When 100 
per cent amplitude modulation is obtained, the 
average power output of the transmitter must 
be increased by 50 per cent. This additional 
output must be supplied either by the modu- 
lator itself, in the high-level system, or by 
operating one or more of the transmitter stages 
at such a low output level that they are capa- 
ble of producing the additional output without 
distortion, in the low-level system. On the 
other hand, a frequency-modulated transmitter 
requires an insignificant amount of power from 
the modulator and needs no provision for in- 
creased power output on modulation peaks. 
All of the stages between the oscillator and 
the antenna may be operated as high-efficiency 
Class B or Class C amplifiers or frequency 
multipliers. 


UNMODULATED CARRIER AMPLITUDE 


CARRIER 


SIDE FREQUENCY | SIDE FREQUENCY 


AMPLITUDE 


FREQUENCY 


Figure 3 
AM SIDE FREQUENCIES 
For each AM modulating frequency, 0 pair of side 
frequencies is produced. The side frequencies ore 
spaced away from the carrier by an amount equal 
to the modulation frequency, and their amplitude 
is directly proportional to the amplitude of the 
modulation. The amplitude of the carrier does not 
change under modulation. 


The second characteristic of FM 
and AM waves revealed by fig- 
ures | and 2 is that both types 
of modulation result in distortion of the r-f 
carrier. That is, after modulation, the r-f cy- 
cles are no longer sine waves, as they would 
be if no frequencies other than the fundamen- 
tal carrier frequency were present. It may be 
shown in the amplitude modulation case illus- 
trated, that there are only two additional fre- 
quencies present, and these are the familiar 
side frequencies, one located on each side of 
the carrier, and each spaced from the carrier 
by a frequency interval equal to the modula- 
tion frequency. In regard to frequency and am- 
plitude, the situation is as shown in figure 3. 
The strength of the carrier itself does not vary 
during modulation, but the strength of the side 
frequencies depends upon the percentage of 
modulation. Ac 100 per cent modulation the 
power in the side frequencies is equal to half 
that of the carrier. 

Under frequency modulation, the carrier wave 
again becomes distorted, as shown in figure 
2. But, in this case, many more than two addi- 
tional frequencies are formed. The first two of 
these frequencies are spaced from the carrier 
by the modulation frequency, and the additional 
side frequencies are located out on each side 
of the carrier and are also spaced from each 
other by an amount equal tothe modulation fre- 
quency. Theoretically, there are an infinice 
number of side frequencies formed, but, for- 
tunately, the strength of those beyond the fre- 
quency swing of the transmitter under modula- 
tion is relatively low. 

One set of side frequencies that might be 
formed by frequency modulation is shown in 
figure 4. Unlike amplitude modulation, the 


Corrier-Wove 
Distortion 
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Figure 4 
FM SIDE FREQUENCIES 


With FM each modulotion frequency component 
couses a lorge number of side frequencies to be 
produced. The side frequencies are separated 
from each other ond the carrier by an amount equal 
to the modulation frequency, but their amplitude 
varies greatly as the amount of modulotion is 
changed. The corrier strength also vories greatly 
with frequency modulation. The side frequencies 
shown represent a case where the deviation each 
side of the “‘carrier™ frequency is equal to five 
times the modulating frequency. Other amounts of 
deviation with the same modulation frequency 
would cause the relative strengths of the various 
sidebands to change widely. 


strength of the component at the carrier fre- 
quency varies widely in FM and it may even 
disappear entirely under certain conditions. 
The variation of strength of the carrier com- 
ponent is useful in measuring the amount of 
frequency modulation, and will be discussed 
in detail later in this chapter. 

One of the great advantages of FM over AM 
is the reduction in noise at the receiver which 
the system allows. If the receiver is made re- 
sponsive only to changes in frequency, a con- 
siderable increase in signal-to-noise ratio is 
made possible through the use of FM, when 
the signal is of greater strength than the noise. 
The noise reducing capabilities of FM arise 
from the inability of noise to cause appreciable 
frequency modulation of the noise-plus-signal 
voltage which is applied to the detector in the 
receiver. 


FM Terms Unlike amplitude modulation, the 
term percentage modulation means 
little in FM practice, unless the receiver char- 
acteristics are specified. There are, however, 
three terms, deviation, modulation index, and 
deviation ratio, which convey considerable 
information concerning the character of the 
FM wave. 

Deviation is the amount of frequency shift 
each side of the unmodulated carrier frequency 
which occurs when the transmitter is modu- 
lated. Deviation is ordinarily measured in kilo- 
cycles, and in a properly operating FM trans- 


mitter it will be directly proportional to the 
amplitude of the modulating signal. When a 
symmetrical modulating signal is applied to 
the transmitter, equal deviation each side of 
the resting frequency is obtained during each 
cycle of the modulating signal, and the total 
frequency range covered by the FM transmitter 
is sometimes known as the swing. If, for in- 
stance, a transmitter operating on 1000 kc. 
has its frequency shifted from 1000 kc. to 1010 
ke., back co 1000 kc., then to 990 ke., and 
again back to 1000 kc. during one cycle of the 
modulating wave, the deviation would be 10 
ke. and the swing 20 kc. 

The modulation index of an FM signal is 
the ratio of the deviation to the audio modu- 
lating frequency, when both are expressed in 
the same units. Thus, in the example above 
if the signal is varied from 1000 kc. to 1010 
kc. to 990 ke., and back to 1000 kc. at a rate 
(frequency) of 2000 times. a second, the mod- 
ulation index would be 5, since the deviation 
(10 ke.) is 5 times the modulating frequency 
(2000 cycles, or 2 kc.). 

The relative strengths of the FM carrier and 
the various side frequencies depend directly 
upon the modulation index, these relative 
strengths varying widely as the modulation 
index is varied. In the preceding example, for 
instance, side frequencies occur on the high 
side of 1000 kc. at 1002, 1004, 1006, 1008, 
1010, 1012, etc., and on the low frequency 
side at 998, 996, 994, 992, 990, 988, etc. In 
proportion to the unmodulated carrier strength 
(100 per cent), these side frequencies have 
the following strengths, as indicated by a 
modulation index of 5: 1002 and 998-33 per 
cent, 1004 and 996-5 per cent, 1006 and 994-— 
36 per cent, 1008 and 992-39 per cent, 1010 
and 990-26 per cent, 1012 and 988-13 per 
cent. The carrier strength (1000 kc.) will be 
18 per cent of its unmodulated value. Chang- 
ing the amplitude of the modulating signal will 
change the deviation, and thus the modulation 
index will be changed, with the resule that the 
side frequencies, while still located in the 
same places, will have different strength values 
from those given above. 

The deviation ratio is similar to the modu- 
lation index in that it involves the ratio be- 
tween a modulating frequency and deviation. 
In this case, however, the deviation in ques- 
tion is the peak frequency shift obtained under 
full modulation, and the audio frequency to be 
considered is the maximum audio frequency to 
be transmitted. When che maximum audio fre- 
quency to be transmitted is 5000 cycles, for 
example, a deviation ratio of 3 would call for 
a peak deviation of 3 x 5000, or 15 ke. at full 
modulation. The noise-suppression capabili- 
ties of FM are directly related to the devia- 
tion ratio. As the deviation ratio is increased, 
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the noise suppression becomes better if the 
signal is somewhat stronger than the noise. 
Where the noise approaches the signal in 
strength, however, low deviation ratios allow 
communication to be maintained in many cases 
where high-deviation-ratio FM and conven- 
tional AM are incapable of giving service. 
This assumes that a narrow-band FM receiver 
is in use. For each value of r-f signal-to-noise 
ratio at the receiver, there is a maximum de- 
viation ratio which may be used, beyond which 
the output audio signal-to-noise ratio de- 
creases. Up to this critical deviation ratio, 
however, the noise suppression becomes pro- 
gressively better as the deviation ratio is in- 
creased. 

For high-fidelity FM broadcasting purposes, 
a deviation ratio of 5 is ordinarily used, the 
maximum audio frequency being 15,000 cycles, 
and the peak deviation at full modulation be- 
ing 75 ke. Since a swing of 150 kc. is covered 
by the transmitter, it is obvious that wide- 
band FM transmission must necessarily be 
confined to the v-h-f range or higher, where 
room for the signals is available. 

In the case of television sound, the devia- 
tion ratio is 1.67; the maximum modulation 
frequency is 15,000 cycles, and the trans- 
mitter deviation for full modulation is 25 ke. 
The sound carrier frequency in a standard TV 
signal is located exactly 4.5 Mc. higher than 
the picture carrier frequency. In the inter- 
carrier TV sound system, which recently has 
become quite widely used, this constant differ- 
ence between the picture carrier and the sound 
carrier is employed within the receiver to ob- 
tain an FM sub-carrier at 4.5 Mc. This 4.5 
Mc. sub-carrier then is demodulated by the FM 
detector to obtain the sound signal which 
accompanies the picture. 


Narrow-band FM trans- 
mission has become stand- 
ardized for use by the mo- 
bile services such as police, fire, and taxi- 
cab communication, and also on the basis of 
a temporary authorization for amateur work in 
portions of each of the amateur radiotelephone 
bands. A maximum deviation of 15 kc. has 
been standardized for the mobile and commer- 
cial communication services, while a maxi- 
mum deviation of 3 kc. is authorized for ama- 
teur NBFM communication. 


Narrow- Sand 
FM Transmission 


Bandwidth Re- As the above discussion has 
quired by FM indicated, many side frequen- 

cies are set up when a radio- 
frequency carrier is frequency modulated; theo- 
retically, in fact, an infinite number of side 
frequencies is formed. Fortunately, however, 
the amplitudes of those side frequencies fall- 
ing outside the frequency range over which 


the transmitter is swung are so small that 
most of them may be ignored. In FM trans- 
mission, when a complex modulating wave 
(speech or music) is used, still additional 
side frequencies resulting from a beating to- 
gether of the various frequency components 
in the modulating wave are formed. This is a 
situation that does not occur in amplitude 
modulation and it might be thought that the 
large number of side frequencies thus formed 
might make the frequency spectrum produced 
by an FM transmitter prohibitively wide. Analy- 
sis shows, however, that the additional side 
frequencies are of very small amplitude, and, 
instead of increasing the bandwidth, modula- 
tion by a complex wave actually reduces the 
effective bandwidth of the FM wave. This is 
especially true when speech modulation is 
used, since most of the power in voiced sounds 
is concentrated at low frequencies in the vicin- 
icy of 400 cycles. 

The bandwidth required in an FM receiver 
is a function of a number of factors, both theo- 
retical and practical. Basically, the bandwidth 
required is a function of the deviation ratio 
and the maximum frequency of modulation, 
although the practical consideration of drift 
and ease of receiver tuning also must be con- 
sidered. Shown in figure 5 are the frequency 
spectra (carrier and sideband frequencies) 
associated with the standard FM broadcast 
signal, the TV sound signal, and an amateur- 
band narrow-band FM signal with full modula- 
tion using the highest permissible modulating 
frequency in each case. It will be seen that 
for low deviation ratios the receiver band- 
width should be at least four times the maxi- 
mum frequency deviation, but for a deviation 
ratio of 5 the receiver bandwidth need be only 
about 2.5 times the maximum frequency de- 
viation. 


16-2 Direct FM Circuits 


Frequency modulation may be obtained either 
by the direct method, in which the frequency 
of an oscillator is changed directly by the 
modulating signal, or by the indirect method 
which makes use of phase modulation. Phase- 
modulation circuits will be discussed in sec- 
tion 16-3. 

A successful frequency modulated trans- 
mitter must meet two requirements: (1) The 
frequency deviation must be symmetrical about 
a fixed frequency, for symmetrical modulation 
voltage. (2) The deviation must be directly 
Proportional to the amplitude of the modula- 
tion, and independent of the modulation fre- 
quency. There are several methods of direct 
frequency modulation which will fulfill these 
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Figure 5 
EFFECT OF FM MODULATION INDEX 
Showing the side-frequency amplitude and distri- 
bution for the three most common modulation indi- 
ces used in FM work. The maximum modulating 
frequency and maximum deviation are shown in 
each case. 


requirements. Some of these methods will be 
described in the following paragraphs. 


Reactance- Tube 
Modulotors 


One of the most practical 
ways of obtaining direct fre- 
quency modulation is through 
the use of a reactance-tube modulator. In this 
arrangement the modulator plate-cathode cir- 
cuit is connected across the oscillator tank 
circuit, and made to appear as either a capaci- 
tive or inductive reactance by exciting the 
modulator grid with a voltage which either 
leads or lags the oscillator tank voltage by 
90 degrees. The leading or lagging grid volt- 
age causes a corresponding leading or lagging 
plate current, and the plate-cathode circuit 
appears as a capacitive or inductive reactance 
across the oscillator tank circuit. When the 
transconductance of the modulator tube is 
varied, by varying one of the element voltages, 
the magnitude of the reactance across the os- 


OSCILLATOR IN 
ili 6BA6 1.75 MC. RANGE 


+130-200v. 
REGULATEO 


Figure 6 
REACTANCE-TUBE MODULATOR 
This circuit is convenient for direct frequen- 
cy modulation of an oscillator in the 1.75-Mc. 
range. Capacitor Cy may be only the input 
capacitance of the tube, or a small trimmer 
capacitor may be included to permit a varia- 
tion in the sensitivity of the reactance tube. 


cillator tank is varied. By applying audio mod- 
ulating voltage to one of the elements, the 
transconductance, and hence the frequency, 
may be varied at an audio rate. When properly 
designed and operated, the reactance-tube 
modulator gives linear frequency modulation, 
and is capable of producing large amounts of 
deviation. 

There are numerous possible configurations 
of the reactance-tube modulator circuit. The 
difference in the various arrangements lies 
principally in the type of phase-shifting cir- 
cuit used to give a grid voltage which is in 
phase quadrature with the r-f voltage at the 
modulator plate. 

Figure 6 is a diagram of one of the most 
popular forms of reactance-tube modulators. 
The modulator tube, which is usually a pen- 
tode such as a 6BA6, 6AU6, or 6CL6G, has its 
plate coupled through a blocking capacitor, 
C,, to the ‘thot’? side of the oscillator grid 
circuit. Another blocking capacitor, C,, feeds 
r.f. to the phase shifting network R-C, in the 
modulator grid circuit. If the resistance of R 
is made large in comparison with the react- 
ance of C, at the oscillator frequency, the cur- 
rent through the R-C, combination will be 
nearly in phase with the voltage across the 
tank circuit, and the voltage across C, will 
lag the oscillator tank voltage by almost 90 
degrees. The result of the 90-degree lagging 
voltage on the modulator grid is that its plate 
current lags the tank voltage by 90 degrees, 
and the reactance tube appears as an induct- 
ance in shunt with the oscillator inductance, 
thus raising the oscillator frequency. 

The phase-shifting capacitor C, can consist 
of the input capacitance of the modulator tube 
and stray capacitance between grid and ground. 
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AUDIO. + 190-250 v. 
IN REGULATED 
Figure 7 
ALTERNATIVE REACTANCE-TUBE 
MODULATOR 


This circuit is often preferable for use in the 
lower frequency range, although it may be 
used of 1.75 Mc. and above if desired. In the 
schematic above the reactance tube is shown 
connected across the voltage-divider capaci- 
tors of a Clapp oscillator, although the modu- 
lator circuit may be used with any common 
type of oscillator. 


However, better control of the operating con- 
ditions of the modulator may be had through 
the use of a variable capacitor as C;. Resist- 
ance R will usually have a value of between 
4700 and 100,000 ohms. Either resistance or 
transformer coupling may be used to feed audio 
voltage to the modulator grid. When a resist- 
ance coupling is used, it is necessary to shield 
the grid circuit adequately, since the high im- 
pedance grid circuit is prone to pick up stray 
r-f and low frequency a-c voltage, and cause 
undesired frequency modulation. 

An alternative reactance modulator circuit 
is shown in figure 7. The operating conditions 
are generally the same, except that the r-f 
excitation voltage to the grid of the reactance 
tube is obtained effectively through reversing 
the R and C, of figure 6. In this circuit a small 
capacitance is used to couple r.f. into the grid 
of the reactance tube, with a relatively small 
value of resistance from grid to ground. This 
circuit has the advantage that the grid of the 
tube is at relatively low impedance with re- 
spect to r.f. However, the circuit normally is 
not suitable for operation above a few mega- 
cycles due to the shunting capacitance within 
the tube from grid to ground. 

Either of the reactance-tube circuits may 
be used with any of the common types of os- 
cillators. The reactance modulator of figure 
6 is shown connected to the high-impedance 
point of a conventional hot-cathode Hartley 
oscillator, while that of figure 7 is shown con- 
nected across the low-impedance capacitors 
of a series-tuned Clapp oscillator. 

There are several possible variations of the 
basic reactance-tube modulator circuits shown 


in figures 6 and 7. The audio input may be 
applied to the suppressor grid, rather than the 
control grid, if desired. Another modification 
is to apply the audio to a grid other than the 
control grid in a mixer or pentagrid converter 
tube which is used as the modulator. Gener- 
ally, ic will be found that the transconductance 


variation per volt of control-element voltage 
variation will be greatest when the control 
(audio) voltage is applied to the control grid. 
In cases where it is desirable to separate com- 
pletely the audio and r-f circuits, however, 
applying audio voltage to one of the other ele- 
ments will often be found advantageous de- 
spite the somewhat lower sensitivity. 


Adjusting the 
Phase Shift 


One of the simplest methods 
of adjusting the phase shift to 
the correct amount is to place 
a pair of earphones in series with the oscilla- 
tor cathode-to-ground circuit and adjust the 
phase-shift network until minimum sound is 
heard in the phones when frequency modula- 
tion is taking place. If an electron-coupled or 
Hartley oscillator is used, this method re- 
quires that the cathode circuit of the oscilla- 
tor be inductively or capacitively coupled to 
the grid circuit, rather than tapped on the grid 
coil. The phones should be adequately by- 
passed for c.f. of course. 


Stabilization Due to the presence of the react- 
ance-tube frequency modulator, 
the stabilization of an FM oscillator in regard 
to voltage changes is considerably more in- 
volved than in the case of a simple self-con- 
trolled oscillator for transmitter frequency 
control. If desired, the oscillator itself may be 
made perfectly stable under voltage changes, 
but the presence of the frequency modulator 
destroys the beneficial effect of any such 
stabilization. It thus becomes desirable to 
apply the stabilizing arrangement to the modu- 
lator as well as the oscillator. If the oscilla- 
tor itself is stable under voltage changes, it 
is only necessary to apply voltage-frequency 
compensation to the modulator. 


Reactance- Tube 
Modulators 


Two simple reactance-tube 
modulators that may be applied 
to an existing v.f.o. are illus- 
trated in figures 8 and 9. The circuit of figure 
8 is extremely simple, yet effective. Only two 
tubes are used exclusive of the voltage regu- 
lator tubes which perhaps may be already in- 
corporared in the v.f.o. A 6AUG6 serves as a 
high-gain voltage amplifier stage, and a 6CL6 
is used as the reactance modulator since its 
high value of transconductance will permit a 
large value of lagging current to be drawn 
under modulation swing. The unit should be 
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Figure 8 
SIMPLE FM REACTANCE-TUBE MODULATOR 


mounted in close proximity to the v.f.o. so that 
the lead from the 6CL6 to the grid circuit of 
the oscillator can be as short as possible. A 
practical solution is to mount the reactance 
modulator in a small box on the side of the 
v-f-o cabinet. 

By incorporating speech clipping in che re- 
actance modulator unit, a much more effective 
use is made of a given amount of deviation. 
When the FM signal is received on an AM re- 
ceiver by means of slope detection, the use 
of speech clipping will be noticed by the greac- 
ly increased modulation level of the FM sig- 
nal, and the attenuation of the center frequency 
null of no modulation. In many cases, it is 
difficule to cell a speech-clipped FM signal 
from the usual AM signal. 

A more complex FM reactance modulator in- 
corporating a speech clipper is shown in fig- 
ure 9. A 12AX7 double triode speech amplifier 
Provides enough gain for proper clipper action 
when a high level crystal microphone is used. 
A double diode 6AL5 speech clipper is used, 
the clipping level being set by the potentiome- 
ter controlling the plate voltage applied to the 
diode. A 6CL6 serves as the reactance modu- 
lator. 


The reactance modulator may best be ad- 
justed by listening to the signal of the v-f-o 
exciter at the operating frequency and adjust- 
ing the gain and clipping controls for the best 
modulation level consistent with minimum side- 
band splatter. Minimum clipping occurs when 
the Adj. Clip. potentiometer is set for maximum 
voltage on the plates of the 6AL5 clipper tube. 
As with che case of all reactance modulators, 
a voltage regulated plate supply is required. 


Linearity Test It is almost a necessity to run 
@ static test on the reactance- 
tube frequency modulator to determine its line- 
arity and effectiveness, since small changes 
in the values of components, and in stray ca- 
Pacitances will almost certainly alter the modu- 
lator characteristics. A frequency-versus-con- 
trol-voleage curve should be plotted to ascer- 
tain that equal increments in control voltage, 
both in a positive and a negative direction, 
cause equal changes in frequency. If the curve 
shows that the modulator has an appreciable 
amount of non-linearity, changes in bias, elec- 
trode voltages, r-f excitation, and resistance 
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Figure 9 
FM REACTANCE MODULATOR WITH SPEECH CLIPPER 
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Figure 10 
REACTANCE-TUBE LINEARITY CHECKER 


values may be made to obtain a straight-line 
characteristic. 

Figure 10 shows a method of connecting 
two 4%-vole C batteries and a potentiometer 
to plot the characteristic of the modulator. It 
will be necessary to use a zero-center volt- 
meter to measure the grid voltage, or else re- 
verse the voltmeter leads when changing from 
positive to negative grid voltage. When a 
straight-line characteristic for the modulator 
is obtained by the static test method, the ca- 
pacitances of the various by-pass capacitors 
in the ciccuit must be kept small to retain this 
characteristic when an audio voltage is used 
to vary the frequency in place of the d-c volt- 
age with which the characteristic was plotted. 


16-3 Phase Modulation 


By means of phase modulation (PM) it is 
possible to dispense with self-controlled os- 
cillators and to obtain directly crystal-con- 
trolled FM. In the final analysis, PM is sim- 
ply frequency modulation in which the devia- 
tion is directly proportional to the modulation 
frequency. lf an audio signal of 1000 cycles 
causes a deviation of 4% kc., for example, a 
2000-cycle modulating signal of the same am- 
plicude will give a deviation of 1 kc., and so 
on. To produce an FM signal, it is necessary 
to make the deviation independent of the modu- 
lation frequency, and proportional only to the 
modulating signal. With PM this is done by 
including a frequency correcting network in 
the transmitter. The audio correction network 
must have an attenuation that varies directly 
with frequency, and this requirement is easily 
met by a very simple resistance-capacity net- 
work. 

The only disadvantage of PM, as compared 
to direct FM such as is obtained through the 
use of a reactance-tube modulator, is the fact 
that very little frequency deviation is pro- 
duced directly by the phase modulator. The 
deviation produced by a phase modulator is 
independent of the actual carrier frequency on 


which the modulator operates, but is depend- 
ent only upon the phase deviation which is 
being produced and upon the modulation fre- 
quency. Expressed as an equation: 


Fy =Mp, modulating frequency 


Where Fg is the frequency deviation one way 
from the mean value of the carrier, and Mp is 
the phase deviation accompanying modulation 
expressed in radians(a radian is approximately 
57.3°). Thus, to cake an example, if the phase 
deviation is 4% radian and the modulating fre- 
quency is 1000 cycles, the frequency deviation 
applied to the carrier being passed through 
the phase modulator will be 500 cycles. 

lt is easy to see that an enormous amount 
of multiplication of the carrier frequency is 
required in order to obtain from a phase modu- 
lator the frequency deviation of 75 kc. required 
for commercial FM broadcasting. However, for 
amateur and commercial narrow-band FM work 
(NBFM) only a quite reasonable number of 
multiplier stages are required to obtain a de- 
viation ratio of approximately one. Actually, 
phase modulation of approximately one-half 
radian on the output of a crystal oscillator in 
the 80-meter band will give adequate deviation 
for 29-Mc. NBFM radiotelephony. For example; 
if the crystal frequency is 3700 kc., the de- 
viation in phase produced is Y, radian, and the 
modulating frequency is 500 cycles, the devia- 
tion in the 80-meter band will be 250 cycles. 
But when the crystal frequency is multiplied 
on up to 29,600 kc. the frequency deviation 
will also be multiplied by 8 so that the resule- 
ing deviation on the 10-meter band will be 2 kc. 
either side of the carrier for a total swing in 
carrier frequency of 4 kc. This amount of de- 
viation is quite adequate for NBFM work. 

Odd-harmonic distortion is produced when 
FM is obtained by the phase-modulation meth- 
od, and the amount of this distortion that can 
be tolerated is the limiting factor in determin- 
ing the amount of PM that can be used. Since 
the aforementioned frequency-correcting net- 
work causes the lowest modulating frequency 
to have the greatest amplitude, maximum phase 
modulation takes place at the lowest modu- 
lating frequency, and the amount of distortion 
that can be tolerated at this frequency deter- 
mines the maximum deviation that can be ob- 
tained by the PM method. For high-fidelity 
broadcasting, the deviation produced by PM is 
limited to an amount equal to about one-third 
of the lowest modulating frequency. But for 
NBFM work the deviation may be as high as 
0.6 of the modulating frequency before distor- 
tion becomes objectionable on voice modula- 
tion. In other terms shis means that phase de- 
viations as high as 0.6 radian may be used for 
amateur and commercial NBFM transmission. 
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Figure 11 
REACTANCE-TUBE MODUL ATION OF 
CRYSTAL OSCILLATOR STAGE 


Phase-Modulation A simple reactance modula- 
Circuits tor normally used for FM 
may also be used for PM by 
connecting it to the plate circuit of a crystal 
oscillator stage as shown in figure 11. 
Another PM circuit, suitable for operation 
on 20, 15 and 10 meters with the use of 80 
meter crystals is shown in figure 12. A double 
triode 12AX7 is used as a combination Pierce 
crystal oscillator and phase modulator. C, 
should not be thought of as a neutralizing con- 
denser, but rather as an adjustment for the 
phase of the r-f voltage acting between the 
grid and plate of the 12AX7 phase modulator. 
C, acts as a phase angle and magnitude con- 
trol, and both these condensers should be ad- 
justed for maximum phase modulation capabili- 
ties of the circuit. Resonance of the circuit is 
established by the iron slug of coil L,-L,. A 
6CL6 is used as a doubler to 7 Mc. and de- 
livers approximately 2 watts on this band. Ad- 
ditional doubler stages may be added after the 
6CL6 stage to reach the desired band of opera- 
tion. 


Still another PM circuit, which is quite wide- 
ly used commercially, is shown in figure 13. 
In this circuit L and C are made resonant at a 
frequency which is 0.707 times the operating 
frequency. Hence at the operating frequency 
the inductive reactance is ewice the capacitive 
reactance. A cathode follower tube acts as a 
vatiable resistance in series with the L and 
C which go to make up the tank circuit. The 
operating point of the cathode follower should 
be chosen so that the effective resistance in 
series with the tank circuit (made up of the 
resistance of the cathode-follower tube in par- 
allel wich the cathode bias resistor of the cath- 
ode follower) is equal to the capacitive react- 
ance of the tank capacitor at the operating fre- 
quency. The circuit is capable of about plus 
or minus % radian deviation with tolerable dis- 
tortion. 


Measurement 
of Deviation 


When a single-frequency mod- 
ulating voltage is used with an 
FM transmitter, the relative 
amplitudes of the various sidebands and the 
carrier vary widely as the deviation is varied 
by increasing or decreasing the amount of mod- 
ulation. Since the relationship between the 
amplitudes of the various sidebands and car- 
rier to the audio modulating frequency and the 
deviation is known, a simple method of meas- 
uring the deviation of a frequency modulated 
transmitter is possible. In making the meas- 
urement, the result is given in the form of the 
modulation index for a certain amount of audio 
input. As previously described, the modulation 
index is the ratio of the peak frequency devia- 
tion to the frequency of the audio modulation. 

The measurement is made by applying a 
Sine-wave audio voltage of known frequency 
to the transmitter, and increasing the modula- 
tion until the amplitude of the carrier compo- 
nent of the frequency modulated wave reaches 
zero. The modulation index for zero carrier 
may then be determined from the table below. 
As may be seen from the table, the first point 
of zero carrier is obtained when the modulation 
index has a value of 2.405,-in other words, 
when the deviation is 2.405 times the modula- 
tion frequency. For example, if a modulation 
frequency of 1000 cycles is used, and the 
modulation is increased until the firse carrier 
null is obtained, the deviation will chen be 
2.405 times the modulation frequency, or 2.405 
ke. If the modulating frequency happened to be 
2000 cycles, the deviation at the first null 
would be 4.810 kc. Other carrier nulls will be 
obtained when the index is 5.52, 8.654, and at 
increasing values separated approximately by 
m. The following is a listing of the modulation 
index at successive carrier nulls up to the 
tenth: 
Modulation 

index 

2.405 

5.520 

8.654 
11.792 

14.931 
18.071 
21.212 
24.353 
27.494 
30.635 


Zero carrier 
point no. 


SOSMHIAUNRWN = 


_ 


The only equipment required for making the 
measurements is a calibrated audio oscillator 
of good wave form, and a communication re- 
ceiver equipped with a beat oscillator and 
crystal filter. The receiver should be used 
with its crystal filter set for minimum band- 
width to exclude sidebands spaced from the 
carrier by the modulation frequency. The un- 
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Figure 12 
REACTANCE MODULATOR FOR 10, 15 AND 20 METER OPERATION 


modulated carrier is accurately tuned in on the 
receiver with the beat oscillator operating. 
Then modulation from the audio oscillator is 
applied to the transmitter, and the modulation 
is increased until the first carrier null is ob- 
tained. This carrier null will correspond to a 
modulation index of 2.405, as previously men- 
tioned. Successive null points will correspond 
to the indices listed in the table. 

A volume indicator in the transmitter audio 
system may be used to measure the audio level 
required for different amounts of deviation, 
and the indicator thus calibrated in terms of 
frequency deviation. If the measurements are 
made at the fundamental frequency of the os- 
cillator, it will be necessary to multiply the 
frequency deviation by the harmonic upon which 
the transmitter is operating, of course. Ic will 
probably be most convenient to make the deter- 
mination at some frequency intermediate be- 
tween that of the oscillator and that at which 
the transmitter is operating, and then to mul- 
tiply the resule by the frequency multiplication 
between that frequency and the transmitter 
output frequency. 


16-4 Reception of FM 
Signals 


A conventional communications receiver may 
be used to receive narrow-band FM transmis- 
sions, although performance will be much poor- 
er than can be obtained with an NBFM receiver 
oc adapter. However, a receiver specifically 
designed for FM reception must be used when 
it is desired to receive high deviation FM such 


as used by FM broadcast stations, TV sound, 
and mobile communications FM. 

The FM receiver must have, first of all, a 
bandwidth sufficient to pass the range of fre- 
quencies generated by the FM transmitter. And 
since the receiver must be a superheterodyne 
if ic is to have good sensitivity at the frequen- 
cies to which FM is restricted, i-f bandwidth 
is an important factor in its design. 

The second requirement of the FM receiver 
is that it incorporate some sort of device for 
converting frequency changes into amplitude 
changes, in other words, a detector operating 
on frequency variations rather than amplitude 
variations. The third requirement, and one which 
is necessary if the full noise reducing capa- 
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The phase modulator illustrated above is 

quite satisfactory when the stage is to be 

operated on a single frequency of over a nar- 
row range of frequencies. 
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Figure 14 
FM RECEIVER BLOCK DIAGRAM 


Up to the amplitude limiter stage, the FM 

receiver is similar to an AM receiver, except 

for a somewhat wider i-f bandwidth. The lim- 

iter removes any amplitude modulation, and 

the frequency detector following the limiter 

converts frequency variations into amplitude 
voriations. 


VOLTAGE 


FREQUENCY 


Figure 15 
SLOPE DETECTION OF FM SIGNAL 


One side of the response characteristic of a 

tuned circuit or of an i-f amplifier may be 

used as shown to convert frequency varia- 

tlons of an incoming signal into amplitude 
voriations. 


--.e.eao eu 


bilities of the FM system ot transmission are 
desired, is a limiting device to eliminate am- 
plitude variations before they reach the de- 
tector. A block diagram of the essential parts 
of an FM receiver is shown in figure 14. 


The Frequency 
Detector 


The simplest device for con- 
verting frequency variations 
to amplitude variations is an 
“‘off-rune’’ resonant circuit, as illustrated in 
figure 15. With the carrier tuned in at point 
“‘A,’’ a certain amount of r-f voltage will be 
developed across the tuned circuit, and, as 
the frequency is varied either side of this fre- 
quency by the modulation, the r-f voltage will 
increase and decrease to points ‘'C’’ and ‘'B’’ 
in accordance with the modulation. If the volt- 
age across the tuned circuit is applied to an 
ordinary detector, the detector output will vary 
in accordance with the modulation, the ampli- 
tude of the variation being proportional to the 
deviation of the signal, and the rate being 
equal tothe modulation frequency. It is obvious 
from figure 15 that only a small portion of the 
resonance curve is usable for linear conversion 


ae 


AUDIO 
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FROM 
1.6. AMP, 


Figure 16 
TRAVIS DISCRIMINATOR 
This type of discriminator makes use of two 
off-runed resonant circuits coupled to a sin- 
gle primary winding. The circuit is capable 
of excellent linearity, but is difficult to a- 
lign. 


of frequency variations into amplitude varia- 
tions, since the linear portion of the curve is 
rather short. Any frequency variation which 
exceeds the linear portion will cause distor- 
tion of the recovered audio. It is also obvious 
by inspection of figure 15 that an AM receiver 
used in this manner is wide open to signals 
on the peak of the resonance curve and also 
to signals on the other side of the resonance 
curve. Further, no noise limiting action is af- 
forded by this type of reception. This system, 
therefore, is not recommended for FM recep- 
tion, although widely used by amateurs for 
occasional NBFM reception. 

Travis Discriminator Another form of frequen- 
cy detector or discrimi- 
nator, is shown in figure 16. In this arrange- 
ment two tuned circuits are used, one tuned 
on each side of the i-f amplifier frequency, 
and with their resonant frequencies spaced 
slightly more than the expected transmitter 
swing. Their outputs are combined in a differ- 
ential rectifier so that the voltage across the 
series load resistors, R, and R,, is equal to 
the algebraic sum of the individual output 
voltages of each rectifier. When a signal at the 


At its ‘‘center’’ fre- 
quency the discrimi- 
nator produces zero 
output voltage. On 
either side of this 
frequency it gives 
o voltage of a polar- 


~t— VOLTAGE ——e 
° 


ity and magnitude 
which depend on the 
direction and amount 


FREQUENCY 
of frequency shift. 
Figure 17 
DISCRIMINATOR VOL TAGE-FREQUENCY 
CURVE 
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Figure 18 
FOSTER-SEELEY DISCRIMINATOR 


This discriminator is the most widely used 

circuit since it is capable of excellent lin- 

earity and is relatively simple to align when 
proper test equipment is available. 


i-f mid-frequency is received, the voltages 
across the load resistors are equal and oppo- 
site, and the sum voltage is zero. As the r-f 
signal varies from the mid-frequency, however, 
these individual voltages become unequal, and 
a voltage having the polarity of the larger volt- 
age and equal to the difference between the 
two voltages appears across the series resis- 
tors, and is applied to the audio amplifier. 
The relationship between frequency and dis- 
criminator output voltage is shown in figure 
17. The separation of the discriminator peaks 
and the linearity of the output voltage vs. fre- 
quency curve depend upon the discriminator 
frequency, the Q of the tuned circuits, and the 
value of the diode load resistors. As the inter- 
mediate (and discriminator) frequency is in- 
creased, the peaks must be separated further to 
secure good linearity and output. Within limits, 
as the diode load resistance or the Q is re- 
duced, the linearity improves, and the separa- 
tion between the peaks must be greater. 


The most widely used form of 
discriminator is that shown in 
figure 18. This type of discrimi- 
nator yields an output-voltage-versus-frequen- 
cy characteristic similar to that shown in fig- 
ure 19. Here, again, the output voltage is equal 
to the algebraic sum of the voltages developed 
across the load resistors of the two diodes, 
the resistors being connected in series to 
ground. However, this Foster-Seeley discrim- 
inator requires only two tuned circuits instead 
of the three used in the previous discriminator. 
The operation of the circuit results from the 
phase relationships existing in a transformer 
having a tuned secondary. In effect, as a close 
examination of the circuit will reveal, the pri- 
mary circuit is in series, for r.f., with each 
half of the secondary to ground. When the re- 
ceived signal is at the resonant frequency of 
the secondary, the r-f voltage across the sec- 
ondary is 90 degrees out of phase with that 
across the primary. Since each diode is con- 
nected across one half of the secondary wind- 


Foster-Seeley 
Discriminator 


SECONDARY VOLTAGE 


® 


Figure 19 
DISCRIMINATOR VECTOR DIAGRAM 


A signal at the resonant frequency of the 
secondary will couse the secondary voltage 
to be 90 degrees out of phase with the pri- 
mary voltage, as shown at A, and the result- 
ant voltages R and R’ are equal. If the sig- 
nal frequency chonges, the phase relation- 
ship also changes, and the resultant voltages 
are no longer equal, as shown at B. A differ- 
ential rectifier is used to give an output volt- 
age proportional to the difference between 


R and R’. 


ing and the primary winding in series, the re- 
sultant r-f voltages applied to each are equal, 
and the voltages developed across each diode 
load resistor are equal and of opposite polar- 
ity. Hence, the net voltage between the top of 
the load resistors and ground is zero. This is 
shown vectorially in figure 19A where the re- 


sultant voltages R and R’ which are applied 
to the two diodes are shown to be equal when 
the phase angle between primary and second- 
ary voltages is 90 degrees. If, however, the 
signal varies from the resonant frequency, the 
90-degree phase relationship no longer exists 
between primary and secondary. The result of 
this effect is shown in figure 19B where the 
secondary r-f voltage is no longer 90 degrees 
out of phase with respect to the primary volt- 
age. The resultant voltages applied to the two 
diodes are now no longer equal, and a d-c 
voltage proportional to the difference between 
the r-f voltages applied to the two diodes will 
exist across the series load resistors. As the 
signal frequency varies back and forth across 
the resonant frequency of the discriminator, 
an a-c voltage of the same frequency as the 
original modulation, and proportional to the 
deviation, is developed and passed on to the 
audio amplifier. 


One of the more recent types of FM 
detector circuits, called the ratio 
detector is diagrammed in figure 20. 
The input transformer can be designed so that 
the parallel input voltage to the diodes can be 
taken from a tap on the primary of the trans- 


Ratio 
Detector 
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Figure 20 
RATIO DETECTOR CIRCUIT 


The porallel voltage to the diodes in a ratio 
detector may be obtained from a tap on the 
primary winding of the transformer or from 
a third winding. Note thot one of the diodes 
is reversed from the system used with the 
Foster-Seeley discriminator, and that the 
output circuit is completely different. The 
ratio detector does not have to be preceded 
by a limiter, but is more difficult to align for 
distortion-free output than the conventional 
discriminator. 


former, or this voltage may be obtained from a 
tertiary winding coupled to the primary. The 
t-f choke used must have high impedance at 
the intermediate frequency used in the receiver, 
although this choke is not needed if the trans- 
former has a tertiary winding. 

The circuit of the ratio detector appears 
very similar to that of the more conventional 
discriminator arrangement. However, it will be 
noted that the two diodes in che ratio detector 
are poled so that their d-c output voltages add, 
as contrasted to the Foster-Seeley circuit 
wherein the diodes are poled so that the d-c 
output voltages buck each other. At the center 
frequency to which the discriminator trans- 
former is tuned the voltage appearing at the 
top of the 1-megohm potentiometer will be one- 
half the d-c voltage appearing at the a-v-c out- 
put terminal—since the contribution of each 
diode will be the same. However, as the input 
frequency varies to one side or the other of 
the tuned value (while remaining within the 
pass band of the i-f amplifier feeding the de- 
tector) the relative contributions of the two 
diodes will be different. The voltage appearing 
at the top of the 1-megohm volume control will 
increase for frequency deviations in one direc- 
tion and will decrease for frequency deviations 
in che other direction from the mean or tuned 
value of the transformer. The audio output volt- 
age is equal to the ratio of the relative contri- 
butions of the two diodes, hence the name 
ratio detector. 

The ratio detector offers several advantages 
over the simple discriminator circuit. The cir- 
cuit does not require the use of a limiter pre- 
ceding the detector since the circuit is inher- 
ently insensitive to amplitude modulation on 


TO 
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Figure 21 
LIMITER CIRCUIT 


One, or sometimes two, limiter stoges nor- 

mally precede the discriminator so that a con- 

stant signal level will be fed to the FM de- 

tector. This procedure eliminates amplitude 

variations in the signal fed to the discrimi- 

nator, so that it will respond only to frequen- 
cy changes. 


an incoming signal. This factor alone means 
that the r-f and i-f gain ahead of the detector 
can be much less than the conventional dis- 
criminator for the same overall sensitivity. 
Further, the circuit provides a-v-c voltage for 
controlling the gain of the preceding r-f and 
i-f stages. The ratio detector is, however, sus- 
ceptible to variations in the amplitude of the 
incoming signal as is any other detector cir- 
cuit except the discriminator with a limiter 
preceding it, so that a-v-c should be used on 
the stages preceding the detector. 


Limiters The limiter of an FM receiver using 
a conventional discriminator serves 
to remove amplitude modulation and pass on 
to the discriminator a frequency modulated 
signal of constant amplitude; a typical circuit 
is shown in figure 21. The limiter tube is oper- 
ated as an i-f stage with very low plate volt- 
age and with grid leak bias, so that it over- 
loads quite easily. Up to a certain point the 
output of the limiter will increase with an in- 
crease in signal. Above this point, however, 
the limiter becomes overloaded, and further 
large increases in signal will not give any in- 
crease in output. To operate successfully, the 
limiter must be supplied with a large amount 
of signal, so that the amplitude of its output 
will not change for rather wide variations in 
amplitude of the signal. Noise, which causes 
litle frequency modulation but much ampli- 
tude modulation of the received signal, is vir- 
tually wiped out in the limiter. 

The voltage across the grid resistor varies 
with the amplitude of the received signal. For 
this reason, conventional amplitude modulated 
signals may be received on the FM receiver 
by connecting the input of the audio amplifier 
to the top of this resistor, rather than co the 
discriminator output. When properly filtered. 
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by a simple R-C circuit, the voltage across 
the grid resistor may also be used as a-v-c 
voltage for the receiver. When the limiter is 
operating properly, a.v.c. is neither necessary 
nor desirable, however, for FM reception alone. 


Receiver Design 
Considerations 


One of the most important 
factors in the design of an 
FMreceiver is the frequency 
swing which it is intended to handle. It will 
be apparent from figure 17 that if che straight 
portion of the discriminator circuit covers a 
wider range of frequencies than those gener- 
ated by the transmitter, the audio output will 
be reduced from the maximum value of which 
the receiver is capable. 

In this respect, the term ‘‘modulation per- 
centage’’ is more applicable to the FM receiver 
than it is to the transmitter, since the modula- 
tion capability of the communication system 
is limited by the receiver bandwidth and the 
discriminator characteristic; full utilization of 
the linear portion of the characteristic amounts, 
in effect, to 100 per cent modulation. This 
means that some sort of standard must be agreed 
upon, for any particular type of communication, 
to make it unnecessary to vary the transmitter 
swing to accommodate different receivers. 

Two considerations influence the receiver 
bandwidth necessary for any particular type of 
communication. These are the maximum audio 
frequency which the system will handle, and 
the deviation ratio which will be employed. 
For voice communication, the maximum audio 
frequency is more or less fixed at 3000 to 4000 
cycles. In the matter of deviation ratio, how- 
ever, the amount of noise suppression which 
the FM system will provide is influenced by 
the ratio chosen, since the improvement in 
signal-to-noise ratio which the FM system 
shows over amplitude modulation is equiva- 
lent to a constant multiplied by the deviation 
ratio. This assumes that the signal is some- 
what stronger than the noise at the receiver, 
however, as the advantages of wideband FM 
in regard to noise suppression disappear when 
the signal-to-noise ratio approaches unity. 

On the other hand, a low deviation ratio is 
more satisfactory for strictly communication 
work, where readability at low signal-to-noise 
ratios is more important than additional noise 
suppression when the signal is already appre- 
ciably stronger than the noise. 

As mentioned previously, broadcast FM prac- 
tice is to use a deviation ratio of §. When this 
ratio is applied to a voice-communication sys- 
tem, the total swing becomes 30 to 40 kc. With 
lower deviation ratios, such as are most fre- 
quently used for voice work, the swing becomes 
proportionally less, until at a deviation ratio 
of 1 the swing is equal to twice the highest 
audio frequency. Actually, however, the re- 
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Figure 22 
75-MICROSECOND DE-EMPHASIS 
CIRCUITS 
The audio signal transmitted by FM and TV 
stations hos received high-frequency pre- 
emphasis, so thot a de-emphosis circuit 
should be included between the output of the 
FM detector ond the input of the audio 
system. 


ceiver bandwidth must be slightly greater than 
the expected transmitter swing, since for dis- 
tortionless reception the receiver must pass 
the complete band of energy generated by the 
transmitter, and this band will always cover a 
range somewhat wider than the transmitter 
swing. 


Pre-Emphosis Standards in FM broadcast 
and De-Emphasis and TV sound work call for 

the pre-emphasis of all au- 
dio modulating frequencies above about 2000 
cycles, with a rising slope such as would be 
produced by a 75-microsecond RL network. 
Thus the FM receiver should include a com- 
pensating de-emphasis RC network with a time 
constant of 75 microseconds so that the over- 
all frequency response from microphone to 
loudspeaker will approach linearity. The use 
of pre-emphasis and de-emphasis in this man- 
ner results in a considerable improvement in 
the overall signal-to-noise ratio of an FM sys- 
tem. Appropriate values for the de-emphasis 
network, for different values of circuit imped- 
ance are given in figure 22. 


A NBFM 455-kc. The unit diagrammed in figure 
Adopter Unit 23 is designed to provide 
NBFM reception when attached 
to any communication receiver having a 455-kc. 
i-f amplifier. Although NBFM can be received 
on an AM receiver by tuning the receiver to 
one side or the other of the incoming signal, 
a tremendous improvement in signal-to-noise 
ratio and in signal to amplitude ratio will be 
obtained by the use of a true FM detector sys- 
tem. 
The adapter uses two tubes. A 6AU6 is 
used as a limiter, and a 6ALS5 as a discrimi- 
nator. The audio level is approximately 10 
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Figure 23 
NBFEM ADAPTER FOR 455-KC. I-F SYSTEM 


volts peak for the maximum deviation which 
can be handled by a conventional 455-kc. i-f 
system. The unit may be tuned by placing a 
high resistance d-c voltmeter across R, and 
tuning the trimmers of the i-f transformer for 
maximum voltage when an unmodulated signal 
is injected into the i-f strip of the receiver. 
The voltmeter should next be connected across 
the audio output terminal of the discriminator. 
The receiver is now tuned back and forth a- 
cross the frequency of the incoming signal, 
and the movement of the voltmeter noted. When 
the receiver is exactly tuned on the signal the 
voltmeter reading should be zero. When the re- 
ceiver is tuned to one side of center, the volt- 
meter reading should increase to a maximum 
value and then decrease gradually to zero as 
the signal is tuned out of the passband of the 
receiver. When the receiver is tuned to the 
other side of the signal the voltmeter should 
increase to the same maximum value but in 
the opposite direction or polarity, and then 
fall to zero as the signal is tuned out of the 
passband. It may be necessary to make small 
adjustments to C, and C, to make the volt- 
meter read zero when the signal is tuned in 
the center of the passband. 


16-5 Radio Teletype 


The teletype machine is an electric type- 
writer that is stimulated by d.c. pulses origi- 
nated by the action of a second machine. The 
pulses may be transmitted from one machine 
to another by wire, or by a radio signal. When 
radio transmission is used, the system is 
termed radio teletype (RTTY). 

The d.c. pulses that comprise the teletype 
signal may be converted into three basic types 
of emission suitable for radio transmission. 
These are: 1— Frequency shift keying (FSK), 
designated as Fl emission; 2— Make-break 


keying (MBK), designated as Al emission. and; 
3— Audio frequency shift keying (AFSK), 
designated as F2 emission. 

Frequency shift keying is obtained by vary- 
ing the transmitted frequency of the radio 
signal a fixed amount (usually 850 cycles) 
during the keying process. The shift is ac- 
complished in discrete intervals designated 
mark and space. Both types of intervals convey 
information to the teletype printer. Make-break 
keying is analogous to simple c-w transmission 
in that the radio carrier conveys information 
by changing from an off to an on condition. 
Early RTTY circuits employed MBK equipment, 
which is rapidly becoming obsolete since it 
is inferior to the frequency shift system. 

Audio frequency shift keying employs a 
steady radio carrier modulated by an audio 
tone that is shifted in frequency according to 
the RTTY pulses. Other forms of information 
transmission may be employed by a RTTY 
system which also encompass the translation 
of RTTY pulses into r-f signals. 


The RTTY code consists of 
the 26 letters of the alphabet, 
the space, the line feed, the 
carriage return, the bell, the upper case shift, 
and the lower case shift; making a total of 32 
coded groups. Numerals, punctuation, and 
symbols may be taken care of in the case shift, 
since all transmitted letters are capitals. 

The FSK system normally employs the higher 
radio frequency as the mark, and the lower 
frequency as the space. This relationship 
holds true in the AFSK system also. The lower 
audio frequency (mark) is normally 2125 cycles 
and the higher audio tone (space) is 2975 
cycles, giving a frequency difference of 850 
cycles. 


Teletype 
Coding 


A simple FSK teletype system 
may be added toany c-w trans- 
mitter. The teletype keyboard 
prints the keyed letters on a tape, and at the 
same time generates the electrical code group 
that describes the letter. The d.c. pulses are 
impressed upon a distributor unit which ar- 
ranges the typing and spacing pulses in proper 
sequence. The resulting series of impulses 
are applied to the transmitter frequency con- 
trol device, which may be a reactance modu- 
lator, actuated by a polar relay. 

The received signal is hetrodyned against 
a beat oscillator to provide the two audio tones 
which are limited in amplitude and passed 
through audio filters to separate them. Recti- 
fication of the tones permits operation of a 
polar relay which can provide d.c. pulses 
suitable for operation of the tele-typewriter. 


The Teletype 
System 
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CHAPTER SEVENTEEN 


Sideband Transmission 


While single-sideband transmission (SSB) 
has attracted significant interest on amateur 
frequencies only in the past few years, the prin- 
ciples have been recognized and put to use in 
various commercial applications for many years. 
Expansion of single-sideband for both com- 
mercial and amateur communication has await- 
ed the development of economical components 
possessing the required characteristics (such as 
sharp cutoff filters and high stability crystals) 
demanded by SSB techniques. The availability 
of such components and precision test equip- 
ment now makes possible the economical test- 
ing, adjustment and use of SSB equipment on 
a wider scale than before. Many of the seem- 
ingly insurmountable obstacles of past years 
no longer prevent the amateur from achieving 
the advantages of SSB for his class of oper- 
ation. 


17-1 Commercial 


Applications of SSB 


Before discussion of amateur SSB equipment, 
it is helpful to review some of the commercial 
applications of SSB in an effort to avoid prob- 
lems that are already solved. 

The first and only large scale use of SSB 
has been for multiplexing additional voice cir- 
cuits on long distance telephone toll wires. 
Carrier systems came into wide use during the 
30's, accompanied by the development of high 
Q toroids and copper oxide ring modulators 
of controlled characteristics. 


The problem solved by the carrier system 
was that of translating the 300-3000 cycle 
voice band of frequencies to a higher frequen- 
cy (for example, 40.3 to 43.0 kc.) for trans- 
mission on the toll wires, and then to reverse 
the translation process at the receiving termi- 
nal. It was possible in some short-haul! equip- 
ment to amplitude modulate a 40 kilocycle 
carrier with the voice frequencies, in which 
case the resulting signal would occupy a band 
of frequencies between 37 and 43 kilocycles. 
Since the transmission properties of wires and 
cable deteriorate rapidly with increasing fre- 
quency, most systems required the bandwidth 
conservation characteristics of single-sideband 
transmission. In addition, the carrier wave was 
generally suppressed to reduce the power 
handling capability of the repeater amplifiers 
and diode modulators. A substantial body of 
literature on the components and circuit tech- 
niques of SSB has been generated by the large 
and continuing development effort to produce 
economical carrier telephone systems. 

The use of SSB for overseas radiotelephony 
has been practiced for several years though 
the number of such circuits has been numeri- 
cally small. However, the economic value of 
such circuits has been great enough to war- 
rant claborate station equipment. It is from 
these stations that the impression has been ob- 
tained that SSB is too complicated for all but 
a corps of engineers and technicians to handle. 
Components such as lattice filters with 40 
or more crystals have suggested astronomical 
expense. 


323 


WWW.americanradiohistorv.com 


324 Sideband Transmission 


THE RADIO 


elon. (ity 


UPPER 
SIOEBAND 
CARRIER ENVELOPE WITH 


SIDE BAND 
caguen 
FREQUENCY SPECTRUM WITH 
COMPLEX MODULATING WAVE 


COMPLEX MODULATING WAVE 
Figure 1 
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More recently, SSB techniques have been 
used to multiplex large numbers of voice chan- 
nels on a microwave radio band using equip- 
ment principally developed for telephone cag- 
rier applications. It should be noted that all 
production equipment employed in these ser- 
vices uses the filter method of generating the 
single-sideband signal, though there is a wide 
variation in the types of filters actually used. 
The SSB signal is generated at a low fre- 
quency and at a low level, and then trans- 
lated and linearly amplified to a high level 
at the operating frequency. 

Considerable development effort has been 
expended on high level phasing type trans- 
mitters wherein the problems of linear ampli- 
fication are exchanged for the problems of 
accurately controlled phase shifts. Such equip- 
ment has featured automatic tuning circuits, 
servo-driven to facilitate frequency changing, 
but no transmitter of this type has been suffi- 
ciently attractive to warrant appreciable pro- 
duction. 


17-2 Derivation of 
Single-Sideband Signals 


The single-sideband method of communica- 
tion is, essentially, a procedure for obtaining 
more efficient use of available frequency spec- 
trum and of available transmitter capability. 
As a starting point for the discussion of sin- 
gle-sideband signals, let us take a conven- 
tional AM signal, such as shown in figure 1, 
as representing the most common method for 
transmitting complex intelligence such as 
voice or music. 

It will be noted in figure 1 that there are 
three distinct portions to the signal: the car- 
rier, and the upper and the lower sideband 
group. These three portions always are present 
in a conventional AM signal. Of all these por- 
tions the carrier is the least necessary and 
the most expensive to transmit. It is an actual 


fact, and it can be proved mathematically (and 
physically with a highly selective receiver) 
that the carrier of an AM signal remains un- 
changed in amplitude, whether it is being mod- 
ulated or not. Of course the carrier appears 
to be modulated when we observe the modu- 
lated signal on a receiving system or indicator 
which passes a sufficiently wide band that 
the carrier and the modulation sidebands are 
viewed at the same time. This apparent change 
in the amplitude of the carrier with modula- 
tion is simply the result of the sidebands beat- 
ing with the carrier. However, if we receive 
the signal on a highly selective receiver, and if 
we modulate the carrier with a sine wave of 
3000 to 5000 cycles, we will readily see that 
the carrier, or either of the sidebands can be 
tuned in separately; the carrier amplitude, as 
observed on a signal strength meter, will re- 
main constant, while the amplitude of the side- 
bands will vary in direct proportion to the 
modulation percentage. 


Elimination of 
the Carrier and 
One Sideband 


It is obvious from the pre- 
vious discussion that the 
carrier is superfluous so far 
as the transmission of in- 
telligence is concerned. It is obviously a con- 
venience, however, since it provides a signal 
at the receiving end for the sidebands to beat 
with and thus to reproduce the original mod- 
ulating signal. It is equally true that the trans- 
mission of both sidebands under ordinary con- 
ditions is superfluous since identically the 
same intelligence is contained in both side- 
bands. Several systems for carrier and side- 
band elimination will be discussed in this 
chapter. 


Power Advantage 
of SSB over AM 


Single sideband is a very 
efficient form of voice 
communication by radio. 
The amount of radio frequency spectrum oc- 
cupied can be no greater than the frequency 
range of the audio or speech signal transmitted, 
whereas other forms of radio transmission re- 
quire from two to several times as much spec- 
trum space. The r-f power in the transmitted 
SSB signal is directly proportional to the power 
in the original audio signal and no strong 
carrier is transmitted. Except for a weak pilot 
carrier present in some commercial usage, 
there is no r-f output when there is no audio 
input. 

The power output rating of a SSB trans- 
mitter is given in terms of peak envelope 
power (PEP). This may be defined as the 
r-m-s power at the crest of the modulation 
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envelope. The peak envelope power of a con- 
ventional amplitude modulated signal at 100% 
modulation is four times the carrier power. 
The average power input to a SSB transmitter 
is therefore a very small fraction of the power 
input to a conventional amplitude modulated 
transmitter of the same power rating. 


Single sideband is well suited for long- 
range communications because of its spectrum 
and power economy and because it is less sus- 
ceptible to the effects of selective fading and 
interference than amplitude modulation. The 
principal advantages of SSB arise from the 
elimination of the high-energy carrier and 
from further reduction in sideband power per- 
mitted by the improved performance of SSB 
under unfavorable propagation conditions. 


In the presence of narrow band man-made 
interference, the narrower bandwidth of SSB 
reduces the probability of destructive inter- 
ference .A statistical study of the distribution 
of signals on the air versus the signal strength 
shows that the probability of successful com- 
munication will be the same if the SSB power 
is equal to one-half the power of one of the 
two a-m sidebands. Thus SSB can give from 0 
to 9 db improvement under various conditions 
when the total sideband power is equal in 
SSB and a-m. In general, it may be assumed 
that 3 db of the possible 9 db advantage will 
be realized on the average contact. In this case, 
the SSB-power required for equivalent per- 
formance is equal to the power in one of the 
a-m sidebands. For example, this would rate 
a 100-watt SSB and a 400 watt (carrier) a-m 
transmitter as having equal performance. It 
should be noted that in this comparison it is 
assumed that the receiver bandwidth is just 
sufficient to accept the transmitted intelligence 
in each case. 


To help evaluate other methods of compari- 
son the following points should be considered. 
In conventional amplitude modulation two 
sidebands are transmitted, each having a peak 
envelope power equal to 4-carrier power. For 
example, a 100-watt a-m signal will have 25- 
watt peak envelope power in each sideband, 
or a total of 50 watts. When the receiver de- 
tects this signal, the voltages of the two side- 
bands are added in the detector. Thus the de- 
tector output voltage is equivalent to that of 
a 100-watt SSB signal. This method of com- 
parison says that a 100 watt SSB transmitter 
is just equivalent to a 100-watt a-m_ trans- 
mutter. This assumption is valid only when the 
receiver bandwidth used for SSB is the same 
as that required for amplitude modulation 
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Figure 2 


RELATIONSHIP OF AUDIO AND 
SSB SPECTRUMS 


The single sideband components are the same 
as the original audio components except that 
the frequency of each is raised by the fre- 
quency of the carrier. The relative amplitude 
of the various components remains the same. 


° 


(e.g., 6 kilocycles), when there is no noise or 
interference other than broadband noise, and 
if the a-m signal is not degraded by propaga- 
tion. By using half the bandwidth for SSB 
reception (e.g., 3 kilocycles) the noise is re- 
duced 3 db so the 100 watt SSB signal be- 
comes equivalent to a 200 watt carrier a-m 
signal. It is also possible for the a-m signal 
to be degraded another 3 db on the average 
due to narrow band interference and poor 
propagation conditions, giving a possible 4 
to 1 power advantage to the SSB signal. 

It should be noted that 3 db signal-to-noise 
ratio is lost when receiving only one sideband 
of an a-m signal. The narrower receiving band- 
width reduces the noise by 3 db but the 6 db 
advantage of coherent detection is lost, leaving 
a net loss of 3 db. Poor propagation will de- 
gerade this “one sideband” reception of an a-m 
signal less than double sideband reception, 
however. Also under severe narrow band in- 
terference conditions (e.g., an adjacent strong 
signal) the ability to reject all interference on 
one side of the carrier is a great advantage. 


The Nature of a 
SSB Signal 


The nature of a single 
sideband signal is easily 
visualized by noting that 
the SSB signal components are exactly the same 
as the original audio components except that 
the frequency of each is raised by the frequen- 
cy of the carrier. The relative amplitude of the 
various components remains the same, how- 
ever. (The first statement is only true for the 
upper sideband since the lower sideband fre- 
quency components are the difference between 
the carrier and the original audio signal). 
Figure 2A, B, and C shows how the audio 
spectrum is simply moved up into the radio 
spectrum to give the upper sideband. The 
lower sideband is the same except inverted, as 
shown in figure 2C. Either sideband may be 
used. It is apparent that the carrier frequency 
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Figure 3 
A SINGLE SINE WAVE TONE INPUT 
TO A SSB TRANSMITTER RESULTS 
IN A STEADY SINGLE SINE WAVE 
R-F OUTFIT (A). TWO AUDIO TONES 
OF EQUAL AMPLITUDE BEAT 
TOGETHER TO PRODUCE HALF-SINE 
WAVES AS SHOWN IN (8). 


of a SSB signal can only be changed by add- 
ing or subtracting to the original carrier fre- 
quency. This is done by heterodyning, using 
converter or mixer circuits similar to those 
employed in a superheterodyne receiver. 

It is noted that a single sine wave tone in- 
put co a SSB transmitter results in a single 
steady sine wave r-f ouput, as shown in figure 
3A. Since it is difficult to measure the per- 
formance of a linear amplifier with a single 
tone, it has become standard practice to use 
two tones of equal amplitude for test pur- 
poses. The two radio frequencies thus pro- 
-duced beat together to give the SSB envelope 
shown in figure 3B. This figure has the shape 
of half sine waves, and from one null to the 
next represents one full cycle of the difference 
frequency. How this envelope is generated is 
shown more fully in figures 4A and 4B. f; 
and f2 represent the two tone signals. When 
a vector representing the lower frequency tone 
signal is used as a reference, the other vector 
rotates around it as shown, and this action 
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Figure 4 
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generates the SSB envelope When the two 
vectors are exactly opposite in phase, the out- 
put is zero and this causes the null in the en- 
velope. If one tone has twice the amplitude of 
the other, the envelope shape is shown in 
figure 5. Figure 6 shows the SSB envelope of 
three equal tones of equal frequency spacings 
and at one particular phase relationship. Figure 
7A shows the SSB envelope of four equal 
tones with equal frequency spacings and at 
one particular phase relationship. The phase 
relationships chosen are such that at some in- 
stant the vectors representing the several tones 
are all in phase. Figure 7B shows a SSB envel- 
ope of a square wave. A pure square wave re- 
quires infinite bandwidth, so its SSB envelope 
requires infinite amplitude. This emphasizes 
the point that the SSB envelope shape is not 
the same as the original audio wave shape, and 
usually bears no similarity to it. This is be- 
cause the percentage difference between the 
radio frequencies is very small, even though 
one audio tone may be several times the other 
in terms of frequency. Speech clipping as used 


® 
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infinite amplitude. 
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in amplitude modulation is of no practical 
value in SSB because the SSB r-f envelopes 
are so different than the audio envelopes. A 
heavily clipped wave approaches a square wave 
and a square wave gives a SSB envelope with 
peaks of infinite amplitude as shown in figure 
7B. 


Carrier Frequency 
Stability Requirements 


Reception of a SSB 
signal ts accom- 
plished by simply 
heterodyning the carrier down to zero fre- 
quency. (The conversion frequency used in the 
last heterodyne step is often called the rein- 
serted carrier). \f the SSB signal is not hetero- 
dyned down to exactly zero frequency, each 
frequency component of the detected audio 
signal will be high or low by the amount of 
this error. An error of 10 to 20 c.ps. for speech 
signals is acceptable from an_ intelligibility 
standpoint, but an error of the order of 50 
cp.s. seriously degrades the intelligibility. An 
error of 20 c.p.s. is not acceptable for the 
transmission of music, however, because the 
harmonic relationship of the notes would be 
destroyed. For example, the harmonics of 220 
cps. are 440, 660, 880, etc., bute a 10 cps. 
error gives 230, 450, 670, 890, etc., or 210, 
430, 650, 870, etc., if the original error is on 
the other side. This error would destroy the 
original sound of the tones, and the harmony 
between the tones. 

Suppression of the carrier is common in ama- 
teur SSB work, so the combined frequency sta- 
bilities of all oscillators in both the transmit- 
ting and receiving equipment add together to 
give the frequency error found in detection. 
In order to overcome much of the frequency 
stability problem, it is common commercial 
practice to transmit a pilot carrier at a re- 
duced amplitude. This is usually 20 db below 
one tone of a two-tone signal, or 26 db below 
the peak envelope power rating of the trans- 
mitter. This pilot carrier is filtered out from 
the other signals at the receiver and either am- 
plified and used for the reinserted carrier or 
used to control the frequency of a local oscil- 
lator. By this means, the frequency drift of 
the carrier is eliminated as an error in detec- 
tion. 


Advantage of SSB 
with Selective Fading 


On long distance com- 
munication circuits 
using a-m,_ selective 
fading often causes severe distortion and at 
times makes the signal unintelligible. When 
one sideband is weaker than the other, distor- 
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SHOWING TWO COMMON TYPES 
OF BALANCED MODULATORS 


Notice thot a balanced modulator chonges 
the circuit condition from single ended to 
push-pull, or vice versa. Choice of circuit de- 
pends upon external circuit conditions since 
both the (A) and (B) arrangements can give 
sotisfactory generation of a double-sidebond 
suppressed-carrier signal, 


ten results; but when the carrier becomes 
weak and the sidebands are strong, the distor- 
tion is extremely severe and the signal may 
sound like “monkey chatter.” This is because 
a carrier of at least twice the amplitude of 
either sideband is necessary to demodulate the 
signal properly. This can be overcome by us- 
ing exalted carrier reception in which the car- 
rier is amplified separately and then reinserted 
before the signal is demodulated or detected. 
This is a great help, but the reinserted carrier 
must be very close to the same phase as the 
original carrier. For example, if the reinserted 
carrier were 90 degrees from the original 
source, the a-m signal would be converted to 
phase modulation and the usual a-m detector 
would deliver no output. 


The phase of the reinserted carrier is of no 
importance in SSB reception and by using a 
strong reinserted carrier, exalted carrier recep- 
tion is in effect realized. Selective fading with 
one sideband simply changes the amplitude 
and the frequency response of the system and 
very seldom causes the signal to become unin- 
telligible. Thus the receiving techniques used 
with SSB are those which inherently greatly 
minimize distortion due to selective fading. 
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Such balanced moduletor circuits are com- 

monly used in carrier telephone work and in 

single-sideband systems where the carrier 

frequency and modulating frequency are rela- 

tively close together. Vacuum diodes, copper- 

oxide rectifiers, or crystal diodes may be 
used in the circuits. 


17-3 Carrier Elimination 
Circuits 


Various circuits may be employed to elimi- 
nate the carrier to provide a double sideband 
signal. A selective filter may follow the carrier 
elimination circuit to produce a single side- 
band signal. 

Two modulated amplifiers may be connected 
with the carrier inputs 180° our of phase, and 
with the carrier outputs in parallel. The car- 


rier will be balanced out of the output circuit, 
leaving only the two sidebands. Such a cir- 
cuit is called a balanced modulator. 


Any non-linear element will produce modu- 
lation. That is, if two signals are put in, sum 
and difference frequencies as well as the orig- 
inal frequencies appear in the output. This 
phenomenon is objectionable in amplifiers and 
desirable in modulators or mixers. 


In addition to the sum and difference fre- 
quencies, other outputs (such as twice one 
frequency plus the other) may appear. All 
combinations of all harmonics of each input 
frequency may appear, but in general these are 
of decreasing amplitude with increasing order 
of harmonic. These outputs are usually re- 
jected by selective circuits following the mod- 
ulator. All modulators are not alike in the 
magnitude of these higher order outputs. Bal- 
anced diode rings operating in the square law 
region are fairly good and pentagrid converters 
much poorer, Excessive carrier level in tube 
mixers will increase the relative magnitude 
of the higher order outputs. Two types of 
triode balanced modulators are shown in figure 
8, and two types of diode modulators in figure 
9. Balanced modulators employing vacuum 
tubes may be made to work very easily to a 
point. Circuits may be devised wherein both 
input signals may be applied to a high im- 
pedance grid, simplifying isolation and load- 
ing problems. The most important difficulties 
with these vacuum tube modulator circuits 
are: (1) Balance is not independent of signal 
level. (2) Balance drifts with time and envir- 
onment. (3) The carrier level for low “high- 
order output” is critical, and (4) Such circuits 
have limited dynamic range. 


A number of typical circuits are shown in 
figure 10. Of the group the most satisfactory 
performance is to be had from plate modulated 
triodes, 
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DIODE RING MODULATORS 


Diode Ring 
Modulators 


Modulation in telephone car- 
rier equipment has been very 
successfully accomplished with 
copper-oxide double balanced ring modulators. 
More recently, germanium diodes have been 
applied to similar circuits. The basic diode 
ring circuits are shown in figure 11. The most 
widely applied is the double balanced ring 
(A). Both carrier and input are balanced with 
respect to the output, which is advantageous 
when the output frequency is not sufficiently 
different from the inputs to allow ready sep- 
aration by filters. It should be noted that the 
carrier must pass through the balanced input 
and output transformers. Care must be taken 
in adapting this circuit to minimize the carrier 
power that will be lost in these elements. The 
shunt and series quad circuits are usable when 
the output frequencies are entirely different 
(i.e.: audio and r.f.). The shunt quad (B) 
is used with high source and load impedances 
and the series quad (C) with low source and 
load impedances. These two circuits may be 
adapted to use only two diodes, substituting a 
balanced transformer for one side of the 
bridge, as shown in figure 12. It should be 
noted that these circuits present a half-wave 
load to the carrier source. In applying any of 
these circuits, r-f chokes and capacitors must 
be employed to control the path of signal and 
carrier currents. In the shunt pair, for example, 
a blocking capacitor is used to prevent the r-f 
load from shorting the audio input. 

To a first approximation, the source and 
load impedances should be an arithmetical 
mean of the forward and back resistances of 
the diodes employed. A workable rule of 
thumb is that the source and load impedances 
be ten to twenty times the forward resistance 
for semi-conductor rings. The high frequency 
limit of operation in the case of junction and 
copper-oxide diodes may be appreciably ex- 
tended by the use of very low source and load 
impedances. 

Copper-oxide diodes suitable for carrier 


work are normally manufactured to order. They 
offer no particular advantage to the amateur, 
though their excellent long-term stability is 
important in commercial applications. Recti- 
fier types intended to be used as meter recti- 
fiers are not likely to have the balance or high 
frequency response desirable in amateur SSB 
transmirters. 

Vacuum diodes such as the GALS may be 
used as modulators. Balancing the heater- 
cathode capacity is a major difficulty except 
when the GALS is used at low source and load 
impedance levels. In addition, contact poten- 
tials of the order of a few tenths of a volt may 
also disturb low level applications (figure 13). 

The double diode circuits appear attractive, 
but in general it is more difficult to balance a 
transformer at carrier frequency than an addi- 
tional pair of diodes. Balancing potentiometers 
may be employed, but the actual cause of the 
unbalance is far more subtile, and cannot be 
adequately corrected with a single adjustment. 

A signal produced by any of the above cir- 
cuits may be classified as a double sideband, 
suppressed-carrier signal. 
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Figure 13 
VACUUM DIODE MODULATOR CIRCUITS 


17-4 Generation of 
Single-Sideband Signals 


In general, there are two commonly used 
methods by which a single-sideband signal may 
be generated. These systems are: (1) The Fil- 
ter Method, and (2) The Phasing Method. 
The systems may be used singly or in com- 
bination, and either method, in theory, may 
be used at the operating frequency of the 
transmitter or at some other frequency with 
the signal at the operating frequency being ob- 
tained through the use of frequency changers 
(mixers). 


The Filter 
Method 


The filter method for obtaining 
a SSB signal is the classic meth- 
od which has been in use by the 
telephone companies for many years both for 
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BANDPASS CHARACTERISTIC OF 
BURNELL S-15000 SINGLE 
SIDEBAND FILTER 


land-line and radio communications. The mode 
of operation of the filter method is diagram- 
med in figure 14, in terms of components and 
filters which normally would be available to 
the amateur or experimenter. The output of 
the speech amplifier passes through a con- 
ventional speech filter to limit the frequency 
range of the speech to about 200 to 3000 
cycles. This signal then is fed to a balanced 
modulator along with a 50,000-cycle first car- 
rier from a self-excited oscillator. A low-fre- 
quency balanced modulator of this type most 
conveniently may be made up of four diodes 
of the vacuum or crystal type cross connected 
in a balanced bridge or ring modulator circuit. 
Such a modulator passes only the sideband 
components resulting from the sum and dif- 
ference between the two signals being fed to 
the balanced modulator. The audio signal and 
the 50-kc. carrier signal from the oscillator 
both cancel out in the balanced modulator so 
that a band of frequencies between 47 and 50 
kc. and another band of frequencies between 
50 and 53 kc. appear in the output. 

The signals from the first balanced modu- 
lator are then fed through the most critical 
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BLOCK DIAGRAM OF FILTER EXCITER EMPLOYING A 50-K.C. 
SIDEBAND FILTER 
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Figure 16 
OPERATIONAL CIRCUIT FOR SSB EXCITER USING THE BURNELL 
50-KC. SIDEBAND FILTER 


component in the whole system—the first side- 
band filter. It is the function of this first side- 
band filter to separate the desired 47 to 50 kc. 
sideband from the unneeded and undesired 50 
to 53 kc. sideband. Hence this filter must have 
low attenuation in the region between 47 and 
50 kc., a very rapid slope in the vicinity of 
50 kc., and a very high attenuation to the 
sideband components falling between 50 and 
53 kilocycles. 

Burnell & Co., Inc., of Yonkers, New York 
produce such a filter, designated as Burnell 
S-15,000. The passband of this filter is shown 
in figure 15. 

Appearing, then, at the output of the filter 
is a single sideband of 47 kc. to 50 kc. This 
sideband may be passed through a phase in- 
verter to obtain a balanced output, and then 
fed to a balanced mixer. A local oscillator 
operating in the range of 1750 kc. to 1950 kc. 
is used as the conversion oscillator. Additional 
conversion stages may now be added to trans- 


late the SSB signal to the desired frequency. 
Since only linear amplification may be used, 
it is not possible to use frequency multiplying 
stages. Any frequency changing must be done 
by the beating-oscillator technique. An oper- 
ational circuit of this type of SSB exciter is 
shown in figure 16. 

A second type of filter-exciter for SSB may 
be built around the Collins Mechanical Filter. 
Such an exciter is diagrammed in figure 17. 
Voice frequencies in the range of 200-3000 
cycles are amplified and fed to a low imped- 
ance phase-inverter to furnish balanced audio. 
This audio, together with a suitably chosen 
r-f signal, is mixed in a ring modulator, made 
up of small germanium diodes. Depending 
upon the choice of frequency of the r-f oscilla- 
tor, either the upper or lower sideband may be 
applied to the input of the mechanical filter. 
The carrier, to some extent, has been rejected 
by the ring modulator. Additional carrier re- 
jection is afforded by the excellent passband 
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Figure 17 
BLOCK DIAGRAM OF FILTER EXCITER EMPLOYING A 455-KC. 
MECHANICAL FILTER FOR SIDEBAND SELECTION 
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characteristics of the mechanical filter. For 
simplicity, the mixing and filtering operation 
usually takes place at a frequency of 455 kilo- 
cycles. The single-sideband signal appearing 
at the output of the mechanical fileer may be 
translated directly to a higher operating fre- 
quency. Suitable tuned circuits must follow 
the conversion stage to eliminate the signal 
from the conversion oscillator. 


Wove Filters The heart of a fileer-type SSB 
exciter is the sideband filter. 
Conventional coils and capacitors may be 
used to construct a fileer based upon standard 
wave filrer techniques. The Q of the filter in- 
ductances must be high when compared with 
the reciprocal of the fractional bandwidth. If 
a bandwidth of 3 kc. is needed at a carrier fre- 
quency of 50 kc., the bandwidth expressed in 
terms of the carrier frequency is 3/50 or 6%. 
This is expressed in terms of fractional band- 
width as 1/16. For satisfactory operation, the 
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Figure 19 
PASSBAND OF LOWER AND UPPER 
SIDEBAND MECHANICAL FILTER 


Q of the fileer inductances should be 10 times 
the reciprocal of chis, or 160. Appropriate Q is 
generally obtained from toroidal inductances, 
though there is some possibilicy of using iron 
core solenoids between 10 kc. and 20 ke. A 
characteristic impedance below 1000 ohms 
should be selected to prevent distributed ca- 
pacity of the inductances from spoiling overall 
performance. Paper capacitors intended for 
bypass work may not be trusted for stability 
ot low loss and should not be used in filter 
circuits. Care should be taken that the levels 
of both accepted and rejected signals are low 
enough so chat saturation of the filter induct- 
ances does not occur. 


The best known filter re- 
sponses have been obtained 
with crystal fileers. Types designed for pro- 
gram carrier service cut-off 80 db in less than 
50 cycles. More than 80 crystals are used in 
this type of filrer. The crystals are cut to con- 
trol reactance and resistance as well as the 
resonant frequency. The circuits used are based 
on full lattices. 

The war-surplus low frequency crystals may 
be adapted to this type of fileer with some 
success. Experimental designs usually syn- 
thesize a selectivity curve by grouping sharp 
notches at the side of the passband. Where the 
width of the passband is greater than twice 
the spacing of che series and parallel reso- 
nance of che crystals, special circuit techni- 
ques must be used. A typical crystal filter using 
these surplus crystals, and its approximate pass- 
band is shown in figure 18. 


Crystal Filters 


Mechanical Filters Filters using mechanical 
resonators have been 
studied by a number of companies and are 
offered commercially by the Collins Radio Co. 


They are available in a variety of bandwidths 
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Figure 20 
BLOCK DIAGRAM OF THE “PHASING”. METHOD 
The phasing method of obtaining a single-sideband signal is simpler than the filter system in regard to 
the number of tubes and circuits required. The system is also less expensive in regard to the components 
required, but is more critical in regard to adjustments for the transmission of a pure single-sideband signal. 


at center frequencies of 250 kc. and 455 kc. 
The 250 kc. series is specifically intended for 
sideband selection. The selectivity attained by 
these filcers is intermediate between good LC 
fileers at low center frequencies and engineered 
quartz crystal fileers. A passband of two 250 
ke. filters is shown in figure 19. In application 
of the mechanical filters some special precau- 
tions are necessary. The driving and pick-up 
coils should be carefully resonated to the op- 
erating frequency. If circuit capacities are un- 
known, trimmer capacitors should be used 
across the coils. Maladjusement of these tuned 
coils will increase insertion loss and the peak- 
to-valley ratio. On high impedance filters (ten 
to twenty thousand ohms) signals greater chan 
2 volts at the input should be avoided. D-c 
should be blocked out of the end coils. While 
the filers are rated for 5 ma. of coil current, 
they are not rated for d-c plate voltage. 


The Phasing 
System 


There are a number of points 
of view from which the op- 
eration of the phasing system 
of SSB generation may be described. We may 
state that we generate two double-sideband 
suppressed carrier signals, each in its own bal- 
anced modulator, that both the r-f phase and 
the audio phase of the two signals differ by 
90 degrees, and that che outputs of the two 
balanced modulators are added with the result 
that one sideband is increased in amplitude 
and the other one is cancelled. This, of course, 
is a true description of the action that takes 
place. But it is much easier to consider che 
phasing system as a method simply of adding 
(or of subtracting) the desired modulation 
frequency and the nominal carrier frequency. 
The carrier frequency of course is not trans- 


mitted, as is the case with all SSB transmis- 
sions, but only che sum or the difference of the 
modulation band from the nominal carrier is 
transmitted (figure 20). 


The phasing system has the obvious advan- 
tage that all the electrical circuits which give 
rise to the single sideband can operate in a 
practical transmitter at the nominal output fre- 
quency of the transmiter. That is to say that 
if we desire to produce a single sideband whose 
mominal carrier frequency is 3.9 Mc., the 
balanced modulators are fed with a 3.9-Mc. 
signal and with the audio signal from the 
phase splitters. It is not necessary to go through 
several frequency conversions in order to ob- 
tain a sideband at the desired output fre- 
quency, as in the case with che filter method 
of sideband generation. 


Assuming that we feed a speech signal to 
the balanced modulators along with the 3900- 
ke. carrier (3.9 Mc.) we will obtain in the out- 
put of che balanced modulators a signal which 
is either the sum of the carrier signal and the 
speech band, or the difference between the car- 
rier and the speech band. Thus if our speech 
signal covers the band from 200 to 3000 
cycles, we will obtain in the output a band of 
frequencies from 3900.2 to 3903 ke. (the sum 
of the two, or the “upper” sideband), or a band 
from 3897 to 3899.8 kc. (the difference be- 
tween the two or the “lower” sideband). A 
further advantage of the phasing system of 
sideband generation is the fact that it is a very 
simple matter to select either the upper side- 
band or the lower sideband for transmission. 
A simple double-pole double-throw reversing 
switch in two of the four audio leads to the 
balanced modulators is all chat is required. 
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Figure 21 
TWO CIRCUITS FOR SINGLE 
SIDEBAND GENERATION BY THE 


PHASING METHOD. 
The circuit of (A) offers the advantages of 
simplicity in the single-ended input circuits 
plus @ push-pull output circuit. Circuit (B) re- 
quires double-ended input circuits but allows 
all the plates to be connected in paratiel for 
the output circuit. 


High-Level 
Phasing Vs. 
Low-Level Phasing 


The plate-circuit  effi- 
ciency of the four tubes 
usually used to make up 
the two balanced modu- 
lators of the phasing system may run as high 
as 50 to 70 per cent, depending upon the oper- 
ating angle of plate current flow. Hence it is 
possible to operate the double balanced modu- 
lator directly into the antenna system as the 
output stage of the transmitter. 


The alternative arrangement is to generate 
the SSB signal at a lower level and then to 
amplify this signal to the level desired by 
means of class A or class B r-f power ampli- 
fiers. If the SSB signal is generated ar a level 


of a few milliwatts it is most common to make 
the first stage in the amplifier chain a class 
A amplifier, then to use one or more class B 
linear amplifiers to bring the output up to the 
desired level. 


Balanced 
Modulator Circuits 


Illustrated in figure 8 are 
the two basic balanced 
modulator circuits which 
give good results with a radio frequency car- 
rier and an audio modulating signal. Note that 
one push-pull and one single ended tank cir- 
cuit is required, but that the push-pull circuit 
may be placed either in the plate or the grid 
circuit. Also, the audio modulating voltage al- 
ways is fed into the stage in push-pull, and 
the tubes normally are operated Class A. 
When combining two balanced modulators 
to make up a double balanced modulator as 
used in the generation of an SSB signal by the 
phasing system, only one plate circuit is re- 
quired for the two balanced modulators. How- 
ever, separate grid circuits are required since 
the grid circuits of the two balanced modula- 
tors operate at an r-f phase difference of 90 
degrees. Shown in figure 21 are the two types 
of double balanced modulator circuits used for 
generation of an SSB signal. Note that the cir- 
cuit of figure 21A is derived from the bal- 
anced modulator of figure 8A, and similarly 
figure 21B is derived from figure 8B. 
Another circuit that gives excellent perform- 
ance and is very easy to adjust is shown in 
figure 22. The adjustments for carrier balance 
are made by adjusting the potentiometer for 
voltage balance and then the small variable ca- 
pacitor for exact phase balance of the balanced 
carrier voltage feeding the diode modulator. 
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Figure 22 
BALANCED MODULATOR FOR USE 
WITH MECHANICAL FILTER 
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Figure 23 
LOW-Q R-F PHASE-SHIFT NETWORK 
The r-f phase-shift system illustrated above 
is convenient in a case where it is desired to 
make smaii changes in the operating fre- 
quency of the system without the necessity 
of being precise in the adjustment of two 
coupled circuits as used for r-# phase shift 
in the circuit of figure 21. 


Radio-Frequency 
Phasing 


A single-sideband genera- 
tor of the phasing type 
requires that the two bal- 
anced modulators be fed with r-f signals hav- 
ing a 90-degree phase difference. This r-f 
phase difference may be obtained through the 
use of two loosely coupled resonant circuits, 
such as illustrated in figures 21A and 21B. 
The r-f signal is coupled directly or inductive- 
ly to one of the tuned circuits, and the coupling 
between the two circuits is varied until, at 
resonance of both circuits, the r-f voltages 
developed across each circuit have the same 
amplitude and a 90-degree phase difference. 


The 90-degree r-f phase difference also may 
be obtained through the use of a low-Q phase 
shifting network, such as illustrated in figure 
23; or it may be obtained through the use of 
a lumped-constant quarter-wave line. The low- 
Q phase-shifting system has proved quite prac- 
ticable for use in  single-sideband systems, 
particularly on the lower frequencies. In such 
an arrangement the two resistances R have 
the same value, usually in the range between 
100 and a few thousand ohms. Capacitor C, in 
shunt with the input capacitances of the tubes 
and circuit capacitances, has a reactance at 
the operating frequency equal to the value of 
the resistor R. Also, inductor L has a meg in- 
ductive reactance equal in value at the oper- 
ating frequency to resistance R. 


The inductance chosen for use at L must 
take into account the cancelling effect of the 
input capacitance of the tubes and the circuit 
capacitance; hence the inductance should be 
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Figure 24 
DOME AUDIO-PHASE-SHIFT NETWORK 


This circuit arrangement is convenient for ob- 

taining the audio phase shift when it is desired 

to use a minimum of circuit components and 
tube elements. 


variable and should have a /ower value of in- 
ductance than that value of inductance which 
would have the same reactance as resistor R. 
Inductor L may be considered as being made 
up of two values of inductance in parallel; (a) 
a value of inductance which will resonate at 
the operating frequency with the circuit and 
tube capacitances, and (b) the value of induct- 
ance which is equal in reactance to the resist- 
ance R. In a network such as shown in figure 
23, equal and opposite 45-degree phase shifts 
are provided by the RL and RC circuits, thus 
providing a 90-degree phase difference be- 
tween the excitation voltages applied to the 
two balanced modulators. 


Audio-Frequency 
Phasing 


The audio-frequency phase- 
shifting networks used in 
generating a single-side- 
band signal by the phasing method usually are 
based on those described by Dome in an ar- 
ticle in the December, 1946, Electronics. A 
relatively simple network for accomplishing 
the 90-degree phase shift over the range from 
160 to 3500 cycles is illustrated in figure 24. 
The values of resistance and capacitance must 
be carefully checked to insure minimum devia- 
tion from a 90-degree phase shift over the 200 
to 3000 cycle range. 


Another version of the Dome network is 
shown in figure 25. This network employs 
three 12AU7 tubes and provides balanced out- 
put for the two balanced modulators. As with 
the previous network, values of the resistances 
within the network must be held to very close 
tolerances. It is necessary to restrict the speech 
range to 300 to 3000 cycles with this network. 
Audio frequencies outside this range will not 
have the necessary phase-shift at the output 
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A VERSION OF THE DOME 
AUDIO-PHASE-SHIFT 
NETWORK 


of the network and will show up as spurious 
emissions on the sideband signal, and also 
in the region of the rejected sideband. A low- 
pass 3500 cycle speech filter, such as the 
Chicago Transformer Co. LPF-2 should be 
used ahead of this phase-shife network. 


A passive audio phase-shife network chat 
employs no tubes is shown in figure 26. This 
network has the same type of operating re- 
strictions as those described above. Additional 
information concerning phase-shift networks 
will be found in Single Sideband Techniques 
published by the Cowan Publishing Corp., 
New York, and The Single Sideband Digest 
published by the American Radio Relay 
League. A comprehensive sideband review is 
contained in the December, 1956 issue of 
Proceedings of the I.R.E. 


Either the filter or the 
phasing method of 
single-sideband gener- 
ation is theoretically 
capable of a high degree of performance. 

In general, ic may be said that a high degree 
of unwanted signal rejection may be attained 
with less expense and circuit complexity with 
the fileer method. The selective circuits for 
rejection of unwanted frequencies operate at a 
relativly low frequency, are designed for this 
one frequency and have a relatively high order 
of Q. Carrier rejection of the order of 50 db or 
so may be obtained with a relatively simple 
fileer and a balanced modulator, and unwanted 
sideband rejection in the region of 60 db is 
economically possible. 

The phasing method of SSB generation ex- 
changes the problems of high-Q circuits and 
linear amplification for the problems of accu- 
rately controlled phase-shift networks. If the 
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Figure 26 
PASSIVE AUDIO-PHASE-SHIFT 
NETWORK, USEFUL OVER RANGE 
OF 300 TO 3000 CYCLES. 


phasing method is employed on the actual 
transmitting frequency, change of frequency 
must be accompanied by a corresponding re- 
balance of the phasing networks. In addition, 
it is difficult to obtain a phase balance with 
ordinary equipment within 2% over a band of 
audio frequencies. This means chat carrier 
suppression is limited co a maximum of 40 db 
or so. However, when a relatively simple SSB 
transmitter is needed for spot frequency opera- 
tion, a phasing unit will perform in a satis- 
faccory manner. 

Where a high degree of performance in the 
SSB exciter is desired, the filter method 
and the phasing method may be combined. 
Through the use of the phasing method in the 
first balanced modulator those undesired side- 
band components lying within 1000 cycles of 
the carrier may be given a much higher degree 
of rejection than is attainable with the filter 
method alone, with any reasonable amount of 
complexity in the sideband fileer. Then che 
sideband filter may be used in its normal way 
to attain very high attenuation of all undesired 
sideband components lying perhaps further 
than 500 cycles away from the carrier, and to 
restrict the sideband width on the desired side 
of the carrier to the specified frequency limit. 


17-5 Single Sideband 
Frequency Conversion Systems 


In many instances the band of sideband 
frequencies generated by a low level SSB trans- 
mitter must be heterodyned up to the desired 
carrier frequency. In receivers the circuits 
which perform this function are called con- 
verters or mixers. In sideband work they are 
usually cermed méxers or modulators. 


One circuit which can be used 
for this purpose employs a 
receiving-type mixer tube, such as the 6BE6. 
The output signal from the SSB generator is 
fed into the #1 grid and the conversion fre- 


Mixer Stages 
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Figure 27 
PENTAGRID MIXER CIRCUIT FOR 
SSB FREQUENCY CONVERSION 


quency into the #3 grid. This is the reverse of 
the usual grid connections, but it offers about 
10 db improvement in distortion. The plate 
circuit is tuned to select the desired ourput 
frequency product. Actually, the output of the 
mixer tube contains all harmonics of the two 
input signals and all possible combinations of 
the sum and difference frequencies of all the 
harmonics. In order to avoid distortion of the 
SSB signal, it is fed to the mixer at a low 
level, such as 0.1 to 0.2 volts. The conversion 
frequency is fed in at a level about 20 db 
higher, or about 2 volts. By this means, har- 
monics of the incoming SSB signal generated 
in the mixer tube will be very low. Usually 
the desired output frequency is either the sum 
or the difference of the SSB generator carrier 
frequency and the conversion frequency. For 
example, using a SSB generator carrier fre- 
quency of 250 kc. and a conversion injection 
frequency of 2000 kc. as shown in figure 27, 
the output may be tuned to select either 2250 
ke. or 1750 ke. 

Not only is it necessary to select the desired 
mixing produce in the mixer output but also 
the undesired products must be highly atrenu- 
ated to avoid having spurious output signals 
from the transmitter. In general, all spurious 
signals that appear within the assigned fre- 
quency channel should be at least 60 db below 
the desired signal, and those appearing out- 
side of the assigned frequency channel at least 
80 db below the signal level. 

When mixing 250 kc. with 2000 kc. as in 
the above example, the desired product is the 
2250 kc. signal, bute the 2000 kc. injection 
frequency will appear in the output about 20 
db stronger than the desired signal. To reduce 
it to a level 80 db below the desired signal 
means that it must be attenuated 100 db. 

The principal advantage of using balanced 
modulator mixer stages is that the injection 
frequency theoretically does not appear in the 
output. In practice, when a considerable fre- 
quency range must be tuned by the balanced 
modulator and it is not practical to trim the 
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Figure 28 
TWIN TRIODE MIXER CIRCUIT FOR 
SSB FREQUENCY CONVERSION 

eeepc amie 
push-pull circuits and the tubes into exact 
amplitude and phase balance, about 20 db 
of injection frequency cancellation is all chat 
can be depended upon. With suitable ctrim- 
ming adjustments the cancellation can be made 
as high as 40 db, however, in fixed frequency 
circuit's, 

The Twin Triode Mixer The mixer circuit 
shown in figure 28 
has about 10 db lower distortion than the con- 
ventional 6BE6 converter tube. It has a lower 
voltage gain of about unity and a lower out- 
put impedance which loads the first tuned 
circuit and reduces its selectivity. In some ap- 
plications the lower gain is of no consequence 
but the lower distortion level is important 
enough to warrant its use in high performance 
equipment. The signal-to-distortion ratio of 
this mixer is of the order of 70 db compared 
to approximately 60 db for a 6BEG mixer 
when che level of each of two tone signals is 
0.5 vole. With stronger signals, the 6BEG 
distortion increases very rapidly, whereas the 
12AU7 distortion is much better compara- 
tively. 


is + 


CARRIER +120 v. 
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Figure 29 
BALANCED MODULATOR CIRCUIT 
FOR SSB FREQUENCY CONVERSION 
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In practical equipment where the injection 
frequency is variable and trimming adjust- 
ments and tube selection cannot be used, it 
may be easier and more economical to obtain 
this extra 20 db of attenuation by using an 
extra tuned circuit in the output than by using 
a balanced modulator circuit. A balanced mod- 
ulator circuit of interest is shown in figure 
29, providing a minimum of 20 db of carrier 
attenuation with no balancing adjustment. 


The selectivity re- 
quirements of the 
tuned circuits following a mixer stage often 
become quite severe. For example, using an 
input signal at 250 kc. and a conversion in- 
jection frequency of 4000 kc. the desired out- 
put may be 4250 kc. Passing the 4250 kc. 
signal and the associated sidebands without 
attenuation and realizing 100 db of attenuation 
at 4000 kc. (which is only 250 kc. away) is 
a practical example. Adding the requirement 
that this selective circuit must tune from 2250 
kc. to 4250 ke. further complicates the basic 
requirement. The best solution is to cascade a 
number of tuned circuits. Since a large num- 
ber of such circuits may be required, the most 
practical solution is to use permeability tun- 
ing, with the circuits tracked together. An ex- 
ample of such circuitry is found in the Collins 
KWS-1 sideband transmitter. 


If an amplifier tube is placed between each 
tuned circuit, the overall response will be the 
sum of one stage multiplied by the number 
of stages (assuming identical tuned circuits). 
Figure 30 is a chart which may be used to 
determine the number of tuned circuits re- 
quired for a certain degree of attenuation at 
some nearby frequency. The Q of the circuits 
is assumed to be 50, which is normally realized 
in small permeability tuned coils. The number 
of tuned circuits with a Q of 50 required for 
providing 100 db of attenuation at 4000 kc. 
while passing 4250 kc. may be found as fol- 
lows: 


Af is 4250—4000=250 ke. 
fr is the resonant frequency, 4250 kc. 


af —. _250 
f, 4250 


The point on the chart where .059 inter- 
sects 100 db is between the curves for 6 and 7 
tuned circuits, so 7 tuned circuits are required. 

Another point which must be considered in 
practice is the tuning and tracking error of 
the circuits. For example, if the circuits were 


Selective Tuned Circuits 


= 0.059 


and 


actually tuned to 4220 kc. instead of 4250 kc., 


h zu Id be a 0.0522. Checki 
tne i wou ©7220 or VU, . ecKing 
the curves shows that 7 circuits would just 
barely provide 100 db of attenuation. This 
illustrates the need for very accurate tuning 
and tracking in circuits having high attenua- 
tion properties. 


Coupled Tuned 
Circuits 


When as many as 7 tuned 
circuits are required for pro- 
per attenuation, it is not 
necessary to have the gain that 6 isolating am- 
plifier cubes would provide. Several vacuum 
tubes can be eliminated by using two or three 
coupled circuits between the amplifiers. With 
a coefficient of coupling between circuits 0.5 
of critical coupling, the overall response is 
very nearly the same as isolated circuits. The 
gain through a pair of circuits having 0.5 
coupling is only eight-tenths that of two criti- 
cally coupled circuits, however. If critical 
coupling is used between two tuned circuits, 
the nose of the response curve is broadened 
and about 6 db is lost om the skirts of each 
pair of critically coupled circuits. In some 
cases it may be necessary to broaden the nose 
of the response curve to avoid adversely af- 
fecting the frequency response of the desired 
passband. Another tuned circuit may be re- 
quired to make up for the loss of attenuation 
on the skirts of critically coupled circuits. 


Frequency Conversion 
Problems 


The example in the 
previous section shows 
the difficult selectivi- 
ty problem encountered when strong undesired 
signals appear near the desired frequency. A 
high frequency SSB transmitter may be re- 
quired to operate at any carrier frequency in 
the range of 1.75 Mc. to 30 Mc. The problem 
is to find a practical and economical means of 
heterodyning the generated SSB frequency to 
any carrier frequency in this range. There are 
many modulation products in the output of the 
mixer and a frequency scheme must be found 
that will not have undesired output of appre- 
ciable amplitude at or near the desired signal. 
When tuning across a frequency range some 
products may “cross over” the desired fre- 
quency. These undesired crossover frequencies 
should be at least 60 db below the desired 
signal to meet modern standards. The ampli- 
tude of the undesired products depends upon 
the particular characteristics of the mixer and 
the particular order of the product. In general, 
most products of the 7th order and higher 
will be at least 60 db down. Thus any cross- 
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Figure 31 
SSB DISTORTION PRODUCTS, 
SHOWN UP TO NINTH ORDER 


over frequency lower than the 7th must be 
avoided since there is no way of attenuating 
them if they appear within the desired pass- 
band. The General Electric Ham News, volume 
11 #6 of Nov.-Dec., 1956 covers the subject 
of spurious products and incorporates a “mix- 
selector” chart that is useful in determining 
spurious products for various different mixing 
schemes. 

In general, for most applications when the 
intelligence bearing frequency is lower than 
the conversion frequency, it is desirable that 
the ratio of the two frequencies be between 5 
to 1 and 10 to 1. This is a compromise be- 
tween avoiding low order harmonics of this 
signal input appearing in the output, and 
minimizing the selectivity requirements of the 
circuits following the mixer stage. 


17-6 Distortion Products 
Due to Nonlinearity of 
R-F Amplifiers 


When the SSB envelope of a voice signal 
is distorted, a great many new frequencies are 
generated. These represent all of the possible 
combinations of the sum and difference fre- 
quencies of all harmonics of the original fre- 
quencies. For purposes of test and analysis, 
two equal amplitude tones are used as the 
SSB audio source. Since the SSB radio fre- 
quency amplifiers use tank circuits, all discor- 
tion products are filtered out except those 
which lie close to the desired frequencies. 
These are all odd order products; third order, 
fifth order, etc.. The third order products are 
2p-q and 2q-p where p and q represent the 
two SSB r-f tone frequencies. The fifth order 
products are 3p-2q and 3q-2p. These and 
some higher order products are shown in 
figure 31. Ir should be noted that the fre- 
quency spacings are always equal to the dif- 
ference frequency of the two original tones. 
Thus when a SSB amplifier is badly over- 
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PREAMPLIFIER 


IA-F FROM P-A 
PLATE CIRCUIT 


DELAY BIAS VOLTAGE 
FROM POWER SUPPLY 


Figure 32 
BLOCK DIAGRAM OF AUTOMATIC 
LOAD CONTROL (A.L.C.) SYSTEM 


loaded, these spurious frequencies can extend 
far outside the original channel width and 
cause an unintelligible “splatter” type of in- 
terference in adjacent channels. This is usually 
of far more importance than the distortion of 
the original cones with regard to intelligibility 
or fidelity. To avoid interference in another 
channel, these distortion products should be 
down at least 40 db below adjacent channel 
signal. Using a two-tone test, the distortion is 
given as the ratio of the amplitude of one 
test tone to the amplitude of a third order 
product. This is called the signal-to-distortion 
ratio (S/D) and is usually given in decibels. 
The use of feedback r-f amplifiers make $/D 
ratios of greater than 40 db possible and prac- 
tical. 


Automatic 
Load Control 


Two means may be used to 
keep the amplitude of these 
distortion products down to 
acceptable levels. One is to design the ampli- 
fier for excellent linearity over its amplitude 
or power range. The other is to employ a 
means of limiting the amplitude of the SSB 
envelope to the capabilities of the amplifier. 
An automatic load control ssytem (ALC) may 
be used to accomplish this result. It should be 
noted that the ref wave shapes of the SSB sig- 
nal are always sine waves because the tank cir- 
cuits make them so. It is the change in gain 
with signal level in an amplifier that distorts 
the SSB envelope and generates unwanted dis- 
tortion products. An ALC system may be used 
to limit the input signal to an amplifier to 
prevent a change in gain level caused by ex- 
cessive input level. 

The ALC system is adjusted so the power 
amplifier is operating near its Maximum power 
capability and at the same time is protected 
from being over-driven. In amplitude modu- 
lated systems it is common to use speech com- 
pressors and speech clipping systems to per- 
form this function. These methods are not 
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Figure 33 
PERFORMANCE CURVE OF 
A.L.C. CIRCUIT 


equally useful in SSB. The reason for this is 
that the SSB envelope is different from che 
audio envelope and the SSB peaks do not 
necessarily correspond with the audio peaks 
as explained earlier in this chapter. For this 
reason a “compressor” of some sort located 
between the SSB generator and the power am- 
plifier is most effective because it is controlled 
by SSB envelope peaks rather than audio peaks. 
Such a "SSB signal compressor” and the means 
of obtaining its control voltage comprises a 
satisfaccory ALC system. 


The ALC Circuit A block diagram of an ALC 
circuit is shown in figure 

32. The compressor or gain control part of 
this circuit uses one or two stages of remote 
cutoff cubes such as GBAG, operating very sim- 
ilarly to che intermediate frequency stages of 
a receiver having automatic volume control. 
The grid bias voltage which controls che 
gain of the tubes is obtained from a voltage 
detector circuit connected to the power am- 
plifier tube place circuit. A large delay bias is 
used so that no gain reduction takes place until 


the signal is nearly up to the full power capa- 
bility of the amplifier. Ac chis signal level, 
the rectified oucput overcomes the delay bias 
and the gain of the preamplifier is reduced 
rapidly with increasing signal so that there is 
very lictle rise in output power above the 
threshold of gain control. 

When a signal peak arrives that would nor- 
mally overload the power amplifier, it is de- 
sireable that the gain of the ALC amplifier be 
reduced in a few milliseconds to a value where 
overloading of the power amplifier is over- 
come. After che signal peak passes, the gain 
should return to the normal value in about 
one-tenth second. These attack and release 
times are commonly used for voice communi- 
cations. For this ctype of work, a dynamic range 
of at lease 10 db is desirable. Input peaks as 
high as 20 db above the threshold of com- 
pression should not cause loss of control al- 
though some increase in distortion in the up- 
per range of compression can be tolerated be- 
cause peaks in this range are infrequent. An- 
other limitation is that the preceding SSB 
generator must be capable of passing signals 
above full power output by the amount of 
compression desired. Since the signal level 
through che SSB generator should be main- 
tained within a limited range, it is unlikely 
that more than 12 db ALC action will be 
useful. If che input signal varies more than 
this, a speech compressor should be used to 
limit the range of the signal fed into the SSB 
generator. 

Figure 33 shows the effectiveness of the 
ALC in limiting the output signal to the cap- 
abilities of the power amplifier. An adjustment 
of the delay bias will place the threshold of 
compression at the desired power output. Fig- 
ure 34 shows a simplified schematic of an ALC 
system. This ALC uses two variable gain am- 
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Figure 35 
SSB JR. MODULATOR CIRCUIT 
R-F and A-F sources ate applied in series 
to balanced modulator. 


plifier stages and the maximum overall gain is 
about 20 db. A meter is incorporated which is 
calibrated in db of compression. This is use- 
ful in adjusting the gain for the desired 
amount of load control. A capacity voltage 
divider is used to step down the r-f voltage 
at the plate of the amplifier tube to about 50 
volts for the ALC rectifier. The output of the 
ALC rectifier passes through R-C networks 
to obtain the desired attack and release times 


and through r-f filter capacitors. The 3.3K 
resistor and 0.1 pfd. capacitor across the recti- 
fier output stabilizes the gain around the ALC 
loop to prevent “motor-boating.” 


17-7. Sideband Exciters 


Some of the most popular sideband exciters 
in use today are variations of the simple phas- 
ing circuit introduced in the November, 1950 
issue of General Electric Ham News. Called the 
SSB, Jr. this simple exciter is the basis for 
many of the phasing transmitters now in use. 
Employing only three tubes, the SSB, Jr. is a 
classic example of sideband generation re- 
duced to its simplest form. 


The SSB, Jr. This phasing exciter employs 
audio and r-f phasing circuits 
to produce a SSB signal at one spot frequency. 
The circuit of one of the balanced modulator 
stages is shown in figure 35. The audio signal 
and r-f source are applied in series to two ger- 


manium diodes serving as balanced modulators 
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Figure 36 
SCHEMATIC, SSB, JR. 
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having a push-pull output circuit tuned to the 
r-f “carrier” frequency. The modulator drives 
a linear amplifier directly at the output fre- 
quency. The complete circuit of the exciter 
is shown in figure 36. 

The first tube, 2 12AU7, is a twin-triode 
serving as a speech amplifier and a crystal 
oscillator. The second tube is a 12AT7, act- 
ing as a twin channel audio amplifier follow- 
ing the phase-shift audio network. The linear 
amplifier stage is a GAG7, capable of a peak 
power output of 5 watts. 


Sideband switching is accomplished by the 
reversal of audio polarity in one of the audio 
channels (switch S:), and provision is made 
for equalization of gain in the audio channels 
(Ri). This adjustment is necessary in order 
to achieve normal sideband cancellation, which 
may be of the order of 35 db or better. Phase- 
shift network adjustment may be achieved by 
adjusting potentiometer Rs. Stable modulator 
balance is achieved by the balance potentio- 
meters Rie and Ri: in conjunction with the 
germanium diodes. 

The SSB, Jr. is designed for spot frequency 
operation. Note that when changing frequency 
Li, Lz, La, Li, and Ls should be readjusted, 
since these circuits constitute the tuning ad- 
justments of the rig. The principal effect of 
mistuning Ls, Ls, and Ls will be lower output. 
The principal effect of mistuning L:, however, 
will be degraded sideband suppression. 

Power requirements of the SSB, Jr. are 300 
volts at 60 ma. and —10.5 volts at 1 ma. 
Under load the total plate current will rise to 
about 80 ma. at full level with a single tone 
input. With speech input, the total current 
will rise from the resting value of 60 ma. to 
about 70 ma., depending upon the voice wave- 
form. 


The “Ten-A” = The Model 10-A phasing ex- 
Exciter citer produced by Central 

Electronics, Inc. is an ad- 
vanced version of the SSB, Jr. incorporating 
extra features such as VFO control, voice op- 
eration, and multi-band operation. A simpli- 
fied schematic of the Model 10A is shown in 
figure 37. The 12AX7 two stage speech am- 
plifier excites a transformer coupled 14-12BH7 
low impedance driver stage and a voice oper- 
ated (VOX) relay system employing a 12AX7 
and a GALS. A transformer coupled 12AT7 
follows the audio phasing network, providing 
two audio channels having a 90-degree phase 
difference. A simple 90-degree r-f phase shift 
network in the plate circuit of the 9 Mc. crys- 


tal oscillator stage works into the matched, 
balanced modulator consisting of four 1N48 
diodes. 

The resulting 9 Mc. SSB signal may be con- 
verted to the desired operating frequency in a 
GBA7 mixer stage. Eight volts of r-f from an 
external v-f-o injected on grid #1 of the 
GBA7 is sufficient for good conversion effic- 
iency and low distortion. The plate circuit of 
the GBA7 is tuned to the sum or difference 
mixing frequency and the resulting signal is 
amplified in a 6AG7 linear amplifier stage. 
Two “tweet” traps are incorporated in the 
6BA7 stage to reduce unwanted responses of 
the mixer which are apparent when the unit is 
operating in the 14 Mc. band. Band-changing 
is accomplished by changing coils Ls and Ls 
and the frequency of the external mixing sig- 
nal. Maximum power output is of the order 
of 5 watts at any operating frequency. 


A Simple 80 Meter 
Phasing Exciter 


A SSB exciter employ- 
ing r-f and audio phas- 
ing circuits is shown 
in figure 38. Since the r-f phasing circuits are 
balanced only at one frequency of operation, 
the phasing exciter is necessarily a single fre- 
quency transmitter unless provisions are made 
to re-balance the phasing circuits every time a 
frequency shift is made. However for mobile 
operation, or spot frequency operation a rela- 
tively simple phasing exciter may be made to 
perform in a satisfactory manner. 


A 12AU7 is employed as a Pierce crystal 
oscillator, operating directly on the chosen 
SSB frequency in the 80 meter band. The sec- 
ond section of this tube is used as an isolation 
stage, with a tuned plate circuit, Li. The out- 
put of the oscillator stage is link coupled to a 
90° r-f phase-shift network wherein the audio 
signal from the audio phasing network is com- 
bined with the r-f signals. Carrier balance 
is accomplished by adjustment of the two 1000 
ohm potentiometers in the r-f phase network. 
The output of the r-f phasing network is cou- 
pled through L: to a single GCLG linear am- 
plifier which delivers a 3 watt peak SSB sig- 
nal on 80 meters. 


A cascade 12AT?7 and a single 6C4 comprise 
the speech amplifier used to drive the audio 
phase shift network. A small inter-stage trans- 
former is used to provide the necessary 180° 
audio phase shift required by the network. The 
output of the audio phasing network is cou- 
pled to a 12AU7 dual cathode follower which 
provides the necessary low impedance circuit 
to match the r-f phasing network. A double- 
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Figure 37 
SIMPLIFIED SCHEMATIC OF ‘’TEN-A’ EXCITER 
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Figure 38 
SIMPLE 3-WATT PHASING TYPE SSB EXCITER 


pole double-throw switch in che output circuit 
of the cathode follower permits sideband se- 
lection. 


A Filter-Type Exciter 
for 80 and 40 Meters 


A simple SSB filter- 
type exciter employ- 
ing the Collins me- 
chanical fileer illustrates many of the basic 
principles of sideband generation. Such an ex- 
citer is shown in figure 39. The exciter is de- 
signed for operation in the 80 or 40 meter 
phone bands and delivers sufficient output to 
drive a class AB: tetrode such as the 2E26, 807, 
or 6146. A conversion crystal may be em- 
ployed, or a separate conversion v-f-o can be 
used as indicated on the schematic illustration. 

The exciter employs five tubes, exclusive 
of power supply. They are: 6U8 low frequency 
oscillator and r-f phase inverter, GBAG i-f am- 
plifier, GBA7 high frequency mixer, 6AG7 
linear amplifier, and 12AU7 speech amplifier 
and cathode follower. The heart of the exciter 
is the balanced modulator employing two 
1N81 germanium diodes and the 455 kc., 
3500-cycle bandwidth mechanical fileer. The 
input and output circuits of the fileer are re- 
sonated to 455 kc. by means of small padding 
capacitors. 

A series-tuned Clapp oscillator covers the 
range of 452 kc. — 457 kc. permitting che 


carrier frequency to be adjusted to the “20 
decibel” points on the response curve of the 
filter, as shown in figure 40. Proper r-f sig- 
nal balance to the diode modulator may be 
obtained by adjustment of the padding capaci- 
tor in the cathode circuit of the triode section 
of the 6U8 r-f tube. Carrier balance is set by 
means of a 50K potentiometer placed across 
the balanced modulator. 


One half of a 12AU7 serves as a speech am- 
plifier delivering sufficient outpue from a 
high level crystal microphone to drive the sec- 
ond half of the tube as a low impedance cath- 
ode follower, which is coupled to the balanced 
modulator. The two 1N81 diodes act as an 
electronic switch, impressing a double side- 
band, suppressed-carrier signal upon the me- 
chanical filter. By the proper choice of fre- 
quency of the beating oscillator, che unwanted 
sideband may be made to fall outside the pass- 
band of the mechanical fileer. Thus a single 
sideband suppressed-carrier signal appears at 
the output of che filter. The 455 kc. SSB sig- 
nal is amplified by a GBAG pentode stage, and 
is then converted to a frequency in the 80 
meter or 40 meter band by a GBA7 mixer 
stage. Eicher a crystal or an external v-f-o may 
be used for the mixing signal. 


To reduce spurious signals, a double tuned 
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THE “TWENTY DB” CARRIER 


POINTS ON THE FILTER CURVE 
The beating oscillator should be adjusted so 
that its frequency corresponds to the 20 db 
attenuation points of the mechanical filter 
passband, The carrier of the SSB signal is 
thus attenuated 20 db in addition to the 
inherent carrier attenuation of the balanced 
mixer. A total carrier attenuation of 50 db 
is achieved. Unwanted sideband rejection is 

of the same order. 
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Figure 41 
THE PRODUCT DETECTOR 
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Figure 42 
DOUBLE-SIDEBAND 
SUPPRESSED-CARRIER SIGNAL 
The envelope shown at B also is obtained on 
the oscilloscope when two audio frequencies 
of the same amplitude are fed to the input 
of a single-sideband transmitter. 
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transformer is placed between the mixer stage 
and the GAG7 output stage. A maximum sig- 
nal of 3 watts may be obtained from the GAG7 
linear amplifier. 

Selection of the upper or lower sideband is 
accomplished by tuning the 6U8 beating os- 
cillator across the passband of the mechanical 
filter, as shown in figure 40. If the 80 meter 
conversion oscillator is placed on the low fre- 
quency side of the SSB signal, placing the 
6U8 beating oscillator on the low frequency 
side of the passband of the mechanical filter 
will produce the upper sideband on 80 meters. 
When the beating oscillator is placed on the 
high frequency side of the passband of the 
mechanical filter the lower sideband will be 
generated on 80 meters. If the 80 meter con- 
version oscillator is placed on the high fre- 
quency side of the SSB signal, the sidebands 
will be reversed from the above. The variable 
oscillator should be set at approximately the 
20 db suppression point of the passband of 
the mechanical filter for best operation, as 
shown in figure 40. If the oscillator is closer 
in frequency to the filter passband than this, 
carrier rejection will suffer. If che oscillator is 
moved farther away in frequency from the 
passband, the lower voice frequencies will be 
attenuated, and the SSB signal will sound high- 
pitched and tinny. A little practice in setting 
the frequency of the beating oscillator while 
monitoring the 80 meter SSB signal in the 
station receiver will quickly acquaint the oper- 
ator with the proper frequency setting of the 
beating oscillator control for transmission of 
either sideband. 


If desired, an amplitude modulated signal 
with full carrier and one sideband may be 
transmitted by placing the GU8 low frequency 
oscillator just inside either edge of the pass- 
band of the filter (designated “AM point”, 
figure 40). 

After the 6U8 oscillator is operating over 
the proper frequency range it should be possi- 
ble to tune the beating oscillator tuning capac- 
itor across the passband of the mechanical fil- 
ter and obtain a reading on the S-meter of a 
receiver tuned to the filer frequency and cou- 
pled to the input grid of the GBAG i-f ampli- 
fier tube. The two carrier balance controls of 
the 6U8 phase inverter section should be ad- 
justed for a null reading of the S-meter when 
the oscillator is placed in the center of the 
filter passband. The GBAG stage is now 
checked for operation, and transformed T; 
aligned to the carrier frequency. It may be 
necessary to unbalance temporarily potentio- 


meter #2 of the GUS phase inverter in order 
to obtain a sufficiently strong signal for prop- 
er alignment of Ti. 

A conversion crystal is next plugged in the 
6BA7 conversion oscillator circuit, and the op- 
eration of the oscillator is checked by moni- 
toring the crystal frequency with a nearby re- 
ceiver. The SSB “carrier” produced by the un- 
balance of potentiometer #2 should be heard 
at the proper sideband frequency in either the 
80 meter or 40 meter band. The coupled cir- 
cuit between the GBA7 and the 6AG7 is re- 
sonated for maximum carrier voltage at the 
grid of the amplifier stage. Care should be 
taken that this circuit is tuned to the sideband 
frequency and not to the frequency of the con- 
version oscillator. Finally, the GAG7 stage is 
tuned for maximum output. When these ad- 
justments have been completed, the 455 kc. 
beating oscillator should be moved just out 
of the passband of the mechanical filter. The 
80 meter “carrier” will disappear. If it does 
not, there is either energy leaking around the 
filter, or the amplifier stages are oscillating. 
Careful attention to shielding (and neutrali- 
zation) should cure this difficulty. 


Audio excitation is now applied to the ex- 
citer, and the S-meter of the receiver should 
kick up with speech, but the audio output of 
the receiver should be unintelligible. As the 
frequency of the beating oscillator is adjusted 
so as to bring the oscillator frequency within 
the passband of the mechanical filrer the mo- 
dulation should become intelligible. A single 
sideband a.m. signal is now being generated. 
The BFO of the receiver should now be turned 
on, and the beating oscillator of the exciter 
moved out of the filter passband. When the 
receiver is correctly tuned, clean, crisp speech 
should be heard. The oscillator should be set 
at one of the “20 decibel” points of the filter 
curve, as shown in figure 40 and all adjust- 
ments trimmed for maximum carrier suppres- 
sion, 


17-8 Reception of 
Single Sideband Signals 


Single-sideband signals may be received, 
after a certain degree of practice in the tech- 
nique, in a quite adequate and satisfactory 
manner with a good communications receiver. 
However, the receiver must have quite good 
frequency stability both in the high-frequency 
oscillator and in the beat oscillator. For this 
reason, receivers which use a crystal-con- 
trolled first oscillator are likely to offer a 
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greater degree of satisfaction than the more 
common type which uses a self-controlled os- 
cillator. 


Beat oscillator stability in most receivers 
is usually quite adequate, but many receivers 
do not have a sufficient amplitude of beat os- 
cillator injection to allow reception of strong 
SSB signals without distortion. In such re- 
ceivers it is necessary either to increase the 
amount of beat-oscillator injection into the 
diode detector, or the manual gain control of 
the receiver must be turned down quite low. 

The tuning procedure for SSB signals is as 
follows: The SSB signals may first be located 
by tuning over the band with receiver set 
for the reception of c-w.; that is, with the man- 
ual gain at a moderate level and with the beat 
oscillator operating. By tuning in this manner 
SSB signals may be /ocated when they are far 
below the amplitude of conventional AM sig- 
nals on the frequency band. Then after a sig- 
nal has been located, the beat oscillator should 
be turned off and the receiver put on a.v.c. 
Following this the receiver should be tuned 
for maximum swing of the S meter with modu- 
lation of the SSB signal. It will not be possible 
to understand the SSB signal at this time, but 
the receiver may be tuned for maximum deflec- 
tion. Then the receiver is put back on manual 
gain control, the beat oscillator is turned on 
again, the manual gain is turned down until 
the background noise level is quite low, and 
the beat oscillator control is varied until the 
signal sounds natural. 


The procedure in the preceding paragraph 
may sound involved, but actually all the steps 
except the last one can be done in a moment. 
However, the last step is the one which will 
require some practice. In the first place, it is 
not known in advance whether the upper or 
lower sideband is being transmitted. So it will 
be bese to start tuning the beat oscillator from 
one side of the pass band of the receiver to 
the other, rather than starting with the beat 
oscillator near the center of the pass band as 
is normal for c-w reception. 


With the beat oscillator on the wrong side 
of the sideband, the speech will sound inverted; 
that is to say that low-frequency modulation 
tones will have a high pitch and high-frequen- 
cy modulation tones will have a low pitch— 
and the speech will be quite unintelligible. 
With the beat oscillator on the correct side of 
the sideband but too far from the correct posi- 
tion, the speech will have some intelligibility 
but the voice will sound quite high pitched. 
Then as the correct setting for the beat oscilla- 


tor is approached the voice will begin to sound 
natural but will have a background grow! on 
each syllable. At the correct frequency for the 
beat oscillator the speech will clear complete- 
ly and the voice will have a clean, crisp qual- 
ity. It should also be mentioned that there is 
a narrow region of tuning of the beat oscillator 
a small distance on the wrong side of the side- 
band where the voice will sound quite bassy 
and difficule to understand. 


With a little experience it will be possible 
to identify the sound associated with improper 
settings of the beat-oscillator control so that 
corrections in the setting of the control can be 
made. Note that the main tuning control of the 
receiver is not changed after the sideband 
once is tuned into the pass band of the re- 
ceiver. All the fine tuning should be done with 
the beat oscillator control. Also, it is very im- 
portant that the r-f gain control be turned to 
quite a low level during the tuning process. 
Then after the signal has been tuned properly 
the r-f gain may be increased for good signal 
level, or until the point is reached where best 
oscillator injection becomes insufficient and 
the signal begins to distort. 


Single-Sideband 
Receivers and 
Adopters 


Greatly simplified tuning, 
coupled with strong atten- 
uation of undesired sig- 
nals, can be obtained 
through the use of a single-sideband receiver 
or receiver adapter. The exalted carrier prin- 
ciple usually is employed in such receivers, with 
a phase-sensitive system sometimes included 
for locking the local oscillator to the frequency 
of the carrier of the incoming signal. In order 
for the locking system to operate, some carrier 
must be transmitted along with the SSB signal. 
Such receivers and adapters include a means 
for selecting the upper or lower sideband by 
the simple operation of a switch. For the re- 
ception of a single-sideband signal the switch 
obviously must be placed in the correct posi- 
tion. But for the reception of a conventional 
AM or phase-modulated signal, either sideband 
may be selected, allowing the sideband with 
the least interference to be used. 


The Product Detector An unusually | satis- 
factory form of de- 
modulator for SSB service is the product de- 
tector, shown in one form in figure 41. This 
circuit is preferred since it reduces intermodu- 
lation products and does not require a large 
local carrier voltage, as contrasted to the more 
common diode envelope detector. This product 
detector operates much in the same manner as 
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Figure 43 
HIGH-LEVEL DSB BALANCED MODULATOR 


a multi-grid mixer tube. The SSB signal is 
applied to the control grid of the tube and 
the locally generated carrier is impressed upon 
the other control grid. The desired audio out- 
put signal is recovered across the plate resist- 
ance of the demodulator tube. Since the cath- 
ode current of the tube is controlled by the 
simultaneous action of the two grids, the cur- 
rent will contain frequencies equal to the sum 
and difference between the sideband signal and 
the carrier. Other frequencies are suppressed by 
the low-pass r-f filter in the plate circuit of the 
stage, while the audio frequency is recovered 
from the i-f sideband signal. 


17-9 Double Sideband 


Transmission 


Many systems of intelligence transmission 
lie in the region between amplitude modula- 
tion on the one hand and single sideband sup- 
pressed-carrier transmission on the other hand. 
One system of interest to the amateur is the 
Synchronous Communications System, popular- 
ly known as “double sideband” (DSB-) trans- 
mission, wherein a suppressed-carrier double 
sideband signal is transmitted (figure 42). 
Reception of such a signal is possible by util- 
izing a local oscillator phase-control system 
which derives carrier phase information from 
the sidebands alone and does not require the 
use of any pilot carrier. 


The DSB Transmitter A balanced modulator 
of che type shown in 
figure 8 may be employed to create a DSB 
signal. For higher operating levels, a pair of 
class-C type tetrode amplifier tubes may be 


screen modulated by a push-pull audio system 


and excited from a push-pull r-f source. The 
plates of such a modulator are connected in 
parallel to the tank circuit, as shown in figure 
43. This DSB modulator is capable of 1-kilo- 
watt peak power output at a plate potential of 
4000 volts. The circuit is self-neutralizing and 
the tune-up process is much the same as with 
any other class-C amplifier stage. As in the 
case of SSB, the DSB signal may also be gen- 
erated at a low level and amplified in linear 
stages following the modulator. 


Synchronous 
Detection 


A DSB signal may be re- 
ceived with difficulty on a 
conventional receiver, and 
one of the two sidebands may easily be received 
on a single sideband receiver. For best recep- 
tion, however, a phase-locked local oscillator 
and a synchronous detector should be em- 
ployed. This operation may be performed eith- 
er at the frequency of reception or at a con- 
venient intermediate frequency. A block dia- 


I-syn- 
CHRONOUS| 
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Figure 44 
BLOCK DIAGRAM OF DSB 
RECEIVING ADAPTER 
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gram of a DSB synchronous receiver is shown 
in figure 44. The DSB signal is applied to 
two detectors having their local oscillator con- 
version voltages in phase quadrature to each 
other so that the audio contributions of the 
upper and lower sidebands reinforce one an- 
other. The in-phase oscillator voltage is ad- 
justed to have the same phase as the suppressed 
carrier of the transmitted signal. The I-ampli- 
fier audio output, therefore, will contain the 
demodulated audio signal, while the Q-ampli- 
fier (supplied with quadrature oscillator volt- 
age) will produce no output due to the quad- 
rature null. Any frequency change of the local 
oscillator will produce some audio output in 
the Q-amplifier, while the I-amplifier is rela- 
tively unaffected. The Q-amplifier audio will 
have the same polarity as the I-channel audio 
for one direction of oscillator drift, and oppo- 
site polarity for oscillator drift in the opposite 
direction. The Q-amplifier signal level is pro- 
portional to the magnitude of the local oscilla- 
tor phase angle error (the oscillator drift) for 
small errors. By combining the I-signal and 
the Q-signal in the audio phase discriminator 
a d-c control voltage is developed which auto- 
matically corrects for local oscillator phase er- 


rors. The reactance tube therefore locks the 
local oscillator to the correct phase. Phase con- 
trol information is derived entirely from the 
sideband component of the signal and the 
carrier (if present) is not employed. Phase 
control ceases with no modulation of the sig- 
nal and is reestablished with the reappearance 
of modulation. 


Interference falling 
within the passband 
of the receiver can be reduced by proper com- 
bination of the I- and Q- audio signals. Under 
phase lock conditions, the I-signal is com- 
posed of the audio signal plus the undesired 
interference, whereas the Q-signal contains 
only the interference component. Phase can- 
cellation obtained by combining the two sig- 
nals will reduce the interference while still 
adding the desired information contained in 
both side-bands. The degree of interference re- 
jection is dependent upon the ratio of inter- 
ference falling upon the two sidebands of the 
received signal and upon the basic design of 
the audio networks. A schematic and descrip- 
tion of a complete DSB receiving adapter is 
shown in the June, 1957 issue of CQ maga- 
zine. 


Interference Rejection 


17-10 The Beam 
Deflection Modulator 


A recent development in the single side- 
band field is the beam deflection tube (type 
7360). This miniature tube employs a simple 
electron “gun” which generates, controls, and 
accelerates a beam of electrons directed toward 
identical plates. The total plate current is de- 
termined by the voltages applied to the control 
grid and screen grid of the “gun”. The divi- 
sion of plate current between the two plates 
is determined by the difference in voltage be- 
tween two deflecting electrodes placed between 
the “gun” and the plates. R.f. voltage is used 
to modulate the contro! grid of the electron 
“gun” and the electron stream within the tube 
may be switched between the plates by means 
of an audio signal applied to the deflecting 
electrodes. The 7360 makes an_ excellent 
balanced modulator (figure 45) or product 
detector having high impedance input 
circuits, low distortion, and excellent carrier 
suppression. 


7360 


\ PUSH-PULL AUDIO~ +205. 


Figure 45. 
BALANCED MODULATOR CIRCUIT 
USING 7360 BEAM DEFLECTION TUBE, 
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CHAPTER EIGHTEEN 


Transmitter Design 


The excellence of a transmitter is a func- 
tion of the design, and is dependent upon the 
execution of the design and the proper choice 
of components. This chapter deals with the 
study of transmitter circuitry and of the basic 
components that go to make up this circuitry. 
Modern components are far from faultless. Re- 
sistors have inductance and distributed ca- 
pacity. Capacitors have inductance and re- 
sistance, and inductors have resistance and 
distributed capacity. None of these residual 
attributes show up on circuit diagrams, yet 
they are as much responsible for the success 
or failure of the transmitter as are the neces- 
sary and vital bits of resistance, capacitance 
and inductance. Because of these unwanted 
attributes, the job of translating a circuit on 
Paper into a working piece of equipment often 
becomes an impossible task to those individ- 
uals who disregard such important trivia. 
Rarely do circuit diagrams show such pitfalls 
as ground loops and residual inductive cou- 
pling between stages. Parasitic resonant cir- 
cuits are rarely visible from a study of the 
schematic. Too many times radio equipment is 
rushed into service before it has been entirely 
checked. The immediate and only too apparent 
results of this enthusiasm are transmitter in- 
stability, difficulty of neutralization, r.f. wan- 
dering all over the equipment, and a general 
‘“‘couchiness’’ of adjustment. Hand in glove 
with these problems go the more serious ones 
of TVI, key-clicks, and parasitics. By paying 
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attention to detail, with a good working know- 
ledge of the limitations of the components, 
and with a basic conception of the actions of 
ground currents, the average amateur will be 
able to build equipment that will work ‘just 
like the book says.’’ 

The twin problems of TVI and parasitics 
are an outgrowth of the major problem of over- 
all circuit design. If close attention is paid 
to the cardinal points of circuitry design, the 
secondary problems of TVI and parasitics 
will in themselves be solved. 


18-1 


Resistors 


The resistance of a conductor is a function 
of the material, the form the material takes, 
the temperature of operation, and the frequen- 
cy of the current passing through the resist- 
ance. In general, the variation in resistance 
due to temperature is directly proportional to 
the temperature change. With most wire-wound 
resistors, the resistance increases with tem- 
perature and returns to its original value when 
the temperature drops to normal. So-called 
composition or carbon resistors have less 
reliable temperature/resistance characteris- 
tics. They usually have a positive tempera- 
ture coefficient, but the retrace curve as the 
resistor is cooled is often erratic, and in 
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many cases the resistance does not return to 
its original value after a heat cycle. It is for 
this reason that care must be taken when sol- 
dering composition resistors in circuits that 
require close control of the resistance value. 


Matched resistors used in phase-inverter serv- 


ice can be heated out of tolerance by the act 
of soldering them into the circuit. Long leads 
should be left on the resistors and a long- 
nose pliers should grip the lead between the 
iron and the body of the resistor to act as a 
heat block. General temperature character- 
istics of typical carbon resistors are shown 
in figure 1. The behavior of an individual re- 


sistor will vary from these curves depending 
upon the manufacturer, the size and wattage 
of the resistor, etc. 


Inductance of 
Resistors 


Every resistor because of its 
physical size has in addition 
to its desired resistance, less 
desirable amounts of inductance and distrib- 
uted capacitance. These quantities are illus- 
trated in figure 2A, the general equivalent cir- 
cuit of a resistor. This circuit represents the 
actual impedance network of a resistor at any 
frequency. Ac a certain specified frequency 


EQUIVALENT CIRCUIT OF A RESISTOR 
AT A PARTICULAR FREQUENCY 


RELATIVE RESISTANCE (OHMS) 


$ 10 
FREQUENCY (MC.) 


Figure 3 


FREQUENCY EFFECTS ON SAMPLE 
COMPOSITION RESISTORS 
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Figure 4 


CURVES OF THE IMPEDANCE OF WIRE- 
WOUND RESISTORS AT RADIO 
FREQUENCIES 


the impedance of the resistor may be thought 
of as a series reactance (X,) as shown in fig- 
ure 2B. This reactance may be either induc- 
tive or capacitive depending upon whether the 
residual inductance or the distributed capaci- 
tance of the resistor is the dominating factor. 
As a tule, skin effect tends to increase the 
reactance with frequency, while the capacity 
between turns of a wire-wound resistor, or ca- 
pacity between the granules of a composition 
resistor tends to cause the reactance and re- 
sistance to drop with frequency. The behavior 
of various types of composition resistors over 
a large frequency range is shown in figure 3. 
By proper component design, non-inductive re- 
sistors having a minimum of residual react- 
ance characteristics may be constructed. Even 
these have reactive effects that cannot be ig- 
nored at high frequencies. 

Wirewound resistors act as low-Q inductors 
at radio frequencies. Figure 4 shows typical 
curves of the high frequency characteristics 
of cylindrical wirewound resistors. In addition 
to resistance variations wirewound resistors 
exhibit both capacitive and inductive react- 
ance, depending upon the type of resistor and 
the operating frequency. In fact, such resis- 
tors perform in a fashion as low-Q r-f chokes 
below their parallel self-resonant frequency. 


18-2 Capacitors 


The inherent residual characteristics of ca- 
pacitors include series resistance, series in- 
ductance and shunt resistance, as shown in 
figure 5. The series resistance and inductance 


R SHUNT 
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Figure 5 
EQUIVALENT CIRCUIT OF A CAPACITOR 


depend to a large extent upon the physical 
configuration of the capacitor and upon the 
material of which it is made. Of great interest 
to the amateur constructor is the series in- 
ductance of the capacitor. At a certain fre- 
quency the series inductive reactance of the 
capacitor and the Capacitive reactance are 
equal and opposite, and the Capacitor is in 
itself series resonant at this frequency. As 
the operating frequency of the circuit in which 
the capacitor is used is increased above the 
series resonant frequency, the effectiveness 
of the capacitor as a by-passing element de- 
teriorates until the unit is about as effective 
as a block of wood. 


By-Pass 
Capacitors 


The usual forms of by-pass ca- 
pacitors have dielectrics of paper, 
mica, or ceramic. For audio work, 
and low frequency r-f work up to perhaps 2 Mc. 
or so, the paper capacitors are satisfactory 
as their relatively high internal inductance has 
licele effect upon the proper operation of the 
circuit. The actual amount of internal induct- 
ance will vary widely with the manufacturing 
process, and some types of paper capacitors 
have satisfactory characteristics up to a fre- 
quency of 5 Mc. or so. 

When considering the design of transmitcing 
equipment, it must be remembered that while 
the transmitter is operating at some relatively 
low frequency of, say, 7 Mc., there will be 
harmonic currents flowing through the various 
by-pass capacitors of the order of 10 to 20 
times the operating frequency. A capacitor 
that behaves properly at 7 Mc. however, may 
offer considerable impedance to the flow of 
these harmonic currents. For minimum har- 
monic generation and radiation, it is obviously 
of greatest importance to employ by-pass ca- 
pacitors having the lowest possible internal 
inductance. 

Mica dielectric capacitors have much less 
internal inductance than do most paper con- 
densers. Figure 6 lists self-resonant frequen- 
cies of various mica Capacitors having various 
lead lengths. It can be seen from inspection 
of this table that most mica Capacitors be- 
come self-resonant in the 12-Mc. to 50-Mc. 
region. The inductive reactance they would 
offer to harmonic currents of 100 Mc. or so 
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02 UF MICA 
002 UF MICA 
O01 MF MICA 


0009 UF MICA 


002 UF CERAMIC 


-001 UF CERAMIC 
$00 LWUF BUTTON 
-001 UF CERAMIC 
-O1 UF CERAMIC 


Figure 6 
SELF-RESONANT FREQUENCIES OF 
VARIOUS CAPACITORS WITH 
RANDOM LEAD LENGTH 
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would be of considerable magnitude. In certain 
instances it is possible to deliberately series- 
resonate a mica capacitor to a certain frequen- 
cy somewhat below its normal self-resonant 
frequency by trimming the leads to a critical 
length. This is sometimes done for maximum 
by-passing effect in the region of 40 Mc. to 
60 Mc. 

The recently developed button-mica Capaci- 
tors shown in figure 7 are especially designed 
to have extremely low internal inductance. 
Certain types of button-mica capacitors of 
small physical size have a self-resonant fre- 
quency in the region of 600 Mc. 

Ceramic dielectric capacitors in general 
have the lowest amount of series inductance 
per unit of capacitance of these three univer- 
sally used types of by-pass capacitors. Typi- 
cal resonant frequencies of various ceramic 
units are listed in figure 6. Ceramic capaci- 
tors are available in various voltage and capa- 
city ratings and different physical configura- 
tions. Stand-off types such as shown in figure 
7 are useful for by-passing socket and tcans- 
former terminals. Two of these capacitors may 
be mounted in close proximity on a chassis 
and connected together by an r-f choke to form 
a highly effective e-f filter. The inexpensive 
“‘clamshell’’ type of ceramic capacitor is 
recommended for general by-passing in r-f cir- 
cuitcy, as it is effective as a by-pass unit to 
well over 100 Mc. 

The large TV ‘‘dootknob’’ capacitors are 
useful as by-pass units for high voltage lines. 
These capacitors have a value of 500 micro- 
microfarads, and are available in voltage rat- 
ings up to 40,000 volts. The dielectric of 
these capacitors is usually titanium-dioxide. 
This material exhibits piezo-electric effects, 
and capacitors employing it for a dielectric 
will tend to ‘‘talk-back’’ when a-c voltages 
are applied across them. When these capaci- 


tors are used as plate bypass units in a modu- 
lated transmitter they will cause acoustical 
noise. Otherwise they are excellent for gen- 
eral r-f work. 

A recent addition to the varied line of ca- 
pacitors is the coaxial or ‘“‘Hypass’’ type of 
capacitor. These capacitors exhibit superior 
by-passing qualities at frequencies up to 200 
Mc. and the bulkhead type are especially ef- 
fective when used to filter leads passing 
through partition walls between two stages. 


Vorioble Air 


Even though air is the perfect 
Copocitors 


dielectric, air capacitors exhibit 
losses because of the inherent 
resistance of the metallic parts that make up 
the capacitor. In addition, the leakage loss 
across the insulating supports may become of 
some consequence at high frequencies. Of 
greater concern is the inductance of the ca- 
pacitor at high frequencies. Since the capaci- 
tor must be of finite size, it will have tie-rods 
and metallic braces and end plates, all of which 
contribute to the inductance of the unit. The 
actual amount of the inductance will depend 
upon the physical size of the capacitor and 
the method used to make contact to the stator 
and rotor plates. This inductance may be cut 
to a minimum value by using as small a ca- 
Pacitor as is practical, by using insulated tie- 
rods to prevent the formation of closed induc- 
tive loops in the frame of the unit, and by 
making connections to the centers of the plate 
assemblies rather than to the ends as is com- 


Figure 7 
TYPES OF CERAMIC AND MICA CAPACI- 
TORS SUITABLE FOR HIGH-FREQUENCY 
BYPASSING 
The Centrolab 8585S (1000 puifd) is recom- 


mended for screen ond plote circuits af tet- 
rode tubes. 
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monly done. A large transmitting capacitor 
may have an inherent inductance as large as 
0.1 microhenry, making the capacitor suscep- 
tible to parasitic resonances in the $0 Mc. to 
150 Mc. range of frequencies. 

The question of optimum C/L ratio and ca- 
pacitor plate spacing is covered in Chapter 
Thirteen. For all-band operation of a high power 
stage, it is recommended that a capacitor just 
large enough for 40-meter phone operation be 
chosen. (This will have sufficient capacitance 
for phone operation on all higher frequency 
bands.) Then use fixed padding capacitors for 
operation on 80 meters. Such padding capaci- 
tors are available in air, ceramic, and vacuum 
types. 

Specially designed variable capacitors are 
recommended for u-h-f work; ordinary capaci- 
tors often have “‘loops’’ in the metal frame 
which may resonate near the operating fre- 
quency. 


Variable Vacuum 
Capacitors 


Variable vacuum capacitors 
because of their small phy- 
sical size have less inher- 
ent inductance per unit of capacity than do 
variable air capacitors. Their losses are ex- 
tremely low, and their dielectric strength is 
high. Because of increased production the 
cost of such units is now within the reach of 
the designer of amateur equipment, and their 
use is highly recommended in high power tank 
circuits. 


18-3 


Wire and Inductors 


Any length of wire, no matter how short, 
has a certain value of inductance. This prop- 
erty is of great help in making coils and in- 
ductors, but may be of great hindrance when 
it is not taken into account in circuit design 
and construction. Connecting circuit elements 
(themselves having residual inductance) to- 
gether with a conductor possessing additional 
inductance can often lead to puzzling difficul- 
ties. A piece of no. 10 copper wire ten inches 
long (a not uncommon length for a plate lead 
in a transmitter) can have a self-inductance of 
0.15 microhenries. This inductance and that 
of the plate tuning capacitor together with the 
plate-to-ground capacity of the vacuum tube 
can form a resonant circuit which may lead to 
parasitic oscillations in the v-h-f regions. To 
keep the self-inductance at a minimum, all r-f 
carrying leads should be as short as possible 
and should be made out of as heavy material 
as possible. 

At the higher frequencies, solid enamelled 
copper wire is most efficient for t-f leads. 


Tinned or stranded wire will show greater 
losses at these frequencies. Tank coil and 
tank capacitor leads should be of heavier wire 
than other r-f leads. 

The best type of flexible lead from the en- 
velope of a tube to a terminal is thin copper 
strip, cut from thin sheet copper. Heavy, rigid 
leads to these terminals may crack the enve- 
lope glass when a tube heats or cools. 

Wires carrying only a.f. or d.c. should be 
chosen with the voltage and current in mind. 
Some of the low-filament-voltage transmitting 
tubes draw heavy current, and heavy wire must 
be used to avoid voltage drop. The voltage is 
low, and hence not much insulation is required. 
Filament and heater leads are usually twisted 
together. An initial check should be made on 
the filament voltage of all tubes of 25 watts 
or more plate dissipation rating. This voltage 
should be measured right at the tube sockets. 
If it is low, the filament transformer voltage 
should be raised. If this is impossible, heavier 
or parallel wires should be used for filament 
leads, cutting down their length if possible. 

Coaxial cable may be used for high voltage 
leads when it is desirable to shield them from 
r-f fields. RG-8/U cable may be used at d-c 
potentials up to 8000 volts, and the lighter 
RG-17/U may be used to potentials of 3000 
volts. Spark-plug type high-tension wire may 
be used for unshielded leads, and will with- 
stand 10,000 volts. 


If this cable is used, the high-voltage leads 
may be cabled with filament and other low- 
voltage leads. For high-voltage leads in low- 
power exciters, where the plate voltage is not 
over 450 volts, ordinary radio hookup wire of 
good quality will serve the purpose. 

No r-f leads should be cabled; in fact it is 
better to use enamelled or bare copper wire 
for t-f leads and rely upon spacing for insula- 
tion. All r-f joints should be soldered, and the 
joint should be a good mechanical junction 
before solder is applied. 

The efficiency and Q of air coils commonly 
used in amateur equipment is a factor of the 
shape of the coil, the proximity of the coil to 
other objects (including the coil form) and the 
material of which the coil is made. Dielectric 
losses in so-called ‘‘air wound’’ coils are 
low and the Q of such coils runs in the neigh- 
borhood of 300 to 500 at medium frequencies. 
Unfortunately, most of the transmitting type 
plug-in coils on the market designed for link 
coupling have far too small a pick up link for 
proper operation at 7 Mc. and 3.5 Mc. The co- 
efficient of coupling of these coils is about 
0.5, and additional means must be employed 
to provide satisfactory coupling at these low 
frequencies. Additional inductance in series 
with the pick up link, the whole being reso- 
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Figure 8 
ELECTRICAL EQUIVALENT OF R-F CHOKE AT VARIOUS FREQUENCIES 


nated to the operating frequency will often 
permit satisfactory coupling. 

Coil Placement For best Q a coil should be 
in the form of a solenoid with 
length from one to two times the diameter. For 
minimum interstage coupling, coils should be 
made as small physically as is practicable. 
The coils should then be placed so that ad- 
joining coils are oriented for minimum mutual 
coupling. To determine if this condition exists, 
apply the following test: the axis of one of the 
two coils must lie in the plane formed by the 
center turn of the other coil. If this condition 
is not met, there will be appreciable coupling 
unless the unshielded coils are very small in 
diameter or are spaced a considerable dis- 
tance from each other. 

Insulation On frequencies above 7 Mc., cera- 
mic, polystyrene, or Mycalex in- 
sulation is to be recommended. Cold flow must 
be considered when using polystyrene (Am- 
phenol 912, etc.). Bakelite has low losses on 
the lower frequencies but should never be 
used in the field of high-frequency tank cir- 
cuits. 

Lucite (or Plexiglas), which is available 
in rods, sheets, or tubing, is satisfactory for 
use at all radio frequencies where the r-f volt- 
ages are not especially high. It is very easy 
to work with ordinary tools and is not expen- 
sive. The loss factor depends to a consider- 
able extent upon the amount and kind of plas- 
ticizer used. 

The most important thing to keep in mind 
regarding insulation is that the best insulation 
is air. If it is necessary to reinforce air-wound 
coils to keep turns from vibrating or touching, 
use strips of Lucite or polystyrene cemented 
in place with Amphenol 912 coil dope. This 
will result in lower losses than the commonly 
used celluloid ribs and Duco cement. 


R-f chokes may be consid- 
ered to be special induct- 
ances designed to have a 
high value of impedance over a large range of 
frequencies. A practical r-f choke has induct- 
ance, distributed capacitance, and resistance. 


Radio Frequency 
Chokes 


At low frequencies, the distributed capacity 
has little effect and the electrical equivalent 
circuit of the r-f choke is as shown in figure 
8A. As the operating frequency of the choke 
is raised the effect of the distributed capacity 
becomes more evident until at some particular 
frequency the distributed capacity resonates 
with the inductance of the choke and a parallel 
resonant circuit is formed. This point is shown 
in figure 8B. As the frequency of operation 
is further increased the overall reactance of 
the choke becomes Capacitive, and finally a 
point of series resonance is reached (figure 
8C.). This cycle repeats itself as the operating 
frequency is raised above the series resonant 
point, the impedance of the choke rapidly be- 
coming lower on each successive cycle. A 
chart of this action is shown in figure 9. It 
can be seen that as the r-f choke approaches 
and leaves a condition of series resonance, 
the performance of the choke is seriously im- 
paired. The condition of series resonance 
may easily be found by shorting the terminals 
of the r-f choke in question with a piece of 
wire and exploring the windings of the choke 
with a grid-dip oscillator. Most commercial 
transmitting type chokes have series reso- 
nances in the vicinity of 11 Mc. or 24 Mc. 


ie 
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Figure 9 
FREQUENCY-IMPEDANCE CHARACTERIS- 
TICS FOR TYPICAL PIE-WOUND 
R-F CHOKES 
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Figure 10 
GROUND LOOPS IN AMPLIFIER STAGES 


A. Using chassis return 
B. Common ground point 


18-4 Grounds 


At frequencies of 30 Mc. and below, a chas- 
sis may be considered as a fixed ground refer- 
ence, since its dimensions are only a fraction 
of a wavelength. As the frequency is increased 
above 30 Mc., the chassis must be considered 
as a conducting sheet on which there are 
points of maximum current and potential. How- 
ever, for the lower amateur frequencies, an 
object may be assumed to be at ground poten- 
tial when it is affixed to the chassis. 

In transmitter stages, two important current 
loops exist. One loop consists of the grid cir- 
cuit and chassis return, and the other loop 
consists of the plate circuit and chassis re- 
turn. These two loops are shown in figure 10A. 
It can be seen that the chassis forms a return 
for both the grid and plate circuits, and that 
ground currents flow in the chassis towards 
the cathode circuit of the stage. For some 
years the theory has been to separate these 
ground currents from the chassis by returning 
all ground leads to one point, usually the 
cathode of the tube for the stage in question. 
This is well and good if the ground leads are 
of minute length and do not introduce cross 
couplings between the leads. Such a technique 
is illustrated in figure 10B. wherein all stage 
components are grounded to the cathode pin 
of the stage socket. However, in transmitter 


construction the physical size of the compon- 
ents prevent such close grouping. It is nec- 
essary to spread the components of such a 
stage over a fairly large area. In this case it 
is best to ground items directly to the chassis 
at the nearest possible point, with short, direct 
grounding leads. The ground currents will 
flow from these points through the low induct- 
ance chassis to the cathode return of the 
stage. Components grounded on the top of the 
chassis have their ground currents flow through 
holes to the cathode circuit which is usually 
located on the bottom of the chassis, since 
such currents travel on the surface of the chas- 
sis. The usual ‘‘top to bottom’’ ground path 
is through the hole cut in the chassis for the 
tube socket. When the gain per stage is rela- 
tively low, or there are only a small number 
of stages on a chassis this universal ground- 
ing system is ideal. It is only in high gain 
stages (i-f strips) where the ‘‘gain per inch’’ 
is very high that circulating ground currents 
will cause operational instability. 


Intercoupling of It is important to prevent in- 
Ground Currents tercoupling of various differ- 

ent ground currents when the 
chassis is used as a common ground return. 
To keep this intercoupling at a minimum, the 
stage should be completely shielded. This 
will prevent external fields from generating 
spurious ground currents, and prevent the 
ground currents of the stage from upsetting 
the action of nearby stages. Since the ground 
currents travel on the surface of the metal, 
the stage should be enclosed in an electrically 
tight box. When this is done, all ground cur- 
rents generated inside the box will remain in 
the box. The only possible means of escape 
for fundamental and harmonic currents are im- 
perfections in this electrically tight box. When- 
ever we bring a wire lead into the box, make 
a ventilation hole, or bring a control shaft 
through the box we create an imperfection. It 
is important that the effect of these imperfec- 
tions be reduced to a minimum. 


18-5 Holes, Leads and Shafts 


Large size holes for ventilation may be put 
in an electrically tight box provided they are 
properly screened. Perforated metal stock hav- 
ing many small, closely spaced holes is the 
best screening material. Copper wire screen 
may be used provided the screen wires are 
bonded together every few inches. As the wire 
corrodes, an insulating film prevents contact 
between the individual wires, and the attenua- 
tion of the screening suffers. The screening 
material should be carefully soldered to the 
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Figure 11A 
SIMPLE METER SHIELD 


box, or bolted with a spacing of not less than 
two inches between bolts. Mating surfaces of 
the box and the screening should be clean. 

A screened ventilation opening should be 
roughly three times the size of an equivalent 
unscreened opening, since the screening rep- 
resents about a 70 per cent coverage of the 
area. Careful attention must be paid to equip- 
ment heating when an electrically tight box 
is used. 

Commercially available panels having half- 
inch ventilating holes may be used as part of 
the box. These holes have much less attenua- 
tion than does screening, but will perform in a 
satisfactory manner in all but the areas of 
weakest TV reception. If it is desired to re- 
duce leakage from these panels to a minimum, 
the back of the grille must be covered with 
screening tightly bonded to the panel. 

Doors may be placed in electrically tight 
boxes provided there is no r-f leakage around 
the seams of the door. Electronic weather- 
stripping or metal ‘finger stock’’ may be used 
to seal these doors. A long, narrow slot in a 
closed box has the tendency to act as a slot 
antenna and harmonic energy may pass more 
readily through such an opening than it would 
through a much larger circular hole. 

Variable capacitor shafts or switch shafts 
may act as antennas, picking up currents in- 
side the box and re-radiating them outside of 
the box. It is necessary either to ground the 
shaft securely as it leaves the box, or else to 
make the shaft of some insulating material. 

A two or three inch panel meter requires a 
large leakage hole if it is mounted in the wall 
of an electrically tight box. To minimize leak- 
age, the meter leads should be by-passed and 
shielded. The meter should be encased with a 
metal shield that makes contact to the box 
entirely around the meter. The connecting 
studs of the meter may project through the 
back of the metal shield. Such a shield may 
be made out of the end of a tin can of correct 
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Figure 11B 


Use of coaxial connectors on electrically 

tight box prevents escape of ground currents 

from interior of box. At the same time exter- 

nal fields are not conducted into the interior 
of the box. 


diameter, cut to fit the depth of the meter. 
This complete shield assembly is shown in 
figure 11A. 

Careful attention should be paid to leads 
entering and leaving the electrically tight 
box. Harmonic currents generated within the 
box can easily flow out of the box on power 
or control leads, or even on the outer shields 
of coaxially shielded wires. Figure 11B illus- 
trates the correct method of bringing shielded 
cables into a box where it is desired to pre- 
serve the continuity of the shielding. 

Unshielded leads entering the box must be 
carefully filtered to prevent fundamental and 
harmonic energy from escaping down the lead. 
Combinations of r-f chokes and low inductance 
by-pass capacitors should be used in power 
leads. If the current in the lead is high, the 
chokes must be wound of large gauge wire. 
Composition resistors may be substituted for 
the r-f chokes in high impedance circuits. 
Bulkhead or feed-through type capacitors are 
preferable when passing a lead through a 
shield partition. A summary of lead leakage 
with various filter arrangements is shown in 
figure 12. 


Internal Leads Leads that connect two points 
within an electrically tight box 
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Figure 12 
LEAD LEAKAGE WITH VARIOUS 


LEAD FILTERING SYSTEMS 
(COURTESY WIDBM) 


may pick up fundamental and harmonic cur- 
rents if they are located in a strong field of 
flux. Any lead forming a closed loop with it- 
self will pick up such currents, as shown in 
figure 13. This effect is enhanced if the lead 
happens to be self-resonant at the frequency 
at which the exciting energy is supplied. The 
solution for all of this is to by-pass all inter- 
nal power leads and control leads at each 
end, and to shield these leads their entire 
length. All filament, bias, and meter leads 
should be so treated. This will make the job 
of filtering the leads as they leave the box 
much easier, since normally ‘‘cool”’ leads 
within the box will not have picked up spur- 
ious currents from nearby “‘hot’’ leads. 


18-6 Parasitic Resonances 


Filament leads within vacuum tubes may 
resonate with the filament by-pass capacitors 
at some particular frequency and cause insta- 
bility in an amplifier stage. Large tubes of 
the 810 and 250TH type are prone to this spur- 
ious effect. In particular, a push-pull 810 am- 
plifier using .001-pfd. filament by-pass capac- 
itors had a filament resonant loop that fell in 
the 7-Mc. amateur band. When the amplifier 


was operated near this frequency marked in- 
stability was noted, and the filaments of the 
810 tubes increased in brilliance when plate 
voltage was applied to the amplifier, indicat- 
ing the presence of r.f. in the filament circuit. 
Changing the filament by-pass capacitors to 
-Ol-pfd. lowered the filament resonance fre- 
quency to 2.2 Mc. and cured this effect. A 
ceramic capacitor of .0l-yfd. used as a fila- 
ment by-pass capacitor on each filament leg 
seems to be satisfactory from both a resonant 
and a TVI point of view. Filament by-pass 
capacitors smaller in value than .01-pfd. 
should be used with caution. 

Various parasitic resonances are also found 
in plate and grid tank circuits. Push-pull tank 
circuits are prone to double resonances, as 
shown in figure 14. The parasitic resonance 
circuit is usually several megacycles higher 
than the actual resonant frequency of the full 
tank circuit. The cure for such a double reso- 
nance is the inclusion of an r-f choke in the 
center tap lead to the split coil. 

Chassis Material From a point of view of elec- 
trical properties, aluminum 
is a poor chassis material. It is difficult to 
make a soldered joint to it, and all grounds 
must rely upon a pressure joint. These pres- 


Figure 13 


ILLUSTRATION OF HOW A SUPPOSEDLY 
GROUNDED POWER LEAD CAN COUPLE 
ENERGY FROM ONE COMPARTMENT 
TO ANOTHER 


JELecrricatty-TichT | 


ECTRICACLY-TIGH 
OM PARTMENT COMPARTMENT 


BULKHEAD TYPE 
aw BYPASS CAPACITOR 


ILLUSTRATION OF LEAD ISOLATION BY 
PROPER USE OF BULKHEAD BYPASS 
CAPACITOR 


WWW.americanradiohistorv.com 


HANDBOOK 


ESONANCE 
Loor 


IESONANCE 
Loor 


WRONG RIGHT 


Figure 14 
DOUBLE RESONANCE EFFECTS IN PUSH- 
PULL TANK CIRCUIT MAY BE ELIMI- 
NATED BY THE INSERTION OF ANY 
R-F CHOKE IN THE COIL CENTER 
TAP LEAD 


sure joints are prone to give trouble at a later 
date because of high resistivity caused by 
the formation of oxides from eletrolytic action 
in the joint. However, the ease of working 
and forming the aluminum material far out- 
weighs the electrical shortcomings, and alu- 
minum chassis and shielding may be used 
with good results provided care is taken in 
making all grounding connections. Cadmium 
and zinc plated chassis are preferable from a 
corrosion standpoint, but are much more diffi- 
cule to handle in the home workshop. 


18-7 Parasitic Oscillation 
in R-F Amplifiers 


Parasitics (as distinguished from sel/-oscil- 
lation on the normal tuned frequency of the 
amplifier) are undesirable oscillations either 
of very high or very low frequencies which 
may occur in radio-frequency amplifiers. 

They may cause spurious signals (which 
are often rough in tone) other than normal har- 
monics, hash on each side of a modulated car- 
rier, key clicks, voltage breakdown or flash- 
over, instability or inefficiency, and shortened 
life or failure of the tubes. They may be damped 
and stop by themselves after keying or modu- 
lation peaks, or they may be undamped and 
build up during ordinary unmodulated trans- 
mission, continuing if the excitation is re- 
moved. They may result from series or par- 
allel resonant circuits of all types. Due to neu- 
tralizing lead length and the nature of most 
parasitic circuits, the amplifier usually is not 
neutralized for the parasitic frequency. 

Sometimes the face that the plate supply is 
keyed will obscure parasitic oscillations in a 
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final amplifier stage chat might be very severe 
if the plate voltage were left on and the exci- 
tation were keyed. 

In some cases, an all-wave receiver will 
prove helpful in locating v-h-f spurious oscil- 
lations, but it may be necessary to check from 
several hundred megacycles downward in fre- 
quency to the operating range. A normal har- 
monic is weaker than the fundamental but of 
good tone; a strong harmonic or a rough note 
at any frequency generally indicates a para- 
sitic. 

In general, the cure for parasitic oscillation 
is two-fold: The oscillatory circuit is damped 
until sustained oscillation is impossible, or 
it is detuned until oscillation ceases. An ex- 
amination of the various types of parasitic os- 
cillations and of the parasitic oscillatory cir- 
cuits will prove handy in applying the correct 
cure. 


One type of unwanted 
oscillation often occurs 
in shunt-fed circuits in 
which the grid and plate chokes resonate, cou- 
pled through the tube’s interelectrode capaci- 
tance. This also can happen with series feed. 
This oscillation is generally at a much lower 
frequency than the operating frequency and 
will cause additional carriers to appear, spaced 
from perhaps twenty to a few hundred kilo- 
cycles on either side of the main wave. Such a 
circuit is illustrated in figure 15. In this case, 
RFC, and RFC, form the grid and plate induct- 
ances of the parasitic oscillator. The neutral- 
izing capacitor, no longer providing out-of- 
phase feedback to the grid circuit actually en- 
hances the low frequency oscillation. Because 
of the low Q of the r-f chokes, they will usu- 
ally run warm when this type of parasitic os- 
cillation is present and may actually char and 
burn up. A neon bulb held near the oscillatory 
circuit will glow a bright yellow, the color 
appearing near the glass of the neon bulb and 
not between the electrodes. 

One cure for this type of oscillation is to 
change the type of choke in either the plate 
or the grid circuit. This is a marginal cure, 
because the amplifier may again break into the 
same type of oscillation when the plate volt- 
age is raised slightly. The best cure is to re- 
move the grid r-f choke entirely and replace 
it with a wirewound resistor of sufficient watt- 
age co carry the amplifier grid current. If the 
inclusion of such a resistor upsets the operat- 
ing bias of the stage, an r-f choke may be 
used, with a 100-ohm 2-watt carbon resistor 
in series with the choke to lower the operating 
Q of the choke. If this expedient does not 
eliminate the condition, and the stage under 
investigation uses a beam-tetrode tube, nega- 
tive resistance can exist in the screen circuit 
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THE CAUSE AND CURE OF LOW FREQUENCY PARASITICS 


of such tubes. Try larger and smaller screen 
by-pass capacitors to determine whether or not 
they have any effect. If the condition is com- 
ing from the screen circuit an audio choke with 
a resistor across it in series with the screen 
feed lead will often eliminate the trouble. 

Low-frequency parasitic oscillations can 
often take place in the audio system of an AM 
transmitter, and their presence will not be 
known until the transmitter is checked on a 
receiver. It is easy to determine whether or 
not the oscillations are coming from the modu- 
lator simply by switching off the modulator 
tubes. If the oscillations are coming from the 
modulator, the stage in which they are being 
generated can be determined by removing tubes 
successively, starting with the first speech 
amplification stage, until the oscillation stops. 
When the stage has been found, remedial steps 
can be taken on that stage. 

If the stage causing the oscillation is alow- 
level speech stage it is possible that the 
trouble is coming from r-f or power-supply 
feedback, or it may be coming about as a re- 
sult of inductive coupling between two trans- 
formers. If the oscillation is taking place in 
a high-level audio stage, it is possible that 
inductive or capacitive coupling is taking 
place back to one of the low-level speech 
stages. lt is also possible, in certain cases, 
that parasitic push-pull oscillation can take 
place in a Class B or Class AB modulator as 
a result of the grid-to-plate capacitance with- 
in the tubes and in the stage wiring. This con- 
dition is more likely to occur if capacitors 
have been placed across the secondary of the 
driver transformer and across the primary of 
the modulation transformer to act in the reduc- 
tion of the amplitude of the higher audio fre- 
quencies. Relocation of wiring or actual neu- 
tralization of the audio stage in the manner 
used for r-f stages may be required. 


It may be said in general that the presence 
of low-frequency parasitics indicates that 
somewhere in the oscillating circuit there is 
an impedance which is high at a frequency in 
the upper audio or low r-f range. This imped- 
ance may include one or more r-f chokes of 
the conventional variety, power supply chokes, 
modulation components, or the high impedance 
may be presented simply by an RC circuit 
such as might be found in the screen-feed cir- 
cuit of a beam-tetrode amplifier stage. 


18-8 Elimination of V-H-F 


Parasitic Oscillations 


V-h-f parasitic oscillations are often diffi- 
cult to locate and difficult to eliminate since 
their frequency often is only moderately above 
the desired frequency of operation. But it may 
be said that v-h-f parasitics always may be 
eliminated if the operating frequency is appre- 
ciably below the upper frequency limit for the 
tubes used in the stage. However, the elimi- 
nation of a persistent parasitic oscillation on 
a frequency only moderately higher than the 
desired operating frequency will involve a 
sacrifice in either the power output or the 
power sensitivity of the stage, or in both. 

Beam-tetrode stages, particularly those 
using 807 type tubes, will almost invariably 
have one or more v-h-f parasitic oscillations 
unless adequate precautions have been taken 
in advance. Many of the units described in 
the constructional section of this edition had 
parasitic oscillations when first constructed. 
But these oscillations were eliminated in each 
case; hence, the expedients used in these 
equipments should be studied. V-h-f parasitics 
may be readily identified, as they cause a 
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neon lamp to have a purple glow close to the 
electrodes when it is excited by the parasitic 
energy. 


Parasitic Oscillations 
with Triodes 


Triode stages are less 
subject to parasitic os- 
cillations primarily be- 
cause of the much lower power sensitivity of 
such tubes as compared to beam tetrodes. But 
such oscillations can anddo take place. Usual- 
ly, however, it is not necessary to incorporate 
losser resistors as normally is the case with 
beam tetrodes, unless the triodes are operated 
quite near to their upper frequency limit, or 
the tubes are characterized by a relatively 
high transconductance. Triode v-h-f parasitic 
oscillations normally may be eliminated by ad- 
justment of the lengths and effective induct- 
ance of the leads to the elements of the tubes. 

In the case of triodes, v-h-f parasitic oscil- 
lations often come about as a result of induct- 
ance in the neutralizing leads. This is partic- 
ularly true in the case of push-pull amplifiers. 
The cure for this effect will usually be found 
in reducing the length of the neutralizing leads 
and increasing their diameter. Both the reduc- 
tion in length and increase in diameter will 
reduce the inductance of the leads and tend 
to raise the parasitic oscillation frequency 
until it is out of the range at which the tubes 
will oscillate. The use of straightforward cir- 
cuit design with short leads will assist in 
forestalling this trouble at the outset. Butter- 
fly-type tank capacitors with the neutralizing 
capacitors buile into the unit (such as the 
B&W type) are effective in this regard. 

V-h-f parasitic oscillations may take place 
as a result of inadequate by-passing or long 
by-pass leads in the filament, grid-return and 
plate-return circuits. Such oscillations also 
can take place when long leads exist between 
the grids and the grid tuning capacitor or be- 
tween the plates and the plate tuning capaci- 
tor. The grid and plate leads should be kept 
short, but the leads from the tuning capacitors 
to the tank coils can be of any reasonable 
length insofar as parasitic oscillations are 
concerned. In an amplifier where oscillations 
have been traced to the grid or plate leads, 
their elimination can often be effected by mak- 
ing the grid leads much longer than the plate 
leads or vice versa. Sometimes parasitic os- 
cillations can be eliminated by using iron or 
nichrome wire for the grid or plate leads, or 
for the neutralizing leads. But in any event 
it will always be found best to make the neu- 
tralizing leads as short and of as heavy con- 


ductor as is practicable. 

In cases where it has been found that in- 
creased length in the grid leads for an ampli- 
fier is required, this increased length can often 
be wound into the form of a small coil and still 


~ PC tor. @ 18 £. ON 1002, 2. 
CARBON RESISTOR 


Figure 16 
GRID PARASITIC SUPPRESSORS IN PUSH- 
PULL TRIODE STAGE 


obtain the desired effect. Winding these small 
coils of iron or nichrome wire may sometimes 
be of assistance. 

To increase losses at the parasitic frequency, 
the parasitic coils may be wound on 100-ohm 
2-watt resistors. These ‘“‘lossy’’ suppressors 
should be placed in the grid leads of the tubes 
close to the grid connection, as shown in fig- 
ure 16. 


Where beam-tetrode tubes are 
used in the stage which has 
been found to be generating 
the parasitic oscillation, all the foregoing 
suggestions apply in general. However, there 
are certain additional considerations involved 
in elimination of parasitics from beam-tetrode 
amplifier stages. These considerations involve 
the facts that a beam-tetrode amplifier stage 
has greater power sensitivity than an equiva- 
lent triode amplifier, such a stage has a cer- 
tain amount of screen-lead inductance which 
may give rise to trouble, and such stages have 
a small amount of feedback capacitance. 

Beam-tetrode stages often will require the 
inclusion of a neutralizing circuit to eliminate 
oscillation on the operating frequency. How- 
ever, oscillation on the operating frequency 
normally is not called a parasitic oscillation, 
and different measures are required to elimi- 
nate the condition. 

Basically, parasitic oscillations in beam- 
tetrode amplifier stages fall into two classes: 
cathode-grid-screen oscillations, and cathode- 
screen-plate oscillations. Both these types of 
oscillation can be eliminated through the use 
of a parasitic suppressor in the lead between 
the screen terminal of the tube and the screen 
by-pass suppressor, as shown in figure 17. 
Such a suppressor has negligible effect on the 
by-passing effect of the screen at the operat- 
ing frequency. The method of connecting this 
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Figure 17 


SCREEN PARASITIC SUPPRESSION CIR- 
CUIT FOR TETRODE TUBES 


suppressor to tubes having dual screen leads 
is shown in figure 18. At the higher frequen- 
cies at which parasitics occur, the screen is 
no longer at ground potential. It is therefore 
necessary to include an r-f choke by-pass con- 
denser filter in the screen lead after the para- 
sitic suppressor. The screen lead, in addition, 
should be shielded for best results. 

During parasitic oscillations, considerable 
t-f voltage appears on the screen of a tetrode 
tube, and the screen by-pass condenser can 
easily be damaged. It is best, therefore, to 
employ screen by-pass condensers whose d-c 
working voltage is equal to twice the maximum 
applied screen voltage. 

The grid-screen oscillations may occasion- 
ally be eliminated through the use of a para- 
sitic suppressor in series with the grid lead 
of the tube. The screen plate oscillations may 
also be eliminated by inclusion of a parasitic 
suppressor in series with the plate lead of the 
tube. A suitable grid suppressor may be made 
of a 22-ohm 2-watt Ohmite or Allen-Bradley 
resistor wound with 8 turns of no. 18 enameled 
wire. A plate circuit suppressor is more of a 
problem, since it must dissipate a quantity of 
power that is dependent upon just how close 
the parasitic frequency is to the operating fre- 
quency of the tube. If the two frequencies are 
close, the suppressor will absorb some of the 
fundamental plate circuit power. For kilowatt 
stages operating no higher than 30 Mc.a satis- 
factory plate circuit suppressor may be made 
of five 570-ohm 2-watt carbon resistors in par- 
allel, shunted by 5 turns of no. 16 enameled 
wire, % inch diameter and inch long (figure 
19A and B). 

The parasitic suppressor for the plate cir- 
cuit of a small tube such as the 5763, 2E26, 
807, 6146 or similar type normally may con- 
sist of a 47-ohm carbon resistor of 2-watt size 
with 6 turns of no. 18 enameled wire wound 
around the resistor. However, for operation 
above 30 Mc., special tailoring of the value 


Figure 18 
PHOTO OF APPLICATION OF SCREEN 
PARASITIC SUPPRESSION CIRCUIT 
OF FIGURE 17 


of the resistor and the size of the coil wound 
around it will be required in order to attain 
satisfactory parasitic suppression without ex- 
cessive power loss inthe parasitic suppressor. 


Tetrode Screening Isolation between the grid 

and plate circuits of a tet- 
rode tube is not perfect. For maximum stabili- 
ty, it is recommended that the tetrode stage 
be neutralized. Neutralization is absolutely 
necessary unless the grid and plate circuits 
of the tetrode stage are each completely iso- 
lated from each other in electrically tight 
boxes. Even when this is done, the stage will 
show signs of regeneration when the plate 
and grid tank circuits are tuned to the same 
frequency. Neutralization will eliminate this 
regeneration. Any of the neutralization cir- 
cuits described in the chapter Generation of 
R-F Energy may be used. 


18-9 Checking for-Parasitic 
Oscillations 


It is an unusual transmitter which harbors 
no parasitic oscillations when first constructed 
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Figure 19 
PLATE AND GRID PARASITIC SUPPRESSION IN TETRODE TUBES 


and tested. Therefore it is always wise to fol- 
low a definite procedure in checking a new 
transmitter for parasitic oscillations. 

Parasitic oscillations of all types are most 
easily found when the stage in question is 
running by itself, with full plate (and screen) 
voltage, sufficient protective bias to limit the 
place current to a safe value, and no excita- 
tion. One stage should be tested at a time, 
and the complete transmitter should never be 
put on the air until all stages have been thor- 
oughly checked for parasitics. 

To protect tetrode tubes during tests for 
Parasitics, the screen voltage should be ap- 
plied through a series resistor which will limic 
the screen current to a safe value in case the 
plate voltage of the tetrode is suddenly re- 
moved when the screen supply is on. The cor- 
rect procedure for parasitic testing is as fol- 
lows (figure 20): 

1. The stage in question should be coupled 
to a dummy load, and tuned up in correct oper- 
ating shape. Sufficient protective bias should 
be applied cto the tube at all times. For pro- 
tection of the stage under test, a lamp bulb 
should be added in series with one leg of the 
primary circuit of the high voleage power sup- 
ply. As the plate supply load increases during 
a period of parasitic oscillation, the voleage 
drop across the lamp increases, and the effec- 
tive plate voltage drops. Bulbs of various 
size may be tried to adjust the voltage under 
testing conditions to the correct amount. If a 
Variac or Powerstat is at hand, it may be used 
in place of the bulbs for smoother voltage con- 
trol. Don’t test for parasitics unless some type 
of voltage control is used on the high voltage 
supply! When a stage breaks into parasitic 
oscillations, the plate current increases vio- 
lently, and some protection to the tube under 
test must be used. 

2. The r-f excitation to the tube should now 
be removed. When this is done, the grid, screen 


and plate currents of the cube should drop to 
zero. Grid and plate tuning condensers should 
be tuned to minimum capacity. No change in 
resting grid, screen or plate current should 
be observed. If a parasitic is present, grid cur- 
rent will flow, and there will be an abrupt in- 
crease in plate current. The size of the lamp 
bulb in series with the high voltage supply may 
be varied until the stage can oscillate contin- 
uously, without exceeding the rated plate dis- 
sipation of the tube. 

3. The frequency of the parasitic may now 
be determined by means of an absorption wave 
meter, or a neon bulb. Low frequency oscilla- 
tions will cause a neon bulb to glow yellow. 
High frequency oscillations will cause the 
bulb to have a soft, violet glow. Once the fre- 
quency of oscillation is determined, the cures 
suggested in this chapter may be applied to 
the stage. 

4. When the stage can pass the above test 
with no signs of parasitics, the bias supply of 
the tube in question should be decreased until 
the tube is dissipating its full plate rating 
when full plate voltage is applied, with no r-f 
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SUGGESTED TEST SETUP FOR PARASITIC 
TESTS 
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excitation. Excitation may now be applied and 
the stage loaded to full input into a dummy 
load. The signal should now be monitored in 
a nearby receiver which has the antenna ter- 
minals grounded or otherwise shorted out. A 
series of rapid dots should be sent, and the 
frequency spectrum for several megacycles 
each side of the carrier frequency carefully 
searched. If any vestige of parasitic is left, 
it will show up as an occasional “‘pop”’ on a 
keyed dot. This “‘pop’? may be enhanced by a 
slight detuning of either the grid or plate cir- 
cuit. 


5. If such a parasitic shows up, it means 
that the stage is still not stable, and further 
measures must be applied to the circuit. Para- 
sitic suppressors may be needed in both screen 


and grid leads of a tetrode, or perhaps in both 
grid and neutralizing leads of a triode stage. 


As a last resort, a 10,000-ohm 25-watt wire- 
wound resistor may be shunted across the grid 
coil, or grid tuning condenser of a high pow- 


ered stage. This strategy removed a keying 
pop that showed up in a commercial transmit- 
ter, operating at a plate voltage of 5000. 


Test for Parasitic lt is common experience 
Tendency in Tetrode to develop an engineer- 
Amplifiers ing model of a new 
equipment that is ap- 
parently free of parasitics and then find trouble- 
some oscillations showing up in production 
units. The reason for this is that the equipment 
has a parasitic tendency that remains below 
the verge of oscillation until some change in 
a component, tube gain, or operating condition 
taises the gain of the parasitic circuit enough 
to start oscillation. 
In most high frequency transmitters there 
are a great many resonances in the tank cir- 
cuits at frequencies other than the desired 


SIGNAL GENERATOR 
100 KC — 200 MC 


Figure 2] 


PARASITIC GAIN MEASUREMENT 
Grid-dip 
voltmeter may be used to measure para- 


100k¢-200me 


oscillator and vacuum tube 


sitie stage goin over 


region. 


operating frequency. Most of these parasitic 
resonant circuits are not coupled to the tube 
and have no significant tendency to oscillate. 
A few, however, are coupled to the tube in 
some form of oscillatory circuit. If the regener- 
ation is great enough, oscillation at the para- 
sitic frequency results. Those spurious circuits 
existing just below oscillation must be found 
and suppressed to a safe level. 

One test method is to feed a signal froma 
grid-dip oscillator into the grid of a stage and 
measure the resulting signal level in the plate 
circuit of the stage, as shown in figure 21. The 
test is made with all operating voltages applied 
to the tubes. Class C stages should have bias 
reduced so a reasonable amount of static plate 
current flows. The grid-dip oscillator is tuned 
over the range of 100 ke to 200 mc. and the 
relative level of the r-f voltmeter is watched 
and the frequencies at which voltage peaks 
occur are noted. Each significant peak in volt- 
age gain in the stage must be investigated. Cir- 
cuit changes or suppression must then be added 
to reduce all peaks by |0 db or more in ampli- 
tude. 
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Television and Broadcast 


Interference 


The problem of interference to television 
reception is best approached by the philoso- 
phy discussed in Chapter Eighteen. ‘By correct 
design procedure, spurious harmonic genera- 
tion in low frequency transmitters may be held 
to a minimum. The remaining problem is two- 
fold: to make sure that the residual harmonics 
generated by the transmitter are not radiated, 
and to make sure that the fundamental signal 
of the transmitter does not overload the tele- 
vision receiver by reason of the proximity of 
one to the other. 

In an area of high TV-signal field intensity 
the TVI problem is capable of complete solu- 
tion with routine measures both at the amateur 
transmitter and at the affected receivers. But 
in fringe areas of low TV-signal field strength 
the complete elimination of TVI is a difficult 
and challenging problem. The fundamentals 
illustrated in Chapter Fifteen must be closely 
followed, and additional antenna filtecing of 
the transmitter is required. 


19-1 


Types of Television 
Interference 


There are three main types of TV1 which 
may be caused singly or in combination by the 
emissions from an amateur transmitter. These 
types of interference are: 

(1) Overloading of the TV set by the trans- 
mitter fundamental 
Impairment of the picture by spurious 
emissions 
Impairment of the picture by the radia- 
tion of harmonics . 


(2) 
(3) 


367 


TV Set 
Overloading 


Even if the amateur transmitter 
were perfect and had no har- 
monic radiation or spurious 
emissions whatever, it still would be likely to 
cause overloading of TV sets whose antennas 
were within a few hundred feet of the trans- 
mitting antenna. This type of overloading is 
essentially the same as the common type of 
BCI encountered when operating a medium- 
power or high-power amateur transmitter with- 
in a few hundred feet of the normal type of 
BCL receiver. The field intensity in the im- 
mediate vicinity of the transmitting antenna 
is sufficiently high that the amateur signal 
will get into the BC oc TV set either through 
overloading of the front end, or through the 
i-f, video, or audio system. A characteristic 
of this type of interference is that it always 
will be eliminated when the transmitter tem- 
porarily is operated into a dummy antenna. 
Another characteristic of this type of over- 
loading is that its effects will be substan- 
tially continuous over the entire frequency 
coverage of the BC or TV receiver. Channels 
2 through 13 will be affected in approximately 
the same manner. 

With the overloading type of interference 
the problem is simply to keep the fundamental 
of the transmitter out of the affected receiver. 
Other types of interference may or may not 
show up when the fundamental is taken out of 
the TV set (they probably will appear), but at 
least the fundamental must be eliminated first. 

The elimination of the transmitter fundamen- 
tal from the TV set is normally the only opera- 
tion performed on or in the vicinity of the TV 
receiver. After the fundamental has been elimi- 
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Figure 1 
TUNED TRAPS FOR THE TRANSMITTER 
FUNDAMENTAL 


The arrangement at (A) has proven to be ef- 
fective in eliminating the condition of gen- 
eral blocking as caused by a 28-Mc. trans- 
mitter in the vicinity of a TV receiver. The 
tuned circuits Ly-Cy are resonated separate- 
ly to the frequency of transmission. The ad- 
justment may be done cf the station, or it 
may be accomplished at the TV receiver by 
tuning for minimum interference on the TV 
screen. 


Shown at (B) is on alternative arrangement 
with a series-tuned circuit across the anten- 
na terminals of the TV set. The tuned cir- 
cuit should be resonated to the operating 
frequency of the transmitter. This arrange- 
ment gives less attenuation of the interfer- 
ing signal than that at (A); the circuit has 
proven effective with interference from trans- 
mitters on the 50-Mc. band, and with low- 
power 28-Mc. transmitters. 


nated as a source of interference to reception, 
work may then be begun on or in the vicinity 
of the transmitter coward eliminating the other 
two types of interference. 


More or less standard BCI- 
type practice is most com- 
monly used in taking out 


fundamental interference. Wavetraps and fil- 
ters are installed, and the antenna system may 
or may not be modified so as to offer less re- 
sponse to the signal from the amateur trans- 
mitter. In regard to a comparison between 
wavetraps and filters, the same considerations 
apply as have been effective in regard to BCI 
for many years; wavetraps are quite effective 
when properly installed and adjusted, but they 


Taking Out 
the Fundamental 
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SHIELD BOX 
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Figure 2 
HIGH-PASS TRANSMISSION LINE FILTERS 


The arrangement at (A) will stop the passing 
of all signals below about 45 Mc. from the 
antenna transmission line into the TV set. 
Coils Ly are each 1.2 microhenrys (17 turns 
no. 24 enam. closewound on %-inch dia. poly- 
styrene rod) with the center tap grounded. 
ft will be found best to scrape, twist, and 
solder the center tap before winding the coil. 
The number of turns each side of the tap may 
then be varied until the tap is in the exact 
center of the winding. Coil L2 is 0.6 micro- 
henry (12 turns no. 24 enam. closewound on 
Ye-inch dia. polystyrene rod). The capacitors 
should be about 16.5 uutd., but either 15 or 
20 puufd. ceramic copacitors will give satis- 
factory results. A similar filter for coaxial 
antenna transmission line is shown at (B). 
Both coils should be 0.12 microhenry (7 turns 
no. 18 enam. spaced to 3 inch on %-inch dia. 
polystyrene rod). Capacitors C2 should be 
75 wyubd. midget ceramics, while C3 should 
be a 40-uutd. ceramic. 


must be readjusted whenever the band of oper- 
ation is changed, or even when moving from 
one extreme end of a band to the other. Hence, 
wavetraps are not recommended except when 
operation will be confined to a relatively nar- 
row portion of one amateur band. However, fig- 
ure 1 shows two of the most common signal 
trapping arrangements. 


High-pass filters in the 
antenna lead of the TV set 
have proven to be quite satisfactory as a 
means of eliminating TVI of the overloading 
type. In many cases when the interfering trans- 
mitter is operated only on the bands below 
7.3 Mec., the use of a high-pass filter in the 
antenna lead has completely eliminated all 


High-Pass Filters 
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TVI. In some cases the installation of a high- 
Pass filter in the antenna transmission line 
and an acc line filter of a standard variety has 
proven to be completely effective in eliminat- 
ing the interference from a transmitter operat- 
ing in one of the lower frequency amateur 
bands. 

In general, it is suggested that commercial- 
ly manufactured high-pass filters be purchased. 
Such units are available from a number of manu- 
facturers at a relatively moderate cost. How- 
ever, such units may be home constructed; 
suggested designs are given in figures 2 and 
3. Types for use both with coaxial and with 
balanced transmission lines have been shown. 
In most cases the filters may be constructed 
in one of the small shield boxes which are 
now on the market. Input and output terminals 
may be standard connectors, or the inexpen- 
sive type of terminal strips usually used on 
BC and TV sets may be employed. Coaxial 
terminals should of course be employed when 
a coaxial feed line is used to the antenna. In 
any event the leads from the filter box to the 
TV set should be very short, including both 
the antenna lead and the ground lead to the 
box itself. If the leads from the box to the set 
have much length, they may pick up enough 
signal to nullify the effects of the high-pass 
filter. 


Blocking from 
50-Mc. Signals 


Operation on the 50-Mc. ama- 
teur band in an area where 
channel 2 is in use for TV 
imposes a special problem in the matter of 
blocking. The input circuits of most TV sets 
are sufficiently broad so that an amateur sig- 
nal on the 50-Mc. band will ride through with 
little attenuation. Also, the normal TV antenna 
will have a quite large response to a signal 
in the 50-Mc. band since the lower limit of 
channel 2 is 54 Mc. 

High-pass filters of the normal type simply 
are not capable of giving sufficient attenua- 
tion to a signal whose frequency is so close 
to the necessary pass bandof the filter. Hence, 
a resonant circuit element, as illustrated in 
figure 1, must be used to trap out the amateur 
field at the input of the TV set. The trap must 
be tuned or the section of transmission line 
cut, if a section of line is to be used for a 
particular frequency in the 50-Mc. band. 


This frequency will have to be near the lower 
frequency limit of the 50-Mc. band to obtain 
adequate rejection of the amateur signal while 
sul not materially affecting the response of 
the receiver to channel 2. 

Elimination of All spurious emissions 
from amateur transmitters 
(ignoring harmonic signals 
for the time being) must be eliminated to com- 
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SERIES-DERIVED HIGH-PASS FILTER 


This filter is designed for use in the 
300-ohm transmission line from the TV 
antenna to the TV receiver. Nominal cut- 
off frequency is 36 Mc. and maximum re- 
jection is af about 29 Mc. 

C,,Cg—15- fd. zero-coefficient ceramic 

Cz,€3,C,,C, —20-uufd. rero-coefficient cera- 
mle 

L,,Ls—-2.0 th. About 24 turns no. 28 d.c.e. 
wound to vA on 4" diameter polystyrene 
cod. Turns should be adjusted until the 
coil resonates to 29 Me. with the associ- 
ated 15-uufd. capacitor. 

L3—~—0.66 “h., 14 turns no. 28 d.c.c. wound 
to %" on %" die. polystyrene rod. Adjust 
fuen® to resanate externally to 20 Me. 
with an auxiliary 100-uufd. capacitor 
whose value is accurately known. 


nem 


ply with FCC regulations. But in the past 
many amateur transmitters have emitted spur- 
ious signals as a result of key clicks, para- 
sitics, and overmodulation transients. In most 
cases the operators of the transmitters were 
not aware of these emissions since they were 
radiated only for a short distance and hence 
were not brought to his attention. But with 
one or more TV sets in the neighborhood it 
is probable that such spurious signals will 
be brought quickly to his attention. 


19-2 Harmonic Radiation 


After any condition of blocking at the TV 
receiver has been eliminated, and when the 
transmitter is completely free of transients 
and parasitic oscillations, it is probable that 
TVI will be eliminated in certain cases. Cer- 
tainly general interference should be elimi- 
nated, particularly if the transmitter is a well 
designed affair operated on one of the lower 
frequency bands, and the station is in a high- 
signal TV area. But when the transmitter is 
to be operated on one of the higher frequency 
bands, and particularly in a marginal TV area, 
the job of TVI-proofing will just have begun. 
The elimination of harmonic radiation from 
the transmitter is a difficult and tedious job 
which must be done in an orderly manner if 
completely satisfactory results are to be ob- 
tained. 
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Figure 4 
HARMONICS OF THE AMATEUR BANDS 


Shown are the harmonic frequency ranges of the amoteur bands between 7 and 54 Mc., with the 

TV channels (and TV i-f systems) which are most likely to receive interference from these hor- 

monics. Under certain conditions amateur signals in the 1.8 and 3.5 Mc. bands can cause inter- 

ference as o result of direct pickup in the video systems of TV receivers which ore not ade- 
quately shielded. 


i 


First it is well to become familiar with the 
TV channels presently assigned, with the TV 
intermediate frequencies commonly used, and 
with the channels which will receive inter- 
ference from harmonics of the various ama- 
teur bands. Figures 4 and 5 give this infor- 
mation. 

Even a short inspection of figures 4 and 5 
will make obvious the seriousness of the in- 
terference which can be caused by harmonics 
of amateur signals in the higher frequency 
bands. With any sort of reasonable precautions 
in the design and shielding of the transmitter 
it is not likely that harmonics higher than the 
6th will be encountered. Hence the main of- 
fenders in the way of harmonic interference 
will be those bands above 14-Mc. 


Nature of 
Harmonic Interference 


Investigations into the 
nature of the interfer- 
ence caused by ama- 
teur signals on the TV screen, assuming that 
blocking has been eliminated as described 
earlier in this chapter, have revealed the fol- 
lowing facts: 
1. An unmodulated carrier, such as a c-w 
signal with the key down or an AM sig- 
nal without modulation, will give a 


cross-hatch or herringbone pattern on 
the TV screen. This same general type 
of picture also will occur in the case of 
a narrow-band FM signal either with or 
without modulation. 

2. A relatively strong AM signal will give 
in addition to the herringbone a very 
serious succession of light and dark 
bands across the TV picture. 

3. A moderate strength c-w signal without 
transients, in the absence of overload- 
ing of the TV set, will result merely in 
the turning on and off of the herringbone 
on the picture. 

To discuss condition (1) above, the herring- 
bone is a result of the beat note between the 
TV video carrier and the amateur harmonic. 
Hence the higher the beat note the less ob- 
vious will be the resulting cross-hatch. Fur- 
ther, it has been shown that a much stronger 
signal is required to produce a discernible 
herringbone when the interfering harmonic is 
as far away as possible from the video car- 
rier, without running into the sound carrier. 
Thus, as a last resort, or to eliminate the last 
vestige of interference after all corrective 
measures have been taken, operate the trans- 
mitter on a frequency such that the interfer- 
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Figure 5 
FREQUENCIES OF THE V-H-F TV CHANNELS 


Showing the frequency ronges of TV channels 2 through 13, with the Picture corrier ond sound 
corrier frequencies also shown. 


SSS 


ing harmonic will fall as far as possible from 
the picture carrier. The worst possible inter- 
ference to the picture from a continuous car- 
rier will be obtained when the interfering sig- 
nal is very close in frequency to the video 
carrier. 


Isolating 
the Source of 
the Interference 


Throughout the testing proce- 
dure it will be necessary to 
have some sort of indicating 
device as a means of deter- 
mining harmonic field intensities. The best 
indicator for field intensities some distance 
from the transmitting antenna will probably be 
the TV receiver of some neighbor with whom 
friendly relations are still maintained. This 
person will then be able to give a check, oc- 
casionally, on the relative nature of the inter- 
ference. But it will probably be necessary to 
go and check yourself periodically the results 
obtained, since the neighbor probably will not 
be able to give any sort of a quantitative anal- 
ysis of the progress which has been made. 

An additional device for checking relative- 
ly high field intensities in the vicinity of the 
transmitter will be almost a necessity. A sim- 
ple crystal diode wavemeter, shown in figure 
6 will accomplish this function. Also, it will 
be very helpful to have a receiver, with an S 
meter, capable of covering at least the 50 to 
100 Mc. range and preferably the range to 216 
Mc. This device may consist merely of the 
station receiver and a simple converter using 
the two halves of a 6J6 as oscillator and 
mixer. 


The first check can best be made with the 
neighbor who is receiving the most serious 
or the most general interference. Turn on the 
transmitter and check all channels to deter- 
mine the extent of the interference and the 
number of channels affected. Then disconnect 
the antenna and substitute a group of 100-watt 
lamps as a dummy load for the transmitter. Ex- 
perience has shown that 8 100-watt lamps con- 
nected in two seriesed groups of four in par- 
allel will take the output of a kilowatt trans- 
mitter on 28 Mc. if connections are made sym- 
metrically to the group of lamps. Then note 
the interference. Now remove plate volrage 
from the final amplifier and determine the ex- 
tent of interference caused by the exciter 
stages. 

In the average case, when the final ampli- 
fier is a beam tetrode stage and the exciter is 


IO" PICKUP WIRE 


ST. S16 E, 


0.5" DIA., 0.57 LONG COvEraGe 35 140 MC 


Figure 6 


Crystal-diode wavemeter suitable for check- 
ing high-intensity hormonics in TV region. 
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relatively low powered and adequately shield- 
ed, it will be found that the interference drops 
materially when the antenna is removed and a 
dummy load substituted. It will also be found 
in such an average case that the interference 
will stop when the exciter only is operating. 


It should be made clear at this 
poine that the level of power 
used at the transmitter is not of 
great significance in the basic harmonic re- 
duction problem. The difference in power level 
between a 20-watt transmitter and one rated 
at a kilowatt is only a matter of about 17 db. 
Yet the degree of harmonic attenuation re- 
quired to eliminate interference caused by 
harmonic radiation is from 80 to 120 db, de- 
pending upon the TV signal strength in the 
vicinity. This is not to say that it is not a 
simpler job to eliminate harmonic interference 
from a low-power transmitter than from a kilo- 
watt equipment. It is simpler to suppress har- 
monic radiation from a low-power transmitter 
simply because it is a much easier problem to 
shield a low-power unit, and the filters for the 
leads which enter the transmitter enclosure 
may be constructed less expensively and 
smaller for a low-power unit. 


Tronsmitser 
Power Level 


19-3 Low-Pass Filters 


After the transmitter has been shielded, and 
all power leads have been filtered in such a 
manner that the transmitter shielding has noc 
been rendered ineffective, the only remaining 
available exit for harmonic energy lies in the 
antenna transmission line. Hence the main 
burden of harmonic attenuation will fall on the 
low-pass filter installed between the output 
of the transmitter and the antenna system. 

Experience has shown that the low-pass 
fileer can bese be installed externally to the 
main transmitter enclosure, and that the trans- 
mission line from the transmitter to the low- 
pass fileer should be of the coaxial type. 
Hence the majority of low-pass filters are de- 
signed for a characteristic impedance of 52 
ohms, so that RG-8/U cable (or RG-58/U for 
a small transmitter) may be used between the 
outputof the transmitter and the antenna trans- 
mission line or the antenna tuner. 

Transmitting-type low-pass filters for ama- 
teur use usually are designed in such a man- 
ner as to pass frequencies up to about 30 Mc. 
without attenuation. The nominal cutoff fre- 
quency of the filters is usually between 38 
and 45 Mc., and m-derived sections with maxi- 
mum attenuation in channel 2 usually are in- 
cluded. Well-designed filters capable of carry- 
ing any power level up to one kilowatt are 


Figure 7 
LOW-PASS FILTER SCHEMATIC DIAGRAMS 


The filter illustrated at (A) uses m- 
derived terminating half sections at eoch 
end, with three constant-k mid-sections. 
The filter at (B) is essentiolly the same 
except that the center section has been 
changed to act as an m-derived section 
which can be designed to offer maximum 
attenuation to channels 2, 4, 5, of 6 in 
occordance with the canstonts given be- 
low. Cutoff frequency is 45 Mc. in oll 
coses. All coils, except L4 in (B) obove, 
are wound 4 "i.d. with 8 turns per inch. 


The (A) Filter 

C,,Cy —41.Suufd. (40 pufd. will be found suit- 
able.) 

Cy, Gy, Ce—136 HE fd. (130 to 140 “utd. moy be 
used.) 

L,,LU.—0.2 uh; 3%. no. 14 

Ly, Lg —0.3 pth; St. no. 12 

Ly, Ly, —0.37 wh; 6% #. no. 12 


The (B) Filter with Mid-Section tuned to Chonnel 
2 (58 Mc..) 

Gy, Co — 41.5 etd. 

C,, C,—136 pptd. 

C,—87 “utd. (50 pptd. fixed and 75 utd. vari- 
able in parallel.) 

L,,l,—0.2 wh; 3% ¢. no. 14 

Ly, Ls,ls,t.—0.3 wh; 5. no. 12 

L,—0.09 th; 2%. no. 14%" dia. by %" long 


The (B) Filter with Mid-Section tuned te Channel 
4 (71 Mc.). All components same except that: 

C,—106 pptd. 

Ly, Ls —0.33 th; 6¢. no. 12 


L,—0.05 uh; 1% +. no. 14, 3/8" dia. by 3/8” 
long. 


The (B) Filter with Mid-Section tuned to Channel 
5 (81 Mc.). Change the following: 

C,—113 wufd. 

Ly, Ly —0.34 wh; 6 ¢. no. 12 

L,—0.033 zh; 14. no. 14 3/8” dia. 


The (B) Filter with Mid-Section tuned to Channel 
6 (86 Mec.). All components are essentially 
the same excep? that the theoretical value of 
Ly is changed to 0.03 ith., and the capacitance 
of C, is changed to 117 utd. 
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available commercially from several manufac- 
turers. Alternatively, filters in kit form are 
available from several manufacturers at a 
somewhat lower price. Effective filters may 
be home constructed, if the test equipment is 
available and if sufficient care is taken in the 
construction of the assembly. 


Construction of Figures 7, 8 and 9 illustrate 
Low-Pass Filters high-performance low-pass 

fileers which are suitable 
for home construction. All are constructed in 
slip-cover aluminum boxes (ICA no. 29110) 
with dimensions of 17 by 3 by 2% inches. Five 
aluminum baffle plates have been installed in 
the chassis to make six shielded sections 
within the enclosure. Feed-through bushings 
between the shielded sections are Johnson no. 
135-55. 

Both the (A) and (B) filter types are de- 
signed for a nominal cut-off frequency of 45 
Mc., with a frequency of maximum rejection 
at about 57 Mc. as established by the termi- 
nating half-sections at each end. Characteris- 
tic impedance is $2 ohms in all cases. The 
alternative fileer designs diagrammed in figure 
7B have provision for an additional rejection 
trap in the center of the filter unit which may 
be designed to offer maximum rejection in 
channel 2, 4, 5, or 6, depending upon which 
channel is likely to be received in the area in 
question. The only components which must be 
changed when changing the frequency of the 
maximum rejection notch in the center of the 
filcer unit are inductors L,, L,, and L,, and 
capacitor Cy. A trimmer capacitor has been in- 
cluded as a portion of C, so that the frequency 
of maximum rejection can be tuned accurately 
to the desired value. Reference to figures 5 
and 6 will show the amateur bands which are 
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Figure 8 


PHOTOGRAPH OF THE (8) FILTER WITH 
THE COVER IN PLACE 


most likely to cause interference to specific 
TV channels. 

Either high-power or low-power components 
may be used in the filters diagrammed in figure 
7. With the small Centralab TCZ zero-coeffi- 
cient ceramic capacitors used in the filter 
units of figure 7A or figure 7B, power levels 
up to 200 watts output may be used without 
danger of damage to the capacitors, provided 
the filter is feeding a 52-ohm resistive load. 
It may be practicable to use higher levels of 
power with this type of ceramic capacitor in 
the filter, but at a power level of 200 watts on 
the 28-Mc. band the capacitors run just per- 
ceptibly warm to the touch. As a point of in- 
terest, it is the current rating which is of sig- 
nificance to the capacitors used in filters 
such as illustrated. Since current ratings for 
small capacitors such as these are not readily 
available, it is not possible to establish an 
accurate power rating for such a unit. The. 
high-power unit illustrated in figure 9, which 
uses Centralab type 850S and 854S capacitors, 


Figure 9 
PHOTOGRAPH OF THE (B) FILTER WITH COVER REMOVED 


The mid-section in this filter is adjusted for maximum rejection of channel 4. Note that the main 

coils of the filter are mounted af an angle of about 45 degrees so thot there will be minimum 

inductive coupling from one section to the next through the holes in the aluminum partitions. 

Mounting the coils in this manner was found to give a measurable improvement in the attenua- 
tion characteristics of the filter. 
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has proven quite suitable for power levels up 
to one kilowatt. 

Capacitors C,, C,, C,, and Cs can be stand- 
ard manufactured units with normal 5 per cent 
tolerance. The coils for the end sections can 
be wound to the dimensions given (L,, Le, and 
L,). Then the resonant frequency of the series 
resonant end sections should be checked with 
a grid-dip meter, after the adjacent input or 
output terminal has been shorted with a very 
short lead. The coils should be squeezed or 
spread until resonance occurs at 57 Mc. 

The intermediate m-derived section in the 
filter of figure 7B may also be checked with a 
grid-dip meter for resonance at the correct re- 
jection frequency, after the hot end of L, has 
been temporarily grounded with a low-induct- 
ance lead. The variable capacitor portion of 
C, can be tuned until resonance at the correct 
frequency has been obtained. Note that there 
is so little difference between the constants 
of this intermediate section for channels 5 and 
6 that variation in the setting of C, will cune 
to either channel without materially changing 
the operation of the filter. 

The coils in the intermediate sections of 
the filter (L,, Ls, L,, and Ls in figure 7A, and 
L,,L;, Ls, and L, in figure 7B) may be checked 
most conveniently outside the filter unie with 
the aid of a small ceramic capacitor of known 
value and a grid-dip meter. The ceramic ca- 
pacitor is paralleled across the small coil 
with the shortest possible leads. Then the as- 
sembly is placed atop a cardboard box and the 
resonant frequency checked with a grid-dip 
meter. A Shure reactance slide rule may be 
used to ascertain the correct resonant frequen- 
cy for the desired L-C combination and the 
coil aleered until the desired resonant frequen- 
cy is attained. The coil may then be installed 
in the filter unit, making sure that it is not 
squeezed or compressed as it is being in- 
stalled. However, if the coils are wound ex- 
actly as given under figure 10, the filter may 
be assembled with reasonable assurance that 
ic will operate as designed. 


The low-pass filter con- 
nected in the output trans- 
mission line of the trans- 
mitter is capable of affording an enormous de- 
gree of harmonic attenuation. However, the 
fileer must be operated in the correct manner 
or the results obtained will not be up to ex- 
pectations. 

In the first place, all direct radiation from 
the transmitter and its control and power leads 
must be suppressed. This subject has been 
discussed in the previous section. Secondly, 
the filecer must be operated into a load imped- 
ance approximately equal to its design char- 
acteristic impedance. The filter itself will 


Using Low-Pass 
Filters 


Figure 10 


SCHEMATIC OF THE SINGLE-SECTION 
HAL F-WAVE FILTER 


The constants given below are for a char- 
acteristic impedance of 52 ohms, for use with 
RG-8/U and RG-58/U cable. Coil Ly should 
be checked for resonance of the operating 
frequency with Cy, ond the same with L2 and 
C4. This check can be made by soldering a 
low-inductance grounding strap to the lead 
between L; and L2 where it passes through 
the shield. When the coils have been trimmed 
to resonance with a grid-dip meter, the 
grounding strap should of course be removed. 
This filter type will give an attenuation of 
about 30 db to the second harmonic, about 
48 db to the third, about 60 db to the fourth, 
67 to the fifth, ond so on increasing af a 
cate of about 30 db per octave. 


C,,C,,Cs,C,——Silver mica or small ceramic for low 
power, transmitting type ceramic for high power. 
Copacitance for different bands is given below: 

160 meters—1700 “utd. 

80 meters—8S0 putd. 

40 meters—440 pytd. 
20 meters—220 utd. 
10 meters —110 pyfd. 
6 meters—60 utd. 

L,,L,—May be mode up of sections of B&W Mini- 
ductor for power levels below 250 wotts, or of 
no. 12 enam. for power up to one kilowatt. Ap- 
proximate dimensions for the coils are given 
below, but the coils should be trimmed to reso- 
nate at the proper frequency with o grid-dip me- 
ter as discussed above. All coils except the 
ones for 160 meters ore wound 8 turns per inch. 

160 meters—4.2 ith; 22 turns no. 16 enam., 1” 
dia. 2” long 

80 meters-—2.1 ih; 13 ¢. 1" dia, (No. 3014 Mini- 
ductor or no. 12) 

40 meters—I1.1 uh; 8 +. 1” dia. (No. 3014 or no. 
12 of B t.p.i.) 

20 meters—0.55 wh: 7 +.°%" dia. (No. 3010 or 
no. 12 at 8 t.p.i.) 

10 meters——0.3 uh: 6 t. 4” dio. (No. 3002 or 
no. 12 ot 8 t.p.i.) 

6 meters—0.17 ith; 4 +. 4" dio. (No. 3002 of 
no. 12 of 8 t.p.i.) 


have very low losses (usually less than 0.5 
db) when operated into its nominal, value of re- 
sistive load. But if the filter is mis-terminated 
its losses will become excessive, and it will 
not present the correct value of load imped- 
ance to the transmitter. 

If a filter, being fed from a high-power 
transmitter, is operated into an incorrect ter- 
mination it may be damaged; the coils may be 
overheated and the capacitors destroyed as a 
result of excessive r-f currents. Hence it is 
wise, when first installing a low-pass filter, 
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Figure 1] 


HAL F-WAVE FILTER 
FOR THE 28-MC. BAND 
Showing one possible type 
of construction of a 52-ohm 
half-wave filter for relative- 
ly low power operation on 


the 28-Mc. band. 


to check the standing-wave ratio of the load 
being presented to the output of the filter with 
a standing-wave meter of any of the conven- 
tional types. Then the antenna termination or 
the antenna coupled should be adjusted, with 
low power on the transmitter, until the s.w.r. 
of the load being presented to the filter is 
less than 2.0, and preferably below 1.5. 


Half-wave filters (‘‘Har- 
monikers’’) have been dis- 
cussed in various publications including the 
Nov.-Dec. 1949 GE Ham News. Such filters 
are relatively simple and offer the advantage 
that they present the same value of impedance 
at their input terminals as appears as load 
across their output terminals. Such filters nor- 
mally are used as one-band affairs, and they 
offer high attenuation only to the third and 
higher harmonics. Design data on the half- 
wave filter is given in figure 10. Construction 
of half-wave filters is illustrated in figure 11. 


Holf-Wove Filters 


19-4 Broadcast 


Interference 


Interference to the reception of signals in 
the broadcast band (540 to 1600 kc.) or in the 
FM broadcast band (88 to 108 Mc.) by amateur 
transmissions is a serious matter to those 
amateurs living in densely populated areas. 
Although broadcast interference has recently 
been overshadowed by the seriousness of tele- 
vision interference, the condition of BCI is 
still present. 

In general, signals from a transmitter oper- 
ating properly are not picked up by receivers 
tuned to other frequencies unless the receiver 
is of inferior design, or is in poor condition. 
Therefore, if the receiver is of good design 


and is in good repair, the burden of rectifying 
the trouble rests with the owner of the inter- 
fering station. Phone and c-w stations both 
are capable of causing broadcast interference, 
key-click annoyance from the code transmitters 
being particularly objectionable. 

A knowledge of each of the several types 
of broadcast interference, their cause, and 
methods of eliminating them is necessary for 
the successful disposition of this trouble. An 
effective method of combating one variety of 
interference is often of no value whatever in 
the correction of another type. Broadcast in- 
terference seldom can be cured by ‘rule of 
thumb’’ procedure. 

Broadcast interference, as covered in this 
section refers primarily to standard (amplitude 
modulated, $$0-1600 kc.) broadcast. Interfer- 
ence with FM broadcast reception is much 
less common, due to the wide separation in 
frequency between the FM broadcast band and 
the more popular amateur bands, and due also 
to the limiting action which exists in all types 
of FM receivers. Occasional interference with 
FM broadcast by a harmonic of an amateur 
transmitter has been reported; if this condi- 
tion is encountered, it may be eliminated by 
the procedures discussed in the first portion 
of this chapter under Television Interference. 

The use of frequency-modulation transmis- 
sion by an amateur station is likely to result 
in much less interference to broadcast recep- 
tion than either amplitude-modulated telephony 
or straight keyed c.w. This is true because, 
insofar as the broadcast receiver is concerned, 
the amateur FM transmission will consist of a 
plain unmodulated carrier. There will be no 
key clicks or voice reception picked up by 
the b-c-] set (unless it happens to be an FM 
receiver which might pick up a harmonic of 
the signal), although there might be a slight 
click when the transmitter is put on or taken 
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RECEIVER 


BROADCAST 
RECEIVER 


Figure 12 
WAVE-TRAP CIRCUITS 


The circuit at (A) is the most common ar- 

rangement, but the circuit at (B) may give 

improved results under certain conditions. 

Manufactured wave traps for the desired band 

of operation may be purchased or the traps 

may be assembled from the data given in 
figure 14, 


off the air. This is one reason why narrow- 
band FM has become so popular with phone 
enthusiasts who reside in densely populated 
areas. 


Depending upon whether it is 
traceable directly to causes 
within the station or within 
the receiver, broadcast interference may be 
divided into two main classes. For example, 
that type of interference due to transmitter 
over-modulation is at once listed as being 
caused by improper operation, while an inter- 
fering signal that tunes in and out with a 
broadcast station is probably an indication of 
cross modulation or image response in the re- 
ceiver, and the poorly-designed input stage 
of the receiver is held liable. The various 
types of interference and recommended cures 
will be discussed in the following paragraphs. 


Interference 
Classifications 


This is not a tunable effect, but 
a total blocking of the receiver. 
A more or less complete ‘‘washout’’ covers 
the entire receiver range when the carrier is 
switched on. This produces either a complete 
blotting out of all broadcast stations, or else 
knocks down their volume several decibels— 
depending upon the severity of the interfer- 
ence. Voice modulation of the carrier causing 
the blanketing will be highly distorted or even 


Blanketing 


BROACCAST 
RECEIVER 


Figure 13 


HIGH-ATTENUATION WAVE-TRAP 
CIRCUIT 


The two circuits moy be tuned to the same 

frequency for highest attenuation of a strong 

signal, or the two traps may be tuned sep- 
arately for different bands of operation. 


unintelligible. Keying of the carrier which 
produces the blanketing will cause an annoy- 
ing fluctuation in the volume of the broadcast 
signals. 

Blanketing generally occurs in the imme- 
diate neighborhood (inductive field) of a pow- 
erful transmitter, the affected area being di- 
rectly proportional to the power of the trans- 
mitter. Also it is more prevalent with trans- 
mitters which operate in the 160-meter and 
80-meter bands, as compared to those on the 
higher frequencies. 

The remedies are to (1) shorten the receiv- 
ing antenna and thereby shift its resonant fre- 
quency, or (2) remove it to the interior of the 
building, (3) change the direction of either 
the receiving or transmitting antenna to mini- 
mize their mutual coupling, or (4) keep the 
interfering signal from entering the receiver 
input circuit by installing a wavetrap tuned 
to the signal frequency (see figure 12) or a 
low-pass filter as shown in figure 21. 

A suitable wave-trap is quite simple in con- 
struction, consisting only of a coil and midget 
variable capacitor. When the trap circuit is 
tuned to the frequency of the interfering sig- 
nal, little of the interfering voltage reaches 
the grid of the first cube. Commercially manu- 
factured wave-traps are available from several 
concerns, including the J. W. Miller Co. in 
Los Angeles. However, the majority of ama- 
teurs prefer to construct the traps from spare 
components selected from the ‘‘junk box.”’ 

The circuit shown in figure 13 is particu- 
larly effective because it consists of two 
traps. The shunt trap blocks or rejects the 
frequency to which it is tuned, while the 
series trap across the antenna and ground ter- 
minals of the receiver provides a very low im- 
pedance path to ground at the frequency to 
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. 
BAND COIL, L CAPACITOR, C 


1.8 Me. 17 inch no. 30 enam. 
closewound on 1” form 


3.5 Me. 42 turns no. 30 enam. 50-yufd. 
closewound on 1” form 


75-uutd. var. 


23 turns no. 24 enam. 50-uxufd. 
closewound on 1” form 


10 turns no. 24 enam. 50-nufd. var. 
closewound on 1" form 


. 7 turns no. 24 enam. 50-yufd. var. 
closewound on 1° form 


. 4 turns no. 24 enam. 25-yzufd. var. 
closewound on 1” form 


. 3 turns no. a4 ysnam: 28-yutd. var. 


spaced 4" on 1” form 


Figure 14 


COIL AND CAPACITOR TABLE FOR 
AMATEUR-BAND WAVETRAPS 


BROADCAST 
RECEIVER 


Figure 15 


MODIFICATION OF THE FIGURE 13 
CIRCUIT 


In this circuit arrangement the parallel-tuned 

tank is inductively coupled to the antenna 

leod with a 3 to 6 turn link instead of being 

placed directly in sates with the antenna 
ead. 


which it is tuned and by-passes the signal to 
ground. In moderate interference cases, either 
the shunt or series trap may be used alone, 
while similarly, one trap may be tuned to one 
of the frequencies of the interfering ctrans- 
mitcer and che other trap to a different inter- 
fering frequency. In either case, each trap is 
effective over but a small frequency range 
and must be readjusted for other frequencies. 

The wave-trap must be installed as close 
to the receiver antenna terminal as practic- 
able, hence it should be as small in size as 
possible. The variable capacitor may be a 
midget air-tuned trimmer type, and the coil 
may be wound on a l-inch dia. form. The cable 
of figure 14 gives winding data for wave-traps 
buile around standard variable capacitors. For 
best results, both a shune and a series trap 
should be employed as shown. 

Figure 15 shows a two-circuit coupled 
wave-trap that is somewhat sharper in tuning 
and more efficacious. The specifications for 
the secondary coil L, may be obtained from 
the cable of figure 14. The primary coil of the 
shunt trap consists of 3 to 5 closewound turns 
of the same size wire wound in the same di- 
rection on the same form as L, and separated 
from the latter by 4 of an inch. 


A carrier modulated in excess 
of 100 per cent acquires 
sharp cutoff periods which give rise to tran- 
sients. These transients create a broad signal 
and generate spurious responses. Transients 
caused by overmodulation of a radio-telephone 
signal may at the same time bring about im- 
pace or shock excitation of nearby receiving 
antennas and power lines, generating inter- 
fering signals in that manner. 


Overmodulation 


Broadcast interference due to overmodula- 
tion is frequently encountered. The remedy is 
to reduce the modulation percentage or to use 
a clipper-filter system or a high-level splaccer 
suppressor in the speech circuit of the trans- 
mitter. 


Cross modulation or cross talk is 
characterized by the amateur sig- 
nal riding in on top of a strong 
broadcast signal. There is usually no hetero- 
dyne note, the amateur signal being tuned in 
and out with the program carriers. 

This effect is due frequently to a faulty in- 
puc stage in the affected receiver. Modulation 
of the interfering carrier will swing the oper- 
ating point of the inputc cube. This type of 
trouble is seldom experienced when a varia- 
ble- tube is used in the input stage. 

Where the receiver is too ancient to incor- 
porate such a tube, and is probably poorly 
shielded at the same time, it will be beter to 
attach a wave-trap of the type shown in figure 
12 rather than to attempt rebuilding of the re- 
ceiver. The addition of a good ground and a 
shield can over the input tube often adds to 
the effectiveness of the wave-trap. 


Cross 
Modulation 


A small amount of ca- 
pacitive coupling is now 
widely used in receiver 
r.f. and antenna transformers as a gain booster 
at the high-frequency end of the tuning range. 
The coupling capacitance is obtained by 
means of a small loop of wire cemented close 
to the grid end of the secondary winding, with 
one end directly connected to the plate or an- 
tenna end of the primary winding. (See figure 


16.) 


Transmission via 
Capacitive Coupling 
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CAPACITIVE 
COUPLING LOOP 


Figure 16 


CAPACITIVE BOOST COUPLING 
CIRCUIT 


Such circuits, included within the broadcast 

receiver to bring up the stage gain at the 

high-frequency end of the tuning range, have 

a tendency to increase the susceptibility of 

the receiver to interference from amateur- 
band transmissions. 


It is easily seen that a small capacitor at 
this position will favor the coupling of the 
higher frequencies. This type of capacitive 
coupling in the receiver coils will tend to 
Pass amateur high-frequency signals into a re- 
ceiver tuned to broadcast frequencies. 

The amount of capacitive coupling may be 
reduced to eliminate interference by moving 
the coupling turn further away from the sec- 
ondary coil. However, a simple wave-trap of 
the type shown in figure 12, inserted at the 
antenna input terminal, will generally accom- 
plish the same result and is more to be recom- 
mended than reducing the amount of capaci- 
tive coupling (which lowers the receiver gain 
at the high-frequency end of the broadcast 
band). Should the wave-trap alone not suffice, 
it will be necessary to resort to a reduction 
in the coupling capacitance. 

In some simple broadcast receivers, capaci- 
tive coupling is obtained by closely coupled 
Primary and secondary coils, or as a result of 
running a long primary or antenna lead close 
to the secondary coil of an unshielded anten- 
na coupler. 


With two strong local carriers ap- 
plied to a non-linear impedance, 
the beat note resulting from cross-modulation 
between them may fall on some frequency 
within the broadcast band and will be audible 
at that point. If such a ‘‘phantom”’ signal falls 
on a local broadcast frequency, there will be 
heterodyne interference as well. This is a 
common occurence with broadcast receivers in 
the neighborhood of two amateur stations, or 
an amateur and a police station. It also some- 
times occurs when only one of the stations is 
located in the immediate vicinity. 


Phantoms 


As an example: an amateur signal on 3514 
ke. might beat with a local 2414-ke. police 
carrier to produce a 1100-kc. phantom. If the 
two Carriers are strong enough in the vicinity 
of a circuit which can cause rectification, the 
1100-kc. phantom will be heard in the broad- 
cast band. A poor contact between two oxi- 
dized wires can produce rectification. 

Two stations must be transmitting simulta- 
neously to produce a phantom signal; when 
either station goes off the air the phantom 
disappears. Hence, this type of interference 
is apt to be reported as highly intermittent and 
might be difficult to duplicate unless a test 
oscillator is used ‘‘on location’’ to simulate 
the missing station. Such interference cannot 
be remedied at the transmitter, and often the 
rectification takes place some distance from 
the receivers. In such occurrences it is most 
difficult to locate the source of the trouble. 

It will also be apparent that a phantom 
might fall on the intermediate frequency of a 
simple superhet receiver and cause interfer- 
ence of the untunable variety if the manufac- 
turer has not provided an i-f wave-trap in the 
antenna circuit. 

This particular type of phantom may, in 
addition to causing i-f interference, generate 
harmonics which may be tuned in and out with 
heterodyne whistles from one end of the re- 
ceiver dial to the other. It is in this manner 
that birdies often result from the operation of 
nearby amateur stations. 


When one component of a phantom is a 
steady, unmodulated carrier, only the intelli- 
gence present on the other carrier is conveyed 
to the broadcast receiver. 

Phantom signals almost always may be 
identified by the suddenness with which they 
are interrupted, signalizing withdrawal of one 
party to the union. This is especially baffling 
to the inexperienced interference-locater, who 
observes that the interference suddenly disap- 
pears, even though his own transmitter re- 
mains in operation. 


If the mixing or rectification is taking place 
in the receiver itself, a phantom signal may 
be eliminated by removing either one of the 
contributing signals from the receiver input 
circuit. A wave-trap of the type shown in fig- 
ure 12, tuned to either signal, will do the 
trick. If the rectification is taking place out- 
side the receiver, the wave-trap should be 
tuned to the frequency of the phantom, instead 
of to one of its components. I-f wave-traps 
may be built around a 2.5-millihenry r-f choke 
as the inductor, and a compression-type mica 
padding capacitor. The capacitor should have 
a capacitance range of 250-525 pyfd. for the 
175- and 206-kc. intermediate frequencies; 
65-175 ppfd. for 260-kc. and other intermedi- 
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ates lying between 250- and 400-kc; and 
17-80 pyfd. for 456-, 465-, 495-, and 500-ke. 
Slightly more capacitance will be required for 
resonance with a 2.1 millihenry choke. 


Spurious This sort of interference arises 
Emissions from the transmitter itself. The 
radiation of any signal (other than 
the intended carrier frequency) by an amateur 
station is prohibited by FCC regulations. Spu- 
rious radiation may be traced to imperfect neu- 
tralization, parasitic oscillations in the r-f or 
modulator stages, or to ‘‘broadcast-band’’ 
variable-frequency oscillators or e€.c.o.’s. 

Low-frequency parasitics may actually oc- 
cur on broadcast frequencies or their near sub- 
harmonics, causing direct interference to pro- 
grams. An all-wave monitor operated in the 
vicinity of the transmitter will detect these 
spurious signals. 

The remedy will be obvious in individual 
cases. Elsewhere in this book are discussed 
methods of complete neutralization and the 
suppression of parasitic oscillations in r-f 
and audio stages. 


Inexpensive tab] e- model 
a-c/d-c receivers are par- 
ticularly susceptible to interference from ama- 
teur transmissions. In fact, it may be said 
with a fair degree of assurance that the major- 
ity of BCI encountered by amateurs operating 
in the 1.8-Mc. to 29-Mc. range is a result of 
these inexpensive receivers. In most cases 
the receivers are at fault; but this does not 
absolve the amateur of his responsibility in 
attempting to eliminate the interference. 


A-c/d-c Receivers 


In most cases of interference 
to inexpensive receivers, par- 
ticularly those of the a-c/d-c 
type, it will be found that stray receiver recti- 
fication is causing the trouble. The offending 
stage usually will be found to be a high-mu 
triode as the first audio stage following the 
second detector. Tubes of this type are quite 
non-linear in their grid characteristic, and 
hence will readily rectify any r-f signal ap- 
pearing between grid and cathode. The r-f sig- 
nal may get to the tube as a result of direct 
signal pickup due to the lack of shielding, but 
more commonly will be fed to the tube from 
the power line as a result of the series heater 
string. 

The remedy for this condition is simply to 
insure that the cathode and grid of the high-mu 
audio tube (usually a 12SQ7 or equivalent) are 
at the same r-f potential. This is accomplished 
by placing an r-f by-pass capacitor with the 
shortest possible leads directly from grid to 
cathode, and then adding an impedance in the 
lead from the volume control to the grid of the 
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Figure 17 


CIRCUITS FOR ELIMINATING AUDIO- 
STAGE RECTIFICATION 


audio tube. The impedance may be an amateur 
band r-f choke (such as a National R-100U) 
for best results, but for a majority of cases 
it will be found that a 47,000-ohm %-watt re- 
sistor in series with this lead will give satis- 
factory operation. Suitable circuits for such 
an operation on the receiver are given in fig- 
ure 17. 

In many a.c.-d.c. receivers there is no rf 
by-pass included across the plate supply recti- 
fier for the set. If there is an appreciable 
level of r-f signal on the power line feeding 
the receiver, r-f rectification in the power 
rectifier of the receiver can cause a particu- 
larly bad type of interference which may be 
received on other broadcast receivers in the 
vicinity in addition to the one causing the 
rectification. The soldering of a 0.01-ufd. disc 
ceramic Capacitor directly from anode to cath- 
ode of the power rectifier (whether it is of the 
vacuum-tube or selenium-rectifier type) usual- 
ly will by-pass the r-f signal across the recti- 
fier and thus eliminate the difficulty. 


Several sets have been 
encountered where there 
was only a slightly inter- 
fering signal; but, upon placing one’s hand up 
to the volume control, the signal would great- 
ly increase. Investigation revealed that the 
volume control was installed with its shaft 
insulated from ground. The control itself was 
connected to a critical part of a circuit, in 
many instances to the grid of a high-gain au- 
dio stage. The cure is to install a volume con- 
trol with ali the terminals insulated from the 
shaft, and then to ground the shaft. 


*Floating’’ Volume 
Control Shafts 
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COIL, L CAPACITOR, C 


17 turns 
no. 14 enameled 100-yutd. variable 
3-inch diameter 
2%4-inch length 


110 turns 
no. 14 enameled 
24-inch 
diameter 


100-nufd. variable 


1Va-inch length 


4 turns 
no. 10 enameled 100-yufd. variable 
3-inch diameter 
VY¥g-inch jength 


14 and 
21 Me. 


3. turns 
Y-ineh od. 
copper tubing 
2-inch diameter 
l-inch length 


27 ond 


28 Me. 100-zufd. variable 


Figure 18 


COIL AND CAPACITOR TABLE 
FOR A-C LINE TRAPS 


When radio-frequency energy 
from a radio transmitter enters a 
broadcast receiver through the 
a-c power lines, it has either been fed back 
into the lighting system by the offending trans- 
mitter, or picked up from the air by over-head 
power lines. Underground lines are seldom re- 
sponsible for spreading this interference. 

To check the path whereby the interfering 
signals reach the line, it is only necessary to 
replace the transmitting antenna with a dum- 
my antenna and adjust the transmitter for max- 
imum output. If the interference then ceases, 
overhead lines have been picking up the en- 
ergy. The trouble can be cleared up by install- 
ing a wave-trap or a commercial line filter in 
the power lines at the receiver. If the receiver 
is reasonably close to the transmitter, it is 
very doubtful that changing the direction of 
the transmitting antenna to right angles with 
the overhead lines will eliminate the trouble. 

If, on the contrary, the interference con- 
tinues when the transmitter is connected to 
the dummy antenna, radio-frequency energy is 
being fed directly into the power line by the 
transmitter, and the station must be inspected 
to determine the cause. 

One of the following reasons for the trouble 
will usually be found: (1) the r-f stages are 
not sufficiently bypassed and/or choked, (2) 
the antenna coupling system is not performing 
efficiently, (3) the power transformers have 
no electrostatic shields; or, if shields are pre- 
sent, they are ungrounded, (4) power lines are 
running too close to an antenna or r-f circuits 
carrying high currents. If none of these causes 
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Figure 19 
RESONANT POWER-LINE 
WAVE-TRAP CIRCUIT 

The resonant type of power-line filter is 
more effective than the more conventional 
“brute force’’ type of line filter, but requires 
tuning to the operating frequency of the 

transmitter. 


apply, wave-traps must be installed in the 
power lines at the transmitter to remove r-f 
energy passing back into the lighting system. 

The wave-traps used in the power lines at 
transmitter or receiver must be capable of 
passing relatively high current. The coils are 
accordingly wound with heavy wire. Figure 18 
lists the specifications for power line wave- 
trap coils, while figure 19 illustrates the meth- 
od of connecting these wave-traps. Observe 
that these traps are enclosed in a shield box 
of heavy iron or steel, well grounded. 


All-Wave 
Receivers 


Each complete-coverage home re- 
ceiver is a potential source of an- 
noyance to the transmitting ama- 
teur. The novice short-wave broadcast-listener 
who tunes in an amateur station often con- 
siders it an interfering signal, and complains 
accordingly. 

Neither selectivity nor image rejection in 
most of these sets is comparable to those 
properties in a communication receiver. The 
result is that an amateur signal will occupy 
too much dial space and appear at more than 
one point, giving rise to interference on ad- 
jacent channels and distant channels as well. 

If carrier-frequency harmonics are present 
in the amateur transmission, serious interfer- 
ence will result at the all-wave receiver. The 
harmonics may, if the carrier frequency has 
been so unfortunately chosen, fall directly 
upon a favorite short-wave broadcast station 
and arouse warranted objection. 

The amateur is apt to be blamed, too, for 
transmissions for which he is not responsible, 
so great is the public ignorance of short-wave 
allocations and signals. Owners of all-wave 
receivers have been quick to ascribe to ama- 
teur stations all signals they hear from tape 
machines and V-wheels, as well as stray tones 
and heterodyne flutters. 


WWW.americanradiohistorv.com 


HANDBOOK 


Image Interference 381 


The amateur cannot be held responsible 
when his carrier is deliberately tuned in on 
an all-wave receiver. Neither is he account- 
able for the width of his signal on the receiver 
dial, or for the strength of image repeat points, 
if it can be proven that the receiver design 
does not afford good selectivity and image re- 
jection. 

If he so desires, the amateur (or the owner 
of the receiver) might sharpen up the received 
signal somewhat by shortening the receiving 
antenna. Set retailers often supply quite a 
sizeable antenna with all-wave receivers, but 
most of the time these sets perform almost as 
well with a few feet of inside antenna. 

The amateur is accountable for harmonics 
of his carrier frequency. Such emissions are 
unlawful in the first place, and he must take 
all steps necessary to their suppression. Prac- 
tical suggestions for the elimination of har- 
monics have been given earlier in this chap- 
ter under Television Interference. 


Image Interference In addition to those types 
of interference already 
discussed, there are two more which are com- 
mon to superhet receivers. The prevalence of 
these types is of great concern to the ama- 
teur, although the responsibility for their ex- 
istence more properly rests with the broadcast 
receiver. 

The mechanism whereby image production 
takes place may be explained in the following 
manner: when the first detector is set to the 
frequency of an incoming signal, the high-fre- 
quency oscillator is operating on another fre- 
quency which differs from the signal by the 
number of kilocycles of the intermediate fre- 
quency. Now, with the setting of these two 
stages undisturbed, there is another signal 
which will beat with the high-frequency oscil- 
lator to produce an i-f signal. This other sig- 
nal is the so-called image, which is separated 
from the desired signal by twice the inter- 
mediate frequency. 

Thus, in a receiver with 175-kc. i.f., tuned 
to 1000 ke.: the h-f oscillator is operating on 
1175 ke., and a signal on 1350 kc. (1000 kc. 
plus 2 x 175 ke.) will beat with this 1175 ke. 
oscillator frequency to produce the 175-kc. i-f 
signal. Similarly, when the same receiver is 
tuned to 1400 kec., an amateur signal on 1750 
ke. can come through. 

If the image appears only a few cycles or 
kilocycles from a broadcast carrier, heterodyne 
interference will be present as well. Other- 
wise, it will be cuned in and out in the manner 
of a station operating in the broadcast band. 
Sharpness of tuning will be comparable to that 
of broadcast stations producing the same a-v-c 
voltage at the receiver. 


The second variety of superhet interference 
is the result of harmonics of the receiver h-f 
oscillator beating with amateur carriers to pro- 
duce the intermediate frequency of the receiv- 
er. The amateur transmitter will always be 
found to be on a frequency equal to some har- 
monic of the receiver h-f oscillator, plus or 
minus the intermediate frequency. 

As an example: when a broadcast superhet 
with 465-ke. i.f. is cuned to 1000 kc., its high- 
frequency oscillator operates on 1465 kc. The 
third harmonic of this oscillator frequency is 
4395 ke., which will beat with an amateur sig- 
nal on 3930 ke. to send a signal through the 
i-f amplifier. The 3930 kc. signal would be 
tuned in at the 1000-kc. point on the dial. 

Some oscillator harmonics are so related to 
amateur frequencies that more than one point 
of interference will occur on the receiver dial. 
Thus, a 3500-kc. signal may be tuned in at 
six points on the dial of a nearby broadcast 
superhet having 175 kc. i.f. and no r-f stage. 

Insofar as remedies for image and harmonic 
superhet interference are concerned, it is well 
to remember that sf the amateur signal did not 
in the first place reach the input stage of the 
receiver, the annoyance would not have been 
created. It is therefore good policy to try to 
eliminate it by means of a wave-trap or low- 
pass fileer. Broadcast superhets are not al- 
ways the acme of good shielding, however, 
and the amateur signal is apt to enter the cir- 
cuit through channels other than the input cir- 
cuit. If a wave-trap or fileer will not cure the 
trouble, the only alternative will be to attempt 
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TYPES OF LOW-PASS FILTERS 


Filters such as these may be used in the 
circuit, between the antenna and the input 
of the receiver. 
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Figure 21 


COMPOSITE LOW-PASS FILTER 
CIRCUIT 


This filter is highly effective in reducing 
broadcast interference from all high frequen- 
cy stations, and requires no tuning. Con- 
stants far 400 ohm terminal impedance and 
1600 kc. cutoff are as follows: Ly, 65 turns 
no. 22 d.c.c. closewound on 1% in. dia. form. 
Lz, 41 turns ditto, not coupled to Lz. C;, 
250 pytfd. fixed mica capacitor. Cz, 400 uufd. 
fixed mica copacitor. C3 and Cg, 150 uutd. 
fixed mica capacitors, former of 5% toler- 
once. With some receivers, better results 
will be obtained with a 200 ohm carbon re- 
sistor inserted between the filter and an- 
tenna post on the receiver. With other re- 
ceivers the effectiveness will be improved 
with a 600 ohm carbon resistor placed from 
the antenna post to the ground post on the 
receiver. The filter should be placed as 
close to the receiver terminals as possible. 


to select a transmitter frequency such that 
neither imagenorharmonic interference will be 
set up on favorite stations in the susceptible 
receivers. The equation piven earlier may be 
used to determine the proper frequencies. 

Low Pass Filters The greatest drawback of 
the wave-trap is the fact 
that it is a single-frequency device; i.e.-it 
may be set to reject at one time only one fre- 
quency (or, at best, an extremely narrow band 
of frequencies). Each time the frequency of 
the interfering transmitter is changed, every 
wave-trap tuned to it must be retuned. A much 
more satisfactory device is the wave filter 
which requires no cuning. One type, the low- 
pass filter, passes all frequencies below one 
critical frequency, and eliminates all higher 
frequencies. It is this property that makes the 
device ideal for the task of removing amateur 
frequencies from broadcast receivers. 

A good low-pass filter designed for maxi- 
mum attenuation around 1700 kc. will pass 
all broadcast carriers, but will reject signals 
originating in any amateur band. Naturally 
such a device should be installed only in 
standard broadcast receivers, never in all- 
wave sets. 


Two types of low-pass filter sections are 
shown in figure 20. A composite arrangement 
comprising a section of each type is more 
effective than either type operating alone. A 
composite filter composed of one K-section 
and one shunt-derived M-section is shown in 
figure 21, and is highly recommended. The 
M-section is designed to have maximum atten- 
uation at 1700 kc., and for that reason C, 
should be of the ‘‘close tolerance’’ variety. 
Likewise, C, should not be stuffed down in- 
side L, in the interest of compactness, as 
this will alter the inductance of the coil appre- 
ciably, and likewise the resonant frequency. 

If a fixed 150 pyufd. mica capacitor of 5 per 
cent tolerance is not available for C,, a com- 
pression trimmer covering the range of 125— 
175 pyfd. may be substituted and adjusted to 
give maximum attenuation at about 1700 ke. 
19-5 HI-FI Interference 

The rapid growth of high-fidelity sound systems 
in the home has brought about many cases of 
interference from a nearby amateur transmitter. 
In most cases, the interference is caused by 
stray pickup of the r-f signal by the interconnect- 
ing leads of the hi-fi system and audio rectifi- 
cation in the low level stages of the amplifier. 
The solution to this difficulty, in general, is to 
bypass and filter all speaker and power leads 
to the hi-fi amplifier and preamplifier. A com- 
bination of a VEFF choke and 500 ppfd ceramic 
disc capacitors in each power and speaker lead 
will eliminate r-f pickup in the high level section 
of the amplifier. A filter such as shown in figure 
17A placed in the input circuit of the first audio 
stage of the preamplifier will reduce the level of 
the r-f signal reaching the input circuit of the 
amplifier. To prevent loss of the higher audio 
frequencies it may be necessary to decrease the 
value of the grid bypass capacitor to 50 ppfd 
or so. 

Shielded leads should be employed between the 
amplifier and the turntable or f-m tuner. The 
shield should be. grounded at both ends of the 
line to the chassis of the equipment, and care 
should be taken to see that the line does not 
approach an electrical half-wavelength of the 
radio signal causing the interference. In some 
instances, shielding the power cable to the hi-fi 
equipment will aid in reducing interference. The 
framework of the phonograph turntable should be 
grounded to the chassis of the amplifier to reduce 
steay r-f pickup in the turntable equipment. 
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(figure 37). The front panel has the same 
dimensions as the outside of this box, and 
takes the form of a shallow pan, about 34-inch 
deep (figure 36). The panel is affixed to two 
angle brackets mounted on the edges of the 
sub-panel. The two meters are mounted to the 
sub-panel, as is the dial mechanism and the 
pilot lamp. The various potentiometers are 
mounted to small L-shaped plates spaced away 
from the sub-panel. The pan-shaped panel is 


THE RADIO 


merely a decorative cover that finishes the 
appearance of the unit. 

The dial is home-made and is driven by a 
35-1 gear train made from re-mounted parts 
of a surplus BC-453 (“Command”) receiver 
dial (figure 37). The dial drive and pointer 
may be made from a broadcast-type slide rule 
dial and the escutcheon is cut and formed 
from a piece of bakelite and is suitably 
engraved. 


ee ———————————— 


Figure 38 
UNDER-CHASSIS VIEW OF TRANSCEIVER 


Neat wirlng and use of cabling techniques makes “clean” looking assembly. Power leads and 

long “runs” are laced into main cable passing in a square about r.f. section. Small components are 

soldered directly to socket pins, or are mounted on phenolic terminal boards, as is the case of the 

squelch components. R.f. coils and padding capacitors are at center of layout, beneath main 

tuning capacitor gceng. Individual shield sections separate the r.f. stages. Change-over relay RY 
is mounted to rear wall of chassis next to antenna receptacle. 
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Figure 37 
VIEW OF TRANSCEIVER WITH FRONT PANEL REMOVED 


The various panel controls are mounted on L-shaped brackets attached to the sub-panel by meons 

of meta! bushings. Meters are mounted to the sub-panel by means of encircling straps. The dial 

mechanism is made from geared portions of “command” receiver dial drive fixed to a thin 
phenolic plate. 
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switches the 250-volt supply from the receiver 
section to the transmitter section and section B 
transfers the antenna from the receiver to the 
transmitter. It is necessary to remove the B-plus 
from the modulator and power amplifier of 
the transmitter during reception, and this may 
be accomplished by switching off the high 
voltage supply by means of an auxiliary relay 
whose actuator coil is paralleled with the coil 
of relay RY,. The auxiliary relay should be 
located at the power supply. 


This transceiver is an excellent 
example of the fine workman- 
ship possible by an amateur 
adept in sheet metal work and who has the 
necessary shop facilities. The chassis-cabinet is 
made of 14-gauge sheet dural, cut and bent to 
size by a sheet metal shop, The assembly is 
made up of six pieces: A wrap-around back 
and side piece, removable top and bottom 


Transceiver 
Construction 


plates, the chassis, the sub-panel, and the front 
panel. Ventilation holes are drilled in the top 
plate and the wrap-around section to venti- 
late the unit, as a considerable amount of heat 
is generated by the tubes. 

The chassis is constructed with a %4-inch 
lip around the edges which is bolted to the 
wrap-around piece and the sub-panel. In order 
to conserve height, the chassis has a “step” in 
it to allow room for the taller tubes (6146 
and 6BQ6-GT’s) and the modulation trans- 
former. Less room above the chassis is re- 
quired for the receiver section, and a corres- 
pondingly greater area beneath the chassis 
allows room for the receiver coils and stage 
shields. The “step” can be seen in figure 36, 
running from the front to the back of the 
chassis, immediately to the right of the ganged 
tuning capacitors. 

The chassis, the wrap-around piece, and the 
sub-panel make up a complete TVI-proof box 


WWW.americanradiohistorv.com 


560 Receivers and Transceivers 


THE RADIO 


transformer coupled to two 6BQ6-GT pen- 
todes connected as zero bias class B modu- 
lators. No grid bias or screen voltage is 
required for the modulator, and the audio 
driving voltage is applied to the screens of 
the tubes. The control grid is connected to 


Figure 36 


TOP VIEW OF TRANSCEIVER SHOWS 
PLACEMENT OF MAJOR COMPONENTS 


The receiver section of the unit occupies the 

left-hand section of the chassis, with the 

transmitter section at right. The “step” in the 

chassis is at the right of the main tuning 

gang, running parallel to It, from the front to 
the rear of the chassis. 


Receiver i.f. section runs along left edge of 
chassis, with squelch, regulator tube, and 
second conversion oscillator in the adjacent 
row. R.f. and audio stages are next to tuning 
gang. The three sections of capacitors nearest 
the front panel are for the receiver portion, 
while the rear capacitors are for the trans- 
mitter section. The 6146 plate tank coil is at 
the rear of the chassis. 
Modulator section occupies right-hand portion 
of chassis, with transmitter ¢.f. stages imme- 
diately to the left. 6CL6 buffer tube is 
shielded and directly in front of the 6146. 
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the cathode. This simple circuit is capable of 
over 40 watts of audio output. Negative peak 
control is exercised by a silicon rectifier placed 
in series with the secondary winding of the 
modulation transformer, and a simple low 
pass audio filter composed of the leakage 
reactance of the modulation transformer plus 
the plate bypass capacitor of the r.f. amplifier 
stage reduces the higher order audio harmonics 
generated by this system. A high level of “talk 
power” is thus insured. 


Filoment ond The transmitter is designed 
Control Ciremits for either 6- or 12-volt 

operation. The circuit of 
figures 34-35 shows G-volt configuration. For 
12-volt operation, it is only necessary to re- 
wire the power plugs as shown and filament 
switching is automatic. 

Change-over from receive to transmit is 
accomplished by means of relay RY,, which is 
actuated by the microphone button, and which 
has a d.c. coil suited to the voltage of the auto- 
mobile battery. Contact section A of this relay 
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stabiliry. The oscillator runs continuously and 
is voltage regulated. 

A single if. transformer (T,) provides 
sufficient image selectivity at 4.26 Mc. and 
no additional amplification or tuned circuits 
are required. The second intermediate fre- 
quency is 260 kc., and a GBEG multi-grid 
converter tube is used as a mixer to this fre- 
quency. The local oscillator is crystal con- 
trolled at 4.52 Mc., and makes use of the 
GBEG as a “hot cathode” crystal osciliator. 
Precise adjustment of the oscillator frequency 
may be made by means of the variable induc- 
tance (L;) in the grid-cathode circuit of the 
mixer tube. The choice of frequency of the 
mixing oscillator is important in that no har- 
monic frequencies of the oscillator should fall 
into the 10 meter band, or into its “image” 
frequency band. This insures that undesired 
“birdies” or spurious responses of the receiver 
are reduced to an absolute minimum. 

Two stages of i.f. amplification employing low 
filament drain 6BJ6 tubes provide sufficient re- 
ceiver gain, and are followed by a GALS de- 
tector/a.v.c. rectifier stage. A two-stage noise 
limiter patterned after the popular “twin- 
noise squelch (TNS) circuit” provides maxi- 
mum noise rejection with minimum audio 
distortion. A 12AX7 and GALS are used in 
this portion of the receiver. A 12AT7 tube 
serves a dual purpose as a first audio stage 
and v.t.v.m.-type S-meter amplifier, followed 
by a GAQ5 audio output stage. The S-meter 
circuit makes use of a “backwards reading” 


meter that rests at full scale. The av.c. voltage 
applied to the amplifier tube reduces the meter 
current in accordance with the strength of the 
incoming signal. 


The Transmitter Section. The transmitter sec- 
tion of the transceiver is shown in figure 35, 
and in outline form in figure 32. A 12AT7 
dual triode serves as a mixer-oscillator stage, 
beating the receiver v.f.o. with a 4.26 Mc. 
crystal (equal to the receiver intermediate fre- 
quency). The sum of these two frequencies is 
the transmitting frequency, which is equal to 
the frequency of reception, Following the 
mixer-oscillator are two gang-tuned r.f. am- 
plifier stages employing high gain GCLG pen- 
tode tubes. The second stage is neutralized for 
maximum stability. The power amplifier stage 
uses a single 6146 in a pi-network output 
circuit, which is also gang-tuned in conjunc- 
tion with the exciter and v.f.o. 


Tuning and loading controls of the power 
amplifier stage are located on the rear of 
the chassis and need not be readjusted unless 
a change is made in the antenna system (figure 
39). Antenna change-over is controlled by a 
section of relay RY,. Grid and plate currents 
of the 6146 are monitored by meter Mg. 


The Modulator Section. The modulator is de- 
signed to work with either a ceramic-type 
crystal microphone, or a high impedance dy- 
namic unit. A 12AT7 serves as a two stage 
resistance coupled amplifier, exciting a parallel 
connected 12AU7 driver. This, in turn, is 


Figure 33 
MINIATURE 
POWERHOUSE 

PACKS PLENTY 
OF PUNCH! 


The transceiver is built 
in a custom-made case 
which permits maximum 
utilization of available 
spoce. Mounting flanges 
may be seen attached to 
upper portion of trans- 
ceiver case. At left of 
main tuning dial are vol- 
ume control (with on-off 
switch), r.f. gain control, 
and squelch. At right ore 
microphone level control, 
meter switch, and micro- 
phone receptacie. 
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ANT. 


2ND MIX. 6. 1.6. oer. GAIN AUDIO AUDIO 
(260 xc.) 


R.F. AMP. 
(28 mec.) 


1ST Mix. 
(4.26 wc.) 


TUNING] OSC. (4.82 MC.) ANL 


(23.74-25.44 MC.) 


MIX. Bur. BuF. PLA, 
4 (28.0-29.7 Mc.) 
x2 |p) (er) (es) - («) ; (8) 


SPEECH AMP. 


ORIVER 


Figure 32 
BLOCK DIAGRAM OF THE TRANSCEIVER 


The tuning oscillator of the unit covers the range of 23.74-25.44 megacycles. The transmitter 

conversion crystal (4.26 Mc.) is the same frequency as the first i.f. of the receiver, thus placing 

receiver and transmitter operating frequencies at the same soot on the tuning dial. Receiver 

selectivity is obtained by use of two i.f. stages at 260 kc. R.f. circuits of both transceiver sections 
are ganged for single dial control. 


Circuit 
Description 


A block diagram of the trans- 
ceiver is shown in figure 32. 
The circuit utilizes a double 
conversion receiver employing eleven tubes 
and a voltage regulator, and a v.f.o.-controlled 
amplitude modulated transmitter having eight 
tubes. A feature of the unit is that transmitting 
and receiving frequencies are locked together 
and controlled by one master oscillator. All 
variable r.f. circuits are tracked for single con- 
trol tuning. The operator merely tunes the 
transceiver to the station he desires to contact, 
pushes the microphone control button and the 
transmitter is tuned to the same frequency, 
ready to “talk.” 

The Receiver Section. The receiver portion of 
the transceiver is shown in figure 34, and in 
outline form in figure 32. Double conversion 
is used, with the second conversion oscillator 
crystal controlled. The first conversion oscil- 
lator is also the v.f.o. for the transmitter sec- 
tion, as explained later. The three r.f. circuits 


of the receiver section (r.f. stage, mixer, and 
oscillator) are gang-tuned for proper tracking 
across the 10 meter band. 

The r.f. stage utilizes a GBZ6 high gain, 
semi-remote cutoff pentode to achieve maxi- 
mum signal gain without troublesome cross- 
modulation effects from strong nearby signals. 
The circuit of this stage is conventional, except 
that the cathode return may be removed from 
the gain buss by switch S, for optimum weak 
signal response, if desired. Partial a.v.c. is ap- 
plied to the 6BZ6 by means of a high im- 
pedance voltage divider in the a.v.c, system. 

A GBA7 multi-grid converter tube is used 
as a mixer from the operating frequency to 
the first intermediate frequency of 4.26 Mc. 
Mixer injection voltage is applied to the #1 
grid of the 6GBA7. The local oscillator em- 
ploys a GAHG and tunes the range of 23,740- 
25,400 kc., with a slight overlap at both ends 
of the range. A high-C “hot cathode” oscillator 
circuit is employed for maximum frequency 
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shown in figure 30. This unit is sufficient 
to fun one converter at a time. 


27-6 A Deluxe 


Mobile Transceiver 


The modern automobile leaves little room 
for radio equipment mounted in proximity 
to the driver. Mobile equipment, as a result, 
must be built more compactly in order to fit 
in the dashboard firewall area available for 
auxiliary equipment. The amateur having sheet 


Figure 31 
COMPACT TRANSCEIVER OFFERS 
ULTIMATE IN MOBILE 
COMMUNICATION 


This compact a.m. transceiver is a complete 
10 meter station, packaged so that it will fit 
into all but the most cramped automobiles. 
The transmitter section runs up to 70 watts 
input and is designed for “‘on frequency” 
operation with the receiver section. The easy- 
to-read dial controls the master oscillator for 
both transmission and reception. The operator 
merely tunes the transceiver to the station he 
desires to contact and the transmitter is 
automatically tuned to the correct frequency. 
The transceiver is mounted in the car by 
means of dashboard clamps fastened to the 
top of the unit by means of a sliding fixture. 
Top and bottom plates are removable by 
means of snap fasteners, and are perforated 
for good ventilation. Simplicity of operation 
permits transcciver to be operated without the 
driver taking his eyes from the road. 


Tr sR, 4 ey 


——1 


——»——WA_+—< 8+ Tov, 


6.3V.,2A 
STANCOR PA-842) 


SR=SELENIUM RECTIFIER, 50 MA 


Figure 30 
SCHEMATIC, CONVERTER POWER 
SUPPLY 


metal working facilities at hand is indeed 
fortunate, as he may custom-form his equip- 
ment chassis and cabinet to fit the space pro- 
vided in his particular automobile. 

Described in this section is a deluxe trans- 
ceiver, designed and built by W7JNC which 
will fit easily into all but the most cramped 
automobiles. The unit is a complete 10 meter 
station capable of running up to 70 watts 
input, having a sensitive double conversion 
receiver, and packaged in a cabinet measuring 
only 11 inches wide, 4 inches high, and 8 
inches deep. The transceiver is suited for 
either mobile or fixed-station operation. 
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Figure 28 
PLACEMENT OF MAJOR COMPONENTS ABOVE THE CHASSIS 


Figure 29 
CLOSE-UP OF 
2-METER R.F. 


AMPLIFIER STAGE 
A shield partition passes 
across the center of Nu- 
vistor socket. The grid 
compartment is at the 
right, and plate compart- 
ment at the left, Coil Lo 
is wound on high value 
composition resistor, Six- 
meter r.f, section is iden- 
tical except for coil 

changes. 
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verter, Adjust the converter output coil 
(Le/Lig) for maximum receiver noise, making 
sure that you are not tuning to the image fre- 
quency of the receiver. Connection to the 
receiver should be made by means of a short 
length of coaxial line to prevent spurious 
signal pick-up in the 28-30 Mc. range. 

With these preliminary adjustments made, 
the r.f. stage is ready for test and alignment. 
Start with the 144 Mc. section. Remove the 
B+ to coil Ly and insert a GCW4 in the rf. 
socket. Connect a temporary antenna to the 
converter and tune in a strong local test 
signal. Make sure signal pickup is via the an- 
tenna and not by indirect pickup via coils L 
or L,. Roughly peak coils Ly, Lz, and Lg for 


Figure 26 


UNDER-CHASSIS 
VIEW OF ‘SIAMESE’ 
CONVERTER 


The converter chassis has been removed from 
the end plates for this photograph. The two 
crystal oscillators are at the center of the 
chassis, with the mixer stages adjacent to 
them. At the ends of the chassis are the r.f. 
amplifiers. Note that a T-shaped shield iso- 
lates the input and output circuits of the r.f. 
amplitier from the remainder of the circuitry. 
The shields are made up of thin flashing 
copper and are about I inches high. The 
small leg of the shield passes across the center 
of the Nuvistor socket, and the grid-plate 
blocking capacitor passes through a hole 
drilled in this partition. 


maximum signal. Now, carefully spread and 
adjust the turns of coil L. for minimum re- 
ceived signal. The neutralization point will be 
a sharp and almost complete signal null. If 
neutralization is obscure, add or remove a 
turn or two of wire from coil Lo. 

Now, reconnect the B-plus lead to the plate 
coil of the r.f. stage and tune in a weak signal 
near the center of the desired tuning range. 
Peak coils Ly, L;, and Lg. Coil L, will tune 
very broadly. Recheck the neutralization once 
again (after removing the r.f. B-plus lead) 
and secure the turns of coil L, with a spot of 
cellulose cement or colorless nail polish. As a 
final check, measure the plate current of the 
r.f. stage. It should run approximately 8 ma. 
and should not vary when the antenna is dis- 
connected from the stage. A variation in plate 
current indicates oscillation of the rf. 
amplifier. 

If a noise generator is available, coil L, and 
the antenna tap can be adjusted for a one- 
decibel or so improvement in noise figure 
after the above adjustments are completed. 
Adjustment of the six-meter converter is 
identical to the above outline. 


The Converter 
Power Supply 


Plate power requirements of 
each converter are 70 volts 
at 8 ma. for the r.f. stage, 
and 105 volts at approximately 10 ma. for 
the mixer and oscillator. A suitable supply is 
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Figure 24 
SCHEMATIC, “SIAMESE’’ CONVERTER FOR 2- AND 6-METERS 


Coil data: Ly, La—5 turns #26 e., on Ya-inch Ls—5!' turns hookup wire close wound about 


diameter polystyrene rod or form. Wind 
¥Yg-inch long, tap 2 turns from ground end 
on L,. Adjust by spreading turns. 

L,—Neutralizing coil. 20 turns #30 e. on 
5/32” diameter 10 megohm resistor, close 
wound. Adjust by spreading turns. 

La—I turn hookup wire over B-plus end of 
coil L3. 

Ls5-——6 turns, same as L,. Tap 2 turns from 
ground end. 

Le, bLig—26 turns #32 e. on V-inch slug-tuned 
form, close wound. (Cambridge #PLS-6 v.h.f. 
form with green colored slug.) 

L;, L17—2 turns hookup wire over B-plus end of 
Coils Le and Lig. 


the body of 6 yufd. trimmer capacitor. 

Lo—I!9¥% turns #32 e. close wound about the 
body of 6 upufd. trimmer capacitor. 

Lio—l6 turns #28 e., tap SY_ turns from 
ground. Same as L;. 

Ly1—Neutralizing coil. 50 turns #36 e., wound 
same as Lo. 

Ly2—19 turns #28 e., same construction as Lo. 

Lis—! turn hookup wire over B-plus end of 
coil Lia. 

Ly4—Same as £13, wound over ground end of 
coil Lys. 

Lys—I7 turns #28, same construction as Le. 

Lie —25 turns #32 e., same construction as Le. 

Lio—2 turns hookup wire over B-plus end of 


Vi coil Lig. See text. 
6cw4 
RF V2 
La C2, 800 6AKS 
MIX, 
li Ls 
2 
Cy = 
$00 =) La 
ro 28-30 MC. 
146-146. Ri = aay 
aqK 
= = = C3 
T | r000 
x = 
Xa 
38.66 MC. 


i 


Pi 


CIB+ 10SVv. 
Rie ae 


lis Lia 
a je sels 
f : ¥. 220K 
Cia = = 
ae 1000 


NOTES: 


. ALL REStSTORS 1/2-WATT. 

. $00 UUF CAPACITORS: ER/E GP-SO00 SILVER MICA BUTTON. 

. 1000 LW CAPACITORS: FR/E GP-500 SILVER MICA BUTTON. 
. GULF TRIMMER CAPACITORS! CENTRALAS # 829-6 ON EQUIV. 
NUVISTOR SOCKETS : C/NCH -JONES #133-65-10-007, 


eouwnr ww 


. FILAMENT BYPASS CAPACITORS: CENTRALAB DISC #10-501 
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of the triode-connected GAKS operating with 
grid injection. The link circuit from the rf. 
amplifier stage is tapped directly to the 144 
Mc. mixer coil to obtain optimum coupling. 
The Local Oscillator Stage. A GAKS5 tube is 
used as the crystal controlled oscillator in the 
2-meter converter. A 38.66 Mc. overtone 
crystal oscillates in a grid-screen circuit, with 
the plate circuit tuned to the third harmonic 
(116 Mc.). The oscillator is capacitively 
coupled to the grid circuit of the mixer stage. 

The six-meter converter makes use of a 
GAKS overtone oscillator using a 22 Mc. 
crystal. The tube is connected as a triode, and 
the oscillator is inductively coupled to the 
cathode circuit of the mixer stage. This con- 
figuration is required to obtain sufficient in- 
jection voltage without permitting the 22 Mc. 
frequency to appear in the broadly tuned plate 
circuit of the mixer. While the pentode mixer 
is undoubtedly noisier than the triode, the 
overall noise figure of the converter is much 
less than the atmospheric noise at 50 Mc. so 
this configuration does not tend to degrade 
the usable sensitivity of the converter. 


Converter 
Construction 


As each converter is extremely 
small in size, it is simple to 
construct both of them upon a 
single chassis. The two units are therefore 
mounted on a small copper plate measuring 
3” x 7” in area, having a ¥%4-inch turned down 
lip running along the edges. A drilling tem- 
plate for the chassis is shown in figure 25. 
If the sheet copper is not available, a phenolic 
“printed circuit board” covered with a thin 
layer of copper may be used as a substitute. 


Figure 23 
THE ‘SIAMESE’ CONVERTER 
PROVIDES SUPERIOR V.H.F. 
PERFORMANCE ON TWO BANDS 


This dual converter has a noise figure better 
than 3 decibels on 2- and 6-meters. Utilizing 
crystal control for maximum frequency sta- 
bility and the new Nuvistor triode, superior 
performance is achieved at minimum cost. The 
converter is built upon a small copper chassis 
mounted to an aluminum panel by means of 
two end plates. Panel size is 312” x 814”. 
Plate voltage is applied to both converters, 
and filament voltage is controlled by the 
panel mounted toggle switches. Nuvistor tube 
(right) is compared to conventional 6AKS5 in 
foreground. 


All chassis holes are drilled, the major com- 
ponents mounted in place, and then the auxi- 
liary shields are soldered to the chassis. Place- 
ment of parts may be seen in figures 26-29. The 
six tube sockets lie along the center line of 
the chassis and all wiring is done in a point- 
to-point fashion. The 500-uufd. ceramic grid- 
plate blocking capacitors pass through small 
holes drilled in the interstage partitions and 
are supported between the top terminal of the 
r.f. stage plate coil and one lead of neutralizing 
coil Le/Ly,;. The neutralizing coil, in turn, is 
attached to the top (grid) terminal of the rf. 
stage grid coil. Every effort should be made 
to make all leads in the r.f. stages as short and 
direct as possible. 

Mixer stage wiring is straightforward. The 
cathode injection coil of the 50 Mc. mixer 
may be made of a length of small hook-up 
wire run from pin #2 of the GAKS socket, 
looping twice around oscillator coil Lys, then 
back to the GAK5 socket, to be soldered to the 
grounded filament terminal of the socket. 


Testing the 
Converters 


Wiring should be checked and 
the mixer and oscilator tubes 
placed in their sockets. Power 
is applied to the converter and the oscillator 
Stage adjusted for operation. A grid-dip oscil- 
lator or a nearby receiver will serve as a handy 
indicator of oscillation. You can temporarily 
unground the 220K grid resistor of each mixer 
stage and insert a low range micro-ammeter 
in the circuit, tuning the oscillator controls 
for maximum mixer grid current. If a v.t.m. 
is handy, it may be attached to the grid pin ot 
the mixer stage and the oscillator controls 
adjusted for maximum negative grid voltage. 
Voltage should measure between —1 and —2 
volts. 

Next, connect a receiver capable of tuning 
the 28-30 Mc. range to the output of the con- 
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Figure 21 
EASE OF MOUNTING 
IN YOUR 
AUTOMOBILE IS 
FEATURED IN 
THESE UNITS 


The transceiver and 
power supply have flow 
profile so that they may 
be placed in line beneath 
the dashboard of your 
automobile. Tuning con- 
trols are easily accessible 
to driver of car. 


of these converters is better than 3.5 decibels, 
which compares favorably with units employ- 
ing the expensive 417A low noise triode, and 
may only be surpassed by use of the costly 
416B tube. 


For simplicity and ease of operation, the 
two miniature converters are built on one 
panel-chassis combination approximately 8” x 
314” in size. The units may be powered from 
the communications receiver, or may be run 
from a separate supply as desired. 


The circuits of the two con- 
verters are similar except for 
minor details (figure 24). A 
6CW4 is used as a grid driven, neutralized 
r.f. stage, link coupled to a GAK5 mixer stage. 
A second GAKS serves as a crystal-controlled 
local oscillator. The intermediate frequency 
range is 28 to 30 Mcs. The choice of a high 
if. eliminates image problems and permits use 
of a simple slug-tuned coupling circuit be- 
tween the converter and the companion 
receiver. 


Circuit 
Description 


The R.F. Stage. The r.f. stage of each converter 
consists of a single 6CW4 Nuvistor triode. 
Inductive neutralization is used (Lo and 14,) 
incorporating a series blocking capacitor to 
remove plate voltage from the circuit. This 
simple configuration provides above 20 deci- 
bels of usable gain, which is more than suffi- 
cient to override mixer noise. A single stage 
such as this is noticeably less susceptible to 
cross-modulation from strong local signals than 
is a double stage (6BQ7A, for example), or 
two cascaded high gain stages. 


The Mixer Stage. A pentode-connected 6GAK5 
serves as a grid biased mixer for the 50 Mc. 
converter. Cathode injection from the crystal 
controlled local oscillator is used to achieve 
proper mixing voltage. Use of a triode mixer 
stage is not recommended as the reduction in 
conversion noise of the triode over the pentode 
is minimal at 50 Mc. and there is tendency of 
the triode to regenerate as the frequency of 
the injection oscillator is quite close to the in- 
termediate frequency. The 144 Mc. mixer stage 
takes advantage of the lower mixer noise level 


Figure 22 
THE RCA “NUVISTOR” VHF TUBE 


The miniature RCA Nuvistor triode provides 

high gain, low noise performance in the v.h.f. 

spectrum at low cost. Intended for TV use, 

this small tube shows excellent results in the 

2- and 6-meter converter described in this 
section. 
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a 0-100 dic. milliameter across the plate “test” 
points. A 20 watt lamp bulb may be attached 
to the antenna receptacle as a dummy load. 
Power is now applied and the pi-network cir- 
cuit is adjusted for maximum glow of the 
lamp. A 0-10 d.c. milliameter placed across 
the grid “test” points may be used to adjust 
the excitation level to the 2E26. Grid current 
should run between 2 and 3 ma., and plate 
current is approximately 50 ma. 

For 21 Mc. operation, the “grid tuning” 
Capacitor is resonated to 21 Mc. and the pi- 
network retuned to this band. Slight adjuse- 
ment of L, and Ly, will permit the two bands 
to be properly tuned by swinging the reson- 
ating capacitors from minimum to maximum 
capacitance. 

The last step is to switch to v.f.o. operation, 
and adjust the slug of coil L, for proper dial 
calibration. The slug should be permanently 
fixed in position with a drop of nail polish 
to prevent mechanical instability during mobile 
operation of the unit. 

The “magic eye” tube can be used to indi- 
cate amplifier resonance, but an external plate 
meter is recommended for v.f.o. operation, 
since loading must be readjusted as the trans- 


mitter frequency is varied. The “eye” tube 
can be used for loading adjustment, but it 
takes practice to interpret variations in the 
pattern. 


The Power Supply An inexpensive power 

supply suitable for a.c. 
operation is shown in figure 20. Voltage regu- 
lation is employed for maximum stability. 
Mobile supplies, such as the transistor types 
shown in the Power Supply chapter are suit- 
able for mobile operation. Low voltage re- 
quired for operation of the v.f.o, and receiver 
may be obtained from a dropping resistor and 
regulator tube. 


27-5 


“Siamese” 
Converter for 
Six and Two Meters 


The new R.C.A. Nuvistor series of minia- 
ture tubes brings low noise level v.h.f. recep- 
tion within the economic capability of the 
average radio amateur. Described in this sec- 
tion are twin crystal controlled converters for 
50 and 144 Mc. that make use of the 6GCW4 
Nuvistor v.h.f. triode. The inherent noise level 


Figure 20 


HOME MADE POWER 
SUPPLY FOR 
TRANSCEIVER FITS 
IN MATCHING 
CABINET WITH 
SPEAKER 


Simple transformer-oper. 
ated a.c. supply is used 
for home station work. 
VR-150 provides regu- 
lated voltage for maxi- 
mum stability. Dynamic 
speaker is included in 
enclosure. 


WWW.americanradiohistorv.com 


546 Receivers and Transceivers 


THE RADIO 


ne 


speaker to the audio jack. Light the filaments 
and apply plate voltage, Transformers T;, Ta, 
and Tz can be aligned by loosely coupling a 
2050 kc. signal from an external source to the 
plate circuit (pin #6) of the 6CG8 mixer 
tube. Next, the bandswitch is placed in the 10 
meter position and a 28 Mc. signal is applied 
to the input circuit of the receiver. Proper 
tracking is achieved in the usual manner, with 
the oscillator padding capacitor determining 
the calibration at the high frequency end of 
the dial, and the variable slug of the oscillator 
coil (Lg) being used to set the edge of the 
band at the low frequency end of the dial. An 


nl 


Figure 19 
REAR VIEW OF UNDER-CHASSIS 


AREA 
Paint ta point wiring is used, with many small 
camponents soldered directly ta the tube 
socket pins. Caaxial antenna receptacle, micro- 
phone receptacle, and crystal-v.f.o. switch are 
mounted on back apron of chassis. Pilot lamp 
receptacles are bolted to frame of tuning 
capacitar which is dropped below the chassis 
deck by means af cut-aut in deck. 


antenna can now be connected to the antenna 
jack of the transceiver and signals should be 
heard. Mixer plate coil L; is peaked for maxi- 
mum signal response near the center of the 
band and adjustment of the transmitter pi- 
network circuit can be made for greatest re- 
ceiver sensitivity. 

Bandswitch S_. is now placed in the 15 
meter position and the oscillator padding ca- 
pacitor is adjusted to correctly position the 
high frequency end of the 15 meter band when 
the tuning capacitor is at minimum setting. 
The mixer padding capacitor is adjusted for 
maximum receiver sensitivity at the same 
frequency. 

The transmitter portion should now be 
aligned. Place the 6AUG and 6CL6 tubes in 
their respective sockets and insert a 7 Mc. 
crystal in socket X. Throw S, to the transmit 
position and adjust Lo for proper crystal oscil- 
lation. Next, plate coil Lz of the 6CLG stage 
is adjusted to 28 Mc. with the “grid tuning” 
capacitor nearly open. Plate voltage is removed 
and the 2E26 is inserted in its socket, Place 
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of the stator support bars leaving them at- 
tached to one bar. Cut the rear plate so that 
it is supported only by the other bar. A small 
Planetary unit is placed between the capacitor 
and the dial for ease of tuning. A second plane- 
tary unit is used for the transmitter v.f.o. 

All sockets, terminal strips, and trimmer 
capacitors are mounted in place using 4-40 
hardware with soldering lugs placed veneath 
the nuts in various convenient positions. 


Transceiver 
Wiring 


The wiring of the unit is quite 
simple if done in the proper 
sequence. The  under-chassis 
area Contains many smal! components but these 
need not be crowded, provided proper care is 
taken in the layout and installation of parts. 
The smaller components (capacitors and resis- 
tors) are installed between the socket pins of 
the various tubes. Socket ground connections 
are made before the wiring is done, filament 
wiring is done next, then the socket-mounted 
components are placed in position. Number 22 
stranded thermoplastic insulated wire (0.07” 
diameter, Consolidated #737) is recommended 
for all leads except the filament circuit. Num- 
ber 18 wire should be used for these leads. 
Small diameter, insulated “phono-type” shield- 
ed wire is used for the lead running from 
Pin #2 of the 12AX7 to the receiver volume 
control capacitor. The filament circuit is wired 
in a series-parallel arrangement so that either 
6- or 12-volt operation may be chosen at the 
power plug. 

Before i.f. transformer T, is mounted in 
Position, it should be modified so that it tunes 
to 2050 kc. Some makes of transformers will 
reach that frequency with no modification. 
Others will require that some turns be removed 
from the primary and secondary windings, or 
that the value of internal fixed capacitance 
be reduced accordingly. 

The three small 15 meter variable padding 
Capacitors are mounted below the chassis in 
close proximity to the bandswitch and may be 
seen in the center of the chassis (figure 17). 
Crystal socket X, is mounted horizontally on 
a small metal bracket under the rear of the 
chassis so that the type FT-243 crystal may be 
inserted and removed from the rear of the 
transceiver. The buffer tuning capacitor 
(marked “grid tuning” on the front panel) is 
mounted on a small! aluminum bracket at the 
middle of the chassis. Oscillator coil Ly is posi- 


REAR PANEL 
REAR EDGE OF CHASSIS 


i PLaTe | 
| TUNING | 


ee 


FRONT EDGE OF CABINET 
FRONT PANEL 


FRONT SUBPANEL 


Figure 18 
LAYOUT OF MAJOR COMPONENTS 
ABOVE THE CHASSIS 


Snir 


tioned between the buffer capacitor and the 
v.f.o. capacitor, and is mounted in a small 
aluminum shield cut down from an if. trans- 
former can. 

A dust plate is bolted to the rear lip of the 
chassis and adds extra strength to the assem- 
bly by virtue of the two angle brackets bolted 
to the plate and chassis. The 2E26 socket is 
mounted on this plate, as are the v.f.o., crystal 
switch, power plug, and antenna receptacle. 
A slot is cut along the top edge of the dust 
plate to insure adequate ventilation. 


Transceiver Coils Only six coils are required 
for the transceiver, four of 
them in the transmitter section. Because of the 
compact construction and the influence of 
nearby objects, it is wise to grid-dip each coil 
to the proper frequency after installation. 
Oscillator plate coil (Lz) is resonated by the 
internal capacitance of the associated tubes and 
stray Circuit capacitance, and should be grid- 
dipped with the oscillator and buffer tubes in 
their respective sockets. 


The transceiver should be tested 
a section at a time. Start with 
the receiver and audio portion. 
Insert the tubes in the sockets and place crystal 
X, in the holder and connect a temporary 


Testing the 
Transceiver 
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tank circuit is very short. Directly behind the 
tuning capacitor is the modulation transformer, 
The 2E26 transmitting amplifier tube is 
mounted in a horizontal position at the right 
of the chassis, as shown in figure 15. The 
transmitter pi-network output circuit is panel 
mounted, directly in front of the plate cap of 
the 2E26. The GME-10 tuning “eye” is panel 


Figure 17 
UNDERCHASSIS VIEW OF 
TRANSCEIVER 


V.f.0. tuning capacitor and coil (in shield) are 

at top edge of chassis. Grid’ tuning capacitor 

is recessed behind panel and driven with shaft 

extension. The 21 Mc. padding capacitors are 

directly behind bandswitch at center of chassis. 

if. amplifier is along chassis edge in fore- 
ground. 


mounted between the pi-network components 
and the receiver tuning capacitor. Placement 
of receiver components is conventional, with 
the GCG8 mixer stage mounted near the tuning 
capacitor. 

The receiver tuning Capacitor is a two- 
section unit, converted from a single section 
Johnson 167-3 variable capacitor. Using a 
small hacksaw or jeweler’s saw, the two stator 
rods are cut so that a front group of plates are 
supported by one post, and a rear plate is held 
by the other post. This is the way you do this 
operation: Leave the front two stator plates 
and the rear stator plate in position, removing 
the three other plates in between. Next, cut 
the remaining two front plates away from one 
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section. During the transmission the “eye” 
indicates proper amplifier adjustment. 


The three stage audio amplifier serves as a 
modula‘or for the transmitter as well as an 
audio system for the receiver. During trans- 
mission, both sections of a 12AX7 serve as a 
voltage amplifier, driving two 6CMG6 pentode 
tubes in a parallel class A modulator circuit. 
A simple resistive feedback circuit from the 
plates of the modulator to the plate of the 
driver stage improves speech quality and re- 
duces distortion. The audio output transformer 
T, serves as a modulation choke when switch 
section S,.p opens the return circuit of the 
loud speaker jack. Switch section S,.c couples 
the modulator to the plate circuit of the c.f. 
amplifier stage. 


In the receiving mode, the audio signal 
from the diode second detector circuit is ap- 
plied through the volume control to the grid 
Circuit of the second section of the 12AX7 
speech amplifier. The cathode circuit of the 
first section of the 12AX7 is opened by switch 
section S,.» during reception. 


Transceiver Layout 
and Assembly 


Figures 13, 15, 17 and 
19 illustrate the general 
plan of the transceiver. 
The pane! layout of controls is shown in figure 
13, and parts placement above the chassis is 
illustrated in figures 15 and 19. The transceiver 
is built upon an aluminum chassis 67%” x 
554” x 1” in size. This assembly fits within a 
steel wrap-around type cabinet 334” high, 
6%” deep and 7” wide. This cabinet was 
custom-made to allow absolute minimum size 
of the transceiver. A manufactured cabinet can 
be used at a sacrifice in compactness. The Cals- 
fornia Chassis Co. type LTC-464 cabinet and 
chassis, with an over-all measurement of 414” 
x 914” x 71%” is suitable and less expensive 
than a custom package. 


The transceiver makes use of a dual front 
panel. Both panels are made of 1/16 inch 
clear plastic sheet. The sub-panel is bolted 
directly to the chassis and is painted black to 
provide a good background for the tuning 
dial. The front panel is a similar piece of 
plastic, spaced about 14 inch in front of the 
sub-panel by means of four bolts and metal 
spacers. This panel is painted and lettered as 
shown. For decorative purposes, a thin strip 


of aluminum is run across the bottom of the 
panel to provide a pleasing color contrast to 
the eye. 

Layout of principal parts above the chassis 
can be observed by comparing the photographs 
with figure 18. Viewed from the top front, 
the receiver occupies the left portion of the 
chassis and the transmitter occupies the right 
half. The external plugs and receptacles are 
mounted on the rear apron of the chassis. 


The receiver tuning capacitor is centered on 
the chassis, with the 6DC6 r.f. amplifier tube 
mounted horizontally above it on a bracket. 
The socket is oriented so that the grid con- 
nection between the tube and the amplifier 


Figure 16 
SCHEMATIC OF TRANSCEIVER 


Receiver tuning capacitor—Oscillator section 
3-18 yufd. Detector section 3-8 uufd. (See 
text for details.) 

Pi-network loading capacitor—400 ypfd. Allied 
Radio Co., Chicago, Ill. #61-H-009. 

Li—!I wH. YW" diam. form, 1” long, tuned 
with adjustable 14-20 iron core slug. (7.0- 
7.42 Mc.) Wind with #18 e. 

L2-—-25 uh. Tunes to 7 Me. with circuit capa- 
citance. 5/16” diam., 4” long with ad- 
justable 14-20 iron core slug. Wind with 
#22 e. 

L,—0.9 nH. Tunes to 27 Mc. with tuning 
capacitor at maximum, and 29.7 Mc. with 
capacitor at minimum. 5/16” diam., 4" 
long with adjustable 4-20 iron core slug. 
Wind with #22 e. 

La—0.9 wh. Tunes to 21 Me. with tuning 
capacitor at maximum, and 29.7 Mc. with 
capacitor at minimum. B&W coil, 34” diam., 
8 turns per inch #18 wire. 

Ls—I.5 nH. Tunes to 21 Me. with tuning 
capacitor at maximum and auxiliary pad- 
ding capacitor in circuit, and 29.7 Mc. with 
tuning capacitor at minimum and auxiliary 
capacitor out of circuit. 

Le—Two windings. Tuned winding: 0.4 “H, 
wound on 5/16” diam. form., 2” long with 
adjustable 4-20 iron core slug. Wind with 
#18 e. Secondery winding: 0.4 nH scramble 
wound, spaced Vg-inch from tuned winding, 
#22 d.c.c. Tunes 25.95-27.65 Me. for 10 
meters, 22.05-22.5 Mc. for 15 meters. 

Note: Coils may be wound on J. W. Miller Co. 
#41-A000-CBi ceramic forms, with type R 
slug. Alternatively, J. W. Miller Co. #20A 
and #21A series adjustable r.f. coils may 
be substituted. All coils should be adjusted 
to frequency with a grid-dip oscillator. 

T\—2050 ke. i.f. transformer. J. W. Miller Co. 
#13-W1. Remove turns from 1500 ke. wind- 
ings to resonate at 2050 ke. 

Tq-T3—265 kc. i.f. transformer. J .W. Miller 
Co. #12-H1. 

Ta—Primary, 5000 ohms. Secondary 4 ohms. 
10-watt. 

Dial—Made up of Jackson Bros. planetary 
drive. (Arrow Electronics Co., 65 Cortland 
St., New York 7, N.Y.) 

Tuning Eye: 6ME-10 (midget) or EM-84. (See 
tube manual for pin connections.) 
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semi-remote cutoff pentode is used as an rf. 
amplifier with the input grid connected direct- 
ly to the r.f. circuit of the transmitter power 
amplifier. Thus, when the transmitter is prop- 
erly adjusted and loaded to the antenna system, 
the receiver input circuit is automatically tuned 
to the same frequency. This eliminates the 
components and space normally required for a 
tuned r.f. input circuit. The coupling capa- 
citor and grid resistor of the GDCG6 stage are 
chosen so that the tube blocks itself off during 
transmission periods. The relatively large po- 
tential developed on the grid of the r.f. stage 
does no harm. A 27-ohm composition resistor 
is placed in the plate lead of the r.f. amplifier 
to suppress a parasitic oscillation that often 
shows up in such circuitry. The resistor has no 
effect upon the operation of the amplifier 
stage. 


Figure 15 
OBLIQUE VIEW OF TRANSCEIVER 


CHASSIS 


The 2E26 power amplifier tube is mounted in 
@ horizontal position, supported by bracket at 
rear of the chassis. Chassis is perforated be- 
low tube to permit passage of air around tube. 
Pi-network components are in front of tube 
cap. Antenna coaxial receptacle is at rear of 
chassis on bracket. Construction of multiple 
front panel may be seen in this view. 


A triode-pentode (6CG8) is used as the 
first mixer stage. The triode section operates 
as a “hot plate” oscillator 2050 kc. below the 
signal frequency. Grid injection is used to the 
pentode mixer section. Parallel padding capa- 
citors are switched across the mixer and oscil- 
lator circuits in order to tune the 15 meter 
band. A 6BEG pentagrid tube is employed as 
a second mixer from 2050 kc. to 265 ke. The 
#1 grid acts as the anode of a cathode feed- 
back crystal oscillator, with the degree of feed- 
back controlled by a capacity bridge placed be- 
tween #1 grid, cathode and ground. 

A single 6BAG provides sufficient i.f. gain 
at 265 k.c., and two transformers produce ex- 
cellent “skirt” selectivity and adjacent signal 
separation. The r.f. stage, the second mixer, 
and the i.f. stage are all controlled by the 
a.v.c. Circuit, operating from one-half of a 
GAL5 tube. The second diode section of the 
GAL5 acts as the second detector and auto- 
matic noise limiter. The a.n.l. circuit has a 
very low distortion level, and is in the circuit 
at all times. A GME-10 miniature “magic eye” 
tube serves as a signal strength indicator, 
operating from the a.v.c. line of the receiver 
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Figure 14 
BLOCK DIAGRAM OF TRANSCEIVER 
Externol power supply is used, so transceiver may be operated from a.c. supply or fram mobile 
power pock. Tuning adjustments ore accomplished by meons of 6&5 minioture “magic eye.” The 
“teye” tube shown is the imported type 6ME-10 (Concord Electronics Co., 809 No. Cahuenga Bivd., 
Los Angeles 38, Colif.). The FM-type EM-84 may be substituted. 


has arisen for a compact transceiver that will 
work well either in the car or at the home 
station. The unit described in this section has 
been designed to meet this need. 


This compact transceiver package covers the 
10 and 15 meter bands, and employs a stable 
superheterodyne receiver and a 20 watt a.m. 
transmitter. The transmitter may be either 
crystal controlled, or driven by the internal 
v.f.o. A 10 watt audio system operates from 
a crystal microphone and provides 100% modu- 
lation of the transmitter. During reception the 
audio stages deliver sufficient power to drive 
an external speaker well above the noise level 
of the automobile. 


Small enough to fit comfortably under the 
dash of today’s car, the transceiver delivers a 
well modulated signal at a maximum plate 
power load of 300 volts at 170 milliamperes 
and 150 volts at 20 milliamperes. 


Transceiver 
Circuit 


A block diagram of the trans- 
ceiver circuit is shown in 
figure 14. Twelve tubes are 
employed, three in the transmitter section, 
three in the audio portion, and six in the re- 
ceiver section. Change-over from receive to 
transmit is accomplished by a four-pole, two- 
position switch (S,), mounted in the upper 
left corner of the front panel (figure 13). 
One section of this switch (S,.c) removes the 
plate and screen voltage from the transmitter 
amplifier stage, another section (S,.q) trans- 
fers the low voltage from the transmitter ex- 
citer stages to the receiver circuits, a third 
switch section (S;.p) activates either the 
speech amplifier or the loud speaker jack, and 
the fourth section (S,.5) sensitizes the “magic 
eye” indicator tube for reception. 

The receiver portion employs a double con- 
version circuit to achieve maximum image 
rejection with adequate selectivity. A 6DC6 
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fairly broad as is the r.f. stage tuning although 
the antenna trimmer will have to be repeaked 
when going from one end of the 80 meter 
band to the other. However, if the mixer 
trimmer capacity has to be changed at the low 
end of a band to obtain an increase in S-meter 
reading, it means that the coil will have to be 
altered. If the trimmer has to be increased in 
capacity, it indicates that more inductance is 
needed and the tap will have to be moved 
farther up on the coil. Conversely, if the 
trimmer has to be decreased in capacity, less 
inductance is needed and the tap is moved 
down on the coil. The Erie trimmer capacitors 
pass from maximum to minimum capacity in 
180 degrees of rotation and are at minimum 
capacity when the lettering on the cap is 
adjacent to the mounting bolts. 


The final dial calibration must be made 
with a bottom shield on the chassis —a tem- 
porary piece of screen wire is satisfactory — in 
order that the calibration will be correct when 
the receiver is placed in the cabinet. 100 kc. 
points are marked off on the dial from har- 
monics of the crystal calibrator and in between 
points may be marked off with dividers since 
the dial is fairly linear. The dial scale is re- 
moved for inking the calibration points and 
when permanently reinstalled, it is covered 
with a 1/16 inch piece of clear polystyrene 
sheet the same size as the scale. This will keep 
the dial clean and prevent warping of the 
paper scale. A permanent pointer is made from 
a long scrap of polystyrene sheet with an inked 


line scribed down the center of the pointer. 
It can be shaped to fit over the planetary drive 
by holding the plastic under hot water until it 
is soft enough to be bent to shape. 


The front panel is fastened to the chassis 
by means of the hexagonal nuts holding the 
bandswitch and toggle switches. Another 1/16 
inch sheet of polystyrene or plexiglass is cut 
to fit over the dial opening with the cutout 
for the shaft of the planetary drive allowing 
clearance for the tuning knob. Lettering decals 
are used to mark the controls. 

Any well filtered power supply that delivers 
about 250 volts at 80 ma. is suitable for the 
receiver. For 6 volt operation terminal 4 on 
the power plug is jumpered to terminal 2 
(ground) and power is applied to terminal 3. 
For 12 volt operation terminal 3 is left open 
and 12 volts applied to terminal 4. 


27-4 A Compact 


Transceiver for 


10 and 15 Meters 


Regardless of “conditions” and the sunspot 
cycle, the 10 and 15 meter bands are exceed- 
ingly popular with a large group of amateurs. 
Many stations on these bands employ low 
power, and the amateur using a low power 
transmitter, inexpensive receiver and modest 
antenna suffers no great handicap. 


In addition, the growth of mobile operation 
on these bands has been rapid and the need 


Figure 13 
POCKET-SIZE 
TRANSCEIVER! 


This miniature  trans- 
ceiver is designed for 
top-performance on the 
21 and 28 Mc. amateur 
bands. Receiver section 
utilizes double conversion 
for suppression of images 
and for maximum selec- 
tivity. Modulated ampli- 
fier stage of transmitter 
employs a 2&26. Power 
supply and speaker are 
contained In auxiliary 
cabinet shown sitting 
atop transceiver. 
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Coil Assembly The next step in the assem- 
bly of the receiver is to 
mount the coil partitions with the attached 
switch sections. The shaft is connected to the 
switch index (previously mounted on the front 
of the chassis) with a 14-inch shafe coupling 
and the switch index is rotated so that the 
switch contacts are in proper alignment. The 
nut holding the index can then be tightened 


down to hold it in place. 


The r.f. coils are wound as shown in the 
coil table (figure 11) and the two grid coils 
(L, and Lg) can be wired in without further 
attention since they tune separately with the 
antenna trimmer. The third set of contacts on 
the grid coil switch wafer (SW .c) are used 
to switch in the additional 680 ohm cathode 
resistor used to limit the excessive gain de- 
veloped on the 80 meter band. This prevents 
overloading the triode mixer with a strong 
signal. The mixer and oscillator coils are next 
wound and installed and the r.f. section is 
ready to be tuned up. 


Before proceeding with the 
alignment of the oscillator and 
mixer coils, a dial scale is made 
up from stiff paper or white cardboard and 
fastened to the dial back plate. The semi- 
circular scales are made with a compass using 
black india ink. A temporary pointer is made 
of light aluminum or plastic scrap and is 
attached to the planetary drive dial plate by 
means of the small screws holding the dial 
plate. The section of the pointer extending 
over the scale is cut in half along the center 
line so that only half of the pointer remains 
to be used as a guide line for marking off the 
calibration points on the dial. A rough align- 
ment of the oscillator and mixer coils can be 
made with a grid dip meter using the tuning 
range data given in the coil table. The fre- 
quency of the oscillator circuit is Sigher than 
the frequency of the mixer circuit by 3000 kc. 
(the frequency of the if.) except in the case 
of the 15 meter band where the oscillator 
frequency is ower than the mixer frequency 
by 3000 ke. As a starting point, the tuning 
Capacitor is set at almost full mesh (near maxi- 
mum capacity) and each oscillator coil is set 
at its lowest frequency by adjusting its asso- 
ciated trimmer to maximum capacity. The 
mixer coils can be set in the same fashion on 


Receiver 
Calibration 


the low frequency edge of each amateur band. 
The low band edges can be found by having 
the receiver turned on for operation and apply- 
ing a signal to the antenna input from a signal 
generator or your transmitter v.f.o. The an- 
tenna trimmer will have to be peaked for each 


band. 


Once the low band edges have been found, 
the rest of the alignment and dial calibration 
is easily done using the built in 100 kc. cali- 
brator. A short piece of wire is clipped to the 
plate of the crystal calibrator tube and brought 
near the antenna coils to get a fairly strong 
signal to work with. A crystal harmonic should 
fall at the low end of each band at the point 
on the dial found previously with the external 
signal. Wich this as a starting point, the tuning 
capacitor can be rotated over the dial range 
and 100 ke. points counted off to check the 
coverage of each band on the dial. The coil 
and Capacitor combination given in the coil 
table is designed to spread each band over 
almost the entire 180 degrees of the dial using 
a 15 ppfd. tuning capacitor. If an entire band 
cannot be covered, the turns on the particular 
oscillator coil must be squeezed together 
slightly to increase the inductance and the 
alignment procedure repeated by resetting the 
oscillator trimmer so that the dial pointer 
will align with the original calibration point 
at the low end of the band. If the bandspread 
is insufficient, the coil turns must be spread 
to decrease the inductance. In the case of the 
80 meter band it may mean removing one or 
two turns from the oscillator coil. 


Tracking 
Adjustments 


When the band coverage has 
been set by the above adjust- 
ment of the oscillator coils and 
associated trimmers, the mixer coils are ad- 
justed for proper tracking. Using the same 
harmonics from the 100 kc. calibrator set the 
tuning dial at the Aigh frequency end of the 
band, peak the antenna trimmer for a maxi- 
mum reading on the S-meter and likewise peak 
the trimmer capacitor on the mixer coil. Rotate 
the tuning capacitor to the low frequency end 
of the band and again adjust the same mixer 
trimmer for a maximum reading on the S- 
meter. If no improvement can be made in the 
meter reading, the mixer is tracking with the 
oscillator and no further adjustment need be 
made. The 80 and 40 meter mixer tuning is 
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SWITCH INDEX 


Figure 12 


PLACEMENT OF 
MAJOR 
COMPONENTS 
BENEATH THE 


CHASSIS 


The 6BZ6 r.f. tube socket 

ts located so that the 
rear wall of the coil com- 

| partment passes over the 
center of the socket, iso- 
lating the input and out- 

| put circuits. The 6U8 
mixer socket is mounted 

in the same fashion with 
the mixer pins (1, 8, and 

9) falling within the coil 
compartment and the 
oscillator pins (2, 6, and 

7) placed in the oscillator 

coll area of the chassis. 
Bandchange switch seg- 
ments are mounted to 

the walls of the coil com- 
partment and are driven 

by the switch index af- 
fixed to the front wall of 

the chassis. The antenna 
trimming capacitor and 

_ b.f.o. pitch capacitor are 
mounted to extension 
“ears” on the rear wall 

of the coil compartment. 


of the ceramic trimmer capacitors and the coil 
leads are connected to the same lugs, with a 
heavy wire going to the respective terminals 
on the band switch. There is a continuously 
shorting deck on the oscillator switch section 
that picks up the unused coils and shorts them 
all together to prevent any absorption loss 
from occurring in the higher frequency coils. 


The two 3000 kc. i.f. transformers are made 
from standard 1500 kc. units by removing 5 
feet of wire from each winding of the trans- 
former. The transformers shown are J. W. 
Miller #13-W1, but other makes of transform- 
ers could also be altered to tune to 3000 kc. 
The proper frequency is easy to check with a 
grid dip meter. The b.f.o. coil is made the easy 
way by using a broadcast-type “vari-loopstick.” 
Twelve inches of wire is removed from the 
coil and an additional 18 inches is unwound 
to make the cathode tap and is then rewound 
back on the coil. The end of the rewound 
section of the coil will be the ground end. A 
padding capacitor of 68 ppfd. is placed across 
this coil and the modified “loopstick” is 
mounted in a shield can to match the if. 


transformers. The slug of the coil tunes the 
circuit to the exact frequency and the variable 
pitch control capacitor between cathode and 
ground provides about 3 kc. variation each 
side of zero beat. 


Preliminary Checking 
and Adjustment 


Most of the wiring 
can be done before 
the coil partitions and 
the r.f. coils are installed. At this point the 
tubes can be put in the sockets (figure 12) 
and power applied for a preliminary check on 
the if. and audio circuits. Tuning the i.f. 
channel is a simple matter because the center 
frequency is determined by the bandpass filter. 
A low level 3000 kc. signal from a signal 
generator or grid dip meter is applied through 
a capacitor to the input of the filter and the 
slugs of the i.f. transformers are adjusted for 
maximum signal reading on the S-meter. The 
S-meter is adjusted with the “zero” control to 
read zero with no signal and the meter sensi- 
tivity is determined by the value of the meter 
ground resistor. The value of 47K used with 
the 0-1 ma. meter will give full scale deflec- 
tion with a very strong local signal. 
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near that part of the circuit in which they are 
used to allow short leads and to facilitate 
wiring (figure 10). Terminal boards can be 
made up from one inch wide strips of fiber- 
glass sheet or phenolic material using solder- 
ing lugs and rivets for the terminals. A plain 
piece of the same material is placed between 
the terminal board and the side of the chassis 
and the two pieces are fastened to the chassis 
with 4-40 hardware. The trimmer capacitors 
for the mixer coils are mounted on the coil 
partition so that their terminals extend into 
the mixer coil section adjacent to the proper 
coil. 4-40 tapped holes in the lip of the par- 
tition allow the trimmers to be fastened direct- 
ly to the partition. These trimmers can be 
wired to the band switch before the partition 
is mounted to the chassis, and the leads of 
the coils may be soldered to the trimmer capa- 
citor terminals when they are installed. Notice 
that one terminal of the trimmer capacitors 
returns to a ground strap allowing them to be 
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tuned with a metal screw driver without short- 
ing the B-plus voltage appearing on the mixer 
coils. The bottom leads of the mixer coils 
return to a common bus wire run near the 
chassis and terminating on an insulated tie- 
point near the 80 meter coil. 

Shielded wire (phonograph pickup type) is 
used in the audio circuit to bring the leads 
from the 6T8 socket to the volume control, 
bur all r.f. wiring is unshielded, short and 
direct. B-plus leads, S-meter wiring and the 
a.v.c. and r.f. gain control wires pass around 
the inside edge of the chassis where they are 
out of the way. The disc-type bypass capacitors 
are mounted right at the tube sockets with 
short leads. The metal center posts of the r.f. 
and i.f. tube sockets are grounded and the 
cathode bypass capacitors are positioned to 
cross the center of the sockets to further isolate 
the input and output circuits of the tubes. 
The silver mica padding capacitors in the 
oscillator circuit mount directly on the lugs 


Figure 11 
COIL DATA 


All ¢.f. coils are wound on 134%” lengths of 2" diameter polystyrene rod in a space of %4” except 
coil L, which is close wound in 9/16” space. The antenna coils are wound at the ground end of 
the grid coils and spaced 1/16” below the grid coil. All wire is plain enamel in the sizes shown. 
Holes are drilled through the forms to fasten the end of the coils and the forms are tapped for 
4/49 bolts at the bottom ends to attach them to the chassis. The tcp point is the number of 

turns from the bottom (B-plus) end of the coil. 


TRIMMER FIXED PAD 


BAND COIL TUNING RANGE TURNS TAP WIRE Hufd. pufd. 

80 L, Grid 3500-7300 45 #30 C-1 

Lo Ant. 17 30 

Le Mixer 3500-4000 80 30 8-50 

Lig Osc. 6500-7000 37 26 4-30 None 
40 Lg Mixer 7000-7300 35 6 26 8-50 

ih Osc. 10-10.3 Me. 16 20 4-30 85 
20 L, Grid 14-30 Mc. 13 20 C-1 

Ey Ant. 10 30 

L; Mixer 14-14.4 Me. 20 6 20 8-50 

Lys Osc. 17-17.4 Mc. 7 20 4-30 120 
15 La Mixer 21-21.5 Mc. 14 6 20 8-50 

Lig Osc. 18-18.5 Mc. 7% 20 4-30 110 
10 LG Mixer 28-30 Mc. 9 7 20 8-50 

Lig Osc. 31-33 Mc. 5uY 20 4-30 30 

Li; B.f.o. coil — BC ‘‘vari-loopstick” (see text) 
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© TERMINAL BOARD 


REAR APRON 


TERMINAL 
Vv BOARD 


LEFT SIDE 


Figure 10 


UNDER-CHASSIS 

LAYOUT AND 

PLACEMENT OF 
TERMINAL BOARDS 


Terminal boards are 
maunted an the left, 
tight, and rear side walls 
of the chassis. A piece of 
Phenolic material placed 
beneath the board insu- 
lates the terminals trom 
the chassis. R.¢. bypass 
capacitors are mounted 
directly to the pins of 
the tube sockets. 


\iexas 
tn 


RIGHT SIDE 


the dial which is 534” long and 34” high. It 
has 34” lips and takes the form of a shallow 
pan. Two holes are drilled in the bottom lip 
of the pan to fasten it to the chassis flush with 
the front edge. The center of the pan is in 
line with the center of the chassis and the 
capacitor shaft. Tapped 6-32 holes in the 
chassis make it easy to mount the dial pan. 
The center hole for the planetary drive is 
found by sliding the back plate of the dial up 
against the capacitor shaft and marking the 
location of the hole. The drive mechanism is 
then positioned on the back plate and bolted 
to it. After these parts are permanently 
mounted, a couple of braces are affixed from 
the back plate of the dial to the chassis so 
that the whole dial assembly and tuning 
capacitor are held rigid (figure 8). 

The Coil Assembly Light sheet aluminum 
is used to make the 
under-chassis partitions that separate the coils 
and act as mounting plates for the bandswitch 
sections. The rear partition holding the an- 
tenna switch section, the antenna trimmer and 
the b.f.o. capacitor measures 744" x 17%” 
with 4-inch lips bent at right angles to the 
top and bottom (figure 9). The lips provide 
stiffening and permit easy mounting to the 
chassis. The front partition holding the oscil- 
lator and mixer switch sections measures 514” 
x 14%”, with the same 4-inch lips top and 
bottom. The mixer coil trimmers are mounted 
on the lip and do not project beyond the depth 


of the chassis. Two side pieces attach to the 
Partitions to hold them rigid. Threaded holes 
are cut in the bottom lips of the partitions so 
that they can be fastened to the chassis with 
4-40 self-tapping screws. Cutouts are made in 
each partition to clear the r.f. and oscillator 
tube sockets and two 14-inch feed-through 
holes are drilled in one side partition for the 
B-plus and plate leads to the r.f. stage. 

The bandswitch wafers, SW,, SWo, and 
SW, are mounted with bolts and spacers on 
the coil partitions on a center line directly 
below the tuning capacitor. The antenna 
trimmer capacitor and the b.f.o. pitch capa- 
citor are mounted on the rear partition three 
inches to each side of the band switch center 
line. Fiber extension shafts bring the controls 
up to the front panel. A flat sided fiber shaft 
is passed through the band switch sections and 
is connected to the switch index with a metal 
shaft coupling. The switch index is mounted 
on the front apron of the chassis. The loca- 
tion of the holes to be drilled in the panel is 
found by placing the drilled chassis against 
the panel and marking the holes from the in- 
side of the chassis. The large cutout for the 
dial and the S-meter can be made with a fine 
toothed coping saw. 


Wiring the 
Receiver 


Three small phenolic terminal 
boards are used to mount most 
of the miscellaneous  resis- 
tors and the audio coupling capacitors. The 
boards are bolted to the side of the chassis 
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chassis by 6-32 bolts in the space between 
each capacitor. The ground terminals of the 
coils, trimmers, and padding capacitors attach 
to ground lugs affixed to the chassis at the 


ground terminal underneath the chassis. The 
tuning capacitor is positioned along the center 
line of the chassis at a distance from the front 
panel determined by the length of the dial 


ground bolt of the trimmers. The tuning capa- drive mechanism. 
citor is mounted on a small L-shaped bracket 
and is inverted to place the terminals and 
ground strap closer to the chassis. The ground 
strap on the capacitor projects through a hole 


in the chassis and makes connection to the 


The Diol For smooth tuning the planetary 
drive must be lined up carefully 
with the shaft of the tuning capacitor. The 


drive mechanism mounts on the back plate of 


Figure 9 
UNDER-CHASSIS VIEW OF RECEIVER 


The general layout of components beneath the chassis is shown in this view. The bandswitch passes 
through the central coil compartment. Each switch segment is mounted to a wall of the compart- 
ment. The two antenna coil forms are mounted behind the coil compartment with the primary 
windings connected to the antenna receptacle by a short length of coaxial line. To the right is the 
r.f. stage tuning capacitor, and to the left is the b.f.o. pitch capacitor. 
The bank of mixer coils is centered in the compartment and the various trimming capacitors are 
mounted on the top front flange of the compartment to facilitate adjustment. Note that the 
rear wall of the compartment passes across the socket of the r.f. stage, thus isolating the input 
and output circuits of the tube. 
The bank of oscillator coils is mounted between the compertment and the front wall of the chassis, 
with the oscillator switch mounted to the outside wall of the compartment. All wiring is short and 
direct, and most small bypass capacitors are mounted directly to the tube socket pins. Resistors 
are mounted on terminal boards placed on the walls of the chassis. 
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up for in the following if. stage using stan- 
dard transformers. The bandpass filter re- 
quires no special coupling circuits and_ is 
symmetrical as viewed from its terminals — 
in other words, either terminal may serve as 
input or output at a nominal impedance of 
4700 ohms. Mixer plate voltage may be ap- 
plied directly to the filter since it is tested 
at a voltage far in excess of any value normally 
encountered in receivers. The gain control is 
in the cathode of the i.f. stage as well as the 
rf. stage for more effective control of the 
over-all gain of the receiver. The second 6BJ6 
if. tube has its screen voltage regulated for 
more effective operation of the bridge-type 
S-meter in its plate circuit. 


The detector and audio 
stages are conventional 
and the noise limiter is 
a series diode (part of the 6T8 tube) with a 
fixed threshold level that does a good job of 
limiting noise without causing apparent dis- 
tortion on phone signals. A switch is included 
to disable the limiter when it is not needed. 
The audio volume control is isolated from d.c. 
potentials by coupling capacitors to eliminate 
the tendency of these controls to become noisy 


The Detector and 
Audio Stages 


when used in current carrying circuits. A 
standby switch opens the cathode of the 6AQ5 
stage silencing the receiver, but other methods 
can be used such as cutting the B-minus of 
the separate power supply or relay switching 
the B-plus of a mobile power supply. 


Receiver 
Construction 


The 814” x 11” x 2” chassis 
size is just right for building 
this receiver and there is 
plenty of room for all the components without 
crowding, even if the exact parts specified are 
not used. Location of the major components 
is shown in the photographs and the layout 
follows the circuit diagram (figure 7), pass- 
ing around the chassis with the r.f. section 
taking up most of the center area. It is a good 
idea to make paper templates for the band- 
pass filter and the i.f. transformers, marking 
the drilling holes on the chassis from the tem- 
plates. The various tube sockets should be 
oriented so that grid and plate leads do not 
have to cross over the sockets. Oscillator 
trimmer Capacitors are mounted on top of the 
chassis in a line above the oscillator coils with 
the capacitor leads projecting through 14-inch 
holes to the under side of the chassis. The 
oscillator coils can then be mounted under the 


Figure 8 


REAR VIEW OF 
BANDPASS-FILTER 
RECEIVER 


The audio stages, 100 
ke. calibrator erystal, and 
b.f.0. are located along 
the left edge of the 
chassis. Intermediate am- 
plifier stages pass across 
the back of the chassis, 
with the 3 Mc. bandpass 
crystal filter and voltage 
regulator tube at right. 
Oscillator alignment ca- 
pacitors are placed di- 
rectly behind the home- 
made dial, with the main 
tuning capacitor centered 
on the chassis. The r.#. 
and mixer tubes are at 
the center of the chassis. 
Along the rear apron of 
the chassis are (I, to r.): 
audio jacks and a.n.i. 
switch, antenna recep- 
tacle, and power plug. 
The S-meter “zero”-set 
potentiometer Is placed 
atop the chassis, between 
the 100 ke, crystal and 
the first If. tube, 
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plug and antenna connector. The most-used 
controls are on the front panel. The tuning 
dial is a very smooth planetary type having a 
long plastic pointer which extends over a cali- 
brated scale. Indirect lighting of the dial is 
provided by two panel bulbs recessed at the 
edge of the dial scale. A direct reading S-meter 
is connected in the plate circuit of the last 
if. amplifier tube, and a 100 kc. calibrator 
is included. 


Receiver Cirewit The cube lineup consists of 
a high gain 6BZ6 semi- 
remote cutoff r.f. amplifier; a 6U8 triode 
mixer and oscillator; two 6BJ6 i.f. amplifiers; 
a 6T8 detector, noise limiter and audio ampli- 
fier; and a GAQS5 audio output stage. A second 
6U8 is used for a combined beat oscillator and 
crystal calibrator, and an OA2 serves as a 
voltage regulator. 


The circuit is conventional with several 
simplifications that make for less work and 
easier construction, to say nothing of fewer 
parts (figure 7). The main d.c. supply volt- 
age to the plates and screens of the tubes is 
divided by resistors to eliminate coupling 
through a common voltage source so extra 
decoupling networks are not required. A volt- 
age regulator tube stabilizes the oscillator and 
screen voltages as well as the voltage on the 
b.f.o. Bandswitching for the five amateur bands 
is accomplished with only three switch wafers 
(SWia,z.ic, SWea., and SW,) and the 
main tuning dial is used only for the oscillator 
circuit (Cop) and plate coil of the r.f. stage 
(Coa). This calls for only a small inexpensive 
two gang capacitor. Only two coils (L, and 
Ls) are used in the r.f. grid circuit to cover 
five bands. Coil L, covers the 80 and 40 
meter bands and coil L, covers the 20, 15 
and 10 meter bands, trimmed by the 100 pyfd. 
antenna capacitor, C,. The r.f. tuning is fairly 
broad and the trimmer only requires resetting 
when going from one end of a band to the 
other. 


The plate circuit of the r.f. amplifier (Coa, 
L;.9) is resonated using separate coils for 
each band which are preadjusted to track with 
the oscillator tuning. Except for the 80 meter 
band, the plate coils are tapped for proper 
oscillator tracking, eliminating the need for 
extra series or padding capacitors required 
with other tracking methods. The oscillator 


circuit (CupLyo-Ly,) uses single winding 
coils in a Colpitts arrangement utilizing large 
padding capacitors which serve the dual pur- 
pose of stabilizing the oscillator as well as 
providing proper bandspread for the tuning 
ranges. The oscillator tuning capacitor Cop 
is as small in capacity as can be used to cover 
the desired tuning range. The oscillator cir- 
cuit is designed as if it were going to be used 
for a v.f.o. in a transmitter — which calls for 
mechanical rigidity and use of short leads, a 
ceramic switch and tube socket, silver mica 
capacitors, and solidly mounted coils. The coils 
are wound on polystyrene rods and are bolted 
to the chassis. Directly above each coil (on 
top of the chassis) are the ceramic trimmer 
capacitors (Cy-C,) used to adjust the tuning 
range (figure 8). The capacitor lugs project 
through holes drilled in the chassis and fall 
adjacent to their respective coils and switch 
contacts. The trimmer capacitors have a nega- 
tive temperature coefficient, and the combina- 
tion of fixed silver mica padding capacitors 
and the negative compensating characteristics 
of the adjustable trimmers tends to stabilize 
the oscillator frequency with respect to tem- 
perature changes. Ceramic capacitors, together 
with the small, rigid plates of the tuning 
capacitor make the oscillator almost immune 
to vibration. 


The Mixer Stage A triode mixer ts not 
commonly used in band- 
switching receivers but its low internal noise 
and low plate resistance make it ideal for 
working into the low impedance of the crystal 
bandpass filter. The injection voltage from 
the oscillator is fed directly into the cathode 
of the triode section of the 6U8. Although the 
injection voltage varies from one band to the 
next, the value is not critical and is sufficient 
on all bands. A v.t.v.m. reading at the grid 
of the oscillator (pin 2) will show between 
—5 and —8 volts for proper operation. A 
5600 ohm resistor is placed across the 80 
meter oscillator coil (Lyo) to reduce the 
injection voltage on this band to the proper 
level. 


The I.F. Amplifier The crystal bandpass 

filter (Blackhawk En- 
gineering Co.) has a maximum insertion loss 
of only 3 db. This loss is more than made 


WWW.americanradiohistorv.com 


530 Receivers and Transceivers 


THE RADIO 


a 


in the collector circuit. Optimum collector load 
for the 2N217 is approximately 500 ohms, 
and the 2N217 develops a maximum audio 
signal of 75 milliwatts at this load impedance. 
Transformer T: matches the transistor circuit 
to the 12 ohm miniature loudspeaker. The 
receiver craws a maximum signal current of 
11 milliamperes from the 9-volt battery sup- 
ply. If no external antenna is used, the re- 
ceiver should be moved about to orient the 
“loopstick” coil Li for best pickup of each 
individual broadcast station. Adjacent channel 
interference can often be eliminated by care- 
ful rotation of the set to “null out” the offend- 
ing signal. Ample loudspeaker volume will be 
obtained from local stations without the use 
of an external antenna. 


27-3. + An Inexpensive 


Bandpass-Filter 
Receiver 


A very selective high performance amateur 
band receiver can be built by using a high 
frequency crystal bandpass-fileer in the i-f. 
system. Selectivity and image rejection are 


accomplished without the complex circuitry 
and elaborate construction required in a dual 
conversion receiver to obtain the same results. 
The intermediate frequency used in this re- 
ceiver is 300 kc., yet the bandwidth is only 
3 ke. at 6 db down and 12 kc. at 60 db down 
with sharp skirt selectivity. The receiver covers 
all amateur bands between 10 and 80 meters. 
To supplement this efficient i.f. system, the 
entire receiver has been designed towards the 
goal of simplicity both in circuitry and me- 
chanical construction without sacrificing any- 
thing in performance or leaving out any Con- 
trols needed in a communication receiver. The 
receiver is buile on a standard size chassis with 
a compact perforated cabinet suitable for use 
in the shack, or in the car as a first rate mobile 
receiver (figure 6). The power supplies are 
buile as a separate unit for this purpose and 
the tube filaments are wired in a series- 
parallel configuration so that either a 6 or 12 
volt d.c. supply may be used. The speaker is 
external and the seldom-used noise limiter 
switch and headphone jack are on the rear 
apron of the chassis, along with the power 


i 


Figure 6 
HIGH PERFORMANCE AMATEUR BAND RECEIVER 
MAKES USE OF 3 MC. CRYSTAL UF. FILTER 


This simple, easy to build receiver achieves a near ultimate in selectivity and sensitivity 
without the complex circuitry of a dual conversion receiver. 
The bandspread dial is made up from an inexpensive vernier unit, to which a celluloid 
pointer has been attached. The dial opening is covered with a thin sheet of lucite, held 
in position with 4-40 sheet metal screws. Directly below the tuning dial is the band- 
switch with the antenna trimmer, the a.v.c. and b.f.0. switch, and the i.f. gain control 
to the left. Above these is the S-meter, mounted to the rear of the panel. To the right 
are the b.f.o. pitch control, the standby and calibration switches, and the audio 
gain control. 
The receiver sits on four rubber feet to prevent the operating table from being marred 
by the metal case. The front panel is attached to the receiver chassis, and the ventilated 
cabinet is bolted to the rear of the chassis. Receiver size is only 11” x 6”. 
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27-1 Circuitry and 


Components 


It is the practice of the editors of this 
Handbook to place as much usable information 
in the schematic illustration as possible. In 
order to simplify the drawing the component 
nomenclature of figure 1 is used in all the fol- 
lowing construction chapters. 

The electrical value of many small circuit 
components such as resistors and capacitors is 
often indicated by a series of colored bands 
or spots placed on the body of the component. 
Several color codes have been used in the past, 
and are being used in modified form in the 
present to indicate component values. The 
most important of these color codes are illus- 
trated in figure 2. Other radio components 
such as power transformers, i-f transformers, 
chokes, etc. have their leads color-coded for 
easy identification as tabulated in figure 3. 


27-2 A Simple 


Transistorized Portable 
B-C Receiver 


Illustrated in figures 4 and 5 is an easy 
to construct two transistor portable broadcast 
receiver that is an excellent circuit for the 
beginner to build. The receiver covers the 
range of 500 kc. to 1500 kc. and needs no 
external antenna when used close to a high 
power broadcasting station. An external anten- 


Figure 5 


INTERIOR VIEW 
OF TRANSISTOR 
RECEIVER 


The speaker and output 
transformer are mounted 
at the left of the Ma- 
sonite chassis. Top, cen- 
ter is the “loopstick” r-f 
coil, and directly to tne 
right is the 10 millihenry 
r-# choke in the collector 
lead of the 2N112 trans- 
istor. Battery is at lower 
right. 


na may be added for more distant reception. 
The receiver is powered from a single 9-volt 
miniature transistor battery and delivers good 
speaker volume, yet draws a minimum of cur- 
rent permitting good battery life. 


Circuit 
Description 


Operation of the receiver may 
be understood by referring to 
the schematic diagram of figure 
5. The tuned circuit Li-C: resonates at the 
frequency of the broadcasting station. A por- 
tion of the c-f energy is applied to the base of 
the 2N112 p-n-p type transistor. A tapped 
winding is placed on coil Li to achieve an im- 
pedance match to the low base impedance of 
the transistor. Emitter bias is used on this 
stage, and the amplified signal is capacity- 
coupled from the collector circuit to a 1N34 
diode rectifier. The rectifier audio signal is 
recovered across the 2K diode load resistor, 
which takes the form of the audio volume 
control of the receiver. The diode operates in 
an untuned circuit, the selectivity of the re- 
ceiver being determined by the tuned circuit 
in the r-f amplifier stage. 


The audio signal taken from the arm of the 
volume control (R:) is applied to the base of 
the 2N112 r-f amplifier which functions sim- 
ultaneously as an audio amplifier stage. The 
amplified audio signal is recovered across the 
2K collector load resistor of the 2N112, and 
is capacitively coupled to the base of a 2N217 
p-n-p audio transistor. This stage is base and 
emitter biased, having the output transformer 
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FIGURE 3 
COMPONENT COLOR CODING 


POWER TRANSFORMERS 
PRIMARY LEADS = BLACK 
1F TAPPED: 
COMMON 
TAP 
END 


BLACK 


BLACK /SYELLOW 
wees BLACK / REO 


REO 
REOSVELLOW 


HIGH VOLTAGE WINDING 


CENTER- TAP 


RECTIFIER FILAMENT WINDING—Yré&iiow 
YELLOW /ELUE 


CENTER- TAP 


GREEN 
GCREENSYELLOW 


FILAMENT WINDING N° 


CENTER-TAP 


BROWN 
BROWNS YELLOW 


FILAMENT WINDING N° 2 
CENTER-TAP 


SLATE 
SLATES YELLOW 


FILAMENT WINDING N°3 
CENTER-TAP 


[-F TRANSFORMERS 


PLATE LEAD = mss BLUE 


RED 
GREEN 


B+ LEAD 
GRID (Of D10DE ) LEAD 
A-v-C (OR GROUND) LEAD 


BLACK 


AUDIO TRANSFORMERS 


PLATE LEAD (PA/.) BLUE OR BROWN 


6+ LEAD (PR/.) RED 
GAIO LEAD (Séc.) GREEN OR YELLOW 
GRID RETURN (SEC. ) BLACK 


If possible, the wiring should be 
checked by a second party as a safety mea- 
sure. Some tubes can be permanently damaged 
by having the wrong voltages applied to their 


circuits. 


electrodes. Electrolytic capacitors can be 
ruined by hooking them up with the wrong 
voltage polarity across the capacitor terminals. 


Transformer, choke and coil windings may be 


damaged by incorrect wiring of the high-volt- 
age leads. 


The problem of meeting and overcoming 
such obstacles is just part of the game. A true 
radio amateur (as opposed to an amateur 
broadcaster) should have adequate knowledge 
of the art of communication. He should know 
quite a bit about his equipment (even if pur- 
chased ) and, if circumstances permit, he should 
build a portion of his own equipment. Those 
amateurs that do such construction work are 
convinced that half of the enjoyment of the 
hobby may be obtained from the satisfaction 
of building and operating their own receiving 
and transmitting equipment. 


The Transceiver A popular item of equip- 
ment on “five meters” 
during the late “thirties,” the transceiver is 
making a comeback today complete with mod- 
ern tubes and circuitry. In brief, the transceiver 
is a packaged radio station combining the ele- 
ments of the receiver and transmitter into a 
single unit having a common power supply 
and audio system. The present trend toward 
compact equipment and the continued growth 
of single sideband techniques combine natural- 
ly with the space-saving economies of the 
transceiver. Various transceiver circuits for the 
higher frequency amateur bands are shown in 
this chapter. The experimenter can start from 
these simple circuits and using modern minia- 
ture tubes and components can design and 
build his complete station in a cabinet no larg- 
er than a pre-war receiver. 


EXTERNAL 


Ri vOLUME 
2K 


100 WFD 
bE} 


8+ BUS 


Figure 4 


SCHEMATIC OF TRANSISTOR BROADCAST RECEIVER 


B—9-volt transistor battery. RCA VS-300 

Ci—365 nufd. Lafayette Radio Co. MS-214, of Allied Radio Co, 61H-009 
Li—Transistor “Loopstick” coil. Lafayette Radio Co. MS-166 

LS—3” loudspeaker, 12-ohm voice coil. Lafayette Radio Co. SK-39 
T—500 ohm pri., 12 ohm sec. Transistor transformer. Thordarson TR-18 
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experimenter's instinct, even in those individ- 
uals owning expensive commercial receivers. 
These lucky persons have the advantage of 
comparing their home-built product against the 
best the commercial marker has to offer. Some- 


AXIAL LEAD RESISTOR 


BROWN - INSULATED 
BLACK - NON-INSULATED 


BLACK 
BROWN 
REO 
ORANGE 
YELLOW 
GREEN 
BLUE 
VIOLET 
GRAY 
WHITE 


TOLERANCE 
MULTIPLIER 
1ST 4 2ND SIGNIFICANT FIGS 


eornevawn-o 


WIRE- WOUND RESISTORS HAVE IST 
DIGIT BANO DOUBLE WIDTH. 


RADIAL LEAD DOT RESISTOR 


ULTIPLIER 


2nd 
FIGURE 


RADIAL LEAD (8and) RESISTOR 


MULTIPLIER 


TOLERANCE 1ST FIGURE 


STANDARD COLOR CODE-RESISTORS AND CAPACITORS 


INSULATED FIRST RING SECONO RING THIRD RING 


UNINSULATED BOOY COLOR 


COLOR FIRST FIGURE SECOND FIGURE MULTIPLIER 


TOLERANCE 
MULTIPLIER 


BY-PASS COUPLING CERAMIC CAPACITOR 


CAPACITY 


ii \it- VOLTAGE 
ys {OPT.} 

TOLERANCE 

MULTIPLIER 


times such a comparison is surprising. 

When the builder has finished the wiring of 
a receiver it is suggested that he check his 
wiring and connections carefully for possible 
errors before any voltages are applied to the 


DISC CERAMIC RMA CODE 
3-00T 


END COLOR DOT COLOR 


5-00T 


00,000,000 
000,000,000 


: ene jojo CAPACITY 

2 00 sry MULTIPLIER kt 

3 +000 TOLERANCE | ” 
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5 00,000 | TEMPERATURE 

6 000,000 COEFFICIENT 

7 0,000,000 

8 

9 


CAPACITY 


TOLERANCE 
MULTIPLIER 
TC MULTIPLIER 


AXIAL LEAD CERAMIC CAPACITOR 


TE MP. COEFF, 


MULTIPLIE 


MOLDED MICA TYPE CAPACITORS 


CURRENT STANDARD CODE 


1ST 
2N0 


WHITE (Raa) e\_ JAN & 
BLACK (yaw) etn MULTIPLIER 


‘ SIGNIFICANT FIGURE 


1948 RMA 


CLASS— TOLERANCE 


RMA 5-DOT CODE (ossocere) 
1ST 


gus SiG. FIGURE WORK. 
ano} VOLT. 


_/TOLERANCE 
to MULTIPLIER 
eo 
60 baat FRONT - 


WORK, VOLT. ie 240 SiG. FIG. 


! 606 MULTIPLIER 
-—@o- {Soe 
l _ 1 REAR 


—TOLERANCE vour. ' BLANK 


RMA 3-DOT (ossocere) 
RATED $00 V.0.C. $ 20% TOL. 


CODE 4 9 2&2? 


~~ TN 
fg7 SIGNIFICANT FIG. 


RMA 6-DOT Cossocere) 


° ofwucripier | 
TOLERANCE T2No 
WORKING VOLTAGE eer SIG. FIGURE 


f $e Opmrneuer ee. 


peel &9oe TOLERANCE Tt 


BUTTON SILVER a CAPACITOR 


CLASS 
TOLERANCE > 1ST DIGIT 


“MULTIPLIER MULTIPLIER 2ND OIGIT 


3RO pert — 


RMA 4-DOT (opsocete) 


WORK. VOLTAGE 


= 


6 
et SIG. FIGURE 


— 
~MULTIPLIER 


MOLDED PAPER TYPE CAPACITORS 


TUBULAR CAPACITOR 
NORMALLY STAMPED 
FOR VALUE 1st 


ar SIGNIFICANT FIGURE 


MULTIPLIER 


A 2-D161T VOLTAGE RATING INDICATES MORE THAN 
900 Vv. ADD 2 ZEROS TO END OF 2 DIGIT NUMBER. 


MOLDED FLAT CAPACITOR 
COMMERCIAL CODE 


JAN CODE CAPACITOR 


SILVER UST 
WORKING VOLTS vee SIGNIFICANT FIG, 


MULTIPLIER MULTIPLIER 


TOLERANCE 


1$T FIGURE CHARACTERISTIC 


ah SIGNIFICANT 


Figure 2 
STANDARD COLOR CODE FOR RESISTORS AND CAPACITORS 


The standard color code provides the necessary information required to properly identify color coded 
resistors and capacitors. Refer to the color code for numerical values and the number of reros (or multi- 
plier) assigned to the colors used. A fourth color band on resistors determines the tolerance rating as 
follows: Gold=5%, silver= 10%. Absence of the fourth band indicates a 20% tolerance rating. 
Tolerance rating of capacitors is determined by the color code. For example: Red=2%, green=5%, etc. 
The voltage rating of capacitors is obtained by multiplying the color value by 100. For example: 
Orange=3 X 100, or 300 volts. 
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Receivers and Transceivers 


Receiver construction has just about become 
a Jost art. Excellent general coverage receivers 
are available on the market in many price 
ranges. However, even the most modest of 
these receivers is relatively expensive, and most 
of the receivers are designed as a compromise 
—they must suit the majority of users, and 
they must be designed with an eye to the price. 

It is a tribute to the receiver manufacturers 
that they have done as well as they have. Even 
so, the c-w man must often pay for a high- 
fidelity audio system and S-meter he never 
uses, and the phone man must pay for the c-w 
man’s crystal filter. For one amateur, the re- 
ceiver has too much bandspread; for the next, 
too little. For economy's sake and for ease 


of alignment, low-Q coils are often found in 
the r-f circuits of commercial receivers, mak- 
ing the set a victim of cross-talk and over- 
loading from strong local signals. Rarely does 
the purchaser of a commercial receiver realize 
that he could achieve the results he desires 
in a home-built receiver if he left off the frills 
and trivia which he does not need but which 
he must pay for when he buys a commercial 
product. 

The ardent experimenter, however, needs 
no such arguments. He builds his receiver 
merely for the love of the game, and the thrill 
of using a product of his own creation. 

It is hoped that the receiving equipment to 
be described in this chapter will awaken the 


FIGURE 1 
COMPONENT NOMENCLATURE 


CAPACITORS: 


1= VALUES BELOW 999 UUFO ARE INDICATEO IN UNITS. 
EXAMPLE: 150 UUFO OESIGNATEO AS 150. 


2- VALUES ABOVE 999 UUFO ARE INDICATED IN DECIMALS. 
EXAMPLE: OOS FO DESIGNATED AS 00S. 


3- OTHER CAPACITOR VALUES ARE AS STATEO. 
EXAMPLE: 10 UFO, 0.5 UUFO, ETC. 


4- TYPE OF CAPACITOR IS INDICATED BENEATH THE VALUE 
DESIGNATION. 
SM= SILVER MICA 
C= CERAMIC 
M= MICA 
P* PAPER 


:001 
Mw 


250 04 


EXAMPLE: ra * 


P 


VOLTAGE RATING OF ELECTROLYTIC OR “FILTER® 
CAPACITOR IS INDICATED BELOW CAPACITY DESIGNATION. 


10 20 25 


EXAMPLE! 550° 68" 10 


THE CURVED LINE IN CAPACITOR SYMBOL REPRESENTS 
THE OUTSIDE FOIL “GROUNO® OF PAPER CAPACITORS, 


THE NEGATIVE ELECTRODE OF ELECTROLYTIC CAPACITORS, 


OR THE ROTOR OF VARIABLE CAPACITORS. 
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RESISTORS: 


1= RESISTANCE VALUES ARE STATEO IN OHMS, THOUSANDS 
OF OHmS (K), ANO MEGOHMS (M), 
EXAMPLE? 270 OHMS = 270 
4700 OHMS = 4.7K 
33.000 OHMS = 33 « 
100,000 OHMS = 100K OR 0.1 M 
33,000,000 OHMS = 33M 


2- ALL RESISTORS ARE 1-WATT COMPOSITION TYPE UNLESS 
OTHERWISE NOTEO. WATTAGE NOTATION 1S THEN INDICATED 
BELOW RESISTANCE VALUE. 


€ ; a7K 
AMPLE: bs 


INDUCTORS: 


MICROHENRIES = UH 
MILLIHENRIES = MH 
HENRIES= H 


SCHEMATIC SYMBOLS: 


OR 
CONOUCTORS JOINED 


a 


CONDUCTORS CROSSING 
BUT NOT JOINED 


CHASSIS GROUND 
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Miscelloneous There are several other poten- 
tial noise sources on a pas- 
senger vehicle, but they do not necessarily 
give trouble and therefore require attention 
only in some cases. 

The heat, oil pressure, and gas gauges can 
cause a tasping or scraping noise. The gas 
gauge is the most likely offender. le will cause 
trouble only when the car is rocked or is in 
motion. The gauge units and panel indicators 
should both be by-passed with the 0. I-pfd. 
paper and 0.001-pfd. mica or ceramic combina- 
tion previously described. 

At high car speeds under certain atmospheric 
conditions corona static may be encountered 
unless means are taken to prevent it. The re- 
ceiving-type auto whips which employ a plas- 
tic ball tip are so provided in order to minimize 
this type of noise, which is simply a discharge 
of the frictional static built up on the car. A 
whip which ends in a relatively sharp metal 
point makes an ideal discharge point for the 
static charge, and will cause corona trouble 
at a much lower voltage than if the tip were 
hooded with insulation. A piece of Vinylite 
sleeving slipped over the top portion of the 
whip and wrapped tightly with heavy thread 
will prevent this type of static discharge un- 
der practically all conditions. An alternative 
arrangement is to wrap the top portion of the 
whip with Scotch brand electrical tape. 

Generally speaking it is undesirable from 
the standpoint of engine performance to use 
both spark-plug suppressors and a distributor 
suppressor. Unless the distributor rotor clear- 
ance is excessive, noise caused by sparking 
of the distributor rotor will not be so bad but 
what ic can be handled satisfactorily by a 
noise limiter. If not, it is preferable to shield 
the hot lead between ignition coil and distri- 
butor rather than use a distributor suppressor. 


In many cases the control rods, speedometer 
cable, etc., will pick up high-tension noise 
under the hood and conduct it up under the 
dash where it causes trouble. If so, all con- 
trol rods and cables should be bonded to the 
fire wall (bulkhead) where they pass through, 
using a short piece of heavy flexible braid of 
the type used for shielding. 

In some cases it may be necessary to bond 
the engine to the frame at each rubber engine 
mount in a similar manner. lf a rear mounted 
whip is employed the exhaust tail pipe also 
should be bonded to the frame if supported by 
rubber mounts. 


Determining the source of cer- 
tain types of noise is made 
difficult when several things 
are contributing to the noise, because elimi- 
nation of one source often will make little or 
no apparent difference in the total noise. The 
following procedure will help to isolate and 
identify various types of noise. 

Ignition noise will be present only when the 
ignition is on, even though the engine is turn- 
ing over. 

Generator noise will be present when the 
motor is turning over, regardless of whether 
the ignition switch is on. Slipping the drive 
bele off will kill ic. 

Gauge noise usually will be present only 
when the ignition switch is on or in the “‘lefe’’ 
position provided on some cars. 

Wheel static when present will persist when 
the car clutch is disengaged and the ignition 
switch turned off (or to the left position), with 
the car coasting. 

Body noise will be noticeably worse on a 
bumpy road than on a smooth road, particu- 
larly at low speeds. 


Locoting 
Noise Sources 
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Mobile Equipment 


of the measures may already have been taken 
when the auto receiver was installed. 

Firse either install a spark plug suppressor 
on each plug, or else substitute Autolite re- 
sistor plugs. The latter are more effective than 
suppressors, and on some cars ignition noise 
is reduced to a satisfactory level simply by 
installing them. However, they may not do an 
adequate job alone after they have been in use 
foc a while, and it is a good idea to take the 
following additional measures. 

Check all high tension connections for gaps, 
particularly che ‘‘pinch fic?’ terminal connec- 
tors widely used. Replace old high tension 
wiring that may have become leaky. 

Check to see if any of the high tension wir- 
ing is cabled with low tension wiring, or run 
in the same conduit. If so, reroute the low ten- 
sion wiring to provide as much separation as 
practicable. 

By-pass to ground the 6-vole wire from the 
ignition coil to the ignition switch at each 
end with a 0.1-yfd. molded case paper capaci- 
tor in parallel with a .001-yfd. mica or cer- 
amic, using the shortest possible leads. 

Check to see that the hood makes a good 
ground contact to the car body at several 
points. Special grounding contactors are avail- 
able for attachment to the hood lacings on cars 
that otherwise would present a grounding 
problem. 

If che high-ctension coil is mounted on the 
dash, it may be necessary to shield the high 
tension wire as far as the bulkhead, unless 
it already is shielded with armored conduit. 


Wheel static is either static 
electricity genecated by rotation 
of the tires and brake drums, or is noise gen- 
erated by poor contact between the front 
wheels and the axles (due to the grease in the 
bearings). The latter type of noise seldom is 
caused by the rear wheels, but tire static may 
of course be generated by all four tires. 

Wheel static can be eliminated by insertion 
of grounding springs under the front hub caps, 
and by inserting ‘tire powder’’ in all inner 
tubes. Both items are available at radio parts 
stores and from most auto radio dealers. 


Wheel Static 


Certain voltage regulators 
generate an objectionable 
amount of ‘“‘hash’’ at the 
higher frequencies, particularly in the v-h-f 
range. A large by-pass will affece che operation 
of the regulator and possibly damage the 
points. A small by-pass can be used, however, 
without causing trouble. Ac frequencies above 
the frequency at which the hash becomes ob- 
jectionable (approximately 20 Mc. or so) a 
small by-pass is quite effective. A 0.001-pfd. 


Voltage Regul ator 
Hash 


THE RADIO 


mica capacitor placed from che field terminal 
of the regulator to ground with the shortesce 
possible leads often will produce sufficient 
improvement. If not, a choke consisting of a- 
bout 60 turns of no. 18 d.c.c. or bell wire 
wound on a ¥%-inch form can be added. This 
should be placed right at the regulator termi- 
nal, and che 0.001-pfd. by-pass placed from 
the generator side of the choke to ground. 


Generator ‘‘whine’’ often can 
be satisfactorily suppressed 
from 550 kc. to 148 Mc. simply by by-passing 
the armature cerminal to ground with a special 
“‘auto radio’’ by-pass of 0.25 or 0.5 pfd. in 
parallel with a 0.001-pfd. mica or ceramic ca- 
pacitor, The former usually is placed on the 
generator when an auto radio is installed, but 
must be augmented by a mica or ceramic ca- 
pacitor with short leads in order to be effec- 
tive at the higher frequencies as well as on the 
broadcast band. 

When more drastic measures are required, 
special filters can be obtained which are de- 
signed for the purpose. These are recommend- 
ed for stubborn cases when a wide frequency 
range is involved. For reception only over a 
comparatively narrow band of frequencies, 
such as the 10-meter amateur band, a highly 
effective filter can be improvised by connece- 
ing between the previously described parallel 
by-pass capacitors and the generator arma- 
ture terminal a resonant choke. This may con- 
sist of no. 10 enamelled wire wound on a suit- 
able form and shunted with an adjustable trim- 
mer capacitor to permit resonating the com- 
bination to the center of the frequency band 
involved. For the 10-meter band 11 turns close 
wound on a one-inch form and shunted by a 
3-30 ppufd. compression-type mica trimmer is 
suitable. The trimmer should be adjusted ex- 
perimentally ac the center frequency. 

When generator whine shows up after once 
being satisfactorily suppressed, the condition 
of the brushes and commutator should be 
checked. Unless a by-pass capacitor has 
opened up, excessive whine usually indicates 
that the brushes or commutator are in need of 
attention in order to prevent damage to the 
generator. 


Generator Whine 


Body Statice Loose linkages or body or frame 
joints anywhere in the car are 
potential static producers when the car is in 
motion, particularly over a rough road. Locat- 
ing the source of such noise is difficult, and 
the simplest procedure is to give the car a 
thorough tightening up in the hope chat the 
offending poor contacts will be caught by che 
procedure. The use of braided bonding straps 
between the various sections of the body of 
the car also may prove helpful. 
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PE-103A 
6V. INPUT 


OUTPUT VOLTAGE 


ioe] 
OUTPUT CURRENT, MA. 


Figure 11 
APPROXIMATE OUTPUT VOLTAGE VS. 
LOAD CURRENT FOR A PE-103A 
DYNAMOTOR 


Ac 150 ma. oc less the 12-vole brushes will 
last almost as long as the 6-volt brushes. 

The reason that these particular dynamotors 
can be operated in this fashion is that there 
are two 6-volt windings on the armature, and 
for 12-volt operation the two are used in series 
with both commutators working. The arrange- 
ment described above simply substitutes for 
the regular G-volt winding the winding and 
commutator which ordinarily came into opera- 
tion only on 12-volt operation. Some operators 
have reported that the regulation of the PE- 
103A may be improved by operating both com- 
mutators in parallel with the 6-volt line. 

The three wires now coming out of the dy- 
namotor are identified as follows: The smaller 
wire is the positive high voltage. The heavy 
wire leaving the same grommet is positive 6 
volts and negative high voltage. The single 
heavy wire leaving the other grommet is nega- 
tive 6 voles. Whether the car is positive or 
negative ground, negative high voltage can be 
taken as car-frame ground. With the negative 
of the car battery grounded, the plate current 
can return through the car battery and the ar- 
mature winding. This simply puts the 6 volts 
in series with the 500 volts and gives 6 extra 
volts plate voltage. 

The trunk of a car gets very warm in sum- 
mer, and if the transmitter and dynamotor are 
mounted in the trunk it is recommended that 
the end housings be left off the dynamotor to 
facilitate cooling. This is especially impor- 
tant in hot climates if the dynamotor is to be 
loaded to more than 200 ma. 

When replacing brushes on a PE-103A check 
to see if the brushes are marked negative and 
positive. If so, be sure to install them accord- 
ingly, because they are not of the same mater- 
ial. The dynamotor will be marked to show 
which holder is negative. 


When using a PE-103A, or any dynamotor 
for that matter, i¢ may be necessary to devote 
one set of contacts on one of the control re- 
lays to breaking the plate or screen voltage 
to the transmitter oscillator, 1f these are sup- 
plied by the dynamotor, because the output of 
a dynamotor takes a moment to fall to zero 
when the primary power is removed. 


26-5 


Vehicular Noise 
Suppression 


Satisfactory reception on frequencies above 
the broadcast band usually requires greater 
attention to noise suppression measures. The 
required measures vary with the particular ve- 
hicle and the frequency range involved. 

Most of the various types of noise that may 
be present in a vehicle may be broken down 
into the following main categories: 

(1) Ignition noise. 

(2) Wheel static (tire static, brake static, 
and intermittent ground via front wheel bear- 
ings). 

(3) ‘‘Hash’”’ 
tacts. 

(4) ‘'Whine’’ from generator commutator seg- 
ment make and break. 

(5) Static from scraping connections be- 
tween various parts of the car. 


from voltage regulator con- 


There is no need to suppress ignition noise 
completely, because at the higher frequencies 
ignition noise from passing vehicles makes 
the use of a noise limiter mandatory anyway. 
llowe ver, the limiter should not be given too 
much work to do, because at high engine 
speeds a noisy ignition system will tend to 
mask weak signals, even though with the lim- 
iter working, ignition ‘‘pops’’ may appear to 
be completely eliminated. 

Another reason for good ignition suppres- 
sion at the source is that strong ignition 
pulses contain enough energy when integrated 
to block the a-v-c circuit of the receiver, caus- 
ing the gain to drop whenever the engine is 
speeded up. Since the a-v-c circuits of the 
receiver obtain no benefit from a noise clip- 
per, it is important that ignition noise be sup- 
pressed enough at the source that the a-v-c 
circuits will not be affected even when the 
engine is running at high speed. 


Ignition Noise The following procedure 

should be found adequate for 
reducing the ignition noise of practically any 
passenger car to a level which the clipper can 
handle satisfactorily at any engine speed at 
any frequency from $00 kc. to 148 Mc. Some 
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Figure 10 


STANDARD CONNECTIONS FOR THE 
PUSH-TO-TALK SWITCH ON A HAND- 
HELD SINGLE-BUTTON CARBON 
MICROPHONE 


microphones on the surplus market use these 
connections. 

There is an increasing tendency among mo- 
bile operators toward the use of microphones 
having better frequency and distortion char- 
acteristics than the standard single-button 
type. The high-impedance dynamic type is 
probably the most popular, with the ceramic- 
crystal type next in popularity. The conven- 
tional crystal type is not suitable for mobile 
use since the crystal unit will be destroyed 
by the high temperatures which can be reached 
in a closed car parked in the sun in the sum- 
mer time. 

The use of low-level microphones in mobile 
service requires careful attention to the elimi- 
nation of common-ground circuits in the micro- 
phone lead. The ground connection for the 
shielded cable which runs from the transmitter 
to the microphone should be made at only one 
point, preferably directly adjacent to the grid 
of the first tube in the speech amplifier. The 
use of a low-level microphone usually will re- 
quire the addition of two speech stages (a pen- 
tode and a triode), but these stages will take 
only a milliampere or two of plate current, and 
150 ma. per tube of heater current. 


PE-103A Dyna- 
motor Power Unit 


Because of its availability 
on the surplus market at a 
low price and its suitability 
for use with about as powerful a mobile trans- 
mitter as can be employed in a passenger car 
without resorting to auxiliary batteries or a 
special generator, the PE-103A is probably 
the most widely used dynamotor for amateur 
work. Therefore some useful information will 
be given on this unit. 

The nominal rating of the unit is 500 volts 
and 160 ma., but the output volcage will of 
course vary with load and is slightly higher 
with che generator charging. Actually the 160 
ma. rating is conservative, and about 275 ma. 
can be drawn intermittently without overheat- 
ing, and without damage or excessive brush 
or commutator wear. At this current the unit 
should not be run for more than 10 minutes at 


atime, and the average ‘‘on’’ time should not 


be more than half the average “‘off’’ time. 

The output voltage vs. current drain is 
shown approximately in figure 11. The exact 
voltage will depend somewhat upon the loss 
resistance of the primary connecting cable 
and whether or not the battery is on charge. 
The primary current drain of the dynamotor 
proper (excluding relays) is approximately 16 
amperes at 100 ma., 2] amperes at 160 ma., 
26 amperes at 200 ma., and 31 amperes at 250 
ma. 

Only a few of the components in the base 
are absolutely necessary in an amateur mobile 
installation, and some of them can just as well 
be made an integral pare of the transmitter if 
desired. The base can be removed for salvage 
components and hardware, or the dynamotor 
may be purchased without base. 

To remove the base proceed as follows: 
Loosen the four thumb screws on the base 
plate and remove the cover. Remove the four 
screws holding the dynamotor to the base 
plate. Trace the four wires coming out of the 
dynamotor to their terminals and free the lugs. 
Then these four wires can be pulled through 
the two rubber grommets in the base plate when 
the dynamotoris separated from the base plate. 
It may be necessary to bend the eyelets in the 
large lugs in order to force them through the 
grommets. 


Next remove the two end housings on the 
dynamotor. Each is held with two screws. The 
high-voltage commutator is easily identified 
by its narrower segments and larger diameter. 
Next to it is the 12-volt commutator. The 6- 
vole commutator is at the other end of the ar- 
mature. The 12-vole brushes should be removed 
when only 6-vole operation is planned, in order 
to reduce the drag. 


If the dynamotor portion of the PE-103A 
power unit is a Pioneer type VS-25 or a Rus- 
sell type 530- (most of them are), the wires to 
the 12-volt brush holder terminals can be cross 
connected to the 6-volt brush holder terminals 
with heavy jumper wires. One of the wires dis- 
connected from the 12-vole brush terminals is 
the primary 12-vole pigtail and will come free. 
The other wire should be connected to the op- 
posite terminal to form one of the jumpers. 


With chis arrangement it is necessary only 
to remove the 6-volt brushes and replace the 
12-volt brushes in case the 6-volt commutator 
becomes excessively dirty or worn or starts 
throwing solder. No difference in output volt- 
age will be noted, but as the 12-volt brushes 
are not as heavy as the G6-vole brushes it is 
not permissible to draw more than about 150 
ma. except for emergency use until the 4-volt 
commutator can be turned down or repaired. 
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particularly heavy duty relays with large coils, 
by means of an ordinary push-to-talk switch 
on a microphone. These contacts are not de- 
signed for heavy work, and the inductive kick 
will cause more sparking than the contacts on 
the microphone switch are designed to handle. 
Ie is better to actuate a single relay with the 
push-to-talk switch and then control all other 
relays, including the heavy duty contactor for 
the dynamotor or vibrator pack, with this relay. 

The procedure of operating only one relay 
directly by the push-to-talk switch, with all 
other relays being controlled by this control 
relay, will eliminate the often-encountered dif- 
ficulty where the shutting down of one item of 
equipment will close relays in other items as 
a result of the coils of relays being placed in 
series with eachother and with heater circuits. 
A recommended general control circuit, where 
one side of the main control relay is connected 
to the hot 6-vole circuit, but all other relays 
have one side connected to ground, is illus- 
trated in figure 9. An additional advantage 
of such a circuit is that only one control wire 
need be run to the coil of each additional re- 
lay, the other side of the relay coils being 
grounded. 

The heavy-duty 6-volt solenoid-type contac- 
tor relays such as provided on the PE-103A 
and used for automobile starter relays usually 
draw from 1.5 to 2 amperes. While somewhat 
more expensive, heavy-duty 6-volt relays of 
conventional design, capable of breaking 30 
amperes at 6 volts d.c., are available with 
coils drawing less than 0.5 ampere. 

When purchasing relays keep in mind that 
the current rating of the contacts is not a fixed 
value, but depends upon (1) the voltage, (2) 
whether it is a.c. or d.c., and (3) whether the 
circuit is purely resistive or is inductive. If 
in doubt, refer to the manufacturer’s recom- 
mendations. Also keep in mind that a dynamo- 
tor presents almost a dead short until the ar- 
mature starts turning, and the starting relay 
should be rated at considerably more than the 
normal dynamotor current. 


Microphones 
and Circuits 


The most generally used micro- 
phone for mobile work is the 
single-button carbon. With a 
high-output-type microphone and a high-ratio 
microphone transformer, it is possible when 
“close talking’’ to drive even a pair of push- 
pull 6L6’s without resorting to a speech am- 
plifier. Hlowever, there is a wide difference in 
the output of the various type single button 
microphones, and a wide difference in the a- 
mount of step up obtained with different type 
microphone transformers. So at least one 
speech stage usually is desirable. 

One of the most satisfactory single button 
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Figure 9 
RELAY CONTROL CIRCUIT 


Simplifled schematic of the recommended 
relay control circuit for mobile transmitters. 
The relatively small push-to-talk relay is 
controlled by the button on the microphone 
or the communications switch Then one of 
the contacts on this relay controls the other 
relays of the transmitter; one side of the 
coll of aff the additional relays controlled 
should be grounded. 


microphones is the standard Western Electric 
type F-1 unit (or Automatic Electric Co. equi- 
valent). This microphone has very high output 
when operated at 6 volts, and good fidelity 
on speech. When used without a speech am- 
plifier stage the microphone transformer should 
have a 50-ohm primary (rather than 200 or 500 
ohms) and a secondary of at least 150,000 
ohms and preferably 250,000 ohms. 

The widely available surplus type T-17 mi- 
crophone has higher resistance (200 to 500 
ohms} and lower output, and usually will re- 
quire a stage of speech amplification except 
when used with a very low power modulator 
stage. 

Unless an F-1 unit is used in a standard 
housing, making contact to the button presents 
somewhat of a problem. No serious damage will 
result from soldering to the button if the con- 
nection is made to one edge and the solder- 
ing is done very rapidly with but a small a- 
mount of solder, so as to avoid heating the 
whole button. 

A sound-powered type microphone removed 
from one of the chest sets available in the 
surplus market will deliver almost as much 
voltage to the grid of a modulator stage when 
used with a high-ratio microphone transformer 
as will an F-1 unit, and has the advantage of 
not requiring button current or a ‘‘hash filcer.”” 
This is simply a dynamic microphone designed 
for high output rather than maximum fidelity. 

The standardized connections for a single- 
button carbon microphone provided with push- 
to-talk switch are shown in figure 10. Prac- 
tically all hand-held military-type single-button 
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Figure 8 
PI-NETWORK ANTENNA COUPLER 


The pl-network antenna coupler Is particu- 
larly sotisfactory for mobile work since the 
coupler affords some degree of harmonic re- 
duction, provides a coupling voriotion to 
meet varying load conditions caused by fre- 
quency chonges, and can concel out react- 
ance presented to the transmitter at the end 
of the antenna transmission line. 
For use of the coupler on the 3.9-Mc. band 
C, should have a maximum capacitance of 
about 250 uufd., Ly should be about 9 mi- 
crohenrys (30 turns 1" dia. by 25) long), and 
C2 moy Include a fixed and oa variable ele- 
ment with maximum capacitance of about 1400 
puitd. A 100-nu fd. variable capacitor will be 
sultable at Cy for the 14-Mc. and 28-Mc. 
bands, with a 350-“ufd. variable at C2. In- 
ductor Ly should have an Inductance of a 
bout 2 mierchenrys (11 turns 1” dia. by 1” 
long) for the 14-Mc. band, and about 0.8 mi- 
crohenry (6 turns 1” dia by 1” long) for the 
28-Mc. band. 


quency. Or, if the tapped type of coil is used, 
taps are changed until the proper number of 
turns for the desired operating frequency is 
found. This procedure is repeated for the dif- 
ferent bands of operation. 


Feeding the After much experimenting it 
Center-Loaded has been found that the most 
Antenna satisfactory method for feed- 


ing the coaxial line to the 
base of a center-loaded antenna is with the 
pi-network coupler. Figure 8 shows the basic 
atrangement, with recommended circuit con- 
stants. It will be noted that relatively large 
values of capacitance are required for all bands 
of operation, with values which seem particu- 
larly large for the 75-meter band. But refer- 
ence to the discussion of pi-network tank cir- 
cuits in Chapter 13 will show that the val- 
ues suggested are normal for the values of im- 
pedance, impedance transformation, and oper- 
ating Q which are encountered in a mobile in- 
stallation of the usual type. 


26-4 Construction and 
Installation of Mobile 
Equipment 


It is recommended that the following mea- 
sures be taken when constructing mobile equip- 
ment, either transmitting or receiving, to en- 
sure trouble-free operation over long periods: 

Use only a stiff, heavy chassis unless the 
chassis is quite small. 

Use lock washers or lock nuts when mount- 
ing Components by means of screws. 

Use stranded hook-up wire except where r-f 
considerations make it inadvisable (such as 
for instance the plate tank circuit leads in a 
v-h-f amplifier). Lace and tie leads wherever 
necessary to keep them from vibrating or flop- 
ping around. 

Unless provided with gear drive, tuning ca- 
pacitors in the large sizes will require a rotor 
lock. 

Filamentary (quick heating) tubes should 
be mounted only in a vertical position. 

The larger size carbon resistors and mica 
Capacitors should not be supported from tube 
socket pins, particularly from miniature sock- 
ets. Use tie points and keep the resistor and 
capacitor ‘“‘pigtails’’ short. 

Generally speaking, rubber shock mounts 
are unnecessary or even undesirable with pas- 
senger car installations, or at least with full 
size passenger cars. The springing is suffi- 
ciently “‘sofe’’ that well constructed radio 
equipment can be bolted directly to the vehicle 
without damage from shock or vibration. Un- 
less shock mounting is properly engineered 
as to the stiffness and placement of the shock 
mounts, mechanical-resonance ‘“‘amplification”’ 
effects may actually cause the equipment to 
be shaken more than if the equipment were 
bolted directly to the vehicle. 

Surplus military equipment provided with 
shock or vibration mounts was intended for 
use in aircraft, jeeps, tanks, gun-firing Naval 
craft, small boats, and similar vehicles and 
craft subject to severe shock and vibration. 
Also, the shock mounting of such equipment 
is very carefully engineered in order to avoid 
harmful resonances. 

To facilitate servicing of mobile equipment, 
all interconnecting cables between units 
should be provided with separable connectors 
on at least one end. 


The send-receive control cir- 
cuits of a mobile installation 
are dictated by the design of the equipment, 
and therefore will be left to the ingenuity of 
the reader. However, a few generalizations 
and suggestions are in order. 


Control Circuits 
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A more effective radiator and a better line 
match may be obtained by making the whip 
approximately 10% feet long and feeding it 
with 75-ohm coax (such as RG-11/U) via a 
series capacitor, as shown in figure 6. The 
relay and series capacitor are mounted inside 
the trunk, as close to the antenna fee dehr ough 
or base-mount insulator as possible. The 10 4- 
foot length applies to the overall length from 
the tip of the whip to the point where the lead 
in passes through the car body. The leads in- 
side the car (connecting the coaxial cable, 
relay, series capacitor and antenna lead) 
should be as short as possible. The outer con- 
ductor of both coaxial cables should be ground- 
ed to the car body at the relay end with short, 
heavy conductors. 

A 100-ppufd. midget variable capacitor is 
suitable for C,. The optimum setting should 
be determined experimentally at the center of 
the band. This setting then will be satisfac- 
tory over the whole band. 

One suitable coupling arrangement for either 
a Yewave or 5/16-wave whip on 10 meters is 
to use a conventional tank circuit, inductively 
coupled to a ‘‘variable link’’ coupling loop 
which feeds the coaxial line. Alternatively, a 
pi-network output circuit may be used. If the 
input impedance of the line is very low and 
the tank circuit has a low C/L ratio, it may 
be necessary to resonate the coupling loop 
with series capacitance in order to obtain suf- 
ficient coupling. This condition often is en- 
countered with a %-wave whip when the line 
length approximates an electrical half wave- 
length. 

If an all-band center-loaded mobile antenna 
is used, the loading coil at the center of the 
antenna may be shorted out for operation of 
the antenna on the 10-meter band. The usual 
type of center-loaded mobile antenna will be 
between 9 and 11 feet long, including the cen- 
ter-loading inductance which is shorted out. 
Hence such an antenna may be shortened to 
an electrical quarter-wave for the 10-meter 
band by using a series capacitor as just dis- 
cussed. Alternatively, if a pi-network is used 
in the plate circuit of the output stage of the 
mobile transmitter, any reactance presented 
ac the antenna terminals of the transmitter by 
the antenna may be tuned out with the pi-net- 
work. 


The All-Band 
Center-Loaded 
Mobile Antenna 


The great majority of mobile 
operation on the 14-Mc. band 
and below is with center 
loaded whip antennas. These 
antennas use an insulated bumper or body 
mount, with provision for coaxial feed from 
the base of the antenna to the transmitter, as 
shown in figure 7. 

The center-loaded whip antenna must be 
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UNSHIELDED 
LOADING COIL ff 


AG-58/U LINE 
TO TRANSMITTER 


— 
COAXIAL LINE 
GROUNDED TO im 
FRAME OF CAR 
ADJACENT TO BASE 
OF ANTENNA 


Figure 7 
THE CENTER-LOADED WHIP ANTENNA 
The center-loaded whip antenna, when pro- 
vided with a topped loading coil or a series 
of coils, may be used over a wide frequency 
range. The loading coil may be shorted for 
use of the antenna on the 10-meter band. 


tuned to obtain optimum operation on the de- 
sired frequency of operation. These antennas 
will operate at maximum efficiency over a 
range of perhaps 20 kc. on the 75-meter band, 
covering a somewhat wider range on the 40- 
meter band, and covering the whole 20-meter 
phone band. The procedure for tuning the an- 
tenmnas is discussed in the instruction sheet 
which is furnished with them, but basically 
the procedure is as follows: 


The antenna is installed, fully assembled, 
with a coaxial lead of RG-58/U from the base 
of the antenna to the place where the trans- 
mitter is installed. The rear deck of the car 
should be closed, and the car should be parked 
in a location as clear as possible of trees, 
buildings, and overhead power lines. Objects 
within 15 or 20 feet of the antenna can exert 
a considerable detuning effect on the antenna 
system due to its relatively high operating Q. 
The end of the coaxial cable which will plug 
into the transmitter is terminated in a link of 
3 of 4 turns of wire. This link is then coupled 
to a grid-dip meter and the resonant frequency 
of the antenna determined by noting the fre- 
quency at which the grid current fluctuates. 
The coils furnished with the antennas normal- 
ly are too large for the usual operating fre- 
quency, since it is much easier to remove 
turns than to add them. Turns then are removed, 
one at a time, until the antenna resonates at 
the desired frequency. If too many turns have 
been removed, a length of wire may be spliced 
on and soldered. Then, with a length of insu- 
lating tubing slipped over the soldered joint, 
turns may be added to lower the resonant fre- 
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Figure 5 
A CENTER LOADED 80-METER WHIP 
USING AIR WOUND COIL MAY BE USED 
WITH HIGH POWERED TRANSMITTERS 


An anti-corona loop is placed at the top 

of the whip to reduce loss of power and 

burning of tip of antenna. Number of turns 

in coll is critical and adjustaole, high-Q 

coil is recommended. Whip may be used 

over frequency range of about 15 kilo- 
cycles without retuning. 


26-3 Antennas for 
Mobile Work 


10-Meter Mobile 
Antennas 


The most popular mobile an- 
tenna for 10-meter operation 
isa rear-mounted whip approx- 
imately 8 feet long, fed with coaxial line. This 
is a highly satisfactory antenna, but a few 


tod FT 
75 COAX TO XMTA 
Figure 6 

5/16-WAVE WHIP RADIATOR FOR 10 
METERS 


If a whip antenna is made slightly longer 
than one-quorter wave if acts as a slightly 
better radiator than the usual quarter-wave 
whip, and it can provide a better match to 
the antenna transmission line If the react- 
ance Is tuned out by a series capacitor close 
to the base of the antenna. Capacitor Cy may 
be a 100-uutd. midget variable. 


remarks are in order on the subject of feed 
and coupling systems. 

The feed point resistance of a resonant quar- 
ter-wave rear-mounted whip is approximately 
20 to 25 ohms. While the standing-wave ratio 
when using 50-ohm coaxial line will not be 
much greater than 2 to Il, it is nevertheless 
desirable to make the line to the transmitter 
exactly one quarter wavelength long electri- 
cally at the center of the band. This procedure 
will minimize variations in loading over the 
band. The physical length of RG-8/U cable, 
from antenna base to antenna coupling coil, 
should be approximately 5 feet 3 inches. The 
antenna changeover relay preferably should be 
located either at the antenna end or the trans- 
mitter end of the line, but if it is more con- 
venient physically the line may be broken any- 
where for insertion of the relay. 

If the same rear-mounted whip is used for 
broadcast-band reception, attenuation of broad- 
cast-band signals by the high shunt capaci- 
tance of the low impedance feed line can be 
reduced by locating the changeover relay right 
at the antenna lead in, and by running 95-ohm 
coax (instead of 50 or 75 ohm coax) from the 
relay to the converter. Ordinarily this will pro- 
duce negligible effect upon the operation of 
the converter, but usually will make a worth- 
while improvement in the strength of broadcast- 
band signals. 
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auto-set combination has not proven very satis- 
factory. The primary reason for this is the fact 
that the relatively sharp i-f channel of the auto 
set imposes too severe a limitation on the sta- 
bility of the high-frequency oscillator in the 
converter. And if a crystal-controlled beating 
oscillator is used in the converter, only a por- 
tion of the band may be covered by tuning the 
auto set. 

The most satisfactory arrangement has been 
found to consist of a separately mounted i.f., 
audio, and power supply system, with the con- 
verter mounted near the steering column. The 
i-f system should have a bandwidth of 30 to 
100 kc. and may have a center frequency of 
10.7 Mc. if standard i-f transformers are to be 
used. The control head may include the 144- 
Mc. r-f, mixer, and oscillator sections, and 
sometimes the first i-f stage. Alcernatively, 
the control head may include only the h-f os- 
cillator, with a broadband r-f unit included 
within the main receiver assembly along with 
the i.f. and audio system. Commercially manu- 
factured kits and complete units using this 
general lineup are available. 

An alternative arrangement is to build a 
converter, 10.7-Mc. i-f channel, and second 
detector unit, and then to operate chis unit in 
conjunction with the auto-set power supply, 
audio system, and speaker. Such a system 
makes economical use of space and power 
drain, and can be switched to provide normal 
broadcast-band auto reception or reception 
through a converter for the h-f amateur bands. 


A recent development has been the VHF 
transceiver, typified by the Gonset Communi- 
cator. Such a unit combines a crystal con- 
trolled transmitter and atunable VHF receiver 
together with a common audio system and 
power supply. The complete VHF station may 
be packaged in a single cabinet. Various 
forms of VHF transceivers are shown in the 
construction chapters of this Handbook. 


26-2 Mobile Transmitters 


As in the case of transmitters for fixed-sta- 
tion operation, there are many schools of 
thought as to the type of transmitter which is 
most suitable for mobile operation. One school 
states that the mobile transmitter should have 
very low power drain, so that no modification 
of the electrical system of the automobile will 
be required, and so that the equipment may be 
operated without serious regard to discharging 
the battery when the car is stopped, or over- 
loading the generator when the car is in mo- 
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tion. A total transmitter power drain of about 
80 watts from the car battery (6 volts at 13 
amperes, or 12 volts at 7 amperes) is about 
the maximum that can be allowed under these 
conditions. For maximum power efficiency it 
is recommended that a vibrator type of supply 
be used as opposed to a dynamotor supply, 
since the conversion efficiency of the vibrator 
unit is high compared to that of the dynamotor. 

A second school of thought states that the 
mobile transmitter should be of relatively high 
power to overcome the poor efficiency of the 
usual mobile whip antenna. In this case, the 
mobile power should be drawn from a system 
that is independent from the electrical system 
of the automobile. A belt driven high voltage 
generator is often coupled to the automobile 
engine in this type of installation. 


A variation of this idea is to employ 
a complete secondary power system in the 
car capable of providing 115 volts a.c. Shown 
in figure 4 is a Leece-Neville three phase 
alternator mounted atop the engine block, and 
driven with a fan belt. The voltage regulator 
and selenium rectifier for charging the car 
battery from the a-c system replace the usual 
d-c generator. These new items are mounted 
in the front of the car radiator. The altemator 
provides a balanced delta output circuit where- 
in the line voltage is equal to the coil volt- 
age, but the line current is \/3 times the coil 
current. The coil voltage is a nominal Gvolts, 
RMS and three 6.3 volt 25 ampere filament 
transformers may be connected in delta on 
the primary and secondary windings to step 
the 6-volts up to three-phase 115-volts. If 
desired, a special 115-vole, 3-phase step-up 
transformer may be wound which will occupy 
less space than the three filament  trans- 


formers. Since the ripple frequency of a three 
phase d-c power supply will be quite high, a 
single 10 mfd filter capacitor will suffice. 


Figure 4 
LEECE-NEVILLE 3-PHASE 
ALTERNATOR IS ENGINE DRIVEN 
BY AUXILIARY FAN BELT. 
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converter end or the set end of the cable be- 
tween the Converter and receiver. This auxil- 
iary trimmer should have a range of about 3 
to 50 ppfd., and may be of the inexpensive 
compression mica type. 

With the trimmer cut out and the converter 
turned off (by-passed by the “‘in-out’’ switch), 
peak the regular antenna trimmer on the auto 
set at about 1400 kc. Then turn on the convert- 
er, with the receiver tuned to 1500 kc., switch 
in the auxiliary trimmer, and peak this trimmer 
for maximum background noise. The auxiliary 
trimmer then can be left switched in at all 
times except when receiving very weak broad- 
cast band signals. 

Some auto sets, particularly certain General 
Motors custom receivers, employ a high-Q high- 
impedance input circuit which is very critical 
as to antenna capacitance. Unless the shunt 
capacitance of the antenna (including cable) 
approximates that of the antenna installation 
for which the set was designed, the antenna 
trimmer on the auto set cannot be made to hit 
resonance with the converter cut out. This is 
particularly true when a long antenna cable is 
used to reach a whip mounted at the rear of the 
car. Usually the condition can be corrected by 
unsoldering the internal connection to the an- 
tenna terminal connector on the auto set and 
inserting in series a 100-ppfd. mica capacitor. 
Alternatively an adjustable trimmer covering 
at least 50 to 150 pufd. may be substituted for 
the 100-ppfd. fixed capacitor. Then the adjust- 
inent of this immer and that of the regular an- 
tema trimmer can be juggled back and forth 
until a condition is achieved where the input 
circuit of the auto set is resonant with the con- 
verter either in or out of the circuit. This will 
provide maximum gain and image rejection 
under all conditions of use. 


Reducing Battery 
Drain of the 
Receiver 


When the receiving installa- 
tion is used frequently, and 
particularly when the receiv- 
er is used with the car 
parked, it is desirable to keep the battery 
drain of the receiver-converter installation at 
an absolute minimum. A substantial reduction 
in drain can be made in many receivers, with- 
out appreciably affecting their performance. 
The saving of course depends upon the de- 
sign of the particular receiver and upon how 
much trouble and expense one is willing to go 
to. Some receivers normally draw (without the 
converter connected) as much as 10 amperes. 
In many cases this can be cut to about 5 am- 
peres by incorporating all practicable modi- 
fications. Each of the following modifications 
is applicable to many auto receivers. 

If the receiver uses a speaker with a field 
coil, replace the speaker with an equivalent 
PM type. 
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Practically all 0.3-ampere r-f and a-f volt- 
age amplifier tubes have 0.15-ampere equiva- 
lents. In many cases it is not even necessary 
to change the socket wiring. However, when 
substituting i-f tubes it is recommended that 
the i-f trimmer adjustments be checked. Gen- 
erally speaking it is not wise to attempt to 
substitute for the converter tube or a-f power 
output tube. 

If the a-f output tube employs conventional 
cathode bias, substitute a cathode resistor of 
twice the value originally employed, or add 
an identical resistor in series with the one 
already in the set. This will reduce the B 
drain of the receiver appreciably without ser- 
iously reducing the maximum undistorted out- 
put. Because the vibrator power supply is much 
less than 100 per cent efficient, a saving of 
one watt of B drain results in a saving of near- 
ly 2 watts of battery drain. This also mini- 
mizes the overload on the B supply when the 
converter is switched in, assuming that the 
converter uses B voltage from the auto set. 

If the receiver uses push-pull output and if 
one is willing to“accept a slight reduction in 
the maximum volume obtainable without dis- 
tortion, changing over to a single ended stage 
is simple if the receiver employs conventional 
cathode bias. Just pull out one tube, double 
the value of cathode bias resistance, and add 
a 25-pfd. by-pass capacitor across the cathode 
resistor if not already by-passed. In some 
cases it may be possible to remove a phase 
inverter tube along with one of the a-f output 
tubes. 

If the receiver uses a motor driven station 
selector with a control tube (d-c amplifier), 
usually the tube can be removed without up- 
setting the operation of the receiver. One then 
must of course use manual tuning. 

While the changeover is somewhat expen- 
sive, the 0.6 ampere drawn by a 6X4 or 6X5 
rectifier can be eliminated by substituting six 
115-volt r-m-s 50-ma. selenium rectifiers (such 
as Federal type 402D3200). Three in series 
are substituted for each half of the full-wave 
rectifier tube. Be sure to observe the correct 
polarity. The selenium rectifiers also make a 
good substitution for an 0Z4 or 0Z4-GT which 
is causing hash difficulties when using the 
converter. 

Offsetting the total cost of nearly $4.00 is 
the fact that these rectifiers probably will last 
for the entire life of the auto set. Before pur- 
chasing the rectifiers, make sure that there is 
room available for mounting them. While these 
units are small, most of the newer auto sets 
employ very compact construction. 


For reception on the 144- 
Mc. amateur band, and 
those higher in frequency, the simple converter- 
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KEEP THESE LEADS SHORT. 


OR SHIELO THEM. a VIBRATOR 


TO HOT SiDE OF 
VOICE COIL WINDING 


6V VIA CONTROL 
RELAY IN XMTR. 


Figure 3 
METHOD OF ELIMINATING THE BATTERY 
DRAIN OF THE RECEIVER VIBRATOR 
PACK DURING TRANSMISSION 


If the receiver chassis has room for a mid- 

get s.p.d.t. relay, the above arrangement not 

only silences the receiver on transmit but 
saves several amperes battery drain. 


If che normally open contact on the relay is 
connected to the hot side of the voice coil 
winding as shown in figure 3 (assuming one 
side of the voice coil is grounded in accord- 
ance with usual practice), the receiver will 
be killed instantly when switching from re- 
ceive to transmit, in spite of the face that the 
power supply filter in the receiver takes a 
moment to discharge. However, if a ‘‘slow 
start’’ power supply (such as a dynamotor or 
a vibrator pack with a large filter) is used with 
the transmitter, shorting the voice coil prob- 
ably will not be required. 


Using the Receiver An alternative and high- 
Plate Supply ly recommended proce- 
On Transmit dure is to make use of 

the receiver B supply on 
transmit, instead of disabling it. One disad- 
vantage of the popular PE-103A dynamotor is 
the face that its 450-500 vole output is too high 
for the low power r-f and speech stages of the 
transmitter. Dropping this voltage to a more 
suitable value of approximately 250 voles by 
means of dropping resistors is wasteful of 
power, besides causing the plate voltage on 
the oscillator and any buffer stages to vary 
widely with tuning. By means of a midget 6- 
volt s.p.d.t. relay mounted in the receiver, con- 
nected as shown in figure 2, the B supply of 
the auto set is used to power the oscillator 
and other low power stages (and possibly 
screen voltage on the modulator). On transmit 
the B voltage is removed from the receiver 
and converter, automatically silencing the re- 
ceiver. When switching to receive the trans- 


mitter oscillator is killed instantly, thus avoid- 
ing trouble from dynamotor ‘‘carry over.” 

The efficiency of this arrangement is good 
because the current drain on the main high 
voltage supply for the modulated amplifier and 
modulator plate(s) is reduced by the amount 
of current borrowed from the receiver. At lease 
80 ma. can be drawn from practically all auto 
sets, at least for a short period, without dam- 
age. 

ar will be noted that with the arrangement of 

figure 2, plate voltage is supplied to the audio 
output stage at all times. However, when the 
screen voltage is removed, the plate current 
drops practically to zero. 

The 200-ohm resistor in series with the nor- 
mally open contact is to prevent excessive 
sparking when the contacts close. If the relay 
feeds directly into a filter choke or large ca- 
pacitor there will be excessive sparking at 
the contacts. Even with the arrangement shown, 
there will be considerable sparking at the con- 
tacts; but relay contacts can stand such spark- 
ing quite a while, even on d.c., before becom- 
ing worn or pitted enough to require attention. 
The 200-ohm resistor also serves to increase 
the effectiveness of the .Ol-pfd. r-f by-pass 
capacitor. 


One other modification of 
the auto receiver which may 
or may not be desirable de- 
pending upon the circumstances is the addi- 
tion of an auxiliary antenna trimmer capacitor. 
If che converter uses an untuned output circuit 
and the antenna trimmer on the auto set is 
peaked with the converter cut in, then it is 
quite likely that the trimmer adjustment will 
not be optimum for broadcast-band reception 
when the converter is cut out. For reception 
of strong broadcast band signals this usually 
will not be serious, but where reception of 
weak broadcast signals is desired the loss in 
gain often cannot be tolerated, especially in 
view of the fact that the additional length of 
antenna cable required for the converter in- 
stallation tends to reduce the strength of 
broadcast band signals. 

If the converter has considerable reserve 
gain, it may be practicable to peak the antenna 
trimmer on the auto set for broadcast-band re- 
ception rather than resonating it to the con- 
verter output circuit. But oftentimes this re- 
sults in insufficient converter gain, excessive 
image troubles from loud local amateur sta- 
tions, or both. 

The difficulty can be circumvented by in- 
corporation of an auxiliary antenna trimmer 
connected from the ‘‘hot’’ antenna lead on the 
auto receiver to ground, with a switch in 
series for cutting it in or out. This capacitor 
and switch can be connected across either the 


Auxiliary Antenna 
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USING THE RECEIVER PLATE SUPPLY 
FOR THE TRANSMITTER 
This circuit silences the receiver on trans- 
mit, ond in addition makes it possible to use 
the receiver plote supply for feeding the ex- 
citer and speech amplifier stages in the 
transmitter. 


is to mount a small receptacle on the receiver 
cabinet or chassis, making connection via a 
matching plug. An Amphenol type 77-26 recep- 
tacle is compact enough to fit in a very small 
space and allows four connections (including 
ground for the shield braid). The matching plug 
is a type 70-26. 

To avoid the possibility of vibrator hash 
being fed into the converter via the heater and 
plate voltage supply leads, it is important that 
the heater and plate voltages be taken from 
points well removed from the power supply por- 
tion of the auto receiver. If a single-ended 
audio output stage is employed, a safe place 
to obtain these voltages is at this tube socket, 
the high voltage for the converter being taken 
from the screen. In the case of a push-pull out- 
put stage, however, the screens sometimes are 
fed from the input side of the power supply 
fileer. The ripple at this point, while suffi- 
ciently low for a push-pull audio output stage, 
is not adequate for a converter without addi- 
tional filcering. If the schematic shows that 


the screens of a push-pull stage are connected 
to the input side instead of the output side of 
the power supply filter (usually two electroly- 
tics straddling a resistor in an R-C filter), then 
follow the output of the filter over into the ref 
portion of the set and pick it up there at a con- 
venient point, before it goes through any addi- 
tional series dropping or isolating resistors, 
as shown in figure 2. 

The voltage at the output of the filter usual- 
ly runs from 200 to 250 volts with typical con- 
verter drain and the motor not running. This 
will increase perhaps 10 per cent when the 
generator is charging. The converter drain will 
drop the B voltage slightly at the output of the 
filter, perhaps 15 to 25 voles, but this reduc- 
tion is not enough to have a noticeable effect 
upon the operation of the receiver. If the B 
voltage is higher than desirable or necessary 
for proper operation of the converter, a 2-watt 
carbon resistor of suitable resistance should 
be inserted in series with the plate voltage 
lead to the power receptacle. Usually some- 
thing between 2200 and 4700 ohms will be 
found about right. 


Receiver Disabling 
on Transmit 


When the battery drain is 
high on transmit, as is the 
case when a PE-103A dy- 
namotor is run at maximum rating and other 
drains such as the transmitter heaters and auto 
headlights must be considered, it is desirable 
to disable the vibrator power supply in the re- 
ceiver during transmissions. The vibrator 
power supply usually draws several amperes, 
and as the receiver must be disabled in some 
manner anyhow during transmissions, opening 
the 6-volt supply to the vibrator serves both 
purposes. It has the further advantage of intro- 
ducing a slight delay in the receiver recovery, 
due to the inertia of the power supply filter, 
thus avoiding the possibility of a feedback 
“‘yoop’’ when switching from transmit to re- 
ceive. 

To avoid troubles from vibrator hash, it is 
best to open the ground lead from the vibrator 
by means of a midget s.p.d.t. 6-volt relay and 
thus isolate the vibrator circuit from the ex- 
ternal control and switching circuit wires. The 
relay is hooked up as shown in figure 3; Stand- 
ard 8-ampere contacts will be adequate for 
this application. 

The relay should be mounted as close to 
the vibrator as practicable. Ground one of the 
coil terminals and run a shielded wire from 
the other coil terminal to one of the power re- 
ceptacle connections, grounding the shield at 
both ends. By-pass each end of this wire to 
ground with .01 yfd., using the shortest pos- 
sible leads. A lead is run from the correspond- 
ing terminal on the mating plug to the control 
circuits, to be discussed later. 
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shown. Multi-position tone controls tied in 
with the second detector circuit often permit 
excessive ‘leak through.’’ Hence it is recom- 
mended that the tone control components be 
completely removed unless they are confined 
to the grid of the a-f output stage. If removed, 
the highs can be attenuated any desired amount 
by connecting a mica capacitor from plate to 
screen on the output stage. Ordinarily from 
005 to .01 pfd. wil! ccovide a good compro- 
mise between fidesty and reduction of back- 
ground hiss on weak signals. 

Usually the switch SW will have to be 
mounted some distance from the noise limiter 
components. If the leads to the switch are over 
approximately 1% inches long, a piece of 
shield braid should be slipped over them and 
grounded. The same applies to the ‘hot’’ leads 
to the volume control if not already shielded. 
Closing the switch disables the limiter. This 
may be desirable for reducing distortion on 
broadcast reception or when checking the in- 
tensity of ignition noise to determine the ef- 
fectiveness of suppression measures taken on 
the car. The switch also permits one to check 
the effectiveness of the noise clipper. 

The 22,000-ohm decoupling resistor at the 
bottom end of the i-f transformer secondary is 
not critical, and if some other value already 
is incorporated inside the shield can it may be 
lefe alone so long as it is not over 47,000 
ohms, a common value. Higher values must be 
replaced with a lower value even if it requires 
a can opener, because anything over 47,000 
ohms will result in excessive loss in gain. 
There is some loss in a-f gain inherent in this 
type of limiter anyhow (slightly over 6 db), 
and it is important to minimize any additional 
loss. 

It is important that the total amount of ca- 
pacitance in the RC decoupling (r-f) filcer not 
exceed about 100 pyufd. With a value much 
greater than this ‘‘pulse stretching’’ will occur 
and the effectiveness of the noise clipper will 
be reduced. Excessive capacitance will reduce 
the amplitude and increase the duration of the 
ignition pulses before they reach the clipper. 
The reduction in pulse amplitude accomplishes 
no good since the pulses are fed to the clipper 
anyhow, but the greater duration of the length- 
ened pulses increases the audibility and the 
blanking interval associated with each pulse. 
If a shielded wire to an external clipper is em- 
ployed, the r-f by-pass on the "‘low’’ side of 
the RC filter may be eliminated since the ca- 
pacitance of a few feet of shielded wire will 
accomplish the same result as the by-pass 
capacitor. 

The switch SW is connected in such a man- 
ner that there is practically no change in gain 
with the limiter in or out. If the auto set does 
not have any reserve gain and more gain is 


needed on weak broadcast signals, the switch 
can be connected from the hot side of the vol- 
ume control to the junction of the 22,000, 
270,000 and | megohm resistors instead of as 
shown. This will provide approximately 6 db 
more gain when the clipper is switched out. 

Many late model receivers are provided with 
an internal c-f gain control in the cathode of 
the r-f and/or i-f stage. This control should 
be advanced full on to provide better noise 
limiter action and make up for the loss in audio 
gain introduced by the noise clipper. 

Installation of the noise clipper often de- 
tunes the secondary of the last i-f transformer. 
This should be repeaked before the set is per- 
manently replaced in the car unless the trim- 
mer is accessible with the set mounted in 
place. 

Additional clipper circuits will be found in 
the receiver chapter of this Handbook. 


While not of serious concern on 
10 meters, the lack of selectivity 
exhibited by a typical auto receiver will result 
in QRM difficulty on 20 and 75 meters. A typi- 
cal auto set has only two i-f transformers of 
relatively low-Q design, and the second one 
is loaded by the diode detector. The skirt se- 
lectivity often is so poor that a strong local 
will depress the a.v.c. when listening to a 
weak station as much as 15 ke. different in 
frequency. 

One solution is to add an outboard i-f stage 
employing two good quality double-tuned trans- 
formers (not the midget variety) connected 
““back-to-back’’ through a small coupling ca- 
pacitance. The amplifier tube (such as a 6BAG) 
should be biased to the point where the gain 
of the outboard unit is relatively small (1 or 
2), assuming that the receiver already has ade- 
quate gain. If additional gain is needed, it may 
be provided by the outboard unit. Low-capaci- 
tance shielded cable should be used to couple 
into and out of the outboard unit, and the unit 
itself should be thoroughly shielded. 

Such an outboard unit will sharpen the nose 
selectivity slightly and the skirt selectivity 
greatly. Operation then will be comparable to 
a home-station communications receiver, 
though selectivity will not be as good as a 
receiver employing a 50-kc. or 85-kc. ''QS’er.’’ 


Selectivity 


While the set is on the 
bench for installation of 
the noise clipper, provi- 
sion should be made for obtaining filament and 
plate voltage for the converter, and for the ex- 
citer and speech amplifier of the transmitter, 
if such an arrangement is to be used. To per- 
mit removal of either the converter or the auto 
set from the car without removing the other, a 
connector should be provided. The best method 


Obtoining Power 
for the Converter 


WWW.americanradiohistorv.com 


512 Mobile Equipment 


THE RADIO 


sary, and it is recommended that a noise clip- 
pert be installed without confirming the neces- 
sity therefor. It has been found that quiet re- 
ception sometimes may be obtained on 75 me- 
ters simply by the use of resistor type plugs, 
but after a few thousand miles these plugs 
often become less effective and no longer do 
a fully adequate job. Also, a noise clipper in- 
sures against ignition noise from passing 
trucks and ‘‘un-suppressed’’ cars. On 10 me- 
ters a noise clipper is a ‘‘must’’ in any case. 


There are certain things that 
should be done to the auto set 
when it is to be used with a 
converter, and they might as well be done all 
at the same time, because ‘‘dropping’’ an auto 
receiver and getting into the chassis to work 
on it takes quite a little time. 

First, however, check the circuit of the auto 
receiver to see whether it is one of the few 
receivers which employ circuits which com- 
plicate connection of a noise clipper or a con- 
verter. If the receiver is yet to be purchased, 
it is well to investigate these points ahead of 
time. 

If the receiver uses a negative B resistor 
strip for bias (as evidenced by the cathode of 
the audio output stage being grounded), then 
the additional plate current drain of the con- 
verter will upset the bias voltages on the var- 
ious stages and probably cause trouble. Be- 
cause the converter is not on all the time, it 
is not practical simply to alter the resistance 
of the bias strip, and major modification of the 
receiver probably will be required. 

The best type of receiver for attachment of 
a converter and noise clipper uses an r-f stage; 
permeability tuning; single unit construction 
(except possibly for the speaker); push button 
tuning cather than a tuning motor; a high vacu- 
um rectifier such as a 6X4 (rather than an 0274 
or a synchronous rectifier); a 6SQ7 (or minia- 
ture or Loctal equivalent) with grounded cath- 
ode as second detector, first audio, and a.v.c.; 
power supply negative grounded directly (no 
common bias strip); a PM speaker (to minimize 
battery drain); and an internal r-f gain control 
(indicating plenty of built-in reserve gain 
which may be called upon if necessary). Many 
current model auto radios have all of the fore- 
going features, and numerous models have most 
of them, something to keep in mind if the set 
is yet to be purchased. 


Modifying the 
Auto Receiver 


A noise limiter either may be 
built into the set or purchased 
as a commercially manufactured unit for ‘‘out- 
board’? connection via shielded wires. If the 
receiver employs a 6SQ7 (or Loctal or minia- 
ture equivalent) in a conventional circuit, it is 
a simple matter to build in a noise clipper by 


Noise Limiters 


6S8GT 7X7 
63 


POWER 
AMP. 
TO AVC BUSS 
10 MEG. 
SwiTcrH, SW cs 7 
(in-out) 
Figure | 
SERIES-GATE NOISE LIMITER FOR AUTO 
RECEIVER 


Auto recelvers using o 6SQ7, 7B6, 7X7, or 

6AT6 as second detector and a.v.c. can be 

converted to the above circuit with but few 

wiring changes. The circult has the advan- 

tage of not requiring an additional tube sack- 
et for the limiter diode. 


substituting a 6S8 octal, 7X7 Loctal, or a 6T8 
9-pin miniature as shown in figure 1. When 
substituting a 6T8 for a 6AT6 or similar 7-pin 
miniature, the socket must be changed to a 
9-pin miniature type. This requires reaming 
the socket hole slightly. 

If the receiver employs cathode bias on the 
6SQ7 (or equivalent), and perhaps delayed 
a.v.c., the circuit usually can be changed to 
the grounded-cathode circuit of figure 1 with- 
out encountering trouble. 

Some receivers take the r-f excitation for 
the a-v-c diode from the plate of the i-f stage. 
In this case, leave the a.v.c. alone and ignore 
the a-v-c buss connection shown in figure 1 
(eliminating the 1-megohm decoupling resistor). 
lf the set uses a separate a-v-c diode which 
receives c-f excitation via a small capacitor 
connected to the detector diode, then simply 
change the circuit to correspond to figure 1. 

In case anyone might be considering the use 
of a crystal diode as a noise limiter in con- 
junction with the tube already in the set, it 
might be well to point out that crystal diodes 
perform quite poorly in series-gate noise clip- 
pers of the type shown. 

It will be observed that no tone control is 
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Mobile operation is permitted on all amateur 
bands. Tremendous impetus to this phase of 
the hobby was given by the suitable design of 
compact mobile equipment. Complete mobile 
installations may be purchased as packaged 
units, or the whole mobile station may be home 
built, according to the whim of the operator. 

The problems involved in achieving a satis- 
factory two-way installation vary somewhat 
with the band, but many of the problems are 
common to all bands. For instance, ignition 
noise is more troublesome on 10 meters than 
on 75 meters, but on the other hand an effi- 
cient antenna system is much more easily ac- 
complished on 10 meters than on 75 meters. 
Also, obtaining a worthwhile amount of trans- 
mitter output without excessive battery drain 
is a problem on all bands. 


26-1 _ = ‘Mobile Reception 


When a broadcast receiver is in the car, the 
most practical receiving arrangement involves 
a converter feeding into the auto set. The ad- 
vantages of good selectivity with good image 
rejection obtainable from a double conversion 
superheterodyne are achieved in most cases 
without excessive ‘‘birdie’’ troubles, a com- 
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mon difficulty with a double conversion super- 
heterodyne constructed as an integral receiver 
in one cabinet. However, it is important that 
the b-c receiver employ an r-f stage in order to 
provide adequate isolation between the con- 
verter and the high frequency oscillator in the 
bec receiver. The r-f stage also is desirable 
from the standpoint of image rejection if the 
converter does not employ a tuned output cir- 
cuit (tuned to the frequency of the auto set, 
usually about 1500 ke.). A few of the late 
model auto receivers, even in the better makes, 
do not employ an r-f stage. 

The usual procedure is to obtain converter 
plate voltage from the auto receiver. Experi- 
ence has shown that if the converter does not 
draw more than about 15 or at most 20 ma. tot- 
al plate current no damage to the auto set or 
loss in performance will occur other than a 
slight reduction in vibrator life. The converter 
drain can be minimized by avoiding a voltage 
regulator tube on the converter h-f oscillator. 
On 10 meters and lower frequencies it is pos- 
sible to design an oscillator with sufficient 
stability so that no voltage regulator is re- 
quired in the converter. 

With some cars satisfactory 75-meter opera- 
tion can be obtained without a noise clipper 
if resistor type spark plugs (such as those 
made by Autolite) are employed. However, a 
noise clipper is helpful if not absolutely neces- 
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The most satisfactory method for indicating 
the direction of transmission of a rotatable 
array is that which uses Selsyns or synchros 
for the transmission of the data from the ro- 
tating structure to the indicating pointer at the 
operating position. A number of synchros and 
Selsyns of various types are available on the 
surplus market. Some of them are designed for 
operation on 115 volts at 60 cycles, some are 
designed for operation on 60 cycles but at a 
lowered voltage, and some are designed for 
operation from 400-cycle or 800-cycle energy. 
This latter type of high-frequency synchro is 
the most generally available type, and the 
high-frequency units are smaller and lighter 
than the 60-cycle units. Since the indicating 
synchro must deliver an almost negligible 
amount of power to the pointer which it drives, 
the high-frequency types will operate quite 
satisfactorily from 60-cycle power if the volt- 
age on them is reduced to somewhere between 
6.3 and 20 volts. In the case of many of the 
units available, a connection sheet is provided 
along with a recommendation in regard to the 
operating voltage when they are run on 60 cy- 
cles. In any event the operating voltage should 
be held as low as it may be and still give sat- 
isfactory transmission of data from the anten- 
na tothe operating position. Certainly ic should 
not be necessary to run such a voltage on the 
units that they become overheated. 

A suitable Selsyn indicating system is shown 
in figure 21. 

Systems using a potentiometer capable of 
continuous rotation and a milliammeter, along 
with a battery or other source of direct current, 
may also be used for the indication of direc- 
tion. A commercially-available potentiometer 
(Ohmite RB-2) may be used in conjunction 
with a 0-1 d-c milliammeter having a hand- 
calibrated scale for direction indication. 


25-11 


“Three-Band” Beams 


A popular form of beam antenna introduced 
during the past few years is che so-called 
three-band beam. An array of this type is de- 
signed cto operate on three adjacent amateur 
bands, such as the cen, fifteen, and twenty 
meter group. The principle of operation of 
this form of antenna is to employ parallel 
tuned circuits placed at critical positions in 
the elements of the beam which serve to elec- 
trically connect and disconnect the outer sec- 
tions of the elements as the frequency of ex- 
citation of the antenna is changed. A typical 
*chree-band” element is shown in figure 22. 
Ac the lowest operating frequency, the tuned 


traps exert a minimum influence upon the ele- 
ment and it resonates at a frequency determined 
by the electrical length of the configuration, 
plus a slight degree of loading contributed by 
the traps. At some higher frequency (generally 
about 1.5 cimes the lowest operating frequency) 
the outer set of traps are in a parallel resonant 
condition, placing a high impedance between 
the element and the tips beyond the traps. 
Thus, the element resonates at a frequency 
1.5 times higher than that determined by the 
overall length of the element. As the frequency 
of operation is raised to approximately 2.0 
times the lowest operating frequency, the inner 
set of traps become resonant, effectively dis- 
connecting a larger portion of the element from 
the driven section. The length of the center 
section is resonant at the highest frequency 
of operation. The center section, plus the two 
adjacent inner sections are resonant at the 
intermediate frequency of operation, and the 
complete element is resonant at the lowest 
frequency of operation. 

The efficiency of such a system is deter- 
mined by the accuracy of tuning of both the 
element sections and che isolating traps. In 
addition the combined dielectric losses of the 
traps affece che overall antenna efficiency. 
As with all multi-purpose devices, some com- 
promise between operating convenience and 
efficiency must be made with antennas designed 
to operate over more than one narrow band of 
frequencies. It is a tribuce to the designers of 
the beccer multi-band beams chat they perform 
as well as they do, taking into account the 
theoretical difficulties that must be overcome. 
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Figure 22 
TRAP-TYPE “THREE BAND” 
ELEMENT 
Isolating traps permit dipole to be 
self-resonant at three widely different 
frequencies. 
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SCHEMATIC OF A COMPLETE ANTENNA CONTROL SYSTEM 


ating position as possible. However, on a par- 
ticular installation the positions of the current 
minimums on the transmission line near the 
transmitter may be checked with the array in 
the air, and then the array may be lowered to 
ascertain whether or not the positions of these 
points have moved. If they have not, and in 
most cases if the feeder line is strung out back 
and forth well above ground as the antenna is 
lowered they will not change, the positions of 
the last few toward the antenna itself may be 
determined. Then the calculation of the match- 
ing quarter-wave section may be made, the sec- 
tion installed, the standing-wave ratio again 
checked, and the antenna re-installed in its 
final location. 


25-9 Antenna Rotation Systems 


Structures for the rotation of antenna arrays 
may be divided into two general classes: the 
rotating mast and the rotating platform. The 
rotating mast is especially suitable where the 
transmitting equipment is installed in the gar- 
age of some structure away from the main 
house. Such an installation is shown in figure 
19. A very satisfactory rotation mechanism is 
obtained by the use of a large steering wheel 


located on the bottom pipe of the rotating mast, 
with che thrust bearing for the structure lo- 
cated above the roof. 

If the rotating mast is located a distance 
from the operating position, a system of pul- 
leys and drive rope may be used to turn the an- 
tenna, or a slow speed electric motor may be 
employed. 

The rotating platform system is bese if a 
tower or telephone pole is to be used for an- 
tenna support. A number of excellent rotating 
platform devices are available on the market 
for varying prices. The larger and more expen- 
sive rotating devices are suitable for the rota- 
of a rather sizeable array for the 14-Mc. band 
while the smaller structures, such as those 
designed for rotating a TV antenna are design- 
ed for less load and should be used only with 
a 28-Mc. or 50-Mc. array. Most common prac- 
tice is to install the rotating device atop a 
platform built at the top of a telephone pole 
or on the top of a lattice mast of sizeable cross 
section so that the mast will be self-support- 
ing and capable of withstanding the torque im- 
posed upon it by the rotating platform. 


A heavy duty TV rotator may be employed 
for rotation of 6 and 10-meter arrays. Fifteen 
and twenty meter arrays should use rotators 
designed for amateur use such as the Comell- 
Dubilier HAM-1 unit shown in figure 20. 
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has been determined previously, and the 
Antennascope control is turned for a null 
readingon the meter of the Antennascope. 
The impedance presented to the Antenna- 
scope by the matching device may be 
read directly on the calibrated dial of 
the Antennascope. 

3. Adjustments should be made to the 
matching device to present the desired 
impedance transformation to the Antenna- 
scope. If a folded dipole is used as the 
driven element, the transformation ratio 
of the dipole must be varied as explained 
previously in this chapter to provide a 
more exact match. If a T-match or gamma 
match system is used, the length of the 
matching rod may be changed to effect 
a proper match. If the Antennascope ohm- 
ic reading is Jower than the desired read- 
ing, the length of the matching rod should 
be increased. If the Antennascope read- 


ing is higher than the desired reading, 
the length of the matching rod should be 
decreased. After each change in length 
of the matching rod, the series capacitor 
in the matching system should be re- 
resonated for best null on the meter of 
the Antennascope. 


Raising and =A practical problem always pres- 
Lowering ent when tuning up and matching 
the Array an array is the physical location 
of the structure. If the array is 
atop the mast it is inaccessible for adjustment, 
and if it is located on stepladders where it can 
be adjusted easily it cannot be rotated. One 
encouraging factor in this situation is the fact 
that experience has shown that if the array is 
placed 8 or 10 feet above ground on some step- 
ladders for the preliminary tuning process, the 
raising of the system to its full height will not 
produce a serious change in the adjustments. 
So it is usually possible to make preliminary 
adjustments with the system located slightly 
greater than head height above ground, and 
then to raise the antenna to a position where 
it may be rotated for final adjustments. If the 
position of the sliding sections as determined 
near the ground is marked so that the adjust- 
ments will not be lost, the array may be raised 
to rotatable height and the fastening clamps 
left loose enough so that the elements may be 
slid in by means of a long bamboo pole. After 
a series of trials a satisfactory set of lengths 
can be obtained. But the end results usually 
come so close to the figures given in figure 5 
that a subsequent array is usually cut to the 
dimensions given and installed as-is. 
The matching process does not require ro- 
tation, but it does require that the antenna 
proper be located at as nearly its normal oper- 
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Figure 20 
HEAVY DUTY ROTATOR SUITABLE 
FOR AMATEUR BEAMS 


The new Cormell-Dubilier type HAM-1 
rotor has extra heavy motor and gear- 


ing system to withstand weight and 
inertia of amateur array under the 
buffeting of heavy winds. Steel spur 
gears and rotor lock prevent “pin- 
wheeling” of antenna. 
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cess of tuning the array is made a substan- 
tially separate process as justdescribed. After 
the tuning operation is complete, the resonant 
frequency of the driven element of the antenna 
should be checked, directly at the center of 
the driven element if practicable, with a grid- 
dip meter. It is important that the resonant fre- 
quency of the antenna be at the center of the 
frequency band to be covered. If the resonant 
frequency is found to be much different from 
the desired frequency, the length of the driven 
element of the array should be altered until 
this condition exists. A relatively small change 
in the length of the driven element will have 
only a second order effect on the tuning of the 
parasitic elements of the array. Hence, a mod- 
erate change in the length of the driven ele- 
ment may be made without repeating the tuning 
process for the parasitic elements. 

When the resonant frequency of the antenna 
system is correct, the antenna transmission 
line, with impedance-matching device or net- 
work between the line and antenna feed point, 
is then attached to the array and coupled to a 
low-power exciter unit or transmitter. Then, 
preferably, a standing-wave meter is connected 
in series with the antenna transmission line 
at a point relatively much more close to the 
transmitter than to the antenna. However, for 
best indication there should be 10 to 15 feet 
of line between the transmitter and the stand- 
ing-wave meter. If a standing-wave meter is 
not available the standing-wave ratio may be 
checked approximately by means of a neon 
lamp or a short fluorescent tube if twin trans- 
mission line is being used, or it may be check- 
ed with a thermomilliammeter and a loop, a 
neon lamp, or an r-f ammeter and a pair of 
clips spaced a fixed distance for clipping onto 
one wire of a two-wire open line. 

If the standing-wave ratio is below 1.5 to 1 


it is satisfactory to leave the installation as 
it is. If the ratio is greater than this range it 
will be best when twin line or coaxial line is 
being used, and advisable with open-wire line, 
to attempt to decrease the s.w.r. 

It must be remembered that no adjustments 
made at the transmitter end of the transmission 
line will alter the SWR on the line. All adjust- 
ments to better the SWR must be made at the 
antenna endof the line and to the device which 
performs the impedance transformation neces- 
sary to match the characteristic impedance of 
the antenna to that of the transmission line. 

Before any adjustments to the matching sys- 
tem are made, the resonant frequency of the 
driven element must be ascertained, as ex- 
plained previously. If all adjustments to cor- 
rect impedance mismatch are made at this fre- 
quency, the problem of reactance termination 
of the transmission line is eliminated, greatly 
simplifying the problem. The following steps 
should be taken to adjust the impedance trans- 
formation: 

1. The output impedance of the matching 
device should be measured. An Antenna- 
scope and a grid-dip oscillator are re- 
quired for this step. The Antennascope 
is connected to the output terminals of 
the matching device. If the driven element 
is a folded dipole, the Antennascope 
connects directly to the split section of 
the dipole. If a gamma match or T-match 
are used, the Antennascope connects to 
the transmission-line end of the device. 
If a Qsection is used, the Antennascope 
connects to the bottom end of the sec- 
tion. The grid-dip oscillator is coupled 
to the input terminals of the Antenna- 
scope as shown in figure 18. 


2. The grid-dip oscillator is tuned to the 
resonant frequency of the antenna, which 


Figure 19 
ALL-PIPE ROTATING MAST STRUCTURE FOR ROOF INSTALLATION 


An installation suitable for a building with a pitched roof is shown ot (A). At (B) is shown a 
similar installation for a flat or shed roof. The arrangement as shown is strong enough to sup- 
port a lightweight 3-element 28-Mc. array and a light 3-element 50-Mc. array above the 28-Mc. 
array on the end of a 4-foot length of ‘2-Inch pipe. 
The lengths of pipe shown were chosen so that when the system is in the lowered position one 
can stand on a household ladder and put the beam in position atop the rotating pipe. The lengths 
may safely be revised upward somewhat if the array is of a particularly lightweight design with 
low wind resistance. 
Just before the mast is installed it is a good idea to give the rotating pipe a good smearing of 
cup grease or waterproof pump grease. To get the lip of the top of the stationary section of 1%. 
inch pipe to project above the flange plate, it will be necessary to have o plumbing shop cut a 
slightly deeper thread inside the flange plote, as well as cutting an unusually long thread on 
the end of the 1'4-inch pipe. It is relatively easy to waterproof this assembly through the roof 
since the 1 “inch pipe is stationary af all times, Be sure to use pipe compound on all the joints 
and then really tighten these joints with a pair of pipe wrenches. 
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driven onto a wooden dowel, as shown in 
figure 17B. The element may then be mounted 
upon an aluminum support plate by means of 
four ceramic insulators. Metal based insulators, 
such as the Johnson 135-67 are recommended, 
since the all-ceramic types may break at the 
mounting holes when the array is subjected 
to heavy winds. 


25-8 Tuning the Array 


Although satisfactory results may be ob- 
tained by pre-cutting the antenna array to the 
dimensions given earlier in this chapter, the 
occasion might arise when it is desired to 
make a check on the operation of the antenna 
before calling the job complete. 

The process of tuning an array may fairly 
satisfactorily be divided into two more or less 
distince steps: the actual tuning of the array 
for best front-to-back ratio or for maximum for- 
ward gain, and the project of obtaining the 
best possible impedance match between the 
antenna transmission line and the feed point 
of the array. 


Tuning the The actual tuning of the array 
Array Proper for best front-to-back ratio or 

maximum forward gain may best 
be accomplished with the aid of a low-power 
transmitter feeding a dipole antenna (polarized 
the same as the array being tuned) at least 
four or five wavelengths away from the anten- 
na being tuned and located at the same eleva- 
tion as that of the antenna under test. A cali- 
brated field-strength meter of the remote-indi- 
cating type is then coupled to the feed point 
of the antenna array being tuned. The trans- 
missions from the portable transmitter should 
be made as short as possible and the call sign 
of the station making the test should be trans- 
mitted at least every ten minutes. 

It is, of course, possible to tune an array 
with the receiver connected to it and with a 
station a mile or two away making transmis- 
sions on your request. But this method is more 
cumbersome and is not likely to give complete 
satisfaction. It is also possible to carry out 
the tuning process with the transmitter con- 
nected to the array and with the field-strength 
meter connected to the remote dipole antenna. 
In this event the indicating instrument of the 
remote-indicating field-strength meter should 
be visible from the position where the elements 
are being tuned. However, when the array is 
being tuned with the transmitter connected to 
ie there is always the problem of making con- 
tinual adjustments to the transmitter so that a 
constant amount of power will be fed to the 
array under test. Also, if you use this system, 


use very low power (5 or 10 watts of power is 
usually sufficient) and make sure that the an- 
tenna transmission line is effectively grounded 
as far as d-c plate voltage is concerned. The 
use of the method described in the previous 
paragraph of course eliminates these problems. 

One satisfactory method for tuning the array 
proper, assuming that it is a system with sev- 
eral parasitic elements, is to set the directors 
to the dimensions given in figure 5 and then 
to adjust the reflector for maximum forward 
signal. Then the first director should be varied 
in length until maximum forward signal is ob- 
tained, and so on if additional directors are 
used. Then the array may be reversed in direc- 
tion and the reflector adjusted for best front- 
to-back ratio. Subsequent small adjustments 
may then be made in both the directors and the 
reflector for best forward signal with a reason- 
able ratio of front-to-back signal. The adjust- 
ments in the directors and the reflector will 
be found to be interdependent to a certain de- 
gree, buc if small adjustments are made after 
the preliminary tuning process a satisfactory 
set of adjustments for maximum performance 
will be obtained. It is usually best to make 
the end sections of the elements smaller in 
diameter so that they will slip inside the larger 
tubing sections. The smaller sliding sections 
may be clamped inside the larger main sec- 
tions. 

In making the adjustments described, it is 
best to have the rectifying element of the re- 
mote-indicating field-strength meter directly 
at the feed point of the array, with a resistor 
at the feed point of the estimated value of 
feed-point impedance for the array. 


Matching to the 
Antenna Trans- 
mission Line 


The problem of matching the 
impedance of the antenna 
transmission line to the array 
is much simplified if the pro- 


Y RESONATING 
CAPACITOR 


‘GRID DIP METER 


Figure 18 
ADJUSTMENT OF GAMMA MATCH BY USE 
OF ANTENNASCOPE AND GRID-DIP 
METER 
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Figure 16 


3-ELEMENT “PLUMBER'S 
DELIGHT” ANTENNA ARRAY 
All-metal configuration permits rugged, 
light assembly. Joints are made with 
U-bolts and metal plates for maximum 
rigidity. 


“Plumber's Delight” It 


Construction 


is characteristic of 
the conventional type of 
multi-element parasitic 
array such as discussed previously and out- 
lined that the centersof all the elements are at 
zero rf potential with respect to ground. It is 
therefore possible to use a metallic structure 
without insulators for supporting the various 
elements of the array. A typical three element 
array of this type is shown in figure 16. In this 
particular array, U-bolts and metal plates have 
been employed to fasten the elements to the 
boom. The elements are made of telescoping 
sections of aluminum tubing. The tips of the 
inner sections of tubing are split, and a tubing 

clamp is slipped over the joint, as shown in 
the drawing. Before assembly of the joint, the 
mating pieces of aluminum are given a thin 
coat of Penetrox-A compound. (This anti- 
oxidizing paste is manufactured by Burndy Co., 
Norwalk, Conn. and is distributed by the 
General Electric Supply Co.) When the tubes 
are telescoped and the clamp is tightened, an 
air-tight seal is produced, reducing corrosion 
to a minimum. 

The boom of the parasitic array may be made 
from two or three sections of steel TV mast, 
or it may be made of asingle section of alumi- 
num irrigation pipe. This pipe is made by 
Reynolds Aluminum Co., and others, and may 
often be purchased via the Sears, Roebuck Co. 
mail-order department. Three inch pipe may be 


ELEMENT CLAMP 
2 PIECES 


LINE OF 
ELEMENT 


— BOOM CLAMP 
2 PIECES 


ee, 


OXEN- YOKE CLAMP 


X 4 BOLTED TO LADDER BY 
PIECES OF ANGLE IRON STOCK 


Figure 17 
(A) OXEN-YOKE CLAMP 1S DESIGNED FOR 
ALL METAL ASSEMBLY 


(B) ALTERNATIVE WOODEN SUPPORTING 
ARRANGEMENT 


A wooden ladder may be used to support a 


10 of 15 meter array. 


used for the 10 and 15 meter antennas, and the 
huskier four inch pipe should be used for a 
20 meter beam. 

Automobile muffler clamps can often be 
used to affix the elements to the support 
plates. Larger clamps of this type will fasten 
the plates to the boom. In most cases, the 
muffler clamps are untreated, and they should 
be given one or two coats of rust-proof paint 
to protect them from inclement weather. All 
bolts, nuts, and washers used in the assembly 
of the array should be of the plated variety to 
reduce corrosion and rust. 

An alternative assembly is to employ the 
*Oxen Yoke” type of clamps, shown in figure 
17. These light-weight aluminum fittings are 
obtainable from the Continental Electronics 
and Sound Co., Dayton, 27, Ohio, and are 
available in a wide range of sizes. 

If it is desired to use a split driven element 
for a balanced feed system, it is necessary to 
insulate the element from the supporting struc- 
ture of the antenna. The element should be 
severed at the center, and the two halves 
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Figure 15 
TwO GENERAL TYPES 
OF BI-DIRECTIONAL 
ARRAYS 
Average gain figures are giv- 
en for both the flat-top beam 
type of array and for the 
broadside-colinear array with 
different numbers of elements. 


BEARING 


availability of certain types of constructional 
materials. But in any event be sure that sound 
mechanical engineering principles are used in 
the design of the supporting structure. There 
are few things quite as discouraging as the 
picking up of pieces, repairing of the roof, etc., 
when a newly constructed rotary comes down 
in the first strong wind. If the principles of 
mechanical engineering are understood it is 
wise to calculate the loads and torques which 
will exist in the various members of the struc- 
ture with the highest wind velocity which may 
be expected in the locality of the installation. 
If this is not possible it will usually be worth 
the time and effort to look up a friend who 
understands these principles. 


Radiating 
Elements 


One thing more or less standard 
about the construction of rotatable 
antenna arrays is the use of dural 
tubing for the self-supporting elements. Other 
materials may be used but an alloy known as 


RADIAL LOAD 


0) 


FLAT-TOP BEAM FOR 
ROTATABLE ARRAY 


GAIN 4 TO 6 08 


OPEN-WIRE LINE 


“TwO_ OVER TWO OVER TWO" 
TYPE OF ARRAY 


GAIN TOTAL NUMBER 
OF ELEMENTS 
1.6 06 2 
6.0 OB 4 
7.808 6 
9.0 08 a 
10.0 08 10 


ROPES TO 
OPERATING POSITION 


24ST has proven over a period of time to be 
quite satisfactory. Copper tubing is too heavy 
for a given strength, and steel tubing, unless 
copper plated, is likely to add an undesirably 
large loss resistance to the array. Also, steel 
tubing, even when plated, is not likely to 
withstand sale atmosphere such as encountered 
along the seashore for a satisfactory period 
of time. Do not use a soft aluminum alloy for 
the elements unless they will be quite short; 
24ST is a hard alloy and is best although there 
are several other alloys ending in ST’? which 
will be found to be satisfactory. Do not use 
an alloy ending in ‘'SO’’ or ‘'S”’ in a position 
in the array where structural strength is im- 
portant, since these letters designate a metal 
which has not been heat treated for strength 
and rigidity. However, these softer alloys, and 
aluminum electrical conduit, may be used for 
short radiating elements such as would be 
used for the 50-Mc. band or as interconnecting 
conductors in a stacked array. 
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Figure 14 
BROADSIDE ARRAYS 
WITH PARASITIC 
REFLECTORS 


The apparent gain of the ar- 

roys illustrated will be great- 

er than the values given due 

to concentration of the radi- 

ated signal at the lower ele- 
vation angles. 


ne 


If six or more elements are used in the type 
of array shown in figure 15B no matching sec- 
tion will be required between the antenna trans- 
mission line and the feed point of the antenna. 
When only four elements are used the antenna 
is the familiar “lazy H’’ and a quarter-wave 
stub should be used for feeding from the an- 
tenna transmission line to the feed point of 
the antenna system. 

If desired, and if mechanical considerations 
permit, the gain of the arrays shown in figure 
15B may be increased by 3 db by placing a 
half-wave reflector behind each of the ele- 
ments at a spacing of one-quarter wave. The 
array then becomes essentially the same as 
that shown in figure 14C and the same con- 
siderations in regard to reflector spacing and 


tuning will apply. However, the factor that a 
bi-directional array need be rotated through an 
angle of less than 180° should be considered 
in this connection. 


Construction of 
Rotatable Arrays 


25-7 


A considerable amount of ingenuity may be 
exercised in the construction of the supporting 
structure for a rotatable array. Every person 
has his own ideas as to the best method of 
construction. Often the most practicable meth- 
od of construction will be dictated by the 
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linear system which will give approximately 
the same gain as the system of figure 13A, but 
which requires less boom length and greater 
total element length. Figure 13C illustrates 
the familiar lazy-H with driven reflectors (or 
directors, depending upon the point of view) 
in a combination which will show wide band- 
width with a considerable amount of forward 
gain and good front-to-back ratio over the en- 
tire frequency coverage. 


Unidirectional Stacked 
Broadside Arrays 


Three practicable 
types of unidirectional 
stacked broadside ar- 
rays are shown in figure 14. The first type, 
shown at figure 14A, is the simple ‘‘lazy H’’ 
type of antenna with parasitic reflectors for 
each element. (B) shows a simpler antenna ar- 
ray with a pair of folded dipoles spaced one- 
half wave vertically, operating with reflectors. 
In figure 14C is shown a more complex array 
with six half waves and six reflectors which 
will give a very worthwhile amount of gain. 

In all three of the antenna arrays shown the 
spacing between the driven elements and the 
reflectorshas been shown as one-quarter wave- 
length. This has been done to eliminate the 
requirement for tuning of the reflector, as a 
result of the face that a half-wave element 
spaced exactly one-quarter wave from a driven 
element will make a unidirectional array when 
both elements are the same length. Using this 
procedure will give a gain of 3 db with the re- 
flectors over the gain without the reflectors, 
with only a moderate decrease in the radiation 
resistance of the driven element. Actually, 
the radiation resistance of a half-wave dipole 
goes down from 73 ohms to 60 ohms when an 
identical half-wave element is placed one- 
quarter wave behind it. 

A very slight increase in gain for the entire 
array (about 1 db) may be obtained at the ex- 
pense of lowered radiation resistance, the ne- 
cessity for tuning the reflectors, and decreased 
bandwidth by placing the reflectors 0.15 wave- 
length behind the driven elements and making 
them somewhat longer than the driven elements. 
The radiation resistance of each element will 
drop approximately to one-half the value ob- 
tained with untuned half-wave reflectors spaced 
one-quarter wave behind the driven elements. 

Antenna arrays of the type shown in figure 
14 require the use of some sort of lattice work 
for the supporting structure since the arrays 
occupy appreciable distance in space in all 
three planes. 
Feed Methods The requirements for the feed 
systems for antenna arrays of 
the type shown in figure 14 are less critical 
than those for the close-spaced parasitic ar- 
rays shown in the previous section. This is a 


natural result of the fact that a larger number 
of the radiating elements are directly fed with 
energy, and of the fact that the effective radia- 
tion resistance of each of the driven elements 
of the array is much higher than the feed-point 
resistance of a parasitic array. As a conse- 
quence of this fact, arrays of the type shown 
in figure 14 can be expected to cover a some- 
what greater frequency band for a specified 
value of standing-wave ratio than the parasitic 
type of array. 

In most cases a simple open-wire line may 
be coupled to the feed point of the array with- 
out any matching system. The standing-wave 
ratio with such a system of feed will often be 
less than 2-to-1. However, if a more accurate 
match between the antenna transmission line 
and the array is desired a conventional quar- 
ter-wave stub, or a quarter-wave matching 
transformer of appropriate impedance, may be 
used to obtain a low standing-wave ratio. 


25-6 Bi-Directional 
Rotatable Arrays 


The bi-directional type of array is sometimes 
used on the 28-Mc. and $0-Mc. bands where 
signals are likely to be coming from only one 
general direction at a time. Hence the sacri- 
fice of discrimination against signals arriving 
from the opposite direction is likely to be of 
little disadvantage. Figure 15 shows two gen- 
eral types of bi-directional arrays. The flat- 
top beam, which has been described in detail 
earlier, is well adapted to installation atop a 
rotating structure. When self-supporting ele- 
ments are used in the flat-top beam the prob- 
lem of losses due to insulators at the ends of 
the elements is somewhat reduced. With a 
single-section flat-top beam a gain of approx- 
imately 4 db can be expected, and with two 
sections a gain of approximately 6 db can be 
obtained. 

Another type of bi-directional array which 
has seen less use than it deserves is shown 
in figure 15B. This type of antenna system has 
a relatively broad azimuth or horizontal beam, 
being capable of receiving signals with little 
diminution in strength over approximately 40°, 
but it has a quite sharp elevation pattern since 
substantially all radiation is concentrated at 
the lower angles of radiation if more than a 
total of four elements is used in the antenna 
system. Figure 15B gives the approximate gain 
over a half-wave dipole at the height of the 
center of the array which can be expected. Al- 
so shown in this figure is a type of ‘rotating 
mast’? structure which is well suited to rora- 
tion of this type of array. 
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SHORTED STUB LENGTH AND POSITION 
CHART 


From the standing wave ratio and current or 
voltage null position it is possible to deter- 
mine the theoretically correct length and 
position of'a shorted stub. In actual prac- 
tice a slight discrepancy usually will be 
found between the theoretical and fhe ex- 
perimentally optimized dimensions; therefore 
it may be necessary to ‘‘touch up’’ the di- 
mensions after using the above dota as a 
starting point. 


has been decided upon for the stub, and also 
to determine the SWR. 

Stub adjustment becomes more critical as 
the SWR increases, and under conditions of 
high SWR the current and voltage nulls are 
more sharply defined than the current and volt- 
age maxima, or loops. Therefore, it is best to 
locate either a current null or voltage null, de- 
pending upon whether a current indicating de- 
vice or a voltage indicating device is used to 
check the standing wave pattern. 

The SWR is determined by means of a ‘‘di- 
rectional coupler,’’ or by noting the ratio of 
Emax (© Emin of Imax tO Imig aS read on an 
indicating device. 

It is assumed that the characteristic imped- 
ance of the section of line used as a stub is 
the same as that of the transmission line prop- 
er. It is preferable to have the stub section 
identical co the line physically as well as 
electrically. 


Unidirectional 
Driven Arrays 


25-5 


Three types of unidirectional driven arrays 
are illustrated in figure 13. The array shown 
in figure 13A is an end-fire system which may 
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Figure 13 
UNIDIRECTIONAL ALL-DRIVEN ARRAYS 


A unidirectional all-driven end-fire array is 
shown ot (A). (B) shows an array with two 
half waves in phase with driven reflectors. 
A Lazy-H array with driven reflectors is 
shown at (C). Note that the directivity is 
through the elements with the greatest total 
feed-line length in arrays such as shown at 


(B) and (C). 


be used in place of a parasitic array of similar 
dimensions when greater frequency coverage 
than is available with the yagi type is desired. 
Figure 13B is a combination end-fire and co- 
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Figure 10 
THE GAMMA MATCHING SYSTEM 


See text for details of resonating capacitor 
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Figure 11 
IMPEDANCE MATCHING WITH A CLOSED 
STUB ON A TWO WIRE TRANSMISSION 
LINE 
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pling rings are 10 inches in diameter and are 
usually constructed of %-inch copper tubing 
supported one from the rotating structure and 
one from the fixed structure by means of stand- 
off insulators. The capacitor C in figure 9D is 
adjusted, after the antenna has been tuned, for 
minimum standing-wave ratio on the antenna 
transmission line. The dimensions shown will 
allow operation with either 14-Mc. or 28-Mc. 
elements, with appropriate adjustment of the 
capacitor C. The rings must of course be paral- 
lel and must lie in a plane normal to the axis 
of rotation of the rotating structure. 


The Gammo Motch The use of coaxial cable 
to feed the driven element 
of a yagi array is becoming increasingly popu- 
lar. One reason for this increased popularity 
lies in the fact that the TVI-reduction problem 
is simplified when coaxial feed line is used 
from the transmitter to the antenna system. 
Radiation from the feed line is minimized when 
coaxial cable is used, since the outer conduc- 
tor of the line may be grounded at several 
points throughout its length and since the in- 
tense field is entirely confined within the out- 
er conductor of the coaxial cable. Other ad- 
vantages of coaxial cable as the antenna feed 
line lie in the fact that coaxial cable may be 
run within the structure of a building without 
danger, or the cable may be run underground 
without disturbing its operation. Also, trans- 
mitting-type low-pass filters for 52 ohm imped- 
ance are more widely available and are less 
expensive than equivalent filters for two-wire 
line. 

The gamma-match is illustrated in figure 10, 
and may be looked upon as one-half of a T- 
match. One resonating capacitor is used, 
placed in series with the gamma rod. The ca- 
pacitor should have a capacity of 7 pyfd. per 
meter of wavelength. For 15-meter operation 
the capacitor should have a maximum capacity 
of 105 ppfd. The length of the gamma rod deter- 
mines the impedance transformation between 


the transmission line and the driven element 
of the array, and the gamma capacitor tunes 
out the inductance of the gamma rod. By ad- 
justment of the length of the gamma rod, and 
the setting of the gamma capacitor, the SWR 
on the coaxial line may be brought to a very 
low value at the chosen operating frequency. 
The use of an Antennascope, described in the 
Test Equipment chapter is recommended for 
precise adjustment of the gamma match. 

The Matching Stub If an open-wire line is 
used to feed a low imped- 
ance radiator, a section of the transmission 
line may be employed as a matching stub as 
shown in figure 11. The matching stub can 
transform any complex impedance to the char- 
acteristic impedance of the transmission line. 
While it is possible to obtain a perfect match 
and good performance with either an open stub 
or a shorted one by observing appropriate di- 
mensions, a shorted stub is much more readily 
adjusted. Therefore, the following discussion 
will be confined to the problem of using a 
closed stub to match a low impedance load to 
a high impedance transmission line. 

If the transmission line is so elevated that 
adjustment of a ‘‘fundamental’’ shorted stub 
cannot be accomplished easily from the ground, 
then the stub length may be increased by ex- 
actly one or two electrical half wavelengths, 
without appreciably affecting its operation. 

While the correct position of the shorting 
bar and the point of attachment of the stub to 
the line can be determined entirely by experi- 
mental methods, the fact that the two adjust- 
ments are interdependent or interlocking makes 
such a cut-and-try procedure a tedious one. 
Much time can be saved by determining the ap- 
proximate adjustments required by reference to 
a chart such as figure 12 and using them as a 
starter. Usually only a slight ‘touching up” 
will produce a perfect match and flat line. 

In order to utilize figure 12, it is first neces- 
sary to locate accurately a voltage node or 
current node on the line in the vicinity that 
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CENTER 
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These capacitors should be tuned for minimum 
SWR on the transmission line. The adjustment 
of these capacitors should be made at the same 
time the correct setting of the T-match rods is 
made as the two adjustments tend to be inter- 
locking. The use of the standing wave meter 
(described in Test Equipment chapter) is 
recommended for making these adjustments to 
the T-match. 


Four methods of exciting 
the driven element of a 
parasitic array are shown 
in figure 9. The system 
shown at (A) has proven to be quite satisfac- 
tory in the case of an antenna-reflector two- 
element array or in the case of a three-element 
array with 0.2 to 0.25 wavelength spacing be- 
tween the elements of the antenna system. The 
feed-point impedance of the center of the driven 
element is close enough to the characteristic 
impedance of the $2-ohm coaxial cable so that 


Feed Systems Using 
a Driven Element 
with Center Feed 


the standing-wave ratio on the 52-ohm coaxial 
cable is less than 2-to-1.(B) shows an arrange- 
ment for feeding an array with a broken driven 
element from an open-wire line with the aid of 
a quarter-wave matching transformer. With 465- 
ohm line from the transmitter to the antenna 
this system will give a close match to a 12- 
ohm impedance at the center of the driven ele- 
ment. (C) shows an arrangement which uses an 
untuned transformer with lumped inductance 
for matching the transmission line to the cen- 
ter impedance of the driven element. 


Rotary Link 
Coupling 


In many cases it is desirable to 
be able to allow the antenna ar- 
ray to rotate continuously without 
regard to snarling of the feed line. If this is to 
be done some sort of slip rings or rotary joint 
must be made in the feed line. One relatively 
simple methodof allowing unrestrained rotation 
of the antenna is to use the method of rotary 
link coupling shown in figure 9D. The two cou- 
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In many cases it will be desired to use the 
folded-element or yoke matching system with 
different sizes of conductors or different spac- 
ings than those shown in figure 7. Note, then, 
that the impedance transformation ratio of 
these types of matching systems is dependent 
both upon the ratio of conductor diameters and 
upon their spacing. The following equation 
has been given by Roberts (RCA Review, June, 
1947) for the determination of the impedance 
transformation when using different diameters 
in the two sections of a folded element: 


Z, 
Transformation ratio = ¢ t— ) 
Z, 


In this equation Z, is the characteristic im- 
pedance of a line made up of the smaller of 
the two conductor diameters spaced the center- 
to-center distance of the two conductors in the 
antenna, and Z, is the characteristic imped- 
ance of a line made up of two conductors the 
size of the larger of the two. This assumes 
that the feed line will be connected in series 
with the smaller of the two conductors so that 
an impedance step up of greater than four will 
be obtained. If an impedance step up of less 
than four is desired, the feed line is connected 
in series with the larger of the two conductors 
and Z, in the above equation becomes the im- 
pedance of a hypothetical line made up of the 
larger of the two conductors and Z, is made 
up of the smaller. The folded v-h-f unipole is 
an example where the transmission line is con- 
nected in series with the larger of the two 
conductors. 


The conventional 3-wire match to give an 
impedance ‘multiplication of 9 and the $-wire 
match to give a ratio of approximately 25 are 
shown in figures 7C and 7D. The 4-wire match, 
not shown, will give an impedance transforma- 
tion ratio of approximately 16. 


The Delta Motch 
ond T-Match 


The Delta match and the 
T-match are shown in figure 
8. The delta match has been 
largely superseded by the newer T-match, how- 
ever both these systems can be adjusted to 
give a low value of SWR on 50 to 600-ohm bal- 
anced transmission lines. In the case of the 
systems shown it will be necessary to make 
adjustments in the tapping distance along the 
driven radiator until minimum standing waves 
on the antenna transmission line are obtained. 
Since it is sometimes impracticable to elim- 
inate completely the standing waves from the 
antenna transmission line when using these 
matching systems, it is common practice to 
cut the feed line, after standing waves have 
been reduced to a minimum, to a length which 
will give satisfactory loading of the transmitter 
over the desired frequency range of operation. 

The inherent reactance of the T-match is 
tuned out by the use of two identical resonat- 
ing capacitors in series with each leg of the 
T-rod. These capacitors should each have a 
maximum capacity of 8 pyfd. per meter of wave- 
length. Thus for 20 meters, each capacitor 
should have a maximum capacity of at least 
160 ppfd. For power up to a kilowatt, 1000 
volt spacing of the capacitors is adequate. 
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In all normal applications of 
the data given the main ele- 
ment as shown is the driven 
element of a multi-element 
parasitic array. Directors and 
reflectors have not been 
shown for the sake of clarity. 


REEEO = approx. 25 
RAD. 


small strips of polystyrene which have been 
drilled for both the main element and the small 
wire and threaded on the main element. 


The Folded-Element 
Match Calculations 


The calculation of the 
operating conditions of 
the folded-element 
matching system and the yoke match, as shown 
in figures 7A and 7B is relatively simple. A 
selected group of operating. conditions has 
been shown on the drawing of figure 7. In ap- 
plying the system it is only necessary to mul- 
tiply the ratio of feed to radiation resistance 
(given in the figures to the right of the sug- 
gested operating dimensions in figure 7) by 
the radiation resistance of the antenna system 
to obtain the impedance of the cable to be 
used in feeding the array. Approximate values 
of radiation resistance for a number of com- 
monly used parasitic-element arrays are given 
in figure 5. 

As an example, suppose a 3-element array 
with 0.15D-0.15R spacing between elements is 


to be fed by means of a 465-ohm line con- 
structed of no. 12 wire spaced 2 inches. The 
approximate radiation resistance of such an 
antenna array will be 20 ohms. Hence we need 
a ratio of impedance step up of 23 to obtain 
a match between the characteristic impedance 
of the transmission line and the radiation re- 
sistance of the driven element of the antenna 
array. Inspection of the ratios given in figure 
7 shows that the fourth set of dimensions 
given under figure 7B will give a 24-to-1 step 
up, which is sufficiently close. So it is merely 
necessary to use a l-inch diameter driven ele- 
ment with a no.8 wire spaced on 1 inchcenters 
(% inch below the outside wall of the l-inch 
tubing) below the l-inch element. The no. 8 
wire is broken and a 2-inch insulator placed 
in the center. The feed line then carries from 
this insulator down to the transmitter. The 
center insulator should be supported rigidly 
from the l-inch tube so that the spacing be- 
tween the piece of tubing and the no. 8 wire 
will be accurately maintained. 
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STACKED YAGI ARRAYS 
It is possible to attain o relotively large amount of gain over a limited bandwidth with stocked 
yagi orrays. The two-section array ot (A) will give @ gain of about 12 db, while adding a third 
section will bring the gain up to about 15 db. Adding two additional poresitic directors to each 
section, as at (C) will bring the gain up to about 17 db. 
higher where the additional section of tubing Mc. and 14-Mc. bands since it is only neces- 
may be supported below the main radiator ele- sary to suspend a wire below the driven ele- 
ment without undue difficulty. The yoke-match ment proper. The wire may be spaced below 
is more satisfactory mechanically on the 28- the self-supporting element by means of several 
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Figure 5 
DESIGN CHART FOR PARASITIC ARRAYS (DIMENSIONS GIVEN IN FEET) 


A small amount of additional 
gain may be obtained through 
use of more than two parasitic 
elements, at the expense of reduced feed-point 
impedance and lessened bandwidth. One addi- 
tional director will add about 1 db, and a sec- 
ond additional director (making a total of five 
elements including the driven element) will 
add slightly less chan one db more. In the 
v-h-f range, where the additional elements may 
be added withouc much difficulty, and where 
tequired bandwidths are small, the use of more 
than two parasitic elements is quite practic- 
able. 


More Than 
Three Elements 


Parasitic arrays (yagis) may 
be stacked to provide addition- 
al gain in the same manner that 
dipoles may be stacked. Thus if an array of 
six dipoles would give a gain of 10 db. the 
substitution of yagi arrays for each of the di- 
poles would add the gain of one yagi array to 
the gain obtained with the dipoles. However, 
the yagi arrays must be more widely spaced 
than the dipoles to obtain this theoretical im- 
provement. As an example, if six 5-element 
yagi arrays having a gain of abouc 10 db were 
substituted for the dipoles, with appropriate 
increase in the spacing between the arrays, 
the gain of the whole system would approach 
the sum of the two gains, or 20 db. A group of 
arrays of yagi antennas, with recommended 
spacing and approximate gains, are illus- 
trated in figure 6. 


Stacking of 
Yagi Arrays 


25-4 Feed Systems for 
Parasitic (Yagi) Arrays 


The table of figure 5 gives, in addition to 
other information, the approximate radiation 
resistance referred to the center of the driven 
element of mulci-element parasitic arrays. Ic is 
obvious, from these low values of radiation 


resistance, that especial care must be caken 
in materials used and in the construction of 
the elements of the array to insure that ohmic 
losses in the conductors will not be an appre- 
ciable percentage of the radiation resistance. 
It is also obvious that some method of imped- 
ance transformation must be used in many 
cases to match the low radiation resistance 
of these antenna arrays to the normal range of 
characteristic impedance used for antenna 
transmission lines. 

A group of possible methods of impedance 
matching is shown in figures 7, 8, 9 and 10. 
All these methods have been used but certain 
of them offer advantages over some of the 
other methods. Generally speaking ic is not 
mechanically desirable to break the center of 
the driven element of an array for feeding the 
system. Breaking the driven element rules out 
the practicability of building an all-metal or 
“‘plumber’s delight’? type of array, and im- 
poses mechanical limitations with any type of 
construction. However, when continuous rota- 
tion is desired, an arrangement such as shown 
in figure 9D utilizing a broken driven element 
with a rotatable transformer for coupling from 
the antenna transmission line to the driven 
element has proven to be quite satisfactory. 
In face the method shown in figure 9D is prob- 
ably the most practicable method of feeding 
the driven element when continuous rotation 
of che antenna array is required. 

The feed systems shown in figure 7 will, 
under normal conditions, show the lowest loss- 
es of any type of feed system since the cur- 
rents flowing in the matching network are the 
lowest of all the systems commonly used. The 
‘Folded Element’’ match shown in figure 7A 
and the ‘‘Yoke’’ match shown in figure 7B are 
the most satisfactory electrically of all stand- 
ard feed methods. However, both methods re- 
quire the extension of an additional conductor 
out to the end of the driven element as a por- 
tion of the matching system. The folded-ele- 
ment match is best on the $0-Mc. band and 
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0.2 wavelength between elements becomes 
possible. Four-element arrays are quite com- 
mon on the 28-Mc. and 50-Mc. bands, and five 
elements are sometimes used for increased 
gain and discrimination. As the number of ele- 
ments is increased the gain and front-to-back 
ratio increases but the radiation resistance de- 
creases and the bandwidth or frequency range 
over which the antenna will operate without 
reduction in effectiveness is decreased. 


Material for 
Elements 


While the elements may consist 
of wire supported on a wood 
framework, self-supporting ele- 
ments of tubing are much to be preferred. The 
latter type array is easier to construct, looks 
better, is no more expensive, and avoids the 
problem of getting sufficiently good insulation 
at the ends of the elements. The voltages 
reach such high values towards the ends of 
the elements that losses will be excessive, 
unless the insulation is excellent. 

The elements may be fabricated of thin- 
walled steel conduit, or hard drawn thin-walled 
copper tubing, but dural tubing is much better. 
Or, if you prefer, you may purchase tapered 
copper-plated steel tubing elements designed 
especially for the purpose. Kits are available 
complete with rotating mechanism and direction 
indicator, for those who desire to purchase 
the whole system ready to put up. 


The optimum spacing for a 
two-element array is, as has 
been mentioned before, approximately 0.11 
wavelength for a director and 0.13 wavelength 
for a reflector. However, when both a director 
and a reflector are combined with the driven 
element to make up a three-element array the 
optimum spacing is established by the band- 
width which the antenna will be required to 
cover. Wide spacing (of the order of 0.25 wave- 
length between elements) will result in greater 
bandwidth for a specified maximum standing- 
wave ratio on the antenna transmission line. 
Smaller spacings may be used when boom 
length is an important consideration, but for a 
specified standing-wave ratio and forward gain 
the frequency coverage will be smaller. Thus 
the Q of the antenna system will be increased 
as the spacing between the elements is de- 
creased, resulting in smaller frequency cover- 
age, and at the same time the feed-point im- 
pedance of the driven element will be de- 
creased. 

For broad-band coverage, such as the range 
from 26.96 to 29.7 Mc. or from 50 to 54 Mc., 
0.2 wavelength spacing from the driven ele- 
ment to each of the parasitic elements is rec- 


Element Spacing 
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ommended. For narrower bandwidth, such as 
would be adequate for the 14.0 to 14.4 Me. 
band or the 144 to 148 Mc. band, the radiator 
to parasitic element spacing may be reduced 
to 0.12 wavelength, while still maintaining 
adequate array bandwidth for the amateur band 
in question. 


Length of the 
Parasitic Elements 


Experience has shown that 
it is practical to cut the 
prarsitic elements of a 
three-element parasitic array to a predetermined 
length before the installation of such an an- 
tenna, A pre-tuned antenna such as this will 
give good signal gain, adequate front-to-back 
ratio, and good bandwidth factor. By carefully 
tuning the array after it is in position the gain 
may be increased by a fraction of a db, and 
the front-to-back ratio by several db. However 
the slight improvement in performance is us- 
ually not worth the effort expended in tuning 
time. 

The closer the lengths of the parasitic ele- 
ments are to the resonant length of the driven 
element, the lower will be the feed-point resist- 
ance of the driven element, and the smaller 
will be the bandwidth of the array. Hence, for 
wide frequency coverage the director should 
be considerably shorter, and the reflector con- 
siderably longer than the driven element. For 
example, the director should still be less than 
a resonant half wave at the upper frequency 
limit of the range wherein the antenna is to be 
operated, and the reflector should still be long 
enough to act as a reflector at the lower fre- 
quency limit. Another way of stating the same 
thing is to say, in the case of an array to cover 
a wide frequency range such as the amateur 
range from 26.96 to 29.7 Mc. or the width of a 
low-band TV channel, that the director should 
be cut for the upper end of the band and 
the reflector for the lower end of the band. In 
the case of the 26.96 to 29.7 Mc. range this 
means that the director should be about 8 per 
cent shorter than the dtiven element and the 
reflector should be about 8 per cent longer. 
Such an antenna will show a relatively con- 
stant gain of about 6 db over its range of cov- 
erage, and the pattern will not reverse at any 
point in the range. 

Where the frequency range to be covered is 
somewhat less, such as a high-band TV chan- 
nel, the 14.0 to 14.4 Mc. amateur band, or the 
lower half of the amateur 28-Mc. phone band, 
the reflector should be about 5 per cent longer 
than the driven element, and the director about 
5 per cent shorter. Such an antenna will per- 
form well over its rated frequency band, will 
not reverse its pattern over this band, and will 
show a signal gain of 7 to 8 db. See figure 5 
for design figures for 3-element arrays. 
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wavelength may be employed for greater front- 
to-back ratios, but the radiation resistance of 
the array becomes quite low, the bandwidth 
of the array becomes very narrow, and the tun- 
ing becomes quite critical. Thus the Q of the 
antenna system will be increased as the spac- 
ing between the elements is decreased, and 
smaller optimum frequency coverage will 
result. 

ElementLengths When the parasitic element 
of a two-element array is 
used as a director, the following formulas may 
be used to determine the lengths of the driven 
element and the parasitic director, assuming 


an element diameter-to-length ratio of 200 to 
400: 


476 
Driven element length (feet) = —— 
Fac. 
450 
Director length (feet) = —- 
FMc. 


Element spacing (feet) = he 
Mc. 


Figure 4 


FIVE ELEMENT 28 MC BEAM 
ANTENNA AT W6SAI 


Antenna boom is made of twenty foot 
length of Sears, Roebuck Co. three 
inch aluminum irrigation pipe. Spacing 
between elements is five feet. Ele- 
ments are made of twelve foot lengths 
of 7/8-inch aluminum tubing, with ex- 
tension tips made of 3/4-inch tubing. 
Ganma_ matching device, element 
clamps, and “Oxen Yoke” element-to- 
boom clamps are made by Continental 
Electronics & Sound Co., Dayton 27, 


Ohia. Beam dimensions are taken from 


figure 5. 
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Figure 3 
FRONT-TO-BACK RATIO AS A FUNCTION 
OF ELEMENT SPACING FOR A TWO-ELE- 

MENT PARASITIC ARRAY 


The effective bandwidth taken between the 
1.5/1 standing wave points of an array cut to 
the above dimensions is about 2.5% of the 
operating frequency. This means that an array 
Pre-cut to a frequency of 14,150 kilocycles 
would have a bandwidth of 350 kilocycles (plus 
or minus 175 kilocycles of the center frequen- 
cy), and therefore would be effective over the 
whole 20 meter band. In like fashion, a 15 
meter array should be pre-cut to 21,200 kilo- 
cycles. 

A beam designed for use on the 10-meter 
band would have an effective bandwidth of 
some 700 kilocycles. Since the 10-meter band 
is 1700 kilocycles in width, the array should 
either be cut to 28,500 kilocycles for opera- 
tion in the low frequency portion of the band, 
or to 29,200 kilocycles for operation in the 
high frequency portion of the band. Operation 
of the antenna outside the effective bandwidth 
will increase the SWR on the transmission 
line, and noticeably degrade both the gain and 
front-to-back ratio performance. The height 
above ground also influences the F/B ratio. 


25-3 The Three-Element Array 


The three-element array using a director, 
driven element, and reflector will exhibit as 
much as 30 db front-to-back ratio and 20 db 
front-to-side ratio for low-angle radiation. The 
theoretical gain is about 9 db over a dipole in 
free space. In actual practice, the array will 
often show 7 to 10 db apparent gain over a 
horizontal dipole placed the same height above 
ground (at 28 and 14 Mc.). 

The use of more than three elements is de- 
sirable when the length of the supporting struc- 
ture is such that spacings of approximately 
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GAIN (0B) 


Figure 1 
GAIN VS ELEMENT SPACING FOR A TWO- 
ELEMENT CLOSE-SPACED PARASITIC 
BEAM ANTENNA WITH PARASITIC ELE- 
MENT OPERATING AS A DIRECTOR OR 
REFLECTOR 
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Figure 2 
RADIATION RESISTANCE AS A FUNCTION 
OF ELEMENT SPACING FOR A TWO-ELE- 
MENT PARASITIC ARRAY 


Such an antenna is capable of a signal gain 
of § db over a dipole, with a front-to-back ratio 
of 7 db to 15 db, depending upon the adjust- 
ment of the parasitic element. The parasitic 
element may be used either as a director or 
as a reflector. 

The optimum spacing for a reflector in a 
two-element array is approximately 0.13 wave- 
length and with optimum adjustment of the 
length of the reflector a gain of approximately 
5 db will be obtained, with a feed-point resist- 
ance of about 25 ohms. 

If the parasitic element is to be used as a 
director the optimum spacing between it and 
the driven element is 0.11 wavelength. The 
gain will theoretically be slightly greater than 
with the optimum adjustment for a reflector 
(about 5.5 db) and the radiation resistance 
will be in the vicinity of 17 ohms. 

The general characteristics of a two-element 
parasitic array may be seen in figures 1, 2 and 
3. The gain characteristics of a two-element 
array when the parasitic element is used as a 
director or as a reflector are shown. It can be 
seen that the director provides a maximum of 
5.3 db gain at a spacing of slightly greater 
than 0.1 wavelength from the antenna. In the 
interests of greatest power gain and size con- 
servation, therefore, the choice of a parasitic 
director would be wiser than the choice of a 
parasitic reflector, although the gain differ- 
ence between the two is small. 

Figure 2 shows the relationship between 
the element spacing and the radiation resist- 


ance for the two element parasitic array for 
both the reflector and the director case. Since 
the optimum antenna-director spacing for maxi- 
mum gain results in an antenna radiation re- 
sistance of about 17 ohms, and the optimum 
antenna-reflector spacing for maximum gain 
results in an antenna radiation resistance of 
about 25 ohms, it may be of advantage in some 
instances to choose the antenna with the high- 
er radiation resistance, assuming other fac- 
tors to be equal. 

Figure 3 shows the front-to-back ratio for 
the two element parasitic array for both the 
reflector and director cases. To produce these 
curves, the elements were tuned for maximum 
gain of the array. Better front-to-back ratios 
may be obtained at the expense of array gain, 
if desired, but the general shape of the curves 
remains the same. It can be readily observed 
that operation of the parasitic element as a 
reflector produces relatively poor front-to- 
back ratios except when the element spacing 
is greater than 0.15 wavelength. However, at 
this element spacing, the gain of the array be- 
gins to suffer. 

Since a radiation resistance of 17 ohms is 
not unduly hard to match, it can be argued that 
the best all-around performance may be ob- 
tained from a two element parasitic beam em- 
ploying 0.11 element spacing, with the para- 
sitic element tuned to operate as a director. 
This antenna will provide a forward gain of 
5.3 db, with a front-to-back ratio of 10 db, or 
slightly greater. Closer spacing than 0.11 
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Rotary Beams 


The rotatable antenna array has become al- 
most standard equipment for operation on the 
28-Mc. and 50-Mc. bands and is commonly used 
on the 14-Mc. and 21-Mc. bands and on those 
frequencies above 144 Mc. The rotatable array 
offers many advantages for both military and 
amateur use. The directivity of the antenna 
types commonly employed, particularly the 
unidirectional arrays, offers a worthwhile re- 
duction in interference from undesired direc- 
tions. Also, the increase in the ratio of low- 
angle radiation plus the theoretical gain of 
such arrays results in a relatively large in- 
crease in both the transmitted signal and the 
signal intensity from a station being received. 

A significant advantage of a rotatable an- 
tenna array in the case of the normal station is 
that a relatively small amount of space is re- 
quired for erection of the antenna system. In 
fact, one of the best types of installation uses 
a single telephone pole with the rotating struc- 
ture holding the antenna mounted atop the pole. 
To obtain results in all azimuth directions 
from fixed arrays comparable to the gain and 
directivity of a single rotatable three-element 
parasitic beam would require several acres of 
surface. 

There are two normal configurations of radi- 
ating elements which, when horizontally polar- 
ized, will contribute to obtaining a low angle 
of radiation. These configurations are the end- 
fire array and the broadside array. The con- 


ventional three- or four-element rotary beam 
may properly be called a unidirectional para- 
sitic end-fire array, and is actually a type of 
yagi array. The flat-top beam is a type of bi- 
directional end-fire array. The broadside type 
of array is also quite effective in obtaining 
low-angle radiation, and although widely used 
in FM and TV broadcasting has seen little use 
by amateur stations in rotatable arrays. 


25-1 


Unidirectional 
Parasitic End-Fire Arrays 
(Yagi Type) 


If a single parasitic element is placed on 
one side of a driven dipole at a distance of 
from 0.1 to 0.25 wavelength the parasitic ele- 
ment can be tuned to make the array substan- 
tially unidirectional. 

This simple array is termed a two element 
parasitic beam. 


25-2 The Two Element Beam 


The two element parasitic beam provides 
the greatest amount of gain per unit size of 
any array commonly used by radio amateurs. 
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DESIGN DIMENSIONS FOR A 2-METER “LONG YAGI" ANTENNA 


On the other hand, if a Yagi acray of the same 
approximate size and weight as another an- 
tenna type is built, it will provide a higher 
order of power gain and directivity than that 
of the other antenna. 

The power gain of a Yagi antenna increases 
directly with the physical length of the array. 
The maximum practical length is entirely a 
mechanical problem of physically supporting 
the long series of director elements, although 
when the array exceeds a few wavelengths in 
length the element lengths, spacings, and 
Q’s become more and more critical. The ef- 
fectiveness of the array depends upon a proper 
combination of the mutual coupling loops 
between adjacent directors and between the 
first director and the driven element. 


Practically all work on Yagi antennas with 
more than three or four elements has been on 
an experimental, cut-and-try basis. Figure 19 


provides dimensions for a typical Long Yagi 
antenna for the 2-meter VHF band. Note that 
all directors have the same physical length. 
If the long Yagi is designed so that the di- 
rectors gradually decrease in length as they 
progress from the dipole bandwidth will be 
increased, and both side lobes and forward 
gain will be reduced. One advantage gained 
from staggered director length is that the 
atray can be shortened and lengthened by 
adding or taking away directors without the 
need for retuning the remaining group of para- 
sitic elements. When all directors are the 
same length, they must be all shortened en 
masse as the array is lengthened, and vice- 
versa when the array is shortened. 

A full discussion of Long Yagi antennas, 
including complete design and construction 
information may be had in the VHF Handbook, 
available through Radio Publications, Inc., 
Wilton., Conn. 
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OF ELEMENTS 


These tubes are welded onto the center tube 
of each group of three horizontal bracing tubes, 
and are so located to support the horizontal di- 
pole at its exact center. The dipoles are at- 
tached to the supporting rods by means of 
small phenolic insulating blocks, as shown in 
figure 16. The radiators are therefore insulated 
from the screen reflector. The inner tips of 
the radiators are held by small polystyrene 
blocks for rigidity, and are cross connected to 
each other by a transposed length of TV-type 
400 ohm open wire line. The entire array is 
fed at the point A-A, illustrated in figure 15. 
The matching system forthe beam is mounted 
behind the reflector screen, and is shown in 
figure 17. A quarter-wave transformer (B) drops 
the relatively high impedance of the antenna 
array to a suitable value for the low imped- 
ance balun (D). An adjustable matching stub 
(C) and two variable capacitors (C, and C,) 
are employed for impedance matching. The 
two variable capacitors are mounted in a 
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HORIZONTAL RADIATION PATTERN OF 
THE PEIPL ARRAY. THE FRONT-TO- 
BACK RATIO IS ABOUT 28 db IN AMPLI- 
TUDE, AND THE FORWARD GAIN AP- 
PROXIMATELY 15 db. 
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Figure 17 
THE MATCHING UNIT IN DETAIL FOR 
THE PEIPL BEAM DESIGN, WHICH AL- 
LOWS THE USE OF 72-OHM COAX 


watertight box, with the balun and matching 
stubs entering the bottom and top of the box, 
respectively. 

The matching procedure is carried out by 
the use of a standing wave meter (SWR bridge). 
A few watts of power are fed to the array 
through the SWR meter, and the setting of the 
shorting stub on C and the setting of the two 
variable capacitors are adjusted for lowest 
SWR at the chosen operating frequency. The 
capacity settings of the two variable capaci- 
tors should be equal. The final adjustment is 
to set the shorting stub of the balun (D) to re- 
move any residual reactance that might appear 
on the transmission line. With proper adjust- 
ment, the VSWR of the array may be held to 
less than 1.5 to 1 over a 2 megacycle range 
of the 2-meter band. 

The horizontal radiation pattern of this array 
is shown in figure 18. 

Long Yagi For a given power gain, the 
Yagi antenna can be built 
lighter, more compact, and 
with less wind resistance than any other type. 


Antennas 
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The ends of the folded dipoles are made in 
the following manner: Drive a length of dowel 
into the short connecting lengths of aluminum 
tubing. Then drill down the center of the dowel 
with a clearance hole forthe connecting screw. 
Then shape the ends of the connecting pieces 
to fit the sides of the element ends. After as- 
sembly the junctions may be dressed with a 
file and sandpaper until a smooth fit is ob- 
tained. 

The mast used for supporting the array is a 
30-foot spliced 2 by 2. A large discarded ball 
bearing is used as the radial load bearing and 
guy-wire termination. Enough of the upper-mast 
corners were removed with a draw-knife to per- 
mit sliding the ball bearing down about 9 feet 
from the top of the mast. The bearing then was 
encircled by an assembly of three pieces of 
dural ribbon to form a clamp, with ears for 
tightening screws and attachment of the guy 
wires. The bearing then was greased and cov- 
ered with a piece of auto inner tube to serve 
as protection from the weather. Another junk- 
box bearing was used at the bottom of the mast 
as a thrust bearing. 

The main booms were made from ¥-inch 
aluminum electrical conduit. Any size of small 
tubing will serve for making the elements. 
Note that the main boom is mounted at the bal- 
ance center and not necessarily at the physi- 
cal center. The pivot bole in the offset head 
should be tightened sufficiently that there will 
be adequate friction to hold the array in posi- 
tion. Then an additional nut should be placed 
on the pivot bolt as a lock. 

In connecting the phasing sections between 
the T-junction and the centers of the folded 
dipoles, it is importante that the center con- 
ductors of the phasing sections be connected 
to the same side of the driven elements of the 
antennas. In other words, when the antenna is 
oriented for horizontal polarization and the 
center of the coaxial phasing section goes to 
the left side of the top antenna, the center 
conductor of the other coaxial phasing section 
should go to the left side of the bottom an- 
tenna. 


The ’’Screen Beam” 
for 2 Meters 


This highly effective ro- 
tary array for the 144 Mc. 
amateur band was de- 
signed by the staff of the Experimental Phy- 
sics Laboratory, The Hague, Netherlands for 
use at the 2 meter experimental station PEIPL. 
The array consists of 10 half wave radiators 
fed in phase, and arranged in two stacked rows 
of five radiators. 0.2 wavelength behind this 
plane of radiators is a reflector screen, meas- 
uring approximately 15' x 9' in size. The an- 
tenna provides a power gain of 15 db, and a 
front to back ratio of approximately 28 db. 
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DETAIL OF LAYOUT AND DIMENSIONS 
OF BEAM ASSEMBLY OF PEIPL 


The 10 dipoles are fed in phase by means 
of a length of balanced transmission line, a 
quarter-wave matching transformer, and a ba- 
lun. A 72-ohm coaxial line couples the array 
to che transmitter. A drawing of the array is 
shown in figure 15. 

The reflecting screen measures 14' 9" high 
by 8' 4" wide, and is made of welded 4" dia- 
meter steel tubing. Three steel reinforcing 
bars are welded horizontally across the frame- 
work directly behind each pair of horizontal 
dipoles. The intervening spaces are filled 
with lengths of no. 12 enamel-coated copper 
wire to complete the screen. The spacing be- 
tween the wires is 2". Four cross braces are 
welded to the corners of the frame for addi- 
tional bracing, and a single vertical 4%" rod 
runs up the middle of the frame. The complete, 
welded frame is shown in figure 15. The no. 
12 screening wires are run between 6-32 bolts 
placed in holes drilled in each outside verti- 
cal member of the frame. 

The antenna assembly is supported away 
from the reflector screen by means of ten 
lengths of 4" steel tubing, each 1' 3%" long. 
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Figure 14 
THE EIGHT-ELEMENT 144-MC. ARRAY IN A HORIZONTAL POSITION 


appropriate cord. Hence, the operation is based 
on the offset head sketched in figure 13. Al- 
though a wood mast has been used, the same 
system may be used with a pipe mast. 

The 40-inch lengths of RG-59/U cable (elec- 
trically % wavelength) running from the center 
of each folded dipole driven element to the 
coaxial T-junction allow enough slack to per- 
mit free movement of the main boom when 
changing polarity. Type RG-8/U cable is run 
from the T-junction to the operating position. 
Measured standing-wave ratio was less than 
2:1 over the 144 to 148 Mc. band, with the 
lengths and spacings given in figure 13. 


Construction of Most of the constructional 
the Array aspects of the antenna array 
are self-evident from figure 


13. tlowever, the pointers given in the follow- 
ing paragraphs will be of assistance to those 
wishing to reproduce the array. 

The drilling of holes for the small elements 
should be done carefully on accurately marked 
centers. A small angular error in the drilling 
of these holes will result in a considerable 
misalignment of the elements after the array is 
assembled. The same consideration is true of 
the filing out of the rounded notches in the 
ends of the main boom for the fitting of the 
two antenna booms. 

Short lengths of wood dowel are used freely 
in the construction of the array. The ends of 
the small elements are plugged with an inch 
or so of dowel, and the ends of the antenna 
booms are similarly treated with larger discs 
pressed into place. 
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CONSTRUCTIONAL DRAWING OF AN EIGHT-ELEMENT TIPPABLE 
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eee 


quency range. Although polarization has been 
loosely standardized in various areas of the 
country, exceptions are frequent enough so 
that it is desirable that the polarization of an- 
tenna radiation be easily changeable from hori- 
zontal to vertical. 

The antenna illustrated has shown a signal 
gain of about 11 db, representing a power gain 
of about 13. Although the signal gain of the 


antenna is the same whether it is oriented for 
vertical or horizontal polarization, the hori- 
zontal beam width is smaller when the antenna 
is oriented for vertical polarization. Conver- 
sely, the vertical pattern is the sharper when 
the antenna system is oriented for horizontal 
polarization. 

The changeover from one polarization to the 
other is accomplished simply by pulling on the 
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sistors in series. If 2-wate resistors are em- 
ployed, this termination also is suitable for 
transmitter outputs of 10 watts or less. For 
higher powers, however, resistors having great- 
er dissipation with negligible reactance in the 
upper v-h-f range are not readily available. 

For powers up to several hundred watts a 
suitable termination consists of a ‘‘lossy” 
line consisting of stainless steel wire (corres- 
ponding to no. 24 or 26 B&S gauge) spaced 2 
inches, which in turn is terminated by two 
390-ohm 2-watt carbon resistors. The dissi- 
pative line should be at least 6 wavelengths 
long. 


24-8 Multi-Element V-H-F 


Beam Antennas 


The rotary multi-element beam is undoubted- 
ly che most popular type of v-h-f antenna in 
use. In general, the design, assembly and tun- 
ing of these antennas follows a pattern similar 
to the iarger types of rotary beam antennas 
used on the lower frequency amateur bands. 
The characteristics of these low frequency 
beam antennas are discussed in the next chap- 
ter of this Handbook, and the information con- 
tained in that chapter applies in general to the 
v-h-f beam antennas discussed herewith. 


A Simple Three 
Element Beam 
Antenna 


The simplest v-h-f beam for 
the beginner is the three-ele- 
ment Yagi array illustrated in 
figure 12. Dimensions are 
given for Yagis cue for the 2-meter and 1%- 
meter bands. The supporting boom for the Yagi 
may be made from a smoothed piece of 1" x 2" 
wood, The wood should be reasonably dry and 
should be painted to prevent warpage from ex- 
posure to sun and rain. The director and re- 
flector are cut from lengths of 4%" copper tub- 
ing, obtainable from any appliance store that 
does service work on refrigerators. They should 
be cut to length as noted in figure 12. The ele- 
ments should then be given a coat of aluminum 
paint. Two small holes are drilled at the center 
of the reflector and director and these elements 
are bolted to the wood boom by means of two 
1" wood screws. These screws should be of 
the plated, or rust-proof variety. 


The driven element is made of a 78" length 
of 4" copper tubing, the ends bent back upon 
each other to form a folded dipole. If the tub- 
ing is packed with fine sand and the bending 
points heated over a torch, no trouble will be 
had in the bending process. If the tubing does 
collapse when it is bent, the break may be re- 
paired with a heavy-duty soldering iron. The 
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SIMPLE 3-ELEMENT BEAM FOR 2 AND 
1% METERS 


driven element is next attached to the center 
of the wood boom, mounted atop a small in- 
sulating plate made of bakelite, micarta or 
some other non-conducting material. It is held 
in place in the same manner as the parasitic 
elements. The two free ends of the folded di- 
pole are hammered flat and drilled for a 6-32 
bole. These bolts pass through both the insu- 
lating block and the boom, and hold the free 
tips of the element in place. 

A length of 75-ohm Twin-Lead TV-type line 
should be used with this beam antenna. It is 
connected to each of the free ends of the folded 
dipole. If the antenna is mounted in the verti- 
cal plane, the 75-ohm line should be brought 
away from the antenna for a distance of four 
to six feet before it drops down the tower to 
lessen interaction between the antenna ele- 
ments and the feed line. The complete antenna 
is light enough to be turned by a TV rotator. 

A simple Yagi antenna of this type will pro- 
vide a gain of 7 db over the entire 2-mecer or 
14%-meter band, and is highly recommended as 
an “‘easy-to-build’’ beam for the novice or 
beginner. 


An 8-Element 
“Tippable’’ Array 
for 144 Me. 


Figures 13 and 14 illus- 
trate an 8-element rotary 
array for use on the 144- 
Mc. amateur band. This 
array is ‘“‘tippable’’ to obtain either horizontal 
or vertical polarization. lt is necessary that 
the transmitting and receiving station use the 
same polarization for the ground-wave signal 
propagation which is characteristic of this fre- 
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V-H-F RHOMBIC ANTENNA DESIGN 
CHART 


The optimum tilt angle (see figure 11) for 
“zero-angle’’ radiation depends upon the 
length of the sides. 


——_————— 


10 to 16 db gain with a simpler construction 
than does a phased dipole array, and has the 
further advantage of being useful over a wide 
frequency range. 

Except at the upper end of the v-h-f range 
a rhombic array having a worthwhile gain is 
too large to be rotated. However, in locations 
75 to 150 miles from a large metropolitan area 
a rhombic array is ideally suited for working 
into the city on extended (horizontally polar- 
ized) ground-wave while at the same time mak- 
ing an ideal antenna for TV reception. 

The useful frequency range of a v-h-f rhom- 
bic array is about 2 to 1, or about plus 40% and 
minus 30% from the design frequency. This 
coverage is somewhat less than that of a high- 
frequency rhombic used for sky-wave communi- 
cation. For ground-wave transmission or recep- 
tion the only effective vertical angle is that 
of the horizon, and a frequency range greater 
than 2 to 1 cannot be covered with a rhombic 
array without an excessive change in the ver- 
tical angle of maximum radiation or response. 

The dimensions of a v-h-f rhombic array are 
determined from the design frequency and fig- 
ure 10, which shows the proper tilt angle (see 
figure 11) for a given leg length. The gain of 
a rhombic array increases with leg length. 
There is not much point in constructing a v-h-f 
rhombic array with legs shorter than about 4 
wavelengths, and the beam width begins to be- 
come excessively sharp for leg lengths greater 
than about 8 wavelengths. A leg length of 6 
wavelengths is a good compromise between 
beam width and gain. 

The tile angle given in figure 10 is based 
upon a wave angle of zero degrees. For leg 
lengths of 4 wavelengths or longer, it will be 
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Figure 11 
V-H-F RHOMBIC ANTENNA 
CONSTRUCTION 


necessary to elongate the array a few per cent 
(pulling in the sides slightly) if the horizon 
elevation exceeds about 3 degrees. 

Table I gives dimensions for two dual pur- 

pose rhombic arrays. One covers the 6-meter 
amateur band and the “‘low’’ television band. 
The other covers the 2-meter amateur band, 
the “thigh’’ television band, and the 1 %-meter 
amateur band. The gain is approximately 12 
db over a matched half wave dipole and the 
beam width is about 6 degrees. 
The Feed Line The recommended feed line 
is an open-wire line having a 
surge impedance between 450 and 600 ohms. 
Wich such a line the VSWR will be less than 
2 tc 1. A line with two-inch spacing is suit- 
able for frequencies below 100 Mc., but one- 
inch spacing (such as used in the Gonset Line 
for TV installations) is recommended for high- 
er frequencies. 


The Termination If the array is to be used only 
for reception, a suitable ter- 
mination consists of two 390-ohm carbon re- 


6 METERS 2 METERS, HIGH 
AND LOW BAND BAND TV, AND 
Tv 1Vq METERS 


a, 


s 
(side) 32’ 


L . a2 
(length) 166’ 10 


(widen) 67" 4” 23’ 11" 


$=6 wavelenths at design frequency 
Tilt angle =—68° 


TABLE |. 
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@ VHF HORN ANTENNA 
es ce 


VHF HORIZONTALLY POLARIZED HORN 


450-OHM LINE 


Figure 8 
TWO TYPES OF HORN ANTENNAS 


The "two sided horn’’ of Figure 8B moy be 
fed by means of an open-wire transmission 
line. 


Copper screen may also be used for the re- 
flecting planes. 

The values of spacing given in the corner- 
reflector chart have been chosen such that the 
center impedance of the driven element would 
be approximately 70 ohms. This means that 
the element may be fed directly with 70-ohm 
coaxial line, or a quarter-wave matching trans- 
former such as a ‘'Q’’ section may be used to 
provide an impedance match between the cen- 
ter-impedance of the element and a 460-ohm 
line constructedof no. 12 wire spaced 2 inches. 

In many v-h-f antenna systems, waveguide 
transmission lines are terminated by pyramidal 
horn antennas. These horn antennas (figure 
8A) will transmit and receive either horizon- 
tally or vertically polarized waves. The use of 
waveguides at 144 Mc. and 235 Mc., however, 
is out of the question because of the relatively 
large dimensions needed for a waveguide oper- 
ating at these low frequencies. 

A modified type of horn antenna may still be 
used on these frequencies, since only one par- 
ticular plane of polarization is of interest to 
the amateur. In this case, the horn antenna 
can be simplified to two triangular sides of 
the pyramidal horn. When these two sides are 
insulated from each other, direct excitation at 
the apex of the horn by a two-wire transmission 
line is possible. 

In a normal pyramidal horn, all four triangu- 
lar sides are covered with conducting material, 
bue when horizontal polarization alone is of 
interest (as in amateur work) only the vertical 
areas of the horn need be used. If vertical po- 
larization is required, only the horizontal areas 


Oo 


ANGLE BETWEEN 
SIDES OF HORN= 60° 


TWO SIDES MADE 
OF wIRE MESH 


Figure 9 


THE 60° HORN ANTENNA FOR USE ON 
FREQUENCIES ABOVE 144 MC. 


of the horn are employed. In either case, the 
system is unidirectional, away from the apex 
of the horn. A typical horn of thistype is shown 
in figure 8B. The two metallic sides of the 
horn are insulated from each other, and the 
sides of the horn are made of small mesh 
“chicken wire’’ or copper window screening. 

A pyramidal horn is essentially a high-pass 
device whose low frequency cut-off is reached 
when a side of the horn is 4% wavelength. It 
will work up to infinitely high frequencies, 
the gain of the horn increasing by 6 db every 
time the operating frequency is doubled. The 
power gain of such a horn compared to a % 
wave dipole at frequencies higher than cut- 
off is: 


8.4 A? 
Power gain (db) = ——~—— 
x»? 
where A is the frontal area of the mouth of the 


horn. For the 60 degree horn shown in figure 
8B the formula simplifies to: 


Power gain (db) = 8.4 D?, when D is ex- 
pressed in terms of wavelength 


When D is equal to one wavelength, the pow- 
er gain of the horn is approximately 9 db. The 
gain and feed point impedance of the 60 de- 
gree horn are shown in figure 9. A 450 ohm 
open wire TV-type line may be used to feed 
the horn. 


24-7 VHF Horizontal 


Rhombic Antenna 


For v-h-f transmission and reception in a 
fixed direction, a horizontal rhombic permits 
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The D and S dimensions are to the center of 
the tubing. These dimensions must be held 
rather closely, since the range from 144 through 
225 Mc. represents just about the practical 
limit of coverage of this type of antenna sys- 
tem. 


High-Band 
TV Covercge 


Note that an array constructed 
with the above dimensions will 
give unusually good high-band 
TV reception in addition to covering the 144- 
Mc. and 220-Mc. amateur bands and the taxi 
and police services. 

On the 144-Mc. band the beam width is ap- 
proximately 60 degrees to the half-power 
points, while the power gain is approximately 
Il db over a non-directional circularly polar- 
ized antenna. For high-band TV coverage the 
gain will be 12 to 14 db, with a beam width 
of about 50 degrees, and on the 220-Mc. ama- 
teur band the beam width will be about 40 de- 
grees with a power gain of approximately 15 db. 

The antenna system will receive vertically 
polarized or horizontally polarized signals 
with equal gain over its entire frequency range. 
Conversely, it will cransmit signals over the 
same range, which chen can be received with 
equal strength on either horizontally polarized 
or vertically polarized receiving antennas. 
The standing-wave ratio will be very low over 
the complete frequency range if RG-63/U co- 
axial feed line is used. 


24-6 The Corner-Reflectar 


ond Horn-Type Antennos 


The corner-reflector antenna is a good direc- 
tional radiator for the v-h-f and u-h-f region. 
The antenna may be used with the radiating 
element vertical, in which case the directivity 
is in the horizontal or azimuth plane, or the 
System may be used with the driven element 


Helical 481 


Beam Antenna 


suPpPORTING | 
MEMBER | 


Figure 7 


CONSTRUCTION OF THE “‘CORNER 
REFLECTOR’ ANTENNA 


Such on antenne is capable of giving high 

gain with o minimum of complexity in the 

radiating system. It may be used either with 

horizontal or vertical polarization. Design 

data for the antenna is given in the Corner: 
Reflector Design Table. 


eee 


horizontal in which case the radiation is hori- 
zontally polarized and most of the directivity 
is in the vertical plane. With the antenna used 
as a horizontally polarized radiating system 
the array is a very good low-angle beam array 
although the nose of the horizontal pattern is 
sull quite sharp. When the radiator is oriented 
vertically the corner reflector operates very 
satisfactorily as a direction-finding antenna. 


Design data for the corner-reflector antenna 
is given in figure 7 and in the chart Corner- 
Reflector Design Data. The planes which make 
up the reflecting corner may be made of solid 
sheets of copper or aluminum for the u-h-f 
bands, although spaced wires with the ends 
soldered together at top and bottom may be 
used as the reflector on the lower frequencies. 


LL SSSSSSSSSSSSSsSsSs 


CORNER-REFLECTOR DESIGN DATA 


eS YS— SSS 


Corner Freq. 

Angle Band, Me. R $s H 
90 50 110" 82" 140" 
60 50 110" V5" 140” 
60 144 38” 40" 48" 
60 220 24.5" 25" 30” 


60 420 13" 1a" 18" 


Feed Approx. 


A L G imped. Gain, db 
200” 230° 18" 72 10 
230° 230° 18" 70 12 
100” 100” 5" 70 12 

72" 72” 3a” 70 12 

36” 36" s¢reen 70 12 


NOTE: Reter to figure 7 for construction of corner-reflector antenna. 
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CONDUCTOR Dia. = APPROX O17 A 
A= WAVELENGTH IN FREE SPACE 


GFO8r Lteaan 


Figure 6 
THE “HELICAL BEAM” ANTENNA 


This type of directional antenna system 
gives excellent performance over a frequency 
range of 1.7 to 1.8 to I. Its dimensions are 
such thet it ordinarily is not practicable, 
however, for use as a rotatable array on fre- 
quencies below about 100 Mc. The center 
conductor of the feed line should poss 
through the ground screen for connection to 
the feed point. The outer conductor of the 
cooxial line should be grounded to the 
ground screen. 


the time of writing, there has been no stand- 
ardization of the ‘twist’? for general amateur 
work. 

Perhaps the simplest antenna configuration 
for a directional beam antenna having circular 
polarization is the helical beam popularized 
by Dr. John Kraus, W8JK. The antenna con- 
sists simply of a helix working against a 
ground plane and fed with coaxial line. In the 
u-h-f and the upper v-h-f range the physical 
dimensions are sufficiently small to permit 
construction of a rotatable structure without 
much difficulty. 

When the dimensions are optimized, the 
characteristics of the helical beam antenna 
are such as to qualify it as a broad band an- 
tenna. An optimized helical beam shows little 
variation in the pattern of the main lobe and 
a fairly uniform feed point impedance averag- 
ing approximately 125 ohms over a frequency 
range of as much as 1.7 to 1. The direction of 
“electrical twist’’ (right or left handed) de- 
pends upon the direction in which the helix is 
wound. 

A six-turn helical beam is shown schemati- 
cally in figure 6. The dimensions shown will 
give good performance over a frequency range 
of plus or minus 20 per cent of the design fre- 
quency. This means that the dimensions are 
not especially critical when the array is to be 


used at a single frequency or over a narrow 
band of frequencies, such as an amateur band. 
At the design frequency the beam width is 
about 50 degrees and the power gain about 12 
db, referred to a non-directional circularly po- 
larized antenna. 


For the frequency range 
100 to 500 Mc. a suitable 
ground screen can be made from ‘chicken 
wire’’ poultry netting of l-inch mesh, fastened 
to a round or square frame of either metal or 
wood. The netting should be of the type that 
is galvanized after weaving. A small, sheet 
metal ground plate of diameter equal to ap- 
proximately D/2 should be centered on the 
screen and soldered to it. Tin, galvanized 
iron, or sheet copper. is suitable. The outer 
conductor of the RG-63/U (125 ohm) coax is 
connected to this plate, and the inner conduc- 
tor contacts the helix through a hole in the 
center of the plate. The end of the coax should 
be taped with Scotch electrical tape to keep 
water out. 


The Ground Screen 


It should be noted that the beam 
proper consists of six full turns. 
The start of the helix is spaced a distance of 
S/2 from the ground screen, and the conductor 
goes directly from the center of the ground 
screen to the start of the helix. 

Aluminum tubing in the ‘'SO”’ (soft) grade 
is suitable for the helix. Alternatively, lengths 
of the relatively soft aluminum electrical con- 
duit may be used. In the v-h-f range it will be 
necessary to support the helix on either two 
or four wooden longerons in order to achieve 
sufficient strength. The longerons should be 
of as small cross section as will provide suf- 
ficient rigidity, and should be given several 
coats of varnish. The ground plane butts 
against the longerons and the whole assembly 
is supported from the balance point if it is to 
be rotated. 

Aluminum tubing in the larger diameters ordi- 
narily is not readily available in lengths great- 
er than 12 feet. In this case several lengths 
can be spliced by means of short telescoping 
sections and sheet metal screws. 

The tubing is close wound on a drum and 
then spaced to give the specified pitch. Note 
that the length of one complete turn when 
spaced is somewhat greater than the circumfer- 
ence of a circle having the diameter D. 


The Helix 


Broad-Band 
144 to 225 Me. 
Helicol Beam 


A highly useful v-h-f helical 
beam which will receive sig- 
nals with good gain over the 
complete frequency range from 
144 through 225 Mc. may be constructed by 
using the following dimensions (180 Mc. de- 
sign center): 
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{RG-8/u, ETC.) 


Figure 5A 


THE ‘’DISCONE‘’ BROAD-BAND 
RADIATOR 


This antenna system rodiates a vertically 
polarized wave over a very wide frequency 
range. The “‘disc’’ may be made of solid 
metal sheet, a group of radials, or wire 
screen; the ’’cone’’ may best be constructed 
by forming a sheet of thin aluminum. A sin- 
gle antenna may be used for operation on the 
50, 144, and 220 Mc. amdteur bands. The 
dimension D is determined by the lowest fre- 
quency to be employed, and is given in the 
chart of figure 5B. 


VSWR of less chan 1.5 will be obtained through- 
out the operating range of the antenna. 

The Discone antenna may be considered 
as a cross between an electromagnetic horn 
and an inverted ground plane unipole antenna. 
It looks to the feed line like a properly ctermi- 
nated high-pass filter. 


Construction Details The top disk and the 
conical skirt may be 
fabricated either from sheet metal, screen (such 
as “hardware cloth’), or 12 or more ‘‘spine”’ 
radials. If screen is used a supporting frame- 
work of rod or tubing will be necessary for 
mechanical strength except at the higher fre- 
quencies., If spines are used, they should be 
terminated on a stiff ring for mechanical 
strength except at the higher frequencies. 

The top disk is supported by means of three 
insulating pillars fastened to the skirt. Either 
polystyrene or low-loss ceramic is suitable for 
the purpose. The apex of the conical skirt is 
grounded to the supporting mast and to the 
outer conductor of the coaxial line. The line 
is run down through the supporting mast. An 
alternative arrangement, one suitable for cer- 
tain mobile applications, is to fasten the base 


LOWEST FREQUENCY, Mc 


Figure 5B 


DESIGN CHART FOR THE “DISCONE”’ 
ANTENNA 


-—_-eeeee—————— 


of the skirt directly to an effective ground 
plane such as the top of an automobile. 


24-5 Helical Beam 


Antennas 


Most v-h-f and u-h-f antennas are either ver- 
tically polarized or horizontally polarized 
(plane polarization). However, circularly po- 
larized antennas have interesting characteris- 
tics which may be useful for certain applica- 
tions. The installation of such an antenna can 
effectively solve the problem of horizontal vs. 
vertical polarization. 

A circularly polarized wave has its energy 
divided equally between a vertically polarized 
component and a horizontally polarized com- 
ponent, the two being 90 degrees out of phase. 
The circularly polarized wave may be either 
“left handed” or “right handed,”? depending 
upon whether the vertically polarized compo- 
nent leads or lags the horizontal component. 

A circularly polarized antenna will respond 
to any plane polarized wave whether horizon- 
tally polarized, vertically polarized, or diag- 
onally polarized. Also, a circular polarized 
wave can be received on a plane polarized an- 
tenna, regardless of the polarization of the 
latter. When using circularly polarized anten- 
nas at both ends of the circuit, however, both 
must be left handed or both must be right 
handed. This offers some interesting possi- 
bilities with regard to reduction of QRM. At 
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Figure 3 
THE DOUBLE SKELETON CONE 
ANTENNA 


A skeleton cone hos been substituted for the 
single element radiotor of figure 2C. This 
greatly increases the bandwidth. If at leost 
10 elements are used for each skeleton cone 
and the angle of revolution and element 
length are optimized, a low SWR con be ob- 
tained over a frequency range of at least two 
octaves. To obtain this order of bandwidth, 
the element length L should be opproximate- 
ly 0.2 wavelength at the lower frequency end 
of the band, and the angle of revolution opti- 
mized for the lowest maximum VSWR within 
the frequency range to be covered, A greater 
improvement in the 
characteristic can be achieved by adding 
elements than by increasing the diameter of 
the elements. With only 3 elements per 
id and o much smaller angle of revo- 
lution a low SWR can be obtained over a fre- 
quency range of approximately 1.3 to 1.0 


impedance-frequency 


cone 


when the element lengths are optimized. 


work over several octaves, the gain varying 
only slightly over a very wide frequency range. 

Commercial versions of the Discone anten- 
na for various applications are manufactured 
by the Federal Telephone and Radio Corpora- 
tion. A Discone type antenna for amateur work 
can be fabricated from inexpensive materials 
with ordinary hand tools. 

A Discone antenna suitable for multi-band 
amateur work in the v-h/u-h-f range is shown 
schematically in figure 5A. The distance D 
should be made approximately equal to a free- 
space quarter wavelength at the lowest oper- 


ALUMINUM TUBING 


‘ “ye 2rx2-x 18" { o 
a | 220 MC. fy ¥ 
19" 1 ‘A 
: 
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144 MC. 


300-OHM 
TUBULAR 
TWINLEAD 


Figure 4 
NONDIRECTIONAL ARRAYS FOR 144 MC. 
AND 235 MC. 

On right is shown two band installation. The 
whole system may easily be dissembled and 
carried on a ski-rack atop a car for portable 
use. 


ating frequency. The antenna then will per- 
form well over a frequency range of at least 


8 two 1. At certain frequencies within this 
range the vertical pattern will tend to ‘‘lift’’ 
slightly, causing a slight reduction in gain at 
zero angular elevation, but the reduction is 
very slight. 

Below the frequency at which the slant 
height of the conical skirt is equal to a free- 
space quarter wavelength the standing-wave 
ratio starts to climb, and below a frequency 
approximately 20 per cent lower than this the 
standing-wave ratio climbs very rapidly. This 
is termed the cut off frequency of the antenna. 
By making the slant height approximately equal 
to a free-space quarter wavelength at the low- 
est frequency employed (refer to chart), a 
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Figure 2 
THREE VERTICALLY-POLARIZED 
LOW-ANGLE RADIATORS 
Shown at (A) is the ‘'sleeve’”’ or ’* hypoder- 
mic’’ type of radiator. At (B) is shown the 
ground-plane vertical, and (C) shows a modi- 
fication of this antenna system which in- 
creases the feed-point impedance to a value 
such that the system may be fed directly 
from a coaxial line with no standing waves 
on the feed line. 


——— 


matching transformer, and a good match is 
obtained. 

In actual practice the antenna would con- 
sist of a quarter-wave rod, mounted by means 
of insulators atop a pole or pipe mast. Elab- 
orate insulation is not required, as the voltage 
at the lower end of the quarter-wave radiator 
is very low. Self-supporting rods from 0.25 to 
0.28 wavelength would be extended out, as in 
the illustration, and connected together. As 
the point of connection is effectively at ground 
potential, no insulation is required; the hori- 
zontal rods may be bolted directly to the sup- 
porting pole or mast, even if of metal. The co- 
axial line should be of the low loss type es- 
pecially designed for v-h-f use. The outside 
connects to the junction of the radials, and 
the inside to the bottom end of the vertical 
radiator. An antenna of this type is moderately 
simple to construct and will give a good ac- 
count of itself when fed at the lower end of the 
radiator directly by the $2-ohm RG-8/U co- 
axial cable. Theoretically the standing-wave 
ratio will be approximately 1.5-to-1 but in 
practice this moderate s-w-r produces no 
deleterious effects, even on coaxial cable. 

The modification shown in figure 2C permits 
matching to a standard 50- or 70-ohm flexible 
coaxial cable without a linear transformer. If 
the lower rods hug the line and supporting mast 


tather closely, the feed-point impedance is 
about 70 ohms. If they are bent out to form an 
angle of about 30° with the support pipe the 
impedance is about 50 ohms. 

The number of radial legs used in a ground- 
plane antenna of either type has an important 
effect on the feed-point impedance and upon 
the radiation characteristics of the antenna 
system. Experiment has shown that three radi- 
als is the minimum number that should be 
used, and that increasing the number of radi- 
als above six adds substantially nothing to the 
effectiveness of the antenna and has no effect 
on the feed-point impedance. Experiment has 
shown, however, that the radials should be 
slightly longer than one-quarter wave for best 
results. A length of 0.28 wavelength has been 
shown to be the optimum value. This means 
that the radials for a 50-Mc. ground-plane ver- 
tical antenna should be 65” in length. 


The bandwidth of the anten- 
na of figure 2C can be in- 
creased considerably by sub- 
stituting several space-tapered rods for the 
single radiating element, so that the ‘‘radia- 
tor’’ and skirt are similar. lf a sufficient num- 
ber of rods are used in the skeleton cones and 
the angle of revolution is optimized for the 
particular type of feed line used, this antenna 
exhibits a very low SWR over a 2 to 1 frequen- 
cy range. Such an arrangement is illustrated 
schematically in figure 3. 


Double Skeleton 
Cone Antenna 


A Nondirectional 
Vertical Array 


Half-wave elements may be 
stacked in the vertical plane 
to provide a non-directional 
pattern with good horizontal gain. An array 
made up of four half-wave vertical elements 
is shown in figure 4A. This antenna provides 
a circular pattern with a gain of about 4.5 db 
over a vertical dipole. lt may be fed with 
300-ohm TV-type line. The feedline should be 
conducted in such a way that the vertical por- 
tion of the line is at least one-half wavelength 
away from the vertical antenna elements. A 
suitable mechanical assembly is shown in fig- 
ure 4B for the 144-Mc. and 235-Mc. amateur 
bands. 


24-4 The Discone Antenna 


The Discone antenna is a vertically polar- 
ized omnidirectional radiator which has very 
broad band characteristics and permits a sim- 
ple, rugged structure. This antenna presents a 
substantially uniform feed-point impedance, 
suitable for direct connection of a coaxial 
line, over a range of several octaves. Alsg, 
the vertical pattern is suitable for ground-wave 
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Figure 1! 


THREE NONDIRECTIONAL, 


HORIZONTALLY POLARIZED ANTENNAS 


radiation at the very low elevation angles are 
not recommended for v-h-f and u-h-f work. It is 
for this reason that the horizontal dipole and 
horizontally-disposed colinear arrays are gen- 
erally unsuitable for work on these frequen- 
cies. Arcays using broadside or end-fire ele- 
ments do concentrate radiation at low eleva- 
tion angles and are recommended for v-h-f 
work. Arrays such as the lazy-H, Sterba cur- 
tain, flat-top beam, and arrays with parasiti- 
cally excited elements are recommended for 
this work. Dimensions for the first three types 
of arrays may be determined from the data 
given in the previous chapter, and reference 
may be made to the Table of Wavelengths given 
in this chapter. 

Arrays using vertically-stacked horizontal 
dipoles, such as are used by commercial tele- 
vision and FM stations, are capable of giving 
high gain without a sharp horizontal radiation 
pattern. If sets of crossed dipoles, as shown 
in figure 1A, are fed 90° out of phase the re- 
sulting system is called a turnstile antenna. 
The 90° phase difference between sets of di- 
poles may be obtained by feeding one set of 
dipoles with a feed line which is one-quarter 
wave longer than the feed line to the other 
set of dipoles. The field strength broadside to 
one of the dipoles is equal to the field from 
that dipole alone. The field strength at a point 
at any other angle is equal to the vector sum 
of the fields from the two dipoles at that an- 
gle. A nearly circular horizontal pattern is 
produced by this antenna. 

A second antenna producing a uniform, hori- 
zontally polarized pattern is shown in figure 
1B. This antenna employs three dipoles bent 
to form a circle. All dipoles are excited in 
phase, and are center fed. A bazooka is in- 
cluded in the system to prevent unbalance in 
the coaxial feed system. 


A third nondirectional antenna is shown in 
figure 1C. This simple antenna is made of two 
half-wave elements, of which the end quarter- 
wavelength of each is bent back 90 degrees. 
The pattern from this antenna is very much 
like that of the turnstile antenna. The field 
from the two quarter-wave sections that are 
bent back are additive hecause they are 180 
degrees out of phase and are a half wave- 
length apart. The advantage of this antenna is 
the simplicity of its feed system and con- 
struction. 


24-3 Simple Vertical-Polarized 


Antennas 


For general coverage with a single antenna, 
a single vertical radiator is commonly em- 
ployed. A two-wire open transmission line is 
not suitable for use with this type antenna, 
and coaxial polyethylene feed line such as 
RG-8/U is to be recommended. Three practical 
methods of feeding the radiator with concen- 
tric line, with a minimum of current induced 
in the outside of the line, are shown in figure 
2. Antenna (A) is known as the sleeve anten- 
na, the lower half of the radiator being a large 
piece of pipe up through which the concentric 
feed line is run. At (B) is shown the ground- 
plane vertical, and at (C) a modification of 
this latter antenna. 

The radiation resistance of the ground- 
plane vertical is approximately 30 ohms, which 
is not a standard impedance for coaxial line. 
To obtain a good match, the first quarter wave- 
length of feeder may be of 52 ohms surge im- 
pedance, and the remainder of the line of ap- 
proximately 75 ohms impedance. Thus, the 
first quarter-wave section of line is used as a 
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Radiator Cross 
Section 


There is no point in using 
copper tubing for an antenna 
on the medium frequencies. 
The reason is that considerable tubing would 
be required, and the cross section still would 
not be a sufficiently large fraction of a wave- 
length to improve the antenna bandwidth char- 
acteristics. At very high and ultra high fre- 
quencies, however, the radiator length is so 
short that the expense of large diameter con- 
ductor is relatively small, even though copper 
pipe of 1 inch cross section is used. With such 
conductors, the antenna will tune much more 
broadly, and often a broad resonance charac- 
teristic is desirable. This is particularly true 
when an antenna or array is to be used over 
an entire amateur band. 

It should be kept in mind that with such 
large cross section radiators, the resonant 
length of the radiator will be somewhat shorter, 
being only slightly greater than 0.90 of a half 
wavelength for a dipole when heavy copper 
pipe is used above 100 Mc. 


Insulation. The matter of insulation is of 

prime importance at very high fre- 
quencies. Many insulators that have very low 
losses as high as 30 Mc. show up rather poor- 
ly at frequencies above 100 Mc. Even the low 
loss ceramics are none too good where the r-f 
voltage is high. One of the best and most prac- 
tical insulators for use at this frequency is 
polystyrene. It has one disadvantage, howe ver, 
in that it is subject to fracture and to deforma- 
tion in the presence of heat. 

It is common practice to design v-h-f and 
u-h-f antenna systems so that the various rad- 
iators are supported only at points of relatively 
low voltage; the best insulation, obviously, is 
air. The voltages on properly operated untuned 
feed lines are not high, and the question of 
insulation is not quite so important, though in- 
sulation still should be of good grade. 


Antenna 
Polorization 


Commercial broadcasting in the 
U.S.A. for both FM and tele- 
vision in the v-h-f range has 
been standarized on horizontal polarization. 
One of the main reasons for this standardiza- 
tion is the fact that ignition interference is 
reduced through the use of a horizontally po- 
larized receiving antenna. Amateur practice, 
however, is divided between horizontal and 
vertical polarization in the v-h-f and u-h-f 
range. Mobile stations are invariably vertical- 
cally polarized due to the physical limitations 
imposed by the automobile antenna installa- 
tion. Most of the stations doing intermittent 
or occasional work on these frequencies use a 
simple ground-plane vertical antenna for both 
transmission and reception. However, those 
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stations doing serious work and striving for 
maximum-range contacts on the 50-Mc. and 
144-Mc. bands almost invariably use horizon- 
tal polarization. 

Experience has shown that there is a great 
attenuation in signal strength when using 
crossed polarization (transmitting antenna 
with one polarization and receiving antenna 
with the other) for all normal ground-wave con- 
tacts on these bands. When contacts are be- 
ing made through sporadic-F reflection, how- 
ever, the use of crossed polarization seems to 
make no discernible difference in signal 
strength. So the operator of a station doing 
v-h-f work (particularly on the 50-Mc. band) 
is faced with a problem: If contacts are to be 
made with all stations doing work on the same 
band, provision must be made for operation on 
both horizontal and vertical polarization. This 
problem has been solved in many cases through 
the construction of an antenna array that may 
be revolved in the plane of polarization in ad- 
dition to being capable of rotation in the azi- 
muth plane. 

An alternate solution to the problem which 
involves less mechanical construction is sim- 
ply to install a good ground-plane vertical an- 
tenna for all vertically-polarized work, and 
then to use a multi-element horizontally-polar- 
ized array for dx work. 


Simple Horizontolly- 
Polorized Antennos 


24-2 


Antenna systems which do not concentrate 


WWW.americanradiohistorv.com 


474 V-H-F and U-H-F Antennas 


that both are directed at the station being re- 
ceived. Many instances have been reported 
where a frequency band sounded completely 
dead with a simple dipole receiving antenna 
but when the receiver was switched to a three- 
element or larger array a considerable amount 
of activity from 80 to 160 miles distant was 
heard. 


Angle of 


The useful portion of the signal 
Radiation 


in the v-h-f and u-h-f range for 
short or medium distance communi- 
cation is that which is radiated at a very low 
angle with respect to the surface of the earth; 
essentially it is that signal which is radiated 
parallel to the surface of the earth. A vertical 
antenna transmits a portion of its radiation at 
a very low angle and is effective for this rea- 
son; its radiation is not necessarily effective 
simply because it is vertically polarized. A 
simple horizontal dipole radiates very little 
low-angle energy and hence is not a satisfac- 
tory v-h-f or u-h-f radiator. Directive arrays 
which concentrate a major portion of the radi- 
ated signal at a low radiation angle will prove 
to be effective radiators whether their signal 
is horizontally or vertically polarized. 

In all cases, the radiating system for v-h-f 
and u-h-f work should be as high and in the 
clear as possible. Increasing the height of the 
antenna system will produce a very marked 
improvement in the number and strength of the 
signals heard, regardless of the actual type 
of antenna used. 


Transmission lines to v-h-f and 
u-h-f antenna systems may be 
either of the parallel-conductor 
or coaxial conductor type. Coaxial line is rec- 
ommended for short runs and closely spaced 
open-wire line for longer runs. Wave guides 
may be used under certain conditions for fre- 
quencies greater than perhaps 1500 Mc. but 
their dimensions become excessively great for 
frequencies much below this value. Non-reson- 
ant transmission lines will be found to be con- 
siderably more efficient on these frequencies 
than those of the resonant type. It is wise to 
to use the very minimum length of transmission 
line possible since transmission line losses 
at frequencies above about 100 Mc. mount very 
rapidly. 

Open lines should preferably be spaced 
closer than is common for longer wavelengths, 
as 6 inches is an appreciable fraction of a 
wavelength at 2 meters. Radiation from the 
line will be greatly reduced if l-inch or 1%- 
inch spacing is used, rather than the more com- 
mon 6-inch spacing. 

Ordinary TV-type 300-ohm ribbon may be 
used on the 2-meter band for feeder lengths 


Transmission 
Lines 
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of about 50 feet or less. For longer runs, either 
the u-h-f or v-h-f TV open-wire lines may be 
used with good overall efficiency. The v-h-f 
line is satisfactory for use on the amateur 
420-Mc. band. 


It is recommended that the same 
antenna be used for transmitting 
and receiving in the v-h-f and 
u-h-f range. An ever-present problem in this 
connection, however, is the antenna change- 
over relay. Reflections at the antenna change- 
over relay become of increasing importance 
as the frequency of transmission is increased. 
When coaxial cable is used as the antenna 
transmission line, satisfactory coaxial anten- 
na changeover relays with low reflection can 
be used. One type manufactured by Advance 
Electric & Relay Co., Los Angeles 26, Calif., 
will give a satisfactorily low value of re- 
flection. 

On the 235-Mc. and 420-Mc. amateur bands, 
the size of the antenna array becomes quite 
small, and it is practical to mount two identi- 
cal antennas side by side. One of these an- 
tennas is used for the transmitter, and the 
other antenna for the receiver. Separate trans- 
mission lines are used, and the antenna relay 
may be eliminated. 


Antenna 
Changeover 


Effect of Feed 
System on Radiation 
Angle 


A vertical radiator for 
general coverage u-h-f 
use should be made 
either 4% or 4% wavelength 
long. Longer vertical antennas do not have 
their maximum radiation at right angles to the 
line of the radiator (unless co-phased), and, 
therefore, are not practicable for use where 
greatest possible radiation parallel to the 
earth is desired. 

Unfortunately, a feed system which is not 
perfectly balanced and does some radiating, 
not only robs the antenna itself of that much 
power, but distorts the radiation pattern of the 
antenna, As a result, the pattern of a vertical 
radiator may be so altered that the radiation 
is bent upwards slightly, and the amount of 
power leaving the antenna parallel to the 
earth is greatly reduced. A vertical half-wave 
radiator fed at the bottom by a quarter-wave 
stub is a good example of this; the slight 
radiation from the matching section decreases 
the power radiated parallel to the earth by 
nearly 10 db. 

The only cure is a feed system which does 
not disturb the radiation pattern of the antenna 
itself. This means that if a 2-wire line is used, 
the current and voltages must be exactly the 
same (though 180° out of phase) at any point 
on the feed line. It means that if a concentric 
feed line is used, there should be no current 
flowing on the outside of the outer conductor. 
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V-H-F and U-H-F Antennas 


The very-bigh- frequency or v-h-{ frequency 
range is defined as that range falling between 
30 and 300 Mc. The ulftra-bigh-/requency or 
u-b-{ range is defined as falling between 300 
and 3000 Mc. This chapter will be devoted to 
the design and construction of antenna sys- 
tems for operation on the amateur 50-Mc., 144- 
Mc., 235-Mc., and 420-Mc. bands. Although the 
basic principles of antenna operation are the 
same for all frequencies, the shorter physical 
length of a wave in this frequency range and 
the differing modes of signal propagation make 
it possible and expedient to use antenna sys- 
tems different in design from those used on 
the range from 3 to 30 Mc. 


Antenna Requirements 


24-1 


Any type of antenna system useable on the 
lower frequencies may be used in the v-h-f and 
u-h-f bands. In fact, simple non-directive half- 
wave or quarter-wave vertical antennas are 
very popular for general transmission and re- 
ception from all directions, especially for 
short-range work. Bue for serious v-h-f or u-h-f 
work the use of some sort of directional an- 
tenna array is a necessity. In the first place, 
when the transmitter power is concentrated in- 
to a narrow beam the apparent transmitter pow- 
er at the receiving station is increased many 
times. A “billboard”? array or a Seerba curtain 
having a gain of 16 db will make a 25-wate 
transmitter sound like a kilowatt at the other 
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station. Even a much simplerand smaller three- 
or four-element parasitic array having a gain 
of 7 to 10 db will produce a marked improve- 
ment in the received signal at the other sta- 
tion. 

However, as all v-h-f and u-h-f workers 
know, the most important contribution of a 
high-gain antenna array is in reception. If a 
remote station cannot be heard it obviously is 
impossible to make contact. The limiting fac- 
tor in v-h-f and u-h-f reception is in almost 
every case the noise generated within the re- 
ceiver itself. Atmospheric noise is almost non- 
existent and ignition interference can almost 
invariably be reduced to a satisfactory level 
through the use of an effective noise limiter. 
Even with a grounded-grid or neutralized triode 
first stage in the receiver the noise contribu- 
tion of the firse euned circuit in the receiver 
will be relatively large. Hence it is desirable 
to use an antenna system which will deliver 
the greatest signal voltage to the first cuned 
circuit for a given field strength at the receiv- 
ing location. 

Since the field intensity being produced at 
the receiving location by a remote transmitting 
station may be assumed to be constant, the re- 
ceiving antenna which intercepts the greatest 
amount of wave front, assuming that the polari- 
zation and directivity of the receiving antenna 
is proper, will be the antenna which gives the 
best received signal-to-noise ratio. An antenna 
which has two square wavelengths effective 
area will pick up twice as much signal power 
as one which has one square wavelength area, 
assuming the same general type of antenna and 
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Thus it is seen that, while maximum gain 
occurs with two stacked dipoles at a spacing 
of about 0.7 wavelength and the space direc- 
tivity gain is approximately 5 db over one ele- 
ment under these conditions; the case of two 
flat top or parasitic arrays stacked one above 
the other is another story. Maximum gain will 
occur at a greater spacing, and the gain over 
one array will not appreciably exceed 3 db. 

When two broadside curtains are placed one 
ahead of the other in end-fire relationship, the 
aggregate mutual impedance between the two 
curtains is such that considerable spacing is 
required in order to realize a gain approaching 
3 db (the required spacing being a function of 
the size of the curtains). While it is true that 
a space directivity gain of approximately 4 db 
can be obtained by placing one, half-wave di- 
pole an eighth wavelength ahead of another 
and feeding them 180 degrees out of phase, a 
gain of less than I db is obtained when the 
same procedure is applied to two large broad- 
side curtains. To obtain a gain of approximate- 
ly 3 db and retain a bidirectional pattern, a 
spacing of many wavelengths is required be- 
tween two large curtains placed one ahead of 
the other. 

A different situation exists, however, when 
one driven curtain is placed ahead of an iden- 
tical one and the two are phased so as to give 
a unidirectional pattern. When a unidirectional 
pattern is obtained, the gain over one curtain 
will be approximately 3 db regardless of the 
spacing. For instance, two large curtains 
placed one a quarter wavelength ahead of the 
other may have a space directivity gain of only 
0.5 db over one curtain when the two are driv- 
en 180 degrees out of phase to give a bidirec- 
tional pattern (the type of pattern obtained 
with a single curtain). However, if they are 
driven in phase quadrature (and with equal cur- 
rents) the gain is approximately 3 db. 

The directivity gain of a composite array 
also can be explained upon the basis of the 
directivity patterns of the component arrays 
alone, but it entails a rather complicated pic- 
ture. It is sufficient for the purpose of this 
discussion to generalize and simplify by say- 
ing that the greater the directivity of an end- 
fire array, the farther an identical array must 
be spaced from it in broadside relationship to 
obtain optimum performance; and the greater 
the directivity of a broadside array, the farther 


an identical array must be spaced from it in 
end-fire relationship to obtain optimum per- 
formance and retain the bidirectional charac- 
teristic. 

It is important to note that while a bidirec- 
tional end-fire pattern is obtained with two 
driven dipoles when spaced anything under a 
half wavelength, and while the proper phase 
relationship is 180 degrees regardless of the 
spacing for all spacings not exceeding one 
half wavelength, the situation is different in 
the case of two curtains placed in end-fire re- 
lationship to give a bidirectional pattern. For 
maximum gain at zero wave angle, the curtains 
should be spaced an odd multiple of one half 
wavelength and driven so as to be 180 degrees 
out of phase, or spaced an even multiple of 
one half wavelength and driven in the same 
phase. The optimum spacing and phase rela- 
tionship will depend upon the directivity pat- 
tern of the individual curtains used alone, and 
as previously noted the optimum spacing in- 
creases with the size and directivity of the 
component arrays. 

A concrete example of a combination broad- 
side and end-fire array is two Lazy H arrays 
spaced along the direction of maximum radia- 
tion by a distance of four wavelengths and fed 
in phase. The space directivity gain of such 
an arrangement is slightly less than 9 db. How- 
ever, approximately the same gain can be ob- 
tained by juxtaposing the two arcays side by 
side or one over the other in the same plane, 
so that the two combine to produce, in effect, 
one broadside curtain of twice the area. It is 
obvious that in most cases it will be more ex- 
pedient to increase the area of a broadside 
array than to resort to a combination of end- 
fire and broadside directivity. One exception, 
of course, is where two curtains are fed in 
phase quadrature to obtain a unidirectional 
patcern and space directivity gain of approxi- 
mately 3 db with a spacing between curtains 
as small as one quarter wavelength. Another 
exception is where very low angle radiation is 
desired and the maximum pole height is strict- 
ly limited. The two aforementioned Lazy H 
arrays when placed in end-fire relationship 
will have a considerably lower radiation angle 
than when placed side by side if the array ele- 
vation is low, and therefore may under some 
conditions exhibit appreciably more practical 
signal gain. 
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Figure 24 
THE TRIPLEX FLAT-TOP BEAM 
ANTENNA FOR 10, 15 AND 20 
METERS 
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to one-quarter wave spacing may be used on 
the fundamental for the one-section types and 
also the two-section center-fed, but it is not 
desirable to use more than 0.15 wavelength 
spacing for the other types. 

Although the center-fed type of flat-top gen- 
erally is to be preferred because of its sym- 
metry, the end-fed type often is convenient or 
desirable. For example, when a flat-top beam 
is used vertically, feeding from the lower end 
is in most cases more convenient. 

If a multisection flat-top array is end-fed 
instead of center-fed, and tuned feeders are 
used, stations off the ends of the array can be 
worked by tying the feeders together and work- 
ing the whole affair, feeders and all, as a long- 
wire harmonic antenna. A single-pole double- 
throw switch can be used for changing the 
feeders and directivity. 


The Triplex 
Beam 


The Triplex beam is a modified 
version of the W8JK antenna 
which uses folded dipoles for 
the half wave elements of the array. The use 
of folded dipoles results in higher radiation 
resistance of the array, and a high overall sys- 
tem performance. Three wire dipoles are used 
for the elements, and 300-ohm Twin-Lead is 


used for the two phasing sections. A recom- 
mended assembly for Triplex beams for 28 Mc., 
21 Mc., and 14 Mc. is shown in figure 24. The 
gain of a Triplex beam is about 4.5 db over a 
dipole. 


Combination End-Fire and 
Broadside Arrays 


23-8 


Any of the end-fire arrays previously de- 
scribed may be stacked one above the other or 
placed end to end (side by side) to give great- 
er directivity gain while maintaining a bidi- 
rectional characteristic. However, it must be 
kept in mind that to realize a worthwhile in- 
crease in directivity and gain while maintain- 


ing a bidirectional pattern the individual ar- 
rays must be spaced sufficiently to reduce the 
mutual impedances to a negligible value. 

When two flat top beams, for instance, are 
placed one above the other or end to end, a 
center spacing on the order of one wavelength 
is required in order to achieve a worthwhile 
increase in gain, or approximately 3 db. 
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FIGURE 23 


FLAT-TOP BEAM (8JK ARRAY) DESIGN DATA. 


Spac- AA) | ACA) | ACH) x 
FREQUENCY | P Li L: La Le M D ABBEOR approx.Japprox.|approx. 


14.0-14.4 | 4/4 | 17/4") 17" =| 30° | 20'B" | ..... 


28.0-29.0 |.15\| 572” | 86°] 15’ 12’7” | 10° 278" |1'6")) 7’ | 15% | 24’ 1’ 
28.0-29.0 | 4/4 8's” | 86") 15’ Wee a eee 45" 11'6" 3° 13’ | 22’ Pu 
29.0-30.0 |.15\| 570" | 8/3" | 14767] 12'2" | 978" | 2°7"11'6"| = =7’ | 15% | 237 Vv 


29.0-30.0 | A/4 | 84" | 83° | 1467] 100 | ..... 


Dimension chart for flat-top beam antennas. The meanings of the symbols are as follows: 
L,, Ls Ls and Ly, the lengths of the sides of the flat-top sections as shown. Ly, is length 

of the sides of single-section center-fed, Ls single-section end-fed and 2-section center-fed, L, 4-section 

center-fed and end-sections of 4-section end-fed, and L, middle sections of 4-section end-fed. 

S, the spacing between the flat-top wires. 

M, the wire length from the outside to the center of each cross-over. 

D, the spacing lengthwise between sections. 

A (%), the approximate length for a quarter-wave stub. 

A (2), the approximate length for a half-wave stub. 

A (%), the approximate length for a three-quarter wave stub. 

X, the approximate distance above the shorting wire of the stub for the connection of a 600-ohm 
line. This distance, as given in the table, is approximately correct only for 2-section flat-tops. 

For single-section types it will be smaller and for 3- and 4-section types it will be larger. 

The lengths given for a half-wave stub are applicable only to single-section center-fed flat-tops. To 
be certain of sufficient stub length, it is advisable to make the stub a foot or so longer than shown in 
the table, especially with the end-fed types. The lengths, A, are measured from the point where the 
stub connects to the flat-top. 

Both the center and end-fed types may be used horizontally. However, where a vertical antenna is 
desired, the flat-tops can be turned on end. In this case, the end-fed types may be more convenient, 
feeding from the lower end. 
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Normally the antenna tank will be located 
in the same room as the transmitter, to facil- 
itate adjustment when changing frequency. In 
this case it is recommended that the link cou- 
pled tank be located across the room from the 
transmitter if much power is used, in order to 
minimize c-f feedback difficulties which might 
occur as a result of the asymmetrical high im- 
pedance feed. If tuning of the antenna tank 
from the transmitter position is desired, flex- 
ible shafting can be run from the antenna tank 
condenser to a control knob at the transmitter. 

The lower end of the driven element is quite 
‘hot’? if much power is used, and the lead-in 
insulator should be chosen with this in mind. 
The ground connection need not have very low 
resistance, as the current flowing in the 
ground connection is comparatively small. A 
stake or pipe driven a few feet in the ground 
will suffice. However, the ground lead should 
be of heavy wire and preferably the length 
should ‘not exceed about 10 feet at 7 Mc. or 
about 20 feet at 4 Mc. in order to minimize 
reactive effects due to its inductance. If it is 
impossible to obtain this short a ground lead, 
a piece of screen or metal sheet about four 
feet square may be placed parallel to the earth 
in a convenient location and used as an arti- 
ficial ground. A fairly high C/L ratio ordinari- 
ly will be required in the antenna tank in order 
to obtain adequate coupling and loading. 


23-7 End-Fire Directivity 


By spacing two half-wave dipoles, or colin- 
€ar arrays, at a distance of from 0.1 to 0.25 
wavelength and driving the two 180° out of 
phase, directivity is obtained through the two 
wires at right angles to them. Hence, this type 
of bidirectional array is called end fire. A bet- 
ter idea of end-fire directivity can be obtained 
by referring to figure 10. 

Remember that end-fire refers to the radia- 
tion with respect to the two wires in the array 
rather than with respect to the array as a 
whole. 

The vertical directivity of an end-fire bi- 
directional array which is oriented horizontal- 
ly can be increased by placing a similar end- 
fire array a half wave below it, and excited in 
the same phase. Such an array is a combina- 
tion broadside and end-fire affair. 


Kraus Flat-Top A very effective bidirectional 
Beam end-fire array is the Kraus or 

8JK Flat-Top Beam. Essen- 
tially, this antenna consists of two close- 
spaced dipoles or colinear arrays. Because of 
the close spacing, it is possible to obtain the 


proper phase relationships in multi-section 
flat tops by crossing the wires at the voltage 
loops, rather than by resorting to phasing 
stubs. This greatly simplifies the array. (See 
figure 23.) Any number of sections may be 
used, though the one- and two-section arrange- 
ments are the most popular. Little extra gain 
is obtained by using more than four sections, 
and trouble from phase shift may appear. 

A center-fed single-section flat-top beam 
cut according to the table, can be used quite 
successfully on its second harmonic, the pat- 
tern being similar except that it is a little 
sharper. The single-section array can also be 
used on its fourth harmonic with some success, 
though there then will be four cloverleaf lobes, 
much the same as with a full-wave antenna. 

If a flat-top beam is to be used on more than 
one band, tuned feeders are necessary. 

The radiation resistance of a flat-top beam 
is rather low, especially when only one sec- 
tion is used. This means that the voltage will 
be high at the voltage loops. For this reason, 
especially good insulators should be used for 
best results in wet weather. 


The exact lengths for the radiating elements 
are not especially critical, because slight de- 
viations from the correct lengths can be com- 
pensated in the stub or tuned feeders. Proper 
stub adjustment is covered in Chapter Twenty- 
five. Suitable radiator lengths and approximate 
stub dimensions are given in the accompany- 
ing design table. 

Figure 23 shows top views of eight types 
of flat-top beam antennas. The dimensions for 
using these antennas on different bands are 
given in the design table. The 7- and 28-Mc. 
bands are divided into two parts, but the di- 
mensions for either the low- or high-frequency 
ends of these bands will be satisfactory for 
use over the entire band. 

In any case, the antennas are tuned to the 
frequency used, by adjusting the shorting wire 
on the stub, or tuning the feeders, if no stub 
is used. The data in the table may be extended 
to other bands or frequencies by applying the 
proper factor. Thus, for 50 to 52 Mc. operation, 
the values for 28 to 29 Mc. are divided by 1.8. 

All of the antennas have a bidirectional hori- 
zontal pattern on their fundamental frequency. 
The maximum signal is broadside to the flat 
top. The single-section type has this pattern 
on both its fundamental frequency and second 
harmonic. The other types have four main lobes 
of radiation on the second and higher harmon- 
ics. The nominal gains of the different types 
over a half-wave comparison antenna are as 
follows: single-section, 4 db; two-section, 6 
db; four-section, 8 db. 

The maximum spacings given make the 
beams less critical in their adjustments. Up 
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Figure 21 
THE “‘SIX-SHOOTER'' BROADSIDE ARRAY 


wire line should be employed if the antenna is 
used with a high power transmitter. 

To tune the reflector, the back of the an- 
tenna is aimed at a nearby fteld-strength meter 
and the reflector stub capacitor is adjusted 
for minimum ceceived signal at the operating 
frequency. 

This antenna provides high gain for its small 
size, and is recommended for 28-Mc. work. 
The elements may be made of number 14 en- 
amel wire, and the array may be built on a light 
bamboo or wood framework. 


The ‘’Six-Shooter’’ 
Broadside Array 


As a good compromise be- 
tween gain, directivity, 
compactness, mechanical 
simplicity, ease of adjustment, and band width 
the array of figure 21 is recommended for the 
10 to 30 Mc. range when the additional array 
width and greater directivity are not obtain- 
able. The free space directivity gain is ap- 
proximately 7.5 db over one element, and the 
practical dx signal gain over one element at 
the same average elevation is of about the 
same magnitude when the array is sufficiently 
elevated. To show up to best advantage the 
array should be elevated sufficiently to put 
the lower elements well in the clear, and pre- 
ferably at least 0.5 wavelength above ground. 


The "*Bobtoil’’ 
Bidirectional 
Broadside Curtain 


Another application of ver- 
tical orientation of the ra- 
diating elements of an ar- 
ray in order to obtain low- 
angle radiation at the lower end of the h-f 
range with low pole heights is illustrated in 
figure 22. When precut to the specified dimen- 
sions this single pattern array will perform 
well over the 7-Mc. amateur band or the 4-Mc. 
amateur phone band. For the 4-Mc. band the 
required two poles need be only 70 feet high, 
and the array will provide a practical signal 


Baw ENO-LINK COIL: 
TO TUNE FREQUENCY 
C=100 UF 
OIMENSIONS 
40M. 80M. 
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Figure 22 
“BOBTAIL’’ BIDIRECTIONAL BROAD- 
SIDE CURTAIN FOR THE 7-MC. OR THE 

4.0-MC. AMATEUR BANDS 

This simple verticolly polorized array pro- 
vides low angle radiation and response with 
comporotively low pole heights, and is very 
effective for dx work on the 7-Mc. band or 
the 4.0-Mc. phone band. Becouse of the 
phase relationships, radiation from the hori- 
zontal portion of the antenna is effectively 
suppressed. Very little current flows in the 
ground lead to the coupling tonk; so an elab- 
orate ground system is not required, ond the 
length of the ground leod is not criticol so 
long os it uses heovy wire and js reoson- 

ably short. 


En 


gain averaging from 7 to 10 db over a horizon- 
tal half-wave dipole utilizing the same pole 
height when the path length exceeds 2500 
miles. 

The horizontal directivity is only moderate, 
the beam width at the half power points being 
slightly greater than that obtained from three 
cophased vertical radiators fed with equal cur- 
rents. This is explained by the fact that the 
current in each of the two outer radiators of 
this array carries only about half as much cur- 
rent as the center, driven element. While this 
“binomial”? current distribution suppresses 
the end-fire lobe that occurs when an odd num- 
ber of parallel radiators with half-wave spac- 
ing are fed equal currents, the array still ex- 
hibits some high-angle radiation and response 
off the ends as a result of imperfect cancella- 
tion in the flat top portion. This is not suffi- 
cient to affect the power gain appreciably, bur 
does degrade the discrimination somewhat. 

A moderate amount of sag can be tolerated 
at the center of the flat top, where it connects 
to the driven vertical element. The poles and 
antenna tank should be solocated with respect 
to each other that the driven vertical element 
drops approximately straight down from the 
flat top. 
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ne OF: MAXIMUM 
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JOM ISM. 
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MISE. WIRE 
SPACED 4” 


GAIN APPROX. 4 08 


150 LINE TO TRANSMITTER 


Figure 19 
THE ‘‘BI-SQUARE’’ BROADSIDE ARRAY 


This bidirectional array is related to the 
“Lazy H,’* and in spite of the oblique ele- 
ments, is horizontally polarized. It has slight- 
ly less gain and directivity than the Lazy 
H, the free space directivity gain being a 

proximately 4 db. Its chief advantage is he 
fact that only a single pole is required for 
support, and two such arrays may be sup- 
ported from a single pole without interaction 
if the planes of the elements are at right 
angles. A 600-ohm line may be substituted 
for the Twin-Lead, and either operated as a 
resonant line, or made non-resonant by the 

incorporation of a matching stub. 


still worthwhile, being approximately 4 db over 
a half-wave horizontal dipole at the same aver- 
age elevation. 

When two Bi-Square arrays are suspended 
at right angles to each other (for general cov- 
erage) from a single pole, the Q sections 
should be well separated or else symmetrically 
arranged in the form of a square (the diagonal 
conductors forming one Q section) in order to 
minimize coupling between them. The same 
applies to the line if open construction is used 
instead of Twin-Lead, but if Twin-Lead is 
used the coupling can be made negligible sim- 
ply by separating the two Twin-Lead lines by 
at least two inches and twisting one Twin- 
Lead so as to effect a transposition every foot 
or so. 


>. Poesy Swe es 
. 


RADIATOR 


C= $0 uuF 
TUNE FOR MINIMUM 
PICKUP OFF REAR 


130 OHM CAC ANCED LINE 
TO TUNING UN 


es 10" 
OF BEAM. TRANSMITTER 
spaces’ 3° 


NOTE: s/o LENGTHE 11°8" FOR 27 MC. 
IP' }" FOR 14 Me, 
ELEMENT SPACING 96" FOR EACH BAND, 
STUB LENGTH APPROX. 18" FOR 21 MC. 
20° FOR tame. 


Figure 20 


THE CUBICAL-QUAD ANTENNA FOR 
THE 10-METER BAND 


When tuned feeders are employed, the Bi- 
Square array can be used on half frequency as 
an end-fire vertically polarized array, giving 
a slight practical dx signal gain over a verti- 
cal half-wave dipole at the same height. 

A second Bi-Square serving as a reflector 
may be placed 0.15 wavelength behind this an- 
tenna to provide an overall gain of 8.5 db. The 
reflector may be tuned by means of a quarter- 
wave stub which has a moveable shorting bar 
at the bottom end. The stub is used as a sub- 
stitute for the Q-section, since the reflector 
employs no feed line. 


The ‘*Cubicol- 
Qued"* Antenna 


A smaller version of the Bi- 
Square antenna is the Cubi- 
cal-Quad antenna. Two half- 
waves of wire are folded into a square that is 
one-quarter wavelength on a side, as shown in 
figure 20. The array radiates a horizontally 
polarized signal. A reflector placed 0.15 wave- 
length behind the antenna provides an overall 
gain of some 6 db. A shorted stub with a paral- 
leled tuning capacitor is used to resonate the 
reflector. 

The Cubical-Quad is fed with a 150-ohm 
line, and should employ some sort of antenna 
tuner at the transmitter end of the line if a pi- 
network type transmitter is used. There is a 
small standing wave on the line, and an open 
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73M TRANSMISSION LINE 


Figure 17 


THE X-ARRAY FOR 28MC., 21 MC., 
OR 14 MC. 
The entire array (with the exception of the 
75-ohm feed line) is constructed of 300-ohm 


ribbon line. Be sure phasing lines (P) are 
poled correctly, as shown. 


in a vertical plane and properly phased, a 
simplified form of in-phase curtain is formed, 
providing an overall gain of about 6 db, Such 
an array is shown in figure 17. In this X-array, 
the four dipoles are all in phase, and are fed 
by four sections of 300-ohm line, each one- 
half wavelength long, the free ends of all four 
lines being connected in parallel. The feed 
impedance at the junction of these four lines 
is about 75 ohms, and a length of 75-ohm 
Twin-Lead may be used for the feedline to 
the array. 

An array of this type is quite small for the 
28-Mc. band, and is not out of the question 
for the 21-Mc. band. For best results, the bot- 
tom section of the array should be one-half 
wavelength above ground. 


The Double-Bruce 
Array 


The Bruce Beam consists 
of a long wire folded so 
that vertical elements 
carry in-phase currents while the horizontal 
elements carry out of phase currents. Radia- 
tion from the horizontal sections is low since 
only a small current flows in this part of the 
wire, and it is largely phased-out. Since the 
height of the Bruce Beam is only one-quarter 
wavelength, the gain per linear foot of array 
is quite low. Two Bruce Beams may be com- 
bined as shown in figure 18 to produce the 
Double Bruce array. A four section Double 
Bruce will give a vertically polarized emis- 
sion, with a power gain of 5 db over a simple 


DIMENSION L 


from. | 1sm, [20710 
Lever sae [irren | 


Figure 18 


THE DOUBLE-BRUCE ARRAY FOR 10, 
15, AND 20 METERS 


If a 600-ohm feed line is used, the 20-meter 

array will also perform on 10 meters os a 

Sterba curtain, arheae approximate gain of 
b. 


dipole, and is a very simple beam to construct. 
This antenna, like other so-called ‘‘broadside”’ 
arrays, radiates maximum power at right angles 
to the plane of the array. 

The feed impedance of the Double Bruce is 
about 750 ohms. The array may be fed with a 
one-quarter wave stub made of 300-ohm ribbon 
line and a feedline made of 150-ohm ribbon 
line. Alternatively, the array may be fed di- 
rectly with a wide-spaced 600-ohm transmis- 
sion line (figure 18). The feedline should 
be brought away from the Double Bruce for a 
short distance before it drops downward, to 
prevent interaction between the feedline and 
the lower part of the center phasing section of 
the array. For best results, the bottom sec- 
tions of the array should be one-half wave- 
length above ground. 

Arrays such as the X-array and the Double 
Bruce are essentially high impedance devices, 
and exhibit relatively broad-band characteris- 
tics. They are less critical of adjustment than 
a parasitic array, and they work well over a 
wide frequency range such as is encountered 
on the 28-29.7 Mc. band. 


The ‘‘Bi-Square”’ 
Broadside Array 


Hlustrated in figure 19 is a 
simple method of feeding a 
small broadside array first 
described by WGBCX several years ago as a 
practical method of suspending an effective 
array from a single pole. As two arrays of this 
type can be supported at right angles from a 
single pole without interaction, it offers a 
solution to the problem of suspending two ar- 
rays in a restricted space with a minimum of 
erection work. The free space directivity gain 
is slightly less than that of a Lazy H, but is 
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NON- RESONANT FEEDER 


GAIN APPROX. 6 DB 


300-0HM 
TWINLEAD 


GAIN APPROX. 6 DB 


GAIN APPROX. 8 DB 


Figure 16 
THE STERBA CURTAIN ARRAY 


Approximote directive gains along with alter- 
native feed methods are shown. 


sent points of maximum current. All arrows 
should point in the same direction in each por- 
tion of the radiating sections of an antenna in 
order to provide a field in phase for broadside 
radiation. This condition is satisfied for the 
arrays illustrated in figure 16. Figures 16A 
and 16C show simple methods of feeding 
a short Sterba curtain, while an alternative 
method of feed is shown in the higher gain an- 
tenna of figure 16B. 

In the case of each of the arrays of figure 
16, and also the ‘‘Lazy H’’ of figure 15, the 
array may be made unidirectional and the gain 
increased by 3 db if an exactly similar array 
is constructed and placed approximately % 
wave behind the driven array. A screen or mesh 
of wires slightly greater in area than the an- 
tenna array may be used instead of an addi- 
tional array as a reflector to obtain a unidirec- 
tional system. The spacing between the re- 
flecting wires may vary from 0.05 to 0.1 wave- 
length with the spacing between the reflecting 
wires the smallest directly behind the driven 
elements. The wires in the untuned reflecting 
system should be parallel to the radiating ele- 
ments of the array, and the spacing of the com- 
plete reflector system should be approximately 
0.2 to 0.25 wavelength behind the driven ele- 
ments. 

On frequencies below perhaps 100 Mc. it 
normally will be impracticable to use a wire- 
screen reflector behind an antenna array such 


as a Sterba curtain or a ‘‘Lazy H.’’ Parasitic 
elements may be used as reflectors or direc- 
tors, but parasitic elements have the disadvan- 
tage that their operation is selective with re- 
spect to relatively small changes in frequency. 
Nevertheless, parasitic reflectors for such ar- 
rays are quite widely used. 


In section 23-5 it was shown 
how two dipoles may be arranged 
in phase to provide a power gain of (some) 3 
db. If two such pairs of dipoles are stacked 


The X-Array 


LAZY-H AND STERBA 
(STACKED DIPOLE) DESIGN TABLE 


FREQUENCY 
IN MC. 


L: uu 
70° 35° 
67'6" 33°9" 
35° 17°6" 
yar" 1793" 
34'2" 17’ 
23'°3"' 11°8" 
22°9" lise 
17°10" aii" 
ws" a9" 
V7 

710" 


40.5" 
40" 
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of a colinear antenna is proportional to the 
overall length, whether the individual radiating 
elements are % wave, 4% wave or % wave in 
length. 


Spaced Half 


Wave Antennas 


The gain of two colinear half 
waves may be increased by 
increasing the physical spac- 
ing between the elements, up to a maximum of 
about one half wavelength. If the half wave 
elements are fed with equal lengths of trans- 
mission line, poled correctly, a gain of about 
3.3 db is produced. Such an antenna is shown 
in figure 13. By means of a phase reversing 
switch, the two elements may be operated out 
of phase, producing a cloverleaf pattern with 
slightly less maximum gain. 

A three element ‘‘precut’’ array for 40 meter 
operation is shown in figure 14, It is fed di- 
rectly with 300 ohm “ribbon line,” and may 
be matched to a 52 ohm coaxial output trans- 
mitter by means of a Balun, such as the Barker 
& Williamson 3975. The antenna has a gain of 
about 3.2 db, and a beam width at half-power 
points of 40 degrees. 


23-6 Broadside Arrays 


Colinear elements may be stacked above or 
below another string of colinear elements to 
produce what is commonly called a broadside 
array. Such an array, when horizontal elements 
are used, possesses vertical directivity in 
proportion to the number of broadsided (ver- 
tically stacked) sections which have been 
used. Since broadside arrays do have good ver- 
tical directivity their use is recommended on 
the 14-Mc. band and on those higher in fre- 
quency. One of the most popular of simple 
broadside arrays is the “Lazy H’’ array of fig- 
ure 15. Horizontal colinear elements stacked 
two above two make up this antenna system 
which is highly recommended for work on fre- 
quencies above perhaps 14-Mc. when moderate 
gain without too much directivity is desired. 
It has high radiation resistance and a gain of 
approximately 5.5 db. The high radiation re- 
sistance results in low voltages and a broad 
resonance curve, which permits use of inex- 
pensive insulators and enables the array to be 
used over a fairly wide range in frequency. 
For dimensions, see the stacked dipole design 
table. 


Stocked 
Dipoles 


Vertical stacking may be applied 
to strings of colinear elements 
longer than two half waves. In 
such arrays, the end quarter wave of each 
string of radiators usually is bent in to meet 


GAIN APPROX. 3.3 06 


ui li 


La 


RESONANT FEED LINE 


Figure 15 
THE "LAZY H’’ ANTENNA SYSTEM 
Stacking the colineor pairs gives both hori- 
zontal and vertical directivity. As shown, the 
array will give about 5.5 db gain. Nore thot 
the orray may be fed either at the center of 
the phasing section or of the bottom; if fed 
at the bottom the phasing section must be 
twisted through 180°, 


a similar bent quarter wave from the opposite 
end radiator. This provides better balance and 
better coupling between the upper and lower 
elements when the array is current-fed. Arrays 
of this type are shown in figure 16, and are 
commonly known as Curtain arrays. 

Correct length for the elements and stubs 
can be determined for any stacked dipole array 
from the Stacked-Dipole Design Table. 

In the sketches of figure 16 the arrowheads 
represent the direction of current flow at any 
given instant. The dots on the radiators repre- 
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Colinear 
Arroys 


The simple colinear antenna array 
is a very effective radiating system 
for the 3.5-Mc. and 7.0-Mc. bands, 
but its use is not recommended on higher fre- 
quencies since such arrays do not possess 
any vertical directivity. The elevation radia- 
tion pattern for such an array is essentially 
the same as for a half-wave dipole. This con- 
sideration applies whether the elements are of 
normal length or are extended. 

The colinear antenna consists of two or 
more radiating sections from 0.5 to 0.65 wave- 
lengths long, with the current in phase in each 
section. The necessary phase reversal between 
sections is obtained through the use of reso- 
nant tuning stubs as illustrated in figure 11. 
The gain of a colinear array using half-wave 
elements (in decibels) is approximately equal 
to the number of elements in the array. The 
exact figures are as follows: 

Number of Elements 2 3 4 5 6 

Gain in Decibels 18 3.3 4.55.3 6.2 


As additional in-phase colinear elements 
are added to a doublet, the radiation resistance 
goes up much faster than when additional half 
waves are added out of phase (harmonic oper- 
ated antenna). 

For a colinear array of from 2 to 6 elements, 


reed" samc seein ese wet 3 ca 


Two. 
72M BALANCED LINES 
OF EQUAL LENGTH 


PHASE-REVEASING SWITCH 
FOR CLOVERLEAF PATTERN 


Figure 13 
TWO COLINEAR HALF-WAVE ANTENNAS 
§1N PHASE PRODUCE A 3 DB GAIN WHEN 
SEPARATED ONE-HALF WAVELENGTH 
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Figure 12 
DOUBLE EXTENDED ZEPP ANTENNA 


For best results, antenna should be tuned to 
operating frequency by means of grid-dip 
oscillator, 


the terminal radiation resistance in ohms at 
any current loop is approximately 100 times 
the number of elements. 

It should be borne in mind that the gain from 
a colinear antenna depends upon the sharpness 
of the horizontal directivity since no vertical 
directivity is provided. An array with several 
colinear elements will give considerable gain, 
bute will have a sharp horizontal radiation 
pattern. 


Double Extended The gain of a conventional 
Zepp two-element Franklin colin- 

ear antenna canbe increased 
to a value approaching that obtained from a 
three-element Franklin, simply by making the 
two radiating elements 230° long instead of 
180° long. The phasing stub is shortened cor- 
respondingly to maintain the whole array in 
resonance. Thus, instead of having 0.5-wave- 
length elements and 0.25-wavelength stub, the 
elements are made 0.64 wavelength long and 
the stub is approximately 0.11 wavelength 
long. 

Dimensions for the double extended Zepp 
are given in figure 12. 

The vertical directivity of a colinear anten- 
na having 230° elements is the same as for 
one having 180° elements. There is little ad- 
vantage in using extended sections when the 
total length of the array is to be greater than 
about 1.5 wavelength overall since the gain 
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Figure 14 


PRE-CUT LINEAR ARRAY FOR 40-METER 
OPERATION 
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Figure 10 


RADIATION PATTERNS OF A PAIR OF 

DIPOLES OPERATING WITH IN-PHASE 

EXCITATION, AND WITH EXCITATION 
180° OUT OF PHASE 

If the dipoles are oriented horizontally most 

of the directivity will be in the vertical 

plane; if they are oriented vertically most 


of the directivity will be in the horizontal 
plane. 


and 180° (45°, 90°, and 135° for instance), 
the pattern is unsymmetrical, the radiation be- 
ing greater in one direction than in the oppo- 
site direction. 

With spacings of more than 0.8 wavelength, 
more than two main lobes appear for all phas- 
ing combinations; hence, such spacings are 
seldom used. 


In-Phase 
Spacing 


With the dipoles driven so as to 
be in phase, the most effective 
spacing is between 0.5 and 0.7 
wavelength. The latter provides greater gain, 
but minor lobes are present which do not ap- 
pear at 0.5-wavelength spacing. The radiation 
is broadside to the plane of the wires, and the 
gain is slightly greater than can be obtained 
from two dipoles out of phase. The gain falls 
off rapidly for spacings less than 0.375 wave- 
length, and there is litle point in using spac- 
ing of 0.25 wavelength or less with in-phase 
dipoles, except where it is desirable to in- 
crease the radiation resistance. (See Mulsi- 
Wire Doubles.) 


Out of Phase 
Spacing 


When the dipoles are fed 180° 
out of phase, the directivity is 
through the plane of the wires, 
and is greatest with close spacing, though 
there is bute little difference in the pattern 
after the spacing is made less than 0.125 
wavelength. The radiation resistance becomes 
so low for spacings of less than 0.1 wave- 
length that such spacings are not practicable. 


—” 


QUARTER- WAVE STUBS 


NON-RESONANT 
FEED LIN! 


GAIN APPROX 4.5 DB 


Figure 11 


THE FRANKLIN OR COLINEAR 
ANTENNA ARRAY 

An antenna of this type, regardless of the 
number of elements, oftains all of its direc- 
tivity through sharpening of the horizontal 
or azimuth radiation pattern; no vertical di- 
rectivity is provided. Hence a long antenna 
of this type has an extremely sharp azimuth 

pattern, but no vertical directivity. 


In the three foregoing examples, most of the 
directivity provided is in a plane at a right 
angle to the wires, though when out of phase, 
the directivity is in a line through the wires, 
and when in phase, the directivity is broadside 
to them. Thus, if the wires are oriented verti- 
cally, mostly horizontal directivity will be 
provided. If the wires are oriented horizontally, 
most of the directivity obtained will be verti- 
cal directivity. 

To increase the sharpness of the directivity 
in all planes that include one of the wires, 
additional identical elements are added in the 
line of the wires, and fed so as to be in phase. 
The familiar H array is one array utilizing 
both types of directivity in the manner pre- 
scribed. The two-section Kraus flat-top beam 
is another, 

These two antennas in their various forms 
are directional in a horizontal plane, in addi- 
tion to being low-angle radiators, and are per- 
haps the most practicable of the bidirectional 
stacked-dipole arrays for amateur use. More 
phased elements can be used to provide great- 
er directivity in planes including one of the 
radiating elements. The H then becomes a 
Sterba-curtain array. 

For unidirectional work the most practicable 
stacked-dipole arrays for amateur-band use 
are parasitically-excited systems using rela- 
tively close spacing between the reflectors 
and the directors. Antennas of this type are 
described in detail in a later chapter. The 
next most practicable unidirectional array is 
an H or a Sterba curtain with a similar system 
placed approximately one-quarter wave behind. 
The use of a reflector system in conjunction 
with any type of stacked-dipole broadside ar- 
ray will increase the gain by 3 db. 
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TYPICAL RHOMBIC 
ANTENNA DESIGN 


The antenna system iflus- 
trated above may be used 
over the frequency range from 
7 to 29 Mc. without change. 
The directivity of the system 
may be reversed by the sys- 
tem discussed in the text. 


SPACING BETWEEN SIDES S.* 214 FEET 
TOTAL LENGTH 9 502 FEET 


The Rhombic Antenna 46] 


LINE TO TX 
N° 14 SPACED 6” 


TERMINATING LINE 

OF 250° OF N® 26 
NICHROME SPACED 6” 
AND 800-OHM 16 -WATT 
CARBON RESISTOR AT 
ENO. 6 2-WATT 100-OrmM 
RESISTORS IN SERIES 


A considerable amount of directivity is lost 
when the terminating resistor is left off the 
end and the system is operated as a resonant 
antenna. If it is desired to reverse the direc- 
tion of the antenna it is much better practice 
to run transmission lines to both ends of the 
antenna, and then run the terminating line to 
the operating position. Then with the aid of 
two d-p-d-¢ switches it will be possible to con- 
nect either feeder to the antenna changeover 
switch and the other feeder to the terminating 
line, thus reversing the direction of the array 
and maintaining the same termination for 
either direction of operation. 

Figure 7 gives curves for optimum-design 
thombic antennas by both the maximum-out- 
put mechod and the alignment method. The 
alignment method is about 1.5 db down from 
the maximum output method but requires only 
about 0.74 as much leg length. The height and 
tilt angle is the same in either case. Figure 
8 gives construction data for a recommended 
rhombic antenna for the 7.0 through 29.7 Mc. 


Figure 9 
RHOMBIC ANTENNA GAIN 


Showing the theoretical gain of a rhombic 

antenna, in terms of the side length, over o 

half-wave antenna mounted at the same 
height above the same type of soil. 


bands. This antenna will give about 11 db 
gain in the 14.0-Mc. band. The approximate 
gain of a rhombic antenna over a dipole, both 
above normal soil, is given in figure 9. 


23-5 Stacked-Dipole 


Arrays 


The characteristics of a half-wave dipole 
already have been described. When another 
dipole is placed in the vicinity and excited 
either directly or parasitically, the resulcanc 
radiation pattern will depend upon the spacing 
and phase differential, as well as the relative 
magnitude of the currents. With spacings less 
than 0.65 wavelength, the radiation is mainly 
broadside to the two wires (bidirectional) when 
there is no phase difference, and through the 
wires (end fire) when the wires are 180° out 
of phase. With phase differences between 0° 
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23-4 The Rhombic 


Antenna 


The terminated rhombic or diamond is prob- 
ably the most effective directional antenna 
that is practical for amateur communication. 
This antenna is non-resonant, with the result 
that it can be used on three amateur bands, 
such as 10, 20, and 40 meters. When the an- 
tenna is non-resonant, i.e., properly termi- 
nated, the system is undirectional, and the 
wire dimensions are not critical. 


Rhombic 
Termination 


When the free end is terminated 
with a resistance of a value 
between 700 and 800 ohms the 
backwave is eliminated, the forward gain is 
increased, and the antenna can be used on 
several bands without changes. The terminat- 
ing resistance should be capable of dissipat- 
ing one-third the power output of the trans- 
mitter, and should have very little reactance. 
For medium or low power transmitters, the 
non-inductive plaque resistors will serve as 
a satisfactory termination. Several manufactur- 
ers offer special resistors suitable for termi- 
nating a rhombic antenna. The terminating de- 
vice should, for technical reasons, present a 
small amount of inductive reactance at the 
point of termination. 

A compromise terminating device commonly 
used consists of a terminated 250-foot or 
longer length of line, made of resistance wire 
which does not have too much resistance per 
unit length. If the latter qualification is not 
met, the reactance of the line will be exces- 
sive. A 250-foot line consisting of no. 25 
nichrome wire, spaced 6 inches and terminated 
with 800 ohms, will serve satisfactorily. Be- 
cause of the attenuation of the line, the 
lumped resistance at the end of the line need 
dissipate but a few watts even when high pow- 
er is used. A half-dozen 5000-ohm 2-watt car- 
bon resistors in parallel will serve for all ex- 
cept very high power. The attenuating line 
may be folded back on itself to take up less 
room. 

The determination of the best value of termi- 
nating resistor may be made while receiving, 
if the input impedance of the receiver is ap- 
proximately 800 ohms. The value of resistor 
which gives the best directivity on reception 
will not give the most gain when transmitting, 
but there will be little difference between the 
two Conditions. 

The input resistance of the rhombic which 
is reflected into the transmission line that 
feeds it is always somewhat less than the 
terminating resistance, and is around 700 to 
750 ohms when the terminating resistor is 800 
ohms. 
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Figure 7 
RHOMBIC ANTENNA DESIGN TABLE 


Design data is given in terms of the wave 
angle (vertical angle of transmission ond re- 
ception) of the antenna. The lengths | are 
for the ‘'maximum output’ design; the shorter 
lengths 1’ are for the ‘‘alignment’’ method 
which gives approximately 1.5 db less gain 
with a considerable reduction in the space 
required for the antenna. The values of side 
length, tilt angle, and height for a given 
wave angle are obtained by drawing a ver- 
tical line upward from the desired wave 
angle. 


The antenna should be fed with a non-reso- 
nant line having a characteristic impedance 
of 650 to 700 ohms. The four corners of the 
thombic should be at least one-half wave- 
length above ground for the lowest frequency 
of operation. For three-band operation the 
proper tilt angle ¢ for the center band should 
be observed. 

The rhombic antenna transmits a horizon- 
tally-polarized wave at a relatively low angle 
above the horizon. The angle of radiation 
(wave angle) decreases as the height above 
ground is increased in the same manner as 
with a dipole antenna. The rhombic should 
not be tilted in any plane. In other words, the 
poles should all be of the same height and 
the plane of the antenna should be parallel 
with the ground. 


WWWw.americanradiohistorv.com 


HANDBOOK 


The V Antenna 459 


FEEDERS OR STUB § 


Figure 5 
TYPICAL ''V"’ BEAM ANTENNA 


for a long wire. The reaction of one upon the 
other removes two of the four main lobes, and 
increases the other two in such a way as to 
form two lobes of still greater magnitude. 

The correct wire lengths and the degree of 
the angle 6 are listed in the V-Antenna Design 
Table for various frequencies in the 10-, 20- 
and 40-meter amateur bands. Apex angles for 
all side lengths are given in figure 4. The 
gain of a‘‘V’’ beam in terms of the side length 
when optimum apex angle is used is given in 
figure 6. 

The legs of a very long V antenna are usual- 
ly so arranged that the included angle is twice 
the angle of the major lobe from a single wire 
if used alone. This arrangement concentrates 
the radiation of each wire along the bisector 
of the angle, and permits part of the other 
lobes to cancel each other. 

With legs shorter than 3 wavelengths, the 
best directivity and gain are obtained with a 
somewhat smaller angle than that determined 
by the lobes. Optimum directivity for a one- 
wave V is obtained when the angle is 90° 


GAIN IN DECIBELS OVER HALF WAVE 


o 1 23 4 5 6 7 8 8 1 1 12 
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Figure 6 
DIRECTIVE GAIN OF A ''V" BEAM 


This curve shows the approximate directive 

gain of a V beam with respect to a half-wave 

antenna located the same distance above 
ground, In terms of the side length L. 


rather than 180°, as determined by the ground 
pattern alone. 

If very long wires are used in the V, the 
angle between the wires is almost unchanged 
when the length of the wires in wavelengths 
is altered. However, an error of a few degrees 
causes a much larger loss in directivity and 
gain in the case of the longer V than in the 
shorter one. 

The vertical angle at which the wave is 
best transmitted or received from a horizontal 
V antenna depends largely upon the included 
angle. The sides of the V antenna should be 
at least a half wavelength above ground; com- 
mercial practice dictates a height of approxi- 
mately a full wavelength above ground. 


V-ANTENNA DESIGN TABLE 


FREQUENCY Ler 
IN KILOCYCLES 6 


134/10" 
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LONG- ANTENNA DESIGN TABLE 
APPROXIMATE LENGTH IN FEET —END-FED ANTENNAS 


2tn 3a 3a 4n 


FREQUENCY t+ 
IN MC. 1dr 1Za 2x 


50 
$2 


67 
8 


290 
2e 


33 


88 
66 14% 
68 v2 


102 
103 172 


206 
207 
207 172 


One of the most practical methods of feed- 
ing a long-wire antenna is to bring one end of 
it into the radio room for direct connection to 
a tuned antenna Circuit which is link-coupled 
through a harmonic-attenuating filter to the 
transmitter. The antenna can be tuned effec- 
tively to resonance for operation on any har- 
monic by means of the tuned circuit which is 
connected to the end of the antenna. A ground 
is sometimes connected to the center of the 
tuned coil. 

If desired, the antenna can be opened and 
current-fed at a point of maximum current by 
means of low-impedance ribbon line, or by a 
quarter-wave matching section and open line. 


23-3 The V Antenna 


If two long-wire antennas are built in the 


a4 
87 


114 172 
Wiad 344 


is 


118 
122 


135 
140 


101 
104 


160 172 
160 34 
161 


185 72 
163 344 
186 


136 V2 
136 34 
137 


form of a V, it is possible to make two of the 
maximum lobes of one leg shoot in the same 
direction as two of the maximum lobes of the 
other leg of the V. The resulting antenna is 
bidirectional (two opposite directions) for the 
main lobes of radiation. Each side of the V 
can be made any odd or even number of quarter 
wavelengths, depending on the method of feed- 
ing the apex of the V. The complete system 
must be a multiple of half waves. If each leg 
is an even number of quarter waves long, the 
antenna must be voltage-fed at the apex; if an 
odd number of quarter waves long, current feed 
must be used. 


By choosing the proper apex angle, figure 
4 and figure 5, the lobes of radiation from the 
two long-wire antennas aid each other to form 
a bidirectional beam. Each wire by itself 
would have a radiation pattern similar to that 


180 


140 


8 


6 IN DEGREES 


LENGTH IN “L*” WAVELENGTHS 


Figure 4 


INCLUDED ANGLE FORA 
eyes BEAM 


Showing the included angle be- 
tween the legs of o V beam for 
various leg fengths. For opti- 
mum alignment of the radiation 
lobe at the correct vertical 
angle with leg lengths less than 
three wavelengths, the optimum 
included angle is shown by the 
dashed curve. 
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Figure 3 


DIRECTIVE GAIN OF 
LONG-WIRE ANTENNAS 


WIRE LENGTH IN WAVELENGTHS 
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Types of 
Directive Arrays 


There is an enormous vari- 
ety of directive antenna ar- 
taysthat can give a substan- 
tial power gain inthe desired direction of trans- 
mission or reception. However, some are more 
effective than others requiring the same space. 
In general it may be stated that long-wire an- 
tennas of various types, such as the single 
long wire, the V beam, and the rhombic, are 
less effective for a given space than arrays 
composed of resonant elements, but the long- 
wire arrays have the significant advantage 
that they may be used over a relatively large 
frequency range while resonant arrays are usa- 
ble only over a quite narrow frequency band. 


23-2 Long Wire Radiators 


Harmonically operated long wires radiate 
better in certain directions than others, but 
cannot be considered as having appreciable 
directivity unless several wavelengths long. 
The current in adjoining half-wave elements 
flows in opposite directions at any instant, 
and thus, the radiation from the various ele- 
ments adds in certain directions and cancels 
in others. 

A half-wave doublet in free space has a 
“‘doughnut’’ of radiation surrounding it. A full 
wave has 2 lobes, 3 half waves 3, etc. When 
the radiator is made more than 4 half wave- 
lengths long, the end lobes (cones of radia- 
tion) begin to show noticeable power gain over 
a half-wave doublet, while the broadside lobes 
get smaller and smaller in amplitude, even 
though numerous (figure 2). 


The horizontal radiation pattern of such an- 
tennas depends upon the vertical angle of radi- 
ation being considered. If the wire is more 
than 4 wavelengths long, the maximum radia- 
tion at vertical angles of 15° to 20° (useful 
for dx) is in line with the wire, being slightly 
greater a few degrees either side of the wire 
than directly off the ends. The directivity of 
the main lobes of radiation is not particularly 
sharp, and the minor lobes fill in between the 
main lobes to permit working stations in near- 
ly all directions, though the power radiated 
broadside to the radiator will not be great if 
the radiator is more than a few wavelengths 
long. The directive gain of long-wire antennas, 
in terms of the wire length in wavelengths is 
given in figure 3. 


To maintain the out-of-phase condition in 
adjoining half-wave elements throughout the 
length of the radiator, it is necessary that a 
harmonic antenna be fed either at one end or 
at a current loop. If fed at a voltage loop, the 
adjacent sections will be fed in phase, and a 
different radiation pattern will result. 

The directivity of a long wire does not in- 
crease very much as the length is increased 
beyond about 15 wavelengths. This is due to 
the fact chat all long-wire antennas are ad- 
versely affected by the r-f resistance of the 
wire, and because the current amplitude be- 
gins to become unequal at different current 
loops, as a result of attenuation along the wire 
caused by radiation and losses. As the length 
is increased, the tuning of the antenna be- 
comes quite broad. In fact, a long wire about 
15 waves long is practically aperiodic, and 
works almost equally well over a wide range 
of frequencies. 
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OPTIMUM VERTICAL ANGLE OF RADIATION-A 


x 50 100 
GREAT CIRCLE DISTANCE IN MILES 


Figure 1 


OPTIMUM ANGLE OF RADIATION 
WITH RESPECT TO DISTANCES 


Shown above is a plot of the optimum angle 
of radiation for one-hop ond two-hop com- 
munication. An operoting frequency close to 
the optimum working frequency for the com- 
municotion distance is assumed. 


use a directive antenna than to increase trans- 
mitter power, if more than a few watts of power 
is being used. 

Directive antennas for the high-frequency 
range have been designed and used commer- 
cially with gains as high as 23 db over a sim- 
ple dipole radiator. Gains as high as 35 db are 
common in direct-ray microwave communication 
and radar systems. A gain of 23 db represents 
a power gain of 200 times and a gain of 35 db 
represents a power gain of almost 3500 times. 
However, an antenna with a gain of only 15 to 
20 db is so sharp in its radiation pattern that 
it is usable to full advantage only for point- 
to-point work. 

The increase in radiated power in the de- 
sired direction is obtained at the expense of 
radiation in the undesired directions. Power 
gains of 3 to 12 db seem to be most practi- 
cable for amateur communication, since the 
width of a beam with this order of power gain 
is wide enough to sweep a fairly large area. 
Gains of 3 to 12 db represent effective trans- 
mitter power increases from 2 to 16 times. 


Horizontal Pattern 
vs. Vertical Angle 


There is a certain optimum 
vertical angle of radiation 
for sky-wave communica- 
tion, this angle being dependent upon distance, 
frequency, time of day, etc. Energy radiated at 
an angle much lower than this optimum angle 
is largely lost, while radiation at angles much 


an) Ss. Sah \ i 
wm FULL WAVE ANT. rcree 2 WAVES ANT. 
HORIZONTAL ANTENNAS IN FREE SPACE 


—— WAL WAVE ANT. 


Figure 2 


FREE-SPACE FIELD PATTERNS OF 
LCONG-WIRE ANTENNAS 
The presence of the eorth distorts the field 
pottern in such o manner that the ozimuth 


pattern becomes o function of the elevation 
angle. 


higher than this optimum angle oftentimes is 
not nearly so effective. 

For this reason, the horizontal directivity 
pattern as measured on the ground is of no im- 
port when dealing with frequencies and dis- 
tances dependent upon sky-wave propagation. 
It is the horizontal directivity (or gain or dis- 
crimination) measured at the most useful ver- 
tical angles of radiation that is of conse- 
quence. The horizontal radiation pattern, as 
measured on the ground, is considerably differ- 
ent from the pattern obtained at a vertical 
angle of 15°, and still more different from a 
pattern obtained at a vertical angle of 30°. 
In general, the energy which is radiated at 
angles higher than approximately 30° above 
the earth is effective at any frequency only for 
local work. 

For operation at frequencies in the vicinity 
of 14 Mc., the most effective angle of radiation 
is usually about 18° above the horizon, from 
any kind of antenna. The most effective angles 
for 10-meter operation are those in the vicinity 
of 10°. Figure 1 is a chart giving the optimum 
vertical angle of radiation for sky-wave propa- 
gation in terms of the great-circle distance be- 
tween the transmitting and receiving antennas. 
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High Frequency 


It is becoming of increasing importance in 
most types of radio communication to be cap- 
able of concentrating the radiated signal from 
the transmitter in a certain desired direction 
and to be able to discriminate at the receiver 
against reception from directions other than 
the desired one. Such capabilities involve the 
use of directive antenna arrays. 

Few simple antennas, except the single ver- 
tical element, radiate energy equally well in 
all azimuth (horizontal or compass) directions. 
All horizontal antennas, except those specifi- 
cally designed to give an omnidirectional azi- 
muth radiation pattern such as the turnstile, 
have some directive properties. These proper- 
ties depend upon the length of the antenna in 
wavelengths, the height above ground, and the 
slope of the radiator. 

The various forms of the half-wave horizon- 
tal antenna produce maximum radiation at right 
angles to the wire, but the directional effect 
is not great. Nearby objects also minimize the 
directivity of a dipole radiator, so that it hard- 
ly seems worth while to go to the trouble to 
rotate a simple half-wave dipole in an attempt 
to improve transmission and reception in any 
direction. 

The half-wave doublet, folded dipole, zepp, 
single-wire-fed, matched impedance, and John- 
son Q antennas all have practically the same 
radiation pattern when properly built and ad- 


Antenna Arrays 


justed. They all are dipoles, and the feeder 
system, if it does not radiate in itself, will 
have no effect on the radiation pattern. 


23-] Directive Antennas 


When a multiplicity of radiating elements is 
located and phased so as to reinforce the radi- 
ation in certain desired directions and to neu- 
tralize radiation in other directions, a direc- 
tive antenna array is formed. 

The function of a directive antenna when 
used for transmitting is to give an increase in 
signal strength in some direction at the ex- 
pense of radiation in other directions. For re- 
ception, one might find useful an antenna giv- 
ing little or no gain in the direction from which 
it is desired to receive signals if the antenna 
is able to discriminate against interfering sig- 
nals and static arriving from other directions. 
A good directive transmitting antenna, however, 
can also be used to good advantage for recep- 
tion. 

If radiation can be confined to a natrow 
beam, the signal intensity can be increased a 
great many times in the desired direction of 
transmission. This is equivalent to increasing 
the power output of the transmitter. On the 
higher frequencies, it is more economical to 
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Figure 45 


‘ . REAR VIEW OF 
Ashhd) TUNER SHOWING 
i" PLACEMENT OF 
MAJOR COMPON- 
ENTS. 
in 
: Rotary Inductor is driv- 
en by Johnson 116-208- 
4 counter dial, Coaxial 
input receptacle JI 
is mounted directly be- 
low rotary inductor. 


ohm termination. The transmitter is turned on 
(preferably at reduced input) and resonance is 
established in the amplifier tank circuit. The 
sensitivity control of the tuner is adjusted to 
provide near full scale deflection on the bridge 
meter. Various settings of Si, L2, and Cl 
should be tried to obtain a reduction of bridge 
reading. As tuner resonance is approached, 
the meter reading will decrease and the sensi- 
tivity control should be advanced. When the 
system is in resonance, the meter will read 
zero. All loading adjustments may then be 
made with the transmitter controls. The tuner 
should be readjusted whenever the frequency 
of the transmitter is varied by an appreciable 
amount. 


Figure 46 
CLOSE-UP OF SWR BRIDGE 
Simple SWR bridge Is mounted 
below the chassis of the tuner. 
Corbon reststors are mounted to 
two copper rings to form low 
inductance one-ohm resistor. 
Bridge capacitors form triangular 
configuration for lowest lead 
inductance. Balancing capacitor 


C2 is at lower right. 
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Figure 43 
ANTENNA TUNER IS HOUSED 
IN METAL CABINET 7° x 8° IN 
SIZE. 


Inductance switch S] and sensi- 

tivity control are at feft with 

counter dial for L2 af center. 

Output tuning capacitor CI is at 

right. SWR meter is mounted 
above SI. 


SINGLE 


C1- JOHNSON 35DE 20 
C2-CENTRALAB TYPE 822 
J1-TYPE S0-239 RECEPTACLE 
L2-sownwson £65720), VARIABLE Ri-TEN 10-OMM 1-wATT CAR- 


L4- 35 TURNS #18, 2° DIA., 
3.8” LONG (4/8-0Ux) 
TAP AT 15T., 27T., 
FROM POINT A 


(NDUCTOR (10 .vH BON RESISTORS IN PARA- 


LLEL. (AC TYPE BTA 


Figure 44 
SCHEMATIC, SINGLE-WIRE 
ANTENNA TUNER 


mum (clockwise) position. The bridge is 
balanced when the input impedance of the 
tuner is 52 ohms resistive. This is the con- 
dition for maximum energy transfer between 
transmission line and antenna. The meter is 
graduated in arbitrary units, since actual SWR 
value is not required. 


Tuner Major parts placement in 
the tuner is shown in 
figures 43 and 45. Tapped 
coil L1 is mounted upon Y%-inch ceramic in- 
sulators, and all major components are mounted 
above deck with the exception of the SWR 
bridge (figure 46). The components of the 
bridge are placed below deck, adjacent to 
the coaxial input plug mounted on the rear 
apron of the chassis. The ten 10-ohm resistors 
are soldered to two l-inch rings made of copper 
wire as shown in the photograph. The bridge 
capacitors are attached to this assembly with 
extremely short leads. The 1N56 crystal mounts 
at right angles to the resistors to insure mini- 
mum amount of capacitive coupling between the 
resistors and the detector. The output lead 
from the bridge passes through a ceramic feed- 
thru insulator to the top side of the chassis. 

Connection to the antenna is made by means 
of a large feedthru insulator mounted on the 
back of the tuner cabinet. This insulator is 
not visible in the photographs. 


Construction 


Bridge 
Colibration 


The SWR bridge must be 
calibrated for $2 ohm ser- 
vice. This can be done by 
temporarily disconnecting the lead between the 
bridge and the antenna tuner and connecting a 
2-watt, 52 ohm carbon resistor to the junction 
of R1 and the negative terminal of the 1N56 
diode. The opposite lead of the carbon resistor 
is grounded to the chassis of the bridge. A 
small amount of r-f energy is fed to the input 
of the bridge until a reading is obtained on 
the r-f voltmeter. The 25 mmfd bridge balancing 
capacitor C2 (see figure 46) is then adjusted 
with a fibre-blade screwdriver until a zero 
reading is obtained on the meter. The sensi- 
tivity control is advanced as the meter null 
grows, in order to obtain the exact point of 
bridge balance. When this point is found, the 
carbon resistor should be removed and the 
bridge attached to the antenna tuner. The 
bridge capacitor is sealed with a drop of nail 
polish to prevent misadjustment. 


All tuning adjustments are 
made to obtain proper 
transmitter loading with a 
balanced (zero meter reading) bridge condition. 
The tuner is connected to the transmitter 
through a random length of 52 ohm coaxial 
line, and the single wire antenna is attached 
to the output terminal of the tuner. Transmitter 
loading controls are set to approximate a 52 


Tuner 
Adjustments 
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TO COAX. LINES TO 
RECEIVER 10M. ANT. 20M. ANT. 


PARALLEL -wWIRE TO 
40-60 M. ANTENNA 


15v TORELAY 
coiL 


To 
TRANSMITTER THROUGH 
HARMONIC FILTER 


Figure 41 
ALTERNATIVE COAXIAL ANTENNA 
COUPLER 
This circuit Is recommended not only as be- 
ing most desirable when coaxial lines with 
low s.w.r. are being used to feed antenna 
systems such as rotatable beams, but when 
it also is desired to feed through open-wire 
line to some sort of multi-band antenna for 
the lower frequency ranges. The tuned cir- 
cult of the antenna coupler Is operative only 


when using the open-wire feed, and then it 
is in operation both for transmit and receive. 


in such an application will be found to be ade- 
quate, since harmonic attenuation has been 
accomplished ahead of the antenna coupler. 
However, the circuit will be easier to tune, 
although it will not have as great a bandwidth, 
if the operating Q is made higher. 

An alternative arrangement shown in figure 
41 utilizes the antenna coupling tank circuit 
only when feeding the coaxial output of the 
transmitter to the open-wire feed line (or simi- 
lar multi-band antenna) of the 40-80 meter an- 
tenna. The coaxial lines to the 10-meter beam 
and to the 20-meter beam would be fed directly 
from the output of the coaxial antenna change- 
over relay through switch S, 


22-12 A Single-Wire Antenna Tuner 


One of the simplest and least expensive 
antennas for transmission and reception is 
the single wire, end-fed Hertz antenna. When 
used over a wide range of frequencies, this 
type of antenna exhibits a very great range of 
input impedance. At the low frequency end of 
the spectrum such an antenna may present a 
resistive load of less than one ohm to the 
transmitter, combined with a large positive or 
negative value of reactance. As the frequency 
of operation is raised, the resistive load may 


SINGLE WIRE 
ANTENNA 


Figure 42 


ANTENNA TUNER AND SWR 
INDICATOR FOR RANDOM 
LENGTH HERTZ ANTENNA 


rise to several thousand ohms (near half-wave 
resonance) and the reactive component of the 
load can rapidly change from positive to nega- 
tive values, or vice-versa. 

It is possible to match a 52-ohm trans- 
mission line to such an antenna at almost any 
frequency between 1.8 mc and 30 mc with the 
use of a simple tuner of the type shown in 
figure 42. A variable series inductor L, and a 
variable shunt capacitor Cl permit circuit 
resonance and impedance transformation to 
be established for most antenna lengths. 
Switch Sl permits the selection of series 
capacitor C for those instances when the 
single wire antenna exhibits large values of 
positive reactance. 

To provide indication for the tuning of the 
network, a radio frequency bridge (SWR meter) 
is included to indicate the degree of mis- 
match (standing wave ratio) existing at the 
input to the tuner. All adjustments to the 
tuner are made with the purpose of reaching 
unity standing wave catio on the coaxial feed 
system between the tuner and the transmitter. 


A Practical 
Antenna Tuner 


A simple antenna tuner for 
use with transmitters of 
250 watts power or less 
is shown in figures 43 through 46. ASWR 
bridge circuit is used to indicate tuner re- 
sonance. The resistive arm of the bridge con- 
sists of ten 10-ohm, l-watt carbon resistors 
comected in parallel to form a l-ohm resistor 
(R1). The other pair of bridge arms are ca- 
pacitive rather than resistive. The bridge 
detector is a simple r-f voltmeter employing a 
1N56 crystal diode and a 0-1 d.c. milliammeter. 
A sensitivity control is incorporated to prevent 
overloading the meter when power is first 
applied to the tuner. Final adjustments are 
made with the sensitivity control at its maxi- 
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ter, assuming that the antenna feed line is be- 
ing operated with a low standing-wave ratio. 
However, there are many cases where it is de- 
sirable to feed a multi-band antenna from the 
output of the harmonic filter, where a tuned 
line is being used to feed the antenna, or 
where a long wire without a separate feed line 
is to be fed from the output of the harmonic 
filter. In such cases an antenna coupler is re- 
quired. 

Some harmonic attenuation will be provided 
by the antenna coupler, particularly if it is 
well shielded. In certain cases when a pi net- 
work is being used at the output of the trans- 
mitter, the addition of a shielded antenna cou- 
pler will provide sufficient harmonic attenua- 
tion. But in all normal cases it will be neces- 
sary to include a harmonic filter between the 
output of the transmitter and the antenna cou- 
pler. When an adequate harmonic filter is be- 
ing used, it will not be necessary in normal 
cases to shield the antenna coupler, except 
from the standpoint of safety or convenience. 


The function of the antenna 
coupler is, basically, to 
transform the impedance of 
the antenna system being used to the correct 
value of resistive impedance for the harmonic 
filter, and hence for the transmitter. Thus the 
antenna coupler may be used to resonate the 
feeders or the radiating portion of the antenna 
system, in addition to its function of imped- 
ance transformation. 

It is important to remember that there is 
nothing that can be done at the antenna cou- 
pler which will eliminate standing waves on 
the antenna transmission line. Standing waves 
are the result of reflection from the antenna, 
and the coupler can do nothing about this con- 
dition. However, the antenna coupler can reso- 
nate the feed line (by introducing a conjugate 
impedance) in addition to providing an imped- 
ance transformation. Thus, a resistive imped- 
ance of the correct value can be presented to 
the harmonic filter, as in figure 36, regardless 
of any reasonable value of standing-wave ratio 
on the antenna transmission line. 


Function of an 
Antenna Coupler 


All usual types of antenna 
couplers fall into two clas- 
sifications: (1) inductively 
coupled resonant systems as exemplified by 
those shown in figure 39, and (2) conductively 
coupled pi-network systems such as shown in 
figure 40. The inductively-coupled system is 
much more commonly used, since it is conven- 
ient for feeding a balanced line from the co- 
axial output of the usual harmonic filter. The 
pi-network system is most useful for feeding 
a length of wire from the output of a trans- 
mitter, 


Types of 
Antenna Couplers 


COAX TO SINGLE WIRE 
RECEIVER ANTENNA 


HARMONIC 
FILTER 


Figure 40 


PI-NETWORK 
ANTENNA COUPLER 
An arrangement such os illustrated 
above is convenient for feeding an 
end-fed Hertz antenno, or a random 
length of wire for portable or emer- 
gency operation, from the nominal 
value of eed ones of the harmonic 
filter. 


——————— 


Several general methods for using the induc- 
tively-coupled resonant type of antenna cou- 
pler are illustrated in figure 39. The coupling 
between the link coil L and the main tuned cir- 
cuit need not be variable; in fact it is prefer- 
able that the correct link size and placement 
be determined for the tank coil which will be 
used for each band, and then that the link be 
made a portion of the plug-in coil. Capacitor 
C then can be adjusted to a pre-determined 
value for each band such that it will resonate 
with the link coil for that band. The reactance 
of the link coil (and hence the reactance of the 
capacitor setting which will resonate the coil) 
should be about 3 or 4 times the impedance of 
the transmission line between the antenna cou- 
pler and the harmonic filter, so that the link 
coupling circuit will have an operating Q of 
3 or 4, The use of capacitor C to resonate with 
the inductance of the link coil L will make it 
easier to provide a low standing-wave ratio 
to the output of the harmonic filter, simply by 
adjustment of the antenna-coupler tank circuit 
to resonance. If this capacitor is not included, 
the system still will operate satisfactorily, but 
the tank circuit will have to be detuned slight- 
ly from resonance so as to cancel the induc- 
tive reactance of the coupling link and thus 
provide a resistive load to the output of the 
harmonic filter. Variations in the loading of 
the final amplifier should be made by the cou- 
pling adjustment at the final amplifier, not at 
the antenna coupler. 

The pi-network type of antenna coupler, as 
shown in figure 40 is useful for certain appli- 
cations, but is primarily useful in feeding a 
single-wire antenna from a low-impedance 
transmission line. In such an application the 
operating Q of the pi network may be somewhat 
lower than that of a pi network in the plate cir- 
cuit of the final amplifier of a transmitter, as 
shown in figure 38. An operating Q of 3 or 4 
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Figure 39 
ALTERNATIVE ANTENNA-COUPLER CIRCUITS 


Plug-in coils, one or two variable capacitors of the split-stator variety, and a system of 

switches or plugs and jacks may be used in the antenna coupler to accomplish the feeding of 

different types of antennas and antenna transmission lines from the coaxial input line from the 

transmitter or from the antenna changeover relay. Link L should be resonated with capacitor 

C at the operating frequency of the transmitter so that the harmonic filter will operate into a 
resistive load impedance of the correct nominal value. 


ended output stage down to the 50-ohm imped- 
ance of the usual harmonic filter and its sub- 
sequent load. 

In a pi network of this type the harmonic 
attenuation of the section will be adequate 
when the correct value of C, and L are being 
used and when the resonant dip in C, is 
sharp. If the dip in C, is broad, or if the plate 


of capacitance is required at C,, assuming that 
the values of C, and L are correct. 


Antenna Couplers 


22-11 


As stated in the previous section, an anten- 
na coupler is not required when the impedance 


current persists in being too high with C, at 
maximum setting, it means that a greater value 


of the antenna transmission line is the same 
as the nominal impedance of the harmonic fil- 
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Figure 37 
TUNED-LINK OUTPUT CIRCUIT 


Capacitor C should be adjusted so as to tune out the inductive reactance of the coupling link, 
- Loading of the omplifier then is varied by physically varying the coupling between the plate 
tank of the final amplifier and the antenna coupling link, 


ee SSS 


Pi-Network 
Coupling 


The pi-network coupling system 
offers two advantages: (1) a me- 
chanical coupling variation is 
not required to vary the loading of the final am- 
plifier, and (2) the pi network (if used with an 
operating Q of about 15) offers within itself a 
harmonic attenuation of 40 db or more, in ad- 
dition to the harmonic attenuation provided by 
the additional harmonic attenuating filter. Some 
commercial equipments (such as the Collins 
amateur transmitters) incorporate an L network 
in addition to the pi network, for accomplish- 
ing the impedance transformation in two steps 
and to provide additional harmonic attenuation. 


Tuning the 
Pi-Section Coupler 


Tuning of a pi-network 
coupling circuit such as 
illustrated in figure 38 is 
accomplished in the following manner: First 
remove the connection between the output of 
the amplifier and the harmonic filter (load). 
Tune C, to a capacitance which is large for 
the band in use, adding suitable additional ca- 


pacitance by switch S if operation is to be on 
one of the lower frequency bands. Apply re- 
duced plate voltage to the stage and dip to 
resonance with C,.It may be necessary to vary 
the inductance in coil L, but in any event reso- 
nance should be reached with a setting of C, 
which is approximately correct for the desired 
value of operating Q of the pi network. 

Next, couple the load to che amplifier 
(through the harmonic filter), apply reduced 
plate voltage again and dip to resonance with 
C,.If the plate current dip with load is too low 
(taking into consideration the reduced plate 
voltage), decrease the capacitance of C, and 
again dip to resonance, repeating the proce- 
dure until the correct value of plate current is 
obtained with full plate voltage on the stage. 
There should be a relatively small change re- 
quired in the setting of C, (from the original 
setting of C, without load) if the operating Q 
of the network is correct and if a large value 
of impedance transformation is being em- 
ployed—as would be the case when transform- 
ing from the plate impedance of a single- 
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Figure 38 
PI-NETWORK ANTENNA COUPLER 
The design of pi-network output circuitsis discussed in Chapter Thirteen. The additional output- 


end shunting capacitors selected by switch S are 
tor L_ may be selected by a tap switch, it may 


for use on the lower frequency ranges. Induc- 


be continuously variable, or plug-in inductors 


may be used. 
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Figure 36 
ANTENNA COUPLING SYSTEM 


The antenna coupling system illustrated above is for use when the antenna transmission line 
does not have the same characteristic impedance as the TVI filter, and when the standing-wave 
ratio on the antenna transmission line may or may not be low. 


within or adjacent to the antenna. The feed 
line coming down from the antenna system 
should have a characteristic impedance equal 
to the nominal impedance of the harmonic fil- 
ter, and the impedance matching at the anten- 
na should be such that the standing-wave ratio 
on the antenna feed line is less than 2 to 1 
over the range of frequency to be fed to the 
antenna. Such an arrangement may be used 
with open-wire line, ribbon or tubular line, or 
with coaxial cable. The use of coaxial cable 
is to be recommended, but in any event the 
impedance of the antenna transmission line 
should be the same as the nominal impedance 
of the harmonic filter. The arrangement of fig- 
ure 35 is more or less standard for commercial- 
ly manufactured equipment for amateur and 
commercial use in the h-f and v-h-f range. 

The arrangement of figure 36 merely adds 
an antenna coupler between the output of the 
harmonic attenuating filter and the antenna 
transmission line. The antenna coupler will 
have some harmonic-attenuating action, but its 
main function is to transform the impedance 
at the station end of the antenna transmission 
line to the nominal value of the harmonic filter. 
Hence the arrangement of figure 36 is more 
general chan the figure 35 system, since the 
inclusion of the antenna coupler allows the 
system to feed an antenna transmission line 
of any reasonable impedance value, and also 
without regard to the standing-wave ratio 
which might exist on the antenna transmission 
line. Antenna couplers are discussed in a fol- 
lowing section. 


It will be noticed by refer- 
ence to both figure 35 and 
figure 36 that a box labeled 
Coupling Adjustment is included in the block 
diagram. Such an element is necessary in the 
complete system to afford an adjustment in the 
value of load impedance presented to the tubes 
in the final amplifier stage of the transmitter. 
The impedance at the input terminal of the 
harmonic filter is established by the antenna, 
through its matching system and the antenna 


Output Coupling 
Adjustment 


coupler, if used. In any event the impedance 
at the input terminal of che harmonic filter 
should be very close to the nominal impedance 
of the filter. Then the Coupling Adjustment 
provides means for transforming this imped- 
ance value to the correct operating value of 
load impedance which should be presented to 
the final amplifier stage. 

There are two common ways for accomplish- 
ing the antenna coupling adjustment, as illus- 
trated in figures 37 and 38. Figure 37 shows 
the variable-link arrangement most commonly 
used in home-constructed equipment, while the 
pi-netowrk coupling arrangement commonly 
used in commercial equipment is illustrated in 
figure 38. Either method may be used, and each 
has its advantages. 


Voriable-Link 
Coupling 


The variable-link method il- 
lustrated in figure 37 has the 
advantage that standard man- 
ufactured components may be used with no 
changes. However, for greatest bandwidth of 
operation of the coupling circuit, the reactance 
of the link coil, L, and the reactance of the 
link tuning capacitor, C, should both be be- 
tween 3 and 4 times the nominal load imped- 
ance of the harmonic filter. This is to say that 
the inductive reactance of the coupling link L 
should be tuned out or resonated by capacitor 
C, and the operating Q of the L-C link circuit 
should be between 3 and 4. If the link coil is 
not variable with respecte to the tank coil of 
the final amplifier, capacitor C may be used 
as a loading control; however, this system is 
not recommended since its use will require 
adjustment of C whenever a frequency chan ge 
is made at the transmitter. If L and C are made 
resonant at the center of a band, with a link 
circuit Q of 3 to 4, and coupling adjustment is 
made by physical adjustment of L with respect 
to the final amplifier cank coil, it usually will 
be possible to operate over an entire amateur 
band without change in the coupling system. 
Capacitor C normally may have a low voltage 
rating, even with a high power transmitter, due 
to the low Q and low impedance of the coupling 
circuit. 
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When insulators are subject to very high r-f 
voltages, they should be cleaned occasionally 
if in the vicinity of sea water or smoke. Sale 
scum and soot are not readily dislodged by 
rain, and when the coating becomes heavy 
enough, the efficiency of the insulators is 
greatly impaired. 

If a very pretentious installation is to be 
made, it is wise to check up on both under- 
writer's rules and local ordinances which 
might be applicable. If you live anywhere near 
an airport, and are contemplating a tall pole, 
it is best to investigate possible regulations 
and ordinances pertaining to towers in the dis- 
trict, before starting construction. 


Coupling to the 
Antenna System 


22-10 


When coupling an antenna feed system to a 
transmitter the most important considerations 
are as follows: (1) means should be provided 
for varying the load on the amplifier; (2) the 
two tubes in a push-pull amplifier should be 
equally loaded; (3) the load presented to the 
final amplifier should be resistive (non-reac- 
tive) in character; and (4) means should be 
provided to reduce harmonic coupling between 
the final amplifier plate tank circuit and the 
antenna or antenna transmission line to an ex- 
tremely low value. 


The Transmitter- 
Loading Problem 


The problem of coupling the 
power output of a high-fre- 
quency or v-h-f transmitter 
to the radiating portion of the antenna system 
has been materially complicated by the virtual 
necessity for eliminating interference to TV re- 
ception. However, the TVI-elimination portion 
of the problem may always be accomplished 
by adequate shielding of the transmitter, by 
filcering of the control and power leads which 
enter the transmitter enclosure, and by the in- 
clusion of a harmonic-attenuating filter be- 
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tween the output of the transmitter and the an- 
tenna system. 

Although TVI may be eliminated through in- 
clusion of a filter between the output of a 
shielded transmitter and the antenna system, 
the fact that such a filter must be included in 
the link between transmitter and antenna makes 
ic necessary that the transmitter-loading prob- 
lem be re-evaluated in terms of the necessity 
for inclusion of such a filter. 

Harmonic-attenuating filters must be oper- 
ated at an impedance level which is close to 
their design value; therefore they must operate 
into a resistive termination substantially equal 
to the characteristic impedance of the filter. 
If such fileers are operated into an impedance 
which is not resistive and approximately equal 
to their characteristic impedance: (1) the ca- 
pacitors used in the filter sections will be 
subjected to high peak voltages and may be 
damaged, (2) the harmonic-attenuating proper- 
ties of the filter will be decreased, and (3) the 
impedance at the input end of the filter will 
be different from that seen by the filter at the 
load end (except in the case of the half-wave 
type of filter). It is therefore important that 
the filter be included in the transmitter-to-an- 
tenna circuit at a point where the impedance 
is close to the nominal value of the filter, and 
at a point where this impedance is likely to 
remain fairly constant with variations in fre- 
quency. 


There are two basic 
arrangements which 
include all che provi- 
sions required in the 
transmitter-to-antenna coupling system, and 
which permit the harmonic-attenuating filter to 
be placed at a position in the coupling system 
where it can be operated at an impedance 
level close to its nominal value. These ar- 
rangements are illustrated in block-diagram 
form in figures 35 and 36. 

The arrangement of figure 35 is recommend- 
ed for use with a single-band antenna system, 
such as a dipole or a rotatable array, wherein 
an impedance matching system is included 


Block Diagrams of 
Transmitter-to-Antenna 
Coupling Systems 
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Figure 35 
ANTENNA COUPLING SYSTEM 


The harmonic suppressing antenna coupling system illustrated above is for use when the anten- 

na transmission line has a low standing-wave ratio, and when the characteristic impedance of 

the ontenna transmission line is the same as the nominal impedance of the low-pass harmonic- 
ottenuating filter. 
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waiting for it to show excessive wear or de- 
terioration. 

It is an excellent idea to tie both ends of 
the halyard line together in the manner of a 
flag-pole line. Then the antenna is tied onto 
the place where the two ends of the halyard 
are joined. This procedure of making the hal- 
yard into a loop prevents losing the top end 
of the halyard should the antenna break near 
the end, and it also prevents losing the hal- 
yard completely should the end of the halyard 
carelessly be allowed to go free and be pulled 
through the pulley at the top of the mast by 
the antenna load. A somewhat longer piece 
of line is required but the insurance is well 
worth the cost of the additional length of rope. 


Trees as 
Supports 


Often a tall wee can be called up- 
on to support one end of an anten- 
na, but one should not attempt to 
attach anything to the top, as the swaying of 
the top of the tree during a heavy wind will 
complicate matters. 

lf a cree is utilized for support, provision 
should be made for keeping the antenna caut 
without submitting it to the possibility of be- 
ing severed during a heavy wind. This can be 
done by the simple expedient of using a pul- 
ley and halyard, with weights attached to the 
lower end of the halyard to keep the antenna 
taut. Only enough weight to avoid excessive 
sag in the antenna should be tied to the hal- 
yard, as the continual swaying of the tree sub- 
mits the pulley and halyard to considerable 
wear. 

Galvanized iron pipe, or steel-tube conduit, 

is often used as a vertical radiator, and is 
quite satisfactory for the purpose. However, 
when used for supporting antennas, it should 
be remembered that the grounded supporting 
poles will distort the field pattern of a verti- 
cally polarized antenna unless spaced some 
distance from the radiating portion. 
Painting The life of a wood mast or pole can 
be increased several hundred per 
cent by protecting it from the elements with a 
coat or two of paint. And, of course, the ap- 
pearance is greatly enhanced. The wood should 
first be given a primer coat of flat white out- 
side house paint, which can be thinned down 
a bit to advantage with second-grade linseed 
oil. For the second coat, which should not be 
applied until the first is thoroughly dry, alumi- 
num paint is not only the best from a preserva- 
tive standpoint, but looks very well. This type 
of paint, when purchased in quantities, is con- 
siderably cheaper than might be gathered from 
the price asked for quarter-pint cans. 

Portions of posts or poles below the surface 
of the soil can be protected from termites and 
moisture by painting with creosote. While not 


so strong initially, redwood will deteriorate 
much more slowly when buried than will the 
white woods, such as pine. 

Antenna Wire The antenna or array itself 
presents no especial problem. 
A few considerations should be borne in mind, 
however. For instance, soft-drawn copper 
should not be used, as even a short span will 
stretch several per cent after whipping around 
in the wind a few weeks, thus affecting the 
resonant frequency. Enameled-copper wire, 
as ordinarily available at radio stores, is us- 
ally soft drawn, but by tying one end to some 
object such as a telephone pole and the other 
to the frame of an auto, a few husky tugs can 
be given and the wire, after stretching a bit, 
is equivalent to hard drawn. 

Where a long span of wire is required, or 
where heavy insulators in the center of the 
span result in considerable tension, copper- 
clad steel wire is somewhat better than hard- 
drawn copper. It is a bit more expensive, 
though the cost is far from prohibitive. The 
use of such wire, in conjunction with strain 
insulators, is advisable, where the antenna 
would endanger persons or property should it 
break. 

For transmission lines and tuning stubs 
steel-core or hard-drawn wire will prove awk- 
ward to handle, and soft-drawn copper should, 
therefore, be used. If the line is long, the 
strain can be eased by supporting it at several 
points. 

More important from an electrical standpoint 
than the actual size of wire used is the sol- 
dering of joints, especially at current loops 
in an antenna of low radiation resistance. In 
fact, it is good practice to solder all joints, 
thus insuring quiet operation when the anten- 
na is used for receiving. 


Insulation A question that often arises is 
that of insulation. It depends, of 
course, upon the r-f voltage at the point at 
which the insulator is placed. The r-f voltage, 
in curn, depends upon the distance from a cur- 
rent node, and the radiation resistance of the 
antenna. Radiators having low radiation re- 
sistance have very high voltage at the voltage 
loops; consequently, better than usual insula- 
tion is advisable at those points. 

Open-wire lines operated as non-resonant 
lines have little voltage across them; hence 
the most inexpensive ceramic types are suffi- 
ciently good electrically. With tuned lines, the 
voltage depends upon the amplitude of the 
standing waves. If they are very great, the 
voltage will reach high values at the voltage 
loops, and the best spacers available are none 
too good. At the current loops the voltage is 
quite low, and almost anything will suffice. 
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20° 2x2 


Figure 34 
TWO SIMPLE WOOD MASTS 


Shown at (A) is the method of as- 
sembly, and at (B) is the completed 
structure, of the conventional “A- 
frame" antenna mast. At (C) is 
shown o structure which is heavier 
but more stable than the A-frame 
for heights above about 40 feet. 
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if a gin pole about 20 feet high is installed 
about 30 or 40 feet to the rear of the direction 
in which the antenna is to be raised. A line 
from a pulley onthe top of the gin pole is then 
tun to the top of the pole to be raised. The 
gin pole comes into play when the center of 
the mast has been raised 10 to 20 feet above 
the ground and an additional elevated pull is 
required to keep the top of the mast coming 
up as the center is raised further above 
ground. 


Using TV Mosts Steel tubing masts of the 
telescoping variety are wide- 
ly available at a moderate price for use in sup- 
porting television antenna arrays. These masts 
usually consist of several 10-foot lengths of 
electrical metal tubing (EMT) of sizes such 
that the sections will telescope. The 30-foot 
and 40-foot lengths are well suited as masts 
for supporting antennas and arrays of the 
types used on the amateur bands. The masts 
are constructed in such a manner that the bot- 
tom 10-foot length may be guyed permanently 
before the other sections are raised. Then the 
upper sections may be extended, beginning 
with the top-mast section, until che mast is at 
full length(provided a strong wind is not blow- 
ing) following which all the guys may be an- 
chored. It is important that there be no load 
on the top of the mast when the ‘‘vertical”’ 
raising method is to be employed. 


Guy Wires Guy wires should never be pulled 
taut; a small amount of slack is 


desirable. Galvanized wire, somewhat heavier 


than seems sufficient for the job, should be 
used, The heavier wire is a little harder to 
handle, but costs only a little more and takes 
longer to rust through. Care should be taken 
to make sure that no kinks exist when the pole 
or tower is ready for erection, as the wire will 
be greatly weakened at such points if a kink 
is pulled tight, even if it is later straightened. 

If ‘'dead men’’ are used for the guy wire 
terminations, the wire or rod reaching from the 
dead men to the surface should be of non-rust- 
ing material, such as brass, or given a heavy 
coating of asphalt or other protective sub- 
stance to prevent destructive action by the 
damp soil. Galvanized iron wire will last only 
a short time when buried in moist soil. 

Only strain-type (compression) insulators 
should be used for guy wires. Regular ones 
might be sufficiently strong for the job, but it 
is not worth taking chances, and egg-type 
strain halyard insulators are no more ex- 
pensive. 

Only a brass or bronze pulley should be 
used for the halyard, as a high pole with a 
rusted pulley is truly a sad affair. The bear- 
ing of the pulley should be given a few drops 
of heavy machine oil before the pole or tower 
is raised. The halyard itself should be of good 
material, preferably water-proofed. Hemp rope 
of good quality is better than window sash 
cord from several standpoints, and is less ex- 
pensive. Soaking it thoroughly in engine oil of 
medium viscosity, and then wiping it off with 
a rag, will not only extend its life but minim- 
ize shrinkage in wet weather. Because of the 
difficulty of replacing a broken halyard it is 
a good idea to replace it periodically, without 
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ance of 123 ohms. Z, is one-quarter wavelength 
long at the mid-frequency and has an imped- 
ance of 224 ohms. Z, is the balanced line to 
be matched(in this case 300 ohms) and may be 
any length. 

Other system parameters for different output 
and input impedances may be calculated from 
the following: 

Transformation ratio (rt) for each section is: 


Nl Zoe 
r=\) — 


Zy 


Where N is the number of sections. In the 
above case, 


r= —— 
Zy 


Impedance between sections, as Z,-3, is r 
times the preceding section. Z,-, =r Z,, and 
Zyeg =X Zyey. 


Mid-frequency (m): 
F, +F, 
2 


7+ 30 
aes 18.5 Mc. 


For 40-20-10 meters = 


and one-quarter wavelength = 12 feet. 


14+ 54 
eae 34 Mc. 


For 20-10-6 meters = 
and one-quarter wavelength = 5.5 feet. 


The impedances of the sections are: 


2, =V ZR cay 
ZEN Zak 25 
Zi eV Zag * Zi, 
Ze KX Zs 


Generally, the larger number of taper sec- 
tions the greater will be the bandwidth of the 
system. 


22-9 Antenna 
Construction 


The foregoing portion of this chapter has 


been concerned primarily with the electrical 
characteristics and considerations of anten- 
nas. Some of the physical aspects and mech- 
anical problems incident to the actual erec- 
tion of antennas and arrays will be discussed 
in the following section. 

Up co 60 feet, there is little point in using 
mast-type antenna supports unless guy wires 
either must be eliminated or kept to a mini- 
mum. While a little more difficult to erect, be- 
cause of their floppy nature, fabricated wood 
poles of the type to be described will be just 
as satisfactory as more rigid types, provided 
many guy wires are used. 

Rather expensive when purchased through 
the regular channels, 40- and 50-foot cele- 
phone poles sometimes can be obtained quite 
reasonably. In the latter case, they are hard 
to beat, inasmuch as they require no guying 
if set in the ground six feet (standard depth), 
and the resultant pull in any lateral direction 
is not in excess of a hundred pounds or so. 

For heights of 80 to 100 feet, either three- 
sided or four-sided lattice type masts are most 
practicable. They can be made self-support- 
ing, but a few guys will enable one to use a 
smaller cross section without danger from 
high winds. The torque exerted on the base 
of a high self-supporting mast is terrific dur- 
ing a strong wind. 


The ‘A-Frame’ Figures 34A and 34B show 
Mast the standard method of con- 

struction of the A-frame 
type of mast. This type of mast is quite fre- 
quently used since there is only a moderate 
amount of work involved in the construction 
of the assembly and since the material cost is 
relatively small. The three pieces of selected 
2 by 2 are first set up on three sawhorses or 
boxes and the holes drilled for the three \- 
inch bolts through the center of the assembly. 
Then the base legs are spread out to about 6 
feet and the bottom braces installed. Then the 
upper braces and the cross pieces are in- 
stalled and the assembly given several coats 
of good-quality paint as a protection against 
weathering. 

Figure 34C shows another common type of 
mast which is made up of sections of 2 by 4 
placed end-to-end with stiffening sections of 
1 by 6 bolted to the edge of the 2 by 4 sec- 
tions. Both types of masts will require a set 
of top guys and another set of guys about one- 
third of the way down from the top. Two guys 
spaced about 90 to 100 degrees and pulling 
against the load of the antenna will normally 
be adequate for the top guys. Three guys are 
usually used at the lower level, with one di- 
rectly behind the load of the antenna and two 
more spaced 120 degrees from the rear guy. 

The raising of the mast is made much easier 
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Q MATCHING SECTION 
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Z2 


UNTUNED LINE 
ANY LENGTH 


Figure 32 


HALF-WAVE RADIATOR FED 
BY ”Q BARS” 
The Q motching section is simply o quorter- 
wove transformer whose impedance is equal 
to the geometric meon between the imped- 
once at the center of the ontenno and the 
impedance of the transmission line to be 
used to feed the bottom of the transformer. 
The transformer may be made up of parallel 
tubing, a four-wire line, or any other type 
of transmission line which has the correct 
value of impedance. 


ally can be obtained by either designing or 
adjusting the matching section for a dipole to 
have a surge impedance that is the geometric 
mean between the line impedance and 72 ohms, 
the latter being the theoretical radiation re- 
sistance of a half-wave doublet either infi- 
nitely high or a half wave above a perfect 
ground. 

Though the radiation resistance may depart 
somewhat from 72 ohms under actual condi- 
tions, satisfactory results will be obtained 
with this assumed value, so long as the dipole 
radiator is more than a quarter wave above 
effective earth, and reasonably in the clear. 
The small degree of standing waves intro- 
duced by a slight mismatch will not increase 
the line losses appreciably, and any small 
amount of reactance present can be tuned out 
at the transmitter termination with no bad ef- 
fects. If the reactance is objectionable, it may 
be minimized by making the untuned line an 
integral number of quarter waves long. 

A Qmatched system can be adjusted pre- 
cisely, if desired, by constructing a matching 
section to the calculated dimensions with pro- 
vision for varying the spacing of the Q sec- 
tion conductors slightly, after che untuned 
line has been checked for standing waves. 


Center to 
Center 

Spacing 

in Inches 


Impedonce 
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PARALLEL TUBING SURGE IMPEDANCE FOR 
MATCHING SECTIONS 


The Collins 
Tronsmission Line 
Motching System 


The advantage of unbal- 
anced output networks 
for transmitters are nu- 
merous; however this out- 
put system becomes awkward when it is de- 
sired to feed an antenna system utilizing a 
balanced input. For some time the Collins 
Radio Co. has been experimenting with a bal- 
un and tapered line system for matching a co- 
axial output transmitter to an open-wire bal- 
anced transmission line. Considerable success 
has been obtained and matching systems good 
over a frequency range as great as four to one 
have been developed. Illustrated in figure 33 
is one type of matching system which is prov- 
ing satisfactory over this range. Z, is the 
transmitter end of the system and may be any 
length of 52-ohm coaxial cable. Z, is one- 
quarter wavelength long at the mid-frequency 
of the range to be covered and is made of 75 
ohm coaxial cable. Z, is a quarter-wavelength 
shorted section of cable at the mid-frequency. 
Z, (Za and Z,) forms a 200-ohm quarter-wave 
section. The Za section is formed of a con- 
ductor of the same diameter as Z,. The differ- 
ence in length between Z, and Z, is accounted 
for by the fact that Z, is a coaxial conductor 
with a solid dielectric, whereas the dielectric 
for Z, is air. Z, is one-quarter wavelength 
long at the mid-frequency and has an imped- 
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Figure 33 
COLLINS TRANSMISSION LINE MATCHING 
SYSTEM 


A wide-band system for matching a S2eohm 
cooxial line to a balanced 300-ohm line over 
a 4:1 wide frequency range. 
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The open stub should be resonated in the 
same manner as the shorted stub before at- 
taching the transmission line; however, in 
this case, it is necessary to prune the stub 
to resonance, as there is no shorting bar. 

Sometimes it is handy to have a stub hang 
from the radiator to a point that can be reached 
from the ground, in order to facilitate adjust- 
ment of the position of the transmission-line 
attachment. For this reason, a quarter-wave 
stub is sometimes made three-quarters wave- 
length long at the higher frequencies, in order 
to bring the bottom nearer the ground. Opera- 
tion with any odd number of quarter waves is 
the same as for a quarter-wave stub. 

Any number of half waves can be added to 
either a quarter-wave stub or a half-wave stub 
without disturbing the operation, though losses 
and frequency sensitivity will be lowest if 
the shortest usable stub is employed. See fig- 
ure 31. 


Stub Length 
(Electrical) 


YN-1 Meete. 


Current-Fed 
Radiator 


Voltage-Fed 
Radiator 


wavelengths 
Y-1-14-2-ete, Shorted 
wavelengths Stub 


Linear R-F 
Transformers 


A resonant quarter-wave line 
has the unusual property of 
acting much as a transformer. 
Let us take, for example, a section consisting 
of no. 12 wire spaced 6 inches, which happens 
to have a surge impedance of 600 ohms. Let 
the far end be terminated with a pure resist- 
ance, and let the near end be fed with radio- 
frequency energy at the frequency for which 
the line is a quarter wavelength long. If an 
impedance measuring set is used to measure 
the impedance at the near end while the im- 
pedance at the far end is varied, an interest- 
ing relationship between the 600-ohm charac- 
teristic surge impedance of this particular 
quarter-wave matching line, and the imped- 
ance at the ends will be discovered. 

When the impedance at the far end of the 
line is the same as the characteristic surge 
impedance of the line itself (600 ohms), the 
impedance measured at the near end of the 
quarter-wave line will also be found to be 
600 ohms. 

Under these conditions, the line would not 
have any standing waves on it, since it is 
terminated in its characteristic impedance. 
Now, let the resistance at the far end of the 
line be doubled, or changed to 1200 ohms. 
The impedance measured at the near end of 
the line will be found to have been cut in 
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half, to 300 ohms. If the resistance at the far 
end is made half the original value of 600 
ohms or 300 ohms, the impedance at the near 
end doubles the original value of 600 ohms, 
and becomes 1200 ohms. As one resistance 
goes up, the other goes down proportionately. 

It will always be found that the character- 
istic surge impedance of the quarter-wave 
matching line is the geometric mean between 
the impedance at both ends. This relationship 
is shown by the following formula: 


Zus—=Vv Za Zi 


where 

Zus = Impedance of matching section. 

Z, = Antenna resistance. 

Z_ = Line impedance. 

Quarter-Wave The impedance inverting char- 
Matching acteristic of a quarter-wave 
Transformers section of transmission line is 


widely used by making such a 
section of line act as a quarter-wave trans- 
former. The Johnson Q feed system is a wide- 
ly known application of the quarter-wave trans- 
former to the feeding of a dipole antenna and 
array consisting of two dipoles. However, the 
quarter-wave transformer may be used in a 
wide number of applications wherever a trans- 
former is required to match two impedances 
whose geometric mean is somewhere between 
perhaps 25 and 750 ohms when transmission 
line sections can be used. Paralleled coaxial 
lines may be used to obtain the lowest im- 
pedance mentioned, and open-wire lines com- 
posed of small conductors spaced a moderate 
distance may be used to obtain the higher im- 
pedance. A short list of impedances, which 
may be matched by quarter-wave sections of 
transmission line having specified imped- 
ances, is given below. 


Quarter- 


Wave 
Transformer 


Johnson-Q 
Feed System 


The standard form of Jobnson- 
Q feed to a doublet is shown 
in figure 32. An impedance 
match is obtained by utilizing a matching sec- 
tion, the surge impedance of which is the geo- 
metric mean between the transmission line 
surge impedance and the radiation resistance 
of the radiator. A sufficiently good match usu- 
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section. If they are not used, the T-section 
will detune the dipole when the T-section is 
attached to it. The two capacitors may be 
ganged together, and once adjusted for mini- 
mum detuning action, they may be locked. A 
suitable housing should be devised to protect 
these capacitors from the weather. Additional 
information on the adjustment of the T-match 
is given in the chapter covering rotary beam 
antennas. 


The **Gamma’’ Match An unbalanced version of 

the T-match may be used 
to feed a dipole from an unbalanced coaxial 
line. Such a device is called a Gamma Match, 
and is illustrated in figure 30. 

The length of the Gamma rod and the spac- 

ing of it from the dipole determine the imped- 
ance level at the transmission line end of the 
rod. The series capacitor is used to tune out 
the reactance introduced into the system by 
the Gamma rod. The adjustment of the Gamma 
Match is discussed in the chapter covering 
rotary beam antennas. 
Matching Stubs By connecting a resonant 
section of transmission line 
(called a matching stub) to either a voltage or 
current loop and attaching parallel-wire non- 
resonant feeders to the resonant stub at a 
suitable voltage (impedance) point, standing 
waves on the line may be virtually eliminated. 
The stub is made to serve as an auto-trans- 
former. Stubs are particularly adapted to 
matching an open line to certain directional 
arrays, as will be described later. 


When the stub attaches to the 
antenna at a voltage loop, the 
stub should be a quarter wavelength long 
electrically, and be shorted at the bottom end. 
The stub can be resonated by sliding the 
shorting bar up and down before the non-reso- 
nant feeders are attached to the stub, the an- 
tenna being shock-excited from a separate 
radiator during the process. Slight errors in 
the length of the radiator can be compensated 
for by adjustment of the stub if both sides of 
the stub are connected to the radiator in a 
symmetrical manner. Where only one side of 
the stub connects to the radiating system, as 
in the Zepp and in certain antenna arrays, the 
radiator length must be exactly right in order 
to prevent excessive unbalance in the untuned 
line. 

A dial lamp may be placed in the center of 
the shorting stub to act as an r-f indicator. 


Voltage Feed 


When a stub is used to current- 
feed a radiator, the stub should 
either be left open at the bottom end instead 
of shorted, or else made a half wave long. 


Current Feed 
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Figure 31 
MATCHING-STUB APPLICATIONS 


An end-fed half-wave antenna with a quarter 
wave shorted stub is shown at (A). (B) shows 
the use af a half-wave shorted stub to feed 
o relatively low impedance point such as the 
center of the driven element af a parasitic 
array, or the center of a half-wave dipole. 
The use of an open-ended quarter-wave stub 
to feed a low impedance is illustrated ot 
(C). (D) shows the conventional use of a 
shorted quarter-wave stub to voltage feed 
two half-wave antennas with a 180° phase 
difference. 
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Figure 29 
FOLDED-ELEMENT MATCHING SYSTEMS 


Drawing (A) above shows a half-wave made 
up to two parallel wires. If one of the wires 
is broken cs in (B) and the feeder connected, 
the feed-point impedance is multiplied by 
four; such an antenna is commonly called a 
“folded doublet." The feed-point impedance 
for o simple half-wave doublet fed in this 
manner is opproximately 300 ohms, depend- 
ing upon antenna height. Drawing (C) shows 
how the feed-point impedance can be multi- 
plied by o factor greater thon four by making 
the half of the element that is broken smaller 
in diameter than the unbroken half, An ex- 
tension of the principles of (B) and (C) is 
the arrangement shown at (D) where the sec- 
tion into which the feeders are connected is 
considerably shorter thon the driven element. 
This system is most convenient when the 
driven element is too long (such os for a 
28-Mc. or 14-Mc. array) for a convenient 
mechanical Speraerer vs. the system shown 
ot 


wire of such a radiator, as shown in figure 29, 
the effective feed-point resistance of the an- 
tenna or array will be increased by a factor 
of N? where N is equal to the number of con- 
ductors, all in parallel, of the same diameter 
in the array, Thus if there are two conductors 
of the same diameter in the driven element or 
the antenna the feed-point resistance will be 
multiplied by 2? or 4. If the antenna has a ra- 
diation resistance of 75 ohms its feed-point 
resistance will be 300 ohms, this is the case 


50-70 OHM COAXIAL FEED LINE 


Figure 30 
THE GAMMA MATCH FOR CONNECTING 
AN UNBALANCED COAXIAL LINE TO A 
BALANCED DRIVEN ELEMENT 


of the conventional folded-dipole as shown in 
figure 29B. 

If three wires are used in the driven radia- 
tor the feed-point resistance is increased by 
a factor of 9; if four wires are used the im- 
pedance is increased by a factor of 16, and 
so on. In certain cases when feeding a para- 
sitic array it is desirable to have an imped- 
ance step up different from the value of 4:1 
obtained with two elements of the same dia- 
meter and 9:1 with three elements of the same 
diameter. Intermediate values of impedance 
step up may be obtained by using two elements 
of different diameter for the complete driven 
element as shown in figure 29C. If the con- 
ductor that is broken for the feeder is of small- 
er diameter than the other conductor of the 
radiator, the impedance step up will be greater 
than 4:1. On the other hand if the larger of the 
two elements is broken for the feeder the im- 
pedance step up will be Jess than 4:1. 


The ‘‘T’’ Match A method of matching a bal- 

anced low-impedance trans- 
mission line to the driven element of a para- 
sitic array is the T match illustrated in figure 
29D. This method is an adaptation of the 
multi-wire doublet principle which is more 
practicable for lower-frequency parasitic ar- 
rays such as those for use on the 14-Mc. and 
28-Mc. bands. In the system a section of tub- 
ing of approximately one-half the diameter of 
the driven element is spaced about four in- 
ches below the driven element by means of 
clamps which hold the T-section mechanically 
and which make electrical connection to the 
driven element. The length of the T-section 
is normally between 15 and 30 inches each 
side of the center of the dipole for transmis- 
sion lines of 300 to 600 ohms impedance, as- 
suming 28-Mc. operation. In series with each 
leg of the T-section and the transmission line 
is a series resonating capacitor. These two 
capacitors tune out the reactance of the T- 
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Figure 28 


THE DELTA-MATCHED DIPOLE 
ANTENNA 


The dimensions for the portions of the an- 
tenno are given in the text. 


between three types of transmission line: (1) 
Ribbon or tubular molded 300-ohm line is 
widely used up to moderate power levels (the 
““transmitting’”’ type is useable up to the kilo- 
watt level). (2) Open-wire 400 to 600 ohm line 
is most commonly used when the antenna is 
some distance from the transmitter, because of 
the low attenuation of this type of line. (3) Co- 
axial line (usually RG-8/U with a $2-ohm 
characteristic impedance) is widely used in 
v-h-f work and also on the lower frequencies 
where the feed line must run underground or 
through the walls of a building. Coaxial line 
also is of assistance in TVI reduction since 
the r-f field is entirely enclosed within the 
line. Molded 75-ohm line is sometimes used 
to feed a doublet antenna, but the doublet has 
been largely superseded by the folded-dipole 
antenna fed by 300-ohm ribbon or tubular line 
when an antenna for a single band is required. 
Standing Waves As was discussed earlier, 
standing waves on the anten- 
na transmission line, in the transmitting case, 
are a result of reflection from the point where 
the feed line joins the antenna system. The 
magnitude of the standing waves is deter- 
mined by the degree of mismatch between the 
characteristic impedance of the transmission 
line and the input impedance of the antenna 
system. When the feed-point impedance of the 
antenna is resistive and of the same value as 
the characteristic impedance of the feed line, 
standing waves will not exist on the feeder. 
It may be well to repeat at this time that there 
is no adjustment which can be made at the 


transmitter end of the feed line which will 
change the magnitude of the standing waves 
on the antenna transmission line. 


Delta-Matched 
Antenna System 


The delta type matched-im- 
pedance antenna system is 
shown in figure 28. The im- 
pedance of the transmission line is trans- 
formed gradually into a higher value by the 
fanned-out Y portion of the feeders, and the 
Y portion is tapped on the antenna at points 
where the antenna impedance is a compromise 
between the impedance at the ends of the Y 
and the impedance of the unfanned portion of 
the line. 

The constants of the system are rather criti- 
cal, and the antenna must resonate at the 
operating frequency in order to minimize stand- 
ing waves on the line. Some slight readjust- 
ment of the taps on the antenna is desirable, 
if appreciable standing waves persist in ap- 
pearing on the line. 

The constants for a doublet are determined 
by the following formulas: 


467.4 
Lteet = 
F mepacycles 
175 
Deeet — 
Fmesacveles 
147.6 
Eteet _ 


megacycles 


Where L is antenna length; D is the distance in 
from each end at which the Y taps on; E is the 
height of the Y section. 


Since these constants are correct only for a 
600-ohm transmission line, the spacing S of 
the line must be approximately 75 times the 
diameter of the wire used in the transmission 
line. For no. 14 B & S wire, the spacing will 
be slightly less than 5 inches. This system 
should never be used on either its even or odd 
harmonics, as entirely different constants are 
required when more than a single half wave- 
length appears on the radiating portion of the 
system. 


When a doublet antenna 
or the driven element in 
an atray consists of more than one wire or 
tubing conductor the radiation resistance of 
the antenna or array is increased slightly as a 
resultof the increase in the effective diameter 
of the element. Further, if we split just one 


Multi-Wire Doublets 
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Figure 26 


MECHANICAL CONSTRUCTION OF 20- 
METER DISCONE 


pending upon the wire size and the point of 
attachment to the antenna. The earth losses 
are comparatively low over ground of good con- 
ductivity. Since the single wire feeder radiates, 
it is necessary to bring it away from the an- 
tenna at right angles to the antenna wire 
for at least one-half the length of the an- 
tenna. 

The correct point for best impedance match 
on the fundamental frequency is not suitable 
for harmonic operation of the antenna. In addi- 
tion, the correct length of the antenna for 
fundamental operation is not correct for har- 
monic operation. Consequently, a compromise 
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Figure 27 


SINGLE-WIRE-FED ANTENNA FOR ALL- 
BAND OPERATION 


An antenna of this type for 40-, 20- and 10- 
meter operation would have a radiator 67 
feet long, with the feeder topped 1! feet off 
center. The feeder can be 33, 66 or 99 feet 
long. The same type of antenna for 80-, 40-, 
20- and 10-meter operation would have a 
radiator 134 feet long, with the feeder tapped 
22 feet off center. The feeder can be either 
66 or 132 feet long. This system should be 
used only with those coupling methods which 
provide good harmonic suppression. 


must be made in antenna length and point of 
feeder connection to enable the single-wire- 
fed antenna to operate on more than one band. 
Such a compromise introduces additional re- 
actance into the single wire feeder, and might 
cause loading difficulties with pi-network 
transmitters. To minimize this trouble, the 
single wire feeder should be made a multiple 
of 33 feet long. 

Two typical single-wire-fed antenna sys- 
tems are shown in figure 27 with dimensions 
for multi-band operation. 


Matching Non-Resonont 
Lines to the Antenna 


22-8 


Present practice in regard to the use of 
transmission lines for feeding antenna systems 
on the amateur bands is about equally divided 
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DIMENSIONS OF LOW-FREQUENCY DIS- 
CONE ANTENNA FOR LOW FREQUENCY 
CUTOFF AT 13.2 MC., 20.1 MC., AND 
26 MC. 
The Discone is a vertically polarized radia- 
tor, producing an omnidirectional pattern 
similor to @ ground plane. Operation on sev- 
eral amateur bands with low SWR on the co- 
axial feed line is possible. Additional in- 
formation on L-F Discone by W2RYI in July, 
1950 CQ magazine. 


_-_ ee 


of the radials may be reduced to 25 feet. As 
with all multi-band antennas chat employ no 
lumped tuned circuits, this antenna offers no 
attenuation to harmonics of the transmitter. 
When operating on the lower frequency band, 
it would be wise to check the transmitter for 
second harmonic emission, since this antenna 
will effectively radiate this harmonic. 


The discone antenna is 
widely used on the v-h-f 
bands, but until recently 
it has not been put to any great use on the 
lower frequency bands. Since the discone is a 
broad-band device, it may be used on several 
harmonically related amateur bands. Size is 
the limiting factor in the use of a discone, and 
the 20 meter band is abour the lowest practi- 
cal frequency for a discone of reasonable di- 
mensions. A discone designed for 20 meter 


The Low-Frequency 
Discone 


operation may be used on 20, 15, 11, 10 and 
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Figure 25 


SWR CURVE FOR A 13.2 MC. DISCONE 
ANTENNA. SWR IS BELOW 1.5 TO 1 FROM 
13.0 MC. TO 58 MC. 


————— 


6 meters with excellent results. It affords a 
good match to a 50 ohm coaxial feed system 
on all of these bands. A practical discone an- 
tenna is shown in figure 24, with a SWR curve 
for its operation over the frequency range of 
13-55 Mc. shown in figure 25. The discone 
antenna radiates a vertically polarized wave 
and has a very low angle of radiation. For 
v-h-f- work the discone is constructed of sheet 
metal, bue for low frequency work it may be 
made of copper wire and aluminum angle 
stock. A suitable mechanical layout for a low 
frequency discone is shown in figure 26. 
Smaller versions of this antenna may be con- 
structed for 15, 11, 10 and 6 meters, or for 11, 
10, 6 and 2 meters as shown in the chart of 
figure 24. 

For minimum wind resistance, the top ‘‘hat’’ 
of the discone is constructed from three-quar- 
ter inch aluminum angle stock, the rods being 
bolted to an aluminum plate at the center of 
the structure. The tips of che rods are all con- 
nected together by lengths of no. 12 enamelled 
copper wire. The cone elements are made of 
no. 12 copper wire and act as guy wires for 
the discone structure. A very rigid arrange- 
ment may be made from this design; one that 
will give no trouble in high winds. A 4" x 4” 
post can be used to support the discone struc- 
ture. 

The discone antenna may be fed by a length 
of 50-ohm coaxial cable directly from the trans- 
mitter, with a very low SWR on all bands. 


The Single-Wire- The old favorite single-wire- 
Fed Antenna fed antenna system is quite 

satisfactory for an impromp- 
tu all band antenna system. It is widely used 
for portable installations and ‘Field Day’’ 
contests where a simple, multi-band antenna 
is required. A single wire feeder has a char- 
acteristic impedance of some 500 ohms, de- 
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of transmission line of any characteristic im- 
pedance into a feeder system such as this and 
the impedance at the far end of the line will 
be exactly the same value of impedance which 
the half-wave line sees at its termination, 
Hence this has been done in the antenna sys- 
tem shown in figure 22; an electrical half 
wave of line has been inserted between the 
feed point of the antenna and the 300-ohm 
transmission line to the transmitter, 

The characteristic impedance of this addi- 
tional half-wave section of transmission line 
has been made about 715 ohms (no. 20 wire 
spaced 6 inches), but since it is an electrical 
half wave long at 7 Mc. and operates into a 
load of 300 ohms at the antenna the 300-chm 
Twin-Lead at the bottom of the half-wave sec- 
tion still sees an impedance of 300 ohms. The 
additional half-wave section of transmission 
line introduces a negligible amount of loss 
since the current flowing in the section of line 
is the same which would flow in a 300-ohm 
line at each end of the half-wave section, and 
at all other points it is Jess than the current 
which would flow in a 300-ohm line since the 
effective impedance is greater than 300 ohms 
in the center of the half-wave section. This 
means that the loss is less than it would be in 
an equivalent length of 300-ohm Twin-Lead 
since this type of manufactured transmission 
line is made up of conductors which are equiv- 
alent to no. 20 wire. 


So we see that the added section of 715-ohm 
line has substantially no effece on the opera- 
tion of the antenna system on the 7-Mc. band. 
However, when the flat top of the antenna is 
operated on the 3.5-Mc. band the feed-point 
impedance of the flat top is approximately 
3500 ohms. Since the section of 715-ohm trans- 
mission line is an electrical quarter-wave in 
length on the 3.5-Mc. band, this section of 
line wili have the effect of transforming the 
approximately 3500 ohms feed-point imped- 
ance of the antenna down to an impedance of 
about 150 ohms which will resule in a 2:1 
standing-wave ratio on the 300-ohm Twin-Lead 
transmission line from the transmitter to the 
antenna system. 

The antenna system of figure 22 operates 
with very low standing waves over the entire 
7-Mc. band, and it will operate with moderate 
standing waves from 3500 to 3800 kc. in the 
3.5-Mc. band and with sufficiently low stand- 
ing-wave ratio so that it is quite usable over 
the entire 3.5-Mc. band. 

This antenna system, as well as all other 
types of multi-band antenna systems, must be 
used in conjunction with some type of har- 
monic-reducing antenna tuning network even 
though the system does present a convenient 
impedance value on both bands. 
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THE MULTEE TWO-BAND ANTENNA 


This compoct antenna can be used with ex- 
cellent results on 160/80 and 80/40 meters. 
The feedline should be held os vertical as 
possible, since it radiates when the antenna 
is operated an its fundamental frequency. 


The ‘‘Multee’’ 
Antennas 


An antenna that works well 
on 160 and 80 meters, or 80 
and 40 meters and is suffi- 
ciently compact to permit erection on the aver- 
age city lot is the W6BCX Multee antenna, 
illustrated in figure 23. The antenna evolves 
from a vertical two wire radiator, fed on one 
leg only. On the low frequency band the top 
portion does little radiating, so it is folded 
down to form a radiator for the higher frequen- 
cy band. On the lower frequency band, the an- 
tenna acts as a top loaded vertical radiator, 
while on the higher frequency band, the flat- 
top does the radiating rather than the vertical 
portion, The vertical portion acts as a quarter- 
wave linear transformer, matching the 6000 
ohm antenna impedance to the 50 ohm imped- 
ance of the coaxial transmission line. 

The earth below a vertical radiator must be 
of good conductivity not only to provide a low 
resistance ground connection, but also to pro- 
vide a good reflecting surface for the waves 
radiated downward towards the ground. For 
best results, a radial system should be in- 
stalled beneath the antenna. For 160-80 me- 
ter operation, six radials 50 feet in length, 
made of no. 16 copper wire should be buried 
juse below the surface of the ground. While an 
ordinary water pipe ground system with no 
radials may be used, a system of radials will 
provide a worthwhile increase in signal 
strength. For 80-40 meter operation, the length 
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33/7 OR 66’ LONG 


300 OHM OPEN - WIRE 
Tv TYPE LINE 


Figure 21 
MULTI-BAND ANTENNA USING FAN- 
DIPOLE TO LIMIT !MPEDANCE EXCUR- 
SIONS ON HARMONIC FREQUENCIES 


14 wire spaced 4 to 6 inches the antenna sys- 
tem is sometimes called a center-fed zepp. 
With this type of feeder the impedance at the 
transmitter end of the feeder varies from about 
70 ohms to approximately 5000 ohms, the same 
as is encountered in an end-fed zepp antenna. 
This great impedance ratio requires provision 
for either series or parallel tuning of the feed- 
ers at the transmitter, and involves quite high 
r-f voltages at various points along the feed 
line. 

If the feed line between the transmitter and 
the antenna is made to have a characteristic 
impedance of approximately 300 ohms the ex- 
cursions in end-of-feeder impedance are great- 
ly reduced. In fact the impedance then varies 
from approximately 75 ohms to 1200 ohms. 
With this much lowered impedance variation 
it is usually possible to use series tuning on 
all bands, or merely to couple the antenna di- 
rectly to the ourput tank circuit or the har- 
monic reduction circuit without any separate 
feeder tuning provision. 

There are several practicable types of trans- 
mission line which can give an impedance of 
approximately 300 ohms. The first is, obvious- 
ly, 300-ohm Twin-Lead. Twin-Lead of the re- 
ceiving type may be used as a resonant feed 
line in this case, but its use is not recom- 
mended with power levels greater than perhaps 
150 watts, and it should not be used when 
lowest loss in the transmission line is desired. 

For power levels up to 250 watts or so, the 
transmitting type tubular 300-ohm line may be 
used, or the open-wire 300-ohm TV line may 
be employed. For power levels higher than 
this, a 4- wire transmission line, or a line 
built of one-quarter inch tubing should be 
used. 


>. ___. 


— (4 wine 


Mm? 20 WIRE 


ALL SPREADEAS 
6° LONG. 


Onw TwINLEAD 
ANT LENGTH 


Figure 22 
FOLDED-TOP DUAL-BAND ANTENNA 


Even when a 300-ohm transmission line is 
used, the end-of-feeder impedance may reach 
a high value, particularly on the second har- 
monic of the antenna. To limit the impedance 
excursions, a two-wire flat-top may be em- 
ployed for the radiator, as shown in figure 21. 
The use of such a radiator will limit the im- 
pedance excursions on the harmonic frequen- 
cies of the antenna and make the operation of 
the antenna matching unit much less critical. 
The use ofa two-wire radiator is highly recom- 
mended for any center-fed multi-band antenna. 


Folded Flat-Top 
Dual-Band Antenna 


As has been mentioned 
earlier, there is an increas- 
ing tendency among ama- 
teur operators to utilize rotary or fixed arrays 
for the 14-Mc. band and those higher in fre- 
quency. In order to afford complete coverage 
of the amateur bands it is then desirable to 
have an additional system which will operate 
with equal effectiveness on the 3.5-Mc. and 
7-Mc. bands, but this low-frequency antenna 
system will not be required to operate on any 
bands higher in frequency than the 7-Mc. band. 
The antenna system shown in figure 22 has 
been developed to fill this need. 

This system consists essentially of an 
open-line folded dipole for the 7-Mc. band with 
a special feed system which allows the an- 
tenna to be fed with minimum standing waves 
on the feed line on both the 7-Mc. and 3.5-Mc. 
bands. The feed-point impedance of a folded 
dipole onits fundamental frequency is approxi- 
mately 300 ohms. Hence the 300-ohm Twin- 
Lead shown in figure 22 can be connected di- 
rectly into the center of the system for opera- 
tion only on the 7-Mc. band and standing waves 
on the feeder will be very small. However, it 
is possible to insert an electrical half-wave 
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L= 90° FOR 60-40 METER OPERATION 


Figure 19 


A TWO-BAND MARCONI ANTENNA FOR 
160-80 METER OPERATION 


Since this antenna type is an unbalanced radi- 
ating system, its use is not recommended with 
high-power transmitters where interference to 
broadcast listeners is likely to be encountered. 
The r-f voltages encountered at the end of 
zepp feeders and at points an electrical half 
wave from the end are likely to be quite high. 
Hence the feeders should be supported an ade- 
quate distance from surrounding objects and 
sufficiently in the clear so that a chance en- 
counter between a passerby and the feeder is 
unlikely. 

The coupling coil at the transmitter end of 
the feeder system should be link coupled to 
the output of the low-pass TVI filter in order 
to reduce harmonic radiation. 


The Two-Band 


Marconi Antenna 


A three-eighths wavelength 
Marconi antenna may be 
operated on its harmonic 
frequency, providing good two band perform- 
ance from a simple wire. Such an arrangement 
for operation on 160-80 meters, and 80-40 me- 
ters is shown in figure 19. On the fundamental 
(lowest) frequency, the antenna acts as a 
three-eighths wavelength series-tuned Marconi. 
On the second harmonic, the antenna is a cur- 
rent-fed three-quarter wavelength antenna oper- 
ating against ground. For proper operation, 
the antenna should be resonated on its second 
harmonic by means of a grid-dip oscillator to 
the operating frequency most used on this par- 
ticular band. The Q of the antenna is relatively 
low, and the antenna will perform well over a 
frequency range of several hundred kilocycles. 

The overall length of the antenna may be 
varied slightly to place its self-resonant fre- 
quency in the desired region. Bends or turns 
in the antenna tend to make it resonate higher 
in frequency, and it may be necessary to 
lengthen it a bit to resonate it at the chosen 
frequency. For fundamental operation, the 
series Condenser is insertedin the circuit, and 
the antenna may be resonated to any point in 
the lower frequency band. As with any Marconi 


1200 Gums 
1200 Gums, 


1200 Orns 
1200 OnMa 
1200 OrmS 


73 OHMS 
1200 Orns, 
1200 Onws. 


1200 Ons 
1200 Ons. 
1200 Onms 


CENTER-FED ANTENNA 


Figure 20 


DIMENSIONS FOR CENTER-FED MULTI- 
BAND ANTENNA 


type antenna, the use of a good ground is es- 
sential. This antenna works well with trans- 
mitters employing coaxial antenna feed, since 
its transmitting impedance on both bands is in 
the neighborhood of 40 to 60 ohms. It may be 
attached directly to the output terminal of such 
transmitters as the Collins 32V and the Viking 
ll. The use of a low-pass TVI filter is of 
course recommended. 


The Center-Fed 
Multi-Band Antenna 


For multi-band operation, 
the center fed antenna is 
without doubt the best 
compromise. It is a balanced system on all 
bands, it requires no ground return, and when 
properly tuned has good rejection properties 
for the higher harmonics generated in the trans- 
mitter. It is well suited for use with the various 
multi-band 150-watt transmitters that are cur- 
rently so popular. For proper operation with 
these transmitters, an antenna tuning unit 
must be used with the center-fed antenna. In 
fact, some sort of tuning unit is necessary for 
any type of efficient, multi-band antenna. The 
use of such questionable antennas as the “‘off- 
center fed’’ doublet is an invitation to TVI 
troubles and improper operation of the trans- 
mitter. A properly balanced antenna is the 
best solution to multi-band operation. When 
used in conjunction with an antenna tuning 
unit, it will perform with top efficiency on all 
of the major amateur bands. 

Several types of center-fed antenna systems 
are shown in figure 20. lf the feed line is made 
up in the conventional manner of no. 12 or no. 
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L= 98: FoR T100 KC. ANO 14280 KC. 
L © 49 6+ FOR 14200 AC. AND 26 MC 


800 Ones LINE 
TO TRANSMITTER 


Figure 15 


THE THREE-QUARTER WAVE FOLDED 
DOUBLET 
This antenna arrangement will give very 
satisfactory operation with a 600-ohm feed 
line for operation with the switch open on 
the fundamental frequency and with the 
switch closed on twice frequency. 


———— 


effective radiator on the second harmonic but 
the pattern of radiation will be different from 
that on che fundamental, and the standing- wave 
ratio on the feed line will be greater. The flat 
top of the antenna must be made of open wire 
rather than ribbon or tubular line. 

For greater operating convenience, the short- 
ing switch may be replaced with a section of 
transmission line. If this transmission line is 
made one-quarter wavelength long for the fun- 
damental frequency, and the free end of the 
line is shorted, it will act as an open circuit 
across the center insulator. At the second har- 
monic, the transmission line is one-half wave- 
length long, and reflects the low impedance 
of the shorted end across the center insulator. 
Thus the switching action is automatic as the 
frequency of operation is changed. Such an 
installation is shown in figure 16. 


The End-Fed 
Hertz 


The end-fed Hertz antenna 
shown in figure 17 is not as 
effective a radiating system as 
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3.5, 214 AND 26mC, Lise 
3.3, 7AND 14 MC. Lzisy 
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Figure 17 
RECOMMENDED LENGTHS FOR THE END- 
FED HERTZ 


6° FEEDER SPREADERS 


600 OHM LINE 
TO TRANSMITTER 


LE 67 FT. WHEN ANTENNA I8 195 FT. 


L33arr « rd * 98FT. 
Leieser ¢ be ” AQGFT. 
Figure 16 


AUTOMATIC BANDSWITCHING STUB FOR 
THE THREE-QUARTER WAVE FOLDED 
DOUBLET 
The antenna of Figure 15 may be used with 


a shorted stub line in place of the switch 
normally used for second harmonic operation. 


many other antenna types, but it is particular- 
ly convenient when it is desired to install an 
antenna in a hurry for a test, or for field-day 
work. The flat top of the radiator should be 
as high and in the clear as possible. In any 
event at least three quarters of the total wire 
length should be in the clear. Dimensions for 
optimum operation on various amateur bands 
are given in addition in figure 17. 


The End-Fed 
Zepp 


The end-fed Zepp has long 
been a favorite for multi-band 
operation. I¢ is shown in fig- 
ure 18 along with recommended dimensions 
for operation on various amateur band groups. 


fo—§—Lee te Fon 3 . S86 TABLE BELOW ————4 


SERIES 
PARALLEL 
PARALLEL 


ENO-FED ZEPP 


FIGURE 18 
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Figure 13 


SWR CURVE OF 80-METER BROAD-BAND 
OIPOLE 


ohms. The ground losses are now reduced by 
a factor of 4. In addition, the antenna may be 
directly fed from a 50-ohm coaxial line, or di- 
rectly from the unbalanced output of a pi- net- 
work transmitter. 

Since a certain amount of power may still 
be lost in the ground connection, it is still of 
greatest importance that a good, low resist- 
ance ground be used with this antenna. 


The Collins 
Brood-bond 
Dipole System 


Shown in figures 11 and 12 
are broad-band dipoles for 
the 40 and 80 meter amateur 
bands, designed by Collins 
Radio Co. for use with the Collins 32V-3 and 
KW-1 transmitters. These fan-type dipoles 
have excellent broad-band response, and are 
designed to be fed with a 52-ohm unbalanced 
coaxial line, making them suitable for use with 
many of the other modern transmitters, such 
as the Barker and Williamson 5100, Johnson 
Ranger, and Viking. The antenna system con- 
sists of a fan-type dipole, a balun matching 
section, and a suitable coaxial feedline. The 
Q of the half-wave 80 meter doublet is low- 
ered by decreasing the effective length-to- 
diameter ratio. The frequency range of opera- 
tion of the doublet is increased considerably 
by this change. A typical SWR curve for the 
80 meter doublet is shown in figure 13. 

The balanced doublet is matched to the un- 
balanced coaxial line by the one-quarter wave 
balun. If desired, a shortened balun may be 
used (figure 14). The short balun is capacity 
loaded at the junction between the balun and 
the broad-band dipole. 


22-7 Multi-Band Antennas 

The availability of a multi-band antenna is 
a great operating convenience to an amateur 
station. In most cases it will be found best to 
install an antenna which is optimum for the 
band which is used for the majority of the 


THE RADIO 


SEE FIG. 12 


INNER CONDUCTOR NOT USED Lh 
4+ oT SEE FIG. 12 FOR CONNECTION 
1 


vse OHM COAXIAL LINE 
¥ 


Figure 14 
SHORT BALUN FOR 40 AND 80 METERS 


available operating time, and then to have an 
additional multi-band antenna which may be 
pressed into service for operation on another 
band when propagation conditions on the most 
frequently used band are not suitable. Most 
amateurs use, or plan to install, at least one 
directive array for one of the higher-frequency 
bands, but find that an additional antenna 
which may be used on the 3.5-Mc. and 7.0-Mc. 
band, or even up through the 28-Mc. band is 
almost indispensable. 

The choice of a multi-band antenna depends 
upon a number of factors such as the amount 
of space available, the band which is to be 
used for the majority of operating with the an- 
tenna, the radiation efficiency which is de- 
sired, and the type of antenna tuning network 
to be used at the transmitter. A number of 
recommended types are shown in the next 


pages. 


The %-Wave 
Folded Doublet 


Figure 15 shows an antenna 
type which will be found to 
be very effective when a 
moderate amount of space is available, when 
most of the operating will be done on one band 
with occasional operation on the second har- 
monic. The system is quite satisfactory for 
use with high-power transmitters since a 600- 
ohm non-resonant line is used from the anten- 
na to the transmitter and since the antenna 
system is balanced with respect to ground. 
With operation on the fundamental frequency 
of the antenna where the flat top is % wave 
long the switch SW is left open. The system 
affords a very close match between the 600- 
ohm line and the feed point of the antenna. 
Kraus has reported a standing-wave ratio of 
approximately 1.2 to 1 over the 14-Mc. band 
when the antenna was located approximately 
one-half wave above ground. 

For operation on the second harmonic the 
switch SW is closed. The antenna is still an 
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POR DETAIL SEE FIG. A 


PHENOLIC BLOCK 2°X 1.5*7x0 
WRAP CABLES AND BLOCK 
WITH SCOTCH ELECTRICAL Ti 
SPACE BLOCKS 6° APART 
ALONG BALUN 


FIGURE A 
CUT OFF SHIELO ANO OUTER 


WITH A CONTINUOUS WRAP- 
PING OF SCOTCH ELECTRICAL 
TAPE TO EXCLUDE MOISTURE. 


KEEP BALUN AT LEAST 6° CLEAR 
OF GROUND AND OTHER OBJECTS. 


FOR DETAIL SEE FIGURE B 


FIGURE B 


REMOVE OUTER JACKET 
FROM A SHORT LENGTH OF 
CABLE AS SHOWN HERE. 
UNBRAIO THE SHIELD OF 
COAX C, CUT OFF THE Di- 
ELECTRIC AND INNER CON- 
DUCTOR FLUSH WITH THE 
OUTER JACKET. 00 NOT CUT 
TRE SHIELD. WRAP SHIELD 
OF COAX C AROUND SHIELD 
OF COAX DO. SOLDER THE 
CONNECTION, BEING VERY 
CAREFUL NOT TO DAMAGE 
THE DIELECTRIC MATERIAL. 
HOLO CABLE O STRAIGHT 


FOR DETAIL SEE FIG. A 
NOLIC BLOCK 2°X 1.5° X 0,5 


cTRE 
SPACE BLOCKS 6’ APART 
ALONG BALUN 


ett 


ok 


FIGURE A 
CUT OFF SHIELD ANO OUTER 
JACKET AS SHOWN. ALLOW 
OlELECTRIC TO EXTEND PART 


DIELECTRIC ON BOTH CABLES 


WITH A CONTINUOUS WRAP- 
PING OF SCOTCH ELECTRICAL 


TAPE TO EXCLUDE MOISTURE. 


KEEP BALUN AT LEAST 6” 


FOR DETAIL SEE FIGURE B- 


LE. 
OF GROUND AND OTHER OBJEC 


THE TWO WIRES MAY BE 
SPREAD EITMER HORIZ— 
ONTALLY OR VERTICALLY, 


FIGURE B 


REMOVE OUTER JACKET 
FROM A SHORT LENGTH OF 
CABLE AS SHOWN HERE. 
UNBRAID THE SHIELD OF 
COAX C, CUT OFF THE Di- 
ELECTRIC AND INNER CON- 
DUCTOR FLUSH WITH THE 
OUTER JACKET. DO NOT CUT 
THE SHIELO. WAAP SHIELD 
OF COAX C AROUND SHIELD 
OF COAX 0. SOLDER THE 
CONNECTION. BEING VERY 
CAREFUL NOT TO DAMAGE 
THE DIELECTRIC MATERIAL. 
HOLO CABLE 0 STRAIGHT 


WHILE SOLOERING. COVER 
THE AREA WITH A CONTIN- 
UOUS WRAPPING OF SCOTCH 
ELECTRICAL TAPE. NO CON- 
NECTION TO INNER CONDUC 
TORS, 


$2 ORM RG-6/U, ANY LENGTH 


DIMENSIONS SHOWN HERE ARE FOR THE 40 METER BAND, THIS ANT~ 
ENNA MAY BE BUILT FOR OTHER BANDS BY USING DIMENSIONS THAT 
ARE MULTIPLES OR SUBMULTIPLES OF THE DIMENSIONS SHOWN. 
BALUN SPACING IS 1.5° ON ALL BANOS. 


Figure 11 


HALF-WAVE ANTENNA WITH QUARTER- 

WAVE UNBALANCED TO BALANCED 

TRANSFORMER (BALUN) FEED SYSTEM 
FOR 40-METER OPERATION 


WHILE SOLDERING, COVER 

THE AREA WITH A CONTIN- 
UOUS WRAPPING OF ‘CH 

ELECTRICAL TAPE. NO CON- 
NECTION TO INNER CONDUC~ 
TORS. 


52 OHM RG-6/U. ANY LENGTH 


DIMENSIONS SHOWN HERE ARE FOR THE 80 METER BAND. THIS ANT— 
ENNA MAY BE BUILT FOR OTHER BANDS BY USING DIMENSIONS THAT 
ARE MULTIPLES OR SUBMULTIPLES OF THE DIMENSIONS SHOWN. 
BALUN SPACING 1S 1.8° OM ALL BANOS. 


Figure 12 
BROADBAND ANTENNA WITH QUARTER- 
WAVE UNBALANCED TO BALANCED 
TRANSFORMER (BALUN) FEED SYSTEM 
FOR 80-METER OPERATION 


sions in terms of frequency are given on the 
drawing. An antenna of this type is 93 feet 
long for operation on 3600 kc. and 86 feet long 
for operation on 3900 ke. This type of antenna 
has the additional advantage that it may be 
operated on the 7-Mc. and 14-Mc. bands, when 
the flat top has been cut for the 3.5-Mc. band, 
simply by changing the position of the short- 
ing bar and the feeder line on the stub. 

A sacrifice which must be made when using 
a shortened radiating system, as for example 
the types shown in figure 9, is in the band- 
width of the radiating system. The frequency 
range which may be covered by a shortened 
antenna system is approximately in proportion 
to the amount of shortening which has been 
employed. For example, the antenna system 
shown in figure 9C may be operated over the 
range from 3800 kc. to 4000 ke. without ser- 
ious standing waves on the feed line. If the 


antenna had been made full length it would 
be possible to cover about half again as much 
frequency range for the same amount of mis- 
match on the extremes of the frequency range. 


The Twin-Leod 


Morconi Antenna 


Much of the power loss in 
the Marconi antenna is a re- 
sult of low radiation resist- 
ance and high ground resistance. In some 
cases, the ground resistance may even be 
be higher than the radiation resistance, caus- 
ing a loss of 50 per cent or more of the trans- 
mitter power output. If the radiation resistance 
of the Marconi antenna is raised, the amount 
of power lost in the ground resistance is pro- 
portionately less. If a Marconi antenna is made 
out of 300 ohm TV-type ribbon line, as shown 
in figure 10, the radiation resistance of the 
antenna is raised from a low value of 10 or 15 
ohms to a more reasonable value of 40 to 60 
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Figure 9 
THREE EFFECTIVE SPACE CONSERVING 
ANTENNAS 


The arrangements shown ot (A) and (B) are 
satisfactory where resonant feed line can be 
used. However, non-resonant 75-ohm feed 
line may be used in the arrangement at (A) 
when the dimensions in wavelengths are as 
shown. In the arrangement shown at (B) low 
standing waves will be obtained on the feed 
line when the overall length of the antenna 
is a half wave. The arrangement shown ot 
(C) may be tuned for any reasonable length 
of float top to give a minimum of standing 
waves on the transmission line. 


quarter wavelength can be lengthened elec- 
trically by means of a series loading coil, and 
used as a quarter-wave Marconi. However, if 
the wire is made shorter than approximately 
one-eighth wavelength, the radiation resist- 
ance will be quite low. This is a special prob- 
lem in mobile work below about 20-Mc. 


22-6 Space-Conserving 
Antennas 


In many cases it is desired to undertake a 
considerable amount of operation on the 80- 
meter or 40-meter band, but sufficient space 
is simply not available for the installation of 
a half-wave radiator for the desired frequency 
of operation. This is a common experience of 
apartment dwellers. The shortened Marconi 
antenna operated against a good ground can 
be usedunder certain conditions, but the short- 
ened Marconi is notorious for the production 
of broadcast interference, and a good ground 
connection is usually completely unobtainable 
in an apartment house. 


ren 


300 OHM "RIBBON? LINE 


WIRES SHORTED TO- 
GETHER AT END 


[_— = — - — -G 
SARIAL tm 
FEEO LINE = 


Figure 10 


TWIN-LEAD MARCONI ANTENNA FOR THE 
80 AND 160 METER BANDS 


Essentially, the problem in producing an 
antenna for lower frequency operation in re- 
stricted space is to erect a short radiator 
which is balanced with respect to ground and 
which is therefore independent of ground for 
its operation. Several antenna types meeting 
this set of conditions are shown in figure 9. 
Figure 9A shows a conventional center-fed 
doublet with bent-down ends. This type of an- 
tenna can be fed with 75-ohm Twin-Lead in the 
center, or it may be fed with a resonant line 
for operation on several bands. The overall 
length of the radiating wire will be a few per 
cent greater than the normal length for such 
an antenna since the wire is bent at a posi- 
tion intermediate between a current loop and 
a voltage loop. The actual length will have to 
be determined by the cut-and-try process be- 
cause of the increased effect of interfering ob- 
jects on the effective electrical length of an 
antenna of this type. 

Figure 9B shows a method for using a two- 
wire doublet on one half of its normal operat- 
ing frequency. It is recommended that spaced 
open conductor be used both for the radiating 
portion of the folded dipole and for the feed 
line. The reason for this recommendation lies 
in the fact that the two wires of the flat top 
are not at the same potential throughout their 
length when the antenna is operated on one- 
half frequency. Twin-Lead may be used for 
the feed line if operation on the frequency 
where the flat top is one-half wave in length 
is most common, and operation on one-half fre- 
quency is infrequent. However, if the antenna 
is to be used primarily on one-half frequency 
as shown, it should be fed by means of an 
open-wire line. If it is desired to feed the an- 
tenna with a non-resonant line, a quarter-wave 
stub may be connected to the antenna at the 
points X, X in figure 9B. The stub should be 
tuned and the transmission line connected to 
it in the normal manner. 

The antenna system shown in figure 9C may 
be used when not quite enough length is avail- 
able for a full half-wave radiator. The dimen- 
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ore discussed in the accom- 
panying text. 
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current flows through a resistor, or if the 
ground itself presents some resistance, there 
will be a power loss in the form of heat. Im- 
proving the ground connection, therefore, pro- 
vides a definite means of reducing this power 
loss, and thus increasing the radiated power. 

The best possible ground consists of as 
many wires as possible, each at least a quar- 
ter wave long, buried just below the surface 
of the earth, and extending out from a common 
point in the form of radials. Copper wire of 
any size larger than no. 16 is satisfactory, 
though the larger sizes will take longer to dis- 
integrate. In fact, the radials need not even 
be buried; they may be supported just above 
the earth, and insulated from it. This arrange- 
ment is called a counterpoise, and operates 
by virtue of its high capacitance to ground. 

If the antenna is physically shorter than a 
quarter wavelength, the antenna current is 
higher, due to lower radiation resistance. Con- 
sequently, the power lost in resistive soil is 
greater. The importance of a good ground with 
short, inductive-loaded Marconi radiators is, 
therefore, quite obvious. With a good ground 
system, even very short (one-eighth wave- 
length) antennas can be expected to give a 
high percentage of the efficiency of a quarter- 
wave antenna used with the same ground sys- 
tem. This is especially true when the short 
radiator is top loaded with a high Q (low loss) 
coil. 


Water-Pipe 
Grounds 


Water pipe, because of its com- 
paratively large surface and cross 
section, has a relatively low r-f 
resistance. If it is possible to attach to a 
junction of several water pipes (where they 
branch in several directions and run for some 
distance under ground), a satisfactory ground 
connection will be obtained. If one of the 
pipes attaches to a lawn or garden sprinkler 
system in the immediate vicinity of the anten- 
na, the effectiveness of the system will ap- 
proach that of buried copper radials. 

The main objection to water-pipe grounds 
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is the possibility of high resistance joints in 
the pipe, due to the ‘‘dope’’ put on the cou- 
pling threads. By attaching the ground wire 
to a junction with three or more legs, the pos- 
sibility of requiring the main portion of the 
t-f current to flow through a high resistance 
connection is greatly reduced. 

The presence of water in the pipe adds 
nothing to the conductivity; therefore it does 
not relieve the problem of high resistance 
joints. Bonding the joints is the best insur- 
ance, but this is, of course, impracticable 
where the pipe is buried. Bonding together 
with copper wire the various water faucets 
above the surface of the ground will improve 
the effectiveness of a water-pipe ground sys- 
tem hampered by high-resistance pipe cou- 
plings. 


A Marconi antenna is an odd 
number of electrical quarter 
waves long (usually only one 
quarter wave in length), and is always reso- 
nated to the operating frequency. The correct 
loading of the final amplifier is accomplished 
by varying the coupling, rather than by detun- 
ing the antenna from resonance. 

Physically, a quarter-wave Marconi may be 
made anywhere from one-eighth to three-eighths 
wavelength overall, meaning the total length of 
the antenna wire and ground lead from the end 
of the antenna to the point where the ground 
lead attaches to the junction of the radials or 
counterpoise wires, or where the water pipe 
enters the ground. The longer the antenna 
is made physically, the lower will be the cur- 
rent flowing in the ground connection, and the 
greater will be the overall radiation efficiency. 
However, when the antenna length exceeds 
three-eighths wavelength, the antenna be- 
comes difficult to resonate by means of a 
series capacitor, and it begins to take shape 
as an end-fed Hertz, requiring a method of 
feed such as a pi network. 

A radiator physically much shorter than a 


Marconi 
Dimensions 
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used for the radiator. Such an antenna is 
shown in figure 6. The loaded ground-plane 
tends to have a rather high operating Q and 
operates only over a narrow band of frequen- 
cies. An operating range of about 100 kilo- 
cycles with a low SWR is possible on 80 me- 
ters. Operation over a larger frequency range 
is possible if a.higher standing wave ratio is 
tolerated on the transmission line. The radia- 
tion resistance of a loaded 80-meter ground- 
plane is about 15 ohms. A quarter wavelength 
(45 feet) of 52-ohm coaxial line will act as an 
efficient feed line, presenting a load of ap- 
proximately 180 ohms to the transmitter. 


The Marconi 
Antenna 


22-5 


A grounded quarter-wave Marconi antenna, 
widely used on frequencies below 3 Mc., is 
sometimes used on the 3.5-Mc. band, and is 
also used in v-h-f mobile services where a 
compact antenna is required. The Marconi type 
antenna allows the use of half the length of 
wire that would be required for a half-wave 
Hertz radiator. The ground acts as a mirror, 
in effect, and takes the place of the additional 
quarter-wave of wire that would be required 
to reach resonance if the end of the wire were 
not returned to ground. 

The fundamental practical form of the Mar- 
coni antenna system is shown in figure 7. 
Other Marconi antennas differ from this type 
primarily in regard to the method of feeding 
the energy to the radiator. The feed method 
shown in figure 7B can often be used to advan- 
tage, particularly in mobile work. 

Variations on the basic Marconi antenna 
are shown in the illustrations of figure 8. Fig- 
ures 8B and 8C show the ‘‘L’’-type and ‘‘T’’- 
type Marconi antennas. These arrangements 
have been more or less superseded by the top- 
loaded forms of the Marconi antenna shown in 
figures 8D, 8E, and 8F. In each of these lat- 
ter three figures an antenna somewhat less 
than one quarter wave in length has been 
loaded to increase its effective length by the 
insertion of a loading coil at or near the top 
of the radiator. The arrangement shown at fig- 
ure 8D gives the least loading but is the most 
practical mechanically. The system shown at 
figure 8E gives an intermediate amount of 
loading, while that shown at figure 8F, utiliz- 
ing a ‘‘hat’’ just above the loading coil, gives 
the greatest amount of loading. The object of 
all the top-loading methods shown is to pro- 
duce an increase in the effective length of 
the radiator, and thus to raise the point of 
maximum current in the radiator as far as pos- 
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Figure 7 


FEEDING A QUARTER-WAVE MARCONI 
ANTENNA 
When an open-wire fine is to be used, it may 
be link coupled to a series-resonant circuit 
between the bottom end of the Marconi and 
ground, as at (A). Alternatively, a reason- 
ably good impedance match may be obtained 
between 52-ohm cocxial fine and the bottom 
of a resonant quarter-wave antenna, as iilus- 
trated at (B) above. 


sible above ground. Raising the maximum-cur- 
rent point in the radiator above ground has 
two desirable results: The percentage of low- 
angle radiation is increased and the amount of 
ground current at the base of the radiator is 
reduced, thus reducing the ground losses. 

To estimate whether a loading coil will 
probably be required, it is necessary only to 
note if the length of the antenna wire and 
ground lead is over a quarter wavelength; if 
so, no loading coil is needed, provided the 
series tuning capacitor has a high maximum 
capacitance. 

Amateurs primarily interested in the higher 
frequency bands, but who like to work 80 me- 
ters occasionally, can usually manage to reso- 
nate one of their antennas as a Marconi by 
working the whole system, feeders and all, 
against a water pipe ground, and resorting to 
a loading coil if necessary. A high-frequency- 
rotary, zepp, doublet, or single-wire-fed an- 
tenna will make quite a good 80-meter Marconi 
if high and in the clear, with a rather long 
feed line to act as a radiator on 80 meters. 
Where two-wire feeders are used, the feeders 
should be tied together for Marconi operation. 


Importance of 
Ground Connection 


With a quarter-wave anten- 
na and a ground, the an- 
tenna current generally is 
measured with a meter placed in the antenna 
circuit close to the ground connection. If this 
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$2 OHM COAXIAL LINE, 
CENTER CONOUCTOR CONNECTS 
TO VERTICAL WHIP 


Figure 5 


THE LOW-FREQUENCY GROUND PLANE 
ANTENNA 
The radials of the ground plane antenna 
should lie in a horizontal plane, although 
slight departures from this caused by nearby 
objects is allowable. The whip may be 
mounted on a short post, or on the roof of a 
building. The wire radials may slope down- 
wards towards their tips, acting as guy 
wires for the installation. 


ground is an effective transmitting antenna for 
low-angle radiation, where ground conditions 
in the vicinity of the antenna are good. Such 
an antenna is not good for short-range sky- 
wave communication, such as is the normal 
usage of the 3.5-Mc. amateur band, but is ex- 
cellent for short-range ground-wave communi- 
cation such as on the standard broadcast band 
and on the amateur 1.8-Mc. band. The vertical 
antenna normally will cause greater BCI than 
an equivalent horizontal antenna, due to the 
much greater ground-wave field intensity. Al- 
so, the vertical antenna is poor for receiving 
under conditions where man-made interference 
is severe, since such interference is predomi- 
nantly vertically polarized. 

Three ways of feeding a half-wave vertical 
antenna from an untuned transmission line are 
illustrated in figure 4. The J-fed system shown 
in figure 4A is obviously not practicable ex- 
cept on the higher frequencies where the ex- 
tra length for the stub may easily be obtained. 
However, in the normal case the ground-plane 
vertical antenna is to be recommended over 
the J-fed system for high frequency work. 


22-4 The Ground Plane Antenna 


An effective low angle radiator for any ama- 
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Figure 6 


80 METER LOADED GROUND PLANE 
ANTENNA 
Number of turns inloading coil to be adjusted 


until antenna system resonates at desired 
frequency in 80 meter band. 


teur band is the ground-plane antenna, shown 
in figure 5. So called because of the radial 
ground wires, the ground-plane antenna is not 
affected by soil conditions in its vicinity due 
to the creation of an artificial ground system 
by the radial wires. The base impedance of 
the ground plane is of the order of 30 to 35 
ohms, and it may be fed with 52-ohm coaxial 
line with only a slight impedance mis-match. 
For a more exact match, the ground-plane an- 
tenna may be fed with a 72-ohm coaxial line 
and a quarter-wave matching section made of 
52-ohm coaxial line. 

The angle of radiation of the ground-plane 
antenna is quite low, and the antenna will be 
found less effective for contacts under 1000 
miles or so on the 80 and 40 meter bands than 
a high angle radiator, such as a dipole. How- 
ever, for DX contacts of 1000 miles or more, 
the ground-plane antenna will prove to be 
highly effective. 


A vertical antenna of 66 feet 
in height presents quite a prob- 
lem on a small lot, as the sup- 
porting guy wires will tend to 
take up quite a large portion of the lot. Under 
such conditions, it is possible to shorten the 
length of the vertical radiator of the ground- 
plane by the inclusion of a loading coil in the 
vertical whip section. The ground-plane an- 
tenna may be artificially loaded in this man- 
ner so that a 25-foot vertical whip may be 


The 80-Meter 
Loaded 


Ground-Plane 
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Figure 3 


FOLDED DIPOLE WITH SHORTING 
STRAPS 


The impedance motch ond bandwidth char- 
acteristics ofa folded dipole may be improved 
by shorting the two wires of the ribbon a dis- 
tance out from the center equal to the veloci- 
ty factor of the ribbon times the half-length 
of the dipole as shown at (A). An alternative 
arrangement with bent down ends for space 
conservation is illustrated at (B). 


times over the radiation resistance of the ele- 
ment, have both contributed to the frequent 
use of the multi-wire radiator as the driven 
element in a parasitic antenna array. 


Delta-Matched 
Doublet and 
Standard Doublet 


These two types of radiat- 
ing elements are shown in 
figure 2L and figure 2M. The 
delta-matched doublet is 
described in detail in Section 22-8 of this 
chapter. The standard doublet, shown in fig- 
ure 2M, is fed in the center by means of 75- 
ohm Twin-Lead, either the transmitting or the 
receiving type, or it may be fed by means of 
twisted-pair feeder or by means of parallel- 
wire lamp-cord. Any of these types of feed 
line will give an approximate match to the 
center impedance of the dipole, but the 75- 
ohm Twin-Lead is far to be preferred over the 
other types of low-impedance feeder due to 
the much lower losses of the polyethylene- 
dielectric transmission line. 

The coaxial-cable-fed doublet shown in fig- 
ure 2N is a variation on the system shown in 
figure 2M. Either 52-ohm coaxial cable or 75- 
ohm coaxial cable may be used to feed the 
center of the dipole, although the 75-ohm type 
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Figure 4 


HALF-WAVE VERTICAL ANTENNA SHOW- 
ING ALTERNATIVE METHODS OF FEED 


will give a somewhat better impedance match 
at normal antenna heights. Due to the asym- 
metry of the coaxial feed system difficulty 
may be encountered with waves traveling on 
the outside of the coaxial cable. For this rea- 
son the use of Twin-Lead is normally to be 
preferred over the use of coaxial cable for 
feeding the center of a half-wave dipole. 


Off-Center 
Fed Doublet 


The system shown in figure 
2(O) is sometimes used to 
feed a half-wave dipole, espe- 
cially when it is desired to use the same an- 
tenna on a number of harmonically-related fre- 
quencies. The feeder wire (no. 14 enamelled 
wire should be used) is tapped a distance of 
14 per cent of the total length of the antenna 
either side of center. The feeder wire, operat- 
ing against ground for the return current, has 
an impedance of approximately 600 ohms. The 
system works well over highly conducting 
ground, but will introduce rather high losses 
when the antenna is located above rocky or 
poorly conducting soil. The off-center fed an- 
tenna has a further disadvantage that it is 
highly responsive to harmonics fed to it from 
the transmitter. 

The effectiveness of the antenna system in 
radiating harmonics is of course an advantage 
when operation of the antenna on a number of 
frequency bands is desired. But it is neces- 
sary to use a harmonic filter to insure that 
only the desired frequency is fed from the 
transmitter to the antenna. 


22-3 The Half-Wave 
Vertical Antenna 


The half-wave vertical antenna with its bor- 
tom end from 0.1 to 0.2 wavelength above 
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in series with the antenna coil or in parallel 
with it. A series tuning capacitor can be 
placed in series with one feeder leg without 
unbalancing the system. 

The tuned-doublet antenna is shown in fig- 
ure 2D. The antenna is a current-fed system 
when the radiating wire is a half wave long 
electrically, or when the system is operated 
on its odd harmonics, but becomes a voltage- 
fed radiator when operated on its even har- 
monics. 

The antenna has a different radiation pat- 
tern when operated on its harmonics, as would 
be expected. The arrangement used on the 
second harmonic is better known as the Frank- 
lin colinear array and is described in Chapter 
Twenty-three. The pattern is similar toa Yewave 
dipole except that it is sharper in the broad- 
side direction. On higher harmonics of oper- 
ation there will be multiple lobes of radiation 
from the system. 

Figures 2E and 2F show alternative arrange- 
ments for using an untuned transmission line 
between the transmitter and the tuned-doublet 
radiator. In figure 2E a half-wave shorted line 
is used to resonate the radiating system, 
while in figure 2F a quarter-wave open line is 
utilized. The adjustment of quarter-wave and 
half-wave stubs is discussed in Section 19-8. 


Doublets with 
Quorter-Wove 
Tronsformers 


The average value of feed im- 
pedance for a center-fed half- 
wave doublet is 75 ohms. The 
actual value varies with height 
and is shown in Chapter Twenty-one. Other 
methods of matching this rather low value of 
impedance to a medium-impedance transmis- 
sion line are shown in (G), (H), and (I) of fig- 
ure 2. Each of these three systems uses a 
quarter-wave transformer to accomplish the 
impedance transformation. The only difference 
between the three systems lies in the type of 
transmission line used in the quarter-wave 
transformer. (G) shows the Johnson Q system 
whereby a line made up of 4-inch dural tubing 
is used for the low-impedance linear trans- 
former. A line made up in this manner is fre- 
quently called a set of Q bars. Illustration 
(H) shows the use of a four-wire line as the 
linear transformer, and (I) shows the use of a 
piece of 150-ohm Twin-Lead electrically \%4- 
wave in length as the transformer between the 
center of the dipole and a piece of 300-ohm 
Twin-Lead. In any case the impedance of the 
quarter-wave transformer will be of the order 
of 150 to 200 ohms. The use of sections of 
transmission line as linear transformers is 
discussed in detail in Section 22-8. 


Multi-Wire 
Doublets 


An alternative method for increas- 
ing the feed-point impedance of a 
dipole so that a medium-imped- 


ance transmission line may be used is shown 
in figures 2) and 2K. This system utilizes 
more than one wire in parallel for the radiating 
element, but only one of the wires is broken 
for attachment of the feeder. The most com- 
mon arrangement uses two wires in the flat 
top of the antenna so that an impedance multi- 
plication of four is obtained. 

The antenna shown in figure 2J is the so- 
called Twin-Lead folded dipole which is a 
commonly used antenna system on the medium- 
frequency amateur bands. In this arrangement 
both the antenna and the transmission line to 
the transmitter are constructed of 300-ohm 
Twin-Lead. The flat top of the antenna is 
made slightly less than the conventional 
length (462/Fyc, instead of 468/Fy¢, for a 
single-wire flat top) and the two ends of the 
Twin-Lead are joined together at each end. 
The center of one of the conductors of the 
Twin-Lead flat top is broken and the two ends 
of the Twin-Lead feeder are spliced into the 
flat top leads. As a protection against mois- 
ture pieces of flat polyethylene taken from 
another piece of 300-ohm Twin-Lead may be 
molded over the joint between conductors with 
the aid of an electric iron or soldering iron. 

Better bandwidth characteristics can be ob- 
tained with a folded dipole made of ribbon line 
if the two conductors of the ribbon line are 
shorted a distance of 0.82 (the velocity factor 
of ribbon line) of a free-space quarter wave- 
length from the center or feed point. This pro- 
cedure is illustrated in figure 3A. An alter- 
native arrangement for a Twin-Lead folded 
dipole is illustrated in figure 3B. This type of 
half-wave antenna system is convenient for 
use on the 3.5-Mc. band when the 116 to 132 
foot distance required for a full half-wave is 
not quite available in a straight line, since the 
single-wire end pieces may be bent away or 
downward from the direction of the main sec- 
tion of the antenna. 

Figure 2K shows the basic type of 2-wire 
doublet or folded dipole wherein the radiating 
section of the system is made up of standard 
antenna wire spaced by means of feeder 
spreaders. The feeder again is made of 300- 
ohm Twin-Lead since the feed-point imped- 
ance is approximately 300 ohms, the same as 
that of the Twin-Lead folded dipole. 

The folded-dipole type of antenna has the 
broadest response characteristic (greatest 
bandwidth) of any of the conventional half- 
wave antenna systems constructed of smail 
wires or conductors. Hence such an antenna 
may be operated over the greatest frequency 
range without serious standing waves of any 
common half-wave antenna type. 

The increased bandwidth of the multi-wire 
doublet type of radiator, and the fact that the 
feed-point resistance is increased several 
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Figure 1 
THE END-FED HERTZ ANTENNA 


Showing the manner in which an end-fed Hertz 

antenna may be fed through a low-impedance 

line ond low-pass filter by using « resonant 

tank circuit as at (A), or through the use of 
@ reverse-connected pi network as at (B). 


SI 


Some harmonic-attenuating provision (in addi- 
tion to the usual low-pass TVI filter) must be 
included in the coupling system, as an end- 
fed antenna itself offers no discrimination 
against harmonics, either odd or even. 

The end-fed Hertz antenna has rather high 
losses unless at least three-quarters of the 
radiator can be placed outside the operating 
room and in the clear. As there is r-f voltage 
at the point where the antenna enters the 
operating room, the insulation act that point 
should be several times as effective as the 
insulation commonly used with low-voltage 
feeder systems. This antenna can be operated 
on all of its higher harmonics with good effi- 
ciency, and can be operated at half frequency 
against ground as a quarter-wave Marconi. 


As the frequency of an antenna is raised 
slighdy when it is bent anywhere except at a 
voltage or current loop, an end-fed Hertz an- 
tenna usually is a few per cent longer than a 
straight half-wave doublet for the same fre- 
quency, because, ordinarily, it is impractical 
to bring a wire in to the transmitter without 
making several bends. 


The Zepp Antenna 
System 


The zeppelin or zepp an- 
tenna system, illustrated 
in figure 2A is very con- 
venient when it is desired to operate a single 
radiating wire on a number of harmonically re- 
lated frequencies. 

The zepp antenna system is easy to tune, 
and can be used on several bands by merely 


retuning the feeders. The overall efficiency of 
the zepp antenna system is not quite as high 
for long feeder lengths as for some of the an- 
tenna systems which employ non-resonant 
transmission lines, but where space is limited 
and where operation on more than one band 
is desired, the zepp has some decided ad- 
vantages. 

As the radiating portion of the zepp antenna 
system must always be some multiple of a 
half wave long, there is always high volcage 
present at the point where the live zepp feed- 
er attaches to the end of the radiating portion 
of the antenna. Thus, this type of zepp an- 
tenna system is voltage fed, 


Stub-Fed Zepp- 
Type Radiator 


Figure 2C shows a modifica- 
tion of the zepp-type antenna 
system to allow the use of 
a non-resonant transmission line between the 
radiating portion of the antenna and the trans- 
mitcer. The zepp portion of the antenna is 
resonated as a quarter-wave stub and the non- 
resonant feeders are connected to the stub at 
a point where standing waves on the feeder 
are minimized. The procedure for making these 
adjustments is described in detail in Section 
22-8 This type of antenna system is quite 
satisfactory when it is necessary physically 
to end feed the antenna, but where it is neces- 
sary also to use non-resonant feeder between 
the transmitter and the radiating system. 


22-2 Center-Fed Half- 


Wave Horizontal Antennas 


The center feeding of a half-wave antenna 
system is usually to be desired over an end- 
fed system since the center-fed system is in- 
herently balanced to ground and is therefore 
less likely to be troubled by feeder radiation. 
A oumber of center-fed systems are illustrated 
in figure 2. 


The current-fed doublet with 
spaced feeders, sometimes 
called a center-fed zepp, is an 
inherently balanced system if the two legs of 
the radiator are electrically equal. This fact 
holds true regardless of the frequency, or of 
the harmonic, on which the system is oper- 
ated. The system can successfully be oper- 
ated over a wide range of frequencies if the 
system as a whole (both tuned feeders and the 
center-fed flat top) can be resonated to the 
operating frequency. It is usually possible to 
tune such an antenna system to resonance 
with che aid of a tapped coil and a tuning ca- 
pacitor that can optionally be placed either 


The Tuned 
Doublet 


WWW.americanradiohistorv.com 


CHAPTER TWENTY-TWO 


Antennas and Antenna Matching 


Antennas for the lower frequency portion of 
the h-f spectrum (perhaps from 1.8 to 7.0 Mc.), 
and temporary or limited use antennas for the 
upper portion of the h-f range, usually are of 
a relatively simple type in which directivity 
is not a prime consideration. Also, it often is 
desirable, in amateur work, that a single an- 
tenna system be capable of operation at least 
on the 3.5-Mc. and 7.0-Mc. range, and prefer- 
ably on other frequency ranges. Consequently, 
the first portion of this chapter will be de- 
voted to a discussion of such antenna sys- 
tems. The latter portion of the chapter is de- 
voted to the general problem of matching the 
antenna transmission line to antenna systems 
of the fixed type. Matching the antenna trans- 
mission line to the rotatable directive array 
is discussed in Chapter Twenty-five. 


22-1 End-Fed Half-Wave 


Horizontal Antennas 


The half-wave horizontal dipole is the most 
common and the most practical antenna for the 
3.5-Mc. and 7-Mc. amateur bands. The form of 
the dipole, and the manner in which it is fed 
are capable of a large number of variations. 
Figure 2 shows a number of practicable forms 
of the simple dipole antenna along with meth- 
ods of feed. 


422 


Usually a high-frequency doublet is mounted 
as high and as much in the clear as possible, 
for obvious reasons. However, it is sometimes 
justifiable to bring part of the radiating sys- 
tem directly to the transmitter, feeding the an- 
tenna without benefit of a transmission line. 
This is permissible when (1) there is insuffi- 
cient room to erect a 75- or 80-meter horizon- 
tal dipole and feed line, (2) when a long wire 
is also to be operated on one of the higher 
frequency bands on a harmonic. In either case, 
ic is usually possible to get the main portion 
of the antenna in the clear because of its 
length. This means that the power lost by 
bringing the antenna directly to the transmitter 
is relatively small. 

Even so, it is not best practice to bring the 
high-voltage end of an antenna into the oper- 
ating room because of the increased difficulty 
in eliminating BCI and TVI. For this reason 
one should dispense with a feed line in con- 
junction with a Hertz antenna only as a last 
resort. 


End-Fed 
Antennas 


The end-fed antenna has no form 
of transmission line to couple it 
to the transmitter, but brings the 
radiating portion of the antenna right down to 
the transmitter, where some form of coupling 
system is used to transfer energy to the an- 
tenna. 

Figure 1 shows two common methods of 
feeding the Fuchs antenna or end-fed Hertz. 
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amplitude, in curn, depends upon the mismatch 
at the line termination. A line of no. 12 wire, 
spaced 6 inches with good ceramic or plastic 
spreaders, has a surge impedance of approx- 
imately 600 ohms, and makes an excellent 
tuned feeder for feeding anything between 60 
and 6000 ohms (at frequencies below 30 Mc.). 
If used to feed a load of higher or lower imped- 
ance than this, the standing waves become 
great enough in amplitude that some loss will 
occur unless the feeder is kept short. At fre- 
quencies above 30 Mc., the spacing becomes 
an appreciable fraction of a wavelength, and 
radiation from the line no longer is negligible. 
Hence, coaxial line or close-spaced parallel- 
wire line is recommended for v-h-f work. 

If a transmission line is not perfectly match- 
ed, it should be made resonant, even though 
the amplitude of the standing waves (voltage 
variation) is not particularly great. This pre- 
vents reactance from being coupled into the 
final amplifier. A feed system having moderate 
standing waves may be made to present a non- 
reactive load to the amplifier either by tuning 
or by pruning the feeders to approximate reso- 
nance. 

Usually it is preferable with tuned feeders 
to have a current loop (voltage minimum) at the 
transmitter end of the line. This means chat 
when voltage- feeding an antenna, the tuned 
feeders should be made an odd number of quar- 
ter wavelengths long, and when current-feeding 
an antenna, the feeders should be made an 
even number of quarter wavelengths long. Actu- 
ally, the feeders are made about 10 per cent of 
a quarter wave longer than the calculated 
value (the value given in the tables) when 
they are to be series tuned to resonance by 
means of a capacitor, instead of being trimmed 
and pruned to resonance. 

When tuned feeders are used to feed an an- 
tenna on more than one band, it is necessary 
to compromise and make provision for both 
series and parallel cuning, inasmuch as it is 
impossible to cut a feeder to a length that 
will be optimum for several bands. If a voltage 
loop appears at the transmitter end of the line 
on certain bands, parallel tuning of the feed- 
ers will be required in order co get a transfer 
of energy. It is impossible to transfer energy 
by inductive coupling unless current is flow- 
ing. This is effected at a voltage loop by the 


presence of the resonant tank circuit formed 
by parallel tuning of the antenna’ coil. 


21-12 Line Discontinuities 

In the previous discussion we have assumed 
a transmission line which was uniform through- 
out its length. In actual practice, this is 
usually not the case. 

Whenever there is any sudden change in the 
characteristic impedance of the line, partial 
reflection will occur at the point of discon- 
tinuity. Some of the energy will be transmitted 
and some reflected, which is essentially the 
same as having some of the energy absorbed 
and some reflected in so far as the effece upon 
the line from the generator to that point is 
concerned. The discontinuity can by ascribed 
a reflection coefficient just as in the case of 
an unmatched load. 

In a simple case, such as a finite length of 
uniform line having a characteristic impedance 
of 500 ohms feeding into an infinite length of 
uniform line having a characteristic impedance 
of 100 ohms, the behavior is easily predicted. 
The infinite 100 ohm line will have no standing 
waves and will accept the same power from the 
500 ohm line as would a 100 ohm resistor, 
and the rest of the energy will be reflected at 
the discontinuity to produce standing waves 
from there back to the generator. However, in 
the case of a complex discontinuity placed at 
an odd distance down a line terminated in a 
complex impedance, the picture becomes com- 
plicated, especially when the discontinuity is 
neither sudden nor gradual, but intermediate 
between the two. This is the usual case with 
amateur lines that must be erected around 
buildings and trees. 

In any case, when a discontinuity exists 
somewhere on a line and is not a smooth, 
gradual change embracing several wavelengths, 
it is not possible to avoid standing waves 
throughout the entire length of the line. If the 
discontinuity is sharp enough and is great 
enough to be significant, standing waves must 
exist on one side of the discontinuity, and 
may exist on both sides in many cases. 
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line fed by a transmitter. It is the reflection 
from the antenna end which starts waves mov- 
ing back toward the transmitter end. When 
waves moving in both directions along a con- 
ductor meet, standing waves are set up. 


A well-constructed open- 
wire line has acceptably 
lowlosses whenits length 
is less than about two wavelengths even when 
the voltage standing-wave ratio is as high as 
10 to 1. A transmission line constructed of 
ribbon or tubular line, however, should have 
the standing-wave ratio kept down to not more 
than about 3 to 1 both to reduce power loss 
and because the energy dissipation on the line 
will be localized, causing overheating of the 
line at the points of maximum current. 

Because moderate standing waves can be 
tolerated on open-wire lines without much loss, 
a standing-wave ratio of 2/1 or 3/1 is con- 
sidered acceptable with this type of line, even 
when used in an untuned system. Strictly 
speaking, a line is untuned, or non-resonant, 
only when it is perfectly flat, with a standing- 
wave ratio of 1 (no standing waves). However, 
some mismatch can be tolerated with open-wire 
untuned lines, so long as the reactance is not 
objectionable, or is eliminated by cutting the 
line to approximately resonant length. 


Semi-Resonant 
Parallel-Wire Lines 


Tuned or 
Resonant Lines 


21-11 


If a transmission line is terminated in its 
characteristic surge impedance, there will be 
no reflection at the end of the line, and the 
current and voltage distribution will be uni- 
form along the line. If the end of the line is 
either open-circuited or short-circuited, the 
reflection at the end of the line will be 100 
per cent, and standing waves of very great am- 
plitude will appear on the line. There will still 
be practically no radiation from the line if ic is 
closely spaced, but voltage nodes will be 
found every half wavelength, the voltage loops 
corresponding to current nodes (figure 23). 

If the line is terminated in some value of 
resistance other than the characteristic surge 
impedance, there will be some reflection, the 
amount being determined by the amount of mis- 
match. With reflection, there will be standing 
waves (excursions of current and voltage) 
along the line, though not to the same extent 
as with an open-circuited or short-circuited 
line. The current and voltage loops will occur 
at the same points along the line as with the 
open or short-circuited line, and as the ter- 
minating impedance is made to approach the 
characteristic impedance of the line, the cur- 
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Figure 23 


STANDING WAVES ON A TRANS- 
MISSION LINE 


As shown at (A), the voltage and current ore 
constant on a transmission line which is 
terminated in its characteristic impedance, 
assuming that losses are small enough so 
that they may be neglected. (B) shows the 
variation in current or in voltage on a line 
terminated in a load with a reflection co- 
efficient af 0.2 so that a standing wove ratio 
of 1.5 to T is set up. At (C) the reflection 
coefficient has been increased to 0.5, with 
the formation of a 3 to | standing-wave ratio 
on the line. At (D) the line has been termi- 
nated in a load which hes a reflection co- 
efficient of 1.0 (short, open circuit, or o pure 
reactance) so that all the energy is reflected 
with the formation of an infinite standing- 
wave ratio. 


rent and voltage along the line will become 
more uniform. The foregoing assumes, of 
course, a purely resistive (non-reactive) load. 
If the load is reactive, standing waves also 
will be formed. But with a reactive load the 
nodes will occur at different locations from 
the node locations encountered with wrong- 
value resistive termination. 


A well buile 500- to 600-ohm transmission 
line may be used as a resonant feeder for 
lengths up to several hundred feet with very 
low loss, so long as the amplitude of the 
standing waves (ratio of maximum to minimum 
voltage along the line) is not too great. The 
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ribbon and tubular configuration, with char- 
acteristic impedance values from 75 to 300 
ohms. Receiving types, and transmitting types 
for power levels up to one kilowatt in the h-f 
range, are listed with their pertinent char- 
acteristics, in the table of figure 21. 


Cooxial Line Several types of coaxial cable 

have come into wide use for 
feeding power to an antenna system. A cross- 
sectional view of a coaxial cable (sometimes 
called concentric cable or line) is shown in 
figure 22. 

As in the parallel-wire line, the power lost 
in a properly terminated coaxial line is the 
sum of the effective resistance losses along 
the length of the cable and the dielectric 
losses between the two conductors. 

Of the two losses, the effective resistance 
loss is the greater; since it is largely due to 
the skin effect, the line loss (all other condi- 
tions the same) will increase directly as the 
square root of the frequency. 

Figure 22 shows that, instead of having two 
conductors running side by side, one of the 
conductors is placed inside of the other. Since 
the outside conductor completely shields the 
inner one, no radiation takes place. The con- 
ductors may both be tubes, one within the 
other; the line may consist of a solid wire 
within a tube, or it may consist of a stranded 
or solid inner conductor with the outer con- 
ductor made up of one or two wraps of copper 
shielding braid. 

In the type of cable most popular for mili- 
tary and non-commercial use the inner con- 
ductor consists of a heavy stranded wire, the 
outer conductor consists of a braid of copper 
wire, and the inner conductor is supported 
within the outer by means of a semi-solid 
dielectric of exceedingly low loss character- 
istics called polyethylene. The Army-Navy 
designation on one size of this cable suitable 
for power levels up to one kilowatt at fre- 
quencies as high as 30 Mc. is AN/RG-8/U. 
The outside diameter of this type of cable is 
approximately one-half inch. The character- 
istic impedance of this cable type is 52 ohms, 
but other similar types of greater and smaller 
power-handling capacity are available in im- 
pedances of 52, 75, and 95 ohms. 

When using solid dielectric coaxial cable 
it is necessary that precautions be taken to 
insure that moisture cannot enter the line. If 
the better grade of connectors manufactured 
for the line are employed as terminations, this 
condition is automatically satisfied. If con- 
nectors are not used, it is necessary that 
some type of moisture-proof sealing compound 
be applied to the end of the cable where it 
will be exposed to the weather. 

Nearby metallic objects cause no loss, and 
coaxial cable may be run up air ducts or ele- 
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Figure 22 


CHARACTERISTIC IMPEDANCE OF AIR- 
FILLED COAXIAL LINES 

if the filling of the line is a dielectric mo 

terial other than air, the characteristic im- 

pedance of the line will be reduced by a 

factor proportional to the square-root of the 

dielectric constant of the material used as a 
dielectric within the line. 


serene 


vator shafts, inside walls, or through metal 
conduit. Insulation troubles can be forgotten. 
The coaxial cable may be buried in the ground 
or suspended above ground. 

Standing Waves Standing waves on a trans- 
mission line always are the 
result of the reflection of energy. The only 
significant reflection which takes place in a 
normal installation is that at the load end of 
the line. But reflection can take place from 
discontinuities in the line, such as caused by 
insulators, bends, or metallic objects adjacent 
to an unshielded line. 

When a uniform transmission line is termi- 
nated in an impedance equal to its surge im- 
pedance, reflection of energy does not occur, 
and no standing waves are present. When the 
load termination is exactly the same as the 
line impedance, it simply means that the load 
takes energy from the line just as fast as the 
line delivers it, no slower and no faster. 

Thus, for proper operation of an untuned 
line (with standing waves eliminated), some 
form of impedance-matching arrangement must 
be used between the transmission line and 
the antenna, so that the radiation resistance 
of the antenna is reflected back into the line 
as a nonreactive impedance equal to the line 
impedance. 

The termination at the antenna end is the 
only critical characteristic about the untuned 
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OPEN WIRE LINE, N® 12 
COPPER. 


RIBBON LINE, REC. 
300 OHMS. 
(7726 CONDUCTORS ) 


TUBULAR “TWIN-LEAD” 
REC. TYPE, 300 OHMS, 

$718* 0.0., (AMPHENOL 

TYPE 14-271) 


RIBBON LINE, TAANS. 
TYPE, 300 OHMS. 


TUBULAR “TWIN-LEAD” 
TRANS. TYPE, 7/16 0.0. 
(AMPHENOL 14-076 


RIBBON LINE, RECEIVE. 
TYPE, 150 OHMS. 


CHARACTERISTICS OF COMMON TRANSMISSION LINES 


ATTENUATION 


db/100 FEET 
VSWR = 1.0 


VELO- 
pond as REMARKS 


BASED UPON 4° SPACING BELOW 30 MC.; 2” SPACING ABOVE 50 MC. RADIATION 
LOSSES INCLUDED. CLEAN, LOW LOSS CERAMIC INSULATION ASSUMED. RADIATION 
HIGH ABOVE 180 MC 


FOR CLEAN. ORY LINE. WET WEATHER PERFORMANCE RATHER POOR BEST LINE IS 
SLIGHTLY CONVEX. AVOIO LINE THAT HAS CONCAVE DIELECTRIC SUITABLE FOR 
LOW POWER TRANSMITTING APPLICATIONS. LOSSES INCREASE AS LINE WEATHERS. 
HANDLES 400 WATTS AT 30 MC. IF vSWA IS LOW. 


CHARACTERISTICS SIMILAR TO RECEIVING TYPE RIBBON LINE ExCEPT FOR MUCH 
BETTER WET WEATHER PERFORMANCE. 


CHARACTERISTICS VARY SOMEWHAT WITH MANUFACTURER, BUT APPROXIMATE 
THOSE OF RECEIVING TYPE RIBBON EXCEPT FOR GREATER POWER HANOLING 
CAPABILITY AND SLIGHTLY BETTER WET WEATHER PERFORMANCE. 


FOR USE WHERE RECEIVING TYPE TUBULAR *TWIN-LEAO” DOES NOT HAVE SUFFI~ 
CIENT POWER HANDLING CAPABILITY. WILL HANOLE ft kW AT 30 MC. IF VSWR 
(s LOW. 


USEFUL For QUARTER WAVE MATCHING SECTIONS. NO LONGER WIDELY USED 
AS ALINE. 


RIBBON LINE, RECEIVE. 
TYPE, 75 OHMS. 


RIBBON LINE, TRANS. 
TYPE, 75 OHMS, 


ne-e7v conn now] 1.0 [ 2a[ aa] ane 


USEFUL MAINLY IN THE H-F RANGE BECAUSE OF EXCESSIVE LOSSES AT V-H-F 
ANO U-H-F. LESS AFFECTED BY WEATHER THAN 300 OHM.RIBBON. 


VERY SATISFACTORY FOR TRANSMITTING APPLICATIONS BELOW 30 MC. AT 
POWERS UP TO 1 KW. NOT SIGNIFICANTLY AFFECTED BY WET WEATHER. 


WILL HANOLE 2 KW AT 20 MC. IF VSWR IS LOW 0.4°0.0. 


7721 CONDUCTOR. 


AG-117U COAX (75 Orims) Joos] 19] a0 | 088 | 205] WILL MANOLE 1.4 KW AT 30 MC. IF VSWR IS LOW. 0.4*0.0. 7726 CONDUCTOR. 

RG-177U coax (s20nms)| 0.368 / 0.08 | 1.6 | 0.66 | 29.5] WILL HANOLE 7.8 KW. AT 30 MC. IF VSWA IS LOW. 067" 0.0, 0.197 Dia. CONDUCTOR 
AG-8870 coax (s3 onm9] 1.95 | «.1 | 0.0 | 0.86 | 20.5 | WILL HANDLE 420 WATTS AT 30 MC. IF VSWA IS LOW. 0.2*D.0._N* 20 CONDUCTOR. 
AG-2970 coax (7300ms)| 1.9 | 3.6 | 7.0 | 0.08 | 2t | WILL HANOLE 880 WATTS AT 30 MC. IF VSWR IS LOW. 0.24”0.0. N° 22 CONDUCTOR. 


TV-89 COAX (72 OHMS) } 20 [40] 70 | oe | 22 | “COMMERCIAL” VERSION OF RG-59/U FOR LESS EXACTING APPLICATIONS. LESS 
EXPENSIVE. 


RG-227U SHIELDED 
PAIR (95 OHMS) 


1.7 FOR SHIELDED, BALANCED-TO-GROUND APPLICATIONS. VERY LOW NOISE 
PICK UP. 0.40.0. 


K-11f SHIELDED PAIR OESIGNED FOR TV LEAD-IN IN NOISY LOCATIONS. LOSSES HIGHER THAN 
(300 Onms) REGULAR 300 OHM RIBBON, BUT DO NOT INCREASE AS MUCH FROM WEATHERING 


YW APPROXIMATE. EXACT FIGURE VARIES SLIGHTLY WITH MANUFACTURER 


FIGURE 21 


2S 
Z:= 276 log,,.— 


Where: 
S is the exact distance between wire centers 
in some convenient unit of measurement, and 
dis the diameter of the wire measured in the 
same units as the wire spacing, S. 


2s 
Since —- expresses a ratio only, the units 
d 
of measurement may be centimeters, milli- 
meters, or inches. This makes no difference 
in the answer, so long as the substituted 
values for S and d are in the same units. 
The equation is accurate so long as the 
wire spacing is relatively large as compared 
to the wire diameter. 


Surge impedance values of less than 200 
ohms are seldom used in the open-type two- 
wire line, and, even at this rather high value 
of Z, the wire spacing S is uncomfortably 
close, being only 2.7 times the wire diameter d. 

Figure 20 gives in graphical form the surge 
impedance of practicable two-wire lines. The 
chart is self-explanatory, and is sufficiently 
accurate for practical purposes. 


Ribbon ond 
Tubular Trans- 
mission Line 


Instead of using spacer in- 
sulators placed periodically 
along the transmission line 
it is possible to mold the 
line conductors into a cibbon or tube of flex- 
ible low-loss dielectric material. Such line, 
with polyethylene dielectric, is used in enor- 
mous quantities as the lead-in transmission 
line for FM and TV receivers. The line is 
available from several manufacturers in the 
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ever, mechanical or electrical considerations 
often make one type of transmission line better 
adapted for use to feed a particular type of 
antenna than any other type. 

Transmission lines for carrying r-f energy 
are of two general types: non-resonant and 
resonant. A non-resonant transmission line 
is one on which a successful effort has been 
made to eliminate reflections from the termi- 
nation (the antenna in the transmitting case 
and the receiver for a receiving antenna) and 
hence one on which standing waves do not 
exist or are relatively small in magnitude. A 
resonant line, on the other hand, is a trans- 
mission line on which standing waves of ap- 
preciable magnitude do appear, either through 
inability to match the characteristic impedance 
of the line to the termination or through in- 
tentional design. 

The principal types of transmission line in 
use or available at this time include the open- 
wire line (two-wire and four-wire types), two- 
wire solid-dielectric line (‘*Twin-Lead’’ and 
similar ribbon or tubular types), two-wire poly- 
ethylene-filled shielded line, coaxial line of 
the solid-dielectric, beaded, stub-supported, 
or pressurized type, rectangular and cylindrical 
wave guide, and the single-wire feeder oper- 
ated against ground. The significant charac- 
teristics of the more popular types of trans- 
mission line available at this time are given 
in the chart of figure 21. 


Non-Resonant 
Transmission Lines 
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A non-resonant or untuned transmission line 
is a line with negligible standing waves. 
Hence, a non-resonant line is a line carrying 
t-f power only in one direction—from the source 
of energy to the load. 

Physically, the line itself should be iden- 
tical throughout its length. There will be a 
smooth distribution of voltage and current 
throughout its length, both tapering off very 
slightly towards the load end of the line as a 
result of line losses. The attenuation (loss) 
in certain types of untuned lines can be kept 
very low for line lengths up to several thou- 
sand feet. In other types, particularly where 
the dielectric is not air (suchas inthe twisted- 
pair line), the losses may become excessive 
at the higher frequencies, unless the line is 
relatively short. 


All transmission lines have 
distributed inductance, 
capacitance and resist- 
ance. Neglecting the resistance, as it is of 
minor importance in short lines, it is found 
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Figure 20 


CHARACTERISTIC IMPEDANCE OF TYPI- 
CAL TWO-WIRE OPEN LINES 


SK 


that the inductance and capacitance per unit 
length determine the characteristic or surge 
impedance of the line. Thus, the surge im- 
pedance depends upon the nature and spacing 
of the conductors, and the dielectric sepa- 
rating them. 

Speaking in electrical terms, the charac- 
teristic impedance of a transmission line is 
simply the ratio of the voltage across the line 
to the current which is flowing, the same as 
is the case with a simple resistor: Z, = E/I. 
Also, in a substantially loss-less line (one 
whose attenuation per wavelength is small) 
the energy stored in the line will be equally 
divided between the capacitive field and the 
inductive field which serve to propagate the 
energy along the line. Hence the character- 
istic impedance of a line may be expressed as: 


Z,. = VL/C. 
Two-Wire A two-wire transmission system 
OpenLine is easy to construct. Its surge im- 


pedance can be calculated quite 
easily, and when properly adjusted and bal- 
anced to ground, with a conductor spacing 
which is negligible in terms of the wave- 
length of the signal carried, undesirable feeder 
radiation is minimized; the current flow in 
the adjacent wires is in opposite directions, 
and the magnetic fields of the two wires are 
in opposition to each other. When a two-wire 
line is terminated with the equivalent of a 
pure resistance equal to the characteristic 
impedance of the line, the line becomes a non- 
resonant line. 
Expressed in physical terms, the character- 
istic impedance of a two-wire open line is 
equal to: 


WWW.americanradiohistorv.com 


416 Radiation, Propagation and Lines 


THE RADIO 


dent, particularly a ‘‘flutter fade’’ and a char- 
acteristic “‘hollow’’ or echo effect. 

Deviations from a great circle path are es- 
pecially noticeable in the case of great circle 
paths which cross or pass near the auroral 
zones, because in such cases there often is 
complete or nearly complete absorption of the 
direct sky wave, leaving off-path scattered 
reflections the only mechanism of propagation. 
Under such conditions the predominant wave 
will appear to arrive from a direction closer 
to the equator, and the signal will be notice- 
ably if not considerably weaker than a direct 
sky wave which is received under favorable 
conditions. 

Irregular reflection of radio waves from 
‘scattering patches’’ is divided into two cate- 
gories: ‘‘shore scatter’? and ‘“‘long scatter’. 

Short scatter is the scattering that occurs 
when a radio wave first reaches the scattering 
patches or media. Ordinarily it is of no parti- 
cular benefit, as in most cases it only serves 
to fill in the inner portion of the skip zone 
with a weak, distorted signal. 

Long scatter occurs when a wave has been 
refracted from the F, layer and strikes scatter- 
ing patches or media on the way down. When 
the skip distance exceeds several hundred 
miles, long scatter is primarily responsible 
for reception within the skip zone, particu- 
larly the outer portion of the skip zone. Dis- 
tortion is much less severe than in the case 
of short scatter, and while the signal is like- 
wise weak, it sometimes can be utilized for 
satisfactory communication. 

During a severe ionosphere disturbance in 
the north auroral zone, it sometimes is possible 
to maintain communication between the Eastern 
United States and Northern Europe by the fol- 
lowing mechanism: That portion of the energy 
which is radiated in the direction of the great 
circle path is completely absorbed upon reach- 
ing the auroral zone. However, the portion of 
the wave leaving the United States in a south- 
easterly direction is refracted downward from 
the F, layer and encounters scattering patches 
or media on its downward trip at a distance 
of approximately 2000 miles from the trans- 
mitter. There it is reflected by ‘‘long scatter’’ 
in all directions, this scattering region acting 
like an isotropic radiator fed with a very small 
fraction of the original transmitter power. The 
great circle path from this southerly point to 
northern Europe does not encounter unfavor- 
able ionosphere conditions, and the wave is 
propagated the rest of the trip as though it had 
been radiated from the scattering region. 


Another type of scatter is produced when 
a sky wave strikes certain areas of the earth. 
Upon striking a comparatively smooth surface 
such as the sea, there is little scattering, the 
wave being shot up again by what could be 


considered specular or mirror reflection. But 
upon striking a mountain range, for instance, 
the reradiation or reflected energy is scattered, 
some of it being directed back towards the 
transmitter, thus providing another mechanism 
for producing a signal within the skip zone. 


When a meteor strikes the earth’s 
atmosphere, a cylindrical region 
of free electrons is formed at 
approximately the height of the E layer. This 
slender ionized column is quite long, and when 
first formed is sufficiently dense to reflect 
radio waves back to earth most readily, in- 
cluding v-h-{ waves which are not ordinarily 
returned by the F, layer. 

The effect of a single meteor, of normal size, 
shows up as a sudden ‘‘burst’’ of signal of 
short duration at points not ordinarily reached 
by the transmitter. After a period of from 10 
to 40 seconds, recombination and diffusion 
have progressed to the point where the effect 
of a single fairly large meteor is not percep- 
tible. However, there are many small meteors 
impinging upon earth’s atmosphere every min- 
ute, and the aggregate effect of their transient 
ionized trails, including the small amount of 
residual ionization that exists for several 
minutes after the original flash butis too weak 
and dispersed to prolong a ‘‘burst’’, is be- 
lieved to contribute to the existence of the 
‘nighttime E’’ layer, and perhaps also to 
sporadic E patches. 

While there are many of these very small 
meteors striking the earth’s atmosphere every 
minute, meteors of normal size (sufficiently 
large to produce individual ‘‘bursts’’) do not 
strike nearly so frequently except during some 
of the comparatively rare meteor ‘‘showers’’. 
During one of these displays a ‘quivering’ 
ionized layer is produced which is intense 
enough to return signals in the lower v-h-f 
range with good strength, but with a type of 
“fluceer’’ distortion which is characteristic 
of this type of propagation. 


Meteors and 
“Bursts” 
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For many reasons it is desirable to place 
an antenna or radiating system as high and in 
the clear as is physically possible, utilizing 
some form of nonradiating transmission line 
to carry energy with as little loss as possible 
from the transmitter to the radiating antenna, 
and conversely from the antenna to the re- 
ceiver. 

There are many different types of transmis- 
sion lines and, generally speaking, practically 
any type of transmission line or feeder system 
may be used with any type of antenna. How- 
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Figure 18 


THE YEARLY TREND OF THE SUNSPOT 
CYCLE. RADIO CONDITIONS IN GEN- 
ERAL WILL DETERIORATE DURING 1960- 
1965 AS THE CYCLE DECLINES. 


zon, the farther away will the wave return to 
earth, and the greater the skip distance. The 
wave can be reflected back up into the iono- 
sphere by the earth, and then be reflected back 
down again, causing a second skip distance 
area. The drawing of figure 19 shows the mul- 
tiple reflections possible. When the receiver 
receives signals which have traveled over 
more than one path between transmitter and 
receiver, the signal impulses will not all arrive 
at the same instant, as they do not all travel 
the same distance. When two or more signals 
arrive in the same phase at the receiving an- 
tenna, the resulting signal in the receiver will 
be quite strong. On the other hand, if the sig- 
nals arrive 180° out of phase, so they tend to 
cancel each other, the received signal will 
drop—perhaps to zero if perfect cancellation 
occurs. This explains why high-frequency 
signals are subject to fading. 

Fading can be greatly reduced on the high 
frequencies by using a transmitting antenna 
with sharp vertical directivity, thus cutting 
down the number of possible paths of signal 
arrival. A receiving antenna with similar char- 
acteristics (sharp vertical directivity) will 
further reduce fading. It is desirable, when 
using antennas with sharp vertical directivity, 
to use the lowest vertical angle consistent 
with good signal strength for the frequency 
used. 


Scattered reflections are random, 
diffused, substantially isotropic 
reflections which are partly re- 
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Figure 19 
IONOSPHERE-REFLECTION WAVE PATHS 


Showing typical jionosphere-reflection wave 
poths during daylight hours when ionization 
density is such thot frequencies as high as 
28 Mc. will be returned to eorth. The dis- 
tance between ground-wove range and that 
range where the ionosphere-reflected wave of 
a specific frequency first will be returned to 
earth is colled the skip distance. 


sponsible for reception within the skip zone, 
and for reception of signals from directions 
off the great circle path. 

In a heavy fog or mist, it is difficult to see 
the road at night because of the bright glare 
caused by scattered reflection of the head- 
light beam by the minute droplets. In fact, the 
road directly to the side of the car will be 
weakly illuminated under these conditions, 
whereas it would not on a clear night (assum- 
ing flat, open country). This is a good example 
of propagation of waves by scattered reflec- 
tions into a zone which otherwise would not 
be illuminated. 

Scattering occurs in the ianosphere at all 
times, because of irregularities in the medi- 
um (which result in ‘‘patches’’ corresponding 
to the water droplets) and because of random- 
phase radiation due to the collision or recom- 
bination of free electrons. However, the nature 
of the scattering varies widely with time, in 
a random fashion. Scattering is particularly 
prevalent in the E region, but scattered re- 
flections may occur at any height, even well 
out beyond the virtual height of the F, layer. 

There is no “critical frequency”’ or ‘low- 
est perforating frequency’’ involved in the 
scattering mechanism, though the intensity 
of the scattered reflections due to typical 
scattering in the F region of the ionosphere 
decreases with frequency. 

When the received signal is due primarily 
to scattered reflections, as is the case in the 
skip zone or where the great circle path does 
not provide a direct sky wave (due to low crit- 
ical or perforation frequency, or to an iono- 
sphere storm) very bad distortion will be evi- 
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Figure 17 
TYPICAL CURVES SHOWING CHANGE IN 
M.ULF. AT MAXIMUM AND MINIMUM 
POINTS IN SUNSPOT CYCLE 


The m.u.f. often drops to frequencies below 
10 Mc. in the early morning hours. The high 
m.u.f. in the middle of the day is brought about 
by reflection from the F, layer. M.u.f. data is 
published periodically in the magazines de- 
voted to amateur work, and the m.u.f. can be 
calculated with the aid of Basic Radio Propa- 
gation Predictions, CRPL-D, published month- 
ly by the Government Printing Office, Wash- 
ington, D.C. 


Absorption and 
Optimum Working 
Frequency 


The optimum working fre- 
quency for any particular 
direction and distance is 
usually about 15 per cent 
less than the m.u.f. for contact with that par- 
ticular location. The absorption by the iono- 
sphere becomes greater and greater as the 
operating frequency is progressively lowered 
below the m.u.f. It is this condition which 
causes signals to increase tremendously in 
strength on the 14-Mc. and 28-Mc. bands just 
before the signals drop completely out. At the 
time when the signals are greatest in ampli- 
tude the operating frequency is equal to the 
m.u.f. Then as the signals drop out the m.u.f. 
has become lower thanthe operating frequency. 


The shortest distance from a 
transmitting location at which 
signals reflected from the ionosphere can be 
returned to the earth is called the skip dis- 
tance. As was mentioned above under Critical 
Frequency there is no skip distance for a fre- 
quency below the critical frequency of the 


Skip Distance 


most highly ionized layer of the ionosphere 
at the time of transmission. However, the skip 
distance is always present on the 14-Mc. band 
and is almost always present on the 3.5-Mc. 
and 7-Mc. bands at night. The actual measure 
of the skip distance is the distance between 
the point where the ground wave falls to zero 
and the point where the sky wave begins to 
return to earth. This distance may vary from 
40 to 50 miles on the 3.5-Mc. band to thou- 
sands of miles on the 28-Mc. band. 


The Sparadic-E 
Layer 


Occasional patches of ex- 
tremely high ionization den- 
sity appear at intervals 
throughout the year at a height approximately 
equal to that of the FE layer. These patches, 
called the sporadic-F layer may be very small 
or may be up to several hundred miles in ex- 
tent. The critical frequency of the sporadic-F 
layer may be greater than twice that of the 
normal ionosphere layers which exist at the 
same time. 

It is this sporadic-E condition which pro- 
vides ‘‘short-skip’’ contacts from 400 to per- 
haps 1200 miles on the 28-Mc. band in the 
evening. It is also the sporadic-F condition 
which provides the more common type of ‘‘band 
opening’’ experienced on the 50-Mc. band when 
very loud signals are received from stations 
from 400 to 1200 miles distant. 


Cycles in The ionization density of 
lonosphere Activity the ionosphere is deter- 

mined by the amount of 
tadiation (probably ultra violet) which is be- 
ing received from the sun. Consequently, iono- 
sphere activity is a function of the amount of 
radiation of the proper character being emitted 
by the sun and is also a function of the rela- 
tive aspect of the regions in the vicinity of 
the location under discussion to the sun. There 
are four main cycles in ionosphere activity. 
These cycles are: the daily cycle which is 
brought about by the rotation of the earth, the 
27-day cycle which is caused by the rotation 
of the sun, the seasonal cycle which is caused 
by the movement of the earth in its orbit, and 
the ll-year cycle which is a cycle in sunspot 
activity. The effects of these cycles are super- 
imposed insofar as ionosphere activity is con- 
cerned. Also, the cycles are subject to short 
term variations as a result of magnetic storms 
and similar terrestrial disturbances. 


The most recent minimumof the 1l-year sun- 
spot cycle occurred during the winter of 1954- 
1955, and we are currently moving along the 
slope of a new cycle, the maximum of which 
occurred during 1958. The current cycle is pic- 
tured in figure 18. 


The lower the angle of radiation of 
the wave, with respect to the hori- 
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Figure 16 


IONIZATION DENSITY IN THE IONO- 
SPHERE 


Showing typical ionization density of the 

ionosphere in mid-summer. Note that the Fy 

and D layers disoppear at night, and that the 

density of the E layer falls to such a low 
value that it is ineffective. 


which the sky wave can undergo dépends up- 
on its frequency, and the amount of ionization 
in the ionosphere, which is in turn dependent 
upon radiation from the sun. The sun increases 
the density of the ionosphere layers (figure 16) 
and lowers their effective height. For this 
reason, the ionosphere acts very differently 
at different times of day, and at different times 
of the year. 

The higher the frequency of a radio wave, 
the farther it penetrates the ionosphere, and 
the less it tends to be bent back toward the 
earth. The lower the frequency, the more easily 
the waves are bent, and the less they pene- 
trate the ionosphere. 160-meter and 80-meter 
signals will usually be bent back to earth 
even when sent straight up, and may be con- 
sidered as being reflected rather than re/fract- 
ed. As the frequency is raised beyond about 
5,000 kc. (dependent upon the critical frequen- 
cy of the ionosphere at the moment), it is 
found that waves transmitted at angles higher 
than a certain critical angle never return to 
earth. Thus, on the higher frequencies, it is 
necessary to confine radiation to low angles, 
since the high angle waves simply penetrate 
the ionosphere and are lost. 


The F, Layer The higher of the two major 
reflection regions of the iono- 


sphere is called the F, layer. This layer has 


a virtual height of approximately 175 miles at 
night, and in the daytime it splits up into two 
layers, the upper one being called the F, layer 
and the lower being called the F, layer. The 
height of the F, layer during daylight hours is 
normally about 250 miles on the average and 
the F, layer often has a height of as low as 
140 miles. It is the F, layer which supports 
all nighttime dx communication and nearly all 
daytime dx propagation. 


The E Layer Below the F, layer is another 
layer, called the E layer, which 
is of importance in daytime communication 
over moderate distances in the frequency range 
between 3 and 8 Mc. This layer has an almost 
constant height at about 70 miles. Since the 
re-combination time of the ions at this height 
is rather short, the E layer disappears almost 
completely a short time after local sunset. 


The D Layer Below the E layer at a height of 
about 35 miles is an absorbing 
layer, called the D layer, which exists in the 
middle of the day in the summertime. The layer 
also exists during midday in the winter time 
during periods of high solar activity, but the 
layer disappears completely at night. It is this 
layer which causes high absorption of signals 
in the medium and high-frequency range during 
the middle of the day. 
Critical Frequency The critical frequency of 
an ionospheric layer is the 
highest frequency which will be reflected when 
the wave strikes the layer at vertical inci- 
dence. The critical frequency of the most high- 
ly ionized layer of the ionosphere may be as 
low as 2 Mc. at night and as high as 12 to 13 
Mc. in the middle of the day. The critical fre- 
quency is directly of interest in that a skip- 
distance zone will exist on all frequencies 
greater than the highest critical frequency at 
that time. The critical frequency is a measure 
of the density of ionization of the reflecting 
layers. The higher the critical frequency the 
greater the density of ionization. 


Maximum Usable 


The maximum usable fre- 
Frequency 


quency or m.u.f. is of great 
importance inlong-distance 
communication since this frequency is the high- 
est that can be used for communication be- 
tween any two specified areas. The m.u.f. is 
the highest frequency at which a wave pro- 
jected into space in a certain direction will 
be returned to earth in a specified region by 
ionospheric reflection. The m.u.f. is highest 
at noon or in the early afternoon and is high- 
est in periods of greatest sunspot activity, 
often going to frequencies higher than $0 Mc. 
(figure 17). 
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INVERSION AND DUCT 


REFRACTIVE INDEX 


Figure 15 
ILLUSTRATING DUCT TYPES 


Showing two types of variation in refractive 

index with height which will give rise to the 

formation of a duct. An elevated duct is 

shown at (A), and a ground-based duct is 

shown ot (B). Such ducts can propagate 

ground-wove signals far beyond their normal 
range. 


may give rise to the formation of a duct which 
can propagate waves with very little attenu- 
ation over great distances in a manner similar 
to the propagation of waves through a wave 
guide. Guided propagation through a duet in 
the atmosphere can give quite remarkable 
transmission conditions (figure 15). However, 
such ducts usually are formed only on an over- 
water path. The depth of the duct over the 
water’s surface may be only 20 to $0 feet, or 
it may be 1000 feet deep or more. Ducts ex- 
hibie a low-frequency cutoff characteristic 
similar to a wave guide. The cutoff frequency 
is determined by depth of the duce and by the 
strength of the discontinuity in refractive in- 
dex at the upper surface of the duct. The low- 
est ‘frequency that can be propagated by such 
a duct seldom goes below 50 Mc., and usually 
will be greater than 100 Mc. even along the 
Pacific Coast. 


Stratospheric 
Reflection 


Communication by virtue of 
stratospheric reflection can be 
brought about during magnetic 
storms, aurora borealis displays, and during 
meteor showers. Dx communication during ex- 
tensive meteor showers is characterized by 
frequent bursts of great signal strength fol- 
lowed by a rapid decline in strength of the 
received signal. The motion of the meteor 
forms an ionized trail of considerable extent 
which can bring about effective reflection of 
signals. However, the ionized region persists 
only for a matter of seconds so that a shower 
of meteors is necessary before communication 
becomes possible. 

The type of communication which is possible 
during visible displays of the aurora borealis 


and during magnetic storms has been called 
aurora-type dx. These conditions reach a max- 
imum somewhat after the sunspot cycle peak, 
possibly because the spots on the sun are 
nearer to its equator (and more directly in tine 
with the earth) in the latter part of the cycle. 
Ionospheric storms generally accompany mag- 
netic storms. The normal layers of the iono- 
sphere may be churned or broken up, making 
radio transmission over long distances diffi- 
cule or impossible on high frequencies. Un- 
usual conditions in the ionosphere sometimes 
modulate v-h-f waves so that a definite tone or 
noise modulation is noticed even on transmit- 
ters located only a few miles away. 

A pecularity of this type of auroral propaga- 
tion of v-h-f signals in the northern hemisphere 
is that directional antennas usually must be 
pointed in a northerly direction for best results 
for transmission or reception, regardless of 
the direction of the other station being con- 
tacted. Distances out to 700 or 800 miles have 
been covered during magnetic storms, using 
30 and $0 Mc. transmitters, with little evi- 
dence of any silent zone between the stations 
communicating with each other. Generally, 
voice-modulated transmissions are difficult or 
impossible due to the tone or noise modulation 
on the signal. Most of the communication of 
this type has taken place by c.w. or by tone 
modulated waves with a keyed carrier. 


21-8 


lonospheric 
Prepagotion 


Propagation of radio waves for communica- 
tion on frequencies between perhaps 3 and 
30 Mc. is normally carried out by virtue of 
ionospheric reflection or refraction. Under con- 
ditions of abnormally high ionization in the 
ionosphere, communication has been known 
to have taken place by ionospheric reflection 
on frequencies higher than 50 Mc. 

The ionosphere consists of layers of ionized 
gas located above the stratosphere, and ex- 
tending up to possibly 300 miles above the 
earth. Thus we see that high-frequency radio 
waves may travel over short distances in a 
direct line from the transmitter to the receiver, 
or they can be radiated upward into the iono- 
sphere to be bent downward in an indirect ray, 
returning to earth at considerable distance 
from the transmitter. The wave reaching a re- 
ceiver via the ionosphere route is termed a 
sky wave. The wave reaching a receiver by 
traveling in a direct line from the transmitting 
antenna to the receiving antenna is commonly 
called a ground wave. 

The amount of bending at the ionosphere 


Www americanradiohistorv.com 


HANDBOOK 


Ground Wave 


Communication 411 


TRANSMITTING 


ANTENNA O1 DIRECT WAVES 


RECEIVING 

GROUND-REFLECTED D2 D3 ANTENNA 
WAVES AT DIFFERENT 
HEIGHTS 


Figure 14 
WAVE INTERFERENCE WITH HEIGHT 


When the source of a horizontally-palarized 
space-wave signal is above the horizon, the 
received signal at a distant location will go 
through a cyclic variation as the antenna 
height is progressively raised. This is due 
to the difference in total path length between 
the direct wave and the ground-reflected 
wave, and to the fact that this path length 
difference changes with antenna height. 
When the path length difference is such that 
the two waves arrive at the receiving anten- 
na with a phase difference of 360° or some 
multiple of 360°, the two waves will appear 
to be in phase as far as the antenna is con- 
cerned and moximum signal will be obtained. 
On the other hand, when the antenna height 
is such that the path length difference for 
the two waves couses the waves to arrive 
with a phase difference of an odd multiple 
of 180° the two waves will substantially can- 
cel, and a null will be obtained at that an- 
tenna height. The difference between Dy 
and Dy plus D3 is the path-length difference. 
Note also that there is an additional 180° 
phose shift in the ground-reflected wave at 
the point where it is reflected from the 
ground. It is this lotter phase shift which 
couses the space-wave field intensity of a 
horizontally polarized wove to be zero with 
the receiving antenna of ground level. 


d is in miles and the antenna height H is in 
feet. This equation must be applied separately 
to the transmitting and receiving antennas and 
the results added. However, refraction and 
diffraction of the signal around the spherical 
earth cause a smaller reduction in field strength 
than would occur in the absence of such bend- 
ing, so that the average radio horizon is some- 
what beyond the geometrical horizon. The 
equation d = 1.4 is sometimes used for 
determining the radio horizon. 


Tropospheric 
Propagation 


Propagation by signal bending 
in the lower atmosphere, called 
tropospheric propagation, can 
result in the reception of signals over a much 
greater distance than would be the case if the 
lower atmosphere were homogeneous. In a 
homogeneous or well-mixed lower atmosphere, 
called a normal or standard atmosphere, there 
is a gradual and uniform decrease in index of 
refraction with height. This effect is due to 


the combined effects of a decrease in temper- 
ature, pressure, and water-vapor content with 
height. 

This gradual decrease in refractive index 
with height causes waves radiated at very low 
angles with respect to the horizontal to be 
bent downward slightly in a curved path. The 
result of this effect is that such waves will be 
propagated beyond the true or geometrical 
horizon. In a so-called standard atmosphere 
the effect of the curved path is the same as 
though the radius of the earth were increased 
by approximately one third. This condition ex- 
tends the horizon by approximately 30 per cent 
for normal propagation, and the extended-hori- 
zon is known as the radio path horizon, men- 
tioned before. 


Conditions Leading to 
Tropospheric 
Stratification 


When the temperature, 
pressure, or water-vapor 
content of the atmos- 
phere does not change 
smoothly with rising altitude, the discontinuity 
or stratification will result in the reflection 
or refraction of incident v-h-f signals. Ordi- 
narily this condition is more prevalent at night 
and in the summer. In certain areas, such as 
along the west coast of North America, it is 
frequent enough to be considered normal. Sig- 
nal strength decreases slowly with distance 
and, if the favorable condition in the lower 
atmosphere covers sufficient area, the range 
is limited only by the transmitter power, an- 
tenna gain, receiver sensitivity, and signal-to- 
noise ratio. There is no skip distance. Usually, 
transmission due to this condition is accom- 
panied by slow fading, although fading can be 
violent at a point where direct waves of about 
the same strength are also received. 

Bending in the troposphere, which refers to 
the region from the earth’s surface up to about 
10 kilometers, is more likely to occur on days 
when there are stratus clouds than on clear, 
cool days with a deep blue sky. The tempera- 
ture or humidity discontinuities may be broken 
up by vertical convection currents over land 
in the daytime but are more likely to continue 
during the day over water. This condition is 
in some degree predictable from weather infor- 
mation several days in advance, It does not 
depend on the sunspot cycle. Like direct com- 
munication, best results require similar an- 
tenna polarization or orientation at both the 
transmitting and receiving ends, whereas in 
transmission via reflection in the ionosphere 
(that part of the atmosphere between about 50 
and 500 kilometers high) it makes little dif- 
ference whether antennas are similarly polar- 
ized. 


When bending conditions are 
particularly favorable they 
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Figure 13 
GROUND-WAVE SIGNAL PROPAGATION 


The illustration above shows the three com- 

ponents of the ground wave: (A), the surface 

wave; (B), the direct wave; and (C), the 

ground-reflected wave. The direct wave and 

the ground-reflected wave combine at the 

receiving antenna to make up the space 
wuve. 


may take place as a result of the ground wave, 
or as a result of the sky wave or ionospheric 
wave, 

The Ground Wave The term ground wave actu- 
ally includes several dif- 
ferent types of waves which usually are called: 
(1) the surface wave, (2) the direct wave, and 
(3) the ground-reflected wave. The latter two 
waves combine at the receiving antenna to 
form the resultant wave or the space wave. 
The distinguishing characteristic of the com- 
ponents of the ground wave is that all travel 
along or over the surface of the earth, so that 
they are affected by the conductivity and ter- 
rain of the earth’s surface. 


Intense bombardment of 
the upper regions of 
the atmosphere by radi- 
ations from the sun results in the formation 
of ionized layers. These ionized layers, which 
form the ionosphere, have the capability of 
reflecting or refracting radio waves which im- 
pinge upon them. A radio wave which has been 
propagated as a result of one or more reflec- 
tions from the ionosphere is known as an 
fonospheric wave or a sky wave. Such waves 
make possible long distance radio communica- 
tion. Propagation of radio signals by iono- 
spheric waves is discussed in detail in Sec- 
tion 21-8. 


The lonospheric Wave 
or Sky Wave 


21-7 Ground-Wave 


Communication 


As stated in the preceding paragraph, the 
term ground wave applies both to the surface 
wave and to the space wave (the resultant 
wave from the combination of the direct wave 
and the ground-reflected wave) or to a com- 


bination of the two. The three waves which 
may combine to make up the ground wave are 
illustrated in figure 13. 

The Surface Wove The surface wave is that 
wave which we normally 
receive from a standard broadcast station. It 
travels directly along the ground and termin- 
ates on the earth’s surface. Since the earth is 
a relatively poor conductor, the surface wave 
is attenuated quite rapidly. The surface wave 
is attenuated less capidly as it passes over 
sea water, and the attenuation decreases for 
a specific distance as the frequency is de- 
creased, The rate of attenuation with distance 
becomes solarge as the frequency is increased 
above about 3 Mc. that the surface wave be- 
comes of little value for communication. 


The Space Wave The resultant wave or space 
wave is illustrated in figure 
13 by the combination of (B) and (C). It is this 
wave path, which consists of the combination 
of the direct wave and the ground-reflected 
wave at the receiving antenna, which is the 
normal path of signal propagation for line-of- 
sight or near line-of-sight communication or 
FM and TV reception on frequencies above 
about 40 Mc. 

Below line-of-sight over plane earth or 
water, when the signal source is effectively 
at the horizon, the ground-reflected wave does 
not exist, so that the direct wave is the only 
component which goes to make up the space 
wave. But when both the signal source and the 
receiving antenna are elevated with respect to 
the intervening terrain, the ground-reflected 
wave is present and adds vectorially to the 
direct wave at the receiving antenna. The vec- 
torial addition of the two waves, which travel 
over different path lengths (since one of the 
waves has been reflected from the ground) re- 
sults in an interference pattern. The interfer- 
ence between the two waves brings about a 
cyclic variation in signal strength as the re- 
ceiving antenna is raised above the ground. 
This effect is illustrated in figure 14. From 
this figure it can be seen that best space- 
wave reception of a v-h-f signal often will be 
obtained with the receiving antenna quite close 
to the ground. This subject, along with other 
aspects of v-h-f signal propagation and recep- 
tion, are discussed in considerable detail in 
a book on fringe-area TV reception.* 


The distance from an elevated point to the 
geometrical horizon is given by the approxi- 


mate equation: d = 1.22/ff where ‘the distance 


* Better TV Reception,”” by W. W. Smith and R. L. Daw- 
ley, published by Editors ond Engineers, Ltd., Summer- 
land, Calif. 
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Figure 11 


COMPARATIVE VERTICAL 
RADIATION PATTERNS 


Showing the vertical radiation 
potterns of a horizontal single- 
section flat-top beam (A), an 
array of two stacked horizontal 
in-phase half-wave elements— 
half of a “Lazy H"’—(B), and 
a horizontal dipole (C). In each 
case the top of the antenna sys- 
tem ts 0.75 wavelength above 
ground, as shown to the left of 
the curves. 


angle radiation at the expense of the useless 
high-angle radiation with these simple arrays 
as contrasted to the dipole is quite marked. 
Figure 12 compares the patterns of a3 ele- 
ment beam and a dipole radiator at a height of 
0.75 wavelength. It will be noticed that al- 
though there is more energy in the lobe of the 
beam as compared to the dipole, the axis of 
the beam is at the same angle above the hori- 
zontal. Thus, although more radiated energy 
is provided by the beam at low angles, the 
average angle of radiation of the beam is no 


lower than the average angle of radiation of 
the dipole. 


21-5 Bandwidth 


The bandwidth of an antenna or an antenna 
array is a function primarily of the radiation 
resistance and of the shape of the conductors 
which make up the antenna system. For arrays 
of essentially similar construction the band- 
width (or the deviation in frequency which the 
system can handle without mismatch) is in- 
creased with increasing radiation resistance, 
and the bandwidth is increased with the use 
of conductors of larger diameter (smaller ratio 
of length to diameter). This is to say that if 
an array of any type is constructed of large 
diameter tubing or spaced wires, its bandwidth 
will be greater than chat of a similar array 
constructed of single wires. 

The radiation resistance of antenna arrays 
of the types mentioned in the previous para- 
graphs may be increased through the use of 
wider spacing between elements. With increased 
radiation resistance in such arrays the radi- 
ation efficiency increases since the ohmic 
losses within the conductors become a smaller 
percentage of the radiation resistance, and the 
bandwidth is increased proportionately. 


21-6 Propagation of 
Radio Waves 


The preceding sections have discussed the 
manner in which an electromagnetic-wave or 
tadio-wave field may be set up by a radiating 
system. However, for this field to be useful 
for communication it must be propagated to 
some distant point where it may be received, 
or where it may be reflected so that it may be 
received at some other point. Radio waves 
may be propagated to a remote point by either 
or both of two general methods. Propagation 
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Figure 12 
VERTICAL RADIATION PATTERNS 


Showing vertical radiation patterns of a hori- 
zontal dipole (A) and a horizontal 3-element 
parasitic array (B) ot ao height above ground 
of 0.75 wavelength. Note that the axis of the 
main radiation lobes are at the same angle 
ebove the horizontal. Note also the suppres- 
sion of high angle radiation by the parasitic 
orray. 
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dipole could be increased by raising the an- 
tenna higher above the ground. This is true to 
an extent in the case of the horizontal dipole; 
the low-angle radiation does increase slowly 
after a height of 0.6 wavelength is reached 
but at the expense of greatly increased high- 
angle radiation and the formation of a number 
of nulls in the elevation pattern. No signal 
can be transmitted or received at the elevation 
angles where these nulls have been formed. 
Tests have shown that a center height of 0.6 
wavelength for a vertical dipole (0.35 wave- 
length to the bottom end) is about optimum for 
this type of array. 

Figure 9 shows the effect of placing a hori- 
zontal dipole at various heights above ground. 
It is easily seen by reference to figure 9 (and 
figure 10 which shows the radiation from a di- 
pole at % wave height) that a large percentage 
of the total radiation from the dipole is being 
radiated at relatively high angles which are 
useless for communication on the 14-Mc. and 
28-Mc. bands. Thus we see that in order to ob- 
tain a worthwhile increase in the ratio of low- 
angle radiation to high-angle radiation it is 
necessary to place the antenna high above 
ground, and in addition it is necessary to use 
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Figure 9 


VERTICAL RADIATION 
PATTERNS 


Showing the vertical radiation 
potterns for half-wave antennas 
(or colinear half-wave or ex- 
tended half-wave antennas) ot 
different heights above average 
ground and perfect ground. Note 
that such antennas one-quarter 
wave above ground concentrate 
most radiation at the very high 
angles which are useful for com- 
munication only on the lower fre- 
quency bands. Antennas one-half 
wave above ground are not 
shown, but the elevation pattern 
shows one lobe on each side at 
an angle of 30° above hori- 


zontal, 


additional means for suppressing high-angle 
radiation. 


Suppression of 
High-angle 
Radiation 


High-angle radiation can be 
suppressed, and this radiation 
can be added to that going out 
at low angles, only through the 
use of some sort of directive antenna system. 
There are three general types of antenna ar- 
tays composed of dipole elements commonly 
used which concentrate radiation at the lower 
more effective angles for high-frequency com- 
munication. These types are: (1) The close- 
spaced out-of-phase system as exemplified by 
the ‘‘flat-top’’ beam or W8JK array. Such con- 
figurations are classified as end fire arrays. 
(2) The wide-spaced in-phase arrays, as exem- 
plified by the “Lazy H’’ antenna. These con- 
figurations are classified as broadside arrays. 
(3) The close-spaced parasitic systems, as 
exemplified by the three element rotary beam. 
A comparison between the radiation from a 
dipole, a ‘‘flat-top beam’’ and a pair of dipoles 
stacked one above the other (half of a “lazy 
H’’), in each case with the top of the antenna 
at a height of % wavelength is shown in figure 
11. The improvement in the amplitude of low- 


Figure 10 


VERTICAL RADIATION 
PATTERNS 


Showing vertical-plane radiation 
patterns of a horizontal single- 
section flat-top beam with one- 
eighth wave spacing (solid 
curves) and a horizontal half- 
wove antenna (dashed curves) 
when both are 0.5 wavelength 
(A) and 0.75 wavelength (B) a- 
bove ground, 
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Figure 8 


VERTICAL-PLANE DIRECTIONAL CHAR- 
ACTERISTICS OF HORIZONTAL AND VER- 
TICAL DOUBLETS ELEVATED 0.6 WAVE- 
LENGTH AND ABOVE TWO TYPES OF 
GROUND 
Hy represents a horizontal doublet over typi- 
cal farmland. Hz over salt water. V; is a 
verticol pottern of radiation from a vertical 
doublet over typical farmland, V2 over salt 
woter, salt water ground is the closest 
approach to an extensive ideally perfect 
ground that will be met in actual practice. 
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great-circle path, or within 2 or 3 degrees of 
that path under all normal propagation condi- 
tions. However, under turbulent ionosphere 
conditions, or when unusual propagation con- 
ditions exist, the deviation from the great-circle 
path for greatest signal intensity may be as 
great as 90°. Making the array rotatable over- 
comes these difficulties, but arrays having ex- 
tremely high horizontal directivity become too 
cumbersome to be rotated, except perhaps 
when designed for operation on frequencies 
above 50 Mc. 


Vertical 
Directivity 


Vertical directivity is of the great- 
est importance in obtaining satis- 
factory communication above 14 
Mc. whether or not horizontal directivity is 
used. This is true simply because only the 
energy radiated between certain definite eleva 
tion angles is useful for communication. Ener- 


gy vadiated at other elevation angles is lost 
and performs no useful function. 


Optimum Angle The optimum angle of radiation 
af Radiation for propagation of signals be- 

tween two points is dependent 
upon a number of variables. Among these sig- 
nificant variables are: (1) height of the iono- 
sphere layer which is providing the reflection, 
(2) distance between the two stations, (3) num- 
ber of hops for propagation between the two 
stations. For communication on the 14-Mc. 
band it is often possible for different modes 
of propagation to provide signals between two 
points. This means, of course, that more than 
one angle of radiation can be used. If no eleva- 
tion directivity is being used under this con- 
dition of propagation, selective fading will 
take place because of interference between the 
waves arriving over the different paths. 


On the 28-Mc. band it is by far the most com- 
mon condition that only one mode of propagation 
will be possible between two points at any 
one time. This explains, of course, the reason 
why rapid fading in general and selective fad- 
ing in particular are almost absent from sig- 
nals heard on the 28-Mc. band (except for fad- 
ing caused by local effects). 

Measurements have shown that the angles 
useful for communication on the 14-Mc. band 
are from 3° to about 30°; angles above about 
15° being useful only for local work. On the 
28-Mc. band measurements have shown that 
the useful angles range from about 3° to 18°; 
angles above about 12° being useful only for 
local (less than 3000 miles) work. These fig- 
ures assume normal propagation by virtue of 
the F, layer. 


It now becomes of inter- 
est to determine the a- 
mount of radiation avail- 
able at these useful low- 
er angles of radiation from commonly used an- 
tennas and antenna arrays. Figure 8 shows 
relative output voltage plotted against eleva- 
tion angle (wave angle) in degrees above the 
horizontal, for horizontal and vertical doublets 
elevated 0.6 wavelength above two types of 
ground. Ic is obvious by inspection of the 
curves that a horizontal dipole mounted at this 
height above ground (20 feet on the 28-Mc. 
band) is radiating only a small amount of ener- 
gy at angles useful for communication on the 
28-Mc. band. Most of the energy is being radi- 
ated uselessly upward. The vertical antenna 
above a good reflecting surface appears much 
better in this respect—and this fact has been 
proven many times by actual installations. 

It might immediately be thought that the a- 
mount of radiation from a horizontal or vertical 


Angle of Radiation 
of Typical Antennas 
and Arrays 
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ic resistance of the wire, ground resistance 
(in the case of a Marconi), corona discharge, 
and insulator losses. 

The approximate effective radiation effi- 
ciency (expressed as a decimal) is equal to: 
N, = R,/(Ra+ Ry) where R, is equal to the 
radiation resistance and Ry is equal to the 
effective loss resistance of the antenna. The 
loss resistance will be of the order of 0.25 
ohm for large-diameter tubing conductors such 
as are most Commonly used in multi-element 
parasitic arrays, and will be of the order of 
0.5 to 2.0 ohms for arcays of normal construc- 
tion using copper wire. 

When the radiation resistance of an antenna 
or array is very low, the current at a voltage 
node will be quite high for a given power. Like- 
wise, the voltage at a current node will be very 
high. Even with a heavy conductor and excel- 
lent insulation, the losses due to the high volt- 
age and current will be appreciable if the radi- 
ation resistance is sufficiently low. 

Usually, it is not considered desirable to 
use an antenna or array with a radiation resist- 
ance of less than approximately 5 ohms unless 
there is sufficient directivity, compactness, 
or other advantage to offset the losses result- 
ing from the low radiation resistance. 


Ground 


Resistance 


The radiation resistance of a Mar- 
coni antenna, especially, should 
be kept as high as possible. This 
will reduce the antenna current for a given 
power, thus minimizing loss resulting from the 
series resistance offered by the earth connec- 
tion. The radiation resistance can be kept high 
by making the Marconi radiator somewhat longer 
than a quarter wave, and shortening it by series 
Capacitance to an electrical quarter wave. This 
reduces the current flowing in the earth con- 
nection. It also should be removed from ground 
as much as possible (vertical being ideal). 
Methods of minimizing the resistance of the 
earth connection will be found in the discus- 
sion of the Marconi antenna. 


21-4 Antenna Directivity 


All practical antennas radiate better in some 
directions than others. This characteristic is 
called directivity. The more directive an an- 
tenna is, the more it concentrates the radiation 
in a certain direction, or directions. The more 
the radiation is concentrated in a certain direc- 
tion, the greater will be the field strength pro- 
duced in that direction for a given amount of 
total radiated power. Thus the use of a direc- 
tional antenna or array produces the same re- 
sult in the favored direction as an increase in 
the power of the transmitter. 

The increase in radiated power in a certain 


direction with respect to an antenna in free 
space as a result of inherent directivity is 
called the free space directivity power gain 
or just space directivity gain of the antenna 
(referred to a hypothetical isotropic radiator 
which is assumed to radiate equally well in 
all directions). Because the fictitious isotropic 
radiator is a purely academic antenna, not phy- 
sically realizable, it is common practice to use 
as a reference antenna the simplest unground- 
ed resonant radiator, the half-wave Hertz, or 
resonant doublet. As a half-wave doublet has 
a space directivity gain of 2.15 db over an iso- 
tropic radiator, the use of a resonant dipole 
as the comparison antenna reduces the gain 
figure of an array by 2.15 db. However, it should 
be understood that power gain can be expressed 
with regard to any antenna, just so long as it 
is specified. 

As a matter of interest, the directivity of 
an infinitesimal dipole provides a free space 
directivity power gain of 1.5 (or 1.76 db) over 
an isotropic radiator. This means that in the 
direction of maximum radiation the infinitesi- 
mal dipole will produce the same field of 
strength as an isotropic radiator which is radi- 
ating 1.5 times as much total power. 


A half-wave resonant doublet, because of 
its different current distribution and signifi- 
cant length, exhibits slightly more free space 
power gain as a result of directivity than does 
the infinitesimal dipole, for reasons which will 
be explained in a later section. The space 
directivity power gain of a half-wave resonant 
doubles is 1.63 (or 2.15 db) referred to an iso- 
tropic radiator. 


Harizontal 
Directivity 


When choosing and orienting an 
antenna system, the cadiation pat- 
terns of the various common types 
of antennas should be given careful considera- 
tion. The directional characteristics are of 
still greater importance when a directive an- 
tenna array is used. 

Horizontal directivity is always desirable 
on any frequency for point-to-point work. How- 
ever, it is not always attainable with reason- 
able antenna dimensions on the lower fre- 
quencies. Further, when it is attainable, as 
on the frequencies above perhaps 7 Mc., with 
reasonable antenna dimensions, operating con- 
venience is greatly furthered if the maximum 
lobe of the horizontal directivity is control- 
lable. It is for this reason that rotatable an- 
tenna arrays have come into such common 
usage. 

Considerable horizontal directivity can be 
used to advantage when: (1) only point-to- 
point work is necessary, (2) several arrays are 
available so that directivity may be changed 
by selecting or reversing antennas, (3) a single 
rotatable array is in use. Signals follow the 
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HEIGHT IN WAVELENGTHS OF CENTER OF VERTICAL 
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HEIGHT IN WAVELENGTHS OF HORIZONTAL HALF- 
WAVE ANTENNA ABOVE PERFECT GROUND 


Figure 7 
EFFECT OF HEIGHT ON THE RADIATION 
RESISTANCE OF A DIPOLE SUSPENDED 
ABOVE PERFECT GROUND 


SS 


the radiation resistance to approximately 100 
ohms. When a horizontal half-wave antenna is 
used, the radiation resistance (and, of course, 
the amount of energy radiated for a given an- 
tenna current) depends on the height of the 
antenna above ground, since the height deter- 
mines the phase and amplitude of the wave 
reflected from the ground back to the antenna. 
Thus the resultant current in the antenna for 
a given power is a function of antenna height. 


Center-fed When a linear radiator is series fed 
Feed Point at the center, the resistive and 
Impedance reactive components of the driving 


point impedance are dependent up- 
on both the length and diameter of the radiator 
in wavelengths. The manner in which the resis- 
tive component varies with the physical dimen- 
sions of the radiator is illustrated in figure 5. 
The manner in which the reactive component 
varies is illustrated in figure 6. 

Several interesting things will be noted with 
respect to these curves. The reactive com- 
ponent disappears when the overall physical 
length is slightly less than any number of half 
waves long, the differential increasing with 
conductor diameter. For overall lengths in the 
vicinity of an odd number of half wavelengths, 
the center feed point looks to the generator or 
transmission line like a series-resonant lumped 
circuit, while for overall lengths in the vici- 
nity of an even number of half wavelengths, it 
looks like a parallel-resonant or anti-resonant 
lumped circuit. Both the feed point resistance 


and the feed point reactance change more slow- 
ly with overall radiator length (or with fre- 
quency with a fixed length) as the conductor 
diameter is increased, indicating that the ef- 
fective ‘‘Q’’ is lowered as the diameter is in- 
creased. However, in view of the fact that the 
damping resistance is nearly all “radiation 
resistance’’ rather than loss resistance, the 
lower Q does not represent lower efficiency. 
Therefore, the lower Q is desirable, because 
it permits use of the radiator over a wider fre- 
quency range without resorting to means for 
eliminating the reactive component. Thus, the 
use of a large diameter conductor makes the 
overall system less frequency sensitive. If the 
diameter is made sufficiently large in terms of 
wavelengths, the Q will be low enough to qual- 
ify the radiator as a ‘‘broad-band’’ antenna. 

The curves of figure 7 indicate the theoreti- 
cal center-point radiation resistance of a half- 
wave antenna for various heights above perfect 
ground. These values are of importance in 
matching untuned radio-frequency feeders to 
the antenna, in order to obtain a good imped- 
ance match and an absence of standing waves 
on the feeders. 


Ground Losses Above average ground, the 
actual radiation resistance 
of a dipole will vary from the exact value of 
figure 7 since the latter assumes a hypothet- 
ical, perfect ground having no loss and perfect 
reflection. Fortunately, the curves for the radi- 
ation resistance over most types of earth will 
correspond rather closely with those of the 
chart, except that the radiation resistance for 
a horizontal dipole does not fall off as rapidly 
as is indicated for heights below an eighth 
wavelength. However, with the antenna so 
close cto the ground and the soil in a strong 
field, much of the radiation resistance is ac- 
tually represented by ground loss; this means 
that a good portion of the antenna power is 
being dissipated in the earth, which, unlike 
the hypothetical perfect ground, has resistance. 
In this case, an appreciable portion of the 
radiation resistance actually is loss resist- 
ance. The type of soil also has an effect upon 
the radiation pattern, especially in the vertical 
plane, as will be seen later. 

The radiation resistance of an antenna gen- 
erally increases with length, although this in- 
crease varies up and down about a constantly 
increasing average. The peaks and dips are 
caused by the reactance of the antenna, when 
its length does not allow it to resonate at the 
operating frequency. 


Antennas have a certain loss re- 
sistance as well as a radiation re- 
sistance. The loss resistance de- 
fines the power lost in the antenna due to ohm- 


Antenna 
Efficiency 
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Figure 5 


FEED POINT RESISTANCE OF A CENTER 

DRIVEN RADIATOR AS A FUNCTION OF 

PHYSICAL LENGTH IN TERMS OF FREE 
SPACE WAVELENGTH 


When the antenna is resonant, and it always 
should be for best results, the impedance at 
the center is substantially resistive, and is 
termed the radiation resistance. Radiation re- 
sistance is a fictitious term; it is that value 
of resistance (referred to the current loop) 
which would dissipate the same amount of 
power as being radiated by the antenna, when 
fed with the current flowing at the current loop. 

The radiation resistance depends on the 
antenna length and its proximity to nearby 
objects which either absorb or re-radiate pow- 
er, such as the ground, other wires, etc. 


Before going too far with the 
discussion of radiation resist- 
ance, an explanation of the Mar- 
coni (grounded quarter wave) antenna is in 
order. The Marconi antenna is a special type 
of Herez antenna in which the earth acts as the 
"tother half?’ of the dipole. In other words, the 
current flows into the earth instead of into a 
similar quarter-wave section. Thus, the current 
loop of a Marconi antenna is at the base rather 
than in the center. In either case it is a quarter 
wavelength from the end. 

A half-wave dipole far from ground and other 
reflecting objects has a radiation resistance 
at the center of about 73 ohms. A Marconi an- 


The Marconi 
Antenna 
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FEED POINT REACTANCE 1N OHMS 


OVERALL LENGTH OF RADIATOR 


Figure 6 
REACTIVE COMPONENT OF THE FEED 
POINT IMPEDANCE OF A_ CENTER 
DRIVEN RADIATOR AS A FUNCTION OF 
PHYSICAL LENGTH IN TERMS OF FREE 
SPACE WAVELENGTH 


tenna is simply one-half of a dipole. For that 
reason, the radiation resistance is roughly 
half the 73-ohm impedance of the dipole or 
36.5 ohms. The radiation resistance of a Mar- 
coni antenna such as a mobile whip will be 
lowered by the proximity of the automobile 
body. 


Because the power throughout the 
antenna is the same, the tmped- 
ance of a resonant antenna at any 
point along its length merely expresses the 
ratio between voltage and current at that point. 
Thus, the lowest impedance occurs where the 
current is highest, namely, at the center of a 
dipole, or a quarter wave from the end of a 
Marconi. The impedance rises uniformly toward 
each end, where it is about 2000 ohms for a 
dipole remote from ground, and about twice as 
high for a vertical Marconi. 

If a vertical half-wave antenna is set up so 
that its lower end is at the ground level, the 
effece of the ground reflection is to increase 


Antenna 
Impedance 
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A harmonic operated antenna is somewhat 
longet than the corresponding integral number 
of dipoles, and for this reason, the dipole 
length formula cannot be used simply by mul- 
tiplying by the corresponding harmonic. The 
intermediate half wave sections do not have 
end effects. Also, the current distribution is 
disturbed by the fact that power can reach 
some of the half wave sections only by flowing 
through other sections, the latter then acting 
not only as radiators, but also as transmission 
lines. For the latter reason, the resonant length 
will be dependent to an extent upon the method 
of feed, as there will be less attenuation of 
the current along the antenna if it is fed at or 
neat the center than if fed towards or at one 
end. Thus, the antenna would have to be some- 
what longer if fed near one end than if fed near 
the center. The difference would be small, 
however, unless the anrenna were many wave- 
lengths long. 

The length of a center fed harmonically oper- 
ated doublet may be found from the formula: 


(K—.05) x 492 
Freq. in Mc. 


where K = number of 4% waves on 
antenna 
L = length in feet 


Under conditions of severe current attenua- 
tion, it is possible for some of the nodes, or 
loops, actually to be slightly greater than a 
physical half wavelength apart. Practice has 
shown that the most practical method of reson- 
ating a harmonically operated antenna accu- 
rately is by cut and cry, or by using a feed 
system in which both the feed line and antenna 
are resonated at the station end as an integral 
system. 

A dipole or half-wave antenna is said to 
operate on its fundamental or first harmonic. 
A full wave antenna, 1 wavelength long, oper- 
ates on its second harmonic. An antenna with 
five half-wavelengths on it would be operating 
on its fifth harmonic. Observe that the fifth 
harmonic antenna is 24 wavelengths long, not 
5 wavelengths. 


Most types of antennas operate 
Resonance most efficiently when tuned or 

resonated to the frequency of 
operation. This consideration of course does 
not apply to the rhombic antenna and to the 
parasitic elements of arrays employing para- 
sitically excited elements. However, in practi- 
cally every other case it will be found that in- 
creased efficiency results when the entire an- 
tenna system is resonant, whether it be a sim- 
ple dipole or an elaborate array. The radiation 
efficiency of a resonant wire is many times 
that of a wire which is not resonant. 


Antenna 
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Figure 4 


EFFECT OF SERIES INDUCTANCE AND 
CAPACITANCE ON THE LENGTH OF A 
HALF-WAVE RADIATOR 
The top antenna hos been electrically length- 
ened by placing a coil in series with the cen- 
ter. In other words, an antenno with o lumped 
inductance in its center can be mode shorter 
for a given frequency than a plain wire radia- 
tor. The bottom antenna has been capacitive- 
ly shortened electrically. In other words, an 
antenna with a capacitor in series with it 
must be made longer for a given frequency 
since its effective electrical length as com- 
pared to plain wire is shorter. 


a  * 


If an antenna is slightly too long, it can be 
resonated by series insertion of a variable 
Capacitor at a high current point. If it is slight- 
ly too short, it can be resonated by means of 
a variable inductance. These two methods, 
illustrated schematically in figure 4, are gen- 
erally employed when part of the antenna is 
brought into the operating room. 

With an antenna array, or an antenna fed by 
means of a transmission line, it is more com- 
mon to cut the elements to exact resonant 
length by ‘‘cut and try’? procedure. Exact an- 
tenna resonance is more important when the 
antenna system has low radiation resistance; 
an antenna with low radiation resistance has 
higher Q (tunes sharper) than an antenna with 
high radiation resistance. The higher Q does 
not indicate greater efficiency; it simply indi- 
cates a sharper resonance curve. 


21-3 Radiation Resistance 
and Feed-Point Impedance 


In many ways, a half-wave antenna is like a 
tuned tank circuit. The main difference lies in 
the fact that che elements of inductance, capac- 
itance, and resistance are Jumped in the tank 
circuit, and are distributed throughout the 
length of an antenna. The center of a half-wave 
radiator is effectively at ground potential as 
far as r-f voltage is concerned, although the 
current is highest at that point. 
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distance in meters between adjacent peaks 
or adjacent troughs of a wave train. 

As a radio wave travels 300,000,000 meters 
a second (speed of light), a frequency of 1 
cycle per second corresponds to a wavelength 
of 300,000,000 meters. So, if the frequency is 
multiplied by a million, the wavelength must 
be divided by a million, in order to maintain 
their correct ratio. 

A frequency of 1,000,000 cycles per second 
(1,000 kc.) equals a wavelength of 300 meters. 
Multiplying frequency by 10 and dividing wave- 
length by 10, we find: a frequency of 10,000 kc. 
equals a wavelength of 30 meters. Multiplying 
and dividing by 10 again, we get: a frequency 
of 100,000 ke. equals 3 meters wavelength. 
Therefore, to change wavelength to frequency 
(in kilocycles), simply divide 300,000 by the 
wavelength in meters (A). 

300,000 
Fie = ————— 


300,000 
NGS acta 
Fre 


Now that we have a simple conversion for- 
mula for converting wavelength to frequency 
and vice versa, we can combine it with our 
wavelength versus antenna length formula, and 
we have the following: 


Length of a half-wave radiator made from 
wire (no. 14 to no. 10): 


3.5-Mc. to 30-Mc. bands 
468 


Length in feet = ————-_—_- 
Freq. in Mc. 


50-Mc. band 
460 
Length in feer = —————— 
Freq. in Mc. 
5600 


Length in inches = ———_— 
Freq. in Mc. 


144-Mc. band 
5500 


Length in inches = —————_ 
Freq. in Mc. 

When a half-wave radiator 
is constructed from tubing 
or rod whose diameter is 
an appreciable fraction of the length of the 
radiator, the resonant length of a half-wave 
antenna will be shortened. The amount of 


Length-to-Diameter 
Ratio 


PER CENT SHORTENING 
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Figure 3 
CHART SHOWING SHORTENING OF A 
RESONANT ELEMENT IN TERMS OF 
RATIO OF LENGTH TO DIAMETER 


The use of this chort is based on the basic 
formula where radiator length in feet is 
equal to 468/frequency in Mc. This formula 
applies to frequencies below perhops 30 Mc. 
when the radiator is made from wire. On 
higher frequencies, or on 14 and 28 Mc. when 
the radiator is made of large-diameter tubing, 
the radiator is shortened from the value ob- 
tained with the obove formula by an amount 
determined by the ratio of length to diameter 
of the radiator. The amount of this shorten- 
ing is obtainable from the chort shown above. 


shortening can be determined with the aid of 
the chart of figure 3. In this chare the amount 
of additional shortening over the values given 
in the previous paragraph is plotted against 
the ratio of the length co the diameter of the 
half-wave radiator. 

The length of a wave in free space is some- 
what longer than the length of an antenna for 
cne same frequency. The actual free-space 


half-wavelength is given by the following 
expressions: 
492 ; 
Half-wavelength = ———————_ in feet 
Frey. in Mc. 
5905 
Half-wavelength =« ————_ in inches 
Freq. in Mc. 
Harmonic A wire in space can resonate at 
Resonance more than one frequency. The low- 


est frequency at which it resonates 
is called its fundamental frequency, and at 
that frequency it is approximately a half wave- 
length long. A wire can have two, three, four, 
five, or more standing waves on it, and thus 
it resonates at approximately the integral har- 
monics of its fundamental frequency. However, 
the higher harmonics are not exactly integral 
multiples of the lowest resonant frequency as 
a cesult of end effects. 


Www americanradiohistorv.com 


HANDBOOK 


Antenna Characteristics 401 


Figure 2 
ANTENNA POLARIZATION 


The polarization (electric field) of 
the radiation from a resonant dipole 
suchas shown at (A) above /s paral- 
lel to the length of the radiator. In 


the case of a resonant slot cut in a My 


sheet of metal and used as a radia- 
tor, the polarization (of the elec- 
tric field) is perpendicular to the 
length of the slot. In both cases, 
however, the polarization of the 
radiated field is parallel to the po- 
tential gradient of the radiator; in 
the case of the dipole the electric 
lines of force are from end to end, 
while in the case of the slot the 
field is across the sides of the 
slot. The metallic sheet containing 
the slot may be formed into a cyl- 
inder to make up the radiator shown 
at (C). With this type of radiator 
the radiated field will be horizon- 
tally polarized even though the 
radiator is mounted vertically. 


METALLIC SHEET 


evectaic 
FIELO 

(POLARIZATION) 
VERTICAL 


LECTAIC FIELD 
(POLARIZATION) 
HORIZONTAL 


DERS CONNECT 
TO POINTS A BB 
tNSIDE CYLINDER 


is a graph showing the relative radiated field 
intensity against azimuth angle for horizontal 
directivity and fieldintensity against elevation 
angle for vertical directivity. 

The bandwidth of an antenna is a measure 
of its ability to operate within specified limits 
over a range of frequencies. Bandwidth can 
be expressed either “operating frequency plus- 
or-minus a specified per cent of operating fre- 
quency”’ or ‘operating frequency plus-or-minus 
a specified number of megacycles”’ for a cer- 
tain standing-wave-ratio limit on the trans- 
mission line feeding the antenna system. 

The effective power gain or directive gain 
of an antenna is the ratio between the power 
required in the specified antenna and the power 
required in a reference antenna (usually a half- 
wave dipole) to attain the same field strength 
in the favored direction of the antenna under 
measurement. Directive gain may be expressed 
either as an actual power ratio, or as is more 
common, the power ratio may be expressed 
in decibels. 


If the cross section of the 
conductor which makes up 
the antenna is kept very 
small with respect to the 
antenna length, an electrical half wave is a 
fixed percentage shorter than a physical half- 
wavelength. This percentage is approximately 
$ per cent. Therefore, most linear half-wave an- 
tennas are close to 95 per cent of a half wave- 
length long physically. Thus, a half-wave an- 
tenna resonant at exactly 80 meters would be 
one-half of 0.95 times 80 meters in length. An- 
other way of saying the same ching is that a 


Physical Length 
of a Half-Wave 
Antenna 


wire resonates at a wavelength of about 2.1 
times its length in meters. If the diameter of 
the conductor begins to be an appreciable frac- 
tion of a wavelength, as when tubing is used 
as a v-h-f radiator, the factor becomes slightly 
less than 0.95. For the use of wire and not 
tubing on frequencies below 30 Mc., however, 
the figure of 0.95 may be taken as accurate. 
This assumes a radiator removed from sur- 
rounding objects, and with no bends. 


Simple conversion into feet can be obtained 
by using the factor 1.56. To find the physical 
length of a half-wave 80-meter antenna, we 
multiply 80 times 1.56, and get 124.8 feet for 
the length of the radiator. 


It is more common to use frequency than 
wavelength when indicating a specific spot in 
the radio spectrum. For this reason, the rela- 
tionship between wavelength and frequency 
must be kept in mind. As the velocity of radio 
waves through space is constant at the speed 
of light, ie will be seen that the more waves 
that pass a point per second (higher frequency), 
the closer together the peaks of those waves 
must be (shorter wavelength). Therefore, the 
higher the frequency, the lower will be the 
wavelength. 


A radio wave in space can be compared to 
a wave in water. The wave, in either case, has 
peaks and troughs. One peak and one trough 
constitute a full wave, or one wavelength. 

Frequency describes the number of wave 
cycles or peaks passing a point per second. 
Wavelength describes the distance the wave 
travels through space during one cycle or 
oscillation of the antenna current; it is the 
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STANDING WAVES ON A RESONANT 
ANTENNA 


transmission lines, both from single-wire lines 
and from lines comprised of more than one 
wire. In addition, radiation can be made to 
take place in a very efficient manner from elec- 
tromagnetic horns, from plastic lenses or from 
electromagnetic lenses made up of spaced con- 
ducting planes, from slots cut in a piece of 
metal, from dielectric wires, or from the open 
end of a wave guide. 


Directivity of 
Radiation 


The radiation from any phys- 
ically practicable radiating 
system is directive to a certain 
degree. The degree of directivity can be en- 
hanced or altered when desirable through che 
combination of radiating elements in a pre- 
scribed manner, through the use of reflecting 
planes or curved surfaces, or through the use 
of such systems as mentioned in the preceding 
paragraph. The construction of directive an- 
tenna arrays is covered in detail in the chap- 
ters which follow. 

Polarization Like light waves, radio waves 
can have a definite polarization. 
In facet, while light waves ordinarily have to 
be reflected or passed through a polarizing 
medium before they have a definite polariza- 
tion, a radio wave leaving a simple radiator 
will have a definite polarization, the polar- 
ization being indicated by the orientation of 
the electric-field component of the wave. This, 
in curn, is determined by the orientation of the 
radiator itself, as the magnetic-field component 
is always at right angles to a linear radiator, 
and the electric-field component is always in 
the same plane as the radiator. Thus we see 
that an antenna that is vertical with respect 
to the earth will transmit a vertically polar- 
ized wave, as the electrostatic lines of force 
will be vertical. Likewise, a simple horizontal 
antenna will radiate horizontally polarized 
waves. 


Because the orientation of a simple linear 
radiator is the same as the polarization of the 
waves emitted by it, che radiator itself is re- 
ferred to as being either vertically or horizon- 
tally polarized. Thus, we say that a horizontal 
antenna is horizontally polarized. 

Figure 2A illustrates the face that the polar- 
ization of the electric field of the radiation 
from a vertical dipole is vertical. Figure 2B, 
on the other hand, shows that the polarization 
of electric-field radiation from a vertical slot 
radiator is horizontal. This fact has been uti- 
lized in certain commercial FM antennas where 
it is desired to have horizontally polarized 
radiation but where it is more convenient to 
use an array of vertically stacked slot arrays. 
If the metallic sheet is bent into a cylinder 
with the slot on one side, substantially omni- 
directional horizontal coverage is obtained 
with horizontally-polarized radiation when the 
cylinder with the slot in one side is oriented 
vertically. An arrangement of this type is shown 
in figure 2C. Several such cylinders may be 
stacked vertically to reduce high-angle radia- 
tion and to concentrate the radiated energy 
at the useful low radiation angles. 

In any event the polarization of radiation 
from a radiating system is parallel to the elec- 
tric field as it is set up inside or in the vici- 
nity of the radiating system. 


21-2 General Character- 


istics of Antennas 


All antennas have certain general character- 
istics to be enumerated. It is the result of 
differences in these general characteristics 
which makes one type of antenna system most 
suitable for one type of application and an- 
other type bese for a different application. Six 
of the more important characteristics are: (1) 
polarization, (2) radiation resistance, (3) hori- 
zontal directivity, (4) vertical directivity, 
(5) bandwidth, and (6) effective power gain. 

The polarization of an antenna or radiating 
system is the direction of che electric field 
and has been defined in Section 21-1. 

The radiation resistance of an antenna sys- 
tem is normally referred to the feed point in 
an antenna fed at a current loop, or it is re- 
ferred to a current loop in an antenna system 
fed at another point. The radiation resistance 
is that value of resistance which, if inserted 
in series with the antenna at a current loop, 
would dissipate che same energy as is actually 
radiated by the antenna if the antenna current 
at the feed point were to remain the same. 

The horizontal and vertical directivity can 
best be expressed as a directive pattern which 
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CHAPTER TWENTY-ONE 


Radiation, Propagation 


and Transmission Lines 


Radio waves are electromagnetic waves 
similar in nature but much lower in frequency 
than light waves or heat waves. Such waves 
represent electric energy traveling through 
space. Radio waves travel in free space with 
the velocity of light and can be reflected and 
refracted much the same as light waves. 


21-1 


Radiation from an 
Antenna 


Alternating current passing through a con- 
ductor creates an alternating electromagnetic 
field around that conductor. Energy is alter- 
nately stored in the field, and then returned 
to the conductor. As the frequency is raised, 
more and more of the energy does not return 
to the conductor, but instead is radiated off 
into space in the form of electromagnetic 
waves, called radio waves. Radiation from a 
wire, or wires, is materially increased when- 
ever there is a sudden change in the electrical 
constants of the line. These sudden changes 
produce reflection, which places standing 
waves on the line. 

When a wire in space is fed radio frequency 
energy having a wavelength of approximately 
2.1 times the length of the wire in meters, the 
wire resonates as a half-wave dipole antenna 
at that wavelength or frequency. The greatest 


399 


possible change in the electrical constants 
of a line is that which occurs at the open end 
of a wire. Therefore, a dipole has a great mis- 
match at each end, producing a high degree of 
reflection. We say that the ends of a dipole 
are terminated in an infinite impedance. 

A returning wave which has been reflected 
meets the next incident wave, and the voltage 
and current at any point along the antenna are 
the vector sum of the two waves. At the ends 
of the dipole, the voltages add, while the cur- 
rents of the two waves cancel, thus producing 
high voltage and low current at the ends of the 
dipole or half wave section of wire. In the 
same manner, it is found that the currents add 
while the voltages cancel at the center of the 
dipole. Thus, at the center there is high cur- 
rent but low voltage. 

Inspection of figure 1 will show that the 
current in a dipole decreases sinusoidally 
towards either end, while the voltage similarly 
increases. The voltages at the two ends of the 
antenna are 180° out of phase, which means 
that the polarities are opposite, one being plus 
while the other is minus at any instant. A 
curve representing either the voltage or cur- 
rent on a dipole represents a standing wave 
on the wire. 


Radiation can and does take 
place from sources other than 
antennas. Undesired radiation 
can take place from open-wire 


Radiation from 
Sources other 
than Antennas 
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DIFFERENTIAL KEYER EMPLOYED IN 
“JOHNSON” TRANSMITTERS 


conducting——and then continue operating This may be adjusted to cut off the VFO 
until atter V2 and V3 have stopped con- between marks of keyed characters, thus 
ducting. Potentiometer R1 adjusts the “hold” allowing rapid break-in operation. 


time for VFO operation after the key is opened. 
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TIME SEQUENCE OF A 
DIFFERENTIAL KEYER 


SSS ES 


on a moment before the rese of the stages are 
energized, and remains on a moment longer 
than the other stages. The “chirp” or frequen- 
cy shift associated with abrupt switching of 
the oscillator is chus removed from the emitted 
signal. In addition, the differential keyer can 
apply waveshaping to the amplifier section 
of the transmitter, eliminating the “click” 
caused by rapid keying of the latter stages. 

The ideal keying system would perform as 
illustrated in figure 17. When the key is 
closed, the oscillator reaches maximum out- 
put almost instantaneously. The following 
stages reach maximum output in a fashion 
determined by the waveshaping circuits of 
the keyer. When the key is releaséd, the out- 
put of the amplifier stages starts to decay 
in a predetermined manner, followed shortly 
thereafter by cessation of the oscillator. The 
overall resule of these actions is to provide 
relatively sofe “make” and “break” co the 
keyed signal, meanwhile preventing oscilla- 
tor frequency shift during the keying se- 
quence. 

The rates of charge and decay in a typical 
R-C keying circuit may be varied independent- 
ly of each other by the blocking diode system 
of figure 18. Each diode permits the charging 
current of the timing capacitor co flow through 
only one of the two variable potentiometers, 
thus permitting independent adjustment of 
the “make” and “break” characteristics of 
the keying system. 

A practical differential keying system de- 


Figure 18 


BLOCKING DIODES EMPLOYED 

TO VARY TIME CONSTANT OF 

“MAKE” AND “BREAK” CHARAC- 

TERISTICS OF VACUUM TUBE 
KEYER 


veloped by WIICP (Feb., 1956 QST) is shown 
in figure 19. A GALS switch tube cums the 
oscillator on before the keying action starts, 
and holds ic on until after the keying se- 
quence is completed. Time constant of the 
keying cycle is determined by values of C 
and R, When the key is open, a cut-off bias 
of about -110 volts is applied to the screen 
grid circuits of the keyed stages. When the 
key is closed, the screen grid voltage rises 
to the normal value at a rate determined by 
the time constant R-C. Upon opening che key 
again, the screen voltage retums to cut-off 
value at the predetermined rate. 

The potentiometer R1 serves as an output 
control, varying the minimum internal re- 
sistance of the 12BH7 keyer tube, and is a 
useful device co limit power input during cune- 
up periods. Excitation co the final amplifier 
stage may be controlled by the screen no- 
tentiometer R3 in the second buffer stage. 
An external bias source of approximately —120 
volts at 10 milliamperes is required for oper- 
ation of the keyer, in addition to the 300-vole 
screen supply. 

Blocking voltage may be removed from the 
oscillator for “zeroing” purposes by closing 
switch S1, rendering the diode switch in- 
operative. 

A second popular keying system is shown 
in figure 20, and is widely used in many 
Jobnson transmitters. Grid block keying is 
used on tubes V2 and V3. A waveshaping 
filter consisting of R2, R3, and Cl is used 
in the keying control circuit of V2 and V3. 
To avoid chirp when the oscillator (V1) is 
keyed, the keyer tube V4 allows the oscillator 
to start quickly——before V2 and V3 start 


WWW.americanradiohistorv.com 


396 Transmitter Keying and Contro! 


THE RADIO 


LOw POWER BUFFER 
6AG7 


BLOCKING GRID VOLTAGE 
voLrs f ° 


350-0-350 
SOMA, 


807, erc. 


t 
O © 


Figure 16 
TWO-STAGE SCREEN GRID KEYER UNIT 


guished, removing the screen voltage from the 
tetrode r-f tube. At the same time, rectified 
grid bias is appliedto the screen of the tetrode 
through the 1 megohm resistor between screen 
and key. This voltage effectively cuts off the 
screen of the tetrode until the key is closed 
again. The RC circuit in the grid of the 6L6 
tube determines the keying characteristic of 
the cetrode tube. 

A more elaborate screen grid keyer is shown 
in figures 15 and 16. This keyer is designed 
to block-grid key the oscillator or a low pow- 
ered buffer stage, and to screen key a medium 
powered tetrode tube such as an 807, 2E26 or 
6146. The unit described includes a simple 
dual voltage power supply for the positive 
screen voltage of the tetrode, and a negative 
supply for the keyer stages. A 6K6 is used as 
the screen keyer, and a 12AU7 is used as a 
cathode follower and grid block keyer. As in 


the WIDX keyer, this keyer turns on the ex- 
citer a moment before the tetrode stage is 
turned on. The tetrode stage goes off an in- 
stant before the exciter does. Thus any key- 
ing chirp of the oscillator is effectively re- 
moved from the keyed signal. 

By listening in the receiver one can hear 
the exciter stop operating a fraction of a sec- 
ond after the tetrode stage goes off. In fact, 
during rapid keying, the exciter may be heard 
as a steady signal in the receiver, as it has 
appreciable time lag in the keying circuit. The 
clipping effect of following stages has a defi- 
nite hardening effect on this, however. 


20-8 Differential Keying Circuits 


Excellent wave shaping may be obtained by 
a differential keying system whereby the 
master oscillator of the transmitter is turned 
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SINGLE-STAGE SCREEN GRID KEYER 
FOR TETRODE TUBES 


tecrode is keyed by this method, there is the 
possibility of a considerable backwave caused 
by r-f leakage through the grid-plate capacity 
of the tube. 

Certain hi-p triode tubes, such as the 811-A 
and the 805, automatically block themselves 
when the grid return circuit is opened. It is 
merely necessary to insert a key and associ- 
ated key click filcer in the grid return lead of 
these tubes. No blocking bias supply is need- 
ed. This circuit is shown in figure 12. 

A more elaborate blocked-grid keying sys- 
tem has been developed by WIDX, and was 
shown in the February, 1954 issue of QST 
magazine. This highly recommended circuit 
is shown in figure 13. Two stages are keyed, 


Figure 15 


TOP VIEW OF SCREEN 
GRID KEYER SHOWN IN 
FIGURE 16 
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preventing any backwave emission. The first 
keyed stage may be the oscillator, or a low 
powered buffer. The last keyed stage may be 
the driver stage to the power amplifier, or the 
amplifier itself. Since the circuit is so pro- 
portioned that the lower powered stage comes 
on first and goes off last, any keying chirp in 
the oscillator is not emitted on the air. Keying 
lag is applied to the high powered keyed stage 
only. 


20-7 Screen Grid Keying 


The screen circuit of a tetrode tube may be 
keyed for c-w operation. Unfortunately, when 
the screen grid of a tetrode tube is brought to 
zero potential, the cube still delivers con- 
siderable output. Thus it is necessary to place 
a negative blocking voltage on the screen grid 
to reduce the backwave through the tube. A 
suitable keyer circuit that will achieve this 
was developed by WG6DTY, and was described 
in the February, 1953 issue of CQ magazine. 
This circuit is shown in figure 14. A 6L6 is 
used as a combined clamper tube and keying 
tube. When the key is closed, the 6L6 tube 
has blocking bias applied to its control grid. 
This bias is obtained from the rectified grid 
bias of the keyed tube. Screen voltage is ap- 
plied to the keyed stage through a screen drop- 
ping resistor and a VR-105 regulator tube. 
When the key is open, the 6L6 is no longer 
cut-off, and conducts heavily. The voltage 
drop across the dropping resistor caused by 
the heavy plate current of the 6L6 lowers the 
voltage on the VR-105 tube until it is extin- 
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The blocking bios must be sufficient to cut- 

off plate current to the amplifier stage in the 

presence of the excitation voltage. Ry is nor- 

mal bias resistor for the tube. Rz and Cy 

should be adjusted for correct keying wave- 
form. 


HI-MU TRIODE 
{81 1-A€rc.} 


Figure 12 
SELF-BLOCKING KEYING SYSTEM FOR 
HIGH-MU TRIODE 
Ry, and Cy adjusted for correct keying wave- 
form. Ry is bios resistor of tube. 


recommended for general use, as considerable 
voltage will be developed across the key when 
it is open. 

An electronic switch can take the place of 
the hand key. This will remove the danger of 
shock. At the same time, the opening and clos- 
ing characteristics of the electronic switch 
may easily be altered to suit the particular 
need at hand. Such an electronic switch is 
called a vacuum tube keyer. Low internal re- 
sistance triode tubes such as the 45, 6A3, or 
6AS7 are used in the keyer. These tubes act 
as a very high resistance when sufficient 
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Figure 13 
TWO-STAGE BLOCKED-GRID KEYER 


A seporate filoment transformer must be used 
for the 635, as its filament is at a potential 
of ~400 volts. 


blocking bias is applied to them, and as a 
very low resistance when the bias is removed. 
The desired amount of lag or cushioning effect 
can be obtained by employing suitable resist- 
ance and Capacitance values in the grid of the 
keyer tube(s). Because very little spark is 
produced at the key, due to the small amount 
of power in the key circuit, sparking clicks 
are easily suppressed. 

One type 45 tube should be used for every 
50 ma. of plate current. Type 6B4G or 2A3 
tubes may also be used; allow one 6B4G tube 
for every 80 ma. of plate current. 

Because of the series resistance of the keyer 
tubes, the plate voltage at the keyed tube will 
be from 30 to 60 volts less than the power 
supply voltage. This voltage appears as cath- 
ode bias on the keyed tube, assuming the bias 
return is made to ground, and should be taken 
into consideration when providing bias. 

Some typical cathode circuit vacuum tube 
keying units are shown in figure 10. 


20-6 Grid Circuit Keying 


Grid circuit, or blocked grid keying is an- 
other effective method of keying a c-w trans- 
mitter. A basic blocked grid keying circuit is 
shown in figure 11. The time constant of the 
keying is determined by the RC circuit, which 
also forms part of the bias circuit of the tube. 
When the key is closed, operating bias is de- 
veloped by the flow of grid current through R;, 
When the key is open, sufficient fixed bias is 
applied to the tube to block it, preventing the 
stage from functioning. If an un-neutralized 
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Figure 10 
VACUUM TUBE KEYERS FOR CENTER-TAP KEYING CIRCUITS 


The type A keyer is suitable for keying stages running up to 1250 volts on the plate. Two 2A3 

or 6A3 tubes con safely key 160 milllomperes of cathode current. The simple 6Y6 keyer in fig- 

ure B is for keying stages running up to 650 volts on the plate. A single 6Y6 can key 80 milli- 

amperes. Two in parallel may be used for plote currents under 160 ma. If softer keying Is de- 
sired, the 500-uufd. mica condenser should be increased to .001 wkd. 


amplifier. If a low-level stage, which is fol- 
lowed by a series of class C amplifiers, is 
keyed, serious transients will be generated 
in the output of che transmitter even though 
the keyed stage is being turned on and off very 
smoothly. This condition arises as a result of 
pulse sharpening, which has been discussed 
previously. 

Third, the output from che stage should be 
completely cut off when the key is up, and the 
time constant of the rise and decay of the key- 
ing wave should be easily controllable. 

Fourth, it should be possible to make the 
rise period and the decay period of the keying 
wave approximately equal. This type of keying 
envelope is the only one tolerable for commer- 
cial work, and is equally desirable for obtain- 
ing clean cut and easily readable signals in 
amateur work. 

Fifth, ic is desirable that the keying circuit 
be usable without a keying relay, even when 
a high-power stage is being keyed. 

Last, for the sake of simplicity and safety, 
it should be possible to ground the frame of 
the key, and yet the circuit should be such 


that placing the fingers across the key will 
notresultin an electrical shock. In other words, 
the keying circuit should be inherently safe. 

All these requirements have been met in the 
keying circuits to be described. 


20-5 Cathode Keying 


The lead from the cathode or center-tap con- 
nection of the filament of an r-f amplifier can 
be opened and closed for a keying circuit. Such 
a keying system opens the plate voltage cir- 
cuit and at the same time opens the grid bias 
return lead. For this reason, the grid circuit 
is blocked at the same time the plate circuit 
is opened. This helps to reduce the backwave 
that might otherwise leak through the keyed 
stage. 

The simplest cathode keying circuit is il- 
lustrated in figure 9, where a key-click filter 
is employed, and a hand key is used to break 
the circuit. This simple keying circuit is not 
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a wide frequency band as sidebands and are 
heard as clicks. 

The cure for transient key clicks is rela- 
tively simple, although one would not believe 
it, judging from the hordes of clicky, ‘'snappy”’ 
signals heard on the air. 

To be capable of transmitting code charac- 
ters and at the same time not spliteing the 
eardrums of neighboring amateurs, the c-w 
transmitter MUST meet two important speci- 
fications. 

1- It must have no parasitic oscillations 
either in the stage being keyed or in any 
succeeding stage. 

2- It must have some device in the keying 
circuit capable of shaping the leading 
and trailing edge of the waveform. 

Both these spectfications must be met be- 
fore the transmitter is capable of c-w opera- 
tion. Merely turning a transmitter on and off 
by the haphazard insertion of a telegraph key 
in some power lead is an invitation to trouble. 

The two general methods of keying a trans- 
mitter are those which control the excitation 
to the keyed amplifier, and those which con- 
trol che plate or screen voltage applied to the 
keyed amplifier. 


Key-Click 
Elimination 


Key-click elimination is accom- 
plished by preventing a too-rapid 
make-and-break of power to the 
antenna circuit, rounding off the keying char- 
acters so as to limit the sidebands to a value 
which does not cause interference to adjacent 
channels. Too much lag will prevent fast key- 
ing, but fortunately key clicks can be prac- 
tically eliminated without limiting the speed 
of manual (hand) keying. Some circuits which 
eliminate key clicks introduce too much time- 
lag and thereby add tails to the dots. These 
tails may cause the signals to be difficult to 
copy at high speeds. 


Considerable thought should be 
given as to which stage in a 
transmitter is the proper one to 
key. If the transmitter is keyedin a stage close 
to the oscillator, the change in r-f loading of 
the oscillator will cause the oscillator to shift 
frequency with keying. This will cause the 
signal to have a distince chirp. The chirp will 
be multiplied. as many times as the frequency 
of the oscillator is multiplied. A chirpy oscil- 
lator that would be passable on 80 meters 
would be unusable on 28 Mc. c.w. 

Keying the oscillator itself is an excellent 
way to run into keying difficulties. If no key 
click filter is used in the keying circuit, the 
transmitter will have bad key clicks. If a key 
click filter is used, the slow rise and decay 
of oscillator voltage induced by the filter ac- 
tion will cause a keying chirp. This action is 
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Figure 9 


CENTER-TAP KEYING WITH CLICK 
FILTER 


The constants shown above are suggested as 

starting values; considerable variation in 

these values can be expected for optimum 

keying of amplifiers of different operating 

conditions. It is suggested that o keying re- 

lay be substituted for the key in the circuit 
obove wherever procticable. 


true of all oscillators, whether electron coupled 
or crystal controlled. 

The more amplifier or doubler stages that 
follow the keyed stage, the more difficult it is 
to hold control of the shape of the keyed wave- 
form. A heavily excited doubler stage or class 
C stage acts as a peak clipper, tending to 
square up a rounded keying impulse, and the 
cumulative effect of several such stages cas- 
caded is sufficient to square up the keyed 
waveform to the point where bad clicks are 
reimposed on a clean signal. 

A good rule of thumb is to never key back 
farther than one stage removed from the final 
amplifier stage, and never key closer than one 
stage removed from the frequency controlling 
oscillator of the transmitter. Thus there will 
always be one isolating stage between the 
keyed stage and the oscillator, and one isolat- 
ing stage between the keyed stage and the 
antenna. At this point the waveform of the 
keyed signal may be most easily controlled. 


Keyer Circuit 
Requirements 


In the first place it may be es- 
tablished that the majority of 
new design transmitters, and 
many of those of older design as well, use a 
medium power beam tetrode tube either as the 
output stage or as the exciter for the output 
stage of a high power transmitter. Thus the 
transmitter usually will end up with a tube 
such as type 2E26, 807, 6146, 813, 4-65A, 
4E27/257B, 4-125A or similar, or one of these 
tubes will be used as the stage just ahead of 
the output stage. 

Second, it may be established that it is un- 
desirable to key further down in the transmitter 
chain than the stage just ahead of the final 
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For 100 per cent protection, just obey the 
following rule: never work on the transmitter 
or reach inside any protective cover except 
when the green pilots are glowing. To avoid 
confusion, no other green pilots should be used 
on the transmitter; if you want an indicator 
jewel to show when the filaments are lighted, 
use amber instead of green. 


Filter capacitors of good qual- 
ity hold their charge for some 
time, and when the voltage is more than 1000 
volts it is just about as dangerous to get across 
an undischarged 4-fd. filter capacitor as it is 
to get across a high-voltage supply that is 
turned on. Most power supplies incorporate 
bleeders to improve regulation, but as these 
are generally wire-wound resistors, and as 
wire-wound resistors occasionally open up 
without apparent cause, it is desirable to in- 
corporate an auxiliary safety bleeder across 
each heavy-duty bleeder. Carbon resistors will 
not stand much dissipation and sometimes 
change in value slightly with age. However, 
the chance of their opening up when run well 
within their dissipation rating is very small. 

To make sure that all capacitors are bled, it 
is best to short each one with an insulated 
screwdriver. However, this is sometimes awk- 
ward and always inconvenient. One can be vir- 
tually sure by connecting auxiliary carbon 
bleeders across all wire-wound bleeders used 
on supplies of 1000 volts or more. For every 
500 volts, connect in series a 500,000-ohm 
l-watt carbon resistor. The drain will be neg- 
ligible (1 ma.) and each resistor will have to 
dissipate only 0.5 watt. Under these condi- 
tions the resistors will last indefinitely with 
little chance of opening up. For a 1500-volt 
supply, connect three 500,000-ohm resistors in 
series. If the voltage exceeds an integral num- 
ber of 500 volt divisions, assume it is the next 
higher integral value; for instance, assume 
1800 volts as 2000 volts and use four resistors. 

Do not attempt to use fewer resistors by 
using a higher value for the resistors; not over 
500 volts should appear across any single 
1-watt resistor. 

In the event that the regular bleeder opens 
up, it will take several seconds for the auxil- 
iary bleeder to drain the capacitors down to a 
safe voltage, because of the very high resist- 
ance. Therefore, it is best to allow 10 or 15 
seconds after turning off the plate supply be- 
fore attempting to work on the transmitter. 

If a 0-1 d-c milliammeter is at hand, it may 
be connected in series with the auxiliary 
bleeder to act as a high voltage voltmeter. 


Safety Bleeders 


Some amateurs contend 
that it is almost impossible 


“Hot'’ Adjustments 


to make certain adjustments, such as coupling 
and neutralizing, unless the transmitter is run- 
ning. The best.thing to do is to make all neu- 
tralizing and coupling devices adjustable from 
the front panel by means of flexible control 
shafts which are broken with insulated cou- 
plings to permit grounding of the panel bearing. 

If your particular transmitter layout is such 
that this is impracticable and you refuse to 
throw the main switch to make an adjustment 
-throw the main switch—-take a reading—throw 
the main switch-make an adjustment—and so 
on, then protect yourself by making use of long 
adjusting rods made from %-inch dowel sticks 
which have been wiped with oil when perfectly 
free from moisture. 

If you are addicted to the use of pickup loop 
and flashlight bulb as a resonance and neutral- 
izing indicator, then fasten it to the end of a 
long dowel stick and use it in that manner. 


With the increasing ten- 
dency toward construc- 
tion of transmitters in enclosed steel cabinets 
a transmitter becomes a particularly lethal de- 
vice unless adequate safety provisions have 
been incorporated. Even with a combined safety 
signal and switch as shown in figure 8 it is 
still conceivable that some person unfamiliar 
with the transmitter could come in contact with 
high voltage. It is therefore recommended that 
the transmitter, wherever possible, be built 
into a complete metal housing or cabinet and 
that all doors or access covers be provided 
with protective interlocks (all interlocks must 
be connected in serfes) to remove the high 
voltage whenever these doors or covers are 
opened. The term “thigh voltage’? should mean 
any voltage above approximately 150 volts, 
although it is still possible to obtain a serious 
burn from a 150-volt circuit under certain cir- 
cumstances. The 150-volt limit usually will 
mean that grid-bias packs as well as high- 
voltage packs should have their primary cir- 
cuits opened when any interlock is opened. 


Protective Interlocks 


20-4 Transmitter Keying 


The carrier from a c-w telegraph transmitter 
must be broken into dots and dashes for the 
transmission of code characters. The carrier 
signal is of constant amplitude while the key 
is closed, and is entirely removed when the 
key is open. When code characters are being 
transmitted, the carrier may be considered as 
being modulated by the keying. If the change 
from the no-output condition to full-output, or 
vice versa, occurs too rapidly, the rectangular 
pulses which form the keying characters con- 
tain high-frequency components which take up 
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sary chances. However, no one is infallible, 
and chances of an accident are greatly less- 
ened if certain factors are taken into consid- 
eration in the design of a transmitter, in order 
to protect the operator in the event of a lapse 
of caution. If there are too many things one 
must ‘‘watch out for’? or keep in mind there is 
a good chance that sooner or later there will 
be a mishap; and it only takes one. When de- 
signing or constructing a transmitter, the fol- 
lowing safety considerations should be given 
attention. 
Grounds — For the utmost in protection, every- 
thing of metal on the front panel of 
a transmitter capable of being touched by the 
operator should be at ground potential. This 
includes dial set screws, meter zero adjuster 
screws, meter cases if of metal, meter jacks, 
everything of metal protruding through the front 
panel or capable of being touched or nearly 
touched by the operator. This applies whether 
or not the panel itself is of metal. Do not rely 
upon the insulation of meter cases or tuning 
knobs for protection. 

The B negative or chassis of all plate power 
supplies should be connected together, and to 
an external ground such as a waterpipe. 


Exposed Wires 
and Components 


It is not necessary to resort 
to rack and panel construc- 
tion in order to provide com- 
plete enclosure of all components and wiring 
of the tansmitter. Even with metal-chassis 
construction it is possible to arrange things so 
as to incorporate a protective shielding hous- 
ing which will not interfere with ventilation 
yet will prevent contact with all wires and 
components carrying high voltage d.c. or a.c., 
in addition to offering shielding action. 

If everything on the front panel is at ground 
potential (with respect to external ground) and 
all units are effectively housed with protective 
covers, then there is no danger except when 
the operator must reach into the interior part 
of the transmitter, as when changing coils, 
neutralizing, adjusting coupling, or shooting 
trouble. The latter procedure can be made safe 
by making it possible for the operator to be 
absolutely certain that all voltages have been 
turned off and that they cannot be turned on 
either by short circuit or accident. This can be 
done by incorporation of the following system 
of main primary switch and safety signal lights. 


Combined Sofety The common method of 
Signal and Switch using red pilot lights to 

show when a Circuit is on 
is useless except from an ornamental stand- 
point. When the red pilot is not lit it usually 
means that the circuit is turned off, but it can 


6.3 v. TO GREEN PILOT LIGHTS ON 


FRONT PANEL AND ON EACH CHASSIS. 


FIL. TRANS. 


3 


MAIN 115 Vv. SUPPLY ¥. 0.P.0.T. SWITCH 


a 


113 V.AC TO ENTIRE TRANSMITTER 


Figure 8 


COMBINED MAIN SWITCH AND 
SAFETY SIGNAL 


When shutting down the transmitter, throw 
the main switch to neutral. If work is to be 
done on the transmitter, throw the switch all 
the way to ‘‘pilot,”’ thus turning on the green 
pilot lights on the panel and on each chas- 
sis, and insuring thet no voltage con exist 
on the primary of any transformer, even by 
virtue of a short or accidental ground. 


mean that the circuit is on but the lamp is 
burned out or not making contact. 

To enable you to touch the tank coils in 
your transmitter with absolute assurance that 
it is impossible for you to obtain a shock ex- 
cept from possible undischarged filter conden- 
sers (see following topic for elimination of 
this hazard), it is only necessary to incorpo- 
rate a device similar to that of figure 8. It is 
placed near the point where the main 110-volt 
leads enter the room (preferably near the door) 
and in such a position as to be inaccessible 
to small children. Notice that this switch breaks 
both leads; switches that open just one lead 
do not afford complete protection, as it is 
sometimes possible to complete a primary cir- 
cuitthrough a short or accidental ground. Break- 
ing just one side of the line may be all right 
for turning the transmitter on and off, but when 
you are going to place an arm inside the trans- 
mitter, both 110-volt leads should be broken. 

When you are all through working your trans- 
mitter for the time being, simply throw the 
main switch to neutral. 

When you find it necessary to work on the 
transmitter or change coils, throw the switch 
so that the green pilots light up. These can be 
ordinary 6.3-volt pilot lamps behind green 
bezels or dipped in green lacquer. One should 
be placed on the front panel of the transmitter; 
others should be placed so as to be easily 
visible when changing coils or making adjust- 
ments requiring the operator to reach inside 
the transmitter. 
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Figure 7 
PUSH-BUTTON TRANSMITTER-CONTROL CIRCUIT 


Pushing the START button either at the transmitter or at the operating position will light all 
filoments and start the time-delay relay in its cycle. When the cycle has been completed, a 
touch of the TRANSMIT button will put the transmitter on the air and disable the receiver. Push- 
ing the RECEIVE button will disable the transmitter and restore the receiver. Pushing the STOP 
button will instantly drop the entire transmitter from the a-c fine. If desired, a switch may be 
placed in series with the lead from the RECEIVE button to the protective interlocks; opening 
the switch will make it impossible for ony person accidentally to put the transmitter on the air. 
Vorious other safety provisions, such as the protective-interlock arrangement described in the 
text have been incorporated. 
With the circuit arrangement shown for the overload-relay contacts, it is only necessary to use 
@ simple normally-closed d-c relay with a variable shunt across the coil of the relay. When the 
current through the coil becomes great enough to open the normally-closed contacts the hold: 
circuit on the plate-voltage relay will be broken and the plate voltage will be removed. If the 
overload is only momentary, such os a modulation peak or a tank flashover, merely pushing the 
TRANSMIT button will again put the transmitter on the air. This simple circuit provision elimi- 
notes the requirement for expensive overload relays of the mechanically-latching type, but still 
gives excellent overload protection. 


RECCIVER POWER 
TRANSFORMER C.T. 


18 Vv, ANTENNA 
CHANGEOVER 


button momentarily to light the transmitter fila- 
ments and start the time-delay relay in its cy- 
cle. When the standby light comes on it is only 
necessary to touch the TRANSMIT button to 
put the transmitter on the air and disable the 
receiver. Touching the RECEIVE button will 
turn off the transmitter and restore the receiver. 
After a period of operation it is only necessary 
to touch the STOP button at either the tratis- 
mitter or the operating position to shut down 
the transmitter. This type of control arrange- 
ment is called an electrically-locking push-to- 


transmit control system. Such systems are fre- 
quently used in industrial electronic control. 


20-3 


Safety Precautions 


The best way for an operator to avoid ser- 
ious accidents from the high voltage supplies 
of a transmitter is for him to use his head, act 
only with deliberation, and not take unneces- 


WWW.americanradiohistorv.com 


388 Transmitter Keying and Control 


THE RADIO 


115 VOLT SUPPLY FOR 
ENTIRE TRANSMITTER 
O O 


> FUSES ¢ 
SAFETY SWITCH 
(see rice ) 


\\S1 HUSKY TOGGLE SWITCH 
ON TRANSMITTER 


ALL FILAMENT TRANSFORMERS 


HIGH VOLT. 
(115 v.) 


Oneceiven Power 
TRANSFORMER C.T. 


PROTECTIVE 
INTERLOCKS 


TRANSMIT- 
RECEIVE SWITCH 


115 ¥. ANTENNA 
CHANGEOVER 
Q RELAY 


TUNE-UP 
SWITCH 


WIGH VOLTAGE 
TRANSFORMER 


EXCITER HV. 
TRANSFORMER 


Figure 6 
TRANSMITTER CONTROL CIRCUIT 


Closing Sy lights all filaments in the transmitter and starts the time-delay relay in its cycle. 

When the time-delay relay has operated, closing the transmit-receive switch at the operating po- 

sition will apply plate power to the transmitter and disable the receiver. A tune-up switch has 

been provided so that the exciter stages may be tuned without phate voltage on the final 
amplifier. 


mitter on the air, has had che experience of 
having to throw several switches and pull or 
insert a few plugs when changing from receive 
to transmit. This is one extreme in the direc- 
tion of how not to control a transmitter. At the 
other extreme we find systems where it is only 
necessary to speak into the microphone or 
touch the key to change both transmitter and 
receiver over to the transmit condition. Most 
amateur stations are intermediate between the 
two extremes in the control provisions and use 
some relatively simple system for transmitter 
control. 

In figure 5 is shown an atrangement which 
protects mercury-vapor rectifiers against pre- 
mature application of plate voltage without 
resorting to a time-delay relay. No matter which 
switch is thrown first, the filaments will be 
turned on firse and off last. However, double- 
pole switches are required in place of the usual 
single-pole switches. 

When assured time delay of the proper inter- 
val and greater operating convenience are de- 
sired, a group of inexpensive a-c relays may 


be incorporated into the circuit to give a con- 
trol circuit such as is shown in figure 6. This 
arrangement uses a 115-volt thermal (or motor- 
operated) time-delay relay and a d-p-d-« 115- 
vole control relay. Note that the protective 
interlocks are connected in series with the 
coil of the relay which applies high voltage to 
the transmitter. A tune-up switch has been in- 
cluded so that the transmitter may be tuned up 
as far as the grid circuit of the final stage is 
concerned before application of high voleage 
to the final amplifier. Provisions for operat- 
ing an antenna-changeover relay and for cut- 
ting the plate voltage to the receiver when the 
transmitter is operating have been included. 

A circuit similar co that of figure 6 but in- 
corporating push-button control of the trans- 
mitter is shown in figure 7. The circuit features 
a set of START-STOP and TRANSMIT-RE- 
CEIVE buttons at the transmitter and a sepa- 
rate set at the operating position. The control 
push buttons operate independently so that 
either set may be used to control the trans- 
mitter. It is only necessary to push the START 
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TO EXCITER POWER SUPPLIE 


TO H.V. 
POWER SUPPLY 


DUMMY PLUG FOR 
STRAIGHT OPERATION 


TO FILAMENT. 


L_, TRANSFORMERS 


EXTERNAL VARIAC 
OR POWERSTAT 


Figure 4 


CIRCUIT WITH VARIABLE-RATIO 
AUTO-TRANSFORMER 


When the dummy plug is inserted into the re- 
ceptacie on the equipment, closing of the 
power control relay will apply full voltage 
to the primaries. With the cable from the 
Variac or Powerstat plugged into the socket 
the voltage output of the high-voltage power 
supply may be varied from zero to about 15 
per cent above normal. 


INTERLOCKS 
IN TRANSMITTER 


TRANSMITTER 
FILAMENT 
TRANSFORMERS 


W159 v. TO EXCITER AND 
HIGH-VOLTAGE RELAYS, 
ANDO TO RECEIVER CON- 
TROL ANO ANTENNA 

CHANGEOVER RELAYS 


Figure 5 
PROTECTIVE CONTROL CIRCUIT 


With this circuit arrangement either switch 
may be closed first to light the hecters of 
cll tubes and the filoment pilot light. Then 
when the second switch is closed the high 
voltage will be applied to the transmitter and 
the red pilot will light. With a 30-second de- 
lay between the closing of the first switch 
and the closing of the second, the rectifier 
tubes will be adequately protected. Similarly, 
the opening of either switch will remove 
plate voltage from the rectifiers while the 
heaters remain lighted. 


One convenient arrangement for using a 
Variac or Powerstat in conjunction with the 
high-voltage transformer of a transmitter is 
illustrated in figure 4. In this circuit a heavy 
three-wire cable is run from a plug on the trans- 
mitter to the Variac or Powerstat. The Variac 
or Powerstat then is installed so that it is ac- 
cessible from the operating desk so that the 
input power to the transmitter may be con- 
trolled during operation. lf desired, the cable 
to the Variac or Powerstat may be unplugged 
from the transmitter and a dummy plug inserted 
in its place. With che dummy plug in place the 
transmitter will operate at normal plate voltage. 
This arrangement allows the transmitter to be 
wired in such a manner that an external Variac 
or Powerstat may be used if desired, even 
though the unit is not available at the time 
that the transmitter is constructed. 


Notes on the Use 
of the Voriac 
or Powerstat 


Plate voltage to the modula- 
tors may be controlled at the 
same time as the plate volt- 
age to the final amplifier is 
varied if the modulator stage uses beam tetrode 
tubes; variation in the plate voltage on such 
tubes used as modulators causes only a mod- 
erate change in the standing plate current. 
Since the final amplifier plate voltage is being 
controlled simultaneously with the modulator 


plate voltage, the conditions of impedance 
match will not be seriously upset. In several 
high power transmitters using this system, and 
using beam-tetrode modulator tubes, it is pos- 
sible to vary the plate input from about 50 
watts to one kilowatt without a change other 
than a slight increase in audio distortion at 
the adjustment which gives the lowest power 
output from the transmitter. 


With triode tubes as modulators it usually 
will be found necessary to vary the grid bias 
at the same cime that the plate voltage is 
changed. This will allow the tubes to be op- 
erated at approximately the same relative point 
on their operating characteristic when the plate 
voltage is varied. When the modulator tubes are 
operated with zero bias at full plate voltage, it 
will usually be possible to reduce the modu- 
lator voltage along with the voltage on the 
modulated stage, with no apparent change in 
the voice quality. However, it will be necessary 
to reduce the audio gain at the same time that 
the plate voltage is reduced, 


20-2 Transmitter 
Control Methods 


Almost everyone, when getting a new trans- 
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Figure 3 
FULL-VOL TAGE/HALF-VOL TAGE 
POWER CONTROL SYSTEMS 
The circuit at (A) is for use with ao T15-volt 
a-c¢ line. Transformer T is of the standard 
type having two I15-volt primaries; these 
primaries are connected in series for half- 
voltage output when the power contro! relay 
Ky is energized but the hi-lo relay Ko is not 
operated. When both relays are energized the 
full output voltage is obtained. At (B) is a 
circuit for use with a standord 230-vol? resi- 
dence line with grounded neutral. The two 
relays control the output of the power sup- 
plies the some as at (A). 


primaries in parallel will deliver full output 
from the plate supply. Then when the two pri- 
maries are connected in series and still oper- 
ated from the 115-vole line the output voltage 
from the supply will be reduced approximately 
to one half. In the case of the normal class C 
amplifier, a reduction in plate voltage to one 
half will reduce the power input to the stage 
to one quarter. 

If the transmitter is to be operated from a 
230-vole line, the usual procedure is to operate 
the filaments from one side of the line, the 


low-voltage power supplies fromthe other side, 
and the primaries of the high-voltage trans- 
former across the whole line for full power 
output. Then when reduced power output is 
required, the primary of the high-voltage plate 
transformer is operated from one side to center 
tap rather than across the whole line. This 
procedure places 115 volts across the 230-volt 
winding the same as in the case discussed in 
the previous paragraph. Figure 3 illustrates 
the two standard methods of power reduction 
with a plate transformer having a double pri- 
mary; (A) shows the connections for use with 
a 115-volt line and (B) shows the arrangement 
for a 230-volt a-c power line to the transmitter. 

The full-voleage/half-voltage methods for 
controlling the power input to the transmitter, 
as just discussed, are subject to the limitation 
that only two levels of power input (full power 
and quarter power) are obtainable. In many 
cases this will be found to be a limitation to 
flexibility. When tuning the transmitter, the 
antenna coupling network, or the antenna sys- 
tem itself it is desirable to be able to reduce 
the power input to the final stage to a rela- 
tively low value. And it is further convenient 
to be able to vary the power input continuous- 
ly from this relatively low input up to the full 
power capabilities of the transmitter. The use 
of a variable-ratio auto-transformer in the cir- 
cuit from the line to the primary of the plate 
transformer will allow a continuous variation 
in power input from zero to the full capability 
of the transmitter. 


Variable-Ratio 
Auto- Transformers 


There are several types 
of variable-ratio auto-trans- 
formers available on the 
market. Of these, the most common are the 
Variac manufactured by the General Radio 
Company, and the Powerstat manufactured by 
the Superior Electric Company. Both these 
types of variable-ratio transformers are excel- 
lently constructed and are available in a wide 
range of power capabilities. Each is capable 
of controlling the line voltage from zero to 
about 15 per cent above the nominal line volt- 
age. Each manufacturer makes a single-phase 
unit capable of handling an output power of 
about 175 watts, one capable of about 750 to 
800 watts, and a unit capable of about 1500 to 
1800 watts. The maximum power-output capa- 
bility of these units is available only at ap- 
proximately the nominal line voltage, and must 
be reduced to a maximum current limitation 
when the output voltage is somewhat above or 
below the input line voltage. This, however, is 
not an important limitation for this type of 
application since the output voltage seldom 
will be raised above the line voltage, and when 
the output voltage is reduced below the line 
voltage the input to the transmitter is reduced 
accordingly. 
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not drop more than 5 volts (assuming a 117- 
volt line) under load and the wiring does not 
overheat, the wiring is adequate to supply the 
transmitter. About 600 watts total drain is the 
maximum that should be drawn from a 117-volt 
lighting outlet or circuit. For greater power, 
a separate pair of heavy conductors should be 
run right from the meter box. For a 1-kw. phone 
transmitter the total drain is so great that a 
230-volt ‘‘split’’ system ordinarily will be re- 
quired. Most of the newer homes are wired with 
this system, as are homes utilizing electricity 
for cooking and heating. 

With a three-wire system, be sure there is 
no fuse in the neutral wire at the fuse box. A 
neutral fuse is not required if both ‘thot’’ legs 
are fused, and, should a neutral fuse blow, 
there is a chance that damage to the radio 
transmitter will result. 

If you have a high power transmitter and do 
a lot of operating, it is a good idea to check 
on your local power rates if you are on a 
straight lighting rate. In some cities a lower 
rate can be obtained (but with a higher ‘‘mini- 
mum’’) if electrical equipment such as an 
electric heater drawing a specified amount 
of current is permanently wired in. It is not 
required that you use this equipment, merely 
that it be permanently wired into the electrical 
system. Naturally, however, there would be no 
saving unless you expect to occupy the same 
dwelling for a considerable length of time. 


Outlet Strips The outlet strips which have 
been suggested for installation 
in the baseboard or for use on the rear of a desk 
are obtainable from the large electrical supply 
houses. If such a house is not in the vicinity 
it is probable that a local electrical contractor 
can order a suitable type of strip from one of 
the supply house catalogs. These strips are 
quite convenient in that they are available in 
varying lengths with provision for inserting 
a-c line plugs throughout their length. The 
a-c plugs from the various items of equipment 
on the operating desk then may be inserted 
in the outlet strip throughout its length. In 
many cases it will be desirable to reduce the 
equipment cord lengths so that they will plug 
neatly into the outlet strip without an excess 
to dangle behind the desk. 


Contactorsand 
Relays 


The use of power-control con- 
tactors and relays often will 
add considerably to the oper~ 
ating convenience of the station installation. 
The most practicable arrangement usually is 
to have a main a-c line switch on the front of 
the transmitter to apply power to the filament 
transformers and to the power control circuits. 
It also will be found quite convenient to have 
a single a-c line switch on the operating desk 
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to energize or cut the power from the outlet 
sttip on the rear of the operating desk. Through 
the use of such a switch it is not necessary to 
remember to switch off a large number of sepa- 
rate switches on each of the items of equip- 
ment on the operating desk. The alternative 
arrangement, and that which is approved by the 
Underwriters, is to remove the plugs from the 
wall both for the transmitter and for the oper- 
ating-desk outlet strip when a period of oper- 
ation has been completed. 

While the insertion of plugs or operation of 
switches usually will be found best for ap- 
plying the a-c line power to the equipment, the 
changing over between transmit and receive 
can best be accomplished through the use of 
relays. Such a system usually involves three 
relays, or three groups of relays. The relays 
and their functions are: (1) power control relay 
for the transmitter—applies 115-volt line to the 
primary of the high-voltage transformer and 
turns on the exciter; (2) control relay for the 
receiver-makes the receiver inoperative by 
any one of a number of methods when closed, 
also may apply power to the v.f.o. and to a 
keying or a phone monitor; and (3) the antenna 
changeover relay—connects the antenna to the 
transmitter when the transmitter is energized 
and to the receiver when the transmitter is not 
operating. Several circuits illustrating the ap- 
plication of relays to such control arrangements 
are discussed in the paragraphs to follow in 
this chapter. 


Controlling Transmitter It is mecessary, in 
Power Output order to comply with 

FCC regulations, that 
transmitter power output be limited to the mini- 
mum amount necessary to sustain communica- 
tion. This requirement may be met in several 
ways. Many amateurs have two transmitters; 
one is capable of relatively high power output 
for use when calling, or when interference is 
severe, and the other is capable of consider- 
ably less power output. In many cases the 
lower powered transmitter acts as the exciter 
for the higher powered stage when full power 
output is required. But the majority of the ama- 
teurs using a high powered equipment have 
some provision for reducing the plate voltage 
on the high-level stages when reduced power 
output is desired. 


One of the most common arrangements for 
obtaining two levels of power output involves 
the use of a plate transformer having a double 
primary for the high-voltage power supply. The 
majority of the high-power plate transformers 
of standard manufacture have just such a dual- 
primary arrangement. The two primaries are 
designed for use with either a 115-volt or 230- 
volt line. When such a transformer is to be 
operated from a 115-volt line, operation of both 
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MAIN 


TO OTHER 
HOUSE CIRCUITS 


SWITCH 


J 


FROM LINE 


PLAN @) 


Figure ? 
THE PLAN (A) POWER SYSTEM 


A-c line power from the main fuse box in the 
house !s run separately to the receiving 
equipment and to the transmitting equipment. 
Separate switches and fuse blocks then ore 
available for the transmitters and for the 
auxiliary equipment. Since the fuses in the 
boxes at the operating room will be in series 
with those at the main fuse box, those in the 
operating room should have a lower rating 
than those at the main fuse box. Then it will 
alwoys be possible to replace blown fuses 
without leaving the operating room. The fuse 
boxes can conveniently be located alongside 
one another on the wall of the operating room. 


PLAN 


Figure 2 
THE PLAN (B) POWER SYSTEM 


This system is less convenient than the (A) 
system, but does not require extensive re- 
wiring of the electrical system within the 
house to accommodate the arrangement. Thus 
it is better for a temporary or semi-permanent 
installation. In most coses it will be neces- 
sary fo run an extra conduit from the main 
fuse box to the outlet from which the trans- 
mitter is powered, since the standard arrange- 
ment in most houses is to run all the outlets 
in one room (and sometimes all in the house) 
from a single pair of fuses and leads. 


a  S 


type. It is possible also that the BX cable will 
have to be permanently affixed to the trans- 
mitter with the connector at the fuse-box end. 
These details may be worked out in advance 
with the electrical inspector for your area. 

The general aspects of Plan (B) are shown 
in figure 2. The basic difference between the 
two plans is that (A) represents a permanent 
installation even though a degree of mobility 
is allowed through the use of BX for power 
leads, while plan (B) is definitely a temporary 
type of installation as far as the electrical in- 
spector is concerned. While it will be permis- 
sible in most areas to leave the transmitter 
cord plugged into the outlet even though it is 
turned off, the Fire Insurance Underwriters 
codes will make it necessary that the cord 
which runs to the group of outlets at the back 
of the operating desk be removed whenever the 
equipment is not actually in use. 

Whether the general aspects of plans (A) or 
(B) are used it will be necessary to run a num- 
ber of control wires, keying and audio leads, 
and an excitation cable from the operating desk 


to the transmitter. Control and keying wires 
can best be grouped into a multiple-wire rubber- 
covered cable between the desk and the trans- 
mitter. Such an arrangement gives a good ap- 
pearance, and is particularly practical if cable 
connectors are used at each end. High-level 
audio at a moderate impedance level (600 ohms 
or below) may be run in the same control cable 
as the other leads. However, low-level audio 
can best be run in a small coaxial cable. Small 
coaxial cable such as RG-58/U or RG-59/U 
also is quite satisfactory and quite convenient 
for the signal from the v.f.o. to the r-f stages 
in the transmitter. Coaxial-cable connectors of 
the UG series are quite satisfactory for the 
terminations both for the v-f-o lead and for any 
low-level audio cables. 


Checkingan To make sure that an outlet will 
Outlet with a stand the full load of the entire 
Heavy Load transmitter, plug in an electric 

heater rated at about 50 per cent 
greater wattage than the power you expect to 
draw from the line. If the line voltage does 
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It is probable that the average amateur sta- 
tion that has been in operation for a number 
of years will have at least two transmitters 
available for operation on different frequency 
bands, at least two receivers or one receiver 
and a converter, at least one item of monitor- 
ing or frequency measuring equipment and 
probably two, a v.f.o., a speech amplifier, a 
desk light, and a clock. In addition to the 
above 8 or 10 items, there must be an outlet 
available for a soldering iron and there should 
be one or two additional outlets available for 
plugging in one or two pieces of equipment 
which are being worked upon. 

It thus becomes obvious that 10 or 12 out- 
lets connected to the 115-volt a-c line should 
be available at the operating desk. It may be 
practicable to have this number of outlets in- 
stalled as an outlet strip along the baseboard 
at the time a new home is being planned and 
constructed. Or it might be well to install 
the outlet strip on the operating desk so as 
to have the flexibility of moving the operating 
desk from one position to another. Alterna- 
tively, the outlet strip might be wall mounted 
just below the desk top. 


When the power drain of all the 
items of equipment, other than 
transmitters, used at the oper- 
ating position is totalled, you probably will 
find that 350 to 600 watts will be required. 


Power Drain 
Per Outlet 


383 


Since the usual home outlet is designed to 
handle only about 600 watts maximum, the 
transmitter, unless it is of relatively low power, 
should be powered from another source. This 
procedure is desirable in any event so that the 
voltage supplied to the receiver, frequency con- 
trol, and frequency monitor will be substan- 
tially constant with the transmitter on or off 
the air. 

So we come to two general alternative plans 
with their variations. Plan (A) is the more de- 
sirable and also the most expensive since it 
involves the installation of two separate lines 
from the meter box to the operating position 
either when the house is constructed or as an 
alteration. One line, with its switch, is for the 
transmitters and the other line and switch is 
for receivers and auxiliary equipment. Plan 
(B)is the more practicable for the average ama- 
teur, but its use requires that all cords be re- 
moved from the outlets whenever the station 
is not in use in order to comply with the elec- 
trical codes. 

Figure 1 shows a suggested arrangement for 
carrying out Plan (A). In most cases an instal- 
lation such as this will require approval of the 
plans by the city or county electrical inspector. 
Then the installation itself will also require 
inspection after it has been completed. It will 
be necessary to use approved outlet boxes at 
the rear of the transmitter where the cable is 
connected, and also at the operating bench 
where the other BX cable connects to the out- 
let strip. Also, the connectors at the rear of 
the transmitter will have to be of an approved 
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A complete chassis-assembly mock-up should 
be made up of cardboard sheets, and the 
various parts laid out in order to ascertain 
their final position, The tuning capacitor gang 
is made up of two dual units and two single 
units, with their shafts cut to length so that 
the over-all depth of the gang allows room 
for the p.a. plate coil and associated padding 
Capacitors. 


Transceiver 
Wiring 


The under-chassis wiring may 
be observed in figure 38. All 
power wiring is laced to form 
a harness that runs about the chassis in a 
square loop centered about the coil assembly. 
Small components are mounted directly to tube 
socket pins, to lug terminal strips, or to small 
phenolic terminal boards. Ground connections 
are made to lugs placed beneath socker re- 
taining bolts. 

The r.f. components of the receiver occupy 
the center portion of the chassis. Small inter- 
stage shields made of dural separate the r.f., 
mixer, and oscillator stages, and an additional 
shield plate covers the bottom of the GAH6 
v.f.o, compartment. To the rear of this com- 
partment are the driver stages of the trans- 
mitter section. 

A wiring harness of the type used in this 
transceiver may best be made up external to 
the unit. A layout of the harness and the 
terminations of the various wires is sketched 
full-size on a large board and the wires are 
then laid out on the board in their proper posi- 
tions, cut to length, and laced. The completed 
harness is then dropped into the equipment 
and the terminations made. An amateur experi- 
enced in equipment construction, or who has 


done this type of assembly and wiring as a 
vocation will find this style of construction 
interesting and a challenge to his ingenuity. 
The beauty of the final equipment is well 
worth the time and study it takes to design 
and lay out a unit of this order of complexity. 


Transceiver When the transceiver is com- 
Alignment pleted, all wiring should be 
and Test checked and “rung out” to pre- 


clude the possibility of wiring 
ertors or accidental grounds. The tubes are 
now placed in the unit, and the various tuned 
circuits adjusted to their approximate operat- 
ing range by means of a grid-dip oscillator. 
The transmitter and modulator tubes are re- 
moved, and the receiver section is aligned in 
the following manner: The first step is to 
align the low frequency i.f. strip. A low level 
modulated 260 kc. signal is injected into the 
plate circuit of the GBEG second mixer and 
transformers Ty, Tz, and T, are adjusted for 
maximum receiver output. Next, oscillator coil 
L; of the GBEG stage is adjusted for maxi- 
mum #1 grid current and a 4.26 Mc. signal 
is fed to the input circuit of the GBA7 first 
mixer. Transformer T, is adjusted for 
maximum signal strength. 

A 29 Mc. signal is now applied to the 
antenna circuit of the receiver, and the main 
tuning dial is adjusted to this approximate 
setting. Coil Ls and capacitor Cg of the master 
oscillator are adjusted until the test signal is 
heard. The tuned circuit of the oscillator is 
aligned to cover the span of 23,740-25,440 
ke., with equal leeway on each end of the 
range. The test signal is now placed on 29.5 
Mc. and the padding capacitors of the r.f. and 


Figure 39 


REAR VIEW OF 
TRANSCEIVER 


Amplifier tuning and 
loading controls are 
mounted on rear of the 
cabinet. Below (left to 
right) are: antenna re- 
ceptacile, power recep- 
tacle, speaker receptacle, 
and S-meter zero-set po- 
tentiometer. Additional 
ventilation is provided by 
rows of holes across rear 
of cabinet. 
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mixer stage are adjusted for maximum signal. 
The signal is next shifted to 28.5 Mc. and 
the variable slugs of the r.f. and mixer coils 
are adjusted in turn. This process is repeated 
until the tuning range of the receiver is correct, 
and the r.f. stages track properly across the dial. 

The transmitter section may now be aligned. 
The tubes are inserted in their sockets and 
relay RY, is activated. The screen power lead 
to the 6146 is temporarily opened to disable 
that stage. Once again, the transceiver is tuned 
to 29.5 Mc. and the two padding capacitors of 
the GCL6 buffer stages are adjusted for maxi- 
mum grid drive to the 6146 stage. (Note: 
Grid current to the 6146 should be held to 
less than 4 ma. at all times). The dial is now 
returned to 28.5 Mc. and the variable slugs 
of the buffer circuits are adjusted for maxi- 
mum grid drive. The adjustments are repeated 
until reasonably constant grid drive occurs 
across the tuning range. The buffer stage and 
power amplifier are neutralized and screen 
voltage is applied to the 6146 tube. The 
transmitter frequency is set to 29.0 Mc. and 
the amplifier is tuned and loaded by means 
of the controls on the rear of the cabinet 
(figure 39). The frequency of the transceiver 
is shifted to 29.5 Mc. and (without adjusting 
the loading capacitor) resonance is again re- 
established with the rear tuning capacitor, C,3. 
Now, the frequency is shifted to 28.5 Mc. 
and auxiliary capacitor C,4 is adjusted for 
resonance. This sequence of adjustment is re- 
peated until proper resonance and loading 
occurs across the dial, Resonant plate current 
should be approximately 110 milliamperes 
and grid current should be 2 to 3 milliamperes. 
Modulator resting plate current is 25 milli- 
amperes, rising to about 80 milliamperes 
under full modulation. 


The transmitter may be bench-tested with 
an a.c. power supply and a dummy load before 
it is placed in the automobile. Car mounting 
is accomplished by means of two heavy alu- 
minum rails bolted to the top of the trans- 
ceiver case which slide into suitable clamps 
affixed under the dash of the automobile as 
shown in figure 31. A transistor-type Power 
supply or a dynamotor may be used. 250 volts 
at about 150 milliamperes, and 500-600 volts 
at 200 milliamperes are required for operation 
of the transceiver. 


27-7 A Deluxe 
Receiver for the 
DX Operator 


The need exists for a high performance 
receiver, suitable for ss.b., am., and c.w. 
operation that can be built in the home work- 
shop at a modest price. The receiver should 
have a high order of stability and sensitivity 
and must have sufficient dynamic range to 
protect it against excessive cross-modulation 
caused by strong nearby signals. In addition, 
it should be possible to build the receiver 
without the use of special metal-handling tools. 

The receiver described in this section was 
designed to fill this need. It is a double con- 
version superheterodyne, employing crystal con- 
trol in the first conversion stage and a tunable 
low frequency i.f. and mixer. This configura- 
tion provides maximum stability and permits 
the use of a dial calibrated directly in 
frequency. 

Collins mechanical filters and a Q-multi- 
plier are used in the 455 kc. second inter- 
mediate frequency amplifier to provide the 
ultimate in selectivity and rejection and a 
product detector is employed for c.w. and 


Figure 40 
FRONT VIEW OF DELUXE AMATEUR 
COMMUNICATION RECEIVER 


Six band receiver covers 80-10 meters, with 
extra band for 15 Mc. reception of WWV 
standard frequency signals. Collins mechanical 
filters provide ultimate in selectivity for s.s.b. 
a.m. phone, and ¢.w. The receiver employs a 
crystal controlled first conversion oscillator 
for high-order stability and “hang-a.g.c.” for 
improved sideband reception. A_ simplified 
product detector is used for s.s.b. and c.w. 
operation. The precision dial can be read to 
one or two kilocycles on all bands. Room is 
provided above main dial for inclusion of 
v.h.f. converters for 2 and 6 meter operation, 
if desired. 
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RECEIVER 
TUNING 


M1 
(SEE FIG. 42) 


vis 
VOLT. REGULATOR 


Mt v2 ve vs 
RLF. IST MIX 1ST UF, 2NO0 MIx.-OSC. 
(2.4-2.9 wc.) 


3.0 KC, FILTER 


(OSCILLATOR 1.965-2.445 MC.) 


ve v7 
2NO1F. 
(458 xc.) 


vin ViGA ve 
2N0 aUdIO 1ST AVOID AM~-CW-SSB8 


Figure 41 
BLOCK DIAGRAM OF DELUXE AMATEUR COMMUNICATION RECEIVER 


s.s.b. reception. An automatic gain control 
circuit (a.g.c.) is provided for sideband, and 
auxiliary equipment includes an S-meter and 
100 ke. crystal calibrator. Reception of the 15 
Mc. Standard Frequency (WWV) signal is 
incorporated for receiver calibration purposes. 

Construction is simplified by making the 
receiver in modules that may be built and 
tested one at a time. 


The Receiver 
Circuit 


A block diagram of the re- 
ceiver circuit is shown in figure 
41. Fourteen tubes are used, 
plus a voltage regulator. The power supply 
utilizes .semiconductors to reduce heating 
effects. 


The R.F. Section. The receiver covers the 
amateur bands between 10 and 80 meters, 
with an extra bandswitch position for “spot” 
reception of WWV at 15 Mc. The r.f. stage 
employs a 6DC6 semi-remote cutoff pentode 
to provide maximum freedom from crosstalk 
and front-end overload, A_ triode-connected 
GAHG serves as a low noise mixer stage, with 
local oscillator injection on the control grid. 
The first conversion oscillator is crystal con- 
trolled using a GBJ6 in a “hot cathode” circuit 
operating on the low frequency side of the 
received signal. 


Receiver tuning is accomplished at the first 

intermediate frequency range of 2.4-2.9 mega- 
cycles. Each tuning range thus covers 500 
kilocycles. Any 500 kc. segment of the 10 
meter band may be utilized by the proper 
choice of the conversion crystal. The tunable 
portion of the receiver consists of a 6BJ6 i.f. 
amplifier, and a GBEG second mixer stage. The 
oscillator portion of the GBEG tube tunes the 
region 1.945-2.455 Mcs. to provide a 455 kc. 
intermediate frequency, Both oscillators are 
voltage regulated for maximum frequency 
stability. 
The LF. Section. Two i.f. stages are employed 
to provide sufficient receiver gain. The first 
stage uses a GAH6 which directly follows the 
mechanical filters and the Q-multiplier circuit. 
The filters allow a choice of 0.5 kc. passband 
for c.w., or a 3.0 kc. passband for sideband. 
A.m. reception may be done by listening to 
one of the two sidebands, or a 6.0 kc. band- 
width filrer may be substituted for the 3.0 kc. 
unit. The Q-multiplier places a rejection 
“notch” at any point in the filter passband to 
eliminate heterodyne interference. The depth 
of notch can be adjusted by an auxiliary 
control. 

The over-all gain of the receiver is set by 
adjusting the “r.f. gain” control which fixes 
the operating bias on the low frequency i.f. 
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Figure 42 
(See opposite page) 


Cy-C,—5S0 yuufd. National UM-SO or equivalent 

Cs—100 putd. National UM-100 or equivalent 

Cr—E. F. Johnson SMBII, with 240 uufd. silver mica 
shunted across each section 

C,-—-22 uufd. silver mica capacitor with 7-35 uutd. 
ceramic trimmer connected in porallel 

C,—120 wuld. silver mica capacitor with 7-35 putd. 
ceramic trimmer connected in parallel 

RFC—1I mh. J. W. Miller Co. #4300-1000 

$14,8,c,p>—Centralab PA-305 assembly with 6-inch 
shaft and six Centralab PA-I7 ceramic sections 
(60 degree index) 

Seasn,c—Centralab PA-301 assembly with 4-inch 
shoft and two Centralab PA-0 ceramic sections 

54—Corner Plates of Cy bent to short out filter 

Ti, Ta—J. W. Miller Co. #B-727RF coil with 5-27 
shield 

Ly—J. W. Miller Co. #B-727C coil with 5-27 shield 

X, Crystals—-International Crystal Mfg. Co. 

Dial—Eddystone. Available from British Radio Elec- 
tronics, Ltd., 1833 Jefferson Place, N.W., Washing- 
ton 6, D.C. 

All bypass capacitors are .O! yufd., disc ceramic, 600 
volt. High frequency oscillator capacitors are silver 
mica 

Mechanical filters—Collins Radio Co., 455 kc., style K 


stages and also on the tunable i.f, stage. The 
front end of the receiver operates at maximum 
sensitivity and gain at all times in order to 
override the inherent tube noise level of the 
various mixer stages. 


The Detector and Audio Section. A GBEG 
mixer tube is employed as a hybrid detector. 
For sideband and c.w. operation, it functions 
as a product detector, with injection on the 
#1 grid from the beat oscillator and signal 
injection on the #3 grid. For a.m. service, 
the beat oscillator is disabled, and the signal 
is switched to the #1 grid. Thus one tube 
serves two functions, and does both of them 
well. The beat oscillator is a 6BJ6, with vari- 
able injection taken from the plate circuit. 
The oscillator frequency may be moved across 
the passband of the i.f. system to provide a 
choice of upper or lower sideband reception, 
as desired. 

The automatic gain control system employs 
a separate GBJ6 if. amplifier stage driving a 
simple “hang-a.g.c."” system of the type de- 
scribed by W1DX in the January, 1957 issue 
of QST magazine. The 6BJ6 stage isolates the 
b.f.o. from the a.g.c. system and prevents 
oscillator voltage from leaking into the a.g.c. 
circuit. The latter circuit is especially designed 
for ss.b. and c.w. reception. It has a very 
rapid response that prevents receiver overload 


on a syllabic burst of s.s.b., instantly reducing 
receiver gain to prevent overloading. The gain 
reduction remains in effect as long as the 
signal is in evidence, then “hangs” on for 
about 0.5 second after the removal of the 
signal. This sequence of action reduces to a 
minimum the usual “thump” that occurs at 
the start of a syllable and removes the “rush” 
of background noise at the end of a syllable 
that occurs with a conventional a.v.c. system. 
A triple diode GBC7 and one-half a 12AU7 
double triode comprise the complete “hang- 
a.g.c.” system. The double diode system fol- 
lowing transformer T, and the 470K/0.01 
pid. R-C network determine the “on” time 
of the “attack” system, permitting the 0.1 pfd. 
a.g.c. Capacitor to charge up in a relatively 
quick time. The capacitor remains charged, as 
the 12AU7 triode is cut off by this action, 
and there remains no discharge path to ground 
in the a.g.c. circuit, even when the voltage 
across the “attack” R-C network is removed. 
The time constant of the “release” network 
is considerably longer, and after a predeter- 
mined period, the a.g.c. voltage across this 
network decays sufficiently to permit the triode 
section to conduct and discharge the a.g.c. line 
capacitor. The proper ratio of voltages in the 
two R-C circuits can easily be established by 
proper adjustment of transformer T;. A slight 
degree of delayed a.g.c. action is provided by 
applying fixed bias to the “attack” diode to 
prevent the circuit from being tripped by 
backgrcund noise or weak signals. 


The S-Meter, Audio System and Power Supply. 


The S-meter circuit is a simple vacuum tube 
voltmeter that compares the a.g.c. voltage 
against a fixed reference voltage. The circuit 
is balanced for a meter null with no signal 
input to the receiver, and a.g.c. voltage un- 
balances the circuit causing a reading on the 
meter placed in the bridge of the circuit, The 
meter may be used for all modes of reception, 
providing usable readings on c.w. signals as 
well as sideband or a.m. 

A single GAK6 provides sufficient audio 
for earphone reception, or to drive a speaker 
to good room volume. Ignition and other 
pulse-type noise is effectively reduced by 
means of a peak noise clipper made up of 
two inexpensive semiconductor diodes. 

The power supply is a voltage doubler type 
utilizing inexpensive silicon rectifiers. High 
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voltage is regulated by an OA2 for the entire 
receiver, and standby is accomplished by break- 
ing the B-plus line from the supply. Three 
separate filament windings on the power 
transformer provide sufficient Capacity to 
power all the tubes. The use of 150 milli- 
ampere filament tubes wherever possible re- 
duces the filament drain considerably. The 
whole receiver runs reasonably cool because 
of the low plate voltage and choice of low 
filament power tubes, achieving a high order 
of thermal stability in a short period of time. 


Receiver A receiver such as this is a 
Construction complex device and its con- 

struction should only be under- 
taken by a person familiar with receiving 
equipment and who has built equipment of 
this category before. 

The receiver is built upon an aluminum 
chassis measuring 1534” x 11” x 3” in size, 
and is contained within a ventilated cabinet 
measuring 16” x 1144” x 914”. The tunable 


Figure 44 
TUNABLE 1.F. SECTION OF RECEIVER 


The tunoble i.f. section of the receiver is 
built unon a 3” x 5” x 7” aluminum chassis. 


jae and output Srp a0 mtg = Patt = if. system is built as a separate unit on an 
“phono-type” coaxial fittings and lengths o : : : ” ” 
RG-58/U coaxial line. Tube in foreground is aluminum chassis-box measuring aX on x 
6BE6 mixer Pd gag ime in the rear is 7 (figures 44 and 45), The mechanical 
6BJ6 tunable i.f. (V4). Ceramic padding capo- - : : : 
tisk €.(0ce) Daal Cy, ove “edaged: a ai filter assembly is also built as a separate unit 
of chassis, with the three i.f. coils atop the in an aluminum box measuring 2” x 3” x 
chassis. 
Figure 45 
UNDER-CHASSIS 


VIEW OF TUNABLE 
1.F. SECTION OF 
RECEIVER 


Tunable i.f. stage is iso- 
lated from second mixer 
by shield partition across 
middle of chassis box. 
Mixer and oscillator sec- 
tions of Vs are separated 
by a smal! partition. 
Tuning capacitors are 
mounted to the shield 
partitions and are driven 
through metal shaft coup- 
lings. Power receptacle is 
at rear of chassis. Com- 
plete assembly is fas- 
tened to main chassis by 
six sheet metal screws. 
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5%” (figure 47). The b.f.o. assembly is built 
within an aluminum box measuring 114” x 
2” x 234” (figure 48). The remainder of the 
receiver is built upon the main chassis. 

No receiver is better than its tuning dial, 
so the very excellent Eddystone geared slide 
tule dial is used. The dial is centered hori- 
zontally on the panel and vertical placement 
is adjusted so that the drive engages the shaft 
of the variable tuning capacitors of the runable 
if. system. 


Figure 46 
UNDER-CHASSIS VIEW OF 
COMMUNICATIONS RECEIVER 


The receiver is built in sections which may be 
checked out one at a time for sake of sim- 
plicity. Crystal controlled r.f. section is at 
left, with coil slugs projecting trom front and 
back of assembly. Conversion crystals are 
mounted in holders on front partitian. Near 
center of chassis is box containing mechanical 
tilters and switch (figure 47). At right is par- 
tition holding Q-multiplier coil and potentiom- 
eter, with auxiliary notch control located on 
the panel. The product detector switch is 
driven off-center by two flexible couplings. 
Power supply, diode rectifiers and filter sec- 
tion are at flower right, with audio stages 
across bottom of chassis. 


The chassis, panel, and tunable i.f. chassis 
should be assembled and studied before any 
chassis holes are drilled. The dial cut-our 
should next be made, making sure of align- 
ment of the dial with the variable capacitors. 
Placement of the remainder of the components 
is not at all critical. 


The Tunable 1.F. System. It is best to con- 
struct this item first, as it determines dial 
position and placement of other major parts. 
A close-up of this assembly is shown in figures 
44 and 45. The three variable capacitors are 
ganged by means of brass shaft bushings. The 
first capacitor is mounted to the front wall of 
the chassis-box, and the other two are placed 
on aluminum interior partitions. The 6BEG6 
mixer tube is mounted to the front with the 
6BJ6 at the rear. Power connections are made 
to a miniature connector on the rear of the 
chassis, and input and output terminations are 
made through “phono-type” coaxial connectors 
and short lengths of RG-58/U coaxial line. 

The Mechanical Filter Assembly. A partition 
separates the input and output circuits of the 
filter assembly, as shown in figure 47. Bulk- 
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head mounting filters are used to achieve a 
maximum degree of isolation across the filter. 
The individual segments of the selectivity 
switch (So) are mounted in each compart- 
ment, with the switch mechanism passing 
through the bulkhead. A spring wiping contact 
is made for the rotor arm of the switch, 
grounding it at the center bulkhead to pre- 
vent a leakage path around the filter from 
being formed. Input and output terminations 
are made via “phono-type’” coaxial fittings 
and RG-58/U coaxial line. 


The input and output circuits of the filters 
must be tuned to frequency. This is accom- 
plished by a 50 ppfd. variable padding capa- 


Figure 47 


INTERIOR VIEW OF MECHANICAL 
FILTER ASSEMBLY BOX 


Bulkhead mounting mechanical filters ore 
mounted to interior partition which isolates 
input and output sections. Drive shaft of selec- 
tivity switch is grounded ot point it passes 
through partition by a wiping spring to achieve 
moximum circuit isolation. Input and output 
tuning capacitors of filters are made up of 
50 uufd. variable ceramic trimmers connected 
in parallel with 75 uufd. silver mica capacitors. 
Trimmers are adjusted for maximum signal 
response, in same manner as i.f. transformer 
capacitors. 


TH, 3 See aia ae 


citor placed across each circuit and adjustable 
from the bottom of the receiver. 

The R.F. Assembly. The r.f. assembly is con- 
structed within the main chassis as shown in 
figure 50. The sockets for the GDC6 r.f. stage, 
the GAHG mixer, and the 6BJ6 oscillator are 
mounted on the main chassis and the asso- 
ciated coils, tuning capacitors, and bandswitch 
are mounted to four vertical partitions fixed 
beneath the chassis. Slug-tuned coils are used 
for all circuits and are mounted in a hori- 
zontal position about the bandswitch, The r.f. 
and mixer coils can be aligned by means of a 
“TV-type” screwdriver thrust through holes in 
the rear of the chassis, while the r.f. coils are 
adjusted from the front of the assembly by 
means of a short screwdriver. The partitions 
are mounted so that a space of 2” exists be- 
tween them, and the associated tube socket 
falls in the center of each space. The switch 
assembly passes through the partitions and, in 
fact, holds them in position by virtue of the 
switch arms and spacers. The individual switch 
segments are placed so that they are near the 
end of each coil. This results in a very com- 
pact assembly having extremely short leads to 
all coils. The coils are staggered about the cir- 
cumference of a circle so that both the r.f. 
and mixer slugs can be reached from the rear 
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without interference between the coils. 

The four partition plates are cut from 
1/32-inch aluminum stock, and follow the 
layout of figure 51. They are not notched at 
first. Rather, a cardboard template is cut out 
and marked for drilling as shown. Then all 
four partitions are clamped together and 
drilled along with the template. Corner notches 
are now cut and all edges filed so that all four 
partitions are as identical in size and shape as 
possible. Only the holes shown in figure 51 
are common to all pieces, The front and rear 
partitions have other holes—i.e., crystal 
sockets, antenna input, power lead holes, etc. 
These may be drilled during layout and assem- 
bly of the unit as required. The 14-inch 
flanges are then bent over, taking care to bend 
the front and rear pieces in the proper 
direction. 


The coils should be wound to the data of 
figure 49, before the unit is assembled. Only 
three coils are used in the oscillator section 
as an r.f. choke is employed on the 80 and 
40 meter bands. The 14 Mc. coils are jum- 
pered across the switch and used for the 
WWYV position on 15 Mes. All coils should 
be wired to the bandswitch before the tuning 


Figure 48 
REAR VIEW OF RECEIVER 


Placement of major parts may be seen in 
this view. B.f.o. components and tube are 
mounted in small aluminum box next to the 
front panel (left), with S-meter above main 
tuning dial. At right on panel is standby con- 
trol switch, with noise limiter switch beneath 
it. Power transformer is at left rear of chassis. 
On rear apron of chassis are placed (I. to r.): 
115 volt power receptacle, utility socket, 
break-in gain control, S-meter adjust poten- 
tiometer, speaker terminals, and coaxial an- 
tenna receptacle. At extreme right are pass- 
through holes to permit alignment of high 
frequency r.f. coils. 
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Coil Table 
Figure 49 
Band L, L,, Ly L, L, 
80 ot #24e 55t #30e 20t #30e RFC 
3/16” 1. closewound closewound closewound 
40 6t #24e 33t #24e 12t #24e RFC 
3/16” 1. closewound closewound 
20 4t #34e 1é6t #24e 8t #24e 40t #30e 
3/16" 1. spaced length closewound closewound 
of form (11600 ke.) 
15 3-1/2t #24e 14t #24e 7t #24e 23t #24e 
3/16” 4. spaced as above closewound epaced to cover 
orm 
(18,600 kc.) 
10 3t #24e 12t #24e é6t #24e 16t #24e 
3/16” 1. spaced as above closewound spaced to cover 
‘orm 
(25,600 kc.) 


All coils wound on XR-50 forms. 


Ly, Lg wound first—then a layer of 12" Scotch No. 33 tape wound on cold ends of La, Ls coils 
and Ly, L3 primaries wound over tape. Small strip of tape plus coil cement secures the free 


ends of Li, Ls. 


80 M coils La, Lg have SOupufd. padders soldered across terminals. 


capacitors are finally mounted in place. The 
last step is to use the unit as a template to 
mark the clearance holes on the rear of the 
chassis, which are drilled before the unit is 
finally installed in the chassis. 

Receiver Wiring. The cemainder of the re- 
ceiver wiring is simple and straightforward. 
The sideband-a.m. switch (S,) is offset from 
the panel hole to clear the Q-multiplier coil 
(Lg) mounted on an L-shaped bracket be- 
neath the chassis (figure 46). The audio low- 
pass filter coil (Ly) is placed between the 
G6BEG detector and 12AU7 audio socket. Long 
runs of a.c. leads are done in shielded wire, as 
are audio leads. 


Receiver 
Alignment 


The receiver may be aligned in 
sections. The first step is to 
align the i.f. system and beat 
oscillator. Next, the tunable i.f. stages should 
be aligned and tracked. Finally, the r.f. sec- 
tions are properly tuned. 

The i.f. system should be aligned to the 
center of the passband of the narrowest-band- 
width mechanical filter. In the case of the 
500 cycle filter, the center frequency must be 
455.0 kilocycles with very little tolerance. The 


system may be roughly aligned with the aid 
of an external signal generator coupled into 
the #3 grid of the GBEG second mixer. A 
455 ke. signal of low amplitude is injected 
into the input circuit and the tuning capa- 
citors across the filter terminals, plus trans- 
formers Tz and Ty are adjusted for maximum 
response. The Q-multiplier should be out of 
the circuit for this test (switch Sg closed). 
Care should be taken not to overload the i-f. 
system during alignment, so a relatively weak 
signal should be used for this portion of the 
adjustment. A.g.c. transformer T, should then 
be adjusted to provide the proper “attack” and 
“release” time for the gain control circuit. 
Finally, the slug of the b.f.o. coil (Lio) is set 
to place the beat oscillator signal at the center 
of the i.f. passband with the b.f.o. panel 
control set at mid-scale. 

The signal generator is now shifted to the 
input circuit of the 6BJ6 tunable i.f. stage. 
The main tuning dial is set at 500 (minimum 
Circuit capacitance). The generator is ad- 
justed to 2.90 Mc., and padding capacitor Cy 
of the oscillator section is adjusted for signal 
response. I.f. and mixer padders C, are then 
tuned for maximum signal. At a dial reading 
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Figure 50 
UNDER-CHASSIS 
VIEW OF R.F. 


COIL ASSEMBLY 


The high frequency coils 
are placed in a circle 
about the bandswitch 
(figure 31). Coils and 
capacitors are mounted 
on four shield partitions 
which are located be- 
tween the tube sockets. 
R.f. stage socket (V,) is 
at rear of chassis, with 
mixer socket (V2) in cen- 
ter, and crystal oscillator 
socket (V3) nearest the 
panel. Oscillator crystals 
are mounted on front 
partition. Entire assem- 
bly is shielded by alu- 
minum cover plate. 


of zero (maximum circuit capacitance), the 
tunable stages should resonate at 2.40 Mc. 


Attention should now be given to the front- 
end stages. It is a good idea and a time saver 
to peak circuits Lj-Lz and Ls-L, to the proper 
frequency with the aid of a grid-dip cscillator. 
Coil Ls is adjusted for proper crystal oscillator 
operation, which may be monitored in a 
nearby receiver. The signal generator is now 
set to the center frequency of the 500 kilo- 
cycle band in use and a moderate signal is 
injected into the antenna circuit of the receiver. 
The main tuning dial is adjusted to receive 
the signal, and the r.f. and mixer coils are 
peaked for maximum response with the r.f. 
tuning capacitors set at mid-scale. 

Once alignment has been completed, the 
operator should familiarize himself with re- 
ceiver operation. The last step is to adjust 
the “break-in” gain control so that the receiver 
may be used to monitor ¢.w. transmissions. The 


Figure 51 
R.F. ASSEMBLY PLATES 


Four assembly plates are required, as shown. 
Each plate is drilled as necessary for mounting 
of small components, etc. 


RELATIVE POSITION OF TUBES 
WHEN ASSEMBLED 


AR-50 FORM OUTLINE — 6 (MAX) USEO PER STAGE. 
12 HOLES 4° O1A SPACEO EVERY 30° ON 
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short across the control circuit is removed sensitivity level. The control may be shorted 
from the utility socket on the rear apron and out by an external switch or relay during 
the control adjusted for the desired standby periods of reception. 


t 
i 6.3V., 4.25 A,,T0 1.F, B AUDIO 
4 (GREEN LEADS) 
Figure 52 
SCHEMATIC, POWER SUPPLY FOR sot Per Poe 
RECEIVER Gone” 
L1,:—-4.5 H at 200 ma. Stancor C-1411 ners trelidw céaos) ae Sze 
Sya, n—2 pole, 3 position rotary switch Ih a — OFF. 


SRi, 2-—200 ma. rectifier. Sarkes-Tarzian M- 


oST&Y, 
500 with dual mounting kit Ona 
Ty—117 volts at 200 ma. Three 6.3 volt 40 


windings at 2.0, 4.0, and 4.23 amperes, any 380 
respectively. Stancor P-8158 
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CONVERSION TABLE — UNITS OF MEASUREMENT 


MICRO = (zu) ONE-MILLIONTH KILO = (K) ONE THOUSAND 
MILLI = (m) ONE-THOUSANDTH MEGA = (M) ONE MILLION 
TO CHANGE 

FROM TO OPERATOR 
UNITS MICRO-UNITS X 1,000,000 or & 106 
MILLI-UNITS x 1,000 or X 
KILO-UNITS = 1,000 or X 
MEGA-UNITS = 1,000,000 or X 
MICRO-UNITS MILLI-UNITS + 1,000 or X 10-4 


UNITS 


= 1,000,000 or K 10-6 


MICRO-UNITS 
UNITS 


MILLI-UNITS 


x 1,000 or X 108 
=~ 1,000 or X 10-3 


KILO-UNITS MEGA-UNITS 


UNITS 


= 1,000 or X 10-3 
xX 1,000 or & 103 


MEGA-UNITS KILO-UNITS 


UNITS 


x 1,000 or X 108 
X 1,000,000 or * 108 
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Low Power 
Transmitters and Exciters 


The transmitter is the “heart” of the ama- 
teur station. Various forms of amplifiers and 
power supplies may be used in conjunction 
with basic exciters to form transmitters which 
will fit almost any requirement. Several dif- 
ferent types of transmitting equipment de- 
signed to meet a wide range of needs are out- 
lined in this chapter. A simple transistorized 
transmitter for 50 Mc. is described. This unit 
is a good introductory project for the amateur 


to “cut his teeth on” relative to the field of 
transistors. Also shown is a complete, TVI- 
proof, medium-powered all-band phone and 
c.w. transmitter. A “W9TO” electronic keyer 
is illustrated, together with newly-developed 
“Strip Line” circuits which are applicable to 
the v.h.f. spectrum. For the amateur who is 
interested in the construction phase of his 
hobby, these units should offer interesting 
ideas which might well fit in with the design 
of his basic transmitting equipment. 


Figure 1. 


A POCKET-SIZE 
50 MC. TRAN- 
SISTORIZED PHONE 
TRANSMITTER. 


Capable of 100 milliwatts 
input, this “collector 
modulated” six meter 
Phone transmitter will 
provide amazing results 
when used with a good 
antenna system. The com- 
plete unit may be held 
in the palm of the hand. 
Panel controls are (I. to 
r.): crystal oscillator tun- 
ing (top) and audio gain 
control (bottom), multi- 
meter, amplifier tuning 
(top) and loading (bot- 
tom). Switch on left is 
the multi-meter switch, 
with power switch at 
right. Microphone plug 
is centered between 
switches. 
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RCA 


2N384 
$0. X1 (PNP) 


T 


2 


1 
au 
SAIN 
Jes 


must 


ALL RESISTORS 1/2 WATT. 


H18V. NYY HIS. 
AUX. 


Figure 2, 
SCHEMATIC, 50 MC. TRANSISTORIZED TRANSMITTER. 


L;—6 turns #18 wire, % inch diometer, 5% 
inch long. (B&W miniducter #3007.) Top 
three turns from transistor end 

La, La—Make both coils from o single piece 
of B&W miniductor #3007. Use nine turns. 
Cut coil between sixth ond seventh turn, 
making two coils having six ond two turns, 


respectively, separoted by o distance of 
one turn 

M—0-10 ma., d.c., 1544" squore meter 

T,—Transistor transformer, 5K to 80K. Thor- 
darson TR-13 

Ta, Ts—Tronsistor transformer, 10K to 2K. 
Triad TY-56X 


28-1 


A Transistorized 
50 Mc. Transmitter 
and Power Supply 


The simple 50 Mc. transistorized trans- 
mitter shown in this section makes an inter- 
esting project for the amateur who wishes to 
familiarize himself with high frequency tran- 
sistors. Capable of 100 milliwatts input, this 
lictle phone transmitter will give a good 
account of itself when it is used in conjunction 
with a beam antenna. It may be run from 
batteries or from a regulated a.c. power supply. 


Circuit The transmitter circuit utiliz- 
Description ing inexpensive PNP-type 

transistors is shown in figure 
2. The oscillator is crystal controlled, employ- 


ing a 2N384 in conjunction with a 50 Mc. 
third-overtone crystal connected between 
collector and base of the drift transistor. Oper- 
ating bias level is adjusted by a variable 
potentiometer, The low impedance base of the 
2N384 amplifier is tapped on the oscillator 
coil to achieve a match to the higher imped- 
ance collector circuit of the oscillator. The 
amplifier collector output circuit is inductively 
coupled to the antenna. It may be seen that 
this configuration bears a close similarity to a 
vacuum tube circuit in that the emitter of the 
transistor resembles the cathode of the tube. 
The base may be compared to the grid, and the 
collector to the plate. 


A two stage modulator section provides 
sufficient gain to operate a dynamic micro- 
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phone. The audio stages are tranformer 
coupled and base driven. A 1N34 diode is 
used as a high level positive peak loading 
device to prevent peak clipping at high modu- 
lation levels. Positive peak clipping is em- 
ployed since the collector supply voltage is 
negative with respect to ground. A simple 
metering system permits the operator to moni- 


Figure 3. 
REAR VIEW OF 
TRANSISTORIZED TRANSMITTER. 


The two r.f. transistors are mounted in sockets 
on L-shaped bracket at the center of the 
chassis. Directly below them is the oscillator 
bias-potentiometer. Across the rear edge of 
the chassis are the audio stages, with the 
power terminals on the rear apran of the 
chassis. Relative size of transmitter and com- 
ponents may be judged from comparison with 
standard coaxial receptacle at left of chassis. 
Oscillator stage is at right, with amplifier 
at left. 


tor the collector current of the r.f. stages. 
The positive terminal of the power supply 
is at “ground,” or chassis potential. If NPN- 
type transistors are substituted for the speci- 
fied units, battery polarity must be reversed. 


Transmitter 
Construction 


The complete transmitter is 
built upon a small aluminum 
chassis measuring 514” x 314” 
x 1” im size. The front panel measures 6” x 
4”. The two r.f, transistor sockets and rf. 
components are mounted on an L-shaped alu- 
minum bracket centered on the chassis, measur- 
ing 2” high by 214” long. The right-angle 
portion of the bracket holding the crystal 
socket is 114” high by 1” wide. Miniature 
transistor sockets are mouuted in the top 
corners of the bracket, with the oscillator bias 
control centered beneath them (figure 3). 
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The transistorized audio section is placed 
across the rear of the chassis. Transformer 
leads pass through small rubber grommets to 
the under-chassis area. At one end of the 
chassis is an aluminum bracket holding the 
coaxial antenna receptacle. Small components 
are mounted under the chassis on phenolic 
terminal strips. Transmitter wiring is straight- 
forward, and is done with #22 insulated wire. 
Coil data is given in figure 2. 

Shown in figures 5 and 6 is a simple volt- 
age regulated power supply that provides 18 
volts at 100 milliamperes. A 2N561 power 
transistor is used as a series regulator, with a 
2N44 serving as a regulator driver stage. The 
control element is a Zener diode delivering a 
constant source of 14.7 volts, which is used to 
set the output voltage. As the transmitter is 
Operating near maximum transistor voltage 
values, it is important that the power supply 


Figure 4. 
UNDER-CHASSIS VIEW OF TRANSMITTER. 


Miniature components are mounted on phe- 
nolic terminal strips beneath the chassis. 
“Clipping” diode is at right, behind slide 
switch, Audio leads are run in shielded wire. 


voltage remain constant under varying loads. 
A voltage surge could possibly damage the 
transistors in the transmitter at this relatively 
high operating potential. 

The power supply is built upon an alu- 
minum chassis measuring 514” x 314” x 1”. 
The 2N561 power transistor must be insu- 
lated from the chassis by means of mica shims 
or an anodized plate, as the collector element 
is bonded to the case of the unit. The power 
supply may be tested by placing a 350 ohm, 
10 watt resistor across the output. 18 volts 
should be developed across the resistor. 


Transmitter 
Adjustment 
and Tune-up 


When the transmitter wiring is 
completed, it should be care- 
fully checked, especially in the 
area of the transistor sockets. 
Insert the r.f. transistors and crystal in their 
sockets and turn the oscillator bias potenti- 
ometer to maximum resistance. Place the meter 
switch in the oscillator position. Use a 52 ohm, 
l-watt composition resistor across the antenna 
receptacle as a dummy load for these tests. 
Turn the transmitter on and adjust the oscil- 
lator tuning capacitor for oscillation (jump in 
collector current) as noted on the meter. Ad- 


<4 i | = ~ 7 
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Figure 5. 
SCHEMATIC, 
VOLTAGE REGULATED POWER SUPPLY. 


B—I15 volt neon lamp in holder 

SR -4—Silicon rectifier, 400 v. p.i.v., 500 ma. 
Sarkes-Tarzian #M-500 

T,—Filament transformer. 26.8 volts at 1 a. 
Triad F-40X 

Z,—Zener diode, 15 volts, 11 watts, Moto- 
rola 1.5MISZ (10% tolerance) 


just the bias potentiometer for about 5 milli- 
amperes oscillator current. Now, place the 
meter switch in the amplifier position and 
adjust the oscillator tuning capacitor for maxi- 
mum meter reading. Adjust the amplifier tun- 
ing capacitor for a meter dip. Finally, adjust 
the antenna loading until the meter indicates 
about 6 milliamperes, re-resonating the circuit 
with the collector tuning capacitor, A field 
strength meter is helpful for the initial 
tune-up. 

The signal may now be monitored in a 
nearby 50 Mc. receiver. Connect a dynamic 
microphone and modulate the transmitter, ad- 
justing the audio gain control for good modu- 
lation. The transmitter is now ready to be 
connected to your station antenna. 


28-2 A Deluxe 
200-Watt Tabletop 
Transmitter 


This self contained, TVI-proof, tabletop 
transmitter is designed for the amateur who 
desires a compact station capable of running 
sufficient power to provide consistent results 
in today’s busy amateur bands. Modern in 


Figure 6. 
VOLTAGE REGULATED POWER SUPPLY. 


The silicon rectifiers are mounted above the 
chassis for proper ventilation, with the two 
transistors directly in front. 2N561! transistor 
is insulated from the chassis by @ mica shim. 


200-Watt Transmitter 581 


styling, this deluxe unit is designed around the 
7270 beam power tube and is capable of a 
conservative input of 200 watts on phone, 
and 250 watts on c.w. The transmitter covers 
all amateur bands between 10 and 80 meters, 
is v.f.o. controlled, and incorporates speech 
clipping for maximum audio “punch.” A semi- 
conductor high voltage rectifier is used to 
reduce heat and to provide improved voltage 
regulation. “Break-in” c.w. keying is incorpor- 
ated employing a time differential system that 
results in chirp-free, clickless keying. Band 
changing is simplified by ganging the exciter 
switching circuits with the final amplifier pi- 
network so that single control adjustment is 
achieved. In short, the transmitter incorporates 
all modern techniques to make it an up-to- 
date, valuable irem of station equipment that 
will not become obsolete. 


Circuit 
Description 


A block diagram of the table- 
top transmitter is shown in 
figure 8. Thirteen tubes are 
employed, five in the r.f. section, five 
in the audio section, and the remain- 
der in the control and power supply sec- 
tion. A complete schematic is shown in 
figures 9 and 10. The RCA 7270 beam power 
tube is employed in the final amplifier stage. 
This compact tube has high-perveance and 
good power gain. It can be operated at full 
input above 50 Mc., and has a maximum plate 
dissipation of 90 watts. At a plate potential 
of 1000 volts, this miniature “bottle” is cap- 
able of 250 watts input on c.w., and 200 watts 
input on a.m. phone. In addition, the tube has 
triple base-pin connections for the screen grid 
to permit good r.f, grounding and has large 
plate radiating fins for effective cooling. The 
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compact size makes it especially effective in 
the high frequency portions of the communi- 
cation spectrum. Driving requirements are 
modest and permit the use of a simple band- 
switching exciter. 
The Exciter Section. The high stability, all- 
band v.f.o. consists of a GAHG (V,) in a 
“hot cathode” circuit, followed by a 6CL6 
(Ve) crystal oscillator-buffer stage. Very 
high-C is used in the oscillator stage to swamp 
out variations and changes in stray circuit and 
tube capacitance. The frequency determining 
circuit operates on 80 meters (L; and asso- 
ciated components) for 80, 40 and 10 meter 
transmitter operation, and on 40 meters (Lo 
and associated components) for 20 and 15 
meter transmitter operation. The circuit is a 
modified version of the Clapp oscillator. The 
tuning rate for each amateur band is changed 
automatically so that each band is spread over 
the entire portion of the tuning dial. Use of 
the exceptionally smooth Eddystone dial with 
a turn indicator makes it possible to read the 
transmitter frequency within a kilocycle or 
two. The oscillator is keyed by a section of the 
12AU7 keyer tube (V,) for c.w. operation. 
The crystal oscillator-buffer stage (6CL6, 
Vo) employs a broadly tuned 7 Mc. plate 
circuit for operation on 40 meters and all 


higher bands. For 80 meter operation, switch 
section S,g inserts an r.f. choke in series with 
the tuned circuit, dropping the r.f. output on 
this band to the correct value, and eliminating 
the necessity of tracking the stage across the 
relatively wide band. Switch S». disables the 
v.f.o. and converts tube Ve into a 3.5 Mc. 
crystal oscillator, with the choice of two 
crystal frequencies. 


Figure 7. 
MODERN 200 WATT 
ALL BAND TABLE-TOP TRANSMITTER. 


Complete TV!i-proof phone and c.w. transmit- 
ter is housed in modern-style tabletop cabinet. 
V.f.0. controlled, the transmitter covers all 
amateur bands between 80 to 10 meters. High 
level plate modulation with speech clipping is 
used for phone, and a time-sequence break-in 
keyer is featured for c.w. Operation. A stan- 
dard 1042” x 19” panel is used in case rack 
mounting is desired. Multi-meter on the feft 
reads grid and screen current of amplifier 
stage, or modulctor plate current. Selector 
switch is at left, directly below main tuning 
dial. 


Controls across bottom of panel are (I to r.): 
audio-gain, microphone receptacle, fitament- 
on switch, amplifier plate tuning (top) and 
amplifier plate loading (bottom), bandswitch, 
v.f.o.-crystal switch (top) and amplifier orid 
tuning (bottom), power switch (Ss) and pilot 
light, c¢.w.-tune-a.m. switch, and key jack. 
Below the tuning dial to the right is the grid 
drive control, and at the far right is the 
plate meter, M3. 
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Figure 8, 
BLOCK DIAGRAM OF 200 WATT TABLE-TOP TRANSMITTER. 


The plate circuit of the 6CLG6 multiplier 
stage (V3) is untuned for 80 and 40 meter 
operation, and is resonated to 14 Mc. for 20 
and 10 meter operation by coil Ly, and to 21 
Mc. for 15 meter operation by coil L;. This 
stage is block-grid keyed for c.w. operation. 

A 2E26 (V4) is used as a driver for the 
7270 amplifier, This stage is neutralized and 
operates “straight through” on all bands except 
10 meters, where it acts as a doubler from 
14 Mc. A potentiometer control (grid drive) 
in the screen circuit of the 2E26 determines 
the excitation level to the final amplifier 
stage. 

The 7270 (V;) serves as a neutralized 
amplifier on all bands. Grid, screen and plate 
current are monitored for proper operation. A 
pi-network output circuit permits operation 
into unbalanced loads having impedances in 


the range of 50 to 75 ohms, and an s.w.r. value 
of 2.5 to 1, or less. The screen circuit is pro- 
tected by relay RY, which is energized by 
application of primary power to the high volt- 
age plate supply. Thus, screen voltage cannot 
be applied to the tube unless plate voltage is 
also applied. 
The Mode Switch, S;. For tune-up purposes, 
amplifier screen voltage is dropped to a low 
value by the c.w.-tune-a.m. mode switch sec- 
tion Sx-. In the cw. position, protective cut-off 
bias is applied to the 7270 by switch section 
Ss». For phone operation, the amplifier screen 
circuit is “self-modulated” by choke CH, 
placed in the circuit by switch section Sg¢. 
The keyer tube (Vg, 12AU7) keys the 
oscillator in addition to the 6CLG multiplier 
stage, and optimum break-in characteristics 
may be set by the variable potentiometer 
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labelled adjust keying. Switch section S3a 
shorts out the keyer in the twne and a.m. 
modes. Switch sections Sgn and Sgr disable 
the modulator and speech amplifier in the 
cw. and txne positions. Switch section Sgr 
activates the 400 volt power supply in the 


Figure 11. 
TOP VIEW 
OF 200 WATT TRANSMITTER. 


Layout of above-chassis parts is shown in this 
view. Amplifier compartment is center rear, 
with buffer compartment between it and yv.f.o. 
box near panel. Main power transformer is to 
the left of amplifier compartment, with modu- 
lation transformer and 811-A tubes to the 
right. 
Adjacent to the horizontal oscillator tube (on 
left of v.f.0. box) are the two 6CL6 amplifier 
stages. The low-voltage power supply com- 
ponents are on the separate chassis at the 
left. On the side of the main chassis is the 
large cutout for air intake to the ventilating 
fan. To the right of the v.f.o. box are located 
the 12AU7 keyer tube and the OB2 voltage 
regulator. The adjust keying” and ‘‘clipping” 
controls are between these tubes and the 
shielded speech amplifier tubes on the far 
edge of the chassis. The 6DE7 is next to the 
modulator tubes. 
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c.w. and tune positions, and the supply is 
activated by push-to-talk relay RY, when 
switch Sg, is set in the phone position. In 
addition, the transmitter may also be activated 
by the panel mounted power switch, S, which 
completes the relay control circuit. 


The Modulator Section. A pair of zero bias 
811A tubes (Vy;, Vy2) are used as class 
B modulators, eliminating the need of bias 
and screen power supplies which are costly 
and expensive. A dual-purpose 6DE7 (Vj9) 
serves as a speech amplifier and driver stage. 
A GALS double diode (Vy) is a low level 
audio peak clipper which serves to increase 
the average level of modulation. This stage 
is followed by a home-made low-pass filter 
that restricts all audio frequencies above 3000 
cycles. A 12AX7 dual triode (Vg) provides 
sufficient gain for proper transmitter opera- 
tion from a low level crystal microphone. In 
addition, a microphone push-to-talk circuit 
may be used to energize dc. relay RY, by 
means of a microphone control switch. 
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Power Supplies. A careful selection of power 
supply components makes it possible to build 
a transmitrer of this capability in such a 
small space, A cooling fan has been incor- 
porated to insure that proper movement of air 
is maintained, and components have been 
selected for adequate safety margins and cool 
operation. The chassis has several cut-out 
openings on the sides and top for air circula- 
tion, and the chassis bottom plate of the audio 
section is made of perforated aluminum. 
The low voltage and bias supplies are con- 
ventional; however, the high voltage supply 
makes use of a bridge circuit employing twelve 
miniature silicon diode rectifiers. The center 
tap of the transformer high voltage winding 
is not used, and the 5-volt winding is em- 
ployed only to light a panel indicator lamp 
when the high voltage is switched on. The 
high voltage rectifier “stack” is protected from 
accidental overloads by a '-ampere fuse 
placed in the B-plus lead to the filter system. 
Three 40 pfd., 450-volt electrolytic capaci- 
tors are placed in series to provide approxi- 
mately 12 fd. at a working voltage of 1350. 


The entire transmitter, includ- 
ing power supplies, is built 
upon a heavy aluminum chassis 
measuring 13” x 17” x 3” in size. Shielded, 
chassis-type construction is used, and no re- 
liance is placed upon the cabinet for TVI- 
reduction (figures 7 and 11). The v.f.o. is 


Transmitter 
Construction 


built as a separate unit in a 3” x 4” x 5” 
aluminum box which is bolted to the main 
chassis behind the geared dial. 

The low voltage and bias supplies are built 
on an aluminum chassis measuring 4” x 7” x 
114”, and may be seen in figure 11. The 
5V4-GA rectifier tube (Vj3) is mounted 
“outboard” on a small L-shaped bracket beside 
the power transformer (To), fitting in nicely 
between the supply chassis and the buffer 
stage, The supply leads are brought through 
grommeted holes in the main chassis to ter- 
minal strips placed on the side apron of the 
chassis. 

The 7270 amplifier stage is entirely en- 
closed in an aluminum box measuring 614 
inches square and 6144 inches high (figure 
12). The top and back of this enclosure are 
fabricated from a single piece of perforated 
aluminum. The other three sides of the box 
are formed from an aluminum sheet, while 
the main chassis serves as the bottom of the 
enclosure. 

The 2E26 buffer stage is mounted between 
the v.f.o. enclosure and the final amplifier 
compartment. The buffer tube is placed in a 
horizontal position to best isolate the input 
and output circuits, and to obtain short leads 
in the plate circuit. The enclosure has screened 
sides and measures 3” x 2” x 4” in size. 
The 2E26 tube projects into the box, with 
the base connections remaining outside the 
box in close proximity to the neutralizing 


Figure 12. 
CLOSEUP OF FINAL 
AMPLIFIER 


ASSEMBLY. 


The top and front of the 
finol amplifier enclosure 
have been removed to 
show placement of major 
components. The tonk 
coil is mounted in a ver- 
tical position, bolted to 
the side wall of the box. 
The output looding capa- 
citer is just below the 
10-meter coil section. 
The neutralizing copo- 
citor is mounted on in- 
sulated pillars between 
the 7270 tube and the 
tonk tuning copacitor. 
Plote leads ore made of 
silver-plated copper 
strop. The perforated 
shield at front of photo 
covers the horizontally 
mounted 2£26 buffer 
tube. 
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capacitor. The plate coils of the 2E26 are be- 
neath the chassis, grouped about bandswitch 
section Sjp. The buffer tuning capacitor 
(labelled grid tuning) is adjacent to the band- 
switch (figure 13). 

Placement of the major components may be 
seen in figure 11. The audio section is on 
the right of the chassis (viewed from the 
rear) and is separated from the r.f, section by 
a partition running the entire depth of the 
chassis on the underside. The OA2 voltage 
regulator tube (V;) and the 12AU7 differ- 
ential keyer tube (Vg) are also in the audio 
section. 


The remainder of the smaller components 
are mounted beneath the chassis (figure 13). 
The modulator section is to the left, while 
along the opposite side of the chassis are 
located the small blower fan, the high voltage 
silicon rectifiers, and the large filter choke. 
The center portion of the chassis is reserved 
for the r.f. section of the transmitter. The 7270 
socket is centered towards the rear, directly 
behind a horizontal partition that separates the 
final amplifier components from the exciter 
stages. Vent holes are cut in the side aprons 
of the chassis (figure 11) and are covered 
with screening. 


In order to mount the 6.3 volt filament trans- 
former (T,) on the side apron, a hole is drilled 
in the side of the case and the transformer 
leads are brought out through this hole, in- 
stead of via the bottom hole. This same tech- 
nique is used to mount the high voltage filter 
choke, CH». To facilitate mounting these 
components, 6-32 nuts are soldered to the 
mounting flanges to accept the mounting bolts. 


Panel Layout and 
Bandswitch 
Placement 


The panel layout is dic- 
tated by placement of the 
major components. The 
v.f.o. tuning dial is cen- 
tered on the panel near the top to allow proper 
clearance for the drive mechanism. The dial 
drive shaft, therefore, determines the position 
of the dual v.f.o. tuning capacitor which is 
mounted inside the enclosed oscillator assem- 
bly. A flexible coupling is used to join the 
dial to the capacitor to provide proper shaft 
alignment and smooth tuning. The v.f.o. itself 
is built as a separate unit after the position 
of the oscillator tuning capacitor has been 
determined. 


The power amplifier output loading capa- 
citor, plate tuning capacitor, and pi-network 
coil switch (S,e) are controlled from the 
front panel by means of right-angle drive sys- 
tems placed beneath the chassis. The band- 
switch S,; (centered on the panel) drives the 
v.f.o. bandswitch through a right angle coupler, 
in addition to driving the pi-network switch 
of the amplifier stage. Two small bevel gears 
are used for the oscillator drive, one mounted 
on the main bandswitch assembly between 
segments S,;p and S,p, and the other placed 
on the shaft of switch S,q which is located in 
the v.f.o. compartment (figure 14). The oscil- 
lator bandswitch is placed directly below the 
v.f.o. tuning capacitor, with its shaft on the same 
vertical center line as that of the capacitor. The 
switch projects down through a 34-inch match- 
ing hole in the chassis, placing the shaft at 
right angles to the center line of the main 
bandswitch where it is driven by the bevel 
gears. 

The main bandswitch assembly passes along 
the center line of the chassis to the final am- 
plifier area, extending through a shield parti- 
tion which isolates the multiplier and driver 
coils. An added section of shaft coupling drives 
a set of Boston gears mounted on a small sup- 
port bracket at the back of the chassis. The 
gears have a 1:2 step-down ratio, as the final 
amplifier bandswitch has 60-degree indexing, 
whereas the main bandswitch has 30-degree 
indexing. 

It is a good idea to assemble the chassis, 
panel, and v.f.o. box, and lay out the various 
gear drive systems before other holes are 
drilled or components mounted in place, The 
final amplifier tuning and loading capacitors 
are mounted alongside the pi-network coil 
and their shafts project into the under-chassis 
area where they are joined to right-angle 
drives which bring the controls to the front 
panel. The amplifier tuning capacitor is driven 
with a set of Boston gears having a 2:1 step- 
up ratio so that the dial turns 360-degrees 
while the capacitor rotates 180-degrees. This 
makes for easier adjustment of the circuit. 

Placement of the remaining panel controls 
and meters is not critical and is dictated by 
good symmetry and eye-appeal. Panel and 
chassis should be drilled together so that all 
shaft holes are in alignment. Panel and chassis 
are held together by two 13-inch aluminum 
angle brackets placed at the ends of the chassis. 
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Figure 14. 
INSIDE THE V.F.0. ENCLOSURE. 


The oscillator tube socket is mounted to the left wall of the tex, with the tuning capacitor 

adjacent to the terminals. The two one-inch diameter ceramic coil forms are mounted to the 

opposite wall with the padding capacitors between them. At the bottom of the box is the 

oscillator bandswitch, driven from the main bandswitch below deck by right-angle gears. Extra 

bolts are used to fasten the sides of the box securely in place, and all paint is scraped off the 
mating areas to ensure good contact. 
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47K 


Figure 15, 
SPEECH AMPLIFIER TERMINAL BOARD. 


Make of phenolic, o: other insulating material. 


The transmitter is most easily 
worked upon if the heavy 
transformers are left off the 
chassis until the very last. The 
v.f.0. and low voltage supplies can be wired 
and tested as separate units before they are 
affixed to the chassis. 

The socket for the 7270 tube is recessed so 
that the vent holes in the base are on the 
underside of the chassis for passage of air 
from the cooling fan. The variable neutralizing 
capacitor for the amplifier stage is mounted 
vertically between the socket and the plate 
tuning capacitor (figure 12) and is adjust- 
able from beneath the chassis. Space is limited 
so a modified APC-type unit is used. It is 
a 50 pyfd. size, with plates removed two at 


Transmitter 
Assembly 
and Wiring 


47 47 

K K 
100 | |270 
K K 


a time to obtain a spacing of about 3/16- 
inch, leaving nine plates in all (4 rotor, 5 
stator), The capacitor is connected to the /ow 
potential (pi-network) side of the plate block- 
ing capacitor so that d.c. plate voltage does not 
appear across it. 

Oscillator Construction. The whole v.f.o. unit 
may be wired separate from the transmitter. 
The tuning capacitor is a dual 25 ppfd. unit, 
with two rotor plates removed from the front 
section which tunes the 40 meter coil (L2). 
Two ceramic coil forms are mounted on the 
wall of the v.f.o. box opposite the tuning 
capacitor and two MAPC-type adjustable pad- 
ding capacitors are in a line between the coils. 
The oscillator tube socket is on the side wall 
below the tuning capacitor, and all associated 
resistors and capacitors are mounted at the 
socket, with the exception of the silver mica 
capacitors which make up the various tuned 
circuits. These are mounted on the band- 
switch, or to the wires running between switch 
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RECTIFIER BOARO 
FRAMEWORK 


}-—_—__—. «-—_____ 


FILTER BOARO 


Figure 17. 
LAYOUT OF RECTIFIER AND 
FILTER BOARDS. 


and coils, All tuned circuit wiring is done 
with #14 solid tinned copper wire. The v.f.o. 
output lead to the next stage passes via a feed- 
through insulator in the bottom of the box to 
the under-chassis area. Filament and power leads 
are brought out through a grommet to a 
terminal strip beneath the main chassis. 

The Exciter and Audio Circuits. The exciter 
wiring is straightforward. The slug-tuned ex- 
citer coils are grouped about the main band- 
switch, and all r.f. leads are short and direct. 
All r.f. bypass capacitors are mounted directly 
on the socket terminals. Part of the speech 


THE RADIO 


amplifier components (including the audio 
filter) are pre-assembled on a phenolic board 
which is mounted on the side apron of the 
chassis (figure 15). Small components are 
soldered directly to socket pins, Miniature 
transistor-type cathode bypass capacitors are 
used to conserve space. The clipping and 
keyer controls are mounted on the chassis deck, 
between the low level stages. Filter inductor 
(CH) is made from a Stancor TA-27 audio 
transformer, using the entire secondary wind- 
ing as the coil. The voltage dividers of the bias 
supply and the dropping resistor for the regu- 
lator tube are placed in this section. 


The Power Supply and Control Circuits. The 
twelve silicon diode rectifiers and the filter 
network are placed below the high voltage 
transformer. The diodes are mounted on a 
perforated frame made from a sheet of fiber- 
glass or phenolic material (figure 17). The 
diodes are supported by their leads from small, 
hollow rivets employed as connecting points. 
The diode leads should be left untrimmed, and 
the leads are grasped with a pliers during the 
soldering process to prevent the heat of the 
iron from injuring the diode. The diode 
mounting plate is attached to the side apron 
of the chassis in front of the large air vent, 
directly behind the ventilating fan. 


The main filter capacitor consists of three 
series connected 450 volt capacitors in parallel 
with three wirewound resistors. These com- 
ponents are wired as a unit and mounted on 
a phenolic board on the rear apron of the 
chassis, alongside the blower motor. The 4- 
ampere high voltage fuse holder is also 
mounted on this board. A small aluminum 
shield is placed between the resistors and 
capacitors to act as a heat barrier (figure 17). 


(National XR-62) Range: 3.5-4.0 Mc. 


(National XR-62) Range: 7.0-7.175 Me. 


Ls—40 turns #28 enameled wire on 1” form 
(National XR-50) Range: 7.0 Me. 


La—-20 turns #20 enameled wire on 1” form 
(National XR-50) Range: 14 Mc. 


Figure 16. 
COIL DATA. 
TABLE TOP TRANSMITTER. 


Lo—I7 turns #20 enameled wire on 1” ceramic form Ls—I6 turns 34” 


L,—40 turns #22 enameled wire on 1” ceramic form Ls—1!2 turns #20 enameled wire on 2” form 


(National XR-50) Range: 21 Me. 


diameter tapped at 9 and 12 
turns from junction with L, 
(#3011 B&W miniductor) 


Ly—38 turns #24 tapped at center 1” diameter 


(#3016 B&W miniductor) 


Ls—#851 B&W tank coil assembly 
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The a.c, line fuse holders, antenna connector, 
relay connector Jz, and Hy-pass feedthrough 
capacitors for the power line are also mounted 
on the rear apron. The coaxial antenna relay 
(RY2) is placed on the outside of the apron 
with a right-angle fitting added so that the 
antenna connection is accessible when the 
transmitter is placed in its cabinet. 

Most of the power and control wiring fol- 
lows along the front inside edge of the chassis. 
Shielded wire is used for the 7270 filament 
and screen leads, and filament circuits are 
wired with #14 wire. The screen capacitor of 
the 7270 stage consists of three separate .001 
pfd., 3 kv. ceramic disc capacitors, one placed 
from each screen socket pin to ground. 

The multi-meter (M,) has a 5 milliampere 
movement, and is converted into a low range 
voltmeter by the addition of a 750-ohm series 
resistor. The voltage drops across shunts placed 
in the grid and screen circuits of the ampli- 
fier, and the plate circuit of the class B modu- 
lator are measured in this fashion. The meter 
scale is 0-10 milliamperes when switch S, is 
in the grid position, 0-40 milliamperes in the 
screen position, and 0-400 milliamperes in the 
modulator position. 


Tuning and 
Adjusting the 
Transmitter 


When the transmitter is com- 
pleted, the wiring should be 
visually inspected, and circuits 
“rung out” with an ohm- 
meter. The next step is to test and adjust the 
v.f.o. The fuse should be left out of the primary 
circuit of the high voltage supply to disable 
this section and to ensure that relay RYg re- 
mains open, The 2E26 screen control should 
be set to remove screen voltage. Starting with 
the 80 meter band and the v.f.o. dial set at 
the low end (maximum v.f.o. tuning capaci- 
tance), trimming capacitor C, is adjusted for 
3500 kc., as noted on a frequency meter. With 
the specified coils, the 80 meter band extends 
over the entire dial scale, with the slug almost 
out of the coil form. Once the coverage is set, 
the slug should be secured with an extra nut 
to prevent movement. Capacitor C, should not 
be moved now, as it will be in the circuit for 
the 40 and 10 meter adjustments. Next, the 
bandswitch is placed in the 10 meter position, 
the dial set at the low frequency end, and 
trimmer capacitor Cz adjusted for 28.0 Mc., 
with the v.f.o. dial pointer in approximately 
the same position as for 3.5 Mc. The 10 meter 


band will now extend over almost the entire 
scale. Next, the bandswitch is placed in the 
40 meter position, and it will be noted that 
the 7.0 Mc. position will fall very near the 
28 Mc. mark, with the 40 meter band spread 
over most of the scale. 

The bandswitch should now be placed on 
the 20 meter position, and trimmer capacitor 
Cg adjusted so that 14.0 Mc. falls near the 
3.5 Mc. dial point. The 15 meter calibration 
is automatically set by this adjustment. 

Once the v.f.o. has been calibrated, the 80 
meter exciter Circuits are tuned by simply ad- 
vancing the 2E26 screen voltage potentiometer 
and tuning the driver stage to resonance, as 
indicated by grid current of the 7270 tube. 
Grid current should be held to a maximum of 
4 milliamperes. The bandswitch may now be 
set to 40 meters and buffer coil Ls, adjusted 
for maximum amplifier grid current with the 
v.f.o. set at 7.15 Me. The 14 Mc. adjustments 
are now made with the bandswitch in the 20 
meter position, and coil L, peaked for maxi- 
mum amplifier grid current at 14.15 Me. 
Finally, the bandswitch is set to 15 meters and 
the slug of coil L, is peaked at 21.2 Mc. The 
driver stage is, of course, resonated for each 
band. The ten meter band is tuned by merely 
peaking thé driver stage. Check both the low 
and high ends of the 10 meter band and 
equalize the grid drive by slight adjustments 
to coils L3 and Ly. 

The 2E26 stage is neutralized in the 20 
meter position by placing a temporary grid 
meter in series with the “cold” end of the 22K 
grid resistor and adjusting the neutralizing 
capacitor for minimum meter kick when the 
plate circuit is tuned through resonance. 
Screen voltage should be removed for this test. 
This setting will hold for all bands. Grid 
current to the 2E26 should not ruin over 3 
milliamperes. 

The amplifier stage is now neutralized in a 
similar manner, using meter M, to observe 
action of the grid current. This adjustment 
should be done on the 10 merer band. 

The final amplifier should not be operated 
without a dummy antenna load of some kind. 
Two 100-watt lamp bulbs in parallel at the 
end of a short length of coaxial line will make 
a satisfactory load for preliminary adjustment 
purposes. Place the high voltage primary fuse 
in its receptacle and set the function switch S, 
to the twne position. Grid current will now be 
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NOTE! DIMENSIONS OF FLANGE TO FIT 
TUNING CAPACITOR TERMINALS. 


“PLATE” LINE L2 


ORILL BOTH PLATES FOR INSULATED 
BOLTS AND BUSHING, 


LINE WITH 


ROUND 
CORNERS FINGER STOCK 


*CHOKE" LINE Ls 


144 MC. 220 MC. 


favTeatc]ole [re [ajatc [ole | 
meee plavlab Peep Seleyret ls” 


) 


1 
ieee 
AREA. 


CAPACITORS BUILT WITHIN 
Eimal SOCKET, 


STRIP LINE CAVITY 


et ANT. 
a L2 3 


RFQ = 


EQUIVALENT CIRCUIT 


Figure 18. 
SCHEMATIC AND EQUIVALENT CIRCUIT OF STRIP LINE AMPLIFIER. 


The strip line amplifier is built within 3" x 5” x 13” aluminum chassis box (144 Mc.), or 
2” x 5” x 94" (220 Mc.). The plate tuning capacitor of the 144 Mc. assembly is a cut-down 
Johnson 154-11 having three plates, spaced 0.25” apart. The antenna “hairpin’’ loop is 1! turn, 
4" long and 14" wide (144 Mc.), or 2” long %” wide (220 Mc.) placed parallel to strip line. 
Antenna resonating capacitor Cz is 35 yuufd. for either amplifier. Plate choke RFC, is Ohmite 
Z-144 or Z-220. B-plus lead posses through insulated hole in chassis, or may pass through 
feed-through type capacitor for low voltage operation (500 volts or less). The screen bypass 
capacitors are built within the Eimac air system sockets. Input circuits and blower are placed in 
sub-chassis enclosure. 


observed on the final stage. The power switch 
S; is turned on energizing relay RY,, and the 
final amplifier resonated and loaded to a plate 
current of about 150 milliamperes. The series 
screen resistor used in the tune mode limits 
off-resonance amplifier plate current to less 
than 200 milliamperes. The screen voltage tap 
on the 2500 ohm, 25 watt resistor is now ad- 
justed (with the transmitter off!) to place 
about 320 volts on the 7270 screen circuit 
with the function switch in the a.m. position, 
and the amplifier loaded to 200 milliamperes 
plate current. In the ¢.w. position the screen 
voltage will be slightly higher. 

Maximum voltage (400 volts) is always 
applied to the plate of the 2E26, and the drop- 
ping resistors reduce this to about 260 volts 
for the v.f.o., 6GCLG stages, and speech am- 
plifier. The final plate voltage runs 1000 
volts at a load current of 200 ma., and rises 


to about 1200 volts in the c.w., key-up posi- 
tion. Oscillator screen voltage is regulated at 
105 volts. The bias supply delivers —135 
volts, and the push-to-talk relay circuit is 
tapped down on the bleed resistor to supply 
about 100 volts to the dic. relay RY}. 

The c.w. keying characteristic is determined 
by the adjustment of the keyer potentiometer, 
and by the choice of the 0.1 yfd. capacitors in 
the grid returns of the keyed tubes. For break- 
in keying the “key-up” signal is monitored in 
the receiver and the keyer potentiometer is 
backed off until the oscillator signal just 
disappears. 

For phone operation, the modulator resting 
plate current is about 20 ma., kicking up to 
approximately 175 ma. on voice peaks. Maxi- 
mum current excursions and modulation level 
are set by the adjust clip control, and the 
degree of modulation by the axzdio control. 
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28-3 Strip-Line 


Amplifiers for VHF 
Circuits 


A major stumbling block in the design and 
construction of high power v.h.f. transmitting 
equipment is the assembly of a suitable am- 
plifier plate tank circuit. Simple L-C tuned 
circuits tend to assume microscopic propor- 
tions in this region of the spectrum and are 
incapable of handling large amounts of r.f. 
energy. Coaxial circuits, on the other hand, 
work well but are expensive, difficult to 
build and bulky to handle. 

A welcome compromise design is the simple 
strip line tank circuit, illustrated in figure 
18A. The circuit is a modified cavity, making 
use of an inexpensive aluminum chassis as 
the outer enclosure, and employing strips of 
aluminum as the plate inductance, The line 
assumes r.f. ground potential at the end oppo- 
site the tube and is an approximate electrical 
eighth-wavelength long. It becomes an elec- 
trical quarter-wavelength when loaded by the 
tube and tuning capacitor placed at the high 
impedance end of the line. The line is made 
of two aluminum plates, separated by insulat- 
ing material. This “sandwich” may be visual- 
ized as the equivalent circuit of figure 18B, 
which permits plate voltage to be applied to 
the amplifier tube via “plate line” L, yet iso- 
lates the tuning capacitor and plate inductance 
from the d.c. voltage by means of a “distri- 
buted” r.f. choke. The cavity is completed by 
placing an aluminum cover plate over the 
open side of the chassis. 

A proper ratio of strip length and width 
compared to the cavity dimensions must be 
observed to determine the optimum line im- 
pedance, but the parameters may be varied 
sufficiently to permit the use of an inexpen- 
sive ready-made chassis for the line cavity 
without appreciable circuit degradation. Effi- 
ciency of the strip line is high, comparing 
favorably with conventional tank circuits 
operating at intermediate frequencies. 

The approximate characteristic impedance 
of the strip line may be determined from the 
following formula: 


Gl) Zy = Ww 


where S is the spacing between the strip line 
and the chassis, and W is the width of the 
strip; the width being much greater than the 


spacing. A practical strip line will be shorter 
than a quarter wavelength by virtue of the 
interelectrode capacitance loading of the asso- 
ciated tube and the auxiliary tuning capacitor 
placed across the line (figure 18A). In this 
case, the characteristic impedance of a loaded 
strip line is approximately: 


(2) Z = Zp, tan B1 
_ 360° : 5 
where 8 = ~~, » is the wavelength in 


centimeters and } is the length of the line in 
centimeters, 

If the total capacitive reactance is set equal 
to Zo, then tan B, = 1, when the line length 
is Ye-wavelength. For example: Assume a 
Yg-wavelength line having a width (W) of 
3 inches and a spacing (S) of 1 inch. The 
impedance, Z) is therefore (by formula 1) 
about 127 ohms. The output capacitance of 
a 4X250B is approximately 5 pyufd., represent- 
ing an impedance value of about 220 ohms at 
144 Mc. A parallel tuning capacitance of 5 
pufd. has the same impedance value, and the 
combined parallel impedance is approximately 
110 ohms. Therefore a Y-wavelength line of 
the aforementioned dimensions could be used 
to tune the 2 meter band with a 4X250B 
tube. This line would be about 10 inches long, 
so a standard chassis box measuring 3” x 5” 
x 13” could be used for the plate cavity 
assembly. The construction of such a unit is 
described in this section. 


Building the Shown in figure 19 are two 
Strip Line strip line units for 144 Mc. 
Circuit and 220 Mc. The amplifiers 


are designed around the cera- 
mic 4CX250B tube and may be operated at 
power inputs up to 500 watts for c.w. service, 
or 300 watts for am. phone. The limiting 
factors for power input are the maximum 
voltage rating of the plate bypass capacitor 
(if used), tuning capacitor spacing, and the 
voltage breakdown of the material employed 
as the dielectric of the strip line circuit. 
The units illustrated employ 10-mil teflon 
coated fiberglass as the strip line dielectric, 
with fiber or teflon bushings and 4-40 machine 
screws holding the assembly together. It is 
also possible to purchase teflon screws which 
could be used to advantage in this assembly. 
A sheet of 10-mil mylar may be substituted for 
the fiberglass. 
Layout of the strip line units is shown in 
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Figure 19. 
STRIP LINE AMPLIFIERS FOR 144 MC. AND 220 MC. 


The simple mechanical assembly of the strip line tank circuit is especially suitable for home con- 
struction. Using a standard aluminum chassis as the foundation, the strip line consists of two 
aluminum plates separated by a dielectric. The line is supported from one end of the chassis 
box, and the tube socket is mounted in the bottom, with the tuning capacitor at the opposite 
end. At the near end of the assembly are the antenna resonating capacitor, the B-plus terminal 
and the antenna coaxial receptacle. The tube plate “finger stock” connector is made by Eitel- 
McCullough, Inc., San Carlos, California, part #008294, Anode Collet. 
The dielectric material for the “sandwich” may be either 10-mil (0.01") Mylar sheet, or 10-mil 
teflon coated fiberglass. The mylar may be obtained from: Milam Co., 1100 Elmwood St., Provi- 
dence, R. |. The teflon coated fiberglass may be obtained from Dodge Fibers, Inc., Hoosick Falls, 
N. Y. For maximum values of plate voltages, two layers of material should be used. Open side of 
chassis is closed by cover plate. 
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figure 18. The “plate” section of the line (L2) 
is bolted to one end of the chassis box, at the 
proper height to encircle the anode of the tube 
without actually touching it. The “hot” end 
of this line is affixed to the stator of the plate 
tuning capacitor. The capacitor of the 144 Mc. 
amplifier has 0.25” spacing, as the unit is de- 
signed for high power operation. The “choke” 
plate of the “sandwich” line (L,) is shorter in 
length and spaced away from the grounded 
plate by means of the sheet fiberglass or mylar 
insulator. One end of this plate is connected 
to the B-supply through an auxiliary r.f. choke, 
and the opposite end makes contact to the 
anode of the tube by means of flexible metal 


finger stock soldered to the plate (see parts 
list). Both plates are sanded smooth to ensure 
that no metallic splinters or grains can punc- 
ture the thin dielectric sheet. 

The 220 Mc. unit is designed for low power 
doubler service at 500 volts and therefore 
makes use of a receiving-type capacitor in the 
plate circuit. A capacitor having greater spac- 
ing would be required for high voltage 
operation. 

The strip line amplifiers employ standard 
Eimac v.hf. air sockets to ensure stability of 
operation. A standard grid circuit is employed 
and if neutralization is desired, it is possible 
to insert a probe into the strip line cavity and 
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feed back a smal! amount of energy in the 
proper phase to the grid circuit, A “hairpin” 
loop (L3) provides coupling to the antenna 
circuit, and the reactance of the loop is tuned 
out by means of a series capacitor. The grid 
circuit components are built within a small 
chassis box placed beneath the strip line as- 
sembly, with a cooling blower mounted on 
the side of the box. 

The dimensions given are correct for the 
4X150A-4CX250B type tube, but may be 
varied for other tubes having slightly differ- 
ent interelectrode capacitances. Length of the 
strip line and the value of the tuning capacitor 
determine the resonant frequency, with the 
width of the center line and chassis spacing 
determining line impedance and exhibiting a 
second order frequency effect, It is therefore 
possible to effect smal! changes in the fre- 
quency of the circuit by varying the value of 
the tuning capacitor or the width and chassis 
spacing of the line if it is mechanically 
awkward to adjust the length of the strip. 


28-4 A “9TO” 
Electronic Key 


The good c.w. operator is always trying to 
improve his skill and increase his keying 
speed. The modern way to do this is to use 
an electronic key. The dots, dashes, and spaces 
are all created electronically with a minimum 


of effort on the part of the operator. A good 
keyer has a “mechanical mind of its own” and 
almost teaches the operator to send good code! 


Shown in this section is a version of the 
famous “9TO” keyer which provides the ulti- 
mate in reliable, precise electronic code. The 
keyer uses four tubes and two voltage regu- 
lators, and is packaged in a cabinet only 
slightly larger than a mechanical “bug” key. 
Best of all, it is inexpensive to build and 
fool-proof in operation. 


One of the most reliable and 
stable methods of generating 
automatic and self-completing 
dots and dashes is the multivibrator system 
used in this keyer (figure 21). The keyer is 
driven by a “sideswiper” key which completes 
a control circuit to ground in either the “dot” 
or “dash” position. Closing the key on the 
“dot” side energizes the dot keyer tube 
(Vea) which turns on the dot multivibrator 
tube (Vian) to form a string of evenly 
spaced dots. Once the action has started, this 
generator will continue to form dots as long 
as the key contact is closed and will complete 
a full dot even if the key is released in the 
middle of a dot or a space. The output of the 
dot multivibrator is fed to the grid of the 
relay tube (V4a), and the contacts of the 
quick-acting relay in the plate circuit are used 


Operation 
of the Keyer 


Figure 20. 
THE “9TO” 
ELECTRONIC KEY. 


This simple, inexpensive 
electronic key generates 
dots, dashes, and spaces 
with a minimum effort 
on the port of the oper- 
ater. Four tubes and two 
voltage regulators are 
used in a simple and re- 
liable circuit. The “side- 
swiper” key is mounted 
to an extension of the 
bottom plate of the 
keyer, moking a unit 
only slightly larger than 
a mechanical “bug” key. 
Panel controls are (I. to 
r.): Weight control (with 
on-off switch), monitor 
speaker and speed con- 
trol. Below these are the 
xero-beat, or tune-up 
button, and the neon 
character indicator. 
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Figure 21. 


SCHEMATIC, ELECTRONIC KEY. 

RY,—DPST, 5000 ohm relay. Potter-Brumfield SM-SLS. Other satisfactory (but larger) 
relays are: Claire HG-1002 or W. E. 276G. The 15K series resistor may have to be 
adjusted for different relay models. Weight of dots may be varied by changing 
value of this resistor. 

SR), 2—Silicon rectifier. p.i.v. 400 volts @ 500 ma. Sarkes-Tarzian #M-500. 


T,;—150 v. @ 50 ma., 6.3 v. @ 2a. Stancor PA-8421 
T.—Push-pull replacement output transformer. Stancor A-3856 
Key—Autronic sideswiper. Electrophysics Corp., 2500 West Coast Highway, Newport 


Beach, California 


to key the transmitter and to activate an audio 
tone oscillator (V4) used as a monitor. 
When the key is closed in the “dash” posi- 
tion, the dash keyer tube (Vop) is energized, 
placing the dash maltivibrator tube (V3a-p) 
in readiness for operation, and at the same 
time sending a pulse through the 1N34 diode 
to start the dot multivibrator circuit again. 
This, in turn, triggers the dash multivibrator, 


turning it on with the start of the first dot 
pulse, and turning it off with the end of the 
second dot pulse. The dash multivibrator, 
therefore, is an electronic switch which is 
turned on and off by two dot pulses. A dash 
of proper length and timing is created in this 
manner because the time length of the second 
“dot” adds to the “on” time of the switch cir- 
cuit in holding the relay closed for the dash. 
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Figure 23. 
TERMINAL BOARD LAYOUT. 


The parts shown outside of board are mounted 

underneath it. The lines indicate connections 

made to the board from tube pins or other 
components. 


The complete keyer configuration makes use 
of four 12AU7 double triode tubes. The power 
supply uses two silicon diodes to furnish both 
a positive and a negative voltage, regulated by 
the OA2 and OB2 regulator tubes. Unregulated 
voltage is supplied to the relay tube and the 
tone oscillator. If desired, the 5963 computer- 
type tube may be substituted for V,, Vz and 


The electronic keyer is 
built upon an aluminum 
chassis measuring 6” x 
4" x 2”, having two 
auxiliary end plates 5 inches high. A wrap- 
over perforated aluminum cover screens the 
top and sides providing maximum ventilation. 
In addition, four large holes are punched in 
the sides of the chassis for additional cooling. 
The “sideswiper” key is mounted on an exten- 
sion of the bottom plate of the chassis. The 
wiring of the keyer is simplified by mounting 
most of the multivibrator components on a 
terminal board placed in the underchassis area 
(figure 22), The board is mounted on two 
pillars in the front-center of the chassis after 
all other wiring has been done (figure 23). 
The balance control is mounted on the rear 
apron of the chassis, as it requires adjustment 
only at intervals as the tubes age. 


Keyer Construction 
and Wiring 


When the unit is completed, all wiring 
should be checked. The unit is turned on and 
after a short warm-up period the key lever 
is held in the dash position and the balance 
control adjusted until self-completing dashes 
are formed. The neon lamp will flash at the 
character rate. The speed and weight controls 
are adjusted to suit the individual taste of the 
operator. 


V, for improved long term stability of 
operation. 
| 
Figure 22. | 
UNDERCHASSIS 


VIEW OF KEYER. 


The resistors and capaci- 
tors making up the mul- / 
tivibrators are mounted 
on a terminal board sup- 
ported below the chassis 
on short pillars. The sili- 
con diode power recti- 
fiers are on the side 
apron of the chassis ad- 
jacent to the filter ca- 
pacitors. The balance 
potentiometer is on the -= 
rear apron between the ; 
keying lead and the 
power cord. 
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Figure 24. 
TOP VIEW OF KEYER. 


The keyer Is built upon a 4” x 6” aluminum chassis. Layout of parts Is not crowded. The audio 

oscillator transformer is near the front panel below the controls, and the sealed high-speed relay 

is in the center of the chassis with the 12AU7 tubes on either side. The two regulator tubes are 
between the power transformer and the rear panel. 
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CHAPTER TWENTY-NINE 
v 


The trend in design of transmitters for oper- 
ation on the high frequency bands is toward 
the use of a single high-level stage. The most 
common and most flexible arrangement in- 
cludes a compact bandswitching exciter unit, 
with 15 to 100 watts output on all the high- 
frequency bands, followed by a single power 
amplifier stage. In many cases the exciter unit 
is placed upon the operating table, with a co- 
axial cable feeding the drive to the power am- 
plifier, although some operators prefer to have 
the exciter unit included in the main trans- 
mitter housing. 

This trend is a natural outgrowth of the in- 
creasing importance of v-f-o operation on the 
amateur bands. It is not practical to make a 
quick change in the operating frequency of a 
transmitter when a whole succession of stages 
must be returned to resonance following the 
frequency change. Another significant factor in 
implementing the trend has been the wide ac- 
ceptance of commercially produced 75 and 
150-watt transmitters. These units provide r-f 


excitation and audio driving power for high- 
level amplifiers running up to the 1000-wart 
power limit. The amplifiers shown in this 
chapter may be easily driven by such exciters. 


29-1 Power Amplifier 

Design 
Choice of — Either tetrode or triode tubes may 
Tubes be used in high-frequency power 


amplifiers. The choice is usually 
dependent upon the amount of driving power 
that is available for the power amplifier. It 
a transmitter-exciter of 100-watt power capa- 
bility is at hand (such as the Heath TX-1) 
it would be wise to employ a power ampli 
fier whose grid driving requirements fall in 
the same range as the output power of che 
exciter. Triode tubes running 1-kilowatt in- 
put (plate modulated) generally require some 
50 to 80 watts of grid driving power. Such 
a requirement is easily met by the output 
level of the 100-wate transmitter which should 
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TO ANTENNA 
ciRcuIT 


To ANTENNA 
CIRCUIT 


+ 


BALANCED TWIN-LINE 
FFED SYSTEM 


+ 
UNBALANCED COAXIAL 
FEED SYSTEM 


Figure 1 


LINK COUPLED OUTPUT CIRCUITS 
FOR PUSH-PULL AMPLIFIERS 


be employed as the exciter. Tetrode tubes 
(such as the 4-250A) require only 10 to 
15 watts of actual drive from the exciter for 
proper operation of the amplifier stage at 1- 
kilowatt input. This means that the output 
from the 100-watt transmitter has to be cut 
down to the 15 watt driving level. This is a 
Nuisance, as it requires the addition of swamp- 
ing resistors to the output circuit of the trans- 
mitter-exciter. The triode tubes, therefore, 
would lend themselves to a much more con- 
venient driving arrangement than would the 
tetrode tubes, simply because their grid drive 
requirements fall within the power output 
range of the exciter unit. 

On the other hand, if the transmitter-exciter 
output level is of the order of 15-40 watts 
(the Johnson Ranger, for example) sufficient 
drive for triode tubes running 1-kilowatt input 
would be lacking. Tetrode tubes requiring low 
grid driving power would have to be employed 
in a high-level stage, or smaller triode tubes re- 
quiring modest grid drive and running 250 
watts or so would have to be used. 


Power Amplifier 
Design—Choice 
of Circuits 


Either push-pull or single 
ended circuits may be em- 
ployed in the power ampli- 
fier. Using modern tubes 
and properly designed circuits, either type is 
capable of high efficiency operation and low 
harmonic output. Push-pull circuits, whether 
using triode or tetrode tubes usually employ 
link coupling between the amplifier stage and 
the feed line running to the antenna or the an- 
tenna tuner. 

It is possible to use the link circuit in either 
an unbalanced or balanced configuration, as 
shown .n figure 1, using unbalanced coaxial 
line, or balanced twin-line. 


+ 
BIAS 110 + 


Figure 2 


CONVENTIONAL PUSH-PULL 
AMPLIFIER CIRCUIT 

The mechanical layout should be symmetrical 

and the output coupling provision must be 

evenly balanced with respect to the plate coil 

CimApprox. 1.5 ywutd. per meter of wave- 
length per section 

Cr—Reter to plate tank capacitor design in 
Chapter 11 

Cs-—-May be 500 ypftd., 10,000-volt type cer- 
amic capacitor 

NC-—Max. usable capacitance should be great- 
er, and min. capacitance fess than rated 
grid-plate capacity of tubes in amplifier. 
50% greater air gap than C:. 

R:-—100 ohms, 20 watts. This resistor serves 
as low Q r-f choke. 

RFC,—All-band r-f choke suitable for plate 
current of tubes 

Mi-M:—Suitable meters for d-c grid and plate 
currents 

All low voltage .0O1 ufd. and .01 utd. by-pass 
capacitors are ceramic dise units (Centra- 
fab DD or equiv.) 

Li-50-watt plug-in coil, center link 

L:-—Plug-in coil, center link, of suitable power 
rating. 


Common technique is to employ plug-in 
plate coils with the push-pull amplifier stage. 
This necessitates some kind of opening for coil 
changing purposes in the “electrically tight” 
enclosure surrounding the amplifier stage. Care 
must be used in the design and construction 
of the door for this opening or leakage of har- 
monics through the opening will result, with 
the attendant TV! problems. 

Single ended amplifiers may also employ 
link-coupled output devices, although the trend 
is to use pi-network circuits in conjunction 
with single ended tetrode stages. A tapped or 
otherwise variable tank coil may be used which 
is adjustable from the front panel, eliminating 
the necessity of plug-in coils and openings 
into the shielded enclosure of the amplifier. 
Pi-network circuits are becoming increasingly 
popular as coaxial feed systems are coming 
into use to couple the ourput circuits of trans- 
mitters directly to the antenna. 
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29-2 Push-Pull Triode 


Amplifiers 


Figure 2 shows a basic push-pull triode 
amplifier circuit. While variations in the meth- 
od of applying plate and filament voltages and 
bias are sometimes found, the basic circuit 
remains the same in all amplifiers. 


The amplifier filament trans- 
former should be placed 
right on the amplifier chassis in close proximity 
to the tubes. Short filament leads are necessary 
to prevent excessive voltage drop in the con- 
necting leads, and also to prevent r-f pickup 
in the filament circuit. Long filament leads 
can often induce instability in an otherwise 
stable amplifier circuit, especially if the leads 
are exposed to the radiated field of the plate 
circuit of the amplifier stage. The filament 
voltage should be the correct value specified 
by the tube manufacturer when measured af the 
tube sockets. A filament transformer having a 
tapped primary often will be found useful in 
adjusting the filament voltage. When there is 
a choice of having the filament voltage slight- 
ly higher or slightly lower than normal, the 
higher voltage is preferable. If the amplifier is 
to be overloaded, a filament voltage slight- 
ly higher than the rated value will give greater 
tube life. 

Filament bypass capacitors should be low in- 
ternal inductance units of approximately .01 
ufd. A separate capacitor should be used for 
each socket terminal. Lower values of capaci- 
tance should be avoided to prevent spurious 
resonances in the internal filament structure of 
the tube. Use heavy, shielded filament leads for 
low voltage drop and maximum circuit isola- 
tion. 


Filament Supply 


Plate Feed The series plate voltage feed 
shown in figure 2 is the most 
satisfactory method for push-pull stages. This 
method of feed puts high voltage on the plate 
tank coil, but since the r-f voltage on the coil 
is in itself sufficient reason for protecting the 
coil from accidental bodily contact, no addi- 
tional protective arrangements are made neces- 
sary by the use of series feed. 

The insulation in the plate supply circuit 
should be adequate for the voltages encoun- 
tered. In general, the insulation should be 
rated to withstand at least four times the max- 
imum d-c plate voltage. For safety, the plate 
meter should be placed in the cathode return 
lead, since there is danger of voltage break- 
down between a metal panel and the meter 
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movement at plate voltages much higher than 
one thousand. 

Grid Bies |The recommended method of ob- 
taining bias for c-w or plate mod- 
ulated telephony is to use just sufficient fixed 
bias to protect the tubes in the event of ex- 
citation failure, and to obtain the rest by the 
voltage drop caused by flow of rectified grid 
current through a grid resistor. If desired, the 
bias supply may be omitted for telephony if an 
overload relay is incorporated in the plate cir- 
cuit of the amplifier, the relay being adjusted 
to trip immediately when excitation is re- 
moved from the stage. 

The grid resistor R: serves effectively as 
an r-f choke in the grid circuit because the im- 
pressed r-f voltage is low, and the Q of the 
resistor is poor. No r-f choke need be used in 
the grid bias return lead of the amplifier, other 
than those necessary for harmonic suppression. 

The bias supply may be built upon the am- 
plifier chassis if care is taken to prevent r-f 
from finding its way into the supply. Ample 
shielding and lead filtering must be employed 
for sufficient isolation. 


The Grid Circuit As the power in the grid 
circuit is much lower than 
in the plate circuit, ic is customary to use a 
close-spaced split-stator’ grid capacitor with 
sufficient capacitance for operation on the 
lowest frequency band. A physically small ca- 
pacitor has a greater ratio of maximum to 
minimum capacitance, and it is possible to ob- 
tain a unit that will be satisfactory on all bands 
from 10 to 80 meters without the need for aux- 
iliary padding capacitors. The rotor of the grid 
capacitor is grounded, simplifying mounting of 
the capacitor and providing circuit balance and 
electrical symmetry. Grounding the rotor also 
heips cto retard v-h-f parasitics by by-passing 
them to ground in the grid circuit. The L/C 
rauio in the grid circuit should be fairly low, 
and care should be taken that circuit reso- 
nance is not reached with the grid capacitor at 
minimum capacitance. That is a direct invita- 
tion for instability and parasitic oscillations 
in the stage. The grid coil may be wound of 
no. 14 wire for driving powers of up to 100 
watts. To restrict the field and thus aid in 
neutralizing, the grid coil should be physical- 
ly no larger than absolutely necessary. 


Circuit Layout The most important consid- 
eration in constructing a 
push-pull amplifier is to maintain electrical 


symmetry on both sides of the balanced cir- 
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cuit. Of utmost importance in maintaining elec- 
trical balance is the control of stray capaci- 
tance between each side of the circuit and 
ground. 

Large masses of metal placed near one side 
of the grid or plate circuits can cause serious 
unbalance, especially at the higher frequen- 
cies, where the tank capacitance between one 
side of the tuned circuit and ground is often 
quite small in itself. Capacitive unbalance 
most often occurs when a plate or grid coil is 
located with one of its ends ciose to a metal 
panel. The solution to this difficulty is to 
mount the coil parallel to the panel to make 
the capacitance to ground equal from each end 
of the coil, or to place a grounded piece of 
metal opposite the “free” end of the coil to 
accomplish a capacity balance. 

Whenever possible, the grid and plate coils 
should be mounted at right angles to each 
other, and should be separated far enough 
apart to reduce coupling between them to a 
minimum. Coupling between the grid and plate 
coils will tend to make neutralization frequency 
sensitive, and it will be necessary to readjust 
the neutralizing capacitors of the stage when 
changing bands. 

All r-f leads should be made as short and 
direct as possible. The leads from the tube 
grids or plates should be connected directly 
to their respective tank capacitors, and the 
leads between the tank capacitors and coils 
should be as heavy as the wire that is used 
in the coils themselves. Plate and grid leads 
to the tubes may be made of flexible tinned 
braid or flat copper strip. Neutralizing leads 
should run directly to the tube grids and plates 
and should be separate from the grid and plate 
leads to the tank circuits. Having a portion of 
the plate or grid connections to their tank cir- 
cuits serve as part of a neutralizing lead can 
often result in amplifier instability at certain 
operating frequencies. 


Excitstion 
Requirements 


In general it may be stated 
that the overall power require- 
ment for grid circuit excitation 
to a push-pull triode amplifier is approximately 
10 per cent of the amount of the power output 
of the stage. Tetrodes require about 1 per cent 
to 3 percent excitation, referred to the power 
output of the stage. Excessive excitation to 
pentodes or tetrodes will often result in re- 
duced power output and efficiency. 


Push-Pull 
Amplifier 
Construction 


Symmetry is the secret of suc- 
cessful amplifier design. Shown 
in figure 3 is the top view of 
a 350 watt push-pull all band 


Figure 3 


LAYOUT OF 350-WATT PUSH-PULL 
TRIODE AMPLIFIER 


Two 811-A tubes are employed in this circuit. 
Plate tuning capacitor is at left of chassis, 
with swinging-link type plug-in coil assembly 
mounted above it. Rotor of split-stator capaci- 
tor may be insulated from ground to increase 
voltage breakdown rating of capacitor. Note 
that pickup link is series-tuned to reduce cir- 
cuit reactance. One corner of rotor plate of 
series capacitor is bent so that capacitor 
shorts itself out at maximum capacitance. 
Grid circuit coil and capacitor are at right. 
Center-linked plug-in coil is employed. Para- 
sitic chokes are placed in grid leads adjacent 
to the tube sockets, and tube filaments are 
bypassed to ground with .0OF yufd. ceramic 
capacitors. Complete area above the chassis 
is enclosed with perforated screen to reduce 
radiation of r.f. energy. 


amplifier employing 811-A tubes. The circuit 
corresponds to that shown in figure 2 except 
that the 811-A's are zero bias tubes. The bias 
terminals of the circuit are therefore jumpered 
together and no external bias supply is re- 
quired at plate potentials less chan 1300 volts. 

All r-f components are mounted above 
deck. The plate circuit tuning capacitor and 
swinging link tank coil are to the left, with 
the two disc-type neutralizing capacitors be- 
tween the tank circuit and the tubes. At the 
right of the chassis is the grid tank circuit. 
Small parasitic chokes may be seen between 
the tube sockets and the grid circuit. Plate 
and grid meters are placed in the under-chassis 
area where they are shielded from the r-f field 
of the amplifier. 

Larger triode tubes such as the 810 and 
8000 make excellent r-f amplifiers at the kilo- 
watt level, but care must be taken in ampli- 
fier layout as the inter-electrode capacitance of 
these tubes is quite high. One tube and one 
neutralizing capacitor is placed on each side 
of the tank circuit (figures 4 and 5) to permit 
very short interconnecting leads. The relative 
position of the tubes and capacitors is trans- 
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Figure 4 


UNIQUE CHASSIS LAYOUT PERMITS 
SHORT LEADS IN KILOWATT 
AMPLIFIER 


Large size components required for high level 
amplifier often complicate amplifier layout. 
In this design, the plate tank capacitor sits 
astride small chassis running lengthwise on 
main chassis, Inductor is mounted to phenolic 
plate atop capacitor. Variable link is panel 
driven through right-angle gear drive. Plate 
circuit is grounded by safety arm when panel 
door is opened. Note that plate capacitor is 
mounted on four TV-type capacitors which 
serve to bypass unit, and also act as supports. 
A small parasitic choke is visible next to the 
grid terminal of the 810 tube. 


posed on each side of the chassis, as shown in 
the illustrations. The plate tank coil is mount- 
ed parallel to the front panel of the amplifier 
on a phenolic plate supported by the tuning 
capacitor which sits atop a small chassis-type 
box. The grid circuit tuning capacitor is located 
within this box, as seen in figure 6. An ex- 
ternal bias supply is required for proper ampli- 
fier operation. Operating voltages may be de- 
termined from the instruction sheets for the 
particular tube to be employed. 


Whenever the amplifier enclosure requires 
a panel door for coil changing access it is wise 
to place a power interlock on the door that 
will turn off the high voltage supply whenever 
the door is open! 
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Figure 5 


LEFT-HAND VIEW OF KILOWATT 
AMPLIFIER OF FIGURE 4 


Above shielded meter box is the protective 
“micro-switch" which opens the primary power 
circuit when the panel door is not closed. Tube 
sockets are recessed in the chassis so that 
top of tube socket shells are about '/2-inch 
above chassis level. On right side of amplifier 
(facing it from the rear) the tube socket is 
nearest the panel, with the neutralizing ca- 
pacitor behind it. On the opposite side, the 
capacitor is nearest the panel with the tube 
directly behind it. This layout transposition 
produces very short neutralizing leads, since 
connections may be made through the stator 
of plate tuning capacitor. 


Push-Pull 
Tetrode Amplifiers 


29-3 


Tetrode tubes may be employed in push-pull 
amplifiers, although the modern trend is to 
parallel operation of these tubes. A typical 
circuit for push-pull operation is shown in 
figure 7. The remarks concerning the filament 
supply, plate feed, and grid bias in Section 
29-2 apply equally to tetrode stages. Because 
of the high circuit gain of the tetrode ampli- 
fier, extreme care must be taken to limit 
interstage fecdback to an absolute minimum. 
Many amateurs have had bad luck with tet- 
rode tubes and have been plagued with para- 
sitics and spurious oscillations. It must be re- 
membered with high gain tubes of this type 
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Figure 6 


UNDER CHASSIS VIEW OF 
1-KILOWATT TRIODE AMPLIFIER 


The grid circuit tuning capacitor and plate 
circuit r-f choke are contained in the below 
chassis enclosure formed by a small chassis 
mounted at right angles to the front panel. 
The bandswitch coil assembly for the grid 
circuit is mounted on two brackets above this 
cutout. A metal screen attached to the bottom 
of the amplifier completes the TVI-proof 
enclosure. 


that almost full output can be obtained with 
practically zero grid excitation. Any minute 
amount of energy fed back from the plate cir- 
cuit to the grid circuit can cause instability or 
oscillation. Unless suitable precantions are in- 
corporated in the electrical and mechanical de- 
sign of the amplifier, this energy feedback will 
inevitably occur. 


Fortunately these precautions are simple. 
The grid and filament circuits must be isolated 
from the plate circuit. This is done by placing 
these circuits in an “electrically tight” box. 
All leads departing from this box are by-pass- 
ed and filtered so that no r-f energy can pass 
along the leads into the box. This restricts the 
energy leakage path between the plate and grid 
Circuits to the residual plate-to-grid capacity 
of the tetrode tubes. This capacity is of the 
order of 0.25 wufd. per tube, and under normal 
conditions is sufficient to produce a highly re- 
generative condition in the amplifier. Whether 
or not the amplifier will actually break into os- 
cillation is dependent upon circuit losses and 
residual lead inductance of the stage. Suffice 
to say that unless the tubes are actually neu- 
tralized a condition exists that will lead to 
circuit instability and oscillation under cer- 
tain operating conditions. With luck, and a 
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Blast 115v 


Figure 7 


CONVENTIONAL PUSH-PULL 
TETRODE AMPLIFIER CIRCUIT 
Push-pull amplifier uses many of the same 
components required by triode tubes (see 
figure 2). Screen supply is also required. 

8—Blower for filament seals of tubes. 


C.—Low internal inductance capacitor, .001 
ufd., SKY. Centralab type 8585S - 1000. 

NC—See text and figure 8. 

PC—-Parasitic choke. 50 ohm, 2-watt compo- 


sition resistor wound with 3 turns #12 e. 
wire. 


Note: Strap multiple screen terminals together 
at socket with 3%” copper ribbon. Attach 
PC to center of strap. 


heavily loaded plate circuit, one might be able 
to use an un-neutralized push-pull tetrode am- 
plifier stage and suffer no ill effects from the 
residual grid-plate feedback of the tubes. In 
fact, a minute amount of external feedback in 
the power leads to the amplifies may just (by 
chance) cancel out the inherent feedback of 
the amplifier circuit. Such a condition, how- 
ever, results in an amplifier that is not “re- 
produceable.” There is no guarantee that a du- 
plicate amplifier will perform in the same, sta- 
ble manner. This is the one, great reason that 
many amateurs having built a tetrode amplifier 
that “looks just like the one in the book” find 
out to their sorrow that ii does not “work like 
the one in the book.” 


This borderline situation can easily be over- 
come by the simple process of neutralizing the 
high-gain tetrode tubes. Once this is done, and 
the amplifier is tested for parasitic oscilla- 
tions (and the oscillations eliminated if they 
occur) the tetrode amplifier will perform in an 
excellent manner on all bands. In a word, it 
will be “reproduceable.” 
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Figure 8 


REAR VIEW OF PUSH PULL 
4-250A AMPLIFIER 


The neutralizing rods are mounted on ceramic 
feedthrough insulators adjacent to each tube 
socket. Low voltage power leads leave the 
grid circuit compartment vio Hypass capaci- 
tors located on the lower left corner of the 
chassis. A screen plate covers the rear of the 
amplifier during operation. This plate was 
removed for the photograph. 


As a summation, three requirements must 
be met for proper operation of retrode tubes— 
whether in a push-pull or parallel mode: 

1. Complete isolation must be achieved be- 

tween the grid and plate circuits. 

2. The tubes must be neutralized. 

3. The circuit must be parasitic-free. 


Amplifier 
Construction 


The push-pull tetrode ampli- 
fier should be built around 
two “r-f tight” boxes for the 
grid and plate circuits. A typical layout that has 
proven very satisfactory is shown in figures 8 
and 9. The amplifier is designed around a Bar- 
ker G& Williamson “butterfly” waning capacitor. 
The 4-250A tetrode tubes are mounted at the 
rear of the chassis on each side of the capaci- 
tor. The base shells of the tubes are grounded 
by spring clips, and shore adjustable rods pro- 
ject up beside each tube to act as neutralizing 
capacitors. The leads to these rods are cross- 
connected beneath the chassis and the rods 
provide a small value of capacicance to the 
plates of the tubes. This neutralization is nec- 
essary when the tube is operated with high 
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Figure 9 


UNDER CHASSIS VIEW OF 
4-250A AMPLIFIER 


The bias supply for the amplifier is mounted 

at the front of the chassis between the two 

control shafts. A blower motor is mounted 

beneath each tube socket. A screened plate 

is placed on the bottom of the chassis to com- 
plete the under-chassis shielding. 


power gain and high screen voltage. As the 
operating frequency of the tube is increased, 
the inductance of the internal screen support 
lead of the tube becomes an important part of 
the screen ground return circuit. At some criti- 
cal frequency (about 45 Me. for the 4-250A 
tube) the screen lead inductance causes a 
series resonant condition and the tube is said 
to be “self-neutralized” at this frequency. 
Above this frequency the screen of the tetrode 
tube cannot be held at ground potential by the 
usual screen by-pass capacitors. With normal 
circuitry, the tetrode tube will have a tendency 
to self-oscillate somewhere in the 120 Mc. to 
160 Mc. region. Low capacity tetrodes that can 
operate efficiently at such a high frequency are 
capable of generating robust parasitic oscilla- 
tions in this region while the operator is vain- 
ly trying to get them operating at some lower 
frequency. The solution is to introduce enough 
loss in the circuit at the frequency of the 
Parasitic so as to render oscillation impos- 
sible. This procedure has been followed in this 
amplifier. 

During a long series of experiments de- 
signed to stabilize large tetrode tubes, it was 
found that suppression circuits were most ef- 
fective when inserted in the screen lead of the 
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tetrode. The screen, it seemed, would have r-f 
potentials measuring into the thousands of volts 
upon it during a period of parasitic oscillation. 
By-passing the screen to ground with copper 
strap connections and multiple by-pass capaci- 
tors did little to decrease the amplitude of the 
oscillation. Excellent parasitic suppression was 
brought about by strapping the screen leads 
of the 4-250A socket together (figure 7) and 
inserting a parasitic choke between the screen 
terminal of the socket and the screen by-pass 
Capacitor. 

After this was done, a very minor tendency 
towards self-oscillation was noted at extreme- 
ly high plate voltages. A small parasitic choke 
in each grid lead of the 4-250A tubes elimi- 
nated this completely. 

The neutralizing rods are mounted upon two 
feedthrough insulators and cross-connected to 
the 4-250A control grids beneath the chassis. 
These rods are threaded so that they may be 
run up and down the insulator bolt for neu- 
tralizing adjustment. 

Because of the compact size of many tetrodes 
it is necessary to cool the filament seals of the 
tube with a blast of air. A small blower can be 
mounted beneath the chassis to project cooling 
air directly at the socket of the fube as shown 
in figure 9. 


The plate tank circuit 
of the push-pull ampli- 
fier must have a low 
impedance to ground at harmonic frequencies 
to provide adequate harmonic suppression. The 
usual split-stator tank capacitor, however, has 
an uncommonly high impedance in the VHF 
region wherein the interference-causing har- 
monics lie. A push-pull vacuum-type capacitor 
may be used as these units have very low in- 
ternal inductance, but the cost of such a capac- 
itor is quite high. 

A novel solution to this problem is to em- 
ploy a split stator capacitor made up of two 
inexpensive fixed vacuum capacitors. Ampli- 
fier adjustment can then best be accomplished 
by inductive tuning of the plate tank coil as 


Inductive Tuning of 
Push-Pull Amplifiers 


Figure 10 


INDUCTIVE TUNING MAY BE 
EMPLOYED IN HIGH POWER 
AMPLIFIER 


Two fixed vacuum capacitors form split-stator 
capacitance, providing very flow inductance 
ground poth for plate circuit harmonics. Tun- 
ing is accomplished by means of shorted, 
single-turn link placed in center of tank 
coil. Shorted link is made from Y-inch section 
cut from copper water pipe. Larger link out- 
side of tank coil is antenna pick-up coil. 


seen in figure 10. Two fixed vacuum capaci- 
tors are mounted vertically upon the chassis 
and the upper terminals are attached to the 
plates of the amplifier tubes by means of low 
impedance straps. Resonance is established by 
rotation of a shorted copper loop located with- 
in the amplifier tank coil. This loop is made 
of a 3%” long section of copper water pipe, 
two inches in diameter. Approximate resonance 
is established by varying the spacing between 
the turns of the copper tubing tank coil. In- 
ductive coupling is used between the tank coil 
and the antenna circuit in the usual manner. 
Sufficient range to enable the operator to cover 
a complete high frequency band may be had 
with this interesting tuning method. 


29-4 Tetrode Pi- 
Network Amplifiers 


The most popular amplifier today for both 
commercial and amateur use is the pi-network 
configuration shown in figure 11. This circuit 
is especially suited to tetrode tubes, although 
triode tubes may be used under certain circum- 
stances. 

A common form of pi-network amplifier is 
shown in figure 11A. The ps circuit forms the 
matching system between the plate of the am- 
plifier tube and the low impedance, unbalanced 
antenna circuit. The coil and input capacitor 
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Figure 11 


TYPICAL PI-LNETWORK CONFIGURATIONS 


A—Split grid circuit provides out-of-phase voltage for grid neutralization of tetrode tube. Rotary coil 
is employed in plate circuit, with small, fixed auxiliary coil for 28 Mc. Multiple tuning grid tank Tf; 
covers 3.5 - 30 Mc. without switching. 

B—Tapped grid and plate inductors are used with “bridge type” neutralizing circuit for tetrode ampli- 
fier stage. Vacuum tuning capacitor is used in input section of pi-network. 

C—Untuned input circuit (resistance loaded) and plate inductor ganged with tuning capacitor comprise 
simple amplifier configuration. 

PC:, PC:—57 ohm, 2 watt composition resistor, wound with 3 turns #18 ¢. wire. 
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of the pi may be varied to tune the circuit over 
a 10 to 1 frequency range (usually 3.0-30 
Mc.). Operation over the 20-30 Mc. range 
takes place when the variable slider on coil L: 
is adjusted to short this coil out of the circuit. 
Coil Li therefore comprises the tank inductance 
for the highest portion of the operating range. 
This coil has no taps or sliders and is con- 
structed for the highest possible Q at the high 
frequency end of the range. The adjustable 
coil (because of the variable tap and physical 
construction) usually has a lower Q than that 
of the fixed coil. 


The degree of loading is controlled by ca- 
pacitors C: and Cs. The amount of circuit ca- 
pacity required at this point is inversely pro- 
portional to the operating frequency and to 
the impedance of the antenna circuit. A load- 
ing capacitor range of 100 ppfd. to 2500 
ypfd. is normally ample to cover the 3.5 - 30 
Mc. range. 


The pé circuit is usually shunt-fed to remove 
the d.c. plate voltage from the coils and capa- 
citors. The components are held at ground po- 
tential by completing the circuit ground 
through the choke RFC:. Great stress is placed 
upon the plate circuit choke RFC:. This com- 
ponent must be specially designed for this 
mode of operation, having low inter-turn ca- 
pacity and ao spurious internal resonances 
throughout the operating range of the ampli- 
fier. 


Parasitic suppression is accomplished by 
means of chokes PC-1 and PC-2 in the screen 
and grid leads of the tetrode. Suitable values 
for these chokes are given in the parts list of 
figure 11. Effective parasitic suppression is de- 
pendent to a large degree upon the choice of 
screen bypass capacitor C:. This component 
must have extremely low inductance through- 
out the operating range of the amplifier and 
well up into the VHF parasitic range. The ca- 
pacitor must have a voltage rating equal to at 
least twice the screen potential (four times the 
screen potential for plate modulation). There 
are practically no capacitors available that will 
perform this difficult task. One satisfactory so- 
lution is to allow the amplifier chassis to form 
one plate of the screen capacitor. A “sandwich” 
is built upon the chassis with a sheet of insu- 
lating material of high dielectric constant and 
a matching mctal sheet which forms the screen 
side of the capacitance. A capacitor of this 
type has very low internal inductance but is 
very bulky and takes up valuable space be- 
neath the chassis. One suitable capacitor for 
this position is the Centralab type 8585-1000, 


B= elas supPLy 
S= SCREEN SUPPLY 
P= PLATE SUPPLY 


Figure 12 


GROUNDED SCREEN GRID 
CONFIGURATION PROVIDES HIGH 
ORDER OF ISOLATION IN TETRODE 

AMPLIFIER STAGE 


A—Typical amplifier circuit has cathode re- 
turn at ground potential. All circuits re- 
turn to cathode. 

B—All circuits return to cathode, but ground 
point has been shifted to screen terminal 
of tube. Operation of the circuit remains 
the same, as potential differences between 
elements of the tube are the same as in 
circuit A. 

C—Practical grounded screen circuit. “Com- 
mon minus” lead returns to negative of 
plate supply, which cannot be grounded. 
Switch S: removes screen voltage for tune- 
up purposes. 


rated at 1000 ppfd. at 5000 volts. This com- 
pact ceramic capacitor has relatively low inter- 
nal inductance and may be mounted to the 
chassis by a 6-32 bolt. It is shown in various 
amplifiers described in this chapter. Further 
screen isolation may be provided by a shielded 
power lead, isolated from the screen by a .001 
pfd. ceramic capacitor and a 100 ohm car- 
bon resistor. 

Various forms of the basic pi-network am- 
plifier are shown in figure 11. The A config- 
uration employs the so-called “all-band” grid 
tank circuit and a rotary pi-network coil in the 
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plate circuit. The B circuit uses coil switching 
in the grid circuit, bridge neutralization, and 
a tapped pi-network coil with a vacuum tun- 
ing capacitor. Figure 11C shows an interesting 
circuit that is becoming more popular for 
class AB1 linear operation. A tetrode tube op- 
erating under class ABI conditions draws no 
gtid current and requires no grid driving 
power. Only r-f voltage is required for proper 
operation. It is possible therefore to dispense 
with the usual tuned grid circuit and neutraliz- 
ing capacitor and in their place employ a sim- 
ple load resistor in the grid circuit across 
which the required excitation voltage may be 
developed. This resistor can be of the order of 
50-300 ohms, depending upon circuit re- 
quirements. Considerable power must be dis- 
sipated in the resistor to develop suffticicnt 
grid swing, but driving power is often cheaper 
to obtain than the cost of the usual grid cir- 
cuit components. In addition, the low im- 
pedance grid return removes the tendency to- 
wards instability that is so common to the 
circuits of figure 11A and 11B. Neutralization 
is not required of the circuit of figure 11C, 
and in many cases parasitic suppression may 
be omitted. The price that must be paid is the 
additional excitation that is required to de- 
velop operating voltage across grid resistor R:. 

The pi-network circuit of figure 11C is 
interesting in that the rotary coil Lz and the 
plate tuning capacitor Ca are ganged together 
by a gear train, enabling the circuit to be tuned 
to resonance with one panel control instead of 
the two required by the circuit of figure 11A. 
Careful design of the rotary inductor will per- 
mit the elimination of the auxiliary high fre- 
quency coil Li, reducing the cost and complexi- 
ty of the circuit. 


The Grounded Screen For maximum shielding, 
Configuration it is necessary to operate 

the tetrode tube with the 
screen at r.f. ground potential. As the screen 
has a dic. potential applied to it (in grid- 
driven circuits), it must be bypassed to ground 
to provide the necessary r.f. return. The by- 
pass capacitor employed must perform effi- 
ciently over a vast frequency spectrum that 
includes the operating range, plus the region 
of possible v.h.f. parasitic oscillations. This is 
a large order, and the usual bypass capacitors 
possess sufficient inductance to introduce re- 
generation into the screen circuit, degrading 
the grid-plate shielding to a marked degree. 
Nonlinearity and self-oscillation can be the 


result of this loss of circuit isolation. A solu- 
tion to this problem is to eliminate the screen 
bypass capacitor, grounding the screen ter- 
minals of the tube by means of a low induc- 
tance strap. Screen voltage is then applied to 
the tube by grounding the positive terminal 
of the screen supply, and “floating” the nega- 
tive of the screen and bias supplies below 
ground potential as shown in figure 12. 
Meters are placed in the separate circuit 
cathode return leads, and each meter reads 
only the current flowing in that particular 
circuit. Operation of this grounded screen cir- 
cuit is normal in all respects, and it may be 
applied to any form of grid-driven tetrode 
amplifier with good results. 


29-5 Grounded-Grid 


Amplifier Design 


The grounded grid (g-g) amplifier has 
achieved astounding popularity in recent years 
as a high power linear stage for sideband ap- 
plication. Various versions of this circuit are 
illustrated in figure 13. In the basic circuit, 
the control grid of the tube is at r.f. ground 
potential and the exciting signal is applied to 
the cathode by means of a tuned circuit. Since 
the grid of the tube is grounded, it serves as 
a shield between the input and output cir- 
cuits, making neutralization unnecessary in 
many instances. The very small plate to cathode 
capacitance of most tubes permits a minimum 
of intrastage coupling below 30 Mc. In addi- 
tion, when zero bias triodes or tetrodes are 
used, screen or bias supplies are not usually 
required. 
Feedthrough Power A portion of the exciting 
power appears in the plate 
circuit of the grounded grid (cathode driven) 
amplifier and is termed feedthrough power. 
In any amplifier of this type, whether it be 
triode or tetrode, it is desirable to have a 
large ratio of feedthrough power to peak grid 
driving power, The feedthrough power acts 
as a swamping resistor across the driving cir- 
cuit to stabilize the effects of grid loading. 
The ratio of feedthrough power to driving 
power should be about 10 to 1 for best stage 
linearity. The feedthrough power provides the 
user with added output power he would not 
obtain from a more conventional circuit. The 
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Figure 13 
THE GROUNDED-GRID AMPLIFIER 


Widely used as a linear amplifier for sideband service, the grounded-grid circuit provides economy 
and simplicity, in addition to a worthwhile reduction in intermodulation distortion. A—The basic 
g-g amplifier employs tuned input circuit. B—A simplified circuit employs untuned r¢.f. choke in 
cathode in place of the tuned circuit. Linearity and power output are inferior compared to circuit 
of figure A. C—Simple high-C pi-network may be used to match output impedance of sideband 
exciter to Input impedance of grounded-grid stage. D—Parallel-tuned, High-C circuit may be 
employed for bandswitching amplifier. Excitation tap is adjusted to provide low value of s.w.r. on 
exciter coaxial line. 


driver stage for the grounded grid amplifier 
must, of course, supply the normal excitation 
power plus the feedthrough power. Many com- 
mercial sideband exciters have power output 
capabilities of the order of 70 to 100 watts 
and are thus well suited to drive high power 
grounded grid linear amplifier stages whose 
total excitation requirements fall within this 
range. 


Distortion 
Products 


Laboratory measurements made on 
various tubes in the circuit of 
figure 13A show that a distortion 
reduction of the order of 5 to 10 decibels in 
odd-order products can be obtained by operat- 
ing the tube in grounded grid service as op- 
posed to grid-driven service. The improvement 
in distortion varies from tube type to tube 
type, but some order of improvement is noted 
for all tube types tested. Most amateur-type 
transmitting tubes provide signal-to-distortion 
ratios of —20 to —30 decibels at full output 
in class ABI grid-driven operation. The ratio 
increases to approximately —25 to —40 deci- 


bels for class B grounded grid operation. Dis- 
tortion improvement is substantial, but not as 
great as might otherwise be assumed from 
the large amount of feedback inherent in the 
grounded grid circuit. 

A simplified version of the grounded grid 
amplifier is shown in figure 13B. This con- 
figuration utilizes an untuned input circuit, 
and is very popular as an inexpensive and 
simplified form of the more sophisticated cir- 
cuit of figure 13A. It has inherent limitations, 
however, that should be recognized. In gen- 
eral, slightly less power output and efficiency 
is observed with the untuned cathode circuit, 
odd-order distortion products run 4 to 6 
decibels higher, and the circuit is harder to 
drive and match to the exciter than is the 
tuned cathode circuit of figure 13A. For maxi- 
mum linearity and optimum operation, a cer- 
tain amount of “flywheel” effect is required in 
the cathode input that can only be supplied 
by a high-C tuned circuit of some form. 

Since the single ended class B grounded 
grid linear amplifier draws grid current on 
only one-half (or less) of the operating cycle, 


WWW.americanradiohistorv.com 


614 H.F. Power Amplifiers 


THE RADIO 


Ss R.F. OUT. 


Figure 14 
TETRODE TUBES MAY BE USED IN GROUNDED-GRID AMPLIFIERS 


A—tTetrode tube may be used in cathode driven configuration, with bias and screen 

voltages applied to elements which are at ¢.f. ground potential. B—Grid current of 

grounded-grid tube is easily monitored by R-C network which lifts grid above ground 

sufficiently to permit a millivoltmeter to indicate voltage drop across }-ohm resistor. 
Meter is a 0-7? d.c. milliameter in series with appropriate multiplier resistor. 


the sideband exciter “sees” a low impedance 
load during this time, and a very high im- 
pedance load over the balance of the cycle. 
Linearity of the exciter is thereby affected and 
the distortion products of the exciter are en- 
hanced. Thus, the driving signal is degraded 
in the cathode circuit of the grounded grid 
stage unless the unbalanced input impedance 
can be modified in some fashion. A high-C 
tuned circuit stores enough energy over the 
operating r.f. cycle so that the exciter “sees” 
a relatively constant load at all times. In addi- 
tion, the tuned circuit may be tapped or other- 
wise adjusted so that the standing wave ratio 
on the coaxial line coupling the exciter to the 
amplifier is relatively low. This is a great 
advantage, particularly in the case of those 
exciters having fixed-ratio pi-network output 
circuits designed expressly for a 50-ohm 
termination. 

Finally, it must be noted that removal of 
the tuned cathode circuit breaks the amplifier 
plate circuit return to the cathode, and rf. 
plate current pulses must return to the cathode 
via the outer shield of the driver coaxial line 
and back via the center conductor! Extreme 
fluctuations in exciter loading, intermodula- 
tion distortion, and TVI can be noticed by 
changing the length of the cable between the 
exciter and the grounded grid amplifier when 
an untuned cathode input circuit is employed. 


Grounded Grid —_ Design features of the single- 
Amplifier ended and push-pull ampli- 
Construction fiers discussed previously 

apply equally well to the 
grounded grid stage. The g-g linear amplifier 


may have either configuration, although the 
majority of g-g stages are single-ended, as 
push-pull offers no distinct advantages and 
adds greatly to circuit complexity. 


The cathode circuit of the amplifier is 
resonated to the operating frequency by means 
of a high-C tank (figure 13A). Resonance is 
indicated by maximum grid current of the 
stage, A low value of s.w.r. on the driver co- 
axial line may be achieved by adjusting the 
tap on the tuned circuit, or by varying the 
capacitors of the pi-network (figure 13C). 
Correct adjustments will produce minimum 
s.w.r, and maximum amplifier grid current at 
the same settings. The cathode tank should 
have a Q of 2 or more. 


The cathode circuit should be completely 
shielded from the plate circuit. It is common 
practice to mount the cathode components in 
an “r.f. tight’ box below the chassis of the 
amplifier, and to place the plate circuit com- 
ponents in a screened box above the chassis. 


The grid (or screen) circuit of the tube is 
operated at r.f. ground potential, or may have 
dic. voltage applied to it to determine the 
operating parameters of the stage (figure 
14A). In either case, the r.f. path to ground 
must be short, and have extremely low induc- 
tance, otherwise the screening action of the 
element will be impaired. The grid (and 
screen) therefore, must be bypassed to ground 
over a frequency range that includes the oper- 
ating spectrum as well as the region of possible 
v.h.f. parasitic oscillations. This is quite a 
large order. The inherent inductance of the 
usual bypass capacitor plus the length of 
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element lead within the tube is often suffi- 
cient to introduce enough regeneration into 
the circuit to degrade the linearity of the am- 
plifier at high signal levels even though the 
instability is not great enough to cause para- 
sitic oscillation. In addition, it is often desired 
to “unground” the grounded screen or grid 
sufficiently to permit a metering circuit to 
be inserted. 

One practical solution to these problems is 
to shunt the tube element to ground by means 
of a 1-ohm composition resistor, bypassed with 
a .01 yfd. ceramic disc capacitor. The voltage 
drop caused by the flow of grid (or screen) 
current through the resistor can easily be 
measured by a milli-volrmeter whose scale 
is calibrated in terms of element current 
(figure 14B). 

The plate circuit of the grounded grid am- 
plifier is conventional, and either pi-network 
or inductive coupling to the load may be used. 
There is some evidence to support the belief 
that intermodulation distortion products are 
reduced by employing plate circuit Q’s some- 
what higher than normally used in class-C 
amplifier design. A circuit Q of 15 or greater 
is thus recommended for grounded grid 
amplifier plate circuits, 


Tuning the Since the input and output 
Grounded Grid circuits of the grounded grid 
Amplifier amplifier are in series, a cer- 


tain proportion of driving 
power appears in the output circuit. If full 
excitation is applied to the stage and the out- 
put circuit is opened, or the plate voltage re- 
moved from the tube, practically all of the 
driving power will be dissipated by the grid 
of the tube. Overheating of this element will 
quickly occur under these circumstances, fol- 
lowed by damage to the tube. Full excitation 
should therefore never be applied to a 
grounded grid stage unless plate voltage is 
applied beforehand, and the stage is loaded 
to the antenna. 

For best linearity, the output circuit of the 
grounded grid stage should be overcoupled 
so that power output drops about 2-percent 
from maximum value. A simple ourpur r.f. 
voltmeter is indispensable for proper circuit 
adjustment. Excessive grid current is a sign of 
antenna undercoupling, and overcoupling is 
indicated by a rapid drop in output power. 
Proper grounded grid stage operation can be 


determined by finding the optimum ratio be- 
tween grid and plate current and by adjusting 
the drive level and loading to maintain this 
ratio. Many manufacturers now provide 
grounded grid operation data for their tubes, 
and the ratio of grid to plate current can be 
determined from the data for each particular 
tube. 


Choice of Tubes 
for G-G Service 


Not all tubes are suitable 
for grounded grid service. In 
addition, the signal-to-dis- 
distortion ratio of the suitable tubes varies 
over a wide range. Some of the best g-g per- 
formers are the 811A, 813, 7094, 4-125A, 
4-250A, 4-400A and 4-1000A. In addition, 
the 3-400Z and 3-1000Z triodes are specifi- 
cally designed for low distortion, grounded 
grid amplifier service, The older types 837 
and 803 are used extensively for g-g operation 
but are not recommended because of poor 
signal-to-distortion ratios. 

Certain types of tetrodes, exemplified by the 
4-65A, 4X150A, 4CX300A and 4CX1000A 
should not be used as grounded grid ampli- 
fiers unless grid bias and screen voltage are 
applied to the elements of the tube (figure 
14A). The internal structure of these tubes 
permits unusually high values of grid current 
to flow when true grounded grid circuitry is 
used, and the tube may be easily damaged by 
this mode of operation. 

The efficiency of a typical grounded grid 
amplifier runs between 55- and 65-percent, 
indicating that the tube employed should have 
plenty of plate dissipation. In general, the 
p.e.p. input in watts to a tube operating in 
grounded grid configuration can safely be 
about 2.5 to 3 times the rated plate dissipa- 
tion. Because of the relatively low average-to- 
peak power of the human voice it is tempting 
to push this ratio to a higher figure in order 
to obtain more output from a given tube. 
This action is unwise in that the odd-order 
distortion products rise rapidly when the tube 
is overloaded, and because no safety margin is 
left for tuning errors or circuit adjustments. 


Neutralization At some high frequency the 
of the G-G Stoge shielding action of the grid 

of the g-g amplifier de- 
teriorates. Neutralization may be necessary at 
higher frequencies either because of the pre- 
sence of inductance between the active grid 
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Figure 15 


NEUTRALIZING CIRCUITS FOR GROUNDED-GRID STAGES 
Neutralization of the g-g stage may be necessary at the higher frequencies. Energy fed 
back in proper phase from plate to cathode is used to neutralize the unwanted energy 
fed through the tube (A). Reactance placed in series with the grid return lead (B) will 
accomplish the same result. The inductance L usually consists of the internal grid lead 
of the tube, and capacitor C may be the grid bypass capacitor. A series resonant circuit 

at the operating frequency is thus formed. 


element and the common returns of the input 
and output circuit, or because of excessive 
plate-cathode capacitance. 

Neutralization, where required, may be ac- 
complished by feeding out-of-phase energy 
from the plate circuit to the filament circuit 
(figure 15A) or by inserting a reactance in 
series with the grid (figure 15B). For values 
of plate-cathode capacitance normally encoun- 
tered in tubes usable in g-g service, the resi- 
dual inductance in the grid-ground path pro- 
vides sufficient reactance, and in some cases 
even series capacitance will be required. Typical 
tube electrode capacitances are shown in figure 
16A, These can be represented by an equiva- 


lent star connection of three capacitors (figure 
16B). If an inductance L is placed in series 
with C. so that a resonant circuit is formed 
(figure 16C), point O will be at ground 
potential (figure 16D). This will prevent the 
transfer of energy from point P to point K, 
since there now exists no common coupling 
impedance. The determination of the value of 
C, and L are shown in the drawing. 

It is apparent that when the plate-cathode 
capacitance of the tube is small as compared 
to the plate-grid and the grid-cathode capaci- 
tances, C. is a large value and the required 
value of inductance L is small. In practical 
cases the value of L is supplied by the tube 


Figure 16 
Tube electrode capacitances can be represented by an equivalent star connection of three capaci- 
tors. If inductance is placed in series with C. so that a resonant circuit is formed (drawing C), 
point 0 will be at ground potential. 
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and lead inductance, and the grid to ground 
impedance can be closely adjusted by proper 
choice of the bias bypass capacitor (figure 
15B). Below a certain frequency determined 
by the physical geometry of the tube, neutral- 
ization may be accomplished by adding induc- 
tance to the grid return lead; above this 
frequency it may be necessary to series tune 
the circuit for minimum energy feedthrough 
from cathode to plate. Most tubes are suffi- 
ciently well screened so that series inductive 
neutralization at the lower frequencies is un- 
necessary, but series capacitance tuning of the 
grid return lead may be required to prevent 
oscillation at some parasitic frequency in the 
v.h.f. range. 


29-6 A 350 Watt P.E.P. 
Grounded-Grid 
Amplifier 


This section features an extremely stable, 
five band, grounded grid linear amplifier for 
sideband service, Employing the 7094 beam 
power tube, the amplifier provides band- 
switched operation on all bands between 80 
and 10 meters. Power output is in excess of 
200 watts, and third order distortion products 
are better than —30 decibels below maximum 
two-tone signal level. 


High power gain, high efficiency, and low 
distortion can be provided economically by a 
high-y triode tube operating in grounded grid 
configuration. Beam power tubes or tetrodes 
(such as the 7094, 813 or 4-250A) which 
can be operated as high-z triodes make excel- 
lent grounded grid amplifiers. As a class B 
linear amplifier in sideband service, a triode- 
connected 7094 with forced air cooling of the 
envelope can handle a conservative peak- 
envelope-power input (p.e.p.) of 350 watts 
with only 1750 volts on the plate and zero 
bias on the grids. For full input, a sideband 
exciter capadle of an output of only 15 watts 
p.e.p. is required. 


The amplifier, complete with power supply, 
fits on a standard 1014-inch relay rack panel 
which may be placed within a cabinet for use 
directly on the operating table. 


Amplifier 
Circuit 


The circuit of the amplifier and 
power supply is shown in figure 
17. The plate output circuit is a 
bandswitching pi-network using two tapped 
coils and a shorting switch. The position of the 
taps are chosen to provide an operating Q of 
15 or better on all bands with a 50-ohm 
antenna load, An auxiliary loading capacitor 
is switched into the circuit in the 80 meter 
position of the bandswitch. For low impedance 
antennas (below 50 ohms) this capacitor 
should be increased in value to 1000 ppfd. 


The grid and screen of the 7094 tube are 
at r.f. ground potential. The d.c. screen return 
is to the cathode of the tube, and the panel 
meter (M,) is switched so that it is pos- 
sible to read either grid current or plate cur- 
rent. The meter is a single-scale, 0-300 d.c. 
milliammeter. A lower range meter and ex- 
ternal shunt were not considered necessary 
because the normal peak grid current (80 ma.) 
and peak plate current (200 ma.) can easily 
be read on the same scale. A 1000-ohm re- 
sistor is connected between the positive ter- 
minal of the meter and ground to prevent 
high voltage from appearing at the cathode of 
the tube in the event of switch failure. 

An untuned input circuit is used in the 
cathode for simplicity, An alternative tuned 
input circuit is shown. Use of the tuned cir- 
cuit will result in better linearity and lower 
driving power requirements. If the tuned cir- 
cuit is omitted, it may be necessary to “prune” 
the coaxial line between the exciter and the 
amplifier to achieve maximum driving voltage 
in the cathode circuit. A circuit Q of two or 
more is required in this tank. 


The power supply is a conventional full 
wave circuit with a choke input filter. Type 
3B28 gas rectifier tubes are used in place of 
866A’s to eliminate the “hash” produced by 
the mercury vapor tubes and to permit the 
amplifier to be operated on its side during 
tests and measurements. 866A’s may be used 
in place of the 3B28’s without any circuit 
changes provided the amplifier is always posi- 
tioned so that the tubes are vertical. 

The plate switch is connected in series with 
the filament switch so that plate power cannot 
be applied to the rectifier tubes until the 
filament circuit is energized. Filaments should 
be allowed to warm up for 30 seconds before 
plate voltage is turned on. 
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Amplifier 
Construction 


Because of the simplicity of the 
Circuit it is possible to con- 
struct the amplifier and power 
supply on a single 12” x 17” x 3” aluminum 
chassis. The chassis is attached to a 104” 
relay rack panel by means of two chassis 
mounting brackets. The 7094 and plate tank 
circuit components are enclosed in a 7” x 12” 
x 914” box made of 18-gauge sheet aluminum. 
The front of the box is mounted flush against 
the rack panel, and both are drilled simul- 
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taneously for the shafts of the plate tuning 
and loading capacitors and the bandswitch. 
Half-inch wide flanges on the top and bottom 
of the enclosure provide good r.f. contact to 
the chassis and to the perforated aluminum 
cover plate, 

The smal! fan mounted on the rear wall of 
the box provides forced-air cooling for the 
7094. The air intake hole is 3-inches in dia- 
meter and covered with perforated aluminum 
stock. 


NOTE: C?.01WF., 600%. O1SC 
CAPACITOR. 


Figure 17 
SCHEMATIC, GROUNDED-GRID AMPLIFIER 


C,;—100 = puptd., 3 kv. Johnson 100&30 
(# 155-10) 
Ca—500 putd., 2 kv. Johnson 500E20 
(# 154-3) 


Ca—See text. 500 yuutd. mica, 1250 volts 


Ca—3 section b.c. copacitor, 1100 uptd. 
Miller 2113 

CH,—8H, 250 ma. Thordarson 20C56 

F,—5 amp. fuse, size 3AG 

Fa—! amp. fuse, size 3AG “'slo-blo” 

L1—10 and 15 meter coil: 9 turns of 3/16- 
inch copper tubing, 2" inside diometer, 4- 
inch spacing between turns. 10 meter tap is 
4% turns from plote end of coil. 15 meter 
tap is ot junction between L, and Ly 

L4—23 turns, B&W #3095-1 inductor. 20 and 
40 meter tops are 19 and 10 turns, respec- 
tively, from the output end of coil. Number 
12 wire, 21° diameter 

L3—18 turns #16 wire, 1° diam., 3” long, 6 
turns per inch (Air-Dux 4806-7), 2.3 yuh. 


40 meter tap (1 xh) at 9 turns, 20 meter 
tap (0.5 uh) at 44, turns, 15 meter tap 
(0.3 uh) ot 3 turns, 10 meter tap (0.15 uh) 
ot 1% turns. All taps measured from 
ground end of coil 

P,,P2—115 volt pilot lamp assembly 

PC—! turn of Y-inch plate strap, Y2-inch 
diometer wound about three 100 ohms, 2 
watt composition resistors in parallel 

RFC,\—2.5 mh, 300 ma. Notional R-300, 
ploced between pins 4 and 7 of tube socket 

RFC4—0.225 mh, 800 mo. National R-175A 

RFC3—2.5 mh, 100 ma. National R-100 

$:—Single pole, 5 position ceromic switch. 
Ohmite #111 or equivalent 

T,—6.3 volt @ 4 amp. Stancor P-4019 

T.—2.5 volt @ 10 0. Thordorson 21F02 

Ts3—2065-0-2065 volts @ 200 mo. (1750 v., 
d.c.) Stancor PT-8315 

Blowers—Cooling motor and fon. Shaded-pole 
induction motor, 2400 r.p.m. with 4-bloded 
fon, 21%" diam. Allied Radio Co., Chicago, 
til. Port number 72P-715 
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Figure 18A 
350 WATT P.E.P. 
AMPLIFIER AND 


POWER SUPPLY 
Using the 7094 beam 
power tube, this com- 
pact, grounded-grid am- 
plifier may be driven to 
full input with a 15-watt 
sideband exciter. The 
complete amplifier and 
power supply mount be- 
hind a 10%" relay rack 
panel. Panel controls are 
(i, to 4.): meter switch, 
plate tuning (above) and 
filament switch (below), 
bandswitch, antenna foad- 
ing (above) and plate 

switch (below). 


Figure 18B 
REAR VIEW OF 
AMPLIFIER 


The power supply com- 
ponents ore grouped 
about one end of the 
chassis, R.f. input recep- 
tacle and 115-volt power 
receptacle are placed on 
rear apron of chassis. 
Antenna receptacle is 
mounted on rear wall of 
shielded enclosure. Cera- 
mic dise capacitor is 
placed across meter leads 
directly at terminals, and 
leads are run in shielded 
braid to under-chassis 
area. 
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To hold r.f. loss to a minimum, connections 
between the plate tank circuit components are 
made of 14-inch wide silver plated copper 
strap. Your local jeweler can probably handle 
the silver plating job for you. 

A short length of RG-8/U coaxial line is 
used to make the connection between the load- 
ing capacitor and the coaxial antenna recep- 
tacle located on the rear of the enclosure. The 


Figure 19 
TOP VIEW OF LINEAR AMPLIFIER 


The plate circuit is enclosed in r.f.-tight com- 
partment bolted to the chassis deck. Power 
supply choke is outside rear of compartment, 
with plate transformer and 3B28 rectifier 
tubes to the right. Enclosure is covered with 
a@ piece of perforated aluminum plate for 
maximum ventilation. The 7094 tube is at 
center of enclosure, with 10-15 meter coil be- 
tween it and bandswitch. Loading capacitor is 
to the left, with the 20-80 meter coil directly 
above it. Plate capacitor and r.#. choke are 
at the right. 


outer braid of the line is grounded at one end 
to the frame of the capacitor and at the other 
end to the shell of the coaxial receptacle. 


A single 8 ufd. filter capacitor is too large 
to fit beneath the chassis, so four 2 pfd. units 
are wired in parallel to provide sufficient 
capacity for good dynamic regulation. These 
capacitors, together with the filament trans- 
formers and bleeder resistors are placed in a 
free corner of the under-chassis area. 


Amplifier Tuning All 
and Adjustment 


wiring should be 
checked before power is 
applied to the amplifier. 
The d.c. resistance to ground of the B-plus 
line should be about 100,000 ohms. The am- 
plifier is connected to the exciter and to the 
antenna or to a 200 watt, 50-ohm dummy 
load. Mesh the plates of the loading capacitor 
and place the meter switch in the plate current 
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position. Turn on the plate voltage and note 
the resting plate current. It should be about 
35 to 40 milliamperes. Apply a low level single 
tone signal (carrier) to the amplifier and tune 
the plate tank circuit to resonance. Switch the 
meter to indicate grid current, and advance 
the excitation level until the grid current read- 
ing is about 50 milliamperes. Reduce the load- 
ing capacitance, keeping the plate tank tuned, 
until the plate current is approximately 100 
milliamperes. Increase the cxcitation level to 
obtain 80 milliamperes of grid current. Finally, 
adjust loading and tuning to obtain a resonant 
plate current of 200 milliamperes, keeping the 
grid current at 80 milliamperes. Varying the 
excitation level and the plate loading will per- 
mit a 2.5-to-1 ratio between plate and grid 
current to be held. An exciter delivering less 


than 15 watts may be used provided the load- 
ing is sufficiently reduced to maintain the 
same ratio between plate and grid current. 
Under voice operation, meter readings will be 
one-half (or slightly less) than the steady- 
state readings indicated above. If a tuned 
cathode circuit is used, it is resonated for 
maximum grid current on each band. 


Figure 20 
UNDER-CHASSIS VIEW OF 7094 
GROUNDED-GRID AMPLIFIER 


Power supply components are grouped at Icft 
side of chassis. The 0.01 ufd. ceramic bypass 
capacitors are grouped about the socket to 
keep all r.#. leads short. RFC, is mounted 
directly on the socket between two pins. Fila- 
ment transformer T, is at the right, with the 
rectifier filament transformer mounted to the 
rear wall of the chassis. Millen ceramic sockets 
are used for the high-voltage rectifier tubes. 
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29-7 The “'Tri-Bander” 
Linear Amplifier 
for 20-15-10 


With the advent of the trap-tuned “tri- 
bander” beam, many amateurs are concentrat- 
ing their efforts on the 20, 15 and 10 meter 
bands. In addition, low frequency operation 
is often impractical for amateurs located on 
small city lots and their activities must be con- 
fined to the higher frequencies, This linear 
amplifier is designed for the amateur whose 
principal interest lies in the 14-30 Mc. spec- 
trum. An amplifier buile specially for this 
range can be made smaller and more inex- 
pensively than one that covers the complete 
3.5-30 Mc. range. 

The unit described in this section is a one 
kilowatt p.e.p. class AB; cathode driven 
linear amplifier using two compact, ceramic 
4CX300A tubes. A novel and easily built 
chassis-cabinet enclosure is employed, together 
with the inexpensive model of the Eimac air- 
system socket. The amplifier is small enough 
so that it may be placed on the operating table 
next to the sideband exciter and receiver. Pro- 


visions are made for voice operation, or for 
operating the s.s.b. exciter without the am- 
plifier. Ac 2000 volts plate potential, third 
order distortion products are better than —30 
decibels below maximum signal input. 


Amplifier Circuit A high perveance tube 
such as the 4CX300A 
cannot be used in a conventional class B 
grounded grid circuit, as the element geometry 
leads to high grid current and to destructive 
values of grid dissipation. The distortion re- 
duction characteristics of grounded grid cir- 
cuitry, however, may be retained in an accept- 
able cathode driven circuit, wherein grid and 
screen operating potentials are applied to the 
tube. The schematic of this amplifier which 
makes use of such a circuit is illustrated in 
figure 22. Two 4CX300A tubes are employed, 
with the driving signal applied to the cathode 
circuit as is done in the common grounded 
grid configuration. Grid and screen elements 
are at r.f. ground, while normal Class AB; 
grid bias and screen potentials are applied to 
the tubes. Under these conditions, the power 
gain of the 4CX300A is quite high; approxi- 


os 


Figure 2] 
TRI-BANDER LINEAR 
AMPLIFIER FOR 
10-15-20 METER 


SIDEBAND 


This one kilowatt p.e.p. 
linear amplifier is de- 
signed for those ama- 
teurs interested in the 
higher frequency DX 
bands. Using two 4CX- 
300A tubes, this compact 
bandswitching unit is 
ideally suited for exciters 
having a p.e.p. output of 
about 30 watts. Panel 
controls are (I. to r.): 
Screen meter, plate meter, 
plate tuning, plate load- 
ing. On the left is the 
mode switch, $1; and on 
the right is the band 
switch, S. Amplifier is 
mounted on four rubber 
“feet” so that cooling 
air may be withdrawn 
from under the cabinet. 
Geared tuning dials, 
switch knobs, and plate 
bandswitch are salvaged 
from surplus “TU” tun- 
ing drawers from BC- 
191/375 transmitter. 
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1, CAPACITORS “C° ARE 001 LF., COO V., 
DISC CERAMIC, 


2.ONE CAPACITOR “CC” ON EACH GRIO 
ANDO SCREEN SOCKET TERMINAL (+) 


“FE 


INDICATES FEEDTHRU CAPACITOR 


SCHEMATIC, TRI-BANDER LINEAR AMPLIFIER 


C\—-50 upfd., 3 kv. Johnson 
155-8 (SOF30), 0.075" spacing 

Co—250 wufd., 2 kv. Johnson 
155-6 (250F20), 0.045” spac- 
ing 

L,—10 meter section: 31, turns, 
3/16” copper tubing, wound 
1%," id. Adjust length to 
resonate with C, 25% meshed. 
15-20 meter section: 5 turns, 
Y%" copper tubing, wound 
244" id. 15 meter tap 3 
turns from “cold” (output) 
end 

M:—0-56 d.c. milliammeter. Re- 
calibrated to —20 to +30 ma. 

M2—0-500 d.c. milliammeter 

MS,-——SPST lever-type “Micro- 
switch” 


mately 30 watts p.e.p. drive being required 


for full output. 


The amplifier plate circuit is a simple three 
band pi-network, designed for a circuit Q of 
15. As the low frequency bands are not in- 


PC—Parasitic choke. Two turns 
#12, YW-inch diam., wound 
about 47 ohm, 2 watt com- 
position resistor 

RFC,—VHF choke. Ohmite Z-144 

RFC,—44 uh., 500 ma., Ohmite 
Z-14 

RFC;—2.5 mh, 300 moa. Na- 
tional R-300 

RY,—DPDT, 175 volt coil, an- 
tenna relay. Advance AM- 
2C—115VA 

$,—Two pole, 5 position pro- 
gressively shorting switch. Two 
Centralob # P-1 decks, with 
# P-121 Index Assembly 

Sa—-Single-pole, 5 position cera- 
mic switch from surplus “TU” 
tuning unit, or Centralab 
#2550 


T,—6.3 volt at 6 amp. Stancor 
P.6456. Adjust primary resis- 
tor to deliver 6.0 volts oat 
tube sockets under load 

Blower—35 cubic feet per min- 
ute. 6000 r.p.m., 115 volts 
a.c. Ripley #8445-E 

Feedthrough capacitors—Each of 
the eight control leads, plus 
the two leads to the relay 
coil poss through 0.001 ufd. 
ceramic feedthrough capaci- 
tors. Centralab type FT-1000 

Sockets: Eimac SK-760 air socket. 
Place one 0.007 ufd., 600 
volt ceramic capacitor from 
each screen terminal to 
ground 


cluded, only two small self-supporting air 


wound coils are required. In addition, the size 
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siderably smaller than a capacitor necessary for 
all band operation. 
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The amplifier is controlled by a two deck 
progressively-shorting switch (S,) that re- 
motely controls the auxiliary equipment and 
provides the operator with a choice of “tune” 
or “operate” modes. All control and low volt- 
age power leads are suitably filrered by L-C 
networks to suppress radiation of TVI- 
producing harmonics. 


The “Tri-bander” linear amplifier construc- 
tion is novel in that no regular chassis deck is 
employed. The amplifier is built within an 
enclosure made up of two aluminum chassis, 
each measuring 10” x 14” x 3”. One chassis 
is inverted and serves as a pan within which 
the components are mounted. The second 
chassis is placed atop the first and serves as a 
top shield cover. This chassis assembly is 
hinged along the rear edge, and opens up much 
in the manner of a suitcase. A single-piece 
front panel made of aluminum is fixed to the 
lower chassis. The front apron of the top 
section is cut away to provide clearance for 
the meters, switches and capacitors. When the 
top section is closed, the cabinet is sealed by 
a strip of finger stock that runs around the 
inside edges of the lower chassis box. A length 
of “piano-type” hinge fastens the rear edges 
of the two chassis together, and the enclosure 
halves are held in place by five panel bolts 
which screw into nut plates riveted to the lip 
of the lid, or top section. 


An aluminum partition divides the interior 
of the enclosure into two compartments 
(figure 23). The smaller compartment con- 
tains the blower motor, filament transformer, 
panel meters, auxiliary control relay, function 
switch, and power lead filters. The larger com- 
partment contains the two 4CX300A tubes, 
the plate circuit pi-network components and 
the antenna relay. The partition is shaped to 
fit around the housing holding the tetrode 
tube sockets, As the standard air system socket 
with built-in screen bypass capacitor is both 
expensive and bulky, the smaller phenolic 
socket having no screen capacitor’ was used as 
an inexpensive substitute. Two of these sockets 
will mount atop an oscillator shield can taken 
from a defunct surplus “Command” trans- 
mitter. The can makes an inexpensive and r.f.- 
tight shield for the grid and cathode compon- 
ents, and is mounted directly to the bottom 
chassis “pan.” The pi-network capacitors and 
bandswitch are panel mounted, and the re- 


maining compartment area is taken up by the 
plate coils, r.f. choke, and the plate blocking 
capacitors. Antenna relay RY, is mounted 
within a small aluminum shield box placed at 
the back of the compartment. 


Transmitter wiring is simple and straight- 
forward. All connections in the meter com- 
partment are made with unshielded wire. The 
relay leads pass through the internal shield 
partition via high frequency feedthrough 
capacitors, and the exciter switching leads to 
the contacts of the relay pass through short 
lengths of RG-58/U coaxial line, The outer 
braided conductor of the line is soldered to a 
u.h.f.-type “hood” (Amphenol type 83-1H) to 
ensure r.f.-tight connections where the cables 
enter and leave the amplifier compartment. 


The three ceramic capacitors that make up 
the plate blocking unit are mounted atop the 
plate r.f. choke, and are fastened to the main 
tuning capacitor by means of an aluminum 
strap visible in figure 23. 


Connection is made to the anode of each 
tube by means of a 14-inch wide copper strap 
encircling the air cooler structure. Air is 
drawn through 14-inch holes in the bottom 
pan by the blower, forced into the grid com- 
partment, circulated upward through the tube 
socket and cooling anode, and exhausted via 
Yy-inch vent holes drilled in the top lid of 
the enclosure. The blower motor goes on when- 
ever the filaments of the tubes are lit. 


Tronsmitter Control 
Circuits and 
Power Supply 


Switch §, controls the 
transmitter and auxiliary 
equipment. All circuits 
are off in the first posi- 
tion. In the second position, an auxiliary cir- 
cuit is completed which can turn on the station 
receiver or sideband exciter. The third position 
turns on the amplifier tube filaments and 
energizes the blower motor to cool the tubes. 
Cut-off bias is applied to the tubes to eliminate 
diode noise often noticed in standby operation. 
The fourth position applies full plate voltage 
and reduced screen voltage to the amplifier for 
tuning operations, and the fifth switch position 
applies full screen voltage. Cut-off bias is re- 
moved by the voice-actuated relay in the power 
supply. Screen and plate currents are con- 
tinually monitored by the two panel meters. 
The screen meter is recalibrated to have an 
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Figure 23 
INTERIOR VIEW OF LINEAR AMPLIFIER 


The ¢.f. components are contained in the compartment to the right of the shield par- 
tition. Antenna relay RY, is placed in small aluminum box mounted to rear wall of 
cabinet directly behind antenna loading capacitor. The two 4CX300A tube sockets are 
mounted on top of aluminum shield can taken from oscillator coil section of surplus 
“command” transmitter. Micro-switch on partition removes high voltage when cover is 
opened. Midget relay adjacent to switch is odded for auxiliary contro! circuits and is 
not required. At extreme left rear cre feedthrough capacitors mounted on aluminum 
plate, with r.f. chokes beneath them. Filament transformer is in corner of compartment, 
in back of mode selector switch. Pi-network components are at right, with three plate 
blocking capacitors mounted to aluminum strip supported by plate tank capacitor. 


elevated zero point and reads —20 to +30 
milliamperes. Under certain conditions, nega- 
tive screen current can flow and it is important 
to monitor this sensitive indicator of amplifier 
operation. 


The power supply schematic is shown in 
figure 24. The high voltage supply uses 3B28 
“hash-free” gas rectifier tubes and provides 
2000 volts d.c. at 500 ma. and regulated 360 


volts at 30 milliamperes. “Jumpers” in the 
base of the regulator tubes are wired in series 
with the primary relay circuit so that the 
supply cannot be energized unless the tubes 
are in their sockets. A smaller half-wave semi- 
conductor supply provides operating and cut- 
off bias for the amplifier. The bias relay may 
be actuated by the voice circuit of the exciter 
to drop the bias to the correct amount during 
the time the voice circuit is energized. 
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SCHEMATIC, LINEAR AMPLIFIER POWER SUPPLY 


CH,—6 h. at 500 ma. Chicago R-65 

P,, Pa—II5 volt pilot lamp and receptacle 

RY.2—DPST, 115 volt coil. Potter-Brumfield 
MRSA, 115 volt a.c. 
RY3—SPST, 115 volt coil, 20 amp. contact. 
Potter-Brumfield PR3AY, 115 volt, a.c. 
RY4—-DPDT, 115 volt coil. Potter-Brumfield 
MRITA, 115 volt a.c. 

SR—Selenium rectifier, 500 ma. Sarkes-Tarzian 
M-500 

T,;—2.5 volts at 10 a., 10 kv. insulation. 
Chicago F-210H 

Toa—2900-2300 volts each side of c.t. at 500 
ma. 115-230 volt primary. Chicago P-2126 

T3-—-125 v., 50 ma. Stancor PA-8421 

Extra contact set of RY«4 is placed in series 

with antenna relay control lead (#2) and 

RYon contacts to actuate antenna relay RY, 

(figure 22) by VOX circuit. 


Tronsmitter 
Adjustment 
and Tuning 


The only initial adjustment is 
to set the operating bias level 
by means of the potentiometer. 
Initially, the arm should be set 
at the high potential end of the potentiometer 
to apply full bias to the tubes. The filaments 
and blower are turned on, and the high volt- 
age and bias supply energized. Using a volt- 
meter, the potentiometer should be set to 
provide about —60 volts on the arm. The 
voice relay is energized dropping the cut-off 


bias out and the potentiometer is carefully 
reset to provide a static plate current of 200 
ma, as read on the meter. Indicated screen cur- 
rent (bleeder current) should be about 22 
ma. When the voice relay drops out, the plate 
current should fall to zero. 

The amplifier is now fed a small exciting 
signal (single tone) and tuned and loaded for 
a maximum plate current of 500 milliamperes. 
Screen current should now be approximately 
30 ma. (This is a total of screen and bleeder 
current.) The output coupling is now increased 
slightly so that r.f. output (as read on an r.f. 
ammeter, or output voltmeter) drops about 
2 percent. Maximum linearity is obtained when 
the amplifier is slightly overcoupled. Under 
voice conditions, plate current peaks should 
reach approximately 250 ma., as read on the 
meter. No grid current should be read on a 
0-1 dic. milliammeter placed across the grid 
current terminals in the power supply, Any 
flicker of grid current indicates the amplifier 
is being overdriven, with a consequent severe 
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increase in distortion. Under voice conditions, 
indicated screen current will be relatively con- 
stant, as actual current drawn by the screen 
of the tubes will be less than + or — 10 ma., 
and this small value is swamped out by the 
bleeder current, which is constant at 22 ma. 
Low values of screen meter current (indicating 
that the tubes are drawing negative current) 
indicates excessive loading; high values of 
screen current indicate insufficient plate circuit 
loading. 

Never apply excitation to this (or any 
other) grounded grid amplifier without all 
operating potentials applied to the tubes. 


Figure 25 
THE 813 GROUNDED-GRID LINEAR 
AMPLIFIER 


Two 813’s are used in this simple and effec- 
tive linear amplifier. Built on a 10-inch 
rack panel, the amplifier may be placed in a 
meta! cabinet for desktop operation. Capable 
of operation on all amateur bands between 
80 and 10 meters, this unit may be driven by 
the popular 75 to 100 watt sideband exciters. 
Panel controls are (1. to r.): bandswitch, plate 
tuning (top) and antenna loading (bottom), 
meter switch (top) and bias control (bottom). 
Front bushing of linkage shaft for switch S2 
passes through panel between tuning and 
loading controls and Is camouflaged with 
small knob. 
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The popular amateur s.s.b. transmitters in 
the 75- to 100-watt power class provide a 
ready-made exciter when the time comes to 
add a more powerful final amplifier to the 
amateur station. Because tetrodes have low 
power drive requirements, a power dissipating 
device must be employed when these tubes are 
driven from a 100-watt class transmitter. A 
suitable dissipation device is usually fragile, 
expensive, and difficult to construct. In addi- 
tion, the tetrode tube requires bias and screen 
power supplies which are bulky and expensive. 

A grounded grid amplifier circuit provides 
a satisfactory solution to these problems as no 
power dissipating device is required, and 
screen and bias supplies may be eliminated. 
Certain tetrodes and pentodes operate well as 
zero-bias, grounded grid triodes, and the 813 
is one of these. This tube operates efficiently 
in class B grounded grid service at plate poten- 
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SCHEMATIC, 813 LINEAR AMPLIFIER 


B—Tube-cooling motor and fan. Shaded pole 
induction motor, 2400 r.p.m., with 4-blade 
fan, 21” diam. Allied Radia Co., Chicago. 
Part #72P715 

C\—Two-section variable capacitor. Front sec- 
tion (added for 40-80 meters): 28-160 pufd. 
Rear section: 7-50 yuufd. 0.125” spacing. 
Barker & Williamson. A conventional split- 
stator capacitor may be substituted. John- 
son #154-3 (I00ED45) is recommended. In- 
stall the switch between the stators, an the 
studs supporting the statar plates at the 
middie of the capacitor. Change length of 
linkage to fit new layout. 

C.2—1500 uufd., 0.03” spacing. Barker & Wil- 
liamsan #51241. A four section, b.c.-type 
variable capacitor (J. W. Miller #2104) with 
sections in parallel may be substituted. 

C3-—-1260 pufd. Three section b.c.-type capa- 
citor (J. W. Miller #2113) with sectians in 
parallel 

C4—325 uutd., 0.024" spacing. Hammariund 
MC-325M 

L:— 10.5 yuh. transmitting inductance. Barker 
& Williamson 850A. Air-Dux #195-2 coil 
may be substituted. This coil shauld be 
trimmed and tapped ta resanate as follaws: 
80 meters, 210 pufd.; 40 meters, 105 uufd.; 
20 meters, 52 pufd.; 15 meters, 30 uuftd.; 
10 meters, 30 uufd. Abave capacities in- 
clude output capacitance of tubes 


L2—10 meter section: 0.44 wh. 5 turns #12 
e., 1” diam., I” long, space-wound § turns 
per inch. Tapped section: 4.2 wh. 17 turns 
#16 tinned, 1144” diam., 244” long, space- 
wound 8 turns per inch. Tapped 2 (21 Mc.), 
4 (14 Mc.), and 10 (7 Mc.) turns from 10 
meter end af coil. B&W #3018 miniductor 

M,—0-1I d.c. milliammeter 

RFC,—0.5 mh., 300 ma. choke. National 
R-300 

RFC.—15 ampere filament chake. B&W type 
FC-15 

RFC3—200 uh. chake. B&W type 800, ar 
National R-I175A 

RFC,,s—I1 mh., 300 ma. chake. National 
R-300 

S,\—Part af L,. An Ohmite type T11-5, 5 
position ceramic switch may be used with 
Air-Dux cail. Switch shauld be maunted on 
an insulated bracket and driven with an 
insulated coupling 

S.—-Special switch. See text for details 

S3—Single-pole, 5 position ceramic. Centralab 
#2500 

SR—130 valt, 75 ma., replacement-type se- 
lenium rectifier 

T,—10 valt, 10 amperes. Thordarsan 21F19 

To— T1715 volt, 50 ma. Stancor PA-8421 

TS,,2~—Insulated terminal strips. Cinch-Janes 

Knobs—B&W #901 (17%4" diam., 3 req.) B&W 
#903 (11/16”" diam., 3 req.) 
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Figure 27 
LEFT REAR VIEW OF AMPLIFIER 
A -inch thick sheet of aluminum 13 inches by 17 inches in size forms the main chassis and is 
fastened to the panel with chassis support brackets. Connection between plate r.f. choke, blocking 
capacitors, plate tuning capacitor and plate coil are made with copper strap. Plate leads from 
tubes to strap are made with #10 flexible braided wire. Coaxial r.f. input receptacle is next to 
115-volt line cord, and antenna receptacle is mounted on angle bracket at end of sub-chassis. 
Switch S, is at rear of bandswitching inductor. 


tials up to 3000 volts. Two 813’s in parallel 
at 2500 volts will provide a p.e.p. input of 
1500 watts (750 watts, single tone) provided 
cooling air is circulated about the tubes. At 
3000 volts, a p.e.p. input of 2000 watts (1000 
watts, single tone) may be run but the plate 
dissipation of the tubes exceeds the recom- 
mended maximum figure. If plenty of cooling 
air is used, this does nor seem to shorten tube 
life. Under these two operating conditions, 
third order distortion products are better than 
30 decibels below maximum power level. 


The circuit of this linear 
amplifier is shown in 
figure 26. The basic amplifier employs an un- 
tuned cathode input circuit for simplicity and 
low cost, although an alternative tuned input 
configuration is shown. Improved intermodu- 
Jation distortion suppression and less driving 
power can be gained with the use of the tuned 
circuit. 

The screen and beam-forming plates of the 
813’s are grounded directly at the socket. The 


Amplifier Circuit 
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grids are bypassed to ground and receive a 
small amount of negative bias from the built- 
in bias supply. The exact bias level may be 
set by the potentiometer. In addition, when 
the connection between terminals 1 and 2 on 
the terminal strip is broken, the tubes are 
biased to cut-off to eliminate troublesome diode 
standby noise. When these terminals are 
shorted by the contacts of the voice relay, the 
bias is reduced to the operating value deter- 
mined by the setting of the potentiometer. 

Separate metering of current in the grid and 
plate circuits is accomplished by switching a 
single meter (M) across shunt resistors, The 
0-1 d.c. milliammeter is converted into a low- 
range voltmeter by the addition of the 1.2K 
series multiplier resistor, and the voltage drop 
across grid and plate shunt resistors is mea- 
sured. In the grid position, the meter reads 
0-100 ma., and in the plate position it reads 
0-500 ma. 

A pi-network plate tank circuit is employed. 
Optimum plate load impedance for this cir- 
cuit is about 5000 ohms, and the Q should 


be held to a figure of 15 or better. These 
requirements may be met with the specified 
components, or with less expensive substitutes, 
as outlined in the parts list. 

High voltage is applied to the parallel-con- 
nected 813’s through the plate r.f. choke. Three 
blocking capacitors in parallel keep high volt- 
age from reaching the pi-network plate tank 
circuit. A tapped coil and two section tuning 
capacitor provide nearly optimum L/C ratio 
on all amateur bands from 80 to 10 meters. 
Only one section of the tuning capacitor is in 
the circuit on the 10, 15 and 20 meter bands 
when the automatic switch S, is open. Both 
Capacitor sections are in parallel on 40 and 80 
meters where greater maximum tuning capaci- 
tance is required, §, being closed by a me- 
chanical linkage from the main bandswitch, S;,. 

A large variable pi-network output capacitor 
(1500 ppfd.) eliminates the need for several 
fixed capacitors and a tap switch to add them 
to the circuit as needed. The output circuit 
will match load impedances in the range of 
50 to 75 ohms having an s.w.r. of 2/1 or less. 


Figure 28 
RIGHT REAR VIEW 
OF AMPLIFIER 


Moin tuning copocitors 
are mounted on verticol 
end-brackets made of 
Y-inch sheet aluminum. 
The copper angle brac- 
kets on the plate capaci- 
tor plus U-shaped bracket 
on switch linkage form 
S2. in foreground, moun- 
ted on sub-chassis are 
the filament transformer, 
bias supply filter capaci- 
tor, high voltage ter- 
minal, and plate +.f. 
choke. Bottom chassis 
plate is drilled beneath 
fan to permit cooling air 
to be drawn into sub- 
chassis area. 
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TOP VIEW 


REAR SUPPORT 
PLATE FOR Cl 
AND Ca-axrxy 
ALUMINUM 


FRONT PLATE 
ON LI 


ak 


suarT 
COUPLINGS 


1p LONG 


> suor S widt x 2 Lone 


BRASS 22 GRASS SHAFT 
COUPLING 


$x Fd owass star Zone 
txt cucire 2} rone 
U-CLIP roRMEeO FROM 


a 
rrou st xt SPRING 
BRASS 2° LONG 


FRONT SUPPORT 
For ciace 


POSITION OF LINKAGE 


on IN 14,21 AND 26-MC 


POSITIONS OF L/S, 


SN 
POSITION OF 
LINKAGE IN as SY 
ANO 7 MC POSITIONS 
OF Li/s 


Amplifier 


Amplifier construction is quite 


FRONT VIEW 


Figure 29 
DETAIL DRAWING OF 


SWITCH 5S. LINKAGE 


Three Ve" x VY" brass strips, sol- 
dered to brass shaft couplings 
make up the linkage arms. Plastic 
arm supports U-clip which closes 
circuit between copper angle brac- 
kets mounted on main tuning capa- 
citor in 80 and 40 meter positions 
of bandswitch. 


The parts of this linkage, and assembly details 


Construction simple due to the utilization of 
standard, readily available com- 
ponents. The main chassis is a 14” x 17” x 
lg-inch thick sheet of aluminum fastened with 
its bottom surface Y-inch above the lower 
edge of a 10144” x 19” aluminum relay rack 
panel. Only the pi-network components, meter, 
and meter switch are mounted to the main 
chassis, the remaining components being assem- 
bled on the 6” x 11” x 214” aluminum sub- 
chassis. The photographs and drawings illus- 
trate the placement of the major components. 
The end plates of the tuning capacitors are 
fastened to Yg-inch aluminum brackets seven 
inches high and four inches wide (figure 30). 
The shaft on which the linkage for switch S, 
is supported also runs between these brackets. 


are shown in figure 29. A U-shaped clip, made 
from spring brass or phosphor bronze, com- 
pletes the connection between copper angle 
brackets fastened to the two stator sections on 
the main tuning capacitor when the bandswitch 
is in the 80 and 40 meter positions. The short, 
rotary arm on the bandswitch is adjusted so 
that it engages the forked arm, as shown in 
solid lines in the sketch when the bandswitch 
is in the 40 meter position. Both arms should 
then move up so that the forked arm is in the 
Position indicated by the dotted lines when 
the bandswitch is in the 20 meter position. 
The rest of the plate circuit wiring is done 
with silver plated \4-inch copper strap. The 
strap is ordinary flexible copper “flashing” cut 
into strips and silver plated by a local utensil 
replating company. 
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Sub-chassis assembly and wiring is shown 
in figure 31. The ceramic sockets for the 813 
tubes are sub-mounted on metal pillars to 
bring the top of the socket shell level with the 
under side of the top of the chassis. Under- 
chassis wiring, with the exception of the #12 
filament leads is run with #18 insulated wire. 
The filament choke and bias transformer are 
mounted on opposite walls of the chassis. A 
small, 115 volt blower motor and fan draws 
air up through 14-inch holes drilled in the 
bottom chassis plate and exhausts the air 
through the holes cut in the sub-chassis for 
the 813 tubes. 


Socket pins 3 and 5 are connected together 
and grounded to each of the two adjacent 
socket bolts. A jumper runs between the #4 
pins, each of which are bypassed to ground by 
a .001 yfd. ceramic disc capacitor. Each capa- 
citor must be a 1.2 KV type in order to carry 
the r.f. charging current existing in the grid 
circuit. In addition, a small 50 ypfd, ceramic 
capacitor is connected between pins 1 and 4 
of the tube socket nearest the filament choke. 
This capacitor stabilizes the amplifier in the 
28 Mc. region. 


The 10 volt filament transformer for the 
813's is placed above the chassis, as are the 
plate r.f. chokes and bypass capacitors. The bias 
filter capacitor is a can-type unit which mounts 
adjacent to the filament transformer. Various 
meter leads are brought out of the chassis via 
a terminal strip mounted on the side opposite 
the power cable and coaxial input receptacle. 


SUPPORT 
BRACKET FOR , 
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Figure 30 
PANEL LAYOUT FOR 


AMPLIFIER 


The linkage for capacitor 
switch pivots on shaft lo- 
cated between main tuning 
capacitors. Drill 34-inch holes 
for this shaft, and the shafts 
of the capacitors, plus the 
meter switch. Aluminum 
chassis-deck is positioned 
Yg-inch above bottom edge 
of panel. 


In a TV fringe area, it may be necessary to 
completely shield the amplifier with perforated 
aluminum sheet. Amplifier harmonic content 
is low, and complete shielding is not necessary 
in an area of strong TV signals. 


Testing and 
Operating the 
Amplifier 


Once construction is finished, 
check the filament and bias 
circuits before connecting the 
high voltage supply to the 
amplifier. A power supply with provision for 
reducing the output to about one-half of maxi- 
mum voltage is recommended, especially if 
the operating voltage is 2500 or higher. Con- 
nect a dummy load or antenna to the output 
receptacle. 
Caution: Never apply full excitation to this 
or any other grounded grid amplifier without 
the plate circuit tuned to resonance, and plate 
voltage on the stage. Damage to the amplifier 
tubes may result if this rule is violated, 
Tune-up for sideband operation consists of 
applying full plate voltage and (with terminals 
1 and 2 on the power strip shorted) setting 
the bias potentiometer for 55 milliamperes of 
resting plate current with the meter switch 
set in the “plate” position. Only a few volts 
of bias are required, and the potentiometer arm 
will fall very near one end of the swing. Set 
the bandswitch to the frequency of the exciter 
and apply a small amount of driving power by 
injecting carrier in the s.s.b. exciter. Place the 
loading capacitor at full capacitance, and ad- 
just the plate tank capacitor for resonance 
(minimum plate current). Apply more drive 
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Figure 31 
TOP AND BOTTOM VIEWS OF SUB-CHASSIS 


Filament transformer and filter capacitor are placed at left edge of chassis. 813 socket holes are 

2-9/16-inches in diameter, placed 2'%-inches frem opposite end of chassis. Small plate choke is 

supported on bypass capacitor terminals. Bias transformer and filament choke are mounted to 
underside of chassis, as is blower fan. 


WWW.americanradiohistorv.com 


634 H.F. Power Amplifiers 


THE RADIO 


to obtain about 75 ma. grid current and de- 
crease the loading capacitor until resonant 
plate current rises to about 200 ma. Finally, 
increase the drive and increase the loading 
until plate current reaches 400 ma. (300 ma. 
at a plate potential of 3000 volts). Grid cur- 
rent should be approximately 100 ma. Slightly 
overcouple the antenna circuit until the output 
(as measured on an r.f. ammeter) drops about 
2 percent, This will be the condition of maxi- 
mum linearity. Now, switch the exciter to 
s.s.b. With speech, the plate current of the 
linear amplifier should kick up to about 135 
to 150 ma.; while with a steady whistle the 
plate current should reach nearly 400 ma. 
Tune-up for c.w. operation is similar, except 
that the bias potentiometer is adjusted for zero 
(cut-off) resting plate current. With full plate 
voltage (2500), the resonant plate current 
should be about 375 ma., with 100 ma. of 
grid current. At a plate potential of 3000, the 
plate current should be reduced to 300 ma. 


29-9 The KW-2. An 


Economy Grounded- 
Grid Linear Amplifier 


The KW-2 sideband amplifier is designed 
for use with 4-400A, 4-250A or 4-125A tubes, 
and will operate on the 80, 40, 20, 15 and 
10 meter amateur bands. A pi-network output 
circuit is used, capable of matching 52-ohm 
or 75-ohm coaxial antenna circuits, Maximum 
power input is 2 kilowatts (p.ep.) or 1 
kilowatt, c.w. The amplifier may be driven by 
any of the popular s.s.b. excirers having 70 to 
100 watts output. 

Full input may be achieved with the use 
of 4-400A tubes, but the unit may be run at 
reduced power rating with 4-250A or 4-125A 
tubes. No circuit alterations are necessary when 
tube types are changed. 

The amplifier employs a passive (untuned) 
input circuit, and an adjustable pi-network 
output circuit. Air tuning capacitors are used 
in the network in the interest of economy and 


— ra 


Figure 32 
REAR VIEW OF 
AMPLIFIER PLATE 
CIRCUIT 


Sub-chassis has been re- 

moved to show ventila- 

tion holes in chassis- 

deck. Plate bypass capo- 

citors are supported by 

Wy-inch copper strap 
leads. 
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with no sacrifice in performance. The complete 
amplifier is housed in a TVI-suppressed per- 
forated metal cabinet measuring 17144” x 12” 
x 1214” —small enough to be placed on the 
operating table next to your receiver. 
Amplifier Circuit. The schematic of the am- 
plifier is shown in figure 34, Two tetrode 
tubes are operated in parallel, cathode driven, 
with grid and screen elements grounded. The 
sideband exciting signal is applied to the fila- 
ment circuit of the tubes, which is isolated 
from ground by an r.f. choke. The resistance 
of the windings of the choke must be limited 
to .01 ohms or less, as filament current is 30 
amperes for two 4-250A or 4-400A tubes. 
Neutralization is not required because of the 
excellent circuit isolation afforded by the 
grounded elements of the tubes. 

The Input Circuit. The input signal is fed in 
a balanced manner to the filament circuit of 
the two tubes. Ceramic capacitors are placed 
between the filament pins of each tube socket, 
and excitation is applied to each tube through 
two 1250 volt, mica capacitors. The latter are 
employed because of the relatively high value 


of excitation current which may cause capa- 
citor heating if ceramic units are employed 
at this point. 

The filament circuit is wired with #10 
stranded insulated wire to hold voltage drop 
to a minimum. The leads from the choke to 
the filament transformer are run in shielded 
loom which is grounded to the chassis at each 
end of the wire. The use of shielded leads for 
all low voltage d.c. and a.c. power wiring does 
much to reduce TVI-producing harmonics. 


Figure 33 
THE KW-2 LINEAR AMPLIFIER 


This two kilowatt p.e.p. amplifier uses two 
4-400A tubes in a grounded-grid circuit. Other 
tetrodes, such as the 4-125A and 4-250A 
may be used without modification to the unit. 
At full output, distortion products are better 
than —30 decibels below peak power level. 
Panel components are (I. to r.): Plate current 
meter (top) and output meter (bottom), meter 
switch and pilot lamp, plate tuning, band- 
switch, and plate loading. At lower right is a 
tuning chart for the various bands. 
Chassis is bolted directly to the front panel, 
allowing about Ye-inch clearance along bottom 
edge to permit edge of shield cage to pass 
between chassis and panel lip. 


"~ 
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Figure 34 
SCHEMATIC, KW-2 AMPLIFIER 


The Grid Circuit. The grid circuit of this am- 
plifier is simplicity irself. Screen terminals of 
both sockets are grounded to the chassis of the 
amplifier. The best and easiest way to accom- 
plish this is to bend the terminal lead of the 
socket down so that it touches the chassis. 
Chassis and lead are then drilled simultane- 
ously for a 4-40 machine screw. Low induc- 
tance ground paths are necessary for the high 
order of stability required in grounded grid 
service. 

Ir is helpful to monitor the control grid 
current for tuning purposes, and also to hold 
the maximum current within the limits given 
in the data chart. Maximum grid current for 
the 4-400A is 100 milliamperes. Under nor- 
mal voice conditions this will approximate a 
peak meter reading of 50 milliamperes. 

Grid current can be observed by grounding 
the control grid of each tube through a 1-ohm 
composition resistor, bypassed by a .01 pfd. 
disc capacitor. The voltage drop across the 
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C—0.001 yufd., 600 volt disc ceramic 

C,,C2,C3—0.} yfd., 600-volt coaxial capacitor. 
Sprague “Hypass” #80P3 

Ca—150 uutd., 4500 volt. Johnson #150D45 
(153-8) 

Cs—S50 yuutd., surplus vacuum capacitor (see 
text) 

Coe—1000 putd., 1250-volt mica capacitor (see 
text) 

Cy—1500 yutd. Barker & Williamson #51241 
or 4-gang b.c. capacitor. Miller #2104 

L,—Kilowatt pi-network coil. Air-Dux #195- 
2S (silver plated). Modify as follows: Strap 
coil: 2 turns, 134" diameter. Wire coil: Re- 
move turns from free end, leaving I1l4 
turns, counting from junction with tubing 
coil. Tap placements: 10 meters, 134 turns 
from junction of tubing coil and strap coil. 
15 meters, 314, as above. 20 meters, 114 
turns of wire coil, counting from junction 
with tubing coil. 40 meters, 54%, as above. 
80 meters, complete coil in use 

RFC,—30-ampere filament choke. B&W #FC- 
30 

RFC,—Kilowatt ¢.f. choke. Raypar, or B&W 


RFC3—v.h.f. choke. Ohmite #Z-50 

T,—5 volts at 30 amperes. Stancor P-6468 

PC—3'%_ turns #12e, 1%" diam., 2” tong. 
Wound around three 220-ohm, 2-watt com- 
position resistors connected in parallel 

M,—0-1000 ma. Triplett 

M2—0-1I ma. Triplett 

X,—Diode, type IN34 


WWW.americanradiohistory.com 


HANDBOOK 


KW-2 Amplifier 637 


resistor is measured by a simple voltmeter 
calibrated to read full scale when 100 milli- 
amperes of grid current are flowing through 
the resistor, A double throw switch will permit 
monitoring grid current of either tube. Wirth 
incorrect antenna loading, it is possible to 
exceed maximum grid current rating with 
some of the larger size s.s.b. exciters. No cir- 
cuit instabiliry is introduced by this metering 
technique. 

The Plate Circuit. Power is applied to the 
plate circuit via a heavy duty r.f. choke by- 
passed at the “cold” end by a 500 ppfd., 10 
kv. “TV-type” ceramic capacitor. In addition, 
a v.h.f. choke and capacitor are used to sup- 
press high frequency harmonics that might 
pass down the plate lead and be radiated 
through the power supply wiring, Two .001 
pfd., 5 kv. ceramic capacitors in parallel are 
used for the high voltage plate blocking 
capacitor, and are mounted atop the plate 
choke. 
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The pi-network coil is an  Air-Dux 
#195-2§ inductance, designed for service at a 
kilowatt level, and silver plated for minimum 
circuit loss. Use of the cheaper model having 
tinned wire is not recommended for con- 
tinuous service at maximum power. The band 
switch is a Radio Switch Corp. #88 high 


voltage, ceramic switch, 


Figure 35 
REAR VIEW OF AMPLIFIER 


The tube sockets are placed at the right end 
of the chassis, with plate r.f. choke centered 
between the tubes. The two plate coupling 
capacitors are mounted to top terminal of the 
choke by means of a brass strap. A “TV- 
type” 500 uufd. capocitor is placed at the 
foot of the choke. The two panel meters are 
mounted one above the other. An aluminum 
shield plate is placed around the rear of the 
meters to protect them from the strong r.f. 
field of the tubes. Meter terminals are by- 
passed, and the meter lecds are run in shielded 
braid. Power, control terminals, fuse and 
coaxial receptacles are mounted on rear apron 
of chassis. 
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Figure 36 
AUXILIARY PADDING SWITCH, PART OF BANDSWITCH 


Construction of padding capacitor switch made from parts of an insu- 

lated, flexible shaft coupler. Contacts are made from '/2-inch wide 

strip of spring brass mounted on small! ceramic insulators attached to 

main tuning capacitor. Contacts are shorted in 80 meter position of 
bandswitch. 


A circuit Q of 15 was chosen to permit a 
reasonable value of capacitance to be used at 
80 meters. In this case, a 150 ypfd. variable 
air capacitor is employed for operation above 
80 meters, and an additional 50 ppfd. parallel 
Capacitance is switched in the circuit for 80 
meter operation. The 50 ypfd. padding capaci- 
tor is the small vacuum capacitor found in the 
“Command” set antenna relay boxes. These 
Capacitors seem to be plentiful and inexpen- 
sive. A satisfactory substitute would be a 
50 ppfd. 5 kv. mica capacitor, also available 
on the surplus marker, 

The pi-network ourput capacitor is a 1500 
pufd. unit. It is sufficiently large to permit 
operation at 80 meters into reasonable an- 
tenna loads. For operation into very low im- 
pedance antenna systems that are common on 
this band, the loading capacitor should be 
paralleled with a 1000 pufd., 1250 volt mica 
capacitor. This capacitor may be connected to 
the unused 80 meter position of the band- 
switch. 

The Metering Circuits. It is always handy to 
have an output meter on any linear amplifier. 
A simple r.f. volemeter can be made up of a 
germanium diode and a 0-1 d.c. milliammeter. 
The scale range is arbitrary, and may be set 
to any convenient value by adjusting the po- 


tentiometer mounted on the rear apron of the 
chassis. Once adjusted to provide a convenient 
reading at maximum output level of the am- 
plifier, the control is left alone. Under proper 
operating conditions, maximum output meter 
reading will concur with resonant plate 
current dip. 

It is dangerous practice to place the plate 
current meter in the B-plus lead to the am- 
plifier unless the meter is insulated from 
ground, and is placed behind a protective 
panel so that the operator cannot accidentally 
touch it. If the meter is placed in the cathode 
return the meter will read the cathode current 
which is a combination of plate, screen and 
grid current. This is poor practice, as the 
reading is confusing and does not indicate the 
true plate current of the stage. A better idea 
is to place the meter in the B-minus lead be- 
tween the amplifier chassis ground and the 
power supply. The negative of the power 
supply thus has to be “ungrounded,” or the 
meter will not read properly (figure 37). A 
protective resistor is placed across the meter 
to ensure that the negative side of the power 
supply remains close to ground potential. 
Make sure that the negative lead between the 
power supply and the amplifier is connected 
at all times. 
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Figure 37 
SCHEMATIC, POWER SUPPLY FOR LINEAR 
AMPLIFIER 


CH,—6 H, 500 mo. Chicago R-65 


T,:—3450-2850 volts each side of center tap, 500 ma. 115-230 


volt primary. Chicago P-3025 


T2—2.5 volts, 10 a. 9 kv. insulotion. Chicogo FH-210H 


Se EEUU SEES EEE 


The Cooling System. It is necessary to provide 
a current of cool air about the base seals and 
plate seal of the 4-250A and 4-400A tubes. 
If small blowers are mounted beneath each 
tube socket it is possible to dispense with the 
special air sockets and chimneys, and use the 
inexpensive “garden variety” of socket. A 
Barber Coleman type DY AB motor and im- 
peller is mounted in a vertical position cen- 
tered on the socket, and about an inch below 
it. Cooling air is forced up through the socket 
and around the envelope of the tube. The 
perforated metal enclosure provides maximum 
ventilation, yet effectively “bottles up” the 
r.f. field about the amplifier. In order to per- 
mit air to be drawn into the bottom of the 
amplifier chassis, small rubber “feet” are 
placed at each corner of the amplifier cabinet, 
raising it about 14-inch above the surface 
upon which it sits, 


Amplifier 
Construction 


The amplifier is built upon an 
aluminum chassis measuring 
13” x 17” x 3”. Input circuit 
components, power Circuits, and the blower 
motors are mounted below the chassis, and 
the plate circuit components are mounted 
above the deck. Placement of parts is not 
critical, except that the leads beween the band- 


switch and the plate coil must be short, heavy 
and direct. One-half inch, silver plated copper 
strap is used. The straps are bolted to the 
bandswitch with 4-40 nuts and bolts. Each 
lead is tinned and wrapped around the proper 
coil turn and soldered in place with a large 
iron. The operation should be done quickly 
to prevent softening of the insulating coil 
material. Low resistance joints are imperative 
at this point of the circuit. To play safe, you 
can submerge the coil in a can of water, with 
just the top of the turns showing above the 
surface. This will prevent the body of the coil 
from overheating during the soldering pro- 
cess. It is also helpful to depress a turn on 
each side of the tap in order to provide 
sufficient clearance for the soldering iron. This 
may be done by placing the blade of a screw 
driver on the wire, and hitting it with a 
smart tap. 

The coil assembly is supported on four 
ceramic pillars, and placed immediately be- 
hind the band change switch, which is 
mounted on a sturdy aluminum bracket. The 
coil is positioned so that the taps come off 
on the side nearest the switch. 

A set of auxiliary contacts are required to 
switch the padding capacitor into the circuit 
when the bandswitch is thrown to the 80 
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Figure 38 
UNDER-CHASSIS VIEW OF AMPLIFIER 


The filament transformer is mounted to the side apron, with the filament choke placed between 
the transformer and the tube sockets. The two blower motors are attached to an afuminum strip 
that holds them in position under the tube sockets, on a level with the bottom edge of the chassis. 
This strip is bolted to the chassis flange with flat-head bolts. The bolts holding the blowers pass 
through rubber grommets mounted on the strip to deaden blower noise. All low-voltage power 
leads run through shield braid which is grounded to the chassis by means of aluminum clamps 
made from scrap material. B-plus lead is a section of RG-8/U coaxial cable. Diode voltmeter com- 
ponents are mounted to a phenolic board attached to the side apron at right. 


meter position. A simple switch may be made 
up from the metal portions of an insulated 
coupling and a block of insulating material, 
such as teflon, lucite, or micarta (figure 3G). 
The insulated disc of the coupling is removed, 
and an oval of insulating material is substi 
tuted. This assembly is placed on the shaft 
of the bandswitch. A set of spring contacts 


————$———— 


are mounted on small stand-off insulators 
attached to the side of the tuning capacitor 
and positioned so that the oval rotates be- 
tween the contacts as the switch is turned. A 
hole is drilled in the oval, and a flat-head 
8-32 brass machine screw is passed through 
it. A nut is run onto the screw, and screw 


end and nut head are filed flat. When the 
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Figure 39 


PLATE TANK CIRCUIT ASSEMBLY 
The plate bandswitch is supported on a Yg-inch thick aluminum bracket. The 80 meter padding 
capacitor is mounted on the front of the bracket. Silver-plated copper strap is used to make 
connections between the switch and the coil. Switch connections are made with 4-40 hardware, and 
then soldered securely. Auxiliary padding capacitor switch may be seen on shaft of bandswitch, 
directly In tront of bracket. Plate switch is made by Radio Switch Corp., Marlboro, N.J. 


ie, WI ¢ 


L 
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Figure 40 
OPERATING CHARACTERISTICS, GROUNDED-GRID CONFIGURATION 


4-125A 
D.c. Plate Voltage 2000 2500 3000 volts 
Zero-Signal Plate Current 10 15 20 ma. 
Single-Tone Plate Current 105 110 VAS: ma 
Single-Tone Screen Current 30 30 30 ma. 
Single-Tone Grid Current ys 55 55 ma. 
Single-Tone Driving Power 16 16 16 watts 
Driving Impedance 340 340 340 ohms 
Load Impedance 10,500 13,500 15,700 ohms 
Plate Input Power 210 275 345 watts 
Plate Output Power 145 190 240 watts 

4-400A 

(ratings apply to 4-250A, within plate dissipation rating of 4-250A) 

D.c. Plate Voltage 2000 2500 3000 volts 
Zero-Signal Plate Current 60 65 70 ma. 
Single-Tone Plate Current 265 270 330 ma. 
Single-Tone Screen Current 55 is) 55 ma. 
Single-Tone Grid Current 100 100 100 ma. 
Single-Tone Driving Power 38 39 40 watts 
Driving Impedance 160 150 140 ohms 
Load Impedance 3950 4500 5000 ohms 
Plate Input Power 530 675 990 watts 
Plate Output Power 325 435 600 watts 

4-1000A 
D.c. Plate Voltage 3000 4000 5000 volts 
Zero-Signal Plate Current 100 120 150 ma. 
Single-Tone Plate Current 700 675 540 ma. 
Single-Tone Screen Current 105 80 ys) ma. 
Single-Tone Grid Current 170 150 Ma's: ma. 
Single-Tone Driving Power 130 105 70 watts 
Driving !mpedance 104 106 110 ohms 
Load Impedance 2450 3450 5550 ohms 
Plate Input Power 2100 2700 2700 watts 
Plate Output Power 1475 1870 1900 watts 


switch is rotated to the 80 meter position, 
contact is made between the two spring arms 
through the body of the screw, which com- 
pletes the circuit between the switch contacts. 


Typical operating conditions 
for various tubes are tabulated 
in figure 40. For initial ad- 
justment, four or five hundred volts plate 
potential is applied to the amplifier, and 
sufficient grid drive is supplied (five watts 


Amplifier 
Adjustment 


or so) to provide an indication on the plate 
meter. The loading capacitor is set at maxi- 
mum capacitance, and the tuning capacitor is 
adjusted for resonance, which is indicated by 
the customary dip in plate current. After reso- 
nance is found full plate voltage should be 
applied to the amplifier, and resting plate 
current compared with the value shown in the 
table. If all is well, a carrier is applied to the 
amplifier for adjustment purposes. The signal 
may be generated by carrier injection, or by 
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tone modulation of a sideband exciter. 

Caution! Do not apply full excitation to 
any grounded grid amplifier without plate 
voltage on the stage, or with the stage im- 
properly loaded. Under improper conditions, 
driving power normally fed to the output cir- 
cuit becomes available to heat the control grid 
of the tube to excessive temperature, and such 
action can destroy the tube in short time. 
Adjustable control of the excitation level is 
mandatory. 


The amplifier is now loaded to full, single 
tone input, (In the case of two 4-400A’s this 
will be 3000 volts at 333 ma., 2500 volts at 
400 ma., or 2000 volts at 500 ma.) Driving 
power will be approximately 30 watts per 
tube. Under these conditions, power input will 
be 1000 watts p.e.p. for sideband operation. 


To properly load the amplifier for 2 kw. 
p.e.p, operation it is necessary to have a 
special test signal. Tuning of this (or any 
other linear amplifier) is greatly facilitated 
by the use of an oscilloscope and envelope 
detectors, Even with two-tone or carrier input 
signal, however, it is difficult to establish the 
proper ratio of grid drive to output loading. 
In general, antenna coupling should be quite 
heavy: to the point where the power output 
of the amplifier has dropped about two per- 
cent. This point may be found by experiment 
for power levels up to 1 kw. p.e.p. However, 
since neither this amplifier, nor most power 
supplies, are designed for continuous carrier 
service at two kilowatts and since this average 
power level is illegal, some means must be 
devised to tune and adjust a “legal” two 
kilowatt p.e.p. linear amplifier without ex- 
ceeding the limitations of the amplifier, and 
without breaking the law. A proper test signal 
having high peak to average power ratio will 
do the job, permitting the amplifier to run 
at less than a kilowatt d.c. input while allow- 
ing the 2 kw. peak power level to be reached. 
This type of signal can be developed by an 
audio pulser, such as was described in QST 
magazine, August, 1947 (figure 41). The 
duty cycle of this simple pulser is about 0.44. 
This means that when the amplifier is tuned 
up for a d.c. indicating meter reading 800 
watts, using the pulser and single tone audio 
injection, the peak envelope power will just 
reach the 2 kw. level. An oscilloscope and 
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Figure 41 
AUDIO PULSER FOR HIGH POWER 
TUNE-UP OF AMPLIFIER 


This simple audio pulser modifies the audio 
signal to the sideband exciter so that it has a 
high peak-to-average power ratio. Amplifier 
may be thus tuned for two kilowatt p.e.p. 
input without violating the one kilowatt 
maximum steady state condition. 


audio oscillator are necessary for this test, 
but these are required items in any well 
equipped sideband station. Loading and drive 
adjustments for optimum linearity consistent 
with maximum power output may be con- 
ducted by this method. 


A Pi-Network 
Amplifier for C-W, 
A-M, or SSB 


This all-purpose amplifier covers the 3.5- 
29.7 Mc. range, and is designed for one kilo- 
watt c.w. or s.8.b. operation, and 825 watts 
input plate modulated am. service. Using a 
single 4-400A tetrode tube, this grid-driven 
amplifier may be driven by an exciter having 
a power output of approximately 15 watts. 
Two mechanical designs are discussed, one 
using variable vacuum tuning capacitors, and 
the other employing the less expensive vari- 
able air capacitors. The latter design is highly 
recommended as an inexpensive and foolproof 
amplifier for the amateur wishing to go high 
power on a lean purse! 


29-10 


The schematic of the am- 
plifier is shown in figure 
43. Bandswitching is employed in the grid 
and plate circuits, and the tetrode tube is 


Amplifier Circuit 
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Figure 42 
4-400A ALL-BAND AMPLIFIER 


This compact amplifier is designed for operation in the 3.5-29.7 Mc. range. Using bandswitching in 

the grid and plate circuits, the unit is capable of a full kilowatt input on c.w. and s.s.b., and 825 

watts a.m. phone. The amplifier employs variable vacuum tuning capacitors, but an alternative 

design uses inexpensive air capacitors. Panel controls are (I to r.): plate current meter (top), grid 

bandswitch (center), and grid tuning (bottom). Screen current meter (top), plate tuning (center), 

and plate loading (bottom). Grid current meter (top), plate bandswitch (center), and filament 
switch and pilot lamp (bottom). 
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Figure 43 

SCHEMATIC, 4-400A AMPLIFIER 

C,;—140 uytd. Hammarlund APC-140B 

C.—Neutralizing capacitor. 10 yyufd. Millen 
#15011, or Johnson N-250 

C3—250 yufd. Jennings UCS-250 variable 
seacgum capacitor. Johnson 250D70( 153-13) 

C4—1500 pyufd. Jennings UCSL-1200 variable 
vacuum capacitor. J. W. Miller #2104 air 
capacitor may be substituted 

L,—50 turns, #24, 134” long, %" diam. Tap 
5, 8, 13, and 25 turns from grid end. 
Wound on ceramic form. Link coil is 4 turns 
#18 insulated wire, wound on “cold” end 
of L,, tapped at center of winding 

Lo—Barker & Williamson #850 pi-network in- 
ductor. 80 meters, 13.5 uh.; 40 meters, 6.5 
uh.; 20 meters, 1.75 uh.; 15 meters, 1.0 wh.; 
10 meters, 0.8 uh. 

M,—9-50 d.c. milkammeter 

M2—0-100 d.c. milliammeter 

M3—0-800 d.c. milliammeter 

PC—4 turns, 1” diam. wound about four 220 
ohm, 2 watt composition resistors in parallel 

RFC,,;—2.5 mh. National R-100 

RFC.—B&W #800 piate choke, or National 
R-175A 

$,—2 pole, 5 position ceramic switch. Cen- 
tralab 2002 

T,—5 volts @ 15 amperes. Triad F-9U 

Blower—Shaded pole induction motor, 2400 
v.p.m. 4 blade fan, 212” diam. Allied Radio 
Co., Chicago, part number 72P-715 

Counter dials: Groth Mfg. Co. 


neutralized to achieve maximum stability of 
operation. Link coupling from the external 
exciter is used, and a tuned grid circuit offers 
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maximum rejection to any spurious harmonics 
or unwanted emissions of the exciter. Capaci- 
tive bridge neutralization is employed, with 
a 250 ppfd. mica capacitor forming the 
ground leg of the bridge in the grid circuit. 

Each screen terminal of the tube socket is 
bypassed to ground with a low inductance 
high voltage ceramic capacitor, and the screen 
power lead is harmonic filtered by a simple 
R-C network. Grid and screen currents are 
separately metered. To aid circuit stability in 
the region of v.h.f. parasites, one leg of the 
filament is grounded, and the opposite ter- 
minal is bypassed to ground at the tube socket, 
In addition, simple parasitic chokes are used 
in the grid and plate circuits as a safety 
measure. The plate circuit is the popular pi- 
network configuration, and will match 50- 
or 75-ohm antenna loads having an s.w.r. of 
less than 2 to 1. 

Amplifier plate current is metered in the 
B-minus lead to the power supply in order 
to remove the meter from the high potential 
B-plus circuit. By returning the bias and 
screen supplies to the cathode circuit (ground) 
the plate meter reads only the true plate cur- 
rent and not the cathode current, which is 
the sum of grid, screen, and plate currents. 
The reader is referred to the discussion of 
this subject in a previous section of this 
chapter. 
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Figure 44 
TOP VIEW OF 4-400A AMPLIFIER 


R.¢. circuits atop the chassis are enclosed in ventilated box made of perforated aluminum. Band- 

switching inductor is at the right, with coaxial antenna receptacle directly to the rear, mounted 

on aluminum plate. To left of variable vacuum capacitor is the disc-type neutralizing capacitor. 

Plate r.f. choke is directly behind tube. Panel meters are isolated from r.f. field by aluminum 
sub-panel. 


Amplifier The amplifier is constructed 
Construction upon an chassis 

measuring 15” x 17” x 414”. 
Standard, TVI-proof construction is used, as 
outlined in the Workshop Practice chapter 
of this Handbook. The above-chassis cir- 
cuitry is enclosed in a perforated aluminum 


aluminum 


enclosure measuring 1314” x 17” x 9”. The 
frame of the enclosure is made of 14-inch 
aluminum angle stock, with corner gusset 
plates. Perforated sheets form the sides and 
top and are held in position with sheet metal 
screws spaced about three inches apart along 
the edges of the material. A sub-panel made 
of lg-inch aluminum is placed about 134 
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inches behind the main panel. The area be- 
tween the two panels is taken up by the three 
meters, and the gear drive system for the grid 
bandswitch. The panels are held in position 
by metal spacers located at the extreme top 
corners of the assembly, 


Placement of the major components may 
be seen in the photographs. The pi-network 
tuning capacitors are centered on the panel, 
with the bandswitch controls placed symmetri- 
cally about the tuning capacitor. Below deck 
the output loading capacitor is contained 
within a small shielded compartment formed 
from sheet aluminum. As the grid input cir- 
cuit is adjacent to this capacitor, it is impor- 
tant that there be no leakage of r.f. energy 
from input to output circuits. The bottom 
plate of the chassis is a solid piece of alu- 
minum, with a 4-inch hole cut in it directly 
below the blower for the tube socket. The hole 
is covered with perforated aluminum stock, 
and the bottom plate is firmly bolted to the 
chassis lip, and also to the flanges of the box 
screening the output loading capacitor. An 
“r.f.-tight” box thus surrounds the capacitor. 
Connection between the capacitor and the pi- 
network circuit above the deck is made via a 


ceramic feedthrough insulator mounted in 
the deck. 


The blower motor is mounted in a vertical 
position below the ceramic tube socket (figure 
44A).Astrip of aluminum supports the motor 
between the lip of the chassis and a lip of 
the capacitor compartment. The bracket is 
mounted with flat-head bolts, and the motor 
bolts are run through rubber grommets 
mounted in the strip. The power leads to the 
motor, as well as all other low voltage power 
wiring beneath the chassis, are run in shielded 
braid with the lead bypassed to the braid at 
each end of the run, 


The grid circuit components are mounted 
to an aluminum plate spaced away from the 
panel by four aluminum posts. The grid capa- 
citor is driven by two flexible couplings from 
the tuning dial, which is positioned on the 
panel below the bandswitch and meter. The 
grid bandswitch is driven from atop the 
chassis by means of two right-angle gear 
drives. One drive is below the chassis and 
the second is placed in the meter compartment 
behind the bandswitch dial. 


Placement of the major plate circuit com- 
ponents may be seen in figure 44. The 
tuning capacitor is centered on the chassis with 
the tube and neutralizing capacitor on one 
side, and the plate tank inductor on the oppo- 
site side. The ceramic plate circuit coupling 
Capacitors are mounted between two aluminum 
plates, forming a “sandwich” supported on one 
side by a 4-inch wide copper strap from the 
plate r.f. choke, and on the other side by a 
similar strap affixed to the plate tank 
Capacitor. 


Bias and Screen 
Supply 


The bias and screen supply 
described in the next sec- 
tion of this chapter may 
be used for all-purpose amplifier operation. 
Screen protective relay RY, should be adjusted 
to cut out at a maximum screen current of 
50 milliamperes. If sideband operation is not 
contemplated, it is possible to eliminate the 
voltage regulator tubes in the screen supply 
and substitute a simpler unit that will pro- 
vide 400 volts dic. at 50 milliamperes. This 
will be suitable for either phone or c.w, opera- 
tion. For the former, it is necessary to allow 
the screen to “self-modulate” itself to obtain 
100 percent plate modulation. This is done 
by inserting a 10-henry filter 100 ma. choke 
in the screen lead at the point marked “X” 
(figure 43). The choke is shorted out for 
c.w. Operation. 


Use of Air 
Capacitors 


In order to reduce the cost of 
the amplifier, it is possible to 
substitute air capacitors for the 
variable vacuum units. A Johnson #250D70 
(153-13) will serve as the plate capacitor, 
and a four gang b.c.-type capacitor, such as 
the J. W. Miller #2104 will replace the 
vacuum output capacitor. In addition, the in- 
expensive Air-Dux inductor and the ceramic 
switch described in the “KW-2” amplifier 
may be used as a substitute for the more 
expensive bandswitch assembly shown here. 


Amplifier Tuning The amplifier should be 
and Adjustment neutralized in the manner 

described in the next sec- 
tion of this chapter, Proper neutralization is 
indicated during operation of the amplifier 
by detuning the plate tuning capacitor a small 
amount each side of resonance. The point of 
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Figure 44A 
LAYOUT OF UNDER-CHASSIS COMPONENTS 
The pi-network loading capacitor is mounted on angle plates within the shielded compartment at 
center. The grid circuit components are at the left, in front of blower fam and motor. The filament 
transtormer is mounted to the wall at right side of chassis. Shielded wire is used for all low-voltage 
power leads. 
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minimum plate current should coincide with 
the point of maximum grid current. If grid 
current increases when the plate circuit is 
tuned either side of resonance, the setting of 
the neutralizing capacitor should be varied 
slightly until the two readings coincide at one 
capacitor setting. 

The bias supply is adjusted to provide ap- 
proximately —120 volts of cut-off bias. Full 
screen voltage may be applied as long as cut- 
off bias is on the stage. Full excitation, how- 
ever, shou!d never be applied in the presence 
of screen voltage unless full plate voltage is 
on, and the amplifier is properly loaded. 
Screen current is a very sensitive indicator of 
proper operation. High values of screen cur- 
rent point to insufficient antenna loading, or 
to excess drive. Low screen current indicates 
excessive antenna loading or insufficient drive. 
If the plate current seems normal, the drive 
level should be adjusted to provide proper 
screen current. 


29-11 Kilowatt Amplifier 
for Linear or Class C 
Operation 


Figure 45 
GENERAL PURPOSE Rae = 
AMPLIFIER 
OPERATES IN CLASS 


A, B, OR C MODE 


This kilowatt amplifier 
employs a pair of 
4-250A‘s in a pi-network 
circuit. Mode of opera- 
tion may be set by selec- 
tion of proper screen and 
bias voltages. Grid, plate, 
and screen current me- 
ters are mounted on 
plastic plate behind panel 
cut-out, and tubes are 
visible through shielded 


panel opening. Across 
bottom of panel (left to 
right) are bandswitch, 


grid tuning, plate tun- 

ing, loading, and primary 

power control circuits. 

Plate tuning knob is at- 

tached to weal counter 
jal. 
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A pair of 4-250A or 4-400A tetrode tubes 
may be employed in a pi-coupled amplifier 
capable of running one kilowatt input, c-w or 
plate modulated phone, or two kilowatts 
p.e.p. for sideband operation. Correct choice of 
bias, screen, and exciting voltages will permit 
the amplifier to function in either class A, B, 
or class C mode. The amplifier is designed 
to operate at plate potentials up to 4000 volts, 
and excitation requirements for class C oper- 
ation are less than 25 watts. 

A bandswitching type of pi-network is em- 
ployed in the plate circuit of such an ampli- 
fier, shown in figure 45 The pi-network is 
an effective means of obtaining an impedance 
match between a source of r.f. energy and a 
low value of load impedance. A properly de- 
signed pi-network is capable of transformation 
ratios greater than 10 to 1, and will provide 
approximately 30 decibels or more attenuation 
to the second harmonic output of the amplifier 
as compared to the desired signal output. Since 
the second harmonic level of the amplifier 
tube may already be down some 20 db, the 
actual second harmonic output of the network 
will be down perhaps 50 db from the funda- 
mental power level of the transmitter. Atten- 
uation of the third and higher order harmonics 
will be even greater. 
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Figure 46 
SCHEMATIC, GENERAL PURPOSE KILOWATT AMPLIFIER 


Cr—100 uufd. Hammar- 
lund HF-100 

C-—200 uufd., 1OKV var- 
iable vacuum capaci- 
tor. Jennings UCS-200 

C:—1500 uufd., variable 
capacitor. Cardwell 
8013 


C.—Neutralizing capaci- 
tor, disc. Millen 15011 
Cs—300 wzputd., mica, 


PC—47 ohm, 2 watt 
composition resistor 
wound with 6 turns 
#18e. 


RFC:—2.5 mh. 
National R-100 


RFC:—Heavy duty, wide- 
band 1¢.f. choke. Bar- 
ker & Williamson type 
800 


choke. 


S:—Two pole, 6 position 
switch. Two Centralab 
PA-17 decks, with PA- 
301 index assembly 


T.—5 volt, 20 ampere. 
Stancor P-6492 


M:i—0 - 50 ma. d.c. 


Triplett 
S:—Two pole, 6 position 
high voltage switch. M—0-150 ma. dic. 
Communication Prod- Triplett 
ucts Co. type 88 two M.—0--750 ma. dc. 
gang switch Triplett 


RFC.—VHF choke. Ohm- 
ite Z-144 


1250 volt 
Li-Lio—See coil table 


$:—Four pole, three po- 


Gears—2 required. Bos- 


sition switch. Centra- ton Gear #G-465 and 
lab #G-466 


The peak voltages encountered across the 
input capacitor of the pi-network are the same 
as would be encountered across the plate tun- 
ing capacitor of a single-ended tank used in 
the same circuit configuration. The peak volt- 
age to be expected across the output capacitor 
of the network will be less than the voltage 
across the input capacitor by the square 
root of the ratio of impedance transformation 
of the network. Thus if the network is trans- 
forming from 5000 ohms to 50 ohms, the ra- 
tio of impedance transformation is 100 and 
the square root of the ratio is 10, so that the 
voltage across the output capacitor is 1/10 
that across the input capacitor. 

A considerably greater value of maximum 
capacitance is required of the output capacitor 
than of the input capacitor of a pi-network 
when transformation to a low impedance load 
is desired. For 3.5 Mc. operation, maximum 
values of output capacitance may run from 


500 pufd. to 1500 ppfd., depending upon the 
ratio of transformation. Design information 
covering pi-network circuits is given in an earl- 
ier chapter of this Handbook. 

Illustrated in this section is an up-to- 
date version of an all-band pi-network ampli- 
fier, suited for sideband or class-C operation. 
The unit is designed for TVI-free operation 
over this range. 


Circuit 
Description 


The schematic of the general 
purpose amplifier is shown in 
figure 46. The symmetrical 
panel arrangement of the amplifier is shown 
in the front view (figure 45) and the rear 
view (figure 47). A 200 pyfd. variable va- 
cuum Capacitor is employed in the input side 
of the pi-network, and a 1500 ppufd. variable 
air capacitor is used in the low impedance out- 
put side. The coils of the network are switched 
in and out of the circuit by a two pole, five 
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REAR VIEW OF GENERAL PURPOSE 
AMPLIFIER WITH SHIELD 
REMOVED 


The pi-network circuit is built from an inex- 
pensive high voltage rotary switch, and five 
inductors. The switch Is panel driven by a 
gear and shaft system shown in figure 38. 
Variable vacuum capacitor is mounted ver- 
tically between the tubes, directly in back of 
the plate r.f. choke. Neutralizing capacitor is 
at right, connected to plates of tubes with a 
wide, silver plated copper strap. Meters are 
enclosed by aluminum shield partition running 
the width of the enclosure, with conduit car- 
rying meter loads to under-chassis area at 
left, front of chassis. Metal shells of tube 
bases are grounded by spring contacts. 


position high voltage ceramic rotary switch. 
Each coil is adjusted for optimum circuit Q, 
resulting in no tank circuit compromise in ef- 
ficiency at the higher frequencies. A close-up 
of the tank circuit is shown in figure 47. The 
plate blocking capacitor is made of two .001 
ufd., 5 kv. ceramic capacitors connected in series. 


Special precautions are taken to insure op- 
erating stability over the complete range of 
amplifier operation. The screen terminals of 
each tube socket are jumpered together with 
3g” copper strap and a parasitic choke (PC) 
is inserted between the center of the strap and 
the screen bypass capacitor. In addition, sup- 


pressor resistors are placed in the screen leads 
after the bypass capacitor to isolate the sensi- 
tive screen circuit from the external power 
leads. A third parasitic choke is placed between 
the grid terminals of the tubes and the tuned 
grid circuit. 

The five coils of the grid circuit are en- 
closed in a smal] aluminum shield placed ad- 
jacent to the tube sockets (figure 48 and figure 
50). The amplifier is neutralized by a capaci- 
tive bridge system consisting of neutralizing 


Figure 48 


PLACEMENT OF 
PARTS IN UNDER- 
CHASSIS AREA 


Grid tuned circuit is en- 
closed In separate enclo- 
sure at left. Bandswitch 
projects out the rear of 
case, and is gear driven 
by same shaft that act- 
uates the plate band- 
switch. Switches are driv- 
en through right-angle 
gear drives and gears. 
Output capacitor of pi- 
network is shielded from 
rest of under-chassis 
components. 
The screen terminals of 
each tube socket are 
strapped together with 
3%" copper ribbon, and 
low inductance screen 
bypass capacitor is 
grounded to socket 
mounting bolt. Screen 
parasitic choke mounts 
between strap and ca- 
pacitor terminal. All 
power leads beneath the 
chassis are run in shield- 
ed braid, grounded to 
chassis at convenient 
points. B-plus ftead is 
made of section of RG- 
8/U coaxial cable, with 
outer sheath and braid 
removed. 
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FIGURE 49 
COIL TABLE FOR KILOWATT AMPLIFIER 


GRIO COILS 


Li- (80 METERS) : 46 TURNS #24 E, 374” 014, 1” LONG ON 
AMPHENOL POLYSTYRENE FORM 


L2—-(40 METERS): 30 TURNS #24E, 374" D1A., 374" LONG 
ON AMPHENOL POLVYSTVRENE FORM. 


L3-(20 METERS): 12 TURNS, B&W S011 MINIDUCTOR, 
374" D1A., 374° LONG. 


La-(t5 METERS): 7 TURNS, 84 W 3010 MINIDUCTOR, 
3/4” D14., 778" LONG. 


L$-(10 METERS): 5S TURNS, AS ABOVE. 
ALL COILS HAVE 3 TURN LINKS MADE OF HOOKUP WIRE. 


PLATE COILS 
Le- (80 METERS): 17 TURNS #10, 3°0D, OTURNS PER INCH 
4 1R- OUx" 

L7- (40 METERS): 10 TURNS #10, 3” 00., 5 TURNS PER INCH 
La-(20 METERS): 9 TURNS, 3716" COPPER TUBING, 

2 172° 0.0., I" LONG. 
Lo-(15 METERS): 7 TURNS, 1/4" COPPER TUBING, 
——=2 2 178° 0.0., 3" LONG. 
L10-(10 METERS): 5 TURNS, 1/4” COPPER TUBING, 
2 174° 0.0., 3" LONG. 


capacitor Cs and C:, the grid circuit bypass ca- 
pacitor. 

Screen voltage may be removed for tune-up 
purposes by control switch S., section B. The 
screen circuit is grounded in the “off” and 
“fil” positions by means of switch section C. 


Amplifier 
Construction 


The complete amplifier is 
built upon an aluminum chas- 
sis measuring 13” x 17” x 3” 
and has a 14” standard relay rack panel. The 


Figure 50 
GRID TANK CIRCUIT ASSEMBLY 


Coils are mounted to the ceramic switch decks 
by their leads. A small aluminum plate at- 
tached to rear of the switch assembly rods 
supports grid tuning capacitor which projects 
out rear of shielded enclosure. Entire assembly 
may be pre-wired before placing in enclosure. 


grid circuit components are mounted within 
an aluminum box measuring 3” x 4” x 4”. 
Plate loading capacitor Cs, r.f. choke RFC-1, 
and output connector J: are placed within an 
enclosure measuring 6” x 6” x 3”, made up 
of aluminum angle sections and sheet material. 
The plate circuit shielding is made of Reynold’s 
“Do-it-yourself” aluminum stock, available at 
most hardware stores. 


Layout of the major components can be seen 
in figure 47. The two tube sockets are placed 
directly behind the panel opening, with the 
plate r.f. choke between them, and the variable 
vacuum Capacitor is mounted vertically to the 
chassis directly behind the sockets, on the cen- 
ter line of the chassis. To the right of the sock- 
ets is neutralizing capacitor Cs. The high volt- 
age ceramic coil switch S:A-B is placed directly 
behind the vacuum capacitor, mounted in a 
vertical position. 


The variable vacuum capacitor is panel driv- 
en by a counter-type dial, through a miniature 
right angle gear drive, as seen in the under- 
chassis view (figure 48). The plate and grid 
band switches are ganged and switched in uni- 
son by means of a shaft acting through two 
right angle gear drives and two bevel gears. 
Both circuits are thus switched by the “Band- 
switch” control located in the lower left corner 
of the front panel. 


It is necessary to apply forced air to the 
sockets of the amplifier tubes. A large 115 
volt a.c. operated blower is therefore mounted 
in the center of the bottom shield plate. The 
under-chassis area is thus pressurized and the 
majority of the air escapes through the socket 
ventilation holes located near the pins of the 
tubes. 

All wiring beneath the chassis (with the 
exception of the filament leads) is done with 
5KV insulated wire, encased in metallic braid 
which is grounded to the chassis every inch or 
so. The B-plus wiring from the high voltage 
terminal to the plate current meter is done 
with a section of RG-8/U coaxial line from 
which the outer braid has been removed. A 
similar piece of line is run from the .neter to 
the plate r.f. choke, RFC-2. 

The three meters are mounted upon a lu- 
cite sheet placed behind a second lucite sheet 
mounted behind a cut-out in the front panel. 
The meters are shielded from the plate circuit 
of the amplifier by an aluminum enclosure 
that covers the wiring and meters, running the 
full length of the chassis. The meter leads pass 
through the plate circuit area via a short length 
of \4-inch aluminum conduit that is threaded 
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4-250A/4-400A OPERATING CHARACTERISTICS 
(2 TUBES ) 


(TEM 


PLATE VOLTAGE 
PLATE CURRENT (MA) 
SCREEN VOLTAGE 
SCREEN CURRENT (MA ) 
GRID BIAS 
PROTECTIVE BIAS 
GRID CURRENT (#A.) 
POWER OUTPUT (war7s) 


Figure 51 


OPERATING DATA AND SCHEMATIC, 
SCREEN AND BIAS SUPPLY 


T :—870-410-0-410-870 volts at 150 ma. and 
60 ma. 5 volts, 2 a., 6.3 v. 3.5 a. 
Stancor P-8307 

T,—235-0-235 volts at 40 ma. Stancor PC- 
8401 

CH:—7 henry at 150 ma. Stancor C-1710 

CH:—7 henry at 50 ma. Stancor C-1707 

RY :—Overload relay, adjustable 100-250 ma. 

Note: Js: is insulated from chassis. 


at cach end and bolted to the chassis and the 
meter shield. Plate circuit wiring above the 
chassis is done with 14-inch silver plated cop- 
per strap. 


After the amplifier is wired 
and checked, it should be 
neutralized. This operation 
can be accomplished with no power leads at- 
tached to the unit. The tubes are placed in 
their sockets, and abour 10 watts of 30 Mc. 
r.f. energy is fed into the plate circuit of the 
amplifier, via the coaxial output plug J:. The 
plate and grid circuits are resonated to the 


Amplifier 
Neutralization 


frequency of the exciting voltage with the aid 
of a grid-dip merer. Next, a sensitive r.f. volt- 
meter, such as a O-1 d-c milliammeter in 
series with a 1N34 crystal diode is connected 
to the grid input receptacle (J.:) of the am- 
plifier. The reading of this meter will indicate 
the degree of unbalance of the neutralizing 
Circuit. Start with a minimum of applied r.f. 
excitation to avoid damaging the meter or the 
diode. Resonate the plate and grid circuits for 
maximum meter reading, then vary the setting 
of neutralizing capacitor C, until the reading 
of the meter is a minimum. Each change in C 
should be accompanied by re-resonating the 
grid and plate tank circuits. When a point of 
minimum indication is found, the capacitor 
should be locked by means of the auxiliary set 
screw. 

Complete neutralization is a function of the 
efficiency of the screen bypass system, and 
substitution of other capacitors for those noted 
in the parts list is not recommended. Mica, 
disc-type, or other form of bypass capacitor 
should not be substituted for the units speci- 
fied, as the latter units have the lowest value of 
internal inductance of the many types tested 
in this circuit. 


Bias and 
Screen Supply 


The amplifier requires -60 to 
-110 volts of grid bias, and 
plus 300 to 600 volts of 
screen potential for optimum characteristics 
when working as a class ABI linear ampli- 
fier. Screen voltage for class C operation 
(phone) is 400 volts. The voltage may be 
raised to 500 volts for c.w. operation, if de- 
sired, although the higher screen voltage does 
little to enhance operation. Approximately -120 
volts cut-off bias is required for either phone 
or ¢-w operation. A suitable bias and screen 
power supply for all modes of operation is 
shown in figure 51, together with an operating 
chart for all operating voltages. The supply 
furnishes slightly higher than normal screen 
voltage which is dropped to the correct value 
by an adjustable series resistor, Ri. This series 
resistor is adjusted for 30 milliamperes of cur- 
rent as measured in meter jack J: when the 
supply is disconnected from the amplifier. 
Series bias resistor R: is adjusted for the same 
current in jack J» under the same conditions. 
The value of protective bias may now be set 
by adjusting potentiometer Ra. 

Additional bias is required for class C oper- 
ation which is developed across series resistor 
R.. Switch S: is open for class C operation and 
closed for sideband operation. 

It is imperative that the screens of the tet- 
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rode amplifier tubes be protected from exces- 
sive current that could occur during tuning 
adjustments, or during improper operation of 
the amplifier. The safest way to accomplish 
this is to include an overload relay that will 
open the screen circuit whenever the maximum 
screen dissipation point is reached. Two 4- 
250A tubes or 4-400A tubes have a total screen 
dissipation rating of 70 watts, therefore relay 
RY-1 should be adjusted to open the screen 
circuit whenever the screen current reaches 
approximately 100 milliamperes. 


A 2-Kilowatt 
P.E.P. All-Band 
Amplifier 


29-12 


Described in this section is a deluxe all- 
band linear amplifier suited for s.s.b, or c.w. 
operation up to the maximum legal power 
limit. A 4CX1000A ceramic power tetrode is 
employed in a basic passive grid circuit shown 
earlier in this chapter in figure 11C. 

The 4CX1000A is a ceramic and metal, 
forced air-cooled, radial beam tetrode with a 
rated maximum plate dissipation of 1000 
watts. It is a medium voltage, high current 
tube specifically designed for Class AB1 rf. 
linear amplifier service where its high gain 
and low distortion characteristics may be used 
to advantage. At the maximum rated plate 
voltage of 3000, the tube is capable of 1680 


watts p.e.p. output in sideband service. Maxi- 
mum grid dissipation of the 4CX1000A is 
zero watts. The design features which make 
the tube capable of maximum power opera- 
tion without driving the grid into the positive 
region also makes it necessary to avoid positive 
grid operation. 


This efficient amplifier covers the 3.5-29,7 
Mc. amateur range and may be driven by any 
modern sideband exciter having a power out- 
put of 75 watts, p.e.p. In addition to sideband 
operation, the amplifier may be used as an 
a.m. linear, providing a carrier power of about 
350 watts. 


The circuit of this all- 
band amplifier is shown 
in figure 53. A resistance loaded, passive grid 
configuration is employed in conjunction with 
a pi-network output circuit. Grid drive re- 
quirements are about 60 volts peak, developed 
across resistor Ry which has a value of 50 
ohms. This corresponds to approximately 72 
watts p.e.p., all of which is dissipated in the 
grid resistor. Average power dissipated in this 
resistor is about 30 watts under voice wave- 
form conditions, It is possible to tune up and 
adjust the exciter with the plate and screen 
voltages removed from the 4CX1000A, using 
this resistor as a dummy load. 


The amplifier plate circuit is the popular 
pi-network configuration employing a tapped 


Circuit Description 
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Figure §2 
DELUXE 4CX1000A 
SIDEBAND 
AMPLIFIER 


Constructed in a desk- 
top cabinet, this 5-band 
sideband amplifier is 
rated at 2 kilowatt p.e.p. 
level. Panel controls are 
(I. to ¢.): meter switch, 
plate tuning (top), fila- 
ment and plate switches 
and pilots (center), plate 
loading control (bottom) 
and bandswitch. 
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4CX1000A 


—-BIAS A fie B+ ytSv. B+ 
La Sw. ON ~ SCA. 
Figure 53 


SCHEMATIC, 4CX1000A AMPLIFIER 
C,—500 uutd., 5 kv. Jennings Radio Co., type 
ucs 


t 
Cy—2000 uufd., 2 kv. Jennings Radio Co., 
type UCSL 
L:—Barker & Williamson #852 turret 
RFC,—2.5 mh. National R-100 
RFC,—Transmitting type r.f. choke. National 
R-175A 
T,—6.0 volts @ I] a. Stancor P-6463 
Blower—50 cu. ft. min. Ripley #81 or equi- 
valent 


coil and variable vacuum capacitors. A simple 
diode voltmeter is used to monitor the r.f. 
output voltage of the amplifier. The network 
is capable of matching antenna loads of 50-75 
ohms, which exhibits an s.w.r, of less than 2/1. 
Metering and Control Circuits. The amplifier 
unit contains two panel meters (figure 54). 
A 0-1 dic. ammeter placed in the B-minus leg 
of the power supply serves as a plate meter. 
The second meter is a 0-1 dic. milliameter 
connected as a multi-purpose indicator. Panel 
switch S, places the meter across shunt and 
multiplier resistors in various circuits. 

The basic control circuits are shown in 
figure 55. A “fail-safe” design utilizes control 


RF OUTPUT 


MULTIMETER SWITCH S1 
A-0-1MA., GRID 
B- 0-1 MA., AF OUT. 
C- 0-40MA, SCREEN 
D- 0-500v., 84 SCREEN 
@- O-SKV., OF PLATE 


NOTE: 0.1 CAPACITORS ARE SPRAGUE 
HVPASS #80P-3 


relays energized from low voltage d.c. supplies. 
If one of the supplies fails, or a relay becomes 
inoperative for any reason, the 4CX1000A 
tube is protected from abuse. Inexpensive 115 
volt a.c. relays are used, which operate satis- 
factorily from a d.c. source of about 30 volts. 
Series resistors may be used with the relay 
coils to provide the correct pull-in voltage. 
Relay RY, is the main power relay. When the 
“Filament On" switch on the amplifier is 
thrown, the bias supply (—150 volts) is ener- 
gized, Power is applied to relay RY, through 
the overload relay contacts (RYop) and the 
time delay relay, TD. For usual voice opera- 
tion, the plate supply is left on at all times. 
Relay RY, may be released by the overload 
relay RY» whose actuator coil is placed in 
series with the B-minus lead of the high volt- 
age supply. The overload relay is adjusted to 
trip at a plate current of approximately 850 
ma. Once the relay is tripped, it is reset by 
the auxiliary reset coil by momentarily throw- 
ing off the filament switch. 

Screen voltage of the 4CX1000A is ob- 
tained from the high voltage supply through 
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an adjustable dropping resistor and is con- 
trolled by two OD3 regulator tubes. With this 
regulator and divider combination, the screen 
voltage is stabilized at 300 volts, yet a maxi- 
mum of only 10 watts may be drawn from the 
supply. This protects the 4CX1000A under any 
operating conditions, as the maximum screen 
dissipation rating is 12 watts. In the event the 
plate supply fails, the tube is protected from 
screen overload, as the screen voltage is also 
removed at the same time. In case of bias 
failure, the plate circuit relay is de-energized, 
as it receives power from the bias supply. 
The screen current of the 4CX1000A varies 
over a wide range, depending upon the tube 
operating conditions, and may approach 


Figure 54 
HINGED FRONT PANEL REVEALS 
BIAS AND VOLTMETER 
ADJUSTMENTS 


The main panel is hinged at the lower cdge, 

and is cut out to permit meter switch and 

bond switch knobs to project through. Special 

dial plotes are cut from lucite and engraved 

for the two controls. At left, the two control 

potentiometers are mounted below meter 
switch. 


moderate negative values if the tube is lightly 
loaded. It is convenient, therefore, to be able 
to monitor negative values of screen current. 
A bleeder resistor is placed directly at the tube 
socket after the screen meter shunt. With 300 
volts applied to the screen, this resistor is 
adjusted to provide a static reading of 20 
milliamperes on the meter. Thus, 20 ma. must 
be subtracted from the meter reading to ob- 
tain the actual screen current. When the screen 
Current is negative, the meter reading will drop 
below 20 milliamperes. A negative screen 
current of 18 ma., for example, will result in 
an indication of plus 2 ma. on the meter. 
Negative screen currents as great as —20 ma. 
can be monitored in this manner. 

The amplifier is cut off during standby 
periods by means of relay RY3, which boosts 
the grid bias to —150 volts. This prevents the 
amplifier from generating troublesome diode 
noise during periods of reception. Full operat- 
ing potentials are applied to the amplifier at 
all times, and the amplifier is activated by re- 
moving the blocking bias. Relay RY, may be 
controlled by an external voice circuit; it is 
only necessary to ground pin #2 to pin #3 on 
the control strip (figure 55) to activate the 


HANDBOOK 


4ACX1000A Amplifier 657 


20A RY1a 
C.B. ‘ 
i} 
SVL O | i (230] +) O 8+ 3000 Vv. 
| } 
3000 Vv. “N25 
0/0 | RY SUPPLY 0 gems Z00W 
ia 
mele Fe Seo 
[230] © 
! 
SEE ADJUST 
' réxr OVERLOAD Rave 
A ° RESET COL 
Rvith Ry2e ie aes 
CG 
@ TO AC. NEUT. 7 
| 
TOA.C 
fie SEE TEXT | 
\ 
RY2a : 
al rt 
RY 
RY3 = 
SEE 
TO Hy, TExr 
RECTIFIER 
FIL. XFRMR d? 
10K Lp 
SR2 
es Sw 
Rae) (an ee 
= +] 250v = 
iaeae et ey sta 
1 2 3 4 5 6 7 8 o 2 3 
“BIAS AC. FIL. Bt 118¥. B+ B= GND Tv 
NEUT. SW. ON % ~~ SCR. TO CONTROL Sw., 
ANT. RELAY, ETC. 
Figure 55 


SCHEMATIC, AMPLIFIER CONTROL CIRCUIT 
RY\—-Primary control relay. 115 volt a.c. coil or d.c. coil chosen to work with bias supply voltage. 
13 ampere contacts. Potter & Brumfield type PR7AY 
RY.— Overload relay, 115 volt reset coil. Potter & Brumfield type GCIIA 
RY3—SPST, 115 volt a.c. relay. Potter & Brumfield type KLSA 
SR1,2—500 ma. rectifier. Sarkes-Tarzian M-500 
T,—150-160-170 volts @ 0.5 amp. Triad R-93A Set at 170 volt tap 


TD—Thermai delay unit. Amperite 115-NO-180 


amplifier. The coil of the antenna relay may 
be placed in parallel with that of relay RY, 
for completely automatic voice operation. 


Amplifier 
Construction 


This amplifier is an excellent 
example of high-grade amateur 
construction. The unit is housed 
within an aluminum cabinet measuring 10” 
high, 15” wide and 1514” deep. A false front 
panel, hinged at the lower edge (figure 54) 
is employed for decorative purposes. An auxi- 
liary panel is placed behind this, holding che 
panel meters, control switches and the counter 
dials (figure 56). This auxiliary panel is 
spaced in front of the amplifier enclosure 
(figure 57), Electrical connections between 
the amplifier and the auxiliary panel equip- 


ment are made by means of two disconnect 
plugs, permitting the auxiliary panel to be 
wired and tested as a complete sub-assembly, 
or to be removed for servicing. 

Placement of the major components within 
the amplifier box may be seen in the top view, 
figure 58. No chassis is used, other than two 
shield boxes which enclose the tube socket and 
the power receptacles on the rear of the 
cabinet. 

The 4CX1000A tube is mounted on the top 
of an aluminum box measuring 6” square and 
4” high. Only four connections pass into this 
compartment: Filament, screen, and bias leads 
(via coaxial capacitors seen in figure 57); 
and the excitation lead (via a coaxial plug and 
receptacle placed beneath the blower motor). 
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Power and control leads from the shielded 
receptacle at the rear of the cabinet pass 
through a 34” aluminum conduit tube to the 
various Circuitry mounted on the auxiliary 
front panel. The high voltage lead leaves the 
shield box via a short length of copper tub- 
ing to the bottom of the plate r.f. choke, 
which is supported from the rear wall of the 
cabinet. 

The variable vacuum capacitors are mounted 
to the tube socket assembly box by means of 
a heavy aluminum bracket, and are driven by 
the counter dials through flexible shaft 
couplers. 

The space between the front panel and the 
enclosure is about 314” and the filament 
transformer is mounted in the lower right por- 
tion of this area (figure 57). The enclosure 
is sealed by a hinged lid, which is TVI-proofed 
by phosphor-bronze finger stock fastened 
around the edge of the cabinet opening. 

The passive grid resistor (R,) is made up 
of nine 470-ohm, 2-watt composition resistors 


Figure 56 
REAR VIEW OF METER PANEL 


Counter dial mechanisms, pilot lamps, meters 

and switches are mounted on aluminum sub- 

panel. Meter switch, potentiometers, and meter 

resistors are mounted on phenolic panel at 

lower right. Pancls have disconnect plugs so 
that they may be wired separately. 


placed in parallel (figure 59). The resistor 
leads are clipped short, and the units are 
mounted between two copper discs, 114” in 
diameter. The assembly is enclosed in a copper 
tube measuring 11” inside diameter, 21” 
long, and having a 1/16” wall. After the re- 
sistor assembly is completed, it is bolted to 
a plate which fastens to one end of the tube. 
The container is then filled with transformer 
oil through a vent hole in the top. When it 
is full, ic is placed in a pan of water which 
is heated to the boiling point. The oil expands 
and drives the air out through the second vent 
hole. Before the unit cools, the vent holes are 
closed with solder. This compact assembly will 
handle up to nearly 100 watts on an inter- 
mittent basis. 

If it is desired to make a less complex re- 
sistor assembly, thirty 1500-ohm, 2-watt com- 
position resistors may be connected in parallel 
between two copper plates, in the manner 
shown in the photograph. This arrangement is 
cooled by the flow of air past the resistors. 


Amplifier Adjustment Before power is applied 
and Tuning to the amplifier, fila- 

ment voltage should be 
adjusted to provide 6.0 volts at the socket of 
the 4CX1000A. Voltage should be held within 
plus-or-minus 5 percent for maximum tube 
life, so an accurate voltmeter is required for 
this check. 
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Figure 57 
MAIN PANEL OF 
AMPLIFIER 


Meter multiplier and filament transformer (right) are mounted to the main panel. At feft are 
feedthrough capacitors for various supply leads. Disconnect plugs to auxiliary panel are at center. 
Bandswitch shaft bracket is mounted to top of transformer. 


The amplifier is attached to a dummy an- 
tenna or other r.f. load. The sideband exciter 
may now be tuned and loaded, using the pas- 
sive input resistor of the amplifier as a dummy 
load. The filament of the 4CX1000A is turned 
off, and high voltage applied to the amplifier. 
The reading of the screen current meter is 
noted, and the high voltage turned off and the 
screen bleeder adjusted until the meter indi- 
cates 10 milliamperes of bleeder current, 

The filament is now turned on, and the 
plate voltage applied and checked. The “Ad- 
just Bias” potentiometer at the rear of the am- 
plifier is set to provide a static plate current 
reading of 0.3 ampere. (Note that 60 ma. of 
indicated meter reading is current drawn by 
the screen regulator tubes and bleeder. This 


current is constant, regardless of plate current, 
and must be subtracted from the meter reading 
to obtain true plate current.) 

Next, apply a small carrier signal to the 
amplifier to increase the plate current indica- 
tion by about 50 ma. A large value of negative 
screen current will be noted. Quickly set the 
loading capacitor to full scale, and adjust the 
plate tank capacitor for plate current dip, 
which will be very small. 

Monitor the screen current and advance the 
grid drive until about plus 10 to 20 milli- 
amperes of screen current are noted. Decrease 
the capacitance of the loading capacitor (in- 
crease loading) slowly, and observe that the 
screen current decreases as the loading in- 
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creases. Screen current will approach zero, and 
perhaps go slightly negative. Re-resonate plate 
tank, and increase excitation until plate cur- 
rent reaches 0.75 ampere. Screen current can 
be adjusted by alternately varying grid drive 


Figure 58 
TOP VIEW OF AMPLIFIER CABINET 


Placement of the major components may be 
seen in this view. At left is 4CXI000A tube 
and socket, with blower immediately behind 
it, Atop the blower are the plate circuit r.f. 
choke and blocking capacitors. Ten meter sec- 
tion of tank coil is mounted in a vertical 
position behind vacuum capacitor, which in 
turn is mounted to tube enclosure. At right 
is the tank inductor, with an auxiliary switch 
deck (not used} mounted on rear of assembly. 
This deck may be employed to switch antenna 
relays. Lid of cabinet is perforated to provide 
ventilation. Air intake is on left side of the 
cabinet beside blower cage. 
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and antenna loading. The sequence of events 
is to tune, load, and vary the drive until a 
plate meter reading of 0.75 ampere is achieved, 
with an indicated screen current of approxi- 
mately 0 to plus 20 ma. When excitation is 
removed, screen current will drop to about 
18 ma. This indicates a true resting screen 
current of —2 ma. plus a bleeder current of 
20 ma. Grid current, of course, is zero. 

The carrier signal may now be removed, and 
voice excitation applied to the amplifier. Plate 
current may be “talked” up to about 0.38 am- 
pere on voice peaks. True screen current will 
run —5 ma. to plus 20 ma. on voice peaks, 
depending upon the degree of loading and the 
exact ratio between loading and grid drive. 
Under optimum conditions, screen current will 
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rest at 8 ma., and drop to about —2 ma. under 
voice waveforms. 


29-13 A 3-1000Z 


Linear Amplifier 


The 3-1000Z is a compact power triode in- 
tended to be used as a zero bias class B am- 
plifier in audio or r.f, applications. Grounded 
grid linear service is especially attractive, as 
full legal input may be run at a plate potential 
of only 2500 volts, yet the power gain of the 
tube is high enough to allow sideband exciters 
of the “100 watt’’-type to drive it to full out- 
put. Neutralization of the grounded grid stage 
is not necessary, as the excellent internal shield- 
ing of the tube reduces intra-stage feedback 
to a minimum. Distortion products of this 
amplifier are better than 35 decibels below 
maximum p.e.p. level. A tuned cathode tank 
circuit is employed in order to obtain greatest 
linearity and power output. 

Amplifier Circuit The 3-1000Z amplifier 
covers all amateur bands 
between 3.5 Mc. and 29.7 Mc. with generous 
overlaps. Bandswitching circuits are used, and 
the unit is designed to operate with unbalanced 
coaxial antenna systems having an s.w.r. of less 
than 2/1. The complete schematic is given 


Figure 59 
NONINDUCTIVE 
50 OHM GRID 

RESISTOR 


Nine 2-watt composition 
resistors are immersed in 
oil beth to provide high- 
peak level of dissipation. 
Exciter may be tuned up 
using this resistor as a 
dummy load, if desired. 


3-1000Z Amplifier 661 


in figure 61. A high-C, bandswitching cathode 
circuit is used for best linearity (figure 62). 
The driving impedance of the 3-1000Z is ap- 
proximately 55 ohms, providing a close match 
to the great majority of sideband exciters. The 
“flywheel effect” of the cathode tank prevents 
input waveform distortion caused by the half- 
cycle loading of the class B amplifier. Filament 
voltage is fed to the tube via a shunt choke 
(L..) placed in parallel with the tuned circuit. 
The cathode coil is tapped for the various 
amateur bands, and extra shunt capacity is 


placed in the circuit to maintain the proper 
C/L ratio at 3.5 Mc. 


Plate current metering is accomplished in 
the B-minus lead to the power supply to 
remove dangerous voltages from the meter 
movement. The meter is shunted with a wire- 
wound resistor as a safety measure. For stand- 
by operation, the cathode to ground return of 
the stage is opened by means of the voice 
relay, and a small amount of idling current 
flowing through a 50K cathode resistor pro- 
vides sufficient bias to prevent annoying diode 
noise from being generated during listening 
periods. The voice relay shorts out the resistor 
to allow normal operation of the stage. 


It is necessary to “unground” the grounded 
grid sufficiently to permit measurements of 
grid current to be made. The 3-1000Z has 
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three grid pins, and each corresponding socket 
terminal is bypassed to ground with a low 
impedance r.f. shunt made of a 4.7-ohm com- 
position resistor and a 0.01 pfd, 1.2 kv. 
ceramic disc capacitor connected in parallel. 


Figure 60 
2 KILOWATT P.E.P. GROUNDED- 


GRID LINEAR AMPLIFIER 
The Eimac 3-1000Z zero bias triode tube is 
designed for grounded-grid linear amplifier 
service, and is capable of full input at a 
plate potential as flow as 2500 volts. This 
3-1000Z amplifier covers all amateur bands 
between 10 and 80 meters. Panel meters and 
controls are (i. to r.): plate, grid and output 
meter; plate tuning (center); bandswitch; 
cathode bandswitch and tuning (lower feft); 
antenna toading (center) and output volt- 
meter adjustment. Complete amplifier is en- 
closed in screen made of perforated Reynolds 
aluminum sheet. 


The voltage drop across the resulting resistance 
(1.6 ohms) is measured by a simple dic. volt- 
meter made up of a 0-1 dc. milliammeter 
with a series multiplier chosen to provide a 
full scale reading when 300 ma. of grid cur- 
rent develops 0.64 volts across the shunt. The 
internal resistance of the meter is subtracted 
from the value of the reauired series multiplier. 

A pi-network tank circuit is used, with an 
additional loading capacitor that can be 
switched in the circuit to match low impedance 
antenna loads commonly encountered on the 
80 meter band. In addition, a diode voltmeter 
is included to monitor the output voltage of 
the amplifier, 

The 3-1000Z requires forced-air cooling to 
maintain the base seals at a temperature below 
200°C, and the plate seal at a temperature 
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below 225°C. When using the Eimac SK-510 
Air Socket and SK-516 Chimney, a minimum 
air flow of 25 cubic feet per minute is re- 
quired to provide adequate cooling. In order 
to overcome back pressure, a blower of twice 
this capacity is recommended as most small 
blowers lose efficiency rapidly when run with 
any degree of back pressure. Cooling air must 
be supplied to the tube even when the fila- 
ment alone is on during standby periods. 
When a socket other than the SK-510 is used, 
provisions must be made for equivalent cool- 
ing of the base, envelope, and the plate lead. 

The 3-1000Z amplifier is designed for 
operation over the plate potential range of 
2500 to 3000 volts. Operation above 3500 
volts is not recommended with this circuit, as 
the high value of static plate current boosts 
the resting plate current and plate dissipation 
to abnormally high values. 


Amplifier 
Construction 


The linear amplifier is con- 
structed upon a 14” x 17” x 
4” aluminum chassis. The front 
panel measures 1414” high and 
17\4” wide and is cut from a standard relay 
rack panel. If the amplifier is to be rack 


mounted, the panel need not be cut down in 
width. A solid aluminum bottom plate pres- 
surizes the under-chassis area, and the above- 
chassis components are enclosed in a per- 
forated aluminum shield cover, which is sup- 
ported by a framework made of 4-inch alu- 
minum angle stock. The counter dial and panel 
meters are isolated from the r.f. circuits by a 
sub-panel which completes the r.f. enclosure, 

The pi-network output loading capacitor 
(C,) is mounted beneath the chassis in a 
small aluminum box. When the bottom plate 
is in place, the box isolates the capacitor from 
the nearby input circuitry. Connection from 
the capacitor to the plate inductor is made 
via a feed-through insulator placed in the 
chassis deck. 

Shown in figure G2 is the tuned cathode 
circuit, which is assembled upon a small alu- 
minum plate and mounted beneath the chassis 
in an upside-down position. Because of the 
extremely high C/L ratio, placement of taps 
on coil L, is fairly critical. It is therefore re? 
commended that the circuit be grid-dipped to 
the center of each amateur band with the tun- 
ing capacitor pre-set to the value of capaci- 
tance given in figure 61. Placement of coil 
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Figure 62 
TUNED CATHODE 
CIRCUIT FOR 


G-G AMPLIFIER 


Flywheel effect of high- 
C cathode tank circuit 
prevents waveform dis- 
tortion caused by haif- 
cycle input loading of 
class B linear stage. Com- 
ponents are mounted on 
small L-shaped bracket 
which is placed near in- 
put circuit of the tube. 
Coil is mounted on two 
Y-inch ceramic insula- 
tors. 
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Figure 63 
TOP VIEW OF 3-1000Z LINEAR 
AMPLIFIER 


Sub-panel construction is employed to Isolate 
ponel meters from strong r.f. field of ampli- 
fier plate circuit. The tube (chimney removed 
for photograph) is at left rear, with blower 
motor directly in front. Blower is mounted on 
cork pad to reduce noise. Vacuum tuning 
capacitor is panel-driven by counter dial and 
flexible coupling, and is mounted on heavy 
aluminum bracket. Plate coupling capacitors 
are affixed to rear stator of capocitor by alu- 
minum angle plate. Plate r.¢. choke is directly 
behind capacitor. Heavy-duty tank coil is ot 
right, with the auxiliary 10-meter coil sup- 
ported by the rear flange of the capacitor. 


3-1000Z Amplifier 665 


taps is critical to within Yg turn in order to 
achieve optimum C/L ratio. A second seg- 
ment of the bandswitch is used to parallel the 
tuning capacitor with a high voltage mica 
unit to provide sufficient capacitance for 80 
meter operation. A transmitting-type capaci- 
tor is used to handle the high value of r.f. 
current flowing in this circuit. A common 
ground connection is made at one end of the 
tuning capacitor and the shield of the RG- 
58/U coaxial line from the input receptacle 
is terminated at this point. 

The tuned circuit is coupled to the filament 
of the 3-1000Z through a 0.02 ufd., 1.2 kv. 
mica capacitor which is capable of handling 
the r.f. current peaks. All leads in this circuit 
are short, heavy and direct, as it is essential 
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Figure 64 
UNDER-CHASSIS VIEW OF 
AMPLIFIER 


The pi-network output capacitor is placed in 


to keep the circuit inductance in the coil where 
it belongs, rather than in the leads and switch 


connections. a shield box at front center of the chassis. 
. » s To the left is the cathode tank assembly, 
Filament connections to the tube socket re mcinied ie im oh Beall saudles tes 
ceptacles are made by means of flexible braid, 3-1000Z air socket is in the corner, with grid 
- R-C bypass networks placed directly between 
and the grid shunts are attached to the recep Mice Ghek doth Gfccmath ics lok fie west Ware 
tacles so that the latter are capable of move- pensive Eimac SK-510 Air Socket should be 
: ressure should applied made in place of the SK-500 (shown here). 
ment. No lateral P ess c F be PP Filament choke is at center of chassis, with 
to the tube pins, so it 1s essential that the the filament transformer and primary voltage 
socket receptacles be free to move about to control transformer at the right. 


conform with the pin alignment. 
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Figure 65 
REAR VIEW OF LINEAR AMPLIFIER 


Power leads pass into chassis enclosure via Sprague “‘Hypass” capacitors. Terminals (!. to ¢.) are: 
filament center tap, 115 volt primary terminals, plate voltage negative return, B-plus terminal, 
and coaxial input receptacle. 


A small auto-transformer may be placed in 
the primary filament circuit to adjust the volt- 
age to the correct value. All low voltage leads 
in the filament and metering circuits pass 
through flexible braid, and each lead is by- 
passed at both ends by means of 0.001 yfd. 
ceramic capacitors affixed between the lead 
and the braid. 


Components of the diode voltmeter are 
mounted on a small ceramic board fastened to 
the inner side wall of the chassis near the 
coaxial output receptacle. 


Amplifier Adjustment After wiring is com- 

pleted and checked, the 
cathode and plate tuned circuits should be 
grid-dipped to the operating frequency. A low 
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value of plate voltage is applied, and suffi- 
cient carrier (or steady tone) inserted into 
the exciter to raise the amplifier plate current 
by approximately 100 ma. The cathode circuit 
is resonated for maximum grid current, and 
plate circuit resonance is determined. Plate 
voltage is now raised to the operating value 
and excitation and loading are adjusted until 
the desired input level is reached, For example, 
at a plate potential of 2500 volts and a single 
tone (carrier) source of drive, maximum plate 
current should be 800 ma., and grid current 
will be about 250 ma. This ratio of about 


3 ma. of plate current for 1 ma. of grid cur- 
rent should be held regardless of the loading 
level. This will insure that the proper propor- 
tion between grid drive and antenna loading 
is maintained. Finally, the amplifier should be 
overcoupled to the antenna until c.f. output 
drops about 2 percent to attain a condition of 
maximum linearity. Under voice conditions, 
peak plate current (as read on the meter) 
will approximate 350 to 400 ma., and grid 
current will be about one-third this value. 
Intermodulation products will be better than 
35 decibels below p.e.p. level. 
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CHAPTER: THIRTY 


Speech and 


Amplitude Modulation Equipment 


Amplitude modulation of the output of a 
transmitter for radiotelephony may be accom- 
plished either at the plate circuit of the final 
amplifier, commonly called high-level AM or 
simply plate modulation of the final stage, or 
it may be accomplished at a lower level. Low- 
level modulation is accompanied by a plate- 
circuit cfficiency in the final stage of 30 to 45 
per cent, while the efficiency obtainable with 
high-level AM is about twice as great, running 
from 60 to 80 per cent. Intermediate values of 
efficiency may be obtained by a combination 
of low-level and high-level modulation; cath- 
ode modulation of the final stage is a common 
way of obtaining combined low-level and high- 
level modulation. 


High-level AM is characterized by a require- 
ment for an amount of audio power approxi- 
mately equal to one-half the d-c input to the 
plate circuit of the final stage. Low-level mod- 
ulation, as for example grid-bias modulation of 
the final stage, requires only a few watts of 
audio power for a medium power transmitter 
and 10 to 15 watts for modulation of a stage 
with one kilowatt input. Cathode modulation 
of a stage normally is accomplished with an 
audio power capability of about 20 per cent 
of the d-c input to the final stage. A detailed 
discussion of the relative advantages of the 
different methods for accomplishing amplitude 
modulation of the output of a transmitter is 
given in an earlier chapter. 


Two trends may be noted in the design of 
systems for obtaining high-level AM of the 
final stage of amateur transmitters. The first 
is toward the use of tetrodes in the output 
stage of the high-power audio amplifier which 
is used as the modulator for a transmitter. The 
second trend is toward the use of a high-level 
Splatter suppressor in the high-voltage circuit 
between the secondary of the modulation trans- 
former and the plate circuit of the modulated 
stage. 


30-1 


Tetrode 
Modulators 


Modulation 


In regard to the use of tetrodes, 
the advantages of these tubes 
have long been noted for use in 
modulators having from 10 to 100 watts out- 
put. The 6V6, 6LG, and 807 tubes have served 
well in providing audio power outputs in this 
range. Recently the higher power tetrodes such 
as the 4-G5A, 813, 4-125A, and 4-250A have 
come into more general use as high-level au- 
dio amplifiers. The beam tetrodes offer the 
advantages of low driving power (even down 
to zero driving power for many applications ) 
as compared to the moderate driving power re- 
quirements of the usual triode tubes having 
equivalent power-output capabilities. 

On the other hand, beam tetrode tubes re- 
quire both a screen-voltage power supply and 
a grid-bias source. So it still is expedient in 
many cases to use zero-bias triodes or even 
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low-mu_ triodes such as the 304TL in many 
modulators for the medium-power and high- 
power range. A list of suggested modulator 
combinations for a range of power output capa- 
bilities is given in conjunction with several 
of the modulators to be described. 


It has long been known 
that the effective modu- 
lation percentage of a 
transmitter carrying un- 
altered speech waves was necessarily limited 
to a rather low value by the frequent high- 
amplitude peaks which occur in a speech 
waveform. Many methods for increasing the 
effective modulation percentage in terms of 
the peak modulation percentage have been 
suggested in various publications and subse- 
quently tried in the field by the amateur 
fraternity. Two of the first methods suggested 
were Automatic Modulation Control and Vol- 
ume Compression. Both these methods were 
given extensive trials by operating amateurs, 
the systems do give a degree of improvement 
as evidenced by the fact that such arrangements 
still are used in many amateur stations. But 
these systems fall far short of the optimum be- 
cause there is no essential modification of the 
speech waveform. Some method of actually 
modifying the speech waveform to improve the 
ratio of peak amplitude to average amplitude 
must be used before significant improvement 
is obtained. 

It has been proven that the most serious ef- 
fect on the radiated signal accompanying over- 
modulation is the strong spurious-sideband ra- 
diation which accompanies negative-peak clip- 
ping. Modulation in excess of 100 per cent in 
the positive direction is accompanied by no 
undesirable effects as far as the radiated sig- 
nal is concerned, at least so long as the linear 
modulation capability of the final amplifier is 
not exceeded. So the problem becomes mainly 
one of constructing a modulator-final amplifier 
combination such that negative-peak clipping 
(modulation in excess of 100 per cent in a 
negative direction) cannot normally take place 
regardless of any reasonable speech input 
level. 


Increasing the 
Effective Modu- 
lotion Percentage 


Assymetrical 
Speech 


The speech waveform of the 
normal male voice is charac- 
terized, as was stated before, 
by high-amplitude peaks of short duration. But 
it is also a significant characteristic of this 
wave that these high-amplitude peaks are poled 
in one direction with respect to the average am- 
plitude of the wave. This is the “lopsided” or 


assymetrical speech which has been discussed 
and illustrated in an earlier chapter. 

The simplest method of attaining a high 
average level of modulation without negative 
peak clipping may be had merely by insuring 
that these high-amplitude peaks always are 
poled in a positive direction at the secondary 
of the modulation transformer. This adjust- 
ment may be achieved in the following man- 
ner: Couple a cathode-ray oscilloscope to the 
output of the transmitter in such a manner that 
the carrier and its modulation envelope may 
be viewed on the scope. Speak into the micro- 
phone and note whether the sharp peaks of 
modulation are poled upward or whether these 
peaks tend to cut the baseline with the “bright 
spot” in the center of the trace which denotes 
negative-peak clipping. If it is not obvious 
whether or not the existing polarity is correct, 
reverse the polarity of the modulating signal 
and again look at the envelope. Since a push- 
pull modulator almost invariably is used, the 
easiest way of reversing signal polarity is to 
reverse either the leads which go to the grids 
or the Icads to the plates of the modulator 
tubes. 

When the correct adjustment of signal po- 
larity is obtained through the above procedure, 
it is necessarily correct only for the specific 
microphone which was used while making the 
tests. The substitution of another microphone 
may make it necessary that the polarity be re- 
versed, since the new microphone may be con- 
nected internally in the opposite polarity to 
that of the original one. 


Low-Level 
Speech Clipping 


The low-level speech clip- 
per is, in the ideal case, a 
very neat method for ob- 
taining an improved ratio of average-to-peak 
amplitude. Such systems, used in conjunction 
with a voice-frequency filter, can give a very 
worthwhile improvement in the effective mod- 
ulation percentage. But in the normal amateur 
transmitter their operation is often less than 
ideal. The excessive phase shift between the 
low-level clipper and the plate circuit of the 
final amplifier in the normal transmitter re- 
sults in a severe alteration in the square-wave 
output of the clipper-filter which results from 
a high degree of clipping. The square-wave 
output of the clipper ends up essentially as a 
double saw-tooth wave by the time this wave 
reaches the plate of the modulated amplifier. 
The net result of the rather complex action of 
the clipper, filter, and the phase shift in the 
succceding stages is that the low-level speech 
clipper system does provide an improvement 
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Figure 1 
HIGH-LEVEL SPLATTER SUPPRESSOR 


The high-vacuum diode acts as a series lim- 
iter to suppress negative-peak clipping in 
the modulated r-# amplifier as a resuit of 
large amplitude negative-peak modulating 
signals, In addition, the low-pass filter fol- 
lowing the diode suppresses the transients 
which result trom the peak-clipping action of 
the diode. Further, the filter attenuates all 
harmonics generated within the modulator 
system whose frequency lies above the cut- 
off frequency of the filter. The use of an 
appropriate value of capacitor, determined 
experimentally as discussed in Chapter 
Fifteen, across the primary of the modulation 
transformer (Cs) introduces further attenua- 
tion to high-frequency modulator harmonics. 
Chokes suitable for use at L are manutactured 
by Chicago Transtormer Corp.. The correct 
values of capacitance for C:, Cz, Cs, and C , 
are specified on the installation sheet for the 
splatter suppressor chokes tor a wide variety 
of operating conditions. 


in the effective modulation percentage, but it 
does not insure against overmodulation. An 
extensive discussion of these factors, along 
with representative waveforms, is given in 
Chapter Fifteen. Circuits for some recommend- 
ed clipper-filter systems will also be found 
in the same chapter. 


High-Level 
Splatter Suppressor 


One practicable method 
for the substantial elim- 
ination of negative-peak 
clipping in a high-level AM transmitter is the 
so-called high-level splatter suppressor. As 
figure 1 shows it is only necessary to add a 
high-vacuum rectifier tube socket, a filament 
transformer and a simple low-pass filter to an 
existing modulator-final amplifier combination 
to provide high-level suppression. 

The tube, Vi, serves to act as a switch to 
cut off the circuit from the high-voltage power 
supply to the plate circuit of the final ampli- 
fer as soon as the peak a-c voltage across 
the secondary of the modulation transformer 
has be-eme equal and opposite to the d-c volt- 
age be‘ng applied to the plate of the final am- 
plifier stage. A single-section low-pass filter 
serves to filter out the high-frequency compo- 
nents result‘ng from the clipping action, 

Tube V. may be a receiver rectifier with a 
5-volt filament for any but the highest power 
transmitters. The 5Y3-GT is good for 125 ma. 
plate current to the final stage, the 5R4-GY 
and the 5U4-G are satisfactory for up to 250 
ma. For high-power high-voltage transmitters 
the best tube is the high-vacuum transmitting 
tube type 836. This tube is cquivalent in 
shape, filament requirements, and average-cur- 
rent capabilities to the 86GA. However, it is 
a vacuum rectifier and utilizes a large-size 
heater-type dual cathode requiring a warm-up 
ume of at least 40 seconds before current 
should be passed, The tube is rated at an 
average current of 250 ma. For greater current 
drain by the final amplifier, two or more 836 
tubes may be placed in parallel. 

The filament transformer for the cathode of 
the splatter-suppressor tube must be insulated 


Figure 2 


TOP VIEW OF THE 
6L6 MODULATOR 
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Figure 3 


UNDERCHASSIS 
OF THE 
6L6 MODULATOR 


A 4-connector plug is 
used for filaments and 
plate voltage to the 
speech amplitier, while a 
6-wire terminal strip is 
used for the high-voltage 
connections and the trans- 
mitter-control switch. 


for somewhat more than twice the operating 
d-c voltage on the plate modulated stage, to 
allow for a factor of safety on modulation 
peaks. A filament transformer of the type nor- 
mally used with high-voltage rectifier tubes 
will be suitable for such an application. 


30-2 Design of Speech 
Amplifiers and Modulators 


A number of representative designs for 
speech amplifiers and modulators is given in 
this chapter. Still other designs are included 
in the descriptions of other items of equipment 
in other chapters. However, those persons who 
wish to design a speech amplifier or modulator 
to meet their particular needs are referred to 
Chapter Six, Vacuum Tube Amplifiers, for a 
detailed discussion of the factors involved in 


the design of such amplifiers, and for tabular 
material on recommended operating conditions 
for voltage and power amplifiers. 


10 to 120 Watt 
Modulator with 
Beam Power Tubes 


It is difficult to surpass 
the capabilities of the 
reliable beam power 
tube when an audio 
power output of 10 to 120 watts is required 
of a modulator. A pair of GL6 tubes operating 
in such a modulator will deliver good plate 
circuit efficiency, require only a very small 
amount of driving power, and they impose no 
serious grid-bias problems. 


Included on the chassis of the 
modulator shown in figures 2 
and 3 are the speech amplifier, 
the driver and modulation transformers for the 


Circuit 
Description 


GSuUy. 615 


905 Q) 
ce 


CRYSTAL 
Mic 


6S*.7 GT i) Vt T2 


100 UF 1+ 
150 


Ay CW 
POWER CONNECTIONS _ sie § Sia 
A- GROUND 7 63" 
8-6 3v 
© - 3+ 2$0-300¥ HT MATCHED PAIR OF RESISTORS, 1% a 
D-BIAS PLL 
E-8+ 250-750v A B a D E B+ TO 
(SEE FIGURE 5} roe: 
Figure 4 


SCHEMATIC OF BEAM POWER TUBE MODULATOR 


M—0 - 250 d.c. milliammeter 
T:.—Driver transformer, Stancor A-4701, or UTC S-10. 


T:-—"Poly-pedance” Modulation transtormer 
60-watt level = Stancor A-3893, or UTC S-20 
125-watt level = Stancor A-3894 
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output tubes, and a plate current milliammeter. 
The power supply has not been included. The 
6SJ7 pentode first stage is coupled through 
the volume control to the grid of a 6J5 phase 
inverter. The output of the phase inverter is 
capaciuvely coupled to the grids of a 6SN7-GT 
which acts as a push-pull driver for the output 
tubes. Transformer coupling is used between 
the driver stage and the grids of the output 
tubes so that the output stage may be operated 
either as a class AB: or class AB: amplifier. 


The Output 
Stage 


Either 6L6, 6L6-G or 807 
tubes may be used in the out- 
put stage of the modulator. As 
a matter of fact, either 6V6-GT or 6F6-G 
tubes could be used in the output stage if 
somewhat less power output is required. The 
807 tube is the transmitting-tube counterpart 
of the 6LG6 and carries the same ratings and 
recommended operating conditions as the 6L6 
within the ratings of the 6LG6. But the 807 
does have somewhat greater maximum ratings 
when the tube is to be used for ICAS (Inter- 
mittent Commercial and Amateur Service) op- 
eration. The 6L6 and 807 retail to the amateur 
for essentially the same price, although the 807 
is available only from transmitting tube dis- 
tributors. The GL6-G tube retails for a some- 
what lower price: hence it is expedient to pur- 
chase 6L6-G tubes if 360 to 400 volts is the 
maximum to be used on the output stage, or 
807 tubes if up to 750 volts will be applied. 


Tabulated in figure 5 are a group of recom- 
mended operating conditions for different tube 
types in the output stage of the modulator. In 
certain sets of operating conditions the tubes 
will be operated class AB., that is with in- 


FIGURE 5 | 


RECOMMENDED OPERATING CONDITIONS FOR 
MODULATOR OF FIG 4 FOR DIFFERENT TUBE TYPES 


TUBES PLATE |SCREEN 
Ber [ie 


E-TO | PLATE )POwER 
PLATE LOAD CURRENTJOUTPUT 
(OHMS) | {MA} (WATTS) 


10,000 


7s 


12,000 30-140 


300 “35 7,300 


creased plate current with signal but with no 
grid current. Other operating conditions speci- 
fy class AB: operation, in which the plate cur- 
rent increases with signal and grid current 
flows on signal peaks. Either type of operation 
is satisfactory for communication work. 


30-240 120 | 


30-3 General Purpose 
Triode Class B Modulator 


High level class B modulators with power 
output in the 125 to 500 watt level usually 
make use of triodes such as the 809, 811, 
8005, 805, or 810 tubes with operating plate 
voltages between 750 and 2000. Figures 6, 
7, and 8 illustrate a general purpose modula- 
tor unit designed for operation in this power 
range. Figure 8 gives a group of suggested 
operating conditions for various tubes. The 
size of the modulation transformer will of 
course be dependent upon the amount of audio 
powcr developed by the modulator. In the case 


Figure 6 


REAR VIEW OF THE 
GENERAL-PURPOSE MODULATOR 


WWW.americanradiohistorv.com 


674 Speech and A. M. Equipment 


CRYSTAL 
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Bt 


© B+ 1000-1250 v. 


~~ 8914S SUPPLY IF USED, 
OTHERWISE SHORT 
TERMINALS. 


we = MATCHED PAIR 
RESISTORS, 1% 


Figure 7 
SCHEMATIC OF GENERAL PURPOSE MODULATOR 


M—0 - 500 ma. 
T:—Driver transformer. Stancor A-4761 
T:—"Poly-pedance”’ Modulation transformer. 
300 watt rating, Stancor A-3898. 
500 watt rating, Stancor A-3899. 
T:—360 - 0 - 360 volts, ISO ma. Stancor PC-8410 


T,—Suitable for tubes used. 
For 811-A’s = 6.3 volt, 8 amp. Stancor P-6308 
For 810’s = 10 volt, 10 amp. Stancor P-6461! 
CH,—14 henry, 100 ma. UTC S-19. Stancor C-1001 
R:i—1 K, 10 watts, adjustable. Set for plate current 
of 80 ma, (no signal) to 684-G tubes 
(approximately a75 ohms). 
V1,V—See figure 8. 


a ————— 


of tke 500 watt modulator (figures 9 and 10) 
the size and weight of the components require 
thet the speech amplifier be mounted on a 
separate chassis. For power levels of 300 watts 
or less it is possible to mount the complete 
speech system on one chassis. 


[ FIGURE 8 


; SUGGESTED OPERATING CONDITIONS 
FOR GENERAL PURPOSE MODULATOR 


TUBES PLATE GRID PLATE PLATE TO SINE WAVE 
Vi, V2 [VOLTAGE] BIAS |CURRENT/PLATE LOAD POWER OUTPUT! 
| (VOLTS) | (mA) (OHMS) (waTTs) 
2 aaa i — 
809 700 9 70-250 6,200 
L + + = 
BIT-A 780 ° 30-350 $100 178 
¥ ee H | 
B1t-A 1900 | 9 45-380 7,400 248 
| a 
BII-A 1280 ° sdane 9,200 | 310 
+ he ——t ate eer —<$—<— 
e11-A | 15800 | -as |a2-as | 12400 | 340 , 
oe + a nit 
| 
dane 1280 9 148-400 6.700 i 300 
eit 
r Saari 
805 1800 16 84-400 8.200 | 370 


modulator unit 
shown in figure 6 is 
complete except for the 
high voltage supply re- 
quired by the modulator tubes. A speech am- 
plifier suitable for operation with a crystal 
microphone is included on the chassis along 
with its own power supply. A 6SJ7 is used 
as a high gain preamplifier stage resistance 
coupled to a GN7 phase inverter. The audio 
level is controlled by a potentiometer in the 
input grid circuit of the 6N7 stage. Push-pull 
6B4-G low p triodes serve as the class B driver 
stage. The 6B4's are coupled to the grids of 
the modulator tubes through a conventional 
multi-purpose driver transformer. Cathode bias 
is employed on the driver stage which is capa- 
ble of providing 12 watts of audio power for 
the grid circuit of the modulator. 

The modulator illustrated in figures 9 and 
10 is designed for use with class B 810 triode 
tubes operating at a plate potential of 2500 
volts. Maximum audio power available is 500 
watts, sufficient to 100% modulate a transmit- 
ter running one kw. input. The modulator may 
be driven by the simple speech amplifier of fig- 
ure 12, or by the clipper-amplifier of figure 15. 


Circuit Description The 
of General Purpose 
Modulator 
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Figure 9 


REAR VIEW OF 810 
500-WATT CLASS B 
MODULATOR 


Bias control is directly be- 
low the 810 tubes with bias 
supply to right. 


The modulator chassis includes a small low 
impedance bias supply capable of delivering 
approximately —75 volts under the changing 
load conditions imposed by the varying grid 
circuit impedance of the class B modulator. 

A low pass audio filter network is placed 
after the modulator stage to reduce harmonics 


generated in the audio system which would 
normally show up as side-band “splatter” on 
the phone signal. Frequencies above 3500 
cycles are attenuated 15 decibels or more by 
the simple pi-network filter shown in figure 
10. 


DRIVER 
TRANSFORMER 


Tr 


SEE FIG 12. © 


€$ 70 75 


TOR-F AMP 


Br 2500 v 


Figure 10 
SCHEMATIC OF 500 WATT TRIODE MODULATOR WITH BIAS SUPPLY 


T:—-Driver transformer, 15 watts. Stancor A-4761 


:—Modulation transfarmer, 500 watt. Chicago Transformer Co. CMS-3 


T,—5 volts, 3 amp. Stancor P-6467 


T.—Tapped bias transformer, 15-100 volts. UTC S-51 


T.—10 volt, 10 amp. Stancor P-646! 


CH.—500 ma. “splatter choke” eiicage Transformer Co. SR-500 


CH:-—7 henry, 150 ma. Stancor C-17 
M—0O - 500 d.c. milliammeter 
S;A-B—High voltage switch (see text) 
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Bt To 
2500¥ OSCILLOSCOPE 
Figure 11 


TEST SETUP FOR 500-WATT 
MODULATOR 


For c-w operation the secondary of the class 
B modulation transformer is shorted out and 
the filament and bias circuits of the modulator 
are disabled. Switch S:A must have 10,000 
volt insulation rating. A suitable switch may 
be found in the war surplus BC-306A antenna 
loading unit. 

All low voltage connections to the medula- 
tor are brought out to a six terminal phenolic 
strip on the back of the chassis. A 0-500 ma. 
d-c meter is placed in the filament circuit of 
the 810 tubes. The meter is placed across a 
50 ohm, | watt resistor so that the filament 
return circuit of the modulator is not broken 
if the meter is removed. 

The modulation transformer, T:, is designed 
for plate-to-plate loads of either 12,000 ohms 
or 18.000 ohms when a 6250 ohm load is 
placed across the secondary terminals. The 810 
tubes are correctly matched when the 18,000 
ohm taps are used at a plate potential of 
2500 volts, or when the 12,000 ohm taps are 
used at a plate potential of 2000 volts or 2250 
volts. 


Modulator 
Construction 


Because of the great weight of 
the modulator components it is 
best to use a heavy-duty steel 
chassis. A 13” x 17” x 4” chassis (Bud CB- 
643), a 14” steel panel (Bud PS-1257G) and 
a pair of Bvd MB-449 mounting brackets make 
up the assembly for this particular modulator. 
As scen in figure 9, the CMS-3 modulation 
transformer is mounted in the left-front corner 
of the unit. The secondary terminals of T: are 
to the front of the chassis, clearing the front 
panel by about 42”. To the right of T. is 
placed the high level audio filter choke, CHn. 
The two 810 tubes are mounted in back of T:. 
To the right of the 810 tubes is the 10 volt 
filament transformer, T:. To the right of Ts is 
the SY3-GT bias rectifier tube. Between Ts 
and CH; are mounted the mica bypass capaci- 


tors which make up the high level filter net- 
work. Two .003 pfd., 5000 volt mica capacitors 
are paralleled for C: and also for Cs. C: is made 
from a .OO! pfd. capacitor and a .0015 fd. ca- 
pacitor which are connected in parallel. All 
of these capacitors are mounted upon a ply- 
wood bracket which insulates them from the 
metal chassis. This prevents insulation break- 
down within the capacitors which might occur 
if they were fastened directly to the metal 
chassis. 

The bias supply components are mounted 
beneath the four-inch deep chassis. Placement 
of these parts is not critical. The bias adjust- 
ment control, Ri, is mounted on the back lip 
of the chassis as are the two high voltage ter- 
minals. Millen 37001 high voltage connectors 
are used for the two high voltage leads. High- 
voltage TV wire should be employed for all 
leads in the 810 plate circuit. 


Modulotor 
Adjustment 


When the modulator has been 
wired and checked, it should be 
tested before being used with 
an r-f unit. A satisfactory test set-up is shown 
in figure 11. A common ground lead should 
be run between the speech amplifier and the 
modulator. Six 1000 ohm 100 watt resistors 
should be connected in series and placed across 
the high voltage terminals of the modulator 
unit to act as an audio load. The first step is to 
place the 810 tubes in their sockets and turn 
switch S: to the “phone” position. The 810 
filaments should light, and switch section Si, 
should remove the short across the secondary 
of T:. Ri: should be adjusted to show —75 
volts from each 810 grid terminal to ground 
as measured with a high resistance voltmeter. 
If an oscilloscope is available, it should be cou- 
pled to point “A” on the load resistor (figure 
11) through a 500 ppfd. ceramic TV capacitor 
of 10,000 volts rating. The case of the oscil- 
loscope should be grounded to the common 
ground point of the modulator. 

A plate potential of 2500 volts is now ap- 
plied to the modulator, and Ri adjusted for 
a resting plate current of 50 milliamperes as 
read on the 500 milliampere meter in the cath- 
ode circuit of the modulator. Be extremely 
careful during these adiustments, since the 
plate supply of the modulator is a lethal weap- 
on. Never touch the modulator when the plate 
voltage supply is on! Be sure you employ the 
TV blocking capacitor between the oscillo- 
scope and the plate load resistors, as these 
load resistors are at high voltage potential! 
If a high resistance a-c voltmeter is available 
that has a 2000 volt scale, it should be clipped 
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10-Watt Amplifier-Driver 677 


NOTE: 40/UST FOR PLATE 
CURRENT OF 80 MA. 

TO 684-G TUBES 
(APPROX. 875 OWS) 


aq IK 1OW 


4 C 
OO000 


> + ———— 
10, 250. ae pa aN aE ae 
SW ON VOL. < 
CONTROL 
110V% 


6B4G 


ORIVER 
TRANSFORMER 


MEASURE 684-6 PLATE 
CURRENT HERE 


ALL RESISTORS 0.5 WATT UNLESS 
OTMERWISE NOTED 


T 1 360-0-360 VOLTS AT 180 MA 
STANCOR PC-8410 


T2= 2:1 INTEASTAGE TRANSFORMER 
STANCOR 4-420 


CH1= 7-HENRY AT 140 MA. 
STANCOR C-142! 


Figure 12 
10-WATT SPEECH AMPLIFIER-DRIVER 


between the high voltage terminals of the mod- 
ulator, directly across the dummy load. Do not 
touch the meter when the high voltage supply 
is in operation! An audio oscillator should be 
connected to the audio input circuit of the ex- 
Citer-transmitter and the audio excitation to 
the high level modulator should be increased 
until the a-c voltmeter across the dummy load 
resistor indicates an R-M-S reading that is 
equal to 0.7 (70%) of the plate voltage applied 
to the modulator. If the modulator plate volt- 
age is 2500 volts, the a-c meter should indi- 
cate 1750 volts developed across the 6000 
ohm dummy load resistor. This is equivalent 
to an audio output of 500 watts. With sine 
wave modulation at 1000 c.p.s. and no speech 
clipping ahead of the modulator, this voltage 
should be developed at a cathode meter cur- 
rent of about 350 ma. when the plate-to-plate 
modulator impedance of the modulator is 18,- 
000 ohms. Under these conditions, the oscillo- 
scope may be used to observe the audio wave- 
form of the modulator when coupled to point 
“A” through the 10,000 volt coupling capac- 
itor. 

When the frequency of the audio oscillator 
is advanced above 3500 cycles the output level 
of the modulator as measured on the a-c volt- 
meter should drop sharply indicating that the 
low pass audio network is functioning properly. 

With speech waveforms and no clipping the 
modulator meter will swing to approximately 
150-200 milliamperes under 100% modula- 


tion at a plate potential of 2500 volts. With 
speech waveforms and moderate clipping the 
modulator meter will swing to about 300 ma. 
under 100 modulation. 


30-4 A 10-Watt 
Amplifier - Driver 


A simple speech amplifier-driver for a medi- 
um powered class B modulator is shown in fig- 
ure 12. The amplifier is designed to work with 
a crystal microphone. The first stage utilizes 
a 6SJ7. The gain control is between the 6SJ7 
plate circuit and the grid of the 6J5 second 
stage amplifier. The output tubes are a pair 
of 6B4-G low-mu tubes operating with a self- 
bias resistor in their common filament return 
circuit. Operating in this manner the 6B4’s 
have an undistorted output of approximately 
10 watts. This is sufficient power to drive 
most class-B modulators whose output is 500 
watts or less. The driver transformer for cou- 
pling the plates of the 6B4-G tubes to the 
grids of the Class B stage is not shown, as 
it had been found more convenient to locate 
this transformer at the grids of the modulator 
tubes rather than in the speech amplifier. The 
correct transformer step-down ratio for driving 
most class B tubes has been set down in tabular 
form by the various transformer manufacturers. 
When the driver transformer is purchased one 
should be obtained which has the proper turns 
ratio for the class B tubes to be used. 
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SCHEMATIC, 15 WATT CLIPPER-AMPLIFIER 


A three wire shielded cable should be used 
to connect the 6B4-G tubes to the driver trans- 
former located at the grids of the class B 
tubes. This cable may be any _ reasonable 
length up to 25 or 30 feet. Any of the modula- 
tor configurations shown in figure 8 may be 
driven with this simple speech amplifier. 


30-5 A 15-Watt 
Clipper - Amplifier 


The near-ultimate in “talk power” can be 
obtained with low level clipping and filtering 
combined with high level filtering. Such a 
modulation system will have real “punch,” 
yet will sound well rounded and normal. The 
speech amplifier described in this section 
makes use of low level clipping and filtering 
and is specifically designed to drive a pair of 
push-pull 810 modulators such as shown in 
Section Three. 


Circuit 
Description 


The schematic of the speech 
amplifier-clipper is shown in 
figure 13. A total of six tubes, 
including a rectifier are employed and the unit 
delivers 15 watts of heavily clipped audio. 

A 12AX7 tube is used as a two stage mi- 
crophone pre-amplifier and delivers approxi- 
mately 20 volts (r.m.s.) audio signal to the 
GALS series clipper tube. The clipping level 
is adjustable between 0 db and 15 db by clip- 


ping control, R2 Amplifier gain is controlled 
by Ra, in the grid circuit of the second section 
of the 12AX7. A low pass filrer having a 3500 
cycle cut-off follows the GALS clipper stage, 
with an output of 5 volts peak audio signal 
under maximum clipping conditions. A double- 
triode 12AU7 cathode follower phase-inverter 
follows the clipper stage and delivers a 125 
volt r.m.s. signal to the push-pull grids of the 
6B4-G audio driver tubes. The 6B4-G tubes 
operate at a plate potential of 330 volts and 
have a —68 volt bias voltage developed by a 
small selenium rectifier supply applied to their 
grid circuit. An audio output of 15 watts is de- 
veloped across the secondary terminals of the 
class B driver transformer with less than 5 per 
cent distortion under conditions of no clipping. 
A 5U4-G and a choke input filter network pro- 
vide unusually good voltage regulation of the 
high voltage plate supply. 


Amplifier 
Construction 


The clipper-amplifier may be 
built upon the same chassis as 
the power supply, provided 
the low level stages of the amplifier are spaced 
away from the power transformers and filter 
chokes of the supply. All capacitors and resis- 
tors of the audio section should be mounted as 
close to the respective sockets as is practical. For 
minimum hum pickup, the filament leads to the 
low level stages should be run in shielded braid. 
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15-Watt Clipper-Amplifier 


679 


Those resistors in the 12AU7 phase inverter 
plate circuit and the grid circuit of the 6B4-G 
tubes should be matched to achieve best phase 
inverter balance. The exact value of the paired 
resistors is not important, but care should be 
taken that the values are equal. Random re- 
sistors may be matched on an ohmmeter to find 
two units that are alike in value. When these 
matched resistors are soldered in the circuit, 
care should be taken that the heat of the sol- 
dering iron does not cause the resistors to 
shift value. The resistors should be held firm- 
ly by the lead to be soldered with a long nose 
pliers, which will act as a heat-sink between 
the soldered joint and the body of the resistor. 
If this precaution is taken the two phase in- 
verter outputs will be in close balance. 


Adjustment of 
the Speech 
Amplifier 


When the wiring of the 
speech amplifier has been 
completed and checked, the 
unit is ready to be tested. 
Before the tubes are plugged in the amplifier, 
the bias supply should be energized and the 
voltage across the 600 ohm bleeder resistor 
should be measured. It should be —68 volts. 
If it is not, slight changes in the value of the 
series resistor, Rs, should be made until the 
correct voltage appears across the bleeder re- 
sistor. The tubes may now be inserted in the 
amplifier and the positive and cathode voltages 
checked in accordance with the measurements 
given in figure 13. After the unit has been 


tested and is connected with the modulator, 
R: should be set so that it is impossible to over- 
modulate the transmitter regardless of the set- 
ting of Ri. The gain control (R:) may then be 
adjusted to provide the desired level of clip- 
Ping consistent with the setting of R:. 


30-6 A 200-Watt 
811-A De-luxe Modulator 


One of the most popular medium power r-f 
amplifier stages consists of a single tetrode 
tube, such as the 4-125A, 813, or 7094 oper- 
ating at a plate potential of 1200-1700 volts 
and a plate current of 150-275 milliamperes. 
Such an amplifier requires a minimum of r-f 
driving power, allows an input of 300 to 400 
watts, and yet employs power supply com- 
ponents that are relatively modest in cost. The 
5-db signal increase between a 300 watt trans- 
mitter and a 1000 watt transmitter is very 
expensive when one considers the additional 
cost of modulator and power supply equipment. 

Additional economy may be achieved if 
the modulator and final amplifier are operated 
from the same power supply. The new series of 
Chicago-Standard plate transformers provide 
voltage ranges in the 1000 to 1500 volt re- 
gion and are well suited for the combination 
of this modulator and the aforementioned r-f 
tubes. Within this voltage range, the 811-A 
triode is an excellent choice for the modulator 
tubes. Zero bias operation may be had up to 


Td 


Figure 14 


REAR VIEW OF 
811-A MODULATOR 


Modulotor tubes and voltage 
regulator are at right with 
high level filter at center of 
chassis. Plug-in speech am- 
plifier is to left of clipper. 
Gain and clipping controls 
are atop the small chassis. 
6L6/5881 is used as cathode 
follower driver stage for 
modulator. 
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PLUG-IN SPEECH AMPLIFIER 
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Figure 15 
SCHEMATIC, 200 WATT 811-A MODULATOR 


Tr—1:3 Interstage Transformer. Stancor A-53 


T:—'Poly-pedance”’ class B driver transformer. 2:1 ratio. Stancor A-4761 
T:—200 watt modulation transformer. 9 K piel 5K_secondary. Stancor A-3829 


T,—400 - 0 - 400 volts, 250 ma., 6.3 volts, 
Ts—6.3 volts, 10 amperes. Stancor P-6308 
CH —4 henry, 250 ma. Stancor C-1412 


Lr—Low pass filter, 3000 cycle cut off. Chicago LPF-2, 


L-—"Splatter” filter, 300 ma. Stancor C-231 


amperes. Stancor PC-8413 


RY :—SPDT relay, high voltage insulation, 115 volt coil. Leach #1723 with 374 coils, or equivalent 


1250 volts, and only —4.5 volts is required 
for 1500 volt operation. Bias voltage may be 
obtained from flashlight batteries or other low 
impedance source. 


The 200 watt de-luxe modulator 
is illustrated in figures 14 and 
16 and the schematic is given 
in figure 15. The low level audio stages are 
similar to those of the speech amplifier shown 
in Section Six. A 12AX7 is employed as two 


Modulator 
Circuit 


stages of R-G amplification driving a 6AL5 
speech clipper tube. A 3500 cycle low pass 
filter follows the clipper, removing all high 
order products of clipping action. A parallel- 
connected 12AU7 follows the filter and is 
transformer-coupled to a 5881 (6L6-GB) ca- 
thode follower driver stage. The impedance of 
the cathode circuit of the driver stage is ex- 
tremely low; it provides an excellent driving 
source for the class B modulator grid circuit. 
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Two 811-A tubes are employed in the class 
B stage. When operated at 1000 volts, no bias 
supply is needed. At voltages of 1200 or above, 
approximately 9 volts of bias is required. This 
is supplied by a voltage divider composed of 
a 20K, 10 watt resistor and a 2D21 thyratron 
tube. When the miniature 2D21 is connected 
as a triode, it acts as a voltage regulator tube 
with a constant voltage drop of almost 9 volts 
from plate to cathode. The tube will regulate 
over 300 milliamperes of current while main- 
taining a reasonably constant voltage drop 
across its terminals. The center tap of the 
811-A filament transformer (Ts) is thus held 
at a positive potential with respect to ground. 
Since the center tap of the 811-A driver trans- 
former (T:) is grounded, the modulator tubes 
are biased at a constant negative voltage equal 


to the voltage drop across the 2D21 regulator 
tube in the cathode circuit of the class B stage. 


The plate to plate load impedance of the 
811-A tubes when operating at 1500 volts is 
approximately 12,000 ohms. A multi-match 
type modulation transformer may be employed 
if desired, but in this case a Stancor A-3829 
unit was used. This transformer is designed to 
match the plate-to-plate load impedance of 
9,000 ohms to a secondary load of 5000 ohms. 
With the 12,000 ohm load of the 811-A tubes, 
a secondary load of 7,500 ohms must be used 
to maintain the same primary to secondary im- 
pedance ratio. This secondary load can be ob- 
tained with a single 7094 tube operating at 
1500 volts and 200 milliamperes of plate cur- 
rent (300 watts input). Other tubes and load 
impedances can also be used, providing the 
r-f input to the modulated stage does not ex- 
ceed 400 watts. For example, a 4-125A tube 
operating at 2000 volts and 165 ma. (330 
watts) may be modulated by this audio unit. 
The secondary winding of the modulation 
transformer can pass a maximum of 300 mil- 
liamperes with safety. 


The audio output from the 811-A stage is 
passed through a high level low-pass “splatter 
suppressor” which attenuates all audio fre- 
quencies above 3500 cycles. The use of both 
low level and high level audio filters does 


Figure 16 
UNDER-CHASSIS VIEW OF 
811-A MODULATOR 


High voltage relay is between 811-A_ tube 
sockets, and low voltage components are at 
opposite end of chassis. 
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much to reduce the broad sidebands and co- 
channel interference that seems to be so com- 
mon on the amateur phone bands. 


A high voltage relay RY: is employed to 
short the secondary of the modulation trans- 
former and remove plate potential from the 
modulator tubes for c-w operation. The relay 
is actuated by the “phone-c.w.” switch on the 
front panel of the modulator. Other segments 
of this switch turn off the modulator fila- 
ments and provide extra contacts to control 
auxiliary equipment. 

A 350 volt supply is incorporated in the 
modulator unit to power the speech amplifier 
and driver stage and to provide power for 
the r-f excirer stages of the transmitter. The 
various power and control leads are brought 
out to a multi-connector plug mounted on the 
rear of the modulator deck. 
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The modulator is constructed 
upon a steel chassis measur- 
ing 8” x 17” x 2”. A 104” 
aluminum panel is bolted to the chassis with 
two mounting brackets to form a rugged as- 
sembly, Placement of the major parts may be 
seen in figures 14 and 16. The modulation 
transformer Ts and the 811-A tubes occupy 
the right end of the chassis, balanced in weight 
by the power transformer T. and modulator 
filament transformer Ts at the opposite end of 
the chassis. The center space is taken by the 
plug-in speech amplifier, the high level splat- 
ter filter assembly and the 5881 driver stage. 

The speech amplifier is constructed as a sep- 
arate unit on a small aluminum utility box 
measuring 5” x 3” x 2”. The bottom of the 
box holds two male plugs which match two 
receptacles mounted on the amplifier chassis. 
The speech amplifier, therefore, may be wired 
and tested as a separate unit. Clipping and 
audio level controls are mounted atop the 
amplifier box as long usage of clipper circuits 
has proven that these controls need not be re- 
adjusted once they are properly set. 

The phone-c.w. switch, relay RY-: and var- 
ious small components are mounted beneath 
the chassis (figure 16). The input receptacle 
for the speech amplifier box is located adja- 
cent to the microphone receptacle on the front 
panel of the modulator making the intercon- 
necting lead less than two inches long. Also 
placed beneath the chassis are the filter choke 
for the low voltage supply and the various by- 
pass and filter capacitors. 


Modulator 
Construction 


Wiring and Testing The speech amplifier 
the Modulator should be wired first. 

The small resistors and 
capacitors are mounted either between the tube 
socket pins, or between terminals of small 
phenolic tie-point strips. Transformer Ti is 
fastened within the amplifier box and is wired 
in the circuit after all other wiring is com- 
pleted. Plugs PL: and PL: are mounted on the 
bottom portion of the box; the plug pins are 
wired to the proper points of the speech am- 
plifier with short lengths of wire that allow 
the bottom plate to be removed for inspection 
and testing without the necessity of unsolder- 
ing any connections to the plugs. 

The modulator chassis should be wired next. 
All leads to Ts, RY-1, and the low pass filter 
should be carefully insulated from the chassis. 
High voltage “5000 volt test” cable should be 
employed for these connections. The capaci- 
tors that make up the high level audio filter 
are mounted directly to the terminals of the 


filter choke which is mounted above the chas- 
sis on 14-inch ceramic insulators. High voltage 
connections to the modulator are made through 
Millen 37001 safety terminals. 

When the wiring has been completed and 
checked, the 12AX7, GALS, 12AU7, 5881, 
and 5V4-GB tubes should be inserted in their 
sockets and the speech amplifier is plugged 
into the modulator receptacles. The vertical 
amplifier of an oscilloscope should be connect- 
ed to one grid terminal of the 811-A stage. 
Plate voltage of the 5881 should be approxi- 
mately 370 volts. A low level 1000 cycle tone 
(approximately 0.05 volts, r.m.s.) is applied 
to the amplifier input. The output level of the 
speech amplifier is controlled by the setting 
of the clipping control R: and the audio gain 
is controlled by potentiometer R: in the grid 
circuit of the 12AX7. The clipping control 
should be set so that not more than 60 volts 
r.m.s. is developed from one 811-A grid to 
ground. The modulator tubes may now be 
plugged in their sockets. A 7K, 200 watt re- 
sistor should be placed between the “H.V. 
Out” and “H.V. In” terminals, serving as a 
dummy load, and 1500 volts applied to the 
latter terminal. With no audio signal the 
resting plate current of the modulator stage 
should be approximately 15 milliamperes, 
kicking up to about 160 milliamperes under 
full output conditions. Final adjustment of the 
clipping control may be made when the mod- 
ulator is placed in use with the r-f section of 
the transmitter. Potentiometer R: is then ad- 
justed to limit the peak modulation level under 
sine wave modulation to approximately 90. 
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Figure 17 
ZERO BIAS TETRODE MODULATOR 


ELIMINATES SCREEN AND BIAS 
SUPPLIES 


Low driving power and simplicity are key 

features of this novel modulator. Tubes rang- 

ing in size from 6AQ5’s to 813’s may be 
employed in this circuit. 

T:—Class 8 driver transformer 

Te—Modulation transformer 

Vi, Vr—6AQ5, 6L6, 807, 803, 813, etc. 

R:, Re—Not used with 803 and 813 
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Figure 18 


INEXPENSIVE 500 WATT 
MODULATOR USING 803 TUBES 
T —"Poly-pedance” Class B driver transform- 
er 2:1 ratio. Stancor A-4761] 


Tr—500 watt output transformer. 18K primary, 
6.25K secondary. Chicago CMS-3 


Ts—~10 volts, 10 amperes. Stancor C-6461 
M—0 - 500 ma. 


30-7 Zero Bias 


Tetrode Modulators 


Class B zero bias operation of tetrode tubes 
is made possible by the application of the 
driving signal to the two grids of the tubes as 
shown in figure 17. Tubes such as the 6AQ5, 
6L6, 807, 803, and 813 work well in this 
circuit and neither a screen supply nor a bias 


; - 
ZS=6 25K 
TO 


supply is required. The drive requirements 
are low and the tubes operate with excellent 
plate circuit efficiency. The series grid resis- 
tors for the small tubes are required to balance 
the current drawn by the two grids, but are not 
needed in the case of the 803 and 813 tubes. 

Of great interest to the amateur is the cir- 
cuit of figure 18, wherein 803 tubes are used 
as high level modulators. These tubes will de- 
liver 500 watts of audio in this configuration, 
yet they require no screen or bias supply, and 
can be driven by an 8 watt amplifier stage. 
The use of 803 tubes (in contrast to 813’s) 
requires a higher level of driving power which 
is offset by the fact that these tubes can often 
be purchased “surplus” for less than four dol- 
lars. A pair of 6B4 tubes operating with ca- 
thode bias (figure 12) will suffice as a driv- 
ing stage for the 803's. The power supply of 
the speech amplifier provides high voltage for 
the suppressors of the modulator stage. 

Shown in figure 19 is a high level modu- 
lator using 813 tubes. A full 500 watts of 
audio may be obtained at 2500 volts plate po- 
tential. Grid driving power is 5.5 watts. A 
single 807 operating as a cathode follower 
at 400 volts will provide sufficient drive for 
the modulator stage. Plate to plate load im. 
pedance for the 813’s is not critical. The Chi- 
cago CMS-3 500 watt modulation transformer 
having a primary impedance of 18,000 ohms 
has been used with success, although the opti- 
mum plate load impedance of the modulator 
is closer to 20,000 ohms. 


6C4, 6J5 ere Tr 


VOU 


To 
MODULATOR 
Load 


VY 
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NOTES. x x 6 +2800. 
DRIVER STAGE, OPERATING VOLTS, 
MEASURED TO GROUND. 1- EXACT VALUE OF 807 CATHODE RESISTOR +e- 
DEPENDS UPON RESISTANCE OF PRIMARY 
pin 2 | 300 | WINDING OF T2. 40d ust | RESISTOR FOR ts 
CATHODE BIAS OF 26.5 VOLTS, PLATE CUR- Ta 
ao7 [pina | o | RENT OF 53-55 MA. y 
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Figure 19 
500 WATT MODULATOR USING 813 TUBES 


T—1:3 interstage transformer. Stancor A-53 


T:—"Poly-pedance” Class B driver transformer. 2:1 ratio. Stancor A-4761 
T;:—500 watt output transformer. 18K primary, 6.25K secondary. Chicago CMS-3 


T,—10 volts, 10 amperes, Stancor C-6461 


M—0O - 500 ma. 


350 watts of audio are obtainable from this circuit at plate potential of 2000 volts. 
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In view of the high cost of iron-core com- 
ponents such as go to make up the bulk of a 
power supply, it is well to consider carefully 
the design of a new or rebuilt transmitter in 
terms of the minimum power supply require- 
ments which will permit the desired perform- 
ance to be obtained from the transmitter. Care- 
ful evaluation of the power supply require- 
ments of alternative transmitter arrangements 
will permit the selection of that transmitter 
arrangement which requires the minimum of 
power supply components, and which makes 
most efficient use of such power supplies as 
are required. 


31-1 Power Supply 


Requirements 


A power supply for a transmitter or for a 
unit of station equipment should be designed 
in such a manner that it is capable of deliver- 
ing the required current at a specified voltage, 
that it has a degree of regulation consistent 
with the requirements of the application, that 
its ripple level at full current is sufficiently 
low for the load which will be fed, that its in- 
ternal impedance is sufficiently low for the 


job, and that none of the components shall be 
overloaded with the type of operation contem- 
plated. 

The meeting of all the requirements of the 
previous paragraph is not always a straight- 
forward and simple problem. In many cases 
compromises will be involved, particularly 
when the power supply is for an amateur sta- 
tion and a number of components already on 
hand must be fitted into the plan. As much 
thought and planning should be devoted to the 
power-supply complement of an amateur sta- 
tion as usually is allocated to the r-f and a-f 
components of the station. 

The arrival at the design for the power sup- 
ply for use in a particular application may best 
be accomplished through the use of a series 
of steps, with reference to the data in this 
chapter by determining the values of compo- 
nents to be used. The first step is to estab- 
lish the operating requirements of the power 
supply. In general these are: 

1. Output voltage required under full load. 

2. Minimum, normal, and peak output cur- 
rent. 

3. Voltage regulation required over the cur- 
rent range. 


684 
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Figure 1 


POWER SUPPLY 
CONTROL PANEL 


A well designed supply con- 
tro! panel has separate primary 
switches and indicator lamps 
for the filament and plate cir- 
cults, overload circuit breaker, 
plate voltage contro! switch 
and primary circuit fuses. 


FILAMENT 
VOLTAGE 


PLATE 
VOLTAGE 


” 


QUNE VOLTACE 


BIAS SCREEN MOD 
2 AMP 2 AMP 2 AMP 


4. Ripple voltage limit. 

5. Rectifier circuit to be used. 

The output voltage required of the power 
supply is more or less established by the oper- 
ating conditions of the tubes which it will sup- 
ply. The current rating of the supply, however, 
is not necessarily tied down by a particular 
tube combination. It is always best to design 
a power supply in such a manner that it will 
have the greatest degree of flexibility; this 
procedure will in many cases allow an exist- 
ing power supply to be used without change 
as a portion of a new transmitter or other item 
of station equipment. So the current rating of 
a new power supply should be established by 
taking into consideration not only the require- 
ments of the tubes which it immediately will 
feed, but also with full consideration of the 
best matching of power supply components in 
the most economical current range which still 
will meet the requirements. It is often long- 
run economy, however, to allow for any likely 
additional equipment to be added in the near 
future. 


The minimum current drain 
which will be taken from a 
power supply will be, in most 
cases, merely the bleeder current. There are 
many cases where a particular power supply 
will always be used with a moderate or heavy 
load upon it, but when the supply is a portion 
of a transmitter it is best to consider the mini- 


Current-Rating 
Considerations 


mum drain as that of the bleeder. The mini- 
mum current drain from a power supply is of 
importance since it, in conjunction with the 
nominal voltage of the supply, determines the 
minimum value of inductance which the input 
choke must have to keep the voltage from soar- 
ing when the external load is removed. 

The normal current rating of a power supply 
usually is a round-number value chosen on the 
basis of the transformers and chokes on hand 
or available from the catalog of a reliable man- 
ufacturer. The current rating of a supply to 
feed a steady load such as a receiver, a speech 
amplifier, or a continuously-operating r-f stage 
should be at least equal to the steady drain of 
the load. However, other considerations come 
into play in choosing the current rating for a 
keyed amplifier, an amplifier of SSB signals, 
or a class B modulator. In the case of a sup- 
ply which will feed an intermittent load such 
as these, the current ratings of the transform- 
ers and chokes may be /ess than the maximum 
current which will be taken; but the current 
ratings of the rectifier tubes to be used should 
be at least equal to the maximum current which 
will be taken. That is to say that 300-ma. 
transformers and chokes may be used in the 
supply for a modulator whose resting current 
is 100 ma. but whose maximum current at 
peak signal will rise to 500 ma. However, the 
rectifier tubes should be capable of handling 
the full 500 ma. 
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The iron-core components of a power supply 
which feeds an intermittent load may be cho- 
sen on the basis of the current as averaged 
over a period of several minutes, since it is 
heating effect of the current which is of great- 
est importance in establishing the ratings of 
such components. Since iron-core components 
have a relatively large amount of thermal in- 
ertia, the effect of an intermittent heavy cur- 
rent is offset to an extent by a key-up period 
or a period of low modulation in the case of a 
modulator. However, the current rating of a 
rectifier tube is established by the magnitude 
of the emission available from the filament of 
the tube; the maximum emission must not be 
exceeded even for a short period or the recti- 
fier tube will be damaged. The above consider- 
ations are predicated, however, on the assump- 
tion that none of the iron-core components will 
become saturated due to the high intermittent 
current drain. If good-quality components of 
generous weight are chosen, saturation will 
not be encountered. 


The general subject of voltage 
regulation can really be divided 
into two sub-problems, which dif- 
fer greatly in degree. The first, and more 
common, problem is the case of the normal 
power supply for a transmitter modulator, 
where the current drain from the supply may 
vary over a ratio of four or five to one. In 
this case we desire to keep the voltage change 
under this varying load to a matter of 10 or 
15 per cent of the operating voltage under full 
load. This is a quite different problem from 
the design of a power supply to deliver some 
voltage in the vicinity of 250 volts to an os- 
cillator which requires two or three milliam- 
peres of plate current; but in this latter case 
the voltage delivered to the oscillator must be 
constant within a few volts with small varia- 
tions in oscillator current and with large varia- 
tions in the a-c line voltage which feeds the 
oscillator power supply. An additional voltage 
regulation problem, intermediate in degree be- 
tween the other two, is the case where a load 
must be fed with 10 to 100 watts of power at 
a voltage below 500 volts, and still the voltage 
variation with changes in load and changes 
in a-c line voltage must be held to a few 
volts at the output terminals. 

These three problems are solved in the nor- 
mal type of installation in quite different man- 
ners. The high-power case where output volt- 
age must be held to within 10 to 15 per cent is 
normally solved by using the proper value of 
inductance for the input choke and proper 


Voltage 
Regulation 


value of bleeder at the output of the power 
supply. The calculations are simple: the in- 
ductance of the power-supply input choke at 
minimum current drain from the supply should 
be equal in henries to the load resistance on 
the supply (at minimum load current) divided 
by 1000. This value of inductance is called 
the critical inductance and it is the minimum 
value of inductance which will keep the out- 
put voltage from soaring in a choke-input 
power supply with minimum load upon the 
output. The minimum load current may be 
that due to the bleeder resistor alone, or it 
may be due to the bleeder plus the minimum 
drain of the modulator or amplifier to which 
the supply is connected. 

The low-voltage low-current supply, such as 
would be used for a v.f.o. or the high-frequen- 
cy oscillator in a receiver, usually is regu- 
lated with the aid of glow-discharge gaseous- 
regulator tubes. These regulators are usually 
called “VR tubes.” Their use in various types 
of power supplies is discussed in Section 31-9. 
The electronically-regulated power supply, 
such as is used in the 10 to 100 watts power 
output range, also is discussed later on in this 
chapter. 


Ripple 
Considerations 


The ripple-voltage limitation 
imposed upon a power supply 
is determined by the load 
which will be fed by the supply. The tolerable 
ripple voltage from a supply may vary from 
perhaps 5 per cent for a class B or class C 
amplifier which is to be used for a c-w stage 
or amplifier of an FM signal down to a few 
hundredths of one per cent for the plate-volt- 
age supply to a low-level voltage amplifier in 
a speech amplifier. The usual value of ripple 
voltage which may be tolerated in the supply 
for the majority of stages of a phone transmit- 
ter is between 0.1 and 2.0 per cent. 

In general it may be stated that, with 60- 
cycle line voltage and a single-phase rectifier 
circuit, a power supply for the usual stages in 
the amateur transmitter will be of the choke- 
input type with a single pi-section filter fol- 
lowing the input choke. A c-w amplifier or 
other stage which will tolerate up to 5 per cent 
ripple may be fed from a power supply whose 
filter consists merely of an adequate-size in- 
put choke and a single filrer capacitor. 

A power supply with input choke and a 
single capacitor also will serve in most cases 
to feed a class B modulator, provided the out- 
put capacitor in the supply is sufficiently large. 
The output capacitor in this case must be 
capable of storing enough energy to supply the 
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peak-current requirement of the class B tubes 
on modulation peaks. The output capacitor for 
such a supply normally should be between 4 
pfd. and 20 pfd. 


Capacitances larger than 20 yfd. involve a 
high initial charging current when the supply 
is first turned on, so that an unusually large 
input choke should be used ahead of the ca- 
pacitor to limit the peak-current surge through 
the rectifier tubes. A capacitance of less than 
4 pfd. may reduce the power output capability 
of a class B modulator when it is passing the 
lower audio frequencies, and in addition may 
superimpose a low-frequency “growl” on the 
output signal. This growl will be apparent only 
when the supply is delivering a relatively high 
power output; it will not be present when mod- 
ulation is at a low level. 


When a stage such as a low-level audio am- 
plifier requires an extremely low value of rip- 
ple voltage, but when regulation is not of im- 
portance to the operation of the stage, the high 
degree of filtering usually is obtained through 
the use of a resistance-capacitance filter. 
This filter usually is employed in addition to 
the choke-capacitor filter in the power supply 
for the higher-level stages, but in some cases 
when the supply is to be used only to feed 
low-current stages the entire filter of the pow- 
er supply will be of the resistance-capacitance 
type. Design data for resistance-capacitance 
fileers is given in a following paragraph. 

When a low-current stage requires very low 
ripple in addition to excellent voltage regula- 
tion, the power supply filter often will end 
with one or more gaseous-type voltage-regula- 
tor tubes. These VR tubes give a high degree 
of filtering in addition to their voltage-regu- 
lating action, as is obvious from the fact that 
the tubes tend to hold the voltage drop across 
their elements to a very constant value regard- 
less of the current passing through the tube. 
The VR tube is quite satisfactory for improv- 
ing both the regulation and ripple character- 
istics of a supply when the current drain will 
not exceed 25 to 35 ma. depending upon the 
type of VR tube. Some types are rated at a 
maximum current drain of 30 ma. while others 
are capable of passing up to 40 ma. without 
damage. In any event the minimum current 
through the VR tube will occur when the as- 
sociated circuit is taking maximum current. 
This minimum current requirement is 5 ma. 
for all types of gaseous-type voltage-regulator 
tubes. 

Other types of voltage-regulation systems, 
in addition to VR tubes, exhibit the added 


TO FULL- WAVE RIPPLE IN TEAMS OF C AT FULL LOAD 
RE 


CTIFIER 


CAPACITANCE, C PERCENT RIPPLE 


2uF 13.1 
8-25 3F 8.9 
ny ra 23000 aur 6.2 
6ur 4.0 

FIGURE 2 


TO FULL- WAVE RIPPLE IN TERMS OF LOAD RESISTANCE 


RECTIFIER 
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25000 (BLEEDER ONLY) 0.02 
1OHY os 18000 0.04 
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5.000 0.1 
_= 3000 017 
= 2000 0.25 
FIGURE 3 
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RECTIFIER 
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2 2 1.2 
3 2 0.7 
25000 4 4 025 
8 8 0.06 
FIGURE 4 


characteristic of offering a low value of rip- 
ple across their output terminals. The elec- 
tronic-type of voltage-regulated power supply 
is capable of delivering an extremely small 
value of ripple across its output terminals, 
even though the rectifier-filter system ahead 
of the regulator delivers a relatively high 
value of ripple, such as in the vicinity of 5 to 
10 per cent. In fact, it is more or less self 
evident that the better the regulation of such 
a supply, the better will be its ripple charac- 
teristic. It must be remembered that the ripple 
output of a voltage-regulated power supply of 
any type will rise rapidly when the load upon 
the supply is so high that the regulator begins 
to lose control. This will occur in a supply of 
the electronic type when the voltage ahead of 
the series regulator tube falls below a value 
equal to the sum of the minimum drop across 
the tube at that value of current, plus the out- 
put voltage. In the case of a shunt regulator 
of the VR-tube type, the regulating effect will 
fail when the current through the VR tube 
falls below the usual minimum value of about 
5 ma. 


Although figures 2, 3 and 4 
give the value of ripple volt- 
age for several more or less 
standard types of fileer systems, it is often of 
value to be able to calculate the value of rip- 
ple voltage to be expected with a particular 
set of filter components. Fortunately, the ap- 
proximate ripple percentage for normal values 


Calculation 
of Ripple 
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SAMPLE FILTER FOR 
CALCULATION OF RIPPLE 


of filter components may be calculated with 
the aid of rather simple formulas. In the two 
formulas to follow it is assumed that the line 
frequency is 60 cycles and that a full wave or 
a full-wave bridge rectifier is being used. For 
the case of a single-section choke-input filter 
as illustrated in figure 2, or for the ripple art 
the output of the first section of a two-section 
choke input filter the equation is as follows, 
118 
Per cent ripple = —— 
LC—1 
where LC is the product of the input choke 
inductance in henrys (at the operating current 
to be used) and the capacitance which follows 
this choke expressed in microfarads. 

In the case of a two-section filter, the per 
cent ripple at the output of the first section is 
determined by the above formula. Then this 
percentage is multiplied by the fileer reduction 
factor of the following section of filter. This 
reduction factor is determined through the use 
of the following formula: 

LG 1 
Filter reduction factor = 
1.76 

Where LC again is the product of the in- 
ductance and capacitance of the filter section. 
The reduction factor will turn out to be a deci- 
mal value, which is then multiplied by the per- 
centage ripple obtained from the use of the 
preceding formula. 

As an example, take the case of the filter 
diagrammed in figure 5. The LC product of the 
first section is 16, So the ripple to be expected 
at the output of the first section will be: 118/ 
(16-1) or 118/15, which gives 7.87 per cent. 
Then the second section, with an LC product 
of 48, will give a reduction factor of: 1.76/ 
(48-1) or 1.76/47 or 0.037. Then the ripple 
percentage at the output of the total filrer will 
be: 7.87 times 0,037 or slightly greater than 
0.29 per cent ripple. 


Resistance- In many applications where the 
Cepacitence current drain is relatively small, 
Filters so that the voltage drop across 


the series resistors would not be 


excessive, a filter system made up of resistors 
and capacitors only may be used to advantage. 
In the normal case, where the reactance of the 
shunting capacitor is very much smaller than 
the resistance of the load fed by the filter sys- 
tem, the ripple reduction per section is equal 
to 1/ (2#RC). In terms of the 1 20-cycle ripple 
from a full-wave rectifier the ripple-reduction 
factor becomes: 1.33/RC where R is expressed 
in thousands of ohms and C in microfarads. 
For 60-cycle ripple the expression is: 2.66/RC 
with R and C in the same quantities as above. 


Many persons have noticed, 
particularly when using an in- 
put choke followed by a 2-ufd. 
first filter capacitor, that at some value of 
load current the power supply will begin to 
hum excessively and the rectifier tubes will 
tend to flicker or one tube will seem to take 
all the load while the other tube dims out. If 
the power supply is shut off and then again 
started, it may be the other tube which takes 
the load; or first one tube and then the other 
will take the load as the current drain is 
varied. This condition, as well as other less 
obvious phenomena such as a tendency for the 
first filter capacitor to break down regardless 
of its voltage rating or for rectifier tubes to 
have short life, results from resonance in the 
filrer system following the high-voltage rec- 
tifier. 

The condition of resonance is seldom en- 
countered in low-voltage power supplies since 
the capacitors used are usually high enough 
so that resonance does not occur. But in high- 
voltage power supplies, where both choke in- 
ductance and filter capacitance are more ex- 
pensive, the condition of resonance happens 
frequently. The product of inductance and ca- 
pacitance which resonates at 120 cycles is 
1.77. Thus a 1-ufd. capacitor and a 1.77 henry 
choke will resonate at 120 cycles. In almost 
any normal case the LC product of any section 
in the filrer system will be somewhat greater 
than 1.77, so that resonance at 120 cycles will 
seldom take place. But the LC product for 
resonance at 60 cycles is about 7.1, This is a 
value frequently encountered in the input sec- 
tion of a high-voltage power supply. It occurs 
with a 2-pfd. capacitor and a choke which has 
3.55 henrys of inductance at some current 
value. With a 2-ufd. filter capacitor following 
this choke, resonance will occur at the current 
value which causes the inductance of the choke 
to be 3.55 henrys. When this resonance does 
occur, one rectifier tube (assuming mercury- 


Filter System 
Resonance 
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vapor types) will dim and the other will be- 
come much brighter. 

Thus we see that we must avoid the LC 
products of 1.77 and 7.1. With a swinging-type 
input choke, whose inductance varies over a 
5-to-1 range, we see that it is possible for 
resonance to occur at 60 cycles at a low value 
of current drain, and then for resonance to oc- 
cur at 120 cycles at approximately full load 
on the power supply. Since the LC product 
must certainly be greater than 1.77 for satis- 
factory filtering along with peak-current limi- 
tation on the rectifier tubes, we see that with 
a swinging-type input choke the LC product 
must still be greater than 7.1 at maximum cur- 
rent drain from the power supply. To allow a 
reasonable factor of safety, it will be well to 
keep the LC product at maximum current drain 
above the value 10. 

It is possible to place the filter choke 
in the B-minus lead of the power supply 
which reduces the voltage potential appearing 
from choke winding to ground. However, the 
back e.m.f. of a good choke is quite high and 
can develop a dangerous potential from the 
center tap to ground on the secondary winding 
of the plate transformer. If the transformer is 
not designed to withstand this potential, it 
is possible to break down the insulation at 
this point. 


31-2 Rectification 


Circuits 


There are a large number of rectifier circuits 
that may be used in the power supplies for sta- 
tion equipment. But the simpler circuits are 
more satisfactory for the power levels up to 
the maximum permitted the radio amateur. Fig- 
ure 6 shows the three most common circuits 
used in power supplies for amateur equipment. 


Half-Wave A half-wave rectifier, as shown in 
Rectifiers figure GA, passes one half of the 

wave of each cycle of the alter- 
nating current and blocks the other half. The 
output current is of a pulsating nature, which 
can be smoothed into pure, direct current by 
means of filter circuits. Half-wave rectifiers 
produce a pulsating current which has zero 
output during one-half of each a-c cycle; this 
makes it difficult to filter the output properly 
into d.c. and also to secure good voltage regu- 
lation for varying loads. 


Full-Wave 
Rectifiers 


A full-wave rectifier consists of 
a pair of half-wave rectifiers 
working on opposite halves of the 
cycle, connected in such a manner that each 


£ 0.c.2 0.45 Ea.c. 
Ta.c.zloc. 


Eoc *0.9 Eac 
Ta.c 20707 1o.c. 


Eoc=o9Ea.c. 
Ta.c=lo.c. 


Figure 6 
MOST COMMON RECTIFIER CIRCUITS 


(A) shows a half-wave rectifier circuit, (B) is 
the standard ftull-wave rectifier circuit used 
with a dual rectifier or two rectifier tubes, 


and (C) is the bridge rectifier circuit. 


half of the rectified a-c wave is combined in 
the output as shown in figure 7. This pulsat- 
ing unidirectional current can be filtered to 
any desired degree, depending upon the par- 
ticular application for which the power supply 
is designed. 

A full-wave rectifier may consist of two 
plates and a filament, either in a single glass 
or metal envelope for low-voltage rectification 
or in the form of two separate tubes, each hav- 
ing a single plate and filament for high-voltage 
rectification. The plates are connected across 
the high-voltage a-c power transformer wind- 
ing, as shown in figure 6B. The power trans- 
former is for the purpose of transforming the 
110-volt a-c line supply to the desired second- 
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Figure 7 
FULL-WAVE RECTIFICATION 


Showing transformer secondary voltage, the 

rectified output of each tube, the combined 

output of the rectifier, the smoothed voltage 

after one section of filter, and the substan- 

tially pure d.c. output of the rectifier-filter 
after additional sections of filter. 


ary a-c voltages for filament and plate sup- 
plies. The transformer delivers alternating cur- 
rent to the two plates of the rectifier tube; one 
of these plates is positive at any instant dur- 
ing which the other is negative. The center 
point of the high-voltage transformer winding 
is usually grounded and is, therefore, at zero 
voltage, thereby constituting the negative B 
connection. 


While one plate of the rectifier tube is con- 
ducting, the other is inoperative, and vice ver- 
sa. The output voltages from the rectifier tubes 
are connected together through the common 
rectifier filament circuit. Thus the plates al- 
ternately supply pulsating current to the out- 
put (load) circuit. The rectifier tube filaments 
or cathodes are always positive in polarity 
with respect to the plate transformer in this 
type of circuit. 

The output current pulsates 120 times per 
second for a full-wave rectifier connected to 
a 60-cycle a-c line supply; hence the output of 
the rectifier must pass through a filter to 
smooth the pulsations into direct current. Fil- 
ters are designed to select or reject alternating 
currents; those most commonly used in a-c 
power supplies are of the low-pass type. 
Bridge The bridge rectifier (figure 6C) 
Rectification is a type of full-wave circuit 

in which four rectifier elements 


or tubes are operated from a single high-volt- 
age winding on the power transformer. 

While twice as much output voltage can be 
obtained from a bridge rectifier as from a cen- 
ter-tapped circuit, the permissible output cur- 
rent is only one-half as great for a given power 
transformer. In the bridge circuit, four recti- 
fiers and three filament heating transformer 
windings are needed, as against two rectifiers 
and one filament winding in the center-tapped 
full-wave circuit. In a bridge rectifier circuit, 
the inverse peak voltage impressed on any one 
rectifier tube is halved, which means that tubes 
of lower peak inverse voltage rating may be 
used for a given voltage output. 


Note that the center of the high voltage 
winding of the bridge transformer (figure 
6C) is not at ground potential. Many trans- 
formers having a center-tapped winding are 
not designed for bridge service as the insula- 
tion between the center tap point and ground 
is inadequate. Lack of insulation at this point 
does no harm in a full-wave circuit, but may 
cause breakdown when the transformer is used 
in bridge configuration. 


31-3. Standard Power 


Supply Circuits 


Choke input is shown for all three of the 
standard circuits of figure 6, since choke input 
gives the best utilization of rectifier-tube and 
power transformer capability, and in addition 
gives much better regulation. Where greater 
output voltage is a requirement, where the load 
is relatively constant so that regulation is not 
of great significance, and where the rectifier 
tubes will be operated well within their peak- 
current ratings, the capacitor-input type of fil- 
ter may be used. 

The capacitor-input filter gives a no-load 
output voltage equal approximately to the peak 
voltage being applied to the rectifier tubes. 
At full-load, the d-c output voltage is usually 
slightly above one-half the secondary a-c volt- 
age of the transformer, with the normal values 
of capacitance at the input to the filter. With 
large values of input capacitance, the output 
voltage will run somewhat higher than the 
r-m-s secondary voltage applied to the tubes, 
but the peak current flowing through the rec- 
tifier tubes will be many times as great as the 
d-c output current of the power supply. The 
half-wave rectifier of figure GA is commonly 
used with capacitor input and resistance-capaci- 
tance filter as a high-voltage supply for a 
cathode-ray tube. In this case the current drain 


WWW.americanradiohistorv.com 


HANDBOOK 


Standard Circuits 691 


PULL VOLTAGE 
OF coroek 


© Two VOLTAGE POWER SUPPLY 


HALF VOLTAGE 
Eoroe ¥ 


Ot= 0.0 te? voLTs 


O+t00 = voOuTs 


© CENTER TAPPED METHOD FOR UNTAPPED TRANSFORMERS 


© SPECIAL FILTER CIRCUIT FOR BRIDGE RECTIFIER 


Figure 8 
SPECIAL SINGLE-PHASE RECTIFICATION CIRCUITS 


A description of the application and operation of each of these special circuits is given in the 
accompanying text. 


is very small so that the peak-current rating 
of the rectifier tube seldom will be exceeded. 

The circuit of figure 6B is most commonly 
used in medium-voltage power supplies since 
this circuit is the most economical of filament 
transformers, rectifier tubes and sockets, and 
space. But the circuit of figure 6C, commonly 
called the bridge rectifier, gives better trans- 
former utilization so that the circuit is most 
commonly used in higher powered supplies. 
The circuit has the advantage that the entire 
secondary of the transformer is in use at all 
times, instead of each side being used alter- 
nately as in the case of the full-wave rectifier. 
As a point of interest, the current flow through 
the secondary of the plate transformer is a sub- 
stantially pure a-c wave as a result of better 
transformer utilization, instead of the pulsat- 
ing d-c wave through each half of the power 
transformer secondary in the case of the full- 
wave rectifier. 

The circuit of figure 6C will give the great- 
est value of output power for a given trans- 
former weight and cost in a single-phase power 
supply as illustrated. But in attempting to 
bridge-rectify the whole secondary of a trans- 


former designed for a full-wave rectifier, in 
order to obtain doubled output voltage, make 
sure that the insulation rating of the trans- 
former to be used is adequate. In the bridge 
rectifier circuit the center of the high-voltage 
winding is at a d-c potential of one-half the 
total voltage output from the rectifier. In a 
normal full-wave rectifier the center of the 
high-voltage winding is grounded. So in the 
bridge rectifier the entire high-voltage second- 
ary of the transformer is subjected to twice 
the peak-voltage stress that would exist if the 
same transformer were used in a full-wave rec- 
tifier. High-quality full-wave transformers will 
withstand bridge operation quite satisfactorily 
so long as the total output voltage from the 
supply is less than perhaps 4500 volts. But 
inexpensive transformers, whose insulation 
is just sufficient for full-wave operation, will 
break down when bridge rectification of the 
entire secondary is attempted. 


Special Single- Figure 8 shows six cir- 
Phase Rectification cuits which may prove 
Circuits valuable when it is de- 

sired to obtain more than 
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COMMON 
POLY PHASE- 
RECTIFICATION 
CIRCUITS 


These circuits are used 
when lyphase power is 
available for the plate 
supply of a high-power 
transmitter. The circuit 
ot (B) is also called a 
three-phase full-wove 
rectification system. The 
+Eo circuits are described in 
the accompanying text. 


203 Es 


2.44 Es 


one output voltage from one plate transformer 
or where some special combination of voltages 
is required. Figure 8A shows a more or less 
common method for obtaining full voltage and 
half voltage from a bridge rectification circuit. 
With this type of circuit separate input chokes 
and filter systems are used on both output 
voltages. If a transformer designed for use 
with a full-wave rectifier is used in this cir- 
cuit, the current drain from the full-voltage 
tap is doubled and added to the drain from the 
half-voltage tap to determine whether the rat- 
ing of the transformer is being exceeded. Thus 
if the transformer is rated at 1250 volts at 500 
ma. it will be permissible to pull 250 ma. at 
2500 volts with no drain from the 1250-volt 
tap, or the drain from the 1250-volt tap may 
be 200 ma. if the drain from the 2500-volt 
tap is 150 ma., and so forth. 

Figure 8B shows a system which may be 
convenient for obtaining two voltages which 
are not in a ratio of 2 to 1 from a bridge-type 
rectifier; a transformer with taps along the 


winding is required for the circuit however. 
With the circuit arrangement shown the volt- 
age from the tap will be greater than one-half 
the voltage at the top. If the circuit is changed 
so that the plates of the two rectifier cubes 
are connected to the outside of the winding 
instead of to the taps, and the cathodes of the 
other pair are connected to the taps instead 
of to the outside, the total voltage ouput of 
the rectifier will be the same, but the voltage 
at the tap position will be Jess than half the 
top voltage. 

An interesting variable-voltage circuit is 
shown in figure 8C. The arrangement may be 
used to increase or decrease the output volt- 
age of a conventional power supply, as repre- 
sented by transformer T:, by adding another 
filament transformer to isolate the filament 
circuits of the two rectifier tubes and adding 
another plate transformer between the filaments 
of the two tubes. The voltage contribution of 
the added transformer T: may be subtracted 
from or added to the voltage produced by T: 
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simply by reversing the double-pole double- 
throw switch S. A serious disadvantage of this 
circuit is the fact that the entire secondary 
winding of transformer T: must be insulated 
for the total output voltage of the power sup- 
ply. 

An arrangement for operating a full-wave 
rectifier from a plate transformer not equipped 
with a center tap is shown in figure 8D. The 
two chokes Li must have high inductance rat- 
ings at the operating current of the plate sup- 
ply to hold down the a-c current load on the 
secondary of the transformer since the total 
peak voltage output of the plate transformer 
is impressed across the chokes alternately. 
However, the chokes need only have half the 
current rating of the fileer choke L: for a cer- 
tain current drain from the power supply since 
only half the current passes through each 
choke. Also, the two chokes Li act as input 
chokes so that an additional swinging choke 
is not required for such a power supply. 

A conventional two-voltage power supply 
with grounded transformer center tap is shown 
in figure 8E. The output voltages from this 
circuit are separate and not additive as in 
the circuit of figure 8B. Figure 8F is of ad- 
vantage when it is desired to operate Class B 
modulators from the half-voltage output of a 
bridge power supply and the final amplifier 
from the full voltage output. Both Li and L: 
should be swinging chokes but the total drain 
from the power supply passes through Li while 
only the drain of the final amplifier passes 
through L:. Capacitors C: and C2 need be rated 
only half the maximum output voltage of the 
power supply, plus the usual safety factor. 
This arrangement is also of advantage in hold- 
ing down the “key-up” voltage of a c-w trans- 
mitter since both Li and L: are in series, and 
their inductances are additive, insofar as the 
“critical inductance” of a choke-input filter 
is concerned. If 4 yfd. capacitors are used at 
both C: and C2 adequate filter will be obtained 
on both plate supplies for hum-free radiophone 
operation. 


Polyphase It is usual practice in commer- 
Rectificotion cial equipment installations 
Circuits when the power drain from a 


plate supply is to be greater 
than about one kilowatt to use a polyphase rec- 
tification system. Such power supplies offer 
better transformer utilization, less ripple out- 
put and better power factor in the load placed 
upon the a-c line. However, such systems re- 
quire a source of three-phase (or two-phase 
with Scott connection) energy. Several of the 


more common polyphase rectification circuits 
with their significant characteristics are 
shown in figure 9. The increase in ripple fre- 
quency and decrease in percentage of ripple 
is apparent from the figures given in figure 9. 
The circuit of figure 9C gives the best trans- 
former utilization as does the bridge circuit 
in the single-phase connection. The circuit 
has the further advantage that there is no aver- 
age d-c flow in the transformer, so that three 
single-phase transformers may be used. A tap 
at half-voltage may be taken at the junction 
of the star transformers, but there will be d-c 
flow in the transformer secondaries with the 
power supply center tap in use. The circuit of 
figure 9A has the disadvantage that there is an 
average d-c flow in each of the windings. 


Rectifiers Rectifying elements in high-volt- 
age plate supplies are almost in- 
variably electron tubes of either the high-vacu- 
um or mercury-vapor type, although selenium 
or silicon rectifier stacks containing a large 
number of elements are often used. Low-volt- 
age high-current supplies may use argon gas 
rectifiers (Tungar tubes), selenium rectifiers, 
or other types of dry-disc rectification ele- 
ments. The xenon rectifier tubes offer some 
advantage over mercury-vapor rectifiers for 
high-voltage applications where extreme tem- 
perature ranges are likely to be encountered. 
However, such rectifiers (3B25 for example) 
are considerably more expensive than their 
mercury-vapor counterparts. 

Peak Inverse Plote 
Voltage and Peak 
Plate Current 


In an a-c circuit, the maxi- 
mum peak voltage or cur- 
rent is V 2 or 1.41 times 
that indicated by the a-c 
meters in the circuit. The meters read the root- 
mean-square (r.m.s.) values, which are the 
peak values divided by 1.41 for a sine wave. 

If a potential of 1,000 r.m.s. volts is ob- 
tained from a high-voltage secondary winding 
of a transformer, there will be 1,410-volts peak 
potential from the rectifier plate to ground. In 
a single-phase supply the rectifier tube has 
this voltage impressed on it, either positively 
when the current flows or “inverse” when the 
current is blocked on the other half-cycle. The 
inverse peak voltage which the tube will stand 
safely is used as a rating for rectifier tubes. 
At higher voltages the tube is liable to arc 
back, thereby destroying or damaging it. The 
relations between peak inverse voltage, total 
transformer voltage and filter output voltage 
depend upon the characteristics of the filter 
and rectifier circuits (whether full- or half- 
wave, bridge, single-phase or polyphase, etc.). 
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TRANSFORMERLESS POWER-SUPPLY 
CIRCUITS 


Circuits such as shown above are also fre- 

quently called line-rectifier circuits. Seleni- 

um rectifiers, vacuum diodes, or gas diodes 

may be used as the rectifying elements in 
these circuits. 


Rectifier tubes are also rated in terms of 
peak plate current. The actual direct load cur- 
rent which can be drawn from a given rectifier 
tube or tubes depends upon the type of filter 
circuit. A full-wave rectifier with capacitor in- 
put passes a peak current several times the 
direct load current. 

In a filter with choke input, the peak cur- 
rent is not much greater than the load current 
if the inductance of the choke is fairly high 
(assuming full-wave rectification). 


A full-wave rectifier with two rectifier ele- 
ments requires a transformer which delivers 
twice as much a-c voltage as would be the 
case with a half-wave rectifier or bridge rec- 
tifier. 


Mercury-Vapor 
Rectifier Tubes 


The inexpensive mercury-va- 
por type of rectifier tube is 
almost universally used in 
the high-voltage plate supplies of amateur and 
commercial transmitters. Most amateurs are 
quite familiar with the use of these tubes but 
it should be pointed out that when new or 
long-unused mercury-vapor tubes are first 
placed in service, the filaments should be op- 
erated at normal temperature for approxi- 
mately twenty minutes before plate voltage 
is applied, in order to remove all traces of 
mercury from the cathode and to clear any 
mercury deposits from the top of the envelope. 
After this preliminary warm-up with a new 
tube, plate voltage may be applied within 20 
to 30 seconds after the time the filaments 
are turned on, each time the power supply 
is used. If plate voltage should be applied 
before the filament is brought to full tem- 
perature, active material may be knocked from 
the oxide-coated filament and the life of the 
tube will be greatly shortened. 

Small r-f chokes must sometimes be con- 
nected in series with the plate leads of mer- 
cury-vapor rectifier tubes in order to prevent 
the generation of radio-frequency hash. These 
r-f chokes must be wound with sufficiently 
heavy wire to carry the load current and must 
have enough inductance to attenuate the r-f 
Parasitic noise current to prevent it from flow- 
ing in the filter supply leads and then being 
radiated into nearby receivers. Manufactured 
mercury-vapor rectifier hash chokes are avail- 
able in various current ratings from the James 
Millen Company in Malden, Mass., and from 
the J. W. Miller Company in Los Angeles. 

When mercury-vapor rectifier tubes are op- 
erated in parallel in a power supply, small 
resistors or small iron-core choke coils should 
be connected in series with the plate lead of 
each tube. These resistors or inductors tend 
to create an equal division of plate current be- 
tween parallel tubes and prevent one tube from 
carrying the major portion of the current. 
When high vacuum rectifiers are operated in 
parallel, these chokes or resistors are not re- 
quired. 


Transformerless 
Power Supplies 


Figure 10 shows a group of 
five different types of trans- 
formerless power supplies 
which are operated directly from the a-c line. 
Circuits of the general type are normally found 
in ac.-d.c. receivers but may be used in low- 
powered exciters and in test instruments. When 
circuits such as shown in (A) and (B) are 
operated directly from the a-c line, the rec- 
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tifier element simply rectifies the line voltage 
and delivers the alternate half cycles of energy 
to the filter network. With the normal type 
of rectifier tube, load currents up to approxi- 
mately 75 ma. may be employed. The d-c 
voltage output of the filter will be slightly 
less than the r-m-s line voltage, depending 
upon the particular type of rectifier tube em- 
ployed. With the introduction of the miniature 
selenium rectifier, the transformerless power 
supply has become a very convenient source 
of moderate voltage at currents up to perhaps 
500 ma. A number of advantages are offered 
by the selenium rectifier as compared to the 
vacuum tube rectifier. Outstanding among 
these are the factors that the selenium recti- 
fier operates instantly, and that it requires no 
heater power in order to obtain emission. The 
amount of heat developed by the selenium rec- 
tifier is very much less than that produced by 
an equivalent vacuum-tube type of rectifier. 

In the circuits of figure 10 (A), (B) and 
(C), capacitors C; and C: should be rated 
at approximately 150 volts and for a normal 
degree of filtering and capacitance, should be 
between 15 to 60 yfd. In the circuit of figure 
10D, capacitor C: should be rated at 150 
volts and capacitor C: should be rated at 300 
volts. In the circuit of figure 10E, capacitors 
C: and C: should be rated at 150 volts and 
C; and C. should be rated at 300 volts. 

The d-c output voltage of the line rectifier 
may be stabilized by means of a VR tube. 
However, due to the unusually low internal 
resistance of the selenium rectifier, transform- 
erless power supplies using this type of rec- 
tifying element can normally be expected to 
give very good regulation. 


Voltage-Doubler Figures 10C and 10D illus- 
Circuits trate two simple voltage- 

doubler circuits which will 
deliver a d-c output voltage equal approximate- 
ly to twice the r-m-s value of the power line 
voltage. The no-load d-c output voltage is 
equal to 2.82 times the r-m-s line voltage 
value. At high current levels, the output volt- 
age will be slightly under twice the line volt- 
age. The circuit of figure 10C is of advantage 
when the lowest level of ripple is required 
from the power supply, since its ripple fre- 
quency is equal to twice the line frequency. 
The circuit of figure 10D is of advantage when 
it is desired to use the grounded side of the 
a-c line in a permanent installation as the re- 
turn circuit for the power supply. However, 
with the circuit of figure 10D the ripple fre- 
quency is the same as the a-c line frequency. 
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Figure 11 
THE SELENIUM RECTIFIER 


A—The selenium rectifier is @ semi-conductor 
stock built up of nickel plated aluminum 
discs coated on one side with selenium 
alloy. 

B—Rectitier efficiency is high, reaching 70% 
for single phase service, dropping slightly 
at high current densities. 


Voltage 
Quadrupler 


The circuit of figure 10E illus- 
trates a voltage quadrupler cir- 
cuit for miniature selenium rec- 
tifiers. In effect this circuit is equivalent to 
two voltage doublers of the type shown in fig- 
ure 10D with their outputs connected in series. 
The circuit delivers a d-c output voltage under 
light load approximately equal to four times 
the r-m-s value of the line voltage. The no- 
load d-c output voltage delivered by the quad- 
rupler is equal to 5.66 times the r-m-s line 
voltage value and the output voltage decreases 
rather rapidly as the load current is increased. 
In each of the circuits in figure 10 where 
selenium rectifiers have been shown, conven- 
tional high-vacuum rectifiers may be substi- 
tuted with their filaments connected in series 
and an appropriate value of the line resistor 
added in series with the filament string. 


31-4 Selenium and 


Silicon Rectifiers 
Selenium rectifiers are characterized by long 


life, dependability, and maintenance-free op- 
eration under severe operating conditions. The 
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Figure 12 


VOLTAGE REGULATION OF 
SELENIUM CELL 
This graph applies to single phase full wave 
bridge, and center-tap circuits which utilize 


both halves of the input wave. In single phase 
half wave circuits the regulation will poorer. 


selenium rectifier consists of a nickel-plated 
aluminum base plate coated with selenium 
over which a low temperature alloy is sprayed. 
The base plate serves as the negative electrode 
and the alloy as the positive, with current 
flowing readily from the base plate to the 
alloy but encountering high resistance in the 
opposite direction (figure 11A). This action 
results in effective rectification of an alternat- 
ing input voltage and current with the efficien- 
cy of conversion dependent to some extent 
upon the ratio of the resistance in the con- 
ducting direction to that of the blocking di- 
rection. In normal power applications a ratio 
of 100 to 1 is satisfactory; however, special 
applications such as magnetic amplifiers often 
require ratios in the order of 1000 to 1. 

The basic selenium rectifier cell is actually 
a diode capable of half wave rectification. 
Since many applications require full wave rec- 
tification for maximum efficiency and mini- 
mum ripple, a plurality of cells in series, paral- 
lel, or series-parallel combinations are stacked 
in an assembly. 

Selenium rectifiers are operated over a wide 
range of voltages and currents. Typical appli- 
cations range from a few volts at milliamperes 
of current to thousands of amperes at rela- 
tively high voltages. 

The efficiency of high quality selenium rec- 
tifiers is high, usually in the order of 90% 
in three phase bridge circuits and 70% in 
single phase bridge circuits. Of particular in- 
terest is the very slight decrease in efficiency 
even at high current overloads (figure 11B). 


Threshold Voltage 
and Aging 


A minimum voltage is re- 
quired to permit a selen- 
ium rectifier to conduct 
in the forward direction. This voltage, com- 
monly known as the threshold voltage, pre- 
cludes the use of selenium rectifiers at ex- 
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Figure 13 
THE SILICON CELL 


The common silicon rectifier is a pressure 
contact device capoble of operation in am- 
bient temperatures as high as 150°C. Heavy 
end ferrules that fit standard fuse clips are 
large enough to provide “heat sink’ action. 
The positive ferrule is grooved to provide 
polarity identification and prevent incorrect 
mounting. 


tremely low (less than one volt) applications. 
The threshold voltage will vary with tem- 
perature and will increase with a decrease in 
temperature. 

Under operating conditions, and to a lesser 
extent when idle, the selenium rectifier will 
age. During the aging period the forward 
resistance will gradually increase, stabilizing 
at a new, higher value after about one year. 
This aging will result in approximately a 7% 
decrease in output voltage. 


The selenium rectifier has ex- 
tremely low internal impedance 
which exhibits non-linear charac- 
teristics with respect to applied voltage. This 
results in good voltage regulation even at large 
overload currents. Figure 12 shows that as the 
load is varied from zero to 300% of normal, 
the output voltage will change about 10%. 
It should be noted that because of non-linear 
characteristics, the voltage drop increases rapid- 
ly below 50% of normal load. 


Voltage 
Regulation 


Silicon 
Rectifiers 


Of all recent developments in the 
field of semi-conductors, sélicon 
rectifiers offer the most promising 
range of applications; from extreme cold to 
high temperature, and from a few watts of 
output power to very high voltage and cur- 
rents. Inherent characteristics of silicon allow 
junction temperatures in the order of 200°C 
before the material exhibits intrinsic proper- 
ties. This extends the operating range of sili- 
con devices beyond that of any other efficient 
semi-conductor and the excellent thermal range 
coupled with very small size per watt of out- 
put power make silicon rectifiers applicable 
where other rectifiers were previously con- 
sidered impractical. 


The current density of a sili- 
con rectifier is very high, and 
on present designs ranges 


Silicon 
Current Density 


WWW.americanradiohistory.com 


HANDBOOK 


Mobile Power Supply 697 


from 600 to 900 amperes per square inch of 
effective barrier layer. The usable current den- 
sity depends upon the general construction of 
the unit and the ability of the heat sink to 
conduct heat from the crystal. The small size 
of the crystal is illustrated by the fact that a 
rectifier rated at 15 amperes d.c., and 150 
amperes peak surge current has a total cell 
volume of only .00023 inches. Peak currents 
are extremely critical because the small mass 
of the cell will heat instantaneously and could 
reach failure temperatures within a time lapse 
of microseconds. The assembly of a typical 
silicon cell is shown in figure 13. 


The reverse direction of a sili- 
con rectifier is characterized 
by extremely high resistance, 
up to 10° ohms below a critical voltage point. 
This point of avalanche voltage is the region 
of a sharp break in the resistance curve, fol- 
lowed by rapidly decreasing resistance (figure 
15A). In practice, the peak inverse working 
voltage is usually set at least 20% below the 
avalanche point to provide a safety factor. 

The forward direction, or direction of low 
resistance determines the majority of power 
loss within the semi-conductor device. Figure 
15B shows the static forward current charac- 
teristics versus applied voltage. The threshold 
voltage is about 0.6 volts. 

Since the forward resistance of a semi-con- 
ductor is very low, any unbalance between 
threshold voltages or internal voltage drop 
would cause serious unbalance of load distri- 
bution and ultimate failure of the overloaded 
section. A small resistance should therefore 
be placed in series with each half wave section 


Operating 
Characteristics 


% 


Figure 14 


MINIATURE SEMI-CONDUCTOR 
TYPE RECTIFIER 


Raytheon CK-777 power rectifier bolts to 

chassis to gain large “heat sink” area. Low 

internal voltage drop and high efficiency 
permit small size of unit. 


operating in parallel to balance the load cur- 
rents. 

Some interesting and practical semi-conduc- 
tor power supplies are shown in figure 16. 
Remember that the circuits of figure 16A and 
B, and those of figure 10 are “hot” with re- 
spect to one side of the power line. 


31-5 100 Watt Mobile 
Power Supply 


High efficiency and compact size are the 
most important factors in the design of mobile 
power supplies. The power package described 
in this section meets these stringent require- 
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SILICON RECTIFIER CHARACTERISTICS 


A—Reverse direction of silicon rectifier is characterized by extremely high resistance up to point of 


avalanche voltage. 


B—Threshold voltage of silicon cell is about 0.6 volt. Once device starts conducting the current in- 
creases exponentially with small increments of voltage, then nearly linearly on a very steep slope. 
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© 900 WATT HIGH VOLTAGE SUPPLY 


Figure 16 
SEMI-CONDUCTOR POWER SUPPLIES 


A—Voltage quadrupler circuit. If 


30 volts at 150 ma. from 115 volt a-¢ line. Su, 
B—Voltage tripler delivering 325 volts at 450 ma. Supp: 


int “A” is taken as ground instead of point “B,’’ supply will deliver 
pply is “hot” to line. 


y is “hot” to line. 


C—900 watt supply for sideband service may be made from two voltage quadruplers working in series 
from inexpensive ‘‘distribution-type”’ peas ed uorly. features good dynamic voltage regulation. 
‘AR IST: 
D:—Sarkes Tarzian Model 150 selenium cell or Model M-500 silicon cell. 
Dr—Sarkes Tarzian Model 500 selenium cell or Model M-500 silicon cell. 
T:—Power distribution transformer, used backwards. 230/460 primary, 115/230 secondary, 0.75 KVA. 


Chicago PCB-24750. 


ments, delivering 100 watts at various voltages 
to run both the mobile transmitter and re- 
ceiver. The input power required by the sup- 
ply is almost directly proportional to the out- 
put power drain, and only a small amount of 
power is wasted to actuate the vibrator reeds. 

The large demand for efficient and power- 
ful mobile radio equipment has led to the 
development of new heavy-duty, vibrator-type 
power supply components; these are used to 
advantage in this unique design. 


The Split-Reed The new split-reed dual-inter- 
Vibrator rupter vibrator overcomes the 

power capacity limitations of 
the older type vibrators. In addition, this vi- 
brator permits the design of power supplies 
requiring no component changes for operation 
from either the 6- or 12-volt dic. power sys- 
tems with which most automobiles are 
equipped. 

Until recently, the majority of vibrator sup- 
plies have been designed around the synchon- 
ous type vibrator. A simplified diagram of 
such a vibrator is shown in figure 18A. One 
set of vibrator contacts switches the battery 
current alternately through two opposed pri- 
mary windings of a transformer, thus inducing 


a square-wave a.c. voltage in the secondary. 
This a.c. secondary voltage is then rectified by a 
second set of contacts on the vibrator arma- 
ture. The limitations of this circuit are low 
power handling capacity and the need to use 
a different number of turns on the transformer 
primary when the battery voltage is changed 
from six to twelve volts. 

In the split-reed vibrator (figure 18B), two 
sets of double-throw contacts are electrically 
isolated from each other. Each set has much 
greater current carrying capacity than the 
synchronous vibrator. However, a power trans- 
former having two center-tapped primary 
windings is required. One set of contacts 
switches the d.c. power alternately between 
halves of one primary winding, and the other 
set simultaneously switches the other winding. 
Therefore, the primaries can be connected in 
parallel for 6-volt operation, or in series for 
12-volt operation. No wiring changes are 
needed in the supply if the batrery is properly 
connected to the power input terminals. 


The Selenium 
Rectifier System 


A selenium rectitier system 
is employed in this supply. 
Since the vibrator contacts 
open and close abruptly, the periodically in- 
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Figure 17 


100 WATT MOBILE 
POWER SUPPLY 


This high efficiency mo- 
bile supply features 6 of 
12 volt input, and will 
completely power both 
the bile transmitter 
and receiver. 450, 300, 
and 240 volts are avail- 
able. At right is control 
box for complete mobile 
system. Overall size of 
supply Is only 6”x6"x6”, 


terrupted voltage impressed on the transform- 
er primary has practically a square waveform. 
The secondary voltage also has nearly a square 
waveform as a result and thus the peak volt- 
age on the rectifiers is only slightly higher 
than the average voltage of the waveform. 
This means that the rectifiers in a vibrator- 
type power supply can be operated on a square 
wave voltage close to their maximum peak 
inverse voltage rating, instead of considerably 
below this rating, as when a sine wave a.c. 
voltage is applied to them. 


Power Supply 
Circuit 


This power supply has three 
high voltage sections as shown 
in figure 19. The 250 volt 
receiver supply is shown in figure 19A, the 
300 volt low voltage transmitter supply in 
figure 19B, and the 450 volt high voltage 
transmitter supply is shown in figure 19C. 


SYNCHRONOUS 
VIBRATOR 


VIBRATOR 
TRANSFORMER 


) 


Note that each rectifier has two sections. The 
part numbers correspond to the markings 
shown in the complete schematic of figure 
20. In the 250 volt circuit, the full trans- 
former secondary voltage is applied to a full 
wave rectifier consisting of half of rectifiers 
SR: and SR>. These ewo rectifiers form a com- 
mon portion of all three rectifier circuits. The 
junction of the two rectifiers is grounded and 
the positive 250 volt output is taken from 
the center-tap transformer lead. This is the 
opposite of the usual full wave rectifier cir- 
cuit. 

The 300 volt dic. output is obtained from 
a bridge rectifier circuit (figure 19B) con- 
sisting of one-half of SR: and SR: in the 
ground legs, plus SR: in the two bridge legs 
from which the positive voltage is obtained. 

Another bridge rectifier circuit is employed 
for the 450 vole d.c. output, again with the 


SPLIT REED 
VIBRATOR 


DUAL PRIMARY 
VIBRATOR TRANSFORMER 


Lod I! | 8 VOLT CONNECTIONS 
bal 
Orne 12 VOLT CONNECTIONS 


Figure 18 
SUPPLY FEATURES THE NEW SPLIT-REED VIBRATOR CAPABLE OF HANDLING 
100 WATTS OF POWER AT EITHER 6 OR 12 VOLTS 


A—Simplified diagram of typical synchronous vibrator and rectifier circuit. 
B—Simplified diagram of typical split-reed vibrator and 6 - 12 volt d-c. changeover system. 


Www _.americanradiohistorv.com 


700 Power Supplies 


THE RADIO 


T1 T1 


3 
3 


3 Ed 
250 VOLT SUPPLY 


® 


un un 
D D 
S = 
> » 
HOQQQQOYD 


300 VOLT SUPPLY 


T1 


es 
shea 3 


450 VOLT SUPPLY 


© 


Figure 19 


SIMPLIFIED CIRCUITS OF RECTIFIER SYSTEMS USED IN HIGH EFFICIENCY 
MOBILE SUPPLY 


A—Full wave, 250 volt rectifier. 


B—300 volt bridge circuit tapped across portion of the high voltage winding. 


C—450 volt bridge rectifier circuit. 


two grounded legs of the circuit passing 
through SR: and SR:. The other two sections 
of these rectifiers form the legs of the bridge 
from which the positive d.c. voltage is taken. 
Since there is little ripple voltage in the 
dic. output from the rectifiers, a single 40 
pfd. fileer capacitor on the 300 volt section 
of the supply is adequate. Two 100 ufd. ca- 
pacitors are placed in series across the 450 
volt section and a capacitor input filter is 
employed for the low voltage section. 


The Control 
Circuit 


A “push-to-talk” power switch- 
ing circuit is included in the 
power supply so that the 250 
volt output may be applied to a mobile re- 
ceiver or converter. This is accomplished with 
one pair of contacts on a d.p.d.t. relay, RY, 
which also turns on the 300 volt output to a 
transmitter exciter when its relay coil is en- 
ergized. A second d.p.d.t. relay, RY:2, turns 
on the 450 volt output to a transmitter final 
amplifier and modulator when its coil is ener- 
gized. It also provides a power-reducing fea- 
ture when the coil is not energized by apply- 
ing 300 volts to the 450 volt output terminal 
and 250 volts to the 300 volt output terminal. 

Since all rectifiers have high voltage on 
them continuously when the supply is operat- 
ing, the idling current flow through the un- 
used rectifiers when receiving is reduced to 
almost zero by disconnecting them from the 
filter capacitors and bleeder resistors by the 
action of the relays. 

A special 20 volt secondary winding on the 
transformer provides transmitter negative bias 
through rectifier SR« and a 50 pfd. fileer ca- 
pacitor. 


Circuit Details—- In this power supply, 
Low Voltage Section changing from 6- to 12- 

volt operation is accom- 
plished with a 12-pin Cinch-Jones type 300 
power plug and socket, P: and J:, respectively. 


A separate low voltage input cable is used 
for each voltage as shown in figure 20. Leads 
from P: to the main power relay RY: should 
be made as short as possible to reduce the 
voltage drop. This is particularly important 
with a six volt power source, where a cable 
resistance of only 0.04 ohm will cause a one 
volt primary drop when the power supply 
is operating at full load. 

The six volt input plug connects the alter- 
nate pairs of vibrator contacts and the halves 
of the transformer primary windings in paral- 
lel. These units are connected in series for 
twelve volt operation as shown in figure 18B. 
Six volts for the relay coils is supplied from 
the power cable through pin 6 on J:. Wirth the 
twelve volt plug, a voltage dropping resistor, 
Ri, is connected in series with the relay coils. 
If the power supply is to be operated exclu- 
sively from the higher primary voltage, re- 
lays having twelve volt coils should be used, 
chus eliminating Ra. 


There usually is sparking at the vibrator 
contacts so various capacitors and resistors 
are incorporated in the primary circuit to sup- 
press any radio noise generated by vibrator 
action. These components are placed close 
to the pins of the vibrator socket. 


Component The heart of this power supply 
Parts is the vibrator transformer de- 

signed specially for two-way mo- 
bile radio equipment. It is readily available 
from many of the 3000 General Electric Co. 
mobile radio service stations, or it may be 
ordered from the address given in the parts 
list of figure 20. 


Power Supply All 
Construction 


components except the 
power transformer are enclosed 
inside a 6°x6"x6” aluminum 
utiliry box for maximum protection against 
dirt and dust. A sub-chassis made from 1/16- 
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O}- 25 BIAS 


+450/300 Vv. 


GROUND 


+300V 
TRANSMIT. 


40 UF 40ur 
J41 POWERINPUT ZEoy aC 


+250, 
TRANSMIT. 


1 2 3 4 5 6 7 6 8 1011 12 


Pi 6 VOLT PLUG 


GND TO AUTO Bs 


RyY3 pee TO 6 VOLTS +250V 
év. TOP2 RECEIVER 
to $3,P2 
1 2 3 4 5 6 7 8 9 1011 12 (SEE FIG 238) To $1 
Pi 1:2 voir PLUS 
= to S2 
GND TO AUTO Fe 


RY3 TO 12 VOLTS NOTES 
lav To P2 =e 


1- RELAYS SHOWN IN UNENERGIZED POSITION 
2-ALL RESISTORS } WATT UNLESS OTHERWISE NOTED 


FIG. 
(See bie e2 8) ¥O- MOUNT AT TRANSFORMER TERMINAL 


Figure 20 
SCHEMATIC, 6-12 VOLT MOBILE SUPPLY 


£:—Vibrator, dual interrupter, split-reed; 6 volt coils, 116.c.p.s. reed frequency, 7 pin base. Mallory type 
1701, Oak V-6853, Radiart 5722, or G.E. A-7141584-P3. 

F:—30 ampere cartridge fuse. 

:—15 ampere cartridge fuse. 

J:i—12 pin male chassis plug. Cinch-Jones P-312-AB 

P—12 pin female cable socket. Cinch-Jones $-312-CCT 

L:—7.5 henry, 100 ma. Stancor C-1421 

L-—7 uh., 1 amp. Ohmite 2-50 r-f choke 

RY:, RY:-—D.P.D.T. relay, 6 volt coil. Advance MG/2c/6VD, Potter & Brumfield MR-11D-6V, Guardian 
200-6D Coil and 200-2 assembly, or Ohmite DOSX-158T, or equiv. 

SR:, SR-—Two section selenium rectifier, 150 ma., 380 volts peak inverse per section, connected for 
doubler service. G.E. A-7144141-P2, or two Federal 1005-A rectifiers in series for each leg (8 in all). 

SR:i—Two section selenium rectifier, 150 ma., 380 volts peak inverse per section, connected for center-tap 
service. G.E. A-7144141-PI, of two Federal 1005-A rectifiers with red terminals connected together. 

SR:—150 ma., 64 volt peak inverse selenium rectifier. G. E, A-7140806-P1] or Federal 1015. 

T,—Vibrator-type power transformer. Dual center-tapped 6 volt primaries. Secondaries: 420 volts c.t. 
with 150 volt taps, 300 ma., and 20 voit, 150 ma. bias voltage winding. G.E. B-7486449-P1. 

TS:—8 terminal barrier strip. Cinch-Jones 8-141-Y. 

Note: General Electric parts may be ordered from: D. S. Clark, G.£. Co., Product Service Renewal Parts 
Section of Communication Products, 509 Kent St., Utica, N.Y. Current prices plus shipping charges 
are: T:, $14.70; E:, $5.75; SR:i, SR:, $Rs, $7.75 each; SR,, $1.40. 


inch thick aluminum is cut as shown in fig- 
ures 21 and 22. A cut-out in one corner is 
necessary to clear the lower portion of the 
power transformer. All chassis drilling and 
the cutouts for the power transformer, power 
input plug, and output terminal strip should 
be completed before the chassis is permanent- 


ly fastened in place with small aluminum 
angle brackets, two inches from the bottom of 
the box. 

One electrolytic capacitor, Gi, is mounted 
on an insulated plate furnished with the ca- 
pacitor. When twisting the locking lugs, make 
sure that they do not come near the metal 
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UNDER-CHASSIS 
VIEW OF 
POWER SUPPLY 


The vibrator socket is 
hidden by the resistors 
and disc ceramic capaci- 
tors of the hash filter. 
R-F choke L: and the 
25 ufd. capacitors are 
above these parts on the 
wall of the case, Resis- 
tor R; is mounted to the 
wall, with SR:, SR:, and 
SRs in line below it. 


chassis. The can of this capacitor is more than 
200 volts “above ground” and should be in- 
sulated with a fibre sleeve. 

The large seven pin socket into which the 
vibrator plugs should have two soldering lugs 
placed under each mounting bolt for the by- 
pass capacitors which are later wired to the 
socket pins. If the power supply is to be 
mounted with the chassis in a vertical plane, 
pins 1 and 4 of the vibrator socket should be 
in a vertical plane. The smaller components 
below the chassis should not be installed until 
parts above the chassis have been assembled 
and wired. 


The transformer primary leads are wired 
to the input plug and vibrator socket with 
shortest possible leads before other parts are 
wired. Placement of the under-chassis parts 
may be seen in figure 21. Layout of the parts 
is not critical. 


Testing the 
Supply 


After the wiring has been 
checked, the power supply should 
be checked at half input voltage, 
but with full voltage applied to the vibrator 
coil. This is done by temporarily removing 
the jumper between pins 7 and 8 on the 
twelve volt power plug, P:. Pin 8 is then 


Figure 22 


TOP VIEW OF 
POWER SUPPLY 
INTERIOR 


Relays RY; and RY: are 
at center above choke Ly). 
Power transformer T; is 
mounted on end of cab- 
inet. Across top of 
chassis (left to right) are 
vibrator and filter ca- 
pacitors 
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Figure 23 


CONTROL WIRING 


A—Block diagram of suggested power and 
control cables and switching system for 
mobile power supply. 

B—Schematic diagram of suggested control 
box dnelvding power plugs for shanging 
heaters for or 12 volt operation. 5; Is 
“transmit-receive switch,” S: is “high-low” 
switch, and S$; is main power switch for 


RY). 
C—6 and 12 volt power cables. 


jumped to pin 9. The cable is attached to Ji on 
the supply and to a six volt power source. Ap- 
proximately half the rated voltage should be 
measured at the output terminal strip if the 
supply has been properly wired. 

Replace the original connections on the 
power plug and test the supply with full 
input voltage. A 2500 ohm, 100 watt resistor, 
or four 25 watt 115 volt lamp bulbs in series 
make a good load resistance. The output volt- 
ages should measure close to 450, 300, and 
240 volts under load. Additional .02 pfd. by- 
pass capacitors at RYs, the output terminal 
strip, and the control box should eliminate 


Figure 24 
CABLE HARNESS, MAIN POWER 
RELAY, RY, AND REAR OF 
POWER CONTROL BOX 


High voltage for the receiver, plus the control 
switch circuits for RY; and RY:, are brought 
into the contro! box from the power supply 
through J5. 
High voltage leads for the transmitter are 
run directly from the supply, but the trans- 
mitter heater power and “transmit-receive” 
control circuit is run to the _ transmitter 
through control box circuit J; (figure 234A). 


any hash still present during reception. Every 
experienced “mobileer” will agree chat noise 
in each mobile installation usually must be 
eliminated on a “search and filter’ basis. 


Installation 
in the Car 


This power supply may be op- 
erated in conjunction with the 
suggested configuration shown in 
figure 23A. Note that a separate cable is 
recommended for the heater power circuit to 
reduce vibrator hash pickup, and to minimize 
heater voltage variations when the supply is 
switched from receive to transmit. 

Provision has been made for changing the 
mobile receiver and transmitter power circuits 
for either six or twelve volt operation as shown 
in the schematic of the control box in figure 
23B. An eight contact plug and socket auto- 
matically make the proper connections when 
the six or twelve volt plug is attached. 


31-6 


Transistorized 
Power Supplies 


The vibrator type of mobile supply achieves 
an overall efficiency in the neighborhood of 
70%. The vibrator may be thought of as a 
mechanical switch reversing the polarity of 
the primary source at a repetition rate of 120 
transfers per second. The switch is actuated by 
a magnetic coil and breaker circuit requiring 
appreciable power which must be supplied by 
the primary source. 

One of the principal applications of the 
transistor 18 in switching circuits. The tran- 
sistor may be switched from an “off” con- 
dition to an “on” condition with but the ap- 


WWW.americanradiohistorv.com 


704 Power Supplies 


THE RADIO 


Figure 25 
TRANSISTORS CAN REPLACE VIBRATOR IN MOBILE POWER SUPPLY SYSTEM 


A—Typical vibrator circuit. 


B—Vibrator can be represented by two single-pole single throw switches, or transistors. 
C—Push-pull square wave “oscillator” is driven by special feedback windings on power transformer. 
D—Addition of bias in base-emitter circuit results in oscillator capable of starting under full load. 


plication of a minute exciting signal. W'hen 
the transistor is nonconductive it may be con- 
sidered to be an open circuit. When it is in 
a conductive state, the internal resistance is 
very low. Two transistors properly connected, 
therefore, can replace the single pole, double 
throw mechanical switch representing the vi- 
brator. The transistor switching action is many 
times faster than that of the mechanical vi- 
brator and the transistor can switch an ap- 
preciable amount of power. Efficiencies in the 
neighborhood of 95% can be obtained with 28 
volt primary-type transistor power supplies, 
permitting great savings in primary power 
over conventional vibrators and dynamotors. 


Transistor 
Operation 


The transistor operation resembles 
a magnetically coupled multi-vi- 
brator, or an audio frequency 
push-pull square wave oscillator (figure 25C). 
A special feedback winding on the power trans- 
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Figure 26 


BASE-COLLECTOR WAVEFORM OF 
SWITCHING CIRCUIT, 
FOR 12 VOLT CIRCUIT 


Square waveshape produces almost ideal 

switching action. Small “spike on leading 

edge of pulses may be reduced by proper 
transformer design. 


former provides 180 degree phase shift volt- 
age necessary to maintain oscillation. In this 
application the transistors are operated as on- 
off switches; ie, they are either completing 
the circuit or opening it. The oscillator output 
voltage is a square wave having a frequency 
that is dependent upon the driving voltage, 
the primary inductance of the power trans- 
former, and upon the peak collector current 
drawn by the conducting transistor. Changes 
in transformer turns, core area, core material, 
and feedback turns ratio have an effect on the 
frequency of oscillation. Frequencies in com- 
mon use are in the range of 120 cps. to 
3,500 cps. 

The power consumed by the transistors is 
relatively independent of load. Loading the 
oscillator causes an increase in input current 
that is sufficient to supply the required power 
to the load and the additional losses in the 
transformer windings. Thus, the overall effi- 
ciency actually increases with load and is great- 
est at the heaviest load the oscillator will sup- 
ply. A result of this is that an increase in load 
produces very little extra heating of the tran- 
sistors. This feature means that it is impossi- 
ble to burn out the transistors in the event of 
a shorted load since the switching action mere- 
ly stops. 


Transistor 
Power Rating 


The power capability of the 
transistor is limited by the 
amount of heat created by the 
current flow through the internal resistance 
of the transistor. When the transistor is con- 
ducting the internal resistance is extremely 
low and little heat is generated by current 
flow. Conversely, when the transistor is in a 
cut-off condition the internal resistance is very 
high and the current flow is extremely small. 
Thus, in both the “on” and “off” conditions 
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Figure 27 
PRACTICAL TRANSISTOR POWER SUPPLIES 


T.—Chicago DCT-2 transistor transformer 
¥:—Chicago DCT-]I transistor transformer 
O,-D.—Sarkes-Tarzian M-500 silicon rectifier or equivalent. 


the transistor dissipates a minimum of power. 
The important portion of the operating cycle 
is that port:on when the actual switching from 
One transistor to the other occurs, as this is 
the time during which the transistor may be 
passing through the region of high dissipation. 
The greater the rate of switching, in general, 
the faster will be the rise time of the square 
wave (figure 26) and the lower will be the 
internal losses of the transistor. The average 
transistor can switch about eight times the 
power rating of class A operation of the 
unit. Two switching transistors having 5 watt 
class A power output rating can therefore 
switch 80 watts of power when working at 
optimum switching frequency. 


Self-Starting 
Oscillators 


The transistor supply shown in 
figure 25C is impractical be- 
cause oscillations will not start 
under load. Base current of the proper po- 
larity has to be momentarily introduced into 
the base-emitter circuit before oscillation will 
start and sustain itself. The addition of a bias 
resistor (figure 25D) to the circuit results 


in an oscillator that is capable of starting 
under full load. Ri is usually of the order of 
10-50 ohms while R: is adjusted so that ap- 
proximately 100 milliamperes flows through 
the circuit. 

The current drawn from the battery by this 
network flows through R: and then divides 
between R: and the input resistances of the 
two transistors. The current flowing in the 
emitter-base circuit depends upon the value 
of input resistance. The induced voltage across 
the feedback winding of the transformer is a 
square wave of such polarity that it forward- 
biases the emitter-base diode of the transistor 
that is starting to conduct collector current, 
and reverse-biases the other transistor. The 
forward-biased transistor will have a very low 
input impedance, while the input impedance 
of the reversed-biased transistor will be quite 
high. Thus, most of the starting current drained 
from the primary power source will flow 
in Ri and the base-emitter circuit of the for- 
ward-biased transistor and very little in the 
other transistor. It can be seen that Ri must not 
be too low in comparison to the input re- 
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Figure 28 


35 WATT TRANSISTOR 
POWER SUPPLY 


Two 2N301A power transistors are used in 

this midget supply. Transistors are mounted 

on sanded portion of chassis deck which acts 
as “heat sink,”’ See text for details. 


sistance of the conducting transistor, or else 
it will shunt too much current from the tran- 
sistor. When switching takes place, the trans- 
former polarities reverse and the additional 
current now flows in the base-emitter circuit 
of the other transistor. 


The Power 
Transformer 


The power transformer in a 
transistor-type supply is designed 
to reach a state of maximum flux 
density (saturation) at the point of maximum 
transistor conductance. When this state is 
reached the flux density drops to zero and 
reduces the feedback voltage developed in the 
base winding to zero. The flux then reverses 


because there is no conducting transistor to 
sustain the magnetizing current. This change 
of flux induces a voltage of the opposite po- 
larity in the transformer. This voltage turns 
the first transistor off and holds the second 
transistor on. The transistor instantly reaches 
a state of maximum conduction, producing a 
state of saturation in the transformer. This 
action repeats itself at a very fast rate. Switch- 
ing time is of the order of 5 to 10 micro- 
seconds, and saturation time is perhaps 200 
to 2,000 microseconds. The collector wave- 
form of a typical transistor supply is shown 
in figure 26. The rise time of the wave is 
about 5 microseconds, and the saturation time 
is 500 microseconds. The small “spike” at 
the leading edge of the pulse has an ampli- 
tude of about 2% volts and is a product of 
switching transients caused by the primary 
leakage reactance of the transformer. Proper 
transformer design can reduce this “spike” to 
a minimum value. An excessively large “spike” 
can puncture the transistor junction and ruin 
the unit. 


31-7 Two 


Transistorized 
Mobile Supplies 


The new Chicago-Standard Transformer Co. 
series of power transformers designed to work 
in transistor-type power supplies permits the 
amateur and experimenter to construct ef- 
ficient mobile power supplies at a fraction 
of their former price. Described in this section 
are two power supplies designed around these 
efficient transformers. The smaller supply de- 
livers 35 watts (275 volts at 125 milliam- 
peres) and the larger supply delivers 85 watts 
(500 volts at 125 milliamperes and 250 volts 


Figure 29 


SCHEMATIC, TRANSISTOR 
POWER SUPPLY FOR 
12 VOLT AUTOMOTIVE 
SYSTEM 
T.—Transistor power transformer. 
12 volt primary, to provide 275 
volts at 125 ma. Chicago Stand- 
ard DCT-I. 
D:-D.—Sarkes-Tarzion silicon recti- 
fier, type M-500, or equivalent. 


O- 12 Vv. BATTERY 


2N301A 
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at 50 milliamperes, simultaneously). Both 
power units operate from a 12 volt primary 
source. 


The 35 Watt The 35 watt power unit uses 
Supply two inexpensive RCA 2N301A 

P-N-P-type power transistors 
for the switching elements and four silicon 
diodes for the high voltage rectifiers. The 
complete schematic is shown in figure 29. 
Because of the relatively high switching fre- 
quency only a single 20 wfd. filter capacitor 
is required to provide pure d.c. 

Regulation of the supply is remarkably good. 
No load voltage is 310 volts, dropping to 
275 volts at maximum current drain of 125 
milliamperes. 

The complete power package is built upon 
an aluminum chassis-box measuring 54%4"x 
3"x2”, Paint is removed from the center por- 
tion of the box to form a simple heat sink 
for the transistors. The box therefore conducts 
heat away from the collector elements of the 
transistors. The collector of the transistor is 
the metal case terminal and in this circuit is 
returned to the negative terminal of the pri- 
mary supply. If the negative of the automobile 
battery is grounded to the frame of the car 
the case of the transistor may be directly 
grounded to the unpainted area of the chassis. 
If the positive terminal of the car battery is 
grounded it is necessary to electrically insulate 
the transistor from the aluminum chassis, yet 
at the same time permit a low thermal barrier 
to exist between the transistor case and the 
power supply chassis. A simple method of 
accomplishing this is to insert a thin mica 
sheet between the transistor and the chassis. 
“Two Mil” -(0.002") mica washers for tran- 
sistors are available at many large radio sup- 
ply houses. The mica is placed between the 
transistor and the chassis deck, and fibre wash- 
ers are placed under the retaining nuts hold- 
ing the transistor in place. When the tran- 
sistors are mounted in place, measure the 
collector to ground resistance with an ohm- 
meter. It should be 100 megohms or higher 
in dry air. After the mounting is completed, 
spray the transistor and the bare chassis sec- 
tion with plastic Krylon to retard oxidation.. 
Several manufacturers produce anodized alumi- 
num washers that serve as mounting insula- 
tors. These may be used in place of the mica 
washers, if desired. The under-chassis wiring 
of the supply may be seen in figure 30. 


The 85 Watt 
Supply 


Figure 31 shows the schematic 
of a dual voltage transistorized 
mobile power supply. A bridge 


Figure 30 
UNDER-CHASSIS LAYOUT OF PARTS 


Two 10 ywfd. capacitors are connected in 

porallel for 20 yfd. output filter capacitor. 

Silicon rectifiers are mounted in dual fuse 

clips at end of chassis. Transistors are insu- 

lated from chassis with thin mica sheets and 

fibre washers if fare is used with positive- 
grounded primary system. 


rectifier permits the choice of either 250 volts 
or 500 volts, or a combination of both at a 
total current drain that limits the secondary 
power to 85 watts. Thus, 500 volts at 170 
milliamperes may be drawn, with correspond- 
ingly less current as additional power is drawn 
from the 250 volt tap. 

The supply is built upon an aluminum box- 
chassis measuring 7°x5"x3”, the layout close- 
ly following that of the 35 watt supply. Delco 
2N278 P-N-P-type transistors are used as the 
switching elements and eight silicon diodes 
form the high voltage bridge rectifier. The 
transistors are affixed to the chassis in the 
same manner as the 2N301A mounting de- 
scribed previously. 


31-8 Power Supply 


Components 


The usual components which make up a 
power supply, in addition to rectifiers which 
have already been discussed, are filter ca- 
pacitors, bleeder resistors, transformers, and 
chokes. These components normally will be 
purchased especially for the intended appli- 
cation, taking into consideration the factors 
discussed earlier in this chapter. 


Filter There are two types of filter ca- 

Capacitors pacitors: (1) paper dielectric 
type, (2) electrolytic type. 

Paper capacitors consist of two strips of 

metal foil separated by several layers of special 
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Figure 31 
SCHEMATIC, 
85 WATT 
TRANSISTOR 
POWER SUPPLY 
FOR 12 VOLT 
AUTOMOTIVE 
SYSTEM 
T :—Transistor power 
transformer. 12 volt 
primary to provide 275 
volts at 125 ma. 
Chicago Standard 
per-2. 
D:-D,—Sarkes-Tarzian 
silicon rectifier, type 


“50 


paper. Some types of paper capacitors are 
wax-impregnated, but the better ones, especial- 
ly the high-voltage types, are oil-impregnated 
and oil-filled. Some capacitors are rated both 
for flash test and normal operating voltages; 
the latter is the important rating and is the 
maximum voltage which the capacitor should 
be required to withstand in service. 

The capacitor across the rectifier circiit in 
a capacitor-input filter should have a wa -king 
voltage rating equal at /east to 1.41 times the 
r-m-s voltage output of the rectifier. The re- 
maining capacitors may be rated more nearly 
in accordance with the d-c voltage. 


The electrolytic capacitor consists of two 
aluminum electrodes in contact with a conduct- 
ing paste or liquid which acts as an electro- 
lyte. A very thin film of oxide is formed on the 
surface of one electrode, called the anode. 
This film of oxide acts as the dielectric. The 
electrolytic capacitor must be correctly con- 
nected in the circuit so that the anode always 
is at a positive potential with respect to the 
electrolyte, the latter actually serving as the 
other electrode (plate) of the capacitor. A re- 
versal of the polarity for any length of time 
will ruin the capacitor. 


The dry type of electrolytic capacitor uses 
an electrolyte in the form of paste. The die- 
lectric in electrolytic capacitors is not perfect; 
these capacitors have a much higher direct 
current leakage than the paper type. 


The high capacitance of electrolytic ca- 
pacitors results from the thinness of the film 
which is formed on the plates. The maximum 
voltage that can be safely impressed across 
the average electrolytic filter capacitor is be- 
tween 450 and 600 volts; the working voltage 
is usually rated at 450. When electrolytic ca- 


pacitors are used in filter circuits of high- 
voltage supplies, the capacitors should be con- 
nected in series. The positive terminal of one 
capacitor must connect to the negative ter- 
minal of the other, in the same manner as 
dry batteries are connected in series. 


It is not necessary to connect shunt resis- 
tors across each electrolytic capacitor section 
as it is with paper capacitors connected in 
series, because electrolytic capacitors have 
fairly low internal d-c resistance as compared 
to paper capacitors. Also, if there is any varia- 
tion in resistance, it is that electrolytic unit 
in the poorest condition which will have the 
highest leakage current, and therefore the volt- 
age across this capacitor will be lower than 
that across one of the series connected units 
in better condition and having higher internal 
resistance. Thus we see that equalizing re- 
sistors are not only unnecessary across series- 
connected electrolytic capacitors but are ac- 
tually undesirable. This assumes, of course, 
similar capacitors by the same manufacturer 
and of the same capacitance and voltage rat- 
ing. Ic is not advisable to connect in series 
electrolytic capacitors of different make or 
ratings. 

There is very little economy in using elec- 
trolytic capacitors in series in circuits where 
more than two of these capacitors would be 
required to prevent voltage breakdown. 


Electrolytic capacitors can be greatly re- 
duced in size by the use of etched aluminum 
foil for the anode. This greatly increases the 
surface area, and the dielectric film covering 
it, but raises the power factor slightly. For 
this reason, ultra-midget electrolytic capacitors 
ordinarily should not be used at full rated d-c 
voltage when a high a-c component is present, 
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such as would be the case for the input ca- 
pacitor in a capacitor-input filter. 


Bleeder 
Resistors 


A heavy duty resistor should be 
connected across the output of a 
filter in order to draw some load 
current at all time. This resistor avoids soar- 
ing of the voltage at no load when swinging 
choke input is used, and also provides a means 
for discharging the filter capacitors when no 
external vacuum-tube circuit load is connected 
to the filter. This bleeder resistor should nor- 
mally draw approximately 10 per cent of the 
full load current. 

The power dissipated in the bleeder resistor 
can be calculated by dividing the square of 
the d-c voltage by the resistance. This power 
is dissipated in the form of heat, and, if the 
resistor is not in a well-ventilated position, 
the wattage rating should be higher than the 
actual wattage being dissipated. High-voltage, 
high-capacitance filter capacitors can hold a 
dangerous charge if not bled off, and wire- 
wound resistors occasionally open up without 
warning. Hence it is wise to place carbon re- 
sistors in series across the regular wire-wound 
bleeder. 

When purchasing a bleeder resistor, be sure 
that the resistor will stand not only the re- 
quired wattage, burt also the voltage. Some re- 
sistors have a voltage limitation which makes 
it impossible to force sufficient current through 
them to result in rated wattage dissipation. 
This type of resistor usually is provided with 
slider taps, and is designed for voltage divider 
service. An untapped, non-adjustable resistor 
is preferable as a high voltage bleeder, and is 
less expensive. Several small resistors may be 
connected in series, if desired, to obtain the 
required wattage and voltage rating. 


Transformers Power transformers and fila- 
ment transformers normally 
will give no trouble over a period of many 
years if purchased from a reputable manufac- 
turer, and if given a reasonable amount of 
care. Transformers must be kept dry; even a 
small amount of moisture in a high-voltage 
unit will cause quick failure. A transformer 
which is operated continuously, within its 
ratings, seldom will give trouble from mois- 
ture, since an economically designed trans- 
former operates at a moderate temperature 
rise above the temperature of the surrounding 
air. But an unsealed transformer which is 
inactive for an appreciable period of time in 
a highly humid location can absorb enough 
moisture to cause early failure. 
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Filter Choke Filter inductors consist of a 
Coils coil of wire wound on a lami- 
nated iron core. The size of 
wire is determined by the amount of direct 
current which is to flow through the choke 
coil. This direct current magnetizes the core 
and reduces the inductance of the choke coil; 
therefore, filter choke coils of the smoothing 
tvpe are built with an air gap of a small frac- 
tion of an inch in the iron core, for the pur- 
pose of preventing saturation when maximum 
dic. flows through the coil winding. The “air 
gap” is usually in the form of a piece of fiber 
inserted between the ends of the laminations. 
The air gap reduces the initial inductance of 
the choke coil, but keeps it at a higher value 
under maximum load conditions. The coil must 
have a great many more turns for the same 
initial inductance when an air gap is used. 
The d-c resistance of any filter choke should 
be as low as practicable for a specified value 
of inductance. Smaller filter chokes, such as 
those used in radio receivers, usually have 
an inductance of from 6 to 15 henrys, and a 
d-c resistance of from 200 to 400 ohms. A 
high d-c resistance will reduce the output volt- 
age, due to the voltage drop across each choke 
coil. Large filter choke coils for radio trans- 
mitters and Class B amplifiers usually have 
less than 100 ohms d-c resistance. 


31-9 Special Power 


Supplies 


A complete transmitter usually includes one 
or more power supplies such as grid-bias 
packs, voltage-regulated supplies, or trans- 
formerless supplies having some special char- 
acteristic. 


Regulated Where it is desired in a circuit 
Supplies— to stabilize the voltage supply 
V-R Tubes to a load requiring not more than 


perhaps 20 to 25 ma., the glow- 
discharge type of voltage-regulator tube can 
be used to great advantage. Examples of such 
circuits are the local oscillator circuit in a 
receiver, the tuned oscillator in a v-f-o-, the 
oscillator in a frequency meter, or the bridge 
circuit in a vacuum-tube voltmeter. A num- 
ber of tubes are available for this applica- 
tion including the OA3/VR75, OB3/VR90, 
OC3/VR105, OD3/VR150, and the OA2 
and OB2 miniature types. These tubes stabil- 
ize the voltage across their terminals to 75, 
90, 105, or 150 volts. The minature types 
OA2 stabilize to 150 volts and OB2 to 108 
volts. The types OA2, OB2 and OB3/VR90 
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have a maximum current rating of 30 ma. 
and the other three types have a maximum 
current rating of 40 ma, The minimum cur- 
rent required by all six types to sustain a 
constant discharge is 5 ma. 


A VR tube (common term applied to all 
glow-discharge voltage regulator tubes) may 
be used to stabilize the voltage across a vari- 
able load or the voltage across a constant load 
fed from a varying voltage. Two or more VR 
tubes may be connected in series to provide 
exactly 180, 210, 255 volts or other combi- 
nations of the voltage ratings of the tubes. 
It is mot recommended, however, that VR 
tubes be connected in parallel since both the 
striking and the regulated voltage of the 
paralleled tubes normally will be sufficiently 
different so that only one of the tubes will 
light. The remarks following apply generally 
to all the VR types although some examples 
apply specifically to the OD3/VR150 type. 

A device requiring say, only 50 volts can 
be stabilized against supply voltage variations 
by means of a VR-105 simply by putting a 
suitable resistor in series with the regulated 
voltage and the load, dropping the voltage 
from 105 to 50 volts. However, it should be 
borne in mind that under these conditions 
the device will not be regulated for varying 
load; in other words, if the load resistance 
varies, the voltage across the load will vary, 
even though the regulated voltage remains at 
105 volts. 

To maintain constant voltage across a vary- 
ing load resistance there must be no series 
resistance between the regulator tube and the 
load. This means that the device must be 
operated exactly at one of the voltages ob- 


tainable by seriesing two or more similar or 
different VR tubes. 


A VR-150 may be considered as a stubborn 
variable resistor having a range of from 30,000 
to 5000 ohms and so intent upon maintaining 
a fixed voltage of 150 volts across its ter- 
minals that when connected across a voltage 
source having very poor regulation it will in- 
stantly vary its own resistance within the lim- 
its of 5000 and 30,000 ohms in an attempt 
to maintain the same 150 volt drop across its 
terminals when the supply voltage is varied. 
The theory upon which a VR tube operates is 
covered in an earlier chapter. 

It is paradoxical that in order to do a good 
job of regulating, the regulator tube must be 
fed from a voltage source having poor regula- 
tion (high series resistance). The reason for 
this presently will become apparent. 


If a high resistance is connected across the 
VR tube, it will not impair its ability to main- 
tain a fixed voltage drop. However, if the load 
is made too low, a variable 5000 to 30,000 
ohm shunt resistance (the VR-150) will not 
exert sufficient effect upon the resulting re- 
sistance to provide constant voltage except 
over a very limited change in supply voltage 
or load resistance. The tube will supply maxi- 
mum regulation, or regulate the largest load, 
when the source of supply voltage has high 
internal cr high series resistance, because a 
variation in the effective internal resistance 
of the VR tube will then have more control- 
ling effect upon the load shunted across it. 

In order to provide greatest range of regu- 
lation, a VR tube (or two in series) should be 
used with a series resistor (to effect a poorly 
regulated voltage source) of such a value that 
it will permit the VR tube to draw from 8 to 
20 ma. under normal or average conditions 
of supply voltage and load impedance. For 
maximum control range, the series resistance 
should be not less than approximately 20,000 
ohms, which will necessitate a source of volt- 
age considerably in excess of 150 volts. How- 
ever, where the supply voltage is limited, good 
control over a limited range can be obtained 
with as little as 3000 ohms series resistance. 
If it takes less than 3000 ohms series resist- 
ance to make the VR tube draw 15 to 20 
ma. when the VR tube is connected to the 
load, then the supply voltage is not high 
enough for proper operation. 

Should the current through a VR-150, VR- 
105, or VR-75 be allowed to exceed 40 ma., 
the life of the tube will be shortened. If the 
current falls below 5 ma., operation will be- 
come unstable. Therefore, the tube must op- 
erate within this range, and within the two 
extremes will maintain the voltage within 1.5 
per cent. It takes a voltage excess of at least 
10 to 15 per cent to “start” a VR type regu- 
lator; and to insure positive starting each time 
the voltage supply should preferably exceed 
the regulated output voltage rating about 20 
per cent or more. This usually is automatically 
taken care of by the fact that if sufficient 
series resistance for good regulation is em- 
ployed, the voltage impressed across the VR 
tube before the VR tube ionizes and starts 
passing current is quite a bit higher than the 
starting voltage of the tube. 

When a VR tube is to be used to regulate 
the voltage applied to a circuit drawing Jess 
than 15 ma. normal or average current, the 
simplest method of adjusting the series resist- 
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Figure 32 


STANDARD VR-TUBE REGULATOR 
CIRCUIT 


The VR-tube regulator will maintain the volt- 
age «across its terminals constant within a 
few volts for moderate variations in R, or E,.. 
See text for discussion of the use of VR 
tubes in various circuit applications. 


ance is to remove the load and vary the series 
resistor until the WR tube draws about 30 ma. 
Then connect the load, and that is all there is 
to it. This method is particularly recommended 
when the load is a heater type vacuum tube, 
which may not draw current for several sec- 
onds after the power supply is turned on. 
Under these conditions, the current through 
the VR tube will never exceed 40 ma. even 
when it is running unloaded (while the heater 
tube is warming up and the power supply 
rectifier has already reached operating tem- 
perature). 

Figure 32 illustrates the standard glow dis- 
charge regulator tube circuit. The tube will 
maintain the voltage across Ri. constant to 
within 1 or 2 voles for moderate variations in 
Ri. or Es. 


Voltage Regulated When it is desired to sta- 
Power Supplies bilize the potential across 

a circuit drawing more 
than a few milliamperes it is advisable to 
use a voltage-regulated power supply of the 
type illustrated in figure 33 rather than glow 
discharge tubes. 

A 6AS7-G is employed as the series control 
element, and type 816 mercury vapor rectifiers 
are used in the power supply section. The 
6AS7-G acts as a variable series resistance 
which is controlled by a separate regulator 
tube much in the manner of a-v-c citcuits or 
inverse feedback as used in receivers and a-f 
amplifiers. A GSH7 controls the operating bias 
on the 6AS7-G, and therefore controls the in- 
ternal resistance of the GAS7-G. This, in turn, 
controls the output voltage of the supply, which 
controls the plate current of the 6SH7, thus 
completing the cycle of regulation. It is ap- 
parent that under these conditions any change 
in the output voltage will tend to “resist it- 
self,” much as the a-v-c system of a receiver 
resists any change in signal strength delivered 
to the detector. 


Because it is necessary that there always be 
a moderate voltage drop through the 6AS7-G 
in order for it to have proper control, the rest 
of the power supply is designed to deliver as 
much output voltage as possible. This calls 
for a low resistance full-wave rectifier, a high 
capacitance output capacitor in the filter sys- 
tem and a low resistance choke. 

Reference voltage in the power supply is 
obtained from a VR-150 gaseous regulator. 
Note that the 6.3-vole heater winding for the 
6SH7 and the GAS7-G tubes is operated at 
a potential of plus 150 volts by connecting 
the winding to the plate of the WR-150. This 
procedure causes the heater-cathode voltage 
of the 6SH7 to be zero, and permits an out- 
put volrage of up to 450 since the 300-volt 
heater-to-cathode rating of the GAS7-G is not 
exceeded with an output voltage of 450 from 
the power supply. 

The 6SH7 tube was used in place of the 
more standard 6SJ7 after ic was found that 
the regulation of the power supply could be 
improved by a factor of two with the 6SH7 
in place of the 6SJ7. The original version of 
the power supply used a 5R4-GY rectifier 
tube in place of the 816’s which now are 
used. The excessive drop of the 5R4-GY re- 
sulted in loss of control by the regulator por- 
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Figure 33 


SCHEMATIC OF VOLTAGE 
REGULATED POWER SUPPLY 


T.—615 or 520 volts each side of c.t., 300 
ma. Stancor P-8041. 

T-—5 volts at 3 amp., 6.3 volts at 6 amp. 
Stancor P-5009. 

CH—4 henry at 250 ma. Stancor C-1412. 


Www. americanradiohistorv. com 


712 Power Supplies 


x 


Ges Vv. TO HEATERS 
L x 


T1= 380-0-350 v. 
AT SOMA, 
SV. AT 2A. 
6.3v. AT 3A, 


THE RADIO 


ALL RESISTORS I-WATT UNLESS OTHERWISE SPECIFIED. 


Figure 34, 
SCHEMATIC, LOW VOLTAGE REGULATED BIAS SUPPLY. 


tion with an output voltage of about 390 
with a 225-ma. drain. Satisfactory regulation 
can be obtained, however, at up to 450 volts 
if the maximum current drain is limited to 
150 ma. when using a 5R4-GY rectifier. If 
the power transformer is used with the taps 
giving 520 volts each side of center, and if 
the maximum drain is limited to 225 ma., 
a type 83 rectifier may be used as the power 
supply rectifier. The 615-volt taps on the 
power transformer deliver a voltage in excess 
of the maximum ratings of the 83 tube. With 
the 83 in the power supply, excellent regu- 
lation may be obtained with up to about 420 
volts output if the output current is limited 
to 225 ma. But with the 816’s as rectifiers 
the full capabilities of all the components 
in the power supply may be utilized. 

If the power supply is to be used with an 
output voltage of 400 to 450 volts, the full 
615 volts each side of center should be ap- 
plied to the 816's. However, the maximum 
plate dissipation rating of the GAS7-G will 
be exceeded, due to the voltage drop across 
the tube, if the full current rating of 250 ma. 
is used with an output voltage below 400 
volts. If the power supply is to be used with 
full output current at voltages below 400 volts 
the 520-volt taps on the plate transformer 
should be connected to the 816’s. Some varia- 
tion in the output range of the power supply 
may be obtained by varying the values of the 
resistors and the potentiometer across the out- 
put. However, be sure that the coral plate 
dissipation rating of 26 watts on the 6AS7-G 
series regulator is not exceeded at maximum 
current output from the supply. The total dis- 
sipation in the GAS7-G is equal to the cur- 
rent through it (output current plus the cur- 
rent passing through the two bleeder strings) 
multiplied by the drop through the tube (volt- 


age across the filter capacitor minus the out- 
put voltage of the supply). 


A Shunt Regulated Many of the popular 
Bias Supply class B modulator and 
(20 to 80 V.) grounded grid linear am- 
plifier tubes require a 
few volts of well regulated, negative bias. 
Shown in figures 34 and 35 is an electronic 
bias supply which will provide a regulated bias 
voltage variable over the range of 20 to 80 
volts. Regulation is 0.001 volt/ma., which is 
remarkable for a supply as simple as this. Be- 
tween 30 and 80 volts, the supply will regu- 
late grid current up to 200 ma. Between 20 
and 30 volts, maximum grid current is re- 
stricted to 100 ma. 
ee EE eed 


Figure 35. 
Regulated bias supply may be built upon 
small steel chassis. “Adjust bias’ control is on 
front apron, and current adjustment poten- 
tiometer for regulator is next to power trans- 
former. 
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Bes potentiometer is adjusted to produce about 20 
AOd. 81aS 6R. EA. 47K ma. current through the first regulator tube. 


A Shunt Regulated Series regulated power 
Bias Supply supplies are usually not 
(100 to 600 V.) suited for bias units as 

the direction of load cur- 
rent flow is opposite from that of a regular 
Lae supply. In the supply shown in figure 36, the 
TRIODE- CONNECTED regulator tube (6GCK4) acts as a variable 


= aay “  *©  bleeder resistor which automatically adjusts its 

| resistance to a value such that the grid current 

rsv.u flowing through it will develop a constant 

Ti a80V.C.T. AT 40 MA, ALL RESISTORS 1-warr. voltage across the supply terminals. The tap 
Giver or eens switch of this supply permits rough bias ad- 
Figure 36. justment over the range of about 100 to 600 

SCHEMATIC, HIGH VOLTAGE volts, while the potentiometer permits a fine 
REGULATED BIAS SUPPLY. adjustment to be made, Maximum permissible 


grid current runs from about 100 ma. in the 
vicinity of 100 volts to about 25 ma. in the 


Basically, the regulated supply consists of a G00 wole-region 


small power supply which delivers plate volt- 


age to a low-~ 6AS7-G triode. The voltage 31-10 Power Suppl 
drop across the triode is used as the regulated PPly 


bias voltage. Associated with the triode is a Design 

dc. amplifier and a voltage regulator tube Power supplies may either be of the choke 
which serve to vary the grid voltage of the input type illustrated in figure 37, or the ca- 
triode regulator tube so that a constant volt- Pacitor input type, illustrated in figure 38. Ca- 


age is maintained across it. The 5K variable Pacitor input filter systems are characterized 
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Figure 37, 
DESIGN CHART FOR CHOKE-INPUT POWER SUPPLIES 
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Figure 38 
DESIGN CHART FOR CAPACITOR-INPUT POWER SUPPLIES 


by a d-c supply output voltage that runs from 
0.9 to about 1.3 times the r.m.s. voltage of 
one-half of the high voltage secondary wind- 
ing of the transformer. The approximate regu- 
lation of a capacitor input filter system is 
shown in figure 39. Capacitor input filter 


systems are not recommended for use with 
mercury vapor rectifier tubes, as the peak rec- 


tifier current may run as high as five or six 
times the d-c load current of the power sup- 
ply. Ic is possible, however, to employ type 
872-A mercury vapor rectifier tubes in ca- 
pacitor input circuits wherein the load cur- 
rent is less than 600 milliamperes or so, and 
where a low resistance bleeder is used to hold 
the minimum current drain of the supply to 
a value greater than 50 milliamperes or so. 
Under these conditions the peak plate current 
of the 872-A mercury vapor tubes will not 
be exceeded if the input fileer capacitor is 
4 ufd. or less. 

Choke input filter systems are characterized 
by lower peak load currents (1.1 to 1.3 times 
the average load current) than the capacitor 
input fileer, and by better voltage regulation. 
Design Charts for capacitor and choke input 
filter supplies for various voltages and load 
currents are shown in figures 37, 38, and 40. 

The construction of power supplies for trans- 


mitters, receivers and accessory equipment is 
a relatively simple matter electrically since 
lead lengths and placement of parts are of 
minor importance and since the circuits them- 
selves are quite simple. Under-chassis wiring 
of a heavy-duty supply is shown in figure 41. 
Bridge Supplies Some practical variations of 

the common bridge rectifier 
circuit of figure 6 are illustrated in figures 42 
and 43. In many instances a transmitter or 
modulator requires two different supply volt- 
ages, differing by a ratio of about 2:1. A 
simple bridge supply such as shown in figure 
42 will provide both of these voltages from 
a simple broadcast “replacement-type” power 
transformer. The first supply of figure 42 is 
ample to power a transmitter of the 6CL6-807 
type to an input of 60 watts. The second sup- 
ply will run a transmitter running up to 120 
watts, such as one employing a pair of 6146 
tetrodes in the power amplifier stage. It is 
to be noted that separate filament transform- 
ers are used for rectifier tubes V: and V:, and 
that one leg of each filament is connected to 
the cathode of the respective tube, which is 
at a high potential with respect to ground. 
The choke CH: in the negative lead of the 
supply serves as a common filter choke for 
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Figure 39 


APPROXIMATE REGULATION OF 
CAPACITOR-INPUT FILTER SYSTEM 


both output voltages. Each portion of the sup- 
ply may be considered as having a choke in- 
put filrer system. Filaments of V: should be 
energized before the primary volrage is ap- 
plied to Th. 


Bridge supplies may also be used to ad- 
vantage to obtain relatively high plate volr- 
ages for high powered transmitting equip- 
ment. Type 866-A and 872-A rectifier tubes 
can only serve in a supply delivering under 
3500 volts in a full-wave circuit. Above this 
voltage, the peak inverse voltage rating of the 
rectifier tube will be exceeded, and danger 
of flash-back within the rectifier cube will be 
present. However, with bridge circuits, the 


same tubes may deliver up to as much as 7000 
volts dic. without exceeding the peak inverse 
voltage rating. 

The bridge circuit also permits the use of 
the so-called “pole transformer” in high volt- 
age power supplies. Two KVA transformers of 
this type having a 110/220 volt secondary 
winding and a split 2200 volt primary wind- 
ing may often be picked up in salvage yards 
for a dollar or two. If reversed, and either 
110 or 220 volts applied to the “primary” 
winding approximately 2200 volts r.m.s. will 
be developed across the new “secondary” wind- 
ing. If used in a bridge circuit as shown in 
figure 43, a d-c supply voltage of about 1900 
volts at a current of 500 milliamperes may be 
drawn from such a transformer. Do nor ar- 
tempt to use a smaller transformer than the 
2-KVA rating, as the voltage regulation of 
the unit will be too poor for practical pur- 
poses. 


For higher voltages, a pole transformer with 
a 4400 volt primary and a 110/220 volt sec- 
ondary may be reversed to provide a d-c plate 
supply of about 3800 volts. 


Commercial plate transformers intended for 
full wave rectifier service may also be used 
in bridge service provided that the insulation 
at the center-tap point of the high voltage 
winding is sufficient to withstand one-half of 
the r.m.s. voltage of the secondary winding. 
Many high voltage transformers are specifical- 
ly designed for operation with the center-tap 
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Figure 40 
DESIGN CHART FOR CHOKE-INPUT HIGH VOLTAGE SUPPLIES 
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of the secondary winding at ground potential; 
consequently the insulation of the winding at 
this point is not designed to withstand high 
voltage. It is best to check with the manufac- 
turer of the transformer and find out if the 
insulation will withstand the increased volt- 
age before a full wave-type transfotmer 1s 
utilized in bridge rectifier service. 


31-11 300 Volt, 
50 Ma. Power Supply 


There are many applications in the labora- 
tory and amateur station for a simple low 
drain power supply. The most common appli- 
cation in the amateur station for such a sup- 
ply is for items of test equipment such as the 
type LM and BC-221 frequency meters, for 
frequency converters to be used in conjunction 
with the station receiver, and for auxiliary 
equipment such as high selectivity i-f strips 
or variable frequency oscillators. Equipments 


Figure 41 


UNDER-CHASSIS 
POWER SUPPLY ASSEMBLY 


All components are firmly mounted to the 

steel chassis and alf wiring is cabled. High 

voltage leads are run in automobile ignition 

cables. Heavy-duty terminal strips are mounted 

along the rear edge of the chassis. The con- 

trol panel of this supply is shown in figure 1 
of this chapter. 


such as these may be operated from a supply 
delivering 250 to 300 volts at up to 50 milli- 
amperes of plate current. A filament source of 
6.3 or 12 volts may also be required, as will 
a source of regulated voltage. 

The simple power supply illustrated in fig- 
ures 44 and 45 is capable of meeting these 
requirements. A two section capacitor input 
filter system is employed to provide mini- 
mum ripple content and a switch (Sz) is 
provided to insert a VR-150 regulator tube 
in the circuit to provide 150 volts at ap- 
proximately 35 milliamperes. 

A separate 6.3 volt filament transformer is 
connected in series with the 6.3 volt wind- 
ing of power transformer T: to provide 12.6 
volts at 1.2 amperes for operating ‘12 volt” 
tubes or a string of two “6 volt” tubes con- 
nected in series. The secondary winding of 
T2 must be polarized correctly to provide 12.6 
volts across the two windings. 

Resistor R: must be adjusted to “fire” the 
voltage regulator tube. It should be adjusted 
so that approximately 15 milliamperes pass 
through the tube. For maximum permissible 
current drain from the high voltage tap of 
the supply the VR tube should be switched 
out of the circuit. 
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Figure 45 


SCHEMATIC, LIGHT DUTY SUPPLY 


T:—350 - 0-350 volts at 50 milliamperes, § 
volts ct 2 amperes, 6.3 volts at 3 amperes, 
“replacement” transformer. 

T:-—4.3 volts at 1.2 amp. Stancor P-6134 

CH—4.5 henry at 50 ma. Stancor C-1706 


31-12 1500 Volt, 


425 Milliampere 
Power Supply 


One of the most popular and also one of 
the most convenient power ranges for ama- 
teur equipment is that which can be supplied 
from a 1500 volt power unit with a current 
capability of about 400 ma. The r-f amplifier 
of an A-M phone transmitter (1500 volts 
at 250 ma.) capable of 375 watts input and 
its companion modulator (1500 volts at 20- 
200 ma.) can both be run from a supply of 
this rating. The use of this supply for SSB 
work will permit a p.e.p. of about 600 watts 
(1500 volts at 400 ma.) with the new low 
voltage, high current RCA 7094 tetrodes. 

This voltage will be found to be very eco- 
nomical when the cost of power supply com- 
ponents is computed. A jump in supply volt- 
age to 2000 will almost double the cost of 
the various components. Unless full kilowatt 
operation is intended, 1500 volts is a very 
convenient and relatively economical compro- 
mise voltage. 

The schematic of a typical supply is shown 
in figure 46. Primary power source may be 
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Figure 44 
TYPICAL LIGHT DUTY 
POWER SUPPLY 

This 300 volt, 50 milliampere power supply 
may be used to run signal generators, fre- 
quency meters, small receivers, etc. Switch Sz 
(see schematic) is placed on the rear of the 

chassis near the line cord. 


either 115 or 230 volts, the larrer providing 
slightly better power supply regulation. The 
two transformer primaries are connected in 
series for 230 volt operation, or in parallel 
for 115 volt operation. In addition the pri- 
maries may be connected in series for half- 
voltage operation on 115 volts as shown. The 
supply provides 750 volts at 400 ma. under 
this operating condition. 

For optimum dynamic voltage regulation 
under varying loads such as imposed by side- 
band or class B modulator equipment the 
output filter capacitor of the supply should. 
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SCHEMATIC, 1500 VOLT, 425 MILLIAMPERE SUPPLY 
Tr—1710-0- 1710 volts, 425 ma. 115/230 volt primary. Chicago P-1512 
T:—2.5 volt, 10 ampere, 10 KV insulation. Stancor P-3060 
CH :.—6 henry at 300 ma., CCS. Chicago R-63 


RFC—"Hash 


suppression choke. Millen 77866 


be as large as is practical. Occasionally 60 
ufd., 2000 vole capacitors can be picked up 
on the “surplus” market for a few dollars, 
although their new price would give most 
amateurs pause for thought. An inexpensive 
and reliable substituce may be made up of a 
group of replacement-type tubular electrolytic 
capacitors connected in series-parallel as shown 
in the schematic. Eight 30 pfd., 450 volt 
capacitors connected in series parallel will 
provide an effective value of 15 pfd, at a 
working voltage of 1800. This is the mini- 
mum value suitable for sideband operation. 
Sixteen capacitors will provide 30 pfd., at 
1800 volts. 

A power supply of this type should be 
built upon a heavy steel chassis, and all wir- 
ing must be done with 10,000 volt TV-type 
plastic insulated wire. R-F chokes should be 
placed in the plate leads of the mercury vapor 
rectifiers as shown, to reduce the tendency 
these tubes have of breaking into oscillation 
over a portion of the operating cycle. Oscil- 
lation of this type will produce a 120 cycle 
“buzz on the sidebands of the signal. The 
parasitic is eliminated by the use of the 
chokes. 


31-13 A Dual Voltage 
Transmitter Supply 


The majority of high voltage transformers 
have tapped secondary windings, similar to 
the transformer shown in the schematic of 


figure 47. Separate rectifier and filter systems 
may be used with the transformer to provide 
two different output voltages provided the 
total wattage drain from the supply does not 
exceed the wattage rating of the transformer. 
The drain may be divided between the two 
supply systems in any manner desired. The 
intermittent rating of T: (figure 47) is 750 
watts and the continuous duty rating is 600 
watts. Under CCS rating, the supply can pro- 
vide (for example) 2000 volts at 160 ma. 
for the operation of an 813 r-f amplifier ar 
320 watts input, and 1750 volts at 20-150 
ma. for the operation of 811-A class B modu- 
lators. Under intermittent duty rating, the 
813 amplifier can run at 400 watts input 
(phone) and 500 watts (c-w) without over- 
loading the supply. 

A remote switch is used to energize the 
plate circuit relay of the supply. An auxiliary 
antenna relay is also operated by the “trans- 
mit” switch. 


31-14 A Kilowatt 


Power Supply 


Shown in figure 48 is the schematic of a 
power supply capable of delivering 2500 volts 
at a continuous current drain of 500 milli- 
amperes, or 700 milliamperes with an inter- 
mittent load. The supply is designed to power 
a kilowatt amplifier operating at 2500 volts 
and 400 ma., in conjunction with a 500 watt 
modulator operating at 2500 volts at a vary- 
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DUAL VOLTAGE POWER SUPPLY 
T,, Tx—2.5 volts at 5 amperes. Stancor P-6133 
T:—2400-2100 volts each side center tap at 375 ma. ICAS. Stancor P-8032 
CH.—3 to 17 henry, 300 ma. Stancor C-1403 


CH-—8 henry, 300 ma., Stancor C-1413 


Ri, Rr—7OK., 100 watt 


RFC, RFC.—"’Hash"’ suppression choke. J. W. Miller 7865 twin chokes (2 req.) 


RY :-—SPST relay, 115 volt coil. 


ing current drain of 50-300 ma. Specifically, 
the supply is employed with a transmitter 
having a pair of 4-250A tetrode tubes in the 
class C stage, and a pair of 810 modulator 
tubes. For sideband work, the supply may be 
used to power a 1750 watt p.e.p. linear ampli- 
fier, such as the 4CX-1000A amplifier shown 
in an earlier chapter. 

Because the total weight of the components 
is over 150 pounds, the supply should be 
built directly on the bottom of a relay rack 
instead of upon a steel chassis. 

The r-f hash suppression chokes RFC, and 
RFC: are fastened directly to the high voltage 
terminals of the plate transformer. The two 
872-A rectifier tubes are so located that the 
leads from the r-f chokes to the plate caps 
are only about three inches long. 

A 0.15 yfd., 5000 volt paper capacitor is 
used to resonate the filter choke to approxi- 
mately 120 cycles at a bleeder current of 25 
milliamperes. When full load current is 
drawn, the inductance of the filter choke 
drops, detuning the parallel resonant circuit. 
Improved voltage regulation is gained by this 
action: the no load voltage increases only 
200 volts over the full load voltage. 


O O 
TO EXCITER — 2500v. + 


CONTROL CIRCUIT 


T,—2900-0-2900 volts at 700 ma., ICAS, 
Chicago P-2126 

Ta—5 volts, 20 amp., Chicago F-5 20HB 
CH,—6 henries, 700 ma., Chicago R-67 
C\—0.15 yfd., 5000-volt 

Cy—Three 4-yfd. 3000-volt 

R,—-100,000 ohms, 200-watt 

R.—Fleven 0.5 megohm 2-watt resistors in 
series 

RY,—DPST relay, 110 v. coil, 20 a. contacts, 
Potter & Brumfield PR7A 

RFC), 2—Hash filter, J. W. Miller Co. No. 7868 


Figure 48 
HIGH VOLTAGE POWER SUPPLY 


WWwWw.americanradiohistorv.com 


CHAPTER THIRTY-TWO 


With a few possible exceptions, such as 
fixed air capacitors, neutralizing capacitors 
and transmitting coils, it hardly pays one to 
attempt to build the components required for 
the construction of an amateur transmitter. 
This is especially true when the parts are of 
the type used in construction and replacement 
work on broadcast receivers, as mass produc- 
tion has made these parts very inexpensive. 


Those who have and wish to 
spend the necessary time can 
effect considerable monetary saving in their 
transmitters by building them from the com- 
ponent parts. The necessary data is given 
in the construction chapters of this handbook. 

To many builders, the construction is as 
fascinating as the operation of the finished 
transmitter; in fact, many amateurs get so 
much satisfaction out of building a well-per- 
forming piece of equipment that they spend 
more time constructing and rebuilding equip- 
ment than they do operating the equipment 
on the air. 


Transmitters 


32-1 Tools 


Beautiful work can be done with metal 
chassis and panels with the help of only a 
few inexpensive tools. The time required for 
construction, however, will be greatly reduced 
if a fairly complete assortment of metal-work- 
ing tools is available. Thus, while an array of 
tools will speed up the work, excellent results 
may be accomplished with few tools, if one 
has the time and patience. 

The investment one is justified in making 
in tools is dependent upon several factors. If 
you like to tinker, there are many tools use- 
ful in radio construction that you would prob- 
ably buy anyway, or perhaps already have, 
such as screwdrivers, hammer, saws, square, 
vise, files, etc. This means that the money 
taken for tools from your radio budget can be 
used to buy the more specialized tools, such 
as socket punches or hole saws, taps and dies, 
ete. 

The amount of construction work one does 
determines whether buying a large assortment 
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of tools is an economical move. It also deter- 
mines if one should buy the less expensive 
type offered at surprisingly low prices by the 
familiar mail order houses, “five and ten” 
stores and chain auto-supply stores, or whether 
one should spend more money and get first- 
grade tools. The latter cost considerably more 
and work but lictle becter when new, but will 
outlast several sets of the cheaper cools. 
Therefore they are a wise investment for the 
experimenter who does lots of construction 
work (if he can afford the initial cash oudlay). 
The amateur who constructs only an occasional 
piece of apparatus need not be so concerned 
with tool life, as even the cheaper grade tools 
will last him several years, if they are given 
proper care. 

The hand tools and materials in the accom- 
panying lists will be found very useful around 
the home workshop. Materials not listed but 
ordinarily used, such as paint, can best be 
purchased as required for each individual job. 


ESSENTIAL HAND TOOLS AND 
MATERIALS 


1 Good electric soldering iron, about 100 
watts, 


1 Spool rosin-core wire solder 

1 Each large, medium, small, and midget 
screwdrivers 

1 Good hand drill (eggbeater type), prefer- 
ably two-speed 

1 Pair regular pliers, 6 inch 

1 Pair long nose pliers, 6 inch 

1 Pair cutting pliers (diagonals), 5 inch or 

6 inch 

1%-inch tube-socket punch 

“Boy Scout” knife 

Combination square and steel rule, 1 foot 

Yardstick or steel pushrule 

Scratch awl or ice pick scribe 

Center punch 


Dozen or more assorted round shank drills 
(as many as you can afford between no. 
50 and %4 or ¥% inch, depending upon 
size of hand drill chuck) 


1 Combination oil stone 

Light machine oil (in squirt can) 
Friction tape 

1 Hacksaw and blades 
Medium file and handle 

Co!d chisel (4% inch up) 
Wrench for socket punch 
Hammer 


ar re ee 


fa ee el 


HIGHLY DESIRABLE HAND TOOLS 
AND MATERIALS 
Bench vise (jaws at least 3 inch) 
Spool plain wire solder 
Carpenter's brace, ratchet type 
Square-shank countersink bit 
Square-shank taper reamer, small 
Square-shank taper reamer, large (the two 
reamers should overlap; 4 inch and 7% 
inch size will usually be suitable) 
Y% inch tube-socket punch (for electrolytic 
capacitors ) 
1-3/16 inch tube-socket punch 
%-inch tube-socket punch 
Adjustable circle cutrer for holes to 3 inch 
Set small, inexpensive, open-end wrenches 
Pair tin shears, 10 or 12 inch 
Wood chisel (Y% inch tip) 
Pair wing dividers 
Coarse mill file, flac 12 inch 
Coarse bastard file, round, 4% or 34 inch 
Set allen and spline-head wrenches 
6 or 8 Assorted small files; round, half-round 
or triangular, flat, square, rat-tail 
4 Small “C” clamps 
Steel wool, coarse and fine 
Sandpaper and emery cloth, coarse, medium, 
and fine 
Duco cement 
File brush 


USEFUL BUT NOT ESSENTIAL TOOLS 
AND MATERIALS 


1 Jig or scroll saw (small) wich metal-cut- 
ting blades 

1 Small wood saw (crosscut teeth) 

1 Each square-shank drills: 44, 7/16, and V2 
inch 

1 Tap and die ourfit for 6-32, 8-32, 10-32 
and 10-24 machine screw threads 

4 Medium size “C” clamps 

Lard oil (in squirt can) 

Kerosene 

Empire cloth 

Clear lacquer (“industrial” grade) 

Lacquer thinner 

Dusting brush 

Paint brushes 

Sheet celluloid, Lucite, or polystyrene 

1 Carpenter's plane 

1 Each “Spintite” wrenches, 4, 5/16, 11/32 
to fit the standard 6-32 and 8-32 nuts 
used in radio work 

1 Screwdriver for recessed head type screws 


= eee See 


par ee eee 


The foregoing assortment assumes that the 
constructor does not want to invest in the 
more expensive power tools, such as drill press, 
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Figure 1 


SOFT ALUMINUM 
SHEET MAY BE CUT 
WITH HEAVY 
KITCHEN SHEARS 


grinding head, etc. If power equipment is pur- 
chased, obviously some of the hand tools and 
accessories listed will be superfluous. A drill 
press greatly facilitates construction work, 
and it is unfortunate that a good one costs as 
much as a small transmitter. 

Not listed in the table are several special- 
purpose radio tools which are somewhat of a 
luxury, but are nevertheless quite handy, such 
as various around-the-corner screwdrivers and 
wrenches, special soldering iron tips, ete. 
These can be found in the larger radio parts 
stores and are usually listed in their mail or- 
der catalogs. 

If it is contemplated to use the newer and 
very popular miniature series of tubes (GAK5, 
6C4, 6BAG, etc.) in the construction of equip- 
ment certain additional tools will be required 
to mount the smaller components. Miniature 


tube sockets mount in a %-inch hole, while 
9-pitt sockets mount in a 34-inch hole. Green- 
lee socket punches can be obtained in these 
sizes, or a smaller hole may be reamed to the 
proper size. Needless to say, the punch is 
much the more satisfactory solution. Mounting 


screws for miniature sockets are usually of 
the 4-40 size. 
Metal Chassis Though quite a few more tools 
and considerably more time 
will be required for metal chassis construction, 
much neater and more satisfactory equipment 
can be built by mounting the parts on sheet 
metal chassis instead of breadboards. This type 
of construction is necessary when shielding of 
the appartus is required. A front panel and a 
back shield minimize the danger of shock and 
complete the shielding of the enclosure. 


eee 


Figure 2 
CONVENTIONAL 
WOOD EXPANSION 
BIT 1S EFFECTIVE IN 
DRILLING SOCKET 
HOLES IN REYNOLDS 
DO-IT-YOURSELF 
ALUMINUM 


HANDBOOK 


Figure 3 


SOFT ALUMINUM 
TUBING MAY BE 
BENT AROUND 
WOODEN FORM 
BLOCKS. TO PREVENT 
THE TUBE FROM 
COLLAPSING ON 
SHARP BENDS, !T JS 
PACKED WITH 
WET SAND. 


32-2 The Material 


Electronic equipment may be built upon 
foundation of wood, steel or aluminum. The 
choice of foundation material is governed by the 
requirements of the electrical circuit, the weight 
of the components of the assembly, and the fin- 
ancial cost of the project when balanced against 
the pocketbook contents of the constructor. 


Breadboord The simp!est method of con- 

structing equipment is to lay it 
out in breadboard fashion, which consists of 
fastening the various components to a board 
of suitable size with wood screws or machine 
bolts, arranging the parts so that important 
leads will be as short as possible. 

Breadboard construction is suitable for test- 
ing an experimental layout, or sometimes for 
assembling an experimental unit of teste equip- 
ment. But no permanent item of station equip- 
ment should be left in the breadboard form. 
Breadboard construction is dangerous, since 
components carrying dangerous voltages are 
left exposed. Also, breadboard construction is 
never suitable for any r-f portion of a trans- 
mitter, since it would be substantially impos- 
sible to shield such an item of equipment for 
the elimination of TVI resulting from har- 
monic radiation. 


Figure 4 
A WOODWORKING 
PLANE MAY BE USED 
TO SMOOTH OR 
TRIM THE EDGES OF 
REYNOLDS 
DO-1T- YOURSELF 
ALUMINUM STOCK. 
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Material 


Dish type corstruction is practically the 
same as metal chassis construction, the main 
difference lying in the manner in which the 
chassis is fastened to the panel. 


Special For 
Frameworks 


high-powered r-f stages, 
many amateur constructors pre- 
fer to discard the more conven- 
tional types of construction and employ in- 
stead special metal frameworks and brackets 
which they design specially for the parts which 
they intend to use. These are usuaily arranged 
to give the shortest possible r-f leads and to 
fasten directly behind a relay rack panel by 
means of a few bolts, with the control shafts 
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COMPONENT PARTS 
1 Legs and stringers — 
aluminum angle 4" %" 
2 Top—flush door 
3 Sheives— %" plywood 


Figure § 
INEXPENSIVE OPERATING DESK MADE 
FROM ALUMINUM ANGLE STOCK, PLY- 
WOOD AND A FLUSH-TYPE DOOR 


projecting through corresponding holes in the 
panel. 


Working with The necessity of employing 
Aluminum “electrically tight enclosures” 

for the containment of TVI- 
producing harmonics has led to the general 
use of aluminum for chassis, panel, and en- 
closure construction. If the proper type of 
aluminum material is used, it may be cut and 
worked with the usual woodworking tools 
found in the home shop. Hard, brittle alumi- 
num alloys such as 24ST and 61ST should be 
avoided, and the softer materials such as 2S 
or 4H should be employed. 


A new market product is Reynold’s Do-it- 
yourself aluminum, which is being distributed 
on a nationwide basis through hardware stores, 
lumber yards and building material outlets. 
This material is an alloy which is temper se- 
lected for easy working with ordinary tools. 
Aluminum sheet, bar and angle stock may be 
obtained, as well as perforated sheets for ven- 
tilated enclosures. 


Figures 1 through 4 illustrate how this soft 
material may be cut and worked with ordinary 
shop tools, and fig. 5 shows a simple operating 
desk that may be made from aluminum angle 
stock, plywood and a flush-type six foot door. 


Figure 6 


TVI ENCLOSURE MADE FROM 
SINGLE SHEET OF 
PERFORATED ALUMINUM 


Reynolds Metal Co. “Do-it-yourself” aluminum 

sheet may be cut and folded to form TVI- 

proof enclosure. One-half inch lip on edges Is 

bolted to center section with 6-32 machine 
screws. 


TV1-Proof 
Enclosures 


32-3 


Armed with a right-angle square, a tin-snips 
and a straight edge, the home constructor will 
find the assembly of aluminum enclosures an 
easy task. This section will show simple con- 
struction methods, and short cuts in producing 
enclosures. 


The simplest type of aluminum enclosure 
is that formed from a single sheet of per- 
forated material as shown in figure 6. The 
top, sides, and back of the enclosure are of 
one piece, complete with folds that permit 
the formed enclosure to be bolted together 
along the edges. The top area of the enclosure 
should match the area of the chassis to en- 
sure a close fit. The front edge of the en- 
closure is attached to aluminum angle strips 
that are bolted to the front panel of the 
unit; the sides and back can either be bolted 
to matching angle strips affixed to the chassis, 
or may simply be attached to the edge of the 
chassis with self-tapping sheet metal screws. 
Enclosures of this type are used on the all- 
band transmitter described in chapter 31. 


A more sophisticated enclosure is shown 
in figure 7. In this assembly aluminum angle 
stock is cut to length to form a framework 
upon which the individual sides, back, and 
top of the enclosure are bolted. For greatest 
strength, small aluminum gusset plates should 
be affixed in each corner of the enclosure. 
The complete assembly may be held together 
by no. 6 sheet metal screws. 


WWW.americanradiohistory.com 


HANDBOOK 


Openings 725 


Regardless of the type of enclosure to be 
made, care should be taken to ensure that all 
joints are square. Do not assume that all pre- 
fabricated chassis and panel are absolutely true 
and square. Check them before you start to 
form your shield as any dimensional errors in 
the foundation will cause endless patching and 
cutting after your enclosure is bolted together. 
Finally, be sure that paint is removed from 
the panel and chassis at the point the en- 
closure attaches to the foundation. A clean, 
metallic contact along the seam is required 
for maximum harmonic suppression. 


32-4 Enclosure 


Openings 


Openings iuto shielded enclosures may be 
made simply by covering them by a piece of 
shielding held in place by sheet metal screws. 

Openings through vertical panels, however, 
usually require a bit more attention to pre- 
vent leakage of harmonic energy through the 
crack of the door which is supposed to seal 
the opening. A simple way to provide a panel 
opening is to employ the Bud ventilated door 
cack panel model PS-814 or 815. The grille 
opening in this panel has holes small enough 
in area to prevent serious harmonic leakage. 
The actual door opening, however, does not 
seal tightly enough to be called TVI-proof. 
In areas of high TV signal strength where 
a minimum of operation on 28 Mc. is con- 
templated, the door is satisfactory as is. To 
accomplish more complete harmonic suppres- 
sion, the edges of the opening should be lined 
with preformed contact finger stock manufac- 
tured by Estel-McCullough, Inc., of San Bruno, 
Calif. Esmac finger stock is an excellent means 
of providing good contact continuity when 
using components with adjustable or moving 
contact surfaces, or in acting as electrical 
“weatherstrip” around access doors in enclo- 
sures. Harmonic leakage through such a sealed 
opening is reduced to a negligible level. The 
mating surface to the finger stock should be 
free of paint, and should provide a good elec- 
trical connection to the stock. 

A second method of re-establishing elec- 
trical continuity across an access port is to 
employ Metex shielding around the mating 
edges of the opening. Metex is a flexible knit- 
ted wire mesh which may be obtained in 
various sizes and shapes. This r-f gasket ma- 
terial is produced by Metal Textile Corp., 
Roselle, N.J. Metex is both flexible and resili- 
ent and conforms to irregularities in mating 
surfaces with a minimum of closing pressure. 


Figure 7 
TVI-PROOF ENCLOSURE BUILT OF 
PERFORATED ALUMINUM SHEET 
AND ANGLE STOCK 


Summation 
of the Problem 


32-5 


The creation of r-f energy is accompanied 
by harmonic generation and leakage of funda- 
mental and harmonic energy from the generator 
source. For practical purposes, radio frequen- 
cy power may be considered as a form of both 
electrical and r-f energy. As electrical energy, 
it will travel along any convenient conductor. 
As r-f energy, it will radiate directly from the 
source or from any conductor connected to the 
source. In view of this “dual personality” of 
r-f emanations, there is no panacea for all 
forms of r-f energy leakage. The cure involves 
both filtering and shielding: one to block the 
paths of conducted energy, the other to pre- 
vent the leakage of radiated energy. The proper 
combination of filtering and shielding can re- 
duce the radiation of harmonic energy from a 
signal source some 80 decibels. In most cases, 
this is sufficient to eliminate interference caused 
by the generation of undesirable harmonics. 
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32-6 Construction 

Practice 
Chassis The chassis first should be covered 
Loyout with a layer of wrapping paper, 


which is drawn tightly down on 
all sides and fastened with scotch tape. This 
allows any number of measurement lines and 
hole centers to be spotted in the correct po- 
sitions without making any marks on the 
chassis itself. Place on it the parts to be 
mounted and play a game of chess with them, 
trying different arrangements until all the grid 
and plate leads are made as short as possible, 
tubes are clear of coil fields, r-f chokes are in 
safe positions, etc. Remember, especially if 
you are going to use a panel, that a good me- 
chanical layout often can accompany sound 
electrical design, but that the electrical de- 
sign should be given first consideration. 

All too often parts are grouped to give a 
symmetrical panel, irrespective of the arrange- 
ment behind. When a satisfactory arrangement 
has been reached, the mounting holes may be 
marked. The same procedure now must be 
followed for the underside, always being care- 
ful to see that there are no clashes between 
the two (that no top mounting screws come 
down into the middle of a paper capacitor on 
the underside, that the variable capacitor rotors 
do not hit anything when turned, etc.). 

When all the holes have been spotted, they 
should be center-punched through the paper 
into the chassis. Don’t forget to spot holes for 
leads which must also come through the 
chassis. 

For transformers which have lugs on the 
bottoms, the clearance holes may be spotted 
by pressing the transformer on a piece of pa- 
per to obtain impressions, which may then 
be transferred to the chassis. 


Punching In cutting socket holes, one can 
use either a fly-cutter or socket 
punches. These punches are easy to operate 
and only a few precautions are necessary. The 
guide pin should fit snugly in the guide hole. 
This increases the accuracy of location of the 
socket. If this is not of great importance, one 
may well use a drill of 1/32 inch larger di- 
ameter than the guide pin. Some of the punches 
will operate without guide holes, but the latter 
always make the punching operations simpler 
and easier. The only other precaution is to be 
sure the work is properly lined up before ap- 
plying the hammer. If this is not done, the 
punch may slide sideways when you strike and 
thus not only shear the chassis but also take 
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ORILL HOLES SLIGHTLY BREAK OUT Fl 
INSIDE DASHEO OUTLINE PIECE INSIDE 
OF DESIRED HOLE. ORILL HOLES. 


MAKING RECTANGULAR CUTOUT 


Figure 8 


off part of the die. This is easily avoided by 
always making sure that the piece is parallel 
to the faces of the punch, the die, and the 
base. The latter should be an anvil or other 
solid base of heavy material. 

A punch by Greenlee forces socket holes 
through the chassis by means of a screw turned 
with a wrench. It is noiseless, and works much 
more easily and accurately than most others. 

The male part of the punch should be placed 
in the vise, cutting edge up and the female 
portion forced against the metal with a wrench. 
These punches can be obtained in sizes to 
accommodate all tube sockets and even large 
enough to be used for meter holes. In the 
octal socket sizes they require the use of a % 
inch center hole to accommodate the bolt. 


Cutouts for transformers and 
chokes are not so simply han- 
dled. After marking off the part 
to be cut, drill about a 4-inch hole on each 
of the inside corners and tangential to the 
edges. After burring the holes, clamp the piece 
and a block of cast iron or steel in the vise. 
Then, take your burring chisel and insert it in 
one of the corner holes. Cut out the metal by 
hitting the chisel with a hammer. The blows 
should be light and numerous. The chisel acts 
against the block in the same way that the two 
blades of a pair of scissors work against each 
other. This same process is repeated for the 
other sides. A file is used to trim up the com- 
pleted cutout. 

Another method is to drill the four corner 
holes large enough to take a hack saw blade, 
then saw instead of chisel. The four holes per- 
mit nice looking corners. 

Sull another method is shown in figure 8. 
When heavy panel steel is used and a drill 
press or electric drill is available, this is the 
most satisfactory method. 


Transformer 
Cutouts 


Removing 
Burrs 


In both drilling and punching, a 
burr is usually left on the work. 
There are three simple ways of 
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removing these. Perhaps the best is to take a 
chisel (be sure it is one for use on metal) and 
set it so that its bottom face is parallel to the 
piece. Then gently tap it with a hammer. This 
usually will make a clean job with a little 
practice. If one has access to a counterbore, 
this will also do a nice job. A countersink will 
work, although it bevels the edges. A drill of 
several sizes larger is a much used arrange- 
ment. The third method is by filing off the 
burr, which does a good job bur scratches the 
adjacent metal surfaces badly. 


Mounting 
Components 


There are two methods in gen- 
eral use for the fastening of 
transformers, chokes, and similar 


NUMBERED DRILL SIZES 


Correct for 
ol- Tapping 
Steel or 
{in.) Serew Beasst 


1113, 4-36 4-40 


[11 


2 
.-9 
w 
b 
es 


I 


. 082 —= 3-48 


tUse next size larger drill for tapping 
bakelite and similar composition materials 
(plastics, etc.). 


“Sizes most commonly used in radio con- 
struction. 


Figure 9 
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pieces of apparatus to chassis or breadboards. 
The first, using nuts and machine screws, is 
slow, and the commercial manufacturing prac- 
tice of using self-tapping screws is gaining 
favor. For the mounting of small parts such 
as resistors and capacitors, “tie points” are 
very useful to gain rigidity. They also con- 
tribute materially to the appearance of finished 
apparatus. 

Rubber grommets of the proper size, placed 
in all chassis holes through which wires are 
to be passed, will give a neater appearing job 
and also will reduce the possibility of short 
circuits. 


Soldering Making a strong, low-resistance 
solder joint does not mean just 
dropping a blob of solder on the two parts to 
be joined and then hoping that they'll stick. 
There are several definite rules that must be 
observed. 

All parts to be soldered must be absolutely 
clean. To clean a wire, lug, or whatever it may 
be, take your pocket knife and scrape it thor- 
oughly, until fresh metal is laid bare. It is not 
enough to make a few streaks; scrape until the 
part to be soldered is bright. 

Make a good mechanical joint before apply- 
ing any solder. Solder is intended primarily 
to make a good electrical connection; mechani- 
cal rigidity should be obtained by bending the 
wire into a small hook at the end and nipping 
it firmly around the other part, so that it will 
hold well even before the solder is applied. 

Keep your iron properly tinned. \t is im- 
possible to get the work hot enough to take 
the solder properly if the iron is dirty. To tin 
your iron, file it, while hot, on one side until 
a full surface of clean metal is exposed. Im- 
mediately apply rosin core solder until a thin 
layer flows completely over the exposed sur- 
face. Repeat for the other faces. Then take a 
clean rag and wipe off all excess solder and 
rosin. The iron should also be wiped frequently 
while the actual construction is going on; it 
helps prevent pitting the tip. 

Apply the solder to the work, not to the 
iron. The iron should be held against the parts 
to be joined until they are thoroughly heated. 
The solder should then be applied against the 
parts, and the iron should be held in place 
until the solder flows smoothly and envelopes 
the work. If it acts like water on a greasy 
plate, and forms a ball, the work is not suf- 
ficiently clean. 

The completed joint must be held perfectly 
still until the solder has had time to solidify. 
If the work is moved before the solder has be- 
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SPOOL OF WIRE 


START FINISH 


Oy \s)) Me 


WINDING COIL ON INSULATING FORM 


FORM OF BAKELITE OR 
OTHER GOOD INSULATING 
MATERIAL. 


Figure 10 


, PIPE OR ROD USED AS 
\ TEMPORARY FORM. 


ge L ~~ { f x 
_ 
Pa HOLD TIGHTLY i i TRA \ 
X \ 
WINO TURNS CLOSE TOGETHER vf\ \ \ 
AND SPACE LATER \ K 


WINDING *AIR-SUPPORTED” COIL 


Figure 11 


come completely solid, a “cold” joint will re- 
sult. This can be identified immediately, be- 
cause the solder will have a dull “white” ap- 
pearance rather than one of shiny “silver.” 
Such joints tend to be of high resistance and 
will very likely have a bad effect upon a cir- 
cuit. The cure is simple, merely reheat the 
joint and do the job correctly. 


Wipe away all surplus flux when the joint 

has cooled if you are using a paste type flux. 
Be sure it is non-corrosive, and use it with 
plain (not rosin core) solder. 
Finishes If the apparatus is constructed on 
a painted chassis (commonly avail- 
able in black wrinkle and gray wrinkle), there 
is no need for application of a protective coat- 
ing when the equipment is finished, assuming 
that you are careful not to scratch or mar the 
finish while drilling holes and mounting parts. 
However, many amateurs prefer to use un- 
painted (zinc or cadmium plated) chassis, be- 
cause it is much simpler to make a chassis 
ground connection with this type of chassis. 
A thin coat of clear “linoleum” lacquer may 
be applied to the whole chassis after the wir- 
ing is completed to retard rusting. In localities 
near the sea coast it is a good idea to lacquer 
the various chassis cutouts even on a painted 
chassis, as rust will get a good start at these 
points unless the metal is prorected where the 
drill or saw has exposed it. If too thick a coat 
is applied, the lacquer will tend to peel. It 
may be thinned with lacquer thinner to permit 
application of a light coat. A thin coat will 
adhere to any clean metal surface that is not 
too shiny. 

An attractive dull gloss finish, almost vel- 
vety can be put on aluminum by sand-blasting 
it with a very weak blast and fine particles 
and then lacquering it. Soaking the aluminum 
in a solution of lye produces somewhat the 
same effect as a fine grain sand blast. 


There are also several brands of dull gloss 
black enamels on the market which adhere 
well to metals and make a nice appearance. 
Airdrying wrinkle finishes are sometimes suc- 
cessful, but a bake job is usually far better. 
Wrinkle finishes, properly applied, are very 
durable and are pleasing to the eye. If you 
live in a large community, there is probably 
an enameling concern which can wrinkle your 
work for you at a reasonable cost. A very at- 
tractive finish, for panels especially, is to 
spray a wrinkle finish with aluminum paint. 
In any painting operation (or plating, either, 
for that matter), the work should be very 
thoroughly cleaned of all greases and oils. 


To protect brass from tarnish, thoroughly 

cleanse and remove the last trace of grease by 
the use of potash and water. The brass must 
be carefully rinsed with water and dried; bur 
in doing it, care must be taken not to handle 
any portion with the bare hands or anything 
else that is greasy. Then lacquer. 
Winding Coils Coils are of two general types, 
those using a form and “air- 
wound” types. Neither type offers any particu- 
lar constructional difficulties. Figure 10 il- 
lustrates the procedure used in form winding 
a coil. If the winding is to be spaced, the 
spacing can be done either by eye or a string 
or another piece of wire may be wound simul- 
taneously with the coil wire and removed after 
the winding is in place. The usual procedure 
is to clamp one end of the wire in a vise, at- 
taching the other end to the coil form and with 
the coil form in hand, walk slowly rowards the 
vise winding the wire but at the same time 
keeping a strong tension on the wire as the 
form is rotated. After the coil is wound, if 
there is any possibility of the turns slipping, 
the completed coil is either entirely coated 
with a coil or Duco cement or cemented in 
those spots where slippage might occur. 
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GOOD SHOP 
LAYOUT AIDS 
CAREFUL 
WORKMANSHIP 


Built in a corner of a 
jarage, this shop has ail 
eatures necessary for 
electronic work. Test in- 
struments are arranged 
on shelves above bench. 
Numerous outlets reduce 
“haywire produced by 
tangled fine cords, Not 
shown in picture are drill 
press and sander at end 
of left bench 


V-h-f and u-h-f coils are commonly wound 
of heavy enameled wire on a form and then 
removed from the form as in figure 11. If 
the coil is long or has a tendency to buckle, 
strips of polystyrene or a similar material may 
be cemented longitudinally inside the coil. Due 
allowance must be made for the coil springing 
out when removed from the form, when select- 
ing the diameter of the form. 

On air wound coils of this type, spacing be- 
tween turns is accomplished after removal 
from the form, by running a pencil, the shank 
of a screwdriver or other round object spirally 
between the turns from one end of the coil to 
the other, again making due allowance for 
spring. 

Air-wound coils, approaching the appearance 
of commercially manufactured ones, can be 
constructed by using a round wooden form 
which has been sawed diagonally from end 
to end. Strips of insulating material are tem- 
porarily atrached to this mandrel, the wire 
then being wound over these strips with rhe 
desired separation between turns and cemented 
to the strips. When dry, the split mandrel may 
be removed by unwedging it. 


32-7 


The size of your workshop is relatively un- 
important since the shop /ayoxt will deter- 
mine its efficiency and the ease with which 
you may complete your work. 

Shown in figure 12 is a workshop built 
into a 10'x10" area in the corner of a garage. 
The workbench is 32” wide, made up of four 
strips of 2”x8"” lumber supported on a solid 


Shop Layout 


framework made of 2”x4" lumber. The top 
of the workbench is covered with hard-sur- 
face Masonite. The edge of the surface is pro- 
rected with aluminum “counter edging” strip, 
obtainable at large hardware stores. Two wood- 
en shelves 12” wide are placed above the 
bench to hold the various items of test equip- 
ment. The shelves are bolted to the wall studs 
with large angle brackets and have wooden 
end pieces. Along the edge of the lower shelf 
a metal “outlet strip” is placed that has an 
115-volt outlet every six inches along its 
length. A similar strip is run along the back 
of the lower shelf. The front strip is used 
for equipment that is being bench-tested, and 
the rear strip powers the various items of test 
equipment placed on the shelves. 


At the lefr of the bench is a storage bin 
for small components. A file cabinet can be 
seen at the right of the photograph. This nec- 
essary item holds schematics, transformer data 
sheets, and other papers that normally are 
lost in the usual clutrer and confusion. 


The area below the workbench has two 
storage shelves which are concealed by sliding 
doors made of %4-inch Masonite. Heavier tools, 
and large components are stored in this area. 
On the floor and not shown in the photo- 
graph is a very necessary item of shop equip- 
ment: a large trash receptacle. 

A compact and efficient shop built in one- 
half of a wardrobe closet is shown in figure 
13. The workbench length is four feet. The 
top is made of 4x6" lumber sheathed with 
hard surface Masonite and trimmed with 
“counter edging” strip. The supporting struc- 
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Figure 13 
COMPLETE WORKSHOP IN A CLOSET! 


Careful layout permits complete electronic 
workshop ta be placed in one-holf of o ward- 
robe closet. Work bench is built atop an un- 


painted three-shelf bookcose. 


ture is made from an unpainted three-shelf 
bookcase. A 2”x2” leg is placed under the 
front corners of the bench to provide maxi- 
mum stability. 

Atop the bench, a small wooden framework 
supports needed items of test equipment and 


a single shelf contains a 115-volt “outlet strip.” 
The instruments at the top of the photo are 
placed on the wardrobe shelf. 

When not in use, the doors of the ward- 
robe are closed, concealing the workshop com- 
pletely from view. 
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Electronic 


Test Equipment 


All amateur stations are required by law to 
have certain items of rest equipment available 
within the station. A c-w station is required 
to have a frequency meter or other means in 
addition to the transmitter frequency control 
for insuring that the transmitted signal is on 
a frequency within one of the frequency bands 
assigned for such use. A radiophone station is 
required in addition to have a means of deter- 
mining that the transmitter is not being modu- 
lated in excess of its modulation capability, 
and in any event not more than 100 per cent. 
Further, any station operating with a power 
input greater than 900 watts is required to 
have a means of determining the exact input 
to the final stage of the transmitter, so as to 
insure that the power input to the plate circuit 
of the output stage does not exceed 1000 
watts. 

The additional test and measurement equip- 
ment required by a station will be determined 
by the type of operation contemplated. It is 
desirable that all stations have an accurately 
calibrated volt-ohmmeter for routine transmit- 
ter and receiver checking and as an assistance 
in getting new pieces of equipment into opera- 
tion. An oscilloscope and an audio oscillator 
make a very desirable adjunct to a phone sta- 
tion using AM or FM transmission, and are a 
necessity if single-sideband operation is con- 
templated. A calibrated signal generator is al- 
most a necessity if much receiver work is con- 
templated, although a frequency meter of LM 
or BC-221 type, particularly if it includes in- 
ternal modulation, will serve in place of the 
signal generator. Extensive antenna work in- 
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variably requires the use of some type of field- 
strength meter, and a standing-wave meter of 
some type is very helpful. Lastly, if much v-h-f 
work is to be done, a simple grid-dip meter 
will be found to be one of the most used items 
of test equipment in the station. 


33-1 Voltage, 


Current and Power 


The measurement of voltage and current in 
radio Circuits is very important in proper main- 
tenance of equipment. Vacuum tubes of the 
types used in communications work must be 
operated within rather narrow limits in regard 
to filament or heater voltage, and they must 
be operated within certain maximum limits in 
regard to the voltage and current on other 
electrodes. 

Both direct current and voltage are most 
commonly measured with the aid of an instru- 
ment consisting of a coil that is free to rotate 
in a constant magnetic field (d’Arsonval type 
instrument). If the instrument is to be used for 
the measurement of current it is called an am- 
meter ot milliammeter. The current flowing 
through the circuit is caused to flow through 
the moving coil of this type of instrument. If 
the current to be measured is greater than 10 
milliamperes or so it is the usual practice to 
cause the majority of the current to flow 
through a by-pass resistor called a shunt, only 
a specified portion of the current flowing 
through the moving coil of the instrument. 
The calculation of shunts for extending the 
range of d-c milliammeters and ammeters is 
discussed in Chapter Two. 
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Figure 1 
MULTI-VOLTMETER CIRCUITS 


(A) shows a circuit whereby individual multi- 
plier resistors are used for each range. (B) is 
the more economical "series multiplier’ cir- 
cuit. The same number of resistors is re- 
quired, but those for the higher ranges have 
less resistance, and hence are less expen- 
sive when precision wirewound resistors are 
to be used. (C) shows a circuit essentially 
the same as at (A), except that a range 
switch is used. With a 0-500 d-c microam- 
meter substituted for the 0-1 milliammeter 
shown above, all resistor values would be 
multiplied by two and the voltmeter would 
have a '2000-ohm-per-volt” sensitivity. Simi- 
larly, if a 0-50 d-c microammeter were to be 
used, all resistance values would be multi- 
plied by twenty, and the voltmeter would 
have a sensitivity of 20,000 ohms per volt. 


A direct current voltmeter is merely a d-c 
milliammeter with a maltiplier resistor in se- 
ries with it. If it is desired to use a low-range 
milliammeter as a voltmeter the value of the 
multiplier resistor for any voltage range may 
be determined from the following formula: 

1000 E 
R = —— 
I 
where: R= multiplier resistor in ohms 
E = desired full scale voltage 
I= full scale current of meter in ma. 


The sensitivity of a volemeter is commonly 
expressed in ohms per volt. The higher the 
ohms per volt of a voltmeter the greater its 
sensitivity. When the full-scale current drain 
of a voltmeter is known, its sensitivity rating 
in ohms per volt may be determined by: 


1000 
Ohms per volt = 


290K 200K 40K 1On 


PIN JACKS 


Figure 2 
VOLT-OHMMETER CIRCUIT 


With the switch in position 1, the 0-1 milliam- 
meter would be connected directly to the 
terminals. In position 2 the meter would read 
from 0-100,000 ohms, approximately, with a 
resistance value of 4500 ohms at half scale. 
(Note: The half-scale resistance value of an 
chmmeter using this circuit is equal to the 
resistance in series with the battery inside 
the instrument.) The other four taps are volt- 
age ranges with 10, 50, 250, and 500 volts 
full scale. 


Where I is the full-scale current drain of the 
indicating instrument in milliamperes. 


Multi-Range 
Meters 


It is common practice to connect 
a group of multiplier resistors 
in the circuit with a single in- 
dicating instrument to obtain a mwlti-range 
voltmeter. There are several ways of wiring 
such a meter, the most common ones of which 
are indicated in figure 1. With all these meth- 
ods of connection, the sensitivity of the meter 
in ohms per volt is the same on all scales. 
With a 0-1 milliammeter as shown the sensi- 
tivity is 1000 ohms per volt. 


Volt-Ohmmeters An extremely useful piece of 
test equipment which should 
be found in every laboratory or radio station 
is the volt-ohmmeter. It consists of a multi- 
range voltmeter with an additional fixed resis- 
tor, a variable resistor, and a battery. A typical 
example of such an instrument is diagrammed 
in figure 2. Tap 1 is used to permit use of 
the instrument as an 0-1 d-c milliammeter. 
Tap 2 permits accurate reading of resistors up 
to 100,000 ohms; taps 3, 4, 5, and 6 are 
for making voltage measurements, the full 
scale voltages being 10, 50, 250, and 500 
volts respectively. 

The 1000-ohm potentiometer is used to 
bring the needle to zero ohms when the ter- 
minals are shorted; this adjustment should 
always be made before a resistance measure- 
ment is taken. Higher voltages than 500 can 
be read if a higher value of multiplier resistor 
is added to an additional tap on the switch. 
The proper value for a given full scale read- 
ing can be determined from Ohm's law. 

Resistances higher than 100,000 ohms can- 
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not be measured accurately with the circuit 
constants shown; however, by increasing the 
ohmmeter battery to 45 volts and multiplying 
the 4000-ohm resistor and 1000-ohm poten- 
tiometer by 10, the ohms scale also will be 
multiplied by 10. This would permit accurate 
measurements up to 1 megohm. 

0-1 d-c milliammeters are available with 
special volt-ohmmeter scales which make in- 
dividual calibration unnecessary. Or, special 
scales can be purchased separately and sub- 
stituted for the original scale on the milliam- 
meter. 

Obviously, the accuracy of the instrument 
either as a voltmeter or as an ammeter can be 
no better than the accuracy of the milliam- 
meter and the resistors. 

Because volt-ohmmeters are so widely used 
and because the circuit is standardized to a 
considerable extent, it is possible to purchase 
a factory-buile volt-ohmmeter for no more than 
the component parts would cost if purchased 
individually. For this reason no construction 
details are given. However, anyone already 
possessing a suitable milliammeter and de- 
sirous of incorporating it in a simple volt- 
ohmmeter should be able to build one from the 
schematic diagram and design data given here. 
Special, precision (accurately calibrated) mul- 
tiplier resistors are available if a high degree 
of accuracy is desired. Alternatively, good 
quality carbon resistors whose actual resist- 
ance has been checked may be used as multi- 
pliers where less accuracy is required. 


Medium- and Most ohmmeters, including the 
Low-Range one just described, are not 
Ohmmeter adapted for accurate measure- 
ment of low-resistances—in the 
neighborhood of 100 ohms, for instance. 

The ohmmeter diagrammed in figure 3 was 
especially designed for the reasonably accu- 
rate reading of resistances down to 1 ohm. Two 
scales are provided, one going in one direc- 
ton and the other scale going in the other 
direction because of the different manner in 
which the milliammeter is used in each case. 
The low scale covers from 1 to 100 ohms and 
the high scale from 100 to 10,000 ohms. The 
high scale is in reality a medium-range scale. 
For accurate reading of resistances over 10,000 
chms, an ohmmeter of the type previously 
described should be used. 

The 1-100 ohm scale is useful for checking 
transformers, chokes, r-f coils, etc., which often 
have a resistance of only a few ohms. 

The calibration scale will depend upon the 
internal resistance of the particular make of 


Figure 3 


SCHEMATIC OF A LOW-RANGE 
OHMMETER 


A description of the operation of this circuit 
is given in the text. With the switch in the 
left position the half-scale reading of the 
meter will occur with an external resistance 
of 1000 ohms. With the switch in the right 
position, half-scale deflection will be ob- 
tained with an external resistance equal to 
the d-c resistance of the milliammeter (20 to 
50 ohms depending upon the make of in- 
strument). 


1.5-ma. meter used. The instrument can be 
calibrated by means of a Wheatstone bridge or 
a few resistors of known accuracy. The latter 
can be series-connected and parallel-connected 
to give sufficient calibration points. A hand- 
drawn hand-calibrated scale can be cemented 
over the regular meter scale to give a direct 
reading in ohms. 

Before calibrating the instrument or using 
it, the test prods should always be touched to- 
gether and the zero adjuster set accurately. 


The measurement of al- 
ternating current and 
voltage is complicated 
by two factors; first, the 
frequency range covered in ordinary communi- 
cation channels is so great that calibration of 
an instrument becomes extremely difficult; sec- 
ond, there is no single type of instrument 
which is suitable for all a-c measurements—as 
the d’Arsonval type of movement is suitable 
for d-c. The d’Arsonval movement will not 
operate on a-c since it indicates the average 
value of current flow, and the average value 
of an a-c wave is zero. 

As a result of the inability of the reliable 
d’Arsonval type of movement to record an al- 
ternating current, either this current must be 
rectified and then fed to the movement, or a 
special type of movement which will operate 
from the effective value of the current can be 
used, 

For the usual measurements of power fre- 
quency ac. (25-60 cycles) the iron-rane in- 
strument is commonly used. For audio fre- 
quency ac. (50-20,000 cycles) a d’Arsonval 


Measurement of 
Alternating Current 
and Voltage 
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Figure 4 
SLIDE-BACK V-T VOLTMETER 


By connecting a variable source of voltage 
in series with the input to a conventional 
v-t voltmeter, or in series with the simple 
triode voltmeter shown above, a slide-back 
a-c voltmeter for peak voltage measurement 
con be constructed. Resistor R should be 
about 1000 ohms per voit used at battery B. 
This type of v-t voltmeter has the advantage 
that it can give a reading of the actual peak 
voltage of the wave being measured, without 
any current drain trom the source of voltage. 


instrument having an integral copper oxide 
or selenium rectifier is usually used. Radio fre- 
quency voltage measurements are usually made 
with some type of vacuum-tube voltmeter, 
while r-f current measurements are almost in- 
variably made with an instrument containing 
a thermo-couple to convert the r.f. into duc. 
for the movement. 

Since an alternating current wave can have 
an almost infinite varicty of shapes, it can 
easily be seen that the ratios between the 
three fundamental quantities of the wave 
(peak, r.m.s. effective, and average after rec- 
ufication) can also vary widely. So it becomes 
necessary to know beforchand just which qual- 
ity of the wave under measurement our in- 
strument is going to indicate. For the purpose 
of simplicity we can list the usual types of 
a-c meters in a table along with the charac- 
teristic of an a-c wave which they will indi- 
cate: 

Iron-vane, thermocouple—r.m.s. 

Rectifier type (copper oxide or selenium) 

—average after rectification. 

V.tv.m.—t.m.s., average or peak, depend- 

ing upon design and calibration. 


A vacunm-tube voltmeter is es- 
sentially a detector in which 
a change in the signal placed 
upon the input will produce a change in the 
indicating instrument (usually a d’Arsonval 
meter) placed in the output circuit. A vacuum- 
tube voltmeter may use a diode, a triode, or a 
multi-element tube, and it may be used either 
for the measurement of a.c. or dic. 

When a v.t.v.m. is used in d-c measurement 
it is used for this purpose primarily because 
of the very great input resistance of the device. 


Vocuum-Tube 
Voltmeters 


This means that a v.t._v.m. may be used for 
the measurement of a-v-c, a-f-c, and discrimina- 
tor output voltages where no loading of the 
circuit can be tolerated. 


A-C V-T 
Voltmeters 


There are many different types 
of a-c vacuum-tube voltmeters, 
all of which operate as some 
type of rectifier co give an indication on a d-c 
instrument. There are two general types: those 
which give an indication of the r-m-s value of 
the wave (or approximately this value of a 
complex wave), and those which give an in- 
dication of the peak or crest value of the 
wave. 

Since the setting up and calibration of a 
wide-range vacuum-tube voltmeter is rather 
tedious, in most cases it will be best to pur- 
chase a commercially manufactured unit. Sev- 
eral excellent commercial units are on the 
market at the present time; also kits for home 
construction of a quite satisfactory v.t.v.m. 
are available from several manufacturers. 
These feature a wide range of a-c and d-c volt- 
age scales at high sensitivity, and in addition 
several feature a built-in vacuum-tube ohm- 
meter which will give indications up to 500 
or 1000 megohms. 


Peok A-C V-T There are two common types 
Voltmeters of peak-indicating vacuum- 

tube volemeters. The first is 
the so-called slide-back type in which a sim- 
ple v.tv.m. is used along with a conventional 
d-c voltmeter and a source of bucking bias in 
series with the input. With this type of ar- 
rangement (figure 4) leads are connected to 
the voltage to be measured and the slider re- 
sistor R across the bucking voltage is backed 
down until an indication on the meter (called 
a false zero) equal to that value given with 
the prods shorted and the bucking voltage 
reduced to zero, is obtained. Then the value 
of the bucking voltage (read on V) is equal 
to the peak value of the voltage under meas- 
urement. The slide-back volrmeter has the 
disadvantage that it is not instantaneous in its 
indication—adjustments must be made for 
every voltage measurement. For this reason the 
slide-back v.t.v.m. is not commonly used, be- 
ing supplanted by the diode-rectifier type of 
peak v.t.v.m. for most applications, 


High-Voltege A diode vacuum-tube voltmeter 
Diode Peok suitable for the measurement 
Voltmeter of high values of a-c voltage is 


diagrammed in figure 5. With 
the constants shown, the voltmeter has two 
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AC. 
VOLTAGE 
FROM 


Figure § 


SCHEMATIC OF A HIGH-VOLTAGE PEAK 
VOLTMETER 


A peak voltmeter such as diagrammed 
above is convenient for the measure- 
ment of peak voltages at fairly high 
power levels from a source of moder- 
ately low impedance. 

C:—.001-ufd. high-voltage mica 

C:—1.0.td. high-voltage paper 

R:—500,000 ohms (two 0.25-megohm 12-watt 
in series) 

R:—1.0 megohm (four 0.25-megohm 12-watt 
in series) 

T—2.5 v., 1.75 a. filament transformer 

M—0O-I d-c milliammeter 

Si1:—10775-P-d-t_ toggle switch 

S—S-p-s-t toggle switch 
(Note: C, is a by-pass around C;, the induc- 
tive reactance of which may be appreciable 


at high frequencies.) 


ranges: 500 and 1500 volts peak full scale. 

Capacitors Ci and C: should be able to with- 
stand a voltage in excess of the highest peak 
voltage to be measured. Likewise, Ri and R: 
should be able to withstand the same amount 
of voltage. The easiest and least expensive 
way of obtaining such resistors is to use sev- 
eral low-voltage resistors in series, as shown 
in figure 5. Other voltage ranges can be ob- 
tained by changing the value of these re- 
sistors, but for voltages less than several hun- 
dred volts a more linear calibration can be ob- 
tained by using a recciving-type diode. A cali- 
bration curve should be run to eliminate the 
appreciable error due to the high internal re- 
sistance of the diode, preventing the capacitor 
from charging to the full peak value of the 
voltage being measured. 


A direct reading diode peak volemeter of 
the type shown in figure 5 will load the source 
of voltage by approximately one-half the value 
of the load resistance in the circuit (Ri, or R: 
plus R:, in this case). Also, the peak voltage 
reading on the meter will be slightly less than 
the actual peak voltage being measured. The 
amount of lowering of the reading is deter- 
mined by the ratio of the reactance of the 
storage capacitance to the load resistance. If 
a cathode-ray oscilloscope is placed across the 
terminals of the v.t.v.m. when a voltage is be- 
ing measured, the actual amount of the lower- 
ing in voltage may be determined by inspection 


2x2/879 Ti 


} 115 VAC 


CONVENTIONAL 
HIGH-SENSITIVITY 
VOLTMETER 


Figure 6 


PEAK-VOLTAGE MEASUREMENT 
CIRCUIT 


Through use of the arrangement shown above 
it is possible to make accurate measurements 
of peak a-e voltages, such as across the sec- 
ondary of a modulation transformer, with a 
conventional d-c multi-voltmeter. Capacitor 
C end transtormer T should, of course, be in- 
sulated for the highest peak voltage likely to 
be encountered. A capacitance of 0.25-yfd. 
at C has been found to be adequate. The 
higher the sensitivity of the indicating d-c 
voltmeter, the smaller will be the error be- 
tween the indication on the meter and the ac- 
tual peak voltage being measured. 


of the trace on the c-r tube screen. The peak 
positive excursion of the wave will be slightly 
flattened by the action of the v.t.v.m. Usually 
this flattening will be so small as to be negli- 
gible. 

An alternative arrangement, shown in figure 
G6, is quite convenient for the measurement of 
high a-c voltages such as are encountered in 
the adjustment and testing of high-power 
audio amplifiers and modulators. The arrange- 
ment consists simply of a 2X2 rectifier tube 
and a filter capacitor of perhaps 0.25-pfd. ca- 
pacitance, but with a voltage rating high 
enough that it is not likely to be punctured 
as a result of any tests made. Cathode-ray 
oscilloscope capacitors, and those for electro- 
static-deflection TV tubes often have ratings 
as high as 0.25 ywfd. at 7500 to 10,000 volts. 
The indicating instrument is a conventional 
multi-scale d-c voltmeter of the high-sensitivity 
type, preferably with a sensitivity of 20,000 or 
50,000 ohms per volt. The higher the sen- 
sitivity of the d-c voltmeter used with the 
rectifier, the smaller will be the amount of 
flattening of the a-c wave as a result of the 
rectifier action. 


Measurement 
of Power 


Audio frequency or radio fre- 
quency power in a resistive 
circuit is most commonly and 
most easily determined by the indirect method, 
i.e, through the use of one of the following 
formulas: 
P=EI P=E/R P=[R 

These three formulas mean that if any two of 
the three factors determining power are known 
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Figure 7. 
2-KILOWATT DUMMY LOAD FOR 


3-30 MC. 


Load is built in case measuring 22” deep, 11” 
wide and 5” high. Meter is calibrated in watts 
against microampere scale as follows: (1), 
22.3 pa. (5) 50 pa. (10), 70.5 yao. (15), 
86.5 ya. (20), 100 ya. Scale may be marked 
off as shown in photograph. Calibration tech- 
nique is discussed in text. Alternatively, a 
standing wave bridge (calibrated in watts) 
such as “‘Micromatch” may be used to deter- 
mine power input to bridge. 
Vents in top of case, and V-inch holes in 
chassis permit circulation of air about re- 
sistors. Unit should be fan cooled for con- 
tinuous dissipation. 


(resistance, current, voltage) the power being 
dissipated may be determined. In an ordinary 
120-volt a-c line circuit the above formulas 
are not strictly true since the power factor of 
the load must be multiplied into the resule— 
or a direct method of determining power such 
as a wattmeter may be used. But in a resistive 
a-f circuit and in a resonant r-f circuit the 
power factor of the load is taken as being 
unity. 

For accurate measurement of a-f and r-f 
power, a thermogalvanometer or thermocouple 
ammeter in series with a non-inductive resis- 
tor of known resistance can be used. The me- 
ter should have good accuracy, and the exact 
value of resistance should be known with ac- 
curacy. Suitable dummy load resistors are 
available in various resistances in both 100 
and 250-watt ratings. These are virtually non- 
inductive, and may be considered as a pure 
resistance up to 30 Mc. The resistance of 
these units is substantially constant for all 
values of current up to the maximum dissipa- 
tion rating, but where extreme accuracy is re- 
quired, a correction chart of the dissipation 
coefficient of resistance (supplied by the manu- 
facturer) may be employed. This chart shows 


the exact resistance for different values of 
current through the resistor. 

Sine-wave power measurements (r-f or sin- 
gle-frequency audio) may also be made 
through the use of a v.t.v.m. and a resistor of 
known value. In fact a v.t.v.m. of the type 
shown in figure 6 is particularly suited to this 
work. The formula, P = E’/R is used in this 
case. However, it must be remembered that 
a v.tv.m. of the type shown in figure 6 indi- 
cates the peak value of the a-c wave. This 
reading must be converted to the r-m-s or 
heating value of the wave by multiplying it 
by 0.707 before substituting the voltage value 
in the formula. The same result can be ob- 
tained by using the formula P = E’/2R. 

Thus all three methods of determining pow- 
er, ammeter-resistor, vo!ltmeter-resistor, and 
voltmeter-ammeter, give an excellent cross- 
check upon the accuracy of the determination 
and upon the accuracy of the standards. 

Power may also be measured through the 
use of a calorimeter, by actually measuring the 
amount of heat being dissipated. Through the 
use of a water-cooled dummy load resistor this 
method of power output determination is being 
used by some of the most modern broadcast 
stations. But the method is too cumbersome 
for ordinary power determinations. 

Power may also be determined photometrt- 
cally through the use of a voltmeter, ammeter, 
incandescent lamp used as a load resistor, and 
a photographic exposure meter. With this 
method the exposure meter is used to deter- 
mine the relative visual output of the lamp 
running as a dummy load resistor and of the 
lamp running from the 120-volt a-c line. A 
rheostat in series with the lead from the a-c 
line to the lamp is used to vary its light inten- 
sity to the same value (as indicated by the ex- 
posure meter) as it was putting out as a dum- 
my load. The a-c voltmeter in parallel with the 
lamp and ammeter in series with it is then 
used to determine lamp power input by: 
P=EI. This method of power determination 
is satisfactory for audio and low frequency 
r.f. but is not satisfactory for v-h-f work be- 
cause of variations in lamp efficiency due to 
uneven heating of the filament. 


Lamp bulbs make poor dummy 
loads for r-f work, in general, 
as they have considerable reactance above 2 
Mc., and the resistance of the lamp varies with 
the amount of current passing through it. 

A suitable r-f load for powers up to a few 
watts may be made by paralleling 2-watt com- 
position resistors of suitable value to make 


Dummy Loads 


WWW.americanradiohistorv.com 


HANDBOOK 


Measurement of Constants 


737 


a 50 ohm resistor of adequate dissipation. De- 
vices such as this are discussed in chapter 29 
(4CX1000A amplifier). 

A 2 kw. dummy load having a s.w.r. of less 
than 1.05 /1 at 30 Mc. is shown in figures 7, 
8 and 9. The load consists of twelve 600 ohm, 
120 watt Globar type CX non-inductive resis- 
tors connected in parallel. A frequency com- 
pensation circuit is used to balance out the 
slight capacitive reactance of the resistors. The 
compensation circuit is mounted in an alu- 
minum tube 1” in diameter and 23%” long. The 
tube is plugged at the ends by metal discs, 
and is mounted to the front panel of the box. 

The resistors are mounted on aluminum 
T-bar stock and are grounded to the case at 
the rear of the assembly. Connection to the 
coaxial receptacle is made via copper strap. 

The power meter is calibrated using a 
VTVM and r.f. probe. Power is applied to the 
load at 3.5 Mc. and the level is adjusted to 
provide 17.6 volts at “Calibration point.” 
With the Watts Switch in the 200 watt posi- 
tion, the potentiometer is adjusted to provide 
a reading of 100 watts on the meter. In the 
2000 watt position, the other potentiometer is 
adjusted for a meter reading of 200 watts. The 
excitation frequency is now changed to 29.7 
Mc. and the 17.6 volt level re-established. 
Adjust the frequency compensating capacitor 
until meter again reads 100 watts. Recheck at 
3.5 Mc. and repeat until meter reads 100 watts 
at each frequency when 17.6 volt level is 
maintained. 


33-2 


Measurement 
of Circuit Constants 
The measurement of the resistance, capaci- 


tance, inductance, and Q (figure of merit) of 
the components used in communications work 


VENTILATED SHIELD COVER 


! soK 
ADJ. 
200 Ww. 


as 
ERIE 557 


NOTE: FIXED RESISTORS ARE OWM/TE “LITTLE DEVIL” 
COMPOSITION UNITS, 


Figure 8. 


SCHEMATIC, KILOWATT DUMMY 
LOAD. 


can be divided into three general methods: 
the impedance method, the substitution or reso- 
nance method, and the bridge method. 


The impedance method of 
measuring inductance and 
capacitance can be likened to 
the ohmmeter method for measuring resistance. 
An a-c voltmeter, or milliammeter in series 
with a resistor, is connected in series with 
the inductance or capacitance to be measured 
and the a-c line. The reading of the meter will 
be inversely proportional to the impedance of 
the component being measured. After the me- 
ter has been calibrated it will be possible to 
obtain the approximate value of the impedance 
directly from the scale of the meter. If the 
component is a capacitor, the value of im- 
pedance may be taken as its reactance at the 
measurement frequency and the capacitance 
determined accordingly. But the d-c resistance 
of an inductor must also be taken into con- 
sideration in determining its inductance. After 
the d-c resistance and the impedance have 
been determined, the reactance may be deter- 
mined from the formula: X.= VZ’?—R’. 
Then the inductance may be determined from: 
L=X1/2nf. 


The Impedance 
Method 


Figure 9. 
DUMMY LOAD 
ASSEMBLY. 


Twelve Globar resistors 
(surplus) are mounted to 
aluminum “Tee” stock, 
six to a side, in fuse 
clips. Right end is sup- 
ported by ceramic pillars 
from front panel. Probe, 
meter, and potentiom- 
eters are at right. 
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The Substitution The substitution method is 
Method a satisfactory system for 
obtaining che inductance or 
capacitance of high-frequency components. A 
large variable capacitor with a good dial hav- 
ing an accurate calibration curve is a neces- 
sity for making determinations by this method. 
If an unknown inductor is to be measured, it is 
connected in parallel with the standard capaci- 
tor and the combination tuned accurately to 
some known frequency. This tuning may be 
accomplished either by using the tuned circuit 
as a wavemeter and coupling it to the tuned 
circuit of a reference oscillator, or by using 
the tuned circuit in the controlling position of 
a two terminal oscillator such as a dynatron 
or transitron. The capacitance required to tune 
this first frequency is then noted as Gi. The 
circuit or the oscillator is then tuned to the 
Second harmonic of this first frequency and 
the amount of capacitance again noted, this 
time as C: Then the distributed capacitance 
across the coil (including all stray capaci- 
tances) is equal to: Co=(C:—4C:) /3. 


This value of distributed capacitance is 
then substituted in the following formula along 
with the value of the standard capacitance for 
either of the two frequencies of measurement: 

1 
_ 
4r7 fi? (Ci + Co) 

The determination of an unknown capaci- 
tance is somewhat less complicated than the 
above. A tuned circuit including a coil, the 
unknown capacitor and the standard capacitor, 
all in parallel, is resonated to some conveni- 
ent frequency. The capacitance of the stand- 
ard capacitor is noted. Then the unknown ca- 
pacitor is removed and the circuit re-resonated 
by means of the standard capacitor. The dif- 
ference between the two readings of the stand- 
ard capacitor is then equal to the capacitance 
of the unknown capacitor. 


33-3 


Measurements 
with a Bridge 


Experience has shown that one of the most 
satisfactory methods for measuring circuit con- 
Stants (resistance, capacitance, and inductance) 
at audio frequencies is by means of the a-c 
bridge. The Wheatstone (d-c) bridge is also 
one of the most accurate methods for the 
measurement of d-c resistance. With a simple 
bridge of the type shown at figure 9A it is 
entirely practical to obtain d-c resistance de- 


Figure 10. 
TWO WHEATSTONE BRIDGE CIRCUITS 


These circuits are used for the measurement 
of d-c resistance. In (A) the “ratio arms” R, 
and R, are fixed and balancing of the bridge 
is accomplished by variation of the standard 
R,. The standard in this case usually con- 
sists of a decade box giving resistance in 
T-ohm steps from 0 to T1110 or to 11,110 ohms. 
tn (B) a fixed standard is used for each range 
end the ratio arm is varied to obtain balance, 
A calibrated slide-wire or potentiometer call- 
brated by resistance in terms of degrees is 
usually employed as R, and R,. It will be 
noticed that the formula for determining the 
unknown resistance from the known is the 
same in either case. 


terminations accurate to four significant fig- 
ures. With an a-c bridge operating within its 
normal rating as to frequency and range of 
measurement it is possible to obtain results 
accurate to three significant figures. 


Both the a-c and the d-c bridges consist of 
a source of energy, a standard or reference of 
measurement, a means of balancing this stand- 
ard against the unknown, and a means of in- 
dicating when this balance has been reached. 
The source of energy in the d-c bridge is a 
battery; the indicator is a sensitive galvanome- 
ter. In the a-c bridge the source of energy 
is an audio oscillator (usually in the vicinity 
of 1000 cycles), and the indicator is usually 
a pair of headphones. The standard for the d-c 
bridge is a resistance, usually in the form of 
a decade box. Standards for the a-c bridge can 
be resistance, capacitance, and inductance in 
varying forms. 


Figure 10 shows two general types of the 
Wheatstone or d-c bridge. In (A) the so-called 
“ratio arms” Ra and Rn are fixed (usually in 
a ratio of 1-to-1, 1-to-10, 1-to-100, or 1-to- 
1,000) and the standard resistor Rs is varied 
until the bridge is in balance. In commercially 
manufactured bridges there are usually two or 
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more buttons on the galvanometer for progres- 
sively increasing its sensitivity as balance is 
approached. Figure 10B is the slide wire type 
of bridge in which fixed standards are used 
and the ratio arm is continuously variable. 
The slide wire may actually consist of a mov- 
ing contact along a length of wire of uni- 
form cross section in which case the ratio of 
Ra to Ra may be read off directly in centi- 
meters or inches, or in degrees of rotation if 
the slide wire is bent around a circular former. 
Alternatively, the slide wire may consist of 
linear-wound potentiometer with its dial cali- 
brated in degrees or in resistance from each 
end. 

Figure 11A shows a simple type of a-c 
bridge for the measurement of capacitance and 
inductance. It can also, if desired, be used 
for the measurement of resistance. It is neces- 
sary with this [type of] bridge to use a standard 
which presents the same type of impedance as 
the unknown being measured: resistance stan- 
dard for a resistance measurement, capacitance 
standard for capacitance, and inductance stan- 
dard for inductance determination. 


For measurement of capacitances from a few 
micro-microfarads to about 0.001 ufd. a Wag- 
ner grounded substitution capacitance bridge of 
the type shown in figure 11B will be found 
satisfactory. The ratio arms Ra and Ra should 
be of the same value within | per cent; any 
value between 2500 and 10,000 ohms for 
both will be satisfactory. The two resistors 
Re and Ro should be 1000-ohm wire-wound 
potentiometers. Cs should be a straight-line 
Capacitance capacitor with an accurate vernier 
dial; 500 to 1000 ypfd. will be satisfactory. 
Ce can be a two or three gang broadcast ca- 
pacitor from 700 to 1000 yuufd. maximum ca- 
pacitance. 


The procedure for making a measurement 
is as follows: The unknown capacitor Cx is 
placed in parallel with the standard capacitor 
Cs. The Wagner ground Ru is varied back and 
forth a small amount from the center of its 
range until no signal is heard in the phones 
with the switch S in the center position. Then 
the switch S is placed in either of the two out- 
side positions, C- is adjusted to a capaci- 
tance somewhat greater than the assumed value 
of the unknown Cx, and the bridge is brought 
into balance by variation of the standard ca- 
pacitor C.. It may be necessary to cut some 
resistance in at Re and to switch to the other 
outside position of S before an exact balance 
can be obtained. The setting of Cs is then 
noted, Cx is removed from the circuit (but the 


AUDIO 
OSCILLATOR 


Zx- 
ws 
Zx= Ro Zs Kx= —pa— Xs Rx=—Ro—Rs 


Z x= IMPEDANCE BEING MEASURED, Rg = RESISTANCE COMPONENT OF Zs 
Zs5= IMPEDANCE OF STANDARD, Xx =REACTANCE COMPONENT OF Z x 
Rx= RESISTANCE COMPONENT OF Zx, X$=REACTANCE COMPONENT OF ZS 


Figure 11 
TWO A-C BRIDGE CIRCUITS 


The operation of these bridges is essentially 
the same as those of figure 10 except that 
a.c. is fed into the bridge instead of d.c. and 
a pair of phones is used as the indicator in- 
stead of the galvanometer. The bridge shown 
at (A) can be used for the measurement of 
resistance, but it is usually used for the 
measurement of the impedance and reactance 
of coils and capacitors at frequencies trom 
200 to 1000 cycles. The bridge shown at (B) 
is used for the measurement of small values 
of capacitance by the substitution method. 
Full description of the operation of both 
bridges is given in the accompanying text. 


leads which went to it are not changed in any 
way which would alter their mutual capaci- 
tance), and Cx is readjusted until balance is 
again obtained. The difference in the two set- 
tings of Cs is equal to the capacitance of the 
unknown capacitor Cx. 


33-4 Frequency 
Measurements 


All frequency measurement within the 
United States is based on the transmissions of 
Station WWV of the National Bureau of 
Standards. This station operates continuously 
on frequencies of 2.5, 5, 10, 15, 20, and 
25 Mc. The carriers of those frequencies 
below 25 Mc. are modulated alternately by 
a 440-cycle tone or a 600-cycle tone for pe- 
riods of four minutes each. This tone is in- 
terrupted at the beginning of the 59th minute 
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O 6.3 V.a.Cc. 


© + 100-200 v. 


2 GROUND 


to SIGNAL OUT 


C-——100-uufd. air trimmer 

C:,C —0.0003-yfd. midget mica 
C,—50-nutd. midget mica 
C;—0.002-yufd. midget mica 

R:, R:-—100,000 ohms 12 watt 
L-—10-mh. shielded r-f choke 
L:-—2.1-mh. r-f choke 
X—100-ke. crystal 


Figure 12 
SCHEMATIC OF A 100-KC. FREQUENCY SPOTTER 


of each hour and each five minutes thereafter 
for a period of precisely one minute. Green- 
wich Civil Time is given in code during these 
one-minute intervals, followed by a voice an- 
nouncement giving Eastern Standard Time. 
The accuracy of all radio and audio frequen- 


cies 1s better than one part in 100,000,000. 


A 5000 microsecond pulse (5 cycles of a 1000- 
cycle wave) may be heard as a tick for every 
second except the 59th second of each minute. 


These standard-frequency transmissions of 
station WWV may be used for accurately de- 
termining the limits of the various amateur 
bands with the aid of the station communica- 
tions receiver and a 50-kc., 100-kc., or 200- 
kc. band-edge sporrer. The low frequency oscil- 
lator may be self-excited if desired, but low 
frequency standard crystals have become so 
relatively inexpensive that a reference crystal 
may be purchased for very little more than 
the cost of the components for a self-excited 
oscillator. The crystal has the additional advan- 
tage that it may be once ser so chat its har- 
monics are at zero beat with WWV and then 
left with only an occasional check to see that 
the frequency has not drifted more than a 
few cycles. The self-excited oscillator, on the 
other hand, must be monitored very frequent- 
ly to insure that ic is on frequency. 


Using a To use a frequency spotter it is 
Frequency only necessary to couple the our- 
Spotter put of the oscillator unic to the 


antenna terminal of the receiver 
through a very small capacitance such as might 
be made by twisting two pieces of insulated 
hookup wire together. Station WWV is then 
tuned in on one of its harmonics, 15 Mc. 
will usually be best in the daytime and 5 or 
10 Mc. at night, and the trimmer adjustment 
en the oscillator is varied until zero bear is 
obtained between the harmonic of the oscil- 
lator and WWV. With a crystal reference 
oscillater no difficulty will be had with using 


the wrong harmonic of the oscillator to ob- 
tain the beat, but with a self-excited oscillator 
it will be wise to insure that the reference 
oscillator is operating exactly on 50, 100, or 
200 kc. (whichever frequency has _ been 
chosen) by making sure that zero beat is ob- 
tained simultaneously on all the frequencies 
of WWV that can be heard, and by noting 
whether or not the harmonics of the oscillator 
in the amateur bands fall on the approximate 
calibration marks of the receiver. 

A simple frequency spotter is diagrammed 
in figure 12. 
33-5 


Antenna and 
Transmission 
Line Measurements 


The degree of adjustment of any amateur 
antenna can be judged by the study of the 
standing-wave ratio on the transmission line 
feeding the antenna. Various types of instru- 
ments have been designed to measure the 
S.t.w. present on the transmission line, or to 
measure the actual radiation resistance of the 
antenna in question. The most important of 
these instruments are the slotted line, the 
bridge-type s-w-r meter, and the antennascope. 


The Slotted Line It is obviously impractical 
to measure the  voltage- 
standing-wave ratio in a length of coaxial line 
since the voltages and currents inside the line 
are completely shielded by the outer conductor 
of the cable. Hence it is necessary to insert 
some type of instrument into a section of the 
line in order to be able to ascertain the con- 
ditions which are taking place inside the 
shielded line. Where measurements of a high 
degree of accuracy are required, the slotted 
line is the instrument most frequently used. 
Such an instrument, diagrammed in figure 13, 
is an item of test equipment which could be 
constructed in a home workshop which in- 
cluded a lathe and other metal working tools. 
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Figure 13 


DIAGRAMMATIC REPRESENTATION 
OF A SLOTTED LINE 


The conductor ratios in the slotted line, in- 
cluding the tapered end sections should be 
such that the characteristic impedance of the 
equipment is the same as that of the trans- 
mission line with which the equipment is to 
be used. The indicating instrument may be 
operated by the d-c output of the rectifier 
coupled to the probe, or it may be operated 
by the a-c components of the rectified signal 
if the signal generotor or transmitter is am- 
plitude modulated by a constant percentage. 


Commercially built slotted lines are very ex- 
pensive since they are constructed with a high 
degree of accuracy for precise laboratory work. 
The slotted line consists essentially of a 
section of air-dielectric line having the same 
characteristic impedance as the transmission 
line into which it is inserted. Tapered fittings 
for the transmission line connectors at each 
end of the slotted line usually are required due 
to differences in the diameters of the slotted 
line and the line into which it is inserted. A 
narrow slot from 14-inch to %4-inch in width 
is cut into the outer conductor of the line. A 
probe then is inserted into the slot so that it 
is coupled to the field inside the line. Some 
sort of accurately machined track or lead screw 
must be provided to insure that the probe 
maintains a constant spacing from the inner 
conductor as it is moved from one end of the 
slotted line to the other. The probe usually 
includes some type of rectifying element 
whose output is fed to an indicating instru- 
ment alongside the slotted line. 

The unfortunate part of the slotted-line sys- 
tem of measurement is that the line must be 
somewhat over one-half wavelength long at 
the tes: frequency, and for best results should 
be a full wavelength long. This requirement is 
easily met at frequencies of 420 Mc. and above 
where a full wavelength is 28 inches or less. 
But for the lower frequencies such an instru- 
ment is mechanically impracticable. 


Bridge-Type 
Standing-Wave 
Indicators 


The bridge type of standing- 
wave indicator is used quite 
generally for making meas- 
urements on commercial co- 


Figure 14 


RESISTOR-BRIDGE 
STANDING-WAVE INDICATOR 


This type of test equipment is suitable 
for use with coaxial feed lines. 


C:—0.00}-ynfd. midget ceramic capacitor 

C: C:—.001) disc ceramic 

R:, R:—22-ohm 2-watt carbon resistors 

R:—Resistor equal in resistance to the charac- 
teristic impedance of the coaxial transmis- 
sion line to be used (} watt) 

R.—5000-ohm wire-wound potentiometer 

Rs—10,000-ohm I-watt resistor 

RFC—-R-? choke suitable for operation at the 
measurement frequency 


axial transmission lines. A simplified version 
is available from Af. C. Jones Electronics Co., 
Bristol, Conn. (“Micro-Match"). 

One type of bridge standing-wave indicator 
is diagrammed in figure 14, This type of in- 
strument compares the electrical impedance of 
the transmission line with that of the resistor 
Rs which is included within the unit. Experi- 
ence with such units has shown that the re- 
sistor Ra should be a good grade of non-induc- 
tive carbon type. The Obmite "Little Devil” 
type resistor in the 2-watt rating has given 
good performance. The resistance at Ra should 
be equal to the characteristic impedance of 
the antenna transmission line. In other words, 
this resistor should have a value of 52 ohms 
for lines having this characteristic impedance 
such as RG-8/U and RG-58/U. For use with 
Ines having a nominal characteristic im- 
pedance of 70 ohms, a selected “68 ohm” re- 
sistor having an actual resistance of 70 ohms 
may be used. 

Balance within the equipment is checked by 
mounting a resistor, equal in value to the 
nominal characteristic impedance of the line 
to be used, on a coaxial plug of the type used 
on the end of the antenna feed line. Then 
this plug is inserted into the input receptacle 
of the instrument and a power of 2 to 4 watts 
applied to the output receptacle on the desired 
frequency of operation. Note that the signal 
is passed through the bridge in the direction 
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REAOING ON O-t INSTRUMENT, OR FACTOR TIMES FULL SCALE 
(MAGNITUDE OF REFLECTION COEFFICIENT, A) 


Figure 15 


RELATION BETWEEN STANDING- 
WAVE RATIO AND REFLECTION 
COEFFICIENT 


This chart may be used to convert reflection- 
coefficient indications such as are obtained 
with a@ bridge-type standing-wave indicator 
or an indicating twin lamp into values of 
standing-wave ratio. 


REFLECTOMETER 
OUTER SHELL 


Si 


———_ 
FORWARD REFLECTED 
POWER POWER 

ee  — — — pee 

INDICATOR 


COMPONENT PARTS 


END DISC = 2 3/8” DIAMETER x 174" (2 REQ) 
OUTER SHELL= 2 3/78” 1.D. xX 6” (7 REQ.) 
ALIGNMENT ROD= 1/4° DIAMETER X 5 142" (2 REQ) 


INNER CONOUCTOR= 1/2” DIAMETER X 5 1/8”, TAPER ENDS 
TO SOLDER TO RECEPTACLES (2 REQ ) 
RECEPTACLES= $0-239 (2 R€0.) (J1,J2) 


BINDING POSTS= (7 REQ.) 


Figure 16 
SCHEMATIC, REFLECTOMETER 


D.:, D-—Crystal diode, IN34A or IN8&2 

R:i—270 ohm, 1 watt composition resistor. 
IRC type BTA, matched pair. 

M—0-! d.c. milliammeter 

Ji, J-—Coaxial receptacle, $0-239. 


opposite to normal for this test. The resistor 
R, is adjusted for full-scale deflection on the 
0-100 microammeter. Then the plugs are re- 
versed so that the test signal passes through 
the instrument in the direction indicated by 
the arrow on figure 14, and the power level 
is maintained the same as before. If the test 
resistor is matched to Ra, and stray capacitances 
have been held to low values, the indication 
on the milliammeter will be very small. The 
test plug with its resistor is removed and the 
plug for the antenna transmission line is in- 
serted. The meter indication now will read 
the reflection coefficient which exists on the 
antenna transmission line at the point where 
the indicator has been inserted. From this 
reading of reflection coefficient the actual 
standing-wave ratio on the transmission line 
may be determined by reference to the chart 
of figure 15. 

Measurements of this type are quite helpful 
in determining whether or not the antenna is 
presenting a good impedance match to the 
transmission line being used to feed it. How- 
ever, a test instrument of the type shown in 


figure 14 must be inserted into the line for a 
measurement, and then removed from the line 
when the equipment is to be operated. Also, 
the power input to the line feeding the input 
terminal of the standing-wave indicator must 
not exceed 4 watts. The power level which the 
unit can accept is determined by the dissipa- 
tion limitation of resistors Ri plus R:. 

It is also important, for satisfactory opera- 
tion of the test unit, that resistors R: and R: 
be exactly equal in value. The actual resist- 
ance of these two is not critically important, 
and deviations up to 10 per cent from the 
value given in figure 14 will be satisfactory. 
But the two resistors must have the same value, 
whether they are both 21 ohms or 24 ohms, 
or some value in between. 


33-6 A Simple 
Coaxial Reflectometer 


The reflectometer is a short section of co- 
axial transmission line containing two r-f volt- 
meters. One voltmeter reads the incident com- 
ponent of voltage in the line, and the other 
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Figure 17 
INTERIOR VIEW OF COAXIAL REFLECTOMETER 
The Reflectometer is o short section of transmission line containing two r-f voltmeters. Center conductor 
of line is @ section of brass rod soldered to center pins of input and output receptacles. At either end 


of unit are the crystal diodes, bypass capacitors ond terminals. Diode load resistors are at center of 
instrument, grounded to brass alignment rod. 


i 


reads the reflected component. The magnitude 
of standing wave ratio on the transmission 
line is the ratio of the incident component 
to the reflected component, as shown in fig- 
ure 15. In actual use, calibration of the re- 
flectometer is not required since the relative 
reading of reflected power indicates the de- 
gree of match or mis-match and all antenna 
and transmission line adjustments should be 
conducted so as to make this reading as low 
as possible, regardless of its absolute value. 

The actual meter readings obtained from 
the device are a function of the operating fre- 
quency, the sensitivity of the instrument being 
a function of transmitter power, increasing 
rapidly as the frequency of operation is in- 
creased. However, the reflectometer is inval- 
uable in that it may be left permanently in 
the transmission line, regardless of the power 
output level of the transmitrer. It will indi- 
cate the degree of reflected power in the an- 
tenna system, and at the same time provide 
a visual indication of the power output of 
the transmitter. 


Reflectometer 
Circuit 


The circuit and assembly in- 
formation for the reflectometer 
are given in figure 16. Two 
diode voltmeters are coupled back-to-back to 
a short length of transmission line. The com- 
bined inductive and capacative pickup berween 
each voltmeter and the line is such that the 
incident component of the line voltage is bal- 
anced out in one case and the inductive com- 
ponent is balanced out in the other case. Each 
voltmeter, therefore, reads only one wave-com- 


ponent. Careful attention to physical symmetry 
of the assembly insures accurate and complete 
separation of the voltage components by the 
two voltmeters. The outputs of the two volt- 
meters may be selected and read on an ex- 
ternal meter connected to the terminal posts 
of the reflectometer. 

Each r-f voltmeter is composed of a load 
resistor and a pickup loop. The pickup loop 
is positioned parallel to a section of transmis- 
sion line permitting both inductive and ca- 
pacative coupling to exist between the center 
conductor of the line and the loop. The -di- 
mensions of the center conductor and the 
outer shield of the reflectometer are chosen 
so that the instrument impedance closely 
matches that of the transmission line. 


A view of the interior of the 
reflectometer is shown in fig- 
ure 17. The coaxial input and 
output connectors of the instrument are 
mounted on machined brass discs that are 
held in place by brass alignment rods, tapped 
at each end. The center conductor is machined 
from a short section of brass rod, tapered and 
drilled at each end to fit over the center pin 
of each coaxial receptacle. The end discs, the 
rods, and the center conductor should be sil- 
ver plated before assembly. When the center 
conductor is placed in position, it is soldered 
at each end to the center pin of the coaxial 
receptacles. 

One of the alignment rods is drilled and 
tapped for a 6-32 bolt at the mid-point, and 
the end discs are drilled to hold 4-inch 


Reflectometer 
Construction 


WWW.americanradiohistorv.com 


744 Test Equipment 


THE RADIO 


ceramic insulators and binding posts, as shown 
in the photograph. The load resistors, crystal 
diodes, and bypass capacitors are finally 
mounted in the assembly as the last step. 

The two load resistors should be measured 
on an ohmmeter to ensure that the resistance 
values are equal. The exact value of resistance 
is unimportant as long as the two resistors 
are equal. The diodes should also be checked 
on an ohmmeter to make sure that the front 
resistances and back resistances are balanced 
between the units. Care should be taken dur- 
ing soldering to ensure the diodes and resis- 
tors are not overheated. Observe that the re- 
sistor leads are of equal length and that each 
half of the assembly is a mirror-image of the 
other half. The body of the resistor is spaced 
about '4-inch away from the center conduc- 
tor. 


Testing the The instrument can be ad- 
Reflectometer justed on the 28 Mc. band. 

An r-f source of a few watts 
and nonreactive load are required. The con- 
struction of the reflectometer is such that it 
will work well with either 52- or 72-ohm 
coaxial transmission lines. A suitable dummy 
load for the 52-ohm line can be made of four 
220 ohm, 2 watt composition resistors (Ohbm- 
ite "Little Devil”) connected in parallel. Clip 
the leads of the resistors short and mount 
them on a coaxial plug. This assembly pro- 
vides an eight watt, 55 ohm load, suitable 
for use at 30 Mc. If an accurate ohmmeter 
is at hand, the resistors may be hand picked 
to obtain four 208 ohm units, thus making 
the dummy load resistors exactly 52 ohms. 
For all practical purposes, the 55 ohm load 
is satisfactory. A 75 ohm, eight watt load 
resistor may be made of four 300 ohm, 2 
watt composition resistors connected in paral- 
lel. 

R-f power is coupled to the reflectometer 
and the dummy load is placed in the “output” 
receptacle. The indicator meter is switched to 
the “reflected power” position. The meter read- 
ing should be almost zero. It may be brought 
to zero by removing the case of the instru- 
ment and. adjusting the position of the load 
resistor. The actual length of wire in the resis- 
tor lead and its positioning determine the meter 
null. Replace the case before power is applied 
to the reflectometer. The reflectometer is now 
reversed and power is applied to the “output” 
receptacle, with a dummy load attached to 
the “input” receptacle. The second voltmeter 
(forward power) is adjusted for a null read- 
ing of the meter in the same manner. 


If a reflected reading of zero is not obtain- 
able, the harmonic content of the r-f source 
might be causing a slight residual meter read- 
ing. Coupling the reflectometer to the r-f 
source through a tuned circuit (“antenna 
tuner”) will remove the offending harmonic 
and permit an accurate null indication. Be 
sure to hold the r-f input power to a low 
value to prevent overheating the dummy load 
resistors. 


Using the 
Reflectometer 


The bridge may be used up to 
150 Mc. It is placed in the 
transmission line at a conveni- 
ent point, preferably before any tuner, balun, 
or TVI filter. The indicator should be set to 
read forward power, with a maximum of re- 
sistance in the circuit. Power is applied and 
the indicator resistor is adjusted for a full 
scale reading. The switch is then thrown to 
read reflected power (indicated as A, figure 
15). Assume that the forward power meter 
reading is 1.0 and the reflected power read- 
ing is 0.5. Substituting these values in the 
SWR formula of figure 15 shows the SWR 
to be 3. If forward power is always set to 
1.0 on the meter, the reflected power (A) 
can be read directly from the curve of figure 
15 with little error. 

If the meter is adjusted so as to provide a 
half-scale reading of the forward power, the 
reflectometer may be used as a_ transmitter 
power output meter. Tuning adjustments may 
then be undertaken to provide greatest meter 
reading. 


33-7 


Measurements 
on Balanced 
Transmission Lines 


Measurements made on balanced transmis- 
sion lines may be conducted in the same man- 
ner as those made on coaxial lines. In the 
case of the coaxial lines, care must be taken 
to prevent flow of r-f current on the outer 
surface of the line as this unwanted compo- 
nent will introduce errors in measurements 
made on the line. In like fashion, the cur- 
rents in a balanced transmission line must 
be 180 degrees out of phase and balanced 
with respect to ground in order to obtain a 
realistic relationship between incident and re- 
flected power, This situation is not always 
easy to obtain in practice because of the prox- 
imity effects of metallic objects or the earth 
to the transmission line. All transmission line 
measurements, therefore, should be conducted 
with the realization of the physical limitations 


WWW.americanradiohistorv.com 


HANDBOOK 


S.W.R. Indicator 745 


TWIN LEAD TRANSMISSION 
LINE TO ANTENNA 


Figure 18 
SKETCH OF THE “TWIN-LAMP”’ 
TYPE OF S-W-R INDICATOR 


The short section of line with lamps ot each 
end usually is taped to the main transmission 
line with plastic electrical tape. 


of the equipment and the measuring technique 
that is being used. 


Measurements on 
Molded Parallel- 
Wire Lines 


One of the most satisfactory 
and least expensive devices 
for obtaining a rough idea 
of the standing-wave ratio 
on a transmission line of the molded parallel- 
wire type is the twin-lamp. This ingenious in- 
strument may be constructed of new compon- 
ents for a total cost of about 25 cents; this 
fact alone places the twin-lamp in a class by 
itself as far as rest instruments are concerned. 

Figure 18 shows a sketch of a twin-lamp in- 
dicator. The indicating portion of the system 
consists merely of a length of 300-ohm Twin- 
Lead about 10 inches long with a dial lamp at 
each end. In the unit illustrated the dial lamps 
are standard 6.3-volt 150-ma. bayonet-base 
lamps. The lamps are soldered to the two leads 
at each end of che short section of Twin-Lead. 

To make a measurement the short section 
of line with the lamps at each end is merely 
taped to the section of Twin-Lead (or other 
similar transmission line) running from the 
transmitter or from the antenna changeover re- 
lay to the antenna system. When there are no 
standing waves on the antenna transmission 
line the lamp toward the transmiteer will light 
while the one toward the antenna will not 
light. With 300-ohm Twin-Lead running from 
the antenna changeover relay to the antenna, 
and with about 200 watts input on the 28-Mc. 
band, the dial lamp toward the transmitter will 
light nearly to full brilliancy. With a standing- 


Figure 20 
SWR BRIDGE FOR BALANCED 
TRANSMISSION LINE 


A double bridge can be used for two wire 

transmission lines. Bridge is inserted in line 

and may be driven with grid-dip oscillator or 
other law power r-f source. 


{te (9) fr te (9) fie 


Figure 19 


OPERATION OF THE “TWIN LAMP” 
INDICATOR 
Showing current flow resulting from inductive 


ond capacitive fields in a “twin lamp” attached 
to a line with o low standing-wave ratio. 


wave ratio of about 1.5 to 1 on the transmis- 
sion line to the antenna the lamp toward the 
antenna will just begin to light. With a high 
standing-wave ratio on the antenna feed line 
both lamps will light nearly to full brilliancy. 
Hence the instrument gives an indication of 
relatively low standing waves, but when the 
standing-wave ratio is high the twin-lamp 
merely indicates that they are high without 
giving any idea of the actual magnitude. 


A “Balanced” 
SWR Bridge 


Two resistor-type standing wave indicators 
may be placed “back-to-back” to form a SWR 
bridge capable of being used on two wire 
balanced transmission lines. Such a bridge is 
shown in figures 20 and 22. The schematic of 
such an instrument (figure 21) may be com- 
pared to two of the simple bridges shown in 
figure 14. When the dual bridge circuit is 
balanced the meter reading is zero. This state 
is reached when the line currents are equal 
and exactly 180 degrees out of phase and the 
SWR is unity. 

As the condition of the line departs from 
the optimum, the meter of the bridge will 
show the degree of departure. When the line 
currents are balanced and 180 degrees out of 
phase, the meter will read the true value of 
standing wave ratio on the line. If these con- 
ditions are not met, the reading is not abso- 
lute, merely giving an indication of the degree 
of mis-match in the line. This handicap is not 
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Figure 21 
SCHEMATIC OF BRIDGE FOR 
BALANCED LINES 
M—0-200 d-c microammeter 
Rr—Note: Six 250 ohm resistors are composi- 
tion, non-inductive units. IRC type BT, or 
Ohmite "Little Devil’ I-wott resistors may 
be used. (see text) 
$:—DPDT rotary switch. Centralab type 1464 
important, since the relative, not the absolute, 
degree of mis-match is sufficient for transmis- 


sion line adjustments to be made. 


Bridge 
Construction 


A suggested method of con- 
struction of the balanced bridge 
is illustrated in figures 20 and 
22. The unit is constructed within a box mea- 
suring 4” x 6” x 2” in size. The 0-200 dc. 
microammeter is placed in the center of the 
4” x 6” side of the case. The input and output 
connectors of the instrument are placed on 
each end of the box and the internal wiring 
is arranged so that the transmission line, in 
effect, passes in one side of the box and out 
the other with as little discontinuity as possi- 
ble. The input and output terminals are mount- 
ed on phenolic plates placed over large cut- 
outs in the ends of the box, thus reducing 
Circuit capacity to ground to a minimum value. 
The “SWR-CAL” switch S: is located on one 
side of the meter and the “Calibrate” poten- 
tiometer R: is placed on the opposite side. 


The transmission line within the unit is 
broken by two 250 ohm composition resistors 
and switch S:. The line segments are made of 
short pieces of #10 copper wire, running be- 
tween the various components. Spacing be- 
cween the wires is held close to three inches 
to approximate a 500-600 ohm line. 

The small components of the bridge are 
placed symmetrically about the 250 ohm series 
line resistors and the calibrating potentiometer, 
as can be seen in figure 22. Exact parts place- 
ment is not critical, except that the crystal 
diodes should be placed at right angles to 
the wires of the transmission line to reduce 
capacative pickup. The two r-f chokes should 
then be placed art right angles to the diodes. 

The six 250 ohm resistors are checked on an 
ohmmeter and should be hand-picked ¢o ob- 
tain units that are reasonably close in value. 
If it is desired to use the bridge with a 600 
ohm line, the value of these resistors should 
be increased to 300 ohms each. Excessive heat 
should not be used in soldering either the re- 
sistors or the diodes to ensure that their char- 
acteristics will not be altered by application of 
high temperatures over an extended period. 


When the instrument is 
completed, a grid-dip meter 
may be coupled to the in- 
put terminals via a two turn link. Be careful 
not to pin the bridge meter. Place switch S: in 
the “Calibrate” (open) position. Set the grid 
dip meter in the 10-Mc. to 20-Mc. range and 
adjust the link and calibration control R: for 
full scale meter reading. A 500 ohm carbon 
resistor placed across the output terminals of 
the unit should produce a zero meter reading 
when S: is set to the “SWR” position. Various 
values of resistance may now be placed across 
the meter terminals to obtain calibration points 
for the meter scale. The ratio of the external 


Testing the 
Balanced Bridge 


Figure 22 


INTERIOR VIEW OF 

BALANCED BRIDGE 

SHOWING PARTS 
PLACEMENT 


Diode rectifiers are placed 
at right angles to the 
short section of trans- 
mission line. Both sides 
of bridge are balanced 
to ground by virtue of 
symmetrical construction 
of unit. 
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Figure 23 
THE ANTENNASCOPE 


The radiation resistance of r-# loads connected 

across the output receptacle may be quickly 

determined by a direct dial reading. The An- 

tennascope may be driven with a grid-dip 

oscillator, covering r-f impedance range of § 
to 1000 ohms. 


resistor to the design value of the bridge will 
provide the SWR value for any given meter 
reading. For example, a 1000 ohm resistor 
has a ratio of 1000/500, and will give an indi- 
cated SWR reading of 2. A 1500 ohm resistor 
will give an indicated reading of 3, a 2000 
ohm resistor will provide a reading of 4, and 
so on. Before each measurement is recorded, 
the calibrate control should be set to a full 
scale reading with S: open. 

This simple system of calibration will lead 
to slight errors in calibration if the regulation 
of the r-f source is poor. That is, a change in 
the external calibrating resistance will produce 
a varying load on the r-f generator which could 
easily cause a change in the power applied to 


the bridge. A separate diode r-f voltmeter 
placed across the pickup loop will enable the 
input voltage to be held to a constant value 
and will provide somewhat more accurate 
bridge calibration. 


Using the 
Bridge 


The bridge is placed in the trans- 
mission line and driven from a 
low powered source having a min- 
imum of harmonic content. Several measure- 
ments should be made at various frequencies 
within the range of antenna operation. The 
selector switch is set to the “Cal.” position and 
the “Calibrate” potentiometer is adjusted for 
full scale meter reading. The switch is then 
set to the “SWR"” position and a reading is 
taken. This reading and others taken at various 
frequencies may be plotted on a graph to pro- 
vide a “SWR curve” for the particular antenna 
and transmission line. Antenna adjustments 
and line balancing operations may now be 
conducted to provide a smooth SWR curve, 
with the point of minimum SWR occuring at 
the chosen design frequency of the antenna in- 
stallation. The complete adjustment and check- 
out procedure for an antenna and transmission 
line system is covered in the Beam Antenna 
Handbook, published by Radio Publications, 
Inc., Wilton, Conn. 


33-9 The Antennascope 


The Antennascope is a modified SWR 


bridge in which one leg of the bridge is com- 
posed of a non-inductive variable resistor. This 
resistor is calibrated in ohms, and when its 
setting is equal to the radiation resistance of 
the antenna under test the bridge is in a bal- 
anced state. If a sensitive voltmeter is con- 


Figure 24 
SCHEMATIC, ANTENNASCOPE 


R:—1000 ohm composition potentiometer ohm- 
ite type AB or Allen Bradley type J, 
lineor taper 

Rr—50 ohm, I-watt composition resistor, IRC 
type BT, or ohmite “Little Devil’ (see 
text) 

M—0-200 d-¢ microammeter 
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nected across the bridge, it will indicate a 
voltage null at bridge balance. The radiation 
resistance of the antenna may then be read di- 
rectly from the calibrated resistor of the in- 
strument. 

When the antenna under test is in a non- 
resonant or reactive state, the null indication 
on the meter of the Antennascope will be in- 
complete. The frequency of the exciting sig- 
nal must then be moved to the resonant fre- 
quency of the antenna to obtain accurate read- 
ings of radiation resistance from the dial of 
the instrument. 

A typical Antennascope is shown in figures 
23 and 25, and the schematic is shown in fig- 
ure 24. A 1000 ohm non-inductive carbon po- 
tentiometer serves as the variable leg of the 
bridge. The other legs are composed of the 50 
ohm composition resistor and the radiation re- 
sistance of the antenna. If the radiation resis- 
tance of the external load or antenna is 50 
ohms and the potentiometer is set at mid-scale 
the bridge is in balance and the diode volt- 
meter will read zero. If the radiation resistance 
of the antenna is any value other than 50 


ohms, the bridge may be balanced to this new 
value by varying the position of the potentio- 
meter. Bridge balance may be obtained with 
non-reactive loads in the range of 5 ohms to 
1000 ohms with this simple circuit. When 
measurements are conducted at the resonant 
frequency of the antenna system the radiation 
resistance of the installation may be read di- 
rectly from the calibrated dial of the Anten- 
nascope. Conversely, a null reading of the in- 
strument will occur at the resonant frequency, 
which may easily be found with the aid of a 
calibrated receiver or frequency meter. 


The Antennascope is built 
within a sheet metal case 
measuring 3” x 6” x 2”. 
The indicating meter is placed at the top of 
the case, and the r-f bridge occupies the lower 
portion of the box. The input and output co- 
axial fittings are mounted on each side of the 
box and the non-inductive 50 ohm resistor is 
soldered between the center terminals of the 
receptacles. 

The calibrating potentiometer (R:) is 
mounted upon a phenolic plate placed over a 
34-inch hole drilled in the front of the box. 
This reduces the capacity to ground of the po- 
tentiometer to a minimum. Placement of the 
small components within the box may be seen 
in figure 25. Care should be taken to mount 
the crystal diode at right angles to the 50 ohm 
resistor to reduce capacity coupling berween 
the components. 

The upper frequency limit of accuracy of 
the Antennascope is determined by the as- 
sembly technique. The unit shown will work 
with good accuracy to approximately 100 Mc. 
Above this frequency, the self-inductance of the 
leads prevents a perfect null from being ob- 
tained. For operation in the VHF region, it 
would be wise to rearrange the components to 
reduce lead length to an absolute minimum, 
and to use 14-inch copper strap for the r-f 
leads instead of wire. 


Constructing the 
Antennascope 


Testing the 
Antennascope 


When the instrument is com- 
pleted, a grid-dip meter may 
be coupled to the input recep- 
tacle of the Antennascope by means of a two 


Figure 25 
PLACEMENT OF PARTS WITHIN 
THE ANTENNASCOPE 


With the length of leads shown this model 

is useful up to about 100 Mc. Crystal diode 

should be placed at right angles to 50 ohm 
composition resistor. 
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Figure 26 


SIMPLE SILICON CRYSTAL NOISE 
GENERATOR 


turn link. The frequency of excitation should 
be in the 10 Mc.-20 Mc. region. Coupling 
should be adjusted to obtain a half-scale read- 
ing of the meter. Various values of 1-watt 
composition resistors up to 1000 ohms are 
then plugged into the “output” coaxial recep- 
tacle and the potentiometer is adjusted for a 
null on the meter. The settings of the poten- 
uometer may now be calibrated in terms of 
the load resistor, the null position indicating 
the value of the test resistor. A calibrated scale 
for the potentiometer should be made, as 
shown in figure 23. 


Using the The 
Antennascope 


antennascope may be 
driven by a grid-dip oscillator 
coupled to it by a two turn 
link. Enough coupling should be used to obtain 
at least a 34 scale reading on the meter of 
the Antennascope with no load connected to 
the measuring terminals. The Antennascope 
may be considered to be a low range r-f ohm- 
meter and may be employed to determine the 
electrical length of quarter-wave lines, surge 
impedance of transmission lines, and antenna 
resonance and radiation resistance. 

In general, the measuring terminals of the 
Antennascope are connected in series with the 
load at a point of maximum current. This 
means the center of a dipole, or the base of a 


vertical 4-wave ground plane antenna. Exci- 
tation is supplied to the Antennascope, and the 
frequency of excitation and the resistance con- 
trol of the Antennascope are both varied until 
a complete null is obtained on the indicating 
meter of the Antennascope. The frequency of 
the source of excitation is now the resonant 
frequency of the load, and the radiation resist- 
ance of the load may be read upon the dial of 
the Antennascope. 

On measurements on 80 and 40 meters, it 
might be found that it is impossible to obtain 
a complete null on the Antennascope. This is 
usually caused by pickup of a nearby broad- 
cast station, the rectified signal of the broad- 
cast station obscuring the null indication on 
the Antennascope. This action is only noticed 
when antennas of large size are being checked. 


33-10 A Silicon Crystal 
Noise Generator 


The limiting factor in signal reception above 
25 Mc. is usually the thermal noise generated 
in the receiver. At any frequency, however, 
the tuned circuits of the receiver must be ac- 
curately aligned for best signal-to-noise ratio. 
Circuit changes (and even alignment changes ) 
in the r-f stages of a receiver may do much to 
either enhance or degrade the noise figure of 
the receiver. It is exceedingly hard to deter- 
mine whether changes of cither alignment or 
circuitry are really providing a boost in signal- 
to-noise ratio of the receiver, or are merely in- 
creasing the gain (and noise) of the unit. 


A simple means of determining the degree 
of actual sensitivity of a receiver is to inject 
a minute signal in the input circuit and then 
measure the amount of this signal that is 
needed to overcome the inherent receiver 
noise. The less injected signal needed to over- 
ride the receiver noise by a certain, fixed 
amount, the more sensitive is the receiver. 


Load 
RESISTOR 
$0-3000 


A SILICON CRYSTAL NOISE GENERATOR 
Figure 27 
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NOISE RECEIVER 
GENERATOR 


Roeser 


RESISTOR 


TEST SET-UP FOR NOISE GENERATOR 


Figure 28 


A simple source of minute signal may be ob- 
tained from a silicon crystal diode. If a small 
d-c current is passed through a silicon crystal 
in the direction of highest resistance, a small 
but constant r-f noise (or hiss) is generated. 
The voltage necessary to generate this noise 
may be obtained from a few flashlight cells. 
The generator is a broad band device and re- 
quires no tuning. If built with shore leads, ic 
may be employed for receiver measurements 
well above 150 Mc. The noise generator should 
be used for comparative measurements only, 
since calibration against a high quality com- 
mercial noise generator is necessary for ab- 
solute measurements. 


Shown in figure 26 is a 
simple silicon crystal noise 
generator. The schematic of 
this unit is illustrated in figure 27. The 1N21 
crystal and .001 yfd. ceramic capacitor are 
connected in series directly across the output 
terminals of the instrument. Three small flash- 
light batteries are wired in series and mounted 
inside the case, along with the 0-2 d-c milliam- 
meter and the noise level potentiometer. 

To prevent heat damage to the 1N21 crystal 
during the soldering process, the crystal should 
be held with a damp rag, and the connections 
soldered to it quickly with a very hot iron. 
Across the terminals (and in parallel with the 
equipment to be attached to the generator) is 
a l-watt carbon resistor whose resistance is 
equal to the impedance level at which meas- 
urements are to be made. This will usually be 
either 50 or 300 ohms. If the noise generator 
is to be used at one impedance level only, this 
resistor may be mounted permanently inside 
of the case. 


A Practical 
Noise Generator 


The test setup for use of 
the noise generator is shown 
in figure 28. The noise gen- 
erator is connected to the antenna terminals 
of the receiver under test. The receiver is 
turned on, the a.v.c. turned off, and the r-f 
gain control placed full on. The audio volume 
control is adjusted until rhe output meter ad- 


Using the 
Noise Generator 


vances to one-quarter scale. This reading is 
the basic receiver noise. The noise generator 
is turned on, and the noise level potentiometer 
adjusted until the noise output voltage of the 
receiver is doubled. The more resistance in 
the diode circuit, the better is the signal-to- 
noise ratio of the receiver under test. The r-f 
circuits of the receiver may be aligned for 
maximum signal-to-noise ratio with the noise 
generator by aligning for a 2/1 noise ratio at 
minimum diode current. 


33-11 A Monitor Scope 
for AM and SSB 


This miniature monitor scope is designed 
to be used with transmitters having a plate 
supply of 500 to 3000 volts. The scope draws 
its plate power from the transmitter, thus 
eliminating the costly and bulky power supply 
usually required for an instrument of this type. 

The circuit of the scope is shown in figure 
30. A 2AP1 tube is used, with electrode volt- 
ages obtained from a voltage divider which is 
placed across the transmitter power supply. A 
60 cycle sweep circuit is used with return trace 
blanking derived from a simple phase shift 
circuit. This sweep is not ideal, bur is satis- 
factory for the intended purpose of the scope. 
A more sophisticated sweep circuit would re- 


Figure 29, 
This miniature oscilloscope is designed to be 
used with a.m. and s.s.b. transmitters and 
draws its anode power from the transmitter 
plate supply. A small steel chassis and bottom 
plate are used to make the ‘scope cabinet. 


WWW.americanradiohistorv.com 


HANDBOOK 


Noise Generator 751 


004 RF 
TRV iL) (NPUT 


NOTE 
ALL RESISTORS 1-wWaTT 
T1 =150v. AT 25 MA. 


B.3V. AT OSA, 
STANCOR P-8181 


t 


Sree: DOOR) WV 


nsVv%~% 


Figure 30. 
SCHEMATIC, MONITOR OSCILLOSCOPE. 


quire more circuitry and’ a low voltage supply, 
both of which would increase the size, com- 
plexity and cost of the unit. 


The cathode circuit is at ground potential 
and the centering controls are above ground. 
These two potentiometers are mounted on a 


phenolic board on the side of the unit, and 
are adjusted with an snsulated screwdriver. 
After adjustment they are covered with a 
second phenolic board to prevent the user 
from touching them. 


If the scope is to be used with a supply 
voltage lower than 2000, one of the 1-megohm 
resistors at the “top” of the divider should be 
removed. Five hundred to 1000 volts should 
be measured across the 1 pfd. filter capacitor. 
A VTVM should be used for this measurement. 


The monitor scope is built into a steel 
chassis measuring 244” x 5” x 914”, and is 
designed to sit atop the receiver. R.f. connec- 
tion to the transmitter may be made by insert- 
ing a coaxial “Tee” in the transmission line 
and running a short length of similar line from 
the “Tee” to the scope. Operation of the scope 
and its uses are covered in chapter 9, “The 
Oscilloscope.” 


Figure 31. 
UNDER-CHASSIS 
VIEW OF 
OSCILLOSCOPE. 


Filament transformer is 
mounted directly behind 
‘scope tube so as not to 
distort electron beam. 
Centering controls are 
mounted on _ phenolic 
board on chassis edge. 
Controls are covered aft- 
er adjustment to elimin- 
ate shock hazard. 
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Radio Mathematics 


and Calculations 


Radiomen often have occasion to cal- 
culate sizes and values of required parts. This 
requires some knowledge of mathematics. The 
following pages contain a review of those parts 
of mathematics necessary to understand and 
apply the information contained in this book. 
It is assumed that the reader has had some 
mathematical training; this chapter is not in- 
tended to teach those who have never learned 
anything of the subject. 

Fortunately only a knowledge of fundamen- 
tals is necessary, although this knowledge must 
include several branches of the subject. Fortu- 
nately, too, the majority of practical applica- 
tions in radio work reduce to the solution of 
equations or formulas or the interpretation of 
yeaphs. 


Arithmetic 


In writing numbers in the Ara- 
bic system we employ ten dif- 
ferent symbols, digits, or fig- 
ures: 1, 2, 3, 4, 5, 6, 7, 8, 9, and 0, and place 
them in a definite sequence. If there is more 
than one figure in the number the position of 
each figure or digit is as important in deter- 
mining its value as is the digit itself. When we 
deal with whole numbers the righthandmost 
digit represents units, the next to the left rep- 
resents tens, tne next hundreds, the next thou- 
sands, from which we derive the rule that ev- 
ery time a digit is placed one space further to 
the left its value is multiplied by ten. 


814 3 


thousends hundreds tens units 


Nototion of 
Numbers 


It will be seen that any number is actually a 
sum. In the <«xample given above it is the sum 
of eight tnousands, plus one hundred, plus 


four tens, plus three units, which could be 
written as follows: 


8 thousands ( 
1 hundreds ( 
4 tens 
3 units 


8143 


The number in the units position is some- 
times referred to as a first aides number, that 
in the tens position is of the secand order, that 
in the hundreds position the rhad arden, etc. 

The idea of letting the pusition of the sym- 
bol denote its value 1s an outcome of the aba- 
cus. The abacus had only a limited num- 
ber of wires with beads, but it soon became 
apparent that the quantity of symbols might 
be continued indefinitely towards the left, 
each further space multiplying the digit’s 
value by ten. Thus any quantity, however 
large, may readily be indicated. 

It has become customary for ease of reading 
to divide large numbers into groups of three 
digits, separating them by commas. 


6,000,000 rather than 6000000 


Our system of notation then is characterized 
by two things: the use of positions to indicate 
the value of each symbol, and the use of ten 
symbols, from which we derive the name dec- 
imal system. 

Retaining the same use of positions, we 
might have used a different number of sym- 
bols, and displacing a symbol one place to the 
left might multiply its value by any other fac- 
tor such as 2, 6 or 12. Such other systems have 
been in use in history, but will not be discussed 
here. There are also systems in which displac- 
ing a symbol to the left multiplies its value by 
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Figure 1. 
AN ILLUSTRATION OF LINEAR FRACTIONS. 


varying factors in accordance with complicat- 
ed rules. The English system of measurements 
is such an inconsistent and inferior system. 


Since we can extend a 
number indefinitely to 
the left to make it bigger, it is a logical step to 
extend it towards the right to make it smaller. 
Numbers smaller than unity are fractions and 
if a displacement one position to the right di- 
vides its value by ten, then the number is re- 
ferred to as a decimal fraction. Thus a digit 
to the right of the units column indicates the 
number of tenths, the second digit to the right 
represents the number of bandredths, the third, 
the number of thousandths. etc. Some distin- 
guishing mark must be used to divide unit from 
tenths so that one may properly evaluate each 
symbol. This mark is the decimal point. 

A decimal fraction like four-tenths may be 
written .4 or 0.4 as desired, the latter probably 


Decimal! Fractions 


being the clearer. Every time a digit is placed 
one space further to the right it represents a 
ten times smaller part. This is illustrated in 
Figure 1, where each large division represents 
a unit; each unit may be divided into ten parts 
although in the drawing we have only so di- 
vided the first part. The length aé is equal to 
seven of these tenth parts and is written as 0.7. 

The next smaller divisions, which should be 
written in the second column to the right of 
the decimal point, are each one-tenth of the 
small division, or one one-hundredth each. 
They are so small that we can only show them 
by imagining a magnifying glass to look at 
them, as in Figure 1. Six of these divisions is 
to be written as 0.06 (six hundredths). We 
need a microscope to see the next smaller divi- 
ston, that is those in the third place, which will 
be a tenth of one one-hundredth, or a thou- 
sandth; four such divisions would be written 
as 0.004 (four thousandths). 


Figure 2, 


IN THIS ILLUSTRATION FRACTIONAL PORTIONS ARE REPRESENTED IN THE 


FORM OF RECTANGLES RATHER THAN LINEARLY. 
ABCD — 1.0;GFED — 0.1; KJEH — 0.01; each small section within KJEH equals 0.001 
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It should not be thought that such numbers 
are merely of academic interest for very small 
quantities are common in radio work. 

Possibly the conception of fractions may be 
clearer to some students by representing it in 
the form of rectangles rather than linearly 
(see Figure 2). 


When two or more numbers are 
to be added we sometimes write 
them horizontally with the plus sign between 
them. + is the sign or operator indicating ad- 
dition. Thus if 7 and 12 are to be added to- 
gether we may write 7+12=19. 

But if larger or more numbers are to be added 
together they are almost invariably written one 
under another in such a position that the deci- 
mal points fall in a vertical line. If a number 
has no decimal point, it is still considered as 
being just to the right of the units figure; such 
a number is a whole number or integer. Ex- 
amples: 


Addition 


654 0.654 654 

32 3.2 32 
53041 53.041 5304.1 
53727 56.895 5990.1 


The result obtained by adding numbers is 
called the s2m. 


Subtraction is the reverse of 
addition. Its operator is — (the 
minus sign). The number to be subtracted is 
called the subtrahend, the number from which 
it is subtracted is the minuend, and the result 
is called the remainder. 


Subtraction 


minuend 
—subtrahend 
remainder 
Examples: 
65.4 65.4 
—32 — 32.21 
33.4 33.19 
Multiplication = When numbers are to be mul- 


tiplied together we use the x, 
which is known as the multiplication or the 
times sign. The number to be multiplied is 
known as the multiplicand and that by which 
it is to be multiplied is the mauétiplier, which 
may be written in words as follows: 


multiplicand 
X multiplier 


portial product 
partial product 


product 


The result of the operation is called the 
product. 

From the examples to follow it will be obvi- 
ous that there are as many partial products 
as there are digits in the multiplier. In the fol- 
lowing examples note that the righthandmost 
digit of each partial product is placed one 
space farther to the left than the previous one. 


834 834 
xX 26 xX 206 
5004 5004 

1668 000 
1668 
21684 
171804 


In the second example above it will be seen 
that the inclusion of the second partial prod- 
uct was unnecessary; whenever the multiplier 
contains a cipher (zero) the next partial prod- 
uct should be moved an additional space to 
the left. 

Numbers containing decimal fractions may 
first be multiplied exactly as if the decimal 
point did not occur in the numbers at all; the 
position of the decimal point in the product is 
determined after all operations have been com- 
pleted. It must be so positioned in the product 
that the number of digits to its right 1s equal 
to the number of decimal places in the multi- 
plicand plus the number of decimal places in 
the multiplier. 

This rule should be well understood since 
many radio calculations contain quantities 
which involve very small decimal fractions. In 
the examples which follow the explanatory 
notations “2 places,” etc., are not actually 
written down since it is Comparatively easy to 
determine the decimal point’s proper location 
mentally. 


5.43 2 places 


X0.72 2 places 
1086 
3 801 
3.9096 2+2=4 places 


0.04 2 places 


0.003 3 places 
0.00012 2+3=5 places 


Division is the reverse of multi- 
plication. Its operator is the +, 
which is called the division sign. It is also com- 
mon to indicate division by the use of the frac- 
tion bar (/) or by writing one number over 
the other. The number which is to be divided 
is called the dividend and is written before 
the division sign or fraction bar or over the 
horizontal line indicating a fraction. The num- 


Division 


WWW.americanradiohistorv.com 


HANDBOOK 


Division 755 


ber by which the dividend is to be divided is 
called the divisor and follows the division 
sign or fraction bar or comes under the hori- 
zontal line of the fraction. The answer or 
result is called the quotient. 


quotient 
divisor ) dividend 
or 


dividend — divisor = quotient 


or 
dividend 
= quotient 
divisor 
Examples: 
126 49 
834) 105084 49 J 2436 
834 196 
2168 416 
1668 44) 
5004 35 remainder 
5004 


Note that one number often fails to divide 
into another evenly. Hence there is often a 
quantity left over called the remainder. 

The rules for placing the decimal point 
are the reverse of those for multiplication. 
The number of decimal places in the quotient 
is equal to the difference between the number 
of decimal places in the dividend and that in 
the divisor. It is often simpler and clearer 
to remove the decimal point entirely from the 
divisor by multiplying both dividend and di- 
visor by the necessary factor; that is we move 
the decimal point in the divisor as many places 
to the right as is necessary to make it a whole 
number and then we move the decimal point 
in the dividend exactly the same number of 
places to the right regardless of whether this 
makes the dividend a whole number or not. 
When this has been done the decimal point 
in the quotient will automatically come di- 
rectly above that in the dividend as shown in 
the following example. 

Example: Divide 10.5084 by 8.34. Move the 
decimal point of both dividend and divisor 
two places to the right. 


1.26 


834) 1050.84 
834 
2168 
1668 
5004 
5004 


Another example: Divide 0.000325 by 0.017. 
Here we must move the decimal point three 
places to the right in both dividend and di- 
visor. 


0.019 


17) 0.325 
7 


155 
153 


2 


In a case where the dividend has fewer deci- 
mals than the divisor the same rules still may 
be applied by adding ciphers. For example to 
divide 0.49 by 0.006 we must move the 
decimal point three places to the right. The 
0.49 now becomes 490 and we write: 


When the division shows a remainder it is 
sometimes necessary to continue the work so 
as to obtain more figures. In that case ciphers 
may be annexed to the dividend, brought down 
to the remainder, and the division continued 
as long as may be necessary; be sure to place 
a decimal point in the dividend before the 
ciphers are annexed if the dividend does not 
already contain a decimal point. For ex- 
ample: 

80.33 
6 ) 482.00 


48 


20 

18 
20 
18 


2 


This operation is not very often required 

in radio work since the accuracy of the mea- 
surements from which our problems. start 
seldom justifies the use of more than three 
significant figures. This point will be cov- 
ered further later in this chapter. 
Fractions Quantities of less than one 
(unity) are called fractions. They 
may be expressed by decimal notation as we 
have seen, or they may be expressed as vulgar 
fractions. Examples of vulgar fractions: 
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numerotor 3 6 1 
denominotor 4 7 5 


The upper position of a vulgar fraction is 
called the numerator and the lower position 
the denominator. When the numerator is the 
smaller of the two, the fraction is called a 
proper fraction; the examples of vulgar frac- 
tions given above are proper vulgar fractions. 
When the numerator is the larger, the ex- 
pression is an improper fraction, which can 
be reduced to an integer or whole number 
with a proper fraction, the whole being called 
a mixed number. In the following examples 
improper fractions have been reduced to 
their corresponding mixed numbers. 


ee kee iS 

Fie sy =H'5 
Adding or Subtracting Except when the 
Fractions fractions are very 


simple it will usual- 
ly be found much easier to add and subtract 
fractions in the form of decimals, This rule 
likewise applies for practically all other oper- 
ations with fractions. However, it is occa- 
sionally necessary to perform various opera: 
tions with vulgar fractions and the rules 
should be understood. 

When adding or subtracting such fractions 
the denominators must be made equal. This 
may be done by multiplying both numerator 
and denominator of the first fraction by the 
denominator of the other fraction, after 
which we multiply the numerator and de- 
nominator of the second fraction by the de- 
nominator of the first fraction. This sounds 
more complicated than it usually proves in 
Practice, as the following examples will show. 


1 1 1x3 1x2 3 2 5 
peys[Ro+ he ]=34+354 


Except in problems involving large numbers 
the step shown in brackets above is usually 
done in the head and is not written down. 
Although in the examples shown above we 
have used proper fractions, it is obvious that 
the same procedure applies with improper 
fractions. In the case of problems involving 
mixed numbers it is necessary first to convert 
them into improper fractions. Example: 


23 we 2X7 +3 17 
7 a) aT, 


The numerator of the improper fraction is 
equal to the whole number multiplied by the 
denominator of the original fraction, to which 


the numerator is added. That is in the above 
example we multiply 2 by 7 and then add 3 
to obtain 17 for the numerator. The denomi- 
nator is the same as is the denominator of 
the original fraction. In the following ex- 
ample we have added two mixed numbers. 


Wy Wf irae, as87 
7 04 = |e ats 


5 


Multiplying 
Fractions 


All vulgar fractions are multi- 
plied by multiplying the nu- 
merators together and the de- 
nominators together, as shown in the follow- 
ing example: 


3 2 3x2 6 3 
4xte[ 4x5 |=20 =10 


As above, the step indicated in brackets is 
usually not written down since it may easily 
be performed mentally. As with addition and 
subtraction any mixed numbers should be 
first reduced to improper fractions as shown 
in the following example: 


Division of Fractions may be most easily 


Fractions divided by inverting the di- 
visor and then multiplying. 
Example: 
2 3 2 4 8 
BS. Aue ce a IS! 


In the above example it will be seen that to 
divide by 3% is exactly the same thing as to 
multiply by 4/3. Actual division of fractions 
is a rather rare operation and if necessary is 
usually postponed until the final answer is se- 
cured when it is often desired to reduce the 
resulting vulgar fraction to a decimal frac- 
tion by division. It is more common and 
usually results in least overall work to re- 
duce vulgar fractions to decimals at the be- 
ginning of a problem. Examples: 

3 5 

p= 0.375 37 = 0.15625 
0.15625 
32) 400006 
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It will be obvious that many vulgar fractions 
cannot be reduced to exact decimal equiva- 
lents. This fact need not worry us, however, 
since the degree of equivalence can always be 
as much as the data warrants. For instance, 
if we know that one-third of an ampere is 
flowing in a given circuit, this can be written 
as 0.333 amperes. This is not the exact 
equivalent of 1/3 but is close enough since it 
shows the value to the nearest thousandth of 
an ampere and it is probable that the meter 
from which we secured our original data was 
not accurate to the nearest thousandth of an 
ampere. 

Thus in converting vulgar fractions to a 
decimal we unhesitatingly stop when we have 
reached the number of significant figures war- 
ranted by our original data, which is very 
seldom more than three places (see section 
Sienificant Figures later in this chapter). 

When the denominator of a vulgar fraction 
contains only the factors 2 or 5, division can 
be brought to a finish and there will be no 
remainder, as shown in the examples above. 

When the denominator has other factors 
such as 3, 7, 11, etc., the division will seldom 
come out even no matter how long it is con- 
tinued but, as previously stated, this is of 
no consequence in practical work since it may 
be carried to whatever degree of accuracy is 
necessary. The digits in the quotient will 
usually repeat either singly or in groups, al- 
though there may first occur one or more 
digits which do not repeat. Such fractions 
are known as repeating fractions, They are 
sometimes indicated by an oblique line (frac- 
tion bar) through the digit which repeats, or 
through the first and last digits of a repeating 
group. Example: 


1 _ oe i 
> = 0.3333... = 03 


= 0142857142857... = 0,142854 


The foregoing examples contained only re- 
peating digits. In the following example a 
non-repeating digit precedes the repeating 
digit: 


7 / 
jo = 0.2333....= 0.28 


While repeating decimal fractions can be 
converted into their vulgar fraction equiva- 
lents, this is seldom necessary in practical 
work and the rules will be omitted here. 


When a number is to be mul- 
tiplied by itself we say that 
it is to be squared or to be 
raived to the second power. When it is to be 
multipled by itself once again, we say that 
it is cubed or rained to the third power. 


Powers and 
Roots 


In general terms, when a number is to be 
multipled by itself we speak of raising to a 
power or involution; the number of times 
which the number is to be multiplied by it- 
self is called the order of the power. The 
standard notation requires that the order of 
the power be indicated by a small number 
written after the number and above the line, 
called the exponent. Examples: 


2? = 2 X 2, 0r 2 squared, or the second 


power of 2 

2 = 2 X 2 XX 2, or 2 cubed, or the third 
power of 2 

2° = 2 X 2 X 2 XK «2, or the fourth pow- 
er of 2 


Sometimes it is necessary to perform the 
reverse of this operation, that is, it may be 
necessary, for instance, to find that number 
which multiplied by itself will give a product 
of nine. The answer is of course 3. This 
process is known as extracting the root or 
evolution. The particular example which is 
cited would be written: 


V9=3 


The sign for extracting the root is V, 
which is known as the radical sign; the order 
of the root is indicated by a small number 
above the radical as in W , which would mean 
the fourth root; this number is called the 
index. When the radical bears no index, the 
square or second root is intended. 

Restricting our attention for the moment 
to Square root, we know that 2 ts the square 
root of 4, and 3 is the square root of 9. If 
we want the square root of a number between 
3 and 9, such as the square root of 5, it is 
obvious that it must lie between 2 and 3. In 
general the square root of such a number can- 
not be exactly expressed either by a vulgar 
fraction or a decimal fraction. However, the 
square root can be carried out decimally as 
far as may be necessary for sufficient accur- 
acy. In general such a decimal fraction will 
contain a never-ending series of digits with- 
out repeating groups. Such a number is an 
irrational number, such as 


V5 = 2.2361.... 


The extraction of roots is usually done by 
tables or logarithms the use of which will 
be described later. There are longhand meth- 
ods of extracting various roots, but we shall 
give only that for extracting the square root 
since the others become so tedious as to make 
other methods almost invariably preferable. 
Even the longhand method for extracting the 
square root will usually be used only if loga- 
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rithm tables, slide rule, or table of roots are 
not handy. 


First divide the number the 
root of which is to be ex- 
tracted into groups of two 
digits starting at the decimal point and going 
in both directions. If the lefthandmost group 
proves to have only one digit instead of two, 
no harm will be done. The righthandmost 
group may be made to have two digits by 
annexing a zero if necessary. For example, 
let it be required to find the square root of 
5678.91. This is to be divided off as follows: 


V56' 78.91 


The mark used to divide the groups may 
be anything convenient, although the prime- 
sign (’) is most commonly used for the 
purpose. 

Next find the largest square which is con- 
tained in the first group, in this case 56. The 
largest square is obviously 49, the square of 7. 
Place the 7 above the first group of the num- 
ber whose root is to be extracted, which is 
sometimes called the dividend from analogy 
to ordinary division. Place the square of this 
figure, that is 49, under the first group, 56, 
and subtract leaving a remainder of 7. 


Extracting the 
Square Root 


7 
v 26 78.91 


7 


Bring down the next group and annex it to 
the remainder so that we have 778. Now to 
the left of this quantity write down twice the 
root so far found (2 X 7 or 14 in this ex- 
ample), annex a cipher as a trial divisor, and 
see how many times the result is contained 
in 778. In our example 140 will go into 778 
5 times. Replace the cipher with a 5, and 
multiply the resulting 145 by 5 to give 725. 
Place the 5 directly above the second group 
in the dividend and then subtract the 725 
from 778. 


7 5 
Vv as 78.91 


140 "7 78 
725 


53 


The next step is an exact repetition of the 
previous step. Bring down the third group 
and annex it to the remainder of 53, giving 
3391. Write down twice the root afeady 


found and annex the cipher (2 x 75 or 150 
plus the cipher, which will give 1500). 1500 
will go into 5391 3 times. Replace the last 
cipher with a three and multiply 1503 by 3 to 
give 4509. Place 3 above the third group. 
Subtract to find the remainder of 882. The 
quotient 75.3 which has been found so far is 
not the exact Square root which was desired; 
in most cases it will be sufficiently accurate. 
However, if greater accuracy is desired groups 
of two ciphers can be brought down and the 
process carried on as long as necessary. 


7 5.3 
V56' 78.91 
49 

140 9 78 

45x 5= 7 25 
1500 53 91 
1503 x 3 = 45 09 
8 82 


Each digit of the root should be placed di- 
rectly above the group of the dividend from 
which it was derived; if this is done the 
decimal point of the root will come directly 
above the decimal point of the dividend. 

Sometimes the remainder after a square 
has been subtracted (such as the 1 in the fol- 
lowing example) will not be sufficiently large 
to contain twice the root already found even 
after the next group of figures has been 
brought down. In this case we write a cipher 
above the group just brought down and bring 
down another group. 


7.0 8 2 
50.16’ 00’ 00 
49 
1400 116 00 
1408 x 8 = 112 64 
14160 3 36 00 
14162 xX 2 = 2 83 24 
52 76 


In the above example the amount 116 was not 
sufficient to contain twice the root already 
found with a cipher annexed to it; that is, 
it was not sufficient to contain 140. There- 
fore we write a zero above 16 and bring down 
the next group, which in this example is a 
pair of ciphers. 


Order of 
Operations 


One frequently encounters prob- 
lems in which several of the fun- 
damental operations of arithme- 
tic which have been described are to be per- 
formed. The order in which these operations 
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must be performed is important. First al: pow- 
ers and roots should be calculated; multipli- 
cation and division come next; adding and 
subtraction come last. In the example 


2+3x4¥ 


we must first square the 4 to get 16; then we 
multiply 16 by 3, making 48, and to the 
product we add 2, giving a result of 50. 

If a ditferent order of operations were fol- 
lowed, a different result would be obtained. 
For instance, if we add 2 to 3 we would ob- 
tain 5, and then multiplying this by the square 
of 4 or 16, we would obtain a result of 80, 
which is incorrect. 

In more complicated forms such as frac- 
tions whose numerators and denominators may 
both be in complicated forms, the numerator 
and denominator are first found separately 
before the division is made, such as in the 
following example: 


x2 12 4+ 10 


lS = — = 2 


3xX4+5 
2K34+24+3 


Problems of this type are very common in 
dealing with circuits containing several in- 
ductances, capacities, or resistances. 

The order of operations specified above does 
not always meet all possible conditions; if a 
series of operations should be performed in a 
different order, this is always indicated by 
parentheses or hrackett. for example: 


243K 42243 1622 + 48 = 50 
(243) x 4¥4=5xK¥=5 & 16 = 80 
24(3 & 4)? 24+ 127 = 2 + 144 = 146 


In connection with the radical sign, brackets 
may be used or the “hat” of the radical may 
be extended over the entire quantity whose 
root 1s to be extracted. Example: 


V445= V445=524+5=7 
V(445) = V445= V9 =3 


It is recommended that the radical always be 
extended over the quantity whose root is to be 
extracted to avoid any ambiguity. 


In a fraction in which the 
numerator and denominator 
consist of several factors to be multiplied, con- 
siderable labor can often be saved if it is 
found that the same factor occurs in both 
numerator and denominator. These factors 
cancel each other and can be removed. Ex- 
ample: 


Concellotion 


5 
5 
Kg 77 


In the foregoing example it is obvious that the 
3 in the numerator goes into the 6 in the de- 
nominator twice. We may thus cross out 
the three and replace the 6 by a 2. The 2 
which we have just placed in the denominator 
cancels the 2 in the numerator. Next the 5 
in the denominator will go into the 25 in the 
numerator leaving a result of 5. Now we 
have left only a $ in the numerator and a 7 
in the denominator, so our final result is 5/7. 
If we had multiplied 2 X 3 X 25 to obtain 
150 and then had divided this by 6 X 5 X 7 
or 210, we would have obtained the same re- 
sult but, with considerably more work. 


Algebra 


Algebra is not a separate branch of mathe- 
matics but is merely a form of generalized 
arithmetic in which letters of the alphabet and 
occasional other symbols are substituted for 
numbers, from which it is often referred to as 
literal notation, It is simply a shorthand meth- 
od of writing operations which could be spelled 
out. 

The laws of mast common electrical phe- 
nomena and circuits (including of course ra- 
dio phenomena and circuits) lend themselves 
particularly well to representation by literal no- 
tation and solution by algebraic equations or 
formulas. 

While we may write a particular problem in 
Ohm's Law as an ordinary division or multi- 
plication, the general statement of all such 
problems calls for the replacement of the num- 
bers by symbols. We might be explicit and 
write out the names of the units and use these 
names as symbols: 


volts = omperes X ohms 


Such a procedure becomes too clumsy when 
the expression is more involved and would be 
unusually cumbersome if any operations like 
multiplication were required. Therefore as a 
short way of writing these generalized rela- 
tions the numbers are represented by letters. 
Ohm's Law then becomes 


E=I(xXR 


In the statement of any particular problem 
the significance of the letters is usually indi- 
cated directly below the equation or formula 
using them unless there can be no ambiguity. 
Thus the above form of Ohm’s Law would be 
more completely written as: 
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E=IxXR 


=e.m.f. in volts 
= current in amperes 
R = resistance in ohms 


where 


Letters therefore represent numbers, and for 
any letter we can read “any number.” When 
the same letter occurs again in the same ex- 
pression we would mentally read “the same 
number,” and for another letter “another num- 
ber of any value.” 

These letters are connected by the usual op- 
erational symbols of arithmetic, +, —, X, +, 
and so forth. In algebra, the sign for division 
is seldom used, a division being usually written 
as a fraction. The multiplication sign, X, is 
usually omitted or one may write a period 
only. Examples: 


2X aX b= 2ab 
2.3.4.50 => 2x3xX4xX5Xa 


In practical applications of algebra, an ex- 
pression usually states some physical law and 
each letter represents a variable quantity which 
is therefore called a variable. A fixed number 
in front of such a quantity (by which it is to 
be multiplied) is known as the coe ficient. 
Sometimes the coefficient may be unknown, yet 
to be determined; it is then also written as a 
letter; & is most commonly used for this pur- 
pose. 


The Negative In ordinary arithmetic we 
Sign seldom work with negative 

numbers, although we may 
be “short” in a subtraction. In algebra, how- 
ever, a number may be either negative or pos- 
itive. Such a thing may seem academic but a 
negative quantity can have a real existence. 
We need only refer to a debs being considered 
a negative possession. In electrical work, how- 
ever, a result of a problem might be a negative 
number of amperes or volts, indicating that the 
direction of the current is opposite to the di- 
rection chosen as positive. We shall have il- 
lustrations of this shortly. 

Having established the existence of negative 
quantities, we must now learn how to work 
with these negative quantities in addition, sub- 
traction, multiplication and so forth. 

In addition, a negative number added to a 
Positive number is the same as subtracting a 
positive number from it. 


7 


(add) is the same as (subtract) 


al wa 


or we might write it 


T+ (—-3) =>7—-3=4 


Similarly, we have: 
o+ (—b) =a—b 


When a minus sign is in front of an expres- 
sion in brackets, this minus sign has the effect 
of reversing the signs of every term within the 
brackets: 


—- la— bb) = —~a +b 
— (2a + 3b — Se) = — 20 — 3b + Se 


Multiplication. When both the multiplicand 
and the multiplier are negative, the product is 
positive. When only one (either one) is nega- 
tive the product is negative. The four possible 
cases are illustrated below: 


x 
x — 


+ 


+X + 
-x+ 


Division. Since division is but the reverse of 
multiplication, similar rules apply for the sign 
of the quotient. When both the dividend and 
the divisor have the same sign (both negative 
or both positive) the quotient is positive. If 
they have unlike signs (one positive and one 
negative) the quotient is negative. 


+ + 


+) 1+] + 


Powers. Even powers of negative numbers 
are positive and odd powers are negative. Pow- 
ers of positive numbers are always positive. 
Examples: 


—-2?=>—-2xX—-2=>+4+4 
—~2?2?>—2xX—-2xX —-2=>4+4-xX 
—-2=-8 


Roots. Since the square of a negative num- 
ber is positive and the square of a positive 
number is also positive, it follows that a posi- 
tive number has two square roots. The square 
root of 4 can be either +2 or —2 for (+2) 
x (+2) = +4 and(—-2) x (-2) = +4. 


Addition and 
Subtraction 


Polynomials are quantities 
like 3ab? + 4ab? — 7a’b* 
which have several terms of 
different names. When adding polynomials, 
only terms of the same name can be taken to- 
gether. 


To’ + 8 ob? + 3 o’b + 3 
a’ — § ab’ —b 


80° + 3 ab’? + 3 a’b — 
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Collecting terms. When an expression con- 
tains more than one term of the same name, 
these can be added together and the expression 
made simpler: 


Sx + 2xy + 3x —3 XV 4+ 7x7 = 
5 x7 — 3 x? + 2 xy + Txy + 3 xy’ 
2x? + Oxy + 3 xy’ 
Multiplication | Multiplication of single terms 


is indicated simply by writing 
them together. 


a XX b is written as ab 
a X b’ is written as ab’ 


Bracketed quantities are multiplied by a 
single term by multiplying each term: 


al(b + ¢ + d) = ob + ac + ad 


When two bracketed quantities are multi- 
plied, each term of the first bracketed quantity 
is to be multiplied by each term of the second 
bracketed quantity, thereby making every pos- 
sible combination. 


(a + b) (¢ + d) = ac + od + be + bd 


In this work particular care must be taken 
to get the signs correct. Examples: 


(a + b) (a — b) = a” + ab — ob — b? = 
a — b 


(a + b) (a + b) = a® + ab + ob + b= 
ao” + 2ab + b’ 


(a — b) (a — b) = a’ — ob — ab + b? = 

eo? — 2 ab + b’ 
Division It is possible to do longhand divi- 
sion in algebra, although it is 
somewhat more complicated than in arithme- 
tic. However, the division will seldom come 
out even, and is not often done in this form. 
The method is as follows: Write the terms of 
the dividend in the order of descending powers 
of one variable and do likewise with the di- 
visor, Example: 


Divide Sa’b + 21b? + 20? — 26ab’ by 
2a — 3b 


Write the dividend in the order of descending 
powers of a and divide in the same way as in 
arithmetic. 


a + 40b — 7b’ 
2a — 3b) 20° + 5a’b — 26 ab’ + 21b° 
2a" — 30°b 


+ 80°b — 26ab’ 
+ 8a’b — 12o0b’ 


— l4ab’ + 21b’ 
— 14cb’ + 21b° 


Another example: Divide x* — y’ by x — y 
x-yJxr +O O-V lw + ay ty 


x! se xy 
+ xy 
xy —xy’ 
+ xy =. 
xy’ as y° 
Factoring Very often it is necessary to sim- 


lify expressions by finding a fac- 
tor. This is done by collecting two or more 
terms having the same factor and bringing the 
factor outside the brackets: 


6ab + 3ac = 30(2b + c¢) 


In a four term expression one can take to- 
gether two terms at a time: the intention is to 
try getting the terms within the brackets the 
same after the factor has been removed: 


30ac — I18be + 10ad — 6bd = 
6¢ (5a — 3b) + 2d (5a — 3b) = 
(5a — 3b) (6e + 2d) 


Of course, this is not always possible and 
the expression may not have any factors. A 
similar process can of course be followed when 
the expression has six or eight or any even 
number of terms. 

A special case is a three-term polynomial, 
which can sometimes be factored by writing 
the middle term as the sum of two terms: 


x7 — Ixy + 12y* may be rewritten as 
x? 3xy — 4xy + 12y7 = 
x (x — By) — 4y (x — 3y) = 
{x — 4y) (x — 3y) 


The middle term should be split into two 
in such a way that the sum of the two new 
terms equals the original middle terrn and that 
their product equals the product of the two 
outer terms. [n the above example these condi- 
trons are fulfilled for — 3xy - 4 xy 7 7 7xy 
and (- 3xy) ( dxy) 7 12 x77. Tt is not al- 
ways possible to do this and there are then no 
simple factors. 
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Working with When two powers of the 
Powers same number are to be mul- 
and Roots tiplied, the exponents are 
added. 
a’ X ao’ = ao X cao = acaaa = a’ or 
a x he = a) = he 
b?> xX b = b* 


&féxX ced =e" 


Similarly, dividing of powers is done by 
Subtracting the exponents. 


o@ — aaa Oe gO gt) 
Sau se mace: e a’ =o 
bt — bbbbb _ 4, be epee 

b> bpp or 5 Sb = b 


Now we are logically led into some impor- 
tant new ways of notation. We have seen that 
when dividing, the exponents are subtracted. 
This can be continued into negative exponents. 
In the following series, we successively divide 
by a and since this can now be done in two 
ways, the two ways of notation must have the 
same meaning and be identical. 


6 2 ai Ppemaetl 
a a = 
1 

4 1 i 
@ c= a a = “e 
a oat ot 4 


These examples illustrate two rules: (1) any 
number raised to “zero’ power equals one or 
unity; (2) any quantity raised to a negative 
power is the inverse or reciprocal of the same 
quantity raised to the same positive power. 


Roots. The product of the square root of 
two quantities equals the square root of their 


product. 
Va xX Vb= Vab 


Also, the quotient of two roots is equal to the 
root of the quotient. 


=F 


Note, however, that in addition or subtrac- 
tion the square root of the sum or difference is 
not the same as the sum or difference of the 
Square roots. 


Thus, V9 — v4 = 3—2=1 
but V9 — 4= V5 = 2.2361 
Likewise Va + Vb is not the same os \a +b 


Roots may be written as fractional powers. 
Thus Va may be written as 2% because 


Ve X Va=a 


and, a” X a = a**“*% = o' = 
Any root may be written in this form 
Vb=b*% Wb=b* vb? = b% 


The same notation ts also extended in the 
negative direction: 


1 n 1 
“4 — __— — Vy —_ — 
bY = p= £ cu 


5 


Following the previous rules that exponents 
add when powers are multiplied, 


Vax Va= Va 
but also a” X ao = a® 


therefore ao*® = Wa? 


Powers of powers. When a power is again 
raised to a power, the exponents are multi- 
plied; 


(b")? = b” 
(b*)-*= b 


(a*)? = o* 
(a?)‘ = a” 


This same rule also applies to roots of roots 
and also powers of roots and roots of powers 
because a root can always be written as a frac- 
tional power. 


v Va =Vo for (o%)* = a% 


Removing radicals. A root or radical in the 
denominator of a fraction makes the expres- 
Sion difficult to handle. If there must be a rad- 
ical it should be located in the numerator 
rather than in the denominator. The removal 
of the radical from the denominator is done 
by multiplying both numerator and denomina- 
tor by a quantity which will remove the radi- 
cal from the denominator, thus rationalizing it: 


1 
Va=Vaxve=wVe 


Suppose we have to rationalize 


SESE In this case we must multiply 


numerator and denominator by Va — Vb, the 
same terms but with the second having the 
opposite sign, so that their product will not 
contain a root. 


__ 3a _ tava vo) __ saa — yb) 
vat vb (Ve+voiiva-ve) 8 - 
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Imaginary 
Numbers 


Since the square of a negative 
number is positive and the 
square of a positive number is 
also positive, the square root of a negative 
number can be neither positive nor negative, 
Such a number is said to be imaginary; the 


most Common such number (\ —1) Is often 
represented by the letter ¢ in mathematical 
work or j in electrical work. 


V -l=iorjandrorj’ = —! 


Imaginary numbers do not exactly corre- 
spond to anything in our ¢xperience and it is 
best not to try to visualize them. Despite this 
fact, their :nterest is much more than academ- 
ic, for they are extremely useful in many cal- 
culations involving alternating currents. 

The square root of any other negative num- 
ber may be reduced to a product of two roots, 
One positive and one negative. For instance: 


V -S7= V =-1 V57 =iv57 
Or, in general 
V -a=iva 


Since i = V—1, the powers of # have the 
following values: 


7= -1I 
P= -!lxXi= -i 
f= +1 


fo +txXixsi 


Imaginary numbers are different from either 
positive or negative numbers; so in addition or 
subtraction they must always be accounted for 
separately. Numbers which consist of both real 
and imaginary parts are called complex num- 
bers. Examples of complex numbers: 


3+ 41=3+4+4V—!1 
o+ bi =o + bV—! 


Since an imaginary number can never be 
equal to a real number, it follows that in an 
equality like 

o+ b= ec + di 
a must equal ¢ and bi must equal di 


Complex numbers are handled in algebra 
just like any other expression, considering + 
as a known quantity. Whenever powers of i 
occur, they can be replaced by the equivalents 
given above. This idea of having fn one equa- 
tion two separate sets of quantities which must 


be accounted for separately, has found a sym- 
bolic application in vector notation. These are 
covered later in this chapter. 


Equations of the 
First Degree 


Algebraic expressions usu- 
ally come in the form of 
equations, that is, one set 
of terms equals another set of terms. The sim- 
plest example of this is Ohm’s Law: 


—E= IR 


One of the three quantities may be unknown 
but if the other two are known, the third can 
be found readily by substituting the known 
values in the equation. This is very easy if it 
is E in the above example that is to be found; 
but suppose we wish to find | while E and R 
are given. We must then rearrange the equa- 
tion so that / comes to stand alone to the left 
of the equality sign. This is known as solving 
the equation for I. 

Solution of the equation in this case is done 
simply by transposing. If two things are equal 
then they must still be equal if both are multi- 
plied or divided by the same number. Dividing 
both sides of the equation by R: 


ped Peet eee 
R Ry = = 


If it were required to solve the equation for 
R, we should divide both sides of the equation 
by /. 


€ E 
1 =RorR=—-- 


A little more complicated example is the 
equation for the reactance of a condenser: 


1 
x= 2nf*c 


To solve this equation for C, we may multi- 
ply both sides of the equation by C and divide 
both sides by X 


This equation is one of those which requires 
a good knowledge of the placing of the dect. 
mal point when solving. Therefore we give a 
few examples: What is the reactance of a 25 
wufd, capacitor at 1000 ke.? In filling in the 
given values in the equation we must remem- 
ber that the units usea are farads, cycles, and 
ohms. Hence, we must write 25 yufd. as 25 
millionths of a millionth of a farad or 25 x 
107}? farad; similarly, 1000 kc. must be con-. 
verted to 1,000,000 cycles. Substituting these 
values in the original equation, we have 
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1 
2 x 3.14 x 1,000,000 x 25 x 10°” 


Sti Se ee ee Oe 
6.28 x 10¢x 25x 10-4 — 6.28 x 25 
= 6360 ohms 


x= 


x= 


A bias resistor of 1000 ohms should be by- 
passed, so that at the lowest frequency the re- 
actance of the condenser is 1/10th of that of 
the resistor. Assume the lowest frequency to be 
50 cycles, then the required capacity should 
have a reactance of 100 ohms, at 50 cycles: 


1 
C = Fedex doxj00 farads 


C= ee microfarads 


C = 32 ufd. 


In the third possible case, it may be that the 
frequency is the unknown. This happens for 
instance in some tone control problems. Sup- 
pose it is required to find the frequency which 
makes the reactance of a 0.03 ufd. condenser 
equal to 100,000 ohms. 

First we must solve the equation for f. This 
is done by transposition, 


1 1 


X= gare f= nex 


Substituting known values 


? 
f = Fy ex 0.03 x 107 x 100,006 cveles 


1 
f = posse cycles = 53 cycles 


These equations are known as first degree 
equations with one unknown. First degree, be- 
cause the unknown occurs only as a first power. 
Such an equation always has one possible so- 
lution or root if all the other values are known. 

If there are two unknowns, a single equa- 
tion will not suffice, for there are then an inh- 
nite number of possible solutions. In the case 
of two unknowns we need two independent 
simultaneous equations. An example of this is: 

3x + 5y = 7 4x — 10y = 3 

Required, to find x and y. 

This type of work is done either by the sab- 
stitution method or by the elimination method. 
In the substitution method we might write for 
the first equation: 


3x = 7 — Sys. = 2S 
(The symbol .". means. therefore or hence). 
This value of x can then be substituted for x 
in the second equation making it a single equa- 
tion with but one unknown, y. 


It is, however, simpler in this case to use 
the elimination method. Multiply both sides of 
the first equation by two and add it to the 
second equation: 


6x + 10y = 14 
4x — 10y = 3 
add 


10x = 17 x= 1.7 


Substituting this value of x in the first equa- 
tion, we have 


5.04 5y 70. Sy eT — 5S... 
y = 0.38 


Figure 3. 
In this simple network the current divides 
through the 2000-ohm and 3000-ohm resistors. 
The current through each may be found by 
using two simultaneous linear equations. Note 
that the arrows indicate the direction of elec- 
tron flow as explained on page 18. 


An application of two simultaneous linear 
equations will now be given. In Figure 3 a 
simple network is shown consisting of three re- 
sistances; let it be required to find the currents 
I, and I, in the two branches. 

The general way in which all such prob- 
lems can be solved is to assign directions to 
the currents through the various resistances. 
When these are chosen wrong it will do no 
harm for the result of the equations will then 
be negative, showing up the error. In this sim- 
ple illustration there is, of course, no such dif- 
ficulty. 

Next we write the equations for the meshes, 
in accordance with Kirchhoff's second law. All 
voltage drops in the direction of the curved 
arrow are considered positive, the reverse ones 
negative. Since there are two unknowns we 
write two equations. 


1000 (1, + 1) + 20001, = 6 
— 2000 |, + 30001, = 0 
Expand the first equation 


3000 I, + 10001, = 6 
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+ A 


{0 VOLTS 


Figure 4. 
A MORE COMPLICATED PROB- 
LEM REQUIRING THE SOLUTION 
OF CURRENTS IN A NETWORK. 
This problem is similar to that in Figure 3 but 
requires the use of three simultaneous linear 
equations. 


——— 
Multiply this equation by 3 

9000 I, + 3000 1, = 18 
Subtracting the second equation from the first 


11000 I, = 18 
1, = 18/11000 = 0.00164 amp. 


Filling in this value in the second equation 


3000 I, = 3.28 t, = 0.00109 amp. 


A similar problem but requiring three equa- 
tions is shown in Figure 4. This consists of an 
unbalanced bridge and the problem is to find 
the current in the bridge-branch, I. We again 
assign directions to the different currents, 
guessing at the one marked I:. The voltages 
around closed loops ABC [eq. (1)] and BDC 
feq. (2)] equal zero and are assumed to be 
positive in a counterclockwise direction; that 
from D to A equals 10 volts [eq. (3)]. 

(1) 
—1000 1, + 2000 1, — 10001; = 0 


(2) 
—1000 (1,—1ts) + 1000 1:4 3000 (+6) =0 


(3) 
1000 I, + 1000 (1 —b) — 10 =0 


Expand equations (2) and (3) 


(2) 
— 1000 I, + 3000 I, + 5000 !; = 0 


(3) 
2000 1, — 1000 !, - 10 = O 


Subtract equation (2) from equation (1) 


(a) 
—1000 |: — 6000 |; = 0 


Multiply the second equation by 2 and add 
it to the third equation 


(b) 
6000 1; + 9000 f, — 10 = 0 


Now we have but two equations with two 
unknowns. 

Multiplying equation (a) by 6 and adding 
to equation (b) we have 


—27000!1, — 10 = 0 
1, = —10/27000 = —0.00037 amp. 


Note that now the solution is negative 
which means that we have drawn the arrow 
for I, in Figure 4 in the wrong direction. The 
current is 0.37 ma. in the other direction. 


Second Degree or A somewhat — similar 
Quodrotic Equations problem in radio would 
be, if power in watts 
and resistance in ohms of a circuit are given, 
to find the voltage and the current. Example: 
When lighted to normal brilliancy, a 100 watt 
lamp has a resistance of 49 ohms; for what 
line voltage was the lamp designed and what 
current would it take. 
Here we have to use the simultaneous equa- 
tions: 
P=El ond E=IR 


Filling in the known values: 
P— El = 100andE=IR=I1X 49 


Substitute the second equation into the first 
equation 


P=EIl= (I) XI kK 49 = 497? = 100 
: 2100 10 = 
Sora te p=7 = 1.43 amp. 


Substituting the found value of 1.43 amp. for 
I in the first equation, we obtain the value of 
the line voltage, 70 volts. 

Note that this is a second degree equation 
for we finally had the second power of I. Also, 
since the current in this problem could only be 
positive, the negative square root of 100/49 
or —10/7 was not used. Strictly speaking, 
however, there are two more values that sat- 
isfy both equations, these are — 1.43 and —70. 

In general, a second degree equation in one 
unknown has two roots, a third degree equa- 
tion three roots, etc. 


The Quodratic 
Equation 


Quadratic or second degree 
equations with but one un- 
known can be reduced to the 
general form 

ax + bx +e = 0 
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where x is the unknown and a, 4, and ¢ are 
constants. 

This type of equation can sometimes be 
solved by the method of factoring a three- 
term expression as follows: 


2x7 + 7x +6=0 


2x" + 4x + 3x +60 
factaring: 
2x (x + 2) + 3 (x +2) =0 


(2x + 3) (x +2) =O 


There are two possibilities when a product 
is zero. Either the one or the other factor 
equals zero. Therefore there are two solutions. 


2x +3 =0 x» +2=0 


2x: —3 a 
um —-I’% 


Since factoring is not always easy, the fol- 
lowing general solution can usually be em- 
ployed; in this equation a, 4, and ¢ are the co- 
efficients referred to above. 


Xa —btv b — doc 


2a 


Applying this method of solution to the pre- 
vious example: 


Xie els vias =I VI = 


—741 
7 aes 


A practical example involving quadratics is 
the law of impedance in a.c. circuits. However, 
this is a simple kind of quadratic equation 
which can be solved readily without the use 
of the special formula given above. 


Z=VR + (KL = Xo)? 


This equation can always be solved for R, 
by squaring both sides of the equation. It 
should now be understood that squaring both 
sides of an equation as well as multiplying 
both sides with a term containing the unknown 
may add a new root. Since we know here that 
Z and R are positive, when we square the ex- 
pression there is no ambiguity. 


Zz — R’ + (Xs, _— Xo)? 
and R? =: Z? — (X, — Xc)? 
oR = V Z— (Xi = Xo)? 


Also: (Xi -_ Xo)? = 74 =~ R? 
Vv Zi — R’ 


But here we do not know the sign of the so- 
lution unless there are other facts which indi- 
cate it. To find either Xi or Xc alone it would 
have to be known whether the one or the other 
is the larger. 


ond + (Xi — Xo) = 


Logarithms 
Definition A logarithm is the power (or ex- 
and Use ponent) to which we must raise 


one number to obtain another. 
Although the large numbers used in logarith- 
mic work may make them seem difficult or 
complicated, in reality the principal use of 
logarithms is to simplify calculations which 
would otherwise be extremely laborious. 
We have seen so far that every operation 
in arithmetic can be reversed. If we have the 
addition: 


e+b=e 


we can reverse this operation in two ways. It 
may be that & is the unknown, and then we 
reverse the equation so that it becomes 


It is also possible that we wish to know a, and 
that 6 and ¢ are given. The equation then be- 
comes 


¢—b=e 


We call both of these reversed operations sud- 
traction, and we make no distinction between 
the two possible reverses. 

Multiplication can also be reversed in two 
manners. In the multiplication 


ob = ¢ 


we may wish to know a, when & and ¢ are 
given, or we may wish to know 4 when a and 
¢ are given. In both cases we speak of division, 
and we make again no distinction between the 
two. 

In the case of powers we can also reverse 
the operation in two manners, but now they 
are not equivalent. Suppose we have the equa- 
tion 

a =e 


If a is the unknown, and 4 and ¢ are given, 
we may reverse the operation by writing 


Ve=o 


This operation we call taking the root. But 
there is a third possibility: that a and ¢ are 
given, and that we wish to know &. In other 
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words, the question is “to which power must 
we raise 2 so as to obtain ¢?”. This operation 
is known as taking the logarithm, and b is the 
logarithm of ¢ to the base 4. We write this 
operation as follows: 


log. ec = b 


Consider a numerical example. We know 2°=8. 
We can reverse this operation by asking “to 
which power must we raise 2 so as to obtain 
8?”’ Therefore, the logarithm of 8 to the base 
2 is 3, or 

log. 8 = 3 


Taking any single base, such as 2, we might 
write a series of all the powers of the base next 
to the series of their logarithms: 


Number: 24816 32 64 128 256 512 1024 
Logorithm: 123 4 5 6 7 8 9 10 


We can expand this table by finding terms 
between the terms listed above. For instance, 
if we let the logarithms increase with 2 each 
time, successive terms in the upper series 
would have to be multiplied by the square root 
of 2. Similarly, if we wish to increase the log: 
arithm by 1/10 at each term, the ratio between 
two consecutive terms in the upper series 
would be the tenth root of 2. Now this short 
list of numbers constitutes a small logarithm 
table. It should be clear that one could find 
the logarithm of any number to the base 2. 
This logarithm will usually be a number with 
many decimals. 


The fact that we chose 2 as 
a base for the illustration is 
purely arbitrary. Any base 
could be used, and therefore there are many 
possible systems of logarithms. In practice we 
use only two bases: The most frequently used 
base is 10, and the system using this, base is 
known as the system of common logarithms, 
or Briggs’ logarithms. The second system em- 
ploys as a base an odd number, designated by 
the letter e¢; e = 2.71828... . This is known 
as the vatwral logarithmic system, also as the 
Napierian system, and the hyperbolic system. 
Although different writers may vary on the 
subject, the usual notation is simply /og a for 
the common logarithm of a, and loge a (or 
sometimes /n a) for the natural logarithm of 
a. We shall use the common logarithmic sys- 
tem in most cases, and therefore we shall ex- 
amine this system more closely. 


Logorithmic 
Bases 


Comman 
Logorithms 


In the system wherein 1/0 is the 
base, the logarithm of 10 equals 
1; the logarithm of 100 equals 2, 
etc., as shown in the following table: 
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log 10 = leg 10° = 1 
log 100 = leg 10° = 2 
log 1,000 = leg 10° = 3 
log 10,000 = leg 10° = 4 


log 100,000 = log 10° = 5 
log 1,000,000 = log 10° = 6 


This table can be extended for numbers less 
than 10 when we remember the rules of pow- 
ers discussed under the subject of algebra. 
Numbers less than unity, too, can be written 
as powers of ten. 


log 1 =log 10° = 0 
log 0.1 = log 10° = —1 
log 0.01 = log 107 = —2 
log 0.001 = log 107 = —3 


log 0.0001 = log 10° = —4 


From these examples follow several rules: 
The logarithm of any number between zero 
and + 1 is negative; the logarithm of zero is 
minus infinity; the logarithm of a number 
greater than + 1 is positive. Negative num- 
bers have no logarithm. These rules are true 
of common logarithms and of logarithms to 
any base. 

The logarithm of a number between the 
powers of ten is an irrational number, that is, 
it has a never ending series of decimals. For in- 
stance, the logarithm of 20 must be between 
1 and 2 because 20 is between 10 and 100; the 
value of the logarithm of 20 is 1.30103. ... 
The part of the logarithm to the left of the 
decimal! point is called the characteristic, while 
the decimals are called the mantissa. In the 
case of 1.30103 . ., the logarithm of 20, the 
characteristic is 1 and the mantissa is .30103.. 


Properties of 
Logorithms 


If the base of our system is 
ten, then, by definition of a 
logarithm: 


10'°" ">a 
or, if the base is raised to the power having an 
exponent equal to the logarithm of a number, 
the result is that number. 
The logarithm of a product is equal to the 
sum of the logarithms of the two factors. 
log ab = log a + log b 


This is easily proved to be true because, it 
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was shown before that when multiplying to 

powers, the exponents are added; therefore, 

a x b = 10's x 10'%«> = 10 (log a + Fog by 
Similarly, the logarithm of a quotient is the 

difference between the logarithm of the divi- 

dend and the logarithm of the divisor. 


log = log a — log b 


This is so because by the same rules of ex- 
ponents: 


a 1OLoet ee TOttee * = tor b> 


> > Terre = 

We have thus established an easier way of 
multiplication and division since these opera- 
tions have been reduced to adding and sub- 
tracting. 

The logarithm of a power of a number is 
equal to the logarithm of that number, multi- 
plied by the exponent of the power. 


log a° = 2 log a and log a’ = 3 loga 
of, in general: 
log a" = nloga 


Also, the logarithm of a root of a number 
is equal to the logarithm of that number di- 
vided by the index of the root: 


log Vo = log a 


It follows from the rules of multiplication, 
that numbers having the same digits but dif- 
ferent locations for the decimal point, have 
logarithms with the same mantissa: 


log §=6829 =) 2.918555 
log 82.9 = 1.918555 
leg 8.29 = 0.918555 
log 0.829 = —1.918555 
log 0.0829 = —2.918555 


log 829 = log (8.29 & 100) = log 8.29 + 
log 100 = 0.918555 + 2 


Logarithm tables give the mantissas of log- 
arithms only. The characteristic has to be de- 
termined by inspection. The characteristic is 
equal to the number of digits to the left of the 
decimal point minus one. In the case of loga- 
rithms of numbers less than unity, the charac- 
teristic is negative and is equal to the number 
of ciphers to the right of the decimal point 
plus one. 

For reasons of convenience in making up 


logarithm tables, it has become the rule that 
the mantissa should always be positive. Such 
notations above as —1.918555 really mean 
(+0.918555 —1)% and —2.981555 means 
(+ 0.918555 — 2). There are also some other 
notations in use such as 


7.918555 ond 2.918555 


also 9.918555 — 10 8.918555 — 10 
7.918555 — 10, etc. 


When, after some addition and subtraction 
of logarithms a mantissa should come out neg- 
ative, one cannot look up its equivalent num. 
ber or anti-logarithm in the table. The man. 
tissa must first be made positive by adding and 
subtracting an appropriate integral number. 
Example: Suppose we find that the logarithm 
of a number is — 0.34569, then we can trans- 
form it into the proper form by adding and 
subtracting 1 


1 -1 
— 0.34569 


0.65431 —1 or —1.65431 


Using Logarithm Tables 


Logarithms are used for calculations involv- 
ing multiplication, division, powers, and roots. 
Especially when the numbers are large and for 
higher, or fractional powers and roots, this be- 
comes the most convenient way. 

Logarithm tables are available giving the 
logarithms to three places, some to four places, 
others to five and six places. The table to use 
depends on the accuracy required in the result 
of our calculations. The four place table, 
printed in this chapter, permits the finding of 
answers to problems to four significant figures 
which is good enough for most constructional 
purposes. If greater accuracy is required a five 
place table should be consulted. The five place 
table is perhaps the most ea of all. 

Referring now to the four place table, to 
find a common logarithm of a number, pro- 
ceed as follows. Suppose the number is 5576. 
First, determine the characteristic. An inspec- 
tion will show that the characteristic should 
be 3. This figure is placed to the left of the 
decimal point. The mantissa is now found by 
reference to the logarithm table. The first two 
numbers are 55; glance down the N column 
until coming to these figures. Advance to the 
right until coming in line with the column 
headed 7; the mantissa will be 7459. (Note that 
the column headed 7 corresponds to the third 
figure in the number 5576.) Place the mantissa 
7459 to the right of the decimal point, making 
the logarithm of 5576 now read 3.7459. Impor- 
tant: do not consider the last figure 6 in the 
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383 312 329 346 364 361 398 415 432 449 466 2 3.6 
24 483 500 516 535 552 569 586 603 620 637 3 5.4 

472 
255 654 671 688 705 722 739 756 773 790 807 etc. 


Figure 6. 
A SMALL SECTION OF A FIVE PLACE 
LOGARITHM TABLE. 


Logarithms may be found with greater accu- 

racy with such tobles, but they are only of 

use when the accuracy of the original data 

warrants greater precision in the figure work. 

Slightly greater accuracy may be obtained for 

intermediate points by interpolation, as ex- 
plained in the text. 


el 


number 5576 when looking for the mantissa 
in the accompanying four place tables; in 
fact, one may usually disregard all digits be- 
yond the first three when determining the man- 
tissa. (Interpolation. sometimes used to find a 
logarithm more accurately, is unnecessary un- 
less warranted by unusual accuracy in the 
available data.) However, be doubly sure to 
include all figures when ascertaining the mag- 
nitude of the characteristic. 

To find the anti-logarithm, the table is used 
in reverse. As an example, let us find the anti- 
logarithm of 1.272 of, in other words, find 
the number of which 1.272 is the logarithm. 
Look in the table for the mantissa closest to 
272. This is found in the first half of the table 
and the nearest value is 2718. Write down the 
first two significant figures of the anti-loga- 
rithm by taking the figures at the beginning of 
the line on which 2718 was found. This is 18; 
add to this, the digit above the column in 
which 2718 was found; this is 7. The anti-log- 
arithm is 187 but we have not yet placed the 
decimal point. The characteristic is 1, which 
means that there should be two digits to the 
left of the decimal point. Hence, 18.7 is the 
anti-logarithm of 1.272. 

For the sake of completeness we shall also 
describe the same operation with a five-place 
table where interpolation is done by means of 
tables of proportional parts (P.P. tables). 
Therefore we are reproducing here a small 
part of one page of a five-place table. 

Finding the logarithm of 0.025013 is done as 
follows: We can begin with the characteristic, 
which is —2. Next find the first three digits in 
the column, headed by N and immediately 
after this we see 39, the first two digits of the 
mantissa. Then look among the headings of 
the other columns for the next digit of the 
number, in this case 7. In the column, headed 
by 1 and on the line headed 250, we find the 
next three digits of the logarithm, 811. So far, 


the logarithm is — 2.39811 but this is the loga- 
rithm of 0.025010 and we want the logarithm 
of 0.025013. Here we can interpolate by ob- 
serving that the difference between the log of 
0.02501 and 0.02502 is 829 — 811 or 18, in 
the last two significant figures. Looking in the 
P.P. table marked 18 we find after 3 the num- 
ber 5.4 which is to be added to the logarithm. 


~ 2.39811 
5.4 


— 2.39816, the logorithm of 0.025013 


Since our table is only good to five places, 
we must eliminate the last figure given in the 
P.P. table if it is less than 5, otherwise we 
must add one to the next to the last figure, 
rounding off to a whole number in the P.P. 
table. 

Finding the anti-logarithm is done the same 
way but with the procedure reversed. Suppose 
it is required to find the anti-logarithm of 
0.40100. Find the first two digits in the column 
headed by L. Then one must look for the next 
three digits or the ones nearest to it, in the 
columns after 40 and on the lines from 40 to 
41. Now here we find that numbers in the 
neighborhood of 100 occur only with an aster- 
isk on the line just before 40 and still after 39. 
The asterisk means that instead of the 39 as 
the first two digits, these mantissas should 
have 40 as the first two digits. The logarithm 
0.40100 is between the logs 0.40088 and 
0.40106; the anti-logarithm is between 2517 
and 2518. The difference between the two 
logarithms in the table is again 18 in the 
last two figures and our logarithm 0.40100 
differs with the lower one 12 in the last 
figures. Look in the P.P. table of 18 which 
number comes closest to 12. This is found 
to be 12.6 for 7 X 1.8 = 12.6. Therefore 
we may add the digit 7 to the anti-logarithm 
already found; so we have 25177. Next, 
place the decimal point according to the rules: 
There are as many digits to the left of the 
decimal point as indicated in the characteris- 
tic plus one. The anti-logarithm of 0.40100 is 
2.5177. 

In the following examples of the use of log- 
arithms we shall use only three places from the 
tables printed in this chapter since a greater 
degree of precision in our calculations would 
not be warranted by the accuracy of the data 
given. 

In a 375 ohm bias resistor flows a current 
of 41.5 milliamperes; how many watts are dis- 
sipated by the resistor? 


We write the equation for power in watts: 


P= IR 
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and filling in the quantities in question, we 
have: 


P = 0.0415? & 375 
Taking logarithms, 


log P = 2 log 0.0415 + log 375 


log 0.0415 = —2.618 
So 2 X log 0.0415 = —3.236 
log 375 = 2.574 


log P = —1.810 
antilog = 0.646. Answer = 0.646 wotts 


Caution: Do not forget that the negative 
sign before the characteristic belongs to the 
characteristic only and that mantissas are al- 
u'ays positive. Therefore we recommend the 
other notation, for it is less likely to lead to 
errors. The work is then written: 


Jog 0.0415 = 8.618—10 
2 X leg 0.0415 = 17.236 —20 = 7.236—10 
log 375 = 2.574 
log P = 9.810—10 


Another example follows which demon- 
strates the ease in handling powers and roots. 
Assume an all-wave receiver is to be built, 
covering from 550 ke. to 60 mc. Can this be 
done in five ranges and what will be the re- 
quired tuning ratio for each range if no over- 
lapping is required? Call the tuning ratio of 
one band, x. Then the total tuning ratio for 
five such bands is x’. But the total tuning ratio 
for all bands is 60/0.55. Therefore: 


60 ‘/ 60 
R= pgs ort = Voss 


Taking logarithms: 
_ log 60 — log 0.55 
logx = a 


log 60 1.778 
log 0.55 —1.740 
subtract 


2.038 


Remember again that the mantissas are posi- 
tive and the characteristic alone can be nega- 
tive. Subtracting —1 is the same as adding +1. 


2.038 __ 
= = 0.408 


logx = 
x = antilog 0.408 = 2.56 


The tuning ratio should be 2.56. 


db 
0 
1 
2 
3 
4 
5 
6 
7 
8 
9 


10,000,000 
100,000,000 


Figure 7. 


A TABLE OF DECIBEL GAINS VERSUS 
POWER RATIOS. 


The Decibel 


The decibel is a unit for the comparison of 
power or voltage levels in sound and electrical 
work. The sensation of our ears due to sound 
waves in the surrounding air is roughly pro- 
portional to the logarithm of the energy of the 
sound-wave and not proportional to the energy 
itself. For this reason a logarithmic unit is used 
so as to approach the reaction of the ear. 

The decibel represents a ratio of two power 
levels, usually connected with gains or loss due 
to an amplifier or other network. The decibel 
is defined 
Po 
Py 


Na = 10 log 


where P. stands for the output power, P. for 
the input power and Nu for the number of 
decibels. When the answer is positive, there is 
a gain; when the answer is negative, there is 
a loss. 

The gain of amplifiers is usually given in 
decibels. For this purpose both the input power 
and output power should be measured. Ex- 
ample: Suppose that an intermediate amplifier 
is being driven by an input power of 0.2 watt 
and after amplification, the output is found to 
be 6 watts. 

Po 6 
Py > oa = 30 


log 30 = 1.48 


Therefore the gain is 10 X 1.48 = 148 
decibels. The decibel is a logarithmic unit; 
when the power was multiplied by 30, the 
power level in decibels was increased- by 14.8 
decibels, or 14.8 decibels added. 
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TUBE STEP-UP 
GAINZA RaTIO= 3.51 


E2=35AE1 


Figure 8. 
STAGE GAIN. 


The voltage gain in decibels in this stage is 

equal to the amplification in the tube plus the 

step-up ratio of the transformer, both ex- 
pressed in decibels. 


————— —  —————— 


When one amplifier is to be followed by 
another amplifier, power gains are multiplied 
but the decibel gains are added. If a main am- 
plifier having a gain of 1,000,000 (power ratio 
is 1,000,000) is preceded by a pre-amplifier 
with a gain of 1000, the total gain is 1,000,- 
000,000. But in decibels, the first amplifier has 
a gain of 60 decibels, the second a gain of 30 
decibels and the two of them will have a gain 
of 90 decibels when connected in cascade. 
(This is true only if the two amplifiers are 
properly matched at the junction as otherwise 
there will be a reflection loss at this point 
which must be subtracted from the total.) 

Conversion of power ratios to decibels or 
vice versa is easy with the small table shown 
on these pages. In any case, an ordinary loga- 
rithm table will do. Find the logarithm of the 
power ratio and multiply by ten to find deci- 
bels. 

Sometimes it is more convenient to figure 
decibels from voltage or current ratios or gains 
rather than from power ratios. This applies 
especially to voltage amplifiers. The equation 
for this is 


Nas = 20 log => oF 20 tog —* 


where the subscript, o, denotes the output volt- 
age or current and ; the input voltage or cur- 
rent. Remember, this equation is true only if 
the voltage or current gain in question repre- 
sents a power gain which is the square of it 
and not if the power gain which results from 
this is some other quantity due to impedance 
changes. This should be quite clear when we 
consider that a matching transformer to con- 
nect a speaker to a line or output tube does 
not represent a gain or loss; there is a voltage 
change and a current change yet the power re- 
mains the same for the impedance has changed. 

On the other hand, when dealing with volt- 
age amplifiers, we can figure the gain in a 
stage by finding the voltage ratio from the grid 
of the first tube to the grid.of the next tube. 
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Example: In the circuit of Figure 8, the gain 
in the stage is equal to the amplification in the 
tube and the step-up ratio of the transformer. 
If the amplification in the tube is 10 and the 
step-up in the transformer is 3.5, the voltage 
gain is 35 and the gain in decibels is: 


20 X log 35 = 20 X 1.54 = 30.8 db 


The original use of the decibel 
was only as a ratio of power 
levels—not as an absolute 
measure of power. However, one may use the 
decibel as such an absolute unit by fixing an 
arbitrary “zero” level, and to indicate any 
power level by its number of decibels above or 
below this arbitrary zero level. This is all very 
good so long as we agree on the zero level. 

Any power level may then be converted to 
decibels by the equatton: 


No = 10 log 


Decibels as 
Power Level 


Po 
Pret. 


where Na» is the desired power level in deci- 
bels, P. the output of the amplifier, Prer, the 
arbitrary reference level. 

The zero level most frequently used (but not 
always) is 6 milliwatts or 0.006 watts. For this 
zero level, the equation reduces to 


id 
Nu. = 10 log 3504 


Example: An amplifier using a GF6 tube 
should be able to deliver an undistorted output 
of 3 watts. How much is this in decibels? 


ARE ES. 
Pret. — .006 


10 X log 500 = 10 X 2.70 = 27.0 


Therefore the power level at the output of 
the GFG is 27.0 decibels. When the power level 
to be converted is less than 6 milliwatts, the 
leve! is noted as negative. Here we must re- 
member all that has been said regarding loga- 
rithms of numbers less than unity and the fact 
that the characteristic is negative but not the 
mantissa. 

A preamplifier for a microphone is feeding 
1.5 milliwatts into the line going to the regu- 
lar speech amplifier. What is this power level 
expressed in decibels? 


= 500 


Po 
0.006 


decibels = 10 log 


10 log 9-913 — 10 tog 0.25 
Log 0.25 = —1.398 (from table). There- 
fore, 10 X —1.398 = (10 X —1 = —10) 


+ (10 X .398 = 3.98); adding the products 
algebraically, gives —6.02 db. 

The conversion chart reproduced in this 
chapter will be of use in converting decibels to 
watts and vice versa. 
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Figure 9. 


CONVERSION CHART: POWER TO DECIBELS 


Power levels between 6 micromicrowatts and 6000 watts may be referred to corresponding decibel 

levels between -90 and 60 db, and vice versa, by means of the above chart. Fifteen ranges are 

provided. Each curve begins at the same point where the preceding one ends, enabling uninterrupted 

coverage of the wide db and power ranges with condensed chart. For example: the lowermost curve 

ends at -80 db or 60 micromicrowatts and the next range starts ot the same level. Zero db level is 
taken as 6 milliwatts (.006 watt). 
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It is often convenient 
to be able to convert a 
decibel value to a pow- 
er equivalent. The formula used for this oper- 
ation is 


Converting Decibels 
to Power 


P = 0,006 X ontilog 


where P is the desired level in watts and Nu 
the decibels to be converted. 

To determine the power level P from a dec- 
ibel equivalent, simply divide the decibel value 
by 10; then take the number comprising the 
antilog and multiply it by 0.006; the product 
gives the level in watts. 

Note: In problems dealing with the conver- 
sion of minus decibels to power, it often hap- 
pens that the decibel value —N« is not 
divisible by 10. When this is the case, 

ab 

10 
made evenly divisible by 10, the negative signs 
must be observed, and the quotient labeled ac- 
cordingly. 

To make the numerator evenly divisible by 
10 proceed as follows: Assume, for example, 
that —Nua» is some such value as —38; to 
make this figure evenly divisible by 10, we 
must add —2 to it, and, since we have added 
a negative 2 to it, we must also add a positive 
2 so as to keep the net result the same. 

Our decibel value now stands, —40 + 2. 
Dividing both of these figures by 10, as in the 
equation above, we have — 4 and +0,2. Put- 
ting the two together we have the logarithm 
—4,2 with the negative characteristic and the 
positive mantissa as required. 

The following examples will show the tech- 
nique to be followed in practical problems. 

(a) The output of a certain device is rated 
at —74 db. What is the power equivalent? 
Solution: 


the numerator in the factor — must be 


= — a (not evenly divisible by 10) 
Routine: 
—74 
— 6 +6 
—80 +6 
Na, —80 +46 _ 
10 — 10 = 8.6 


antilog —8.6 = 0.000 000 04 


.006 X 0.000 000 04 = 
0.000 000 000 24 watt or 
240 micro-microwatt 


(b) This example differs somewhat from 
that of the foregoing one in that the mantissas 
are added differently. A low-powered amplifier 
has an input signal level of —17.3 db. How 
many milliwatts does this value represent? 
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Solution: 
—17.3 
— 2.7 + 2.7 
—20 + 2.7 
Nan _ —204 2.7 _ 
jo =— 9 = —2.27 


Antilog —2.27 = 0.0186 


0.006 « 0.0186 = 0.000 1116 watt or 
0.1116 milliwott 


Input voltages: To determine the required 
input voltage, take the peak voltage necessary 
to drive the last class A amplifier tube to max- 
imum output, and divide this figure by the to- 
tal overall voltage gain of the preceding stages. 

Com puting Specifications: From the preced- 
ing explanations the following data can be 
computed with any degree of accuracy war- 
ranted by the circumstances: 

(1) Voltage amplification 

(2) Overall gain in db 

(3) Output signal level in db 

(4) Input signal level in db 

(5) Input signal level in watts 

(6) Input signal voltage 

When a power level is available which must 
be brought up to a new power level, the gain 
required in the intervening amplifier is equal 
to the difference between the two levels in dec- 
ibels. If the required input of an amplifier for 
full output is —30 decibels and the output 
from a device to be used is but —45 decibels, 
the pre-amplifier required should have a gain 
of the difference, or 15 decibels. Again this is 
true only if the two amplifiers are properly 
matched and no losses are introduced due to 
mismatching. 


Push-Pull 
Amplifiers 


To double the output of any cas- 
cade amplifier, it is only neces- 
sary to connect in push-pull the 
last amplifying stage, and replace the inter- 
stage and output transformers with push-pull 
types. 

To determine the voltage gain (voltage ra- 
tio) of a push-pull amplifier, take the ratio of 
one half of the secondary winding of the push- 
pull transformer and multiply it by the » of 
one of the output tubes in the push-pull stage; 
the product, when doubled, will be the voltage 
amplification, or step-up. 


Other Units and 
Zero Levels 


When working with deci- 
bels one should not im- 
mediately take for granted 
that the zero level is 6 milliwatts for there are 
other zero levels in use. 

In broadcast stations an entirely new system 
is now employed. Measurements made in 
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acoustics are now made with the standard zero 
level of 10° watts per square cm. 

Microphones are often rated with reference 
to the following zero level: one volt at open 
circuit when the sound pressure ts one millibar. 
In any case, the rating of the microphone must 
include the loudness of the sound. It is obvious 
that this zero level does not lend itself readily 
for the calculation of required gain in an am- 
plifier. 

The VU: So far, the decibel has always re- 
ferred to a type of signal which can readily be 
measured, that is, a steady signal of a single 
frequency. But what would be the power level 
of a signal which is constantly varying in vol. 
ume and frequency? The measurement of volt- 
age would depend on the type of instrument 
employed, whether it is measured with a 
thermal square law meter or one that shows 
average values; also, the inertia of the move- 
ment will change its indications at the peaks 
and valleys. 

After considerable consultation, the broad- 
cast chains and the Bell System have agreed 
on the VU. The level in VU is the level in 
decibels above i mulliwatt zero level and meas- 
ured with a carefully defined type of instru- 
ment across a 600 ohm line. So long as we 
deal with an unvarying sound, the level in VU 
is equal to decibels above 1 milliwatt; but 
when the sound level varies, the unit is the 
VU and the special meter must be used. There 
is then no equivalent in decibels. 

The Neper: We might have used the natural 
logarithm instead of the common logarithm 
when defining our logarithmic unit of sound. 
This was done in Europe and the unit obtained 
is known as the neper or napier. It is still 
found in some American literature on filters. 


1 neper = 8.686 decibels 
1 decibel = 0.1151 neper 


AC Meters With 
Decibe! Scales 


Many test instruments 
are now equipped with 
scales calibrated in deci- 
bels which is very handy when making meas- 
urements of frequency characteristics and gain. 
These meters are generally calibrated for con- 
nection across a 500 ohm line and for a zero 
level of 6 milliwatts. When they are connected 
across another impedance, the reading on the 
meter is no longer correct for the zero level of 
6 milliwatts. A correction factor should be 
applied consisting in the addition or subtrac- 
tion of a steady figure to all readings on the 
meter. This figure is given by the equation: 


db to be added = 10 tog °° 


where Z is the impedance of the circuit under 
measurement, 


SECOND 


FIRST 
QUADRANT QUADRANT 


90° 


FOURTH 
QUADRANT 


THIRO 
QUADRANT 


Figure 10. 


THE CIRCLE IS DIVIDED INTO 
FOUR QUADRANTS BY TWO PER- 
PENDICULAR LINES AT RIGHT 
ANGLES TO EACH OTHER. 
The “northeast” quadrant thus formed is 
known os the first quodrant; the others are 
numbered consecutively in a counterclockwise 


direction. 
Trigonometry 
Definition | Trigonometry is the science of 
and Use mensuration of triangles. At first 


glance triangles may seem to 
have little to do with electrical phenomena; 
however, in a.c. work most currents and volt- 
ages follow laws equivalent to those of the 
various trigonometric relations which we are 
about to examine briefly. Examples of their 
application to a.c. work will be given in the 
section on Vectors. 

Angles are measured in degvees of in radt- 
ans. The circle has been divided into 360 
degrees, each degree into GO minutes, and each 
minute into 60 seconds. A decimal division of 
the degree is also in use because it makes cal- 
culation easier. Degrees, minutes and seconds 
are indicated by the following signs: °, ’ and ” 
Example: 6° 5’ 23” means six degrees, five 
minutes, twenty-three seconds. In the decimal 
notation we simply write 8.47°, eight and 
forty-seven hundredths of a degree. 

When a circle is divided into four quadrants 
by two perpendicular lines passing through 
the center (Figure 10) the angle made by the 
two lines is 90 degrees, known as a right angle. 
Two right angles, or 180° equals a straight 
angle. 

he radian: If we take the radius of a circle 
and bend it so it can cover a part of the cir- 
cumference, the arc it covers subtends an angle 
called a radian (Figure 11). Since the diam- 
eter. of a circle equals 2 times the radius, 
there are 27 radians in 360°. So we have the 
following relations: 


1 radian = 57° 17’ 457 =57.2958° 
1 degree =0.01745 radians 

a radians=180° 7/2 radians=90° 
a /3 tadians = 60° 


om =3.14159 
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| RADIAN \ 


Figure 11. 
THE RADIAN. 


A radian is an angle whose arc is exactly equal 

to the length of either side. Note that the 

angle is constant regardless of the length of 

the side and the arc so long as they are equal. 
A radian equals 57.2958°. 


In trigonometry we consider an angle gen- 
erated by two lines, one stationary and the 
other rotating as if it were hinged at 0, Figure 
12. Angles can be greater than 180 degrees and 
even greater than 360 degrees as illustrated in 
this figure. 

Two angles are complements of each other 
when their sum‘is 90°, or a right angle. A is 
the complement of B and B is the complement 
of A when 


A= (90° —B) 
and when 
B= (90°—A) 


Two angles are supplements of each other 
when their sum is equal to‘a straight angle, or 
180°. A is the supplement of B and B is the 
supplement of A when 


In the angle A, Figure 13A, a line is drawn 
from P, perpendicular to b. Regardless of the 
point selected for P, the ratio a/¢ will always 
be the same for any given angle, A. So will all 
the other proportions between a, 6, and ¢ re- 
main constant regardless of the position of 
point P on ¢. The six possible ratios each are 
named and defined as follows: 


a . b 

sineA = — cosine A = — 

c c 

a b 

tangent A = b cotangent A ie 
c c 

secant A = is cosecant A = = 


Let us take a special angle as an example. 
For instance, let the angle A be 60 degrees as 
in Figure 13B. Then the relations between the 
sides are as in the figure and the six functions 
become: 


InVv3 
sin. 60° = = = #2 - V3 


c 
b 1 
cos 60° =tskeay, 
a V3 
tan 60° = fF Vy, V3 
1 1 
i eS 


Cc 
sec 60° = — = 7 =2 


c 1 
oS Se 
csc 60 fas V3 


A= (180° —B) Another example: Let the angle be 45°, then 
anal the relations between the lengths of a, 6, and 
¢ are as shown in Figure 13C, and the six 
B=(180°—A) functions are: 
A 
aes 
A 
Figure 12. 
AN ANGLE IS GENERATED BY TWO LINES, ONE STATIONARY AND THE OTHER 
ROTATING. 


The line OX is stationary; the line with the small arrow at the far end rotates in a counterclockwise 
direction. At the pasition illustrated in the lefthandmost section of the drawing it makes an angle, 
A, which is less than 90° and is therefore in the first quadrant. In the position shown in the second 
portion of the drawing the angle A has increased to such a value that it now lies in the third 
quadrant; note that an angle can be greater than 180°. In the third illustration the angle A is in 
the fourth quadrant. In the fourth position the rotating vector has made more than one complete 
revolution and is hence in the fifth quadrant; since the fifth quadrant is an exact repetition of the 
first quadrant. its values will be the same as in the lefthandmost portion of the illustration. 
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Figure 13. 
THE TRIGONOMETRIC FUNCTIONS. 


in the right triangle shown in (A) the side opposite the angle A is a, while the adjoining sides are 

b and ¢; the trigonometric functions of the angle A are completely defined by the ratios of the 

sides a, b and c. In (8) are shown the lengths of the sides a and b when angie A is 60° and side ¢ 

is 1}. In (C) angle A is 45°; a and b equal 1, while ¢ equals \/2. In (D) note that ¢ equals a for a 
right angle while b equals 0. 


SI 


1 
sin 45° = Va =y 


i 
cosec 45° = —s v2 
There are some special difficulties when the 
angle is zero or 90 degrees. In Figure 13D an 
angle of 90 degrees is shown; drawing a line 
perpendicular to & from point P makes it fall 
on top of c. Therefore in this case a = ¢ and 
4 = 0. The six ratios are now: 


o> =] Bee Se ee 

sin 90° = -—= cos Soe ee 
oy ee eA eee 

tan 90 =m a oa cot 90° = F =0 
ore Oe eee Se ome = 

sec 90 Soh => =o cosec 90° = = 1 


When the angle is zero, a=0 and b=c. The 
values are then: 


9) b 
sin 0° = —=—=0 cos 0° =—=1 
c c c 
Po ary (aoe ee nen Doe Die 
tan 0 = iweuae cot 0 LOS 
Ope Saeeere ase 
sec 0 rn ok cosec 0 mia Qs 


In general, for every angle, there will be defi- 
nite values of the six functions. Conversely, 
when any of the six functions is known, the 
angle is defined. Tables have been calculated 
giving the value of the functions for angles. 

From the foregoing we can make up a small 
table of our own (Figure 14), giving values of 
the functions for some common angles. 


Relations Between It follows from the def- 


Functions nitions that 
en 1 A I 
= ——; cosA = 
ain cosec A secA 
andtan A =——— 
cotA 


From the definitions also follows the relation 
cos A=sin (complement of A) =sin (90°— A) 
because in the right triangle of Figure 15, 


cos A=b/c=sinB and B=90°—A or the 
complement of A. For the same reason: 


cotA = tan (90°—A) 
csc A = sec (90°—A) 


Relations in 
Right Triangles 


In the right triangle of 
Figure 15, sin A=a/e and 
by transposition 
a=c sin A 
For the same reason we have the following 
identities: 
tan A = a/b a 
cot A = b/a b 


=btanA 
=acotA 

In the same triangle we can do the same for 
functions of the angle B 


Angle Sin Cos. Tan Cot Sec. Cosec. 


0 0 1 0 co) 1 ro) 
30° Ye OAV3 AVR V3 V3 2 
45° Y, V2 Y, V2 1 1 v2. v2 
60° V3 Y V3 WV3 2 %V3 


90° 1 0 © 0 © 1 


Figure 14. 
Values of trigonometric functions for common 
angles in the first quadrant. 
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Figure 15. 
in this figure the sides a, b, and ¢ are used 
to define the trigonometric functions of angle 
8 as well as angle A. 


sin B = b/c b=csin B 
cos B = a/c a=ccos B 
tan B = b/a b = atan B 
cot B = a/b a =bcot B 


In angles greater than 
90 degrees, the values 
of a and 6 become neg- 
ative on occasion in ac- 
cordance with the rules of Cartesian coordi- 
nates. When & is measured from 0 towards 
the left it is considered negative and similarly, 
when a is measured from 0 downwards, it is 
negative. Referring to Figure 16, an angle in 
the second quadrant (between 90° and 180°) 
has some of its functions negative: 


Functions of Angles 
Greater than 
90 Degrees 


i Ean Sie 
sin A =—— = pos. cos A = —— = neg. 
as pages 
tan A = —> = neg cot A = aT eB 
iG c 
sec A =p = neg. cosec A = —— = pos. 


For an angle in the third quadrant (180° to 
270°), the functions are 


=4 = 
sin A = —— = neg. cos A Tan EE. 
Save Roe 
tan A = =p = Pos. cotA Pigs bos 


SECOND 
QUADRANT 


—é 


THIRD 
QUADRANT 


THE RADIO 


POSITIVE FUNCTIONS 
SECOND QUADRANT FIRST QUADRANT 


sine, cosec all functions 


Cosine, secent 


ten, cot 


THIRD QUADRANT FOURTH QUADRANT 


Figure 17. 
SIGNS OF THE TRIGONOMETRIC 
FUNCTIONS. 


The functions listed in this diagram are posi- 
tive; aff other functions are negative. 


c c 
seccA =— = neg. cosecA peearee Ul 


—b 
And in the fourth quadrant (270° to 360°): 


cos A = abe = pos. 


—a 
inA = — = neg. 
Sin a q4 Z 


= b 
tan A == = neg. cotA = So HER: 


secA = —— = pos. cosecA ead = neg. 

Summarizing, the sign of the functions in 
each quadrant can be seen at a glance from 
Figure 17, where in each quadrant are written 
the names of functions which are positive; 
those not mentioned are negative, 


FOURTH 
QUADRANT 


Figure 16. 
TRIGONOMETRIC FUNCTIONS IN THE SECOND, THIRD, AND FOURTH QUADRANTS. 


The trigonametric functions in these quadrants are similar to first quadrant values, but the 
signs of the functions vary as listed in the text and in Figure 17. 
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Trigonometric Curves 


(A) 3 

Figure 18. HVA 
SINE AND COSINE CURVES. 3: 
in (A) we have a sine curve mT 


drawn in Cartesian coordinates. 
This is the usual representation 
of an alternating current wave 
without substantial harmonics. in 
(B) we have a cosine wave; 
note that it is exactly similar 
to a sine wave displaced by 
90° or n/2 radians. 


_ 160° 270° : 630° 720° 


SaaS 
Saee 
Sie 


apa ar ae 


sae 2700 


The sine wave. When 
we have the relation 
y=sin x, where x is an 
angle measured in radians or degrees, we can 
draw a curve of y versus x for all values of 
the independent variable, and thus get a good 
conception how the sine varies with the mag- 
nitude of the angle. This has been done in 
Figure 18A. We can learn from this curve the 
following facts. 


1. The sine varies between +1 and —1 

2. It is a periodic curve, repeating itself after 

every multiple of 2a or 360° 

3. Sin x = sin (180°—x) or sin (7 —x) 

4, Sin x = —sin (180° + x), or 

—sin (7 +x) 

The cosine wave. Making a curve for the 
function y = cos x, we obtain a curve similar 
to that for y = sin x except that it is displaced 
by 90° or w/2 radians with respect to the 
Y-axis. This curve (Figure 18B) 1s also peri- 
odic but it does not start with zero. We read 
from the curve: 


1. The value of the cosine never goes be- 
yond +1 or —1 

2. The curve repeats, after every multiple 
of 2a radians or 360° 


Graphs of Trigono- 
metric Functions 


3. Cos x = —cos (180° —x) or 
—cos (7 —x) 

4. Cos x = cos (360°—x) or cos (27—x) 

The graph of the tangent is illustrated in 
Figure 19. This is a discontinuous curve and 
illustrates well how the tangent increases from 
zero to infinity when the angle increases from 
zero to 90 degrees. Then when the angle is 
further increased, the tangent starts from 
minus infinity going to zero in the second quad- 
rant, and to infinity again in the third quadrant. 

1, The tangent can have any value between 

+ © and —- » 

2. The curve repeats and the period is a 

radians or 180°, not 27 radians 

3. Tan x = tan (180° +x) or tan (7 +x) 

4. Tan x = —tan (180° —x) or 

—tan (7 —x) 

The graph of the cotangent is the inverse of 
that of the tangent, see Figure 20. It leads us 
to the following conclusions: 

1. The cotangent can have any value be- 

tween + ~ and — @ 

2. It is a periodic curve, the period being 

@ radians or 180° 
3. Cot x = cot (180° +x) or cot (7 +x) 
4, Cot x = —cot (180° —x) or 

=cot (a =x) 


°o 

. 
~ 
~ 
o 
* 


°° 


2 
oe 
4 
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~~ 
o 
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> 
nn 
°o 
° 
o 
we 
° 
‘. 


Figure 19. 
TANGENT CURVES. 


The tangent curve increases from 0 to « with 
an angular increase of 90°. In the next 180° 
it increases from —m to + @. 


Figure 20. 
COTANGENT CURVES. 


Cotangent curves are the Inverse of the tan- 
gent curves. They vary from + © to — © tn 
each poir of quadrants. 
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COSINE 


Figure 21. 


ANOTHER REPRESENTATION OF 
TRIGONOMETRIC FUNCTIONS. 
if the radius of a circle is cansidered as the 
unit of measurement, then the lengths of the 
various lines shown in this diagram ore numer- 
ically equal to the functions marked adjacent 
ta them. 


The graphs of the secant and cosecant are 
of lesser importance and will not be shown 
here. They are the inverse, respectively, of the 
cosine and the sine, and therefore they vary 
from +1 to infinity and from —1 to —infinity. 

Perhaps another useful way of visualizing 
the values of the functions is by considering 
Figure 21. If the radius of the circle is the unit 
of measurement then the lengths of the lines 
are equal to the functions marked on them. 


There are two kinds of 
trigonometric tables. 
The first type gives the functions of the angles, 
the second the logarithms’ of the functions. 
The first kind is also known as the table of 
natural trigonometric functions. 

These tables give the functions of all angles 
between 0 and 45°. This is all that is necessary 
for the function of an angle between 45° and 
90° can always be written as the co-function 
of an angle below 45°. Example: If we had to 
find the sine of 48°, we might write 

sin 48°= cos (90° —48°)= cos 42° 

Tables of the logarithms of trigonometric 
functions give the common logarithms (logw) 
of these functions. Since many of these logar- 
ithms have negative characteristics, one should 
add —10 to all logarithms in the table which 
have a characteristic of 6 or higher. For in- 
stance, the log sin 24° = 9.60931 —10. Log 
tan 1° = 8.24192 —10 but log cot 1° = 
1.75808. When the characteristic shown is less 
than 6, it is supposed to be positive and one 
should not add —10. 


Trigonometric Tables 


Vectors 


A scalar quantity has magnitude only; a 
vector quantity has both magnitude and direc- 
tion. When we speak of a speed of 50 miles 
per hour, we are using a scalar quantity, but 
when we say the wind is Northeast and has a 


THE RADIO 


Figure 22, 
Vectors may be added as shown in these 
sketches. In each case the long vector repre- 
sents the vector sum of the smaller vectors. 
For many engineering opplications sufficient 
accuracy can be obtained by this method 
which avaids long and laborious calculations. 


velocity of 50 miles per hour, we speak of a 
vector quantity. 

Vectors, representing forces, speeds, dis- 
placements, etc., are represented by arrows. 
They can be added graphically by well known 
methods illustrated in Figure 22, We can make 
the parallelogram of forces or we can simply 
draw a triangle. The addition of many vectors 
can be accomplished graphically as in the same 
figure. 

In order that we may define vectors algebra- 
ically and add, subtract, multiply, or divide 
them, we must have a logical notation system 
that lends itself to these operations. For this 
purpose vectors can be defined by coordinate 
systems. Both the Cartesian and the polar co- 
ordinates are in use. 


Since we have seen how the 
sum of two vectors is ob- 
tained, it follows from Fig- 
ure 23, that the vector Z 
equals the sum of the two vectors x and y. In 
fact, any vector can be resolved into vectors 
along the X- and Y-axis. For convenience in 
working with these quantities we need to dis- 


Vectors Defined 
by Cartesian 
Coordinates 


Figure 23. 
RESOLUTION OF VECTORS. 


Any vectar such as Z moy be resolved into 

twa vectors, x and y, along the X- ond Y- 

oxes. ff vectors are to be added, their respec- 

tive x and y components may be added ta 

find the x and y components of the resultant 
vector. 
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Figure 24, 


ADDITION OR SUBTRACTION OF 
VECTORS. 
Vectors may be added or subtracted by 
adding or subtracting their x of y com- 
ponents seporately. 


tinguish between the X- and Y-component, 
and so it has been agreed that the Y-compo- 
nent alone shall be marked with the letter ;. 
Example (Figure 23): 


Z=3 + 4 


Note again that the sign of components 
along the X-axis is positive when measured 
from 0 to the right and negative when meas- 
ured from 0 towards the left. Also, the compo- 
nent along the Y-axis is positive when meas- 
ured from 0 upwards, and negative when 
measured from 0 downwards. So the vector, 


R, ts described as 
R=5 — 3j 


Vector quantities are usually indicated by 
some special typography, especially by using a 
point over the letter indicating the vector, as 
R. 


Absolute Value The absolute or scalar 
of a Vector value of vectors such as Z 

or R in Figure 23 is easily 
found by the theorem of Pythagoras, which 
States that in any right-angled triangle the 
square of the side opposite the right angle is 
equal to the sum of the squares of the sides 
adjoining the right angle. In Figure 23, OAB 
is a right-angled triangle, therefore, the square 
of OB (or Z) is equal to the square of OA 
(or x) plus the square of AB (or y). Thus the 
absolute values of Z and R may be determined 
as follows: 


[Z| = Vx? + y? 
IZjao VU V+ 4H = 
RJ =V3+ 3 = V 34 = 5.83 


The vertical lines indicate that the absolute 
or scalar value is meant without regard to sign 
or direction. 


Addition of Vectors An examination of Fig- 
ure 24 will show that 


the two vectors 
R= + iy: 
Zz =utiy: 


can be added, if we add the X-components 
and the Y-components separately. 


R+Z=x + 0: $j (ys + ys) 


For the same reason we can carry out sub- 
traction by subtracting the horizontal compo- 
nents and subtracting the vertical components 


RS 2S se Say yi) 


Let us consider the operator j. If we have a 
vector a along the X-axis and add a j in front 
of it (multiplying by 7) the result is that the 
direction of the vector is rotated forward 90 
degrees. If we do this twice (multiplying by 
f’) the vector is rotated forward by 180 degrees 
and now has the value —a. Therefore multi- 
plying by 7 is equivalent to multiplying by —1. 
Then 


? = —landj= Vv —1 


This is the imaginary number discussed be- 
fore under algebra. In electrical engineering 
the letter j is used rather than i, because j is 
already known as the symbol for current. 


When two vectors are 
to be multiplied we can 
perform the operation just as in algebra, re- 
membering that j? = —1. 


Multiplying Vectors 


RZ = (x1 + yt) Ger + jy2) 
= 412 + fx ys + joey + Py ys 
= x1% — yi y: + f (xr yz x yr) 


Division has to be carried out so as to re- 
move the j-term from the denominator. This 
can be done by multiplying both denominator 
and numerator by a quantity which will elimi- 
nate 7 from the denominator. Example: 


Ro tvs Ge + iy) (x2 — jy) 
ZX + jy: Oa $ jy2) Oe — jyz) 


an %2_ HF yrye + OP Guys — xyz) 
x,” he y2" 


A vector can also be de- 
fined in polar coordi- 
nates by its magnitude and its vectorial angle 
with an arbitrary reference axis. In Figure 25 


Polor Coordinates 
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Am 60° 


0 x 


Figure 25. 


IN THIS FIGURE A VECTOR HAS 
BEEN REPRESENTED IN POLAR 
INSTEAD OF CARTESIAN CO- 
ORDINATES. 
in polar coordinates a vector is defined by 
@ magnitude and an angle, called the vec- 
torial angle, instead of by two magnitudes 
@s in Cartesian coordinates. 


the vector Z has a magnitude 50 and a vector- 
ial angle of 60 degrees. This will then be 
written 


Z = 50/60° 


A vector a + jb can be transformed into 
polar notation very simply (see Figure 26) 


Z=a +jb= Va? + BF /tan” © 


In this connection tan means the angle of 
which the tangent is. Sometimes the notation 
arc tan b/a is used. Both have the same mean- 
ing. 

A polar notation of a vector can be trans- 
formed into a Cartesian coordinate notation in 
the following manner (Figure 27) 


Z = p/A = peosA + jpsinA 


A sinusoidally alternating voltage or cur- 
rent is symbolically represented by a rotating 
vector, having a magnitude equal to the peak 
voltage or current and rotating with an angular 
velocity of 2af radians per second or as many 
revolutions per second as there are cycles per 
second. 

The instantaneous voltage, e, is always equal 
to the sine of the vectorial angle of this rotat- 
ing vector, multiplied by its magnitude. 


e = E sin 2crtt 


The alternating voltage therefore varies with 
time as the sine varies with the angle. If we 
plot time horizontally and instantaneous volt- 
age vertically we will get a curve like those 
in Figure 18. 

In alternating current circuits, the current 


Z=otib 
b TAN A= & 


izl= Vere 


Figure 26. 
Vectors can be transformed from Cartesian 
into polar notation as shown in this figure. 


which flows due to the alternating voltage is 
not necessarily in step with it. The rotating 
current vector may be ahead or behind the 
voltage vector, having a phase difference with 
it. For convenience we draw these vectors as 
if they were standing still, so that we can indi- 
cate the difference in phase or the phase angle. 
In Figure 28 the current lags behind the volt- 
age by the angle 6, or we might say that the 
voltage leads the current by the angle @. 

Vector diagrams show the phase relations 
between two or more vectors (voltages and 
currents) in a circuit. They may be added and 
subtracted as described; one may add a voltage 
vector to another voltage vector or a current 
vector to a current vector but not a current 
vector to a voltage vector (for the same reason 
that one cannot add a force to a speed). Figure 
28 illustrates the relations in the simple series 
circuit of a coil and resistor. We know that the 
current passing through coil and resistor must 
he the same and in the same phase, so we draw 
this current J along the X-axis. We know also 
that the voltage drop IR across the resistor is 
in phase with the current, so the vector /R rep- 
resenting the voltage drop is also along the 
X-axis. 

The voltage across the coil is 90 degrees 
ahead of the current through it; 1X must 
therefore be drawn along the Y-axis. E the 
applied voltage must be equal to the vectorial 
sum of the two voltage drops, IR and 1X, and 
we have so constructed it in the drawing. Now 


expressing the same in algebraic notation, we 
have 


E = IR + jIx 
1Z = IR + jIx 
Dividing by J 


Z=R + jx 


Due to the fact that a reactance rotates the 
voltage vector ahead or behind the current 
vector by 90 degrees, we must mark it with a 
j in vector notation. Inductive reactance will 
have a plus sign because it shifts the voltage 
vector forwards: a Capacitive reactance is neg- 
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Graphical Representation 


pCOSA 
Figure 27. 


Vectors con be tronstormed fram polor into 
Cartesion nototion as shown in this figure. 


ative because the voltage will lag behind the 
current. Therefore: 


Ma + j 2c 


1 


Xe = — | ante 


In Figure 28 the angle @ is known as the 
phase angle between E and I. When calculat- 
ing power, only the real components count. 
The power in the circuit is then 


P = 1 (CIR) 
but IR = E cos @ 
.. P = El cos 6 


This cos @ is known as the power factor of 
the circuit. In many circuits we strive to keep 
the angle @ as small as possible, making cos 6 
as near to unity as possible. In tuned circuits, 
we use reactances which should have as low a 
power factor as possible. The merit of a coil 
or condenser, its Q. is defined by the tangent of 
this phase angle: 


Q = tan¢@ = X/R 


For an efficient coil or condenser, Q should 
be as large as possible; the phase-angle should 
then be as close to 90 degrees as possible, mak- 
ing the power factor nearly zero. Q is almost 
but not quite the inverse of cos 6. Note that in 
Figure 29 

Q =X/R and cos @ = R/Z 

When Q is more than 5, the power factor is 
less than 20%; we can then safely say Q = 
1/cos @ with a maximum error of about 24% 
percent, for in the worst case, when cos 6 = 
0.2, Q will equal tan @ = 4.89. For higher 
values of Q, the error becomes less. 

Note that from Figure 29 can be seen the 
simple relation: 


Z=R + jX:. 


Z| = V RP + Xi’ 


aaa 


Me 


Figure 28. 


VECTOR REPRESENTATION OF A 
SIMPLE SERIES CIRCUIT. 
The righthond portion of the illustration shows 
the vectors representing the voltage drops in 
the coil and resistance illustrated at the left. 
Note that the voltage drop across the coil Xz 
leads that across the resistance by 90°. 


Graphical Representation 


Formulas and physical laws are often pre- 
sented in graphical form; this gives us a 
“bird's eye view” of various possible conditions 
due to the variations of the quantities involved. 
In some cases graphs permit us to solve equa- 
tions with greater ease than ordinary algebra. 


All of us have used co- 
ordinate systems with- 
out realizing it. For instance, in modern cities 
we have numbered streets and numbered ave- 
nues. By this means we can define the location 
of any spot in the city if the nearest street 
crossings are named. This is nothing but an 
application of Cartesian coordinates. 

In the Cartesian coordinate system (named 
after Descartes), we define the location of any 
point in a plane by giving its distance from 
each of two perpendicular lines or axes. Figure 
30 illustrates this idea. The vertical axis is 
called the Y-axis, the horizontal axis is the 
X-axis. The intersection of these two axes is 
called the origin, O. The location of a point, 
P, (Figure 30) is defined by measuring the 
respective distances, x and y along the X-axis 
and the Y-axis. In this example the distance 
along the X-axis is 2 units and along the Y- 
axis is 3 units. Thus we define the point as 


Coordinate Systems 


x 
Z QaTAN 8 R 


POWER FACTOR=COS 6= & 


R 
Figure 29. 
The figure of merit of a coil and its resistance 
is represented by the ratio of the inductive 
reactance to the resistance, which as shown 
x, 
in this diagram is equal to Rr which equals 


tan 6. For large values of 6 (the phase angle) 
this is approximately equal to the recipr 


of the cos 8. 
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Figure 30. 


CARTESIAN COORDINATES. 


The location of any point can be defined by 
its distance from the X and Y axes. 


P 2, 3 or we might say x = 2 and y = 3. The 
measurement x is called the abscissa of the 
point and the distance y is called its ordinate. 
It is arbitrarily agreed that distances measured 
from 0 to the right along the X-axis shall be 
reckoned positive and to the left negative. Dis- 
tances measured along the Y-axis are positive 
when measured upwards from 0 and negative 
when measured downwards from 0. This is 
illustrated in Figure 30. The two axes divide 
the plane area into four parts called quadrants. 
These four quadrants are numbered as shown 
in the figure. 

It follows from the foregoing statements, 
that points lying within the first quadrant have 
both x and y positive, as is the case with the 
point P. A point in the second quadrant has a 
negative abscissa, x, and a positive ordinate, y. 
This is illustrated by the point Q, which has 


the coordinates x = —4 and y = +1. Points 
in the third quadrant have both x and y nega- 
tive. x = —5 and y = —2 illustrates such a 


point, R. The point S, in the fourth quadrant 
has a negative ordinate, y and a positive ab- 
scissa OF x. 

In practical applications we might draw 
only as much of this plane as needed to illus- 
trate our equation and therefore, the scales 
along the X-axis and Y-axis might not start 
with zero and may show only that part of the 
scale which interests us. 

Representatian of In the equation: 
Functions 
__ 300,000 
i are aa 


I 1 
200 300 
\w 
Figure 31. 
REPRESENTATION OF A SIMPLE 


FUNCTION IN CARTESIAN CO- 
ORDINATES. 
300,000 


In this chart of the function fre = Sue ane 
meters 


distances along the X axis represent wave- 

length in meters, while those along the Y 

axis represent frequency in kilocycles. A curve 

such as this helps to find values between 

those calculated with sufficient accuracy for 
most purposes. 


ee 


f is said to be a function of 4. For every value 
of f there is a definite value of \. A variable is 
said to be a function of another variable when 
for every possible value of the latter, or inde- 
pendent variable, there is a definite value of 
the first or dependent variable. For instance, 
if y = 5x’, y is a function of x and x is called 
the independent variable. When a = 3b* + 5b? 
—25b + 6 then a is a function of d. 

A function can be illustrated in our coordi- 
nate system as follows. Let us take the equa- 
tion for frequency versus wavelength as an 
example. Given different values to the inde- 
pendent variable find the corresponding values 
of the dependent variable. Then plot the points 
represented by the different sets of two values. 


fre. Ameters 
600 500 
800 375 
1000 300 
1200 250 
1400 214 
1600 187 
1800 167 
2000 150 


Plotting these points in Figure 31 and draw- 
ing a smooth curve through them gives us the 
curve or graph of the equation. This curve 
will help us find values of f for other values 
of > (those in between the points calculated) 
and so a curve of an often-used equation may 
serve better than a table which always has 
gaps. 

When using the coordinate system described 
so far and when measuring linearly along both 
axes, there are some definite rules regarding 
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Figure 32. 
Only two points are needed to define func- 
tions which result in a straight line as shown 
in this diagram representing Ohm's Law. 


EES 


the kind of curve we get for any type of 
equation. In fact, an expert can draw the curve 
with but a very few plotted points since the 
equation has told him what kind of curve to 
expect. 

First, when the equation can be reduced to 
the form y = mx + b, where x and y are the 
variables, it is known as a linear or first degree 
function and the curve becomes a straight line. 
(Mathematicians still speak of a “curve” when 
it has become a straight line.) 


When the equation is of the second degree, 
that is, when it contains terms like < or ¥ 
or xy. the graph belongs to a group of curves, 
called conic sections. These include the circle, 
the ellipse, the parabola and the hyperbola. In 
the example given above, our equation is of 
the form 


xy =e, ¢ being equol ta 300,000 
which is a second degree equation and in this 
case, the graph is a hyperbola. 

This type of curve does not lend itself read- 
ily for the purpose of calculation except near 
the middle, because at the ends a very large 
change in } represents a small change in f and 
vice versa. Before discussing what can be done 
about this let us look at some other types of 
curves. 

Suppose we have a resistance of 2 ohms 
and we plot the function represented by Ohm's 
Law: E = 2]. Measuring E along the X-axis 
and amperes along the Y-axis, we plot the 
necessary points. Since this is a first degree 
equation, of the form y = mx + 6 (for E= 
y, m= 2 and 1= x and b = 0) it will be a 
Straight line so we need only two points to 
plot it. 


solm 


I 
(line passes through origin) “9 
5 


The line is shown in Figure 32. It is seen to 
be a straight line passing through the origin. 


Representation of Functions 


785 


Figure 33. 
A TYPICAL GRID - VOLTAGE 
PLATE-CURRENT CHARACTER- 
ISTIC CURVE. 


The equation represented by such a curve is 
so complicated that we do not use it. Dota 
for such a curve is obtained experimentally, 
and intermediate values can be found with 
sufficient accuracy from the curve. 


I 


If the resistance were 4 ohms, we should get 
the equation E = 4I and this also represents 
a line which we can plot in the same figure. 
As we see, this line also passes through the 
origin but has a different slope. In this illus- 
tration the slope defines the resistance and we 
could make a protractor which would convert 
the angle into ohms. This fact may seem incon- 
sequential now, but use of this is made in the 
drawing of loadlines on tube curves. 

Figure 33 shows a typical, grid-voltage, 
plate-current static characteristic of a triode. 
The equation represented by this curve is 
rather complicated so that we prefer to deal 
with the curve. Note that this curve extends 
through the first and second quadrant. 

Families of curves. It has been explained 
that curves in a plane can be made to illustrate 
the relation between tuo variables when one 
of them varies independently. However, what 
are we going to do when there are three vari- 
ables and two of them vary independently. It 
is possible to use three dimensions and three 
axes but this is not conveniently done. Instead 
of this we may use a family of curves. We 
have already illustrated this partly with Ohm's 
Law. If we wish to make a chart which will 
show the current through any resistance with 
any voltage applied across it, we must take the 
equation E = IR, having three variables. 

We can now draw one line representing a 
resistance of 1 ohm, another line representing 
2 ohms, another representing 3 ohms, etc., or 
as many as we wish and the size of our paper 
will allow. The whole set of fines is then 
applicable to any case of Ohm's Law falling 
within the range of the chart. If any two of 
the three quantities are given, the third can be 
found. 


Www americanradiohistorv.com 


786 Radio Mathematics and Calculations 


THE RADIO 


i epee nae LA 


~ 


———> CURRENT IN AL@TRES’ 


i 2 
ge N OLTS, 


Figure 34. 
A FAMILY OF CURVES. 


An equation such as Ohm's Law has three 
variables, but can be represented in Cartesian 
coordinates by a family of curves such as 
shown here. If any two quantities are given, 
the third can be found. Any point in the 
chart represents a definite value each of E, 
1, and R, which will satisfy the equation of 
Ohm's Law. Values of R not situated on an R 
line can be found by Interpolation. 


Figure 34 shows such a family of curves to 
solve Ohm's Law. Any point in the chart rep- 
resents a definite value each of E, I, and R 
which will satisfy the equation. The value of 
R represented by a point that is not situated 
on an R line can be found by interpolation. 

It is even possible to draw on the same chart 
a second family of curves, representing a 
fourth variable. But this is not always possible, 
for among the four variables there should be 
no more than two independent variables. In 
our example such a set of lines could represent 
power in watts; we have drawn only two of 
these but there could of course be as many as 
desired. A single point in the plane now indi- 
cates the four values of E, I, R, and P which 
belong together and the knowledge of any 
two of them will give us the other two by 
reference to the chart. 

Another example of a family of curves is 
the dynamic transfer characteristic or plate 
family of a tube. Such a chart consists of sev- 
eral curves showing the relation between plate 
voltage, plate current, and grid bias of a tube. 
Since we have again three variables, we must 
show several curves, each curve for a fixed 
value of one of the variables. It is customary 
to plot plate voltage along the X-axis, plate 
current along the Y-axis, and to make different 
curves for various values of grid bias. Such a 
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Figure 35. 
‘“*PLATE’’ CURVES FOR A 
TYPICAL VACUUM TUBE. 


In such curves we have three variables, plate 
voltage, plate current, and grid bias. Each 
point on a grid bias line corresponds to the 
plate voltage and plate current represented 
by its position with respect to the X and Y 
axes. Those for other values of grid bias may 
be found by interpolation. The loadiine shown 
in the lower left portion of the chart is ex- 
plained in the text. 


set of curves is illustrated in Figure 35. Each 
point in the plane is defined by three values, 
which belong together, plate voltage, plate 
current, and grid voltage. 

Now consider the diagram of a resistance- 
coupled amplifier in Figure 36. Starting with 
the B-supply voltage, we know that whatever 
plate current flows must pass through the 
resistor and will conform to Ohm’s Law. The 
voltage drop across the resistor is subtracted 
from the plate supply voltage and the remain- 
der is the actual voltage at the plate, the kind 
that is plotted along the X-axis in Figure 35. 
We can now plot on the plate family of the 


— 


30000 OHMS 


+8 


Figure 36. 
PARTIAL DIAGRAM OF A RESI!S- 
TANCE COUPLED AMPLIFIER. 


The portion of the supply voltage wasted 
across the 50,000-ohm resistor is represented 
in Figure 35 as the foadiine. 
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tube the Joadline, that is the line showing 
which part of the plate supply voltage is across 
the resistor and which part across the tube for 
any value of plate current. In our example, let 
us suppose the plate resistor is 50,000 ohms. 
Then, if the plate current were zero, the volt- 
age drop across the resistor would be zero and 
the full plate supply voltage is across the tube. 
Our first point of the loadline is E = 250, 
I= 0. Next, suppose, the plate current were 
1 ma., then the voltage drop across the resistor 
would be 50 volts, which would leave for the 
tube 200 volts. The second point of the load- 
line is then E = 200, | = 1. We can continue 
like this but it is unnecessary for we shall find 
that it is a straight line and two points are 
Sufficient to determine it. 


This loadline shows at a glance what hap- 
pens when the grid-bias is changed. Although 
there are many possible combinations of plate 
voltage, plate current, and grid bias, we are 
now restricted to points along this line as long 
as the 50,000 ohm plate resistor is in use. This 
line therefore shows the voltage drop across 
the tube as well as the voltage drop across the 
load for every value of grid bias. Therefore, if 
we know how much the grid bias varies, we 
can calculate the amount of variation in the 
plate voltage and plate current, the amplifi- 
cation, the power output, and the distortion. 


Sometimes it is conven- 
ient to measure along 
the axes the logarithms of our variable quan- 
tities. Instead of actually calculating the logar- 
ithm, special paper is available with logarith- 
mic scales, that is, the distances measured 
along the axes are proportional to the logar- 
ithms of the numbers marked on them rather 
than to the numbers themselves. 

There is semi-logarithmic paper, having 
logarithmic scales along one axis only, the 
other scale being linear. We also have full 
logarithmic paper where both axes carry log- 
arithmic scales. Many curves are greatly sim- 
plified and some become straight lines when 
plotted on this paper. 

As an example let us take the wavelength- 
frequency relation, charted before on straight 
cross-section paper. 

; — 300,000 
Fen 


Logarithmic Scales 


Taking logarithms: 
log f = log 300,000 — log A 


If we plot log f along the Y-axis and log 
along the X-axis, the curve becomes a straight 
line. Figure 37 illustrates this graph on full 
logarithmic paper. The graph may be read 
with the same accuracy at any point in con- 
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Figure 37. 


A LOGARITHMIC CURVE. 
Many functions become greatly simplified and 
some become straight lines when plotted to 
logarithmic scales such as shown in this 
diagram. Here the frequency versus wavelength 
curve of Figure 31 has been replotted to con- 
form with logarithmic axes. Note that it is 
only necessary to calculate two points in 
order to determine the “curve” since this type 
of function results in a straight line. 


a, 


trast to the graph made with linear coordi- 
nates. 

This last fact is a great advantage of logar- 
ithmic scales in general. It should be clear that 
if we have a linear scale with 100 small divi- 
sions numbered from 1 to 100, and if we are 
able to read to one tenth of a division, the 
Possible error we can make near 100, way up 
the scale, is only 1/10th of a percent. But near 
the beginning of the scale, near 1, one tenth of 
a division amounts to 10 percent of 1 and we 
are making a 10 percent error. 

In any logarithmic scale, our possible error 
in measurement or reading might be, say 1/32 
of an inch which represents a fixed amount of 
the log depending on the scale used. The net 
result of adding to the logarithm a fixed quan- 
tity, as 0.01, is that the anti-logarithm is mul- 
tiplied by 1.025, or the error is 2/%. No mat- 
ter at what part of the scale the 0.01 is added, 
the error is always 214%. 

An example of the advantage due to the use 
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RATIO OF RESPONSE OFF RESONANCE TO RESPONSE 
AT RESONANCE FOR CONSTANT INPUT 
° 
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15 10 5 0 5 10 15 
KC. OFF RESONANCE 


Figure 38. 
A RECEIVER RESONANCE CURVE. 


This curve represents the output of a re- 
ceiver versus frequency when plotted to linear 
coordinates. 


of semi-logarithmic paper is shown in Figures 
38 and 39. A resonance curve, when plotted on 
linear coordinate paper will look like the curve 
in Figure 38. Here we have plotted the output 
of a receiver against frequency while the ap- 
plied voltage is kept constant. It is the kind of 
curve a “wobbulator” will show. The curve 
does not give enough information in this form 
for one might think that a signal 10 kc. off 
resonance would not cause any current at all 
and is tuned out. However, we frequently have 
off resonance signals which are 1000 times as 
strong as the desired signal and one cannot 
read on the graph of Figure 38 how much any 
signal is attenuated if it is reduced more than 
about 20 times. 

In comparison look at the curve of Figure 
39. Here the response (the current) is plotted 
in logarithmic proportion, which allows us to 
plot clearly how far off resonance a signal has 
to be to be reduced 100, 1,000, or even 10,000 
times. 

Note that this curve is now “upside down”; 
it is therefore called a selectivity curve. The 
reason that it appears upside down is that the 
method of measurement is different. In a se- 
lectivity curve we plot the increase in signal 
voltage necessary to cause a standard output 
off resonance. It is also possible to plot this in- 
crease along the Y-axis in decibels; the curve 
then looks the same although linear paper can 


RATIO OF INPUT OFF RESONANCE TO INPUT AT RESONANCE FOR CONSTANT OUTPUT 


Bi 
| 


KC. OFF RESONANCE 


Figure 39, 
A RECEIVER SELECTIVITY CURVE. 


This curve represents the selectivity of a re- 

ceiver plotted to logarithmic coordinates for 

the output, but linear coordinates for fre- 

quency. The reason thot this curve appears 

inverted from that of Figure 38 is explained 
in the text. 


be used because now our unit is logarithmic. 

An example of full logarithmic paper being 
used for families of curves is shown in the fe- 
actance charts of Figures 40 and 41. 


An alignment chart con- 
sists of three or more sets 
of scales which have been 
so laid out that to solve the formula for which 
the chart was made, we have but to lay a 
straight edge along the two given values on 
any two of the scales, to find the third and 
unknown value on the third scale. In its sim- 


Nomograms or 
Alignment Charts 
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Figure 40. 
REACTANCE-FREQUENCY CHART FOR AUDIO FREQUENCIES 


See text for opplicotions ond instructions for use. 
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Figure 42. 
THE SIMPLEST FORM OF NOMOGRAM. 


plest form, it is somewhat like the lines in Fig- 
ure 42. If the lines a, 6, and c are parallel and 
equidistant, we know from ordinary geometry, 
thatb = % (a +c). Therefore, if we draw a 
scale of the same units on all three lines, start- 
ing with zero at the bottom, we know that by 
laying a straight-edge across the chart at any 
place, it will connect values of a, & and c, 
which satisfy the above equation. When any 
two quantities are known, the third can be 
found. 

If, in the same configuration we used loga- 
rithmic scales instead of limear scales, the rela- 
tion of the quantities would become 


log b = \% (log a + logc) orb = Vac 


By using different kinds of scales, different 
units, and different spacings between the scales, 
charts can be made to solve many kinds of 
equations. 

If there are more than three variables it is 
generally necessary to make a double chart, 
that is, to make the result from the first chart 
serve as the given quantity of the second one. 
Such an example is the chart for the design of 
coils illustrated in Figure 45. This nomogram 
is used to convert the inductance in microhen- 
ries to physical dimensions of the coil and vice 
versa. A pin and a straight edge are required. 
The method is shown under "R. F. Tank Cir- 
cuit Calculations” later in this chapter. 


Instead of the Cartesian 
coordinate system there 
is also another system for defining algebraical- 
ly the location of a point or line in a plane. In 
this, the polar coordinate system, a point is de- 
termined by its distance from the origin, O, 
and by the angle it makes with the axis O-X, 
In Figure 43 the point P is defined by the 
length of OP, known as the radius vector and 


Polar Coordinates 


RADIUS = / 
VECTOR / 
7 
2 not 


7 
7 
7 
/ a 
4 
2 ORIGIN AXIS 
Figure 43. 
THE LOCATION OF A POINT BY 
POLAR COORDINATES. 


In the polar coordinate system any point Is 

determined by its distance from the origin 

and the angle formed by a fine drawn trom 
it to the origin and the 0-X axis. 


by the angle A the vectorial angle. We give 
these data in the following form 


P = 3 /60° 


Polar coordinates are used in radio chiefly 
for the plotting of directional properties of mi- 
crophones and antennas. A typical example of 
such a directional characteristic is shown in 
Figure 44. The radiation of the antenna rep- 
resented here is proportional to the distance of 
the characteristic from the origin for every 
possible direction. 

N 


w € 


s 
Figure 44, 
THE RADIATION CURVE OF AN 
ANTENNA. 
Polar coordinates are used principally in radio 
work for plotting the directional characteris- 
tics of an antenna where the radiation is 


represented by the distance of the curve from 
the origin for every possible direction. 
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Reactance Calculations 


In audio frequency calculations, an accuracy 
to better than a few per cent is seldom re- 
quired, and when dealing with calculations in- 
volving inductance, capacitance, resonant fre- 
quency, etc., it is much simpler to make use of 
reactance-frequency charts such as those in 
figures 40 and 41 rather than to wrestle with a 
combination of unwieldy formulas. From these 
charts it is possible to determine the reactance of 
a condenser or coil if the capacitance or induc- 
tance is known, and vice versa. It follows from 
this that resonance calculations can be made 
directly from the chart, because resonance 
simply means that the inductive and capacitive 
reactances are equal. The capacity required to 
resonate with a given inductance, or the induc- 
tance required to resonate with a given capac- 
ity, can be taken directly from the chart. 

While the chart may look somewhat formid- 
able to one not familiar with charts of this 
type, its application is really quite simple, and 
can be learned in a short while. The following 
example should clarify its interpretation. 

For instance, following the lines to their in- 
tersection, we see that 0.1 hy. and 0.1 ufd, in- 
tersect at approximately 1,500 cycles and 1,000 
ohms. Thus, the reactance of either the coil or 
condenser taken alone is about 1000 ohms, and 
the resonant frequency about 1,500 cycles. 


To find the reactance of 0.1 hy. at, say, 
10,000 cycles, simply follow the inductance 
line diagonally up towards the upper left till it 
intersects the horizontal 10,000 kc. line. Fol- 
lowing vertically downward from the point of 
intersection, we see that the reactance at this 
frequency is about 6000 ohms. 


To facilitate use of the chart and to avoid 
errors, simply keep the following in mind: The 
vertical lines indicate reactance in ohms, the 
horizontal lines always indicate the frequency, 
the diagonal lines sloping to the lower right 
represent inductance, and the diagonal lines 
sloping toward the lower left indicate capaci- 
tance. Also remember that the scale is /oga- 
rithmic, For instance, the next horizontal line 
above 1000 cycles is 2000 cycles. Note that 
there are 9, not 10, divisions between the heavy 
lines. This also should be kept in mind when 
interpolating between lines when best possible 
accuracy is desired; halfway between the line 
representing 200 cycles and the line represent- 
ing 300 cycles is not 250 cycles, but approxi- 
mately 230 cycles. The 250 cycle point ts ap- 
proximately 0.7 of the way between the 200 
cycle line and the 300 cycle line, rather than 
halfway between. 

Use of the chart need not be limited by the 


physical boundaries of the chart. For instance, 
the 10-zufd. line can be extended to find where 


it intersects the 100-hy. line, the resonant fre- 
quency being determined by projecting the in- 
tersection horizontally back on to the chart. 
To determine the reactance, the logarithmic 
ohms scale must be extended. 


R. F. Tank 
Circuit 
Calculations 


When winding coils for use in 
tadio receivers and transmit- 
ters, it is desirable to be able to 
determine in advance the full 
coil specifications for a given frequency. Like- 
wise, it often is desired to determine how much 
Capacity is required to resonate a given coil so 
that a suitable condenser can be used. 


Fortunately, extreme accuracy is not re- 
quired, except where fixed capacitors are used 
across the tank coil with no provision for trim- 
ming the tank to resonance. Thus, even though 
it may be necessary to estimate the Stray Cir- 
cuit capacity present in shunt with the tank 
capacity, and to take for granted the likelihood 
of a small error when using a chart instead of 
the formula upon which the chart was based. 
the results will be sufficiently accurate in most 
cases, and in any case give a reasonably close 
point from which to start “pruning.” 


The inductance required to resonate with a 
certain capacitance is given in the chart in 
figure 41. By means of the r.f. chart, the 
inductance of the coil can be determined, 
or the capacitance determined if the induc- 
tance is known. When making calculations, be 
sure to allow for stray circuit capacity, such as 
tube interelectrode capacity, wiring, sockets, 
etc, This will normally run from 5 to 25 micro- 
microfarads, depending upon the components 
and circuit. 


To convert the inductance in microhenries 
to physical dimensions of the coil, or vice 
versa, the nomograph chart in figure 45 is 
used. A pin and a straightedge are required. 
The inductance of a coil is found as follows: 


The straightedge is placed from the correct 
point on the turns column to the correct point 
on the diameter-to-length ratio column, the 
latter simply being the diameter divided by the 
length. Place the pin at the point on the plot 
axis column where the straightedge crosses it. 
From this point lay the straightedge to the cor- 
rect point on the diameter column. The point 
where the straightedge intersects the induc- 
tance column will give the inductance of the 
coil. 


From the chart, we see that a 30 turn coil 
having a diameter-to-length ratio of 0.7 and a 
diameter of 1 inch has an inductance of ap- 
proximately 12 microhenries. Likewise any one 
of the four factors may be determined if the 
other three are known. For instance, to deter- 
mine the number of turns when the desired in- 
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Figure 45. COIL CALCULATOR NOMOGRAPH 


For single layer solenoid coils, any wire size. See text for instructions. 
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ductance, the D/L ratio, and the diameter are 
known, simply work backwards from the ex- 
ample given. In all cases, remember that the 
straightedge reads either turns and D/L ratio, 
or it reads inductance and diameter. It can 
read no other combination. 

The actual wire size has negligible effect 
upon the calculations for commonly used wire 
sizes (no. 10 to no. 30). The number of turns 
of insulated wire that can be wound per inch 
(solid) will be found in a copper wire table. 


Significant Figures 


In most radio calculations, numbers repre- 
sent quantities which were obtained by meas- 
urement. Since no measurement gives absolute 
accuracy, such quantities are only approximate 
and their value is given only to a few signif- 
cant figures. In calculations, these limitations 
must be kept in mind and one should not fin- 
ish for instance with a result expressed in more 
significant figures than the given quantities at 
the beginning. This would imply a greater ac- 
curacy than actually was obtained and is there- 
fore misleading, if not ridiculous. 

An example may make this clear. Many am- 
meters and voltmeters do not give results to 
closer than Y%4 ampere or Y% volt. Thus if we 
have 21% amperes flowing in a d.c. circuit at 
634 volts, we can obtain a theoretical answer 
by multiplying 2.25 by 6.75 to get 15.1875 
watts. But it is misleading to express the an- 
swer down to a ten-thousandth of a watt when 
the original measurements were only good to 
Y, ampere or volt. The answer should be ex- 
pressed as 15 watts, not even 15.0 watts. If 
we assume a possible error of Yg volt or am- 
pere (that is, that our original data are only 
correct to the mearest Y4 volt or ampere) the 
true power lies between 14.078 (product of 
24% and 6%) and 16.328 (product of 24% and 
6%). Therefore, any third significant figure 
would be misleading as implying an accuracy 
which we do not have. 

Conversely, there is aiso no point to calcu- 
lating the value of a part down to 5 or 6 sig- 
nificant figures when the actual part to be used 
cannot be measured to better than 1 part in 
one hundred. For instance, if we are going to 
use 19% resistors in some circuit, such as an 
ohmmeter, there is no need to calculate the 
value of such a resistor to 5 places, such as 
1262.5 ohm. Obviously, 1% of this quantity 
is over 12 ohms and the value should simply 
be writtenY as 1260 ohms. 

There is a definite technique in handling 
these approximate figures. When giving values 
obtained by measurement, no more figures are 


given than the accuracy of the measurement 
permits. Thus, if the measurement is good to 
two places, we would write, for instance, 6.9 
which would mean that the true value is 
somewhere between 6.85 and 6.95. If the meas- 
urement is known to three significant figures, 
we might write 6.90 which means that the true 
value is somewhere between 6.895 and 6.905. 
In dealing with approximate quantities, the 
added cipher at the right of the decimal point 
has a meaning. 

There is unfortunately no standardized sys- 
tem of writing approximate figures with many 
ciphers to the left of the decimal point. 69000 
does not necessarily mean that the quantity is 
known to 5 significant figures. Some indicate 
the accuracy by writing 69 X 10° or 690 x 10° 
etc., but this system is not universally em- 
ployed. The reader can use his own system, but 
whatever notation is used, the number of sig- 
nificant figures should be kept in mind. 

Working with approximate figures, one may 
obtain an idea of the influence of the doubtful 
figures by marking all of them, and products 
or sums derived from them. In the following 
example, the doubtful figures have been under- 
lined. 

603 
34.6 
0.120 


637.720 onswer: 638 


Multiplication: 


654 654 
0.342 0.342 
1308 196|2 
2616 26|16 
1962 1/308 
223.668 answer: 224 224 


It is recommended that the system at the 
tight be used and that the figures to the right 
of the vertical line be omitted or guessed so as 
to save labor. Here the partial products are 
written in the reverse order, the most impor- 
tant ones first. 

In division, labor can be saved when after 
each digit of the quotient is obtained, one fig- 
ure of the divisor be dropped. Example: 


1.28 


527 ) 673 
527 


53) 146 
106 


5) 40 
ee 
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Absorption, lonospheric 
Acceptor, def. of ........... 
A.C.-D.C. power supply ............0-.-eeceeeeeeeereneenes 


A-C V-T voltmeter ......-..00-.22c0c0ecccee ee eneeeneeceenneeee 734 
Adaptor, F-M ......... 321 
Admittance, def. col? 2... ee eesti ieee 52 


"A" -frame antenna mast ......... 

Air capacitar -........ 

Airs dielectric? ozo 22 0 Se eee eco eens can bibs eseeeesates 

Air-gap, capacitor . 

Alignment — B.f.o. — Filter ............0..ceeceeeeeeeee 234 
"Receiver —— |-F — R-F ... 

All-driven antenna .... 

Alpha, def. of .... 

Alternating current — 
"Def. of —= Effective value .... 


"Generation -...---.--cccce-eeeceeeees 
"Impedance — "'J"’ operator ......-..c000-.02-eeee 
'* Ohm's law — Phase angle . : 
" Pulsating — R.M.S. 22.2.0... cesseseeeetenseeccamenees 45 
"Transformer .....---:+00--+ 61 
"* Transient ........... 59 
"Voltage divider . ood 
Alternator .-42 
Amateur frequency bonds ~—— licenses ................ 12 
Amateur Radio 
Ammeter ........... 
Ampere, def. of 
"turns ... 


Amplification factor ..... 


Amplifier — audio, 15-watt ...............:..:eeeeeeeeee 678 
"Audio — Cascode ...... 225, 212 
“cascode grounded-grid ..........-..---2:-secccree 169 
"constant current Curves ..........2...022.22eeeeeee 168 
"Cathode — Cathode driven . 127, 256 


'* Cathode follower ............. 
"Class A — A2 ..... 
"' Class AB —— ABI 

"Class B ... ae 
BS Glass © lanai 

coupling — indv 
ee ROD Gone ctoece seas raserceetees 
distortion products 
Doherty ............. 
Driver _..0.......--- 
Equivolent circuit 
feedbock ........ 


123, 129, 249 
..108, 124, 249 
--113, 118, 123 


Grounded-grid ................ 
Grounded-grid, use of .. 
350 w., grounded-grid 
"813 grounded-grid 
"  KW-2 grounded-grid 
Hi-fi, 25-watt 2.0.00... 


"Hi-fi — High mu (#) ... ee 138, 112 
** Horizontal — U-F ...... eee cece eeee cece ee 171, 208 


MU OWES 56 Senica cacanoewrunnvwvncualvnssenevevevmae<ceoe 649 
'' Kilowatt 4-400A : 


We “Linear 22cc2.22-222 -.284 
"Linear, 2kw. P.E.P. ---654 
" Lood line ........ 166 
'*  Laftin-White .... 118 
"Neutralization . 

** Noise foctor .... 152 
'*  Operotionol 199 
""  Pentode .......... 120 
"' Pi-network _........ ...609 
"*  Plote efficiency 

"Power 


Push-pull 


"Response ... 

" RF., Class ABI . Bs 

BPS UIROR Clas fe on cv ean wxcocs oeavntys ont eke ve ce 168 
** R.F., Grounded screen . 612 
te ARs Fame RO tos sce ea 109 


"  R-F — 4CX-1000A ... 
Semi-conductor ... 
Summation .... 
Summing 
Terman-Woodyard 
Tetrode ........ 
Transistor 
"  "Tri-band'’ 4CX300A ... 
Ultra-lineor oo... 


te Ne nticals 2 sate cts) ereha eee eee ee 138 
"Video ....... ak 

VS NOAIE SUS trip=linesa nce -vie- <osscc coc cececece-sccees 34 595 
"Voltage ........ 110 
"Williamson . ..140 
* 3-1000Z ........ eetiaee tice tessievess ..661 
"  4-400A all-band covscueecedssenceseswesSesee 643 


"  4CX1000A, 2 kw. 
Amplitude —- A.C. ooo 
Amplitude, Distortion — Modulation..109, 280, 669 
Analog computers — problems 
“And-or’’ circuitry ........022.2-...0 
Angle of radiation — V.h.f. .... 
Anode, def. of —— dissipation ...............00.:005 
Antenna — Adjustment 

'  All-driven ...... 

" Bondwidth 401, 409 
Beam — design chort — 2-element..494, 491 
Bidirectional — Bi-square 
"Bobtail 
Broadside 
Bruce ...... 
"'  Center-fed 
Colinear ........ 
Combinotions of 
Construction ..... 
Corner reflector .... 
Couplers — mobile 
Coupling systems .. 
Cubicol quad 
Curtoin .......... 
Delta match 
Dipole arroy —— broad-band .. 


"' Directivity ... 400, 406 
" Discone ... 

tes FDOUBIOI® cocrecceue 5 cae cssacccesceeotacde-vetecevecacnes 
"Dummy ....... 

"Efficiency ............-- 

** Element spacing g 

ay MEd -effect?..:c.ccscse tice eects eceas wasecseeedcasetees 402 
"' End-fed — end-fire ..............-. 422, 433, 469 
mY © Reed) Systems: 2.2222. .522¢: sazstsssees fesc2509 424, 494 
o> SPRONlin, GUCO oss. seckcersnssvdecaeraccseceur eee 462 
“Fuchs... 422 


Gain, beam .. 
Gamma match . he 
"Ground loss ..... --405 
Ground plone . 


OS Wettig: ec taes --422 
“High frequency type 455 
‘* Impedance .......... .-404 
‘Intercept, v.h.f 473 
BPE NG BY IA rece eeeee gts sxe dase ate tauesaemsmenees 464 
"Length — Length-to-diameter ratio..401, 402 
LONG WARE ogee soccygew onda ceccedeensnenrsacnonasnesndeow 457 
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Marconi 
Matching systems . 
Measurements 
" Multee 


Mutual coupling 
Parasitic beam 
Patterns 
Phasing 
Polarization 
Polarization, v.h.f. 
Power gain 


Reactance — Resonance . .404, 400 
** — Rhombic 
Rotary — Rotary match 
ROMGIOR caucus rsdwaccevess 
Single wire feed 
Six-shooter ..... 


"Sleeve... 476 
"Space CONSErVING .......cccesecesesesseceeecneee teats 430 
"Stacked ....... 


"'  Sterba 
"Stub adjustment — stub match ...... 441, 499 
" T-match 


Triplex 
Tuner .... 
Turnstile 


" Two-eband Marconi ..........0..:cccceeceeeeeeeeeeeee 434 
a UMsityPe 3c. +458 
et MATTOON ren cececn eau owconcnactmov cx taoeeos eee 426 
''  Vih.f. — 8 element, ground plane....484, 477 
'" Vih.f. — helical — horn .............. 479, 482 


X-array 
Yoke match 
“Zepplin” ... 
Antennascope 
Antennascope, SWR meter ........ 
Anti-resonance ... 
Aquadag ............ 
Area, capacitor plate ................ 
Arrays, ANTENNG qo... ...ccseeceeeeeeec eres 
"Assumed" voltage ...........-...++ 
Atom, def. of — atomic number . 
Attenuation, Bass/Treble ..............-- 
Audio — Amplifier ........-...--s00000++ 
"15 watt ... 
Distortion . 
Equalizer 
Feedback loop 
"Filter, SSB: ..4.0:.<0 
Frequency, def. of 
Hum ... 
Limiters .......... 
Phase Inverter .......... 
'' Phasing network — SSB ..... 
Rectification .........2....06. 
Wiring technique 
Autodyne detector .............. 
Automatic load control, SSB 
Automatic modulation control .... 
Automatic volume control .... 
Autotransformer ............. 
Avalanche voltage ................0.. 


Balanced modulator — SSB ............ 
Balanced modulator, deflection . i 
Balanced SWR bridge ...........-::ccssseeseeee 
Balanced transmission line measurements 
Bonds;/Gmateur, ¢::.2.ccc.c2 acceso cusesectdasnvexcse cous roveccteoss 12 
Bandspread tuning .........-.--ccceeceecceeeceeeceeeeeenveee 215 
Bandwidth, antenna .. 
Bandwidth, modulation ..............sc-cceceeeceeceeeseneees 281 
Base electrode 
Bass suppression, audio 
Battery bias 0.2.0... eee eee 
Beam — deflection modulator ... 
"Design chart — Dimensions 
Element spacing .«...........++ 
Front-back ratio ... 
H-F — 5-element — 2-element 
Power tube ..............0.esseeeseeeeee 
Radiation resistance 
‘' Three element HF — 220 Mc. 
Beat note 


B-H curve ......... 
Bias — Battery .. 
"Cathode ....... 


OP GIG) oo.s avon acszoes 
"Grid leak .. 
R-F amplifier . 
Safety ........... 
Shift modulator ... 
Supply, modulator .. 
Supply, regulated . 
Transistor .......... 
Bidirectional antenna 
Billboard antenna 
Binary notation ... 
Bishop noise limiter 
Bi-square antenna 
Bistable multivibrator 
Bit ccestenere see sy 
Blanketing interference ... 
Bleeder resistor — safety ................. 
Blocked .gtid' keying ica ee 
Blocking diodes ..... 
Blocking oscillator 
Bob-tail antenna .. 
Bombardment, cathode 
Boost, Bass/treble ... 
Break voltage ......... 
Bridge, impedance ... 

"Measurements 
Power supply . 
Rectifier ....... 
Slide-wire .. 


Bridge-T oscillator 1.0.2.0... 
Bridge-type vacuum tube voltmeter ........ 
Bridge, Wheatstone 
Broad band dipole ... 
Broadcast interference ........... 

Broadside antennas — arrays .............---+- 
Bruce antenna .... 
Butterfly circuit .... 


Calorimeter: .scceie.coies tectuesdevesveveeentaes tasespeeeSaloees 736 
Capacitance —— Calculation — definition...... 32, 30 
" Interelectrode 


Neutralization 
Tank — Stray 
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Capacitive coupling ..............c.csscccccssseeecceeereesooees 
Capacitive reactance 
Capacitor — AC. circuit . 
Air — Characteristics d 
Breakdaw ni: iisiii:s 224 hei o0. oe seeeeccsdetesessieeies 
Charge ..... S3 
Galarcade: .:s.2:fehcev.cestavevcivvevesscessssseesze sa 
Electralytic ... 

Equalizing 
Filter ........ 
So ORixeds 2: 
PP Dp put TEE cc concndcdnvenehavanens netneay eens 714, 690 
Leakage 
Law inductance 
Parallel ...... 


"Series 
‘* Temperature caefficient - side 
"Time canstant ..............---2.- 239 


Vacuum ~— variable vacuum .. 
"* Voltage rating 
Carrier — Distortian .. 
Carrier, Shift ........ 
Carrier, $.S.B. 
Cascode amplifier — V.H. 
Cathode = Bids in hee, 
Caupling —— caupled inverter . 


.323, 327, 328, 
eV 22 

-108, 266 
115, 116 


** Current — Definition ............----..eeneeee 79, 67 
'* Driven amplifier ... 612, 256 
Te RIEOUG WORT Sac eee anaantidwrnote eet 272 
"" Fallawer amplifier . 127, 164 
** Follower driver ..... 680, 683 


Follower modulator 
Keying 2.0.0.0... 
Madulation ........ 
Ray oscilloscope — tube . 
Tank, graunded-grid ... 

Cavity, resonant ............. 
Cell, Weston 


Ceramic dielectric ...............ccscscnenneeeeeesesscecesseneeees 32 
Charge ............ 22, 23, 30 
Ghassis:clayout® 215A artes nstoieieteecieetn eters 726 
Choke, filter 2.0... 0... ceeeceeeee 


Choke input filter 
Chika Reb ooo cot aus ieecdsasvetieey tove 
Circuit constants, measurement of . .737 
Circuits — Caupled ................ 153 
D.C. — Equivalent 21, 51 
"* Input loading ....... wls2 
"Limiting 
** Magnetic 
‘* Parallel ... 
"Parasitic 
PSE TG) Pees ee cers aaeaticde hah Miata noses sons oc oases Pee ree eae 


Resanant — Series — Tank 
Circulating current ......... 

Clamping circuit ..... & 188 
Clapp oscillator o.oo... eeeecececcceecessessseeesececneeses 239 
Class A amplifier, def. of 
Class A2 amplifier ............ 
Class AB amplifier, def. of ... 


Class ABI amplifiers ...................sesesessceceseseeeeeees 108 
Class B amplifiers al 159 
Class B amplifier, grounded-grid ...............:...000 613 
Class B modulator ..u.........cccscceceneceeeeeneeeeee 126, 292 
Class B, R-F amplifier ...............cccccccceesessessesennone 249 


Class C amplifiers .. 
Class C bias ........... 
Clipper-Amplifier design 
Clipper filter, speech 
Clipping circuits 


-108, 124, 125, 


Clipping, negative peak .............c:cseseseeeceeeeeees 670 
Clipping, phase shift 
Clipping, speech ....... 
Clased laap feedback ............2....:-:cccceccneeneeeeeeeee 
Coaxial reflectameter .. a2 
Coaxial transmissian line 
Caaxial tuned circuit ... 
Code “Gis bec waronx 
Cade, practice set .... 
Caefficient af caupling . 
Coefficient, temperature 
Caercive farce 
Cail, care lass 
Coil; Qa. sas 
Calinear antenna ... 
Collectar electrade 
Callins feed system 
Callins filter .............. Me 
Calar code, campanent ..................sccceneeneeeceeeeeee 
Calar cade, standard . 
Colpitts oscillator .............-..eecceeeseeceenneeeecoeeseneeee 
Complementary SYMMEMLY ......--oenenenrenenecenseneee one 
Complex quantity ......... 
Camponent color code ................ 
Component nomenclature graph . 
Compound, def. of Nesiey eee sac ay teen oe 
Compressian, valume .. 

Compressor, A.L.C. .... 
Camputers, electranic 
Conductance, def. Of .............----ceeeseeeseeeseneeenersone 
Can dUCHON: %ocetcdeckncas cae 
Conductivity — Conductar ... 
Canstant amplitude recording 
Constant current curve ........ 
Constant-K filter ............ 
Canstant velocity recording . 
Canstants, vacuum tube .. 
Cantral circuit, mobile .... 
Cantrol circuit, transmitter 
Canversion conductance ..... 
Conversion frequency, SSB - 
Canverter stage .............. 
Converter, transistar ........ 
Gore lossixe 2k nites 
Corner reflector antenna 
Corona static ... 
Coulomb ...... 
Counter e.m.f. - 
Counting circuit ........... 190 
Coupling — Capacitive .. 


Cathode . 115 
"Choke ... 114 
"Critical . 216 
Be UD inecti=ck 3. eo. oe ees Senos eescaee 115 
USER OCH Ofc csc: Soessccich drowece Seetoe sete lasttacteecoeee 56 
'* Impedance — Inductive . 113, 269 


Interstage —— r-f ..... 
WO tink sAV Aes ce ies 
Magnetic 
Parasitic .... 
"* R-F feedback ..... : 
Systems, Antenna ...............cccesseeceenssnceeeee 
Transformer 
Unity: occu 
Critical coupling ... 
Critical inductance . 
Crass madulation . 
Crossover point ... 
C.R.P.L. Predictions 
Crystal — Current 
"Filter — Lattice filter 
Harmonie? 222202055 05s. avt. se ceesteeciehscsseste ee ike 
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Oscillator — Quartz 
Pickepe cna 
Cubical quad antenna .. 
Current — Alternating ..........-... 

Amplification (alpha) 

"eo (Cathode tcsrsrc.225:.c5 coeizcse 
Circulating — Clased path 
Wifioet Det [Oli eccnree oat, hoi cee enctsc uareeneeeeestera tas 
Effective —~ Effective (a.c.) 
Electrode? -<2:2:22252: s:iiscc0ccteess 
Induced — Instantaneous .. 
Inverse 


"Measurement .... 731, 733 
> “Peak amplifiers .:.:-2s:23-cc 0.0: ¢2eesgsxeetiestacsess 125 
"Rating, Power supply .................cecseeee neon 685 


Saturation — Skin effect 
Curtain antenna . 
Cutoff (alpha) 
Cutoff bias ...... 
Cutoff, extende 
Cutoff frequency . 
COVEIET nga aide pee 

Gycle;.csunspot. caret cnt2 ose. ce easton etree meneesaee 


d’Arsonval meter 
D. C. amplifier ..... 
D. C. clamping circuit . 
D.C. pawer supplies ... 
D.C. restorer — circuit ........... 
Defector — autodyne — crystal . e 
Deflection, plate .................... 171 
Degeneration, transistor ... 
Degree, electrical 
Delta match — antenna — system... 
Demodulator. ceo alseucsereries meses Bees 
Detection, slope ...............00.... 
Detection, synschronaus, DSB . 
Detectar —~ Diade ................ 
" Fremodyne ...........20065 eee 
Grid leak —- Impedance — Plate .......... 222 
Product 
Ratio 
Super-regenerative ..... 2 
Deviation, FA — Measurement ................ 310, 316 
Dielectric, ceramic — Constant (K) ..30, 31, 32 
Differential keying = 
Differentiation, electronic . 


Differentiator (RC) ........... 9 
Digital circuits — computers 195 
Digital package ............... 204 


Diode — Avv.c. 
Blocking .. 
Crystal . 
"Def. of .. 
Detector .. 
"Gate ..... 
Limiter 
Mixer 
” Modulator 
Semi-conductor . 
Storage time ..... 
Voltmeter 
Zener 
Dipoles 
Direct current Gicuits M3 
Directive antennas, H-F 
Directivity, antenna 


Discharge of capacitor .............:::::2:ceceeceeeceeeeceecee 30 
Discone antenna .............. 437, 477 
Discontinuities, transmission line .. a 


Discriminator, F-M 


Dissipation, anode 
Dissipalion, grid 
Distortion —~ Amplitude —~ Frequency 
"Audio ..... oa 
Carrier ... 
Harmanic os 
Intermodulation ......... «136 
VES (Md ul atiOnesc se: :ceseccovecesaese-neta8 voce scocnnesees 305 
Nonlinear — Phase . 
Products ............05 
'*  Praducts, SSB 
Transient 
Transistor .. 
Divider, frequency . 
Divider, voltage ..... 
Doherty amplifier 
Dome audio phasing network 
Double conversion circuit .... 
Double sideband, DSB .... 
Doubler, frequency ... 
Doubler, push-pull ............ 
Doublet, antenna — multi-wire . 
Drift transistor . 
Driver, amplifier .......... 
Driver, cathode follower 
Duct propagation .................... 
Dummy antenna — dummy loads 
Dynamic resistance .................. 
Dynamotor, PE-103 . 
Dynatron oscillator 


Eddy current cctccco sec seisc scoot sos ud aces sseceessoveenecs 
Efficiency, antenna 
Electric filters ...... 
Electrical energy - 
Electrical potential . 
Electromagnetic deflection 
Electralytic capacitor ....... 
Electrolytic conductor 
Electromagnetism. ........... 
Electromotive force (e.m.f.) 
Electron coupled oscillator ...... 
Electron, def. of — drift — orbit 
Electronic camputers .... 
Electronic conduction 
Electranic differentiation —— integration 
Electronic Keyer, '9TO’’ .... 
Electronic multiplication . 
Electrostatics .............:c00.000 
Electrostatic deflection —~ energy ......-. 
Element, def. of — metallic, non-metallic . 
Element, reactive, non-reactive 
Emission equation ................. 
Emission —~ photoelectric 
** Secondary 
Spurious 
Thermionic 
Emitter electrode . 
Enclosures ..... 
End effect, antenna 
End-fed antenna ............ 
End-fire antennas — arrays .... 
Energy — Electrical —~ Electrostatic . 
) bBtentialt, 2 2cu.dstecweeaseet 
Storage, capacitor 
Transistor .......... 
ENIAC ... 
Envelope, carrier . 
Equalizer, audio ....... 
Equal-tempered scale .. 
Equivalent circuit .................. 


799 


WWW.americanradiohistoryv.com 


Equivalent circuit, transistor ..........0...--ccceeecceceeeeee 95 
Equivalent noise resistance ............----00e-eeeeeeereees 153 
Errar signal 
Excitation, grid 
Exciters, law power ... 

EXCGNS OB. scien cut ce -eoeeewe Retoe soe 342, 345 
Extended-Zepp antenna ...............c.-ceseceoeeeeenoee! 463 


Factor of merit 


Fading ....... 414 
Farad, def. a 31 
Feedback amplifier 129 
Audia 
“Circuits 
"  Contral 
"Error cancellatian 
Ue RMN Gre ee ie cies ace Neccce en tot ee eon setae 199 


MCOMS St OR cece weet ersvce ee hot scee stent eveceee 
Feed systems, antenna ...........-.0222cc0-ceeecerce 
Feedthraugh power ... 
Field, magnetic ... 
Filament, def. of ... 
Filament reactivation 
Filter — Capacitar ...... 
Copacitar input .. 
"Carrier, SSB ... 


"Choke .......... 

ee GhO Kerlin putices. sess seavesscceccee sos cheese 

Me SCinuits :mabile. ovi.2.6s.ce2c0s sen deste eee see 
ras Crystal ance verses a 
"Crystal lattice — SSB oo... 
+) “Generator, SSBicii cewek ee kent 


“High Pass ........ 
Inductor input . 
Insertion lass . 
law pass ..... 
"' M-derived 
Mechanical 
Noise .......... 
** Passbond, SSB 
Q-multiplier 
Resistance-capacitance—Resononce.. 
Ripple factor = 
Sectians —- Series — Shunt ...............-.-000+ 
TVI, receiver —~ TVl-type ........... 
"Wave 
Filter-type exciter, SSB 
Fixed bias 
Flat-tap beam antenno . 5 
Fletcher-Munson curve ...... ..140 
Flaating Poraphase inverter 
Flux, def. af — density .. 
Flywheel effect ............. 
Falded dipole 
Farcing function .. 
Faster-Seely discriminator te 
Franklin amtenmo . o.oo... ccccccceeececcneneecccceneececeeee 
Franklin oscillator ... 
Free electrans 


Free-running multivibrotar eerie a aero eee 189 
Fremadyne detector .............eceecceeeeeeeceneeeeeeeeeenene 
Frequency REE STESE, 
Conversion, SSB 

"Cutoff ..... 

"Distortion 

"Divider ...... 

** Interruption ........ é 

"" Moximum useable . -413 

‘Measurements .... 739 

Po Multipliet? 2: 2.c2:.c.tsscoseoectoceoe --256 


Pulse repetition 

Range, hi-fidelity 
Ratio, Lissajous 
Resonant 


" Saund 
Spectrum . 
Spotter 
"Standard WWV 
Sweep 
Frequency Modulation 


APG pier 2 ccc Ase shee ase 
"Deviation — ratia — index ..310 
"Discriminator 318 


limiter 

linearity _.. 
Norraw band : 
Pre-emphasis eS 
Reception .......... 317 
Frant-back ratio, beam Z 
Fuchs GQntenn coc..sciccceccseanelenesernce --422 


Fuil-wave rectifier 
Function, Farcing ............. 
Functian generatar — nan-linear — ramp..202, 203 


G 


G, canductonce, def. af .... 
Gain, antenno — beam .... 


Gain, power — resistance — voltage ................ 94 
Gamma match, antenna — system ............ 499, 440 
Gas tube —~ generator ..............cccceeeee ee eee 87, 172 
Gate, diode — limiter . 


MAGUS OTe GE Soca heel aa ace ep Sas tecacacd taser 
Generator, functian 
Generator naise ..... 
Generator, sawtaath 
Generator, time base 
Gilbert, def. of ..... 
Grid bios .......... 

Grid, def. of ... 
Grid dissipation 
Grid excitation . 
Grid leak bias ... 
Grid leak detector . 


Grid limiter, limiting .-- 187 


Grid modulation... cee .250, 286 
Grid neutrolizotion 2.0.0.0... ecee ee 251 
Grid-sereen # factar 

Ground bus 


Graund lass, antenno ........... 
Graund plane antenna — VHF 
Ground resistance .... 
Ground, R-F ........... 
Graund termination 
Graund, transmitter . 
Ground, wove ............ 
Graunded-cathade ampl 
Grounded-grid omplifier .... 
Graunded-grid cascade omplifier .................... 169 
Graunded-grid, cathade tank _. 3 
Graunded-grid r.f. amplifier 
Guy wires, antenno ...........cc..cceccceeseeccoceeeeceeeeee 


Hairpin coupling 

Half-wove rectifier .... 

Harmonic — B.f.a. . 
"Crystal... 
"Def. of . 
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"Music 

EO Scillator verse csettogect vcr. oosee ee eee 245 

** Radiation .... 260, 369 
Harmoniker TVI filter 2.0.0.0... eee ecceeeeeeeseceeee nen 375 


Hartley oscillator 
Hash rectifier ....... 
Heat cycle, resistor 
Heat sink ........ 
Heat sink, transistor . 
Heater cathode ........ 
Heising modulation .. 
Helical antenna . 
Henry, def. of ... 
Hertz antenna ... 
Heteradyne ...... 
H-F antennas .. 
High fidelity 
High fidelity, Interference ......... 
High-pass TVI filter ........ 
Holes in semi-conductor ... 
Harizontal directivity 
Horn antenna, VHF ........ 
Hot cathode phase inverter 
Ta RUS [8 [he Renee eee neasr seeps er arta op een een aE oat 


\-f olignment TRE SE LS STIS OR a 180, 233 


Amplifier .--208 
"Noise limiter “225 
" Pass-band ....... rey iA 


Rejection notch . 
Shape factor ... 
Tuned circuit 
Ignition noise .. 
Images—image interference—ratio.. 
Impedance 
Antenna 


"Coupling 

Match, audio v cto essen rnece ene 127 
"Reflected ..... 56, 63 
** Resonant ...... 4 
"Screen circuit - -.287 
= ‘Surge: .t.2503- --420 
"Tank circuit .. --260 
" Transformatian --63 
Transistor .......... 97 
** Transmission line . 417 
"Triangle oo... 48 


Incident voltage, transmission line 
Indicator, Antennascape 
Indicator, Selsyn 
Indicator —- standing wave —— twin-lamp..741, 745 
Induced) Current cc: cccsci.c cccaceecia icsitenssancepeansnresesersoes 42 
Inductance ....... ae 


"Capacitor ... 
"Cathode lead’. 153 
BP CRO Gall lease age saedal chap eeeoeanet turin let eee 686 
"Lead —- Magnetic — Mutual 37 
Parallel —— Series .0..0.........cccecceceseeseneeceereee 


Resistor  ............ 
Induction, def. of 
Inductive reactance 2-46 
Inductive coupling .. 
Inductive tuning .... 
Inductor, iron core ...... 

Inductor, time constant ... a 
Infinite impedance detector ..............ccccceececeeeeeees 222 
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Initial condition voltage 
Injection voltage .... 
Input loading ..... 
Input resistance ..... 
Insertion loss, filter ... 
Instability, R-F amplifier 
Instability, static ...... 
Insulation, VHF .............-2.:.2e0eeeeee 
Insulator, def. of 20... tece cee 
Integration amplifier . 
Integration, electronic 
Integrator, Miller 
Integratar (RC) ....... 
Interelectrode capacitance 
Interference — Broadcast 
"' Harmonic 
Hi-fi — image — TY ............ 381, 382, 367 
Interlock, power 
Intermodulation distortion 
Intermodulatian test 
Internal resistance 
International Morse Code 
Interruption frequency .......... .eceeeceeseseseseceenees 
Interstage coupling 
Intrinsic semi-conductor ... 
Inverse current —— Voltage 
Inverter, phase — voltage divider...... 115, 116, 117 
lon, def. of —— Positive .......... 
lonosphere, absarption ....... 
lonosphere, Sporadic-E layer . 
lonospheric cycle .................. be 
lonospheric fading ................ceccecesececeeesesseesnenees 414 


lonospheric layers —- propagation 412, 413 
lonospheric reflection ..............::.:esceeecerecesceeeses 415 
IR AVC Reece tere 24 
Iron vane meter ..............-....2006+ 733 
Isotropic radiator 2.2... .......ccccccccescececcnaneenscenseeeace 406 


Jitter 
Jahnson Q-feed system 
"’y"" Operator 
Joule, def. of 
Junction, transistor 


K, dielectric constant 
Key clicks 0... 
Keyer, ''9TO”’ electronic . 
Keying — blacked grid . 

"Cathode circuit 
Differential 
Frequency shift 


** Screen grid 
* Transmitter ... 
Kilocycle ......... 


Kinescope tube .... 
Kirchhoff's Laws .. 
Kylstron — reflex .......... 


Lamb noise limiter 
Layout, chassis ....... 
Lazy-H antenna ..... 
U/C 1ations Secentee 
Lead inductance ..... 
Leakage, capacitar 
Leakage reactance ...............cceceeceens 
Left-hand rule -...... : 
Length, antennGties swe ere ren es 
Essections filter 0 oo eves 8 ctisctes Myce ee eee 
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Licenses, amateur 
Limiter, audio 
Limiter, diode ... 
Limiter, F-M .... 
Limiter, full-wave 
Limiter, noise ..........- 

Limiter, series diode . 

Limiter, TNS ............- 

Limiting circuit .......... are 

Limiting diode ........... i -204 
Line filter ........ 
Line regulation 
Line, Slotted 
Linear amplifier 


"Class B ..... 
"Kilowatt 

"Tuning ..... 
'  2KW, P.E.P. 


Linear matching (canstormer a 
Linearity, distartion products 
Linearity tracer ............ 
Link coupling — antenna 
Lissajous figures ............. 
Litz, wire .............. 
L-network design -. 
Load line ................ 
Load line, r.f. amplifier . 
Load line, transistar ....... 
Load resistance amplifier 
Load, c.f. dummy ........ 
Loaded-@ ................. 
Loftin-White amplifier 
Long-wire antenna ... 
Loop feedback ...... 
Loran, band ............. 
Loudness contral, audio . 
Loudspeaker — def. of — response . 
Low-frequency parasitics .......2222..22.ccceeceeeeeeeeneee 
Low-pass TVI filter 


Magic eye tube 
Magnetic — Air gap 
Circuit — field — 
"Eddy current ................. 38 
Hysteresis loss a 


"Induction 

"Left hand rule . 

‘Permeability — reluctance — saturation....36 
Magnetism — residual 
Magnetomotive force (M. M. F.)  -.....2.2.csseseneeeeces 36 
Magnetron 83 


Magnitude, scalar 
Majority carrier ...... 
Marconi antenna .. 
Mast, A-frame ........... 
Matching stub, antenna .... 
Matching systems antenna ..... 
Matching transformer ...........-...- 425 
Mathematics, radio ........... 


Maximum usable frequency . 

Maxwell, det. Ot) :cccf.cc-cc0u: oteczocrstseevesseysceienectectsos 36 
M-derived filter 

Measurements — Antenna .740 


Bridge  ...........22..eee 
Circuit constants 
Current — Voltage 
Frequency ............... 
Parallel wire line 
Power 

Transmission line .... 
Mechanical filter 


Mechanical filter, use of 
Megacycle  .......-2..-:eeeeeeeeeenene 
Megahm 
Memory circuit . 
Mercury vapor rectifier . 
Meteor bursts 
Meter, d’Arsonval 
Meter, iron vane ..... 
Meter, multi-range - 
Meter, rectifier .... 
Meter shunt ........ 
Meter, thermacouple 
Mho, def. of ........... 
Mica dielectric . 
Microfarad .... 
Micrahenry . 
Micra-ahm 


Miller feedback — ascillatar SaenS 
Miller integrator ................ceccesecceceeccneeccceececeeeeee 


Milliammeter 

Millihenry, def. of . 

Mixer — circuits ... 
"Diode 
Be SNES S GER ans ectsy area eattvatcewovoisestnas wan on tees nes aena eee 
** Products, SSB — spurious . 337, 339 
Tee 99 Bin ett See AO RL Seer ond iets ace ee eae 336 
"* Stage .. ..209 
Transistor .-100 
* Triode ..... 2271 
GY AUDWEEAcae ss tipecucinnsna rela awcdesatncwts eins evan adeos 79 

Mobile, Antenna coupling .... 520 
ie RGanirolecincuitssrtectce cess ere sree Seer etonces §21 
22. (Dynamotor 222.2) .2.25 25 se a eons 522 


Equipment canstruction — design .... 
Filter circuits 
Noise limiter .. 
Noise sources .. 
Pawer supply 
Mode of resonance .... 
Modulation ............- 

** Amplitude ....... 
Automatic control 
Bandwidth 
"Cathode .... 
"Class B ...... 
Constant efficiency ..... 
Distortion ..... as 
Frequencyis:: 2etcccei.erese coeds caoedt et ace sevecctetewees 
Lia AN 2 1 Wee eek ee Soe ene ne ale cit ices 
Heising 
** Index, F-M . 
Pattern, Oscilloscope 
Percentage 
Phase 
"Plate ... 
Screen 
Suppressor 
Transformer 
Variable efficiency ox 
MEDS CIR ioc a de vcp case conc ouwen elute rc dvernntk nben ane 81 
Madulator — Adjustment .. 

Balanced — S.S.8. . 
Beam deflection ... 


"  Bias-shift ...-......... 

** Cathode follower 
CVs Be 39.2 wes vce 
"Construction 

"Crosby ... 

PES DIGG e> 210, ch eaepes Pucca 
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Reactance:tube: cco oe cactcccsss ee ecas cca 312 
Semi-canductor 


oo ASS Biter 
MOT TO Od@ 222.5 cece ive sce sche sencssteebiecs cccadscueee ohveee 
*  Zera bias 
**  200-watt 
MOleCUle gee eet ao Riis antes at eek ence ce ere 


Monitor ascillascape 
Marse code ........... 
Mu factor (#) .. 
Multee antenna ..... 
Multi-band antenna ... 
Multiplication, electranic 
Muitiplier, frequency ... 
Multiplier resistor ...... ee 
Multi-range meters ............0.cssccccessceeeseeeseseeeees 732 
Multivibrotor — circuits .. 
Multivibrator, free running 
Multi-wire doublet _....... 5 439 


MUSIC de fst (Gtr ot ee oe er Re 134 
Music systems — scale ........... : 135 
Mutual conductance o.oo. elec cee ccceeecceeeceeceoeees 73 


Mutual coupling 
Mutual coupling, antennas 
Mutuol inductance 
Mycalex, dielectric 


Norrow-bond F-M ....... 
NBS bridge-T ascillator .. 
Negative feedbock loop .. 
Negative peok clipping .. 
Network, R-L integrator .. 
Networks, L ond Pi ........ 


Neutralization —— Amplifier 00... ..eccccceeeeeecceeee 250 
Copacitonce: .2i2..ieerieniecescen cece aie 
BY (Grid, 282 sseeseee 
""  Grounded-grid 
"Procedure 
ORE eee? 
"Shunt 
Pe eS ti cseseeses 
"*  Tronsistor ...... 


Neutralizing procedure 
NI (ampere turns} o.oo... 
Noise = (FOCIGE aces ei ewce te crore eeees 
Check, mabile ... 
Generator, silican 
"* Limiters — Mabile oo... eee 225, 512 
UAE ale eee Pea See pea PL ee eR te 210 
Regulator —— sources ...........cccececeececeeecees 524 
Suppression .............. §23 
Thermal agitation... eee eeeeeenceneenecees 188 
Valtage .............-.. 151 
Wow and flutter 
Nomenclature, calor cade 
Nomenclature, campanent . 
Nonconductar ....0.... 2. eccccenceeeee wee 
Nondirectiaonol VHF ontenno ... 
Nan-linear distortion ......... 
Nan-linear function 
Non-resanant transmission line 
Nansinusaidal wave 
N-P-N transistor 
“Nuvistor"’ 


tube, use .... 


Octave, def. of 
Oersted, def. of .... 
Ohm — Ohm's Low ~ 
Ohmmeter, low range .................. ae 
Obmis Low: i(ioie! ies: ceo. ain oe coc cocina rates 45 


Ohm's Law (camplex quantities) .........2.20.0.:0cee 49 
Ohm's Low far magnetic circuit . 
Ohm's Law (Resanont Circuit} 
Ohimis: pet. volte.c27 fe .fee ee eer eee eS 
Omega, def. of ........ 
One-shat multivibrator . 
On-off circuits .. 
Open wire line 
Operating desk, constuction of . 
Operatianal amplifier ...... 
Optimum warking frequency 
Orbital electron ................. 
Oscillatian, parasitic _. 


Oscillator — Bect .. 
Blacking ..... 102, 189, 190 
ie @Bpldge= merce cece, ee aes 192 


Circultswiesestec ees -248 
Clapp — Calpitts 
Cade practice «2.0.0.0... 
Crystal oes heehee 
Dynatron 
B20: ies fe eesverseccees se sesteete cere csiasesseacees 
Fronblins scticc.coevevs de devcchasecsccerectee 
Free running 
Harmonic 
Hartley . 
Keying . 
"Miller 0000. 
"NBS bridge-T 
Overtone ...... 


Relaxatian 
T.p.t.g. 
Transistor ......ceceseeeeeeee 
Transistran . 

" V.F.O. 

"  Wein-bridge .. 
Oscillascape eae 
Circuit 
Linearity tracer . 
Lissajaus figures .. 
Modulation pattern——phase patterns.178, 177 
Monitor 2.0.05. 252. io... Sescarsecesses 179, 181, 750 


Trapezaidal pattern——wove pattern..178, 180 
Output, peak power 0.0... cece cceceeeresecesereeree 

Overloading, TV receiver 
Overtane crystals 
Overtane, music . 
Oxide filament .. 


Pooper dielectrie sez. ..51%. ce. 2 eevee nus uteaicueiaweer eke 
Parallel circuit — resistance 

**  Diade limiter 

Be MReedi. us. cte- 

" — Resanonce  ............. 


Wire line measurements .... 
Parasitic antenna, Design chart .. 
"Antenna, VHF 


** Beam design --490 
Mw 3Check: foes veces: 364 
" Caupling ....... .-360 


Element, antenna ................. 493 
oo 2Oscillatiann nen 277, 361, 608 
Resonance 


Poss bond, SSB filters .... 


Patterns, antenna ..00...... cco. ccceeeeceeceesecnees 
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PE-103 dynomotor .............-0-0005 
Peok amplifier current 
Peak current (0.c.) 
Peok envelape power, SSB 


Peak limiter ............. 185 
Peokinaise: limiter: <1 -.<. 2c. .c er. cc ee A ace a teetene tee 225 
Peok pawer output ...............00. 124 
Peoked wave ..............222:e:eeeee > se 
Pentode amplifier ..120 
Pentade tube |..............-.-.ccc000 77 


Periad, sound ..- Fe 
Permeability ..... 22236) 
Phantom signal ....... ..378 


Phose — ongle {a.c.) - 46 
Angle — difference .-177, 178 
"Distortion ............. 109, 135 


Inverter ... 
Modulation .... 
Shift, clipping .... 
"Shift, feedback 
"' Shift, oscillotar 
Phosing, ontenno ........ 
Phasing generatar, SSB . 
Phasing networks, oudio ... 
Phonograph reproduction 
Photoelectric emission .. 
Pickups .. 
Pickup, spurious 
Pierce oscillator ... 
Pi-network amplifier 
Pi-network chart — design 
Pi-network coupling -............2220.s:csssseeeseeeeeee cee eee 449 
Pilot carrier, SSB .......... 2323 
Pitch, sound .............--- 134 
Plate current flow 
Plate current, stotic 
Plate detector ... ae 
Plate efficiency omplifier -.......2....:ccscssssssesseenceee 
Plate modulatian ...... 
Plote resistance 
PoINGP TrOnsiStOr G.c25 sachin ce van crcneses cea ee ues vane’ 
Point contoct tronsistor : 
Polor notation. 2.22.5 ciceleciec ce cete sted sesessetbeeccosasscores 
Polarizotion, antenna — VHF ...................- 400, 475 
Polyphose rectifier Bede cci iw adies. pote oe aha 693 
Potential difference .... 
Potentiol, electrode ... 
Potentiol energy ....... 
Power amplifier design . 
Power omplifier triode .. 
Power, feed through .... 
Power, gain ............. 
Pawer gain antenno .... 
PawersQdin: SSB i.sei.c0 27 .eeSecesi Secs e eae eeeenereenees 
Power meosurement 
Power interlock 
Power-line filter 
Power, resistive . 
Power supplies 


A.C. -D.C. 


Dual voltage .. 
“Mobile ........ 
Oscilloscope 
Regulated 
Screen .:...... 

Three-phose ... 
Transistarized . 
Voltage daubler .. 
Voltage multiplier . : 
Voltage quodrupler .................ccccscceceneeee 695 


"300 valt 

"1500 volt .. 

"2500 valt 
Pawer system, primary 
Power transfarmer ... 
Pawer transistor 
Pawerstat auto-transformer 
Preamplifier, hi-fi -............. 
Pre-emphasis, recarding .... 
Preselector: .o.c:c02c:-cccencenecenasenecees 
Primory transformer . 
Probe, R.F. (v-t.v.m.) 
Product detector ... 
Prapagotian ............ 
Propagation, sporodic-E .... 
Pulsoting olternating current 
Pulse-repetition frequency ..............-------- 
Push-pull omplifier ts 
Push-pull transformer _.........2.....0:eceeececeee cece eeneeee 
Push-pull tripler — doubler 
Push-to-tolk Circuit -.-------2---:eeceeeee cence eee eeeeeceeeeenee 


Q amplifier tonk 
Q antenno .......... 
Q coils ..... 
Q, def. of aoe 
Qiilogd ed is. .222ste-s sec ins beset asta ccce see soe watncenesebe soeee 
Q multiplier 
Q tank circuit ... 
Q tronsformer .........22-..20c cess eeceee 
Q tuned circuit 
Quad ontenna .... 

Quadrant, sine .. 

Quontity, complex . 
Quench oscillotor 


Radian, def. af 
Radiation, angle of 
Radiation, def. af 
Radiotion, hormonic ...... 
Radiation pattern, distartion 
Radiation resistance ............2.20:-:sssseeeceeeees 
Radiator, isotropic ......... 
Radiator cross-sectian, VHF 
Radio frequency, def. of 
Rodio mathematics ......... 
Rodio propogotion . 
Rodio teletype .... 
Ramp function ... 
Ratio detector 
Rotia, image 
RC omplifier 
RC audio network 
RC differentiator — integrator 
RC oscillotor — circuits 
RC time constont 
RC tronsient -........-.:---- me 
Reoctance, antenna .......22......20-ceeceeeeeeeeee eee ee 
Reoctance, capacitive — inductive — net . 
Reactance, leakage 


Reactonce, resonance ..... 47 
Reactance tube modulotor 312 
REOd-OUt> ccfeccceecose set carcoraveseneeecesacece steteeccenceee 201 
Receiver, alignment ..........-...2cc::ceeeeecceeeeees 180, 233 
Receiver, superheterodyne _.........22---.2-:ceceecereeeenee 208 
Receiver, transistor ......... 
Receivers, High-frequency .....-...-....22--002-ceeeeeeeenee 526 
'' Broodcast transistorized ...........-..002..ceeee 529 


DX operator 
Mobile transceiver, 10 m. .............. 


oo 
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Transceiver, 10-15 m. 
Transistorized b.c. .. 
Receivers, UHF 
Reception, frequency mnodulaGan: S 
Reception, mobile ......... aah 511 
Reception, SSB .......... 
Recording, constant amplitude, velocity 136, 137 
Recording, crossover point ..........2....-0.0.2- neces 136 
Recording, high fidelity .....................- 


Recording, pre-emphasis — RIAA curve . .137 
Rectification, audio .... 379 
Rectification, stray . 379 
Rectified A.C. ......... 45 
Rectifier, bridge .. 690 


Full-wave ---689 


*  Half-wave ---689 
** Hash ---694 
“Mercury vapor -— polyphase 693, 694 
oes Se@lemiurny: 225.202 822.25. Feaceseac tote see ees eeeeeetces 695 
"Silicon 


Type meter 
Vacuum .......... 
Voltage doubler . 
Voltage quadrupler . 
Oe eNet Vans eee eeec ee 
Reflected impedance .... 
Reflected voltage, transmission line 
Reflection, ionospheric .... 
Reflectometer, coaxial ...... i 
Reflectometer, SWR meter ... 742 
Regeneration 
Regulated power supply 
Regulation, power line .... 
Regulation, power supply ... 
Regulation, voltage 
Regulator noise ..... 
Regulator tube .......... 


Regulator tube (VR) ... ..709 
Regulator, voltage .... --687 
Rejection notch, [-F .. 220 
Rele det. Of. 2-5. e ica van cese toes ee eee 36 


Relaxation oscillator . Bs 188 
Reluctance, def. of .... 
Remote cut-off tube .. 
Residual magnetism 
Resistance os 
Capacitance filter 687 
Dynamic .. : 


"Plate 
Radiation 
Resistive power ... 
Resistivity, table of 
Resistor, bleeder ..............-.ecccccceceeeeceneneeeceeee 
Resistor, characteristics of - 
Resistor, color code ........... 
Resistor, equalizing 
Resistor, inductance of 
Resistor multiplier ................... 
Resistor, non-inductive, use of . 
Resistor, typical ... 
Resonance ........ 2-47 

"Antenna 
Current 


'* Curve — parallel — series . 

teal au Chavee terrence ne ner eeceee eer --688 
‘* Impedance — Q 

'* Mode 


Oscilloscope pattern 
Parasitic 
Speaker 
Resonant cavity 
Resonant circuit ...-...... 
Resonant transmission line .. 
Response, audio ............ 
Return trace ...... 
R-F alignment 
R-F amplifier 
"Class AB, 
“Class BL... 
Construction 
** Grounded-grid 
Grounded screen . 
Inductive tuning 
Instability — neutralization ............ 607, 608 
Oscillation 
Pi-network 
Push-pull 
Self-neutralization 
Tetrode ............. 
R-F chokes ............ 
R-F dummy loads 
R-F feedback ...................... 
R-F ground ... 
R-F shielding .. 
Rhombic antenna .........0...0.ceceeeeeeeeeceeeneeeeee 
Rhumbatron cavity 
RIAA equalizer curve - 
Ribbon TY line _..............-. ¢ 
“Ribbon” (TV) transmission line .............--------+ 418 
Ring diode modulator 
Ripple factor, filter ..... 
Ripple voltage ... 
RLS circuit isectees ccs sseezeee 
R-L integrator network 
RL transient .... 
RLC circuits .... 
Root-mean-square (a.c. y 
Rotary beam antenna .... 
Rotator, antenna ...... 
Ruggedized tube 


S-curve, linear amplifier 
Safety bleeder -.......... 
Safety precautions 
Saturation current 
Saturation, magnetic ................cccccccceeecceeneeeeeenee 
Sawtooth wave 
Scalar notation ... 
Scale, musical ...-. 
Scatter, ionospheric 
Scatter signals ... 
Screen, CRT ....... 
Screen grid keying 
Screen grid tube ....... 
Screen lead inductance 
Screen modulation ... 
Screen supply .. 
Secondary emission . 
Secondary transformer 
Selective fading, SSB .... 
Selectivity, arithmetical 
Selectivity chart ....... 
Selectivity control, I-F .. 

Selectivity, mobile reception 
Selectivity, resonant circuit .. 
Selectivity, tuned circuits .... 
Selenium rectifier .. 
Self inductance 
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Self neutralization amplifier .............. ccc ceeeee! 608 
DEISYMINGICOIOE 5c. c02 chee us cos gus onpecauctz exe uPea eer onc 510 
Semi-conductor .......... 
Semi-conductor, heat sink .. 
Semi-conductor rectifier -- : 
Semi-conductar, ZOMer ....-.-2..-2-ceeeecceceececee cess enters 105 
Series-cathode modulator ..........02...:ccccccecsesseecee 295 
Series circuit ..-...--......-+ 

Series-derived fiiter .. 
Series-diode limiter .... 
Series feed -............... 
Series-feed omplifier 
Series-parallel circuit 


Series resistance — resonance 

Shape. factors il: Fo vcoc. 27 Se ee eee er a 217 
Shielding, R-F 358 
Shot effect .......... 


Shunt-derived filter ...............:cc:ccsceesneneeeeeceeesenene 64 
Shunt loading, G.v.c. ......-cecssesesecseseeeeeee e224 
Shunt, meter ............ 
Shunt neutralizotion ........ 

Shunt-reguloted bias supply - . 
Sidebonds, def. of .......... .280 
Signal, error ........ .193 


Signal, PhOnt@M 212.02. <20sccecneeacecdnsssaneverentinrernensd 378 
Signal-ta-distortion ratio — SS 153, 340 
Signal-to-naise rotia 2.2... eects e ee eeeeeenneenee 152 
Silicon crystal noise generator .............:--ccescceeee 749 
Silicon: rectifier 2iccvic. cet chet ies sotne ans deueen ses 696 
Sine wove 42, 43 


Single-ended amplifier ‘ 
Single sideband (SSB): 


EnVGlG POS; sccpoa si diseiaa.sauueyccivecsusfabyibacecane 326 
"Filter oo... 324 
"Jr. exciter ..... 342 
"' Measurements 
'* Reception ........ 

"  Troensmission 
Single signal reception ................::ce:ceseseeeeeeeereet 220 
Single swing oscillotor .... 
Single-wire ontenno tuner ..........-c:cccceseeeeeee ences 452 
Single-wire feed, antenna .......22.-.::sccccec eeeee eens 437 
Single-wire feeder ....... -426 


Six-shooter antenna . 
Skeleton VHF antenna . z 
Skin effect ..........0.2 55 
Skip distance . 
Sky wave .... 
Sleeve antenno .. 
Slide-wire bridge - é 
Slaperdetectionsas.vccisce sens acecs seis s5s0ee ieee ene sseneee 
Slotted tronsmission line 
S-meter circuits ........... 
Saldering techniques ................ 
SOUNnG iN, Dit cxeksserctecs cus ve ele 
Spoce charge .. 
Spoce wave ...... 
Speoker response . 
Speoker tweeter .. 
Specific resistence ......... ne 
Speech amplifier construction ......0-..-.-c0-2-cceeeeeeee 677 
Speech clipper, Circuitry .............cccccceeecceeeaceeeee ee 678 
Speech clipper filter 
Speech clipping 
Speech filter, high level .... 
Speech waveforms ........ 
Splotter suppressor .... 
Sporadic-E prapogation . 
Spotter, frequency 
Spurious emission —- spurious pickup 
Spurious products, mixer .................00cccceeeeeeeccnees 
Squore wove —- squore wove test .........- 


SSB, manitor ascilloscope ............ ccc cececeeeeeeee 
Stocked ontenno — stacked dipole . 
Standard frequency ..................0006 

Standard frequency, WWV . 
Standard pitch .. 
Standing wave .. 
Standing wave indicator 
Static, corene .... 
Static plate current 
Static, wheel .... 
Steering diode .. 
Step-by-step counter 
Sterba antenne .......... 
Storage time, diode 
Storm, ionospheric 
Stroy copacitonce 

“Strip line’ omplifier 
Stub motch, antenna 

Summation omplifier 
Summation voltage .... 
Summing amplifier . 
Sunspot cycle ............... 
Superheteradyne receiver ...............cccccceneeeneneeeee 


Super-regenerative detector . .207 
Suppression, oudio ........0......... .304 
Suppression circuits, porositics 362 
BUDE Ss Or. So5 heen a aaca teckneue aces pate ueas eens 77 
Suppressor madulotion ..............:cccccceseceeceeceeeeces 290 


Suppressor, splotter . 
Surhace Wve. eke cis seis eects ose sexupanacveatovs anes 
Surge impedance ...............c.cccccscccecccesscscessecences 
Susceptance, def. of 
Sweep frequency ........... 

Switching, transistor action 
SWR bridge 00... eee 
SWR meter, ontennoscope 
SWR meter, balanced line ... 
SWR meter, bridge ............... 
SWR meter, reflectometer 
SWR meter, “twin lomp" 
Symmetry, omplifier .............ccceccecceeeeeeecenceececee 
Synchronization, generator 
Synchronizing voltoge ............ 
Synchronous detection, DSB 


Tonk copacitance 
Tonk circuit —- efficiency 
Tank circuit impedence — looding ............ 260, 262 
Tonk circuit Q 


Teletype pero dic: ves .c2 oes hes seat scoenecdek hein vacses ees 322 
Television interference . 
Tempercoture coefficient . 
Ten-A, SSB exciter .... 
Terman-Waadyord omplifier . 
Termination, transmission line 
Termination, VHF rhombic 
Test equipment .................. 


Tetrode, grounded grid use . -614 
Tetrode madulotor _.............ccccceeeeccececencceanenceecee 669 
Tetrade, zera-bias 


Tetrode neutralization .254 
Tetrade r-f amplifier 
Tetrode tube ... 
Thermal agitation naise 
Thermianic emission ..... 


Thermacouple meter aoe 736 
Three-phose power supply ....0.....0..0.000.ceccceeeeeees 517 
Threshold voltage ......... -696 
TRY MOTRIN CHIBe, 2.55 select cntcanewecarcucacses bess Seeaee 87 
Time-bose generator ...............cecceececeeceeeeeeeceeeneee 171 
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Ti CONSNOGE feo nec cam, eas cutee encase uesoriuce 38, 60 
Time sequence keying 396 
T-match antenna ... 
TNS limiter ........... 
Tools, radio .........cceeeee 
T.P.T.G. oscillator 
Trace — cathode ray 
Tracking capacitor . 


Transceiver 
Transceivers, High Frequency 
"10-15 m. 
"10 m. mobile 
Transconductance 
Transducer — pickup ...... 137, 138 
Transformation, impedance ................scccccneeceeeences 63 
Transformation ratio ...........:.-ccceeseceeeeeeteececececeecees 62 
Transformer — ampere-turns 62 
"Antenna match ......... --498 


PEO CMULOS tices ---63 
* Coupling 113 
CR etette. se .209 


"Linear matching -442 
*" Matching — impedance natch 25, 63 
** Modulator -293 


Power 
Transformerless power supply ... 
Transient circuit (a.c.) ....... 
Transient distortion 


Transient, RC, RL — transient wave 

Transistor 
“Bias ... 
es Coderoscillators 2.22.csu esses us sets eee 19 
"Complementary circuit 97 
Oe MOE acc cece co tone eees enses 
"Equivalent circuit -.... 
** Heat sink ...... 
Som impedances rci.c: 1c eit neaticte newer ee ee 97 
"Junction .. 91 
"Mixer .....0..- -100 
"“— Multivibrator 102 


Power 
Receiver 
Switchingwactiony <5. 228 ee eee ee 704 

' 6 m. transmitter .... 
Transistorized broadcast receiver 
Transistorized mobile supply 
Transistorized modulator ...... 
Transit time .............-. 
Transitron oscillator ... 
Transmission line ——- antennascope .................. 747 

Balanced, SWR meter 
Characteristics 


"Chart .... 
"Circuits .. 
"Coaxial .. 
" Discontinvities 
"Impedance ....... aus 
"Incident voltage 20.0.0... eeescecceeeseeececnene 742 
** Measurements .. ee 744 
"Reflected voltage -...0........ccceescececeeeeeeee 743 
** Resonant — non-resonant 

Slotted 


Transmitter, High-Frequency  .............c.esceeesseees 576 


Deluxe 200-watt .......ccccccccscscecnseeeeees 581 
* 813 grounded-grid amplifier . 3.627 
*  350-Watt grounded-grid .......... 617 


** Kilowatt 4-400A amplifier 
KW-2 grounded-grid amplifier es 
“Strip-line’’ amplifier ..... 59S 
Transistorized, 6 m. .... 
*" —"Tri-band"’ amplifier .. 
*  3-1000Z amplifier ...... 
**  4CX1000A amplifier .. 
"  4-400A amplifier ........... 
Trapezoidal pattern, oscilloscope 
Trap-type antenna ..... 
Travelling wave tube . 
Travis discriminator .-.. 
Triode amplifier ............ 
Triode mixer ..........-..0-.00-- 
Triode power amplifier eee 
EPO G AUB Bie cc ocare peer cape tants teat dealer berets ee 
Tripler, push-pull 
Triplex antenna 
Tropospheric propagation 
T-section filter 
Tube, vacuum ..... 
Tube, VHF design . 
Tubular transmission line = 
Tuned circuit, coaxial .... 
Tuned circuit, I-F ......... 
Tuned circuit, r.f. amplifier . 
Tuned circuit Q -......00.222.. 
Tuned circuits, selectivi 
Tuner, antenna ...-......-..--.-.- 
Tuning, bandspread 
Tuning indicators .. 
Tuning, inductive 
Turnstile antenna 
TVI filters 
TVt-proof enclosures — ‘openings 5 
TVI suppression . 
TVI-type filter ..... 
Tweeter speaker ............ 
“Twin lamp" SWR meter .. 
Two-band Marconi antenna 


Ultra-linear amplifier 
Unidirectional antenna .. ..-500 
Uni-potential cathode . 
Unity coupling ...... 

Unloaded Q 


Vacuum COPOLITOF 22.020. cnvorelwcceseeesacevacecdvacecensars 356 
Vacuum tube 

"Amplification 
Beamiipow e fics: ocs-cs7 ort spon es scoscs shed coveceeseeceees 
Cathode ray ................. 
Classes — classification 
CONG UCIAN CE: co.cc srk. ceeces a vascrbAcgccentaeseadeceeacnon 73 
Constant-current curve . 157 


8 *Diode Sv eche ee 71 
** Equivalent noise resistance 

"Foreign 

’ Gas 


Input loading 
Klystron 
Load line 
Magic eye .. 
Magnetron .. 
Mixer .... - 
OPERATION. rae e ste eee ae 
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Vacuum, Shot effect 


V-Antenna 
Variable-mu (/) tube ..... 
Variable reluctance pickup 


Paramel ers: s2ccesideaveatt ot oes setae eee eeeese eek 106 
PERI E: oh ccsee ocean sates sees nares 77 
Plate resistance .. 73, 74 
Polarity reversal cssi.:cascl es cakes: 76 


Remote cutoff 


Space charge 
Tetrode ............ 
Thyrtron 
Travelling wave . 
Triode] ......eccecseeeee 
Upper frequency 
Variable mu (#) 
VHF 
Voltage regulator 
Voltmeter 


Variac autotransformer .........0..cs-scces -.386 
Vectors SING + WOVE! cl cccosdenccse Hetcvpictbaceee Ge ewe anaes 43 
Vehicular noise suppression . 523 
Velocity modulation -..............202.cccsseseeeececeeeeneeeee 81 
Vertical antenna 426 


Vertical directivity 


VHF a 


Vibrator, split-reed 


mplifier ...... 
Antennas .--. 
Antenna polarization 
Antenna relay 
Bands, characteristics 


Corner reflector antenna on 
Definition: of 2-:.05...22 ccc. ccscsecn seed scat tectcae 473 
Discone antenna—ground-plane antenna..477 
2479, 


Helical antenna—Horn antenna 
Multi-element antenna 
Nondirectional antenna ... 
Parasitics 
Radiation angle —- radiation pattern 
Rhombic antenna 
Screen antenna 
Sleeve antenna ......... 
“Strip-line’’ amplifier . 
Transmission line 
Turnstile antenna .... 
Wavelength table .. 


Video amplifier ... 

Volt? detects co snceeeel a seit aces cco cceu ds Woone te teseauee 22 

Voltage — Amplifier 110 
HOS PC CH clei arava amen eaxtiiee ee aeentne epee 697 
MO UB pea Sane ie cin SA rere cae eae eres 203 
"Breakdown 32 
Decay ...-. ..40 
"Divider ............ 


Divider, phase inverter 
Doubler supply ........... 
Drop, summation 
Gradient .. 
Incident 
Injection .... 
Initial condition 
Instantaneous 
Inverse 
Measurement 
Multiplier power supply 
Noise 
Output ... 
Quadrupler supply 
Reflected 

Regulation 
Regulator tube 
Resonant 


Ripple 


"Summation . i 

"Synchronizing 172 

"Threshold ... --696 
Voltiniete G5 /.oo oe ovis eee hoes cs antesiaste steve antenna ene 732 


Voltmeter, A-C V-T .. 
Voltmeter, Diode ......... 
Voltmeter, vacuum tube 
Volt-ohmmeters 
Volume compression 


Wagner ground 
Watt, def. of .... 
Wave — Carrier 

** Ground .... 
Harmonic — nonsinusoida 
Pattern, oscilloscope 
Peaked — sawtooth ................ 


Py SN SIRY a=" S POCO! ene cec cee cues feed ae eigeivetecaeseeerens 410 
"Square — transient . 
"Surface .......... 


Waveform ...........-. 
Waveform, speech ... 
Wavelength, def. of ... 
Wavelength table, VHF 
Wave-shaping circuits .... 
Weston cell 
Wheatstone bridge 
Wheel static ............ 
Wien-bridge oscillator 
Williamson amplifier 
Wire, fitz... 
Wiring hints ...... 
Wiring technique, audio ........ 
Workshop practice — layout ... 
W8JK antenna 


AeOMGy On tea iss cenk sce ses ps pose he ervew 465 
Y 

Y, (admittance, def. of) ... 2 

Yagi, adjustment .................... 505 

Yagi antenna — Feed systems . 


Yagi antenna, VHF 
Yagi, constructions 
Yoke match 


Zener diode 
Zeppelin antenna ... 
Zero-bias modulator 
Zero-bias tetrode 
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CONVERT SURPLUS RADIO GEAR 
INTO USEFUL EQUIPMENT 


— 3 volumes give complete conversion data, 
including instructions, photos and diagrams 


SURPLUS RADIO CONVERSION MANUALS — 3 Volumes — $3.00 ea, (foreign $3.50} 


Contain data which has become standard for the most commonly available surplus items. Each conversion shown 
yields a practical piece of equipment . . . proved by testing. 

VOLUME | — ARC-5; BC-221, 224, 312, 342, 348, 412, 453/455, 457/459, 624/625, 645, 696, 946B, 1068A/ 
1161A; PE-103A; SCR-211, 268/271, 274N, 522, 542, TBY; Electronic Surplus Index; Cross Index of A/N V.T. 
and Commercial Tubes. 

VOLUME Il — AIC; AM-26; APS-13; ARB (Schematic only); ARC-5; ART-13; ATC; AVT-112A; BC-191, 357, 375, 
454-455, 457/459, 9468, 1206; GO-9; LM; R-26-27/ARC-5; R-28/ARC-5; SCR-274N; TA-12B/12C; TBW; 
T-23/ARC-5; Selenium-Rectifier Power Units; Simplified Coil-Winding Data; Surplus Beam Rotating Mechanisms. 
VOLUME If! — APN-1: ARC-5; ART-13; BC-191, 312, 342, 348, 375, 442, 453, 455, 456 to 459, 603, 624, 
696, 1066, 1253; CBY-52000 series; COL-43065; CRC-7; DM-34D; DY-8 or DY-2A/ARR-2; FT-241A; LM; MBF; 
MD-7/ARC-5; RM-52, 53: R-9/APN-4; R-28/ARC-5; RT-19/ARC-4; RT-159; SCR-274N series; SCR-508, 522, 
528, 538; T-15 to T-23/ARC-5; URC-4; WE-701-A. Schematics only: APA-10; APT-2; APT-5; ARR-2; ASB-5; 
BC-659; 1335A; CPR-46ACJ. 

THE SURPLUS HANDBOOK (Receivers and Transceivers) — $3.00 (foreign $3.50) 

VOLUME | — Schematic Diagrams and large photographs only —APN-1; APS-13; ARB; ARC-4; ARC-5 (L.F.); 
ARC-5 (V.H.F.); ARN-5; ARR-2; ASB-7; BC-222, 312, 314, 342, 344, 348, 603, 611, 624, 652, 654, 659, 669, 
683, 728, 745, 764, 779, 794, 923, 1000, 1004, 1066, 1206, 1306, 1335; BC-AR-231; CRC-7; DAK-3; GF-11; 
Mark Il; MN-26; RAK-5; RAL-5; RAX-1; SCR-522; Super Pro; TBY; TCS; Resistor and Capacitor Color Codes; Cross 
Index of A/N V.T. and Commercial Tubes. 


*Order from your favorite electronic parts distributor 


If he cannot supply, send us his name and your remittance, and we will supply. 


EDITORS and ENGINEERS, Ltd. Bigg Bei lalr 


Dealers: Electronic distributors, order from us. Bookstores, libraries, newsdealers order from Baker & 
Taylor, Hillside, N.J. Export (exc. Canada), order from H.M. Snyder Co., 440 Park Ave. So., N.Y. 16. 
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PREPARES YOU FOR THE F.C.C. 
RADIOTELEPHONE LICENSE 
EXAMINATION 


on 
peer ont OF SWE RS 
A010 al 

‘QUEST oy Guiot 


Now, iN one convenient volume, complete study-guide ques- 
tions with clear, concise answers far preparation for all U.S.A. 
commercial radiotelephone oaperator’s license examinations. 


CONTAINS FOUR ELEMENTS: 


. QUESTIONS ON BASIC LAW 
Il. BASIC OPERATING PRACTICE 
HWW, BASIC RADIOTELEPHONE 

1V. ADVANCED RADIOTELEPHONE 


$5.75 per copy 
foreign $6.25 


*Order from your favorite etectronic parts distributor 
If he cannot supply, send us his name and your remittance, and we will supply. 
eh lat et Summerland , California 


Oeoters: Electronic distributors. order from us. Bookstores, libraries, newsdeslers order from Beker & 
Toyter, Hillside, NJ Export (exc Canada). order from H.m. Snyder Co, 440 Park Ave. So.. N.Y. 16 
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WORLD’S RADIO TUBES 


RADIO TUBES VADE MECUM) 


Characteristics of all existing radio tubes 
made in all countries. The world’s’ most 
authoritative tube book. All types classified 
numerically and alphabetically. Ta find a 
given tube is Only a matter of seconds! Also 


complete section on 
base connections. $8.00 


WORLD’S EQUIVALENT TUBES 


(EQUIVALENT TUBES VADE MECUM) 


All replacement tubes for a given type, both 
exact and near-equivalents (with points of 
difference detailed). From normal tubes to 
the most advanced comparisons. Also military 
tubes of 7 nations, with commercial 
equivalents. Over 43,900 comparisons! $8.00 


WORLD'S TELEVISION TUBES 


TELEVISION TUBES VADE MECUM) 


Characteristics of all TV picture and cathode 
ray tubes Also special purpose electronic 
tubes. Invaluable to technicians and 

all specialists in the electronic field. $8.00 


foreign $8.50 


"Order trom your favorite electronic parts distributor 
d 
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INTRODUCTION 


Of all the variables affecting communications, the one 
factor that the individual cyperator has the most control over is 
the antenna and its use. By using the proper antenna, an 
op “ator may change a marginal circuit into a reliable circuit. 
This handbook presents basic propagation theory, the fundamentals 
of antennas, and the design and use of tactical high frequency 
and very high frequency antennas. A working knowledge of this 
handbook will allow the operator to properly select and employ 
individual antennas to provide the strongest possible signal at 
the receiving station of his circuit. This handbook is not 
intended to be a technical handbook on antennas, but is iatended 
to be a field reference for basic antenna facts and a usage guide 
for antennas, 


Sections I and II present information which should be 
unaerstood by radio operators, however, this handbook can be used 
without thorough knowledge of those sections. Section IIi 
contains HF antenna selection procedures and describes the more 
common tactical HF antennas. Section IV does the same for VHF 
antennas. Section V presents information on making antennas 
using field available materials. Section VI lists publications 
available from the different services that give detailed 
information on propagation and antennas. 
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SECTION I 
HF AND VHF PROPAGATION FUNDAMENTALS 


Propagation is the process by which a radio signal travels 
through the atmosphere from one antenna to another. This section 
briefly describes the propagation factors that need to be known 
to better understand the antenna information presented in the 
following sections. This section is divided into two major 
parts, high frequency (HF) propagation and very high frequency 
(VHF) propagation. Each part can stand alone so that the radio 
operator interested in only HF or VHF communications can go 
directly to that part. 


HIGH FREQUENCY COMMUNICATIONS (2 TO 30 MHz) 


High frequency communications is accomplished by either 
ground-wave or sky-wave propagation. With current low-powered 
man-pack radios, ground-wave communications can be established 
out to 20 to 30 kilometers (km). High powered equipment (mounted 
in jeeps and vans) can extend that range to approximately 80 to 
100 km. The coverage from sky-wave communications, on the other 
hand, can vary from several kilometers to thousands of 
kilometers. 


Ground-Wave Propagation 


Ground-wave propagation involves the transmission of a radio 
signal along or near the surface of the earth. The ground-wave 
signal is divided into three parts: the direct wave, the 
reflected wave, and the surface wave. 


The direct wave travels through the atmosphere from one 
antenna to the other in what is called the line-of-sight (LOS) 
mode. Maximum LOS distance is dependent on the height of an 
antenna above the ground; the higher the antenna the further the 
maximum LOS distance. Because the radio signal travels in air, 
any obstructions, such as a mountain, between the two antennas 
can block or reduce the signal and prevent communications. For 
an antenna 10 feet above the earth, a maximum LOS distance of 
about 6.5 to 8 km (4 to 5 miles) can be expected. 


The reflected wave, like the direct wave, travels through 
the atmosphere but reflects off the earth in going from the 
transmitting antenna to the receiving antenna. Together, the 
reflected wave and the direct wave are called the space wave. 


eg gee ew 


sy 


SPACE WAVE 


TRANSMITTER DIRECT WAVE RECEIVER 


SURFACE WAVE ALONG SURFACE 


Components of ground wave. 


The third part of a ground wave is the surface wave. This 
part travels along the surface of the earth and is the usual 
means of ground-wave communication. The surface wave is very 
dependent on the type of surface between the two antennas. With 
a good conducting surface, such as sea water, long ground-wave 
distances are possible. If there is a poor surface between the 
antennas, such as sand or frozen ground, the distance expected 
for the surface wave is small. The surface wave range can also 
be reduced by heavy vegetation or mountainous terrain. 


Sky-Wave Propagation 


Beyond the range covered by the ground-wave siznal, HF 
communications are possible through sky-wave propagation. Sky- 
wave propagation is possible because of the bending of the radio 
Signal by a region of the atmosphere called the ionosphere. 


The fonosphere is an electrically charged (ilonized) region 
of the atmosphere that extends from about 60 km (37 miles) to 
1000 km (620 wiles) above the earth's surface. The ionization 
results from energy from the sun and causes radio signals to 
return to earth. Although the fonosphere exists up to 1000 km, 
the area important for HF communications is below about 500 km, 
This area is divided up into four regions: D, E, Fl, and F2. 


The D region is closest to earth and only exists during the 
daylight hours. It does not have the capability to bend a radio 
signal back to earth but it does play an important role in HF 
communications. The D region absorbs energy from “ie radio 
Signal passing through it thereby reducing the strength of 
received signals. 
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The E region, the next higher region, is present 24 hours a 
day, although during night hours it is much weaker than during 
the day. The E region is the first region with enough charge to 
“. bend radio signals. At times, parts of the E region become 

highly charged and can either help or block out’ HF 
communications. These highly charged areas are called Sporadic E 
and occur most often during the summer. 
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Structure of the ionosph*re. 


The most impartant regions for HF cuamunications are the Fl 
end F2 regions. The majority of HF skywave communications depend 
on these regions with the F2 region being used the most for long 
range daytime communications. 


The bending of a radio signal by the ionosphere depends on 
the frequency of the radio signal, the degree of fonization in 
the ionosphere, and the angle at which the radio signal strikes 
the ionosphere. At a vertical (straight up) angle, the highest 
frequency that will be bent back to earth is called the critical 
frequency. Each region of the iorospher. (E, Fi, FZ} will have a 

& Separate critical frequency. For a vertical angle, signals above 
eS the highest critical frequency will pass through all fonospheric 
Pe regiens and on into outer space. Frequencies below the critical 
frequency of a region will be beni back to the earth by that 
region; however, if the frequency is too low, the signal will be 
absorbed by the D region. In order to have HF sky-wave 
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communications, a radio signal must be a high enough frequency to 
Pass through the D region but not too high a frequency so that it 
does not pass through the reflecting region. 


The angle at which a radio signal strikes the ionosphere 
plays an important part in sky-wave communications. As mentioned 
above, any frequency above the critical frequency will pass 
through the reflecting region. If the radio signal having a 
frequency above the critical frequency was launched at an angle, 
instead of straight up, the signal could be bent back to earth 
instead of passing through the region. This can be compared to 
skipping stones across a pond. If the stone was thrown straight 
down at the water it would penetrate the surface. But if the 
angle at which the stone is thrown is lowered, an angle will be 
reached where, instead of going into the water, the stone will 
skip across the pond. For every circuit there is an optimum 
angle above the horizon, called take-off angle, that will produce 
the strongest signal at the receiving station. This optimum 
take-off angle is used to select the appropriate antenna for a 
specific circuit. 


Although a radio signal is actually bent by the fonosphere, 
the term reflection is commonly used to describe the turning back 
of a radio signal by the ionosphere. Reflection will be used in 
this handbook, even though bending is what actually occurs. 


Because many antennas radiate energy at several angles, more 
than one wave from the transnitter may reach the receiver. An 
example is shown in the illustration. 


Multiple transmission paths. 


Two important things are shown in this illustration. First, 
radio signals arrive at the receiver after being reflected from 
different ionospheric regions; and second, the path may consist 
of one or more reflections (hops) from the ionosphere. Any path 
that consists of two hops or more also involves a reflection at 
the ground somewhere between the stations. 


Path 1 ig at an angle such that the wave is partially bent 
by both the E and the Fl regions but is reflected by the F2 
region. It is reflected by the earth and again by the F2 region 
before reaching the receiver. This path is referred to as a two- 
hop F (2F) path. 


Path 2, at a smaller angle, is bent by the E region, then 
reflected by the Fi region. It is thus a one-hop F (IF) path. 


Patn 3 is at an angle small enough for E _ region 
reflection. It is reflected from the ground and again by the E 
region before reaching the receiver and this is called a two-hop 
E (2E) path. 


Path 4 is reflected by the E region only once, hence it is a 
one-hop E (TE) path. 


Depending on the type of antennas used, signals can be 
received from any or all of the different paths. Because each 
patn covers a different distance, the signals arrive at the 
receiver at different times. When two or more signals arrive at 
the receiver from different naths, they can interfere with each 
other anc cause what is called multipath interference. This type 
of interference will produce echoes or motor boating on circuits 
even though a receiver's S-mweter shows a strong received signal. 


Depending on the frequency, antennas, and ether factors, an 
area may exist between the longest ground-wave range and shortest 
sky-wave range where no signal exists. This is called the skip 
zone. 


HF propagation involves much sore than what has been 
presented here. For example, multiple frequencies are usually 
needed to maintain sky-wave conoaunications. As a oinimun, two 
frequencies, one for daytise aad one for nighttigce ere norsally 
required. Nuserous becks and field manuals exist for those who 
want to learn pore. The ceferences section of this nandbook 
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Illust:acion of an HF skip zone. 


lists some that should be readily accessable to the individual 
operator, 


VERY HIGH FREQUENCY COMMUNICATIONS (30 TO 88 MHz 


VHF communications are possible through what is called VHF 
line of sight (VHF-LOS) propagation. VHF-LOS propagation is 
influenced by four separate components that result in the 
received signal: the direct ray, the reflected ray, the 
refracted ray, and the diffracted ray. 


The direct r-y travels the straight line distance from the 
tranenitting antenna to the receiving antenna. Because of the 
survature of the earth, the maximum distance between two antennas 
for a divect ray is determined by the height of the antennas 
ebove tre earth. The higher the antennas, the longer the 
effectiv~ range. 
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‘fTransmiasion of direct and reflected waves. 
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The reflected ray, like the direct ray, travels through the 
atmosphere but reflects off the earth's surface in going from one 
antenna to the other. The reflected ray may cause a troublesome 
type of interference. The path traveled by the reflected ray is 
longer than that of the direct ray, therefore the reflected ray 
arrives at the receiving antenna after the direct ray. If the 
two rays are “in phase", they will reinforce each other producing 
a stronger signal. If they arrive “out of phase", one signal 
will cancel the other resultizz in very pocz or nonexistent 
communications. It is this cancelling effect that explains why, 
at times, no signal is received even though the transmitting 
antenna is in sight. Moving the antennas either closer or 
further from each other, or changing the height of one or: the 
antennas should result in a usable signal. 
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VHF refraction. 


The refracted ray is what allows the line-of-sight distance 
for a radio signal to be greater than visual line of sight. The 
differences in the lower atmosphere cause the transmitted signal 
to bend slightly back to earth. This bending permits the 
refracted ray to travel further than the direct ray. The VHF-LOS 
distance resulting from the refracted ray is shown in the 
graph. This graph indicates the distance that VHF-LOS exists for 
a transmitting antenna on the ground and a receiving antenna at 
the height indicated. The height of the receiving antenna goes 
up to 1000 feet to allow the determination of VHF-LOS distance to 
an aircraft. 


The diffracted ray scatters around obstacles and permits 
communications in the shadow region behind obstacles, Low 
frequencies scatter (diffract) more than higher frequencies, so 
it is not uncommon for a lower-frequency signal to diffract 
across a hill mat and result in reliable communications at a 
receiver antenna located not far below the line of sight, while 
at the same time a signal of higher frequency will not be heard. 
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Line of sight distance in miles. 


TRANSMITTING 
ANTENNA \ 


RECEIVING 
yf ANTENNA 


VHF diffraction. 
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SECTION {I 
ANTENNA FUNDAMENTALS 


To be able to properly select antennas for a re4is circuit, 
certain antenna concepts need to be understood. This section 
defines several basic terms and relationships which will help the 
field radio operator select the best antenna for his circuit. 


WAVELENGTH AND FKEQUENCY 


In radio frequency communications, there is a definite 
relationship between ant-nna length aid transmitter frequency 
wavelength. This re.ationship is important when constructing 
antennas for 1 specific frequency or frequency range. The 
waveiength of a radio signal is the distance traveled in the time 
it takes to complete one cycle. 


- | CYCLE ———> 
+ WAVELEHGTH --—+: 


TIME OR DISTANCE 
Radio wave terms. 


Wavelength is usually represented by the Greek letter, A, 
pronounced lambda. Ali radio signals travel at the speed of 
light. The wavelength of a frequency is equal to the speed of 
light divided by the frequency. To find the wavelength of 3 MHz: 


Wavelength (A) = TO toe he = 100 meters or 328 feet 


This means that in the time it takes to complete one cycle at 3 
MHz, the signal travels 199 meters or 328 feet. Tkis is the 
distance the signal will travel through air; the distance in a 
wire is slightly less and will be discussed in a later section. 


RESONANCE 


Antennas can be classified as either resonant or non- 
resonant depending on their design. In a resonant antenna, 
almost all of the radio signal fed to the antenna is radiated. 
If the antenna is fed with a frequency other than the one for 
which it is resonant, much of the fed signal will be lost and 
will not be radiated. A resonant antenna will effectively 
radiate a radio signal for frequencies close to its design 
frequency, usually only 2% above or below the design frequency. 
In practice this means that if a resonant antenna is used for a 
radio circuit, a separate antenna must be built for each 
frequency to be used on the radio circuit. A non-resonant 
antenna, on the other hand, will effectively radiate a broad 
range of frequencies with lower efficiency. Roth resonant and 
non-resonant antennas are commonly used on tactical circuits. 


If a resonant antenna is fed with a frequency outside of its 
bandwidth (usually plus or minus 2% of the design frequency) 
large losses of signal power occur. Signal energy from the 
antenna feedline is “turned back" from the antenna and causes 
standing waves on the feedline. A megsure of these standing 
waves, called standing wave ratio (SWR), is used to determine if 
an antenna is resonant at a particular frequency. A SWR of 1 to 
1 (1:1) is the ideal situation but in the real world 1.1 to 1 is 
about the best that can be done. When constructing wire 
antennas, the length of the antenna should be adjusted until the 
lowest SWR is measured. A SWR of 2:1 is acceptable; however, the 
operator's manual for the particular radio in use should be 
checked to determine the maximum SWR that the radio can 
tolerate. In some radios, the power output of the transmitter 
will be automatically lowered if the SWR is too high. 


Suppcse the situation exists where the only antenna that can 
be erected is one with a large SWR, that is too large for the 
transmitter to work. In thie situation, a coupler or “antenna 
tuner” must be used. A coupler is a device that is inserted 
between a transmitter and its antenna to make a transmitter think 
that it is cennected to a low SWK antenna. The advantage is that 
the transmitter can deliver its iull power to the feed line even 
though the SWR is high. The amount of power radiated by the 
antenna depends on the location of the coupler. If the coupler 
is located at the transmitter, as it is with most tactical 
equipment, a large loss of powex will still exist at the 
antenna. If the coupler is locatei at the antenna, a yreater 
amount of power is radiated with less loss. 
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POLARIZATION 


Polarization is the relationship of the radio energy 
radiated by an antenna to the earth. The most common 
polarizations are horizontal (parallel to the earth's surface) 
and vertical (perpendicular to the earth's surface), however 
others, such as circular and elliptical, also exiet. A vertical 
antenna normally radiates a vertically polarized signal and a 
horizontal antenna normally radiates a horizontal signal. in HF 
ground-wave and VHF-LOS propagation, both the transmit and 
receive antennas should have the same polarization for best 
communications. In the case of HF ground-wave propagation, 
vertical polarization should be used. Either vertical or 
horizontal polarization can be used in VHF-LOS. For HF sky-wave 
propagation, the polarization of the transmitting and receiving 
antennas does not have to be the same because of the random 
changing of the signal as it is bent by the ionosphere. This 
random changing allows the use of either vertical or horizontal 
polarization at the transmitting or receiving antenna. 


REFLECTIONS 


A quarter-wave vertical antenna requires a good ground 
connection in order to be resonant. When a quarter-wave vertical 
antenna has its base on the ground, the earth below the antenna 
acts like a large reflector (or mirror) and supplies another 
quarter wavelength. In effect, the quarter-wave vertical acts 
like a half-wave antenna. 


QUARTER wave 
VERTICAL ANTENNA 


Ground reflection of a quarter-wave vertical antenna. 
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If the electrical characteristics below the antenna: are 
poor, there will be large losses in the ground resulting in poor 
radiation by the antenna. It is important to remember that a 
quarter-wave vertical antenna needs a good ground below it to 
work properly. 


Ground screens and ground planes are used with vertical 
antennas to improve their efficiency. (Efficiency of an antenna 
is a measure of how well an antenna radiates the radio energy 
delivered to it.) A ground screen consists of radial wires 
roughly a quarter-wavelength long. 


QUARTER WAVE 
VERTICAL ANTENNA 


GROUND RADIALS 


~™, 


Quarter-wave vertical antenna with ground radials. 


In HF communications, the ground screen is placed on the 
ground with the center of the screen directly under the 
antenna. This configuration would cause problems in VHF 
communications where the antenna should be as high as possible to 
obtain maximum VHF-LOS range. The short length of a quarter- 
wavelength at VHF (2.5 meters to 1! meter) allows the use of 
tubing to form a ground-plane antenna. The lower elements of 
this anterna provide the ground required for the quarter-wave 
vertical »s*tenna to work properly. With ite artificial ground, 
the grour.-plane antenna can be placed at any height and stili 
function properly. The tactical ground-plane antennas (RC-292, 
OE-245) have their ground-plane elements dropped down at an 
angle. This dropping of the ground plane causes the antenna to 
radiate its radio signal at a low take-off angle best for VHF-LOS 
propagation, 
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QUARTER WAVE 
VERTICAL ANTENNA 


GROUND 
RADIALS 


Ground-plane antenna. 


GAIN 


Gain is the term used to describe how well an antenna 
radiates power. It is necessary to know what the gain of an 
antenna is being compared to before two antennas can be 


compared. In scme cases, an antenna is said to have gain 
compared to an isotropic antenna and the gain is expressed in 
dBi. An isotropic antenna is a theoretical mathematical 


antenna. Other times, gain is referenced to a horizontal half- 
wave dipole in free space whose gain over an isotropic antenna is 
2.14 dBi. To determine the isotropic gain of an antenna whose 
gain is given compared to a dipole, add 2.14 dB. For example, if 
an antenna has a given gain of 2 dB compared to a dipole, its 
gain compared to an isotropic antenna is 4.14 dBi. In this 
handbook, gains are always referenced to an isotropic antenna. 


TAKE-OFF ANGLE 


The take-off angle of an antenna is the angle above the 
horizon that an antenna radiates the largest amount of energy. 
For VHF communications, antennas are designed so that the energy 
is radiated parallel to the earth {do not confuse take-off angle 
and polarization!). In HF communications, the take-off angle of 
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Antenna take-off angle. 


an antenngz can determine whether a circuit is successful or not. 
HF sky-wave antennas are designed for specific take-off angles 
depending on the circuit distance. High take-off angles are used 
for short range communications and low take-off angles are used 
for long range communications. 


PATTERNS 


Antenna patterns graphically show the radiation pattern for 
a specific antenna. The solid pattern in the lower left of the 
illustration is a representation of the radiation from a half- 
wave dipole antenna in free space (free space means there is 
nothing near the antenna that can change or distort the 
pattern). As can be seen, the solid pattern labled 1 is shaped 
like a donut. If the donut is sliced in half on the horizontal 
axis, the half donut labeled 2 would result. Plotting the half 
donut on a polar graph results in the horizontal, or azimuthal 
pattern, 3. This is the same es looking straight down at the 
radiation pattern. In this case the antenna radiates radio 
energy equally in all directions. If the donut is sliced in half 
verticaliy, the half donut labeled 4 resulta. Plotting this 
gives the vertical pattern 5. This is the representation of the 
vertical pattern of the antenna. The vertical pattern is labeled 
with the terms lobe and null. A lobe is an area indicating the 
general direction of -radiation from an antenna. A null is an 
area of no radiation. In practical tactical antennas, there is 
always a little radiation in all directions, so the term null is 
used to indicate the areas of minimum radiation. 
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VERTICAL 
PLARE 


Vertical and horizontal polar plots. 


Antennas are classified according to how radio energy is 
radiated: omnidirectional, bidirectional, or directional. An 
omnidirectional antenna radiates radio energy in a circular 
pattern, that is, all directions on the ground receive an equal 
amount of radiation. A bidirectional antenna has two main lobes 
opposite each other with nulls between. A directional antenna 
has a single large lobe in one direction. Each of these antennas 
will be discussed separately. 


The most common omnidirectional antenna is the whip, with 
others being the quarter-wave vertical (RC-292, OE-254) and the 
crossed dipole (AS-2259). Radiating energy equally well in all 
compass directions, the omnidirectional antenna is used when it 
is necessary to communicate in several separated directions at 
once. Since the omnidirectional antenna radiates equally well in 
all directions, it will also receive from all directions. For a 
multiple point circuit this is desirable, however, it also allows 
interference frow any direction to the received signal. 
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SOLID PATTERN 


Omnidirectional antenna pattern. 


Bidirectional antennas produce a stronger signal in two 
favored directions while reducing the signal in other 
directions. Tactical bidirectional antennas are usually field 
expedients like sloping wires, random length wires, and half-wave 
dipoles. Badirectional antennas are usually used on point-to- 
point circuits and in situations where the antenna nulls can be 
positioned to reduce or block out interfering signals when 
receiving. They can also be used when many antennas are closely 
lecated. By placing other antennas in the nulls of bidirectional 
antennas, interference and interaction between the antennas can 
be reduced. A drawback of bidirectional antennas is that they 
have to be oriented correctly to radiate in the desired 
directions. 
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A directional antenna is much like a bidirectional antenne 
with one of its lobes cut off. In fact, several bidirectional 
antennas (long wire, sloping Vee) are made directional by che 
addition of a termination that absorbs the second main lobe. A 
termination is a resistor that matches the antenna and is capable 
of absorbing one-half the power output of the connecced 
transmitter. 


Directional antenna pattern. 


A directional antenna concentrates almost all the radio 
signal in one specific direction, therefore, it must be carefully 
oriented. Depending on the antenna design, the main ‘lobe of a 
directional antenna can cover 60° or more, or be a narrow vencil 
beam. Directional antennas are usuaily used on long-range roint- 
to-point circuits where the concentrated radio energy is needed 
for circuit reliabilicy. 


it is important to realize that the azimuthal pattern of an 
antenna does not determine the take-off angle of the antenna. 
Depending on design, an omnidirectional antenna may have a low 
take-off angle or a high take-off angle. Verticai patterns must 
be examined to determine the take-off angles of particular 
antennas in the HF range. VHF antennas can be eelected using 
only the azimuthal pattern because thes2 antennas are all 
designed to be used for VHF-LOS propagation. 
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SECTION III 
RF ANTENNAS 


GENERAL 


How important is the antenna in a radio circuit? Suppose an 
AN/TSC-15 with its component 32?-foot whip was set up on a 260- 
mile circuit. With the radiation characteristics of the whip 
antenna, the radiated power of the transmitter/whip could be 309 
watts for the take-off angle required for a 200-mile circuit. If 
a half-wave horizontal dipole at a height of 35 feet were used 
instead of the whip, the radiated power would be 5000 watts. By 
using the dipole instead of the whip, the radiated power was 
increased more than 16 times. Obviously a circuit with 
5000 watts radiated power will produce a better signal than a 
300-watt circuit using the same frequency. 


In selecting an antenna for a HF circuit, the first thing to 
be looked at is the type of propagation. Ground-wave proyagation 
requires low take-off angle and vertically polarized antennas. 
The whip antenna that comes with all radio sets provides good 
omnidirectional ground-wave radiation. If a directional antenna 
is needed, select a directional antenna with good low angle 
vertical radiation. 


Sky-wave propagation makes the selection of an antenna more 
complex. The first step is to find the distance of the circuit 
so that the required take-off angle can be determined. The take- 
cff angle vs. distance tables gives approximate take-off angles 
for daytime and riighttime eaky-wave propagation. Suppose the 
circuit distance is 966 kw/600 miles. During daytime, the 
required take-off angle would be approximately 25" while at night 
it would be 40°. Therefore, an antenna that has high gain from 
25° to 40° should be selected for the circuit. If propagation 
predictions are available, this step can be ekipped since the 
predictions will probabiy give the take-off angles required. 


The next. decision is what type of: coverage is required. If 
the radio circuit consists of mobile (vehicular) stations or many 
Stations at different directions from the transmitter, en 
omnidirectional antenna is required. If the circuit is point to 
point, either a bidirectional or directional antenna can be 
used, Normally the receiving station locations dictate this 
choice. 


Before a definite antenna can be selected, the materials 
available for antenna construction need to be examined. If a 


RE One Ree Seen Gee ee ga Ge ee a ig ee te 


eV are Tet tet 


TAKE-OFF ANGLE VS. DISTANCE 


Distance 
Take-Off 
Angle Fy Region 
(Degrees) Night Time 


horizontal dipole is to be erected, at least two supports are 
needed (a third support in the middle is required for frequencies 
of 5 MHz or less). If these supports are not available and there 
are no ather items that can be used as supports, the dipole 
cannot be put up and another antenna should be selected. The 
physical site of the antenna should be looked at to determine if 
the proposed antenna will fit. lf the site is ‘coo spall, a 
different antenna needs to be selected. 


Another consideration is the site itself. More times than 
not, the tactical situation determines the position of the 
communications antennas. The ideal setting would be a clear flat 
area with no trees, buildings, fences, power lines, or 
pountains. Unfortunately, such an ideal location is seldon 
available for the tactical communicator. In picking an antenna 
site, choose an area as flat and as clear as possible. If 
obstructions are around the proposed site, try to maintain the 
horizontel distance as listed in the below table. Apain, this is 
for the ideal case and in pany situations an antenna cust be put 
up in far less than ideal sites. This does not mean that the 
antenna will not work, but that the site will affect the pattern 
and functioning of the antenna. 
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km 
meters 


assuming a 30-foot high antenna and 75-foot high trees. 


Once the antenna has been selected, a way to feed the power 
from the radio to the antenna has to be selected. Most tactical 
antennas are fed with coaxial cable (RG-213). Coax is a 
reasonable compromise between efficiency, convenience, and 
durability. Issued antennas come complete with the necessary 
connections to connect directly to a radio or to coaxial cable 
which connects to a radio. Problems may arise in connecting 
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PLASTIC COVERING 


INSULATION OPEN WIRE 


“CENTER CONDUCTOR 


SHIELDED LINE (COAX) 


Antenna feed lines. 
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field expedient antennas. The horizontal half-wave dipole should 
be fed with balanced tranamission line (open-wire). Coaxial 
cable can be used but may cause unwanted RF currents on the 
coaxial cable. To prevent the unwanted RF current flow, which 
can cause a radio to be “hot" and shock an operator, a device 
called a balun is used. The balun is installed at the dipole 
feed point (center) and prevents unwanted RF current flow on the 
coaxial cable. If a balun is not available, the coaxial cable 
used to feed the antenna can be used cs a choke to prevent 
unwanted RF current flow. The center wire of the cable is 
connected to one leg of the dipole with the cable braid connected 
to the other antenna leg. The coaxial cable is then formed into 
a 6-inch coil consisting of ten tr.rns of cable and is taped te 
the antenna under the insulator for support. 


10 G-inch TURNS TAPED TO INSULATOR 


TO TRANSMITTER 


Coax RF current choke. 


Baluns are also used to change the impedance of coaxial 
cable to match &an antenna. %G-213 cable has a characteristic 
impedance of 52 ohms. If it were connected directly to an 
antenna that has an impedance of 600 ohms, large losses would 
exist. A balun changes the impedance of the cable to match the 
antenna which allows all the radio energy to pass into the 
antenna. 


DETERMINING ANTENNA GAIN 


The gain of an antenna at a specific take-off angle can be 
determined from its vertical radiation pattern, Look at the 
vertical antenna pattern for the 32-foot vertical whip (bottom 
page 33). The numbers along the outer ring (90°, 80°, 70°, etc.) 
represent the angle above the earth; 90° would be straight up and 
0° would be along the ground. Along the bottom of the pattern 
are numbers from -10 (at the center) to +15 (at the edpes). 
These numbers represent the gain in dBi. Each pattern shows the 
gain of an antenna for three frequencies (normally 3, 9, and 18 
MHz). To find the gain of an antenna at a particular frequency 
and take-off angle, locate the desired take-off angle on the 
plot. Follow that line towards the center of the plot until the 


pattern of the desired frequency is reached, es down and read 
the gain from the bottom scale. For exanple, if the gain of a 
32-foot vertical whip at 9 MHz and 20° take-off angle were 
desired, first locate 20° along the outer gcele. Follow this 
line until the 9-MHz pattern (dashed line) is reached. Moving 
down to the bottom scale, the gain would be a little less than 2 
1/2 dBi (the line between 0 and 5 dBi). In this case the gain of 
a 32-foot vertical whip at 9 MHz and 20° would be 2 dBi. 


Once the overall characteristics of an antenna are 
determined, the antenna selection matrix can be used to find the 
specific antenna for a circuit. Suppose the proposed circuit 
required a short range omnidirectional wide-band antenna. From 
the selection matrix, the only antenna that meets all the 
criteria is the AS-2259. ; 


ANTENNA SELECTION PROCEDURE 
Selection Frocedures 
HF sky-wave antenna selection is comprised of the following 
steps: 
@ Determine the range 


® Determine type of coverage: omnidirectional, bidirec- 
tional, or directional 


e Determine materials available for antenna construction 


e Use HF Antenna Selection Matrix to find antennas that meet 
the above requirements 


@ Look up individual antennas to determine gain at required 
take-off angle and frequency. NOTE: The gain of the 
antennas is used to select the optimum antenna. Any of 
the antennas that meet the requirements (type of coverage, 
range, etc.) could be used. 


e Select antenna that has highest gain at the required take- 
off angle that can be erected in the available site with 
the available materials 


Example 


If the circuit required a medium range directional antenna, 
four antennas could be used, OE-8@5/56, long wire, sloping vee, or 
vertical half rhombic. The cnvoice between these antennas is 
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based on the amount of space available for installation, the 
components available, and, probably most important, which antenna 
has the highest gain at the needed take-off angles. If the 
required take-off angle in this case is 25°, the frequency 9 MHz, 
the OE-85/86 or the 1000-ft vertical half rhombic would be the 
best choices because they provide the highest gain at the 
required take-off angle. 


HF ANTENNA SELECTION MATRIX 


Use Directivit Polarization | Bandwidth ' 
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AS-2259/AS-2268 27 X 
OE-85/ 86 29 x x 
Vertical Whip 31 4 X X 
Half Wave Dipole 35 X 
Inverted Vee 41 xX X xX 
Long Wire 43] X x x 
Inverted L 46 Xx Xx x 4 
Sloping Vee 49 x x 
Sloping Wire 52] X X 
Vertical Half Rhombic 57 x x 


~ 


4 The page number on the HF Antenna Selection Matrix shows where 
additional information concerning that antenna is located. 

b The vertical whip can be made directive by placing another 

vertical wire near it. See page 34 for details. 
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AS-2259 /AS-2268 


The AS-2259/AS-2268 antenna is designed to provide near 
vertical incident sky-wave (NVIS) propagation for short range 
radio circuits. The sole difference between the AS-2259 and the 
AS-2268 is that the AS-2268 includes a whip adapter kit 
(MX-9313). This antenna consists of two crossed sloping dipoles 
positioned at right angles to each other and supported at the 
center by a 15-foot mast. In use, the dipole elements provide 
guying support for the mast. 


arg ee SS ian eee a ee ae ey 
Characteristics 


Frequency Range 3 to 30 MHz 
Polarization Horizontal and Vertical Simultaneously 
Power Capability 1000 watts 
Radiation Pattern 

Azimuthal (bearing) Omnidirectional 

Vertical 

(Take-off angle) See plot 

Erection Time 2 persons in five minutes 
Weight 14.7 lbs. 
Installed Area 60 ft X 60 ft 


AS-2259 antenna. 


27 


ws fe kee eM ee TS rhe ees Me ei ee BE kT Wl teks Derk we te We me me me tN IEEE 


Take-off angle 
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AS-2259 vertical radiation pattern, 


OE-85/OE-86 


The OE-85/0E-86's are horizontal log periodic antennas 
supplied as components of the AN/TSC-60 Communications Central, 
The OE-85 is rated at 3 kW and the OE-86 at 10 kW, otherwise the 
antennas are basically the same. This antenna provides a medium 
to long range directional capability to the AN/TSC-60. 


Characteristics 


Frequency Range 2 to 30 MHz 

Polarization Horizontal 

Power Capability OE-85 3 kW 
OE-86 10 kW 


Radiation Pattern 
Azimuthal (beams) 2 to 4 MHz: basically omnidirectional 


4 to 30 MHz: directional (35° either 
side of radition) 
Vertical 
(Take-off angle) See plot 

Erection Time 5 persons in one hour 
Weight 1270 lbs. 
Installed Area 

Width 310: ft 

Length 


Max imum 


Radiat wae 


QE-85/86 antenna. 
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Take-off angle 
dBi 
OE-85/86 vertical radiation pattern. 
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pha VERTICAL WHIP 


The vertical whip is a component of all radio sets. Because 
it is available and easy to use, it is used on almost all radio 
circuits; however, it is probably the WORST antenna that can be 
used on sky-wave circuits. Unless the radio circuit involves 
omnidirectional ground-wave propagation, just about any other 
antenna would provide better communications. For example, 
vertical whips are often used for long range point-to-point 
circuits with marginal success. Since the circuit is point to 
point, there is no reason to be radiating energy in all 
= directions; radiation in directions other than at the distant 
ny station is wasted and serves no sefu.. purpose. If that 
omnidirectional radiation were concentcated at the distant 
station, not only would the received signal be better, but 

¥ interference around the transmitting antenna would be reduced. 
* 89 Concentrating radiation in a single direction can be done with a 
i directional antenna. 


If a vertical whip must be used on a circuit, there are 
several techniques that may improve the antenna. The radio (if 
the antenna is mounted directly to the radio) or the antenna base 
plate (if the antenna is remoted from the radio) must be 
grounded, preferably through a six-foot ground rod. Ground 
radials (wires spread out like spokes of a wheel with the antenna 
at the center) may improve the antenna radiation. These radials 
should be connected to be ground rod directly beneath the 
antenna. 


A ground radial system can be easily constructed from field 
telephone wire (WD1/TT) and can be kept with the radio. The 
field wire is cut into twenty 45-foot lengths, and six inches of 
insulation are removed from one end. The ends of wire without 
insulation are bundled together with twine or a clamp. A 2-foot 
length of thick wire (the braid from RG-213 werks well) is 
attached to the bare ends of the field wire so that the thick 
wire extends about one foot from the wire bundle. The wire 
bundle is then soldered to ensure geod electrical contact. In 
use, the thick wire extending from the bundle is used to connect 
the radials to a ground rod. The radials are then spread out 
like spokes on a wheel with the vertical whip at the center. As 
is the case when using any ground radial system, communications 
should be tried both with and without the radials, and then 
continued with whichever provided the better communications. 
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Characteristics 


2 to 30 MHz 


Frequency Range 
Polarization Vertical 
Power Capability Matched to specific radio 
Radiation Pattern 

Azimuthal (bearing) Omnidirectional 

Vertical 
(Take-off angle) See plots 


Take-off angle 
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Take-off angle 
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Take-off angle 
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Thirty-two-foot ve 
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> A reflector placed approximately one-quarter wavelength 
yy behind a vertical whip may also improve the performance of a 
€ whip. A reflector is a vertical wire or metallic pole (or 
Meo another whip) that is insulated from the ground. It is placed so 


that the reflector, the whip, and the distant station are on a 
straight line. The reflector will reflect radio energy striking 
it and cause the energy to travel toward the distant station, 
thereby increasing the total energy radiated in the desired 
direction. To work properly, the reflector must be longer than 
the whip. If the reflector is shorter, it will act as a director 
and cause the radio signal to be directed away from the distant 
station. Remember: a reflector is longer and is placed behind 
the whip; a director is shorter and is placed between the whip 
and the distant station. The position of the reflector shouid be 
adjusted while listening to the distant station until the 
strongest signal is received, 


OISTANT STATION 
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Vertical whip with reflector. 


HALF-WAVE DIPOLE 


-. The horizontal half-wave dipole antenna, or doublet, is used 
. on short- and medium-length sky-wave paths (up to approximately 
1200 miles). Since it is relatively easy to design and 
construct, the doublet is the most often used field expedient 
wire antenna. It is a very versatile antenna in that by 
adjusting the antenna's height above ground, the maximum gain can 
vary from medium take-off angles (for medium path-length 
circuits) to high take-off angles (for short path-iength 
circuits). When the antenna is constructed for medium take-off 
angle gain (a height of approximately one-half wavelength), the 
doublet is a bidirectional antenna, that $s, the maximum gain is 
at right angles to the wire. This is cne “broadside” pattern 
normally associated with a half-wave dipole antenna. The 
illustration shows this pattern in polar plot format, A. 
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‘ Illustrative doublet antenna patterns. 
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The radiation off the ends of the wire is shown in B. It is 
easily seen by comparing A and B that for maximum gain, a doublet 
one-half wavelength above ground should be constructed so that 
the side of the antenna points in the direction of the distant 
station. If the antenna were lowered to only one-quarter 
wavelength above ground, the pattern in C results. This lower 
antenna height produces maximum gain at high take-off angles. As 
can be seen in D, the radiation off the ends cf the doublet also 
has maximum gain at high take-off angles. This means that for 
short path-length circuits, which require high take-off angles, a 
doublet antenna one-quarter wavelength above ground produces 
almost omnidirectional coverage. 


The vertical plots included for half-wave dipole antennes 
are given for heights from 8 to 16 meters. In looking at the 
plot for 8 meters, it can be seen that for 3 and 9 MHz the 
antenna has high-angle radiation since at those frequencies the 
antenna is close to ground (compared to a half wavelength). The 
pattern for 18 MHz shows the characteristic bidirectional pattern 
since 8 meters is a half wave at 18 MHz. 


The half-wave dipole is a balanced resonant antenna. This 
means that it will produce its maximum gain for a very narrow 
range of frequencies, normally 2% above and below the design 
frequency. Since frequency assignments are normally several 
megahertz apart, it is necessary to construct a separate dipole 
for each frequency assigned. If space and other resources do not 
exist to erect separate dipoles, three or four dipoles can be 
combined to occupy the space normally required for ane. 


Multifrequency doublet. 
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Each wire is a half-wavelength for an assigned frequency. 
All the separate dipoles are connected to the same center 
insulator. oc preferably a balun, and are fed by a single coaxial 
cable, ‘Then the antenna is fed with an assigned frequency, the 
doublet cut for that frequency will radiate the energy. Up to 
fcur separate dipoles can be combined in this manner. When 
constructing this antenna, the individual frequency assignments 
should be examined to determine if one frequency is three times 
as large as another. If this relationship exists tetween two 
frequencies, one dipole cut in length for the lower of the two 
frequencies will work well for both frequencies. 


The length of a half-wave dipole is calculated from the 
following relationship 


Dipole length = +-(haz) meters or 


_ 468 __ 
= € (Maz) feet 


The height of a half-wave dipole is figured using: 


Height: A/4 = F-Catsy eters or FCs) feet 


Height: A/2 3 GES meters or aD) feet 


Remember to use the right relationship for the right purpose. If 
the height relationship is used for the dipole length, the 
antenna would be too long anc would not work properly. 


Characteristics 


Frequency Range + 2% of design frequency 
Polarization Horizontal 
Power Capability 1000 watts 
Radiation Pattern 

Azimutoul (Bearing) Bidirectional if A/2 high 

basically omnidirectionai at A/4& high 
Vertical 
(Take-off angle) See plots 
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Half-wave dipole antenna. 


Take-off angle 
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Half-wave dipole antenna vertical pattern, height 3 meters. 
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Take-off angle 


Half-wave dipole antenna vertical pattern, height 10 meters. 


height 14 meters. 
height 16 meters. 


vertical pattern, 
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Take-off angle 


antenna 


dipole 
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INVERTED VEE 


The inverted vee, or drooping dipole, is similar to a dipole 
but uses only a single center support. Like a dipole, it is 
designed and cut for a specific frequency and has a bandwidth of 
+ 2% of design frequency. Because of the inclined sides, the 
inverted vee antenna produces a combination of horizontal and 
vertical radiation; vertical off the ends and horizontal 
broadside to the antenna. All the construction factors for a 
dipole also apply for the inverted vee. The inverted vee has 
less gain than a dipole but the use of only a single support 
could make this antenna the preferred antenna in some tactical 
situations. 


Characteristics 


Frequency Range + 2% of design frequency 
Polarization Vertical off the ends 
Horizontal broadside 
Power Capability 1000 watts 
Radiation Pattern 
Azimuthal (Beaming) Basically omnidirectional with 
combination polarization 


Vertical 
(Take-off angles) 


—— 


See plots 
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Inverted vee antenna. 
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Inverted vee antenna vertical pattern. 
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LONG WIRE 


A long-wire antenna is one that is long comparsi to a 


wavelength. A minimum length is one-half wavelength, sowever, 
antennas that are at least several wavelengths long are needed to 
obtain good gain and directional characteristicer The 


construction of long-wire antennas is simple and _ straight 
forward, and there are no especially critical dimensions or 
adjustments. A long-wire antenna will accept power and radiate 
it well on any frequency for which its overall length is not less 
than one-half wavelength. 
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Gain of a long-wire antenna as determined by length. 
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The gain and take-off angle of a long-wire antenna are 
dependent on the antenna's length. The longer the antenna, the 
more gain and the lower the take-off angle. Gain has a simple 
relationship to length; however, take-off angle is a bit more 
complicated. A long-wire antenna radiates a cone of energy 
around the wire, much like a funnel with the antenna wire passing 
through the funnel opening. The narrow part of the funnel would 
be the feed point and the open part would be towards the distant 
station. If the funnel were cut in half, the resulting half cone 
would represent the pattern of the antenna. As the antenna is 
made longer, the cone of radiation (funnel) would move closer and 
closer to the wire itself. The below patterns show how the 
pattern changes as the wire becomes longer. The patterns 
represent what would be seen looking up from directly underneath 


Long-wire antenna radiation patterns. 


the antenna. Looking at the three-wavelength pattern (3 A), it 
can be seen that for very low-angle radiation, the wire would 
have to be positioned somewhat away from the direction of the 
distant station so that the main lobe of radiation is pointed at 
the receiving station. If a higher take-off angle were required 
for communications, the wire could be pointed directly at the 
distant station. Different antenna lengths produce different 
take-off angles so that the range of take-off angles as well as 
the desired gain must be considered when determining a long-wire 
antenna's length. For take-off angles from 5° to 25° the 
following general off-axis angles will provide satisfactory 
radiation toward the distant station. 


Wire Length (A) 
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A long-wire antenna can be made directional by placing a 
terminating device at the distant station end of the antenna. 
The terminating device should be a 600-ohm noninductive resistor 
capable of absorbing at least one-half of the transmitter 
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power. Terminating resistors are components of some radio sets 
and can also be locally fabricated using supply system 
components. (NSN 5905-00-764-5573, 100-watt 106-ohm resistor). 


Construction of a long-wire antenna requires only wire, 
support poles, insulators, and a terminating resistor (if 
directionality is desired). The only requirement is that the 
antenna be strung in as straight a line as the situation 
permits. The height of the antenna is only 15 to 20 feet above 
ground so that tall support structures are not required. The 
antenna is normally fed through a coupler that can match the 
antenna's 600-ohm impedance. Coaxial cable can be used if a 12:1 
balun is available to convert the coaxial cable 50-ohm impedance 
to the required 600 ohms. 


Vertical radiation plots of this anterina are not presented 
because of the great variation in the pattern as the length 
changes. For take-off angles between 5° and 25°, the off-axis 
graph can be used along. with the gain versus length graph to 
determine what length of antenna to use, 


Characteristics 


Frequency Range 2 to 30 MHz 
Polarization Vertical 
Fower Capability 1000 watts 


Radiation Pattern 
Azimuthal (Bearing) Bidirectional 
Directional with terminating resistor 
Vertical 


(Take-off angle) Dependent on length 
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Long-wire antenna. 
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INVERTED L 


The inverted L is a combination antenna made up of a 
vertical section and a horizontal section. It provides 
omnidirectional radiation for ground-wave propagation from the 
vertical element and high-angle radiation from the horizontal 
element for short-range sky-wave propagation. The classic 
inverted L has a quarter-wave vertical section and a half-wave 
horizontal section and was used for a very narrow range of 
frequencies. By using the antenna couplers that are part of many 
radio sets, the dimensions of the inverted L can be modified to 
allow ground-wave and short-range sky-wave propagation over a 
range of frequencies. Using a vertical height of 35 to 40 feet, 
the following horizontal lengths will give reasonable performance 
for short range sky-wave circuits. 


Frequency Range (MHz) Horizontal Length (feet) 


2.5 to 4.0 


3.5 to 6.0 
5.0 to 7.0 


The antenna should be oriented like a dipole, that is, the broad 
side of the antenna should be towards the distant station. These 
lengths should not be used outside the frequency ranges specified 
because the antenna radiation pattern changes, and_ for 
frequencies much removed from the range the antenna will hecome 
directional off the wire end. (See the sloping wire section for 
use of thi» directional characteristic). The inverted L antenna 
can be used as a substitute for the dipole; however, it has less 
gain than a dipole and its radiation pattern varies with 
frequency (unlike a dipole). 


Characteristics 


Frequency Range Less than 2:1 over design frequency 
Polarization Vertical from vertical section 
Horizontal from horizontal section 

Power Capability 1000 watts 
Radiation Pattern 

Azimuthal (Bearing) Omnidirectional 

Vertical 
(Take-off angle) 


See plots 
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Take-off angle 
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Inverted L antenna vertical pattern 


length 80 feet. 


Take-off angle 
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SLOPING VEE 


The sloping vee is a medium to long range sky-wave antenna 
that is reasonably simple to construct in the field. The gain 
and directivity of the antenna depend on the leg length. For 
reasonable performance, the antenna should be at least one 
wavelength long and preferably several wavelengths long. 


A compromise tactical sloping vee can be constructed using 
500-foot legs and a 40-foot support mast. In this case, the 
angle between the two legs is adjusted to provide maximum 
radiation at the desired take-off angle. The following angles 
between legs (apex angle) will give good results for the 
distances indicated. 


Path Length Apex Angle 


700 to 1000 miles 
1000 to 1500 miles 
over 1500 miles 


To make the antenna directional, terminating resistors are used 
on each leg on the open part of the vee. The terminating 
resistors should be 300 ohms and be capable of handling one half 
of the transmitter's power output. These terminations are either 
procured or are locally fabricated using supply system parts 
(100-watt, 106-ohm resistor NSN 5905-00-764-5573). Using the 
terminating resistors, the antenna is aimed so that the line 
cutting the vee in half is pointed at the distant station. 


The sloping vee is normally fed with a 600-ohm open-wire 
feed line. One side of the feedline is connected to one leg with 
the other side connected to the other leg. The open-wire feed 
line can be connected to a 12.1 balun, which is then connected to 
standard coaxial cable. 


Characteristics 


Frequency Range 3 to 30 MHz 
Pelarization Horizontal 
Power Capability Dependent on terminating resistors 
Radiation Pattern 

Azimuthal (Bearing) Directional (20° either side of 

direction of radiation) 
Vertical 
(Take-off angle) See plots 
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Terminated sloping vee antenna vertical pattern, 
height 40 feat, length 5C0 feet, apex angle 30°. 


Take-off angle 
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Terminated sloping vee antenna vertical pattern, 
height 40 feet, length 509 feet, apex angle 45°. 
Take-off angle 
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Terminated sloping vee antenna vertical pattern, 
height 40 feet, length 500 feet, apex angle 60°. 
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SLOPING WIRE 


The sloping wire antenna is a simple and easy to construct 
antenna that requires only one support. A version of the long- 
wire antenna, the sloping wire produces best results when it is 
long compared to a wavelength. Tactical sloping wires vary in 
length from 45 feet to over 500 feet. The shorter lengths should 
be used only when no other antenna can be erected since their 
performance is rather poor. The longer lengths (250 feet, 
shea can produce good radiation fe wedium to long sky-wave 
paths. 


A sloping wire ean be either terminated or unterminated. If 
a 600-ohm ter tination is available, it should be used because 
this makes t:* antenna impedance fairly constant and a balun can 
be used to match the antenna to a transmitter. If the antenna is 
unter .nated, a coupler will be required to match the transmitter 
to th: antenna. 


Variations of the slcoping wire have been developed which 
work well for medium to long range circuits. Two of these, the 
AFWONXX Longwire and the 234-foot SF Wire, have been used on 
deployments and have demonstrated their usefullness. The AFWONXX 
Longwire is a 500-foot terminated sloping longwire antenna that 
provides reasonable gain and directivity. It has a fairly 
constant 600-ohm impedance so that it can be fed either through a 
coupler or with a 12:1 balun. If a balun is used, one terminal 
of the balun is connected tc the antenna and the other terminal 
is connected to a good ground. Like a long wire antenna, this 
antenna should not be pointed directly at the receiving station, 
but should be aimed at a point 10° to 15° to the right or left of 
the distant station. 


The 234-foot SF Wire is lik: the AFWONXX Longwire except it 
is only 234 feet long. It produces less gain than the AFWONXX 
Longwire, but the shorter length may make it preferable in some 
tactical situations. The 234-foot SF Wire provides reasonable 
yadiation for medium to long range sky-wave circuits for the 

frequency range of 8 to 30 MHz. Like other long wize antennas, 
it should be aimed 10° to 15° to either side of the distant 
station, 


In orienting a sloping wire, the low end of the wire should 

be toward the receiving station. If the wire is unterminated, 

the antenna should be fed at the low end. If a terminating 
resistor is used, the antenna ts fed at the high end. 
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Characteristics 


Frequeacy Range Dependent on wire length/configuration 
Polarization Vertical 
Power Capability Determined by terminating resistor 
Radiation Pattern 
Azimuthal (Bearing) Bidirectional for unterminated 
Directional for terminated 


Vertical 
(Take-off angle) See plots 


SLOPRING WIRE 


MAXIMUM RA 
INSULATOR OFF WIRE cee 10° 
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Sloping wire antenna, 40-foot mast. 
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Sloping wire antenna vertical pattern, length 100 feet. 
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Take-off angle 
80 * p0° 


a 


Sloping wire antenna vertical pattern, length 234 feet. 


MAXIMUM RADIATION 10° 
| ais OFF WIRE AXIS 


FERMINATIRG 
RESISTOR 


take-off angle 
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cal pattern. 


AFWONKX Longwire antenna verti 


MAXIMUM RATHATION 0° 
OFF WIRE Axis 


NELLATOR 
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AFWONKX Longwire antenna. 
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VERTICAL HALF RHOMBIC 


The vertical half-rhombic antenna is a version of the long- 
wire antenna that uses a single center support. Easily 
constructed, this antenna has a small width (as wide as the 
center support guys) which allows several to be installed in a 
relatively narrow area. The vertical half-rhombic antenna 
radiates a medium to low angle signal making it a good choice for 
medium to long range sky-wave circuits. Normally the 500-foot 
version is as big an antenna that most tactical situations will 
allow, however, the vertical radiation pattern for a 1000-foot 
version is included so that if the opportunity ever exists, the 
antenna can be used for excellent results. 


The vertical half rhombic uses a single wire feed either 
through a coupler or a balun (12:1). One of the two terminals of 
the coupler or balun is attached to the antenna while the other 
terminal is grounded. Like other terminated antennas, the 
terminating resistor (600 ohms) should be able to handle one half 
of the transmitter’'s power output. Terminators can either be 
procured or locally fabricated (100-watt, 106-ohm resistor, NSN 
5905-00-764-5573). 


The orientation of this antenna depends on the frequency 
bands being worked. Below approximately 12 MHz, the terminated 
end of the antenna is pointed at the distant station; above 
12 MHz, the antenna is aimed 10° to either side of the distant 
station. 


Characteristics 


Frequency Range 3 to 30 MHz 
Polarization Vertical 
Power Capability Dependent on terminating resistor 
Radiation Pattern 
Azimuthal (Bearing) Directional 
Vertical 
(Take-off angle) See plots 


57 


MAXIMUM. RADIATION 
(SEE PAGE 57) 


INSULATED 
FROM MAST 


Vertical half-rhombic antenna. 
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Vertical nalf-rhombic antenna, vertical pattern, 
antenna height 50 feet, length 500 feet. 
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Take-off angle 


Vertical half-rhombic antenna vertical pattern, 
antenna height 50 feet, length 1000 feet. 


SECTION IV 
VHF ANTENNAS 


GENERAL 


Selection of VHF antennas is basically a question of the 
azimuthal radiation pattern of the antenna as all VHF antennas 
are designed to provide good VHF-LOS radiation. The type of 
circuit, whether it's a point-to-point circuit or a multipoint 
circuit, determines the choice of antennas. A directional 
antenna should be used for the point-to-point circuit in order to 
direct the maximum amount of radio energy toward the receiving 
station. On a multipoint circuit, the location of the receiving 
stations will determine whether an omnidirectional or directional 
antenna can be used. If the receiving stations are located in 
all directions from the transmitter, an omnidirectional antenna 
must be used. If the stations are all located in one general 
direction from the transmitter, a directional antenna could 
probably be used. The antenna descriptions included in this 
section show the azimuthal radiation patterns of the different 
antennas so that the proper antenna can be selected according to 
azimuthal coverage. 


Siting of VHF antennas has 4 large effect on communications 
reliability. In an ideal settiny, the antenna would be as high 
as possible above a flat clear area. In tactical situations, the 
location of the antenna must be a compromise between propagation 
considerations and cover and concealment. Even so, antenna sites 
should be as high as possible and clear of obstructions such as 
hills, dense woods, and buildings. If it is necessary to site an 
antenna on or around hills, pick a site that allows line of sight 
to the distant station or stations. If possible, place the 
antenna on the military crest of a hill, NOT on the physical 
crest. Antennas on the physical crest of a hill would provide an 
“aiming stake" for enemy observation and fire. 


ALTITELL 


WRONG 


Ridge line antenna farm. 


DESIRED 9 COMMUNICATIONS ENEMY 


Antenna siting on military crest. 


By placing high ground betwen the antenna and the enemy, not 
only is the enemy's observation blocked, but radiation from the 
antenna is blocked, reducing the enemy's intercept ¢apability. 


In a dense forest, it is necessary to get the antenna up 
above the tops of the trees. This height allows the radio signal 
to propagate in the clear space above the trees. If it is 
impossible to raise an antenna above the trees, a horizontally 
polarized antenna will provide better communications through 
trees than a vertically polarized antenna. 
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Antenna siting in dense trees. 
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A clearing in a forest can be used to improve propagation if 
the antenna can be placed so that the clearing is between the 
antenna and the distant station (for a directional antenna). An 
omnidirectional antenna should be placed in the center of a 
clearing. Again, the antenna should be as high as possible. 


OISTANT STATION 


| PI) Tom opDane, 
/ 


Directional antenna siting in a clearing. 


At times it is possible to see the distant station but not 
communicate with it. In this case the receiving station its 
suffering destructive multipath interference. This is the 
combining of the direct and reflected rays out of phase resulting 
in complete signal cancellation. This interference can also 
result in a very weak signal or one that "flutters." To improve 
communications, either raise or lower the antenna or move the 
antenna around to several different sites. In the majority of 
cases, one or both of these actions will result in good 
communications. 


Another cause of weak communications is cross-polarization 
of antennas. This means that the transmit and receive antennas 
do not have the same polarization. Both antennas should he 
vertical or horizontal for best communications. 


Another problem could be the misalignment of directional 
antenras. If directional antennas are not correctly pointed at 
each other, communications will be degraded. The electrical 
characteristics of directional antennas can change over several 
field deployments, especialiy if the antenna is subfected to 
harsh use. This changing of electrical characteristics can cause 
the radiation pattern to change sca that if the antenna is 
physically pointed at the distant station, the main radiation may 
be aimed in another direction. To fix this situation, have the 
distant station transmit and slowly turn the receiving 
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directional antenna while listening to the received signal. When 
the received signal is strongest, the antenna is properly aligned 
for the circuit. Secure the antenna in this position and have 
the distant station align its antenna in the same way. When both 
antennas are properly adjusted, the maximum radiation from each 
antenna is directed at the other antenna. 


The following pages list several "issued" antennas as well 
as practical field expedient wire antennas. Review of the 
characteristics and radiation patterns of these antennas should 
allow the selection of the proper antenna for a_ specific 
circuit. A VHF antenna selection matrix is provided to assist 
the eperater in selecting a suitable antenna for the desired VHF 
circuit. 


VHF ANTENNA SELECTION MATRIX 


Directivity Polarization 


Number 
Omnidirectional 
Bidirectional 
Directional 
Hortzontal 
Vertical 


Page 


Vertical 

RC-292 

OE-254 

AS~-2235 

AS-2851 

Vertical half-rhombic/O£E-303 
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VERTICAL WHIP 


The vertical whip is the most commonly used antenna since it 
is easy and simple to use and it is a part of every radio set. 
In mobile situations, the vertical whip is the only antenna that 
can be used. In stationary operations, the vertical whip is not 
a good choice for two reasons: it cannot be put high in the air 
for good omnidirectional VHF-LOS communications, and it radiates 
in useless directions if communications are point to point. 


If the tactical situation prevents the use of an antenna 
other than the vertical whip, several steps can be ‘ker to 


improve its performance. First, ensure that the aroxns. is in 
fact vertical. This can be a problem when using ~::. <sa-pack 
short whip or tape in the prone position. Use the i¢::.i".e base 
on the tape to ensure that the antenna is in a ver:..i. =: sition. 


A reflector can be placed behind a whip to direct radiation 
in a general direction. A reflector is a vertical wire or 
another whip placed one-quarter wavelength behind the radiating 
whip. The reflector is placed at the same height as the whip and 
is insulated from the ground. The reflector reflects some of the 
radio energy back towards the whip and provides a broad beam of 
energy towards the distant station. 


Characteristics | 


Frequency Range 30 to 88 MHz 
Polarization Vertical 
Power Capability Matched to particular radio 


Radiation Pattern Omnidirectional 
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RC-292 


The RC-292 is a general purpose grsaund-plane antenna 
designed to increase the range of tactical VHF 1xadios. The 
antenna is basically broadband but must be pretuned to one of 
four frequency ranges for maximum efficiency. It is normally 
installed at fuil height (37 to 41.5 feet) on the component mast; 
however, it may be installed at lower heights if the tactical 
situation dictates. 


The antenna is comprised of a vertical radiating element and 
three ground-plane elements. These four elements are assembled 
from a number of antenna sections depending on the frequency band 
chosen, The supporting mast has a hinged base to allow easy 
lowering of the antenna to change the number of sections in each 
element. The chart below lists the number and type of sections 
to be used in the vertical element and ground plane elements. To 
provide the best communications, the cntenna must be adjusted for 
the specific band in use. 


ANTENNA AND GROUND PLANE SECTIONS 


Vertical Antenna Sections Ground Piane Sections 


Sections Required 


Per Element 


Sections Required 


AB-21/GR 
AB-22/GR 
AB~24/GF 
AB-21/GR 
AB-22/GR 
AB-23/GR 
AB-24/GR 


Number of 
AB-23/GR 
Number of 


Frequency 
(itz) 


he i a 
Characteristics 
Frequency Range 20° 20-73 .9> MHz 
| Polarization Vertical 
Power Capability e&5 watts 
Radiation Pattern Omnidirectional 
Erection Time 2 persons in 15 minutes 


Weight 48 lbs 
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GROUND PLANE ELEMENTS 


\ MAST ASSEMBLY 
[ia MAST SECTIONS 
Aad 35/ TACT) 
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Installed RC-292 antenna. 


RC-Z antenna azimuthal gain pattern. 
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OE-254 


The OE-254 is a broadband, omnidirectional, biconical 
antenna that is scheduled to replace the RC-292. Unlike the 
RC-292, the OE-254 does not require tuning for specific bands and 
can cover the 30-to-88 MHz VHF band without adjustment. 


Three upward and three downward radial elements simulate two 
cones which provide omnidirectional VHF-LOS radiation. The 
antenna is usually mounted on a 33-foot 8-inch mast for an 
overall height of 41 3/4 feet. The anterna may be installed at 
lower heights; however, care should be taken to ensure that the 
lower and upper mast adapter assemblies are always used. An 80- 
foot coaxiai cable comes with the antenna for direct connection 
to a radio. 


Characteristics 


Frequency Range 30 to 88 MHz 
Polarization Vertical 

Power Capability 350 watts 

Radiation Pattern Omnidirectional 
Erection Time 2 persons in 15 minutes 
Weight 43.5 lbs 
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MAST SECTION AQ-24 


MAST SECTION MSIITA 


ANTENNA ASSY aN ' . MAST SECTION MEGA 


AS-MEGE/ORE 
TAPE 
GUY PLATE~ I \ STRAIN CLAMP 
ar-9 | A\, 
APPROX 
U2.%m) 
MASY ASSEMBLY 
AB-1244( )/GRC 
GuY PLATE: 
GUY ASSEMALY 
3'-68" . 
(10.3 m) y 
GABLE ASSY, AF 
CG-t8u9 aU (800°) 
| (24m) 
| CONNECTOR 
ADAPTER 
| \ UG-3498/U 


OE-254 antenna azimuthal gain pattern. 


AS-2236 


The AS-2236 is a broadband log periodic antenna that can be 
used with either horizontal or vertical polarization. The 
AS-2236 is used for directional point-to-point circuits. 


The antenna uses a triangular base which allows the antenna 
to be erected on irregular or sloping ground. This base also 
allows the rotation of the antenna without lowering it. The AS- 
2236 is aimed by pointing the cloth arrow head on the antenna 
towards the distant station. Once initial contact is 
established, the antenna is readjusted as described on page 63. 


This antenna comes in three separate packs (antenna pack, 
tripod pack, mast pack). Because of its relatively heavy weight, 
it is usually associated with vehicular mounted radios. 


Characteristics 


Frequency Range 30 to 75.95 MHz 
Polarization Horizontal or Vertical 
Power Capability 65 watts 

Radiation Pattern Directional 

Erection Time 2 persons in 30 minutes 
Weight 105 lbs 


AS-2236 antenna. 
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AS-285i 


The AS-2851 is a lightweight log periodic antenna used on 
directional point-to-point circuits. Supported by a sectioned 
mast, the antenna can be erected at 2.5-foot increments up to 20 
feet, The antenna can be oriented for either vertical or 
horizontal polarization, 


The AS-2851 is initially aligned so that the end of the boom 
with the shortest elements is pointed towards the distant 
station. Once initial contact is established, the antenna is 
adjusted as described on page 63. 


Characteristics 


Frequency Range 30 to 75.95 MHz 
Polarization Horizontal or Vertical 
Power Capability 65 watts 

Radiation Pattern Directional 

Erection Time 2 persons in 10 minutes 


Weight 30 lbs 


AS-2851 antenna. 
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AS-2851 antenna azimuthal gain pattern, 40 MHz 
horizontal polarization. 
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horizental polarization. 


AS-2851 antenna azimuthal gain pattern, 70 MHz 
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AS-2851 antenna azimuthal gain pattern, 40 MHz, 
vertical polarization. 
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AS-2851 antenna azimuthal pain pattern, 70 MHz, 
vertical polarization. 


VERTICAL HALF RHOMBIC/OE-303 


The vertical half-rhombic antenna is an easily constructed 
wire antenna that provides good directional radiation. The OE- 
303 is an issued version of a vertical half rhombic. For the 
most part, comments for the field expedient antenna also hold 
true for the OE-303. 


The typical tactical vertical half-rhombic antenna consists 
of a 100-foot antenna wire supported in the middle by a 30-foot 
non-metallic support, and an 85-foot ground wire laid along the 
ground. In this configuration, the antenna will work well 
throughout the military VHF band. To make the antenna 
directional, a 500-ohm carbon terminating resistor is connected 
between the antenna wire and the ground wire at the distant end 
of the antenna. A 5-watt carbon resistor, which is suitable for 
man-pack radios, is commercially available from radio parts 
stores. For higher power radios, multiple 5-watt resistors can 
be connected in parallel to obtain the proper wattage and 
resistance, Without the terminating resistor, the antenna is 
bidirectional. 


The antenna wire is connected directly to the antenna 
terminal on the radio. On man-pack radios, the whip base can be 
screwed in to the antenna terminal to securely clamp the antenna 
wire to the radio. The ground wire should be connected to a 
convenient point on the radio case. 


The vertical half-rhombic antenna should be oriented so that 
the wire ends point in the desired direction of propagation. In 
the bidirectional antenna (no terminating resistor’, 
communications can be accomplished off both ends of the wire. In 
the terminated (directional) version, communications can be 
established off the end of the wire with the terminating 
resistor, 


Characteristics 


Frequency Range 30 to 88 MHz 
Polarization Vertical 
Power Capability Dependent on terminating resistor 


Radiation Pattern Bidirectional 
’ Directional with terminating 
resistor 
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MAXIMUM RADIATION 
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Military vertical half rhombic. 
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Vertical half-rhombic antenna, azimuthal gain 
pattern, 30 MHz. 
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Vertical half-rhombic antenna, azimuthal gain 


pattern, 70 MHz 
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EXPEDIENT TECHNIQUES 
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Using an issued antenna or constructing a field expedient 

. antenna is easy if you have ail the required parts. What happens 

. when you're in a field situation, your antenna is broken, and you 

have to make do with what you have? Obviously communications 

must be maintained. It is up to the radio operator to make some 
type of antenna to provide communications for his unit. 
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REPAIR OF BROKEN ANTENNAS 


A broken whip can be temporarily repaired in several ways. 
If the whip is broken in two secticus, the sections can be joined 
together. First remove the paint and clean the sections where 
they will join to ensure a good electrical connection. Place the 
a sections together and secure with bare wire or tape. 


POLE OR GRANCH 


PAINT REMOVED 
FROM ANTENNAS HERE 


Using broken sections for emergency repair. 


If the whip is badly damaged, a length of field wire 

(WDI/TT) of the same length as the original antenna can he 

used. Remove the insulation from the lower end of the field wire 

antenna, twist the conductors together, stick them in the antenna 

. base connector and secure with a wooden bleck. Either a pole or 
a tree can be used to support the antenna wire. 
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TAPE 

POLE OR BRANCH 

(LENGTH OF GROXEN 

ANTENNA ) TAPE 
CABLE 
TAPE 
WOOD PLUG 

TAPE OR WIRE 
Using field wire as an emergency whip. 
INSULATORS 


Insulators can be made from many items that are readily 
available. Care should be taken with any material that holds 
water (cloth, rope). In a rainstorm, these items absorb water 
and lose their insulating characteristics. 
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NYLON ROPE 
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Caan OR CLOTH STRIP (DRY) 
{O_ 9p fe 
BUTTON 


=: WOOD (DRY) Sy 
— -. Y PLASTIC BAG 


BOTTLE NECK 


(BEST. PLASTIC, GLASS) (GOOD: WOOD! FAIR. CLOTH, ROPE} 


Expedient insulators. 
SUPPORTS 
Many expedient antennas require supports te hold the antenna 


above ground, The most common supports are trees which have the 
advantage of being able to survive heavy wind storms. However, 
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even the largest trees sway in the wind, enough to break wire 
antennas. To keep the antenna taut and to prevent it from 
breaking or stretching es the trees sway, a sp.ing or piece of 
old inner tube should be attached to one end of the antenna. If 
a small pulley is available, attach the pulley to the tree, pass 
a rope through the pulley, attach the rope to the end of the 
antenna, and load th. other end of the rope with a heavy 
weight. This will allow the tree to eway without straining the 
antenna. 


The AN/GRA-4 Antenna Group should not be overlooked when 
constructing field expedient antennas. The technical manual 
shows how the antenna group can be used as a 40-foot verticai 
monopole, sloping wire, and half-wave dipole, but other antennas 
can be made using this group's components. Using the 40-foot 
mast with the base insulator 2 40-foot high inverted L can be 
constructed using the mast as *, vert‘cal element. ‘The two 40- 
foot masts that come with t.. antenna group can be used to 
support any vf the antennas discussed in this handbook. 


At times the radio operate: will find himself at a site 
where no trees or issued antenne masts are available to s.ipport 
an antenna. In this situation the operator must survey what is 
available and try to jury rig some type of support. If iance 
poles or FO-2 poles are available, chey can be lashed together to 
form a support. In aveas that are not windy, helium-filled 
weather balloons can be used to support antennas. The lower, 
thick portions of a 32-foot whip can also be used as supports. 
If vans are being used with a roof-mounted 32-foot antenna, the 
lower thick vortion of the antenna can be used (with the thin top 


- portion removed) as the verticai part of an inverted L antenna. 


Wire is attached to the end of the remaining whip to form the 
horizontal portion of the antenna. The Operator must use 
imagination and ingenuity .o devise some type of support tz 
provide reliable communications. 


TERMINATING RESISTORS 


Terminating resistors nave been a continual problem for the 
field communicator. Several high power van type radio systems 
have terminating resistors as components, however, those 
resistors are not always available. Resistors for low power (man 
pack) VHF radios are readily available from commercial radio 
supply stores. Carbon resistors capable of dissipating more than 
5 watts are difficult to find. However the 5-watt resistors can 
be connected in parallel to make a terminator capable of handling 
higher powers. For example, eight 5-watt 4009-ohm resistors 
connected in parallel results in a 500-ohm 40-watt terminator. 


The S-watt resistor still does not solve the problem of high 
power HF terminators. A terminator for a 1000-watt transmitter 
would require 100 5-watt resistors! A 100~watt 106-ohm resistor 
exists in the supply system (NSN 5905-00-764-5573) that can be 
mounted in series on a single insulating board to form a 
terminator for high powered transmitters. 


EXPEDIENT WIRE 


Field telephone wire (WE1/TT) can be used to construct 
antennas if regular antenna wire is not available. Field wire 
consists of two insulated wires loosely twisted together. Each 
insulated wire is made uv of four copper strands and three steel 
strands of wire. When making electrical connections with field 
wire, the copper strands should be used. The four copper strands 
can be identified by removing approximately one inch of 
insulation from one end of the insulated wire. Hold the wire 
where the insulation ends aie end the strands to the side. When 
bending pregsure is released che steel strands will snap back to 
their original position while the copper strands will remain 
bert. These copper strands can then be wrapped around the steel 
strands to present a copper surface ‘or a good electrical 
connection, 


If field wire is to b2 used as the radiating element of an 
antenna, the two insulated wires in the twisted pair must be 
connected together at the ends so that electrically the two wires 
will act as one. First tightly twist all six steel strands from 
the two wires together (for strength), twist the eight copper 
atrands together (for electrical connection) and then twist the 
copper strands around the steel strands. 


When usea as a feed line ror a dipole antenna, connect each 
of the two insulated wires of the twisted pair to a separate leg 
of the dipole, At the radio, connect one wire (it does not 
matter which wire) to the center connector of the radio antenna 
terminal and the second wire to a screw on the antenna case. 


Feeding a VHF-LOS ground plane antenna with field wire 
requires a slightly different prccedure. In this case the wire 
ccnnected to the vertical element must be connected to the center 
connector of the radio antenna terminal, If a multimeter is 
available. it is easy to perform a continuity test to determine 
whic wire of the twisted pair should be connected to the 
vertical element. Without a multimeter there are two ways to 
test tne wires. The first is to start at one end and follow the 
single wire through the twists until you reach the other end. An 


82. 


easier way is to connect one wire to the center connector of the 
radio antenna terminal and then individually touch the bare wires 
from the other end of the field wire to the radio case. The 
radio should be turned on, squelch off, volume control to maximum 
loudness. One of the two wires will produce a loud pop or click 
in the speaker when touched to the case. This wire is the other 
end of the wire connected to the center connector and which will 
be connected to the vertical element of the ground plane 
antenna. The other wire of the twisted pair will be connected to 
the ground plane section of the antenna and to the case of the 
radio. 


In an emergency, any wire of sufficient length can be used 
for an antenna, Barbed wire, electrical wire, fence wire, and 
metal cored clothesline are some examples. The important thing 


to remember is not to give up. Communications have been 
successful using metal house gputters and even metal bed 
springs! A radio operator's mission is not accomplished until 


communications are established. 


GROUNDING 


A good electrical ground is needed for two reasons: first, 
as a safety ground to protect the operator and his equipment, and 
second, as an RF j.ound needed by some antennas to function 
properly. Most rauio sets come with a ground rod that should 
provide a sufficient ground if used properly in good soil. Used 
properly means the ground rod is free from oil or corrosion and 
is driven into the ground so that the top of the rod is below 
surface. To ensure a good electrical connection, the top of the 
ground rod and the end of the ground strap should be clean and 
bright. A clamp or nut and bolt should be used to make a good 
mechanical and electrical connection at the ground rod. The end 
of the ground strap and the radio ground connection should both 
be cleaned before connection is made. 


If a ground rod is not available, water pipe, concrete 
reinforcing rod, metal fence post (protective paint coating must 
be removed), or any length of metal can be used. If a water 
system uses metal pipe, a good ground can he established by 
clamning the ground strap to a water pipe. Underground pipes, 
tanks, and metal building foundations will also work. WARNING: 
NEVER USE ANY PIPING OR UNDERGROUND TANKS THAT CONTAIN FLAMMABLE 
MATERIALS (NATURAL GAS, GASOLINE, ETC.)!! 


In dry sol, electrical grounds can be improved by adding 
water and chemicals to the soil. Two common chemicals are Epsom 


Salts and common table salt. Epsom salts are preferred because 
it is not as corrosive as table salt. Make a solution of five 
pounds of chemical to five gallons of water and slowly pour the 
solution in a hole dug around the ground rod. Water should be 
added periodically to keep the area damp. If water is not 
available, urine can be used. 


Multiple ground rods can also be used to improve electrical 
grounds. If enough rods are available, a "star ground" can be 
built. A single rod is driven in the center of an approximately 
20-foot circle. Along the outside of the circle, additional 
ground rods are driven. The ground strap from the radio is 
connected to the center ground rod which in turn is connected to 
the rods along the outside of the circle. The rods on the 
outside of the circle should also be connected together. 


SECTION VI 
FOR MORE INFORMATION 


For those who desire more details on propagation and 
antennas, the following listing is provided. 


Army 


FM 11-65 High Frequency Radio Communications 
FM 24-18 Field Radio Techniques 
TM 11-666 Antennas and Radio Propagation 


Construction of Field Expedient Antennas, CRC-504, 
Communications/Electronics Department, USAFAS, Ft. Sill, OK. 


Conventional and Field Expedient Antennas, Manual 4501, 
Signal Center, Ft. Gordon GA 


Tactical Antenna Systems, Information Sheet 1167, Signal 
Center, Ft. Gordon, GA. 


Air Force 


AFCSP 100-16 High Frequency Radio Communications in a 
Tactical Environment 


AFCSP 100-47 Tactical High Frequency Antenna Handbook 


Common HF Antenna Vertical Radiation Patterns, 8009-311, 
Interservice Radio Frequency Management School, Keesler AFB, MS. 


Antenna Theory and Practical Application, 7801-301, 
Interservice Radio Frequency Management School, Keesler AFB, MS. 


Frequency Management Digest Anthology, Vol. I and II, 


Spectrum Management Division, Air Force Communications Command, 
Scott AFB, IL. 


Antennas--General, Tactical HF Antenna Kit, AFCC-CMMI 
1300-1, Air Force Communications Command, Scott AFB, IL 


Marine Corps 


Antennas, Conventional and Field Expedient, SM COS 5, 
Communication Officers School, MCDEC, Quantico, VA. 
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Study Guide 


Congratulations Congratulations on your enrollment in a distance training course from the 
Distance Learning Technology Department (DLTD) of the Marine Corps 
Institute (MCI). Since 1920, the Marine Corps Institute has been helping tens 
of thousands of hard-charging Marines, like you, improve their technical job 
performance skills through distance training. By enrolling in this course, you 
have shown a desire to improve the skills you have and master new skills to 
enhance your job performance. The distance training course you have 
chosen, MCI 2515H, Antenna Construction and Propagation of Radio Waves, 
provides communicators with instructions in selecting and/or constructing the 
appropriate antenna(s) for use within the current field. 


Your Personal e YOU ARE PROPERLY MOTIVATED. You have made a positive 

Characteristics decision to get training on your own. Self-motivation is perhaps the most 
important force in learning or achieving anything. Doing whatever is 
necessary to learn is motivation. You have it! 


e YOU SEEK TO IMPROVE YOURSELF. You are enrolled to improve 
those skills you already possess, and to learn new skills. When you 
improve yourself, you improve the Corps! 


e YOU HAVE THE INITIATIVE TO ACT. By acting on your own, you 
have shown you are a self-starter, willing to reach out for opportunities to 
learn and grow. 


e YOU ACCEPT CHALLENGES. You have self-confidence and believe 
in your ability to acquire knowledge and skills. You have the self- 
confidence to set goals and the ability to achieve them, enabling you to 
meet every challenge. 


e YOU ARE ABLE TO SET AND ACCOMPLISH PRACTICAL 
GOALS. You are willing to commit time, effort, and the resources 
necessary to set and accomplish your goals. These professional traits will 
help you successfully complete this distance training course. 


Continued on next page 
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Study Guide, Continued 


Beginning Your 
Course 


Leafing 
Through the 
Text 


The First Study 
Unit 


Reading the 
Learning 
Objectives 


Completing the 
Exercises 
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Before you actually begin this course of study, read the student information 
page. If you find any course materials missing, notify your training officer or 
training NCO. If you have all the required materials, you are ready to begin. 


To begin your course of study, familiarize yourself with the structure of the 
course text. One way to do this is to read the table of contents. Notice the 
table of contents covers specific areas of study and the order in which they are 
presented. You will find the text divided into several study units. Each study 
unit is comprised of two or more lessons and lesson exercises. 


Leaf through the text and look at the course. Read a few lesson exercise 
questions to get an idea of the type of material in the course. If the course has 
additional study aids, such as a handbook or plotting board, familiarize 
yourself with them. 


Turn to the first page of study unit 1. On this page, you will find an 
introduction to the study unit and generally the first study unit lesson. Study 
unit lessons contain learning objectives, lesson text, and exercises. 


Learning objectives describe in concise terms what the successful learner, 
you, will be able to do as a result of mastering the content of the lesson text. 
Read the objectives for each lesson and then read the lesson text. As you read 
the lesson text, make notes on the points you feel are important. 


To determine your mastery of the learning objectives and text, complete the 
exercises developed for you. Exercises are located at the end of each lesson, 
and at the end of each study unit. Without referring to the text, complete the 
exercise questions and then check your responses against those provided. 


Continued on next page 
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Study Guide, Continued 


Continuing to Continue on to the next lesson, repeating the above process until you have 
March completed all lessons in the study unit. Follow the same procedures for each 
study unit in the course. 


Seeking If you have problems with the text or exercise items that you cannot solve, 

Assistance ask your training officer or training NCO for assistance. If they cannot help 
you, request assistance from your MCI distance learning instructor by calling 
the Distance Learning Technologies Department’s Support Division at DSN 
325-7516 or commercial (202) 685-7516, or log on to the MCI home page at 
www.mci.usmce.mil/feedback/course developers. 


Preparing for To prepare for your final exam, you must review what you learned in the 
the Final Exam course. The following suggestions will help make the review interesting and 
challenging. 


e CHALLENGE YOURSELF. Try to recall the entire learning sequence 
without referring to the text. Can you do it? Now look back at the text to 
see if you have left anything out. This review should be interesting. 
Undoubtedly, you’ ll find you were not able to recall everything. But with 
a little effort, you'll be able to recall a great deal of the information. 


e USE UNUSED MINUTES. Use your spare moments to review. Read 
your notes or a part of a study unit, rework exercise items, review again; 
you can do many of these things during the unused minutes of every day. 


e APPLY WHAT YOU HAVE LEARNED. It is always best to use the 
skill or knowledge you’ ve learned as soon as possible. If it isn’t possible 
to actually use the skill or knowledge, at least try to imagine a situation in 
which you would apply this learning. For example make up and solve 
your own problems. Or, better still, make up and solve problems that use 
most of the elements of a study unit. 


Continued on next page 
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Study Guide, Continued 


Preparing for e USE THE “SHAKEDOWN CRUISE” TECHNIQUE. Ask another 

the Final Exam, Marine to lend a hand by asking you questions about the course. Choose 

continued a particular study unit and let your buddy “fire away.” This technique can 
be interesting and challenging for both of you! 


e MAKE REVIEWS FUN AND BENEFICIAL. Reviews are good habits 
that enhance learning. They don’t have to be long and tedious. In fact, 
some learners find short reviews conducted more often prove more 


beneficial. 
Tackling the When you have completed your study of the course material and are confident 
Final Exam with the results attained on your study unit exercises, take the sealed envelope 


marked “FINAL EXAM?” to your unit training NCO or training officer. 
Your training NCO or officer will administer the final exam and return the 
exam the answer sheet to MCI for grading. Before taking your final 
examination, read the directions on the DP-37 answer sheet carefully. 


Completing The sooner you complete your course, the sooner you can better yourself by 
Your Course applying what you’ ve learned! HOWEVER—you do have 2 years from the 
date of enrollment to complete this course. 


Graduating! As a graduate of this distance training course and as a dedicated Marine, your 
job performance skills will improve, benefiting you, your unit, and the Marine 
Corps. 


Semper Fidelis! 
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STUDY UNIT 1 
RADIO COMMUNICATIONS 


Overview 


Introduction The radio is the principal means of communication in today’s tactical Marine 
Corps. It is essential for not only command and control of the battlefield but 
also for passing routine administrative information. Understanding how radio 
waves travel or propagate will enhance your ability to establish 
communications between locations separated by great distances and 
obstacles. 


Scope This study unit discusses the basic building blocks common to all radios and 
introduces radio waves and their characteristics. 


In This Study This study unit contains the following lessons: 
Unit 


Radio Sets and Waves 


Carrier Waves and Modulation 


MCI Course 2515H 1-1 Study Unit 1 
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LESSON 1 


RADIO SETS AND WAVES 

Overview 

Introduction Before you can study the propagation of radio waves, you must learn the 
origin of these waves, the radio set. The Marine Corps uses many types of 
radios, ranging from small and manpacked versions to entire systems that 
must be vehicular transported. To keep it simple, this lesson examines the 
basic building blocks common to all radios. 

Content This lesson discusses the basic parts of a radio and what role each part plays 
in the overall operation of the radio. Additionally, this lesson introduces you 
to radio waves and discusses, in depth, the characteristics of radio waves, 
such as frequency and wavelength. 

Learning At the end of this lesson, you should be able to 

Objectives 


e State the purpose of a radio transmitter. 

e State the purpose of a radio receiver. 

e State what an antenna is used for. 

e State the purpose of a power supply. 

e Define radio waves. 

e State what determines the frequency of a radio wave. 


e State the formula used to find the wavelength when the frequency is 
known. 


Continued on next page 
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Overview, Continued 


In This Lesson This lesson contains the following topics: 


Overview 
Basic Components 


Electro-Magnetic Waves 
Lesson | Exercise 
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Basic Components 


Parts of a 
Radio 


Radio 
Transmitter 


Radio Receiver 


Antenna 


Power Supply 
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All radios, regardless of size or purpose are comprised of the following parts: 
a transmitter, a receiver, an antenna, and a power supply. 


A transmitter is a device that sends out radio signals. It generates, modulates, 
and radiates a radio frequency (RF) signal. A transmitter consists of an RF 
generator, a power amplifier for increasing the level of the signal to the 
desired level, and a modulator responsible for superimposing the intelligence 
onto the carrier. 


The receiver uses highly selective filtering networks to extract the desired 
electro-magnetic waves from the air. These signals are then amplified to a 
useable level and the intelligence that was placed upon the carrier in the 
modulation process is removed in the demodulation process. The 
intelligence, whether it is voice or data, is then passed to the appropriate 
portions of the radio for further processing. 


The antenna has a function in both the transmitting and receiving processes of 
a radio. In the transmitting process, the antenna provides a means for 
radiating the RF energy produced by the transmitter and power amplifier into 
space. In the receiving process, the antenna intercepts or picks up the RF 
signals radiated by the distant end radio. 


Power supplies are devices that provide the voltage necessary to operate 
electronic equipment. In most radios, the transmitter and receiver draw from 
the same power supply, with the transmitter consuming the most of the 
power. Power supplies vary in size and output depending on the 
characteristics of the radio and can range from a small cell battery to a large 
diesel engine generator. 
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Electro-Magnetic Waves 


Definition Radio waves are electro-magnetic energy radiated from an antenna, as shown 
in the diagram below. These waves travel near the surface of the earth and 
also radiate skyward at various angles to the surface of the earth. These 
electro-magnetic waves travel through space at the speed of light, 
approximately 186,000 miles (300,000 kilometers) per second. 


VERTICAL 
ANTENNA 


GROUND 
WAVES 


Wavelength The term wavelength refers to the distance a radio wave travels in the period 
of time required to complete one cycle. Each complete cycle of two 
alternations of the wave is one wavelength expressed in meters. This 
wavelength may be measured from the start of one wave to the start of the 
next wave, as shown in the diagram below or from the crest of one wave to 
the crest of the next wave. In either case, the distance is the same. 


WAVELENGTH 


Continued on next page 
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Electro-Magnetic Waves, Continued 


Frequency The frequency of a radio wave is the number of complete cycles that occur in 
one second. The longer the time of one cycle, the longer the wavelength and 
the lower the frequency. The shorter the time of one cycle, the shorter the 
wavelength and the higher the frequency. 


Since the frequency of a radio wave is very great, it is expressed in kilohertz 
(KHz) or megahertz (MHz). One KHz is equal to 1,000 cycles per second 
and one MHz is equal to 1,000,000 cycles per second. Compared in the 
figure below are the wavelengths of a 2 MHz wave and that of a 10 MHz 


wave. 
150 METERS 
2 MHz 
TIME -—— 
30 METERS 
> 
F 10 MHz 
TIME —— 
Velocity Simply stated, velocity is the speed at which a radio wave moves. It is 


important to note that the velocity of a radio wave is relative to the diameter 
and conductivity of the material it is traveling through. For instance, radio 
waves travel faster through copper wire than they do through aluminum. 


Continued on next page 
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Electro-Magnetic Waves, Continued 


Velocity 
Example 
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For comparison purposes, consider two sound waves, one traveling through 
free space and one traveling through water. The wave traveling through free 
space encounters significantly less resistance and therefore can travel farther 
and faster. At the relatively low speed of sound, these differences are 
measurable. A million times faster; however, at the relative speed of a radio 
wave, these speed variations become lost in obscurity. Therefore, for 
practical purposes, the velocity of a radio wave is considered to be a constant 
300 million meters per second, regardless of its frequency or amplitude. To 
find the wavelength when the frequency is known, divide this constant 
velocity by the frequency, as shown in the table below. Note that all three 
equations are equivalent; however, the first uses the frequency in Hertz and 
the following two use Kilohertz and Megahertz, respectively. 


Wavelength (in meters) = 300,000,000 (meters per second) 
frequency (cycles per second) 


300,000 
frequency (KHz) 


300 
frequency (MHz) 


To find the frequency when the wavelength is known, divide the velocity by the 
wavelength, as shown in the table below. 


Frequency (cycles per 300,000,000 
second) wavelength (meters) 
Frequency (KHz) 300,000 
wavelength (meters) 
Frequency (MHz) 300 
wavelength (meters) 


Continued on next page 
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Electro-Magnetic Waves, Continued 


Frequency Bands Most tactical radio sets operate within the 1.5 MHz to 400 MHz portion of 


of the Radio the frequency spectrum. For convenience of study and reference, radio 
Spectrum frequencies are divided into the groups or bands of frequencies shown 
below. 

Band Frequency (MHz) 

Very Low Frequency (VLF) Below .03 

Low Frequency (LF) Above .03 to .3 

Medium Frequency (MF) Above .3 to 3.0 

High Frequency (HF) Above 3.0 to 30 

Very High Frequency (VHF) Above 30 to 300 

Ultra High Frequency (UHF) Above 300 to 3,000 

Super High Frequency (SHF) Above 3,000 to 30,000 

Extremely High Frequency (EHF) Above 30,000 to 300,000 
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Lesson 1 Exercise 


Directions Complete items | through 7 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 The purpose of a radio transmitter is to generate, 
a. modulate, and radiate a radio frequency (RF) signal. 
b. demodulate, and radiate a radio frequency (RF) signal. 
c. modulate, and collect a radio frequency (RF) signal. 
d. modulate, and amplify a radio frequency (RF) signal. 


Item 2 Which is a function of a radio receiver? 
a. Modulates an RF signal 
b. Radiates an RF signal 
c. Demodulates an RF signal 
d. Generates an RF signal 


Item 3 In the receiving process, an antenna’s purpose is to 


radiate RF energy into space. 

demodulate received RF signals. 

intercept RF signals radiated by the distant end radio. 
extract the desired electro-magnetic waves from the air. 


aoe 


Item 4 What is the purpose of a power supply? 


Continued on next page 
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Lesson 1 Exercise, Continued 


Item 5 Define radio waves. 
Item 6 What determines the frequency of a radio wave? 
Item 7 Which mathematical calculation is used to find the wavelength when the 


frequency of a radio wave is known? 


Divide frequency by velocity 
Multiply frequency by velocity 
Divide velocity by frequency 
Divide wavelength by velocity 


Bore 
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Lesson 1 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


Provides the voltage needed to operate 
electronic equipment 


The number of complete cycles that occur 
in one second 


Summary In this lesson, you’ ve learned about the purpose of a radio transmitter, a radio 
receiver, an antenna, and a power supply. You have also learned about radio 
waves, their wavelength and velocity, and the different bands of the radio 
spectrum. 


The next lesson shows you how radio waves are used to carry information. 
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LESSON 2 
CARRIER WAVES AND MODULATION 


Overview 

Introduction When a radio operator speaks into a microphone or a Marine in the field 
transmits an email, that information is known as intelligence. A radio wave 
alone carries no intelligence and is known as a carrier wave. This lesson will 
explain how the intelligence is affixed to the carrier wave on the transmitting 
end and removed on the receiving end. 

Content This lesson introduces you to carrier waves, their function, and discusses how 
they are modulated. 

Learning After completing this lesson, you should be able to 

Objectives 


e Define carrier wave. 

e State the process by which information is attached upon a carrier wave. 
e Define amplitude modulation. 

e Define frequency modulation. 


e Define digital modulation. 


In This Lesson This lesson contains the following topics: 
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Carrier Waves 


Explanation 


Modulation 


Example 
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The radio transmitter supplies to the antenna a high frequency alternating 
current at a fixed level of intensity. This current is called the carrier wave or 
carrier. The carrier wave alone, as shown below, does not convey 
information, but acts as a medium for the transmission of information signal. 
The actual information, which is contained in a signal wave, in the case of 
analog communications and data stream in the case of digital 
communications, must be superimposed upon the carrier. 


The process of superimposing the information upon the carrier is called 
modulation. This process differs greatly between analog and digital 
communication systems. 


e Analog communications: The modulation process varies or modifies 
either the frequency or the amplitude of the carrier waveform. 


e Digital communications: The carrier wave is shifted to represent a stream 
of 1’s and 0’s. 


Amplitude modulation (AM), frequency modulation (FM), and digital 
methods of modulation are all used in military radio communication systems. 
When audio frequency (AF) signals are superimposed on the radio frequency 
(RF) carrier, additional RF signals are generated. The additional frequencies 
are equal to the sum and the difference of the audio frequencies and the radio 
frequency involved. 


Assume that a 1,000 KHz carrier is modulated by a 1 KHz audio tone. Two 
new radio frequencies are developed: one at 1,001 KHz (the sum of 1,000 
and 1 KHz) and the other at 999 KHz (the difference between 1,000 and 1 
KHz). If a complex audio signal is used instead of a single tone, two new 
frequencies will be set up for each of the audio frequencies involved. 


These new frequencies are called sidebands. 
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Amplitude Modulation 


Explanation 


How It Is 
Modulated 


Bandwidth 
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Amplitude modulation (AM) is defined as the variation of the RF power 
output of a transmitter at an audio rate. The RF energy increases and 
decreases according to the audio (sound) frequencies. Amplitude modulation 
is the process of varying the power output of a transmitter as illustrated 
below: 


f\ A | ee N\ 


The RF carrier is modulated by a single audio tone in which two additional 
frequencies are produced. These two new frequencies are equal to the sum 
and the difference of the two original frequencies. The frequency higher than 
the carrier frequency is the upper side frequency and the frequency lower than 
the carrier frequency is the lower side frequency. When the modulating 
signal is made up of complex tones, as in speech, each individual frequency 
component of the modulating signal produces its own upper and lower side 
frequencies. These side frequencies occupy a band of frequencies called 
sidebands. The sideband that contains the sum of the carrier and modulating 
frequencies is called the upper sideband. The sideband that contains the 
difference of the carrier and the modulating frequencies is the lower sideband. 


The space that a carrier and its associated sidebands occupy in the frequency 
spectrum is called a channel. In amplitude modulation, the width of the 
channel (bandwidth) is equal to twice the highest modulating frequency. 


Example: When a 5,000 KHz carrier is modulated by a band of frequencies 
ranging from 200 to 5,000 cycles (.2 to 5 KHz), the upper sideband extends 
from 5,000.2 to 5,005 KHz and the lower sideband extends from 4,999.8 to 
4,995 KHz. The entire bandwidth—from 5,005 to 4,995 KHz—is 10 KHz, 
which is twice the highest modulating frequency (5 KHz). 


The intelligence of an amplitude-modulated signal exists solely in the 
sidebands in which the amplitude varies according to the strength of the 
modulating signal. Transmitters operating in the medium and high frequency 
bands of the radio spectrum generally use amplitude modulation. 
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Frequency Modulation 


Explanation 


How It Is 
Modulated 


Sidebands 


Bandwidth 
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In a frequency-modulated wave, the frequency varies instantaneously about 
the unmodulated carrier frequency in proportion to the amplitude of the 
modulating signal. Therefore, when the modulating signal increases in 
amplitude, the carrier frequency increases instantaneously; when the 
modulating signal level decreases, the frequency decreases. This fluctuation 
is illustrated below: 


In an FM wave, the amplitude of the modulating signal determines the extent 
of departure of the instantaneous frequency from the center or rest frequency. 
Thus, the instantaneous frequency can be made to deviate as much as desired 
from the carrier frequency by changing the amplitude of the modulating 
signal. Even though the modulation frequency is only a few kilohertz, this 
deviation frequency may be as high as several hundred kilohertz. The 
sideband pairs generated by frequency modulation are not restricted, as in 
amplitude modulation, to the sum and difference between the highest 
modulating frequency and the carrier. 


The first pair of sidebands in an FM signal is the carrier frequency, plus and 
minus the modulating frequency. Additional sideband pairs will appear at 
each multiple of the modulating frequency. 


Example: When a carrier of 1 MHz is frequency modulated by an audio 
signal of 10 KHz, a host of equally spaced sideband pairs will form around 
the carrier in a rippling fashion. These frequencies will be strongest at 999 
KHz and 1,010 KHz, second strongest at 980 KHz and 1,020 KHz, third 
strongest at 970 KHz and 1,030 KHz, and continuing in the same process. 


The placement of sidebands described above causes an FM wave, consisting 
of a center frequency and a number of sideband pairs, to occupy a much 
greater bandwidth than an AM wave. This rippling fashion also forces the 
amplitude of the modulating signal from the center frequency component to 
the sideband pairs. 


Continued on next page 
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Frequency Modulation, Continued 


The The FM signal leaving the transmitting antenna is constant in amplitude, but 
Transmitted varies in frequency according to the modulating signal. The signal, which 
Signal travels between the transmitting and receiving antennas, encounters natural 


and manmade noises that cause amplitude variations in the signal. These 
undesirable amplitude variations are amplified as the signal passes through 
successive stages of the receiver until the signal reaches the limiter stage. 


Limiting and The limiter eliminates amplitude variations and passes the constant-amplitude 

Demodulating —_ FM signal on to circuitry designed to detect variations in the frequency of an 
RF wave. This portion of the receiver, known as the discriminator, 
transforms the frequency variations of the signal into corresponding voltage 
amplitude variations. These voltage variations are sent onto demodulating 
circuits that reproduce the original signal in audio or data devices. This type 
of modulation is common in the very high frequency band. 
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Digital Modulation 


Explanation 


How It Is 
Modulated 
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In today’s digital age, more and more Marine Corps communication 
equipment generates a digital stream of 1’s and 0’s instead of the modulating 
waves that we have discussed up to this point. The previous analog methods 
of modulation shifted either the amplitude or the frequency of the carrier. 


When a digital input is used to modulate the carrier, the phase of the carrier is 
shifted. This type of modulation is known as phase shift keying (PSK). In 
the diagram below, the carrier’s wave begins at 0, travels in the positive 
direction, and eventually ends at 0. 


For modulation purposes, this wave could be shifted by 90 degrees, causing 
the wave to begin at 1, travel in a negative direction, and then finish the cycle 
at 1. Such a wave in this state is illustrated in the diagram below: 


Continued on next page 
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Digital Modulation, Continued 


How It Is Furthermore, this wave can be shifted another 90 degrees, to start at the 180 
Modulated, degree point on the graph and yet another 90 degrees, to start at the 270 
continued degree point on the graph. These four distinctly different phases of the wave 


are assigned individual numerical values that are reconstructed at the 
receiving station to form the original stream of 1’s and 0’s. Hypothetical 
numerical values assigned to each phase of the carrier wave are listed in the 
table below: 


Phase Shift in Degrees Bit Value 


eG ') 


The Finished Now apply the values above to the digitally modulated carrier shown below 
Product and you will see how the original stream of 1’s and 0’s are recreated. 
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Lesson 2 Exercise 


Directions 


Item 1 


Item 2 


Item 3 


Item 4 


Item 5 
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Complete items | through 5 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


The wave upon which all information is attached or superimposed for 
transmission defines the 


radio wave. 

carrier wave. 
propagated wave. 
electro-magnetic wave. 


aoe 


When intelligence has been applied to a carrier, the carrier is said to be 


amplified. 
demodulated. 
propagated. 
modulated. 


Bose, 


The is the process of varying the RF power output of a 
transmitter. 


The is the process of varying the frequency of the carrier 
wave. 


The process of shifting the phase of the carrier wave defines 


demodulation. 
amplitude modulation. 
frequency modulation. 
phase shift keying. 


aoe. 
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Lesson 2 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 
eee SS 


| 3 amplitude modulation 
| 4 | frequency modulation 
jo 


Summary In this study unit, you’ve learned the basic components of a radio set, how 
radio waves’ electro-magnetic energy is radiated from an antenna, and how 
analog methods—amplitude, frequency, and digital—modulate a carrier 
wave. 


The next study unit will show you how the atmosphere plays a large part in 
the propagation of radio waves. 
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STUDY UNIT 2 
PROPAGATION OF RADIO WAVES 


Overview 


Introduction Radio communication is not the same at all hours of the day or at all times of 
the year. Despite the fact that radio waves and the atmosphere above the 
earth are invisible, the atmosphere plays an important role in radio 
communications. Solar events, such as sunspots several million miles away, 
have a direct effect on communications. Since propagation usually takes 
place within the earth's atmosphere, it is necessary to establish a basic 
understanding of the air around and above us. 


Scope This study unit discusses propagation of radio waves and how the three 
different layers that make up the earth’s atmosphere effect propagation. This 
study unit will also discuss ground wave, sky wave propagation, skip zones, 
and how the ionosphere effects long distance sky wave transmissions. 
Additionally, this study unit will cover the effect fading has on long distance 
communications and the different propagation paths associated with the 
different frequency ranges (bands). 


In This Study This study unit contains the following lessons: 
Unit 


The Atmosphere 
Ground Waves and Sky Waves 


Maximum Usable Frequency (MUF) and Lowest Usable 2-23 
Frequency (LUF) 


The Effects of Frequency on Wave Propagation 
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LESSON 1 
THE ATMOSPHERE 


Overview 

Introduction The ionosphere is the most unique layer of the earth’s atmosphere. 
Comprised of many, distinctly different layers, the ionosphere is the region of 
the atmosphere that we must thoroughly understand to achieve effective 
communications. 

Content This lesson covers the three major layers of the atmosphere, their 
characteristics, and their location. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Describe the atmosphere. 

e Name the three layers that make up the atmosphere. 

e State the general effect the "D" region has on high frequency radio waves. 
e State the region that is ionized at all hours of day and night. 

e State what determines the range of long distance radio transmissions. 


e Name the two layers of the ionosphere with the highest level of 
ionization. 


e Define critical frequency. 


Continued on next page 
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Overview, Continued 


In This Lesson _ This lesson contains the following topics: 


Ionosphere Characteristics 
Variations of the Ionosphere 
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The Earth’s Atmosphere 


Introduction Wave propagation deals with the properties and the nature of the atmosphere 
through which radio waves must travel from the transmitting antenna to the 
receiving antenna. The atmosphere is a gaseous mass that envelops the earth. 
It is not uniform because it varies with the altitude, temperature, geographic 
location, time of day or night, season, and year. Knowledge of the 
composition and properties of the atmosphere aids in the solution of problems 
that arise in planning radio communication paths and in predicting the 
reliability of communications. The earth's atmosphere is divided into three 
regions: the troposphere, the stratosphere, and the ionosphere. Refer to the 
diagram below for an idea of their location and heights above the earth. 
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The Earth’s Atmosphere, Continued 


Troposphere The troposphere is that portion of the earth's atmosphere extending from the 
surface of the earth to a height of approximately 6.8 miles. Within the 
troposphere, the bending of radio waves by refraction causes the radio 
horizon to exceed the optical horizon. Tropospheric refraction (reflection 
caused by sudden changes in the characteristics of air in a lower atmosphere) 
effects the received signal at distances beyond the radio horizon. 


Stratosphere The stratosphere is that portion of the earth's atmosphere lying between the 
troposphere and the ionosphere, from 6.8 miles to 30 miles above the earth. 
The temperature in this region is nearly constant. 


Ionosphere The ionosphere is that portion of the earth's atmosphere above the lowest 
level at which ionization (splitting of molecules into positive and negative 
charges or ions) of low pressure gases will effect the transmission of radio 
waves. It extends from 30 to 250 miles above the earth. The ionosphere is 
composed of several distinct layers in which ionization occurs at different 
levels and intensities. 
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The lonosphere 


Definition The ionosphere is that portion of the earth's atmosphere containing ionized 
gases. There are four distinct layers of the ionosphere. In the order of 
increasing heights and intensities, they are the “D”, “E”, “F,”, and “F,” 
layers. The four layers are present only during the day when the rays of the 
sun are directed toward that portion of the atmosphere. During the night, the 
“F,” and “F” layers merge into a single “F” layer and the “D” and “E” layers 
fade out. The actual number of layers, their heights above the earth, and their 
relative intensity of internal ionization vary from hour to hour, day to day, 
month to month, season to season, and year to year. The relative distribution 
of these layers is shown in the diagram below: 
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Continued on next page 
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The lonosphere, Continued 


"D" Region 


"E" Region 


"FE" Region 


"FE," and "FE," 
Regions 
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The "D" region exists only during daylight hours and has little effect in 
bending the path of high frequency radio waves. The main effect of the "D" 
region is its ability to attenuate or decrease the intensity of high-frequency 
waves when the transmission path lies in sunlit regions. 


The "E" region is used during the day for high-frequency radio transmission 
over distances greater than 1,500 miles. The intensity of this layer decreases 
during the night, rendering it useless for radio transmissions. 


The "F" region exists at heights up to 240 miles above the surface of the earth 
and is ionized at all hours of the day and night. The "F" region is comprised 
of two well-defined layers during the day and one during the night. At night, 
the "F" layer lies at a height of about 170 miles and is useful for long-range 
radio communication (over 1,500 miles). 


During the day, air warmed by sunlight causes the "F" region to split into two 
distinct layers, the "F," layer and the "F2" layer. The " F" layer is the most 
useful of all layers for long-range radio communication, even though the 
degree of ionization varies appreciably from day to day as compared with 
other layers. 
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lonosphere Characteristics 


Critical 
Frequency 


Critical Angle 
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Primarily the ionization density of each ionospheric layer determines the 
range of long-distance radio transmission. The higher the frequency, the 
smaller the radio waves, and a greater density of ionization is required to 
refract the waves back to earth. The upper ("E" and "F") layers refract the 
higher frequencies because they are the most highly ionized. The "D" layer, 
which is the least ionized, does not refract frequencies above approximately 
500 KHz. Thus, at any given time and for each ionized layer, there is an 
upper frequency limit at which waves sent vertically upward are reflected 
directly back to earth. This limit is called the critical frequency. Waves that 
are directed vertically at frequencies higher than the critical frequency pass 
through the ionized layer out into space. All waves directed to the ionosphere 
at frequencies lower than the critical frequency are refracted back to the earth. 


Radio waves used in communication generally are directed to the ionosphere 
at some oblique angle are called the angle of incidence. Waves at frequencies 
above the critical frequency can be returned, if propagated at angles of 
incidence lower than the critical angle. At the critical angle and any angle 
larger than the critical angle, the wave will pass through the ionosphere if the 
frequency is higher than the critical frequency. As the angle becomes 
smaller, an angle is reached at which the wave is bent back to the earth by 
refraction. The distance between the transmitting antenna and the point at 
which the wave first returns is called the skip distance. 
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Variations of the lonosphere 


Definition 


Regular 
Variations 


Irregular 


Variations 


Sporadic E 
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The movements of the earth around the sun and changes in the sun's activity 
contribute to ionospheric variations. There are two main classifications of 
these variations: 


e Regular variations: predictable behavior of the sun 
e Irregular variations: abnormal behavior of the sun 


The regular variations are divided into four classes: 


Predictable Behavior 
The rotation of the earth 


The north and south progression of the sun 
27-Day The rotation of the sun on its axis 
The average cycle of sunspot activity 


The transient or momentary ionospheric variations, though unpredictable, 
have important effects on radio propagation. Some of the major effects are: 


Sporadic E 

Sudden ionospheric disturbance 
Ionosphere storms 

Nuclear detonations 


When it is excessively ionized, the "E" layer often completely blanks out 
reflections from the higher layers. This effect may occur during the day or 
night. 


Continued on next page 
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Variations of the lonosphere, Continued 
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Sudden ionospheric disturbances (SID) are ionization abnormalities of the 
"D" layer. The most common causes of these disturbances are solar 
anomalies, such as sunspots or solar flares. 


These storms may last from several hours to several days, and usually extend 
over the entire earth. During these storms, sky wave transmission above 
approximately 1.5 MHz shows low intensity and is subject to a type of rapid 
blasting and fading, known as flutter fading. 


Sunspots are caused by magnetic storms on the surface of the sun and can last 
for weeks. Sunspots that disappear from view behind the sun will often 
predictably reappear two weeks later as that portion of the sun comes back 
into view. Sunspots generally follow an 11-year cycle, but can vary daily. 
Sunspots cause an increase in ionization that will allow the "E" and "F" layers 
to refract higher frequencies while causing more absorption by the "D" layer. 


Solar flares are large, sudden releases of energy on the sun, which can last 
from a few minutes to several hours. Usually occurring near sunspots, they 
can have energy outputs equivalent to the explosion of a billion H-bombs. 
Solar flares have both immediate and delayed effects on HF communications. 
The immediate effect is a large increase of solar noise and the start of a SID. 
These effects, like their originators, can last from a few minutes to several 
hours. The delayed effects can occur from 30 minutes to 72 hours after the 
solar flare, and include polar cap absorption and ionospheric storms. 


In either case, the result is total absorption of all frequencies above 1 MHz, 
causing receivers to go dead. 


The physical properties of the ionosphere can also be greatly altered during a 
nuclear exchange. Intense dust clouds formed by surface bursts would cause 
the "D" layer to become highly ionized from gamma ray radiation caused by 
low altitude air defense bursts (10 to 35 miles). Bursts, especially those at 
high altitude (greater than 250 miles) would damage unshielded radio 
equipment through an effect known as electromagnetic pulse (EMP). Ground 
wave communications between surviving equipment would be hindered in the 
direction of surface bursts due to the great amount of dirt in the air and/or the 
changes in electrical properties of the earth. 
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Lesson 1 Exercise 


Directions 


Item 1 


Item 2 


Item 3 


Item 4 


Item 5 
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Complete items | through 7 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


The defines atmosphere. 


The ‘ , and regions make up 
the earth’s atmosphere. 


The "D" region of the ionosphere has little effect on which type of radio 
waves? 


a. Sky waves 
b. Skip waves 
c. Low frequency 
d. High frequency 


The "F" region of the ionosphere is 


present only during daylight hours. 
ionized at all hours of day and night. 
comprised of three separate layers. 
rendered useless during the night. 


Bose 


The range of long distance radio transmissions is determined by the 
of each ionospheric layer. 


a. height 

b. location 

c. temperature 

d. ionization density 


Continued on next page 
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Lesson 1 Exercise, Continued 


Item 6 Name the two layers of the ionosphere with the highest level of ionization. 


Item 7 Define critical frequency. 
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Lesson 1 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 
gaseous mass that envelops the earth 
troposphere--stratosphere--ionosphere 


i a 

ee 

ee ee ee 

The upper ("E" and "F") layers 
-9 


The highest frequency at which waves 2 
sent vertically upward are reflected 
directly back to earth. 


Summary In this lesson, you’ ve learned about the different layers that compose the 
earth’s atmosphere, as well as the different layers of the ionosphere and their 
characteristics. 


PGs i 


In the next lesson, you will learn about ground waves and sky waves. 
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LESSON 2 
GROUND WAVES AND SKY WAVES 


Overview 

Introduction Most people assume that radio waves simply travel through the air and that 
the paths they take to reach their final destination are irrelevant. In the study 
of radio wave propagation, it is important to realize that radio waves travel by 
ground modes as well as sky modes. Additionally, it is important to 
understand that within these two, distinctly different classes, there are several 
other sub-classes. 

Content The lesson discusses how radio waves react when they encounter the surface 
of the earth and the different parts of the earth’s atmosphere. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Define ground wave propagation. 
e Name the three components of a ground wave. 
e State what sky wave propagation depends upon. 


e Define skip zone. 


In This Lesson _ This lesson contains the following topics: 


Ground Wave Propagation 


Sky Wave Propagation 
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Ground Wave Propagation 


Definition 


Direct Wave 


Ground- 
Reflected Wave 


Surface Wave 
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Ground wave propagation refers to radio transmissions that do not utilize 
waves that have been refracted from the ionosphere. The field intensity of 
ground waves depends on the transmitter power, the characteristics of the 
transmitting antenna, and the frequency of the waves. Additionally, the 
diffraction of the waves around the curvature of the earth, the conductivity 
and dielectric constant of the local terrain, the nature of the transmission path, 
and local weather conditions also effect the intensity of ground waves. The 
ground wave is comprised of three distinctly different components: the direct 
wave, the ground-reflected wave, and the surface wave. The three 
components are identified in the diagram at the bottom of this page. 


The direct wave is that component of the entire wave front that travels 
directly from the transmitting antenna to the receiving antenna. This 
component is limited to the line-of-sight distance between the transmitting 
and receiving antennas, plus a small, additional distance caused by the 
curvature of the earth. Increasing the height of the transmitting antenna or the 
receiving antenna (or both) can extend this distance. 


The ground-reflected wave is the portion of the radiated wave that reaches the 
receiving antenna after being reflected from the surface of the earth. When 
both the transmitting and receiving antennas are on or close to the ground, the 
direct and ground-reflected components of the ground wave tend to cancel 
each other out. 


The surface wave, which follows the curvature of the earth, is the component 
of the ground wave that is effected by the conductivity and dielectric constant 
of the earth. 


Direct wave 


Ground “Te 


1% ot reflected 
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Sky Wave Propagation 


Sky Wave 
Transmission 
Paths 
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Sky wave propagation refers to those types of radio transmissions that depend 
on the ionosphere to provide signal paths between transmitters and receivers. 
Sky wave transmissions are by far the most important method for long 
distance radio communications. The various sky wave transmission paths are 
identified in the diagram below: 
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Sky Wave Propagation, Continued 


Sky Wave 
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The area where the wave returns to the earth depends on the height of the 
ionized layer and the amount of bending the wave encounters while traversing 
the layer. This bending is a function of the frequency of the wave as 
compared to the ion density of the layer. Upon return to the earth's surface, 
part of the energy enters the earth to be rapidly dissipated, but part is reflected 
back into the ionosphere where it may reflect downward again at a still 
greater distance from the transmitter. This means of traveling in hops, 
bouncing between the ionosphere and the surface of the earth, is known as 
multi-hop transmission and enables transmissions to be received at long 
distances from the transmitter. The diagram below illustrates this means of 
travel for paths involving one, two, or three reflections from the ionosphere 
(single, double, and triple hop modes or paths). 
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Sky Wave Propagation, Continued 


Skip Zone The skip zone is that area where no usable signal can be received from a 
given transmitter operating at a given frequency. This area is bounded by the 
outer edge of the usable ground-wave propagation and the point nearest the 
antenna at which the closest sky wave returns to earth. The greater the 
distance between those two points, the larger the skip zone. Refer to the 
diagram below for the skip zone and its relation to the ground wave. If the 
ground wave extends to the point where skip waves begin, there is no skip 
zone. In this case, both the sky wave and the ground wave may arrive at the 
antenna with nearly the same field intensity, but at randomly different phases. 
When this occurs, the sky wave component alternately reinforces and cancels 
the ground wave component, causing blasting (during reinforcement) and 
fading (during cancellation) of the signal. 


Sky wave 
Sky wave not 


effective Ground wave 
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Lesson 2 Exercise 


Directions Complete items | through 4 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 Define ground wave propagation. 
Item 2 What are the three components of the ground wave? 
a. Ground wave, sky wave, and skip wave 
b. Direct wave, ground refracted wave, and skip wave 
c. Direct wave, ground reflected wave, and surface wave 
d. Direct wave, ground wave, and sky wave 


Item 3 Signal paths between the transmitter and receiver in sky wave propagation are 
provided by the 
a. troposphere. 
b. ionosphere. 
c. atmosphere. 
d. stratosphere. 
Item 4 Define the skip zone. 
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Lesson 2 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


Radio transmissions that do not make use 
of waves that have been refracted from the 
ionosphere. 


1 
2 
3 
An area where no usable signal can be 
received from a given transmitter 
operating at a given frequency 


Summary In this lesson, you’ ve learned about ground waves and sky waves. 


In the next lesson, you will learn about the maximum usable frequency 
(MUF) and the lowest usable frequency (LUF). 
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LESSON 3 
MAXIMUM USUABLE FREQUENCY (MUF) AND LOWEST 
USABLE FREQUENCIES (LUF) 


Overview 

Introduction From the previous lessons, it is apparent that the frequency of a radio wave 
plays a large part in how well the sky wave propagates. In some cases, 
however, if the frequency of the wave is too high or too low, that wave will 
not propagate at all. Knowing the frequency limits will aid in frequency 
selection and make sure communications are effective. 

Content This lesson discusses the employment of previously discussed principles to 
determine which frequencies are best suited for communications. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Define maximum usable frequency (MUF). 
e Describe what would happen to frequencies greater than the MUF. 


e Define lowest usable frequency (LUF). 


In This Lesson —_ This lesson contains the following topics: 


Overview 


Maximum Usable Frequency (MUF) 
Lowest Usable Frequency (LUF) 
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Maximum Usable Frequency (MUF) 


Definition An important concept associated with sky wave propagation is called the 
maximum usable frequency (MUF). The MUF is the highest frequency at 
which a radio wave will reflect from an ionospheric layer for a given 
elevation or propagation path. Frequencies higher than the MUF will 
penetrate the layer and escape into space. The diagram below depicts a chart 
used to determine specific frequencies and their usefulness depending on the 
time of day. 


Frequency, MHz 
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Maximum Usable Frequency (MUF), Continued 


Predictions 


Example 


Frequency 
Selection 
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It is important at this point to discuss propagation predictions and their 
statistical nature. The science of predicting ionospheric conditions and 
selecting frequencies to use for a given path is well developed, but subject to 
the same accuracy problems as prediction of the local weather. It is 
impossible to predict with 


e Absolute accuracy the best choice of frequency to use for a given 
propagation path. 


e Reasonable accuracy what the MUF will be for a given communication 
path at a particular time of day. 


These predictions are usually based on a statistical reliability of 50 percent. 


Assume the MUF for a certain propagation path is predicted to be 12 MHz 
during the time period of 1200 to 1500 hours for the month of November. 
This actually means the MUF will be lower than 12 MHz 15 days of the 
month and higher than 12 MHz the other 15 days of the month. The median 
MUF for the entire month will be 12 MHz. It also means that on a given day 
when the MUF is actually 12 MHz, frequencies slightly higher than 12 MHz 
may be used with greatly reduced reliability. 


When there is a choice of frequencies to use, it is always best to use a higher 
frequency. This is especially true when communicating over distances greater 
than 650 miles. This reduces absorption from any lower layer and minimizes 
multi-path fading. However, it is generally undesirable to operate at or near 
the MUF since this frequency is reflected only 50 percent of the time. To 
allow for day-to-day changes in the MUF and the critical frequency, it is 
customary to use a frequency that is about 85 percent of the MUF. This lower 
frequency is known as the frequency of optimum transmission (FOT). It is 
based on the statistical fact that the FOT lies below the daily variations of the 
actual MUF about 90 percent of the time. It is not always the frequency for 
minimum path loss or for minimum fading, and there are times when a 
frequency 10 percent lower or higher than the FOT will be more reliable. 
Based on statistics, the FOT represents the best choice for a given path length, 
time of day, season, and sunspot number. 
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Lowest Usable Frequency (LUF) 


Definition 


Frequency 
Selection 
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As the frequency for transmission over any given sky wave path is increased, 
a value will be reached at which the radio signal just overrides the level of 
atmospheric and other radio noises. This is called the lowest usable 
frequency (LUF) because frequencies lower than the LUF are too weak for 
useful communications. For a given transmitter power as the operating 
frequency is decreased, the average signal level at the receiver will decrease 
due to increased ionospheric absorption. The average level of natural 
atmospheric noise (lightning discharge) and manmade noise (electrical 
equipment) existing in the vicinity of the receiver increases at lower 
frequencies. Thus, if the frequency of transmission is reduced much below 
the critical frequency, the received signal strength decreases while the 
received noise increases until finally the signal is generally unusable. 


The LUF depends upon the power of the transmitter, path loss, total noise 
level at the receiving location, receiving antenna gain and directivity, and 
noise generated within the receiver itself. Because ionospheric absorption is 
highest when the "D" layer reaches its peak, the LUF generally peaks around 
noon. A frequency for day use must be chosen sufficiently above the LUF to 
ensure a reliable signal-to-noise ratio. 
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Lesson 3 Exercise 


Directions Complete items | through 3 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 Define maximum usable frequency (MUF). 


Item 2 Waves of frequencies higher than that of the MUF will 


encounter high levels of atmospheric noise. 

be most useful for daytime communications. 
penetrate the ionosphere and escape into space. 
be reflected by the "FP" region of the ionosphere. 


BoP, 


Item 3 Define lowest usable frequency (LUF). 
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Lesson 3 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


The highest frequency at which a radio wave 2-24 
will reflect from an ionospheric layer for a 
given elevation or propagation path. 


1 
2 
3 The frequency at which the radio signal just 2-26 
overrides the level of atmospheric and other 
radio noises. 


Summary In this lesson, you’ ve learned about the maximum usable frequency (MUF) 
and the lowest usable frequency (LUF), and how these two principles can aid 
in selecting the proper frequencies to enhance your ability to communicate. 


In the next lesson, you will learn about a common obstruction to effective 
communications known as fading. 
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LESSON 4 
FADING 


Overview 

Introduction To this point, you have studied the modulated carrier wave, its origin, the 
various paths the wave can take en route to the receiving station, and the 
layers of the atmosphere the wave will encounter on its way to the receiving 
end. Unfortunately, understanding and employing this knowledge is not 
enough to ensure good communications. Many well-planned 
communications exercises are plagued by a phenomenon known as fading. 

Content This lesson discusses fading and addresses the causes of this phenomenon. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Define fading. 


e Name the four types of fading. 


In This Lesson _ This lesson contains the following topics: 


Overview 
Fading Loss 


Types of Fading 
Lesson 4 Exercise 
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Fading Loss 


Definition 


Cause and 
Prevention 
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When a radio signal is received over a long distance path, a periodic increase 
and decrease of received signal strength may result. This phenomenon is 
most common in the high frequency range. Most modern radios have internal 
circuitry that eliminates the "blasting" caused by increased signal strength, so 
this lesson will concentrate on the "fading" caused by decreased signal 
strength. 


The precise origin of fading is seldom understood. There is littke common 
knowledge of what precautions can be taken to reduce or eliminate the 
troublesome effects of fading. Suggested methods for reducing fading are 


e Increase transmitter power and antenna gain 


e Use two or more receiving antennas spaced some distance apart with both 
feeding into the same receiver (space diversity reception) 


e Select the proper frequency 


e Know the capabilities and limitations of the transmitting and receiving 
equipment 


Fading associated with sky wave paths is the greatest single detriment to 
reliable communications. 
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Types of Fading 


Four Classes 


Interference 
Fading 
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The many types of fading can be categorized into four principal classes: 


Interference 
Polarization 
Absorption 
Skip 


Most cases of rapid fading are caused by a combination of the first two types 
while the latter two types normally cause gradual fading. 


Interference fading is caused by phase interference of two or more waves 
from the same source arriving at the receiver over slightly different paths. If 
the paths are of different lengths and their relative lengths vary for some 
reason, such as fluctuations in the height of the ionosphere layers, the relative 
phases of the waves arriving over the different paths vary with time, causing 
alternate reinforcement and cancellation of the field intensity. This concept is 
illustrated in the diagram below. Because of irregularities in the ionosphere, 
one downcoming sky wave is really the summation of a great number of 
waves of small intensity and of random relative phases, and thus the resultant 
field intensity can vary greatly. 


lonosphere 


Sky waves 


f—— Ground waves 


Continued on next page 
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Types of Fading, Continued 


Polarization 
Fading 


Absorption 
Fading 
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Additional variation in the field intensity effecting the receiving antenna 
occurs when the polarization of the downcoming wave changes in relation to 
the polarization of the receiving antenna. This variation is called polarization 
fading. The polarization of the downcoming sky wave is changing 
constantly. This is due mainly to the combination of the two oppositely 
polarized components—the ordinary and the extraordinary wave—at random 
amplitudes and phases. 


The polarization of the downcoming sky wave is generally elliptical. 
Elliptical polarization means that as the wave travels along the signal path, 
the electric and magnetic fields remain at right angles to each other and to the 
direction of propagation, rotating about the signal path in a corkscrew 
fashion. This results in random and constantly changing values of the 
amplitude and orientation of the electric field with respect to the receiving 
antenna. The state of polarization of sky waves varies more rapidly than the 
higher frequency, which accounts in part for the rapid fading on the higher 
frequencies. 


Absorption fading is caused by short-term variations in the amount of energy 
lost from the wave because of absorption in the ionosphere. In general, the 
time period of this type of fading is much longer than that of other types since 
the ionospheric absorption usually changes slowly. In extreme cases, sudden 
ionospheric disturbances can account for this type of fading, although it is 
usually classified as an irregular disturbance rather than fading. 


Another example of this type of fading is the reflection and absorption of 
radio waves by objects close to the receiver, such as when a vehicle is passing 
under a bridge or near a heavy steel structure and can no longer receive radio 
signals. Radiation from wires, fences, and steel structures can cause an 
interference pattern that is relatively fixed in space, and can be detected only 
by moving the receiving equipment around the radiating structure. Therefore, 
care must be exercised when selecting communication sites with nearby 
structures that could produce these effects. 


Continued on next page 
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Types of Fading, Continued 


Skip Fading 
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Skip fading is observed at places near the limit of the skip distance, and is 
caused by the changing angle of refraction. Near sunrise and sunset when the 
ionization density of the ionosphere is changing, the MUF for a given 
transmission path may fluctuate about the actual operation frequency. When 
the skip distance extends out past the receiving station, the received signal 
level drops abruptly and then increases just as abruptly when the skip distance 
moves back in. This may take place many times before conditions reach a 
steady state. 
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Lesson 4 Exercise 


Directions Complete items | and 2 by performing the action required. Check your 
answer against that listed at the end of this lesson. 


Item 1 Define fading. 


Item 2 The four types of fading are interference, polarization, 


absorption, and switch. 
antenna, and skip. 
absorption, and skip. 
reflection, and skip. 


ao o © 
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Lesson 4 Exercise 


Solutions The table below lists the solution to the exercise item. If you have any 
questions about this item, refer to the reference page. 


Item Number 


1 The periodic increase and decrease of 2-30 


received radio signal strength. 


a =<) 


Summary In this lesson, you’ ve learned about fading as well as the most common 
causes and effects of fading. 


In the next lesson, you will learn how to select the appropriate type of 
propagation for a given frequency. 
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LESSON 5 
THE EFFECTS OF FREQUENCY ON WAVE PROPAGATION 


Overview 

Introduction Different frequencies behave differently depending on which methods of 
propagation are employed. The principles that have been discussed in the 
previous lessons have shown that some methods of propagation are unsuitable 
for certain frequencies. 

Content Utilizing the principles discussed in the previous lessons, this lesson reveals 
which methods of propagation work best for which frequency bands. 

Learning At the end of this lesson, you should be able to 

Objectives 


e State the types of propagation and which types are best for specific 
frequency bands. 


e State the wave propagation that is extremely useful for communications at 
the low frequency band. 


e State the wave propagation that is extremely useful for communications at 
the medium frequency band. 


e State the wave propagation that is extremely useful for communications at 
the high frequency band. 


e State the only wave propagation path that can be used for communications 
at the ultra high frequency band. 


In This Lesson _ This lesson contains the following topics: 
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Wave Propagation 


Definition 


Low 
Frequency 


Medium 
Frequency 


High 
Frequency 


Very High 
Frequency 


Ultra High 
Frequency 
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The effects of the atmospheric layers on wave propagation—as described in 
the previous lessons—are complicated further by variations in frequency of 
the transmitted wave. The propagation principles for frequencies at the low 
end of the frequency spectrum are drastically different than those at the high 
end of the spectrum. (For ease of identification, frequencies are usually 
classified in the ranges shown on page 1-7). It is also important to remember 
that radio waves travel by means of ground waves, sky waves, or a 
combination of both. 


At low frequencies (.03 to .3 MHz), the ground wave is extremely useful for 
communication over greater distance. The ground wave signals are quite 
stable and show little seasonal variation. 


In the medium-frequency band (.3 to 3.0 MHz), the range of the ground wave 
varies from about 15 miles at the low end of the band to about 400 miles at 
the high end. Sky wave reception is possible during day or night at any of the 
lower frequencies in this band. At night, the sky wave gives reception at a 
distance up to 8,000 miles. 


In the high-frequency band (3.0 to 30 MHz), the range of the ground wave 
decreases with an increase in frequency and the sky waves are greatly 
influenced by ionospheric conditions. 


In the very-high-frequency band (30 to 300 MHz), there is no usable ground 
reflected and no surface wave, only a slight refraction of sky waves by the 
ionosphere at the lower frequencies. The direct wave provides 
communication if the transmitting and receiving antennas are elevated 
sufficiently above the surface of the earth. Transmission over any greater 
range is unpredictable and will last only for short periods of time because of 
sporadic conditions in the ionosphere. 


In the ultra-high-frequency band (300 to 3,000 MHz), the direct wave must be 
used for all radio transmissions. Communication is limited to a short distance 
beyond the horizon. Lack of static and fading in these bands make line-of- 
sight reception very good. Highly directive antennas can be built into a space 
to concentrate RF energy into a narrow beam, increasing the signal intensity. 
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Lesson 5 Exercise 


Directions 


Item 1 


Item 2 


Item 3 


Item 4 
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Complete items | through 5 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


What wave propagation is useful for communications at low frequencies? 


a. Ground wave 
b. Sky wave 

c. Direct wave 
d. Skip wave 


What two types of wave propagation are useful in the medium-frequency 
band? 


() 
(2) 


What two types of wave propagation are available for use in the high- 
frequency band? 


(1) 
(2) 


What propagation wave or component of a propagation wave provides the 
best communication in the very-high-frequency band? 


a. Ground wave 
b. Sky wave 
c. Surface wave 
d. Skip wave 


Continued on next page 
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Lesson 5 Exercise, Continued 


Item 5 Which component of the ground wave provides the best communication in 
the ultra-high-frequency band? 


Sky wave 
Skip wave 
Ground wave 
Direct wave 


Bore 
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Lesson 5 Exercise 


Solutions 


Summary 
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The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 
Ee ee 


(1) Ground wave 2-38 
(2) Sky wave 


| 2-38 


(1) Ground wave 
i oer ee eo =~ $4 wave 


In this study unit, you’ ve learned about the earth's atmosphere and the three 
different layers that make up the atmosphere. You know about ground wave 
and sky wave propagation, skip zones, and how the ionosphere effects long 
distance sky wave transmissions. Additionally, you are able to recognize the 
effect fading has on long distance communications and the different 
propagation paths associated with the different frequency ranges. 


In the next study unit, you will learn the general characteristics of antennas, 


as well as some of the common Marine Corps antennas and different types of 
field expedient antennas. 
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STUDY UNIT 3 
ANTENNAS 


Overview 

Introduction This study unit identifies the functions of an antenna, the components of the 
radiation field, and antenna polarization. It also discusses the polarization 
requirements for various frequencies and the advantages afforded by using 
either vertical or horizontal polarization. 

Scope This study unit also discusses the conventional field antennas used by the 


Marine Corps and seven types of field expedient antennas. It covers various 
types of transmission lines and standing waves. 


In This Study This study unit contains the following lessons: 
Unit 


Functions of an Antenna and Antenna Radiation 


Field Expedient Antennas 
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LESSON 1 


FUNCTIONS OF AN ANTENNA AND ANTENNA RADIATION 


Overview 


Introduction 


Content 


Learning 
Objectives 


In This Lesson 
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The study of antennas is essential to gain a complete understanding of radio 
communication and other electronic systems. In such systems, energy in the 
form of radio or electro-magnetic waves is generated by electronic equipment 
and fed to an antenna by means of a transmission line. The antenna radiates 
this energy at roughly the speed of light. Receiving antennas placed in the 
path of the traveling wave absorb part of this energy and send it to the 
receiving equipment by means of a transmission line. 


This lesson discusses the differences between transmit and receive antennas 
and shows how these antennas propagate or collect radio waves. This lesson 
also describes the different fields that are radiated by transmitting antennas. 


At the end of this lesson, you should be able to 


State the function of a transmitting antenna. 
e Identify which field is radiated beyond the transmitting antenna. 
e Name the two components that make up the radiation field. 


e Name the field that is formed from the electric and magnetic components 
of the radiation field. 


e State the purpose of a receiving antenna. 


This lesson contains the following topics: 


3-3 


Functions of an Antenna 
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Functions of an Antenna 


Transmitting 


Direction of 
Power 


Components of 
Electro- 
magnetic 
Waves 
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The function of a transmitting antenna is to convert the output power 
delivered by a radio transmitter into an electro-magnetic field that radiates 
through space. Therefore, the transmitting antenna converts energy having 
one form to energy having another form. 


When power is delivered to an antenna, two fields are set up by the 
fluctuating energy: one is the induction field that associates with the stored 
energy and the other is the radiation field that moves out into space at nearly 
the speed of light. At the antenna, the intensities of these fields are high and 
proportional to the amount of power delivered to the antenna. However, at a 
short distance from the antenna and beyond, only the radiation field remains. 


The radiation field is composed of an electric component and a magnetic 
component. The electric and magnetic fields (components) radiated from an 
antenna form the electro-magnetic field; this field is responsible for the 
transmission of electro-magnetic energy through free space. Thus, the radio 
wave may be described as a moving electro-magnetic field having velocity in 
the direction of travel, and with components of electric intensity and magnetic 
intensity arranged at right angles to each other. This relationship is identified 
in the diagram below: 


SIGNAL 
TRANSMITTING 


ELECTRIC FIELD 


RECEIVING 


DIRECTION ANTENNA 


MAGNETIC ~ 
FIELD 


Continued on next page 
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Functions of an Antenna, Continued 


Receiving 
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The receiving antenna reverses the energy conversion. The function of the 
receiving antenna is to convert the electro-magnetic field into energy that is 
delivered to a radio receiver. In transmitting, the antenna operates as the load 
for the transmitter; in receiving, it operates as the signal source for the 
receiver. 
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Antenna Radiation 


Patterns The energy of radio signals radiated by an antenna from an electro-magnetic 
field having a definite pattern depends on the type of antenna used. This 
radiation pattern is used to show both range and directional characteristics of 
an antenna. A vertical antenna theoretically radiates energy equally in all 
directions. In practice, the pattern is usually distorted by nearby obstructions 
or terrain features. 


Three- The full or solid radiation pattern is a three-dimensional figure that looks 
Dimensional somewhat like a doughnut. A three-dimensional depiction of a quarter-wave 
vertical antenna with the transmitting antenna in the center is shown below: 


QUARTER WAVE ANTENNA 


HALF WAVE ANTENNA 


Continued on next page 
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Antenna Radiation, Continued 


Cross Sectional Despite the aesthetic quality of a three-dimensional radiation pattern, the most 
widely recognized method of illustrating radiation patterns is by plotting the 
full pattern, showing only one particular plane. This type of pattern is 
referred to as cross sectional and is shown below. 


o 3 2 1 0 1 2 3 4 


The top radiation pattern is that of a half-wave horizontal antenna one quarter 
wavelength above the ground and the bottom pattern is that of a half-wave 
horizontal antenna, one half wavelength above the ground. 
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Lesson 1 Exercise 


Directions Complete items | through 5 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 The function of a transmitting antenna is to convert the transmitter output 
power into a(n) 


a. electro-magnetic field. 
b. induction field. 
c. magnetic field. 
d. radiation pattern. 
Item 2 Which of the two fields set up by fluctuating energy is radiated out into 
space? 
a. Induction 
b. Convection 
c. Radiation 
d. Electron 
Item 3 The radiation field is composed of a(n) component and a 
component. 
a. induction--convection 
b.  electric--magnetic 
c. induction--magnetic 
d. induction--radiation 
Item 4 The electric and magnetic fields (components) radiated from an antenna form 
the field. 
a. radiation 
b. magnetic 
c. electro-magnetic 
d. induction 


Continued on next page 
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Lesson 1 Exercise, Continued 


Item 5 What is the purpose of a receiving antenna? 
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Lesson 1 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


c 
5 Converts the electro-magnetic field into 3-5 
energy that is delivered to a radio receiver 


Summary In this lesson, you’ve learned about the roles of receiving and transmitting 
antennas, radiation patterns, and the different radiated fields. 


In the next lesson, you will learn about polarization. 
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LESSON 2 
ANTENNA POLARIZATION 


Overview 

Introduction The previous lesson described a radio wave as a moving electro-magnetic 
field having velocity in the direction of travel, and with components of 
electric intensity and magnetic intensity arranged at right angles to each other. 
This lesson expands upon that concept and shows how rotating that electro- 
magnetic field or polarizing it can enhance communications. 

Content This lesson discusses the concept of antenna polarization, the two primary 
types of propagation, and the advantages and applications of each type. 

Learning At the end of this lesson, you should be able to 

Objectives 


e State how the polarization of a radiated wave is determined. 
e Name the two types of antenna polarization. 


e Identify the antenna polarization to be used when working with medium 
and low frequencies. 


e State why it is better to use horizontally polarized antennas at high 
frequencies. 


e State what type of polarization should be used at very-high and ultra-high 
frequencies. 


In This Lesson _ This lesson contains the following topics: 
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Polarization 


Definition Polarization of a radiated wave is determined by the direction of the electric 
field lines of force. The two types of polarization are vertical and horizontal. 


Vertical If the electric field lines of force are at right angles to the surface of the earth, 
Polarization the wave is vertically polarized. This concept is illustrated in the diagram 
below: 


DIRECTION OF TRAVEL ——t 
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Polarization, Continued 


Horizontal If the electric field lines of force are parallel to the surface of the earth, the 
Polarization wave is said to be horizontally polarized as shown in the diagram below: 


DIRECTION OF TRAVEL ——— 


a | 


SIGNAL VOLTAGE 
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Proper A single-wire antenna is used to extract energy from a passing radio wave. 

Orientation Therefore, maximum reception results when the antenna is oriented so that it 
lies in the same direction as the transmitting antenna, which subsequently 
orients it to the electric-field component. Thus, a vertical antenna is used for 
efficient reception of vertically polarized waves and a horizontal antenna is 
used for the reception of horizontally polarized waves. In some cases, the 
field rotates as the wave travels through space. Under these conditions, both 
horizontal and vertical components of the field exist and the wave is said to 
have elliptical polarization. 


MCI Course 2515H 3-13 Study Unit 3, Lesson 2 


Polarization Selection 


Medium 
and Low 
Frequencies 


High 
Frequencies 


Very- and 
Ultra-High 
Frequencies 


MCI Course 2515H 


At medium and low frequencies, ground wave transmission is used 
extensively. For this reason, it is necessary to use vertical polarization. 
Vertical lines of force are perpendicular to the ground, and the radio wave can 
travel a considerable distance along the ground surface with a minimum 
amount of attenuation (loss). Because the earth acts as a fairly good 
conductor at low frequencies, horizontal lines of force are shorted out— 
limiting the useful range of horizontally polarized waves. 


At high frequencies with sky wave transmission, it makes little difference 
whether horizontal or vertical polarization is used. The sky wave reflected by 
the ionosphere, arrives at the receiving antenna elliptically polarized. 
Therefore, the transmitting and receiving antennas can be mounted either 
horizontally or vertically. Horizontal antennas are preferred because they can 
be made to radiate effectively at high angles and have inherent directional 
properties. 


With frequencies in the very-high or ultra-high range, either horizontal or 
vertical polarization is satisfactory. Since the radio wave travels directly from 
the transmitting antenna to the receiving antenna, the original polarization 
produced at the transmitting antenna is maintained throughout the travel of 
the wave to the receiving antenna. Therefore, if a horizontal half-wave 
antenna is used for transmitting, a horizontal antenna must be used for 
receiving. If a vertical half-wave antenna is used for transmitting, a vertical 
antenna must be used for receiving. 
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Benefits of Vertical Polarization 


Vehicular 
Applications 


Over Water 


Aircraft 
Interference 


Broadcast 
Interference 


MCI Course 2515H 


Simple, vertical half-wave antennas can be used to provide omni-directional 
communication that has the ability to communicate with a moving vehicle. 
When antenna heights are limited to 10 feet or less, as in vehicular 
installation, vertical polarization provides a stronger received signal at 
frequencies up to about 50 MHz. From approximately 50 to 100 MHz, there 
is only a slight improvement over horizontal polarization with antennas of the 
same height. The difference in signal strength above 1100 MHz is negligible. 


For transmission over large bodies of water, vertical polarization is decidedly 
better than horizontal when antennas are below approximately 300 feet at 30 
MHz. You would only need 50 feet at 85 MHz and still lower at higher 
frequencies. Therefore, an ordinary antenna at mast heights, such as 40 feet, 
vertical polarization is advantageous for frequencies less than about 100 
MHz. 


Radiation using vertical polarization is less effected by reflections from 
aircraft flying over the transmission path. With horizontal polarization, such 
reflections cause variations in the received signal strength. This factor is 
important in locations where aircraft traffic is heavy. 


With vertical polarization, less interference is produced or picked up because 
of strong VHE and UHF broadcast transmission and reception (television and 
frequency modulation), all of which use horizontal polarization. This factor 
is important when an antenna must be located in an urban area having several 
television and commercial FM broadcast stations. 
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Benefits of Horizontal Polarization 
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A simple horizontal half-wave antenna is bi-directional. This characteristic 
can help minimize interference from certain directions. Additionally, 
horizontal antennas are less apt to pick up man-made interference that is 
polarized vertically. 


When antennas are located near dense forest, horizontally polarized waves 
suffer lower losses than vertically polarized waves, especially above about 
100 MHz. 


Small changes in antenna location do not cause large variations in the field 
intensity of horizontally polarized waves when antennas are located among 
trees or buildings. When vertical polarization is used, a change of only a few 
feet in the antenna location may have a considerable effect on the received 
signal strength. This is the result of interference patterns that produce 
standing waves in space when spurious reflections from trees or buildings 
occur. 


Since the interference patterns will vary even when the frequency is changed 
by only a small amount, considerable distortion may occur when complex 
types of modulation are used, as with television signals or with certain types 
of pulse-modulation systems. Under these conditions, horizontal polarization 
is preferred. 


When simple half-wave antennas are used, the transmission line (usually 
vertical) is less effected by a horizontally mounted antenna. Keeping the 
antenna at right angles to the transmission line and using horizontal 
polarization keep the line out of the direct field of the antenna. As a result, 
the radiation pattern and electrical characteristics of the antenna are 
practically not effected by the presence of the vertical transmission line. 
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Receiving Antennas 
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Vertical receiving antennas accept radio signals equally from all horizontal 
directions, just as vertical transmitting antennas radiate equally in all 
horizontal directions. Because of this characteristic, other stations operating 
on the same or adjacent frequencies may interfere with the desired signal and 
make reception difficult or impossible. However, reception of a desired 
signal can be improved by using directional antennas. 


Horizontal half-wave antennas accept radio signals from all directions, except 
signals originating in direct line with the ends of the antenna. When only one 
signal is causing interference or when several interfering signals are coming 
from the same direction, interference can be eliminated or reduced by 
changing the antenna position so that either end of the antenna points directly 
at the interfering station. 
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Lesson 2 Exercise 


Directions 


Item 1 


Item 2 


Item 3 


Item 4 
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Complete items | through 9 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


What determines the polarization of a radiated wave? 


a. The frequency of the transmitted wave 

b. The impedance match of the transmission line 

c. The direction of the electric field lines of force 

d. The direction of the receiving station 

The two types of antenna polarization are and 
a. transmitting--receiving. 

b. induction--electro-magnetic. 

c. horizontal--electrical. 

d. horizontal--vertical. 


What kind of antenna polarization should you use when working with 
medium and low frequencies? 


a. Induction 
b. Horizontal 
c. Electrical 
d. Vertical 


Why is it better to use horizontally polarized antennas at high frequencies? 


Continued on next page 
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Lesson 2 Exercise, Continued 


Item 5 Which types of polarization should be used at very-high and ultra-high 
frequencies? 


Item 6 Through Matching: For items 6 through 9, match the polarization benefit in column 1 


Item 9 to the type of polarization in column 2. Place your responses in the spaces 
provided. 
Column 1 Column 2 
Polarization Benefit Type of Polarization 
____ 6. Minimizes interference a. Vertical 
from certain directions b. Horizontal 


7. Provides the ability to 
communicate with a 
moving vehicle 

8. Somewhat less effected by 
aircraft flying over the 
transmission path 

9. Suffers lower losses when 
located near dense forests 
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Lesson 2 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


1 
2 
3 
4 
5 


They can be made to radiate effectively at 
high angles and have inherent directional 
properties. 


Vertical or horizontal 
7 ee) 


Summary In this lesson, you’ve learned about horizontal and vertical polarization and 
the advantages of each. 


In the next lesson, you will learn about conventional antenna systems 
currently in use in the Marine Corps. 
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LESSON 3 
CONVENTIONAL ANTENNAS 


Overview 

Introduction Conventional antennas are antennas manufactured to operate in certain 
frequency ranges. These versatile antennas are normally sought after by the 
Marine Corps for their ability to be fielded individually or as a component of 
an existing communication system. 

Content This lesson introduces you to the most common conventional antennas in the 
Marine Corps arsenal, the AS-2259/GR and the OE-254/GRC. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Describe the antenna system AS-2259/GR. 
e Describe the antenna system OE-254/GRC. 


e State the purpose of the balun on the OE-254/GRC antenna system. 


In This Lesson _ This lesson contains the following topics: 


Overview 
Antenna System AS-2259/GR 


Antenna System OE-254/GRC 
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Antenna System AS-2259/GR 


Definition The AS-2259/GR manpack, HF antenna is essentially a dipole antenna fed 
with a low-loss, foam-dielectric, coaxial mast that also serves as a support 
structure. The dipole system uses a set of crossed sloping dipoles positioned 
at right angles to each other. Physically, the antenna consists of eight 
lightweight coaxial mast sections and four radiating elements that also serve 
as guy lines. The antenna is transported in a canvas pack similar to a tool roll. 
The total packed weight of the antenna is 14.7 pounds. Two Marines can 
erect this antenna in 5 minutes without the use of any tools. The antenna is 
shown in the diagram below: 


Continued on next page 
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Antenna System AS-2259/GR, Continued 


How It Works ~The AS-2259/GR antenna is designed to provide high-angle radiation (near 
vertical incidence) to permit short-range sky wave propagation over 
communication circuits ranging from 0 to 300 miles. The AS-2259/GR may 
be used with tactical HF radios that tune a 15-foot whip antenna such as the 
AN/GRC-193 or AN/MRC-138. The frequency range of the antenna is 2.0 to 
12.0 MHz and maximum RF power capacity is 100 watts pep or average. 


Electrical Electrical characteristics for the AS-2259/GR are listed in the table below. 
Characteristics | Personnel should become thoroughly familiar with data and procedures 
contained in the entire instruction manual before working with this antenna. 


Input impedance Compatible with output of radios using 
15-foot whips such as the AN/PRC- 104 


Radiation pattern 


Omni-directional 
Near vertical incidence 


Gain Similar to a dipole mounted horizontally 
10 feet above the same type ground 


Continued on next page 


MCI Course 2515H 3-23 Study Unit 3, Lesson 3 


Antenna System AS-2259/GR, Continued 


Physical Physical characteristics for the AS-2259/GR are listed in the table below. 
Characteristics — Personnel should become thoroughly familiar with data and procedures 
contained in the entire instruction manual before working with this antenna. 


Physical Characteristics 
Survives 60-mph wind with no ice 
Height erected 


Land area required 60 by 60 feet 


Erection time Two Marines: 5 minutes 
One Marine: 15 minutes 


Packed weight Less than 14.7 pounds 


Ancillary A description of the ancillary equipment accompanying the AS-2259/GR is 
Equipment listed in the table below. 


Military Type Number Description of Equipment 


AS-2259/GR An antenna that may be used directly 
with HF manpack radios that tune a 15- 
foot whip antenna such as the AN/PRC- 
104. The antenna is rated at 100 watts 
pep or average RE power. 


MX-9313/GR An adapter for mounting the antenna on 
vehicles or shelters equipped with HF 
radios. Adapts antenna AS-2259/GR to 
the AN/MRC- 138 and similar radios 
employing 1-inch, 8 threads per inch 
whip bases and automatic couplers. 


More For more information on antenna system AS-2259/GR, see TM-07508A-14 or 
Information MCI 2532, HF/UHF Field Radio Equipment. 
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Antenna System OE-254/GRC 


Definition Antenna group OE-254/GRC is an omni-directional, biconical antenna 
designed for broadband operation without field adjustment from 30 to 88 
MHz, up to 350 watts. 


The OE-254/GRC is intended for use with Marine Corps VHF radios such as 
the AN/PRC-119A, AN/VRC-88 through 90, and the AN/MRC-145A as well 
as similar radios operating between 30 and 88 MHz. 


Components The OE-254/GRC components are listed below: 


e Antenna AS-3166/GRC 
e Feedcone assembly 
e Balun assembly 
e Antenna elements 
e Mast AB-1244/GRC 
e Cable assembly CG-1889C/U 


Mechanical The feedcone assembly mounts the six antenna elements and the balun 
Assembly assembly, which provides for mechanical connection to the mast by use of an 
insulating extension. 


Electrical The balun assembly is connected electrically to the radio set using the cable 

Assembly assembly, and elevated up to 31 feet and 2 inches using the mast assembly. 
The extended radials that make up the antenna elements are copper plated, 
painted tubes of high-strength steel that are screwed together and then 
screwed into a central balun. 


Transport The equipment is designed for hand or vehicular transportation. When 
disassembled, the above mentioned items and their associated stakes, guy 
lines and rings, hammer and baseplate are stowed in a roll type transit bag. 


Continued on next page 
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Antenna System OE-254/GRC, Contin 


ued 


Diagram The assembled OE-254/GRC is shown in the diagram below: 
U 
. | p 
| }——_—_——. Mast section AB-24 
\ — Mast section MSII7A 
\ | f Mast section MSII6A 
ire: Balun 
cot 
IA 
Red =| \ Tape 
Guy plate I \ 
re | , Strain clamp 
39'3" 1 \ 
Approx = y; 
(12.0 m) d 
Mast assembly 
Guy assembly 
Blue = 
Guy plate if 
| 
Cable ASSY, RF 
CG-1889 C/U 
(80'-0" or 24m) 
aye Connector 
\ adapter 
TRU-2064 
/) Ss 
Ab ij 
\ 
oa { Stake assembl 
25' Max 7 
Or 7. 
ee 
plate 
Continued on next page 
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Antenna System OE-254/GRC, Continued 


How it Works The antenna itself consists of three upward and three downward extended 
radials that simulate two cones that are electrically above ground, making the 
overall antenna balanced. The extended radials project from the balun at an 
angle of 30 degrees from true vertical as shown in the diagram on the 
previous page. 


Impedance The nominal impedance of this biconical antenna is 200 ohms requiring the 

Matching use of a balun transformer to match this balanced impedance to the 50 ohm 
unbalanced output impedance of the radio to which the AS-3166/GRC is 
connected. The impedance transformation is accomplished on the AS- 
3166/GRC through the 4 to 1 balun (balanced to unbalanced) transformer 
attached between the two cones. 


Mast The mast consists of five upper and five lower mast sections, and a mast and 

Construction base assembly rising to a height of approximately 28 feet 3 inches. Each mast 
section has a female and male end that permits the sections to be fitted 
together. 

Electrical Electrical characteristics for the OE-254/GRC are listed in the table below. 


Characteristics —§ Personnel should become thoroughly familiar with data and procedures 
contained in the entire instruction manual before working with this antenna. 


Electrical Characteristics 


Radiation pattern 


Continued on next page 
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Antenna System, OE-254/GRC, Continued 


Physical Physical characteristics for the OE-254/GRC are listed in the table below. 
Characteristics —§ Personnel should become thoroughly familiar with data and procedures 
contained in the entire instruction manual before working with this antenna. 


Physical Characteristics 
Height erected 39 feet and 3 inches 


Land area required 80 by 80 feet 
One Marine:_15 minutes 
Packed weight Approximately 42 pounds 


More For more information on the OE-254/GRC, see TM-11-5985-357-13. 
Information 
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Lesson 3 Exercise 


Directions Complete items | through 8 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 The AS-2259/GR makes use of short-range sky wave propagation to 
communicate over distances ranging from miles. 
a. Oto 150 
b. 0 to 200 
c. Oto 250 
d. 0 to 300 
Item 2 What is the maximum input power of the OE-254/GRC? 
a. 300 watts 
b. 350 watts 
c. 400 watts 
d. 3,500 watts 
Item 3 What is the purpose of the balun on the OE-254/GRC? 


Continued on next page 
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Lesson 3 Exercise, Continued 


Item 4 Through Matching: For items 4 through 8, match the antenna characteristic in column 


Item 8 1 to the antenna system in column 2. Place your responses in the spaces 
provided. 
Column 1 Column 2 
Antenna Characteristic Antenna System 
___ 4. Operates in a VHF range a. AS-2259/GR 
between 30 and 88 MHz b. OE-254/GRC 
___ 5. Anomni-directional, biconical 
antenna 


6. Utilizes four radiating elements 
that serve as guy lines 

7. Operates in a HF range 
between 2 and 12 MHz 

8. Radiating elements are steel 
tubes that are screwed together 
into a central balun 
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Lesson 3 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


3 To match the unbalanced, 50 ohm 3-27 
impedance of VHF radio equipment to the 
balanced, 200 ohm impedance of the 
lL biconical antenna array | 
| 
Boe 


a ee ee 
ee ee eee 
a ee ee 
ee eee ee ee 
as 


Summary In this lesson, you’ ve learned about the AS-2259/GR and the OE-254/GRC 
antenna systems. 


In the next lesson, you will learn about field expedient antennas that can be 
constructed using simple materials. 
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LESSON 4 
FIELD EXPEDIENT ANTENNAS 


Overview 

Introduction Sometimes an antenna manufactured to operate across a wide spectrum of 
frequencies is not efficient enough to accomplish the mission at hand, or too 
cumbersome to carry or set up. At these times, the field Marine can benefit 
from an antenna custom built to operate at a specific frequency, an antenna 
that takes into consideration key factors such as terrain, and time. 

Content This lesson introduces you to actual field expedient antennas that can be 
constructed using the materials and instructions found in Appendix A. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Identify the different kinds of field expedient antennas. 
e State how to obtain optimum performance from a long wire antenna. 


e State what happens to a half-rhombic antenna when terminated in a 
resistor. 


e State the length for which the vertical and ground plane elements for an 
expedient ground plane antenna should be cut. 


In This Lesson _ This lesson contains the following topics: 


Field Expedient Ground Plane Antennas 
Lesson 4 Exercise 
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Half-Wave Dipole 


Characteristics 
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The half-wave dipole antenna shown in the diagram below consists of two 
conductors, each a quarter wavelength, separated in the middle by an 
insulator. The feed lines are connected to the two separated conductors. The 
antenna is then supported along a straight line by means of ropes tied from the 
ends of the antenna to supporting structures such as buildings, trees, poles, 
etc. Current is maximum at the center and minimum at the ends. Voltage is 
maximum at the ends and minimum at the center. 


ANTENNA 


COAXIAL CABLE 
ASSEMBLY 


Continued on next page 
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Half-Wave Dipole, Continued 


Radiation The half-wave dipole antenna can be mounted in either a vertical, horizontal, 

Pattern or diagonal position. Its radiation pattern is pictured in the diagram below, 
where the antenna shown is positioned vertically. Maximum radiation is 
perpendicular to the antenna axis. Since there is no radiation from the ends of 
the antenna, a figure-8-type pattern is present in the vertical plane. Thus, the 
antenna is bi-directional in the vertical plane. As shown, radiation is constant 
in any direction in the horizontal plane. Mounting the antenna horizontally 
would reverse the pattern illustrated below. 


HORIZONTAL 
PLANE 
PATTERN 


I 
! VERTICAL 
! PLANE 
PATTERN 
ANTENNA sal 
AXIS 
! 


SOLID PATTERN 


Construction Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 


Continued on next page 
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Two-Element Yagi 


Characteristics This configuration may be new to most communicators. As seen in the 
diagram below, this antenna consists of a reflecting element (a single wire) 
mounted one quarter-wavelength behind a dipole antenna. This additional 
element substantially increases the gain and makes the antenna more 
directional. 


REFLECTING ELEMENT 


Construction Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 
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Long Wire Antenna 


Characteristics The long wire antenna shown in the diagram below is a single wire, two to six 
wavelengths long, suspended one-half wavelength above the ground. 
Compared to other field expedient antennas, the long wire antenna has greater 
gain and directivity. This high gain, coupled with the low elevation angle of 
its main radiation lobe, makes the long horizontal wire antenna one of the 
simplest antennas to erect. 


The long wire antenna is capable of spanning distances in excess of 70 miles 


and is one of the most practical antennas for use against jamming. The long 
wire antenna is bi-directional or uni-directional. 


MAN AN 


Radiation The radiation pattern of a long wire antenna is comprised of a series of lobes 

Pattern as shown in the diagram below. As a result of this lobe pattern, best 
performance is obtained by directing a major lobe toward the intended 
receiver. 


\ TO EAST STATION 


TRANSMITTER ee 
[ 4 a ali A- OFFSET ANGLE 
LONG WIRE , 
PLAN VIEW 


PATTERN 
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Long Wire Antenna, Continued 


Alignment To properly align the long wire antenna to the distant station add or subtract 
the wave angle according to the table below. Keep in mind the wave angle is 
dependent upon the length of the antenna, as well as the operating frequency. 


Offset Angle for the Long Wire Antenna 
Wire Length (Meters) 


10 20 ~=40 ~=80 150 

43° 27° 16° 
552: 382 23°15? 
pte 35%. 21 
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| [= se 2 
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— 

° 


a 29°17 
IP 16 
55° 38° _23° 
507 33° 20° 


° 
° 


N 
~ 
° 


Construction Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 
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Half-Rhombic Antenna 


Characteristics The half-rhombic antenna shown below is a terminated vertical antenna that 
resembles an obtuse angle "V" antenna. With the half-rhombic antenna, an 
unbalanced transmission line and a ground or counterpoise is used. As a 
result, a vertically polarized radio wave is produced and the antenna is bi- 
directional. The antenna can be made to be uni-directional by connecting a 
resistor of about 500 ohms between the far end of the antenna and the ground. 


Dimensions The typical military half-rhombic antenna consists of a 100-foot antenna wire 
erected over a single 30-foot wooden mast and an 85-foot counterpoise wire 
placed under the antenna about one foot off the ground and attached to both 
ends of the antenna. 


Construction Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 
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Sloping "V" Antenna 


Characteristics 


Gain 


Directivity 


Construction 
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The sloping "V" antenna shown in the diagram below consists of downward 
sloping long wires arranged to form a "V" and is fed with current of opposite 
polarity. Major lobes from each wire combine in such a way that maximum 
radiation occurs in the direction of a lobe that bisects the angle of the legs. 
The pattern is basically bi-directional along the lines bisecting the angle, 
producing primarily sky waves. 


As the leg length of this antenna increases, so does the gain. The gain 
(increase in effective power or performance) of a "V" antenna is almost 
double that of a single long wire, since the radiation from the lobes of two 
waves combine, reinforcing one another. To optimize this reinforcement, use 
the table found in Appendix A to make sure the accuracy of the apex angle 
(top angle where the radiating elements meet the mast section). 


The directivity of this antenna also increases with leg length. For maximum 
efficiency, the legs of the "V" antenna should be cut to three wavelengths at 
the center frequency of the desired band. The antenna can be made more 
directional by terminating the individual legs with 500-ohm resistors. 


Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 
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Vertical Quarter Wave Whip Antenna 


Characteristics 


Frequency and 
Height 


Construction 
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The vertical whip antenna is the most widely used omni-directional antenna 
found in the military. The most common example of this type of antenna is 
the whip antenna used on vehicles, and the ground plane antenna that is 
usually mounted on masts or other structures. The expedient, vertical quarter- 
wave, whip antenna, like the antenna shown in the diagram below, is a single 
bare or insulated wire held vertically by a means of support and connected to 
the antenna connector on the face of the radio. 


The vertical whip is omni-directional, and its efficiency is related to the 
transmitting frequency and antenna height. At lower frequencies, it is rather 
inefficient, but as the frequency increases so does the efficiency. Antenna 
height can be improved by placing the antenna on top of a hill or by fastening 
it to a pole or tree to boost the efficiency of this antenna. 


Instructions for constructing this antenna can be found in Appendix A, Omni- 
Directional Antenna Construction. 
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Field Expedient Ground Plane Antennas 


Characteristics | These field expedient antennas operate at frequencies above 20 MHz. They 
are either pole supported or tree hung, as shown in the diagram below, and 
their radiation pattern is omni-directional. The vertical and ground plane 
elements are cut for a quarter wave, the ground plane elements should be at 
45-degree angles. Insulators are used to separate vertical elements from the 
ground plane elements. 


Construction Instructions for constructing this antenna can be found in Appendix A, Bi- 
and Uni-Directional Antenna Construction. 
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Lesson 4 Exercise 


Directions 


Item 1 
Through 
Item 4 
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Complete items 1 through 10 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Matching: For items 1 through 4, match the field expedient antenna in 
column | to the illustration in column 2. Place your responses in the spaces 


provided. 
Column 1 Column 2 
Field Expedient Antenna Illustration 
___ 1. Half-wave dipole a. 


___2. Long wire 
___ 3. Sloping "V" 
___ 4. Vertical quarter wave whip 


3-43 


Continued on next page 


Study Unit 3, Lesson 4 


Lesson 4 Exercise, Continued 


Item 5 Matching: For items 5 through 7, match the field expedient antenna in 
Through column | to the illustration in column 2. Place your responses in the spaces 
Item 7 provided. 
Column 1 Column 2 
Field Expedient Antenna Illustration 
___ 5. Two-element yagi a. 
____ 6. Half-rhombic —— 
____ 7. Ground plane jl ¥ HH \. 
P / /I \ ‘aa jf / \. 
La\ deh 
b. 
c 
Item 8 Optimum performance can be achieved with the long wire antenna by 


terminating one leg of the antenna with a 500-ohm resistor. 
placing a reflecting element behind the radiating element. 
mounting the antenna in a vertical or diagonal position. 
directing a major lobe toward the intended receiver. 


aoe 


Continued on next page 
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Lesson 4 Exercise, Continued 


Item 9 


Item 10 
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Terminating a half-rhombic antenna with a resistor causes it to become 


a. omni-directional. 
b. uni-directional. 
c. bi-directional. 

d. directional. 


What length should the vertical and ground plane elements be cut for an 
expedient ground plane antenna? 


One-quarter wave 
One radio wave 
One-half wave 
One full wave 


Bore 
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Lesson 4 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 
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Summary In this lesson, you’ ve learned about many different types of field expedient 
antennas. 


In the next lesson, you will learn about the different types of transmission 
lines and the role they play in effective communications. 
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Overview 


Introduction 


Content 


Learning 
Objectives 


In This Lesson 
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LESSON 5 
TRANSMISSION LINES 


It is important to realize that the feed in line, or transmission line, which 
connects the radio to the antenna, is a crucial part of the communication 
system. Using an unsuitable transmission line can render the most carefully 
constructed antenna inefficient, or damage costly communications equipment. 


This lesson discusses the different types of transmission lines and the 
phenomenon of standing waves that can plague any transmission line. 


At the end of this lesson, you should be able to 
e Define transmission line. 
e Identify the different types of transmission lines. 


e Define standing waves. 


This lesson contains the following topics: 


Overview 
Types of Transmission Lines 


Standing Waves 
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Types of Transmission Lines 


Definition 


Balanced and 
Unbalanced 


Balanced 
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A transmission line is a conductor that transfers radio frequency (RF) energy 
from the transmitter to the antenna or from the antenna to the receiver. Most 
radio systems and preconstructed antennas are fielded with custom 
transmission lines, cut to the appropriate length and fitted with any necessary 
end connectors. 


For the purpose of building field expedient antennas or repairing conventional 
antennas, the transmission lines discussed in the following pages can be 
purchased by the foot through the Marine Corps supply system as well as 
electronic hobbyist stores or web sites. 


Transmission lines fall into two main categories: 


e Balanced lines 
© Unbalanced lines 


The terms balanced and unbalanced describe the relationship between the 
transmission line conductors and the earth. 


The balanced line is composed of two identical conductors, usually circular 
wires separated by air or an insulating material. The voltages between each 
conductor and ground, produced by an RF wave as it moves down a balanced 
line, are equal and opposite. 


For example, at the moment one of the conductors supports a positive voltage 
with respect to ground, the other supports a negative voltage of equal 
magnitude. Some balanced transmission lines carry a third conductor; 


sometimes in the form of a braided shield which acts as a ground. 


Continued on next page 
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Types of Transmission Lines, Continued 


Unbalanced Unbalanced lines are usually seen in the form of an open single wire line or 
coaxial cable. The unbalanced line can be imagined as just one-half of a 
balanced line. Examples of both balanced and unbalanced lines are shown in 
the diagram below. 

Plastic cover 


‘ 
Braided wire shield 


Plastic covering 


‘ 


Insulators 


Open twin lines : ‘ 
Shielded line 


BALANCED TRANSMISSION LINES 


Plastic covering 


Conducting ground plane 


Shielded line (coax) 
Open single wire line 


UNBALANCED TRANSMISSION LINES 
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Types of Transmission Lines, Continued 


Parallel Two- The parallel two-wire line shown below consists of two parallel conductors 

Wire separated by insulators or spreaders at various intervals. It is available in two 
types: spreader bar and twin lead. The spreader bar type uses ceramic or 
polystyrene bars as spacers between the two conductors. The impedance for 
this type of line is from 50 to 700 ohms. The twin lead consists of two 
conductors that are molded into a low-loss polyethylene plastic. It is 
available in impedances ranging from 75 to 300 ohms. 


on 


Twisted Pair The twisted pair transmission line shown in the diagram below consists of 
two insulated conductors twisted together. The purpose of twisting the lines 
together is to give the line greater strength and to cancel out the effects of 
nearby magnetic or electric fields. The impedance of twisted pair line is 
generally 70 to 100 ohms. The advantages of this type of line are ease of 
construction and accessible material. The disadvantages of using the twisted 
pair transmission lines are that some RF loss in transmission line power may 
occur and extreme care must be taken when using this type of transmission 
line with HF or high-powered equipment. 


Continued on next page 
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Types of Transmission Lines, Continued 


Shielded Pair The shielded pair transmission line shown below consists of two conductors 
separated and surrounded by insulation material. The insulation material is 
then covered with a flexible copper braid that acts as a shield. This shield is 
then coated with rubber or a similar material to protect it against moisture and 
friction. Because of the shield, the line is not effected by nearby electric or 
magnetic fields. Shielded pair transmission lines have the benefit of center 
conductors that are balanced to ground and uniform capacitance across the 
entire length of the line. This balance is due to the grounded shield that 
surrounds the conductor with a uniform spacing along the entire length. 


Coaxial Cable — The coaxial transmission line shown below consists of two conductors, a 
center conductor and an outer shield. The center conductor can be a solid 
strand of copper or two or more small strands of copper twisted together. A 
polyethylene plastic shell surrounds the center conductor and provides 
uniform characteristics throughout the cable. The outer conductor is a 
flexible copper braid allowing this cable to carry high frequencies with 
minimal RF loss. This ability to carry high frequencies with very low loss or 
risk of RF radiation makes the coaxial cable the most widely used cable in 
Marine Corps conventional antennas and communications systems. The 
advantages of the coaxial cable are that it is waterproof and durable, easy to 
work with, safe from shock hazard when constructed properly, and readily 
available. The disadvantage of this cable is its high cost. 
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Standing Waves 


Definition 


Impedance 


Impedance 
Mismatch 


Standing Wave 
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A standing wave is a motionless wave on an antenna that can cause voltage 
and current to be reflected back down the transmission line into the 
transmitter. Standing waves result in power loss and poor antenna efficiency. 


Impedance describes the nature and size of anything that impedes the flow of 
current; in the case of antennas and transmission lines, RF waves. Any circuit 
that contains capacitance or inductance and operates at some frequency has 
impedance. Impedance, like resistance, is expressed in ohms, but cannot be 
measured with an ordinary ohmmeter. 


The impedance of an antenna at the point where the transmission line (also 
called a feed line) is attached is called the antenna input impedance. For 
maximum efficiency, an antenna must be the proper length for the frequency 
at which it operates. Just as important, the characteristic impedance or 
impedance of the transmission line and the antenna input impedance must 
match. Additionally, the output impedance of the transmitter must match the 
impedance of the feed line. If a mismatch occurs anywhere in the antenna 
system, standing waves will result. 


Most military transmitters provide 50-ohm impedance at the antenna output. 
Most expedient half-wave antennas have approximately a 70-ohm impedance. 
By matching the transmission line to the transmitter with a 50-ohm line, a 20- 
ohm difference at the antenna results or by matching the transmission line to 
the antenna with a 70-ohm line, a 20-ohm difference at the transmitter results. 
If you were to transmit in this mismatched state, a standing wave would be 
produced. Comparing the amplitude of this standing wave with the output of 
the transmitter results in an efficiency rating known as the standing wave ratio 
(SWR). By dividing 70 ohms by 50 ohms, you will see that the SWR is 1.4 to 
1. For safety reasons and for the good of the equipment, it is recommended 
that you not operate a system with a mismatch or SWR greater than 1.5 to 1. 
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Lesson 5 Exercise 


Directions Complete items 1 through 9 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 Through Matching: For items | through 4, match the type of transmission line in 


4 column | to the illustration in column 2. Place your responses in the spaces 
provided. 
Column 1 Column 2 


Type of Transmission Line Illustration 


___ 1. Shielded pair a. 
___ 2. Twisted pair 

____ 3. Parallel two-wire 

___ 4. Coaxial cable 


Continued on next page 
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Lesson 5 Exercise, Continued 


Item 5 Define transmission line. 
Item 6 What are standing waves? 
Item 7 What are the advantages of using twisted pair transmission line? 
a. Economical and safe with high powered equipment 
b. Ease of construction and accessible material 
c. Waterproof, lightweight, and easy to handle 
d. Carries high frequencies with minimal loss 
Item 8 A disadvantage of using twisted pair transmission line is that it is 
a. extremely expensive. 
b. dangerous with HF. 
c. dangerous with RF. 
d. not waterproof. 
Item 9 Name one advantage of using a shielded pair transmission line. 
a. It has very high impedance. 
b. It has uniform capacitance. 
c. It has no outer shielding. 
d. Ease of construction. 
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Lesson 5 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


frequency (RF) energy from the 
transmitter to the antenna or from the 


antenna to the receiver 


A motionless wave on an antenna 


Summary In this study unit, you’ve learned about the functions of an antenna. You 
learned about antenna polarization, the polarization requirements of various 
frequencies, and the conventional field antennas used within the Marine 
Corps. You have also learned several types of field expedient antennas and 
several types of transmission lines that can be used to feed these antennas. 


In the next study unit, you will learn about selecting a suitable 
communications site and proper antenna grounding. 
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STUDY UNIT 4 


SITE SELECTION AND ANTENNA GROUNDING 


Overview 


Introduction 


Scope 


In This Study 
Unit 
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Two factors play an important role in selecting a communications site: 
optimum communications and camouflage. Unfortunately, it is seldom 
possible to situate your equipment in a position conducive to good 
communication and yet be hidden from enemy view, fire, or direction finding 
efforts. From a communications point of view, the ideal location for a radio 
antenna is far away from cover on a bare mountaintop or in the middle of a 
large field. Obviously, this does mesh with the tactical requirement to be 
hidden from the enemy’s view. 


Because you cannot always obtain the best locations for your antenna sites, 
antenna grounding is also an important factor to consider. Usually the most 
frequent cause of a weak signal, especially HF signals, is poor grounding. 
You can easily increase your communication distance by properly grounding 
the antenna. 


WARNING: — Ungrounded high-powered transmitters can damage 
equipment or shock, burn, or kill Marines. 


This study unit discusses the technical and tactical requirements crucial to 
proper site selection. This study unit also discusses various counter measures 
and precautions that can be taken when selecting an antenna site. Lastly, this 
study unit introduces you to various types of grounding equipment. 


This study unit contains the following lessons: 


Requirements for Site Selection 


Electronic Warfare Considerations 
Grounds and Counterpoises 
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LESSON 1 
REQUIREMENTS FOR SITE SELECTION 


Overview 

Introduction The choice of an antenna site will depend on the nature of the local 
intervening terrain and the tactical situation. Planning should be preceded by 
a careful study of terrain maps and whenever possible, by reconnaissance, in 
order to obtain detailed information concerning the availability, accessibility, 
and feasibility of desirable sites. 

Content This lesson discusses the technical and tactical factors that must be taken into 
consideration when selecting a communications site. 

Learning At the end of this lesson, you should be able to 

Objectives 


e Identify the technical factors that influence site selection. 


e Identify the tactical factors that influence site selection. 


In This Lesson _ This lesson contains the following topics: 


Overview 4-3 


Technical Factors 
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Technical Factors 


Definition 


Factors 


Location 


Terrain 


Ground 
Conditions 
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Technical factors that effect communications site selection are factors that 
relate to the characteristics of equipment being used and the nature of the 
communications mission. 


Technical factors that effect communications site selection include 


Location 

Terrain 

Ground conditions 
Foliage 

Manmade obstructions 
Bridges 

Buildings 

Suspended power lines 
Roads 

Other electrical equipment 
Noisy areas 


A site must be located in a position that will ensure communication with the 
other stations with which it is to operate. To obtain efficient transmission and 
reception, the factors listed below should be considered. 


Hills and mountains between stations normally limit the range of radio sets. 
In mountainous or hilly terrain, positions relatively high on the slopes should 
be selected. Locations at the base of a cliff or in a deep ravine or valley 
should be avoided. For operation at frequencies above 30 MHz, a location 
that will give line-of-sight communication should be selected whenever 
possible. 


Dry ground has resistance, therefore, limits the range of the radio set. If 
possible, the station should be located near moist ground, which has much 
less resistance. Water, and in particular salt water, will greatly increase the 
distances that can be covered and also provides a better earth ground for the 
equipment. 


Continued on next page 
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Technical Factors, Continued 


Foliage 


Man-Made 
Obstructions 


Bridges 


Buildings 


Suspended 


Power Lines 


Roads 


Other 
Electrical 
Equipment 


Noisy Areas 
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Trees with heavy foliage absorb radio waves, with leafy trees causing a 
greater detriment than evergreens. The antenna should be kept clear of all 
foliage and dense brush. 


In addition to the natural obstructions listed on the previous page, many man- 
made obstructions should be avoided when selecting an antenna site. The 
most common of these obstructions are listed below. 


A position in a tunnel or beneath an underpass or steel bridge should be 
avoided. Transmission and reception under these conditions are almost 
impossible because of high absorption of RF waves. 


Buildings located in the transmission path, particularly steel and reinforced 
concrete structures hinder transmission and reception. 


All types of pole wire lines, such as telephone and high power lines, should 
be avoided when selecting a site for a radio station. Such wire lines absorb 

power from radiating antennas located in their vicinity. They also introduce 
hum and noise interference in receiving antennas. 


Positions adjacent to heavily traveled roads and highways should be avoided. 
In addition to the noise and confusion caused by tanks and trucks, ignition 
systems in these vehicles may cause electrical interference. 


Avoid electrical interference from other electrical equipment by avoiding the 
following: 


e Other commercial or military communication sites 
e Battery charging units 
e Generators 


Radio stations should be located in relatively quiet areas. Copying weak 
signals require great concentration by the operator, and his or her attention 
should not be diverted by extraneous noises. 
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Tactical Factors 


Definition 


Factors 


Local 
Command 
Requirements 


Cover and 
Concealment 


Terrain and 
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Tactical factors that effect communications site selection are factors that 
relate to the military nature of the mission, the threat of enemy attack, and the 
proximity of enemy forces. 


Tactical factors that effect communications site selection include 


Local command requirements 
Cover and concealment 
Terrain and camouflage 
Remote operation 

Local coordination 

Final considerations 


Communication sites should be located some distance from the unit 
headquarters or command post that they serve. Thus, long-range enemy 
artillery fire, missiles, or aerial bombardment directed at the stations as a 
result of enemy direction finding would not strike the command post area. 


The locations selected should provide the best cover and concealment 
possible, consistent with good transmission and reception. Perfect cover and 
concealment may impair transmission and reception. The amount of 
permissible impairment depends on the range required, the power of the 
transmitter, the sensitivity of the receiver, the efficiency of the antenna 
system, and the nature of the terrain. When a radio is being used to 
communicate over a distance that is well under the maximum range, some 
sacrifice of communication efficiency can be made to permit better 
concealment from enemy observation. 


Open crests of hills and mountains must be avoided. A slightly defiladed 
position just behind the crest gives better concealment and sometimes 
provides better transmission. All permanent and semi-permanent positions 
should be properly camouflaged for protection against both aerial and ground 
observation. However, the antenna should not touch trees, brush, or 
camouflage material. 


Continued on next page 
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Tactical Factors, Continued 


Remote 
Operation 


Local 
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Final 
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Antennas of all radio sets must extend above the surface of the ground to 
permit normal communications. However, most man-packed radio sets have 
sufficient cord length to permit operation from cover, while the radio set is 
below the surface of the surrounding terrain and the antenna is in the clear. 
Some sets can be controlled remotely from distances of 100 feet or more. 
Radio sets of this type can be set up in a relatively exposed position while the 
operator remains concealed. 


Contact must be maintained between the communications site and the 
message center at all times, either by local messenger or field telephone. The 
station should also be readily accessible to the unit commander and his or her 
staff. 


It is almost impossible to select a radio site that will satisfy all technical and 
tactical requirements. Therefore, a compromise is usually necessary and the 
best site available is selected. It is also a good idea to select both a primary 
and an alternate site. Then, if radio communication cannot be established at 
the primary location, the set can be moved a short distance to the alternate 
position. 
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Lesson 1 Exercise 


Directions Complete items | and 2 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 Technical factors that effect communications site selection include 
a. cover and concealment, remote operation, and camouflage. 
b. buildings, roads, and ground conditions. 
c. bridges, buildings, and remote operations. 
d. local command requirements, ground conditions, and foliage. 
Item 2 Tactical factors that effect communications site selection include 
a. cover and concealment, remote operation, and camouflage. 
b. buildings, roads, and ground conditions. 
c. bridges, buildings, and remote operations. 
d. local command requirements, ground conditions, and foliage. 
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Lesson 1 Exercise 


Solutions 


Summary 
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The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 
SS he 


fe er 


In this lesson, you’ ve learned about technical and tactical factors that are 
crucial to selecting a communication site. 


In the next lesson, you will learn about electronic warfare and how it effects 
the selection of an antenna site. 
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LESSON 2 


ELECTRONIC WARFARE CONSIDERATIONS 


Overview 


Introduction 


Content 


Learning 
Objectives 


In This Lesson 
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When operating any kind of radio equipment in a tactical environment, it is 
important to remember the radio waves you are transmitting can give away 
your position. Our adversaries train and equip directional finding forces with 
sophisticated equipment that can pinpoint your location if you do not employ 
the proper counter measures. 


This lesson discusses electronic warfare (EW) and the counter measures that 
can be taken to defeat enemy directional finding and jamming efforts. 


At the end of this lesson, you should be able to 
e Define antenna masking. 


e Identify one advantage of using directional horizontally polarized 
antennas in an EW environment. 


This lesson contains the following topics: 


Overview 


Antenna Placement 
Antenna Selection 
Lesson 2 Exercise 
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Antenna Placement 


Placement 


Antenna 
Masking 
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Utilizing the antenna placement methods described below can greatly 
improve your chances of defeating enemy radio directional finding (RDF) 
efforts. 


Antenna masking, like that shown in the diagram below, is the technique of 
hiding radio signals behind terrain. It is an inexpensive way to confuse RDF 
efforts. WHF radio waves bend; they are reflected by buildings and 
mountains and absorbed by trees. When this happens, it is difficult to 
determine the original direction from which the wave was transmitted, but the 
ability to hear the signal is minimally effected. A radio operator can 
advantageously use this principle by attempting to place terrain obstacles 
between the transmitter and the forward edge of the battle area (FEBA) while 
affording an unblocked path to the intended receivers. Hills, lakes, and dense 
forest also provide terrain obstacles. Antenna masking also occurs when 
antennas are positioned on the back slopes of hills. A radio operator should 
also erect antennas as low as adequate communications permit and, in all 
cases, antennas should be camouflaged to blend with terrain. 
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Antenna Placement, Continued 
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When numerous antennas are used, it is important to place them some 
distance apart from each other so that their cumulative radiation does not 
appear to be coming from one large source. Good antenna dispersion also 
means planning for alternate locations, using terrain analysis to find antenna 
locations that can provide natural masking from the enemy, and employing 
the services of agencies such as the Joint Spectrum Center (JSC). As you will 
see in Appendix B, JSC can support the Marine communicator in the field by 
supplying coverage and propagation predictions that simplify the frequency 
and location selection process. 
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Antenna Selection 
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Choosing the right type of antenna for your mission is as important as 


selecting the right antenna location. If you carefully select and employ your 


antennas, direction finding will be more difficult and expensive for your 
adversaries. 


For versatility, the omni-directional, vertically polarized antenna is best. The 


flexibility provided by omni-directional antennas is important to the 
commander during the attack when it is difficult to maintain correct 
orientation for horizontally polarized directional antennas. Additionally, 
vertically polarized omni-directional antennas are required for 
communications between moving vehicles. Unfortunately, the omni- 
directional antenna has one chief disadvantage—danger. Omni-directional 
antenna signals travel in a 360-degree radius and usually well across the 
FEBA where they are susceptible to interception and RDF. 


Horizontally polarized, directional antennas should be considered for lateral 
communications in an EW environment whenever possible for the following 


reasons: 


e The horizontal antenna produces a more stable signal in the presence of 
interference (jamming). 


e The horizontal antenna produces a more stable signal when used in or 
near dense woods. 


e The horizontal antenna is more readily camouflaged without loss of 
signal. 


e Small changes in antenna location do not cause large variations in signal 


strength. 
e The horizontal antenna is more difficult to direction find because of 


polarization and because its signal can be directed to intended recipients 
and away from enemy RDF in many applications. 
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Lesson 2 Exercise 


Directions Complete items | and 2 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


Item 1 Define antenna masking. 


Item 2 Name one advantage of using horizontal polarization in an EW environment. 
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Lesson 2 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 


The technique of hiding radio signals 4-12 
behind terrain. 


The horizontal antenna produces a 
more stable signal in the presence of 
interference (jamming). 

The horizontal antenna produces a 
more stable signal when used in or 
near dense woods. 

The horizontal antenna is more 
readily camouflaged without loss of 
signal. 

Small changes in antenna location do 
not cause large variations in signal 
strength. 

The horizontal antenna is more 
difficult to direction find because of 
polarization and because its signal can 
be directed to intended recipients and 
away from enemy RDF in many 
applications. 


Summary In this lesson, you’ ve learned about antenna placement and selection 
techniques that can be used to minimize RDF threat. 


In the next lesson, you will learn about grounding and counterpoises. 
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LESSON 3 
GROUNDS AND COUNTERPOISES 


Overview 

Introduction When grounded antennas are used, it is important that the ground be as 
conductive as possible. This is necessary to reduce ground losses and to 
provide the best possible reflecting surface for the radiated energy from the 
antenna above. 

Content This lesson discusses the importance of proper grounding and introduces you 
to various types of grounding rods, radial grounds, counterpoises, and ground 
screens. 

Learning At the end of this lesson, you should be able to 

Objectives 


e State the purpose of grounds 
e Define grounding rods. 

e Define radial grounds. 

e Describe a counterpoise. 


e Describe a ground screen. 


In This Lesson _ This lesson contains the following topics: 
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At low and medium frequencies, the ground normally acts as a sufficiently 
good conductor, although care must be taken to make connection to the 
ground in such a way as to introduce the least possible amount of resistance in 
the ground connection. At higher frequencies, artificial grounds constructed 
of large metal surfaces are common. 


The ground connection takes many forms, depending on the type of 
installation and the loss that can be tolerated. For fixed station installations, 
very elaborate ground systems are used. These are frequently arranged over 
very large areas so that they operate as part of the reflecting surface in 
addition to making the connection to ground itself. In many simple field 
installations, the ground connection is made by means of one or more metal 
rods driven into the earth. 


Sometimes when an antenna must be erected over soil having a very low 
conductivity, it is advisable to treat the soil directly to reduce its resistance. 
In this case, the conductivity can be improved by treating the soil with 
substances that are highly conductive when in solution. Some of these 
substances, listed in order of preference, are 


Sodium chloride (common salt) 
Calcium chloride 

Copper sulfate (blue vitriol) 
Magnesium sulfate (epsom salt) 
Potassium nitrate (saltpeter) 


The amount required depends on the type of soil and its moisture content. 
When these substances are used, it is important that they do not get into 
nearby drinking water supplies. 
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Ground Rods 


Description 
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With a less elaborate ground system, a number of ground rods can be used. 
These rods usually are made of galvanized iron, steel, or copper plated steel in 
lengths up to 8 feet. One end of the rod is pointed so that it can be driven 
easily into the earth. The other end is fitted with some type of clamp, in the 
case of longer rods, so that the ground lead can be attached. In the case of 
shorter rods, the other end is usually threaded to allow the connection of 
additional rods. Some ground rods are supplied with a length of ground lead 
already attached. 


Using several ground rods, 6 to 10 feet apart, connected in parallel, can make 
a good ground connection. If possible, the rods should be located in a moist 
section of ground or in a natural or man-made depression that will collect 
moisture. Ground resistance can be reduced considerably by treating the soil 
with any of the substances previously mentioned. A trench about a foot deep 
is dug around each ground rod and filled with some common rock salt, Epsom 
salt, or any of the other materials mentioned. The trench is then flooded with 
water, causing the treatment to permeate into the soil. During sustained 
operations, be sure to replenish the water as needed. 


It is important that a low resistance connection be made between the ground 
wire and the ground rod. The rod should be cleaned thoroughly by scraping 
or sanding the point where the connection is to be made, and a clean ground 
clamp installed. A ground wire can then be soldered or joined to the clamp. 
The joint should be covered with tape to prevent an increase in resistance 
caused by oxidation. 


Where more satisfactory arrangements cannot be made, it may be possible to 
make ground connections to existing devices that are already grounded. 
Metal structures or underground pipe systems (such as water pipes) 
commonly are used as ground connections. In an emergency, a suitable 
ground connection can be obtained by plunging one or more bayonets into the 
earth. Other field expedient ground rods are metal fence posts, steel 
reinforcing rods, water pipes, conduit, and metal building frame. 
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Radial Grounds 


Definition Radial grounds, as shown in the diagram below, consist of a number of bare 
conductors arranged radially and connected. The conductors, which may be 
from a tenth to a half-wave length or more, are buried a short distance beneath 
the surface of the earth. If possible, bare metal plates should be attached to 
the wire ends that improve the quality of the ground. 
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When an actual ground connection cannot be used because of the high 
resistance of the soil or a large buried ground system is not practicable, a 
counterpoise may replace the usual direct ground connection in which current 
actually flows to and from the antenna through the ground itself. The 
counterpoise shown in the diagram below consists of a structure made of 
wire, which is erected a short distance off the ground and insulated from the 
ground. The counterpoise should be at least equal to or preferably larger than 
the antenna. 


Antenna 


Ne — 


When the antenna is mounted vertically, the counterpoise should be made into 
a simple geometric pattern such as those shown in the diagram above. Perfect 
symmetry is not required, but the counterpoise should extend for equal 
distances in all directions from the antenna. 


If some UHF antenna installations are on vehicles, the metal roof of the 
vehicle is used as a counterpoise for the antenna. 


Small counterpoises of metal mesh are sometimes used with special VHF 
antennas that must be located a considerable distance above the ground. This 
counterpoise provides an artificial ground that helps to produce the required 
radiation pattern. 


4-21 Study Unit 4, Lesson 3 


Ground Screen 


Definition 
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A ground screen consists of a fairly large area of metal mesh or screen that is 
laid on the surface of the ground under the antenna. Its purpose is to simulate 
the effect of a perfect conducting ground under the antenna. 


There are two specific advantages that can be gained through use of a ground 
screen: 


e The ground screen reduces ground absorption losses that occur when an 
antenna is erected over imperfectly conducting ground. 


e The height of the antenna can be set accurately: 
e The radiation resistance of the antenna can be determined. 


e The radiation patterns of the antenna can be predicted more accurately. 
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Lesson 3 Exercise 
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Item 2 


Item 3 


Item 4 
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Complete items | through 5 by performing the action required. Check your 
answers against those listed at the end of this lesson. 


The purpose of grounds is to 


have resistance as high as possible. 

have conductivity as low as possible. 

increase ground losses and to provide the best energy from the antenna. 
introduce the least possible amount of resistance in the ground connection. 


Bore 


Which of the following is made of galvanized iron, steel, or copper plated 
steel in lengths of up to 8 feet? 


a. Ground rod 

b. Counterpoise 
c. Radial ground 
d. Ground screen 


Which of the following consist of a number of bare conductors arranged and 
buried a short distance beneath the surface of the earth? 


a. Ground rod 

b. Counterpoise 
c. Radial ground 
d. Ground screen 


A structure made of wire that is constructed a short distance off the ground 
and insulated from the ground describes a 


ground rod. 
counterpoise. 
radial ground. 
ground screen. 


Bore 


Continued on next page 
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Lesson 3 Exercise, Continued 


Item 5 A fairly large area of metal mesh that is placed on the ground directly under 
the antenna describes a 


ground rod. 
counterpoise. 
radial ground. 
ground screen. 


Bore 
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Lesson 3 Exercise 


Solutions The table below lists the solutions to the exercise items. If you have any 
questions about these items, refer to the reference page. 


Item Number 
SS eS 
ea i 


c 
es es ee 
a: Ye 


Summary In this study unit, you’ve learned about grounding systems that can be used to 
enhance the performance of both field expedient and conventional antennas. 


The following appendices will aid you in the construction of field expedient 
antennas and assist you in frequency selection. 
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APPENDIX A 
FIELD EXPEDIENT ANTENNA CONSTRUCTION 


Overview 

Introduction This appendix discusses some field expedient solutions to repairing tactical 
whip and ground plane antennas if they become broken or damaged. It covers 
seven field expedient antennas that can be used either alone or in conjunction 
with conventional tactical antennas. 

Scope This appendix serves as a step-by-step guide to aid you in the repair of 
common Marine Corps antennas and the fabrication of field expedient 
antennas. This appendix is a professional reference guide designed to 
enhance your abilities; this information is not tested in this course. 

In This This appendix contains the following topics: 

Appendix 


Overview A-1 
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Types of Antennas 


Explanation 


Types 


Examples 
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When fabricating a field expedient antenna, it is important to know the 
location of the distant station(s) you will need to communicate. The direction 
and distance of these distant station(s) will determine which type of antenna is 
used. 


Basically, there are three types of antennas: 


All directions 


Bi-directional Any two opposite directions 
Uni-directional Any one direction 


Note: The frequency hoping functions are not supported with the expedient 
antennas. 


The three types of antennas are identified in the diagrams below: 


OMNI— 


DIRECTIONAL 


BI— < THIS —{> 


DIRECTIONAL 


UNI— ms—~ 


DIRECTIONAL 
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Omni-Directional Antenna Repair 


Two Types There are two types of omni-directional antennas: 
e Vertical whip—used on vehicles 
e Metallic whip 


e Fiberglass whip 
e Ground plane—mounted on masts or other structures 


The Vertical The vertical whip antenna is the most widely used omni-directional antenna 
Whip in the military: 


e Efficiency relates to the transmitting frequency 
e Lower frequencies—efficiency is very low 
e Higher frequencies—efficiency increases 

e Efficiency interacts with height of antenna 
e Place the antenna on top of a hill 


e Fasten it to a pole or tree to increase its height above surrounding 
structures 


Repairs If your vertical whip antenna is damaged or missing a part, consider the 
following quick solutions to your problem: 


e Metallic whip repair 
e Fiberglass whip repair 


Continued on next page 
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Omni-Directional Antenna Repair, Continued 


Metallic Whip If a metallic whip antenna becomes broken into two pieces, a splint is the 
Broken Into quickest repair you can make. To repair this type of break, perform the steps 
Two Pieces listed in the table below: 


Scrape off the paint 3 to 6 inches from the broken ends. 
Obtain about one foot of copper wire or stripped WD-1. 


Overlay the cleared ends and wrap them together tightly with 
the wire. If possible, solder the connection. 
Place a dry stick, pole, or branch on each side of the break and 


wrap the splint tightly with WD-1, tape, rope or whatever is 
available. 


If everything else is working right, you're ready to communicate. 


Metallic Whip —_ The steps to repair a broken metallic whip are identified in the diagram 
Broken Into below: 
Two Pieces 


~ 71 


Step 1 Step 2 Step 


Continued on next page 
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Omni-Directional Antenna Repair, Continued 


Metallic Whip 
Antenna Lost 
Parts 


Missing Parts 
Diagram 
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If your metallic whip antenna is broken and the upper piece is lost, perform 
the steps listed in the table below: 


Obtain a pole 10 feet long, approximately 9 feet of WD-1 and 
some tape. 


Scrape off the paint from the top 2 inches of the whip's stub. 


3 Wrap 12 inches of bare wire around the scraped portion of the 
stub. Wrap very tightly, pass it over the top of the stub, and 
jam it into the hole with a wooden peg and tape if possible. 


4 Tie the 10-foot pole tightly to the antenna base and stub. 


Attach the WD-1 along the length of the pole with tape. Total 
length of the upright WD-1 and antenna stub should not be 
more than 9 feet. 


| 66 Trim away any extra wire. 


You are now ready to communicate. Move slowly because this mast will not 
withstand abuse like the original, but will serve you well in an emergency. 


The steps to repair a metallic whip due to missing parts are identified in the 
diagram below: 


Step 1 Step 2 Step 3 Step 4 


Continued on next page 
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Omni-Directional Antenna Repair, Continued 


Fiberglass If a fiberglass whip antenna breaks into two pieces, you cannot use a splint to 
Whip Broken _fix it like on metal whips. To repair this type of break, perform the steps 
Into Two Pieces _ |isted in the table below. 


Action 
Obtain a 15-foot length of coaxial cable. To separate the 
braided shield from the center conductor, perform the sub- 
steps listed below: 


e Strip only the outer rubber cover from 5 feet of the cable. 
With a sharp knife, carefully cut through the outer 
insulation making sure not to cut into the metal braided 
shield. 


\ 
f g f \ 
([ 


Once the insulation is cut evenly all around, slide it off 
leaving the braided shield exposed. 


a 


Bend the coax in a loop at the point where the outer 
insulation ends. Holding the coax loop in one hand, 
carefully separate the metal braided shield from the 
insulated center conductor with a nail, pencil, or any other 
pointed object. Gradually work the coax away from the 
insulated center conductor until enough center conductor is 
exposed to grasp firmly. 


Ven 
| 
| 


‘ 


Keeping the loop formed, grasp the center conductor and 
draw it out of the braided shield. 


/ ( jan 
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Continued on next page 


Omni-Directional Antenna Repair, Continued 


Fiberglass 
Whip Broken 
Into Two 
Pieces, 
continued 


If there's a BNC (twist lock type) connector on the coax, attach 
it to the radio. If not, strip the end of the center conductor and 
carefully insert it into the radio’s antenna connector. Then 
attach the braided shield to a screwhead on the radio case. 


Remember that this is only a temporary solution, so replace it the first chance 
you get. 


Continued on next page 
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Omni-Directional Antenna Construction 


Preparation 


Attach the 
WD.-1 to the 
Connector 


Insert the 
WD-1 Into a 
Connector 
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Before constructing any field expedient antennas, it is important to 
understand the proper handling procedures for WD-1, also known as slash or 
comm wire. 


Before attaching the WD-1 to the connector of the radio, perform the steps 
listed in the table below: 


Loop the wire around the handle of the radio. 


If your feed line is bare wire, secure the wire to the ground 
using a stake and insulator to keep the antenna wire from 
pulling out of the radio’s antenna connector. 


Before inserting the bare WD-1 wire end into a connector on an antenna, 
radio, or any other device, perform the steps listed in the table below: 


Look closely at the bare wire; you will see seven strands. Four 
strands are flexible copper and give the WD-1 greater 
conductivity. The other three strands are steel and give the 
WD-1 its strength. 


Group the copper strands together and bend them away from 
the steel strands at a 45-degree angle. 


4 Trim the exposed wire off at the point where the copper 
wrapping ends. 


You now have a durable wire end that can be inserted into connectors 
repeatedly without becoming frayed. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Quarter-Wave To replace a regular quarter-wave whip antenna, perform the steps listed in 


Vertical the table below: 
Antenna 


Action 
Using the quick reference chart or the formula for a quarter 
wave at the end of this appendix, cut a piece of wire to the 
required length. 
Attach an insulator to one end of the wire and attach the other 
end to the antenna connector on the radio. 


Attach a second piece of wire or a piece of rope to the insulator 
end and throw the wire/rope over a limb. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Quarter-Wave 
Vertical 
Antenna, 
continued 


Pull the antenna up until it is vertical and taut. 


The verticals are constructed the same way, but each has a 
different means of support. They are all simple and quick to 
erect. 


If you are using insulated wire, be sure to loop the wire around 


the handle of the radio before attaching it to the antenna 
connector. If your antenna is made of bare wire, use a stake 
and insulator to keep the antenna wire from pulling out the 
antenna connector on the radio. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Tree-Hung The tree-hung antenna is a good emergency replacement for the OE- 

Ground Plane —_254/GRC. This omni-directional, improvised antenna can be used in wooded 
areas where a tree limb can be used to suspend the antenna. To construct the 
tree-hung antenna, perform the steps listed in the table below: 


Action 


Use the quick reference chart or the formula for a quarter- 
wave at the end of this appendix. 


Cut a piece of wire to the required length. 


234 % operating frequency = quarter wave antenna 


1/4 wave 
length each 


Obtain three slender branches of equal size. 


Position the three branches to form a triangle and tie the ends 
together. 


Tie one end of each of the three quarter-wave elements to each 
corner of the triangle. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Tree-Hung 
Ground Plane, 
continued 


Obtain an insulator and attach the free end of the three elements 
to it. 


Attach the fourth quarter-wave element to the other end of the 
insulator. 


Secure the wire or rope that will be used to suspend the antenna 
on the opposite end of the fourth element. Attach another 
insulator to this insulator. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Tree-Hung 
Ground Plane, 
continued 


Attach the transmission line to the antenna by attaching one end 
to the three ground plane elements and the other end to the 
vertical element. 


Raise the antenna and tie it off. Then attach the transmission 
line to the antenna connector on the radio. 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Pole Supported The pole supported ground plane antenna is employed in the same manner as 

Ground Plane _ ts tree-hung counterpart and can be used in areas where there are no trees to 
use as supports. To construct a pole supported ground plane, perform the 
steps listed in the table below: 


Obtain a large pole. 


Compute and cut four wires for a quarter wave. 


1/4 wave 
length each 


Attach one quarter-wave element (vertical element) to the pole 
(the exact location of wire on the pole will depend on antenna 
length). 


Continued on next page 
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Omni-Directional Antenna Construction, Continued 


Pole Supported 
Ground Plane, 
continued 
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4 Attach the other three quarter-wave elements (ground plane 
elements) to the pole. Make sure that they are insulated from the 
vertical element. 

7 


Attach insulators to each of the ground plane elements and 
attach another wire to the opposite end of each insulator. 


Raise pole and tie down the three ground plane elements. 
Connect the transmission line to the vertical and ground plane 
elements and to the antenna connector on the radio. 
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Bi- and Uni-Directional Antenna Construction 


Half-Wave The half-wave dipole, also known as doublet antenna, is a highly effective bi- 

Dipole directional antenna. It is normally used in the HF range, but can also be used 
effectively with radios that operate within the VHF range. To construct the 
half-wave dipole antenna, you will need the following items: 


e Two supports (trees or poles) 

e Three insulators 

e A length of wire (both for the antenna and halyards). Rope can also be 
used for the halyard. 


To build this effective antenna, perform the steps listed in the table below: 


Action 
Cut the wire to your operating frequency. Use the quick 
reference chart or formulas at the end of this appendix. 


Determine your direction of transmission, keep in mind that this 
antenna is bi-directional. 


Cut the wire in half, placing an insulator on each wire end as 
well as the center. 


Ns 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Half-Wave 
Dipole, 
continued 


Locate and/or erect the two supports. Be certain they are 3 or 4 
feet farther apart than the antenna's actual length and broadside 
to the direction of communications. 

Attach your transmission line to both sides of the center 
insulator. Make sure that it is long enough to hang straight to 
the ground and then to your radio's position. 


Tie ropes or wires to the two end insulators. Then use whatever 
method is easiest, hang the antenna up between the supports, 
keeping it as taut as possible. 


-———Cn ts Eo 


pr ae 
Rei ese ee 
Nay Insulator Insulator ‘i i, 
K Quarter wave | r Quarter wave > 114 
i 9 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Two-Element 
Yagi 
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As seen in the diagram below, this configuration consists of a dipole modified 
by simply adding a reflecting element (a single wire) one quarter-wave length 
behind the dipole. This reflecting element will help increase the gain and 
make the antenna more directional. To construct this antenna, perform the 
steps listed in the table below: 


Construct a half-wave dipole. 


2 Obtain two supports, either poles or trees. 


3 Cut reflecting element. Use the quick reference chart or 
formulas at the end of this appendix. 


Attach the reflecting element to the supports and erect the 
reflecting element one quarter wavelength behind the dipole 
antenna. Make sure out-station is forward of the antenna and 
reflecting elements. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Long Wire If you need more distance and directivity than your whip antenna will give 

Antenna you, try making a long wire antenna. The overall length of the antenna must 
be between three to seven wavelengths of the operating frequency depending 
on the operating area and amount of construction material on hand. With this 
antenna, you will find that you can communicate over longer distances in 
either one or two directions. This antenna is bi-directional for high power 
VHF and HF. For low power VHF, this antenna is uni-directional when 
terminated with a 500 to 600-ohm, 2-watt carbon resistor. To construct the 
long wire antenna, perform the steps listed in the table below: 


Determine the direction of the station you need to reach and line 
up your antenna. Plan all your work in that direction. 


Cut antenna wire to the desired length. Use the quick reference 
chart or formulas at the end of this appendix. 


Select two antenna supports, paying close attention to your 
operating area. If you are operating in a forested area, trees may 
be used as supports. If operating in a desert environment, tent or 
PO-2 poles may be your only choice, so use whatever is 
available. Keep in mind the higher off the ground you can get 
your antenna, the better it will perform. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Long Wire 
Antenna, 
continued 
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Attach an insulator to each end of the antenna wire. 


ad: 


Connect tie down wires outside the insulators on each end of the 
antenna wire. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Long Wire 
Antenna, 
continued 


Raise and tie down the antenna. 


Connect transmission line to the antenna and radio set. 


Connect resistor to the far end of antenna, if your antenna is to 


be uni-directional. 


Without resistor 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Sloping “Vv” The sloping "V" antenna consists of two long wires arranged to form a V 

Antenna shape, which slopes downwards the ground. It is bi-directional to uni- 
directional and primarily produces sky waves. To construct the sloping “V” 
antenna, perform the steps listed in the table below: 


Action 
Determine the direction of the station you need to reach and line 
up your antenna. Plan all your work in that direction. 


Cut wire for the antenna legs. Leg length is not as critical with 
this antenna, but should be at least two wavelengths long. 
Antenna wire should be 10 to 16 gauge copper clad wire. 


Connect insulators to each end of the antenna legs. Add tie 
down wires to the opposite ends of each insulator. 


Vo ee OOS 
| ee | 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Sloping “Vv” 
Antenna, 
continued 


Select a tree or pole to serve as a mast for the antenna. 


Connect antenna legs to mast. Using the table below, select the 
apex angle depending upon antenna leg length in wavelengths. 
Antenna Length | Optimum Apex | Antenna Length | Optimum Apex 
(wavelengths) Angle (degrees) (wavelengths) Angle (degrees) 
1 40 
2 
3 
4 


Attach a balanced transmission line to the antenna legs and the 
radio set. 


Continued on next page page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Vertical 
Half-Rhombic 
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The half-rhombic antenna is a terminated vertical antenna. An unbalanced 
transmission line, along with a ground or counterpoise increases this 
antenna’s distance and directivity. To construct a vertical half-rhombic 
antenna, perform the steps listed in the table below: 


Action 
Determine the direction of the distant station and line up your 
antenna. Plan all your work in that direction. 


Cut the antenna wire to length, ensuring that each leg of the 
antenna is at least one wavelength long. At 30 MHz, the leg 
should be 1 Y2wavelengths; at 70 MHz, it should be 3 % 
wavelengths. 


Connect an insulator to each end of the antenna wire. Add tie 
down wires to each insulator. 

Select a middle support, such as a tree, pole, or a rope suspended 
between two poles or existing structures. The support should be 
preferably 30 feet or higher, 20 feet at a minimum. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Vertical 
Half-Rhombic, 
continued 


Select one element and run it out in the direction of the distant 
station. Stake this element down with a metal stake. 


a aa 


Connect antenna wire to the support and raise antenna. If you 
are using a rope as your middle support, drape your antenna wire 
over the rope. 


Extend the other end of the antenna wire until it is tight and 
stake it down using another metal stake. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Vertical 
Half-Rhombic, 
continued 


Measure and cut another piece of wire to be used as a 
counterpoise. This piece of wire should be long enough to span 
the distance between the two insulators. 


Attach one end of the counterpoise between the ground stake 
and antenna insulators, then to the other end of the antenna, keep 
it a foot off the ground. Make sure the counterpoise is connected 
to the support material between the ground stake and antenna 
insulator, not to the antenna wire. 


Continued on next page 
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Bi- and Uni-Directional Antenna Construction, Continued 


Vertical 
Half-Rhombic, 
continued 


Action 
To make this antenna more directional, connect a 500-ohm, 
2-watt carbon resistor across the insulators at the end farthest 
from the intended receiver. 
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Formulas and Quick Reference Charts 


Formulas A quick reference chart is listed in the table below: 


A Quarter Divide 234 (constant) by your operating frequency 
Wavelength in MHz. 
Antenna in Feet 

Example: 234 divided by 44.8 = 5.22 feet or 5' 3" 
A Half Wavelength | Divide 468 (constant) by your operating frequency 
Antenna in Feet in MHz. 


Example: 468 divided by 56 = 8.36 feet or 8' 4" 
A Full Wavelength | Divide 936 (constant) by your operating frequency 
Antenna in Feet in MHz. 


Example: 936 divided by 45=20.8 feet or 20' 10" 


A Multiple Divide 936 (constant) by operating frequency in 
Wavelength MHz, then multiply the resultant by the desired 
Antenna in Feet antenna wavelength. 


Example: 936 divided by 45 = 20.8, for an antenna 
4 wavelengths long, 20.8 multiplied by 4 = 83.2 or 
83' 3" 

Convert Feet to Multiply by .3048 (constant). 

Meters 
Example: 110 feet times .3048 = 33.5 meters 


Convert Meters to Multiply by 3.28 (constant). 
Feet 
Example: 100 meters times 3.28 = 328 


Continued on next page 
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Formulas and Quick Reference Charts, Continued 


High 


Frequency (HF) frequencies: 
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Use the table below to determine the length of the antenna for high 


High Frequency (HF) 
Operating Quarter Wave Half Wave Full Wave 
Frequency in MHz 
2 Ly 234' 468' 
3 78' 156' 312 
4 58' 6" 117' 234' 
5 46'9" 93° 7" 187' 4" 
6 39' 78' 156' 
f| 33 3" 66' 10" 133' 8" 
8 29'.3" 58' 6" 117' 
9 26' me 104' 
10 2a. 46' 10" 93' 8' 
11 21°3" 42' 6" 85' 
ee 19' 6" 39' 78' 
13 18' 36' 2: 
14 16'9" 33). 66' 10" 
15 Ler ihe 62' 4" 
16 14' 7" 29° 2" 58' 4" 
17 13'9" 27' 6" 55' 
18 13" 26' ays 
Continued on next page 
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Formulas and Quick Reference Charts, Continued 


Very High 
Frequency 
(VHF) 
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Use the table below to determine the length of the antenna for very high 


frequencies: 
Very High Frequency (VHF) 
Operating Quarter Wave Half Wave Full Wave 
Frequency in MHz 

30 7 10" a a a1 2" 
33 Ti 14' 2" 28' 4" 
be) 6' 9" 13'5" 26' 10" 
37 6' 4" 12'7" 252" 
40 5' 10" 11'8" 23' 4" 
43 5' 5" 10' 1" 21' 8" 
45 a3 10'5" 20' 10" 
48 4' 10" 9' 8" 19' 4" 
50 4' 9" oa" 18' 10" 
ale) 4' 3" 8' 6" lige 
7 4' |" 8' 2" 16' 4" 
60 3' 11" T 10" 15' 8" 
65 oa cues 14' 4" 
68 a3" 6' 10" 13' 8" 
70 3' 4" 6' 7" 13)" 
ie; a ha 6' 2" 12' 4" 
80 > ae 11' 10" 

A-30 Appendix A 


Field Expedient Antenna Supplies 


Field Tool Kit —_If you are going to be constructing field expedient antennas on a regular basis, 
it is a good idea to build a field expedient tool kit. The tools and equipment 
you will need can be scrounged or purchased through the Marine Corps 
supply system or local electronic hobby stores. Keep the kit in a standard 
issue canvas bag or ammunition can for safekeeping and easy deployment. 
The kit should be inventoried and cleaned and lubricated on the same 
schedule as most issued toolkits. 


Contents Your toolkit should contain the items listed in the table below: 
Quantity Description 
1 each Screwdriver with assorted tips 
1 each Multi-tool, such as Leatherman® 
2 each 6" Crescent® wrench 
1 each Miniature "AA" size flashlight 
2 each Spare "AA" batteries 
1 each Spare flashlight bulb 
1 each Small button-type compass 
1 each Small wire brush 
3 sheets Assorted sandpaper 
1 each Small all purpose brush 
1 each Pencil eraser 
2 rolls Electrical tape 
30 feet Antenna wire 
4 feet Insulated 18 gauge wire 
15 feet Coaxial line (RG-58) 
4 each BNC connector 
4 each BNC to Banana type adapter 
1 each Hand drill 
1 each Small butane-powered soldering torch 
1 roll Solder 
1 box Assorted solder lugs 
1 box Assorted (crimp-type) wire ends 
1 box Assorted metal screws 
1 box Assorted bolts 
1 box Assorted nuts 
1 box Assorted washers 
1 box Nails 
1 each Hammer 
100 feet Nylon twine or "550" cord 
6 each Insulators 
4 each Hose clamps 
6 each Alligator clips 
1 each Broadband balun 


Continued on next page 


MCI Course 2515H A-31 Appendix A 


Field Expedient Antenna Supplies, Continued 


Emergency If you find yourself in a situation where you need to construct a field 
Supplies expedient antenna and do not have the proper supplies, you can improvise by 
making the following substitutions: 


Original Issue Field Issue 
Antenna wire Barbed wire, electrical cord 
Antenna mast Trees, sticks, telephone poles 
Antenna guy ropes Cloth belts, slings, boot laces 
Guy stakes Rocks, vehicles, trees 
Insulators MRE spoons, buttons, rags 
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Overview 


Introduction 


Scope 


In This 
Appendix 
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APPENDIX B 
JOINT SPECTRUM CENTER (JSC) 


The effectiveness of the command and control, and the ability of the 
communications system to respond to a rapidly changing tactical situation 
will determine the degree of success on the modern battlefield. Effective 
communications systems require accurate and timely communications 
electronics engineering analysis support for operational and combat units. To 
meet this demand, the Joint Chiefs of Staff has established the Joint Spectrum 
Center (JSC). Based in Annapolis, Maryland, JSC has served to ensure the 
DOD’s effective use of the electromagnetic spectrum in support of national 
security and military objectives since 1960. JSC provides operational support 
by assisting Marine Corps units in identifying the anticipated physical and 
electronic environment and then providing analysis support assessing the 
effect of the environment on the unit's ability to accomplish its mission. 


This appendix describes the various analytical capabilities and the input data 
required for Marine Corps communications electronics engineering and 
electro-magnetic compatibility support through JSC. 


Note: Appendix B is professional reference material designed to enhance 
your abilities only; this information is not tested in this course. 


This appendix contains the following topics: 


Overview B-1 


B-1 Appendix B 


Point-to-Point Multichannel Predictions 


Description 


Terrain Profile 
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The point-to-point multichannel circuit reliability analyses predict short-term 
reliabilities for wideband multichannel circuits. Reliability is predicted by 
determining the terrain-dependent path loss, received signal level, and 
estimated fade margin. Data provided in the prediction includes antenna 
horizon angle, true and magnetic azimuths, path distance, reliability 
percentages, and propagation modes. 


For point-to-point reliability analyses, a profile of the terrain between two 
points can also be beneficial. The diagram below shows such a terrain 
profile. 


PATH PROFILE FM STONEBAY TO LZPIGEON 


LZPIGEON 


N 
o 


Elevation (feet) 


STONEBAY 


Distance (statute miles) 


Site STONEBAY; 34 35 32 N 077 25 34. W Elevation: 0 feet Antenna Height: 12 feet 

Site LZPIGEON: 34 39 54.N 077 15.01 W Elevation: 36 feet Antenna Height: 12 feet 

Link Distance: 11.2 statute miles Bearing from STONEBAY to LZPIGEON: 63.35 degrees 
Frequency: 4.7 GHz Minimum Clearance: -18.86 feet at 8.39 statute miles from Site STONEBAY 
Clearance (in number of first Fresnel Zones): .39 at 8.39 statute miles from Site STONEBAY 


Continued on next page 
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Point-to-Point Multichannel Predictions, Continued 


Required The following information is required for point-to-point multichannel 
Information reliability predictions: 


Transmitter and receiver site locations, latitude/longitude, DDMMSS 
Equipment nomenclature and model number 

Antenna gain (dBi), if known 

Type of antennas, transmitter and receiver 

Required delivery date 

Organization and mailing address 

Phone numbers (voice and fax) 

e Point of contact 
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Received Signal Level (RSL) Coverage Overlays 


Description 


Single Site 
Coverage 
Overlay 
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Radio RSL coverage overlays are used to depict the approximate signal levels 
around a transmitter site taking into account such circuit parameters as 
transmitter power, transmit and receive antenna gains, and terrain topographic 
elevations data. This type of analysis is used to predict the area of reliable 
communications for tactical equipment and to determine the susceptibility of 
friendly equipment to enemy intercept/jamming. The RSL coverage overlays 
are normally provided at a map scale of 1:250,000, but may be varied to meet 
the user’s needs. The coverage predictions can represent one transmitter, 
multiple transmitters, or the combined/composite coverage of several 
transmitters. The overlays can represent ground-to-ground, air-to-ground, 
and ground-to-air coverage. 


The diagram below is an example of a received signal level coverage overlay 
for a single site. The tic marks on the contour lines point to the area of lesser 
signal strength. 


+ 343954.8 


Oia 


Continued on next page 
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Received Signal Level (RSL) Coverage Overlays, Continued 


Multiple Site The diagram below is an example of a received signal level coverage overlay 
Coverage for multiple sites. The tic marks on the contour lines point to the area of 
Overlay lesser signal strength. 


STONE BAY ~ 
+ 3435328 
A 


Continued on next page 
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Received Signal Level (RSL) Coverage Overlays, Continued 


Required The following information is required for RSL coverage overlays: 
Information 

Transmitter site location, latitude/longitude, DDMMSS 
Transmitter output power 

Transmitter and receiver antenna type 

Antennas gain, if known 

Antenna height above ground 

Equipment type and model number 

Organization and mailing address 

Phone numbers (voice and fax) 

Point of contact 
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Line-of-Sight (LOS) Coverage Overlays 


Description Light-of-sight (LOS) coverage overlays depict LOS around radio and radar 
sites. This analysis is especially useful for choosing relay/retransmission sites 
for tactical radios and microwave terminal locations, and for positioning other 
LOS communication equipment. Additionally, radar LOS coverage overlays 
enable easy assessment of site suitability with respect to the detection of 
incoming targets. 


LOS Overlay The diagram below is an example of a radio LOS coverage overlay for a 
tactical transmitter. The tic marks on the contour lines point to the areas that 
are within the transmitter’s line-of-sight. 


Stone Bay 
+ 3435326 
~7725342L 


19 i] 19 20 39 49 50 KM 
to | SS Ea EEL EE==-—-_SSS— EEE 
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Line-of-Sight (LOS) Coverage Overlays, Continued 


Radar Overlay The diagram below is an example of a LOS coverage overlay for radar 
equipment. The coverage contours shown depict the radar target acquisition 
distance for targets at various altitudes. Target altitudes may be specified 
above mean sea level (MSL) or above ground level (AGL). In this example, 
target altitudes of 250 to 8,000 feet above MSL are specified. 


Continued on next page 
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Line-of-Sight (LOS) Coverage Overlays, Continued 


Required The following information is required for LOS coverage overlays: 
Information 

Transmitter site location, latitude/longitude, DDMMSS 
Transmitter antenna height above ground 

Coverage radius 

Target altitudes (radar LOS only) 

Receiver antenna height above ground (radio LOS only) 
Required delivery date 

Organization and mailing address 

Phone numbers (voice and fax) 

Point of contact 
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High Frequency (HF) Sky Wave Propagation Predictions 


Description 


Method 28 


Method 31 


Method 34 


Required 
Information 
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High frequency (HF) sky wave propagation predictions describe the usable 
frequencies and the predicted circuit reliability between a transmitter and 
receiver site. The most common formats available for JSC HF predictions are 


e Method 28 
e Method 31 
e Method 34 


Method 28 provides predictions for maximum usable frequency (MUP), 
frequency of optimum transmission (FOT), and lowest usable frequency 
(LUF) for HF sky wave path between a transmitter and receiver site for a 24- 
hour period for a specific month. 


Method 31 provides the frequency of optimum transmission (FOT), take-off 
angle (ANG), and the predicted reliability (REL) (in percent) of selected 
frequencies between a transmitter and receiver site for a 24-hour period for a 
specific month. 


Method 34 shows the FOT, ANG, and REL between a transmitter site and 
multiple receiver sites for a 24-hour period for a specific month. 


The following information is required for HF propagation predictions: 


Transmitter site location, latitude/longitude, DDMMSS 
Receiver site location(s)/latitude(s)/longitude(s), DDMMSS 
Transmitter output power 

Type of antenna(s) 

Emission designator(s) 

Man-made noise at the receiver site (industrial, residential, rural, remote) 
Day, month, and year of the start and end of transmission 
Required delivery date 

Organization and mailing address 

Phone numbers (voice and fax) 

Point of contact 
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High Frequency (HF) Ground Wave Propagation Predictions 


Description 


Required 
Information 
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HF ground wave propagation predictions provide the predicted range over 
which a ground wave signal is expected to be reliably received during a 
24-hour period. These calculations are based on the path distance, transmitter 
power, emission type, antenna heights, and ground conductivity along the 
communications path. Effective month of the predictions, transmitter power, 
type antennas, frequency values, path loss, and distances are depicted in the 
output. The calculations do not consider the effects of atmospheric 
phenomena, detailed topography, or foliage. Additionally, the path can be 
incremented when transmission is over land and water. Incrementing allows 
the analyst to define the variations in ground constants for the different types 
of soil. 


The following information is required for HF propagation predictions: 


Transmitter site location, latitude/longitude, DDMMSS 
Desired radius around transmitter location (KM or SM) 
Transmitter output power 

Type of antenna(s) 

Emission designator(s) 

Man-made noise at the receiver site (industrial, residential, rural, remote) 
Day, month, and year of the start and end of transmission 
Required delivery date 

Organization and mailing address 

Phone numbers (voice and fax) 

Point of contact 
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Three-Dimensional Terrain Plots 


Description Three-dimensional terrain plots display the topographical data for a specific 
area in the form of a three-dimensional graph. These plots are useful for a 
quick identification of possible relay/retransmission sites and for map studies 
of exercise or contingency areas. The plots are produced in several colors, 
one for each elevation threshold and can be plotted on 36” by 36” paper. The 
diagram below provides an example of a three-dimensional terrain plot. 


c 
5 
—E 64 meters 
% 48 meters 
FA 80 
w a 
64 & 32 meters 
4g 
32 5 16 meters 
16 8 
rr O meters 
0 
Maximum Plot Elevation: 74 meters 
Location: 35 1445 N 078 0000 W 
Latitude Spacing: 15sec Longitude Spacing: 15 sec 
Required The following information is required for a three-dimensional terrain plot: 
Information 
e Latitude/longitude, DDMMSS of the four corners of the area of interest 
e Required delivery date 
e Organization and mailing address 
e Phone numbers (voice and fax) 
e Point of contact 
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Terrain Horizon Plots 


Description The terrain horizon plot illustrates the terrain contour information around a 
specified site location. These plots can be used to graphically represent the 
radio or visual horizon around a site. To meet their requirements, the users 
may vary the scan angel (azimuth) and horizon angle (elevation). The 
diagram below provides an example of a terrain horizon plot. 


TERRAIN HORIZON PLOT FOR MCAS YUMA 


Horizon Angle (in degrees) 


Bearing (in degrees relative to True North) 


Site Location: 3243 00 N 1143500W_ Elevation: 125 feet Antenna Height: 50 feet 
Radial Increment: 1 Degrees Radial Spacing: 1476 feet 


Required The following information is required for a terrain horizon plot: 
Information 

Site location latitude/longitude, DDMMSS 

Antenna height 

Initial scan angle (degree) 

End scan angle (degree) 


Lowest horizon angle (degree) 
Highest horizon angle (degree) 
Horizon distance (statute miles) 
Required delivery date 
Organization and mailing address 
Phone numbers (voice and fax) 
Point of contact 
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How to Contact the JSC 


Contact 
Information 


More 
Information 
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Contact the Joint Spectrum Center, J3 for support. Points of contact are as 
follows: 


DSN 281-2814/2328/9815, normal duty hours 

COMM 401-293-2814/2328/9815, normal duty hours 

STU III & Secure FAX DSN 281-2452, normal duty hours 
FAX DSN 281-3763/COMM 410-293-3763, 24 hours 

After normal duty hours: 410-991-3143, PIN 419-8623 (pager) 
Message address: JSC ANNAPOLIS MD//J3// 

E-mail: operations @jsc.mil 

e SIPRNET: operations @jsc.js.smil.mil 


For more information concerning the mission of the JSC, visit their website at 
http://www.jsc.mil/ 
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ANTENNA CONSTRUCTION AND PROPAGATION OF 
RADIO WAVES 


REVIEW LESSON EXAMINATION 


Review Lesson 


Introduction The purpose of the review lesson is to prepare you for your final examination. 
We recommend that you try to complete your review lesson without referring 
to the text, but for those items (questions) you are unsure of, restudy the text. 
When you have finished your review lesson and are satisfied with your 
responses, check your responses against the answers provided at the end of 
this review lesson examination. 


Directions Select the ONE answer that BEST completes the statement or answers the 
item. For multiple-choice items circle your response. For matching items 
place the letter of your response in the space provided. 


Item 1 What part of a radio set is used for sending radio signals? 
a. Demodulator 
b. Transmitter 
c. Receiver 
d. Amplifier 
Item 2 What component of a radio set extracts the desired electro-magnetic waves 


from the air, amplifying them and removing the intelligence in the 
demodulation process? 


a. Antenna 

b. Receiver 

c. Transmitter 

d. Power converter 


Continued on next page 
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Review Lesson, Continued 


Item 3 


Item 4 


Item 5 


Item 6 


Item 7 
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What device is used for transmitting and receiving radio waves? 


a. Receiver 

b. Transmitter 
c. Antenna 

d. Demodulator 


What provides operating voltage to a radio set? 


Power supply 
Direct current 
Alternating current 
Carrier wave 


Bos PT 


Electro-magnetic energy radiated from an antenna is known as 


waves. 
a. sky 

b. ground 

c. magnetic 

d. radio 


The number of complete cycles that occurs in one second determines the 


frequency of a radio wave. 

amount of energy available in a power supply. 

type of power supply needed to operate a radio set. 

speed at which electro-magnetic energy travels through space. 


BoP, 


What is the formula for finding the length (in meters) of a radio wave when 
the frequency is known? 


3,000 divided by the frequency 
30,000 divided by the frequency 
300,000 divided by the frequency 
300,000,000 divided by the frequency 


ao FP 


Continued on next page 


R-2 Review Lesson Examination 


Review Lesson, Continued 


Item 8 


Item 9 


Item 10 


Item 11 
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What type of wave acts as a medium for the transmission of information 
signals? 


a. Carrier 

b. Frequency 

c. Transmission 
d. Received 


The process that varies or modifies either the frequency or amplitude of the 
carrier waveform is known as the 


a. critical frequency. 
b. transmission. 

c. modulation. 

d. 


carrier wave converter. 


What type of modulation varies the RF power output of a transmitter? 


a. FM 
b. FSK 
c. SSB 
d. AM 


What is the process called that varies the frequency of a carrier wave in 
proportion to the amplitude of the modulating signal? 


a. FM 
b. FSK 
c. AM 
d. SSB 


Continued on next page 
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Review Lesson, Continued 


Item 12 


Item 13 


Item 14 


Item 15 


Item 16 
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Digital modulation is accomplished by shifting the of the 
carrier wave. 


a. data 

b. amplitude 
c. frequency 
d. phase 


A gaseous mass that envelops the earth describes the 


a. autmosphere. 

b. source of ionization. 
c. atmosphere. 

d. regions in outer space. 


Name the three regions of the atmosphere in order of their relative heights. 


Troposphere, ionosphere, and stratosphere 
Stratosphere, troposphere, and ionosphere 
Troposphere, stratosphere, and ionosphere 
Ionosphere, troposphere, and stratosphere 


aos, 


Which region of the ionosphere has little effect in bending the paths of high 
frequency radio waves? 


a. F, 
b. Fy 
c. E 
d. D 


Which region of the ionosphere is ionized at all hours of day and night? 


aAa0%°e> f 
Qumy 
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Review Lesson, Continued 


Item 17 The chief factor that controls long distance communication is the 
of the ionized layer. 


a. location 
b. density 
c. size 
d. color 
Item 18 Which two layers of the ionosphere are the most highly ionized? 
a. DandE 
b. DandF 
c. EandF 
d. DandF, 
Item 19 The highest frequency at which waves sent vertically upward are reflected 


directly back to earth defines 


a. the highest frequency of transmission. 
b. modes of transmission. 
c. critical frequency. 
d. interference frequency. 
Item 20 A ground wave is a radio wave that travels 
a. skyward. 
b. skyward and near the earth's surface. 
c. near the skip zone. 
d. near the earth's surface. 
Item 21 The direct, ground-reflected, and surface waves are all components of the 
wave. 
a. sky 
b. single hop 
c. tropospheric 
d. ground 


Continued on next page 
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Review Lesson, Continued 


Item 22 


Item 23 


Item 24 


Item 25 
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Ground wave propagation is extremely useful for communication at 


any frequency. 

low frequencies. 

high frequencies. 
super-high frequencies. 


Bore 


What type of radio wave depends on the ionosphere to provide signal paths 
between transmitter and receiver? 


a. Sky 

b. Ground 

c. Direct 

d. Ground reflected 


An area bounded by the outer edge of the usable ground wave propagation 
and the point nearest the antenna at which the sky wave returns to earth is 
known as the 


skip area. 

skip zone. 
unusable zone. 
skip distance. 


BoP, 


The frequencies that return to earth from a fixed angle of departure are known 
as the MUF. The MUF used in predicting the operating frequencies refers to 
the 


a. maximum transmission distance possible for a given operating frequency. 

b. minimum transmission distance possible for a given operating frequency. 

c. lowest frequency that will provide communication over a specified 
distance at a given time. 

d. highest frequency that will provide communication over a specified 
distance at a given time. 


Continued on next page 
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Review Lesson, Continued 


Item 26 


Item 27 


Item 28 


Item 29 


Item 30 
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Waves of frequency that are transmitted above the will pass through 
the ionosphere and escape into space. 


a. MUF 
b. FOT 
c. LUF 
d. UMF 


The lowest limiting frequency for satisfactory sky wave communication for a 
radio circuit at a particular time is known as the 


a. LUF. 
b. LOF. 
c. LIF. 
d. LHF. 


The periodic increase and decrease of received radio strength is called 


a. noise. 

b. reflection. 

c. fading. 

d. interference. 


The four types of fading are interference, polarization, 


absorption, and switch. 
antenna, and skip. 
absorption, and skip. 
reflection, and skip. 


Bore 


What type(s) of radio wave propagation are useful at the medium frequency 
band? 


a. Sky only 

b. Sky and reflected 
c. Ground only 

d. Sky and ground 


Continued on next page 
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Review Lesson, Continued 


Item 31 


Item 32 


Item 33 


Item 34 
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In the high frequency band, what are the two types of wave propagation 


called? 

a. Direct and sky 

b. Reflected and direct 
c. Reflected and ground 
d. Sky and ground 


Which of the ground wave components provides the best communications 


path when operating in the very-high-frequency band? 


Bose, 


Ground-reflected 
Surface 

Direct 

Critical 


The direct wave component of the ground wave is the only reliable 


propagation path available when transmitting in the 


BoP, 


frequency band. 


A device that converts the output power of the transmitter into an electro- 


magnetic field for radiation into space is called 


aoe 


transmitting antenna. 
power converter. 

RF amplifier. 

AF amplifier. 


R-8 
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Review Lesson, Continued 


Item 35 If a transmitter is supplying power to an antenna, the fluctuating energy sets 
up two fields. Which of these two fields remain at a short distance from the 
antenna and beyond? 


a. Radiation 
b. Inductive 
c. Magnetic 
d. Electric 
Item 36 The radiation field is composed of two components. They are the electric and 
components. 
a. induction 
b. magnetic 
c. electron 
d. oscillation 
Item 37 What field is formed from the electric and magnetic components of a radiated 
wave? 
a. Electro-inductive 
b. Electro-magnetic 
c. Magnetic-induction 
d. Electro-motive 
Item 38 The purpose of a receiving antenna is to 
a. radiate energy into space. 
b. vary the frequency of a radio wave. 
c. send received signals to the modulator. 
d. operate as a signal source for the receiver. 


Continued on next page 
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Review Lesson, Continued 


Item 39 


Item 40 


Item 41 


Item 42 
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Polarization of a radiated wave is determined by the direction of the lines of 


force making up the field. 
a. magnetic 

b. induction 

c. electric 

d. radiation 


What are the two types of antenna polarization? 


Vertical and omni-directional 
Vertical and horizontal 
Horizontal and directional 
Azimuthal and vertical 


Bore 


What kind of antenna polarization should you use when working with low 
and medium frequencies? 


a. Induction 
b. Horizontal 
c. Electrical 
d. Vertical 


Why is it better to horizontally polarize antennas at high frequencies? 


They can be made to radiate effectively at high angles. 

They are omni-directional. 

Vertically radiated waves cannot be refracted from the ionosphere. 
Vertically polarized antennas have inherent directional properties. 


aoe. 
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Review Lesson, Continued 


Item 43 


Item 44 


Item 45 


Item 46 
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At the very-high and ultra-high frequency bands, which type(s) of antenna 
polarization should be used? 


Vertical polarization only 
Horizontal polarization only 
Neither vertical nor horizontal 
Either vertical or horizontal 


Bore 


The AS-2259/GR makes use of short-range sky wave propagation to 


communicate over distances ranging from miles. 
a. Oto 150 
b. Oto 200 
c. Oto 250 
d. 0 to 300 


What is the maximum input power of the OE-254/GRC? 


a. 300 watts 
b. 350 watts 
c. 400 watts 
d. 3,500 watts 


The balun of the OE-254/GRC is responsible for 


adjusting the height of the antenna. 

securing the radiating elements to the mast. 
allowing the operator to adjust the impedance. 
matching the impedance of the antenna to the input. 


aoe 
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Review Lesson, Continued 


Item 47 Aligning the antenna to the outstation and adding or subtracting the wave 
angle can direct the major lobe of the antenna toward the intended 
receiver. 

a. half-wave dipole 
b. long wire 

c. quarter-wave whip 
d. ground plane 

Item 48 A half-rhombic antenna when terminated with a resistor becomes 

a. uni-directional. 
b. omni-directional. 
c. bi-directional. 
d. directional. 
Item 49 When making a field expedient ground plane antenna, at what length (in 


wave) should the vertical and ground plane elements be cut? 


a. One-quarter wave 
b. One-half wave 
c. Three-quarter wave 
d. One full wave 
Item 50 A conductor that transfers radio frequency energy from the transmitter to the 
antenna is called a line. 
a. repeater 
b. carrier 
c. transmission 
d. pulse 


Continued on next page 
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Review Lesson, Continued 


Item 51 


Item 52 


Item 53 


Item 54 


Item 55 
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Ease of construction is just one advantage to using the 
transmission line. 


a. shielded pair 

b. parallel two-wire 

c. continuous pair 

d. twisted pair 

High cost is one disadvantage to using the transmission 
line. 

a. coaxial 

b. continuous pair 

c. twisted pair 

d. shielded pair 


What is one advantage of using the shielded pair transmission line? 


Ease of construction 

Readily accessible material 

Low cost of material 

The conductors are balanced to ground 


Bore 


Standing waves result in 


a fire hazard in the area below the antenna. 

a power loss and poor antenna efficiency. 
improved reception and greater power output. 
a perfect antenna and transmission line match. 


Bao Tf 


Antenna masking is the technique of 


causing antenna dispersion. 

using decoy antennas. 

using remote control radios. 
hiding radio signals behind terrain. 


acres 
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Review Lesson, Continued 


Item 56 


Item 57 


Item 58 


Item 59 
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One advantage of using horizontal polarization in an EW environment is that it 


Bore 


cannot be seen from the sky. 

causes ease of construction in an open area. 

has no radiation to be detected by the enemy. 
has a more stable signal in or near dense woods. 


The purpose of grounds is to 


BoP 


introduce the least possible amount of resistance in the ground connection. 
have resistance as high as possible. 

have conductivity as low as possible. 

increase ground losses and to provide the best energy from the antenna. 


Which type of grounding device is made from galvanized iron or steel and 
pointed at one end? 


Bose, 


Radial ground 
Ground screen 
Grounding rod 
Counterpoise 


A grounding system consisting of a number of interconnected bare conductors 
arranged radially and buried a short distance under ground is known as a 


Bore 


radial ground. 
counterpoise. 
grounding rod. 
ground screen. 
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Review Lesson, Continued 


Item 60 


Item 61 


Item 62 
Through 
Item 64 
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A structure made from wire that is erected a short distance off the ground and 
insulated from the ground describes a 


ground rod. 
counterpoise. 
ground screen. 
radial ground. 


aoe 


Which grounding system reduces ground absorption losses that occur when 
an antenna is erected over imperfectly conducting ground? 


Ground rod 
Counter screen 
Ground screen 
Radial ground 


Bose, 


Matching: For items 62 through 64, match the atmospheric layer in column | 
to its description in column 2. Place your responses in the spaces provided. 


Column 1 Column 2 

Atmospheric Layer Description 

____ 62. Troposphere a. The region of the atmosphere that 

____ 63. Ionosphere extends from the surface of the 

____ 64. Stratosphere earth to a height of about 6.8 
miles 


b. The region of the earth’s 
atmosphere composed of several 
distinct layers 

c. The region of the earth’s 
atmosphere where the 
temperature remains nearly 
constant 


Continued on next page 
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Review Lesson, Continued 


Item 65 Matching: For items 65 through 68, match the polarization benefit in column 
Through 1 to the type of polarization in column 2. Place your responses in the spaces 
Item 68 provided. 
Column 1 Column 2 
Polarization Benefit Type of Polarization 
____ 65. Useful in minimizing a. Vertical 
interference from certain b. Horizontal 
directions 


66. Useful when communicating 
with moving vehicles 

67. Is somewhat less effected by 
aircraft flying over the 
transmission path 

68. Suffers lower losses when 
located near dense forests 


Item 69 Matching: For items 69 through 73, match the antenna characteristics in 
Through column | to the antenna system in column 2. Place your responses in the 
Item 73 spaces provided. 

Column 1 Column 2 

Antenna Characteristics Antenna System 


____ 69. Operates in the VHF range, a. AS-2259/GR 
between 30 and 88 MHz b. OE-254/GRC 
70. A omni-directional, 
biconical antenna 
71. Utilizes radiating elements 
that double as guy lines 
72. Operates in the HF range, 
between 2 and 12 MHz 
____ 73. Radiating elements are steel 
tubes that screw into a 
central balun 
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Review Lesson, Continued 


Item 74 
Through 
Item 80 
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Matching: For items 74 through 77, match the field expedient antenna in 
column | to the illustration in column 2. Place your responses in the spaces 
provided. 


Column 1 Column 2 
Field Expedient Antenna Illustration 
___ 74. Half-wave dipole a. 


___ 75. Long wire 
___ 76. Sloping "V" 
___ 77. Vertical quarter wave whip 


b. 
= , 
{| n — — 
[ a eee See 
Cc. 
d. 
ed Say 
a 
— - =the 
= 
Continued on next page 
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Review Lesson, Continued 


Item 78 Matching: For items 78 through 80, match the field expedient antenna in 
Through column | to the illustration in column 2. Place your responses in the spaces 
Item 80 provided. 

Column 1 Column 2 

Field Expedient Antenna Illustration 

___ 78. Two-element a. 

___ 79. Half-rhombic f\ AN 

____ 80. Ground plane / | | i ——— er fi 
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Review Lesson, Continued 


Item 81 
Through 
Item 84 
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Matching: For items 81 through 84, match the type of transmission line in 
column | to the illustration in column 2. Place your responses in the spaces 
provided. 


Column 1 Column 2 
Type of Transmission Line Illustration 
___ 81. Shielded pair a. 


____ 82. Twisted pair 
___ 83. Parallel two wire 
____ 84. Coaxial cable 
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Review Lesson, Continued 


Item 85 Matching: For items 85 through 89, match the factor for antenna site 
Through selection in column | to the type of category in column 2. Place your 
Item 89 responses in the spaces provided. 

Column 1 Column 2 

Factor Category 


____ 85. Local command requirements a. Technical 
____ 86. Location b. Tactical 
____ 87. Manmade obstructions 

____ 88. Cover and concealment 

____ 89. Remote operations 
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Review Lesson Solutions 


Answers The table below lists the answers to the review lesson examination items. If 
you have questions about these items, refer to the reference page. 


Item Number 
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Review Lesson Solutions, Continued 


Item Number 
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Review Lesson Solutions, Continued 
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FOREWORD 


Communications and information systems (CIS) support collect- 
ing, processing, and exchanging information. CIS automate 
routine functions, freeing commanders and staffs to focus on the 
aspects of command and control that require experience, judg- 
ment, and intuition. Personnel who install, operate, and maintain 
CIS play a key role in the command and control of the Marine air- 
ground task force (MAGTFP). It is an understatement to say that 
the success of the MAGTF in the modern battlespace depends on 
the effective employment of CIS. 


One of the most important networks of the MAGTF CIS architec- 
ture is single-channel radio (SCR). SCR is the principal means of 
communications support for maneuver units. SCR communica- 
tions equipment is easy to operate, and networks are easily 
established, rapidly reconfigured, and, most importantly, easily 
maintained on the move. SCR provides secure voice communica- 
tion and supports limited data information exchange. MAGTF 
SCR equipment is fielded in many configurations and includes 
hand-held, manpack, vehicle-mounted, bench-mounted, and shel- 
tered radios. These radios operate in simplex and half-duplex 
modes. The most widely employed tactical radios provide inte- 
grated communications security (COMSEC) and jam resistance 
through frequency hopping. 


Tactical SCRs operate in the three military radio frequency bands 
(high frequency [HF], very high frequency [VHF], and ultrahigh 
frequency [UHF]). In the HF band, SCR can support long-range 
communications, albeit at the expense of mobility. SCR in the 
VHF and UHF bands is normally limited to line of sight. SCR 
satellite communications (SATCOM) provide mobility, flexibili- 
ty, and ease of operation with unlimited range. Limitations of 
SCR include susceptibility to enemy electronic warfare; cosite, 
footprint, terrain, and atmospheric interference; the requirement 
for close coordination and detailed planning; a need for common 
timing, frequency, and equipment; and limited spectrum avail- 
ability. The latter is particularly critical for SATCOM. 


Of all the variables affecting single-channel radio communica- 
tions, the one factor that an operator has the most control over is 
the antenna. With the right antenna, an operator can change a 
marginal net into a reliable net. Marine Corps Reference Publica- 
tion (MCRP) 6-22D, Antenna Handbook, gives operators the 
knowledge to properly select and employ antennas to provide the 
strongest possible signal at the receiving station of the circuit. 


MCRP 6-22D builds on the doctrinal foundation established in 
Marine Corps Warfighting Publication (MCWP) 6-22, Communi- 
cations and Information Systems. This handbook is intended not 
only for CIS officers and radio operators, but for all personnel de- 
siring information about antenna fundamentals. 


MCRP 6-22D supersedes Fleet Marine Force Reference Publica- 
tion (FMFRP) 3-34, Field Antenna Handbook, dated 5 March 
1991. 
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Chapter 1 


Radio Principles 


ELECTROMAGNETIC RADIATION 


Electromagnetic radiation includes radio waves, microwaves, infra- 
red radiation, visible light, ultraviolet waves, X-rays, and gamma 
rays. Together they make up the electromagnetic spectrum. They all 
move at the speed of light (186,000 miles/300 million meters per 
second). The only difference between them is their wavelength (the 
distance a wave travels during one complete cycle [vibration]), 
which is directly related to the amount of energy the waves carry. 
The shorter the wavelength, the higher the energy. Figure 1-1 lists 
the electromagnetic spectrum components according to wavelength 
and frequency (the number of complete cycles [vibrations] per sec- 
ond). A portion of the spectrum which is used for HF, VHF, and 
UHF radio communication has been expanded to show more detail. 


UV |X-RAY|GAMMA- 
RAY 


COSMIC- 
RAY 


STEISIA 


Figure 1-1. Electromagnetic Spectrum. 
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RADIO WAVES 


Radio waves propagate (travel) much like surface water waves. 
They travel near the Earth’s surface and also radiate skyward at var- 
ious angles to the Earth’s surface. As the radio waves travel, their 
energy spreads over an ever-increasing surface area. A typical radio 
wave has two components, a crest (top portion) and a trough (bottom 
portion). These components travel outward from the transmitter, one 
after the other, at a consistent velocity (speed). The distance between 
successive wave crests is called a wavelength and is commonly rep- 
resented by the Greek lowercase lambda (A) (see fig. 1-2). 


a ONE CYCLE ——» 
WAVELENGTH ——> 


STRENGTH 0 


> 
TIME OR DISTANCE 
Figure 1-2. Radio Wave. 


Frequency 


Radio waves transmit radio and television (TV) signals. They have 
wavelengths that range from less than a centimeter to tens or even 
hundreds of meters. Frequency modulated (FM) radio waves are 
shorter than amplitude modulated (AM) radio waves. A radio 
wave’s frequency equals the number of complete cycles that occur 
in 1 second. The longer the cycle time, the longer the wavelength 
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and the lower the frequency. The shorter the cycle time, the shorter 
the wavelength and the higher the frequency. 


Frequency is measured and stated in hertz (Hz). A radio wave fre- 
quency is very high. It is generally measured and stated in thousands 
of hertz (kilohertz [kHz]), in millions of hertz (megahertz [MHz]), 
or sometimes in billions of hertz (gigahertz [GHz]). 


1 Hz 7 1 cycle per second 

1 kHz 1 thousand cycles per second 
1 MHz 1 million cycles per seconds 
1 GHz = 1 billion cycles per second 


Frequency Calculation 


For practical purposes, the velocity of a radio wave is considered to 
be constant, regardless of the frequency or the amplitude of the 
transmitted wave. To find the frequency when the wavelength is 
known, divide the velocity by the wavelength. 


Frequency (hertz) 7 300,000,000 (meters per second) 
Wavelength (meters) 


To find the wavelength when the frequency is known, divide the 
velocity by the frequency. 


Wavelength (meters) = 300,000,000 (meters per second) 
Frequency (hertz) 


Frequency Bands 


Frequency spectrum designations are— 


HF VHF UHF 
3 to30MHz 30to300MHz 300 to 3,000 MHz/3GHz 
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HF is used primarily for long-range communications. An HF signal 
is reflected by the outermost portion of the atmosphere, the iono- 
sphere. VHF is used for short-range communications. To use VHF, 
it is necessary to be able to visualize a direct line of sight (LOS) 
between the transmitter and receiver. This limits UHF to distances 
that are not much greater than the distance to the horizon, assuming 
that there are no massive obstructions in the LOS. When the LOS 
path exists and VHF transmission is possible, VHF is always pre- 
ferred to HF because a VHF signal can be made to follow a much 
narrower and more direct path to the receiver. UHF is a third type of 
transmission. UHF transmission is like VHF in that both follow the 
direct or LOS path. But with the proper antenna, UHF transmission 
can be made to follow an even narrower path to the receiver than 
VHF. 


Each frequency band has unique characteristics. The ranges and 
power requirements shown in table 1-1 are for normal operating 
conditions (i.e., proper siting and antenna orientation and correct 
operating procedures). Ranges will change according to the condi- 
tion of the propagation medium and the transmitter output power. 


Table 1-1. Frequency Range Characteristics. 


Ground Wave Sky Wave Power 
Band Range Range Required 
HF 0-50 miles 100-8000 miles .5-5 kW 
VHF 0-30 miles 50-150 miles -5 or less kW 
UHF 0-50 miles N/A -5 or less kW 


Tactical SCRs operate in the three military radio frequency bands 
shown in table 1-2. 
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Table 1-2. Ground SCRs. 
Operating 
Frequency MAGTF SCR Frequency Typical 
Band Equipment Used Range Application 
HF AN/PRC-104 2-29.999 Radio LOS and 
AN/GRC-193 MHz beyond/long range 
AN/MRC-138 
VHF AN/PRC-68 30-88 MHz Radio LOS and 
AN/PRC-119 relay/retransmis- 
AN/VRC-88 (A, D) sion 
AN/VRC-89 (A, D) 
AN/VRC-90 (A, D) 
AN/VRC-91 (A, D) 
AN/VRC-92 (A, D) 
AN/GRC-213 
AN/MRC-145 
AN/PRC-113 116-150 MHz Critical LOS 
AN/VRC-83 (ground to air) 
UHF AN/PRC-113 225-400 MHz| Critical LOS 
AN/VRC-83 (ground to air) 
AN/GRC-171 
AN/PSC-3 SATCOM footprint 
AN/PSC-5 


RADIO COMMUNICATION CIRCUIT 


The radio equipment for communicating between two stations, 
including the path the radio signal follows through the air, is a radio 
link. A radio link consists of seven components: transmitter, power 
supply, transmission lines, transmitting antenna, propagation path, 
receiving antenna, and receiver. 


1-6. —_________Y_Y—————_ MCRP 6-22D 


The transmitter generates a radio signal. The power supply provides 
power for the operating voltage of the radio (battery or generator). 
The transmission line delivers the signal from the transmitter to the 
transmitting antenna. The transmitting antenna sends the radio 
signal into space toward the receiving antenna. The path in space 
that the radio signal follows as it goes to the receiving antenna is the 
propagation path. The receiving antenna intercepts or receives the 
signal and sends it through a transmission line to the receiver. The 
receiver processes the radio signal so it can be heard (fig 1-3). 


The radio operator’s objective is to provide the strongest possible 
signal to the receiving station. The best possible signal is one that 
provides the greatest signal-to-noise (S/N) ratio at the receiving 
antenna. 


To implement a radio communications circuit it is necessary to— 


¢ Generate and radiate an electromagnetic wave modulated with 
information (e.g., voice, Morse code). 


e Make the wave propagate efficiently from the transmitting 
antenna to the receiving antenna. 


¢ Intercept the wave by using a receiving antenna. 


¢ Demodulate the energy so that the information originally trans- 
mitted becomes available in a useful form. 


Choosing the right antenna and matching its characteristics to the 
best propagation path are the two most important factors in setting 
up a communications circuit. The weakest link in the communica- 
tions circuit is the wrong propagation path. The best transmitter, 
antenna, and receiver are of little use if the frequency is wrong or 
the propagation path is improper. 
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Figure 1-3. Typical Radio Link. 
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PROPAGATION FUNDAMENTALS 


Earth’s Atmosphere 


Propagation usually takes place within the Earth’s atmosphere. The 
atmosphere surrounding the Earth is divided into several layers, 
each possessing unique characteristics. The first layer, starting at 
the Earth’s surface and extending to a height of about 10 kilometers 
(km), is the troposphere. In this layer, the air temperature decreases 
with altitude at the rate of about 2.5°C every 300 meters. 


The second layer of the atmosphere is the stratosphere, which occu- 
pies an altitude range extending from about 10 km to 50 km. This 
layer of air remains at a nearly constant temperature of about -65°C. 


Beginning at about 50 km and extending upward to more than 500 
km is the ionosphere. The ionosphere gets its name because the 
molecules of its atmosphere are ionized, i.e., electrons have been 
stripped away from atoms by the constant bombardment of the 
Sun’s rays and other high energy particles released by the Sun. 
Because of the large quantities of free electrons, the ionosphere is 
capable of interacting strongly on radio waves traveling through it. 


Radio Wave Propagation 


There are two principal ways radio waves travel from the transmit- 
ter to the receiver. One is by ground wave, directly from the trans- 
mitter to the receiver. The other is by sky wave, up to the 
ionosphere and refracted (bent downward) back to the Earth. Short- 
distance, all UHF, and upper VHF transmissions are by ground 
waves. Long-distance transmissions are principally by sky waves. 
SCR sets can use either ground wave or sky wave propagation for 
communications. 
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Ground Wave Propagation. Radio communications using ground 
wave propagation do not use or depend on waves refracted from the 
ionosphere (sky waves). Ground wave propagation is affected by 
the Earth’s electrical characteristics and by the amount of diffrac- 
tion (bending) of the waves along the Earth’s curvature. The ground 
wave’s strength at the receiver depends on the transmitter’s power 
output and frequency, the Earth’s shape and conductivity along the 
transmission path, and the local weather conditions. The ground 
wave includes three components: the direct wave, the ground 
reflected wave, and the surface wave (fig. 1-4). 


DIRECT WAVE 


; 


Rane GROUND REFLECTED 
aealZ ~ WAVE - 


a\\ 


SURFACE 
WAVE 


Figure 1-4. Ground Wave. 


Direct Wave. The direct wave travels directly from the transmitting 
antenna to the receiving antenna. The direct wave is limited to the 
LOS distance between the transmitting antenna and the receiving 
antenna plus the short distance added by atmospheric refraction and 
diffraction of the wave around the Earth’s curvature. This distance 
can be extended by increasing the transmitting or the receiving 
antenna height, or both. 
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Ground Reflected Wave. The ground reflected wave reaches the 
receiving antenna after being reflected from the Earth’s surface. 
Cancellation of the radio signal can occur when the ground 
reflected component and the direct wave component arrive at the 
receiving antenna at the same time and are 180° out of phase with 
each other. 


Surface Wave. The surface wave follows the Earth’s curvature. It 
is affected by the Earth’s conductivity and dielectric constant. 


Frequency Characteristics Of Ground Waves. Various frequen- 
cies determine which wave component will prevail along any given 
signal path. For example, when the Earth’s conductivity is high and 
the frequency of a radiated signal is low, the surface wave is the 
predominant component. For frequencies below 10 MHz, the sur- 
face wave is sometimes the predominant component. However, 
above 10 MHz, the losses that are sustained by the surface wave 
component are so great that the other components (direct wave and 
sky wave) become predominant. 


At frequencies of 30 to 300 kHz, ground losses are very small, so 
the surface wave component follows the Earth’s curvature. It can be 
used for long-distance communications provided the radio operator 
has enough power from the transmitter. The frequencies 300 kHz to 
3 MHz are used for long-distance communications over sea water 
and for medium-distance communications over land. 


At high frequencies, 3 to 30 MHz, the ground’s conductivity is 
extremely important, especially above 10 MHz where the dielectric 
constant or conductivity of the Earth’s surface determines how 
much signal absorption occurs. In general, the signal is strongest at 
the lower frequencies when the surface over which it travels has a 
high dielectric constant and conductivity. 
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Earth’s Surface Conductivity. The dielectric constant or Earth’s 
surface conductivity determines how much of the surface wave 
signal energy will be absorbed or lost. Although the Earth’s surface 
conductivity as a whole is generally poor, the conductivity of vary- 
ing surface conditions, when compared one with an other, would be 
as stated in table 1-3. 


Table 1-3. Surface Conductivity. 


Surface Type Relative Conductivity 
Large body fresh water Very good 
Ocean or sea water Good 
Flat or hilly loamy soil Fair 
Rocky terrain Poor 
Desert Poor 
Jungle Very poor 


Sky Wave Propagation. Radio communications that use sky wave 
propagation depend on the ionosphere to provide the signal path 
between the transmitting and receiving antennas. 


lonospheric Structure. The ionosphere has four distinct layers. In 
the order of increasing heights and decreasing molecular densities, 
these layers are D, E, Fl, and F2. During the day, when the rays of 
the Sun are directed toward that portion of the atmosphere, all four 
layers may be present. At night, the Fl and F2 layers seem to merge 
into a single F layer, and the D and E layers fade out. The actual 
number of layers, their height above the Earth, and their relative 
intensity of ionization vary constantly. 
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The D layer exists only during the day and has little effect in bend- 
ing the paths of HF radio waves. The main effect of the D layer is to 
attenuate HF waves when the transmission path is in sunlit regions. 


The E layer is used during the day for HF radio transmission over 
intermediate distances (less than 2,400 km/1,500 miles [mi]). At 
night the intensity of the E layer decreases, and it becomes useless 
for radio transmission. 


The F layer exists at heights up to 380 km/240 mi above the Earth 
and is ionized all the time. It has two well-defined layers (F1 and 
F2) during the day, and one layer (F) at night. At night the F layer 
remains at a height of about 260 km/170 mi and is useful for long- 
range radio communications (over 2,400 km/1,500 mi). The F2 
layer is the most useful for long-range radio communications, even 
though its degree of ionization varies appreciably from day to day 
(fig. 1-5). 


The Earth’s rotation around the Sun and changes in the Sun’s activ- 
ity contribute to ionospheric variations. There are two main classes 
of these variations: regular (predictable) and irregular, occuring 
from abnormal behavior of the Sun. 


Regular lonospheric Variations. The four regular variations are— 


¢ Daily: caused by the rotation of the Earth. 
¢ Seasonal: caused by the north and south progression of the Sun. 
e 27-day: caused by the rotation of the Sun on its axis. 


e 1-year: caused by the sunspot activity cycle going from maxi- 
mum through minimum back to maximum levels of intensity. 
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Figure 1-5. lonospheric Structure. 
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Irregular lonospheric Variations. In planning a communications 
system, the current status of the four regular variations must be 
anticipated. There are also unpredictable irregular variations that 
must be considered. They have a degrading effect (at times blank- 
ing out communications) which cannot be controlled or compen- 
sated for at the present time. Some irregular variations are— 


¢ Sporadic E. When excessively ionized, the E layer often blanks 
out the reflections from the higher layers. It can also cause 
unexpected propagation of signals hundreds of miles beyond 
the normal range. This effect can occur at any time. 


e Sudden ionospheric disturbance (SID). A sudden ionospheric 
disturbance coincides with a bright solar eruption and causes 
abnormal ionization of the D layer. This effect causes total 
absorption of all frequencies above approximately 1 MHz. It 
can occur without warning during daylight hours and can last 
from a few minutes to several hours. When it occurs, receivers 
seem to go dead. 


¢ Jonospheric storms. During these storms, sky wave reception 
above approximately 1.5 MHz shows low intensity and is 
subject to a type of rapid blasting and fading called flutter fad- 
ing. These storms may last from several hours to days and usu- 
ally extend over the entire Earth. 


Sunspots. Sunspots generate bursts of radiation that cause high 
levels of ionization. The more sunspots, the greater the ionization. 
During periods of low sunspot activity, frequencies above 20 MHz 
tend to be unusable because the E and F layers are too weakly ion- 
ized to reflect signals back to Earth. At the peak of the sunspot 
cycle, however, it is not unusual to have worldwide propagation on 
frequencies above 30 MHz. 
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Frequency Characteristics in the lonosphere. The range of long- 
distance radio transmission is determined primarily by the ioniza- 
tion density of each layer. The higher the frequency, the greater the 
ionization density required to reflect radio waves back to Earth. The 
upper (E and F) layers reflect the higher frequencies because they 
are the most highly ionized. The D layer, which is the least ionized, 
does not reflect frequencies above approximately 500 kHz. Thus, at 
any given time and for each ionized layer, there is an upper fre- 
quency limit at which radio waves sent vertically upward are 
reflected back to Earth. This limit is called the critical frequency. 


Radio waves directed vertically at frequencies higher than the criti- 
cal frequency pass through the ionized layer out into space. All radio 
waves directed vertically into the ionosphere at frequencies lower 
than the critical frequency are reflected back to Earth. Radio waves 
used in communications are generally directed towards the iono- 
sphere at some oblique angle, called the angle of incidence. Radio 
waves at frequencies above the critical frequency will be reflected 
back to Earth if transmitted at angles of incidence smaller than a cer- 
tain angle, called the critical angle. At the critical angle, and at all 
angles larger than the critical angle, the radio waves pass through the 
ionosphere if the frequency is higher than the critical frequency. As 
the angle of transmission decreases, an angle is reached at which the 
radio waves are reflected back to Earth. 


Transmission Paths. Sky wave propagation refers to those types 
of radio transmissions that depend on the ionosphere to provide sig- 
nal paths between transmitters and receivers. 


The distance from the transmitting antenna to the place where the 
sky waves first return to Earth is the skip distance. The skip distance 
depends on the angle of incidence, the operating frequency, and the 
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ionosphere’s height and density. The antenna’s height, in relation to 
the operating frequency, affects the angle that transmitted radio 
waves strike and penetrate the ionosphere and then return to Earth. 
This angle of incidence can be controlled to obtain the desired cov- 
erage area. Lowering the antenna height increases the angle of trans- 
mission and provides broad and even signal patterns in a large area. 


Using near-vertical transmission paths is known as near-vertical 
incidence sky wave (NVIS). Raising the antenna height lowers the 
angle of incidence. Lowering the angle of incidence produces a skip 
zone in which no usable signal is received. This area is bounded by 
the outer edge of usable ground wave propagation and the point 
nearest the antenna at which the sky wave returns to Earth. In short- 
range communications situations, the skip zone is an undesirable 
condition. However, low angles of incidence make long-distance 
communications possible. 


When a transmitted wave is reflected back to the Earth’s surface, the 
Earth absorbs part of the energy. The remaining energy is reflected 
back into the ionosphere to be reflected back again. This means of 
transmission—alternately reflecting the radio wave between the 
ionosphere and the Earth—is called hops. Hops enable radio waves 
to be received at great distances from the point of origin. 


Fading. Fading is the periodic increase and decrease of received 
signal strength. Fading occurs when a radio signal is received over a 
long-distance path in the high frequency range. The precise origin 
of this fading is seldom understood. There is little common know]- 
edge of what precautions to take to reduce or eliminate fading’s 
troublesome effects. Fading associated with sky wave paths is the 
greatest detriment to reliable communications. Too often, those 
responsible for communication circuits rely on raising the transmit- 
ter power or increasing antenna gain to overcome fading. Unfortu- 
nately, such actions often do not work and seldom improve 
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reliability. Only when the signal level fades down below the back- 
ground noise level for an appreciable fraction of time will increased 
transmitter power or antenna gain yield an overall circuit improve- 
ment. Choosing the correct frequency and using transmitting and 
receiving equipment intelligently ensure a strong and reliable 
receiving signal, even when low power is used. 


Maximum Usable and Lowest Usable Frequencies. Using a 
given ionized layer and a transmitting antenna with a fixed angle of 
radiation, there is a maximum frequency at which a radio wave will 
return to Earth at a given distance. This frequency is called the max- 
imum usable frequency (MUF). It is the monthly median of the 
daily highest frequency that is predicted for sky wave transmission 
over a particular path at a particular hour of the day. The MUF is 
always higher than the critical frequency because the angle of inci- 
dence is less than 90°. If the distance between the transmitter and 
the receiver is increased, the MUF will also increase. Radio waves 
lose some of their energy through absorption by the D layer and a 
portion of the E layer at certain transmission frequencies. 


The total absorption is less and communications more satisfactory 
as higher frequencies are used—up to the level of the MUF. The 
absorption rate is greatest for frequencies ranging from approxi- 
mately 500 kHz to 2 MHz during the day. At night the absorption 
rate decreases for all frequencies. As the frequency of transmission 
over any sky wave path decreases from high to low frequencies, a 
frequency will be reached at which the received signal overrides the 
level of atmospheric and other radio noise interference. This is 
called the lowest useful frequency (LUF) because frequencies 
lower than the LUF are too weak for useful communications. The 
LUF depends on the transmitter power output as well as the trans- 
mission distance. When the LUF is greater than the MUF, no sky 
wave transmission is possible. 
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Propagation Prediction. Although a detailed discussion of propa- 
gation prediction methods is beyond the scope of this publication, it 
should be noted that propagation predictions can be obtained from a 
system planning, engineering, and evaluation device (SPEED). 


Other Factors Affecting Propagation 


In the VHF and UHF ranges, extending from 30 to 300 MHz and 
beyond, the presence of objects (e.g., buildings or towers) may pro- 
duce strong reflections that arrive at the receiving antenna in such a 
way that they cancel the signal from the desired propagation path 
and render communications impossible. Most Marines are familiar 
with distant TV station reception interference caused by high-flying 
aircraft. The signal bouncing off of the aircraft alternately cancels 
and reinforces the direct signal from the TV station as the aircraft 
changes position relative to the transmitting and receiving antennas. 


This same interference can adversely affect the ordinary voice com- 
munications circuit at VHF and UHF, rendering the received signal 
unintelligible for brief periods of time. Receiver locations that 
avoid the proximity of an airfield should be chosen if possible. 
Avoid locating transmitters and receivers where an airfield is at or 
near midpoint of the propagation path of frequencies above 20 
MHz. 


Many other things may affect the propagation of a radio wave. 
Hills, mountains, buildings, water towers, tall fences, aircraft, and 
even other antennas can have a marked affect on the condition and 
reliability of a given propagation path. Conductivity of the local 
ground or body of water can greatly alter the strength of the trans- 
mitted or received signal. Energy radiation from the Sun’s surface 
also greatly affects conditions within the ionosphere and alters the 
characteristics of long-distance propagation at 2 to 30 MHz. 
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Path Loss 


Radio waves become weaker as they spread from the transmitter. 
The ratio of received power to transmitted power is called path loss. 
LOS paths at VHF and UHF require relatively little power since the 
total path loss at the radio horizon is only about 25 decibels (dB) 
greater than the path loss over the same distance in free space 
(absence of ground). This additional loss results from some energy 
being reflected from the ground, canceling part of the direct wave 
energy. This is unavoidable in almost every practical case. The total 
path loss for an LOS path above average terrain varies with the fol- 
lowing factors: total path loss between transmitting and receiving 
antenna terminals, frequency, distance, transmitting antenna gain, 
and receiving antenna gain. 


Reflected Waves 


Often, it is possible to communicate beyond the normal LOS dis- 
tance by exploiting the reflection from a tall building, nearby moun- 
tain, or water tower (fig. 1-6 on page 1-20). If the top portion of a 
structure or hill can be seen readily by both transmitting and receiv- 
ing antennas, it may be possible to achieve practical communica- 
tions by directing both antennas toward the point of maximum 
reflection. If the reflecting object is very large in terms of a wave- 
length, the path loss, including the reflection, can be very low. 


If a structure or hill exists adjacent to an LOS path, reflected energy 
may either add to or subtract from the energy arriving from the 
direct path. If the reflected energy arrives at the receiving antenna 
with the same amplitude (strength) as the direct signal but has the 
opposite phase, both signals will cancel and communication will be 
impossible. However, if the same condition exists but both signals 
arrive in phase, they will add and double the signal strength. These 
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Figure 1-6. Reflected Waves. 


two conditions represent destructive and constructive combinations 
of the reflected and direct waves. 


Reflection from the ground at the common midpoint between the 
receiving and transmitting antennas may also arrive in a construc- 
tive or destructive manner. Generally, in the VHF and UHF range, 
the reflected wave is out of phase (destructive) with respect to the 
direct wave at vertical angles less than a few degrees above the 
horizon. However, since the ground is not a perfect conductor, the 
amplitude of the reflected wave seldom approaches that of the 
direct wave. Thus, even though the two arrive out of phase, com- 
plete cancellation does not occur. Some improvement may result 
from using vertical polarization rather than horizontal polarization 
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over LOS paths because there tends to be less phase difference 
between direct and reflected waves. The difference is usually less 
than 10 dB, however, in favor of vertical polarization. 


Diffraction 


Unlike the ship passing beyond the visual horizon, a radio wave 
does not fade out completely when it reaches the radio horizon. A 
small amount of radio energy travels beyond the radio horizon by a 
process called diffraction. Diffraction also occurs when a light 
source is held near an opaque object, casting a shadow on a surface 
behind it. Near the edge of the shadow a narrow band can be seen 
which is neither completely light nor dark. The transition from total 
light to total darkness does not occur abruptly, but changes 
smoothly as the light is diffracted. 


A radio wave passing over either the curved surface of the Earth or 
a mountain ridge behaves in much the same fashion as a light wave. 
For example, people living in a valley below a high, sharp, moun- 
tain ridge can often receive a TV station located many miles below 
on the other side. Figure 1-7 illustrates how radio waves from the 
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Figure 1-7. Diffracted Wave. 
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TV station are diffracted by the mountain ridge and bent downward 
in the direction of the village. It is emphasized, however, that the 
energy decays very rapidly as the angle of propagation departs from 
the straight LOS path. Typically, a diffracted signal may undergo a 
reduction of 30 to 40 dB by being bent only 5 feet by a mountain 
ridge. The actual amount of diffracted signal depends on the shape 
of the surface, the frequency, the diffraction angle, and many other 
factors. It is sufficient to say that there are times when the use of 
diffraction becomes practical as a means for communicating in the 
VHF and UHF over long distances. 


Tropospheric Refraction, Ducting, and Scattering 


Refraction is the bending of a wave as it passes through air layers of 
different density (refractive index). In semitropical regions, a layer 
of air 5 to 100 meters thick with distinctive characteristics may 
form close to the ground, usually the result of a temperature inver- 
sion. For example, on an unusually warm day after a rainy spell, the 
Sun may heat up the ground and create a layer of warm, moist air. 
After sunset, the air a few meters above the ground will cool very 
rapidly while the moisture in the air close to the ground serves as a 
blanket for the remaining heat. After a few hours, a sizable differ- 
ence in temperature may exist between the air near the ground and 
the air at a height of 10 to 20 meters, resulting in a marked differ- 
ence in air pressure. Thus, the air near the ground is considerably 
denser than the air higher up. This condition may exist over an area 
of several hundred square kilometers or over a long area of land 
near a seacoast. When such an air mass forms, it usually remains 
stable until dawn, when the ground begins to cool and the tempera- 
ture inversion ends. 


When a VHF or UHF radio wave is launched within such air mass, 
it may bend or become trapped (forced to follow the inversion 
layer). This layer then acts as a duct between the transmitting 
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antenna and a distant receiving site. The effects of such ducting can 
be seen frequently during the year in certain locations where TV or 
VHF FM stations are received over paths of several hundred kilo- 
meters. The total path loss within such a duct is usually very low 
and may exceed the free space loss by only a few dBs. 


It is also possible to communicate over long distances by means of 
tropospheric scatter. At altitudes of a few kilometers, the air mass 
has varying temperature, pressure, and moisture content. Small 
fluctuations in tropospheric characteristics at high altitude create 
blobs. Within a blob, the temperature, pressure, and humidity are 
different from the surrounding air. If the difference is large enough, 
it may modify the refractive index at VHF and UHF. A random dis- 
tribution of these blobs exists at various altitudes at all times. If a 
high-power transmitter (greater than 1 kW) and high gain antenna 
(10 dB or more) are used, sufficient energy may be scattered from 
these blobs down to the receiver to make reliable communication 
possible over several hundred kilometers. Communication circuits 
employing this mode of propagation must use very sensitive receiv- 
ers and some form of diversity to reduce the effects of the rapid and 
deep fading. Scatter propagation is usually limited to path distances 
of less than about 500 km. 


NOISE 


Noise consists of all undesired radio signals, manmade or natural. 
Noise masks and degrades useful information reception. The radio 
signal’s strength is of little importance if the signal power is greater 
than the received noise power. This is why S/N ratio is the most 
important quantity in a receiving system. Increasing receiver ampli- 
fication cannot improve the S/N ratio since both signal and noise 
will be amplified equally and S/N ratio will remain unchanged. 
Normally, receivers have more than enough amplification. 
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Natural Noise 


Natural noise has two principle sources: thunderstorms (atmo- 
spheric noise) and stars (galactic noise). Both sources generate 
sharp pulses of electromagnetic energy over all frequencies. The 
pulses propagate according to the same laws as manmade signals, 
and receiving systems must accept them along with the desired sig- 
nal. Atmospheric noise is dominant from 0 to 5 MHz, and galactic 
noise is most important at all higher frequencies. Low frequency 
transmitters must generate very strong signals to overcome noise. 
Strong signals and strong noise mean that the receiving antenna 
does not have to be large to collect a usable signal (a few hundred 
microvolts). A 1.5 meter tuned whip will deliver adequately all of 
the signals that can be received at frequencies below 1 MHz. 


Manmade Noise 


Manmade noise is a product of urban civilization that appears wher- 
ever electric power is used. It is generated almost anywhere that 
there is an electric arc (e.g., automobile ignition systems, power 
lines, motors, arc welders, fluorescent lights). Each source is small, 
but there are so many that together they can completely hide a weak 
signal that would be above the natural noise in rural areas. Man- 
made noise is troublesome when the receiving antenna is near the 
source, but being near the source gives the noise waves characteris- 
tics that can be exploited. Waves near a source tend to be vertically 
polarized. A horizontally polarized receiving antenna will generally 
receive less noise than a vertically polarized antenna. 


Manmade noise currents are induced by any conductors near the 
source, including the antenna, transmission line, and equipment 
cases. If the antenna and transmission line are balanced with respect 
to the ground, then the noise voltages will be balanced and cancel 
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with respect to the receiver input terminals (zero voltage across ter- 
minals), and this noise will not be received. Near-perfect balance is 
difficult to achieve, but any balance helps. 


Other ways to avoid manmade noise are to locate the most trouble- 
some sources and turn them off, or move the receiving system away 
from them. Moving a kilometer away from a busy street or highway 
will significantly reduce noise. Although broadband receiving 
antennas are convenient because they do not have to be tuned to 
each working frequency, sometimes a narrowband antenna can 
make the difference between communicating and not communicat- 
ing. The HF band is now so crowded with users that interference 
and noise, not signal strength, are the main reasons for poor com- 
munications. A narrowband antenna will reject strong interfering 
signals near the desired frequency and help maintain good commu- 
nications. 


(reverse blank) 


Chapter 2 


Antenna Fundamentals 


All radios, whether transmitting or receiving, require some sort of 
antenna. The antenna accepts power from the transmitter and 
launches it into space as an electromagnetic or radio wave. At the 
receiving end of the circuit, a similar antenna collects energy from 
the passing electromagnetic wave and converts it into an alternating 
electric current or signal that the receiver can detect. 


How well antennas launch and collect electromagnetic waves 
directly influences communications reliability and quality. The 
function of an antenna depends on whether it is transmitting or 
receiving. 


A transmitting antenna transforms the output radio frequency (RF) 
energy produced by a radio transmitter (RF output power) into an 
electromagnetic field that is radiated through space. The transmit- 
ting antenna converts energy from one form to another form. The 
receiving antenna reverses this process. It transforms the electro- 
magnetic field into RF energy that is delivered to a radio receiver. 
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Section I. Concepts and Terms 


To select the right antennas for a radio circuit, certain concepts and 
terms must be understood. This section defines several basic terms 
and relationships which will help the reader understand antenna 
fundamentals. These include: forming a radio wave, radiation fields 
and patterns, polarization, directionality, resonance, reception, reci- 
procity, impedance, bandwidth, gain, and take-off angle. 


FORMING A RADIO WAVE 


When an alternating electric current flows through a conductor 
(wire), electric and magnetic fields are created around the conduc- 
tor. If the length of the conductor is very short compared to a wave- 
length, the electric and magnetic fields will generally die out within 
a distance of one or two wavelengths. However, as the conductor is 
lengthened, the intensity of the fields enlarge. Thus, an ever- 
increasing amount of energy escapes into space. When the length of 
the wire approaches one-half of a wavelength at the frequency of 
the applied alternating current, most of the energy will escape in the 
form of electromagnetic radiation. For effective communications to 
occur, the following must exist: alternating electric energy in the 
form of a transmitter, a conductor or a wire, an electric current 
flowing through the wire, and the generation of both electric and 
magnetic fields in the space surrounding the wire. 


RADIATION 


Once a wire is connected to a transmitter and properly grounded, it 
begins to oscillate electrically, causing the wave to convert nearly 
all of the transmitter power into an electromagnetic radio wave. The 
electromagnetic energy is created by the alternating flow of elec- 
trons impressed on the bottom end of the wire. The electrons travel 
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upward on the wire to the top, where they have no place to go and 
are bounced back toward the lower end. As the electrons reach the 
lower end in phase, i.e., in step with the radio energy then being 
applied by the transmitter, the energy of their motion is strongly 
reinforced as they bounce back upward along the wire. This regen- 
erative process sustains the oscillation. The wire is resonant at the 
frequency at which the source of energy is alternating. 


The radio power supplied to a simple wire antenna appears nearly 
equally distributed throughout its length. The energy stored at any 
location along the wire is equal to the product of the voltage and the 
current at that point. If the voltage is high at a given point, the cur- 
rent must be low. If the current is high, the voltage must be low. The 
electric current is maximum near the bottom end of the wire. 


Radiation Fields 


When RF power is delivered to an antenna, two fields evolve. One 
is an induction field, which is associated with the stored energy; the 
other is a radiation field. At the antenna, the intensities of these 
fields are large and are proportional to the amount of RF power 
delivered to the antenna. At a short distance from the antenna and 
beyond, only the radiation field remains. This field is composed of 
an electric component and a magnetic component (see fig. 2-1 on 
page 2-4). 


The electric and magnetic fields (components) radiated from an 
antenna form the electromagnetic field. The electromagnetic field 
transmits and receives electromagnetic energy through free space. 
A radio wave is a moving electromagnetic field that has velocity in 
the direction of travel and components of electric intensity and 
magnetic intensity arranged at right angles to each other. 
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Figure 2-1. Radiation Fields. 


Radiation Patterns 


The radio signals radiated by an antenna form an electromagnetic 
field with a definite pattern, depending on the type of antenna used. 
This radiation pattern shows the antenna’s directional characteris- 
tics. A vertical antenna radiates energy equally in all directions 
(omnidirectional), a horizontal antenna is mainly bidirectional, and 
a unidirectional antenna radiates energy in one direction. However, 
the patterns are usually distorted by nearby obstructions or terrain 
features. The full- or solid-radiation pattern is represented as a 
three-dimensional figure that looks somewhat like a doughnut with 
a transmitting antenna in the center (fig 2-2). 
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Figure 2-2. Radiation Patterns. 
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POLARIZATION 


A radiated wave’s polarization is determined by the direction of the 
lines of force making up the electric field. If the lines of electric 
force are at right angles to the Earth’s surface, the wave is vertically 
polarized (fig. 2-3). If the lines of electric force are parallel to the 
Earth’s surface, the wave is horizontally polarized (fig. 2-4). When 
a single-wire antenna extracts (receives) energy from a passing 
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Figure 2-3. Vertical Polarization. 
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radio wave, maximum pickup results if the antenna is oriented in 
the same direction as the electric field component. A vertical 
antenna receives vertically polarized waves, and a_ horizontal 
antenna receives horizontally polarized waves. If the field rotates as 
the waves travel through space, both horizontal and vertical com- 
ponents of the field exist, and the wave is elliptically polarized. 
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Figure 2-4. Horizontal Polarization. 
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Polarization Requirements for Various Frequencies 


At medium and low frequencies, ground wave transmission is used 
extensively, and it is necessary to use vertical polarization. Vertical 
lines of force are perpendicular to the ground, and the radio wave 
can travel a considerable distance along the ground surface with a 
minimum amount of loss. Because the Earth acts as a relatively 
good conductor at low frequencies, horizontal lines of electric force 
are shorted out, and the useful range with the horizontal polariza- 
tion is limited. 


At high frequencies, with sky wave transmission, it makes little dif- 
ference whether horizontal or vertical polarization is used. The sky 
wave, after being reflected by the ionosphere, arrives at the receiv- 
ing antenna elliptically polarized. Therefore, the transmitting and 
receiving antennas can be mounted either horizontally or vertically. 
Horizontal antennas are preferred, since they can be made to radiate 
effectively at high angles and have inherent directional properties. 


For frequencies in the VHF or UHF range, either horizontal or ver- 
tical polarization is satisfactory. Since the radio wave travels 
directly from the transmitting antenna to the receiving antenna, the 
original polarization produced at the transmitting antenna is main- 
tained as the wave travels to the receiving antenna. If a horizontal 
antenna is used for transmitting, a horizontal antenna must be used 
for receiving. 


Satellites and satellite terminals use circular polarization. Circular 
polarization describes a wave whose plane of polarization rotates 
through 360° as it progresses forward. The rotation can be clock- 
wise or counterclockwise (see fig. 2-5). Circular polarization occurs 
when equal magnitudes of vertically and horizontally polarized 
waves are combined with a phase difference of 90°. Rotation in one 
direction or the other depends on the phase relationship. 
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Advantages of Vertical Polarization 


Simple vertical half-wave and quarter-wave antennas provide 
omnidirectional communications. This is desirable in communicat- 
ing with a moving vehicle. The disadvantage is that it radiates 
equally to the enemy and friendly forces. 


When antenna heights are limited to 3.05 meters (10 feet) or less 
over land, as in a vehicular installation, vertical polarization pro- 
vides a stronger received signal at frequencies up to about 50 MHz. 
From about 50 to 100 MHz, there is only a slight improvement over 
horizontal polarization with antennas at the same height. Above 100 
MHz, the difference in signal strength between vertical and hori- 
zontal polarization is small. However, when antennas are located 
near dense forests, horizontally polarized waves suffer lower losses 
than vertically polarized waves. 


Vertically polarized radiation is somewhat less affected by reflec- 
tions from aircraft flying over the transmission path. With horizon- 
tal polarization, such reflections cause variations in received signal 
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Figure 2-5. Circular Polarization. 
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strength. An example is the picture flutter in a television set when 
an aircraft interferes with the transmission path. This factor is 
important in areas where aircraft traffic is heavy. 


When vertical polarization is used, less interference is produced or 
picked up from strong VHF and UHF transmissions (TV and FM 
broadcasts) because they use horizontal polarization. This factor is 
important when an antenna must be located in an urban area that 
has TV or FM broadcast stations. 


Advantages of Horizontal Polarization 


A simple horizontal half-wave antenna is bidirectional. This charac- 
teristic is useful in minimizing interference from certain directions. 


Horizontal antennas are less likely to pick up manmade interfer- 
ence, which is ordinarily vertically polarized. When antennas are 
located near dense forests, horizontally polarized waves suffer 
lower losses than vertically polarized waves, especially above 100 
MHz. Small changes in antenna location do not cause large varia- 
tions in the field intensity of horizontally polarized waves when an 
antenna is located among trees or buildings. When vertical polariza- 
tion is used, a change of only a few feet in the antenna location may 
have a significant effect on the received signal strength. 


DIRECTIONALITY 


Vertical receiving antennas accept radio signals equally from all 
horizontal directions, just as vertical transmitting antennas radiate 
equally in all horizontal directions. Because of this characteristic, 
other stations operating on the same or nearby frequencies may 
interfere with the desired signal and make reception difficult or 
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impossible. However, reception of a desired signal can be improved 
by using directional antennas. 


Horizontal half-wave antennas accept radio signals from all direc- 
tions. The strongest reception is received in a line perpendicular to 
the antenna (i.e., broadside, and the weakest reception is received 
from the direction of the ends of the antenna). Interfering signals 
can be eliminated or reduced by changing the antenna installation 
so that either end of the antenna points directly at the interfering 
station. 


Communications over a radio circuit is satisfactory when the 
received signal is strong enough to override undesired signals and 
noise. The receiver must be within range of the transmitter. Increas- 
ing the transmitting power between two radio stations increases 
communications effectiveness. Also, changing the types of trans- 
mission, changing to a frequency that is not readily absorbed, or 
using a directional antenna aids in communications effectiveness. 


Directional transmitting antennas concentrate radiation in a given 
direction and minimize radiation in other directions. A directional 
antenna may also be used to lessen interception by the enemy and 
interference with friendly stations. 


RESONANCE 


Antennas can be classified as either resonant or nonresonant, 
depending on their design. In a resonant antenna, almost all of the 
radio signal fed to the antenna is radiated. If the antenna is fed with 
a frequency other than the one for which it is resonant, much of the 
fed signal will be lost and will not be radiated. A resonant antenna 
will effectively radiate a radio signal for frequencies close to its 
design frequency (usually only 2 percent above or below the design 
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frequency). If a resonant antenna is used for a radio circuit, a sepa- 
rate antenna must be built for each frequency to be used on the 
radio circuit. A nonresonant antenna, on the other hand, will effec- 
tively radiate a broad range of frequencies with less efficiency. Res- 
onant and nonresonant antennas are commonly used on tactical 
circuits. Resonance can be achieved in two ways: physically match- 
ing the length of the antenna to the wave and electronically match- 
ing the length of the antenna to the wave. 


RECEPTION 


The radio waves that leave the transmitting antenna will have an 
influence on and will be influenced by any electrons in their path. 
For example, as an HF wave enters the ionosphere, it is reflected or 
refracted back to earth by the action of free electrons in this region 
of the atmosphere. When the radio wave encounters the wire or 
metallic conductors of the receiving antenna, the radio wave’s elec- 
tric field will cause the electrons in the antenna to oscillate back and 
forth in step with the wave as it passes. The movement of these 
electrons within the antenna is the small alternating electrical cur- 
rent which is detected by the radio receiver. 


When radio waves encounter electrons which are free to move 
under the influence of the wave’s electric field, the free electrons 
oscillate in sympathy with the wave. This generates electric cur- 
rents which then create waves of their own. These new waves are 
reflected or scattered waves. This process is electromagnetic scat- 
tering. All materials that are good electrical conductors reflect or 
scatter RF energy. Since a receiving antenna is a good conductor, it 
too acts as a scatterer. Only a portion of the energy which comes in 
contact with the antenna is converted into received electrical power; 
a sizable portion of the total power is re-radiated by the wire. 
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If an antenna is located within a congested urban environment or 
within a building, there are many objects which will scatter or re- 
raditate the energy in a manner that can be detrimental to reception. 
For example, the electric wiring inside a building can strongly re- 
radiate RF energy. If a receiving antenna is in close proximity to 
wires, it is possible for the reflected energy to cancel the energy 
received directly from the desired signal path. When this condition 
exists, the receiving antenna should be moved to another location 
within the room where the reflected and direct signals may rein- 
force rather than cancel each other. 


RECIPROCITY 


The various properties of an antenna apply equally, regardless of 
whether the antenna is used for transmitting or receiving. This is 
what is meant by reciprocity of antennas. For example, the more 
efficient a certain antenna is for transmitting, the more efficient it 
will be for receiving the same frequency. The directive properties 
of a given antenna will be the same whether it is used for transmis- 
sion or reception. 


For example, figure 2-6 on page 2-14 shows a particular antenna 
used with a transmitter radiating a maximum amount of energy at 
right angles to the antenna wire. There is a minimum amount of 
radiation along the axis of the antenna. If this same antenna is used 
as a receiving antenna, it receives best in the same directions in 
which it produced maximum radiation (i.e., at right angles to the 
axis of the antenna). There is a minimum amount of signal received 
from transmitters located in line with the antenna wire. 
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Figure 2-6. Reciprocity. 


IMPEDANCE 


Impedance is the relationship between voltage and current at any 
point in an alternating current circuit. The impedance of an antenna 
is equal to the ratio of the voltage to the current at the point on the 
antenna where the feed is connected (feed point). If the feed point is 
located at a point of maximum current, the antenna impedance is 20 
to 100 ohms. If the feed point is moved to a maximum voltage 
point, the impedance is as much as 500 to 10,000 ohms. 


The input impedance of an antenna depends on the conductivity or 
impedance of the ground. For example, if the ground is a simple 
stake driven about a meter into earth of average conductivity, the 
impedance of the monopole may be double or even triple the quoted 
values. Because this additional resistance occurs at a point on the 
antenna circuit where the current is high, a large amount of 
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transmitter power will dissipate as heat into the ground rather than 
radiated as intended. Therefore, it is essential to provide as good a 
ground or artificial ground (counterpoise) connection as possible 
when using a vertical whip or monopole. 


The amount of power an antenna radiates depends on the amount of 
current which flows in it. Maximum power is radiated when there is 
maximum current flowing. Maximum current flows when the 
impedance is minimized—when the antenna is resonated so that its 
impedance is pure resistance. (When capacitive reactance is made 
equal to inductive reactance, they cancel each other, and impedance 
equals pure resistance.) 


BANDWIDTH 


The bandwidth of an antenna is that frequency range over which it 
will perform within certain specified limits. These limits are with 
respect to impedance match, gain, and/or radiation pattern charac- 
teristics. Typical specification limits are— 


e An impedance mismatch of less than 2:1 relative to some stan- 
dard impedance such as 50 ohms. 


e A loss in gain or efficiency of no more than 3 dB. 


¢ A directivity pattern whose main beam is 13 dB greater than 
any of the side lobes, and a back lobe at least 15 dB below the 
main beam. 


¢« Bandwidth is measured by changing the frequency of a con- 
stant-strength test signal above and below center frequency and 
measuring power output. The high and low frequencies, where 
power is one-half (-3 dB) of what it was at center, define the 
bandwidth. It is expressed as frequency (high minus low) or in 
percentage (high-low/center x 100%). 
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In the radio communication process, intelligence changes from 
speech or writing into a low frequency signal that is used to modu- 
late, or cause change, in a much higher frequency radio signal. 
When transmitted by an antenna, these radio signals carry the intel- 
ligence to the receiving antenna, where it is picked up and recon- 
verted into the original speech or writing. There are natural laws 
which limit the amount of intelligence or signal that can be trans- 
mitted and received at a given time. The more words per minute, 
the higher the rate and the modulation frequency, so a wider or 
greater bandwidth is needed. To transmit and receive all the intelli- 
gence necessary, the antenna bandwidth must be as wide or wider 
than the signal bandwidth, otherwise it will limit the signal frequen- 
cies, causing voices and writing to be unintelligible. Too wide a 
bandwidth is also bad, since it accepts extra voices and will degrade 
the S/N ratio. Figure 2-7 shows how signal bandwidth is defined 
and gives some examples of bandwidth required to transmit ordi- 
nary types of intelligence. 


GAIN 


The antenna’s gain depends on its design. Transmitting antennas are 
designed for high efficiency in radiating energy, and receiving 
antennas are designed for high efficiency in picking up (gaining) 
energy. On many radio circuits, transmission is required between a 
transmitter and only one receiving station. Energy is radiated in one 
direction because it is useful only in that direction. Directional 
receiving antennas increase the energy gain in the favored direction 
and reduce the reception of unwanted noise and signals from other 
directions. Transmitting and receiving antennas should have small 
energy losses and should be efficient as radiators and receptors. 
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Figure 2-7. Bandwidth. 
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TAKE-OFF ANGLE 


The antenna’s take-off angle is the angle above the horizon that an 
antenna radiates the largest amount of energy (see fig. 2-8). VHF 
communications antennas are designed so that the energy is radi- 
ated parallel to the Earth (do not confuse take-off angle and polar- 
ization). The take-off angle of an HF communications antenna can 
determine whether a circuit is successful or not. HF sky wave 
antennas are designed for specific take-off angles, depending on the 
circuit distance. High take-off angles are used for short-range com- 
munications, and low take-off angles are used for long-range com- 
munications. 
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TAKE-OFF 
ANGLE 


Figure 2-8. Take-Off Angle. 
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Section Il. Ground Effects 


Since most tactical antennas are erected over the Earth and not out 
in free space, except for those on satellites, the ground will alter the 
free space radiation patterns of antennas. The ground will also 
affect some of the electrical characteristics of an antenna. It has the 
greatest effect on those antennas that must be mounted relatively 
close to the ground in terms of wavelength. For example, medium- 
and high-frequency antennas, elevated above the ground by only a 
fraction of a wavelength, will have radiation patterns that are quite 
different from the free-space patterns. 


GROUNDED ANTENNA THEORY 


The ground is a good conductor for medium and low frequencies 
and acts as a large mirror for the radiated energy. The ground 
reflects a large amount of energy that is radiated downward from an 
antenna mounted over it. Using this characteristic of the ground, an 
antenna only a quarter-wavelength long can be made into the equiv- 
alent of a half-wave antenna. A quarter-wave antenna erected verti- 
cally, with its lower end connected electrically to the ground (fig. 
2-9 on page 2-20), behaves like a half-wave antenna. The ground 
takes the place of the missing quarter-wavelength, and the reflec- 
tions supply that part of the radiated energy that normally would be 
supplied by the lower half of an ungrounded half-wave antenna. 
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A 
<— QUARTER-WAVE 
VERTICAL ANTENNA 
1/4 
<— |MAGE ANTENNA 
v 
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Figure 2-9. Quarter-Wave Antenna 
Connected to Ground. 


TYPES OF GROUNDS 


When grounded antennas are used, it is especially important that the 
ground has as high a conductivity as possible. This reduces ground 
losses and provides the best possible reflecting surface for the 
down-going radiated energy from the antenna. At low and medium 
frequencies, the ground acts as a good conductor. The ground con- 
nection must be made in such a way as to introduce the least possi- 
ble amount of resistance to ground. At higher frequencies, artificial 
grounds constructed of large metal surfaces are common. 
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The ground connections take many forms, depending on the type of 
installation and the loss that can be tolerated. In many simple field 
installations, the ground connection is made by one or more metal 
rods driven into the soil. Where more satisfactory arrangements 
cannot be made, ground leads can be connected to existing devices 
which are grounded. Metal structures or underground pipe systems 
are commonly used as ground connections. In an emergency, a 
ground connection can be made by forcing one or more bayonets 
into the soil. 


When an antenna must be erected over soil with low conductivity, 
treat the soil to reduce resistance. Treat the soil with substances that 
are highly conductive when in solution. Some of these substances, 
listed in order of preference, are sodium chloride (common salt), 
calcium chloride, copper sulfate (blue vitriol), magnesium sulfate 
(Epsom salt), and potassium nitrate (saltpeter). The amount 
required depends on the type of soil and its moisture content. 


WARNING 


WHEN THESE SUBSTANCES ARE USED, IT IS IMPORTANT 
THAT THEY DO NOT GET INTO NEARBY DRINKING WATER 
SUPPLIES. 


For simple installations in the field, a single ground rod can be fab- 
ricated from pipe or conduit. It is important that a low resistance 
connection be made between the ground wire and the ground rod. 
The rod should be cleaned thoroughly by scraping and sandpaper- 
ing at the point where the connection is to be made, and a clean 
ground clamp should be installed. A ground wire can then be sol- 
dered or joined to the clamp. This joint should be covered with tape 
to prevent an increase in resistance because of oxidation. 
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Counterpoise 


When an actual ground connection cannot be used because of the 
high resistance of the soil or because a large buried ground system 
is not practical, a counterpoise may be used to replace the usual 
direct ground connection. The counterpoise (fig. 2-10) consists of a 
device made of wire, which is erected a short distance above the 
ground and insulated from it. The size of the counterpoise should be 
at least equal to or larger than the size of the antenna. 


When the antenna is mounted vertically, the counterpoise should be 
made into a simple geometric pattern. Perfect symmetry is not 
required. The counterpoise appears to the antenna as an artificial 
ground that helps to produce the required radiation pattern. 


COUNTERPOISE 


Lf os 


|_- ANTENNA 


la | 


t 


SUPPORT 


Figure 2-10. Wire Counterpoise. 
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In some VHF antenna installations on vehicles, the metal roof of the 
vehicle (or shelter) is used as a counterpoise for the antenna. Small 
counterpoises of metal mesh are sometimes used with special VHF 
antennas that must be located a considerable distance above the 
ground. 


Ground Screen 


A ground screen consists of a fairly large area of metal mesh or 
screen that is laid on the surface of the ground under the antenna. 
There are two specific advantages to using ground screens. First, 
the ground screen reduces ground absorption losses that occur when 
an antenna is erected over ground with poor conductivity. Second, 
the height of the antenna can be set accurately, and the radiation 
resistance of the antenna can be determined more accurately. 
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Section Ill. Calculating Antenna Length 


An antenna’s length must be considered in two ways: physical and 
electrical. The two are never the same. The reduced velocity of the 
wave on the antenna and a capacitive effect (end effect) make the 
antenna seem longer electrically than physically. The contributing 
factors are the ratio of the diameter of the antenna to its length and 
the capacitive effect of terminal equipment (e.g., insulators or 
clamps) used to support the antenna. 


To calculate the antenna’s physical length, use a correction of 0.95 
for frequencies between 3 and 50 MHz. The figures given are for a 
half-wave antenna. 


Length (meters) = 150 x 0.95 7 142.50 
Frequency in MHz Frequency in MHz 


492 x 0.95 468 
Frequency in MHz Frequency in MHz 


Length (feet) 


The length of a long-wire antenna (one wavelength or longer) for 
harmonic operation is calculated by using the following formula, 
where N = number of half-wavelengths in the total length of the 
antenna. 


Length (meters) = 150 (N - 0.05) 
Frequency in MHz 
Length (feet) = 492 (N - 0.05) 


Frequency in MHz 
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Example: 3 half-wavelengths at 7 MHz is— 


Length (meters) 


150 (N - 0.05) 
Frequency in MHz 


= 150 (3 - .05) 
7 


= 150 x 2.95 


- 442.50 


— 63.2 meters 
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Section IV. Antenna Orientation 


The orientation of an antenna is extremely important. Determining 
the position of an antenna in relation to the points of the compass 
can make the difference between a marginal and good radio circuit. 


AZIMUTH 


If the azimuth of the radio’s path is not provided, determine it by the 
best available means. The accuracy required depends on the radia- 
tion pattern of the directional antenna. If the antenna beamwidth is 
very wide (e.g., 90° angle between half-power points) an error of 


HALF-POWER 
POINTS 


> o 


270° o° 270° 


180° 180° 
RELATIVE RELATIVE 
FIELD STRENGTH POWER 


Figure 2-11. Beamwidth Measured on Relative Field Strength 
and Relative Power Patterns. 
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10° is of little consequence. In transportable operation, the rhombic 
and vee antennas may have such a narrow beam that great accuracy 
is required to determine azimuth. The antenna should be erected for 
the correct azimuth. Great accuracy is not required to erect broad- 
beam antennas. 


Unless a line of known azimuth is available at the site, the direction 
of the path is best determined by a magnetic compass. Figure 2-12 
on page 2-28 is a map of magnetic declination, showing the varia- 
tion of the compass needle from the true north. When the compass 
is held so that the needle points to the direction indicated for the 
location on the map, all directions indicated by the compass will be 
true. 


Improvement of Marginal Communications 


It may not always be feasible to orient directional antennas to the 
correct azimuth of the desired radio path, and marginal communica- 
tions may suffer. To improve marginal communications— 


e Check, tighten, and tape cable couplings and connections. 
¢ Retune all transmitters and receivers in the circuit. 


e Check that the antennas are adjusted for proper operating fre- 
quency. 


e Change the heights of antennas. 


¢ Move the antenna a short distance away and in different loca- 
tions from its original location. 


¢ Separate transmitters from receiving equipment, if feasible. 
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Figure 2-12. Magnetic Declination Over the World. 
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Transmission and Reception of Strong Signals 


After an adequate site has been selected and the proper antenna ori- 
entation obtained, the signal level at the receiver will be propor- 
tional to the strength of the transmitted signal. 


WARNING 


EXCESSIVE SIGNAL STRENGTH MAY RESULT IN ENEMY IN- 
TERCEPT AND INTERFERENCE OR IN YOUR INTERFERENCE 
WITH ADJACENT FREQUENCIES. 


If a high-gain antenna is used, a stronger signal can be obtained. 
Losses between the antenna and the equipment can be reduced by 
using a high quality transmission line, as short as possible, and 
properly matched at both ends. 


WARNING 


BE EXTREMELY CAREFUL WHEN PUTTING UP, TAKING 
DOWN, OR MOVING ANTENNAS LOCATED NEAR HIGH VOLT- 
AGE OR COMMECIAL POWER LINES. ANTENNA CONTACT 
WITH THESE CAN AND MAY RESULT IN ELECTROCUTION 
OR SEVERE INJURY TO PERSONNEL HOLDING THE ANTEN- 
NA OR THE CONNECTING GUY WIRES AND CABLES. 


(reverse blank) 


Chapter 3 


Transmission Lines 


Transmission lines (antenna feed lines) conduct or guide electrical 
energy from the transmitter to the receiver. This chapter is oriented 
primarily toward transmission lines with field expedient antennas. 
For standard issue radios and antennas, use the issued coaxial cable. 
As long as radios, cables, and antennas are maintained in working 
order, they will operate as designed and won’t require any adjust- 
ments or changes based on the information in this chapter. 


PROPERTIES 


Transmission Line Types 


Transmission lines are classified according to construction and 
length, and fall into two main categories: balanced line and unbal- 
anced line. The terms balanced and unbalanced describe the rela- 
tionship between transmission line conductors and the Earth. 
Transmission lines may be classified as resonant or nonresonant 
lines, each of which may have advantages over the other under a 
given set of circumstances. 


Balanced Line. A balanced line is composed of two identical con- 
ductors, usually circular wires, separated by air or an insulating 
material (dielectric). The voltages between each conductor and 
ground produced by an RF wave as it moves down a balanced line, 
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are equal and opposite (i.e. at the moment one of the conductors 
supports a positive voltage with respect to ground, the other sup- 
ports a negative voltage of equal magnitude). Some balanced lines 
carry a third conductor in the form of a braided shield, which acts as 
ground. Conductor spacings up to several centimeters are com- 
monly used. Figure 3-1 shows balanced and unbalanced lines. 


PLASTIC COVERING BRAIDED WIRE SHIELD 


PLASTIC 
COVERING 


OPEN TWIN LINES INSULATORS SHIELDED LINE 


BALANCED TRANSMISSION LINES 


PLASTIC COVERING 
CONDUCTING GROUND PLANE 


OPEN SINGLE WIRE LINE SHIELDED LINE(COAX) 


UNBALANCED TRANSMISSION LINES 


Figure 3-1. Balanced and Unbalanced Transmission Lines. 
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Unbalanced Line. The unbalanced line is usually open single-wire 
line or coaxial cable. It is one-half of a balanced line. 


Nonresonant Line. A nonresonant line is a line that has no stand- 
ing waves of current and voltage. It is either infinitely long or is ter- 
minated in its characteristic impedance. Because there are no 
reflections, all of the energy passed along the line is absorbed by the 
load (except for the small amount of energy dissipated by the line). 


Resonant Line. A resonant transmission line has standing waves of 
current and voltage. The line is of finite length and is not terminated 
in its characteristic impedance. Reflections are present. A resonant 
line, like a tuned circuit, is resonant at some particular frequency. 
The resonant line will present to its source of energy a high or a low 
resistive impedance at multiples of a quarter-wavelength. Whether 
the impedance is high or low at these points depends on whether the 
line is short- or open-circuited at the output end. At points that are 
not exact multiples of a quarter-wavelength, the line acts as a capac- 
itor or an inductor. 


MINIMIZING ENERGY LOSS 


To communicate with minimal energy loss, elements such as imped- 
ance matching and attenuation (line losses) must be considered. 


Impedance 


Currents and waves cannot move from place to place without some 
dissipation; their flow is impeded. Impedance describes the nature 
and size of whatever impedes their flow. Impedance is an important 
consideration in selecting the proper transmission line. 
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A radio wave consists of electric and magnetic fields arranged per- 
pendicularly to each other and to the direction the wave travels. The 
impedance associated with this wave is the ratio of the potential dif- 
ference (voltage) to the current (amperage) at a given point along a 
transmission line. The following formula illustrates this. 


Voltage = Impedance 
Current 


In transmission lines, because of the length-frequency relationship, 
the characteristic impedance is more often discussed in terms of 
capacitance and inductance. In conventional circuits that contain 
inductors and capacitors, the inductance and capacitance are present 
in definite lumps. In an RF transmission line, however, these quan- 
tities are distributed throughout the entire line and cannot be sepa- 
rated from each other. 


If a transmitter is connected to a transmission line that is terminated 
in a load whose impedance is different from that of the line, only a 
portion of the available energy will be accepted by the load antenna, 
and the remainder will be reflected back down the line in the direc- 
tion of the transmitter. The energy is actually traveling in both 
directions along the line. 


If a transmitter is connected to a transmission line terminated in a 
load whose impedance exactly equals the impedance of the line, the 
line will absorb all of the energy except for that lost in the resistive 
and dielectric losses of the line. Current flowing through the line 
will be uniformly distributed along its length, and the voltage 
between the conductors on the line will be equal at all points. When 
this condition exists, the line is said to be perfectly matched and 
carries only a forward or incident wave. If the impedance of the 
transmission line and the load also equal the internal impedance 
(output impedance) of the transmitter, a maximum transfer of 
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energy (lowest system loss) is achieved (i.e., the transmitter or 
receiver, transmission line, and antenna are all the same imped- 
ance), and the best possible transfer of signal energy will occur. 


Optimizing Line Length 


When it is necessary to use a transmission line whose impedance is 
significantly different from that of the load, it is possible to make 
good use of standing waves and the repetitive impedance variations 
along the line to match the antenna to the transmitter or the receiver 
to the antenna by cutting the line to a specific length. An example 
is when the only available equipment consists of a 300-ohm twin- 
lead transmission line; a 50-ohm half-wave dipole antenna; and a 
50-ohm internal impedance transceiver. (Note: The internal imped- 
ance of most USMC radios is 50 ohms). Ordinarily, this impedance 
combination would result in lost energy that could affect the qual- 
ity of communications. However, if a single frequency is used to 
communicate, the length between the antenna and the receiver can 
be matched. This occurs because the impedance of the receiver is 
repeated at intervals of a half-wavelength along the line. 


For end-fed, long-wire antennas, a similar impedance match can be 
made by feeding the long wire with a quarter-wavelength piece of 
wire that is connected to the transmitter on one end and to the end 
of the long wire on the other. The quarter-wavelength section 
doesn’t need to be a separate piece of wire. For a 2-wavelength, 
long-wire antenna, for example, the wire can be cut to 2 1/4 wave- 
lengths. The entire quarter-wavelength section then becomes the 
transmission line between the radio and the antenna. 
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Attenuation 


Transmission lines do not transfer all of the energy applied at one 
end of the line to the opposite end. Attenuation is energy that is lost 
when converted into heart, partially due to conductor (wire) resis- 
tance. More energy is lost due to the insulation material used to 
space the conductors (dielectric loss). Some insulating materials 
(e.g., Teflon) have extremely low loss while others (e.g., rubber or 
wood) have relatively high loss, especially at frequencies above 
about 30 MHz. Old, dry wood (especially redwood) may be boiled 
in paraffin or bee’s wax to make a fairly good insulator at frequen- 
cies up to about 200 MHz. Polyethylene, a common insulation 
material used in coaxial cables, has an average loss of about twice 
that of Teflon in the 100-MHz range for cables having a diameter of 
less than about one centimeter. Dry air is a better insulator than 
most solid, liquid, or flexible materials. Some inert gases (e.g., 
nitrogen, helium, and argon) are superior to air and are often used 
under pressure to fill coaxial cables used with high-powered trans- 
mitters. 


Since attenuation results from conductor resistance and dielectric 
loss, transmission lines using large diameter conductors lose less 
energy than cables having small diameter conductors. Also, trans- 
mission lines having a large spacing between conductors (high 
impedance) will lose less energy than those with a smaller spacing 
(lower impedance) since they carry smaller currents and there is 
less energy lost in conductor resistance. Thus, 300-ohm twin-lead 
has less loss than coaxial cable at most frequencies. Among coaxial 
cables, the larger the diameter, the lower the loss, assuming the 
same insulator is used. It is also true that coaxial cable, which has 
an impedance of 75 ohm, has slightly lower loss than 50-ohm cable, 
when both cables have about the same diameter. When there is a 
choice, it is best to use the largest available transmission line which 
matches the impedance of both the antenna and transmitter. 
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MAKING THE BEST USE OF AVAILABLE 
TRANSMISSION LINES 


It is often necessary to feed a balanced antenna (e.g., horizontal 
dipole) with coaxial cable. While this is not considered good prac- 
tice, it will perform satisfactorily under most conditions. When 
coaxial cable is used for this purpose, it should run perpendicular to 
the dipole wires for a distance greater than one-half of the length of 
the dipole. This will help to prevent unwanted RF power from being 
induced on the outside shield of the cable. It is also advisable to 
make sure that the total length of the coaxial cable and one side of 
the antenna is not equal to a half-wavelength or any multiple 
thereof. This will prevent the outside conductor from becoming res- 
onant and acting as a radiating part of the antenna. The same pre- 
caution should be taken with twin-lead transmission line. 


Occasionally, it may also be necessary to feed an unbalanced 
antenna (e.g., a whip with twin-lead or balanced line). Again this is 
not considered good practice, but the bad effects can be minimized 
if care is taken. If the transmitter has a balanced output circuit, little 
difficulty will be experienced. However if the output is unbalanced, 
the hot terminal or coaxial center at the transmitter output must be 
connected to the same wire of the twin-lead as is the vertical whip 
at the other end of the twin-lead. This ensures that the ground side 
of the transmitter output is connected to the side of the twin-lead 
that goes to the ground side of the unbalanced antenna. 


If the twin-lead is reversed and the antenna ground terminal is con- 
nected to the hot terminal of the transmitter, a large portion of the 
transmitter output may be wasted, making communications either 
difficult or impossible. Twin-lead of the type commonly used with 
television sets usually has one tinned and one bare copper conduc- 
tor. This color coding readily permits correct connection of the 
transmitter to the antenna. It is also advisable to make the length of 
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the twin-lead equal to a half-wavelength or any multiple of a half- 
wavelength. When possible, the twin-lead should be twisted so that 
it forms a long helix with about one twist every thirty centimeters, 
or so. Twisting helps to prevent transmission line radiation and 
reduces noise pickup when receiving. 


Twin-Lead Limitations 


It is generally best not to use twin-lead or balanced line at frequen- 
cies higher than about 200 MHz for three reasons. 


First, the spacing between the two wires becomes sufficiently large 
in terms of a wavelength that radiation from the line occurs. When 
lengths over 30 meters are employed, this radiation may represent a 
significant loss of energy. 


Second, if the twin-lead or balanced lines must come in close con- 
tact (less than 2 or 3 cm) with metal, masonry, or wood surfaces, 
additional losses will be encountered due to the substantial imped- 
ance change which takes place along the section of the line next to 
the surface. This mismatch loss becomes apparent at frequencies 
above 200 MHz because the length of the section affected becomes 
a substantial portion of a wavelength long. At lower frequencies, 
the section of line involved is too short to be seriously affected. 


Third, twin-lead picks up more locally generated interference than 
coaxial cable since the outer conductor of the coaxial cable acts as a 
shield for the center conductor. Radiation and noise pickup by twin- 
lead can be partially prevented by twisting it once every 20 or 30 
centimeters. 


When using common, TV twin-lead (300 ohm), preference should 
be given to the deep brown rather than the light, colorless variety. 
The darker colored twin-lead withstands the effects of sunlight and 
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moisture after prolonged outdoor exposure much better than the 
clear type. The clear, colorless, twin-lead tends to crack after a few 
months exposure to the Sun. It also begins to absorb moisture which 
greatly increases energy loss. 


Directly Connecting the Transceiver and Antenna 


In many instances the transmitter or receiver may be connected 
directly to the antenna wire without using a transmission line. This 
is particularly true with indoor antennas in the HF range and with 
many VHF whip antennas designed for use with manpack trans- 
ceivers. 


When a direct connection is made between a transmitter and the 
antenna at frequencies below 30 MHz or where the length of the 
antenna wire is much shorter than 0.25 A, the output circuit of the 
transmitter usually contains a matching device which may be used 
to tune the antenna efficiently to resonance. This tuning actually 
matches the impedance of the antenna to the output impedance of 
the transmitter. 


When a VHF transceiver is designed to connect directly to a short 
whip or self-contained, collapsible rod, the output circuit is usually 
designed to accommodate the range of impedances likely to be 
encountered at the base of the whip or rod. 


The efficiency of these devices is usually low since the ground 
return circuit for the antenna may range from nothing more than the 
case of the transmitter to the hand and body of an individual hold- 
ing the device. The impedance of the antenna may vary with fre- 
quency over a range of 5 to 1 or greater. Thus, antenna efficiencies 
of from 25 to 50 percent are not uncommon with such devices. 
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BALUNS 


There are times when a balanced antenna must be used with a trans- 
mitter or receiver which has an unbalanced output or input circuit. 
While it is possible to make a direct connection between balanced 
and unbalanced devices, it is certainly not good practice. A balun 
can be used to transform energy from balanced to unbalanced 
devices and vice versa. 


The word balun comes from balanced to unbalanced transformer. 
Many balun types are easily constructed in the field. Using them 
can often make the difference between marginal communications 
and completely solid contact. This may be especially true in the 
receiving case where a balun can result in a substantial reduction in 
the amount of manmade noise and interference received by a poorly 
balanced antenna system. The balun is usually placed at the antenna 
terminals so that a coaxial transmission line can be used. However, 
it is possible to feed a balanced antenna with twin-lead or any kind 
of balanced line, and the balun is placed near the transmitter or 
receiver terminals (see figs. 3-2 and 3-3). 


BALANCED ANTENNA 


— r-— 


BALUN 


TRANSMITTER OR 
<t— RECEIVER 


COAX 


Figure 3-2. A Balun Placed at the Antenna. 
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ANTENNA 


<r 


TRANSMITTER OR 
<t— RECEIVER 


COAX > BALUN =| / 


TWIN LEAD 
Figure 3-3. Balun Placed at the Transmitter or Receiver. 


Cable Connectors 


Cable connector fittings are available for all standard transmission 
lines. Although it takes some time to prepare the cable ends and sol- 
der the fittings on, it may be well worth it later if rapid assembly or 
disassembly of a communications system is necessary. 


Balanced Antenna 


It is highly desirable to use a receiving antenna which is balanced 
with respect to ground. This insures the antenna’s insensitivity to 
locally generated noise. Balancing only the receiving antenna is not 
enough. The entire receiving system must be balanced to success- 
fully reject noise. The antenna should be connected to its receiver 
so as not to disrupt the antenna’s balance. Receivers are supplied 
with either balanced or unbalanced antenna terminals, and some- 
times both. 


(reverse blank) 


Chapter 4 


HF Antenna Selection 


The HF portion of the radio spectrum is very important to commu- 
nications. Radio waves in the 3 to 30 MHz frequency range are the 
only ones that are capable of being reflected or returned to Earth by 
the ionosphere with predictable regularity. To optimize the proba- 
bility of a successful sky wave communications link, select the fre- 
quency and take-off angle that is most appropriate for the time of 
day transmission is to take place. 


Merely selecting an antenna that radiates at a high elevation angle is 
not enough to ensure optimum communications. Various large con- 
ducting objects, in particular the Earth’s surface, will modify an 
antenna’s radiation pattern. Sometimes, nearby scattering objects 
may modify the antenna’s pattern favorably by concentrating more 
power toward the receiving antenna. Often, the pattern alteration 
results in less signal transmitted toward the receiver. 


When selecting an antenna site, the operator should avoid as many 
scattering objects as possible. How the Earth’s surface affects the 
radiation pattern depends on the antenna’s height. The optimum 
height above electrical ground is about 0.4 A at the transmission fre- 
quency. However, the exact height is not critical. 


Although NVIS is the chief mode of short-haul HF propagation, the 
ground wave and direction (LOS) modes are also useful over short 
paths. How far a ground wave is useful depends on the electrical 
conductivity of the terrain or body of water over which it travels. 
The direct wave is useful only to the radio horizon, which extends 
slightly beyond the visual horizon. 
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ANTENNA SELECTION PROCEDURE 


Selecting the right antenna for an HF radio circuit is very important. 
When selecting an HF antenna, first consider the type of propaga- 
tion. Ground wave propagation requires low take-off angle and ver- 
tically polarized antennas. The whip antenna included with all radio 
sets provides good omnidirectional ground wave radiation. 


If a directional antenna is needed, select one with good, low-angle 
vertical radiation. An example is an AN/MRC-138 with its compo- 
nent 32-foot whip set up on a 200-mile circuit. With the radiation 
characteristics of the whip antenna, the radiated power of the trans- 
mitter or whip could be 300 watts for the take-off angle required for 
a 200-mile circuit. 


If a 35-foot half-wave horizontal dipole is used instead of the whip, 
the radiated power would be 5,000 watts. By using the dipole 
instead of the whip, the radiated power is increased more than 16 
times. A circuit with 5,000 watts of radiated power produces a bet- 
ter signal than a 300-watt circuit using the same frequency. 


Selecting an antenna for sky wave propagation is more complex. 
First, find the circuit (range) distance so that the required take-off 
angle can be determined. Table 4-1 gives approximate take-off 
angles for daytime and nighttime sky wave propagation. A circuit 
distance of 966 kilometers (600 miles) requires a take-off angle of 
approximately 25° during the day and 40° at night. Select a high- 
gain antenna (25° to 40°). If propagation predictions are available, 
skip this step, since the predictions will probably give the take-off 
angles required. 


Next, determine the required coverage. A radio circuit with mobile 
(vehicular) stations or several stations at different directions from the 
transmitter requires an omnidirectional antenna. A point-to-point 


Antenna Handbook 


4-3 


circuit uses either a bidirectional or a directional antenna. Normally, 
the receiving station locations dictate this choice (see table 4-1). 


Table 4-1. Take-Off Angle vs. Distance. 


Take-off Angle Distance 
(Degrees) F2 Region Daytime | F2 Region Nighttime 

kilometers miles kilometers miles 

0 3220 2000 4508 2800 

5 2415 1500 3703 2300 

10 1932 1200 2898 1800 

15 1450 900 2254 1400 

20 1127 700 1771 1100 

25 966 600 1610 1000 

30 725 450 1328 825 

35 644 400 1127 700 

40 564 350 966 600 

45 443 275 805 500 

50 403 250 685 425 

60 258 160 443 275 

70 153 95 290 180 

80 80 50 145 90 

90 0 0 0 0 


Before selecting a specific antenna, examine the available construc- 
tion materials. At least two supports are needed to erect a horizontal 
dipole, with a third support in the middle for frequencies of 5 MHz 
or less. If these supports or other items to use as supports are 
unavailable, the dipole cannot be constructed, and another antenna 
should be selected. Examine the proposed antenna site to determine 
if the antenna will fit. If not, select a different antenna. 
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The site is another consideration. Usually, the tactical situation 
determines the position of the communications antennas. The ideal 
setting would be a clear, flat area (i.e., no trees, buildings, fences, 
power lines, or mountains). Unfortunately, an ideal location is sel- 
dom available. Choose the clearest, flatest area possible. If the pro- 
posed site is obstructed, try to maintain the horizontal distance 
listed in table 4-2. Often, an antenna must be constructed on irregu- 
lar sites. This does not mean that the antenna will not work. It 
means that the site will affect the antenna’s pattern and function. 


Table 4-2. Assuming a 30-Foot Antenna and 


75-Foot Trees 
Take-Off Angle Required Horizontal Distance 
(Degrees) from Trees 

0 18 kilometers 

5 1932 meters 

10 966 meters 

15 644 meters 

20 483 meters 

25 370 meters 

30 298 meters 

35 241 meters 

40 201 meters 

45 169 meters 

50 145 meters 

60 105 meters 

70 64 meters 

80 32 meters 

90 0 meters 
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After selecting the antenna, determine how to feed the power from 
the radio to the antenna (fig. 4-1). Most tactical antennas are fed 
with coaxial cable (RG-213). Coaxial cable is a reasonable compro- 
mise of efficiency, convenience, and durability. Issued antennas 
include the necessary connectors for coaxial cable or for direct con- 
nection to the radio. 


INSULATING SPACERS 


PLASTIC SHIELDING 


—_ CENTER CONDUCTOR 


INSULATION 
Figure 4-1. Antenna Feed Lines. 


Problems may arise in connecting field expedient antennas. The 
horizontal half-wave dipole uses a balanced transmission line 
(open-wire). Coaxial cable can be used, but it may cause unwanted 
RF current. 


A balun prevents unwanted RF current flow, which causes a radio 
to be hot and shock the operator. Install the balun at the dipole feed 
point (center) to prevent unwanted RF current flow on the coaxial 
cable. If a balun is unavailable, use the coaxial cable that feeds the 
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antenna as a choke (see fig. 4-2). Connect the cable’s center wire to 
one leg of the dipole and the cable braid to the other antenna leg. 
Form the coaxial cable into a 6-inch coil (consisting of ten turns), 
and tape it to the antenna under the insulator for support. 


6” COIL TAPED TO INSULATOR 


TO TRANSMITTER 


Figure 4-2. Coax RF Current Choke. 


DETERMINING ANTENNA GAIN 


Determine antenna gain at a specific take-off angle from the vertical 
radiation pattern. Figure 4-3 shows the vertical antenna pattern for 
the 32-foot vertical whip. The numbers along the outer ring (90°, 
80°, 70°) represent the angle above the Earth; 90° would be straight 
up, and 0° would be along the ground. Along the bottom of the pat- 
tern are numbers from -10 (at the center) to +15 (at the edges). 
These numbers represent the gain in decibels over an isotropic radi- 
ator (dBi). 


To find the antenna gain at a particular frequency and take-off 
angle, locate the desired take-off angle on the plot. Follow that line 
toward the center of the plot to the pattern of the desired frequency. 
Drop down and read the gain from the bottom scale. If the gain of a 
32-foot vertical whip at 9 MHz and 20° take-off angle is desired, 
locate 20° along the outer scale. Follow this line to the 9-MHz 
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———— 3MHz 


Figure 4-3. 32-Foot Vertical Whip, Vertical Pattern. 


pattern line. Move down to the bottom scale. The gain is a little less 
than 2.5 dBi (the line between 0 and 5 dBi). The gain of the 32-foot 
vertical whip at 9 MHz and 20° is 2 dBi. 


Once the antenna’s overall characteristics are determined, use the 
antenna selection matrix (table 4-3 on page 4-8) to find the specific 
antenna for a circuit. If the proposed circuit requires a short-range, 
omnidirectional, wideband antenna, the selection matrix shows that 
the only antenna that meets all the criteria is the AS-2259/GR. 


If the circuit requires a medium-range directional antenna, several 
antennas could be used (e.g., long wire, sloping vee, or vertical half- 
rhombic). The antenna choice depends on available installation 
space, available components, and required highest gain take-off 
angle. For a required take-off angle of 25° at a frequency of 9 MHz, 
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the 100-foot vertical half-rhombic antenna is the best choice because 
it provides the highest gain at the required take-off angle. 


Table 4-3. Antenna Selection Matrix. 


Polar- | Band- 
Use Directivity | ization | width 
Sky Wave 
8 
5 
o 
a 
go 3 is 
212 es 2\s gs 
$je 8 2\8 s Els 
3 i|©® £€ = |/= Bb OIE Fs 
5 cr 3 > 2 E: o 8 8 1) 3 
2/2 8 §je 2 £15 SIE & 
O|ln 5S 34/0 @ O|zr s/s Zz 
AS-2259/GR X X X 
Vertical Whip X X xX | X 
Half-Wave Dipole xX X X X Xx 
Inverted Vee xX Xx Xx X 
Long Wire X xX X xX X xX | X 
Inverted L xX |X xX xX X x x 
Sloping Vee X X X 
Sloping Wire Xx xX xX xX xX xX | X 
Vertical Half-Rnombic | X Xx 
ANTENNA TYPES 


The AS-2259/GR, vertical whip, half-wave dipole, inverted vee, 
long wire, inverted L, sloping vee, sloping wire, and vertical half- 
rhombic antennas are described and illustrated. 
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AS-2259/GR 


The AS-2259/GR antenna (fig. 4-4) provides NVIS propagation for 
short-range radio circuits. It consists of two crossed sloping dipoles 
positioned at right angles to each other and is supported at the center 
by a 15-foot mast. In use, the dipole’s components provide guying 
support for the mast. Characteristics are— 


Frequency range: 2 to 30 MHz 

Polarization: Horizontal and vertical simultaneously 
Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): See figure 4-5 on page 4-10 


> 
NY 


Figure 4-4. AS-2259/GR. 
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Figure 4-5. AS-2259 Vertical Radiation Pattern. 


Vertical Whip 


The vertical whip is a component of all Marine Corps radio sets 
(see fig. 4-6). It is available and easy to use on almost all radio cir- 
cuits; however, it is probably the worst antenna to use on sky wave 
circuits. Unless the radio circuit involves omnidirectional ground 
wave propagation, any other antenna would provide better commu- 
nications. For example, vertical whips are often used for long-range 
point-to-point circuits with marginal success. Since the circuit is 
point-to-point, there is no need to radiate energy in all directions. 
Radiation in directions other than at the distant station is wasted and 
serves no useful purpose. Concentrating the omnidirectional radia- 
tion at the distant station produces a better received signal and 
reduces interference around the transmitting antenna. Concentrate 
radiation in a single direction with a directional antenna. Figures 
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4-7 on page 4-12, 4-8 on page 4-13, and 4-3 on page 4-7 illustrate 
various vertical whip antenna patterns. 


Characteristics are— 


Frequency range: 2 to 30 MHz 
Polarization: Vertical 

Power capability: Matched to specific radio 
Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): See figures 4-7 on page 4-12, 4-8 on 
page 4-13, and 4-3 on page 4-7 


<+— 114 —> 


DISTANT STATION——____» 


<1 REFLECTOR 


WHIP CONNECTED 
+— TORADIO 


7 


Figure 4-6. Vertical Whip with Reflector. 


If a vertical whip must be used, there are several techniques to 
improve the antenna radiation. If the antenna is mounted directly to 
the radio, ground the radio. If the antenna is remoted from the radio 
ground the antenna base plate. A 6-foot ground rod is preferable for 
both. Ground radials (wires spread out like wheel spokes with the 
antenna at the center) may improve the antenna radiation. Connect 
these radials to the ground rod directly beneath the antenna. 
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Figure 4-7. 10-Foot Vertical Whip (Vertical Pattern). 


A ground radial system can be constructed easily from field tele- 
phone wire (WDI/TT) and can be kept with the radio. Cut the field 
wire into twenty 45-foot lengths, and remove 6 inches of insulation 
from one end. Using twine or a clamp, bundle together the uninsu- 
lated (bare) ends. Attach a 2-foot length of thick wire to the bare 
ends so that the thick wire extends about one foot beyond the wire 
bundle. Solder the wire bundle to ensure good electrical contact. In 
use, the thick wire extending from the bundle connects the radials to 
a ground rod. The radials are then spread out like wheel spokes with 
the vertical whip at the center. Radio operators should experiment 
with different radial systems to determine which one provides the 
best connectivity. 


A reflector placed approximately one-quarter wavelength behind a 
vertical whip may also improve the whip’s performance. A reflector 
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is a vertical wire, metallic pole, or another whip that is insulated 
from the ground. It is placed so that the reflector, the whip, and the 
distant station are on a straight line. The reflector will reflect radio 
energy striking it and cause the energy to travel toward the distant 
station, increasing the total energy radiated in the desired direction. 
To work properly, the reflector must be longer than the whip. If the 
reflector is shorter, it will act as a director, directing the radio signal 
away from the distant station. A reflector is longer and is placed 
behind the whip; a director is shorter and is placed between the 
whip and the distant station. Adjust the position of the reflector 
while listening to the distant station until the strongest signal is 
received. 
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Figure 4-8. 15-Foot Vertical Whip (Vertical Pattern). 
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The length of a vertical whip antenna is calculated from the follow- 
ing formula: 


: 234 
Length in feet = Frequency in MHz 
For WD-1/TT 
. 225.50 
Lengthinfeet = Frequency in MHz 


Half-Wave Dipole 


The horizontal half-wave dipole (doublet) antenna is used on short- 
and medium-length sky wave paths (up to approximately 1,200 
miles). Since it is relatively easy to design and construct, the dou- 
blet is the most commonly used field expedient wire antenna. It is a 
very versatile antenna; by adjusting the antenna’s height above 
ground, the maximum gain can vary from medium take-off angles 
(for medium path-length circuits) to high take-off angles (for short 
path-length circuits). When the antenna is constructed for medium 
take-off angle gain (a height of approximately one-half wave- 
length), the doublet is a bidirectional antenna (i.e., the maximum 
gain is at right angles to the wire). This is the broadside pattern nor- 
mally associated with a half-wave dipole antenna. Format A in fig- 
ure 4-9 shows this pattern in polar plot format. 


Format B shows the radiation off the ends of the wire. It is easily 
seen by comparing with format A that for maximum gain, a doublet 
one-half wavelength above ground should be constructed so that the 
side of the antenna points in the direction of the distant station. If 
the antenna is lowered to only one-quarter wavelength above 
ground, format C results. This lower antenna height produces 
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maximum gain at high take-off angles. In format D, the radiation 
off the ends of the doublet also has maximum gain at high take-off 
angles. This means that for short path-length circuits, which require 
high take-off angles, a doublet antenna one-quarter wavelength 
above ground produces almost omnidirectional coverage. 


ne} = 
A B 

ne = 
Cc D 


Figure 4-9. Illustrative Doublet Antenna Patterns. 


The vertical plots included for half-wave dipole antennas are given 
for heights from 8 to 12 meters. The plot for 8 meters shows that for 
3 and 9 MHz the antenna has high-angle radiation. At those fre- 
quencies the antenna is close to ground (compared to a half-wave- 
length). The pattern for 18 MHz shows the characteristic 
bidirectional pattern since 8 meters is a half-wave at 18 MHz. 


The half-wave dipole is a balanced resonant antenna (see fig. 4-10 
on page 4-16). It produces its maximum gain for a very narrow 
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range of frequencies, normally 2 percent above or below the design 
frequency. Since frequency assignments are usually several mega- 
hertz apart, it is necessary to construct a separate dipole for each fre- 
quency assigned (see figs. 4-11 and 4-12 on page 4-17, and 4-13 on 
page 4-19). If space and other resources are unavailable to erect sep- 
arate dipoles, three or four dipoles can be combined to occupy the 
space normally required for one. 


Each wire is a half-wavelength for an assigned frequency. The sepa- 
rate dipoles are connected to the same center insulator, or preferably 
a balun, and are fed by a single coaxial cable. When the antenna is 
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Figure 4-10. Half-Wave Dipole Antenna. 
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Figure 4-11. 8-Meter Half-Wave Dipole (Vertical Pattern). 


TAKE-OFF ANGLE 
soe =: 90° ge 
70° 


LX GE SS 

fy « Vas ALAR 
LORS 

PERS 


- 0 
! 
———— 3MHz 


seemeeemenes 18 MHz 
Figure 4-12. 10-Meter Half-Wave Dipole (Vertical Pattern). 
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fed with an assigned frequency, the doublet cut for that frequency 
will radiate the energy. Up to four separate dipoles can be combined 
in this manner. When constructing this antenna, examine the indi- 
vidual frequency assignments to determine if one frequency is three 
times as large as another. If this relationship exists between two fre- 
quencies, one dipole cut in length for the lower of the two frequen- 
cies will work well for both frequencies. 


The length of a half-wave dipole is calculated from the following 
relationship: 


142 meters - 468 feet 
Frequency in MHz Frequency in MHz 


Dipole length = 


The height of a half-wave dipole is figured using— 


: 7 75 meters 246 feet 
Bene. = Frequency in MHz ae Frequency in MHz 
ieisheR” <= 150 meters 492 feet 


Frequency in MHz i Frequency in MHz 


Use the right relationship for the right purpose. If the height rela- 
tionship is used for the dipole length, the antenna will be too long 
and will not work properly. Characteristics are— 


Frequency range: + 2% of design frequency 
Polarization: Horizontal 
Power capability: 1,000 watts 
Radiation Pattern 
Azimuthal (bearing): Bidirectional A/2 high 

basically omnidirectional at A/4 high 
Vertical (takeoff angle): See figures 4-11 and 4-12 on page 


4-17, and 4-13 on page 4-19 


Antenna Handbook ————_—_—————— 4-19 


TAKE-OFF ANGLE 


Figure 4-13. 12-Meter Half-Wave Dipole (Vertical Pattern). 


Inverted Vee 


The inverted vee, or drooping dipole, is similar to a dipole but uses 
only a single center support (see fig. 4-14 on page 4-20). Like a 
dipole, it is designed and cut for a specific frequency and has a 
bandwidth of 2 percent above or below the design frequency. 
Because of the inclined sides, the inverted vee antenna produces a 
combination of horizontal and vertical radiation—vertical off the 
ends and horizontal broadside to the antenna. All the construction 
factors for a dipole also apply for the inverted vee. The inverted vee 
has less gain than a dipole, but using only a single support could 
make this antenna the preferred antenna in some tactical situations 
(see fig. 4-15 on page 4-21). 
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Characteristics are— 


Frequency range: + 2% of design frequency 

Polarization: Horizontal 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Basically omnidirectional with combi- 


nation polarization 
Vertical (take-off angle): See figure 4-15 


INSULATOR 
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Figure 4-14. Inverted Vee Antenna. 
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Figure 4-15. Inverted Vee (Vertical Pattern). 


Long Wire 


A long wire antenna is one that is long compared to a wavelength 
(see fig. 4-16 on page 4-22). A minimum length is one-half wave- 
length. However, antennas that are at least several wavelengths long 
are needed to obtain good gain and directional characteristics. Con- 
structing long wire antennas is simple, and there are no critical 
dimensions or adjustments. A long wire antenna will accept power 
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Figure 4-16. Long Wire Antenna. 


and radiate it well on any frequency for which its overall length is 
not less than one-half wavelength. 


The gain and take-off angle of a long wire antenna depend on the 
antenna’s length. The longer the antenna, the more gain, and the 
lower the take-off angle. Gain has a simple relationship to length; 
however, take-off angle is a bit more complicated. A long wire 
antenna radiates a cone of energy around the tie wire, much like a 
funnel with the antenna wire passing through the funnel opening. 
The narrow part of the funnel would be the feed point, and the open 
part would be toward the distant station. If the funnel were cut in 
half, the resulting half cone would represent the pattern of the 
antenna. As the antenna is lengthened, the cone of radiation (fun- 
nel) moves closer and closer to the wire. Figure 4-17 shows pattern 
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Figure 4-17. Long Wire Radiation Patterns. 


changes as the wire is lengthened. The patterns represent a view 
from directly below the antenna. 


In the three-wavelength pattern, for very low-angle radiation, posi- 
tion the wire somewhat away from the direction of the distant sta- 
tion so that the main lobe of radiation points at the receiving station. 
If a higher take-off angle is required, point the wire directly at the 
distant station. For take-off angles from 5 to 25 feet, the following 
general off-axis angles will provide satisfactory radiation on toward 
the distant station (see table 4-4). 


Table 4-4. Off-Axis Angle. 
Wire Length (Feet) 2| 3) 4! 5| 6 


Off-Axis Angle (Degrees) 30) 20} 13) 10} 10 


To make a long wire antenna directional, place a terminating device 
at the distant station end of the antenna. The terminating device 
should be a 600-ohm, noninductive resistor capable of absorbing at 
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least one-half of the transmitter power. Terminating resistors are 
components of some radio sets but can also be fabricated locally 
using supply system components (100-watt, 106-ohm resistor). 


Constructing a long wire antenna requires only wire, support poles, 
insulators, and a terminating resistor (if directionality is desired). 
The only requirement is that the antenna be strung in as straight a 
line as the situation permits. The antenna is only 15 to 20 feet above 
ground, so tall support structures are not required. The antenna is 
normally fed through a coupler that can match the antenna’s 600- 
ohm impedance. Coaxial cable can be used if a 12 to 1 balun is 
available to convert the coaxial cable 50-ohm impedance to the 
required 600 ohms. Vertical radiation plots of this antenna are not 
presented because of the great variation in the pattern as the length 
changes. For take-off angles between 5 and 25 feet, use the off-axis 
graph (table 4-4 on page 4-23) and the gain versus length graph 
(table 4-5) to determine the proper antenna length. Characteristics 
are— 


Frequency range: 2 to 30 MHz 

Polarization: Vertical 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Bidirectional with terminating resistor 


Vertical (take-off angle): Depends on length 


Inverted L 


The inverted L is a combination antenna made up of a vertical sec- 
tion and a horizontal section (see fig. 4-18). It provides omnidirec- 
tional radiation for ground wave propagation from the vertical 
element and high-angle radiation from the horizontal element for 
short-range sky wave propagation. The classic inverted L has a 
quarter-wave vertical section and a half-wave horizontal section 


Antenna Handbook —-—_—_ 4-25 


INSULATORS 


ANTENNA WIRE 


Figure 4-18. Inverted L Antenna. 


and is used for a very narrow range of frequencies. By using the 
antenna couplers that are part of many radio sets, the dimensions of 
the inverted L can be modified to allow ground wave and short- 
range sky wave propagation over a range of frequencies. Using a 
vertical height of 35 to 40 feet, the following horizontal lengths will 
give reasonable performance for short-range sky wave circuits. 


Table 4-5. Gain Versus Length. 


Frequency Range (MHz) 2.5 to 4.0] 3.5 to 6.0) 5.0 to 7.0 


Horizontal Length (Feet) 150 100 80 
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Figure 4-19. 40-Foot Inverted L (Vertical Pattern), 
150 Feet Long. 


Orient the antenna like a dipole (i.e., the broad side of the antenna 
should be toward the distant station). These lengths should not be 
used outside the frequency ranges specified because the antenna 
radiation pattern changes, and for frequencies much removed from 
the range, the antenna will become directional off the wire end. (See 
the sloping wire paragraphs on page 4-34 for using this directional 
characteristic.) The inverted L antenna can be used as a substitute 
for the dipole; however, it has less gain than a dipole, and its radia- 
tion pattern varies with frequency (unlike a dipole). Figures 4-19, 
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Figure 4-20. 40-Foot Inverted L Antenna (Vertical Pattern), 
80 Feet Long. 


4-20, and 4-21 on page 4-28 illustrate vertical patterns of various 
inverted L antennas. Characteristics are— 


Frequency range: Less than 2:1 over design frequency 

Polarization: Vertical from vertical section 
Horizontal from horizontal section 

Power capability: 1,000 watts 

Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): See figures 4-19, 4-20, and 4-21 on 
page 4-28 
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Figure 4-21. 40-Foot Inverted L (Vertical Pattern), 
100 Feet Long. 


Sloping Vee 


The sloping vee is a medium- to long-range sky wave antenna that 
is simple to construct in the field. Antenna gain and directivity 
depend on the leg length. For reasonable performance, the antenna 


Antenna Handbook ——-___ 4-29 


should be at least one wavelength long, but preferably several 
wavelengths long (see fig. 4-22). 
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Figure 4-22. Sloping Vee Antenna. 
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A compromise tactical sloping vee can be constructed using 500- 
foot legs and a 40-foot support mast. The angle between the two 
legs is adjusted to provide maximum radiation at the desired take- 
off angle. Table 4-6 shows the angles between legs (apex angle) that 
will give poor results for the distances indicated. 


Table 4-6. Angle Between Antenna Legs 
for Poor Results. 


Path Length 
(Miles) 700 to 1000 | 1000 to 1500 over 1500 


Apex Angle 
(Degrees) 60 45 30 


To make the antenna directional, use terminating resistors on each 
leg on the open part of the vee. The terminating resistors should be 
300 ohms and be capable of handling one-half of the transmitter’s 
power output. These terminations are either procured or fabricated 
locally using supply system parts (100-watt, 106-ohm resistor). 
Using the terminating resistors, the antenna is aimed so that the line 
cutting the vee in half is pointed at the distant station. 
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Figure 4-23. 40-Foot Sloping Vee (Vertical Pattern), 
500 Feet Long, 30° Apex Angle. 


The sloping vee is normally fed with a 600-ohm, open-wire feed 
line. One side of the feed line is connected to one leg with the other 
side connected to the other leg. The open-wire feed line can be con- 
nected to a 12 to 1 balun, which is then connected to standard coax- 
ial cable. Figures 4-23, 4-24 on page 4-32, and 4-25 on page 4-33 
illustrate the vertical patterns for various sloping vee antennas. 
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Figure 4-24. 40-Foot Sloping Vee Antenna (Vertical Pattern), 
500 Feet Long, 45° Apex Angle. 


Characteristics are— 


Frequency range: 3 to 30 MHz 

Polarization: Horizontal 

Power capability: Depends on terminating resistors 

Radiation pattern 

Azimuthal (bearing): Directional (20° either side of 
direction of radiation) 

Vertical (takeoff angle): See Figures 4-23, 4-24 on page 


4-32, and 4-25 on page 4-33 
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Figure 4-25. 40-Foot Sloping Vee Antenna (Vertical Pattern), 
500 Feet Long, 60° Apex Angle. 


Sloping Wire 


The sloping wire antenna is simple and easy to construct. It requires 
only one support (see fig. 4-26 on page 4-34). A version of the long 
wire antenna, the sloping wire produces best results when it is long 
compared to a wavelength. Tactical sloping wires vary in length 
from 45 to over 500 feet. The shorter lengths perform rather poorly 
and should be used only when no other antenna can be erected. The 
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longer lengths (e.g., 250 feet, 500 feet) can produce good radiation 
for medium to long sky wave paths. 
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Figure 4-26. Sloping Wire. 


A sloping wire can be either terminated or unterminated. If avail- 
able, use 600-ohm termination because this makes the antenna 
impedance fairly constant, and a balun can be used to match the 
antenna to a transmitter. If the antenna is unterminated, use a cou- 
pler to match the transmitter to the antenna. 


The low end of the wire should be oriened toward the receiving sta- 
tion. If the wire is unterminated, feed the antenna at the low end. If 
a terminating resistor is used, feed the antenna low end. Figure 4-27 
and figures 4-28 and 4-29 on page 4-36 illustrate the vertical pat- 
terns for various sloping wire antennas. 
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Characteristics are— 


Frequency range: Depends on wire length/configura- 
tion 

Polarization: Vertical 

Power capability: Determined by terminating resistor 

Radiation pattern 

Azimuthal (bearing): Bidirectional for unterminated 


Directional for terminated 
Vertical (take-off angle): See figure 4-27 and figures 4-28 and 
4-29 on page 4-36 


TAKE-OFF ANGLE 
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Figure 4-27. 100-Foot Sloping Wire (Vertical Pattern). 


4-36 —@£@ ——_—_—————__ MCR PP 6-22D 


TAKE-OFF ANGLE 
“aor: 320") Bae 


WAS 
Le 


We 
Wz 


3 MHz —_——_—— — 9 MHz eee tree 18 MHz 


Figure 4-28. 250-Foot Sloping Wire (Vertical Pattern). 
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Figure 4-29. 234-Foot Sloping Wire (Vertical Pattern). 
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Vertical Half-Rhombic 


The vertical half-rhombic antenna is a version of the long wire 
antenna that uses a single center support (see fig. 4-30). Easily con- 
structed, this antenna has a narrow width (as wide as the center sup- 
port guys), which allows several to be installed in a relatively 
narrow area. The vertical half-rhombic antenna radiates a medium- 
to low-angle signal, making it a good choice for medium- to long- 
range sky wave circuits. Normally, the 500-foot version is the max- 
imum length of antenna that most tactical situations will allow; 
however, the vertical radiation pattern for a 1,000-foot version is 
included, so that if the opportunity exists, the antenna can be used 
for excellent results. 


<— ANTENNA WIRE 


INSULATOR 


INSULATOR 


Figure 4-30. Vertical Half-Rhombic Antenna. 
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The vertical half-rhombic uses a single wire feed either through a 
coupler or a balun (12 to 1). One of the two terminals of the coupler 
or balun is attached to the antenna, while the other terminal is 
grounded. Like other terminated antennas, the terminating resistor 
(600 ohms) should be able to handle one-half of the transmitter’s 
power output. Terminators can be procured or fabricated locally 
(100-watt, 106-ohm resistor). 


The orientation of this antenna depends on the frequency bands 
being worked. Below 12 MHz, point the terminated end of the 
antenna at the distant station; above 12 MHz, aim the antenna 10 
feet to either side of the distant station. Figures 4-31 and 4-32 illus- 
trate the vertical patterns for various vertical half-rhombic antennas. 
Characteristics are— 


Frequency range: 2 to 30 MHz 

Polarization: Vertical 

Power capability: Determined by terminating resis- 
tor 


Radiation pattern 
Azimuthal (bearing): Directional 
Vertical (take-off angle): See Figures 4-31 and 4-32 


Antenna Handbook —W¥—————- 4-39 


TAKE-OFF ANGLE 
, Be HO ogg 


3 MHz ——_—— — 9 MHz emcees 18 MHz 


Figure 4-31. 50-Foot Vertical Half-Rhombic (Vertical Pattern), 
500 Feet Long. 
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Figure 4-32. 50-Foot Vertical Half-Rhombic (Vertical Pattern), 
1,000 Feet Long. 
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HF NVIS COMMUNICATIONS 


NVIS propagation is simply sky wave propagation that uses anten- 
nas with high-angle radiation and low operating frequencies. Just as 
the proper selection of antennas can increase the reliability of a 
long- range circuit, short-range communications also require proper 
antenna selection. NVIS propagation is one more weapon in the 
communicator’s arsenal. 


To communicate over the horizon to an amphibious ship on the 
move, or to a station 100 to 300 kilometers away, the operators 
should use NVIS propagation. The ship’s low take-off angle 
antenna is designed for medium and long-range communications. 
When the ship’s antenna is used, a skip zone is formed. This skip 
zone is the area between the maximum ground wave distance and 
the shortest sky wave distance where no communications are possi- 
ble. Depending on operating frequencies, antennas, and propagation 
conditions, this skip zone can start at roughly 20 to 30 kilometers 
and extend out to several hundred kilometers, preventing communi- 
cations with the desired station. 


NVIS propagation uses high take-off angle (60° to 90°) antennas to 
radiate the signal almost straight up. The signal is then reflected 
from the ionosphere and returns to Earth in a circular pattern all 
around the transmitter. Because of the near-vertical radiation angle, 
there is no skip zone. Communications are continuous out to several 
hundred kilometers from the transmitter. The nearly vertical angle 
of radiation also means that lower frequencies must be used. Gener- 
ally, NVIS propagation uses frequencies up to 8 MHz. 


The steep up and down propagation of the signal gives the operator 
the ability to communicate over nearby ridge lines, mountains, and 
dense vegetation. A valley location may give the operator terrain 
shielding from hostile intercept and also protect the circuit from 


Antenna Handbook ——————— 4-41 


ground wave and long-range sky wave interference. Antennas used 
for NVIS propagation need good high take-off angle radiation with 
very little ground wave radiation (see fig. 4-33). 


Using the HF antenna selection matrix (table 4-4 on page 4-8), the 
AS-2259/GR and half-wave dipole are the only antennas listed that 
meet the requirements of NVIS propagation. While the inverted vee 
and inverted L antennas have high-angle radiation, they also can 
have strong ground wave radiation that could interfere with the 
close-in NVIS communications. These antennas could be used if 
terrain shielding prevented the ground wave signal from propagat- 
ing to the distant station. 


IONOSPHERE 


|< 200-300 km >| 


Figure 4-33. NVIS Propagation. 
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The dipole antenna pattern is illustrated in figures 4-11 and 4-12 on 
page 4-17 and figure 4-13 on page 4-19. The patterns for 3 and 9 
MHz show that large amounts of energy are directed up in the 60° 
to 90° range. Also, the pattern is the same on both sides of the 90° 
line. This means that a low dipole would be a good antenna for 
NVIS propagation. The pattern at 18 MHz is not important because 
NVIS propagation normally does not use frequencies much above 8 
MHz. Set up dipoles on whatever supports are available. Ensure 
that the height is below a quarter-wavelength, which at 8 MHz is 
about 30 feet. 


Mobile CPs do not always have time to set up a dipole antenna or 
an AS-2259/GR. Several options are possible. If a Marine is in an 
MRC-138 vehicle, then use a tilt whip adapter and the 16-foot whip 
antenna to try to obtain high-angle radiation (fig. 4-34). Tilt the 
antenna at least 30°. Another option is disconnecting the whip 
antenna and connecting a 32-foot wire to the antenna base. Run the 
wire parallel to the ground, and stake it at the distant end the same 
height above the ground as the radio end. Insulate the staked end 
from the ground to prevent radio damage (fig 4-35). 


y \eipiy = 


Figure 4-34. AN/MRC-138 with NVIS Antenna. 
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Figure 4-35. AN/MRC-138 with Stationary NVIS Antenna. 


WARNING 


THE WIRE MUST BE PROTECTED SO THAT MARINES DO 
NOT WALK INTO IT. IT CARRIES ENOUGH RF ENERGY DUR- 
ING TRANSMISSION TO CAUSE SEVERE INJURIES. 


When using a manpack radio like the AN\PRC-104, the whole radio 
can be rotated so that the 8-foot antenna is tilted at least 30°. 
Because of the antenna’s flexibility, it will need support on the far 
end. This support must be a good insulator. Ensure that Marines 
keep clear of the antenna. Characteristics are— 


Frequency range: 2 to 30 MHz 

Polarization: Vertical or horizontal 

Power capability: 100 to 400 Watts 

Radiation pattern 

Azimuthal (bearing): Basically omnidirectional 
Vertical (take-off angle): Minimizes skip zone using 90°, 


40°, and 20° take-off angle 


(reverse blank) 


Chapter 5 


VHF and UHF Antenna Selection 


FREQUENCIES 


The VHE portion of the radio spectrum extends from 30 to 300 
MHz. The UHF range reaches from 300 to 3,000 MHz (3 GHz). 
Both frequency ranges are extremely useful for short-range (less 
than 50 km) communications. This includes point-to-point, mobile, 
air-to-ground, and general purpose communications. A wavelength 
at these frequency ranges is considerably shorter than those in the 
HF range, and simple antennas are much smaller. 


Because the VHF and UHF antennas are small, it is possible to use 
multiple radiating elements to form arrays, which provide a consid- 
erable gain in a given direction or directions. An array is an 
arrangement of antenna elements, usually dipoles, used to control 
the direction in which most of the antenna’s power is radiated. 


Generally, many more types of antennas are available and useful in 
the VHF and UHF range than at HF. Several of these types will be 
discussed in this chapter since they are useful for various field 
applications. 


Within the VHF and UHF portion of the spectrum, there are several 
subfrequency bands for specific uses. The 118 to 136 MHz range is 
generally reserved on a worldwide basis for air-to-ground commu- 
nications and is known as the VHF aircraft band. The 225 to 400 
MHz range is also allocated for air-to-ground use and is known as 
the UHF aircraft band. The 148 to 174 MHz and 450 to 470 MHz 
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ranges are assigned to many activities, including citizens (public) 
communications (e.g., mobile, police, weather, taxis, and general 


purpose). 


POLARIZATION 


In many countries, FM and TV broadcasting in the VHF range use 
horizontal polarization. One reason is because it reduces ignition 
interference, which is mainly vertically polarized. Mobile commu- 
nications often use vertical polarization for two reasons. First, the 
vehicle antenna installation has physical limitations, and second, so 
that reception or transmission will not be interrupted as the vehicle 
changes its heading to achieve omnidirectionality. 


Using directional antennas and horizontal polarization (when possi- 
ble) will reduce manmade noise interference in urban locations. 
Horizontal polarization, however, should be chosen only where an 
antenna height of many wavelengths is possible. Ground reflections 
tend to cancel horizontally polarized waves at low angles. Use only 
vertically polarized antennas when the antenna must be located at a 
height of less than about 10 meters above ground, or where omnidi- 
rectional radiation or reception is desired. 


GAIN AND DIRECTIVITY 


VHF and UHF (above 30 MHz) antenna gain and directivity are 
extremely important for several reasons. Assuming the same 
antenna gain and propagation path, the received signal strength 
drops as frequency is increased. At VHF and UHF, more of the 
received signal is lost in the transmission line than is lost at HF. A 
10 to 20 dB loss is not uncommon in a 30 meter length of coaxial 
line at 450 MHz. 
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At frequencies below 30 MHz, system sensitivity is almost always 
limited by receiver noise rather than by noise external to the 
antenna (e.g., atmospheric and manmade interference). Generally, 
wider modulation or signal bandwidths are employed in VHF and 
UHF transmissions than at HF. Since system noise power is directly 
proportional to bandwidth, additional antenna gain is necessary to 
preserve a usable S/N ratio. 


VHF and UHF antenna directivity (gain) aids security by restricting 
the amount of power radiated in unwanted directions. Receiver sen- 
sitivity is generally poorer at VHF and UHF (with the exception of 
high quality state-of-the-art receivers). Obstructions (e.g., build- 
ings, trees, hills) may seriously decrease the signal strength avail- 
able to the receiving antenna because VHF and UHF signals travel 
a straight LOS path. 


Gain 


Obtaining communications reliability over difficult VHF and UHF 
propagation paths requires considerable attention to the design of 
high-gain, directive antenna arrays at least at one end of the com- 
munications link. Unlike HF communications, the shorter VHF and 
UHF wavelengths support walkie-talkie transceivers and simple 
mobile transmission units. Communicating or receiving with such 
devices over distances beyond 1 or 2 km requires maximum 
antenna gain at the base station site or fixed end of the link. 


Directivity 


Because VHF and UHF wavelengths are so short, reliable predic- 
tion of diffraction, refraction, and reflection effects are not practi- 
cal. One must depend entirely on LOS paths. For best results, 
attempt to establish VHF and UHF communications paths that are 
as free of obstacles as possible. The VHF and UHF wavelengths are 
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short enough that it is possible to construct resonant antenna arrays. 
An array provides directivity (the ability to concentrate radiated 
energy into a beam that can be aimed at the intended receiver). 
Arrays of resonant elements, (e.g., half-wave dipoles), can be con- 
structed of rigid metal rods or tubing or of aluminum or copper foil 
laid out or pasted on a flat nonconducting surface. Directing power 
helps to increase the range of the communications path and tends to 
decrease the likelihood of interception or jamming from hostile 
radio stations. However, such highly directive antennas place an 
added burden on the operator to ensure that the antenna is pointed 


properly. 


TRANSMISSION LINES 


Choosing transmission lines at VHF and UHF depends on many 
factors. Generally, twin-lead has much lower loss than small diame- 
ter coaxial cable. Twin-lead is preferred over coaxial when trans- 
mission line lengths exceed 10 meters. Twin-lead is much more 
susceptible to picking up objectionable manmade noise than is well 
shielded coaxial cable. Also, most modern VHF and UHF equip- 
ment employs unbalanced input and output circuitry with a 50-ohm 
impedance. Such equipment requires either using coaxial cable or a 
balun to feed a twin-lead or two-wire balanced transmission line. 
Noise pickup by twin-lead transmission lines may be considerably 
reduced by twisting the line along its length. 


When using twin-lead, the spacing between the wires of the line 
should not exceed 0.05 i. If the spacing is an appreciable part of a 
wavelength, the line will radiate and receive energy like the 
antenna. This effect will alter the intended antenna radiation pat- 
tern. To further reduce local noise pickup, keeping twin-lead clear 
of metal objects (e.g., gutters and window frames). Twice the wire 
spacing in the twin-lead is sufficient clearance. 
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RADIATORS 


A radiator is the antenna component that transmits RF energy. 


Vertical Radiator 


A vertical radiator for general coverage use at UHF should be one- 
quarter wavelength long. Longer vertical antennas do not have their 
maximum radiation at right angles to the line of the radiator. They 
are not practical for use where the greatest possible radiation paral- 
lel to the Earth is desired. It is important that the antenna be decou- 
pled from the coaxial transmission line. This will prevent unwanted 
radiation currents from flowing along the outside of the cable, 
which will distort the antenna pattern. Use a sleeve, ground plane, 
or counterpoise to perform decoupling. 


Cross Section Radiator 


Aluminum tubing is commonly used for dipoles and radiation ele- 
ments. They are so short that the expense of larger diameter con- 
ductors is relatively low. With such conductors, the antenna will 
tune much more broadly. This is very desirable, particularly when 
an antenna or array is used over an entire frequency band. 


Large cross section radiators have a shorter resonant length than a 
radiator or mode of small diameter wire. A tubing radiator mode is 
seldom longer than 90 percent of a half-wavelength for a dipole at 
frequencies above 100 MHz. 


INSULATION 


Insulation or dielectric material quality is more important at VHF 
and UHF than at frequencies below 30 MHz. Many insulators that 
perform well in the HF range are poor or unusable for fabricating 
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antennas operating at frequencies above 100 MHz. Ordinary wood 
is a good example. In minimal rainfall climates, using very dry red- 
wood, maple, or fir boiled in paraffin wax for several hours is fairly 
successful up to frequencies as high as 560 MHz. The neck of a 
glass soft drink bottle or other similar items work reasonably well 
up to frequencies as high as 1 GHz. Several modern plastics, used 
throughout the world, also make excellent insulators (e.g., fiber- 
glass, polystyrine, polyethylene, and Styrofoam). Pieces of these 
plastics in usable shapes can be found almost everywhere, and, with 
a little ingenuity, can be used as insulation in the design of many 
VHF and UHF antennas. Avoiding insulation entirely is possible by 
choosing an antenna design with elements supported at lower volt- 
age (high current) points (e.g., the Yagi antenna). 


INTERFERENCE 


Obtaining optimum coupling between the antenna and transmission 
line and between the transmission line and the receiver or transmit- 
ter circuits is a major concern. 


Noise 


While atmospheric and manmade noise usually limit the ultimate 
sensitivity of an HF receiving system, a VHF or UHF receiving sys- 
tem is almost always limited by receiver noise. External (atmo- 
spheric) noise is virtually nonexistent at frequencies higher than 
100 MHz. Automobile ignition and other forms of manmade static 
affect frequencies well into the UHF band. 


Multipath Interference 


VHF and UHF radio waves are highly attenuated when they travel 
through most materials. Select a location which is as free as possi- 
ble of obstacles in the direction of desired propagation. It is possible 


Antenna Handbook ——____———_ 5 -7 


to use relay stations or carefully placed reflectors when obstacles 
interfere with the direct path. 


When operating from areas where the transmission path is bounded 
rather closely by reflective objects (e.g., buildings or metal towers) 
the possibility of multipath exists. Whenever conditions are such 
that radio signals travel two or more separate paths from the trans- 
mitting to the receiving antenna, a phenomenon known as an inter- 
ference pattern is created around the receiving antenna. There will 
be zones where the incoming signal is received very strongly (con- 
structive interference) with areas of weak signal between (destruc- 
tive interference). If each of the two signal has the same strength, 
complete cancellation will occur in the destructive interference 
zones, and no signal will be received. At VHF and UHF the created 
interference patterns are small enough to permit moving out of a 
destructive zone and into a constructive zone within the space of 
only a meter or so. 


It is difficult to predict the location of an interference pattern. Opti- 
mizing antenna location is a must for good results. Sometimes a 
secondary path is created as the result of reflection from a moving 
object (e.g., an automobile or airplane). The resulting interference 
pattern will not be stationary, but will move past the antenna so that 
the received signal appears to flutter between good and poor recep- 
tion. Multipath problems can be particularly severe when either the 
transmitting or receiving antenna is moving. Diversity techniques 
such as two separated antennas or circular polarization should help 
to alleviate the effects of multipath interference. High gain (highly 
directive) antennas, both on the transmitter and the receiver, can 
reduce signal loss from multipath interference. 
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Vegetated Areas 


VHF and UHF communications through a dense forest over dis- 
tances of more than a few kilometers can often be very difficult. In 
many tropical regions, trees and underbrush absorb VHF and UHF 
radio energy. In addition to the ordinary free space loss between 
transmitting and receiving antennas, a radio wave passing through a 
forest undergoes an additional loss that is measured in dBs per km. 
This extra loss increases rapidly as the transmission frequency 
increases. 


Near the ground (i.e., antenna heights of less than 3 meters) vertical 
polarization is preferred. However, if it is possible to elevate both 
receiving and transmitting antennas as much as 10 to 20 meters, 
horizontal polarization is preferable to vertical polarization. Con- 
siderable reduction in total path loss results if either or both the 
transmitting and receiving antennas can be placed above the tree 
level through which communications must be made. 


Increasing antenna gain may provide an improved signal strength 
that exceeds the added antenna gain by reducing the number of 
multipath reflections from trees along the propagation path. The 
higher gain antenna exhibits a much narrower radiation pattern 
which includes fewer trees in its beam. Generally, this effect is most 
noticeable with antenna gains higher than 15 dB or azimuthal half- 
power beam of less than 35°. 


Communications through heavily forested areas over distances 
greater than 10 kms may require a transmitter power of at least 10 
watts and antenna gains of 10 dB or more, depending on antenna 
height, terrain features, type of trees, moisture content, and numer- 
ous other factors. If communication is required over distances 
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exceeding 30 kms, it may be necessary to use high-angle iono- 
spheric propagation in the 3 to 10 MHz frequency range (i.e., HF) 
to obtain a reliable circuit. 


ANTENNA TYPES 


The vertical whip is the most commonly used antenna. The OE-254 
is a broadband, omnidirectional, biconical antenna. Antennas 
located in places which are enclosed mostly in a metal shell or con- 
tainer (e.g., an automobile) cannot be expected to perform as well 
as if located outside the enclosure. Most of the antenna types usable 
in the HF range are also usable in the VHF and UHF bands. In the 
VHF and UHF ranges, use the same antenna for transmitting and 
receiving. 


Vertical Whip 


It is easy to use and part of every radio set. In mobile situations, it is 
the only antenna that can be used. In stationary operations, the ver- 
tical whip is not a good choice. It cannot be elevated for good omni- 
directional VHF LOS communications, and it radiates in useless 
directions if communications are point-to-point. 


If the tactical situation prevents using an antenna other than the ver- 
tical whip, steps can be taken to improve its performance. Ensure 
that the antenna is vertical. This can be a problem when using the 
manpack short whip or tape in the prone position. Use the flexible 
base on the tape to ensure that the antenna is in a vertical position. 


Place a reflector behind the whip to direct radiation in a general 
direction. A reflector is a vertical wire or another whip placed one- 
quarter wavelength behind the radiating whip. Place the reflector at 
the same height as the whip, and insulate it from the ground. The 


5-10. —£$  ——————— MCRP 6-22D 


reflector reflects some of the radio energy back towards the whip 
and provides a broad beam of energy towards the distant station. 
Characteristics are— 


Frequency range: 30 to 88 MHz 
Polarization: Vertical 

Power capability: Matched to specific radio 
Radiation pattern 

Azimuthal (bearing): 


Vertical (take-off angle): 


OE-254 


The OE-254 (fig. 5-1) is scheduled to replace the RC-292. Unlike 
the RC-292, the OE-254 does not require tuning for specific bands 
and can cover the 30 to 87.975 MHz VHF band without adjust- 
ments. Three upward and three downward radial elements simulate 
two cones which provide omnidirectional VHF LOS radiation. The 
antenna is usually mounted on a 33-foot 8-inch mast for an overall 
height of 41 feet 9 inches. The antenna may be installed at lower 
heights; however, care should be taken to ensure that the lower and 
upper mast adapter assemblies are always used. An 80-foot coaxial 
cable comes with the antenna for direct connection to a radio. 


Frequency range: 30 to 88 MHz 
Polarization: Vertical 

Power capability: 350 watts 
Radiation pattern 

Azimuthal (bearing): Omnidirectional 


Vertical (take-off angle): 
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Figure 5-1. Installed OE-254 Antenna. 
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Antenna Within Vehicle Interior 


Antennas located inside vehicles will lose some radiation through 
the window openings. It is difficult to predict how much radiation 
will escape or how much the original antenna radiation pattern will 
be affected by the enclosure. The pattern modification depends on 
the vehicle size and its openings and on the location of the antenna 
inside. Select antennas which operate above the cutoff frequency of 
the window openings. An opening in a metal container which is less 
than 0.5 A in the dimension perpendicular to the plane of polariza- 
tion will be severely attenuated or cutoff as it traverses the opening. 
Lower frequency waves will suffer even greater attenuation. 


HF Antenna Types Usable at VHF and UHF 


Simple vertical half-wave dipole and quarter-wave monopole 
antennas are very popular for omnidirectional transmission and 
reception over short-range distances. For longer distances, rhombic 
antennas made of wire and somewhat similar in design to HF ver- 
sions may be used to good advantage at frequencies as high as 1 
GHz. Another HF antenna, the Yagi, is equally popular in the VHF 
and UHF ranges. However, while Yagis with more than three or 
four elements are seldom used at HF, Yagi designs with as many as 
15 elements, or more, are quite common at VHF and UHF. 


Dual-Function Antennas 


Because there is no sure method of accurately pointing a transmit- 
ting antenna, accomplish this task by first using the antenna in 
reception and orienting it for the best received signal. Positioning 
the antenna in this manner assures that, according to the reciprocity 
theorem, the antenna is optimally oriented for transmitting. If two- 
way communications are desired (i.e., transmitting and receiving 
alternately) a switch to toggle quickly back and forth between trans- 
mitter and receiver is required. Design the switch so that it will not 
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upset the impedance on the transmission line, causing unwanted 
received or transmitted power loss. When using coaxial cable as 
transmission line, use suitable, commercially available, low-loss 
coaxial antenna switching relays if possible. 


In the 225 to 400 MHz and 450 to 470 MHz frequency ranges, most 
antennas are quite small. Mount two identical antennas, using one 
for transmitting and one for receiving. Separate transmission lines 
may then be used, eliminating the need for an antenna relay. 


(reverse blank) 
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Chapter 6 
Field Repair and Expedients 


Antennas sometimes break or sustain damage, causing poor com- 
munications or communications failure. If a spare is available, use 
it to replace the damaged antenna. When there is no spare, construct 
an expedient antenna. The following paragraphs discuss antenna 
and support repair and constructing and adjusting expedient anten- 
nas. 


REPAIR TECHNIQUES 
Whip Antennas 


A broken antenna (whip) can be repaired temporarily. If the whip is 
broken into two sections, rejoin the sections. Remove the paint and 
clean the sections where they will rejoin to ensure a good electrical 
connection. Place the sections together, secure them with a pole or 
branch, and lash them with bare wire or tape above and below the 
break (see fig. 6-1 (A) on page 6-2). 


If the whip is badly damaged, use a length of field wire (WD1/TT) 
the same length as the original antenna. Remove the insulation from 
the lower end of the field wire antenna, twist the conductors to- 
gether, stick them in the antenna base connector, and secure with a 
wooden block. Use either a pole or a tree to support the antenna 
wire (see fig. 6-1 (B) on page 6-2). 
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Figure 6-1. Emergency Repair of Broken Whip. 


Wire Antennas 


Expedient wire antenna repair may involve repairing or replacing 
the antenna or transmission line wire or repairing or replacing the 
assembly that supports the antenna. When one or more antenna 
wires are broken, repair the antenna by reconnecting the broken 
wires. Lower the antenna to the ground, clean the ends of the wires, 
and twist the wires together. Solder the connection if possible. If the 
antenna is damaged beyond repair, construct a new one. Make sure 
that the substitute wire is the same length as the original. 


Antenna supports may also require repair or replacement. Use a 
substitute item in place of a damaged support. If properly insulated, 
any material of adequate strength can be used. If the radiating ele- 
ment is not properly insulated, field antennas may be shorted to 
ground and rendered ineffective. Many commonly found items can 
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be used as field expedient insulators (fig. 6-2). The best are plastic 
or glass, including plastic spoons, buttons, bottle necks, and plastic 
bags. Less effective than plastic or glass, but better than no insula- 
tors at all, are wood and rope, or both, in that order. The radiating 
element—the actual antenna wire—should touch only the antenna 
terminal and be physically separated from all other objects, other 
than the supporting insulator. 


BEST 


a 
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“<> 


BOTTLE NECK BUTTON 


PLASTIC SPOON 


NYLON ROPE 
SHE SG Kp mea 
aS “i oy {fra 
RUBBER OR CLOTH STRIP(DRY) NYLON ROPE 


Figure 6-2. Improvised Insulators. 
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Guys 


Lines used to stabilize antenna supports are called guys. These lines 
are usually wire, manila rope, or nylon rope. If a rope breaks, repair 
it by tying the two broken ends together. If the rope is too short after 
tying, lengthen it by adding another piece of rope or a piece of dry 
wood or cloth. If a guy wire breaks, replace it with another piece of 
wire. Figure 6-3 shows how to repair a guy line with a spoon. 


Masts 


Some antennas are supported by masts. If a mast breaks, replace it 
with another mast the same length. If long poles are not available, 
overlap short poles and lash them with rope or wire to provide a 
pole of the required length. Figure 6-3 shows how to make an expe- 
dient mast repair. 


TIPS ON CONSTRUCTION AND ADJUSTMENT 
Constructing the Antenna 


The best kinds of wire for antennas are copper and aluminum. In an 
emergency, use any type that is available. The exact length of most 
antennas is critical. An expedient antenna should be the same length 
as the antenna it replaces. 


Antennas supported by trees can usually survive heavy wind storms 
if the trunk of a tree or a strong branch is used as a support. To keep 
the antenna taut and to prevent it from breaking or stretching as the 
trees sway, attach a spring or old inner tube to one end of the 
antenna. Another technique is to pass a rope through a pulley or 
eyehook, attach the rope to the end of the antenna, and load the rope 
with a heavy weight to keep the antenna tightly drawn. 
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Figure 6-3. Repaired Guy Line and Mast. 


Guys used to hold antenna supports are made of rope or wire. To 
ensure that wire guys will not affect antenna operation, cut the wire 
into several short lengths and connect the pieces with insulators. 
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Adjusting the Antenna 


An improvised antenna may change a radio set’s performance. Use 
the following methods to determine if the antenna is operating prop- 
erly. 


Use a distant station to test the antenna. If the signal received from 
this station is strong, the antenna is operating satisfactorily. If the 
signal is weak, adjust the antenna and transmission line height and 
length to receive the strongest signal at a given receiver volume 
control setting. This is the best method of tuning an antenna when 
transmission is dangerous or forbidden. 


Most Marine Corps cadets use the transmitter to adjust the antenna. 
Set the transmitter controls in position for normal operation. Then, 
tune the system by adjusting the antenna height and length and the 
transmission line length to obtain the best transmission output. 


WARNING 


SERIOUS INJURY OR DEATH CAN RESULT FROM CONTACT 
WITH THE RADIATING ANTENNA OR MEDIUM- OR HIGH- 
POWER TRANSMITTER. TURN THE TRANSMITTER OFF 
WHILE MAKING ADJUSTMENTS TO THE ANTENNA. 


Impedance-matching a load to its source is an important consider- 
ation in transmissions’ systems. If the load and source are mis- 
matched, part of the power is reflected back along the transmission 
line towards the source. This reflection prevents maximum power 
transfer, causes erroneous measurements of other parameters, or 
causes circuit damage in high-power applications. 
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The power reflected from the load interferes with the incident (for- 
ward) power, creating standing waves of voltages and current along 
the line. The ratio of standing-wave maximal to minimal is directly 
related to the impedance mismatch of the load. The standing-wave 
ratio (SWR) provides the means to determine impedance and mis- 
match. 


FIELD EXPEDIENT ANTENNAS 
VHF Considerations 


SINCGARS VHF radios provide the primary means of communica- 
tions means for Marine Corps forces around the world. SINCGARS 
radios operate in both single-channel and frequency hopping modes. 
It is important for CIS personnel to remember that when using SIN- 
CGARS radios in the frequency hopping mode, field expedient VHF 
antennas should not be used. CIS personnel should only use the 
whip antenna or the OE-254 antenna when operating in the fre- 
quency hopping mode. 


HF Considerations 


Vertical antennas are omnidirectional. They transmit and receive 
equally well in all directions. Most manpack portable radios use a 
vertical whip antenna. Improvise a by using a metal pipe or rod of 
the correct length, held erect by guys. Insulate the lower end of the 
antenna from the ground by placing it on a large block of wood or 
other insulating material. Support a vertical wire antenna with a tree 
or a wooden pole (fig. 6-4 on page 6-8). For short, vertical anten- 
nas, use the pole without guys (if properly supported at the base). If 
the vertical mast is too short to support the wire upright, modify the 
connection at the top of the antenna. 
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Figure 6-4. Field Substitutes for Support of 


End-Fed Half-Wave Antenna 


Vertical Wire Atennas. 


Construct an expedient, end-fed half-wave antenna from available 
materials (e.g., field wire, rope, and wooden insulators). This 
antenna’s electrical length is measured from the antenna terminal 
on the radio set to the far end of the antenna (fig. 6-5). 
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For best performance, construct the antenna longer than necessary, 
then shorten it, as required, until best results are obtained. Connect 
the radio set’s ground terminal to a good Earth ground for func- 
tional efficiency. 
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Figure 6-5. End-Fed Half-Wave Antenna. 


Center-Fed Doublet Antenna 


The center-fed doublet is a half-wave antenna consisting of two 
quarter-wavelength sections on each side of the center. See figure 
6-6 on page 6-10 for constructing an improvised doublet antenna 
for use with FM radios. 
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Figure 6-6. Center-Fed Doublet Antenna. 


Doublet antennas are directional broadside to their length, which 
makes the vertical doublet antenna essentially omnidirectional. The 
radiation pattern is doughnut shaped. The horizontal doublet 
antenna is bidirectional. 


Compute the length of a half-wave antenna by using the formula in 
chapter 4. Cut the wires as closely as possible to the correct length 
because the antenna wires’ lengths are important. 


A transmission line conducts electrical energy from one point to 
another and transfers the output of a transmitter to an antenna. 
Although it is possible to connect an antenna directly to a transmit- 
ter, the antenna generally is located some distance away. In a vehic- 
ular installation, for example, the antenna is mounted outside, and 
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the transmitter is inside the vehicle. A transmission line, therefore, 
is necessary as a connecting link. 


Center-fed half-wave FM antennas can be supported entirely by 
pieces of wood. See figure 6-7 (A) for a horizontal antenna of this 
type. See figure 6-7 (B) for a vertical antenna. These antennas can 
be rotated to any position to obtain the best performance. If the 
antenna is erected vertically, the transmission line should be 
brought out horizontally from the antenna for a distance equal to at 
least one-half of the antenna’s length before it is dropped down to 
the radio set. 
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Figure 6-7. Center-Fed Half-Wave Antenna. 
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A short, center-fed half-wave antenna is shown in figure 6-8. The 
antenna ends are connected to a piece of dry wood (e.g., a bamboo 
pole). The bend in the pole holds the antenna wire straight. Another 
pole, or bundle of poles, serves as the mast. 
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Figure 6-8. Bent Bamboo Antenna. 


Figure 6-9 shows an improvised vertical half-wave antenna. This 
technique is used primarily with FM radios. In heavily wooded 
areas it is effective for increasing the range of portable radios. The 
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top guy wire can be connected to a limb or passed over the limb and 
connected to the tree trunk or a stake. 


Figure 6-9. Improvised Vertical Half-Wave Antenna. 
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FIELD EXPEDIENT DIRECTIONAL ANTENNAS 


The vertical half-rhombic, the long wire, and the yagi are field 
expedient directional antennas. 


Vertical Half-Rhombic and Long-Wire Antennas 


The vertical half-rhombic antenna (fig. 6-10) and the long-wire 
antenna (fig. 6-11) radiate a directional pattern and primarily trans- 
mit or receive HF signals. They consist of a single wire, preferably 
two or more wavelengths, supported on poles at a height of 3 to 7 
meters (10 to 20 feet) above the ground. The antennas also operate 
satisfactorily as low as | meter (approximately 3 feet) above the 
ground. Connect the far end of the wire to a ground through a non- 
inductive 500- to 600-ohm resistor. To ensure the transmitter’s out- 
put power does not burn out the resistor, use a resistor that is rated 
at least one-half the wattage output of the transmitter. Use a reason- 
ably good ground (e.g,. a number of ground rods or a counterpoise) 
at both antenna ends. 


Yagi Antenna 


The Yagi antenna (fig. 6-12) is a dipole with an additional wire 
behind it (reflector) and an additional wire in front of it (director). 


Figure 6-10. Vertical Half-Rhombic Antenna. 


6-15 


Antenna Handbook 


These additional wires increase the power to the front of the 


antenna while decreasing the power to the rear. 


Figure 6-11. Long Wire Antenna. 
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Figure 6-12. Yagi Antenna. 
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Vee Antenna 


The vee antenna is another field expedient, directional antenna. It 
consists of two wires forming a vee with the open area of the vee 
pointing in the desired direction of transmission or reception (see 
fig. 6-13). The antenna must be fed by a balanced transmission line. 


INSULATORS 


Figure 6-13. Vee Antenna. 


Sloping Vee Antenna 


To simplify construction, the legs may slope downward from the 
apex of the vee (this is called a sloping vee antenna [see fig. 6-14]). 
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The angle between the legs varies with the length of the legs in 
order to achieve maximum performance. 
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Figure 6-14. Sloping Vee Antenna. 
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Use table 6-1 to determine the angle and length of the legs.. 


Table 6-1. Leg Length and Angle 
for Vee Antennas. 


Antenna Optimum Apex 
Length Angle 
(Wavelength) (Degrees) 
1 90 
2 70 
3 58 
4 50 
6 40 
8 35 
10 33 


When the antenna is used with more than one frequency or one 
wavelength, use an apex angle that is midway between the extreme 
angles determined by the chart. 


To make the antenna radiate in only one direction, add noninductive 
terminating resistors from the end of each leg (not at the apex) to 
ground. The resistors should be approximately 500 ohms and have a 
power rating at least one-half of the transmitter’s output. Without 
the resistors, the antenna radiates bidirectionally, both front and 
back. 


Chapter 7 


Satellite Communications Antennas 


The Marine Corps’ primary LOS and SATCOM radio set, the AN/ 
PSC-5 enhanced manpack UHF terminal, operates at 5 to 25 kHz 
and provides data and voice communications. It replaces all man- 
packable and vehicular-mounted UHF SATCOM radios. The AN/ 
PSC-5 provides LOS communications with the AS-3566 and long- 
range SATCOM with the AS-3567 and AS-3568 antennas. 


Characteristics of the AS-3566 (fig. 7-1) are— 


Frequency range (LOS): 30 to 400 MHz 
Demand assignment 
multiple access (DAMA): 225 to 400 MHz 


Non-DAMA: 225 to 400 MHz 

Polarization: Directional 

Power capability: Determined by terminating resistor 
Radiation pattern 

Azimuthal (bearing): Directional 


Figure 7-1. AS-3566 Low-Gain Antenna. 
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Characteristics of the AS-3567 (fig. 7-2) are— 


Frequency range: 225 to 399.995 MHz 
Beamwidth: 85° 
Orientation: Directional 

Elevation (0 to 90°) 
Input impedance: 50 ohms 
VSWR: 1.5:1 
Gain: 6 dB (225 to 318 MHz) 


5 dB (318 to 399.995 MHz) 


Figure 7-2. AS-3567 Medium-Gain Antenna. 
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Characteristics of the AS-3568 (fig. 7-3) are— 


Frequency range: 240 to 400 MHz 
Beamwidth: 77° 
Orientation: Directional 
Elevation ( 0 to 90°) 
Azimuth: + 180° 
Imput impedance: 50 ohms 
VSWR: 1.5:1 maximum 
Gain: 8 dB (240 to 318 MHz) 
6 dB (318 to 400 MHz) 
Power Up to 150 watts continuous 


Figure 7-3. AS-3568 High-Gain Antenna. 
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SITING SATCOM ANTENNAS 


The most important consideration in siting LOS SATCOM equip- 
ment is the antenna elevation with respect to the path terrain. 
Choose sites that exploit natural elevations. 


Considerations 


The most important consideration in siting over-the-horizon sys- 
tems is the antenna horizon angles (screening angles) at the termi- 
nals. As the horizon angle increases, the transmission loss 
increases, resulting in a weaker received signal. 


The effect of the horizon angle on transmission loss is very signifi- 
cant. Except where the consideration of one or more other factors 
outweighs the effect of horizon angles, the site with the most nega- 
tive angle should be first choice. If no sites with negative angles 
exist, the site with the smallest positive angle should be the first 
choice. 


Determining Horizon Angles 


The horizon angle can be determined by using a transit at each site 
and sighting along the circuit path. Strictly speaking, the on-site 
survey will determine the visual horizon angle. The radio horizon 
angle is slightly different from the visual horizon angle; however, 
the difference is generally insignificant. 


The horizon angle is measured between the tangent at the exact 
location of the antenna and a direct LOS to the horizon. The tangent 
line is at a right angle (90°) to a plumb line at the antenna site. If the 
LOS to the horizon is below the tangent line, the horizon angle is 
negative. 
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Trees, buildings, hills, or the Earth can block a portion of the UHF 
signal, causing an obstruction loss. To avoid signal loss due to 
obstruction and shielding, clearance is required between the direct 
LOS and the terrain. Path profile plots are used to determine if there 
is adequate clearance in LOS systems. 


Weak or distorted signals may result if the SATCOM set is operated 
near steel bridges, water towers, power lines, or power units. The 
presence of congested air-traffic conditions in the proximity of 
microwave equipment can result in significant signal fading, partic- 
ularly when a nondiversity mode is employed. 


(reverse blank) 


Chapter 8 


Antenna Farms 


The antenna farm (also referred to as the radio hill or the antenna 
hill) is a component of a command echelon. It is the location of the 
bulk of the unit’s antennas and radio and cryptographic equipment. 
It is also the portion of the command echelon that produces the 
majority of the electromagnetic radiation. Antenna farms can be 
located in several different areas: inside the command echelon, out- 
side the command echelon but near it, or outside the command ech- 
elon but far from it. 


COMMAND POST 


The commander exercises command and control through establish- 
ing a command post (CP). CPs provide the headquarters facilities 
from which the commander and staff operate. Battalions and larger 
units may divide the headquarters into three echelons—tactical, 
main, and rear. The CP then becomes the echelon at which the com- 
mander is physically located. 


Tactical 


The tactical echelon (main group) is a mobile unit that contains a 
minimal personnel and equipment. Its main focus is tactical control 
of current operations. The antenna farm will generally be located 
within the CP. 
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Main 


The main echelon is where the commander is normally located 
together with those elements of the staff required to plan and direct 
operations and control forces. The antenna farm will generally be 
located outside of and far from the CP. 


Rear 


The rear echelon, located to the rear of the main echelon, focuses on 
administrative and logistics functions. It is normally established by 
regiments and larger units. It may be located in or near the rear ech- 
elon of the senior headquarters or remain aboard ship. The antenna 
farm will generally be located outside of and far from the CP. 


LOCATION SELECTION CONSIDERATIONS 


There are doctrinal, tactical, and technical considerations involved 
in deciding of how far the antenna farm should be from the CP. The 
CIS officer and CIS chief need to list considerations relevant to the 
situation before determining the best location for the antenna farm. 


Doctrinal Considerations 


MCWP 6-2 (under development), MAGTF Command and Control, 
FMFM 6 (MCWP 3-1 under development), Ground Combat Opera- 
tions, and MCWP 6-22, Communications and Information Systems, 
contain Marine Corps doctrinal guidance on command echelon 
organization and location. 


Some areas to consider when deciding on the antenna farm location 
are communications, electronic warfare (EW), tactical situation, 
and accessibility. 
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Communications 
¢ Take a radio along on reconnaissance to ensure that communi- 
cation from the proposed site is possible. 


¢ Choose another site if communication is not possible. 


Electronic Warfare 


e¢ Enemy capability. 


¢ Projected electronic signature of the command. 


Tactical Situation 


¢ Cover and concealment. 
¢ Offense/defense. 

¢ Moving/static. 

¢ Intended length of stay. 
¢ Future operational plans. 


¢ Speed of displacement. 


Accessibility 
e Terrain. 
¢ Climate. 


e Personnel and equipment available. 


Tactical Considerations 


Once the doctrinal issues have been addressed, locating the antenna 
farm must be reviewed in the light of tactical considerations. Since 
the antenna farm contains the majority of the unit’s radios, crypto- 
graphic equipment, antennas, and a fair portion of the radio opera- 
tors, the physical safety of the site is an important aspect of the 
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antenna farm location decision. At the division/force service sup- 
port group/wing levels, the antenna farm should be remoted 1,000 
meters away from the CP, if possible. 


Security. The antenna’s physical security depends on the ability to 
protect it. The requirement to provide protection depends on the 
considerations listed above. Protection considerations also depend, 
in part, on the proximity of the antenna farm to the CP. For an 
antenna within the CP, no additional protective measures are 
required beyond those employed to protect the CP. Additional con- 
siderations for the antenna farms located at remote sites follow. 


Far Remote Sites 


¢ Security forces available. 

e Natural obstacles. 

e Perimeter defense, avenues of approach. 

¢ Barbed wire, automatic weapons, deployment. 
e Mines and sensors. 


e Supporting coverage. 
Near Remote Sites 


e Same factors as above apply. 
e Take increased EW measures. 
¢ Enforce strict circuit discipline. 


: Use messengers. 


Cover and Concealment. Whether the antenna farm is located 
inside the unit perimeter or at a remote location, using cover and 
concealment is imperative. Security assets make it possible to select 
a site that has the best available cover and concealment. Cover and 
concealment is a trade-off with the ability to communicate with and 
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from the site. A thoroughly covered and concealed site that prevents 
communications is worthless. 


Obstacles. As with any other defensive position, use natural or 
manmade obstacles to enhance the antenna farm’s security. 


Terrain. Studying the terrain in the vicinity of remote antenna farms 
is essential to developing an adequate plan for defense. Studying 
the terrain is also of paramount importance to ensuring that a unit 
can communicate from the site. 


Technical Considerations 


Siting VHF antennas greatly effects communications reliability. In 
an ideal setting, the antenna would be as high as possible above a 
flat, clear area. In tactical situations, the antenna location must be a 
compromise of propagation consideration, EW considerations, and 
cover and concealment. 


When it is possible to see the distant station but not communicate 
with it, the receiving station is experiencing destructive multipath 
interference. This combining of direct and reflected rays out of 
phase, results in complete signal cancellation. This interference can 
also result in a very weak signal or one that flutters. To improve 
communications, either raise or lower the antenna or move the 
antenna to several different sites. Usually, one or both of these 
actions will result in good communications. 


Another cause of weak communications is antenna cross-polariza- 
tion. This means that the transmitting and receiving antennas have a 
different polarization. For best communications, both antennas 
should be vertically or horizontally polarized. 
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Another problem could be misaligned directional antennas. If direc- 
tional antennas are not correctly pointed at each other, communica- 
tion is degraded. The directional antennas’ electrical characteristics 
can change over several field deployments, especially if the antenna 
is subjected to harsh use. These electrical characteristic changes can 
cause the radiation pattern to change. Then, when the antenna is 
physically pointed at the distant station, the main radiation may be 
aimed in another direction. 


To correct these electrical characteristic changes, have the distant 
station transmit. Slowly turn the receiving antenna while listening 
to the received signal. When the received signal is strongest, the 
antenna is properly aligned for the circuit. Secure the antenna in this 
position and have the distant station align its antenna in the same 
way. When both antennas are properly adjusted, the maximum radi- 
ation from each antenna is directed at the other antenna. 


SITING VHF ANTENNAS 


Antenna sites should be as high as possible and clear of obstruc- 
tions such as hills, dense woods, and buildings. If it is necessary to 
site the antennas on or around hills, choose a site that allows LOS to 
the distant station or stations. If possible, place the antenna on the 
military crest of a hill, not on the ridge line. Antennas located on the 
ridge line provide an aiming stake for enemy observation and fire 
(fig. 8-1). 


Place high ground between the antenna and the enemy to block the 
enemy’s observation and the antenna’s radiation, reducing the 
enemy’s intercept capability (fig. 8-2). 
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Figure 8-1. Ridge Line Antenna Farm. 


DESIRED 
<— COMMUNICATIONS ENEMY ——> 


Figure 8-2. Antenna Sited on a Military Crest. 


In a dense forest, get the antenna tip above the treetops. This height 
allows the radio signal to propagate in the clear space above the 
trees. If it is impossible to raise the antenna above the trees, a hori- 
zontally polarized antenna provides better communications through 
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trees than a vertically polarized antenna. Figure 8-3 shows good, 
fair, and poor antenna siting in dense trees. 


A clearing in a forest improves propagation if the antenna is placed 
so that the clearing is between the antenna and the distant station 
(for a directional antenna). Place an omnidirectional antenna in the 
center of a clearing, with the antenna as high as possible (fig. 8-4). 


A communicator may have little choice in selecting a transmitter or 
receiver site location. Often the site is determined by the opera- 
tional requirements of a superior command. However, when a 
choice is available, determine the HF antenna site by wave-path 
geometry. 


GOOD 
DISTANT STATION ———_® 


Figure 8-3. Antennas Sited in Dense Trees. 
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DISTANT STATION —> 


GOOD FAIR 


Figure 8-4. Directional Antennas Sited in a Clearing. 


Transmitting Antenna Site 


Any site that has a horizon whose obstructions subtend vertical 
angles of less than 2° from level in any of the directions of trans- 
mission can be considered immediately as a satisfactory site from 
the standpoint of radiation. As a simple rule, a satisfactory horizon 
clearance exists when any obstruction subtends a vertical angle that 
does not exceed one-half of the desired beam angle in the vertical 
plane in that direction. If the vertical beam angle for a given circuit 
is low for the lowest order hop, then the horizon in that direction 
can be as much as 5° above level as seen from the antenna location. 


In hilly or mountainous country, choosing a site for long-distance 
transmission, requiring very low beam angles, can be difficult. 
When the only possible site presents horizon obstructions in the pre- 
ferred wave path, it may be necessary to design an antenna that uses 
a higher order of hop, and to direct the beam at a corresponding 
higher angle to obtain the desired 2-to-1 horizon clearance angle. 
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For example, if the computed vertical beam angle for a one-hop cir- 
cuit is 6° at an azimuth of 332°, and the horizon in this direction is a 
range of mountains with a height of 8° as seen from the antenna 
site, the performance of the circuit would be greatly compromised 
by the obstruction of the mountains. It might be better to work this 
circuit with two hops—a vertical beam of 20° could be used 
instead, with adequate horizon clearance for the wave path. If the 
circuit required 6° for a two-hop circuit 5,400 kilometers long with 
the same obstruction sited, the circuit could be changed to three 
hops, which, for the same layer heights, would permit using a beam 
at 14°. The latter solution lacks the full 2-to-1 horizon-clearance 
angle, but it may be an acceptable compromise and perhaps prefera- 
ble to using four hops. 


Short-range, sky wave circuits using one-hop high-angle radiation 
give a great latitude in the choice of sites. For F layer transmission 
to distances of 500 miles and less, the vertical beam or angles are 
always greater than 30°. Satisfactory sites for such transmission can 
often be located in rather deep valleys without any compromise on 
the circuit performance. 


Forests on or near the site require some consideration. Because the 
theoretical radiation pattern is calculated on perfect reflectivity 
from ground, some precautions are necessary to obtain actual per- 
formance that substantially agrees with theoretical performance. 
Choose a site that provides conditions as nearly perfect as possible 
with respect to wave-reflecting surfaces around the antenna. There 
should be few or no trees and buildings out to the necessary dis- 
tance from the antenna. The point of wave reflection should be flat 
and cleared. An excellent choice is a site that borders the sea or a 
lake. Water is a wave-reflecting surface. 
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Receiving Antenna Sites 


Choosing a receiving antenna site is similar to choosing a transmit- 
ting antenna site. The dominant angles of arrival of the incoming 
waves at the site are determined mainly by the characteristics of the 
transmitting antenna. Best results are obtained with complementary 
transmitting and receiving antennas. If a horizon obstruction exists 
at the optimum angle of wave arrival, a compromise, noncomple- 
mentary antenna may be necessary. When possible, move the trans- 
mitting antenna to align with the receiving antenna. 


The receiving site must be as free as possible from electrical noise. 
The tolerable amount of manmade noise at a particular receiving 
station site depends on the prevailing natural atmospheric noise lev- 
els. At a well selected site, reception should always be limited only 
by natural atmospheric noise. Any manmade noise at the site should 
always be substantially less than the atmospheric noise received 
during the low-noise periods. 


Aside from broadcast systems, most communications systems re- 
quire that antennas be positioned so that their main lobes of radia- 
tion are aligned with each other. This requires knowledge of the 
great circle bearing to the other antenna and the local magnetic vari- 
ation from true north. 


The great circle bearing between two locations is calculated by 
methods that are beyond the scope of this publication. A way to find 
the great circle bearings is to request a frequencies of optimum 
transmission chart from the Electromagnetic Compatibility Analy- 
sis Center. 
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ANTENNA FARM INTERNAL ARRANGEMENT 


Frequency Band 


The higher the frequency, the shorter the wavelength. The shorter 
the wavelength, the more nearly LOS. The more nearly LOS, the 
more critical is a clear LOS path for the signal. 


Antenna Selection and Placement 


Selection. The key to antenna selection rests with the answers to 
the following three questions: 


¢ To whom will you be transmitting? Where will they be? 
¢« What is the path between you and them? 


e What kind of net? Point-to-point or multistation? 


Placement. Antenna placement within the antenna farm should 
take into account the following three factors: 


Cosite Interference. Evaluating interference can be difficult be- 
cause of the nature of the systems involved and the complexity of 
the signals. The mechanisms are varied. In the simpler cases they 
may be direct interference into the radio receiver. In other cases, 
they may be spurious products or combinations of products which 
arrive at the receiver input and produce a net resultant interference 
into the receiver intermediate frequency section. The latter may be 
frequency translations resulting from sum and difference products 
within the same system. In still other cases, the receiver may see an 
identical signal to the regular signal. 


Interference produces beats or noise in a radio receiver which have 
detrimental effects depending on the frequency, deviation, channel 
separation and linearity of the transmission medium, as well as the 
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nature of the interfering signal. Sometimes the interfering signals 
combine with other frequencies in the system, including carrier- 
sum and difference frequencies, to produce interference in a third 
radio channel. The products may hold up automatic gain control 
during critical fading periods, with serious effect on system noise. 
Usually, noise in the base band channels is an end product. 


Radio system interference may be introduced through antennas, 
wave guides, cabling, or by spurious products produced in the radio 
equipment itself. Interference introduced into the cabling or in the 
equipment can be prevented by good installation practices, includ- 
ing proper separation of high- and low-level cabling, proper ground- 
ing practices, shielding where necessary, and good equipment 
design and assembly. Interference introduced by coupling between 
wave guides in the same station is usually produced by radiation 
from wave guide and filter flanges which are not properly tightened, 
or which are damaged and cannot be mated properly. 


Antenna Coupling. Antenna coupling is a frequency-independent 
problem that may occur whenever other antennas (whether trans- 
mitting or not) or metallic objects are located within one wave of the 
transmitting antenna. Antenna coupling may be either beneficial or 
detrimental. Yagis, log periodic arrays, and half-square antennas, 
for example, derive their gain and directivity from antenna cou- 
pling. Unintended antenna coupling, on the other hand, may signifi- 
cantly reduce the signal strength in the desired direction and either 
degrade or stop communications. 


Coupling is based on two principles. One, that current flowing 
through a wire creates a magnetic field around it; and, two, that sig- 
nals in phase reinforce each other whereas signals out of phase can- 
cel each other. Receiving antennas have current flowing in them 
(the received signal). Because there is a flowing current that creates 
a magnetic field, a receiving antenna will simultaneously receive 
and reradiate the same signal. Receiving antennas, in fact, tend to 
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reradiate about one-half of the power they receive. If the receiving 
antenna is within one wavelength of a transmitting antenna (it 
makes absolutely no difference whether or not the receiving 
antenna’s radio is tuned to the same frequency as the transmitting 
radio), the receiving antenna will reradiate a portion of the signal 
which may be out of phase with the original signal, altering the 
transmitting antenna’s radiation pattern. 


Direction of Desired Transmission. Separate antennas according 
to the direction of desired transmission. For example: If antenna A 
is used to communicate to the east, and antenna B is used to com- 
municate to the north, then locate antenna A south and east of 
antenna B. Do not make the signal from one antenna pass through, 
or around, another antenna on the way to its intended receiver. 
Accomplish this by the physical location of the antennas, by mask- 
ing the antennas, or by placing the antennas at different elevations. 


Requirements 


Separate antennas based on the frequencies at which they will oper- 
ate and the power they will transmit to avoid cosite interference. 


For a 10 percent separation— 


Power Distance (Meters) 
1 kilowatt 500 
400 watts 315 
150 watts 200 
100 watts 150 
40 watts 100 
20 watts 70 
10 watts 50 
2 watts 22 


1 watt 15 
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Multiply separations by 10 for each halving of frequency separation 
(i.e., 10 for 5 percent; 100 for 2.5 percent). 


For a5 percent separation— 


Power (Watts) | Distance (Meters) 


10 500 
2 220 
1 150 


For a 2.5 percent separation— 


Power (Watts) | Distance (Meters) 


10 5000 
2 2200 
1 1500 


Separate antennas by a minimum of wavelength at the lowest fre- 
quency at which they will operate to alleviate antenna coupling. 


Band Lowest Frequency Minimum Separation 
(MHz) (Feet) 
HF 2 492 
VHF 30 32.8 
UHF 225 4.37 


Separate antennas according to the desired direction of transmission 
(i.e., don’t send the propagated wave through other antennas). 


Polarization 


The preferable polarization with respect to vegetation depends on 
the forest and the amount of foliage. Use a polarization with an 
inherent advantage when heavy vegetation cannot be avoided. Any 
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advantage based on polarization will be determined by the polariza- 
tion of possible sources of interference. In deciduous forests the 
sources are evenly divided between vertical and horizontal. In 
mature coniferous forests the sources are predominately vertical, so 
horizontal polarization has an advantage. 


Power and Signal Lines 


Distribute power and signal lines to eliminate and avoid crossovers. 
If power and signal lines must cross, arrange them so that they cross 
at right angles, and separate them by 4 feet of elevation. Do not run 
power and signal lines parallel to each other. 


ANTENNA FARM LAYOUT PRINCIPLES 


e Segregate HF, VHF, and UHF channels. 
e« Maintain separation between antennas. 


e Separate power and signal lines. Keep them out of the main 
ground phase of antennas. 


¢ Keep transmitters close to the feed point of their antennas (i.e., 
keep them short). 


¢ Establish good RF and safety grounds for each antenna. 
¢ Use ground radials for each antenna. 
e Site LOS antennas on the highest ground. 


e Site antennas to avoid the main lobes and significant side lobes 
of directional antennas. 


¢ Remote antenna farms | kilometer from the CP if practical. 


Appendix A 


GLOSSARY 


Section | 
Acronyms and Abbreviations 


AM ociteesiin ania ie a ee eek amplitude modulationn 
Cort bik tel RA EG eae oes iilen Mile silent Mil aa ieia Ne centigrade 
CIS vascetd hecesartiseedit aces tie communications and information systems 
CHM see sticcoiahh sosedisaadecsbasenvelacedsoves savecysdedesdé doves Sausaueis seesses ses centimeter 
COMSEC@ 4 sc7 cxskacete give Seserh us acer communications security 
CPoscitcecerarhen tern cideti ies low bin dlieta eles command post 
OBS least pee eagel eae Bee etait eee tee vee as tees ee decibel 
OBL csdecetekll a ae decibels over an isotropic radiator 
iB siausuinvoaieveu ct iustesenaes onuaadyredaulbesisusseuestivesesiesedueeevb re gateye for example 
EW stsslan sdatces seteecs octet sdtatseesceuueschonseecteboouchcsvoacsebees electronic warfare 
Me sheds ode ok cae be on taste eacane coicae oteeeeees dates frequency modulation 
MEM ves ctciezscavou sc enattetnestieessnientebess Fleet Marine Force manual 
EMER Pic iccssssccossssesstessussed Fleet Marine Force reference publication 
GZ etki ates Salesteh in eee le eek Sais eines este tele Gen Ra gigahertz 
FE sooo dun Gee sdhesierdes a tegavin seshaantoaaers Ge asesdubaedecandvionsstieceed high frequency 


DsOo ch eet eee ar a BOA EOE RINE that is 
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KAZ ieee bhae oe i ee ea et ei kilohertz 
Kins essteveevigearevtesuteet deals leche bee i hcbeegitie lane eects kilometer 
KWicsccsntbtess a ziivecusoutes. sdlvguiestlen cesta testecnt nedesten sete ndecdet tn eves. kilowatt 
LOS wien Oo ine ea anise line of sight 
DUB chia tate eoences cic sbi caaecees bess Ne dbes eee eadee lowest usable frequency 
MAGTEis cet an i Marine air-ground task force 
MCDP sn ichiecnnaa tence Marine Corps doctrinal publication 
MERP eo hciandinad ies. Marine Corps reference publication 
MCWP.:, eetivnd tanitenie ws Marine Corps warfighting publication 
MTA Z ie ood a canines otetaaetedecbscthtevectetes oodivesddeees sodedes curtiunaie’ megahertz 
I i teuesdtesinitenei ae iene uate avian eid usar ed mile/miles 
MUP sss teectac tects es dcattecdeticeen enatioeteete maximum usable frequency 
INV [Sis.ccsiestastien ct ieeentiteitaste saan near-vertical incidence sky wave 
RP i occa cebessboceets ta vecea Sa vesuhtaseess Sanecdetcsuatelasedevsieedateoees radio frequency 
SATCOMG scuited tensile satellite communications 
SCR eit nae nis Bes ae single-channel radio 
SID jcc: eesti anne cate nilarsese sudden ionospheric disturbance 
SINCGARG......... single-channel ground and airborne radio system 
SHIN Map Mastisitn estat teres east trae te tie eeelle aw eso eheedevaees signal-to-noise 
SPEED .......... system planning, engineering, and evaluation device 
SOW 65 2psids idgctes sadtcdlabacesdiieuct lobe eebeseyeceetadoents thete standing wave ratio 
EN yess seat estes Ges eas a aisha vg lecta saceh be techs etaesbuedceeteaectboestesssbaseubte television 
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WEBS icctesdtiece aces eieiset tees decesesAaeta sceedsteane very high frequency 
VHF-LOS «2st dees very high frequency line of sight 
VSWR eeececeseveee seites nee hdd bleh bites voltage standing-wave ratio 
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Section Il 
Definitions 


A 


alternating current—Current that is continually changing in mag- 
nitude and periodically in direction from a zero reference level. 
Also called AC. 


amplification—The process of increasing the strength (current, 
voltage, or power) of a signal. 


amplitude—tThe level of an audio or other signal in voltage or cur- 
rent. The magnitude of variation in a changing quantity from its 
zero value. 


amplitude modulation—Modulation in which the amplitude of the 
carrier wave is varied above and below its normal value in accor- 
dance with the intelligence of the signal being transmitted. Also 
called AM. 


angle of incidence—The acute angle (smaller angle) at which a 
wave of energy strikes an object or penetrates a layer of the atmo- 
sphere or ionosphere. 


antenna—A device used to radiate or receive electromagnetic 
energy (generally RF). 


antenna bandwidth—The frequency range over which a given 
antenna will accept signals. 


antenna feed—Means by which power is transferred to and from 
the antenna and the connecting transmission line. 
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antenna gain—The effectiveness of a directional antenna as com- 
pared to a standard nondirection antenna. It is usually expressed as 
the ratio in decibels of standard antenna input power to directional 
antenna input power that will produce the same field strength in the 
desired direction. For a receiving antenna, the ratio of signal power 
values produced at the receiver input terminals is used. The more 
directional an antenna is, the higher is its gain. 


array—Several simple antennas, usually dipoles, used together to 
control the direction in which most of the antenna’s power is radi- 
ated. 


attenuation—Power loss resulting from conductor resistance and 
dielectric loss within the insulating material used to separate the 
conductors. 


azimuth—An angle measured in a horizontal plane from a known 
reference point. 


B 


balanced antenna—An antenna is balanced with respect to ground 
when both its arms have the same electrical relationship to ground. 


balanced transmission line—A transmission line whose conduc- 
tors have voltages of opposite polarity and equal magnitude with 
respect to the Earth. 


balun—A device for feeding a balanced load with an unbalanced 
line, or vice versa. 


bandwidth—The width of a band of frequencies used for a particu- 
lar purpose. 
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baud—tThe number of times per second the carrier signal changes 
value. 


bidirectional—In two directions, usually opposite. 


blob—Small areas of the atmosphere where temperatures and pres- 
sure differences produce conditions suitable for the refraction of 
radio waves. 


broadband antenna—An antenna capable of operation over a 
wide band of frequencies 


Cc 


cable connectors—Fittings for cable ends which permit rapid con- 
nection and disconnection with equipment or other cables. 


capacitance—A natural property of an electrical circuit which 
opposes the rate of change of voltage. 


capacitor—A device for storing electrical charge. 


center-fed—Transmission line connection at the electrical center of 
an antenna radiator. 


coaxial cable—A transmission line consisting of two conductors, 
one inside the other, and separated by insulating material. The inner 
conductor may be a small copper tube or wire; the outer conductor 
may be metallic tubing or braid. Radiation loss from this type of 
line is very little. 


command post—The headquarters of a unit or subunit where the 
commander and staff perform their functions. 
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communications circuit—The means by which information is 
transferred between two or more places. 


conductor—A material (usually metal) that has low resistance to 
the flow of electrical current. A wire, cable, or other object capable 
of carrying electric current. Good conductors are made of metals 
such as silver, copper, and aluminum. 


connections—Points at which two or more conductors are brought 
into contact. 


counterpoise—A conductor or system of conductors used as a sub- 
stitute for ground in an antenna system; a wire or group of wires 
mounted close to the ground, but insulated from ground, to form a 
low-impedance, high-capacitance path to ground. 


critical frequency—The highest frequency at which a signal may 
be transmitted directly overhead and be reflected back to Earth 
from the ionosphere. 


cross-polarized—The polarization of a received signal is 90 
degrees to the polarization of the receiving antenna. 


current—tThe flow of electrons along any path. 


D 


decibel—The standard unit used to express transmission gain or 
loss and relative power levels. Also called dB. 


deflection—The displacement of an electron beam from its line of 
sight path. 


demodulate—To recover the information originally impressed on 
the radio wave. 
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dielectric—A material that does not conduct electricity, such as 
rubber or glass, i.e. an insulator. 


diffraction—The process by which electromagnetic waves are bent 
so that they appear behind an obstruction. 


dipole antenna—A center-fed wire antenna whose conductors are 
in a straight line. 


directional antenna—An antenna designed to transmit and receive 
RF energy in a specific direction(s). 


direct waves—Waves which propagate in a straight line from the 
transmitting to the receiving antennas. 


directivity—The property of radiating more energy in some direc- 
tions than in others. 


director—A conductor placed in front of a driven element to cause 
directivity. 


ducting—The propagation of VHF/UHF wave by bouncing 


between the Earth’s surface and the interface between layers of air 
having different dielectric constants. 


E 
efficiency—The ratio of power output to power input. 


electromagnetic field—tThe field of force that an electrical current 
produces around the conductor through which it flows. 


electromagnetic waves—A wave propagating as a periodic distur- 
bance of the electric and magnetic fields and having a frequency in 
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the electromagnetic spectrum; the means by which energy is trans- 
mitted from one place to another. 


end-fed—An antenna whose power is applied to one end rather 
than at some point between the ends. 


F 
fading— A periodic decrease in received signal strength. 


feedpoint impedance—Impedance that is measured at the input 
terminals of an electrical device such as an antenna. 


fields—Regions in which each point has a value of a physical quan- 
tity (voltage, magnetic force, velocity, mass, etc.). 


free space—The absence of ground. 


frequency—The rate at which a process repeats itself. In radio 
communications, frequency is expressed in cycles per second. 


frequency hopping—A method of jumping from frequency to fre- 
quency in synchronization with one another in a random order at a 
rate of up to 100 times per second. Frequency hopping is the pre- 
ferred method of communication with SINCGARS radios. 


frequency modulation—tThe process of varying the frequency of a 
carrier wave, usually with an audio frequency, in order to convey 
intelligence. Also called FM. 


frequency of optimum transmission—85 percent of the maximum 
usable frequency (MUF). A practical frequency selection which 
allows for MUF variations. 
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G 


gain—The increase in signal strength that is produced by an ampli- 
firer. 


generator—A device that changes mechanical energy into electri- 
cal energy. 


ground—A very large semiconductive surface (the Earth) or a 
smaller highly conductive surface. 


ground radials—Wires on or in the earth to improve its conductiv- 
ity near the antenna. 


ground screen—A wire mesh ground plane. 


ground wave—A radio wave that travels along the Earth’s surface 
rather than through the upper atmosphere. 


H 


half-wave dipole antenna—A center-fed antenna whose electrical 
length is half the wavelength of the transmitter or received signal. 


half-wave vertical dipole antenna—A half-wave dipole con- 
structed vertical to the Earth’s surface. 


hertz—One cycle per second. 
high frequency—frequencies between 3 and 30 MHz. 


hop—A single reflection of the wave back to Earth at a point 
beyond the horizon. 
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horizontal dipole—A dipole constructed parallel to the Earth’s sur- 
face. 


horizontal pattern—The horizontal cross-section of an antenna’s 
three-dimensional radiation pattern. 


horizontal polarization—Transmission of radio waves in such a 
way that the electric lines of force are horizontal (parallel to the 
Earth’s surface). 


impedance—tThe total opposition offered by a circuit or compo- 
nent to the flow of alternating current. 


impedance match—The condition where the load impedance 
equals the characteristic impedance of a transmission line. 


inductance—The natural property of an electrical circuit which 
opposes the rate of change or current, i.e., electrical “intertia.” 


in phase—Two or more signals of the same frequency passing 
through their maximum and minimum values of like polarity at the 
same instant. 


insulator—A device or material that has a high electrical resis- 
tance; a nonconductor of electricity. 


interference—A degradation of a received signal caused by 
another transmitter, a noise source, or the desired signal propaga- 
tion over two or more different routes. 


inverted L antenna—A half-wave dipole fed by a one-quarter 
wavelength long vertical section. 
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inverted vee antenna—A half-wave dipole erected in the form of 
an upside-down vee, with the feed point at the apex. It is essentially 
omnidirectional, and is sometimes called a “dropping doublet.” 


ionization—The process where radiation and particles from the 
Sun make some of the Earth’s atmosphere partially conductive. 


ionosphere—A partially conducting region of the Earth’s atmo- 
sphere between 50 kms and 400 kms high. 


L 


lambda—Greek lower case letter (A) used to represent a wave- 
length with reference to electrical dimensions in antenna work. 


linearly polarized antennas—Antennas that produce only one 
polarization. 


line of sight—The transmission path of a wave that travels directly 
from the transmitting antenna to the receiving antenna. Also called 
LOS. 


load—A device that consumes electrical power. 


loading—Providing or connecting an electrical device capable of 
accepting power to match the impedance of an antenna to a trans- 
mitter so that maximum power is radiated from a generating device, 
such as a transmitter. 


lobe—A bulge on an antenna radiation pattern which indicates the 
direction in which radiated power is concentrated. 


long-wire antenna—An end-fed single wire antenna usually one 
wavelength or longer. 
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lowest usable frequency—The lowest frequency that will not be 
absorbed by the ionosphere or smothered by atmospheric noise. 
Also called LUF. 


maximum usable frequency—The highest frequency for a given 
elevation angle that will reflect from an ionospheric layer. Also 
called MUF. 


megahertz—One million cycles per second. Also called MHz. 


modulate—To change the output of a transmitter in amplitude 
phase, or frequency in accordance with the information to be trans- 
mitted. 


monopole antenna—An antenna with a single radiating element; a 
whip antenna. 


N 


noise—Random pulses of electromagnetic energy generated by 
lightning or electrical equipment. 


O 


offset angle—The angle at which a long wire antenna must be 
aimed on either side of the direction to the base station. 


omnidirectional antenna—An antenna whose radiation pattern 
shows equal radiation in all horizontal directions. 


oscillation—A periodic, repetitive motion or set of values (voltage, 
current, velocity). 
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out of phase—Two alternating quantities not passing through cor- 
responding values at the same time (e.g., if the current in a circuit 
reaches its maximum value before or after the applied voltage does, 
the current is out of phase with the voltage). 


P 
path loss—The ratio of received power to transmitted power. 


polarization—The direction of the electric field of a radiated wave 
relative to the surface of the Earth (vertical, horizontal, linear, and 
circular). 


polarization fading—Fading due to polarization rotation of a 
received signal. The received signal decreases when the incoming 
wave does not have the same polarization as the receiving antenna. 


power gain—The directive gain of an antenna multiplied by its 
efficiency 


propagation—A phenomenon by which any wave moves from one 
point to another; the travel of electromagnetic waves through space 
of along a transmission line. 


propagation path—tThe path or route over which power flows 
from the transmitter to the receiver. 


Q 


quarter-wave antenna—An antenna with an electrical length that 
is equal to one-quarter wavelength of the signal being transmitter or 
received. 
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R 
radiate—To transmit RF energy. 


radiation—Energy that moves through space as electromagnetic 
waves. 


radiation patterns—A chart of relative radiation intensity (or 
power) versus direction. 


radio frequency—Any frequency of electrical energy capable of 
propagation into space (usually above 20 kHz). Also called RF. 


radio horizon—The greatest distance on the Earth at which a trans- 
mitted wave can be received by the direct path from a transmitter 
located on the Earth. 


radio waves—Electromagnetic waves at a frequency lower than 
3,000 GHz and propagated through space without and artificial 
guide. 


receiver—Amplifying and selecting equipment that receives radio 
frequencies and delivers a duplicate of the information impressed 
on the transmitter. 


reception—The process of recovering transmitted information; the 
process of converting electromagnetic fields to current in wires. 


reciprocity—The various properties of an anntenna apply equally 
whether the antenna is transmitting or receiving. 


reflected waves—Waves that change their direction of propagation 
after striking a surface that is either a conductor or an insulator. 
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reflection—The turning back of a radio wave from an object or the 
surface of the Earth. 


reflector type antenna—An antenna placed in front of a conduct- 
ing surface (reflector) for the purpose of increasing radiation in one 
direction, at the expense of radiation in other directions. 


refraction—The bending, or changing direction, of a radio wave 
passing into or through layers of the atmosphere or the ionosphere 
that have different density (dielectric constant). 


refractive index—A measure of the degree by which the speed of 
an electromagnetic wave is slowed as it propagates through a given 
material. 


resistance—The property of a material or substance to oppose the 
passage of current through it, thus causing electrical energy to be 
converted into heat energy. 


resonance—The state or frequency of vibration, electrical or 
mechanical, in which forces that impede the motion are minimum. 


resonant length—The proper length of an antenna to render it reso- 
nant 


rhombic antenna—An antenna made of four wires of equal length 
connected together in the shape of a rhombus. 


S 


scattering—The spreading or breaking up of electromagnetic 
waves when they encounter objects of different electrical properties 
than those in which the wave is traveling. 
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shortened dipole—A dipole antenna made to resonate at a lower 
frequency by use of a coil. 


signal—A radio wave that contains the transmitted message. 


signal loss—The amount of signal power lost between the transmit- 
ter and receiver. 


signal-to-noise ratio—The power intensity of the signal compared 
to that of the noise. 


skip distance—The distances on the Earth’s surface between the 
points where a radio wave sky wave leaves the antenna and is suc- 
cessfully reflected and/or refracted back to Earth from the iono- 
sphere. 


skip zone—The space or region within the transmission range 
where signals from a transmitter are not received, i.e., between the 
ground wave and the point where the refracted wave returns. 


sky wave—A radio wave that is reflected from the ionosphere. 
sloping long-wire antenna—A wire antenna of length greater than 
one wave-length and supported in an inclined orientation with 


respect to the ground. 


standing-wave ratio—The ratio of the maximum to minimum 
amplitudes of voltage, or current, along a transmission line. 


standing waves—Waves that appear not to be moving as the result 
of power traveling in both directions along a transmission line. 


stratosphere—The second layer of the Earth’s atmosphere, extend- 
ing from 10 to 50 km. 
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sunspots—Activity on the Sun’s surface which is seen as a series of 
blemishes that vary in size, number, and location. 


T 


take-off angle—The angle measured from the Earth’s surface or 
horizontal up to the direction of propagation towards the iono- 
sphere. 


transistor—A minute electronic device that permits a small current 
to control the flow of a larger current. 


transmission line—A conductor that transfers radio frequency RF 
energy from the transmitter to the antenna or from the antenna to 
the receiver. 


transmitter—A piece of equipment that generates and amplifies a 
radio frequency, adds intelligence to this signal, and then sends it 
out into the air as a radio frequency wave. 


troposphere—The region of the Earth’s atmosphere from the sur- 
face to a height of about 10 km. 


tuning—tThe process of adjusting a radio circuit so that it resonates 
at the desired frequency. 


twin-lead transmission line—A balanced transmission line gener- 
ally used with balanced antennas. 


two element array—An antenna composed of two element anten- 
nas. 
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U 


ultrahigh frequency—Frequencies between 300 and 3,000 MHz. 


unbalanced transmission line—A transmission line one of whose 
conductors is grounded. 


unidirectional—lIn one direction only. 
V 
vee antenna—Two long-wire antennas connected to form a vee. 


velocity—The speed of a radio wave through the dielectric medium 
it is in. 


vertical dipole—A balanced or dipole antenna oriented vertically. 
vertical polarization—Transmission of radio waves in such a way 


that the electric lines of force are vertical (perpendicular to the 
Earth’s surface). 


vertical quarter-wave antenna—A monopole (whip) antenna that 
is oriented vertically. 


very high frequency— Frequencies between 30 and 300 MHz; 
transmissions that follow the line of sight path. 


voltage—Electrical pressure, expressed in volts, which is the result 
of squeezing electrons together. 


voltage standing-wave ratio—The ratio of the amplitude of the 
electric field or voltage at a voltage maximum to that at an adjacent 
voltage minimum. Also called VSWR. 
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W 


wavelength—The distance a wave travels during one complete 
cycle. It is equal to the velocity divided by the frequency. 


wave propagation—The transmission of RF energy through space. 
whip antenna—A vertical monopole. 


wire—Conductors in one of many different sizes with different 
kinds of insulation. 


Y 


yagi antenna—A combination of dipoles to increase the gain. 
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EXECUTIVE SUMMARY 


The National Telecommunications and Information Administration (NTIA) is the 
Executive Branch agency principally responsible for advising the President on 
telecommunications and information policy issues. NTIA’s responsibilities include developing 
and articulating domestic and international telecommunications and information policies 
concerning spectrum allocation and utilization, presenting executive branch views on 
telecommunications and information matters to Congress, the Federal Communications 
Commission (FCC), and the public, and providing guidance to federal agencies to ensure their 
telecommunication activities are consistent with these policies. 


To fulfill these responsibilities, NTIA has undertaken numerous spectrum-related studies 
to assess spectrum utilization and recommend changes to promote efficient and effective 
spectrum utilization, examine the feasibility of reallocating spectrum used by the federal 
government to the private sector, recommend changes to improve federal spectrum management 
procedures, and identify existing or potential electromagnetic compatibility (EMC) problems 
between radio systems and provide recommendations to resolve EMC conflicts. 


NTIA and the federal agencies have long relied on engineering analyses and technical 
studies to assess compatibility between federal and non-federal radio systems and to evaluate 
emerging radio technologies. Unfortunately, regulators and the spectrum management 
community have yet to recognize a common set of approaches for conducting these analyses and 
studies. Moreover, in light of the increasing spectrum demands, federal regulators and spectrum 
managers must use analysis methods that accurately represent interference between radio 
systems to ensure efficient and effective spectrum utilization. 


To make the analyses and studies more effective and accurate, NTIA, in coordination 
with the federal agencies and the FCC, is developing a Best Practices Handbook of engineering 
analytical tools and procedures with the aim of optimizing spectrum utilization. The handbook 
will include appropriate transmitter and receiver technical standards, radio service-specific 
interference protection criteria, limits of unwanted emission, frequency dependent environmental 
characteristics, engineering models of antennas and radiowave propagation, and a description of 
radio service-specific analysis models that address single and aggregate interference. 


To support the development of the handbook, NTIA’s Office of Spectrum Management, 
Spectrum Engineering and Analysis Division developed this technical memorandum to address 
the antenna characteristics for EMC analyses. The memorandum covers the antenna gain 
requirements, radiation patterns, sidelobe requirements, and other technical data. The results of 
this memorandum will be incorporated into the Best Practices Handbook. 


This memorandum contains two compilations of antenna parameters. The first one is the 
collection of rules, regulations, and recommendations regarding antennas that are published by 
authoritative institutions and are relevant to EMC analyses. Various authoritative institutions 
have published rules, regulations, and recommendations regarding antennas for regulating, as 
well as improving, EMC, with the aim of optimizing spectrum efficiency. NTIA technical staff 
conducted an extensive search for the rules, regulations, and recommendations published by 


il 


itself, the FCC, International Telecommunication Union, RTCA, Inc. (formerly Radio Technical 
Commission for Aeronautics), etc., and compiled the findings in this memorandum. The 
information includes the antenna gain values, reference radiation patterns, sidelobe requirements, 
and other technical data. Thus, this memorandum is a library of the rules, regulations, and 
recommendations regarding antennas that are relevant to EMC analyses. This will enable 
regulators and spectrum managers to easily identify the appropriate antenna parameters for their 
EMC analyses. 


The second compilation is the recommendations of antenna parameters for NTIA and the 
federal agencies to conduct their EMC analysis tasks. NTIA conducts the following EMC 
analysis tasks for the federal agencies: system review for equipment approval, frequency 
assignment, and spectrum sharing studies. The official source of antenna parameters for these 
tasks is the NTIA’s Manual of Regulations and Procedures for Federal Radio Frequency 
Management. However, the Manual only provides antenna parameters for some radio services. 
NTIA technical staff evaluated the characteristics of the radio services, the federal usage of the 
radio spectrum, and the technical merit and practicality of the antenna parameters in the rules, 
regulations, and recommendations, and then developed recommendations of antenna parameters 
for all of the radio services. These recommendations are compiled in this memorandum. Thus, 
this memorandum is also a library of the antenna parameters for NTIA and the federal agencies 
to conduct their EMC analysis tasks. 


This technical memorandum is a living document. The content will be periodically 


reviewed for new and revised technical parameters from the authoritative institutions, and the 
memorandum will be revised accordingly. 
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SECTION 1. INTRODUCTION 
1.1 Background 


The National Telecommunications and Information Administration (NTIA) is the 
Executive Branch agency principally responsible for advising the President on 
telecommunications and information policy issues. NTIA’s responsibilities include developing 
and articulating domestic and international telecommunications and information policies 
concerning spectrum allocation and utilization, presenting executive branch views on 
telecommunications and information matters to Congress, the Federal Communications 
Commission (FCC), and the public, and providing guidance to federal agencies to ensure their 
telecommunication activities are consistent with these policies. 


To fulfill these responsibilities, NTIA has undertaken numerous spectrum-related studies 
to assess spectrum utilization and recommend changes to promote efficient and effective 
spectrum utilization, examine the feasibility of reallocating spectrum used by the federal 
government to the private sector, recommend changes to improve federal spectrum management 
procedures, and identify existing or potential electromagnetic compatibility (EMC) problems 
between radio systems and provide recommendations for resolving EMC conflicts. 


NTIA and the federal agencies have long relied on engineering analyses and technical 
studies to assess compatibility between federal and non-federal radio systems and to evaluate 
emerging radio technologies. Unfortunately, regulators and the spectrum management 
community have yet to recognize a common set of approaches for conducting these analyses and 
studies. Moreover, in light of the increasing spectrum demands, federal regulators and spectrum 
managers must use analysis methods that accurately represent interference between radio 
systems to ensure efficient and effective spectrum utilization. 


To make the analyses and studies more effective and accurate, NTIA, in coordination 
with the federal agencies and the FCC, is developing a Best Practices Handbook of engineering 
analytical tools and procedures with the aim of optimizing spectrum utilization. The handbook 
will include appropriate transmitter and receiver technical standards, radio service-specific 
interference protection criteria, limits of unwanted emission, frequency dependent environmental 
characteristics, engineering models of antennas and radiowave propagation, and a description of 
radio service-specific analysis models that address single and aggregate interference. 


To support the development of the handbook, NTIA’s Office of Spectrum Management, 
Spectrum Engineering and Analysis Division developed this technical memorandum to address 
the antenna characteristics for EMC analyses. The memorandum covers the antenna gain 
requirements, radiation patterns, sidelobe requirements, and other technical data. The results of 
this technical memorandum will be incorporated into the Best Practices Handbook. 


1.2 Objective 


This technical memorandum serves two purposes. The first one is to serve as a library of 
rules, regulations, and recommendations regarding antennas that are published by authoritative 
institutions and are relevant to EMC analyses. Federal agencies and international institutions 
have published many rules, regulations, and recommendations regarding antennas for regulating, 
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as well as improving, EMC, with the aim of optimizing spectrum utilization. However, the 
diverse sources of these rules, regulations, and recommendations make it difficult for regulators 
and spectrum managers to find the correct information for their EMC analyses. NTIA technical 
staff collected these rules, regulations, and recommendations, and compiled them in this 
technical memorandum. This will make the necessary information regarding antennas more 
easily accessible to regulators and spectrum managers. 


The second purpose is to serve as a library of the antenna parameters for NTIA and the 
federal agencies to conduct their EMC analysis tasks. NTIA conducts the following EMC 
analysis tasks for the federal agencies: system review for equipment approval, frequency 
assignment, and spectrum sharing studies. The official source of antenna parameters for these 
tasks is the NTIA’s Manual of Regulations and Procedures for Federal Radio Frequency 
Management.! However, the Manual only provides antenna parameters for some radio services. 
In order to provide the complete information, NTIA technical staff developed recommendations 
of antenna parameters for all of the radio services, and compiled them in this memorandum. This 
will provide regulators and spectrum managers with all of the necessary antenna parameters for 
their EMC analysis tasks. 


1.33. Approach 


To develop the library of rules, regulations, and recommendations regarding antennas 
that are relevant to EMC analyses, NTIA technical staff searched for documentations from the 
authoritative institutions whose information has regulatory status for the spectrum management 
tasks. These institutions include NTIA, FCC, International Telecommunication Union (ITU), 
RTCA, Inc. (formerly Radio Technical Commission for Aeronautics), etc. Technical journals 
with the most up-to-date information on antenna technologies, e.g., publications from the 
Institute of Electrical and Electronics Engineers (IEEE), were not searched. Almost all of the 
information is publically available either from the Internet or published documents. 


To develop the library of antenna parameters for NTIA and the federal agencies to 
conduct their EMC analysis tasks, NTIA evaluated the characteristics of the radio services, the 
federal usage of the radio spectrum, and the technical merit and practicality of the antenna 
parameters from the authoritative institutions, and then developed the recommendations. The 
recommendations only cover the radio services for which NTIA conducts the EMC analysis 
tasks; therefore, recommendations for the Broadcasting Service and Broadcasting-Satellite 
Service were not developed. A summary of these recommendations will be included in the Best 
Practices Handbook. 


This technical memorandum is a living document. The content will be periodically 


reviewed for new or revised technical parameters from authoritative institutions, and the 
memorandum will be revised accordingly. 


1 National Telecommunications and Information Administration, U.S. Department of Commerce, Manual of 
Regulations and Procedures for Federal Radio Frequency Management (2008). 
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1.4 Scope 


This technical memorandum contains three parts. The first part, in Sections 2 to 4, 
provides a brief introduction of the antenna fundamentals, antenna types, and common 
techniques associated with antenna modeling. 


Section 2 presents the basics of antenna characteristics most often encountered by the 
spectrum managers, e.g., gain, radiated power, reference radiation pattern, efficiency, 
beamwidth, polarization, noise, bandwidth, and near-field and far-field regions. 


Section 3 presents the fundamental types of antennas applicable to all the radio services, 
e.g., linear antennas, aperture antennas, fractal antennas, microstrip antennas, and array antennas. 
It also presents photographs, diagrams, and radiation patterns of antennas. Since many spectrum 
managers work with only one or a few radio services that employ only a few types of antennas, 
the information in Section 3 may broaden a spectrum manager’s knowledge of antenna types 
beyond her/his regular work requirement. 


Section 4 provides the following information for modeling antenna performance: 
equations to calculate gain and beamwidth, reference radiation patterns currently used by the 
federal government for system planning purposes, and algorithms commonly used to develop 
antenna models. 


The second part, in Section 5, is the compilation of rules, regulations, and 
recommendations published by authoritative institutions such as NTIA, FCC, ITU, and RTCA. 
The content is organized by the categories of radio services classified in the ITU 
Radiocommunication Sector (ITU-R). Typical technical parameters are provided when the rules, 
regulations, and recommendations are not available. A summary list of these rules, regulations, 
recommendations, data, and specifications are provided in Table 5-83 at the end of Section 5 for 
easy reference. 


The third part, in Sections 6 and 7, provides the antenna parameters for NTIA and the 
federal agencies to conduct their EMC analysis tasks. The recommendations cover the antenna 
radiation performance standards for system review, the antenna radiation patterns for frequency 
assignment, and the representative antenna radiation patterns for spectrum sharing analyses. 
Section 6 provides the complete processes for developing the recommendations, and Section 7 is 
the summary of recommendations in Section 6. The content is also organized by the categories of 
radio services classified in ITU-R. 
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SECTION 2. ANTENNA FUNDAMENTALS 


2.1 Introduction 


An antenna is the component of a radio system that transmits and/or receives radio 
signals via electromagnetic (EM) wave. This section presents a discussion of some of the 
antenna technical parameters relevant to EMC analyses that are regularly encountered by the 
spectrum managers. These include the near-field and far-field regions, radiated power, 
directivity, gain, radiation pattern, efficiency, beamwidth, polarization, noise, and bandwidth. 


The presentation is intended to be conceptual rather than theoretical; hence, equations are 
used only when necessary. It is hoped that the presentation allows the spectrum managers to gain 
an understanding of the physical concepts of these antenna characteristics. Also, since the 
spectrum managers should already have working knowledge of antennas, the presentation is not 
meant to simulate a textbook; thus, it is not as organized or rigid as one. 


In this section, all the parameters are expressed in the spherical coordinate system. The 
graphic presentation of the spherical coordinate system is shown in Figure 2-1. The origin of the 
coordinate system is 9. The coordinates of point p is (r, 8 g), where r is the radius distance, is 


the elevation angle, and gis the azimuth angle. The unit vectors at p are (r, 0, g).? 


~ Prenat e-" 


Figure 2-1. Spherical Coordinate System 


The basic equation in EMC analyses to calculate the signal power received by a radio 
system is 


2 This is not the conventional spherical configuration system where the angle @ is measured from the z-axis 
downward and is called the inclination angle. The configuration in Figure 2-1 is suitable for describing the 
antenna operation using azimuth and elevation angles to specify its pointing direction. 
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P, = P, + Gi(,) + Gi(d,) - FG, Bt, Mt. ff, Br, Mr) - Lp (2-1) 


where 
P,: received power, dBW; 
P,: transmitter power, dBW; 
G; transmitting antenna power gain, dBi; 
: angle off transmitting antenna mainbeam axis; 
G;: receiving antenna power gain, dBi; 
o,: angle off receiving antenna mainbeam axis; 
Ff, Bi, Mi, ff, Br, M,): frequency dependent rejection factor, dB; 
fe transmitting signal carrier frequency; 
B;: transmitting signal bandwidth; 
M:: transmitting signal modulation; 
jr: receiver filter center frequency; 
B,: receiver filter bandwidth; 
M;: receiver filter modulation; and 
Lp: propagation loss, dB. 


This equation is used for both the intended signals and the unintended interfering signals. 
The transmitting and receiving antenna gain characteristics, G,(o,) and G,(@,), play an important 
role in interference management. These two parameters, or specifically o; and ,, are controlled 
in the system planning process to manage the interfering signals. Better spectrum management 
and frequency utilization may be achieved by effectively controlling these parameters to 
minimize the impact of interference. 


2.2 Near-Field and Far-Field Regions 


The EM field generated by an antenna has three components that differ in their distance- 
dependencies. The first one is the inductive near-field, the second one is the radiated near-field, 
and the third one is the radiated far-field. The inductive field stores energy near the antenna, and 
the radiated fields dissipate energy into space. The near-fields are large compared with the far- 
field in the vicinity of the antenna, but their strengths decrease more rapidly than the far-field as 
the distance of propagation increases. Beyond a certain distance, the far-field becomes the 
dominant component. The area where the far-field dominates is called the far-field region, where 
the far-field can be approximated as a plane wave. The area between the far-field region and the 
antenna is called the near-field region. 


It has been generally accepted that the plane-wave approximation is valid when at least 
one of the following conditions is met: 


r>2L7/r (2-2a) 
r>>L (2-2b) 
r>>h (2-2c) 


where 
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r: distance from the antenna, 

L: maximum linear dimension of the antenna radiation portion or surface, 
id: wavelength, and 

>>: much larger. 


Eq. (2-2a) alone is sufficient for antennas operating in the Very High Frequency (VHF, 30-300 
MHz range) and higher frequency bands, and Eqs. (2-2a—c) should all be satisfied for antennas 
operating below the VHF band. 


EMC analyses almost always consider only the far-field radiation characteristics. 
However, in some special cases, the dominant interfering signals are the near-field. For instance, 
broadband power-line communications utilize the electric power lines as the telecommunication 
media to transmit the signals, and other radio systems near the power lines may be interfered 
with by the near-field. This case is documented in two NTIA reports. + Another example is the 
co-site issue when two antennas with overlapping frequency bands are installed nearby, e.g., in 
the same hosting tower. This is a system design issue, not a spectrum management issue. Co-site 
analysis tools are available commercially. 


2.3. Power and Gain 
2.3.1 Radiated Power 


The antenna power, Pan, is the total power input to the antenna system. It generates the 
radiating EM wave that dissipates power into the far field, the non-radiating EM field that stores 
energy in the near field, and joule heat. 


The far-field radiated power, commonly referred to as the radiated power, Praa, is the 
total radiated power carried by the far-field EM wave. P,aq is independent of the propagation 
distance r and is a constant. 


The power flux density (pfd) is a measure of the radiated power density at a particular 
location in space. In designing a radio system, one of the specifications is the lower limit pfd at 
the front end of a receiving antenna to guarantee required signal qualities. When regulating radio 
interference between radio systems, one of the specifications could be the maximum allowable 
pfd, either for a single-entry interfering signal or aggregated interfering signals, at the front end 
of a receiving antenna to limit radio interference from other radio systems. 


The radiation intensity, U(@, @), from an antenna in a given direction (6, @) is the far- 
field radiated power per unit solid angle in the direction (@, g).5 U(@, @) is independent of the 
propagation distance r. 


3 NTIA, U.S. Department of Commerce, NTIA 04-413, Broadband-Over-Powerline Report (2004). 


4 NTIA, U.S. Department of Commerce, NTIA 08-450, Potential Interference From Broadband Over Power Line 
(BPL] Systems To Federal Government Radiocommunication Systems at 1.7 - 80 MHz Phase 2 Study (2007). 


5 Solid angle is the angle of an object seen from the center of a sphere. The unit of solid angle is the steradian (or 
square radian). The total solid angle is the solid angle over a sphere and is equal to 42 steradian. 
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2.3.2 Directive Gain and Power Gain 


The directive gain, ga(0, ~), of an antenna in a given direction (8, ¢) is the ratio of the 
radiation intensity U(@, @) in a given direction (6, @) to the average radiation intensity, i.e., 


2,(0, 9) = ee (2-3) 


rad 

where (Praq/47t) is the average radiation intensity over the complete spherical steradian angle of 
4x. The ga(@, @) value of Eq. (2-3) is numerical. Usually, it is more practical for antenna 
engineers and spectrum managers to express the gain value in decibels. Denoting the directive 
gain in decibel as Ga(@, ¢), then 


G,(, g) =10xlog|g, (6, )] (dB) (2-4) 


The directivity, D, of an antenna is the peak directive gain at the mainbeam axis. 


The power gain, gp(@, ¢), of an antenna in a given direction (@, @) is the ratio of the 
radiation intensity U(@, @) to the average radiation intensity if the antenna power were 
completely radiated, i.e., 


ga es (2-5) 


ant 


The g,(8,@) value of Eq. (2-5) is numerical. Often, its value is expressed in decibel; denoting the 
power gain in decibel as G,(@, ¢@), then 


G, (6, v)=10xlog[g, (0, 9) (dB) (2-6) 


The peak gain, g, or on-axis gain, or simply Gain, is the peak power gain at the 
mainbeam axis. The peak gain in decibels is usually denoted G. 


2.4 Radiation Pattern 


2.4.1 Characteristics 


The antenna radiation pattern is a graphical representation of the geometrical distribution 
of the radiated power over all space. It is typically expressed in the spherical coordinates as a 
function of space coordinates and is independent of distance. 


A radiation pattern usually consists of a mainbeam, one or a few near sidelobes adjacent 
to the mainbeam and many far sidelobes further away from the mainbeam. The mainbeam can be 
of various shapes, e.g., toroidal beam, pencil beam, or elliptical beam. The near sidelobes usually 
have predictable power levels and directions. The far sidelobes are very random in their power 
levels and directions, but generally the power levels decrease rapidly and level off at a threshold 


value. The randomness of the far sidelobes depends on the detailed structure of the antenna, e.g., 
the accuracy of the surface, the shape of the edge, and the antenna supporting elements. 


Radiation patterns can be seriously affected by the environment. For instance, the 
radiation pattern of an antenna operating in the Low Frequency (LF, 30-300 kHz range) or 
Medium Frequency (MF, 300-3000 kHz range) band and installed above the ground is 
profoundly influenced by the lossy earth. Or, the radiation pattern of an antenna installed 
onboard a ship or an airplane is distorted by the metallic structure in its surrounding. 


2.4.2 Types of Patterns 


Antennas generate three types of radiation patterns: isotropic, omnidirectional, and 
directional. These types of radiation patterns are discussed here. 


(a) Isotropic Radiation Pattern 


An isotropic radiator is a theoretical antenna that radiates power uniformly in all 
directions. Therefore, it is sometimes called a non-directional radiator. Such three-dimensionally 
uniform radiation capability is possible only with a point radiator. 


Although purely theoretical, it is best known for its usage as a reference. An isotropic 
radiator is used as a reference antenna to specify the directional gain of an antenna. As a 
common practice, an antenna gain value is expressed as "x dB above an isotropic radiator" and 
labeled as “x dBi”. 


(b) Omnidirectional Radiation Pattern 


An omnidirectional antenna is an antenna that can provide uniform radiation in a 
reference plane; this reference plane is referred to as the peak gain plane where G = Gyax in all 
radiant directions. The radiation pattern of an omnidirectional antenna is shown in Figure 2-2.° 
The pattern is a toroid (1.e., doughnut) or a figure-eight, with the axis of the toroid aligned with 
the axis of the antenna. In most of the radio systems using omnidirectional antennas, the peak 
gain plane is the horizontal plane parallel to the local Earth surface; this is the case shown in 
Figure 2-2. 


6 http://www.tpub.com/content/neets/14182/css/14182_186.htm, accessed Nov. 9, 2011. 
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Figure 2-2. Radiation Pattern of an Omnidirectional Antenna 


The effective (or equivalent) radiated power (ERP) of an omnidirectional antenna refers 
to the radiated power strength in any direction in the reference plane. ERP can be obtained by 
multiplying the total radiated power, Praa, with the peak gain reference to a dipole antenna 
(discussed in Section 3.2.2(b)), gaipoles 1-€., 


ERP = Pg * 8 cipote (2-7) 


(c) Directional Radiation Pattern 


A directional antenna can generate a cone-shaped mainbeam within which most of the 
radiated power is contained. An example of the radiation pattern of a directional antenna is 
shown in Figure 2-3; here the antenna mainbeam axis is in the horizontal plane.’ 


(a) 3-Dimentional Radiation Pattern 
(Figure 2-3) 


7 http://www.cisco.com/en/US/prod/collateral/wireless/ps7 183/ps469/prod_white_paper0900aecd806a1a3e.html, 
accessed July 14, 2011. 
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Figure 2-3. Directional Antenna Radiation Pattern 


The effective (or equivalent) isotropic radiated power (EIRP) of a directional antenna 
refers to the radiated power strength in the direction of the mainbeam axis. EIRP can be obtained 
by multiplying the total radiated power, P,aa, with the peak power gain, gp, i.e., 


EIRP = P..4 xg, (2-8) 


2.4.3 Reference Radiation Pattern 


Because of the randomness of the far sidelobes, a reference or envelope radiation pattern 
is usually used for EMC analyses. A reference radiation pattern is the envelope of the actual 
radiation pattern, and is usually artificially shaped to be symmetric to the mainbeam axis. A 
measured radiation pattern and its reference radiation pattern are shown in Figure 2-4.8 A 
reference radiation pattern should be applicable to almost all antennas of similar design. 
Recommendation (Rec.) ITU-R F.732 provides a methodology to develop the antenna sidelobe 
reference radiation pattern from the measurement data.9 


8 Rec. ITU-R F.699-7, Reference Radiation Patterns for Fixed Wireless System Antennas for Use in Coordination 
Studies and Interference Assessment in the Frequency Range from 100 MHz to about 70 GHz (2006). 


9 Rec. ITU-R S.732, Method for Statistical Processing of Earth-station Antenna Side-Lobe Peaks (1992). 
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Figure 2-4. Comparison of Measured and Reference Radiation Patterns 


Reference radiation patterns have been developed for many radio services for 
coordination studies, interference assessments, and as antenna design objectives. For 
coordination studies and interference assessments, however, the actual radiation pattern should 
always be used if it is available. As design objectives, the reference radiation pattern regulates 
the sidelobe levels with the provision of certain pre-determined error margin, e.g., no more than 
5% of the real sidelobes should exceed the envelope by no more than 3 dB. 


2.4.4 Reciprocity 


The principle of reciprocity is a physics theorem. It is the extension of Newton’s third 
law of motion that action and reaction are equivalent. Its application to the EM theory is that the 
same physics and mathematical formulas for describing the electric current in a radiator and the 
EM wave it generates can be used to describe the EM wave radiating upon the radiating device 
and the electric current induced in the device. 


The application of this EM theory to the antenna theory is that an antenna’s transmitting 
and receiving radiation patterns are the same. 


2.5 Efficiency 


The antenna efficiency, e, is the measure of an antenna’s capability to convert the input 
power to the radiated power. It is the ratio of the radiated power Pq to the antenna power Pant, 
which is the same as the ratio of the power gain g, to the directive gain ga, i.e., 


Pp. 
e= tnd — Bp (2-9) 
F ga 
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The antenna efficiency is the result of many effects: reflection mismatch, conduction or 
joule heating, dielectric, etc. 


Depending on the requirements of a radio service or radio system, its antennas will have 
different practical e values. For instance, a space system should maximize the power utilization 
while minimizing interference from the sidelobe, and the resulting practical e value for an earth 
station dish antenna is between 0.6 and 0.65. Mobile cellular systems require small handheld 
phone sets with limited power supply, and the resulting practical e value for a monopole antenna 
is 0.7 or larger. Terrestrial systems have less concern about power conservation than the space 
systems, and the practical e value for the terrestrial antennas is approximately 0.55. 


2.6 Beamwidth 


The half power beamwidth (HPBW), pw, or beamwidth, is the angle between the two 
directions of a two-dimensional radiation pattern at which the power gains are one-half of the 
peak gain. A toroidal beam or a circular torch beam has a single py parameter, and an 
elliptically shaped torch beam has two pw parameters. Its value depends on the shape of the 
reflector, the method of illumination, and other factors. 


A sketch of an antenna radiation pattern, its mainbeam, and ¢pw is shown in Figure 2-5. 
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Figure 2-5. Antenna Beam and HPBW 
2.7 Polarization 


2.7.1 Characteristics 


The antenna polarization refers to the polarization of the far-field EM wave generated by 
the antenna, while the polarization of the EM wave refers to the polarization of the electric-field 
of the EM wave. The EM wave can be linearly, circularly, or elliptically polarized. For a linearly 
polarized EM wave, the direction of its electric field is constant with respect to the direction of 
the wave propagation. For an elliptically polarized EM wave, the direction of its electric field 
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rotates with respect to the direction of the wave propagation, and it can be either right-hand 
circular polarization (RHCP) or left-hand circular polarization (LHCP). Circular polarization is a 
special case of elliptical polarization where the major and minor axes of the rotation are the 
same. 


In radio communications, linear polarization is designated according to the relationship of 
the polarization to the Earth, and is usually horizontal or vertical. For the terrestrial radio 
services, a radio signal is horizontally polarized when its electric-field is parallel to the 
horizontal plane (or ground), and it is vertically polarized when its electric-field is perpendicular 
to the horizontal plane. For the space radio services, a radio signal is horizontally polarized when 
its electric-field is parallel to the equatorial plane (or the east-west direction), and it is vertically 
polarized when its electric-field is perpendicular to the equatorial plane (or the north-south 
direction). 


Characteristics of a radio system’s propagation environment and operation may dictate 
the selection of polarization. For instance, in the case of propagation environment, vertical 
polarization is the preferred choice for a terrestrial radio relay system or broadcasting system due 
to the lossy characteristics of the ground. Or, circular polarization is the preferred choice for a 
space system operating in frequency bands subject to Faraday rotation in the ionosphere.!9 In the 
case of operation, circular polarization is the preferred choice for the mobile satellite systems 
because it is difficult to align the linear polarization of the mobile earth station terminals. 


2.7.2 Co-Polarization and Cross-Polarization 


When a radio signal has the same polarization as the antenna’s designated polarization, 
the signal and the antenna are mutually “co-polarized.”” When the radio signal has orthogonal 
polarization to the antenna’s designated polarization, i.e., horizontal vs. vertical or RHCP vs. 
LHCP, the signal and the antenna are mutually “cross-polarized.” 


While an antenna is designed with a specific polarization, the unavoidable imperfection 
of the antenna geometry and its mounting structures can cause the antenna to have cross- 
polarization characteristics in its operations. Therefore, an antenna is always associated with a 
co-polarization radiation pattern and a cross-polarization radiation pattern, and it always 
transmits and receives cross-polarized radio signals. A graph of an antenna co- and cross- 
polarization radiation patterns are shown in Figure 2-6.!! 


10 The Faraday effect describes the reaction of an EM wave when it passes through a magnetic field. When an EM 
wave passes through a medium possessing magnetic field, e.g., ionosphere, the Faraday effect causes the 
polarization of the wave to rotate gradually. Therefore, this effect is also called Faraday rotation. The magnitude 
of the rotation is proportional to the square of the wavelength and the strength of the magnetic field in the 
direction of propagation. It causes polarization tiltation of a linearly polarized EM wave and phase shift of a 
circularly polarized EM wave. 


11 http://www.nearfield.com/amta/Images/AMTA00_TS_Thm_05.jpg, accessed Nov. 9, 2011. 
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Figure 2-6. Comparison of Co- and Cross-Polarization Radiation Patterns 


Most of the antennas operate with one polarization. An antenna can be dual-polarized if it 
can support both polarizations. A dual-polarization antenna is generally two antennas of 
orthogonal polarizations merged into one physical structure. If it is a wire antenna, the two wire 
antennas are in two layers. For a reflector antenna, it usually has two exciting sources of 
orthogonal polarizations and the microwave component capable of supporting both polarizations. 


2.7.3 System Degradation due to Cross-Polarization 


Reception of cross-polarized radio signals is undesirable, and the received signal power is 
considered part of the total noise power in EMC analyses. When a radio system interferes with 
another radio system of opposite polarization, EMC analyses should account for two cross- 
polarization interference components. The first one is the signal generated from the interfering 
antenna co-polarization radiation pattern and received by the victim antenna cross-polarization 
radiation pattern, and the second one is the signal generated from the interfering antenna cross- 
polarization radiation pattern and received by the victim antenna co-polarization radiation 
pattern. 


A radio system is designed with the receiving antenna co-polarized with the intended 
incoming EM wave. However, when the polarization of the receiving antenna is misaligned with 
the polarization of the intended incident EM wave, part of the intended radio signal is not 
received by the receiver. This is called polarization mismatch, and the loss is called the 
polarization loss. This may occur when the atmosphere re-aligns the polarization of the EM wave 
during propagation, e.g., in satellite communications, a linearly polarized EM wave may 
experience Faraday rotation while passing through the ionosphere. 


2.7.4 Orthogonal Polarization Frequency Reuse 


Utilizing mutual discrimination between orthogonal polarizations, two radio systems may 
co-exist in the same environment while using the same frequency band with orthogonal 
polarizations. This is referred to as orthogonal polarization frequency reuse. With this practice, 
while both systems have to accept more noises from the cross-polarization signals, thus reducing 
each system’s spectrum efficiency, the overall spectrum reuse more than makes up the loss. 


Space systems have benefit most from this practice. Due to the limited amount of 
spectrum allocated to space telecommunications, virtually all of the space telecommunication 
systems are designed with orthogonal polarization frequency reuse. Also, terrestrial radio 
systems have used orthogonal polarization frequency reuse to ease the congestion in frequency 
assignment. 


2.8 Antenna Noise and System Noise 


Antenna noise, Nant, is the noise characteristics of a receiving antenna. It is the noise 
signals received by an antenna from the environment plus the noise generated by the antenna 
itself. It is measured at the antenna flange or output. 


Environmental noise includes noise from the ground, the atmosphere, man-made noise, 
and noise from extraterrestrial objects. Ground noise is affected by the sizes and elevation angles 
of the lobes in the antenna radiation pattern. Atmospheric noise comes from rain, cloud, and 
snow, and the level of contribution is frequency dependent. 


System noise, Ny; or simply N, is different from the antenna noise. Ney; is used to 
characterize a received signal’s carrier power-to-noise power ratio (C/N) or signal power-to- 
noise power ratio (S/N). It is measured at the output of the receiver low noise amplifier; therefore 
it is confined within the receiver bandwidth B. It includes the antenna noise, noise from the 
transmission line between the antenna output and the receiver input, and noise from the receiver 
low noise amplifier. A block diagram of the receiving chain and accumulation of system noise is 
shown in Figure 2-7. 
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Figure 2-7. Antenna Noise and System Noise 
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2.9 Bandwidth 


Antennas are usually designed with a specific frequency, and their performance 
characteristics, e.g., gain and radiation pattern, are generally specified with that specific 
frequency. These characteristics change, generally deteriorate, as the operating frequency 
deviates from the specified frequency. The frequency range within which the performance 
characteristics maintain certain level with respect to the specified performance characteristics, 
e.g., 90%, is referred to as the antenna bandwidth. 


Different types of antennas, e.g., wire or aperture antenna to be discussed in Section 3, 
have different bandwidth characteristics. In general, wire antennas have narrower bandwidths 
than aperture antennas. For instance, the bandwidth of a simple linear wire antenna is about 8— 
16% of its designed frequency. Therefore, much effort had been spent to develop broadband wire 
antennas by changing the physical shapes of the antennas. 
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SECTION 3. COMMON ANTENNA TYPES 


3.1 Introduction 


Antennas come in many structures, shapes, and sizes. The most common types of 
antennas are the wire antennas, aperture antennas, fractal antenna, and microstrip antennas. 
Another common type is the array antenna that consists of multiple radiating elements arranged 
and operated in specific correlation. Some of the common types of antennas are presented here. 


3.2 Wire Antenna 


Wire antennas are antennas that are constructed with wires. The shapes of the wires can 
be straight, circular, helix, and other variations. Sometimes the wires can be flattened to become 
long plates. Some of the common wire antennas, 1.e., dipole antenna and its variations, loop 
antenna, helical antenna, Yagi-Uda antenna, and rhombic antenna, are presented here. 


3.2.1 Dipole Antenna 


A dipole antenna consists of two straight electric lines separated by a small gap at the 
center, and the power is fed at the center gap. A dipole antenna is shown in Figure 3-1.!2 The 
electric lines should be very thin, 1.e., the linear dimension of its cross section is much smaller 
than the length of the line. It is an omnidirectional antenna, and its polarization is determined by 
the orientation of the electric line which can be horizontal, vertical, or at a slant. 


Figure 3-1. Dipole Antenna 
3.2.2 Variations of Dipole Antenna 


Variations of a dipole antenna include short dipole antenna, half-wavelength dipole 
antenna, monopole antenna, V-shaped antenna, folded dipole antenna, Yagi-Uda antenna, whip 
antenna, etc. 


12 http://www.fmdxantenna.com/proddetail.php?prod=FMDipUS, accessed Jan. 28, 2011. 
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(a) A short dipole antenna is a dipole antenna whose linear dimension is small compared 
with A, 1.e., < A/10. Its gain is 1.5, or 1.8 dBi, and its HPBW is 90°. Short dipole antennas and its 
variations are commonly used in mobile communication devices. 


(b) A half-wavelength dipole antenna is a dipole antenna whose linear dimension from tip to 
tip is 1/2. Its directivity D is 1.64, or 2.1 dBi, and its HPBW is 78°. 


A half-wavelength dipole antenna provides a good match between the radiation resistance 
and the impedance of the transmission line. Therefore, it is used as the reference dipole antenna 
to specify the directive gain of an omnidirectional antenna. As a common practice, an 
omnidirectional antenna gain value is expressed as "x dB above a reference dipole antenna" and 
labeled as “x dBd”. 


(c) A monopole antenna is an antenna formed by replacing half of a dipole antenna with a 
perpendicular ground plane. When the ground plane is large enough, the reflection of the EM 
wave makes it behave exactly the same as the missing half of the dipole, and the monopole 
becomes a dipole. Therefore, it is also called a half-dipole antenna. It has a half-toroidal radiation 
pattern. Its radiation pattern in the vertical plane is shown in Figure 3-2.!3 The null at 6 = 0° is 
the result of the lossy ground affecting the radiation pattern; this was discussed in Section 2.4. 


elevation angle 
8 = 90° 


30 25 20 +15 -10 6 3 0 
Relative Gain (dB) 
Figure 3-2. Monopole Antenna Radiation Pattern 


(d) A folded dipole antenna is a dipole antenna with an additional electric line linking the 
two ends of the dipole. A folded dipole antenna is shown in Figure 3-3.!4 A folded half- 
wavelength dipole antenna works the same as a regular half-wavelength dipole, but is more 
efficient because its radiation resistance is 300 ohms instead of 75 ohms of a regular dipole. 


13 Rec. ITU-R BS.705-1, HF transmitting and receiving antennas characteristics and diagrams (1995). 
14 http://www.starantenna.com/product-detail.asp?id=25, accessed Jan. 11, 2010. 
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Figure 3-3. Folded Dipole Antenna 


(e) A whip antenna is a monopole antenna whose electric line is stiff yet flexible. Whip 
antennas are widely used for mobile applications and hand-held radios. A vehicle-mounted whip 
antenna is shown in Figure 3-4.!5 


Figure 3-4. Vehicle-Mounted Whip Antenna 


(f) A T-antenna is a monopole antenna whose end point is connected to the center of an 
orthogonal wire. The orthogonal wire provides capacitance load to the monopole antenna; it 
increases the radiation resistance but does not contribute to the radiation. A T-antenna and its 
radiation pattern are shown in Figure 3-5.!6 17 


15 http://www.arraysolutions.com/Products/mobilewhip.htm, accessed Jan. 11, 2010. 
16 http://www.chargercharger.com/Antennas.html, accessed Jan. 12, 2010. 
17 http://www.beru.org.uk/Antennas/ant160tee.htm, accessed Jan. 12, 2010. 
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(a) Vehicle-Top T-Antenna (b) Vertical Radiation Pattern 
Figure 3-5. T-antenna 


(g) A biconical antenna is a dipole antenna whose electric lines are replaced by cones of 
electric lines, with the cones having common axis and vertex, and facing opposite directions. In 
one variation, the conical electric lines may be replaced by mesh electric lines. In another 
variation, one of the cones has a vertex angle of 180° or becomes a ground plane; this is a 
discone antenna. A biconical antenna and a discone antenna are shown in Figure 3-6.!8 19 


(a) Biconical Antenna (b) Discone Antenna 


Figure 3-6. Biconical and Discone Antennas 


(h) A V antenna is a dipole antenna whose electric lines are tilted to form a V shape. Large V 
antennas are usually hung vertically; it is a regular V antenna if the two end points are suspended 
and the corner is closer to the ground, or it can be an inverted-V antenna if the corner is 
suspended and the two end points are closer to the ground. Small V antennas, such as the TV set- 
top antennas, are commonly referred to as the "rabbit ears." The diagram of an inverted V 
antenna and the picture of a rabbit antenna are shown in Figure 3-7. 


18 https://www.ets-lindgren.com/manuals/3110C.pdf, accessed Jan. 12, 2010. 
19 http://www.diamond-ant.jp/ama2/eng_ama_2_5_1.asp, accessed Jan. 12, 2010. 
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Figure 3-7. V Antenna 


3.2.3, Loop Antenna 


A loop antenna is a loop of electric line with two ends connecting to the two conductors 
of a transmission line. The loop may be of arbitrary shape, e.g., circular, square, triangular, or 
rhombic, and the antenna gain is proportional to the area enclosed by the loop. A circular loop 
requires rigid wire. Square and triangular loops are more practical because they can be installed 
with flexible electric lines. A loop antenna is more immune to the environmental noise because it 
does not need a ground plane. It is commonly used under the following conditions: 


when there is no available space for a long-wire antenna, 

to eliminate unwanted signals and noise, 

for radio direction finding, and 

to improve the performance of a simple receiving system by providing pre-selection that 
improves image rejection and adjacent channel selectivity. 


A circular loop antenna has a similar radiation pattern to that of a dipole antenna; its 
radiation pattern is shown in Figure 3-8, where the axis of the toroidal radiation pattern coincides 
with the axis of the loop. The typical circumference of a circular loop is a multiple of 4/2. The 
directivity D can be approximated by 


D = 60n°(C/d) (3-3) 


where C is the circumference of the loop. 
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Figure 3-8. Circular Loop Antenna Radiation Pattern 


When the circumference of a loop antenna is much less than A, and typically less than 
/10, it is called a small loop antenna. Samples of small loop antennas are shown in Figure 3-9.29 
21 Tt is also called a magnetic loop antenna because it reacts to the magnetic field of the EM 
wave. It is commonly used as the radio broadcasting receiving antenna. 


(a) Loop Antenna (b) Ferrite Rod Antenna 


Figure 3-9. Small Loop Antenna 
3.2.4 Helical Antenna 


A helical antenna is a helically coiled electric line mounted on a ground plane. The 
diagram of a helical antenna is shown in Figure 3-10.22 It is characterized by: 


L: length of the antenna, 

N: the number of turns of the coil, 
d: diameter of the coil, 

S: distance between the coils, and 


20 http://www.radioshack.com/product/index.jsp?productlId=2405978, accessed Jan. 12, 2010. 
21 http://www.galsys.co.uk/modules/ferrite-antenna.html. 
22 http://www.w1ghz.org/antbook/conf/Helical_feed_antennas.pdf, accessed Jan. 12, 2010. 
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e a: diameter of the wire. 


<---------> 


ground plane 


Figure 3-10. Helical Antenna 


A helical antenna can operate in the axial or normal mode. The general polarization is 
elliptical, but linear and circular polarizations can be achieved under special conditions. The 
orientation of the polarization, RHCP or LHCP, is determined by the orientation of the coil. 


Helical antennas operate in the axial, or end-fire, mode when L is comparable to i. Its 
radiation pattern has a single mainbeam in the direction of the axis of the helix. It generates 
circular polarized EM wave when zd/A is in the range of 3/4—4/3, and optimum circular 
polarization occurs when md/A = 1 and S = 1/4. The orientation of the polarization is determined 
by the orientation of the coil. The image of an axial mode helical antenna installed on a satellite 
is shown in Figure 3-11(a).23 


Helical antennas operate in the normal, or broadside, mode when L is much smaller than 
i. It behaves like a monopole antenna with similar half-toroidal radiation pattern. One 
application of this antenna is the rubber ducky antenna widely used in portable radio devices, 
e.g., walkie-talkies, cell phones. The picture of a rubber ducky antenna installed on a hand-held 
device is shown in Figure 3-11(b).24 


23 http://www.boeing.com/defense-space/space/bss/factsheets/376/gms/gms.html 
24 http://www.californiasailplanes.com/RubberDuck.html 
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Figure 3-11. Applications of Helical Antennas 
3.2.5 Yagi-Uda Antenna 


A Yagi-Uda antenna, sometimes called a Yagi antenna, consists of a dipole antenna and 
additional passive elements. A Yagi-Uda antenna and its radiation patterns are shown in Figure 
3-12.25 26 The dipole antenna is the center element and the radiator. The longer pole at the right 
of the dipole antenna is a passive element and the reflector; it can be a single pole or a panel of 
poles. The shorter pole on the left is the second passive element and the director; the director 
may consist of more than one pole. This arrangement gives the antenna a directional beam from 
the reflector toward the director, and the antenna gain is proportional to its length. 


(a) Antenna 
(Figure 3-12) 


25 http://www.starantenna.com/product-detail.asp?id=6, accessed Jan. 11, 2010. 
26 Rec. ITU-R BS.1195, Transmitting Antenna Characteristics at VHF and UHF (1995). 
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(b) Radiation Pattern 
Figure 3-12. Yagi-Uda Antenna 


3.2.6 Rhombic Antenna 


A rhombic antenna has four electric lines connected in a "rhombic" diamond shape, with 
each line typically one A long. The diagram of a rhombic antenna and its vertical and horizontal 
radiation patterns are shown in Figure 3-13.27 In the vertical pattern, the null in the horizontal 
plane is the result of the lossy ground affecting the radiation pattern; this was discussed in 
Section 2.4. It is fed at one of corners with an acute angle (1.e., less than 90°), and is terminated 
with a resistor at the opposite corner with an acute angle. The beam direction is toward the 
resistor end, and the gain depends on the rhombic geometry. 


+ 
feeder 


we stvladssanvostsoantdadizdesas resistor 


beam direction 


(a) Diagram 
(Figure 3-13) 


27 Rec. ITU-R BS.705-1, HF transmitting and receiving antennas characteristics and diagrams, Figures 88a, 88b 
(1995). 
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Figure 3-13. Rhombic Antenna 
3.3. Aperture Antenna 


Aperture antennas include waveguide antennas, slot antennas, horn antennas, and others. 
(a) 


A waveguide antenna is a waveguide with an open end either in free space or mounted to 
a ground plane. 


(b) A slot antenna is a metallic plate with a hole or slot cut out. The slot can radiate EM 
waves when the plate carries an electric current. The shape and size of the slot determine the 
radiation pattern and the gain. 


(c) A horn antenna is a waveguide with an open end flared out like a horn. The flare can be 
square, rectangular, or circular. A rectangular or square flare forms a pyramidal horn, and a 
circular flare forms a conical horn. The diagrams of a pyramidal horn and a conical horn are 
shown in Figure 3-14. The gain of a horn antenna is proportional to the size of the aperture. A 
horn antenna offers moderate gain in a small and rugged package with no need for adjustment. 


rectangular or 


square flare circular flare 


waveguide waveguide 


(a) Pyramidal Horn (b) Conical Horn 
Figure 3-14. Horn Antenna 


Variations of flare design create variations of horn antennas. For instance, the flare may 
be curved instead of straight, and the inner wall of the flare may be corrugated instead of smooth. 
Since the flare serves as a transducer of the EM wave from the waveguide to the open space, 
variation of the flare design modifies the field distribution at the aperture, which modifies the 
beam size and efficiency. 


3.4 Fractal Antenna 


A fractal is a geometric shape that can be divided into parts whose shapes are the 
reduced-size copy of the whole. Fractals are generally self-similar and independent of scale. 


A fractal antenna uses a fractal to design its radiating part. Combining the property of a 
fractal and the scaling property in the antenna theory, a fractal antenna may operate in multiple 
frequency bands or wide frequency band. The diagram of a fractal antenna with four operating 
frequencies is shown in Figure 3-15(a).28 Fractal antennas are compact, and are widely used in 
mobile devices, e.g., cell phones; the picture of a fractal antenna imbedded in a cell phone is 
shown in Figure 3-15(b).?? 


28 http://large.stanford.edu/courses/2012/ph250/ferguson1/images/f3big.png, accessed Oct. 15, 2012. 
29 http://www.scienceprog.com/wp-content/uploads/2007i/fractal/cell_antenna.gif, accessed Oct. 15, 2012. 
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fractal antenna 


(a) Fractal Antenna and its Operating 


F : (b) Cell Phone with Fractal Antenna 
requencies 


Figure 3-15. Fractal Antenna 


3.5 Microstrip Antenna 


A microstrip antenna, also known as patch antenna or printed antenna, consists of three 
layers: a metallic ground plane at the bottom, a dielectric substrate, and the metallic radiator. The 
radiator is fed with either a microstrip in the top layer or a coaxial line under the radiator through 
the ground plane and the substrate. The diagram of a microstrip antenna with the feed line in the 
top layer is shown in Figure 3-16(a). 


microstrip patch antenna 


dielectric substrate 


o 


(b) Microstrip Patch Antenna in GPS 


(a) Sketch of Microstrip Antenna Receiver Circuit Board 


Figure 3-16. Microstrip Antenna 


A microstrip antenna is a narrowband, wide-beam antenna. It has low profile, it is 
lightweight, inexpensive to manufacture, and easy to integrate with accompanying electronics. 
Because of these features, it has become popular for cell phones or the global positioning system 
(GPS) receivers; the picture of a microstrip patch antenna mounted on a GPS receiver circuit 
board is shown in Figure 3-16(b).3° 


3.6 Lens Antenna 


A lens antenna is a dielectric or glass device with the shape of convex paraboloid that 
causes light to either converge or diverge. A lens antenna and its mount are shown in Figure 


30 http://www.sunrom.com/files/1213-datasheet.pdf, accessed Oct. 15, 2012. 
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3-17.31 It is an optical device; therefore, it is suitable for transmitting and receiving EM wave in 
the optical frequency range. Lens antennas are used as meteorological aids optical sensors, radio 
telescopes, and in radio astronomy. 


(a) Fresnel Lens (Showing (b) Fresnel Lens Mounted in 
Four Superimposed Lenses) Conical Housing 


Figure 3-17. Lens Antenna 
3.7 Reflector Antenna 


A reflector antenna has a radiator and at least one reflecting surface. The radiator, also 
called a feeder, can be a linear antenna or a horn antenna. The most common reflector antennas 
are the corner reflector antenna, parabolic antenna, paraboloidal antenna, and Cassegrain 
antenna. The paraboloidal and Cassegrain antennas are also called dish antennas. 


Dish antenna sidelobe radiation level can be reduced with feeders of better radiation 
patterns and/or with the reflector edge modified from sharp corner to curvature in order to reduce 
edge diffraction, thus lowering the sidelobe and backlobe radiation levels. This has been a 
common practice to improve dish antenna sidelobe performance. 


(a) A corner reflector antenna has two flat panels of either grid or solid plate and a radiator, 
usually a dipole, inside the corner. A corner reflector antenna is shown in Figure 3-18.32 


Figure 3-18. Corner Reflector Antenna 


31 http://www.quinstar.com/qla_lens_antennas.html, accessed Jan. 12, 2010. 
32 http://www.ncjrs.gov/pdffiles 1 /nij/185030b.pdf, accessed Jan. 12, 2010. 
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(b) A parabolic antenna has one reflector that is a linear or curved continuation of a parabolic 
curve, and the radiator is typically a dipole antenna. The diagram of a parabolic antenna is shown 
in Figure 3-19. The radiator is located in the center of the linear structure at the focal point of the 
parabolic curve. It has an elliptical beam. 


elliptical’, 
\ beam 


’ 


Bice. 


reflecting 9 "*"--------------. Se 
surface 


parabolic linear edge 


edge 


Figure 3-19. Diagram of Parabolic Antenna 


(c) A paraboloidal antenna has a single reflector in the shape of a paraboloid, and the radiator 
is a horn antenna. A paraboloidal antenna and its diagram are shown in Figure 3-20.33 The 
radiator is located at the focal point of the paraboloid. It has a circular mainbeam. To reduce 
weight as well as lessen the affect of the wind loading, the reflector may be made with grid or 
mesh instead of a solid surface; such an antenna is also called a grid antenna. The antenna in 
Figure 3-20(a) is a grid antenna. 


alae ’ \. paraboloidal 
Z reflector 
ray path 
a 
/ 
radiator, 
% 
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\ 
\ 
\ 
<- ae,’ 
(a) Paraboloidal Antenna (b) Diagram 


Figure 3-20. Paraboloidal Antenna 


33. http://www.starantenna.com/product-detail.asp?id=10, accessed Jan. 13, 2010. 
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(d) An offset-fed reflector antenna is a variation of the reflector antenna. The reflector, either 
parabolic or paraboloidal, is only a portion of the conventional reflector. The radiator, still 
located at the focal point, is kept away from the EM wave propagation path. An offset-fed 
reflector antenna and the diagram of the radiator position relative to the EM wave propagation 
path are shown in Figure 3-21.34 The main purpose of this design is to lower the sidelobe levels. 


radiator 
(a) Offset-Fed Antenna (b) Diagram 
Figure 3-21. Offset-Fed Antenna 


(e) A Cassegrain antenna or the Gregory antenna is another variation of the reflector antenna. 
Diagrams of the Cassegrain and Gregory antennas are shown in Figure 3-22. The radiator is a 
horn antenna, and the main reflector has a hole at the center of the paraboloidal surface to 
accommodate the opening of the horn antenna. A sub-reflector is positioned in front of the 
radiator to reflect the EM wave back to the main reflector. The sub-reflector of the Cassegrain 
antenna is convex relative to the main reflector, and the sub-reflector of the Gregory antenna is 
concave relative to the main reflector. 


34 http://www.q-par.com/products/reflector-antennas/1 -2-m-reflector-antennas, accessed Jan. 12, 2010. 
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main reflector 
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(a) Cassegrain Antenna (b) Gregory Antenna 
Figure 3-22. Diagrams of Cassegrain and Gregory Antennas 
(f) A cosecant-square antenna is a modified parabolic antenna with part of the reflector 


paraboloidal paraboloidal 
’ \main reflector 


surface re-shaped to form an asymmetric radiation pattern. The diagram of the reflector surface 
re-shaping and the resulting radiation pattern are shown in Figure 3-23.35 This antenna is 
suitable for surveillance operation, with the cosecant-square part of the mainbeam covering the 


intended space of surveillance. 


parabolic . 
BOPISCHOL A Gast td rote 
a >- parallel ray 
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(a) Beam Shaping by Re-Shaping the Reflector 
(Figure 3-23) 


35 http://www. jpier.org/PIERC/pierc 15/20.10072506.pdf, accessed Nov. 1, 2010. 
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(b) Radiation Pattern 


Figure 3-23. Cosecant-Square Antenna 


3.8 Array Antenna 


An array antenna consists of a group of radiators arranged in a special geometrical 
configuration and operated coherently as a single unit. The individual radiator can be any 
antenna, e.g., wire, aperture, fractal, or microstrip antenna. The array format is usually linear or 
planar. By correlating the excitation amplitudes and phases of the radiators, an array antenna 
may perform beam scanning and other functions electronically rather than mechanically. Some 
of the typical array antennas, 1.e., log-periodic antenna, phased array, collinear array, and slotted 
array, are discussed here. 


(a) A log-periodic antenna is a dipole array where the length and spacing of the diploes 
increase logarithmically from one end to the other. It is a broadband, unidirectional, narrow- 
beam antenna. The picture of a log-periodic dipole array, its diagram, and radiation patterns are 


shown in Figure 3-24.36 37 


36 http://www.ncjrs.gov/pdffiles 1/nij/185030b.pdf, accessed Jan. 12, 2010. 
37 Rec. ITU-R BS.705-1, HF transmitting and receiving antennas characteristics and diagrams, Figures 84a, 84b 
(1995). 
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(a) Horizontal Log-Periodic Antenna (b) Diagram 
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(c) Vertical Radiation Pattern of Horizontal Log-Periodic Antenna 
(Figure 3-24) 
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azimuth angle 


180° 
(d) Horizontal Radiation Pattern of Horizontal Log-Periodic Antenna 


Figure 3-24. Log-Periodic Antenna 


(b) A phased array is an array antenna in which the relative phases of the antenna elements 
are varied coherently in a controlled format such that the radiation pattern, e.g., the beamwidth 
and direction of the mainbeam, can change as desired. Therefore, the complete system includes 
the array elements, the electronic circuit behind the array elements, and the computer system 
controlling the electronic circuit. Pictures of land-based phased array radar and shipborne phased 
array radar are shown in Figure 3-25; the arrays are the flat panels mounted on the walls.38 39 


- 0 
(a) Land-Based Radar (b) Shipborne Radar 
Figure 3-25. Phased Arrays 


38 http://en.wikipedia.org/wiki/File:SSPARS_radar, Clear_AFB.JPG, accessed Jan. 13, 2010. 
39 http://www.nssl.noaa.gov/research/radar/par.php, accessed Jan. 13, 2010. 
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When the spacing between array elements is larger than half a wavelength, the levels of 
some sidelobes can approach the level of the main lobe; these are called the grating lobes. 
Interference caused by the grading lobes can seriously affect the antenna performance. Grading 
lobes do not appear when the spacing between array elements is less than half a wavelength. 


(c) A collinear array is a dipole array; the dipoles are either parallel or orthogonal to the axis 
of the array, and the centers of the dipoles may be offset from the axis of the array. Two types of 
collinear arrays are shown in Figure 3-26.40 4! The array can flatten the toroidal radiation 
pattern of a standard dipole antenna to provide higher gain. 


(a) Vertically Aligned Array (b) Horizontally Aligned Array 


Figure 3-26. Collinear Array Antenna 


(d) A slotted array is an array of radiating slots. The array may be slots cut into a waveguide 
plane, with each slot interrupting the current flow and coupling power from the waveguide 
modal field into free space. It also may be constructed with waveguides whose radiating ends are 
placed side-by-side to form the slotted plane; this makes it a phased array. These two types of 
slotted arrays are shown in Figure 3-27.42 43 Slotted arrays can be used in terrestrial 
telecommunication systems and airborne radars. 


40. http://home.comcast.net/~ross_anderson/sc.htm, accessed Jan. 13, 2010 . 

41 http://www.electronics-tutorials.com/antennas/antenna-basics.htm, accessed Jan. 13, 2010. 

42 http://www.1-3com.com/randtron/slotarry.htm, accessed Jan. 13, 2010. 

43 http://www.es.northropgrumman.com/solutions/aesaradar/assets/review_aesa.pdf, accessed Jan. 13, 2010. 
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(a) Array on a Single Waveguide (b) Array with Independent Feeds 
Figure 3-27. Slotted Array 


3.7. Billboard Reflector 


A billboard reflector is a passive repeater that redirects the EM wave to a new direction. 
It is usually a flat panel of rectangular or square shape. The picture of a billboard reflector is 
shown in Figure 3-28(a).44 Technically, it is not an antenna because it is not attached to an active 
device, i.e., a transmitter or a receiver. Nevertheless, it has been used in terrestrial radio systems 
to overcome obstructions or reduce the number of active repeaters. The sketch of its role in a 
terrestrial radio link is shown in Figure 3-28(b). More information, including the radiation 
patterns, can be found in a handbook widely referred to in the industry. [Ref. 44] 


30x48 PASSIVE REPEATER 
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(b) Billboard Reflector in Terrestrial 
Radio Link 


(a) Billboard Reflector 


Figure 3-28. Billboard Reflector 


44 Microflect, Manual No. 161A, Passive Repeater Engineering, 
http://www.valmont.com/userfiles/file/specialty_structures/Catalogl61A.pdf, accessed Sep. 12, 2012. 
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3.8 Gains of Typical HF-Band Linear Antennas and Arrays 


For easy reference for the spectrum managers, the typical gain data of some common 
linear antennas and arrays operating in the High Frequency (HF, 3-30 MHz range) band are 
presented in Table 3-1. These data are from the Antenna Engineering Handbook published by the 
former DoD Electromagnetic Compatibility Analysis Center (ECAC).45 


Table 3-1. Typical Gain Values of Selected Linear Antennas and Arrays Operating in the 


HF Band 
Antenna Type Gain Range (dBi) 
Horizontal Rhombic (Approximately 6A Leg Length) 18 — 20 
Sloping Rhombic (Termination Height < Feed Height) 15-17 
Sloping Double Rhombic 22 = 25 
Vertical Half-Rhombic (6A to 8A Leg Length) 8 — 10 
Curtain Array (4-Stack, 2-Bay) 18 — 22 
Yagi-Uda (5-Element) 10-12 
Horizontal Log-Periodic (12-Element) 8 — 10 
Vertical Log-Periodic (12-Element) 7-8 
Terminated Sloping V 7-8 
Sloping Long Wire 7-10 
Half-Wavelength Horizontal Dipole 5-6 
Half-Wavelength Vertical Dipole QO-—2 
Arbitrarily-Tilted Half-Wavelength Dipole 3=4 
Inverted-L a5 
Quarter-Wavelength Vertical Monopole with Large Ground Screen 4—5 
Quarter-Wavelength Vertical Monopole Without Ground Screen -l-1 
Monopoles Wit Lengths Varying between 0.01554 and 0.354 -20—5 


45 ECAC Antenna Engineering Handbook, Department of Defense Joint Spectrum Center, Annapolis, MD 1985, 
Section 2.3.4. 
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SECTION 4. ANTENNA ESTIMATION AND MODELING 
TECHNIQUES 


4.1 Introduction 


Several commonly used tools for modeling antenna performance are presented in this 
section. These include equations, algorithms, etc. 


4.2 Directional Antenna Directivity Calculation 


For directional antennas, the directivity D is related to the size of the mainbeam by 


An 


p=" ___ (4-1) 
Q(steradian) 
where Q. is the mainbeam solid angle. 
For an elliptical-beam antenna, D can be estimated with 
?, wl (deg) x ?, w2 (deg) 


where Opwi, Obw2 are the maximum and minimum py of the elliptical beam. An antenna of 
circular beam has Opwi = dbw2 = Obw.- 


4.3 Circular Reflector Antenna Gain and Beamwidth Calculation 


The gain, g, of an aperture antenna is 
g=e—-A (4-3) 


where 
e: efficiency, 
id: wavelength, and 
A: the area size of the aperture cross section. 


Therefore, the gain of a circular reflector antenna is 


em’D? en°D’f? 
g = 42 a =) (4-4) 


where 
D: diameter of the aperture of the circular reflector, 
jf: frequency, and 
c: speed of light. 


Assuming e = 0.55, the following equations can be used to estimate the gain value g of a 
circular reflector antenna: 


g ~ 60.314 x D(meter)’ x f (GHz) (number) (4-5a) 
G ~ 20 x log [D(meter) xf (GHz)| +17.8 (dBi) (4-5b) 
G = 20x|log [D(feet)x f (GHz)| +75 (dBi) (4-5c) 


The HPBW, bw, can be estimated with 


T0xa 
mw 4-6 
Py D ( a) 
21 
pe deg. 4-6b 
Po f (GHz)x D(meter) (deg.) ( 
69 
& deg. 4-6 
$s» * Gein) x Deed (deg.) Ck 


4.4 Formulas for Modeling 


Federal agencies use various formulas to model the antenna radiation pattern. For 
instance, the Wolfgain and Statgain models, developed by the Department of Defense (DoD) 
Joint Spectrum Center (JSC), are the current default radiation patterns for the low-gain and high- 
gain antennas in the spectrum management software programs Spectrum XXI and iQelink. NTIA 
uses both software programs to conduct the frequency assignment task for the federal radio 
systems. Also, the Antenna Engineering Handbook from ECAC provided three masks for 
developing the antenna reference radiation patterns. These formulas and masks are presented 
here. In general, an antenna of G < 10 dBi is classified as low-gain, and an antenna of G > 10 dBi 
is classified as high-gain.46 


4.4.1. Wolfgain Formula for Low-Gain Antenna 


The Wolfgain formula provides a simple and conservative method to calculate the Fixed 
Service and Land Mobile Service antenna reference radiation patterns when G,,,, < 10 dBi.4’ 


The reference radiation pattern, G(@), as a function of the angle off mainbeam axis, 6, is 
2 G -1.25 
G(o) = Gurx i + Os [i - con] (dBi) (4-7a) 


where 


46 Another convention of classifying antenna gain is as follows. Antennas of Gy, < 10 dBi, 10 < Gya,(dBi) < 25, 
and Ginax > 25 dBi are classified as low-gain, medium-gain, and high-gain, respectively. 


47 H. Maddoxs, Antenna Gain Estimation, Joint Spectrum Center, Annapolis, MD (1974). 
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Q = 3.0x (1+ 3400 x 077m ) (4-7b) 
e: Euler's number, base of the natural logarithm. 


Figure 4-1 shows the Wolfgain patterns for G,,,, = 3, 6, and 9 dBi. 


Geax = 9 Bi 


Gain() (dBi) 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (degrees) 
Figure 4-1. Wolfgain Pattern 
4.4.2. Statgain Formula for High-Gain Antenna 
The Statgain formulas are used to calculate the Fixed Service antenna reference radiation 


pattern when G,,,, > 10 dBi.48 


The reference radiation patterns, G(), as a function of the angle off mainbeam axis, 6, 
are shown in Table 4-1, and the Statgain pattern is presented in Figure 4-2. 


Table 4-1. Statgain Formulas 


Category Gain(o) (dBi) Angular Range (deg.) 
G yuye 410 (10%)? 0<b<om 
Ginax > 48 dBi 0.75 X Gimax - 7 Om <O< Ort 
29 - 25 x log() dri < OS Ovi 
-13 db < d< 180° 
Grae 4104 (10S }g? 02624; 
22 < Gmax(dBi) < 48 0.79 X Gmax = 7 dm< OS dr 
33 - (Gmax /2) - 25 x log() r2 < ) < oy) 
11 - Ginax/2 dy2 < >< 180° 


48 EASY Statistical Antenna Gain Model for Fixed-Azimuth Antennas, ECAC-TN-85-023, Joint Spectrum Center, 
Annapolis, MD (1985). 


G prox = 4x10 (0%)? 0<b< bm 

10 < Gmnax(dBi) < 22 0.75 X Gmax -7 dm < OS o:3 
53 - (Gmax /2) - 25 x log() 0:3<O0< O63 
0 bp3 <b < 180° 


All angles are in deg. 
Om =50(0.25G,,.. oA Va (10%/2°) 
1 = 27.466 x 190 3Ginax/10 

0. = 9,3; = 250 (10S! ) 

ob1 = b2 = 48 

43 = 131.8257 x 10~Sm/ 


4 
—max 


Gain()) (dBi) 


0° dye Op Op 180° 


Off}Axis Angle ¢ (degrees) 


Figure 4-2. Statgain Pattern 
4.4.3 © ECAC Masks for Developing Reference Radiation Pattern 


To develop an antenna reference radiation pattern, ECAC provides three groups of masks 
applicable to antennas of Gmax < 10 dBi, 10 dBi < Ginax < 25 dBi, and Gmax > 25 dBi.4? The 
masks are for antennas with elliptical beams. Each group has masks for co-polarization and 
cross-polarization radiation patterns. Also, each group covers the following three types of 
operating environments: 


e open: environment with few surrounding buildings, towers, antennas, or other man-made 
or natural objects within sight of the antenna to reflect, refract, or scatter the EM wave, 

e crowded: environment with great number of such objects, and 

e average: environment within the above two extremes. 


49 ECAC Antenna Engineering Handbook, Department of Defense Joint Spectrum Center, Annapolis, MD 1985, 
Sections 3.2.6.3 and 3.2.6.4. 
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The mask for antennas of Gyax < 10 dBi has two regions: the mainbeam and sidelobe 
regions. This mask is presented in Table 4-2. The formulas in Table 4-2 are re-formatted from 
the original ECAC specification. ECAC specifies masks for the elevation and azimuth planes 
separately, and pw for the two masks have different values. However, technically the 
characteristics of an elliptical beam should be specified in terms of the maximum and minimum 
pw inthe major and minor axes of the ellipse, and the orientation of the beam is a matter of 
antenna operation. By specifying pw in the elevation and azimuth planes, it implies that the 
antenna mainbeam axis is in the horizontal plane, which then implies that the antenna is for 


terrestrial radio services. 


Table 4-2. ECAC Antenna Radiation Mask for Ginax < 10 dBi 


Polarization Max. Gain Value (dBi) Angular Range 
; <o< 
Co-polarization Gmax O<O¥ dow 
x dow < 
ae <o< 
Cross-polarization Gmax = 3 0S Os 156ow 
x 1.50bw < 


: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 
x = -7, -5, -3 for open, average, and crowded environment, respectively. 


The mask for antennas of Gmax = 10 dBi has the following patterns. The co-polarization 
pattern has three regions: the mainbeam, near sidelobe, and far sidelobe regions. The cross- 
polarization pattern has two regions: the mainbeam and sidelobe regions. This mask is presented 


in Table 4-3. 
Table 4-3. ECAC Antenna Radiation Mask for Gmax > 10 dBi 
(a) Mask 
Polarization Max. Gain Value (dBi) Angular Range 
inaé 0 s 0) < bw 
Co-polarization Ginax - @ Obw < 0 < CObw 
b CObw < ) 
dan <o< 
Cross-polarization Ginax = USGS 0p 
y ZOow < ) 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


(b) Parametric Value 


Ie Whedtteeihenss Parametric Value 

Gmax Range | Environment | Co-polarization | Cross-polarization | 
a b c x y Z 
Open 35 -15 8 15 -15 z 
Gmmax > 25 dBi Average 31 -10 8 15 -10 7 
Crowded 27 -5 8 15 -5 7 
Open 20 -10 2 10 -10 3 
Gmnax < 25 dBi Average 18 -8 2 10 -8 3 
Crowded 15 -5 2 10 -5 3 


4.5 Numerical Methods for Computational Modeling 


Antenna modeling by numerical methods implemented with computer software can 
estimate antenna radiation patterns. Two widely used methods for developing modeling 
software, the Method of Moments and Uniform Theory of Diffraction (UTD), are introduced here. 
Detailed explanations of these methods are available in many Antenna Theory textbooks.°9 5! 


4.5.1 Method of Moments 


An antenna radiation pattern can be developed when the electric current over its metallic 
surface is known. 


For wire antennas, the Method of Moments derives the current from a set of base 
functions and the boundary condition of zero electric field at the surface of the metallic object. 


When the antenna has a solid planar surface, e.g., a reflector antenna, the Method of 
Moments can be implemented by modeling the planar antenna as a structure of meshed wire. 
Physically, this is similar to the same functionalities of a solid reflector antenna and a mesh 
reflector antenna as described in Section 3.7. The schematic diagram of modeling a paraboloidal 
antenna with meshed wire is shown in Figure 4-3(a). When an antenna is embedded in a metallic 
structure, e.g., airborne antenna on an aircraft, the Method of Moments can be implemented by 
modeling the whole airplane platform as a structure of wire grid. The schematic diagram of 
modeling an airplane with wire grid is shown in Figure 4-3(b); in this figure, the antenna is the 
stick in front of the nosecone. 


50 Stutzman, W.L., and Theile, G.A., Antenna Theory and Design, John Wiley & Sons, Inc., New York (1981). 
51 Balanis, C.A., Antenna Theory Analysis and Design, Harper & Row, Inc., New York, NY (1982). 
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(a) Paraboloidal Antenna as Meshed Wire (b) Airplane as Wire Grid 
Figure 4-3. Modeling Antenna with Wires 


There are many commercially available software packages that implement the Method of 
Moments for modeling antenna performance. One example is the Numerical Electromagnetic 
Code (NEC) developed by the Lawrence Livermore National Laboratory; this software is 
suitable for antennas operating in the HF and VHF bands.°2 


4.5.2 Uniform Theory of Diffraction 


Diffraction is the physical phenomenon of electric current on the surface of a conductive 
object radiating an EM wave when the surface is not a flat plane. When the EM wave is 
obstructed by a conductive object, the wave cannot penetrate the object, and there should not be 
EM field in the shadow region. However, in reality, the EM field still exists in the shadow 
region, and it is generated by diffraction from surface current at the wedge. The EM field in the 
shadow region can be derived with UTD. 


When the antenna has a solid planar surface, e.g., reflector antenna, UTD can be 
implemented by modeling the planar antenna as a structure of connecting flat plates and curved 
plates. When an antenna is embedded in a metallic structure, e.g., airborne antenna on an 
airplane, UTD can be implemented by modeling the whole airplane platform as a structure of 
connecting flat plates, curved plates, and cylinders. The diagrams in Figure 4-3 are still 
applicable here, except that the graphs should be viewed as structures of connecting flat plates, 
curved plates, and cylinders. 


There are many commercially available software packages that use UTD. For instance, 
the NEC-Basic Scattering Code (NEC-BSC), developed by the Lawrence Livermore National 
Laboratory, is suitable for antennas operating in the Ultra High Frequency (UHF, 300-3000 
MHz range) band and above. 


52. http://ipo.IInl.gov/?q=technologies-software-browse_software-app&s=NEC, accessed Aug. 4, 2010. 
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SECTION 5. ANTENNA REFERENCE RADIATION 
PATTERNS AND CHARACTERISTICS 


5.1 Introduction 


This section contains the rules, regulations, and recommendations about antennas that are 
relevant to EMC analyses. Most of the information here is the antenna radiation performance 
standards, antenna reference radiation patterns, and antenna operational requirements. The 
sources of these rules, regulations, and recommendations are the NTIA Manual, Title 47 of the 
Code of Federal Regulations (47 CFR) for FCC, the ITU-R Radio Regulations (RR), the ITU-R 
Recommendations, and publications from RTCA and other institutions.>3 54 55 56 


Antenna radiation performance standards and reference radiation patterns are developed 
from measured radiation patterns, and then established as reference with consensus from radio 
spectrum regulators and antenna engineers. Regulators use them as reference in EMC analyses, 
and engineers use them as compliance guidelines in antenna design and production. While 
measured radiation patterns should always be used in interference analyses, the reference 
radiation patterns are the best alternatives when the measured radiation patterns are not available. 


The information in this section is organized by the class of radio services categorized by 
ITU-R. Antenna data for the Fixed Service (FS), Fixed-Satellite Service (FSS), Broadcasting 
Service (BS), Broadcasting-Satellite Service (BSS), Mobile Service (MS), Mobile-Satellite 
Service (MSS), Radiodetermination Service (RDS), Radiodetermination-Satellite Service 
(RDSS), Radio Astronomy Service (RAS), Remote Sensing Service (RSS), and Space 
Application Service (SA) are presented in Sections 5.2 through 5.12. Some radio services are 
partitioned into subsets of services, and these subsets are discussed separately. A summary list is 
provided in Section 5.13 for easy reference. 


Within a radio service or subset service, the antenna data are presented in the order of 
authority, i.e., NTIA, FCC, ITU-R RR, authoritative institutions, and the ITU-R 
Recommendations. A note is given if NTIA does not provide the specifications. The antenna data 
are presented in the order of frequency bands when there are numerous entries from one source. 


Unless specifically stated, the reference radiation patterns are the co-polarization patterns, 
the gain and directivity values are in dB or dBi, and the angles are in degrees. For easy reference, 
some of the symbols and acronyms that are extensively used in this section are listed here: 


e D: diameter of a circular object or circular aperture; 
e dBic: dBi and circular polarization; 


53 Code of Federal Regulations, Title 47, Telecommunication, (“47 CFR”), U.S., FCC, 
http://www.access.gpo. gov/cgi-bin/cfrassemble.cgi?title=201147, accessed Feb. 9, 2012. 


54 Manual of Regulations and Procedures for Federal Radio Frequency Management, U.S. Department of 
Commerce, NTIA, (““NTIA Manual”). 


55 Radio Regulations, ITU-R (“RR”) (2008). 
56 RTCA, http://www.rtca.org/doclist.asp (2011). 
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e f: frequency; 

© Gnax: peak power gain; 

e G:: level of the first sidelobe of an actual radiation pattern, or the first plateau of a 
reference radiation pattern representing the first sidelobe of the actual radiation pattern; 

e G(Q): power gain in the direction, where Q is the solid angle in the spherical 

coordinate; 

N/A: not available; 

n/a: not applicable; 

n/s: not specified; 

i: wavelength; 

e : azimuth angle; 

e 0: elevation angle; and 

e : angle off mainbeam axis for a circular beam, or angle off mainbeam axis in the 
direction of interest for an elliptical beam. 


5.2 Fixed Service 


The FS line-of-sight radio relay operation may be either a land-based system of point-to- 
point (P-P) or point-to-multipoint (P-MP) connections, or a system using high altitude platform 
station (HAPS). The P-P systems use mostly paraboloidal antennas. The P-MP systems use 
mostly omnidirectional or sectoral antennas at the central stations and paraboloidal antennas at 
the outer stations. Antenna data of these systems are presented here. When not specified, the 
antenna radiation patterns apply to both the vertical and horizontal polarizations. 


5.2.1 Point-to-Point System 


This sub-section contains the following FS P-P system antenna radiation performance 
standards: 


e from NTIA Manual Chapter 5, for federal systems with fixed stations;>7 

e from 47 CFR Part 101, for non-federal systems operating at or above 932.5 MHz;>8 59 

e from 47 CFR Part 78, for non-federal systems of cable TV relay service; 

e from RR Appendix 5, for EMC analyses between FS systems and MSS system space-to- 
Earth links operating in 1-3 GHz;®! and 

e from RR Appendix 7, for deriving the coordination area around a space system earth 
station operating in 100 MHz—105 GHz.®2 


It also contains the following recommended reference radiation patterns from ITU-R: 


57 NTIA Manual, Chapter 5, Spectrum Standards, $5.3. 

58 47 CEFR, Part 101, Fixed Microwave Services, §101.115. 
59 47 CEFR, Part 101, Fixed Microwave Services, §101.117. 
60 47 CER, Part 78, Cable Television Relay Service, §78.105. 


61 RR, Appendix 5, Identification of Administrations with Which Coordination is to Be Effected or Agreement 
Sought Under the Provisions of Article 9, Annex 1. 


62 RR, Appendix 7, Methods for the Determination of the Coordination Area Around an Earth Station in 
Frequency Bands between 100 MHz and 105 GHz, Annex 6. 
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e from Rec. ITU-R F.699-7, for single-entry EMC analyses between FS systems and 
between FS systems and space radiocommunication systems sharing frequency in 100 
MHz-70 GHz;®3 

e from Rec. ITU-R F.1245, for aggregate EMC analyses between FS systems and between 
FS systems and space radiocommunication systems sharing frequency in 100 MHz—70 
GHz; and 

e from Rec. ITU-R F.1245, for statistical EMC analyses between FS systems and between 
FS systems and space radiocommunication systems sharing frequency in 100 MHz—70 
GHz. 


(a) NTIA Manual Chapter 5 


For the federal P-P systems, the FS antenna radiation performance standard in NTIA 
Manual §5.3 is shown in Table 5-1. 


Table 5-1. FS P-P System Antenna Radiation Performance Standard from NTIA for 
Federal Systems 


(a) For Systems Operating HF Single Sideband and Independent 
Sideband Equipment in 2—29.7 MHz 


Frequency Range Ginax Sidelobe 
< 4 MHz Directive antenna not required 
4<f<10MHz Gmnax = 10 dBi Any sidelobe must be 6 dB less 
10 < fs 30 MHz Gmax 2 15 dBi than Gmnax 
The manual does not distinguish the Gmax value at the 10 MHz break point. The lower value, 
1.e., Gnax = 10 dBi at f= 10 MHz, is used here because it is a minimum value. 


(b) For Systems Operating in 406—15350 MHz 


Minimum Radiation Suppression to Gjnax (dB) 

Frequency CS a | oe enente Angle Off Mainbeam Axis(*) | 

Band (MHz) Opw (°) ~ 2 “ _ 30- 100- 140- 
5-10 10-15 | 15-20 | 20-30 100 140 180 

406.1—420 ! 80 n/a n/a n/a n/a 10 10 10 
(a) 932.5—-935, 

9415-944 2 14 n/a 6 11 14 17 20 24 
(b) 932.5—935, 

941.5944 2 20 n/a n/a 6 10 13 15 20 
(c) 1710-1850 : 10 n/a 14 16 18 23 24 30 
(d) 1710-1850 : 8 5 18 20 20 25 28 36 

2200-2400 8.5 4 12 16 16 24 25 30 


63 Rec. ITU-R F.699-7, Reference Radiation Patterns for Fixed Wireless System Antennas for Use in Coordination 
Studies and Interference Assessment in the Frequency Range from 100 MHz to About 70 GHz (2006). 


64 Rec. ITU-R F.1245-1, Mathematical Model of Average and Related Radiation Patterns for Line of Sight Point- 
To-Point Radio-Relay System Antennas for Use in Certain Coordination Studies and Interference Assessment in 
the Frequency Range from I GHz to About 70 GHz (2000). 
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4400-4990 4 13 20 23 24 29 31 31 
7125-8500 260 19 20 28 30 34 35 43 
14400-15350 LS 21 26 31 35 37 41 48 
21800-22075, 
73000-23275 303 18 26 26 33 33 55 55 


operations. 


ee 
1 Any secondary lobe. 
2 Stations in this service must employ an antenna that meets the performance standard (a). 
Standard (b) may be employed in areas not subject to frequency congestion or subject to 
frequency coordination along the borders of the U.S. Note, however, the use of a high 
performance antenna may be required where interference problems can be resolved by the 
use of such antennas. 
3 Standard (c) could be met, e.g., by a 1.2-meter (4-foot) diameter parabolic antenna. 
4 Standard (d) is applicable to new stations in 1710-1850 MHz placed in service after January 
1, 1985, except for those located on the military test ranges. These suppression levels could 
be met, e.g., by a 1.83-meter (6-foot) diameter parabolic antenna. 


e These standards are not applicable to transportable antennas in tactical and training 


(b) 47 CFR Part 101, Antenna Radiation Performance Standard 


For the non-federal P-P systems operating at or above 932.5 MHz, the FS antenna (other 
than antennas of temporary fixed stations and Digital Electronic Message Service nodal stations) 
radiation performance standard in 47 CFR Part 101 is shown in Table 5-2. Standard A is for 
general applications. Standard B is for antennas in areas not subject to frequency congestion, 
with the condition that the transmitting and receiving antenna mainbeam axes must be directed 
toward each other. These standards apply to both the transmitting and receiving antennas except 
for the second receiving antennas for operations such as space diversity. 


Table 5-2. FS P-P System Antenna Radiation Performance Standard from FCC for Non- 
Federal Systems 


(a) Standard A 
Min Minimum Radiation Suppression to Gina, (dB) 
Frequency | Max. gw | G —" |__.....,........ Angle Off Mainbeam Axis’) 
Band (MHz) cy ( dBi) 5— 10- 15- 20- 30-— | 100— | 140- 
10 15 20 30 100 140 180 
932.5—935 14 n/a n/a 6 11 14 17 20 24 
941.5-944 14 n/a n/a 6 11 14 17 20 24 
952-960"? 14 n/a n/a 6 11 14 17 20 24 
1850—2500° 5 n/a 12 18 oy 25 29 33 39 
3700-4200 2.7 36 23 29 33 36 42 55 55 
5925-6425° pe) 38 25 29 33 36 42 55 55 
5925-6425° 2.2 38 25 29 33 36 42 55 55 
6525-6875° Pap 38 25 29 33 36 42 55 55 
6525-6875° 1.5 n/a 26 29 32 34 38 A 49 
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10550-10680" 3.5 33.5 18 24 28 32 35 55 55 
10700-11700° pe) 38 25 29 33 36 42 55 55 
12200-13250" 1 n/a 23 28 35 39 Al 42 50 
17700-18820 pm) 38 25 29 33 36 42 55 55 
18920-19700" oD 38 25 29 33 36 42 55 55 
21200-23600” "' 3.3 33.5 18 26 26 33 33 55 55 
24250-25250" 2.8 38 25 29 33 36 42 55 60 
38600-40000" n/a 38 25 29 33 36 42 55 55 
(b) Standard B 
Min Minimum Radiation Suppression to G,,,, (dB) 
Frequency Band | Max. opw G : Angle Off Mainbeam Axis (°) 
(MHz) 0)! ( dBi) 5— 10- 15- 20- 30- | 100- | 140- 
10 15 20 30 100 140 180 
932.5—-935 20 n/a n/a n/a 6 10 13 15 20 
941.5-944 20 n/a n/a n/a 6 10 13 15 20 
952-9607 ° 20 n/a n/a n/a 6 10 13 15 20 
1850-2500* 8 n/a 5 18 20 20 35 28 36 
3700-4200 7 36 20 24 28 32 32 32 32 
5925-6425° 2.2 38 21 25 29 32 35 39 45 
5925-6425° 2.2 38 20 24 28 32 35 36 36 
6525-6875° 22 38 21 25 29 32 35 39 45 
6525—6875° 2.0 n/a 21 25 29 32 35 39 45 
10550-10680’ 3.5 33.5 17 24 28 32 35 40 45 
10700-11700° 3.5 33.5 17 24 28 32 35 40 45 
12200-13250” 2.0 n/a 20 a5 28 30 32 37 47 
17700-18820 pa) 38 20 24 28 32 35 36 36 
18920-19700'° pie) 38 20 24 28 32 35 36 36 
21200-23600" "' 3.3 33.5 17 24 24 29 29 40 50 
24250-25250" 2.8 38 20 24 28 32 35 36 45 
38600-40000'* n/a 38 20 24 28 32 35 36 36 
(c) Non-Specific Standard 
Min Minimum Radiation Suppression to Ginax (dB) 
Frequency Band | Max. gpw G Angle Off Mainbeam Axis (°) 
(MHz) (°)! ( dBi) 5— 10- 15- 20- 30— | 100- | 140- 
10 15 20 30 100 140 180 
10565-10615 360 n/a n/a n/a n/a n/a n/a n/a n/a 
10630—10680° 3.5 34 20 24 28 32 35 36 36 
31000-31300" '° 4 38 n/a n/a n/a n/a n/a n/a n/a 
TOG. 70000) 12 43 | 35 40 | 45 50 | 50 | 55 55 
(co-pol.) 
mene 12 43. | 45 50 | 50 | 55 55 55 55 
(cross-pol.) 
See 12 43. | 35 40 | 45 S0° | 30% || 35 55 
(co-pol.) 
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pa ‘2 43 45 50 50 55 55 55 55 
92000-95000 0.6 50 36 40 45 50 55 55 55 


JAY RO VA AINE at fe Sec Dott DR at A eo aan eal 

(1) Ifa licensee chooses to show compliance using maximum beamwidth to 3 dB points, the 
beamwidth limit shall apply in both the azimuth and the elevation planes. 

(2) Except for Multiple Address System frequencies listed in Sec. 101.147(b)(1) through (b)(4), 
where omnidirectional antennas may be used. 

(3) Antennas used at outlying stations as part of a central protection alarm system need conform to 
only the following 2 standards: 

(i) The minimum on-beam forward gain must be at least 10 dBi, and 
(ii) The minimum front-to-back ratio must be at least 20 dB. 

(4) Omnidirectional antennas may be authorized in 2150-2160 MHz. 

(5) These antenna standards apply to all point-to-point stations authorized after June 1, 1997. Existing 
licensees and pending applicants on that date are grandfathered and need not comply with these 
standards. 

(6) These antenna standards apply to all point-to-point stations authorized on or before June 1, 1997. 

(7) Except for antennas between 140° and 180° authorized or pending on January 1, 1989, in 
10550-10565 MHz for which minimum radiation suppression to angle (in degrees) from 
centerline of main beam is 36 dB. 

(8) These antenna standards apply only to DEMS (Digital Electronic Messaging Service) User 
Stations licensed, in operation, or applied for prior to July 15, 1993. 

(9) Except for Temporary-fixed operations in 13200-13250 MHz with output powers less than 250 
mW and as provided in Sec. 101.147(q), and except for antennas in the MVDDS (Multichannel 
Video and Data Distribution Service) service in 12.2—12.7 GHz. 

(10) DEMS User Station antennas in this band must meet performance Standard B and have a 
minimum antenna gain of 34 dBi. The maximum beamwidth requirement does not apply to 
DEMS User Stations. DEMS Nodal Stations need not comply with these standards. Stations 
authorized to operate in 24250-25250 MHz do not have to meet these standards, however, the 
Commission may require the use of higher performance antennas where interference problems can 
be resolved by the use of such antennas. 

(11) Except as provided in Sec. 101.147(s). 

(12) The minimum front-to-back ratio shall be 38 dBi. 

(13) Mobile, except aeronautical mobile, stations need not comply with these standards. 

(14) Stations authorized to operate in 38600-40000 MHz may use antennas other than those meeting 
the Category A standard. However, the Commission may require the use of higher performance 
antennas where interference problems can be resolved by the use of such antennas. 

(15) Antenna gain less than 50 dBi (but greater than or equal to 43 dBi) is permitted only with a 
proportional reduction in maximum authorized EIRP in a ratio of 2 dB of power per | dB of gain, 
so that the maximum allowable EIRP (in dBW) for antennas of less than 50 dBi gain becomes +55 
- 2x(50 - Gmax), Where Gmax is the antenna gain in dBi. In addition, antennas in these bands must 
meet two additional standards for minimum radiation suppression: At angles between 1.2° and 5° 
from the centerline of the main beam, co-polar discrimination must be Gmax - 28, where Gmax is 
the antenna gain in dBi; and at angles of less than 5° from the centerline of main beam, cross-polar 
discrimination must be at least 25 dB. 
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(c) 47 CFR Part 101, Antenna Polarization 


47 CFR does not limit the polarization of the FS P-P system antenna, but FCC can 
regulate the polarization when concerns about excessive interference arise. 


For Local Multipoint Distribution Service systems, antennas may use any polarization 
within its service area, but only vertical and/or horizontal polarization for antennas located 
within 20 kilometers of the outermost edge of their service area. 


(d) 47 CFR Part 78 


For the fixed stations of the FS cable TV relay service operating in 12.7—13.2 and 17.7— 
19.7 GHz, the antenna radiation performance standard in 47 CFR Part 78 is shown in Table 5-3. 
FCC may require higher performance antennas under stringent interference environment. 


Table 5-3. Television Broadcast Auxiliary Station Antenna Radiation Performance 
Standard from FCC for Non-Federal Systems 


Minimum Radiation Suppression to Ginax (dB) 


Standara | Freauency | Max.| (1 [ Angle Off Mainbeam Axis?) 
(GHz) bbw (°) ( dBi) 5- 10- 15- 20- 30- 100— | 140- 
10 15 20 30 100 140 180 
A 12.7-13.25 1.0 n/a 23 28 35 39 41 42 50 


17.7-19.7 2.2 38 25 29 33 36 42 55 55 
B 12.7—-13.25 2.0 n/a 20 25 28 30 32 37 47 
17.7-19.7 2.2 38 20 24 28 32 35 36 36 
e n/a: not available. 

e Standard A must be used in areas subject to frequency congestion. 

e Standard B is the minimum requirement. 


(e) RR Appendix 5 


For coordination studies and interference assessment between FS P-P systems and GSO 
or non-GSO (NGSO) MSS system space-to-Earth links sharing frequency in 1-3 GHz, the FS 
antenna reference radiation pattern in RR Appendix 5 is shown in Table 5-4. 


Table 5-4. FS P-P System Antenna Reference Radiation Pattern in RR Appendix 5 for 
EMC Analyses between FS Systems and MSS System Space-to-Earth Links in 1-3 GHz 


Gain Function (dBi) Angular Range 
Grnax - 2.5 x 10°(@D/A) 0°<b<dm 
39 - 5 x log(D/A) - 2.5 x log() Om < 0 < 48° 
-3 - 5 x log(D/A) 48° << 180° 


: angle off mainbeam axis, deg. 
dm = 20(A/D)(Gmax - Gi)°°, deg. 
G,; =2+ 15xlog(D/A), dBi 
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The sidelobe radiation pattern is the average radiation pattern. Individual sidelobe of an actual 
radiation pattern may exceed the average radiation pattern by up to 3 dB. 


(f) RR Appendix 7 


For deriving coordination areas around space system earth stations operating in 100 
MHz-—105 GHz, the FS antenna reference radiation pattern in RR Appendix 7 is shown in Table 
5-5. 


Table 5-5. FS Antenna Reference Radiation Pattern in RR Appendix 7 for Deriving 
Coordination Area around Earth Station Operating in 100 MHz-105 GHz 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(D/A) 0°<b<dm 
G, dm <0 <o; 
D/A>1 
ane 32 - 25 x log() br << 48° 
-10 48° < p< 180° 
Gmnax - 2.5 x 10°(@D/A) for 0° < 0 < dm 
eas G, dm < > < (OOA/D)? 
52 - 10xlog(D/A) - 25 log() (100A/DY° < b < 48° 
10 - 10xlog(D/A) 48° < b < 180° 


: angle off mainbeam axis, deg. 

G, =2+ 15xlog(D/A), dBi 

bm = 20(A/D)(Gmax - Gi)°°, deg. 

o; = 15.85(D/A)°*, deg., dr = 1° for D/A = 100 

If D/A is not given, it can be estimated by 20xlog (D/A) ® Gmax(dBi) - 7.7. 


(g) Rec. ITU-R F.699-7 


For coordination studies and single-entry interference assessments between FS P-P 
systems and between FS P-P systems and space radiocommunication systems sharing frequency 
in 100 MHz-—70 GHz, the recommended FS antenna reference radiation pattern in Rec. ITU-R 
F.699-7 is shown in Table 5-6. This radiation pattern covers low-gain antennas of Gmax < 10 dBi. 
However, when it is necessary to use a low-gain antenna that has a large HPBW, it may be more 
practical to use an elliptical-beam antenna with the major axis aligned horizontally and the minor 
axis aligned vertically such that the radiated energy is not wasted into the sky. In such a case, the 
radiation pattern of a dish antenna in the category “100 MHz <f< 1 GHz, D/A > 0.63” is not 
applicable anymore. 
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Table 5-6. Recommended FS P-P System Antenna Reference Radiation Pattern for Single- 
Entry EMC Analyses between FS Systems and between FS Systems and Space Systems in 


100 MHz-—70 GHz 


Category Gain Function (dBi) Angular Range 
(ole 724 Gee Gmax - 2.5 x 10°(@D/A)? 0°<o<dm 
ree a cs G, dm < > < (LOOA/DY? 
G....> 3.7 dBi 52 - 10xlog(D/A) - 25 x log(¢) (100A/D)° < b< os 
-2 - 5 x log(D/A) os < o < 180° 
Gmax - 2.5 x 10°(@D/A)? 0°<db<dm 
1 <f<70 GHz, Gi dm S >< or 
D/A > 100 32 - 25 x log() o, So < 48° 
-10 48° <b < 180° 
Grnax - 2.5 x 10°(@D/A)? 0°<o<dm 
1 <f<70 GHz, G, dm < > < (LOOA/D)? 
D/d < 100 52 - 10 x log(D/A) - 25 x log(¢) (100A/D)° < @ < 48° 
10 - 10 x log(D/A) 48° <b < 180° 


: angle off mainbeam axis, deg. 
G, =2+ 15xlog(D/A), dBi 

m = 20(A/D)(Gmax - G1)", deg. 
s = 144.5(D/A)°”, deg. 

= 15.85(D/A)°°, deg. 


For horn reflector antennas or offset feed antennas with very low illumination on the edge of 
the reflector, G() = 88 - 30xlog(D/A) - 40xlog(), dBi, for dm < 6 < 90° may be used in the 
horizontal plane. 


(h) Rec. ITU-R F.1245 


For coordination studies and the aggregate interference assessments between FS P-P 
systems and between FS P-P systems and space radiocommunication systems sharing frequency 
in 1-70 GHz, the recommended FS antenna average reference radiation pattern in Rec. ITU-R 
F.1245 is shown in Table 5-7. 


Table 5-7. Recommended FS P-P System Antenna Average Reference Radiation Pattern 
for Aggregate EMC Analyses between FS Systems and between FS Systems and Space 
Systems in 1-70 GHz 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)” 0°<o<dm 
G, Om < > < Max(Om, Or) 
D/A > 100 
29 - 25 x log(o) max(Om, or) < d < 48° 
-13 48° <b < 180° 
D/A < 100 Gmax - 2.5 x 10°(@D/A) 0°<o<dm 
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39 - 5 x log(D/A) - 25 x log(o) dm < > < 48° 
-3 - 5 x log(D/A) 48° <b < 180° 
: angle off mainbeam axis, deg. 
G,; =2+ 15xlog(D/A), dBi 
m = 20(A/D)(Gmax - Gi)°°, deg. 
o; = 12.02(D/A)°*, deg. 
When the interference signals are circularly polarized, e.g., from space systems employing _| 
circular polarization, the effective gain, Geg(o), for the pattern of D/A < 100 in the mainbeam 
region may become: 


Gey: () = 10 log (10°") + 0.02 x 10°'S= J 3 dBi for 0°<b<dm 


where G(@) is the mainbeam gain formula in that pattern. This formula assumes that the 
antenna cross-polarized gain in the mainbeam region is 17 dB below Gmax. The cross- 
polarization advantage should not be expected for > dm. A similar formula for the pattern of 
D/A > 100 is not available. 


For statistical interference assessments between FS P-P systems and between FS P-P 
systems and space radiocommunication systems sharing frequency in 1-70 GHz, the 
recommended mathematical model of the generalized FS antenna reference radiation pattern in 
Rec. ITU-R F.1245-1 is shown in Table 5-8. This pattern is used only for spatial statistical 
analysis, e.g., deriving the probability distribution function of interference from a few GSO 
satellite systems into a large number of victim FS systems. 


Table 5-8. Recommended FS P-P System Antenna Reference Radiation Pattern for 
Statistical EMC Analyses between FS Systems and between FS Systems and Space Systems 


in 1-70 GHz 

Category Gain Function (dBi) Angular Range 

max(G,(), Go()) 0° << dy 

D/d > 100 32 - 25 x log() + F,() dy <b < 48° 
-10 + F,() 48° < >< 180° 

max(G,(), Ge()) 0° << de 

D/i < 100 42 - 5 x log(D/A) - 25 x log() + F.() be <b < 48° 
-5 x log(D/A) + F.() 48° <b < 180° 


: angle off mainbeam axis, deg. 

Gal) = Gmnax - 2.5x10° (D/A), dBi 

G,(o) = G, + F,(), dBi 

G.(o) = Gi + F.(), dBi 

G; =2 + 15xlog(D/A), dBi 

F,(o) = 10xlog[0.9 sin?(1.52/bp) + 0.1], dB 
F.() = 10xlog[0.9 sin?(1.52/,) + 0.1], dB 
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by = 15.85(D/2)°°, deg. 
¢ = 39.8(D/0)°*, deg. 


5.2.2 Point-to-Multipoint System 


NTIA does not provide the FS P-MP system antenna radiation performance standards for 
the federal systems. Otherwise, this sub-section contains the following FS P-MP system antenna 
characteristics: 


e from RR Appendix 5 [Ref. 61], radiation performance standard for EMC analyses 
between FS systems and MSS system space-to-Earth links sharing frequency in 1-3 GHz; 
and 

e from Rec. ITU-R F.1336-3, recommended reference radiation pattern for EMC analyses 
between FS systems and between FS systems and space radiocommunication systems.®> 


(a) RR Appendix 5 


For coordination studies and interference assessments between the FS P-MP systems and 
the GSO or NGSO MSS system space-to-Earth links sharing frequency in 1-3 GHz, the FS 
antenna reference radiation pattern in RR Appendix 5 is shown in Table 5-9. 


Table 5-9. FS P-MP System Antenna Reference Radiation Pattern in RR Appendix 5 for 
EMC Analyses between FS Systems and MSS System Space-to-Earth Links in 1-3 GHz 


Gain Function (dBi) Angular Range 
Gmax - 12(6/Obw)* 0° <0 < Ow 
Ginax - 12 - 10 x log(8/O5.) Obw < 8 < 90° 


0: angle above the horizontal plane. 
Gimax: Maximum gain in the horizontal plane. 


Obw: HPBW in the vertical plane, Opw = (a - 0.818), deg. 
a. = (10'S +172.4)/191) 


(b) = Ree. ITU-R F.1336-3 


For coordination studies and interference assessments between P-MP FS systems and 
between P-MP FS systems and space radiocommunication systems, the recommended FS 
antenna reference radiation patterns in Rec. ITU-R F.1336-3 are shown in Table 5-10. Table 
5-10(a) is for omnidirectional antennas operating in 1-70 GHz, Table 5-10(b) is for sectoral 
antennas operating in 1-70 GHz, and Table 5-10(c) is for low-cost antennas with Gmax < 20 dBi, 
pencil-shaped beams, and operating in 1-3 GHz. 


65 Rec. ITU-R F.1336-3, Reference Radiation Patterns of Omnidirectional, Sectoral and Other Antennas in Point- 
To-Multipoint Systems for Use in Sharing Studies in The Frequency Range From I to About 70 GHz (2012) 
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Table 5-10. Recommended FS P-MP System Antenna Reference Radiation Pattern for 
EMC Analyses between FS Systems and between FS Systems and Space Systems in 1—70 
GHz 


(a) Omnidirectional Antenna 


aa Gain Function (dBi) Angular Range 
Peak Gmax - 12(6/0 bi): O° < | 0 | < 05 
Sidelobe Gmax - 12 + 10 x log(k + 1) 05 < 101 < Obw 

Gmax - 12 + 10 x log{ (0 /Opw) +k } Ow < 10] < 90° 

Average Gmax - 12(6/8 pw)” O° < 101 < Ow 
Si ae lobe Gmax - 15 + 10 x log(k + 1) Ow < 10] < 0, 
Gimax - 15 + 10 x log{ ({O//Onw)” +k } 6, < 16] <90° 


Ginax: the maximum gain in the azimuth plane, dBi 


0: elevation angle relative to the angle of maximum gain, deg., -90° < 8 < 90°, 
Opw: HPBW in the elevation plane, deg. 


0,,, = 107.6 x 10°'S™* , deg. 


0, =6,, ,[I- balk 
0, =6,. 12s _bg{k+1) 
1.2 


k: parameter that accounts for increased sidelobe levels above what would be expected for an 
antenna with improved sidelobe performance, 


e k=0.7 for typical antennas operating in | <f< 3 GHz, and 


e k=0 for antennas with improved sidelobe performance operating in 1 < f< 3 GHz or 
ree all antennas operating in 3 Sf 70 GHzT occ cecegcecegeeceegeeengiengeneeeeeeeeees 
If the antenna mainbeam is downward tilted, i.e., cone-shape instead flat, by electrical means, 

the radiation patterns above and below the horizontal plane are stretched and compressed, 


respectively. The formulas are still applicable with the following modifications. 
Define 


B: downward tilt angle, the positive angle that the main beam axis is below the 
horizontal plane at the site of the antenna, deg., and 


Oy: elevation angle measured from the horizontal plane at the site of the antenna, deg., 


-90° < O, < 90°, 
the formulas are applicable with @ replaced with 0, of 
9, = 0%. +8) for 0,+B>0 
90+ 8 
gO) for On +B <0 
90-8 


*: Rec. ITU-R F.1336-3 does not distinguish the value of k for typical antennas at 3 GHz 
breaking point. 


(b) Sectoral Antenna 


ae ae Gain Function (dBi) Angular Range 
Gigs Oe? 0<x<x, 
es Ginax - 12 + 10 x log(x> + kp) Xp<x<4 
1<f<6 Gmax - Sp - 15 x log(x) 4<x 
GHz Reese Grigg 19%" = 0<x<x, 
Sideloba Ginax - 15 + 10 x log(x”” + k,) Xa<x <4 
Gmax - Sa - 3 - 15 x log(x) 4<x 
Peak Grasion O<5=1 
6<f<70 | Sidelobe Gmax - 12 - 15 x log(x) <x 
GHz Average Gage I Xe O0<x<1.152 
Sidelobe Gimax - 15 - 15 x log(x) VAS. 2% 


Gmax: the maximum gain in or near the horizontal plane, dBi 

0: elevation angle relative to the local horizontal plane when the maximum gain is in that 
plane, deg., -90° <8 < 90°, 

Opw: HPBW in the elevation plane, deg. 

@: azimuth angle relative to the angle of maximum gain in the horizontal plane, deg. 

bw: HPBW in the azimuth plane (generally equal to the sectoral beamwidth,) deg. 


y = cos’ '[cos(p)cos(0)], deg., 0° < y < 180°, 


‘ see 
rl) ey] 
x = w/Wo 

This pattern is valid for @ py < 120°. 


If only Gmax and @py are given but not Opw, then Oy can be calculated provisionally with 


31000 x 10°! Sm 


For the peak sidelobe case in 1 < f < 6 GHz: 
Xp = (1 - 0.36k,)"” 
Sp = 12 - 10 x log(1+8k,) 
kp: parameter that accounts for increased sidelobe levels above what would be expected for an 
antenna with improved sidelobe performance: 
e k,=0.7 for typical antennas, yielding xp = 0.86 and s, = 3.8; and 
e k,=0 for antennas with improved sidelobe performance, yielding xp = 1 and sp = 12. 
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For the average sidelobe case in | < f< 6 GHz: 
X= (1.25 = 0.36k,)” 
Sa = 12 - 10 x log(1+8k,) 


k,: parameter that accounts for increased sidelobe levels above what would be expected for an 
antenna with improved sidelobe performance: 


e k,=0.2 for typical antennas, yielding x, = 1.08 and s, = 7.85; and 


e k,=0 for antennas with improved sidelobe performance, yielding x, = 1.118 and s,= 

12. 
Tf the antenna mainbeam is downward tilted by electrical means, the radiation patterns above 
and below the horizontal plane are stretched and compressed, respectively. The formulas are 


still applicable with the following modifications. 


Define 


B: downward tilt angle, the positive angle that the main beam axis is below the 
horizontal plane at the site of the antenna, deg., and 
0: elevation angle measured from the horizontal plane at the site of the antenna, deg., 


-90° < Op, < 90°, 
the formulas are applicable with @ replaced with 0, of 
= 90(0, + B) for 0,+ 8 >=0 
90+ B 
is 906, + B) for 0,+ B <0 
90-8 


If the antenna mainbeam is downward tilted by mechanical means, the formulas are still 
applicable with the following modifications. 


Define 


B: downward tilt angle, the positive angle that the main beam axis is below the 
horizontal plane at the site of the antenna, deg., 

On: elevation angle measured from the horizontal plane at the site of the antenna, deg., 
-90° < 0, < 90°, and 

Qn: azimuth angle in the horizontal plane at the site of the antenna measured from the 
azimuth of maximum gain, deg., -180° < @, < 180°, 


the formulas are applicable with 6 and @ replaced with 0 and @m of 


Om: elevation angle measured from the plane defined by the axis of maximum gain and 
the axis about which the pattern is tilted, (0,y is also measured from this plane,) 
deg. 

m: azimuth angle measured from the azimuth of maximum gain in the plane defined 
by the axis of maximum gain and the axis about which the pattern is tilted, deg. 


derived with: 
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0,, = sin '[sin(6, )cos(Z)+ cos(@, )cos(g, )sin(Z)], -90° < Om < 90° 


& [- sin (0, )sin (B)+ cos(6, )cos(, )cos(B | oe - 4 
cos(6,, ) ; Dame 


Within 90° < y < 180°, the sidelobe patterns may result in conservative gains in particular in 
the azimuth angles. For cases involving significant interferences from such angles, the 
formulas are still applicable with the following modifications. 


Q,, = COS 


Define 
®,,; the boundary azimuth angle, deg., derived with 


®,=XpX,, for peak sidelobe pattern in | <f< 6 GHz 
®,,=XaX@,, for average sidelobe pattern in 1 <f< 6 GHz 
Pn = Pow for 6<f<70 GHz 


®bwm: the equivalent HPBW in the azimuth plane for an adjustment of horizontal 
gains, deg., derived with 


Pyam = Pow for 0° <lol<,, 
2 —-0.5 
co ents.) a9 ie. 
0, = 80 — Prih is — Pip for Pn a | @ | < 180° 
a. Prw Oy, 


the formulas are applicable with yo replaced with y, of 


0.5 


2 : 2)" 
= (sx) (82) for 0° <w<90" 
“ Powm 1» 


2 ; 2) 05 
Vv, = se22) (2) for 90° < v < 180° 
Powm Oy.» 


(c) Low-Cost Antenna of Gmax < 20 dBi Operating in 1 <f< 3 GHz 


ae Gain Function (dBi) Angular Range 
Grax - 12(6/ow)” 0° So < 1.08 bw 
Peak Gmmax - 14 L.08onw <> < 1 
Sidelobe Gmax - 14 - 32 x log(/61) d<d< dv 
-8 d2 < o< 180° 
Average Table 5-7 from Rec. ITU-R F.1245 [Ref. 64] 
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Sidelobe 
bry = (27000 x 10°!) deg, 


This reference radiation pattern applies when Gmmax < 20 dBi and Rec. ITU-R F.699 produces 
inadequate results. 


5.2.3 System with High Altitude Platform Station 


NTIA does not provide the HAPS FS antenna radiation performance standards for the 
federal systems. Otherwise, this sub-section contains one recommended reference radiation 
pattern from ITU-R. 


Rec. ITU-R F.1500 


The recommended FS HAPS system antenna reference radiation pattern in Rec. ITU-R 
F.1500 is shown in Table 5-11.66 


Table 5-11. Recommended FS Antenna Reference Radiation Pattern for Systems Using 
High Altitude Platform Stations 


Gain Function (dBi) Angular Range 
Ginax - 12(/0,,,)" 0.5 < o/bw <a 
Ginax + Lp + 20 x log(z) a < o/dpw < 1.58 
Giax tt Lig 1.58 < 0/dpw < 3.16 
x - 25 x log(o) 3.16 < o/dow < y 
Ly ys /Oow < 90/dbw 
Ly 90° < o < 180° 


: angle off mainbeam axis, deg. 
dbw: HPBW in the direction of interest, deg. 
L,: near sidelobe level relative to Gmax required by the system design, dB 


a =2 for L, = -20, -25 
=N/A for L, = -30 

a = 1.29[1 - log(z)]°° for Ly = -20 
= 1.29[1 - 0.8xlog(z)]°° for Ly = -25 
=N/A for L, = -30 


Z = (major axis)/(minor axis). 


66 Rec. ITU-R F.1500, Preferred Characteristics of Systems in the Fixed Service Using High Altitude Platforms 
Operating in the Bands 47.2-47.5 GHz and 47.9-48.2 GHz (2000). This pattern conforms to the satellite antenna 
reference radiation pattern in Rec. ITU-R S.672-4. 
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X = Gmax + Ln + 25xlog(3.160pw), dBi 

y = 3.16 x 109M GometaLr) 

Ly: far sidelobe level, Ls = 0 dBi 

Lp: back lobe level, Ly = max[0, 15 + L, + 0.25Gmax + 5xlog(z)], dBi 


5.3 Fixed-Satellite Service 


Antenna data for the earth station and satellite are presented here. 


Earth station antennas are mostly land-based antennas, although they can also be 
shipborne antennas. Earth station antennas are mostly single-feed paraboloidal antennas that 
generate pencil shaped beams. 


Satellite antennas are mostly multiple-feed paraboloidal antennas or multiple-horn 
antennas to generate shaped beams. Satellite antennas also use single-feed parabolic or 
paraboloidal antennas to generate elliptical or circular beams. 


5.3.1 Earth Station Antenna 


NTIA does not provide FSS earth station antenna radiation performance standards for the 
federal systems. Otherwise, this sub-section contains the following earth station antenna 
radiation performance standards: 


e from 47 CFR Part 25, co- and cross-polarization standards for non-federal GSO and 
NGSO systems;®7 

e from RR Article 22, co-polarization reference radiation pattern for establishing the 
downlink pfd limit of the NGSO systems operating in 3.7-4.2 GHz;68 

e from RR Appendix 8, co-polarization reference radiation pattern for coordination studies 
involving GSO systems;®? and 

e from RR Appendix 30B, co-polarization reference radiation pattern for the GSO FSS 
Allotment Plan.70 


It also contains the following recommended earth station antenna reference radiation patterns 
from ITU-R: 


e from Rec. ITU-R S.465-6, co-polarization pattern for EMC analyses between FSS 
systems and between FSS systems and systems of other radio services sharing frequency 
in 2-30 GHz;7! 


67 47 CER, Part 25, Satellite Communications, §25.209. 
68 RR, Article 22, Space Services, §22.5C.12. 


69 RR, Appendix 8, Method of calculation for determining if coordination is required between geostationary- 
satellite networks sharing the same frequency bands, Annex 3. 


70 RR, Appendix 30B, Provisions and Associated Plan for the Fixed-Satellite Service in the Frequency Bands 
4500-4800 MHz, 6725-7025 MHz, 10.70-10.95 GHz, 11.20-11.45 GHz and 12.75-13.25 GHz, Annex 1. 


71 Rec. ITU-R S.465-6, Reference Earth-Station Radiation Pattern for Use in Coordination and Interference 
Assessment in the Frequency Range from 2 to About 30 GHz (2010). 
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e from Rec. ITU-R S.580-6, co-polarization pattern as the design objective for new GSO 
systems; /2 

e from Rec. ITU-R S.1428-1, co-polarization pattern for EMC analyses involving NGSO 
FSS systems sharing frequency in 10.7-30 GHz;73 


e from Rec. ITU-R S.731-1, cross-polarization pattern for EMC analyses in 2-30 GHz;/4 
and 


e from Rec. ITU-R S.728-1, co- and cross-polarization patterns for VSAT antennas. 7> 


Some of the reference radiation patterns contain only the region off the mainbeam 
because it is perceived that EMC analyses require only this part of the specifications. 


(a) 47 CFR Part 25 


For the non-federal FSS systems, the earth station antenna radiation performance 
standards in 47 CFR Part 25 are shown in Table 5-12. 


Table 5-12. FSS Earth Station Antenna Radiation Performance Standards from FCC for 
Non-Federal Systems 


(a) GSO Space System Co-Polarization Standards in the GSO Plane 


Category Gain Function (dBi) Angular Range 
29 - 25 x log(o) 1.5°<o<7° 
Not in K, or conventional K, 8 7°? << 9.2° 
band 32 - 25 x log(o) 9.2°<o < 48° 
-10 48° < o < 180° 
29 - 25 x log(o) 1.5°<o<7° 
: 8 Pos 92" 
In K, and er, Ky 32 - 25 x log(6) 9.2° << 48° 
: “10 48° <b < 85° 
0 85° < o < 180° 


o: angle off mainbeam axis, deg. 
The actual radiation pattern shall meet the following conditions: 


e in 1.5°<<7°, it may not exceed the specification; and 


e for >> 7°, it may exceed the specification by no more than 10% with individual sidelobe 
not exceeding the specification by more than 3 dB. 


72 Rec. ITU-R S.580-6, Radiation Diagrams for Use As Design Objectives for Antennas of Earth Stations 
Operating with Geostationary Satellites (2004). 


73 Rec. ITU-R S.1428-1, Reference FSS Earth-Station Radiation Patterns for Use in Interference Assessment 
Involving Non-GSO Satellites in Frequency Bands between 10.7 GHz and 30 GHz (2001). 


74 Rec. ITU-R S.731-1, Reference Earth-Station Cross-Polarized Radiation Pattern for Use in Frequency 
Coordination and Interference Assessment in the Frequency Range from 2 to about 30 GHz (2005). 


75 Rec. ITU-R S.728-1, Maximum Permissible Level of Off-Axis E.I.R.P. Density from Very Small Aperture 
Terminals (VSATs) (1995). 
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(b) GSO Space System Co-Polarization Standards not in the GSO Plane 


Category Gain Function (dBi) Angular Range 

Not in K, or conventional Ky 32 - 25 x log(o) 3° <o< 48° 
band -10 48° < o < 180° 

= ° < < ° 

In K, and conventional Ky gs2o19R(@) Sees 
-10 48° <0 < 85° 
bands 

0 85° < o < 180° 


e ¢: angle off mainbeam axis, deg. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 


interference path. 


e The envelope may be exceeded by no more than 10% of the sidelobes, and individual 


sidelobe may not exceed the envelope by more than 6 dB. 


(c) GSO Space System Cross-Polarization Standard 


Gain Function (dBi) Angular Range 
19 - 25 x log(o) x°<o<7° 
-2 7° <o<9.2° 


e ¢: angle off mainbeam axis, deg. 


e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


(d) NGSO Space System Co-Polarization Standard 


Gain Function (dBi) Angular Range 
29 - 25 x log(o) 1° << 36° 
-10 36° < d < 180° 


o: angle off mainbeam axis, deg. 


e This is for gateway antenna operating in 10.7—11.7, 12.75—13.15, 13.2125—-13.25, 13.8- 


14.0, and 14.4-14.5 GHz. 


e The actual radiation pattern may not exceed the specification. 


(b) RR Article 22 


For establishing the downlink pfd limit of the NGSO FSS systems operating in 3.7-4.2 


GHz, the earth station antenna reference radiation pattern in RR Article 22 is shown in Table 


5-13. 


Table 5-13. FSS Earth Station Antenna Reference Radiation Pattern in RR Article 22 for 


Establishing Downlink pfd Limit of NGSO System in 3.7—4.2 GHz 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)? 0°<o<dm 
100 < D/A G, bmi <0 < oy 
29 - 25 x log() db, <b < 20° 
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-3.5 20° <  < 26.3° 
32 - 25 x log() 26.3° <b < 48° 
-10 48° < b < 180° 
Ginax - 2.5 x 10°(D/A)* 0°<b< Om 
G, mi < > < (LOOA/DY° 
29 - 25 x log() (100A/D)° <  < 20° 
eet 35 20° <b < 26.3° 
32 - 25 x log() 26.3° <b < 48° 
-10 48° < b < 180° 
Ginax - 2.5 x 10°(D/A)* 0°<b<dm 
G) dm2 <  < (LOOA/D)° 
Ee 32 - 25 x log() (100A/D)° <  < 48° 
-10 48° << 180° 


: angle off mainbeam axis, deg. 

Ginax = 7.7 + 20xlog(D/A), dBi (derived from e = 0.6) 
G, =-1 + 15xlog(D/A), dBi 

G> = 2 + 15xlog(D/A), dBi 

m1 = 20(A/D)(Gmax - Gi)””, deg. 

m2 = 20(A/D)(Gmax - G2)°°, deg. 

, = 15.85(D/A) °°, deg., 6, = 1° for D/A = 100 


e Parameter G, in Article 22 is inaccurate, and has been corrected here. 

e Parameters dm, ;, (LOOA/D)°, etc. do not produce smooth curves. Hence, it is 
recommended that the patterns in Rec. ITU-R S.1428-1, to be presented later, should be 
used as the NGSO FSS earth station antenna reference radiation patterns. 


(c) RR Appendix 8 


For coordination studies involving GSO FSS satellite networks, the earth station antenna 
reference radiation pattern in RR Appendix 8 is shown in Table 5-14. This pattern applies to 
earth stations of all the GSO satellite networks, including FSS and other space services, and the 
pattern applies to both the transmitting and receiving antennas. This pattern, however, should be 
used only if a relevant ITU-R recommendation of a particular space service is not available. 


Table 5-14. FSS Earth Station Antenna Reference Radiation Pattern in RR Appendix 8 for 
Coordination Studies Involving GSO Networks 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)” 0°<b< dm 
G, dm SO < Or 
> 
Dike 0 32 - 25 x log() <b < 48° 
-10 48° < b < 180° 
D/A < 100 Ginax - 2.5 x 10°(@D/A)” 0°<d<Om 
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Gi dm <  < (LO0A/D)? 
52 - 10 x log(D/A) - 25 x log(¢) (100A/D)° <  < 48° 
10 - 10 x log(D/A) 48° < b < 180° 


o: angle off mainbeam axis, deg. 
G, =2 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - G1)", deg. 
, = 15.85(D/A) °° , deg. 


(d) RR Appendix 30B 


For the GSO FSS Allotment Plan with downlink bands in the 4 and 10—11 GHz regions 
and uplink bands in the 6 and 13 GHz regions, the earth station antenna reference radiation 
pattern in RR Appendix 30B is shown in Table 5-15. The Plan allots a nominal GSO location to 
every nation for its FSS system to operate in the expanded FSS frequency bands. The patterns 
are used as a design objective and for coordination studies and interference assessments when the 
allotments are implemented. 


Table 5-15. FSS Earth Station Antenna Reference Radiation Pattern in RR Appendix 30B 
for the GSO Allotment Plan 


Category Gain Function (dBi) Angular Range 
ae Baines Gmax - 2.5 x 10° (D/A) 0°<b<dm 
or achieving aggregate carrier min[Gy, 29 - 25xlog(6)] bm << 19.95° 
power-to-interference power {min[(35, 32 
ratio (C/I) > 26 dB ses eared eee ee ° ° 
(C/D) 25xlog(4)], 10} 19.95° <p < 180 
For achieving aggregate carrier Gmax - 2.5 x 10°(@D/A)” 0°<o< dm 
power-to-interference power G, Om <0 < 0; 
ratio (C/I) = 23 dB if C/I > 26 29 - 25 x log() br <b < 36.3° 
dB cannot be obtained -10 36.3° <b < 180° 


o: angle off mainbeam axis, deg. 
Gmax = 10xlogle(nD/A)*], dBi 
G, =-1 + 15xlog(D/), dBi 
e620" 

m= 20(A/D)(Gmmax - G1)°*, deg. 
, = 15.85(D/A)°*, deg. 


RR Appendix 30B stipulates that D = 5.5 and 2.7 meters in the 6/4 and 13/10—11 GHz bands, 
respectively. This, with e = 0.7, gives Gmax = 50.4, 47.0, 49.8, and 48.4 dBi at 6.875, 4.65, 
13.0, and 11.075 GHz. 
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(e) Rec. ITU-R S.465-6 


For coordination studies and interference assessments between the FSS systems and 
between the FSS systems and systems of other radio services sharing frequency in 2-30 GHz, 
the recommended FSS earth station antenna reference radiation pattern in Rec. ITU-R S.465-6 is 
shown in Table 5-16. 


Table 5-16. Recommended FSS Earth Station Antenna Reference Radiation Pattern for 
EMC Analyses between FSS Systems and between FSS Systems and Other Radio Systems 


in 2-30 GHz 
Category Gain Function (dBi) Angular Range 
io < ° 
General 2222) X1E@) tesa 
-10 48° < o> < 180° 
D/A. < 100 and networks | 52 - 10 x log(D/A) - 25 x log() (100A/D)° < b < 48° 
coordinated prior to 
1993 10 - 10 x log(D/A) 48° < o < 180° 
: angle off mainbeam axis, deg. 
6, =max[1, 100(A/D)], deg. for D/A > 50 
= max[2, 114(D/A)"*], deg. for 33.3 < D/A < 50 
=20° for D/A < 33.3 


(f) Rec. ITU-R S.580-6 


As the design objective for new GSO FSS systems, the recommended earth station 
antenna reference radiation pattern in Rec. ITU-R S.580-6 is shown in Table 5-17. 


Table 5-17. Recommended FSS Earth Station Antenna Reference Radiation Pattern as 
Design Objective for New GSO Systems 


Category Gain Function (dBi) Angular Range 
29 - 25 x log() Dain <9 < 20° 
me -3.5 20° <  < 26.3° 
D/A = 50, co-pol t 
ie wie 32 - 25 x log(4) 26.3° <b < 48° 
-10 48° <b < 180° 


o: angle off mainbeam axis, deg. 
Ymin = Max(1, 100A/D), deg. 


Within 9,,,,, < > < 20°, an actual antenna radiation pattern should have at least 90% of the 
sidelobe peaks below the ‘29 - 25x log(), dBi’ envelope in any off mainbeam axis direction 
within 3° of the GSO plane. 
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(g) Rec. ITU-R S.1428-1 


For coordination studies and interference assessments involving the NGSO FSS systems 
operating in 10.7—30 GHz, the recommended earth station antenna reference radiation pattern in 
Rec. ITU-R S.1428-1 is shown in Table 5-18. In the interference scenario involving the NGSO 
FSS systems, a moving object is a moving interfering source or a moving victim receiver. A 
moving earth station is a tracking earth station and not a mobile earth station. 


Table 5-18. Recommended FSS Earth Station Antenna Reference Radiation Pattern for 


EMC Analyses Involving NGSO Systems Operating in 10.7—30 GHz 


Category Gain Function (dBi) Angular Range 
Gma - 2.5 x 10° (D/A) 0° <<, 
Gia Oma s 0) < or 
29 - 25 x log() << 10° 
100 < D/A 34 - 30 x log(o) 10° << 34.1° 
=12 34.1° <b < 80° 
Ey] 80° <b < 120° 
ap) 120° < b< 180° 
Gib - 2.5 x 10° (D/A) 0° << dmb 
Gip dmb < > < (95A/D)° 
29 - 25 x log() (95A/D)° < b < 33.1° 
25 < D/A < 100 5 33.1°<  < 80° 
-4 80° <b < 120° 
-9 120° < b< 180° 
Gime - 2.5 x 10° (D/A)? 0°<b<dme 
Gic me <b < (95A/D)° 
Ve Diese) 29 - 25 x log(6) (952/D)<  < 33.1° 
-9 33.1°<  < 80° 
-5 80° < b < 180° 


o: angle off mainbeam axis, deg. 

Gina = 20xlog(D/A) + 8.4, dBi 

Ginb = Ge = 20xlog(D/A) + 7.7, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

Gip = Gic = 29 - 25xlog(95A/D), dBi 
dma = 20(A/D)(Gima - Gia)°, deg. 

o, = 15.85(D/A) °°, deg. 

dmb = Ome = 20(A/D)(Gmb - Gip)°”, deg. 
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(h) Rec. ITU-R S.731-1 


For coordination studies and interference assessment involving GSO FSS systems 
operating in 2-30 GHz, the recommended earth station antenna cross-polarization reference 
radiation pattern in Rec. ITU-R S.731-1 is shown in Table 5-19. Rec. ITU-R $.731-1 stipulates 


that this pattern should be used with caution when D/A < 50 or when the feed system may cause 
high levels of spill over. 


Table 5-19. Recommended FSS Earth Station Antenna Cross-Polarization Reference 
Radiation Pattern for EMC Analyses in 2-30 GHz 


Gain Function (dBi) Angular Range 
23 - 20 x log(o) Onin OS7° 
20.2 - 16.7 x log(o) 7° << 26.3° 
32 - 25 x log(o) 26.3°< o < 48° 
-10 48° < b < 180° 
o: angle off mainbeam axis, deg. 
Onin = Max(1, 100A/D), deg. 


(i) Rec. ITU-R S.728-1 


For the FSS earth stations with very small aperture terminal (VSAT) antennas and 
operating in the 14 GHz band, the recommended antenna maximum permissible off-axis EIRP 
density level in any direction within 3° of the GSO is provided in Rec. ITU-R S.728-1; this is 
shown in Table 5-20(a). VSAT refers to parabolic antennas of size D < 2.4 meters, which 
corresponds to D/A < 50 at 6 GHz.’ With the EIRP density level, a profile of the VSAT 
reference radiation pattern can be developed as shown in Table 5-20(b). 


Table 5-20. Recommended FSS VSAT Earth Station Antenna Co- and Cross-Polarization 
Reference Radiation Patterns 


(a) Maximum Permissible E.I.R.P. Profile 


Maximum EIRP in Any 40 kHz Band (dBW) Ausalar Raneé 
Co-Polarization Cross-Polarization 
33 - 25 x log(o) 23 - 25 x log() 2° be 87° 
12 2 T° < o $9.2° 
36 - 25 x log() n/s 9.2°< > <48° 
-6 n/s 48° <o 
n/s: not specified. 


76 Rec. ITU-R 8.725, Technical Characteristics for Very Small Aperture Terminals (VSATs) (1992). 
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(b) 


Profile of Reference Radiation Pattern 


Reference Radiation Pattern (dBi) 


Co-Polarization Cross-Polarization ne ar nee 
x + 29 - 25 x log(o) x + 19 - 25 x log(o) fat eS hi 
x+8 x-2 Toe So 
x + 32 - 25 x log() n/a 9.2°< o < 48° 
x - 10 n/a 48° < 


technologies. 
n/a: not available. 


X: parameter to be determined. x = 0 is achievable with the current antenna manufacturing 


5.3.2 Satellite Antenna 


This sub-section contains one satellite antenna radiation performance standard from RR 
Appendix 30B [Ref. 70] for the FSS Allotment Plan and the following recommended satellite 
antenna reference radiation patterns from ITU-R: 


e from Rec. ITU-R S.672-4, GSO system single-feed circular or elliptical beam antenna;’7 
e from Rec. ITU-R S.672-4, GSO system multiple-feed shaped beam antenna; and 
e from Rec. ITU-R S.1528, NGSO system antenna operating below 30 GHz.78 


(a) RR Appendix 30B 


For the FSS Allotment Plan, the satellite antenna circular or elliptical beam reference 
radiation pattern in RR Appendix 30B is shown in Table 5-21. The satellite antenna efficiency 
should be 0.55 or better. The patterns are used as design objectives and for interference analysis 
when the allotments are implemented. 


Table 5-21. FSS Satellite Antenna Circular or Elliptical Beam Reference Radiation 
Patterns in RR Appendix 30B for the Allotment Plan 


Category Gain Function (dBi) Angular Range 
Antenna mainbeam Gates 12(/ dow)” 0 < b/dow < 1.45 
does not have fast 
roll-off max [0, Gmax - 22 - 20xlog(0/pw)] 1.45 < 0/Obw 
Gmax - 12(/Obw)* 0< b/dbw < 0.5 


Antenna mainbeam 


Gmax - 12[(o iz adbw)/OminI- 


0.5< W/dow <X 


has fast roll-off 


Ginax - 25.23 


x < O/dpw < 1.45 


max[0, Gmax - 22 - 20xlog(/dbw)] 


1.45 < b/bbw 


: angle off mainbeam axis in the direction of interest, deg. 
Gmax = 44.45 - 10xlog (0...) x Pp), Bi 


77 Rec. ITU-R S.672-4, Satellite Antenna Radiation Pattern for Use as a Design Objective in the Fixed-Satellite 
Service Employing Geostationary Satellites (1997). 


78 Rec. ITU-R 8.1528, Satellite Antenna Radiation Patterns for Non-Geostationary Orbit Satellite Antennas 
Operating in the Fixed-Satellite Service below 30 GHz (2001). 
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Obwis dbw2: HPBW in major and minor axes, deg. 

dbw: HPBW in the direction of interest, deg. 

Omin: required minimum HPBW, deg. 

Omin= 1.6° in 6/4 GHz band 

Omin = 0.8° in 13/10-11 GHz band 

X= 1.45 dmin/Obw + a 

a= 0.5(1 = Omin /bpw) 

Antenna efficiency e > 0.55 (RR Appendix 30B stipulates that e = 0.55.) 


(b) Contour Map 


For EMC analyses, the most useful tool about the satellite antenna radiation pattern is the 
coverage contour map. Contour maps are available from satellite operators. A contour map from 
the HughesNet is shown in Figure 5-1.79 The numbers along the contour lines are the EIRP 
values in dBW. 


) HUGHESNET 


SATELLITE 
COVERAGE 


Figure 5-1. Satellite Coverage Contour Map 
(c) Rec. ITU-R S.672-4 


As a design objective for the GSO FSS systems, the recommended FSS satellite single- 
feed circular or elliptical beam antenna reference radiation pattern in Rec. ITU-R S.672-4 is 
shown in Table 5-22. 


Table 5-22. Recommended GSO FSS Satellite Single-Feed Circular or Elliptical Beam 
Antenna Reference Radiation Pattern as Design Objective 


Gain Function (dBi) Angular Range 

Gmax - 12(/,,,)° 0.5 < b/bpw <a 

Gimax + Ln + 20 x log(z) a < o/dbw < 1.58 
Gmax + La 1.58 < 6/Obw < 3.16 


79 http://www.elitesat.com/hn_coverage.asp, accessed at Jan. 13, 2010. 
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x - 25 x log(d) 3.16 < bldbbw < y 
Ly Y < W/dbw < 90/dow 
Lo 90° <  < 180° 


o: angle off mainbeam axis, deg. 
dbw: HPBW in the direction of interest, deg. 
L, = near sidelobe level relative to Gyax required by the system design, dB 


a =2 for L, = -20, -25 
=N/A for L, = -30 

a  =1.29[1 - log(z)]°° for L, = -20 
= 1.29[1 - 0.8 x log(z)]°” for Ly = -25 
=N/A for L, = -30 


Z = (major axis)/(minor axis) 

X = Gmax + Ln + 25 x log(3.160pw), dBi 

y= 3.16x 19) °.04GmaxtLn—Le ) 

Ls: far sidelobe level; Lr = 0 dBi 

Ly: back lobe level; Ly = max[0, 15 + Ln + 0.25Gmax + 5 x log(z)], dBi 


(d) Rec. ITU-R S.672-4 


The recommended classification methodology for the GSO FSS satellite multiple-feed 
shaped beam antennas in Rec. ITU-R S.672-4 are defined by the scan ratio as follows: 


e S,: the angular distance between the center of coverage (defined as the center of the 
minimum area ellipse) and a point on the edge of the coverage, divided by the 
beamwidth of the component beam; and 


e S»: angular distance between the antenna boresight and a point on the edge of the 
coverage, divided by the beamwidth of the component beam. 


The recommended reference radiation pattern as a design objective is shown in Table 5-23. 


Table 5-23. Recommended GSO FSS Satellite Multiple-Feed Shaped Beam Antenna 
Reference Radiation Pattern as Design Objective 


(a) Class A Antenna with Scan Ratio S; < 3.5 


Gain Function (dBi) Angular Range 
Gep + 0.256 - 13.065 x [w/(qy,,.) + 0.5]? 0 < w/y,,, < 0.8904q 
Gep - 25 0.8904q < w/w, < 1.9244q 
Gep - 25 + 20 x log(1.9244qy,,,/w) 1.9244q < wy, < 18/y,, 


y: angle from the convex coverage contour to a point outside the coverage region in a 
direction normal to the sides of the contour, deg. 


Wow: HHPBW of component beams; w,,, = 72A/D, deg. 
Gep: equivalent peak gain; Gep = G, - 3.0, dBi 
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G,: gain at edge of coverage, dBi 


0.000074 S,-0.5 )? 


q= | [(e/p)?+0.02)° 


D: physical diameter of the reflector 

F: reflector focal length 

p: diameter of parent parabola; p = 2(a + h) 

a: projected aperture diameter of the offset paraboloid 
h: offset height to the edge of the reflector 


(b) Class A Antenna with Scan Ratio S,>5 


Gain Function (dBi) Angular Range 
Ge - b[(1 + w/y,) - 1] O< why, <r 
G, - 22 r<w/y, <r+45 
G, - 22 + 20 x log[(r + 4.5)y,/y] r+4.5< why, < 18/y, 


y: angle from the convex coverage contour in a direction normal to the sides of the contour, 
deg. 

We: ste radius; y,, = 36/D, deg. 

G.: gain at edge of coverage, dBi 

b = 2.05 + 0.5(f/D - 1) + 0.0025D/A - (S2- 1.25) [1.65 x (D/A)? ] 

f: focal length 

D: physical diameter of the reflector 

r= 402/b) Al 


(c) Class B Antenna with Scan Ratio S,>0 


Gain Function (dBi) Angular Range 
G.- b[(1 + w/y,) - 1] O<wy,<s 
G, - 17 + 18.7012 x log[cos(w/y, - s)] s<wy,<stl 
G, - 22 stl <w/y,<s+4.5 
G, - 22 + 20 x log[(s + 4.5)w,/w] s+ 4.5 < why, < 18/y, 


y: angle from the convex coverage contour in a direction normal to the sides of the contour 
w,: beamlet radius; y, = 36A/D, deg. 

G.: gain at edge of coverage, dBi 

b = 2.05 + 0.5(f/D - 1) + 0.0025D/A - (S2- 1.25) [1.65 x (D/A)? ] 

f: focal length 

D: physical diameter of the reflector 

s=(1+17/b)°° -1 
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(e) Rec. ITU-R 8.1528 


For coordination studies, interference assessments, and as design objective for NGSO 


FSS systems operating below 30 GHz, the recommended FSS satellite antenna reference 


radiation pattern in Rec. ITU-R S.1528 is shown in Table 5-24. Some of the parameters in the 


D/X < 35 pattern are provisional. 


Table 5-24. Recommended FSS Satellite Antenna Reference Radiation Pattern for EMC 


Analyses and as Design Objective for NGSO Systems below 30 GHz 


Category Gain Function (dBi) Angular Range 
Ginax - 12(6/bw)'” 0<d/bbw <a 
Ginax + Ln + 20 x log(z) a< b/dpw < 1.58 
Gimax + La 1.58 < /dpw < 3.16 
Diese 525 Ko) 3.16 < b/w < y/Obu 
Lr y<o<90° 
Ly 90° < d < 180° 
Grnax - 12(6/ bw)” 0.5 dow <o<r 
D/d < 35 Ginax + Ly - 25 x log(0/r) r<o<s 
Le s<o< 180° 


a =1.29[1- 14x log(z)]°° 
= 1.29 [1 - log(z)]°° 
= 1.29 [1 - 0.6 x log(z)]*° 
= 1.29 [1 - 0.4 x log(z)]*° 


y=3 166 x10 10.04 (Ginac+tLn —Lr )| 
. bw 


L, =-12dB 
= -6.75 dB 
ro = bbw 
=0.75b6 
5 = 1x10 [2% (Smo tba Er J] 


: angle off mainbeam axis, deg. 

dbw: HPBW in the plane of interest. Use actual value if known, or 
bw = 2 (1200)°°/(D/A), deg., 
bw = 2 z (1200)°°/(D/A), deg., for major axis, 
Z = (major axis)/(minor axis). 

L,: near sidelobe level relative to Gmax required by the system design, dB 

Ly: far sidelobe level; Ls = 0 dBi 

Lp: back lobe level; Ly = max[0, 15 + Ln + 0.25Gmax + 5xlog(z)], dBi 


for minor axis, 


for L, = -15 
for L, = -20 
for L, = -25 
for L, = -30 


x =Ginax + La + 25 x log(3.16¢pw), dBi 


for medium Earth orbit (MEO) 


for low-Earth orbit (LEO) 


for MEO 
for LEO 
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(f) Rec. ITU-R 8.1553 


Rec. ITU-R S.1553 provides information for evaluating and determining the variances of 
FSS satellite antenna radiation patterns due to environmental, operational, ageing and other 
factors.80 


5.4 Broadcasting Service 


BS provides amplitude modulation (AM) audio, frequency modulation (FM) audio, and 
TV services. The BS stations can be broadcasting stations with transmitting antennas and 
receiving stations with receiving antennas. 


NTIA does not provide the BS antenna radiation performance standards for the federal 
systems because federal agencies do not operate domestic BS system.®! 


5.4.1 AM Audio 


AM audio programming operates mostly in the LF and MF bands. It also operates in the 
HF bands, where it is referred to as the short-wave radio. The transmitting and receiving 
antennas for the AM audio system are discussed here. 


5.4.1.1 Transmitting Antenna 


The AM audio transmitting antenna in the LF and MF bands can be either an 
omnidirectional or directional antenna. The omnidirectional antennas can be short vertical 
monopoles whose electric length is much shorter than 1/4. The directional antennas are mostly 
arrays of either vertical radiators or combination of vertical radiators and passive elements. The 
radiation pattern of an array antenna is designed for the service area of interest, and is usually 
obtained from numerical analyses and then verified by measurements. Various radiating 
structures, such as self-supporting towers, guyed masts and wire elements, are commonly used. 
The picture of an AM audio transmitting antenna is shown in Figure 5-2.82 


80 Rec. ITU-R S.1553, A Possible Method to Account for Environmental and Other Effects on Satellite Antenna 
Patterns (2002). 


81 The Federal Government operates Voice of America whose service areas are not domestic. 
82 http://www.flickr.com/photos/theslowlane/6111796632/in/set-72157627464774731/, accessed Jan. 14, 2010. 
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Figure 5-2. AM Audio Broadcasting Antenna 


This sub-section contains one LF/MF transmitting antenna radiation performance 


standard from 47 CFR Part 73 and the following recommendations from ITU-R:83 84 


(a) 


from Rec. ITU-R BS.1386-1, methodology to calculate the LF/MF transmitting antenna 
radiation pattern for EMC analyses;85 

from Rec. ITU-R BS.80-3, guideline to select the HF transmitting antenna;8® 

from Rec. ITU-R BS.705-1, formulas and computer programs for EMC analyses of the 
HF transmitting antenna;87 and 

from Rec. ITU-R BS.139, transmitting antenna characteristics for operating in the 
tropical zone.88 


47 CFR Part 73, Subpart A, Domestic Services 


The methodology to calculate the AM audio transmitting array antenna radiation pattern 


in 47 CFR Part 73, Subpart A is as follows. The radiation pattern, f,.q(0, @), in the direction (0, @) 
is the inverse distance fields at one kilometer that are produced by the directional antenna in the 
horizontal and vertical planes. It is derived from 


fua(O, ~) = 1.05 [ fa(®, @) + Q? ]°° (5-1) 


The function fin(8, @) in Eq. (5-1) is the theoretical inverse distance fields at one 


kilometer in the direction (9, @), 


83 47 CFR, Part 73, Radio Broadcast Services, Subpart A, AM Broadcast Stations, §73.150, §73.160. 

84 47 CFR, Part 73, Radio Broadcast Services, Subpart F, International Broadcast Stations. 

85 Rec. ITU-R BS.1386-1, LF and MF Transmitting Antennas Characteristics and Diagrams (2001). 

86 Rec. ITU-R BS.80-3, Transmitting Antennas in HF Broadcasting (1990). 

87 Rec. ITU-R BS.705-1, HF Transmitting and Receiving Antennas Characteristics and Diagrams (1995). 
88 Rec. ITU-R BS.139-3, Transmitting Antennas for Sound Broadcasting in the Tropical Zone (1990). 


5-31 


1S, cos (8) cos (9; -9)+y, 


lS Ff,(0) | 5-2) 


where 
k: the multiplying constant that determines the basic pattern size, 
ii” array element or i" tower, 
n: the total number of elements in the array, 
F;: the field ratio of the ig array element, 
f,(): the vertical plane radiation characteristic of the i array element, 
Si: electrical spacing of the i array element from the reference point, 
(pi: azimuth (with respect to true north) of the i” array element, and 
Y;: electrical phase angle of the current in the i” array element. 


The value of k in Eq. (5-2) is chosen so that the root-mean-square value of the theoretical 
field in the horizontal plane is no greater than the value computed on the assumption that 
nominal station power is delivered to the directional array, and that a lumped loss resistance of 
one ohm exists at the current loop of each element of the array, or at the base of each element of 
electrical height lower than 0.25 wavelength, and no less than the value required in 
§73.189(b)(2) for a station of the class and nominal power for which the pattern is designed. 


The value of f,(0) in Eq. (5-2) depends on the tower height as well as whether the tower is 
top-loaded or sectionalized: 


(1) For a typical tower that is not top-loaded nor sectionalized, 


_ cos [G sin (0)]— cos(G) 
i [1 — cos(G)|cos(8) oa 


where G is the electrical height of the tower, not including the base insulator and pier, in 
electrical degrees. In the case of a folded monopole tower, the entire radiating structure’s 
electrical height is used. 


(2) For a top-loaded tower, 


£(0)= cos(B)cos|A sin(0)] — sin(@)sin(B) sin[A sin(0)]— cos(A +B) (5-4) 
cos(@)|cos(B) — cos(A + B)| 
where 
A: the physical height of the tower, in electrical degrees, 
G: the apparent electrical height of the tower, based on current distribution, in electrical 


degrees, 
B=G-A. 
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(3) For a sectionalized tower, 


(5-5) 


2 sin(A)f, +sin(B)f, 
Lr: cos(@){sin(A)[cos(B) — cos(G)]+ sin(B)[cos(D) — cos(A)]} 


where 
f; = cos(B)cos[Axsin(8)] - cos(G), 
f2 = cos(D)cos[Cxsin(8)] - sin(@)sin(D)sin[C sin(@)] - cos(A)cos[Axsin(8)], 
A: the physical height of the lower section of the tower, in electrical degrees, 
G: the apparent electrical height of the lower section of the tower, based on current 
distribution, in electrical degrees, 
B=G-A, 
C: the physical height of the entire tower, in electrical degrees, 
H: the apparent electrical height of the tower, based on current distribution, in electrical 


degrees, 
D=H-C, D=Oif the sectionalized tower is not top-loaded, and 
A=H-A. 


Here “height in electrical degrees” means height divided by A then multiplied by 360°. 
The value of Q in Eq. (5-1) is calculated with 
Q = max [0.025xg(0) Ess, 10xg(0)(Prw) °°] (5-6) 
where 
g(8): the shortest element of the f;(8) array. If the shortest element has an electrical height 
in excess of 0.5A, then 


(0) = [£(0)” + 0.0625]°°/1.030776 (5-7) 


E,ss: the root sum square of the amplitudes of the inverse fields of the elements in the 
horizontal plane, 1.e., 


0.5 
En, 1 oR | (5-8) 
i=l 


Pxw: the nominal station power expressed in kilowatts. Pkw = 1 if the nominal power is 
less than one kilowatt. 


(b) 47 CFR Part 73, Subpart F, International Services 


The standard for the international HF AM audio broadcasting transmitting antenna is not 
specified in 47 CFR Part 73, Subpart F. 


5-33 


(c) Rec. ITU-R BS.1386-1 


For system planning, coordination studies, and antenna performance evaluation of the 
LF/MF AM audio systems, the recommended methodology to calculate the transmitting antenna 
radiation pattern in Rec. ITU-R BS.1386-1 is provided here. The electric field E(0, @) is related 
to the radiation pattern f(8, @) by 


IE®, »)| =k |f@, ¢)| (5-9) 


where 

|E(O, ~)| is the magnitude of the electrical field, 

[f(8, ~)| is the radiation pattern function, and 

k is the normalizing factor to set |E(®, @)|max = 1 (or 0 dB). 
(d) Rec. ITU-R BS.80-3 


The recommended guideline to select the HF AM audio transmitting antenna in Rec. 
ITU-R BS.80-3 is shown in Table 5-25. 


Table 5-25. Recommended Guideline for Selecting HF AM Audio Transmitting Antennas 


‘ Radiation aor 
Distance Pattern bbw Antenna Type Characteristics 
Omni Tropical antenna, 
eee n/a horizontal antenna, N/A 
directional ; 
vertical antenna 
0.25 <h<0.6, 
Narrow | Curtain array (AR 4/1/h, 152050", 
HR 4/2/h) dow < 35°, 
13 < Ginax(dBi) < 19 
Short She 
km) eae Curtain array (HR m/n/h, 15°<0< 50°, 
Directional 
m & n=1 or 2) 70° < dpw < 180°, 
9 < Ginax(dBi) < 16 
Wide 
0.65 <1T< 0.8, 
Log-periodic antenna of 1725 0= 50°, 
single plane 80° < dow < 130°, 
8 < Gmnax(dBi) < 14 
0.4<h<155, 
Medium, Directional cee Curtain array (HR 4/3/h, 6° <0 < 13°, 
long HR 4/4/h) dow 35°, 
19 < Gmax(dBi) < 22 
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0.4<h<1.2, 


Curtain array (HR 2/3/h, 6° <@< 13°, 
HR 2/4/h) dow © 70°, 


16 < Gmax(dBi) < 19 


Wide 


9: elevation angle 

HR: horizontal dipole curtain antenna with reflector curtain 

m of HR m/n/h: number of 4/2 elements in each row 

n of HR m/n/h: number of 4/2 elements in each vertical or slanted column 
h of HR m/n/h: height of bottom row above ground, in A 

tT: taper ratio of log periodic antenna 


(e) Rec. ITU-R BS.705-1 


For system planning and antenna performance evaluation of the HF AM audio systems, 
the recommended formulas and computer programs for the transmitting antenna are provided in 
Rec. ITU-R BS.705-1. They cover the following antennas: 


e omnidirectional antenna: horizontal or slanted dipole and its variations; 
e omnidirectional array: 
© quadrant antenna, and 
o crossed dipole antenna; 
e directional array: 
© curtain antenna: array of horizontal dipoles arranged vertically, and 
© tropical antenna: array of horizontal dipoles arranged horizontally; 
e log-periodic antenna: 
o horizontal log-periodic antenna, and 
© vertical log-periodic antenna; 
e vertical monopole; and 
e Rhombic antenna. 


The radiation pattern, F(0, @), of an array is calculated by 
F(O, 9) = k |E(, ¢)| = k |£(, @)] x |S| (5-10) 


where 
E(Q, ¢): total field contributed by the array, 
f(8, ~): radiation pattern of one element, 
k: normalizing factor to set |F(®, ©)|max = 1 (or 0 dB), and 
S: array factor, function of the spatial distribution of the elements. 


Radiation patterns are affected by permittivity and conductivity of the ground, which can be 
obtained from numerical analyses and then verified by measurements. Numerous radiation 
patterns are shown graphically in Rec. ITU-R BS.705-1. 
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(f) 


Rec. ITU-R BS.139 


For the AM audio system operating in the tropical zone, the recommended transmitting 


antenna characteristics in Rec. ITU-R BS.139 are as follows: 


the radiated power at high elevation angles required to meet the needs of the service area 
should be as large as possible, 


the radiated power at elevation angles necessary to serve the fringe of the service area 
should be maintained at a sufficient level, and 


the radiated power at elevation angles lower than those used to serve the fringe of the 
service area should be as low as possible. 


It is preferable to locate the antenna at the center of the service area, requiring the 


antenna radiation pattern to be omnidirectional. When this is not practical, ionospheric reflection 
becomes the choice of propagation mechanism, and the antenna should be a dipole array antenna 
slewed such that the radiation pattern generates vertical incidence. Types of array antennas 
commonly used for vertical incidence are as follows:89 


Trinidad antenna; 

Jamaica antenna, which is an array antenna of four half-wavelength end-fed dipoles in the 
same horizontal plane with the elements approximately 0.2 4 above ground, its elements 
fed with currents of the same magnitude and phase; 

16-element array; and 

high incidence array, an array consisting of four full-wavelength dipoles arranged in the 
form of a square with the elements approximately 0.15A above ground, its elements fed 
with currents of the same magnitude and phase in any two adjoining elements. 


5.4.1.2 Receiving Antenna 


LF/MF AM audio receiving antennas are usually dipole antennas or loop antennas, e.g., 


short dipole antenna in Section 3.2.2(a) or small loop antenna in Section 3.2.3. This sub-section 
contains one recommended reference radiation pattern from ITU-R. 


Rec. ITU-R BS.705-1 


For system planning and antenna performance evaluation of the HF AM audio systems, 


the recommended receiving antenna reference radiation pattern in Rec. ITU-R BS.705-1 [Ref. 
87] is shown in Figure 5-3. The patterns are the vertical radiation patterns of an omnidirectional 
short whip antenna. 


89 CCIR publication, Broadcasting in Band 7 (HF) in the Tropical Zone, ITU (1969). 
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elevation angle 
0 = 90° 


30 -25 -20 -15 -10 6 -3 0 
Relative Gain (dB) 


Figure 5-3. Recommended Reference Receiving Radiation Pattern for AM HF 
Broadcasting for Performance Evaluation and System Planning 


5.4.2 FM Audio 


FM audio operates in the VHF, UHF and higher frequency bands. This sub-section 
contains the following antenna characteristics: 


e from 47 CFR Part 73, transmitting antenna radiation performance standard for the aural 
broadcast auxiliary station;20 

e from 47 CFR Part 74, transmitting antenna radiation performance standard for the aural 
broadcast auxiliary station; 9! 

e from Rec. ITU-R BS.1195, recommended VHF receiving antenna directivity for system 
planning Recommendation;?2 and 

e from Rec. ITU-R BS.599, recommended receiving antenna directivities.?3 


(a) 47 CFR Part 73, Subpart B 


The application for the FM audio directional transmitting antennas in 47 CFR Part 73, 
Subpart B, requires that: 


e the ratio of the maximum to minimum radiation in the horizontal plane be no more than 
15 dB, and 


e for antennas used to protect short-spaced stations, pursuant to 47 CFR §73.213 or 
§73.215, the radiation pattern must not vary more than 2 dB per 10° in azimuth. 


90 47 CER, Part 73, Radio Broadcast Services, Subpart B, FM Broadcast Stations, §73.316. 


91 47 CER, Part 74, Experimental Radio, Auxiliary, Special Broadcast and Other Program Distributional Service, 
Subpart E, Aural Broadcast Auxiliary Stations, §74.536. 


92 Rec. ITU-R BS.1195, Transmitting Antenna Characteristics at VHF and UHF (1995). 
93 Rec. ITU-R BS.599, Directivity of Antennas for the Reception of Sound Broadcasting in Band 8 (VHF) (1982). 
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(b) 47 CFR Part 73, Subpart G, Low Power Stations 


The antenna radiation performance standard for the low power FM audio transmitting 
antenna is not specified in 47 CFR Part 73, Subpart G.94 


(c) 47 CFR Part 74, Subpart E, Auxiliary Services 


For the FM audio systems operating in 17.7—19.7 GHz serving aural broadcast studio-to- 
transmitter-links or intercity-relay stations, the transmitting antenna radiation performance 
standard in 47 CFR Part 74, Subpart E is shown in Table 5-26. 


Table 5-26. FCC Antenna Radiation Performance Standard for Aural Broadcast Stations 
for Non-Federal Systems 


Min Min. Radiation Suppression to Gmax (dB) 
Standard | M®% | G0 |ienezceceeeqeeeceeeee- Angle Off Mainbeam Axis (") 
Opw (°) ( dBi) 5= 10- 15- 20- 30- 100- 140- 
10 15 20 30 100 140 180 
A 2:2 38 25 29 33 36 42 55 55 
B 22, 38 20 24 28 32 35 36 36 


Standard A is the general requirement. Standard B may be applied in areas not subject to 
frequency congestion. 


(d) Rec. ITU-R BS.1195 


For system planning and antenna performance evaluation of the VHF/UHF FM audio 
systems, the recommended formulas and computer programs to calculate the transmitting 
antenna radiation patterns are provided in Rec. ITU-R BS.1195. Because of the peculiarity of the 
each service area, FM audio broadcasting generally uses Yagi antennas or array antennas to 
generate the desired radiation patterns. The array element can be a dipole, a loop, a slot or a 
helix, with the dipole being the most common element. The linear array can be a broadside array 
of either a vertical array of horizontal dipoles or an omnidirectional collinear array of vertical 
dipoles. Horizontal polarization has traditionally been used for FM audio broadcasting, but other 
polarizations, e.g., circular and slant, suitable for car radios or receivers with built-in antennas, 
have also been used. 


(e) Rec. ITU-R BS.599 


For system planning of the VHF FM audio systems, the recommended receiving antenna 
directivities in Rec. ITU-R BS.599 are shown in Figure 5-4. They are applicable to both the 
vertical or horizontal polarizations. 


94 47 CER, Part 73, Radio Broadcast Services, Subpart G, Low Power FM Broadcast Stations. 
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Directivity Relative to on-axis Gain (dB) 


Angle off Main Beam 


Figure 5-4. Recommended Directivity of VHF Audio Broadcasting Receiving Antenna for 
System Planning 


For portable or mobile reception of sound broadcasts, no directivity of the reception 
antenna should be applied in planning. 


5.43 TV 
This sub-section contains the following antenna characteristics: 


e from 47 CFR Part 74, transmitting antenna radiation performance standard for the 
broadcast auxiliary service;?> and 

e from Rec. ITU-R BT.419-3, recommended receiving antenna co-polarization reference 
directivity for system planning purposes.9© 


(a) 47 CFR Part 73 


The antenna radiation performance standard for the TV transmitting antenna is not 
specified in 47 CFR Part 73.97 


(b) 47 CFR Part 74, Auxiliary Services 


For the TV broadcast auxiliary service, the transmitting antenna radiation performance 
standards in 47 CFR Part 74 are shown in Table 5-27. 


95 47 CER, Part 74, Experimental Radio, Auxiliary, Special Broadcast and Other Program Distributional Service, 
§74.641. 


96 Rec. ITU-R BT.419-3, Directivity and Polarization Discrimination of Antennas in the Reception of Television 
Broadcasting (1990). 


97 47 CER, Part 73, Radio Broadcast Services, Subpart E, Television Broadcast Stations. 
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Table 5-27. FCC Antenna Radiation Performance Standard for TV Broadcast Auxiliary 
Station for Non-Federal Systems 


Min Min. Radiation Suppression to G,,,, (dB) 
Stand- | Frequency | Max. | Qo | Angle Off Mainbeam Axis (") 
ard (GHz) bw (°) ( dBi) 5- 10- 15— | 20- | 30- | 100- | 140- 
10 15 20 30 100 140 180 
1.99-2.11 5 n/a 12 18 22 25 29 33 39 
A 6.875—7.125 1.5 n/a 26 29 32 34 38 41 49 
12.7-13.25 1 n/a 23 28 35 39 41 42 50 
17.7-19.7 2.2 38 25 29 33 36 42 55 55 
1.99-2.11 8 n/a 5 18 20 20 25 28 36 
B 6.875—7.125 2 n/a 21 25 29 32 35 39 45 
12.7-13.25 2 n/a 20 25 28 30 32 37 47 
17.7-19.7 2.2 38 20 24 28 32 35 36 36 
n/a: not available. 
Standard B is the minimum requirement. Standard A antennas must be employed in areas 
subject to frequency congestion and the proposed services cannot be supported by the Standard 
B antennas. 


(c) Rec. ITU-R BT.419-3 


For system planning of the TV systems, the recommended receiving antenna co- 
polarization reference directivities in Rec. ITU-R BT.419-3 are shown in Figure 5-5. The band 
designation data in Figure 5-5 can be found in Rec. ITU-R BT.417-5;%8 they are 


band I: 41-68 MHz, 
band III: 162-230 MHz, 
band IV: 470-582 MHz, and 
band V: 582-960 MHz. 

0 


Directivity Relative to on-axis Gain (dB) 


—20 
0 10° 20° 30° 40° 50° 60° 70° 80° 
Angle off Main Beam 


Figure 5-5. Recommended Directivity for TV Receiving Antenna for System Planning 


98 Rec. ITU-R BT.417-5, Minimum Field Strengths for Which Protection May Be Sought in Planning an Analogue 
Terrestrial Television Service (2002). 
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These directivity discriminations should be available at the majority of antenna locations 
in the built-up areas, and slightly higher values could be obtained at clear sites in open country. 
There is no recommended cross-polarization directivity, but it has been found in practice that a 
combined cross-polarization discrimination value of 16 dB may be applied to all azimuthal 
angles. Also, the recommended antenna directivities of the cable distribution systems for 
planning purposes will be at least equal to the directivities depicted in Figure 5-5. 


5.5 Broadcasting-Satellite Service 


A BSS system consists of an uplink that feeds the program to the satellite for downlink 
broadcasting, and many receive-only earth stations to receive the program. The uplink is also 
called the feeder link. Antenna data for the earth stations and satellite are presented here. 


NTIA does not provide the BSS antenna radiation performance standards for the federal 
systems because federal agencies do not provide BSS. 


5.5.1 Earth Station Antenna 


There are two types of BSS earth stations, i.e., the feeder link transmitting earth station 
and the downlink receive-only earth station. This sub-section contains the following earth station 
antenna radiation performance standards: 


e from RR Appendix 30A, for the transmitting antennas of the BSS Allotment Plan in 
Region 2;99 

e from RR Appendix 8 [Ref. 69], for the transmitting antenna, for determining if 
coordination is required between GSO satellite networks; and 

e from RR Appendix 30, for the receive-only antennas of the BSS Allotment Plan in 
Region 2.100 


It also contains the following recommended reference radiation patterns from ITU-R: 


e from Rec. ITU-R BO.652-1, for the transmitting antenna, for system planning in Region 
2 in the 14 and 17 GHz bands;!9! 
e from Rec. ITU-R BO.1213-1, for the receiving antenna operating in 11.7-12.75 GHz;!02 


e from Rec. ITU-R BO.652-1, for the receiving antenna, for system planning in Region 2 in 
the 12 GHz band; and 


99 RR, Appendices 30A, Provisions and Associated Plans and Listl for Feeder Links for the Broadcasting -Satellite 
Service (11.7-12.5 GHz in Region 1, 12.2-12.7 GHz in Region 2 and 11.7-12.2 GHz in Region 3) in the 
Frequency Bands 14.5-14.8 GHz and 17.3-18.1 GHz in Regions 1 and 3, and 17.3-17.8 GHz in Region 2, Annex 
3. 


100 RR, Appendices 30, Provisions for All Services and Associated Plans and List] for the Broadcasting -Satellite 
Service in the Frequency Bands 11.7-12.2 GHz (in Region 3), 11.7-12.5 GHz (in Region 1) and 12.2-12.7 GHz 
(in Region 2), Annex 5. 

101 Rec. ITU-R BO.652-1, Reference Patterns for Earth-station and Satellite Antennas for the Broadcasting- 
satellite Service in the 12 GHz Band and for the Associated Feeder Links in the 14 GHz and 17 GHz Bands 
(1992). 

102 Rec. ITU-R BO.1213-1, Reference Receiving Earth Station Antenna Pattern for the Broadcasting -Satellite 
Service in the 11.7-12.75 GHz Band (2005). 
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e from Rec. ITU-R BO.1443-2, for the receiving antenna, for EMC analyses between 
systems of the Region 2 Allotment Plan and NGSO FSS satellites. !03 


5.5.1.1 Feeder Link Transmitting Antenna 


(a) RR Appendix 30A 


For the feeder links of the BSS Allotment Plan in Region 2 in 17.3—17.8 GHz, the earth 
station antenna reference radiation pattern in RR Appendix 30A is shown in Table 5-28. 


Table 5-28. BSS Feeder Links Earth Station Transmitting Antenna Reference Radiation 
Pattern in RR Appendix 30A for Region 2 Allotment Plan 


Category Gain Function (dBi) Angular Range 
Grnax 0°<o<0.1° 
See te 36 - 20 x log($) 0.1°<$ <0.32° 
coe 513-532%¢ 0.32°< 6 <0.54° 
max[29 - 25 x log(d), -10] 0.54° < d < 180° 
at Gmnax - 30 0° <b <(0.6/D)° 
-Polarizat 
aaa kl max[9 - 20 x log(), -10] (0.6/D)° < $ < 180° 


: angle off mainbeam axis, deg. 
Pe NN ete acces ae ae Ciao ta a 
e The actual co-polarization gain must not exceed the reference pattern in the angular range 
between 0.1° and 0.54°. 
e The actual cross-polarization gain must not exceed the reference pattern in the angular 
range between 0° and (0.6/D)°. 


e The actual gain must not exceed the reference pattern for 90% of all sidelobe peaks for o > 0.54°. 


(b) RR Appendix 8 


For determining if coordination is required between the GSO satellite networks, the earth 
station antenna reference radiation pattern in RR Appendix 8 is shown in Table 5-29. Appendix 8 
applies to earth stations of all GSO satellite networks, including FSS, BSS and others. The 
pattern applies to both the transmitting and receiving antennas; however, it should be used only if 
a relevant ITU-R recommendation is unavailable. 


Table 5-29. GSO Space System Earth Station Antenna Reference Radiation Pattern in RR 
Appendix 8 for Determining If Coordination Is Required between GSO Space Systems 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)? 0°<d<m 
D/i = 100 G, dm < 0< 0; 
32 - 25 x log() dr < o < 48° 


103 Rec. ITU-R BO.1443-2, Reference BSS Earth Station Antenna Patterns for Use in Interference Assessment 
Involving Non-GSO Satellites in Frequency Bands Covered by RR Appendix 30 (2006). 
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-10 48° << 180° 


Gmax - 2.5 x 10°(@D/A) 0°<d<dm 


Gi dm <  < (LO0A/D)? 


Dive 52 - 10 x log(D/A) - 25 x log(o) (100A/D)° <  < 48° 


10 - 10 x log(D/A) 48° <o< 180° 


o: angle off mainbeam axis, deg. 
G,; =2 + 15xlog(D/A), dBi 

m= 20(A/D)(Ginax - Gi)°”, deg. 
, = 15.85(D/A)°°, deg. 


(c) Rec. ITU-R BO.652-1 


For system planning of the BSS systems in Region 2 in the 14 and 17 GHz bands, the 
recommended feeder link earth station transmitting antenna reference radiation pattern in Rec. 
ITU-R BO.652-1 is the same as the RR Appendix 30A pattern of Table 5-28. The requirement 
for the actual antenna radiation patterns in RR Appendix 30A is also recommended in Rec. ITU- 
R BO.652-1. 


5.5.1.2 Downlink Receive-Only Antenna 
(a) RR Appendix 30 


For developing the BSS Allotment Plan in Region 2 in 12.2—12.7 GHz, the earth station 
receive-only antenna reference radiation pattern in RR Appendix 30 is shown in Table 5-30. It is 
valid for D/A => 11. It requires 


e the actual co-polarization and cross-polarization gain must not exceed the reference 
patterns within 0.1 < /dpw < 1.13, and 

e the actual gain must not exceed the reference pattern for 90% of all sidelobe peaks for 
b> 1.13 0b. 


Table 5-30. BSS Earth Station Receive-Only Antenna Reference Radiation Pattern in RR 
Appendix 30 for Region 2 Allotment Plan 


Category Gain aes ica to Gimax Angular Range 
0 0 < o/dbw < 0.25 
-12(/dow) 0.25 < o/dpw < 1.13 
sche -14 - 25 x log(o/pw) 1.13 < b/dbw < 14.7 
CO polanzanony “43.2 14.7 < bldow < 35 
no sidelobe 
suppression -85.2 + 27.2 x log(/bw) 35 < o/dbw < 45.1 
-40.2 45.1 < /Obw < 70 
55.2 - 51.7 x log(/bw) 70 < o/dbw < 80 
-43.2 80 < b/dbw < 180/dbw 
Cross-polarization -25 0 < o/dbw < 0.25 
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-30 - 40 x log(1 - b/dyw) 0.25 < b/bbw < 0.44 


-20 0.44 < /dbw < 1.28 
-17.3 - 25 x log(/dbw) 1.28 < o/bbw < 3.22 
-30 3.22 < b/dow 


after intersection with co- 
polarization pattern 


as co-polarization pattern 


o: angle off mainbeam axis, deg. 


(b) Rec. ITU-R BO.1213-1 


For the BSS systems operating in 11.7—12.75 GHz, the recommended earth station 
receiving antenna reference radiation pattern in Rec. ITU-R BO.1213-1 is shown in Table 5-31. 
They are valid for D/A = 11. 


Table 5-31. Recommended BSS Earth Station Receiving Antenna Reference Radiation 
Pattern in 11.7—12.75 GHz 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<o<dm 
G; dm <0 < Or 
Co-polarization 29 - 25 x log(o) dr $0 < by 
-5 dy <b < 70° 
0 70° < o < 180° 
Gmax - 25 0° < b< 0.25 dbw 
Ginax - 25 + 8[(o - 0.25 bbw)/(0.19 bbw) ] 0.25 dow < > < 0.44 dow 
Ginax - 17 0.44 dow S 0 < Obw 
Cross-polarization Ginax - 17 + cl( - dpw)/(O1 - Onw)| dow < > < o1 
21 - 25 x log(d) b1<o< dr 
-5 b2 < b < 70° 
0 70° < @ < 180° 


o: angle off mainbeam axis, deg. 

Gmax = 10xlogle(aD/A)*], dBi 

G; = 29 - 25xlog(0,), dBi 

pw= 2(A/D)[3/0.0025]°°, deg. 

m= (A/D)[(Gmax - G1)/0.0025]°°, deg. 

1 = 95(A/D), deg. 

= 103425), deg. 

1 = (10.1875)? dpw/2, deg. 

_ 10°25), deg. 

c = 21- 25xlog(d,) - (Gmax - 17); ¢ < 0 for any combination of e and D/A 
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(c) Rec. ITU-R BO.652-1 


For system planning of the BSS systems in Region 2 in the 12 GHz band, the 
recommended earth station receiving antenna reference radiation pattern in Rec. ITU-R BO.652- 
1 is identical to the pattern of RR Appendix 30 in Table 5-30. The requirement for actual antenna 
radiation pattern in RR Appendix 30 is also recommended in Rec. ITU-R BO.652-1. 


The recommendations in Recs. [TU-R BO.652-1 and BO.1213-1 are different. Rec. ITU- 
R BO.652-1 provides different reference radiation patterns for Region 2 and Regions | and 3, 
while Rec. ITU-R BO.1213-1 provides a single general-purpose reference radiation pattern; the 
last version of Rec. ITU-R BO.652-1 was issued in 1992, and the last version of Rec. ITU-R 
BO.1213-1 was issued in 2005. 


(d) Rec. ITU-R BO.1443-2 


For interference assessment involving the NGSO FSS satellites in the BSS Allotment 
Plan in Region 2 in 12.2—12.7 and 17.3—17.8 GHz, the recommended BSS earth station receiving 
antenna reference radiation pattern in Rec. ITU-R BO.1443-2 is shown in Table 5-32. 


Table 5-32. Recommended BSS Earth Station Receiving Antenna Reference Radiation 
Pattern for Interference Assessment Involving NGSO FSS Satellites in Region 2 BSS 


Allotment Plan Bands 
Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/AY 0°<o<dm 
G, dm << o; 
29 - 25 x log() << 10° 
34 - 30 x log( 10° < b < 34.1° 
Die ae “12 ee ere er 
7 80° <  < 120° 
A. 120° < b< 180° 
Gmnax - 2.5 x 10°(@D/A)” O°<b<dn 
G» dn <  < (95D)? 
29 - 25 x log( (95X/DY° < b < 33.1° 
25.5 < D/A < 100 5 a9) ECE ‘e a 
-4 80° < b < 120° 
9 120° < b< 180° 
Gmax - 2.5 x 10°(@D/A) 0°<o<bn 
G» dn < 0 < (95A/D)° 
29 - 25 x log() (95X/DY° <  < 36.3° 
-10 36.3° <b < 50° 
acca for 0° <@ < 56.25¢ | Mi xlog(@) - bi cs Bae 
M) xlog() - bz 120° < o < 180° 
for 56.25° <0 < M3 xlog(d) - b3 50° < 6 < 90° 
123.75° M, xlog() - by 90° <b < 180° 
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for 123.75°<@< | M,xlog($) - by 50° <b < 120° 


180° Mp xlog() - by 120° <  < 180° 


Ms xlog() - bs 50° <b < 120° 


for 180° < 8 < 360° 


Mg xlog() - bs 120° < o < 180° 


o: angle off mainbeam axis, deg. 
0: planar angle of the satellite relative to the 0° plane of the antenna model. 


Gmax = 20xlog(D/A) + 8.1, dBi 
G, =-1 + 15xlog(D/4), dBi 

G) = 29 - 25xlog(95A/D), dBi 

dm = (A/D)[(Gmax - G1)/0.0025]°°, deg. 
on = (A/D)[(Gmax - G2)/0.0025]°”, deg. 
o, = 15.85(D/A)°*, deg. 

M,= [2 +8 sin(@)]/log(2.4) 

b= M;xlog(50) + 10 

Mo= [-9 - 8 sin(8)]/log(1.5) 

bo= M>xlog(180) + 17 

M3= [2 + 8 sin(@)]/log(1.8) 

b3 = M3xlog(50) + 10 

Mz= [-9 - 8 sin(8)]/log(2) 

by= Myxlog(180) + 17 

Ms= 2/log(2.4) 

bs= Msxlog(50) + 10 

Me= -9/log(1.5) 

bo= Moxlog(180) + 17 


5.5.2 Satellite Antenna 
This sub-section contains the following satellite antenna characteristics: 


e from RR Appendix 30 [Ref. 100], the transmitting antenna radiation performance 
standard for the Allotment Plan; 


e from RR Appendix 30A [Ref. 99], the receiving antenna radiation performance standard 


for the Allotment Plan; and 


e from Rec. ITU-R BO.652-1 [Ref. 101], the recommended transmitting and receiving 


antenna reference radiation patterns. 
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5.5.2.1 Downlink Transmitting Antenna 
(a) RR Appendix 30 


For developing the BSS Allotment Plan in Region 2 in 12.2—12.7 GHz, the satellite 
transmitting antenna reference radiation pattern of circular or elliptical beams in RR Appendix 
30 is shown in Table 5-33. 


Table 5-33. BSS Satellite Transmitting Antenna Reference Radiation Pattern in RR 
Appendix 30 for Region 2 Allotment Plan 


Polarization Gain sige al to Gmax Angular Range 
Co-polarization, -12 (/ bbw) 0 <d/dow < 1.45 
mainbeam without 
fast roll-off (A) max[-22 - 20 x log (6/dbw), -Gmax] 1.45 < o/Oow 
cident “12 (/ bow)” 0< b/bow 0.5 
eee -18.75 X dow X (b/dbw - X)° 0.5 < b/dbw < 1.16/bbw + X 
mainbeam with fast 
roll-off -25.23 1.16/dbw +X < /dbw < 1.45 
max[-22 - 20 x log (6/dpw), -Ginax] 1.45 < o/dbw 
Cross-polarization, -30 0 < b/bpw < 2.51 
mainbeam with or 
without fast roll-off as (A) after intersection with (A) 


: off mainbeam axis angle in the direction of interest, deg. 


bbw: HPBW in the direction of interest of the minimum elliptical beam fitted to the service 
area, deg. 


x = 0.5 (1- 0.8/dbw) 


(b) Rec. ITU-R BO.652-1 


For the BSS systems in Region 2 in the 12 GHz band, the recommended satellite 
transmitting antenna reference radiation pattern in Rec. ITU-R BO.652-1 is the same as that of 
RR Appendix 30 in Table 5-33. In addition, it is recommended that the actual antenna radiation 
pattern not exceed the reference radiation pattern. 


5.5.22 Feeder Link Receiving Antenna 
(a) RR Appendix 30A 


For developing the BSS Allotment Plan in Region 2 in 17.3—17.8 GHz, the feeder link 
satellite receiving antenna reference radiation pattern in RR Appendix 30A is shown in Table 
5-34. 
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Table 5-34. BSS Feeder Link Satellite Receiving Antenna Reference Radiation Pattern in 
RR Appendix 30A for Region 2 Allotment Plan 


Polarization on eas uk to Gmax Angular Range 
Co-polarization, -12 (/ bbw) 0 < d/dpy < 1.45 
mainbeam without 
fast roll-off (A) max[-22 - 20xlog (6/bw), -Gmax] 1.45 < $/pw 
eae -12 (/dbw)” 0 < d/yw < 0.5 
iy aearemenan -33.33 bw (/dow - Y)- 0.5 < b/dow< 0.87/dow + Y 
mainbeam with fast 
roll-off -25.23 0.87/dbw + ¥ < 0/dbw < 1.45 
max[-22 - 20xlog (/dbw), -Gmax] 1.45 < o/dbw 
Cross-polarization, -30 0< d/bpw<2.51 
mainbeam with or 
without fast roll-off as (A) after intersection with (A) 


: off mainbeam axis angle in the direction of interest, deg. 

dbw: HPBW in the direction of interest of the minimum elliptical beam fitted to the service 
area, deg. 

y = 0.5 (1- 0.6/dpw) 


(b) Rec. ITU-R BO.652-1 


For the BSS systems in Region 2 in the 14/17 GHz bands, the recommended feeder link 
satellite receiving antenna reference radiation pattern in Rec. ITU-R BO.652-1 is the same as that 
of RR Appendix 30 in Table 5-33. In addition, it is recommended that the actual antenna 
radiation pattern does not exceed the reference radiation pattern. 


5.6 Mobile Service 


MS includes the land MS (LMS), maritime MS (MMS) and aeronautical MS (AMS). 
These services are discussed here. 


MS systems consist of base stations and mobile stations. The base station creates a radio 
coverage area to provide radio services to mobile stations within its coverage area. 


5.6.1 Land Mobile Service 


The LMS systems can be simplex systems with singular coverage area or cellular systems 
with contiguous coverage areas. The base stations usually use dipole antennas, sectoral antennas, 
or array antennas, and the mobile stations usually use monopole antennas mounted on mobile 
vehicles or small antennas embedded in mobile phones. 


This sub-section contains the following antenna radiation performance standards: 


e From NTIA Manual Chapter 5, for federal systems with mobile stations [Ref. 57]; 
e from 47 CFR Part 90, for private radio services; !04 


104 47 CEFR, Part 90, Private Land Mobile Radio Services. 
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e from 47 CFR Part 95, for personal radio services; !95 and 
e from RR Resolution 221, for HAPS antennas. !96 


It also contains one recommended reference radiation pattern from Rec. ITU-R M.1652-1.107 
(a) NTIA Manual Chapter 5 


NTIA does not provide the LMS antenna radiation performance standards for the federal 
systems. However, NTIA Manual §5.3 states that, to the extent practicable, land stations 
operating HF single sideband and independent sideband transmission in 2—29.7 MHz must use 
antennas designed so as to reduce their radiation and/or their susceptibility to interference in 
those directions where service is not required. 


(b) 47 CER Part 90 


For the LMS private radio services, the antenna radiation performance standards in 47 
CFR Part 90 are as follows: 


$90.35: For industrial/business pool, 
© operational fixed stations must use directional antennas having a front-to-back 
ratio > 20 dB, and 
© omnidirectional antennas may be employed for stations communicating with at 
least three receiving locations within a 160° arc in azimuth. 
§90.241: For radio call box operations, 
othe antenna gain shall not exceed 0 dBd in any horizontal direction, and 
othe transmission must be vertically polarized. 
$90.242: For travelers' information stations, 
© conventional radiating antenna (e.g., vertical monopole, directional array) must 
use vertical polarization, and 
o length of the leaky cable antenna must be less than 3.0 km (1.9 miles). 
§90.261: For fixed operations in 450-470 MHz, 
o all fixed systems must employ directional antennas with a front-to-back ratio of 
15 dB, and 
© omnidirectional antennas may be employed by stations communicating with at 
least three receiving locations within a 160° arc in azimuth. 


(c) 47 CFR Part 95 


In the LMS personal radio service, for the Family Radio Service, and the Radio Control 
Radio Service transmitting in 72—76 MHz, the antenna radiation performance standard in 47 
CFR Part 95 is 0 dBd gain and vertical polarization. 


105 47 CEFR, Part 95, Personal Radio Services, §95.647. 


106 RR, Resolution 221, Use of high altitude platform stations providing IMT-2000 in the bands 1885-1980 MHz, 
2010-2025 MHz and 2110-2170 MHz in Regions 1 and 3 and 1885-1980 MHz and 2110-2160 MHz in Region 2. 


107 Rec. ITU-R M.1652-1, Dynamic frequency selection (DFS) in wireless access systems including radio local 
area networks for the purpose of protecting the radiodetermination service in the 5 GHz band (2011). 
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(d) RR Resolution 221 


HAPS can be used as base stations in the terrestrial component of the International 
Mobile Telecommunications-2000 (IMT-2000). For interference protection of the IMT-2000 
stations operating in neighboring countries, the HAPS antenna reference radiation pattern in RR 
Resolution 221 is shown in Table 5-35. 


Table 5-35. HAPS Antenna Reference Radiation Pattern in RR Resolution 221 for 
Interference Protection of IMT-2000 Stations Operating in Neighboring Countries 


Gain Function (dBi) Angular Range 
Gmnax = 12 (/ ow)” OS oS or 
Gimax + La d1<O0< 2 
x - 60 x log() b2 < 0< 63 
Le o3 < d < 90° 


: angle off mainbeam axis, deg. 
1 = 0.5 dbw (-Ln /3)°”, deg. 

2 = 1.8725 dpw, deg. 

b, = 10°", deg, 

by, ~ 2x [7442 /(10 °'S ))°S, deg. 


L,: near sidelobe level relative to Gmax required by the system design ; Ly < -25 dB 
Ly: far sidelobe level; Ly = Gyax - 73, dBi 


x = Ginax + La + 60 x log (3), dBi 


(e) Rec. ITU-R M.1652-1 


For assessing interference from the LMS systems to the RDS systems in the 5 GHz band, 
the recommended LMS antenna reference radiation pattern in Rec. ITU-R M.1652-1 is shown in 
Table 5-36. The LMS systems are wireless access systems that include radio local area networks. 
The antenna is omnidirectional and the gain is a function of the elevation angle. 


Table 5-36. Recommended LMS Antenna Reference Radiation Pattern for Assessing 
Interference from LMS System to RDS System in the 5 GHz Band 


Elevation Angle 6 (°) Gain (dBi) Elevation Angle 6 (°) Gain (dBi) 
-90 <0 <-60 -5 0<0<35 0 
-60 <0 <-30 -6 35 <0<45 -3 
-30<0<-15 -4 45<0<90 -4 
-15<0<0 -1 


If the system requires 1-Watt EIRP, an antenna of 6 dBi gain with the following reference 
vertical radiation pattern should be used: 
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G(®) = max(G,(0), G,(0)) dBi (5-11) 


where 
G,(0) = Gmax - 12(8/0 bw)”, Bi: 
G,(0) = Gmax - 12 + 10xlog{ [max(|0|/Opw, L'? + 0.5 }, dBi; 


Ginax = 6 dBi; 
9: elevation angle off the peak gain plane, deg; 
Opw: HPBW in the vertical plane; and 


6, = 107.6 x 10 °'™ | deg. 


This pattern is adopted from Rec. ITU-R F.1336-3 of the FS P-MP system omnidirectional 


antenna reference radiation pattern, but modifies the sidelobe-performance parameter in G,(9) to 
0.5 [Ref. 65 and Table 5-10]. 


(f) Rec. ITU-R M.478-5 


The recommended FM LMS antenna operational characteristic in Rec. ITU-R M.478-5 is 
vertical polarization. !8 


5.6.2. Maritime Mobile Service 


In MMS, the base stations are the coast stations that use directional antennas or array 
antennas with directional beams to cover marine surfaces. The mobile stations are the ship or 
aircraft stations at sea that use omnidirectional antennas. 


NTIA does not provide the MMS antenna radiation performance standards for the federal 
systems. Otherwise, this sub-section contains an antenna radiation performance standard from 47 
CFR Part 80 and recommended antenna technical characteristics from Rec. ITU-R M.489-2. 109 
110 


(a) 47 CER Part 80 
The MMS antenna radiation performance standards in 47 CFR Part 80 are as follows: 


e §80.72: for coast stations, antennas operating in 30-200 MHz must be vertically 
polarized; 

e §80.81: for ship stations, antennas operating in 30-200 MHz must be vertically polarized; 

e §80.268: for compulsory ships, antennas must be as omnidirectional and efficient as 
practicable; 

e §80.863: for cargo vessels not required to comply with the Global Maritime Distress and 
Safety System, antennas must be as omnidirectional and efficient as practicable; 


108 Rec. ITU-R M.478-5, Technical Characteristics of Equipment and Principles Governing the Allocation of 
Frequency Channels between 25 and 3000 MHz for the FM Land Mobile Service (1995). 


109 47 CEFR, Part 80, Stations in the Maritime Services. 


110 Rec. ITU-R M.489-2, Technical Characteristics of VHF Radiotelephone Equipment Operating in the Maritime 
Mobile Service in Channels Spaced by 25 kHz (1995). 
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e §80.876: for cargo vessels not required to comply with the Global Maritime Distress and 
Safety System, antennas for the VHF telephones must be omnidirectional and vertically 
polarized; 

e §80.923: for small passenger boats, antennas for the compulsory radiotelephones must be 
vertically polarized and as efficient as practicable; 

e §80.967: for vessels on the Great Lakes, antennas for the compulsory radiotelephones 
must be omnidirectional and vertically polarized; and 

e §80.1017: for radiotelephones required for the Bridge-to-Bridge Act, antennas must be 
omnidirectional and vertically polarized. 


(b) Rec. ITU-R M.489-2 


For MMS communications operating on the frequencies specified in RR Appendix 18, 
the recommended antenna technical characteristic in Rec. ITU-R M.489-2 is vertical 
polarization.!!1 The channel spacing of frequency assignments is 25 kHz. 


(c) Radio Technical Commission for Maritime Services (RTCM) 
RTCM is in the process of developing antenna standards for MMS. 
5.6.3 Aeronautical Mobile Service 


In AMS, the base stations are the land stations, and the mobile stations are the aircraft 
stations. The land-based antennas are usually parabola or paraboloidal antennas, and the airborne 
antennas are ideally isotropic radiators whose radiation patterns are significantly varied by the 
structures of the aircrafts. Pictures of airborne antennas are shown in Figure 5-6.!!2 


(a). VHF antenna (b). UHF antenna 
Figure 5-6. AMS Airborne Antennas 


NTIA does not provide the AMS antenna radiation performance standards for the federal 
systems. The Federal Aviation Administration (FAA) is the federal agency in charge of 
aeronautical and space aviation regulations; however, it does not provide the AMS antenna 


111 RR, Appendix 18, Table of Transmitting Frequencies in the VHF Maritime Mobile Band. 


112 http://www.cobham.com/about-cobham/aerospace-and-security/about-us/antenna- 
systems/fullerton/products/datalink--satcom.aspx/, accessed Jan. 14, 2010. 
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performance standards in Title 14 of the Code of Federal Regulations (14 CFR).!!3 Otherwise, 
this sub-section contains one antenna radiation performance standard from RTCA DO-186A and 
recommended antenna technical characteristics for telemetry and telecommand operations from 
Rec. ITU-R M.1459. 114 115 


(a) RTCA DO-186A 


For the AMS radio communications in 117.975—137 MHz, the airborne transmitting and 
receiving antenna radiation performance standards in RTCA DO-186A are as follows: 


e The average field strength in the horizontal plane shall not be down more than 6 dB. 

e The difference between the maximum and minimum field strengths in the horizontal 
plane shall not exceed 6 dB, when compared to a standard vertically polarized monopole 
antenna. 


(b) Rec. ITU-R M.1459 


For the AMS telemetry and telecommand operations in 1.452—1.525 and 2.31—2.36 GHz, 
the recommended antenna technical characteristics in Rec. ITU-R M.1459 are as follows: 


e For airborne transmitting antennas that are isotropic radiators, the probability, P;, that a 
given gain, Gj, is not exceeded can be expressed as 


P\(G < G,) = [1 - exp(-3.46 G,)]'* (5-12) 


This probability is obtained from the measurement data and taking into account the 
propagation effects. 

e For the land-based paraboloidal receiving antennas, a composite reference radiation 
pattern is developed from the radiation patterns of a 2.4-meter and a 10-meter antenna of 
Gmax = 29 and 41.2 dBi, respectively, such that their sidelobes exceed or do not exceed 
each other for 50% of the time. This composite reference radiation pattern, applicable for 
any Gmax value between 29 and 41.2 dBi, is shown in Table 5-37. 


Table 5-37. Recommended AMS Land-Based Receiving Antenna Reference Radiation 
Pattern for Telemetry and Telecommand Operations in 1.452—1.525 and 2.31—2.36 GHz 


Gain Function (dBi) Angular Range 
41.2 + 20 x log[sin(1.9526)/(1.9526)] 0°< o9<0.94° 
35.1 - 20xlog() 0.94° <b < 3.82° 
29 + 20 x log[sin(0.4790)/(0.4790)] 3.82° < o<5.61° 
27.27 - 18.75 x log() 5.61°< o< 12.16° 


113 Code of Federal Regulations, Title 14, Aeronautics and Space, (“14 CFR”), U.S., FAA, 
http://ecfr.gpoaccess. gov/cgi/t/text/text-idx ?c=ecfr&tpl=/ecfrbrowse/Title14/14tab_02.tpl, accessed Feb. 9, 2012. 
114 RTCA DO-186A, Minimum Operational Performance Standards for Airborne Radio Communications 
Equipment operating within the Radio Frequency Range117.975—137.000 MHz (1995). 
115 Rec. ITU-R M.1459, Protection Criteria for Telemetry Systems in the Aeronautical Mobile Service and 


Mitigation Techniques to Facilitate Sharing with Geostationary Broadcasting -Satellite and Mobile-Satellite 
Services in the Frequency Bands 1452-1525 MHz and 2310-2360 MHz (2000). 
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34.05 - 25 x log(d) 12.16° <b < 48° 


8 48° < b < 180° 


e ¢: off mainbeam axis angle, deg. 

e “Sin(x)/x” is one of the formulas to model the antenna mainbeam radiation pattern. Since 
there are two sin(x)/x formulas here, it is apparent that this reference radiation pattern is the 
combination of two reference radiation patterns of different antenna sizes. 


5.7. Mobile Satellite Service 


MSS includes the land MSS (LMSS), maritime MSS (MMSS) and aeronautical MSS 
(AMSS). These services are discussed here. 


5.7.1. Land Mobile Satellite Service 


This section covers the earth station antennas and satellite antennas. 


5.7.1.1 Earth Station Antenna 


NTIA does not provide the LMSS earth station antenna radiation performance standards 
for the federal systems. Otherwise, this sub-section contains one recommended earth station 
antenna reference radiation pattern from Rec. ITU-R M.1091.!16 


Rec. ITU-R M.1091 


For the LMSS systems operating in 1-3 GHz, the recommended earth station antenna 
reference radiation pattern in Rec. ITU-R M.1091 is provided in Table 5-38. 


Table 5-38. Recommended LMSS Earth Station Antenna Reference Radiation Patterns in 
1-3 GHz 


(a) Transportable or Vehicle-Mounted Antenna with Axis-Symmetric or 
Near-Symmetric Beam and 12 < Gyax(dBi) < 18 


Gain Function (dBi) Angular Range 
< 44 - 25 x log(o) 40° < 6 < 90° 
<-5 90° < 
: angle off mainbeam axis, deg. 


(b) Vehicle-Mounted Vertical Array Antenna with Toroidal Beam 


and 7 < Gmax(dBi) < 13 
Gain Function (dBi) Angular Range 
Ginax - 10 45° < (0 - 0.) 
Ginax - 0.3 x [(@ - 8,)/10]7° 20° <(8-0,) <45° 
Gmax - 0.3 x [(@o - 9)/10]*° 20° < (0-8) <50° 
Gmax - 13 50° < (0, - 8) 


116 Rec. ITU-R M.1091, Reference Off-mainbeam axis Radiation Patterns for Mobile Earth Station Antennas 
Operating in the Land Mobile-Satellite Service in the Frequency Range I to 3 GHz (1994). 
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0: elevation angle, deg. 
0,: mainbeam elevation angle, deg. 
This is an omnidirectional beam with narrow beamwidth in elevation direction. 


(c) Vehicle-Mounted Tracking Antenna with Fan-Beam and Operating in 
Low Elevation Angle 


Gain Function (dBi) Angular Range 
es 0° <0 < 60°, 
7 [30°+k(8)] < |@—@o| < 180° 


(9, ): elevation and azimuth angles, deg. 

(Oo, @o): mainbeam elevation and azimuth angles, deg. 
k(®) = 0.33° for Gmax = 11-15, dBi. 

k(9) is TBD for Gmax = 9-11, dBi. 


(d) Vehicle-Mounted Near-Omnidirectional Antenna 


Gain Function (dBi) Angular Range 
<5 -20° < 8 < 20° 
<0 0 < -20° & 8 > 20° 


9: elevation angle, deg. 


The expression in Rec. ITU-R M.1091 is 
G<5dBi for 02-20° 
G<0OdBi for 0@<-20° 
this is not an accurate formula for the omnidirectional pattern. 


5.7.1.2 Satellite Antenna 


The LMSS satellite antennas are usually array antennas generating shaped beams to cover 
the intended coverage area. 


5.7.2 Maritime Mobile Satellite Service 
This section covers the earth station antennas and satellite antennas. 


5.7.2.1 Earth Station Antenna 


The MMSS earth station antennas are either ship earth station antennas or coastal earth 
station antennas. NTIA does not provide the MMSS earth station antenna radiation performance 
standards for the federal systems. Otherwise, this sub-section contains one recommended 
shipborne antenna reference radiation pattern from Rec. ITU-R M.694-1.!!7 The RTCM is in 
the process of developing antenna standards for the MMSS. 


117 Rec. ITU-R M.694-1, Reference Radiation Pattern for Ship Earth Station Antennas (2005). 
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(a) Rec. ITU-R M.694-1 


For coordination studies and interference assessment between the MSS and terrestrial or 
space radio services sharing frequency in 1.518-1.6605 GHz, the recommended MMSS 
shipborne antenna reference radiation pattern in Rec. ITU-R M.694-1 is shown in Table 5-39. 


Table 5-39. Recommended MMSS Shipborne Antenna Reference Radiation Pattern for 
EMC Analyses between MSS and Terrestrial or Space Radio Services in 1.518—1.6605 GHz 


Gain Function (dBi) Angular Range 
Gmnax - 2.5 x 10°(@D/A) 0°<b<dm 
2 + 15 x log(D/A) Om < 0 < (LOOA/D)° 
52 - 10 x log(D/A) - 25 x log(o) (100A/D)° < 6 < o1 
0 o1 < o < 180° 


o: angle off mainbeam axis, deg. 


, =120 (A/D)°, deg. 


dm = 20(A/D)[Gmax - 2 - 15 x log(D/1.)]°°, deg. 


This pattern should be used for paraboloidal antennas with diameters of 0.8—1.3 meters. 


(b) International Mobile Satellite Organization (INMARSAT) 
The INMARSAT standard-A ship earth station antenna reference radiation pattern, 


available in Rec. ITU-R M.694-1, is shown in Table 5-40.118 


Table 5-40. INMARSAT Standard-A Shipborne Antenna Reference Radiation Pattern 


Gain Function (dBi) Angular Range 
8 16° <o<21° 
41 - 25 x log(@) 21° << 57° 
-3 57° <o 


o: angle off mainbeam axis, deg. 


INMARSAT is virtually the only commercial MMSS service provider. Other maritime 
antenna specifications from INMARSAT can be found in its System Definition Manuals. 


5.7.2.2 Satellite Antenna 


The MMSS satellites are generally GSO satellites with paraboloidal antennas of one 
global beam plus numerous spot beams that cover areas of heavy maritime traffic. 


5.7.3 Aeronautical Mobile Satellite Service 


This section covers the earth station antennas and satellite antennas. 


118 The company’s original name was International Maritime Satellite Organization. It was changed to 
International Mobile Satellite Organization, while keeping the acronym INMARSAT, when it started providing 


LMSS and AMSS. 


5.7.3.1 Earth Station Antenna 


The AMSS earth station antennas are either airborne earth station antennas or land-based 
aeronautical earth station antennas. NTIA does not provide the AMSS earth station antenna 
radiation performance standards for the federal systems. Otherwise, this sub-section contains the 
airborne antenna radiation performance standard from RTCA DO-210D.!!9 


RTCA DO-210D 


As design objectives and installation guidelines for the AMSS systems operating in the 
1.6 GHz uplink band and the 1.5 GHz downlink band, the recommended airborne antenna 
radiation performance standards in RTCA DO-210D are as follows: 


e Polarization: RHCP. 
e For “high-gain” antenna: 
othe coverage volume comprises no less than 75% of the solid angle of the upper 
hemisphere above 5° elevation; 
othe coverage volume covers the effect of the aircraft body, the antenna pointing 
error, and the radome; 
o 12<G(dBic) < 17 within the coverage volume; and 
o G=0dBic outside the coverage volume. 
e For “intermediate-gain” antenna: 
othe coverage volume comprises no less than 85% of the solid angle of the upper 
hemisphere above 5° elevation; 
othe coverage volume covers the effect of the aircraft body, the antenna pointing 
error, and the radome; 
o 6<G(dBic) < 12 within the coverage volume; 
othe coverage volume may include a volume corresponding to a cone of 20° half- 
angle at the aircraft zenith in straight and level flight, and G > 4 dBic within this 
cone; 
o G=0dBic for 99% of the solid angle above 5° elevation; and 


o to the maximum extent possible, G > 6 dBic for 100% of the solid angle above 5° 
elevation. 


e For “low-gain” antenna: 
othe coverage volume comprises no less than 85% of the solid angle of the upper 
hemisphere above 5° elevation; 
othe coverage volume covers the effect of the aircraft body and the radome; 
0 < G(dBic) < 5 within the coverage volume; 
othe coverage volume may include a volume corresponding to a cone of 20° half- 
angle at the aircraft zenith (in normal cruise attitude) in straight and level flight, 
and G > -2 dBic within this cone; and 
o G=-5 dBic outside the coverage volume. 
e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


° 


119 RTCA DO-210D, Minimum Operational Performance Standards for Geosynchronous Orbit Aeronautical 
Mobile Satellite Services (AMSS) Avionics, §2.2.3 with Change No. 2 (Nov. 28, 2001). 
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The RTCA DO-210D specifications have two ambiguities. It uses “not less than”, i.e., 
“>”, and “not exceed”, i.e., “<”, in specifying the gain ranges of both the high- and intermediate- 
gain antennas, and this creates conflict when G = 12 dBic. Also, there is a gap in the gain ranges 
between the intermediate- and low-gain antennas, and this leaves antennas of 5 < G(dBic) < 6 
un-classified. 


5.7.3.2 Satellite Antenna 


The AMSS satellites are generally GSO satellites with paraboloidal antennas of global 
beams. 


5.8 Radiodetermination Service 


RDS includes the radiolocation service (RLS) and radionavigation service (RNS). The 
antenna characteristics for RDS in general, and RLS and RNS in specific, are presented here. 
The following nomenclatures are used in this sub-section: 


Az: azimuth, 

Csc’: Cosecant square radiation pattern, 
EI: elevation, 

Rx: receive or receiving, and 

Tx: transmit or transmitting. 


5.8.1 General Radiodetermination Service 


NTIA Manual Chapter 5 provides four criteria for the RDS radar antenna radiation 


patterns for the federal systems.!29 Otherwise, this sub-section contains the following RDS radar 
antenna characteristics from ITU-R: 


e from Rec. ITU-R M.1851, recommended antenna reference radiation patterns for 
interference analysis; !2! 

e from Rec. ITU-R M.1652-1, recommended antenna reference radiation pattern for 
interference assessment from the LMS systems to the RDS systems sharing frequency in 
the 5 GHz band; and 

e from Rec. ITU-R M.1463-1, representative antenna characteristics of land-based RDS 
radars operating in 1.215—1.4 GHz for search, tracking and surveillance. !22 


(a) NTIA Manual Chapter 5 


NTIA classifies five groups of RDS radars for performance specification in NTIA 
Manual §5.5, and each group is associated with a criterion of antenna radiation pattern. The 
criteria are shown in Table 5-41. 


120 NTIA Manual, Chapter 5, Spectrum Standards, §5.5. 


121 Rec. ITU-R M.1851, Mathematical Models for Radiodetermination Radar Systems Antenna Patterns for Use in 
Interference Analyses (2009). 


122 Rec. ITU-R M.1463-1, Characteristics of and Protection Criteria for Radars Operating in the 
Radiodetermination Service in the Frequency Band 1215-1400 MHz (2007). 
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Table 5-41. Criteria of RDS Radar Antenna Radiation Patterns in NTIA Manual 


(a) Classes of Radars 


Group 


Types of Radar 


Applicable 
Criterion 


Non-pulsed radar of 40 watts or less rated average power, 
Pulsed radar of 1 kW or less rated peak power, 

Radar with operating frequency above 40 GHz, 

Portable (by man power) radar, 

Transportable (by vehicle) radar, 

RNS radar in 9.3—9.5 GHz, and 

Expendable, non-recoverable radar on missiles. 


Radar having a rated peak power of more than 1 kW but not more 
than 100 kW and operating between 2.9 GHz and 40 GHz 


All radars not included in Group A, B, D, or E. 


All fixed radars in 2.7—2.9 GHz. 


MOO}; & 


Wind Profiler Radar operating on 449 MHz 


MOO}; & 


(b) Criteria of Radar Antenna Radiation Patterns 


Criterion 


Description 


Presently exempt. 


Currently no requirement is specified. 


antennas, sidelobe suppression below the mainbeam shall be 
e first three sidelobes: 17 dB, and 
e all other lobes: 26 dB. 


Antennas operated in 360°-rotation over the horizontal plane shall have a 
“median gain” of -10 dBi or less in the principal horizontal plane.!23 For other 


Antenna Radiation Profile (dB) Elevation Angle 0 


4 


70° <0 


x-15 


60° < 8 < 70° 


x - 20 


45° <8 <60° 


x -25 


5° <0< 45° 


x - 40 


Q@<5° 


e Radiation profile derived from EIRP profile requirement. 
e Symbol “<” is used instead of “<” for the angular range in the NTIA Manual. 


For antennas operated in 360°-rotation over the horizontal plane, the EMC analysis must cover 
all directions. Thus, the allowable radar antenna radiation pattern may be usefully specified by 
its “median gain” relative to an isotropic radiator. 


123 NTIA Manual uses “-10 dB” instead of “-10 dBi’. This should be a mistake because antenna gain should be 
expressed in dBi. 
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(b) Rec. ITU-R M.1851 


For interference analysis, the recommended RDS radar antenna reference radiation 
patterns in Rec. ITU-R M.1851 are shown in Table 5-42. The first four patterns, shown in Table 
5-42(a), are derived from the aperture current distribution function of 


where 
n=0, 1, 2, and 3, 


cos"(zx/2) 


x: normalized distance along aperture -1 <x < 1. 


(5-13) 


The fifth pattern, shown in Table 5-42(b) and referred to as the cosecant-square, or csc’, pattern, 
is the cosecant-square antenna reference radiation pattern in the vertical mainbeam plane. 


Table 5-42. Recommended RDS Radar Antenna Reference Radiation Pattern for 


Interference Analysis 


(a) Radiation Pattern of Cos"() Aperture Current Distribution 


Aperture Section of . . Applicable 
Current Pattern G,(), Gain Relative to Gmax (dB) Range (dB) 
20 x be sn | : 
u 
Mainbeam 
oe 50.87 x sin(¢) Pe s0.3{ =| 
Dow l 
constant | 4) 
SE — 8.584 <ul 2.8% - 5.75 < G,< -30 
Near Ae 
Side- 
OBE | Age -s.si4chl 2.87 a 870 -12.16 < G; < -30 
bw 
Far Sidelobe -30 
20 xlog) =| SOS) | 14 3.99, 
2\(n/2)° —p? 
Mainbeam 
Cos() ue 68.87 x sin(d) bie -68{4) 
Dow l 
Neat || Ss -17.51xin{ 2.334. 14.4 <G,<-50 
Side- Or 
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lobe 
Agg -rrsix[ 2 rad ee -20.6 < G, < -50 
bw 
Far Sidelobe -50 
xine = Goa] Wl 6.02, 
2u 1 = Te 
Mainbeam 
83.27 x sin A 
Uy — 83.27 x sin(>) ; Obw — s32( =| 
Cos’) Oy 
N SE — 26.882 x | 1.960 ft -22.3 < G, < -60 
ear _ 
Side- 
HORE aise — 26,882 x of 962 i 4.6 -29 < G, < -60 
bw 
Far Sidelobe -60 
50 Rt6g 3m x COs (LL) : me 
8 (x/2) —p 
- 
Mainbeam (3/2) Se } + 7.44, 
Cos*() go ey) , Dow =95(2) 
Dow l 
N SE -as.stxn| 1.756 - 31.5 <G,<-70 
ear 
Side- 
lobe |) gs — 35.84 x b| 1.96 i —4.2 - 37.6 < G, < -70 
bw 
Far Sidelobe -70 


Gmnax: on-axis gain, dBi 
: angle off mainbeam axis 
p= n(1/2)sin(p) 
I: overall length of aperture 
i: wavelength 
SE: for single-entry interference analysis 
Agg: for aggregate interference analysis or statistical interference analysis 
In: natural log 
_All far sidelobe levels are proposed values in Rec. ITU-R M1831. 
The application of these patterns requires further examination. Rec. ITU-R M.1851 states that 
these are the “proposed theoretical antenna patterns”, and does not distinguish the conditions 
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for selecting one of the patterns. Moreover, this current distribution function has been widely 
used in antenna textbooks to examine the effect of electric current tapering on the antenna 
radiation pattern; therefore, the current distribution functions are hypothetical current 
distribution functions, and the radiation patterns are hypothetical radiation patterns. !24 


(b) Cosecant-Square Pattern 


Section of Pattern G(®) (dBi) Angular Range 
G vax + 20x aa a, 
u 
Circular — Bow <O0< Bow 
50.87 x sin(@) y roe : 
jaeee) g., -so{*) 
Mainbeam Bow l 
Cosecant- (G = 3) +20 x log cse (9) Bw <0<0 
Square (See jem 
csc 
2 
Sidelobe -55 Om <9 < 180° 


Gmnax: on-axis gain, dBi 
The mainbeam axis is in the horizontal plane, i.e., no elevation angle. 
9: elevation angle off the mainbeam axis 
w= 2(1/2)sin(0) 
I: overall length of aperture 
A: wavelength 
Om: angle where cosecant-square pattern reaches sidelobe level 
SL CL | Zee meee PTT TPT OC PTS TTT PETE TE vETE ever erevererenerrer er er cerens 
e The circular beam pattern is from Table 5-42(a) with n = 0. 
e The break point from the circular pattern to the cosecant-square pattern is the half power 
point, which should be 0.505. However, 8py is used in the formula, which is incorrect. 


e Numerous errors in Rec. ITU-R M.1851 are corrected. 


(c) Rec. ITU-R M.1652-1 


For interference assessment from the LMS systems to the RDS systems sharing 
frequency in the 5 GHz band, Rec. ITU-R M.1652-1 [Ref. 107] also provides a RDS antenna 
reference radiation pattern. This is shown in Table 5-43, this pattern is identical to the Statgain 
formula in Table 4-1. 


124 For instance: Ref. 50, Section 4.2; Ref. 51, Section 11.5.4. 
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Table 5-43. Recommended Baseline RDS Antenna Reference Radiation Pattern for 
Interference Assessment from LMS Systems to RDS Systems in the 5 GHz Band 


Category Gain Function (dBi) Angular Range 
G nay — 4x10 (10% )g? 0°<b<dm 
Ginx > 48 dBi 0.75 Ginax = 7 $m < OS Oe 
29 - 25 x log(d) bri < 0 < 48° 
13 48° < b < 180° 
Ca 4x10 (10S )o? Q°< o < dm 
22. < Gmnax(dBi) < 48 0.75 Gmax = 7 bm << by 
53 - Gmax/2 - 25 x log() dr <b S$ 48° 
iG 48° < b < 180° 
Gace 4x 1074 (10 Se! )o? Q°< o < dm 
10 < Ginax(dBi) < 22 0.75 Gmax - 7 dm < OS dr3 
53 - Gmax/2 - 25 x log() 3 < OS bp 
0 by < > < 180° 


: angle off mainbeam axis, deg. 

6, =50(0.25G,,,, +7)°°/ (10%), deg. 
,, = 27.466 x 10°°° S19) deg, 

,, = 9,3; = 250 / (10°) , deg. 

,, = 131.8257 (10 S™’"), deg. 


The functions in Rec. ITU-R M.1652-1 do not specify the gain values at the break points in the 
angular range. However, there should not be confusion because the function should be 
continuous at the break points. 


Rec. ITU-R M.1463-1 


The antenna characteristics of the typical land-based RDS radar systems operating in 
1.215—1.4 GHz for search, tracking and surveillance are provided in Rec. ITU-R M.1463-1; they 
are shown in Table 5-44. 


(d) 


Table 5-44. Antenna Characteristics of Typical RDS Radar in 1.215—1.4 GHz 


ee Parametric Value 
teristics 
System* 1 2 3 4 5 6 7 
Platform | — Fixed Fixed PESO!" I) -TERDRDOE: Fixed Fixed Fixed 
table table 
Tie Horn-fed Stack beam Rotating Parabolic Dinae ary Cosecant Cosecant 
yP reflector reflector | phased array cylinder y squared squared 
: Tx: 34.5, [[x: 32.4-34.2,] Tx: 38.9, 
Gmax (4Bi) Rx: 33.5 | Rx: 1.7-38.9 | Rx: 38.2 sau 38:5 i = 
Elevation |3.6 shaped to |Tx 3.63-5.61, 4.5 shaped to 
bw (°) 44 Rx 2.02-8.79 er 40 z aie oe 
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cee 1.2 1.4 3.2 3.0 2.2 1.2 1.3 
Pow (°) 
Polariza- Linear, Linear, ee ee ese Linear, Linear, 
tion circular circular circular circular 
*: Refer to Rec. ITU-R M.1463-1 for more information on these systems. 


5.8.2 Radiolocation Service 


NTIA does not provide the RLS radar antenna radiation performance standards for the 
federal systems, nor does ITU-R have recommendations for the radar antenna reference radiation 
patterns. Otherwise, this sub-section contains antenna characteristics of the representative RLS 
radar systems in the frequency bands shown in Table 5-45; the information is from ITU-R. 


Table 5-45. Summary of Representative RLS Radar Systems 


Frequency Pistesean..'lessscesed: Antenna Characteristics | Source 
Band (GHz) Type Ginax (GBi) (Rec. ITU-R) 
0.03-0.3 Land station Phased array ae M.1802-1!25 
Land station oe oa ee 38.5 
= 126 
eee Ship Parabolic reflector 30 Bese 
Aircraft Planar array, Yagi 22 
Land station eae 33.043 
Oe a M.1464-1127 
Ship Shaped reflector, < 43 
planar array 
Land station N/A 31.9-41 
= 1128 
dee Ship N/A 58S Ho 
Land station Parabolic reflector 39-40 
3.1-3.7 Ship Bareole Teneo 32-42 M.1465-1129 
phased array 
Aircraft Slotted array 40 
5.25—-5.85 Land station Parabolic reflector, 38.3—54 M.1638130 


125 Rec. ITU-R M.1802-1, Characteristics and protection criteria for radars operating in the radiolocation service 


in the frequency band 30-300 MHz (2010). 


126 Rec. ITU-R M.1462, Characteristics of and Protection Criteria for Radars Operating in the Radiolocation 
Service in the Frequency Range 420-450 MHz (2000). 


127 Rec. ITU-R M.1464-1, Characteristics of Radiolocation Radars, and Characteristics and Protection Criteria 
for Sharing Studies for Aeronautical Radionavigation and Meteorological Radars in the Radiodetermination 


Service Opera 


ting in the Frequency Band 2700-2900 MHz (2003). 


128 Rec. ITU-R M.1460-1, Technical and Operational Characteristics and Protection Criteria of 
Radiodetermination Radars in the 2900-3100 MHz Band (2006). 


129 Rec. ITU-R M.1465-1, Characteristics of and Protection Criteria for Radars Operating in the 
Radiodetermination Service in the Frequency Band 3100-3700 MHz (2007). 
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phased array 
Parabolic reflector, 


Ship 28-30 
horn array 
Aircraft Horn, slotted array 26-40 
92-95 Ship N/A Min. 30 M.628-4131 
Land station Slotted array 36 
13.75—14 Ship Barbone Vets 37.5-38.5 | M.1644132 


slotted array 
Aircraft N/A > 20 


Parabolic reflector, 


Land station ORES EH ES 37-43 
= _1133 
15.4-17.3 Ship Phased array B M.1730-1 
Aircraft Waveguide, phased array 25:0=-38 
33.4-36 Land station N/A 28.7-52 M.1640134 


(a) Rec. ITU-R M.1802-1 


The antenna characteristics of the representative RLS radar systems operating in 30-300 
MHz are provided in Rec. ITU-R M.1802-1; they are shown in Table 5-46. The land-based 
radars are for space object recognition and tracking. 


Table 5-46. Antenna Characteristics of Representative RLS Radars in 30-300 MHz 


Characteristics Parametric Value 
System* 1 2 
Platform Land station Land station 
Type Phased array Phased array 
: Tx: 25, Tx: 24, 
Gmax (dBi) Rx: 30 Rx: N/A 
: a Tx: 3.2, 
Horizontal dpw (°) Rx: 2.6 +8 
Azimuthal py (°) Tx: 2.6, 
Rx: 2.6 oe 
Polarization Linear Linear 


130 Rec. ITU-R M.1638, Characteristics of and Protection Criteria for Sharing Studies for Radiolocation, 
Aeronautical Radionavigation and Meteorological Radars Operating in the Frequency Bands between 5250 and 
5850 MHz (2003). 

131 Rec. ITU-R M.628-4, Technical Characteristics for Search and Rescue Radar Transponders (2006). 

132 Rec. ITU-R M.1644, Technical and Operational Characteristics, and Criteria for Protecting the Mission of 


Radars in the Radiolocation and Radionavigation Service Operating in the Frequency Band 13.75-14 GHz 
(2003). 


133 Rec. ITU-R M.1730-1, Characteristics of and Protection Criteria for the Radiolocation Service in the 
Frequency Band 15.4-17.3 GHz (2009). 


134 Rec. ITU-R M.1640, Characteristics of; and Protection Criteria for Sharing Studies for Radars Operating in 
the Radiodetermination Service in the Frequency Band 33.4-36 GHz (2003). 
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*: Refer to Rec. ITU-R M.1802-1 for more information on these systems. 


(b) Rec. ITU-R M.1462 


The antenna characteristics of the representative RLS radar systems operating in 420-450 
MHz are provided in Rec. ITU-R M.1462; they are shown in Table 5-47. The land-based radars 
are for detection, identification and tracking of space objects, the shipborne radars are for 
surveillance, and the airborne radars are for air traffic control. 


Table 5-47. Antenna Characteristics of Representative RLS Radars in 420-450 MHz 


Characteristics Parametric Value 
System* 1 2 , 
Platform Land station Ship Aircraft 
Type Paraboloid reflector, Pa baiesetlenio: Planar array, 
planar array Yagi antenna 
Gmax (dBi) 38.5 30 22 
Obw (°) 22: N/A El: 6-20, Az: 6 
Sidelobe (dBi) N/A Median value: 0 N/A 
Polarization Circular N/A Linear 
*: Refer to Rec. ITU-R M.1462 for more information on these systems. 


(c) Rec. ITU-R M.1464-1 


The antenna characteristics of the representative military RLS radar systems operating in 
2.7—2.9 GHz for air traffic control, naval surveillance, and land-based air defense systems are 
provided in Rec. ITU-R M.1464-1; they are shown in Table 5-48. 


Table 5-48. Antenna Characteristics of Representative RLS Radars in 2.7—2.9 GHz 


Characteristics Parametric Value 
System* 1 2 3 4 
Lan d station Lan d station Land station Land station 
Platform fixed and fixed and fixed. shi fixed. shi 
transportable transportable 2 SHP as 
Planar array, Planar array, 
Type SHAPES TERECIOS reflector shaped reflector one 
Z 
Radiation Pattern Csc? Pencil beam Cse : Pencil beam 
pencil beam 
Gimax (dBi) 33.5 > 40 < 40 < 43 
7 EI: 4.8, El: 1, El: 1.5-30, 
dow () Mees Ane? Az: 11-2 ie 
First Sidelobe 
Suppression (dB) 26 720 Ae N/A 
Far Sidelobe 
Suppression (dB) 7 Ne Ne Ne 
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Far Sidelobe 
Level (dBi) 


N/A 


<0 


<-10 


N/A 


Polarization 


Linear, circular 


Linear, circular 


Linear, circular 


Linear 


*: Refer to Rec. ITU-R M.1464-1 for more information on these systems. 


(d) 


Rec. ITU-R M.1460 


The antenna characteristics of the representative RLS radar systems operating in 2.9-3.1 
GHz for detecting airborne objects are provided in Rec. ITU-R M.1460; they are shown in Table 


5-49. 


Table 5-49. Antenna Characteristics of Representative RLS Radars in 2.9-3.1 GHz 


Characteristics Parametric Value 
System* iE pi 3 4 ) 
Platform Land station | Land station Land station Ship Ship 
: Tx: 34.5, Tx: 35, 
Gmax (dBi) a Rx: 38 | Rx: 31.9-36.7 iu as 
: FI: 0.84, | El: 20Csc2, | Bb Tx: 20, EI: 2.25, El: 1.6, 
Pow (°) Az: 2.15 Az: 1.1 Ree Sell “fost Az: 1.5 
Az: 1.6 
First Sidelobe El: Tx: 20, El: 15 
Suppression 2 18.5 Rx: 2 49, 2) he. 5 5 
(dB) Az: Rx = 35 ; 
Polarization Linear Linear Linear Linear Linear 


Antenna type: N/A for all. 
*: Refer to Rec. ITU-R M.1460 for more information on these systems. 


(e) 


Rec. ITU-R M.1465-1 


The antenna characteristics of the representative RLS radar systems operations in 3.1—3.7 
GHz for conducting surface and air surveillance are provided in Rec. ITU-R M.1465-1; they are 
shown in Table 5-50. The land-based radars are usually for test operations to search and track 
airborne vehicles along extended flight paths, the shipborne radars are usually for air traffic 
control, and the airborne radars are for surveillance, target tracking and air traffic control. 


Table 5-50. Antenna Characteristics of Representative RLS Radars in 3.1—-3.7 GHz 


Characteristics Parametric Value 
System* 1 2 5 4 5 
Platform Land station | Land station Ship Ship Aircraft 
Parabolic Parabolic Parabolic 
Type reflector reflector reflector Phased array | Slotted array 
Ginax (dBi) 39 40 32 42 40 
1 El: 2.2, EI: 4.4, EI: 6.0, 
dow (°) 1.72 Az: 1.05 Az: 1.75, bd Az: 1.2 
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esc’ to 30 
Polarization Circular Linear Linear Linear N/A 


*: Refer to Rec. ITU-R M.1465-1 for more information on these systems. 


(f) Rec. ITU-R M.1638 


The antenna characteristics of the representative RLS radar systems operating in 
5.25—5.85 GHz are provided in Rec. ITU-R M.1638; they are shown in Table 5-51. The land- 
based instrumentation radars provide highly accurate position data on space and aeronautical 
vehicles undergoing developmental and operational testing, the shipborne radars conduct sea and 
air surveillance for ship protection, and the airborne radars conduct land-mapping and imaging, 
environmental and land-use studies, and other related research activities. 


Table 5-51. Antenna Characteristics of Representative RLS Radars in 5.25—5.85 GHz 


Characteristics Parametric Value 
System* 1 2 3 4 
Platform Land station Ship Aircraft Aircraft 
Function Instrumentation Search Search Se me a : 
Earth imaging 
Parabolic Parabolic 
Type reflector, phased | _ reflector, horn Slotted array Horn 
array, array 
Radiation Pattern Pencil Csc’, fan Pencil Fan 
Ginax (dBi) 38.3-54 28, 30 30-40 26 
i El: 24.8, 28; El: 28, 
Pow ©) Cape Az: 2.6, 1.6 a Az: 3 
Sidelobe 
Suppression (dB) 20-22 20, 25 25 22 
Polarization Linear, circular Linear Circular Linear 


*: Refer to Rec. ITU-R M.1638 for more information on these systems. 


(g) Rec. ITU-R M.628 


The recommended requirements of the RLS radar transponder systems operating in 
9.2—9.5 GHz for maritime search and rescue operations are provided in Rec. ITU-R M.628; they 
are 


e vertical pw: at least +12.5° relative to transponder horizontal plane, 
e azimuthal ,y: omnidirectional within +2 dB, and 
e polarization: horizontal (linear). 


The transponders are installed onboard survival crafts. 
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(h) 


Rec. ITU-R M.1644 


The antenna characteristics of the representative RLS radar systems operating in 
13.75—14 GHz for surface and air surveillance of discrete approaching objects are provided in 
Rec. ITU-R M.1644; they are shown in Table 5-52. 


Table 5-52. Antenna Characteristics of Representative RLS Radars in 13.75—-14 GHz 


Characteristics Parametric Value 
System* 1 2 3 4 
Porn . Land station Ship, track Ship, search Aircraft 
Operation 
Parabolic 
Type Slotted array reflector Slotted array N/A 
Radiation Pattern Pencil Pencil Fan N/A 
Gmax (dBi) 36 38.5 31.5 > 20 
is El: 15, Bled, E25, 10; 
dow Az: 0.25 Az: 2.4 Az: 2.2 Me 
Sidelobe 
Suppression (dB) 23 18.5 15:5 N/A 
*: Refer to Rec. ITU-R M.1644 for more information on these systems. 


(i) 


Rec. ITU-R M.1730-1 


The antenna characteristics of the representative RLS radar systems operating in 
15.4-17.3 GHz for surface and air surveillance of discrete approaching objects are provided in 
Rec. ITU-R M.1730-1; they are shown in Table 5-53. 


Table 5-53. Antenna Characteristics of Representative RLS Radars in 15.4—17.3 GHz 


Characteristics Parametric Value 
System* 1 2 3 4 5 6 
Platform Land station | Land station Ship Aircraft Aircraft Aircraft 
; . Surveillance, | Surveillance, | Search, track, | Search, track, | Search, track, 
Function Surveillance : : ; 
track track mapping mapping mapping 
Parabolic Curved : 
Type Speers fe flsseoy Phased array | Waveguide | Phased array | Phased array 
Radiation Pencil Pencil Pencil Fan/pencil Fan Pencil 
Pattern 
Ginax (dB1) 37 43 43 25.6 38 35 
e El: 1.1, EI: 1.6, El: 1, El: 9.7, El: 2.5, El: 3.2, 
bow (°) Az: 3.5 Az: 0.25 Az: 1 Az: 6.2 Az: 2.2 Az: 3.2 
First Sidelobe 15 dBi @ 23 dBi @ 20 dBi @ 10 dBi @ 18 dBi @ 3.5 dBi @ 
Level 2.4° 1.6° 1.6° 31° 1.7° 1.2° 
Polarization Horizontal Circular RH circular aan! Panta Linear 
vertical vertical 


*: Refer to Rec. ITU-R M.1730-1 for more information on these systems. 
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(j) Rec. ITU-R M.1640 


The antenna characteristics of the representative RLS radar systems operating in 33.4-36 
GHz for mapping, target identification, navigation, aim-point determination, and test range 
instrumentation are provided in Rec. ITU-R M.1640; they are shown in Table 5-54. 


Table 5-54. Antenna Characteristics of Representative RLS Radars in 33.4—36 GHz 


Characteristics Parametric Value 
System* if 2 a 4 
Platform Land station Land station Land station Land station 
Function Imaging Imaging Metric Seeker 
Sensor type Passive Active Active Active 
Gmax (dBi) 35 30 51, 52 28.7 
Obw (°) 0.5 x3 0.75 x 10 0.25, 0.5 4.4 
*: Refer to Rec. ITU-R M.1640 for more information on these systems. 


5.8.3 Radionavigation Service 


RNS includes the maritime RNS (MRNS) and the aeronautical RNS (ARNS). These 
services will be discussed here. 


NTIA does not provide the RNS antenna radiation performance standards for the federal 
systems. RTCM is developing the antenna standards for MRNS. RTCA provides the minimum 
antenna operational radiation performance standards for the ARNS airborne antennas. FAA does 
not provide the ARNS antenna performance standards in 14 CFR; however, it specifies the 
antenna performance requirements in its publication Technical Standard Order (TSO), which in 
turn refers to the standards in the RTCA publications.!35 136 Otherwise, this sub-section contains 
antenna characteristics of the representative RNS radar systems in the frequency bands shown in 
Table 5-55; the information is from ITU-R. 


Table 5-55. Summary of Representative RNS Radar Systems 


Frequency Service, _.Antenna Characteristics __—-| ==‘ Source 
Band (GHz) Platform Type Ginax (dBi) (Rec. ITU-R) 
2.7-2.9 ARN sland Parabolic 32.8-34.3 M.1464-1 

station reflector 
2.9-3.1 MRNS, ship N/A N/A M.824-3137 
5.25—5.85 ARNS, aircraft Slotted array 34 M.1638 
5.47-5.65 MRNS, ship Slotted array 28-31 M.1313 


135 http://ecfr.gpoaccess.gov/cgi/t/text/text-idx ?c=ecfr&tpl=/ecfrbrowse/Title14/14tab_02.tpl, accessed Feb. 9, 


2012. 


136 Technical Standard Order, U.S., FAA, 
http://www.airweb.faa.gov/Regulatory_and_Guidance_Library/rgtso.nsf/, accessed Feb. 9, 2012. 


137 Rec. ITU-R M.824-3, Technical Parameters of Radar Beacons (racons) (2007). 
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Slotted array 21-32 
8.85-9,9.2-9.5 | MRNS, ship | Yagi antenna for M.1313 

21-27 

pleasure craft 
- MRNS, ship N/A N/A 
ae ARNS, aircraft N/A 0 minimum bck 
31.8-33.4 | ARNS, aircraft | Parabolic a1, 44 M.1466138 
reflector 


5.8.3.1 Maritime Radionavigation Service 
This section contains one recommendation from ITU-R. 
Rec. ITU-R M.824-3 


For the MRNS radar beacon systems operating in 2.9-3.1 and 9.3—9.5 GHz, the 
recommended antenna characteristics in Rec. ITU-R M.824-3 are as follows: 


e Fora general purpose radar beacon: 
o platform: ship, 
o in the 3 GHz band, polarization should be suitable for responding to radars using 
either the horizontal or vertical polarizations, and 
o in the 9 GHz band, polarization should be suitable for responding to radars using 
the horizontal polarization. 
e Characteristics for antenna gain and side-lobe suppression should be determined by the 
administrations. 


5.8.3.2 Aeronautical Radionavigation Service 


The ARNS antennas include the airborne antennas and land-based antennas. The picture 
of a land-based ARNS air traffic control radar beacon antenna is shown in Figure 5-7.!39 


Figure 5-7. Air Traffic Control Radar Beacon Antenna 


138 Rec. ITU-R M.1466, Characteristics of, and Protection Criteria for Radars Operating in the Radionavigation 
Service in the Frequency Band 31.8-33.4 GHz (2000). 


139 http://www.answers.com/topic/air-traffic-control-radar-beacon-system-1, accessed Jan. 14, 2010. 
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The standards from RTCA and the recommendations and representative characteristics 
from ITU-R are discussed here. 


(a) RTCA DO-195 


For the airborne instrument landing system (ILS) localizer receiving equipment operating 
in 108-112 MHz, the minimum antenna operational radiation performance standards in RTCA 
DO-195 are as follows: 140 


e Radiation pattern: The horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane. 

e Gain variation: The difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB. 

e Polarization discrimination: The reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(b) RTCA DO-196 


For the airborne VHF Omnidirectional Range receiving equipment operating in 108— 
117.95 MHz, the minimum antenna operational radiation performance standards in RTCA DO- 
196 are as follows: !41 


e Radiation pattern: The horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane. 

e Gain variation: The difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB. 

e Polarization discrimination: The reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(c) RTCA DO-253A 


For the local area augmentation system of GPS operating in 108—117.975 MHz, the 
minimum airborne antenna operational radiation performance standards in RTCA DO-253A are 


as follows: !42 


e Antenna type: omnidirectional antenna. 
e Horizontal gain: 


140 RTCA DO-195, Minimum Operational Performance Standards for Airborne ILS Localizer Receiving 
Equipment Operating within the Radio Frequency Range of 108- 112 Megahertz (1986). 


141 RTCA DO-196, Minimum Operational Performance Standards for Airborne VOR Receiving Equipment 
Operating within the Radio Frequency Range of 108- 117.95 Megahertz (1986). 


142 RTCA DO-253A, Minimum Operational Performance Standards for GPS Local Area Augmentation System 
Airborne Equipment, §2.2.10.2, Antenna Characteristics (November 28, 2001). 
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(d) 


o The reception of the horizontally polarized component in the horizontal plane 


from the forward and rearward directions shall not be down more than 10 dB 
when compared to the maximum output response of a standard horizontal dipole 
antenna which is mounted 25.4 cm (10 inches) above the ground plane and 
resonant at 113 MHz. 

The difference between the maximum and minimum reception of the horizontally 
polarized component from any direction in the horizontal plane shall not exceed 
20 dB. 


Vertical gain: 
o When mounted on a 4x4 inch? (or larger) ground plane, the reception of the 


vertically polarized component in the horizontal azimuth plane shall not be down 
more than 6 dB when compared to a standard vertically polarized monopole 
antenna. 


o When mounted on a 4x4 inch” (or larger) ground plane, the difference between 


the maximum and minimum reception of the vertical polarized component from 
any direction in the horizontal azimuth plane shall not exceed 6 dB. 


RTCA DO-192 
For the airborne ILS glide slope receiving equipment operating in 328.6—335.4 MHz, the 


minimum antenna operational radiation performance standards in RTCA DO-192 are as 


follows:!43 


(e) 


Radiation pattern: The horizontal component of the radiated signal in the forward 
direction shall not be down more than 15 dB when compared to the maximum radiation 
from a standard horizontal dipole antenna resonant at 332 MHz in free space. 
Polarization discrimination: The reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


RTCA DO-189 
For the airborne Distance Measuring Equipment operating in 960-1215 MHz, the 


minimum antenna operational radiation performance standards in RTCA DO-189 are as 


follows: !44 


Polarization: predominately vertically polarized. 

Field strength: The average field strength in the horizontal plane shall be equal to the 
field strength of a matched resonant 4A vertical antenna. 

Gain variation: The difference between the maximum and minimum field strengths in the 
horizontal plane shall not exceed 6 dB when the antenna is mounted at the center of the 
1.2-meter (4-foot) diameter (or larger) flat circular ground plane. 


143 RTCA DO-192, Minimum Operational Performance Standards for Airborne ILS Glide Slope Receiving 
Equipment Operating within the Radio Frequency Range of 328.6-335.4 Megahertz (1986). 


144 RTCA DO-189, Minimum Operational Performance Standards for Airborne Distance Measuring Equipment 
(DME) Operating within the Radio Frequency Range of 960-1215 MHz (1985). 
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(f) RTCA DO-181C 


For the air traffic control radar beacon system and mode select airborne equipment 
operating in 1.03—1.09 GHz, the minimum antenna operational radiation performance standards 
in RTCA DO-181C are as follows: !45 


e Polarization: vertically polarized. 

e Radiation pattern: The gain shall not be less than the gain of a matched 4A stub minus 3 
dB over 90% of the coverage volume 0—360° in azimuth and 5—30° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane. 


(g) RTCA DO-185 


For the traffic alert and collision avoidance system II transmitting in the 1.03 GHz band 
and receiving in 1.087—1.093 GHz, the minimum antenna operational radiation performance 
standards in RTCA DO-185 are as follows: 146 


e Polarization: vertically polarized. 

e Radiation pattern: The gain shall not be less than the gain of a matched 4A stub minus | 
dB over 90% of the coverage volume 0—360° in azimuth and (-15)—20° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane, 
which can be flat or cylindrical. 


(h) RTCA DO-197A 


For the active traffic alert and collision avoidance system I transmitting in the 1.03 GHz 
band and receiving in 1.087—1.093 GHz, the minimum antenna operational radiation 
performance standards in RTCA DO-197A are as follows: 147 


e Type: omnidirectional antenna or multiple beams to cover all azimuth directions. 
e Polarization: vertically polarized. 
e Radiation pattern: covering 360° in azimuth and at least (-10)—20° in elevation. 


(i) RTCA DO-260A 


For the Automatic Dependent Surveillance (ADS) system and Traffic Information 
Service (TIS) system operating at 1.09 GHz, the minimum antenna operational radiation 
performance standards in RTCA DO-260A are as follows: 148 


e Type: omnidirectional antenna. 
e Polarization: vertically polarized. 


145 RTCA DO-181C, Minimum Operational Performance Standards for Air Traffic Control Radar Beacon 
System/Mode Select (ATCRBS/Mode S) Airborne Equipment (1983). 


146 RTCA DO-185, Minimum Operational Performance Standards for Traffic Alert and Collision Avoidance 
System IIT (TCAS IT) Airborne Equipment (1990). 

147 RTCA DO-197A, Minimum Operational Performance Standards for an Active Traffic Alert and Collision 
Avoidance System I (Active TCAS I) (1994). 


148 RTCA DO-260A, Minimum Operational Performance Standards for 1090 MHz Extended Squitter Automatic 
Dependent Surveillance - Broadcast (ADS-B) and Traffic Information Services - Broadcast (TIS-B), §2.2.13, 
Antenna System (April 10, 2003). 
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e Transmit radiation pattern: The gain shall not be less than the gain of a matched 4A stub 
minus 3 dB over 90% of a coverage volume from 0—360° in azimuth and 5—30° above the 
ground plane when installed at the center of 1.2 meters (4 feet) or larger flat circular 
ground plane. 

e Receive radiation pattern: The gain should not be less than the gain of a matched 4A stub 
minus | dB over 90% of a coverage volume from 0—360° in azimuth and (-15)—(+20)° in 
elevation when installed at the center of 1.2 meters (4 feet) or larger circular ground 
plane, which can be either flat or cylindrical. 


This standard is referred to in the FAA TSO-C166b for the extended squitter ADS- 
broadcast and TIS-broadcast equipment operating on 1090 MHz, and TSO-C166b is referred to 
in 14 CFR §91.227 for the ADS-broadcast out equipment performance requirements. !49 150 


(j) Rec. ITU-R M.1464-1 


The antenna characteristics of the representative ARNS radar systems in Rec. ITU-R 
M.1464-1, for the airport air traffic control systems operating in 2.7—2.9 GHz, are as follows: 


Platform: land station fixed and transportable. 
Type: parabolic reflector. 

Radiation pattern: Csc’. 

Gmax: 32.8-34.3 dBi. 

Opw: 4-5° elevation, 1.3—1.6° azimuth. 

e First sidelobe level: 7.3—9.5 dBi. 

e Polarization: linear and circular. 


(k) Rec. ITU-R M.1638 


The antenna characteristics of the representative ARNS airborne radar systems operating 
in 5.25—5.85 GHz, for weather avoidance, wind shear detection, and safety services, are provided 
in Rec. ITU-R M.1638; they are as follows: 


Type: slotted array. 

Radiation pattern: pencil beam. 
Ginax: 34 dBi. 

Oow: 3.5°. 

Sidelobe suppression: 31 dB. 
Polarization: linear. 


149 FAA TSO-C166b, Extended Squitter Automatic Dependent Surveillance - Broadcast (ADS-B) and Traffic 
Information Service - Broadcast (TIS-B) Equipment Operating on the Radio Frequency of 1090 Megahertz 
(MHz) (December 2, 2009), 
http://www.airweb.faa.gov/Regulatory_and_Guidance_Library/rgtso.nsf/0/e70544d62a001f87862576820057970 
f/$FILE/TSO-166b.pdf. 

150. http://ecfr.gpoaccess.gov/cgi/t/text/text- 
idx?c=ecfr&sid=d6c9ee5df86ab4 132bba03a78525d969 &rgn=div8 &view=text&node=14:2.0.1.3.10.3.7.14&idno 
=14. 
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(I) Rec. ITU-R M.824-3 


For the ARNS land-based general purpose radar beacon systems operating in 9.3—9.5 
GHz, the recommended antenna characteristics in Rec. ITU-R M.824-3 are as follows: 


© Gnax: 0 dB minimum (it is not specified whether it is dBi or dBd). 
© pw: 360° azimuthal, 30° elevation. 
e Polarization: horizontal. 


(m) Rec. ITU-R M.1466 


The antenna characteristics of the representative ARNS airborne radar systems operating 
in 31.8-33.4 GHz are provided in Rec. ITU-R M.1466; they are as follows: 


e Type: parabolic reflector. 
© = Gmax: 41.1 and 44, dBi. 


The radars are used for ground mapping, weather avoidance, and calibration of airborne on- 
board navigation systems for accurate aerial delivery in adverse weather conditions. 


5.9 Radiodetermination-Satellite Service 


RDSS includes the radiolocation-satellite service (RLSS) and radionavigation-satellite 
service (RNSS). Satellite and earth station antenna characteristics for these services are presented 
here. 


5.9.1 Radiolocation-Satellite Service 


The Cospas-Sarsat International Satellite System, of which the U.S. is one of the 
founders, is the only operational RLSS system providing land, maritime and aeronautical search 
and rescue (SAR) services.!5! The Cospas-Sarsat system consists of GSO satellites (currently 
five satellites) and a LEO satellite constellation (currently four satellites). The land vehicles and 
persons, maritime ships and aeronautical crafts use beacons to transmit distress signals, which 
can be received by the satellites and relayed to the Cospas-Sarsat earth stations. 


NTIA does not provide the RLSS antenna radiation performance standards for the federal 
systems. Otherwise, this sub-section contains satellite and earth station antenna characteristics 
from Cospas-Sarsat system technical documents, and one recommended satellite antenna gain 
pattern from ITU-R. 


(a) C/S T.011 


A Cospas-Sarsat GSO satellite has a receiving antenna operating at 406.05 MHz and a 
transmitting antenna operating at 1544.5 MHz, performing the SAR repeater (SARR) function 
and the SAR processor (SARP) operation. Characteristics of the GSO satellite antennas are in the 
Cospas-Sarsat International Satellite System technical document C/S T.011.!52 In general, the 
satellite transmitting and receiving antennas have global beam coverage, and the polarizations 


151 http://www.cospas-sarsat.org. 


152 C/S T.011, Description of the 406 MHz Payloads Used in the Cospas-Sarsat GEOSAR System, Issue 1, 
Revision 6, (October 2010), http://www.cospas- 
sarsat.org/images/stories/SystemDocs/Current/t1 1 oct28.10_completedoc.pdf. 
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are RHCP. Satellite antenna characteristics of the Cospas-Sarsat GSO systems are shown in 
Table 5-56. 


Table 5-56. Cospas-Sarsat GSO Satellite Antenna Characteristics from C/S T.011 


patellite patellite Characteristics Parametric Value 
System Antenna 
Transmit Transmission line loss 1.7 dB 
Net Ginax 10.6 dBi 
Polarization RHCP 
GOES Ginax 10 dBi 
Rascive Transmission line loss 1.9 dB 
Net Ginax 8.1 dBi 
Polarization RHCP 
Coverage area India, see Figure 5-8 
: Ginaz 31.39 dBi 
A ranSu Gain at edge of coverage 28.5 dBil53 
INSAT — ; 
Polarization Vertical 
ee Gain at edge of coverage 11 dBi 
Polarization RHCP 
Ginax including transmission 12 dBi 
Transmit line loss 
Blectro-L Polarization _ LHCP 
Gmax including transmission : 
: i 15 dBi 
Receive line loss 
Polarization RHCP 
Type Electronically switched de-spun 
antenna 
Coverage Global beam 
a Ginax 7.6 dBi 
qe e Typical 0.8 dB, 
Gain variation e <1.6 dB peak-to-peak from column 
to column 
MSG Polarization Horizontal 
Type Electronically switched de-spun 
antenna 
Coverage Global beam 
Receive Ginx 5.6 dBi 
Gain within coverage area 3.1-4.5 dBi 
Gaiaarauaten 1.3 dB peak-to-peak in the south, 
1.8 dB peak-to-peak in the north 


153 There is discrepancy in the edge-of-coverage gain value in C/S T.011; the values 28.8 dBi and 28.5 dBi are 
given in the text and in the figure, respectively. Here it is assumed that the data provided from INSAT is correct. 
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Cross-polarization 
discrimination within (-9.0)-(-14.2) dB 
coverage area 
Polarization RHCP 


>: beam center, 31.39 dBi 


: coverage area, 28.5 dBi 


A: 28.39 dBi 
ae 

fo. ~. » 25.39 dBi 
$ ; 


“: 21.39 dBi 


Latitude 


16 R— o_o ————|— ——1I--- 
c a) 3 . & 3 


Longitude 
Figure 5-8. Sarsat INSAT Satellite Transmitting Antenna Coverage 
(b) C/S T.003 


A Cospas LEO satellite has three antennas, and a Sarsat LEO satellite has four antennas. 
The gain patterns of the LEO satellite antennas in C/S T.003 are shown in Table 5-57 and Figure 
5-9,154 


Table 5-57. Cospas-Sarsat LEO Satellite Antenna Characteristics 


Satellite Antenna a Operation a zvoaen ronnie 
Craps Receive 406.05 SARP LHCP Figure 5-9(a) 
Transmit 1544.5 SARP LHCP Figure 5-9(b) 
Sarsat- Receive 406.05 SARR RHCP Figure 5-9(c) 
TIROS Receive 406.05 SARP RHCP Figure 5-9(d) 


154 C/S T.003, Description of the Payloads Used in the Cospas-Sarsat LEOSAR System, Issue 34, Revision 21, 
(October 2010), http://www.cospas- 
sarsat.org/images/stories/SystemDocs/Current/T30CT28. 10completedocument.pdf. 


5-78 


Transmit 1544.5 SARR LHCP Figure 5-9(e) 
Sarsat- | Receive | 40605 | SARP& | Rucp Figure 5-9(f) 
METOP Sake 
Transmit 1544.5 SARR LHCP Figure 5-9(g) 
Sarsat- Receive 403 SARP RHCP Figure 5-9(h) 
NPOESS Transmit 1544.5 SARR LHCP Figure 5-9(i) 
# ee gain 
S 
eo 1 
= 0 
e) =) 


Gain value over 90% of region defined by 
0° < azimuth < 360° and 0° < nadir < 60° 


Angle off Nadia (°) 
(a) Cospas 406.05 MHz Receiving Antenna 
(Figure 5-9) 
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(b) Cospas 1544.5 MHz Transmitting Antenna 
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(c) Sarsat-TIROS 406.05 MHz SARR Receiving Antenna 
(Figure 5-9) 
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Region defined by 0° < azimuth 
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(d) Sarsat-TIROS 406.05 MHz SARP Receiving Antenna 


Gain over 95% of region with axial ratio 
<7 dB over 99% of region detined by 0° 
< azimuth < 360° and 0° < nadir < 60° 
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(e) Sarsat-TIROS 1544.5 MHz Transmitting Antenna 
(Figure 5-9) 
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(i) Sarsat-NPOSS 1544.4 MHz Transmitting Antenna 
Figure 5-9. Cospas-Sarsat LEO Satellite Antenna Gain Pattern 
(e) C/S T.001 


The Cospas-Sarsat distress beacon equipment operating at 406.05 MHz can be land-based 
(personal locator beacon, or PLB), shipborne (emergency position indicating radio beacon, or 
EPIRB), or airborne (emergency locator transmitters, or ELT). The beacons use monopole 
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antennas to transmit distress signals; samples of beacons are shown in Figure 5-10.!55 The 
beacon antenna performance requirements in C/S T.001 for all azimuth angles and for elevation 
angle 5° < @ < 60° are as follows: 156 


e pattern: hemispherical, 
e polarization: RHCP or linear, and 
e Gain: -3 < G(dBi) < 4 over 90% of the angular range. 


These specifications are referenced in Rec. ITU-R.M.633-4.!57 


Figure 5-10. Cospas-Sarsat Beacons 
(f) Rec. ITU-R M.1478-1 


For coordination studies against narrow band spurious emissions (harmonic emissions, 
parasitic emissions, intermodulation products and frequency conversion products, etc.) and out- 
of-band broadband emissions, the recommended Sarsat satellite SARP receiving antenna gain 
pattern in Rec. ITU-R M.1478-1 is shown in Table 5-58.!58 


Table 5-58. Recommended Sarsat Satellite SARP Receiving Antenna Gain Pattern 


Nadir Satellite Angle (°) Gain in RHCP (dBi) Gain in LHCP (dBi) 
62 3:8) -5.69 
59 3.54 -6.23 
54 2.62 -7.52 
47 1.24 -9,39 
39 -0.17 -11.39 
31 -1.33 -13.12 
22 -2.24 -14.52 


155 http://www.sarsat.noaa.gov/emerbens.html/, accessed Feb. 2, 2012. 


156 C/S T.001, Specification for Cospas-Sarsat 406 MHz Distress Beacons, Issue 3, Revision 12, (October 2011), 
http://www.cospas-sarsat.org/images/stories/SystemDocs/Current/T 1_270CT_2011_completedocument.pdf. 


157 Rec. ITU-R.M.633-4, Transmission Characteristics of a Satellite Emergency Position-indicating Radio Beacon 
(Satellite EPIRB) System Operating through a Satellite System in the 406 MHz Band (2010). 


158 Rec. ITU-R M.1478-1, Protection Criteria for Cospas-Sarsat Search and Rescue Instruments in the Band 406- 
406.1 MHz (2004). 
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13 -3.08 -15.77 
-3.80 -17.17 


Nn 


0 -3.96 -18.00 


5.9.2 Radionavigation-Satellite Service 


RNSS includes general RNSS, the aeronautical RNSS (ARNSS) and the maritime RNSS 
(MRNSS). There are two operating RNSS systems, i.e., GPS of the U.S. and the global 
navigation satellite system (GLONASS) of the Russian Federation; only GPS is discussed. 


GPS is a constellation of 24 MEO satellites in circular 20200 km orbit. The GPS satellite 
antenna is a phased array; a picture of a GPS satellite is shown in Figure 5-11.!59 The GPS 
receivers can be land-based, shipborne or airborne; two GPS receivers are shown in Figure 
5-12.160 Generally, GPS antennas have hemispherical coverage; a sample hemispherical 
radiation pattern is shown in Figure 5-13, and a helical antenna can provide such a pattern.!6! 


(a) Land-Based Receiver (b) Aeronautical Receiver 
Figure 5-12. GPS Receiver 


159 http://ces.iisc.ernet.in/hpg/envis/Remote/section1611.htm, accessed Jan. 17, 2012. 
160 http://www.garmin.com/us/, accessed Jan. 17, 2012. 
161 http://www.gpssource.com/files/1526-TS-L1-Active-GPS-Antenna-01 pdf. 
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Figure 5-13. Sample of GPS Antenna Radiation Pattern 


NTIA does not provide the RNSS antenna radiation performance standards for the federal 
systems. Specifications of ARNSS airborne antennas are mostly from the International Civil 
Aviation Organization (ICAO) and RTCA, and RTCM is developing the antenna standards for 
MRNSS. FAA does not provide the ARNSS antenna performance standards in 14 CFR; 
however, it specifies the antenna performance requirements in TSO, which in turn refers to the 
standards in the RTCA publications. This sub-section contains one airborne antenna radiation 
performance standard from RTCA and one recommended characteristics for the aeronautical 
GPS antennas from ITU-R. 


(a) RTCA DO-228 


For the global navigation satellite system (GNSS) airborne equipment operating in 
1575.42 + 10 MHz, the minimum airborne passive antenna operational radiation performance 
standards in RTCA DO-228 are as follows: 162 


e Polarization: nominally RHCP. 
e Gain mask: Table 5-59, the gain mask is required for all azimuthal angles. 


Table 5-59. ARNSS Airborne Passive Antenna Gain Requirement from RTCA DO-228 


; Lower Boundary of Gain Upper Boundary of Gain 
Elevation Angle 0 ae (Bic) PP Re ane 
15° <0 2 yi 
10°<@< 15° -3 7 
S05 10° -4.5 7 
0<0<5° -7.5 =) 


162 RTCA DO-228 & Change No. 1, Minimum Operational Performance Standards for Global Navigation 
Satellite System (GNSS) Airborne Antenna Equipment, §2.2 (January 11, 2000). 
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e dBic means it is circular polarization, which is required for the GNSS. 
e The antenna gain must not exceed an average gain loss of 4.5 dB at 0 => 30° when antenna is 
exposed to rain or an ice accumulation of 0.5 inch. 


e The antenna gain must not vary more than | dB over the full temperature range for which the 
antenna is specified. 


This standard is referred to in the FAA TSO-C144a for the GNSS airborne passive 
antennas.!63 Both FAA TSO and RTCA use “passive antenna” for the antenna itself and “active 
antenna” for the combination of antenna and receiver. 


(b) RTCA DO-301 


For the global navigation satellite system (GNSS) airborne equipment operating in 
1575.42 + 10.23 MHz, the minimum airborne active antenna operational radiation performance 
standards in RTCA DO-301 are as follows: 164 


e Polarization: nominally RHCP. 
e Gain mask: Table 5-59, the gain mask is required for all azimuthal angles. 


Table 5-60. ARNSS Airborne Active Antenna Gain Requirement from RTCA DO-301 


Lower Boundary of Gain Mask Upper Boundary of Gain Mask 
: Gain Suppression : Gain Suppression 
Elevation Angle 0 (dB) Elevation Angle 0 (dB) 
75° <0 223 75° <0 0 
30°<0<75° ee a soe 10°<0<75° Linear from 0 to 0.5 
20° < 0 < 30° 3.73 5°<@< 10° 0.5 
10°< 0 < 20° 4 C<0= 5° DD 
5°<08< 10° 7 0 = 0° 5 
0°<0<5° 8.5 
§=0° 10 


e Passive antenna Gmnax > -5.5 dBic at 1575.42 MHz and 5° elevation angle. 
e Passive antenna gain is expected to be no more than 4 dBic for elevation angle above 75°. 


This standard is referred to in the FAA TSO-C190 for the GNSS airborne active 
antennas. !65 


163 FAA TSO-C144a, Passive Airborne Global Navigation Satellite System (GNSS) Antenna (March 30, 2007), 
http://www.airweb.faa.gov/Regulatory_and_Guidance_Library/rgtso.nsf/0/e0892eab64284 184862572b5005 1f3b 
f/$FILE/C 144a.pdf. 


164 RTCA DO-301, Minimum Operational Performance Standards for Global Navigation Satellite System (GNSS) 
Airborne Active Antenna Equipment for the LI Frequency Band, §2.2 (December 13, 2006). 
165 FAA TSO-C190, Active Airborne Global Navigation Satellite System (GNSS) Antenna (March 30, 2007), 


http://www.airweb.faa.gov/Regulatory_and_Guidance_Library/rgtso.nsf/0/196f61004d5 1 1c3e862572b5005 1£36 
4/$FILE/TSO-C190.pdf. 
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(c) Rec. ITU-R M.1477 


For coordination studies and interference analysis in 1559-1610 MHz, the recommended 
antenna characteristics of three types of aeronautical GPS receivers in Rec. ITU-R M.1477 are as 
follows: 166 


e Type 1, the airborne receiver meeting the requirements of the satellite-based 
augmentation system and providing category I precision approach operation: !67 
© maximum antenna gain in upper hemisphere: 7 dBic, 
© minimum antenna gain towards satellite at 5° elevation: -4.5 dBic, and 
© assumed antenna gain in lower hemisphere: -10 dBic. 
e Type 2, the airborne receiver meeting the requirements of the land-based augmentation 
system and providing category II/III precision approach operation: 
© maximum antenna gain in upper hemisphere: 7 dBic, 
© minimum antenna gain towards satellite at 5° elevation: -4.5 dBic, and 
oO minimum antenna gain towards pseudolite: -21 dBic.!68 
e Type 3, the land-based receivers used in the satellite-based augmentation system to 
determine the ionospheric delay: 
© maximum antenna gain: 7 dBic, and 
© minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 


Land and ship station navigation receivers are similar to the type 1 receiver. Commercial land 
network receivers operating with a single frequency are similar to the type | receiver, and those 
operating with two frequencies are similar to the type 3 receiver. 


5.10 Radio Astronomy Service 


RAS uses telescopes or large paraboloidal antennas (D/A > 100) for its observation 
operations. 


NTIA does not provide the RAS antenna radiation performance standards for the federal 
systems. Otherwise, this sub-section contains the following RAS antenna characteristics from 
ITU-R: 


e from Rec. ITU-R RA.1631, recommended antenna reference radiation pattern for EMC 
analyses between NGSO space systems and RAS antennas sharing frequencies above 150 
MHz;!69 


166 Rec. ITU-R M.1477, Technical and Performance Characteristics of Current and Planned Radionavigation- 
Satellite Service (Space-to-Earth) and Aeronautical Radionavigation Service Receivers to be Considered in 
Interference Studies in the Band 1559-1610 MHz (2000). 

167 Satellite-based augmentation system uses additional messages from the GPS satellites to augment GPS 
receivers’ performance. Ground-based augmentation system uses additional messages from a terrestrial network 
to augment GPS receivers’ performance. 

168 Pseudolite, or pseudo-satellite, refers to a radio terminal which is not a satellite but provides radio services 
similar to satellites. In GPS, pseudolites are ground-based terminals functioning as local GPS alternatives. 

169 Rec. ITU-R RA.1631, Reference Radio Astronomy Antenna Pattern to be Used for Compatibility Analyses 
between Non-GSO Systems And Radio Astronomy Service Stations Based on the epfd Concept (2003). 
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e from Rec. ITU-R SA.509-2, recommended earth station antenna sidelobe reference 
radiation pattern for EMC analyses in 1-30 GHz; and 

e from Rec. ITU-R RA.1630, antenna parameters of some of the major land-based RAS 
systems. !70 


(a) Rec. ITU-R RA.1631 


For coordination studies and interference assessment between the NGSO space systems 
and RAS antennas sharing frequencies above 150 MHz, the recommended RAS antenna 
reference radiation pattern in Rec. ITU-R RA.1631 is shown in Table 5-61. The sidelobe of the 
radiation pattern is the average sidelobe level for more accurate interference assessment because 
the interferers are the fast moving NGSO satellites. This pattern assumes antenna efficiency e = 
100%. 


Table 5-61. Recommended RAS Antenna Reference Radiation Pattern for EMC Analyses 
between NGSO Space Systems and RAS Systems above 150 MHz 


Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A) 0°<o<dm 
G, dm <0 < Or 
29 - 25 x log(o) br < d < 10° 

34 - 30 x log(o) 10° << 34.1° 

-12 34.1° <6 < 80° 

-7 80° <  < 120° 

-12 120° < d < 180° 


o: angle off mainbeam axis, deg. 

Gmax = 10xlog[(xD/1.)"], dBi (100% aperture efficiency) 
G, =-1 + 15xlog(D/A), dBi 

bm = (202/D)(Gmnax - Gi)”, deg. 

o, = 15.85(D/A)°* , deg. 


A more accurate representation of the mainbeam and the near sidelobe pattern may be adopted 
as follows: 


G($) = GmaxlJi(20x)/(ax)]° (numerical ratio) 0<6<dn 
= b{(cos(2nx - 0.75n + 0.0953)/(nx)]’ (numerical ratio) d,<od< 1° 
where 
Gmmax = (xD/1)’, numerical ratio, assume 100% aperture efficiency 
JiQ: Bessel function of the first order 
b = 10°? n° [(nD)/(360A)]? 
x = onD/(360A) 


170 Rec. ITU-R RA.1630, Technical and Operational Characteristics of Ground-Based Astronomy Systems for Use 
in Sharing Studies with Active Services between 10 THz and 1000 THz (2003). 


5-89 


Rec. ITU-R RA.1631 also provides typical RAS antenna Gmax values; these data are 
shown in Table 5-62. 


Table 5-62. Typical Gmax of RAS Antenna 


Band (MHz) Gimax (ABi) Band (GHz) Gmax (dBi) 
150.05—153 44 a00-5 74 
322-328.6 51 10.6—-10.7 81 
406.1-410 33 14.47-14.5 84 

608-614 56 15.35—15.4 84 
1400-1427 63 2221-225 87 

1610.6-1613.8 64 23.6—24 88 
1660-1670 65 31:3-31.7 90 
2690-2700 69 42.5—43.5 93 


(b) Rec. ITU-R SA.509-2 


For coordination studies and interference assessment in 1-30 GHz, the recommended 
RAS earth station antenna sidelobe reference radiation pattern in Rec. ITU-R SA.509-2 is shown 
in Table 5-63. 


Table 5-63. Recommended RAS Earth Station Antenna Sidelobe Reference Radiation 
Pattern for EMC Analyses in 1-30 GHz 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 1° << 47.9° 
-10 47.9° <o < 180° 


: angle off mainbeam axis, deg. 
This pattern applies to D/A > 100. 


(c) Rec. ITU-R RA.1630 


The technical characteristics of the land-based RAS systems for coordination studies with 
radio services sharing in 10-1000 THz are provided in Rec. ITU-R RA.1630. Only optical 
device, either lens or optical reflector, are practical in this frequency range. Antenna parameters 
of some of the major land-based RAS systems are provided in Table 5-64. 


Table 5-64. Antenna Parameters of Land-Based Optical RAS Systems in 10-1000 THz 


Aperture Focal Focal Stop 
Telescope Location Diameter Length (f/) 
(meter) (meter) 
Keck I, Keck II Mauna Kea, HI, U.S. 10 17.5 1.75 
Hovey Ee Mt. Fowlkes, TX, U.S. 9.2 13.08 1.4 
Telescope 
Subaru Mauna Kea, HI, U.S. 8.3 15 1.8 
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Very Large Telescope Cerro Paranal, Chile 8.2x 4 14.8 1.8 
Gemini North Mauna Kea, HI, U.S. 8.0 129.6 16.2 
Gemini South Cerro Pachon, Chile 8.0 129.6 16.2 

Multi-Mirror Telescope | Mt. Hopkins, AZ, U.S. 6.5 8.1 125 
Magellan I La Serena, Chile 6.5 8.1 1.25 
Eolsiion seunung Zelenschuskaya, Russia 6.0 24 4.0 
Telescope 
Hale Palomar Mt., CA, U.S. 5.0 16.5 3.3 
be Roque de los 
len eee Muchachos, La Palma, 4.2 10.5 25 
Telescope 
Canary Islands 
Victor M. Blanco Cerro Tololo, Chile 4.0 11.5 2.9 
Mayall Kitt Peak, AZ, U.S. 4.0 10.3 2.7 
Anglo-Australian Siding Springs, 39 12.7 33 
Telescope Australia 
Focal stop: the ratio between the diameter of the aperture in the lens and the focal length of the 
lens. 


5.11 Remote Sensing Service 


RSS includes Meteorological Aids Service (MetAids), Earth Exploration Satellite Service 
(EESS), Meteorological-satellite Service (MetSat), and Space Research Service (SRS). Antenna 


data for these services are presented here. 


5.11.1 Meteorological Aids Service 


The MetAids systems include radar, optical sensor, and remote sensing devices. Antenna 


data for these systems are presented here. 


5.11.1.1 


Meteorological Radar 


MetAids wind profiler radars (WPR) are Doppler radars capable of measuring wind 


characteristics. They consist of at least 3 pencil-shaped beams, with one beam aimed vertically 
and the other two beams tilted 15° off zenith and opposite to each other. Some systems may have 
four tilted beams oriented with 90° of separation. For EMC analyses, the WPR mainbeam gain 
data is needed for interference between WPR and space systems, and the WPR sidelobe gain data 
is needed for interference between WPR and terrestrial radio systems. 


This sub-section contains the following meteorological radar antenna radiation 
performance standards from NTIA: 


e WPR operating at 449 MHz, and 
e MetAids radar operating in the 2.7—2.9 GHz. 


It also contains the following meteorological radar antenna characteristics from ITU-R: 
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e from Rec. ITU-R M.1226, recommended minimum requirements of WPR antennas and 
antenna characteristics of the representative WPR operating near 50 MHz;!7! 

e from Rec. ITU-R M.1227, recommended minimum requirements of WPR antennas and 
antenna characteristics of the representative WPR operating near 1 GHz;!72 

e from Rec. ITU-R M.1464, antenna characteristics of the representative MetAids radar 
systems operating in 2.7—2.9 GHz; and 

e from Rec. ITU-R M.1638, antenna characteristics of the representative MetAids radar 
systems operating in 5.25—5.85 GHz. 


The ITU-R Recommendations provide characteristics of the representative MetAids radar 
systems; they are listed in Table 5-65. 


Table 5-65. Summary of Representative MetAids Radar Systems 


Frequency Piatto. cee Antenna Characteristics Source 
Band (MHz) Type Gimax (dBi) (Rec. ITU-R) 
40-80 Land station Phased array 30-34 M.1226 
Near 1000 Land station Phased array 25-32 M.1227-2 
2700-2900 Land station Barebone 38, 45.7 M.1464 

reflector 
Land station Parabolic 33700 
5250-5850 Ship eee 39 M.1638 
Aircraft ERs 


(a) NTIA Manual Chapter 5 


NTIA Manual, in Section 5.5, classifies WPR operating at 449 MHz as the Group E 
radar, and its antenna should meet the Criterion E requirements. Criterion E includes the antenna 
EIRP mask, and the antenna radiation pattern can be derived from the mask. The antenna EIRP 
mask and the derived sidelobe suppression data are shown in columns 2, 3, and 4 of Table 5-66. 


Table 5-66. NTIA Wind Profile Radar Antenna Sidelobe Suppression Requirement at 449 


MHz 
Elevation Angle @ | Median EIRP (dBm) esr es ape atin 
§>70° : 110 : 
60° <0 <70° 83 95 15 
45° <0 < 60° 78 90 20 
5° <0 < 45° B 85 25 


171 Rec. ITU-R M.1226, Technical and Operational Characteristics of Wind Profiler Radars in Bands in the 
Vicinity of 50 MHz (1997). 
172 Rec. ITU-R M.1227-2, Technical and Operational Characteristics of Wind Profiler Radars in Bands in the 
Vicinity of 1000 MHz (2001). 
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(b) NTIA Manual Chapter 5 


NTIA Manual, in Section 5.5, classifies the MetAids radar operating in 2.7—2.9 GHz as 
the Group D radar, and its antenna should meet the Criterion D requirements. Referring to Table 
5-41 in Section 5.8.1, the MetAids radar antenna radiation pattern is as follows: 


e Antennas operated in 360°-rotation over the horizontal plane shall have a “median gain” 
of -10 dBi or less, as measured on an antenna test range, in the principal horizontal plane. 
e For other antennas, sidelobe suppression below the mainbeam shall be 
o first three sidelobes: 17 dB, and 
o all other lobes: 26 dB. 


(c) Rec. ITU-R M.1226 


For WPR systems operating near 50 MHz, the recommended minimum antenna 
requirements and antenna characteristics of the representative WPR systems in Rec. ITU-R 
M.1226 are as follows: 


e The minimum requirements in antenna sidelobe suppression are 
o 0°<@<5° above horizon: median 40 dB, minimum 33 dB, 
o 5°<@<45° above horizon: median 30 dB, minimum 23 dB, and 
o 0> 45° above horizon: median 23 dB, minimum 13 dB.!73 

e The antenna characteristics of representative WPR are 
o platform: land station, 

type: phased array, 

size: 2500-10000 meter’, 

Gmax: 30-34 dBi, 

Opw: 4-6°, and 

o beam tilt angle: 11—-16°. 


The 46.5 MHz WPR in Aberystwyth, UK is shown in Figure 5-14.!74 


oO00 0 


Figure 5-14. 46.5 MHz Wind Profile Radar in UK 


173 Rec. ITU-R M.1226 uses “0-5”, “5-45”, and “> 45” to specify the ranges of elevation angles. 
174 http://mst.rl.ac.uk/nerc_mstr_tech_spec.html, accessed Jan. 17, 2012. 
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(d) Rec. ITU-R M.1227 


For WPR systems operating near 1 GHz, the recommended minimum antenna 
requirements and antenna characteristics of the representative WPR systems in Rec. ITU-R 
M.1227 are as follows: 


e The minimum requirements in antenna sidelobe suppression are 
o 0°<8@<5° above horizon: median 40 dB, minimum 28 dB, 
o 5°<@<45° above horizon: median 25 dB, minimum 18 dB, and 
o @> 45° above horizon: median 20 dB, minimum 13 dB.!75 

e The antenna characteristics of representative WPR are 
o platform: land station, 

type: phased array, 

size: 3-15 meter’, 

Gye 25-32 dBi, 

Opw: 4-12°, and 

o beam tilt angle: 12—25°. 


Oo O0O00 


The 915 MHz WPR developed by the U.S. Atmospheric Radiation Measurement Program is 
shown in Figure 5-15.176 


| ees be pee De ee pee)! 
——hi oer sam eel | oSee § 


(e) Rec. ITU-R M.1464 


The antenna characteristics of the representative MetAids radar systems operating in 
2.7—2.9 GHz are provided in Rec. ITU-R M.1464; they are shown in Table 5-67. 


175 Rec. ITU-R M.1227 uses “0-5”, “5-45”, and “> 45” to specify the ranges of elevation angles. 
176 http://www.arm.gov/instruments/rwp, accessed Jan. 17, 2012. 
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Table 5-67. Antenna Characteristics of Representative MetAids Radars in 2.7—2.9 GHz 


Characteristics Parametric Value 
System* 1 2 
Platform Land station Land station 
Type Parabolic reflector Parabolic reflector 
Radiation Pattern Pencil beam Pencil beam 
Ginax (dBi) 38 45.7 
bw (°) 2 0.92 
First Sidelobe Level (dBi) 15 20 
Polarization Linear Linear 


*: Refer to Rec. ITU-R M.1464 for more information on these systems. 


(f) Rec. ITU-R M.1638 


The antenna characteristics of the representative MetAids radar systems operating in 
5.25—5.85 GHz are provided in Rec. ITU-R M.1638; they are shown in Table 5-68. 


Table 5-68. Antenna Characteristics of Representative MetAids Radars in 5.25—5.85 GHz 


Characteristics Parametric Value 
System* 1 Z 5) 
Platform Land station Land station, ship Aircraft 
Type Parabolic reflector Parabolic reflector Parabolic reflector 
Radiation Pattern Pencil Conical Fan 
Gmax (dBi) 35-50 39 315 
. El: 0.5-12 El: 4.8 El: 4.1 
Pow ) Az: 0.512 Az: 0.65 Az: 1.1 
Sidelobe 
Suppression (dB) eee 28 a 
Polarization Linear Linear Linear 


*: Refer to Rec. ITU-R M.1638 for more information on these systems. 


5.11.1.2 


Meteorological Remote Sensing Devices 


NTIA does not provide the MetAids remote sensing device antenna radiation 
performance standards for the federal systems. Otherwise, this sub-section contains antenna 
characteristics of the following typical MetAids remote sensing devices from ITU-R: 


e radiosondes, 
e dropsondes, and 
e rocketsondes. 


Antenna characteristics of the land stations communicating with these devices are not available. 
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The technical and operational characteristics of the representative MetAids remote 
sensing devices operating in the 403 MHz and 1680 MHz bands are provided in Rec. ITU-R 


RS.1165-2.!77 
(a) Radiosonde 


Radiosonde is a device attached to a weather balloon to measure lower atmospheric 
conditions; a radiosonde is shown in Figure 5-16.!78 The antenna characteristics of the typical 
radiosondes in Rec. ITU-R RS.1165-2 are shown in Table 5-69. 


Figure 5-16. Radiosonde 


Table 5-69. Antenna Characteristics of Typical Radiosondes 


Frequency 


Antenna Characteristics & Parametric Value* 
Band 


Platform: airborne with balloon 
Gmax: 2 dBi 
Platform: land based 
Type: dipole, ground plane 
|. w-----4Pattern: omnidirectional 
403 MHz ‘ Type: Kathrein 
Receive System 2 : Horizontal gain: 2.15 dB 
[ecereneerere ; Vertical gain: -15 dB 
; Type: directional (dipole with array of six corner 
System 3 : reflectors) 
‘ Horizontal gain: 8 dB 


Transmit 


System 1 


177 Rec. ITU-R RS.1165-2, Technical Characteristics and Performance Criteria for Systems in the Meteorological 
Aids Service in the 403 MHz and I 680 MHz Bands (2006). 


178 http://www.vaisala.com/en/defense/products/soundingequipment/Pages/RS92.aspx, accessed Jan. 17, 2012. 
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Vertical gain: -3dB sss 
Platform: airborne with balloon 
Ginax: 2 dBi 
Gin: < -10 dBi for analog transmission, 
-4 dBi for digital transmission 
Platform: land based 
: Type: phased array 
' Gmax: 16 dBi 
Ow: Az: 20°, El: 15° 
‘ Sidelobe suppression: > 20 dB in the direction of 
1.68 GHz ' specular ground reflection on flat terrain when 
‘elevation > 14° 
Receive ‘ Type: conical scan 
' Gmnax: 28 dBi 
' dow: 8.8° 
Sidelobe suppression: 15 dB at + 60° from boresight 
‘ Type: modified conical scan 
' Gmax? 26 dBi 
| bw: 8° 
: Sidelobe suppression: > 20 dB 
*: Refer to Rec. [TU-R RS.1165-2 for more information on these systems. 


Transmit 


System 1 


System 2 


System 3 


(b) Dropsonde 


Dropsonde is essentially a radiosonde strapped to a parachute to be dropped from an 
aircraft into a tropical storm to more accurately measure the storm conditions. The antenna 
characteristics of the typical dropsondes in Rec. ITU-R RS.1165-2, for systems operating in the 
403 MHz band, are shown in Table 5-70. 


Table 5-70. Antenna Characteristics of Typical Dropsondes 


Antenna Characteristics Parametric Value 
Platform Parachute drop from aircraft 
Transmit Type Vertical monopole 
Gain 2 dBi at horizon, -10 dBi at zenith and nadir 
Platform Onboard aircraft 
Receive Type Blade 
Radiation pattern Omnidirectional 


(c) Rocketsonde 


Rocketsonde is essentially a dropsonde deployed by a rocket at altitude 250k feet (76.2 
km) to measure upper atmospheric conditions; a rocketsonde is shown in Figure 5-17.17? The 


179 http://ams.confex.com/ams/pdfpapers/67306.pdf, accessed Jan. 17, 2012. 
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antenna characteristics of the typical rocketsondes in Rec. ITU-R RS.1165-2 are shown in Table 
5-71. 


AN 


Figure 5-17. Rocketsonde 


Table 5-71. Antenna Characteristics of Typical Rocketsondes 


eet retes Antenna Characteristics Parametric Value 
Transmit Platform Parachute drop from rocket 
Platform Land based 
a Mele Receive Type Dipole, ground plane 
Radiation pattern Omnidirectional 
Transmit Platform Rocket launch then parachute drop 
Platform Land based 
1.68 GHz Receive Crna 29 dBi 
Obw 5.4° 
Polarization RHCP 


5.11.1.3 Meteorological Optical Sensor 


NTIA does not provide the MetAids lens antenna optical sensor performance standards 
for the federal systems. Otherwise, this sub-section contains antenna characteristics of the 
following representative MetAids lens antenna optical sensors from ITU-R: 


laser ceilometer, 

optical precipitation sensor, 
visibility sensor, 

sunshine sensor, and 
luminance sensor. 
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The technical and operational characteristics of the representative MetAids lens antenna 
optical sensors operating in 272-750 THz are provided in Rec. ITU-R RS.1744.180 


(a) Laser Ceilometer 


Laser ceilometer is a light detection and ranging device to measure cloud levels in the 
atmosphere. Functional diagram and the picture of a ceilometer are shown in Figure 5-18.18! 
The cloud height, h, is calculated from 


P(h)=E< ed B(h)e* (5-14) 


where 


Ph): instantaneous power received from height h, in Watts; 

E: effective pulse energy, compensated for optics attenuation, in Joule; 

c: speed of light, in meters/second; 

A: receiver aperture, in meter’; 

h: origination height of the backscattered return, in meters; 

B(h): volume backscatter coefficient at height h, the portion of light that is reflected back 
towards the ceilometer, in (meter x steradian) |; and 

t: atmospheric transmittance that accounts for the transmitted and backscattered power by 
extinction at various heights between transceiver and height of backscatter; t = 1 ina 
clear atmosphere. 


transmitter}| receiver 


(a) Functional Diagram (b) Apparatus 


Figure 5-18. Laser Ceilometer 


180 Rec. ITU-R RS.1744, Technical and Operational Characteristics of Ground-Based Meteorological Aids 
Systems Operating in the Frequency Range 272-750 THz (2006). 


181 http://www.allweatherinc.com/meteorological/8339_ceilometer.html, accessed Jan. 17, 2012. 
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Lens antenna characteristics of representative ceilometers in Rec. ITU-R RS.1744 are 
shown in Table 5-72. 


Table 5-72. Antenna of Representative Ceilometer 


Characteristics Parametric Value 
System* 1 2 
Optics system focal 36.7 cm 35-40 cm 
length 
‘ Effective lens diameter 11.8 cm 6-15 cm 
a Indium Gallium Arsenide 
Device of light source Gallium Arsenide diode diode 
Wavelength 904 nm 855/905/910 nm at 25°C 
Surface diameter 0.8 mm 0.5 mm 
Reception lens effective 11.8cm ai 
diameter 
neces Focal length 15.0 cm n/a 
Lens transmittance 90% typical 96% typical 
Window transmittance 97% typical, clean 98% typical, clean 
peices Silicon avalanche Silicon avalanche 
photodiode photodiode 
Optical | Lens distance, transmitter 30.1 cm ‘i 
System — receiver 
cm: centimeter, or 10°” meter 
mm: mini-meter, or 10° meter 
nm: nano-meter, or 10° meter 
Pe SY CUE ee ee eee ee eee ee eee eee 
*: Refer to Rec. ITU-R RS.1744 for more information on these systems. 


(b) Optical Precipitation Sensor 


Optical precipitation sensors are used to assess the occurrence and characteristics of 
precipitation. The functional diagram and picture of an optical precipitation sensor are shown in 
Figure 5-19, 182 


transmitter receiver 


lens lens 


(a) Functional Diagram 


182 http://www.geneg.com/catalog/en/pwsp.html, accessed Jan. 17, 2012. 
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(b) Apparatus 


Figure 5-19. Optical Precipitation/Visibility Sensor 


The lens antenna characteristics of the representative optical precipitation sensors in Rec. 
ITU-R RS.1744 are shown in Table 5-73. 


Table 5-73. Antenna of Representative Optical Precipitation Sensor 


Characteristics Parametric Value 
System* 1 2 
Lens characteristics 175 mm/f3.5 n/a 
Transmit Device of light source Infrared LED Diode 
Wavelength 880 nm 870-920 nm 
Lens characteristics 175 mm/f3.5 n/a 
Receive Die size 2.75 mm” n/a 
Detector PIN photodiode Silicon photodiode 
Optical Receiver field of view 100 mrad 100 mrad 
System Optical path length 0.5m 0.3-1.0 m 
x mm/fy: focal length/focal ratio. Focal ratio is also termed focal stop or f-stop. 
mrad: mini-radian, or 10° radian. 
|n/a:notavailable, 
*: Refer to Rec. ITU-R RS.1744 for more information on these systems. 


(c) Visibility Sensor 


Visibility sensors are used to calculate the visibility level; the apparatus in Figure 5-19 
has dual capability as a visibility sensor. The lens antenna characteristics of the representative 
visibility sensors in Rec. ITU-R RS.1744 are shown in Table 5-74. 
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Table 5-74. Antenna of Representative Visibility Sensor 


Characteristics Parametric Value 
System* 1 2 
Teneue Device of light source Xenon flash lamp Infrared LED 
Wavelength 400-1100 nm 400-1100 nm 
Receive Detector PIN photodiode Silicon photodiode 
Optical PAnelp at eee Horizontal 20° below horizon 
direction 
i hice Receiver field of view 6° above the horizon 9 mrad 
*: Refer to Rec. ITU-R RS.1744 for more information on these systems. 


(d) Sunshine Sensor 


Sunshine sensors are passive sensor devices for measuring radiation from the sun; the 
picture of a sunshine sensor is shown in Figure 5-20.!83 The antenna characteristics of the 
representative sunshine sensor in Rec. ITU-R RS.1744 are as follows: 

e sunshield type: pattern over multiple photodiodes, 
e detector: photodiode, and 


e photosynthetically active radiation (PAR) sensitivity range: 0-2500 mol/(m’s). 


Figure 5-20. Sunshine Sensor 
(e) Luminance Sensor 


Luminance sensors are passive sensor devices to measure the background luminance of 


the atmosphere. The lens antenna characteristics of the representative luminance sensors in Rec. 
ITU-R RS.1744 are shown in Table 5-75. 


183 http://www.dynamax.com/BF3.htm, accessed Jan. 17, 2012. 
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Table 5-75. Antenna of Representative Luminance Sensor 


Characteristics Parametric Value 
System* 1 2 
Receiver field of view 87 mrad 105 mrad 
Detector Silicon photodiode Silicon photodiode 
Luminance Sensitivity Range n/a 2-40000 cd/m? 
Luminance Measurement Resolution n/a 1 cd/m? 
cd/m2: candela per square meter !84 
HAIN OVA 0 Seance acne a eee 

*: Refer to Rec. ITU-R RS.1744 for more information on these systems. 


5.11.2 Meteorological Satellite Services and Earth Exploration-Satellite 


NTIA does not provide the MetSat or EESS satellite antenna radiation performance 
standards for the federal systems. Otherwise, this sub-section contains the following MetSat and 
EESS satellite antenna characteristics from ITU-R: 


e from Rec. ITU-R SA.1627, telecommunication requirements and technical 
characteristics;!85 and 
e from Rec. ITU-R S.1339-1, antenna reference radiation pattern. !86 


(a) Rec. ITU-R SA.1627 


Telecommunication requirements and technical characteristics of MetSat and EESS 
service systems for data collection and platform location are provided in Rec. ITU-R SA.1627. 
The satellite can be in GSO or LEO. The satellite antennas are as follows: 


e For LEO satellite: low-cost, low-gain antenna. Examples of gain values are 
o Japanese marine observation satellite receiving antenna for data collection: gain 
from -6 dBi at the nadir to 2 dBi at the satellite horizon. 
o Brazilian satellite receiving antenna for data collection: gain from -1 dBi at the 
nadir to 1 dBi at the satellite horizon. 
e For GSO satellite: 
o Paraboloid antenna, global-beam coverage. 
o Semi isotropic (full horizon to zenith) antenna, more power required than the 
paraboloid antenna. 
e The polarization is RHCP for both LEO and GSO systems. 


(b) Rec. ITU-R S.1339-1 


Lacking EESS satellite antenna reference radiation patterns, Rec. ITU-R S.1339-1 adopts 
the FSS satellite antenna reference radiation pattern in Rec. ITU-R $.672-4 to assess the 


184 One candela equals one lumen per steradian. 


185 Rec. ITU-R SA.1627, Telecommunication Requirements and Characteristics of EESS and Metsat Service 
Systems for Data Collection and Platform Location (2003). 


186 Rec. ITU-R S.1339-1, Sharing between Spaceborne Passive Sensors of the Earth Exploration-satellite Service 
and Inter-satellite Links of Geostationary-satellite Networks in the Range 54.25 to 59.3 GHz (1999). 
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interference between EESS spaceborne passive sensors and the ISS links of GSO space systems. 
The pattern is shown in Table 5-76. 


Table 5-76. Recommended Satellite Antenna Reference Radiation Pattern for Assessing 
Interference between EESS Spaceborne Passive Sensors and ISS Links of GSO Space 


Systems 
Gain Function (dBi) Angular Range 
Gmmax - 12(6/0,,,)” 0.5 < b/dpw <a 
Gmmax + Ln + 20 x log(z) a < o/dbw < 1.58 
Ginax + La 1.58 < 0/dpw < 3.16 
x - 25 x log(o) 3.16 < o/dow < y 
Lr ys /Oow < 90/dbw 
Ly 90° < o < 180° 


o: angle off mainbeam axis, deg. 
dbw: HPBW in the direction of interest, deg. 
L,: near sidelobe level relative to Gmax required by the system design, dB 


a =2 for L, = -20, -25 
=N/A for L, = -30 

a = 1.29[1 -log(z)]°° for Ly = -20 
= 1.29[1 - 0.8 x log(z)]°° for Ly = -25 
=N/A for L, = -30 


Z = (major axis)/(minor axis) 

X = Gmax + Ln + 25 x log(3.16 x Opw), dBi 

y= 3.16x 1900.04 GmaxtLn—Le) 

Ly: far sidelobe level, Ls = 0 dBi 

Lp: back lobe level, L, = max[0, 15 + L, + 0.25Gmax + 5 x log(z)], dBi 


5.11.3 Space Research Service 


SRS uses large paraboloidal antennas or array antennas for its land-based observation 
operations, and antennas of sizes fitting to the space craft for its spaceborne operations. 


NTIA does not provide the SRS antenna radiation performance standards for the federal 
systems. Otherwise, this sub-section contains the following SRS antenna characteristics from 
ITU: 


e from Rec. ITU-R SA.509-2, recommended earth station antenna sidelobe reference 
radiation pattern for EMC analyses in 1-30 GHz;1!87 


187 Rec. ITU-R SA.509-2, Space Research Earth Station and Radio Astronomy Reference Antenna Radiation 
Pattern for Use in Interference Calculations, Including Coordination Procedures (1998). 
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e from Rec. ITU-R SA.1811, large-aperture earth station antenna reference radiation 
patterns for compatibility analyses in 31.8—32.3 and 37-38 GHz, one for single-entry and 
one for a large number of distributed interfering sources;!88 

e from Rec. ITU-R SA.1014-2, typical limitations on antenna surface accuracy and gain in 
the deep-space space-Earth telecommunication link, and antenna characteristics of 
representative antennas; !89 and 

e from Rec. ITU-R SA.1742, technical and operational characteristics and reference 
radiation pattern of interplanetary and deep-space telescopes around 283 THz.1!99 


(a) Rec. ITU-R SA.509-2 


For coordination studies and interference assessment in 1-30 GHz, the recommended 
SRS earth station antenna sidelobe reference radiation pattern in Rec. ITU-R SA.509-2 is shown 
in Table 5-77. 


Table 5-77. Recommended SRS Earth Station Antenna Sidelobe Reference Radiation 
Pattern for EMC Analyses in 1-30 GHz 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 1°<< 47.9° 
-10 47.9° < > < 180° 


o: angle off mainbeam axis, deg. 
This pattern applies to D/A > 100. 


(b) Rec. ITU-R SA.1811 


For compatibility analyses in 31.8-32.3 and 37-38 GHz, the recommended SRS large- 
aperture earth station antenna reference radiation pattern in Rec. ITU-R SA.1811 is shown in 
Table 5-78. 


Table 5-78. Recommended SRS Large-Aperture Earth Station Antenna Reference 
Radiation Pattern for Compatibility Analyses in 31.8—32.3 and 37-38 GHz 


(a) For Single Interfering Source 


Gain Function (dBi) Angular Range 
Gmax - 12 x (/ bbw)” 0<b<o 
Gmax - G1 di < OS bo 
Ginax - G, - G> x log(/d2) 2 < ) < 3 
G3 o3 < d < 80° 


188 Rec. ITU-R SA.1811, Reference Antenna Patterns of Large-aperture Space Research Service Earth Stations to 
be Used for Compatibility Analyses Involving A Large Number of Distributed Interference Entries in the Bands 
31.8-32.3 GHz and 37.0-38.0 GHz (2007). 

189 Rec. ITU-R SA.1014-2, Telecommunication Requirements for Manned and Unmanned Deep-Space Research 
(2011). 

190 Rec. ITU-R SA.1742, Technical and Operational Characteristics of Interplanetary and Deep-Space Systems 
Operating in the Space-to-Earth Direction around 283 THz (2006). 
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G3 +5 80° <b < 120° 


G; 120° <  < 180° 


o: angle off mainbeam axis, deg. 
dow: HPBW, dpw = 69 (A/D), deg. 
1 = bbw x (Gi/12)”° 
G 0.5 

= x10 (G1/G2) pf 2 

o, Ou 144 
Ginax-Gi-G3 

3; =, x io me 
Gmax = 10 x logfe, (nD/A)"] - 4.343(4h/d)*, dBi 


G, = 17 dBi 
G> = 27+ 10 [ log(e,) - log(60h/A) J, dBi 
G3 = -10 dBi. 


D: aperture diameter 
€,: antenna efficiency excluding contribution from surface tolerance 


1 h 1 
h: root-mean-square surface tolerance, < < 
60 r 15 


(b) For Large Number of Distributed Interfering Sources 


Gain Function (dBi) Angular Range 
Gmax -12~x (/ bbw) O< 0) BS 4 
Ginax - Gy ba <0 < os 
Ginax - Gg - Gs x log((/ds) $5 << 6 
Ge d6 < o < 80° 
Ge +5 80° < d < 120° 
Ge 120° < @ < 180° 


: angle off mainbeam axis, deg. 
Obw: HPBW, dbw = 69 (A/D), deg. 
4 = ow x (Ga/12)” 
G 0.5 

= x 19 (Gs-3/Gs] x Less 

os Oy 144 
G max-G4-Ge 

6 = 95 cio s | 
Gmax = 10 x log[e, (nD/A)”] - 4.343(4th/A)’, dBi 
G, = 20 dBi 
Gs; = 27 + 10 [ log(e,) - log(60h/A) J, dBi 
Ge = -13 dBi 
D: aperture diameter 
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€,: antenna efficiency excluding contribution from surface tolerance 


r 15 


1 h 1 
h: root-mean-square surface tolerance, 0 < < 


(c) Rec. ITU-R SA.1014-2 


The typical limitations on the antenna surface accuracy and gain in the deep-space SRS 
space-Earth telecommunication link are given in Rec. ITU-R SA.1014-2 and shown in Table 
5-79, and the antenna characteristics of representative antennas are shown in Table 5-80. 


Table 5-79. Typical Limitation on Deep-Space SRS Space-Earth Link Antenna 


Accuracy of Pointing . 
patenns Dish Surface Accuracy Max. Gmax Max. Gmax 
3.7-meter Space ” 66 dBi at 100 : 
Sian hniennn 0.24 mm r.m.s. 0.15 GHz 55 dBi 
70-meter Earth - 83 dBi at 37 . 
Setian Angas 0.53 mm r.m.s. 0.005 GHz 75 dBi 


*: when pw equals 2 times the pointing accuracy. 


Table 5-80. Characteristics of Representative Deep-Space SRS Space-Earth Link Antenna 


: Frequency : a 
Antenna Link (GHz) Ginax (dBi) bbw (°) 
2k 62 0.14 
70-meter Earth Earth-to-space ig a2 0.04 
Station Dish 22 = oe 
A 23 63 0.13 
ntenna 
Space-to-Earth 8.45 74 0.03 
32 83.6 0.01 
2A 36 2.6 
Acoasetat Earth-to-space La 48 0.64 
Satellite Dish = ol os 
Antenna 3 37 2.3 
Space-to-Earth 8.45 48 0.64 
32. 59.5 0.17 
(d) Rec. ITU-R SA.1742 


The interplanetary and deep-space systems plan to operate the space-Earth 
telecommunication links with telescopes around 283 THz. The technical and operational 
characteristics and reference radiation patterns of these telescopes are provided in Rec. ITU-R 
SA.1742. The typical parameters of the transmitting and receiving telescopes differ greatly from 
each other, resulting in different gain pattern for each telescope. The transmitting and receiving 
gain patterns are also different because the transmitting optics is usually fed by a Gaussian 
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distributed beam while the receiving optics has a planar detector. The approximate envelope of 
the antenna gain patterns are shown in Table 5-81. It is recommended to use the following 
models for interference assessment: the diameter of the transmitting antenna should be 30 cm, 
and the receiving antenna should be 1, 4.2, or 10 meters. 


Table 5-81. Antenna Gain Pattern of Planned Interplanetary and Deep-Space Systems 
Space-Earth Link Operating near 283 THz 


(a) Antenna of Unobscured Circular Transmitting Aperture 


Gain Function (dBi) Angular Range 
Gmax - 0.9 - 4.5 x 10“(@D/A)*? 0<b<dm 
G, Omi <0 < On 
Gimax + 35 - 30 x log(@D/A) br <0 < o1 
-10 o1 < d < 180° 


o: angle off mainbeam axis, deg. 

Omi = 0.750y1, deg. 

b= 5.83[180A/(xD)], deg. 

1: field of view limited by optical stops, deg. 
D: aperture diameter 

Gmmax = 20xlog(aD//), dBi 

G, = Gmnax - 25.8, dBi 


(b) Antenna of Obscured Circular Transmitting Aperture 


Gain Function (dBi) Angular Range 
Gmax - 0.9 + 32 x log(1-y’) - (4 x 107 + y/2000)(@D/A)** 0<d<dm 
Gy dm2 SO < 2 
Gmmax + 40 + 15y - 30 x log(@D/A) b:2 <b < d2 
-10 b2 <b < 180° 


Om2 = (0.75 - 0.5y)d,2, deg. 

6,2 = (5.77 - 2.9 y)[180A/(n°D)], deg. 

2: field of view limited by optical stops, deg. 

Gy = Ginax + 2.17 + 15y - 30 x log(5.77 - 2.9 y’), dBi 

y: obscuration ratio, y = (radius of secondary aperture)/(radius of primary aperture) 


(c) Antenna of Unobscured Circular Receiving Aperture 


Gain Function (dBi) Angular Range 
Gmax - 6 x 107 x ($D/A)”* 0<<dms 
G3 m3 < ) < or3 
Gmax + 42 - 30 x log(@D/A) 3 < o < $3 
-10 63 < d < 180° 
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Om3 = 0.6503, deg. 

6,3 =5.14[180A/(n’D)], deg. 

3: field of view limited by optical stops, deg. 
G3 = Gmax - 17.5, dBi 


(d) Antenna of Obscured Circular Receiving Aperture 


Gain Function (dBi) Angular Range 
Gmax + 20 x log(1-y”) - (6 x 10 + y/3000)(D/A)*° 0<d< dma 
G4 m4 = 0) < ora 
Ginax + 44 + 8y - 30 x log(@D/A) Or <0 < 4 
-10 b4 <b < 180° 


ma = (0.62 - 0.3y) dra, deg. 
6,4 = 5.14 [180A/(x’D)], deg. 

4: field of view limited by optical stops, deg. 
G4 = Gimax - 15.15 + 8y, dBi 


5.12 Space Applications Service 


SA includes space operation service (SOS), Inter-Satellite Service (ISS), Data Relay 
Service (DRS), etc. These services will be discussed here. 


NTIA does not provide the SA antenna radiation performance standards for the federal 
systems. Otherwise, this sub-section contains SOS and DRS antenna characteristics from ITU-R. 


5.12.1 Space Operation Service 


The main functions of SOS are maintenance telemetry, telecommand, tracking and radio 
frequency sensing for attitude control. Operational and technical parameters of SOS are provided 
in Rec. ITU-R SA.363-5.!9! Antennas with quasi-omnidirectional radiation patterns are mostly 
used to perform the SOS operations. The average gain of a quasi-omnidirectional antenna is 
around 0 dBi, and the minimum gain occasionally exceeds -6 dBi.!92 However, satellite 
structures greatly influence the radiation patterns. For instance for frequencies higher than 8 
GHz, the antenna radiation pattern generally is not quasi-omnidirectional, but is restricted to 
certain aspect angles. When conducting link budget analyses, the antenna gain data should be the 
guaranteed value within the minimum required coverage area instead of the mainbeam gain 
value of (Gmax - 3), dBi. In general, considerations for the antenna design are different in the 
following frequency ranges: 


191 Rec. ITU-R SA.363-5, Space Operation Systems (1994). 


192 Rec. ITU-R SA.1154, Provisions to Protect the Space Research (SR), Space Operations (SO) and Earth 
Exploration Satellite Services (EES) and to Facilitate Sharing with the Mobile Service in the 2 025-2 110 MHz 
and 2 200-2 290 MHz Bands (1995). 
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arrangement of the antennas. 


5.12.2 Data Relay Service 


The GSO DRS system provides telecommunication support between the earth stations 
and the manned/unmanned LEO satellites conducting space research operations. The antenna 
characteristics and reference radiation patterns of the U.S. DRS network in Rec. ITU-R SA.1414 
are shown in Table 5-82.!94 Rec. ITU-R SA.1414 also provides technical data of three DRS 


networks from Russia, Europe and Japan. 


f < 1 GHz: Radiation patterns are affected by the satellite structures, which may be an 
advantage for small satellites (less than | meter) and a disadvantage for larger ones. 
1 <f< 8 GHz: Radiation patterns are mainly defined by the characteristics and 


8 <f< 30 GHz: Requirements on the radiation pattern entail stricter constraints on the 
design and manufacture of the antenna.!93 


Table 5-82. Antenna Characteristics of U.S. GSO DRS Network 


(a) Satellite Antenna for GSO-Earth Link 


Characteristics Parametric Value 
Platform DRS 
Type Paraboloid 
Diameter (meter) 22 
: Frequency Range (GHz) 13.4—14.05 
Transmit G.. (dBi) 46.1 
; Frequency Range (GHz) 14.5—15.34 
Receive Gmnax (dBi) AT 
Radiation Pattern Rec. ITU-R S.672 
Polarization Linear 
(b) Earth Station Antenna for GSO-Earth Link 
Characteristics Parametric Value 
Platform Earth station 
Type Paraboloid 
Diameter (meter) 18.3 
: Frequency Range (GHz) 14.5—15.34 
Transmit Ginax (dBi) 66.4 
: Frequency Range (GHz) 13.4—14.05 
Pee Ginax (dBi) 65.5 
Radiation Pattern RR Appendix 7* 
Polarization Linear 
*: “RR Appendix S7” in Rec. ITU-R SA.1414 should be a misprint. 


193 Rec. ITU-R SA.363-5 uses “below 1”, “1 to 8”, and “8 to 30” to specify the frequency ranges. 
194 Rec. ITU-R SA.1414, Characteristics of Data Relay Satellite Systems (1999). 
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(c) GSO Satellite Antenna for GSO-LEO Space Link 
Characteristics Parametric Value 
Platform DRS 
Type Phased array Paraboloid 
Diameter (meter) n/a 4.9 
Frequency Range ks z ie oe 
Transmit (GHz) 22.1 2.025-2.11 13.4-13.8 22.55—23.55 
Ginax (dBi) 23 36.6 53.8 58.9 
cen. PPCMMEREY Range | |<“9. 0855-00 2.2-2.29 | 14.76-15.34 | 25.25-27.5 
Receive (GHz) 
Gmax (dBi) 29 36 53.3 58 
Radiation Pattern N/A Rec. ITU-R 8.672 
Polarization Circular 
(d) LEO Satellite Antenna for GSO-LEO Space Link 
Characteristics Parametric Value 
Platform LEO satellite 
Omnidirec- Cnmidie: 
Type : tional, arrays, | Paraboloid Paraboloid 
tional, arrays : 
paraboloid 
Diameter (meters) n/a sie a <1.5 <1.3 
__ | Frequency Range | 5 985-2.29 | 2.2-2.29 | 14.76-15.34 | 25.25-27.5 
Transmit (GHz) 
Gmax (dBi) <15 < 27.3 < 43 <47 
Frequency Range ‘ = a * 
peses (GHz) 2-2.1 2.025—2.11 13.4-13.8 22.55—23.55 
Gmax (dBi) a45 27,8 <44 <47 
Radiation Pattern N/A Rec. ITU-R 8.672 
Polarization Circular 


5.13 Summary 


The rules, regulations, recommendations, and antenna characteristics presented in this 
section are summarily listed in Table 5-83 below for quick reference. 


Table 5-83. Summary of Antenna Data in Section 5 


(a) Fixed Service 
23s Frequency Table / Reference / 
ae a Sue Bands Figure Comments 
406.1420, 932— 
P-P epue rae ola federal 935, 941-944, Table 5-1 | NTIA Manual, §5.3.3 
y 1710-15350 MHz 
P-P Antenna standard. A, U.S: non-federal |. <-g45. aqiay Table 5-2 47 CFR §101.115 
systems, for general applications 
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Antenna standard B, U.S. non-federal 


P-P systems, for operating in areas not > 932.5 MHz Table 5-2 47 CFR §101.115 
subject to congestion 
p-p | Non-specific antenna standard, US. | 5 932.5MHz | Tables-2 | 47CFR§101.115 
non-federal systems 
Cable TV relay system antenna 12.7-13.25 
EF standard, U.S. non-federal systems 17.7-19.7 GHz eae a1 GER SIB109 
For coordination studies and 
interference assessment between FS RR Appendix 5, 
re systems and GSO/NGSO MSS on ee Annex 1 
system space-to-earth links 
For deriving coordination area 100 MHz—105 RR Appendix 7, 
ad around earth station GHz Ele? Annex 6 
For coordination studies and single- 
entry interference assessment 
Pe between FS systems and between FS_| 100 MHz—70 GHz Fable ose Pe Ore 
systems and space systems 
For coordination studies and 
: aggregate interference assessments - ; : 
P-P betvectt F@ayctemeand between FS 1-70 GHz Table 5-7 Rec. ITU-R F.1245 
systems and space systems 
For statistical interference analysis 
P-P between FS systems and between FS 1-70 GHz Table 5-8 Rec. ITU-R F.1245 
and space systems 
For coordination studies and 
interference assessment between FS ; 
P-MP systems and GSO/NGSO MSS 1-3 GHz Table 5-9 RR Appendix 5 
system space-to-Earth links 
oe Ree TUR .13363, 
P-MP 1-70 GHz Table 5-10 omnidirectional 
systems and between FS systems and 
antennas 
space systems 
For coordination studies and 
P-MP interference assessment between FS 1-70 GHz Table 5-10 Rec. ITU-R F.1336-3, 
systems and between FS systems and sectoral antennas 
space systems 
For coordination studies and Rec. ITU-R F.1336-3, 
P-MpP interference assessment between FS 1-3 GHz Table 5-10 low-cost low-gain 
systems and between FS systems and antenna with pencil- 
space systems shaped beam 
HAPS FS General General Table 5-11 Rec. ITU-R F.1500 
(b) Fixed-Satellite Service 
ree Frequency Table / Reference / 
Syem Applicaton Bands Figure Comments 
Earth station antenna, U.S. non- 
GSO federal systems, co-polarization, in General Table 5-12 47 CFR §25.209 
GSO plane 
Earth station antenna, U.S. non- Table 
GSO federal systems, co-polarization, not General 47 CFR §25.209 
: 5-12(b) 
in GSO plane 
Earth station antenna, U.S. non- Table 
a federal systems, cross-polarization sian 5-12(c) Bi rea ae 
NGSO Earth station antenna, U.S. non- General Table 47 CFR §25.209 
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federal systems, co-polarization 5-12(d) 
Earth station antenna, for establishing 
GSO downlink pfd Limit of NGSO FSS 3.7-4.2 GHz Table 5-13 RR Article 22 
System 
Earth station antenna, for 
GSO coordination studies involving GSO General Table 5-14 RR Appendix 8 
FSS network 
Earth station antenna, as design 
GSO objective and for coordination studies | 6/4 and 13/10-11 Table 5-15 RR Appendix 30B, 
and interference assessment when GHz bands Allotment Plan 
allotments are implemented 
Earth station antenna, for 
coordination studies and interference 
General assessment between FSS systems 2-30 GHz Table 5-16 Rec. ITU-R S.465-6 
and between FSS systems and other 
systems 
GSO cl belie ace am General Table 5-17 | Rec. ITU-R S.580-6 
objective of new Systems 
Earth station antenna, for 
coordination studies and interference 
General assessment involving NGSO FSS 10.7-30 GHz Table 5-18 Rec. ITU-R S.1428-1 
systems 
Rec. ITU-R S.731-1, 
Earth station antenna, cross- used with caution if 
General polarization, for coordination studies 2-30 GHz Table 5-19 D/X < 50 or if feed 
and interference assessment system causing high 
level spillover 
Recommended FSS VSAT Earth 
Gensel, ||) 2 osee ee eae 2-30 GHz Table 5-20 | Rec. ITU-R S.728-1 
Polarization Reference Radiation 
Patterns 
Satellite antenna, as design objectives 6/4 and 13/10—11 RR Appendix 30B, 
GSO and for interference analysis when Table 5-21 Allotment Plan, e > 
: GHz bands 
allotments are implemented 0.55 
GS0F General Table 5-22 | Rec. ITU-R S.672-4 
or elliptical beam, as design objective 
Satellite antenna, multiple-feed 
GSO circular or elliptical beam, as design General Table 5-23 Rec. ITU-R S.672-4 
objective 
Satellite antenna, as design objective 
NGSO and for coordination studies and < 30 GHz Table 5-24 Rec. ITU-R 8.1528 
interference assessment 
(c) Broadcasting Service 
i eee Frequency Table / Reference / 
Rervice AppeHon Bands Figure Comments 
: AM radio transmitting array antenna, Section 47 CFR 873.150 and 
ance USS. eee ae epee 5.4.1.1 §73.160, formulas 
gadis: ; ||, ee ane enn: HF band Table 5-25 | Rec. ITU-R BS.80-3 
as selection guideline 
Se ee ea Section | Rec. ITU-R BS.705-1, 
audio antenna, for performance evaluation HF band 
: 5.4.1.1 formulas 
and system planning 
audio HF AM radio HF band Figure 5-3 Rec. ITU-R BS.705-1 
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receiving antenna, for performance 
evaluation and system planning 


FM transmitting antenna for aural 
broadcast studio-to-transmitter-link 


audio : : ? 17.7-19.7 GHz Table 5-26 47 CFR 874.536 
or intercity-relay station, U.S. non- 
federal systems 
ITU-R BS.599, not for 
audio VHF FM radio receiving antenna 30-88 MHz Figure 5-4 | planning of portable or 
mobile reception 
seideg > || eRe cee a By See |" aor Ga” || Table 527 47 CFR Part 74 
non-federal systems 
video aN eat ie nae eye TV bands Figure 5-5 | Rec. ITU-R BT.419-3 
planning 
(d) Broadcasting-Satellite Service 
eee Frequency Table / Reference / 
System Apphcavou Bands Figure Comments 
Earth station transmitting antenna for : 
GSO Region 2 Allotment Plan, feeder link 17.3-17.8 GHz Table 5-28 RR Appendix 30A 
Earth station antenna, for 
determining if coordination is ; 
GSO required between GSO satellite BSS bands Table 5-29 RR Appendix 8 
networks 
Gso | Ha SaneareceNme solenna ir |. 99212.7GHe, ||| ables 40°, || . RR Appendix 30 
Region 2 Allotment Plan ; ; PP 
General Earth station receiving antenna 11.7—12.75 GHz Table 5-31 Ree - = oe 
Earth station receiving antenna, for 
Caner interference assessment involving 12.2-12.7, 17.3— Table 5-32 Rec. ITU-R BO.1443- 
NGSO FSS satellites in BSS 17.8 GHz 2 
Allotment Plan bands 
G 1 Satellite transmitting antenna, Region 12.2-12.7GH Table 5-33 RRA dix 30 
enera a lisiecnk Plan : : Zz able 5- ppendix 
GSucral:; | SS ecelne antenna, Recon? |, 17 Sige Gaia. || <Tapies-34.-|||. RR Appendix 30d 
Allotment Plan 
(e) Mobile Service 
A Pee Frequency Table / Reference / 
Penvice mpphcanou Bands Figure Comments 
Radiation performance standard for Scion 
LMS private radio service, U.S. non- LMS band 561 47 CFR Part 90 
federal systems si 
Radiation performance standard for cachoe 
LMS personal radio service, U.S. non- LMS band 561 47 CFR Part 95 
federal systems cs 
LMS For interference protection of IMT- 
HAPS 2000 stations operating in LMS band Table 5-35. RR Resolution 221 
neighboring countries 
LMS For assessing interference from LMS 5 GHz Table 5-36 ITU-R M.1652-1 
systems to RDS systems 
MMS Radiation performance standard, U.S. MMS band Section 47 CER Part 80 
non-federal systems 5.6.2 
AMS Airborne transmitting and receiving 117.975-137 Section RTCA DO-186B 
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antenna, radiation performance MHz 5.6.3 
standard 
: sid 1.452-1.525, Section 
AMS Airborne transmitting antenna 231-2.36 GHz 563 Rec. ITU-R M.1459 
Land-based receiving antenna for 1.452-1.525, 
es telemetry and telecommand operation 2.31—2.36 GHz Teen Re 
(f) Mobile-Satellite Service 
é Bats Frequency Table / Reference / 
Service Application Bands Figure Comments 
LMSS Earth station antenna 1-3 GHz Table 5-38 Rec. ITU-R M.1091 
Ship antenna, for coordination Rec. ITU-R M.694-1, 
studies and interference assessment 1518—1660.5 for ship station 
My. between MSS and terrestrial or space MHz Table 227 antenna of 0.8—1.3 
services meter diameter 
Muiss® |r ent sna se MMSS band | Table 5-40 | Rec. ITU-R M.694-1 
Airborne antenna, radiation Sutin 
AMSS performance standard as design 1.6/1.5 GHz band 5.73 RTCA DO-210D 
objective and installation guideline a 
(g) Radiodetermination Service 
* ete Frequency Table / Reference / 
SerNae Application Bands Figure Comments 
RDS Groupins OU RDS radar and culene |" Oscrune bans: | "Table 54k |" TTA Manual 65.5 
of antenna radiation patterns 
RDS Radar antenna Operating bands Table 5-42 Rec. ITU-R M.1851 
For interference assessment from 
RDS LMS systems to RDS system 5 GHz Table 5-43 Rec. ITU-R M.1652 
RDS radar for search, tracking, and 
RDS surveillance, representative 1.215—1.4 GHz Table 5-44 | Rec. ITU-R M.1463-1 
characteristics 
Land-based radar for space object 
RLS recognition and tracking, 30-300 MHz Table 5-46 | Rec. ITU-R M. 1802-1 
representative characteristics 
Land-based radar for detection, 
identification, and tracking of space 
objects, shipborne radar for 
a surveillance, airborne radar for air gee Me Table 5-47 Rect MNO 
traffic control, representative 
characteristics 
Military radar for air traffic control, 
RLS naval surveillance, and land-based air 2.7-2.9 GHz Table 5-48 Rec. ITU-R M.1464-1 
defense, representative characteristics 
RLS | Radar for detecting airborne objects, | 5.9.3.1GHz | Table 5-49 | Rec. ITU-RM.1460 
representative characteristics 
Radar for surface and air 
RLS surveillance, representative 3.1-3.7 GHz Table 5-50 | Rec. ITU-R M.1465-1 
characteristics 
Land-based radar for providing 
RLS ee eee 5.25-5.85 GHz | Table5-51 | Rec. ITU-R M.1638 


aeronautical vehicles, shipborne 
radar for conducting sea and air 
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surveillance, airborne radar for 
conducting land-mapping and 
imaging, representative 
characteristics 


Radar for surface and air surveillance 


RLS of discrete approaching object, 13.75—14.0 GHz Table 5-52 Rec. ITU-R M.1644 
representative characteristics 
Radar for surface and air surveillance 
RLS of discrete approaching object, 15.4-17.3 GHz Table 5-53 | Rec. ITU-R M.1730-1 
representative characteristics 
Radar for mapping, target 
identification, navigation, aim-point 
RLS determination, and test range 33.4-36.0 GHz Table 5-54 Rec. ITU-R M.1640 
instrumentation, representative 
characteristics 
ARNS Airborne receiving antenna for ILS, 108-112 MHz Section RTCA DO-195 
minimum performance standard 5.8.3 
Airborne receiving antenna for VHF Secton 
ARNS omnidirectional range equipment, 108—117.95 MHz 583 RTCA DO-196 
minimum performance standard ~ 
Airborne antenna for GPS local area : 
ARNS augmentation system, minimum sie Serton RTCA DO-253A 
MHz 5.8.3 
performance standard 
Airborne receiving antenna for ILS Shctoh 
ARNS glide slope equipment, minimum 328.6-335.4 MHz 583 RTCA DO-192 
performance standard oe 
Airborne antenna for distance eucties 
ARNS measuring equipment, minimum 960-1215 MHz 583 RTCA DO-189 
performance standard oe 
Airborne antenna for air traffic 
ARNS control radar beacon system/mode 1.03-1.09 GHz Section RTCA DO-181 
select equipment, minimum 5.8.3 
performance standard 
Airborne antenna for traffic alert and Transmit: 1.03 Gactse 
ARNS collision avoidance system II, GHz, receive: 583 RTCA DO-185 
minimum performance standard 1.087—1.093 GHz “<4 
Airborne antenna for active traffic Transmit: 1.03 Seaton 
ARNS alert and collision avoidance system GHz, receive: 583 RTCA DO-197A 
I, minimum performance standard 1.087—1.093 GHz os 
Airborne antenna for automatic 
ARNS dependent surveillance system and 1.09 GHz Section RTCA DO-260A 
traffic information service system, 5.8.3 
minimum performance standard 
ARNS Radar for air traffic control at airport, 2.7-2.9 GHz Section Rec. ITU-R M.1464-1 
representative characteristics 5.8.3 
ARNS, Radar beacon system, recommended 2.9-3.1, 9.3-9.5 Section 
MRNS ofanaclerites GHz 5.8.3 ieapenoasiauewis 
Radar for airborne weather 
ARNS avoidance, wind shear detection, and 5.25-5.85 GHz Section Rec. ITU-R M.1638 
safety services, representative 5.8.3 
characteristics 
Radar for ground mapping, weather 
ARNS® ||, 31.8-334GHz | %€O" | Rec. ITU-R M.1466 
airborne on-board navigation system, 5.8.3 


representative characteristics 
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(h) Radiodetermination-Satellite Service 


Sula Poe eerie Frequency Table / Reference / 
PP Bands Figure Comments 
Transmit: 1544.5 
RLSS GSO satellite antenna characteristics MHz, receive: Table 5-56 ce ee ae = 
406.05 MHz 
Transmit: 1544.5 
RLSS LEO satellite antenna characteristics MHz, receive: eae CS Rennes a 
406.05 MHz a 
Sarsat satellite receiving antenna, for 
RLSS | Coordination against narrow band = 1 Operating band | Table 5-58 | Rec. ITU-R M.1478-1 
spurious emissions and out-of-band 
broadband emissions 
Passive airborne antenna, minimum pecuon 
ARNSS ’ 1.597—1.605 GHz 5.9.2 & RTCA DO-228 
performance standards 
Table 5-59 
: F ai Section 
ARNSS Active el Su cena ae eee 10.23 592& RTCA DO-301 
P Table 5-59 
Aeronautical GPS receiver, for Secon 
RNSS coordination studies and interference Operating band 592 Rec. ITU-R M.1477 
analysis of aeronautical GPS receiver -_ 
(i) Radio Astronomy Service 
; eer Frequency Table / Reference / 
ae Mppication Bands Figure Comments 
For coordination studies and 
interference assessment between 
RAS NGSO space systems and RAS > 150 MHz Table 5-61 Rec. ITU-R RA.1631 
antennas 
RAS Typical Gyax values > 150 MHz Table 5-62 Rec. ITU-R RA.1631 
Earth station antenna, for Rec. ITU-R SA.509-2, 
RAS coordination studies and interference 1-30 GHz Table 5-63 sidelobe radiation 
assessment pattern 
RAG | ene based pacar coordination | 191000THz | Table 5-64 | Rec. ITU-R RA.1630 
(j) Remote Sensing Service 
eer Frequency Table / Reference / 
Bervice Appleton Bands Figure Comments 
Metis: | ee ee ee ee 449 MHz Table 5-66 | NTIA Manual §5.5 
antenna sidelobe suppression 
Wind profiler radar, minimum Sictah 
MetAids requirements and representative 40-80 MHz 51111 Rec. ITU-R M.1226 
characteristics ety 
Wind profiler radar, minimum Sachin 
MetAids requirements and representative Near | GHz 51111 Rec. ITU-R M.1227 
characteristics pee 
MetAids Radar, representative characteristics 2.7-2.9 GHz Table 5-67 Rec. ITU-R M.1464 
MetAids Radar, representative characteristics 5.25—-5.85 GHz Table 5-68 Rec. ITU-R M.1638 
MetAids RA ene 403, 1680 MHz | Table 5-69 | Rec. ITU-R M.1165-2 
characteristics 
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Dropsonde, representative 


MetAids ee 403 MHz Table 5-70 | Rec. ITU-R M.1165-2 
characteristics 
MetAids Oe ee Operating band | Table 5-71 | Rec. ITU-R M.1165-2 
characteristics 
Metids,!|, - exes OU eR sens 272-750 THz | Table 5-72 | Rec. ITU-R RS.1744 
characteristics 
MetAids Oprleal preciplAlOn/sens0%, 272-750 THz | Table 5-73 | Rec. ITU-R RS.1744 
representative characteristics 
MetAidy |)! - i Riiysenion tease nanye 272-750 THz | Table 5-74 | Rec. ITU-R RS.1744 
characteristics 
Metis: | 7 Sp Descnalye 272-150 THz | Table 5-75 | Rec. ITU-R RS.1744 
characteristics 
Satellite antenna, for assessing 
EESS Ne eee Operating band | Table 5-76 | Rec. ITU-R S.1339-1 
spaceborne passive sensors and ISS 
links of GSO space systems 
Land-based earth station antenna, for 
SRS coordination studies and interference 1-30 GHz Table 5-77 Reed TUR eae. 
sidelobe pattern 
assessment 
Land-based large-aperture earth a; 7. 
SRS sistiontantenna: forcompatbility> || ee | Pe | ROSTER SANBTI 
GHz (a) 
analyses 
Land-based large-aperture earth 
station antenna, for compatibility 31.8-32.3, 37-38 | Table 5-78 
oh analyses of large number of GHz (b) Ree TR Seer 
distributed interfering sources 
Deep space telecommunication link, 
SRS typical limitation on surface accuracy | Near 2, 8,30 GHz | Table 5-79 pad hae ea EE 
and gain 
SRS Deep space telecommunication link, Near 2, 8, 30 GHz | Table 5-80 Rec. ITU-R SA.1014- 
representative characteristics 2 
SRS Deep pace spre Paank 283 THz Table 5-81 | Rec. ITU-R SA.1742 
representative characteristics 
(k) Space Application Service 
: ee Frequency Table / Reference / 
Senvice Application Bands Figure Comments 
F beet Near 2, 15, 26 
DRS Representative characteristics GHz Table 5-82 | Rec. ITU-R SA.1414 
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SECTION 6. RECOMMENDATIONS 


6.1 Introduction 


NTIA conducts the following EMC analysis tasks: system review for equipment 
approval, frequency assignment, and spectrum sharing analyses for the federal radio systems. 


System review is the system certification process. Its EMC analyses require antenna 
radiation masks to approve antennas for installation. 


Frequency assignment is the process of assessing radio interference between new radio 
systems and existing radio systems in order to determine the feasibility of providing frequency 
assignments to the new systems. Its EMC analyses require the antenna actual radiation patterns. 
However, antenna reference radiation patterns, which are developed from the actual radiation 
patterns and are agreed-upon by regulators and engineers, are usually used because the actual 
radiation patterns are usually not readily available. 


Spectrum sharing analysis examines if a new radio system or a new radio service, 
whether federal or non-federal, may co-exist with the existing federal systems. Its EMC analyses 
require representative antenna radiation patterns that “represent” the federal radio operations in 
certain frequency bands. 


6.1.1 Objective 


NTIA provides authoritative antenna parameters in the NTIA Manual for itself and the 
federal agencies to conduct the EMC analysis tasks. However, NTIA only provides some 
antenna parameters for some radio services to conduct some of these tasks. As seen in Section 5, 
antenna parameters of many radio services are not available in the NTIA Manual. NTIA had on 
occasion used ad hoc antenna radiation patterns when the authoritative antenna parameters were 
not available, and the results had become contentious. 


In order to provide the complete information, NTIA developed recommendations of 
antenna parameters for all of the radio services and all of the EMC analysis tasks for itself and 
the federal agencies. This information is presented in this section. 


6.1.2 Methodology 


The antenna parameters recommended for the EMC analysis tasks will be developed 
from the antenna parameters in Sections 4 and 5. The antenna parameters in Sections 4 and 5 are 
either widely used by NTIA and the federal agencies, or are from NTIA, FCC, ITU, and other 
authoritative institutions like ICAO. These parameters are for certain specific spectrum 
management tasks under certain conditions; for instance, the FS P-P system antenna radiation 
performance standards in Table 5-1 are for NTIA to conduct the system review task; or, the FSS 
earth station antenna radiation performance standards in Table 5-12 are for the non-federal FSS 
system operators to conduct EMC analyses in frequency assignment and spectrum sharing 
analyses. 


For the system review task, antenna radiation masks will be adopted or developed. For 
the frequency assignment task, antenna reference radiation patterns will be adopted or developed. 
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The hierarchy of adoption is as follows: NTIA, FCC, RR, authoritative institutions, ITU-R 
recommendations, and other sources. When the radiation mask or pattern for a radio service is 
not available, it will be adopted or developed from other radio services with similar antenna 
usage. 


The above hierarchy of adoption does not follow the instruction in the NTIA Manual 
which states that “[i]f spectrum standards are not specified in this chapter, the appropriate 
provisions of the ITU Radio Regulations normally shall apply. If spectrum standards are not 
specified in this chapter or in the ITU Radio Regulations, the appropriate criteria contained in 
current Recommendations of the ITU-R shall be used as guidelines.” !9° However, any standard 
issued from the FCC becomes the industry standard in the U.S., and the equipment would be 
available commercially off the shelf (COTS). Therefore, it is more practical to select the FCC 
standards over the ITU standards or recommendations. 


For the spectrum sharing analyses task, representative antenna radiation patterns for the 
federal frequency bands or non-federal frequency bands with significant federal presence will be 
developed. The radiation pattern for developing the representative radiation pattern is the 
reference radiation pattern for the frequency assignment task. The procedure to develop a 
representative antenna radiation pattern is as follows: 


(1) For a radio service, obtain the list of frequency bands where federal agencies operate 
their radio systems. These bands are mostly in the federal bands, and they also can be in 
non-federal bands that federal agencies lease capacities from the commercial operators; 
this information is available in the Government Master File (GMF).!9 

(2) Retrieve frequency assignment records in a specific frequency band from the GMF. 

(3) Develop the antenna Gmax population profile, i.e., the distribution of the number of 
frequency assignments vs. Gmax and its cumulative curve. 

(4) Select the representative Gy,ax value where the cumulative curve is closest to 75%, 1.e., 
approximately 75% of the Gmax population is less than or equal to the representative 
value. In the case when two Gyax data have equal (or almost equal) spacing to the 75% 
threshold, the larger one is chosen such that more federal systems can be protected from 
interference. 

(5) Develop the representative radiation pattern from the reference radiation pattern for the 
frequency assignment task and the representative Gyax value. 


In the following sub-sections, antenna parameters for the spectrum management tasks of 
system review, frequency assignment, and spectrum sharing analyses are developed for FS, FSS, 
MS, MSS, RDS, RDSS, RAS, RSS, and SA. Parameters for BS and BSS will not be developed 
because NTIA and the federal agencies do not conduct EMC analysis tasks for these radio 
services. 


6.2 Fixed Service 


Because most of the domestic antenna manufacturers use the unit “foot” to specify the FS 
antenna size, in this sub-section the main unit for specifying the antenna size will be in feet. 


195 NTIA Manual, Chapter 5.1.1. 
196 GMF March 2009 CD ROM release. 
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6.2.1 System Review 


NTIA provides P-P antenna gain suppression masks for system review; these were 
presented in Section 5.2.1. These masks are for the standard antennas. Some federal agencies are 
installing high performance and ultra-high performance antennas with lower sidelobes to reduce 
interference; this will be briefly discussed, but no recommendations will be developed. 


6.2.1.1 Standard Antenna 
6.2.1.1.1 Masks 


The standard antenna gain suppression masks and their corresponding maximum HPBW 
data are shown in Table 6-1(a). These masks were developed from measurement data from 
antenna manufacturers. From the HPBW data, and assuming e = 0.55, the minimum Gmax values 
and the minimum antenna sizes can be derived; this is presented in Table 6-1(b). The Gmax data 
and antenna sizes are the nominal minimum values, and the masks are applicable to antennas of 
larger Gyax Values and antenna sizes. 


Table 6-1. NTIA FS P-P System Antenna Gain Suppression Mask for System Review 


(a) Mask 
Min. Radiation Suppression to Gyax (dB) 
q | Frequency | Max. {oo Angle Off Mainbeam Axis () 
Band (MHz) | dw) | -_ . “ y 30- 100— | 140- 
5-10 | 10-15 | 15-20 | 20-30 | jo 140 180 
406.1-420 ' 80 n/a n/a n/a n/a 10 10 10 
(a) 932.5-935, 
p) Sash” 14 n/a 6 11 14 17 20 24 
(b) 932.5—935, 
3 941.5944 2 20 n/a n/a 6 10 13 15 20 
4 | (c) 1710-18507 | 10 n/a 14 16 18 23 24 30 
5 | (d) 1710-1850 * 8 5 18 20 20 25 28 36 
6 2200-2400 8.5 4 12 16 16 24 25 30 
Fi 4400-4990 4 13 20 23 24 29 31 31 
8 7125-8500 2.5 19 23 28 30 34 35 43 
9 14400-15350 1.5 py 26 31 35 37 Al 48 
21800-22075, 
10 | 53000-23275 3.3 18 26 26 33 33 55 55 


e These standards are not applicable to transportable antennas in tactical and training operations. 
.@_ Bla: mot availabe. cei ecteeceeeccencecesccessecesceessecesseeesceessecesceesseesseeesnsesseed 

1 Any secondary lobe. 

2 Stations in this service must employ an antenna that meets the performance standard (a). Standard 
(b) may be employed in areas not subject to frequency congestion or subject to frequency 
coordination along the borders of the U.S. Note, however, the use of a high performance antenna 
may be required where interference problems can be resolved by the use of such antennas. 
Standard (c) could be met, e.g., by a 1.2-meter (4-foot) diameter parabolic antenna. 

4 Standard (d) is applicable to new stations in 1710-1850 MHz placed in service after January 1, 
1985, except for those located on the military test ranges. These suppression levels could be met, 
e.g., by a 1.83-meter (6-foot) diameter parabolic antenna. 
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(b) Antenna Size 


Frequency Range 5 Nominal Gmax Nominal Diameter 
" (MHz) Meee (dBi) * (feet) * 
1 406.1—420 80 6.2 2.1 
(a) 932.5—-935, 
2 94] 5-944 14 21.3 5.3 
(b) 932.5—935, 
3 941.5944 20 18.2 37 
4 (c) 1710-1850 10 24.2 4.0 
5 (d) 1710-1850 8 26.2 5.0 
6 2200-2400 8.5 Ded 37 
7 4400-4990 4 322 3.9 
8 7125-8500 20 36.3 3.9 
9 14400-15350 1.5 40.7 312 
21800-22075, 
10 73000-23275 30 209 1.0 


*: Values of Gmax and antenna sizes are derived with Eqs. (4-5) and (4-6), the given HPBW 
data, frequency value at the lower edge of the band, and e = 0.55. 


Compared with the latest measurement data, some of the suppression masks have become 
outdated as antenna technologies have improved. Therefore, these masks are examined here by 
comparing them with the latest measurement data. 


6.2.1.1.2 


Evaluation 


It is known that Gmax and sidelobe level change at different rates. This can be seen in the 
Statgain and Rec. ITU-R F.699-7 formulas shown in Table 6-2. As Gmax changes, the sidelobe 
level either remains the same for D/A > 100, or changes half the magnitude of Gy, (in dB) for 
D/X < 100. This principle is used to evaluate the accuracy of the masks. 


Table 6-2. Correlation of FS Antenna Gyax and Reference Radiation Pattern Sidelobe 


Level 


Range of Ginax or 


Statgain Formula 


Rec. ITU-R F.699-7 Formula 


D/. Near Sidelobe Far Sidelobe Near Sidelobe Far Sidelobe 
(dBi) (dBi) (dBi) (dBi) 
Gmnax > 48 dBi or 
D/.> 100 29 - 25xlog() -13 32 - 25xlog() -10 
Gmax < 48 dBior | 53 - (Gmax/2) - 1-G? 52 - 10xlog(D/A) 10 - 
D/d < 100 25xlog() - 25xlog(o) 10xlog(D/A)* 


*: Gmax = k + 20xlog(D/A), where k is a constant. Therefore, 10xlog(D/A) = Gmnax /2. 


First, the suppression masks are plotted in Figure 6-1 for visual examination. Since the 
sidelobe level is inversely correlated to the Gyax value, the plateaus of the masks should also be 
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inversely correlated to the Gmax values. Moreover, the correlation should be consistent from one 
angular range to another. However, it can be seen in Figure 6-1 that there are cases where this 
correlation does not hold, e.g., referring to the mask numbers in Table 6-1(a), 


(1) masks 4 and 5, in 1.71—1.85 GHz, are high in 30-100°; 

(2) mask 6, in 2.2—2.4 GHz, is high in 20-30°; 

(3) mask 7, in 4.4-4.99 GHz, is high in 140—180°; and 

(4) mask 10, in 21.8-22.075 & 23—23.275 GHz, is high in 5—100°. 


—— NTIA, 406.1-420 MHz, G=6.2 dBi —=— NTIA, (a) 932.5-935, 941.5-944 MHz, G=21.3 dBi 
—— NTIA, (b) 932.5-935, 941.5—-944 MHz, G=18.2 dBi —+— NTIA, (c) 1.71-1.85 GHz, G=24.2 dBi 

—o— NTIA, (d) 1.71-1.85 GHz, G=26.2 dBi —— NTIA, 2.2-2.4 GHz, G=25.7 dBi 

—0— NTIA, 4.4-4.99 GHz, G=32.2 dBi —— NTIA, 7.125-8.5 GHz, G=36.3 dBi 

—A\— NTIA, 14.4-15.35 GHz, G=40.7 dBi — —NTIA, 21.8-22.075, 23—23.275 GHz, G=33.9 dBi 


Gain Suppression (dB) 


-60 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


Figure 6-1. NTIA FS Antenna Gain Suppression Mask 


Next, the first three cases are examined by comparing the masks with the measurement 
data from antenna manufacturers Commscope (Andrew Communications Systems), General 
Dynamics (Gabriel), and Radio Waves.1!97 198 199 When feasible, new values for the masks will 
be recommended in order for the masks to have better match with measurement data. The fourth 


case, of mask 10, is not examined here because the small size of the antenna makes the 
comparison invalid. 


197 http://www.commscope.com/andrew/eng/product/antennas/ter_microwave/index.html, accessed Jan. 17, 2012. 
The antenna manufacturer Andrew Communications Systems was acquired by Commscope. 


198 http://www.gdsatcom.com/antennas.php, accessed Jan. 17, 2012. The antenna manufacturer Gabriel was 
acquired by General Dynamics. 


199 http://www.radiowavesinc.com/cgi-bin/index.cgi/Products/, accessed Jan. 17, 2012. 
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(1) For masks 4 and 5 in 1.71—1.85 GHz, a comparison of the measurement data from 
Andrew versus the NTIA masks is shown in Figure 6-2. It appears that mask 4 can be lowered by 
2 dB in 30—100° and lowered by 3 dB in 100-1402. It also appears that mask 5 can be lowered 


by 3 dB in 15—20°, lowered by 3 dB in 20-30°, lowered by 3 dB in 30—100°, and lowered by 2 
dB in 100-1409. 


0 
— &-~ Andrew P4F-17, 1.7—2.11 GHz, G=24.8 dBi @ mid-band 
-5 --®- Andrew PL6F-17, 1.7-2.11 GHz, G=28.6 dBi @ mid-band . | 
x F ~---- Andrew PL8F-17, 1.7-2.11 GHz, G=31.1 dBi @ mid-band 
- " ~ — “NTIA, 1,711.85 GHz, G=24.2 dBi | 
15 x = NTIA, (c) 1.71-1.85 GHz, G=26.2 dBi 


Gain Suppression (dB) 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


Figure 6-2. FS Antenna Measured Patterns versus NTIA Mask in 1.71-1.85 GHz 


(2) For mask 6 in 2.2—2.4 GHz, a comparison of the measurement data from Andrew, 
Gabriel, and Radio Waves versus the NTJA mask is shown in Figure 6-3. It appears that the 
mask can be lowered by about 5 dB in 10—15°, lowered by about | dB in 15—20°, lowered by 
about 4 dB in 20-30°, lowered by about 3 dB in 30—100°, lowered by about 4 dB in 100—140°, 
and lowered by about 3 dB in 140—-180°. 
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— & — Andrew P4F-19, 1.9-2.3 GHz, G=25.7 dBi @ mid-band 


—-4-~ Andrew PL6F-19, 1.9-2.3 GHz, G=29.4 dBi @ mid-band 


—-&-~ Andrew PL8F-19, 1.9-2.3 GHz, G=31.9 dBi @ mid-band 


—— _NTIA, 2.2-2.4 GHz, G=25.7 dBi 


Gain Suppression (dB) 


-30 


-35 


-40 


40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


(a) Measured Patterns from Andrew 


~~>*=- Gabriel SSD4-23, 2.3-2.5 GHz, G=26.6 dBi @ mid-band 


-10 


—o: - Gabriel SSD6-23, 2.3—2.5 GHz, G=30.2 dBi @ mid-band 


- & Gabriel SSG4-23A, 2.3—2.5 GHz, G=26.7 dBi @ mid-band 


a 
Nn 


- * — Gabriel SSG6-23A, 2.3—2.5 GHz, G=30.1 dBi @ mid-band 


—+ - Gabriel SSG8-23, 2.3—2.5 GHz, G=32.6 dBi @ mid-band 


Ne) 
=) 


—«: - Gabriel SSP4-23A, 2.3-2.5 GHz, G=26.7 dBi @ mid-band 


~ © = Gabriel SSP6-23A, 2.3—2.5 GHz, G=30.3 dBi @ mid-band 


Ne) 
nn 


—— NTIA, 2.2~2.4 GHz, G=25.7 dBi 


Gain Suppression (dB) 


40 60 80 100 120 140 160 180 


Off-Axis Angle (deg.) 
(b) Measured Patterns from Gabriel 


(Figure 6-3) 
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0 % I 


— X= Radio Waves G6-2.1, 1900-2300 MHz, G=29.1 dBi 


— 8 — Radio Waves SP4-2.1, 1900-2300 MHz, G=25.5 dBi 


-10 J —°: + Radio Waves SP6-2.1, 1900-2300 MHz, G=28 dBi 


—— NTIA, 2.2-2.4 GHz, G=25.7 dBi 


a 
n 


w 
S 


) 
n 


Gain Suppression (dB) 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


(c) Measured Patterns from Radio Waves 


Figure 6-3. FS Antenna Measured Patterns versus NTIA Mask in 2.2-2.4 GHz 


(3) For mask 7 in 4.4-4.99 GHz, a comparison of the measurement data from Andrew and 
Radio Waves versus the NTIA mask is shown in Figure 6-4. It appears that the mask can be 
lowered by about 9 dB in 140-180° and lowered by about 2 dB in 20—30°. 


— & — Andrew PL4-44, 4.4—-5 GHz, G=33 dBi @ 4.7 GHz 


—A— Andrew PL6-44, 4.4-5 GHz, G=36.6 dBi @ 4.7 GHz 


—*-" Andrew PL8-44, 4.4-5 GHz, G=39.3 dBi @ 4.7 GHz 


—-- Andrew PL10-44, 4.4-5 GHz, G=41 dBi @ 4.7 GHz 


-20 


—— NTIA, 4.4-4.99 GHz, G=32.2 dBi 


-40 


Gain Suppression (dB) 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


Figure 6-4. FS Antenna Measured Patterns versus NTIA Mask in 4.4-4.99 GHz 
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6.2.1.1.3 Recommendation 


With the above evaluation, NTIA recommends that the current FS antenna radiation suppression 
suppression masks of Table 6-1(a) be modified to become Table 6-3; the recommended 
modifications are highlighted with shaded cells and bold font, and the outdated data are shown 
with strikethrough. The graphic representation of the proposed new masks, minus mask 10, is 


—— NTIA, 406.1-420 MHz, G= 6.2 dBi —s— NTIA, (a) 932.5—-935, 941.5-944 MHz, G=21.3 dBi 
—— NTIA, (b) 932.5-935, 941.5-944 MHz, G= 18.2 dBi —&— NTIA, 1.71-1.85 GHz, G=24.2 dBi 

——NTIA, (c) 1.71-1.85 GHz, G=26.2 dBi —— NTIA, 2.2-2.4 GHz, G=25.7 dBi 

—o— NTIA, 4.4-4.99 GHz, G=32.2 dBi —O— NTIA, 7.125-8.5 GHz, G=36.3 dBi 

—A— NTIA, 14.4-15.35 GHz, G=40.7 dBi 


es 
axis 

5 

z Co 

-20 

S = 

a” | Ped | 
2 -25 t = As 

jon 

a =a = == 

3 Se ee ee ee ee 

2 730 t -—— — — — — - A 
S 

16) Se ee ee 


0 20 40 60 80 100 120 140 160 180 
shown in Off-Axis Angle (deg.) 
Figure 6-5. These recommended changes improve the correlation between Gmax and the 
antenna sidelobe levels. 


Table 6-3. Proposed Modification of the NTIA FS Antenna Suppression Mask 
Min. Radiation Suppression to G,,,x (dB) 


Frequency Dee Ne ceceuece nets Angle Off Mainbeam Axis (") 
Band (MHz) dbw (°) - 7 7 _ 30- 100- 140- 
5-10 | 10-15 | 15-20 | 20-30 100 140 180 

406.1—420 ' 80 n/a n/a n/a n/a 10 10 10 
(a) 932.5-935, 

Bay 5cbAae 14 n/a 6 11 14 17 20 24 
(b) 932.5-935, 

941.5944? 20 n/a n/a 6 10 13 15 20 
(c) 1710-1850 > 10 n/a 14 16 18 2325 | 2427 30 
(d) 1710-1850 * 8 5 18 2023 | 2023 | 2528 | 2830 36 

2200-2400 8.5 4 4217 | 1617 | 1620 | 2427 | 2529 | 3033 

4400-4990 4 13 20 23 24-26 29 31 31-40 

7125-8500 aS 19 23 28 30 34 35 43 
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14400-15350 1.5 21 26 31 35 37 41 48 


21800-22075, 
23000-23275 3.3 18 26 26 33 33 55 55 


These standards are not applicable to transportable antennas in tactical and training operations. 
n/a: not available. 

Any secondary lobe. 

Stations in this service must employ an antenna that meets the performance standard (a). Standard 
(b) may be employed in areas not subject to frequency congestion or subject to frequency 
coordination along the borders of the U.S. Note, however, the use of a high performance antenna 
may be required where interference problems can be resolved by the use of such antennas. 
Standard (c) could be met, e.g., by a 1.2-meter (4-foot) diameter parabolic antenna. 

4 Standard (d) is applicable to new stations in 1710-1850 MHz placed in service after January 1, 
1985, except for those located on the military test ranges. These suppression levels could be met, 
e.g., by a 1.83-meter (6-foot) diameter parabolic antenna. 


NF @ @ 


—— NTIA, 406.1-420 MHz, G= 6.2 dBi —=~— NTIA, (a) 932.5-935, 941.5-944 MHz, G=21.3 dBi 
——NTIA, (b) 932.5-935, 941.5-944 MHz, G= 18.2 dBi —4— NTIA, 1.71-1.85 GHz, G=24.2 dBi 

——NTIA, (c) 1.71-1.85 GHz, G=26.2 dBi —— NTIA, 2.2-2.4 GHz, G=25.7 dBi 

—o— NTIA, 4.4-4.99 GHz, G=32.2 dBi —O— NTIA, 7.125-8.5 GHz, G=36.3 dBi 

—a— NTIA, 14.4-15.35 GHz, G=40.7 dBi 
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Figure 6-5. Graphic Representation of the Proposed Modification of the NTIA 
Suppression Masks 


6.2.1.2 High Performance Antenna 


As discussed in Section 3.7, dish antenna sidelobe radiation level can be reduced with 
better feeders and/or with modified reflector edge. Antennas with such improvement are called 
high-performance antennas. 


Many manufacturers have developed high and ultra-high performance antennas, and they 
have become popular to some federal agencies. For comparison, the measurement data of the 
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standard and high performance antennas from three manufacturers are shown in Figure 6-6; the 


numbers preceding the model names are the antenna diameters in feet. Also shown in Figure 6-6 
are the standard antenna suppression masks. 


Standard: SP —-- Radio Waves SP3-4.7, 4.4-5 GHz, G=30 dBi @ mid-band 
High Performance: HP 


— &-- Radio Waves SP4-4.7, 4.7-5 GHz, G=32.6 dBi @ mid-band 
-10 


--©-- Radio Waves HP3-4.7, 4.4-5 GHz, G=29.8 dBi @ mid-band 


~*~ Radio Waves HP4-4.7, 4.4-5 GHz, G=32.4 dBi @ mid-band 


--&- Radio Waves HP6-4.7, 4.4-5 GHz, G=35.4 dBi @ mid-band | 


H \, —— NTIA, 4.4-4.99 GHz, G=32.2 dBi 
a 
-30 t Sai: 


Gain Suppression (dB) 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


(a) Radio Waves Antenna in 4.44.99 GHz 


Standard: DDPG, DRFG --3-- Gabriel DDPG6-71SE, 7.125—8.5 GHz, G=40.6 dBi @ mid-band 
High Performance: SR, SRD 


- x--- Gabriel DRFG6-71SE, 7.125—8.5 GHz, G=40.5 dBi @ mid-band 
--¢-- Gabriel SR6-71 BSE, 7.125—8.5 GHz, G=40.5 dBi @ mid-band 
—o:- Gabriel SR8-71BSE, 7.125—-8.5 GHz, G=43 dBi @ mid-band 
—4— Gabriel SRD6-71BSE, 7.125—-8.5 GHz, G=40.4 dBi @ mid-band 


: Gabriel SRD8-71BSE, 7.125—8.5 GHz, G=42.9 dBi @ mid-band 
\ — NTIA, 7.125-8.5 GHz, G=36.3 dBi 


1 
Lo 
So 


iN 
n 


Gain Suppression (dB) 


-60 


-75 


0 20 40 60 80 100 120 140 160 180 
Off-Axis Angle (deg.) 


(b) Gabriel Antennas in 7.125-8.5 GHz 
(Figure 6-6) 
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I r I 
~~ Andrew PX4-144, 14.4—15.35 GHz, G=42.5 dBi @ mid-band 


I 
Standard: PX 
High Performance: HSX 


— X= Andrew PX6-144, 14.4—15.35 GHz, G=46.1 dBi @ mid-band 


— © Andrew PX8-144, 14.4-15.35 GHz, G=48.6 dBi @ mid-band 


— 4 — Andrew HSX4-144, 14.4-15.35 GHz, G=42.7 dBi @ mid-band 


— © -~ Andrew HSX6-144, 14.4—15.35 GHz, G=46.3 dBi @ mid-band 


NTIA, 14.4—-15.35 GHz, G=40.7 dBi 


Gain Suppression (dB) 


0 30 60 90 120 150 180 
Off-Axis Angle (deg.) 


(c) Andrew Antennas in 14.4—15.35 GHz 


Figure 6-6. Comparison of NTIA FS Antenna Suppression Mask and Measured Standard 
and High Performance Antenna Performance Data 


6.2.2 Frequency Assignment 


Currently, NTIA and some federal agencies use Spectrum XXI, iQelink, and HTZ Warfare 
to conduct most of the frequency assignment tasks for the FS systems. The default antenna 
radiation patterns in Spectrum XXI and iQe¢link are the Wolfgain and Statgain antenna models in 
Sections 4.4.1 and 4.4.2. iOe/ink also allows users to input antenna radiation patterns which may 
be the actual antenna radiation patterns from the antenna manufacturers. The default antenna 
radiation patterns in HTZ Warfare are from Recs. ITU-R F.699-7 and F.1245. 


In practice, the actual radiation pattern should always be used in EMC analyses in 
frequency assignment when such a pattern is available. A reference radiation pattern should be 
used when the actual radiation pattern is not available. These two patterns are discussed here. 


6.2.2.1 Actual Radiation Pattern 


The actual antenna radiation patterns are available from the antenna manufacturers, and 
are usually available on their web sites, e.g., Ref. 197, 198, and 199. 


Because the NTIA system review process uses the gain suppression masks as the 
certification criteria, the manufacturers usually provide the gain suppression patterns instead of 


the radiation patterns. The radiation patterns can be easily derived by adding the G,,,x values to 
the gain suppression patterns. 
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6.2.2.2 Reference Radiation Pattern 


As stated in Section 4.4, a directional antenna is categorized as a low-gain antenna when 
its Gmax < 10 dBi, and as a high-gain antenna when its G,,ax = 10 dBi. In general, these two 
classes have different formulas for their reference radiation patterns. Here, all of the reference 
radiation patterns in Sections 4.4 and 5.2 are evaluated to develop suitable reference radiation 
patterns for NTIA and the federal agencies to conduct the frequency assignment task. 


(a) Omnidirectional Antenna 


Rec. ITU-R F.1336-3 provides an omnidirectional antenna reference radiation pattern for 
the P-MP system antennas. This pattern is adopted here as the omnidirectional antenna reference 
radiation pattern for EMC analyses in frequency assignment. 


Table 6-4. Recommended FS Omnidirectional Antenna Reference Radiation Pattern for 


Frequency Assignment Task 


eee Gain Function (dBi) Angular Range 
Peak Gmnax - 12(6/0 ow)” 0°< lal< Op 
Sidelobe Gane 123210 xJog(er D 6,< 161 < Ow 

Gmax - 12 + 10 x log{(|0|/0,.,) ” +k } Obw < | a) | < 90° 

Average Gmax - 12(0/0 pw)” O° < 10} < Obw 
series Gmax - 15 + 10 x log(k +1) @,. < lel <0, 
Gmax - 15 + 10 x log{(0/Opw)"? +k } 6.< 10] < 90° 


Ginax: the maximum gain in the azimuth plane, dBi 


0: elevation angle relative to the angle of maximum gain, deg., -90° < 8 < 90°, 
Opw: HPBW in the elevation plane, deg. 


Q,,, = 107.6 x10°°'S™, deg. 


log{k+1 

0, =0,, ft AE 
0, =O, 125 Bek 

1.2 


k: parameter that accounts for increased sidelobe levels above what would be expected for an 
antenna with improved sidelobe performance, 


e k=0.7 for typical antennas operating in | <f< 3 GHz, and 


e k=0 for antennas with improved sidelobe performance operating in 1 < f< 3 GHz or 
all antennas operating in 3 < f< 70 GHz.* 
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If the antenna mainbeam is downward tilted, i.e., cone-shape instead flat, by electrical means, 
the radiation patterns above and below the horizontal plane are stretched and compressed, 
respectively. The formulas are still applicable with the following modifications. 


Define 


B: downward tilt angle, the positive angle that the main beam axis is below the 
horizontal plane at the site of the antenna, deg., and 
Oy: elevation angle measured from the horizontal plane at the site of the antenna, deg., 


-90° < O, < 90°, 
the formulas are applicable with ® replaced with 0, of 
9, = 01. +8) for 0,+B>0 
90+ 8 
jo 0Ge for On +B <0 
90-8 


(b) Low-Gain Antenna 


Here, the candidates are the Wolfgain model in Section 4.4.1, the ECAC low-gain model 
in Section 4.4.3, and the low-gain reference radiation pattern in Rec. ITU-R F.699-7 in Section 
5.2.1. For comparison, they are shown in Figure 6-7 together with the NTIA sidelobe mask for 
the 406.1—420 MHz band. The Wolfgain model and Rec. ITU-R F.699-7 pattern are developed 
with Gmax = 6.2 dBi, which corresponds to $4, = 80° of the NTIA mask for the 406.1-420 MHz 
band. The ECAC model only has the sidelobe of -5 dBi which is for the average environment. It 
can be seen that both the Wolfgain model and the Rec. ITU-R F.699-7 pattern undercut the 
NTIA mask significantly. Therefore, the ECAC low-gain model is chosen to model a low-gain 
antenna. 
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I I 
—— NTIA, 406.1-420 MHz, G= 6.2 dBi 
——— Wolfgain, G=6.2 dBi 
8 — 7-7 Rec. ITU-R F.699-7, 410 MHz, G=6.2 dBi 
—-— ECAC low-gain, G=6.2 dBi 
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Figure 6-7. NTIA FS Antenna Radiation Mask versus Wolfgain Model and Rec. ITU-R 
F.699-7 Reference Radiation Pattern in the 400 MHz Band 


The ECAC model specifies a region for the mainbeam without providing a formula for 
the mainbeam, and a region for the sidelobe with three possible sidelobe levels for three types of 
environments. First, a formula commonly used to describe the mainbeam is adopted. Research in 
the GMF shows that majority of the antennas in the 406.1—420 MHz band are Yagi, collinear, 
dipole array, corner reflector, and parabolic antennas, and the first four types have elliptical 
beams in general. Therefore, the mainbeam formula is modified for an elliptical beam. Then, the 
sidelobe level of -5 dBi for the average environment, as was used for the comparison shown in 
Figure 6-7, is adopted. This pattern is presented in Table 6-5. 


Table 6-5. Recommended FS Low-Gain Antenna Reference Radiation Pattern for 
Frequency Assignment Task 


Gain Function (dBi) Angular Range 
Gmax = 12(9/dow)- 0S b/bow <x 
-5 X < o/dbw < 180/dbw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gnax= 10xlog{ex[41253/(dpwiXMpw2)]}, dBi 
© bw, Obw2: HPBW of major and minor axes, deg. 


: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
Sidelobe and backlobe level of -5 dBi is chosen for the average site. 
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x: intersection of {Gmax - 12(o/pw)?} and -5 


(c) 


High-Gain Antenna 


Here, the candidates are the Statgain model and the high-gain reference radiation pattern 
in Rec. ITU-R F.699-7. Using 


22 
_ewD 


x2 


(linear) 


(6-1) 


and e = 0.55, the Statgain formula is re-formatted and then compared with the reference radiation 
pattern in Rec. ITU-R F.699-7; this is shown in Table 6-6(a) with the difference shown in the 
rightmost column. It can be seen that the Statgain model is more stringent in the sidelobe by 
approximately 3 dB (except for the far sidelobe region of an antenna with Gmax < 22 dBi); this is 
also illustrated in Figure 6-8. The Statgain is even more stringent if the value of e is higher. Since 
the Statgain model has been used in Spectrum XXI and iQelink in EMC analyses, NTIA 
recommends that it continues to be used as the high-gain antenna reference radiation pattern; this 
pattern is presented in Table 6-6(b). 


Table 6-6. Recommended FS High-Gain Antenna Reference Radiation Pattern for 
Frequency Assignment 


(a) Comparison of Statgain Model and Radiation Pattern in Rec. ITU-R F.699-7 
Statgain Re- Statgain Lower 
Category Statgain (dBi) Formatted (dBi) F.699-7 (dBi) eae by 
Gmax> 48 dBi for as | [Gen OI TAOS ||| MGSO SR10" 2 -[0.33x10° x 
: Ginax mi 4x 1 0 max 2 2 2. 
Statgain, (oD/A) (oD/A) (oD/AY'] 
f> 1GHz & 0.75Ginax- 7 -1.5 + 15xlog(D/A) |_ 2 + 15xlog(D/A) 3.5 
D/d > 100 for Rec. |__ 29 - 25xlog () 29 - 25xlog(o) 32 - 25xlog() 3 
ITU-R F.699-7 -13 -13 -10 3 
- Gmax- 2.17X10° x | Ginax - 2.5x107 x -[0.33x10° x 
Gmnax- 4 10 4 ae 2 max max 
22 < Graz < 48 dBi x10 Bmax (D/A)? (D/A! (D/A)? 
for Statgain, 0.75Gmax - 7 -1.5 + 15xlog(D/A) | 2 + 15xlog(D/A) 3.5 
f> 1GHz & 49.3 - 
D/X < 100 for Rec. geen ‘ 10xlog(D/A) - 52 - 10xlog(D/1) - 27 
ITU-R F.699-7 xlog($) 25xlog(¢) 25xlog(¢) 
14 Gol? 7.3 -10xlog(D/A) | 10 - 10xlog(D/A) OF 
: Gmax - 2.17X10° x | Gynax- 2.5x10% x -[0.33x10° x 
i Ginax 7 4x10 4 The 2: max max 
as Bel | SGD ay (pD/n)" oD)" 
ie O75Giae 7 -1.5 + 15xlog(D/A) | 2 + 15xlog(D/A) 3.5 
f< 1GHz& roe 
D/d > 0.63 for 53 - (Gnax/2) - ae 52 - 10xlog(D/A) - 
Rec. ITU-R 25xlog(4) a oo ays 25xlog(0) ae 
F.699-7 xlog($) 
0 0 -2 - 5xlog(D/A) _| -[2 + 5xlog(D/A.)] 


Angular ranges not provided because the two patterns change courses at different angular locations; 


this is seen in Figure 6-8. 

max: NUMerical value of Gyax. 

Gmax = 47.3 dBi for D/A = 100 and e = 0.55 
Gyax = 22 dBi for D/A = 5.4 and e = 0.55 
Gimax= 10 dBi for D/A = 1.36 and e = 0.55 


*: The difference is illustrated in Figure 6-8. 


(b) Statgain Model As the Recommended Reference Radiation Pattern 


Category Gain() (dBi) Angular Range (deg.) 

G pa — 4104 (10S! }p? 0<b<dm 

Gmax> 48 dBi 0.75 X Gnax = 7 dm < OS or 
29 - 25 x log() bu < OS Opt 
a13 obi < 0 < 180° 

Gay 4x10“ (10%"" Jp? 0<0< Om 

22 < Gmax(Bi) < 48 Dd Grad dm< OS by 
53 - (Gmax /2) - 25 x log(o) b2<O< by2 
11 - Gmnax/2 bb2 < O< 180° 

G pay — 41074 (10S Jp? 0<b< bm 

10 < Gmax(dBi) < 22 0.75 X Gmax 7 dm< oS o13 
53 - (Ginax /2) - 25 x log(@) 3 <O< ops 
0 on3 < O < 180° 

All angles in deg. 


mn =50(0.25G,,.. +7)" /(10%/?°) 
,, = 27.466 x 100° Gms/1 
0.2 = 9,3 = 250 (10S! ) 


b1 = v2 = 48 
43 = 131 .8257 x 1Q~Gm/>° 
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Figure 6-8. Statgain Model versus Reference Radiation Pattern in Rec. ITU-R F.699-7 


6.2.3 Spectrum Sharing Analyses 
The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the FS service records in the GMF. The symbol of the station class is “FX”. 
Only the frequency bands in which the federal government is the primary user are 
searched. 

(2) Develop the receiving antenna Gmax data population profile. 

(3) Select a threshold Gyax such that approximately 75% of the Gmax population is equal to or 
smaller than the threshold value. This is the representative Gmax value. Since the 
population profile spikes and dips irregularly, in some cases the final selection may not 
meet the 75% criterion closely. 

(4) Develop a representative antenna radiation pattern from the representative Gmax value and 
the antenna reference radiation pattern in Section 6.2.2.2. 

(5) To ensure technical viability, compare the representative antenna radiation pattern with 
manufacturers’ measurement data. If available, measurement data for Gmax higher than, 
approximately equal to, and lower than the representative Gmax will all be examined. 
Also, if available, measurement data of which Gmax populations spike will be examined. 
Both the standard-performance and high-performance antennas will be examined. Since 
the measurement data are for system certification, they are likely to present the worst- 
case condition, i.e., the highest sidelobe level within the given angular ranges. Therefore, 
the extrapolated radiation patterns from the measurement data are likely to be higher than 
the representative radiation pattern, and caution must be taken not to make negative 
judgment about the representative radiation pattern. 


The frequency bands being examined are 


(1) 406.1—420 MHz, 
(2) 932.5—935 and 941.5—944 MHz, 
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(3) 1.71-1.85 GHz, 

(4) 2.2-2.4 GHz, 

(5) 4.4-4.99 GHz, 

(6) 7.125-8.5 GHz, 

(7) 14.4-15.35 GHz, 
(8) 21.2-23.6 GHz, and 
(9) 25.25-27.5 GHz. 


6.2.3.1 406.1-—420 MHz 


The population profile of the receiving antenna G,nax data in this band is shown in Figure 
6-9. Most of these antennas are Yagi, collinear, dipole array, corner reflector, and parabolic 
antennas. The percentages of cumulative population are 59% and 93.6% for Gmax = 9 dBi and 10 
dBi, respectively, and the representative Gmax is chosen to be 10 dBi to include the population 
spike at Gmax = 10 dBi. The representative antenna radiation pattern for spectrum sharing 
analyses is provided in Table 6-7. Measurement data is not available for comparison with the 
representative radiation pattern. 
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Figure 6-9. Population Profile of FS Receiving Antenna G,,,, Data in 406.1-420 MHz 


Table 6-7. Representative FS Antenna Radiation Pattern in 406.1-420 MHz 


Gain(8) (dBi) Angular Range 
10 - 0.004x0" 0<<48.7° 

0.5 48.7° < o<79.1° 

48 - 25 x log() 79.1° <b < 83.2° 

0 83.2° < d< 180° 


in deg. 
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6.2.3.2 932.5—935 and 941.5-944 MHz 


The population profile of the receiving antenna Gmax data in these bands is shown in 
Figure 6-10. The representative Gyax = 22 dBi, and the representative antenna radiation pattern 
for spectrum sharing analyses is provided in Table 6-8. Comparison of the representative 
radiation pattern and the measurement data is shown in Figure 6-11. 


250 4 , 100% 
Population 


— Cumulative % 


- 75% 


- 50% 


Number of Frequency Assignment 
Cumulative % 


- 25% 


t 
eee a a a a ER Sa SC ee a eae a | (2) 


12 15 18 21 24 27 30 


Figure 6-10. Population Profile of FS Receiving Antenna G,,x Data in 932.5—935 and 
941.5—944 MHz 


Table 6-8. Representative FS Antenna Radiation Pattern in 932.5—935 and 941.5—944 MHz 


Gain(8) (dBi) Angular Range 
22 - 0.06x" 0<o<14° 
9.5 14° < o< 20° 
42 - 25 x log(o) 20° <  < 48° 
0 48° < o> < 180° 


in deg. 
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Figure 6-11. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 932.5—935 and 941.5—944 MHz 


6.2.3.3 1.71-1.85 GHz 


The population profile of the receiving antenna Gmax data in this band is shown in Figure 
6-12. The representative Gyax = 29 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-9. Comparison of the representative radiation 
pattern and the measurement data is shown in Figure 6-13. 
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Figure 6-12. Population Profile of FS Receiving Antenna G,,,x Data in 1.71—1.85 GHz 
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Table 6-9. Representative FS Antenna Radiation Pattern in 1.71—1.85 GHz 


Gain(8) (dBi) Angular Range 
29 - 0.32x" 0262677 
14.75 6.7° < o<9° 
38.5 - 25 x log (0) 9° < > < 48° 
-3.5 48° < od < 180° 
in deg 


I I I I I I 
Statgain, G=29.0 dBi 


——- Andrew P2F-17, 1.700-2.110 GHz, G=19.7 dBi @ mid-band 
— co Andrew P4F-17, 1.700-2.110 GHz, G=24.8 dBi @ mid-band 
— x Andrew PL6F-17, 1.700-2.110 GHz, G=28.6 dBi @ mid-band 


<©—- Andrew PL8F-17, 1.700-2.110 GHz, G=31.1 dBi @ mid-band 


Gain (dBi) 
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Figure 6-13. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 1.71—1.85 GHz 


6.2.3.4 2.2—2.4 GHz 


The population profile of the receiving antenna G,nax data in this band is shown in Figure 
6-14. The representative Gmax = 28 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-10. Comparison of the representative radiation 
pattern and the measurement data is shown in Figure 6-15. 


6-22 


60 100% 


Population 


— Cumulative % 


50 4 


£ 
So 


- 50% 


Cumulative % 


Number of Frequency Assignment 


- 25% 


0+ : : : —— : : : : r + 0% 
24 27 30 33 


Gmax (Bi) 


Figure 6-14. Population Profile of FS Receiving Antenna G,,,, Data in 2.2—2.4 GHz 


Table 6-10. Representative FS Antenna Radiation Pattern in 2.2—2.4 GHz 


Gain(8) (dBi) Angular Range 
2 
28 - 0.25xo 0<o<74° 
14 74° <>< 10° 
39 - 25 x log (@) 10° < @ < 48° 
-3 48° < o> < 180° 
in deg. 
30 I 
Statgain, G=28.0 dBi 
25 
--- Radio Waves SP4-2.1, 1.9-2.3 GHz, G=25.8 dBi @ mid-band 
\ 
20 --*-- Andrew P4F-19, 1.9-2.3 GHz, G=25.7 dBi @ mid-band 
\ 
15 Li — ©. Radio Waves SP6-2.1, 1.9-2.3 GHz, G=28.3 dBi @ mid-band 
ie 
it 
: | —- Andrew HP8F-19, 1.9-2.3 GHz, G=31.9 dBi@ mid-band 
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Figure 6-15. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 2.2—2.4 GHz 
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6.2.3.5 4.4-4.99 GHz 


The population profile of the receiving antenna Gmax data in this band is shown in Figure 
6-16. The representative Gyax = 38 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-11. Comparison of the representative radiation 
pattern and the measurement data is shown in Figure 6-17. 
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Figure 6-16. Population Profile of FS Receiving Antenna G,,,, Data in 4.4—4.99 GHz 


Table 6-11. Representative FS Antenna Radiation Pattern in 4.4—4.99 GHz 


Gain(6) (dBi) Angular Range 
38 - 2.52xh° 0<o<2.6° 
21.5 2.6° < o<3.1° 
34 - 25 x log (6) 3.1° < 0 < 48° 
-8 48° < o> < 180° 
in deg. 
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Figure 6-17. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 4.4—4.99 GHz 


6.2.3.6 7.125—-8.5 GHz 


The population profile of the receiving antenna Gmax data in this band is shown in Figure 
6-18. The representative Gy,ax = 43 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-12. Comparison of the representative radiation 
pattern and the measurement data is shown in Figure 6-19. 
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Figure 6-18. Population Profile of FS Receiving Antenna G,,x Data in 7.125—8.5 GHz 
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Table 6-12. Representative FS Antenna Radiation Pattern in 7.125—8.5 GHz 


Gain(6) (dBi) Angular Range 
. 
43 - 7.98x 0<o<1.5° 
25.20 1.5° < 6< 1.8° 
31.5 - 25 x log (@) 1.8° < 6 < 48° 
-10.5 48° < o< 180° 
in deg. 
50 
Statgain, G=43.0 dBi 
40 —4-— Radio Waves HP4-8, 7.75—8.5 GHz, G=37 dBi @ mid-band |__| 
P ~*~ Radio Waves SP6-7.7, 7.125—-8.5 GHz, G=40.5 dBi @ mid-band 
--@—~ Andrew VHLP6-7W, 7.125—8.5 GHz, G=40.8 dBi @ mid-band 
30 5 t+] 
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Figure 6-19. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 7.125—8.5 GHz 


6.2.3.7 14.4-15.35 GHz 


The population profile of the receiving antenna G,ax data in this band is shown in Figure 
6-20. The representative Gmax = 42 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-13. Comparison of the representative radiation 
pattern and the measurement data is shown in Figure 6-21. 
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Figure 6-20. Population Profile of FS Receiving Antenna G,,,x Data in 14.4—15.35 GHz 


Table 6-13. Representative FS Antenna Radiation Pattern in 14.4—15.35 GHz 


Gain(6) (dBi) Angular Range 
2 
42 - 6.34xo 0<o<1.7° 
24.5 1.7°<o<2° 
32 - 25 x log (4) 2° < 0 < 48° 
-10 48° < od < 180° 
in deg. 
40 r x 
Statgain, G=42.0 dBi 
—Z£s - Radio Waves HP2-15, 14.25—15.35 GHz, G=37 dBi @ mid-band 
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Figure 6-21. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 14.4—-15.35 GHz 
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6.2.3.8 21.2—23.6 GHz 


The population profile of the receiving antenna Gmax data in this band is shown in Figure 
6-22. The percentages of cumulative population are 70.1% and 80.5% for Gmax = 39 dBi and 40 
dBi, respectively, and the representative Gmax is chosen to be 40 dBi to protect more federal 
systems. The representative antenna radiation pattern for spectrum sharing analyses is provided 
in Table 6-14. Comparison of the representative radiation pattern and the measurement data is 
shown in Figure 6-23. 
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Figure 6-22. Population Profile of FS Receiving Antenna G,,x Data in 21.2—23.6 GHz 


Table 6-14. Representative FS Antenna Radiation Pattern in 21.2—23.6 GHz 


Gain(6) (dBi) Angular Range 
40 - 46° 0<o<14° 
23 14° < ¢6< 20° 
33 - 25 x log (6) 20° < 6 < 48° 
-9 48° < od < 180° 


in deg. 
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Figure 6-23. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 21.2—23.6 GHz 


6.2.3.9 25.25-27.5 GHz 
The receiving antenna Gynax data count in this band is 


30, 36 dBi: 29 frequency assignments, 

38 dBi: 10 frequency assignments, 

41 dBi: 162 frequency assignments (cumulative population % = 81%), 
42 dBi: 31 frequency assignments, 

44, 47 dBi: 16 frequency assignments. 


The representative Gmax = 41 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-15. Comparison of the representative radiation pattern 
and the measurement data is shown in Figure 6-24. 


Table 6-15. Representative FS Antenna Radiation Pattern in 25.25—27.5 GHz 


Gain(@) (dBi) Angular Range 
Al - 5.0407 0<o< 14° 
23.75 14° < o< 20° 
32.5 - 25 x log (0) 20° < >< 48° 
-9.5 48° < b < 180° 
in deg. 
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Figure 6-24. Comparison of Representative FS Antenna Radiation Pattern and 
Measurement Data in 25.25—27.5 GHz 


6.3 Fixed-Satellite Service 


The focus here is the earth station antenna radiation pattern. Satellite antenna radiation 
patterns are mostly shaped to cover the service areas as tightly as possible. These patterns are 
presented in gain contour maps that are available from the space system operators. 


For FSS, the following earth station antenna radiation performance standards and 
reference radiation patterns will be developed: 


e GSO system earth station antenna co-polarization radiation pattern, 
e GSO system earth station antenna cross-polarization radiation pattern, and 
e NGSO system earth station antenna co-polarization radiation pattern. 


In satellite communications, the unit in length is almost always specified in the metric 
system. Therefore, in this sub-section the main unit for specifying the antenna size will be in 
meters. 


6.3.1 System Review 


NTIA does not provide earth station antenna radiation performance standards for system 
review even though the federal agencies use FSS extensively in the federal bands and in the non- 
federal bands via leasing telecommunication capacities from non-government operators. 
However, since FSS is a popular medium to provide global telecommunications, and the earth 
station antenna radiation performance standard and recommended reference radiation patterns 
have been well established, it is easy to develop federal standards from the existing non-federal 
standards and recommendations. 
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6.3.1.1 GSO System Earth Station Antenna Co-Polarization Radiation 
Performance Standard 


There are six GSO system earth station antenna co-polarization radiation patterns in 
Section 5.3.1. Excluding the radiation pattern for the Allotment Plan, the other five, plus the 
Statgain model, are evaluated in order to develop the earth station antenna co-polarization 
radiation performance standard; these are 


(1) from FCC, the earth station antenna radiation performance standard in Table 5-12(a) for 
U.S. non-federal systems; 

(2) from RR Appendix 8, the earth station antenna reference radiation pattern in Table 5-14 
for coordination studies involving GSO FSS networks; 

(3) from Rec. ITU-R S.465-6, the recommended earth station antenna reference radiation 
pattern in Table 5-16 for coordination studies and interference assessment between FSS 
systems and between FSS systems and other radio systems in 2-30 GHz; 

(4) from Rec. ITU-R S.580-6, the recommended FSS earth station antenna reference 
radiation patterns in Table 5-17 as design objective of new GSO FSS systems; 

(5) from Rec. ITU-R S.728-1, the VSAT earth station antenna reference radiation pattern in 
Table 5-20 which is derived from the recommended earth station maximum permissible 
off-axis EIRP density level; and 

(6) Statgain model in Table 4-1. 


These patterns are plotted in Figure 6-25 for D/A = 100 and D/A = 50, where D/A = 50 is the 
nominal threshold for VSAT. It can be seen that the sidelobe levels are within 3 dB of each other 
except for pattern (2) in Figure 6-25(b). 
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(a) Gmax = 48 dBi or D/A = 100 
(Figure 6-25) 
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Figure 6-25. Comparison of GSO FSS Earth Station Antenna Co-Polarization Radiation 
Patterns 


Since there is an antenna sidelobe radiation performance standard from FCC for the non- 
federal systems, and it is comparable to the ITU-R recommendations, NTIA recommends that 
the earth station antenna co-polarization radiation standard combines 


e the sidelobe radiation performance standard from FCC, and 
e the mainbeam pattern from the ITU RR Appendix 8. 


This recommended standard is presented in Table 6-16. 


Table 6-16. Recommended GSO FSS Earth Station Antenna Co-Polarization Radiation 
Performance Standard 


(a) In the GSO Plane and Not in the K, or Conventional K, Band 


Category Gain Function (dBi) Angular Range 
Gmnax - 2.5 x 10°(@D/A)” 0°< o< Om 
G; Om < ) < Ort 
D/A > 68 
= - <o<7° 
(Ginax > 44.7 dBi seta 7 log(®) a - - 
for e = 0.65) Te 
32 - 25 x log() 9.2° <b < 48° 
-10 48° < b< 180° 
Gmax - 2.5 x 10°(@D/A)” 0°<o< dv 
29 - 25 x log() 2<o<7° 
D/X < 68 8 Pe o <9.2° 
32 - 25 x log() 9.2° <b < 48° 
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-10 48° <b < 180° 
D/A = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 
G, =-1 + 15xlog(D/A), dBi 
m= 20(A/D)(Gmax - Gi)°°, deg. 


1 = 15.85(D/A)°°, deg. 


21 intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog($)} 
| The actual radiation pattern shall meet the following conditions: === =—t—<‘ ;O;OC~*C*W 
e It may not exceed the gain function in , <>< 7°. 


e It may exceed the gain function in } > 7° by no more than 10% with individual sidelobe 
not exceeding the gain function by more than 3 dB. 


(b) In the GSO Plane and in the K, and Conventional K,, Bands 
Category Gain Function (dBi) Angular Range 
Gmnax - 2.5 x 10°(@D/A)? 0°<b< Om 
G; Om <0 < On 
D/i = 68 29 - 25 x log() ,<0<7° 
(Gmax > 44.7 dBi 8 T? << 9.2° 
for e = 0.65) 32 - 25 x log() 9.2°<o< 48° 
-10 48° << 85° 
0 85° < o < 180° 
Ginax - 2.5 x 10°(@D/A)” 0°< o< dv 
29 - 25 x log() o2<0<7° 
8 7° <o<9.2° 
Dis 98 32 - 25 x log(d) 9.2° << 48° 
-10 48° <b < 85° 
0 85° < o < 180° 
D/A = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 
G; =- 


1 + 15xlog(D/A), dBi 
m = 20(A/D)(Gimax ¢ G,)”> * deg. 
1 = 15.85(D/A)°*, deg. 


121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 
| The actual radiation pattern shall meet the following conditions: =i (ai‘Cé;CO*~*~*~™ 
e It may not exceed the gain function in , <6 < 7°. 


e It may exceed the gain function in } > 7° by no more than 10% with individual sidelobe 
not exceeding the gain function by more than 3 dB. 
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(c) Not in the GSO Plane 


Category Gain Function (dBi) Angular Range 
Not K, or conventional Ky 32 - 25 x log(o) 3° <o< 48° 
band -10 48° <b < 180° 
32 - 25 x log(o) 3° <o< 48° 
K, and conventional K, bands -10 48° <> < 85° 
0 85° < o < 180° 


e : angle off mainbeam axis, deg. 
e This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 


6.3.1.2 GSO System Earth Station Antenna Cross-Polarization Radiation 
Performance Standard 


There are three GSO system earth station antenna cross-polarization radiation patterns in 
Section 5.3.1; they are 


(1) from FCC, the earth station antenna radiation performance standard in Table 5-12(c) for 
the non-federal systems; 

(2) from Rec. ITU-R S.731-1, the recommended earth station antenna cross-polarization 
reference radiation pattern in Table 5-19 for coordination studies and interference 
assessments in 2-30 GHz; and 

(3) from Rec. ITU-R $.728-1, the maximum permissible level of off-axis EIRP density from 
VSATs, in Table 5-20. 


These three patterns are evaluated in order to develop the earth station antenna cross- 
polarization radiation performance standard. Patterns (1) and (3) are identical, hence patterns (1) 
and (2) are plotted in Figure 6-26 for comparison. It can be seen that the FCC pattern is much 
more stringent than the pattern from Rec. ITU-R S.731-1 in the near sidelobe region. 
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— (1): FCC 
—— (2): Rec. ITU-R S.731-1, D/A > 50 
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Figure 6-26. Comparison of FSS Earth Station Antenna Cross-Polarization Radiation 
Patterns 


Since there is a radiation performance standard from FCC for the non-federal systems, 
and it is as stringent as or more stringent than the ITU-R recommendations, NTIA recommends 
that the earth station antenna cross-polarization radiation performance standard 


e adopts the FCC standard, and then 


e extends it to the ITU-R pattern where the FCC standard is not specified. 


This recommended standard is presented in Table 6-17. 


Table 6-17. Recommended GSO FSS Earth Station Antenna Cross-Polarization Sidelobe 
Radiation Performance Standard 


Gain Function (dBi) Angular Range 
19 - 25 x log(o) x°<o<7° 
-2 7° << 21.3° 
20.2 - 16.7 x log(o) 21.3° <0 < 26.3° 
32 - 25 x log(o) 26.3°< > < 48° 
-10 48° < b < 180° 


e ¢: angle off mainbeam axis, deg. 


e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 
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6.3.1.3 NGSO System Earth Station Antenna Co-Polarization Radiation 
Performance Standard 


There are three NGSO system earth station antenna co-polarization radiation patterns in 
Section 5.3.1. These three patterns, plus the Statgain model, are evaluated in order to develop the 
NGSO earth station antenna co-polarization radiation performance standard; they are 


(1) from FCC, the gateway antenna co-polarization radiation performance standard in Table 
5-12(d) for the U.S. non-federal systems operating in 10.7—11.7, 12.75—13.15, 13.2125— 
13.25, 13.8-14.0, 14.4-14.5 GHz; 

(2) from ITU RR Article 22, the earth station antenna reference radiation pattern in Table 
5-13 for establishing the downlink pfd limit of the space systems operating in 3.74.2 
GHz; 

(3) from Rec. ITU-R S.1428-1, the recommended earth station antenna reference radiation 
pattern in Table 5-18 for coordination studies and interference assessments involving the 
NGSO FSS systems operating in 10.7—30 GHz; and 

(4) Statgain model in Table 4-1. 


These patterns are plotted in Figure 6-27 with a variety of D/A values. Many patterns are very 
close to each other, and some are partially overlapping with each other, i.e., 


e patterns (1), (3.a), and (4), whose D/A values are 100 or Ginax are 48.1 dBi, are very close 
to each other, the three overlap from 1° to 10°, and patterns (1) and (4) overlap from 1° to 


36°; and 
e patterns (2.a) and (3.b), whose D/A values are 60 and 50, respectively, are very close to 
each other. 
50 
Pe age — = (1): FCC, D/A = 100, G = 48.1 dBi 
on ee a — += 2a): ITU RR Article 22, D/A = 60 
Pipe eecemese dene = = en (2.b): ITU RR Article 22,D/=40 =H 
- aL — ++ Ga): Ree. ITU-R $.1428-1, DA = 100. || 
St Ah a (3.b): Rec. ITU-R $.1428-1, D/A = 50 
30 = ~ oS — —(3.c): Rec. ITU-R $.1428-1, DA=20 7] 
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Figure 6-27. Comparison of NGSO FSS Earth Station Antenna Co-Polarization Radiation 
Patterns 
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Since there is an antenna sidelobe radiation performance standard from FCC for the non- 
federal systems, and it is comparable to the ITU-R recommendations, NTIA recommends that 
the earth station antenna co-polarization radiation performance standard combines 


e the sidelobe radiation performance standard from FCC, and 
e the mainbeam pattern from Rec. ITU-R S.1428-1. 


This recommended standard is shown in Table 6-18. 


Table 6-18. Recommended NGSO FSS Earth Station Antenna Co-Polarization Radiation 


Performance Standard 


Category Gain Function (dBi) Angular Range 
Gia - 2.5 x 10° (D/A)? 0°<o<d,, 
D/A = 100 a ere 
(Gmax > 48.1 dBi i ma ~ ¥ > 4a 
for e = 0.65) 29 - 25 x log(o) Ora < 0 < 36° 
-10 36° << 180° 
Gmb - 2.5 x 10° (D/A) 0°<b<dm 
20 < D/d < 100 , ix mpi) ; were 
34.1 < Gmax(dBi) < 48.1 mh eh 
for e ae 29 - 25 x log() db <O< 36 
-10 36° << 180° 


o: angle off mainbeam axis, deg. 
Gia = 20xlog(D/\) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gma - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Gimp = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gmnb - Gin)”, deg. 
O:b = (95A/D), deg. 


6.3.2 Frequency Assignment 


Because of the expense of manufacturing and launching satellites, a FSS system usually 
uses the whole allocated frequency band or bands as long as the solar panels are big enough to 
provide enough power to support the operation. Therefore, frequency assignment in FSS only 
involves coordination between space systems and between the space system and terrestrial 


systems. 


The actual antenna radiation patterns, including both the earth station antennas and the 
satellite antennas, should always be used in EMC analyses for frequency assignment. The earth 
station antenna radiation patterns should be available from either the earth station operators or 
the antenna manufacturers, and the satellite antenna radiation patterns should be available from 


the space system operators. 


6-37 


When the actual radiation pattern is not available, the radiation performance standards in 
Section 6.3.1 may be used as the reference radiation patterns. The radiation patterns in Section 
6.3.1 do not specify the Gyax value, and such data should be available in the GMF. 


6.3.3, Spectrum Sharing Analyses 


In spectrum sharing analyses between two space services or space systems, it is usually 
assumed that the space systems have the same Earth coverage, and the focus of the interference 
analysis is the earth station antenna radiation patterns. In spectrum sharing analyses between a 
space service or system and a terrestrial service or system, the interference analysis is between 
the earth station and the terrestrial station. 


In the GMF, the FSS services cover the federal bands, lease services in the non-federal 
bands, and feeder links for other space services. The studies here cover the bands in which the 
federal systems have significant earth station population. 


FSS uses different frequency bands for the uplink and downlink. When conducting 
spectrum sharing analyses in a band, it is necessary to identify if the band is for the uplink or 
downlink. In the uplink band, the earth stations are the transmitting stations, and are the 
interferers. In the downlink band, the earth stations are the receiving stations, and are the victims. 
These two cases will be analyzed separately. 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the FSS service records in the GMF. Since the GMF has only the station class 
information of the transmitting stations, the uplink band is processed with the station 
class symbol “TC” for the earth stations, and the downlink band is processed with the 
station class symbol “EC” for the space stations. 

(2) Develop the earth station antenna G,,,x data population profile. 

(3) Select the representative Gyax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.3.2. 


The frequency bands being examined are 


(1) 3.6-4.2 GHz downlink, 

(2) 5.85-6.425 GHz uplink, 

(3) 7.25-7.75 GHz downlink, 

(4) 7.9-8.4 GHz uplink, 

(5) 10.7-12.2 GHz downlink, 

(6) 14-14.5 GHz uplink, 

(7) 20.2-21.2 GHz downlink, 

(8) 30-31 GHz uplink, 

(9) 43-45 GHz uplink, and 

(10) 1.35-1.39 GHz downlink for NGSO system. 
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6.3.3.1 3.6—4.2 GHz Downlink 


This band and its corresponding 5.85—6.425 GHz uplink band are allocated to the non- 
federal systems. However, federal agencies are heavy users of these bands by leasing the 
capacities from the commercial operators. Therefore, a representative antenna radiation pattern 
may be useful in spectrum sharing analyses. 


The GMF has 3 service records with earth station receiving antenna data in this band, all 
with Gmax = 55 dBi. Should this be the representative Gmax value, the dish antenna size would be 
18 meters. However, it will be seen in Section 6.3.3.2 where the corresponding uplink band is 
analyzed, the antenna size for its representative Gmax value is only 4 meters. In general, a FSS 
earth station antenna is used for both transmitting and receiving. Since the number of Gmax data 
in Section 6.3.3.2 is much larger than the number of Gmax data here, the representative Gmax value 
in this band should be derived by frequency scaling the representative Gy,x value in Section 
6.3.3.2. Therefore, the representative Gmax = 42 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-19. 


Table 6-19. Representative FSS Earth Station Antenna Radiation Patterns in 3.6—4.2 GHz 
(a) Co-Polarization Pattern in the GSO Plane 


Gain Function (dBi) Angular Range 
42 - 2.5 x 10°(49.3x)” 0°<<1.77° 
29 - 25 x log(o) 1.77°<o<7T° 
8 7° <o<9.2° 
32 - 25 x log(o) 9.2°< 0 < 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 


This pattern is developed with D = 4 meters, e = 0.65, f= 3.7 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 
Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° << 48° 

-10 48° <b < 180° 


e ¢: angle off mainbeam axis, deg. 


interference path. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 


(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25 x log(o) x°<o<7° 
-2 7° <o<21.3° 


20.2 - 16.7 x log(o) 


21.3° << 26.3° 


32 - 25 x log(d) 


26.3°< b < 48° 


-10 


48° <b < 180° 
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e ¢: angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.2 5.85—6.425 GHz Uplink 
This band is the corresponding uplink band to the 3.6—4.2 GHz downlink band. 


The earth station transmitting antenna Gmax data count in this band is 


42, 44 dBi: 24 frequency assignments, 

45 dBi: 121 frequency assignments, 

46 dBi: 16 frequency assignments (cumulative population % = 65%), 
47 dBi: 55 frequency assignments (cumulative population % = 87%), 
48 dBi: 2 frequency assignments, 

49 dBi: 9 frequency assignments, 

51-59 dBi: 21 frequency assignments. 


The representative Gyax = 46 dBi, and the representative antenna radiation patterns for spectrum 
sharing analyses are provided in Table 6-20. 


Table 6-20. Representative FSS Earth Station Antenna Radiation Patterns in 5.85—6.425 


GHz 
(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
46 - 2.5 x 10°(79x) 0° << 1.05° 
27.4 1.05° << o < 1.16° 
29 - 25xlog() 1.16°<o<7° 
8 7° <o<9.2° 
32 - 25xlog(o) 9.2° <b < 48° 
-10 48° < > < 180° 


: angle off mainbeam axis, deg. 
This pattern is developed with D = 4 meters, e = 0.65, f= 5.9 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° <o< 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 
This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 
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(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7T7° 
-2 7° << 21.3° 
20.2 - 16.7xlog(o) 21.3° << 26.3° 
32 - 25xlog(o) 26.3°< > < 48° 
-10 48° < o < 180° 


e : angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.3 7.25—7.75 GHz Downlink 
This is a downlink band, and its corresponding uplink band is in 7.9-8.4 GHz. 
The population profile of the earth station receiving antenna Gmax data in this band is 


shown in Figure 6-28. The representative Gyax = 57 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-21. 
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Figure 6-28. Population Profile of FSS Earth Station Receiving Antenna Gy, Data in 
7.25-7.75 GHz 


Table 6-21. Representative FSS Earth Station Antenna Radiation Patterns in 7.25—7.75 


GHz 
(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
57 - 2.5 x 10°(280xo)" 0° <b <0.33° 
35.7 0.33° < o <0.54° 
29 - 25xlog(o) 0.54° <o<7° 
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8 


TP <b <9.2° 


32 - 25xlog() 


9.2° <b < 48° 


-10 


48° <b < 180° 


: angle off mainbeam axis, deg. 


e This pattern is developed with D = 11 meters, e = 0.65, f= 7.64 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 
Gain Function (dBi) Angular Range 
32 - 25 x log() 3° << 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 


interference path. 


This also applies to the plane of horizon including any out-of-plane potential terrestrial 


(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7T7° 
-2 7° <0 S213" 
20.2 - 16.7xlog(o) 21.3° <0 < 26.3° 
32 - 25xlog(o) 26.3°< > < 48° 
-10 48° < o < 180° 


e : angle off mainbeam axis, deg. 


e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.4 7.9-8.4 GHz Uplink 


This band is the corresponding uplink band to the 7.25—7.75 GHz downlink band. 
The population profile of the earth station transmitting antenna Gmax data in this band is 


shown in Figure 6-29. The representative Gmax = 57 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-22. 
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Figure 6-29. Population Profile of FSS Earth Station Transmitting Antenna G,,, Data in 


Table 6-22. Representative FSS Earth Station Antenna Radiation Patterns in 7.9-8.4 GHz 


45 47 49 51 53 55 ST: 59 61 


Gmax (Bi) 


7.9-8.4 GHz 


(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
57 - 2.5 x 10°(280xo)" 0° <b <0.33° 
3537 0.33° < o < 0.54° 
29 - 25xlog(o) 0.54° <0 <7° 
8 7° <o<9.2° 
32 - 25xlog(o) 9.2° <b < 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 


This pattern is developed with D = 10.5 meters, e = 0.65, f= 8 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 
Gain Function (dBi) Angular Range 
32 - 25 x log() 3° < o < 48° 
-10 48° << 180° 


e ¢: angle off mainbeam axis, deg. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 


interference path. 


(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7T7° 
-2 (ie Oe 
20.2 - 16.7xlog(o) 21.3° <6 < 26.3° 
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32 - 25xlog() 26.3°< b < 48° 


-10 48° < b < 180° 


e ¢: angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.5 10.7-12.2 GHz Downlink 


This band and its corresponding 14—14.5 GHz uplink band are allocated to non-federal 
systems. Federal agencies are heavy users of these bands by leasing the capacities from the 
commercial operators. 


The earth station receiving antenna Gax data count in this band is 


45 dBi: | frequency assignment, 

48 dBi: | frequency assignment, 

52 dBi: 2 frequency assignments (cumulative population % = 67%), 
53 dBi: | frequency assignment (cumulative population % = 83%), 
55 dBi: | frequency assignment. 


The representative Gmax value is chosen to be 53 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-23. 


Table 6-23. Representative FSS Earth Station Antenna Radiation Patterns in 10.7—12.2 


GHz 
(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
53 - 2.5 x 10°(176xo)" 0° <o<0.51° 
32.7 0.51°<o <0.71° 
29 - 25xlog() 0.71°<o<7° 
8 7° <o<9.2° 
32 - 25xlog() 9.2°< > < 48° 
-10 48° <0 < 85° 
0 85° < bd < 180° 
e ¢: angle off mainbeam axis, deg. 
e This pattern is developed with D = 4.8 meters, e = 0.65, f= 11 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° < 0 < 48° 
-10 48° < > < 85° 
0 85° <b < 180° 
e ¢: angle off mainbeam axis, deg. 
e This also applies to the plane of horizon including any out-of-plane potential terrestrial 
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interference path. 


(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7° 
-2 7° << 21.3° 


20.2 - 16.7xlog(o) 


21.3° << 26.3° 


26.3°<  < 48° 
48° < b < 180° 


32 - 25xlog() 
-10 
e : angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.6 14-14.5 GHz Uplink 
This band is the corresponding uplink band to the 10.7—-12.2 GHz downlink band. 


The population profile of the earth station transmitting antenna Gmax data in this band is 
shown in Figure 6-30. The representative Gyax = 54 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-24. 
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Figure 6-30. Population Profile of FSS Earth Station Transmitting Antenna G,,, Data in 
14-14.5 GHz 


Table 6-24. Representative FSS Earth Station Antenna Radiation Patterns in 14—14.5 GHz 


(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
54 - 2.5 x 10°(197xo)° 0° < $< 0.46° 
33.4 0.46° < o < 0.66° 
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29 - 25xlog() 


0.66° <<7° 


8 TP <b <9.2° 

32 - 25xlog($) 9.2° <  < 48° 
-10 48° <  < 85° 

0 85° <b < 180° 


e : angle off mainbeam axis, deg. 


e This pattern is developed with D = 4.2 meters, e = 0.65, f= 14.1 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° << 48° 
-10 48° <b < 85° 

0 85° < d < 180° 


e ¢: angle off mainbeam axis, deg. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 


interference path. 


(c) Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7T7 
-2 7° << 21.3° 
20.2 - 16.7xlog(o) 21.3° <6 < 26.3° 
32 - 25xlog(o) 26.3°< > < 48° 


-10 


48° < b < 180° 


e ¢: angle off mainbeam axis, deg. 


e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.7 20.2—21.2 GHz Downlink 


This is mainly a downlink band, and its corresponding uplink bands are in 30-31 GHz 


and 43-45 GHz. 


The earth station receiving antenna G,,,x data count in this band is 


e 41 dBi: 1 frequency assignment, 


e 48 dBi: 50 frequency assignments (cumulative population % = 50%), 
e 52 dBi: 50 frequency assignments (cumulative population % = 100%). 


The representative Gyax value is chosen to be 52 dBi, and the representative antenna radiation 
patterns for spectrum sharing analyses are provided in Table 6-25. 


Table 6-25. Representative FSS Earth Station Antenna Radiation Patterns in 20.2—21.2 


GHz 
(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
52 - 2.5 x 10°(157.2x) 0° <b <0.57° 
31.9 0.57° < d < 0.76° 
29 - 25xlog(o) 0.76° <o<7° 
8 7° <o<9.2° 
32 - 25xlog() 9.2°< > < 48° 
-10 48° <0 < 85° 
0 85° < > < 180° 
e : angle off mainbeam axis, deg. 
e This pattern is developed with D = 2.3 meters, e = 0.65, f= 20.5 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° <o < 48° 
-10 48° <b < 85° 
0 85° < o < 180° 


e ¢: angle off mainbeam axis, deg. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 


(c) Cross-Polarization Pattern 


Gain Function (dBi) Angular Range 
19 - 25xlog(o) x°<o<7T7° 
-2 7° << 21.3° 
20.2 - 16.7xlog(o) 21.3° <0 < 26.3° 
32 - 25xlog(o) 26.3°< > < 48° 
-10 48° < o < 180° 


e : angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.8 30-31 GHz Uplink 


This band is the corresponding uplink band to the 20.2—21.2 GHz downlink band. There 
are no GMF service records in this band. However, the usage of the 20.2—21.2 GHz downlink 
band implies that the 30-31 GHz uplink band should be equally used by the federal systems. 


Assuming that the same antennas are used both in the uplink and downlink, the earth 


station transmitting antenna Gpax value can be calculated by frequency scaling the earth station 
receiving antenna Gmax value. Therefore, the representative Gmax = 55.5 dBi, and the 
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representative antenna radiation patterns for spectrum sharing analyses are provided in Table 
6-26. 


Table 6-26. Representative FSS Earth Station Antenna Radiation Patterns in 30-31 GHz 


(a) Co-Polarization Pattern in the GSO Plane 
Gain Function (dBi) Angular Range 
55.5 - 2.5 x 10°(233.8xo)* 0° <b <0.39° 
34.5 0.39° < 0 < 0.6° 
29 - 25xlog(o) 0.6°<o<7° 
8 Te peo 
32 - 25xlog() 9.2° <b < 48° 
-10 48° << 85° 
0 85° < o < 180° 
e ¢: angle off mainbeam axis, deg. 
e This pattern is developed with D = 2.3 meters, e = 0.65, f= 30.5 GHz. 
(b) Co-Polarization Pattern Not in the GSO Plane 
Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° < o < 48° 
-10 48° < >< 85° 
0 85° < o < 180° 
e ¢: angle off mainbeam axis, deg. 
e This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 


(c) Cross-Polarization Pattern 


Gain Function (dBi) Angular Range 
19 - 25xlog(o) x°<o<7° 
-2 Te < 0s 213° 
20.2 - 16.7xlog(o) 213° <0 S263" 
32 - 25xlog() 26.3°< b < 48° 
-10 48° < b < 180° 
e ¢: angle off mainbeam axis, deg. 


e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.9 43-45 GHz Uplink 


This band is the corresponding uplink band to the 20.2—21.2 GHz downlink band. 


The GMF has only one service record in this band, with the earth station transmitting 
antenna Giynax = 42 dBi. The representative Gy,ax = 42 dBi, and the representative antenna 
radiation patterns for spectrum sharing analyses are provided in Table 6-27. 


Table 6-27. Representative FSS Earth Station Antenna Radiation Patterns in 43—45 GHz 
(a) Co-Polarization Pattern in the GSO Plane 


Gain Function (dBi) Angular Range 

42 -2.5 x 10°(49.9xo) 0° << 1.75° 

29 - 25xlog(o) 1.75°<o<7° 

8 7° <o<9.2° 

32 - 25xlog() 9.2°< > < 48° 

-10 48° < o< 180° 

e ¢: angle off mainbeam axis, deg. 

e This pattern is developed with D = 0.34 meter, e = 0.65, f= 44 GHz. 


(b) Co-Polarization Pattern Not in the GSO Plane 


Gain Function (dBi) Angular Range 
32 - 25 x log(o) 3° << 48° 
-10 48° <b < 180° 


e ¢: angle off mainbeam axis, deg. 


interference path. 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 


(c) | Cross-Polarization Pattern 
Gain Function (dBi) Angular Range 
19 - 25xlog() x°<o<7° 
-2 i 2221.3" 
20.2 - 16.7xlog(o) 21.3° <0 < 26.3° 
32 - 25xlog(o) 26.3°< > < 48° 
-10 48° < o < 180° 


e ¢: angle off mainbeam axis, deg. 
e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


6.3.3.10 1.35-1.39 GHz Downlink for NGSO System 


The GMEF contains 3 service records in this band, all with the earth station receiving 
antenna Gmax = 17 dBi. The representative Gyax = 17 dBi. This Gmax value, approximately 
corresponding to D/A = 3, is much less than the Gmax range of the radiation pattern in Section 
6.3.1. However, Table 5-38 in Section 5.7.1 provides a LMSS earth station antenna reference 
radiation pattern for circular-beam antennas of 12 < Gmax(dBi) < 18 operating in 1-3 GHz. This 
antenna reference radiation pattern is recommended for developing the representative antenna 
radiation pattern for spectrum sharing analyses here. The representative antenna radiation pattern 
is provided in Table 6-28. 
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Table 6-28. Representative NGSO FSS Earth Station Antenna Sidelobe Radiation Pattern 
in 1.35—-1.39 GHz 


Gain Function (dBi) Angular Range 
17 - 12 x (6/23.1)° 0° << 24.1° 
4 24.1° <6 < 40° 
44 - 25 x log(o) 40° <6 < 90° 
-5 90° < o 


e ¢: angle off mainbeam axis, deg. 
e Mainbeam and first sidelobe are added to complete the pattern. This will be discussed in 
Section 6.7.1.1. 


6.4 Broadcasting Service 


The federal agencies do not operate domestic BS systems, and NTIA does not conduct 
EMC analysis tasks involving BS systems. Therefore, there is no need to establish the BS 
antenna radiation performance standard for the federal systems. 


6.5 Broadcasting-Satellite Service 


The federal agencies do not operate BSS system, and NTIA does not conduct EMC 
analysis tasks involving BSS systems. Therefore, there is no need to establish the BSS antenna 
radiation performance standard for the federal systems. 


6.6 Mobile Service 


A MS system consists of base stations and mobile stations. The antennas of these two 
classes of stations are different, and they will be analyzed separately. Antennas for the LMS, 
MMS, and AMS will be discussed separately. 


NTIA does not provide the MS antenna radiation performance standards even though the 
federal agencies have extensive usage of MS. FCC provides LMS and MMS antenna radiation 
performance standards, and RTCA provides AMS antenna radiation performance standards, 
which basically are the international standards. These standards will be used to develop the 
federal MS antenna radiation performance standards. 


6.6.1 Land Mobile Service 


Most of the LMS systems use omnidirectional antennas, e.g., whip or dipole array 
antennas, in their base stations and mobile stations. A very small percentage of the stations use 
directional antennas, e.g., Yagi antennas. 


6.6.1.1 System Review 


Based on the discussion in Section 5.6.1 pertaining to the LMS antenna performance 
standards from 47 CFR and the recommended antenna radiation pattern from Rec. ITU-R 
M.1652-1, the following standards may be used as the LMS antenna performance standards for 
the federal systems. 
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(a) Omnidirectional Antenna 


The FS P-MP system omnidirectional antenna peak-sidelobe reference radiation pattern 
in Rec. ITU-R F.1336-3, with improved sidelobe performance, can be used as the LMS base 
station omnidirectional antenna vertical radiation performance standard. The vertical radiation 
pattern in Rec. ITU-R M.1652 can be used as the LMS mobile station omnidirectional antenna 
vertical radiation performance standard. In combination, it is written as: 


G(®) = max(G,(0), G,(0)) dBi (6-2) 


where 
G,(0) = Gimax - 12(0/0 bw)”, dBi 
Gy(8) = Gmnax - 12 + 10xlog{ [max(|0|/Opw, la +k }, dBi 


0: elevation angle off peak gain plane, deg. 
Obw: HPBW in the vertical plane, 
Q,,, = 107.6 x 10°", deg., 


k=0 for base station antennas, 
0.5 for mobile station antennas. 


(b) Directional Antenna 
It is more practical to use elliptical-beam antennas so as not to waste the EM power into 
the sky. The azimuth beam sizes depend on the intended coverage areas. 


The FS antenna radiation performance standards in Section 6.2.2.2, modified for the 
elliptical beam, can be adopted as the LMS directional antenna radiation performance standards. 
The standards are provided in Table 6-29. 


Table 6-29. LMS Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax = 12(9/dow)” 0S b/bow <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© §bwi, bbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(0/ dow) } and -5 
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(b) High-Gain Antenna 


Category Gain(9) (dBi) Angular Range (deg.) 
Ginax - 12(6/Onw)* 0<o<dm 
; 0.75 X Ginax - 7 Om < 0 < Or 
Gmmax > 48 dBi 
29 - 25 x log (0) bri < OS Ob1 
-13 dp1 < > < 180° 
Gmnax - 12(/ow)” 0<o<dm 
. 0.75 X Ginax - 7 Om <0 < dp 
22 < Gmax(dBi) < 4 
= Cane CE SO 53 (Gua!) 95 8 lon O) bo < OS bn 
11 - Ginax/2 do < b < 180° 
Giax - 12(6/Opw)* 0<o<dm 
. 0.75 X Gmnax - 7 dm < 0< 03 
10 < Gpax(dBi) < 22 
S Gmnax(4B1) 53 - (Gimax /2) - 25 x log (6) 13 < 0 < b3 
0 p3 < o < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 


© §Obwi, bbw2: HPBW of major and minor axes 
o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


dm : intersection of {Gmax - 12(/dbw)"} and (0.75  Gmax - 7) 
1 = 27.466 x 10 OFGms/1 

o,.. =0,; = 250 (10%' } 

b1 = bo2 = 48° 

3 = 131.8257 x10 Sn! 


6.6.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.6.1.1 may be used as the reference radiation patterns. The radiation patterns in 


Section 6.6.1.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6-52 


6.6.1.3 Spectrum Sharing Analyses 


In the GMF, only the transmitting antennas have the antenna class information indicating 


they are for base stations, mobile stations, or repeaters. Hence, the transmitting antennas will be 


used to 


() 


(2) 
(3) 


(4) 
(5) 


develop the representative antenna radiation patterns. 


The procedure to develop the representative antenna radiation pattern is as follows: 


Retrieve the LMS service records in the GMF. The symbols of the station classes are 
“FB” for base station, “FBR” for base station and repeater, “ML” for mobile station, 
“MLR” for mobile station and repeater, “MLP” for portable mobile station, and “MLPR” 
for portable mobile station and repeater. Only the frequency bands in which the federal 
government is the primary user are searched. 

Develop the base station antenna Ga data population profile. 

Select the threshold Gmax value such that approximately 75% of the Gmax population is 
equal to or smaller than the threshold value. This is the representative Gmax value. Since 
the population profile spikes and dips irregularly, the final selection may not meet the 
75% criterion closely in some cases. 

Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.6.1.2. 

Repeat Steps (2-4) for the mobile station antennas. 


The Gmax data of several adjacent MS and LMS bands have similar population profiles, 


leading to the same representative Gmax value and radiation pattern. These bands will be 
examined together. 


(1) 
(2) 
(3) 


(4) 


(5) 
(6) 
(7) 
(8) 


The frequency bands being examined are 


498-505 and 525-535 kHz, 
1.605—1.615 and 1.705—1.8 MHz, 
2—3.4 MHz range containing the following bands: 
22.065 MHz, 
2.107—2.17 MHz, 
2.1735—2.1905 MHz, 
2.194—2.495 MHz, 
2.505—2.85 MHz, 
3.155—-3.4 MHz, 
4.438—8.1 MHz range containing the following bands: 
4.438-4.65 MHz, 
4.754.995 MHz, 
5.73—5.9 MHz, 
6.765—7 MHz, 
e 7.4-8.1 MHz, 
23.35—24.89 MHz, 
25.33—25.55 and 26.48—26.95 MHz, 
27.54-28 MHz, 
29.89-75.4 MHz range containing the following bands: 
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29.89—29.92 MHz, 
30-30.56 MHz, 
32-33 MHz, 
34-35 MHz, 
36-37 MHz, 
38-39 MHz, 
40-42 MHz, 
46.6—47 MHz, 
49.6-50 MHz, 
74.6—74.8 MHz, 
e 75.2-715.4 MHz, 
(9) 138-144, 148-149.9, and 150.05—150.8 MHz, 
(10) 162.0125-173.2 and 173.4-174 MHz, 
(11) 220-420 MHz range containing the following bands: 
e =220—222 MHz, 
e =225—328.6 MHz, 
e = 335.4-399.9 MHz, 
e 406.1420 MHz, 
(12) 1.755—1.85 GHz, 
(13) 2.2-2.3 and 2.36—2.395 GHz, and 
(14) 21.2—23.6 GHz. 


6.6.1.3.1 496-535 kHz 


This frequency range contains the 498-505 and 525-535 kHz MS bands. The GMF only 
has service records in 498-505 kHz, but the result should be applicable to 525-535 kHz. 


(a) Base Station Antenna 
The base station transmitting antenna Gmax data count in these bands is 


e (dBi: 15 frequency assignments, 
e 2 dBi: 5 frequency assignments. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = -12(8/107.6)° dBi for |0/<99.4° (6-3) 
= -12 + 10xlog{ [max(|0|/107.6, 1)]!> } dBi for _—_|0| > 99.4° 


where 9 is the elevation angle off peak gain plane, in deg. 
(b) Mobile Station Antenna 


Lacking the mobile station transmitting antenna service records, the receiving antenna 
service records, which should be for the mobile stations, are used to derive the mobile station 
antenna Gmax data. The mobile station receiving antenna Gmax data count 1s 


e (dBi: 16 frequency assignments, 
e 2 dBi: | frequency assignment. 
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The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6) dBi for |0|<99.4° (6-4) 
= -12 + 10xlog{ [max(|0/107.6, y'°+0.5} dBi for —|@| > 99.4° 


where 9 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.2 1.605-1.8 MHz 


This frequency range contains the 1.605—1.615 and 1.705—1.8 MHz MS bands. The GMF 
only has service records in 1.605—1.615 MHz, but the result should be applicable to 1.705—1.8 
MHz. 


(a) Base Station Antenna 
The base station transmitting antenna G,,,x data count in these bands is 


0 dBi: 17 frequency assignments, 

1 dBi: 2 frequency assignments (cumulative population % = 76%), 
2 dBi: 5 frequency assignments, 

3 dBi: 1 frequency assignment. 


The representative Gmax = 1 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) = 1 - 12(6/85.5)° dBi for |0|<78.9° (6-5) 
= -11 + 10xlog{ [max(|0|/85.5, 1]'? } dBi for —‘|0| > 78.9° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 


The GMF does not have service records containing the mobile station transmitting 
antenna data in these bands. Hence, the receiving antenna service records, which should be for 
the mobile stations, are used to derive the mobile station antenna Gmax data. The mobile station 
receiving antenna service records all have Gmax = 0 dBi. The representative Gyax = 0 dBi, and the 
representative antenna vertical radiation pattern for spectrum sharing analyses is 


G(®) = -12(6/107.6) dBi for |0/<99.4° (6-6) 
= -12 + 10xlog{ [max(0//107.6, 1)J'5+0.5} dBi for —|@| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.3 2-3.4 MHz 
This frequency range contains the following MS bands: 


e 22.065 MHz, 
e 2.107—2.17 MHz, 
e = 2.1735—2.1905 MHz, 
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e 2.194—-2.495 MHz, 
e §=2.505—2.85 MHz, 
e =3.155—3.4 MHz. 


The GMF does not have service records in 2.1735—2.1905 MHz, but the results derived from the 
other bands should be applicable in this band. 


(a) Base Station Antenna 
The base station transmitting antenna G,,,x data count in these bands is 


0 dBi: 58 frequency assignments, 

1, 2 dBi: 12 frequency assignments, 

3 dBi: 164 frequency assignments (cumulative population % = 87%), 
4 dBi: 9 frequency assignments, 

5 dBi: 22 frequency assignments, 

6—12 dBi: 4 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)° dBi for |0|<49.8° (6-7) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for  |0| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 

(b) Mobile Station Antenna 

The mobile station transmitting antenna Gx data count in these bands is 
0 dBi: 124 frequency assignments, 

1 dBi: 4 frequency assignments, 

2 dBi: 38 frequency assignments, 

3 dBi: 196 frequency assignments (cumulative population % = 88%), 

e 4dBi: 10 frequency assignments, 


e 5 dBi: 21 frequency assignments, 
e 6-12 dBi: 19 frequency assignments. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(8) =3 - 12(0/53.9)° dBi for |0| < 49.8° (6-8) 
= -9 + 10xlog{ [max(|6|/53.9, Dy'?+0.5} dBi for |8| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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6.6.1.3.4 4.438-8.1 MHz 


This frequency range contains the following MS bands: 


e 4.438-4.65 MHz, 
e 4,75-4.995 MHz, 
e 5.73—-5.9 MHz, 

e 6.765—7 MHz, 

e 7.4-8.1 MHz. 


(a) Base Station Antenna 
The base station transmitting antenna G,,,x data count in these bands is 


0 dBi: 120 frequency assignments, 

1 dBi: 5 frequency assignments, 

2 dBi: 17 frequency assignments (cumulative population % = 72.1%), 
3 dBi: 14 frequency assignments (cumulative population % = 79.2%), 
4 dBi: 10 frequency assignments, 

5 dBi: 21 frequency assignments, 

6—12 dBi: 10 frequency assignments. 


The representative Gyax = 2 dBi. The representative antenna vertical radiation pattern for 
spectrum sharing studies is 
G(0) =2 - 12(0/67.9)° dBi for |0| < 62.7° (6-9) 
= -10 + 10xlog{ [max(|0|/67.9, iB) ee dBi for |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 


The population profile of the mobile station transmitting antenna G,,,x data in these bands 
is shown in Figure 6-31. The representative Gmax = 3 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(8) =3 - 12(0/53.9)° dBi for |8| < 49.8° (6-10) 
= -9 + 10xlog{ [max(|6|/53.9, Dy'?+0.5} dBi for |8| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-31. Population Profile of LMS Mobile Station Transmitting Antenna G,ax Data in 
4.438-8.1 MHz 


6.6.1.3.5 23.35—24.89 MHz 
(a) Base Station Antenna 
The base station transmitting antenna G,,,x data count in this band is 


0, 1 dBi: 7 frequency assignments, 

2 dBi: 1 frequency assignment, 

3 dBi: 14 frequency assignments (cumulative population % = 85%), 
6 dBi: 4 frequency assignments. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)° dBi for |0|<49.8° (6-11) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for |0| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 
The mobile station transmitting antenna Gmax data count in this band is 


0, 1, 2 dBi: 19 frequency assignments, 

3 dBi: 14 frequency assignments, 

6 dBi: 5 frequency assignments (cumulative population % = 63%), 
9 dBi: 21 frequency assignments (cumulative population % = 98%), 
e 13 dBi: 1 frequency assignment. 


The representative Gmax = 6 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = 6 - 12(0/27)° dBi for |0| < 25° (6-12) 
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= -6 + 10xlog{ [max(|6|/27, 1B Mawae oa tose dBi for |6| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.6  25.33-26.95 MHz 

This frequency range contains the 25.33—25.55 and 26.48—26.95 MHz MS bands. 
(a) Base Station Antenna 

The base station transmitting antenna Gx data count in these bands is 


e (dBi: 34 frequency assignments (cumulative population % = 89%), 
e 2,3 dBi: 4 frequency assignments. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6)° dBi for |@| < 99.4° (6-13) 
= -12 + 10xlog{ [max(|0/107.6, 1)J"> } dBi for  |6|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 
The mobile station transmitting antenna G,,,x data count in these bands is 


e 0 dBi: 49 frequency assignments (cumulative population % = 79%), 
e 2,3 dBi: 13 frequency assignments. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = -12(0/107.6)° dBi for = |0|<99.4° (6-14) 
= -12 + 10xlog{ [max(|0//107.6, )J'>+0.5} dBi for ‘|| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.7  27.54—-28 MHz 
(a) Base Station Antenna 
The base station transmitting antenna Gmax data count in this band is 


e (dBi: 8 frequency assignments, 
e 2 dBi: | frequency assignment, 
e 3 dBi: 16 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)° dBi for |0|<49.8° (6-15) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for  |0| > 49.8° 
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where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 
The mobile station transmitting antenna Gmax data count in this band is 


e (OdBi: 14 frequency assignments, 
e 2 dBi: 4 frequency assignments, 
e 3 dBi: 19 frequency assignments. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(8) =3 - 12(0/53.9)° dBi for |8| < 49.8° (6-16) 
= -9 + 10xlog{ [max(|0|/53.9, Dy'?+0.5} dBi for |8| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.8 29.89-75.4 MHz 


This frequency range contains the following MS bands: 


29.89—29.92 MHz, 
30-30.56 MHz, 
32-33 MHz, 
34-35 MHz, 
36-37 MHz, 
38-39 MHz, 
40-42 MHz, 
46.6-47 MHz, 
49.6—-50 MHz, 
74.6—74.8 MHz, 
75.2—75.4 MHz. 


(a) Base Station Antenna 


The base station transmitting antenna Gax data count in these bands is 


0 dBi: 109 frequency assignments, 

1 dBi: 6 frequency assignments, 

2 dBi: 52 frequency assignments (cumulative population % = 82%), 
3 dBi: 20 frequency assignments, 

5—8 dBi: 17 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(8) =2 - 12(0/67.9)° dBi for |0| < 62.7° (6-17) 
= -10 + 10xlog{ [max(6|/67.9, 1)J"? } dBi for — |6|>62.7° 
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where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 


The mobile station transmitting antenna Ga data count in these bands is 


0 dBi: 451 frequency assignments, 

1 dBi: 12 frequency assignments, 

2 dBi: 221 frequency assignments (cumulative population % = 85%), 
3 dBi: 91 frequency assignments, 

5—7 dBi: 29 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) =2 - 12(0/67.9)° dBi for |0|<62.7° (6-18) 
= -10 + 10xlog{ [max(|0/67.9, D]'°+0.5} dBi for — |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 


6.6.1.3.9 138—150.08 MHz 


This frequency range contains the following MS bands: 


e 138-144 MHz, 
e 148-149.9 MHz, 
e =150.05—150.8 MHz. 


(a) Base Station Antenna 


The population profile of the base station transmitting antenna G,,x data in these bands is 
shown in Figure 6-32. The representative Gmax = 5 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(®) =5 - 12(6/34)° dBi for |0|<31.4° (6-19) 
= -7 + 10xlog{ [max(|0|/34, 1)J"> } dBi for —‘|@| > 31.4° 


where 9 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-32. Population Profile of LMS Base Station Transmitting Antenna G,,,, Data in 
138—150.08 MHz 
(b) Mobile Station Antenna 


The population profile of the mobile station transmitting antenna Gmax data in these bands 
is shown in Figure 6-33. The percentages of cumulative population are 70.8% and 80.5% for 
Gmax = 2 dBi and 3 dBi, respectively, and the representative Gmax is chosen to be 3 dBi to protect 
more federal systems. The representative antenna vertical radiation pattern for spectrum sharing 
analyses is 


G(@) = 3 - 12(0/53.9)° dBi for |8| < 49.8° (6-20) 
= -9 + 10xlog{ [max(|0|/53.9, 1)J'°+0.5} dBi for — |@|>49.8° 
where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-33. Population Profile of LMS Mobile Station Transmitting Antenna G,,,, Data in 
138—150.08 MHz 
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6.6.1.3.10 162-174 MHz 
This frequency range contains the 162.0125—173.2 and 173.4-174 MHz MS bands. 
(a) Base Station Antenna 


The population profile of the base station transmitting antenna Gmax data in these bands is 
shown in Figure 6-34. The percentages of cumulative population are 53% and 95.2% for Gmax = 
5 dBi and 6 dBi, respectively, and the representative Gmax is chosen to be 6 dBi to protect more 
federal systems. The representative antenna vertical radiation pattern for spectrum sharing 
analyses is 


G(0) = 6 - 12(0/27)° dBi for 0 < 25° (6-21) 
= -6 + 10xlog{ [max(|6|/27, )y'? } dBi for — |0|>25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-34. Population Profile of LMS Base Station Transmitting Antenna G,,,, Data in 
162-174 MHz 


(b) Mobile Station Antenna 


The population profile of the mobile station transmitting antenna Gyax data in these bands 
is shown in Figure 6-35. The representative Gy, = 5 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(0) =5 - 12(0/34)° dBi for |0/<31.4° = (6-22) 
= -7+ 10xlog{ [max(|0/34, Dy'°+0.5} dBi for — |@|>31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-35. Population Profile of LMS Mobile Station Transmitting Antenna G,,,, Data in 
162-174 MHz 


6.6.1.3.11 220-420 MHz 


This frequency range contains the following MS bands: 


e MS: 
Oo 225-328.6 MHz, 
o 335.4-399.9 MHz, 
o 406.1420 MHz, 

e LMS: 220-222 MHz. 


(a) Base Station Antenna 


The population profile of the base station transmitting antenna Gmax data in these bands is 
shown in Figure 6-36. The percentages of cumulative population are 69.8% and 79% for Gmax = 
5 dBi and 6 dBi, respectively, and the representative Gmax 1s chosen to be 6 dBi to protect more 
federal systems. The representative antenna vertical radiation pattern for spectrum sharing 
analyses is 


G(0) = 6 - 12(0/27) dBi for  |0|<25° (6-23) 
= -6 + 10xlog{ [max(|6|/27, 1)]'° } dBi for =‘ |@| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-36. Population Profile of LMS Base Station Transmitting Antenna G,,,, Data in 
220-420 MHz 


(b) Mobile Station Antenna 


The population profile of the mobile station transmitting antenna Gx data in these bands 
is shown in Figure 6-37. The representative G,,ax = 3 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(@) =3 - 12(0/53.9)° dBi for |8| < 49.8° (6-24) 
= -9 + 10xlog{ [max(|0|/53.9, lJ’? +0.5} dBi for — |@|>49.8° 
where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-37. Population Profile of LMS Mobile Station Transmitting Antenna G,,,, Data in 
220—420 MHz 
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6.6.1.3.12 1.755—-1.85 GHz 
(a) Base Station Antenna 


There are 2 base station transmitting antenna service records in this band, with both Gmax 
= 2 dBi. The representative Gmax = 2 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(0) =2 - 12(0/67.9)° dBi for |0| < 62.7° (6-25) 
= -10 + 10xlog{ [max(|6|/67.9, 1)]"> } dBi for || >62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Mobile Station Antenna 
The mobile station transmitting antenna Gmax data count in this band is 


0 dBi: 10 frequency assignments, 

2 dBi: 13 frequency assignments, 

3 dBi: 29 frequency assignments (cumulative population % = 86%), 
9 dBi: 4 frequency assignments, 

12 dBi (directional): 2 frequency assignments, 

20, 28 dBi (directional): 2 frequency assignments. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) =3 - 12(0/53.9)° dBi for |8| < 49.8° (6-26) 
= -9 + 10xlog{ [max(|0|/53.9, 1)J'°+0.5} dBi for — |@| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.1.3.13  2.2-2.395 GHz 


This frequency range contains the 2.2—2.3 and 2.36—2.395 GHz MS bands. The GMF has 
only the mobile station antenna data in these bands. The numbers of the omnidirectional and 
directional antenna data are comparable, thus both types will be analyzed. 


(a) Mobile Station Omnidirectional Antenna 
The mobile station omnidirectional transmitting antenna Gx data count in these bands is 


e (dBi: 2 frequency assignments, 
e 2 dBi: 17 frequency assignments (cumulative population % = 76%), 
e 3 dBi: 6 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =2 - 12(0/67.9)° dBi for |8| < 62.7° (6-27) 
= -10 + 10xlog{ [max(|0/67.9, 1)]/'°+0.5} dBi for — |0| > 62.7° 
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where 0 is the elevation angle off the peak gain plane, in deg. 


(b) 


Mobile Station Directional Antenna 
The mobile station directional transmitting antenna Gmax data count in these bands is 


12 dBi (corner reflector antenna): 5 frequency assignments, 
14 dBi (patch antenna): 7 frequency assignments. 


The representative Gmax = 14 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-30. 


Table 6-30. Representative LMS Mobile Station Directional Antenna Radiation Pattern in 


2.2-2.395 GHz 
Gain() (dBi) Angular Range (deg.) 
14 - 12(/ ow)” 0< $5 bm 
3.5 dm < 0 < 49.9° 
46 - 25 x log (6) 49.9° < >< 69.2° 
0 69.2° < b< 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


$m : intersection of {14 - 12(/dpw)”} and 3.5 


6.6.1.3.14 21.2-23.6 GHz 


The GMF has only mobile station antenna data in this band. 


The mobile station transmitting antenna Gmax data count is 


0, 3 dBi: 3 frequency assignments, 

12 dBi (cylindrical array): 2 frequency assignments, 

13 dBi (log periodic antenna): 11 frequency assignments (cumulative population % = 
70%), 

26 dBi (parabolic antenna): 1 frequency assignment (cumulative population % = 74%), 
33 dBi (parabolic antenna): 3 frequency assignments, 

36, 38 dBi (parabolic antenna): 3 frequency assignments. 


The representative Gyax is chosen to be 13 dBi instead of 26 dBi, which is closer to the threshold 
of 75%, because the combination of 12 dBi and 13 dBi accounts for the largest portion of the 
population, and because of the big gap between 13 dBi and 26 dBi. The representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-31. 
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Table 6-31. Representative LMS Mobile Station Directional Antenna Radiation Pattern in 


21.2—23.6 GHz 
Gain (9) (dBi) Angular Range (deg.) 
13 - 12(/ow) 0<<dn 
25 dm < 0 < 56° 
46.5 - 25 x log () 56° < 0 < 72.4° 
0 72.4° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


$m : intersection of {13 - 12(/dpw)} and 2.75 


6.6.2 Maritime Mobile Service 


MMS systems use both omnidirectional and directional antennas at the coast stations, and 
mostly omnidirectional antennas onboard ships. 


6.6.2.1 System Review 


NTIA does not provide the MMS antenna radiation performance standards for system 
review. Because the LMS base station and the MMS coast station perform similar functionalities, 
the LMS base station antenna radiation performance standards in Section 6.6.1.1 are 
recommended as the MMS coast station antenna radiation performance standards. These 
standards are provided below. 


(a) Coast Station Omnidirectional Antenna 


The recommended MMS coast station omnidirectional antenna vertical radiation 
performance standard is 


G(®) = max(G,(0), Gy(0)) dBi (6-28) 


where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 
G,(0) = Gmax - 12 + 10xlog{ [max(|0/Opw, I'? }, dBi 


0: elevation angle off the peak gain plane, deg. 
Opw: HPBW in the vertical plane 


0, = 107.6 x 10°", deg., 


(b) Coast Station Directional Antenna 


The recommended MMS coast station directional antenna radiation performance 
standards are provided in Table 6-32. 
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Table 6-32. MMS Coast Station Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax = 12(9/ow)” 0 < b/bow <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 


© = Gmax= 10xlog {ex[41253/(Opwixdow2)]}, dBi, 


dbw: HPBW in the direction of interest, deg. 
x: intersection of {Gmax - 12(/ bw) } and -5 


© §bwi, bbw2: HPBW of major and minor axes, deg. 
o: angle off mainbeam axis in the direction of interest, deg. 


(b) High-Gain Antenna 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog{ex[41253/(dpwiXMbw2)]}, dBi 
© = Qbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


,, = 27.466 x 1903 Gmax/10 
0.2 = 0.3 = 250 (10S' ) 
bi = Ob2 = 48° 

,3 = 131.8257 x 10) ~Gmex/50 


Om : intersection of {Gmax - 12(/ dow) } and (0.75 x Gmnax - 7) 


Category Gain(o) (dBi) Angular Range (deg.) 
Gmax - 12(/ ow)” 0<<dm 
: 0.75 X Ginax - 7 dm < OS Ort 
Gmnax > 48 dBi 
29 - 25 x log (0) bri < OS Ob1 
-13 dpi < & < 180° 
Gas = 12(/dpw) 0 < () = dm 
; 0.75 X Ginax - 7 dm < 0S br 
22 < Ginax(dBi) < 48 
= ey 53 - (Gmnax /2) - 25 x log () br < OS bb2 
11 - Giax/2 dbo < o < 180° 
Gmax - 12(/ ow)” 0<<dm 
; 0.75 X Ginax - 7 dm < >< o3 
10 < Gnnax(dBi) < 22 
7 seey 53 - (Ginax /2) - 25 x log () 3 < 0 < O63 
0 v3 < ) < 180° 
Elliptical beam. 
All angles in deg. 
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(c) Shipborne Omnidirectional Antenna 


When an antenna is installed on a ship, its radiation pattern is heavily influenced by the 
ship structure and the antenna installation. Lacking any viable data, the recommended LMS 
omnidirectional antenna vertical radiation performance standard in Section 6.6.1.1 is used as the 
MMS shipborne omnidirectional antenna vertical radiation performance standard; it is 


G(@) = max(G,(0), G,(0)) dBi (6-29) 


where 
G,(0) = Gmnax - 12(0/8 pw)’, dBi 
Gi(0) = Gmax - 12 + 10 x log{ [max(|0//Obw, 1) '? +.0.5 }, dBi 
0: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


0, = 107.6 x 10°°'S™ | deg. 


RTC®M is currently developing the MMS shipborne antenna radiation performance 
standards. Its result, when established, will be examined to determine if the federal standards 
should be amended. 


6.6.2.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.6.2.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.6.2.1 do not specify the Gyax value; however, such data should be available in the 
GMF. 


6.6.2.3 Spectrum Sharing Analyses 


In the GMF, only the transmitting antennas have the station class information indicating 
they are coast stations, ship stations, or repeaters. Since in general the antennas are for both 
transmitting and receiving, the transmitting antennas will be used to obtain the representative 
antenna Gmax value and the radiation patterns. 


The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the MMS service records in the GMF. The station classes are “FC” for coast 
stations, “FCB” for broadcasting coast stations, “FCD” for telecommand coast stations, 
“MS” for ship stations, “MSD” for ship telecommand stations, and “MSP” for portable 
ship stations. Only the frequency bands in which the federal government is the primary 
user are searched. 

(2) Develop the costal station antenna Gmax data population profile. 
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(3) Select the threshold Gmax value such that approximately 75% of the Gmax population is 
equal to or smaller than the threshold value. This is the representative Gmax value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.6.2.2. 

(5) Repeat Steps (2-4) for the shipborne antennas. Only the ship stations whose locations are 
in the 50 States, D.C., U.S. Commonwealths and Possessions, and within the U.S. coastal 
waters are processed. 


The Gmax data of several adjacent MS and MMS bands have similar population profiles, 
leading to the same representative antenna G,,,x value and radiation pattern. These bands will be 


examined together. 


The frequency bands being examined are 


(1) 20.05—59, 61-90, and 110-190 kHz, 
(2) 415-535 kHz range containing the following bands: 
e 415-495 kHz, 
e 496-505 kHz, 
e =505-525 kHz. 
e =525—535 kHz, 
(3) 2.065—2.107, 2.17—2.1735, and 2.1905—2.194 MHz, 
(4) 2-3.4 MHz range containing the following bands: 
2—2.065 MHz, 
2.107—2.17 MHz, 
2.1735—2.1905 MHz, 
2.194—2.495 MHz, 
2.505—2.85 MHz, 
3.155—3.4 MHz, 
(5) 4-5.9 MHz range containing the following bands: 
e 4.438-4.65 MHz, 
e 4.754.995 MHz, 
e 5.73-5.9 MHz, 
e 44.438 MHz, 
(6) 6.765—7, 7.48.1, 8.1-8.815 MHz, 
(7) 12.23-19.8 MHz range containing the following bands: 
e = 12.23-13.2 MHz, 
e 16.36-17.41 MHz, 
e 18.78-18.9 MHz, 
e 19.68-19.8 MHz, 
(8) 23.35—28 MHz range containing the following bands: 
e =23.35—24.89 MHz, 
e §=25.07—25.21 MHz, 
e §=25.33—25.55 MHz, 
e 26.1—26.175 MHz, 
e 
e 


26.48—26.95 MHz, 
27.54—28 MHz, 
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(9) 138-174 MHz range containing the following bands: 
138-144 MHz, 

148—149.9 MHz, 

150.05—150.8 MHz, 

157.0375—157.1875 MHz, 

162.0125—173.2 MHz, and 

173.4-174 MHz. 


6.6.2.3.1 20-190 kHz 
This frequency range contains the following MMS bands: 


e = 20.05—59 kHz, 
e 61-90 kHz, 
e 110-190 kHz. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
Gmax data count is 


e (dBi: 11 frequency assignments (cumulative population % = 85%), 
e 2 dBi: | frequency assignment, 
e 4dBi: | frequency assignment. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6)° dBi for |8| < 99.4° (6-30) 
= -12 + 10xlog{ [max(|6|/107.6, 13 dBi for |8| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


The GMF does not have shipborne transmitting antenna service records in these bands. 
However, it has 4 receiving antenna service records, which should be shipborne, with all the 
Gmnax = 0 dBi. The representative Gmax = 0 dBi, and this is an omnidirectional antenna; the 
representative antenna vertical radiation pattern for spectrum sharing analyses is 


G(®) = -12(0/107.6)° dBi for |0|<99.4° = (6-31) 
= -12 + 10xlog{ [max(|0//107.6, )J'>+0.5} dBi for ‘|| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.2 415-535 kHz 
This frequency range contains the following MS bands: 


e MS: 
o 496-505 kHz, 
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o 525-535 kHz, 
e MMS: 

o 415-495 kHz, 

o 505-525 kHz. 


The GMF has 2 service records in the 415-495 kHz band, and the transmission is from Newport 
News, Virginia to coastal Virginia. The result should be applicable to all bands. 


(a) Coast Station Antenna 


Both coast station transmitting antennas are omnidirectional, with both Gmax = 2 dBi. The 
representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for spectrum 
sharing analyses is 


G(@) = 2 - 12(6/67.9)° dBi for |0| < 62.7° (6-32) 
= -10 + 10xlog{ [max(|0|/67.9, 1y'? } dBi for — |6|>62.7° 


where 9 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


Both shipborne receiving antennas are omnidirectional, with both Gy, = 2 dBi. The 
representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for spectrum 
sharing analyses is 


G(@) = 2 - 12(0/67.9)° dBi for |8| < 62.7° (6-33) 
= -10 + 10xlog{ [max(|0//67.9, )y'°+0.5} dBi for — |@| > 62.7° 


where 9 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.3  2.065—2.194 MHz 
This frequency range contains the following MMS bands: 


e 2.065—2.107 MHz, 
e = 2.17—2.1735 MHz, 
e = 2.1905—2.194 MHz. 


The GMF has five MMS service records in the 2.065—2.107 MHz band, and they are from coast 
stations to ships and aircrafts over coastal water. The result should be applicable to all the bands 
in this frequency range. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
Gmax data count is 


e (dBi: 4 frequency assignments (cumulative population % = 80%), 
e 2 dBi: | frequency assignment. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 
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G(0) = -12(0/107.6)° dBi for |8| < 99.4° (6-34) 
= -12 + 10xlog{ [max(|6|/107.6, 1)}"° } dBi for  |6|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


The shipborne receiving antennas are all omnidirectional in these bands, and the Gmax 
data count is 
e (dBi: 3 frequency assignments (cumulative population % = 75%), 
e 3 dBi: | frequency assignment. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = -12(8/107.6)° dBi for |0|<99.4° (6-35) 
= -12 + 10xlog{ [max(|0/107.6, I)]1°+0.5} dBi for —_—‘|0| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.4 2-3.4 MHz 
This frequency range contains the following MS bands: 


2—2.065 MHz, 
2.107—2.17 MHz, 
2.1735—2.1905 MHz, 
2.194—2.495 MHz, 
2.505—2.85 MHz, 
3.155—3.4 MHz. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
Gmax data count is 


0 dBi: 84 frequency assignments, 

1 dBi: 11 frequency assignments, 

2 dBi: 28 frequency assignments (cumulative population % = 73.6%), 
3 dBi: 6 frequency assignments (cumulative population % = 77.3%), 
4 dBi: 9 frequency assignments, 

5—10 dBi: 29 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = 2 - 12(0/67.9)° dBi for |8| < 62.7° (6-36) 
= -10 + 10xlog{ [max(|6|/67.9, IT!” } dBi for — |0| > 62.7° 


6-74 


where 0 is the elevation angle off the peak gain plane, in deg. 


(b) Shipborne Antenna 


The shipborne transmitting antennas are all omnidirectional in these bands, and the Ginax 
data count is 


e 0 dBi: 146 frequency assignments (cumulative population % = 76%), 
e 1-4 dBi: 22 frequency assignments, 

e 5 dBi: 21 frequency assignments, 

e 6-10 dBi: 4 frequency assignments. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6)° dBi for |0|<99.4° (6-37) 
= -12 + 10xlog{ [max(|0|/107.6, 1)]'°+0.5} dBi for —‘|@| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3. 45.9 MHz 


This frequency range contains the following MS bands: 


e MS: 
o 4.438-4.65 MHz, 
o 4.75—4.995 MHz, 
o 5.73-5.9 MHz, 

e MMS: 44.438 MHz. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
Gmax data count is 


0 dBi: 65 frequency assignments, 

1 dBi: 8 frequency assignments (cumulative population % = 61%), 
2 dBi: 32 frequency assignments (cumulative population % = 88%), 
3-6 dBi: 14 frequency assignments. 


The representative Gyax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(8) =2 - 12(0/67.9)° dBi for |0| < 62.7° (6-38) 
= -10 + 10xlog{ [max(6|/67.9, 1)]"? } dBi for — |6|>62.7° 


where 9 is the elevation angle off the peak gain plane, in deg. 
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(b) Shipborne Antenna 


The shipborne transmitting antennas are all omnidirectional in these bands, and the Ginax 


data count is 


0 dBi: 32 frequency assignments, 

1 dBi: 27 frequency assignments (cumulative population % = 74.7%), 
2 dBi: 13 frequency assignments, 

3-6 dBi: 7 frequency assignments. 


The representative Gmax = 1 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = 1 - 12(0/85.5) dBi for || <78.9° 
=-11 + 10xlog{ [max(|0//85.5, I]'°+0.5} dBi for — |@| > 78.9° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.6  6.765-8.815 MHz 
This frequency range contains the following MS bands: 


e MS: 
o 6.765—7 MHz, 
o 7.4-8.1MHz, 
e MMS: 8.1-8.815 MHz. 


(a) Coast Station Antenna 


(6-39) 


The coast station transmitting antennas are all omnidirectional in these bands, and the 


Gmax data count is 


0 dBi: 108 frequency assignments, 

1 dBi: 5 frequency assignments, 

2 dBi: 42 frequency assignments (cumulative population % = 77.5%), 
3 dBi: 7 frequency assignments, 

4—12 dBi: 38 frequency assignments. 


The representative Gyax = 2 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(®) = 2 - 12(0/67.9)° dBi for  |0|<62.7° 
= -10 + 10xlog{ [max(|6|/67.9, I] '? } dBi for = |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 


(b) Shipborne Antenna 


(6-40) 


Only the stations whose localities are in the U.S. and labeled as “coastal water” are 
processed. The shipborne transmitting antennas are all omnidirectional in these bands, and the 


Gmax data count is 
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0 dBi: 77 frequency assignments, 

1 dBi: 19 frequency assignments, 

2 dBi: 14 frequency assignments (cumulative population % = 75.3%), 
3 dBi: 4 frequency assignments, 

5 dBi: 21 frequency assignments, 

6, 12 dBi: 11 frequency assignments. 


The representative Gyax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = 2 - 12(0/67.9) dBi for |0|<62.7° = (6-41) 
= -10 + 10xlog{ [max(|0/67.9, 1)]'°+0.5} dBi for — || > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.7 12.23-19.8 MHz 
This frequency range contains the following MMS bands: 


12.23-13.2 MHz, 
16.36-17.41 MHz, 
18.78-18.9 MHz, 
19.68-19.8 MHz. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
Gmax data count is 


0 dBi: 40 frequency assignments, 

1 dBi: 9 frequency assignments (cumulative population % = 62%), 

2 dBi: 20 frequency assignments (cumulative population % = 87.3%), 
3 dBi: 3 frequency assignments, 

4 dBi: 3 frequency assignments, 

5, 6, 14 dBi: 4 frequency assignments. 


The representative Gyax is chosen to be 2 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 
G(0) =2 - 12(0/67.9)° dBi for |0|<62.7° (6-42) 
= -10 + 10xlog{ [max(|0|/67.9, 1]! } dBi for — |6|>62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


The shipborne transmitting antennas are all omnidirectional in these bands, and the Ginax 
data count is 


e (dBi: 20 frequency assignments, 
e 1 dBi: 41 frequency assignments (cumulative population % = 75.3%), 
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e 2 dBi: 14 frequency assignments, 
e 3-14 dBi: 6 frequency assignments. 


The representative Gmax = 1 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 
G(®) = 1 - 12(0/85.5)° dBi for |0| < 78.9° (6-43) 
= -11 + 10xlog{ [max(|6|/85.5, Dy'?+0.5} dBi for |8| > 78.9° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.8  23.35-28 MHz 


This frequency range contains the following MS bands: 


e MS: 
o 23.35—24.89 MHz, 
o 25.33-25.55 MHz, 
o 26.48-26.95 MHz, 
o 27.54-28 MHz, 

e MMS: 


Oo 25.07—25.21 MHz, 
o 26.1-26.175 MHz. 


(a) Coast Station Antenna 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
antenna Gyax data count is 


e (dBi: 86 frequency assignments (cumulative population % = 77%), 
e 1 dBi: 2 frequency assignments, 

e 2 dBi: 17 frequency assignments, 

e 3-6 dBi: 7 frequency assignments. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6) dBi for  |@|<99.4° (6-44) 
= -12 + 10xlog{ [max(|0/107.6, 1)}"° } dBi for  |0|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


The shipborne transmitting antennas are all omnidirectional in these bands, and the 
antenna Gax data count is 


e 0 dBi: 49 frequency assignments (cumulative population % = 64.5%), 
e 1 dBi: 7 frequency assignments (cumulative population % = 86.8%), 
e 2 dBi: 4 frequency assignments, 

e 3,6 dBi: 6 frequency assignments. 
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The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6)° dBi for |8| < 99.4° (6-45) 
= -12 + 10xlog{ [max(|6|/107.6, Dy'?+0.5} dBi for |8| > 99.4° 


where 9 is the elevation angle off the peak gain plane, in deg. 
6.6.2.3.9 138-174 MHz 


This frequency range contains the following MS bands: 


e MS: 

138-144 MHz, 
148-149.9 MHz, 
150.05—150.8 MHz, 
162.0125—173.2 MHz, 
173.4-174 MHz, 

e MMS: 157.0375—157.1875 MHz. 


(a) Coast Station Antenna 


O0o000 0 


The coast station transmitting antennas are all omnidirectional in these bands, and the 
antenna Gyax data count is 


0-2 dBi: 68 frequency assignments, 

3 dBi: 52 frequency assignments, 

4 dBi: 1 frequency assignment, 

5 dBi: 15 frequency assignments (cumulative population % = 73.5%), 
6 dBi: 44 frequency assignments, 

7-12 dBi: 5 frequency assignments. 


The representative Gyax = 5 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) =5 - 12(6/34) dBi for |0|/<31.4° (6-46) 
= -7 + 10xlog{ [max(|6|/34, 1)]'° } dBi for —‘|6| > 31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Shipborne Antenna 


The shipborne transmitting antennas are all omnidirectional in these bands, and the 
antenna Gina data count is 


0-1 dBi: 270 frequency assignments, 

2 dBi: 108 frequency assignments, 

3 dBi: 160 frequency assignments, 

4 dBi: 2 frequency assignments (cumulative population % = 74.8%), 
5dBi: 54 frequency assignments, 
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e 6dBi: 118 frequency assignments, 
e 7-12 dBi: 10 frequency assignments. 


The representative Gmax = 4 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = 4 - 12(0/42.8) dBi for |0|<39.6° ~—(6-47) 
= -8 + 10xlog{ [max(|0|/42.8, IJ’? +0.5} dBi for — |0| > 39.6° 


where 0 is the elevation angle off the peak gain plane, in deg. 


6.6.3 Aeronautical Mobile Service 


Federal AMS systems use mostly omnidirectional antennas in their land stations and 
aircraft stations for in-flight operations. Directional antennas are mostly used at the airport land 
stations for take-off and landing operations. 


6.6.3.1 System Review 


NTIA does not provide the AMS antenna radiation performance standards for system 
review. These standards can be developed as follows. 
(a) Land-Based Omnidirectional Antenna 


Because the LMS base station and the AMS land station perform similar functionalities, 
the LMS base station antenna radiation performance standards in Section 6.6.1.1 are 
recommended as the AMS land-based antenna radiation performance standards. 


The AMS land-based omnidirectional antenna performance standard is 
G(0) = max(G,(8), G,(8)) dBi (6-48) 


where 
G,(0) = Gmax - 12(0/0 bw)’, dBi 
Gy(8) = Ginax - 12 + 10xlog{ [max(|6|/Obw, 1y'? }, dBi 
0: elevation angle off the peak gain plane, deg. 
Opw: HPBW in the vertical plane 
0, = 107.6 x 10 °'S™, deg. 


(b) Land-Based Directional Antenna 


In Section 5.6.3, Rec. ITU-R M.1459 provides a recommended reference radiation 
pattern for the AMS land-based directional antennas which is shown in Table 5-37. However, as 
discussed in Section 5.6.3, this reference radiation pattern is really the combination of two 
reference radiation patterns of different antenna sizes, and is not a realistic radiation pattern. 


Hence, the LMS antenna radiation performance standards in Section 6.6.1.1 are 


recommended as the AMS land-based directional antenna radiation performance standards; these 
standards are shown in Table 6-33. 
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Table 6-33. AMS Land-Based Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Gmax - 12(6/dow)” 0 < b/dbw <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 
Gmax usually given, or can be calculated from: 
© Ghax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© §bwi, bbw2: HPBW of major and minor axes, deg. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
x: intersection of {Gmax - 12(0/ dow) } and -5 
(b) High-Gain Antenna 
Category Gain() (dBi) Angular Range (deg.) 
Ginx ia 12(/dpw) 0 < () = dm 
. 0.75 X Gmnax - 7 dm < OS Ort 
Gmnax = 48 dB 
; 29 - 25 x log (4) be < OS dor 
-13 dpi < > < 180° 
Gmax - 12(/ ow)” 0<<dm 
: 0.75 X Ginax - 7 dm < OS O2 
22 < Gmnax(dBi) < 48 
= eCEY 53 - (Gna /2) - 25 X log (6) ner re 
11 - Ginax/2 dp2 < od < 180° 
Gings = 12(/dow) 0 < ) = dm 
: 0.75 X Ginax - 7 dm < O< or 
10 < Gnax(dBi) < 22 
= Gat) 53 - (Gmax /2) - 25 x log (6) bebo 
0 bp3 < d < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© §Obwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


Om : Intersection of {Gmax - 12(0/ bw) } and (0.75 x Gmax - 7) 
,, = 27.466 x 10°? mss/1° 


bes = 0,3 = 250 (10%" ) 


b1 = Op2 = 48° 
43 = 131 .8257 x 1Q~Gmx/>0 
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(c) Airborne Antenna 


One of the factors for selecting an airborne antenna is aerodynamics. Therefore, antenna 
radiation performance standards should not be established for the purpose of system review. 


6.6.3.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


For the land-based antenna, when the actual antenna radiation patterns are not available, 
the radiation performance standards in Section 6.6.3.1 may be used as the reference radiation 
patterns. The radiation performance standards in Section 6.6.3.1 do not specify the Gmax value; 
however, such data should be available in the GMF. 


The airborne antenna radiation pattern is heavily influenced by the aircraft structure and 
antenna installation; thus, it is impossible to develop a general radiation pattern. 


For the airborne omnidirectional antenna, Section 5.6.3 contains the recommended 
airborne omnidirectional antenna technical characteristics from Rec. ITU-R M.1459 for the 
telemetry and telecommand operations in the 1.452—1.525 and 2.31—2.36 GHz bands, which 
recommends that the power gain follows the rule: 


P\(G < G,) = [1 - exp(-3.46 G,)]'* (6-49) 


where P; is the probability that a given gain value, G;, may not exceed. However, this cannot be 
used to develop a radiation pattern. Here, using the worst-case scenario for frequency 
assignment, the reference radiation pattern has three-dimensional uniformity, with gain values 
equal Gmax in all directions. The measured airborne omnidirectional antenna radiation pattern, 
shown in Figure 6-38, justifies the worst-case scenario. The Gmax data should be available in the 
GMF. 
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ref. gain 5 dBi 


(a)Front View (b) Top View 


Figure 6-38. Measured Airborne Antenna Radiation Patterns 


For the airborne directional antenna, a reference radiation pattern applicable for all cases 
cannot be developed because of the complexities and variations of the aircraft structure. 


6.6.3.3 Spectrum Sharing Analyses 


In the GMF, only the transmitting stations have the station class information indicating 
they are land stations or aircraft stations. The representative antenna radiation patterns will be 
developed from the transmitting station antenna G,,ax data and the reference radiation patterns in 
Section 6.6.3.2. 


The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the AMS service records in the GMF. The land station classes are “FA” for 
AMS stations, “FG” for AMS(OR) stations, “FD” for AMS(R) stations, and “FAD” for 
telecommand AMS stations. The aircraft station classes are “MA” for aircrafts, “MAD” 
for telecommand aircrafts, and “MAP” for portable aircrafts. Only the frequency bands in 
which the federal government is the primary user are searched. 

(2) Develop the land-based transmitting antenna Gmax data population profile. 

(3) Select a threshold Gyax value such that approximately 75% of the Gmax population is 
equal to or smaller than the threshold value. This is the representative Gmax value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.6.3.2. 

(5) Repeat steps (2-4) for the airborne antennas. 


The Gmax data of several adjacent MS and AMS bands have similar population profiles, 


leading to the same representative Gmax value and antenna radiation pattern. These bands will be 
presented in one group. 
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The frequency bands being examined are 


(1) 2-3.5 MHz range containing the following bands: 
22.065 MHz, 
2.107—2.17 MHz, 
2.1735—2.1905 MHz, 
2.194-2.495 MHz, 
2.505—2.85 MHz, 
2.85—3.155 MHz, 
3.155-3.4 MHz, 
3.4-3.5 MHz, 
(2) 4.438-5.73 MHz range containing the following bands: 
e 4.438-4.65 MHz, 
e =4.75-4.995 MHz, 
e 4.65-4.75 MHz, 
e =5.45-5.73 MHz, 
(3) 5.73—-8.1MHz range containing the following bands: 
e 5.73-5.9 MHz, 
© 6.525—6.765 MHz, 
e 6.765—7 MHz, 
e 7.4-8 MHz, 
(4) 8.815-18.03 MHz range containing the following bands: 
8.815—9.04 MHz, 
11.175-11.4 MHz, 
13.2-13.36 MHz, 
15.01-15.6 MHz, 
e 17.9-18.03 MHz, 
(5) 21.924—22 and 23.2—23.35 MHz, 
(6) 23.35-30.56 MHz range containing the following bands: 
e =23.35-24.89 MHz, 
e §=25.33-25.55 MHz, 
e 26.48-26.95 MHz, 
e 
e 


27.54—28 MHz, 
29.89-29.91 MHz, 
e 30-30.56 MHz, 
(7) 32-50 MHz range containing the following bands: 
e 32-33 MHz, 
e 34-35 MHz, 
e 36-37 MHz, 
e 38-39 MHz, 
e 40-42 MHz, 
e 46.6-47 MHz, 
e 49.6-50 MHz, 
(8) 117.975-137 MHz 
(9) 138-144, 148-149.9, and 150.05—150.8 MHz, 
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(10) 162.0125-173.2 and 173.4-174 MHz, 
(11) 225-328.6, 335.4-399.9. and 406.1-420 MHz, 
(12) 1.35-1.525 GHz, 

(13) 1.755-1.85 GHz, and 

(14) 4.4-4.94 GHz. 


6.6.3.3.1  2-3.5 MHz 


This frequency range contains the following MS bands: 


e MS: 
o 2-2.065 MHz, 
o 2.107—2.17 MHz, 
o 2.1735—-2.1905 MHz, 
o 2.194-2.495 MHz, 
o 2.505—2.85 MHz, 
o 3.155—3.4 MHz, 
e AMS: 
o 2.85-—3.155 MHz, 
o 3.4-3.5 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gax data count is 


e (dBi: 65 frequency assignments, 

e 1 dBi: 4 frequency assignments, 

2 dBi: 14 frequency assignments (cumulative population % = 64.9%), 
3 dBi: 20 frequency assignments (cumulative population % = 80.5%), 
4 dBi: 9 frequency assignments, 

5—12 dBi: 12 frequency assignments. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G() = 3 - 12(0/53.9)” dBi for |0|<49.8° (6-50) 
= -9 + 10xlog{ [max(|6|/53.9, 1)]'* } dBi for  |0| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


e (0 dBi: 28 frequency assignments (cumulative population % = 74%), 
e 2-6 dBi: 8 frequency assignments, 
e 12 dBi: 1 frequency assignment. 
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The representative Gmax = 0 dBi. The radiation pattern is uniform, with G = Gmax = 0 dBi in all 
directions. 


6.6.3.3.2 4.438-5.73 MHz 


This frequency range contains the following MS bands: 


e MS: 
o 4.438-4.65 MHz, 
o 4.75-4.995 MHz, 
e AMS: 
o 4.65—-4.75 MHz, 
o 5.45—-5.73 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gyax data count is 


0, 1 dBi: 59 frequency assignments, 

2 dBi: 29 frequency assignments, 

3 dBi: 44 frequency assignments (cumulative population % = 74.6%), 
4 dBi: 16 frequency assignments, 

5—12 dBi: 29 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)° dBi for |0|<49.8° (6-51) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for  |@| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 31 frequency assignments, 

2 dBi: 6 frequency assignments (cumulative population % = 40%), 

3 dBi: 50 frequency assignments (cumulative population % = 94.5%), 
6, 12 dBi: 5 frequency assignments. 


The representative Gyax = 3 dBi. The radiation pattern is uniform, with G = Gyax = 3 dBi in all 
directions. 


6.6.3.3.3 5.73-8.1MHz 
This frequency range contains the following MS bands: 


e MS: 
o 5.73-5.9 MHz, 
o 6.765—7 MHz, 
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o 7.4-8 MHz, 
e AMS: 6.525-6.765 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Ginax data count is 


0, 1 dBi: 95 frequency assignments, 

2 dBi: 35 frequency assignments, 

3 dBi: 27 frequency assignments (cumulative population % = 73.7%), 
4 dBi: 10 frequency assignments (cumulative population % = 78.4%), 
5 dBi: 4 frequency assignments, 

6 dBi: 27 frequency assignments, 

8—14 dBi: 15 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)” dBi for |0/<49.8° (6-52) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for  |@| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are mostly omnidirectional in these bands, and the 
antenna Gax data count is 


0 dBi: 223 frequency assignments (cumulative population % = 82%), 
1, 2 dBi: 9 frequency assignments, 

3 dBi: 27 frequency assignments, 

4—6 dBi: 10 frequency assignments, 

12 dBi: 2 frequency assignments. 


The representative Gmax = 0 dBi. The radiation pattern is uniform, with G = Gmax = 0 dBi in all 
directions. 


6.6.3.3.4 8.815—-18.03 MHz 
This frequency range contains the following AMS bands: 


8.815—9.04 MHz, 
11.175-11.4 MHz, 
13.2-13.36 MHz, 
15.01—15.6 MHz, 
17.9-18.03 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Ginax data count is 
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0, 1 dBi: 157 frequency assignments, 

2 dBi: 54 frequency assignments (cumulative population % = 65.5%), 
3 dBi: 58 frequency assignments (cumulative population % = 83.5%), 
4 dBi: 4 frequency assignments, 

5-12 dBi: 49 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) =3 - 12(6/53.9)° dBi for |0|<49.8° (6-53) 
= -9 + 10xlog{ [max(|0|/53.9, 1)}"° } dBi for [0] > 49.8° 


where 9 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 92 frequency assignments, 

2 dBi: 4 frequency assignments, 

3 dBi: 147 frequency assignments (cumulative population % = 85.6%), 
5-12 dBi: 41 frequency assignments. 


The representative Gyax = 3 dBi. The radiation pattern is uniform, with G = Gyax = 3 dBi in all 
directions. 


6.6.3.3.5 21.924—-23.35 MHz 


This frequency range contains the 21.924—22 MHz band for AMS(R) and 23.2—23.35 
MHz band for AMS(OR). The GMF only contains service records in the 23.2—23.35 MHz band, 
but the result should be applicable to the other band. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in the 23.2—23.35 MHz 
band, and the antenna Gmax data count is 


e (dBi: 27 frequency assignments, 

e 1 dBi: 2 frequency assignments (cumulative population % = 69%), 

e 2 dBi: 6 frequency assignments (cumulative population % = 83.3%), 
e 3 dBi: 2 frequency assignments, 

e 9 dBi: 5 frequency assignments. 


The representative Gmax = 1 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G() = 1 - 12(0/85.5)” dBi for |0|<78.9° (6-54) 
=-11 + 10xlog{ [max(|0|/85.5, Jy!” } dBi for |0| > 78.9° 


where 9 is the elevation angle off the peak gain plane, in deg. 
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(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in the 23.2—23.35 MHz, and 
the antenna Gmax data count is 


0 dBi: 7 frequency assignments, 

3 dBi: 6 frequency assignments (cumulative population % = 86.7%), 
6 dBi: 1 frequency assignment, 

9 dBi: 1 frequency assignment. 


The representative Gmax = 3 dBi. The radiation pattern is uniform, with G = Gmax = 3 dBi in all 
directions. 


6.6.3.3.6  23.35-30.56 MHz 


This frequency range contains the following MS bands: 


23.35—24.89 MHz, 
25.33-25.55 MHz, 
26.48—26.95 MHz, 
27.54-28 MHz, 
29.89-29.91 MHz, 
30-30.56 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gax data count is 


0 dBi: 54 frequency assignments, 

1 dBi: 4 frequency assignments, 

2 dBi: 6 frequency assignments (cumulative population % = 71.9%), 
3 dBi: 16 frequency assignments, 

4—12 dBi: 9 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) = 2 - 12(6/67.9)° dBi for |0| < 62.7° (6-55) 
= -10 + 10xlog{ [max(|0|/67.9, 1]! } dBi for — |6|>62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


e (dBi: 62 frequency assignments (cumulative population % = 82%), 
e 1 dBi: 5 frequency assignments, 
e 2-5 dBi: 9 frequency assignments. 


6-89 


The representative Gmax = 0 dBi. The radiation pattern is uniform, with G = Gmax = 0 dBi in all 
directions. 


6.6.3.3.7 32-50 MHz 


This frequency range contains the following MS bands: 


e 32-33 MHz, 
e 34-35 MHz, 
e 36-37 MHz, 
e 38-39 MHz, 
e 40-42 MHz, 
e 46.6-47 MHz, 
e 49.6-50 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Ginax data count is 


e 0 dBi: 196 frequency assignments (cumulative population % = 74%), 
e 1 dBi: 16 frequency assignments, 

e 2 dBi: 34 frequency assignments, 

e 3 dBi: 9 frequency assignments, 

e 5 dBi: | frequency assignment. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) = -12(0/107.6) dBi for |8| < 99.4° (6-56) 
= -12 + 10xlog{ [max(|0|/107.6, 1)J"> } dBi for  |6|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 290 frequency assignments, 

1 dBi: 21 frequency assignments (cumulative population % = 76%), 
2 dBi: 61 frequency assignments, 

3 dBi: 34 frequency assignments, 

5, 10 dBi: 3 frequency assignments. 


The representative Gmax = 1 dBi. The radiation pattern is uniform, with G = Gmax = 1 dBi in all 
directions. 
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6.6.3.3.8 117.975-137 MHz 
This is an AMS band. 
(a) Land-Based Antenna 


The land-based transmitting antennas are mostly omnidirectional in this band, and the 
antenna Gyax data count is 


0 dBi: 3579 frequency assignments (cumulative population % = 84%), 
1 dBi: 19 frequency assignments, 

2 dBi: 465 frequency assignments, 

3 dBi: 107 frequency assignments, 

4—20 dBi: 87 frequency assignments. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
conducting spectrum sharing analyses is 


G(8) = -12(0/107.6)° dBi for |8| < 99.4° (6-57) 
= -12 + 10xlog{ [max(|0|/107.6, 1)J'> } dBi for  |6|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 165 frequency assignments, 

1 dBi: 9 frequency assignments (cumulative population % = 63%), 

2 dBi: 57 frequency assignments (cumulative population % = 83.7%), 
3 dBi: 36 frequency assignments, 

4—6 dBi: 9 frequency assignments. 


The representative Gyax = 2 dBi. The radiation pattern is uniform, with G = Gyax = 2 dBi in all 
directions. 


6.6.3.3.9 138—-150.8 MHz 


This frequency range contains the following MS bands: 


e 138-144 MHz, 
e 148-149.9 MHz, 
e = 150.05—150.8 MHz. 


(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gyax data count is 


e 0 dBi: 346 frequency assignments, 
e 1 dBi: 39 frequency assignments, 
e 2 dBi: 292 frequency assignments (cumulative population % = 80.7%), 
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e 3 dBi: 113 frequency assignments, 
e 4-9 dBi: 49 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) = 2 - 12(0/67.9)° dBi for |0| < 62.7° (6-58) 
= -10 + 10xlog{ [max(|0|/67.9, 1]! } dBi for || >62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 561 frequency assignments, 

1 dBi: 49 frequency assignments, 

2 dBi: 301 frequency assignments (cumulative population % = 79.9%), 
3 dBi: 125 frequency assignments, 

4—9 dBi: 104 frequency assignments. 


The representative Gyax = 2 dBi. The radiation pattern is uniform, with G = Gyax = 2 dBi in all 
directions. 


6.6.3.3.10 162.0125—-174 MHz 
This frequency range contains the 162.0125—173.2 and 173.4—174 MHz MS bands. 
(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Ginax data count is 


0 dBi: 25 frequency assignments, 

2-5 dBi: 7 frequency assignments, 

6 dBi: 70 frequency assignments (cumulative population % = 98.1%), 
7, 8 dBi: 2 frequency assignments. 


The representative Gyax = 6 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 
G(8) = 6 - 12(0/27)° dBi for |O| < 25° (6-59) 
= -6 + 10xlog{ [max(|6|/27, Hes dBi for |8| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


e (dBi: 63 frequency assignments, 
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e 1-5 dBi: 13 frequency assignments, 
e 6dBi: 159 frequency assignments (cumulative population % = 96.3%), 
e 7-9 dBi: 9 frequency assignments. 


The representative Gyax = 6 dBi. The radiation pattern is uniform, with G = Gx = 6 dBi in all 
directions. 


6.6.3.3.11 225-420 MHz Range 


This frequency range contains the following MS bands: 


e =225-328.6 MHz, 
e 335.4-399.9 MHz, 
e 406.1-420 MHz. 
(a) Land-Based Antenna 
The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gax data count is 


e 0 dBi: 3572 frequency assignments, 

e 1 dBi: 104 frequency assignments, 

e 2 dBi: 1458 frequency assignments (cumulative population % = 78.9%), 
e 3 dBi: 877 frequency assignments, 

e 4-24 dBi: 496 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) =2 - 12(0/67.9) dBi for |8| < 62.7° (6-60) 
= -10 + 10xlog{ [max(|6|/67.9, 17"? } dBi for || > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 1211 frequency assignments, 

1 dBi: 105 frequency assignments, 

2 dBi: 1928 frequency assignments (cumulative population % = 72.1%), 
3 dBi: 884 frequency assignments, 

4-10 dBi: 352 frequency assignments, 

11-19 dBi: 17 frequency assignments, 

30 dBi: | frequency assignment. 


The representative Gyax = 2 dBi. The radiation pattern is uniform, with G = Gyax = 2 dBi in all 
directions. 
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6.6.3.3.12 1.35-1.525 GHz 
This is a MS band. 
(a) Land-Based Antenna 


The land-based transmitting antennas are all omnidirectional in these bands, and the 
antenna Gyax data count is 


0 dBi: 2 frequency assignments, 

2 dBi: 6 frequency assignments, 

3 dBi: 8 frequency assignments, 

6 dBi: 1 frequency assignment, 

7 dBi: 16 frequency assignments (cumulative population % = 94.3%), 
8 dBi: 2 frequency assignments. 


The representative Gyax = 7 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =7 - 12(0/21.5) dBi for |0/<19.8° (6-61) 
= -5 + 10xlog{ [max(|0//21.5, 1] '? } dBi for —|0| > 19.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Airborne Antenna 


The airborne transmitting antennas are all omnidirectional in these bands, and the antenna 
Gmax data count is 


0 dBi: 2 frequency assignments, 

2 dBi: 6 frequency assignments, 

3 dBi: 8 frequency assignments, 

6 dBi: 1 frequency assignment, 

7 dBi: 15 frequency assignments (cumulative population % = 94.1%), 
8 dBi: 2 frequency assignments. 


The representative Gmax = 7 dBi. The radiation pattern is uniform, with G = Gmax = 7 dBi in all 
directions. 


6.6.3.3.13  1.755—-1.85 GHz 


This is a MS band. The airborne antennas in this band use both the omnidirectional and 
the directional antennas. 


(a) Land-Based Antenna 


The land-based transmitting antennas are mostly omnidirectional in this band, and the 
population profile of the antenna Gmax data is shown in Figure 6-39. The representative Gmax = 8 
dBi, and the representative antenna vertical radiation pattern for spectrum sharing analyses is 


G(6) = 8 - 12(6/17"° dBi for =‘ |0|<15.8° (6-62) 
= -4 + 10xlog{ [max(|0/17, I]! } dBi for —|0| > 15.8° 
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where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-39. Population Profile of AMS Land-Based Transmitting Antenna Gy, Data in 
1.755-1.85 GHz 


(b) Airborne Antenna 


The GMEF contains a comparable amount of omnidirectional and directional airborne 
transmitting antenna service records in this band, and both are analyzed. 


(b.1) Airborne Omnidirectional Antenna 


The population profile of the airborne omnidirectional transmitting antennas Gmax data in 
this band is shown in Figure 6-40. The representative Gyax = 3 dBi. The radiation pattern is 
uniform, with G = Gmax = 3 dBi in all directions. 
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Figure 6-40. Population Profile of AMS Airborne Transmitting Omnidirectional Antenna 
Gmax Data in 1.755—1.85 GHz 
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(b.2) Airborne Directional Antenna 


The population profile of the airborne directional transmitting antenna Gx data in this 
band is shown in Figure 6-41. The representative Gmax = 32 dBi. A representative antenna 
radiation pattern is not available, and there is no recommendation of the gain value for spectrum 
sharing analyses. 
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Figure 6-41. Population Profile of AMS Airborne Transmitting Directional Antenna Gyax 
Data in 1.755—1.85 GHz 


6.6.3.3.14 4.4-4.94 GHz 


This is a MS band. The airborne antennas use both the omnidirectional and the 
directional antenna service records in this band. 


(a) Land-Based Antenna 


The land-based transmitting antennas are mostly directional in this band, and the antenna 
Gimax data count is 


e 3 dBi: | frequency assignment, 

e 29 dBi: 2 frequency assignments, 

e 36 dBi: 4 frequency assignments (cumulative population % = 78%), and 
e 40 dBi: 2 frequency assignments. 


The representative Gmax = 36 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-34. 


Table 6-34. Representative AMS Land-Based Antenna Radiation Pattern in 4.4—4.94 GHz 


Gain (dBi) Angular Range 
36 - 12 x (b/dow) 0<< 1.15xdw 
20 1.15xdbw < 0 < 4° 
35 - 25 x log() 4° <b < 48° 
-7 48° <b < 180° 
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Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Airborne Antenna 


The GMF has a comparable amount of airborne omnidirectional and directional 
transmitting antenna service records in this band, and both will be analyzed. 


(b.1) Airborne Omnidirectional Antenna 
The airborne omnidirectional transmitting antenna G,,,x data count in this band is 


0-2 dBi: 11 frequency assignments, 

3 dBi: 31 frequency assignments (cumulative population % = 90%), 
5, 6 dBi: 3 frequency assignments, and 

12 dBi: 2 frequency assignments. 


The representative Gyax = 3 dBi. The radiation pattern is uniform, with G = Gyax = 3 dBi in all 
directions. 


(b.2) Airborne Directional Antenna 
The airborne directional transmitting antenna Gyax data count in this band is 


13-16 dBi: 4 frequency assignments, 
19, 20 dBi: 2 frequency assignments, 
26-30 dBi: 2 frequency assignments, 
32, 33 dBi: 4 frequency assignments, 
e 36 dBi: 2 frequency assignments (cumulative population % = 70%), and 
e 38, 39 dBi: 6 frequency assignments. 


The representative Gmax = 36 dBi. A representative antenna radiation pattern is not available, and 
there is no recommendation of the gain value for spectrum sharing analyses. 


6.7 Mobile-Satellite Service 
The primary MSS bands for the federal agencies are 


e 240-270 MHz downlink and 290-320 MHz uplink, 

e =1.525-1.559 GHz downlink and 1.61—1.6605 GHz uplink, 
e = 7.25—7.3 GHz downlink and 7.9-8.025 GHz uplink, 

e §=20.2—21.2 GHz downlink and 30-31 GHz uplink, 

e 39.5—40.5 GHz downlink and 43.5—47 GHz uplink, and 

e others. 


Sometimes the 43.5—47 GHz band is used as the corresponding uplink band to the 20.2—21.2 
GHz downlink band. In the uplink band, the earth stations are the transmitting stations, and are 
the potential interferers. 


In EMC analyses between two MSS systems or between a MSS system and another space 
system, it is usually assumed that the space systems have the same Earth coverage. For instance 
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in the GMF, the Gmax values of the LMSS satellite antennas, whose symbols are “EU”, are 17, 
18, and 20 dBi, with 18 dBi being the super majority. These data indicate global coverage. 
Therefore, the EMC analyses involve only the earth station antenna radiation patterns, but not the 
satellite antenna radiation patterns. In EMC analyses between a space system and a terrestrial 
system, the EMC analyses are between the earth station and the terrestrial station. In both cases, 
the EMC analyses require only the MSS earth station antenna radiation patterns. Therefore in 
this sub-section, only the earth station antennas are discussed. 


6.7.1 Land Mobile-Satellite Service 
6.7.1.1 System Review 


NTIA does not provide the LMSS earth station antenna radiation performance standards 
for system review. However, these can be developed from the ITU-R Recommendations. 


There is only one set of LMSS earth station antenna reference radiation patterns in 
Section 5.7.1; it is from Rec. ITU-R M.1091 and is applicable for omnidirectional, low- and 
medium-gain antennas operating in the 1-3 GHz range. These radiation patterns are 
recommended for the LMSS earth station omnidirectional, low- and medium-gain antenna 
radiation performance standards. 


(a) Omnidirectional Antenna 


The recommended omnidirectional antenna radiation performance standards are provided 
in Table 6-35. 


Table 6-35. LMSS Earth Station Omnidirectional Antenna Radiation Performance 
Standards 


(a) Vehicle-Mounted Near-Omnidirectional Antenna 


Gain Function (dBi) Angular Range 
<5 -20° <0 
<0 0 < -20° 


9: elevation angle, deg. 


(b) Vehicle-Mounted Vertical Array Antenna with Toroidal 
Beams and 7 < Gmax(dBi) < 13 


Gain Function (dBi) 


Angular Range 


Gmax 10 


45° < (0 - 80) 


Ginax - 0.3 x [(0 - 0,)/10]°° 


20° < (0 - 0) < 45° 


Ginax - 12 x [(0 - 0,)/Oow) I? 


-20° < (0 - 8, ) < 20° 


Gmax - 0.3 x [(O, - 6)/10]*° 


-50° < (0 - Oo) < -20° 


Ginax = 13 


(8 - 0) < -50° 


Mainbeam is added to complete the pattern. 
0: elevation angle, deg. 

0,: mainbeam elevation angle, deg. 

Opw: HPBW, deg. 


(b) Low- and Medium-Gain Antennas 


The recommended low- and medium-gain antenna radiation performance standards are 
provided in Table 6-36. 


Table 6-36. LMSS Earth Station Low- and Medium-Gain Antenna Radiation Performance 
Standards 


(a) Vehicle-Mounted Tracking Antenna with Fan-Beams and 
Operating in Low Elevation Angle 


Gain Function (dBi) Angular Range 
ay 0° <0< 60°, 
7 [30°+k(8)] < |@—@o| < 180° 


(9, ): elevation and azimuth angles, deg. 

(8., @o): mainbeam elevation and azimuth angles, deg. 
k(®) = 0.33° for Gmax = 11-15, dBi 

k(®) is TBD for Gmax = 9-11, dBi 


(b) Transportable or Vehicle-Mounted Antenna with Circular Beams 


and Gyax < 18 dBi 
Gain Function (dBi) Angular Range 
Ginax - 12 x (/dpw)” 0° <o<x°? 
4 x° << 40° 
44 - 25 x log(o) 40° <6 < 90° 
-5 90° < o 


Mainbeam and first sidelobe are added to complete the pattern. 

In Rec. ITU-R M.1091, this radiation pattern is valid for 12 < Gypax(dBi) < 18. The lower 
bound is removed to be consistent with the classification in Section 4.4. 

: angle off mainbeam axis, deg. 

dbw: HPBW, deg. 

x: {Gmax - 12x(X/Opw)} = 4, deg. 


(c) High-Gain Antenna 


Section 5.7.1 does not contain any high-gain antenna reference radiation patterns. Since 
the earth station high-gain antennas should be similar for all the space telecommunication 
services, the FSS earth station antenna co-polarization radiation performance standards in 
Section 6.3.1.1 can be used as the LMSS earth station high-gain antenna radiation performance 
standards; these standards are shown in Table 6-37. 
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Table 6-37. LMSS Earth Station High-Gain Antenna Radiation Performance Standards 
(a) GSO Systems 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(D/A)* 0° << dm 
D/A. > 68 Gi dm << on 
29 - 25 x log() ,<os57° 
(Ginax > 44.7 dBi 8 To < ) <9.2° 
for e = 0.65) 32 - 25 x log() 9.2° <b < 48° 
-10 48° <b < 180° 
Ginax - 2.5 x 10°(D/A)” 0°<b<do 
29 - 25 x log() b2<o<7° 
D/d < 68 8 T° <b<9.2° 
32 - 25 x log() 9.2° <b < 48° 
-10 48° <  < 180° 


D/A = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Ginax - Gi)°*, deg. 


1 = 15.85(D/A)°*, deg. 

21 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 
| An actual radiation pattern shall meet the following conditions: = ati(‘ié;O;*~™ 
e It may not exceed the gain function in the range o, < 0 <7°. 


It may exceed the gain function in the range > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO Systems 


Category Gain Function (dBi) Angular Range 

Gma - 2.5 x 10° (D/A)? 0°<o<o,, 

D/A > 100 7a ob) rer 
(Gmax > 48.1 dBi Me ea A 
for e = 0.65) 29 - 25 x log() bra < 0 < 36° 
-10 36° <b < 180° 

Ginb - 2.5 x 10° (6D/A)” 0° << dm 

20 < D/ < 100 b om ap) ; aera 
(34.1 < Ginax(dBi) < 48.1 mb Se 

fore =0.65) 29 - 25 x log(o) On <O0< 36 
-10 36° <b < 180° 


o: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(2/D)(Gma - Gia)”, deg. 
Ora = 15.85(D/A)°*, deg. 
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Ginp = 20xlog(D/X) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gmnb - Gip)®”, deg. 
Ob = (95A/D), deg. 


6.7.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.7.1.1 may be used as the reference radiation patterns. The radiation performance 
standards in Section 6.7.1.1 do not specify the Gmax values; however, such data should be 
available in the GMF. 


6.7.1.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the LMSS service records in the GMF. For the uplink, the symbol of the earth 
station class is “TU”; for the downlink, the symbol of the space station class is “EU”. 
Only the frequency bands in which the federal government is the primary user are 
searched. 

(2) Develop the earth station antenna Gx data population profile. 

(3) Select a representative Gy,ax from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.7.1.2. 


In the GMF, some of the earth station localities are given specifically, e.g., Los Alamos, New 
Mexico. Some are non-specific, i.e., “USA” for the continental U.S., “US” for the 50 states and 
D.C., and “USP” for the 50 states, D.C., Puerto Rico, and the Territories and Possessions. The 
non-specific ones are the mobile stations whose localities can be anywhere within the specified 
region. 


The frequency bands being examined are 


(1) 240-270 MHz downlink, 

(2) 290-320 MHz uplink, 

(3) 1.525-1.559 GHz downlink and 1.61—1.6605 GHz uplink, 
(4) 7.25-7.3 GHz downlink and 7.9—8.025 GHz uplink, and 
(5) 39.5-40.5 GHz downlink and 43.5—47 GHz uplink. 


6.7.1.3.1 240-270 MHz Downlink 


The LMSS earth station receiving antenna G,,x data count in this band is 
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e 6 dBi: 6 frequency assignments in Guam and Hawaii, 
e 11 dBi: 318 frequency assignments in “US”. 


The representative Gmax = 11 dBi, and the antenna is a low-gain directional antenna. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-38. 


Table 6-38. Representative LMSS Earth Station Antenna Radiation Pattern in 240-270 


MHz 
Gain Function (dBi) Angular Range 
11 - 12 x ($/46.2)° 0° << 35.2° 
4 35.2° <0 < 40° 
44 - 25 x log(o) 40° < 0 < 90° 
-5 90° < o 


Directional antenna. 
o: angle off mainbeam axis, deg. 


The pattern in Section 6.7.1.1 is applicable for 12 < Gmax(dBi) < 18. It is used here because it is 
the only pattern for directional antennas. 


6.7.1.3.2 290-320 MHz Uplink 
This is the corresponding uplink band for the 240-270 MHz downlink band. 


The earth station transmitting antenna Gmax data count in this band is 


2 dBi: 2 frequency assignments in Guam, 

3 dBi: 2 frequency assignments in Hawaii, 

6 dBi: 2 frequency assignments in Guam and Hawaii, 
11 dBi: 302 frequency assignments in “US”, and 

19 dBi: 9 frequency assignments in Guam and Hawaii. 


The representative Gyax = 11 dBi, and the antenna is a low-gain directional antenna. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-39. 


Table 6-39. Representative LMSS Earth Station Antenna Radiation Pattern in 290-320 


MHz 
Gain Function (dBi) Angular Range 
11 -12~x ($/46.2)° 0° <o < 35.2° 
4 35.2° < 6 < 40° 
44 - 25 x log(o) 40° <6 < 90° 
-5 90° < o 


Directional antenna. 
: angle off mainbeam axis, deg. 


The pattern in Section 6.7.1.1 is applicable for 12 < Gmax(dBi) < 18. It is used here because it is 
the only pattern for directional antennas. 


6-102 


6.7.1.3.3 


1.525—-1.559 GHz Downlink and 1.61—1.6605 GHz Uplink 


The GMF does not have any service records in the 1.525-1.559 GHz downlink band. 
However, because of the vicinity of this band to its corresponding uplink band, the representative 
Gmax Value and antenna radiation pattern of the uplink band are applicable to the downlink band. 


The earth station transmitting antenna Gmax data count in 1.61—1.6605 GHz is 


e 10 dBi: 1 frequency assignment in Nevada, 24 frequency assignments in “USP”, 
e 19 dBi: 6 frequency assignments at New Mexico, Texas, and New York, 

e 23 dBi: 4 frequency assignments in “USA”, and 
e 24 dBi: 3 frequency assignments in “USP”. 


Because of the mobility factor, the representative Gmax value is chosen with the earth station 
localities as “USA” and “USP”. The representative Gax is chosen to be 10 dBi, and the antenna 
is a low-gain directional antenna. The representative antenna radiation pattern for spectrum 


sharing analyses is provided in Table 


6-40. 


Table 6-40. Representative LMSS Earth Station Antenna Radiation Pattern in 1.525—1.559 


and 1.61—1.6605 GHz 


Gain Function (dBi) Angular Range 
10 - 12 (/51.8) 0° << 36.6° 
4 36.6° < 6 < 40° 
44 - 25 x log(@) 40° << 90° 
-5 90° < o 


Directional antenna. 
: angle off mainbeam axis, deg. 


The pattern in Section 6.7.1.1 is applicable for 12 < Gmax(dBi) < 18. It is used here because it is 
the only pattern for directional antennas. 


6.7.1.3.4 


7.25—-7.3 GHz Downlink and 7.9—8.025 GHz Uplink 


The GME has one service record in each of these bands. The earth stations are in 
Colorado, and both the transmitting and receiving antenna Gmax = 42 dBi. The representative 
Gmnax = 42 dBi, and the antenna is a high-gain directional antenna. The representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-41. 


Table 6-41. Representative LMSS Earth Station Antenna Radiation Pattern in 7.25—7.3 


and 7.9-8.025 GHz 


Gain Function (dBi) Angular Range 
42 - 2.5 x 10°(49.7 x 6) 0°< <2.6° 
29 - 25 x log(o) 2.6°<od<7° 
8 T° <5 92° 
32 - 25 x log(o) 9.2°< o < 48° 
-10 48° < o < 180° 
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o: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.96 meters, e = 0.65, f= 7.6 GHz. 


6.7.1.3.5  39.5-40.5 GHz Downlink and 43.5—47 GHz Uplink 


The GMF does not have service records in the 39.5—40.5 GHz downlink band. However, 
because of the vicinity of this band to its corresponding uplink band, the representative antenna 
Gmax Value and radiation pattern of the uplink band are applicable to the downlink band. 


The GMF has 2 earth station transmitting antenna service records in 43.5—47 GHz, with 
both Gmax = 57 dBi. The representative Gmax = 57 dBi, and the antenna is a high-gain directional 
antenna. The representative antenna radiation pattern for spectrum sharing analyses is provided 
in Table 6-42. 


Table 6-42. Representative LMSS Earth Station Antenna Radiation Pattern in 39.5—40.5 
and 43.5—47 GHz 


Gain Function (dBi) Angular Range 
57 - 2.5 x 10°(279 x o)° 0° << 0.33° 
35.4 0.33° <0 <0.54° 
29 - 25 x log(o) 0.54°<o<7° 
8 7° <o<9.2° 
32 - 25 x log(o) 9.2°< 0 < 48° 
-10 48° < o< 180° 
: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.86 meters, e = 0.65, f= 45 GHz. 


6.7.2 Maritime Mobile-Satellite Service 


The MMSS earth stations are either ship earth stations or coast earth stations. The 
antennas are mostly directional antennas. 


6.7.2.1 System Review 


NTIA does not provide the LMSS earth station antenna radiation performance standards 
for system review. However, these can be developed from the ITU-R Recommendations. 


(a) Shipborne Directional Antenna 


There is only one MMSS shipborne directional antenna reference radiation pattern in 
Section 5.7.2.1. Therefore, NTIA recommends that this radiation pattern in Rec. ITU-R M.694-1 
be used as the MMSS shipborne directional antenna radiation performance standard. This 
standard is provided in Table 6-43. 


Table 6-43. MMSS Shipborne Directional Antenna Radiation Performance Standard 


Gain Function (dBi) Angular Range 


Ginax - 2.5 x 10°(D/A) 0°<b<dm 
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2 + 15 x log(D/A) dm < 6 < (L00A/D)° 
52 - 10 x log(D/A) - 25 x log($) (100A/D)° < 6 < 61 
0 1 << 180° 


o: angle off mainbeam axis, deg. 
bm = 20(A/D)[Gmax - 2 - 15 x log(D/A)]°°, deg. 
, =120 (A/D)°", deg. 


(b) Coast Earth Station Antenna 


Section 0 does not have coast earth station antenna reference radiation patterns. However, 
the MMSS coast station antenna should be similar to a FSS earth station antenna. Therefore, the 
FSS earth station antenna radiation performance standards in Section 6.3.1.1 are used as the 


MMSS coast earth station antenna radiation performance standards. These standards are 
provided in Table 6-44. 


Table 6-44. GSO MMSS Coast Earth Station Antenna Radiation Performance Standards 
(a) GSO Systems 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A) 0°<d< Om 
G; Om < ) < Ort 
D/A. = 68 ; =7° 
(Gmnax = 44.7 dBi a = log) ous = : 
for e = 0.65) P< oS92 
32 - 25 x log() 9.2° <b < 48° 
-10 48° <b < 180° 
Ginax - 2.5 x 10°(@D/A) 0°< o< dv 
29 - 25 x log() b2<o<7° 
D/A. < 68 8 T° <b<9.2° 
32 - 25 x log() 9.2° <b < 48° 
-10 48° <b < 180° 


D/A = 68 is the threshold when the G; plateau disappears. 
o: angle off mainbeam axis, deg 


G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°”, deg. 

or = 15.85(D/A)°°, deg. 

$,2: intersection of {Gmax - 2.5x10°(D/A)"} and {29 - 25xlog($)} 


| An actual radiation pattern shall meet the following conditions: = ati(‘Cé;O;*;*~*~™ 
e It may not exceed the gain function in the range o, < 6 < 7°. 

e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 
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(b) NGSO Systems 


Category Gain Function (dBi) Angular Range 
Gina - 2.5 x 10° (@D/A)? 0°<o<6,, 
D/A > 100 z ey 
(Gass > 48.1 dBi la na S Ora 
for e = 0.65) 29 - 25 x log() dra <  < 36° 
-10 36° <b < 180° 
Ginb - 2.5 x 10° (D/A) 0°<b< dm 
20 < D/d. < 100 b o (gD/A) ; aoe 
34.1 < Ginax(ABi) < 48.1 a 
for e ine 29 - 25 x log() bv <o< 36 
-10 36° <b < 180° 


: angle off mainbeam axis, deg. 
Gia = 20xlog(D/\) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gina - Gia)”, deg. 
Ora = 15.85(D/A)°*, deg. 

Ginb = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gm - Gib)”, deg. 
Ob = (95A/D), deg. 


6.7.2.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.7.2.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.7.2.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6.7.2.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the MMSS service records in the GMF. For the uplink, the symbol of the earth 
station class is “TG” for the ship earth station and “TI” for the coast earth station; for the 
downlink, the symbol of the space station class is “EG”. Only the frequency bands in 
which the federal government is the primary user are searched. 

(2) Develop the earth station antenna Gax data population profile. For the ship earth stations, 
only those whose locations are denoted “US” or any locations within the 50 states are 
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processed, the ship earth station locations whose locations are oceans, e.g., “PAC” for 
Pacific or “LANT” for Atlantic, or foreign territories are not processed. 

(3) Select a representative Gmax from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna radiation performance standards in Section 6.7.2.2. 


Similar to the LMSS case, the earth station localities can be specific or non-specific. The non- 
specific ones, i.e., “US”, USA”, and “USP”, are the mobile stations whose localities can be 
anywhere within the specified region. 


The frequency bands being examined are 


(1) 240-270 MHz downlink, 

(2) 290-320 MHz uplink, 

(3) 1.525-1.559 GHz downlink and 1.61—1.6605 GHz uplink, 
(4) 20.2—21.2 GHz downlink, 

(5) 30-31 GHz uplink, and 

(6) 39.5—-40.5 GHz downlink and 43.5—47 GHz uplink. 


6.7.2.3.1 240-270 MHz Downlink 
The earth station receiving antenna G,,,x data count in this band is 


2 dBi: 1 frequency assignment in Guam, 

11 dBi: 318 frequency assignments in “US”, 

12 dBi: 4 frequency assignments in Maryland, 

16 dBi: 2 frequency assignments in Virginia, 

17 dBi: 8 frequency assignments in Florida and Virginia, 
18 dBi: 1 frequency assignment in Maryland, 

19 dBi: 36 frequency assignments in Guam and Hawaii. 


The representative antenna is a shipborne antenna, and the representative Gmax = 11 dBi. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-45. 


Table 6-45. Representative MMSS Earth Station Antenna Radiation Pattern in 240—270 


MHz 
Gain Function (dBi) Angular Range 
11 - 2.5 x 10°(1.460) 0° << 35.1° 
4.5 35.1° < b < 68.6° 
50.4 - 25 x log() 68.6° < o < 103.2° 
0 103.2° < o < 180° 


o: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.75 meters, e = 0.6 (for shipborne antenna), f= 250 MHz. 


6.7.2.3.2 290-320 MHz Uplink 
This is the corresponding uplink band for the 240-270 MHz downlink band. 
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The earth station transmitting antenna G,,ax data count in this band is 


e 2 dBi: 2 frequency assignments of shipborne antennas in Guam, 
e 3 dBi: 
o 1 frequency assignment of coast station antennas in Guam, 
o 2 frequency assignments of shipborne antennas in Guam, 
11 dBi: 302 frequency assignments of shipborne antennas in “US”, 
12 dBi: 9 frequency assignments of coast station antennas in Maryland, 
14 dBi: 2 frequency assignments of coast station antennas in California, 
16 dBi: | frequency assignment of coast station antenna in Virginia, 
17 dBi: 3 frequency assignments of coast station antennas in Virginia, 
19 dBi: 
o 5 frequency assignments of coast station antennas in Guam and Hawaii, 
o 11 frequency assignments of shipborne antennas in Guam and Hawaii. 


The representative antenna is a shipborne antenna, and the representative Gmax = 11 dBi. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-46. 


Table 6-46. Representative MMSS Earth Station Antenna Radiation Pattern in 290—320 


MHz 
Gain Function (dBi) Angular Range 
11 - 2.5 x 10°(1.460) 0° <b < 35° 
4.5 35° < d < 68.5° 
50.4 - 25 x log(o) 68.5° < o < 103.1° 
0 103.1° < @ < 180° 
o: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.46 meters, e = 0.6, f= 300 MHz. 


6.7.2.3.3 1.525-1.559 GHz Downlink and 1.61—1.6605 GHz Uplink 


The GMF does not have service records in the 1.525—1.559 GHz downlink band. 
However, because of the close proximity of this band to its corresponding uplink band, the 
representative antenna Gmax value and the radiation pattern of the uplink band are applicable to 
the downlink band. 


The earth station transmitting antenna G,,,x data count in the 1.61—1.6605 GHz band is 


e 19 dBi: 1 frequency assignment of shipborne antenna in Midway, 


e 21 dBi: 18 frequency assignments of shipborne antennas in “US” (cumulative population 
% = 83%), 
e 24 dBi: 4 frequency assignments of shipborne antennas in “USP”. 


The representative antenna is a shipborne antenna, and the representative Ga, = 21 dBi. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-47. 
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Table 6-47. Representative MMSS Earth Station Antenna Radiation Pattern in 
1.525-1.559 and 1.61—1.6605 GHz 


Gain Function (dBi) Angular Range 
21 - 2.5 x 10°(4.62)" 0°< o< 13° 
1 13°<o<21.7° 
45.4 - 25 x log(o) 21.7° << 65.1° 
0 103.1° < @ < 180° 
: angle off mainbeam axis, deg. 
This pattern is developed with D = 0.85 meters, e = 0.6, f= 1.63 GHz. 


6.7.2.3.4 20.2—21.2 GHz Downlink 


The earth station receiving antenna service records all have Gyax = 48 dBi in this band, 
and the localities are in California, Florida, Guam, Hawaii, and Virginia. The representative Gmax 
= 48 dBi, and this is a coast station antenna. The representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-48. 


Table 6-48. Representative MMSS Earth Station Antenna Radiation Pattern in 20.2—21.2 


GHz 
Gain Function (dBi) Angular Range 
48 - 2.5 x 10°(99.46) 0° < od < 0.88° 
29 0.88°<o< 1° 
29 - 25 x log(o) 1°<o<7° 
8 T° <o<9.2° 
32 - 25 x log(o) 9.2°< 0 < 48° 
-10 48° <b < 180° 
: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.44 meters, e = 0.65, f= 20.7 GHz. 


6.7.2.3.5 30-31 GHz Uplink 
This is the corresponding uplink band for the 20.2—21.2 GHz downlink band. 


The GMF does not have service records in this band with the earth station operating in 
the continental U.S. and Alaska. It has 2 coast station transmitting antenna service records, with 
both Gmax = 70 dBi and localities in Hawaii. However, this Gmax value is incompatible with the 
representative Gmax value in the corresponding downlink band. 


A more logical representative Gmax value can be derived by frequency scaling Gmax = 48 
dBi of the 20.2—21.2 GHz band, and the resulting Gmax = 51.4 dBi. Therefore, the representative 
antenna is a coast station antenna, and the representative Gyax = 51.4 dBi. The representative 
antenna radiation pattern for spectrum sharing analyses in the U.S. is provided in Table 6-49. 
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Table 6-49. Representative MMSS Earth Station Antenna Radiation Pattern in 30-31 GHz 


Gain Function (dBi) Angular Range 
51.4 - 2.5 x 10°(146.4) 0°<o<0.61° 
a1 0.61°< o<0.8° 
29 - 25 x log(o) 0.8°<o<7° 
8 7° <o<9.2° 
32 - 25 x log(o) 9.2°< o < 48° 
-10 48° < o < 180° 


o: angle off mainbeam axis, deg. 


This pattern is developed with D = 1.44 meters, e = 0.65, f= 30.5 GHz. 


6.7.2.3.6 


39.5—40.5 GHz Downlink and 43.5—47 GHz Uplink 


The GMF does not have any service records in the 39.5—40.5 GHz downlink band. 
However, because of the close proximity of this band to its corresponding uplink band, the 
representative antenna Gmax value and the radiation pattern of the uplink band should be 


applicable to the downlink band. 


The earth station transmitting antenna Gmax data count in the 43.5-47 GHz band is 


e 49 dBi: 1 frequency assignment in California, 

e 55 dBi: total 25 frequency assignments in California, Florida, Guam, Hawaii, Maine, 
Virginia, and Washington (cumulative population % = 69%), 

e 56 dBi: 10 frequency assignments of coast station antennas in California. 


The representative Gmax = 55 dBi, and this is a coast station antenna. The representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-50. 


Table 6-50. Representative MMSS Earth Station Antenna Radiation Pattern in 39.5—40.5 


and 43.5-—47 GHz 


Gain Function (dBi) Angular Range 
55 - 2.5 x 10°(2226) 0°<o<0.41° 
34.2 0.41° <> < 0.62° 
29 - 25 x log(o) 0.62°<o<7° 
8 7° < 05 9.2° 
32 - 25 x log(o) 9.2° << 48° 
-10 48° <b < 180° 
: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.48 meters, e = 0.65, f= 45 GHz. 
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6.7.3 Aeronautical Mobile-Satellite Service 


The AMSS earth stations are either aircraft earth stations or land-based aeronautical earth 
stations. 


6.7.3.1 System Review 


NTIA does not provide the AMSS earth station antenna radiation performance standards 
for system review. However, this can be developed from the RTCA documents and ITU-R 
Recommendations. 


(a) Airborne Antenna 


NTIA recommends that the AMSS airborne antenna radiation performance standards in 
RTCA DO-210D be used as the AMSS airborne antenna performance standard. These standards 
are as follows: 


e Polarization: RHCP. 
e For antenna of 12 < G(dBic) < 17 within the coverage volume: 
othe coverage volume shall comprise not less than 75% of the solid angle above 5° 
elevation (to the horizon during normal cruise attitude), 
o G> OdBic outside the coverage volume. 
e For antenna of 6 < G(dBic) < 12 within the coverage volume: 
othe coverage volume shall comprise not less than 85% of the solid angle above 5° 
elevation, 
othe coverage volume may include a volume corresponding to a cone of 20° half- 
angle at the aircraft zenith in straight and level flight, G > 4 dBic within this cone, 
o G>OdBic for 99% of the solid angle above 5° elevation, 
o to the maximum extent possible, G > 6 dBic for 100% of the solid angle above 5° 
elevation. 
e For antenna of 0 < G(dBic) < 5 within the coverage volume: 
othe coverage volume shall comprise no less than 85% of the solid angle above 5° 
elevation, 
othe coverage volume may include a volume corresponding to a cone of 20° half- 
angle at the aircraft zenith (in normal cruise attitude) in straight and level flight, G 
> -2 dBic within this cone, 
o G> -5 dBic outside the coverage volume. 
e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


(b) Land-Based Antenna 


Section 5.7.3 does not contain the land-based antenna reference radiation pattern. 
However, the AMSS land-based antenna is similar to a FSS earth station antenna. Therefore, the 
FSS earth station antenna radiation performance standards in Section 6.3.1.1 are recommended 
for the AMSS land-based antenna radiation performance standards. These standards are provided 
in Table 6-51. 
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Table 6-51. AMSS Land-Based Antenna Radiation Performance Standards 


(a) GSO Systems 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/AY 0°<b< dm 
Gi dm < () < Ort 
D/A. = 68 : Sa: 
(Gmnax > 44.7 dBi 2 a log(o) bi < ie 
for e = 0.65) TP? <os9.2 
32 - 25 x log() 9.2° <p < 48° 
“10 48° <b < 180° 
Gimax - 2.5 x 10°(@D/A) 0°<o< bp 
29 - 25 x log() 2<b<7° 
D/X < 68 8 Poise n <9.2° 
32 - 25 x log(9) 9.2° <b < 48° 
-10 48° < b < 180° 


D/X = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 

G, =-1 +15 x log(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 


1 = 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5 x 10°(D/A)*} and {29 - 25 x log()} 
| An actual radiation pattern shall meet the following conditions: =i (ati‘C;O;*;*~*~™ 
e It may not exceed the gain function in the range 6, < 6 < 7°. 


e It may exceed the gain function in the range @ > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO Systems 


Category Gain Function (dBi) Angular Range 

D/x > 100 Gmna - 2.5 x 10° (D/A)? 0°<o<o., 

Gia ma > o S Ora 

(Gmax = 48.1 dBi for e 29 - 25 x log() Ora <  S 36° 
= 0.65) -10 36° <  < 180° 

20 < D/A < 100 Gin - 2.5 x 10° (@D/2)° O° $< bmp 

Gip dmb < > S Orb 

(34.1 < Ginax(dBi) < 29 - 25 x log() dr < 0 < 36° 
48.1 for e = 0.65) -10 36° <b < 180° 


o: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(2/D)(Gma - Gia)”, deg. 
Ora = 15.85(D/A)°*, deg. 
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Ginp = 20xlog(D/X) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gmnb - Gip)®”, deg. 
Ob = (95A/D), deg. 


6.7.3.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.7.3.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.7.3.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6.7.3.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the AMSS service records in the GMF. For the uplink, the symbol of the earth 
station class is “TB” for the land earth station and “TJ” for the aircraft earth station; for 
the downlink, the symbol of the space station class is “EJ”. Only the frequency bands in 
which the federal government is the primary user are searched. 

(2) Develop the earth station antenna Ga data population profile. Only the aircraft earth 
stations and land earth stations whose locations are denoted “US” or any locations within 
the 50 states are processed, the aircraft locations whose locations are denoted oceans, 
e.g., “PAC” for Pacific or “LANT” for Atlantic, or foreign territories are not processed. 

(3) Select a representative Gmax from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna radiation performance standards in Section 6.7.3.2. 


Similar to the LMSS case, the earth station localities can be specific or non-specific. The non- 
specific ones, i.e., “US”, USA”, and “USP”, are the mobile stations whose localities can be 
anywhere within the specified region. 


The frequency bands being examined are 


(1) 240-270 MHz downlink, 

(2) 290-320 MHz uplink, 

(3) 20.2—21.2 GHz downlink, 

(4) 30-31 GHz uplink, and 

(5) 39.5—40.5 GHz downlink and 43.5—47 GHz uplink. 
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6.7.3.3.1 240-270 MHz Downlink 


The earth station receiving antenna Gax data count in this band is 


2 dBi: 1 frequency assignment in Guam, 

11 dBi: 321 frequency assignments in “USP”, 

12 dBi: | frequency assignment in Nebraska, 

14 dBi: | frequency assignment in Hawaii, 

16 dBi: 3 frequency assignments in Texas and Virginia, 
17 dBi: 8 frequency assignments in Florida and Virginia, 
19 dBi: 36 frequency assignments in Guam and Hawaii. 


The representative Gmax = 11 dBi, and this is an airborne antenna. The representative antenna 
radiation characteristics for spectrum sharing analyses are as follows: 


Polarization: RHCP. 

The coverage volume shall comprise not less than 85% of the solid angle above 5° 
elevation. 

6 < G(dBic) < 11 within the coverage volume. 

The coverage volume may include a volume corresponding to a cone of 20° half-angle at 
the aircraft zenith in straight and level flight, G > 4 dBic within this cone. 

G > 0 dBic for 99% of the solid angle above 5° elevation. 

To the maximum extent possible, G > 6 dBic for 100% of the solid angle above 5° 
elevation. 

The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


6.7.3.3.2 290-320 MHz Uplink 


This is the corresponding uplink for the 240-270 MHz downlink band. 


The earth station transmitting antenna Gmax data count in this band is 


2 dBi: 2 frequency assignments of airborne antennas in Guam, 

3 dBi: 2 frequency assignments of airborne antennas in Guam, | frequency assignment of 
land-based antennas in Guam, 

11 dBi: 2 frequency assignments of land-based antennas in “USA”, 306 frequency 
assignments of airborne antennas in “USP”, 

12 dBi: 2 frequency assignments of land-based antenna in Nebraska and Texas, 

16 dBi: | frequency assignment of land-based antenna in Texas, | frequency assignment 
of airborne antenna in Virginia, 

17 dBi: 3 frequency assignments of land-based antennas in Virginia, 

20 dBi: | frequency assignment of land-based antenna in Wyoming, 

14 dBi: | frequency assignment of airborne antenna in Hawaii, and 

19 dBi: 11 frequency assignments of airborne antennas in Guam and Hawaii, 4 frequency 
assignments of land-based antennas in Guam and Hawaii. 


The representative Gmax = 11 dBi, and this is an airborne antenna. The representative antenna 
radiation characteristics for spectrum sharing analyses are as follows: 
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e Polarization: RHCP. 

e The coverage volume shall comprise not less than 85% of the solid angle above 5° 
elevation. 

e 6<G(dBic) < 11 within the coverage volume. 

e The coverage volume may include a volume corresponding to a cone of 20° half-angle at 
the aircraft zenith in straight and level flight, G > 4 dBic within this cone. 

e G> 0 dBic for 99% of the solid angle above 5° elevation. 

e To the maximum extent possible, G > 6 dBic for 100% of the solid angle above 5° 
elevation. 

e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


6.7.3.3.3 20.2—21.2 GHz Downlink 


The earth station receiving antenna service records all have Gmax = 48 dBi in this band, 
and the localities are California, Florida, Guam, Hawaii, and Virginia. These are all GSO 
systems. The representative Gmax = 48 dBi, and this is a land-based antenna. The representative 
antenna radiation pattern for spectrum sharing analyses is provided in Table 6-52. 


Table 6-52. Representative AMSS Earth Station Antenna Radiation Pattern in 20.2—21.2 


GHz 
Gain Function (dBi) Angular Range 
48 - 2.5 x 10°(99.46)" 0° <b <0.88° 
29 0.88°<o<1° 
29 - 25 x log() 1°<o<7° 
8 7° <0<9.2° 
32 - 25 x log(o) 9.2°< > < 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.44 meters, e = 0.65, f= 20.7 GHz. 


6.7.3.3.4 30-31 GHz Uplink 
This is the corresponding uplink band for the 20.2—21.2 GHz downlink band. 


The GMF does not have service records in the 30-31 GHz band. The representative 
antenna Gmax value can be obtained by frequency scaling the representative Gmax value of the 
20.2—21.2 GHz band. The representative Gia, = 51.4 dBi, and this is a land-based earth station 
antenna. The representative antenna radiation pattern for spectrum sharing analyses is provided 
in Table 6-53. 


Table 6-53. Representative AMSS Earth Station Antenna Radiation Pattern in 30-31 GHz 


Gain Function (dBi) Angular Range 


51.4 - 2.5 x 10°(146.4) 0°<o<0.61° 
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34.5 0.61° <b <0.8° 
29 - 25 x log(é) 0.8°<b<7° 
8 T? <b<9.2° 
32 - 25 x log(d) 9.2° <b < 48° 
-10 48° <b < 180° 


o: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.44 meters, e = 0.65, f= 30.5 GHz. 


6.7.3.3.5 39.5-40.5 GHz Downlink and 43.5—47 GHz Uplink 


The GMF does not have service records in the 39.5—40.5 GHz downlink band. However, 
because of the close proximity of this band to its corresponding uplink band, the representative 
antenna Gmax value and radiation pattern of the uplink band should be applicable to the downlink 
band. 


The AMSS earth station transmitting antenna G,,,x data count in the 43.5—47 GHz band is 


e 49 dBi: 1 frequency assignment in California, 

e 55 dBi: total 22 frequency assignments in California, Guam, Hawaii, Maine, Virginia, 
Washington (cumulative population % = 67%), 

e 56 dBi: 10 frequency assignments of land-based antennas in California. 


The representative Gmax = 55 dBi, and this is a GSO system land-based earth station antenna. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 6-54. 


Table 6-54. Representative AMSS Earth Station Antenna Radiation Pattern in 39.5—40.5 
GHz and 43.5—47 GHz 


Gain Function (dBi) Angular Range 
55 - 2.5 x 10°(2226)" 0°<o<0.41° 
34.2 0.41° <o < 0.62° 
29 - 25 x log(o) 0.62°<o<7° 
8 To <o2 9.2" 
32 - 25 x log(o) 9.2°< > < 48° 
-10 48° < o < 180° 
o: angle off mainbeam axis, deg. 
This pattern is developed with D = 1.48 meters, e = 0.65, f= 45 GHz. 


6.8 Radiodetermination Service 


As shown in Section 5.8.1, NTIA classifies five groups of RDS radars for performance 
specification, and each group is associated with an antenna radiation performance standard 
criterion. These five groups and the corresponding five criteria are listed in Table 6-55. 
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Table 6-55. NTIA RDS Radars Antenna Radiation Performance Standards 
(a) Types 


Group Types of Radar Criterion 


Non-pulsed radar of 40 watts or less rated average power, 
Pulsed radar of 1 kW or less rated peak power, 

Radar with operating frequency above 40 GHz, 
Man-portable radar, A 
Man-transportable radar, 

RNS radar in 9.3—9.5 GHz band, 

e Expendable, non-recoverable radar on missiles. 


Radar with rated peak power of more than | kW but not more than 
100 kW and operating between 2.9 GHz and 40 GHz 


All radars not included in Group A, B, or D. 


All fixed radars in 2.7—2.9 GHz band. 


moa) & 
moQ| & 


Wind Profiler Radar operating on 449 MHz 


(b) Criteria 


Criterion Description 


A Presently exempt. 


B Currently no requirement is specified. 


Antennas operated in 360°-rotation over the horizontal plane shall have a 
“median gain” of -10 dBi or less, as measured on an antenna test range, in the 
principal horizontal plane. For other antennas, sidelobe suppression below the 
mainbeam shall be: 

e first three sidelobes: 17 dB, 

e all other lobes: 26 dB. 


Antenna Radiation Profile (dB) Elevation Angle 0 


X 70° <0 


x- 15 60° < 8 < 70° 


x - 20 45° <0 <60° 


x - 25 5°<0< 45° 


x - 40 Se 


e Radiation profile derived from EIRP profile requirement. 
e Symbol “<” is used instead of “<” for the angular range in the NTTA Manual. 


For antennas operated in 360°-rotation over the horizontal plane, the EMC analysis must cover 
all directions. Thus the allowable radar antenna radiation pattern may be usefully specified by 
its “median gain” relative to an isotropic radiator. 


6.8.1 Radiolocation Service 


6.8.1.1 System Review 


The antenna radiation performance standards in Table 6-55 are suitable for system 
review. 
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6.8.1.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment. The antenna radiation pattern should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation pattern is not available, a reference radiation pattern needs to 
be used. However, Table 6-55 does not provide the necessary reference radiation pattern. 
Therefore, two types of reference radiation patterns are developed here. These radiation patterns 
do not specify the Gmax value; however, such data should be available in the GMF. 

(a) Omnidirectional Antenna 


The LMS base station omnidirectional antenna radiation performance standard in Section 
6.6.1.1 can be adopted as the RLS omnidirectional antenna vertical reference radiation pattern 
for EMC analyses in frequency assignment; it is 


G(@) = max(G,(0), Gy(0)) dBi (6-63) 


where 
G,(0) = Ginax - 12(0/8 pw)’, dBi 
Gi(0) = Gmax - 12 + 10 x log{ [max(|0/Opw, I"? }, dBi 
9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


Oy = 107.6 x 10°! deg. 


(b) Directional Antenna 


The FS antenna radiation performance standard in Section 6.2.2.2, modified for the 
elliptical beam, is recommended for the RLS directional antenna reference radiation pattern for 
EMC analyses in frequency assignment. This is provided in Table 6-56. 


Table 6-56. RLS Directional Antenna Reference Radiation Pattern for Frequency 
Assignment 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax = 12(9/ow)” 0 < b/bow <x 
-5 X < o/Obw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
e Ginas = 10xlog {ex[41253/(dpwixdbw2)]}, dBi, 
© §dbwi, bbw2: HPBW of major and minor axes, deg. 


: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/pw)”} and -5. 
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(b) High-Gain Antenna 


Category Gain() (dBi) Angular Range (deg.) 
Ginax = 12(/dpw) 0 < () = dm 
; 0.75 X Gmnax - 7 dm < 0 < Or 
Gmmax > 48 dBi 
29 - 25 x log (6) ori < OS Ob1 
-13 dpi < > < 180° 
Gmax - 12(/ow)” 0<b< dm 
: 0.75 x Giiax -7 Om < ) < ,2 
22 < Gmax(dBi) < 4 
= REE SOS 68 Guns) 05 10) bo <O< dy 
11 - Gynax/2 dv2 < o < 180° 
Gring a 12(/dow) 0 = () < dm 
: 0.75 X Gmax - 7 dm < >< O33 
10 < Gnax(dBi) < 22 
S Gmax(4By) 53 - (Gmax /2) - 25 x log (6) 3 < >< bbs 
0) p3 < o < 180° 
Elliptical beam. 
All angles in deg. 


Ginax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(Opwixdpw2)]}, dBi 


© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


Om : Intersection of {Gmax - 12(0/ dow)} and (0.75 x Gmax - 7) 


,, = 27.466 x 190 3Gmax/10 
0. = 0,3 = 250 (10S/ ) 
b1 = p2 = 48° 

43 = 131 £8257 x 1Q~Gmx/>° 


(c) Cosecant-Square Antenna 


Section of Pattern Gain(0) (dBi) Angular Range 

Azimuthal Plane Table e 20 se) 08 Oye 0 < |o| < 180° 
replacing 

. cewerpinne Table 6-56 (a) or (b) with 0 -180° <0 <0° 
Elevation replacing 

Q 
Fane Pppet Circular Ginax - 12(8/O bw)” 0<6<—= 
plane 2 
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Coserants. |. (g> 5213) 90 Mog| (6) Ow <9<0, 
Square sale Deg. 2 
2 
Sidelobe -55 Om < 8 < 180° 


This pattern was discussed in Section 5.8.1 and Table 5-42. 
It is assumed that 
e the cosecant-square pattern is in the upper elevation plane, 
e the mainbeam axis does not have elevation, and 
e the break point from the circular pattern to the cosecant-square pattern is at the half- 
power point. 
Gmnax: on-axis gain, dBi 
8, @: elevation and azimuth angle off mainbeam axis 
Obw and py, the half power beamwidth in the 0 and @ planes, need not be the same. 
Qn: angle where cosecant-square pattern reaches sidelobe level 
NG geist der eat asa nan ahs anaes ee nananerocaenliaananaanany 
e The break point from the circular pattern to the cosecant-square pattern is a design 
parameter. In general, the half power point is chosen to be the break point in a model. 
e Usually, a land-based radar operates the cosecant-square antenna with an elevation angle of 
04/2, Then, all the 0 should be replaced with (8 - 0},,/2). 
e A radar may operate its cosecant-square antenna in the inverse mode, e.g., airborne radar 
monitoring its lower air space. Then, all the 8 should be replaced with -0. 


6.8.1.3 Spectrum Sharing Analyses 
The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the federal RLS service records in the GMF. The station classes are “LR” for the 
land station, “MR” for the mobile station, and “MRP” for the portable station. Only the 
frequency bands in which the federal government is the primary user are searched. 

(2) Develop the antenna Gmax data population profile. 

(3) Select a representative Gy,x from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.8.1.2. 


Because the receiving antenna may not be the transmitting antenna, the transmitting and 
receiving antenna representative Gyax values and radiation patterns are processed separately. 


The frequency bands being examined are 


(1) 1.705-1.8 MHz, 
(2) 216-217 MHz, 
(3) 420-450 MHz, 
(4) 902-928 MHz, 
(5) 1.215-1.3 GHz, 
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(6) 1.35-1.39 GHz, 
(7) 2.9-3.65 GHz, 

(8) 5.25-5.6 GHz, 

(9) 5.655.925 GHz, 

(10) 8.5-9 GHz, 

(11) 9.5-10.55 GHz, 

(12) 13.4-14 GHz, 

(13) 15.7-17.3 GHz, 

(14) 24.05-24.25 GHz, and 
(15) 33.4-36 GHz. 


6.8.1.3.1  1.705—-1.8 MHz 

The GMEF contains only the omnidirectional antenna records in this band. 
(a) Omnidirectional Transmitting Antenna 

The omnidirectional transmitting antenna Gyax data count in this band is 


e (dBi: 7 frequency assignments (cumulative population % = 57%), 
e 2 dBi: 6 frequency assignments (cumulative population % = 100%). 


The representative Gyax is chosen to be 2 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(®) =2 - 12(6/67.9)° dBi for |0|<62.7° (6-64) 
= -10 + 10xlog{ [max(|0|/67.9, 1)]!> } dBi for _—‘|@| > 62.7° 


where 9 is the elevation angle off the peak gain plane, in deg. 
(b) Omnidirectional Receiving Antenna 


There are 8 omnidirectional receiving antenna service records in this band, all with Grnax 
= 0 dBi. The representative Gmax = 0 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(®) = -12(6/107.6) dBi for |0|/<99.4° (6-65) 
= -12 + 10xlog{ [max(|0|/107.6, 1)]'> } dBi for || > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.8.1.3.2 216-217 MHz 

The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 

The directional transmitting antenna Gx data count in this band is 


e 30 dBi: | frequency assignment, 
e 31 dBi: 2 frequency assignments, 
e 33 dBi: | frequency assignment (cumulative population % = 80%), 
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e 40 dBi: 1 frequency assignment. 


The representative Gmax = 33 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-57. 


Table 6-57. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


216-217 MHz 
Gain (dBi) Angular Range 
33 - 12 x (b/dow)” 0<<1.13xdbw 
17.75 1.13xdbw < 0 < 5.6° 
36.5 - 25 x log() 5.6° <b < 48° 
-5.5 48° < o < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


e 26 dBi: 44 frequency assignments (cumulative population % = 71%), 
e 34 dBi: 18 frequency assignments. 


The representative Gyax = 26 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-58. 


Table 6-58. Representative RLS Directional Receiving Antenna Radiation Pattern in 216— 


217 MHz 
Gain (dBi) Angular Range 
26 - 12 x (b/dow) 0<< 1.06xdw 
125 1.06xdbw < 0 < 12.5° 
AO - 25 x log(o) 12.5° <0 < 48° 
2; 48° < o< 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.3 420-450 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gmax data count is 


e (dBi: 66 frequency assignments, 
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2, 3 dBi: 37 frequency assignments, 

4 dBi: 55 frequency assignments, 

5 dBi: 4 frequency assignments (cumulative population % = 64.3%), 
6 dBi: 54 frequency assignments (cumulative population % = 85.7%), 
7 dBi: 2 frequency assignments, 

11, 12 dBi: 34 frequency assignments. 


The representative Gax is chosen to be 6 dBi, and the representative antenna vertical radiation 


pattern for spectrum sharing analyses is 


G(0) = 6 - 12(0/27)° dBi for  |0|< 25° 
= -6 + 10xlog{ [max(|0//27, I]? } dBi for — |6|>25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The directional transmitting antenna Gm data count in this band is 


18, 21 dBi: 7 frequency assignments, 

32 dBi: 6 frequency assignments, 

35 dBi: | frequency assignment, 

38 dBi: | frequency assignment (cumulative population % = 75%), 
41-43 dBi: 5 frequency assignments. 


(6-66) 


The representative Gmax = 38 dBi, and the representative antenna radiation pattern for spectrum 


sharing analyses is provided in Table 6-59. 


Table 6-59. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


420-450 MHz 
Gain (dBi) Angular Range 
38 - 12 x (b/dow) 0<<1.17xdw 
21.5 1.17xdbw < > <3.1° 
34 - 25 x log(o) 3.1° <b < 48° 
-8 48° < b< 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in this band is 


0 dBi: 66 frequency assignments, 

1 dBi: 1 frequency assignment, 

2 dBi: 13 frequency assignments, 

3 dBi: 10 frequency assignments (cumulative population % = 70.3%), 
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e 4dBi: 18 frequency assignments, 
e 5 dBi: 9 frequency assignments, 
e 6dBi: 11 frequency assignments. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = 3 - 12(0/53.9) 


= -9 + 10xlog{ [max(|0/53.9, 1)! } 


where 0 is the elevation angle off the peak gain plane, in deg. 


(d) Directional Receiving Antenna 


dBi for |0|<49.8° (6-67) 
dBi for _—|0| > 49.8° 


The directional receiving antenna Gmax data count in this band is 


18 dBi: | frequency assignment, 
21 dBi: | frequency assignment, 
32 dBi: | frequency assignment (cumulative population % = 75%), 
42 dBi: 1 frequency assignment. 


The representative Gmax = 32 dBi, and the representative antenna radiation pattern for spectrum 


sharing analyses is provided in Table 6-60. 


Table 6-60. Representative RLS Directional Receiving Antenna Radiation Pattern in 420- 


450 MHz 
Gain (dBi) Angular Range 
32 - 12 x (b/dow) 0<< 1.12xdow 
17 1.12xdbw < 0 < 6.3° 
37 - 25 x log() 6.3° < od < 48° 
-5 48° <b < 180° 


Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.4 902-928 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 


this band. 


(a) Omnidirectional Transmitting Antenna 


The omnidirectional transmitting antenna Gx data count in this band is 


0 dBi: 2 frequency assignments, 
2 dBi: 17 frequency assignments, 
3 dBi: 13 frequency assignments, 
4 dBi: 1 frequency assignment, 
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e 5 dBi: 3 frequency assignments (cumulative population % = 72.2%), 
e 6dBi: 10 frequency assignments. 


The representative Gmax = 5 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =5 - 12(0/34) dBi for |0/<31.4° (6-68) 
= -7 + 10xlog{ [max(|0//34, Dy '? } dBi for |@| > 31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna Gmax data in this band is 
shown in Figure 6-42. The representative Gy,ax = 28 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-61. 
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Figure 6-42. Population Profile of RLS Directional transmitting Antenna G,,,, Data in 
902—928 MHz 


Table 6-61. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


902-928 MHz 
Gain (dBi) Angular Range 
28 - 12 x (b/dow)” 0<< 1.08xdw 
14 1.08xdow < > < 10° 
39 - 25 x log(o) 10° <b < 48° 
3 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in this band is 


0 dBi: 1 frequency assignment, 

2 dBi: 17 frequency assignments, 

3 dBi: 2 frequency assignments, 

5 dBi: 3 frequency assignments (cumulative population % = 14%), 

6 dBi: 137 frequency assignments (cumulative population % = 100%). 


The representative Gyax = 6 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = 6 - 12(0/27)° dBi for  |0|< 25° (6-69) 
= -6 + 10xlog{ [max(|6/27, 1)]'? } dBi for |0| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


e 21 dBi: | frequency assignment, 
e 26 dBi: | frequency assignment, 
e 27 dBi: 10 frequency assignments (cumulative population % = 75%), 
e 28 dBi: 4 frequency assignments. 


The representative Gmax = 27 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-62. 


Table 6-62. Representative RLS Directional Receiving Antenna Radiation Pattern in 902— 


928 MHz 
Gain (dBi) Angular Range 
27 - 12 x (b/dow) 0<< 1.07xdow 
13:25 1.07xdbw < 0 < 11.2° 
39.5 - 25 x log() 11.2° << 48° 
-2.5 48° <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.5  1.215-1.3 GHz 
The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna Gmax data in this band is 
shown in Figure 6-43. The percentages of cumulative population are 71% and 79.7% at Gmax = 
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34 and 35 dBi, respectively. The representative Gmax = 34 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-63. 
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Figure 6-43. Population Profile of RLS Directional Transmitting Antenna G,,,, Data in 


1.215-1.3 GHz 


Table 6-63. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


1.215-1.3 GHz 


Gain (dBi) Angular Range 
34 - 12 x (b/dow)” 0<o<1.14xdow 
18.5 1.14xdbw < 0 < 5° 
36 - 25 x log() 5° <o< 48° 
-6 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) 


Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


21 dBi: 11 frequency assignments, 

22 dBi: 8 frequency assignments (cumulative population % = 79%), 
27 dBi: | frequency assignment, 

33 dBi: | frequency assignment, and 

37 dBi: 3 frequency assignments. 


The representative Gmax = 22 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-64. 
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Table 6-64. Representative RLS Directional Receiving Antenna Radiation Pattern in 


1.215-1.3 GHz 
Gain (dBi) Angular Range 
22 - 12 x (/dbw)” 0<6< 1.02xdyw 
9.5 1.02xdbw < > < 19.9° 
42 - 25 x log() 19.9° <o < 48° 
0 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.6 1.35-1.39 GHz 

The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 

The directional transmitting antenna G,,,x data count in this band is 


21 dBi: 6 frequency assignments, 

22 dBi: 5 frequency assignments, 

32 dBi: | frequency assignment (cumulative population % = 55%), 
37 dBi: 9 frequency assignments (cumulative population % = 95%), 
39 dBi: | frequency assignment. 


The representative Gax is chosen to be 37 dBi, and the representative antenna radiation pattern 
for spectrum sharing analyses is provided in Table 6-65. 


Table 6-65. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


1.35-1.39 GHz 
Gain (dBi) Angular Range 
37 - 12 x (b/dpw)” 0<< 1.16xdw 
20.75 1.16xdbw < 0 < 3.5° 
34.5 - 25 x log(o) 3.5°< > < 48° 
-7.5 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


e 21 dBi: 4 frequency assignments, 
e 22 dBi: 3 frequency assignments (cumulative population % = 64%), 
e 37 dBi: 4 frequency assignments. 
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The representative Gmax = 22 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-66. 


Table 6-66. Representative RLS Directional Receiving Antenna Radiation Pattern in 1.35- 


1.39 GHz 
Gain (dBi) Angular Range 
22 - 12 x (b/dow)” 0<< 1.02xdow 
o5 1.02xdbw < > < 19.9° 
42 - 25 x log(o) 19.9° << 48° 
0 48° <b < 180° 
Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.7  2.9-3.65 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna G,,,x data count in this band is 


1 dBi: 5 frequency assignments, 
3 dBi: 2 frequency assignments, 
4 dBi: 2 frequency assignments (cumulative population % = 75%), 
9 dBi: 2 frequency assignments, 
10 dBi: 1 frequency assignment. 


The representative Gyax = 4 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =4 - 12(0/42.8) dBi for |0|<39.6° —- (6-70) 
= -8 + 10xlog{ [max(|0//42.8, I)]!> } dBi for _—‘|0| > 39.6° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna G,,,x data in this band is 
shown in Figure 6-44. Because there is no data count at Gmax = 41 dBi, the representative Gmax 1S 
chosen to be 40 dBi. The representative antenna radiation pattern for spectrum sharing analyses 
is provided in Table 6-67. 
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Figure 6-44. Population Profile of RLS Directional Transmitting Antenna G,,,, Data in 
2.9-3.65 GHz 


Table 6-67. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


2.9-3.65 GHz 
Gain (dBi) Angular Range 
AO - 12 x (b/dpw)” 0<o<1.19xdow 
22 1.19xdbw < > < 2.5° 
33 - 25 x log(o) 2.5° < o < 48° 
-9 48° < o < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna Gmax data count in this band is 


e (dBi: | frequency assignment, 

e 1 dBi: 3 frequency assignments, 

e 2 dBi: 3 frequency assignments (cumulative population % = 70%), 
e 3 dBi: | frequency assignments (cumulative population % = 80%), 
e 9 dBi: 2 frequency assignments. 


The representative Gmax is chosen to be 3 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(0) =3 - 12(0/53.9)° dBi for |0|<49.8° 6-71) 
= -9 + 10xlog{ [max(|0//53.9, 1] '? } dBi for  |0| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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(d) Directional Receiving Antenna 


The population profile of the directional receiving antenna G,,x data in this band is 
shown in Figure 6-45. Because there are no data counts at Gmax = 37, 38, 39 dBi, the 
representative Gmax is chosen to be 36 dBi. The representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-68. 
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Figure 6-45. Population Profile of RLS Directional Receiving Antenna Ga, Data in 
2.9-3.65 GHz 


Table 6-68. Representative RLS Directional Receiving Antenna Radiation Pattern in 
2.9-3.65 GHz 


Gain (dBi) Angular Range 
36 - 12 x (b/dow) 0<< 1.15xdbw 
20 1.15xdbw < 0 < 4° 
35 - 25 x log () 4° <>< 48° 
-7 48° <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.8  5.25-5.6 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in this band is 


e (0-2 dBi: 9 frequency assignments, 
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3 dBi: 3 frequency assignments, 

4 dBi: 3 frequency assignments, 

5 dBi: 1 frequency assignment (cumulative population % = 50%), 

6 dBi: 16 frequency assignments (cumulative population % = 100%). 


The representative Gyax is chosen to be 6 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(8) = 6 - 12(8/27 dBi for  |@|<25° (6-72) 
= -6 + 10xlog{ [max(|0//27, I]? } dBi for =‘ |@| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna Gmax data in this band is 
shown in Figure 6-46. The representative Gy,ax = 43 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-69. 
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Figure 6-46. Population Profile of RLS Directional Transmitting Antenna G,,,, Data in 
5.25—-5.6 GHz 


Table 6-69. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


5.25—5.6 GHz 
Gain (dBi) Angular Range 
43 - 12 x (b/dbw)* 0<< 1.22xdww 
25.25 1.22xdbw < 0 < 1.8° 
31.5 - 25 x log () 1.8° << 48° 
-10.5 48° <b < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 


6-132 


dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in this band is 


0-2 dBi: 9 frequency assignments, 

3 dBi: 3 frequency assignments, 

4 dBi: 3 frequency assignments (cumulative population % = 41.7%), 
6 dBi: 21 frequency assignments (cumulative population % = 100%). 


The representative Gmax = 6 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(8) = 6 - 12(8/27 dBi for  |0|< 25° (6-73) 
= -6 + 10xlog{ [max(|0//27, I] '? } dBi for =‘ |@| > 25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 


The population profile of the directional receiving antenna Gynax data in this band is 
shown in Figure 6-47. The representative Gy,ax = 43 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-70. 
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Figure 6-47. Population Profile of RLS Directional Receiving Antenna Ga, Data in 
5.25—-5.6 GHz 


Table 6-70. Representative RLS Directional Receiving Antenna Radiation Pattern in 
5.25—5.6 GHz 


Gain (dBi) Angular Range 
43 - 12 x (/dpw)” 0 << 1.22xdbw 
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25.25 1.22xdbw < 0 < 1.8° 


31.5 - 25 x log (6) 1.8° <b < 48° 


-10.5 48° < 0 < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.9  3.65-5.925 GHz 


The GMF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 


The omnidirectional transmitting antenna Gx data count in this band is 


0-2 dBi: 6 frequency assignments, 

3 dBi: 11 frequency assignments, 

4 dBi: 14 frequency assignments, 

5 dBi: 13 frequency assignments (cumulative population % = 73.3%), 
6 dBi: 16 frequency assignments. 


The representative Gmax = 5 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = 5 - 12(0/34)° dBi for |0|/<31.4° (6-74) 
=-7+ 10xlog{ [max(|0//34, 1]'° } dBi for |@| > 31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna Gmax data in this band is 
shown in Figure 6-48. The percentages of cumulative population are 74.4% and 76% at Gmax = 
45 and 46 dBi, respectively. The representative Gmax = 45 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-71. 
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Figure 6-48. Population Profile of RLS Directional Transmitting Antenna G,,,, Data in 
5.655.925 GHz 


Table 6-71. Representative RLS Directional Transmitting Antenna Radiation Pattern in 
5.65—5.925 GHz 


Gain (dBi) Angular Range 
45 - 12 x (b/dbw) 0<< 1.23xdww 
26.75 1.23xdbw < 0 < 1.4° 
30.5 - 25 x log() 1.4°< o < 48° 
-11.5 48° <b < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna Gmax data count in this band is 


e 1-2 dBi: 3 frequency assignments, 

e 3 dBi: 13 frequency assignments, 

e 4dBi: 11 frequency assignments, 

e 5 dBi: 2 frequency assignments (cumulative population % = 50%), 

e 6 dBi: 29 frequency assignments (cumulative population % = 100%). 


The representative Gmax is chosen to be 6 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(0) = 6 - 12(0/27)° dBi for =‘ |0|< 25° (6-75) 
= -6 + 10xlog{ [max(|0//27, I] '? } dBi for — |6|>25° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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(d) Directional Receiving Antenna 


The population profile of the directional receiving antenna G,x data in this band is 
shown in Figure 6-49. The representative Gmax = 45 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-72. 
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Figure 6-49. Population Profile of RLS Directional Receiving Antenna G,,,, Data in 
5.655.925 GHz 


Table 6-72. Representative RLS Directional Receiving Antenna Radiation Pattern in 
5.65—5.925 GHz 


Gain (dBi) Angular Range 
45 - 12 x (b/dbw) 0<< 1.23xdww 
26.75 1.23xdbw < 0 < 1.4° 
30.5 - 25 x log() 1.4° << 48° 
-11.5 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.10 8.5-9 GHz 

The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 

The directional transmitting antenna G,,x data count in this band is 


20, 22 dBi: 9 frequency assignments, 

27, 29, 30 dBi: 6 frequency assignments, 

31 dBi: 117 frequency assignments (cumulative population % = 81%), 
33, 34 dBi: 15 frequency assignments, 
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e 37-44 dBi: 16 frequency assignments. 


The representative Gmax = 31 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-73. 


Table 6-73. Representative RLS Directional Transmitting Antenna Radiation Pattern in e 


8.5—9 GHz 
Gain (dBi) Angular Range 
31 - 12 x (b/dow)” 0<o<1.11xdow 
16.25 1.11xdbw < 0 < 7° 
37.5 - 25 x log() 7° << 48° 
-A5 48° < o < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


e 27 dBi: 2 frequency assignments, 


e 31 dBi: 118 frequency assignments (cumulative population % = 95%), 
e 3442 dBi: 6 frequency assignments. 


The representative Gmax = 31 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-74. 


Table 6-74. Representative RLS Directional Receiving Antenna Radiation Pattern in 8.5—9 


GHz 
Gain (dBi) Angular Range 
31 - 12 x (b/dow)” 0<o<1.11xdw 
16.25 1.11xdbw <0 < 7° 
37.5 - 25 x log() 7° <>< 48° 
-A5 48° < o< 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.11 9.5-10.55 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 
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(a) Omnidirectional Transmitting Antenna 


The omnidirectional transmitting antenna service records all have Gpax = 2 dBi in this 
band. The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern 
for spectrum sharing analyses is 


G(0) = 2 - 12(6/67.9)° dBi for |0|<62.7° (6-76) 
= -10 + 10xlog{ [max(|6|/67.9, py’? } dBi for |8| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna G,,x data in this band is 
shown in Figure 6-50. The representative Gmax = 36 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-75. 
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Figure 6-50. Population Profile of RLS Directional Transmitting Antenna G,,,, Data in 
9.5-10.55 GHz 


Table 6-75. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


9.5-10.55 GHz 
Gain (dBi) Angular Range 
36 - 12 x (b/dow) 0<<1.15xdw 
20 1.15xdbw << 4° 
35 - 25 x log (0) 4° < p< 48° 
7 48° <b < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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(c) Omnidirectional Receiving Antenna 


The omnidirectional receiving antenna service records all have Gmax = 2 dBi in this band. 
The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) =2 - 12(0/67.9) dBi for |0|<62.7° (6-77) 
= -10 + 10xlog{ [max(|6|/67.9, py’? } dBi for |8| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 


The population profile of the directional receiving antenna G,ax data in this band is 
shown in Figure 6-51. The representative Gmax = 36 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-76. 
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Figure 6-51. Population Profile of RLS Directional Receiving Antenna G,,, Data in 9.5— 
10.55 GHz 


Table 6-76. Representative RLS Directional Receiving Antenna Radiation Pattern in 9.5— 


10.55 GHz 
Gain (dBi) Angular Range 
36 - 12 x (b/dow) 0<<1.15xdw 
20 1.15xdbw << 4° 
35 - 25 x log (0) 4° < p< 48° 
7 48° <b < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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6.8.1.3.12 13.4-14 GHz 

The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 

The directional transmitting antenna Gmax data count in this band is 


e 27 dBi: | frequency assignment, 
e 34 dBi: | frequency assignment, 
e 38 dBi: 3 frequency assignments (cumulative population % = 71%), 
e 43 dBi: 2 frequency assignments. 


The representative Gmax = 38 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-77. 


Table 6-77. Representative RLS Directional Receiving Antenna Radiation Pattern in 13.4— 


14 GHz 
Gain (dBi) Angular Range 
38 - 12 x (b/dow) 0<<1.17xdow 
21.5 1.17xdbw < 0 < 3.1° 
34 - 25 x log() 3.1°< o < 48° 
-8 48° < b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


e 27 dBi: | frequency assignment, 
e 34 dBi: 1 frequency assignment. 


The representative Gmax is chosen to be 34 dBi, and the representative antenna radiation pattern 
for spectrum sharing analyses is provided in Table 6-78. 


Table 6-78. Representative RLS Directional Receiving Antenna Radiation Pattern in 13.4— 


14 GHz 
Gain (dBi) Angular Range 
34 - 12 x (b/dpw)” 0<o<1.14xdw 
18.5 1.14xdbw < 0 < 5° 
36 - 25 x log() 5° << 48° 
-6 48° <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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6.8.1.3.13 15.7-17.3 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in this band is 


e 0 dBi: 2 frequency assignments (cumulative population % = 67%), 
e 2 dBi: | frequency assignment. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(6) = -12(6/107.6) dBi for |6|<99.4° (6-78) 
= -12 + 10xlog{ [max(|6|/107.6, 1)J!> } dBi for _—_|0| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna G,,x data in this band is 
shown in Figure 6-52. The representative Gmax = 43 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-79. 
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Figure 6-52. Population Profile of RLS Directional Transmitting Antenna G,,, Data in 
15.7-17.3 GHz 
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Table 6-79. Representative RLS Directional Transmitting Antenna Radiation Pattern in 
15.7-17.3 GHz 


Gain (dBi) Angular Range 
43 - 12 x (b/dow)” 0<< 1.22xdww 
25.25 1.22xdbw < 0 < 1.8° 
31.5 - 25 x log() 1.8° < > < 48° 
-10.5 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 


There is one omnidirectional receiving antenna service record in this band, with Gmax = 0 
dBi. The representative Gy, = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6)° dBi for |0| < 99.4° (6-79) 
= -12 + 10xlog{ [max(|6|/107.6, (a hea dBi for |@| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


22, 25 dBi: 4 frequency assignments, 

31, 32 dBi: 4 frequency assignments, 

36 dBi: 63 frequency assignments (cumulative population % = 74.7%), 
37 dBi: 8 frequency assignments, 

38 dBi: 10 frequency assignments, 

40, 44, 45 dBi: 6 frequency assignments. 


The representative Gyax = 36 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-80. 


Table 6-80. Representative RLS Directional Receiving Antenna Radiation Pattern in 15.7- 


17.3 GHz 
Gain (dBi) Angular Range 
36 - 12 x (b/dow) 0< o< 1.15xdw 
20 1.15xdbw < > < 4° 
35 - 25 x log() 4° <> < 48° 
-7 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
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dbw: HPBW in the direction of interest, deg. 


6.8.1.3.14 24.05-24.25 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna G,,,x data count in this band is 


e (OdBi: | frequency assignment, 
e 2 dBi: 3 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = 2 - 12(0/67.9) dBi for  |6|<62.7° (6-80) 
= -10 + 10xlog{ [max(|0|/67.9, py’? } dBi for |8| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 
The directional transmitting antenna Gmax data count in this band is 


10, 12 dBi: 3 frequency assignments, 

19, 20 dBi: 2 frequency assignments, 

22, 23 dBi: 52 frequency assignments, 

28 dBi: 15 frequency assignments, 

29 dBi: 4 frequency assignments (cumulative population % = 73.8%), 
e 30 dBi: 25 frequency assignments, 

e > 30 dBi: 2 frequency assignments. 


The representative Gmax = 29 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-81. 


Table 6-81. Representative RLS Directional Transmitting Antenna Radiation Pattern in 
24.05—24.25 GHz 


Gain (dBi) Angular Range 
29 - 12 x (b/dow) 0<<1.09xdow 
14.75 1.09xdbw < 0 < 8.9° 
38.5 - 25 x log(o) 8.9° <b < 48° 
-3.5 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in this band is 


e (dBi: | frequency assignment, 
e 2 dBi: | frequency assignment. 


The representative Gmax is chosen to be 2 dBi, and the representative antenna vertical radiation 
pattern for spectrum sharing analyses is 


G(0) = 2 - 12(0/67.9)° dBi for |0|<62.7° 6-81) 
= -10 + 10xlog{ [max(|6|/67.9, 1)y'> } dBi for — |6|>62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


10 dBi: | frequency assignment, 

23 dBi: 8 frequency assignments, 

28 dBi: | frequency assignment (cumulative population % = 34%), 
30 dBi: 18 frequency assignments (cumulative population % = 97%), 
52 dBi: | frequency assignment. 


The representative Gmax = 30 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-82. 


Table 6-82. Representative RLS Directional Receiving Antenna Radiation Pattern in 
24.05—24.25 GHz 


Gain (dBi) Angular Range 
30 - 12 x (b/dow) 0<o<1.1xdow 
| Boye} 1.1xObw < > < 7.9° 
38 - 25 x log() 7.9° <0 < 48° 
-4 48° <  < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.1.3.15 33.4-36 GHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 


There is one omnidirectional transmitting antenna service record in this band, with Gyax = 
0 dBi. The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern 
for spectrum sharing analyses is 
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G(®) = -12(0/107.6)° dBi for |0|<99.4° (6-82) 
= -12 + 10xlog{ [max(|0/107.6, I]! } dBi for _—‘|@| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 
The directional transmitting antenna Gx data count in this band is 


12, 15 dBi: 5 frequency assignments, 

21, 23, 29 dBi: 13 frequency assignments, 

32 dBi: 153 frequency assignments (cumulative population % = 83%), 
33, 37, 38 dBi: 5 frequency assignments, 

4] dBi: 23 frequency assignments, 

50, 54, 57, 58 dBi: 5 frequency assignments. 


The representative Gyax = 32 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-83. 


Table 6-83. Representative RLS Directional Transmitting Antenna Radiation Pattern in 


33.4-36 GHz 
Gain (dBi) Angular Range 
32 - 12 x (b/dow)” 0<< 1.12xdow 
17 1.12xdww < > < 6.3° 
37 - 25 x log(o) 6.3° <b < 48° 
35 48° < p< 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 


There is one omnidirectional receiving antenna service record in this band, with Gmax = 0 
dBi. The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = -12(0/107.6)° dBi for  |0/<99.4° —_ (6-83) 
= -12 + 10xlog{ [max(|0|/107.6, I]! } dBi for [0] > 99.4° 


where 9 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


e 15, 23, 29 dBi: 7 frequency assignments, 
e 32 dBi: 148 frequency assignments (cumulative population % = 88%), 
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e 38 dBi: | frequency assignment, 
e 41 dBi: 16 frequency assignments, 
e 50,57, 58 dBi: 4 frequency assignments. 


The representative Gyax = 32 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-84. 


Table 6-84. Representative RLS Directional Receiving Antenna Radiation Pattern in 33.4— 


36 GHz 
Gain (dBi) Angular Range 
32 - 12 x (b/dpw) 0< o<1.12xdw 
17 1.12xdbw < > < 6.3° 
37 - 25 x log() 6.3° << 48° 
-5 48° <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.2 Maritime Radionavigation Service 
6.8.2.1 System Review 


The antenna radiation performance standards in Table 6-55 are suitable for system 
review. 


6.8.2.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation pattern is not available, a reference radiation pattern should be 
used. The standards in Table 6-55 do not provide sufficient information for EMC analyses in 
frequency assignment; therefore, the RLS base station antenna reference radiation patterns in 
Section 6.8.1.2 are recommended for the MRNS beacon service antennas. These are as follows: 


(a) Beacon Service Omnidirectional Antenna 


The omnidirectional antenna vertical radiation pattern is 
G(0) = max(G,(8), Gp(8)) dBi (6-84) 


where 
G,(0) = Gmax - 12(0/0 pw)”, dBi 
Gi(0) = Gmax - 12 + 10 x log{ [max(|0/Opw, DJ"? }, dBi 


9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane, 
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0, = 107.6 x 10° °'S™ , deg. 


(b) Directional Antenna 


The directional antenna radiation patterns are provided in Table 6-85. 


Table 6-85. MRNS Directional Antenna Reference Radiation Patterns 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax = 12(6/ow)" 0S b/bow <x 
-5 X < o/Obw < 180/dbw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gmax= 10xlog{ex[41253/(Opwixdbw2)]}, dBi 
© = dbwis Obw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/ dow) } and -5 


(b) High-Gain Antenna 


Category Gain(o) (dBi) Angular Range (deg.) 
Ginax 7 12(/dpw)” 0 < ) = dm 
Gmax> 48 dBi 0.75 X Ginax - 7 dm < OS Or 
29 - 25 x log (0) bri < OS v1 
-13 Ovi < > < 180° 
Gmax - 12(/bow)” 0<<dm 
“ 0.75 x Ginax -7 Om < o< b2 
22 < Gmnax(dBi) < 48 
7 ery 53 - (Gminax /2) - 25 x log (0) b2 < >< dpe 
1 ey Cs db2 < od < 180° 
Grass B 12(/dow) 0 = «) = dm 
‘i 0.75 x Ginas -7 Om < o< 0:3 
10 < Gnnax(dBi) < 22 
~ ey 53 - (Gmax /2) - 25 x log (6) 3 < OS Ob3 
0 v3 < d < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog {ex[41253/(dbwiXdpw2)]}, dBi, 
© = Obwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


dm 2 intersection of {Gmax - 12(/bw)”} and (0.75 X Gmax - 7) 
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,; = 27.466 x 10.0 3Gmax/10 
x2 = 0,3 = 250 (10 S' ) 


b1 = Op2 = 48° 
43 = 131 8257 x 1Q~Gmx/>0 


These radiation patterns do not specify the Gyax values; however, such data should be 
available in the GMF. 


6.8.2.3 Spectrum Sharing Analyses 


The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the MRNS service records in the GMF. The symbol of the station class is “NL” 
for the land station, “NLC” for the radar beacon, and “NLM” for the marine radio 
beacon. Only the frequency bands in which the federal government is the primary user 
are searched. 

(2) Develop the transmitting antenna G,,,, data population profile. 

(3) Select a representative Gmax from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.8.2.2. 


The GMF contains only the MRNS transmitting antenna service records. Thus, only the 
transmitting antenna representative Gmax data and reference radiation pattern are discussed here. 


The frequency bands being examined are 


(1) 2.9-3.1 GHz, 
(2) 9.2-9.3 GHz, and 
(3) 9.3-9.5 GHz. 


6.8.2.3.1  2.9-3.1 GHz 


The GMEF contains only beacon service records in this band. The beacon antenna Gmax 
data count in this band is 


4 dBi: 72 frequency assignments, 
5 dBi: 1 frequency assignments (cumulative population % = 71%), 
6 dBi: 26 frequency assignments, 


e 
e 
e 
e 7 dBi: 4 frequency assignments. 


The representative Gmax = 5 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =5 - 12(0/34)° dBi for |0/<31.4° = (6-85) 
= -7 + 10xlog{ [max(|0//34, Dy '? } dBi for  |@|>31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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6.8.2.3.2  9.2-9.3 GHz 


The GMF has only one service record in this band, and its land-based transmitting 
antenna Ginax = 38 dBi. The representative Gy, = 38 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-86. 


Table 6-86. Representative MRNS Antenna Radiation Pattern in 9.2—9.3 GHz 


Gain (dBi) Angular Range 
38 - 12 x (b/dow) 0<o<1.17xdow 
215 1.17xdbw < 0 < 3.1° 
34 - 25 x log() 3.1°< o < 48° 
-8 48° <b < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.2.3.3 9.3-9.5 GHz 


This is a general-purpose RNS band. The GMF contains only the beacon service records 
in this band. 


(a) Omnidirectional Antenna 
The beacon antenna G,,x data count in this band is 


4 dBi: 67 frequency assignments, 

5 dBi: 4 frequency assignments (cumulative population % = 68%), 
6 dBi: 26 frequency assignments, 

7 dBi: 8 frequency assignments. 


The representative Gyax = 5 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) =5 - 12(6/34)° dBi for |0|/<31.4° (6-86) 
= -7 + 10xlog{ [max(|6/34, 1]? } dBi for |@| > 31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Antenna 


There is only one directional beacon antenna service record in this band, with Gmax = 29 
dBi. The representative Gmax = 29 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-87. 
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Table 6-87. Representative MRNS Directional Beacon Antenna Radiation Pattern in 


9.3—-9.5 GHz 
Gain (dBi) Angular Range 
29 - 12 x (b/dow)” 0<< 1.09xdw 
14.75 1.09xdbw < 0 < 8.9° 
38.5 - 25 x log() 8.9°< >< 48° 
-3.5 48° < o < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3 Aeronautical Radionavigation Service 
6.8.3.1 System Review 


While the RDS radar antenna radiation performance standards in Table 6-55 are the 
federal standards for the general RDS systems, the ARNS antenna radiation performance 
standards from RTCA are developed for the ARNS operations, and should be the more accurate 
standards. Therefore, NTIA recommends that the antenna radiation performance standards from 
RTCA be used as the federal ARNS antenna radiation performance standards. They are as 
follows: 


(a) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the ILS (instrument landing system) localizer equipment operating in the 
108-112 MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane, 

e gain variation: the difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB, 

e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(b) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the VHF omnidirectional range equipment operating in the 108—117.95 
MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane, 

e gain variation: the difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB, 
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e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(c) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the GPS local area augmentation system operating in the 108—117.975 MHz band are 


e antenna type: omnidirectional antenna, 
e horizontal gain: 
othe reception of the horizontally polarized component in the horizontal plane from 
the forward and rearward directions shall not be down more than 10 dB when 
compared to the maximum output response of a standard horizontal dipole 
antenna that is mounted 25.4 cm (10 inches) above the ground plane and resonant 
at 113 MHz, 
othe difference between the maximum and minimum reception of the horizontally 
polarized component from any direction in the horizontal plane shall not exceed 
20 dB, 
e vertical gain: 
© when mounted ona 4x4 inch? (or larger) ground plane, the reception of the 
vertically polarized component in the horizontal azimuth plane shall not be down 
more than 6 dB when compared to a standard vertically polarized monopole 
antenna, 
© when mounted ona 4x4 inch? (or larger) ground plane, the difference between the 
maximum and minimum reception of the vertical polarized component from any 
direction in the horizontal azimuth plane shall not exceed 6 dB. 


(d) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the ILS glide slope equipment operating in the 328.6—335.4 MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward direction 
shall not be down more than 15 dB when compared to the maximum radiation from a 
standard horizontal dipole antenna resonant at 332 MHz in free space, 

e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(e) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the distance measuring equipment operating in the 960-1215 MHz band are 


e polarization: predominately vertically polarized, 

e radiation pattern: the average field strength in the horizontal plane shall be equal to the 
field strength of a matched resonant '4A vertical antenna, 

e gain variation: the difference between the maximum and minimum field strengths in the 
horizontal plane shall not exceed 6 dB when the antenna is mounted at the center of the 
1.2-meter (4-foot) diameter (or larger) flat circular ground plane. 
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(f) 


The minimum operational radiation performance standards of the ARNS airborne antenna 


for the air traffic control radar beacon system/mode select equipment operating in the 1030—1090 
MHz band are 


(g) 


polarization: vertically polarized, 

radiation pattern: the gain shall not be less than the gain of a matched 4A stub minus 3 
dB over 90% of the coverage volume 0—360° in azimuth and 5—30° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane. 


The minimum operational radiation performance standards of the ARNS airborne antenna 


for the traffic alert and collision avoidance system II transmitting in the 1030 MHz band and 
receiving in the 1087—1093 MHz band are 


(h) 


polarization: vertically polarized, 

radiation pattern: the gain shall not be less than the gain of a matched 4A stub minus 1 
dB over 90% of the coverage volume 0—360° in azimuth and (-15)—20° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane, 
which can be flat or cylindrical. 


The minimum operational radiation performance standards of the ARNS airborne antenna 


for the active traffic alert and collision avoidance system I transmitting in the 1030 MHz band 
and receiving in the 1087-1093 MHz band are 


(i) 


type: omnidirectional antenna or multiple beams to cover all azimuth directions, 
polarization: vertically polarized, 
radiation pattern: covering 360° in azimuth and at least (-10)—20° in elevation. 


The minimum operational radiation performance standards of the ARNS airborne antenna 


for the automatic dependent surveillance system and traffic information service system operating 
at 1090 MHz are 


type: omnidirectional antenna, 

polarization: vertically polarized, 

transmit radiation pattern: the gain shall not be less than the gain of a matched 4A stub 
minus 3 dB over 90% of a coverage volume from 0—360° in azimuth and 5—30° above the 
ground plane when installed at the center of 1.2 meters (4 feet) or larger flat circular 
ground plane, 

receive radiation pattern: the gain should not be less than the gain of a matched 4A stub 
minus | dB over 90% of a coverage volume from 0—360° in azimuth and (-15)—(+20)° in 
elevation when installed at the center of 1.2 meters (4 feet) or larger circular ground 
plane, which can be either flat or cylindrical. 


6.8.3.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 


frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 
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When the actual radiation pattern is not available, a reference radiation pattern should be 
used. The standards in Section 6.8.3.1 do not provide sufficient information for EMC analyses in 
frequency assignment; therefore, the RLS base station antenna reference radiation patterns in 
Section 6.8.1.2 are recommended for the ARNS antennas. They are as follows: 


(a) Omnidirectional Antenna 


The omnidirectional antenna vertical radiation pattern is 
G(8) = max(G,(8), G,(8)) dBi (6-87) 


where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 
Gy(0) = Gmnax - 12 + 10 x log{ [max(|0/Oow, DI"? }, dBi 
9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane, 
O4y = 107.6 x 10°", deg 
(b) Directional Antenna 


The directional antenna radiation patterns are provided in Table 6-88. 


Table 6-88. ARNS Directional Antenna Reference Radiation Patterns 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Grnax - 12(6/bw) 0 < /dpw <x 
-5 X < o/dbw < 180/dbw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
e Gmax = 10xlog {ex[41253/(dbwixdbw2)]}, dBi, 
© §Obwi, bbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/ bw) } and -5. 


(b) High-Gain Antenna 


Category Gain() (dBi) Angular Range (deg.) 
Gmax - 12(/ dow)” 0<6< dm 
‘ 0.75 X Ginax - 7 dm < O< Orn 
Ginax > 48 dBi 
29 - 25 x log () bu < OS Or 
-13 dvi < > < 180° 
22 < Gmax(dBi) < 48 Gmax - 12(/bw)” 0<o< dm 
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0.75 x Ginax - 7 bm < > S by 
53 - (Ginax /2) - 25 x log (6) dr2 < OS bre 
11 - Ginax/2 v2 < > < 180° 
Gran - 12(6/ ou) O<O< om 
0.75 x Gnax - 7 bm < dS brs 
10 < Gmax(dBi) < 22 53 - (Gmax /2) - 25 x log (6) 3 <>< bb3 
0 v3 < ) < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Ginx = LOxlog fex[41253/(bowiXdow2)]}. dBi 
© §Obwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


dm : intersection of {Gmax- 12(/bw)"} and (0.75 x Ginax ~ 7) 
,, = 27.466 x 1003S! 

br = 0,5 = 250/(10%™/” ) 

bi = Pb2 = 48° 

bg S 131.8257 x10 


These radiation patterns do not specify the Gmax value; however, such data should be 
available in the GMF. 


6.8.3.3 Spectrum Sharing Analyses 
The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the ARNS service records in the GMF. The symbol of the station class is “AL” 
for the land station, “ALA” for the marker beacon, “ALB” for the radio beacon, “ALC” 
for the radar beacon, “ALG” for the glide path, “ALL” for the localizer, “ALO” for the 
omnidirectional range, “ALR” for the radio range, “ALS” for the surveillance radar, 
“ALTM” for the land test maintenance, “ALTO” for the land test operation, “AM” for 
the mobile station, and “AMA” for the altimeter. Only the frequency bands in which the 
federal government is the primary user are searched. 

(2) Develop the antenna Gmax data population profile. 

(3) Select a representative Gyax from the population profile such that approximately 75% of 
the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax and the 
antenna reference radiation patterns in Section 6.8.3.2. 


Because the receiving antenna may not be the transmitting antenna, the transmitting and 
receiving antenna service records are processed separately. 


The frequency bands being examined are 
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(1) 190-435 kHz range containing the following bands: 
e 190-285 kHz, 
e 325-405 kHz, 
e 405-415 kHz, 
e 415-435 kHz. 
(2) 510-535 kHz, 1.715—1.725 MHz, and 1.74—1.75 MHz, 
(3) 74.8-75.2 MHz, 
(4) 108—117.975 MHz, 
(5) 328.6-335.4 MHz, 
(6) 960-1215 MHz, 
(7) 1.24-1.37 and 2.7—2.9 GHz, 
(8) 4.24.4 GHz, 
(9) 5-5.25 GHz, 
(10) 9-9.2 GHz, 
(11) 9.3-9.5 GHz, 
(12) 13.25-13.4 GHz, and 
(13) 15.4-15.7 GHz. 


6.8.3.3.1 190-435 kHz 
This frequency range contains the following RNS bands: 


e RNS: 405-415 kHz, 
e ARNS: 
o 190-285 kHz, 
o 325-405 kHz, 
o 415-435 kHz. 


The GMEF contains only the omnidirectional antenna service records in these bands. 
(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in these bands is 


0 dBi: 57 frequency assignments (cumulative population % = 73%), 
1 dBi: 6 frequency assignments, 
2 dBi: 9 frequency assignments, 
3 dBi: 6 frequency assignments. 


The representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = -12(6/107.6)? dBi for ‘6 < 99.4° 
= -12 + 10xlog{ [max(|6|/107.6, (ei eae dBi for |8| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Omnidirectional Receiving Antenna 


The omnidirectional receiving antenna G,,,x data count in these bands is 
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(6-88) 


e (dBi: 43 frequency assignments, 
e 2 dBi: | frequency assignment, 
e 3 dBi: 2 frequency assignments. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = -12(0/107.6)? dBi for —_‘|o| < 99.4° 
= -12 + 10xlog{ [max(|6|/107.6, 1)]'? } dBi for  |6|>99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.8.3.3.2 310-535 kHz and 1.705—1.75 MHz 
This frequency range contains the following ARNS bands: 


e 510-535 kHz, 
e =1.715—1.725 MHz, 
e = 1.74-1.75 MHz. 


The GMEF contains only the omnidirectional antenna service records in these bands. 
(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in these bands is 


e (dBi: 6 frequency assignments, 
e 2 dBi: 27 frequency assignments (cumulative population % = 100%). 


(6-89) 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = 2 - 12(0/67.9) dBi for  |0|<62.7° 
= -10 + 10xlog{ [max(|6|/67.9, 1)y'> } dBi for |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in these bands is 


e (dBi: 30 frequency assignments, 
e 2 dBi: 4 frequency assignments. 


(6-90) 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 


spectrum sharing analyses is 


G(0) = -12(6/107.6)? dBi for ‘|e < 99.4° 
= -12 + 10xlog{ [max(|6|/107.6, 1)]'? } dBi for  |6|>99.4° 


where @ is the elevation angle off the peak gain plane, in deg. 
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(6-91) 


6.8.3.3.3  74.8-75.2 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in this band is 


e (dBi: 2 frequency assignments, 
e 3 dBi: | frequency assignment 
e 7 dBi: 3 frequency assignments. 


The representative Gyax = 7 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =7 - 12(0/21.5)° dBi for |0|/<19.8° (6-92) 
= -5 + 10xlog{ [max(|0\/21.5, 1] '? } dBi for || > 19.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 
The directional transmitting antenna Gx data count in this band is 


e 5 dBi: | frequency assignment, 
e 6dBi: | frequency assignment, 
e 7 dBi: 12 frequency assignments. 


The representative Gmax = 7 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-89. 


Table 6-89. Representative ARNS Directional Antenna Radiation Pattern in 74.8—75.2 


MHz 
Gain Function (dBi) Angular Range 
7 - 12/0)" 0<O< dow 
-5 Obw < > < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Receiving Antenna 


There are 3 receiving antenna service records in this band, all are omnidirectional 
antennas, all with Gmax = 0 dBi. The representative Gmax = 0 dBi, and the representative antenna 
vertical radiation pattern for spectrum sharing analyses is 


G(6) = -12(8/107.6) dBi for = |0|<99.4° (6-93) 
= -12 + 10xlog{ [max(|0|/107.6, 1)]'> } dBi for —_|0| > 99.4° 
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where 0 is the elevation angle off the peak gain plane, in deg. 


6.8.3.3.4 108—117.975 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 


The population profile of the omnidirectional transmitting antenna G,,,x data in this band 
is shown in Figure 6-53. The representative Gmax = 5 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(@) =5 - 12(6/34) dBi for |0|/<31.4° = (6-94) 
= -7 + 10xlog{ [max(|6/34, 1]? } dBi for  |@|>31.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-53. Population Profile of ARNS Omnidirectional Transmitting Antenna Gynax 
Data in 108—-117.975 MHz 


(b) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna G,,x data in this band is 
shown in Figure 6-54. The percentages of cumulative population are 50% and 100% for Ginax = 
26 dBi and 28 dBi, respectively, and the representative Gyax is chosen to be 28 dBi to protect 
more federal systems. The representative antenna radiation pattern for spectrum sharing analyses 
is provided in Table 6-90. 
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Figure 6-54. Population Profile of ARNS Directional Transmitting Antenna G,,,, Data in 
108-117.975 MHz 


Table 6-90. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 
108-117.975 MHz 


Gain (dBi) Angular Range 
28 - 12 x (b/dow)” 0<< 1.08xdw 
14 1.08xdbw < > < 10° 
39 - 25 x log(o) 10° << 48° 
-3 48° < o< 180° 
Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna Gmax data count in this band is 


e (dBi: 16 frequency assignments (cumulative population % = 67%), 
e 2 dBi: 5 frequency assignments (cumulative population % = 88%), 
e 3 dBi: 3 frequency assignments. 


The representative Gyax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) = -12(0/107.6) dBi for |0| < 99.4° (6-95) 
= -12 + 10xlog{ [max(|6|/107.6, Die dBi for |@| > 99.4° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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(d) Directional Receiving Antenna 


There are 2 directional receiving antenna service records in this band, with both Gyax = 
25 dBi. The representative Gmax = 25 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-91. 


Table 6-91. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 
108-117.975 MHz 


Gain (dBi) Angular Range 
25 - 12 x (b/dow)” 0<< 1.05xdbw 
11.75 1.05xdbw < > < 14.1° 
40.5 - 25 x log (6) 14.1°<o < 48° 
-1.5 48° <b < 180° 
Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.5  328.6—335.4 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 
The omnidirectional transmitting antenna Gx data count in this band is 


0 dBi: 3 frequency assignments, 

3, 4 dBi: 8 frequency assignments, 

5, 6 dBi: 6 frequency assignments, 

8 dBi: 1 frequency assignment (cumulative population % = 45%), 

10 dBi: 22 frequency assignments (cumulative population % = 100%). 


The representative Gyax = 10 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) = 10 - 12(0/10.8) dBi for |e|<9.9° (6-96) 
= -2 + 10xlog{ [max(|6//10.8, 1)]'? } dBi for  |@|>9.9° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Directional Transmitting Antenna 
The directional transmitting antenna G,,x data count in this band is 


10 dBi: 6 frequency assignments, 

12, 13 dBi: 17 frequency assignments, 

15 dBi: 2 frequency assignments, 

16 dBi: 82 frequency assignments (cumulative population % = 97.3%), 
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e 17, 19, 20 dBi: 3 frequency assignments. 


The representative Gmax = 16 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-92. 


Table 6-92. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 
328.6—-335.4 MHz 


Gain (dBi) Angular Range 
16 - 12 x (d/dbw)* 0<<0.96xdbw 
5 0.96xdbw < > < 39.6° 
45 - 25 x log () 39.6° << 63.1° 
0 63.1° < d < 180° 
Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Receiving Antenna 


The GMF contains only the omnidirectional antenna service records. 


The omnidirectional receiving antenna G,,,x data count in this band is 


0 dBi: 8 frequency assignments, 

1 dBi: 1 frequency assignment, 

2 dBi: 1 frequency assignment (cumulative population % = 77%), 
3 dBi: 2 frequency assignments, 

10 dBi: 1 frequency assignment. 


The representative Gyax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(®) =2 - 12(6/67.9)° dBi for |0|<62.7° (6-97) 
= -10 + 10xlog{ [max(|0|/67.9, 1) } dBi for _—_|0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
6.8.3.3.6 960-1215 MHz 


The GMEF contains both the omnidirectional and directional antenna service records in 
this band. 


(a) Omnidirectional Transmitting Antenna 


The population profile of the omnidirectional transmitting antenna G,,,x data in this band 
is shown in Figure 6-55. The representative Gmax = 4 dBi, and the representative antenna vertical 
radiation pattern for spectrum sharing analyses is 


G(0) =4 - 12(6/42.8)° dBi for |0/<39.6° ~—(6-98) 
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= -8 + 10xlog{ [max(6|/42.8, 1)]'? } dBi for —|0| > 39.6° 


where 9 is the elevation angle off the peak gain plane, in deg. 
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Figure 6-55. Population Profile of ARNS Omnidirectional Transmitting Antenna Gynax 
Data in 960-1215 MHz 


(b) Directional Transmitting Antenna 
The directional transmitting antenna Gx data count in this band is 


e 3 dBi: 49 frequency assignments, 

e 4-11 dBi: 25 frequency assignments, 

12 dBi: 187 frequency assignments, 

13 dBi: 73 frequency assignments, 

14 dBi: 6 frequency assignments, 

15 dBi: 280 frequency assignments (cumulative population % = 87.6%), 
16—23 dBi: 47 frequency assignments, 

27 dBi: 39 frequency assignments, 

28, 34 dBi: 2 frequency assignments. 


The representative Gmax = 15 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-93. 


Table 6-93. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 
960-1215 MHz 


Gain (dBi) Angular Range 

15 - 12 x (db/db) 0<<0.95xdw 
4.25 0.95xdbw < 0 < 44.5° 

45.5 - 25 x log (6) 44.5° << 66.1° 

0 66.1° < d < 180° 


Elliptical beam. 
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: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(c) Omnidirectional Receiving Antenna 
The omnidirectional receiving antenna G,,,x data count in this band is 


0 dBi: 14 frequency assignments, 

2 dBi: 36 frequency assignments (cumulative population % = 50%), 
3 dBi: 44 frequency assignments (cumulative population % = 94%), 
4,5 dBi: 5 frequency assignments, 

11 dBi: 1 frequency assignment. 


The representative Gyax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(@) =3 - 12(8/53.9)° dBi for |0|<49.8° (6-99) 
= -9 + 10xlog{ [max(|0//53.9, 1] '? } dBi for |@| > 49.8° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(d) Directional Receiving Antenna 


The population profile of the directional receiving antenna Gy, data in this band is 
shown in Figure 6-56. The figure shows two disconnected clusters at 19-22 dBi and 26—28 dBi. 
The percentages of cumulative population are 61.4% and 95.4% at Giax = 21 and 27 dBi, 
respectively, and are 63.9% and 64.4% at Gmax = 22 and 26 dBi, respectively. Choosing the 
cluster at 19—22 dBi to find the representative Gyax, the representative Gyax is chosen to be 22 
dBi. The representative antenna radiation pattern for spectrum sharing analyses is provided in 
Table 6-94. 
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Figure 6-56. Population Profile of ARNS Directional Receiving Antenna G,ax Data in 
960-1215 MHz 
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Table 6-94. Representative ARNS Directional Receiving Antenna Radiation Pattern in 
960-1215 MHz 


Gain (dBi) Angular Range 
22 - 12 x (b/dow) 0<< 1.02xdow 
95 1.02xdbw < 0 < 19.9° 
42 - 25 x log(o) 19.9° << 48° 
0 48° < o< 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.7 1.24-2.9 GHz 


This frequency range contains the 1.24—1.37 and 2.7—-2.9 GHz ARNS bands. The GMF 
has only the directional antenna service records in these bands. 


(a) Directional Transmitting Antenna 
The directional transmitting antenna G,,,x data count in this band is 


21, 22, 27 dBi: 4 frequency assignments, 

32, 33 dBi: 5 frequency assignments, 

34 dBi: 155 frequency assignments (cumulative population % = 91.6%), 
35, 39 dBi: 15 frequency assignments. 


The representative Gmax = 34 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-95. 


Table 6-95. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 


1.24—2.9 GHz 
Gain (dBi) Angular Range 
34 - 12 x (b/dpw)” 0<o<1.14xdbw 
18.5 1.14xdbw < >< 5° 
36 - 25 x log() 5° < @ < 48° 
-6 48° < o < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


e 14, 27, 30 dBi: 3 frequency assignments, 
e 31 dBi: 18 frequency assignments, 
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e 32, 33 dBi: 3 frequency assignments, 


e 34 dBi: 55 frequency assignments (cumulative population % = 96%), 
e 35 dBi: 3 frequency assignments. 


The representative Gmax = 34 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-96. 


Table 6-96. Representative ARNS Directional Receiving Antenna Radiation Pattern in 


1.24-2.9 GHz 
Gain (dBi) Angular Range 
34 - 12 x (b/dow)” 0<o<1.14xdow 
18.5 1.14xdbw < 0 < 5° 
36 - 25 x log(o) 5° <0 < 48° 
-6 48° < o < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.8 4.24.4 GHz 


The GMEF contains only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 
The directional transmitting antenna G,,x data count in this band is 


8 dBi: 2 frequency assignments, 

9 dBi: 8 frequency assignments, 

10 dBi: 12 frequency assignments (cumulative population % = 62.9%), 
11 dBi: 9 frequency assignments (cumulative population % = 88.6%), 
12, 13, 18 dBi: 3 frequency assignments, 

35 dBi: | frequency assignment. 


The representative Gyax = 10 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-97. 


Table 6-97. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 


4.2-4.4 GHz 
Gain (dBi) Angular Range 
10 - 12 x (/dow)” 0<o<0.89xdow 
0.5 0.89xdbw < 0 < 79.1° 
48 - 25 x log () 79.1° << 83.2° 
0 83.2° < o < 180° 


Elliptical beam. 


: angle off mainbeam axis in the direction of interest, deg. 


dbw: HPBW in the direction of interest, deg. 
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(b) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


8 dBi: 2 frequency assignments, 

9 dBi: 6 frequency assignments, 

10 dBi: 8 frequency assignments (cumulative population % = 76%), 
11 dBi: 3 frequency assignments, 

13, 18 dBi: 2 frequency assignments. 


The representative Gmax = 10 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-98. 


Table 6-98. Representative ARNS Directional Receiving Antenna Radiation Pattern in 


4.2-4.4 GHz 
Gain (dBi) Angular Range 
10 - 12 x (/dbw)” 0 << 0.89xdbw 
0.5 0.89xdbw < > < 79.1° 
48 - 25 x log (0) 79.1° <b < 83.2° 
0 83.2° << 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.9 5-5.25 GHz 


The GMF has only the directional antenna service records in this band. 


(a) Directional Transmitting Antenna 


There are 28 directional transmitting antenna service records in this band, all with Gmax = 
22 dBi. The representative Gmax = 22 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-99. 


Table 6-99. Representative ARNS Directional Transmitting Antenna Radiation Pattern in 


5-5.25 GHz 
Gain (dBi) Angular Range 
22 - 12 x (/dow)” 0<6< 1.02xdow 
9.5 1.02xdbw < 0 < 19.86° 
42 - 25 x log() 19.86° < o < 48° 
0 48° <b < 180° 


Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
bbw: HPBW in the direction of interest, deg. 
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(b) Directional Receiving Antenna 


There is only | directional receiving antenna service record in this band, with Gmax = 22 
dBi. The representative G,,a, = 22 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-10000. 


Table 6-100. Representative ARNS Directional Receiving Antenna Radiation Pattern in 5— 


5.25 GHz 
Gain (dBi) Angular Range 
22 - 12 x (/dpw)” 0<< 1.02xdow 
95 1.02xdbw < 0 < 19.9° 
42 - 25 x log(o) 19.9° << 48° 
0 48° <b < 180° 
Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.10 9-9.2 GHz 
The GMF has only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna Gx data in this band is 
shown in Figure 6-57. The representative Gmax = 40 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-101. 
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Figure 6-57. Population Profile of ARNS Directional Transmitting Antenna G,,ax Data in 
9_9.2 GHz 
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Table 6-101. Representative ARNS Directional Transmitting Antenna Radiation Pattern 
in 9-9.2 GHz 


Gain (dBi) Angular Range 
AO - 12 x (/dbw)” 0<o<1.19xdw 
23 1.19xdbw < 0 < 2.5° 
33 - 25 x log(d) 2.5°< > < 48° 
-9 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 


The population profile of the directional receiving antenna Gynax data in this band is 
shown in Figure 6-58. The representative Gy,,x = 38 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-102. 
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Figure 6-58. Population Profile of ARNS Directional Receiving Antenna G,,x Data in 9— 
9.2 GHz 


Table 6-102. Representative ARNS Directional Receiving Antenna Radiation Pattern in 9— 


9.2 GHz 
Gain (dBi) Angular Range 
38 - 12 x (b/dow) 0<<1.17xdow 
21.5 1.17xdpw < > <3.1° 
34 - 25 x log(o) 3.1° <b < 48° 
-8 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
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6.8.3.3.11 9.3-9.5 GHz 
The GMF has only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 


The population profile of the directional transmitting antenna G,,,x data in this band is 
shown in Figure 6-59. The representative Gmax = 32 dBi, and the representative antenna radiation 
pattern for spectrum sharing analyses is provided in Table 6-103. 
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Figure 6-59. Population Profile of ARNS Directional Transmitting Antenna G,,,, Data in 
9.3-9.5 GHz 


Table 6-103. Representative ARNS Directional Transmitting Antenna Radiation Pattern 
in 9.3-9.5 GHz 


Gain (dBi) Angular Range 
32 - 12 x (b/dow)” 0<o<1.12xdow 
17 1.12xdww < > < 6.3° 
37 - 25 x log(o) 6.3° <b < 48° 
25 48° < b< 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna Gmax data count in this band is 


e 17,25 dBi: 2 frequency assignments, 
e 29 dBi: 8 frequency assignments, 
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30 dBi: | frequency assignment, 

33 dBi: | frequency assignment (cumulative population % = 75%), 
35 dBi: 3 frequency assignments, 

38 dBi: | frequency assignment. 


The representative Gyax = 33 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-104. 


Table 6-104. Representative ARNS Directional Receiving Antenna Radiation Pattern in 


9.3-9.5 GHz 
Gain (dBi) Angular Range 
33 - 12 x (b/dow) 0<<1.13xdow 
17.75 1.13xdbw < 0 < 5.6° 
36.5 - 25 x log() 5.6° < > < 48° 
-5.5 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.12 13.25-13.4 GHz 
The GMF has only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 


There is only 1 directional transmitting antenna service record in this band, with Gyax = 
26 dBi. The representative Gmax = 26 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-105. 


Table 6-105. Representative ARNS Directional Transmitting Antenna Radiation Pattern 
in 13.25-13.4 GHz 


Gain (dBi) Angular Range 
26 - 12 x (b/dow) 0<< 1.06xdbw 
12.5 1.06xdbw < 0 < 12.5° 
40 - 25 x log(o) 12.5° << 48° 
-2 48° <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 


There is only 1 directional receiving antenna service record in this band, with Gmax = 26 
dBi. The representative Gmax = 26 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-106. 
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Table 6-106. Representative ARNS Directional Receiving Antenna Radiation Pattern in 
13.25-13.4 GHz 


Gain (dBi) Angular Range 
26 - 12 x (b/dow)” 0<< 1.06xdbw 
12:5 1.06xdbw < 0 < 12.5° 
40 - 25 x log(o) 12.5° <0 < 48° 
2: 48° < o < 180° 
Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.8.3.3.13 15.4—15.7 GHz 

The GMF has only the directional antenna service records in this band. 
(a) Directional Transmitting Antenna 

The directional transmitting antenna Gmax data count in this band is 


e 5 dBi: | frequency assignment, 

e 19 dBi: 3 frequency assignments, 

e 31 dBi: 2 frequency assignments (cumulative population % = 60%), 
e 32 dBi: 4 frequency assignments. 


The representative Gmax = 31 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-107. 


Table 6-107. Representative ARNS Directional Receiving Antenna Radiation Pattern in 


15.4-15.7 GHz 
Gain (dBi) Angular Range 
31 - 12 x (b/dow) 0<o<111xdow 
16.25 1.11xdbw << 7° 
37.5 - 25 x log(o) T° << 48° 
-A5 48° <b < 180° 


Elliptical beam. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(b) Directional Receiving Antenna 
The directional receiving antenna G,,ax data count in this band is 


e 5 dBi: | frequency assignment, 
e 8 dBi: 2 frequency assignments (cumulative population % = 75%), 
e 31 dBi: 1 frequency assignments. 
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The representative Gmax = 8 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-108. 


Table 6-108. Representative ARNS Directional Receiving Antenna Radiation Pattern in 


15.4-15.7 GHz 
Gain Function (dBi) Angular Range 
8 - 12(/dow)” 0<<1.04xdow 
-5 1.04xdbw <  < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.9 Radiodetermination-Satellite Service 


Only the earth station antenna radiation pattern is discussed. RDSS earth station antenna 
radiation pattern is usually specified in terms of a single value for a given angular range, but not 
an equation that is a function of the off mainbeam axis angle. 


6.9.1 Radiolocation-Satellite Service 


6.9.1.1 System Review 


NTIA does not provide the RLSS earth station antenna performance standards for system 
review. The Cospas-Sarsat technical manual provides authoritative specifications for their 
operations, thus its antenna performance requirements are recommended as the antenna 
performance standards for system review. These standards are as follows. 


The distress beacon equipments use monopole antennas for distress signal transmission. 
The beacon antenna radiation performance standards within the elevation angle 5° < 0 < 60° are 


e pattern: hemispherical, 

e polarization: RHCP or linear, 

e gain: -3 < G(dBi) < 4, over 90% of the angular range, and 
e gain variation in azimuth: < 3 dB. 


6.9.1.2 Frequency Assignment 


The actual beacon antenna radiation data should always be used in EMC analyses for 
frequency assignment. The radiation data should be available from either the system operators or 
the antenna manufacturers. 


When the actual radiation data are not available, the radiation pattern in Section 6.9.1.1 
may be used as the reference radiation pattern. 


6.9.1.3 Spectrum Sharing Analyses 


The GMF does not have RLSS service records. When it is necessary to conduct spectrum 
sharing analyses, the beacon antenna radiation pattern in Section 6.9.1.2 may be used for the 
representative antenna radiation pattern. 
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6.9.2 Radionavigation-Satellite Service 
6.9.2.1 System Review 


NTIA does not provide the RNSS earth station antenna performance standards for system 
review. RTCA DO-228 provides the ARNSS airborne antenna radiation performance 
requirements, and Rec. ITU-R M.1477 provides recommendations for the GPS antenna 
characteristics. Their combined characteristics can be used as the RNSS antenna radiation 
performance standards for system review. These are as follows. 


There are three types of RNSS GPS receivers: 


e Type | receiver: meeting the requirements of the satellite-based augmentation system. 

e Type 2 receiver: meeting the requirements of the land-based augmentation system. 

e Type 3 receiver: used in the satellite-based augmentation system to determine the 
ionospheric delay. 


(a) Land-Based RNSS and MRNSS 


The land-based RNSS receivers and shipborne MRNSS receivers are either type 1 or type 
3 receivers. The GPS antenna radiation performance standard, from Rec. ITU-R M.1477, is 


e Maximum antenna gain in upper hemisphere: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 
(b) ARNSS 


The ARNSS airborne system meeting the requirements of the satellite-based 
augmentation system and providing category I precision approach operation is the type 1 
receiver. The airborne antenna radiation performance standard, from RTCA DO-228, is shown in 
Table 6-109. 


Table 6-109. ARNSS Airborne Antenna Radiation Performance Standard 


Min. Gain (dBic) Max. Gain (dBic) Elevation Angle 0 
-2 7 O15" 
-3 7 10°<8< 15° 
-4,.5 i 5°<@< 10° 
-7.5 -2 0<0<5° 


dBic means it is circular polarization, which is required for GNSS. 


The ARNSS airborne system meeting the requirements of the land-based augmentation 
system and providing category II/III precision approach operation is the type 2 receiver. The 
airborne antenna radiation performance standard, from Rec. ITU-R M.1477, is 


e Maximum antenna gain in upper hemisphere: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 
e Minimum antenna gain towards pseudolite: -21 dBic. 
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The ARNSS land-based system used in the satellite-based augmentation system to 
determine the ionospheric delay is the type 3 receiver. The land-based antenna radiation 
performance standard, from Rec. ITU-R M.1477, is 


e Maximum antenna gain: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 


6.9.2.2 Frequency Assignment 


The actual antenna radiation data should always be used in EMC analyses for frequency 
assignment. The antenna radiation data should be available from either the system operators or 
the antenna manufacturers. 


When the actual radiation data are not available, a reference radiation pattern should be 
used. The radiation performance standard in Section 6.9.2.1 can be used to develop the reference 
radiation pattern for EMC analyses in frequency assignment; this reference radiation pattern is 
provided in Table 6-110. This reference radiation pattern does not specify the G value, and such 
data may be available in the GMF. If the G data are not available in the GMF, the value G = 0 
dBic may be used. 


Table 6-110. RNSS Antenna Reference Radiation Pattern for Frequency Assignment 


Gain (dBic) Elevation Angle 0 
G 6 > 15° 
G-1 10° <6< 15° 
G-2.5 5° < 8< 10° 
-4.5 0° <8<5S° 
-10 lower hemisphere * 


15°. 
-2 < G(dBic) <7. 


* : Gain = -10 dBic in lower hemisphere applies to ARNSS. 


G is not the peak gain value Gmax, it is the lowest gain value within the conical range of 0 > 


6.9.2.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 


follows: 


(1) Retrieve the RNSS service records in the GMF. The symbol of the station class is “EN” 
for the RNSS space station, “TN” for the RNSS earth station, “UM” for the RNSS mobile 
earth station, “EO” for the ARNSS space station, “TO” for the ARNSS earth station, 
“TZ” for the ARNSS mobile earth station, “EQ” for the MRNSS space station, “TQ” for 
the MRNSS earth station, “TX” for the MRNSS mobile earth station. Only the frequency 
bands in which the federal government is the primary user are searched. 

(2) Develop the earth station antenna G data population profile. 

(3) Select a representative G from the population profile such that approximately 75% of the 
G population is equal to or smaller than the representative value. 


(4) Develop the representative antenna radiation pattern from the representative G value and 
the antenna reference radiation pattern in Table 6-110. 


The frequency bands being examined are 


(1) 149.9-150.05 MHz, 
(2) 1.164-1.24 GHz, and 
(3) 1.559-1.61 GHz. 


6.9.2.3.1 149.9-150.05 MHz 


The RNSS service records in the GMF are of MRNSS in this band. All of the services are 
downlink services from NGSO satellites. There are two groups of receiving earth stations. 


(a) Coastal-Water Area 


In the first group, the earth station localities are the oceans, with all shipborne antenna G 
= 5 dBi. The representative G = 5 dBic, and the representative antenna radiation pattern for 
spectrum sharing analyses in the coastal-water areas is provided in Table 6-111. 


Table 6-111. Representative MRNSS Coastal-Water Area Shipborne Antenna Radiation 
Pattern in 149.9-150.05 MHz 


Gain (dBic) Elevation Angle 0 
5 0 > 15° 
4 10° < @< 15° 
2 5° < 0< 10° 
-4.5 0° <@<S° 


(b) USP Area 


The second group has two service records, the earth station localities are “USP,” with 
both shipborne antenna G = 12 dBi. However, this gain value exceeds the data range of -2 < 
G(dBic) <7 specified in Table 6-110. To develop the representative antenna radiation pattern for 
spectrum sharing analyses, the G value for 8 > 15° shall be 12 dBic, and the G value for @ < 15° 
shall be 0 dBic. The representative G = 12 dBic, and the representative antenna radiation pattern 
for spectrum sharing analyses in the USP area is provided in Table 6-112. 


Table 6-112. Representative MRNSS USP Area Shipborne Antenna Radiation Pattern in 
149.9-150.05 MHz 


Gain (dBic) Elevation Angle 0 
12 Oris? 
5] 10° <@< 15° 
-2.5 5° < 0< 10° 
-4.5 0° <8<S° 
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6.9.2.3.2  1.164-1.24 GHz 


The RNSS service records in the GMF are of ARNSS in this band. The GMEF has two 
ARNSS service records. These services are downlink services from NGSO satellites. 
(a) Coastal-Water Area 


The earth station locality of the first service record is the ocean, and the antenna G = 0 
dBic. The representative G = 0 dBic, and the representative antenna radiation pattern for 
spectrum sharing analyses in the coastal-water areas is provided in Table 6-113. 


Table 6-113. Representative ARNSS Coastal-Water Area Airborne Antenna Radiation 
Pattern in 1.164—1.24 GHz 


Minimum Gain (dBic) Elevation Angle 0 
0 0 > 15° 
=f 10° < 8 < 15° 
-2.5 5° < 0 < 10° 
-4.5 0° <0<5° 
-10 lower hemisphere 


(b) USP Area 


The earth station locality of the second service record is “USP”, and the antenna Gmax = 
47 dBi. This is a 20-meter dish antenna, thus it is a land-based antenna instead of an airborne 
antenna. The antenna radiation pattern for spectrum sharing analyses can be adopted from the 
AMSS NGSO system earth station antenna radiation performance standard in Section 6.7.3.1. 
The representative Gmax = 47 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses in the USP area is provided in Table 6-114. 


Table 6-114. Representative ARNSS USP Area Land-Based Earth Station Antenna 
Radiation Pattern in 1.164—1.24 GHz 


Gain Function (dBi) Angular Range 
AT - 2.5 x 10° (92x) 0° << 0.93° 
28.7 0.93°< o< 1.03° 
29 - 25 x log(o) 1.03° <o< 36° 
-10 36° < o < 180° 
: angle off mainbeam axis, deg. 
D/A = 92 for f= 1.2 GHz, Gmax = 47 dBi, and e = 0.65. 


6.9.2.3.3  1.559-1.61 GHz 


The RNSS service records in the GMF are of ARNSS in this band. The GMF has three 
ARNSS service records. All services are downlink services from NGSO satellites. 


6-176 


The earth station localities are “USP” and the oceans, and the antenna Gmax = 47 dBi. 
This is a 16-meter dish antenna, thus it is a land-based antenna instead of an airborne antenna. 
The representative Gmax = 47 dBi, and the representative antenna radiation pattern, adopted from 
the AMSS NGSO system earth station antenna radiation performance standard in Section 6.7.3.1, 
for spectrum sharing analyses is provided in Table 6-115. 


Table 6-115. Representative ARNSS Land-Based Earth Station Antenna Radiation 
Pattern in 1.559-1.61 GHz 


Gain Function (dBi) Angular Range 
47 - 2.5 x 10° (92.27x)” 0° << 0.93° 
28.7 0.93°< o < 1.03° 
29 - 25 x log() 1.03° << 36° 
-10 36° << 180° 


: angle off mainbeam axis, deg. 
D/A = 92.27 for f= 1.6 GHz, Gmax = 47 dBi, and e = 0.65. 


6.10 Radio Astronomy Service 


Because RAS systems are passive, i.e., reception only, their service records are not 
collected in the GMF. 


6.10.1 System Review 


NTIA does not provide the antenna radiation performance standards for the RAS 
antennas. Due to the unique feature of the RAS operations, RAS antennas are designed with 
unique specifications, thus general antenna radiation performance standards are not needed. 


6.10.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment. The antenna radiation pattern should be available from either the system 
operator or the antenna manufacturer. 


When the actual radiation pattern is not available, the reference radiation patterns from 
ITU-R for coordination studies and interference assessment can be used in EMC analyses for 
frequency assignment. The radiation pattern in Rec. ITU-R SA.509-2 for coordination studies 
with the terrestrial radio systems is shown in Table 6-116, and the radiation pattern in Rec. ITU- 
R RA.1631 for coordination studies with the space radio systems is shown in Table 6-117. The 
radiation pattern does not specify the Gmax value; however, such data should be available from 
the system operators. 


Table 6-116. RAS Antenna Sidelobe Reference Radiation Pattern for Coordination Studies 
with Terrestrial Radio Systems 


Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(D/A) 0°<b< dm 
G, dm o< >, 
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32 - 25 x log() or <b < 47.9° 
-10 47.9° < o < 180° 
This pattern applies to D/A > 100. 
o: angle off mainbeam axis, deg. 
G, =2 + 15xlog(D/A), dBi 
m= 20(A/D)(Gimax - G1)", deg. 
;, = 15.85(D/A) °° , deg. 


Original pattern from 1° to 180°. 
Mainbeam and first plateau added to complete the radiation pattern. 


Table 6-117. RAS Antenna Reference Radiation Pattern for Coordination Studies with 


Space Radio Systems 
Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<b<m 
G; dm <0 < O, 
29 - 25 x log(o) bd: < > < 10° 
34 - 30 x log(o) 10° << 34.1° 
13 34.1° <o < 80° 
-7 80° <  < 120° 
-12 120° < o < 180° 
: angle off mainbeam axis, deg. 
G, =-1 + 15x log(D/A), dBi 
bm = (20A/D)(Gmax - Gi)”, deg. 
o, = 15.85(D/A) °°, deg. 


6.10.3 Spectrum Sharing Analyses 


Because of the special features of the RAS operations, the National Radio Quiet Zone is 
established around RAS facilities for the protection of RAS observations.2 291 202 Other radio 
services intending to share frequencies with RAS in the Radio Quiet Zone must consult the Rules 
and Regulations from NTIA and FCC. 


When the radiation patterns are needed for spectrum sharing analyses, the reference 


radiation patterns in Table 6-116 and Table 6-117 can be used. The radiation pattern does not 
specify the Gmax value, and such data should be available from the system operators. 


200. http://www.gb.nrao.edu/nrqz/nrqz.html, accessed Nov. 21, 2011 


201 NTIA Manual, Chapter 8, Procedures and Principles for the Assignment and Coordination of Frequencies, 
§8.3.9 


202 CEFR 47, Part 1, Practice and Procedure, §1.924 
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6.11 Remote Sensing Service 
6.11.1 Meteorological Aids Service 


The MetAids service encompasses the meteorological radar, precipitation gauge, and 
radiosonde system. 


6.11.1.1 System Review 
(a) Meteorological Radar 


NTIA does not provide the meteorological radar antenna performance standards. The 
meteorological radar antenna should have similar performance as the RLS antenna; therefore, the 
RLS antenna performance standards in Section 6.8.1.1 can be adopted here. These standards are 
provided in Table 6-118. 


Table 6-118. Meteorological Radar Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax - 12(/ bow)” 0 < b/w <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from 
© Gnax= 10xlog {ex[41253/(O5wiXdpw2)]}, dBi 
© dbwis Obw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(o/pw)"} and -5 


(b) High-Gain Antenna 


Category Gain() (dBi) Angular Range 
Ginax - 12(6/ bow)” 0<o< om 
: 0.75 X Ginax - 7 om << Ori 
Ginax > 48 dB 
; 29 - 25 x log(4) bri << pi 
-13 odpi<O< 180° 
Gmax - 12(6/5w)” 0<d<dm 
O75 X Gage 7 om <0 < Oro 
22 < Ginax(dBi) < 48 
See 53 - (Gmax /2) - 25 x log() ras er ae 
11 - Gnax/2 po << 180° 
Ginax Z 12(/dow)” O< 0) = om 
O75 XGigee? om < oS OR3 
10 < Gyax(dBi) < 22 
See 53 - (Gmax /2) - 25 x log() babe OM 
0 op3 << 180° 
Elliptical beam. 
All angles in deg. 
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Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© §Obwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


ou : intersection of {Gmax - 12(/pw)"} and (0.75 x Ginax - 7) 
rey = 27.466 x10 O8Gm/1 

Op» =O; = 250 (10%! ) 

pi = dp2 = 48° 

33 = 131.8257 x10 Sms! 


(b) Wind Profile Radar 


NTIA provides a wind profile radar antenna radiation sidelobe suppression standard. This 
is shown in Table 6-119. 


Table 6-119. WPR Antenna Radiation Sidelobe Suppression Standard 


Elevation Angle 0 Antenna Sidelobe Suppression (dB) 
@ > 70° > 
60° < 8 < 70° 15 
45° <0 < 60° 20 
5°<0<45° 25 
G5" 40 


(c) Radiosonde 


The radiosonde airborne transmitting units use omnidirectional antennas, and the land- 
based receiving units use either omnidirectional or directional antennas. NTIA does not provide 
the radiosonde antenna radiation performance standards, nor does ITU-R provide 
recommendations for the radiosonde antenna reference radiation patterns. 


For the radiosonde antenna, the RLS mobile station antenna radiation performance 
standards in Section 6.8.1.1 are recommended for the radiosonde antenna radiation performance 
standards. The airborne omnidirectional transmitting antenna and the land-based station 
omnidirectional receiving antenna vertical radiation performance standard is 


G(0) = max(G,(8), G,(8)) dBi (6-100) 


where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 
Gy(0) = Ginax - 12 + 10 x log{ [max(|0/Opw, LJ"? + 0.5 }, dBi 
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9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane, 


Q,, = 107.6 x 10 °'S™, deg. 


The land-based station directional receiving antenna radiation performance standards are 
provided in Table 6-120. 


Table 6-120. Radiosonde Land-Based Station Directional Receiving Antenna Radiation 
Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax ~ 12(/ bow)” 0 < b/w <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from 
© Gnax= 10xlog {ex[41253/(dpwiXdbw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(o/dpw)"} and -5 


(b) High-Gain Antenna 


Category Gain(9) (dBi) Angular Range 
Gmax - 12(6/dbw)* 0<o<dm 
0.75 X Gnax - 7 dm << ori 
Gmax> 48 dB 
; 29 - 25 x log() bri << opi 
-13 odpi<O< 180° 
Ginax - 12(6/ bow)” 0<o< om 
F 0.75 X Ginax - 7 om << ope 
22 < Ginax(dBi) < 48 
een? 53 - (Gmax /2) - 25 x log() rae tran 
11-2 Geis! bpr< < 180° 
Gmax - 12(6/@bw)* 0<6<dm 
0:75 Ga 7 om << OR3 
10 < Gmnax(Bi) < 22 
poem 53 - (Gmax /2) - 25 x log() er ere 
0 bp3 << 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
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bbw: HPBW in the direction of interest 

by : intersection of {Gmax - 12(/bw)-} and (0.75 x Gmax ~ 7) 
Dp, = 27.466 x 10-03 Gmmax/10 

Oro =Op3 = 250 (10 Se" ) 

i = bp2 = 48° 

Op; = 131.8257 x 1Q)~Goex/50 


(d) Precipitation Gauge 


NTIA does not provide the precipitation gauge antenna radiation performance standards, 
nor does ITU-R provide recommendations for the precipitation gauge antenna reference radiation 
patterns. Lacking necessary information, this standard will not be developed here. This standard 
will be developed when necessary information becomes available. 


6.11.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. When the actual radiation pattern is not available, the 
radiation performance standards in Section 6.11.1.1 may be used as the reference radiation 
patterns. The radiation patterns in Section 6.11.1.1 do not specify the Gmax value; however, such 
data should be available in the GMF. 


For the radiosonde airborne antenna, because it is operated while being airborne, the Gmax 
value should be used instead of the radiation pattern of Eq. (6-100) for the worst case scenario. 


6.11.1.3. Spectrum Sharing Analyses 
The procedure to develop the representative antenna radiation pattern is as follows: 


(1) Retrieve the MetAids service records in the GMF. The symbol of the station class is 
“SA” for the MetAids mobile station, “SAR” for the radiosonde, “SM” for the MetAids 
base station, “SMB” for the radar beacon precipitation gauge, “SMD” for meteorological 
radar, and “SMRG” for the radiosonde land-based station. Only the frequency bands in 
which the federal government is the primary user are searched. 

(2) Develop the antenna Gyax data population profile. 

(3) Select a representative Gmax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Except for the precipitation gauge, develop the representative antenna radiation pattern 
from the representative Gx value and the antenna reference radiation pattern in Section 
6.11.1.2. 


For the radiosonde airborne antenna, because it is operated while being airborne, the 
representative antenna radiation pattern must be used with caution. The spectrum sharing 
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analyses should either use the representative Gmax values for the worst case scenario, or build 
statistical models that take into account the radiosonde flight heights and antenna orientations. 


The frequency bands being examined are 


(1) 400.15-406 MHz, 
(2) 1.675—1.7 GHz, 
(3) 2.7-2.9 GHz, and 
(4) 5.6-5.65 GHz. 


6.11.1.3.1  400.15-406 MHz for Radiosonde System and Precipitation Gauge 
(a) Radiosonde Airborne Omnidirectional Transmitting Antenna 


The radiosonde airborne omnidirectional transmitting antenna G,,ax data count in this 
band is 


e (dBi: 8 frequency assignments, 
e 1 dBi: 1 frequency assignment, 
e 2 dBi: 22 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =2 - 12(0/67.9)° dBi for |0|<62.7° (6-101) 
=-10 + 10xlog{ [max(|0|/67.9, 1I)]1°+0.5} dBi for — |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
(b) Radiosonde Land-Based Station Omnidirectional Receiving Antenna 


The radiosonde land-based station omnidirectional receiving antenna Gpax data count in 
this band is 


e (OdBi: 12 frequency assignments, 

e 1 dBi: 1 frequency assignment, 

e 2 dBi: 13 frequency assignments (cumulative population % = 81%), 
e 3-6 dBi: 5 frequency assignments, 

e 10 dBi: 1 frequency assignment. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =2 - 12(0/67.9)° dBi for  |0|<62.7° (6-101) 
= -10 + 10xlog{ [max(|0/67.9, 1)}'5+0.5} dBi for — |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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(c) Radiosonde Land-Based Station Directional Receiving Antenna 


The radiosonde land-based station directional receiving antenna Gx data count in this 
band is 


e 10 dBi: 1 frequency assignment, 
e 12 dBi: 2 frequency assignments, 
e 15 dBi: 6 frequency assignments. 


The representative Gyax = 15 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-121. 


Table 6-121. Representative Radiosonde Land-Based Station Directional Antenna 
Radiation Pattern in 400.15—406 MHz 


Gain (dBi) Angular Range 

15-12 x (b/ow) 0<6<0.95xdiw 
4.25 0.95xdww <0 < 44.5° 

45.5 - 25 x log () 44.5° << 66.1° 

0 66.1° < od < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


(d) Precipitation Gauge 
The precipitation gauge antenna Gmax data count in this band is 


e (dBi: | frequency assignment, 
e 1 dBi: 2 frequency assignments. 


The representative Gyax = 1 dBi. There is no representative radiation pattern. 
6.11.1.3.2 1.675-1.7 GHz for Radiosonde System 
(a) Airborne Omnidirectional Transmitting Antenna 


The radiosonde airborne omnidirectional transmitting antenna Gmax data count in this 
band is 


e (dBi: | frequency assignment, 
e 2 dBi: 12 frequency assignments. 


The representative Gmax = 2 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is 


G(0) =2 - 12(0/67.9)" dBi for |0|<62.7° (6-101) 
= -10 + 10xlog{ [max(|0/67.9, 1)}'5+0.5} dBi for — |0| > 62.7° 


where 0 is the elevation angle off the peak gain plane, in deg. 
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(b) Land-Based Station Directional Receiving Antenna 


The radiosonde land-based station directional receiving antenna G,,,x data count in this 
band is 


e 27 dBi: 2 frequency assignments, 
e 30 dBi: 3 frequency assignments (cumulative population % = 63%), 
e 31 dBi: 3 frequency assignments. 


The representative Gyax = 30 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-122. 


Table 6-122. Representative Radiosonde Land-Based Station Directional Receiving 
Antenna Radiation Pattern in 1.675—1.7 GHz 


Gain (dBi) Angular Range 
30 - 12 x (/dbw)” 0 << 1.1xdyw 
15.5 1.1xdpw < > < 7.9° 
38 - 25 x log() 7.9° << 48° 
-4 48° <b < 180° 


Elliptical beam. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


6.11.1.3.3 2.7—2.9 GHz for Meteorological Radar 
The meteorological radar transmitting antenna G,,,x data count in this band is 


e 40 dBi: | frequency assignment, 
e 45 dBi: 5 frequency assignments, 
e 46 dBi: 160 frequency assignments. 


The representative Gax = 46 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-123. 


Table 6-123. Representative Meteorological Radar Antenna Radiation Pattern in 2.7—2.9 


GHz 
Gain(9) (dBi) Angular Range 
46 - 12(/dpw)” 0<o< 1.24xdbw 
27.4 1.24xOww << 1.25° 
30 - 25 x log(o) 1.25° << 48° 
-12 48° <b < 180° 
Elliptical beam. 
dbw: HPBW in the direction of interest, deg. 
o: angle off mainbeam axis in the direction of interest, deg. 
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6.11.1.3.4 5.6-5.65 GHz for Meteorological Radar 
The meteorological radar antenna Gmax data count in this band is 


e 39-4] dBi: 4 frequency assignments, 
e 43-45 dBi: 6 frequency assignments, 
e 50 dBi: 46 frequency assignments. 


The representative Gmax = 50 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-124. 


Table 6-124. Representative Meteorological Radar Antenna Radiation Pattern in 5.6—5.65 


GHz 
Gain(o) (dBi) Angular Range 
50 - 12(/dyw) 0<o< 1.27xbow 
30.5 1.27Xdpw < 0 < 0.87° 
29 - 25 x log(o) 0.87° <> < 48° 
-13 48° < 6 < 180° 


Elliptical beam. 
Gmax Can be calculated from 
© Gnax = 10xlog{ex[41253/(O5wiXdpw2)]}, dBi 
© dbwis Obw2: HPBW of major and minor axes, deg. 
dbw: HPBW in the direction of interest, deg. 
o: angle off mainbeam axis in the direction of interest, deg. 


6.11.2. Meteorological Satellite Services 


Only the earth station antennas are discussed here. 


The earth station antennas can be omnidirectional antennas, low-gain antennas with semi 
isotropic (full horizon to zenith) radiation pattern, medium-gain antennas of 10 < Gmax(dBi) < 22, 
or high-gain antennas. All four classes of antennas are used in the GSO and NGSO systems. An 
omnidirectional or low-gain antenna in a GSO system should be a mobile unit, and a medium- or 
high-gain antenna in a NGSO system should have a satellite-tracking sub-system. 


6.11.2.1 System Review 


NTIA does not provide the MetSat earth station antenna radiation performance standards, 
nor does ITU-R provide recommendations for the MetSat earth station antenna reference 
radiation patterns. 


For omnidirectional, low- and medium-gain antennas, the LMSS earth station 
omnidirectional, low- and medium-gain antenna radiation performance standards in Section 
6.7.1.1 are recommended for the MetSat earth station antennas. These are shown in Table 6-125 
and Table 6-126. 
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(a) Omnidirectional Antenna 


Table 6-125. MetSat Earth Station Omnidirectional, Low- and Medium-Gain Antenna 
Vertical Radiation Performance Standards 


(a) Omnidirectional Antenna 


Gain Function (dBi) Angular Range 
<5 -20° < 8 < 20° 
<0 0 < -20° & 0 > 20° 


9: elevation angle, deg. 


(b) Vertical Array Antenna with Toroidal Beam and 7 < 


Gmnax(ABi) < 13 
Gain Function (dBi) Angular Range 
Gmnax - 10 45° < (8 - 00) 
Gmax - 0.3 x [(0 - 8o)/10]*° 20° <(8-0,) <45° 
Gmax - 12 x [(0 - 9,)/Onw) I” 20° <|0- 8, | 
Gmax - 0.3 x [(Oo - 8)/10]7? 20° < (0, - 8) < 50° 
Ginax - 13 50° < (8, - 9) 
0: elevation angle, deg. 
0,: mainbeam elevation angle, deg. 
Opw: HPBW, deg. 


(b) Low- and Medium-Gain Antenna 


Table 6-126. MetSat Earth Station Low- and Medium-Gain Antenna Radiation 
Performance Standards 


(a) Vehicle-Mounted Tracking Antenna with Fan-Beam 
and Operating in Low Elevation Angle 


Gain Function (dBi) Angular Range 
oe 0° <0 < 60°, 
7 [30°+k(8)] < |@—@o| < 180° 


(9, ~): elevation and azimuth angles, deg. 

(8., @o): mainbeam elevation and azimuth angles, deg. 
k(®) = 0.33° for Gmax = 11-15, dBi 

k(®) is TBD for Gmax = 9-11, dBi 


(b) Transportable or Vehicle-Mounted Antenna with 
Circular Beam and Gyax < 18 dBi 


Gain Function (dBi) Angular Range 
Ginax - 12 x (/ pw)” 0°< <x? 
4 x°< d< 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 
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: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 


x: {Gmax - 12x(x/Opw)"} = 4, deg. 


(c) High-Gain Antenna 


For high-gain antennas, the FSS earth station antenna radiation performance standards in 
Section 6.3.1 are recommended for the MetSat earth station high-gain antennas. These are 
provided in Table 6-127. 


Table 6-127. MetSat Earth Station High-Gain Antenna Radiation Performance Standards 


(a) GSO System 
Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°< o< Om 
D/d = 68 G; dm < os Or 
29 - 25 x log(o) b1<o< 7° 
(Gmax = 44.7 dBi 8 7° <o<9.2° 
for e = 0.65) 32 - 25 x log(o) 9.2° << 48° 
-10 48° <b < 180° 
Gmax - 2.5 x 10°(@D/A) 0°<o< dv 
29 - 25 x log(o) b2<o<7° 
D/i < 68 8 7° <o<9.2° 
32 - 25 x log(@) 9.2°<o < 48° 
-10 48° <b < 180° 
D/A = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 
G, =-1 + 15xlog(D/A), dBi 


m = 20(A/D)(Gimax = G,)°° 5 deg. 
1 = 15.85(D/A)°*, deg. 


12 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 
An actual radiation pattern shall meet the following conditions: 


e It may not exceed the gain function in the range 6, < 6 < 7°. 


e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 
(b) NGSO System 
Category Gain Function (dBi) Angular Range 
D/A > 100 Ga - 2.5. x 10° (D/A) 0° <b < dma 
Gia Oma < () S Ora 

(Gmax = 48.1 dBi for e 29 - 25 x log(o) Ora < 0 < 36° 

= 0.65) -10 36° < d < 180° 
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20 < D/A < 100 Ginp - 2.5 x 10° (D/AY 0° << mp 
Gip Omb < () = orb 
(34.1 < Gmax(dBi) < 29 - 25 x log() db < > < 36° 
48.1 for e = 0.65) -10 36° < b< 180° 
Gm - 2.5 x 10° (D/A)? 0°<b< dre 
D/d < 20 29 - 25 x log() Ore < ) < 36° 
-10 36° <b < 180° 


o: angle off mainbeam axis, deg. 

Gina = 20xlog(D/A) + 8.4, dBi 

Gi, =-1 + 15xlog(D/A), dBi 

dma = 200/D)(Gma - Gia)”, deg. 

dra = 15.85(D/A) °°, deg. 

Gib = 20xlog(D/A) + 7.7, dBi 

Gyp = 29 - 25xlog(952/D), dBi 

dmb = 20(A/D)(Gmnb - Gip)®”, deg. 

rb = (95X/D), deg. 

| Pattern for D/A < 20 is added to extend the high-gain pattern toGmax=22dBi.t—~*«C*Y 
Orc: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 


6.11.2.2. Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standard 
in Section 6.11.2.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.11.2.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6.11.2.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the MetSat service records in the GMF. The symbol of the station class is “EM” 
for the space station and “TM” for the earth station. Only the frequency bands in which 
the federal government is the primary user are searched. 

(2) Develop the earth station antenna G,,,x data population profile. 

(3) Select a representative Gmax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.11.2.2. 
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The frequency bands being examined are 
(1) 137-138 MHz downlink, 
(2) 401-403 MHz uplink, 
(3) 460-470 MHz downlink, and 
(4) 1.675—1.71 GHz downlink. 


6.11.2.3.1 137-138 MHz Downlink 


The GMEF has only NGSO system service records in this band, and the earth stations use 
both the omnidirectional and directional antennas. 


(a) Omnidirectional Antenna 


The earth station omnidirectional antennas in this band all have Gmax = 0 dBi. The 
representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is provided in Table 6-128. 


Table 6-128. Representative MetSat Earth Station Omnidirectional Antenna Vertical 
Radiation Pattern in 137-138 MHz 


Gain Function (dBi) Angular Range 
<0 -20° <0 
<0 0 < -20° 

9: elevation angle, deg. 
Gmax = 0 dBi 


(b) Directional Antenna 
The earth station directional antenna G,,,, data count in this band is 


e 16 dBi: 2 frequency assignments, 
e 22 dBi: 2 frequency assignments, 
e 27 dBi: 4 frequency assignments. 


The representative Gmax = 27 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-129. 


Table 6-129. Representative MetSat NGSO System Earth Station Directional Antenna 
Radiation Pattern in 137-138 MHz 


Gain Function (dBi) Angular Range 
27 - 2.5 x 10° (8.84xo)* 0°<b<x? 
29 - 25 x log() x° << 36° 
-10 36° < d < 180° 


: angle off mainbeam axis, deg. 
D/X = 8.84 for f= 137 MHz, Ginax = 27 dBi, and e = 0.65 


x: {27 - 2.5x10°(8.84xx)°} = {29 - 25xlog(x)} 
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6.11.2.3.2 401-403 MHz Uplink 


The GMF has both GSO and NGSO system service records in this band, and the earth 
stations use both the omnidirectional and directional antennas. 


(a) Omnidirectional Antenna 


The earth station omnidirectional antennas are used by both GSO and NGSO systems in 
this band, and the antenna Gypax data count is 


e (dBi: 8 frequency assignments, 

e 2 dBi: 2 frequency assignments, 

e 3 dBi: 4 frequency assignments (cumulative population % = 64%), 
e 4dBi: 7 frequency assignments, 

e 5 dBi: | frequency assignment. 


The representative Gmax = 3 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is provided in Table 6-130. 


Table 6-130. Representative MetSat Earth Station Omnidirectional Antenna Vertical 
Radiation Pattern in 401—403 MHz 


Gain Function (dBi) Angular Range 
<3 -20° <0 
<0 0 < -20° 

0: elevation angle, deg. 
Gmnax = 3 dBi 


(b) Directional Antenna 


The earth station directional antennas are used by both GSO and NGSO systems in this 
band, and the antenna G,,,x data count is 


3-6 dBi: 185 frequency assignments, 

7-10 dBi: 971 frequency assignments, 

11 dBi: 3034 frequency assignments (cumulative population % = 70.7%), 
12 dBi: 565 frequency assignments (cumulative population % = 80.2%), 
13 dBi: 1072 frequency assignments, 

14, 15 dBi: 96 frequency assignments, 

26, 61, 68 dBi: 4 frequency assignments. 


The representative Gmax = 11 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-131. 


Table 6-131. Representative MetSat Earth Station Directional Antenna Radiation Pattern 
in 401-403 MHz 


Gain Function (dBi) Angular Range 


11 - 12 x (/46.2)° 0° < b< 35.2° 
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4 35.2° <  < 40° 


44 - 25 x log(d) 40° <b < 90° 


5 90° < 


: angle off mainbeam axis, deg. 
This radiation pattern is valid for 12 < Gyax(dBi) < 18, and is applied here by extrapolation. 


6.11.2.3.3 460-470 MHz Downlink 


The GMF has only GSO system service records in this band, and the earth stations use 
both the omnidirectional and directional antennas. 


(a) Omnidirectional Antenna 


The earth station omnidirectional antennas all have Gyax = 0 dBi in this band. The 
representative Gmax = 0 dBi, and the representative antenna vertical radiation pattern for 
spectrum sharing analyses is provided in Table 6-132. 


Table 6-132. Representative MetSat Earth Station Omnidirectional Antenna Vertical 
Radiation Pattern in 460—470 MHz 


Gain Function (dBi) Angular Range 
<0 -20° <0 
<0 0 < -20° 

0: elevation angle, deg. 
Ginax = 0 dBi 


(b) Directional Antenna 


The earth station directional antennas all have Ga, = 6 dBi in this band. The 
representative Gmax = 6 dBi. The directional antenna radiation pattern for Gmax = 6 dBi is not 
available in Section 6.11.2.1. To develop an antenna radiation pattern for spectrum sharing 
analyses, the FS low-gain antenna reference radiation pattern in Section 6.2.2.2 is applied here, 
and the representative antenna radiation pattern for spectrum sharing analyses is provided in 


Table 6-133. 


Table 6-133. Representative MetSat Earth Station Directional Antenna Radiation Pattern 


in 460—470 MHz 


Gain Function (dBi) Angular Range 
6 - 12(/dow) 0 < d/dow <x 
5 X < b/dbw < 180/dbw 
Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
bbw: HPBW in the direction of interest, deg. 


X: intersection of {6 - 12(/dbw)?} and -5 
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6.11.2.3.4 1.675—-1.71 GHz Downlink 
The GMF has both GSO and NGSO system service records in this band. 
(a) Omnidirectional Antenna 


The NGSO system earth stations use only the omnidirectional antennas in the in this 
band, and all of the 182 Gyax data are 3 dBi. The representative Gmax = 3 dBi, and the 
representative antenna vertical radiation pattern for spectrum sharing analyses is provided in 
Table 6-134. 


Table 6-134. Representative MetSat Earth Station Omnidirectional Antenna Vertical 
Radiation Pattern in 1.675—1.71 GHz 


Gain Function (dBi) Angular Range 
<3 -20° <0 
<0 0 < -20° 

9: elevation angle, deg. 
Gmnax = 3 dBi 


(b) Directional Antenna 


The GSO system earth stations use only the directional antennas in this band, and the 
antenna Gyax data count is 


36 dBi: 2 frequency assignments, 
41 dBi: | frequency assignment, 
43 dBi: | frequency assignment, 
47 dBi: 4 frequency assignments, 
48 dBi: 41 frequency assignments. 


The representative Gmax = 48 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-135. 


Table 6-135. Representative MetSat Earth Station Directional Antenna Radiation Pattern 
in 1.675—1.71 GHz 


Gain Function (dBi) Angular Range 
48 - 2.5 x 10°(99.17x)” 0°< <0.9° 
28.9 0.9°<o<1° 
29 - 25 x log(o) 1°<o<7T7° 
8 PF 0s 9o2: 
32 - 25 x log(o) 9.2° << 48° 
-10 48° <b < 180° 
: angle off mainbeam axis, deg. 
D/X = 99.17 for f= 1.7 GHz, Gmax = 48 dBi, and e = 0.65 
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6.11.3 Earth Exploration-Satellite Service 


Only the earth station antenna is discussed here. 


The earth station antennas can be low-gain and high-gain antennas, and both classes are 
used in the GSO and NGSO systems. A low-gain antenna in a GSO system should be a mobile 
unit, and a high-gain antenna in a NGSO system should have satellite-tracking sub-system. 


6.11.3.1 System Review 

NTIA does not provide the EESS earth station antenna radiation performance standards, 
nor does ITU-R provide recommendation for the EESS earth station antenna reference radiation 
patterns. 


The EESS and MetSat systems perform the similar task of using satellites to collect 
information about the Earth’s surface. Therefore, it is assumed that the EESS and MetSat 
systems earth station antennas have the same radiation performances, and the MetSat earth 
station antenna radiation performance standards in Section 6.11.2.1 may be used as the EESS 
earth station radiation performance standards. These standards are provided in Table 6-136. 


Table 6-136. EESS Earth Station Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax - 12 x (/ pw)” 0°< <x? 
4 x° << 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 


Circular Beam, 12 < Gmax(dBi) < 18 
: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 


x: {Gmax - 12x(X/pw)"} = 4, deg. 


(b) GSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<o< dm 
G; Om < ) S Or1 
DROP 29 - 25 x log) aera: 
(Gmax > 44.7 dBi 
" 8 ae ee 
for e = 0.65) : - 
32 - 25 x log(o) 9.2° <b < 48 
-10 48° < p< 180° 
Ginax - 2.5 x 10°(@D/A)” 0° << by 
29 - 25 x log() b2<o<7° 
Dia 08 8 To << 9.2° 
32 - 25 x log(o) 9.2° <b < 48° 
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-10 48° <b < 180° 

D/A = 68 is the threshold when the G; plateau disappears. 

: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

r= 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 

| An actual radiation pattern shall meet the following conditions: = ati(i‘Cé;O;*;*~™ 
e It may not exceed the gain function in the range 6, < 6 < 7°. 
e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 

sidelobe not exceeding the gain function by more than 3 dB. 


(c) NGSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 

D/A > 100 Gia - 2.5 x 10° (@D/A)* 0° << Oma 

Gia dma < () < Ora 

(Gmax > 48.1 dBi for 29 - 25 x log(o) Ora < 0 < 36° 
e = 0.65) -10 36° <b < 180° 

20 < D/A < 100 Gm - 2.5 x 10° (D/A)? 0° <b < dnp 

Gip Omb< O < Orb 

(34.1 < Ginax(dBi) < 29 - 25 x log(o) div <>< 36° 
48.1 for e = 0.65) -10 36° <b < 180° 

Gm - 2.5 x 10° (D/A) 0° << Oe 

D/X < 20 29 - 25 x log(o) Ore < 0 < 36° 
-10 36° <b < 180° 


: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gna - Gia)””, deg. 
bra = 15.85(D/A)°*, deg. 

Ginp = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gnb - Gi)”, deg. 
Ob = (95A/D), deg. 


Pattern for D/A < 20 is added to extend the high-gain pattern to Gmax = 22 dBi. 
Ore: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 
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6.11.3.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standard 
in Section 6.11.3.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.11.3.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6.11.3.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the EESS service records in the GMF. The symbol of the station class is “EW” 
for the space station and “TW” for the earth station. Only the frequency bands in which 
the federal government is the primary user are searched. 

(2) Develop the earth station antenna G,,,, data population profile. 

(3) Select a representative Gmax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.11.3.2. 


The frequency bands being examined are 


(1) 401-403 MHz uplink, 

(2) 2.025—2.11 GHz, 

(3) 2.2—2.29 GHz downlink, 

(4) 8.025—-8.4 GHz downlink, and 

(5) 25.5-27 GHz downlink. 
6.11.3.3.1 401-403 MHz Uplink 


The GMF has both the GSO and NGSO system service records in this band, and the earth 
stations use only directional antennas. 


(a) GSO System 
The GSO system earth station transmitting antenna Gx data count in this band is 


e 6dBi: | frequency assignment, 
e 13 dBi: 3 frequency assignments. 


The representative Gmax = 13 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-137. 
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Table 6-137. Representative EESS GSO System Earth Station Antenna Radiation Pattern 


in 401-403 MHz 


Gain Function (dBi) Angular Range 
13 - 12 x ($/36.7)° 0° <<31.7° 
4 31.7° <0 < 40° 
44 - 25 x log(@) 40° < 6 < 90° 
-5 90° < o 


: angle off mainbeam axis, deg. 


(b) NGSO System 


The NGSO system earth station directional antenna G,,,x data count in this band is 


e 4dBi: 8 frequency assignments, 
e 6dBi: 15 frequency assignments. 


The representative Gmax = 6 dBi, and this is a low-gain antenna. The directional antenna radiation 
pattern for Gmax = 6 dBi is not available in Section 6.11.3.1. To develop a radiation pattern for 
spectrum sharing analyses, the FS low-gain antenna reference radiation pattern in Section 6.2.2.2 
is applied here, and the representative antenna radiation pattern for spectrum sharing analyses is 
provided in Table 6-138. 


Table 6-138. Representative EESS NGSO System Earth Station Antenna Radiation 
Pattern in 401-403 MHz 


Gain Function (dBi) Angular Range 
6 - 12(/dpw) 0 < d/dpw <x 
-5 X < o/dbw < 180/dbw 
Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {6 - 12(/dbw)?} and -5 


6.11.3.3.2  2.025—-2.11 GHz 


The GMF has both the NGSO and GSO system service records in this band. The uplink 
transmissions use both the NGSO and GSO systems, and the downlink transmissions use only 
the GSO systems. 

(a) GSO System Uplink 
The GSO system uplink earth station antenna Gmax data count in this band is 
e 47 dBi: 1 frequency assignment, 
e 50 dBi: 10 frequency assignments, 


e 51 dBi: 1 frequency assignment, 
e 54 dBi: | frequency assignment, 
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e 56 dBi: | frequency assignment. 


The representative Gmax = 50 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-139. 


Table 6-139. Representative EESS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
50-2.5x 10° (124.9x) 0°<o<0.7° 
30.4 0.7° <6 <0.9° 
29 - 25 x log(o) 0.9° < o < 36° 
-10 36° < d < 180° 


o: angle off mainbeam axis, deg. 


D/d = 124.9 for f= 2.06 GHz, Gmax = 50 dBi, and e = 0.65 


(b) GSO System Downlink 


The GSO system downlink earth station antenna Gmax data count in this band is 


e 21 dBi: | frequency assignment, 
e 26 dBi: 21 frequency assignments, 


e 34, 35 dBi: 2 frequency assignments, 


e 39 dBi: 2 frequency assignments, 
e 53 dBi: | frequency assignment. 


The representative Gmax = 26 dBi, and the representative antenna radiation pattern for spectrum 


sharing analyses is provided in Table 6-140. 


Table 6-140. Representative EESS GSO System Downlink Earth Station Antenna 
Radiation Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
26 - 2.5 x 10°(7.88x)” 0°<o<x° 
29 - 25 x log(o) x°<O<7° 
8 7° <o<9.2° 
32 - 25 x log(o) 9.2° < p< 48° 
-10 48° < o < 180° 


: angle off mainbeam axis, deg. 


D/i = 7.88 for f= 2.06 GHz, Gmax = 26 dBi, and e = 0.65 
x: {26 - 2.5x10°(7.88xx)?} = {29 - 25xlog(x)} 


(c) NGSO System Uplink 


Both the low- and high-gain antennas are used in the uplink service in this band. 


6-198 


(c.1) Low-Gain Antenna 


The NGSO system uplink earth station low-gain antenna Gmax data in this band are all 6 
dBi. The representative antenna Gmax = 6 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-141. 


Table 6-141. Representative EESS NGSO System Uplink Earth Station Low-Gain 
Antenna Radiation Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
6 - 12(/dow) 0 < d/dow <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {6 - 12(/dbw)?} and -5. 


(c.2) High-Gain Antenna 


The population profile of the NGSO system uplink earth station high-gain antenna Gmax 
data in this band is shown in Figure 6-60. Since there is no data count at Gmax = 47 dBi, the 
representative Gmax is chosen to be 46 dBi. The representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-142. 
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Figure 6-60. Population Profile of EESS NGSO System Uplink Earth Station High-Gain 
Antenna Gymax Data in 2.025-2.11 GHz 


6-199 


Table 6-142. Representative EESS NGSO System Uplink Earth Station High-Gain 
Antenna Radiation Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
46 - 2.5 x 10° (78.78xo)” 0° << 1.05° 
27.4 1.05°< d< 1.16° 
29 - 25 x log(o) 1.16° <6 < 36° 
-10 36° < d < 180° 


: angle off mainbeam axis, deg. 
D/d = 82.2 for f= 2.06 GHz, Ginax = 46 dBi, and e = 0.65 


6.11.3.3.3 2.2—2.29 GHz Downlink 
The GMF has only the NGSO system service records in this band. 


The population profile of the earth station antenna Gyax data in this band is shown in 
Figure 6-61. The representative Ga, = 46 dBi, and the representative antenna radiation pattern 
for spectrum sharing analyses is provided in Table 6-143. 
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Figure 6-61. Population Profile of EESS Earth Station Antenna G,,, Data in 2.2—2.29 GHz 


Table 6-143. Representative EESS Earth Station Antenna Radiation Pattern in 2.2—2.29 


GHz 
Gain Function (dBi) Angular Range 
46 -2.5x 10° (78.78x)” 0° <o< 1.05° 
27.4 1.05°< o< 1.16° 
29 - 25 x log(o) 1.16° <o < 36° 
-10 36° < d < 180° 


o: angle off mainbeam axis, deg. 
D/A = 82.2 for f= 2.25 GHz, Ginax = 46 dBi, and e = 0.65 
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6.11.3.3.4 8.025—-8.4 GHz Downlink 


The GMF has only the NGSO system service records in this band. 


The earth station antenna G,,,x data count in this band is 


42 dBi: | frequency assignment, 
44 dBi: 48 frequency assignments, 
45 dBi: 4 frequency assignments, 


56 dBi: 3 frequency assignments, 


57, 58, 59 dBi: 17 frequency assignments. 


46 dBi: 6 frequency assignments (cumulative population % = 73.8%), 
54 dBi: | frequency assignment (cumulative population % = 75%), 


There are two disconnected clusters at 42-46 dBi and 54—59 dBi. Even though the 
percentage of cumulative population is 75% at Gmax = 54 dBi, the cluster at 42-46 dBi is 
chosen to find the representative Gmax, and the representative Gmax is chosen to be 46 dBi. The 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 


6-144. 


Table 6-144. Representative EESS Earth Station Antenna Radiation Pattern in 8.025—8.4 


GHz 
Gain Function (dBi) Angular Range 
46 - 2.5 x 10° (82.2x)” 0° << 1.05° 
27.4 1.05° < d< 1.16° 
29 - 25 x log(o) 1.16° < d < 36° 
-10 36° < o < 180° 
o: angle off mainbeam axis, deg. 
D/X = 82.2 for f= 8.2 GHz, Gmax = 46 dBi, and e = 0.65 


6.11.3.3.5  25.5-27 GHz Downlink 


The GMF has only the NGSO system service records in this band. 


All of the earth station antenna Gx data in this band are 58 dBi. The representative Gmax 
= 58 dBi, and the representative antenna radiation pattern for spectrum sharing analyses is 


provided in Table 6-145. 


Table 6-145. Representative EESS Earth Station Antenna Radiation Pattern in 25.5—27 


GHz 
Gain Function (dBi) Angular Range 
58 - 2.5 x 10° (313.6xo)* 0°<o<0.3° 
36.4 0.3°< 6 <0.5° 
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29 - 25 x log(o) 0.5° <b < 36° 
-10 36° <o < 180° 
: angle off mainbeam axis, deg. 
D/d = 313.6 for f= 8.2 GHz, Gmax = 58 dBi, and e = 0.65 


6.11.4 Space Research Service 


Only the earth station antenna is discussed here. The earth station antenna can be either 
low-gain or high-gain, and both types are used in the GSO systems, NGSO systems, and deep 
space systems. 


6.11.4.1 


NTIA does not provide the SRS earth station antenna radiation performance standards for 
system review. ITU-R provides two recommendations of the SRS earth station large-aperture 
antenna reference radiation pattern for coordination studies and interference assessment in Recs. 
ITU-R SA.509-2 and SA.1811, and these radiation patterns are recommended for the SRS earth 
station antenna radiation performance standard. The original recommendation for the below-30 
GHz case has only the sidelobe radiation pattern, and is only for D/A = 100. It is extended by 
adopting the FSS earth station antenna reference radiation pattern in RR Appendix 8. These 
standards are provided in Table 6-146. 


System Review 


Table 6-146. SRS Earth Station Large-Aperture Antenna Radiation Standards 
(a) Below 30 GHz 


Category Gain Function (dBi) Angular Range 
Gmnax - 2.5 x 10°(D/A) 0°<o< dm 
D/A => 100 Gi dm < OS O: 
(Gmax > 48 dBi) 32 - 25 x log() << 47.9° 
-10 47.9° < b< 180° 
Gmax - 2.5 x 10°(@D/A)? 0°<o<dm 
G, dm < > < (LOOA/DY° 
Diet 52 - 10 x log(D/A) - 25 x log(o) (100A/DY° <  < 47.9° 
10 - 10 x log(D/A) 47.9° <b < 180° 


: angle off mainbeam axis, deg. 
G, =2 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)", deg. 
o; = 15.85(D/A) °° , deg. 


47.9° is the value in the ITU-R recommendation for the SRS, while that data is 48° in RR 
Appendix 8 for the FSS. 
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(b) Above 30 GHz 


Gain Function (dBi) Angular Range 
GTinae -12~x (/dbw) O< () < 1 
Gimax - Gi d1<O< oo 
Gmnax - G; - G> x log(/d2) 2 < o< 3 
G3 o3 < o < 80° 
G3+5 80° < d < 120° 
G3 120° < d < 180° 


: angle off mainbeam axis, deg. 
Obw: HPBW, Obw = 69 (A/D), deg. 
1 = bow x (Gi/12)"" 
G 0.5 
= x10 (Be 
o, Oy 144 
Gmax~G1-G3 
3 =, x io of 
Gmax = 10 x logle, (D/A) - 4.343(4h/A), dBi 


G, = 17 dBi 
G> =27 + 10 [ log(e,) - log(60h/A) J, dBi 
G3 =-10 dBi 


D: aperture diameter, 
€,: antenna efficiency excluding contribution from surface tolerance, 


1 h 1 
h: root-mean-square surface tolerance, me < 
60 r 15 


6.11.4.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standard 
in Section 6.11.4.1 may be used as the reference radiation patterns. In addition, ITU-R has an 
antenna reference radiation pattern for the coordination studies and interference assessment for 
large number of distributed interfering sources above 30 GHz. This pattern is provided in Table 
6-147. These radiation patterns do not specify the Gmax value; however, such data should be 
available in the GMF. 
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Table 6-147. SRS Earth Station Large-Aperture Antenna Reference Radiation Pattern 
against Large Number of Distributed Interfering Sources above 30 GHz 


Gain Function (dBi) Angular Range 
Gmax - 12x (/ dw) O< 0) = a 
Ginax - Ga 4 << os 
Ginax - G4 - Gs x log((/5) 5 <> S b6 
Ge d6 < 0 < 80° 
Ge +5 80° < o < 120° 
Ge 120° < d < 180° 


o: angle off mainbeam axis, deg. 
Obw: HPBW, Obw = 69 (A/D), deg. 


ba = Obw X (Ga/12)° 


0.5 
5 = o, x 19(Gs-3/Gs] x (Es) 


144 
G nax G4 —-Go 

5 =; idl . 

Gmax = 10 x logle, (nD/)] - 4.343(4nth/A)’, dBi 

Gy = 20 dBi 

Gs =27 + 10 [ log(e,) - log(60h/A) J, dBi 

Go =-13 dBi 


D: aperture diameter 
€,: antenna efficiency excluding contribution from surface tolerance 


1 h 1 
h: root-mean-square surface tolerance, S S 
60 ny 15 


6.11.4.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the SRS service records in the GMF. The symbol of the station class is “EH” for 
the space station and “TH” for the earth station. Only the frequency bands in which the 
federal government is the primary user are searched. 

(2) Develop the earth station antenna G,,,, data population profile. 

(3) Select a representative Gmax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.11.4.2. 


The frequency bands being examined are 


(1) 2.025—2.11 GHz, 
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Q)2,2=2.3 GHz, 

(3) 7.145—-7.235 GHz, 
(4) 8.4-8.5 GHz, 

(S) 13.25=13.75:GHz, 
(6) 14.8-15.4 GHz, 

(7) 25.5-27 GHz, 

(8) 31.3-32.3 GHz, and 
(9) 34.2-34.7 GHz. 


6.11.4.3.1 2.025—2.11 GHz 
(a) Deep-Space System Uplink 


Here the deep-space systems include the lunar-orbiting systems. The deep-space system 
uplink earth station antenna Gax data count in this band is 


e 47 dBi: | frequency assignment, 

e 50 dBi: | frequency assignment, 

e 52 dBi: 2 frequency assignments, 

53 dBi: 2 frequency assignments, 

54 dBi: 2 frequency assignments, 

56 dBi: 7 frequency assignments (cumulative population % = 83%), 
63 dBi: | frequency assignment, 

70 dBi: 2 frequency assignments. 


The representative Gmax = 56 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-148. 


Table 6-148. Representative SRS Deep-Space System Uplink Earth Station Antenna 
Radiation Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
56 - 2.5 x 10° (249.1x)” 0°< o<0.3° 
37.9 0.3°< o<0.6° 
32 - 25 x log(o) 0.6° < o < 47.9° 
-10 47.9° <b < 180° 


o: angle off mainbeam axis, deg. 
D/A = 249.1 for f= 2.06 GHz, Gmax = 56 dBi, and e = 0.65 


(b) GSO System Uplink 


There are three GSO system uplink service records in this band, with all earth station 
antenna Gmax = 45 dBi. The representative Gmax = 45 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-149. 
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Table 6-149. Representative SRS GSO System Uplink Earth Station Antenna Radiation 


Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
45 -2.5x 10° (70.2x)” 0°<o<1.1° 
29.7 1.1°<o<1.4° 
33.5 - 25 x log(o) 1.4° << 47.9° 
-8.5 47.9° < b> < 180° 


: angle off mainbeam axis, deg. 
D/d = 70.2 for f= 2.06 GHz, Gmax = 45 dBi, and e = 0.65 


(c) GSO System Downlink 
The GSO system downlink earth station antenna G,,,x data count in this band is 


21 dBi: 3 frequency assignments, 

26 dBi: 7 frequency assignments, 

34 dBi: 7 frequency assignments, 

35 dBi: 7 frequency assignments (cumulative population % = 59%), 
39 dBi: 14 frequency assignments (cumulative population % = 93%), 
53 dBi: 3 frequency assignments. 


The representative Gymax = 35 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-150. 


Table 6-150. Representative SRS GSO System Downlink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
35 - 2.5 x 10° (22x) 0° <b <3.2° 
22.2 3.2°< 0<4.5° 
38.5 - 25 x log(o) 4.5° << 47.9° 
-3.5 47.9° <b < 180° 


: angle off mainbeam axis, deg. 
D/d = 22 for f= 2.06 GHz, Gmax = 39 dBi, and e = 0.65 


(d) NGSO System Uplink 


The population profile of the NGSO system uplink earth station antenna Gpax data in this 
band is shown in Figure 6-62. The representative Gmax = 51 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-151. 
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Figure 6-62. Population Profile of SRS NGSO System Uplink Earth Station Antenna Gyax 
Data in 2.025—2.11 GHz 


Table 6-151. Representative SRS NGSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
51 - 2.5 x 10° (140.1xo)* 0° < >< 0.6° 
34.2 0.6° < 0 < 0.8° 
32 - 25 x log(o) 0.8° < o < 47.9° 
-10 47.9° <b < 180° 


o: angle off mainbeam axis, deg. 
D/A = 140.1 for f= 2.06 GHz, Gmax = 51 dBi, and e = 0.65 


6.11.4.3.2 2.2-2.3 GHz 
(a) Deep-Space System Downlink 


Here the deep-space systems include the lunar-orbiting systems. The deep-space system 
downlink earth station antenna Gmax data count in this band is 


e 48, 50 dBi: 6 frequency assignments, 

e 52,54, 55 dBi: 7 frequency assignments, 

e 56 dBi: 5 frequency assignments, 

e 57 dBi: 9 frequency assignments (cumulative population % = 79%), 
e 63, 66 dBi: 7 frequency assignments. 


The representative Gmax = 57 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-152. 
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Table 6-152. Representative SRS Deep-Space System Downlink Earth Station Antenna 
Radiation Pattern in 2.2—2.3 GHz 


Gain Function (dBi) Angular Range 
57 - 2.5 x 10° (279.5x)” 0° <b <0.3° 
38.7 0.3° << 0.5° 
32 - 25 x log(¢) 0.5° << 47.9° 
-10 47.9° <b < 180° 


o: angle off mainbeam axis, deg. 
D/X = 279.5 for f= 2.25 GHz, Ginax = 57 dBi, and e = 0.65 


(b) GSO System Uplink 


There are three GSO system uplink service records data in this band, with all the earth 
station antenna Gmax = 45 dBi. The representative Gmax = 45 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-153. 


Table 6-153. Representative SRS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.2—2.3 GHz 


Gain Function (dBi) Angular Range 
45 -2.5x 10° (70.2x)° 0°<o<1.1° 

29:7 1.1°<o<1.4° 

33.5 - 25 x log(o) 1.4° << 47.9° 

-8.5 47.9°< b < 180° 


: angle off mainbeam axis, deg. 
D/d = 70.2 for f= 2.25 GHz, Gmax = 45 dBi, and e = 0.65 


(c) NGSO System Downlink 


The population profile of the NGSO system downlink earth station antenna Gmax data in 
this band is shown in Figure 6-63. The representative Gmax = 50 dBi, and the representative 
antenna radiation pattern for spectrum sharing analyses is provided in Table 6-154. 
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Gmax Data in 2.2—2.3 GHz 


Table 6-154. Representative SRS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 2.2—2.3 GHz 


Gain Function (dBi) Angular Range 
50 - 2.5 x 10° (124.9xo)* 0°< $< 0.7° 
33.4 0.7°< 0 <0.9° 
32 - 25 x log(o) 0.9° < od < 47.9° 
-10 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 
D/A = 124.9 for f= 2.25 GHz, Ginax = 50 dBi, and e = 0.65 


6.11.4.3.3 7.145-7.235 GHz 
(a) Deep-Space System Uplink 


Here the deep-space systems include the Mars-orbiting systems. The deep-space system 
uplink earth station antenna G,,ax data count in this band is 


67 dBi: 37 frequency assignments, 

68 dBi: 10 frequency assignments, 

72 dBi: 1 frequency assignment (cumulative population % = 74%), 
73 dBi: 14 frequency assignments, 

74 dBi: 3 frequency assignments. 


The representative Gyax = 72 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-155. 
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Table 6-155. Representative SRS Deep-Space System Uplink Earth Station Antenna 
Radiation Pattern in 7.145—7.235 GHz 


Gain Function (dBi) Angular Range 
72 - 2.5 x 10° (1572x)” 0° < > < 0.06° 

49.9 0.06° < 0 < 0.19° 

32 - 25 x log() 0.19° < 0 < 47.9° 

-10 47.9° < b> < 180° 


o: angle off mainbeam axis, deg. 
D/A = 1572 for f= 7.2 GHz, Gnax = 72 dBi, and e = 0.65 


(b) NGSO System Uplink 


There are two NGSO system uplink service records in this band, and the earth station 
antenna Gmax values are 55 and 68 dBi. The representative Gmax is chosen to be 68 dBi, and the 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 
6-156. 


Table 6-156. Representative SRS NGSO System Uplink Earth Station Antenna Radiation 
Pattern in 7.145—7.235 GHz 


Gain Function (dBi) Angular Range 
68 - 2.5 x 10° (222xd)* 0°< o<0.1° 
46.9 0.1°<@ <0.25° 
32 - 25 x log(@) 0.25° < 0 < 47.9° 
-10 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 
D/A = 992 for f= 7.2 GHz, Ginax = 68 dBi, and e = 0.65 


6.11.4.3.4 8.4-8.5 GHz 
The GMF has only the downlink service records in this band. 
(a) Deep-Space System Downlink 
The deep-space downlink earth station antenna Gmax data count in this band is 


e 43,56, 63, 66 dBi: 4 frequency assignments, 

e 67 dBi: 16 frequency assignments, 

e 68 dBi: 34 frequency assignments (cumulative population % = 77%), 
e 72,73, 74 dBi: 16 frequency assignments. 


The representative Gmax = 68 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-157. 
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Table 6-157. Representative SRS Deep-Space System Downlink Earth Station Antenna 
Radiation Pattern in 8.4—8.5 GHz 


Gain Function (dBi) Angular Range 
68 - 2.5 x 10° (992x)” 0°< o<0.1° 

46.9 0.1° << 0.25° 

32 - 25 x log() 0.25° < 0 < 47.9° 

-10 47.9° <b < 180° 


o: angle off mainbeam axis, deg. 
D/d = 992 for f= 8.45 GHz, Gmax = 68 dBi, and e = 0.65 


(b) NGSO System Downlink 
The NGSO system downlink earth station antenna G,nax data count in this band is 
e 55 dBi: 2 frequency assignments, 


e 60 dBi: 1 frequency assignment (cumulative population % = 60%), 
e 68 dBi: 2 frequency assignments. 


The representative Ga, = 60 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-158. 


Table 6-158. Representative SRS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 8.4—8.5 GHz 


Gain Function (dBi) Angular Range 
60 - 2.5 x 10° (394.8xo)* 0° <b <0.22° 
40.9 0).22° < d< 0.44° 
32 - 25 x log() 0.44° < 6 < 47.9° 
-10 47.9° <b < 180° 
: angle off mainbeam axis, deg. 
D/X = 394.8 for f= 8.45 GHz, Gmax = 60 dBi, and e = 0.65 


6.11.4.3.5 13.25—-13.75 GHz 
The GMF has only the GSO system downlink service records in this band. 


The GSO system downlink earth station antenna Gmax data count in this band is 


e 30 dBi: 10 frequency assignments, 
e 47 dBi: 7 frequency assignments. 


The representative Gyax = 30 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-159. 
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Table 6-159. Representative SRS GSO System Downlink Earth Station Antenna Radiation 
Pattern in 13.25—13.75 GHz 


Gain Function (dBi) Angular Range 
30 - 2.5 x 10° (12.5xo)* 0°<o<5.4° 
18.4 5.4°< o< 8° 
41 - 25 x log() 8° <6 < 47.9° 
-1 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 


D/d = 12.5 for f= 13.5 GHz, Gmax = 30 dBi, and e = 0.65 


6.11.4.3.6 14.8-15.4 GHz 
The GMF has only the uplink service records in this band. 


(a) GSO System Uplink 

There are three GSO system uplink service records in this band, with all earth station 
antenna Ginax = 60 dBi. The representative Gy, = 60 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-160. 


Table 6-160. Representative SRS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 14.8—15.4 GHz 


Gain Function (dBi) Angular Range 
60 - 2.5 x 10° (394.8) 0° <b <0.22° 
40.9 0).22° < o < 0.44° 
32 - 25 x log(o) 0.44° < 0 < 47.9° 
-10 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 
D/A = 394.8 for f= 15 GHz, Gnax = 60 dBi, and e = 0.65 


(b) NGSO System Uplink 

There is only one NGSO system uplink service records in this band, with the earth station 
antenna Gmax = 62 dBi. The representative Gmax = 62 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-161. 


Table 6-161. Representative SRS NGSO System Uplink Earth Station Antenna Radiation 
Pattern in 14.8-15.4 GHz 


Gain Function (dBi) Angular Range 
62 - 2.5 x 10° (497x)” 0° <b < 0.18° 
42.4 0.18° < d < 0.38° 
32 - 25 x log(o) 0.38° < 0 < 47.9° 
-10 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 
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D/d = 497 for f= 15 GHz, Gmax = 62 dBi, and e = 0.65 


6.11.4.3.7  25.5-27 GHz 
The GMF has only the downlink service records. 


(a) Moon-Orbiting System Downlink 


There is only one moon-orbiting system downlink service record in this band, with the 
earth station antenna Gmax = 70 dBi. The representative Ga, = 70 dBi, and the representative 
antenna radiation pattern for spectrum sharing analyses is provided in Table 6-162. 


Table 6-162. Representative SRS Moon-Orbiting System Downlink Earth Station Antenna 
Radiation Pattern in 25.5—27 GHz 


Gain Function (dBi) Angular Range 
70 - 2.5 x 10° (1248x0) 0° < @ < 0.07° 
48.4 0.07° < o < 0.22° 
32 - 25 x log(o) 0.22° < 0 < 47.9° 
-10 47.9° < o < 180° 
o: angle off mainbeam axis, deg. 
D/d = 1248 for f= 26 GHz, Gmnax = 70 dBi, and e = 0.65 


(b) NGSO System Downlink 

There is only one NGSO system service records in this band, with the earth station 
antenna Gmax = 71 dBi. The representative Gmax = 71 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-163. 


Table 6-163. Representative SRS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 25.5—27 GHz 


Gain Function (dBi) Angular Range 
T1 - 2.5 x 10° (1401x0)” 0° < 6 < 0.06° 
49.2 0.06° < d<0.21° 
32 - 25 x log(o) 0.21° < 0 < 47.9° 
-10 47.9° <b < 180° 
o: angle off mainbeam axis, deg. 
D/A = 1401 for f= 26 GHz, Gmax = 71 dBi, and e = 0.65 


6.11.4.3.8 31.3-32.3 GHz 


(a) Deep-Space System Downlink 
The deep-space system downlink earth station antennas Gmax data count in this band is 


e 77 dBi: | frequency assignment, 
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e 78 dBi: 2 frequency assignments, 
e 79 dBi: 2 frequency assignments. 


The representative Gmax = 78 dBi, and the representative antenna radiation pattern for spectrum 


sharing analyses is provided in Table 6-164. 


Table 6-164. Representative SRS Deep-Space System Downlink Earth Station Antenna 
Radiation Pattern in 31.3—32.3 GHz 


Gain Function (dBi) Angular Range 
78 - 12 x ($/0.022)° 0 <b <0.026° 
61 0.026° < » < 0.047° 
61 - 23.4 x log(/0.047) 0.047° < @ < 51.7° 
-10 51.7° <o < 80° 
-5 80° < o < 120° 
-10 120° < o < 180° 


o: angle off mainbeam axis, deg. 
€,= 0.65 
h/A = 1/40 


(b) NGSO System Downlink 


There are two NGSO system service records in this band, with both earth station antenna 
Gmmax = 68 dBi. The representative antenna Gmax = 68 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-165. 


Table 6-165. Representative SRS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 31.3—32.3 GHz 


Gain Function (dBi) Angular Range 
68 - 12 x (/0.07)” 0 << 0.083° 
51 0.083° < @ <0.15° 
51 - 23.4 x log(o/0.15) 0.15°<o<61° 
-10 61° < o < 80° 
-5 80° < o < 120° 
-10 120° < d < 180° 


: angle off mainbeam axis, deg. 
€,= 0.65 
h/A = 1/40 


6.11.4.3.9 34.2-34.7 GHz 


The GMF has only the uplink service records in this band. 


There is only one deep-space system uplink service record in this band, with the earth 
station antenna Gmax = 78 dBi. The representative Gy, = 78 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-166. 


Table 6-166. Representative SRS Deep-Space System Uplink Earth Station Antenna 
Radiation Pattern in 34.2—34.7 GHz 


Gain Function (dBi) Angular Range 
78 - 12 x ($/0.022)° 0 << 0.026° 
61 0.026° < @ < 0.047° 
61 - 23.4 x log(/0.047) 0.047° << 51.7° 
-10 51.7° <6 < 80° 
-5 80° < o < 120° 
-10 120° < o < 180° 


: angle off mainbeam axis, deg. 
€,= 0.65 
h/A = 1/40 


6.12 Space Application Service 
6.12.1 Space Operation Service 


6.12.1.1 System Review 


NTIA does not provide the SOS earth station antenna radiation performance standards, 
nor does ITU-R have recommendations for the SOS earth station antenna reference radiation 
patterns. Here, it is assumed that the SOS earth station antenna has similar radiation performance 
as the FSS earth station antenna; therefore, the FSS earth station antenna radiation performance 
standard in Section 6.3.1 is recommended for the SOS earth station antenna radiation 
performance standard. Furthermore, the standard for the GSO system is extended to the moon- 
orbiting system and the deep-space system. The low-gain antenna radiation performance 
standard is not available in Section 6.3.1, and the LMSS low-gain antenna radiation performance 
standards in Section 6.7.1.1 are applied here. These standards are shown in Table 6-167. 


Table 6-167. SOS Earth Station Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 
Gain Function (dBi) Angular Range 
Grnax - 12 x (6/ dow)” 0°< <x? 
4 x°< o< 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 


Circular Beam, 12 < Gmax(dBi) < 18 
: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 
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x: {Ginax - 12x(x/pw)"} = 4, deg. 


(b) GSO and Higher Orbit System High-Gain Antenna 
Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)” 0°<d< Om 
G; Om < ) < Ort 
De OP a 29 - 25 x loa() 61 <b<7° 
(Gmax > 44.7 dBi : SE aT 
for e = 0.65) a 
32 - 25 x log(¢) 9.2° <b < 48 
-10 48° < b< 180° 
Ginax - 2.5 x 10°(@D/A)? 0°< o< dv 
29 - 25 x log() b2<o<7° 
D/d < 68 8 T° <b<9.2° 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° < p< 180° 


D/A = 68 is the threshold when the G; plateau disappears. 

: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

1 = 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 

| An actual radiation pattern shall meet the following conditions: = = | 
e It may not exceed the gain function in the range o, < 0 < 7°. 


e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(c) NGSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Gina - 2.5 x 10° (D/A) 0° << dma 
D/A = 100 G.. rer 
(Gmnax > 48.1 dBi for 8 ma SS 
2 = 0.65) 29 - 25 x log(o) Ora < 0 < 36 
-10 36° <b < 180° 
Gmp - 2.5 x 10° (D/A)? 0° << dm 
20 < D/A < 100 po 2.5 x 10" (DI) ub 
48.1 for e = 0.65) - 25 x log(®) bn < os 
-10 36° <  < 180° 
Gmnp - 2.5 x 103 (D/A)? 0° << Oe 
D/d < 20 29 - 25 x log() Ore < 0 < 36° 
-10 36° <b < 180° 
: angle off mainbeam axis, deg. 
Gina = 20xlog(D/2) + 8.4, dBi 


Gi, = -1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gima - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Ginb = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(954/D), dBi 
dmb = 20(A/D)(Gmb - Gin)”, deg. 
db = (95X/D), deg. 


Pattern for D/A < 20 is added to extend the high-gain pattern to Gmax = 22 dBi. 
dre: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 


6.12.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 6.12.1.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 6.12.1.1 do not specify the Gmax value; however, such data should be available in the 
GMF. 


6.12.1.3 Spectrum Sharing Analyses 


The procedure to develop the representative earth station antenna radiation pattern is as 
follows: 


(1) Retrieve the SOS service records in the GMF. The symbol of the station class is “ET” for 
the space station and “TT” for the earth station. Only the frequency bands in which the 
federal government is the primary user are searched. 

(2) Develop the earth station antenna G,,,x data population profile. 

(3) Select a representative Gmax value from the population profile such that approximately 
75% of the Gmax population is equal to or smaller than the representative value. 

(4) Develop the representative antenna radiation pattern from the representative Gmax value 
and the antenna reference radiation patterns in Section 6.12.1.2. 


The frequency bands being examined are 


(1) 148-149.9 MHz, 
(2) 401-402 MHz, 
(3) 2.025-2.11 GHz, and 
(4) 2.2-2.29 GHz. 


6.12.1.3.1 148-149.9 MHz 


The GMF has only one GSO system uplink service record in this band, with the earth 
station antenna Gmax = 12 dBi. The representative Gy, = 12 dBi, and the representative antenna 
radiation pattern for spectrum sharing analyses is provided in Table 6-168. 
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Table 6-168. Representative SOS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 148-149.9 MHz 


Gain Function (dBi) Angular Range 
12-12~x ($/41.2)° 0° <o < 33.7° 
4 33.7° <0 < 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 


: angle off mainbeam axis, deg. 


6.12.1.3.2 401-402 MHz 


The GMEF contains only one NGSO system downlink service record in this band, with the 
earth station antenna Gmax = 16 dBi. The representative Gmax = 16 dBi, and the representative 
antenna radiation pattern for spectrum sharing analyses is provided in Table 6-169. 


Table 6-169. Representative SOS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 401-402 MHz 


Gain Function (dBi) Angular Range 
16 - 12 x (6/26) 0° <b < 26° 
4 26° < o < 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 


: angle off mainbeam axis, deg. 


6.12.1.3.3 2.025-2.11 GHz 
(a) Deep-Space System Uplink 


There are four deep-space system uplink service records in this band, with the earth 
station antenna Gmax = 52, 53, 56, and 62 dBi. The representative Gy,ax is chosen to be 56 dBi, 
and the representative antenna radiation pattern for spectrum sharing analyses is provided in 
Table 6-170. 


Table 6-170. Representative SOS Deep-Space System Uplink Earth Station Antenna 
Radiation Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
56 - 2.5 x 10° (249x)* 0° < 0 <0.37° 
34.9 0.37° < d< 0.58° 
29 - 25 x log() 0.58°< o<7° 
8 TP <os 92° 
32 - 25 x log() 9.2°< >< 48° 
-10 48° <b < 180° 
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: angle off mainbeam axis, deg. 
D/X = 249 for f= 2.06 GHz, Gnax = 56 dBi, and e = 0.65 


(b) GSO System Uplink 
The GSO system uplink earth station antenna Gx data count in this band is 


e 39 dBi: 24 frequency assignments, 
e 53 dBi: 7 frequency assignments. 


The representative Gyax = 39 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-171. 


Table 6-171. Representative SOS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
39 - 2.5 x 10° (35.2) 0° <b <2.55° 
29 - 25 x log(o) 209 2087? 
8 7° <o<9.2° 

32 - 25 x log(o) 9.2°< >< 48° 

-10 48° <b < 180° 


: angle off mainbeam axis, deg. 
D/d = 35.2 for f= 2.06 GHz, Gmax = 39 dBi, and e = 0.65 


(c) GSO System Downlink 
The GSO system downlink earth station antenna Gx data count in this band is 


21 dBi: 6 frequency assignments, 

26 dBi: 21 frequency assignments, 

34 dBi: 9 frequency assignments, 

35 dBi: 8 frequency assignments (cumulative population % = 72%), 
39 dBi: 14 frequency assignments (cumulative population % = 95%), 
53 dBi: 3 frequency assignments. 


Since the uplink and downlink antenna sizes should be compatible in this band, the 
representative Gmax is chosen to be 39 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-172. 


Table 6-172. Representative SOS GSO System Downlink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain Function (dBi) Angular Range 
39 - 2.5 x 10° (35.2xo) 0° << 2.55° 
29 - 25 x log() 20) 20 57° 
8 7° <o<9.2° 


32 - 25 x log() 9.2° <b < 48° 


-10 48° < 6 < 180° 


o: angle off mainbeam axis, deg. 
D/d = 35.2 for f= 2.06 GHz, Gmax = 39 dBi, and e = 0.65 


(d) NGSO System Uplink 


The NGSO system uplink earth station antenna Gx data count in this band is 


16 dBi: | frequency assignment, 

38 dBi: | frequency assignment, 

44 dBi: 2 frequency assignments, 

47 dBi: 1 frequency assignment (cumulative population % = 71%), 
49 dBi: | frequency assignment, 

52 dBi: | frequency assignment. 


The representative Gyax = 47 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-173. 


Table 6-173. Representative SOS NGSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.025—2.11 GHz 


Gain (dBic) Angular Range 
AT - 2.5 x 10° (92x) 0° << 0.93° 
28.7 0.93°< >< 1.03° 
29 - 25 x log(o) 1.03° < > < 36° 
-10 36° < d < 180° 


o: angle off mainbeam axis, deg. 
D/\ = 92 for f= 2.06 GHz, Gmax = 47 dBic, and e = 0.65 


6.12.1.3.4 2.2—2.29 GHz 
(a) Deep-Space System Downlink 


There are four deep-space system uplink earth station antenna G,,x data in this band, and 
their Gmax values are 52, 53, 57, and 63 dBi. The representative Gmax = 57 dBi, and the 
representative antenna radiation pattern for spectrum sharing analyses is provided in Table 
6-174. 


Table 6-174. Representative SOS Deep-Space System Downlink Earth Station Antenna 
Radiation Pattern in 2.2—2.29 GHz 


Gain Function (dBi) Angular Range 
57 - 2.5 x 10° (279.4x)” 0° < 0 <0.33° 
59.9 0.33° < o< 0.54° 
29 - 25 x log() 0.54°< o<7° 
8 T° <O59.2° 
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32 - 25 x log(é) 9.2° <b < 48° 


-10 48° <b < 180° 


: angle off mainbeam axis, deg. 
D/X = 279.4 for f= 2.25 GHz, Gmax = 57 dBi, and e = 0.65 


(b) GSO System Uplink 
The GSO system uplink earth station antenna Gmax data count in this band is 


21, 26 dBi: 16 frequency assignments, 

34 dBi: 17 frequency assignments, 

35 dBi: 14 frequency assignments (cumulative population % = 65%), 
39 dBi: 14 frequency assignments (cumulative population % = 86%), 
46, 53, 65 dBi: 9 frequency assignments. 


The representative Gyax = 35 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-175. 


Table 6-175. Representative SOS GSO System Uplink Earth Station Antenna Radiation 
Pattern in 2.2—2.29 GHz 


Gain Function (dBi) Angular Range 
35 - 2.5 x 10° (22.2xo)* 0° << 4.18° 
29 - 25 x log(o) 4.18°<o<7° 
8 7° <b < 9.2° 
32 - 25 x log(o) 9.2°< >< 48° 
-10 48° <b < 180° 


o: angle off mainbeam axis, deg. 
D/d = 22.2 for f= 2.25 GHz, Gmax = 35 dBi, and e = 0.65 


(c) GSO System Downlink 


The GSO system downlink earth station antenna Ga data count in this band is 


22, 27 dBi: 4 frequency assignments, 

42 dBi: 81 frequency assignments, 

43 dBi: 11 frequency assignments, 

44 dBi: 3 frequency assignments (cumulative population % = 71%), 
47 dBi: 35 frequency assignments, 

50, 52, 55, 56 dBi: 5 frequency assignments. 


The representative antenna G,,,x = 44 dBi, and the representative antenna radiation pattern for 
spectrum sharing analyses is provided in Table 6-176. 
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Table 6-176. Representative SOS GSO System Downlink Earth Station Antenna Radiation 


Pattern in 2.2—2.29 GHz 


Gain Function (dBi) Angular Range 
44 - 2.5 x 10° (62.55x)” 0° << 1.37° 
29 - 25 x log() La? GS 
8 7° <o<9.2° 

32 - 25 x log() 9.2°< >< 48° 

-10 48° <b < 180° 


o: angle off mainbeam axis, deg. 
D/d = 62.55 for f= 2.25 GHz, Gmax = 44 dBi, and e = 0.65 


(d) NGSO System Downlink 


The NGSO system downlink earth station antenna Gmax data count in this band is 


16 dBi: 3 frequency assignments, 

36, 38 dBi: 4 frequency assignments, 

42 dBi: 25 frequency assignments (cumulative population % = 82%), 
43, 44 dBi: 5 frequency assignments, 

e 47, 49 dBi: 2 frequency assignments. 


The representative Gmax = 42 dBi, and the representative antenna radiation pattern for spectrum 
sharing analyses is provided in Table 6-177. 


Table 6-177. Representative SOS NGSO System Downlink Earth Station Antenna 
Radiation Pattern in 2.2—2.29 GHz 


Gain (dBic) Angular Range 
42 - 2.5 x 10° (51.75x) O%<.9< 171° 
22.4 1.71°<o< 1.84° 
29 - 25 x log() 1.84° <b < 36° 
-10 36° << 180° 
o: angle off mainbeam axis, deg. 
D/A = 51.75 for f= 2.25 GHz, Gmnax = 42 dBic, and e = 0.65 


6.12.2 Data Relay Service 


The DRS system provides telecommunication support between the earth stations and the 
LEO satellites conducting space research operations. The GMF does not provide a separate 
category for this service. 
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SECTION 7. 


7.1 Introduction 


The recommended antenna models from Section 6 for system review, frequency 


SUMMARY OF RECOMMENDATIONS 


assignment, and spectrum sharing analyses are summarized here. 
7.2 Fixed Service (FS) 
7.2.1 System Review 


The FS antenna radiation performance standards for system review are provided in Table 


7-1. 
Table 7-1. FS Antenna Suppression Masks for System Review 
Min. Radiation Suppression to G,,,, (dB) 
Frequency IBIS MAREE ah nate catactd Angle Off Mainbeam Axis (*) 0d 
Band (MHz) dow (°) 2 - = a 30- 100- 140- 
5-10 10-15 15-20 | 20-30 100 140 180 
406.1—420 80 n/a n/a n/a n/a 10 10 10 
(a) 932.5—-935, 
941.5944 14 n/a 6 11 14 17 20 24 
(b) 932.5-935, 
941.5944 20 n/a n/a 6 10 13 15 20 
1710-1850 10 n/a 14 16 18 25 27 30 
(c) 1710-1850 8 5 18 23 23 28 30 36 
2200-2400 8.5 4 17 17 20 27 29 33 
4400-4990 4 13 20 23 26 29 31 40 
7125-8500 25 19 23 28 30 34 35 43 
14400-15350 1.5 21 26 31 35 37 41 48 
e These standards are not applicable to transportable antennas in tactical and training operations. 
e n/a: not available. 
e (a) is required except in areas not subject to frequency congestion or in areas subject to frequency 
coordination along the U.S. borders where (b) is applicable. 
© (c) is applicable to new stations in service after January 1, 1985 except for those located on the 
military test ranges. 


7.2.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 


frequency assignment, and it is usually available from the manufacturer. Because the NTIA 


system review process uses the gain suppression masks as the certification criteria, the 


manufacturers generally provide the gain suppression patterns instead of the radiation patterns. 
The radiation patterns can be easily derived by adding the Gmax values to the gain suppression 


patterns. 
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When the actual radiation pattern is not available, a reference radiation pattern should be 
used. The FS low- and high-gain antenna reference radiation patterns for EMC analyses in 
frequency assignment are provided in Table 7-2. 


Table 7-2. FS Antenna Reference Radiation Patterns for Frequency Assignment 


(a) Omnidirectional Antenna 


ive Gain Function (dBi) Angular Range 
ae Gimax - 12(6/0 bw)” o°< lel<a, 
Sasioke Ginax - 12 + 10 x log(k +“) Op < 19] < Ow 
Gmax - 12 + 10 x log{ (J0/Obw) ° +k } Ow < 16] < 90° 

Meat Gmax - 12(0/0 pw) 0°< |0| < Ow 
oes Ginax - 15 + 10 x log(k + 1) @,.< 101 <0, 
Gmnax - 15 + 10 x log{(OV/Onw) > +k } 0,< |0| <90° 

Ginax: the maximum gain in the azimuth plane, dBi 


0: elevation angle relative to the angle of maximum gain, deg., -90° < 8 < 90°, 
Opw: HPBW in the elevation plane, deg. 


0,,, = 107.6 x 10°°'S™, deg. 


S26: ie BER 

1.2 

0, =O, 125 Bek 
12 


k: parameter that accounts for increased sidelobe levels above what would be expected for an 
antenna with improved sidelobe performance, 


e k=0.7 for typical antennas operating in the 1 <f< 3 GHz range, and 


e k=0 for antennas with improved sidelobe performance operating in the 1 <f< 3 GHz 
range or all antennas operating in the 3 < f< 70 GHz range.* 
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If the antenna mainbeam is downward tilted, i.e., cone-shape instead flat, by electrical means, 
the radiation patterns above and below the horizontal plane are stretched and compressed, 
respectively. The formulas are still applicable with the following modifications. 


Define 


B: downward tilt angle, the positive angle that the main beam axis is below the 
horizontal plane at the site of the antenna, deg., and 

0,: elevation angle measured from the horizontal plane at the site of the antenna, deg., 
-90° < On < 90°, 


the formulas are applicable with ® replaced with 0, of 


9, = 01. +8) for 0,+B>0 
90+ B 

9, = 21+ 8) for 0,+8 <0 
90 —B 


(b) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Gmax - 12(6/dbw)* 0 < b/dbw <x 
-5 X < o/Obw < 180/dpw 
Elliptical beam. 
Gmax usually given, or can be calculated from: 
© Gnax = 10xlog{ex[41253/(O5w1Xdpw2)]}, dBi 
© dbwi> dbw2: HPBW of major and minor axes, deg. 
o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
x: intersection of {Gmax - 12(o/dpw)?} and -5 
(c) High-Gain Antenna 
Category Gain() (dBi) Angular Range (deg.) 
G py 4x10 (10%! 2 0<b< om 
Gime > 48 dBi 0.75 X Gmax - 7 dm < OS On 
29 - 25 x log(o) dri < OS ov1 
-13 boi <>< 180° 
G roan — 4107+ (10%=" }p? 0<O< Om 
Oe Ginax(Bi) < 48 0.75 X Ginax - 7 Om < o < or2 
53 - (Gmax /2) - 25 x log(o) b2< 0S On2 
11 - Giax/2 boo <>< 180° 
G nae 4104 (10S%/ }p? 0<O< bm 
10 < Gyax(dBi) < 22 0.75 X Ginax - 7 dm <O< or 
53 - (Gmax /2) - 25 x log(o) o:3 < OF op3 
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0 p3 < >< 180° 
All angles in deg. 


: angle off mainbeam 

b,, =50(0.25G,,,, +7)" 10%") 
,, = 27.466 x 10° °Oms/1 

o.. =9,; = 250 (10S! ) 

b1 = 2 = 48 

,3 = 131.8257 x 1Q~Gmx/50 


7.2.3. Spectrum Sharing Analyses 


The representative FS antenna radiation patterns for spectrum sharing analyses are 
provided in Table 7-3. 


Table 7-3. Representative FS Antenna Radiation Patterns for Spectrum Sharing Analyses 


Frsqneney Band Representative Antenna Reference Radiation Pattern 
Gmax (dBi) Gain(0) (dBi) Angular Range 
10 - 0.004xo* 0<$<48.7° 
0.5 48.7° < b<79.1° 
sve veaee _ 48 - 25 x log(d) T9.1° <b < 83.2° 
0 83.2° < b < 180° 
22 - 0.06x0" 0<o< 14° 
932.5-935 & os 9.5 14° < b< 20° 
941.5-944 MHz 42 - 25 x log(@) 20° << 48° 
0 48° < o < 180° 
29 - 0.32x 0<o<6.7° 
14.75 6.7° <b<9° 
micener ue a 38.5 - 25 x log (6) 9° < p< 48° 
-3.5 48° < o < 180° 
28 - 0.25x0" 0<o<7.4° 
14 74° << 10° 
popes = 39 - 25 x log ($) 10° < b< 48° 
3 48° < > < 180° 
38 - 2.52xd* 0<o<2.6° 
21.5 2.6° < o<3.1° 
Sara OHe _ 34 - 25 x log () 3.1° <b < 48° 
-8 48° < o < 180° 
43 - 7.98xo" 0<o<1.5° 
7.125-8.5 GHz 43 25.25 1.5° < b< 1.8° 
31.5 - 25 x log (6) 1.8° <b < 48° 


7-4 


“10.5 48° < b < 180° 
42 - 6.34xo" 0<o<1.7° 
24.5 LT? <b<2° 
14.4-15.35 GH 42 
peony 32 - 25 x log (6) 2° << 48° 
-10 48° < b < 180° 
40 - 46° 0<o<14 
23 14° <b < 20° 
21.2-23.6 GH 40 
: 33 - 25 x log (0) 20° <b < 48° 
9 48° < } < 180° 
41 - 5.0467 0<< 14° 
23.75 14° <b < 20° 
25.25-27.5 GH 41 
. 32.5 - 25 x log (6) 20° < $< 48° 
9.5 48° < $< 180° 


: angle off mainbeam axis, deg. 


7.3. Fixed-Satellite Service (FSS) 


Only earth station antenna characteristics are discussed here. 


7.3.1 System Review 


The FSS earth station antenna radiation performance standards for system review are 


provided in Table 7-4. 


Table 7-4. FSS Earth Station Antenna Radiation Performance Standards 


(a) GSO System Co-Polarization Standards in the GSO Plane and not in the K, or 


Conventional K, Band 
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Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<b< dm 
D/A > 68 Gi dm So < br 
29 - 25 x log(o) 0,5 0<7° 
(Ginax > 44.7 dBi 8 To < ) <9.2° 
for e = 0.65) 32 - 25 x log(o) 9.2° << 48° 
-10 48° <  < 180° 
Gmax - 2.5 x 10°(@D/A) 0°<d< dv 
29 - 25 x log(o) b2S0<7° 
D/i < 68 8 7° <o<9.2° 
32 - 25 x log(o) 9.2° << 48° 
-10 48° <b < 180° 
D/A = 68 is the threshold when the G; plateau disappears. 
o: angle off mainbeam axis, deg. 
G, =-1 + 15xlog(D/A), dBi 


bm = 20(A/D)(Ginax- Gi)”, deg. 
or = 15.85(D/A)°°, deg. 
$,2: intersection of {Gmax - 2.5x10°(D/A)*} and {29 - 25xlog()} 
| The actual radiation pattern shall meet the following conditions; =i (aiti‘Cé;O;*;*~™ 
e It may not exceed the gain function in the range 6, < d < 7°. 
e It may exceed the gain function in the range } > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) GSO System Co-Polarization Standards in the GSO Plane and in the K, and 
Conventional K, Bands 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)” 0°<d<om 
G; Om < ) < Ort 
Din 208 29 - 25 x log(4) ,<0<7° 
(Gmax > 44.7 dBi u 7? So <9.2° 
for e = 0.65) 32 - 25 x log(9) 9.2° << 48° 
-10 48° < p< 85° 
0 85° < b < 180° 
Gmax - 2.5 x 10°(@D/A)? 0° <d<o» 
29 - 25 x log(é) bi <O<7° 
8 TP <h<9.2° 
pire 32 - 25 x log(d) 9.2° < $< 48° 
-10 48° <  < 85° 
0 85° < b < 180° 


D/X = 68 is the threshold when the G; plateau disappears. 

: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

1 = 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 

| The actual radiation pattern shall meet the following conditions: =i (aiti‘Sét;C;O™*~*~*~™ 
e It may not exceed the gain function in the range 6, < o < 7°. 
e It may exceed the gain function in the range } > 7° by no more than 10% with individual 

sidelobe not exceeding the gain function by more than 3 dB. 


(c) GSO System Co-Polarization Standard not in the GSO Plane 


Category Gain Function (dBi) Angular Range 
Not K, or 32 — 25 x log() 3° << 48° 
conventional Ky 
band -10 48° <b < 180° 
K, and 32 — 25 x log(o) 3° <o< 48° 
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conventional Ky -10 48° <> < 85° 


bands 0 85° < b< 180° 


: angle off mainbeam axis, deg. 
This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 


(d) GSO System Cross-Polarization Pattern 


Gain Function (dBi) Angular Range 
19 — 25 x log(@) x°<o<7T7° 
-2 ie a eA Wie 
20.2 — 16.7 x log(o) 21.3° <6 < 26.3° 
32 — 25 x log(o) 26.3°< o < 48° 
-10 48° < o < 180° 


o: angle off mainbeam axis, deg. 
x = 1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 
including any out-of-plane potential terrestrial interference path. 


(e) NGSO System Co-Polarization Pattern 


Category Gain Function (dBi) Angular Range 
Gina - 2.5 x 10° (D/A)? 0°<o<On, 
D/A = 100 e rer 
(Ginax = 48.1 dBi la ma = 
for e = 0.65) 29 - 25 x log($) Ora Sb < 36 
-10 36° < b< 180° 
Gib - 2.5 x 10° (D/A) 0°<b<dm 
20 < Dik < 100 pee) mb 
(34.1 < Ginax(dBi) 7 ott bon S$ < fa 
< 48.1 for e = 0.65) - 25 x log(9) dr S< 
-10 36° <b < 180° 


o: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

bina = 20(0/D)(Gina - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Gib = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gmb - Gin)”, deg. 
Orb = (95A/D), deg. 


7.3.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
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radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Table 7-4 may be used as the reference radiation pattern. The radiation 
pattern in Table 7-4 does not specify the Gmax value, and such data should be available in the 
GMF. 


7.3.3 Spectrum Sharing Analyses 


The representative FSS earth station antenna reference radiation patterns for spectrum 
sharing analyses are provided in Table 7-5. 


Table 7-5. Representative FSS Earth Station Antenna Reference Radiation Patterns for 


Spectrum Sharing Analyses 
(a) GSO System Co-Polarization Radiation Pattern in the GSO Plane 


Frequency Band, 
Transmission Gmnax (ABi) Gain Function (dBi) Angular Range 
Direction 
42 - 2.5 x 10°(49.3xo) OS oe LIT? 
3.6-4.2 GHz, is 2 = log(9) ao : # > : 
Downlink —— 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° <b < 180° 
46 - 2.5 x 10°(79x) 0° << 1.05° 
27.4 1.05° << 1.16° 
5.85-6.425 GHz, a 29 - 25xlog() 1.16°<o<7° 
Uplink 8 7° <0 9.2° 
32 - 25xlog() 9.2° <b < 48° 
-10 48° <b < 180° 
57 - 2.5 x 10°(280x)* 0° < 6 <0.33° 
7.25-7.75 GHz, 35.7 0.33° << 0.54° 
Downlink; 57 29 - 25xlog(o) 0.54° <o<7° 
7.9-8.4 GHz, 8 T° <b<9.2° 
Uplink 32 - 25xlog(o) 9.2° <b < 48° 
-10 48° < b< 180° 
53 - 2.5 x 10°(176xo)* 0°< <0.51° 
32.7 0.51° << 0.71° 
10.7-12.2 GHz, = eae a log(®) —- = — 
Downlink —— 
32 - 25xlog() 9.2° <b < 48° 
-10 48° <b < 85° 
0 85° <b < 180° 
54 - 2.5 x 10°(197x)” 0° < 6 <0.46° 
He ae 54 33.4 0.46° < 6 < 0.66° 
29 - 25xlog(q) 0.66°<o<7° 
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8 To <b <9.2° 
32 - 25xlog() 9.2° <b < 48° 

-10 48° <b < 85° 
0 85° < b< 180° 

52 - 2.5 x 10°(157.2x) 0° < o<0.57° 

31.9 0.57° <b < 0.76° 
90.2-91.2 Giz: 29 - 25xlog() 0.76° <o< ie 
noe 52 8 To <b<92 

32 - 25xlog() 9.2° <b < 48° 

-10 48° <b < 85° 
0 85° < b< 180° 

55.5 - 2.5 x 10°(233.8x)° 0° < o< 0.39° 

34.5 0.39° < p< 0.6° 

29 - 25xlog() 0.6°<<7° 

ee 55.5 8 TP <b<9.2° 
32 - 25xlog() 9.2° <b < 48° 

-10 48° <b < 85° 
0 85° < b< 180° 

42 - 2.5 x 10°(49.9xo)° 0° << 1.75° 

43-45 GH, 29 - 25xlog() L75° <o< 7° 

Uplink 42 8 To <b<92 

32 - 25xlog() 9.2° <b < 48° 
-10 48° < p< 180° 


: angle off mainbeam axis, deg. 


(b) GSO System Co-Polarization Radiation Pattern Not in the GSO Plane 


Frequency Band _| Gyax (dBi) Gain Function (dBi) Angular Range 
a 32 - 25 x log(o) 3°< o< 48° 
3.6-4.2 GHz 42 10 18° << 180° 
a 32 - 25 x log(o) 3°< o< 48° 
5.85-6.425 GHz 46 10 48° <b < 180° 
7.25—-7.75 GHz; 57 32 - 25 x log(@) 3°< o< 48° 
7.9-8.4 GHz -10 48° <b < 180° 
32 - 25 x log(o) 3°< o< 48° 
10.7—12.2 GHz 53 -10 48° << 85° 
0 85° < d < 180° 
32 - 25 x log(o) 3°< o< 48° 
14-14.5 GHz 54 -10 48° << 85° 
0 85° < d < 180° 
e 32 - 25 x log(o) 3°< o< 48° 
20.2—21.2 GHz 52 10 48° << 85° 
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0 85° < 0 < 180° 
32 - 25 x log(o) 3°< o< 48° 
30-31 GHz Sa -10 48° <0 < 85° 
0 85° < 0 < 180° 
= 32 - 25 x log(o) 3° < o< 48° 
43-45 GHz 42 10 ASG 1808 
e : angle off mainbeam axis, deg. 


(c) 


e This also applies to the plane of horizon including any out-of-plane potential terrestrial 
interference path. 


GSO System Cross-Polarization Radiation Pattern 
Frequency Band Gain Function (dBi) Angular Range 
7.25—7.75 GHz, oF Peos 21,3" 
7.9-8.4 GHz, 

10.7—12.2 GHz, 20.2 — 16.7 x log(o) 21.3°<o < 26.3° 
14-14.5 GHz, 

20.2-21.2 GHz, 32 — 25 x log() 26.3°< b < 48° 
30-31 GHz, 
43-45 GHz, -10 48° <b < 180° 

e ¢: angle off mainbeam axis, deg. 

e x =1.8 when in the GSO plane. x = 3 when not in GSO plane, or in the plane of horizon 

including any out-of-plane potential terrestrial interference path. 

(d) NGSO System Sidelobe Radiation Pattern 

Frequency Band, G 

Transmission eee Gain Function (dBi) Angular Range 

Direction ca 
17 - 12 x (/23.1)° 0° <o<24.1° 
1.35—-1.39 GHz, 7 4 24.1° << 40° 
Downlink 44 - 25 x log(o) 40° <9 < 90° 
-5 90° < 
e ¢: angle off mainbeam axis, deg. 


e Radiation pattern for Gmax = 17 dBi is not covered in Table 7-4(e). This pattern is from 


Section 7.7.1 of the LMSS low- and medium-gain earth station antenna. 


7.4 Broadcasting Service (BS) 


The federal agencies do not operate BS systems. There is no need to establish the BS 
antenna radiation performance standard. 


7-10 


7.5 Broadcasting-Satellite Service (BSS) 


The federal agencies do not operate BSS systems. There is no need to establish the BSS 
antenna radiation performance standard. 


7.6 Mobile Service (MS) 
7.6.1_Land Mobile Service (LMS) 
7.6.1.1 System Review 


(a) Omnidirectional antenna 


The LMS omnidirectional antenna vertical radiation performance standard is 
G(0) = max(G,(8), Gp(8)) dBi (7-1) 


where 
G,(0) = Gmax - 12(0/0 bw)”, dBi 
G,(0) = Ginax - 12 + 10xlog{ [max(|0/Opw, IJ'° +k }, dBi 


9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane, 


Q,,, = 107.6 x 10°", deg., 


k=0 for base station antennas, 
0.5 for mobile station antennas. 


(b) Directional antenna 


The LMS directional antenna radiation performance standards are provided in Table 7-6. 


Table 7-6. LMS Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax - 12(/ bo)” 0S b/w <x 
-5 X < o/Opw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gnax = 10xlog {ex[41253/(dbwiXdpw2)]}, dBi, 
© dbwi, bbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/dpbw)”} and -5. 


(b) High-Gain Antenna 


Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


bm : intersection of {Ginax ~ 12(4/ow)?} and (0.75 x Gmnax ~ 7) 
,, = 27.466 x10 07 Sm! 

o> =0,, =250 (10%! } 

b1 = dp2 = 48° 

,3 = 131.8257 x 1Q~Goex/50 


Category Gain(9) (dBi) Angular Range (deg.) 
Ginax - 12(6/ow)” 0<o<om 
: 0.75 xX Ginx - 7 dm < 0 < On 
Gnax2 48 dBi 29 - 25 x log (6) eres 
-13 dpi <b < 180° 
Gmnax - 12(/ ow)” 0<o< om 
J 0.75 x Gis -7 Om < oS oy 
< ; < 
Se Gea GBI) S40 53 - (Gay /2) - 25 X log (6) b2 << dn 
11 - Gmax/2 bp2 < o < 180° 
Ginax - 12(6/ dow)” 0<o<dm 
0.75 X Ginax - 7 dm <>< ors 
10 <Gs.(dBi) < 22 
S Gmax(ABi) 53 - (Ginax /2) - 25 x log (6) 63 <>< bes 
0 b3 < b < 180° 
Elliptical beam. 
All angles in deg. 


7.6.1.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Section 7.6.1.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.6.1.1 does not specify the Gmax value, and such data should be 


available in the GMF. 


7.6.1.3 Spectrum Sharing Analyses 


The representative LMS antenna reference radiation patterns for spectrum sharing 


analyses are provided in Table 7-7. 
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Table 7-7. Representative LMS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequency Band Station | Gnas Gain Function (dBi) Angular Range 
aneney Type | (dBi) 8 8 
Hage -12(6/107.6)° || < 99.4° 
0 
498-505, stations -12 + 10xlog{[max(|0|/107.6, 1] } |a| > 99.4° 
525-535 
kHz Mobile | 5 -12(0/107.6)° || < 99.4° 
Stations -12 + 10xlog{[max(|0/107.6, 1}! +0.5} || > 99.42 
Base ; 1 - 12(0/85.5)° |0| < 78.9° 
ree a station -11 + 10xlog{[max(|0/85.5, 1)]'? } |0| > 78.9° 
MHz Mobile | 4 -12(8/107.6)° |o| < 99.49 
station -12 + 10xlog{[max(|0|/107.6, 1)]"° + 0.5} || > 99.4° 
Rens on 3 - 12(0/53.9)° |0| < 49.8° 
: 20/5 : 3 
2.1735-211905,. | SiaHens -9 + 10xlog{[max(|0/53.9, IJ! } [0] > 49.8° 
2.194-2.495, 
2 ° 
ol Mobile |, 3 - 12(0/53.9) |0| < 49.8 
“Age: no 9 + 10xlog{[max({0/53.9, 1] + 0.5} \0| > 49.8° 
4.438—4.65, xed 2 - 12(0/67.9)° |8| < 62.7° 
4.754.995, i y) 
5.73-5.9, Sraneee -10 + 10xlog{[max(|0/67.9, 1)]'* } || > 62.7° 
ee Mobile |, 3 - 12(0/53.9)° || < 49.8° 
MHz station 9 + 10xlog{[max((0/53.9, I)" + 0.5} Jo] > 49.8° 
Base 3 3 - 12(0/53.9)° |0| < 49.8° 
23.35-24.89 station -9 + 10xlog{[max(|0|/53.9, 1)J!> } |6| > 49.8° 
me Mobile | ¢ 6 - 12(0/27/ lo] < 25° 
station -6 + 10xlog{[max(|6|/27, 1)]'> + 0.5} je] > 25° 
Base : -12(6/107.6)° |8| < 99.4° 
pare stations -12 + 10xlog{[max(|0|/107.6, 1)]"° } |0| > 99.4° 
MHz Mobile | 4 -12(8/107.6)° |o| < 99.49 
stations -12 + 10xlog{[max(|6|/107.6, 1)J'? + 0.5} || > 99.4° 
ieaee : 3 - 12(0/53.9)° || < 49.8° 
27.54-28 stauous -9 + 10xlog{ [max(|6/53.9, 1I)]'? } || > 49.8° 
me Mobile |, 3 - 12(0/53.97 || < 49.8° 
stanons 9 + 10xlog{[max(|0/53.9, 1)" + 0.5} [0] > 49.8° 
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29.89-29.92, 


30-30.56, 2 - 12(0/67.9) || < 62.7° 
32-33, Base 7 
34-35, stations 
36-37, -10 + 10xlog{ [max(|6//67.9, 1)]'? } |0| > 62.7° 
38-39, 
40-42, 
46.6-47, 2 - 12(0/67.9) |0| < 62.7° 
49.6-50, Mobile | , 
74.6-74.8, stations 
15.2-75.4 -10 + 10xlog{ [max(|0|/67.9, 1)}'° + 0.5} || > 62.7° 
MHz 
138-144, Base : 5 - 12(0/34)° || < 31.4° 
148-149.9, station -7 + 10xlog{[max(|0|/34, 1"? } |0| > 31.4° 
150.05-150.8 | Mobile : 3 - 12(0/53.9)° || < 49.8° 
Me station -9 + 10xlog{ [max(0/53.9, Ly! + 0.5} [0] > 49.8° 
Base ; 6 - 12(6/27) |0| < 25° 
coe ae station -6 + 10xlog{[max(|0|/27, ly"? } jo] > 25° 
MHz Mobile |. 5 - 12(0/34)° |e] < 31.4° 
station -7 + 10xlog{[max(|6/34, 1)]"> + 0.5} |0| > 31.4° 
220-222, Base z 6 - 12(0/27) |0| < 25° 
225—328.6, station -6 + 10xlog{ [max(|6/27, 1)! } \o| > 25° 
335.4-399.9 5 
3 - 12(0/53.9 @| < 49.8° 
406.1-420 | Mobile |, 22) ol 
MHz station -9 + 10xlog{[max(|6//53.9, 1))'? + 0.5} |0| > 49.8° 
Base P 2 - 12(0/67.9) || < 62.7° 
1.755—1.85 station -10 + 10xlog{ [max(|6//67.9, 1)]'? } || > 62.7° 
GHz Mobile | 3 - 12(0/53.9)° 0] < 49.8° 
station -9 + 10xlog{[max(|6//53.9, 1)J'? + 0.5} || > 49.8° 
Mobile |, 2 - 12(0/67.9) || < 62.7° 
station -10 + 10xlog{[max(|0|/67.9, 1)]'° + 0.5} || > 62.7° 
14 - 12(6/d5w) 0<b<dm 
Bee ar = bm < - 7 9° 
2.36-2.395 mS 
GHz Mobile | | 4. 46 - 25 x log () 49.9° <b < 69.2° 
station 0 69.2° < o< 180° 
dbw: HPBW in the direction of interest, deg. 
$m 2 intersection of {14 - 12(/dyy)°} and 3.5 
13 - 12(/bow)” 0<o< on 
21.2-23.6 Mobil ae ek ee 
2-29. ove * ° ° 
Gin sexe Nae 46.5 - 25 x log (@) 56° <b< 72.4 
0 72.4° <  < 180° 


dbw: HPBW in the direction of interest, deg. 
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$n : intersection of {13 - 12(/dpw)”} and 2.75 
| 9: of omnidirectional antenna, elevation angle off the peak gain plane, indeg. 


* : directional antenna with elliptical beam 
o: of directional antenna, angle off mainbeam axis in the direction of interest, deg. 


7.6.2 Maritime Mobile Service (MMS) 
7.6.2.1 System Review 
(a) Coast Station Omnidirectional Antenna 
The MMS coast station omnidirectional antenna vertical radiation performance standard 
is 
G(8) = max(G,(8), Gp(8)) dBi (7-2) 


where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 
G,(0) = Gmax - 12 + 10xlog{ [max(|0//Opw, LT '? }, dBi 


9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane, 


0, = 107.6 x 10°°'S™" , deg. 


(b) Coast Station Directional Antenna 


The MMS coast station directional antenna radiation performance standards are provided 
in Table 7-8. 


Table 7-8. MMS Coast Station Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Ginax = 12(6/dow)” 0 < b/bow <x 
-5 X < o/Obw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
e Giiax= 10xlog {ex[41253/(dpwixdbw2)]}, dBi 
© dbwis dbw2: HPBW of major and minor axes, deg. 


: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(o/pw)"} and -5 
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(b) High-Gain Antenna 


Category Gain(9) (dBi) Angular Range (deg.) 
Ginax - 12(6/ow)” 0<o<om 
; 0.75 X Gmnax - 7 dm < OS bn 
Gnax2 48 dBi 29 - 25 x log (6) bon 
-13 dpi <b < 180° 
Ginax - 12(/ ow)” 0<o< om 
. 0.75 x Gis -7 Om < oS Op 
< : < 
22 5 Gnax(GBI) < 48 53 - (Gmay /2) - 25 X log (6) b2 << dn 
11 - Gmax/2 bbz < b < 180° 
Ginax - 12(6/ dow)” 0<o<dm 
0.75 X Ginax - 7 dm <0 < 03 
10 <G,,,,(dB1) < 22 
S Gnax(4B1) 53 - (Ginax /2) - 25 x log (6) 6:3 < >< bes 
0 b3 < b < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


Om : Intersection of {Gmax - 12(0/ bw) } and (0.75 x Gmax - 7) 
0.4 = 27.466 x10 °° See 


b> = 0,5 = 250/(10%™/ ) 
b1 = dp2 = 48° 
,3 = 131.8257 x 1Q~Goex/50 


(c) Shipborne Omnidirectional Antenna 


The MMS shipborne omnidirectional antenna radiation performance standard is 


G(0) = max(G,(0), G,(8)) dBi (7-3) 
where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 


G,(0) = Gmnax - 12 + 10 x log{ [max(|0/Op, 1)]'? +0.5 }, dBi 


0: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


0,,, = 107.6 x 10°!" deg. 
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7.6.2.2 


Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Section 7.6.2.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.6.2.1 does not specify the Gmax value, and such data should be 


available in the GMF. 


7.6.2.3 


Spectrum Sharing Analyses 


The representative MMS antenna reference radiation patterns for spectrum sharing 
analyses are provided in Table 7-9. 


Table 7-9. Representative MMS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequency Band Station | Gmnax Gain Function (dBi) Angular Range 
aie Type | (dBi) r er ‘i 
Coast . -12(8/107.6) |8| < 99.4° 
pare station -12 + 10xlog{[max(|0//107.6, D}" } \0| > 99.4° 
s 2 fe} 
110-190 kHz Ship ; -12(0/107.6) |0| < 99.4 
-12 + 10xlog{[max(|0|/107.6, 1)]"? + 0.5} || > 99.4° 
Coast 2 - 12(0/67.9)° || < 62.7° 
415-495, station -10 + 10xlog{[max(|0/67.9, 1)]'? } |0| > 62.7° 
496-535 kHz 5 2 - 12(0/67.9)° || < 62.7° 
Ship -10 + 10xlog{[max(|0|/67.9, 1)]/'° + 0.5} || > 62.7° 
Sree Coast ‘ -12(0/107.6)° |0| < 99.4° 
Ce NS: station -12 + 10x1 0|/107.6, 1)y'° @| > 99.4° 
2.17-2.1735. + 10xlog{[max(|0| Drea |0| : 
2.1905-2.194 MHz | ship ; -12(0/107.6) |0| < 99.4 
-12 + 10xlog{[max(|0//107.6, 1)]"? + 0.5} || > 99.4° 
2-2.065, 2 - 12(0/67.9) || < 62.7° 
2107-2.47, ee 2 
2.1735-2.1905, ase -10 + 10xlog{[max(|6/67.9, 1]! } || > 62.7° 
2.194-2.495, -12(0/107.6)° 0| < 99.4° 
2.505-2.85, Ship 0 
3.155-3.4 MHz -12 + 10xlog{[max(|0/107.6, 1)]"? + 0.5} |6| > 99.4° 
Coast 2 - 12(0/67.9)° || < 62.7° 
aoe station | 7 -10 + 10xlog{ [max(|6//67.9, 1)]'? } |0| > 62.7° 
4.754.995, 2 = 72 9° 
5735.9 MHz Ship ' 1 - 12(0/85.5) |0| < 78.9 
-11 + 10xlog{[max(|0|/85.5, 1)]'° + 0.5} || > 78.9° 
2 - 12(0/67.9)° @| < 62.7° 
6.765-7, ee 2 a) TS A 0 
74-8815 MHz | -10+ Ontos ima GVO? Dy} |6| > 62.7 
Ship 2 2 - 12(0/67.9) || < 62.7° 
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-10 + 10xlog{[max(|0|/67.9, 1)]'° + 0.5} || > 62.7° 
12.23-13.2, Coast |, 2 - 12(0/67.9)" || < 62.7° 
16.36-17.41, station -10 + 10xlog{[max(0//67.9, 1)J"? } |@| > 62.7° 
18.78-18.9, ae PF 1 - 12(0/85.5)° |8| < 78.9° 
is 1 
19.68—-19.8 MHz 3 -11 + 10xlog{[max(|0/85.5, DJ +05} | |e] >78.9° 
23.35-24.89, -12(6/107.6) |a| < 99.4° 
25.07-25.21, aes 0 
25.33-25.55, sac -12 + 10xlog{ [max(|6|/107.6, 1)]"* } || > 99.4° 
26.1-26.175, -12(0/107.6)° || < 99.4° 
26.48-26.95, Ship 0 
27.5428 MHz -12 + 10xlog{ [max(|6|/107.6, 1)]'° + 0.5} |0| > 99.4° 
138-144, 5 - 12(0/34) |0| < 31.4° 
148-149.9, eae 
150.05-150.8, | "0" 7+ 10xlog{{max(|0//34, 1)" } Jol > 31.49 
157.0375—157.1875, 4- 12(0/42.8)° \0| < 39.6° 
162.0125-173.2, Ship 4 
173.4-174 MHz -8 + 10xlog{[max(0//42.8, 1)}'> + 0.5} || > 39.6° 


All are omnidirectional antennas. 
0: elevation angle off the peak gain plane, deg. 


7.6.3 Aeronautical Mobile Service (AMS) 
7.6.3.1 System Review 
(a) Land-Based Omnidirectional Antenna 


The AMS land-based omnidirectional antenna vertical radiation performance standard is 
G(0) = max(G,(8), G,(8)) dBi (7-4) 
where 
G,(0) = Gmax - 12(0/0 bw), dBi 
G,(0) = Gmax - 12 + 10xlog{ [max(|0//Obw, LT '? }, dBi 


9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


0,,, = 107.6 x 10°!" , deg. 


(b) Land-Based Directional Antenna 


The AMS land-based directional antenna radiation performance standards are provided in 
Table 7-10. 
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Table 7-10. AMS Land-Based Directional Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 
Gain Function (dBi) Angular Range 
Ginax - 12(/dow) 0< /Obw <xX 
-5 X < o/Obw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gnax = 10xlog{ex[41253/(d5w1Xdbw2)]}, dBi, 
© dbwi, bw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(0/ dow) } and -5. 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog {ex[41253/(bpwixXdpw2)]}, dBi, 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


dm : intersection of {Gmax - 12(/bw) } and (0.75 x Gmnax - 7) 
,, = 27.466 x10? Sms/2 

5 = 0,3 = 250 (10 S' ) 

b1 = bp2 = 48° 

3 = 131.8257 x10 Sms!” 


(b) High-Gain Antenna 
Category Gain() (dBi) Angular Range (deg.) 
Ginax = 12(6/Oow)” 0 = () < dm 
. 0.75 x Gmax 7 7 Om < 0) = ori 
Pe 
Gro 2 48 dBi 29 - 25 x log () ba <= bn 
-13 dpi < > < 180° 
Ginax = 12(o/bw) 0 = () < dm 
: 0.75 X Gimax - 7 dm < 0S Or2 
22 < Gmax(dBi) < 4 
S Grax(ABi) < 48 53 - (Gmnax /2) - 25 x log (0) 12 < OS bv2 
11 - Gnnax/2 bp2 < d < 180° 
Grnax - 12(6/ bw)” 0<o0<om 
: 0.75 X Ginax - 7 dm < >< O23 
10 < Giax(dBi) < 22 
eg ey 53 - (Ginax /2) - 25 x log (0) 13 < OS bb3 
0 bp3 < > < 180° 
Elliptical beam. 
All angles in deg. 
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(c) Airborne Antenna 


The AMS airborne antenna radiation performance standard is 
P\(G < G)) = [1 = exp(-3.46 G)]'> (7-5) 


where P; is the probability that a given gain, G;, may not exceed. 


7.6.3.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Section 7.6.3.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.6.3.1 does not specify the Gmax value, and such data should be 
available in the GMF. 


7.6.3.3 Spectrum Sharing Analyses 


The representative AMS antenna reference radiation patterns for spectrum sharing 
analyses are provided in Table 7-11. 


Table 7-11. Representative AMS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequency Band ae ‘an Gain Function (dBi) Angular Range 
2-2.065 2 5 
3 - 12(0/53.9 8| < 49.8 
9 109-217; Land | 3 ( ) iW 
9.17352 1905; || Stanon -9 + 10xlog{[max(|0//53.9, Ly! } 0] > 49.8° 
2.194-2.495, 
2.505—3.5 MHz Aircraft 0 0 All 
Land 3 - 12(0/53.9)° || < 49.8° 
. 3 
ay ae station -9 + 10xlog{[max(|6/53.9, 1}? } |0| > 49.8° 
Aircraft 3 3 All 
5.73-5.9, Land : 3 - 12(0/53.9)° || < 49.8° 
6.5257, station -9 + 10xlog{[max(|6/53.9, 1)y'? } |0| > 49.8° 
74-8 MHz | Aircraft | 0 0 All 
8.815—9.04 2 ; 
, 3 - 12(0/53.9 Q| < 49.8 
11.175-11.4, | Land | 3 ( ) I 
13.2-13.36, | Station -9 + 10xlog{[max(|0/53.9, Dy! } 0] > 49.8° 
15.01-15.6, 
17.9-18.03 MHz Aircraft 3 3 All 
Land 1 - 12(0/85.5)° |8| < 78.9° 
= 1 
reece tey ts station -11 + 10xlog{[max(|0|/85.5, 1)? } |6| > 78.9° 
Aircraft 3 3 All 
23.35-24.89, Land 2 2 - 12(8/67.9) || < 62.7° 
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25.33-25.55, station AL. 4 
2648-2695. -10 + 10xlog{[max(|0|/67.9, 1)]'° } || > 62.7 
27.54-28, 
29.89-29.91, Aircraft 0 0 All 
30-30.56 MHz 
32-33, ; : 
34-35, oa -12(6/107.6) |8| < 99.4 
36~37, station q 
38-39, -12 + 10xlog{ [max(|0|/107.6, 1)]"> } || > 99.4° 
40-42, 
46.6~47, Aircraft | 1 1 All 
49.6-50 MHz 
Land -12(0/107.6)" |8| < 99.4° 
pera station | 9 -12 + 10xlog{[max(|6//107.6, 1"? } || > 99.4° 
Aircraft 2 2 All 
138-144, (ard 2 - 12(0/67.9)” |8| < 62.7° 
148-149.9, | station | 7 ce ; 
150.05-150.8 -10 + 10xlog{[max(|6|/67.9, 1)]"° } |0| > 62.7 
MHz Aircraft | 2 pa All 
162.0125-173.2, | Land . 6 - 12(0/27) |a| < 25° 
173.4-174 station -6 + 10xlog{[max(|0/27, DI'? } || > 25° 
MHz Aircraft 6 6 All 
225-328.6, Land ; 2 - 12(0/67.9)° || < 62.7° 
335.4-399.9, | station -10 + 10xlog{[max(|0|/67.9, 1)]'° } || > 62.7° 
406.1—420 MHz | Aircraft | 2 2 All 
Land 7 - 12(0/21.5) || < 19.8° 
35-1. q 
ee ‘s eee) -5 + 10xlog{{max(0/21.5, DI"? } lo] > 19.8° 
Aircraft 7 7 All 
Land g 8 - 12(0/17) || < 15.8° 
1.755-1.85 station -4 + 10xlog{[max(|0/17, DT"? } || > 15.8° 
oon Aircraft e z al 
32 * N/A 
36 - 12 x (b/bw)” 0<o<1.15xdbw 
Land | 364 20 1.15xdww <0 < 4° 
4.4-4.94 station 35 - 25 x log(o) 4° <b < 48° 
GHz a 48° <b < 180° 
3 3 All 
Aircraft 36 # N/A 


0: of omnidirectional antenna, elevation angle off the peak gain plane, deg. 


*: airborne directional antenna 
N/A: not available. Airborne antenna radiation pattern is heavily influenced by the aircraft structure, 
_thus a representative radiation pattern for general application cannot be developed. a, 


#: land-based directional antenna with elliptical beam 


o: of directional antenna, angle off mainbeam axis in the direction of interest, deg. 
dow : HPBW 
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7.7 Mbobile-Satellite Service (MSS) 

Only the earth station antenna characteristics are discussed here. 
7.7.1. Land Mobile-Satellite Service (LMSS) 
Tale System Review 


The LMSS earth station antenna radiation performance standards for system review are 
provided in Table 7-12, Table 7-13, and Table 7-14. 


Table 7-12. LMSS Earth Station Omnidirectional Antenna Radiation Performance 
Standards 


(a) Vehicle-Mounted Near-Omnidirectional Antenna 


Gain Function (dBi) Angular Range 
<5 -20° < 8 < 20° 
=0 0 < -20° & 8 > 20° 


9: elevation angle, deg. 


(b) Vehicle-Mounted Vertical Array Antenna with Toroidal 
Beams and 7 < Gyax(dBi) < 13 


Gain Function (dBi) Angular Range 
Ginax - 10 45° < (0 - 0,) 
Gmax - 0.3 x [(0 - 0,)/10]7° 20° < (0- 0.) < 45° 
Ginax - 12 x [(0 - 8.)/Obw I 20° <| 0-0, | 
Ginax - 0.3 x [(O, - 8)/10]7° 20° < (0,- 0) < 50° 
Gmax - 13 50° < (0, - 0) 


0: elevation angle, deg. 
0,: mainbeam elevation angle, deg. 
Opw: HPBW, deg. 


Table 7-13. LMSS Earth Station Low- and Medium-Gain Antenna Radiation Performance 
Standards 


(a) Vehicle-Mounted Tracking Antenna with Fan-Beams 
and Operating in Low Elevation Angle 


Gain Function (dBi) Angular Range 
a 0° <0 < 60°, 
is [30°+k(8)] < |@—@o| < 180° 


(9, ): elevation and azimuth angles, deg. 

(8., @o): mainbeam elevation and azimuth angles, deg. 
k(®) = 0.33° for Gmax = 11-15, dBi 

k(®) is TBD for Gmax = 9-11, dBi 
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(b) Transportable or Vehicle-Mounted Antenna with 
Circular Beams and Gyax < 18 dBi 


Gain Function (dBi) Angular Range 
Gmax - 12 x (/ dow)” 0° <b<x° 
4 x°< o< 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 
: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 
x: {Gmax - 12x(X/Qpw)°} = 4, deg. 


Table 7-14. LMSS Earth Station High-Gain Antenna Radiation Performance Standards 
(a) GSO System 


Category Gain Function (dBi) Angular Range 
Gmnax - 2.5 x 10°(@D/A)? 0°<b<dm 
G; Om < ) < Ort 
D/d = 68 ‘ e 
- < 7 
(Gmnax = 44.7 dBi eae ae) ibs Aa 
for e = 0.65) ES. BSB 
32 - 25 x log(o) 9.2° <b < 48° 
-10 48° <b < 180° 
Ginax - 2.5 x 10°(@D/A)? 0° <d< dy 
29 - 25 x log(o) bo S0<7° 
D/i < 68 8 7° << 9.2° 
32 - 25 x log(o) 9.2° << 48° 
-10 48° <b < 180° 
: angle off mainbeam axis, deg. 


G, =-1 + 15xlog(D/A), dBi 
m= 20(A/D)(Gmax - Gi)°*, deg. 
1 = 15.85(D/A)°*, deg. 


121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 

| An actual antenna radiation pattern shall meet the following conditions: = =—s—(i‘:™SCS™ 

e It may not exceed the gain function in the range 6, < 6 < 7°. 

e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO System 


Category Gain Function (dBi) Angular Range 
D/d > 100 Gia - 2.5 x 10° (D/A)? 0°<SO< Oma 
(Gmax = 48.1 dBi Gia Oma <0 < Ora 
for e = 0.65) 29 - 25 x log(o) Ora <b < 36° 
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-10 36° <b < 180° 
Gmnp - 2.5 x 10° (D/A)? 0° < : 
20 < D/A < 100 pee WD) b < dmb 
(34.1 < Gmax(dBi) < = set ba So< bes 
48.1 for e = 0.65) - 25 x log() do o< 
-10 36° <b < 180° 


o: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
G,, =-1 + 15xlog(D/A), dBi 

dma = 20(2/D)(Gma - Gia)”, deg. 
bra = 15.85(D/A)°%, deg. 

Gm = 20xlog(D/A) + 7.7, dBi 
Gi = 29 - 25xlog(95A/D), dBi 
dmb = 20(2/D)(Gmb - Gis)””, deg. 
rb = (95X/D), deg. 


Tet Frequency Assignment 


The actual earth station antenna radiation pattern should always be used in EMC analyses 
for frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Section 7.7.1.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.7.1.1 does not specify the Gyax value, and such data should be 
available in the GMF. 


7.7.1.3 Spectrum Sharing Analyses 


The representative LMSS earth station antenna reference radiation patterns for spectrum 
sharing analyses are provided in Table 7-15. 


Table 7-15. Representative LMSS Earth Station Antenna Reference Radiation Patterns for 
Spectrum Sharing Analyses 


Frequency Band, G 
Transmission can Gain Function (dBi) Angular Range 
i : (dBi) 
Direction 
240-270 MHz, 11 - 12 x ($/46.2)° 0° < b< 35.2° 
Downlink; l1* 4 35.2° < > < 40° 
290-320 MHz, 44 - 25 x log() 40° < 6 < 90° 
Uplink -5 90° < 
1.525-1.559 GHz, 10-12 (/51.8)° 0° <b < 36.6° 
Downlink; 10* 4 36.6° < b < 40° 
1.61-1.6605 GHz, 44 - 25 x log(o) 40° < 6 < 90° 
Uplink 5 90° < o 
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42 - 2.5 x 10°(49.7 x oy 0°<b<2.6° 
hey es 29 - 25 x log(o) 2.6°<o<7° 
Downlink; 42 8 TP << 9.2° 
7.9-8.025 GHz, —— 
Uplink 32 - 25 x log(o) 9.2° < d < 48° 
-10 48° <  < 180° 
57 - 2.5 x 10°(279 x o)° 0° < o<0.33° 
39.5-40.5 GHz, 35.7 0.33°< o<0.54° 
Downlink; 57 29 - 25 x log(@) 0.54°<o<7° 
43.5—-47 GHz, 8 7° < 05 9.2° 
Uplink 32 - 25 x log(@) 9.2° <b < 48° 
-10 48° < o < 180° 
: angle off mainbeam axis, deg. 
* + low-gain directional antenna. 


7.7.2 Maritime Mobile-Satellite Service (MMSS) 


Be ae | System Review 


The MMSS earth station antenna radiation performance standards for system review are 


provided in Table 7-16 and Table 7-17. 


Table 7-16. MMSS Shipborne Directional Antenna Radiation Performance Standard 


Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)? 0°<o<dm 
2 +15 x log(D/A) Om < 0 < (LOOA/D)° 
52 - 10 x log(D/A) - 25 x log(o) (100A/D)° < 6 < o; 
0 o1 <0 < 180° 


: angle off mainbeam axis, deg. 
bm = 20(A/D)[Gimax - 2 - 15 x log(D/A)]°°, deg. 
1, =120 (A/D)°, deg. 


Table 7-17. MMSS Coast Station Earth Station Antenna Radiation Performance 


Standards 
(a) GSO Systems 
Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A)? 0°<d< dm 
G; Om < ) < Ort 
D/i = 68 : <o<7? 
(Ginax = 44.7 dBi gael 7 lost) ms asia 
for e = 0.65) sos 22 
32 - 25 x log(o) 9.2° <b < 48° 
-10 48° < 6 < 180° 
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Gmax - 2.5 x 10°(@D/A) 0°<d< bo 

29 - 25 x log() 62<0<7° 

D/d < 68 8 T? <b <9.2° 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° <b < 180° 


: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gy)°°, deg. 

1 = 15.85(D/A)°*, deg. 

12: intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog()} 

| An actual antenna radiation pattern shall meet the following conditions: = =—s—i‘S™CS™S 

e It may not exceed the gain function in the range o, < 6 < 7°. 

e It may exceed the gain function in the range @ > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO Systems 


Category Gain Function (dBi) Angular Range 
Gia - 2.5 x 10° (D/A)? 0° << Ona 
D/A > 100 = eer er 
(ere = 48.1 dBi la ma Ta 
for e = 0.65) 29 - 25 x log(9) Ora < 0 < 36° 
-10 36° <b < 180° 
Ginb - 2.5 x 10° (D/A) 0° << dm 
20 < D/A < 100 b G. (D/A) ; aoe 
34.1 < Gmax(dBi) < 48.1 mb S i 
for e Eee 29 - 25 x log(9) Ov << 36 
-10 36° <b < 180° 


: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gia =-1 + 15xlog(D/A), dBi 

ma = 20(A/D)(Gina - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Ginp = 20xlog(D/A) + 7.7, dBi 
Guy = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gnb - Gip)°”, deg. 
Ob = (95A/D), deg. 


7.7.2.2 


The actual earth station antenna radiation pattern should always be used in EMC analyses 
for frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 


Frequency Assignment 
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performance standard in Section 7.7.2.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.7.2.1 does not specify the Gmax value, and such data should be 


available in the GMF. 
7.7.2.3 


The representative MMSS earth station antenna reference radiation patterns for spectrum 


Spectrum Sharing Analyses 


sharing analyses are provided in Table 7-18. 


Table 7-18. Representative MMSS Earth Station Antenna Reference Radiation Patterns 


for Spectrum Sharing Analyses 


Frequency Band, 


Transmission eon Type, Gain Function (dBi) Angular Range 
. d Ginax (dBi) 
Direction 
11 - 2.5 x 10°(1.46) 0° =< 35.1° 
een soil| sotibe 4.5 35.1° < $< 68.6° 
MHz, Uplink 11 50.4 - 25 x log() 68.6° < o < 103.2° 
0 103.2° < @ < 180° 
21 - 2.5 x 10°(4.62) 0° << 13° 
1.525-1.559 GHz, STONE S29) it ea 
Ship, 12 13°<<21.7 
IDownlink;1.61—1.6605 74 454.95 x1 WLP < 1° 
GHz, Uplink 5. = 5 x og(9) wi = ) < 65. 
0 103.1° <b < 180° 
48 - 2.5 x 10°(99.4)° 0° <b < 0.88° 
29 0.88° << 1° 
20.2—21.2 GHz, Coast station, 29 - 25 x log() 1°<o<7° 
Downlink 48 8 7° < 05 9.2° 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° <b < 180° 
51.4 - 2.5 x 10°(146.46) 0°<o<0.61° 
31.5 0.61° < <0.8° 
30-31 GHz, Coast station, 29 - 25 x log(o) 0.8°<o<7° 
Uplink 51.4 8 Ti2pe9D° 
32 - 25 x log(¢) 9.2° < p< 48° 
-10 48° <b < 180° 
55 - 2.5 x 10°(222)° 0°<o<0.41° 
34.2 0.41° < p< 0.62° 
Poo | @aaeraanon: 29 - 25 x log() 0.62°< <7? 
Downlink;43.5—47 55 8 72 K<97° 
GHz, Uplink <oS9. 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° <b < 180° 


o: angle off mainbeam axis, deg. 
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7.7.3 Aeronautical Mobile-Satellite Service (AMSS) 
yg A | System Review 


The AMSS earth station antenna radiation performance standards for system review are 
as follows. 


(a) Airborne Antenna 
The AMSS airborne antenna radiation performance standards for system review are 
(a.1) For Antenna of 12 < G(dBic) < 17 within Coverage Volume 


e Polarization: RHCP. 

e The coverage volume shall comprise not less than 75% of the solid angle above 5° 
elevation (to the horizon during normal cruise attitude). 

e G> 0 dBic outside the coverage volume. 

e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


(a.2) For Antenna of 6 < G(dBic) < 12 within Coverage Volume 


e Polarization: RHCP. 

e The coverage volume shall comprise not less than 85% of the solid angle above 5° 
elevation. 

e The coverage volume may include a volume corresponding to a cone of 20° half-angle at 
the aircraft zenith in straight and level flight, G > 4 dBic within this cone. 

e G> 0 dBic for 99% of the solid angle above 5° elevation. 

e To the maximum extent possible, G > 6 dBic for 100% of the solid angle above 5° 
elevation. 

e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


(a.3) For Antenna of 0 < G(dBic) < 5 within Coverage Volume 


e Polarization: RHCP. 

e The coverage volume shall comprise no less than 85% of the solid angle above 5° 
elevation. 

e The coverage volume may include a volume corresponding to a cone of 20° half-angle at 
the aircraft zenith (in normal cruise attitude) in straight and level flight, G > -2 dBic 
within this cone. 

e G> -5 dBic outside the coverage volume. 

e The coverage volume takes into account the effects from the mounting surface, beam- 
pointing error, radome or any protective surface. 


(b) Land-Based Earth Station Antennas 


The AMSS land-based earth station antenna radiation performance standards for system 
review are provided in Table 7-19. 
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Table 7-19. AMSS Land-Based Earth Station Antenna Radiation Performance Standards 


(a) GSO System 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A)” 0°<b<om 
G; Om < ) < Or 
D/A = 68 : 4a 
(Ginax > 44.7 dBi oe = log() ue Stas 
for e = 0.65) 7 SU s2" 
32 - 25 x log() 9.2°< <48 
-10 48° <b < 180° 
Ginax - 2.5 x 10°(@D/A)” 0°<d<o» 
29 - 25 x log() bo <b<7° 
D/A < 68 8 T? << 9.2° 
32 - 25 x log() 9.2°< b< 48° 
-10 48° <b < 180° 


G, =-1 + 15xlog(D/A), dBi 


1 = 15.85(D/A)°°, deg. 


: angle off mainbeam axis, deg. 
m= 20(A/D)(Ginax- Gi)”, deg. 


2: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()} 


An actual antenna radiation pattern shall meet the following conditions: 
e It may not exceed the gain function in the range 6, < 6 < 7°. 


e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO System 


Category Gain Function (dBi) Angular Range 
Gma - 2.5 x 10° (D/A)? 0°<o<d,, 
D/A = 100 a er 
(Gmax > 48.1 dBi la ma = ra 
for e = 0.65) 29 - 25 x log($) dra S  < 36° 
-10 36° <  < 180° 
Gm - 2.5 x 10° (D/A) 0°<b<dbm 
20 < D/d < 100 b Gs kODIN) ; aoe 
(34.1 < Gmnax(dBi) < 48.1 mb — = 
for e = 0.65) 29 - 25 x log(9) dv << 36 
-10 36° < d < 180° 


o: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gi, =-1 + 15xlog(D/A), dBi 

dma = 20(/D)(Gna - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Gib = 20xlog(D/A) + 7.7, dBi 
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Gip = 29 - 25xlog(95A/D), dBi 
dmb = 20(A/D)(Gmnb - Gin)”, deg. 
Ob = (95A/D), deg. 


7.7.3.2 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, a reference radiation pattern should be used, and the radiation 
performance standard in Section 7.7.3.1 may be used as the reference radiation pattern. The 
radiation pattern in Section 7.7.3.1does not specify the Gmax value, and such data should be 
available in the GMF. 


7.7.3.3 


The representative AMSS earth station antenna reference radiation patterns for spectrum 
sharing analyses are provided in Table 7-20. 


Frequency Assignment 


Spectrum Sharing Analyses 


Table 7-20. Representative AMSS Earth Station Antenna Reference Radiation Patterns 
for Spectrum Sharing Analyses 


Frequency Band, Station Type 
Transmission Ginax (Bi) ; Gain Function (dBi) Angular Range 
Direction sii 
e Polarization: RHCP. 
e The coverage volume shall comprise not less than 
85% of the solid angle above 5° elevation. 
e 6< G(dBic) < 11 within the coverage volume. 
e The coverage volume may include a volume 
240-270 MHz, corresponding to a cone of 20° half-angle at the 
Downlink; Aircraft, aircraft zenith in straight and level flight, G > 4 dBic 
290-320 MHz, 11 within this cone. 
Uplink G > 0 dBic for 99% of the solid angle above 5° 
elevation. 
To the maximum extent possible, G > 6 dBic for 
100% of the solid angle above 5° elevation. 
The coverage volume takes into account the effects 
from the mounting surface, beam-pointing error, 
radome or any protective surface. 
48 - 2.5 x 10°(99.46) 0° <b <0.88° 
29 0.88° <o< 1° 
20.2—21.2 GHz, | Land station, 29 - 25 x log(@) 1°<o<7T7° 
Downlink 48 8 oso 2° 
32 - 25 x log(@) 9.2° <b < 48° 
-10 48° <b < 180° 
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51.4 - 2.5 x 10°(146.46)" 0°<<0.61° 
34.5 0.61° << 0.8° 
30-31 GHz, Land station, 29 - 25 x log(@) 0.8°<o<7° 
Uplink 51.4 8 T° <b <9.2° 
32 - 25 x log() 9.2° <b < 48° 
-10 48° < b< 180° 
55 - 2.5 x 10°(222) 0°<o<0.41° 
39.5-40.5 GHz, 34.2 0.41° <o < 0.62° 
Downlink; Land station, 29 - 25 x log(@) 0.62°<o<7° 
43.5-47 GHz, 55 8 T° <b <9.2° 
Uplink 32 - 25 x log(@) 9.2° < p< 48° 
-10 48° < p< 180° 


: angle off mainbeam axis, deg. 


7.8 Radiodetermination Service (RDS) 
7.8.1 Radiolocation Service (RLS) 
7.8.1.1 System Review 


The RLS antenna radiation performance standards for system review are provided in 


Table 7-21. 
Table 7-21. RLS Antenna Radiation Performance Standards 
(a) Types 
Group Types of Radar Criterion 

e Non-pulsed radar of 40 watts or less rated average power, 
e Pulsed radar of 1 kW or less rated peak power, 
e Radar with operating frequency above 40 GHz, 

A e Man-portable radar, A 
e Man-transportable radar, 
e RNS radar in 9.3—9.5 GHz band, 
e Expendable, non-recoverable radar on missiles. 

B Radar with rated peak power of more than | kW but not more than B 
100 kW and operating between 2.9 GHz and 40 GHz 

C All radars not included in Group A, B, or D. Cc 

D All fixed radars in 2.7—2.9 GHz band. D 

E Wind Profiler Radar operating on 449 MHz. E 

(b) Criteria 
Criterion Description 
A Presently exempt. 
B Currently no requirement is specified. 
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Antennas operated in 360°-rotation over the horizontal plane shall have a 
“median gain” of -10 dBi or less, as measured on an antenna test range, in the 
principal horizontal plane. For other antennas, sidelobe suppression below the 
C,D mainbeam shall be: 

e first three sidelobes: 17 dB, 

e all other lobes: 26 dB. 


Antenna Radiation Profile (dB) Elevation Angle 0 
X 70° <0 
x- 15 60° < 8 < 70° 
x - 20 45° <0 < 60° 
2 x -25 5° <9 < 45° 
x - 40 OS" 


e Radiation profile derived from EIRP profile requirement. 
e Symbol “<” is used instead of “<” for the angular range in the NTTA Manual. 


For antennas operated in 360°-rotation over the horizontal plane, the EMC analysis must cover 
all directions. Thus the allowable radar antenna radiation pattern may be usefully specified by 
its “median gain” relative to an isotropic radiator. 


7.8.1.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment. The antenna radiation pattern should be available from either the system 
operators or the antenna manufacturers. When the actual radiation pattern is not available, a 
reference radiation pattern should be used. These reference radiation patterns are shown below. 
These patterns do not specify the Gmax value, and such data should be available in the GMF. 


(a) Omnidirectional Antenna 


The RLS omnidirectional antenna vertical reference radiation pattern for EMC analyses 
in frequency assignment is 


G(®) = max(G,(0), G,(0)) dBi (7-6) 


where 
G,(0) = Gmax - 12(0/0 pw)’, dBi 
Gy(0) = Gmax - 12 + 10 x log{ [max(|0/Opw, Dy"? }, dBi 


9: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


0, = 107.6 x 10° °'S™, deg. 


(b) Directional Antenna 


The RLS directional antenna reference radiation patterns for EMC analyses in frequency 
assignment are provided in Table 7-22. 
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Table 7-22. RLS Directional Antenna Reference Radiation Patterns for Frequency 


Assignment 
(a) Low-Gain Antenna 
Gain Function (dBi) Angular Range 
Gmax - 12(6/@bw)* 0 < b/dbw <x 
-5 X < o/pw < 180/dpw 
Elliptical beam. 
Gmax usually given, or can be calculated from: 
e Gia= 10xlog {ex[41253/(dbwixdbw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes, deg. 
: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 
x: intersection of {Gmax - 12(0/ dow) } and -5 
(b) High-Gain Antenna 
Category Gain() (dBi) Angular Range (deg.) 
Grnax - 12/ bow)” 0<o< om 
; 0.75 X Ginax - 7 dm < OS On 
te 
Gna? 48 dBi 29 - 25 x log (4) bri << dpi 
-13 dpi < > < 180° 
Ginax = 12(o/bw) 0 = ) = bm 
2 0.75 x Gmnax -7 dm <oS op 
22 < Giax(ABi) < 4 
SGrux(AB1) < 48 53 - (Gimax /2) - 25 X log (6) b:2 <0 < dv2 
11 - Ginax/2 dp2 < > < 180° 
Gmnax - 12(/dbw) 0<o<om 
: 0.75 X Ginax - 7 bm < 0< 03 
10 <G,,,,(dBi) < 22 
= ceBy) 53 - (Gmax /2) - 25 x log (0) 6:3 <0 < bp3 
0 bb3 < > < 180° 
Elliptical beam. 
All angles in deg. 


Ginax usually given, or can be calculated from 
© Gmax= 10xlog{ex[41253/(Opwixdbw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


Om : intersection of {Ginax - 12(0/ bw) } and (0.75 x Gmax - 7) 
0g = 27.466 x10? Sms! 


0,5 = 0,3 = 250 (10S ) 
bb1 = dbo = 48° 
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,3 = 131.8257 x 10 Gm! 


7.8.1.3 


Spectrum Sharing Analyses 


The representative RLS antenna radiation patterns for spectrum sharing analyses are 
provided in Table 7-23. 


Table 7-23. Representative RLS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequency | Antenna antenna ‘ ‘ : 
Band inchGi Type & Gain Function (dBi) Angular Range 
Gmnax (dBi) 
Tiga. | «Omnis 2 - 12(0/67.9)° || < 62.7° 
1.705-1.8 2 -10 + 10xlog{[max(|0|/67.9, 1)]'? } || > 62.7° 
MHz ae Omni., -12(0/107.6)" || < 99.4° 
ecelve 15 
0 -12 + 10xlog{[max(|6/107.6, 1)1'? } || > 99.4° 
33 - 12 x (b/bw)” 0<o< 1.13xdbw 
pessoa ts Dir., 17.75 1.13xdbw << 5.6° 
33 36.5 - 25 x log(o) 5.6° << 48° 
216-217 -5.5 48° << 180° 
MHz 26 - 12 x (/dbw) 0<< 1.06xdbw 
Beseie Dir., 12.5 1.06xdbw << 12.5° 
26 40 - 25 x log(o) 12.5° << 48° 
2 48° << 180° 
Omni., 6 - 12(0/27) |a| < 25° 
6 -6 + 10xlog{[max(|0/27, IT"? } ja] > 25° 
, 38 - 12 x (b/bw)” 0<o<1.17xdbw 
aca 215 1.17xyy << 3.1° 
38 34 - 25 x log(¢) 3.1° << 48° 
420-450 -8 48° << 180° 
MHz Omni., 3 - 12(0/53.9)° || < 49.8° 
3 -9 + 10xlog{[max(|0//53.9, 1] '? } || > 49.8° 
32 - 12 x (b/bw)” 0<o< 1.12xdpw 
ENN ist 7 1.12xow <0 < 6.3° 
32 37 - 25 x log(¢) 6.3° << 48° 
-5 48° < > < 180° 
Omni., 5 - 12(0/34)° || < 31.4° 
5 -7 + 10xlog{[max(0/34, IT"? } || > 31.4° 
, 28 - 12 x (/bw) 0<< 1.08xbbw 
so9290g° || |, pies i4 1.08Xdmu <  < 10° 
MHz 28 39 - 25 x log(¢) 10° << 48° 
3 48° << 180° 
Receive | Omni. 6 - 12(0/27)° || < 25° 
6 -6 + 10xlog{[max(|6//27, 1)y'? } ja] > 25° 
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27 - 12 x (b/dow) 


0 << 1.07xdbw 


Dir., 13.25 1.07xdbw << 11.2° 
27 39.5 - 25 x log() 11.2°< o< 48° 
-2.5 48° < o < 180° 
34 - 12 x (b/bw)” 0<o<1.14xdbw 
Dir., 18.5 1.14xdbw << 5° 
as 34 36 - 25 x log(o) 5° <b < 48° 
1.215-1.3 -6 48° << 180° 
GHz 22 - 12 x (/bw) 0<< 1.02xdbw 
, Dir., 9.5 1.02xdbw << 19.9° 
ee 22 42 - 25 x log() 19.9° <  < 48° 
0 48° << 180° 
37 - 12 x (b/bw)” 0<o< 1.16xbbw 
, Dir., 20.75 1.16xdbw << 3.5° 
onsi 37 34.5 - 25 x log(d) 3.5° << 48° 
1.35-1.39 -7.5 48° << 180° 
GHz 22 - 12 x (/bw) 0<< 1.02xdbw 
Dir., 9.5 1.02xdbw << 19.9° 
Renu 22 42 - 25 x log() 19.9° <  < 48° 
0 48° << 180° 
Omni., 4 - 12(0/42.8)° || < 39.6° 
4 -8 + 10xlog{ [max(|0//42.8, 11"? } |0| > 39.6° 
, 40 - 12 x (o/dbw) 0<o<1.19xdbw 
ae 23 1.19xy, << 2.5° 
40 33 - 25 x log(¢) 2.5° << 48° 
2.9-3.65 -9 48° < o < 180° 
GHz Omni., 3 - 12(0/53.9)° || < 49.8° 
3 -9 + 10xlog{[max(|0//53.9, 1)]'? } || > 49.8° 
36 - 12 x (b/bw)” 0<o< 1.15xOpw 
neal a 5s 20 1.15xbow << 4° 
36 35 - 25 x log () 4° <b < 48° 
4 48° << 180° 
Omni., 6 - 12(0/27) || < 25° 
6 -6 + 10xlog{[max(|0/27, DT"? } ja] > 25° 
: 43 - 12 x (/dyw)” 0<o< 1.22xdbw 
AROSE, pe 25.25 1.22xy << 1.8° 
43 31.5 - 25 x log () 1.8° << 48° 
5.25-5.6 -10.5 48° << 180° 
GHz Omni., 6 - 12(0/27)° || < 25° 
6 -6 + 10xlog{[max(|6//27, 1)}'> } ja] > 25° 
43 - 12 x (/dbw) 0<o< 1.22xdbw 
Bees || ae. 25.25 1.22xdow <0 < 1.8° 
43 31.5 - 25 x log () 1.8° << 48° 
-10.5 48° <b < 180° 
5.65-5.925 | Transmit | Omni., 5 5 - 12(0/34)° |0| < 31.4° 
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GHz -7 + 10xlog{[max(0/34, 11"? } || > 31.4° 
45 - 12 x (/bw) 0<o<1.23xdbw 
26.75 1.23xdbw << 1.4° 
Dir., 4 
ne 30.5 - 25 x log() 14° << 48° 
115 48° << 180° 
6 - 12(0/27)° |e] < 25° 
ene 6 + 10xlog{[max(|0/27, DI } lo] > 25° 
, 45 - 12 x (/dbw) 0<o< 1.23xdbw 
Pe ons ede 26.75 1.23xdoy << 1.4° 
i 30.5 - 25 x log(o) 1.4° << 48° 
-11.5 48° <b < 180° 
31-12 x (b/bw)” 0<o<1.11xdbw 
8.5-9 Transmit &| 44 16.25 L.11xdww <> <7° 
GHz Receive A 37.5 - 25 x log() T° << 48° 
-4.5 48° <b < 180° 
2 - 12(0/67.9) |0| < 62.7° 
Omni., 2 : 
ak -10 + 10xlog{[max(|0/67.9, DI" } lo] > 62.7° 
9.5-10.55 | Transmit 36 - 12 x (/bw) 0<< 1.15xdbw 
GHz & receive Dir., 36 20 1.15xdpw < 0 < 4° 
35 - 25 x log () 4° << 48° 
4 48° <b < 180° 
38 - 12 x (b/bw)” 0<o<1.17xObw 
, 21.5 1.17xdbw << 3.1° 
T t | Dir. 
eee Wee 34 - 25 x log() 3.1° << 48° 
13.4-14 -8 48° <b < 180° 
GHz 34 - 12 x (b/bw)” 0<o<1.14xdbw 
, 18.5 1.14xdbw << 5° 
R Dir., 34 
el 36 - 25 x log() 5° <b < 48° 
-6 48° <b < 180° 
; -12(0/107.6)" || < 99.4° 
Omni, | 72-4 10xlog{[max([0/107.6, DI } [| > 99.4° 
, 43 - 12 x (/bw) 0<o< 1.22xObw 
en a 25.25 1.22 << 1.8° 
2 31.5 - 25 x log(o) 1.8° << 48° 
15.7-17.3 -10.5 48° << 180° 
GHz -12(6/107.6)° |a| < 99.4° 
Omni., 0 15 
-12 + 10xlog{[max(|0|/107.6, I} } |8| > 99.4° 
pened: 36 - 12 x (b/bw) 0<o<1.15xbbw 
ses 20 1.15xdww <>< 4° 
- 35 - 25 x log(¢) 4° << 48° 
4 48° <b < 180° 
Omni., 2 - 12(0/67.9) |0| < 62.7° 
at 2 y -1.5 O° 
24.05-24.25 | 7 remit : 10 + 10xlog {[max([0/67.9, 1] || > 62.7 
GHz Dir., 29 - 12 x (/dyw) 0<< 1.09xd bw 
29 14.75 1.09xdiw <o < 8.9° 
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38.5 - 25 x log(o) 8.9° <b < 48° 
-3.5 48° << 180° 
Omni., 2 - 12(8/67.9)° || < 62.7° 
2 -10 + 10xlog{[max(|0|/67.9, y'? } || > 62.7° 
. 30 - 12 x (b/w) 0<d<1.1xboy 
ENE” Ayre 15.5 L.1xpu << 7.9° 
30 38 - 25 x log(¢) 7.9° << 48° 
A 48° << 180° 
Omni., -12(6/107.6)” || < 99.4° 
0 -12 + 10xlog{[max(0/107.6, I"? } |0| > 99.4° 
, 32 - 12 x (b/bw)” 0<o<1.12xdbw 
Se! ees 17 1.12xdow <0 < 6.3° 
32 37 - 25 x log(9) 6.3° <b < 48° 
x fe} < fe} 
33.4-36 = aus Ee 
GHz Omni., -12(6/107.6) || < 99.4 
0 -12 + 10xlog{[max(|6//107.6, I]? } || > 99.4° 
. 32 - 12 x (b/yw)” 0<o<1.12xdyw 
R 
ecole | Dir. 7 L.12xbyy <6 6.3° 
32 37 - 25 x log() 6.3° << 48° 
-5 48° < o < 180° 


Omni.: Omnidirectional antenna. 
9: for omnidirectional antenna, elevation angle off the peak gain plane, in deg. 

Dir.: Directional antenna. All directional antennas have elliptical beam. = ‘| 
o: for directional antenna, angle off mainbeam axis in the direction of interest, deg. 


dbw: HPBW in the direction of interest, deg. 


7.8.2 Maritime Radionavigation Service (MRNS) 
7.8.2.1 System Review 


The MRNS antenna radiation performance standards for system review are provided in 
Table 7-24. 


Table 7-24. MRNS Antenna Radiation Performance Standards 


(a) ‘Types 
Group Types of Radar Criterion 
e Non-pulsed radar of 40 watts or less rated average power, 
e Pulsed radar of 1 kW or less rated peak power, 
e Radar with operating frequency above 40 GHz, 


e Man-portable radar, A 
e Man-transportable radar, 
e RNS radar in 9.3—9.5 GHz band, 
e Expendable, non-recoverable radar on missiles. 
B Radar with rated peak power of more than 1 kW but not more than B 


100 kW and operating between 2.9 GHz and 40 GHz 


fee 


C All radars not included in Group A, B, or D. C 
D All fixed radars in 2.7—2.9 GHz band. D 
E Wind Profiler Radar operating on 449 MHz. E 
(b) Criteria 
Criterion Description 
A Presently exempt. 
B Currently no requirement is specified. 
Antennas operated in 360°-rotation over the horizontal plane shall have a 
“median gain” of -10 dBi or less, as measured on an antenna test range, in the 
CD principal horizontal plane. For other antennas, sidelobe suppression below the 
, mainbeam shall be: 
e first three sidelobes: 17 dB, 
e all other lobes: 26 dB. 
Antenna Radiation Profile (dB) Elevation Angle 0 
Xx 70° <0 
x- 15 60° < 8 < 70° 
E x - 20 45° <8 <60° 
x - 25 aS 045" 
x - 40 ge 5" 
e Radiation profile derived from EIRP profile requirement. 
e Symbol “<” is used instead of “<” for the angular range in the NTIA Manual. 


For antennas operated in 360°-rotation over the horizontal plane, the EMC analysis must cover 
all directions. Thus the allowable radar antenna radiation pattern may be usefully specified by 
its “median gain” relative to an isotropic radiator. 


7.8.2.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment. The antenna radiation pattern should be available from either the system 
operators or the antenna manufacturers. When the actual radiation pattern is not available, a 
reference radiation pattern should be used. These reference radiation patterns are shown below. 
These patterns do not specify the Gmax value, and such data should be available in the GMF. 


(a) Omnidirectional Antenna 


The MRNS beacon service omnidirectional antenna vertical reference radiation pattern 
for EMC analyses in frequency assignment is 


G(®) = max(G,(0), G,(0)), dBi (7-7) 


where 
G,(0) = Gimax - 12(0/0 bw)”, GBi 
Gy(0) = Gmax - 12 + 10 x log{ [max(|0/Obw, I"? }, dBi 
9: elevation angle off the peak gain plane, deg. 
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Opw: HPBW in the vertical plane, 


0, = 107.6 x 10 °'S™, deg. 
(b) 


Directional Antenna 


The MRNS directional antenna reference radiation patterns for EMC analyses in 
frequency assignment are provided in Table 7-25. 


Table 7-25. MRNS Directional Antenna Reference Radiation Patterns for Frequency 
Assignment 


(a) Low-Gain Antenna 
Gain Function (dBi) Angular Range 
Gmax = 12(/ bow)” 0 < d/bow <x 
-5 X < o/Obw < 180/dpw 
Elliptical beam. 


Gmax usually given, or can be calculated from: 
© Gigs= 10xlog {ex[41253/(dpbwiXdbw2)]}, dBi 
© dbwis dbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(o/dpw)"} and -5 


(b) High-Gain Antenna 
Category Gain() (dBi) Angular Range (deg.) 
Gmnax - 12(6/4w)” 0<o< bm 
; 0.75 X Gmax - 7 dm < 0 < Or 
es 
Gnax2 48 dBi 29 - 25 x log (6) br << bor 
-13 doi < > < 180° 
Ginax - 12(/ ow)” 0<o< dm 
5 0.75 x Gaax -7 dm <oS op 
22 < Gmax(dBi) < 4 
= CaaS OU aE 53 - (Gm /2) - 25 x log (6) bo << dn2 
11 - Ghax/2 v2 < > < 180° 
Gmax - 12(/ow)” 0<o< bm 
, 0.75 x Gas -7 Om < o< 13 
10 < Gyax(dBi) < 22 
Se?) 53 - (Gmax /2) - 25 x log (6) 3 << ons 
0 bp3 < 6 < 180° 
Elliptical beam. 
All angles in deg. 
Gmax usually given, or can be calculated from 
© Gmax = 10xlog{ex[41253/(dbwiXdbw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 
o: angle off mainbeam axis in the direction of interest 


7-39 


bbw: HPBW in the direction of interest 

bn intersection of {Ginax ~ 12(6/ow)°} and (0.75 x Gmnax ~ 7) 
,; = 27.466 x 1903 Gina /10 

0,2 = 3 = 250 (10 %' ) 
b1 = b2 = 48° 

43 = 131.8257 x 1Q)~Gmax!50 


7.8.2.3 


Spectrum Sharing Analyses 


The representative MRNS antenna radiation patterns for spectrum sharing analyses are 
provided in Table 7-26. 


Table 7-26. Representative MRNS Antenna Reference Radiation Patterns for Spectrum 
Sharing Analyses 
ee e Pas ae Gain (dBi) Angular Range 
2.9-3.1 Omni., 5 - 12(0/34)° || < 31.4° 
GHz 5 -7 + 10xlog{[max(|0|/34, 11"? } || > 31.4° 
38 - 12 x (b/dpw) 0<o<1.17xdw 
9.2-9.3 Dir., 21.5 1.17xdpw < > < 3.1° 
GHz 38 34 - 25 x log() 3.1° <b < 48° 
-8 48° <b < 180° 
Omni., 5 - 12(0/34)" || < 31.4° 
5 -7 + 10xlog{[max(|6|/34, 1) '? } |0| > 31.4° 
9.3-9.5 29 - 12 x (/dbw) 0<o< 1.09xdbw 
GHz Dir., 14.75 1.09xdww < > < 8.9° 
29 38.5 - 25 x log(d) 8.9° < p< 48° 
-3.5 48° <b < 180° 


Omni.: Omnidirectional antenna. 

_9: for omnidirectional antenna, elevation angle off the peak gain plane, indeg. 
Dir.: Directional antenna. All directional antennas have elliptical beam. 

: for directional antenna, angle off mainbeam axis in the direction of interest, deg. 


dbw: HPBW in the direction of interest, deg. 
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7.8.3 Aeronautical Radionavigation Service (ARNS) 
7.8.3.1 System Review 


The ARNS antenna radiation performance standard for system review is as follows. 


(a) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the ILS (instrument landing system) localizer equipment operating in the 
108-112 MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane, 

e gain variation: the difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB, 

e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(b) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the VHF omnidirectional range equipment operating in the 108—117.95 
MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward and 
rearward directions shall not be down more than 10 dB when compared to the maximum 
radiation from a standard horizontal dipole antenna resonant at 113 MHz and mounted 10 
inches above the ground plane, 

e gain variation: the difference between the maximum and minimum field strength of the 
horizontal component in the azimuth plane shall not exceed 20 dB, 

e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(c) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the GPS local area augmentation system operating in the 108—117.975 MHz band are 


e antenna type: omnidirectional antenna, 
e horizontal gain: 
othe reception of the horizontally polarized component in the horizontal plane from 
the forward and rearward directions shall not be down more than 10 dB when 
compared to the maximum output response of a standard horizontal dipole 
antenna that is mounted 25.4 cm (10 inches) above the ground plane and resonant 
at 113 MHz, 
othe difference between the maximum and minimum reception of the horizontally 
polarized component from any direction in the horizontal plane shall not exceed 
20 dB, 
e vertical gain: 
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© when mounted on a 4x4 inch? (or larger) ground plane, the reception of the 
vertically polarized component in the horizontal azimuth plane shall not be down 
more than 6 dB when compared to a standard vertically polarized monopole 
antenna, 

© when mounted on a 4x4 inch? (or larger) ground plane, the difference between the 
maximum and minimum reception of the vertical polarized component from any 
direction in the horizontal azimuth plane shall not exceed 6 dB. 


(d) The minimum operational radiation performance standards of the ARNS airborne 
receiving antenna for the ILS glide slope equipment operating in the 328.6—335.4 MHz band are 


e radiation pattern: the horizontal component of the radiated signal in the forward direction 
shall not be down more than 15 dB when compared to the maximum radiation from a 
standard horizontal dipole antenna resonant at 332 MHz in free space, 

e polarization discrimination: the reception of vertically polarized signals from any 
horizontal direction with respect to the antenna shall be at least 10 dB below the 
reception of horizontally polarized signals from the same direction. 


(e) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the distance measuring equipment operating in the 960-1215 MHz band are 


e polarization: predominately vertically polarized, 

e radiation pattern: the average field strength in the horizontal plane shall be equal to the 
field strength of a matched resonant 4A vertical antenna, 

e gain variation: the difference between the maximum and minimum field strengths in the 
horizontal plane shall not exceed 6 dB when the antenna is mounted at the center of the 
1.2-meter (4-foot) diameter (or larger) flat circular ground plane. 


(f) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the air traffic control radar beacon system/mode select equipment operating in the 1030-1090 
MHz band are 


e polarization: vertically polarized, 

e radiation pattern: the gain shall not be less than the gain of a matched 4A stub minus 3 
dB over 90% of the coverage volume 0—360° in azimuth and 5—30° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane. 


(g) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the traffic alert and collision avoidance system II transmitting in the 1030 MHz band and 
receiving in the 1087—1093 MHz band are 


e polarization: vertically polarized, 

e radiation pattern: the gain shall not be less than the gain of a matched 4A stub minus | 
dB over 90% of the coverage volume 0—360° in azimuth and (-15)—20° in elevation when 
installed at the center of a 1.2-meter (4-foot) diameter (or larger) circular ground plane, 
which can be flat or cylindrical. 
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(h) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the active traffic alert and collision avoidance system I transmitting in the 1030 MHz band 
and receiving in the 1087-1093 MHz band are 


e type: omnidirectional antenna or multiple beams to cover all azimuth directions, 
e polarization: vertically polarized, 
e radiation pattern: covering 360° in azimuth and at least (-10)—20° in elevation. 


(i) The minimum operational radiation performance standards of the ARNS airborne antenna 
for the automatic dependent surveillance system and traffic information service system operating 
at 1090 MHz are 


e type: omnidirectional antenna, 

e polarization: vertically polarized, 

e transmit radiation pattern: the gain shall not be less than the gain of a matched ‘4A stub 
minus 3 dB over 90% of a coverage volume from 0—360° in azimuth and 5—30° above the 
ground plane when installed at the center of 1.2 meters (4 feet) or larger flat circular 
ground plane, 

e receive radiation pattern: the gain should not be less than the gain of a matched 4A stub 
minus | dB over 90% of a coverage volume from 0—360° in azimuth and (-15)—(+20)° in 
elevation when installed at the center of 1.2 meters (4 feet) or larger circular ground 
plane, which can be either flat or cylindrical. 


7.8.3.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment. The antenna radiation pattern should be available from either the system 
operators or the antenna manufacturers. When the actual radiation pattern is not available, a 
reference radiation pattern should be used. These reference radiation patterns are shown below. 
These patterns do not specify the Gmax value, and such data should be available in the GMF. 


(a) Omnidirectional Antenna 


The ARNS omnidirectional antenna vertical reference radiation pattern for EMC analyses 
in frequency assignment is 


G(®) = max(G,(0), G,(0)) dBi (7-8) 


where 
G,(0) = Gimax - 12(0/0 bw)”, ABi 
Gi(0) = Gmax - 12 + 10 x log{ [max(|0/Onw, 1)J'? }, dBi 


0: elevation angle off the peak gain plane, deg. 
Obw: HPBW in the vertical plane 


0, = 107.6 x 10 °'S™, deg. 


(b) Directional Antenna 


The ARNS directional antenna reference radiation patterns for EMC analyses in 
frequency assignment are provided in Table 7-27. 
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Table 7-27. ARNS Directional Antenna Reference Radiation Patterns for Frequency 


Assignment 


(a) Low-Gain Antenna 


Gmax usually given, or can be calculated from: 
e Gmnax = 10xlog {ex[41253/(dbwixdbw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/ bw) } and -5 


Gain Function (dBi) Angular Range 
Ginax ~ 12(/ bow)” 0 < b/w <x 
-5 X < o/dbw < 180/dbw 
Elliptical beam. 


(b) High-Gain Antenna 


Category Gain() (dBi) Angular Range (deg.) 
Ginax = 12(0/bw) 0 < () = dm 
; 0.75 x Ginax - 7 dm < OS On 
Gna 2 48 dBi 29 - 25 x log (6) bn << oot 
-13 boi < 6 < 180° 
Ginax 7 12(/bw) 0 < () < Om 
; 0.75 X Gmmax - 7 dm < OS by 
<G.,, < 
22 S Gnax(GBI) < 48 53 - (Ginax /2) - 25 x log (6) 2 < OS bbe 
11 - Gmax/2 bp2 < o < 180° 
Ginax - 12(6/ bw) 0<o<dm 
: 0.75 X Gmnax - 7 dm < 05 03 
10 < G,,x(dBi) < 22 
= GasGBy) 53 - (Gna 2) - 25 x log (6) b:3 < OS O03 
0 bp3 < > < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog {ex[41253/(dpwixXdpw2)]}, dBi, 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


bm : intersection of {Gmax - 12(/dbw)”} and (0.75 x Gmax - 7) 
b, = 27.466 x 10-03 Gn! 

o,.=9,; = 250 (10%"” ) 

ob1 = 2 = 48° 

,3 = 131.8257 x 1Q Gms /50 
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7.8.3.3 


Spectrum Sharing Analyses 


The representative ARNS antenna radiation patterns for spectrum sharing analyses are 
provided in Table 7-28. 


Table 7-28. Representative ARNS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequency | Antenna antenna ‘ ; ‘ 
Band Function Type & Gain Function (dBi) Angular Range 
Ginax (Bi) 
190-285, 
325-405, -12(0/107.6)° || < 99.4° 
405-415, Transmit Omni., 
& receive 0 
ira -12 + 10xlog{[max(|0//107.6, 1) } \o| > 99.4° 
Z 
510-535, Omni., 2 - 12(0/67.9)° || < 62.7° 
i71s-1705, | g -10 + 10xlog{[max(|0/67.9, DI } l| > 62.7° 
St al eee Omni., -12(0/107.6)° || < 99.4° 
kHz ica 0 -12 + 10xlog{[max(|0//107.6, I]! } io] > 99.4° 
g 
Omni., 7 - 12(6/21.5) 0 < 19.8° 
ei -5 + 10xlog{[max(|0/21.5, Dy"? } || > 19.8° 
e450 | Din 7 -12(b/bou) 0<0< dow 
MHz 7 -5 bw <> < 180° 
ree Omni., -12(6/107.6)” |8| < 99.4° 
0 -12 + 10xlog{[max(|6/107.6, T'? } || > 99.4° 
Omni., 5 - 12(0/34)” || < 31.4° 
5 -7 + 10xlog{[max(|6//34, 1))!> } || > 31.4° 
, 28 - 12 x (o/dbw) 0<o< 1.08xdyy 
Sra || - aie 14 1.08xdou << 10° 
28 39 - 25 x log() 10° << 48° 
108-117.975 3 48° < o < 180° 
MHz Omni., -12(6/107.6)” || < 99.4° 
0 -12 + 10xlog{[max(|6/107.6, T'? } || > 99.4° 
25 - 12 x (/dbw) 0<o< 1.05xdow 
cata Dir., 11.75 1.05x¢i, << 14.1° 
25 40.5 - 25 x log () 14.1° << 48° 
aS 48° < > < 180° 
Omni., 10 - 12(6/10.8) |a| < 9.9° 
10 -2 + 10xlog{[max(|6//10.8, 1)J'? } || > 9.9° 
; 16 - 12 x (/dyw)” 0< $< 0.96xdbw 
863354 | | ie, 5 0.96Xdbmw < o < 39.6° 
MHz 16 45 - 25 x log () 39.6° <b < 63.1° 
0 63.1° <b < 180° 
Beis Omni., 2 - 12(0/67.9)° |0| < 62.7° 
2 -10 + 10xlog{[max(|0|/67.9, I)? } |0| > 62.7° 
960-1215 | Transmit | Omni., 4 - 12(0/42.8)° || < 39.6° 
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MHz 4 -8 + 10xlog{[max(|0//42.8, Dy? } |0| > 39.6° 
15 - 12 x (/dpw)” 0< $< 0.95xdyw 
Dir., 4.25 0.95xdww < 0 < 44.5° 
15 45.5 - 25 x log (0) 44.5° << 66.1° 
0 66.1° <b < 180° 
Omni., 3 - 12(0/53.9) || < 49.8° 
3 -9 + 10xlog{[max(|0//53.9, 1] '? } || > 49.8° 
22 - 12 x (b/bw) 0<o< 1.02xdyw 
PeERNG Dir., 9.5 1.02xton <6 < 19.9° 
22 42 - 25 x log() 19.9° <b < 48° 
0 48° <b < 180° 
124-137, | | 34 - 12 x (b/bw)” 0<o< 114% 
47-29 Transmit Dir., 18.5 1.14xdpw <o <5 
GH & receive 34 36 - 25 x log() 5° << 48° 
-6 48° <b < 180° 
10 - 12 x (/dpw) 0< $< 0.89xd,w 
4.24.4 Transmit Dir., 0.5 0.89xdbw < 0 < 79.1° 
GHz & receive 10 48 - 25 x log () 79.1° <b < 83.2° 
0 83.2° <b < 180° 
22 - 12 x (o/dbw) 0<o< 1.02xdyy 
5-5.25 Transmit Dir., 9.5 1.02xdpy < 0 < 19.86° 
GHz & receive 22 42 - 25 x log() 19.86° < o < 48° 
0 48° <b < 180° 
40 - 12 x (/dbw)* 0<o<1.19xdbw 
. Dir., 23 1.19xdbw << 2.5° 
ao 40 33 - 25 x log(6) 25° << 48° 
9-9.2 9 48° <b < 180° 
GHz 38 - 12 x (b/bw)” 0<o<1.17xbbw 
Dir., 21:5 1.17 xdbw <o< 3.1° 
pene 38 34 - 25 x log(6) 31° <b < 48° 
-8 48° <b < 180° 
32 - 12 x (b/bw)” 0<o<1.12xdbw 
, Dir., 17 1.12xdbw << 6.3° 
eo 32 37 - 25 x log(6) 6.3° <b < 48° 
9,3-9.5 -5 48° <b < 180° 
GHz 33 - 12 x (b/bw)” 0<o<1.13xdwy 
. Dir., 17.75 1.13xdbw << 5.6° 
nee 33 36.5 - 25 x log($) 5.6° <b < 48° 
-5.5 48° << 180° 
26 - 12 x (/bbw)* 0<o< 1.06xd,w 
13.25-13.4 | Transmit Dir., 12.5 1.06xoyy < o < 12.5° 
GHz & receive 26 40 - 25 x log() 12.5° << 48° 
3 48° <b < 180° 
15.4-15.7 Dir., 31-12 x (/diw)” 0<b<1.11xbby 
GHz aay 31 16.25 1.11xbmy <0 <7° 
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37.5 - 25 x log(o) T°? << 48° 
-4.5 48° <b < 180° 
Dir., 8 - 12(b/bbw) 0<< 1.04xdyy 
isa 8 5 1.04xdow <b < 180° 


Omni.: Omnidirectional antenna. 
0: for omnidirectional antenna, elevation angle off the peak gain plane, in deg. 

Dir.: Directional antenna. All directional antennas have elliptical beam. = ‘| 
o: for directional antenna, angle off mainbeam axis in the direction of interest, deg. 


dbw: HPBW in the direction of interest, deg. 


7.9 Radiodetermination-Satellite Service (RDSS) 
7.9.1 Radiolocation-Satellite Service (RLSS) 
7.9.1.1 System Review 


The distress beacon equipments use monopole antennas for distress signal transmission. 
The beacon antenna radiation performance standard within the elevation angle 5° < 0 < 60° is 
e pattern: hemispherical, 
e polarization: RHCP or linear, 
e gain: -3 < G(dBi) < 4, over 90% of the angular range, and 
gain variation in azimuth: < 3 dB. 


7.9.1.2 Frequency Assignment 


The actual beacon antenna radiation data should always be used in EMC analyses for 
frequency assignment. The radiation data should be available from either the system operators or 
the antenna manufacturers. When the actual radiation data are not available, the radiation pattern 
in Section 7.9.1.1 may be used. 


7.9.1.3 Spectrum Sharing Analyses 


The GMF does not have any RLSS service records. When it is necessary to conduct 
spectrum sharing analyses, the beacon antenna radiation pattern in Section 7.9.1.1 may be used 
as the representative radiation pattern. 


7.9.2 Radionavigation-Satellite Service (RNSS) 


7.9.2.1 System Review 
There are three types of RNSS GPS receivers: 


e Type | receiver: meeting the requirements of the satellite-based augmentation system. 
e Type 2 receiver: meeting the requirements of the land-based augmentation system. 
e Type 3 receiver: used in the satellite-based augmentation system to determine the 
ionospheric delay. 
(a) Land-Based RNSS and Maritime RNSS (MRNSS) 


The land-based RNSS receivers and shipborne MRNSS receivers are either type | or type 
3 receivers. The GPS antenna radiation performance standard is 
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e Maximum antenna gain in upper hemisphere: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 


(b) Aeronautical RNSS (ARNSS) 


The ARNSS airborne system meeting the requirements of the satellite-based 
augmentation system and providing category I precision approach operation is the type 1 
receiver. The airborne antenna radiation performance standard is provided in Table 7-29. 


Table 7-29. ARNSS Airborne Antenna Radiation Performance Standard 


Min. Gain (dBic) Max. Gain (dBic) Elevation Angle 0 
-2 7 O>15* 
3 | 10°<@< 15° 
-4,.5 7 5°<@< 10° 
-7.5 -2 0<0'=.5" 


dBic means it is circular polarization, which is required for the GNSS. 


The ARNSS airborne system meeting the requirements of the land-based augmentation 
system and providing category II/III precision approach operation is the type 2 receiver. The 
airborne antenna radiation performance standard is 


e Maximum antenna gain in upper hemisphere: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 
e Minimum antenna gain towards pseudolite: -21 dBic. 


The ARNSS land-based system used in the satellite-based augmentation system to 
determine the ionospheric delay is the type 3 receiver. The land-based earth station antenna 
radiation performance standard is 


e Maximum antenna gain: 7 dBic. 
e Minimum antenna gain towards satellite at 5° elevation: -4.5 dBic. 


7.9.2.2 Frequency Assignment 


The actual antenna radiation data should always be used in EMC analyses for frequency 
assignment, and it is usually available from the manufacturer. 


When the actual radiation data are not available, a reference radiation pattern should be 
used. The radiation performance standards in Section 7.9.2.1 can be used to develop the 
reference radiation pattern for EMC analyses in frequency assignment; this reference radiation 
pattern is provided in Table 7-30. This radiation pattern does not specify the G value, and such 
data may be available in the GMF. Should the G data not available in the GMF, the value G = 0 
dBic may be used. 
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Table 7-30. RNSS Earth Station Antenna Reference Radiation Pattern for Frequency 


Assignment 
Gain (dBic) Elevation Angle 0 
G 60> 15° 
G-1 10°<6@< 15° 
G-2.5 5° < 0 < 10° 
-45 0° <0<5° 
-10 lower hemisphere * 


G is not the peak gain value Gmax, it is the lowest gain value within the conical range of 0 > 
15°. 

-2 < G(dBic) <7. 

*: Gain = -10 dBic in lower hemisphere applies to ARNSS. 


7.9.2.3 Spectrum Sharing Analyses 


The representative RNSS antenna radiation patterns for conducting spectrum sharing 
analyses are provided in Table 7-31. 


Table 7-31. Representative RNSS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
pale G (GBic) ; , 
Frequency Service, Gain Function 
? or : ‘ Angular Range 
Band Operating , (dBic or dBi) 
a Gmax (dBi) 
rea 
5 0 > 15° 
MRNSS, 5 dBic 4 10°< 6< 15° 
coastal-water 20 5° <0 < 10° 
149.9-150.05 -45 0° < a) < 5° 
MHz 
12 O>-15° 
MRNSS, ao g -1 10° < 6< 15° 
USP as 25 5° <0 < 10° 
-4.5 0° <0<S° 
0 0 > 15° 
-1 10°< 6< 15° 
PRN Ds: ||, “OGBie 25 5° < 0 < 10° 
coastal-water 
1.164-1.24 -4.5 0° <@<S° 
GHz -10 lower hemisphere 
AT - 2.5 x 10° (92x) 0° <b < 0.93° 
ARNSS, 47 dBi 28.7 0.93°< o < 1.03° 
USP 29 - 25 x log(o) 1.03°<o< 36° 
-10 36° < d< 180° 
1.559-1.61 ARNSS, 47 dBi 47 - 2.5 x 10° (92.27x)” 0° < 0 < 0.93° 
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GHz USP 28.7 0.93° < o < 1.03° 


29 - 25 x log(6) 1.03°< o< 36° 


-10 36° < b < 180° 


G (dBic): for GPS receiver 

0: elevation angle 

*: G value exceeds range specified in Table 7-30. To develop the representative radiation 

__.. Pattern, G value for @ > 15" is 12 dBic, and G value for 9 < I5°isOdBie 
Ginax (dBi): for land-based earth station antenna. 

: angle off mainbeam axis, deg. 

Antenna radiation pattern from Table 7-19 of AMSS NGSO system earth station antenna 
radiation pattern. 


7.10 Radio Astronomy (RAS) 
7.10.1 System Review 


NTIA does not provide the antenna radiation performance standards for the RAS 
antennas. Due to the unique feature of this service, every RAS antenna is designed with its 
unique specifications, thus a general antenna radiation performance standard is not needed. 


7.10.2 Frequency Assignment 


The actual antenna radiation pattern should always be used in EMC analyses for 
frequency assignment, and it is usually available from the manufacturer. When the actual 
radiation pattern is not available, the reference radiation patterns from Recs. ITU-R SA.509-2 
and RA.1631 can be used as the reference radiation patterns; these patterns are shown in Table 
7-32. The radiation pattern in Table 7-32 does not specify the Gmax value, and such data should 
be available from the system operators. 


Table 7-32. RAS Antenna Reference Radiation Patterns for Frequency Assignment 


(a) Coordination Studies with Terrestrial Radio Systems 


Gain Function (dBi) Angular Range 
Grnax - 2.5 x 10°(@D/A) 0°<b<dm 
G, dm <0 < Or 
32 - 25 x log(o) br <b < 47.9° 
-10 47.9° <>< 180° 


This pattern applies to D/A > 100. 
: angle off mainbeam axis, deg. 


G,; =2 + 15xlog(D/A), dBi 
m= 20(A/D)(Ginax - Gi)”, deg. 
, = 15.85(D/A)°*, deg. 
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(b) Coordination Studies with Space Radio Systems 
Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<o<dm 
G; dm <0 < Or 
29 - 25 x log(o) bd, < o < 10° 


34 - 30 x log() 


10° << 34.1° 


40 34.1° <p < 80° 
4 80° <  < 120° 
-12 120° < o < 180° 


o: angle off mainbeam axis, deg. 
G, =-1 + 15x log(D/A), dBi 

bm = (200/D)(Gmax - Gi)”, deg. 
o, = 15.85(D/A)°* , deg. 


7.10.3 Spectrum Sharing Analyses 


Because of the special features of the RAS operations, the National Radio Quiet Zone is 
established around RAS facilities for the protection of RAS observations. Other radio services 
intending to share frequencies with RAS in the Radio Quiet Zone must consult the Rules and 
Regulations from NTIA Manual §8.3.9 and FCC 47 CFR §1.924. 


When the radiation patterns are needed for spectrum sharing analyses, the reference 
radiation patterns in Table 7-32 can be used. The radiation pattern in Table 7-32 does not specify 
the Gmax value, and such data should be available from the system operators. 


7.11 Remote Sensing Service (RSS) 
7.11.1 Meteorological Aids Service (MetAids) 


The MetAids service uses the MetAids mobile system, meteorological radar, precipitation 


gauge, and radiosonde system. 


7.11.1.1 


(a) Meteorological Radar 


System Review 


NTIA does not provide the meteorological radar antenna performance standards. The 
meteorological radar antenna should have similar performance as the RLS antenna, therefore the 
RLS antenna performance standards in Section 7.8.1.2 are recommended here. The standards are 


provided in Table 7-33. 


Table 7-33. Meteorological Radar Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 
Gain Function (dBi) Angular Range 
Ginax - 12(/ dow)” 0< /Oow <x 
-5 X < o/Obw < 180/dbw 
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Elliptical beam. 
Gmax usually given, or can be calculated from 


© Gmax= 10xlog{ex[41253/(dpwiXOow2)]}, dBi, 
© dbwis Obw2: HPBW of major and minor axes, deg. 


o: angle off mainbeam axis in the direction of interest, deg. 
bw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/dpw)”} and -5. 


(b) High-Gain Antenna 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog{ex[41253/(dpwiXObw2)]}, dBi 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


dm : intersection of {Gmax - 12(/ dow) } and (0.75 x Gimax - 7) 
1 = 27.466 x 10°” Ginax /10 

o.5 =9,; = 250 (10S' ) 

obi = Op2 = 48° 

43 = 131.8257 x 10 Sm! 


Category Gain() (dBi) Angular Range (deg.) 
Ginax 7 12(o/bw) 0 < ) = dm 
, 0.75 X Ginx - 7 dm < OS On 
ne 29 - 25 x log () bn <0 bo 
-13 dpi < > < 180° 
Ginax 7 12(o/bw) 0 < ) < dm 
; 0.75 X Gmnax - 7 dm < OS Or2 
< : < 
22 S Grax(dB1) < 48 53 - (Gmnax /2) - 25 x log () 12 < OS bp2 
11 - Gmnax/2 bp2 < 6 < 180° 
Gmax - 12/bw)” 0<6< bm 
! 0.75 X Gmax - 7 dm < >< O63 
10 < Giax(dBi) < 22 
= ey 53 - (Ginax /2) - 25 x log () 3 < OS Ob3 
0 bb3 < > < 180° 
Elliptical beam. 
All angles in deg. 


(b) Wind Profile Radar 


NTIA provides a wind profile radar antenna radiation sidelobe suppression standard, this 


is provided in Table 7-34. 
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Table 7-34. WPR Antenna Radiation Sidelobe Suppression Standard 


Elevation Angle 0 Antenna Sidelobe Suppression (dB) 
@ > 70° - 
60° < 8 < 70° 15 
45° <0 < 60° 20 
5° <8 < 45° 25 
0<5° 40 


(c) Radiosonde 


The radiosonde airborne transmitting units use omnidirectional antennas, and the land- 
based receiving units use either omnidirectional or directional antennas. NTIA does not provide 
the radiosonde antenna radiation performance standards, nor does ITU-R provide radiosonde 
antenna reference radiation patterns. 


For the radiosonde antenna, the RLS antenna radiation performance standard in Section 
7.8.1.2 may be adopted as the radiosonde antenna radiation performance standard. The airborne 
omnidirectional transmitting antenna and the land-based omnidirectional receiving antenna 
vertical radiation performance standard is 


G(@) = max(G,(0), Gy(0)) dBi (7-9) 


where 
G,(0) = Gmax - 12(0/0 bw)’, dBi 
Gi(0) = Gmax - 12 + 10 x log{ [max(|0/Opw, 1)J'° + 0.5 }, dBi 
9: elevation angle off the peak gain plane, deg. 
Opw: HPBW in the vertical plane, 


0, = 107.6 x 10 °'S™, deg. 


The land-based directional receiving antenna radiation performance standards are 
provided in Table 7-35. 


Table 7-35. Radiosonde Land-Based Directional Receiving Antenna Radiation 
Performance Standards 


(a) Low-Gain Antenna 


Gmax usually given, or can be calculated from 


© Gmax= 10xlog{ex[41253/(dpwiXOow2)]}, dBi, 
© dbwis Obw2: HPBW of major and minor axes, deg. 


Gain Function (dBi) Angular Range 
Ginax - 12(/ bow)” 0 < b/w <x 
-5 X < O/bw < 180/dpw 
Elliptical beam. 


o: angle off mainbeam axis in the direction of interest, deg. 
dbw: HPBW in the direction of interest, deg. 


x: intersection of {Gmax - 12(/dpw)”} and -5. 


(b) High-Gain Antenna 


Category Gain() (dBi) Angular Range (deg.) 
Ginax m 12(o/bw) 0 = ) = dm 
A 0.75 xX Ginax - 7 dm < OS On 
a 
Cans 29 - 25 x log (@) bn < OS dor 
-13 boi < 6 < 180° 
Ginax x 12(o/ow) 0 = () < dm 
. O75 X’ Grae Tt dm < OS by 
22 < Gm < 
< Ginax(ABi) < 48 53 - (Ginax /2) - 25 x log (6) bi < >< dv2 
11 - Ginax/2 bp2 < > < 180° 
Gmax - 12(/ow)” 0<o< bm 
: 0.75 X Gmmax - 7 dm < 05 03 
10 < Gyax(dBi) < 22 
= et 53 - (Ginax /2) - 25 x log () 3 <>< bb3 
0 bp3 < 6 < 180° 
Elliptical beam. 
All angles in deg. 


Gmax usually given, or can be calculated from 
© Gnax = 10xlog {ex[41253/(dpwiXdpw2)]}, dBi, 
© dbwi, bbw2: HPBW of major and minor axes 


o: angle off mainbeam axis in the direction of interest 
dbw: HPBW in the direction of interest 


$m : intersection of {Gmax - 12(6/bw)"} and (0.75 x Gmax - 7) 
,, = 27.466 x 19 ~0:3Gmax/10 

0,2 = 0.3 = 250 (10S' ) 

b1 = b2 = 48° 

43 = 131.8257 x 10 Gm! 


(d) Precipitation Gauge 


NTIA does not provide the precipitation gauge antenna radiation performance standards, 


nor does ITU-R provide precipitation gauge antenna reference radiation patterns. Lacking proper 
information, this standard will not be developed here. 


7.11.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. When the actual radiation pattern is not available, the 
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radiation performance standard in Section 7.11.1.1 may be used as the reference radiation 
patterns. The radiation patterns in Section 7.11.1.1 do not specify the Gmax value, and such data 
should be available in the GMF. 


For the radiosonde airborne antenna, because it is operated while being airborne, the Gmax 
value should be used instead of the radiation pattern of Eq. (7-9) for the worst case scenario. 
7.11.1.3 Spectrum Sharing Analyses 


The representative MetAids antenna radiation patterns for conducting spectrum sharing 
analyses are provided in Table 7-36. 


Table 7-36. Representative MetAids Antenna Reference Radiation Pattern for Spectrum 


Sharing Analyses 
mecauene System, Antenna Type, 
aoe d y Station Function, Gain Function Angular Range 
Type Ginax (dBi) 
, Omni-, 2 - 12(0/67.9) || < 62.7° 
Radiosonde 
' ; transmit, -10 + 10xlog{[max(|6|/67.9, 5 
ok 
airborne > Dy +05) |0| > 62.7 
Omni-, 2 - 12(0/67.9) |0| < 62.7° 
receive, -10+ 10xlog{ [max(|6|/67.9, \0| > 62.7° 
400.15-406 : py +051 
Mee Radiosonde, 15 - 12 x (/dbw)” 0< 6 <0.95xdbw 
land station Directional, 425 0.95xdbw <0 < 
receive, 7 44.5° 
15 45.5 - 25 x log () 44.5° << 66.1° 
0 66.1° <b < 180° 
Precipitation Receive, 
none 
gauge 1 
Omni-, 2 - 12(0/67.9)° || < 62.7° 
Radiosonde, 
wirbeiniee® transmit, -10+ 10xlog{ [max(|6|/67.9, \0| > 62.7° 
L.675-1.7 ; Hee 
pate ce Sar ies 30 - 12 x (b/bw)” 0<d<1.1xdpw 
Radiosonde, enim ‘ 15.5 1.1xdbw < 0 < 7.9° 
land station 30) : 38 - 25 x log(o) 7.9° <b < 48° 
-4 48° < b < 180° 
us 46 - 12(b/dow)” 0<o<1.24xdbw 
Directional, 1.24Xdow <0 < 
21-29 Meteoro- transmit & 27.4 ; 1 we = 
GHz logical radar receive, ae : 
46 30 - 25 x log(o) 1.25°< $< 48 
-12 48° < o < 180° 
nt 50 - 12(6/bbw)” 0<< 1.27xdbw 
Directional, 127mm << 
5.6-5.65 Meteoro- transmit & 30.5 ; 0 oe a 
GHz logical radar receive, - ; 
50 29 - 25 x log() 0.87° < o < 48 
-13 48° < > < 180° 
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9: elevation angle, for omnidirectional antennas 

*: The representative antenna radiation pattern of the radiosonde airborne antenna must be used with 
caution because it is operated while being airborne. The spectrum sharing analyses should either use 
the representative Gy, values for the worst case scenario, or build statistical models that take into 
account the radiosonde flight heights and antenna orientations. 


o: angle off mainbeam axis, deg., for directional antennas 
Directional antennas have elliptical beams. 


dbw: HPBW in the direction of interest 


7.11.2 Meteorological Satellite Service (MetSat) 
7.11.2.1 System Review 


NTIA does not provide the MetSat earth station antenna radiation performance standards, 
nor does ITU-R provide recommendations for the MetSat earth station antenna reference 
radiation patterns. 


For omnidirectional, low- and medium-gain antennas, the LMSS earth station antenna 
radiation performance standards in Section 7.7.1.1 are recommended for the MetSat earth station 
antennas. They are provided in Table 7-37 and Table 7-38. 


(a) Omnidirectional Antenna 


Table 7-37. MetSat Earth Station Omnidirectional, Low- and Medium-Gain Antenna 
Vertical Radiation Performance Standards 


(a) Omnidirectional Antenna 


Gain Function (dBi) Angular Range 
<5 -20° < 8 < 20° 
<0 0 < -20° & 0 > 20° 

9: elevation angle, deg. 


(b) Vertical Array Antenna with Toroidal Beams and 7 < 


Gmax(dBi) < 13 
Gain Function (dBi) Angular Range 
Gmax - 10 45° < (8 - 0.) 
Ginax - 0.3 x [(0 - 8,)/10]*° 20° <(8-0,) <45° 
Gmax - 12 x [(0 - 86)/Ow)I° 20° <|@-0| 
Gmax - 0.3 x [(Oo - 8)/10]*° 20° < (8, - 8) < 50° 
Ginax - 13 50° < (0, - 9) 
0: elevation angle, deg. 
05: mainbeam elevation angle, deg. 
Ow: HPBW, deg. 
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(b) Low- and Medium-Gain Antenna 


Table 7-38. MetSat Earth Station Low- and Medium-Gain Antenna Radiation 
Performance Standards 


(a) Vehicle-Mounted Tracking Antenna with Fan-Beams 
and Operating in Low Elevation Angle 
Gain Function (dBi) Angular Range 
ee 0° <0 < 60°, 
2 [30°+k(8)] < |e—@o| < 180° 


(9, ): elevation and azimuth angles, deg. 
(8,, @o): mainbeam elevation and azimuth angles, deg. 
k(®) = 0.33° for Gmax = 11-15, dBi 

k(®) is TBD for Gmax = 9-11, dBi 


(b) Transportable or Vehicle-Mounted Antenna with 
Circular Beams and Gyax < 18 dBi 


Gain Function (dBi) Angular Range 
Ginax - 12 x (/dpw)” 0° <p<x? 
4 x°< o< 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < 
: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 
X: {Gmax - 12x(X/Opw)°} = 4, deg. 


(c) High-Gain Antenna 


For high-gain antennas, the FSS earth station antenna radiation performance standards in 


Section 7.3.1 are recommended for the MetSat earth station high-gain antenna. These are 
provided in Table 7-39. 


Table 7-39. MetSat Earth Station High-Gain Antenna Radiation Performance Standards 
(a) GSO Systems 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)” 0°<d< Om 
G; Om < ) < Or1 
D/A = 68 : Zhe7? 
(Gmnax = 44.7 dBi gee) aad 
for e = 0.65) 8 TP SO<9.2 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° < b < 180° 
Ginax - 2.5 x 10°(@D/A)” 0°<b< dv 
D/A < 68 29 - 25 x log() b2<b<7° 
8 T° <o<92° 


fey) 


32 - 25 x log(o) 9.2° <b < 48° 
-10 48° < b < 180° 

D/X = 68 is the threshold when the G; plateau disappears. 

: angle off mainbeam axis, deg. 

G,; =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

1 = 15.85(D/A)°*, deg. 

12: intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog($)} 


| An actual radiation pattern shall meet the following conditions: =i (ai‘C;é;O;*~™ 
e It may not exceed the gain function in the range 6, < 0 < 7°. 

e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(b) NGSO Systems 


Category Gain Function (dBi) Angular Range 
Gina - 2.5 x 10° (D/A) 0°<b< dma 
D/A > 100, 
(Ginx > 48.1 dBi Gis oma S 0 < bs 
for ¢ = 0.65) 29 - 25 x log() Gra < 0 < 36° 
-10 36° <b < 180° 
Gmb - 2.5 x 10° (D/A) o°< S 
20 < Di < 100, an rae mae re 
(34.1 < Gmax(dBi) < 48.1 mb = me 
for e = 0.65) 29 - 25 x log() dv <o< 36 
-10 36° <b < 180° 
Gm - 2.5 x 10° (D/A) 0° << re 
D/A < 20 29 - 25 x log(o) Ore <0 < 36° 
-10 36° <b < 180° 


: angle off mainbeam axis, deg. 
Gina = 20xlog(D/A) + 8.4, dBi 
Gia =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gma - Gia)”, deg. 
Ora = 15.85(D/A)°%, deg. 

Gmb = 20xlog(D/A) + 7.7, dBi 
Gip = 29 - 25xlog(95A/D), dBi 
dmb = 2000/D)(Ginb - Gin)””, deg. 
Ob = (95A/D), deg. 


Pattern for D/A < 20 is added to extend the high-gain pattern to Gmax = 22 dBi. 
Ore: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 
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7.11.2.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 7.11.2.1 may be used as the reference radiation patterns. The radiation patterns in 
Section 7.11.2.1 do not specify the Gmax value, and such data should be available in the GMF. 
7.11.2.3 Spectrum Sharing Analyses 


The representative MetSat antenna radiation patterns for conducting spectrum sharing 
analyses are provided in Table 7-40. 


Table 7-40. Representative MetSat Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
Frequenc 
Band, : putenna Type, Gain Function (dBi) Angular Range 
Link Direction | __ Gm (2B) 
Omni-, <0 -20° <0 
0 <0 0 < -20° 
ss ahha = 27 -2.5x 103 (8.84x6)° 0°<d<x° 
ownlink Directional, 
ae 29 - 25 x log(¢) x° <b < 36° 
-10 36° <b < 180° 
Omni-, =3 -20° <0 
3 <0 0 < -20° 
401-403 MHz, 11 - 12 x ($/46.2)° 0° << 35.2° 
Uplink Directional, 4 35.2° <b < 40° 
11 44 - 25 x log(¢) 40° < p< 90° 
5 90° < 
Omni-, <0 -20° <0 
460-470 MHz, 0 <0 0 < -20° 
Downlink Directional, 6 - 12(b/dpw) 0< d/dow <x 
6 * -5 X < o/ dow < 180/dow 
Omni-, ie -20° <0 
3 <0 0 < -20° 
48 - 2.5 x 10°(99.17xo)* 0°< 6<0.9° 
1.675-1.71 GHz, 28.9 0.9° << 1° 
Downlink Directional, 29 - 25 x log() 1°<o<7° 
48 8 T2009 
32 - 25 x log() 9.2° <b < 48° 
-10 48° <b < 180° 
_9: elevation angle, for omnidirectional antennas eed 
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o: angle off mainbeam axis, deg., for directional antennas 


*: Gmax Value below the minimum specification of Table 7-38. FS low-gain antenna radiation 
pattern in Table 7-2 is used here. 


dbw: HPBW in the direction of interest 


7.11.3 Earth Exploration-Satellite Service (EESS) 
7.11.3.1 System Review 


NTIA does not provide the EESS earth station antenna radiation performance standards, 


nor does ITU-R have recommendations for the EESS earth station antenna reference radiation 
patterns. 


The EESS and MetSat systems perform a similar task of using satellites to collect 
information about the Earth’s surface. Therefore, the EESS and MetSat systems earth station 
antennas should have similar radiation performance, and the MetSat earth station antenna 
radiation performance standards in Section 7.11.2.1 are recommended for the EESS earth station 
radiation performance standard. These standards are provided in Table 7-41. 


Table 7-41. EESS Earth Station Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Gmax - 12 x (6/ pw)” 0°< <x? 
4 x° << 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < 


Circular Beam, 12 < Gmax(dBi) < 18 
: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 


x: {Gmax - 12x(x/Opw)"} = 4, deg. 


(b) GSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Ginax - 2.5 x 10°(@D/A)? 0°<b< dm 
G Om < ) < Or 
D/A. = 68 : eae 
(Gmax > 44.7 dBi ee) ie ae 
for e = 0.65) 8 (het eye. 
32 - 25 x log(¢) 9.2° <b < 48° 
-10 48° < b < 180° 
Gmax - 2.5 x 10°(@D/A)? 0°<d< bo 
29 - 25 x log() 2<0<7° 
D/A < 68 : 5 oe 
32 - 25 x log(¢) 9.2° <b < 48° 
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-10 48° <b < 180° 

D/A = 68 is the threshold when the G;, plateau disappears. 

: angle off mainbeam axis, deg. 

G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

r= 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog()} 

| An actual radiation pattern shall meet the following conditions: == ati(i‘ié;*;*~*~™ 
e It may not exceed the gain function in the range 6, < 6 < 7°. 
e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 

sidelobe not exceeding the gain function by more than 3 dB. 


(c) NGSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Gina - 2.5 x 10° (D/A)? 0° << dma 
D/A = 100, 
(Gay > 48.1 dBi Gis ma S0< On 
for ¢ = 0.65) 29 - 25 x log() ra <b < 36° 
-10 36° <b < 180° 
Gib - 2.5 x 10° (D/A)? 0°<b<dm 
20 < D/d < 100, ® om op) are 
(34.1 < Ginax(ABi) < 48.1 mb = a 
for ¢ = 0.65) 29 - 25 x log() dp << 36 
-10 36° <b < 180° 
Gm - 2.5 x 10° (D/A)? 0°<o< dre 
D/A < 20 29 - 25 x log(o) Ore << 36° 
-10 36° <b < 180° 


o: angle off mainbeam axis, deg. 

Gina = 20xlog(D/A) + 8.4, dBi 

G,, =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gma - Gia)”, deg. 

bra = 15.85(D/A) °°, deg. 

Ginp = 20xlog(D/A) + 7.7, dBi 

Gip = 29 - 25xlog(95A/D), dBi 

bm = 20(0/D)(Ginp - Gin)”, deg. 

rb = (95X/D), deg. 

| Pattern for D/A < 20 is added to extend the high-gain pattern to Gmax=22dBi.t—~*=«CS@Y 
Ore : intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 
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7.11.3.2 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. When the actual radiation patterns are not available, the 
radiation performance standard in Section 7.11.3.1 may be used. The radiation patterns in 
Section 7.11.3.1 do not specify the Gmax value, and such data should be available in the GMF. 


7.11.3.3 


The representative EESS earth station antenna radiation patterns for conducting spectrum 
sharing analyses are provided in Table 7-42. 


Frequency Assignment 


Spectrum Sharing Analyses 


Table 7-42. Representative EESS Earth Station Antenna Reference Radiation Patterns for 


Spectrum Sharing Analyses 


aed Sey hist an Gain Function (dBi) Angular Range 
13 - 12 x (6/36.7)” 0° < o<31.7° 
GSO system, B 4 31.7°< o< 40° 
uplink 44 - 25 x log(o) 40° < 6 < 90° 
401-403 7 90° <6 
MHz 5 
NGSO system, i 6 = 12(G/Oow) OS Oto 
uplink e -5 XS ¥/ow < 
180/Obw 
50 - 2.5 x 10° (124.9xo)" 0°<o<0.7° 
GSO system, r 30.4 0.7° <o<0.9° 
uplink 29 - 25 x log() 0.9° < o < 36° 
-10 36° < b< 180° 
26 - 2.5 x 10°(7.88xo) 0° <o<x° 
29 - 25 x log( ane eee 
pee iy 26 — ‘ P< ae 9.2° 
ownlink 
2.025-2.11 32 - 25 x log() 9.2° <b < 48° 
GHz -10 48° <b < 180° 
6 - 12(/dow) 0< b/dbw <x 
6 * 2 x < o/dow < 
180/Obw 
ae 46-2.5x 10° (78.78 | 0°<o<1.05° 
re 27.4 1.05° << 1.16° 
29 - 25 x log(o) 1.16° << 36° 
-10 36° < b< 180° 
46 - 2.5 x 10° (78.78xo) 0° << 1.05° 
2.2-2.29 | NGSO system, 46 27.4 1.05°< o < 1.16° 
GHz downlink 29 - 25 x log(o) 1.16° < 6 < 36° 
-10 36° < b< 180° 
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46 - 2.5 x 10° (82.2x)” 0° << 1.05° 


8.025—8.4 | NGSO System, A6 27.4 1.05° < o < 1.16° 
GHz downlink 29 - 25 x log() 1.16° < o < 36° 
-10 36° <b < 180° 
58 - 2.5 x 10° (313.6x)” 0° <o<0.3° 
25.5-27 | NGSO System, 58 36.4 0.3° << 0.5° 
GHz downlink 29 - 25 x log(o) 0.5° < o < 36° 
-10 36° < b < 180° 


o: angle off mainbeam axis, deg. 

*: Gmax Value below the minimum specification of Table 7-38. FS low-gain antenna elliptical 
beam radiation pattern in Table 7-2 is used here. 

dbw: HPBW in the direction of interest 


7.11.4 Space Research Service (SRS) 
7.11.4.1 


NTIA does not provide the SRS earth station antenna radiation performance standards for 
system review. ITU-R provides three recommendations for the SRS earth station large-aperture 
antenna reference radiation patterns for coordination studies and interference assessments, and 
these radiation patterns are recommended for the SRS earth station antenna radiation 
performance standards. These standards are provided in Table 7-43. Here standard (a) is an 
extension of the original recommendation by adding the mainbeam pattern and by adding a new 


pattern for D/A < 100. 


System Review 


Table 7-43. SRS Earth Station Large-Aperture Antenna Radiation Standards 
(a) Below 30 GHz 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A) 0°<b<dm 
D/A = 100 Gi dm S >< 
(Gmax > 48 dBi) 32 - 25 x log() ;, << 47.9° 
-10 47.9° <b < 180° 
Ginax - 2.5 x 10°(@D/A) 0°<b<dm 
G, dm < > < (LOOA/DY? 
Dias 52 - 10 x log(D/A) - 25 x log(o) (100A/D)° <  < 47.9° 
10 - 10 x log(D/A) 47.9° <b < 180° 


o: angle off mainbeam axis, deg. 
G, =2 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - G1)°*, deg. 
o; = 15.85(D/A) °° , deg. 
| This is the FSS earth station antenna reference radiation pattern in RR Appendix 8 except that | 
the second plateau starts at 47.9° instead of 48°. 
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(b) Above 30 GHz 


Gain Function (dBi) Angular Range 
Gmax - 12 x (/bbw) 0<b<o 
Gmax - Gi di < oS bo 
Gimax - G1 - G2 x log(/o2) 2 < 0) = 3 
G3 03 < d < 80° 
G3+5 80° < d < 120° 
G; 120° < 6 < 180° 


o: angle off mainbeam axis, deg. 
bow: HPBW, dpw = 69 (A/D), deg. 
1 = bbw x (Gi/12)”° 
G 0.5 

= x10'61/G2) | 22 

5 Oy 144 
Gnax G1 -G3 

3; =, x 6 u 
Gmax = 10 x log[e, (nD/A)’] - 4.343(4h/A)’, dBi 


G, = 17 dBi 
G> = 27 + 10 [ log(e,) - log(60h/A) J, dBi 
G3 =-10 dBi 


D: aperture diameter 
€,: antenna efficiency excluding contribution from surface tolerance 


1 h 1 
h: root-mean-square surface tolerance, < a 
60 r 15 


7.11.4.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 7.11.4.1 may be used as the reference radiation patterns. In addition, ITU-R has an 
antenna reference radiation pattern for the coordination studies and interference assessment for a 
large number of distributed interfering sources above 30 GHz; this pattern is provided in Table 
7-44. These radiation patterns do not specify the Gmax value, and such data should be available in 
the GMF. 
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Table 7-44. SRS Earth Station Large-Aperture Antenna Reference Radiation Pattern 
against Large Number of Distributed Interfering Sources above 30 GHz 


Gain Function (dBi) Angular Range 
Giax - 12x (/ ow)” O< () < 4 
Gmax - G4 b4 << 5 
Gmax - G4 - Gs x log((o/os) 5 << 6 
Ge d6 < 0 < 80° 
Ge + 5 80° < o < 120° 
Geo 120° < d < 180° 


: angle off mainbeam axis, deg. 
Obw: HPBW, Obw = 69 (A/D), deg. 


ba = bbw X (Gy/12)° 


0.5 
5 = o, x 19(Gs-3/Gs] x (Es) 


144 
Gmax-G4-Go 
5 =; x a - 
Gmax = 10 x logfe, (tD/A)"] - 4.343(4h/d)’, dBi 
G, = 20 dBi 
Gs; = 27 + 10 [ log(e,) - log(60h/A) ], dBi 
Go = -13 dBi 


D: aperture diameter, 
é,: antenna efficiency excluding contribution from surface tolerance, 


1 h 1 
h: root-mean-square surface tolerance, < < 
60 r 15 


7.11.4.3 Spectrum Sharing Analyses 


The representative SRS antenna radiation patterns for conducting spectrum sharing 
analyses are provided in Table 7-45. 


Table 7-45. Representative SRS Earth Station Antenna Reference Radiation Patterns for 
Spectrum Sharing Analyses 


peas Loe Beri aa Gain Function (dBi) Angular Range 
Deep-space and 56 - 2.5 x 10° (249.1xo) O°< o< 0.3° 
lunar-orbiting 56 37.9 0.3° << 0.6° 

2025-241 systems, 32 - 25 x log(o) 0.6° < 0 < 47.9° 

GHz uplink -10 47.9° <b < 180° 
GSO system, 45 45 - 2.5 x 10° (70.2x) 0°<o<1.1° 

uplink 29.7 1.1°<o<1.4° 
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33.5 - 25 x log(o) 


1.4° << 47.9° 


-8.5 47.9° < b< 180° 
35 - 2.5 x 10° (22x) 0° <b <3.2° 
GSO system, Be 29.2 3.2° <p <4.5° 
downlink 38.5 - 25 x log() 4.5° <b <47.9° 
-3.5 47.9° < p< 180° 
51 - 2.5 x 10° (140.1xo)° 0°< >< 0.6° 
NGSO system, 51 34.2 0.6° <b < 0.8° 
uplink 32 - 25 x log() 0.8° < o < 47.9° 
-10 47.9° < b< 180° 
57 - 2.5 x 10° (279.5x)” 0° <b <0.3° 
Deep: space 38.7 0.3° << 0.5° 
system, 57 : = = 479° 
rae 32 - 25 x log(o) 0.5°< $< 47.9 
-10 47.9° < b< 180° 
45 - 2.5 x 10° (70.2x) 0°<o<1.1° 
22-23 GSO system, 45 29.7 1.1°<o<1.4° 
GHz uplink 33.5 - 25 x log() 1.4° << 47.9° 
-8.5 47.9°< b < 180° 
50 - 2.5 x 10° (124.9xo)* 0° < b<0.7° 
NGSO system, 50 33.4 0.7° << 0.9° 
Downlink 32 - 25 x log() 0.9° < p< 47.9° 
-10 47.9° < b< 180° 
Deep-space and 72 -2.5 x 10° (1572x)* O°< ) < 0.06° 
mars-orbiting 79 49.9 0.06° < 6 < 0.19° 
systems, 32 - 25 x log(o) 0.19° < o < 47.9° 
7.145-7.23 uplink -10 47.9° <  < 180° 
5 GHz 68 - 2.5 x 10° (222xo) 0°< <0.1° 
NGSO system, 68 46.9 0.1° << 0.25° 
uplink 32 - 25 x log() 0.25° <b < 47.9° 
-10 47.9° < b< 180° 
68 - 2.5 x 10° (992xo)* 0°< o<0.1° 
Pee Dspace 46.9 0.1° << 0.25° 
Ste = 32 - 25 x log( 0.25° <b <47.9° 
downlink XO) 25° <> S47. 
8.4-8.5 -10 47.9° < b< 180° 
GHz 60 - 2.5 x 10° (394.8) 0° <b <0.22° 
NGSO System, | (4 40.9 0.22° < o < 0.44° 
downlink 32 - 25 x log(o) 0.44° <b < 47.9° 
-10 47.9° < b< 180° 
30 - 2.5 x 10° (12.5xo)* 0°< <5.4° 
13.25-13.7 | GSO system, 46 18.4 54° 262 8° 
5 GHz downlink 41 - 25 x log() 8° <p < 47.9° 


1 


47.9° <b < 180° 
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60 - 2.5 x 10° (394.8xo)* 0° <b <0.22° 
GSO system, 60 40.9 0).22° < o < 0.44° 
uplink 32 - 25 x log(o) 0.44° <b < 47.9° 
14.8-15.4 -10 47.9° <b < 180° 
GHz 62 - 2.5 x 10° (497xo)* 0° <b <0.18° 
NGSO system, 62 42.4 0.18° < o < 0.38° 
uplink 32 - 25 x log(o) 0.38° <b < 47.9° 
-10 47.9° <b < 180° 
e 70 - 2.5 x 10° (1248x0)? 0° <b <0.07° 
Pree i 48.4 0.07° < <0.22° 
ee 32 - 25 x log(¢) 0.22° << 47.9° 
25.5-27 -10 47.9° < b < 180° 
GHz T1 - 2.5 x 10° (1401x0)? 0° < 6 < 0.06° 
NGSO system, 7 49.2 0.06° < o < 0.21° 
downlink 32 - 25 x log(6) 0.21° <b < 47.9° 
-10 47.9° < b < 180° 
78 - 12 x (/0.022) 0 << 0.026° 
. 61 0.026° <  < 0.047° 
a os 61 - 23.4 x log(/0.047) 0.047° << 517° 
awralink -10 51.7° << 80 
5 80° <b < 120° 
31.3-32.3 -10 120° <b < 180° 
GHz 68 - 12 x (/0.07)” 0 << 0.083° 
51 0.083° <b < 0.15° 
NGSO system, | g 51 - 23.4 x log(/0.15) 0.15° << 61° 
downlink -10 61° << 80° 
5 80° <b < 120° 
-10 120° <b < 180° 
78 - 12 x (/0.022) 0 << 0.026° 
61 0.026° <  < 0.047° 
340547) eer 61 - 23.4 x log(/0.047) 0.047° << 51.7° 
GHz ines, ue 10 51.7° <$ < 80° 
uplink : = 
5 80° <b < 120° 
-10 120° <b < 180° 


: angle off mainbeam axis, deg. 


7.12 Space Application Service (SAS) 
7.12.1 Space Operation Service (SOS) 


7.12.1.1 


System Review 


NTIA does not provide the SOS earth station antenna radiation performance standards, 
nor does ITU-R have recommendations for a SOS earth station antenna reference radiation 
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patterns. The SOS earth station antenna is assumed to have similar radiation performance as the 
FSS earth station antenna; therefore, the FSS earth station antenna radiation performance 
standard in Section 7.3.1 is recommended for the SOS earth station antenna radiation 
performance standard. Furthermore, the standard for the GSO system is extended to moon- 


orbiting systems and deep-space systems. The low-gain antenna radiation performance standard 
is not available in Section 7.3.1, and the LMSS low-gain antenna radiation performance 


standards in Section 7.7.1.1 are recommended here. These standards are provided in Table 7-46. 


Table 7-46. SOS Earth Station Antenna Radiation Performance Standards 


(a) Low-Gain Antenna 


Gain Function (dBi) Angular Range 
Gmax - 12 x (/bw)” 0°<b<x°? 
4 x°< o< 40° 
44 - 25 x log(o) 40° < 6 < 90° 
-5 90° < o 
Circular Beam, 12 < Gmax(dBi) < 18 


o: angle off mainbeam axis, deg. 
dbw: HPBW, deg. 


x: {Ginax - 12x(x/pw)"} = 4, deg. 


(b) GSO and Higher Orbit System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Gmax - 2.5 x 10°(@D/A)? 0°<o< Om 
G; Om < ) < Ort 
Bo at 29 - 25 x log(4) ba <O<7° 
(Ginax > 44.7 dBi 3 7° << <99° 
for e = 0.65) Es be 
32 - 25 x log() 9.2° << 48 
-10 48° <b < 180° 
Ginax - 2.5 x 10°(@D/A)? 0°<d< dv 
29 - 25 x log() .2<6<7° 
D/d < 68 8 T? << 9.2° 
32 - 25 x log() 9.2° <b < 48° 
-10 48° < b< 180° 


D/A = 68 is the threshold when the G; plateau disappears. 
: angle off mainbeam axis, deg. 


G, =-1 + 15xlog(D/A), dBi 

m= 20(A/D)(Gmax - Gi)°*, deg. 

1 = 15.85(D/A)°*, deg. 

121 intersection of {Gmax - 2.5x10°(@D/A)?} and {29 - 25xlog()} 


An actual radiation pattern shall meet the following conditions: 
e It may not exceed the gain function in the range 0, < 6 < 7°. 
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e It may exceed the gain function in the range ) > 7° by no more than 10% with individual 
sidelobe not exceeding the gain function by more than 3 dB. 


(c) NGSO System High-Gain Antenna 


Category Gain Function (dBi) Angular Range 
Gia - 2.5 x 10° (D/A)? 0° << dma 
D/A. > 100 
(Gmnax > 48.1 dBi Gia ma Sb < Ora 
for e = 0.65) 29 - 25 x log(®) Ora S > < 36° 
-10 36° <b < 180° 
Gib - 2.5 x 10° (D/A) 0° << dm 
20 < D/d < 100 , c. op ; wee 
(34.1 < Gmax(dBi) < 48.1 be tb 
for e = 0.65) 29 - 25 x log(9) dv << 36 
-10 36° <b < 180° 
Gib - 2.5 x 10° (D/A)? 0° << Ore 
D/A < 20 29 - 25 x log(o) dre $< 36° 
-10 36° <b < 180° 


: angle off mainbeam axis, deg. 

Gina = 20xlog(D/A) + 8.4, dBi 

G,, =-1 + 15xlog(D/A), dBi 

dma = 20(A/D)(Gna - Gia)”, deg. 

Ora = 15.85(D/A)°%, deg. 

Gimp = 20xlog(D/A) + 7.7, dBi 

Gp = 29 - 25xlog(95A/D), dBi 

dmb = 20(A/D)(Gmw - Gib)”, deg. 

Orb = (95A/D), deg. 

| Pattern for D/A < 20 is added to extend the high-gain pattern to Gmax =22dBi.tititiC~*=«CSY 
dre: intersection of {Gmax - 2.5x10°(@D/A)’} and {29 - 25xlog()}, deg. 


7.12.1.2 Frequency Assignment 


The actual antenna radiation patterns should always be used in EMC analyses for 
frequency assignment. The antenna radiation patterns should be available from either the system 
operators or the antenna manufacturers. 


When the actual radiation patterns are not available, the radiation performance standards 
in Section 7.12.1.1 may be used. The radiation patterns in Section 7.12.1.1 do not specify the 
Gmax Value, and such data should be available in the GMF. 


7.12.1.3 Spectrum Sharing Analyses 


The representative SOS antenna radiation patterns for conducting spectrum sharing 
analyses are provided in Table 7-47. 
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Table 7-47. Representative SOS Antenna Reference Radiation Patterns for Spectrum 


Sharing Analyses 
eo oe eens ace Gain Function (dBi) Angular Range 
12 - 12 x (/41.2)° 0° < 6 < 33.7° 
148-149.9 GSO system, Db 4 33.7° < o < 40° 
MHz uplink 44 - 25 x log(o) 40° <9 < 90° 
-5 90° < 
16 - 12 x (/26)* 0° < b< 26° 
401-402 NGSO system, 16 4 26° < o < 40° 
MHz downlink 44 - 25 x log() 40° < 6 < 90° 
-5 90° < 
56 - 2.5 x 10° (249xo) 0° << 0.37° 
34.9 0.37° < o < 0.58° 
Deep-space 56 29 - 25 x log(@) 0.58° << 7° 
system, uplink 8 7° <o<9.2° 
32 - 25 x log(o) 9.2°< > < 48° 
-10 48° <b < 180° 
3 2 ° ° 
.025-2.11 39 - 2.5 x 10™ (35.2xd) 0 =o < aoe 
GHz GSO system, 29 - 25 x log(@) 2.55°<o<7 
Uplink & 39 8 7 3o 92° 
downlink 32 - 25 x log(@) 9.2° <b < 48° 
-10 48° <b < 180° 
AT - 2.5 x 10° (92x) 0° << 0.93° 
NGSO system, 47 28.7 0.93°< 6 < 1.03° 
uplink 29 - 25 x log(o) 1.03° < o < 36° 
-10 36° < od < 180° 
57 - 2.5 x 10° (279.4x) 0° < 6 <0.33° 
neareae: 35.f 0.33° < d < 0.54° 
system, 57 = are log(@) see rere: 
downlink —< 
32 - 25 x log(o) 9.2°< > < 48° 
-10 48° <b < 180° 
- 2.5 x 10° (22.2x)” °<<4.18° 
na ee 
as Ce DsyteMss. || 235 8 TP <b <9.2° 
uplink 
32 - 25 x log(o) 9.2°< > < 48° 
-10 48° <b < 180° 
eso 44 - 2.5 x 10° (62.55xo)” 0° << 1.37° 
a 29 - 25 x log(o) 1.37°<o<7° 
downlink 4 8 << 92° 
32 - 25 x log(o) 9.2°< > < 48° 
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-10 48° <b < 180° 
42 - 2.5 x 10° (51.75x) 0°<<1.71° 
NGSO system, 49 22.4 1.71°<o< 1.84° 
downlink 29 - 25 x log(o) 1.84° <p < 36° 
-10 36° < p< 180° 


o: angle off mainbeam axis, deg. 


7.12.2 Data Relay Service (DRS) 


The DRS system provides telecommunication support between the earth stations and the 
LEO satellites conducting space research operations. The GMF does not provide a separate 
category for this service. 
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1. INTRODUCTION 


Propagation in the LoVHF (30-100 MHz) frequency band possesses 
characteristics common to both HF (3-30 MHz) and HiVHF (100-300 MHz) 
propagation. It is this feature which makes this frequency band both 
interesting and complex. 

The primary interest of this report is the modes of propagation between 
surface- or near-surface-based transmitters and receivers. For a given range, 
the strength, geographical and temporal dependence, and likelihood of a parti- 
cular mode of propagation will be discussed. In the last section, various 
existing models that could be used to describe the field strength and trans- 
mission loss in the LoVHF band are assessed. These models and the discussion 
of the various modes of propagation fall roughly into two groups: (i) those 
that affect ranges less than 500 km and (ii) those that affect ranges greater 


than 500 km. 
2. RANGES LESS THAN 500 km 


The line-of-sight distance of transmission in the 30-100 MHz band is 
dependent on the degree to which the neutral atmosphere near the surface of 
the earth refracts the rays. Under normal conditions the index of refraction 
decreases as the radial distance from the center of the earth increases. The 
ray is bent back toward the earth, but because its curvature is less than that 
of the earth's, it does not return to the earth's surface. However, under 
certain meteorological conditions the atmosphere will bend the ray less than 
under normal conditions; in other cases, it will bend it more. In the former 
case, the atmosphere is referred to as subrefractive; in the latter case, as 
superrefractive. For an index of refraction n, which is approximately linear 


near the surface of the earth, these effects can be approximately taken into 
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account by defining an effective radius of the earth R,- In this case we 


obtain for the line-of-sight distance qos (Reed and Russell, 1966) 


= OR )* 
dygg = (2R,)*(VRy + Vig) , (1a) 


where 


- qa 
“> Te aangah: 2 (1b) 


Here, hy and h, are the heights of the receiving and transmitting antennas, 
dn/dh is the first derivative of the index of refraction with respect to 
height above the surface of the earth, and a is the radius of the earth. 

For simplicity we will assume that, within the line-of-sight distance, 
the radiation from the transmitter to the receiver is not obstructed by 
objects much larger than a wavelength. In this case, for distances less than 
or similar to dios and for distances much greater than a wavelength from the 
transmitter, the signal strength at the transmitter is due principally to the 
contributions from the direct ray and the ray which is reflected from the 
earth's surface (Freehafer, 1964). As the elevation angle of the reflected 
ray approaches zero, the contribution from the surface wave must be taken into 
account (Reed and Russell, 1966). This is especially true over seawater (Reed 
and Russell, 1966). 

There is a region in which the geometrical optics field and the 
diffracted field interfere. This region is referred to as the intermediate 
region (Kerr, 1964). For still larger ranges beyond the radio horizon, the 
diffracted field becomes the primary contribution. For ranges greater than 
about 50 km beyond the radio horizon, the received field decays less rapidly 


than that predicted by the diffracted field alone (Reed and Russell, 1966). 


At these ranges, scattering from irregularities in the troposphere contributes 
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to the received field. The signal propagated by means of tropospheric 


a | 


scattering is about 100 dB below that of free space at a distance of about 650 


: km, and as the range decreases, it increases at a rate of approximately 1/4 of 5, 
ie 
a dB/km (Reed and Russell, 1966). The received power falls at a rate of nf 
; § 
4, 


x between ja? for broadbeam antennas and 1/a? for narrowbeam antennas (Wheelon, 


where d is the distance between the transmitter and receiver. The 


1959), 


wavelength dependence of the received power varies as A for broadbeam antennas 


and as x for narrowbeam antennas (Wheelon, 1959). The signal strengths 


follow a seasonal pattern, being stronger in the summer than in the winter 


(Dolukhanov, 1971). This is apparently due to the fact that in the summer the 


y rate at which the refractive index decreases with height increases. This 4 


effect results in larger bending of the rays, smaller angle scattering, and 


larger fluctuations in the dielectric constant (Dolukhanov, 1971). The net . 


effect of these differences is to produce a larger scattered field. 


the 


x Because narrowbeam antennas limit the spread in arrival time, 


frequency coherence of the received field is improved (Booker and 


MER 


DeBettencourt, 1955). The larger the distance between transmitter and 


receiver, the greater the spread in arrival times and the more rapid the rate 
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of frequency fading (Booker and DeBettencourt, 1955). Typically, time delays 
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are on the order of tenths of microseconds for beyond-the-horizon paths 


(Schwartz, Bennett and Stein, 1966). This implies a correlation bandwidth 


from hundreds of kilohertz to a few megahertz (Stein and Jones, 1967). Ss 


Because the tropospheric scattering region is in constant motion, the - 


scattered signal is both Doppler shifted and spread. Apparently the Doppler s 
shift is generally very small. The fading rate is proportional to frequency, 4 
4 
2 with fading rates less than 1 Hz in the LoVHF band (Hall, 1979, Schwartz, bat! 


Bennett and Stein, 1966). 
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2.1 DUCTING 

Under superrefractive conditions, the curvature of a ray can exceed that 
of the earth, and the possibility exists for the creation of a ground-based 
duct. Under these circumstances, it is possible for the ray, by series of 
hops between the reflection level and the earth, to propagate well beyond the 
radio horizon. However, in order to obey boundary conditions at the earth's 
surface, only a certain discrete set of modes is permitted (Budden, 1961a). 
The maximum height at which a particular mode is reflected corresponds closely 
to the height associated with the minimum value of the index of refraction. 
This height defines the thickness of the duct which guides the energy around 
the earth. If the duct thickness is too small, the duct will be very leaky 
and its ability to guide the energy greatly reduced. For a given duct 
thickness, the higher the frequency of propagation, the less leaky the duct. 
For sufficiently thick ducts, field strengths on the order of their free space 
value and greater can be propagated over hundreds and possibly thousands of 
kilometers (Hitney et al., 1985, Pappert and Goodhart, 1977, Vergara et al., 
1962). However, the elevation angles of the modes which are trapped by 
tropospheric ducts are typically below 1 deg (Bean and Dutton, 1966); hence, 
the ability of a transmitter to couple energy into these ducts is critically 
dependent upon the power transmitted at very low elevation angles (Vergara et 
al., 1962). Even when the duct thickness is insufficient to trap the wave, 
partial reflection still returns energy to the earth's surface. As a 
consequence, the signal can often be as much as 10 dB greater than that 
expected by diffraction alone (Pappert and Goodhart, 1979, Vergara et al., 
1962). 


The refractivity N is defined by N = (n - 1)10°, where n is the index of 


refraction. In practical applications N can be related to the pressure F in 
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millibars, the temperature T in degrees Kelvin, and the partial pressure of " 
water vapor e by the expression : 
x 
_ 77.6 4810e “J 
N= op [P : a (2) ‘4 
ws 
«J 
Normally, the temperature and humidity decrease with increasing height above : 
the earth's surface in such a way that the refractivity decreases with height ‘4 
(Bean and Dutton, 1966). Ducts are generally produced by a greater than re 
average rate of decrease of vapor pressure, a less than average rate of = 
' decrease of temperature, or both. There are three distinct classes of ducts: 
evaporation ducts, surface-based ducts, and elevated ducts (Hitney et al., 
1985). Evaporation ducts are produced near the surface of the ocean by the 
rapidly changing humidity of the air. They are almost always present and are Pe 
generally less than 40 m thick (Hitney et al., 1985). Surface-based ducts are * 
generally produced by the motion of large masses of air into a region having vad 
different meteorological properties (Bean and Dutton, 1966). In a typical 
strong ducting situation, dry, warm air will move in over a cold ocean, thus a 
producing not only a rapid decrease in vapor pressure, but a temperature 
inversion. The base of a surface-based duct is located at ground level. Its “ 
top can be as high as several hundred meters above the earth's surface (Hitney a 
et al., 1985). Elevated ducts are formed by processes similar to those which i 
form surface-based ducts; however, the base of the duct is not located at = 
ground level. Evaporation ducts are generally too thin to support LoVHF im 
propagation; however, surface-based ducts can be an important feature of LoVHF = 
propagation (Hitney et al., 1985). Elevated ducts can also influence gs 
S 
propagation in the LoVHF band, but these ducts are generally important only “ 
oP 
“~ 
for air-to-air or air-to-land transmission (Hitney, et. al, 1985). For this 4 
reason they will not be of interest to us. * 
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Ducting will apparently be an important feature of LoVHF propagation only 
in a few geographical locations. These locations are generally restricted to 
tropical and semitropical regions located near the interface of land and a 
large body of water (Patterson, 1982). There is also apparently a higher 


incidence of these ducts in the spring and summer months (Patterson, 1982). 
3. RANGES BEYOND 500 km 


For ranges beyond approximately 500 km, there are two modes of 
Propagation: (i) reflections from the F or sporadic E layers and (ii) 
scattering. The reflected signals tend to be strong, with possible slow 
interference fading, and the scattered signals much weaker but with rapid 
fading. The ranges over which these mechanisms operate are largely dependent 
upon the height above the surface of the earth at which the reflection or 
scattering takes place. A concise summary of the characteristics of these 
propagation modes is given by Jacobs (1969). We will first consider 
reflection mechanisms. 

Absorption of waves in the LoVHF band due to passage through the 
troposphere is negligible (Matthews, 1965). However, absorption losses can be 
considerable in the ionosphere. Since all modes of propagation for ranges 
greater than 500 km must pass through the ionosphere, it is appropriate that 
we discuss this effect here. 

Normal absorption can be divided into deviative and nondeviative 
absorption. Nondeviative absorption occurs predominantly in the D region, 
where the collision frequency takes on its largest value in the ionosphere and 
the index of refraction is near one. Deviative absorption occurs primarily 


near the level of reflection. It is largest in those regions where the 


progress of the wave is particularly slow. For this reason, when the wave 1s 
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reflected from regions near the peak of the E and F layers, the deviative 
absorption will be large. The degree of absorption is proportional to the 
collision frequency and the electron concentration, and these factors are 
functions of the solar zenith angle, the season, geographical location, and 
sunspot number. Absorption generally increases with sunspot number and 
decreases with solar zenith angle (Davies, 1965). The seasonal differences 
are primarily accounted for by differences in the solar zenith angle; however, 
in the midlatitudes the winter absorption tends to be higher than expected 
(Davies, 1965). This winter anomaly is apparently explained by the fact that 
during the summer, layer heights are higher than they are in the winter, 
thereby causing the path length of rays through the D region to be longer in 
the winter than in the summer (Laitinen and Haydon, 1962). Because of the 
difference in the ray path and index of refraction, the absorption is also a 
function of the polarization of the wave. 

In addition to the normal absorption in the ionosphere, there also exists 
a component that is less predictable. This component is generally a function 
of solar activity. There are three principal effects which can be identified 
(i) sudden ionospheric disturbances (SIDs), (ii) ionospheric storms, and 
(111) polar cap absorption events (PCAs). SIDs can increase the level of 
absorption in the D level to the extent that no HF signal is reflected from 
the ionosphere. These events are referred to as HF blackouts. The onset of 
these events is often, but not always, rapid. The period of blackout extends 


from minutes to several] hours, and the rate of occurrence is highly correlated 


with sunspot number (Davies, 1965). lonospheric storms are generally 
associated with magnetic storms. During magnetic storms the magnitude of the 
earth's magnetic field can vary by as much as a few percent. The intensity of 
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these storms increases with sunspot number and proximity to the auroral 
region. The most prominent feature of ionospheric storms is the depression of 
the value of the maximum plasma frequency foF2 and the increased absorption in 
the D region (Davies, 1965). In the auroral regions the depression in the 
value of foF2 can range from 30% to 50%; however, for geomagnetic latitudes 
less than about 45 deg the depression is less than about 10%. The duration of 
these depressions can range from about 20 to 40 hours (Davies, 1965). This 
variation in the value of foF2 can have a considerable effect upon 
propagation, particularly for frequencies near the maximum usable frequency 
(MUF). Blackouts caused by these storms are most probable in the mornings and 
least probable in the evenings (Davies, 1965). They occur with about equal 
probability in the winter and summer and are most likely to occur during the 
equinoxes and in regions associated with the visual aurora (Davies, 1965). 
The majority of polar blackouts last less than 6 hours; however, polar 
blackouts caused by PCA events can last from 1 to 10 days (Davies, 1965). 
These events are not particularly correlated with either auroral or magnetic 
activity, but instead are more likely to occur in the geographic polar regions 


and at times of high sunspot number (Davies, 1965). 


3.1 SPORADIC E 


The existence of sporadic E propagation, because of its variable nature, 
is studied mostly by statistical means. The layers responsible for sporadic E 
Propagation are primarily confined to the E layer between heights of 90 and 
120 km and appear in horizontal layers of increased ionization density 
(Davies, 1965). On some occasions the layers are very thin or patchy and 


mainly serve to scatter the wave as it passes through the layer. At other 


times the layers are sufficiently thick and widespread to shield the upper 
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layers of the ionosphere from below (Davies, 1965). They are generally about 
1 km thick with a horizontal spread of about 100 km (CCIR Report 259-4, 1978). 
One European study found that three-fourths of the sporadic E events last less 
than 2 min, while the total duration of sporadic E was largely due to events 
which lasted longer than 3 min (CCIR Report 259-4, 1978). In all cases the 
thickness of the sporadic E layers is less than about 5 km (Al'pert, 1973). 

There are three major sporadic E zones: equatorial, temperate, and 
auroral (CCIR Report 259-4, 1978). The equatorial zone extends in a belt 
about 6 deg geomagnetic latitude on either side of the geomagnetic equator. 
In this region sporadic E is generally a daytime phenomenon. These layers are 
highly transparent, and propagation due to them is primarily accomplished by 
scattering. The temperate zone extends from the equatorial zone up to about 
60 deg geomagnetic latitude. Intense sporadic E reflections are obtained in 
this region, particularly during the summer. Maximum occurrence is obtained 
at about 10:00 local time, with a second peak occurring in the afternoon or 
evening (CCIR Report 259-4, 1978). There is considerable geographic variation 
in the occurrence of sporadic E, with regions in the Far East exhibiting the 
greatest occurrence (Smith, 1976). Its frequency of occurrence is apparently 
associated with thunderstorm activity that penetrates the tropopause (Stewart, 
1984, CCIR Report 259-4, 1978) and is relatively insensitive to sunspot number 
(Jacobs, 1969, CCIR Report 259-4, 1978). In the auroral zone the dominant 
feature is the nighttime peak in occurrence of sporadic E (CCIR Report 259-4, 
1978). Its occurrence is associated with aurora and the magnitude of the 
sunspot number (CCIR Report 259-4, 1978, Jacobs, 1969). 

Let us first examine the ability of sporadic E layers to reflect waves in 


the LoVHF band. Assuming that the reflecting layers are well modeled by a 


parabolic layer, we can use the theory of Appleton and Beynon (1947). Using 
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the graphs constructed by them, we observe that, in order for the ray to be 
reflected, the value of the ratio of the frequency f to the maximum plasma 
frequency of the sporadic E layer, foES, must be less than about 6. This 
means that for values of foES less than about 5 MHz, the incident field will 
not be reflected from the sporadic E layer. Worldwide, there is approximately 
a 98% probability that foES will not exceed 10 MHz (Smith 1976); hence, the 
usable frequency range for sporadic E propagation in the LoVHF band is between 
30 and 60 MHz. This is not meant to imply that frequencies outside this range 
will not be affected by the sporadic E layers, but rather that the signals 
will be only partially reflected or scattered, with the signal strength 


greatly reduced (Miya et al., 1978). An examination of figure 12 of Miya et 


al. (1978) shows that, for a value of foES equal to 10 MHz and a frequency of 


80 MHz, the maximum value of the received signal would be about 50 dB below 
the free space value. This result along with the fact that ham operators have 
successfully communicated using sporadic E at frequencies exceeding 100 MHz 
(Stewart, 1984) indicates that limiting sporadic E propagation to frequencies 
less than 60 MHz is almost certainly too strict a constraint. However, the 
mechanism of propagation at these higher frequencies, whether by partial 
reflection or scattering, is unclear, and the description of the received 
signal will critically depend on the particular mechanism involved. Suffice 
it to say that the variety of propagation modes that are lumped together under 
the heading of sporadic E are manifold (Davies, 1965). Sporadic E is believed 
to affect wave propagation for frequencies up to 90 MHz in the polar and 
equatorial regions and for frequencies from about 83 to 135 MHz in the 
temperate zone (CCIR Report 259-4, 1978). 

For frequencies greater than foES, there is a distance from the 


transmitter over which no sky wave is propagated. This region is referred toa 
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as the skip zone. The skip zone will be smallest for the largest value of 


foES and the smallest value of f. If we take the maximum value of foES to be 
10 MHz, this corresponds to a minimum value of the ratio of f to foES equal 
to 3. From figure 12 of Appleton and Beynon (1940), we observe that for a 
ratio of f to foES equal to 3, the angle that the ray makes with the vertical 
at the surface of the earth is about 75 deg. Using figure 2 of Miya et al. 
(1978), we find that this corresponds to a skip distance of about 500 km. The 
maximum elevation angle will be somewhat larger than the elevation angle of 
the ray associated with the skip distance, but for a typically thin sporadic E 
layer this difference is small. Consequently, for ranges less than about 
500 km and for rays with elevation angles significantly greater than about 
15 deg, sporadic E layers will not yield high signal strengths. From figure 2 
of Miya et al. (1978), we observe that the maximum  single-hop range, 
corresponding to reflection from a height of 130 km, is less than 2700 km. 
This result is in close agreement with the experimentally observed maximum 
single-hop distance of 2600 km (Miya et al., 1978). Multihop sporadic E is 
possible, but its occurrence is much less frequent (CCIR Report 259-4, 78). 

In those instances where sporadic E propagation is associated with 
partial reflection or scattering, the received signal will be weaker than in 
the case where total reflection is involved. The received signal will be on 
the order of 20 to 60 dB below the value of the totally reflected signal (Miya 
et al., 1978, Frank, 1969). In addition, if scattering is involved, the 
signal will exhibit an increased fading rate, with fading rates increasing 
from 0.01 to 0.1 Hz, for specular reflection, to 0.05 to 0.4 Hz, for 
scattering (CCIR Report 259-4, 1978). Radio amateurs operating in the U.S. at 


frequencies in the LoVHF band have successfully communicated over distances 
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exceeding 1000 km, using backscattering from irregularities of electron 
ionization density that are aligned along the earth's magnetic field (Kneisel, 
1982). The existence of these irregularities is associated with the 


occurrence of sporadic E and is a nighttime phenomenon (Kneis, 1982). 
3.2 PROPAGATION VIA F LAYER REFLECTION 


When propagation via the F layer occurs, the received signal strength 
will be on the order of the free space value. In order for this to occur, the 
value of the maximum plasma frequency of the F2 layer, foF2, must be 
sufficiently large to reflect rays propagating in the LoVHF band. In this 
regard, the value of the MUF for a given range is of interest. As the 
frequency increases, the size of the skip zone increases. When the frequency 
is equal to the MUF, the receiver is located at the edge of the skip zone. 
Any further increase in frequency will place the receiver inside the skip zone 
of the transmitter. The value of the MUF is to be distinguished from the 
maximum observable frequency (MOF). Because of the existence of other 
propagation modes, the value of the MOF is generally larger than the value of 
the MUF (Davies, 1965). For example, it is possible for a signal whose 
Carrier frequency is greater than the MUF to be received within the skip zone 
by a sporadic E reflection. 

In order to evaluate the importance of F region propagation for the LoVHF 
band, we require knowledge of the ‘maximum value of the MUF, and this 
corresponds to the minimum value of foF2 that will support reflection from the 
F layer for the LoVHF band. The higher the peak of the F2 layer HmF2, the 


higher the minimum value of foF2 required to reflect a wave in the LoVHF band 


(Appleton and Beynon, 1947). The values of HmF2 and foF2 vary over a wide 


range as functions of geographical location, season, time of day, and sun spot 
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number. HmF2 and foF2 generally decrease as the distance from the geomagnetic 
equator increases, and they tend to decrease as temporal distances from local 
noon increase (Al'pert, 1973). Both HmF2 and foF2 tend to increase for 
increasing solar activity (Al'pert, 1973). The daytime values of foF2 are 
generally smaller in summer than in winter and the nighttime values larger in 
the summer than in winter (Al'pert, 1973, Jacobs, 1979). These effects are 
especially prevalent in the midlatitudes (Al'pert, 1973). HmF2 typically 
takes on its minimum values in the winter months (Al'pert, 1973). Using the 
value of HmF2 and figure 8 of Appleton and Beynon (1947), we can approximate 
the maximum value of the MUF. Appleton and Beynon's results can be 
approximately obtained by assuming that the minimum value of the index of 
refraction times the radial distance r occurs at the peak of the layer. Doing 


this we obtain 


po ap 


where a is the radius of the earth. Using this approach and the average data 


MUF = foF2 


given by Al'pert (1973), we can obtain some typical values of the MUF. During 
a solar minimum of activity the MUF is generally below 30 MHz except near noon 
at the geomagnetic equator, where its average value is about 32 MHz. 
Nevertheless, measurements show that even in low sun spot years, the MUF can 
achieve values near 40 MHz in the early evening hours during the spring and 
fall (Roberts and Rosich, 197la). During a solar maximum of activity the 
maximum value of the MUF is greater than 30 MHz over the entire earth, except 
in the polar regions, all of the time. At these times the MUF can achieve 
values of 50 MHz in the temperate zone and 60 MHz in the equatorial region 


(CCIR Report 259-4, 1978). The highest values of the maximum MUF will occur 
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during the daytime in temperate zones and in the afternoon and early evening 


hours in the equatorial zone (Jacobs, 1969). During the period of greatest 
solar activity in recorded history, from 1957-1959, reception at 50 MHz by 
radio hams was frequent and strong (Jacobs, 1979). However, generally the 
maximum value of the MUF is confined below 45 MHz for a 4000-km path 
(Matthews, 1965). The maximum value of the sun spot number averaged over all 
recorded solar cycles is approximately 110 (Jacobs, 1979). Under these 
conditions, the MUF is generally confined between 30 and 40 MHz during the 
daytime hours everywhere except in the polar regions (Roberts and Rosich, 
1971b). 

The range over which F layer propagation is important depends on the 
frequency of propagation and the values of foF2 and HmF2. The values of HmF2 
vary from about 300 km, during low sun spot years in the midlatitudes, to 
about 450 km, during high sun spot years in the equatorial regions (Al'pert, 
1973). Using equation (3) or figure 8 of Appleton and Beynon (1947), we find 
that the maximum value of the MUF divided by foF2 varies between about 2.8 and 
3.4. Using figure 1 of Appleton and Beynon (1947), we conclude that these 
results correspond to maximum single-hop ranges between 4000 and 6000 km. It 
is worth noting that these values are associated with a ray whose elevation 
angle is zero. However, there are rays associated with larger ranges. These 
rays are called Pedersen rays. They are reflected from regions near the 
maximum of the layer and, consequently, have very long delay times and are 
usually too weak to observe. However,. they have been observed quite strongly 
at distances up to 5300 km (Kift, 1960). It is believed that the range of the 
Pedersen ray is unstable at these long distances; hence, they may be an 


important factor in deep fading. 
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The smaller the ratio of the frequency to foF2, the smaller will be the 
skip distance. The maximum value of foF2 ranges from about 15 MHz in the N 
equatorial region, to about 10 MHz in the midlatitudes (Al'pert, 1973). From Ms 
. figure 2 of Appleton and Beynon (1947), we find that these results correspond ss 
to skip distances at 30 MHz of between 1500 to 2000 km. These results are in iS 
agreement with the minimum distance of 1800 km given by Jacobs (1979). a 
We conclude that during high sun spot years for ranges between 1800 to “J 
A 6000 km and frequencies less than about 45 MHz, F layer propagation will often 
; be the dominant propagation mode. However, in the equatorial region, and 7 
- particularly during the spring and fall in the evening hours, F layer = 
; propagation may always exist for frequencies below 40 MHz. - 
‘ The depth of fading for frequencies below the MUF can be quite severe “s 
S (Davies, 1965). It can be caused by multipath variations between different = 
| rays, polarization fading, temporal fluctuations in the absorption, focusing, x 
and temporary disappearance of the signal due to a change in the MUF (Davies, 
1965). The deep fading is a consequence of the interference of many rays of = 
; comparable strength. These rays include single-hop ordinary (0) and 
# extraordinary (X) rays and multihop O and X rays. Because of the existence of 
: multihop rays, bandwidths are more severely constrained for frequencies less : 
than the MUF than for higher frequencies, especially for long transmission “ 
paths. For single-hop transmission, fading rates are about 0.1 Hz, with the Be 
rate increasing with frequency, and the spread in delay times is less than a = 
few hundred microseconds (Schwartz et al., 1966). However, for multihop ~ 
: transmission, time delays are on the order of several milliseconds, thus " 
reducing bandwidths to less than 500 Hz (Stein and Jones, 1967). < 
si m 
: 
S 
; 15 a 
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3.3 SCATTERING MODES 


The scattering modes which we will discuss are (i) D and E region 
scattering, (ii) auroral region scattering, (iii) meteor burst scattering, (iv) 
transequatorial propagation, and (v) F region scattering. The first three 
mechanisms are associated with scattering from heights of about 75 to 135 km; 
hence, the ranges over which they are effective are similar. The last two are 
associated with scattering in the F region. Because the scattering height is 
considerably higher for these mechanisms than for the first three, their 
effective ranges are considerably longer and tend not to overlap with the 
ranges of the first three. These scattering processes become particularly 
important just above the MUF, where they may be the only propagation modes 
available. Hence, they represent a means of extending the MUF to higher 
frequencies. 

There are several scattering mechanisms involved here. Generally weak 
scattering is associated with scattering in D, E, and F layers. Scattering 
from both the aurora and meteor trails can often be described by a weak 
scattering process. Weak scattering for frequencies sufficiently above the 
MUF is adequately described by Booker and Gordan (1950). The results of weak 
scattering theory indicate that the scattered signal will decrease with 
increasing scattering angle and frequency. The reduction of field strength 
with scattering angle effectively limits the minimum range over which 
communication is possible. The spread in arrival times and, hence, the 
bandwidth is limited either by the beamwidths of the transmitting and 
receiving antennas or by the effective scattering angle and the curvature of 


the earth (Booker and DeBettencourt, 1955). 
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Strong sc.ittering from the E layer is generally associated with sporadic 


E and will not be discussed in this section. Scattering from meteor trails 


and the aurora are, at times, best described by a reflection process. F ‘* 


region scatter during periods of F spread may involve multiple scattering, 


strong scattering, or both. Transequatorial propagation is a complex process 


which may include multiple scattering, coherent scattering, refraction, and 


ducting. 


3.3.1. D and E Region Scattering 7. 


The strength of the scattered signal decreases rapidly as the scattering 


angle increases (Matthews, 1965). Hence, the minimum range is constrained by 4 


the large scattering angle involved, and the maximum range is constrained by 


the height of the scatterers. As the frequency increases, the scattered s 


signal decreases due to scattering from weaker irregularities at a rate on the 


order of f° (Davies, 1965). However, this frequency dependence is apparently ~ 


4 to g ie 


a function of time of day and has been reported to range from f by : 


(1955). They found that the signal strength generally varies as 


Bailey et al. 


f 7 near midday and as a at other times. The height of D layer scattering 


is confined to heights of about 70 km during the daytime and between 85 and 


Matthews, 1965, Bailey et al., 1955). These 


1965, 


90 km at night (Davies, 


restrictions generally confine the usefulness of D layer scattering to ranges 


between 1000 to 2000 km and to frequencies between 30 to 60 MHz (Davies, 1965, 


Bailey et al., 1955). 


Due to the average and random motion of the scatterers, the spectrum of 


the received signal is both Doppler shifted and spread. As a consequence, the 


received signal fades at a rate of from 0.2 to 5 Hz, with the fading rate 


increasing with frequency (Davies, 1965, Bailey et al., 1955). In addition, 


Pe Fe a es ae a ee ete te Ce On ew Sg TT ES ye ee 

Be ee ee, Oe Oo Oe yi Og Cane Aig oS ge ew ge Ge She wus tay ge bl aa tg a MO i ey 

gO pk lee Ee eB Ee a ee Sgt ee ee ee ge ne Te iy Oe i Eg OT ge gS) Gr Sgr Ww ge et) uke ae ee a SNe a eRe oe Se ee 
« 


Trey 


the spatial extent of the effective scattering region produces multipath 
effects. 

The maximum occurrence of D layer scattering appears to take place during 
the summer near noon, and the signal strengths tend to be larger in the arctic 
and equatorial regions (Davies, 1965) than in the midlatitudes (Bailey et al., 
1955). The weakest signals are recorded during the equinoxes in the 
midlatitudes and from February to April in the arctic region (Bailey et al., 
1955). For frequencies in the LoVHF band the increased absorption during 
periods of HF blackout is more than compensated for by the increased intensity 


of the scattered signal (Davies, 1965). 
3.3.2 Auroral Scattering 


Communication by backscattering from the aurora has’ been’ used 
successfully by radio amateurs since the 1940's (Lange-Hesse, 1968). The 
scattered signals exhibit a strong aspect sensitivity (Lange-Hesse, 1968). 
One explanation for this is that Bragg scattering, from aurora aligned along 
the earth's magnetic field, favors those scattering angles such that the 
difference between the incoming and outgoing wave vector is perpendicular to 
the earth's magnetic field (Egeland, 1962). Because the auroras are of finite 
length, the scattered signal will be spread over a few degrees about the Bragg 
scattering angle. This explanation has been somewhat verified by 
observations, except for occasions where the auroral ionization is overdense 
and weak scattering is not a valid approximation (Lange-Hesse, 1968). During 
periods of particularly strong auroras the signals may appear to come from a 
variety of directions spread about the north (Lange-Hesse, 1968). The height 
at which auroras occur is between 75 and 135 km (Davies, 1965). As the height 


of the aurora increases, the farther to the north must the scattering center 
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be in order to satisfy the Bragg condition for a particular transmitter and 
receiver. Hence, because the occurrence of auroras increases with increasing 
geomagnetic latitude, the probability of reception increases with increasing 
height of the aurora (Lange-Hesse, 1968). However, as the height of the 
aurora increases, the maximum range of transmission decreases (Lange-Hesse, 
1968). Because of the restrictions placed on the scattering mechanism by the 
Bragg condition, the region over which reception will take place is difficult 
to calculate. With low-power transmitters, the Bragg condition must be 
closely satisfied; but with high-power transmitters this is less of a 
restriction (Lange-Hesse, 1968). Reception over a particular communication 
link is subject to sudden change due to variation in the height of the aurora 
and the magnetic activity. During geomagnetic storms the dip angle of the 
earth's magnetic field can vary by as much as 1 deg, causing considerable 
variation in the range of communication (Lange-Hesse, 1968). Nevertheless, 
radio amateurs have successfully communicated by auroral backscatter with 
low-power transmitters over distances exceeding 1000 km (Lange-Hesse, 1968). 
The frequency of occurrence of such transmissions increases with increases in 
geomagnetic latitude. At geomagnetic latitudes above 70 deg, communication by 
auroral backscattering takes place, on the average, every second or third day; 
however, at geomagnetic latitudes near 50 deg it may only occur two to five 
times a year, with the probability of occurrence greatly increasing with 
increasing geomagnetic activity (Lange-Hesse, 1968). Occurrences of auroral 
backscattering communication follow visual observation of the aurora and occur 
most frequently during the equinoctal periods, particularly in the autumn 


(Lange-Hesse, 1968). 
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The received signal is characterized by rapid fading and amplitudes that 
exhibit a strong frequency dependence. The fading rate can be as high as 
several hundred hertz, with the rate decreasing with frequency (Lange-Hesse, 
1968). The power of the backscattered signal varies as ae consequent ly, 
propagation in the LoVHF band for frequencies just above the MUF is greatly 
favored (Lange-Hesse, 1968). In this way interference with powerful 
refractive modes is avoided, while the scattered signal strength is 
simultaneously maximized. The signal strength increases with geomagnetic 
activity. Sudden ionospheric disturbances (SIDs) and polar blackouts are 
associated with increased electron concentration and absorption in the D 
region (Bailey et al., 1955). The net effect of these changes in the 
ionosphere is to reduce the scattered signal for frequencies below the VHF 
band and to enhance the scattered signal for frequencies above the HF band. 
During polar blackouts the HF signal fades out completely for periods up to 6 
hours or more (Bailey et al., 1955). Polar blackouts last longer and have a 
more severe effect upon HF propagation than SIDs, while signal enhancement for 
frequencies above the HF band is greater for polar blackouts than for SIDs 
(Bailey et al., 1955). It can be stated that, in general, in the VHF band 
signal strengths are larger than normal when absorption is greater than normal 
(Bailey et al., 1955). This is a point well worth considering when designing 


communication systems for operation in the auroral region. 
3.3.3 Meteor Burst Communication 


The investigation of meteor burst communication was actively pursued in 
the 1950's; however, with the advent of satellite communication it has been 


largely ignored (IEEE Spectrum, 1985). Today, its possibilities are again 
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being actively pursued by both the U.S. Government and private industry (IEEE 
Spectrum, 1985). 

Meteors of many different sizes enter the atmosphere and generally 
produce ionized trails of lengths approximately equal to 15 km at heights of 
from 80 to 120 km (Davies, 1965). It is possible, either by reflection from 
overdense trails or by scattering from underdense trails, to communicate 
through the use of these meteor trails. With time the electrons in the 
ionized trail diffuse; hence, the usefulness of a particular trail decreases 
with time. Generally, the larger the meteor, the longer the duration of 
communication, the greater the ionization density, and the longer the interval 
between bursts (Jones, 1981). Using broadbeam antennas, transmission via 
overdense trails occurs on the average of once a minute. Such trails are able 
to support communication for about one-half minute. However, underdense 
trails occur much more frequently; therefore, they are of great importance for 
meteor burst communication despite the fact that signals scattered from them 
are weaker (Jones, 1981). The signal reflected from overdense trails is on 
the order of a thousand times greater than the signal scattered from 
underdense trails, but the reflected signal suffers from interference effects 
due to reflection from different parts of the trail (Jones, 1981). 

There is a substantial diurnal variation in the characteristics of meteor 
burst communication. The motion of meteors is concentrated in the plane of 
the earth's orbit, and they travel in the same direction about the sun as does 
the earth (Davies, 1965). Because of the motion of the earth about the sun, 
there exists a minimum rate of the arrival of meteors at 6 p.m. and a maximum 
at 6 a.m. (Davies, 1965). The average velocity of the meteor follows a 


similar pattern for the same reason (Davies, 1965). This is important because 
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meteors with larger velocities produce trails at greater heights and, because 
of the slower diffusion time at such heights, consequently produce trails of 
longer duration (Davies, 1965). Hence, the distribution of trail heights and 
duration times also follows a diurnal variation. Finally, because of the 
motion of the earth about the sun, most meteors will appear to arrive from the 
direction of the morning hemisphere (Davies, 1965). Due to the constraints 
imposed on the optimal communications link by the reflection process or Bragg 
scattering, the geometry of reception is highly constrained. As a 
consequence, for a particular communication link, there will exist in the sky 
a particular "hot spot,” where scattering or reflection is favored (Davies, 
1965). Due to the diurnal variation of the characteristics of the meteor 
bursts, the location of this "hot spot" will also have a diurnal variation. 
Aside from the occurrence of meteor showers and the diurnal variation of 
meteor arrival, there also exists a monthly variation in meteor arrival. 
Apparently, meteors are distributed about the orbit of the earth in such a way 
as to produce a maximum of arrivals in July and August and a minimum in 
February (Jones, 1981). Meteor showers are also prevalent in the period from 
June through August, with some also occurring over the period transmission 
frequencies require higher meteor trail electron concentrations for comparable 
signal strength; hence, because meteor trails producing these conditions are 
less likely to occur, the probability of successful transmission decreases 
(Davies, 1965). Furthermore, because for a given signal strength the required 
electron concentration increases as the frequency increases, the duration of 
reception, for a given meteor trail will decrease with frequency. These 
limitations require that the frequency of propagation be less than about 110 


MHz (Davies, 1965). For frequencics just above the MUF, interference with F 
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region reflection will be avoided; hence, for frequencies between the MUF and 
about 110 MHz, meteor burst communication is possible. 
Because of the aspect sensitivity of the scattered or reflected signal, "s 


range limitations are difficult to assess. The height at which the meteor 


! a 
trails occur limits the range to less than about 2300 km; however, adequate ual 
communications links are likely to exist at ranges much less than this. One = 
communications link was maintained in the early 1960's over a distance of 1300 3 
km at a frequency of 50 MHz with a loss of about 80 dB above that of free x 

r space. This system was capable of a teletypewriter transmission rate of 40 ms 

. words per minute at a character error rate of 0.35 percent (Davies, 1965). A a 

portable meteor burst communication system using backscattering from overdense J 
meteor trails has successfully communicated in the LoVHF band over distances i 
ranging from line of sight to 200 miles (Jones,1981). Jacobs (1979) lists the = 
range of communications links for radio amateurs at between 800 and 1200 a 

; miles. Under more or less ideal geometric conditions, the signal scattered a 

: from meteor trails is commonly many decibels greater than that from D and E Ri 

region scattering. In addition, the intensity of the scattered field appears ‘ 
to decrease more slowly with frequency than the D and E region scattered oe 
fields (Bailey et al., 1955). RS 

Reflection from the heads of meteors or, more commonly, from rapidly > 
lengthening meteor ionization trails can produce large Doppler shifts. 

However, the Doppler shifts produced by the drift velocities of the meteor S 
trails are typically on the order of a few hertz (Bailey et al., 1955). ot 
Overdense and long-lasting trails tend to break up into multiple scattering nT 
centers, producing fading rates on the order of I to 10 Hz and pulse spreading a 
on the order of 10 us (Sugar, 1964). Underdense trails with shorter durations 4 
exhibit almost no Doppler or time spreading (Sugar, 1964). ‘- 
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3.3.4 Transequatorial Propagation 


Transequatorial propagation (TEP) occurs, as the name implies, across the 
geomagnetic equator. Its range is generally confined to propagation between 
regions roughly 1500 to 2500 miles above and below the geomagnetic equator 
(Tilton, 1968). There are at least three modes of propagation associated with 
TEP. The first type is associated with the anomaly in electron concentration 
that occurs at geomagnetic latitudes of +20 deg during the afternoon and early 
evening (Heron, 1981, Davies, 1965). This anomaly exhibits higher density of 
electron concentration both north and south of the geomagnetic equator. As a 
consequence, a ray can be directed by these tilts, without an intervening 
ground reflection, to ranges exceeding 5000 km (Ferguson and Booker, 1983). 
The signals propagated by this mode are generally confined to frequencies less 
than about 60 MHz and exhibit high field strengths and slow fading (Heron, 
1981). This type of TEP is favored by an F layer which is symmetrical about 
the geomagnetic equator. For this reason, propagation at the equinoxes is 
preferred (Heron, 1981). At these times, the larger the value of foF2, the 
larger will be the frequency which can propagate via this mode. For this 
reason, propagation by this mode is favored in the afternoon during years of 
high solar activity (Heron, 1981, Nielson, 1969). 

The second type of TEP is associated with scattering from bottomside 
disturbances in the electron concentration and with propagation at frequencies 
above 50 MHz (Ferguson and Booker, 1983). It is highly correlated with 
range-type spread F and not with frequency-type spread F (Heron, 1981, Rastogi 
and Woodman, 1978, Cohen and Bowles, 1961). As a consequence, its occurrence 
is most frequent at night during times of high sun spot number at the 


equinoxes (Heron, 1981). This type of TEP is characterized by rapid tading 
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from 10 to 20 Hz (Nielson, 1969, Davies, 1965) and Doppler shifts consistent 
with an east-to-west motion of the scatterers of about 100 m/s (Davies, 1965). 
The signal amplitude has values on the order of 50 dB below that of free space 
at 90 MHz over paths on the order of 4000 km, with signal strengths rapidly 
increasing with decreasing frequency (Nielson, 1969). The signal strengths 
are stronger than one would expect by scattering from weak irregularities of 
electron density (Ferguson and Booker, 1983, Nielson, 1966). Since the 
irregularities are aligned along the earth’s magnetic field, it has been 
suggested that a type of focusing of the scattered signal could take place 
(Ferguson and Booker, 1983). The range of propagation is generally confined 
to distances less than 5000 km and to frequencies between 50 and (100 MHz 
(Ferguson and Booker, 1983). 

The last type of TEP is associated with the existence of underdense 
plumes or ducts that are aligned along the earth's magnetic field. It is 
suggested that the gradients of the index of refraction along these plumes is 
great enough to act as a waveguide (Heron, 1981, Cracknell, 1980). As the 
frequency increases, the gradient of the index of refraction will decrease; 
hence, there will be a marked decrease in the ability of these ducts to 
support propagation at higher frequencies (Heron, 1981). This result is 
consistent with the observed falloff in signal strength with frequency for 
TEP. [t has been suggested that this mode of propagation is most likely 
responsible for TEP in the VHF band (Heron, 1981, Cracknell, 1980). Cracknell 
(1980) suggests that, in addition, spread F plays an important role in the 
operation of this mode. The irregularities that exist under spread F 


conditions serve to increase the angular spread of the incident field. Though 


the effect of this scattering is to weaken the field, it also increases the 
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probability that the incident field will lie within the acceptance cone of the 
duct (Cracknell, 1980). The existence of these irregularities can also 
explain the complicated fading pattern associated with TEP (Cracknell, 1980). 
Spread F could also have a similar affect on the first type of TEP (Cracknell, 


1980). 
3.3.5 F Region Scatter 


Attempts to observe F region scattering from irregularities of ionization 
density outside the equatorial region have been unsuccessful (Bailey, 1962). 
Propagation from Cedar Rapids, Iowa, to Bermuda via F region scatter was 
unsuccessful even in the presence of spread F at the path midpoint (Bailey, 
1962). Within the equatorial region (about +20 deg geomagnetic latitude) the 
scattered signals show a marked aspect sensitivity, which points to the 
alignment of the irregularities along the direction of the earth's magnetic 
field (Bailey, 1962). However, paths which would appear to have a similar 
geometric advantage can have large differences in signal strength (Nielson, 
1966). The scattering theory proposed by Ferguson and Booker (1983) has 
apparently resolved this discrepancy, attributing it to coherent scattering 
from the field-aligned irregularities (Ferguson, 1984). This theory can also 
explain the observation that the scattered signal arrives from a direction 
outside the great circle path (Bateman et al., 1959) as resulting from the 
fact that the stationary points are fréquently located outside the meridian of 
the transmitter and receiver (Ferguson, 1984). 

The reduction in strengths of the received signals relative to the normal 
E layer scatter is about 30 to 40 dB at 50 MHz and 40 to 50 dB at 36 MHz 


(Bateman et al., 1959). The fading rates of about 5 Hz at 50 MHz are similar 
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to that of normal E layer scattering (Bateman et al., 1959). The spread in 
arrival times is on the order of several hundred microseconds (Bateman et al., 


1959). The occurrence of F region scattering is generally correlated with the 


occurrence of spread F. It could be said that F region scatter and 
bottomside-scattering TEP are different manifestations of the same phenomenon, 
. the only difference being that the transmitter and receiver are not located 


across the geomagnetic equator. According to the theory of Ferguson and 


2, 


Booker (1983), this should result in much weaker signals. 
: 4. MODELS 


Our objective is to be able to describe the field strength and path loss 
for transmission in the LoVHF band. Due to the highly variable nature of the 
propagation modes, the models used must be at least partially statistical in 


Mature. These models can be used by operators of communication transmitters 


. and radars to aid them in determining the likelihood of radar detection and 

a 

y signal reception and interception. Quite a few models of varying degrees of 
complexity and flexibility already exist. By carefully selecting from among 
these existing models, it should be possible to satisfy the needs of most 

‘ users. 


Before describing these models, it is important that the meaning of 
various terms be clear. System loss is defined as the ratio of the input 
Strength to the output strength. Depending upon at what point in the 
communications link the input and output strengths are measured, system loss 
can have many different meanings. Generally, the input and output strengths 
(Pp and Pro respectively) are measured in terms of average power, and the 


system loss expressed in decibels T. More explicitly, we have that 
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10 log(Pp) = 10 log(Pp) - 7, (4) 


where log stands for the logarithm to the base ten. Since the power output is 
less than the power input, T is a positive quantity. If the input or output 
power is measured at some point within the transmitter or receiver, then 
transmitter or receiver losses must be taken into account. 

Path loss is determined by comparing the radiated power of the 


transmitter with the power delivered across the input impedance of the 


receiver. Hence, path loss is affected by the characteristics of the 
receiving antenna. In this case, the power received, Pps can be written as 
F2 
0 
where E is the average electric field incident from a solid angle 0, Ap is the 


effective aperture of the receiving antenna, and Zo is the impedance of free 
space (about 120 m). In general, AR includes the effects of polarization and 
impedance mismatch. If the incident field is not described by a unique 
direction of arrival, a sum over all angles of arrival must be performed. For 


a polarization- and impedance-matched receiver 
a2 
AR(Q) = Z-G,(Q) , (6) 
where Gp is the gain of the receiver relative to an isotropic antenna. 
Generally this relationship is used, and the losses due to polarization and 
impedance mismatch are explicitly taken into account separately. Sometimes 
the input voltage to the receiver Vis related to the incident electric field 


E by the use of an effective antenna length L and the relationship EL = VV. In 


either case, it is possible, if the characteristics of the receiving antenna 


are known, to determine the field strength E from the power delivered to the 
input impedance of the receiver. 

Often it is desirable to describe losses in terms that are independent of 
the characteristics of the transmitting and receiving antennas. For example, 
radar operators would be more interested in the field strength at a given 
range than in the power received by an antenna located at that range. In this 
case, all losses are due to the effects of the propagation medium or channel. 
We will call this loss the basic transmission loss. 

It is convenient to isolate from the basic transmission loss the effect 
of free space propagation. In free space the average electric field E 
propagated into a solid angle 2 is given by 


PAGp(2)Z 
E2 = TT 5 0 (7) 


Here, Pr is the average transmitted power, Gp (2) is the gain of the 
transmitter relative to an isotropic antenna, and R is the distance from the 
transmitter. Hence, the free space field expressed in decibels above 1 uV/m 
is given by 


20 log E = 104.8 + 10 log(P,) + 10 log (Gy) - 20 log (R), (8) 


where Pe is expressed in kilowatts and R in kilometers, and the free space 
loss Urs is given by 


Ves = 71.0 + 20 log(R) - 10 log(Gy) : (9) 


With the essential terms now defined, we can proceed with the description 
of available models. We found it convenient, when describing the various 
factors which affect the propagation of waves in the LoVHF band, to 
distinguish between those factors which are influential at ranges less than 


and greater than 500 km. We will find it convenient to make a similar 


distinction here. 
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4.1 RANGES LESS THAN 500 km 


For distances beyond the radio horizon and with systems employing 
broadbeam antennas, reflections from the aurora and meteor trails can be 
important modes of propagation. However, for troposcatter systems, the region 
of intersection of the transmitting and receiving antenna patterns is located 
below the ionosphere; hence, backscattering from either the aurora or meteor 
trails is virtually eliminated. For those systems employing ducting as a 
means of propagation, the majority of the transmitted power is confined to low 
elevation angles; hence, backscattering from the aurora and meteor trails can 
be avoided. Meteor burst systems have been designed to operate at ranges less 
than 500 km (Jones, 1981). Because they use broadbeam antennas to increase 
the probability of transmission, they are susceptible to interference from 
tropospheric modes of propagation. Nevertheless, we will assume that in those 
cases where auroral and meteor burst backscattering is used, the probability 
of interference is small and that, consequently, those systems that employ the 
troposphere as the primary medium of propagation can be considered as distinct 
from those that do not. 

The models that we will examine at ranges less than 500 km are IREPS, 
PROPHET, SRICOM, the Longley-Rice model, and EPM-73. The IREPS model was 
designed to be used in predicting field strength and coverage area for ships 
operating communication systems and radars in the HiVHF band (Hitney et al., 
1984). It is the only one of these models which explicitly calculates the 
ducted field. The SRICOM (Hagn et al., 1982), Longley-Rice (Longley and Rice, 
1968), and EPM-73 (Lustgarten and Madison, 1977) models all calculate the 

basic tropospheric transmission losses. IREPS and PROPHET (Sailors et al., 


1983) use the EPM-73 model, while SRICOM uses both the EPM-73 and Longley-Rice 
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models. Except for PROPHET, these models are primarily of value for ranges 
less than 500 km. 

For ranges less than 500 km, the condition of the troposphere and the 
surface of the earth are of greatest importance in determining the character 
of the signal received. The condition of the troposphere can be adequately 
described by radiosonde data (Hitney et al., 1985). It has been found that 
the assumption of lateral homogeneity of the troposphere is generally 
adequate; hence, radiosonde data at one location is sufficient to determine 
the refractive index profile of the troposphere (Hitney et al., 1985). 
Without recent radiosonde data, it is possible to create an average 
refractivity profile for a given month and location from the data stored in 
IREPS (Hitney et al., 1984). 

Other factors which are important in the determination of the field 
strength are the reflection coefficient of the earth, the existence of various 
obstacles in the path of propagation, and the heights and characteristics of 
the transmitting and receiving antennas. With this additional information, it 
is possible to calculate the field strength and path loss at the receiver. 
Generally, it is assumed that the receiver is adjusted for maximum signal 
strength. If this is not the case, additional losses due to polarization and 
impedance mismatch and loss of gain will have to be included. The effects of 
obstacles, such as buildings and trees, are difficult to calculate. Some 
discussion of these effects is given by Hagn et al. (1982). The effects of 
rough surfaces are somewhat accounted for by the Longley-Rice and IREPS 


models. IREPS accomplishes this primarily by considering reflection losses 


over a rough sea (Hitney et al., 1984). 
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Most models divide ranges of less than 500 km into four regions: (i) the 
interference region, (ii) the intermediate region, (iii) the diffraction 
region, and (iv) the troposcatter region. In the interference region the 
effects of the direct, reflected, and surface waves are dominant. In the 
diffraction region, if there is no ducted field, the surface wave can be 
generally neglected, and the field that is diffracted around the curved earth 
is the dominant field. As the range increases, the strength of the diffracted 
field decreases until, in the troposcatter region, the signal scattered from 
the troposphere becomes the dominant mode of propagation. If ducting exists 
as a mode of propagation, it generally is the dominant mode of propagation in 
both the diffraction and troposcatter regions. In the mode theory of wave 
Propagation the diffracted and ducted fields are different manifestations of 
the same modal representation (Budden, 196la) and can, therefore, be treated 
simultaneously. In the intermediate region the field is difficult to 
calculate. For ranges beyond the intermediate region and for frequencies in 
the LoVHF band, one mode is adequate to describe the field (Hitney et al., 
1985). However, within the intermediate region many modes are required, with 
the number increasing as the radio horizon is approached (Hitney et al., 
1985). For this reason the fields in the intermediate region are generally 
approximated by the method of "bold interpolation" (Hitney et al., 1984, 
Fishback, 1964). In this method the fields from the interference region are 
smoothly joined to the fields in the diffraction region. We will now examine 
the methods available for calculating the field strength in the interference, 


diffraction, and troposcatter regions. 


32 


~ ge eer ts 


Mi OTT! 


wes ee & 


4.1.1 The Interference Region 


For distances within the radio horizon, the predominant fields are due to 
the direct, reflected, and surface waves (Bullington, 1947). Most models 
calculate field strengths by using a method similar to that given by Norton 
(1941), Bullington (1947), Reed and Russell (1964), or Fishback (1964). The 
general idea can be described by examining the situation in free space over a 
spherical earth of effective radius R.- Freehafer (1964) shows that if the 
antenna heights are much less than the range, this model adequately describes 
the field in the interference region for propagation over a spherical earth 
and through a weakly refracting troposphere. 

Let the free space electric field E propagated in the plane of the great 
circle path between the receiver and transmitter be given by 

ee ae -jkR 

ai “re Ra, — 
where @ is the elevation angle of the ray measured from the transmitting 
antenna, f(%) is the normalized antenna pattern, R is the distance from the 
antenna, and k is the wave number. The magnitude of the normalized antenna 


pattern is related to the gain Gp of the transmitter relative to an isotropic 


antenna by the relationship 


IF(o)} = 16,(0)) 1/7 (11) 


When the receiver and transmitter are located on the surface of the 
earth, there are two principal contributions to the field strength. One is 
from the direct ray, the other from a ray which is reflected from the earth's 


surface. The field due to the direct ray ED is given by 


33 


¥ P , “er “ ee: OE star os, hee es eS ie ae 
fe tl talk ed et ht eS ~ et A 2 woe. ian ater at aN = Pe 


mq 
z 
f 
PZ] 1/? £(6,,) -JKR 2 
’ D” | 4n Rp . , 


where the subscript D stands for direct. The field due to the reflected ray 


; ER is given by 


1/2 
7 ES D(a)R(a)£(O_,) -ikRp 


aoe ee a } ’ SA rey = 


=| —— e 5 (13 
R 4n Rp 
my 
where a is the elevation angle which the reflected ray makes with the earth's 
, surface, R is the reflection coefficient of the earth, D is the divergence a 
; factor due to reflection from a curved surface of radius Ro» and Re is the oy 
total distance of propagation from the transmitter to the receiver. The 
re 
: angles %1? Opp and a are functions of the distance between and the heights ~ 
: Me 
of the transmitter and receiver. Taking the sum of the direct and reflected oe 
c 
waves, we obtain for the total field Ey (Freehafer, 1964) * 
2 1/2 Ble) ie 4 
ER = lan “a [F@pp + D(a)R(a)£(OR, Je ] , (14) “: 
~ 
we 
where A = Rp . Ry: For small grazing angles D(a) tends to infinity; hence, Bi 
this expression for E. is limited to angles a that are greater than a 
[A/2nr) 1° (Norton, 1941). If we can neglect the difference in phase BA 
between the two normalized antenna patterns, f(b, 1) and f(o,1)5 then equation ve 
, (14) can be written as i 
; 1/2 = 
GC, ,) x Be 
Ep = Es E + D(a)R(a) (2) e it] (15) i 
T'Tl a0 
Because the direct and reflected rays are incident upon the receiver at a 
fi > * 
j different angles, their respective gains will be different. The ratio of the ™ 


direct and reflected received signal strengths is equal to fp (op9)/CEp(Opo)> 
where fp is the normalized antenna pattern of the receiver, and 2 and Ro 
‘ are the angles at which the direct and reflected rays are incident upon the 


receiver. As before, we neglect the phase difference in the ratio of these 


a ae ee 


antenna patterns and obtain for the power PR received by an impedance-matched 


receiver: 


! 1/2 


/ 2 
Gr (O, 1 )Gp (Op) ; 
* = T "RI R°'R2 -jkA 
P, = P 1 + TOTO) ero e ’ (16) 
E | Cpl GRO, 
where Py is the free space power received, 
AE 
Py = (aa) g2eT Pp1 ROPp2) - (17) 


D 
If the antenna heights are much less than the range, the factor involving the 
ratio of the gains is often near one. Longley and Rice (1968) neglect the 
. divergence factor in their expression for Peo and in the FORTRAN code supplied 
by them, the ratio of the gains is set to one. IREPS (Hitney et al., 1984) 
retains the difference in gain between the transmitted direct and reflected 
rays but neglects this difference in the reception of these rays. 

The reflection coefficient for a smooth earth is equal to the Fresnel 
reflection coefficient for a plane surface (Bullington, 1947). Assuming that 
the heights of the antennas are much less than the range, then for all 
frequencies in the LoVHF band, the reflection coefficient for horizontal 


polarization is approximately equal to ~-1 (Kerr, 1964). However, for vertical 


te 
es 
vs 


, 


polarization the situation is more complicated, and the full expression for 


ji the Fresnel retlection coetficient must be used. This is the procedure 


ae Se 
’ ba see 
A 


tollowed by TREPS, in which it is assumed, however, that propagation occurs 


over water (Hitney et al., 1984). Values for the earth's complex dielectric 
constant as a function of frequency are provided by SRICOM (Hagn et al., 1982, 
and Sailors, et al., 1983). 

The Fresnel reflection coefficients and the divergence factor are a 
function of the elevation angle a. In free space the rays are straight lines; 
hence, o@ can be determined as a function of the antenna heights and the 
effective earth radius by geometry (Hitney et al., 1984). 

Reflections from rough surfaces scatter radiation and, consequently, 
involve an additional loss over that of a smooth surface. The basic 
assumption of the EPM-73 model is that the surface of the earth is reasonably 
smooth (Lustgarten and Madison, 1977). Losses due to reflection from a rough 
surface are generally taken into account by incorporating a multiplicative 
Gaussian loss factor in the reflection coefficient. The greater the angular 
spread of the scattered radiation, the greater the loss and the smaller the 
reflection coefficient in the direction of the specularly reflected component. 
IREPS uses the Phillips ocean-wave model to determine the mean sea height h 


and then multiplies the Fresnel reflection coefficient by the factor 


exp{-2[kh sin(a)}*} (18) 


(Hitney et al., 1984). The Longley-Rice model uses a more general technique. 
It defines a roughness parameter which describes the variation in elevation 
above or below a least-squares fit to the elevation as a function of range. 
The difference between those heights which is exceeded 10 percent and 90 
percent of the time along the ray's path is the terrain's interdecile range. 
As the range increases, the interdecile range tends to increase because the 


possible variations in elevation tend to increase. As the range increases, 
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the interdecile range tends to approach an asymptotic value that is os 
characteristic of a particular terrain type. Longley and Rice (1968) list BS 
these asymptotic values for various terrains and use an empirical fit to a 
determine the interdecile range as a function of range. From this expression 3 
they can determine the rms deviation of the terrain heights. They then use Es 
this result in a manner similar to that used by IREPS to describe the losses = 
due to reflection from a rough surface (Longley and Rice, 1968). A comparison z 
of results using EPM-73 and the Longley-Rice model indicates that EPM-73, with SS 
a considerably simpler method, yields comparable results over flat terrain oJ 
(Lusgarten and Madison, 1977). = 
In order to use these results, an expression for the effective earth's “ 
radius R, must be obtained. IREPS obtains this value by actually tracing a : 
~ 
ray through the troposphere, using the model of the index of refraction ra 
supplied by the user or the average profiles available internally. The change z 
in the height of the ray for a given range of propagation is then used to ee 
obtain the same change in height and range for an effective linear medium. eh 
he 

Equation (1b) can then by used to determine the effective earth radius. The “E 
Longley-Rice model uses a less sophisticated method. The user must supply the os 
value of the refractivity N at sea level. The refractivity is defined by : 
Ne tes ao"? (19) = 
where n is the index of refraction. From the value of N the value of the - 
effective earth radius is given by - 
Re = 1 = 0.08655 exp(0.005877N.) ae - 
where N. = N exp(-0.1057h), and h is the height of the lower antenna above mean 2 
sea level (Longley and Rice, 1968). The mean value of N can be obtained from on 
a 
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world maps given by Hagn et al. (1982). The advantage of the method employed 
by IREPS is that the same data used to calculate R, can also be used in 
calculating the ducted field. 

In addition to the field produced by the direct and reflected rays, there 
is also the contribution of a surface wave (Norton, 1941). The surface wave 
in the LoVHF band can generally be neglected for horizontal polarization, but 
must be included for vertical polarization at heights less than about 5 
wavelengths (Bullington, 1947). As the reflection angle a tends to zero, the 
effect of the surface wave becomes increasingly important. The reason for 
this is that at near-grazing angles, the reflection coefficient is close to 
-1, and the phase of the direct and reflected ways is nearly identical; hence, 
the sum of the direct and reflected waves is near zero, leaving only the 


surface wave E_ , 
su 


Eu = “ai its (21) 


(Norton, 1941, Burrows and Gray, 1941). Here, d is the range over the earth's 
surface, Ey is the free space field, Ay is a plane earth attenuation factor, 
and F. is the "shadow factor." The "shadow factor" takes into account the 
effect of the curvature of the earth's surface (Burrows and Gray, 1941). The 
factor Ay is a function only of the earth's complex dielectric constant, the 
wavelength, and the range, whereas the "shadow factor" as is a function of the 


wavelength, the range, and the effective earth radius. For distances less 


1/3 


than about 80/(f 
mc 


) km, where fe is the frequency in MHz, the "shadow 


factor" is approximately one (Norton, 1941). In this case we have 


Eu i~ Ey ant * te (22) 
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Here, the effective antenna height hy is given by 


tos jA 
bh = he + es (23) 
2 = (e - cos*(a))/2/¢ (24) 


for vertical polarization, by 


Z = (€ - cos“(a))!/2 (25) 


for horizontal polarization, and € is the complex dielectric constant of the 
earth. hep is the height of the transmitting antenna. The expression for hp 
is obtained by substituting the height of the receiver for that for the 
transmitter. 

The importance of the surface wave increases with decreasing frequency 
(Bullington, 1947). For frequencies greater than 100 MHz and antenna heights 
greater than about 10 m, the ineiaenee of the surface wave on the field 
strength can be neglected (Bullington, 1947). For this reason, both IREPS 
(Hitney et al., 1984) and Fishback (1964) neglect the effect of the surface 
wave. However, in the LoVHF band the surface wave is more important than in 
the HiVHF band, and its effect cannot generally be neglected. 

EPM-73 is a semiempirical model which calculates basic transmission loss 
in the interference region. It makes no distinction between the direct, 
reflected, and surface waves. However, the low (h/A) version of the EPM-73 
model (Lusgarten and Madison, 1977) does incorporate the effects of the 


surface wave in its calculation of the basic transmission loss. Here, h is 


° 


the height of either antenna, and A is the wavelength. The EPM-73 model 


Cte f Pid 


4, 


assumes an effective earth radius of 4/3 the earth's radius. An improved 
p 


version of EPM-73, SRICOM, has been designed by Hagn et al. (1982). SRICOM 
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includes the possibility of an arbitrary effective earth's radius, is valid at 
larger antenna heights, and uses Bullington's (1947) more accurate expressions 
for the effective antenna heights (Hagn et al., 1982). The low h/A portion of 
EPM-73 is used by PROPHET (Sailors et al., 1983). In the LoVHF band both the 
high and low h/A versions of EPM-73 will have to be used. In SRICOM both 
models are used, and the version which gives the greater loss determines the 
basic transmission loss (Hagn et al., 1982). The Longley-Rice model takes 
surface wave propagation into account by extrapolating the value of the field 


in the diffraction region back into the interference region (Longley and Rice, 


1968). 
4.1.2 Diffraction and Troposcatter Region 


All of the models discussed so far also calculate the loss in the 


diffraction region. The range at which diffraction becomes the dominant 


effect can be defined by 


d, = 405 * By? (26) 


B = (i) (27) 
AR@ 
e 


de is defined by equation (la), and n is a complicated function of the 
complex dielectric constant of the earth, the frequency, and the effective 
earth radius (Reed and Russell, 1964). Over seawater and for frequencies 
greater than about 100 MHz, IREPS employs a form for dy of 
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where di» the earth's radius a, and R, are expressed in km, and a is the 
frequency in MHz. n generally varies over values from about 1.5 to less than 
1.61 (Norton, 1941); consequently, 0.015¢!/3/n is similar to 0.5. Here, c is 
the speed of light in km/s. The Longley-Rice model uses this approximation to 


define dq, by 


(29) 


EPM-73 uses a more convoluted means of treating diffraction. In its high 
h/A version it makes a clear distinction between the interference and 
diffraction regions (Lustgarten and Madison, 1977); however, in its low h/A 
model no distinction is made. The high h/A model defines dios for an 
effective earth radius of 4/3 times the earth's radius. SRICOM modifies dios 
in its version of EPM~73 to use any value of the effective earth radius (Hagn 
et al., 1982). For sufficiently small antenna heights, the surface wave 
represents the principal part of the field in both the interference and 
diffraction regions. Apparently, the major contribution to the field in the 
low h/A is due to the surface wave. In this case, there is no need to 
distinguish between the interference and diffraction regions. Instead, EPM-73 
finds it more fruitful in its low h/A model to distinguish between the 
distance at which the earth can be considered flat and the distance at which 
the effects of its curvature are important (Lustgarten and Madison, 1977). 

The Longley-Rice model calculates the diffraction losses by means of 
analytical methods similar to those presented by Norton (1941) and Bullington 
(1947). In addition, it attempts to take into account the effect of the 
surface roughness on the basic transmission loss in the diffraction region 


(Longley and Rice, 1968). 
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IREPS calculates the diffracted field as a special case of an evaporation 


duct with zero elevation height. The method they use to calculate the 
evaporation duct field strength is based upon a numerical fit to results 
obtained at 9.6 GHz. The field strength at other frequencies is obtained by 
an appropriate scaling of both the duct height and range. Since IREPS is 
intended to be used above 100 MHz, it is not clear whether this method is 
accurate at frequencies below 100 MHz. However, implementation of the XWVG 
program in IREPS, as proposed by Baumgartner et al. (1983), would more than 
adequately remove this possible deficiency. This program calculates field 
strengths by using the mode theory of wave propagation as given by Budden 
(1961a). It is capable of calculating and summing a large number of modes. 
However, as the distance from the radio horizon increases, the number of modes 
required for a given accuracy decreases. In the diffraction region usually 
only one mode is required to adequately calculate the diffracted field (Hitney 
et al., 1984, Fishback, 1964). Consequently, the methods employed in XWVG 
could be considerably simplified when used for the calculation of the 
diffracted field. 

As the range increases, the diffraction losses increase, and eventually a 
region is reached where the troposcattered signal is the dominant signal 
received. Most models that estimate the troposcattered signal strength use an 
empirical fit to experimental data. The greater the refracting abilities of 
the troposphere, the larger will be the troposcattered signal. This 
characteristic of the troposphere is reflected in a larger effective earth 
radius. As in other regions, IREPS (Hitney et al., 1984) and the Longley-Rice 
model (Longley and Rice, 1968) include the possibility of an arbitrary value 
of the effective earth's radius, while EPM-73 assumes a value of 4/3 times 


the earth's radius. 
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The field propagated through the troposphere can be calculated by using 
the waveguide theory of wave propagation (Budden, 196la). This method is Pe 
equally accurate for ranges less than and greater than the radio horizon; 


however, it is most useful for calculating field strengths well beyond the 


cs 
« 
radio horizon (Hitney et al., 1985). If the range is less than about an ns 
oa 
earth radius a and the fields are calculated at a height h above the earth's ” 
surface much less than a, then propagation over the surface of a curved earth fs 
can be reduced to propagation over a flat earth with a modified index of 2 
refraction ny, (Freehafer, 1964). This modified index of refraction is given = 
by ; 
h “A 
ny — (i + Yn . (30 ae 
‘Ne 
which is similar to 2 
h ce 
Ny sn t si (30 mn 
(Freehafer, 1964). Here, n is the index of refraction. If the index of *." 


refraction iS approximately linear, an effective earth radius R, is defined by 


equation (1b) and we obtain 


(32) 


where Ny is the value of n at the earth's surface. If dn/dh is greater than 
-l/a, R, is positive and ny increases with height. The diffracted field was 
calculated in all the models previously discussed on the basis of assuming 


that R. was positive and not near zero. If dn/dh is less than -1/a, R, is 


Negative and My decreases with height. As a consequence, it is now possible 
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for the reflection height to be real and for the signal strength to 
dramatically increase. This is the situation that exists for ducted signals. 

In the troposphere the dielectric constant changes very little over a 
wavelength in the LoVHF; hence, the depolarization term can be neglected. 
This means that for both horizontal and vertical polarization, the electric 


and magnetic vectors can be found from the solution to the equation 


Are nee 8 (33) 


where S is either equal to the dipole moment per unit volume P divided by €,€ 


0 
for vertical polarization or the magnetic moment per unit volume M for 
horizontal polarization. Here, € is the index of refraction squared, Ege is 
the dielectric constant of free space, and k is the angular frequency w 
divided by the speed of light c. In general, both Il and S are vectors. 
However, only the component of [fl in the direction of S is important; so only 
scalar quantities need be considered. 

By horizontal polarization we mean that the field is always perpendicular 
to the direction of stratification. In the flat earth approximation, we 
assume that the troposphere is horizontally stratified; hence, a horizontally 
polarized field is always contained within the xy plane (if the z vector is in 
the vertical direction). In a spherical coordinate system, this means that a 
horizontally polarized wave only has a component. A vertically polarized 
wave has a component in the direction of stratification. For a vertically 


oriented magnetic dipole the electric field E is horizontally polarized and is 


given by 


where E, is the component of E in the @ direction. For a vertically oriented 


d 


electric dipole, the electric field is vertically polarized and the magnetic 


field is horizontally polarized. The magnetic field Hi is given by 


ii = Hy = - jwe eo (35) 


(Fishback, 1964). 
In order that the boundary conditions be satisfied at the earth's 
surface, we require that 


onl oll, 


Boge noe 
Sp Be (36) 


uF = Nl, (36a) 


for a horizontally polarized electric field, and that 


e,f, = ell, (37) 
onl on 

jee 4 
d2..-—s Oz (38) 


for a vertically polarized electric field (Fishback, 1964). Here, the 
subscripts 1 and 2 refer to those quantities evaluated on either side of the 
earth's surface. 

For a magnetic or vertical dipole of unit strength, S is a delta function 


t 


which, for convenience, we locate at p = 0 and z = z'. In this case, [fl is 


independent of @ and can therefore be written as 


2 f (2) 
PI(p,z) = a Hy (ksp)M(ks,z)sds , (39) 
=o 
where He? is the Hankel function of the second kind (Baumgartner, 1983). 


NW(ks,z) is the solution to 
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2 

4 4 k(n? - 5%) |M(ks,z) = -6(z - 2") (40) 
2 m 

dz 

above the earth's surface, and the solution to 


2 
a + k(n - 57) M(ks,z) = 0 (41) 


dz” 
below the earth's surface. Here, 6 is the delta function, nS is the modified 
index of refraction, and a, is complex index of refraction of the earth. 
At sufficiently large distances above and below the earth's surface, 
M(ks,z) must be an outgoing wave whose phase has a negative imaginary part. 
Let the solution to 


2 

9 + k*n7{u(z) = 0 (42) 
2 m 

dz 


that satisfies the boundary conditions for z>z' be equal to A u,(z), and the 
solution to this equation for 0<z<z' be equal to B u, + C Uys where uy is a 
second linearly independent solution and A, B, and C are constants. The 


solution below the earth's surface is given by 
D exp jk(np Sige a) ‘ (43) 


where the branch of the square root is chosen such that the imaginary part of 


(n? ~ g2yl/2 


is less than zero and D is another constant. 2z is chosen to he 


negative below the earth's surface. 


Because we are interested only in the fields above the earth surface, it 


suffices to satisfy the boundary condition 


ONks.2)f 3] =p, (44) 
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for horizontal polarization and y 

4 

5 a) 

‘ Mm f2_ .2\1/2 FR 
, p = jk3(n - s ) (46) it 
; a g “4 
g = 
for vertical polarization (Fishback, 1964). In addition, equation (40) " 

requires that the discontinuity in the derivative of II(ks,z) with respect to z o 

. evaluated at z' be equal to -1; and that [(ks,z) be continuous at z = z'. a 
Using these constraints we obtain for z greater than zero ne, 
©, (2 4 

k f 5) (ksp) . 

M(p,z) = 7 J. Wo (25) ¥n (2 )sds , (47) “ 

fy 
% 

where 2,(z,) stands for the greater (smaller) of z and z', and Yo is given by 

Ly 

u,(0)p - u'p(0) : ba M 

yy(z) =u 9 (2) + MatZ)s.. 8 "e 
2 (0) pu (0) be, 

x 

' Here, u'(0) indicates that u is differentiated with respect to z and evaluated “ 
‘ at z equal to zero, and W is the Wronskian of uy and Uy evaluated at z = z'. ws 
The Wronskian is explicitly given by 4 

ala 2 t - 

W=u oy uly - (49) . 

The Wronskian of equation (42) is a constant, independent of z. - 

rv 

The contour of integration for [(p,z) is along the real axis. Because of A 

. a! 

the asymptotic properties of the Hankel function, this integral is equal to 

° - 
; the sum of the poles and the integration around the branch cut in the lower on 
. u 
; half-plane (Baumgartner, 1983). The integration around the branch cut is 4 
we 
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associated with the surface wave and will be neglected. The poles are located 
where 

u' (0,8) - p(s)u,(0,s) = 0. (50) 
The expression determines the eigenvalues Sy: Hence, neglecting the surface 


wave we have 
(2) u,(z,)u,(z.)[u,(0)p - u',(0)] 
12 Hy (ksy 4 )5x 1s*>*"1s%< 2 2 


Mp,z) = Ys (51) 
, 2 W degre, ee ’ 
qa lt 110) pu, (0)] 


where the sum is performed over the eigenvalues Sy: This result can be 


written as 


itocey = i 5 Ijyhzoe Vy (key Ikan)! 3 (52) 


where Ay is given by 


k2(ksy) 1/7 


Oe a ee (53) 


wefu' (0) = pu, (0)] 


and Ey is given by 

Ey(2,2") = u,(z,)u,(s.) . (54) 

Ay and EN are referred to as the modal excitation factor and the moda] 
height-gain function (Baumgartner, 1983). 

For arbitrary refractivity profiles, the solutions u and uy, are not 
generally available. In any region where the modified refractive index can be 
treated as locally linear, the Airy functions Ai and Bi are linearly 
independent solutions to equation (42). The rate of change of the modified 


index of refraction is on the order of one over the earth's radius; hence, for 


distances on the order of a wavelength in the LoVHF band, the modified index 
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of refraction changes very little. Consequently, in a region which is far “4 

¢ 

from a zero of q? = ne 7 s*, WKB solutions can be used to describe uy and Uy. Z 

Assuming that Sy is real in regions where q? is less than zero, [] decreases iy 

with height; and in regions where q° is greater than zero, fl is oscillatory. iy 
Hence, if the zeros of q are sufficiently isolated, the effect of the layers 

above the reflection level on the value of [1 below the reflection level is vt 

minimal. The situation is similar to the case where the modified index of 2 

refraction continues to decrease for all heights above the reflection level. a 

Furthermore, if the zeros of q are isolated, then the medium must be locally - 
linear. Consequently, if the zeros of q are sufficiently isolated, the Airy 

function Ai is an adequate solution in the neighborhood of the reflection “ 
level, and at heights below the reflection level the solutions are reasonably 

approximated by the WKB solutions. In this case, the reflection coefficient = 

reference to the level of reflection is equal to exp (i375 and, for distances . 

sufficiently below the reflection level, uy is given by ". 

~ 

z 70 70 * 

u, (2) ~- exp -jk ff ada) + j exp -jkf ai) exp ~jk fh qdz}} , = (55) . 

vq Zz! z! z he 

where Z is the reflection height. Here, the first term represents an upgoing wh 

wave and the second a downgoing wave that has been reflected at the height Zo: GO 

In this case, it is easy to show that the poles are located where ie 

1 - RoR = 0 , (56) r 

where Ro is the Fresnel reflection coefficient of the earth, and Ro is the 4 

reflection coefficient of the troposphere referenced to the ground, here given 4 

by , 
5 
~ 


zy < 
Ry =] eso(-20Kf wi) F (57) 5 


me? 
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If |ksp| is much greater than one, a?) is proportional to exp(-jksp); hence, 
the modal functions can be thought of as cylindrical waves with local wave 
vectors k(sp + qz), where p and z are unit vectors in the p and z directions, 
respectively. If we let s = sin($), then equation (56) defines a discrete set 
of generally complex eigenangles. 

This description of the problem will generally be accurate everywhere 
except where the reflection level is near a minimum of na In these regions 
the modal functions and the eigenvalues may not be well described by this 
formalism. In order to obtain a mowe accurate description, the exact 
solutions may have to be used. 

For simplicity let us consider the case of horizontal polarization. In 


the LoVHF band, Ro is then approximately equal to -1. In this case the 


eigenangles are defined by 


79 
ff adz = 5(m - 1/4) , (58) 
0 


where m is an integer greater than one (Budden, 1961a, Booker and Walkinshaw, 
1946). Note that this expressicn determines the eigenangles as a function of 
the medium below the reflection level only. This result is in agreement with 
our earlier comments on the effects of the medium above the reflection level; 
however, in general, the eigenangles will be affected by the characteristics 
of the medium at all levels. 

If the mode number m cr the wavelength A increases, the left-hand side of 
this expression must also. increase. This is) generally accomplished by 
increasing the height of reflection and decreasing the magnitude of s. This 
implies that larger values of m or A correspond to cylindrical waves with 


: 2 , oh 2 
larger elevation angles. Suppose that ne achieves its minimum value of ue 


PP aed 


Chalet ea: 


: 4 
at a height of Zain? then if - is greater than No» Zo and s must both be “ 
ji complex. So as the mode number increases, the eigenangles eventually become 
complex. This leads to a situation where the modes are leaky (Budden, 196la). 5 
” Ti ve-= Nin? 20 7 2min? 22d the left-hand side of equation (58) is less than : 
5 3A/8, then all the modes are leaky. This condition is often used to determine 
a measure of the minimum frequency which is trapped by the duct. The larger " 
the wavelength A, the smaller the number of trapped modes. For frequencies in Ne 
, the LoVHF band, one mode is generally sufficient to describe the ducted field = 
(Pappert and Goodhart, 1977). “ 
: If ne increases with height, as it does for zero duct height, the “3 
eigenvalues are all complex and the modes decay with increasing height and s 
ia distance along the earth's surface (Budden, 196la). This is the prevailing “ 
picture when diffraction is the dominant effect. Hence, for a sufficiently : 
large distance from the transmitter, one mode is adequate to describe the Es 
diffracted field (Fishback, 1964, Hitney et al., 1984). x 
: The program XWVG (Baumgartner et al., 1983) uses a trilinear model for * 
. the tropospheric modified index of refraction. For the trilinear model the S 
modified index of refraction a, initially increases linearly as the height - 
above the earth's surface increases; eventually a height is reached where oe : 
begins to linearly decrease with increasing height; and finally, at a height ~ 
: where ni, takes on its minimum value, it increases linearly for all greater » 
: heights. For a trilinear model two linearly independent solutions to equation S 
. (42) are the Airy functions Ai and Bi. XWVG uses these exact solutions , 
7 throughout its calculations. s 
. -, 
. XWVG is intended for use over the sea and does attempt to include the ¥ 
effect of surface roughness. The program could be easily extended for use ‘ 
over land by including the dielectric constants for the ground. For ranges 2 
§ 4 


\ 
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much greater than a few wavelengths from the receiver, the Hankel function 
HC?) is proportional to exp(-jksp). XWG uses the Shellman-Morfitt 
root-finding technique to determine the eigenvalues (Baumgartner et al., 
1983). As the mode number increases, the mzgnitude of s increases. When 
exp(-kplm[s]) decays more rapidly than a specified rate, the program ceases to 
calculate modes (usually at about 1 dB/km). Here, Im[s] means the imaginary 
part of s. Baumgartner et al. (1983a) have also investigated the possibility 
of using the asymptotic expansions of the Airy functions to decrease the 
processing time of the XWVG program. They found that while computation time 
G was reduced by about one-twentieth, accuracy was not significantly affected 
(Baumgartner et al., 1983a). 

The method used by IREPS for calculating the ducted and diffracted fields 
is considerably simpler than the methods of XWVG. For the diffracted field 
and the field due to evaporation ducts (weak, shallow ducts produced over 
water), IREPS uses a single-mode approximation. This mode is calculated for a 
frequency of 9.6 GHz. The height-gain function and excitation factors at 
other frequencies are obtained by the use of scaled ranges and duct heights 
(Hitney et al., 1984). IREPS apparently assumes an earth reflection 
coefficient of -1, an approximation valid for horizontal polarization but not 
adequate, in the LoVHF band, for vertical polarization. Generally, 
evaporation ducts are of no importance for the LoVHF band (Hitney et al., 
. 1985); however, this portion of IREPS might still be of value in the 

calculation of the diffracted field. 
Surface-based ducts of sufficient thickness can be important in the LoVHF 
band. IREPS uses an empirical fit to data to determine the height-gain 


function for these ducts (Hitney et al., 1984). Since IREPS is designed to 
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Y work in the HiVHF band, it is uncertain how well these models would work in sf 
’ 
‘ the LoVHF band. a 
jf 4.2 CONCLUSION FOR RANGES LESS THAN 500 km “ 
1 s 
The method that we recommend for distances less than 500 km would be the : 

. following. Within the line-of-sight distance use EPM-73, Longley-Rice, or a “ 
version of IREPS modified to include reflection from the ground. EPM-73 is BS 
the crudest, but simplest, of these models. Longley-Rice is more complicated Fe 

: but provides for a greater variety of situations. SRICOM includes both models ‘ 
and, therefore, provides for the advantages of both. IREPS is primarily R 

4 intended for use over seawater but could be modified for propagation over 
land. The complexity of the IREPS model lies somewhere between that of EPM-73 S 

and the Longley-Rice models. . 
For distances beyond line of sight, obtain by statistical or ns 

- experimental means a model of the tropospheric index of refraction. Then use a 
<s 

the program XWVG or a simplified version of this program to calculate the ~ 
; field strength. For distances sufficiently far from the radio horizon, a . 
‘ single mode will be adequate to describe the field in the LoVHF band. In the : 
; intermediate region use the method of "bold interpolation" to determine the "3 
; field strength. In this manner, both the diffracted and ducted fields are c 
calculated simultaneously. The losses due to tropospheric scattering can be . 

continually calculated using methods employed in the Longley-Rice, EPM-73, or ; 

IREPS models. When the loss due to tropospheric scattering is less than that “i 

” due to ducting or diffraction, tropospheric scattering is assumed to dominate aa 
a - 
: the behavior of the fields and, for greater distances, only the loss due to * 
: tropospheric scattering is calculated. This manner of treating tropospheric “4 
scattering is the method used by JREPS (Hitney et al., 1984). It is possible, ~ 
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however, that the ducted fields will always be larger than the fields 
scattered from the troposphere. In fact, ducting may be important for ranges 


beyond 500 km. We will deal with this possibility in the next section. 
4.3 RANGES BEYOND 500 km 


At distances beyond 500 km, propagation via the ionosphere becomes the 
dominant mode. For frequencies less than the classical MUF, refraction is the 
dominant means of propagation. At the classical MUF the receiver is located 
on the edge of the skip zone. However, because of the existence of other 
modes of propagation, for frequencies beyond the classical MUF the field 
strength does not abruptly fall to zero. For this reason it is difficult to 
determine the value of the classical MUF. Instead the MUF is often determined 
by combining data obtained from vertical soundings of the ionosphere with a 
model of ray propagation through the ionosphere. When the MUF is obtained in 
this way it is referred to as the standard MUF. The standard MUF is 
considered to be a reasonable approximation to the classical MUF (Davies, 
1965). Unless specifically indicated, we will refer to both the classical and 
standard MUF's as simply the MUF. 

For frequencies above the MUF, propagation by refraction alone is no 
longer possible. Among the causes of propagation beyond the MUF are (i) 
ionospheric scattering, (ii) transequatorial propagation, (iii) side scatter 
due to ground irregularities, (iv) sporadic E layer propagation, and (v) 
off-great-circle propagation by horizontal gradients of ionization rays 
(Damboldt, 1976, Beckmann, 1965). For frequencies less than the MUF, 
analytical means exist for calculating the field strength; however, for 
frequencies greater than the MUF and less than the MOF, attempts to explicitly 


calculate the influence of each of the physical processes involved have not 
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been successful (Damboldt, 1976). For this reason the effects of over-the-MUF 


propagation modes are usually taken into account on a statistical and 
empirical basis. 

In order to use analytical methods to calculate the field strength for 
frequencies less than the MUF, a description of the state of the ionosphere 
must be obtained. In general, because of lateral variation in the ionosphere, 
the state of the ionosphere must be described at more than one point along the 
path of the ray. The points along which the ionosphere is described are 
called control points. Generally, the state of the ionosphere near the 
midpoint of each hop is desired. However, for short path lengths involving 
multiple hops, the ionosphere is reasonably homogeneous over the range of 
propagation, and for long path lengths, the number of calculations can become 
excessive. For this reason most models limit the number of calculations for 
long ranges and make only one calculation at the midpoint for sufficiently 
short ranges. 

Over the path of each hop the ionosphere is generally assumed to be 
spherically stratified and laterally homogeneous. In the LoVHF band 
reflections from the normal E layer are not possible. However, the E layer 
can produce retardation effects that will have an effect on the field 
strength. The D layer has no refractive effect on the ray, but significant 
absorption takes place in the D layer. In general, a model of the entire 
ionosphere is necessary to characterize its effects on the field strength. 

If a parabolic model is used to approximate the electron density in the F 
layer, the electron density can be described in terms of the maximum plasma 


frequency foF2 and the heights at the bottom and the peak of the layer. The 
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y collection of large amounts of ionospheric data has made it possible to 
4 


describe the global state of the ionosphere with reasonable accuracy. A 


5 description of the monthly median values of foF2 can be expressed as a 7 
, Fourier diurnal time series (CCIR Report 340, Oslo, 1966). The coefficients, ‘ 
4 given at either a sunspot number of O or 100, are functions of the fi 
: geographical location and season. The coefficients at other sunspot numbers : 
are obtained by linear interpolation. A simplified method of expressing these : 
data is presented by Rose et al. (1978). Similar expansions exist for the ‘ 
." ratio of the MUF to foF2 at 3000 km due to propagation through the F2 layer, : 
c M(3000)F2 (CCIR Report, 340, Oslo, 1966), for ratios of the peak of the F2 ‘ 
Me layer to the half-thickness of the F2 layer (Lucas and Haydon, 1966), the a 
critical frequency of the Fl layer (foF1) (Rosich and Jones, 1973), and for “ 
the maximum plasma frequency in the E layer (foE) (Leftin, 1976). From the 5 
values of M(3000)F2 it is possible to predict the value of the peak of the F2 . 
z layer (Skimazaki, 1955). The peak of the Fl layer is primarily a function of 
r the solar zenith angle x and is approximately given by 165 + 0.6428x, where : 
the height is given in km (Lloyd et al., 1978). The E layer is generally 
modeled as a parabolic layer with an assumed peak height and half-thickness. 
Commonly, the height of the peak is set at 110 km and the half-peak at 20 km 
(Lloyd et al., 1978, CCIR Report 252-2, 1970, Lucas and Haydon, 1966). : 
e Finally, it is possible to describe the D layer by an exponential decay of 
. electron density with decreasing height (Lloyd et al., 1978). Most models 
: explicitly include descriptions of only the E and F2 layers (CCIR Report . 
252-2, 1970, Lucas and Haydon, 1966). However, IONCAP (Lloyd et al., 1978) 
| 
) 


includes descriptions of the D, E, Fl, and F2 layers in its model of the 


(ERA 


ionosphere. 
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Given a description of the ionosphere, it is possible to determine the e 
‘- 
range as a function of the angle which the ray makes with the vertical. At ce 
the skip zone the rate of change of the range with angle is zero. The et 
‘. 
frequency at which the skip zone is located at the distance to the receiver is > 
the MUF. This is the method used by Appleton and Beynon (1947) and the CCIR 
& 
Report 252-2 (1970). Though this method can, in principle, be applied for any as 
ionospheric model, it is not the method commonly used to determine the MUF. . 
The methods commonly employed rely on numerical fits to the results of more = 
careful analysis (Lockwood, 1983, Rose et al., 1978, Lloyd et al., 1978). All = 
of these methods neglect the effect of the earth's magnetic field on the path a 
of the ray. The X wave has a higher MUF associated with it than the 0 wave S 
(Davies, 1965). For quasi-longitudinal propagation, the separation between m 
these MUFs is equal to the electron gyromagnetic frequency fy (Davies, 1965). oP 
A common method of accounting for this difference is to add ify to the MUF i 
calculated on the basis of there being no magnetic field (Lloyd et al., 1978). -. 
-. 
Given a model for the variation of the electron density N, the signal ee 
«. 
strength can in principle be calculated. For frequencies in the LoVHF band, < 
the effect of the earth's magnetic field can generally be neglected in the 
calculation of the field strength. The index of refraction n is then given by 
; ‘ 
f S 
n?=1- of (59) os 
f nf 
where an is the plasma frequency and is a function of position (Budden, * 
1961b). In the geometrical optics approximation the field strength of an : 
isotropic radiator is given by 
Py 1/2 4 
ro 1] (60) 
an Sin, = . 
E " 
wn 
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where Pr is the transmitter power, and Zo is the impedance of free space. Sp 


is the distance that the field would have to propagate in free space to 


achieve the same field strength. For a spherically symmetric ionosphere 


sf = a sin(d) tan(9)36- (61) 


where @ is the earth's radius, @ is the angle subtended from the center of the 
earth over the range D of propagation, and %% is the angle which the ray makes 
with the normal to the earth's surface. 9D/ (399) is to be evaluated for a 


given range D, with the relationship between D and 5 defined by 


21/2 ° 
f 
Here, ro is the reflection level of the ray and is defined by 


r 
0 
D = 2a* sin(oy) f , 22 dr/r 
W Ance™ = [a sin(o))] 


n°(ry)ro = la sin(o9)]° . (63) 
Bibl et al. (1952) make use of this method in calculating the field strength. 
They assume that both the E and F layers are well modeled by a parabolic 
layer. Using equation (62), they solve for sin($9) for a fixed value of D 
and then use this result in the expression for Sp: 

However, most models do not use this method of calculating the field 
strength. This method requires a relatively simple model for the electron 
density in order to be able to integrate equation (62) for D, and once 
integrated, it is difficult to invert the result to find o- Furthermore, the 
expression for the effective distance of propagation SE is invalid for 
frequencies near the classical MUF, where 9D/ (2b) tends to zero, and for 
small elevation angles, where tan(d9) tends to zero. The method used by most 


models is to neglect the focusing effect in these regions and to find, 


instead, a measure of path length along the ray. The advantage of this method 
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is that it is always nonzero and reduces to the correct expression in free 
space. 

The measure that is most commonly used is the group path he along the 
ray. For a spherically symmetric ionosphere we have 


rdr (64) 


{n?r? - fo sin($))]7}1/? 


Note that in free space he is equal to the distance of propagation along a 
straight ray. For a given time of propagation, the group path he is the 
equivalent distance that a pulse would travel in free space. The group path 
is a positive definite quantity which tends to infinity only as the time of 
propagation tends to infinity. Hence, characteristics of the group path are 
similar to those of the distance of propagation in free space. The group path 
has the further advantage, as we shall soon see, of being somewhat related to 
the equivalent height of reflection h.- The equivalent height of reflection 
is the height at which a vertically incident wave would be reflected from the 
ionosphere were it travelling in free space. This is exactly the kind of 
information that an ionsonde provides. 
For a flat earth the group path is equal to 


a dz 


Go 0 [n?(z) - sin*(,)] 


h 172° (65) 


where z is the height above the earth's surface. For a transmitter and 
receiver separated by a distance R and transmitting at a frequency fob, by 


Breit and Tuve's theorem 


R 


h, = ——t— 


sin($,) 


’ 


and by Martyn's theorem 
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h, (fob) = 2 sec())h. (fv) P (67) 


where 


fob = fy sec($,) ; (68) 
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and hy is the equivalent height of reflection. Using Breit and Tuve's and 


PLA 


Martyn’s theorems, we find that the equivalent height of reflection of the 
oblique ray is h (fv). The result of this analysis shows that a wave 
transmitted at a frequency fob in free space and specularly reflected at a 
height h (£) on its way to a ground-based receiver will have the same group 
path as the wave transmitted under identical conditions through the 
ionosphere. 


Using equations (66) through (68), we obtain 


2 have 
_ 1 fob 
Rye E “| 
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fr 
hy as a function of frequency can be obtained either from an ionogram or by 
integration of equation (65) with > equal to zero. Then, by either graphical 
or analytical methods equation (69) can be solved for fy as a function of R 
and fob. With this solution equations (70) and (71) can be used to find the 
take-off angle %% and the group path he. 

The flat earth approximation is valid if the bulge of the earth is much 
less than the effective height of reflection, and the range R is much less 
than the earth's radius. The range beyond which the curvature of the earth 


must be taken into account is typically set at about 500 km (Davies, 1969). 
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The situation for a curved earth is considerably more complicated than 


AS te te 


for a flat earth. In analogy with the flat earth result, a vertical frequency 


fv is defined such that both the oblique and vertically incident rays reflect 


at the same height. With this definition, we obtain ) 

fy = fob[1 - n2(r))}1/? , (72) ‘ 

where to is the level of reflection and is defined by equation (63). In s 

principle, it is possible to solve for 5 for a given range D and then use Re 

that result in he. This is essentially the method used by Kobayashi (1961). = 

He was able to approximate the equation for D and he in terms of h (fv), the : 

level of reflection To: and do: Given a model of the electron density, it is 3 

then possible to derive the functional forms of h. (£») and ro and, then, to ™ 

j obtain 5 and h, (fob) for a given range D. Because this method is "= 
complicated, simpler approaches have been sought. * 

A simpler method was proposed by Smith (1939). If over the distance = 

° which the ray propagates through the ionosphere, the ionosphere can be = 
considered flat, then for that portion of the path in the ionosphere both a 
7 Breit and Tuve's and Martyn's theorems are applicable. This means that both 
: the horizontal and vertical penetrations of the ray into the ionosphere must : 
; be small compared with earth's radius. Over the distance of propagation below > 
; the ionosphere, the rays are straight, and the group path can be easily ‘ 
’ calculated. . 
, Let ® equal the angle which the ray in free space makes with the radial “4 
: vector at the virtual height of reflection of the oblique ray. Then we have B 
BS 

ghg(fob) = (a + ho)[1 = 2(h, = hy)sin@(g)|!/? . 
¥ ae 
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- [a2 - (a+ h,)?sin”()]'/? “a 
‘9 
“ hy - hy 1 1/2 fa3) mY 
OF Ny. Ts O(n, eine 4) Ms 
Vv 0 \ 
hy - ho 1/2 - 
fy = fob cos(o)]1 - 2 hy rg (o) (74) 5 
tan(o) = 1 + Hees : ee) . 
Here, hy is the height of the base of the ionosphere, R is the range, a is the a4 
radius of the earth, and hy is evaluated at a frequency of fy. Using es 
equations (74) and (75) it is possible to solve for @ and fv as functions of R ca 
and fob. These results can then be used in equation (73) for he. This is the r 
method used by Lucas and Haydon (1966). In this curved earth and flat i. 
ionosphere approximation, as in the flat earth approximation, the virtual ae 
height of reflection of the oblique ray is equal to h (fr). " 
For longer ranges and deeper penetrations into the ionosphere, the ae 
ionosphere can no longer be treated as flat. One approach is to simply assume ny 
that the equivalent path in free space is equal to the group path and that the - 
virtual height of reflection is equal to h (fr). In this case z 
phg(fob) = LSnee ee) (76) : 
fy is given by equation (74), with ho replaced by the level of reflection hr = “ 
ro - a, and tan(o) is given by equation (75). This is the method used by the “* 
CCIR (CCIR Report 252-2, 1970). They are able to integrate the integral for a 
hy by assuming parabolas for both the E and F layers. = 
However, the assumptions of this method are highly suspect (Smith, 1939). 
IONCAP (Lloyd et al., 1978) recognizes this difficulty and adjusts the virtual 3 
height of reflection of the oblique ray by adding to h (fr) the quantily “4 
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fob 
fobF2 


where foF2 is the maximum plasma frequency and hy is evaluated at a frequency 
of fy. Note that if (hy - h J/a is much less than one, equation (77) is 
small. This is essentially the assumption of the flat ionosphere and curved 
earth model. Because IONCAP (Lloyd et al., 1978) uses a rather complicated, 
albeit realistic, model of the electron density they must use numerical 
integration to obtain values of h (fy). 

A later CCIR model (CCIR, 1984) expresses the virtual height of 
reflection of the oblique ray as a simple function of foF2/foE, the range, 
and M(3000)F2. This functional form is based upon an extensive study of ray 
propagation in a quasi-parabolic layer. The results are believed to be 
accurate to within 10% for frequencies greater than twice foE and for values 
of the M factor (f/MUF) in the range 0.8 to 0.95 (Lockwood, 1984). In the 
LoVHF band the frequency will commonly be near the MUF; consequently, we can 
expect this expression for the virtual height of reflection to be reasonably 
accurate. 

Having determined the virtual height of reflection using either the 
method proposed by the CCIR or JONCAP, the group path can then be determined 
by the use of equations (75) and (76), with h (fy) replaced by the corrected 
values of the virtual height of reflection. 

The loss of power or field strength due to path length is commonly 
referred to as the free space loss, Lee. In addition, the effects of 
deviative, nondeviative, and auroral absorption, ground losses, off-great- 
circle paths, sporadic FE, and scattering must also be taken into account. 

Usually, for frequencies less than the NUF, the most important loss after 


the free space loss is due to ionospheric absorption. Nondeviative absorp- 
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tion takes place in the D and E layer and is proportional to ae (Davies, 
1965). Deviative absorption takes place near the level of reflection and has 
a complicated frequency dependence (Davies, 1965). It is particularly large 
when the reflection level is near a maxima of the electron density, as it is 
for a Pedersen ray. If initially only nondeviative absorption is considered, 
the absorption loss due to absorption in dB Ls is as given by (Davies, 1965): 


Zz 
2h | 


; fy sec (9) 
(Qan)*c %O (£ + fa) + (v/2n)2 


dz. (78) 


Here, is the plasma frequency, v is the collision frequency, c is the speed 


of light, 5 is the angle which the ray makes with the vertical, fy is the 
electron gyrofrequency, and f is the frequency. The plasma frequency f_ is 
equal to N(z)e*/(me 9), where N is the electron density, e the charge of an 


electron, m the mass of an electron, and €, the dielectric constant of free 


0 
space. Equation (78) is obtained on the basis of quasi-longitudinal 
propagation of the ordinary wave through a horizontally stratified ionosphere. 
As such, it neglects ionosphere curvature. This is an adequate approximation 
if the distance over which the major contribution to the integral accrues is 
sufficiently small. In a typical ionosphere, as the height z decreases, A 
decreases and increases. The net effect is that nondeviative absorption is 
most important in the D and E layers. The electron concentration and collision 
frequency are complicated functions of the solar zenith angle, season, 
geographical location, and sunspot number. 

Those rays which are generally most important to the determination of the 
field strength do not reflect at heights near the peak of the F layer. We 
would therefore expect the absorption loss I. due to both deviative and 


nondeviative absorption to take a functional form similar to that given by 


deviative absorption alone. A semiempirical model of the total ionospheric 
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absorption loss, based upon data derived from F layer propagation, has been 
developed by Lucas and Haydon (1966): 
677.2n sec($))I 


See as (79) 
1 (f+ £58 


tse 0.0037R, ») [cos (0.881x;)]**° : (79a) 


where n is the number of hops, Xj is the solar zenith angle for the Fag hop, 
Rio is the sunspot number, and x is a geographical and seasonal correction 
factor. This is the model used by the CCIR (CCIR Report 252-2, 1970, CCIR, 
1984). IONCAP uses a different expression for I that is based on the 
relationship between I and foE; namely, 

I = -0.04 + exp(-2.937 + 0.8445foE) (79b) 
(Lloyd et al., 1978). The factor 10.2 in the denominator of equation (79) has 
been included to account for tne low-frequency dependence of L. when (f + fy) 
appreiches v/(2m). It can be neglected for frequencies in the LoVHF band. At 
night the absorption changes little with time; consequently, the value of I is 
constrained to be above 0.1 (Lucas and Haydon, 1966). The correction factor 
+5 is an empirically determined quantity which takes into account geographic 
and seasonal variations in absorption not included in the first expression on 
the right-hand side of equation (79). These quantities are largest during the 
morning hours of equinoctal periods at geographic latitudes near 65 deg (Lucas 
and Haydon, 1966). This is exactly the time when auroral absorption is 
largest (Davies, 1965). To a considerable extent, then, ts is an attempt to 
include the effect of auroral absorption. 

Equation (78) for L; was derived from an average of F2 propagation data 
for frequencies less than the FOT (90% of MUF) and for ra.sges from 55 to 


15,000 km (Laitinen and Haydon, 1962, Lloyd et al., 1978). The overwhelming 
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majority of these data were derived from ray trajectories with low elevation iy 
angles and ranges less than 7000 km (Laitinen and Haydon, 1962). Since L; was i 
intended to represent ionospheric absorption, ground losses Lo were subtracted 3 
out (Laitinen and Haydon, 1966). Y was derived from the same data set used 
in deriving the first expression on the right-hand side of equation (78) = 

£7 
(Lucas and Haydon, 1966) and, consequently, is applicable for the same ray 4 
set. If more than one set of ray trajectories is included in the field . 
strength calculation, Y. should be added to the total loss formula only once. 
This is so because the derivation of ns makes no distinction between different = 
modes of propagation. os 

Equation (78) takes into account the average effect of passage through ae 
the D and E layers and the lower regions of the F layer. It therefore we 
accounts for nondeviative losses, low-angle deviative losses, auroral rs 
absorption (in Yo) and possibly some losses due to transmittance through be 
sporadic E layers. It does not effectively take into account losses for a 
frequencies greater than the FOT, ranges greater than about 7000 km, ground £ 
losses, and deviative losses for rays which reflect from heights close to the ae 
peak of the E and F layers. It overestimates the losses for those rays which = 
are reflected from sporadic E layers and does not include reflection losses - 
from sporadic E layers. Even though some sporadic E transmission losses may ue 
be included in Li, the averaging process would probably make it necessary for : 
a given mode to take these losses explicitly into account. TONCAP (Lloyd et : 
al., 1978) attempts to adjust L, for those cases when the ray either does not rs 
reach the F layer or reflects close to the peak of the F layer. For the LoVHF a 
band neither of these cases is particularly important, since EE layer oe 
re 
reflection is not possible and rays that reflect near the peak of the F layer > 
tend to be so attenuated as to not be the dominant mode of propagation. “ 
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Consequently, the additional losses that need to be considered are (i) 
ground losses L,, (ii) losses due to sporadic E, and (iii) losses associated = 


’ with frequencies greater than the FOT. 
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: Ground losses are taken into account by both CCIR models (CCIR Report ' 
252-2, 1970, CCIR 1984), Lucas and Haydon (1966), and IONCAP (Lloyd et al., 


1978). The early CCIR model (CCIR Report 252-2, 1970) uses the same method 


Nat el el et 


employed by Lucas and Haydon (1966). The later CCIR model (CCIR, 1984) simply 
subtracts 2 dB per hop. 

Off-great-circle paths are due to the lateral inhomogeneity of the 
5 ionosphere. The average global characteristics of the ionosphere are 
laterally inhomogeneous. Calculations made by Kovalevshayi and Kornitskaya 
(1969) indicate that these gradients in the ionosphere can result in an angle * 


of arrival that deviates by as much as 5 deg from the great circle path and 


can increase the MUF by as much as 35%. However, a 5-deg variation from the = 
great circle path will increase the path length by less than about 0.5%. : 
Consequently, though the lateral inhomogeneities are apparently important in é 
the prediction of the MUF, they have little effect upon the field strength. ‘ 
Below the MUF scattering is relatively unimportant because it is a a 
: comparatively weak mode, whereas above the MUF it may be the only mode . 
available. Above-the-MUF losses are dealt with on a statistical basis and , 
# will be discussed later. : 
: In the LoVHF band reflection from the normal E layer is not possible. mh 
: However, under sporadic E conditions the E layer can have significant effects s 
upon the signal strength. Sporadic E layers produce two important effects. f 
They reflect waves which normally would not be reflected, and they attenuate 5 
Re 

waves which are transmitted through them. In general, both reflection and 
transmission (obscuration) losses must be accounted for (Sinno et al., 1976). = 
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To calculate the losses due to the sporadic E layers, rays could be traced 
through the ionosphere with the layers present. Reflections from the sporadic 
E layers would incorporate losses due to those reflections, and those rays 
which pass through the sporadic E layers would incorporate obscuration losses. 
This is the method used by IONCAP (Lloyd et al., 1978). Generally, due to 
substantial absorption losses in the D layer, those modes which have greater 
than two reflections from the sporadic E layers can be neglected (CCIR, 1984). 
In those cases where no F layer mode exists, reflection from the E layer is 
the only possible reflection mechanism. This situation prevails when the 
frequency is greater than the classical MUF and for ranges less than about 
2000 km. For trequencies above the MUF, sporadic E propagation produces a 
maximum field strength at distances of 1500 km (Miya and Sasaki, 1966) and can 


generally be neglected for ranges greater than 4000 km (CCIR, 1984). 


The calculation of the field strength produced by sporadic E layer 


propagation must be statistical in nature, because prior knowledge of the 
existence of these layers is not readily available. Miya and Sasaki (1966) 
relate the probability of the loss [ due to reflection from sporadic E layers 
being less than a given value and the equal probability of the maximum plasma 
frequency ot the sporadic kL layer, foks, exceeding a given value. This loss T 
is intended to not include free space losses, ionospheric absorption losses, 
and ground losses (Miva et al.. 1978). Using egloba! data on the probability 
ot foEs exceeding 7 MHz, it is pessible to use the Phillips rule and determine 
the probability of tots exceeding a trequency t (Smith, 1976, CCIR 
Recommendation 534, 1978). The method presented bv Miva and Sasaki (1966) and 
Miya et al. (1978) for the calculation cof sporadic b fretd strengths is 


essentially the method recommended bv the CCIR (CCITK Recommendation 534, 1978, 
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CCIR Recommendation M534-1, 1982). Because obscuration losses are neglected, 
this model is valid only for frequencies greater than the classical MUF. 

Sinno et al. (1976) have attempted to measure the reflection and 
transmission coefficients through sporadic E layers. Under sporadic E 
conditions, the trace on an ionogram due to reflection from the F layer is not 
visible for frequencies less than the blanketing frequency fbEs. For 
frequencies above foEs, there is no E layer trace. Hence, for frequencies 
less than fbEs, the transmission coefficient is near zero, and for frequencies 
above foEs, the reflection coefficient is near zero. For thin layers Breit 
and Tuve's and Martyn's theorems are applicable within the layer (Smith, 
1939). In this case the group path for vertical incidence at a frequency fu 
is related to the group path at oblique incidence at a frequency fob = 
fv sec(>), where > is the angle which the ray makes with the radial vector at 
the bottom of the layer. Hence, these conclusions about the reflection and 
transmission coefficients at vertical incidence are equally true at the 
equivalent oblique frequency fob. We, therefore, expect the reflection and 
transmission coefficients to be functions of fr. 

Sinno et al. (1976) find that the reflection losses at the frequencies 
foEs and fbEs are about 20 and 0.7 dB, respectively. Consequently, the 


reflection loss, R, (in dB) is approximately given by 


R = -20 log(r) = 20 log|1 + 10(fy/foEs)™] , (80) 
where r is the reflection coefficient. The transmission coefficient t is 
given by 

t= (i= a°1 (81) 


Given the value of fbEs, the value of m can be determined, assuming that R = 


0.7. If the value of fbEs is unavailable, Sinno et al. (1976) suggest that a 
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value of 8 for m is generally satisfactory. If the median values of foEs and 
fbEs are known, it is possible to calculate the median field strength by 
tracing rays through the ionosphere, taking into account reflections from both 
the E and F layers. The group path due to reflection from a sporadic E layer 
can be calculated on the basis of a thin layer, and losses due to passing 
through and reflecting from the sporadic E layer can be calculated using 
equations (80) and (81). Furthermore, equation (80) for R appears to be 
adequate even if instantaneous values of foEs are used (Sinno et al., 1976). 
Consequently, if equation (80) is viewed as a functional relationship between 
the reflection coefficient, foEs, and fbEs, it would be possible, given the 
probability distribution of foEs and foEb, to calculate the probability of a 
given signal strength. 

Another method of calculating the effects of the sporadic E layer is used 
in IONCAP. The method is based upon the Phillips-Abel theory (Wheeler, 1966). 
This theory is based upon the observation that the temporal probability of 
occurrences of foEs is proportional, if not equal, to the spatial probability 
of occurrence of foEs (Phillips, 1963). 

For a vertically incident ray, if the frequency fr is less than foEs, the 
ray will be reflected. For oblique incidence we require that fob be less than 
the vertical frequency fy, foks sec($), if reflection is to take place, where 
$ is the angle which the ray makes with the radial direction at the bottom of 
the sporadic E layer. The greater the number of such reflecting regions, the 
greater will be the reflected signal strength. Hence, the power reflected 
from a sporadic E layer must be proportional to the probability P that 
foEs sec(@) is greater than fob, and the loss R in decibels is proportional to 


10 log(P). 
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The probability of foEs exceeding a particular value can be obtained by 


using the Phillips rule (Phillips, 1963, Smith, 1976), 


1 = - 
log B, = bit, f,] : (82) 


Here, Py is the probability of foEs exceeding the frequency fi» with an 


analogous meaning for P,- b is a negative constant which is a function of 
location. A value of -0.23 for b is a reasonable approximation for most 
locations (Phillips, 1963). Hence, from available world maps of the 
probability of foEs exceeding 7 MHz (Smith, 1976), it is possible to calculate 
the probability that foEs sec() will exceed fob. Phillips (1963) recommends 
that the probability distribution sought should not be that of foEs being less 
than fy, but of fbEs being less than fv, since such layers are totally 
reflecting. In this case, foEs must be exceed some frequency which is larger 
than fy; consequently, the probability P will be smaller. Phillips (1963) 
recommends using a frequency of fv/0.7 for nighttime propagation and a value 
of fy/0.9 for daytime propagation. 

Lloyd et al. (1978) suggest that the probability distribution of foEs 


about its average value is roughly Gaussian. Hence, the probability P is 


given by 
(83) 


_ fob - foEs sec(@) 
: o sec(o) ? (83a) 


where foEs is the average value of foEs, and o is the variance of foEs about 
its mean. Similarly, the power loss (in decibels) due to transmittance 
through the sporadic E layer is given by 10 log(1-P) (Phillips, 1963). The 


value of o can be determined from the fact that for a Gaussian distribution 


with zero mean, the value which is exceeded 90% of the time is 1.28 0 below 
the mean. Using these values for the reflection and transmission losses, it 
is possible, by tracing rays through the ionosphere, to determine the effects 
of the sporadic E layers on the signal strength. 

For frequencies above the MUF, the signal does not fall abruptly to zero, 
as would be expected on the basis of geometrical optics. Signals can be 
scattered from the D, E, and F regions into the skip zone. The Phillips-Abel 
theory can be used to describe the effects of this process (Phillips, 1963, 
Wheeler, 1966). The procedure is similar to that employed in describing the 
sporadic E signal. Instead of envisioning the E layer as composed of regions 
corresponding to a distribution of foEs values, the ionosphere is now 
considered to be composed of regions associated with a distribution of MUF 
values. When the frequency f is less than a particular MUF value, the wave 
will not be reflected into the skip zone. In this view, rays can be 
reflected, just as they are for frequencies below the MUF, from the ionosphere 
to the receiver. The power reflected is proportional to the probability P 
that the frequency f is less than the MUF. There are no obscuration losses 
tor frequencies above the MUF, since there are no reflections from the normal 
F laver. 

The distribution of MUF values is roughly Gaussian (Phillips, 1963, 
Wheeler, 1966): hence, P can be calculated. The actual ray path of the 
retfected wave can be assumed to be identical to the path associated with the 
MUF (CCIR, 1964). {fn this way the absorption loss I can also be calculated. 

IONCAP (Uioyd et al., 1978) calculates the over~the-MUF loss at all 
ir: vencires in order to incorporate the possibility that the otber witi be below 


the zcverage MUF. The CCIR model (CCIR, 1984) uses an approximate form for the 
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over-the-MUF loss Ly which is only used for frequencies above the MUF; 


namely, 


£\? 3 

Ly 130(1 - afr) (84) 
4 

Damboldt and Sussman (1976) have proposed a very simple method for = 


calculating the over-the-MUF loss. The model is intended to be simply 


appended to any model that is acceptable for frequencies below the MUF and is 


expected to be adequate for ranges less than about 3000 km. The field above 
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the MUF expressed in decibels above 1 uV/m, F, is fit to the following 
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: functional form a 
ae 
- ieee te F (85) "4 
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: where a, b, c are constants and f is the frequency. o 
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b. The operational MUF is defined by Damboldt (1976) as that frequency fn at 


which a transmitter with 1000 kW effective radiated power will produce a field 


x at the receiver of 1 wV/m. Empirically it is found that fi, is given 


approximately by 


f ee 
max 


ie cia i 
= 2 vin) (MUF) , (86) “4 


where fe denotes the larger of foE or foF2 at noon; and aon denotes the \ 


larger of foE or foF2 at the particular hour desired (Damboldt and Sussman, 


1976). 


Damboldt and Sussman (1976) assume that c has a value of -50. This 


choice must be dependent upon the manner in which their data was derived. = 


r: Their data were collected with a transmitter operating at 1 kW effective 


radiated power. If the field produced by a given transmitter is expressed 


relative to the field produced by their experimental setup, then we have that 
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F= Fos + 10 log(P) + 10 log (Gp) - 4.8 , (87) 
where Fos is the field, expressed in dB above 1 uV/m, produced by Danbolt and 
Sussman's transmitter; F is the field, expressed in decibels above 1 pV/m, of 
an arbitrary transmitter; P is the power relative to 1 kW; and Gr is the gain 
relative to an isotropic radiator. F is equal to equation (85), with c 


DS 
equal to -50. By matching equation (87) to the values of the fields at the 


MUF and ty we obtain 


0.434b£ 
a = 20 X 10 (88) 
log [Fy - 10 log(P) - 10 log(G,) + 54.8] - log(20) 
bes 0.434(f - MUF) 89) 
-b(£-£,) 
F = 20e + 10 log(P) + 10 log (Gy) - 54.8 , (90) 


where Fy is the field expressed in decibels above 1 wV/m at the MUF. Fu is 
obtained from whatever model is used below the MUF. It should be noted that 
Damboldt and Sussman (1976) caution the user of this model that it has not 
been adequately tested. In fact, the Deutsche Bundespost, for which the above 
model was designed, is presently using a different short range-model (Bradley 


and Liu, 1982). 


We can now derive an expression for the magnitude of the field strength E 
at the receiver. We have 

20 log(E) = 104.8 + 10 log(P) - 20 log(D') + 10 log (Gy) - Lp ; (91) 
where E is expressed in microvolts per meter, P is expressed in kilowatts, D' 
is the virtual slant range of the ray expressed in kilometers, Gy. is the gain 
of the transmitter relative to an isotropic radiator, and L., represents the 


additional losses. The virtual slant range D' is an approximation to the 


group path. The virtual slant range is the distance which a ray in free space 


a he ee 


ol sal aa ed aa 
eon . an 


rrere 


would travel in going from the receiver to the transmitter via one or more 
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reflections at the virtual height of reflection. Generally, due to absorption 


in the D layer, no more than two E layer hops are considered. In addition to 


the possibility of mixed modes 


reflections from either the F or E layers, 


should also be considered. For example, a mode which only passes through the 


D layer twice would be one which reflects from the F layer, the topside of a 


Sporadic E layer, and the F layer. Generally, the field strength is 


determined by considering only that mode which produces the smallest loss 


(CCIR Report 252~2, 1970, Lucas and Haydon, 1966, Laitinen and Haydon, 1962, 


Lloyd et al., 1978). 


This is an incorrect procedure for ranges greater than 


about 10,000 km (Lloyd et al., 1978) and is probably not an acceptable 


procedure for ranges greater than 7000 km. 


L, in equation (91) is given by 2 


: L,= lg +lt+b +b. +1, , (92) i 
b) “ 
: where Le are the losses due to reflection from the ground, Ly the F layer 
: + 
‘ over-the-MUF losses, Ly the obscuration losses, Le the losses due_ to a, 


> reflection from sporadic E layers, and Le the absorption losses. For 


frequencies above the MUF, (L, + L) can be replaced by T as given by Miya et 


. al. (1978) or by the CCIR model (CCIR Recommendation 534, 1978 or CCIR 


Recommendation 534-1, 1982). The 1984 CCIR model (CCIR, 1984) for field 3 


include the effects of sporadic E propagation. 


Strength does not explicitly 


of equation (79) with a new set of correction factors, 


Instead, it replaces % 


which are a function of season and location. The 1970 CCIR model (CCIR Report 


252-2, 1970) does not include an over-the-MUF loss, since it was not intended 
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to be used for frequencies greater than the MUF. 
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b~. For ranges less than about 7000 km, the field strength is dominated by a ‘ 
single mode of propagation. Except for the ducted mode, equation (91) is 


pay! applicable for all of these modes. Hence, in order to determine the dominant 


vi mode, the largest field strength calculated on the basis of equation (91) must 

8 be compared with ducted field strength. The 1984 CCIR model (CCIR, 1984) adds 
a together, on an incoherent basis, the three strongest modes. This can also be y 
done here, the only difference being that now an additional mode, heretofore : 
Ss unaccounted for (the ducted mode), is to be included in the set of possible : 
modes. 

Ps As the range increases, the number of modes_ which’ contribute 
ie significantly to the received signal strength increases, and as the number of F 
qa independent signals increases, the resulting interference pattern begins to 

" take on the characteristics of a random field. Consequently, for ranges 

me greater than about 9000 km, the calculation of the field strength becomes 

of essentially statistical and the resolution of the individual components of 

: little value. For these ranges a new method of field strength calculation is ‘. 
! needed. We will discuss two models: the Deutsche Bundespost model and the 

Ps IONCAP model. : 
The Deutsche Bundespost model (Damboldt, 1976) is an empirical model that 
was designed primarily to deal with propagation at frequencies greater than 
& the MUF and for ranges greater than 4000 km (Beckmann, 1965). It takes into 

at account all modes of propagation above the MUF, but makes no attempt to : 
- distinguish between the effects of any particular mode. The formulation of | 
Bs this model begins with the observation that the signal received as a function ; 
FS vf trequency rises from the lowest usable frequency (LUF) to a maximum and 4 
a then declines to the upper receiving limit (MOF) (Beckmann, 1965). ‘The MUF ; 
3 5 
‘ 
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usually lies somewhat above (by 10% to 20% or even more) the frequency 
associated with the maximum of the received field strength (Beckmann, 1965). 

For signal strengths below the maximum value, the daytime signal strength 
decreases as the frequency decreases. This result can be understood as 
follows. Near the LUF, the losses associated with the particular mode of 
propagation must be near their minimum values. If this were not the case, 
there would exist modes of propagation with less loss. Hence, the frequency 
could be decreased and still sustain the same or less loss. Thus, near the 
LUF there exists, generally, only a single mode of propagation; and that mode 
of propagation is the mode associated with the smallest losses at that 
frequency. The mode with the smallest losses is one which has the smallest 
number of ground reflections and passages through the D layer and smallest 
free space loss. Clearly, the mode associated with the smallest losses will, 
therefore, be associated with the ray trajectory that possesses the smallest 
number of hops and the smallest elevation angle. Because deviative absorption 
is generally most important near the peak of the layer, the major portion of 
the absorption losses for this ray trajectory will be due to nondeviative 
absorption. Ground losses are generally negligible compared with the 
absorption losses; hence, the loss near the LUF is primarily due to the sum of 
the nondeviative absorption loss and free space loss. 

The expression used by the Deutsche Bundespost to describe the 
nondeviative absorption loss L is modeled after equation (78). It is of the 


form 


B, sec(o)M 
L = oh ee ee ’ (93) 
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where By is a constant; M is a function of season, geographical location, and 
solar zenith angle; and all other quantities have the same meaning as in 
equation (79). The expression for M is given by the Deutsche Bundespost 
(Damboldt, 1976) as 


2n 
M= 5 1/2 


‘ J, [cos(x;)] 


(1 + 0.005R, 5) ; (94) 


where J, is a function of season and the geographical location of both 
terminals, and all other quantities have the same meaning as in equation (79). 
Each term in the sum is determined twice for each of n hops, once for each 
passage through the D layer. 

So, for frequencies near the LUF, the field strength E expressed in 
decibels above 1 pV/m is approximately given by 

20 log(E) = Edb = Ey + 10 log(P) + 10 log (Gy) -L, (95) 
where the free space field strength Ey expressed in decibels above 1 yV/m is 
given by 

Ey = 104.8 - 20 log(D') . (96) 
Here, all quantities have the same meaning as in equation (91). 

The Deutsche Bundespost model defines the LUF as that frequency which 
produces a field of 1 WV/m at the receiver with a transmitter of 1000 kW 
effective radiated power (Damboldt, 1976). The effective radiated power 
corresponds to an isotropic radiator with a gain of 4.8 dBI (i.e., relative to 
an isotropic radiator in free space). Using this definition in equation (96), 


we obtain 


Bo sec(o)M 1/2 
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Here, we have used equation (93) for L. The CCIR version of this model 


‘¢ 
multiplies this expression by a winter-anomaly factor A. otherwise it is 2 
> 
identical to the Deutsche Bundespost model (CCIR, 1984). The CCIR (CCIR, 1984) ae 
, provides tables of values for the quantities B, and M. The virtual slant ee 
a 
} range D' is determined by assuming a virtual reflection height of 300 km, and 
the gain Gr is the maximum value of the gain in the range of 8 to 10 deg above fe 
the horizontal (CCIR, 1984). ~ 
Letting wl 
f. =ft fy and fh = LUF + fy (98) = 
in equation (97), we have that the field strength well below the MUF is ws 
approximately given by = 
f 2 
Edb = le, = 34.8]]1 (4) + <10 log(P) + 10 log(G,) - 24.8> . (99) 
Zz 


If the transmitter has an effective radiated power of 1000 kW, the expression ~ 


enclosed by the angle brackets is zero. The resulting expression is the 4 

result obtained by Beckmann (1965). : 

As the frequency increases above the MUF, the losses increase with = 

frequency (Beckmann, 1965). Define the "operational MUF'" as that frequency at ~ 


which the field decreases to a value of 1 wuV/m for a transmitter of 1000 kW of sa 
effective radiated power (Beckmann, 1965, Damboldt, 1976). The functional “3 
form of the field strength, in decibels, above its maximum implies that the 
loss is proportional to i: Adding this term to equation (99) and requiring 
. that Edb is zero both at the LUF and the “operational MUF," fm, for a s 


transmitter of 1000 kW effective radiated power, we obtain 


. 
NX 


ys 
-s 
vf 
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i 
. ¢ 
. fy 2 E 2 4 
EdB = leg = 34.8]¢1 - R Pr] the 
Zz v 
: + {10 log(P) + 10 log(G,) - 34.8) , (100) a4 
: iw 
4 . 
: where 5 
2 ‘ 
R= —'Y (101) “ 
. 2 2 ae 
., f£ + fv 5 
i L f 
: and H 
f ; 7 
} fv f. fi ‘ (102) is 
- The value of i is determined from (Beckmann, 1965, Damboldt, 1976, 
CCIR, 1984): 
E = K(MUF) , (103) 7 
. ¢ 
e where MUF is the median standard MUF. K is a constant which depends on the pt 
location of the transmitter and the time and direction of propagation. K is a a 
function of various coefficients, whose. values are constantly being readjusted 
oe 
: as more experimental data become available (CCIR, 1984). Values for K are > 
i taf 
: given by the CCIR (CCIR, 1984) and Damboldt (1976). "2 
It is worth noting that although the frequencies LUF and fo are referred a 
a to as the lowest usable frequency and operational frequency, respectively, ; 
they are not defined in the way that is typical of these frequencies. In a 
fact, we have explicitly tried to distinguish the MOF from the operational 
¥ frequency. The LUF and operational MUF are generally functions of the trans- oe 
mitter output and receiver sensitivity. However, the LUF and operational MUF 
as used by Beckmann (1965) are simply two frequencies at which the field . 
°, a 
. strength is determined. Because the field strength measured in decibels, EdB, v- 
i a 
is a relatively simple function of frequency f, these two points are suffi- . 
4 fd 


cient to approximately define the functional relationship between EdB and ft. 
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Equation (100) for EdB is the basic form used by both the Deutsche 
Bundespost (Damboldt, 1976) and the CCIR (CCIR, 1976) models. The CCIR model 
includes additional terms to account for focusing at long ranges and a 
correction term to adjust the result to agree with recent empirical data 
(CCIR, 1984). Both models use a different expression for fr during the 
nighttime and for periods of transition between night and day (CCIR, 1984, 
Damboldt, 1976). The expressions used are similar. The Deutsche Bundespost 
uses this model for ranges greater than 4000 km, whereas the CCIR model 
reserves its use for ranges greater than 9000 km. 

The model used by IONCAP is considerably more physical than the empirical 
model just discussed. Lloyd et al. (1978) view the propagation mode for long 
ranges as due to the coupling of energy, via scattering, into propagation 
modes otherwise unavailable. They suggest that the most favorable mode would 
be one which by a series of reflections between the F layer and the top of 
sporadic E layers reaches the receiver with the fewest passages through the D 
layer. Reflection losses at sporadic E layers and ground losses are 
calculated for the principal path. The absorption loss Li is modified for 
these long paths and a convergence factor is added (Lloyd et al., 1978). With 


the available documentation, it is difficult to be more explicit. 
4.4 SUMMARY FOR RANGES GREATER THAN 500 km 


The types of models available can be divided into three classifications: 
(i) those that deal with frequencies below the MUF and moderate ranges, (ii) 
those that deal with frequencies greater than the MUF and moderate ranges, and 
(iii) those that deal with long-range propagation. Of course, some models 


deal with all these possibilities. 
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Below the MUF, the most complicated and thorough model is IONCAP. The 
model that is simplest to apply is the 1984 CCIR model (CCIR, 1984). The 1970 
CCIR model possesses a degree of complexity and thoroughness that lies 
somewhere between these two models (CCIR Report 252-2, 1970). 

The effect of sporadic E for frequencies below the MUF is probably more 
accurately handled by the method given by Sinno et al. (1976) than the 
Phillips-Abel method (Phillips, 1963, Lloyd et al., 1978). Both methods 
require information which may not be easily obtained. The method of Sinno et 
al. (1976) requires knowledge of the blanketing frequency fbEs. Statistics on 
fbEs are not as widely available as those for foEs (Phillips, 1963). The 
method used by IONCAP requires knowledge of the variance of foEs. This 
information could be obtained from the data available on foEs, albeit at the 
expense of much computer time. For frequencies above the MUF, the method 
proposed by Miya et al. (1978) is, at present, the best available method of 
calculating the sporadic E signal strength. With only minor modifications 
this is the method recommended by the CCIR in 1978 and 1982 (CCIR 
Recommendation 534, 1978, CCIR Recommendation 534-1, 1982). The 1982 version 
has been simplified relative to the 1978 version. 

The over-the-MUF loss used by the 1984 CCIR model is so simple as to lead 
one to doubt its usefulness. The model proposed by Damboldt and Sussman 


(1976), though untested, may prove to be an adequate yet sufficiently simple 


model to be easily employed. However, the simplicity of this model is 
somewhat misleading, since the computer time spent in determining ft and 
ae may be considerable. Since this empirical model attempts to account for 


all over-the-MUF losses, it should not be used with any other over-the-MUF 
model (e.g., a sporadic E model). The advantage of the methods used by IONCAP 


is that the effects of the E and F layers can be accounted for separately. 
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The two models discussed for long-range propagation are the Deutsche 2 
: J 
Bundespost model and IONCAP. It is difficult to assess the advantages of one 
: over the other. The Deutsche Bundespost model has been tested and shown to 
r. give adequate results (Damboldt, 1976). Greater use of this model will 
: undoubtedly improve its performance. We could find no information on the 
v 
adequacy of the method employed by IONCAP. ; 
. One area in which all models are deficient is in the calculation of 
: auroral absorption losses. It is hoped that future research will remedy this 
. deficiency. However, in all other respects, adequate methods for calculating cS 
c the field strength in the LoVHF band already exist. n 
: r 
fh. 
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CHAPTER 1 
INTRODUCTION 
By: M. Weissberger 


1.1 BACKGROUND 


The Department of Defense Electromagnetic Compatibility Analysis Center 
(ECAC) has a twenty-plus year tradition of providing state-of-the-art 
solutions to spectrum-sharing problems. Many of these problems involve the 
use of radio-wave propagation models to compute the levels of the desired and 
interfering signals at the input terminals of a receiver, or to compute a 
field intensity at a location. 


1.2 OBJECTIVE 


The objective of this document is to provide ECAC project engineers with 
‘ a set of manual propagation models - graphs, tables, or analytic expressions 
D amenable to evaluation with a hand-held caiculator. 


1.3 APPROACH 


The models were selected for the handbook following a review of recent 

ECAC model-development studies and documents in the open literature. 

Accuracy, as demonstrated through comparisons with measured resuits, was used 

as the primary criterion for resommending one model from among several that as 
had been developed for solution of a given category of problem. In many a 
instances, the most accurate model for a particular type of problem is a iS: 
sophisticated computer program. Graphs of typical outputs of most of these 
programs were prepared and added to this document. 
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A summary of the validation effort used to select each model has been 


included for the following reasons: 


1. I allows the engineer to account for the magnitude of the 


uncertainty in the model's predictions when doing an analysis. 


2. Te reveals the specific subsets of problems for which the model 


has been shown to be accurate, so that caution may be used when applying it in 


other parameter regions. 


3. Te enables the engineer to evaluate the desirability of using 
models’ that were not reviewed in this edition of the handbook. 
4. Te will help guide future model development efforts. 


5. It provides a decision-making aid for members of the multi-agency 


Propagation Standards Qordinating Committee, of which ECAC is a charter 


member. 


For the benefit of analvsts at ECAC, information on the availability of 


computer-automated versions of each model was included. 


To assist researchers from other disciplines, a chapter explaining the 


parameter “basic transmission loss” and its relationship to field strength, 


power density and received power was provided. 


1.4 INDEX OF PROBLEM CATEGORIES 


A list of the categories of problems addressed in the Handbook, together 


with the Chapter that contains the propagation-modeling information, is 


presented below. 


Ae Propagation in the 10 - 100 kHz band: 


Be Propagation in the 100 kHz - 40 MHz band: 
0.5 - 1.6 MHz, Chapter 4 


o Skywave, 
o Skywave, 


o Groundwave, 


2 - 30 MHz, 


Chapter 3 


Chapter 5 
0.1 = 40 MHz, Chapter 6 


-PA 


6) 
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Propagation in the 40 MHz - 30 GHz Band: 


Cc. 
o Earth-space propagation, 100 Miz - 30 GHz, Chapter 7 
© Air-air and air~ground propagation, 100 MHz ~- 16 GHz,? Chapter 8 
o Terrestrial propagation, 40 Miz - 20 GHz: 
© Madian loss, Chapter 9 
Oo Time variability, Chapter 10 (annotated bibliography) 
o Obstructions by vegetation and manmade structures, Chapter 11 
D. Propagation at frequencies above 30 GHz: 


o 30-300 GHz, Chapter 12 (annotated hibliography) 
o IR and optical, Chapter 13 (annotated bibliography) 


E. Coupling over an airframe: Chapter 14. 
1.5 INDEX OF MODEL NAMES 


TABLE 1-1 is an alternate index to this Handbook. It is an alphabetical 


list of the models that are addressed in the text. The frequency limits given 
are nominal. The Handbook text and/or source documents should be consulted 
for the range over which the model has actually been validated. 

me ®air-air and air-ground propagation, 40-100 Miz, is in Chapter 6. 
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TABLE 1-1 
INDEX OF MODEL NAMES 
(Page 1 of 3) 


1-4 


° > so ‘a Coupling between antennas on a perfectiy conducting airframe. 14.3 
ADSEN 1-40 Gi Line-of-sight propagation. Atmospheric effects. 10 
Allsebrook 10=600 Hits Correction to knife-eige diffraction for buildings. 11.7 
AMBAA S0~450 rts Terrestrial propegation in Maryland hills. Statistical. 9.2 ; 
Artic (Palmer) 180-450 Mite Terrestrial propagation in Agtic areas. Statisticrl. 9.2, 9.4 
ARPROP - See Loagley-Rice. 
ATADO - See (-77. 
AVPAK - 50 am Coupling between antennas om a perfectly conducting airframe. 1402,14.3 
BARNET? ~ ‘See Vigants. 
Barrick 2-100 iis Attenuation due to propagation over a rough sea. Ge2ed, 60beteS 
BEC Co-channel 470-960 Mis Terrestrial propagation over irregular terrain. Point~-to- 9.3 
; Point. 

Berry (1966) 2 10 me Geoandrave propagation over a smooth spherical earth. 6.4.1.8 
British Aircraft 40~110 rats Terrestrial propagation. Statistical and point-to-point 9,229.4 

versions. Massed on seagurements in FRG. 
Bullington mnife- | 2 30 mm Mowograph for knife~edge diffraction. 1163, 1147, 
Rage Diffraction 14.2.4 
Bullington Plane ALL Theory of propegation ower a plane earth, including surface 9.2, A 
Earth wave effects. 
Cairo Medel 0.5=-1.6 Mie Field strength due to skywave propagation. 4.4 
CCH Race 435-3 0.15-1.60 Mis Pleld atrength due to skywave propagation. 4.2, 4.4 
CCIR Rep. 236-4 320 Mis-10 Gas Attemtation due to propagation in a forest environment. 11.2, 11.8 
CCT™R Rep. $64=1 2-40 Gam Earth-spece propegation sodel. Febal 
CCIR Rap. 569-1 0.5=40 Gm Calculation of interference fields due to ducting and rain 10 

scattar coupling. 
CCIR Rep. 726 1-49 Gai Calculation of worst case interference fields due to ducting 10 

and rain-ecattar coupling. 
Crane-79 1-100 Gis? Attenuation on earth-space links. Rain attenuation on Todd, Pahet 


(Global-79) 


terrestrial Links. 


out (RCAC 63 Ms-3.3 Gas*) Coupling in a ducting environment. 10 

Oucting ‘pdel) 

trrsecc 0.1 Mip~20 Giz Propagation between two antennas over a smooth earth. 6.3 

Bgli (Pine, 40-910 Miz Terrestrial broadcaet model. Statistical. 9.2 

rce 1951) 

"+° implies that the limit show is the highest frequency used by the author of the model in his exaaples. The sodel, 


in theory, is applicable to higher frequencies. 
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Effects of atmosphere, smoke and dust on transmittaace and 


10-350 Gas, 
- scattering. 


6.3 x 10% cat 
ax to ) 


1 Miz-10 Gis 


Terrestrial propagation model for fairly smooth terrain. 
Statistical. 7 


17=60 kis Terrestrial propagation. Bepirical. 


Rapenachied~ 
Anderson~ sai ley 


Bwarcise Support 4.4-5.0 Gis Reliability of terrestrial linka. Point-to~point. 


Program (ESP) 


Beponential Oecay 
(Saxton and Lane) 


100 Mig-3,3 Gi | Used in this report to designate a aodel for the loses due 11.2.3, 


te propagation through a grove of trees. 


Pree Space Loas all Attenuation in a vacuum. Inverse-equare-law spreading loss. 2.2 


604.13.8 


0.51.6 Mis Pield strength due to groundwave propegation. 


CC MP Groundwave 


4.4, 4.5 


0.51.6 Mis Pield strength due to skywave propegation. 


FCC MP Skywave 
(Clear Channel) 


PCO Tv-rn Model | $0-909 ts Terreetrial broadcast model. Statistical. 94 


(R-6602, TVPMYS ) 


14.3 


ones 10 kils-40 Mis Coupling between antennas on ap alrframe that aay be lossy. 


Global-78 1-30 Gus? Rain attenuation on earth-space and terrestrial links. Tele3, Tebet 


_- Mame of Berry's 1966 program. (see listing in this table). 
Also name of fotheram’s (Marconi's) program 


(see Reference 3-18). 


See FCC Groundwave. 


-_ 


1$0-2000 mts Analytical expressions for Ckumura's aodel. Statistical. 902, 1t64 


2-30 Mts Lose between real antennas due to skywave propagation. 5.2, 5.3, Annex to 
Chapter 2 

1-40 Gis Non-great circle coupling due to scatter from rain. 9.5.5, 9506 

100 Mitg~16 Gis | Air-ground and air-eir propagation. 6 


2-30 Mis Loss between reali antennas due to skywave propagation. 

1 Mis-20 Giz Propagstion between two antennas over a smooth earth. 6.3 
Jansky and Bailey 25-400 mits Zapirical loss between two low antennas in a trop.cal jungle. | 11.5 
Kinase 3 Mig~-1 Gia Terrestrial broadcast sodel with factor for urben clutter. 9.2, 1354 


> 


- 20 Miz 9.2, 9.3, 9.5 


Lose along a circuit with an infinitely thin, opaque, pissar 
14.3, 19.7 


obstruction. 


Knife-tdge 
Diffraction 


1=200 mits Theoretical model for paths including tropical jungle. 11.5.3 


Lateral-Wave 


Lenkurt See Vigants. 


_ 


3.4 


60-600 His Skywave and groundvrave terrestrial propagation. 


LFSWR 


9.4, 9S 


Terrestrial propagation model: statistical and point-to~ 9.2, 


point sodes. 


Longley-Rice 20 Miz-20 Gus 


(ARPROP) 


"+" implies that the limit shown ia the highest frequency used by the author of the sodel in his examples. The sodel, 
in theory, is applicable to higher frequencies. 
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a. TABLE 1-1 
(Page 3 of 3) 


Handbook 
Section Wo. 


350=40,000 cm™’ | Atmospheric transmittance. 122 
Ma lage 3-450 nie Tecrestrial propagation between two low antennas in urban and | % 2 
suburban environments. Statistical. 
Millington Coupling between antennas on a ssooth earth with inhomogeneous | 3.5, 62.2, &421 
ground constants 
nomur Computes eaximm usavle frequency. 52.462 
MIXPATH (RCAC Computer implementation of “Millington®. 2S, 622 Gee ot 
Aixed-Path Model, : 7 
mPR) 
reurrroP Atszospheric effects on line-of-sight links 12,2 


Modified Exponeatial Attenuation due to propagation through & grove of trees. tietot1.2 


Oecay (MED) 


Modified Flane mm See Bullingtos plane earth. f 


ues Tw 101 40 Mite-t0 Gits Terrestrial propagation sodel, primarily point-to-poin:. Dm SX, HS 
MLANBOA 1 Mits-20 Gis | Propagation between two antennas cver a smooth earth. & 2-& 4 
Cio University 100+300 wits * Line-of-sight air-ground propagation ower irregular terrain. %3 
Point to-poiat. 
Cuumura 1$0=2000 Mite Terrestrial broadcast aodel with factor for urben clutter. Bd WW.4 
POrRoP 20 Mite-200 Gi | Terrestrial and air-ground paths over rough terrain. Point~- x3 
to-goint. 
RPP (VPI-79) 1-30 Gm? Rain attenuation on earth-spece links. Te 2e3_ etn 
SaTraoPr 100 Nitz-30 Gms* farti-epace propegation acdel 7 
SCaE - Mart of IPs. 
ig SKYWAVE See PCC MP Skywave. Meme also used for HPMUPES-4 and 
he TONCAP. 
’ 
5. Smcoth- sphere Two antennas on or abowe a spherical earth. 
ee diffraction 
sT@e —_ Part of IPs. 
fo TERRAIN 4Q His-10 Gitz Line-of-sight propegation over irregular terrain. a3 
id q Point-to-point. 
baer TIREM 40 Mit~20 Gas Terrestrial paths over rough terrain. Point-to-point. HI-%7, 1163 
- Vigants 2-11 Gis Sell Labs empirical sodel for multipath fading on line-of 40 
2 sight links. 
. 
- VLP (ECAC VLP and 10-100 kits Terrestrial propagation including effecta of groundwave and 
LF Prop. Model) skywave. 
“¢ VPI-79 - See RPP. 
WAGHER < 60 Mie Tarrestrial propagation over irregular terrain with & 2.2, & 42, 35 


inhog@ogeneous ground constants. Point-to-point. 


Wang  S-1.5 mits Pleid strength die to skywave propagatio:. 4% 2-44 


"+" implies that the limit shown is the highest frequency used by the author of the model in his examples. The model, 
in theory, is applicable to higher frequencies. 
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CHAPTER 2 
BASIC EQUATIONS, COUPLING IN FREE-SPACE 
By: M. Weissberger 


2.1 INTRODUCTION 


This chapter begins with a presentation of equations to compute the power 
density and field strength produced by a transmitter in “Free Space", i.@o, a 
region in which there are no substances to reflect, absorb, refract or 
otherwise affect the radio waves. Then the equation is given for computing 
the power available at the terminals of a receiving antenna that is 
illuminated by the transmitting antenna. The parameter "basic free-space 
transmission loss" (Ly¢,) is introduced to allow this received power to be 
computed with a compact formula. , 


These equations are followed by expressions that can be used when the 
path between the transmitter and receiver (or observation point) is not free- 
space. The parameter “basic transmission loss" (Ly) is introduced to allow 
convenient calculations for these general-environment problems. The remaining 
chapters of this Handbook present methods for computing Le | 


In order to assist engineers not yet experienced in such satters, 
straightforward derivations of each equation are presented along with examples 
of conversions between equations in logarithmic (decibel) units and those in 


non-logarithmic units. 


2.2 FREE-SPACE RELATIONS 


2.2.1 Power Density in Free-Space 


Assume that p,(watts) are input to an antenna that is 100% efficient and 
radiates isotropically. Consider observation points at a distance of r 
(maters) from the transmitter. The power density at these points is now the 
power per unit area flowing through a spherical shell of radius r with a 


ates 
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center at the transmitting antenna. At any point on this sphere the power 
density, Pgs is: 


(2-1) 


where: 


Pq is power density, in W/m? 
Pe is the power delivered to the transmitting antenna, in W. 
r is distance, in m. 


If the distance r is in statute miles: 


P = 
5 ic x 30.73 x 107%, (2-1a) : 
r (mi) : a 


since there are 1609 meters in one statute mile. 


If the problem input parameters remain as now stated, but the desired 
output is in dB above 1 mW /m? (Le@e, aBm/m*), then: 


pets 
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2 p, (nw /m”) 
Py (dBm/m") = 10 leg -—> 
2 
v(m) 
PL(W) “9 3 
= 10 log : x 300-73 x 10° x 10 . 
cr (mi) 


= 10 log p.(W) - 20 log (mi) + 10 log (30.73 x 107°) 


= 10 log p,(W) = 20 log r(mi) - 45.12 (281) 


If the transmitted power is expressed in dBm, i.e., dB above 1 mW: 


Pp (dBm) = 10 log P, (mW) = 10 log P,(W) + 30 (2-1¢) 
So that: 
P,(dBm/m7) = P_ (dBm) ~ 20 log r(mi) - 75-12 (2-14) 


A general form of this equation is: 
2 
P, (dBm/m ) = Pp (dBm ) - 20 log r (units) - K, (2-1e) 


where K,, shown in TABLE 2-1, depends on the units of r. 


Pitas Nanette alee) 
arta ata 
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TABLE 2-1 
‘CONSTANTS FOR EQUATIONS 2-1e AND 2-6 


Statute miles 36.58 
Nautical miles , 37.80 


Kilometers 32.45 
Feet ~37.87 
Meters ~27.55 


2.2.2 Received Power in Free-Space 


The effective aperture, A,', of an antenna 1s defined by: 


a (2-2) 


where: 


P, = the power delivered to a matched load at the terminals of the 
receiving antenna, in W 
Pq * the power density incident on the antenna, in W/m’. 


This aperture is computed by: 2712-2 


2-Ixraus, J. T., Antennas, McGraw Hill, New York, NY, 1950, p. 42 and p. 50. 


2-2eo11in, R. EB. and Zucker, FP. J., Antenna Theory, McGraw Hill, New York, NY, 
Part 1, 1969. 
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A, ° = _ (2~2a) 
where: 


g = the power gain of the antenna expressed as a ratio relative to the 
gain of an isotropic antenna that is 100% efficient 
X\ = the wavelength of the radiation, in meters. 


For an isotropic antenna that is 100% efficient, g = 1, and: 


46 we ee (2=2b) 


A formiala for the power received by such an antenna in free space can be 


w obtained by entering Bquations 2-1 and 2-2b into Bquation 2-2. The result is: 


x 2 
Py = Pg Ag’ * Pe (Gar ) (2-3) 


Here, A and r have the same units, and p, and py have the same non-logarithmic 
units (@.g., watts, milliwatts, etc.). I£ the problem is specified in terms 


of frequency rather than wavelength, then one can substitute: 


300 
X (meters) = t (Miz) (2-3a) 


into the preceding equation and obtain: 
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569.9 p 
p= ——————_+—., (2-4) 
(f (MHz) x r(meters) ) 


where Pe and P, are in the same non-logarithmic units. 
° 
If the transmitted power and received power are expressed in the same 
logarithmic units, e.g., dBm or dBW, then the proper equation can be obtained 
by taking the logarithm (base 10) of each side of this equation and 
multiplying the results by 10. Thus: 


P. - Py - 20 log (f£(MHz)) - 20 log (r(maters)) + 27.55 (2-4a) 


- This can be adapted to other units; e.g., if r is in statute miles: 


P. * Py * 20 log £(MHz) ~ 20 log (r(miles)) - 36.58 (2-4b) 


Equation 2-4b is frequently written as: \ 


Pa = Py - Lifts (2=5) i 


- where the basic free-space transmission loss, Lyts, is given by: 


Luts 7 20 log (r(units)) + 20 log (£(MHz)) + Ko. (2-6) 
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where values of Ky appear in TABLE 2-1 for different units of r, the slant 


range. 


The preceding equations for received power are for lossless (Lee., 100% 
efficient) isotropic antennas at both ends of the link. If the transmitting 
antenna is not like this, then the power density, Dg, in front of the 


receiving antenna changes to: 


Pp,” +t (2-7) 


where g, is the transmitting antenna gain, in the direction of the receiver, 
relative to a lossless isotropic antenna (dimensionless units.) If the 
receiving antenna is also not lossless and isotropic, its effective aperture 
is given by Equation 2-2a, not 2-2b. Inserting Hquations 2-7 and 2-2a into 2~ 
2 yields: 


)? (2-8) 


Pee PeSeSe (Gar 


In logarithmic units (and allowing use of f instead of A): 


an (dBW) = P, (caw) + G, + G. - 20 log (r(miles) ) (2-9) 


~ 20 log (f£(MHz)) - 36.58 


where 
Gp (4Bi) = 10 log gy 


Gp (dBi) = 10 log g, 


dBi = decibels above the gain of lossless (100% efficient) 


isotropic antenna. 


eee 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC REVISION DATE 


TRANSMISSION LOSS AND FIELD STRENGTH SECTION - PAGE , 


NOTE: Some manufacturers specify gain relative to a lossless ima dipole, 
rather than relative to an isotropic antenna. In this case, add 2.15 dB to 
the manufacturers’ values before using them in Ryuation 2-9. 


Combining Equations 2-6 and 2-9 yields this equation for the power vat / 
available at the terminals of the receiving antenna when the transmission n 


medium is free space: : = 


PR = Pe + Gy + Gp - Lots (2-10) 


The formula is sometines called, “The Priis Equation ."273+ 2-4 Reference 
2-4 presents an alternate derivation based on intuitive physical principles. 


2.3 EQUATIONS WHEN THE ANTENNAS ARE NOT IN FREE-SPACE 


2.3.1 A General Bquation for Received Power 


Equation 2-10 accounts for the 1/(4"R2) spreading loss in “free-space,* a 
region free from reflecting, absorbing or refracting materials. The terms Gp 
and Gp are the transmitter and receiver antenna gains in dBi. ‘These terms 
also account for losses within the antennas due to lack of 100% radiation 


efficiency. 


2-3erdis, H. T., "A Note on a Simple Transmission Loss Formula," BSTJ, 1946. 


2-4eriis, H.T., “Introduction to Radio and Antennas," IEEE Spectrum, April, 
1971. 
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There may be other losses between the outputs of the transmitter and the 
transmitting antenna. ‘These can be ohmic losses, for example, in transmission 
lines, wave guides or antenna couplers; rismatch losses can also occur. 
Similar losses may exist between the receiving antenna and the input to the 
receiver. Also, there may be differences in the polarization of transmitting 
and receiving antennas. To account for these losses when calculating the 
power at the input terminals of the receiver, P', Hquation 2-10 should be | 4 


R 
modified to read: 


+ Gp + G, - L4, - ] (OTHER LOSSES) (2-11) i 
where Ph is the power available at the output of the transmitter. 


In general, the space between the two antennas will contain the 
atmosphere and/or the earth. Thus, the basic free~space transmission loss, 
Lies’ will frequently not be appropriate. Instead, the more general “basic 
transmission loss", Ly is needed. The received power equation becomes: 


Begs! 
1 


Poo = Py + Gn + Gp - iL, -) (OTHER LOSSES) (2-12) 


The remaining sections of this handbook describe procedures that can be 
used to calculate be 


APPENDIX A presents the derivation of two equations for Lye One allows 
calculation of the loss due to absorption by atmospheric constituents. The 
other accounts for the effect of reflection from the earth's surface on the 
loss between two antennas that are within line-of-sight. These derivations 
are included in the Handbook so that engineers can gain an intuitive feel for 
the means of quantifying Lb They are excluded from the body of the text, 
since they are only building blocks for the more general models described in 
the forthcoming chapters. 
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’ The antenna gains as used in all preceding equations in this chapter have 
been defined as power gaina relative to a lossless isotropic antenna. Thus, 
the terms Gy, and Gp (and Jp and 9y) differ from the directivities of the 


transmitter and receiver antennas, Dy and DR (see, e.g, Reference 2-1), in 


that the former terms include the effects of the antennas not having 100% — : 
efficiency. (An antenna that is 100% efficient will radiate all of the power 
that is input to it.) The difference between directivity and gain can be very 
large, especially if the radiation resistance is low relative to the ohmic 

resistance. This often is the case when the antenna is much smaller than Va of 


a wavelength. Measured values of efficiency in the HF band are discussed in 
References 2-5 and 2-6. 


2-3-2 The General Byuation for Power Density 


An equation for predicting power density in a non-free-space environment 
can be obtained by entering Equations 2-12 and 2-2a into Equation 2-2 and 
solving for Pye The result is: 


2 
Py (dBm/a”) = Py (dBm) + Gy - Ly + 20 log (£(MHz)) (2-13) 


- 38.54 - (Losses between the transmitter 


output and the transmitting antenna). 


2-5rane, George and Charles Masen, Ground Resistance for MF/HF Design Analysis 
Of Grounded Antenna Systems, EMEP-76-7, U.S. Army Communications 
Electronics Engineering Installation Agency, Fort HAuachuca, Arizona, 
April 1976. . 


2-61 ogan, J. Ceo, AN/PRC-104 Antenna Study, Final Report, Naval Electronics 
Laboratory Center, NELC/TR 1980, February 1976. 
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REVIS(CH DATE 


2.4 COMPUTING THE ELECTRIC FIELD STRENGTH 


If the engineer/analyst needs to know the electric field strength at 4 
Foint in space, it may be computed from the power density. In the far field 
‘o£ the transmitting antenna these quantities are related by: 


2 
Pg Grattasar: avg) = Bod es(merer: Eas) (2-14) 


where n is the impedance of free-space, = 1208, or =377. (See, for 
example, Reference 2-7. ) 


TABLE 2-2, is a set of conversion equations for a variety of units. 
2.5 SUPPLEMENTARY DEFINITIONS 

In using some references, analysts may come across other terms that are 
used in the calculation of received power. To aid in correlating with the 
terms used in this chapter, some of the more common ones are defined below. 

Antenna Factor. This is 10 log of the square of the ratio of the 
electric field intensity (V/m) at an antenna to the terminal voltage (V). 
Antenna gain can be computed from antenna factor through this equation: 


G = 20 log f - A, - 30 (2-15) 


where G is the gain in dB, and A, is the antenna factor in dB. 


2-THayt, W. He, Engineering Electromagnetics, 3rd Edition, McGraw Hill, New 


York, NY, 1967. 


SECTION - PAGE E 


_o 
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TABLE 2-2 
CONVERSION OF POWER DENSITY TO ELECTRIC FIELD STRENGTH 


Eaus ~ 19-42 (Payg)/2 Eoug in volts/m, Pavg in watts/m* 


Enus ™ «61 +: 10 


P 20 
avg/ Egus in volts/m, Pavg in aBm/m 


2 
Eaus = Pavg + 115.8 Epms in dBuv/m, Pavg in dBm/m 


Ep, = 1.41 Eps Epx in volts/m, ERus in volts/m 


Epox * Eaug + 3-0 Epy in dBuV/m, Epug in dBuv/m 


2 
_ Bays) 
avg ~ 376.99 Pavg 


P 


in watts/m2, EaMs in volts/m 


P = 20 log Enys + 4.24 Pavg in aBm/m, Ems in volts/m < 


avg 


Pavg = Epug - 115.8 ‘ Pavg in dBa/m, ERMs in dBuv/m 


P 


where: 


2) 


PK * Payg + 3-9 Pox in dBm/m?, Pete dBm/m* 


RMS electric field strength, 
peak electric field strength, 


average power density, 


peak power density. : 


The terms peak and average refer to the time frame of one . 
sinusoidal carrier frequency cycle. Transmitter duty cycle 
effects must be taken into account independently, as must all 
non-sinusoidal waveforms. 


All relations apply only in the far field. 
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Transmission loss278, This is 10 log of the ratio of the power input to 
the transmitting antenna to the power available from the receiving antenna. 
If it is designated as L, in dB, it can be related to lL, through: 


L = & - Gp- Gp : (2~16) 


The reader is cautioned that in some widely used references2~, the 
quantity computed with Hyuation 2-16 is called “System Loss*. These 


references use the term “Transmission Loss" to mean ly, - Dp ~ Dae 


2-8ccrR (International Radio Consultative Committee), Recommendations and 


Reports of the CCIR, XIVtn Plenary Assembly, International 
Telecommunication Union, Geneva 1978, Report 227-2. 


. 


2-9Ri ce, P.L., Iongley, A.G., and Norton, K.A., and Barsis, A.P., Transmission 
Loss Predictions for Tropospheric Communication Circuits, Technical Note 
101, National Sureau of Standards, Boulder, CO, Revised January 1967. 
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CHAPTER 3 
PROPAGATION IN THE 10-100 kHz BAND 
By: S. Marcus and M. Weissberger 


3.1 INTRODUCTION 


Modeling for the 10-100 kHz band is discussed in this chapter. Section 
3.2 provides a description of the physical phenomena. Graphs of typical field | 
strength-versus-distance behavior are presented. Section 3.3 describes the 
ECAC VLF/LF computer code. Section 3.4 summarizes the results of comparing 
the code predictions with measurements. The accuracy of other prediction 
techniques is described. Section 3.5 contains concluding remarks. 


3-2 PROPAGATION PHENOMENA AND CURVES OF TYPICAL RESULTS 


Low and very low frequency waves, radiated by a transmitting antenna at 
or near the earth's surface, propagate within a shell bounded by the earth's 
surface and the ionosphere. At small circumferential distances (d < 300 km) 
from the transmitter, most of the energy is propagated by the direct and. 
grounde-reflected waves (over line-of-sight distances) and by the surface 
wave. The combination o: these three is referred to as the ground wave. As 
the distance from the transmitter increases, an additional contribution to the 
radiated field becomes appreciable as a result of reflection of the incident 
field from the lowest layer of the ionosphere. As the distance from the 
transmitter increases still further, the contribution of muitiply-reflected 
waves (i.a., waves following an earth-ionosphere-earth-ionosphere-earth path) 
must be considered as well. The reflected waves are referred to as 
skywaves. Phase differences between the skywave and groundwave can cause 
constructive and destructive interference. As a result, the composite field 
can vary significantly from point to point over the propagation path. These 
variations are apparent in the sample results illustrated in Figures 3-1 
through 3-3. (All curves in this Chapter are for 1 kW radiated.) The 
representation of the field in terms of the sum of the ground wave and discrete 


skywaves will be called the ray-theory approach in this report. 


Dam te alae. 
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be. Night time. 
Figure 3-1. Predicted propagation results for a 10.9 kHz 
transmission over three types of ground. 
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f& 2 0, 6 = 4 aho/sa 


f 2 18.0» .0 


= 15, g © .001 


f = 18, 8 = .09 


& = 15. ¢ = .001 


CESTANCE 4 he 
b. Night time. 


Pigure 3-2. Predicted propagation results for a 28.02 kHz 
transmission over three types of ground. 
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(STANCE I km 


b. Night time. 


Figure 3-3. Predicted propagation results for a 56.04 kHz 
transmission over three types of ground. 
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The propagation characteristics are dependent on the electrical 
characteristics of the ground and the ionosphere, as well as on the 
donospheric height. The ground conductivity o and permittivity ¢ affect the 
ground-wave behavior as well as the ground-reflection coefficient, which must 
be taken into account when considering multiply reflected skywaves. Ground 
conductivity is not constant over long paths. The variation in ground~ 
conductivity values in North America is illustrated in Piqure 3-4 (excerpted 
from Reference 3-1). The reflection coefficient and height of the ionsophere 
affect the strength and phase of all the sky waves. The latter quantities 
vary with time of day, season, and location. Typical effective ionosphere 
heights at VLF/LF are 70 km during daytime and 87 km at night. 


As distances from the transmitter are increased, the number of 
ionospheric reflections, or “sky-hops", becomes large and the mathematical 
expressions become unwieldly. For these distances, it is convenient to think 
of the propagation mechanism as one of modes propagating in a wave guide, the 
walls of which consist of the earth and the ionosphere. Fluctuations in the 
curves of Figures 3-1 through 3-3 can be interpreted as 
constructive/destructive interference caused by adding the contributions of 
two or more wave~quide modes. Of course, the same propagation phenomena exist 
regardless of whether the ray-theory representation or the wave-quide 


representation is used to describe them. 


3-locr Report 717, World Atlas of Ground Conductivity, Recommendations and 
Reports of the CCIR, Volume 5, p. 62, XIVth Plenary Assembly, Kyoto, 1978. 
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A 


Figure 3-4. Estimated ground conductivity values, 10 - 30 kHz. 
(Reference 3-1.) (S/m represents Siemens/meter, 
which are equivalent to mhos/meter). 
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3.3 COMPUTER MODELING 


The ECAC computer code for calculating VLF/LP fields is discussed in 
uw 
detail in Reference 3-2. It is applicable for frequencies between 10 and 100 


kHz, and at distances (in km) between sa 43 and 15,000, where da is the 
wavelength in meters. The ray-theory approach, as documented in Sections 3.2 ; \ 
and 3.3 of Reference 3-3, is utilized for d < 2000 km. For a 


d > 2000 km, the wave-guide mode approach, as documented in Reference 3-4, is 
employed. In this way, solutions usually can be provided by making 


computations involving no more than five sky~hops or no more than three wave 
guide modes. , 


In both the ray~theory and the wave~quide-mode methods of solution, the ; : ia - 

model assumes the earth's surface and the ionosphere boundary to be perfectly mm , , 

smooth and circumferentially homogeneous, and ignores the effects of the | 

geomagnetic field. The ground is characterized by constant values of 

i 7s, gand €. Estimates of these values applicable to the 10 - 30 kHz frequency 
- oc segment are documented in Reference 3-5. (This was the basis of CCIR Report 
717 and Pigure 3-4.) For the United States, estimates of the parameters for 

the frequencies around 100 kHz may be obtained from an empirical study done in 


3~2snyder, S. and Kuebler, W., Radio Wave Propagation at VLF and LF, 
ECAC-TN-74-05, ECAC, Annapolis, MD, July, 1974. 


3-3watt, A. De, VLF Radio Engineering, Pergamon Press, 1967. 


3n4yait, J. R. ard Spies, K. P., Characteristics of the Earth-Ionosphere _ a \ 
Waveguide for VIF Radio Waves, NBS Tech. Note 300, December 30, 1964. ° - 


3-SmMorgan, Re Re, World-Wide VLF Effective-Conductivity Map, Westinghouse 
Report 80133F-1, 15 January 1968. AD 675771. 
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the 160 - 190 kz band .376 Electric field strength is relatively insensitive 


to the value of e€. 


In the model, the ionosphere is characterized by an exponentially 


increasing conductivity, given by 


o(z) = eae (3-1) 


where: 


o(z) is the conductivity of the ionosphere at height z 

Ty is the conductivity at the reference height, h 

z is the height of interest above the earth 

L, is the conductivity gradient. > 


As noted above, h and L, are dependent on the time of day, season, and path 
Values of L, range from 2 to 4 km; values of h are near 70 km 


be 


location. 
during the day and near 90 km at night.°77 


Since the present skywave-groundwave-combination computer model assumes 
horizontal homogeneity, a single “effective” ground conductivity must be 
employed when considering a propagation path over different ground materials 
(e.g-, land, sea, ice). For the cases investigated, this approach has 


produced reasonable results. As is noted in the next subsection, rigorous 


approaches to predicting the combined qroundwave-and-skywave field have been 


devised for the inhomogeneous-ground problem. Subsection 6.2.2 of this a) 


Handbook contains a procedure for accounting for inhomogeneity in cases where 
the path is short enough so that the groundwave is much stronger than the a 


skywave. 


3-6; awson, M. R., and Hurst, H. E., Low Frequency Propagation Tests, tee 


TR-0177-71.01, Gautney & Jones Communications, Inc., Falls Church, VA, 
June 1971. 


3-7comparison of Predicted VLF/LF Signal Levels with Propagation Data, DCA 


Report 960-TP-74-5, 21 January 1974. 
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The predicted effects of varying homogeneous ground characteristics are 
illustrated in Figures 3-1 through 3-3 for day and night transmissions at 


three different frequencies. 


Perhaps more significant than the requirement that the ground parameters 
be constant, the homogeneity assumption in the present model requires that 
Single values of L, and h be used, with these depending on the time of day. ‘ 
In this regard, it should be noted that signals are generally weaker when 
sunrise or sunset occurs at midpath than when the path is entirely in day time 
or entirely in night time. 


3.4 VALIDATION AND COMPARISON WITH OTHER MODELS 


Computer predictions using the ECAC VLF/LP code have heen compared with 
measured data appearing in Reference 3-7 for frequencies between 10 and 60 
ie kHz, distances between 100 and 5000 km, and magnetic latitudes greater than 
wo 20°. The mean (), root mean square (RMS), standard deviation (a) and maximum 
deviation (Dyax?) of these predictions from the measurements are listed in +. 
TABLES 3-1 and 3-2. ‘These tables also compare the measurements with 


predictions using the Espenschied~-Anderson-Bailey (FAB) empirical formula:°"® 


3 f 1.25 
E(uv/m) = YP ee @70005d (—s55—) (3-2) 
where 
P = power, in kW 
d = the distance in km ; 
f = the frequency in kHz My 
re 3 


~SEspenschied, Le, Anderson, C. N., and Bailey, A., "Transatlantic Radio 


Telephone Transmission,” Proceedings of the Institute of Radio Engineers, 
1926, 14, pe 7- 
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REGIONAL DEVIATIONS OF PREDICTIONS FROM MEASUREMENTS 


ECAC VLF Code (dB) EAB Formla (dB) 
D Dinax 


Pacific 
U.S. 

High 

Latitude 


Overall 


TABLE 3-2 
DIURNAL DEVIATIONS OF PREDICTIONS FROM MEASUREMENTS 


ECAC VLF Code (dB) EAB Forma (dB) 


The predictions using the computer code are superior to those using the EAB 
formula. It will also be noticed that the day-time prediction results are 


more accurate than the results for night-time transmissions. (These tables 
originally appeared in Reference 3-9. Plots of the predictions and 


measurements for the actual paths also appear in that report. ) 


~*vareus, S., Evaluation and Validation of the ECAC Computer VLF/LF 


Propagation Model, ECAC-TN-79-034, Electromagnetic Compatibility 
Analysis Center, Annapolis, MD. 
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Figures 3-5 through 3-7 show measurements documented in Reference 3-10 
and predictions using the ECAC VLF/LP code, for day-time and night-time 
transmissions between Hawaii and California at three different frequencies. 
The predictions agree well with the measurements in five out of the six 
cases. In Figure 3-7) a substantial discrepancy is seen for path lengths 
greater than about 1500 ka. A study to minimize model prediction errors 


suggests that choice of a value of L, in the 0.8 - 1.4 km range would have led 
3-10 


to a smaller error. 


The Institute of Telecommunication Sciences (ITS) of the Department of 
Commerce and the Naval Ocean Systems Center (NOSC) also have developed VLF/LF 
computer codes. The accuracy of these codes has not yet been compared with 
that of the ECAC VLF/LP model. The features of these models are described 
below. 


ITS - Developed Groundwave Modeis?~!1 | 


Program names: IT SNR/WAGNER 

Nominal frequency range: 10-2000 kHz 
Ground constants can vary along path?: Yes 
Terrain profile taken into account?: Yes 
Polarizations: Vertical and Horizontal 
Maximum antenna height: Varies with path 
Includes noise model: Yes/No 


3-10). termination of Effective Ionospheric Electron Density Profiles for 
VLF/LF Propagation, DCA Report C650-TP-76-4, 1 January 1976. 


3-11 perry, Le. A., User's Guide to Low Frequency Radio Coverage Programs, OT 
Technical Memorandum 78-247, January 1978. 
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OISTANCE IN km 


—————_ MEASUREMENT 
— — — PREDICTION, ho 67 tm.t, 2 Zhen 


ELECTONC FIELD AMPLITUDE (ay VAnd 


b. Night time. 


Figure 3-5. Comparison of measured and predicted results for 
Propagation over the Pacific Ocean (f = 10.9 kHz). 
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MEASURE MENT 
— — —— PREDICTION, hs7Okm,L, s2kw i. 


200 
OISTANCE IN km 


MEASURE MENT 
— — = PREDICTION, n= 67 tm, L, 2 20 


ELECTR FLO AMPLITUCE Silyvind 


O00 
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b. Night time. 


Figure 3-6 Comparison of measured and predicted results for 
et propagation over the Pacific Ocean (f = 28.02 kHz). 
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ae Day time. 
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Comparison of measured and predicted results for 


Figure 3-7. 
propagation over the Pacific Ocean (f =» 56.04 kHz). 
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Its - Developed Skywave-Wi th-Groundwave Models 


Program names: LP SNR/ANIHOP 

Nominal fruquency range: 30-650 kHz/60=-S50 kHz 

Anisotropic fonosphere?: No/Yes 

Stored model of ionosphere?: Yes/No 

Ionosphere can vary along path?: No* 

Groundwave bused on homgeneous earth?: Yes 

Skywave based on homogeneous earth?: Yes 

Polarizations: Vertical* 

Maximum antenna height: 0 km* 

Noise calculations?: Yes/No 

Mathematical approach to skywave: Wave-hops (a type of ray theory) 

Note: PF. Rhodes of the Naval Research Laboratory has started work on a task 
to make ANIHOP more general. Features being addressed are marked (in the list 
above) with an asterisk. 


NOSC_- Developed Skywave-With-Groundwave Modeis>~'2 


Program names: GRNDMC /ARBNMC 

Nominal frequency range: 10-60 kHz 

Anisotropic ionosphere?: Yes 

Stored model of ionosphere?: No 

Ionosphere can vary along path?: Yes 

Groundwave based on homogeneous earth?: Heterogeneous 
Skywave based on homogeneous earth?: Heterogeneous 
Polarizations: Vertical/Arbitrary 

Maximum antenna height: 0 km/60 km 

Noise calculations?: No 

Mathematical approach to skywave: Waveguide modes, with mode conversion 


between path segments. 


3-l2vortitt, D., “Numerical Modeling of the Propagation Medium at ELF/VLF/LF," 
in AGARD-CP-305, NATO, Neuilly Sur Se‘ne, France, September, 1981. 
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3.5 CONCLUDING REMARKS 


Measurements not included in this study, that could he used to obtain 
prediction error statistics for a larger sample of paths, are documented in 
References 3~3, and 3-10 through 3-16. Guidelines for choosing h and L, could 
be refined as the result of such a study. 


Because of the pulsed nature of LORAN-C transmissions, it is possible, and 
desirable, to distinguish between the pulses that propagate by skywave and the 
ones that propagate by groundwave. (Figure 3-8, published by the Austron 
Corporation, 2~'7 shows the arrival of the groundwave and the skywave at dif- 
ferent times.) Therefore, predicting the signal level of desired LORAN-C 
signals requires curves or models based only on the groundwave component sig- 
nal. A set of curves for smooth paths with homogeneous ground constants appears 


3-135 ckel, J. Ee, et al, “Experimental Chservations of Magnetic Field 
Effects on VLF Propagation at Night,” Radio Science, Vol. 5, Noe 1, 


January 1970. 


3-14pain, WeC., “Models of the Ionospheric D Region at Noon," IPE Conference 
Publication 195, London, April 1981. 


31 Hildebrand, et al, Examination of VLF/LF Propagation Effects as a Function 


of Frequency, Naval Weapons Center, Corona Report NWCCL TP 886, December 
1969. 


3-16) p_vir Strengths and Radio Noise at High Latitudes: Comparisons of 
37 December 1974. 


Measurements and Predictions, DCA Report 960-TP-74-43, 


3-1 7porter, J. We et. al., “Design Considerations for a LORAN-C Timing 
Receiver in a Hostile Signal-to-Noise Environment," 12ti1 Annual Precise 


Time and Time Interval Applications and Planning Meeting, NASA, 


Greenbelt, MD, 3 December 1980. 
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RECOROING OF RECEIVED LORAN—C SIGNAL 


Pigure 3-8 Recording of a received LORAN-C signal (from 
Reference 3-17). Because of tha pulsed nature of 
LORAN transmissions, it is usually practical to 
distinguish the groundwave from the skywave modes. 


Notes: 
(1) Groundwave 
(2) Skywave, Pirst Hop 
(3) Skywave, Second Hop 


Path Length: 2665 km, George, WA to Austin, TX. 
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in Reference 3-18. The Millington-mixed-path procedure, described in 
subsection 6.2.2 of this Handbook, can be used to adjust this type of’ 
prediction so that it applies to paths composed of segments with different 
ground constants. Computer codes based on the work of R. Ott, eee, 
WAGNER?"'9 and rf SNR dott. account for the effects of irregular terrain as 
well aa varying ground constants. A quantitative assessment of the increase 
in accuracy that Ott's models offer relative to the smooth-earth mixed-path 
procedure with effective antenna heights has not yet been done. The 
predictions and measurements in Reference 3-19 could be used as the starting 
point for such a study. 


A review of models to predict the phase of LF groundwave siqnals appears 


in Reference 3-20. 


3-18 ” 
Rotheram, S., "Ground-Wave Propagation, Part 2", Proc. IEE, Part F 
October, 1981. 


3-'9ott, R. K., NTIA Report 79-20, May 1979. 


3-20samaddar, S. N., "The Theory of Loran-C Ground Wave Propagation -~- A 


Review,“ Journal of the Institute of Navigation, Vol. 26, Noe 3, 1979. 
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CHAPTER 4 
SKYWAVE PROPAGATION, 0.5 - 1.6 MHz 


By: M. Weissberger 
4.1 INTRODUCTION 


Coupling between antennas in this band is similar to that in 10-100 kHz 
band (discussed in the preceding chapter) in that the groundwave and skywave 
both provide contributions to the received signal over a wide range of 
distances. One difference is a more rapid decrease in the magnitude of the 
groundwave signal with distance in the higher frequency band. ‘the received 
power will decrease by about 40 dB at 100 kHz if the separation between the 
tranamitting and receiving antennas is changed from 1 to 100 km over average 
ground. The decrease would be about 55 dB for an 0.5 MHz signal and 80 dB for 
a 1.5 MHz siqnal over this distance. A second difference is the pronounced 
decrease of the skywave signal strength in the higher frequency band during 
the day. At night, signals in both bands are reflected with low attenuation 
by the E-layer of the ionosphere (90-130 km above the earth). During the day, 
the Delayes of the ionosphere (70-90 km) forms, and reflects signals in both 
bands. The physical. composition of the D~layer and the strength of the 
earth's magnetic field are such, however, that the signals in the lower 
frequency range undergo relatively low-loss reflection, whereas the 0.5-1.6 MHz 
signals are highly absorbed as they partly penetrate and are then reflected by 
this layer. The magnitude of the day-night change for a broadcast-band 
skywave signal is shown in Figures 4-1 and 4-2, which are taken from a study 


4~1 


by Norton. Tne theoretical value of the groundwave attenuation is shown 


4-INorton, D. Ae, “Low and Medium Frequency Radio Propagation", 


Electromagnetic Wave Propagation, edited by M. Desgirant and J. L Michiels, 
Academic Press, Lcendon, 1960. 
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MEDIAN PROPAGATION LOSS EXPECTED BETWEEN SHORT VERTICAL ELECTRIC DIPOLES 
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Figure 4-1. Median propagation loss over sea at 500 kHz. 


o = 5 mhos/meter; ¢ = 80; he = h, = 30 feet; 


4-2 
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(. 


Day h = 70 km (D-layer); Night h = 110 km (E-layer). 
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OISTANCE IN STATUTE MILES 


Figure 4-2. Median propagation loss over land at 500 kHz. 
o = 0.005 mhos/meter; € = 15; he = h, = 30 feet; 
Day h = 70 km (D-layer); Night h = 110 km (E-layer). 
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for comparison. Measured values of the day-night change have been published 
by the International Radio ®nsultative committee4@? and are summarized in 
TABIZ 4-1. 


TABLE 4-1 
MEASURED INCREASE IN SKYWAVE 
SIGNAL STRENGTH : 
FROM NOON TO MIDNIGHT 
(from Reference 4-2) 


PATE LENGTH INCREASE [ __ 
(ka) (aB) 


Japan, moderate sunspot 
value 


Winter 


The following subsection contains the recommended model for predicting 
skywave field strengths in the 0.5-1.6 MHz band as a function of path length 
and orientation, sunspot number, and effective radiated power. Models for a 


groundwave predictions are documented in Chapter 6. 


4-2 ccm, "Analysis of Sky-wave Propagation Measurements for the Frequency 


Range 150 to 1600 kHz", Report 431-2, Recommendations and Reports of the a 
CCIR, 1978, ITU, Geneva, 1978. 
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4.2 A MANUAL METHOD 

The procedure presented here is a modification by wang*73 of the CCIR 
method.4~4 ‘the modification provides greater accuracy for paths in ITU 
Region 2, the Americas. The method shown here has several parameter 
restrictions not in the Wang-CCIR model. These are: 450 < d < 3000, where d 
is the great circle distance in km, time is at night (between 4 hours after 
sunset and 2 hours before sunrise), and the terminals are not close to the 


sea. The steps are: 
ae Compute the cymomotive force, V, dB: 
Ve P+ Gy + Gy (4-1) 
where 


2 P = Radiated power, dB above 1 kW. 
Gy = Gain in the vertical Plane, dB. See Figure 4-3. 
Gy = Gain factor due to azimuthal directivity, dB. This is 0 for 


omnidirectional antennas. 


be Compute the sky-wave path length, p, km: 


F 
p = (a7 + (4x 104))2 (4-2) 


ad = great circle distance, kn. 


4-3yang, Je Ce Hey “Medium Frequency Skywave Propagation in Region 2", 
IEEE Trans. on S8roadcasting, September 1979. (Errata in next issue) 


4~4ccrr, "Sky-Wave Field Strength Prediction Method for the Frequency Range 
150 to 1600 kHz," Recommendation 435-3, Annex 1, op. cit. 
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Pigure 4-3. Transmitting antenna gain factor for monopoles (Gy) 
(see Reference 4-4). 


h = Antenna height 
= 100 km (E layer reflection) * 
= 220 km (F layer reflection) 


h 
ee ee ee h, 


"applicable to problems involving 0.5 < f (MHz) < 1.6 and d > 450 km. 
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Ce Compute the polarization coupling loss, Loe aB, for both terminals. 


For one terminal this is: 


a | 
L, = 180 (36 + o7 + 17) 2-2 (4-3) 


where 


6 =Path azimuth relative to magnetic East-West, degrees. @ < 90°. 
From Figure 4-4. 


I = Magnetic dip, North or South, at the terminal, degrees. From 
Pigure 4-5. If > 45°, Lp = 0. 


dad. Compute 9, the path average geomagnetic latitude, degrees. This is 
the average of the values for the transmitter and receiver, each read from 


Figure 4-6. Use positive values for North and negative for South. 


2] @eo Compute the Loss Factor, k, Wang's value is: 
k= bRX 1077 +k (4-4) 
k = (0.0667|4| + 0.2) + 3 tan7(4 + 3) (4-5) 


R = Twelve month smoothed sunspot number (see TABLE 5-1 in this 


Handbook ). 
b = 0.4 {| -16 (lo| > 45°) (4-6) 
= 0 (|o| < 45°) 


f. Compute the annual median of half-hourly median field strengths, F 
(aBuv/m): 


F=V-L + 1066-2 sin $~ 20 logp- 10k, p (4-7) 
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4.3 AUTOMATED METHODS 


No automated version of this proceduce is presently available for general 


use on the ECAC computer. 
4 4 VALIDATION AND COMPARISON WITH OTHER MODELS 


In his study, Wang compared the prediction accuracy of the model just Me 
described with that of the CCIR (Reference 4-4), PCC “clear-channel", 4~> and 
ITU “Cairo” models.*-© me comparison involved 13 paths. The rms error for 
Wang's proceduve was 4 dB. For the other procedures, it varied from 7 to 23 
adB.e This study was done based on the data used by Wang to refine the CCIR 
model. Thus, comparison of the »rocedure predictions with other data sets 
would probably lead to larger deviations. 


4.5 CONCLUDING REMARKS ER 


The procedure adopted by the 1980 ITU Regional Administrative MP 
Broadcasting Conference for Region 2, the Americas, is the FCC “clear channel" 
model (Reference 4-5). Project engineers should, therefore, coordinate 


selection of a model with their aponsors. 


It is desirable to conduct a more comprehensive validation of Wang's 


procedure. 


4~Spederal Comminications Commission, Rules and Regulations, Part 73, 
Section 73.190, U.S. Government Printing Office, Washington, DC, 1976. 


4-6) oy, International Radio Conference, Cairo, 1938 
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CHAPTER 5 
SKYWAVE PROPAGATION, 2-30 MHZ 


By: H. Riggins 


High frequency (2-30 Miz) systems are used primarily for comminications 
over large distances and for radar detection of targets at very distant 
points. Typical communication links may be over path lengths of several 
thousand kilometers or more. The propagation of HF signals over these large 
distances is facilitated by both mirror-like ‘reflections and incoherent 
scatter from the ionosphere at heights of 100 to 500 km. lIonospherically 
propagated signals and their study are referrad to as “skywave signals” and 
“skywave propagation” respectively. Skywave propagation-prediction procedures 
are complex because of the varying irregular nature of the ionosphere on a 
global basis and as a function of time. This section discusses the pertinent 
facts of skywave propagation. for short distances (less than 50 to 300 kn, 
depending on frequency, polarization, ground condition, etc.), groundwave — 
Propagation may be important. Chapter 6 contains a general discussion of 
groundwave propagation. 


5.1 BASIC CONCEPTS 


In order to understand the propagation of skywave signals, the earth's 
ionosphere and the various factors that affect its behavior mst be 
appreciated. The following paragraphs briefly discuss some of the hasic 
ionospheric concepts. More in-depth treatments are readily available in the 


literature. 27! 5725-3 


5-Ipi sh.beth, H. and Garriott, 0. K., Introduction to Ionospheric Physics, 


Academic Press, New York, NY, 1969. 


Ratcliffe, J. A., An Introduction to the Ionsophere and Magnetosphere, 


Cambridge University Press, MA, 1972. 


5~2 


5~3pavies, K., Ionospheric Radio Propagation, NBS Monograph 80, U.S. 
Government Printing Office, 1965. 
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The ionosphere is an electrically charged region of the earth's 
atmosphere that begins about 50 km above the surface and extends to thousands 
of kilometers. The ionospheric neights that are important to HF propagation 
lie between approximately 50 and 500 km. ‘The ionization is produced by the x- 
ray and ultraviolet components of solar radiation. The change of atmospheric 
constituents with altitude and the interaction of these constituents with 
components of the solar flux give rise to an ionization structure that 
consists of distinct layers or regions. These layers (regions) are called the 


O, EZ, Fl, and F2 layers. 


In the normal ionosphere, the D-layer usually has significant ionization 
above 50 km with a maximum at approximately 80 to 90 km. The night-time 
donization is insignificant in regard to HF propagation. ‘the D-layer is not 
dense enough to reflect HF energy. The main influence of the D-region is the 
absorption of energy from the radio signals passing through it. ‘the Dbregion 
absorption is caused by collision of the free electrons, which are set in 


motion by the passage of the electromagnetic wave, with the neutral 


wae 


constituents of the atmosphere. The lower frequencies are more heavily 
attenuated than the higher frequencies. ‘This occurs because the wavelength of 
the lower frequency is longer and, consequently, the motion of tha electrons 
for the lower frequency will be over a larger distance so that tha chance of 


collision with neutral constituents, and resulting attenuation, is iarger. 


The E~layer is the lowest layer with sufficient ionization to reflect HF 


signals back toward the earth. In the day-time, the E-leyer has a maximum 


ae 


height at about 100 to 110 km. ‘he ionization level of the normal night-time 
E-layer is insignificant for HP propagation. The behavior of the normal E- 
layer is a regular function of time of day, solar activity, and season, and 


hence can be predicted relatively well. In addition to the normal E-layer, 


bc meet mice pete en A 
. Lo. ae 


there i3 a more irregular variation known as sporadic~-E, Es: The Es layer may .—- 
contain much larger electron densities than the normal E-layer. As its name 


suggests, the appearance of this ionization is erractic and generally is 


vere 


treated on a statistical basis. 
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Sh The daytime P-layer consists of two separate layers. The lower layer, 
: called the Fi-layer, generally exists in the height region between about 150 
\ : and 250 km. The upper layer, called the F2-layer, has a maximum electron 
density between about 250 and 500 km. At night, the electron density of the 
FPi-layer decreases to a level that is insignificant for HF propagation. 
However, the electon density of the P2-layer remains sufficiently large so 
that HF signals may be propagated as sky waves. 


The electron density increases with height up to the FP-region peak. 
Hence the D-layer has the lowest electron density and the F2-layer has the 
highest electron density. Propagation conditions vary according to the 
electron-density fluctuations. The pri considerations are the 
concentration of the electrons and the distribution with height (or effective 
virtual height) of the layers. 


Since the electrons are created by the solar flux, the electron density 
w varies as a function of season, time of day, and the 11-year solar cycle. The 
D, E, and F1 layers are at lower altitudes where the physical processes are 
reasonably well known and, consequently, can be modeled without too much 
difficulty. On the other hand, the F2 layer is at very high altitudes in a 
rarefied environment and its fluctuations are quite complex and difficult to 
model. ‘The F2 layer has been found to contain a number of irregular 


Ta 
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variations in addition to the normal expected regular variations, such as tine 


of day and solar cycle, etc. For instance, one anomally is that the F2-layer 


’ 


~evrecs 


electron density is less in summer than in winter, which is contrary to what 
would be expected solely on the basis of solar flux. Most of the long- 
distance communications are via F2-layer propagation modes; therefore, an 


understanding of the behavior of this layer is important. 
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The solar radiation varies in a cycle that has abcut an 11-year period. 


aM 


The output of the solar radiation over this 11-year period has been found to 
correlate with the number and grouping of magnetic storms, called sunspots, on 


the sun's surface. To measure this solar activity, an index is required. ‘The 
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most common index is the Zurich 12-month running mean sunspot number, Ryo 
defined by: 


n+6 


1 
R -— — } ; (5-1) 
tamonth ” “12 | 4. Be 


where Ry is the mean value of the sunagpot number for the kth month, and n is 
the month of interes*. 


The above formula indicates that six months of data following the month 


of interest is required. Predictions of the appropriate data are available in 
the ECAC library, as shown in TABLE 5-1 from a monthly publication? 


Sete Propagation Frequency 
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The ionosphere refracts radio signals propagating through it. If this 6° 


refraction is large enough, the signals are completely reflected back to the 


earth. An explanation of the refraction process was developed in 1920 by Str 


Edward Appleton. 97> In this theory, which assumes the ionosphere electron 


density varies as a function of altitude only, the refractive index, n, is 


given by: 


1 
n= [1- 90.5 n |2 (5-2) 


#2 


5~4so1ar Geophysical Data - Prompt Reports, National Geopiysical and Solar 


Terrestrial Data Center, Boulder, CO, January, 1980. 


5~5appleton, E. V., URSI Proc., Washington, DC, 1927. 
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TABLE 5-1 
SMOOTHED OBSERVED AND PREDICTED SUNSPOT NUMBERS 
CYCLE 21 (see Reference 5-4) 


The table gives observed Zurich smoothed sunspot numbers for Cycle 21 up to 
the one calculated from the latest observed data, marked by a vertical bar. 
They are based on final Zurich numbers through 1978 and provisional Zurich 
numbers thereafter. Some of these data after the June 1976 value will change 
slightly when final data for 1979 are received. The numbers after the 
vertical bar are predictions by the McNish-Lincoln method (see Explanation of 
Data Reports, February 1978). Shown in parentheses are the corresponding 
absolute values of the 90% confidence interval, an indication of the 
uncertainty above and below the predicted number. 
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where N is the electron density (electrons/m>) and f is the frequency in Hz. 
When a wave enters the ionosphere at vertical incidence, it will be completely 
reflected back toward the earth at the point where n = 0, which means by the 
above equation that f = WN. As long as frequencies are less than or equal 
to a critical frequency f,, defined by 


f=9 Oe (5=3) 


where Nya, is the maximum electron density of the ionosphere, the 
electromagnetic wave will be reflected back to earth. For more realistic 
cases of interest, where the propagation of the waves is not vertical but 
subtends an angle of incidence, i, with the vertical, the maximum frequency, 
f, that may be propagated over the path can be estimated by the simplified 


formula: 
f= ke, sec i. (5-4) 


Here k is a factor to account for the spherical geometry and ranges from 1.0 


to 1.2, depending on distance and ionospheric height. 


The maximum frequency supported by ionospheric propagation is called the 
maximum usable frequency (MUF). The MUP varies on a daily basis and is 
generally predicted statistically. The monthly median, upper decile, and 
lower decile are used to specify the predicted propagation frequencies. The 
median value is referred *o as the predicted MUF, the upper decile as the 


if 


es = —_e ote 
i Tee te bee Meee. ee ee Bh Oe Pe Mt a he te ot me 


RADIO WAVE PROPAGATION: A HANDBOOK Bets ee 
PRACTICAL TECHNIQUES FOR COMPUTING 
TRANSMISSION LOSS AND FIELD STRENGTH REVISION DATE SECTION - PAGE 


highest possible frequency (HPF), and the lower decile as che frequency of 


optimum traffic (Por), 976 5-7 


When characterizing the frequencies that will propagate over a circuit, 
the communication engineer frequently chooses to use the FOT value in a system 4 
analysis because it contains a margin for the daily variations. The term 
“mode"* ig used to characterize the particular path whereby a signal travels 
from the transmitting terminal to the receiving terminal. The terminology 
“one-hop” mode is used to designate when there is one ionospheric reflection, 
the “two-hop” mode is when there are two ionospheric reflections (with one 
ground reflection between the two ionospheric reflections), etc. A one-hop E 
mode is written as 1B, a two-hop E mode as 2E, and a one-hop F1 mode as 1F1, 
etc. A typical geometry for several ray paths is shown in Figure 5-1. 


The arrival of two signals that have traveled over different paths 
results in different arrival times and phase relationships, which presents a 
problem of destructive self-interference known as multipath interference. 
Since the height of the ionosphere is several hundred kilometers, the 
difference in path length (and thus delay time) for the different modes can be 
significant, especially for telegraph transmissions. For example, a path 
length difference of 300 km corresponds to a delay time difference of a 
millisecond. The undesirable multipath interference problem is minimized by 
choosing the highest possibie frequency that is below the actual MUF. 
Generally this choice of frequency will also provide the best reliability, as 
discussed in the following subsection. 


5-6 3a rghausen, A. Fo, et al, “Predicting Long Term Operational Parameters of ! 
High-Frequency Skywave Telecommunication Systems,” ESSA Tech Report ERL ue 
110-ITS-78, Environmental Sciences Services Administration, May 1969 


5~TLioyd, J. Le, et al., Estimating the Performance of Telecommunication 
Systems Using the lonospheric Transmission Channel, Environment.:1 Sciences 


= Administration, Draft report. 
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Skywave geometry for a typical path. 


2F2 


Pigure 5-1. 


400 km 
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The characteristics of the different ionospheric layers and their 


relationship to HF propagation are discussed in documents such as Reference 
5-8. 


5e1.2 Signal Level and System Performance 


The received signal level from a distant transmitter is calculated from 


the overall transmission loss along the path. ‘the signal level is used with 


other quantities to estimate the overall system performance of the circuit. 
The transmission loss is calculated by summing the free-space spreading loss, 


which is calculated as previously explained, and other loss terms appropriate 


to skywave propagation. These loss mechanisms include D-region absorption, 


ground-reflection losses for mltiple hop cases, auroral losses, defocusing 
losses, and sporadic-E obscuration losses. 


The D-region absorption loss increases as the frequency decreases, as 


previously mentioned. This is indicated in a semi-empirical formula derived 


by Laitinen and Haydon, >"? in which the absorption, A, in dB per hop is: 


30 


A (dB) = 615.5 sec i (1+0.0037R) (cos .881y) ” (5-5) 


1. 
(f + fy) 


5-8 Betts, J.A., High Frequency Comminications, American Elsevier, New York, 
1967. 


5 


“Laitinen, P. O. and Haydon, G. W., Analysis and Prediction of Skywave 
Field Intensities in the High Frequency Band, Technical Report 9, U.S. Army 


Signal Radio Propagation Agency, Fort Monmouth, NJ, revised October 1962. 


EAR eke ee te ae 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


where 


fy 
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The dependence of absorption on frequency can be shown by using the above 
formula for a set of typical parameters. For the case where sec i =3 
(approximately a 2500 km path), R = 100, fy = 1.4, and » = 15° (noon in June 
at 35° N. latitude), the absorption loss will be 5.6 dB at 20 MHz, 19.7 dB at 
10 MHz, and 61.8 dB at 5S Miz. 


The ground-reflection loss can be calculated with the Fresnel reflection 
coefficient>~!° 
computer models used at ECAC also accounts for sporadic-E loss. Explicit 
auroral loss calculations are available in a special research model. The 


other loss terms are estimated by adding in an empirically derived correction 


factor. 


The system performance may be calculated when the transmission loss, the 
noise power, and some receiver performance criteria are specified. The 
atmospheric noise power at different locations and times is estimated by using 
the data in CCIR Report 3225-1! tabulated on the basis of a large set of 


5-1 Oy 5¢dan, E. C. and Balmain, K. G., Electromagnetic Waves and Radiating 
Systems, Prentice Hall, Englewood Clif-3, NJ, 1968. 
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angle of incidence of the wave at the D-region height 


12-month running sunspot number 


solar zenith angle 


gyro frequency in Miz and 


transmission frequency in MHz. 


which uses the ground constants. One of the automated 
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worldwide measurements. The data contained in CCIR 322 has been put in 
numerical form suitable for automation on a large-scale general-purpose 
computer. Also models of galactic noise and manmade noise are available. The 
resultant noise calculated on the large scale computer model is the RMS 
contributions of these threw noise types. 

As explained, the highest frequency that can be used on a path depends on 
the ionospheric electron density. The lowest frequency that can be used is 
determined by the system-performance criteria. The noise generally increases 
as the frequency decreases. Since the absorption also increases as the 
frequency decreases, the system performance will decrease as the frequency 
decreases. On a given circuit, the lowest usable frequency (LUF) that meets 
operational or system design criteria may be calculated. The range of 
frequencies that may be used for a given path and time are specified on the 
lower end by the LUF and on the upper end by the FOT (MUF, or HPF). Recall, 
however, that the higher frequencies may be more desirable to avoid multipath 

oe interference problems. 


5.2 dF PROPAGATION MODELS 


For many years, numerous organizations have been using the HF spectrum 
for long distance communications and have studied HF propagation 
characteristics. The Institute for Telecommunications Sciences (ITS), which 
was formerly known as the Cantral Radio Propagation Laboratory (CRPL) of the 
National Bureau of Standards, has led the way in the development of HF 
propagation models 2~6 5~ 77 5-12,5-13 in the United States. Some important 


5-l2cas, D. Le and Haydon, G. W., MUF-FOT Predictions by Electronic 
Computers, NBS Report 6789, U.S. Dept. of Commerce, Boulder, CO 80303, 


1961. 


5-1 3central Radio Propagation Laboratory, Ionospheric Racio Propagation, NBS 
— Circular 464, 1948 
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early research was also conducted by the U.S. Army Radio Signal Propagation 
Agency?7 919714 in Port Monmouth, New Jersey. 


The first HP propagation models were manual methods developed in the mid- 
1940°s. In the early 1960's, the first computer programs to calculate HF 
propagation predictions were developed. Today, HF predictions are routinely 
done using a computer because of the speed and the convenience, and manual 
calculations are seldom used. For a scientist familiar with HF propagation, 
the manual calculation of HF propagation conditions takes 15 to 30 minutes for 
a single hour on a single path. In contrast, the computerized models require 
only about 15 seconds of computer time to calculate HF propagation conditions 
for all 24 hours of the day along a single path. 


This subsection describes the manual (e.g., MINIMUJP) and computerized 
(@ege, HFPMUPES-4 and IONCAP) HP propagation models generally available and 
gives detailed information on-the models used at ECAC. ‘The project engineer 
should use the computer sodels at ECAC for the reasons stated above. The 
manual methods may be used in special circumstances, such as a one-time 
training exercise, to provide more in-depth knowledge to the engineer who is 


especially interested in HP propagation. 


HP propagation models are very complex because of the many irregular and 
anomalous variations of the ionosphere, especially the F-region. The major 
sources of ionospheric data are ground-based radars called Lonosondes that 
measure the vertical critical frequency and layer heights. The manual methods 
use a series of global charts of the ionospheric parameters for different 
conditions, i.e., time of day, season, sunspot number, etc. Consequently, the 
manual methods require the availability of several large volumes of 


ionospheric data. The computer model contains the ionospheric data in 


=i 4y.5, Army Radio Propagation Agency, Calculation of Skywave Field 


Intensities, Maximum Usable Frequencies, and Lowest Useful High 
Frequencies, Tech Report No. 6, Fort Monmouth, NJ, Revised 


June, 1949, ‘ 
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numerical form. The numerical technique used to represent the ionospheric 
data is based on a least-squares fit to spherical harmonic functions. Over 
12,000 coefficients are used to achieve the desired accuracy. Consequently, 
most computer models are suitable for use only on a large-scale, general- 
purpose computer. However, one novel model for use on a small desk-top 


calculator is discussed herein. 


52261 Computer Models 


Many methods have been developed in different countries, including the 

United States, U.S.S.R., Prance, Japan, and India. ‘The differences among 
these various codes are discussed on pager 66 to 70 of CCIR Report 252-2297 15 
Two models used at ECAC are HPMUFES-4 and IONCAP both of which were developed 
in the United States by ITS. ‘The HFMJPES-4 model was originally developed 
over a decade ago for estimating skywave £ield strength and transm’ssion 

. loss. In the United States, the ITS models have been traditionally considered 

ky to be the “industry standard" model for HF propagation. The IONCAP program is 
a recently developed model that includes state-of-the-art techniques. It is 
considered py ITS to be a replacement for the HFMUFES-4 program. IONCAP, 
HPMJPES<-4, and the MINIMUF program are described in the following subsections. 


5.2.1.1 IONCAP and HFMUPES-4 


Although IONCAP and HFPMJFES-4 are two completely different and separate 
codes, the general engineering features of the two progams are similar in many 
ways except for some important improvements added to the IONCAP program. 
Consequently, it is convenient to discuss the basic features of these two 
models together and to indicate differences in the programs as appropriate. 
Unless otherwise stated, the basic concerts described in this subsection apply 


5-1 5ccrr Report 252-2, CCIR Interim Method for Estimating SKiWAVE Field 
_ Strengtn and Transmission Loss at Frequencies Between the Approximate 


imit. of 2 and 30 Miz, Geneva, Switzerland, 1970. 
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to both programs. A summary at the end of this subsection indicates the major 


engineering differences between the two programs. 


The IONCAP program and the HPMUFES-4 program both calculate the circuit 
parameters of a radio signal propagating via the ionosphere. ‘The calculation 
of the HF propagation conditions essentially involves predicting two 
quantities, the frequencies that are reflected by the ionosphere and the 
signal loss over the path. Also the values for loss are used, along with the 
calculated antenna gains, the noise levels, and other system parameters, to 
calculate the system performance and other values that are directly usable by 


- fe an HP operator in establishing and evaluating a comminications circuit. 


The fonospheric regions used are a D, E, F, and (optionally) sporadic-E 
(E,). ‘The models assume all ionospheric absorption is non-deviative and 
occurs in the D-region. The normal E and F regions are assumed to have a at 
parabolic electron density profile. For a given circuit, these layers are 
used to calculate the frequencies at which energy will be reflected back to 
the ground. It should be mentioned that, since signal absorption and signal . 
reflection are controlled by different ionospheric regions, their calculations 
are independent of each other, and it is necessary to have frequencies that 
are supported by the ionosphere as well as adequate signal-to-noise ratio to 
establish a circuit. 


Basic ionospheric properties such as F-layer critical frequency, etc., 
and other geophysical data such as the earth's magnetic field components, 


median atmospheric radio noise data, and worldwide land~sea boundaries are 


evaluated by numerical techniques, frequently referred to as ‘numerical 

maps'. In these techniques, large quantities of data collected at worldwide 
sites are represented by a Fourier-harmonic series expansion or spherical- 
harmonic series expansion. The coefficients used in the series expansion are 
evaluated by means of least squares fit to the measured data. The measured 
data is described as a function of as many as five independent variables, such 


as latitude, longitude, universal time, day of year, and sunspot number. 
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The coefficients are stored in a mass-storage device and are read into 


the computer program during initialization. ‘The measurements on which the 
ionospheric coefficients are based were taken during both the high (1958) and 
low (1954) phases of the sunspot cycle. ‘The dependence of the ionospheric 
parameters on solar activity is accounted for by linear interpolation between 
coefficients used to describe the above two sets of measurements. 


The propagation frequency varies on a daily basis and is predicted on a oe i. a 
statistical basis. The probability of signal reflection as a function of a ae 
frequency is assumed to have a chi-square distribution. The upper and. lower 
ig : deciles, derived from worldwide ionogram data, are used to set the skew 
) property of the distribution. These decile values are computed by a table 
look-up process. ‘The predictions are made for the median, upper decile and 
lower decile values -—- the "MUP", “HPF* and “FOT* values, respectively. 


7 ; The mechanisms included in the system-loss computation are free-space 


eo spreading along the slant range of the mode geometry, D-region absorption, 
intermediate grou” ‘-reflection loss for multiple-hop modes, transmitter and 
receiver antenn- ‘+, and an adjustment quantity called excess system. 


loss. The adjust. ..t is a small empirical correction factor, based on. 

measurements, which essentially accounts for complex and time varying loss 

mechanisms not included in the theoretical model. This factor is a function _— 
of geomagnetic latitude and time. The IONCAP program also includes loss ie 


factors for sporadic-E obscurations and, above the MUP, scatter loss. 


The program assumes that the logarithm of system loss and, therefore, the 
logarithm of signal strength, is distributed (over a 30-day period for any 
specific hour) according to a chi-square probability distribution function. 
The two logarithmic intervals extending from the median loss to the upper 
standard deviation and from the median to the lower standard deviation are 
used to adjust the skew property of the distribution. ‘These two intervals are 
obtained by means of a table look-up procedure. The table is based upon 


worldwide measurements. 


3 
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Calculation of the propagation frequencies is based on the assumption of 


a parabolic ionospheric layer. lonospheric characteristics, determined from 
“numerical maps", are used to define the parabolic layer. Path geometry 
(take-off angle) of Player modes is corrected for ray path bending due to its 
passage through a parabolic EZ layer. 


System performance is based upon an estimate of actual signal-to-noise 
ratio (SNR) and its comparison with a required signal-to-noise (RSN) value. 
The RSN is an input parameter to the program, and it can vary depending on the 
desired quality of radio service and the emission format. The estimates of 
the system performance are based on the probability that the predicted SNR 
will exceed the RSN. 


Radio noise sources accounted for by the program are of three kinds: 
atmospheric radio noise, man-made radio noise, and galactic radio noise. 
Receiver noise is not modeled in the program, since the levels of one or more 
of the above three types of radio noise are expected to exceed typical HP re] 


receiver noise to an extent that receiver noise can be neglected. 


Atmospheric radio noise is based on a numerical representation of the 
noise data contained in CCIR report 322 (see Reference 5-11). Galactic noise 
estimates are obtained from measurements and also from CCIR Report 322. 


The man-made noise environment is highly variable from one location to 
the next and, in fact, is difficult to represent accurately without 
measurements or some previous experience. The program addresses this problem 
by making available four (three in HFMUFES-4) models of man-made noise 
environments, which are essentially different noise levels. ‘The four models, 
called industrial, residential, cural, and remote noise, are estimates of the 


nominal noise levels experienced in these areas. 


Prequently, the actual noise environment is altered by the presence of 
local machinery and equipment, such as dc generators, trucks, jeeps, or 


shipboard associated noises, so that a simple description of the noise 
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environment by one of the three above models is frequently not adequate. 
Hence, there is an option that allows the user to enter the level of man-made 


noise to be used in the calculations. The value entered is at the reference 


frequency of 3 Miz. 


The accessible antenna package (APACK) program>~'6 has been interfaced 
with IONCAP. The APACK program models sixteen frequentiy used antennas such 
as log periodic, vertical monopole, Yagi, etc. ‘The gain of the antenna is 
computed as a function of frequency, take-off angle and satimuth. 


The HPMJFES-4 program contains a similar antenna package, although it is 
not as complete as the APACK package. The range of applicability of the 
IONCAP and HFMJFES-4 models is as follows: 


1) In the frequency domain, these programs predict the highest frequency 
: that can be supported by ionospheric propagation, regardless of how high the 
1 value may be. However, calculations of antenna gains are made only for 
frequencies from 2 to 30 Miz. Accordingly, calculations of received power, 
signal-to-noise ratio, and other system parameters that are a function of 


antenna gain are also limited to frequencies from 2 to 30 Miz. 


2) Program outputs for the point-to-point circuits aay be calculated for 
transmitter-receiver separation distances from a few meters to a maxinua 
distance of 30,000 km. For the area coverage analysis in HPMUFES-4, 
calculations may be made for ranges up to 20,000 km from the base station. 
These programs do not include groundwave propagation. Por the very short 
distances, where both skywave and groundwave propagation may be appropriate, 
the results for the skywave propagation should be obtained from these 


5~16ch ang, S., APACK - A Combined Antenna and Propagation Model, 
ESD-TR-80-102, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD, July 1981. 
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programs, and the results for the groundwave propagation should be obtained 
from one of the other appropriate programs discussed in Chapter 6. 


3) In the time domain, values of program outputs are useful for any 30- 


day period centered on any day of any year for which a Zurich sunspot number 


has been estimated. The ionosphere is an extremely complex medium that is 
created in part by solar radiation and, accordingly, has regular variations 
associated with time of day, season, and sunspot cycle. The ionosphere also 
has irreqular and random fluctuations that can be described only by 
statistical mathods. The statistical estimates are based on hourly data 
gathered over a period of a month. ‘Thus, the SKYWAVE model is typically used 
to estimate the propagation conditions for each of the 24 hours of the day on 
a monthly basis. ‘The predictions are a function of sunspot number so that, if 
predictions are needed for the same month but different years (i.e, different 
sunspot numbers), it will be necessary to perform separate calculations for 


each year. 


Both the IONCAP and HFMJFES-4 models are very user-oriented, with 
simplified input card structures and more than eighteen different output 
formats. The different output formats include both tables and graphs 
generated on the high speed printer. Instructions on the use of the IONCAP 
and HFMJFES-4 programs and their output examples are provided in the 
Propagation User's Manual. >7?7 


The IONCAP program consists of a complete revision of HFMJFES-4 to make 
the code itself more modern and to change some calculations. Over the years, 


a number of improvements have been made to the ECAC version of HPMIJFES-4. One 


eS tk a a ee Me Se OS ee 


of .the more significant developments was an area-coverage display and 


interference analysis. Calculations have historically been made for point-to- 


5=1 Tpaker, R. Le, Radio Wave Propagation: A User's Manual, for the Computer 
Codes, ECAC-UM-80-001, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD, September 1980. 
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point circuits, i.e., where the location of the transmitting and receiving 


sites are fixed. ‘The area-coverage displays consist of contour plots about a 


single fixed location. This capability will be added to the IONCAP program in 


ee ee 


ae wee 
eee 


the future. 


The IONCAP program contains the following major improvements or features 


that are not available in the HFMUFES-4 program. 


ie 2 sal ee argh haan a Cee 


1) Addition of an Pi-layer nodel 


<€ 


t 


o 

v, 2) Revision of the manner in which sporadic-E is used in the mode 
te calculation 

4 

a 3) Addition of loss terms to account for sporadic-£ obscurations. 
s oe 4) Addition of loss terms to account for scatter propagation at 
| @ frequencies above the MF. 


5) Revision of the calculations for long-distance circuits to allow for 
the variation of the ionosphere along the path. 


‘ It is recommended that project engineers use IONCAP for routine analyses 
- unless special circumstances require that the HFMUFES~4 program be used (e.g-, 
to obtain map overlays of reliability using ECAC's special driver for 
HFMUPES—4. ) 


5.2.1.2 MINIMUF Program 


5 The Naval Ocean Systems Center (NOSC) at San Diego, California, has 
developed a novel algorithm for estimating the maximum usable frequencies 


(MUP) for propagation of electromagnetic signals via the ionosphere. This 


\ 
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algorithm has been incorporated into a computer program call MINIMUP.27!8 The 


significant feature of the program is its very small size, which allows its 
use on a small programmable calculator such as the HP-41C. The small size of 
the program was achieved by using only six constants to represent different 
fonospheric conditions, including time of day, sunspot number, and season. In 
comparison, predictions of the MUP using current state-of-the-art techniques 
in IONCAP and HFMUFES-4 require 12,000 coefficients. 


| While the small size of the MINIMUP program makes it attractive, the 
MINIMUP predictions are less accurate than the IONCAP and HPMUFES-4 
programs. In a previous ECAC study 27 '9 for the Navy Electromagnetic Spectrum 
Center (NAVEMSCEN), predictions from the MINIMUP program and those from the 
HPMJPES-4 program were compared. The results of this study indicated that the 
MINIMUP predictions could result in sizeable errors for certain conditions. 
Part of the problem with the MINIMUP program is that, with only six 
coefficients, it fails to account for important anomalous ionospheric behavior 
such as the seasonal anomaly. Also the program does not include the effect of i. 
variations in ionospheric height. For routine project analyses, the IONCAP 
program should be used rather than the MINIMJP program to make HF propagation 
predictions. The MINIMUF program is useful in special situations where the 
user needs timely predictions but does not have access to a large scale 
computer. The MINIMUF program has been put on the HP~41C an‘ the UNIVAC 1100 
at ECAC. If one of tne versions is required, DRD should be -ontacted to 
identify an appropriate member of the propagation staff to provide assistance. 


5~18p5ge, R. B. and Martin, J. N., MINIMUP Tech Document 201, Naval Ocean 
Systems Center (NOSC), San Diego, CA, October 1978. 


aa 9Jones, J. Le, Riggins, H. L., and Cameron, S. H., Navy Electromagnetic 
Spectrum Center Fiscal Year 1979 Support, ECAC-CR-79-076, 
' Electromagnetic Compatibility Analysis Center, Annapolis, MD., 
September 1979. -. 
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5.3 VALIDATION 


This subsection summarizes the results of studies in which skywave-model 
predictions were compared with measurements. Though IONCAP was not always 
used for the predictions, the studies are still useful in giving analysts the 
order of magnitude of accuracy that is expected from this model. 


CCIR Report 255-4 (Reference 5-20) indicates that the errors in 
predicting the £5 F2 Parameter are 15% or less except in high (i.@e, the shaded 
and crose-tatched areas, except the region near the Rquator, shown in Figure 
7-5 of this Handbook) latitudes where the inaccuracies may be as high as 40%. 


An extensive analysis of the predicted MUF accuracy of the HFMUFES-4 
model was made by Gosnell for the Joint Chiefs of Staff 721 opgervations 
were made on 15 paths over a period from 1968 to 1970. The paths were 
primarily east-west oriented, ranging in length from 8,000 km to 10,000 kn. 
No part of any path extended far enough north to be greatly affected hy the 
auroral zone. The forward oblique sounder made by Barry Research Corporation 
was used to record the data. This equipment has a frequency range from 2.5 to 
27.5 MHz. The MUP during daylight periods was often greater than 27.5 MHz, so 
that the major results of this data apply to night-time periods. These 
results are summarized in the form of percentage difference [(predicted MUP - 
measured MUF)/measured MUP] for each path and each month. The data was 
tabulated for over 290 different path/months. General], the percentage 
difference for most months was between 5 and 15 percent. The difference 
exceeded 20% for only five month/path sets of data. In three of these sets, 


e 


5-20ccyR Report 255-4, Long-Term Jonospheric Propagation Predictions, 
Recommendations and Reports of the CCIR, Volume VI, p. 36 XIVth 


Plenary Assembly,. Kyoto, 1978. 


5-21 Goenell, P. Ce, Comparison of Predicted and Observed MUFS, Joint Chiefs 


_ of Staff 208a Working Group, March 1972. 
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the percentage difference was less than 22. In the other two cases the 
difference was 49% and 28%. 


The Lonospheric data contained in the IONCAP and HFMJFES-4 model are 
based on worldwide, vertical-incidence, ionogram data collected in 1954 and 
1958 at over 150 worldwide stations. ‘The numerical technique used involved 
fitting a set of spherical harmonic curves to these sets of data. The rms 
error in this curve fitting process was less than 0.5 Miz for each month of 
the 1954 data and less than 0.7 Miz for each month of the 1958 data.°"** mis 
data does not include a significant number of measurements in the polar 
regions. 


A comparison of observed and predicted signal strengths is given in CCIR 


5-23 


Report 571-1 for non-polar regions. Ninety percent of the measurements 


were within # 20 dB of the predictions. A CCIR mathod was used for the 
predictions. 

Another CCIR study>~24 shows that rms errors of 13 dB are typical for cs 
both IONCAP and HFMUFES-4. This implies that 90% of ‘the measurements were 
within roughly # 21 dB of the predictions. 


A study of the prediction accuracy in polar regions was made at ECAC 


using OTH radar data. yeas This data was collected over three paths for a 


5-2256nes, W. Be, et al., Advances in Tonospheric Mapping by Numerical 


Methods, Tech Note 337, National Bureau of Standards, Washington, DC, 
February 14, 1965. . 


5-23ccqr, Comparisons Between Observed and Predicted Sky-Wave Field Strength 
and Transmission Loss at Frequencies Between 2-30 Miz, Report 571-1 
Documents of the XIVth Plenary Assembly, Kyoto, Japan, 1978. 


5-24corr, Comparison of Methods Used to Compute HF Sk ve Field Strength, 
Document F6/4 for the Special Preparatory Meeting, 1978. 


5-25. arson, R., Comparison of Predicted and Measured Sky-Wave Propagation Loss 
in the Polar Regions, IIT Research Institute, MD, ESD-TR-73-002, 
Annapolis, MD, August, 1973.. 


~~ 


Oe a ee ee ee ee a ee eee Oe ae a, a ae 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


5-23/24 
SECTION - PAGE 


REVISION DATE 


_period of nine months. The rms prediction error was between 11 and 19 dB, 


depending on the path. ‘There was a bias such that the model (an earlier 


version of HFMUFES-4) predicted an average of 10 dB too little loss. 


5.4 CONCLUDING REMARKS 


A recent paper discussing the confidence of the knowledge o: 1onospheric 
phenomena that affect communications systems was published by Rush.?~ 76 


a 


Practical advice about choosing an optimum frequency for skywave prcpagation - 
5S 
appears in the text and tables of a handbook prepared by Jacobs and Cohen.” ae 


5-262ush, C.Me, “HP Propagation: What We Know and What We Necd to Know," IEE 
Conference Publication 195, IEE, London, April 1981. 


_ 5-27 


Jacoba, G., and Cohen, T.J., The Shortwave Propagation Handbook, Cowan 
Publishing, Port Washington, NY, 1979. 
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CHAPTER 6 
NON-IONOSPHERIC PROPAGATION, 0.1 - 40.0 MHz 
By: M. Weissberger 


6e1 INTRODUCTION 


This chapter discusses modeling of basic transmission loss, Ly. for 
signals in the 0.1-40.0 MHz band that are not propagated by reflections or 


scatter from the ionosphere. 


A manual procedure for computing & is presented in Subsection 6.2. ‘The 
status of computer codes for predicting this loss is discussed in Subsection 
6e3- Validation of the procedures is shown in Subsection 6.4. Subsection 6.5 
contains concluding remarks. 


6.1.1 Ionospheric vs. Non-Ionospheric Propagation 


¢ 


The models discussed here account for coupling by waves that are not 
affectad by the ionosphere. Models to predict coupling via waves reflected by 
the ionosphere are discussed in Chapters 4 and 5 of this handbook. ‘This 
separate treatment of the two types of coupling is a pattern used in texts 


such as Terrestrial Radio waves®™! and Electromagnetic Waves and Radiating 


Systems. 6-2 


Predicting situations in which either the ionospheric or non-ionospheric 
components can be assumed to be completely dominant, or when both will be of a 
comparable order of magnitude, is a difficult problem. ‘The solution depends 


6-lpremmer, He, Terrestrial Radio Waves, Elsevier, NY, 1949. 


— 6-2 36rdan, Ee, Balmain, K., Electromagnetic Waves and Radiating Systems, 


Prentice Hall, Englewood Cliffs, NJ, 1968. 
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on the frequency, antenna type, time-of-day, season, sunspot number, latitude, 
earth conductivity and earth dielectric constant. 


Figures 6-1 and 6-2 show experimental results for one particular set of 
parameters. ‘These were measured by Stanford Rasearch Institute (sr1)°73, 


Reference 6-4 contains an extensive set of measurements of the skywave- 
groundwave transition in the HF band. Southwest Research Institute workers 
have also conducted axperiments regarding this matter°~>. Reference 6-6 shows 
a typical prediction for the MP band. 


The straightforward approach to determining which modes of propagation 
are significant for a specific set of circumstances is to calculate received 
power using the techniques outlined in this chapter, do a similar calculation 
using the models recommended in Chapter 5S, and then compare the results. 


6-3 nupper, Be C. and Haan, Ge He, Nap of the Earth Communication Program for 
U.S. Army Helicopters, AVRADCOM-TR-76-0868-F, June 1978. 


6-40 an der Vis, P. A., Measurements on Short Oistance HF Data Links, IR 1979~ 
72, Physics Laboratory of the National Defense Research Organization, TNO, 
the Hague, the Netherlands, Cctober 1979. 


6-5 yt pp, J.E., and Green, P.C., Measured Sea Path Skywave-Groundwave Signal 
Power Ratios Over the 2-10 MHz Range, Task Report 33, NAVELEX Contract 
N=-0039-72-C-1275, Southwest Research Institute, San Antonio, TX, 

23 January 1976. 


6-6raport, Z. Ae, Radio Antenna Engineering, McGraw-Hill, New York, NY, ee 
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' 2 5 10 20 40 
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~ 
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Pigure 6-1. Measured examples of the region where skywave field 
strength begins to be comparable in magnitude to the 
groundwave field-strength, 2 MHz. This region is 
indicated by the fading of the received signal. (From 

pirat measurements at Ft. Hood, TX, Reference 6-3.) 
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NOTE: LOOP SIGNAL 
TOO WEAK 
TO READ 


FREQUENCY 4.09 MHz 
TRANSMITTING ANTENNA 
30 FT WHIP 4 
TRANSMITTER HOFFMAN VCS 80: (400W) 


@ MEASURED WITH LOOP ANTENNA 
4 MEASURED WITH 9 FT ROD ANTENNA 
(PF) INDICATES PRESENCE OF FADING SIGNAL 


ELECTRIC FIELD STRENGTH IN dByV/m 


2 5 10 2 40 
OISTANCE IM km 
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> 

eo 

<o 

= 
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5 FREQUENCY 4.09 MHz ‘igi 
Z 51” TRANSMITTING ANTENNA eo 
a DIPOLE h 2 40FT 
” 
Q 
ad 
os 
= 
4 
« 
» 
cS) 
ic?) 
ad 
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TRANSMITTER AN/GRC 106 (400W) acs) 


® MEASURED WITH LOOP ANTENKA 
4 MEASURED WITH 9 FT ROD ANTENNA 
30 (PIINDICATES OBSERVED FADING 


' 2 5 10 20 40 


(b) ONS TANCE IN km 


Figure 6-2. Measured examples of the region where skywave field 
strength begins to be comparable in magnitude to the 
groundwave field strength, 4 MHz. This region is 
indicated by fading of the received signal. (From 
Measurements at Ft. Hood, TX, Reference 6-3.) 
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6.2 MANUAL PROCEDURES FOR COMPUTING LOSS 


a Two factors that affect groundwave loss in this band are the constituent 


parameters (conductivity and dielectric constant) of the surface along the 
y propagation path and the topographic features of the path. The procedures 
described below will account for the constituent parameters but not the 
topographic features. The uncertainty caused by not accounting for 


topographic features is quantified in Section 6. 4. 


ee The manual procedures address two types of problems. The first problem 
is that in which the constituent parameters are relatively constant along the 
propagation path. The manual procedure is the set of curves presented in 
Section 6.2.1. The second type of problem is that in which segments of the 
path have constituent parameters different from the parameters of other parts 


of the path. The manual procedure is an equation that generates the proper 


answer as the sum of losses computed for segments with constant parameters. 


6.2.1 Curves for Smooth Homogeneous Ground 


The basic transmission loss between two antennas, discounting ionospheric 


effects, igs illustrated in the accompanying graphs. Figures 6-3 through 6-9 


MMB 


are for vertically polarized isotropic radiators over typical dry land. 


Figures 6-10 through 6-16 are for vertically polarized radiators over sea 


water. The curves are computations of the NLAMBDA ©™ 7+ 6-8 computer code. This 


model is based on the assumptions that the earth is a smooth sphere and that 


6~Tprazier, Ww. E. and Rutter, J., A Theoretical Ground Wave Propagation 
Model, Fhase I, ECAC-TN-003-269, Electromagnetic Compatibility Analysis 


Center, Annapolis, MD, January 1967. 


6-Araiuzzo, M. A. and Frazier, W. E., A Theoretical Ground Wave Propagation 
: jee Model - NA Model, ESD-TR-68-315, Electromagnetic Compatibility 


Analysis Center, Annapolis, MD, December 1968 
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" Figure 6-3. Ground wave loss over average earth, 0.5 MHz. 
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Figure 6-4. Ground wave loss over average earth, 1.0 MHz. 
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Ground wave over average earth, 2.0 MHz. 
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Figure 6-6. Ground wave loss over average earth, 4.0 MHz. 
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Figure 6-7. Ground wave loss over average earth, 8.0 MHz. 
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Figure 6-8. Ground wave loss over average earth, 16.0 MHz. 
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Figure 6-9. Ground wave loss over average earth, 32.0 MHz. 
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Pigure 6-10. Ground wave loss over sea water, 0.5 MHz. 
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Figure 6-11. Ground wave loss over sea water, 1.0 MHz. 
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Figure 6-12. Ground wave loss over sea water, 2.0 MHz. 
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Figure 6-13. Ground wave loss over sea water, 4.0 MHz. 
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Figure 6-14. Ground wave loss over sea water, 8.0 MHz. 
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Figure 6-15. Ground wave loss over sea water, 


16.0 MHz. 
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Figure 6-16. Ground wave loss over sea water, 32.0 MHz. 
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the oxygen and water vapor densities in the atmosphere decrease. exponentially 


with altitude. 


Subsection 6.2.3 presents information about adjusting the predictions in 
Figures 6-10 through 6-16 to account for the roughness of the sea surface. 


62.2 Mixed-Path Calculations 


The preceding subsection showed results that apply to problems in which 
the constituent parameters are constant along the great circle path between 
the transmitter and receiver. In this subsection, a formula is. presented for 
computing the loss on “mixed paths," i.e., paths in which there are segments 
of the surface which have constituent parameters different from the parameters 
in other parts of the path. A discussion of some typical results °~? precedes 


the formula. 


For antennas that are near the earth's surface, increases in the 
conductivity and dielectric constant of the surface lead to decreases in path 
loss for signals between about 0.1 MHz and 160 MHz. ‘The magnitude of the 
change is greatest at 10 MHz. Above 160 MHz, the effect is negligible. At 
frequencies well below 0.1 MHz (Bremmer (Reference 6-1, pe121) cites an 
example at 15 kHz], the trend, while not substantial, is opposite to the trend 


at the higher frequencies.* 


a The information in this paragraph was obtained from Reference 6-1, from 
theoretical predictions using the NA .»nodel (Reference 6-8), and from 
Reference 6-10. 


6-%saplinske, Rs Je and Weissberger, M. A., Use of Features Data iin ECAC 


Propagation Loss and Line-of-Sight Prediction Models, ECAC-IN-79-027, 


Electromagnetic Compatibility Analysis Center, Annapolis, MD, August 1979. 


6-13 u11ington, K., "Radio Propagation Fundamentals," Bell System Technical 
Journal, May 1957. 
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Figure 6-17 is an illustration of the mixed-path effect measured at 78 


Miz. 7! 1 


As shown, the reduction in path loss due to propagation over sea 
water (o = 4.6 x 10° mhos/m, € = 80), in contrast to propagation over land 


(9 = 1.0 x 1072 mhos/m, ¢ = 10), is 20 @B for a distance of only 3 kn. 


Vield-strongth (db. above 1 #V./m.) 


Distance from fixed station (icm.) 


——o_—, Theoretical curve, land and sea; — +--+ —, theoretical curve. luod only; 
*, Measurements at fixed station; 0, measurements at mobile ytativa. 
4=3:9m.; P » 10 watts; vertical pulurization, Ar ~ Az = 0 


Figure 6-17. An example of the measured effect of conductivity on 
propagation loss. ‘The frequency is 78 MHz. The center 
section of the path (1.4 - 3.6 km) is sea water 
(o = 4 mho/m), the ends are land (o = 1 x 107%). 

This is the model discussed in Section 6.2.2. (from 
Reference 6-11). 


6-1 ‘Mi Llington, G., “Ground-Wave Propagation Across a Land/Sea Boundary," 


Nature, 22 January 1949, p. 128 
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Other examples of measurements (collected in a literature search by 


Riggins) ®-12 show that: 


ae On a 200-km path that was 45% over land and 55% aver sea, the effect 
of the sea was 27 dB at 3 MHz (i.e., a 200-km path that was all land would 
have a loss 27 dB higher than that measured. ) 

be On a 215—km path at 0.8 MHz, a 30-km segment of sea reduced the 
overall path loss by 26 dB. 


Ce QO a 300-km path at 1.2 Miz, differing conductivities resulted in a 
23 dB reduction in path loss. 


The effects of the differences in the electrical parameters of different 
types of land will not be as large as the differences between any type of land ~ 
and sea water. However, the results are still significant. The FCC map of 
land conductivities for the United States®~'3 shows sectors with 
o = 0.03 mhos/m and o = 0.004 mhos/m to be adjacent. ‘the loss at 1 MHz over a yy 
100-mile path (vertical polarization, H, = Hy = 0 ft.) is 23 dB larger for 
o = 0.004 than for o = 0.03. ‘he difference is 10.5 dB at 10 MHz, and 
diminishes to 0 at 100 MHz.? 


7 Based on theoretical calculations using the NLAMBDA model. 


6-122; ggins, H., “The Mixed Path Model," in Propagation User's Manual, 
ECAC-UM~78~-001, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD, January 1979. 


6-13 5¢¢ Map R-3, Federal Communications Commission, Washington, DC. 
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Figure 6-18 shows a typical mixed-path geometry. The basic transmission 
loss for this type of path can be computed using Millington's 
Method ©7! 41 6-15, 


The formula for a path with n segments is: 


=} = 
Ls eb, +b) (6—1) 


where Le and L. are intermediate parameters defined below: 


Pe 
a 


p L, (d,) + Ly (d, + a.) _ (6=2) 


+ L, (d, + a, + a,) tone + Lo (d,+ dite see + qa) 


2 


= L, (d,) - L, (a, + a.) ™~eee# ™ L. (a, + a, +e ee + qi.) 
i = Le (a) + A (do + ai-1) (6-3) 
+ L-2 (a, + ant + d_2) +o ee + L, (4, + qnnt Heese a,) 
=. ae (di) = Ln2 (ad + q-1) -~s © e @ L, (do + qi-t te ee + a4) 


6-1 445 11ington, Ge, “Ground-Wave Propagation Over an Inhomogeneous Smooth 
Earth," Proc. IEE, Fart III, Vol. 96, 1949 


6-1 5ccrr, Ground-Wave Propagation Curves for Frequencies between 10 kHz and 
30 MHz,” Recommendation 368-3, ITU, Geneva, Switzerland, 1978 
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Figure 6-18 A mixed-path geometry for n segments. 
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Ly (dy) is the loss over a path of length dy, computed assuming that this 
path has the electrical properties of the ith section. 


This mixed-path procedure is applicable only when the antennas are within 
line-of-sight of each other and close enough to the ground or sea so that the 
surface wave is significant (i.e., within ~ 10 wavelengths over the sea, ~ 1 
wavelength over land), or when the antennas are not within line-of-sight but 


are coupled via diffraction (in contrast to tropospheric scatter or 


7. as ret as Bae ‘ta: 


lonospheric reflections). If the antennas are within line-of-sight but are 


high enough above the ground so that the field strength is due essentially to 


oa. 


only the direct and ground-reflected rays, the loss can be predicted using 
Bquation A-15 (in Appendix A) with the reflection coefficient, R, that is 


eeWs We 
any > 


oe feh ed yet 


appropriate for the surface at the actual point of reflection. Values of R 
are given in References 6-2 and 6-16. If the antennas are beyond line-of- 
sight of each other, and elevated, a reasonable proced:re for computing the 
he mixed-path loss is to use Hyuations 6-1 through 6-3, with each of the terms 
1 wi computed as if the antenna heights were zero. ‘the loss is then adjusted for 


oe antenna height by using height gains appropriate for antennas over a 
homogenous path with constituents equal to those in the foreground of each 


us antenna. This last suggestion is based on the technique used in Ott's mixed 
¥ path mode1.o~!7 
= 


eimlhse 2 ghd ee 


6-1 breed, H. R., Propagation Data for Interference Analysis, RADC-TDR~61-313, 
Vol. II, Rome Air Development Center, NY, January 1962. 

§-" ore, R. H., “Ground Wave Propagation Over Irregular, Inhomogeneous 

REIS Terrain: Comparisons of Calculations and Measurements," IEEE Trans. Ant. 
ae & Prop., March 1979. 
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6.2.3 The Effects of the Roughness of the Sea on Basic Transmission Loss 


Barrick's theoretical work®~'® §-'9 inaicates that the waves on the 
surface of the sea can lead to both increases and decreases in the basic 
transmission loss. His analysis dealt with antennas located close enough to 
the sea go that the surface wave was significant (i.e., within about 10 
wavelengths). His study showed that the effect is most prominent at 10-15 MHz 
and decreases to zero below about 2 MHz and above approximately 100 MHz. 
Figure 6-19 shows curves of the difference between loss over a wavy sea and 


over a smooth sea. 
63 STATUS OF THE COMPUTER CODES 


The ECAC Far-Field Smooth-Earth Coupling Code, EFFSECC, is recommended 
for computing the power coupled between two ‘antennas located above a smooth 
earth with homogeneous ground constants. EFFSECC is an extension of Chang's 
work 9720, 6-21, 622 by Marcus. 6-23 re can be considered as a consolidation and 


6-1 Sgarrick, D. Ee, “Theory of HF and VHF Propagation Across the Rough Sea, 2 
Applications," Radio Science, May 1971. 


6-1 934 rrick, D. Ee, Theory of Ground-Wave Propagation Across A Rough Sea at 


Dekameter Wavelengths, Battelle Memorial Institute, AD-865~840, January 
1970. 


§-20cn ang, S.. The Accessihle Antenna Package, ECAC-TN-78-011, Electromagnetic 
Compatibility Analysis Center, Annapolis, MD, Volume 1, October 1978. 


6-21on ang, Se, The Accessible Antenna Package, ECAC-TN-78-011, Electromagnetic 
Compatibility Analysis Center, Annapolis, MD, Volume II, September, 1979. 


§-22cnang, S., " A New Combined Antenna and Propagation Model," IEEE Antennas 
and Propagation Symposium Record, Quebec, June 1980. 


6~24yarcus, S., Description of the ECAC Far-Field Smooth-Earth Coupling Code 


(EFFSECC), ECAC-TN~80-014, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD. August 1980. — 
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Figure 6-19. 
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The additional loss due to the roughness of the surface 
of the sea. These are Barrick's theoretical predictions 
(see References 6-18 and 6-19). 
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extension of the best features of the NLAMBDA, IPS, and APACK codes. TABLE 
{ 6-1 is a simplified comparison of these models. Instructions for using 
EFFSECC appear in Reference 6-24. 


For computing basic transmission loss over a smooth earth with 
\ heterogeneous ground constants, the ECAC Mixed Path Model is recommended. 


Instructions for using it are given in Reference 6-24. 


GTE-Sylvania®~25 has developed a code for predicting the effects of a 
\ rough sea on path loss. It gives results similar to Barrick's calculations, 


but uses simplified formulas. This code is not available at ECAC. 


6.4 VALIDATION AND COMPARISON WITH OTHER MODELS 


6.4.1 Propagation Over a Homogeneous Earth 


Information about the accuracy of NLAMBDA and IPS is summarized here. It : 
\ . may be assumed that the accuracy of EFFSECC is comparable or slightly better v 
than that of IPS and NLAMBDA. (Note: It is emphasized that there are many 

problems for which EFFSECC will be substantially more accurate than the other 
models. In particular, EFFSECC will provide better predictions of the off- 


axis coupling between antennas. However this category of problems was not 


PF Pe 


( 6-24, aker, R. L., Radio-Wave Propagation: A User's Manual for the Computer 


Codes, ECAC-UM-80-001, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD, September, 1980. 


6-25 


Kaliszewski, T., "Modifications and Extensions of the CCIR Groundwave 
, Prediction Program for Rough Sea Paths," Program and Abstracts, 1976 
‘ National Radio Science Meeting, Amherst, MA, October 1976. 
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TABLE 6~1 


A COMPARISON OF ECAC SMOOTH-EARTE MODELS 


Accounts for the 
effects of antenna 
pattern on the ratio 
of direct, reflected 
and surface wave 


Accounts for hori- 
zontal and vertical 
components, on-axis 
and off-axis 


Has a tropospheric 
scatter model that 
is more accurate 

than the YEH model 


Has an efficient scheme 
for selecting line-of- 
sight diffraction and 


troposcatter calculations 


Accurately accounts for 
refraction effects when 
an antenna is at a high 
altitude 


Has the option of 
accounting for phase 
interference between 
direct and ground re- 
flected rays or assuming 
that it is zero 


Has the option of 
assuming that the phase 
difference between the 
direct and ground re~- 
flected rays is 
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examined in the NLAMBDA or IPS studies. Therefore the preceding statement 


about “comparable” accuracy is reasonable.) 


641.1 The Colorado Plains and Ohio Data. The IPS was compared with 
measurements collected by the Institute of Te lecommunication Sciences at sites 


in the plains of Colorado. The results of the comparisons are shown in TABLE 
6-26 
6-2. 


The error-trend analysis in APPENDIX C demonstrates that the data in 
TABLE 6-2 has the characteristics listed below: 


a) The mean errors are normally distributed. Figure 6-20 demonstrates 
this graphically. 
ue b) The mean errors are not strongly correlated with frequency. 
c) The individual errors in each set (e-.ge, the 393 errors associated 
with the 393 path measurements in the Colorado Plains at 20.1 MHz) are 
: normally distributed about the mean for the set. vi 
q d) The standard deviations listed in each set are strongly corrzlated 
with the log of the frequency of the transmissions being measured. 
Figure 6-21 illustrates this. 


e) In view of a and c above, the overall distribution of errors at any 


@ 


frequency may be modeled as a normal distribution that is the sum of 


two other normal distributions. The mean of this distribution (i.e., 
the average over-prediction of Icss) is 0.8 dB. The standard 


deviation of the overall distribution of errors is given by: 


: 6-2646i denbauer, R., Chang, S., and Duncan, M., A Status Report on The 
i Integrated Propagation System, ECAC-IN-78-023, Electromagnetic 


Compatibility Analysis Center, Annapolis, MD, September 1978. = 
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Location 


Colorado 
Colorado 


Colorado 
Colorado 
Colorado 
Colorado 


Plains 
Plains 


Plains 
Plains 
Plains 
Plains 


Northeast Ohio 
Northeast Chio 
Northeast Ohio 


Colorado 
Colorado 
Colorado 
w 
Colorado 
Colorado 
Colorado 


Colorado 
Colorado 
Colorado 


Colorado 
Colorado 
Colorado 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Error = Predicted loss (dB) 


4prom Reference 6-26. 


- Measured loss (dB) 
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TABLE 6-2 
IPS PREDICTION ERROR® 
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% OF GROUPS FOR WHICH THIS MEAN ERRCR 1S NOT EXCEEDED 


The solid line 
In addition to 


yroups of data. 
@ mean and a. 


Distribution of the mean prediction error for the 21 


Figure €-20. 


6-32 
SECTION - PAGE | 


this graph, Chi-square testing supports the assumption that the distribution is normal. 


is the theoretical normal distribution having the sam 
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o = ¥ 46.32 - 41.76 log £f + 46.02 log” f 


where f is the frequency in MHz and o is in dB. 


Equation 6-4 was based on the subset of measurements taken at frequencies 
between 20 and 101 MHz. As will be shown in the following subsection, 
Equation 6-4 is also suitable for use at frequencies as low as 2 MHz. Below 2 
MHz, the polynomial used as the basis for the equation yields erroneous 


results. 


Another aspect of the applicability of Hquation 6-4 is topography. One 
scalar descriptor of the topographic features of a region is the terrain 
irregularity factor, AH. This parameter, as defined by Longley and Rice, is 
the difference between the elevation above which 10% of the terrain features eo 
lie and the elevation below which 10% of the terrain features lie. The AH for 
the Colorado Plains and Northeastern Ohio is (per Reference 6-27) 90 meters. 


In the following subsections, predictions from smeoth-earth propagation 
models are compared with measurements taken in geographic regions with other 


values of AH. The applicability of Equation 6-4 to these other data sets is 


noted. 
6-27, ngley, A. Ge and Rice, P. L., ESSA Technical Report ERL 79-ITS 67, 


Boulder, CO, July 1968. -—- 
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Figures 6-22 through 6-30 (adapted from 


Reference 6-28) show how smooth-earth model predictions compare with 


measurements taken over hilly terrain near Flagstaff, Arizona. The limits 
within which 80% of the predictions should fall if Equation 6-4 is 
sufficiently universal to cover this type of data are also shown. 


Figures 6-22, 6-25, 


which the terrain irregularity, AH, was 223 meters. 


and 6-28 show data taken in a region of Arizona in 


Figures 6-23, 6-26, and 


6-29 show data taken in a region in which the terrain irregularity was 351 


meters. The terrain irregularity for Figures 6-24, 6-27 and 6-30 was 448 


meters. 


The 80% limits (i.e., +1.290) computed from Bquation 6-4 encompass 83% of 


the 223 meter data, but only 57% of the 351 meter and 69% of the 448 meter 
data. Therefore, in the 2-32 MHz band, Bquation 6-4 provided conservative 


estimates of the smooth earth model's accuracy for the 223 meter 


measurements. In the more irregular terrain (AH = 351 and 448 meters), the 


errors were larger than those predicted by Equation 6<4. 


Though the mean errors for each of the nine sets of data (3 frequencies 


at each of the 3 4H's) are all different, there is no obviously consistent 


trend with regard to frequency or AH. 


64.1.3 The Colorado Mountains Data. 
the IPS smooth-earth model and measurements taken at 101 MHz over paths in the 


Colorado Mountains were also reported in Reference 6-26. In one set of 137 


measurements, the mean error was -10,4 dB and the o was 11.5 dB. 


6-28, ni teman, Re Ae, A Su 


lement to an Analysis of Bell Aerosystems Co.'s, 


Flagstaff Propagation Measurements, ECAC-CR-81-029, Electromagnetic 
Compatibility Analysis Center, Annapolis, MD, December 1981. 
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More research on this matter is needed. 


Comparisons between predictions of 
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set of 137 measurements, the mean error was -13.4 dB and the standard 


deviation was 11.6 dB. If it is assumed that the distribution of errors about 
the mean is normal, then only 61% of the errors fall within the 80% limits 
predicted by Bquation 6-4 The terrain irregularity of the Colorado Mountains 


is 650 meters. 


6.4.1.4 The Japanese Data. Figures 6-31 and 6-32 (from Reference 6-29) 
show the results of a comparison between predictions and measurements taken 


over paths located near Tokyo, Japan. 
The data shown in Figure 6-31 were taken over a fresh-water lake, where 
AH was approximately 0 meters. The 80% error limits computed from Equation 


6-4 encompass 100% of the data. 


The data shown in Figure 6-32 were taken in a region with a AH of 


approximately 80 meters. 97% of the measured points fall within the 80% 
limits. 


Thus, for these two sets of data, Hquation 6-4 was adequate for providing 


¢. 


a conservative statistical description of the error limits. 


x . 
i 6.4.1.5 The Southern California Over-Sea Data. P. Hansen of NOSC made 
measurements Bo38 in the 4-32 MHz band for a 24-hour period in June along a 


235-km over-sea path off the coast of Southern California. Figure 6-33 
illustrates the measured and predicted loss values. The dotted line shows the 


prediction using a smooth-earth model under the assumption of a standard 


6-29xi nase, A., NHK Technical Monograph NO. 14, Japan Broadcasting 
Corporation, March 1969. 


6-30;3nsen, P., "Measurements of Basic Transmission Loss for HF Ground-Wave 
Propagatioiu: Over Sea Water," Radio Science, May 1977. 
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XO? MEASURED VALUES 


VERTICAL 
POLARIZATION 


FIELD STRENGTH IN dB/.V/m, 1 kW 


DISTANCE IN km 


Figure 6-31. Comparisons between measured field strengths and 
field strengths predicted by a smooth-earth model (like 
EFFSECC), 91.25 MHz. Surface is a fresh water lake 
(Reference 6-29). The 80% error limits derived from 
Equation 6-4 encompass the measurements with a wide 


margin. — 
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Figure 6-32. 
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hy, hz coove sea level, ground, resp. 
———=—= theoretical curves | 


for transmitting ond 90 do Bes) 

receiving cerial heights ; perce = 1a 8 

of (a) 148, 10; (b) 175, 10; | ate fied | 84 

and (¢) 200, 10m, strength }3! | 

respectively ' : cin 
t total radio horizon ! mi 


DISTANCE (km) 


Comparisons between measured field strengths and field 
strengths predicted by a smooth-earth model (like 

EFFSECC), 87-103 MHz. The surface is a plain near Tokyo 
with a range of terrain height variations that is less than 
100 meters (Reference 6-29). The 80% error limits derived 
from Bquation 6-4 are +15.6 dB. These bounds (not shown) 
will encompass more than 80% of this set of measurements. 
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Lp IN dB 


Figure 6-33. 
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I. DUCTING PREDICTION 

I MEASURED 

+++ SMOOTH-EARTH, STANDARD 
ATMOSPHERE PREDICTION 


8 l2 16 20 24 28 32 
FREQUENCY IN MHz 


Comparison between predicted and measured loss values 
for a 235-km over-sea path near southern California 
(Reference 6-30). The data represents a full 24 hour 
period. ‘The groundwave loss prediction made with a 
standard atmosphere is 15 dB too high at 32 MHz. 
Accounting for ducting will reduce the pias in the 
predictions. 
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refractive index profile. For frequencies higher than 20 MHz, this model 


predicted up to 15 dB too mich loss for the entire 24 hour period. Pappert 
and Goodhart®~31 made predictions in light of the actual measured refractive 
index profile and were able to encompass the measured values. ‘The actual 


atmospheric profile allowed ducting above about 20 MHz. 


It is to be noted that the predicted (by Pappert) variability of the data 
is much larger than the observed variability. Thus a steady state phenomenon 
such as tropospheric scatter may really be the dominant physical effect. ‘The 
smooth-earth model used in the study did not account for the tropospheric 


scatter mechanism at these frequencies. 


Below 20 MHz, there is a tendency for the smooth-earth, standard 
atmosphere model to predict approximately 5 dB less loss than was measured. 
Hansen (Reference 6-30) observed that Barrick's (see Section 6.2.3) rough-sea 


loss factors were appropriate to make up this difference. 


6.4.1.6 The New Hampshire Over-Sea Data. In another Navy-sponsored 
program, Cullen measured the field strength at 30 Miz over the sea near New 


Castle Island, New Hampshire. 32 Comparisons between predicted and measured 
loss values are shown in Pigure 6-34. At 56 kilometers, the smooth-earth 


‘model predicted 9 dB more loss than was measured. 


8-31 pappert, R. A. and Goodhart, C. L., "A Numerical Study of Tropospheric 


Ducting at HF,” Radio Science, September 1979. 


6-320, 11en, FP. P., Propagation Measurements for Over-Water Low=-Angle and Over- 
Horizon Comminications With Buoys, Sanders Associates, Nashua, NH 
September, 1969. AD 861 695. Figure 4-13. 
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Figure 6-34. A comparison between measured and predicted field 
strength values for an oversea path at 30 MHz 
(Reference 6-32). Possible reasons for the bias in 
the predictions are presented in the text. 
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A study of Sylvania's duct-occurrence data®~23 indicates that it is 
extremely unlikely that a 30-MHz signal will be ducted in the North Atlantic 
near New Hampshire. JIonospheric reflections at these short distances at 30 
MHz are also unlikely. It is possible that tropospheric scatter is the 
mechanism that produces the discrepancy between the predictions and the 
measurements. ‘The smooth-earth model used in this study did not account for 


tropospheric scatter at the measurement frequencies. 


Bodele? Summary of the Validation of Smooth Earth Models for Use in 


Predicting the loss Over Ground With a Homogeneous Conductivity. Predictions 
from the IPS smooth earth propagation model were compared with 2700 


measurements taken in the 20-100 MHz band over paths in the OMlorado Plains 
and northeastern Ohio. It was found that the mean error was an 0.8 dB 
overprediction of loss. ‘The standard deviation of the errors was calculated 
using Equation 6-4. A simplified description of the terrain in these regions 
of @lorado and chio is that 80% of the terrain elevations lie in a range of 
90 meters. This range is given the symbol AH. 


The standard deviation bounds the errors that occurred when smooth earth 
models were used to predict the losses along paths in Arizona (AH = 223 
meters) and Japan (4H = 0, 80). (Cbserved errors were larger than those 
predicted by Equation 6-4 when a smooth-earth model was applied to problems in 
the Olorado mountains (4H = 650 meters) and other regions in Arizona (AH = 


351 meters and 448 meters). 


The comparisons between model predictions and measurements taken over sea 


water paths indicated good agreement below 20 MHz. Hansen (Reference 6-30) 


6-336, enburger, Le Ne, et. ale, Radiosonde Data Analysis III, GTE Sylvania, 
Mountain View, CA, December 1978. 
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maintains that the use of Barrick's rough sea factors improves the prediction 


accuracy in this band. 


In the two cases examined here, the smooth-earth model with an assumed 
standard atmosphere overpredicted the loss over sea water in the 20-32 MHz 
region. Pappert (Reference 6-31) was able to show that ducting conditions 
could explain the mean error in one case. A possible explanation in both 
cases is tropospheric scatter. Neither the ECAC nor non-ECAC smooth-earth 
models used in the study account for this phenomenon at frequencies lower than 


40 MHz. 


6.4.1.8 Comparisons With Other Models. Section 6 of the Meidenbauer and 
Chang report (Reference 6-26) shows a comparison between IPS predictions and 
the CCIR smooth-earth curves that were included in the 1974 plenary report. 
The largest differences occurred in the troposcatter region. The use of a 
CCIR-based troposcatter model in EFFSECC should reconcile this discrepancy. 


The EFFSECC has greater flexibility than Berry's 1966 mode1 ©~34 because 
the latter 


a) Does not include tropospheric scatter effects 

b) Uses an effective-earth's radius to account for refraction 
effects. Thus, it only accounts for a linear decrease in atmospheric 
density. EFFSECC accounts for an exponential decrease. 

c) Does not apply to elevated antennas that are within line-of-sight 
of each other. 


d) Does not allow prediction of off-axis coupling between antennas. 


6-345 erry, L. A. and Chrisman, M. E., NBS Report 9178, March 1966. —_ 
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EFFSECC should be at least as useful as the FCC broadcast model®™?* 


because the latter: 


a) Is restricted to frequencies in the AM broadcast band 
b) Is based on a set of curves that were imperfectly drawn (per 
Anderson) 


c) Does not dllow off-axis coupling predictions. 


624.2 Validation of the Mixed-Path Model and Comparison With Other Models 


6.4.2.1 Validation. Riggins (Reference 6-12) compared predictions of 
the ECAC Mixed-Path Model with measurements. His results are reproduced in 
TABLES 6-3 and 6-4. The former is a summary of information about the paths 


over which the measurements were taken. The latter shows the results of 


comparisons between model predictions and measurements. The errors are all 


MMS TY Lal OE 


Ce oe 


: 6-35, nderson, H. R., "A Computer Program System for Predicting and Plotting 
Mediumwave Broadcast Groundwave Field Strength Contours,” IEEE Trans. on 
Broadcasting, September 1980. 
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TABLE 6-3 
DATA USED IN VALIDATION OF MIXED PATH MODEL? 


Frequency Range Dielectric | Conductivity 
(MHz ) (km) Constant Reference 
15 


77. S75 O-1.4 
1. 4=3.6 
3. 6-5. 0 


0=-87.5 
87. 5-198.0 


0-76. 0 
76. 0-103. 0 
103.0 


0-225. 3 
225. 3-378. 1 


0-60. 0) 


60. 0-162. 0 
162. 0-182. 0 
182. 0-210.0 
210. 0-215. 0 


0. -8. (0) 


8. 0-78. 0 
78. 0-180. 0 
180. 0-205. ie] 
205. 0-208. 0 


0. -78.0 
78. 0-116.0 
116. 0-154. 0 
154. -234. 0 
234. ~243. 0 


0-82. 0 


82. 0-298. 0 


2From Reference 6-12. 
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J TABLE 6-4 
oe COMPARISON OF MEASURED DATA WITH MIXED PATH MODEL PREDICTIONS® 


Absolute Value of 
Maximum Difference 
Between Predicted 
Loss, @B, For Mixed 
Path Model and 
homogeneous~ground~ 
constant Model (Using 
Ground Type of First 
Segment ) 


Path Loss Difference 
(Measured, dB, - Predicted 
Mixed Path Model, dB) 


Number of 
Measurements 
Along Path 


77.575 
3.13 
1.176 
1.122 
0. 540 
0. 800 
0. 540 
0. 800 
1. 060 
0. 537 
0. 922 
1.050 
1. 240 


4Prom Reference 6-12. 
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1 well within the bounds predicted by Hguation 6-4. ‘The measurements used in 


" the study were taken from Reference 6-11 and References 6-36 through 6-39. 


40, 6-41 


More measurements are available®~ should a more comprehensive 


\ study be desired. 


6.4.2.2 Comparison of the ECAC Mixed Path Model With Other Models. Ott 
2 has developed the Wagner model, which accounts for both the inhomogeneity of 
j ground constants and the irregularity of the terrain surface. 6-17, 6-41, 6-42 
The model was improved with funding by ECAC. Though the model has been shown 
6 be occasionally suitable for use at frequencies as high as 60 MHz i 


(Reference 6-17), it is not clear that it will consistently converge to an 


accurate result for frequencies higher than 2 MHz (Reference 6-41). 


6~3644 J1ington, G. and Isted, G., “Groundwave-Wave Propagation Over An 
Inhomogeneous Smooth Earth," Proceedings of the IEE, Vol.» 97. Part III 
(Radio and Communication Engineering), No. 48, July, 1950. 


: 6-37E1s0n, N., “Ground-Wave Propagation Across A Land/Sea Boundary," Nature, 
i Vole 164, July 16, 1949. 


§38&crr, Doc. 1482 (Denmark), Fifth Meeting, Stockholm, Sweden, July 1948. 


6-39xi rke, H. Le, "Calculation of Ground-Wave Field Strength Over A Composite 
Land and Sea Path," Proceedings of the IRE, May, 1949. 


§-40pamboldt, T., "HF Groundwave Field-Strength Measurements on Mixed Land- 
Sea Paths," IEE Conference Publication 195, London, April 1981. 


S-41oee, R. He, NTIA Report 79-20, May 1979. 


6-425¢¢, R. H., “An Alternative tntegral Equation for Propagation Over 
Irregular Terrain," Radio Science, Vol 6, No. 4, 1971. —J 
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1 6.4.3 Validation of Barrick's Model for Propagation Over a Rough Sea 


Hansen's report demonstrated that, for his one path, Barrick's rough-sea 


factors were valid in the 4-18 MHz band (Reference 6-31). 
: 6.5 CONCLUDING REMARKS 


ra 1. Subsection 6.4.1 shows that, even though the effects of terrain 
on path less diminish with decreasing frequency (per Bquation 6-4), they are 
still substantial below 40 Miz. Available techniques (e.g., the WAGNER model) 
are not fully satisfactory for modeling phenomena in this range. 


2. ‘the time variability of signals in this band (0.1-40 Miz) has not 
been modeled. Figures 6-1 and 6-2 show that ionospheric effects can cause 


* etal toch cet 


fading even at short transmitter-receiver distances. Recent Navy studies show 
that tropospheric anomalies cause substantial signal fluctuations (Reference 
= 6-31) at frequencies as low as 20 Miz. Present time-variability models do not 
| a address behavior below 40 MHz. 


3. For the region in which interference between the direct and 
ground~reflected waves is substantial (e.g., distances in the 1-20 km range 
for curve 10 in Pigure 6-4), statistical representations appear to be 


desirable and should be investigated. The IF-77 model (discussed in 
Chapter 8) of this handbook represents one embodiment of this technique that 
should be studied. 


4. The effect of tropospheric scatter as a non~anomalous propagation 
mechanism at frequencies below 40 MHz is not included in this chapter's 
curves. This phenomenon may be responsible for the discrepancies between the 

' over~-sea measurements and smooth-earth groundwave-model predictions shown in 
Sections 6.4.1.5 and 6.4.1.6. ‘The Longley-Rice enpirical model (Reference 
6-28) accounts for troposcatter at frequencies as low as 20 MHz. The 


importance of this phenomenon at these frequencies should be reviewed. 
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5. Studies by several other authors confirm the acceptability of a 
smooth-earth model for predicting the median strength along radials at 


Re eC Sm aA 


frequencies as low as 40 MHz: 


N a. The Fine-Egli Model, ©—-43,6-44 based on broadcast data, 
ne predicts that a bias from smooth-earth predictions will not be observed below 


i 40 MHz. A range of terrain irregularities was represented in the data. 


b. Saxton and Harden®~45 showed good agreement along two 
mr radials at 62 and 103 MHz. The terrain irregularity was about 250 meters. 


c. Brown's study of two radials, ©~46 one with a AH of about 
75 m, the other with AH about 250 m, showed qocod median agreement with smooth- 
we earth predictions at 67 MHz. 


. d. Dyer®-47 observed that this type of model accurately 
described measurements over sea water paths at 30 MHz on the east coast of 


\ Florida. 


ott RMB ye et 


& 


6-43pine, H., UHP Propagation Within Line of Sight, T.R.R. Report No. 2.4.12, 


1 Federal Communications Commission, Washington, DC, June, 1951. 


a 
6- 445011, J., “Radio Propagation Above 40 MHz Over Irregular Terrain," 
Proc. IRE, October 1957. 


6-45 caxton, J.A., and Harden, B.N., "“Grouni-Wave Field Strength Surveys at 100 
and 600 MHz," Proc. IEE (London), Vol. 101, Part III, 1956, p. 215. 


6-46 Brown, G.H., Epstein, J., and Peterson, D.W., "Comparative Propagation 
Measurements; Television Transmitters at 67.25, 288.510 and 910 
Megacycles, RCA Review, June 1948. 


6-47 over, F.B., et al, “Radio-Wave Propagation Measurements Over Sea Water," 
IEE Conference Publication 169, Antennas and Propagation, 1978. 
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Thus there is further support for the premise of this Chapter that 


smooth-earth models, with confidence limits, are a reasonable approach to 
predicting basic transmission loss for groundwave-coupled links at frequencies 


below about 40 MHz. 


6 ‘the FCC also estimated a variability of the data about the 
predicted median value. Their o was about 6 dB at 40 MHz (see Reference 6-44, 
Figure 4). Equation 6-4 leads to a g of 10 dB at this frequency. The 
restriction of the FCC data to line-of-sight circuits with one very high 
antenna may be partly responsible for this difference. 


7. A recent study by S. Rotheram indicates that, at frequencies 
below 10 MHz, increased theoretical accuracy is obtained by a more rigorous 
accounting for the non-linear change in the refractive index of the earth's 
atmosphere with height. His curves, which are for a zero-height antenna, 


appear in Reference 6-48. 


6-48 otheram, S., "Ground-Wave Propagation, Part 2: Theory for Medium and 
Long Distances and Reference Propagation Curves,” Proc. IEE, Part F, 
October, 1981. 
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CHAPTER 7 
EARTH-SPACE PROPAGATION, 100 MHz - 100 GHz 
By: M. Weissberger 


7.1 INTRODUCTION 


This chapter presents a model (SATPROP) that can be used to predict 
propagation loss over line-of-sight satellite-to-ground links. The prediction 
consists of both a median loss and the time variability statistics expected 
over the period of one year. Section 7.2 contains formulas and graphs that 
can be used to calculate predictions manually. Section 7.3 describes the 
status of the SATPROP computer code of this procedure. Section 7.4 compares 
this model's predictions with measurements and with the predictions of other 
models. Section 7.5 provides concluding remarks. 


7.2 A MANUAL METHOD FOR LOSS PREDICTIONS 


This procedure is based on References 7-1 and 7-2. The formula for the 


basic transmission loss is:.- 


L,(P) = L +A + A, (P) + A, (P) (7-1) 


?~\Weissberger, M. A. and Duncan, M. S., Propagation Factors in Satellite-to- 


Ground Communications, ECAC-TN-77-004, Electromagnetic Compatibility 
Analysis Center, Annapolis, MD, September 1977. 


7-2yeissberger, M. A. and Meidenbauer, R. He, Modeling Rain Attenuation on 
Earth-Space Microwave Links, IEEE International Antennas and Propagation 
aoe Symposium Digest, Quebec, Canada, June 1980. 
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Ly (P) = basic propagation loss not exceeded P% of the year, in dB 


basic free-space propagation loss, in dB 


e 


Ag = attenuation due to oxygen and water-vapor 
absorption, in dB 


Ag(P) = attenuation due to ionospheric scintillation not 
exceeded P% of the year, in dB 
Ap (P) = attenuation due to rain not exceeded P% of the year, in dB. 


Lars can be computed using Equation 2-6. The other terms are described 
in the following subsections. 


72201 Attenuation Due to Oxygen _and Water Vapor Absorption 


Apsorption by oxygen and water vapor molecules will increase the median 
satellite-to-ground loss to a value greater than the free-space value. 
Incident RF energy excites a certain fraction of the molecules to higher 
rotational energy states. Part of the absorbed energy is reradiated 
isotropically; another part is converted to kinetic energy (heat). The result 
is a reduction of the power of the signal flowing through the medium. 7~3 The 


zenith and tangent attenuations for the 1-150 GHz band are shown in Figure 
7-1. More detail for the 60 GHz band is shown in Figure 7-2. (As noted in 


; 
{ 


- 


an 

ie me 

C 735eraiton, A. W., “The Absorption and Reradiation of Radio Waves by Oxygen 

i and Water in the Atmosphere," IEEE Trans. on Antennas and Propagation, July 
‘ 1975. 
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LTT 
TET 


Theoretical onc-way alicaustion re 


Theoretical one-way attenuation for vertical and horizontal paths through 
the atmosphere (calculated using the United States standard atmosphere for 
July at 45° N latitude). Sclid curves are for a moderately humid atmosphere 
(7.5 g/m” at the surface); dashed curves for vertical path represents dry 
atmosphere. (SATPROP uses the solid curves.) 


A: Range of values H: Horizontal 
B: Range of values Vv: Vertical (Zenith) 


Figure 7-i. Attenuation due to atmospheric constituents 
(from Reference 7-4). 
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wr 
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wa 


Attenuation (4B) 


Frequency (GHz) 


Curve # Water Vapor Concentration 
1 1S g/m? 
- 2 10 
3 8 (SATPROP uses this curve) 
4 5 
5 (9) 
a Figure 7-2. Zenith attenuation due to atmospheric constituents 


“ (from Reference 7-4). a 
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REVISION DATE 


subsection 7.4, there are details in the 60 GHz band which this degree of 
resolution still does not reveal. fgineers needing this higher resolution 
should study the publicaticns cited in TABLE 7-10 of the subsection). The 


values at other angles are computed using this approximation: /~4 7-5 


A_. (V)/SIN (E__) 
Ai. ie enn, Oe ne (3-2) 
Rog (H) 


Aqy (Eps) * absorption due to water vapor and oxygen at the radio 
elevation angle to the satellite relative to the horizontal, 
dB. . 


Agy(V) = absorption alang the zenith angle path, dB. 

ERs = radio elevation angle to the satellite. (Degrees above the 
horizontal). 

Agy (4) = absorption along a ray path that is tangent to the earth's 


surface. 


Figures 7-3 and 7-4 indicate typical world-wide humidity values. These 


were taken from Reference 7-6. 


; 
is 
‘ 
t 
- 
A 
b 
3 


7 


7-4ccrr, Conclusions of the Interim Meeting of Study Group 5, Doc. 5/142-E, 
~ Report 234-3 (Rev. 76), April 1976. 


' 7-Suai, D. A., A Survey of Earth-to-Satellite Propagation Factors Between 
Ms 2.5. and 275 GHz, OT Report 74-43, Office of Telecommunications, Boulder, 


co, July 1974. COM-75-10792. 


. pany 7~63ean, Be Re and Dutton, E. Je, Radio Meteorology, NBS Monograph 92, 
oak National Bureau of Standards, Boulder, CO, 1966. 
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Average absolute humidity (g/m), February (Reference 7-6). 
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Average absolute humidity (g/m), August (Reference 7-6). 


Figure 7-4. 
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7.2.2 Signal Variability Due to Ionospheric Scintillation (7-7, 7-8, 7-9 7-10) 


! 
Signals passing through the ionosphere can undergo rapid variations in 

amplitude, phase, and angle of arrival. These fluctuations are known as | 

scintillations. 


Scintillation is caused by irregularities in the electron density of the 
FPelayer. The received signal is the sum of rays coming from nearby parts of the 
ionosphere with different electron densities. The rays can combine so as to 
enhance or cancel one another. The resultant amplitude varies with time. ‘The 
variation is at one rate if the irregularities move across the ray path 
(geostationary satellites) and at a faster rate if the ray path moves across the 
irregularities (non-geostationary satellites). 


The phenomenon is most prevalent for signals that traverse the F-layer 
(225-400 km above the earth) in the auroral latitudes or near the geomagnetic 
equator. Figure 7-5 illustrates these regions. 


The magnitude of the amplitude variations decreases as signal frequency 
increases. TABLE 7-1 provides data for three frequencies. These data can be 


conaidered to be worst-case annual statistics: they are based on measurements 


7-Tharons, d., Whitney, H. E. and Allen, R. S., “Global Morphology of 


Ionospheric Scintillations," Proc. IEEE, February 1971. 


7-8ci ordano, J. As, “Ionospheric Scintillations," MITRE Technical Report 6559, 
December 1973. 


7-Aaur, R. R., “Ionospheric Scintillation at 4 and 6 GHz," COMSAT Technical 
Review, Spring 1973. 


7-10ccrr, Conclusions of the Interim Meeting of Study Group 6, Dec. 6/177-E, 
Report 263-3 (Rev. 76), May 1976 


a 


og et es oo 


Te yt 


Pada 
un 


. 


ot a te te ee eo 


Ln i ied inet Sel ea 


“. STS 8 


4 HR ee oe. 


Ww 
Qo 
4 
a. 
a 
= 
= 
- 
Q 
we 
nn 


REVISION DATE 


A HANDBOOK OF 


PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


RADIO WAVE PROPAGATION 


zo Bbutpeys 3yu61T uta suotbaz eu ySnozy3 syyed Avy 
Sepnyttdue Aq peztzsqoezeud st VOTIETTTAUTOS STULL 


06 


09 


os 


of 


09 


*UOTIETTHAUTOS elenes ssat Aleatsseaboad goustsadxe Butpeus ou 
“L-L pue g-~, seanbyy uy umoys 
“(8-2 sOUsTAaZeYyY) UOTZeTTTQUTOS 
SABASS YSOU sy OF STQTIdeosns ere WY OOP-OSZ JO SepnaTate ye suotbhbelr poyozey 
-ssozo 9y3 butqoaszequt syqed Arey *AZTAFIOR uoTAeTTy_UpOs Aouenbaaz yo suorbay 


Y; easesetetocetaces eketatal-2-2-4.8 0,0, 0, 000.0 


CW 


0 (| 
ROLL SS AYA PAGER 
© 


0,0 50,0,0, 6. Voveve ret O06,6,0,8.0 

BR LL 

cis el 
ry 


wotetete® 


[ Sew 


OOO) 3 erests OX) 

2000 SSF wee rameege gt, 006 Oe: POERSP 

wave T 
j cs 
O,. Cay, 
SOR styeee 

PL aL aL 

2.0 ROO 
SS SPOR NOS IE IC we 


CRAIN) 3 Sise Scasececares Sor tetetetetet.e ©. 0:80.05 
‘eeesecececece, Sd 
4 DA yO 
sosesoceusTassgertatsesregisets G Aatetoncsetess 

9.9. FD ORS 


O $254 ARGO x 
ASS IAP ODO IC OS 
om Vol pligklakaghyl tA LA hgh {% zZ oe 
Pit hhs & 
¢. >, 75 
fe ~~, a: Lo 7 y 
VLLLLL OLAS LOOP ON LOLLL LXE OPES POO. 


H0eT HOozt B09 0 HOOS 80bZ 


b 


es 
PAI, . Se re 


KS 


’ Pana cd Ce SE RERKR ROO IO 
PIPERS CSSEE : Moe TORIES 
nd \/ 


Ke 


ee -* 9.0,9,9, 


a“ \7s7G a Gr 
RP SOR RA Bear 


02 ig A GL NOW NG, 
GGA Pe SOREL, 
AL, 77 


°"S-£ Panbt ya 


PIE 


(2 TG 


OS ., 
5525} 
35.585 

ROO) 


©) 
25°5 


« 


o£ 


081 


o, xx,2,2] 06 
0.4 O% 
06s I 


0550505 oN 
OOOOO) ¢: CO FEO OQ OODODIOG 
A eaerererar es Shah Ye KE TSRPRARRR ICR 
SRR OG VILE fi: LLLib hiss. 5255550504 


o£ 


09 


, 


4 ol SP sh CR oS 


ny 


| 
* 


Tal 


re 


ee 
a 


re, 


Peer on 


oo Ares 
. Pa avers J 


Pe | 


leid 


Pe aren al i eat 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 7-10 
TRANSMISSION LOSS AND FIELD STRENGTH REVISION DATE SECTION - PAGE i 


TABLE 7-1 
ANNUAL SCINTILLATION STATISTICS 


Percent of Change in Loss, dB 


Time Value 
Is Not Exceeded 4000 MHz? 6000 MHz 


'rrom Reference 7-7, Figure 13. ns 
Prrom Reference 7-9, Figure 3. The ordinate and abscissa were divided by two. t 
Srrom Reference 7-9, Figure 4. The ordinate and abscissa were divided by two. 

Signal enhancements. 
“Signal fades. 


from sites in the auroral or equatorial zones, and they were taken during 
periods of high sunspot numbers. The user is cautioned that data from any one 


month or hour can be worse than these annual data. 


The values from TABLE 7-1 are plotted in Figures 7-6 and 7-7. These 
curves are used in SATPROP. For a specified probability, the model allows 


scaling as a function of frequency. In theory, there is a variation with 


fever = ss. 
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See Pigure 7-5. 
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predictions. 
activity. 


| 
apply to regions characterized 
by strong scintillation 


See Figure 7-5. 


Led 
3 
2 
a 
be 
a 

+.) 
° 

he 
a 

“he 
J 

a 
3 

3 


Thoy 


(a) LNSNSONVHNS TYNOIS 40 LNNONY 


10 


FREQUENCY (Gliz) 


7-12 
SECTION - PAGE 


Enhancements due to scintillation (Reference 7-1). 


Figure 7-7. 
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elevation angle. However, analysis of Taur's and Paulson's 
measurements shows that, at least in these instances, there is no definite 


trend. 


722.3 Rain Attenuation on Earth-Space Links 


In the 10-30 GHz band, rain attenuation causes the largest difference 
between measured and free-space transmission loss on earth-space line-of-sight 
links. TABLE 7-2 shows some values of fade depths that were observed on 
actual links by researchers from Bell Telephone Laboratories and GTE 
Laboratories. This subsection describes a procedure that can be used to 
predict the attenuation statistics. The procedure is designated SATPROP-80 
and was devised by M. Weissberger and E. Cerezo as an improvement to the 
SATPROP-79 procedure, which is documented in the Antennas and Propagation 
Symposium Digest (Reference 7-2). It also supersedes the SATPROP-78 
(References 7-14, 7-15) and SATPROP-77 (Reference 7-1) models. 


7-lpriggs, B. He and Parkin, J. A., “On the Variation of Radio Star 


Scintillations With Zenith Angle,“ Journal of Atmos. and Terrest. Physics, 
Vol. 25, 1963, pp. 339-350. 


7-1 2crane, R. K., “Ionospheric Scintillation," Proc. IEEE, February 1977. 


7-1 3paulson, M. Re and Hopkins, Re U. F., Effects of Equatorial Scintillation 
Fading on SATCOM Signals, NELC-TR-1875, Naval Electronics Laboratory 


Center, San Diego, CA, May 1973. 


7-14, cissberger, M. A., Studies of the Prediction Accuracy of Effective Path- 
Length Rain Attenuation Models for Satellite-to-Ground Circuits, 
ECAC -TN-78-015, Electromagnetic Compatibility Analysis Center, 
Annapolis, MD, Cctober 1978 


7-| Neissberger, M. Aw, Meidenbauer, R. H., Baker, R. L., and Billings, T. 


_ Abstracts of the National Radio Science Meeting, Electromagnetic 


Compatibility Analysis Center, Annapolis, MD, November 1979. 
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TABLE 7-2 
OBSERVED FADE MARGINS (dB) REQUIRED FOR 99.99% ANNUAL RELIABILITY 


Take-Off Angles 


Georgia 18+ 
New Jersey 
Massachusetts 15+ 


| Margins (a8) | Margins (a8) 


+ means that the actual margin is even greater than the value listed. 
The procedure is based on thase assumptions: 


1. The attenuation through a region with a uniform rain rate (R) is 


given by: 


A= on? ot (7-3) 


A = the attenuation in dB 
R the rain rate in millimeters /hour 
L = the length of the region 


a and 8 = constants shown in TABLE 7-3. 


These values are recommended by Lin?-16, 


TVG rt, S. H., "Rain Attenuation on Earth-Satellite Paths-Summary of 10-Year 


Experiments and Studies," Bell System Technical Journal, February 1980. 
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TABLE 7-3 
VALUES OF a and 8 


- 001968 0.01545 |} 0.04726 0. 06769 | 0. 1961 
1. 239 1.220 1.115 1.089 * 


7-17 


0. 6860 


0. 7382 


Olsen shows that Equation 7-3 is a close approximation to the 
theoretical (Mie-scatter) prediction of the loss caused by propagation through 


a region filled with dielectric spheres. 


2. Rainfall with an intensity of more than 10 mm/hour usually occurs in 


cells that are surrounded by regions of less intense rain. For predicting 


er attenuation, an effective description of this structure is that 20% of the ray 


Path will be through the intense rain (rate R) and 80% through a reduced 


intensity of rate, R' = 4.5 7R% 34, This lateral structure model was developed 


by Persinger and Stutzman’ ~'8 


7-19 


and was later validated by Lane and 


Stutzman. The effective lateral size of the entire rain storm was found 


to be 10.5 km. 


13 “171 sen, Ro. Le, et ale, “The aR? Relation in the Calculation of Rain 


Attenuation," IEEE Trans. Antenna and Propagation, March 1978. 

7-1 8 ,ersinger, R. R. and Stutzman, "Millimeter Wave Attenuation Prediction 
Using Piecewise "niform Rain Rate Model," IEEE Trans. Antenna and 
Propagation, March 1980. 

7-19 ane, S. 0. and Stutzman, W. Le, “Spatial Rain Rate Distribution Modeling 


for Earth-Space Link Propagation Calculations,” Abstracts of the North 
American Radio Scierce Meeting, Quebec, Canada, June 1980. 
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3. The attenuation is significant only in the region in which there is 


liquid water. ’~2° when rainfall is not intense (R < 7mm/fnr) liquid is found 
7-21 


up to the 0° isotherm. This is located at: 
7.8 - (0.1 x Latitude®), 


km above sea level for latitudes greater than 30° and at 7.8 km for latitudes 


closer to the equator. 


4. When the rain rate increases above 7mm/hr, atmospheric turbulence 


carries rain to heights above the 0° isotherm. The increase in altitude 
obeerved by Goldhirsh’~?? at Wallops Island, VA, was 1.82 log (R/7). 


5. The total effective height of the attenuating layer is the height of 
liquid water above sea level minus the height of the earth station antenna (in 


km) above sea level (Reference 7-21). 


7-20cr ane, R. K., “Propagation at Cantimeter and Millimeter Wavelengths, " 
Proc. IEEE, 1971. 


7-2lcyane, Re Ke, EASCON '78 Record, September 1978. 


7-22¢5)dhirsh, J., Radio Science, September 1977. 
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These assumptions result in this equation for the rain attenuation not 


exceeded P& of a year: 
a, (P) = a (0.2 arp) + o0.3a Rt(P)®) . b (7-4) 
where 


a,8 = Constants from TABLE 7-3. ‘The values of «a and § for frequencies 
not in TABLE 7-3 may be obtained by linear interpolation. 


R(P) = Rain rate averaged over 1 minute that is not exceeded for P% of 
the year. The values of R(P) may be obtained from TABLE 7-4 
(from Reference 7-23). ‘The rain climate regions are shown in 


Figures 7-8, 7-9, and 7-10. 


R' = 457 (R(P))%34 (7-5) 
wo 
(H, - Hy + H(R))/sin @ 

L «= MIN (7-6) ; 
10.5/cos 9 
| 
Hy = 78 - 0.1 LAT? (LAT > 30°) (7-7) 

= 7.8 (LAT < 30°) (7-8) 


H. = Height of the earth station antenna above sea level, km 


1.82 LOG (R(P)/7) (R(P) > 7) 
= 0 (R(P) < 7) 


H(R) 


7-23crane, R. Ks, Prediction of Attenuation by Rain, Environmental Research 
7 and Technology Incorporated, Concord, MA, August 1979. i 
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Figure 7-9. Rain climate regions for Europe (Reference 7-23). 
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TABLE 7-4 
POINT RAIN-RATE DISTRIBUTION VALUES (mm/hr) 
VERSUS PERCENT OF YEAR RAIN RATE IS EXCEEDED? 


pra peal ee peoasont Hours 
Per Year 


aj-minute average (sea Reference 7-23). 


7.3 COMPUTER MODEL FOR LOSS PREDICTIONS 


A computer program for the procedure described in Section 7.2 is 
available for use at ECAC. Instructions for using it appear in Reference 
7-24. The program, called SATPROP, incorporates the formilas presented in 
Section 7.2. 


7-245 aker, R. L., Radio Wave Propagation: A User's Manual for the Computer 
Codes, ECAC-UM-80-001, Electromagnetic Compatibility Analysis Center, 


Annapolis, MD, September, 1980. 
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aac 


7.4 VALIDATION AND COMPARISON WITH OTHER MODELS 


7.4.1 Validation of the Rain Attenuation Algorithm 


SATPROP-80 predictions were compared with 25 path-years of data taken at 
earth stations along the east coast of the United States. The parameters are 
summarized in TABLES 7-5 and 7-6. The results are shown in TABLE 7-7. The 
statistics are of the quantity called "prediction error", which is defined by 
the following convention (also used elsewhere in this Handbook): , 


Prediction Error (dB) = Predicted Loss (dB) - Measured Loss (dB) (7-9) 


TABLE 7-7 shows values of the wean (M), standard deviation (co), and root 
mean square (RMS) of the prediction errors. These were each computed from the 
set of errors that fell into the bins defired by frequency (F) and percent-of- 
the year (P) that the loss was not exceeded. When the published data 
permitted, the prediction error was calculated at 0.1, 0.05, 0.01, 0.005 and 
0.001% of the year. Figures 7-11 and 7-12 show the maximum errors in relation ri 
to the mean measured value. The mean prediction is also shown. In this type . 
of figure, the mean observed error at any percent of the year can be 
determined by measuring the distance (in dB) between the mean measurement line 
and the mean prediction line. The observed largest errors can be determined 
by measuring the distance (in dB) between the error-limit curve and the mean~ 
measurement curve. Thus in the 11-16 GHz band, the mean prediction error for 
losses not exceeded for 0.01% of the year is -0.8 dB, with individual errors 


ranging from -7.2 to +2.1 dB. 


Comparisons with the accuracy of other state-of-the-ar: prediction models 
were made. The other models studied included the CCIR model documented by the 
1978 Plenary Assembly (Reference 7-25), a proposed revision to the CCIR model 


7-25 International Radio Consultative Committee, CCIR Report 564-1 


Propagation Data Reguired for Space Telecommunication Systems, XIVth - 
Plenary Assembly, ITU, Geneva, Switzerland, 1978. ve 
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TABLE 7-5 
MEASUREMENTS 11-16 GHz 


Greenbelt, MD 
Greenbelt, MD 
Blacksburg, VA 
Waltham, MA 
Waltham, MA 


1/77-1/78 
1/78-1/79 
1/78-1/79 
6/77-1 /78 
2/78-1/79 


Holmdel, 
Holmdel, 
Holmdel, 
ETAM, WV 
Palmetto, 
Palmetto, 
Palmetto, 
Rosman, NC 


GA 
GA 


4/76-4/77 
5/77-5/78 
5/78-5/79 


10/77=10/78 


1/70=1 /72 
6/76=7/77 
8/77-8/78 
1/70-1/71 


Clarksburg, MD 7/70-7/71 


TABLE 7-6 


MEASUREMENTS 19-29 GHz 


Blacksburg, VA 1/78=1/79 


Holmdel, NJ 
Holmdel, NJ 


Palmetto, GA 
Palmetto, GA 
Holmdel, NJ 
Wallops Is, VA 
Blacksburg, VA 
Palmetto, GA 
Palmetto, GA 


5/77-5/78 
6/76-6/77 
6/76-6/77 
8/77-3/78 
5/77-5/78 
4/77=3/78 
1/78-1/79 
6/76-6/77 
9/77-9/78 


REVISION DATE 


BTL 
BTL 
COMSAT 
BTL 
BTL 
BTL 
NASA: 
COMSAT 


Measured 
Rain? 
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TABLE 7-7 
PREDICTION ERROR STATISTICS (dB) 
TYPICAL REGIONAL DISTRIBUTIONS OF RAIN USED AS INPUT 


0.01 < PS << 0.1 


2 
Lowest RMS error in data bin. 
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Mean MEASUREMENT 
AcTuaL Error LIMITs 


——————__ MEAN PREDICTION 


SATPROP-80, 19-29 GHz. 


Error limits: 


Figure 7-12. 
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(References 7-23 and 7-26), the Global Model (Reference 7-21), and the VPI 
(1979) Model (Reference 7-18). TABLE 7-7 shows the accuracy of these models 


| 
! 


when they are used to perform regular predictions, i.e., with input values of 
R(P) coming from TABLE 7~4 and Figures 7-8, 7-9, and 7-10. The data in TABLE 
7-7 show that SATPROP-80 has the lowest RMS error for 3 of the 4 bins of data, 
and is within 0.02 dB of the Global Model in the 4th bin. 


The error results discussed so far include the effects of model 
inaccuracy and input data inaccuracy. Again, these are the results that will 
be encountered in practice. The model comparison was extended, however, to 
show error trends when the input data errors were further reduced. This was 
done by entering rain rate statistics measured at the earth station sites 
during the time periods when the loss statistics were measured. The resulting 
model errors are shown in TABLE 7-8 Here again SATPROP has the lowest RMS 
error in 3 of the 4 data bins and is within 0.55 dB of the CCIR model in the 
4th bin. 


TABLE 7-9 summarizes the RMS errors for all of the tests. 


7-26ccIR Doc. USSG _5/10T and 5/€T, November 1979, By R. Crane (see 


Reference 7-23). 
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TABLE 7-8 


ERROR STATISTICS 
MEASURED RAINRATES USED AS INPUT 


0.01 < PS £061 


“,001 ¢ PB < 0.1 


"Lowest RMS error in data bin. 


RRS ESTE i 
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TABLE 7-9 
SUMMARY OF RMS ERRORS 


Measured 
Typical 


Measured 
Typical 


Measured 
Typical 


Measured 
Typical 


“Lowest RMS error in data bin. 


Two models (the ITS model and Lin's model) were not included in this most 
recent validation study. ECAC did not compare SATPROP and ITS model 7727 
predictions for the full 25 path-years of data, but a comparison was made in 
January, 1980, for 17 path-years of data. The prediction accuracy computed 
from this set of data is shown in Reference 7-2. ‘The RMS errors for the ITS 
model are larger than those reported in this Handbook for SATPROP-80. 


Lin's model (Reference 7-16) was not studied because it caqutven as input 
a distribution of the S-minute average of rain-rates expected during the 
year. No scurce of such data vas readily available. The distributions shown 
in TABLE 7-4 are for i-minute averages. The use of i-minute averages instead 


of S-minute averages could result in substantial over-prediction of losses. 


727oueton, E., NTIA Report 78-10, ITS Boulder, CO, October 1978. 
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7,402 Validation of the Oxygen and Water-Vapor Attenuation Algorithm 


Validation of the oxygen and water-vapor absorption subroutines of 
SATPROP was shown in the original documentation (Reference 7-1). ‘The summary 
i3 reproduced here as TABLE 7-10. It is seen that the SATPROP predictions 


(based on Reference 7-4) generally are as accurate as other 
procedures’ ~?% 7-29, 7-30 wren compared with Thompson's measurements. /~>! 
Potential problems arise at the family of oxygen absorption lines near 60 
GHz. The detailed calculations done by Welch and Liebe (Reference 7-32) show 
that there is a great variation within the 55-65 GHz range. The loss varies 
between 130 and 380 dB, depending on the specific frequency being used. Thus 
the CIR (and SATPROP) estimates can only be considered as nominal values in 


this band. 


7-28 cir, MIIth Plenary Assembly, Volume 5, Report 223-3, Geneva, 
Switzerland, 1974. 


7-292; ce, Pe Le, Longley, A. G., Norton, Ke As, and Barsis, A. P., 
Transmission Loss Predictions for Tropospheric Communication Circuits, NBS 
TN101, National Bureau of Standards, Boulder, CO, January 1967. AD 
687820, 


7-3Qukes, G. D., Panetrability of Haze, Fog, Clouds, and Precipitation by 


Radiant Energy Over the Spectral Range 0.1 Micron to 10 Centimeters, 
Center for Naval Analysis, Arlington, VA, May 1968 AD 847658. 


7-3 ompacn, W. I., A Survey of El-:ctromagnetic Wave Transmission in the 


Earth's Atmosphere over the Frequency (Wavelength) Range 3 kHz (100 km) 
3,000 THz (0.1 um), DOT-TSC-NASA~-71-6, Transportation Systems Center, 
Cambridge MA, February 1971. N71~-20121. 


73215 ebe, H. J. and Welch, W. M., Molecular Attenuation and Phase Di spersion 
Between 40- anc 14- GHz for Path Models from Different Altitudes, OT 


Report 73-10, Orfice of Telecommunications, Boulder, CO, May 1973. 
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TABLE 7-10 
A COMPARISON AMONG PREDICTED AND MEASURED VALUES OF 
ZENITH ATTENUATION (dB) FOR DRY DAYS 


4SOURCE CODE: 


1. 
2. 
3. 
4. 
Se 


6. 
7. 


CCIR Report 234-3. These are computed zenith values. They are the 
used in SATPROP. (Reference 7-4). 

CCIR Report 233-3 (Van Vleck sea level differential absorption x an 
effective path length) (Reference 7-28). 

NBS TN 101 (Van Vleck sea level differential absorption values x an 
effective path length) (Reference 7-29). 

Lukes (Computed zenith values) (Reference 7-30). 

Straiton (Reference 7-3). 

Welch and Liebe (Considers oxygen only) (Reference 7-32). 

Thompson (Collected measurements) (Reference 7-31). 


7=31 
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03-. 07 
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e 85-. 9 
2336 


»6-2. 0 


values 
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7.5 CONCLUDING REMARKS 


The scintillation estimates described in Section 7.2 are based on the 
interpretation of only a small set of measurements. Twenty-six papers 
containing the results of recent measurement and modeling programs appear in 
References 7-33 through 7-36. Reference 7-37 contains data that could be used 
to refine the estimates for frequencies above 10 GHz. 


Data that would allow a more extensive validation of the SATPROP rain- 


attenuation algorithm appears in References 7-38 through 7-40. 


733 pr oceedin 3 of the 1981 S sium on the Effect of the Ionosphere on- a 
Radiowave Systems, Naval Research Laboratory, Washington, D.C., 
14-16 April 1981. 


7-3 4pand, D. Je, and Pontes, M. S., “4/6 GHz Ionospheric Scintillation 
Measurements During the Peak of Sunspot Cycle 21," COMSAT Technical 
Review, Autumn, 1981. 


7-35,arons, J., “Global Morphology of Ionospheric Scintillation,“ Proc. IEEE, 
April 1982. 


7-3yen, K. C., and Liu, C. He, "Radio Wave Scintillations in the Ionosphere," 
Proc. IEEE, April 1982. 


7-37 yaka, J., et al., “ETS-II Experiments Part Vv: Effect of the Ionosphere," 


IEEE Trans. on Aerospace and Electronic Systems, September 1980. 


7-38 ro polito, L. J., Kaul, R. D., and Wallace, R. G., Propagation Effects 
Handbook for Satellite Systems Design, NASA Reference Publication 1082, 


Second Edition, December 1981. 
7-39 antennas and Propagation, IEE Conference Publication 195, London, April 
1981. 


7-40pujita, M., @t al., “ETS-II Fxperiments Part IV: Characteristics of 
Millimeter and Centimeter Wavelength Propagation,” IEEE Trans. on 
Aerospace and Electronicy Systems. ey 
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A review of the depolarization effects of rain and ice has been prepared 
by Cox. 74! 


7-41 cox, D. C., "Dé polarization of Radio Wave by Atmospheric Hydrometeors on 


Earth Space Paths: A Review," Radio Science, September, 1981. 
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CHAPTER 8 
AIR-TO-AIR AND AIR-TO-GROUND 
PROPAGATION, 100 MHz - 16 GH 


By: M. Weissberger 
8.1 INTRODUCTICN 


This chapter describes manual and automated procedures for predicting 
basic transmission loss for air-ground circuits in the 100 MHz - 15,000 MHz 
frequency range. It applies to problems in which at least one of the antennas 
is 1 km or higher above the ground. ‘he recommended model is IP-77.9-! the 
model should be used in the smooth-earth mode rather than the terrain - 


sensitive mode. 
8.2 A MANUAL METHOD 


w This subection is based on a report submitted by Gierhart and Johnson to 
the ccrr.8-2 


Figures 8-1 through 8-6 show values of the basic transmission loss, Ly, 
for frequencies of 125, 300, 1200, 5100, 9400, and 15,500 Miz. 


Each figure consists of three curve sets, where the upper, middle and 
lower sets provide (0.05), 14,(0.5), and I4,(0.95), respectively. ‘These 
correspond to time availabilities of 0.05, 0.5, and 0.95. For example, 


8-1 sohnson, M. E. and Gierhart, G. D., (1978) Applications Guide For 


Propagation and Interference Analysis Computer Programs (0.1 to 20 GHz) 
DOT-Report FAA-RD-77-60, National Technical Information Service, 
Springfield, VA, U.S.A., March 1978, ADA 053242. 


8-2ccrtR Doc. USSG 5/D-3, (by Gierhart and Johnson), 5 November 1979. 
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Pigure 8-1. Basic transmission loss, 125 MHz. 
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Figure 8-2. Basic transmission loss, 300 MHz. 
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Figure 8-3 Basic transmission loss, 1200 MHz 
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Pigure 8-4. Basic transmission loss, 5100 MHz. 
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Figure 8-5. Basic transmission loss, 9400 MHz. 
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Figure 8-6. Basic transmission loss, 15,500 MHz. 
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L,,(0. 95) = 200 dB means that the basic transmission loss would be 200 dB or 
less during 95% of the time. The antenna heights shown vary from 15 m to 
20,000 m, covering both ground station and aircraft heights. 


8 3 THE COMPUTER MODEL 


The computer code for IF-77 is operational at ECAC. Documentation of 


operating instructions has not yet been completed. 
84 VALIDATION AND COMPARISON WITH OTHER MODELS 


Validation of IF-77 appears in References 3-3 and 8-4 ‘The computer 
program can be used in two modes of operation: smooth~-earth and terrain- 
sensitive. Studies in Reference 8-3 indicate that the smooth-earth mode has 


greater prediction accuracy. 


A short study was conducted in FY-81. TABLE 8-1 lists the “MS errors 
presented in the output of this effort. 


8~3smith, R. D., A Comparison of Measured Data and ITS Model Predictions: VOR 
and TACAN Signal Strengths, FAA-RD=-77-106, Federal Aviation Administration, 


Washington, DC, January 1978 


8-455hngon, M. E. and Gerhart, G D., Comparison of Measured Data with IF-77 
Propagation Model Predictions, FAA-RD-79-9, Federal Aviation 


Administration, Washington, DC, August 1979. 


8-5 eissberger, M. A., and Powell, J. R., Results of the FY81 Study to 


Determine the Feasibility of Improving the Procedure for Predicting VHF 
Communications/Nevigation Coverage, Memorandum to FAA -RD-450, 


November 1981. ae 


8-5 
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TABLE 8-1 
COMPARISON BETWEEN IF-77 SMOOTH-EARTH MODEL PREDICTIONS 
AND MEASURED LOSSES ON AIR-GROUND LINKS 


Data Description Number RMS 
of different PREDICTION 


paths ERROR 
(dB) 


Cliff-Ground 

Golden, Colorado 

Frequency: 230 MHz 

Great circle Distance: 10-80 kn 

Altitude: 500 m Non LOS 


Terrain irregularity: 125 m 


Air-Ground 

Chickasha, Oklahoma 
110 MHz 

40 ~ 80 km 

Altitude: 150-1500 m 


Terrain irregularity: 


LOS: lLine-of-Sight 
Non LOS: Beyond Line-of-Sight 
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Extensive comparisons between ECAC's models and IF-77 have not yet been 
done. The current recommendation that the smooth-earth mode of IF-77 be used 
at ECAC for air-ground predictions in the 100 MHz < £ < 15,000 MHz range is 


based on: 


1. The acceptance of IF-77 by the FAA and the CCIR. 
2. The availability of published comparisons between IF-77 


predictions and air-ground neasurements. 


3. The fact that IF-77 contains algorithms which allow a statistical 
treatment of the interference pattern caused by the interaction between the 
direct and ground-reflected rays. ECAC smooth<earth codes do not have this 


option presently. 
8.5 CONCLUDING REMARKS 


1. The consistent ability of the IF-77 code to accurately 


account for terrain irregularity has not been demonstrated yet. 


2. Potential biases are introduced by using the present IF~77 e. 


troposcatter subroutine instead of the validateaS-§ NBS TN101 algorithm. 
(This will only be significant for paths well beyond the radio horizon. ) 


8-6 ongley, A. G., Keasoner, R. K., and Fuller, V. L., OT/TRER 16, ITS, 
Boulder, CO, 1971. 
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SURPACE-TO-SURFACE PROPAGATION 
IN THE 40 MHz = 20 GHz BAND: MEDIAN LOSS 
PART 1: STATISTICAL AND POINT-TO-POINT MODELS g 
By: M. Weissberger 


9.1 INTRODUCTION 


Part 1 of this chapter provides a brief overview of the types of models 
available for predicting the basic transmission loss between two antennas 
located on or above the earth's irregular surface. Section 9.2 contains a 
description of statistical models. ‘These were developed to predict the median 
loss value for a set of circuits with the same lengths, antenna heights, 
frequency, and polarization. Because each circuit ina set will usually pass 
over a different topographic profile, and because the profile is one factor 
that decermines the loss, a set of circuits will have a range of losses rather 
than a single value. ‘The statistical models use a probability distribution 
{usually a normal distribution of decibel values) to describe this range of 
losses. They do not use the details of a specific path profile to predict the 
loss for an individual circuit in a set. Statistical models include those 


which: 


ae Utilize no information about the geographical area for which the 


predictions are being made, e.g., Egli's model. 


b. Are intended only for one geographical region, @.q., the British 


Aircraft Corporation's Federal Republic of Germany statistical model. 


c. Utilize a terrain irregularity factor to adapt the model to 
different geographical areas and a qualitative description of how well the two 


antennas are sited with regard to the terrain, e.g., the Longley-Rice model. 


d. Utilize a terrain irregularity factor to adapt the model to 


difterent geographical areas and a quantitative description of how high the 
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transmitting antenna is above the foreground in a particular sector, e.g., the 


FCC R6602 model. 


e. Utilize a qualitative description of the degree of urbanization, 


e.g., Okumura’s model. 


f. Utilize a quantitative description of the degree of urbanization, 


eta Te 


O.ge, Kinase's model. 


Section 9.3 is an overview of the second type of model used to compute 
median loss in this band. These are the "point-to-point" models which utilize 
the details of the terrain profile between a specific transmitting location 


and a specific receiving location in the process of computing the basic 
transmission loss for a radio circuit between these two points. (Both oe 
statistical and point-to-point models should account for time variability and 
the magnitude of the model's inaccuracy. Both types of models rely on : Be 
statistics for these purposes. Thus, the method of accounting for the effects ee 


of profiles is the only difference between the two categories of models 
described in this chapter. Note also that an accurate point-to-point model, 
with accurate topographic input data, could be used to predict the 
distribution of losses for any arrangement of paths in any geographical 

area. Thus, in principle, a point-to-point model can be used to synthesize a 
statistical model. A study of the accuracy of these synthesized statistical 
models in comparison with that of statistical models derived through other 


means was initiated in FY82.) 


Section 9.4 provides examples of the increase in prediction accuracy that 
has been observed when a statistical model was replaced by a point-to-point 


model. 


Part 2 of ths chapter provides a description of the point-to-point model 
that is recommended for use at ECAC. This is TIREM, the Terrain Integrated 


Rough Earth Model. 
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9.2 STATISTICAL MODELS 


9.2.1 Published Formulas 

The overall thrust of this chapter of the Handbook is to recommend use of 
point-to-point models whenever possible. However, because of the large number 
of statistical-model development efforts that have been reported, it is 
desirable to at least acquaint the reader with them. Further, there may be 
occasions when an analyst finds one statistical model based on data that are 
very similar to the type that would help him to estimate system performance in 


a particular environment. 


Equation 9-1 will be used as a universal formula for a quantitative 
description of the models: 


. 


; L, = a, + a log £ + (az, + 43, log £) log da (9=1) 
+ a, log h, + as log hee 


where 


L, = Basic transmision loss, dB 
= Frequency, MHz 
= Path length, km 
= Transmitting antenna height, m 
h = Receiving antenna height, n 
a, - 4, = Constants obtained from theory or by curve fitting of 


measurements. 


The use of separate coefficieats for the transmitting and receiving 
antennas does not represent a violation of reciprocity. It is a format used 
by some model developers to describe the fact that the functional dependence 
of loss on antenna height is different for antennas near the earth than it is 
for antennas well above the earth. Several statistical models were developed 


to predict the performance of circuits consisting of a central broadcasting 
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transmitting antenna located more than 100 meters above the surrounding 
terrain and ramote receivers located no more than about 10 meters above the 
surface. Therefore, these models generally have different coefficients for 
the transmitting and receiving antenna heights. The 1951 FCC mode1?~! 


represents one of the earlier examples of this approach. 


The fact that many statistical models can be represented by Equation 9-1 
is related to the starting point of these models -- the theoretical equation 
for the basic transmission loss between two antennas over a plane earth. 

(This is derived in APPENDIX A cf this Handbook.) Other models (e.g., 

EPM=73, 277) were developed by modifying relations for propagation over a 
smooth spherical earth. Another model (Longley-Rice, 973974) is based on a 
combination of the smcoth-sphere and double-knife-edge obstruction 
relations. The models without tle plane-earth starting point generally have 
functional forms different from Equation 9-1. To provide insight into the 
general nature of differences between all of the formulas, a set of results of 
the non-plane-eartimbased equations was generated, and least-squares curve . 
fitting was done to obtain values of a; for these equations. Because this 
procedure was carried out for a very narrow parameter range, the agreement 
between the values obtained from the original published versions of the 
equations and the values obtained from the transformed equations is very 

good. Values of aj that were obtained from equations originally published in 


another form are annotated. 


9lpine, H., UHF Propagation Within Line-of-Sight, T.R.R. Report 2.4.12, 


Federal Communications Commission, Washington, DC, June 1951. 


9-2) ustgarten, M. N., and Madison, J. A., "An Empirical Propagation Model 


(EPM-73)," IEEE Trans. on Electromagnetic Compatibility, August 1977. 
9~3,ongley, A. G., and Rice, P. L., Prediction of Tropospheric Radio 


Transmission Loss Over Irreqular Terrain -- A Computer Method 1968, ESSA 
Tech. Report 148-I1TS 97, ITS, Boulder, CO, 1968. 


9-4 tford, G. Ae, Longley, A. G., Kissick, W. A., A Guide to the Use of the 


ITS Irregular Terrain Model in the Area Prediction Mode, NTIA Report 


82-100 ITS, Boulder, CO, April 1982. ag 
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Eleven statistical models are described on the following pages. The 
labels “data"* and “application” are used, when necessary, to distinguish 
between the parameter range of the measurements used to develop a model and 
the parameter range over which the model's author reports the equation 


applicable. A table of values of a; follows the descriptions. 
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Egii (References 9-5 and 9-1) 


Frequencies: 40-910 MHz. Notes below apply to the data above 288 MHz. 


Path Lengths: 8-48 km. 


Antenna Height: Transmitter - Generally greater than 100 m above the 


foreground terrain. Receiver - 2-10 m above the ground. 


Locale: Smooth and hilly, urban and rural in the United States (data). 


limits are prescribed for the areas of application. 


Reported Standard Deviation: 8.3 dB at 128 MHz; 11.6 dB at 510 MHz. 


Notes: The best understanding of this medal is obtained by reading both 
Egli's and Fine's reports since Egli borrowed heavily from Fine. Most of 
Pine's data were for line-of-sight paths, but he noted similar behavior on one a ; 
transhorizon path. The model was derived from observation of the deviations : 
of the measured loss from the theoretical plane-earth loss. Fine's model was 
derived using values of antenna height measured relative to the terrain 
stretching from 2 to 10 miles in frent of the transmitter. Egli claims that 
antenna heights “above the surface" can be used in the equation with 
acceptable results. 

Saxton, ?~© reported a model similar to Egli's in 1954. It was based on a 


collection of data that overlapped Egli's. 


9-5Eg1i, J. Je, “Radio Propagation Above 40 MC Over Irregular Terrain," 
Proc. IRE, October 1957. 


9-63 axton, J. Aw, “Basic Ground-Wave Propagation Characteristics In the 
Frequency Band 50-800 Mc/s," Proc. IEE, (London), Vol. 101, Part III, 
1954, p. 211. 


- 0 
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Longley~Rice (References 9-3 and 9-4) 


Prequencies: 20-600 MHz (most of data). 20-20,000 MHz (application). 


Path Lengths: 5-50 km (data in the 20-100 MHz band) 5-160 km (data in the 60- 
600 MHz band). Data at much longer distances were used to develop the 
tropospheric scatter model. 1-1,000 km (application) 


Antenna Height: 1-9 m above the ground, transmitter and receiver (data in the 
20-100 MHz band.) 10-1500 m above the foreground terrain (transmitter) and 
3-9 m above local terrain (receiver) (data in the 60-600 MHz band.) 

0.5-3,000 m (application). 


Locale: Wide range of terrain types. Most of the measurements used to 
develop the model were for paths on which the antenna foregrounds were 


Clear. Vegetation and buildings tended to be sparse. 


Reported Standard Deviation: 10 dB at 100 MHz for rough or moderately rough 


terrain. 


Notes: Me input parameter is AH, the interdecile range of terrain elevations 
for the area in which predictions are desired. Another is a code to describe 
each antenna's siting as being either random, careful, or very careful. In 
the diffraction region, the predictions are a weighted combination of smooth- 
sphere and double-knife-edge results. A preliminary version of the model is 
9-7 


documented in Annex 1 of a report by Rice. For a period of time, this 


model was called “ARPROP" (Area Propagation Model) and recent ITS reports use 
the name "ITS Irregular Terrain Model". There is an option to use the model 
to obtain point-to-point predictions when profile information for a path is 


available. 


a 9-Tpice, P. Le, Transmission Loss Predictions for Tropospheric Communication 


Circuits, NBS Technical Note 101, ITSA, Boulder, CO, revised, January 1967. 
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The accuracy of the model's statistical (area) mode has been questioned 


in studies of the loss on certain types of paths (line-of-sight?78" 9-9 and 


single kni fe-edge?~9), of circuits at frequencies above 400 MHz9710) and of 


paths in certain geographical areag.2-' 19-12 Potential users of the model 
should review References 9-8 -hrough 9-12, since the latest version of the 
code (Reference 9-4) does not appear to have been modified as a result of 
these questions. A comprehensive validation effort in which the new code is 
used with input parameters chosen according to the principles outlined in 


Reference 9-4 would be informative, but has not yet been conducted. 


9-8 ongley, A. Ge, and Reasoner, R. K., Comparison of Propagation Measurements 
With Predicted Values in the 20 to 10,000 MHz Range, ESSA Tech Report ERL 


148~ITS 97, ITS, Boulder, CO, January 1970. 


9-9 ongley, A. Ge, et al., Measured and Predicted Long-Term Distributions of 
Tropospheric Transmission Loss, OT/TRER 16, ITS, Boulder, CO, July 1971. 


9-1 0parsis, A. P., "Radio Wave Propagation Over Irregular Terrain in the 
76-9200 MHz Range," IEEE Trans. on Veh. Tech., August 1971. 


9-11 Whiteman, R. Ae, An Analysis of Bell Aerosystem Co.'s Propagation 


Measurements, ECAC-CR-79-014, ECAC, Annapolis, MD, March 1978. 


9-1 2Wniteman, R. As, A Supplement to an Analysis of Bell Aerosystens Co.'s 
Flagstaff Propagation Measurements, ECAC-CR-81-029, ECAC, Annapolis, MD, 


December 1981. 
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Okumura (References 9-13 and 9-14) 
Frequencies: 150-2000 MHz. 
Path Lengths: 1-100 kn. 


Antenna Heights: Transmitting: 30-1000 m above foreground terrain. 


Receiving: 2-7 m above ground. 


Locale: Urban, suburban, open; smooth, hilly, isolated mountain, gentiy 


sloping, and land-sea; near Tokyo, Japan. 
Reported Standard Deviation: 8.5 dB, 2000 MHz, hilly suburban locale. 


Notes: The core of the model is a set of curves of data taken in a dense, 
level, urban area. Then corrections for other levels of urban buildup and 
ey terrain types were developed. Hata (see Reference 9-14) developed analytical 


expressions for Ckumura's curves. 


9-130, umura, Y., et al, “Field Strength and its Variability in VHF and UHF 


Land Mobile Service," Review of the Tokyo Electrical Communication 
Laboratory, September-October, 1968. 


pace Il 4uata, M., “Empirical Formula for Propagation Loss in Land Mobile Radio 


Services," IEEE Trans. on Veh. Tech., August 1980. 
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EPM~73 (see Reference 9-2) 
Frequencies: 20-10,000 MHz (data). 1-10,000 MHz (application). 


Path Lengths: 1.6 - 480 km (application). 0.5-965 km (data). 


3 


Antenna Height: 13000 m (application). 1-400 m (data). 


Locale: Primarily rolling plains. Long distance troposcatter measurements 
were from a wide range of areas (data). Terrain that is not mountainous 


(application). 
Reported Standard Deviation: 10 dB at 100 MHz. 14 dB at 400 MHz. 


Notes: verived from smooth-earth theory. Separate models for high and low 


values of (antenna height/wavelength). 


~~ 
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Malaga (Reference 9-15) 


Prequencies: 3-450 MHz. 
Path Langths: 0.1-4 km (data). 0.1-10 km (application). 
Antenna Height: 1.5 meters above ground (transmitter and receiver data). 


Locale: Separate equations were developed for an urban area, Boston, MA, and 


a suburban area (residential and shopping districts), Lexington, MA. 


Reported Standard Deviation: 7.7 dB for urban area, 3-450 MHz. 7.3 dB for . 
the suburban area, 3-450 MHz. 


Notes: Reyression fit of data. Uses a non-zero value of a3p° Recommends use 
of Okumura's data to adjust results for different antenna heights ("height 
gain.") Appears to be the only statistical model for urban propagation based | 
on data in the 3-50 MHz band. 


9-1 Syaraga, A., “An Empirical Path Loss Model for liF/VHF Propagation in Urban 
Areas," Radio Science, May 1981. 
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Kinase (Reference 9-16) 


Frequencies: 90-770 MHz (data). 3-1000 MHz (application). 


Path Lengths: 2-100 km 


Antenna Height: Transmitting antennas: 90-300 m above receivers. Receiving 


antennas: 3-20 nm. 


Locale: Smooth and hilly terrain, urban, suburban and rural clutter. Near 


Tokyo and Osaka, Japan. 


Reported Standard Deviation: Data are given, but the emphasis is on the 
deviation of the effects of buildings and trees, not deviation of the overall 


prediction method. 


Notes: The main statistical prediction is of the effects of clutter (i.e., ¢ 
buildings and trees) on the loss that would be expected for the same terrain 
profile with no clutter. Graphs of Kinase's clutter correction appear in 


Chapter 11 of this Handbook. 


9-16x; nase, Ae, Influences of Terrain Irregularities and Environmental Clutter 
Surroundings on the Propagation of Broadcasting Waves in the UHF and VHF 


Bands, Japan Broadcasting Corporation (NHK) Technical Monograph 14, March 
1969. 
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British Aircraft Corporation Statistical (Reference 9-17) 


Frequencies: 40-110 MHz. 
Path Lengths: 2-60 kn. 


Antenna seights: Transmitter: 13 m above ground. Receiver: 3 m above 


ground. 


Locale: West Germany. Transmitter was carefully sited. Along one radial it 
was 200 meters above the foreground. Topography included high ground with 
heavy woods. 


Reported Standard Deviation: 13.3 dB. 


Notes: Regression fits were done for the complete set of paths as well as for 
these categories of paths: line-of-sight, one obstacle, multiple obstacles. 
Author observes similarities of results for all paths with Egli's model. in 
the comparison, only the structural height of the transmitting antenna was 


used. 


9-17Lee, Be Ke, "VHP Propagation Predictions With Path Profile Methods," AGARD 
Conference Proceeding No. 244, NATO, France, September 1978. 


ue 
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AMSAA (Reference 9-18) 

Frequencies: 50-450 MHz. 

Path Lengths: 1-15 km (radial data). 1-10 km (tactical data). 
Antenna Height: 1 meter (transmitter and receiver). 


_ Lecale: Harford County, MD. Rolling hills, ridges, heavy woods. ‘the 
“radial"*’ data involved a transmitter with random siting relative to the 
terrain along some radials and careful siting with regard to the terrain along 
others. The “tactical data” involved transmitters and receivers in various 


locations ~ except hilltops. 
Reported Standard Deviation: 9.3 dB for radial data. 


Notes: Regression of data used to obtain values of Ayr Ase and a3,° Separate 7 
models for radial data, tactical data, and obstructed tactical paths. Author 
notes similarities between terrain of measurement area and terrain in portions e 


of FRG. 


eS rag es ee 


9-18stratton, S., and Prichard, D., Measured Propagation loss Data at 50, 150, 


and 450 MHz, Interim Note C-100, U.S. Army Materiel Systems Analysis 
Activity (AMSAA), Aberdeen Proving Ground, MD, May 1981. - 
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NBS TN 101, Annex 1 (Reference 9-7) 


Frequencies: See notes below. 


Path Lengths: 

Antenna Heights: 

Locale: 

Reperted Standard Deviation: 


Notes: TN 101 is known chiefly as a reference for formulas used in point to- 
point models. In Annex 1 of the report, however, there are descriptions of 


the three statistical models listed below. 


i) A predecessor of the Longley-Rice model. 
ii) A smooth-earth model with troposcatter calculations. 
iii) A very simple empirical medel using only aye Age and 83h, developed 


for (primarily) beyond line-of-sight links with carefully sited antennas. 


Rice recommends use of point-to-point models when knowledge of the terrain is 
available. For other cases, he recommends "i" as being the best of the 
statistical models. Since this has been updated (References 9-3 and 9-4) over 
the years and is now called “Longley-Rice”, readers should see the separate 


entry under this name. 
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Arctic (Reference 9-19) 

Frequencies: 150-450 MHz 

Path pengcies 1-100 kn. 

Antenna Heights: Transmitting: 7-17 m. Receiving: 1.5-3.0 m 


Locale: Canadian North West Territories. Separate models for these two 


cases: 


1. Well-sited transmitter, grcund flat and hilly, sparse vegetation, 


69° latitude. 
2. Randomsited transmitter, flat-topped hills, salt water, 75° 


latitude. 


Reported Standard Deviation: 10 dB for area 1, 15 dB for area 2. . 


Notes: Regression fitting was done to obtain Aqr Age Agar Age and ac. 


Separate values were determined for summer and winter. Notes on the effects 


of fresh-water and salt-water ice are presented. 


9-1 %palmer, FP. H., “Measurements of VHF/UHF Propagation Characteristics Over 


Arctic Paths," IEEE Trans. on Ant. and Prop., November 1980. 
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Modified Plane Earth’”20r92! 


Frequencies: 20-100 MHz 

Path Lengths: 5-80 km 

Antenna Heights: 1-9 m 

Locale: Colorado plains, forested hills outside of Cleveland, OH. 


Reported Standard Deviation: Hufford reported that the standard deviation of 
the plains data at 100 MHz, at fixed antenna heights, was about 9 dB. 


Therefore, the o of the model errors has to be at least this large. 


Notes: In the “Modified Plane Earth Model", the coefficients a, are the same 
as in the theoretical equation for a plane earth as listed in the second line 
of TABLE 9-1, (A derivation of this is shown in APPENDIX A.) The terms h;, 


‘ however are replaced by: 
hi =h. +h (9-2) 
i i e 


where hy is the effective antenna height. ‘This is a mathematical device used 
by Bullington to account for the surface wave. Hufford estimated hg to be 

150/f for vertical polarization and 50/f for horizontal. He reported that the 
resulting L, equation gave a reasonable approximation to the mean of the data 
described above. In TABLE 9-1, the values of a, and a, were derived from this 


equation: 


20[log (9 + nh) - log (1 + Ai =a, 5 (log 9 - log 1) (9-3) 


9-203 u11ington, K., “Radio Propagation Fundamentals," Bell System Technical 
Journal, May 1957. 


92TH tford, G. A., and Montgomery, J. L., & the Statistics of VHF Field 


Strength Measurements Using Low Antenna Heights - I, NBS Report 9223, 
National Bureau of Standards, Boulder, CO, May 1966. 
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TABLE 9=1 contains values of the coefficients for Equation 91 for the: 


statistical models. 


9.2.2 Supplementary Data Involving Coupling Between Two Low Antennas Over 
Irregular Terrain at UHF 


Figure 9-1 illustrates several sets of measured basic transmission loss 
values for these parameters: f *» 300 MHz, h, = h,. = 1-3 m, 1 & a(km) Ss 20. 
An equation showing the corresponding values of a, and as, also appears on the 
figure. The figure and equation are not intended to be a model. They are 
presented to alert analysts to more sets of data which may be directly 
applicable to a task at hand. The source documents are References 9-18, 9-11, 


and 9-22. 


TABLE 9-2 contains some additional measured values of ay {loss vs 
distance). TABLE 9-3 contains some additional measured values of as (loss vs 


antenna height). ‘The Barsis report cited in the TABLE is Reference 9-23. 


922 ause, L. G., UHF Radio Propagation Data For Low Antenna Heights, ERL 


134-ITS 93-1, ITS, Boulder, CO, November 1969. 


9-233 arsis, A., et al, Analysis of Propagation Measurements Over Irregular 


Terrain, ERL 114-ITS 82, ITS, Boulder, CO, March 1969. 
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TABLE 9-1 


TYPICAL VALUES OF COEFFICIENTS FOR EQUATION 9-1 


Free Space 

Plane Earth Theory 
Modified Plane Earth 
Egii® 

Eqii* 

British Aircraft 
Malaga 


AMBAA 


Longley-Ri ce? 


zpm-734 


Spherical Earth 
Theory?** F 


arctic 


Arctic 


Note: 


Parameter 
Restrictions 
Other Than Those 
Noted In Text 


hy > 108 

All paths 
Suburban 
Radial 


Urban, h. =1.5 28 (45-6.6 log hy) 


D = 1-20 ka 
hy, = 30-200 « 


f = 300 Miz 
h wh, s22 
5 = $220 ke 
(AB = 100 a) 
As above 


Az above 


Area 2, winter 


Area 2, summer 
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In this table, "--* in a coefficient column means that the parameter restrictions 


of the model or the parameter restrictions of the portion of the model presented here are 
such that the coefficient is not applicable. In contrast, "0° in a coefficient coluan 
means that the model developer believes that the parameter does not play a significant 
role in determining lons. 

"coefficients derived frou Fine, Equation 4, Reference 1, 

Ppor D in meters, 


SHata's description. 
Sooef ficients derived from curve fitting of other expressions. 


“Based on predictions from the NA computer model (see Maiuzzo and Frazier, Reference 6-8). 
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TABLE 9-2 
OBSERVED INCREASE IN LOSS (dB) 
WHEN FREQUENCY INCREASES FROM 300 MHz (ANTENNAS NEAR THE EARTH) 


Pinal Frequency (MHz) 


Measurement Locale 1000 Per Reference 


Colorado Plains 8 (15) 20 Barsis (9-23) 
Colorado Mountains 24 (46) Barsis (9-23) 


Virginia Hills 12 (23) Barsis (9-23) se 
Maryland Hills’ 16 (31)? Stratton (9-18) 
Arizona Hills and Mountains 8 (15) Whiteman (9-11) 


Median of Above : a 


*projected from 450 MHz, 


Note: The number in parentheses is the effective value of aps 


TABLE 9-3 
OBSERVED DECREASE IN LOSS 
WHEN ONE ANTENNA HEIGHT INCREASES 
FRCM 1 METER TO 3 METERS (Barsis, Reference 9-23) 


Measurement Locale 
Colorado Mountains 


Colorado Plains 


Idaho Plains 


Washington Hills 


Wyoming Hills 


4 Mis ig the value of a, also, if the transmitting antenna is at a low 
height. 
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9.3 POINT-TO-POINT MODELS 


In a sense, the history of point-to-point models extends back to a date 
no later than 1933. This was the year of the Bell Syscem Technical Journal 
article’ “4 that contained a user-oriented procedure for predicting the field 
strength due to a transmitter in the presence of a knife-edge obstacle located 
on an otherwise smooth earth. ‘The prediction depended on the specific height 
of the obstacle and its location in reference to the transmitter and point of 
observation. The colleagues of the authors of that article also described an 
application of the procedure to an analysis of air-ground measurements in the 
60 = 80 MHz range in 1933. 9725 A point~to=point procedure for predicting UHF 
television field strengths, involving iterative knife-edge calculations and 
empirical adjustments for manmade structures, was published by Epstein and 


Peterson of RCA in 1953.27 


Accomplishing a point-to-point prediction procedure by hand for a large 
number of circuits is not practical, particularly when it is appropriate to 
supplement knife-edge nomograms with calculations involving, for example, 
9-27 


Norton's four-arc diffraction equation. Therefore, computer~automated 


means of extracting parameters for the basic transmission loss equations from 
digitized representations of topographic profiles and for computing the loss 
were developed, ag will be noted, no later than about 1964. ‘This subsection 


9-245 chelleng, J. C., Burrows, C. R., and Ferrell, E. Be, "Ultra-Short Wave 


Propagation,” Bell System Technical Journal, April 1933. 


925 Englund, C. R., Crawford, A. B., and Mumford, W.W., “Some Results of a 
Study of Ultra-Short Wave Transmission Phenomena,” Proc. IRE, March 1933. 


9-262 5 stein, J., and Peterson, D., “An Experimental Study of Wave Propagation 
at 850 MC," Proc. IRE, May, 1953. 


9-27Norton, Ke As, Rice, P. Le, and Vogler, Le. E., "The Use of Angular 
Distance in Estimating Transmission Loss and Fading Range for Propagation 
Through a Turbulent Atmosphere Over Irregular Terrain," Proc. IRE, 
October, 1955. 
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addresses only these computer-automated point-to-peint models. A brief 


description of several typical examples follows. 


TIREM. The Terrain Integrated Rough Earth Model, TIREM, was developed at™ 
ECAC in the early 1960's and has been upgraded in the ensuing years .27 2879-33 
TIREM utilizes a digitized terrain profile supplied by the analyst or one 
derived from a grid of elevations from Defense Mapping Agency tapes or other 
sources. The model is applicable from 40 - 20,000 MHz. It can be used for 
line-of-sight, diffraction and tropospheric-scatter paths. ‘The primary 
validation efforts have involved antenna heights in the 3 - 500 m range, 
although air-ground studies are being conducted presently (s2e Reference 


8-5). The propagation calculations are outlined in Part 2 of this Chapter. 


9-28, nderson, D., Automatic Extraction of Propagation Parameters From Profile 
Data, ASA-40, ECAC, Annapolis, MD, June, 1963. 


9-29 prazier, W., First Extension of Automatic Propagation Parameter Extraction 
Routine, MD-106, ECAC, Annapolis, MD, January 1964. 


9-305 ack, Le, Terrain Integrated Rough Earth Model (TIREM), TN-011~-187, ECAC, 
Annapolis, MD, January 1964. 


9-31 Madison, J., TIREM Mode Selection Definition, Validation, and Proposed 
Model Improvement Efforts, ECAC-TN-73-06, ECAC, Annapolis, MD, July 1973. 


9-323 51dissar, F., An Analysis of Field Strength Contours for Public 
Broadcasting Stations, ECAC-PR-78-010, ECAC, Annapolis, MD, March 1978, 


9-33 eidenbauer, R., Powell, J., and Stuart, W., “TIREM Improvement Status," 


memo to XM/Janoski, September 1981. 
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POPROP. The Institute for Telecommunication Sciences (ITS) summarized 
many of the algorithms used in their own and in c'her point-to-point nodels in 
NBS TN-101 (Reference 9-7). The latest ITS point-to-point mouel, poprop, 2-24 
represents somewhat of a departure from the earlier work. The user can supply 
a digitized profile or the model can derive one from a grid of Defense Mapping 
Agency data. Paths are categorized as being either line-of-sight or beyond- 
line-of-sight. The former are handled by a combination of free-space 
spreading loss, ground=-proximity loss at each terminal, and a line-of-sight 
obstacle-diffraction loss. Beyond-line-of-sight losses are covered by a 
troposcatter calculation in conjunction with either a rounded obstacle or 
double-knife~edge obstacle diffraction calculation. The troposcatter routine 
is a new development by Hufford. POPROP applies to problems in the 20 - 
20,000 MHz range. Antenna heights may vary from 0.5 m to essentially 
infinity. The Longley-Rice model (References 9-3 and 9-4) is another ITS 
computer program that can be used to generate point-to-point predictions. 


University of Manchester Service Area Model.2735 This code was at 
c 


developed for predicting the coverage of transmitters for a VHF mobile radio 
network. It accesses a stored grid of terrain elevations with a 500-meter 
lateraj. spacing. Propagation calculations include free-space, plane-earth, 
line-of-sight with a knife-edge diffraction loss, beyond-line-of-sight with 1, 
2, or 3 knife-edges, and Bullington's effective knife-edge loss for paths with 
more than three discrete obstructions. The main application is for 


terrestrial antennas in the VHF band. 


9-34 nuFford, G. W., and Lonyley, A. G., A Computerized Radio Propagation Model 


for Voint-to-Point Applications, NTIA Technical Memorandum, June 1978, 
ITS, Boulder, CO, (not published). 


9-35 bawards, R., and Durkin, J., “Computer Prediction of Service Areas for VHF 
Mobile Radio Networks," Proc. IEE (London), Vol. 116, No. 9, September, 
1969. : ; 


BS aah OE ERS 
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Directorate of Radio Technology Land Mobile Services Code2~3§ mis 


uses the same profile extraction system devised by Edwards and Durkin (see 
Reference 9-35). The propagation model involves the theoretical loss over a 
smooth, spherical earth for line-of-sight links, and a weighted combination of 
smooth-sphere and knife-edge-diffraction losses for beyond-line-of-sight 
links. This beyond-line-of-sight method was described by Longley and Rice 
(see Reference 9-3). It differs from the statistical Longley-Rice model cited 
in Subsection 9.2 in that it takes into account the locations of the horizons 
resulting from the specific terrain profile between the transmitter and the 
assumed receiver location. The model is used in the VHF and UHF bands for 
terrestrial antennas. Like the code described earlier (see Reference 9-35), 
its applicability for interference calculations appears limited because there 
is no tropospheric scatter subroutine to predict propagation at long 


distances. 


British Aircraft Corporation Empirical Path Profile Method. This was 


developed by BAC from their measurements in the 40 - 110 MHz band in FRG (see 
Reference 9-17). It differs from the statistical model described in 
subsection 9.2 in that it utilizes a grid of terrain elevations with either a 
250-meter (smooth terrain) or a 125-meter (hilly terrain) lateral interval. 
Each path is categorized as to either line-of-sight, single-obstacle, or 
multiple-obstacle. Regression of measured values was used to determine 
coefficients for a loss equation that includes terms fcr path length, 
frequency, obstacle width, number of trees near an antenna, height of trees, 
distance between the horizons of the transmitter ard receiver and other 


geometrical factors. The model's applicability to other locales is not clear. 


9-36 purkin, J., "Computer Prediction of Service Areas for VHF and UHF Land 
Radio Services," IEEE Transactions on Veh. Tech., November, 1977. 
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The BBC Co-Channel Interference Mode 1973 This model accesses a 


terrain data base for Great Britain, Ireland and Northwestern Europe. Profile 


points have a 500-meter lateral separation for Great Britain and Ireland and a 
larger spacing for Europe. Building and tree information is in the data 


bank. The model applies to frequencies from about 470 to 960 MHz, and to path 


lengths up to 1000 km. Loss calculations involve smooth spherical-earth 
diffraction, wedge diffraction, multiple-knife-edge diffraction, a four-arc 
diffraction model, and tropospheric scatter. Interference fields are 


estimated for 5% and 1% of the year. 


Terrain.? 28 This is computer program applicable to line-of-sight paths 
for which the field strength can accurately be represented by the sum of the 
direct and ground-reflected rays. ‘The algorithm involves dividing the 
digitized terrain profile into a string of piecewise linear segmentse Each 
segment is examined to determine if it is visible to the transmitter and rr 
receiver. Those that are visible are then are examined to determine which one i 
is at the angle closest to the optimum for specular reflection. The effects 
of this segment are then determined using the amplitude and phase appropriate 
for rough-earth reflection. Limited validation in the UHF and SHF bands is 
reported in Reference 9-38. Some comparisons with air-ground measurements are 
reported in an ECAC study for the FAA (see Reference 8-5 in Chapter 8 of this 
Handbook). The model can access either user-supplied terrain profiles or an ‘s 


automated grid of values such as the one ECAC derived from Defense Mapping 


Agency tapes. 


9-37 x5 ng, R. We, and Causebrook, J. H., Computer Programs for UHF Co-Channel 
Interference Prediction Using a Terrain Data Bank, BBC RD 1974/6, British 


Broadcasting Corporation, U.K., February, 1974. 


9-38 ebler, W., and Leggett, R., “Deterministic Calculation of Terrain 
Dependent Propagation Loss," National Telecommunications Conference, 
Washington, DC, 1979. 
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Ohio University .9739,9-40 The Ohio University geometric-theory-of- 
diffraction (GTD) point-to-point models use both plane-surface reflection 
coefficients and edge-diffraction coefficients to predict field strengths in 
the line-of-sight region. The effects of the pattern of the transmitting 
antenna and of vegetation on the reflecting surfaces are taken into account. 
The main application of this code has been for predicting air-ground coupling 
in the VHF band. An ECAC-funded study of the applicability of the model to 
higher frequencies and to beyond-the-horizon paths will be published in late 
1982. Some preliminary results will appear in the November 1982 IEEE 
Transactions on Antennas and Propagation. 

9-41 


Wagner. The Wagner model is an extension to Hufford's 1952 integral 


approach. It has been applied successfully to one circuit at 60 MHz, but its 


consistent accuracy at frequencies of 20 MHz or higher has not been 


demonstrated. 


9- 39chamberlin, K. A., Investigation and Development of VHF Ground-Air 


Propagation Computer Modeling Including the Attenuating Effects of 
Forested Areas for Within Line-of-Sight Propagation Paths, EER 51-1, Ohio 
University, Athens, Ohio, March 1981. 


9-40, ebbers, R., et al., "GTD Terrain Reflection Model Applied to ILS Glide 


Slope", IEEE Trans. on Aerospace and Electronics Systems, January 1982. 


9-4 ort, R. He, NTIA Report 79-20, ITS, Boulder, CO, May, 1979. 
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Other recent point-to-point modeling efforts are discussed in References -. 


9-42 through 9-45. a 


9-42ueeks, M. L., VHF Propagation Over Hilly, Forested Terrain, Project Report 
April 1982. 


CMT-19, MIT Lincoln Laboratory, Lexington, MA, 


9-43 46 Mercado, J., "Microcomputers for Spectrum Management”, 
Telecommunications Journal, April 1982. 


9-44) orenz, R. W., “Field Strenqth Prediction Method for a Mobile Telephone 
System Using a Topographical Data Bank", IEE Conference Publication # 188, 
IEE, London, 1980. 


9-45 ee rrain Profile and Contours in E. M. Propagation, AGARD Conf. Proc. 


269-17, Oslo-Spatind, 1979. 
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9.4 THE ACCURACY OF POINT-TO-POINT MODELS IN COMPARISON WITH STATISTICAL 
MODELS, WHEN BOTH MODELS ARE USED TO PREDICT THE LOSS ON A SINGLE 
circurT® 


One early comparison of the accuracy of the two types of models was 
reported by Rice in 1967 (Reference 9-7). The statistical model used in the 
comparison was a regression fit to measurements taken on 200 beyond line-of- 
sight links with carefully sited antennas. (See item “iii” on Page 9-15 of 
this Handbook). The point-to-point model was based on algorithms described in 
Reference 9-7. ‘The statistical model was observed to have errors greater than . 
x 15 dB for about 13% of the paths. The point-to-point model had such errors 
for only 1% of the paths. 


The original (1968) report on the Longley-Rice model (Reference 9-3) 
contained a comparison between the statistical and point-to-point modes of 
operation of that model. In this quite influential document, the point-to- 


wr point mode was described (through graphs) as being less accurate than the 
statistical mode. One factor contributing to this result may have been an 
b 


inaccurate point-to-point algorithm for line-of-sight paths”; another factor 
was that the data shown in the comparison was part of the set used to develop 
the empirical factors in the statistical algorithms. In a subsequent report 
(Reference 9-9), an independent data set was examined, and Longley reported 
the need to isolate specific path types (such as those in which the 


transmitter and receiver have a common horizon) and then use prediction 


an error is defined here as the difference between the predicted median loss 
for a circuit and the observed loss, with both values in dB. Thus, this 
subsection does not address the ability of any model's published confidence 
limits to encompass the observed data. Rather it is concerned with the 
question of which type of model requires the user to add or subtract the 
smallest number of decibels to the model's median prediction to get a desired 
percentile of confidence for a circuit. This will generally be the model 
with the lowest rms error. 


Phe ECAC point-to-point model, TIREM, does not use this algorithm. See part 
2 of this Chapter. 
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equations uniquely suited to these path types. This is essentially a point~ 
to-point procedure, since the path profile must be used to determine which 


paths require the special treatment. 


In 1978, Boldissar (sea Reference 9-32), working with this author, 
compared the accuracies of the ECAC point-to-point model, TIREM, with that of 
three statistical models -- Longley-Rice (with the 1972 updates), EPM-73, and 
the current FCC model for VHF and UHF broadcasting coverage. 2-46 One phase of 
the comparison was concerned with measurements taken by ITS in the Colorado 
Plains, Colorado Mountains, and North East Chio (all in the 50 - 100 MHz band) 
and at the Gunbarrel Hill, Fritz Peak, and Golden sites in Colorado (in the 
230 = 751 MHz band). ‘TABLE 9-4 shows the RMS error of the TIREM in comparison 
with the RMS error for the best of the three statistical models. TABLE 9-5 
displays the results of this study in terms of the percentage of the 


predictions with errors greater than 10, 15, and 20 dB. 


In another phase of the comparison effort, the accuracies of TIREM and t- 
the FCC R=6602 (statistical) model were compared with regard to predicting 
measured values of television field strengths. The measurements were 
primarily those collected by A.D Ring and Associates for the Television 
Allocation Study Organization, TASO. Measurement sites included Baton Rouge, 
LA, Lincoln, NB, Buffalo, NY, Wilkes-Barre, PA, Fresno, CA, Columbia, SC, and 
Columbus, OH. Frequencies ranged from 55 to 790 MHz. The results are shown 
in TABLE 9-6. It is seen that TIREM's RMS error is less than 19 dB in all 
cases, and it is less than 15 dB in most cases. The statistical model has 
errors of 21, 22, 28, and 54 dB. It is seen that, while this R-6602 model is 
quite accurate when compared with the measurements used in its development, 
its performance is less accurate when predicting other data sets. The table 


also shows a shortcoming of TIREM -— it does not presently account for foliage 


9-46pamelin, Je, Daniel, W. A., Fine, H., and Waldo, G. V., Development of 


VHF and UHF Propagation Curves for TV_and FM Broadcasting, FCC Report No. 


R-6602, Federal Communications Commission, Washington, DC, September, 
1966. 
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TABLE 9-4 
COMPARISON BETWEEN A POINT-TO~POINT MODEL, 
TIREM, AND THE BEST OF THE THREE STATISTICAL MODELS: 
RMS ERRORS (Reference 9-32) 


ao #3 RMS Error (dB) 


Frequency Band 


LVHF (54-108 MHz) 
HVHF (174-216 MHz) 
UHF (470-890 MHz) 


a TABLE 9-5 
ao COMPARISON BETWEEN A POINT-TO-POINT MODEL, e 
TIREM, AND THE BEST OF THE THREE STATISTICAL MODELS: 
DISTRIBUTION OF ERRORS (see Reference 9-32) 


Percent of Paths With Errors Greater Than: 


a SSS 
TIREM 49% 16% 
Area Model 60% 30% 


attenuation automatically. ‘Thus, while its mean error is near zero for paths 


in open areas with sparse vegetation (note the UHF ITS measurements in 
Colorado and the UHF TASO measurements in Fresno), it underpredicts the UHF 
fields in areas where vegetation is more prominent. Chapter 11 of this 
Handbook contains techniques that can be used to account for the additional 
attenuation due to obstruction by foliage or manmade structures. These 


on techniques should be used to supplement TIREM predictions. 
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point models. 


utilizing a point-to-point model. 


The British Aircraft Corporation's model development effort (see 


In the 40 = 110 MHz band, it was found that the standard 


9=33/34 


SECTION - PAGE 


Reference 9-17) also included a comparison between statistical and point-to- 


deviation of prediction errors could be reduced from 13.3 dB to 7.3 dB by 
This means that the probability of, for 


example, an error greater than + 15 dB was reduced from about 26% to about 4%. 


transmission loss at frequencies of 40 MHz or higher. 


be more accurate than statistical models for predicting the basic median 
Part 2 of this chapter 


presents greater detail about the ECAC point-to-point model, TIREM. 


In summary, well-designed point-to-point models have been demonstrated to 
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CHAPTER 9 
SURFACE=TO-SURFACE PROPAGATION 
IN THE 40 MHz - 20 GHz BAND: MEDIAN LOSS 
PART 2: THE TERRAIN INTEGRATED ROUGH EARTH MODEL (TIREM) 
By: R. Meidenbauer 


The Terrain Integrated Rough Earth Model (TIREM) evaluates the profile 
between two sites and, based on the geometry of the profile, selects a mode of 


propagation. Appropriate formulations are then applied to compute the basic 


transmission loss. 


The actual terrain profiles must be' represented by a set of discrete 


The position of each point along the profile is described by a 


points. 
This set of 


distance and an elevation above sea level as shown in Figure 9-2. 


terrain points may be generated from a topographic data file or read from a 


set of input cards. 


TIREM is applicable to problems in the 40 MHz to 20 GHz band. Both 


ground-wave and tropospheric-scatter modes of propagation are considered; 


ionospheric models are not treated. 


9.5 SYNOPSIS OF MODEL THEORY (see Reference 9-32) 


TIREM computes the median basic transmission loss in three steps. First, 


the model obtains the required terrain profile either by reading the 
appropriate input cards or by generating it from a topographic data base. 
Next, the terrain profile is examined, and an initial mode of propagation is 


selected based on the path geometry. The model then branches to the 


appropriate subroutines that actually compute the loss. 


The parameter extractor processes the terrain profile to derive the 


information needed for primary mode selection. These parameters include radio 


horizon distances, effective antenna heights, and path angular distances. 
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Refrictive effects of the earth's atmosphere are accounted for by using an 


effective earth's radius (see Reference 9-7) at heights below 1 cilometer and 


the CRPL exponential reference atmosphere’ *" at greater heights. 


The radio horizon distances calculated by the parameter extractor are 
sed to select an inital mode, based on whether the given rath is within the 
horizon or beyond it. The final determination of propagation =ode is based on 
a number of parameters (such as Fresnel clearance). Each of the 12 differen* 
modes of TIREM is briefly described below. A flow chart for the model is 


provided in Appendix 8B. 


9.5.1 Line~of-Sight-Modes 


If the propagation path is within the radio horizon, the loss is computed 
by one of three line-of-sight (LOS) modes. The selection of modes is based on 


the ratio of the minimum ray clearance above the terrain, h, to the width of 


WT the first Fresnel zone at that point, r (see Figure 9-3). 
Model 8 (line-of-sight, free space): If h/r is greater than 1.5, 
LOS -FS the ray is well above the terrain and free-space loss is 
used. 


Model 7 (line-of-sight, rough earth): If h/r is less than 0.5, the 
LOS -RE ray is very near the earth's surface, and an empirical, 


rough-earth formulation?~® 9-3 is used to compute the loss. 
Model 5 (line-of-sight, transition): If h/r is between 0.5 and 
LOS-TR 1.5, a weighted combination of the free-space and rough 


earth losses is used. 


9-47 x0an, B. Re, and Thayer, G. D., CRPL Exponential Reference Atmosphere, NBS 
Monograph 4, October 1959, 
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Ce ELLIPSE 


= minimum ratio of h to r along the entire path 


ni 


h 
If 23 1.5, use free-space loss (LOS-FS mode) a 


If < 0.5, use empirical rough-earth loss (LOS-RE mode) 


his 


If 0.5 < 3 < 1.5, use weighted combination (LOS-TR mode) 


Figure 9-3. line-of-sight propagation modes in TIREM. 


’ 
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9.5.2 Beyond Line-of-Sight Modes 


If the propagation path extends beyond the horizon, the wave can reach 
the receiving antenna by diffracting around the terrain or by scattering from 
the troposphere. TIREM has four diffraction modes and one tropospheric=- 


scatter mode. 


Model 2 (knife-edge diffraction, beyond line-of-sight): If the 

KEBLS transmitting antenna and the receiving antenna have a 
common radio horizon along the great-circle ter ain profile 
(see Figure 9-4), the propagation path can be characterized 
by a single diffracting knife-edge. Fresnel-Kirchoff 
diffraction theory is sed to edenuce the loss due to 
diffraction of the wave around the obstacle. If the paths 
of the radio rays on aither side of the obstacle are near 
the terrain, the effects of ground reflections are also 
included (see Reference 9-27). 

Model 6 (rough-earth diffraction): This mode is based on Norton's 

RED work as detailed in APPENDIX I of Reference 9-27. It 
involves fitting four smooth curves to the terrain, as 
shown in Figure 9-5, and applying smooth-earth diffraction 
theory modified to accommodate the four different effective 
earth radii. Approximations introduced in the diffraction 
theory limit this mcde to propagation paths with large 
angular distances (9, 1n Figure 9-5). 

Model 1 (effective knife-edge diffraction): If there are two 

EFFKE disti:.ct radio horizons and the angular distance is tco 


small to use the RED mode, a recovery procedure is used. 


y: 
on a 
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Figure 9-4. Single knife-edge diffraction geometry (KEBLS mode). 


Smet 6 GEE 


Figure 9-5. General rough-earth diffraction geometry (RED mode). 
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Following Bullington, 2748 the propagation path is modeled 
with an equivalent knife-edge as shown in Figure 9-6. The 
game formulations that are applied in the KEBLS mode are 
used to compute the loss. 

Model 4 (effective knife-edge/rough-earth diffraction): A study of 
EFFRED the selection processes in the KEBLS mode and the RED mode 
showed that abrupt transitions sometimes occur when the 
mode selector switches between them. 2749 Therefore, a 
weighted combination of EFFKE and RED calculations is used 
when the radio horizons are less than two statute miles 
apart. 
Model 9 (tropospheric scatter): Transhorizon propagation via 
TROSC forward scattering in the troposphere is usually dominant 
for paths that extend well beyond the radio horizon. TIREM 
calculates long-term median values of troposcatter loss 
using methods based on a very large sample of experimental 
ey data. 975° 
Model 12 (effective double knife-edge): EFFDBL is a double knife~ 
EFFDBL edge diffraction formulation used as a troposcatter 
_Fecovery mode. Comparisons with measured data (see 
Reference 9-31) showed that the TROSC mode gave poor 


results for propagation paths that were very asymmetric 


9-483 u1lington, K., "Radio Propagation at Frequencies Above 30 Megacycles," 
Proc. IRE, Vol. 35, October 1947, pp. 1122-1136. 


$-494adigson, J. A., Program Change Request, February 1976. 
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9-507. ternational Radio Consultative Committee, CCIR, Tropospheric Wave 
of Transmission Loss Prediction, CCIR Doc. V/23-E, March 1962. 
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he 


EQUIVALENT KNIFE EDGE 


Figure 9-6. Effective knife-edge diffraction geometry (EFFKE mode). 
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(paths where one radio horizon had a short, steep rise). The 


comparisons also showed that the double knife-edge model of gacco?~>! 


gave better results for the same paths. Thus, this diffraction loss Re 


is used in place of the TROSC loss when the path becomes very 


asymmetrical. 


9.5.3 Combination Modes 


Since the main mode of propagation for beyond-the-horizon paths can he 
diffraction, troposcatter, or a combination of both, weighting schemes are 
used to combine the losses. Modes are also combined to eliminate 


discontinuties encountered when switching between modes. 


Model 10 (diffraction-scatter 1): If the diffraction and 
DIFSC1 troposcatter losses are within 18 dB of each other, neither 
7 mechanism dominates. This mode follows the procedure from 
ay Reference 9-7 to combine the losses for the DIFSC1 loss. 
Model 11 (diffractionm-scatter 2): This mode combines the DIFSC1 
DIFSC2 loss with the EFFDBL loss to eliminate large 
discontinuities at points of transition between the modes LF 
(see Reference 9-49). : 
Model 11 (diffraction-scatter 3): This mode is similar to the 
DIFSC3 DIFSC2 mode except that the TROSC and EFFDBL losses are 


combined. 


9.5.4 Atmospheric Absorption 


For frequencies greater than 1 GHz, attenuation due to absorption by 


atmospheric oxygen and water vapor is computed and included in the prediction 


9-5 lpavia, P, and Voge, J., Propagation of Waves, Pergamon Press, 1969, 
pe 111. 
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9-52 The absorption model uses a profile of atmospheric 


of median path loss. 
temperature, pressure, and water vapor content to determine differential 


absorption coefficients, which are numerically integrated over the path. 


9.5.5 Rain Scatter Coupling 


The HYDRO subroutine’ ~>? is used to compute nonm-great~-circle coupling due 
to scatter from columns of rain. HYDRO is based on the program of this name 
that L. Burch of COMSAT developed. The present version uses the equations 


from CCIR Renort 448-1 (1974). 
ar) 


9.5.6 FY-81/FY-82 TIREM Improvement Tasks ian 


Tasks were initiated in FY-81 to upgrade both the engineering 
formulations (TIREM Improvement Task) and the computer coding (TIREM Upgrade 
Task) of the TIREM model. The coding upgrade task was completed in FY-81. 
The TIREM Improvement Task is being continued through FY-82. 


During the FY-81 portion of the TIREM Improvement task, four improvements 


were evaluated: 


1. Multiple knife-edge diffraction 
2. Rounded knife-edge diffraction 
3. Effects of nearby terrain obstacles 


4. Geometrical Theory of Diffraction 


The results of this evaluation are described in Reference 9-33. None of 


these modifications were included as part of the FY-81 TIREM revision. 


9-525 1dissar, F., ECAC Program Change Request, February 1978. 


933 snyder, S., Predicting Interference in the 1-40 GHz Band Due to Scatter 
from Rain, ECAC-TN~-77-009, ECAC, Annapolis, MD, June 1977. as 
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In addition to evaluating the proposed improvements noted above, several 
additional modifications were investigated as possible corrections for errors 
and problems encountered by project engineers using TIREM. The specific 


modifications incorporated into TIREM were: 


1. Modification of the LOS-RE mode to correct for discontinuities 
caused by a switch between the 1972 Longley-Rice procedure and the 1970 
Longley-Reasoner procedure, which occurred when the smooth-earth horizon 


distance limitation was violated. 


2. Correction of an error in the height-gain clearance calculations 


in the EFFKE mode. 


3. Inclusion of a height-gain interpolation routine to ease abrupt 


changes in the loss predicted by the KEBLS, EFFKE, and EFFDBL modes. 


ww Ongoing FY-82 work should result in the inclusion of routines to handle 
multiple knife-edge diffraction effects and the effects of nearby terrain 
obstacles. Another improvement being studied is the inclusion of additional 
terms in the Bremmer series in the RED mode. HYDRO is also being updated. 
The FY-81 evaluation revealed that no improvement in TIREM predictions was 
obtained by including a rounded knife-edge diffraction calculations and hence 
this mode will not be added to TIREM. Through an FY-82 external support task, 
ECAC has funded Ohio University personnel to extend their FAA-sponsored GTD 
model for ECAC use. It is expected that the inclusion of this GTD model in 
TIREM will be investigated in a future task. 
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9.6 COMPARISON OF TIREM PREDICTIONS WITH MEASUREMENTS? 


TIREM predictions were compared with measured data in the Propagation 
Measurement Retrieval System (PMRS) for a wide variety of path parameters. 
The results of this comparison are shown in TABLE 9-7. ‘The mean, standard 
deviation, and RMS values are shown for the set of prediction errors formed by 
subtracting the measured values of basis transmission loss from the predicted 


values. 


4the error statistics given in this report were generated before the inclusion 
of the FY-81 improvements. An overview of the improvement in model accuracy 
after the inclusion is given in Reference 9-33. 
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CHAPTER 10 
TIME VARIABILITY OF LOSS ON TERRESTRIAL PATHS 
AT FREQUENCIES HIGHER THAN 40 MHz 


By: M. Weissberger 


The preceding chapter was a description of models that can be used to 
predict the median loss of signals at frequencies greater than 40 MHz. The 
magnitude of such signals can vary substantially from the median value as the 
result of changes in the structure and content of the troposphere and, be low 


about 100 MHz, the ionosphere. 


Given the task of determining if a communications system will satisfy a 


relation such as this: 


(S/T)(t) > (S/T) (10-1) 
where (S/I)(t) is the signal-to~interference ratio (non-logarithmic units) at ici 
time t and (S/T) ey is the threshold S/I ratio needed for a particular quality 
of circuit, the engineer must know the statistics of the fades of S and the 


enhancements of I that occur during a particular interval of time. 


A great deal of research is being conducted on this important subject. 
Until an adequate summary can be prepared, the following annotated bibliograpy 
is presented to guide self study of the subject. 
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CCIR, “The Evaluation of Propagation Factors in Interference Problems 
Between Stations on the Surface of the Earth at Frequencies Above About 
0.5 GHz", Draft Report 569-1, 9 September 1981. Contains the CCIR's most 
up-to-date models for ducting end rain-scatter coupling. To be used for 
interference analyses rather than cull analyses. Will be published in the 
1982 Plenary Assembly Reports. 


Dougherty, H. T., and Dutton, E. J., The Role of Elevated Ducting for Radio 
Service and Interference Fields, NTIA-Report-81-69, ITS, Boulder, CO, 


March 1981, Summarizes the Sylvania duct occurrence data that applies to 
the 48 states. Presents analytic expressions for the loss in a duct. 


Dougherty, H. T., A Survey of Microwave Fading Mechanisms, and Applications, 
co, 


ESSA Tech Report ERL 69-WPL 4, Wave Propagation Laboratories, Boulder, 
March 1968 Emphasis on the physical basis for different types of fading 


on line-of-sight links. Tutorial style. 


Norton, K. A, et. al., “The Use of Angular Pistance in Estimating Transmission 
Loss and Fading Range", Proc. IRE, October 1955. Gives some physical 
insight into the shape of the long-term time variability curves published 
later in NBS TN-101 and in NTIA-IM-79-28. 


Kuhn, U., “Propagation Measurements Beyond Line-of-Sight During 
Thunderstorms", Proc. IEE, June 1968 Observes that a thunderstorm caused 
enhancements of the received signal by 40 dB. This provides a caution to 
those who are ready to build a ducting model with the intention of 
explaining all beyond=-line-of-sight signal enhancements. 


Dougherty, H. T., “Recent Progress in Duct Propagation Predictions", IEEE 


Trans. Ant. and Prop., July 197% Discusses theoretical modeling and 
states results of personal reviews of measurements. 


CCIR, “Propagation Data Required for the Evaluation of Coordination Distance 
in the Frequency Range 1 to 40 GHz", Draft Report 724, 9 September 1981. 
Contains a ducting model and a rain-scatter coupling model suitable for a 
cull procedure. Will be published in the 1982 Plenary Assembly Reports. 


Crane, Re. Ke, "A Review of Transhorizon Propagation Phenomena", Radio Science, 
September 1981. A discussion of the phenomena that case enhancements of 
fields beyond the radio horizon. Emphasis is on ducting and rain-scatter 


coupling. 


Longley, A. G, and Hufford, G. A., The Long-Term Variability of Radio 


Signals - A New Empirical Study, NTIA-TM-79-28, ITS, Boulder, CO, December 
1979. Reviews the accuracy of the NBS TN 101 method for predicting long~- 


term enhancements. Finds the method satisfactory for 10% of the year, but 
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recommends use of models based on specific physical mechanisms for smaller 
percentages of time. Study was funded by ECAC. : 


Wheeler, M. S., "Microwave Relay Fading Statistics as a Function of Terrain 
Clearance Factor", IEEE Trans. on Ant. and Prop., March 1977. Relates the 
Bell Labs (Barnett-Vigants) model to work by Morita and Battesti. Shows 
that ray-path clearance is a key parameter. (It is possible that angle 
and length are more important and that ray path clearance is frequently 
correlated with these.) : 


Vigants, A., "Microwave Radio Obstruction Fading", Bell System Technical 
Journal, July 1981. Discusses a method for determining the antenna 
heights needed to prevent obstruction of the ray path during unusual 


refractive-index structures. 


Ruthroff, C. Le, "Multiple-path Fading on Line-of-Sight Microwave Radio 
Systems as a Function of Path Length and Frequency", Bell System Technical 
Journal, Vol. 50, No. 7, 197%. Shows how the Barnett-Vigants empirical- 
fading-statistics model is explained by steoenper ie multi-path rather than 
grountreflected multi-path. 
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Troitsky, V. Ne, “A Mathod for Determining Statistical Characteristics of SHF, 
UHF, and VHF Interfering Signals over Long Distances in Land and Coastal 
Areas", 4th Symposium and Technical Exhibition on Electromagnetic 
Compatibility, Zurich, March 10-12, 1981. A straightforward graphical 
procedure for estimating enhancements. Supported by data in the USSR and 
other parts of the world. 


Sasaki, O., et. alo, “Multipath Delay Characteristics on Line-of-Sight 
Microwave Radio System* (sic) IEEE Trans. on Communications, December 
1979, Reviews theory and measurements of the atmospheric structure that 
causes multipath on line-of-sight systems. 


Vigants, A., "Space Diversity Engineering", Bell System Technical Journal, 
January 1975. Empirical model for fading statistics for line-of-sight 


systems in the 2-11 GHz band. Update of the “Barnett” and "“Lenkurt” 


| models. 


Damossi, E., et. al., "A Systematic Comparison of Rain Attenuation and 
Prediction Methods, for Terrestrial Paths”, URSI Commission F Open 


Symposium, Pre-prints of Fapers, Lennoxville, Canada, May 1980. Compares 
several types of predictions with 11-18 GHz data from Italy. 


7 Crane, Re K., A Two-Component Rain Model for the Prediction of Attenuation 
. and Diversity Improvement, Thayer School of Engineering, Dartmouth 


College, NH, February 1982. Model for predicting the attenuation 
statistics due to rain on terrestrial and earth-space paths. Includes 
validation and comparisons with the CCIR model. 


Lin, S. H. “Nationwide Long Term Rain Rate Statistics and Enpirical 
Calculations of 11 GHz Microwave Rain Attenuation", Bell System Technical 
Journal, November 1977. ‘The Bell Labs method. Used in the ITS ADSEM 
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model. Should be used with 5-minute average rain data, which is not 
readily available. 


Ince, A. Ne, @t. ale, “A Review of Scatter Communications”, AGARD 


Conference Proceedings No. 244, NATO, Neuilly Sur Seine, France, October 


1977. Contains information of the short-term fading characteristics of 
beyond line-of-sight links. Also presents meteor-scatter data for the 
lower VHF frequencies. 


Bullington, K. “Radio Propagation Fundamentals", Bell System Technical 
Journal, May 1957. Contains a means for estimating fading on line-of- 


sight links at frequencies below 2 GHz. 


Weissberger, M. A., “Documentation of the Propagation Models and Data for 
the Air Force Simulation Support (AFSIMS) Task", ECAC memorandum to 
AF/SAGR, December 1980. Discusses method of accounting for short-term and 
long-term time variability in a Monte Carlo simulation. 


Marcus, S, et. al., A Model to Compute EM Fields in Tropospheric Duct 


Environments at Frequencies Through SHF, ESD-TR-81-102, ECAC, Annapolis, 
MD, September 1981. A theoretical duct model developed at ECAC. 
Overcomes mathematical limitations of previous solutions. Requires 
knowledge of refractive index structure. Validated. 


Proceedings of Conference on Atmospheric Refractive Effects Assessment, e 


NOSC TD 260, Naval Ocean Systems Center, San Diego, CA, June 1979. 
Includes discussion of models such as the Navy's Integrated Refractive 
Effects Prediction System (IREPS). Addresses the collection and use of 
both real-time and historical meteorological data. Contains an overview 
of the GTE Sylvania ducting statistics data base. 


Palmer, F. H., Report on the Great Lakes Propagation Measurements Program: 


Comparisons of the Canadian Data with Predictions of FCC R-6602, CRC 
Report 1332, Communications Research Centre, Ottawa, Canada, February, 
1980. Discusses seasonal and diurnal variations of signal strengths 
measured on long ( 160 km) paths in the Great Lakes area. The circuits 
involved one high and one low antenna. Frequencies were in the 50-900 MHz 


band. 


Hause, L. G., and Wortendyke, D. R., Automated Digital System Engineering 


Model, NTIA Tech Report 79-18, ITS, Boulder, CO, 1979. Includes short 
term multipath and rain attenuation models for line-of-sight terrestrial 
links. Has a procedure for relating worst month statistics to annual 
values. See also the article by Bursis and the Wortendyke in the 


May, 1982 Transactions on Antennas and Propagation. 


CCIR, “VHF Propagation by Regular Layers, Sporadic-E, or Other Anomalous 
Ionization", Report 259-4, Recommendations and Reports of the CCIR, 1978, 
ITU, Geneva, 1978. Presents an overview of Sporadic-E and other 
ionospheric propagation mechanisms that can cause signal enhancements at 
frequencies below about 100 MHz. -#F 
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Hauber, J., Exercise Support Program User's Manual, ECAC-UM~79-002, ECAC, \ 
Annapolis, MD, March 1979. Documents a version of TIREM that contains : 
short-term fading statistics. Used for computing reliability of tactical 
links in the 4400-5000 MHz band. Uses Vigants’ equations as published by 
Lenkurt. 


Weissberger, M. A., et al., “Estimating Outage Time in Terrestrial Microwave 
Systems Caused by Mobile or Stationary In-Band Interference Sources," 1975 
IEEE Electromagnetic Compatibility Symposium Record, San Antonio, TX, 
October, 1975. Provides a technique for integrating time variability 
models into a band sharing study. (This publication is presented as 
Appendix D herein.) 


tes moe te een a re a 8 I TE TT ns rn ee re 
'~ ete ee Sg i Fe aves a Ae oo ee i F + ee ‘ ee : aia DO ie iE Be eS . 


wea Mat ate te te 


11-1 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


REVISION DATE 


SECTION - PAGE 


CHAPTER 11 
OBSTRUCTION BY VEGETATION AND 


MAN-MADE STRUCTURES 
By: M. Weissberger 


i 11.1 INTRODUCTION 


This chapter contains formulas and graphs that can be used to determine 
the effects of vegetation and man-made structures on basic transmission loss. 
The chapter summarizes work contained in References 11-1 and 11-2, and updates 
material in Reference 11-3. Sections 11.2 through 11.6 deal with vegetation; 


Section 11.7 with man-made structures. 


Section 11.2 presents the Modified Experimental Decay (MED) model. This 
can be used to predict the attenuation caused by propagation through (in 
contrast to over) groves of trees in a temperate forest. Comparisons with 


wy" measurements in the 230 MHz to 95 GHz frequency range are presented. 


Section 11.3 shows how to apply the diffraction model to problems in 
which the antennas are far enough from the trees so that the radiation 
propagates over the forest, rather than through it. Examples in the 25 MHz to 


5 GHz range are presented. 


11~IWeissberger, M. A., An Initital Critical Summary of Models for Predicting 


the Attenuation of Radio Waves by Trees, ECAC-TR-81-101, Electromagnetic 
Compatibility Analyis Center, Annapolis, MD, July 1982. 


11~2yeissberger, M. A., and Hauber, J., “Modeling the Increase in Loss Caused 
by Propagation Through a Grove of Trees," Abstracts of the North American 


Radio Science Meeting, Quebec, Canada, cune 1980. 


11-3yeissberger, M. A., Jablinski, R., "Examples of Models to Account for the 
Effects of Man-made Structures on Path Loss and Radio Line of Sight", in 
= ECAC-TN-79-027, Electromagnetic Compatibility Analysis Center, Annapolis 
‘ MD, August 1975. 
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Section 11.4 contains a description of Kinase's modei''~4 for predicting 
the loss that occurs when one antenna is elevated well above the forest and 
the second antenna is located in a region, n% of which is covered with 
vegetation or man-made structures. The basis for the model is data in the 80- 
700 MHz band. 

Section 11.5 is a description of the Jansky & Bailey empirical moder! 1-5 
for computing the basic transmission loss between two low (2 - 7 m) antennas 
immersed in a tropical jungle. Path lengths can vary from 0.08 to 1.6 km. 
The model applies to the 25-400 MHz band. 


Section 11.6 is a summary of data about the variation of signal strength 
with position that occurs when an antenna is moved through a forest. This 
variability can affect system performance as much as the mean attenuations 


predicted by the models in Section 11.3, 11.4 and 11.5. 


Section 11.7 describes models of the effects of urban structures on basic e 


transmission loss. 
11.2 THE MODIFIED EXPONENTIAL DECAY (MED) MODEL {see References 11-1 and 11-2) 
11.2.1 General Discussion and a Manual Model 

This model applies to problems in which at least one of the antennas is 


close enough to a grove of trees so that the majority of energy transmitted or 


received by the antenna flows through the trees, rather than over then. 


11-4y5 nase, Ae, Influences of Terrain Irregularities and Environmental Clutter 


Surroundings on the Propagation of Broadcasting Waves in the UHF and VHF 
Bands, NHK Technical Monograph NO. 14, Japan Broadcasting Corporation, 


Tokyo, Japan, March 1969. 


11-5 3a nsky & Bailey Engineering Department, Tropical Tropagation Research, 
Final Report, Volume 1, Atlantic Research Cornoration, Alexandria, VA, 
1966. 


- 
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Applicability is best determined on a case-by-case basis by comparing MED 


predictions with mife-edge diffraction calculations (Section 11.3.1). The 
model that predicts the lower loss will be the model that is best suited to 
the actual problem. A preliminary estimate of the result can be obtained by 
examining the distance to the trees from the antenna that is nearest the 
trees. One measure of this distance is the take-off angle from the antenna 
that is nearest the trees to the tops of the trees. When one of the antennas 
is immersed in the foliage, for example, this angle will be 90¢. As both 
antennas are moved very far from the forest, this angle will approach 0°. The 
MED model was found to be applicable tn ali of the cases examined in Reference 
11-1 for which the takeoff angle was greater than 26°. It was also applicable 


to some of the examples with takeoff angles as small as 8°. 


zaformation regarding the frequencies and depths of trees for which the 
model was found to be applicable are shown in Figure 11-1. 


wy The Equations for predicting received power using the MED model are: 
P, * Po +G,*+G- 457 od, (11-1) 
with 
a= 1.33 meena. oeane 14 <4, < 400 (11=2a) 
= 0.45 p°°784 O<d,< 14 (11=2b) 


Somme anenemn ame 
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s boundar. MHz, 400 meters) show 
regions beyond which the model will not perform 
well. Dashed boundaries indicate limits of avail-= 
ze able data. It is possible that the model will be & 
satisfactory outside of these limits. = 


Stes a ee = —— td 


Frequency (GHz) 


Figure 11-1. Observed range of applicability of the MED model for 
temperate forests (see Reference 11-1). 
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where 


P = received power, in dBm 


R 

Pp = transmitted power, in dBm 
Gp = transmitter antenna gain, in dBi 
Gp = receiver antenna gain, in dBi 


Lo = basic transmission loss in the absence of foliage, in dB 
de = depth of the grove of trees, meters 

F = frequency, GHz 

a = differential attenuation, in dB/m 
(In, + ade = U, as previously defined). 


Equation 11-2a was developed by organizing a large set of measurements 
taken by Mc Quate ! 1-6 in @lorado. Equation 11-2b was developed to extend 
Equation 11-2a to values of d, small enough so that a does not decrease with 


distance. 


11.2.2 Status of the Gmputer Model 


At the present time, this model is not implemented on the UNIVAC computer 
at ECAC. If stored data about the location of foliage is added to ECAC‘s 
Topographic Data Base, the model could be used as a TIREM subroutine. 


11.2.3 Validation and Comparison with other Models 


In this subsection, predictions from the MED model are compared with 
measurements and with predictions from the Exponential Decay (EXD) model. 
Greater detail on this subject can be found in Section 2 and Appendix A of 


Reference 11-1. 


11-6yc quate et al., Tabulations of Propagation Data Over Irregular Terrain in 
the 230-9200 MHz Frequency Range, Part I; Gunbarrel Hill Receiver Site, 


ESSA-TR-ERL-65-ITS 58-1, Boulder, CO, March 1968. 
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11.2.3.1 Qralitative Contrasts with the Exponential Decay (EXD) Mdel 


The EXD model is the traditional means of estimating the additional loss 


caused by propagation through vegetation.!!~7- 11-8, 11-9, 11-10, 11-11, 11-12, 


11-13 Equation 1i-1 is used to compute received power, but a, unlike a from 
the MED model, is not a function of distance. Oe widely used EXD expression 


for a is: 
0.77 | (11-3) 
This was documented by LaGrone (see Reference 11-8) and is based on the data 


of Saxton and Lane (see Reference 11-7). (This type of expression is called 
an Exponential Decay model because, if it is inserted in Equation 11-1 and the 


11=7saxton, J. A. and Lane, J. A., “VHF and UHF Reception, Effects of Trees 
and Other Opstacles," Wireless World, May 1955. 


11-8) ,Grone, A. H., “Forecasting Television Service Fields," Proc. IRE, June 
1960. 


11-Sourrie, N. C., Martin, E. E., and Dyer, F. B., Radar Foliage Panetration 
Measurements at Millimeter Wavelengths, ESS/GIT~A-1485-TR-4, Georgia 
Institute of Technology, Atlanta, GA, 31 December 1975, ANA023838. 


11-107) ternational Radio Consultative Committee (CCIR), “Influence of Terrain 
Irregularities and Vegetation on Tropospheric Propagation," Report 235-4, 
XIV Plenary Assembly, Internaticnal Telecomminicaticons Union, Geneva, 


Switzerland, 1978. 


V-ilyreysky, S., “HF and VHF Radio Wave Attenuation Through Jungle and Woods," 


IEEE Transactions on Antennas and Propagation, July 1963. 


V1-1 2a ankel, M. S., L-Band rorest Experiments. Packet Radio Temporary Note 
254 SRI International, Menlo Park, CA, 19 May 1978. 


M13; ete, J, A. and Deiderichs, P. J., PLRS Sround-to-Ground Propagation 
TES Technical Report (Draft), FR-80~14-6, Hughes Aircraft Company, 
Fullerton, CA, January 1980. 
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antilog is taken of the result, then it is seen that the additional reduction 


' 
a 
of received power due to the foliage has the form e fh) 


‘me empirical Modified Exponential Decay model describes a slower 
increase in attenuation with distance -- eo a, 7 vee In terms of 
decibels, the difference can be appreciated by noting that if the loss due to 
propagation through x meters of trees is 10 dB, then the EXD model predicts 
that the loss due to 2x meters of trees is 20 dB -- i.e., the average number 
of decibels of loss added by each meter of trees, a, remains constant 
regardless of dg. Hyuation 11-2a of the MED model predicts that the loss 
through 2x maters of trees will be only 15 dB -- i.e., the average number of 
decibels of loss, a, decreases as the depth of the trees increases. Figure 
11-2 illustrates a comparison between the measured values of a and the MED and 
EXD predictions. It is seen that the MED model predicts the measured trend 
more accurately. ‘The measurements shown are from a Hughes Aircraft study (see 


Reference 11-13) and are independent. of those used to develop the MED model. 


The EXD model is consistent with the theoretical result obtained when one 
analyzes propagation through an infinite medium, whether it is filled with 
discrete scatterers (see, e.g-, Ishimarn's text! '-14) or a lossy-dielectric 
continuum. A plausible physical interpretation cf the behavior described by 
the MED model is based on the observation that the forest is not an infinite, 
uniform medium.e In many instances it can be described in terms of three 
vertical layers -- bare trunks, trunks with branches and leaves or needles, 
and air. The MED model applies to cases in which the direct ray between the 
transmitter and receiver is through the middle layer, which is also the layer 
with the greatest attenuation. For small values of dg, almost all of the 
energy propagates through the highly attenuating region. As dg grows larger, 


11-14y;ehimaru, A., Wave Propagation and Scattering in Random Media, Academic 


Press, New York, NY, 1978. 
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N, 
‘ 


an increasing fraction‘of the energy begins to propagate through the other two 
regions- Since these regions catse less attenuation per meter, the average a 


for the entire path begins to decrease. 


The MED nodel predicts a different frequency dependence of a than EXD- 
model Hyuation 11-3 predicts -- p0+284 Jersus FO+770 The magnitude of the 
difference between these relations can be better appreciated by noting that 
the MED equation predicts that the loss due to foliage at 4000 MHz will be 
130% larger than the loss at 200 MHz. ‘The EXD equation predicts that the 
increase will be 900%. In Reference 11-1, data from three geographical areas 
are shown in comparison with MED and predictions. It is seen that the MED 
predictions are more accurate. (A more recent comparison of tha model 
predictions with another set of data! '715 also supports the relative accuracy 
of the MED frequency trend.) Because the EXD model is also based on 
measurements it is at first puzzling that it should predict such a different 
trend. As is explained in Reference 11-1, the problem is probably traceable 
to the particular set of measurements on which the EXD model is based. ‘These 
measurements represent a variety of frequencies and a variety of values of 
dg» However, there is a correlation between these two parameters -~ in 
general, the higher frequency data was measured through smaller tree depths 
than wag the lower frequency data. The effective a's computed from this data 
are larger at the high frequecies for two reasons. First, the loss due to a 
fixed amount of foliage becomes greater, in general, as frequency increases. 
Second, at a fixed frequency, the dB/meter due to a small grove of trees is 
more than the dB/meter due to a large grove. This is because, as has just 
been suggested, when the tree depth increases, a higher percentage of energy 
propagates outside the highly-attenuating branchy region. ‘hus, since tree 
depth was not considered in the development of EXD Hyuaticn 11-3, the 
empirically-determined exponent of F carries the weight of two different 


phenomena. It appears that the developers of Hquation 11-3 would have arrived 


11-1544 olette, E. Je, ete ale, SHF-EHF Propagation Through Vegetation on 


Colorado East Slope, CECOM-8i-CS020, Institute for Telecommnication 
Sciences, Boulder, CO, June 1981, TABLE 4-3. 
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at a smaller (and more generally applicable) value of the exponent of F if 
they had had access to measurements of signals at many frequencies propagating 


through a single depth of trees. 


(Another contributing factor to the discrepancy between the two 
relationships is the fact that they were developed from data in different 
frequency ranges. ‘The EXD relationships were developed from data at 
frequencies as low as 100 MHz. ‘The MED relation is based on data at 230 MHz 
and above.) 


11.2.3.2 Quantitative Gomparisons Between the MED, EXD and Measured loss 


Values. 


The rms errors of the two models are shown in TABLE 11-1. The MED model 
is consistently more accurate. An examination of individual measurements 
shows that very often the accuracy of the two models is comparable when the 
product F . d,s (GHz . m) is less than about 100. The errors of the EXD model 
tend to be a substantial overprediction of loss when F . d¢ is larger than 
100. Figures 11-3 and 11-4 depict examples of this. 


The 9.6 - 57.6 GHz data for dg > 10 m in Reference 11-15 were, on the 
average, 13 dB higher than the MED predictions. Therefore, one should be 
cautious in using the model for large depths of trees at frequencies greater 
than about 10 GHz. The EXD model predicts an average of 31 dB too much loss 
for this data set. 


Other remarks regarding observed constraints on use of the MED model are: 


ae The model will generally predict too much loss when the 
frequency is less than 200 MHz or the depth of trees is greater than 400 


meters. 


be The model applies to dense groves of in-leaf (or with-needle) 
trees. Some data for leafless trees is sumnarized in subsection 2.7.2 of 
Reference 11-1. The model will predict too much loss for propagation through 


Sparse groves of trees, hut no means of quantifying this loss are available. 
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Ce The model predictions are for situations in which the exteriors 
of the trees are not wet from a recent rain. Some data applicable to wet 


trees appear in wubsection 2.7.3 of Reference 11-1 and in Reference 11-15. 


de The model applies to propagation in temperate iatitude woods. 
The measurements used to develop and validate the model were taken in 
Colorado, California, Florida, Pennsylvania, Georgia, and Ingland. Mdels 
applicable to tropical forests, such as 1n Thailand and Panama, are discussed 


in subsection 11.5 of this Chapter. 


TABLE 11-1 
COMPARISON OF THE RMS PREDICTION ERRORS 
OF THE MED AND EXD MODELS 


wT Data Description RMS Errors (dB) 


Reference Frequency 


24 - 152 Leciduous 
14 - 15 Deciduous 
45 Deciduous 
60 Deciduous 
91 Deciduous 
50 - 150 Mixed 
100 - 400 Coniferous 
5 + 14 Mixed 
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Predicted and measured losses for the California data (Reference 11 


F = 1.85 GHz. 


Figure 11-4. 
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ee The MED model applies to geometries in which the flow of power 
is, at least initially, through the forest rather than over the forest. 
Diffraction models, which are discussed in subsection 11.3 of this Chapter, 
apply to the other type of problem. 


The general guidance for predicting which algorithm should be used is 
this: the MED model will be applicable to problems in which one or both 
antennas are very near to groves of trees that are less than 400 meters 
deep. The diffraction model will be applicable to problems in which both 


antennas are separated by a large clearing from a large grove of trees. 


The most accurate approach to determine applicability is to compute the 
loss using beth methods. The more appropriate method is that which results in 


the lower estimated loss for the particular problem. 


Por completeness, it is noted that there are cases where combinations of 
propagation through, and diffraction over, the trees both take place. In 
fact, the diffraction model procedures described in Section 11.3 are really 
combination models. They use effective antenna heights which are less than 
the physical tree heights to account for the fact that there is some 


af 


propagation through the upper parts of the trees at the edge cf the 


clearing. Longley’ '~'§ and the Hughes researchers! 71? 


proposed their own 
techniques for combining propagation-over and propagation-through models. 
Studies have not yet been conducted to determine which of the two models is 


more accurate. 


11- 
| 16) ongley, A. G. and Hufford, G. A., Sensor Path Loss Measurements - 


Analysis and Comparison With Propagation Models, OTR-75-74, institute of 


Telecomminications Science, ITS, Boulder, CO, October 1975. 


M11 Tuughes Aircraft Company, Final Report - JTIDS Ground Foliage Propagation 


' Tests, Technical Report FR-80-16-2U3, Fullerton, CA, April 1960. 


Ss 
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11.3 DIFFRACTION CALCULATIONS 
11.3.1. General Discussion and Prediction Formla 


This model applies to problems in which both antennas are far enough from 
the intervening grove of trees so that the majority of the energy transmitted 
or received by the antenna flows over the trees rather than through them. 
Applicability is best determined on a case-by-case basis by computing both the 
MED model loss (Section 11.2.1) and the diffraction loss. The model that 
predicts the lower loss will be the model best suited to the particular 


Problem. 


Reference 11-1 indicates that two forms of the diffraction model have 
been reperted as being successful for predicting the effects of obstruction by 
trees. Since no clear-cut criterion could be determined for choosing between 

the two types, this Handbook will describe only the type for which more 
ow extensive validation has been reported. This is the knife-edge diffraction 


model used by LaGrone.!'~'8 


Pigure 11-5 can be used to determine the additional loss caused by 
knife-edge diffraction over a grove of trees. ‘his representation was 


developed by Bullington!'~'9 (though not for foliage problems). ‘he curve 


BBN fin 3, set a ee eee 


11-18) aGrone, A. H., (1977), “Propagation of VHF and UHF Electromagnetic Waves 
Over a Grove of Trees in Full Leaf", IEEE Transactions on Antennas: and 


Propagation, November 1977. 
11-19 


pts 


Bullington, K., "Radio Propagation Fundamentals," Bell System Technical 
Journal, May 1957. 
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Figure 11-S. The additional loss due to knife-edge diffraction over 
obstacl’s (Reference 11-19). 
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° 


recommended is labeled R=0. The location of the knife edge is assumed to be 
the edge of the grove that is nearest to one of the antennas. The height of 
the obstruction should, in general, be less than the height of the trees. 
Figure 11-6 shows the magnitude of the reduction observed by laGrone. 


11.3.2 A Computer Method 


The TIREM program can be used to obtain diffraction calculations. ‘This 
is done by increasing the assumed elevation of foliated terrain by the height 
of the trees minus the height reduction shown in Figure 11-6. ‘The "H” card 
can be used to accomplish this (see ECAC UM 80-001). 


11.3.3 Validation and Comparison With other Procedures 


LaGrone (see Reference 11-18) demonstrated that the technique was useful 
for problems in the 82-2950 MHz band. Meeks reported accurate results for a 
problem at 1090 MHz. 11720 ECAC engineers have used the TIREM-modification 
approach and have achieved qualitative success for problems at 5 Guz 1-21, In 
another study, good agreement was found between diffraction predictions and 


Measurements at 25 MHz (see Figure 25 in Reference 11-1). 
11.4 KINASE'S MODEL FOR TRANSMISSION FROM AN ELEVATED ANTENNA 


By combining theoretical analysis with observed loss behavior at 80, 150, 
and 700 MHz, Kinase (see Reference 11-4) developed a model for computing the 


loss due to obstructions in the foreground of one antenna. ‘The model assumes 


11-20 yeeks, M. Le, “A Low~Angle Propagation Experiment Combining Reflection 


and Diffraction,” 1979 International Antennas and Propagation Symposium 


Digest 18-22 June 1979. 


11-21 pactical Performance Assessment Program Report, Gallant Eagle 79, Patrick 


AFB, FL, December 1978. 
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that the second antenna is elevated well above the clutter. The obstructions 
that were involved in the measurements were both foliage and man-made 


structures. 


A key input to Kinase's model is n, which is defined as the percent of 
the land in a 2 km square around the “randomly sited" terminal that is covered 
by vegetation. It is reasonable to assume that better results could be 
achieved by considering only the 1 km x 2 km rectangle in front of this 
terminal. 


Figures 11-7 and 11-8 show the loss predicted by Kinase's model. 


Head 11-22 also developed an area model that solves the same type of 
problem as the Kinase model, i.e., one antenna elevated above the clutter and 
the other in a region where only the percentage of forest cover is defined. 
However, the Head model is probably less precise than the Kinase model because 

> it doas not use the take-off angle from the randomly sited terminal to the 
base station as a parameter. For cases in which diffraction is the dominant 
mechanism, this is a shortcoming because the angle through which the rays must 
diffract will be lower (and the loss lower) for higher take-off angles. For 
cases in which most of the energy propagates through the trees, the same 
trends are also true -- higher take-off angles will mean shorter path lengths 
through the foliage and lower losses. Thus, excluding this parameter 


represents a shortcoming of the Head “percent cover” model. 


Purthner evaluation of these procedures is desirable. An interim 
recommendation is that the Kinase model be used for this type of problem. An 


automated version of the model is not presently available at ECAC. 


11-22Head, H. R., “The Influence of Trees on Television Field Strengths at 
Ultra-High Frequencies," Proc. IRE, June 1960, and A Method of Predicting 
Average Field Strengths at Television Broadcast Frequencies, ‘or the 


or Television Allocation Study Organization (TASO), 1960. 
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Figure 11-7. The additional loss due to foliage and man-made structures 
that cover n% of the surface area. ¢$ is the takeoff angle 


from the randomly sited terminal to the base-station antenna 
(Reference 11-4). 
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aon Figure 11-8 Kinase's model for clutter due to man-made obstructions 
and vegetation (Reference 11-4). 
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11.5 THE JANSKY AND BAILEY EMPIRICAL MODEL FOR LOSS IN A TROPICAL FOREST 


11.5.1 General Discussion and Prediction Formula 


This model applies to cases in which both antennas are immersed in 
foliage and separated by distances from 8 to 1600 meters (0.005 to 1.0 
mile). Frequencies can range from 25 to 400 MHz. ‘The model can be adapted to 
either polarization. Antenna heights can range from 2 to 7 meters. The model 


was developed by Jansky and Railey researchers from measurements in the Pak 


Chong, Thailand, wet-dry, semi-evergreen tropical forest (see Reference 11-5 2 
Pe 93). : . % 5 

The equation for calculating loss is: % 

-160%a = He 

L = 36.57 + 20 log f - 20 log 5 += (114) a 

= 

where #s + 


4 basic transmission loss, in dB 
FP = frequency, in MHz 
a,A,B empirical constants listed in TABLE 11=2 


d = path length, in statute miles. 


TABLE 11-2 
CONSTANTS FOR THE JANSKY AND BAILEY EMPIRICAL MODEL 


Prequency Po larization 
(MHz ) 


0. 00212 
. 0. 00106 
0. 000529 
0. 000443 
0. 000523 
0.00424 
0. 00424 
0.00551 
0. 000588 
0.000598 
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For distances less than 80 meters, the loss trend follows that of the EXD 
model. For distances greater than about 160 meters, the loss increases as 40 


log d. 


11.5.2 Status of a Computes Method 
ECAC has no computer program for the JB equation. 
11.5.3 Validation and Comparision with Other Models 


11.5.3.1 Low Antenna Height Data - The Accuracy of the Jansky and Bailey 


Model 


Predictions of the Jansky and Bailey empirical model were generated for 


comparison with published measurements that had been taken at five sites. The 
gites, each containing a different type of tropical foliage, were: 


ae Pak Chong, Thailand - A wet-dry semi-evergreen forest. Median 
tree height is 9.1 meters, median trunk diameter is 0.1 meters. ‘The Jansky 
and Bailey empirical model is based on this data. 

‘be Songkhala, Thailand - A tropical rain forest. Median tree 
height is 18.3 meters, median trunk diameter is 0.3 meters. 

Ce Panama - Median tree height is estimated (per T. Doeppner) to be 


11.6 meters. Trunk diameter is 0.2 meters. 

da. Chumphon, Thailand - A fresh-water swamp forest. Median tree 
height is 11.9 meters. Median trunk diameter is 0.1 meters. 

@e Ban Mun Chit - A dry evergreen forest. Median tree height is 


6.1 meters. Median trunk diameter is 0.1 meters. 


All measurenients were made on circuits with antenras that were between 2 


and 7 meters above the ground. 


The predictions and measurements are listed in TABLE 11-3, It is seen 
that the rms errors of the Jansky and Bailey empirical model lie between 5 and 


14 dB. 
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TABLE 11-3 


COMPARISON BETWEEN PREDICTED AND MEASURED 
VALUES OF THz TOTAL BASIC TRANSMTSSION LOSS 
BETWEEN ANTENNAS SEPARATED BY TROPICAL FOLIAGE 


mae 


Pak Chong 
Songkhala 


(Page 1 of 4) 


90 < FREQUENCY (MHz) < 100 
HORIZONTAL POLARIZATION 


Basic Transmission Loss (dB 


Measured Jansky and Bailey Ineoretical 
Enpirical Model 
Model 


Distance 
(km) 
60 


1. 


1.60 
1.60 
0. 80 
0. 70 
0. 40 
Q. 40 
0. 20 
0. 20 
0.16 
0.10 
0.10 


Panama 


Panama 


Chumphon 
Ban Mun Chit 


Chumphon 
Ban Mun Chit 


78 
72 
79 
74 
64 


Chumphon 


Panama 


Chumphon 
Ban Mun Chit 


Rms error (dB) 


4Not available. 
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TABLE 11-3 (Continued) 
(Page 2 of 4) 


90 < FREQUENCY (MHz) < 100 
VERTICAL POLARIZATION 


Distance Basic Transmission Loss (dB) Location 
(km) Measured Jansky and Bailey Theoretical 
Enpirical Model 
Model ; 
Pak Chong 
Songkhala 
Panama 
Panama 
Chumphon 
= Chumphon 
wy 88 Panama 


86 Chumphon 


Rms Error (dB) 


4Not available. 
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TABLE 11=3 (Continued) 
(Page 3 of 4) 


40 < FREQUENCY (MHz) x 50 
HORIZONTAL POLARIZATION 


Distance Basic Transmission Loss (dB) 
(km) Measured Jansky and Bailey Theoretical 
Enpirical Model 
Model 


Pak Chong 
Songkhala 
Chumphon 

Ban Mun Chit 
Chumphon 

Ban Mun Chit 


Caumphen 
Ban Mun Chit C 


Rms error (dB) 


4Not available. 
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TABLE 11-3 (Continued) 
(Page 4 of 4) 


40 < PREQUENCY (MHZ) < 50 
VERTICAL POLARIZATION 


Distance Basic Transmission Loss (dB) 
(km) Measured Jansky and Bailey Theoretical 
Enpirical Model 
Model 


Pak Chong 
Songkhala 


Panama 

Panana 

92 Panama 
191 Chumphon 


Rms errors 


“Not available. 
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11,5.3.2 Low Antenna Height Data - Comparisons with the Theoretical Lateral- 
Wave Model 


A lateral-wave mechanism has bee proposed by several 


11-23,11-24, 11-25, 11-26, 11-27 4 4 means of explaining the observed 


authors 
loss in tropical forests. Various reports exist which show that measured 
loss-versus-distance, loss-versus-frequency, and loss-versus-antenna height 
trends are often consistent with the trends predicted by the lateral-wave 
model. At this point in time, however, it does not appear that the 
theoretical lateral-wave models represent a przectical means for accurately 


predicting the actual basic-transmission loss. 


Comparisons between the theoretical model predictions and measurements 
are also listed in TABLE 11-3. The predicted values were computed by 


eae using the equations of Dence and Tamir (see Reference 11-26). ‘The 


Hagn 
physical parameters of the forest -- conductivity, dielectric constant, and 
height -~ that were used as model inputs were values measured by Hagn. The 
computed rus prediction errors of the theoretical model with these inputs 


range from 24 to 56 dB. 


V1-23ca chs, D. Le and Wyatt, P. Je, "A Conducting Slab Model Electromagnetic 
Propagation Within a Jungle Medium,” Radio Science, February 1968. 


Vi-24n air, T., “Radio Wave Propagation in Forest Environments," IEEE 
Transactions on Antennas and Propagation, November 1967. 


W253 canir, T., Radio Wave Propagation Along Mixed Paths in Forest 


Environments," IEEE Transactions on Antenna and Propagation, 
July 1977. 


11-2650 nce, D. and Tamir, T., "Radio Loss of Lateral Waves in Forest 
Environments,“ Radio Science, April 1969. 


M1-27oee, R. H and Wait, J. R., Excitation Mechanisms for Forest-Covered and 
Vegetated Media, Tech. Report ACC-ACO-8-73, Institute of 
Telecommunications Science (ITS), Boulder, CO, November 1973. 


1-28446n, G. H., Shrauger, N. K., and Shepherd, R. A., VHF Propagation 


Results Using Low Antenna Heights in Tropical Forests, Special Technical 
Report 46, Stanford Research Institute, Menlo Park, CA, March 1973. 
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In another comparison between theoretical model predictions and 
measurements, Ctt (see Reference 11-27) reported that his version of the 

' lateral-wave model over-predicted the loss measured in the 50 to 300 MHz range 

{ by 18 dB. 


11-29 


The Jansky and Bailey research team also investigated a version of 


the lateral-wave model. They demonstrated that the model would yield quite 

accurate results if carefully selected “effective” values of the forest's 
| physical pacameters were used as model inputs. They obtained their effective 
values through an iterative process in which comparisons were continuously 
made between model predictiona and the loss values measured at a particular 
site. The effective values were different for each site investigated. No 
clear-cut procedure was defined to determine the effective values for a site 
at which loss measurements had not yet been made. Four years later 
researchers from Jansky and Bailey and SRI observed that this problem 
remained. | 1730 To this author's knowledge no further progress had been made 
| 2h on this aspect. of the use of the lateral-wave model prior to the preparation 

of this report. 


11.5-3.3 Use of the Jansky~and- Bailey Empirical Model for Other Antenna 
| Heights 


Reference 11-5 includes guidance for applying the empirical model to 
problems in which one or both of the antennas are higher than 7 meters. 
Studies conducted by this author have shown that the errors are larger than 
those shown in TABLZ 11-3 when this modified procedure is used. The 


measurements examined were those documented in References 11-5 and 11-29. 


M29 icks, Je Je, et ale, Tropical Propagation Pesearch, Final Report, 


Vol. II, Atlantic Research Corporation, Alexandria, VA, November 1969. 


W130 ait, Je, Ott, Re, and Telfer, T., editors, Workshop on Radio Systems in 


Forested and/or Vegetated Environments, AD 780-712, institute of 
oe Talecommunications Science (ITS), Boulder, CO, February 1974, 


pp. I-E-2, I-£-4, and I-C-10. 


re ee ee ee ioe ih ih ke ha ne ee 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


11-30 
SECTION - PAGE 


REVISION DATE 


41.6 THE VARIATION OF SIGNAL STRENGTH WITH POSITION IN A FOREST 
11.6¢1 Introduction 


The preceding subsections provided formulas for predicting the mean loss 
between two antennas separated by foliage. This subsection provides 
information about the distribution of loss values about this mean. Such 
information is important since the actual loss between the two antennas can 


take on any of the values allowed by the distribution. 


The mathematical framework for describing the distributions is based on 
Wests W382 The parameters for a forest environment were 
reported by Robertson''~33 and Okumura, ''~34 11°35 ang 


Englund. ''736 


the work of Norton. 


Josephson, 


In a forest environment, transmitted waves may reach the receiver via a 


number of paths, @.g., direct, ground-reflected, lateral-wave, 


11-3lNorton, Ke Ae, et ale, “The Probability Distribution of the Amplitude 
of a Constant Vector Plus a Rayleigh-Distributed Vector," Proc. IRE, 
October 1955. 


'1~32Ri ce, P. Le, Longley, Ae Ge, Norton, Ke As, and Barsis, A. P., 


Transmission Loss Predictions for Tropospheric Communication Circuits, 
National Bureau of Standards TN 101, Boulder, CO, Revised, January 1967. 


11-332 obertson, R. Ge, et ale, Tropical Propagetion Research, Final Report, 
Vol. III, Atlantic Research Corporation, Alexandria, VA, 1969, pe 31. 


11-34 umura, Ye, et. ale, “Field Strength and Its Variability in VHF and UHF 
Land Mobile Radio Service," Review of the Tokyo Electrical Communication 
Laboratory, September-October 1968. 


11-35 3ogephson, B. and Blomquist, A., “The Influence of Moisture in the 
Ground, Temperature and Terrain on Ground Wave Propagation in the VHF- 


Band," IRE Trans. on Ant. and Propagation, April 1958. 


11-3650 g1und, C. Re, et ale, “Some Results of a Study of Ultra-Short-Wave 
Transmission Phenomena," Proc. IRE, March 1933. 
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air-tree-interface-reflected, single-tree-scattered, and multiple-tree-~ 
scattered. Because each path will generally have a length that is different 
from that of the other paths, the phase of a signal received over one path 
will be different from that of a signal received from another path. Signals 
from several paths will usually be received at any specified point. The 
combination of signals with differing phases results in phenomena that appear 
in the space, frequency, and time domains. The phenomena in the space 
(position) domain will be discussed in this section. Figure 11-9 is an 
illustration of the actual spatial variation that was observed in a field 
test. Such variation is typical of that observed in a gsultipath environment. 


The Rayleigh and the Nakagami-Rice distributions are two idealized models 
that can be used to describe the distribution of losses about the mean. These 
are described in the next subsection. 


11.6.2 The Rayleigh and Nakagami-Rice Distributions 


If the signal strength at a point can be modeled with these assumptions: 


1. The total field is due to contributions from many paths. The 
magnitudes of the component vectors are random, but the total power of the sum 
of the vectors is constant.? 

2. The contribution of any one vector to the total received power is 


small. 
3. The phase. of each vector is a random variable that is uniformly 


distributed over the range 0-2 


then, the probability that the amplitude of the resultant vector is greater 
than A, P(A) is given hy the Rayleigh distribution: 


[Rayleigh stipulated that the amplitudes were equal; Norton showed that this 
condition was not necessary. 
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An illustration of the spatial variation in received power, 
due to multipath ina forest environment. ‘he frequency is 
250 MHz, polarization is vertical, and the receiver is located 
in a tropical forest in central Thailand (see Reference 11-5, 
p. 104). The signal is shown to vary over a range of more 
than 20 dB as the antenna is moved along a 1000-foot course. 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


11~33 


SECTION - PAGE 


REVISION DATE 


P(A) = exp(-A*/a,2) 


where Ag is the RMS value of the resultant vector. 


When HBquation 11-5 is solved for P(A) = 0.5, the median amplitude, Ap 5, 
is found to be equal to Ag ¥ 1n2. Thus, Equation 11-5 is equivalent to: 


PIA): agp See (11-6) 


Values from Hyuation 11-5 and 11-6 are shown on the last line of TABLE 11-4. 
TABLE 11-4 


CHARACTERISTICS OF THE RAYLEIGH AND NAKAGA MI-RICE 
DISTRIBUTIONS (Reference 11-32) 


0.00 


~5.98 
-17.55 
-18.33 
-18.39 


For rae see Equation 11-7. 
*Constant signal. 
**Rayleigh signal. 
Dex = loss not exceeded at xx* of the locations = 10 log A ,,- 

If the fieid at any point in the midst of or “near” a forest is due toa 
multitude of components that satisfy the three criteria listed above, Equation 
11-5 or 11-6 can be used to estimate the probability that the field strength 
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will have a particular amplitude. (The problem with quantifying the word 
“near" is discussed in Subsection 11.6.3). At another point in the forest 
that is "far" from the first point, the phases and amplitudes of the 
components that contribute to the resultant field strength vector will be 
uncorrelated with the phases and amplitudes of the components of the field at 
the first point considered. The field strength at this second point can be 
considered as another random variable with an amplitude probability determined 
by Equations 11-5 and 11-6 (The term “far" is given a quantitative 
definition in subsection 11.6.3.) Thus, the voltage at the input terminals to 
a receiver that is moving in this forest environment will be characterized by 
a Rayleigh distributicn. (Motion of the trees will also cause fluctuatiors at 


the terminals of a fixed receiver.) 


The Nakagami-Rice distribution describes the field obtained when a 
constant vector is added to a Rayleigh-distributed vector. It will apply to 
gituations in which one component of the field at a receiver remains 
relatively constant for small changes in vosition, but a multitude of 6 
scattered components, also contributing to the field, change randomly as the 
receiver is moved. The probability of the normalized resultant amplitude 


being larger than A, P(A) is given by: 


2 2 
af? ty (2a ry.) exp [Tt ,(a + 1)) da (11-7) 


EUR) 8 ala F 


where 


A = resultant amplitude A, 
Tp 2 A,?/20? 
A 272 = the power in the constant vector 
fof = the power in the Rayleigh distributed vector 


th 


I = the modified Bessel function of the first kind, zero order. 
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This distribution was derived independently by M. Nakagami 7 and 
S. O. Rice in 1944. TABLE 11-4 shows the distribution with 10 log Tp asa 
parameter. When this parameter is equal to -~, there is no constant 


component, and a Rayleigh distribution results. 


When the criteria for this model are met, movement of an antenna from 
place to place produces a voltage at the receiver input terminals chut has a 
Nakagami-Rice distribution. The movements have to be in an area s1all cnough 


so that re remains relatively constant. 


Subsection 11.6.3 summarizes measured values of T'pe 


11.6.3 Measured Values of the Distribution of Field Strengths that Results 


from Movement of a Terminal 


Robertson (Reference 11-33) measured the distribution of received signals 
that occurred when a receiver was moved about in a dense tropical rain forest 
in southern Thailand. His study covered the 50 to 150 MHz band. His work is 
summarized in the next paragraphs. It is followed by a summary of Okumura's 
(see Reference 11-34), Josephson's (see Reference 11-35), and Fngqlund's (see 


Reference 11-36) observations in temperate forests. 


Robertson's experiments involved path lengths in the 1000‘ to 8000' 
range. Transmitter heights varied from 13' to 200', and receiver heights from 
6' to 20'. The tree canopy height varied from 65' to 120'. The number of 


trunks per acre was 590. 
Robertson observed that: 


Te For receivers within the forest, the field strength can be 
characterized by a Nakagami-Rice distribution (T, > 0) for horizontal 


polarization and by a Rayleigh distribution (Tp = 0) for vertical 


polarization. 
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2. rp is larger in clearings than it is in the forest. That is, 
the steady component of the signal is more significant in relation to 
the randomly varying component when the receiver is in a clearing. 

3. lp becomes smaller as frequency increases. That is, the 


randomly varying component of the signal increases in significance as 


Fs 


the frequency increases. 
4. In some cases, raising the antenna height increases [pe In 


other cases, there is no change. 


eee gee 


5. [py becomes smaller as the height and density of the forest 


increase. 


baal 


oad 


For horizontal polarization, 10 log rp was always less than 11 dB for 
receivers in the forest. In 22 percent of the cases, the Rayleigh 


distribution (10 log [, = -») provided a suitable model. For receivers in 
clearings, 10 log lp was as high as 18 dB; the Rayleigh distribution applied 


in 7 percent of the cases. 


Por vertical polarization with the receiving antenna in the forest, 10 
log Pp was always less than 4 dB. The Rayleigh distribution applied in 69 
percent of the cases. With the receiver in a clearing, 10 log Ip, was as high 
as 10 dB, and the Rayleigh distribution wags suitabl3 for modeling 11 percent 
of the cases. (It is possible that horizontal and vertical polarization will 
be scattered equally well as frequency increases. This will result in an 
increase in the likelihood of Rayleigh fading fer a horizontally polarized 


system.) 


It was previously mentioned that the Rayleigh and Nakagami-Rice 
distributions applied tr receivers in the midst of or "near" a forest. There 
is not enough data to support an empirical definition of "near." It is to be 
noted, however, that Robertson did observe a Rayleigh distribution with the 
receiver 200 feet from the trees. This observation was made for both 


polarizations. Antenna heights were less than 20 feet. 
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The separation between the terminal and the trees that is required to 
preclude multipath effects is a function of the many parameters that influence 
= 


Propagation in a forest environment: antenna heights, path length, terrain 


features, height and density of the trees, seasonal variations of foliage, 
polarization, and frequency. Generalization frem a small number of 


observations is not recommended. 


In the Rayleigh model description, it was mentioned that two points would 


have to be separated “far enough" from each other for the field strength at 
one point to be uncorrelated with the field strength at another point. 
Robertson observed that 0.5 A was a sufficient separation for reception points 


located along the same great circle path to the receiver. 1.0 A separation 


was needed if the two raception points were on a line transverse to the great “: 


circle path. 


In another area of Thailand, Jansky and Bailey crews found 0.37, wags 
sufficient for uncorrelated amplitudes. This was based on measurements taken 
along a single great circle path from the transmitter. This result was found 
to be independent of frequency in the 25 to 400 MHz band (see Reference 11- 
5, pe 107). 

These measurements confirm a theoretical prediction by cans. ''"?7 He 
determined that 0.5 A would be appropriate for the separation between 
receiving antennas along the same great circle path. He showed that the 


distance will increase if the receiver is moved away from the scatterers. 


Measured values of the distribution of field strengths resulting from the 


movement of a terminal in temperate forests have been reported by Josephson 
(see Reference 11-35), Okumura (see Reference 11-34), and Mmglund (see 


Reference 11-36). 


11-3%gans, M. Je, “A Power Spectral Theory of Propagation in the Mobile Radio 


Environment," IEEE Transactions on Vehicular Technology, February 1972. 


RADIO WAVE PROPAGATION: A HANDBOOK OF aoe 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC | 
TRANSMISSION LOSS AND FIELD STRENGTH REVISION DATE SECTION - PAGE | | 


Josephson published a graph, reproduced here as Figure 11-10, that shows 
the range of small scale variability of VHF signals in a pine forest. The 
variability is described as the difference between the levels not exceeded at 


10% and at 90% of the locations. From TABLE 11-4 one can see that this 


“eae 


ahg gt 3 


difference is 13.5 dB for a Rayleigh distributed signal. This difference is 
reached at 80 MHz. 


Mister es 


OUFERENCE BETWEEN 
0% AND 90% LEVELS 


Figure 11-10. ‘The observed variability of - & 
the signal recetved ina 
nontropical forest 
(Reference 11-35). 


Okumura showed that measurements taken at 450, 900, and 1900 MHz “in or 


behind" a forest were Rayleigh distributed. The antennas were vertically 


polarized. 


Englund reported a fluctuation of about 10 dB, peak-to-peak, in the 60 to 
80 MHz band in woods and at the edge of the woods in New Jersey. This is less 
severe than the fluctuation of Rayleigh-distributed signals. Vertical 


polarization was used in this test. 


11,7 ESTIMATING THE EFFECTS OF URBAN STRUCTURES ON PATH LOSS 


This section pertains to estimating the additional loss caused by single 


buildings or large clusters of buildings intervening between a transmitting 
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and receiving antenna. Generally this loss will become greater as frequency se 
\ increases, the height of the structure relative to the antennas increases, and o 
? 


the distance between the structure and the antennas decreases. 


Measurements in Boston showed that building-shadew effects averaged 12 dB 


at 35 Miz,''~38 3 
Measurements in Birmingham, England revealed that th? man-made features 4 
in the city reduced signal levels by 16 dB at 85.9 MHz, 20 dB at 167.2 Miz, pe 


and 35 dB at 441.0 Miz. (H,, = 35 meters, H., = 1 meter, vertical a 


polarization, path lengths = 1-10 km) 11739 a 


Studies in Tokyo at 450 MHz indicate that regions in which 50% of the 


surface was covered by buildings had losses that were typically 25 dB more 


than the losses in regions in which only 5% of the surface vas built-up (see 


Reference 11-38). The results at 800 MHz were essentially identical to the pF 


lower frequency data. 


At 620 Miz, the path loss over urban circuits was 11.9 dB more than ‘he Ee 
loss for relutively unobstructed suburban paths.! uae ; s 


At 922, 1317, and 1430 MHz, the average additional attenuations caused by 


the urban clutter of Tokyo were 27, 28, and 29 ap,!!-41 


11-38, ngley, A. G., Radio Propagation in Urban Areas, OT Report 78-144, 
Institute for Telecommnications Sciences, Boulder, CO, April 1978. 


11-39a1 isebrock, K. and Parsons, J. D., “Mobile Radio Propagation in British 
Cities at Frequencies in the VHF and UHF Bands,” IEEE Trans. on Veh. 


Tech., November 1978. 


11-40x, ry, K. K. II, “Flat Suburban Area Propagation at 820 MHz," 
IEEE Trans. on Veh. Tech., November 1978. 


11-41 poz ono, S. and Watanabe, K., “Influence of Environmental Buildings on 
Land Mobile Radio Propagation," IEEE Trans. on Comm. ‘Zech., Vol. 25, 
No. 10, 1977. 
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Kinase's clutter model (Reference 11-4) can be used to estimate urban 
effects in the 3-1000 Miz band. ‘This model applies to cases in which one 
antenna is elevated above the clutter, as at a base station. It is a 
graphical procedure, and the necessary figures are reproduced in Subsection 


11.4 off this Handbook. 


Another commonly cited model for predicting the effects of urban 
structures was developed by Okumura (see Reference .11-34). There has been no 
comprehensive comparison of the relative merits of his model and Kinase's. 
The Kinase model was selected for the Handbook because the use of the 
parameter n allows users to readily quantify the degree of urban buildup that 
is present. Okumura's model depends on the hard-to-define terms “urban, " 


“guburban," and "“quasi-open". 


For predicting urban effects in the ‘1-2 GHz range, however, Okumura's 
model is the only one of these two that applies. (The Hata wode1! 1-42 


consists of equations developed from Ccumura's graphs. ) 


Kozono (see Reference 11-41) showed how a parameter like Kinase's n could 
be worked into Okumura's model. Further validation is needed to determine if 


the resulting procedure is more accurate than Kinase's. 


Malaga! 1-43 recently summarized 3 ~ 450 Miz measurements taken in urhan 
(Boston, MA) and suburban (Lexington, MA) areas. Both the transmitting the 
receiving antenna heights were about 1 m above the ground. An empirical model 
is shown in his paper, as well as a succinct review of other urban propagation 
models. He observes that no other models are available for the 3 - 80 Miz 
portion of his model's range of applicability. 


11-42) ta, M., “Empirical Formla for Propagation Less in Land Mobile Radio 
Service," IEEE Trans. on Veh. Tech. August, 1980. 

11-430 aga, A. “An Empirical Path Loss Model for HF, VHF Propagation in 

Urban Areas", Radio Science, May 1981. 
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If a single building obstructs the ray path between a transmitter and 
receiver, and the relative location of this building is known, then a modified 
knife-edge diffraction calculation can be used to estimate the increase in 
loss caused by this building (see References 11-38 and 11-39). Figure 11-5 is 
a graphical procedure for determining the knife-edge loss. Figure 11-11 shows 
Allsebrook's empirical correction to be added to the value from Figure 11-5. 
This correction is due, presumably, to the finite extent of the building, 
ieee, the fact that it is not an infinitely thin knife-edge. 


If the mobile receiver is moved through the urban areas, multipath 
effects will cause fading. Okumura reports that a Rayleigh distribution will 
very often accurately characterize the spatial variability (see Reference 11-34, 
Section 5.1.1). This is based on analysis of data in a dense urban area at 
450, 900 and 1900 MHz. When this result ig true, the figures on the last line 
of TABLE 11-4 can be used to estimate the additional loss due to multipath. 


Analysts should be aware that pulses in an urban environment will arrive 
at a reciever over a period of time that is longer than the original duration 
of the transmitted signal. References 11-44 through 11-48 contain measured 


values 


V1-44y0ung, W. R. and Lacy, Le ¥., “Echoes in Transmission at 450 Megacycles 
From Land-to-car Radio Units", Proceedings of the IRE, March 1950. 


11-45 rin, Ge Le, et ale, "A Statistical Model of Urban Multipath 


Propagation", IEEE Transactions on Vehicular Technology, February 1972. 


11-46, 5%, D. C., “Time-and Frequency-~domain Characerizations of Multipath 
Propagation at 910 MHz in a Suburban Mobile Radio Environment”, 
Radio Science, December 1972. 


V147c6%, De C. and Leck, Rs Po, “Distributions of Multipath Delay Spread and 
Average Excess Delay for 910-MHz Urban Mobile Radio Paths", IEEE Transac- 


tions on Antennas and Propagation, March 1975. 


11-48y; e1son, D. Le, Microwave Propagation and Noise Measurements for Mobile 
Digital Radio Application, Pocket Radio Note 4, SRI, Menlo Park, CA, 
January 1975. 
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Pigure 71-11. Empirical correction to knife-edge diffraction calculations 
in an urban environment (Reference 11-39). The diffraction 
Procedure has been validated by comparison with data at 
frequencies above 85 MHz. 
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of this time spreading. Figure 11-12 is an example of a received-power- 
versus-time observation in a suburban area. ‘he impact of this phenomenon on 
digital and wideband-analog system performance is jiscussed in References 11- 
49 through 11-52. 
11.8 CONCLUDING REMARKS 
1. The EXD model is based on a value of a that is a function of 
frequency and the depth of the forest. It would be interesting to see the 
development of a more sophisticated equation for a. Factors that should be 
taken into account are listed below. 
a Have the trees been rained on? 
be How dense is the forest? 
c. Are the trees in-leaf? _ 
de Do the electrical properties of the vegetation vary with 
vw season? 


e. What is the type of the trees? 

f. What is the polarization? 

ge What is the height of the antenna relative to the trees? 

he What is the antenna beamwidth? ‘ 


11-49), pbard, R. We, et al., Measuring Characteristics of Microwave Mobile 


Channels, “TIA Report 78-5, Institute for Telecomminication Sciences, 
Boulder, CO, June 1978. 


‘1-50 infield, R. F., Radio Channel Capacity Limitations, OT Report 77-132, 


Institute for Telecommunicaton Sciences, Boulder, CO, November 1977. 


M-Stayrin, G. Le, “Introduction to Spread-Spectrum Antimultipath Techniques 
and Their Application to Urban Digital Radio," Proceedings of the IEEE, 


March 1980. 
11-50; kes, We. C., ede, Microwave Mobile Comminications, New York, John Wiley, 
1974, 
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The Hughes and SRI data (see References 11-17, 11-53, 11-54, and 11-55) 
collected at several locations in Eglin Air Force Base, FL, and Arnold Air 
Force Station, TN, for the PLRS and JTIDS programs will be valuable for this 
development effort. Comparing the results of measurements taken in dissimilar 
tropical forests, such as those listed in TABLE 11-4 will also be useful. 


More measurements taken in forests after a rainstorm are needed. 


2. There is no widely accepted empirical or theoretical procedure 
for predicting the loss when the antennas are immersed in a temperate forest 
and are separated by a distance of more than 400 meters. The JTIDS and PLRS 
measurements would be useful in developing or validating such a procedures. In 
1982, the U.S. Arry was funding CYBERCOM to study the applicability of 
electromagnetic scattering theory to the problem of Soumunicakians in a forest 
environment. The results of this study may be helpful in solving the long- 


path problen. 


3. A better analysis of the diffraction models and applicable data 
is needed to resolve the question of when the knife-edge and when the smooth- 
sphere model should be used. Kinase (see Reference 11-4) presents formulas 
for diffraction over an extended slab that may also be applicable to this 


problem 


4 The spreading in time of pulses and the reduction in usable 
bandwidth due to multipath in a forest environment has not generally been 
quantified. Only a small amount of contradictory VHF data has been reported 


11-53p-esnell, R. I., PLRS Ground-to-Ground Propagation Measurements, SRI 


Project 8171, SRI International, Menlo Park, CA, June 1980. 


11-545, esnell, R. I., JTIDS Ground—to-Gr ound Propagation Measurements, SRI 


Project 8171, SRI International, Menlo Fark, CA, June 1980. 


11-553 vett, J. Aw, and Diedericks, P. J., PLRS Ground~to-Greound Propagation 
Test Technical Report, RF-80~14-6, Hughes Aircraft Company, 
Los Angeles, CA, 1980. 
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for tropical forests. !1756,11-57 For temperate forests, existing data 


consists of a few UHP measurements. ''~58 


5. The least-squares procedure used to develop the MED equation for 
a is not necessarily the optimim one. It would be of value to see the results 


of alternate approaches. 


6. The urban-effects models generally have not been compared with 
data sets other than the ones used in their development. It is desirable to 
determine if some prediction biases exist due to the particular data sets 
initially used. 


11-56 sakes, We Co, “An Approximate Method to Estimate an Upper Bound on the 


Effect of Multipath Delay Distortion on Digital Transmission", IEEE 
Transactions on Communications, January 1979. 


119-57 os, J. Je, et al., Tropical Propagation Research, Final Report, 
Vol. IV, Atlantic Research Corporation, Alexandria, VA, December 1972. 


11-58nu¢tord, G. A., Hubbard, R. W., et al., Wideband Propagation Measure- 
ments in the Presence of Forests, CECOM-82-CS029-F, Institute for 
Telecommunication Sciences, Boulder, CO, January, 1982. 
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CHAPTER 12 


MILLIMETER WAVE PROPAGATION 
By: R. Meidenbauer 


12.1 INTRODUCTION 


The millimeter wave band consists of frequencies between 30 and 300 
GHz. The most significant difference between the propagation characteristics 
of millimeter waves and those of lower frequency waves is the large effect of 
the earth's atmosphere on the transmitted signal. Throughout this band, 
absorption by the molecular constituents of the atmosphere and. attenuation 


caused by hydrometeors are large contributors to total path loss. 


12.2 CAPASILITIES 


Ase, A summary of the recent work at ECAC in the area of millimeter wave 

y) propagation is given below. This chapter will be expanded in a future edition 
of this handbook to include appropriate manual techniques for millimeter wave 
propagation analysis and to include a more thorough discussion of available 


automated models. 


An overview of the propagation phenomena in the millimeter wave band is 
provided in Reference 12-1. Factors contributing to the attenuation of 
millimeter waves are discussed, including free-space spreading loss, molecular 
absorption, and attenuation due to rain and other hydrometeors, aerosols, 
terrain obstacles, and foliage. Other effects on the signal are also treated, 
including scintillation and fading, angle-of-arrival fluctuations, 


ot . 12-1 vei denbauer, R., Summary of Millimeter Wave Propagation Phenomena, 


ECAC~TN-80-023, October 1980. 
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depolarization, and bandwidth limitations. Simple manual techniques are 
presented for predicting these effects wherever possible. Appropriate 


Measurements are summarized and extensive references are cited. 


Reference 12-2 describes an automated millimeter wave propagation 
prediction program MMWPROP. This model is currently operational at ECAC and 
may be used to predict the attenuation due to free space spreading, molecular 
absorption, and rain absorption and scattering not exceeded P% of the time on 
a given SHP or EHF (1-300 GHz) link through any one of six model 
atmospheres. Estimates of molecular phase dispersion may also he obtained. 
Link predictions are currently limited to radio-line-of-sight paths. A 
topographic data~handling routine is included so that the ECAC topographic 
data base may be accessed to check iine-of-sight clearance. The MMWPROF model 


has been shown to provide reasonable agreement with measured data. 


12-2 ei denbauer, Ro, A Millimeter Wave Propagation Prediction Model - 
MMWPROP, ECAC~TN-81-046, September 1981. 
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CHAPTER 13 


PROPAGATION AT FREQUENCIES USED 
BY ELECTRO-OPTICAL SYSTEMS 
By: D. Reed 


13.1 INTRODUCTION 


Electro-optical (E-O) propagation includes those frequencies in the 
ultraviolet (UV), visible, and infrared (IR) portions of the spectrum. ECAC 
has acquired several models to calculate attenuation of radiation through the 
atmosphere in the spectral regions. These models were utilized on the XM=-1 
tank laser rangefinder! 3-1 and Combat Identification System/Battlefield IFF 


(crs/BIFF)'372 projects. 
13.2 CAPABILITIES 
i oe The E-O propagation models which have been acquired to date are: 


1) towrran 5,'3-3 2) gosazn-8o,'3-4 3) naser,'375 and 4) rascope1.'37® o¢ 
these, LOWTRAN 5S and EOSAEL-80 are presently sufficient for ECAC uses and are 


13-lpeed, David J,, EMC Consideration of the M-1 Tank Laser Rangefinder, 


ECAC -PR-80-028, December 1980. 


13-2o3borne, R., Reed, D., Rose, D., and Sautter, P., Preliminary EMC 


Considerations of the Combat Identification System/Sattlefield IFF 


(CIS/BIFF), ECAC-CR-81-105, September 1981. 


13-3kn eizyr, P. X., et al, Atmospheric Transmittance/Radiance: Computer 


Code LOWTRANS, AFGL-TR-80-0067, Air Ferce Geophysics Laboratory, Hanscom 
AF, Mass., 21 February 1980. 


13-4puncan, L. D., EOSAEL 80-Vol. I, ASL-TR-0072, Atmospheric Sciences 
Laboratory, WSMR, NM, January 1981. 


13-5ucclatchey, R. A. and D'Agati, A. P., Atmospheric Transmission of Laser 
Radiation: Computer Code LASER, AFGL-TR-78-0029, 31 January 1978. 


= 'S-Ssnith, H. J. P., et al, FASCODE - Fast Atmospheric Signature Code 
(Spectral Transmittance and Radiance), AFGL-TR-78-0081, 16 January i978. 
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the only ones maintained. References 13-3 through 13-6 provide a good 
discussion on E-O propagation. However, mich of this material has been 
summarized in APPENDIX A to ECAC-TN-80-025 and in ECAC-TN~81-058. Electro- 
optical propagation capabilities will continue to be developed as updates to 
the models are made, and these developments will be documented in future TN's 
and potentially an ECAC E-O propagation handbook. This chapter will be 
completed in future editions of this handbook. 
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CHAPTER 14 
COUPLING BETWEEN ANTENNAS ON AN AIKFRAME 
By: F. Boldissar 


14.1 INTRODUCTION 


Section 14.2 of this chapter provides a set of formulas to be used in the 
calculation of the power coupled between two antennas located on a perfectly 
conducting airframe. ‘The formulas apply to problems in which the airframe can 
be represented as either a flat plate, a circular cylinder, a circular cone, 
or a knife~edge. ‘The cylinder and cone formulations apply to structures in 
which the radii of curvature are greater than two wavelengths. Further, in 


all formulations the antennas should be separated by at least one wavelength. 


Section 14.3, contributed by W. Stuart and K. O'Haver, provides the 
current status on a study of computer models designed to solve airframe 
coupling problems for both small (as in the case of the Section 14.2 formulas) 
and large wavelength signals. Section 14.4 lists some documents in which 
comparisons between the Section 14.2 predictions and measurements are 


presented. 
14.2 MANUAL METHODS 


This section provides a list of formulas amenable to hand calculation 


that can be used to estimate coupling losses over perfectly-conducting 
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airframes. The equations have been extracted from References 14-1 through 
14-6. Ambiguities and inconsistencies in several of these documents have been 


resolved in the preparation of this section. 


14.2.1 loss Over Flat, Perfectly-Conducting Surfaces 


Basic transmission loss between antennas located on ‘an aircraft depends 
upon the geometry of the aircraft and the locations of the antennas. If the 
antennas are both located on a flat, perfectly-conducting surface, the loss 


may be computed from the free-space formula, 
Lots 7 20 log £ + 20 log d - 37.87 (14-1) 


where Lots is in dB, f is the frequency in MHz, and d is the distance between 
the antennas in feet. ‘This equation can also be used when the antennas are 


within line-of-sight of each other. 


14-1 aseltine, R., Avionics Interference Prediction Model (AVPAK), 
ECAC-TN-75-020, ECAC, Annapolis, MD, September 1975. 


14-2 asserjian, Ge, and Ishimaru, A., “Excitation of a Conducting Cylindrical 
Surface of Large Radius of Curvature,” IRE Trans. on Antennas and 


Propagation, May 1962. 
14-353 egel, M.D., Aircraft Qoupled Interference Analysis, IEEE EMC Symposium 


Record, 1969. 


4-4 sr yon, JeA.M., et. al., Derivation of Aerospace Antenna Ooupling 


Factor Interference Prediction Techniques, AFAL-TR-66-57, The University 
of Michigan, Amn Arbor, MI, April 1966. 


1 


14-Syorgan, Ge, Avionics Interference Prediction Motel, FAA-RD-71-10 
(ESD-TR-70-286), ECAC, Annapolis, MD, December 1970. 


14-6 sordaan, E.C., and Balmain, KG., Electromagnetic Waves and Radiating 


Systems, 2nd Edition, Prentice-Hall, Englewood Cliffs NJ, 1968. 


-,; 
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1442.2 Loss Over a Cylindrical Airframe 


If the radio ray must travel along the curved surface of the aircraft's 


fuselage to reach the receiving antenna, the loss is then given by 


b= Lyes + Fly) oB (14-2) 


where Lifs is the free-space loss computed over the total distance traversed, 
and F(y) is the curvature factor shown in Figure 14-1. If the fuselage is 
modeled as a right circular cylindez with radius of curvature p (Figure 14-2), 
the distance between two antennas located on the surface of the cylinder is 


given by 


d, = Vio (,-62)17 + (2,2)? feet (14-3) 


where (9, $4, 214) and (0+ $9, Z2) are the cylindrical coordinates of the 
antennas when the axis of the cylinder is coincident with the z-axis of a 
cylindrical coordinate system (distances in feet, angles in radians). The 


dimensionless variable y is given by 


y = 0080p (64-93)? V5 (14-4) 


c 


where f is the frequency in megahertz, and the other parameters have 


previously been defined. 


When one of the antennas has been raised above the fuselage, as in Figure 
14-3, the total distance used in the free-space equation is the sum of the 


cylindrical-spiral distance d, and the straight line distance 


2 2 2 
d = ve, + Ps - 29 10» cos (>, - 5) + (z, - z,) feet (14-5) 


3 


where the distances and angles given in Figure 14-3 are in feet and radians, 
respectively. Expressions for the $ and z coordinates of the tangent point 
(i.e., the point at which the straight line segment of the path joins the 


cylindrical-spiral segment) are given below. 


Span emer tee 7 
: 7 
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CURVATURE PARAMETER Y 


Additional loss due to curvature of a cylinder. 


Figure 14-1. 
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Figure 14-2. Three views of a fuselage modeled as a right 


circular cylinder with both antennas on the surface. 
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©5152) 


(p, 199525) 
A) (05104 02,) 


(61 16452,) 


Py 


Antenna 2 
(659552) 


Tangent point 
(5 5o,02,) 


P Antenna 1 
1 (0 5¢4524) 


Figure 14-3. Three views of a fuselage modeled as a right circular 
cylinder with one antenna raised above the surface. 
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The appropriate sign in the expression for %e is that which produces a minimum 
total distance. 


When both antennas are raised above the fuselage, the total path consists 


of two straight line segments and one cylindricai~spiral segment as shown in 


oy Figure 14-4. 
given by 
%e1 
%e2 
ed 
742 


2. 2 
P,1¢,-b,12, +2, Jp, - 2; 


There are now two tangent points, the coordinates of which are 


[fe aye 
~1 1 . 
%, + tan S radians 
Po 
~ifVP2 7 9 
$5 + tan radians 
Pe 
DE- a 
CEol feet 
—D 
= feet 


REVISION DATE 


radians 
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(14-8) 


(14-9) 


(14-10) 


(14-11) 
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Figure 14-4 Three views of a fuselage modeled as a right circular 
cylinder with both antennas raised above the surface. 
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~(A, + B)/A, 


D = -=B/A, 
E = -(Az + B)/A, 
FP = -B/A, 

B= Pelee ~ Mal 


2 2 2 
1 Ps 


/ 2 2 
Ay . Po - P. 


p = radius of the fuselage (feet) 


op For these coordinates, the straight line distances and the cylindrical spiral 
i distances are given by Bquations 14-5 and 14-3, respectively. 


Propagation paths involving more than one cylinder (Figure 14-5) can be 
handled by computing the curvature factors for each cylinder and summing them 
with the free-space loss. The total distance used in the free-space forma 


will include the distance between the curved surfaces. Thus, the total loss 


is given by 

Ly = Logg + 2 Fly) @B (14-12) 
where 

Liufs = free-space loss computed with total path distance 


IF(y) = sum of the curvature factors due to each surface 


encountered. 


~. 
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1442.3 Loss Over a Conical Airframe 


Sometimes, a circular cone is more repesentative of an aircraft's 
fuselage than a cylinder (Figure 14-6). If this is the case, the curved- 
surface loss may be approximated by using the cylinder formulas except that 
the radius of the cylinder in the expression for y is replaced with the 
geometric mean of the maximum and minimum radii of curvature, p, and Po (Le@e, 
in Equation 14-4, replace p with D4Po)- Also the distance d, becomes the 


distance between two points on a cone, 


$50-6,D 42, 22 Ag, + C 

4c * Fo ge ge Ds aids 
where 

Po? 
ee 2 

%2 1 

24% 
Be 21 

$24; 


2 
4 


D = Va? +B? +a* 9? 


GC wate et sats 


(P47 $4 21) and (p> $2, 22) are the coordinates of the antennas. 
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(01564, 24) 
T™ 
(P55 o> 25) 


Figure 14-6. Puselage modeled as a truncated cone 
with both antennas on the surface. 


14.2.4 Knife-Edge Calculations 


The knife-edge-diffraction formations (see Chapter 9 of this handbock) 
can be used to handle propagation paths with wedge-shaped obstacles such as 


antennas in the aircraft's bulkhead and wing effects. 
14.2.5 Limitations 


The above methods are limited in that multipath phenomena are not 
considered. The cylinder and cone formulations are restricted to bodies with 
radii of curvature greater than two wavelengths. The distance separation 
between the antennas must be large enough so that each antenna is in the far 


field of the other antenna. 
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14.3 COMPUTER MODELS 


Several computer models are currently (FY82) being evaluated to determine 
their ability to achieve consistently accurate predictions. These include the 
UNIVAC version of AVPAK!471,14-7, the hand-calculator version of 
AVPAK! 4-8 Aircraft Intra-Antenna Propagation with Graphics (aapG)!4-9, and 
the General Electromagnetic Model for the Analysis of Complex Systems 
(GEMACS )14-10,14-11 


AVPAK and AAPG are computer models for evaluating interference between 
antennas on a metallic airframe at frequencies above about 50 MHz. For each 
transmitter receiver pair, AVPAK predicts interference if the on-tune power 
input to the receiver exceeds its sensitivity threshold. The oresent version, 
AVPAK3 (see Reference 14-7), includes an antenna-gain subroutine and data 
bases containing nominal characteristics ‘of commonly used avionics 
equipment. Antenna-to-antenna coupling includes free-space loss and losses 
due to cylindrical curvature, bulkhead diffraction, and wing shading. There 
is also an option to calculate the power density at any user-specified point 


on the aircraft. 


14-Towyer, Priscilla A., A Model to Predict Mutual Interference on an 
Airframe, ECAC-PR-76-067, April 1977. 


14-82 uc Analysis Capabilities for Programmable Calculators, ECAC-PD-75-003, 


1975, 


14-9eubina, S.J., Input Formats and Organization for AAPG, Preliminary, EMC 


Laboratory, TM-7802, Department of Electrical Engineering, Concordia 
University, Loyola Campus, Montreal Quebec, H4BIR6. 


14-1 0General Electromagnetic Model for the analysis of Complex Systems, 


Volume I, User's Manual, RADC-TR-77-137, The BDM Corporation, April 1977. 


14-11 General Electromagnetic Model for the Analysis of Complex Systems, 


Volume II, Engineering Manual, RADC-TR-77-137, The BDM Corporation, April 
1977. 
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AAPG predicts electromagnetic interference (EMI) between a transmitter 


and receiver if there is frequency coincidence. The EMI margin is determined 


by 


where Pp is the power received, and Sp is the receiver sensitivity a 
threshold. A positive EMI indicates potential interference. Antenna-to- ie 
antenna coupling includes free-space loss, coaxial sable losses, shading due 
to conical or cylindrical surfaces, and diffraction around wings. There also 
is a subroutine to calculate antenna gains in the couplingpath direction. 
AAPG is more user-oriented than AVPAK because it includes a graphics package 
with an interactive display. These features are e-ctreme ly useful in an EMC 
analysis because the antennas can be interactive:, relocated on the airframe 
model. Thus, EM! margins for various antenna lecations are easily obtained. 
At present, only AVPAK is ECAC-approved. However, AAPG is being documented 


for ECAC approval. 


GEMACS is available at ECAC to calculate coupling losses on a structure 
at frequencies between 10 kHz and 40 Miz. GEMACS is a thin-wire code, meaning 
that the model consists of wire segments connected in a way that approximates 
the actual structure. GEMACS uses a Method of Moments (MOM) formulation to 


obtain the current on each wire segment. Linear simultaneous equations 
arising from the MOM formulation are solved by using the Banded Matrix 
Interation (BMI) technique. GEMACS is designed for large structures, since 
the BMI technique requires less computer resources than other solution 
techniques. However, the BMI technique requires careful modeling and 
numbering of the wire segments. There is a present ECAC effort to verify the 
operation of the code. 


A detailed discussion of the models recommended will be prepared for 
insertion in this chapter after completion of the FY-82 Capability Development 
Task. Coupling over non-metallic and lossy metallic airframes will be 
investigated in later fiscal years and supplements will be added to this 


chapter as appropriate. 
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14.4 VALIDATION 


Comparisons between predictions based on the formulas presented in 
Section 14.2 and measurements are provided in References 14-5, 14-12 and 


14-13. 


14~1 ‘ 
*Priske, Leo, An Extended Avionics Interference Prediction Model, 
FAA-RD-73-9, ECAC, Annapolis, MD, June 1973. 


14-1 F 
4 3¥ernandez, A.A., Airframe Antenna Coupling Losses for Ostructed or 
Unobstructed Paths, ECAC~-TN-73-026, revised, 13 May 1974. 
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APPENDIX A 
DERIVATION OF TWO BASIC EQUATIONS FOR Lp BR 
By: M. Weissberger c 


Section 2 of the Handbook presented a derivation of the basic free-space 
transmission loss, Iy¢,- This appendix presents derivations of two equations 
for the more general quantity, basic transmission loss, l,- The equations 
developed are generally only used as building blocks for more complex models 
that allow state-of-the-art predictions for real problems. They are presented 


to give engineers some insight as to the basics of the more complex models. 


The limitations of the equations derived here are cited. 


A.1 BASIC TRANSMISSION LOSS (14) WHEN THERE IS ATMOSPHERIC ABSORPTION 


In this example, assume that in addition to the 1/(4nr?) spreading loss 
there is also absorption by oxygen and water vapor molecules. ‘this additional a 
@' loss is well modeled by the relationship expressed as: "The decrease in power i 
density, dpy, of a ray as it flows across a segment of length dr is 
proportional to the power density flowing into the segment, pg, the length of 
the segment, dr, and an absorption coefficient, a." An appropriate equation 


for this decrease is: 


ae 
oa. = -a dr 
Pq 


Integrate both sides: 


p, (final) 


Qn | a xr (final) 
Pa p, (initial) 


nee le (initial) 
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Pqa(final) - 
ain p,iinitial) = - a (xr (final) - r (initial)] 
let r (final) = r, r (initial) = 0. ‘Then, 
pa (final) 
si p, (initial) Fase (a2) 
Use each side of this equation as an exponent for e: 
p, (final) ate 
P. (initial) : 
d 
Pa(final) = p,(initial) e (A=3) 


Thus, there is an exponential decay of the power density, in addition to the 
1/(4nR?) spreading loss. 
Take the log,, of both sides of Equation A-3: 


Pa(final) = p,(initial) - ar. 10 loge 


Note: log a* = x log a 


or 


p3(final) = p4 (initial) -Y.-r (A~4) 
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where Pg is the power density in logarithmic units such as dBn/m?, 
Y =a. loge is the absorption coefficient in dB/km, and r is the path length 
in km. (The distance units for y and r need not be km). 


If the power density decreases by this amount, then the power which can 
be received also decreases by this amount. (From Bquation 2-3, received power 
= power density x effective aperture of the recaiving antenna). If the 
received power decreases by this amount [in addition to the 1/(4nR?) spreading 
loss] then the loss, L,, (See Equation 2-12) is increased by this amount. 


Therefore: 


as ee : (A-5) 


where Logs accounts for the a/(4nR*) spreading, as before. 


In general, y is a function of position. ‘Thus: 


Lh = lugs tf ¥ (roar (A-6) 
In the earth's atmosphere, oxygen and water vapor each contribute to the 


absorption at microwave frequencies. Each constituent has its own absorption 
coefficient. Therefore, lL, is calculated in this fashion: 


Lh = lps + f [Yw(e) + Yot)| dz (A-7) 
where y, is the absorption due to water vapor in dB/km and y, is the 


absorption coefficient due to oxygen in dB/km. 


If Yylt) and y,(r) are approximately constant, 
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Ly = Lyeg + Ww t Yo) ° F (A-8) 


Values for yY,, and Yo at sea level are shown on the following page (see Figure 


A-1). 


Equation A-8 could be used to estimate the absorption expected on a short 
line-of-sight link if the antenna were located near sea level. If both 
antennas were at the same height above sea level, then the equation could be 
used, but the values of y should be reduced to account for the less dense 


atmosphere that exists at this altitude. Approximate formas" are: For 


O<h< 12 km Ke 
Ywih) = Yyoqep(-0.6 h) dB/km (A-9) 
Yo(h) = Yoqexp (-boh) dB/km (A-10) 
wath ie a 
a 
by = 0.25 (-0.5/fgy,) for 0.1 < £ < 10 Giz (A=11) nN 
and 
b, = 0.25 for f > 10 Giz (A-12) 


AmlRi ce, Pp. Le, and Herbstreit, J. W., "Tropospheric Propayation", Advances 
in Electronic and Electron Physics, ed. L. Marton, Academic Press, 
New York, 1964. 
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DIFFERENTIAL ABSORPTION dB/km 


O01 0.2 \ 2 10 «20: 100 
FREQUENCY IN GHz 


Figure A-1. Estimated values of the sea-level values of Yw and Yo* Pressure, 
760 mm Hg; temperature, 20° c, water vapor density, 10 gm/m’. 
From Reference A~1. Frequency is in GHz. 
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For h > 12 km and 0.1 < £ < 100 GHz, 


Yo(h) = Yo(12)exp (-0.3(h-12)) dB/km (A-13) 


The greatest accuracy is achieved using Equation A~7. TIREM executes a 
form of this integral for terrestrial paths (see Chapter 9 of this 
handbook). SATPROP does this for earth-space links (Chapter 7), and IFf-77 for 
air-ground links (Chapter 8). 


Equation A-6 is also the basis for state-of-the-art calculations of rain- 
attenuation. Model details are presented in Chapter 7 for earth-space links 
and in Chapter 10 for terrestrial links. The equation is recommended by some 
authors for predicting the attenuation due to propagation through foliage. 
Chapter 11 of this handbook explains the limitations of this procedure. 


A.2 BASIC TRANSMISSION LOSS OVER A PLANE EARTH 


This sample derivation is included to give engineers an intuitive feel 
for why increasing antenna height decreases loss -- even for antennas that are 
within line-of-sight of each other. It also helps explain why loss increases 
at a rate closer to 40 log D than to 20 log D (as in free-space) when the 


antennas are near the earth's surface. 


2 Similar information also 


The material follows Bullington'’s writeup.4~ 
appears in Jordan and Balmain. 473 The equation developed is not suggested as 


an alternative to the general models presented in Chapters 6, 8 and 9% It 


A-2pullington, K., “Radio Propagation Fundamentals,” Ball System Technical 
Journal, May 1957, ppe 596-597. : 


A-33ordan, E. C. and Balmain, K. G., Electromagnetic Waves and Radiating 


Systems, 2nd Edition, 1968, pp. 653-654. 
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will produce equivalent results, however, for specific parameter ranges. The 


mode selection scheme in IPS defines these eageee > 


Consider the geometry shown in Figure A-2. If the antennas are more than 
about one wavelength above a normal earth or more than about 10 wave lengths 
above sea water, and the antennas are well within the line-of-sight of each 


other, (See References A-3 and A-5), then the total electric field is given 


by: 
Frorat = "prrecr + 2RerLecrep Sante) 
_— Y 
Ly) 
———— 
A 
h 
@ ly < 2 
R 
hy Se 
— ~ ma 
———— D ee ete Sy 
~. e | 
ei — 
~~ a _ | 
The length of LREFLECTED is the i | 
same as the length AB. B 


Figure A-2. Geometry for the plane-earth loss equation. 


A~446idenbauer, R. and Chang, S., A Status Report on the Integrated 
ae: Propagation System, ECAC-TN-78-025, Electromagnetic Compatibility 
nites Analysis Center, Annapolis, MD, November 1978, pp. 9-15. 
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If the distance between the antennas is much greater than the antenna heights, 


then the magnitude of the spreading loss of the direct and ground-reflected 


rays is approximately equal. The difference between the two rays is due to 


the reflection coefficient (R) and to the difference in phase between the two 


rays caused by the slightly different path lengths (A$). Thus: 


Eroran = Ent ER™ Ep +E -R. eM? 


Now for grazing incidence over a relatively smooth earth R * <1. 


So, Exoran * Ep (1-274) 
The phase shift resulting from the difference in path lengths is: 


ag = 2 (Dp - U) 


(A-15) 


(A-16) 


(A=-17) 


Prom the figure it is seen that Lyrrecr (Lp) is the hypotenuse of a right 


triangle with sides D and (hy - hy). So: 


Ly * y” + (hg = hy)? 


2 2 
= Dv + hy - 2h, h, + h, 


(A-18) 


Se ee es 
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1/2 


Now D >> hy or hg, 80 the second term is <<1t. Since (1 + X) = 4 + 1/2 X, 
(ny? ~ th, hy + hy?) 
BeOS og \A-19) a 
- ‘ : 


Now the reflected ray is the hypotenuse of a right triangle with sides D and 
(hy + hg) Therefore: 


(hg + 2huho +h, ) 
t,7D (1+— _ (A-20) 
2D 
Therefore 
4hh 2h_h 
ey L,-~ lb = D 0 + 13 | -({ 4 |, (A=21) 
2D 
and 
47 hoh 
2m ay eo ee as of 
Ad r (Lp Ly) iD (A-22) 
Insert this into Equation A-16: 
ie j 4n h,hy 
BOTAL = By (i-e ) = EB 1-e AD (A=23) 


Now, 


ee = 1+ X for small x 
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So, for Ad < 4/2 (see Reference A-2) 
E =» EL (1 = 1 = 346) = -3 E ae (A-24) = 
349 2° p* 9D 


Phase shifts have been considered where they were essential -—- in combining 


the two waves. For further work, they are not needed, so: 


E = £E Sa . (A=25 ) 


"2 
Py, toran * °p, direct ° XD aes 6 


The received power is the effective aperture times the power density. So 
2 
4n h,ho 


reducing the power density by ae) will reduce the received power by 


this amount. From Equation 2-3, 


Power Received from the Direct ray = P xen (A~27) 
t | 40 Ly 
The total received power, Pos is: 
2 4m hvh 2 
a 102 
e e Pe (a =) . ( dD ) chee) 
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Now, for hy, ho << D, ly = D, 


so 
hyhy 2 
P = Pp (A~29) 
xr t 2 
D 
Basic transmission loss is: 
Pe p? " 
14 aaa = hh. (A~30) 
Py 12 


(Note that the equation, as written, is only true for lossless isotropic antennas). 


In dB, with h, and hy in feet and D in miles, 


Lg = 40 log D = 20 log hy - 20 log hg + 148.91 ; (A~31a) 
i With h, and ho in meters and D in kn, 
Lg 2 40 log D - 20 log hy ~ 20 log hg + 120.00 (A~31b) 


One example of a problem for which the equation yields accurate 
predictions was reported by Hopner and Cushing. ””? This was a line-of-sight 
over-water link at 243 and 455 Miz between Vancouver Island and the mainland 
city of Vancouver. Measurements on the 84 km path demonstrated that: 


AnSyopner, E. and Cushing, T. D., “Comparative Propagation Studies on 250 


and 450 Megacycles," Record of the AIEE Summer and Pacific General Meeting, 
Los Angeles, CA, June 21-25, 1954. 
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a) The measured losses were greater than free-space by amounts 
predicted by Equation A-31. (The Equation overpredicted the measured loss by 
1 a@B at 455 MHz; it underpredicted the loss by 1 dB at 243 MHz.) 

.b) Even though the free-space loss at 243 Miz is 5.5 dB lower than 
the free-space loss at 455 MHz, the measured losses were within 2 dB of each 


other. (The predicted difference is 0 dB). 


One measured result that is not predicted by Hquation A-31 was the 
existence of substantial time variability of the signals. ‘he 243 Miz signal 
fluctuated over a 29 dB range and the 455 MHz signal varied 35 dB in 
intensity. The comparison cited above was between the most probable measured 
values and the predicted values. Reasons for the time variability of signals 
on line-of-sight paths are discussed in Chapter 10 of the text. 


Eg1iA-6 developed an equation which was based on 5quation A=-31 but 
included empirical terms to account for deviations measured in the 40-900 Miz 


band and paths over rough terrain. e 


Adams4~7 demonstrated a means for applying the basic two-ray model to 
problems in which the terrain is not smooth. The method presumes that the 
analyst has detailed information about the topographic profile between the 
transmitter and receiver. The procedure was shown to be accurate in the 30- 


900 Miz range. 


A~65g1i, J. J., “Radio Propagation Above 40 MC Over Irreqular Terrain," 
Proc. IRE, October 1957. 


A-~7a dams, B. W. P., “An Empirical Routine for Estimating f.:flection Loss in 
Military Radio Paths in the VHF and UHF Bands," IEE Conference Publication 


169, IEE, London, England, 1978. 
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Hufford*~® observed that Equation A-31b had to be modified by using 
Bullington's effective antenna height in order to provide a reasonable 
estimate of the mean loss measured on circuits between two low (1-9 m) 
antennas along 5-80 km paths in the Colorado Plains and Northeastern Ohio. 
The frequencies ranged from 20 to 100 MHz. The effective antenna heights are 
computational devices for taking into account the surface wave ~ a component 
which exists for low antennas. See the heading “Modified Plane Earth" in 


Chapter 9.2.1 for more information on this subject. 


A-Buuttord, G. A., and Montgomery, J. L., On the Statistics of VHF Field 


Strength Measurements Using Low Antenna Heights - I, NBS Report 9223, 


ITSA, Boulder, CO, May 1966. 
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A DETAILED FLOW DIAGRAM OF TIREM 
By: R. Meidenbauer 


This appendix contains a flow diagram of the Terrain Integrated Rough 
Earth Model (TIREM). ‘The text describing this model appears in Chapter 9. 
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CALL ABSORP (3) 
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ALONG 


RATMIN 105 
RATMAX 215 


CALCULATE RATIO OF 


CALCULATE O€LTAH 


CALCULATE ASUBCI 
USING ERL @-ITS 97 
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USE i972 LONGLEY- MICE 
LINE- OF - SIGHT EQUATION 
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A | Aswec: asuece | 
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(RAT MAX ~ RATIO) / 
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APPENDIX C 
DETERMINING STATISTICAL TOLERANCE LIMITS 
FOR A PROPAGATION MODEL - AN EXAMPLE 


By: M. Weissberger 
INTRODUCTION 


The objective of this appendix is to document a procedure for adjusting 
basic-transmission~loss predictions made using the Integrated Propagation 
System (IPS) so that observed differences between these predictions and 
measured data are taken into account. EMC engineers can apply this procedure 
as a means of increasing the reliability of predictions made using analysis 
models that include IPS as a subroutine. TENIAS, FDRCAL, and MODEL-B are 
three models of this type. ; 


he The next section discusses the comparison between measured loss values 
o and IPS predictions. The following paragraphs show how a probability 
distribution of prediction errors may be developed from this comparison. ‘This 
is followed by an explanation of how to use this distribution to compute the 
adjustment to the IPS prediction that is needed to produce a given amount of 
reliability. An example is presented and limitations of the procedure are 
discussed. 


COMPARISONS BETWEEN MEASURED BASIC-TRANSMISSION LOSS VALUES AND IPS 
PREDICTIONS 


C=1 


Meidenbauer, et al. presented the results of a comparison between 5015 


measurements and corresponding IPS predictions. These results are 


C~Imeidenbauer, R., Chang, S., and Duncan, M., A Status Report on the 


Ree Integrated Propagation System, ECAC-IN-78-023, Electromagnetic 
ae Compatibility Analysis Center, September 1978, p. 106. 
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summarized in TABLE C-1. They are similar to the data reported earlier by 


Lustgarten and Madison.°~2 


The “prediction error” was determined for each path. This is defined as 
the predicted loss minus the measured loss, all three quantities in dB. The 
mean and standard deviation of the prediction errors was computed for each of 


the 23 groups of paths. These are included in TABLE C-1. 


It is to be noted that the measured loss values included in the study 
were all taken over relatively short time periods -- typically less than 10 
minutes.©~2" "4 Thus, any particular “error” includes the difference between 
the long-term median signal level and the signal level which existed when the 
measurement was made. Thus the distribution of error statistics can be 
considered to include the distribution of the signai strengths with time. 
Therefore, no further adjustments need to be made for this factor. It is 
assumed here that the different measurement programs considered in this study 
took place over a period of time long enough so that the individual path 
measurements represent a reasonable sample of different parts of the time- 


variability distribution. 


The two groups of Colorado-Mountains measurements were not used in the 
remainder of this study. This is because IPS was not designed for use over 


C~2ustgarten, M.N., and Madison, J.A., "An Empirical Propagation Model 
(EPM-73)", IEEE Transactions on EMC, August 1977. 


C3 3ohnson, M.E., et. ale, Tabulations of VHF Propagation Data Obtained Over 
Irregular Terrain at 20, 50, and 100 MHz, ESSA Technical Report IER 38 - 


ITSA 38, May 1967, p. 10. 


C~4ucquate, P.Le, et. ale, Tabulations of Propagation Data Over Irregular 
Terrain in the 230 to 9200 MHz Range, Part I: Gunbarrel Hill Receiver 


Site, ESSA Technical Report ERL 65-ITS 58, March 1968 p. 21. 
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Colorado 
Colorado 


Colorado 
Colorado 
Colorado 
Colorado 


Colorado 
Colorado 


Plains 
Plains 


Plains 
Plains 
Plains 
Plains 


Mounta 
Mounta 


Northeast Ohio 
Northeast Ohio 


Northeast Ohio 


Colorado 
Colorado 
Colorado 


Colorado 
Colorado 
Colorado 


Colorado 
Colorado 
Colorado 


Colorado 
Colorado 
Colorado 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Plains 
Plains 
Plains 


Predicted loss (dB) 


REVISION DATE 


TABLE C-1 
IPS PREDICTION ERROR 
(From Reference C-1) 


ins 
ins 


- Measured loss (dB). 
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such irregular terrain and because the two groups did not represent a large 
enough sample of data from which to draw meaningful conclusions about IPS 


prediction accuracy for rough-earth paths. 


There were 4741 measurements in the remaining 21 groups that were used in 


the study. 
The Distribution of the Prediction Errors 


Each of the 21 groups of prediction errors has its own mean and standard 
deviation. Typically, these two parameters for one group differ from those of 
the other groups. The question of how to select a typical value for each 


parameter now arises. 


A straightforward approach would be to analytically determine a single 
mean and standard deviation that would characterize all 4741 measurements. I[t 
is more informative, however, to examine the variation of these parameters e Sp 


from group to group. 


There is a strong linear correlation (0? = .88) between the standard 
deviation of a group and the frequency at which the measurements in the group 
were made. The correlation between o and the logarithm of frequency is even 
greater (p? = .89). It is therefore reasonable to model the standard 
deviation as a linear function of log f. Greater accuracy in describing the 
standard deviation can be obtained by using separate linear relationships for 


each of three frequency bards. Regression yields these formulas: 


o, * 6- 784 logy £ - 3.078 (f < 101.8) (ia) 
go, = 2.157 logig £ + 6384 (101.8 < £ < 910.0) (1b) 
On. s 11.910 logy, f - 22.624 (£ > 910.0) (1¢) 
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where o, is the standard deviation of the prediction error in dB and f is the 


frequency in Miz. ‘The data and the curve fits are showm in Figure C-1. 


The variation of the mean prediction error of each group with the 


measurement frequency was also investigated. ‘The following observations can 


be made: 
1. The linear correlation between the two parameters is low: 
p27 = 0.40. . 
2. The linear correlation between the mean and the log of frequency 
2 


is also low: p“ = 0.43. 

3. The scattergram of the points (Figure C-2) yields no signs that 
other functions could be used to categorize a relationship between the mean 
error and frequency. : 

4. There is no apparent physical reason to expect a dependent 


relationship. 


Because of these reasons, it was decided to model the mean error as being. 


independent of frequency. 


It is now assumed that the 21 means are normally distributed with an 
estimated mean and standard deviation of 0.77 and 6.07 dB. A Chi-square 
goodness-of-fit test was done to verify that this assumption is 
satisfactory. The procedure described in Reference C-5 was used. The data 
was categorized into four groups. x? was 3.19 for the data. ‘This implies 
that the assumption of a normal distribution is valid at the .05 level of 
Significance. Use of the Chernoff and Lehman approach described in Reference 
C-6 leads to even greater confidence in the validity of the assumption. 


CmS alder, H.L., and Roessler, E.B., Introduction to Probability and Statistics, 


W. H. Preeman and Company, San Francisco, CA, 1972, Section 13.5. 


_ C-651um, J.R. and Rosenblatt, J., Probability and Statistics, W.B. Saunders, 
. Toronto, 1972, Section 12.2.3. 


A i a a 


RADIO WAVE PROPAGATION: A HANDBOOK OF 
PRACTICAL TECHNIQUES FOR COMPUTING BASIC 
TRANSMISSION LOSS AND FIELD STRENGTH 


REVISION DATE 


The straight lines 


ntains are the 11.5 and 11.6 dB 


frequency for the 23 groups of 
s excluding the mountain data is 0.89. 


£ (Miz) 


the et groups from tne Colorado Mou 
re) 
represent the regression fit given by Equations 1a, 1b, 


The standard deviation of the prediction error vs. 


points at 100 Miz. 


measurements. 


Figure C-1. 
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10000 
The two groups 


The value of 0%, excluding the mcuntain data, 


1000 
In the procedure outlined in this appendix, m and f are assumed to be 


£ (Miz) 


100 
Mean prediction error vs. frequency for the 23 groups of measurements. 


from the Colorado Mountains are circled. 


is 0.43. 
independent. 


Figure C-2. 
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Figure C-3 ig a graphical comparison between the measured distribution and 2 


normal distribution with the same mean and c. 


The distribution of the prediction errors in each group about the mean 
error of the group is now assumed normal. Chi-square testing of two 
arbitrarily selected groups (Chio, 101.8 MHz, 10'-10' and Colorado Plains, 910 
MHz, 24' - 39') indicates that this is a reasonable assumption at the .05 
level of significance. (For Ghio, x? = 3.37 for 4 groups of data, and for 
the Colorado Plains, x? = 21.7 for 16 groups of data.) Figures C-4 and C-5 


are graphical comparisons between the measured and normal distributions. 


The relationship between the mean of a group and the standard deviation 


of the group was investigated. These observations can be made: 


1. The linear correlation between the two parameters is low: 


p? = 0.37. 


2. The scattergram of the points (Figure C-6) yields no signs that 
other functions could be used to categorize a relationship between the mean 
error and the standard deviation. 


3. There is no apparent physical reason to expect a dependent 


relationship. 


Because of these reasons it was decided to model the standard deviation as 


being independent of the mean error. 


The type of information that is needed about the prediction errors is the 
probability of a given error being greater than X dB. ‘This probability is the 
probability that the sum of the mean error plus the deviation from this mean 
is greater than X dB. Since the distribution of the mean errors and the 
distribution of errors about the mean have been found to be normal and the two 
distributions have been found to be approximately independent, then the 
desired probability can be calcwlated from the probability that a single 
normal distribution exceeds X dB. This single distribution has a mean of 


Q.77 dB and a standard deviation of: 
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% of Paths for Which This Error is Not Exceeded. 


Distribution of prediction errors for 148 paths in the Colorado Plains at 910 MHz. 
Ihe solid line is the theoretical normal distribution having the same mean and o. 


In addition to this graph, Chi-square testing supports the assumption that the 


distribution is normal. 
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excluding the 


2 


i) 
In the procedure outlined in this memorandum, o and m are 


mu (dB) 


is 0.37. 


fata for the two Colorado Mountains groups are circled. 
assumed to be independent. 


Standard deviation of a group of prediction errors vs. the mean prediction error of 


the group. 
mountain data, 


ne ee ee 


Fiyure C-6. 
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/ 2 
o = W (6.07)” + 0,” (2) 


where o; is given by Equation 1. (See, for example, Reference C-6, Section 
4.6.) 


Combining Bquations 1 and 2 results in these formas: 


V 2 
= 46.32 - 41.76 log £ + 46.02 log f (3a) 


oC 
(f < 101.8) 
= V77.60 + 27.54 log £ + 4.65 log’ £ 
(101.8 « £ < 910.0) (3b) 


g = V548.69 - 538.90 log £ + 141.85 log’ £ 


fst (3c) 
wy (€ > 910.0) 


Statistical Tolerance Limits 


If the set of prediction errors available was infinite in size, then 
there would be precise knowledge of the mean and standard deviation of the set 
of errors. Furthermore, if these data were normally distributed, then the 
probability of an error being greater than X dB could be determined, with 100% 


confidence, from a table of the cumulative normal distribution. 


The actual data is limited, however, to 4741 measurements. At some 
frequencies there were as few as 357 measurements. And the model of the error 
distribution is based on a set of 21 means and sigmas. Thus there is 
uncertainty in the knowledge of the actual mean and standard deviation of the 


set of all possible prediction errors. 


MMB eee 
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Since the actual distribution is approximately normal, the noncentral-t 
distribution can be used to quantify the uncertainty in the knowledge of the 
spread of prediction errors.°~! One can then determine, for a specified 
degree of confidence, the magnitude of the prediction error that will not be 
exceeded for a specified fraction of the cases investigated. This magnitude 
can be calculated as minus the mean error plus kg, where the mean error is 


0.77 dB, o is given by Equation 3, and k is from TABLE C-2. 


TABLE C=-2 
VALUES OF K 


Confidence Level 
90% 95% 


Fraction of the 


cases for which 


the error will 


not be exceeded 


The values of k were obtained from Reference C-7. The sample size was 
assumed to be 100, this being a reasonable compromise between the three 
possible choices (4741, 357, and 21). It can be shown that this choice is 


conservative for frequencies greater than or equal to 101.8 MHz. 
EXAMPLE 


At 200 MHz, increase the loss predicted by IPS by: 


-0.77 + 1.527 ¥ 77.60 + (27.54 log 200) + (4.65 log” 200) 


= -077 + 19.65 = 1888 dB 


C-Towen, D.B., Handbook of Statistical Tables, Addison - Wesley Publishing i 
Co., Reading, MA, 1962, Section 5. 3. —% 
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Now, if groups of 100 instantaneous (i.e. less than about 10 minutes) 
measurements are examined, the predicted loss will exceed the measured loss in 


at least 90 cases in each group for 95% of the groups. = 


If the IPS prediction is reduced by - 0.77 - 1%65 = ~20.42 dB, then 
the measured loss will exceed the predicted loss in at least 90 cases in each 


group for 95% of the groups. 


LIMITATIONS 


The error statistics in Reference C-1 are based on measurements in the 
20-9190 MHz band. Path lengths ranged from 0.3 to 73.8 statute miles. 
Antenna heights varied from 10 to 40 feet. All paths were overland in the 
United States. As actual path parameters diverge from this range of 
conditions, the confidence that may be placed in the accuracy of the error 
distribution diminishes. 


The measurements discussed in this study were taken over relatively 
smooth terrain (AH = 90 meters). This was because the IPS igs intended for 
application to this type of problem. When the model is used over more 

' irregular terrain, it should be expected that the distribution of prediction 
errors will broaden and adjustments larger than those recommended in this 
appendix will be needed. This source of inaccuracy will become more severe as 


frequency increases. 


Loss values predicted by this procedure should be limited to a minimum 


value of 6 dB less than the free-space loss. 
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This appendix addresses tolerance levels associated with one parameter - 
the basic transmission loss between two stations. In actual interference 
analyses there will be other parameters that are statistical in nature, e.g., 
antenna gains, noise levels, duty cycles, and (assuming that the IPS 
prediction is used for the interfering-signal level prediction) the desired 
signal strength. ‘Techniques that can be used to account for the random nature 
of several variables are discussed in, for example, APPENDIX D and Reference 


Cc-8. 


C-Srustgarten, M.N., A Generalized Procedure for Prediction or Evaluation 


of Frequency/Distance Separation Requirements, ECAC-TN-75-026, 
Electromagnetic Compatibility Analysis Center, December 1975. 
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ESTIMATING OUTAGE TIME IN TERRESTRIAL 
MICROWAVE SYSTEMS CAUSED 8Y MOBILE OR 
STATIONARY IN-8AND INTERFERENCE Sources & 


Mark A. Meissberger. Robert L. Hinkle*, William T. Sheiton 
The (IT Research [nscitute Seale 
At The Oepartmene of Defense 
. Blectromagnetic Comparibilicy Analysis Center 
Amnapoiis, Harvland 21102 


Svamary 

Terrestrial line-of-sight aicroweve communications 
sysrans typically have s large enough sedian carrier- 
te-nnise cratic to prevent ioss of inceiligence during 
periods of fading. The surplus carrier power can 
serve to mask interfering signals whem fading is not 
eccurring, This situation showld be taken into ec- 
count when estizating the degree of interference that 
ia-dend transmitters would cause. This paper presents 
& procedure for predicting interference in such cases. 
The seasure of interference used is che increase is 
outage time (time during which the signal-to-inter- 
ference-plus-noise ratio falls delow the sinimm ac- 
ceptable value for the circuit) thac the interfering 
seurce will produce during normal operation. Aa 
example is presented which results in an estinste of 
the outage caused by an airborne tranmitcer to a one 
hep cireuic at 7.3 Gis. Multiple hop interference 
calenlations are sise described. 


if tion 


Microwave line-of-sight radie Links are designed 
with s sedien carrier power tucge enough to prevent 
loss of commmications during a1] but the most severe 
periods of fading. The extra desired signal power 
will serve to mask interference when deep fading is 
met ceccurring. A resiistic analysis of the impacs of 
in-band interference should take this situation into 
account. 


This paper presents am analysis technique that 
inciudes che effects of fade protection designed into 
terrestrial line-of-sight microwave systems. The 
result of the aalysis’is an estimate of the increase 
$m outage time thet the interfering source will pro- 
duce during normal operacion.. (Qurage time is the 
time during which the desired signai-to-interference- 
plus-noise ratio falls below the minimm acceptable 
level foe the circuit. ) 


The analysis procedure allows the engineer co 
inetude descriptions of the durations of the expected 
leveis of desired signal power, interfering signal 
power, and background noise in the sicrowave receiver. 
Vartations ia the desired signal level would be due to 
fading and eqipwene failure. Variations in the inter- 
faring signal level would be due to eovement of the 
jaterfering transmitter, changes in the orientation of 
its antenna, fading, and periods of no transmission. 
Variations ia deckground noise would be due to fading 
and interference in the preceding hops of a muitiple- 
hep system. 


Queage tise is computed from the probability of 
outage, P(0). This is the fraction of time that the 


system can be expected to experience an outage. The 
relation between ocucage time and P({0) is: 


T) « P(0) tT, chy 
where 4 

Ty © Outage tine (seconds). 

Tt} © Total time period considered (seconds). 


Typical tT values would be 3400 seconds (one hour) snd 
2.892 x 106 seconds (one month). 


Am assumption used im the analysis is thax the 
desired signal is siways deing transmirted. Tnere- 
fore the probability of autage can be converted to a 
percenc time available by using this formula: 


% time availabie = (1 - P(0)} x 10 (2) 
This (actor is often called circuit reiisaility. 


This analysis eapicys probability techniques. 
Parameters that are deterministic in nature (such as 
duty cycle and erpected sovenent of the interfering 
source) can be accurately sadeled and inctuded in the 
aasiysis. Appropriace procedures are illustraced by 
an example. 


Probability of Outsge for 2 Single Hop Circuit 


Condition for an Outage 


The minimum acceptable signai-co-ineorference- 
plus-noise ratio ac the receiver output can be re- 
lated to a minima carrier-to-incerference-plus-noise 
ratio at the receiver input. For a given interference. 
plus-noise level at the receiver input, 3 ainimm ac- 
ceptable carrier level will exist. Am outage occurs 
when: 


& * in @) 


¢ © Actual carrier power ac receiver input 
(a). 


Say * Carrier power required in the presence 
: of interference and noise (aw). 


The reiation between the carrier power required 
ta the presence of background noise only and the 
carrier power required in the presence of background 
noise and noisetike interference is: 


‘Mr. Hinkte is now with che U.S. Department of Commerce, Office of Telecommmnicstions. Annapolis, ‘faryland. 


4aAaust 


time variability data into a band sharing study. 
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This Appendix is provided as an example of an approach for integrating 
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a 


cm * Carrier power required at the ree 
ceiver input in thy presence of 
neise only (am). 


Qackground internal noise level 
referenced te receiver input (mi). 


4 «© Interfering power at the receiver 
input within the limits of the ree 
ceiver IF bandwidth (sm). 


The actual carrier power st the receiver input, 


ei. a 


‘AD 


ty © Pade margin (ratie). 


Propagation loss, in addition to 
basic median propagation loss, ex- 
perienced by the desired signs! 
{ratio}. This is the depth of the 
ade. - 


Combining (3), (4) and (3) leads to the following 
teat for autage in a single microwsve hop: 


ty %o 

(= x set <i (6a) 
In logarithmic units this ts: 

fy - Ly . Ny 

+10 log (10%0/10 . i gl/10) 6 9 (6) 


fo expressed in 48. 
lye expressed in d8. 
ye expressed in dis. 
I © i, expressed in dim. 


When inequality (60) or (60) is satisfied, an outage 
occurs. 
Using Monte Cario Techni to Oeterwine (0) 

The probability of outage, P(0), can be determined 
from (6b) by formal analytic seans when the probability 
density functions for both Lyp and ( are available in 


closed form. Typically the density funecion for I is 
not available*. [n any event, solving for P(0) by 
such means is cumbersome for the single hop prodles 
and very cumbersome for the multipie hop problem. The 
use of Monte Carlo techniques involves eany repetitive 
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calculations and therefore requires the use of 4s com- 
puter. However the calculations are not comlicated 


and are easily programmed. A closed form of the 
density function of I 18 not required. A further 
advantage is that the complexity of multiple hop 
problema is not significantly greater than the com- 
plexity of singie hop problems. For these reasons 
the Monte Carlo procedure will be described and used 
in this paper. 


The Monte Cario procedure consists of repeatedly 
entering sample values of bap and I into (6b). After 


each sample pair has been entered, the result of the 
outage test is noted. After « sufficient maber of 
samples has dewn tried, P(0) is calculated. {ts value 
will be the mmber of triais in which em outage is 
Predicted divided by the total member of triais. 


Procedures fer selecting typ and I sample values 


appear in the next twe sections. These parameters are 
assumed to be independent and samples are selected 


_ independent ly. 


Selecting Sample Lo Values 


Figure 1 is a set of plots of the cumilacive 
distribution function ef fade depths expected in a 
7.$ Giz nomediversity system. The function used for 
deep fading (depths greater than 1S dB} is given by 
Bquation (12) fram Reference 2. The fumction is de- 
rived from the results of studies done by W. sarnett. 
Te is sensitive to frequency, terrain type, cliaste 
tone and path length. The function used for fade 
depths less than 15 dB is derived from Figure $ of 
Reference 3. 


Figure 2 is a set of plots of the cumulstive 
distribution of fade depths for s 7.% GHz system with 
d@usl space diversity. for fades greater than 15 dB, 
it is assumed that a correiation coefficient of 0.5 — 
relates the strengths of the two desired signals. 

(See Reference 2, Equation (18).) It is assumed that 
the degree cf correlation increases for the less severe 


fades. 


Choosing sample L,, values is done graphically by 
Tepesting this procedure: 


1. Choose 6 random masher, from a uniform 
distribucion, om the interval [9,1]. Tre number 
should have eight or wore digits. 

2. Use this as a Y-exis value om Figure i 


ow 2. - 
3. Determine the corresponding Sy (-axis) 


value. 


The process con be done analytically by using the 
inverse of the functions on Pigure | and 2. The 
following equations are these inverse functions end 
will yield sampie Ly values as a function of « random 
tumbet: 


2 A noteworthy exception is the case where both the 
desired signat and the interfering signal undergo 
Rayleigh fading. The solution to this proties sppears 
in 3 paper by Bond.! Such s probiem arises wen the 
inesrfering transmitter is at a fixed location fairly 
distent from the microwave receiver. Sond concludes 
that the fading of the interfering signal does not 
significantly improve the chances of receiving the de- 
sired signal. 


4aMd2 
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eA + Blogg o<Qsa 
tye << - 0 log Q aeQs.$ 
C) S<ast fen) 


where Q {8 2 random nuther from 3 unifors distribution 
on the interval (0,1). All other parameters are in 
TABLE 1. 


Seloctiny Sample | Vatues 


The received interference power a¢ the atcrowave 
feceiver can Se computed frow this relation: 


Coe Pee Ge Gye bays by 


- OFR + sam (3) 
where 
I « tneerference power at the receiver in~ 
pue within the iimies of the receiver 
IF dDandwideh (dim). 
La 2 Power of interfering transmitter (dam). 
G @ Gain of interfering transmitting antenna 
(481). 
& © Cain of receiving antenna (dBi). 

hey * Basic eedian propagation loss for the 
incerfering stgnai (dB). 

bay © Additional propagacion loss. expertenced 
by the interfering signal. due to fading 
(43). 

OFR © Off-frequency-rejection caused by re- 
ceiver selectivity to signals not coe 
channel with the receiver (d8). 

cpg 10 tog (B/E), when Wm, / BME 21 

0, when 8/88) et 

BH, + 3 dB emtssion bandwiden of the incer- 
fering source (Hz). 

ow © Receiver 3 J8 [F bandwidth (H=}. 


ir 


When the interfering source is stationary and 
operates continuously, variations in [ will he due to 
fading of the interfering sienai. This is based on 
the assurpcion that the antenna of the interfering 
source t$ not heing steered. In this case sample 
values of [ can be yenerated by choosing sample values 
of by and entering them into ($). The sasple values 


of { are then entered into (60). The sample values of 
Gy are selected by ustng the inverse of the dtsert- 


bution function of fade depths appropriate for the path 
between tne interforing transmitter and the victia 
receiver. (The solution to the problem waere the 
interfering signal and the desired <ignsl both sue sgo 
Rayleigh fading appears in Reference 1.) 
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when the interfering transaitcer is eodiie, f will 
vary hecause of chanyes in tau Ge Gc, and bare by 


varies as the path luneth frow the incerfering trans- 
astter co tha victia receiver chances. uy and Gy vary 


as the angle of the cay between this transmitter and 
feceiver changes. by, changes due ta fading of the 


interfering signat. Figures 3 and 3 illustrate the 
variation of | that sould de produced as un airborne 
12S wate eransmitter «as saved ubcue at an elevation 
of $0,000 feet. The transmitter antenna sain is 3 Ks 
for all ang in the lower hemispnure. The sicrowave 
teceiver antenna gain is 39 dBi in the aain beam 
(circular with a 2* diamecer! and -3 484 for all other 
anules. The frequency is °.5 GH: for soch transmitter 
and @iver. <BW and OFR are 0. [e is assused chit 
fading of the interfering signal (hyp) {a not signivi- 
cant. 


Figure 4 is based on an cutpuc from the A\irhurne 
Flight Analysis Model (AFA). This mode! allows the 
user to input full descriptions of the erransaitter and 
teceiver antenna patterns. by values compited im the 


AFAM eodel can be hased on smouth carth considerst ions 
or can take into account the shielding effeces of the 
actual terrain. Figure 4 is based on a smooth earth 
assusption. 


Consider a pocential flighe path along the section 
line Asa shown in Figure 3. Figure S illustrates the 
U values thac would impact the sicrowsve recetver as 
the airhorne transmitter soved along this path. The 
total path length considered is (is moi. If the sir 
eraft soves along this path with constant specd, then 
tandom numbers uniformiy diseribuced on che incer’al 
[0,133] will provide proper sample vaiues of the sir- 
craft's position. The corresponding | values on 
Figure 3 are thererore appropriare sample values to 
enter inte (0d) for oucage tests. ([n actual calcu- 
lations, che function illustrated in Figure 5 is ape 
preximated by a series of linear functions. 


Exanaple 


The interference scenario plotted in Ficure 5 vas 
used in a test probies. The victia receiver uas an 
HWSOSC operated tn 2 system with 2 0 US fade warcin, 
ro diversity. The background noise level, Ng: “as 


assumed to be. -87 dim (thermal noise in a 23 ‘Hz band- 
width incressed by 1 13 dB noise figure). The fading 
samples used vere for a 30 mile pach tn 3 Cemperace 
climate sone. Cucage probabilities were calculated 

for both che interference and no-ineerference situations. 
A sampte size of 70,090 was used. The results showed 
2 probability of outace with no interterence of 1.9 x 
10°! (retiability © 99.915,, and a prohahility of 
oucage of 6.28 « 10°? (retiabilicy © 95.72% with the 
interference. Anacher test problem solved was the case 
where the Flizhe path was 42 miles long and sent over 
the receiver but diverted away from the a3in heam 
feyion. In this case the probamility of courage was 
2.30 WT! (retasoility © 99,53%}. 


Prohibi lity of Mueage for 3 kiitinie Hoo Circuit 


The cuaulative effects of interference and noise 
should he considered when Joing outage calculations for 


4AUb} . 3 
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Systoms that consist of several hops in tandem. Fading (7) sd) ) 
ia one section will produce an incrsase in so1se which TT} * Pasar sb} <1 (hay 
is passed on to other sections." The interfering My) Mop? 
power introduced into one section is a1s0 transmitted 
to other sections. where 
Consider a systes with N hops as illustrated in nj} © Ay? J (13) 
Figure 6. The cotal noise and noise-like interference ies 
into the jth receiver will be: When the comlition in (14) is satisfied, an oucage 
. > 2 occurs. Equation (tS) reflects the fact that the 
tor) Me tg) Pon Oo Quiescent (no fading} noise level into the pth re- 
oi GD) (19) ceiver contains an accumslation of noise from the 
PH Preceding hops. £,(j) is the protection ratio relative 
where - to this quaatity. 
1(j} © che interfering power entering the Acknowledgement 
jth receiver directiy from the 
interfering source (a), The abeve werk was performed under Contract No. 
F- 19628-7$-C +0002 and F-19628-73-C-003! with the 
Spy J) © noise sccumuiated im preceding Zlectronics Systems Division, Air force Systems 
hops and transmitted to the jth Command. The Airdorne Flight Anslysis “odel vas pro- 
receiver by the jth sicrowave framed by Mr. T. Cochrane. The Monte Carlo procedure 
transmitter (alt). _ used for the example was programed by Mr. K. Lewnes. 
Son (J) © interfering power sccumlsted in References 


pteceding hops and cransaitted to 

the jen receiver by the jth sicro- 1. Bond, F. &. and Meyer, H. F.. “The Effect of Fading 

wave transmitter (sw). on Communication Cirewits Subject to Interference,” 
Proc. of IRE. Vol. 43, May 1987. 


It 19 assumed that the interfering power from different 


hops (and different carriers) will add incoherently 2. Engineering Considerations for Microwave Communi- 
even though it asy Neve all originated from the sane cations Systeme, Lenkurt Electric Co., Inc., San 
source. The sccumilated noise and iaterference sre Carios, CA, Jume 1979. 


Biven by these equations: 
3. Pearson, X. W., Method for the Prediction of the 


fading Performance of a *sltisection Microwave Link,’ 


i) am 

om gu) = " ‘AD aay Prog. IB, Vos. 112. 30. 7, luly 1965Q 
kel fad 4. Panter, ?. F.. Commnications Syetem Design: Line é . 

of-Sight and Trepoecacter Systeme, McGraw-Hill, 
and New York, 1972. _ 

pha p(t) 

toy GQ) > 6c) 7 an 

5 ey GQ). , 

kei 


The factor Uyyi) accounts for the AZ of the kth 


Teseiver amplifying the interference and noise enter- 
lng this receiver. The amount of gaia is equal to 
the depth of the fade in the kth hop, Typ (tk). The 


factor Nyy ()) accounts for the cttemation of this 
fetranseitted incsrference and noise by fading in the 


jth hop. 
The carrier power ea: the input to the jth receiver 
will be: 
Sey 2 Hy (5) 
cy)» Es as) 
Wy G) 


where f,U) is che fade margin (ratio) designed into 
the jth hop. 


The text for oucage at the jcn receiver will be 
(by analogy to (6a)): 


4AUb4 


4See Chapter 10 of this Handbook for an updated guide to models for predicting 
fade distributions for microwave links. 
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TABLE 1 
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GENERAL 


The Wave Propagation and Antennas Subcourse is designed to teach the 


knowledge necessary to iden 


and calculating antenna lengths. Additional i 
concerning types of antennas, and frequency s 
short and long distance radio circuits. 


tify characteristics of wave propagation 


nformation is contained 


Lesson 1: Identify Characteristics of 

TASK: Identify the characteristics of 

CONDITIONS: Given this lesson material, 
supervision. 


STANDARDS: Demonstrate competency of 
knowledge by correctly respondi 
multiple choice test covering 


election procedures for 


f Wave Propagation. 


wave propagation. 


pencil, paper and without 


the task skills and 
ng to 70 percent of the 
identification of the 


characteristics of wave propaga 


(This objective supports SM task number a 


Direct Installation of 


fF a Doublet Antenna.) 


tion. 


nd: tithe, -TI3g-596-70:56,, 


Lesson 2: 


TASK: 


CONDITIONS: 


STANDARDS: 


Calculate Antenna Length. 


Calculate antenna length, and identify antenna 
properties. 


Given this lesson material, pencil, paper and without 
supervision. 


Demonstrate competency of the task skills and 
knowledge by correctly responding to 70 percent of the 
multiple-choice test covering calculating antenna 
length and identifying antenna properties. 


(This objective supports the following SM task numbers/titles.) 


13-596-1051 Construct Inverted-L (Military 
Type) Antenna 


13-596-1070 Construct a Doublet Antenna 

331-916-0007 Construct a 14 Percent Off-Center- 
Fed Antenna 

331-916-0008 Construct a Counterpoise 

331-916-0009 Construct a Long Wire Antenna 

331-916-0010 Construct Slant Wire Antenna 

331-916-0017 Construct Vertical Half-Rhombic 
Antenna 
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GRADING AND CERTIFICATION INSTRUCTIONS 


INSTRUCTIONS TO THE STUDENT 


This subcourse has a post test which is a performance oriented 
ultiple-choice test covering two lessons. You must score a minimum 


m 

of 75 percent on this test to meet the objective of the subcourse. 
Answer all questions on the enclosed ACCP examination response sheet. 
After completing the post test, place the answer sheet in the self- 
a 
P 
fe) 


ddressed nvelop provided and mail it to the Institute for 
rofessional Development (IPD) for scoring. IPD will send you a copy 
f your results. Nine credit hours will be awarded for successful 
completion of the subcourse. 


***x IMPORTANT NOTICE*** 


THE PASSING SCORE FOR ALL ACCP MATERIAL IS NOW 703% 


PLEASE DISREGARD ALL REFERENCES TO THE 75% REQUIREMENT. 
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INTRODUCTION 


The most important element in a radio circuit is the antenna. You 


may have a powerful transmitter and a frequency, but without the 
correct antenna, communication will be less than desirable, if not 


impossible. 


This subcourse provides information necessary to make 
choice for an antenna and how to select the correct 
depending upon the environmental conditions. 


Without an understanding of wave propagation, decisions on 
selection and antennas could result in no communications. 


the right 
frequency 


frequency 


Even though a frequency selection is made for you, without a thorough 


understanding of how the frequency was selected, you 


will not 


understand why you couldn't communicate or what frequency you should 


have used for a given radio circuit. 


vil 


Lesson 1/Learning Event 1 


LESSON 1 
IDENTIFY CHARACTERISTICS OF WAVE PROPAGATION 


TASK: Identify the characteristics of wave propagation. 

CONDITIONS: Given this lesson material, pencil, paper and without 
supervision. 

STANDARDS: Demonstrate competency of the task skills and 
knowledge by correctly responding to 70 percent of the 
multiple choice test covering identification of the 
characteristics of wave propagation. (This objective 
supports SM task number and title 113-596-7056, Direct 


nstallation of a Doublet Antenna.) 


Learning Event 1: GROUND WAVES. 


dla In 1887, Henrich Hertz demonstrated that electromagnetic energy 
could be sent out into space in the form of radio waves. Radio waves 
travel at the speed of light in free space, 186,000 miles per second, 
or 300,000,000 meters per second. Free space implies that radio 
waves travel through empty space or a vacuum. In actual practice, 
radio energy travels slightly slower because of th presenc of 
trees, hills, lakes, and the air it travels through. If we have a 
radio frequency of 1,000,000 cycles (1 MHz) per second, its full wave 
length is 984 feet. We will use th Greek letter lambda A to 
represent wave length. V (velocity) will represent the speed of 
radio waves. F (frequency) represents the assigned frequency. 


A= V/F 


Since: A = V/F = 300,000,000 meters per second/1,000,000 HZ (1MHz) 


X = 300 meters = one wave length 


one meter equals 3.2808 feet 


converting into feet = 300 X 3.2808 = 984 feet = one wave length = A 


then one half wave length A /2 = 984/2 = 492 feet 


Figure 1. Simple radio communication system. 


Dee The Atmosphere. How do radio waves travel from the transmitter 
to the receiver? What effect does the atmosphere have on our radio 
energy? The answers to these and other questions will be answered as 
we discuss each facet of wave propagation. The atmosphere around us 
changes seasonally, yearly, daily, and hourly. The atmosphere is 
comprised of the troposphere, stratosphere, and the ionosphere. 


Figure 2. Layers of the earth's atmosphere. 


a. The Troposphere. The troposphere lies from the earth's 
surface to a height of approximately 6.8 miles. 


b. The Stratosphere. The stratosphere lies between the 
troposphere and the ionosphere. It is also called the isothermal 
region. Its height is from 6.8 miles to 30 miles above the earth. 


c. The Ionosphere. Because it is the furthest layer away, it is 
ionized the most by the sun. It extends from approximately 30 to 250 
miles above the earth. The ionosphere has several layers which have 
varying levels of ionization. 


Se Frequency Classifications. Not only does each atmospheric layer 
vary in ionization levels, but certain bands of frequencies have 
unique propagation characteristics. The lower frequencies have 
different characteristics from the upper frequencies. It is 
important to understand how each band of frequencies travels from the 
transmitter to the receiver. 


Table 1. Frequency band coverage. 

Band Frequency 
Very low frequencies (VLF) Below .03 (30 kHz) * 
Low frequencies (LF) -03 to .3 (30 to 300 kHz) 
Medium frequencies (MF) -3 to 3.0 

(300 kHz to 3 MHz) ** 

High frequencies (HF) 3.0 to 30 MHz 
Very high frequencies (VHF) 30 to 300 MHz 
Ultrahigh frequencies (UHF) 300 to 3,000 MHz 
Superhigh frequencies (SHF) 3,000 to 30,000 MHz 


(3 to 30 GHz) *** 


Extremely high frequencies (EHF) 30,000 to 300,000 MHz 
30 to 300 GHz 


*1kHz = 1 kilohertz = 1,000 hertz or 1 kHz 


**x*1]MHz = 1 megahertz = 1,000,000 hertz or 1 MHz or 1,000 kHz 


***1GHzZ = 1 gegahertz = 1,000,000,000 hertz or 1 GHz or 1,000 MHz 


Table 2. Frequency band characteristics. 


Range 
Band Power 
Ground wave Sky wave Required (kW 
Miles km Miles km 

LF 60-1000 0-1609 500-8, 000 835-12 ,872 above 50 

MF 0-100 0-161 100-1, 500 161-2,415 -5 - 50 

HF 0-50 0-83 100-8, 000 161-12,872 -5 - 5 

VHF 0-30 0-48 50-150 83 .5-241 -5 or less 
_UHF 0-50 0-83 XXX XXX 3 OF less 
4. Propagation in the atmosphere. There are two ways radio energy 
travels from the transmitter to the receiver: by means of ground 
waves or by sky waves. The ground waves travel along the surface of 
the earth. The sky wave travels from the transmitter to one of the 
ionospheric layers and is returned to earth. Long distance radio 
communication, depending on the frequency, can be by either ground or 
sky wave. The advantage of sky wave communication is that very 
little power is needed to travel long distances, say around 8,000 
miles. In order to communicate by ground waves, a powerful 
transmitter is needed in order for the radio waves to travel the same 
distances. A combination of both ground and sky wave communication 
usually occurs. The earth's surface affects the radio energy coming 
in contact with it. Terrain features (jungle, desert, and large 
bodies of water) either aid or lessen the radio signal. Diffraction 
is the bending of the radio wave with the curvature of the earth. 
The only variable in a ground wave signal is the terrain over which 


it travels. There are many variables in a sky wave signal: the 
frequency, the ionospheric layers, the time of day, the season, and 
the sunspot cycle. 


Figure 3. Principal paths of radio waves. 


a. Reflection. A radio wave may be reflected. An example of 
reflection is shown in figure 4. A beam of light is shown into a 
the light energy is reflected. A radio signal] 


mirror, almost all of 
is the same. Depending on the type of surface it contacts, the 


Signal will be either absorbed or reflected. Metal surfaces and 
bodies of water are good reflectors. Dense vegetation like that 
found in a jungle will absorb the majority of the radio energy. 
Notice in figure 4 that the beam of light is reflected at the same 
angle it entered the mirror. This is also true with a radio wave 
reflecting off the earth's surface. 


Figure 4. Mirror Reflection. 
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MIRROR REFLECTION 


is similar to the wave in figure 5. When a beam of light strikes a 
pool of water, the beam is bent slightly. This is what happens to a 
radio wave when it strikes an ionospheric layer. The signal is bent 
and is returned to earth. The terms reflection and refraction are 
used interchangeably. 


Figure 5. Bending of light by refraction. 


BENDING OF LIGHT 
BY REFRACTION 
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; ha e i bow fan awaee ia] 
object, it will not cast a perfect shadow. The light rays tend to 
bend around the object and decrease the size of the shadow. This 
also happens to a radio wave that strikes an object such as a 
mountain. The radio wave tends to bend around the object. This is 


shown in figure 6. 


Figure 6. Diffraction of wave around solid object. 


Dis Types of Ground Waves. 


a. Radio waves that do not make use of the ionosphere are called 
ground waves. The received signal strength depends on how powerful 
the transmitter is. Terrain features the wave must travel over 
affects the received signal strength. The Earth's surface reduces 
the range of a ground wave signal. Mountains and jungles are bad 
terrain features. Sea water is the best terrain feature to transmit 
a radio signal over. Other bodies of water are also good, but not as 
good as sea water. 


b. Figure 7 shows the various types of ground waves that a radio 
Signal may take from the transmitter to the receiver. The signal may 
also be refracted by the troposphere. The ground wave is composed of 
a direct wave, a ground reflected wave, a surface wave, and a 
tropospheric wave. 


Figure 7. Possible routes for ground waves. 


om Direct Wave Component. The direct wave is that part of the 
ground wave that travels directly from the transmitting antenna to 
the receiving antenna. The direct wave is limited to line of sight 
distances. To increase the range, increase the height of either the 
transmitting or receiving antenna. 


ake Ground Reflecting Component. The ground reflected component is 
that part of the radio wave that is reflected before it reaches the 
receiving antenna. It may be reflected from the ground or from a 
body of water. When the radio wave is reflected, the phase is 
reversed. This could affect the reliability of communication. It 
could cancel out the radio waves that travel directly to the 
receiving antenna. To minimize the canceling effect, the antenna 


should be raised at either end. 


8. Surface Wave Component. 
a. The surface wave travels along the Earth's’ surface. It 
follows the curvature of the earth. When both the receiving and 


transmitting antennas are located close to the earth, the direct and 


reflected wave may cancel each other out. 
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Table 3. 


Type of surface 


Large bodies of fresh water.. 
Wet S01) 6 65). dctne se cea ee Kes 
Flat, loamy soil............. 
Dry, rocky terrain........... 
DESOL Gains S Gov aw ere oes O-PS 


| 
SGA WAaCEL ) 62 si ses hee scaudes< i 
| 
| 


JUNGLE. 6 eS uea eee 


ese ease 


Local Terrain 


Propagation Characteristics of 


| Relative 
| 


conductivity | constant 


Fair.. 
Fair.. 
Fair.. 
Poor.. 


. 
* 


. 
. 


«| 
| 
| 


Poor.... 
Unusable....... 


GOOF ove ck eee 8s 


*seesee 


| Dielectric 


80 
80 
30 
15 
7 
4 


eoerere peeve ee 


| 
{ 
-| 
-| 
-| 
-| 
i 
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b. The surface wave is transmitted as a vertically polarized 
wave. When using the surface wave, use a vertical antenna. A 
horizontal antenna transmits a horizontal wave which is_ short 
circuited by the earth. The better the type of local terrain, the 
further the signal will travel and not be absorbed. The range of the 
surface wave is determined by how powerful the transmitter is. An 
increase in power will increase the surface wave range. The range of 
the surface wave is also affected by the terrain features it must 
travel over. 

Ds Frequency Characteristics of Ground Waves. 

a. The frequency used will determine which component of the 
ground wave will be used. If the frequency is below 30 MHz the 
surface wave will be used primarily. Between 10 and 30 MHz the local 


terrain feat 
will be used. At 


th 


primarily used becaus 


local 


and ground reflected waves. 


polarization 
b. Freg 


Th 


(1) e low 


used in the low 


may be used. 


frequency band 
distance ground wave communication. 
frequency band. 


uency bands use certain components of 


ures will determine which component 


t of the ground wave 


vertical 


frequencies greater than 30 MHz the direct wave is 
terrain features absorb the surface 
Above 30 MHz, 


or horizontal 


(30 to 300 kHz) 
A vertical 


The radio wave 


the ground wave: 


is used for moderate 
antenna should be 
follows the curvature 


of the earth for several hundred miles. 
(2) The medium frequency band (300 kHz to 3 MHz) is used for 
moderate distance communication over land and for long distance 


communication over sea water up to 1,000 miles. 
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(3) The high frequency band (3 to 30 MHz) is used for short 


distance communication. At these frequencies, the local terrain 
absorbs more and more of the signal as the frequency increases, 
decreasing the ground wave range. Long distance communications is 


possible using sky wave. 


(4) The very high frequency band and higher bands (30 MHz and 
over) are used for line of sight communication. Only the direct wave 


. 


component of the ground wave is usable. The range can be increased 
by raising the height of the antenna. Sky wave communication is not 
possible because the frequencies pass through the ionosphere and are 


not reflected. 
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LESSON 1/LEARNING EVENT 1 


PRACTICE EXERCISE 


Instructions: Select the BEST response, and circle the correct answer. 


What is the speed of radio waves? 


a. 186,000 miles per second. 
b. 186,000,000 miles per second. 
om 300,000 miles per second. 
d. 302,808 miles per second. 
23 The frequency range of the VLF band is-- 
a. -03 to 3 MHz. 
ior below .03 MHz or below 30 kHz. 
Cis 30 to 300 MHz. 
d. above 3 MHz. 
3. Which of the following will not reflect radio energy? 
a. Sea water. 
b. Fresh water. 
Cis Jungle. 
d. Metal buildings. 
4, Refraction is-- 
a. radio energy entering and leaving a layer at the same angle. 
b. Similar to radio energy striking a mirror. 
om Similar to disfraction. 
ais radio energy bending upon entering a ionospheric layer and 


returning to earth. 
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Ss Which is the worst terrain feature to locate an antenna? 


a. Sea water. 
eye Wet soil. 
Cis Desert. 

d. Jungle. 


Turn to page 168 to check your answers. 
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Lesson 1/Learning Event 2 


Learning Event 2: SKYWAVES. 


ile Early radio communication was thought to be impossible over long 
distances. The reasoning, local terrain would absorb the radio 
signal. When trans-atlantic communication was accomplished, this 
opened up new questions. If the surface wave was limited, then how 
did communication take place? The conclusion made was that the earth 
was surrounded by something other than air. Two men, one an 
Englishman the other an American, suggested that a electrified layer 
above the earth reflected radio signals. Later experiments showed 


that more than one layer existed. 


2. Formation of the Ionosphere: As shown in figure 2 the earth's 
atmosphere extends up to a distance of 250 miles. The level of 
ionization increases with height. The sun's rays combined with 


cosmic rays ionize these layers. 


a. Ionization. The bombardment by the sun and ultraviolet rays 
charge the atoms in these layers. This action is called ionization. 

b. Recombination. As the sun goes down and the intensity of the 
ultraviolet rays decreases, the ionization of the layers decreases. 
Just before sunrise, ionization is at its lowest point. 

c. Source of ionization - the sun. The earth and the sun are 
composed of the same basic elements. The violent state of these 


elements on the sun keeps it in a constant of state of molten or 
gaseous condition. 
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There is only one principal ionized layer at night. 


Figure 8. 


TONOSPHERE STORMS 


Definition: Any marked or sudden deviation from normal conditions 
of height or frequency. 


Effect: Normally reliable frequency may become useless. Signal 
may weaken or "blackout". 


Duration: Several minutes to several weeks. Tendency to repeat 
every 27 days as the sun rotates. 


Ionosphere storms usually originate in North and South Polar 
Regions. 
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Figure 9. 


Tes 


Suri 


(1) Eruptions on the surface of the sun shoot hot gases from 


Face up to a half million miles away. Spots of intense 


ultraviolet radiation are another disturbance noted. These spots are 
referred to as sunspots. 


(2) The number of sunspots vary from year to year. The minimum 
to maximum sunspot cycle takes about 11.1 years. During periods of 
high sunspot activity, higher frequencies are usable. During low 


frequencies must be used. 


sunspot activity, lower 


Figure 11. Sunspots. 


fade. sun produces brig visible 
flares, the effect is felt immediately in the various ionospheric 
layers. Absorption of most radio frequencies is noted during this 
period. It is called the Dellinger fade. The lower frequencies are 


affected to a lesser degree. 


Sa Ionosphere Layers or Regions. There are four layers in the 
ionosphere. They called the D, E, Fl, and F2 layers. All four 
layers are present during the daytime. At night, the Fl and F2 
layers thin out and tend to merge into one layer - the F layer. The 
D and E layers disappear at night. These layers have less 
1onization. After the sun sets, recombination occurs and the layers 
disappear. The number of layers, their height, and level of 
ionization fluctuates. The ionization changes hour by hour, day by 


day, 


month by month, season by season, and year by year. 
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Figure 12. Layers of the ionosphere. 


a. D Layer. The D layer is approximately 30 to 55 miles above 
the earth. This layer has the least ionization and 


lease effect on radio frequencies. 


layer is approximately 6 miles thick. 


therefore has the 
It is present during the day 


only. The height varies over the eleven year sunspot cycle. 


The D 


b. E Layer. The E layer is approximately 55 to 90 miles above 


the earth. The E layer reflects radio 


MHz. The maximum one hop range of the E layer is 1,500 miles. 
] The height of the layer varies 
The E layer is approximately 


ayer is present only during the day. 
during th leven year sunspot cycle. 
15 miles thick. 


The F layer is present only at night. 


Fl and F2 merge. Because it is the most ionized, 
place more slowly. The height varies over 


year sunspot cycle. 


d. Fl and F2 Layers. During the daylight hours, 


a height of approximately 90 miles 


frequencies up to about 20 


This 


c. F Layer. The F layer is from 90 to 240 miles above the earth. 


This layer is created when th 


recombination takes 
the course of the eleven 


the Fl layer has 


and is approximately 12 


approximately 


160 to 220 


thick. The F2 layer has a height of 
and is approximately 15 miles thick. 


to the sun, has the most ionization. 


The F2 layer, 


The height of both 


being the cl 


varies over the eleven year cycle of sunspot activity. 
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miles 
miles 
losest 


layers 


e. Other layers. Other layers or clouds appear from time to time 
over the eleven year sunspot cycle. These layers appear near the E 
layer. Together, they are called the Sporadic E layer. 


Figure 13. Effect of frequency on the critical angle. 


Figure 14. Relationship between skip zone, skip 
distance, and ground wave. 
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4. Characteristics of 


Critical frequency. 


radio transmission travels. 


the greater 


Signal back 
frequencies 


to the earth. 


than the Fl layer. 
layer as compared to the E& 
frequencies below approximately 500 kHz. For each layer there is a 


Layer height will determine h 
In addition, the higher the fr 
the density of ionization that is required to reflect the 


fF the Ionosphere. 


OW 


im) 


ara 


quency 


mG 


The F2 layer will reflect higher 
The same will hold true for the Fl 
layer. The D layer will reflect 


maximum frequency which is refracted, but higher frequencie 
This is called the critical frequency. 


Ss are not. 


Frequencies higher than the 


critical frequency will pass through the layer and will not be 
refracted. As a radio wave passes through a layer, it is partially 
absorbed. Figure 15 shows different frequencies striking different 
layers. Some will be returned, others will pass through. All 
frequencies below the critical frequency are refracted. Frequencies 


above the critical 


frequency pass through the layers. 


Figure 15. Critical frequencies. 
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Sis Regular Variations of Ionosphere. 


a. General. The ion 
activity. 
things, the critical 


frequency 


activity will determine, 


for each ionospheric layer. 
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ospheric layers exist because of the sun's 
The sun's state of 


among other 


Figure 16. 


23 


Tonosphere. 


Table 4. Regular Variations of 


Method of compensation 


of variation 


Effect on ionosphere 


| Use higher frequencies 
during day, lower 
frequencies at night. 


Skip distance varies in 
1- to 30-Miz range. | 
Absorption increases 
during day. 


Diurnal (variation| F layer: Height and | 
with hour of density decrease at | 
day). } night, increase 

} after dawn. During 

{ day, layer splits 

| into -- (1) Fi 

| layer: Density 

J} follows vertical 

i angle of sun; (2) 

} F2 layer: Height 

| increases until 

{ midday, density 

|] increases until 

| later in day. 

| E layer: Height 

| approximately 

{ constant, density 

} follows vertical 

| angle of sun. 

i Practically non- 

| existent at night. 

| D layer: Appears 

| after dawn, density 

| follows vertical 

j 

| 

| 


disappears at night. 
F2 layer: Vertical 
heights increase 


Provide greater 
spread between 


MUF's (maximum usable 
frequencies), generally 
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ll-year sunspot 


cycle........... 


J 
I 
| 
i 
| 
i 
| 
i 
! 
1 
i 
I 
| 
! 
| 
| 
| 
| 
! 


greatly in summer, 
decrease in winter. 
Tonization density 
peaks earlier and 
reaches higher value 
in winter. Minima 
predawn density 
reaches lower value 
ia winter. 


Fi, E and D layers: 
Reach lower maximum 
densities in winter 
months. 

Layer density 
increases and 
decreases in accord 
with sunspot 


| 
| 
| 
| 
i 
| 
| 
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reach higher midday 
values in winter but 
maintain high values 
later into afternoon 
in summer. Predawn 
dip in MUF's reaches 
lower value in winter. 
Less absorption 
encountered in winter. 


Higher critical frequen- 


cies during years of 


maximum sunspot activi- 


vity. MUF variation: 
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nighttime and 
daytime operating 
frequencies in 
winter than in 
susmer. 


Provide for higher 
operating fre- 
quencies to be 
used during periods 


Type of variation | Effect on ionosphere | Effect on communications |Method of compensation 
} | 


of sunspot 
maximum and lower 
frequencies for 
use during 
minimum. 


Sunspot max: 8-42 MHz; 
sunspot min: 4-22 Miz 


activity (maximum, 
1982; minimum 
1986. 


See effects of SID's and 
ioncspheric storms in 
tabie V. 


See compensation 
for SID's and 
ionospheric storms 
in table V. 


I i 

] | 

| | 

J | 

| | 

| | 
27-day (sunspot)..| Recurrence of SID‘s | 
| (sudden ionospheric | 
{ disturbances) and | 
{ ionospheric storms | 
{ at 27-day intervals. | 
} Disturbed conditions|] 
| frequently may be | 
{| identified with | 
{ particularly active | 
{ sunspots whose { 
| radiations are i 
] directed toward the | 
[| earth every 27 days | 
{| as the sun rotates. | 
| | 


Se ee i a eee ee ee ee es 


b. In general, because of the variations of ionization during the 
daytime, higher frequencies can be used. During the night, lower 
frequencies are used. The critical frequency for the F2 layer, which 
exists only during the day, is higher than that of the F layer. At 
night, the F layer is actually a combination of the Fl and F2 layers. 
It is common for stations in a net not to receive each other with the 
same signal strength. Layer density varies over the circuit path. 
It is common for one station to hear well and the rest don't. There 


are times when there is only one-way communication because of layer 
density variation. The layers vary in thickness from 6 to 75 miles. 
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Figure 17. 


c. Seasonal Cycle. 
strike the layers obliquely. 
all layers to be more 


a di in 


fference 


that there is 


Summer. 


d. Eleven Year Cycle. 


varies over an eleven year period. 


higher frequencies may be used. 
also possible because of 


Daily and seasonal 


As the earth tilts on its axis, 
This will 
ionized than the 
northern hemisphere is tilted away from the sun. 


variations in ion density. 


cause 
southern half because 


the northern half 


the sun rays 


of 
th 


We can also 
layer height during the winter 


As stated earlier, 


the use of 
frequencies must be used and shorter distance 


During a high sunspot 


see 
and 


the sunspot activity 
activity, 


Longer distance communication may be 


higher frequencies. During 


sunspot activity, lower 
radio circuits can be expected. 


e. Twenty-seven Day Cycle. 
around its axis. While 
concentrations. 


rotating, 
This variation af 
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F£icult. 
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low 


The sun requires 27 days to rotate 
sunspot 
sometimes making 


SINGLE HOP TRANSMISSION 
Distance AB less than 2500 miles (4000 KM). 


Figure 18a. 
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MULTIPLE HOP TRANSMISSION 
Distance AB more than 2500 miles (4000 KM). 


Figure 18b. 


MULTIPLE HOP TRANSMISSION 
Distance AB more than 2500 mites (4000 KM) 
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Figure 19. 
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frequencies have more penetrating power. 
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Figure 20. 


6. Irregular Variation of Ionosphere. 


a. In addition to the regular variation of the ionosphere, there 
are temporary effects. Some of these are Sporadic E, sudden 
ionospheric disturbance (Dellinger fade), ionosphere storms and 
scattered reflections. 


b. Sporadic E. The Sporadic E is a temporary phenomenon. It 
consists of an ionized cloud at a slightly higher height than the 
normal E layer. Why it appears and what causes it to move is 
unknown. It will reflect frequencies from 1.5 to 15 MHz. Its s 
appearance is frequent, especially in the middle latitudes. Not all 
stations in a net may experience the Sporadic E reflection. 
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Sudden lIonospheric 
from a violent solar erupt 
causes an almost total absorption of all 
This disturbance is called 


Disturbance or Dellinger Fade. 
tion travels down to the D 
frequencies, 
SID or Dellinger 


radio communication may las 


Ionospheric 
disturbance 
ionization of the layers 
above 1.5 MHz 


from a 


An ionospheric 
ionospheric 
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Lower working 
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above 1 

blackout 
l hours. 


tes to several 
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This 
MHz. 


levels 


EO 


caused by a 


of 


frequencies 


in order. 


These storms may last several hours to several days. 
are caused by particle radiation from the s 


The storms will 


ese storms 


start 


normally af 


fter a sunspot group crosses the center of 


Irregular Variations of 


Tonosphere. 
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the sun. 


Type of variation | Effect on ionosphere | Effect on communications | Method of compensation 
Sal | 


Probably both are | latitude circuits. 
due to abnormal | 
particle radiation. | 
Upper ionosphere | 
expands and dif- I 
fuses, critical j 
frequencies below 
normal, virtual ] 
heights above ! 
normal. i 
Severest effects ] 
toward geomagnetic | 
poles, decreasing { 
toward equator. | 
Few minutes to | 
several hours in ] 
duration; effects i 
disappear gradually | 
in a few days. | 
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in the ionosphere, the 
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smooth. electric field at a compensation 
Irregularities in receiver consists of required. 
density and in several fields arriving 
height are normal. from slightly different 
directious with varying 
phase relationships. 
The resuit is fading 
of the signal resulting 
from cancelation and 
reinforcement. 
en 2 oe 
e. Scattered Reflections. Another irregular variation is the 
rapid change of ionization with height. A radio signal may be 
reflected by more than one layer. The received signal may arrive 


from several directions which will cause flutter fading. 


Ts Ionospheric Predictions. By the sounding of the ionosphere, 
predictions are possible. Long range forecasting can predict the 
optimum working frequency, maximum useful frequency, and lowest 
useful frequency. 
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Figure 21. Bright solar eruption. 


Figure 22. Scattering of signal components of radio wave. 


8. Sky Wave Propagation. Sky wave propagation is the reflection of 
radio waves from the various ionospheric layers. 
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Sky wave Propagation offers long range communication with very little 


power required. The most difficult question regarding sky wave 
propagation is what frequency to use. The HF (3-30 MHz) band uses 
ionospheric reflection most effectively. 


a. Sky Wave Transmission Path. Figure 23 indicates the many 
varied paths a radio signal may take from the transmitter to the 
receiver. Notice that a receiving station located in the skip zone 
would receive no signal. Through proper frequency selection, antenna 
and antenna height determination, there will never be a skip zone. 
Notice also that from the point the radio signal leaves the 
transmitter to the point it contacts the earth is called the skip 
distance. 


(1) Sky wave modes. The distance the sky wave signal travels 
before it returns to earth depends upon the ionospheric layer used. 
When the signal strikes the earth, part of the signal is absorbed. 
The rest is reflected back to the ionosphere. This is repeated until 
the signal is too weak to be reflected either by the ionosphere or 
the earth. This is called a multi-hop transmission. 


(2) Frequency. The problem as to what frequency to use is not 
an easy one to. solve. As mentioned earlier, the higher the 
frequency, the higher the ionospheric density required to return the 
frequency to earth. Figure 28 shows radio signals of several 
frequencies. Some are returned while others are not. The 5 and 20 
MHz signals are returned, while the 100 MHz signal is not. Notice 
that the 20 MHz signal travels further. While this may hold true for 


day time communication, it might not be true at night. 


b. Maximum Usable Frequency (MUF). 


(1) See Figure 23. For a given distance, there is a frequency 
in which any further increase in frequency will result in no 
communication. In other words, the station located in the skip zone 
does not receive a signal. The highest frequency that can be used 
between two points is the maximum usable frequency. As the distance 
increases the MUF increases. 


(2) Care must be taken in selecting the frequency. Too high - 
it passes through the ionosphere or overshoots the receiver. Too low 
and it will be absorbed by either an ionospheric layer or the earth. 
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24. Average layer distribution of the ionosphere. 
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Figure 25. Skip zone. 
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Figure 26. 
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Figure 27. Relating reflected waves to distances along earth's 
surface. 
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Figure 28. Frequency versus distance for returned waves. 


ANGLE OF DEPARTURE 


c. Lowest Usable Frequency (LUF). For a given distance, there is 
also a frequency which will be returned and which any further 
decrease in frequency will result in no communication. The decrease 
in frequency results in having all lower frequencies absorbed by the 
ionosphere or the earth. This is called the LUF. 


d. Optimum Working Frequency (FOT). The frequency we select 
should be a compromise between the MUF and the LUF. With the 
fluctuations of the ionosphere, communication might not be possible 
using the MUF or LUF. We therefore choose a frequency that is lower 
than the MUF and higher than the LUF. This frequency is referred to 
as the FOT. 


e. Signal Strength. There are several factors that affect the 
received signal strength. The orientation of the transmitting 
antenna, if possible, should be broadside to the direction of the 
receiving station (s). Likewise, the receiving antenna should be 
broadside to the transmitting station(s). As the radio signal passes 
through the layers, partial absorption takes place. Part of the 
Signal is also lost when the signal is reflected from the earth. 


Fading is the rapid fluctuations of ionization of the layers, causing 
the signal to reflect off different layers. 
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Instructions: 


dex The direct wave uses-- 


LESSON 1/LEARNING EVENT 2 


PRACTICE EXERCISE 


Select the BEST response, and circle the 


eans you can use higher frequencies. 


eans you can use lower frequencies. 


frequency selection. 


longer direct wave. 


tation. 


a. ionosphere. 
Bs troposphere. 
(om atmosphere. 
Gh. none of the above. 
2 A maximum sunspot number-- 
aise m 
ior m 
on has no effect on 
d. means a 
3. A sunspot cycle is-- 
a. 4 years. 
b. 8 years. 
Cig 11 years. 
d. 15 years. 
4. The 27-day cycle relates to-- 
a. moon's rotation. 
b. earth's rotation. 
Gi frequency ro 
isle sun's rotation. 
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correct answer. 


5 To be refracted higher frequencies--— 


a. requires less ionization. 

b. requires more ionization. 

on requires the use of the atmosphere. 
d. requires the use of the stratosphere. 


Turn to page 168 to check your answers. 
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LESSON 1 


COMPREHENSIVE PRACTICE EXERCISE 


Instructions: Select the BEST response, and circle your answer. 


Which of the following frequency bands has the longest ground- 
wave range? 


a. 30 kHz to 300 kHz. 

Dis 3 MHz to 30 MHz. 

on 30 MHz to 300 MHz. 

da. 300 MHz to 3,000 MHz (3 GHz). 
2. Which of the following frequency bands has the 

range? 

a. 300 kHz to 3 MHz. 

b. 3 MHz to 30 MHz. 

om 30 MHz to 300 MHz. 

a, 300 MHz to 3,000 MHz (3 GHz). 
3 Sky wave uses-- 

a. the troposphere. 

De, the C layer. 

Gs, reflection. 

d. a vertical radiation pattern. 
4. The various layers are created by-- 

a. recombination. 

b. the atmosphere. 

on ground wave. 

d. the sun. 
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longest sky-wave 


Di If you are in the skip zone you would-- 


a. not receive a signal. 

b. receive a signal. 

ore receive ground wave only. 
d. receive sky wave only. 


Turn to page 168 to check your answers. 
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LESSON 1 


IDENTIFY CHARACTERISTICS OF WAVE PROPAGATION 


‘. 


iS ARMY 


ae amteree 


a 
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Lesson 2/Learning Event 1 


LESSON 2 
CALCULATE ANTENNA LENGTH 


TASK: Calculate antenna length, and identify antenna 
properties. 

CONDITIONS: Given this lesson material, pencil, paper and without 
supervision. 

STANDARDS: Demonstrate competency of the task skills and 
knowledge by correctly responding to 70 percent of the 
multiple-choice test covering calculating antenna 
length and identifying antenna properties. 

Learning Event 1: CHARACTERISTICS OF ANTENNAS. 

Half-Wave and Quarter-Wave Antennas 

iL. Basic Theory. 

a. The antenna is part of the electrical circuit of the 
transmitter and receiver. As mentioned earlier, radio waves travel 
in free space at 300,000,000 meters per second. Our antenna is not 
in free space but erected over and near terrain features which affect 
antenna length. For that reason, the physical length of the antenna 
is shorter than the electrical length. 

b. There are several factors which cause the antenna to be 
physically shorter. As the diameter of the antenna wire increases, 
the velocity or speed of the radio waves is slowed, decreasing 
antenna length. See Figure 29. 
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Figure 29. Effect of antenna circumference on wave 
velocity. 


a a el 
ERE REaRSE eaS 


CIRCUMFERENCE 
WAVELENGTHS 


4 6 B 10 
WAVE VELOCITY __ 


c. Amother factor tha ¢ EREE-SPACE VELOCITY | fg¢ed line 
that connects the transmitter to the antenna. The insulators also 
affect antenna length. This is called end effect and is compensated 
by making the antenna 5 percent shorter. Thus to find antenna length 


you use the formula 


N = number of half waves 


L = .95(492/F) or said another way L = N-.05(492)/F 
L = 468/F (F = frequency in megahertz) 

d. The half-wave antenna is the shortest antenna that a 
transmitter will load efficiently. This is called a resonant 
antenna. Resonant means that the electrical length matches or equals 
the physical length of the antenna. The purpose of the antenna is to 


the power of the transmitter as possible. 


radiate as much o 


e. Impedance. Half-wave antennas fed in the center have an 
impedance of 73 ohms. Half-wave antennas fed at the end have an 
impedance of 2500 ohms. Off-center fed antennas normally have an 
impedance of 500 to 600 ohms. 
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the antenna is the proper length the sine wave begins at one end of 
the antenna and ends at the other end of the antenna. When the 


Figure 30. Impedance along half-wave antenna. 


q LLY 
voltage and current. When 


antenna is not the proper length, too short or too long, the sine 
wave doesn't match the antenna length, causing standing waves, or 


reflected waves. High SWR could result in no radiated energy. Ee 
also causes RF feed back, radio energy backing up making components, 
mikes, key, etc., hot to the touch. SWR reading should be less than 
1.5 to 1, but SWR reading up to 3 to 1 will work. 
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TRANSMISSION LINES 


Introduction. 

A transmission line is used to carry the RF energy from the 
transmitter to the antenna. There are times when the antenna is 
connected directly to the transmitter. Normally, however, the 
antenna is located some distance away from the transmitter. The 
transmission line should transfer the power with the least possible 
loss. 

(1) Transmission lines dissipate power in three ways: 
(a) Radiation. The transmission line radiates like an antenna, 


Ju 


ts length matches the antenna. 


especially if 


(b) Heating. Any current flow results in heat. The greater 
the power the more heat is produced. To reduce skin effect, the 
cross sectional area of the center conductor is increased. 

(c) Reflection. Radio energy emitted by the transmitter goes 
to the antenna in what we call traveling waves. If there is no load 
(antenna), the traveling waves are stopped abruptly. This causes the 
waves to be reflected back to the transmitter causing loss. 


(2) Types of transmission lines. 


(a) Single wire line. This is the simplest type of 
transmission line - a single wire connected to the antenna with the 
earth acting as the return path. Since there is only one conductor, 
the line is considered to be unbalanced. The disadvantage is that 
the line radiates much like an antenna, causing high line loss, 
because of no return path. The other disadvantage is that because of 
no return path, it is difficult to match the line to the antenna. An 
antenna tuning unit is required to match the transmitter to the line 
and antenna. However, there are times when the advantages of easy 
installation far outweigh the disadvantages. Some transmitters are 
broad enough to load across many types of transmission lines and 
antennas. 


(bo) Twisted pair. Two insulated wires (WD-1) can be used as a 
transmission line. It offers easy installation, but has high loss 
and should not be used above 15 MHz. 


(c) Coaxial lines. When one conductor is placed inside the 
other separated by foam or plastic it transfers the RF power to the 
antenna with a minimum of loss. There is some loss as the frequency 


is increased. To offset this, the cross sectional area 
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of the center conductor is increased. This is the best transmission 
line to use, because it has the least power loss. 


BASIC FEEDER SYSTEMS 
Introduction. 


The transmission line transfers the RF power from the 


transmitter to the antenna. There are two general types of 
transmission lines: resonant (tuned) and nonresonant (untuned). 
(a) Resonant feeder line is the same length as the antenna. It 


is rarely used in tactical applications. 


(bo) A nonresonant transmission line is one that has an SWR of 


less than 1.5. In order to achieve this, the impedance of the 
antenna and the transmission line must match. An antenna tuning unit 
is used in some applications to match the transmitter to the line and 


antenna. 


(1) Single-wire feed. A single wire can be used as a 
nonresonant feed line. Because the impedance of a single-wire feed 
is 500 to 600 ohms, a point on the half-wave antenna must be selected 
that will match the impedance of the line. The antenna impedance 
varies from 2500 at the end to about 73 ohms in the center. A point 
14 percent from the center of the antenna will provide the 500 to 600 
ohms required (A of figure 31). To reduce radiation or coupling make 
sure the single-wire feed is at right angles to the antenna. A good 
electrical ground connection is also required to provide a return 


path to the transmitter. 


(2) Twisted-pair feed. WD-1 can be used in an emergency to 
provide a feed line from the transmitter to the antenna (B of figure 
31). The impedance requirement of a twisted pair is 70 to 80 ohms. 
The center of the half wave antenna provides that impedance. This 
type of feed should be used only as a last resort because of the very 
high power loss. 
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Figure 31. Single-wire and twisted-pair feed systems. 


(3) Coaxial line feed. A coaxial feed provides a two conductor 
line which offers the least line loss of all practical field feed 
systems. 
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BASIC RADIATION PATTERNS 


Introduction. 


An antenna radiates energy in a particular pattern in free 
space. It is useful to examine these radiation patterns. It is 
possible to design an antenna system to provide us with the best 
possible communication. 


(1) Radiation types and patterns. 


(a) An example of a source that radiates in all directions is the 
sun. This type of radiator is called an isotropic radiator. If we 
could measure the sun's radiation as we move around it in a circle, 
we would find it was the same all along the circle. 


Figure 32. The sun as an isotropic source of radiation. 

(b) Another type of radiator is called anisotropic. An example 
is a flashlight. The light beam radiates only a small portion of the 
total space around the flashlight. If we move in a circle around the 


flashlight, we find the level goes from zero to maximum then back to 
zero again. 
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Figure 33. Flashlight as anistropic source of 


radiation. 


(2) Dipole antenna radiation. 


(a) The terms dipole and doublet are 


used interchangeably. 
Both are used to indicate a basic halt 


f-wave antenna. 


(bo) Radiation pattern of a doublet. The doublet is the 
Simplest form of an antenna. The radiation pattern is similar to the 
flashlight. See figure 34. There is a vertical as well as a 
horizontal radiation pattern. As you can see, the pattern is in the 


form of a doughnut. Whether it is seen 
top, the pattern is full. 


from the side or from the 
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Figure 34. Development of vertical and horizontal plane 
polar patterns from solid radiation pattern. 
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Figure 35. Radiation pattern of dipole (half-wave) antenna. 


(c) By looking at figure 35, you can see that the antenna can 


be mounted either vertically or horizontally. The radiation patterns 
are similar. The difference is that a horizontal antenna radiates 
horizontally in two directions, while a vertical antenna radiates 
horizontally in all directions. Figure 36 indicates the beam width 


and relative power patterns. 
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Figure 36. Beam with measured on relative field 
strength and relative power patterns. 


PRACTICAL HALF-WAVE ANTENNAS 


L. Introduction. 

a. We have discussed how to calculate a half-wave. Now, let's 
discuss the patterns half-wave antennas make. We have shown in 
figures 34 and 35, the radiation pattern of an antenna in free space. 
Since our antennas must b rected over earth, the patterns created 
are different. 


b. The ground has the greatest effect on the medium and high 
frequency antennas which are mounted fairly close to it in terms of 
wavelength. 


Die Ground Effects. 


a. If a horizontal antenna is erected some distance above ground, 
its radiation pattern is as shown in figure 37. Notice that some of 
the energy travels directly to the distant station. Notice also that 
part of the energy strikes the ground directly in front of the 
antenna. As we have learned earlier, phase reversal takes place and 
may cancel out the direct wave if the ground-reflected wave and the 
direct wave arrive at the same time and are out of phase. If they 
arrive in phase, the ground reflected wave adds to the direct wave, 
making it stronger. As the height of the antenna is increased, the 
ground reflected signal either adds to the direct wave or creates a 
nid. This action results in a series of radiation lobes. As we 
have also 
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lea 


The conductivity of 
penetrate and how much of 


ce 


we could have would 


rned, radio energy goes into 


Figure 


the earth before it is reflected. 


37. Refi 


Ground-Affected Radiation Patterns. 


a. Reflection 


Factor. 


If we assigned the direct wave a value of 


the earth will determine how deep the signal will 
the signal is reflecte 


a. 


ection produced by ground plane. 


1 and the ground reflected wave a value of 1, then the maximum signal 
be 2. As we see from Figure 38, there are 
les of maximum and minimum radiation lobes. The 


varying vertical angl 


number of lobes vary as the height of the antenna above ground is 


inc 


reased. 


b. Horizontal 


half-wa 


fac 
Not 


ice figure 38. 


pat 


terns. Patte 


pat 
pie 
hal 


Notice also that the number of 


terns at right 


f-wave antenna. 


tor to a horizontal 


Pattern 
rns’ B, 
angles 


ve antenna. Let's 


S A; GC; 


c. Notice that in figure 38, 
quarter wave length above ground, 


to the antenna. 
ture of the radiation produced. Both figu 


E, and G are 


as the heigh 
the lobe di 


apply the reflection 


antenna erected at distance above ground. 


the vertical radiation 


D, F, and H are the vertical radiation 
Figure 39 shows a better 


res 38 and 39 show a 


t is increased from a 
vides into two lobes. 


lobes equal the number of quarter 


th above ground, there 


waves. At four quarter waves or one wave leng 
are four lobes. Notice also that for odd quart 
ground the major lobe is at 90 degrees. 
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ter wave heights above 


Looking At The Looking At The 
Antenna Broadside Antenna From The End 


Figure 38. 
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Figure 39. Solid pattern produced by horizontal half-wave 
antenna located a half-wavelength above ground. 


d. Vertical half-wave antenna. Ground reflection also affects 
vertical antennas. See figures 40 and 41. Notice that a vertical 
antenna erected 1 quarter wave above ground has two lobes. As the 


height is increased, the number of lobes increases. An antenna 1 
wave length in height has 6 lobes. 


e. It now can be seen that the ground reflection factor and the 
antenna height play a major role in the radiation of radio energy. 
In later sections we will see that we can select a particular antenna 
height for a certain distance of transmission. For example, for 
short distances the antenna height should be less than a quarter 
wave. For long distance communication, the antenna should be a half 
wave or more in height. We can improve the ground reflection through 
the use of a counterpoise or radial ground. This increases the 
conductivity of the earth and lessens the energy lost going into the 
earth. 
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4. Changes in Radiation Resistance. 


a. The 
horizontal 
resistance 


conductivity and heights is zero to approximately 100 ohms. 


b. See Figure 42. 


radiation resistance at the center of a half-wave 
antenna erected in free space is 73 ohms. The actual 
of the same antenna erected over varying ground 


ground reflected wave. 
that a given power is 


radiation 


resistance 


reflection. 


distance above the ground. 
back to the antenna, 


resistance. 
phase with 
current. al 


But, 


73 ohms because there 


The change in resistance occurs because of the 
It occurs in the following manner: Let's say 
applied to an antenna in fr 

is 


ee space. The 
was no ground 


suppose that the same antenna is erected at a given 


The ground reflects part of the energy 
adding to the existing current and lowering the 


It is assumed that the ground reflected wave was in 
the direct wave; therefore, adding to the original 
f the two waves are not in phase, the overall current is 


less, resulting in a higher radiation resistance. 


c. The change 
antenna is much less 


in radiation resistance of a ver 


than that of a horizontal antenn 


resistance is 100 ohms at the center of the antenna a 


quarter-wave above ground. 
of a half-wave length. 


tical half-wave 
a. The maximum 
t a height of a 


It decreases to about 70 ohms at a height 
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Figure 40. Vertical-plane radiation patterns produced by 
vertical half-wave antennas. 
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Figure 41. Solid patterns produced by vertical half-wave 
antenna located a half-wayelength above ground. 
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Table 6. 


Ground material 


Ground Material Conductivity. 


Relative 


conductivity 


| 

| 

| 
Sea water..... pide te Seeie oie de Sas Pa 4,500 
Flat): £ich SOL]6 «i ss0.66ss0%84 | 15 
Average flat soil............. | 7 
Fresh water lakes.............| 6 
Rocky hills..... i SS. meaner | 2 
Dry, sandy, flat soil......... | 2 
City residential area......... | 2 
city industrial area..........] 1 


te ere ee ee ee 


rt 


ole 


Fects of 


Practical Grounds. 


reflection factor over 


Up to this point we have discussed th 


a uniform high conducting ground. As we can see from table 6, the 
conductivity varies over different types of ground. How does this 
affect a reflected signal? Instead of having a maximum reflection 
factor of 2 (1 from the direct wave and 1 from the ground reflected 
wave), we might have the direct wave only. This could occur if the 
antenna was erected over a poor conducting ground. In addition, 
incomplete nulls might be produced. This would happen if the 
reflected wave was in phase with the direct wave and both waves not 
of equal amplitude. Also, the reflected wave could be absorbed by 
the earth. 

b. Frequency effects. Not only does the ground affect the 


radiation pattern, 
At low and medium 
about 50 
wave goes into the 
to a depth of about 
angles below 12 degrees. 


depth of 


for takeoff 


the ground 
wave is le 


re 
ft. 


c. Antenna height. 
is above ground is not an easy one to answer. 
into the earth, it is difficult 
antenna. We can make an 


it has a pronounced effect 

frequencies, the radio waves 
feet. The lower the conduc 
earth. At high 
5 to 10 feet. 


As the 


on certain frequencies. 
go into the earth to a 


frequencies, 
Ground absorption is considerable 


tivity, the further the 
the wave penetrates 


frequency is increased, 


flected wave is further absorbed until only the direct 
The radiation resistance over imperfect ground is less 
than it is over a good conducting ground. 


The question of how high an antenna actually 


Since the wave goes 


to determine 


the true height of an 


y ground a better reflecting conductor by 


using a counterpoise or radial 


point. 


ground, 
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to create a definite starting 


6. Polarization. 


a. The 


we use will determin th best 


band of frequencies 
polarization. At low and medium 
should be used. 
travels vertically. A horizontal 


will be short-circuited and will 


the same frequency. The disadvan 
th 

antenna up. For example, a 2 MHz 
is 117 feet. It would not be p 


This will take advantage of 


travel less than a vertical wave at 


vertical polarization 
the surface wave which 
tha 


frequencies, 


antenna has a horizontal wave 


tage of using a vertical antenna at 


ese frequencies is that a sky hook will have to be used to hold the 


an 
ossible to erect a practical 


tenna that is a quarter wave long 
field 


antenna 117 feet high. We, therefore, would be forced to use a 
horizontal antenna. We would be forced to make a compromise - like 
Te sO, NOt. At frequencies above 3 MHz, the polarization is 
immaterial. However, for a sky wave, a horizontal antenna should be 
used. For a ground wave, a vertical antenna should be used. The 
disadvantages of a vertical antenna are that it radiates in all 
directions. Also, if its a whip, a high loss occurs caused by the 


loading coils trying to compensate 


for the whip being too short. 


b. The choice of whether an antenna is vertical or horizontal, in 
some cases, is out of our hands. If we are mobile or mobile ata 
halt, obviously, the only choice is a vertical antenna. Likewise, if 
we are in a jungle area, our choice must be horizontal. A desert or 
arctic location also presents a challenge of how to install a mast 
section to support a horizontal antenna. In most cases, most of our 
nets are of short distance (0 to 35 miles). This makes communication 
difficult because you can't communicate by ground wave only, nor can 
you communicate by sky wave only, especially if the antenna is a 
whip. For short distance sky wave a horizontal antenna should be 


used erected a quarter wave or lower above 
heights can be used with some degradation of 


for sky wave then it should 


E 


a whip is used 


ground. Lower antenna 
the transmitted signal. 


be bent at a 45° angle. 
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LESSON 2/LEARNING EVENT 1 


PRACTICE EXERCISE 


Instructions: Select the BEST response, and circle the correct answer. 


alee Which of the following affect the physical length of an antenna? 


a. Terrain features. 
D Wire cross section. 
om Insulators. 
d. All the above. 
23 The most efficient antenna length is-- 
a. eighth of a wave. 
iow quarter of a wave. 
Gis half a wave. 
d. one wave. 
3% SWR is caused-- 
a. by an antenna cut to proper length. 
b. terrain features. 
Cis ground conductivity. 
d. by an incorrect antenna length. 
4. Which of the following makes the best feed line? 
a. Twisted pair. 
b. TV lead in. 
Gx Single wire. 
d. Coax. 


Turn to page 169 to check your answers. 
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Lesson 2/Learning Event 2 


Learning Event 2: COMMON ANTENNAS. 


HORIZONTAL ANTENNAS 


‘lity Doublet. The doublet antenna is the most common HF antenna used 
by the military. The doublet usually comes in kit form. The kit 
consists of either wire on a reel or metal tape on a reel. A coax is 
the feed line. Forty foot mast section kits are also used with the 
kit. As shown in figure 43, when the antenna is longer than 120 
feet, a third mast section should be used to prevent sag. As shown 
in figure 44, a counterpoise may be used. The purpose of the 
counterpoise is to prevent the ground reflected wave from being 
absorbed. The signal strength of the radiated signal will be 
improved if a counterpoise is used. A counterpoise (see figure 44) 
is an artificial reflecting surface used to reflect the reflected 
wave. This adds to the direct wave making the transmitted signal 
stronger. A counterpoise can also make communication worse if 
connected to the equipment ground. Always try communicating first 
without the counterpoise attached to the equipment ground. Then try 
with it attached to the equipment ground. Use whichever is best. 
The terms doublet and dipole antennas are used interchangeably. The 


maximum radiation is at right angles to the antenna. 


66 


Figure 44. 


Figure 43. 


A Typical Doublet. 


Doublet for path of 100 miles or less, showing 
use and placement of counterpoise. 


Zs The 14 percent off-center fed antenna. 


which is a half 
attached to the antenna 14 percent 
may be used to reduce the absorptio 
The transmission line should be at 
reduce radiation and coupling back 


The radiation resistance is 500 to 600 ohms. 
need an antenna tuning unit to load this antenna, or the transmitter 
would have to have the capability of loading antennas over a wide 


Because of 


impedance range. 
high power loss. 


the single wire 


The antenna is a wire 


wave in length. The feed line is a single wire 
from the center. A counterpoise 
n of the ground reflected wave. 
right angles to the antenna to 
to the antenna. See figure 45. 


Your transmitter would 


feed this antenna has a 
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Figure 45. Fourteen percent off-center fed antenna. 


35 The inverted L antenna. The inverted L antenna (figures 46, 50) 
is a half wave or a quarter wave in length. It is end fed. It uses 
a sing] wire feed that can be a quarter wave in length, or may be 
connected directly to the whip binding post. The impedance of an 
inverted L is 2500 ohms. An antenna tuning unit is needed to load 
this antenna, or the transmitter must be able to load antennas over a 
wide impedance range. A counterpoise may be used to reduce ground 
absorption. The counterpoise should be 3 to 4 inches above ground 
using tent pegs. However, the antenna will perform without the 
counterpoise. The counterpoise ensures that the ground reflected 
wave is not absorbed but adds to the direct wave. 


68 


Figure 46. Inverted "L" antenna. 
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Figure 47. 


4, The slant-wire antenna. The slant-wire antenna (figures 48, 49) 
is two quarter-wave lengths of wire. The impedance is 73 ohms. A 
quarter wave counterpoise may be used. The direction of radiation is 


in the direction of the counterpoise. This is the best compromise 
antenna to make use of both the ground wave and sky wave. The terms 
slant wire and sloping wire antennas are used interchangeably. 


70 


Figure 48. 


Antenna has to be a quarter-wave in length. 


Figure 49. 
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Figure 50. 


Figure 51. 
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MAXIMUM 
RADIATION 


TOWARD HORIZON 


ONE WAVELENGTH WIRE 


1. Quarter-Wave Antennas. 


a. In our previous discussion of the ground reflected wave, we 
determined that at medium and high frequencies, the ground plays an 
important part in re-enforcing the direct wave. If the ground is of 
high conductivity, we can make our antenna a quarter-wave length 
instead of a half-wave in length. By driving a ground rod into the 
earth and attaching our equipment to the rod, the earth becomes th 
other quarter-wave of our antenna. See figure 53. 
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Figure 53. Quarter-wave antenna connected to ground. 


Figure 54. Formation of image flashlight. 
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b. A grounded antenna, in which the ground is part of the 


antenna, can be compared to a person shining a flashlight into a 
Mirror, While standing directly in front of the mirror, the light 
from the flashlight shines directly into your eyes. The light we see 
is coming from the flashlight's image. This is similar to the image 
antenna in a grounded vertical antenna. There is no quarter-wave 
antenna in the ground. However, the ground reflects the wave much 
like the mirror reflects the light. Grounded antennas are often 
referred to as Marconi antennas. Ungrounded antennas are referred to 


as Hertz antennas. 


c. The disadvantage of a vertical antenna is the vertical support 
needed. It makes practical field antennas impossible to erect. To 
compensate for length requirements, loading coils are used to 
stimulate the true length. The disadvantage of loading coils is that 
they use up RF power while compensating electrically for the actual 
physical required. Six MHz is the lowest practical frequency for 
which a vertical quarter-wave antenna can be erected with the present 


issue mast kits (40 foot AB-155). 


Figure 55. Distribution of voltage and current on 
a grounded quarter-wave antenna. 
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Zu. 


Similar to that o 
A grounded quarter 
distance communication 
communications 
See figure 57. 
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ohms, 
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Figure 56. 


antenna. 


Radiation Characteristics. 


a. 


wave 


distance 


(7/5 of 


a half-wave). 
requires 
the 


energy. The 


a 


ver 


f a half-wave vertical 


tical 


radiation 


50 


(750 miles) 
0-100 


ohm 


antenna and transmitter, 
transmitter's 


Electric field around a grounded quarter-wave 


The radiation pattern of a quarter-wave grounded antenna is 
antenna that is not grounded. 
pattern 
with low take off angles, 


favors long 
while 


radiation 


a 


miles 


requires 


load. Thi 


which 


ter to the antenna but 


more loss, 


The shorter the 
until you have only a 
Ft to radiate into space. 


ant 


tenna, 
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uses up some o! 
the more matching required, 


An ungrounded half-wave antenna has an impedance of 
while a grounded quarter-wave antenna has an impedance of 36 
This presents a problem to the transmi 


Ss 


results 
coil 
the RF power while 


loading 


fraction 


oO] 


The difference is the radiation 


73 


ter 
tch 

of 
the 


causes a misma 
in a loss 
matches 


and 
the original RF 


Figure 57. Radiation pattern produced by a grounded 
quarter-wave antenna. 
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b. In order to decrease the mismatch and the loss, you can make 
the antenna longer. An antenna slightly less than a half wave in 
length will match the transmitter's 73 ohm output. 
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Figure 58. Vertical-radiation patterns produced by grounded 


vertical antennas of various lengths. 


3. Grounds. 


Types of 


a. 
equipment 

electrical 
communicat 


It is important that communication equipment be grounded. The 
ground is a safety measure that shunts a= potential 
hazard to earth. The standard ground rod issued with 

ion equipment should be driven into the earth and then 


attached to the shelter or equipment. 


When operating in a building, 


a cold wat 


ter pipe may be substitu 


ted 


for the ground rod connection. 


b. Sometimes it is difficul 
especially in sandy locations. 


to get a good ground, 
Then you must treat the soil 


connection 


with 


common table salt and water or coal dust and water. The area must be 
retreated periodically in order to maintain a good ground connection. 


c. A method of obtaining an artificial reflecting surface is 
through the use of a radial ground system. The purpose of the radial 
is to reflect the ground reflected wave and to add to the direct 
wave. The radial ground system is an artificial ground or reflecting 
surface used to compensate for the poor conduction quality of the 
soil. The most common radial ground system is 36 lengths of wire a 
tenth to a half-wave in length buried 6 to 8 inches and connected to 


a ground rod. 
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Figure 59. 


Gi ‘Seal: 
surface is the use of 
above ground several inches. 
or several wires, 
Otherwise, 


e. 
the ground ref 
communication. 
or radial grou 
ground system n 


lected wave. 


nd system. 


Ground system 


another method of 
a counterpoise. 


but must be 
the size and shape is immaterial. 


A radial or counterpoise 


for vertical 


The coun 
The counterpoise co 
the same leng 


For 


Ful 


They are use 


obtaining an artificial 
terpoise is elevated 


th 


antennas. 


reflecting 


uld be a single wire 
as the antenna. 


forms an artificial ground to reflect 


ground or sky wave 


A grounded vertical should always use a counterpoise 


A horizontal antenna doesn't require a 


ear as much as a vertical antenna. 


The equipment has 


its own electrical ground. Before a radial or counterpoise is 
grounded to the equipment ground, a test communication should be 
made. Then, hook the radial or counterpoise to the equipment ground 


and check the results. 
to the equipmen 


antennas will 
cases, 


the equipment must be 


Sometimes, 
t ground makes communicat 
communications with and without a groun 


d system. 


work without a radial or counterpoise system. 


grounded. 
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hooking the radial or counterpoise 
tion worse. 


Be sure to check 
Remember that all 
In all 


Figure 60. Wire counterpoises. 
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Figure 61. Vertical quarter-wave antenna. 
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Figure 62. Vertical doublet. 
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4. Bent Antennas. 


a. A bent antenna is a compromise antenna when not enough room 
exists to install a horizontal antenna or supports high enough to 
erect a vertical antenna are not available. 


b. Inverted L antennas come in varied configurations. One 
configuration is a half wave. The flattop portion could be a quarter 
wave with a counterpoise as the other quarter wave. See figure 63. 
Another configuration is only a quarter-wave long. The horizontal 
portion is an eighth wave and the down lead is the other eighth wave. 
The other quarter wave is a ground return, a radial, or a 
counterpoise may be used. 


Figure 63. Inverted-L military antenna. 


3: Ground Plane Antenna. 


a. A ground plane antenna is an antenna with a vertical section 
of a quarter wave in length, and with spokes, normally three or four 


in number, each of which is a quarter wave or longer in length. The 
spokes form the artificial ground. The ground plane is used at VHF 
(30 - 300 MHz) and higher frequencies. The ground plane is normally 
mounted on top of a mast and is called an elevated ground plane 
antenna. 
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Figure 64. Typical ground-plane antenna. 
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Figure 65. Jungle antenna (elevated ground-plane). 
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Figure 66. Vertical ground-plane antenna. 


b. When maximum radiation is wanted in a horizontal direction, 
the spokes are tilted down to an angle of about 50 degrees. The 
input impedance of a ground plane is 20 to 25 ohms. When the spokes 
are bent downward, the impedance rises to about 50 ohms. 


c. Whip antenna. The worst antenna to use is the whip antenna. 
The term whip in our case means an antenna that is 15 feet in length. 
The only good thing that can be said of a whip is that it is 


convenient for mobile or mobile at a halt situations. We can improve 
our whip (in the AN/GRC-142) by adding sections to its normal 15-foot 
length. We should add three more sections (for 2 -12 MHz use) or 
until our whip approaches a quarter wave (234/f) in length. Because 
the mast base loses some of its rigidity, you may have to guy the 
whip. The reason the whip is so poor is 
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because of the loading coils used to match the transmitter to the 
antenna. Most of the power is consumed doing the matching. 


Figure 67. Typical whip antennas. 
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Figure 68. Best directivity of whip antenna mounted on 
vehicle. 


d. When a whip is mounted on a vehicle, the metal of the vehicle 


affects the radiation pattern. The maximum radiation is across the 
vehicle on the opposite side that the whip is mounted on. See figure 
68. 

e. To improve sky-wave communication using a whip, the antenna 
should be bent down so that a 45 degree angle is formed. See figures 
69 and 70. 

f. An important point to remember is that a whip is a poor 
substitute for a quarter-wave vertical or half-wave horizontal 
antenna. 
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Figure 69. 0-200 mile net. 
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Figure 70. Tying the whip antenna down. 


6. Long-Wire Antennas. 


a. 


Long-wire antennas are antennas 


wave in length. There are two advantages that a 
has over 


discussion of 


a 


half-wave antenna: directivity and 


fF long-wire antennas, the focus will be 


long-wire an 
gain. In 


that are longer than a half- 
tenna 


our 


on practical 


antennas for VHF (30 -300 MHz) applications. Antennas that are 
several wavelengths long are not practical for tactical HF (3 to 30 
MHz) communications. Antennas several wavelengths long at HF 


b. Antenna gain. 


frequencies would be several hundred feet in length. 


in any particular direction. They either radiate 


or radiate 
horizontal 
to a ver 


an 


an 


Antennas discussed previously develop no gain 


in all directions 


in two directions only. A point can be 


tenna has gain as compared to a vertic 


tical antenna goes in all directions, 
horizontal 


tenna goes in two directions. 


90 


made that a 


al antenna. Power 


while power 


to a 


Ts Harmonically Operated Antennas in Free Space. 


a. Calculation of length. We learned earlier that an antenna in 
free space is longer than an antenna erected over ground. The 
effects of the insulators and the earth made the antenna shorter. 
The insulators are at the ends of the antenna. In order to 
compensate for th nd ffect, we must shorten the antenna by 5 
percent using the formula below. The formula for a harmonic or long- 
wire antenna is: 


length = 492(H-.05) = 468 
frequency frequency 


where H equals the number of half waves. 


b. Directivity and gain. The gain of a long-wire antenna can be 
seen from the chart below. As you can see there is very little gain 
until the antenna is six wave lengths long. For each three db gain, 


its like doubling your transmitter's output power. 


[Angle of maxi-]] JAngle of maxi- 
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{ [| 


Antenna length | Power gain Antenna length 


Fl ! 
(wavelengths) | || (wavelengths ) | 
[| i 
| 
Dv scart-arnte Saceee eas | 1.2 Ll Be wskae ected dhe es | 4.3 
Sd er eee { 1.4 Oy ects ea ieee ace \ 5.6 
ee ees ee | fod bi ae: SER era eee | 7.2 
Because ge dusneag ay i Suk UI ! 
aaa ieee Doe ee ee ATO ae Reeeee | Se a eee eee ere ote eee oe 
c. In figure 71, we can see the radiation pattern developed from 
various harmonic antenna lengths. As the number of half waves are 


increased, the number of lobes are also increased. 
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Figure 71. Radiation patterns of harmonic antennas. 


os Nonresonant Antennas. 

An antenna has traveling waves that move up and down the 
antenna. If we terminate one end of the antenna with a resistance, 
while feeding the other, the waves can travel in one direction only. 
This is called a nonresonant antenna. The radiation is in the 
direction of the resistance. This type of antenna radiates 
efficiently over a wide range of frequencies. 

Oo. Half-Rombic Antenna. 


a. A half-rombic antenna is similar to an inverted V in shape. 


It radiates in a vertical direction. In figure 72, you see a 
comparison of two different half-rombics - one terminated, the other 
not. You can see that the advantage of the terminated half-rombic is 
that its radiation pattern is in one direction only. The lobes that 
are missing in B have combined with the remaining lobes. The 
terminating resistor is 500 ohms with a power rating of one-half the 
transmitter's RF output. 
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Figure 


72. Development of radiation pattern of 
half-rhombic antenna. 


b. The half-rombic should be at least two wavelengths long at the 
lowest operating f 
is approximately 6 
antenna to reduce ground loss. 


There are 


requency. For example, at 30 MHz, two wavelengths 
5 feet. A counterpoise is used with a half-rombic 


four halt 


f waves in two wavelengths. 


93 


A more convenient formula 


for a 2 wavelength half-rombic antenna is-- 


984(N-.025) = 984 (2 - .025) = 984 x 1.975 = 1943.4 = 64.78 ft 
frequency in MHz 30 MHz 30 30 
N = Number of full waves 


Because th 


leaving the 


length is not critical the factor 


.025 may be dropped, 
formula-- 


984 x 2 = 1968 = 65.6 ft 
30 30 


c. The half-rombic can be used for 
to four times the lowes 


for 30 MHz 


frequencies as high as three 


t frequency. For example, a half-rombic cut 
should be good at 90 MHz, which is more than enough to 


cover the entire range of our VHF sets. 


Figure 73. Typical military halt 


fF-rombic antenna. 
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10. Near Vertical Incidence Sky-Wave (NVIS). 


The disadvantage of HF communication is that at times it is 
unreliable as compared to FM communication. What one forgets is that 
even though HF transmitters are often high powered, their most 
effective frequency range (2 to 5 MHz) works against them. If we try 
to use a whip, most of the RF power is used up by the loading coils 
trying to match the antenna to transmitter. In some cases, the FM 
set has more effective radiating power than the HF set. What to do? 
To maximize the sky wave, when forced to use a whip, add additional 
sections (3-116 for frequencies, 2-12 for AN/GRC-142) so that the 
length will nearly equal a quarter wave. Bend the antenna down until 
it is at a 45 degree angle. Do not us the extended whip in a 
vertical position unless our stations are within ground wave range 
(consult ground wave book), because the radiation takeoff angle is 
too low to be effective for short distance sky-wave communication (0 
to 100 miles). To be effective, our radiation pattern needs to be 
straight up. The slant or sloping wire antenna will also offer a 
good compromise short distance sky wave communication. A doublet, 10 
to 30 feet high, is the best antenna. Orientation of the antenna is 
immaterial. 


11. Electromagnetic Pulse. 


a. During a nuclear war, your equipment could be destroyed 
without your even knowing about it. You and your equipment could be 
hundreds of miles away from the blast area. After a nuclear blast, 
an electric charge is sent out many times stronger than a lightning 
bolts The charge travels through space and is attracted to antennas 
and power lines. A lightning bolt may have 50,000 volts while a 
nuclear EMP charge might have 1,000,000 volts. The bolt follows a 
path to ground. When we upgraded our equipment from tubes to solid 
state, we made our equipment susceptible to EMP. We have known about 
this problem since the early sixties, but we have not known about 
what to do from a practical point of view. 


b. There is no simple and inexpensive solution to the problem. 
The Russians on the other hand have decided to take a step backward 
as a solution to the problem. When a MIG-25 pilot defected to the 
west it was noted that the air frame was made of steel, not a 
lightweight metal. Also, some of the electronics were not solid 
state, but of vacuum tube design. 


c. During a nuclear test in the sixties, circuit breakers tripped 
causing a power blackout 800 miles away in Hawaii at the exact 
instance of the blast. Several years went by before the two events 
were put together as one related incident. 
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d. Another effect of 
seconds to several hours, 


EMP is a radio blackout lasting from a few 


depending on the 


frequency. 


After a blast, 


the ionosphere becomes superionized and absorbs all frequencies. The 


upper frequencies will co 
coming back last. 


me back first, w 


ith HF and 


the lower bands 


e. What can you as an operator do to lessen the effect of EMP? 
Very little. Some progress has been made toward hardening 
extra shielding around cables, air vents, 
etc. Some basic precautions are: equipment not needed should be 


communication equipment - 


turned off. Antennas should not be installed unt 
power cables. Equipment not used should be lef 
in use. Never use commercial power. 


Rethinking of our use of 


til needed. Bury all 
t unplugged when not 
Always ground your equipment. 


in order. Some 


communication equipment is 
of our net radios as well as our multichannel links should be turned 


off. Have only one net up at a time to lessen the e 


Ffect of EMP. 


12. FM Squelch Capture Effect. 


a. We are familiar with the obvious methods of jamming, but not 


in our FM radios that 


cr Ct 


of subtle jamming. We have a characteristic 


make them highly susceptible to this type of jamming. 


b. When we listen to 


our FM radios we don't want to be bothered 
with noise when no one is transmitting. 


that eliminates that no1 


tone (NEW SQUELCH POSITI 
another station to commun 


coming in, the CALL LIGHT lights. 
hand, will not transmit a 150 hertz tone. is 
light. Therefore, you will not know if someone is calling you or not 


because the jamming signal 


We have a 


se. To overcom 


radio transmitter, as part of his signal, 


squelch circuit 


th squelch, a friendly 
transmits a 150 hertz cycle 


ON) that deactivates the 
To let him know a call is 


icate with him. 


squelch enabling 


A jamming station on the other 
The CALL LIGHT will not 


will be many times stronger. 


c. What can you do? 


radio circuit. By contacting other 


location. Valuable signal 


Things you can do violate signal security, 
such as commo checks. Radio checks are unnecessary on an established 


stations, you 


compromise your 


intelligence can be gained even though the 


net is encrypted. An electronic signature 


identifies all units and 


their locations. One thing you can do that doesn't violate signal 


security is to put the squelch switch to OFF. 


know you are not being jammed. 
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If you hear noise, you 


How often should you do this? It depends on the flow of traffic at 
the time. If there was a constant flow of traffic and then all of a 
sudden there is none, be suspicious. Turn the squelch off However, 
if traffic is infrequent and there is no traffic for a while, again, 
be suspicious and turn the squelch off. If you are being jammed, 
don't forget to submit an interference report. One precaution should 


be noted, however; the Russians have a jammer that transmits noise. 
What to do? Change the MHz knob a megacycle up or down, then listen. 
If there is noise you know you are not being jammed. Move the MHz 
knob back to correct MHz position. 
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LESSON 2/LEARNING EVENT 2 


PRACTICE EXERCISE 


Instructions: 


Select the BEST response, 


and circle the correct answer. 


alee The most common military antenna is the-- 
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a. doublet. 
b. inverted L. 
om slant wire. 
Gh. half rombic. 
2. A compromise antenna that is good for sky and ground wave use 
sa 
a. doublet. 
b. whip. 
fomn a whip bent at a 45-degree angle. 
d. slant wire. 
or Loading coils are used primarily for what type antenna? 
a. Doublet. 
low Whip. 
om Long wire. 
d. Hertz. 
4. Which frequency is the most practical for a half-rombic antenna? 
a. 60 MHz. 
b. 10 MHz. 
Cc 5 MHz 
d. 2 MHz 


Sis The terminating resistor used in a half-rombic antenna is-- 


a. 500 ohms. 
bs 2,500 ohms. 
ors 73 ohms. 
d. 36 ohms. 


Turn to page 169 to check your answers. 
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Lesson 2/Learning Event 3 
Learning Event 3: SITING 


HF PATH AND SITE ENGINEERING 


Te In tactical Situations, we are always making compromises. 
Selecting a communication site is one of them. Seldom will a site 
satisfy all the physical, electrical, or security requirements. In 


some situations, the ground is too hard or there is foliage that 
surrounds us. 


Ass Site Criteria. An ideal site should meet as many of the 
following criteria as possible: 


a. Level ground, or sloping towards the distant station. 


b. Adequate amount of real estate on which to locate equipment 
and antennas. 


c. Away from the base of mountains in the path of transmission. 


d. Preferably no foliage under the antenna, or at least not as 


high as the antenna. Proper separation from wooded areas to meet the 
needed take-off angle for the distance to distant station (pages 149 
and 150). 

e. Good earth ground conditions. (Use a radial/counterpoise for 


vertical antennas.) 


f. Away from major highways. 


g. Away from power lines. 


h. Away from sources of reflection or absorption such as metal 
buildings, other antennas, high fences, etc. 


i. Meet site security requirements. Clear area around the site 
for at least 100 yards. Surrounding hills should be occupied by 
friendly troops. 


3h Intervening Terrain Considerations. Intervening terrain can play 
an important part in HF communication, especially short ground wave 
and long distance sky wave communications. 
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a. Short distance (0-250 miles). For stations within 25 miles 
of one another, ground wave can be used. In order for good ground 
wave to be used, the intervening terrain should be flat with no 
mountains or thick foliage. For short distance sky wave, intervening 
terrain has little or no effect because of the high take-off angle. 
The exception are trees, separation from trees, for the transmitting 


antenna must be maintained if communication is to be maintained. To 
make the signal stronger, a counterpoise or radial ground should be 
used. The only requirement for short distance sky wave is having 


room enough for the antenna and being away from reflecting objects. 
Antenna heights should be less than a quarter wave, 10 to 30 feet 
high. Assuming the correct frequency was used, transmit antenna 
heights of a A/10 to a A/4 can be used without noticeable loss of 
Signal at the receiving station(s). (See figure 88 on page 113.) 
Notice transmit antenna heights of 2 feet at 6 MHz produced a 8 dB 
loss of signal at the receiving station. Transmit antenna heights of 
10 feet will work with some loss of received signal when using 
frequencies between 2 and 9 MHz, while frequencies above 9 MHz suffer 
less loss. As the transmit antenna is lowered, the antenna must be 
made longer becaus of the ground effect. The loss of received 
Signal is like cutting your transmitter power output in half for each 
3 dB loss in received signal. For an 8 dB loss in received signal it 
is like cutting your transmitter power from 100 to 12 watts. 


b. Medium distance (250-1500 miles). There is no ground wave 
possible at this distance, unless transmitting over water. The same 
requirements are needed as there were for short distance, except that 
the antenna should be a half-wave high. 


c. Long distance (1500 miles and over). The same requirements as 
for medium distance, except that the antenna should be as high as 
possible. 


Ground Conductivity For Various Terrain 


LT¥e YPES OF SURFACE | _ RELATIVE CONDUCTIVITY | 
| 


J]Sea Water | Good | 
iFlat, Loamy Soil j Fair i 
]Large Bodies of Fresh Water | Fair ] 
{Rocky Terrain | Poor | 
{Desert {| Poor 
| Jungle | Very Poor [ 
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Single-hop Skip Distances at Various Vertical Take-off Angles 


T ANTENNA | F, DISTANCE | FF) DISTANCE ff 
wNGLE | FOR 240 km FOR 450 km | 
{ (VERTICAL | HEIGHT i HEIGHT | 
| TAKE-OFF) | (DAYTIME ) i (NIGHTIME ) { 
} 0° | 2000 miles i 2800 miles 1 
5° | 1500 | 2300 | 
| 10° | 1200 | 1800 
| 15° | 900 1400 
| 20° | 700 1100 ! 
25° | 600 | 1000 ! 
| 30° | 450 | 825 ! 
| 35° | 400 700 ! 
| 40° ! 350 | 600 
45° | 275 | 500 
50° 250 425 | 
60° | 160 275 | 
70° | 95 | 180 | 
| go° | 50 | 90 
90° | 0 miles O miles 
| | i 
NOTE: Further distances must use multiple hops. This table does not 


include refraction from E, F or sporadic E layers. 


4. Atmospheric Problems. 


In certain areas of the world, especially the hot climates around the 


equator, the atmospheric noise is very high. This forces you to use 
higher frequencies to get above the noise. The further you get away 
from the equator, the quieter it becomes. As you approach the pole, 


the aurora (northern lights) 
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tOre 


es you to lower your 


frequencies becaus 
levels are less at the poles. 


th layer 


MUF or 


LUF. 


ionization 


le below is an average for planning the frequencies 
during a maximum or minimum sunspot 
and not the 


the ionosphere could raise 


Sit Frequency Planning Table. 
The tabl 
to use for certain distances 
cycle. We should always use the FOT 
Fluctuations in the ionization levels of 
or lower our frequency beyond the MUF or LUF. 


Frequency Planning Guide 
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Maximum FOT 


40 MHz 


38 
33 
28 
25 
21 
17 
14 
13 
12 
12 
il 


11 MHz 


NOTE: Use with single-hop skip distance table for determining 
required vertical take-off angle and antenna frequency coverage for 
specific path lengths. 

6. Effects of Trees and Bushes on Antennas. 

In a wooded or jungle area, the best antenna is a 
horizontal antenna. A vertical antenna's radiation is absorbed by 
the vegetation. The denser the vegetation - the more the absorption. 
Antennas that are affected are the whip, lL, slant, and sloping 
antennas. Metal objects also effect vertical antennas. 

Tes Planning an HF Vehicular Radio System. 

During displacements we must use a whip antenna. What 
factors can we use to improve and make better this type of 
communications? 

103 


(1) Aim the vehicle to the distant station. See figure 74. 


(2) Select a frequency as near the FOT as possible, not the 
doublet's LUF. A frequency above 10 MHz might be possible to take 
advantage of the ground wave (terrain permitting) if stations are 
within 25 miles of one another. 


(3) Add three additional mast sections (24 feet) so that the 
whip will be near a quarter-wave in length. If time permits, use a 
counterpoise or radial ground system. If using ground wave, make 
sure antenna is completely straight. If sky wave is to be used, bend 
the antenna at a 45-degree angle. If no contact try a better 
antenna-slant wire. 


(4) Select a hill or a flat clear area. Make a good ground 
connection. 


(5) If time permits, install a "quickie" antenna such as a 
sloping antenna. See figure 77. 


Figure 74. Vehicle chassis counterpoise. 
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Figure 75. Use of the counterpoise with a vehicle. 
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Figure 76. L antenna. 


NOTE: Try to make elements one quarter and one half 


wavelengths, respectively, but antenna will still work well 


if shorter vertical and horizontal wires are used, provided 
antenna tuner is used. 


106 


Figure 77. Sloping wire antenna. 


Figure 78. Sky-wave only system. 
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SHORT DISTANCE BASE STATION ANTENNA TYPES 


[Ready Reference Vehicular Base Station Antenna Types{ 

\ | 

| ! { 
| 


; 

} DESCRIPTION APPLICATION { CONSTRUCTION 

{ | I 

[Vertical Vertical mast or whip, { Ground wave or low| AN/GRA-4 Kit, | 

| insulated from ground, { angle sky-wave, | insulated | 

| guyed or self only ground wave [{ metal mast or] 

| supporting. component used for| whip. | 
short distance. 

|Doublet Half wave in length, Ground and sky AB-155/U or 

| Antenna center fed, using coax | wave suspended 

| line from trees 

|Sloping Sloping wire, usually Short distance Wire 

jwire 50 ft long, connected ground and sky suspended 


wave directional from 30-40 


| 

| 

| 

| 

! 

1 

to antenna tuning { 
away from elevated| ft support 

| 

-| 

| 

] 

| 

I 


{ { 
{ | 
| i 
| i 
l i 
| | 
l ! ] 
! | | 
| | | 
; | j 
J | | 
} | 1 
: [ | 
| unit at low end, or | ] 
| | | 
| | ground toward} 
| i t 
| | | 
! ] n| 
H | | 
| | | 
| { | 
{ I J 
| { 

! | 

| i 

| | 

| ] 

{ { 

} i 

! | 

| | 


| 

| 

i. Ais. end, pattern and run to 

| sometimes erratic 

i distant 

| station 

| connecting in 

| antenna 

I ! tuning unit. 

jinv "L" or Wire antenna, top Short distance t Wire 

{*r" loaded vertical. ground and sky | suspended 

| wave, basically | between masts] 

| omni-directional, | with vertical| 

| both Horiz and | wire termi- | 

| Vert. | nating in Ant| 

| | Tuning Unit. | 

\40 ft Folded Wire antenna, Short distance | Same as { 

Jinv "L" or top loaded vertical, ground wave, omni-| above. i 

yor" with cancelled Horiz directional, sky- | | 
i 


radiation. waves cancel, | 


8. The Short Path Sky Wave. 


a. Frequencies used should be near the FOT and the antenna should 
be a doublet. Height should be less than a quarter wave. See 
figures 79 and 80. A counterpoise should be used. 
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Figure 79. A A/2 dipole in free space. 


Figure 80. Effect of ground doublet radiation pattern 
(height 20 - 40 feet above ground). 


b. Sag. Antennas erected for low frequencies tend to be very 
long, over two hundred feet long. Antennas that long tend to sag 
unless supported in the middle. Significant signal loss can result 
if the antenna is not supported. See figure 81. To 
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prevent coupling or radiating from the transmission line, make sure 
that the feed line is at right angles to the antenna. See figure 82. 
Figure 81. Doublet antenna sag. SA APPROXIMATE SIGNAL LOSS 
20° 0 db 
30° -1 db 
40° -2.5 db 
50° -5 db 
60° -16 db 
we Om -24 db 
: be 8 80° -25+ db 
At angles of 20° to 80 from the 
horizontal, signal loss can be 
expected. Keep antenna as 
horizontal as possible. 
Figure 82. Doublet feed APPROXIMATE INCLINATION 
line problems. ANGLE LOSS 
ANGLE LOSS 
QO - 40° 0 db 
SO" -1 db 
60? -5 db 
One y ° F : 
At angles of 45 to 60° from a sa 80 No Serres 
perpendicular plane to the Mie eee 
doublet, up to 5 db antenna gain 


can be lost. 


Keep 
ar from 


perpendicu 
toward eart 


See 


h as possible. 


The disadvantage of 


figures 83 and 84. 


feed line as 
antenna 


the doublet is 
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its narrow operating 


Figure 83. A typical doublet. 


Figure 84. Doublet for path of 100 miles or less, showing 
use and placement of counterpoise. 


d. Jumpers can be used to increase the operating range. See 
figures 85 and 86. The inverted vee is a variation of the doublet. 
So that you don't have to raise and lower the antenna, you can use a 
multidoublet which covers several frequencies. 
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Figure 85. Multifrequency doublet. 


Figure 86. 


Construction of 


multi 
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Frequency doublet. 


Figure 87. The multiple doublet antenna. 


Figure 88. Approximate gain of a doublet as a function 
of height in open and in jungle based on a 
frequency of 6 MHz. 
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i I i 
| TYPE | DESCRIPTION | APPLICATION | CONSTRUCTION | 


[See vehicular base station antenna types as most have application for | 
|point/point work 
(cp ee rer 


| 
| | 
JDoublet } Constructed of wire, Used for short and|Wire, center {| 
Jcenter fed. Can be a medium distance jfed normally | 
[tape dipole such as communication. jwith 52-72: | 
{WD-1. Useful radiation |coax supported] 
normally 40° - 96°}between masts { 
good to about 800 for poles. | 
miles. {Maximum radia-} 
{tion perpendi-| 
jcular to plane] 
lof wire. No | 

jtuning unit 

| required. 


I 
l 
| 
| | 
| 
| 
| 


{ 
| 
| 
| 
| 
I 
| 
| 
| 
{ 


{inverted Constructed of wire Used for short and{Wire, center 
ftv" Jor tape, center fed. medium distance |fed normally 
i {Uses only one mast. communication. |with 52 

Slightly less |coax. Support- | 

efficient ‘than Jed with single| 

normal doublet {mast at ! 

particularly at {center, ends | 

short distances. |drooping to | 

{ground, other-| 

[wise same | 


[basic charac- | 
!teristics as 
Ja doublet. No 


I 
| 
| 
| 
| 
| 
| 
I 
{ 
i 
1 
i 


{ 

| 

{tuning unit t 

| required. t 

| | 

{ { 

|Multi- {Compromise broadband Basically same {Two or three ] 

[Doublet Jantenna for HF. results as Jdoublets all | 

} J Doublet, but | connected i 

| ! operates well on |[together. Fed | 

| | several frequen- [with 52 J 

{ | cies in an over- [coax cable, { 

i all band. Jwires separa- | 

| j jted by minimum] 

| | Jof 12 inches. | 

| | | | 
e. Communication between 250 to 800 miles. The same problems 
encountered for short distance communication also holds true for the 
medium distance path. In some cases, it is the most difficult 

circuit path. The doublet is the best antenna over 
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frequencies 
ninety percent. 


oe 


this distance require antennas with a low take-off 
reasonably well. 


a half-wave high will work 


below ninety percent. 


g. 


1500 miles away. The only 
communicator is the doublet. 


Frequencies can be 


Communication over 1500 miles. 
tactical facility may be required to communicate to a 
available 
reliability will fall 


antenna 
The percent of 


Significantly. To communicate ef 


Reliability may 


Communication between 800 to 1500 miles. 


this distance and should be at least a quarter-wave high. 
fall between 3 to 14 MHz. 


Usable 


fall below 


Communicat 


angle. 


Reliability may 
from 4 to 25 MHz 


There may be 


tions over 
A doublet 
fall 


times when a 
station over 


to the 


tactical 


Fectively over 1500 miles you need a 


more powerful transmitter and a better antenna system than what is 


available. We must 


TACTICAL RADIO SYSTEM ANALYSIS 


During and after an exercise, 
Copies of 
and 
facts will determine 


needs to be accomplished. 
forwarded to indicate time 
evaluation of the 


OL 


accept less 
communicating long distances during tactical 


than 


desirable 


zB 


logs, 
reason 


If 


are too high or too low. 


inter 


have 


interference, and if you 
Unfortunately, it is very 
effectiveness. From time to tim 
frequencies need to be assigned. 
work over a sunspot cycle 
Communication is always 


better 


to 


seldom 
over the s 


, change 
that we 


during 
useabl 


The same 


for 


ference is a 


to 


evaluate 
unspot 


outages. 


performance 
Situations. 


when 


an analysis of the communications 


f necessary, need to be 


Careful 


facker, 


if the assigned frequencies 
report the 


another 


cycle, 


a 
, becaus 


Higher frequencies are more 
increases the density of 
frequencies. 
sunspot maximum cycle. 
Significantly. 


the 


Most of 
frequency assignments. 
the 2 to 3 MHz band. 


Sever 


layers 
A higher FOT daytime frequency will 
The FOT does 


our communication outages 


most cases the LUF for a doublet 


is 


should have been used, becaus s 


ome 


we are mobile or mobile-at-a-halt. 
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used, 
of 


which 


(a sunspot cycle is just 
maximum 


increase at 


will 


can be traced to 
In most cases the assignment is too low, 
interference should be expecte 
whereas the LUF for 
the outages are usually when 


our 


frequency. 
HF net 
differen 


frequencies will seldom 
over 11 
sunspot 
jonization by 
support 
be needed 
night, 


years). 
cycle. 
the sun 
higher 
in a 
but not 


incorrect 
in 
ais In 
a whip 


Instructions: 


les For short 


LESSON 2/LEARNING EVENT 3 


PRACTICE EXERCISE 


Select the BEST response, and circle the answer. 


distance communication (0-250 miles), antennas should-- 


a high take-off angle. 

a low take-off angle. 

-off angles have no effect on communications. 
half wave high. 


the following terrain features favors site selections? 


r lines. 
1 buildings. 
r antennas. 


1, clear area. 


e-off angle favors long distance? 


grees. 
egrees. 
egrees. 
egrees. 


equator as compared to a polar location you would-- 


a higher frequency. 


a lower frequency. 


a. have 
Be have 
Onn take 
di be a 
2. Which of 
a. Powe 
ior Meta 
Cis Othe 
d. Leve 
3. Which tak 
a. 5 de 
b. 45 da 
Ci. 75 a 
d. 90 d 
4. Near the 
a. use 
b. use 
ore use 
d. use 


the same frequency. 


the surface wave. 


116 


5s Which frequency has a greater daytime communication range? 


a 7 MHz 

b O MHz 
SC 2 MHz 
d. 15 MHz. 


Turn to page 169 to check your answers. 
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Lesson 2/Learning Event 4 


Learning Event 4: FREQUENCY SELECTION. 


Le Prior to selecting frequencies for a radio circuit, thought must 
be given as to what type of antenna will be used. Often, during 
displacement or during an alert, at least two types of antennas will 
be used -- a whip while moving; a doublet or suitable compromise 
antenna while mobile at a halt. Antenna selection will determine th 
choice of frequency, not the other way around. 


Looking at the various Immediate Sky-Wave Distance (ISD) charts, page 


125 to page 141 (we will use column 5 on the charts) for various 
antennas, we see that the most reliable antenna is a doublet with 
reliability dropping until we reach the poorest antenna -- the whip. 


We also see on the ISD charts that for the same distance, the 
frequency increases with each type of antenna, with the whip having 


the highest frequency. What conclusions can we draw from these 
comparisons? First, we must have two frequencies for sky wave use -- 
a day and a night frequency. Also, when forced to use a whip, a 


higher frequency than that used by a doublet must be chosen in order 
to offset the power loss caused by the short length of the whip. A 
nighttime whip frequency should be selected and not a nighttime 
doublet frequency. The reason is that in all cases, the poorest 
antenna used will determine the frequency selection. Any frequency 
selected for the whip will work with the doublet. A frequency 
selected for a doublet will not necessarily work reliably with a whip 
because of the shortness of whip and the inevitable power loss caused 
by the transmitter's loading coils. If we increase the frequency in 
order to compensate for the whip's power loss, we might exceed th 
MUF for the radio circuit. 
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2% 
wave use. 
whip, using 36 radials 
Sometimes a radial s 
connected to the equipm 
communicate first without 
equipment ground, 


3% 
to increase th 
which provide the enemy wi 
our signal. Most of the 


doublet, we co 
difficult. 


From a signal security standpoint, 
reliability of 
th a bet 
time, 
Signal security in order to maintain the radio circuit. 
uld use the LUF which makes monitoring and jamming more 


During displacement, communications is very crucial but 


Antenna orientation is not a consideration 
If possible, use a radial ground system, especially with a 
] which 
ystem makes 
ent ground. 


should be 


TO 


the radial 


then with it. 


we 
the whip, 


qe 


we use 


if we use a 


also margina 


increase the 
LUF. With 10 
nets can use 


he whip's LUF. 


in reliability 
make a compromise and ease our signal security concerns in order 


reliability of 
O nets requiring 
the same LUF or FOT. 


Frequency assignments will be close as possible to the FOT down to 


the 


communication 


tter opportunity to moni 


radio circuit by using the whip's 


Ban 


or short distance sky 


antenna. 

it is 
try to 
to the 


as long as the 
worse when 
be sure, always 


ground connected 


In order 
frequencies 
tor and jam 
we must sacrifice 
If we use a 


are in trouble. 
we use higher 


a whip, 


We must therefore 
to 


whip. 


More 


our units communicate less than 50 miles 
One consideration to make is the use of ground 


Look at the ground wave charts, 
(use column 7). 


4, Usually, most of 

to 5 - 25 miles). 

waves for short distance radio circuits. 

for various antennas. 

page 161, especially for a 15-foot whip 

if we use any frequency from 12 -25 MHz, 

circuit path requirements of 25 miles. 
Ground Wave Range (p 159) 


For 15-Foot Whip 
At 0200 Hours For 


Column 7 (300 to 499 
Watts) For RTTY 60 
WPM (p 158) 
O02 Hours (7) 
15-Ft 
Whip 
2 MHz 9.0 
3 MHz 14 
5 MHz ded 
7 MHz 20 
10 MHz 24 
12 MHz 25 
15 MHz 26 
20 MHz 26 
25 MHz 25 
30 MHz 24 
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the same FOT/LUF, 


Ground Wave 
At 0200 Hours 


obviously not all 
compromises are necessary. 


(closer 


Let us compare some charts 
page 156 to 
Notice that 


a ground wave will meet our 


for 32-Foot Whip 
(p 160) 


5. Another consideration to make for sky wave communication when 


using a whip is to bend the whip forming a 45° angle. We must also 
consider adding additional whip mast sections so that the whip will 
approach a quarter of a wavelength. We might have to guy the whip to 
keep it from leaning too much if we make use of the ground wave. 
However, tuning the whip will b asier when it is at least a quarter 
wave in length. When the whip is shorter than a quarter wave, there 
will be a power loss due to the matching done by the loading coils of 
the transmitter. This is most evident when we operate the whip below 
15 MHz. To calculate the length of the quarter wavelength whip, use 
the formula 234/F (F is in MHz and 234 is 1/2 of 468). Lets 
calculate the power loss for an AN/GRC-142 with a 400 watt output and 
operating at 2 MHz using a whip. What percent of a quarter wave is a 
15-foot whip at 2 MHz? 


F= 2 MHz 


234/2 MHz = 117 feet 


15 feet/117 feet = 12% 


400 watts x 0.12 = 48 watts output (roughly) 


48 watts is all that is actually going to the antenna. The rest of 
the power is used up by the transmitter's loading coils. 


6. For our 25 mile radio circuit, we selected the highest FOT from 
the 100 mile MUF/FOT chart on page 129. We selected daytime 
frequency, during a low sunspot (SSN10) period: FOT 5.7 MHz at 1200 
hours and from the 15-foot whip LUF chart on page 134, we selected 
the highest LUF of 6.7 MHz at 1200 hours. Our daytime frequency will 
be 5.7 MHz. We shouldn't use the LUF of 6.7 MHz because it exceeds 
the FOT. As you can see all the LUF for the whip is less than 90 
percent reliable, closer to 0 to 20 percent. 


Ts. Nighttime presents other problems. The frequency band of 2 to 3 
MHz is filled with powerful commercial stations. Even though our LUF 
ISD charts indicate that this band is the one to use, there will be 
too much interference from these stations. We are forced to go up in 
frequency. Look at the ground wave chart for a 15-foot whip on page 
159. We see that the ground wave range for 12 MHz is 25 miles. If 
we select a frequency that makes the best use of a ground wave, we 
might have one difficulty - the interference from an incoming sky- 
wave Signal might be stronger than our ground wave signal. If that 
happens, try other frequencies until you find one that is relatively 
free of interference. Even if we were to use a 32-foot whip instead 
of a 15-foot whip while operating on the same frequencies, we can 


still expect a reliability of less than 90% (LUF chart on page 136). 
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8. When using a doublet, 
For a 0 to 25-mile circuit using sky wave, 


less 
vary the height from 
want 
Wave (NVIS)). 
height. 
doublet 
doublet, the ground 
Therefore, you might 
will indicate whether 


The 


De You're 
choice of 
right. 
frequency manager at 


probably 


is no such thing as 


than a quarter wavelengt 
the radiation pattern st 


For example: 


frequencies. 


15! “Or 3 0 


highest frequency will determine 

A quarter wave at 
antenna should not exceed 19 feet in height. 
make the antenna electrically longer. 
lengthen th 
to lengthen 


effects 
have to 
you need 


th 


thinking, 


feet. 


traight up 


we must consider its height above ground. 
we must erect 
above the ground. 
For short distance 
(Near Vertical 


the antenna 
We might have to 
sky wave, we 
Incidence Sky 


12 MHz 


our antenna 


19 feet. Our 


is 


"Now wait 
I use what is listed in the CEOI." 


those 


However, if 
Division, 

be given additional frequencies. 
stuck with any frequency that doesn't work. 
a sole-user 
frequency with hundreds of users throughout the World. 
frequency bands need to be avoided because of powerful ship-to-shore 


Corps, 
The 


frequencies 


Army, 


antenna. 
it or not. 


a minute! 


don't work, 


or Theater, 


As we lower the 


Your SWR meter 


I don't have a 
You're 
inform your 
and you will 


bottom line is that you are not 


frequency. 


Remember also that there 
You will 


share your 
The following 


or international broadcast stations located there: 
BAND STATIONS 
2 - 3 MHz Ship-to-Shore 
4.75 - 4.95 MHz Broadcast 
5.95 - 6.2 MHz Broadcast 
9.50 - 9.77 MHz Broadcast 
11.70 - 11.97 MHz Broadcast 
5.10 - 15.45 MHz Broadcast 
LY.70 = 17.90. MHz Broadcast 
21.45 - 21.75 MHz Broadcast 
25.60 - 26.10 MHz Broadcast 
These bands might seem to work during the day. At night, you might 
experience severe interference from these stations. Anytime you 
experience interference submit a MlJl report, then request another 
frequency, until you get one that will work. Don't keep using the 
same frequency when you know it won't work. Keep reporting it until 


you receive a better 


fre 


quency. 


There are always spare 
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frequencies. 


10. The Immediat 
for the asking. 


and Short Distance Sky-Wave books can be had just 


Write to: 


Commanding General 


USAESEIA 
ATTN: 


or cal 
have a 
of the 
and column 7 


world. 


ASC-E-TP 
Fort Huachuca, 


1 AUTOVON 879-7685. 

book for their area. 
For our use, 

from the GW book. 


11. Let's do a couple of 
a. Situation 1. 
Let 


which are 50 miles apart. 


are using radioteletype d 
need to select two frequencies for 24-hou 
antenna rec 
our highest 
Keep in mi 
feet down 


use a doublet 
the ground for 
straight up. 

height from 40 
safety problems). 


fF sky-wave 


Every division or higher 
There are 35 volumes covering al 
we will use column 5 


us say that we have a radio net 
The radio set 
uring a period of 


ted 


Turn 


nd that 
to 10 
to the sky-wave extract 


feet 


Arizona 85613-5300 


level 


(any lower 


used is the 
low sunspot 
r communications. 
less than a quarter wavelength above 
frequency so that our radiation pattern is 
we might have to vary the antenna 
than 10 £ 
the Index to 


CS, 


from the 


unit should 
1 areas 
ISD book 


frequency selection problems. 


with only two stations 
AN/GRC-142. 


activity. 


We 
We 
We will 


we have 


t, 


the 


Lowest Usable High frequency (LUF) on page 128. Look down the left 
side until you find Radioteletype, NSK, 60 WPM. Now, look across the 
top of the columns for our power output, 400 watts. We will use the 
column which has our power output (201-600) falling in between. Look 
down this column until it intersects with our type of service. Five 
is the column that we will use on our sky wave LUF charts. Turn to 
the MUF/FOT chart on page 129. Look down the low sunspot column (SSN 
10) for 100 miles. We will select the highest and lowest FOT. They 


are 5.7 MHz and 2.5 MHz. 


page 130 for 100 
highest 
high frequency 


consideration 


miles, 


selection 
frequencies will give us a 90% 
keep in mind the problem of 


can be 


high frequency be 
Just above 3 
interference. 


We 


must 


give 24-hour 90% reliability. 
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33 


feet high, 


column 5. 


Look at the doublet or dipole LUF chart on 
low sunspot, 
and lowest LUF is 2.0 MHz. 


The 


We can now assume that a daytime 


2.0 


from 


reliability. 


to 


aye 


compromise 
If we check the ISD extracts, 
doublet and a sloping long-wire antenna are the only antennas that 


low nighttime 
because 


of 
we will 


MHz. 
(See page 125.) 
ship-to-shore stations and eliminate 
frequencies between 2 to 3 MHz. 
tween 3 to 5.7 MHz anda 
MHz. 
see that a 


These 
Let's 
from 


Now we have a daytime 
frequency of 


possible 


The sloping long-wire antenna and a sloping quarter-wav 
have similar performance characteristics. 


distance 


channel, 
watts, 


will reach. 


300 to 499. 
number for our charts. 


sky wave, again, 


find our type of 


FSK, 60 W/M. Next, look across the 


We will use 7. Now, 


an 


MHz 


Bs 


(a) 
tations 
tation 
uring a 


Ss 
Ss 
d 


hour operation. 


is that 
away. 
time? 


of 


relaying 
will 
ones 


(2) 
ground. 


over a half wavelength 
the ground. 


stations. 


and lowest LUF 


tenna chart on page 159, 
wire on page 161. 
is approximately 
means that ground wave propagation cannot be used 


Probably not. 


have the most 


the 32-foot whip on 
As you can see, 
14 to 37 miles. 


Situation 2. 


Let us assume that we have a radio 


antenna orientation is not a 
take a look at the ground wave charts to see how 
Turn to the index to ground wave ranges on page 
Look down the left side to 


turn to 


wir 


antenna 


service, 
top 


page 160, 


our ground wave range for 3 
During a 24-hour period this 
for this circuit. 


RETY; 


Since we are using short 
factor. 
far our ground wave 
13 8k. 
single 
for our power in 
Where these two columns intersect, is the column 
] our 15-foo 


Let's 


t whip 


and sloping- 


tO 


CLECULE 


are 100, 750, and 1500 miles away 
(NCS). We are using an AN/GRC-142 
low sunspot period. 


the 


some of 


Of course, 
what will you do? 


it is easy to 


the 


traf 


di 


to get Fic through. 


We will use a doublet at least 40 
Long distance communications 


The antenna should be broadside 


Select 


is best 
(at the lowest frequency, 


say. 


t when 
aft 


to the 


from the net 
in radiotelet 
Let's select two 
One of the problems in operating in a net 

stations might be close while others 
Will the same two frequencies work for all stations al 
You might have to set up two or three nets 
two or three radios at the NCS location to accommodate the s 
varying distance. 
don't have the resources, 
provide communicat 


However, 
frequencies 
tion for the majority of stations and then rely on 
The stations with which 
Fficulty are the closest stations, 
further away will be easier to communicate with. 


LOL 


are 


Sef 


in which our 
control 
type mode 
frequencies 
like this 


24- 


far 


1 of 


ta 
if 


while 


feet high above 

our antenna 
possible) 
majority of 


abov 


the 


with 
tions 


you 


that 


you 
the 


th 
al 


oon od 


th 


Let's find the highest and lowest FOT and then the highest 


for 100, 750, and 1500 miles. 
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It will probably be impossible to select a 
that will provide communications to all the stations all of 


frequency 


or 


frequencies 


the time. 


We will select frequencies which will allow communications to the 
middle-distance station (750 miles). There will be times, probably 
at night, when all stations hear, and other times when only one 
station hears. In that case, the station that hears must act as a 


relay for the o 
highest FOT 12.0 
middle or 9.6 MHz. 
FOT 4.5 MHz and lowest LUF 2.0 MHz will work 
stations). 
frequency might be considered. 
communication with station C 
Upon checking other antennas, 


ship- 


direct 
reliable. 


to-shore 


thers. 


MHz 


For nighttime, 


To make 
You 


even less reliable. 


(3) 
net. 
the quest 
overall 


re] 


Suppose that we were 
What would be the consequenc 
As you look at the 


ion. 


iability is very low, 


on 


miles) is 


miles) 


the one we will have th 
will be 


doing a lot of 


reliabili 


is too cl 
wave. iS) 
Even so, 


tation B 


also radiates 


ty of station 


in all 


A is poor 


For daytime, 


the 


use any frequency between 


and the highest LUF 7.2 MHz, probably in 


the 


any 


communications 
can see 
(1500 miles) 


is 


less 


frequency between the lowest 
(move to 3 MHz to escape 
better, 
from the LUF charts 


a third 
that 
than 90% 


you will 


es? 
LUF charts, 
the order of 50%. 


e most trouble with. 


relaying. The 


lose for these low take-off 


angles and too 


is at 


the optimum range 
the reliability for a 32-foot whip is 60 to 80 percent. 
directions - another disadvantage. 
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find 


that 


forced to use a 32-foot whip 
Ground wave would be out of 
you can see that 
Station A 


they are 


for this 


the 
(100 


Station B (750 


reason 
is because a whip 
antenna and it favors sky wave with a low take-off angle. 


is 


far 


a 


that the 
vertical 
Station A 


for ground 


for a vertical 


antenna. 
It 


VOLUME 


There 


Predictions 


8, 


CENTRAL 


EUROPE 


3:5 
are 


are 


separate 


more common terms are: 


MUF 


(Maximum Usable 


expected to be 


50 percent of 


th 


complet 


Frequency): 


volumes 


The 


e days of 


the month. 


covering 
for minimum and maximum sunspot periods. 


highest 


all 


areas of 


frequency 


the 
Some of the 


world. 


which is 


ly reflected from the ionosphere on at least 


FOT (Optimum Traffic Frequency): The highest frequency that will be 
reflected from the ionosphere on at least 90 percent of the days of 
the month. 
LUF (Lowest Usable Frequency): The lowest frequency that will be 
reflected from the ionosphere on at least 90 percent of the days of 
the month. When there is no frequency that will provide at least 90 
percent reliability, the LUF will be listed followed by a letter to 
represent the reliability. 

B 80 to 89 percent reliability 

C = 60 to 79 percent reliability 

D = 40 to 59 percent reliability 

E = 20 to 39 percent reliability 

F = Less than 20 percent reliability 
The volumes cover six two-month periods: January-February, March- 
April, May-June, July-August, September-October, and November- 
December. 
There is a chart that covers each two-month period listing the FoT 


and MUF over a 24 hour period. 


The charts cover the following distances: 


e thirty-three 


Predictions are given 
The LUF charts are prepared 


e sixty-six fee 


24 hour period. 

500, 750, 1,000 and 1500 tiles. 
minimum and sunspot maximum. 
Following antenna types: 
Half-wave horizontal dipol 
Half-wave horizontal dipol 
Fifteen foot vertical whip. 
Thirty-two foot whip. 


Sloping long wire. 


Inverted vee. 


Other antenna types are listed, but 
antennas that are considered practical 
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from a 


Additional charts list the LUF over a 


100, 250, 


for sunspot 


for the 


feet high. 


t high. 


this subcourse covers only those 


view. 


field point of 


8 August 1986 


ASBH-SET-P 
PREDICTED SUNSPOT NUMBERS (SSN) 
FOR USE WITH 
THE INTERMEDIATE AND SHORT DISTANCE (ISD) 
AND AIR/GROUND (A/G) 
SKY WAVE PROPAGATION CHARTS 
1987 
JANUARY. 0: ieee ite aah Ord thie Od OMe eae L5 
BuEi IS RU ARV ce: Suey sul pews for coven se land waaay lade G L7 
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1/2 WAVE HORIZONTAL DIPOLE 10 METERS (33 FEET) HIGH TRANSMITTING AND RECEIVING 


B,C.D.E,F INDICATE RELIABILITY OF FREQUENCY IS ONLY 80-90. 60-80. 40-60. 20-40. OR 0-20 PCT. 
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LOWEST USEFUL HIGH FREQUENCIES (LUF) 
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4,57 METER (15 FOOT) VERTICAL WHIP ANTENNA TRANSMITTING AND RECEIVING 
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8,.C,0,E£,.F INDICATE RELIABILITY OF FREQUENCY IS ONLY 80-30, 60-80. 
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Conclusions: The closer to the equator you are the higher the 
frequency required because of atmospheric noise. The closer to the 
pole, the lower the noise level, the lower th frequency. Because 
the sun strikes the ionosphere at the pole obliquely not straight on, 
ionoization is thinner requiring lower frequencies. Notice that 
there is very little difference in frequency day or night at any 
location, except at the pole. 


* Lt - Local time. 


FOT - Optimum working frequency. 


Depending on location, frequencies between 2-3 MHz can expect sever 
interference, especially at night, from ship-to-shore stations, 
therefore these frequencies should be avoided. Tactical transmitting 
equipment has little chance of maintaining communication. See page 
121 for other frequency bands to avoid depending on location and time 
of day. Anytime interference is experienced submit a M1lJ1 report and 
request another frequency. 


Comparisons (on following page) of MUF, FOT and LUF for various 
antennas during a low sunspot (SSN10) using the AN/GRC-142 (400 
watts), RATT in Europe, for a range of 100 miles. Unlettered LUF is 
90 percent, B 80-90 percent, C 60-80 percent, D 40-60 percent, E 20- 
40 percent, and F 0-20 percent reliability. 
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Transitional frequencies very 2 MHz between the night and day 
frequencies will be needed to maintain 24-hour communication. 


For nets in which all stations are within 25 miles of one another, a 
frequency between 12-20 MHz will make the best use of the ground wave 
using a 15-foot whip. 


Using a 15-foot whip you can expect only a 30 percent reliability for 


a 24-hour period. Using a 32-foot whip you can expect only a 50 
percent reliability for a 24-hour period. Using a doublet, sloping 
wire (quarter wave long) for inverted vee you can expect a 90 percent 
reliability for a 24-hour period. Four frequencies should be 
available, anything less, reliability will decrease. A change in 
frequency at other than the times indicated will vary. There will be 
times when fewer frequencies are required. See page 121 for 
frequency bands to avoid. 


MUF - Maximum Usable Frequency. 
FOT - Optimum Working Frequency. 
LUF - Lowest Usable Frequency. 


SSN10 - Low Sunspot Number 10. 


To make communication more difficult, most of our HF nets have 
frequencies assigned in the 2 and 3 MHz range. On closer examination 
those assignments are flawed. Even though the LUF is 2 and 3 MHz and 
should work for distances less than 100 miles, look closer, it is for 
a doublet antenna. We should use the whip's LUF not the doublet, 
because of power loss it's the worst antenna to use. Notice the 
whip's LUF in most cases is the MUF. A better frequency assignment 


for day and night is 6.7 and 3.4 MHz. Even so the reliability is 0- 
20. Percent... 
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Comparison of MUF, FOT and LUF for various antennas during a low 
sunspot (SSN10) using the AN/GRC-142 (400 watts), RATT. 


Unlettered frequency 90 percent, B 80-90 percent, C 60-80 percent, D 
40-60 percent, E 20-40 percent, F 0-20 percent reliability. 


Transitional frequencies very 2 MHz between the night and day 
frequencies will be needed to maintain 24-hour communication. 


Using a 15-foot whip you can expect only a 50 percent reliability for 
a 24-hour period. Using a 32-foot whip you can expect only an 80 
percent reliability for a 24-hour period. Using a doublet, sloping 
wire (quarter wave), or inverted vee you can expect 90 percent 


reliability for a 24-hour period. Four frequencies should be 
available, anything less, reliability will decrease. A change in 
frequency at other than the times indicated will vary. There will be 
times when fewer frequencies are required. See page 121 for 
frequency bands to avoid. 
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Comparison of MUF, FOT and LUF for various antennas 


during a low 
sunspot (SSN10) using the AN/GRC-142 (400 watts), RATT. 


Unlettered frequency indicates 90 percent, B 80-90 percent, C 60-80 


=f 


percent, D 40-60 percent, E 20-40 percent, F 0-20 percent reliability. 


mM 


Transitional frequencies very 2 MHz between the night and day 
frequencies will be needed to maintain 24-hour communica 


tion. 


Using a 15-foot whip you can expect 53 percent reliability for a 24- 
hour period. Using a 32-foot whip you can expect 87 percent 
reliability for a 24-hour period. Using a doublet, sloping (quarter 
wave), or inverted vee you can expect 90 percent reliability for a 
24-hour period. Six frequencies should be available, anything less, 
reliability will decrease. A change in frequency at other than the 
time indicated will vary. There will be times when fewer 


are required. See page 121 for frequency bands to avoid. 


frequencies 
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Comparison of MUF, FOT and LUF for various antennas during a low 
sunspot (SSN10) using the AN/GRC-142 (400 watts), RATT. 


Unlettered frequency indicates 90 percent, B 80-90 percent, C 60-80 
percent, D 40-60 percent, E 20-40 percent, F 0-20 percent. 


Transitional frequencies very 2 MHz between the night and day 
frequencies will be needed to maintain 24-hour communication. 


Using a 15-foot whip you can expect 60 percent reliability for a 24- 
hour period. Using a 32-foot whip you can expect 80 percent 
reliability for a 24-hour period. Using a sloping wire (quarter 
wave) or inverted vee you can expect 85 percent reliability for a 24- 
hour period. Using a doublet, you can expect 90 percent reliability 
for a 24-hour period. Eight frequencies should be available, 
anything less, reliability will decrease. A change in frequency at 
other than the time indicated will vary. There will be times when 
fewer frequencies are required. See page 121 for frequency bands to 


avoid. 
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Comparison of MUF, FOT and LUF for various antennas during a low 
sunspot cycle (SSN10) using an AN/GRC-42 (400 watts). 


Unlettered frequency 90 percent, B 80-90 percent, C 60-80 percent, D 
40-60 percent, E 20-40 percent, F 0-20 percent reliability. 


Transitional frequencies every 2 MHz will be needed between the night 
and day frequencies to maintain 24-hour communication. 


Nine frequencies should be available, anything less, reliability will 
decrease. A change in frequency at other than the time indicated 
will vary. There will be times when fewer frequencies are required. 
See page 121 for frequency bands to avoid. 
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Comparison of MUF, FOT and LUF for various antennas during a low 
sunspot (SSN10) using an AN/GRC-42 (400 watts). 


Transitional frequencies every 2 MHz will be needed to maintain 24- 
hour communication for 90 percent of the time. 


Twelve frequencies should be available, anything less, reliability 
will decrease. A change in frequency at other than the time 
indicated will vary. There will be times when fewer frequencies are 
required. See page 121 for frequency bands to avoid. 
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Comparisons of 
winter (Nov-Dec), 
100 miles. 


frequencies for day and night, 
and summer 
The letter F indicates 0-20 percent reliability. 


(Jul-Aug) 


LOW SUNSPOT 


SUMMER WINTER 


NIGHT 2.9 3.6F 2.7 3.4F 4.1 


HIGH SUNSPOT 


SUMMER WINTER 


in Europe 


FOR NIGHT 
AND DAY 


high and 


low sunspots, 
for a distance of 


FREQUENCY RANGE 


NIGHT-TO-DAY 
FREQUENCY RANGE 


OVER 11-YEAR OVER 11-YEAR 
FOT LUF FOT LUF FOT LUF FOT LUF SUNSPOT CYCLE SUNSPOT CYCLE 


2.0F 3.8 4.9F 2.0F-4.9F(1) 


2.0F-11.9F(3) 


DAY 5-4 6.4F 5.5 6.9F 7.0 9.5F 8.4 11.4F 5.4-11.9F(2) 2.0F-11.9F(3) 
Conclusions: Frequency assignments should be the FOT, but hundreds 
of nets require the same FOT, therefore assignments will be from the 
FOT to the whip's LUF. The 15-foot whip's LUF is used because it's 
the worst antenna to use. We are forced to use it at times (mobile 
and mobile-at-a-halt). The whip should be bent at a 450 angle to 
make use of the sky wave. Frequencies on page 121 should be avoided, 
or expect severe interference resulting in no communication. Submit 
an interference report, and request another frequency. Tonization 


levels change 
low sunspots causing 
cycle. 


from day 


to night, 


winter to summer, 
frequency assignments to vary over the ll-year 


and from high to 


(1) A nighttime low frequency would vary over 11 years from 2.0 to 
4.9 MHz. 
(2) A daytime high frequency would vary over 11 years from 5.4 to 
11.9 MHz. 
(3) To maintain day and night, 24-hour, 90% reliable communications 
over an ll-year period you would need frequencies from 2.0 to 11.9 
MHz. For every 2 MHz increase in frequency, a frequency would be 
needed. 
EXAMPLE: 2.0 MHz 

4.0 MHz 

6.0 MHz 

8.0 MHz 

10.0 MHz 

11.9 MHz 
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A total of six frequencies would be needed to maintain 24-hour 90 
percent reliable communication for a distance of 100 miles over an 
ll-year period. 


[Antenna Take Off Angie | Required Horizontal Distance From Trees" 


} 

| 

| 0° | 11 miles | 
| 5° | 1 mile ! 
| 10° { 6 miles | 
} 15° i 2,000 feet | 
| 20° { 1,600 feet | 
| 25° | 1,200 feet | 
{ 30° I 1,000 feet | 
t 35° | 800 feet | 
f 40° | 660 feet | 
| 45° | 560 feet | 
| 50° | 475 feet | 
i 60° j 344 feet | 
| 76° ] 210 feet | 
| 80° 105 feet | 


oO 
© 
9 


* Assuming a 30-foot high antenna and 75-foot high trees, any 
vegetation (trees, bushes, grass, etc.) below or immediately in f 


front 
of the transmitting antenna will absorb radio energy causing a weaker 
received signal by the distant station(s). The best transmitting 
site is a wet plowed field. The wet soil reflects the radio energy 
instead of having it enter the earth and being absorbed. Too much 
emphasis is placed by commanders on having all vehicles well into the 
tree line. A compromise must be made if satisfactory communication 
is to be maintained. A camouflaged HF set in a clearing with proper 
separation from trees that match the take-off angle/distance 
requirement is a must. Remember not enough coax is issued with the 
HF set to allow the vehicle to be in tree line and keep the antenna 
separated from the trees. 
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FOR LONG 
DISTANCE 
HALF WAVE 
ABOVE GROUND 


FOR SHORT 
DISTANCE 
QUARTER 
WAVE ABOVE 
GROUND 


TAKE-OFF ANGLE VS DISTANCE 


i { 
} TAKE-OFF DISTANCE 
{1 ANGLE } F, Region F, Region | 
| { [ 
| (DEGREES) | Daytime Nighttime l 
{ m1 | mi: | 
| i 
J 0 | 2,000 } 2,800 | 
i 5 i 1,500 j 2,300 } 
| 10 | 1,200 i 1,800 H 
] 15 i 900 i 1,400 | 
| 20 J 700 J 1,100 | 
| 25 j 600 } 1,000 } 
| 30 | 450 825 | 
{ 35 400 l 700 | 
1 40 } 350 | 600 J 
| 45 | 275 | 500 I 
50 250 425 
| 60 } 160 | 275 | 
[ 70 | 95 | 180 | 
| 80 | 50 | 90 | 
| 90 i 0 | 4) i 
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Comparisons take-off angles for various frequencies for the same 
antenna height. Notice that for short distance (250 miles) 
communication A 3 and 9 MHz will work fine, but that an 18 MHz will 
skip over the receiving station. A better antenna height would be 15 
feet. For short distance communication we want our radiation pattern 
basically straight up (50 degrees either side of straight up). 


TAKE-OFF ANGLE 


HALF-WAVE DOUBLET ANTENNA VERTICAL PATTERN, HEIGHT 25 FEET 
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Comparisons of take-off angles for various frequencies for the same 
antenna height. Notice that for short distance communication (0-250 
miles) only the 3 MHz frequency has a radiation pattern virtually 
straight up. The 9 and 18 MHz frequency will skip over the receiving 
station. 


TAKE-OFF ANGLE 


HALF-WAVE DOUBLET ANTENNA VERTICAL PATTERN, HEIGHT 40 FEET 
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Comparisons of doublet and whip antenna take-off angles. 
Conclusions: For short range communications (0-250 miles) the doublet 
is best for two reasons: Better take-off angle (straight-up) while 
the whip's lower take-off angle skips over the receiving station. 


Also a 15-foot whip has a power loss because it doesn't equal the 
correct length for frequencies below 15 MHz. The 32-foot whip also 
has a loss for frequencies below 7 MHz. Even for frequencies that a 
whip has no loss, a whip's low take-off angle eliminates its use for 


short distance communication. 
CONCLUSIONS 


The doublet is the best reliable (90 percent) antenna up to 1,000 
miles; 1,000 to 1,500 miles it's 50 percent reliable. 


The 15-foot whip is 20 percent reliable overall. Best hours 10-12 
hours. Worst hours 22-06. 


The 32-foot whip 50 percent reliable overall. Best hours 08-18. 
Worst hours 18-06. 


15/32-foot whip best performance range is 250 to 500 miles. 
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GROUND-WAVE PROPAGATION CHARTS (GW BOOK) VOLUME 2 CENTRAL EUROPE 


Ground-wave communications can be used in all areas of the world. 


Charts have been prepared covering a two-month period and 


for the 
following antennas: 15-foot whip, 32-foot whip, and sloping wire. 


Four types of earth conditions are considered: poor ground, good 


ground, fresh water, and sea water. 


156 


~” 
rr 
< 
< 
ts 
=) 
< 
= 


P 
PN sis 
Lele si _| | | : 


. ole 

Pree | 
MANN TT hd, 
nba 


pel | 


>». Sees 
RSSERREE 
fect te att ptt tt 
HEAT | They TT Tt 
Bee PP 


157 


29. UNITED STATES 11 
30. HAWAII 
31 IRAN 
INDONESIA 
34. CANADA 
35. AUSTRALIA 


CA1l!t 32. SAUDI ARABIA 
33. 


cA 1 
cA 11 
cCAW 
CAV 


SOUTH AMER 


22. NORTH ATLANTIC 
26 SOUTH AMER 
27 SOUTH AMER 


23. SOUTH AMER 
24 SOUTH AMER 
28. UNITED STATES 1 


5. NORTH EUROPE 11 
B. SOUTHEAST ASIA 11 25 


20. CARIBBEAN 1 


NORTH EUROPE 1 21. CARIBBEAN 11 


JAPAN-KOREA 
MEDITERRANEAN 


INDIA 11 
INDIA 111 


AFRICA 111 

AFRICA IV 

AFRICA VI 
CA Vit 


3 
4 


Index to Ground Wave Ranges 


Transmitter Power in Watts 
see note below) 


Description of Service 
Etudwshe Maule deaed laa ti Tt CL el ol ol 
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Just Sone quality 
commerce qty fee ||| | ft ats} sl sl 
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Just Ssable quality” 
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. CW, Moree Code, 

tetera iced [ett |e ofrofra|r2iss] ||| 

ee ee 


\Occhennal NITY FOUCHGFSK ond 7 
velee chennel 


maeed oh: pesk eneet power. CW radiotelegraphy fs besed on 
eospens voice uenar services are passe on average power. J 
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GROUND WAVE} RANGES IN STATUTE MILES POOR GROUND 
GROUND WAVE | RANGES MILES 


REGION: CENTRAL EUROPE OURING DEC ~- JAN ~- FEB 32 FT. WHIP 
AT Reece 
12) (4133 
O02 HOURS 
56 64 
37 65 
8°? 64 
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5 5 65 
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GROUND WAVE RANGES iN STATUTE MILES POOR GROUND 
TE 
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Comparison of ground wave ranges for various antennas using RATT in 


the AN/GRC-142 


(400 watts). 


Conclusions: As a 15-foot whip approaches a quarter wave in length 
(15 MHz) less power loss, longer range. 


a full wave in 
pattern changes 


As a 32-foot whip approaches 


length at 30 MHz, rang 
from low to straight up. 


decreases becaus radiation 
Best frequency to get the 


longest ground wave is 12-25 MHz for a 15-foot whip; 7-20 MHz for a 


32-foot whip. 
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Instructions: 


Select th 


LESSON 2/LEARNING EVENT 4 


Looking at page 129, 
for daytime use 


at page 129, 


column 5 on page 130, 
select the highest LUF 
es during a low sunspot cycle. 


cycle. 
a. 14.1 MHz 
Ds 12.0 MHz 
om 17.1 MHz 
d. 14.6 MHz. 
Zs Looking 
nighttime use 
cycle. 
a. 3.5 MHz. 
b. 4.5 MHz. 
on 5.2 MHz. 
ou 4.2 MHz. 
Ss Looking at 
feet high, 
of 250 mil 
a. 3.0 MHz. 
b. 2.6 MHz. 
om 4.2 MHz. 
d. 4.4 MHz. 


for a 


PRACTICAL EXERCISE 


e BEST response, 


and circle the correct answer. 


the MUF/FOT chart, select the highest FOT 


the MUF/FOT 
distance of 
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for a distance of 1,000 during a low sunspot 


chart select the lowest FOT for 
500 miles during a low sunspot 


the LUF chart for a doublet 33 
for daytime use for a distance 


4. Looking at column 5 on page 131, the LUF chart for a doublet 33 
feet high, select the lowest LUF for nighttime use for a 
distance of 1,000 miles during a low sunspot cycle. 


a. 2.9 MHz. 
b. S22 MAZ. 
Cs 2.0 MHz. 
d. 333. MHZ. 


5. Looking at column 7 of the sloping wire antenna chart on page 
161 of the ground wave book, select the frequency that provides 


the maximum range. 

a. 2 MHz at 1000 hours. 
ley 3 MHz at 1000 hours. 
fon 30 MHz at 0200 hours. 
d. 30 MHz at 2200 hours. 


Turn to page 169 to check your answers. 
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LESSON 2 


COMPREHENSIVE PRACTICE EXERCISE 


The quarter-wave formula is-- 


a. 


Its 


or 


d. 


492/f. 


468/Ef£. 


492. (N=.05):/ £2 


234/f. 


Using the 15-foot ground wave chart on page 
has the longer ground-wave range? 


a. 


lon 


Crs 


d. 


How can you make a whip more ef 


a. 


ian 


Cx 


A 30 
most 


2 MHz. 


3 MHz. 


15 MHz. 


30 MHz. 


ficient? 


Make 1 


Make it 


Make it 


a full-wave long a 


a quarter-wave a 


shorter than 15 


Ground the antenna. 


MHz frequency's communication range can be increased 


by using a-- 


whip. 


half rhombic. 


doublet. 


ground plane. 


the operating 


feet. 
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159, which frequency 


t the operating frequency. 


frequency. 


the 


5 A 3 MHz sky-wave signal at night-- 
a. has a longer range. 
b. has a shorter range. 
ex has same range as the daytime signal. 
d. uses the F2 layer. 


Turn to page 170 to check your answers. 
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LESSON 2 


CALCULATE ANTENNA LENGTH 


Pe eet ote etal 


Answers 
sie a, 
ve by 
cis on 
4 a; 
5 ay 
i dy. 
2 a, 
3 om 
4 dy 
3 b, 
1 a, 
2 by 
3 on 
4 oir 
5 a, 


ANSWERS TO PRACTICAL 


EXERCISES 


LESSON 1 


LESSON 1/LEARNING EVENT 1 
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page l, 
page 4, 
page 6, 
page 7, 


page ll, 


page 10, 


page 18, 


page 18, 
page 26, 


page 21, 


paragraph 1 
paragraph 3 


paragraph 4a 


paragraph 4b 


paragraph 8 


LESSON 1/LEARNING EVENT 2 


paragraph 6 


paragraph 2c(2) 
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paragraph 5e 
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paragraph 8 
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SUBCOURSE OVERVIEW 
This subcourse is designed to teach the principles of radio wave propagation. 


The prerequisite for this subcourse is that you are a graduate of the Signal Officer Basic Course or its 
equivalent. 


This subcourse reflects the doctrine which was current at the time it was prepared. In your own work 
situation, always refer to the latest official publications. 


Unless otherwise stated, the masculine gender of singular pronouns is used to refer to both men and 
women. 


TERMINAL LEARNING OBJECTIVE 


ACTION: Describe the principles of radio waves and how they are propagated as ground waves 
and sky waves. 


CONDITION: Given this subcourse. 


STANDARD: To demonstrate competence on this task, you must achieve a minimum of 70 percent 
on the subcourse examination. 
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LESSON 1 


PRINCIPLES OF 
WAVE PROPAGATION 


LESSON 1 


PRINCIPLES OF WAVE PROPAGATION 


Critical Tasks: 01-5705.07-0003 


01-5879.07-9001 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson, you will learn about the fundamentals of radio wave propagation, modulation, and 
propagation characteristics through different media. 


TERMINAL LEARNING OBJECTIVE: 
ACTION: Identify the fundamentals of radio wave propagation. 
CONDITION: — Given this lesson. 


STANDARD: To demonstrate competence, you must achieve a minimum of 70 percent on the 
subcourse examination. 


REFERENCES: The material in this lesson was derived from FM 11-64, FM 24-18, and TM 11-666. 


INTRODUCTION 


For many, radio is a mysterious phenomenon that only technicians understand. All signal officers must 
be able to describe the nature of radio wave propagation and the forces that impede or enhance a radio 
signal. The more you know about how radio behaves, the better able you will be at providing reliable 
signal support, especially when faced with unexpected challenges. 
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1. Radio wave propagation. A radio wave is a form of radiant energy (electromagnetic radiation) that 
propagates at the speed of light (186,000 miles or 300,000,000 meters per second). The following 
description of wave motion is based on FM 11-64, Transmission Lines, Wave Propagation, and 
Antennas. 


a. A wave can be defined as a disturbance (sound, light, radio waves) which moves through a 
medium (air, water, vacuum). To help you understand what this means, think of the following picture. 
You are standing in the middle of a wheat field. As the wind blows across the field toward you, you see 
the wheat stalks bending and rising as the force of the wind moves into and across them. The wheat 
appears to be moving toward you, but it is not. Instead, the stalks are actually moving back and forth. 
We can then say that the medium is the wheat, and the disturbance is the wind moving the stalks of 
wheat. 


b. Wave motion can be defined as a recurring disturbance advancing through space with or 
without the use of a physical medium. Therefore, it is a means of moving or transferring energy from 
one point to another point. For example, when sound waves strike a microphone, sound energy is 
converted into electrical energy. When light waves strike an antenna, they are likewise converted into 
electrical energy. Thus, sound, light, and radio waves are all forms of energy that are moved by wave 
motion. 


c. The analogy of wave motion in water helps to explain the basic concept of how a radio wave 
propagates. Dropping a stone into a pool of water result in a disturbance of the water (the medium). 
From the point of impact, the disturbance is transmitted on the surface of the water as an expanding 
series of circular waves. Figure 1-1 depicts thin wave motion. 


(1) View A shows the falling stone an instant before it strikes the water. 


(2) View B illustrates the action that occurs when the stone strikes the surface, pushing the 
water upward and outward. 


(3) In View C, the stone has sunk deeper into water, which has closed over it, while the 
leading wave has moved outward. 


(4) View D shows the leading wave continuing to move outward, followed by a series of 
waves gradually diminishing in amplitude. Meanwhile, the disturbance at the original point of impact 
has gradually subsided. 


(5) Note that the leading wave has amplitude and wavelength corresponding to one compete 
cycle. The water is not actually being moved by the outward motion of the wave, but rather by the up 
and down motion of the water. The up and down motion is traverse, or at right angles to the outward 
motion of the waves. This is called traverse wave motion. 
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A 


LEADING WAVE FORMS AS 
STONE STRIKES WATER 


A 
” SURFACE OF WATER 


{C} 


POINT OF ORIGINAL DISTURBANCE 


LEADING 
s WAVE 


SOO 
‘eter ern 
oor 


(D) 


Figure 1-1. How a falling stone creates wave motion to the surface of water. 


d. Figure 1-2 is a cross section of water 
waves, as viewed from the side. The waves are 
a succession of crests and troughs. 


(1) A wavelength is the distance 
from the crest of one wave to the crest of the 
next, or between any two similar points on 
adjacent waves. 


(2) The amplitude of a traverse wave : 
is half the distance measured vertically from the Figure 1-2. Elements of a wave. 
crest to the trough. 


1-3 SS0130 


e. Figure 1-3 illustrates wave motion to help you better understand the terms associated with 
this action. 


{TOP OR CREST) 


1SECOND 


Figure 1-3. Comparison of waves with different amplitudes 


(1) Waves 1 and 2 have equal frequency and wavelength, but different amplitudes. The 
reference line (rest position or point zero) is the position which a particle of matter would have if it were 
not disturbed by wave motion. In the case of the water wave, the reference line is the level of the water 
when no wave motion is present. 


(2) Looking at wave 1, you will see it has four complete cycles. Points ABCDE illustrate 
one complete cycle; it has a maximum value above and a maximum value below the reference line. Any 
point above the reference line (between points A and C) is called a positive alternation, and any point 
below the reference line (between points C and E) is called a negative alternation. The combination of 
one complete positive and one complete negative alternation represent one cycle of waves. At point E, 
the wave begin to repeat itself. 


f. A wavelength is the distance in space occupied by one cycle of a radio wave for a given 
period. Wavelengths vary from a few hundredths of an inch at extremely high frequencies, to many 
miles at extremely low frequencies. Wavelengths are, however, expressed in meters. For wave | in 
Figure 1-3, the distance between points A and E or points B and F is one wavelength. 
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g. A wavelength is the distance in space occupied by one cycle of a radio wave for a given 
period. Wavelengths vary from a few hundredths of an inch at extremely high frequencies, to many 
miles at extremely low frequencies. Wavelengths are, however, expressed in meters. For wave | in 
Figure 1-3, the distance between paints A and E or points B and F is one wavelength. 


h. Waves 1 and 2 both have the same wavelength, but different amplitudes. The height of a 
wave crest above the reference line is called the amplitude of the wave, which indicates the magnitude 
of energy the wave transmits. A continuous series of waves, having the same amplitude and 
wavelength, is called a wave train. 


i. The number of cycles of a wave train in a unit of time is called the frequency of the wave 
train and is measured in hertz (Hz). The frequency of both waves | and 2 is four cycles per second. To 
honor the German physicist Heinrich Hertz, the term Hz was designated for use in lieu of the term 
"cycles per second" when referring to the frequency of radio waves. The frequency of household current 
is 60 Hz. The frequency of Army tactical radios is in the millions-of-Hz range. 


2. Electromagnetic spectrum. The term spectrum is used to designate the entire range of 
electromagnetic waves arranged in the order of their frequencies. Figure 1-4, page 1-6, illustrates the 
electromagnetic spectrum. As illustrated, the spectrum represents a continuous array of electromagnetic 
waves arranged in the order of their frequencies. Note that the frequencies used for communications 
range from very low frequencies (VLF) at 3 kHz through super high frequencies (SHF) at 30 GHz. 
These frequencies are called radio frequencies (RF) Microwave signals are in the ultra high frequency 
(UHF) through the extremely high frequency (EHF) range. 


a. Only a small portion of the spectrum contains visible waves (light) which the human eye can 
see. When you look at a rainbow, you see the various colors arranged in their order of frequency. The 
electromagnetic field and electromagnetic energy are the means of receiving and transferring energy 
from point to point. A radio antenna is used to radiate electromagnetic energy in the form of a radio 
wave. Figure 1-5, page 1-7, shows a simple radio communications system. Generated radio waves are 
radiated into space in all directions (omnidirectional) from the transmitting antenna, at the speed of light. 
Another antenna receives the energy, or signal. Thus, an antenna is a conductor that either radiates or 
collects electromagnetic energy. 


b. The two fundamental fields associated with every antenna are an induction field and a 
radiation field. 


(1) The induction field is associated with the energy stored in an antenna. As an antenna 
radiates electromagnetic energy, a magnetic field exists around it. Recall how your car radio responds 
when you drive past a high voltage transmission line. This interference is caused by the magnetic 
transmission line's field acting on your radio receiver. The induction field is considered a local field and 
plays no part in transmitting electromagnetic energy. 
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Figure 1-4. Electromagnetic spectrum. 
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Figure 1-5. Simple radio communication system. 


(2) The radiation field is responsible for electromagnetic radiation from the antenna. This 
field decreases as the distance from the antenna increases. Thus, when you are out of effective radio 
range, you can barely understand a transmission, or the signal is too weak to activate the receiver circuit. 
The term electromagnetic radiation was derived because a radio wave radiated into space by an antenna 
contains both electric and magnetic fields. 


c. As mentioned earlier, frequencies falling between 3 kHz and 300 GHz are called RF, since 
they are commonly used in radio communications. The RF range of 3 kHz to 300 GHz is divided into 
bands of frequencies-a part of the RF spectrum. These frequency bands are detailed in Table 1-1, page 
1-8. Each frequency band of the RF spectrum is ten times higher in frequency than the one immediately 
below it. 


d. For a receiving antenna to pick up, or absorb the maximum amount of energy from an 
electromagnetic field, it must be located in the plane of polarization. This is simply a matter of 
orientation between the Earth and the electric field. If the lines of force in the electric field are 
perpendicular to the surface of the Earth, the wave is said to be vertically polarized. If the lines of fore 
are parallel with the Earth, the polarization is said to be horizontal Figure 1-6, page 1-9, shows both 
vertical and horizontal polarization. Notice that in view A, the electric lines are at right angles to the 
Earth's surface. In view B, the electric lines are parallel to the Earth's surface. Polarization affects the 
strength and range of a signal and is addressed during the planning process before executing signal 
operations. Polarization will be discussed in more detail in Lesson 2. 
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Table 1-1. Radio frequency bands. 
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3. Modulation. Both amplitude modulation (AM) and frequency modulation (FM) transmitters produce 
RF carriers. The carrier is a wave of constant amplitude and frequency, which can be modulated by 
changing its amplitude or frequency (Figure 1-7, page 1-10). Thus, the RF carrier "carries" intelligence 
by being modulated. Modulation is the process of superimposing intelligence (voice or coded signals) 
on the carrier. The following discussion of modulation is based on FM 24-18, Tactical Single-Channel 
Radio Communications Techniques. 


a. AM is defined as the variation of the RF power output of a transmitter at an audio rate. In 
other words, the RF energy increases and decreases in power according to the audio frequencies (AFs) 
superimposed on the carrier signal. 


(1) When AF signals are superimposed on the RF carrier signal, additional RF signals are 
generated. These additional frequencies are equal to the sum and the difference of the AF signals and 
the RF used. For example, assume a 500 kHz carrier is modulated by a 1 kHz audio tone. Two new 
frequencies are developed. One is at 501 kHz (the sum of 500 kHz and 1 kHz) and the other is at 499 
kHz (the difference between 500 kHz and 1 kHz). If a complex audio signal is used instead of a single 
tone, two new frequencies will be set up for each of the AF signals involved. The new frequencies that 
result from superimposing an AF signal on an RF signal are called sidebands. 


SS0130 1-8 


Figure 1-6. Vertical and horizontal polarization. 


(2) As described above, when the RF carrier is modulated by complex tones such as speech, 
each separate frequency component of the modulating signal produces its own upper and lower sideband 
frequencies as shown in Figure 1-8, page 1-11. These additional frequencies occupy a band of 
frequencies which are called sidebands. The sideband that contains the sum of the RF and AF signals is 
called the upper sideband. The sideband that contains the difference between the RF and AF signals is 
called the lower sideband. 


(3) The space occupied by a carrier and its associated sidebands in the radio frequency 
spectrum is called a channel. In AM, the width of the channel (bandwidth) is equal to twice the highest 
modulating frequency. For example, if a 5000 kHz (5 MHz) carrier is modulated by a band o 
frequencies ranging from 200 to 5000 cycles (.2 to 5 kHz), the upper sideband extends from 5000.2 to 
5005 kHz. The lower sideband extends from 4999.8 kHz to 4995 kHz. Thus, the bandwidth is the 
difference between 4995 kHz and 5005 kHz, a total of 10 kHz. 
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Figure 1-7. Wave shapes. 


(4) AM is used by radiotelephone and teletypewriter transmitters operating in the medium 
and high frequency bands. The intelligence of an AM signal exists solely in the sidebands. It is 
susceptible to electrical storm interference. You may observe this by tuning in an AM station on your 
car radio during a thunderstorm. The interference happens the instant the lightning flashes. 
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b. FM is the process of varying the 
carrier signal's frequency (rather than _ its 
amplitude) in accordance with the variations of 
the modulating signals. The amplitude or power 
of the FM carrier does not vary during 
modulation (Figure 1-9). 


CARRIER 


-{.1 TO 3KHZ) +{.1 TO 3KHZ) 


(1) The carrier signal's frequency, : USE 
when it is not modulated, is called the center or 297KHZ 300KHZ 303KHZ 
rest frequency. When a modulating signal is 


applied to the carrier, the carrier signal will Figure 1-8. Amplitude-modulated system. 
move up and down in frequency away from the 
center or rest frequency. 


(2) The amplitude of the modulating 
signal determines how far away from the center 
frequency the carrier will move. This 
movement of the carrier is called deviation; how 
far the carrier moves is called the mount of 
deviation. During reception of the FM signal, 
the amount of deviation determines the loudness Figure 1-9. Frequency modulation. 
or volume of the signal. 


(3) The FM signal leaving the transmitting antenna is constant in amplitude, but varying in 
frequency according to the audio signal. As the signal travels to the receiving antenna, it picks up 
natural and manmade electrical noises that cause amplitude variations in the signal. All of these 
undesirable amplitude variations are amplified as the signal passes through successive stages of the 
receiver until the signal reaches a part of the receiver called the limiter. 


(4) The limiter eliminates the amplitude variations in the signal, then passes it on to a device 
called a discriminator, which is sensitive to variations in the RF wave's frequency. The resultant 
constant amplitude FM signal is then processed by the discriminator circuit, which changes the 
frequency variations into corresponding voltage amplitude variations. These voltage variations 
reproduce the original modulating signal in a headset, loudspeaker, or teletypewriter. 


(5) EM is generally used by radiotelephone transmitter operating in the VHF and higher 
frequency bands. 
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4. Behavior of radio waves in different media. 


a. Radio waves are subject to the influence of the environment in which they are propagated. 
When a radio wave leaves the boundary of one medium and enters another, the wave changes direction. 
Three things can occur when a wave passes from one medium to another: 


(1) Some of the energy can be reflected back into the initial medium. 


(2) Some of the energy may be transmitted into the second medium where it may continue at 
a different velocity. 


(3) Some of the energy may be absorbed by the medium. 


b. Reflected waves are neither transmitted nor absorbed, but are reflected from the surface of 
the medium they encounter. The basic analogy that illustrates this concept is the mirror. Figure 1-10 
illustrates the reflection of a light beam from a flashlight. If a wave is directed against a mirror, the 
wave that strikes the surface is called the incident wave, and the one that bounces back is called the 
reflected wave. This also occurs when a wave is transmitted skyward, reflect off the ionosphere, and 
returns to a receiving station. The angle of reflection equals the angle of incidence. 


c. When a wave passes from one medium into a medium that has a different propagation 
velocity, a change in the direction of the wave will occur. This changing of direction is called 
refraction. Possibly the most common recollection of this is when you dip a spoon into a glass of water; 
the spoon handle appears bent. Figure 1-10 also shows how a wave is refracted (bent) as it travels from 
one medium to another, such as a radio wave bending as it passes through the atmosphere. 


d. When a radio wave encounters an obstacle in its path, it bends around the obstacle. This 
bending is called diffraction, and results in a change of direction of part of the energy from the normal 
line-of-sight path. Figure 1-11 shows a signal that is diffracted around a mountain range. Between the 
mountains and the house, the closer you are to the house, the stronger the signal. Conversely, the closer 
you are to the mountains, the weaker the signal. When reconnoitering a hilly area prior to an operation, 
radio checks should be made to determine areas of poor radio reception. 


e. Absorption occurs when radio waves are transmitted from one medium to another, with a 
resultant loss of energy. For example, if a radio signal is propagated through trees during the summer 
months, the foliage will absorb some of the energy of the signal. The same signal transmitted during the 
winter months may pass because the trees have shed their leaves and do not absorb the signal. A 
receiving antenna should be erected so that it is in the best position possible to absorb incoming 
electromagnetic energy. 
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Figure 1-10. Reflection and refraction of a light beam. 
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Figure 1-11. Diffraction of a TV signal over a mountain range. 
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5. Summary. In this lesson, you learned about the fundamentals of radio wave propagation, 
modulation, and propagation characteristics through different media. 


a. A cycle is one complete positive and negative alternation of current or voltage. 
b. A wavelength is the distance an electromagnetic wave travels during the cycle. 
c. Amplitude in the magnitude of energy of a wave, as measured from zero. 


d. Frequency is the number of complete positive and negative cycles completed in a given 
period, normally per second. 


e. The electromagnetic spectrum is the entire range of electromagnetic waves arranged in the 
order of their frequencies. 


f. An induction field is the field associated with the energy stored in the antenna. 
g. A radiation field is the field responsible for electromagnetic radiation from the antenna. 
h. Polarization is the direction of a radiated signal, either horizontal or vertical. 


i. AM is modulation in which the amplitude of a carrier wave is varied above and below its 
normal value in accordance with the intelligence of the signal being transmitted. 


j. FM is the process of varying the frequency of a carrier wave, usually with an audio 
frequency, in order to convey intelligence. 


k. Reflection is the turning back of a radio wave from an object on the surface of the Earth. 
Radio waves can also be reflected off the ionosphere. 


1. Refraction is the bending or change in direction of a radio wave passing into another 
medium. 


m. Diffraction is the bending of the path of waves when the waves are met with some form of 
obstruction. 


n. Absorption is the removal of energy from a radiated field by objects which retain the energy 
or conduct it to ground. Loss by absorption reduces the strength of a radiated signal. 
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LESSON 1 


PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only one correct 
answer for each item. When you complete the exercise, check your answers with the answer key that 
follows. If you answer any item incorrectly, study again that part of the lesson which contains the 
portion involved. 


1. 


What is the electromagnetic field that is associated with the energy field stored in the antenna? 


A. Induction field 
B. Magnetic field 
C: Radiation field 
D. Modulation field 


What is the range of electromagnetic waves arranged in order of their frequencies? 


A. Amplitude 


B. Wave propagation 
Ci Spectrum 
D. Hertz 


What is the height of a wave crest above the reference line? 


A. Amplitude 
B. Frequency 
C: Cycle 

D. Wavelength 


The combination of one complete positive and one complete negative alternation is one _ 


A. Wavelength 
B. Amplitude 
Cc. Frequency 
D. Cycle 


The distance in space occupied by one cycle of a radio wave for a given period of time is 


A. Amplitude 

B. Wave motion 
C. Wavelength 
D. Cycle 
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What happens to a radio wave as it passes from one medium into another medium and changes 


direction? 

A. It is refracted 
B. It is attenuated 
C. It is absorbed 
D. It is diffracted 


Varying the RF power output of a transmitter at an audio rate is what? 


A. 
B. 
Cy 
D. 


What is the process of superimposing voice or Morse code signals on a carrier wave? 


GAWS 


Frequency modulation 
Phase modulation 
Sideband modulation 
Amplitude modulation 


Polarization 
Modulation 
Induction 
Diffraction 
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LESSON 1 


PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Correct Answer and Feedback 


A. 


Induction field 


The field that is associated with the energy stored in the antenna is the induction 
field. (page 1-5, para 2b(1)) 


Spectrum 


The term spectrum is used to designate the entire range of electromagnetic waves 
arranged in the order of their frequencies. (page 1-5, para 2) 


Amplitude 


The height of a wave crest above the reference line is called the amplitude of the 
wave. (page 1-5, para Lh) 


Cycle 


The combination of one complete positive and one complete negative alternation 
represents one cycle of waves. (page 1-4, para le2)) 


Wavelength 


A wavelength is the distance in space occupied by one cycle of a radio wave for a 
given period of time. (page 14, para If) 


It is refracted 
When a wave passes from one medium into a medium that has a different 


propagation velocity, a change in the direction of the wave will occur. This 
changing of direction is called refraction. (page 1-12, para 4c) 
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Item Correct Answer and Feedback 


Ls D. Amplitude modulation 


AM is defined as the variation of the RF power output of a transmitter at an audio 
rate. (page 1-8, para 3a) 


8. B. Modulation 


Modulation is the process of superimposing intelligence (voice or coded signals) 
on the carrier. (page 1-8, para 3) 
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LESSON 2 


PRINCIPLES OF GROUND WAVE PROPAGATION 


Critical Tasks: 01-5705.07-0003 


01-5879.07-9001 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson, you will learn about ground wave propagation and the terrestrial influences that affect 
communications. 


TERMINAL LEARNING OBJECTIVE: 
ACTION: Describe the basic principles of ground waves. 
CONDITION: — Given this lesson. 


STANDARD: To demonstrate competence, you must achieve a minimum of 70 percent on the 
subcourse examination. 


REFERENCES: The material in this lesson was derived from FM 11-64 and FM 24-18. 


INTRODUCTION 


Electromagnetic (radio) energy travels from a transmitting antenna to a receiving antenna in one of two 
ways--ground waves and sky waves. Signal officers who understand the dynamics of ground wave 
propagation often overcome communications problems and, thus, provide the best signal support 
possible. 
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1. General. Ground waves travel near the surface of the Earth. Most Army tactical communications 
systems use ground wave propagation (single-channel voice, multichannel, and mobile subscriber 
equipment(MSE)). Sky waves are reflected back to Earth from the ionosphere. Other signal systems 
use sky wave propagation (tropospheric scatter radio, high frequency (HF) AM voice, and AM radio 
teletypewriter (RATT). Figure 2-1 depicts ground wave and sky wave propagation. 


“iohosenene. : 


Figure 2-1. Ground waves and sky waves. 


2. The Earth's atmosphere. Since the Earth's atmosphere is the medium through which radio signals are 
transmitted, it follows that these signals are affected by varying conditions (weather, electrical activity in 
the upper regions, and solar eruptions). The atmospheric conditions vary with changes in altitude, 
geographical location, and changes in time (day, night, season, year). The three separate regions (layers) 
of the Earth's atmosphere are the troposphere, the stratosphere, and the ionosphere. Figure 2-2 
illustrates the layers of the atmosphere. 


a. The troposphere extends from the face of the Earth to an altitude of about 7 miles at the north 
or south poles and 11 miles at the equator. The Earth's weather activity occurs in this region. It is very 
turbulent due to the temperature variations, density, and pressure, and these atmospheric conditions 
greatly affect radio wave propagation. 


b. The stratosphere is located above the troposphere. It extends from a height of 7 miles at the 


poles (11 miles at the equator) to a height of about 31 miles. There is little water vapor present and the 
temperature is almost constant; consequently, this region has relatively little affect on radio waves. 
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Figure 2-2. Layers of the Earth's atmosphere. 


c. The ionosphere extends from about 31 miles to a height of about 250 miles. Four layers of 
electrically charged ions enable radio waves to be propagated to great distances around the Earth 
through reflection and refraction. This region of the atmosphere is the most important because of its use 
for long-distance, point-to-point communications. It will be discussed in detail in Lesson 3 of this 
subcourse. 


3. Ground waves. Short-distance and all UHF and upper VHF transmissions are sent by ground waves. 
Ground wave propagation is affected by the Earth's electrical characteristics and by the amount of 
diffraction (bending) of the waves along the curvature of the Earth. The strength of the ground wave at 
the receiver depends on the transmitter's frequency and power output, the Earth's shape and conductivity 
along the transmission path, and the local weather conditions. A radio signal transmitted at high power 
on a low frequency will travel farther than a high frequency signal transmitted at low power. A good 
example of this is AM radio. The signal will also travel farther over a flat surface than over 
mountainous terrain. A ground wave is composed of two separate component waves-the surface wave 
and the space wave. Figure 2-3; page 2-4, depicts surface wave propagation. 
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a. Surface wave. 


(1) As shown in Figure 2-3, the 
surface wave travels along the surface of the 
ground. A surface wave flows the curvature of 
the Earth due to the process of diffraction. As a a—— 
surface wave hits an object in its path, it tends to piri i je, ER ct Ce ee 


curve (bend) around the object. Figure 2-3. Surface wave propagation. 


(2) As a surface wave passes over the ground, it induces voltage into Earth. The induced 
voltage takes energy away from the surface wave, thereby weakening (attenuating) the wave as it moves 
away from the transmitting antenna. To reduce attenuation, the amount of induced voltage must be 
reduced. This is done by using vertically polarized waves, which minimize the extent to which the 
electric field of the wave is in contact with the Earth. When the wave is horizontally polarized, the 
wave's electric field is parallel with the surface of the Earth and constantly in contact with it. As a 
transmission is made, the signal (horizontally polarized wave) is completely attenuated within a short 
distance from the transmitting site. Conversely, a vertically polarized surface wave has its electric field 
perpendicular to the Earth and merely dips onto and off of the Earth's surface. Because of the lower 
signal loss, vertical polarization is vastly superior to horizontal polarization for surface wave 
propagation. 


(3) The amount of attenuation that a surface wave undergoes due to the induced voltage in 
the Earth also depends, to a considerable extent, on the electrical properties of the terrain over which the 
wave travels. The best type of surface is one which has good electrical conductivity. The better the 
conductivity, the less attenuation and the better the propagation. Table 2-1 shows the relative 
conductivity of various surfaces of the Earth. 


(4) Each type of terrain shown has a different degree of conductivity-the ease at which radio 
waves propagate. Salt water has the best degree of conductivity. Because salt enhances conductivity, it 
can be used in the field when grounding a communications assemblage or generator. Moist land 
surfaces provide fair conductivity, while dry terrain provides poor conductivity and thus, impedes wave 
propagation. Jungle terrain is the worst environment, as the jungle vegetation absorbs the radio waves, 
reducing transmission range. 
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Table 2-1. Surface conductivity. 


[_surtace | Relative Conductivity _| 
es ee 
[Large bodies of fresh water | Far =i 
| Rockyteran | Por 
ee ee 
ee ee 


(5) A surface wave component, generally transmitted as a vertically polarized wave, remains 
vertically polarized at appreciable distances from the antenna. As mentioned before, vertically polarized 
waves do not lose power (attenuate) like horizontally polarized waves. The better the conducting 
surface, the less energy lost. Since no surface is a perfect conductor, any loss retards the grounded edge 
of a wave front, causing it to bend forward in the direction of travel so that successive wave fronts have 
a forward tilt. The Earth's surface guides the wave, and the tilt has the effect of propagating the energy 
in the direction of wave travel. Poor conducting surfaces cause a high loss of energy and greater tilt. 
The result is total absorption of wave energy. As frequency increases, the angle of tilt increases. A 20 
MHz signal propagating over sea water has a very small tilt (one degree). Over dry ground, the same 
signal is tilted about 35 degrees. 


(6) Frequency is a factor in surface wave attenuation. 


(a) The higher a radio wave's frequency, the shorter its wavelength will be. These high 
frequencies, with their shorter wavelengths, are not normally diffracted, but are absorbed by the Earth at 
points relatively close to the transmitting site. As a surface wave's frequency is increased, the more 
rapidly the surface wave will be absorbed, and attenuated, by the Earth. Because of this loss by 
absorption, the surface wave is impractical for long-distance transmissions with frequencies above 2 
MHz. 


(b) When a surface waves frequency is low enough to have a very long wavelength, the 
Earth appears to be very small, and diffraction is sufficient for propagation well beyond the horizon. In 
fact, by lowering the transmitting frequency into the VLF range and using very high-powered 
transmitters, the surface wave can be propagated over great distances. 


b. Space wave. Figure 2-4, page 2-6, depicts space wave propagation. The space wave follows 
two distinct paths from transmitting antenna to receiving antenna--one through the air directly to the 
receiving antenna (direct wave or path), and the other reflected from the ground to the receiving antenna 
(ground-reflected wave or path). 
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Figure 2-4. Space wave propagation. 


(1) The primary path of the space wave is directly from the transmitting antenna to the 
receiving antenna. Consequently, the receiving antenna must be located within the radio horizon of the 
transmitting antenna. Because space waves are refracted slightly, even when propagated through the 
troposphere, the radio horizon is actually about one-third farther than the line-of-sight (natural) horizon. 


(2) Although space waves suffer little ground attenuation, they nevertheless are susceptible 
to fading. Because space waves actually follow two paths of different length (direct path and ground- 
reflected path) to the receiving site, they may arrive in or out of phase. If these two component waves 
are received in phase, the result is a reinforced or stronger signal. Conversely, if they are received out of 
phase, they tend to cancel one another, resulting in a weak or fading signal. 


4, Engineering considerations for ground wave systems. There are a number of factors that affect 
ground wave propagation. Some of these are: 


a. Frequency. Using lower frequencies results in less ground loss and increases range. 


b. Antenna characteristics. Using vertical polarization, when possible, reduces the effect of the 
Earth "shorting out" the electric field of the wave. 


c. Power. Increasing the power output result in greater distance. 


d. Time of day. Sources of noise (natural and manmade) affect radio wave propagation at 
different times of the day. 


e. Terrain. The best propagation is achieved over conductive terrain. Conductive terrain 
absorbs less wave energy. 
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5. Summary. In this lesson, you learned about ground wave propagation and the influences the Earth 
has on radio signals. 


a. Ground waves are comprised of surface waves and space waves. 


(1) Surface waves travel along the surface of the ground following the curvature of the Earth. 
Ground waves should be vertically polarized to reduce the attenuation caused by an induced voltage in 
the Earth. 


(2) Space waves follow two paths-direct wave and ground-reflected. Space waves are 
slightly refracted in the Earth's atmosphere, but suffer little ground attenuation. The direct waves and 
ground-reflected waves can either reinforce or cancel each other, depending on whether or not they are 
received in phase or out of phase. 


b. A ground wave that is vertically polarized has is electric field perpendicular to the Earth's 
surface. As a result, there is less wave energy loss than a horizontally polarized wave, the electric field 
of which is parallel to the Earth's surface and, therefore, subject to absorption. 


c. Ground waves suffer ground loss; their strength is attenuated as the Earth absorbs energy. 
This causes the wave to tilt, the degree of which depends upon the conductivity of the surface. Poor 
conducting surfaces cause high loss of energy and greater tilt. Higher frequencies also contribute to 
increased tilt. 


d. Ground wave propagation is affected by a number of factors, including frequency, antenna 
characteristics, power, time of day, and terrain. 
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LESSON 2 
PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only one correct 
answer for each item. When you complete the exercise, check your answers with the answer key that 
follows. If you answer any item incorrectly, study again that part of the lesson which contains the 
portion involved. 


1. Rocky terrain provides better conductivity for radio wave propagation than what other type of 
terrain? 


A. Flat, loamy soil 

B. Jungle terrain 

Cx Desert terrain 

D. A large body of fresh water 


Ds Which region of the Earth's atmosphere is used for long-distance communications? 


A. Troposphere 
B. Exosphere 
CG: Ionosphere 
D. Stratosphere 


3: A radio receiver picks up a signal propagated over a ground wave. The signal strength depends 
on the frequency of the transmitter, the local weather conditions, and the Earth's shape and 
conductivity along the path. What else does the signal strength depend on? 


A. The type of power being used 
B. The operator's skills 


Ci The age of the receiving radio 
D. The power output 
4. A surface wave follows the curvature of the Earth due to which process? 
A. Reflection 
B. Refraction 
C. Diffraction 
D. Absorption 
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What is the best type of surface (relative conductivity) for a ground wave to travel across? 


Desert 
Seawater 
Rocky terrain 
Jungle 


What type of surface has tie least conductivity? 


As frequency increases, the angle of tilt of a wave front_ 


Jungle 

Rocky terrain 
Desert 

Flat, loamy soil 


Increases 

Decreases 

Remains the same 

Is nullified by poor conducting surfaces 


Jungle terrain does what to a radio wave? 


A. 
B. 
CG: 
D. 


Reflects 
Refracts 
Diffracts 
Absorbs 


Which of the following is the true statement? 


A. 


B. 


To reduce attenuation for surface waves, the amount of induced voltage must be 
increased 

Vertical polarization is vastly superior to horizontal polarization for surface wave 
propagation 

Horizontal polarization is vastly superior to vertical polarization for surface wave 
propagation 

For surface wave propagation, there is no difference between horizontal and vertical 
polarization 
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Item 
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LESSON 2 


PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Correct Answer and Feedback 


B. 


Jungle terrain 


Rocky terrain provides better conductivity for radio wave propagation than jungle 
terrain. (page 2-5, Table 2-1) 


Ionosphere 


This region of the atmosphere is the most important because of its use for long- 
distance, point-to-point communications. (page 2-3, para 2c) 


The power output 

The strength of the ground wave at the receiver depends on the power output and 
frequency of the transmitter, the shape and conductivity of Earth along the 
transmission path, and the local weather conditions. (page 2-3, para 3) 


Diffraction 


A surface wave follows the curvature of the Earth due to the process of 
diffraction. (page 2-4, para 3a(1)) 


Sea water 
Salt water has the best degree of conductivity. (page 2-4, para 3a(4)) 
Jungle 


Jungle terrain is the worst environment. Radio waves are absorbed by jungle 
vegetation, reducing transmission range. (page 2-4, para 3a(4)) 


Increases 


The angle of tilt increases as frequency increases. (page 2-5, para 3a(5) 
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Item Correct Answer and Feedback 


8. D. Absorbs 


Radio waves are absorbed by jungle vegetation, reducing transmission range. 
(page 2-4, par 3a(4)) 


9. B. Vertical polarization is vastly superior to horizontal polarization for surface wave 
propagation. (page 2-4, para 3a(2)). 
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LESSON 3 


PRINCIPLES OF 
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LESSON 3 


PRINCIPALS OF SKY WAVE PROPAGATION 


Critical Tasks: 01-5705.07-0003 


01-5879.07-9001 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson, you will learn about the fundamentals of sky wave propagation, specifically, the effects of 
atmospheric conditions on radio communications. 


TERMINAL LEARNING OBJECTIVE: 
ACTION: State the factors involved in sky wave propagation. 
CONDITION: — Given this lesson. 


STANDARD: To demonstrate competence, you must achieve 70 percent on the subcourse 
examination. 


REFERENCES: The material in this lesson was derived from FM 11-64 and FM 24-18. 


INTRODUCTION 


Sky wave propagation is used to communicate over long distances. Sky wave propagation allows 
transmitted signals to be reflected (bounced) off a portion of the Earth's ionosphere and picked up at a 
receiver hundreds, or even thousands of miles away. A common example of this phenomenon is heard 
on the AM broadcast band, when many distant stations can be heard after sunset or in the evening hours. 
Signal officers must understand this propagation mode because they may have to establish 
communications between a forward staging area in one country and an echelon of command in another. 
Usually, the HF band is used for sky wave propagation. 
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1. Ionosphere. The ionosphere is the region (or layer) of the atmosphere that extends from 31 miles to 
about 250 miles above the Earth's surface. Its gets its name because it consists of several layers of 
electrically charged atoms called ions. Ions are formed by a process called ionization. 


a. When high energy ultraviolet light waves from the sun enter the atmosphere's ionospheric 
region, they strike gas atoms, knocking negative electrons free. Normally, atoms are electrically neutral. 
When they lose an electron, atoms become positively charged and are called positive ions. This process 
of upsetting electrical neutrality is known as ionization. The rate at which ionization occurs depends on 
the density of atoms in the atmosphere and the intensity of the ultraviolet light waves, both of which 
vary with the activity of the sun. The ultraviolet waves striking the atmosphere are of different 
frequencies, causing several ionized layers to be formed at different altitudes. The density of ionized 
layers is partially attributed to the elevation angle of the sun, which changes constantly. Consequently, 
the altitude and thickness of the ionized layers vary, depending on the time of day and even the season 
of the year. 


b. When free electrons and positive ions collide with each other, a reverse process called 
recombination occurs. This results in positive ions returning to their original neutral state. 
Recombination depends on the time of day. Between the hours of early morning and late afternoon, the 
rate of ionization exceeds the rate of recombination. It is during this period that the ionized layers reach 
their greatest density and exert maximum influence on radio waves. Conversely, during the late 
afternoon and early evening hours, the rate of recombination exceeds the rate of ionization, and the 
density of the ionized layers begins to decrease. This density decreases throughout the night, reaching a 
low point just before sunrise. You can better appreciate this phenomena by listening to a far away 
commercial AM radio station at night and at sunrise. As the ionization rate picks up, the reception 
grows fainter until you lose the station completely. 


c. The ionosphere is composed of three regions (D, E, and F), as shown in Figure 3-1. The F 
region is further divided into two layers designated Fl (lower layer) and F2 (higher layer), which change 
with the position of the sun. The radiation in the ionosphere directly above a given point is greatest at 
noon, while it is least at night. When the radiation is not present, recombination sets in. 


(1) The D region ranges to 55 miles above the Earth's surface. This low region of the 
atmosphere has low ionization. It refracts low frequency signals, but high frequencies pass through it, 
with some attenuation that varies with frequency and region density. The D region disappears after 
sunset because of recombination. 


(2) The E region ranges from about 55 to 90 miles in altitude. After sunset, recombination 


occurs rapidly, and this region is almost gone by midnight. The E region is used during the day for HF 
radio transmissions ranging up to about 1500 miles. 
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Figure 3-1. Layers of the ionosphere. 
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(3) The F region ranges from about 90 to 240 miles high. During daylight hours, the F 
region separates into two layers-the Fl and F2 layers. At night these two layers combine. 
Recombination occurs slowly after sunset, so a fairly constant ionized layer is present at all times. The 
F layers are very useful for HF long-distance radio communications. 


d. A radio wave transmitted into an es nse | J DECREASING 
ionized layer is refracted (bent) as it abruptly ae , [IONIZATION 


changes velocity while entering a new medium. Mg eee s my ¢ AAXIMUM 
§ o & nS ° IONIZATION 


INCREASING 


(1) The relationship between radio 
waves and ionization density is shown in Figure 
3-2. Each layer has a central region of relatively 
dense ionization which tapers off in intensity 
both above and below the maximum region. As 
a radio wave strikes a region of increased 
ionization, its velocity increases, causing it to 
bend back toward the Earth. If a radio wave 
strikes a thin, very highly ionized layer, the 
wave may be bent back and appear to have been 
reflected, rather than refracted back to Earth. 
Ionospheric reflection is more likely to occur at 
long wavelengths (low frequencies). This is what occurs when you bounce an AM signal off the 
ionosphere and it is picked up many hundreds of miles away. 


Figure 3-2. Effects of ionospheric density on 
radio waves. 


(2) For any given time, each ionospheric layer has a maximum frequency at which radio 
waves can be transmitted vertically and refracted back to Earth. This frequency is called the critical 
frequency. Radio waves transmitted at frequencies higher than the critical frequency of a given layer 
will pass through the layer and be lost in space. If this wave enters into an upper layer with a higher 
critical frequency, the wave will be refracted back to Earth. Radio waves of frequencies lower than the 
critical frequency will also be refracted back to Earth, unless they are absorbed or have been refracted 
from a lower layer. The lower the frequency of a radio wave, the more rapidly the wave is refracted by 
a given degree of ionization. Figure 3-3 shows three separate waves of different frequencies entering a 
ionospheric layer at the same angle. Notice that the 5-MHz wave is refracted quite sharply. The 20- 
MHz wave is refracted less sharply and returned to Earth at a greater distance. The 100-MHz wave is 
obviously greater than the critical frequency for that ionized layer. Therefore, it is not reacted but is lost 
in space. 
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(3) The rate at which a wave of a given frequency is refracted by an ionized layer depends on 
the angle at which the wave enters the layer. Figure 3-4 shows three radio waves of the same frequency 
entering a layer at different angles. The angle at which wave A strikes the layer is too nearly vertical for 
the wave to be refracted to Earth. As the wave enters the layer, it is bent slightly but passes through the 
layer and is lost. When the wave is reduced to an angle that is less than vertical (wave B), it strikes the 
layer and is refracted back to Earth. The angle made by wave B is called the critical angle for that 
particular frequency. Any wave that leaves the antenna at an angle greater than the critical angle will 
penetrate the ionospheric layer for that frequency and will be lost in space. Wave C strikes the 
ionosphere at the smallest angle that can be refracted and still return to Earth. At any smaller angle, the 
wave will be refracted but will not return to Earth. As the radio wave's frequency is increased, the 
critical angle must be reduced for refraction to occur. This is illustrated in Figure 3-5, page 3-6. The 2- 
MHz wave strikes the layer at the critical angle for that frequency and is refracted back to Earth. 
Although the 5-MHz wave (broken line) strikes the ionosphere at a lesser angle, it nevertheless 
penetrates the layer and is lost. As the angle is lowered from the vertical, however, a critical angle for 
the 5-MHz wave is reached, and the wave is then refracted to Earth. 


Figure 3-3. Frequency versus refraction Figure 3-4. Different incident angles of 
and distance. radio waves. 


e. The relationship between skip zone, skip distance, and ground wave coverage is shown in 
Figure 3-6, page 3-7. 


(1) The skip distance is the distance from the transmitter to the point where the sky wave is 
first returned to Earth. The skip distance's size depends on the wave's frequency, the angle of incidence, 
and the degree of ionization present. Obviously, the skip distance will change through the day as the 
level of ionization changes. 
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Figure 3-5. Effect of frequency on the critical angle. 


(2) The skip zone is a zone of silence between the point where the ground wave becomes too 
weak for reception and the point where the sky wave is first returned to Earth. The skip zone's size 
depends on the extent of ground wave coverage and the skip distance. When the ground wave coverage 
is great enough or the skip distance is short enough that no zone of silence occurs, there is no skip zone. 
Occasionally, the first sky wave will return to Earth within range of the ground wave. If the sky and 
ground waves are nearly of equal intensity, the sky wave alternately reinforces and cancels the ground 
wave, causing severe fading. This is caused by the phase difference between the two waves, which is a 
result of the longer path traveled by the sky wave. 


f. The relationship between frequency and angle of incidence can be seen in Figure 3-7. You 
can see how radio waves reach a receiver via several paths through one layer. The various angles are 
represented by dark lines and designated as rays | through 6. When the angle of incidence (ray 1) is 
relatively low with respect to the horizon, there is only slight penetration of the layer, and the 
propagation path is long. When the angle of incidence is increased (rays 2 and 3), the rays penetrate 
deeper into the layer, but the range decreases. Note that for rays 4 and 5, the angle is such that the RF 
energy penetrates into the central area of maximum ionization of the layer. These rays are refracted 
rather slowly and returned to the Earth at great distances. Finally, as the angle approaches vertical 
incidence (ray 6), the ray is not returned at all, but passes on through the layer into space. 
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Figure 3-7. Ray paths for a fixed frequency with varying angles of incidence. 
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2. Obstacles to propagation. 


a. Absorption of RF energy in the ionosphere result in loss of signal strength and reduced 
transmission distances. Most ionospheric absorption occurs in the lower regions of the atmosphere 
where ionization density is greatest. As a radio wave passes into the ionosphere, it loses energy to the 
free electrons and ions. The highly dense D and E layers provide the greatest absorption of radio waves. 


b. A radio signal will at times have variations in its strength. This is called fading. A radio 
wave refracted by the ionosphere or reflected from the Earth's surface may suffer changes in its 
polarization. This change in polarization results in weak signal reception. Fading is also caused by 
absorption of the RF energy in the ionosphere. 


c. There are other losses which affect the ionospheric propagation of radio waves, besides 
energy losses in the atmosphere. These are ground-reflection loss and free space loss. 


(1) Ground-reflection loss occurs when a transmitted signal is refracted off the ionosphere, 
strikes the Earth, and is reflected back to the ionosphere. RF energy is lost each time the radio wave is 
reflected from the surface. The amount of energy lost depends on the frequency of the wave, the angle 
of incidence, ground irregularities, and the electrical conductivity of the point of reflection. 


(2) Free space loss occurs when a receiver is picking up both the desired 
traveling radio wave spreads out, much like a 
flashlight's beam. Figure 3-8 shows the free 
space loss principle. As distance increases, the 
amount of energy contained in a wavefront will 
decrease. By the time the energy is received at 
the antenna, the wavefront is so spread out that 
the antenna extends into only a very small 
fraction of the wavefront. 


d. Electromagnetic interference (EMI) 
can significantly reduce the quality of 
communications. This is because the radio Figure 3-8. Free space loss principle. 
transmission and electromagnetic radiation from an undesired source. 


(1) Sources of EMI are manmade and natural. Examples of manmade EMI include assorted 
radio transmitters that can cause mutual interference, and various electrical devices that generate 
interfering signals, including ignition systems, generators, motors, and so forth. This is the reason you 
must never transmit a radio signal across a signal site, or position your communications systems near 
power lines. You can appreciate the severity of this type of interference the next time you listen to your 
car radio while driving under electrical power lines. The intensity of the radiation from the 
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power lines overwhelms the signal (music) you have tuned in, resulting in a brief intolerable condition. 


(2) Many sources of manmade interference may cause intense disruption of communications 
during the day and drop off at night when they are not in use. Natural interference is generated by 
phenomena such as thunderstorms, cosmic sources, and the sun. This causes static that you often hear 
when listening to a radio. 


(3) Natural interference is disruptive, particularly in the HF band. Listening to your car radio 
on the AM band during a thunderstorm will reveal the impact of this interference; the intensity of the 
radiated energy from the lightning discharges interferes with the signal you have tuned in. 


(4) At night, there are increases in the noise levels. This is attributed to both manmade and 
natural interferences. Because of the change at night in the layers of the F region, many spurious signals 
can be tuned in. Because of an increase in the number of signals reflected off of the ionosphere, more 
than one station may be heard simultaneously, causing interference. Some stations change their power 
output. This can also affect the noise levels. 


e. Variations in the ionosphere are caused by the Earth's position relative to the sun, and by the 
sun's activity. The two types of variations are regular and irregular. Regular variations occur in cycles. 
They can be predicted with reasonable accuracy. Irregular variations occur as a result of abnormal solar 
activities. They are not predictable. 


(1) Regular variations that affect the degree of ionization in the ionosphere are divided into 
four classes. These classes are daily, seasonal, 27-day sunspot cycle, and 11-year sunspot cycle. 


(a) Daily variations are caused by the Earth's rotation. 


(b) Seasonal variations are caused by the Earth revolving around the sun; the relative 
position of the sun moves from the upper hemisphere to the lower hemisphere with changes in seasons. 


(c) The 27-day sunspot cycle is caused by the sun's rotation on its axis (one rotation each 
27 days). As the sun rotates, sunspots are visible at 27-day intervals, causing variations in the ionization 
density of the layers. Sunspots are believed to be caused by violent eruptions on the sun and are 
characterized by unusually strong magnetic fields. 


(d) The 11-year sunspot cycle is caused by the sunspot activity going from maximum 
through minimum and back to maximum levels of intensity every 11 years. During periods of 
maximum sunspot activity, the ionization density of all layers increases. Because of this, absorption in 
the D layer increases, and the critical frequencies for the E, Fl, and F2 layers are higher. At these times, 
higher operating frequencies must be used for long-distance communications. 
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(2) Irregular variations in the ionosphere can adversely affect communications without any 
advance warning. Common irregular variations include sporadic E, sudden ionospheric disturbances, 
and ionospheric storms. 


(a) Sporadic E variations occur when the excessively ionized E layer often blanks out the 
reflections back from the higher layers. It may also cause unexpected propagation of signals hundreds 
of miles beyond the normal range. 


(b) Sudden ionospheric disturbance (SID) is attributed to a bright solar eruption and 
results in abnormal ionization of the D layer. SID causes total absorption of all frequencies above about 
1 MHz. It occurs without warning and can last from a few minutes to several hours. The immediate 
effect is that radio receivers seem to "go dead." 


(c) Ionospheric storms are caused by disturbances in the Earth's magnetic field as a result 
of solar eruptions. During ionospheric storms, sky wave reception above about 1 MHz shows low 
intensity and is subject to a type of rapid blasting and fading called "flutter fading." These storms may 


last from several hours to days, and usually extend over the entire Earth. 


3. Summary. In this lesson, you learned about sky wave propagation and the effects of atmospheric 
conditions on radio communications. 


a. The ionosphere has three regions (D, E, and F). The F region is divided into two layers (Fl 
and F2). At night, these layers combine and are useful for HF long-distance radio communications. 


b. Sky wave refraction and reflection vary according to the layer density in the ionosphere. 


c. Each ionospheric layer has a maximum frequency (called the critical frequency) at which 
radio waves can be transmitted vertically and refracted back to Earth. 


d. The rate at which a wave of a given frequency is reacted by an ionized layer depends on the 
angle at which the wave enters the layer. 


e. Additional signal losses are due to ground-reflection loss and free space loss. 
f. EMI is derived from two sources--manmade and natural. Examples of manmade EMI 
include assorted radio transmitters that can cause mutual interference, and various electrical devices that 


generate interfering signals. Natural EMI sources include thunderstorms, cosmic sources, and the sun. 


g. Variations in the ionosphere are caused by the Earth's position in relation to the sun, and by 
the sun's activity. 


(1) Regular variations that affect the degree of ionization in the ionosphere are divided into 
four classes. These classes are daily, seasonal, 27-day sunspot cycle, and 11-year sunspot cycle. 


SS0130 3-10 


(2) Irregular variations in the ionosphere can adversely affect communications without any 
advance warning Common irregular variations include sporadic E, sudden ionospheric disturbances, and 
ionospheric storms. 
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LESSON 3 
PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only one correct 
answer for each item. When you complete the exercise, check your answers with the answer key that 
follows. If you answer any item incorrectly, study again that part of the lesson which contains the 
portion involved. 


1. Which of the following are primarily used to make long-distance radio transmissions? 
A. Reflected ground waves 
B. Direct waves 
Ce: Sky waves 
D. Ground waves. 
Dy The rate at which ionization occurs in the ionosphere depends on the density of atoms in the 


atmosphere. What else does it depend on? 


A. The intensity of the infrared light waves 
B. The intensity of the ultraviolet light waves 
CG: The intensity of the visible light waves 
D. The intensity of sound wave refraction 
3: Which ionospheric layer has the least effect on bending the paths of high frequency radio waves? 
A. D 
B. E 
Ce Fl 
D. F2 
4. Ionospheric reflection generally occurs using which frequencies? 
A. EHF 
B. VHF 
Cc. UHF 
D. LF 
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The E layer of the ionosphere is useful for providing communications in ranges up to about how 
many miles? 


A. 150 

B. 1,500 
C 5,000 
D. 7,500 


The frequency of the wave, the angle of incidence, and what else determine the size of the skip 
distance? 


A. The type of modulation 

B. The height of the antenna 

Ci The degree of ionization present 
D. The condition of the D layer 


Which layer of the ionosphere attenuates high frequencies that pass through it? 


A. D 
B. E 
C Fl 
D F2 


SID may totally blank out long-distance propagation of all frequencies above how many MHz? 


A. 1 MHz 
B. 10 MHz 
C. 50 MHz 
D. 150 MHz 


What is the maximum frequency at which radio waves can be transmitted vertically and refracted 
back to Earth? 


The refracted frequency 
The critical frequency 
The reflected frequency 
The diffracted frequency 


GOW S 


3-13 SS0130 


LESSON 3 


PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Correct Answer and Feedback 


C. 


Sky waves 

Sky wave propagation allows transmitted signals to be reflected (bounced) off a 
portion of the Earth's ionosphere and picked up at a receiver hundreds or even 
thousands of miles away. (page 3-1, Introduction) 

The intensity of the ultraviolet light waves 

The rat at which ionization occurs in the ionosphere depends on the density of 
atoms in the atmosphere and the intensity of the ultraviolet light waves. (page 3- 
2, para la) 

D 


The D layer refracts low frequency signals, but high frequencies pass right 
through it and are attenuated. (page 3-2, para c(1)) 


LF 


Ionospheric reflection is more likely to occur at long wavelengths (low 
frequencies). (page 3-4, para 1d(1)) 


1,500 


The E region is used during the day for HF radio transmissions in ranges up to 
about 1500 miles. (page 3-2, para 1c(2)) 


Degree of ionization present 


The size of the skip distance depends on the frequency of the wave, the angle of 
incidence, and the degree of ionization present. (page 3-5, para le(1)) 


D 


The D layer refracts low frequency signals, but high frequencies pass right 
through it and are attenuated. (page 3-2, para Ic(1)) 
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Item Correct Answer and Feedback 


8. A. 1 MHz 
SID causes total absorption of all frequencies above about 1 MHz. (page 3-10, 
para 2e(2)(b)) 

9. B. The critical frequency 


For any given time, each ionospheric layer has a maximum frequency at which 
radio waves can be transmitted vertically and refracted back to Earth. This 
frequency is called the critical frequency. (page 3-4, para 1d(2)) 
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SUBCOURSE OVERVIEW 
This subcourse is designed to teach the theory, characteristic, and capabilities of the various types of 
tactical combat net radio, high frequency, ultra high frequency, very high frequency, and field expedient 


antennas. 


The prerequisites for this subcourse is that you are a graduate of the Signal Office Basic Course or its 
equivalent. 


This subcourse reflects the doctrine which was current at the time it was prepared. In your own work 
situation, always refer to the latest official publications. 


Unless otherwise stated, the masculine gender of singular pronouns is used to refer to both men and 
women. 


TERMINAL LEARNING OBJECTIVE 


ACTION: Explain the basic antenna theory and operations of combat net radio, high 
frequency, ultra high frequency, very high frequency, and field expedient 
antennas. 

CONDITION: Given this subcourse. 

STANDARD: To demonstrate competency of this subcourse, you must achieve a minimum of 


70 percent on the subcourse examination. 
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ANTENNA PRINCIPLES AND 
CHARACTERISTICS 


LESSON 1 


ANTENNA PRINCIPLES AND CHARACTERISTICS 


Critical Tasks: 01-5705.07-0003 


01-5879.07-9001 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson, you will learn about the theory of antennas, to include the principles of antenna radiation, 
the characteristics of antennas, and the formulas used in antenna design. 


TERMINAL LEARNING OBJECTIVE 


ACTION: Explain basic antenna theory. 
CONDITION Given this lesson. 
STANDARD: To demonstrate competence, you must achieve a minimum of 70 percent on the 


subcourse examination. 


REFERENCES: The material in this lesson was derived from FM 11-64 and FM 24-18. 


INTRODUCTION 


An antenna is an integral component of a radio communications system. Signal officers must 
understand how radio antennas function. Planners and operators should know how signals radiate, what 
can be done to enhance signal propagation and reception, and how to reduce unwanted interference. 
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1. General. An antenna is the component of a radio system that is used to send or receive a radio 
signal. A radio frequency (RF) signal that has been generated in a radio transmitter travels through a 
transmission line (coaxial cable) to an antenna. An antenna connected to a transmitter is the device that 
releases RF energy (in the form of an electromagnetic field) to be sent to a distant receiver. The 
receiving antenna picks up the RF energy. As the electromagnetic field strikes the receiving antenna, a 
voltage is induced into the antenna, which serves as a conductor. The induced RF voltages are then used 
to recover the transmitted RF information. 


2. Current and voltage distribution. 


a. A current flowing in a wire of a length related to the RF produces an electromagnetic field. This 
field radiates from the wire and is set free in space. The principles of radiation of electromagnetic 
energy are based on two laws. 


(1) A moving electric field creates a magnetic (H) field. 
(2) A moving magnetic field creates an electric (E) field. 


b. In space, these two fields will be in-phase and perpendicular to each other at any given moment. 
Although a conductor is usually considered to be present when a moving electric or magnetic field is 
mentioned, the laws governing these fields do not say anything about a conductor. Thus, these laws 
hold true whether a conductor is present or not. 


c. The current and voltage distribution on a half-wave Hertz antenna is shown in Figure 1-1. In 
view A, a piece of wire is cut in half and attached to the terminals of a high frequency (HF), alternating 
current (AC) generator. The frequency of the generator is set so each half of the wire is one-quarter 
wavelength of the output. The symbol for wavelength is the Greek letter lambda (A). The result is the 
common dipole antenna. 


d. Ata given moment, the generator's right side is positive and its left side is negative. A law of 
physics states that like charges repel each other. Consequently, electrons will flow away from the 
negative terminal as far as possible while the positive terminal will attract electrons. View B of Figure 
1-1 shows the direction and distribution of electron flow. The distribution curve shows that most current 
flows in the center and none flows at the ends. The current distribution over the antenna is always the 
same, regardless of how much or how little current is flowing. However, current at any given point on 
the antenna will vary directly with the amount of voltage that the generator develops. 


e. One-quarter cycle after the electrons begin to flow, the generator develops it; minimum voltage 
and the current decreases to zero. At that moment, the condition shown in view C of Figure 1-1 will 
exist. Although no current is flowing, a minimum number of electrons are at the left end of the line and 
a minimum number are at the right end. The charge distribution along the wire varies as the voltage of 
the generator varies (view C). 
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(1) A current flows in the antenna with 
an amplitude that varies with the generator 
voltage. 


(2) A sine wave distribution of charge 
exists on the antenna. The charges reverse 
polarity every half cycle. 


(3) The sine wave variation in charge 
magnitude lags the sine wave variation in 
current by one-quarter cycle. 


3. Radiation of electromagnetic energy. As 
mentioned earlier, a radio signal is generated by 


a transmitter, and the RF power is delivered to 
an antenna. Two fields are set up as the RF 
power reaches the antenna. One is an induction 
field associated with the stored energy; the other 
is a radiation field. The intensities of these 
fields are large at the antenna, and are 
proportional to the amount of RF power 
delivered to the antenna. A radio teletypewriter 
(RATT) using a _ high-powered amplitude 
modulation (AM) radio and a long-wire antenna 
has stronger fields than a small ANT/PRC-77 
frequency modulation (FM) manpacked radio. 
Only the radiation field remains beyond a short 
distance from the antenna. This radiation field 
is made up of an electric component and a 
magnetic component (electromagnetic 
radiation). Figure 1-2 shows the components of 
electromagnetic waves. The electromagnetic 
field is responsible for the transmission and 
reception of electromagnetic energy through 
space. A radio wave is a _ moving 
electromagnetic field with components of 
electric intensity and magnetic intensity 
arranged at right angles to each other. 
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Figure 1-1. Current and voltage distribution 
on an antenna 
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Figure 1-2. Components of electromagnetic 
waves 
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4. Antenna characteristics. Output from the transmitter is converted into electromagnetic energy by the 
antenna and radiated into space. At the receiving antenna, the electromagnetic energy is collected and 
converted into electrical energy and fed to the receiver. 


a. Antenna reciprocity is the ability to use 
the same antenna for transmitting and receiving. 
In view A of Figure 1-3, the antenna radiates a 
minimum amount of energy at right angles to 
the axis of the antennas. Note the minimum 
amount of radiation emanating along the axis of 
the antenna. If the same antenna were used as a 
receiving antenna (view B), it would receive 
best in the same directions in which it produced 
maximum radiation-at right angles to the axis of 
the antenna. 


b. Highly directional antennas transmit and 
receive more in certain directions than others. 
Gain is the ratio between the amount of energy 
transmitted or received in these directions 
compared to the energy that would be 
transmitted or received if the antenna were not 
directional. Antenna gain also gives directional 
antennas greater transmission range than 
omnidirectional antennas for an equal signal. 


c. A radiated field is composed of electric 

and magnetic lines of force which are called 
fields. A radiated wave’s polarization is 
determined by the direction of the electric field 
in relation to the Earth. 
If the lines of electric force are at right angles to the Earth's surface, the wave is vertically polarized 
(Figure 1-4). If the lines of electric force are parallel to the Earth's surface, the wave is horizontally 
polarized, as shown in Figure 1-5, page 1-6. When a single-wire antenna is used to extract (receive) 
energy from a passing radio wave, maximum pickup results when the antenna is oriented so it lies in the 
same direction as the electric field component. Thus, a vertical antenna is used for efficient reception of 
vertically polarized waves, and a horizontal antenna is used for horizontally polarized waves. In some 
cases, the field rotates as the waves travel through space. When this occurs, both the horizontal and 
vertical components of the field exist, and the wave has elliptical polarization. 


Figure 1-3. Reciprocity of antennas 


d. For ground-wave transmissions, medium and low frequencies are used, and the antennas need to 
be vertically polarized. This allows the radio wave to travel a considerable distance along the ground 
surface with minimum absorption by the Earth. 
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Horizontal polarization cannot be used at 
these frequencies because the electric lines 
run parallel to and touch the Earth. As a 
horizontal wave travels across the surface, it is 
attenuated and is not propagated very far. At 
high frequencies, either horizontal or vertical 
polarization may be used with sky wave 
transmission. This is because the sky wave 
arrives at the receiving antenna elliptically 
polarized. This polarization is a result of the 
wave traveling obliquely through the Earth's 
magnetic field and striking the ionosphere. 
Thus, the transmitting and receiving antennas 
can be either horizontal or vertical. When 
using frequencies in the ultra high frequency 
(UHF) or very high frequency (VHF) range, 
either horizontal or vertical polarization is 
acceptable. But, you must ensure that the 
transmitting and receiving antennas have the 
same polarization. 


e. An advantage of vertical polarization 
is that vertical half-wave and quarter-wave 
antennas can provide omnidirectional 
communications. This helps when 
communicating from a moving vehicle, 
although it radiates equally to both enemy and 
friendly forces. Another advantage, when 
using vertical polarization, is that less 
inference is picked up from strong VHF and Figure 1-4 Vertically signal 
UHF broadcast transmissions (television and FM 
radio). This is because those systems use horizontal polarization. 
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Figure 1-5. Horizontally polarized signal 


f. Horizontally polarized antennas do have certain advantages and are preferred at high 
frequencies. A horizontal antenna is less likely to pick up man-made interference (such as those 
produced by automobile ignition systems and electrical appliances), which is usually vertically 
polarized. A second advantage is that there is less absorption of radiated energy by buildings or wiring 
when a horizontal antenna is used. In addition, a simple horizontal half-wave antenna is bi-directional 
which is useful in minimizing interference from certain directions. Finally, horizontally polarized waves 
suffer lower losses than vertically polarized waves, especially above 100 MHz. Antennas located near 
dense rests should be horizontally polarized. 


g. Directionality is the characteristic of an antenna that allows it to transmit and receive in a 
specific direction. Other stations operating on the same or nearby frequencies may interfere with the 
desired signal and make reception difficult or impossible. Reception of a desired signal can be 
improved by using directional antennas. Horizontal half-wave antennas accept radio signals from all 
directions, with the strongest reception being received in a line perpendicular to the antenna (broadside), 
and the weakest reception being received from the direction of the antenna's ends. Changing the 
antenna's 
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axis so either end points directly toward the interfering source may eliminate or reduce interference. 
Directional transmitting antennas concentrate radiation in a given direction and minimize radiation in 
other directions. A directional antenna may be used to lessen enemy interception and interference with 
friendly stations. 


h. Since antennas are erected over the Earth and not out in free space, except for those on satellites, 
the ground's presence alters the free space radiation patterns of antennas. The ground also affects some 
of the electrical characteristics of an antenna. It has the greatest effect on those antennas that must be 
mounted relatively close to the ground, in terms of wavelength. For example, medium and high 
frequency antennas, elevated above the ground by only a fraction of a wavelength, will have radiation 
patterns that are quite different from the free-space patterns. 


i. Grounded antenna theory. The ground, a good conductor for medium and low frequencies, acts 
as a large mirror for the radiated energy. This results in the ground reflecting a large amount of energy 
that is radiated downward from an antenna mounted over it. Using this characteristic of the ground, an 
antenna only a quarter-wavelength long can be made into the equivalent of a half-wave antenna. A 
quarter-wave antenna erected vertically, with it's lower end connected electrically to the ground, as 
shown in Figure 1-6, behaves like a half-wave antenna. Under these conditions, the ground takes the 
place of the missing quarter-wavelength, and the reflections supply that part of the radiated energy that 
normally would be supplied by the lower half of an ungrounded half-wave antenna. 


j. There are several types of grounds. 


(1) When grounded antennas are used, 
the ground must have as high a conductivity as 
possible. This reduces ground losses and 
provides the best possible reflecting surface for 
the down-going radiated energy from the 
antenna. At low and medium frequencies, the 
ground acts as a sufficiently good conductor. 
Thus, the ground connection must be made in 
such a way as to introduce the least possible 
amount of resistance to ground. At higher 
frequencies, artificial grounds constructed of Figure 1-6. Quarter-wave antenna 
large metal surfaces are common. connected to ground 


(2) The ground connections take many forms, depending on the type of installation and the loss 
that can be tolerated. In many simple field installations, the ground connection is made by driving one 
or more metal rods into the soil. When more satisfactory arrangements cannot be made, ground leads 
can be connected to existing devices that are grounded. Metal structures or underground pipe systems 
are commonly 
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used as ground connections. In an emergency, a ground connection can be made by forcing one or more 
bayonets into the soil. 


(3) When an antenna must be erected over soil with low conductivity, treat the soil with 
substances that are highly conductive, when in solution, to reduce the soil’s resistance. Some of these 
substances, listed in order of preference, are sodium chloride (common salt), calcium chloride, copper 
sulphate (blue vitriol), magnesium sulphate (Epsom salt), and potassium nitrate (saltpeter). The amount 
required depends on the type of soil and its moisture content. Please note that when these substances are 
used, they must not get into nearby drinking water supplies. 


(4) For simple installations, a single ground rod can be fabricated in the field from pipe or 
conduit. A low resistance connection must be made between the ground wire and the ground rod. The 
rod should be cleaned thoroughly by scraping and sandpapering at the point where the connection is to 
be made, and a clean ground clamp should be installed. A ground wire can then be soldered or joined to 
the clamp. This joint should be covered with tape to prevent an increase in resistance due to oxidation. 


k. When an actual ground connection cannot be used because of the high resistance of the soil or 
because a large buried ground system is not practical, a counterpoise can be used to replace the usual 
direct ground connection. 


(1) A counterpoise consists of a device made of wire that is erected a short distance above the 
ground and insulated from it. The counterpoise’s size should be at least equal to or larger than the size 
of the antenna. 


(2) When the antenna is mounted vertically, the counterpoise should be made into a simple 
geometric pattern; perfect symmetry is not required. The counterpoise acts as an artificial ground that 
helps to produce the required radiation pattern. Figure 1-7 shows an RC-292 ground-plane antenna. 
The three antenna elements pointing downward provide the counterpoise for this antenna. 


(3) In some VHF antenna installations on vehicles, the metal roof of the vehicle or shelter is used 


as a counterpoise for the antenna. Small counterpoises of metal mesh are sometimes used with special 
VHE antennas that must be located a considerable distance above the ground. 
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1. Depending on the type of antenna used, 
radio energy radiated by an antenna forms an 
electromagnetic field that has a definite pattern. 
A radiation pattern shows the directional 
characteristics of an antenna. A vertical antenna 
(Figure 1-7) or a whip antenna on a vehicle 
radiates energy equally in all directions 
(omnidirectionally). A horizontal antenna, like 
those used with RATT systems, is bidirectional. 
Unidirectional antennas radiate energy in only 
one direction. These radiation patterns do not 
provide perfectly symmetrical coverage. There 
are distortions in the patterns (back lobes and 
side lobes) which are attributed to the antenna’s 
physical characteristics and nearby obstructions 
or terrain features. Three common radiation 
patterns are shown in Figure 1-8, page 1-10. 
The upper pattern is that of a quarter-wave 
vertical antenna. Note its omnidirectional 
pattern. The center pattern shows a half-wave 
horizontal pattern, located one-half wavelength 
above the ground. RATT rigs use these long- 
wire or doublet antennas. The bottom pattern is 
that of a vertical half-rhombic antenna that 
radiates in one direction. 
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Figure 1-7. RC-292 ground-plane antenna 


m. An antenna’s length is related to the wavelength of the frequency used. An antenna has both a 
physical length and an electrical length, and the two are never the same. Use the following formulas to 
calculate the physical length of a half-wave long-wire antenna. 


Length of a half-wave antenna (in feet) = 468 
frequency (in MHz) 

Length of a half-wave antenna (in meters) = 142.6 
frequency (in MHz) 
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Figure 1-8. Radiation patterns from quarter-wave, 
half-wave, and vertical half-rhombic antennas. 


As an example, a radio operator must design a long-wire (doublet) antenna for use with an AM radio, 
tuned to 12 MHz. Using the formula: 


Length of a half-wave antenna (in feet) = 


The operator must measure the antenna 39 feet in length to operate at a frequency of 12 MHz. The 
AN/GRA-50 antenna group is the most common antenna assembly used to erect a long-wire antenna. 
Figure 1-9 shows the AN/GRA-50’s component parts. A very useful component is the tape measure, 
which is graduated in both feet and meters. An operator lays out the antenna wire and measures the 
required length. The electrical length of an antenna must be compatible with the frequency used. When 
you change the frequency on the radio, the antenna matching unit mounted on the vehicle will 
automatically change the electrical length of the whip antenna. 
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Figure 1-9. AN/GRA-50 antenna group 


5. Summary. In this lesson, you learned about the theory of antennas, including the principles of 
antenna radiation, the characteristics of antennas, and the formulas used in antenna design. 


a. Current flows in the antenna with an amplitude that varies with the generator voltage. 


b. Two fields are established at an antenna (the induction field and the radiation field). The 
radiation field is made up of an electric component and a magnetic component (electromagnetic). 


c. Output from a transmitter is released at the antenna in the form of electromagnetic energy. At 
the receiving antenna, electromagnetic energy is collected and converted into electrical energy, where it 
is fed to the radio receiver. 


d. Antenna reciprocity is the feature that allows an antenna to both transmit and receive radio 
signals. 


e. Antenna gain is the ratio between the amount of energy propagated in certain directions, 
compared to the energy that would be propagated if the antenna were not directional. Antenna gain also 


gives directional antennas greater transmission range than omnidirectional antennas for an equal signal. 


f. The orientation of a radio wave's electric field in relation to the Earth is known as its 
polarization. A radiated wave can be vertically, horizontally, or elliptically polarized. 


g. Directionality is the characteristic of an antenna that allows it to transmit and receive in a 
specific direction. 
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h. The earth (ground) can be used as a conductor for radio frequencies. 


i. A counterpoise is a conductor or system of conductors used as a substitute for a ground in an 
antenna system. 


j. Radiation patterns can be omnidirectional (all directions), bidirectional (two directions), or 
unidirectional (one direction). 


k. To calculate the physical length of a half-wave long-wire antenna, use the following formulas: 


Length of a half-wave antenna (in feet) = 468 
frequency (in MHz) 

Length of a half-wave antenna (in meters) = 142.6 
frequency (in MHz) 
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LESSON 1 


PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only one correct 
answer for each item. When you complete the exercise, check your answers with the answer key that 
follows. If you answer any item incorrectly, study again that part of the lesson which contains the 
portion involved. 


1. 


Which statement describes antenna theory? 


A. A moving electric field creates an electric field 

B. A moving magnetic field creates a magnetic field 

C. An antenna is not a radio system component 

D. Current at any given point on the antenna will vary depending on the voltage 


A current flows in an antenna with that varies with the applied voltage. 


A. A frequency 

B. A wavelength 
C. An amplitude 
D. A polarization 


The amount of energy propagated by an antenna in a certain direction, compared to the energy 
propagated by that antenna if it were not directional, is called what? 


A. Reciprocity 
B. Polarization 
C. Ground effect 
D. Gain 


A quarter-wave antenna erected vertically, with its lower half connected to the ground, operates 
like what? 


A. A directional antenna 
B. A vertical antenna 

C. A horizontal antenna 
D. A half-wave antenna 


Treating soil with salt will enhance what? 


. Its resistance 

Its conductivity 

Its moisture content 
. Its density 


YaAw> 
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A counterpoise does which of the following? 


A 


B. 
C. 
D. 


Which radiation pattern does a whip antenna normally have? 


A 


B. 


C 
D 


Provides an artificial ground that helps to produce the required radiation pattern 
Increases the transmitting range of the antenna 


Increases signal attenuation 
Ensures antenna reciprocity 


. Unidirectional 
Bi-directional 

. Omnidirectional 
. Elliptical 


A signal team must construct a half-wave long-wire antenna for use with its AM radio, operating at 


a frequency of 10 MHz. How long must the antenna be? 


A. 
B. 
CS 
D. 


What is the orientation of a radio wave's electric field in relation to the Earth? 


YaAw> 


4.68 meters 
4.68 feet 
46.8 meters 
46.8 feet 


. Gain 
Reciprocity 
Polarization 

. Directionality 
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LESSON 1 


PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Item Correct Answer and Feedback 


1. D. 


Qe G. 
3 D. 
4. D. 
2) B. 
6 A. 
| C: 
8 D. 
9 oF 
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Current at any given point on the antenna will vary depending on the voltage 
(page 1-2, para 2d) 


An amplitude (page 1-3, para 2e(1)) 
Gain (page 1-4, para 4b) 

A half-wave antenna (page 1-7, para 41) 
Its conductivity (page 1-8, para 4)(3)) 


Provides an artificial ground that helps to produce the required radiation pattern 
(page 1-8, para 4k(2)) 


Omnidirectional (page 1-9, para 41) 

46.8 feet (page 1-9, para 4m) 

Length of a half-wave antenna (in feet) = _ 468 
frequency (in MHz) 


Polarization (page 1-4, para 4c) 
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TACTICAL ANTENNAS 


LESSON 2 


TACTICAL ANTENNAS 


Critical Tasks: 01-5705.07-0003 
01-5879.07.9001 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson, you will learn about the types of tactical antennas and their radiation patterns. In addition, 
you will learn about fabricating field expedient antennas using various repair techniques. 


TERMINAL LEARNING OBJECTIVE: 


ACTION: Explain basic antenna theory. 
CONDITION: Given this lesson. 
STANDARD: To demonstrate competence, you must achieve a minimum of 70 percent on the 


subcourse examination. 


REFERENCES: The material in this lesson was derived from FM 11-32, FM 11-64, FM 24-18, 
FM 24-19, and TC 24-24. 


INTRODUCTION 
Tactical antennas are designed for efficiency and ease-of-use, and are ruggedized to take the abuse they 
receive in the field. Some antennas are easy to use, such as a whip antenna that is used in high mobility 


operations. Others, like directional antennas, require a working knowledge of antenna engineering. All 
antennas either release or capture electromagnetic radiation. 
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1. General. Most practical transmitting antennas are divided into two basic classifications-half-wave 
antennas and quarter-wave antennas. An antenna operates some distance above the ground and may be 
polarized either vertically or horizontally. A quarter-wave antenna operates with one end grounded. 
Quarter-wave antennas are used both below and above 2 MHz. Half-wave antennas are used at the 
higher frequencies (above 2 MHz). 


2. Half-wave antenna. The half-wave antenna operates on the principle that the wavelength to which 
any wire will electrically tune depends upon its physical length. It is center-fed. Its total wire length 
equals a half of the wavelength of the signal to be transmitted. The maximum radiation emanates 
perpendicular from the axis to the half-wave antenna. The half-wave antenna is also known as a 
doublet, a dipole, or a Hertz antenna. It can be erected in a vertical, horizontal, or slanting position 
between trees or with upright supports from a kit. The half-wave antenna is used for voice or RATT 
messages when the tactical situation permit stationary operation. It is used for operating in the 2-to 30- 
MHz frequency range, and it extends the signal range to 300 miles and beyond by using sky wave 
propagation. The half-wave antenna operates at high frequencies when used on an aircraft or vehicle. 
In such cases the aircraft or vehicle chassis becomes the effective ground for the antenna. The 
AN/GRA-50 antenna group that is used in erecting a half-wave system is shown in Figure 2-1. Two 
configurations for the AN/GRA-50 half-wave antenna are shown in Figures 2-2 and 2-3, pages 2-3 and 
2-4. 


Figure 2-1. AN/GRA-50 antenna group 
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Figure 2-2. Half-wave doublet antenna with two upright supports 


3. Whip antenna. The efficient half-wave antenna is not practical for use in mobile operations, 
particularly with vehicular-mounted radio set. The whip is the most common antenna used for both 
manpack and mobile vehicle operations. It is electrically short and vertically positioned. To achieve an 
efficiency comparable to that of a half-wave antenna, the height of the vertical radiator should be a 
quarter wavelength. To attain this, a loaded whip is used. This loading increases the electrical length of 
the vertical radiator to a quarter wavelength. The other quarter wavelength of the antenna is supplied by 
the ground, a counterpoise, or any conducting surface that is large enough. Some common whip antenna 
applications are shown in Figure 2-4, page 2-5. 


a. Whip antennas used with HF tactical radio sets can be as long as 15 feet, such as the whip used 
on a RATT rig. The whip antenna provides an omnidirectional pattern during mobile operations. When 
the RATT rig arrives at its destination, its crew switches to the half-wave antenna. 


b. The whip antenna used with lightweight portable FM radios is 3 ft long for the semi-rigid steel 
tape antenna and 10 ft long for the multisection whip antenna. It is shorter than a quarter wavelength to 
keep it at a practical length. (A quarter wavelength antenna for 5 MHz would be over 46 feet long.) An 
antenna tuning unit, built into the radio set or supplied with it, compensates for the missing antenna 
length. The tuning unit (called a matching unit when mounted on the antenna) varies the electrical 
length of the antenna to accommodate a range of frequencies. 
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c. The whip antennas used with tactical 
radio sets radiate an omnidirectional pattern in 
the horizontal plane. This radiation pattern is 
ideal for tactical operations because the stations 
in a radio net will lie in random directions and 
will frequently change their positions. 


d. When a whip antenna is mounted on a 
vehicle, the metal of the vehicle affects 
antenna's operation. As a result, the direction in 
which the vehicle is facing may affect 
transmission and reception, particularly of 
distant or weak signals. A vehicle with a whip 
antenna mounted on the left rear side transmits 
its strongest signal in a line running from the 
antenna through the right front side of the 
vehicle. Likewise, an antenna mounted on the 
right rear side of the vehicle transmits its 
strongest signal in a direction toward the left 
front side. The best reception is obtained from 
signals traveling in the direction shown by the 
dashed arrows in Figure 2-5, page 2-6. 
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Figure 2-3. Half-wave doublet antenna 
supported by trees 


e. The best direction for transmission can often be determined by driving the vehicle in a small 
circle until the best position is located. Normally, the best reception and transmission are achieved in 


the same direction. 


4. Ground-plane antenna. This antenna is a vertical quarter-wave antenna that is used to increase the 
transmission and reception range of tactical FM radio sets. It uses radial elements (acting as a 
counterpoise) that serve as the ground. The coaxial cable is connected with the inner conductor feeding 
the vertical element, and the braid of the coaxial cable is connected to the radials (the ground-plane) to 
keep them at ground potential. The ground-plane antenna is a broad-tuned type that radiates efficiently 
over a wide range of frequencies. The two tactical ground-plane antennas in wide use throughout the 


US Army are the RC-292 and the OE-254. 
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Figure 2-4. Whip antennas 


a. The RC-292 is a stationary, general-purpose, ground-plane antenna. The vertical radiating 
element and the ground-plane elements must be changed to the proper length for different operating 
frequencies. Its frequency range is between 20 and 76 MHz, and its planning range is about twice that 
of a radio set using a quarter-wave whip antenna. The RC-292 antenna can be erected at various heights 
up to 41 feet, depending on the number of mast sections used. Figure 2-6, page 2-7, shows an erected 
RC-292 antenna. 


b. The OE-254 broadband, omnidirectional VHF antenna system is replacing the RC-292. The OE- 
254 antenna operates in the 30-to 88-MHz frequency range without the need to manually drop and 
change out antenna elements. Its planning range is about 36 miles for average terrain. Like the RC-292, 
the OE-254 can be erected at different heights, depending on the number of mast section used. An 
erected OE-254 is depicted in Figure 2-7, page 2-7. 
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Figure 2-5. Best directivity of whip antenna mounted on vehicle 


5. Directional VHF log-periodic antenna. 


a. This broadband, omnidirectional antenna provides an extended range and directivity for tactical 
radios. It is used to communicate in the 30-to 88-MHz frequency range and does not require any 
mechanical or electrical adjustments. 


b. The log-periodic antenna can operate with either horizontal or vertical polarization. It has the 
capability of changing polarization in less than one minute. 


c. The highly directional radiation pattern of the log-periodic antenna provides very effective 
electronic counter-countermeasures (ECCM) in a hostile electronic warfare (EW) environment. Since 
its radiated energy is focused in one direction, less transmitter power is needed, further enhancing 
ECCM. 


d. This antenna can be erected in a geographical area no greater than 60 feet in diameter by two 
soldiers in 20 minutes. Its mechanical azimuth can be changed within one minute. This antenna can be 
mounted on a quick-erect mast either on a vehicle or a shelter, and transported by manpack or tactical 
vehicle when fitted into two packages (one for the antenna and one for the mast). 
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Figure 2-7. OE-254 ground-plane 
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e. The log-periodic antenna is organic to battalion and higher level units for special applications. It 
is primarily used by forward units in command and intelligence nets to a higher headquarters. Because 
it is a directional antenna, its use is usually restricted to point-to-point communications. 


f. Figure 2-8, page 2-8, illustrates the log-periodic antenna in three configurations. 
6. VHE half-rhombic antenna OE-303. 


a. The half-rhombic antenna is used mostly for special purposes by forward units over extended 
distances on command and control and intelligence nets. The OE-303 antenna is a vertically polarized 
antenna which, when used with the current VHF-FM tactical radios, considerably extends the 
transmission range. It provides some degree of ECCM protection not offered by the current VHF-FM 
omnidirectional antenna. When properly employed, the half-rhombic antenna decreases VHF-FM radio 
susceptibility to hostile EW operations and enhances the communications ranges of the deployed radio 
set. This effect is realized by directing the maximum signal strength in the direction of the desired 
friendly unit. 


SS0131 2-7 


HORIZONTAL DIPOLE LOG-PERIODIC ANTENNA 


Figure 2-8. Log-periodic antenna 


b. This high-gain, lightweight, directional antenna is capable of operating in the 30-to 88-MHz 
frequency range without having to be physically tuned by the operator. Its highly directional pattern 
makes it especially suited in providing point-to-point communications. It is oriented in the direction of 
the desired transmission by using a compass and the appropriate map sheet. 


c. The OE-303 antenna is rugged enough to withstand moving (erection and teardown) every four 
to six hours. It can operate in harsh climatic conditions. It can be erected by two soldiers in 20 minutes 
or less in a geographical area 175 ft in diameter or less, depending on the frequency used. This antenna 
can be mounted on any structure about 50 feet in height, and is capable of azimuth directional change 
within one minute. Mast assembly AB-1244 is the primary antenna support structure used with the half- 
rhombic VHF antenna. Using its mast assembly, this antenna is 30 feet high. 


d. The antenna and all the ancillary equipment (guys, stakes, tools, mast sections) are contained in 
two carrying bags for manpack or vehicular transportation. Figure 2-9 depicts the half-rhombic antenna. 
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Figure 2-9. Half-rhombic VHF antenna 


7. Near vertical incidence sky wave (NVIS). NVIS antenna AS-2259/GR is a lightweight sloping 
dipole, omnidirectional antenna used with AM radios (AN/GRC-106) and improved high frequency 
radios (IHFR)(AN/PRC-104A and AN/GRC-213/193A) that operate in the HF range of 2 to 30 MHz. 
Like the doublet antenna, the NVIS is used when the tactical situation allows stationary operations. The 
NVIS extends radio range up to 300 miles by using sky wave propagation. Polarized horizontally and 
vertically at the same time, it can be erected by two soldiers in about five minuets. Figure 2-10, page 2- 
10, shows an operator using an NVIS antenna wit an AN/PRC-104A portable radio. 


8. Combat net radio (CNR). CNR is designed around three separate radio systems--IHFR, Single- 
Channel Ground and Airborne Radio System (SINCGARS), and single-channel tactical satellite 
(TACSAT) radios. 


a. The ITHFR is replacing the older HF manpack (AN/PRC-70/74) and vehicular (AN/GRC-106) 
radios. User-owned and operated, it employs both ground and sky wave propagation for short and 
medium-range communications to pass voice and data signals. The IHFR uses the manpacked whip 
antenna, the vehicle-mounted whip antenna, the AN/GRA-50 doublet antenna, and the AS-2259 NVIS 
antenna. 
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Figure 2-10. NVIS antenna 


(1) The AT-271A/PRC, 
one type of collapsible whip 
antenna for manpack operation, is 
depicted in Figure 2-11. This 
antenna is easily assembled and 
broken down. The cord running 
through the sections provides the i 
tension needed to keep them 
together. 


Figure 2-11. Collapsible whip antenna AT- 
(2) The AS-3683/PRC, another 271 A/PRCC with antenna base 
whip antenna used with the AN/PRC- 
104A and the SINCGARS radios, is shown in Figure 2-12. This is a very flexible antenna especially 
suited for use in thick brush or jungle. Its flexible goose-neck antenna base allows the operator to orient 
it to obtain optimum reception. However, using the goose neck antenna base is optional. 
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Figure 2-12. Flexible whip Figure 2-13. Vehicle-mounted 
antenna AS-3683/PRC whip antenna 


(3) A whip antenna used with the AN/GRC-213 in a vehicle-mounted configuration is shown in 
Fig 2-13. When installed with the vehicle installation kit, this antenna is the most convenient to use 
because it allows communications while the vehicle is moving and it has a omnidirectional (360°) 
radiation pattern. It also requires no support except for the vehicle mount. A disadvantage is that its 
propagation range is shorter than either the doublet or NVIS antennas. 


b. SINCGARS operates in the VHF range. 
(1) SINCGARS uses broadband antennas that do not have to be changed when frequencies are 
changed, such as the OE-254 ground-plane and the AS-3900 and AS-3684 vehicular whip antennas. 


The output frequency can change in a wide range between hops due to the frequency hopping nature of 
SINCGARS. The narrow band RC-292 ground-plane antenna cannot be used. 


2-11 SS0131 


(2) Like the THFR, SINCGARS uses the manpack whip antenna (AS-3683/PRC) for 
communicating in heavy vegetation or when the transmitting range is deliberately limited. It also 
operates using the AS-3684/VRC whip antenna, a 10-foot long antenna that consists of two antenna 
elements and a matching unit base (Figure 2-14). The base spring allows the antenna to bend when it 
strikes an obstruction 


c. TACSAT operates in the UHF range. 
The AN/PSC-3 and AN/VSC-7 communications 
systems are lightweight, highly compact, and 
deployable in quick-reaction situations where 
extended communication range is essential to 
mission effectiveness. They can operate on-the- 
move/line-of-sight (LOS) at 2 watts or in the at- 
halt/satellite mode at 35 watts. They can 
transmit or receive in voice or data formats in 
both modes. Figure 2-15 shows the AN/PSC-3 
radio set. This medium gain, collapsible 
parabolic antenna can be set up in minutes and 
is highly reliable. The AN/VSC-7 TACSAT 
radio set (Figure 2-16) used as a net control 
station and is mounted in a tactical truck or an 
S-280 communications shelter. It can serve up 
to 15 AN/PSC-3 terminals in a communications 
net with the selection of conference or 
individual __call-codes. Its low-gain 
omnidirectional whip antenna provides LOS. 
The AN/VSC-7’s high-gain antenna enhances 
transmission and reception. 


9. UHF antennas. These highly directional 

antennas are used with mobile subscriber 

equipment (MSE) and the older multichannel 

systems. They concentrate radiation in a given 

direction and minimize radiation in other 

directions. Their high directivity also aids in 

obtaining a slight degree of transmission 

security, making enemy direction finding more Figure 2-14. AS-3684/VRC 
difficult, and reducing noise and interference. vehicular antenna 


a. The corner-reflector (flyswatter) antenna consists of an adjustable reflector and an antenna 
element. It is used in multichannel systems with radios that operate in the 200-to 1000-MHz range. 
Highly directional, its reflector angle can be adjusted to operate on any frequency within its range. This 
antenna is usually used with radio sets that have RF duplexing capabilities. The RF duplexer permits the 
radio set to transmit and receive, using one coaxial cable between the antenna and the radio set. The 
cormer-reflector is shown is both vertical and horizontal polarization positions in Figure 2-17, page 2-14. 
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b. The horn-type antenna is a directional 
antenna with a modified dipole element 
mounted in a ridge-loaded horn. The horn-type 
antenna used in multichannel systems are 
pyramidal (rectangular and flared in both 
planes). The horn is designed to get the flare, 
length, and aperture that will give the best 
performance throughout the horn's entire 
frequency range. This combination of flare, 
length, and aperture emits a narrow beam of 
high-intensity RF energy in the forward 
direction. Horn antennas can be vertically or 
horizontally polarized, and can be mounted in 
pairs on the same mast or singularly on separate 
masts. When used with a radio set having an 
RF duplex, a single horn can be used to transmit 
and receive radio signals. Horn-type antennas 
are used with some radio sets that operate on 
frequencies from 601.5 to 1849.5 MHz. The 
horn antenna is broadband and no adjustments 
are made when changing frequencies. Elevation 
or depression angles may be made at the 
antenna's rear, as needed. A rear view of a pair 
of horn-type antennas mounted in a vertical 
polarization is shown in Figure 2-18, page 2-14. 


Figure 2-15. AN/PSC-3 TACSAT radio set 


Figure 2-16. AN/VSC-7 TACSAT 
radio set 
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Figure 2-18. Typical horn-type antenna 
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c. The parabolic reflector antenna consists of a saucer-like reflecting surface (parabola) and a 
dipole (feed device) placed at its focal point. There are numerous types of reflector antennas used, 
depending on the frequency. The MSE LOS radios use parabolic reflector antennas mounted on 15- 
meter masts. Figure 2-19 shows two examples of parabolic antennas. 


Figure 2-19. Parabolic reflector antennas 


10. Field repair and expedients. Antennas are sometimes broken or damaged, resulting in failed or poor 
communications. In the days before cable television, viewers at home received a TV signal through an 
antenna, either strapped to the chimney or sitting on top of the set. If the antenna was missing or 
broken, an expedient loop antenna could be fashioned from a simple coat hanger. Reception was not the 
best, but it was tolerable. Remember, as a signal officer, your job is to get the message through. 
Knowing how to do a field expedient repair job may come in handy some day. The following antenna 
repair techniques have been proven to work. 


a. Metallic whip antennas. 


(1) Should a whip antenna break into two sections, you can lash the two sections together to 
provide a good mechanical connection. To ensure essential electrical 
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conductivity, scrape the paint off of each 
section's end and tie them together with stripped 
field wire (WD-1). Solder the connection if you 
have the time and equipment. Place a stick, 
pole, or branch on each side of the break and 
wrap the splint tightly with field wire, rope, or 
tape, as shown in Figure 2-20. 


(2) If you lose your antenna and are left 
with just a stub, you can use another repair 
method to get back on the air. If the missing 
section is about 6 feet long, just find a pole the 
same length and lash it to the stub. Scrape off 
the paint from the top 2 inches of the whip's 
stub and wrap about 12 inches of bare wire 
around the stub's scraped portion. Wrap it tight 
and tape it securely. Attach a length of WD-1 
along the pole's length with tape. The total 
length of the upright WD-1 and antenna stub 
should be the same length as the length of the 
original antenna. This antenna will not take 
much abuse, but it will send and receive signals. 
Figure 2-21 illustrates this technique. 


b. Vertical antennas transmit and receive 
omnidirectionally. Most tactical antennas used 
for vehicular and manpack radios are vertical. 
A vertical antenna can be improvised by using a 
metal pipe or rod of the correct length, held 
erect by guy lines. The antenna’s lower end is 
insulated from ground by placing it on 
insulating material. Figure 2-22 shows vertical 
antennas made of wire and supported by a tree 
and a wooden pole. If the vertical mast is not 
long enough to support the wire upright, the 
connection can be modified at the antenna’s top, 
as shown in Figure 2-23. 
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Figure 2-20. Spliced metallic whip antenna 


Figure 2-21. Spliced metallic whip antenna 
using WD-1 as part of the antenna 
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Figure 2-22. Field substitutes for support of 
vertical wire antennas 


Figure 2-23. Additional means of supporting vertical 
wire antennas 
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c. The electrical length of an end-fed, half-wave antenna is measured from the antenna terminal on the 
radio set to the antenna's far end. For optimum performance, the antenna should be constructed longer 
than necessary, and shortened as required until the best results are achieved. The ground terminal of the 
radio set should be connected to a good Earth ground for this antenna to operate efficiently. This 
antenna is depicted in Figure 2-24. 


Figure 2-24. End-fed half-wave antenna 


d. The center-fed doublet antenna is a half-wave antenna consisting of two quarter-wavelength 
sections on each side of the center (Figure 2-25). Doublet antennas are directional broadside to their 
length; this makes the vertical doublet antenna essentially omnidirectional. The horizontal doublet 
antenna is bidirectional. A center-fed half-wave FM antenna can be supported by a wooden frame, 
shown in Figure 2-26. View A shows a horizontal antenna, and view B shows a vertical antenna. These 
antennas can be rotated to any position to obtain the best performance. If the antenna is erected 
vertically, the transmission line should be brought out horizontally from the antenna for a distance equal 
to at least one-half of the antenna’s length before it is dropped down to the radio set. 


e. Two field-expedient directional antennas are the vertical half-rhombic antenna (Figure 2-27, 
page 2-20) and the long-wire antenna (Figure 2-28, page 2-20). These antennas consist of a single wire, 
preferably two or more wavelengths long, supported on poles at a height of 3 to 7 meters (10 to 20 feet) 
above the ground. If needed, the antennas will operate satisfactorily as low as | meter (about 3 feet) 
above the ground. The wire's far end is connected to ground through a noninductive 500-to 600-ohm 
resistor. To ensure that the transmitter's output power will not burn out the resistor, a resistor rated at 
least one-half of the transmitter's wattage output should be used. A reasonably good ground, such as a 
number of ground rods or a counterpoise, should be used at both ends of the antenna. The radiation 
pattern is directional. These antennas are used primarily for transmitting or receiving HF signals. 
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Figure 2-26. Center-fed half-wave antenna 
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Figure 2-28. Long-wire antenna 
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f. The V antenna 


(1) This antenna consists of two wires 
forming a V, with the open area of the V 
pointing toward the desired direction of 
transmission or reception (Figure 2-29). An 
easier way of constructing this antenna is to 
slope the legs downward from the apex of the 
V; this is called a sloping-V antenna (Figure 2- 
30). 


(2) The angle between the legs varies 
with the length of the legs in order to achieve 
minimum performance. Table 2-1, page 2-22, 
can be used to determine the angle and the 
length of the legs. 


(3) When this antenna is used with more 
than one frequency or wavelength, an apex 
angle is used that is midway between the 
extreme angles determined by the chart. 


(4) To make the V antenna radiate in 
only one direction, noninductive terminating 
resistors are added from the end of each leg (not 
at the apex) to ground. The resistors should be 
approximately 500 ohms and have a power 
rating at least half that of the output power of 
the transmitter being used. The antenna will 
radiate bidirectionally, both front and back 
without the resistors. 
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Figure 2-30. Sloping-V antenna 
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Table 2-1. Leg angle for V antennas 


11. Safety. Soldiers are still occasionally killed or seriously injured a result of antenna accident, in spite 
of repeated safety warnings tough briefings, publications, and messages. As a signal officer, you should 
develop a keen sense of field safety, especially as it relates to signal operations. If you know an antenna 
is too close to a power line, insist that it be dropped and moved. Safety tips and warnings that are found 
in many signal-related publications are shown in Figures 2-31 and 2-32, pages 2-24 and 2-25, 
respectively. Study these safety tips and warnings and think back to experiences you have had during 
previous operations. Have you violated any of these warnings? If the answer is no, you are to be 
commended for your good approach to safety. If the answer is yes, then resolve to heed the warnings 
henceforth. 


12. Summary. In this lesson, you learned about the types of tactical antennas, their radiation patterns, 
and how to fabricate field-expedient antennas using various repair techniques. 


a. The half-wave antenna is also called a doublet, a dipole, or a Hertz antenna. It is center-fed. Its 
total wire length is one half of the wavelength of the signal to be transmitted. 


b. The whip antenna provides an omnidirectional radiation pattern. It is a quarter-wave antenna 
used for manpack and vehicular operations. 


c. The ground-plane antenna is a vertical quarter-wave antenna that increases the range of tactical 
FM radio sets. Its radial elements provide a counterpoise that simulates a ground. The older RC-292 
has radial elements that must be changed accordingly with frequency changes. The OE-254 does not 
require any changes in elements when frequencies change. 


d. The log-periodic antenna is very directional and is usually used in _ point-to-point 
communications. 
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e. The half-rhombic antenna OE-303 provides an extended range and affords some ECCM 
protection (not omnidirectional). 


f. The NVIS is a sloping dipole that gives an omnidirectional pattern for AM radios. It can extend 
the range up to 300 miles. 


g. The two CNR antennas are the AT-271A/PRC, a collapsible whip for manpack operations, and 
the AS-3683/PRC, a flexible antenna used in areas of heavy vegetation. 


h. The three SINCGARS antennas are the OE-254, the AS-3684/VRC (vehicular mounted), and the 
AS-3683/PRC. 


i. The two TACSAT antennas are the collapsible parabolic reflector for the AN/PSC-3 and the 
omnidirectional whip antenna for the AN/VSC-7. 


j. There are several UHF antennas. 


(1) The corner-reflector (flyswatter) antenna is highly directional and is used with multichannel 
systems. 


(2) The horn-type antenna is another antenna used in multichannel systems. The flared design 
serves to direct the RF energy in a highly directional pattern. 


(3) The parabolic reflector antenna has a reflecting surface and a dipole at its center. The 
reflector is used to capture or release signals. 


k. There are several field expedient antennas. 


(1) Metallic whip. Broken whips can be lashed together using WD-1, rope, and tape. If part of 
the antennas is missing, field wire can be used as the radiating element. 


(2) Directional antennas. The vertical half-rhombic and the long-wire antennas are used for 
transmitting and receiving HF signals. 


(3) V antenna. It is made of two wires forming a V with the open end pointing toward the 
direction of transmission. Using a resistor changes the V antenna from bidirectional to unidirectional. 
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Never erect long-range antennas directiy under power lines. 


ff you must erect long-range antennas near power lines, power line poles or towers, or buildings with 
overhead power iine connections, never put the antenna closer than two times the antenna height 
from the base of the power line, pole, tower, or buildings ee feet away is a good safe round 
number to remember). 


Never attempt to erect any long-range antenna without a ful! team. 


Before erecting a long-range antenna, inspect all the parts making up the antenna kit. Do not erect 
the antenna if any parts are missing or damaged. 


Do as much of the assembly work as possibie on the ground. 


When erecting an antenna, allow only team personnel in the erection area. 


Make sure that the area for the anchors is firm. If the ground is marshy or sandy, get specific 
instructions from your crew chief or supervisor on how to reinforce the anchors. 


When selecting iocations for anchors, avoid traveled areas and roads. ff you cannot avoid these 
areas, get specific instructions from your supervisor as to what clearance your guy wires and ropes - 
must have over the traveled areas and road. 


Cleariy mark ali guy wires and ropes with the warning fiags or signs supplied by your unit. in an 
emergency, use strips of white cloth as warning streamers. 


if you suspect that power lines have made accidental contact with your antenna, stop operating, 
rope off the antenna area, and notify your superiors. 


If the weather in your area can cause ice to form on your long-range antenna and its guy wires and 
ropes, add extra guys to support the system. Rope off the area and post it with waming signs like 
"Beware of Falling Ice." 


Do not try to erect an antenna during an electrical storm. 


Keep a sharp eye on your anchors and guys. Check them daily and immediately before and after 
bad weather. 


Figure 2-31. Safety tips 
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Serious injury or even death can happen if the following are not carefully observed 
when installing and using the antennas used with your radio sets. 


Are there any power lines in your area of operation? 


Before any mission, find out— How high are these power lines? 
How tall are the poles or towers Carrying power lines? 


MOBILE OPERATION WITH WHIP ANTENNAS 
Do not stop your vehicle under power lines. 


° If possible, try to maintain mobile communications with your antenna(s) tied 
down. 


Make sure an antenna tip cap is securely taped on the end of each whip 
antenna. 


Do not lean against or touch a whip antenna while the transmitter is on. 


During cross-country operation, do not allow anyone to stick an arm, leg, or 
weapon over the sides of the vehicle. if your antenna accidentally touches a 
power line and a jeg, arm, or weapon contacts a damp bush or the ground, a 
serious or fatal accident can happen. 


Hf you are not sure that an antenna on your vehicle will clear a power line, 
stop before you get close to the power line and either carefully tie down the 
antenna or remove antenna sections to make sure that you can safely drive 
under the power line. 


Figure 2-32. Safety warning 
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LESSON 2 


PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only one correct 
answer for each item. When you complete the exercise, check your answer with the answer key that 
follows. If you answer any item incorrectly, study again that part of the lesson which contains the 
portion involved. 


1. 


Which statement describes the half-wave antenna? 


A. It is used at lower frequencies 

B. It cannot be used on a vehicle 

C. Unlike the quarter-wave antenna, it is not center fed 

D. It can extend the signal range to 300 miles and beyond using sky wave propagation 


What should be the height of the vertical radiator of a whip antenna? 


A. A quarter wavelength 
B. A half wavelength 
C. A full wavelength 
D. Two wavelengths 


The RC-292 and OE-254 are what type of antennas? 


A. Directional VHF 

B. Bidirectional VHF 
C. Omnidirectional FM 
D. Omnidirectional AM 


Which statement describes the unidirectional log-periodic antenna? 


A. It operates in the 30- to 90-MHz frequency range 

B. Its radiation pattern provides very effective electronic countermeasures 
C. It provides an extended range for tactical radios 

D. Its radiated energy is not focused in one direction 


The NVIS antenna uses what type of polarization? 


A. Vertical only 

B. Elliptical and horizontal 
C. Elliptical and vertical 
D. Horizontal and vertical 
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10. 


Which characteristic describes the antenna matching unit? 


A. Changes the modulation from AM to FM 

B. Matches the frequency to the radiation pattern 

C. Varies the electrical length of the antenna to accommodate a range of frequencies 

D. Varies the electrical length of the antenna to accommodate a change in radiation pattern 


Which statement describes antenna use by SINCGARS? 


A. The RC-292 can extend the range of the SINCGARS systems up to 36 miles 
B. SINCGARS uses broadband antennas 

C. SINCGARS cannot use the AS-3683/PRC antenna 

D. SINCGARS antennas have to be changed with changing frequencies 


The AN/PSC-3 TACSAT system can transmit up to how many watts in the at-halt mode? 


A. 2 
B. 3 
C. 20 
1,35 


Which statement describes the horn-type antenna? 


A. It must be adjusted each time the frequencies are changed 
B. It is a directional antenna 

C. It can only be horizontally polarized 

D. Elevation angles may be made at its front, as needed 


Which statement describes antenna use? 
A. A vertical half-rhombic antenna does not have a directional radiation pattern 
B. A long-wire antenna has a directional radiation pattern 


C. A vertical half-rhombic antenna can operate as low as 2 feet above the ground 
D. A long-wire antenna is used primarily for transmitting EHF signals 
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LESSON 2 


PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Item Correct Answer and Feedback 


iF D. 


o A 
3: Cc 
4 Cc 
5 D 
6. Cc 
il B 
8 D 
9 B 
10. B. 
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It can extend the signal range to 300 miles and beyond using sky wave 
propagation (page 2-2, para 2) 


. A quarter wavelength (page 2-3, para 3) 

. Omnidirectional FM (page 2-4, para 4) 

. It provides an extended range for tactical radios (page 2-6, para 5a) 
. Horizontal and vertical (page 2-7, para 6) 


. Varies the electrical length of the antenna to accommodate a range of 


frequencies (page 2-3, para 3b) 


. SINCGARS uses broadband antennas (page 2-11, para 8b(1)) 
. 35 (page 2-12, para 8c) 


. It is a directional antenna (page 2-13, para 9b) 


A long-wire antenna has a directional radiation pattern (page 2-18, para 10e) 
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Chapter 1 


Wave Propagation 


The methods used to propagate (transmit) waves through space are based 
on the same physical principles today as they were 70 years ago. In this 
chapter, we discuss propagation theory on an introductory level, without 
going into the technical details that concern the engineer. Understanding 
wave propagation requires you to use your imagination to visualize the 
associated concepts and how they are used in practical application. To 
help you in this process, this chapter includes many illustrations and 
step-by-step descriptions that guide you from simple concepts to more 
complex ideas. This chapter covers the fundamentals of wave propagation 
and the physical factors that affect propagation. Many of the principles 
discussed are observable in common, everyday occurrences with which 
you are already familiar. 


LEARNING OBJECTIVES 


1-1. Learning objectives are included at the beginning of each chapter and 
serve as a preview of the information you are expected to learn. 
Comprehensive check questions are included at the end of the chapters and 
are based on the learning objectives. Upon completing this chapter, you 


should be able to do the following: 


e State what wave motion is; define the terms reflection, refraction, 


and diffraction; and describe the Doppler effect. 


e State what sound waves are and define a propagating medium. 


e List and define terms as applied to sound waves, such as cycle, 


frequency, wavelength, and velocity. 
e List the three requirements for sound. 


e Define pitch, intensity, loudness, and quality and their application to 


sound waves. 


e State the acoustical effects that echoes, reverberation, resonance, and 


noise have on sound waves. 
e Define light waves and list their characteristics. 


e List the various colors of light and define the terms reflection, 


refraction, diffusion, and absorption as applied to light waves. 
e State the difference between sound waves and light waves. 


e State the electromagnetic wave theory and list the components of the 


electromagnetic wave. 
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WHAT IS PROPAGATION? 


1-2. Early man was quick to recognize the need to communicate beyond the 
range of the human voice. To satisfy this need, he developed alternate 
methods of communication, such as hand gestures, beating on a hollow log, 
and smoke signals. Although these methods were effective, they were still 
greatly limited in range. Eventually, the range limitations were overcome by 
the development of courier and postal systems; but there was then a problem 
of speed. For centuries the time required to deliver a message depended on 
the speed of a horse. 


1-3. During the latter part of the nineteenth century, both distance and 
time limitations were largely overcome. The invention of the telegraph made 
possible instantaneous communication over long wires. Then a short time 
later, man discovered how to transmit messages in the form of radio waves. 


1-4. As you will learn in this chapter, radio waves are propagated. 
Propagation means “movement through a medium.” Light rays most easily 
illustrate this concept. When a light is turned on in a darkened room, light 
rays travel from the light bulb throughout the room. When a flashlight is 
turned on, light rays also radiate from its bulb, but are focused into a narrow 
beam. You can use these examples to picture how radio waves propagate. 
Like the light in the room, radio waves may spread out in all directions. They 
can also be focused (concentrated) like the flashlight, depending upon the 
need. Radio waves are a form of radiant energy, similar to light and heat. 
Although they can neither be seen nor felt, their presence can be detected 
through the use of sensitive measuring devices. The speed at which both 
forms of waves travel is the same; they both travel at the speed of light. 


1-5. You may wonder why you can see light but not radio waves, which 
consist of the same form of energy as light. The reason is that you can see 
only what your eyes can detect. Your eyes can detect radiant energy only 
within a fixed range of frequencies. Because the frequencies of radio waves 
are below the frequencies your eyes can detect, you cannot see radio waves. 


PRINCIPLES OF WAVE MOTION 


1-6. All things on the land, or in the water are showered continually with 
waves of energy. Some of these waves stimulate our senses and can be seen, 
felt, or heard. For instance, we can see light, hear sound, and feel heat. 
However, there are some waves that do not stimulate our senses. For 
example, radio waves, such as those received by our portable radio or 
television sets, cannot be seen, heard, or felt. A device must be used to 
convert radio waves into light (TV pictures) and sound (audio) for us to sense 
them. 


1-7. A wave can be defined as a disturbance (e.g., sound, light, radio waves) 
that moves through a medium (e.g., air, water, vacuum). To help you 
understand what is meant by “a disturbance that moves through a medium,” 
picture the following illustration. You are standing in the middle of a wheat 
field. As the wind blows across the field toward you, you can see the wheat 
stalks bending and rising as the force of the wind moves into and across 
them. The wheat appears to be moving toward you, but it isn’t. Instead, the 
stalks are actually moving back and forth. We can then say that the 
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“medium” in this illustration is the wheat and the “disturbance” is the wind 
moving the stalks of wheat. 


1-8. Wave motion can be defined as a recurring disturbance advancing 
through space with or without the use of a physical medium. Wave motion, 
therefore, is a means of moving or transferring energy from one point to 
another point. For example, when sound waves strike a microphone, sound 
energy is converted into electrical energy. When light waves strike a 
phototransistor or radio waves strike an antenna, they are likewise converted 
into electrical energy. Therefore, sound, light, and radio waves are all forms 
of energy that are moved by wave motion. We discuss sound waves, light 
waves, and radio waves later in this chapter. 


WAVE MOTION IN WATER 


1-9. A type of wave motion familiar to almost everyone is the movement of 
waves in water. We explain these waves first to help you understand wave 
motion and the terms used to describe it. 


1-10. Basic wave motion can be shown by dropping a stone into a pool of 
water (see figure 1-1). As the stone enters the water, a surface disturbance is 
created, resulting in an expanding series of circular waves. 
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Figure 1-1. Formation of Waves in Water 


1-11. Figure 1-2 is a diagram of this action. View A shows the falling stone 
just an instant before it strikes the water. View B shows the action taking 
place at the instant the stone strikes the surface, pushing the water that is 
around it upward and outward. In view C, the stone has sunk deeper into the 
water, which has closed violently over it causing some spray, while the 
leading wave has moved outward. An instant later, the stone has sunk out of 
sight, leaving the water disturbed as shown in view D. Here the leading wave 
has continued to move outward and is followed by a series of waves gradually 
diminishing in amplitude. Meanwhile, the disturbance at the original point of 
contact has gradually subsided. 


1-12. In this example, the water is not actually being moved outward by the 
motion of the waves, but up and down as the waves move outward. The up 
and down motion is transverse, or at right angles, to the outward motion of 
the waves. This type of wave motion is called transverse wave motion. 
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Figure 1-2. How a Falling Stone Creates Wave Motion on Water’s Surface 


TRANSVERSE WAVES 


1-13. To explain transverse waves, we again use our example of water waves. 
Figure 1-3 is a cross-section diagram of waves viewed from the side. Notice 
that the waves are a succession of crests and troughs. The wavelength (one 
360-degree cycle) is the distance from the crest of one wave to the crest of the 
next, or between any two similar points on adjacent waves. The amplitude of 
a transverse wave is half the distance measured vertically from the crest to 
the trough. Water waves are known as transverse waves because the motion 
of the water is up and down, or at right angles to the direction in which the 
waves are traveling. You can see this by observing a cork bobbing up and 
down on water as the waves pass by; the cork moves very little in a sideways 
direction. 
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Figure 1-3. Elements of a Wave 
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1-14. In figure 1-4, the small arrows show the up-and-down direction the cork 
moves as the transverse wave is set in motion. The large arrow shows the 
direction the wave travels. Radio waves, light waves, and heat waves are 
examples of transverse waves. 
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Figure 1-4. Transverse Wave 


LONGITUDINAL WAVES 


1-15. In the previous discussion, we listed radio waves, light waves, and heat 
waves as examples of transverse waves, but we did not mention sound waves. 
Why? Simply because sound waves are longitudinal waves. Unlike transverse 
waves, which travel at right angles to the direction of propagation, sound 
waves travel back and forth in the same direction as the wave motion. 
Therefore, longitudinal waves are waves in which the disturbance takes place 
in the direction of propagation. Longitudinal waves are sometimes called 
compression waves. 


1-16. Waves that make up sound, such as those set up in the air by a 
vibrating tuning fork, are longitudinal waves. When struck, the tuning fork 
in figure 1-5 sets up vibrations. As the tine moves in an outward direction, 
the air immediately in front of it is compressed (made more dense) so that its 
momentary pressure is raised above that at other points in the surrounding 
medium (air). Because air is elastic, the disturbance is transmitted in an 
outward direction as a compression wave. When the tine returns and moves 
in the inward direction, the air in front of the tine is rarefied (made less 
dense or expanded) so that its pressure is lowered below that of the other 
points in the surrounding air. The rarefied wave is propagated from the 
tuning fork and follows the compressed wave through the medium (air). 
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Figure 1-5. Sound Propagation by a Tuning Fork 
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MEDIUM 


1-17. We have used the term medium in describing the motion of waves. 
Because medium is a term that is used frequently in discussing propagation, 
it needs to be defined so you will understand what a medium is and its 
application to propagation. 


1-18. A medium is the vehicle through which the wave travels from one point 
to the next. The vehicle that carries a wave can be just about anything. An 
example of a medium, already mentioned, is air. Air, as defined by the 
dictionary, is the mixture of invisible, odorless, tasteless gases that 
surrounds the earth (the atmosphere). Air is made up of molecules of various 
gases (and impurities). We will call these molecules of air particles of air or 
simply particles. Figure 1-6 can help you to understand how waves travel 
through air. The object producing the waves is called the source—a bell in 
this illustration. The object responding to the waves is called a detector or 
receiver; in this case, the human ear. The medium is air, which is the means 
of conveying the waves from the source to the detector. The source, detector, 
and medium are all necessary for wave motion and wave propagation (except 
for electromagnetic waves, which require no medium). The waves shown in 
figure 1-6 are sound waves. As the bell is rung, the particles of air around the 
bell are compressed and then expanded. This compression and expansion of 
particles of air set up a wave motion in the air. As the waves are produced, 
they carry energy from particle to particle through the medium (air) to the 
detector (ear). 
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Figure 1-6. The Three Elements of Sound 


TERMS USED IN WAVE MOTION 
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1-19. There are a number of special terms concerning waves that you should 
know. Many of the terms, such as cycle, wavelength, amplitude, and frequency, 
were introduced in TC 9-60. We now discuss these terms in detail as they 
pertain to wave propagation. Before we begin our discussion, however, note 
that in figure 1-7, wave 1 and wave 2 have equal frequency and wavelength but 
different amplitudes. The reference line (also known as rest position or point of 
zero displacement) is the position that a particle of matter would have if it were 
not disturbed by wave motion. For example, in the case of the water wave, the 
reference line is the level of the water when no wave motion is present. With this 
in mind, let us go on to our discussion of the four terms, as shown in figure 1-7. 
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Figure 1-7. Comparison of Waves with Different Amplitudes 


1-20. Refer to wave 1 in figure 1-7. Notice how similar it is to the sine wave 
you have already studied. All transverse waves appear as sine waves when 
viewed from the side. In figure 1-7, wave 1 has four complete wave cycles. 
Points ABCDE comprise one complete cycle having a maximum value above 
and a maximum value below the reference line. The portion above the 
reference line (between points A and C) is called a positive alternation and 
the portion below the reference line (between points C and E) is known as a 
negative alternation. The combination of one complete positive and one 
complete negative alternation represents one cycle of the wave. At point E, 
the wave begins to repeat itself with a second cycle completed at point I, a 
third at point M, and so forth. The peak of the positive alternation (maximum 
value above the line) is sometimes referred to as the top or crest, and the 
peak of the negative alternation (maximum value below the line) is 
sometimes called the bottom or trough, as depicted in the figure. Therefore, 
one cycle has one crest and one trough. 


1-21. A wavelength is the distance in space occupied by one cycle of a radio 
wave at any given instant. If the wave could be frozen in place and measured, 
the wavelength would be the distance from the leading edge of one cycle to 
the corresponding point on the next cycle. Wavelengths vary from a few 
hundredths of an inch at extremely high frequencies to many miles at 
extremely low frequencies; however, common practice is to express 
wavelengths in meters. In figure 1-7 (wave 1), the distance between A and E, 
or B and F, etc., is one wavelength. The Greek letter lambda (A) is used to 
signify wavelength. Why lambda and not “l” or “L’”? This is because “L” is 
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Amplitude 


used conventionally as the symbol for inductance, and “l” is used for 
dimensional length; therefore, A is used to indicate the length of waves. 


1-22. Two waves may have the same wavelength, but the crest of one may 
rise higher above the reference line than the crest of the other. Compare 
wave 1 and wave 2 of figure 1-7 again. The height of a wave crest above the 
reference line is called the amplitude of the wave. The amplitude of a wave 
gives a relative indication of the amount of energy the wave transmits. A 
continuous series of waves, such as A through Q, having the same amplitude 
and wavelength, is called a train of waves or wave train. 


Frequency and Time 


1-23. Time is an important factor in wave studies. When a wave train passes 
through a medium, a certain number of individual waves pass a given point 
in a specific unit of time. For example, if a cork on a water wave rises and 
falls once every second, the wave makes one complete up-and-down vibration 
every second. The number of vibrations, or cycles, of a wave train in a unit of 
time is called the frequency of the wave train and is measured in hertz. If 5 
waves pass a point in one second, the frequency of the wave train is 5 cycles 
per second. In figure 1-7, the frequency of both wave 1 and wave 2 is four 
cycles per second (abbreviated as cps). 


1-24. In 1967, in honor of the German physicist Heinrich Hertz, the term 
hertz was designated for use in lieu of the term “cycle per second” when 
referring to the frequency of radio waves. It may seem confusing that in one 
place the term “cycle” is used to designate the positive and negative 
alternations of a wave, but in another instance the term “hertz” is used to 
designate what appears to be the same thing. The key is the time factor. The 
term cycle refers to any sequence of events, such as the positive and negative 
alternations, comprising one cycle of electrical current. The term hertz refers 
to the number of occurrences that take place in one second. 


CHARACTERISTICS OF WAVE MOTION 


1-25. The two types of wave motion, transverse and longitudinal, have many 
of the same characteristics, such as frequency, amplitude, and wavelength. 
Another important characteristic that these two types of wave motion share 
is velocity. Velocity of propagation is the rate at which the disturbance 
travels through the medium, or the velocity with which the crest of the wave 
moves along. The velocity of the wave depends both on the type of wave (e.g., 
light, sound, or radio) and type of medium (e.g., air, water, or metal). If 
longitudinal waves are plotted as a graph, they appear as transverse waves. 
This fact is illustrated in figure 1-8. The frequency of a longitudinal wave, 
like that of a transverse wave, is the number of complete cycles the wave 
makes during a specific unit of time. The higher the frequency, the greater is 
the number of compressions and expansions per unit of time. 


Wave Propagation 


cry ] 
Tay, 

E "+, H 
Qo 


se, 
¢ 


| 


L¢—____+-—. WAVE LENGTH — 


Figure 1-8. Longitudinal Wave Represented Graphically by a Transverse Wave 


1-26. In the two types of wave motion described in the preceding discussion, 
the following quantities are of interest: 
e The period, which is the time (T) in which one complete vibratory 
cycle of events occurs. 
e The frequency of vibration (f), which is the number of cycles taking 
place in one second. 
e The wavelength (A), which is the distance the disturbance travels 
during one period of vibration. 


1-27. Now, consider the following concept. If a vibrating object makes a 
certain number of vibrations per second, then 1 second divided by the number 
of vibrations is equal to the period of time of 1 vibration. In other words, the 
period, or time of 1 vibration is the reciprocal of the frequency. Thus— 


Time (T) of one vibration = frequency (f) 


Or 


1-28. If you know the velocity of a wave, you can determine the wavelength 
by dividing the velocity by the frequency. As an equation— 
Vv 
eS 
Where: 
X= wavelength 
v= _ velocity of propagation 
f= frequency of vibration 


1-29. When you use the above equation, be careful to express velocity and 
wavelength in the proper units of length. For example, in the English system, 
if the velocity (expressed in feet per second) is divided by the frequency 
(expressed in cycles per second, or Hz), the wavelength is given in feet per 
cycle. If the metric system is used and the velocity (expressed in meters per 
second) is divided by the frequency (expressed in cycles per second), the 
wavelength is given in meters per cycle. Be sure to express both the 
wavelength and the frequency in the same units. (Feet per cycle and meters 
per cycle are normally abbreviated as feet or meters because one wavelength 
indicates one cycle.) Because this equation holds true for both transverse and 
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longitudinal waves, it is used in the study of both electromagnetic waves and 
sound waves. 


1-30. Consider the following example: 


Two cycles of a wave pass a fixed point every second, and the velocity of the 
wave train is 4 feet per second. What is the wavelength? The formula for 
determining wavelength is as follows: 


= wavelength in feet 


v= _ velocity in feet per second 
= frequency in Hz 


Given 
v= 4 feet per second 
f= 2Hz 
Solution: 
Vv 
A= f 
ry 4 feet per second 
2 Hz 
X= 2 feet 


1-31. In problems of this kind, be sure not to confuse wave velocity with 
frequency. Frequency is the number of cycles per unit of time (Hz). Wave 
velocity is the speed with which a wave train passes a fixed point. 


1-32. Here is another problem: 


If a wave has a velocity of 1,100 feet per second and a wavelength of 30 
feet, what is the frequency of the wave? 


By transposing the general equation: 


Vv 
Le 
We have the equation: 
Vv 
ane 
Given: 
v= 1,100 feet per second 
i 30 feet 
Solution: 
,_ 1.100 feet per second 
30 feet 
f= 36.67 Hz 


To find the velocity, rewrite the equation as follows: 
v=Af 


Reflection 
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1-33. Let us work one more problem, this time using the metric system. 


Suppose the wavelength is 0.4 meters and the frequency is 12 kHz. What is 
the velocity? Use the following formula: 


velocity = wavelength x frequency (v = Af) 


Given: 
X= 0.4 meters 
f= 12kHz 
Solution: 
v= Axf 


v= 0.4 meters x 12,000 Hz 
v= 4,800 meters per second 


1-34. Other important characteristics of wave motion are_ reflection, 
refraction, diffraction, and the Doppler effect. Big words, but the concept of 
each is easy to see. For ease of understanding, we explain the first two 
characteristics using light waves, and the last two characteristics using 
sound waves. You should keep in mind that all waves react in a similar 
manner. 


1-35. Within mediums, such as air, solids, or gases, a wave travels in a 
straight line. When the wave leaves the boundary of one medium and enters 
the boundary of a different medium, the wave changes direction. For our 
purposes, a boundary is an imaginary line that separates one medium from 
another. 


1-36. When a wave passes through one medium and encounters a medium 
having different characteristics, three things can occur— 


e Some of the energy can be reflected back into the initial medium. 

e Some of the energy can be transmitted into the second medium where 
it may continue at a different velocity. 

e Some of the energy can be absorbed by the medium. In some cases, all 
three processes (reflection, transmission, and absorption) may occur 
to some degree. 


1-37. Reflection waves are simply waves that are neither transmitted nor 
absorbed, but are reflected from the surface of the medium they encounter. If 
a wave is directed against a reflecting surface, such as a mirror, it will reflect 
or “bounce” from the mirror. Refer to figure 1-9. A wave directed toward the 
surface of the mirror is called the incident wave. When the wave bounces off 
of the mirror, it becomes known as the reflected wave. An imaginary line 
perpendicular to the mirror at the point at which the incident wave strikes 
the mirror’s surface is called the normal, or perpendicular. The angle between 
the incident wave and the normal is called the angle of incidence. The angle 
between the reflected wave and the normal is called the angle of reflection. If 
the reflecting surface is smooth and polished, the angle between the incident 
ray and the normal will be the same as the angle between the reflected ray 
and the normal. This conforms to the law of reflection, which states: The 
angle of incidence is equal to the angle of reflection. 
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Figure 1-9. Reflection of a Wave 


1-38. The amount of incident wave energy reflected from a given surface 
depends on the nature of the surface and the angle at which the wave strikes 
the surface. As the angle of incidence increases, the amount of wave energy 
reflected increases. The reflected energy is the greatest when the wave is 
nearly parallel to the reflecting surface. When the incident wave is 
perpendicular to the surface, more of the energy is transmitted into the 
substance and less is reflected. At any incident angle, a mirror reflects almost 
all of the wave energy, while a dull, black surface reflects very little. 


1-39. When a wave passes from one medium into another medium that has a 
different velocity of propagation, a change in the direction of the wave will 
occur. This changing of direction as the wave enters the second medium is 
called refraction. As in the discussion of reflection, the wave striking the 
boundary (surface) is called the incident wave, and the imaginary line 
perpendicular to the boundary is called the normal. The angle between the 
incident wave and the normal is called the angle of incidence. As the wave 
passes through the boundary, it is bent either toward or away from the 
normal. The angle between the normal and the path of the wave through the 
second medium is the angle of refraction. 


1-40. A light wave passing through a block of glass is shown in figure 1-10. 
The wave moves from point A to B at a constant speed. This is the incident 
wave. As the wave penetrates the glass boundary at point B, the velocity of 
the wave is slowed down. This causes the wave to bend toward the normal. 
The wave then takes the path from point B to C through the glass and 
becomes both the refracted wave from the top surface and the incident wave 
to the lower surface. As the wave passes from the glass to the air (the second 
boundary), it is again refracted—this time away from the normal—and takes 
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the path from point C to D. As the wave passes through the last boundary, its 
velocity increases to the original velocity. As figure 1-10 shows, refracted 
waves can bend toward or away from the normal. This bending depends on 
the velocity of the wave through each medium. The broken line between 
points B and E is the path that the wave would travel if the two mediums (air 
and glass) had the same density. 
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Figure 1-10. Refraction of a Wave 


1-41. To summarize what figure 1-10 shows— 


e If the wave passes from a less dense medium to a denser medium, it 
is bent toward the normal, and the angle of refraction (r) is less than 
the angle of incidence (i). 

e If the wave passes from a denser to a less dense medium, it is bent 
away from the normal, and the angle of refraction (r1) is greater than 
the angle of incidence (11). 


1-42. You can more easily understand refraction by looking at figure 1-11. 
There is a plowed field in the middle of a parade ground. Think of the 
incident wave as a company of recruits marching four abreast at an angle 
across the parade ground to the plowed field, then crossing the plowed field 
and coming out on the other side onto the parade ground again. As the recruits 
march diagonally across the parade ground and begin to cross the boundary 
onto the plowed field, the front line is slowed down. Because the recruits arrive 
at the boundary at different times, they will begin to slow down at different 
times (number 1 slows down first and number 4 slows down last in each line). 
The net effect is a bending action. When the recruits leave the plowed field and 
reenter the parade ground, the reverse action takes place. 
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Figure 1-11. Analogy of Reflection 


1-43. Diffraction is the bending of the wave path when the waves meet an 
obstruction. The amount of diffraction depends on the wavelength of the 
wave. Higher frequency waves are rarely diffracted in the normal world that 
surrounds us. Because light waves are high frequency waves, you will rarely 
see light diffracted. You can, however, observe diffraction in sound waves by 
listening to music. Suppose you are outdoors listening to a band. If you step 
behind a solid obstruction, such as a brick wall, you will hear mostly low 
notes. This is because the higher notes, having short wave lengths, undergo 
little or no diffraction and pass by or over the wall without wrapping around 
the wall and reaching your ears. The low notes, having longer wavelengths, 
wrap around the wall and reach your ears. This leads to the general 
statement that lower frequency waves tend to diffract more than higher 
frequency waves. Broadcast band (AM band) radio waves (lower frequency 
waves) often travel over a mountain to the opposite side from their source 
because of diffraction, while higher frequency TV and FM signals from the 
same source tend to be stopped by the mountain. 


1-44. The last, but equally important, characteristic of a wave that we 
discuss is the Doppler effect. The Doppler effect is the apparent change in 
frequency or pitch when a sound source moves either toward or away from 
the listener, or when the listener moves either toward or away from the 
sound source. This principle, discovered by the Austrian physicist Christian 
Doppler, applies to all wave motion. 


1-45. The apparent change in frequency between the source of a wave and 
the receiver of the wave is because of relative motion between the source and 
the receiver. To understand the Doppler effect, first assume that the 
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frequency of a sound from a source is held constant. The wavelength of the 
sound will also remain constant. If both the source and the receiver of the 
sound remain stationary, the receiver will hear the same frequency sound 
produced by the source. This is because the receiver is receiving the same 
number of waves per second that the source is producing. Now, if either the 
source or the receiver or both move toward the other, the receiver will 
perceive a higher frequency sound. This is because the receiver will receive a 
greater number of sound waves per second and interpret the greater number of 
waves as a higher frequency sound. Conversely, if the source and the receiver 
are moving apart, the receiver will receive a smaller number of sound waves 
per second and will perceive a lower frequency sound. In both cases, the 
frequency of the sound produced by the source will have remained constant. 


1-46. For example, the frequency of the whistle on a fast-moving train sounds 
increasingly higher in pitch as the train is approaching than when the train 
is departing. Although the whistle is generating sound waves of a constant 
frequency, and though they travel through the air at the same velocity in all 
directions, the distance between the approaching train and the listener is 
decreasing. As a result, each wave has less distance to travel to reach the 
observer than the wave preceding it. Thus, the waves arrive with decreasing 
intervals of time between them. 


1-47. These apparent changes in frequency, called the Doppler effect, affect 
the operation of equipment used to detect and measure wave energy. In 
dealing with electromagnetic wave propagation, the Doppler principle is used 
in equipment such as radar, target detection, weapons control, navigation, 
and sonar. 


SOUND WAVES 


1-48. As you know, sound travels through a medium by wave motion. 
Although sound waves and the electromagnetic waves used in the 
propagation of radio and radar differ, both types of waves have many of the 
same characteristics. Studying the principles of sound-wave motion will help 
you understand the actions of both sound waves and the more complex radio 
and radar electromagnetic waves. The major differences among sound waves, 
heat waves, and light waves are as follows: 


e Their frequencies. 

e Their types. 

e The mediums through which they travel. 
e =The velocities at which they travel. 


SOUND—WHAT IS IT? 


1-49. The word sound is used in everyday speech to signify a variety of 
things. One definition of sound is the sensation of hearing. Another definition 
refers to a stimulus that is capable of producing the sensation of hearing. A 
third definition limits sound to what is actually heard by the human ear. 


1-50. In the study of physics, sound is defined as a range of compression- 
wave frequencies to which the human ear is sensitive. For the purpose of this 
chapter, however, we need to broaden the definition of sound to include 
compression waves that are not always audible to the human ear. To 
distinguish frequencies in the audible range from those outside that range, 
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the words sonic, ultrasonic, and infrasonic are used. Sounds capable of being 
heard by the human ear are called sonics. The normal hearing range extends 
from about 20 to 20,000 hertz. In the Army to eliminate confusion when 
referring to different ranges of frequencies, an arbitrary dividing line has 
been established at 10,000 Hz. Even though the average person can hear 
sounds above 10,000 hertz, it is standard practice to refer to sounds above 
that frequency as ultrasonic. Sounds between 15 hertz and 10,000 hertz are 
called sonic. Sounds below 15 hertz are known as infrasonic (formerly 
referred to as subsonic) sounds. 


REQUIREMENTS FOR SOUND 
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1-51. Recall that sound waves are compression waves. The existence of 
compression waves depends on the transfer of energy. To produce vibrations 
that become sounds, a mechanical device (the source) must first receive an 
input of energy. Next, the device must be in contact with a medium that will 
receive the sound energy and carry it to a receiver. If the device is not in 
contact with a medium, the energy will not be transferred to a receiver, and 
there will be no sound. Thus, three basic elements for transmission and 
reception of sound must be present before a sound can be produced. They are 
as follows: 


e The source (or transmitter). 
e A medium for carrying the sound (e.g., air, water, metal). 
e The detector (or receiver). 


1-52. A simple experiment provides convincing evidence that a medium must 
be present if sound is to be transferred. In figure 1-12, an electric bell is 
suspended by rubber bands in a bell jar from which the air can be removed. 
An external switch is connected from a battery to the bell so the bell may be 
rung intermittently. As the air is pumped out, the sound from the bell 
becomes weaker and weaker. If a perfect vacuum could be obtained, and if no 
sound were conducted out of the jar by the rubber bands, the sound from the 
bell would be completely inaudible. In other words, sound cannot be 
transmitted through a vacuum. When the air is admitted again, the sound is 
as loud as it was at the beginning. This experiment shows that when air is in 
contact with the vibrating bell, it carries energy to the walls of the jar, which 
in turn are set in vibration. Thus, the energy passes into the air outside of 
the jar and then on to the ear of the observer. This experiment illustrates 
that sound cannot exist in empty space (or a vacuum). 


Wave Propagation 


RUBBER BANDS 


Figure 1-12. No Air, No Sound 


1-53. Any object that moves rapidly back and forth, or vibrates, and thus 
disturbs the medium around it may be considered a source for sound. Bells, 
speakers, and stringed instruments are familiar sound sources. 


1-54. The material through which sound waves travel is called the medium. 
The density of the medium determines the ease, distance, and speed of sound 
transmission. The higher the density of the medium, the slower sound travels 
through it. 


1-55. The detector acts as the receiver of the sound wave. Because it does not 
surround the source of the sound wave, the detector absorbs only part of the 
energy from the wave and sometimes requires an amplifier to boost the weak 
signal. 


1-56. As an illustration of what happens if one of these three elements is not 
present, let us refer to our experiment in which a bell was placed in a jar 
containing a vacuum. You could see the bell being struck, but you could hear 
no sound because there was no medium to transmit sound from the bell to 
you. Now let us look at another example in which the third element, the 
detector, is missing. You see a source (such as an explosion) apparently 
producing a sound, and you know the medium (air) is present, but you are too 
far away to hear the noise. Thus, as far as you are concerned, there is no 
detector and, therefore, no sound. We must assume, then, that sound can 
exist only when a source transmits sound through a medium, which passes it 
to a detector. Therefore, in the absence of any one of the basic elements 
(source, medium, and detector) there can be no sound. 


TERMS USED IN SOUND WAVES 


1-57. Sound waves vary in length according to their frequency. A sound 
having a long wavelength is heard at a low pitch (low frequency); one with a 
short wavelength is heard at a high pitch (high frequency). A complete 
wavelength is called a cycle. The distance from one point on a wave to the 
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corresponding point on the next wave is a wavelength. The number of cycles 
per second (hertz) is the frequency of the sound. The frequency of a sound 
wave is also the number of vibrations per second produced by the sound 
source. 


CHARACTERISTICS OF SOUND 


Sound Pitch 
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1-58. Sound waves travel at great distances in a very short time, but as the 
distance increases the waves tend to spread out. As the sound waves spread 
out, their energy simultaneously spreads through an increasingly larger area. 
Thus, the wave energy becomes weaker as the distance from the source is 
increased. 


1-59. Sounds may be broadly classified into two general groups. One group is 
noise, which includes sounds such as the pounding of a hammer or the 
slamming of a door. The other group is musical sounds, or tones. The 
distinction between noise and tone is based on the regularity of the 
vibrations, the degree of damping, and the ability of the ear to recognize 
components having a musical sequence. You can best understand the 
physical difference between these kinds of sound by comparing the 
waveshape of a musical note, depicted in view A of figure 1-13, and the 
waveshape of noise, shown in view B. You can see by the comparison of the 
two waveshapes that noise makes a very irregular and haphazard curve and 
a musical note makes a uniform and regular curve. 


A MUSICAL NOTE 


Af \pdngrttoclenmver 


Figure 1-13. Musical Sound Versus Noise 


1-60. Sound has three basic characteristics: pitch, intensity, and quality. 
Each of these three characteristics is associated with one of the properties of 
the source or the type of waves that it produces. The pitch depends upon the 
frequency of the waves, the intensity depends upon the amplitude of the 
waves, and the quality depends upon the form of the waves. With the proper 
combination of these characteristics, the tone is pleasant to the ear. With the 
wrong combination, the sound quality turns into noise. 


1-61. The term pitch is used to describe the frequency of a sound. An object 
that vibrates many times per second produces a sound with a high pitch, as 
with a police whistle. The slow vibrations of the heavier strings of a violin 


Sound Intensity 
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cause a low-pitched sound. Thus, the frequency of the wave determines pitch. 
When the frequency is low, sound waves are long; when it is high, the waves 
are short. A sound can be so high in frequency that the waves reaching the 
ear cannot be heard. Likewise, some frequencies are so low that the eardrums 
do not convert them into sound. The range of sound that the human ear can 
detect varies with each individual. 


1-62. The intensity of sound, at a given distance, depends upon the 
amplitude of the waves. Thus, a tuning fork gives out more energy in the 
form of sound when struck hard than when struck gently. You should 
remember that when a tuning fork is struck, the sound is omnidirectional 
(heard in all directions), because the sound waves spread out in all directions, 
as shown in figure 1-14. You can see from the figure that as the distance 
between the waves and the sound source increases, the energy in each wave 
spreads over a greater area; hence, the intensity of the sound decreases. The 
speaking tubes sometimes used aboard a ship prevent the sound waves from 
spreading in all directions by concentrating them in one desired direction 
(unidirectional), producing greater intensity. Therefore, the sound is heard 
almost at its original intensity at the opposite end of the speaking tube. The 
unidirectional megaphone and the directional loudspeaker also prevent sound 
waves from spreading in all directions. 


Figure 1-14. Sound Waves Spread in All Directions 


1-63. Sound intensity and loudness are often mistakenly interpreted as 
having the same meaning. Although they are related, they are not the same. 
Sound intensity is a measure of the sound energy of a wave. Loudness, on the 
other hand, is the sensation the intensity (and sometimes frequency) the 
sound wave produces on the ear. Increasing the intensity causes an increase 
in loudness but not in a direct proportion. For instance, doubling the loudness 
of a sound requires about a tenfold increase in the intensity of the sound. 
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Sound Quality 


1-64. Most sounds, including musical notes, are not pure tones. They are a 
mixture of different frequencies (tones). A tuning fork, when struck, produces 
a pure tone of a specific frequency. This pure tone is produced by regular 
vibrations of the source (tines of the tuning fork). On the other hand, scraping 
your fingernails across a blackboard creates only noise, because the 
vibrations are irregular. Each individual pipe of a pipe organ is similar to a 
tuning fork, and each pipe produces a tone of a specific frequency. But 
sounding two or more pipes at the same time produces a complex waveform. 
A tone that closely imitates any of the vowel sounds can be produced by 
selecting the proper pipes and sounding them at the same time. Figure 1-15 
illustrates the combining of two pure tones to make a complex wave. 


TONE A 


TONE B 


RESULTANT 
TONE C 


Figure 1-15. Combination of Tones 


1-65. The quality of a sound depends on the complexity of its sound waves, 
such as the waves shown in tone C of figure 1-15. Almost all sounds (musical 
and vocal included) have complicated (complex) waveforms. Tone A is a 
simple wave of a specific frequency that can be produced by a tuning fork, 
piano, organ, or other musical instrument. Tone B is also a simple wave but 
at a different frequency. When the two tones are sounded together, the 
complex waveform in tone C is produced. Note that tone C has the same 
frequency as tone A with an increase in amplitude. The human ear could 
easily distinguish between tones A and tone C because of the quality. 
Therefore, we can say that quality distinguishes tones of like pitch and 
loudness when sounded on different types of musical instruments. It also 
distinguishes the voices of different persons. 


VELOCITY OF TRANSMISSION 
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1-66. Sound waves travel through any medium to a velocity that is controlled 
by the medium. Varying the frequency and intensity of the sound waves will 
not affect the speed of propagation. The elasticity and density of a medium 
are the two basic physical properties that govern the velocity of sound 
through the medium. 


1-67. Elasticity is the ability of a strained body to recover its shape after 
deformation, as from a vibration or compression. The measure of elasticity of 
a body is the force it exerts to return to its original shape. 


1-68. The density of a medium or substance is the mass per unit volume of 
the medium or substance. Raising the temperature of the medium (which 
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decreases its density) has the effect of increasing the velocity of sound 
through the medium. 


1-69. The velocity of sound in an elastic medium is expressed by the formula: 


v=f 
1-70. Even though solids such as steel and glass are far denser than air, their 
elasticities are so much greater that the velocities of sound in them are 15 
times greater than the velocity of sound in air. Using elasticity as a rough 
indication of the speed of sound in a given medium, we can state as a general 
rule that sound travels faster in harder materials (such as steel), slower in 
liquids, and slowest in gases. Density has the opposite effect on the velocity of 
sound, that is, with other factors constant, a denser material (such as lead) 
passes sound more slowly. 


1-71. At a given temperature and atmospheric pressure, all sound waves 
travel in air at the same speed. Thus the velocity that sound will travel 
through air at 32°F (0°C) is 1,087 feet per second. But for practical purposes, 
the speed of sound in air may be considered as 1,100 feet per second. Table 
1-1 gives a comparison of the velocity of sound in various mediums. 


Table 1-1. Comparison of Velocity of Sound in Various Mediums 


eae: TEMPERATURE VELOCITY 
F °C (Ft/Sec) 

Air 32 0 1,087 
Air 68 20 1,127 
Aluminum 68 20 16,700 
Carbon Dioxide 32 0 856 
Fresh Water 32 0 4,629 
Fresh Water 68 20 4,805 
Hydrogen 32 0 4,219 
Lead 32 20 4,030 
Salt Water 32 0 4,800 
Salt Water 68 20 4,953 
Steel 32 0 16,410 
Steel 68 20 16,850 


1-72. The science of sound is called acoustics. This subject could fill volumes of 
technical books, but we scratch only the surface in this chapter. We present the 
important points that you need for a better understanding of sound waves. 
Acoustics, like sound, relates to the sense of hearing. It also deals with the 
production, control, transmission, reception, and effects of sound. For the 
present, we are concerned only with the last relationship—the effects of sound. 
These same effects will be used throughout your study of wave propagation. 
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Echo 


Refraction 


1-73. An echo is the reflection of the original sound wave as it bounces off a 
distant surface. Just as a rubber ball bounces back when it is thrown against 
a hard surface, sound waves also bounce off most surfaces. As you have 
learned from the study of the law of conservation of energy, a rubber ball 
never bounces back with as much energy as the initial bounce. Similarly, a 
reflected sound wave is not as loud as the original sound wave. In both cases, 
some of the energy is absorbed by the reflecting surface. Only a portion of the 
original sound is reflected, and only a portion of the reflected sound returns 
to the listener. For this reason, an echo is never as loud as the original sound. 
Sound reflections (echoes) have many applications. The most important of 
these applications can be found in the use of depth-finding equipment (the 
fathometer) and sonar. The fathometer sends sound-wave pulses from the 
bottom of a ship and receives echoes from the ocean floor to indicate the 
depth of the ocean beneath the ship. The sonar transmits a pulse of sound 
energy and receives the echo to indicate range and bearing of objects or 
targets in the ocean depths. 


1-74. When sound waves traveling at different velocities pass obliquely (at an 
angle) from one medium into another, the waves are refracted; that is, their 
line of travel is bent. Refraction occurs gradually when one part of a sound 
wave is traveling faster than the other parts. For example, the wind a few 
feet above the surface of the earth has a greater velocity than that near the 
surface because friction retards the lower layers (see figure 1-16). The 
velocity of the wind is added to the velocity of the sound through the air. The 
result is that the upper portion of the sound wave moves faster than the 
lower portion and causes a gradual change in the direction of travel of the 
wave. Refraction causes sound to travel farther with the wind than against it. 


EARTH’S SURFACE 


Reverberation 
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Figure 1-16. Refraction of Sound 


1-75. In empty rooms or other confined spaces, sound may be reflected 
several times to cause what is known as reverberation. Reverberation is the 
multiple reflections of sound waves. Reverberations seem to prolong the time 
during which a sound is heard. Examples of this effect often occur in nature. 
For instance, the discharge of lightning causes a sharp, quick sound. By the 
time this sound has reached the ears of a distant observer, it is usually 
drawn out into a prolonged roar by reverberations that we call thunder. A 
similar case often arises with underwater sound equipment. Reverberations 


Interference 


Resonance 


Noise 
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from nearby points may continue for such a long time that they interfere with 
the returning echoes from targets. 


1-76. Any disturbance, man-made or natural, that causes an undesirable 
response or the degradation of a wave is referred to as interference. Two 
sound waves moving simultaneously through the same medium will advance 
independently, each producing a disturbance as if the other were not present. 
If the two waves have the same frequency—are in phase with each other and 
are moving in the same direction—they are additive and are said to interfere 
constructively. If the two waves have the same frequency and are moving in 
the same direction, but out of phase with each other, they are subtractive and 
are said to interfere destructively. If these two subtractive waves have equal 
amplitudes, the waves cancel each other. This addition or subtraction of 
waves is often called interference. 


1-77. At some time during your life you probably observed someone putting 
his or her head into an empty barrel or other cavity and making noises 
varying in pitch. When that person’s voice reached a certain pitch, the tone 
produced seemed much louder than the others. The reason for this 
phenomenon is that at that a certain pitch the frequency of vibrations of the 
voice matched the resonant (or natural) frequency of the cavity. The resonant 
frequency of a cavity is the frequency at which the cavity body will begin to 
vibrate and create sound waves. When the resonant frequency of the cavity 
was reached, the sound of the voice was reinforced by the sound waves 
created by the cavity, resulting in a louder tone. This phenomenon occurs 
whenever the frequency of vibrations is the same as the natural frequency of 
a cavity, and is called resonance. 


1-78. The most complex sound wave that can be produced is noise. Noise has 
no tonal quality. It distracts and distorts the sound quality that was intended 
to be heard. Noise is generally an unwanted disturbance caused by spurious 
waves originating from man-made or natural sources, such as a jet breaking 
the sound barrier, or thunder. 


LIGHT WAVES 


1-79. The concepts used to describe the behavior of waves—including 
reflection, refraction, and diffraction—can help you understand the behavior 
of light and light waves described below. The relationship between light and 
light waves (rays) is the same as for sound and sound waves. 


1-80. Light is a form of electromagnetic energy. It can be produced by various 
means (e.g., mechanical, electrical, and chemical). We can see objects because 
the light waves (rays) they give off or reflect reach our eyes. 


PROPAGATION OF LIGHT 


1-81. The exact nature of light is not fully understood, although scientists 
have been studying the subject for many centuries. Some experiments seem 
to show that light is composed of tiny particles, and some suggest that it is 
made up of waves. 
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1-82. One theory after another attracted the approval and acceptance of 
physicists. Today, some scientific phenomena can be explained only by the 
wave theory and others only by the particle theory. Physicists, constantly 
searching for some new discovery that would bring these two theories into 
agreement, gradually have come to accept a theory that combines the 
principles of the two theories. 


1-83. According to the view now generally accepted, light is a form of 
electromagnetic radiation; that is, light and similar forms of radiation are 
made up of moving electric and magnetic fields. These two fields are 
explained thoroughly later in this chapter. 


ELECTROMAGNETIC THEORY OF LIGHT 
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1-84. James Clark Maxwell, a brilliant Scottish scientist of the mid- 
nineteenth century, constructed an oscillating electrical circuit, which he 
used to show that electromagnetic waves could move through empty space. 
Light eventually was proved to be electromagnetic. 


1-85. Current light theory says that light is made up of very small packets of 
electromagnetic energy called photons (the smallest unit of radiant energy). 
These photons move at a constant speed in the medium through which they 
travel. Photons move at a faster speed through a vacuum than they do in the 
atmosphere, and at a slower speed through water than air. 


1-86. The electromagnetic energy of light is a form of electromagnetic 
radiation. Light and similar forms of radiation are made up of moving electric 
and magnetic forces and move as waves. Electromagnetic waves move in a 
manner similar to the waves produced by the pebble dropped in the pool of 
water discussed earlier in this chapter. The transverse waves of light from a 
light source spread out in expanding circles much like the waves in the pool. 
However, the waves in the pool are very slow and clumsy in comparison with 
light, which travels approximately 186,000 miles per second. 


1-87. Light radiates from its source in all directions until absorbed or 
diverted by some substance (figure 1-17). The lines drawn from the light 
source (a light bulb in the example in figure 1-17) to any point on one of these 
waves indicate the direction in which the waves are moving. These lines, 
called radii of the spheres, are formed by the waves and are called light rays. 
Although single rays of light do not exist, light “rays” are used in illustrations 
as a convenient method to show the direction in which light is traveling at 
any point. 
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LIGHT RAYS WAVEFRONTS 


Figure 1-17. Waves and Radii from a Nearby Light Source 


1-88. A large volume of light is called a beam; a narrow beam is called a 
pencil; and the smallest portion of a pencil is called a light ray. A ray of light 
can be illustrated as a straight line. This straight line drawn from a light 
source represents an infinite number of rays radiating in all directions from 
the source. 


FREQUENCIES AND WAVELENGTHS 


1-89. Compared to sound waves, the frequency of light waves is very high 
and the wavelength is very short. To measure these wavelengths 
conveniently, a special unit of measure called an angstrom unit, or more 
usually, an angstrom (A), was devised. Another common unit used to 
measure these waves is the millimicron (mm), which is one millionth of a 
millimeter. One mF equals ten angstroms. One angstrom equals 10-!° meters. 


FREQUENCIES AND COLOR 


1-90. For our discussion of light wave waves, we use the millimicron 
measurement. The wavelength of a light determines the color of the light. 
Figure 1-18 indicates that light with a wavelength of 700 millimicrons is red, 
and that light with a wavelength of 500 millimicrons is blue-green. This 
illustration shows approximate wavelengths of the different colors in the 
visible spectrum. In fact, the color of light depends on its frequency, not its 
wavelength. However, light is measured in wavelengths. When the 
wavelength of 700 millimicrons is measured in a medium such as air, it 
produces the color red, but the same wave measured in a different medium 
will have a different wavelength. When red light that has been traveling in 
air enters glass, it loses speed. Its wavelength becomes shorter or 
compressed, but it continues to be red. This phenomenon indicates that the 
color of light depends on frequency and not on wavelength. The color scale in 
figure 1-18 is based on the wavelengths in air. 
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Figure 1-18. Use of a Prism to Split White Light into Different Colors 


1-91. When a beam of white light (sunlight) is passed through a prism, as 
shown in figure 1-18, it is refracted and broken down into its component 
wavelengths. (This phenomenon of breaking light down into its component 
wavelengths is known as dispersion.) Each of these wavelengths causes a 
different reaction of the eye, which sees the various colors that compose the 
visible spectrum. The visible spectrum is recorded as a mixture of red, 
orange, yellow, green, blue, indigo, and violet. White light results when the 
primaries (red, green, and blue) are mixed together in overlapping beams of 
light. (These are not the primary colors used in mixing pigments, such as in 
paint.) Furthermore, the complementary or secondary colors (magenta, 
yellow, and cyan) may be shown with equal ease by mixing any two of the 
primary colors in overlapping beams of light. Thus, red and green light mixed 
in equal intensities make yellow light; green and blue produce cyan (blue- 
green light); and blue and red correctly mixed produce magenta (a purplish 
red light). 


LIGHT AND COLOR 


1-92. All objects absorb some of the light that falls on them. An object 
appears to be a certain color because it absorbs all of the light waves except 
those whose frequency corresponds to that particular color. Those waves are 
reflected from the surface, strike your eye, and cause you to see the particular 
color. The color of an object therefore depends on the frequency of the 
electromagnetic wave reflected. 


LUMINOUS BODIES 


1-93. If an object is the source of light energy, it is called luminous. If the 
object is not the source of light but reflects light, it is called an illuminated 
body. 
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1-94. Certain bodies, such as the sun, a gas flame, and an electric light 
filament are visible because they are light sources. They are called self- 
luminous bodies. Objects other than self-luminous bodies become visible only 
when they are in the presence of light from luminous bodies. 


1-95. Most nonluminous bodies are visible because they diffuse or reflect the 
light that falls on them. A good example of a nonluminous diffusing body is 
the moon, which shines only because the sunlight falling onto its surface is 
diffused. 


1-96. Black objects do not diffuse or reflect light. They are visible only when 
outlined against a background of light from a luminous or diffusing body. 


PROPERTIES OF LIGHT 


1-97. When light waves, which travel in straight lines, encounter any 
substance, they are transmitted, reflected, or absorbed. These effects are 
illustrated in figure 1-19. When light strikes a substance, some absorption 
and some reflection always take place. No substance completely transmits, 
reflects, or absorbs all of the light rays that reach its surface. Substances that 
transmit almost all the light waves that fall upon them are said to be 
transparent. A transparent substance is one through which you can see 
clearly. Clear glass is transparent because it transmits light rays without 
diffusing them (figure 1-20, view A). There is no known perfectly transparent 
substance, but many substances are nearly so. Substances through which 
some light rays can pass but through which objects cannot be seen clearly 
because the rays are diffused are called translucent (figure 1-20, view B). The 
frosted glass of a light bulb and a piece of oiled paper are examples of 
translucent materials. Substances that do not transmit any light rays are 
called opaque (figure 1-20, view C). Opaque substances can either reflect or 
absorb virtually all of the light rays that fall upon them. 
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Figure 1-19. Light Waves Reflected, Absorbed, and Transmitted 
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Figure 1-20. Transparent, Translucent, and Opaque Substances 


Speed of Light 
1-98. You probably have heard people say, “quick as lightning” or “fast as 
light” to describe rapid motion; nevertheless, it is difficult to realize how fast 
light actually travels. Not until recent years have scientists been able to 


measure accurately the speed of light. 
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1-99. Prior to the mid-seventeenth century, scientists thought that light 
required no time at all to pass from the source to the observer. Then, in 1675, 
Ole Roemer, a Danish astronomer, discovered that light travels 
approximately 186,000 miles per second in space. At this velocity, a light 
beam can circle the earth 7 1/2 times in one second. 


1-100. The speed of light depends on the medium through which the light 
travels. In empty space, the speed is 186,000 (1.86 x 10°) miles per second. It 
is almost the same in air. In water, it slows down to approximately 140,000 
(1.4 x 105) miles per second. In glass, the speed of light is 124,000 (1.24 x 10°) 
miles per second. In other words, the speed of light decreases as the density 
of the substance through which the light passes increases. 


1-101. The velocity of light, which is the same as the velocity of other 
electromagnetic waves, is considered to be constant, at 186,000 miles per 
second. If expressed in meters, the velocity of light is 300,000,000 meters per 
second. 


Reflection of Light 


1-102. Light waves obey the law of reflection in the same manner as other 
types of waves. Consider the straight path of a light ray admitted through a 
narrow slit into a darkened room. The straight path of the beam is made 
visible by illuminated dust particles suspended in the air. If the light beam is 
made to fall onto the surface of a mirror or other reflecting surface, however, 
the direction of the beam changes sharply. The light can be reflected in 
almost any direction, depending on the angle at which the mirror is held. 


1-103. As shown earlier in figure 1-9, if a light beam strikes a mirror, the 
angle at which the beam is reflected depends on the angle at which it strikes 
the mirror. The beam approaching the mirror is the incident or striking 
beam, and the beam leaving the mirror is the reflected beam. 


1-104. The term “reflected light” simply refers to light waves that are 
neither transmitted nor absorbed, but are thrown back from the surface of 
the medium they encounter. This phenomenon is described more fully in the 
discussions of radio waves (chapter 2) and antennas (chapter 4). 


Refraction of Light 


1-105. The change of direction that occurs when a ray of light passes from 
one transparent substance into another of different density is called 
refraction. Refraction is due to the fact that light travels at various speeds in 
different transparent substances. For example, water never appears as deep 
as it really is, and objects under water appear to be closer to the surface than 
they really are. A bending of the light rays causes these impressions. 


1-106. Another example of refraction is the apparent bending of a spoon 
when it is immersed in a cup of water. The bending seems to take place at the 
surface of the water, or exactly at the point where there is a change of 
density. Obviously, the spoon does not bend from the pressure of the water. 
The light forming the image of the spoon is bent as it passes from the water 
(a medium of high density) to the air (a medium of comparatively low 
density). 
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1-107. Without refraction, light waves would pass in straight lines through 
transparent substances without any change of direction. Refer back to figure 
1-10, which shows refraction of a wave. As you can see, all rays striking the 
glass at any angle other than perpendicular are refracted. However, the 
perpendicular ray, which enters the glass normal to the surface, continues 
through the glass and into the air in a straight line—no refraction takes 
place. 


Diffusion of Light 


1-108. When light is reflected from a mirror, the angle of reflection of each 
ray equals the angle of incidence. When light is reflected from a piece of plain 
white paper, however, the reflected beam is scattered, or diffused, as shown 
in figure 1-21. Because the surface of the paper is not smooth, the reflected 
light is broken up into many light beams that are reflected in all directions. 


Figure 1-21. Diffusion of Light 


Absorption of Light 


1-109. As illustrated in figure 1-21, a light beam is reflected and diffused 
when it falls onto a piece of white paper. If a light beam falls onto a piece of 
black paper, the black paper absorbs most of the light rays and very little 
light is reflected from the paper. If the surface on which the light beam falls 
is perfectly black, there is no reflection; that is, the light is totally absorbed. 
No matter what kind of surface light falls on, however, some of the light is 
absorbed. 


COMPARISON OF LIGHT WAVES WITH SOUND WAVES 
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1-110. There are two main differences between sound waves and light waves. 
The first difference is in velocity. Sound waves travel through air at the speed 
of approximately 1,100 feet per second; light waves travel through air and 
empty space at a speed of approximately 186,000 miles per second (800,000,000 
meters per second). The second difference is that sound is composed of 
longitudinal waves (alternate compressions and expansions of matter) and 
light is composed of transverse waves in an electromagnetic field. 


1-111. Although both are forms of wave motion, sound requires a solid, 
liquid, or gaseous medium, whereas light can travel through empty space. 
The denser the medium, the greater the speed of sound. The opposite is true 
of light. Light travels approximately one-third slower in water than in air. 
Sound travels through all substances, but light cannot pass through opaque 
materials. 


Wave Propagation 


1-112. Frequency affects both sound and light. A certain range of sound 
frequencies produces sensations that you can hear. A slow vibration (low 
frequency) in sound gives the sensation of a low note. A more rapid sound 
vibration (higher frequency) produces a higher note. Likewise, a certain 
range of light frequencies produces sensations that you can see. Violet light is 
produced at the high-frequency end of the light spectrum, while red light is 
produced at the low-frequency end of the light spectrum. A change in 
frequency of sound waves causes an audible sensation—a difference in pitch. 
A change in the frequency of a light wave causes a visual sensation—a 
difference in color. For a comparison of light waves with sound waves, see 
Table 1-2. 


Table 1-2. Comparison of Light Waves and Sound Waves 


SOUND WAVES LIGHT WAVES 


Velocity in air | Approximately 1,100 feet per 


second. 


Approximately 186,000 


miles per second 
(300,000,000 meters per 
second). 


Form 


A form of wave motion. 


A form of wave motion. 


Wave composition 


Longitudinal. 


Transverse. 


Transmitting medium 


All substances. 


Empty space and all 
substances except 
opaque materials. 


Relation of transmitting 
medium velocity to 


The denser the medium, the 
greater the speed. 


The denser the medium, 
the slower the speed. 


velocity 
Sensations produced | Hearing. Seeing. 
Variations in | A low frequency causes a low | A low frequency causes 


sensations produced 


note; a high frequency 
causes a high note. 


red light; a high frequency 
causes violet light. 


ELECTROMAGNETIC SPECTRUM 


1-113. Light is one kind of electromagnetic energy. There are many other 
types of electromagnetic energy, including heat energy and radio energy. The 
only difference between the various types of electromagnetic energy is the 
frequency of their waves (rate of vibration). The term spectrum is used to 
designate the entire range of electromagnetic waves arranged in order of 
their frequencies. The visible spectrum contains only those waves that 
stimulate the sense of sight. As a technician, you might be expected to 
maintain equipment that uses electromagnetic waves within, above, and 
below the visible spectrum. 


1-114. There are neither sharp dividing lines nor gaps in the electromagnetic 
spectrum. Figure 1-22 illustrates how portions of the electromagnetic spectrum 
overlap. Notice that only a small portion of the electromagnetic spectrum 
contains visible waves, or light, that can be seen by the human eye. 
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Figure 1-22. Electromagnetic Spectrum 


1-32 


Wave Propagation 


ELECTROMAGNETIC WAVES 


1-115. In general, the same principles and properties of light waves apply to 
the communications electromagnetic waves you are about to study. The 
electromagnetic field is used to transfer energy (as communications) from 
point to point. The basic antenna is a propagation source of these 
electromagnetic waves. 


THE BASIC ANTENNA 


1-116. The study of antennas and electromagnetic wave propagation is 
essential to a complete understanding of radio communication, radar, loran, 
and other electronic systems. Figure 1-23 shows a simple radio 
communication system. In the illustration, the transmitter is an electronic 
device that generates radio-frequency energy. The energy travels through a 
transmission line (discussed in chapter 3) to an antenna. The antenna 
converts the energy into radio waves that radiate into space from the 
antenna at the speed of light. The radio waves travel through the atmosphere 
or space until they are either reflected by an object or absorbed. If another 
antenna is placed in the path of the radio waves, it absorbs part of the waves 
and converts them to energy. This energy travels through another 
transmission line and is fed to a receiver. From this example, you can see 
that the requirements for a simple communications system are as follows: 


e Transmitting equipment. 
e Transmission line. 

e Transmitting antenna. 

e Medium. 

e ©Receiving antenna. 

e §©Receiving equipment. 


oX 


AIR 
MEDIUM 


ANTENNA 
TRANSMIT 


ANTENNA 
RECEIVE Y 


vA RECEIVING 
unnaelaite (fie STATION lia 
~——— INSULATOR ———" 


TRANSMISSION LINE 
(EARTH) 


Figure 1-23. Simple Radio Communication System 
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1-117. An antenna is a conductor or a set of conductors used either to 
radiate electromagnetic energy into space or to collect this energy from space. 
Figure 1-24 shows an antenna. View A is a drawing of an actual antenna; 
view B is a cut-away view of the antenna; and view C is a simplified diagram 
of the antenna. 


INSULATOR 


A. PICTORIAL 


INSULATOR 


TIE ROD 
COAXIAL LINE 


eS SHORTING COPPER TUBE 


euue INSULATOR 
B. CUT-AWAY VIEW 


—! 
| 


Cc, SIMPLIFIED DIAGRAM 


Figure 1-24. Antenna 
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1-118. An electromagnetic wave consists of two primary components—an 
electric field and a magnetic field. The electric field results from the force of 
voltage, and the magnetic field results from the flow of current. 


1-119. Although electromagnetic fields that are radiated are commonly 
considered to be waves, under certain circumstances their behavior makes 
them appear to have some of the properties of particles. In general, however, 
it is easier to picture electromagnetic radiation in space as horizontal and 
vertical lines of force oriented at right angles to each other. These lines of 
force are made up of an electric field (E) and a magnetic field (H), which 
together make up the electromagnetic field in space. 


Electric Field 
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1-120. The electric and magnetic fields radiated from an antenna form the 
electromagnetic field. This field is responsible for the transmission and 
reception of electromagnetic energy through free space. An antenna, however, 
is also part of the electrical circuit of a transmitter or a receiver and is 
equivalent to a circuit containing inductance, capacitance, and resistance. 
Therefore, the antenna can be expected to display definite voltage and 
current relationships with respect to a given input. A current through the 
antenna produces a magnetic field, and a charge on the antenna produces an 
electric field. These two fields combine to form the induction field. To help 
you gain a better understanding of antenna theory, the following subsections 
review some basic electrical concepts, including voltage and its electric field, 
current and its magnetic field, and their relationship to the propagation of 
electrical energy. 


1-121. Around every electrically charged object is a force field that can be 
detected and measured. This force field can cause electric charges to move in 
the field. When an object is charged electrically, there is either a greater or a 
smaller concentration of electrons than normal. Thus, a difference of 
potential exists between a charged object and an uncharged object. An 
electric field is, therefore, associated with a difference of potential, or a 
voltage. 


1-122. Lines that are drawn to show the paths along which the force acts 
commonly represent this invisible field of force. The lines representing the 
electric field are drawn in the direction that a single positive charge would 
normally move under the influence of that field. A large electric force is 
shown by a large concentration of lines; a few lines indicate a weak force. 


1-123. When a capacitor is connected across a source of voltage, such as a 
battery, it is charged by a particular amount, depending on the voltage and 
the value of capacitance (see figure 1-25). Because of the EMF (electromotive 
force) of the battery, negative charges flow to the lower plate, leaving the 
upper plate positively charged. Along with the growth of charge, the electric 
field is also building up. The flux lines are directed from the positive to the 
negative charges and at right angles to the plates. When the capacitor is fully 
charged, the voltage of the capacitor is equal to the voltage of the source and 
opposite in polarity. The charged capacitor stores the energy in the form of an 
electric field. It can be said, therefore, that an electric field indicates voltage. 


1-124. Ifthe two plates of the capacitor are spread farther apart, the electric 
field must curve to meet the plates at right angles (figure 1-26). The straight 
lines in view A of figure 1-26 become arcs in view B, and approximately 
semicircles in view C, where the plates are in a straight line. Instead of flat 
metal plates, as in the capacitor, the two elements can take the form of metal 
rods or wires and form the basic antenna. 
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CAPACITOR 


Figure 1-26. Electric Fields between Plates at Different Angles 


1-36 


Magnetic Field 
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1-125. In figure 1-27, two rods replace the plates of the capacitor, and the 
battery is replaced by an AC source generating a 60-hertz signal. On the 
positive alternation of the 60-hertz generator, the electric field extends from 
the positively charged rod to the negatively charged rod, as shown. On the 
negative alternation, the charge is reversed. The previous explanation of 
electrons moving from one plate to the other of the capacitor in figure 1-25 
can also be applied to the rods in figure 1-27. 


E FIELD y 
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Figure 1-27. Electric Fields between Elements 


1-126. The polarity of charges and the direction of the electric fields will 
reverse polarity and direction periodically at the frequency of the voltage 
source. The electric field will build up from zero to maximum in one direction 
and then collapse back to zero. Next, the field will build up to maximum in 
the opposite direction and then collapse back to zero. This complete reversal 
occurs during a single cycle of the source voltage. The half-wave dipole 
antenna (two separate rods in line as illustrated in figure 1-27) is the 
fundamental element normally used as a starting point of reference in any 
discussion concerning the radiation of electromagnetic energy into space. If 
RF energy from the AC generator (or transmitter) is supplied to the element 
of an antenna, the voltage across the antenna lags the current by 90 degrees. 
The antenna acts as if it were a capacitor. 


1-127. When current flows through a conductor, a magnetic field is set up in 
the area surrounding the conductor. In fact, any moving electrical charge will 
create a magnetic field. The magnetic field is a region in space where a 
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magnetic force can be detected and measured. There are two other fields 
involved—an induction field, which exists close to the conductor carrying the 
current, and the radiation field, which becomes detached from the current- 
carrying rod and travels through space. 


1-128. To represent the magnetic field, lines of force are again used to 
illustrate the energy. Magnetic lines are not drawn between the rods, nor 
between high- and low-potential points, as the E lines that were discussed 
earlier. The flow of current rather than the force of voltage creates magnetic 
lines. The magnetic lines of force, therefore, are drawn at right angles to the 
direction of current flow. 


1-129. The magnetic fields that are set up around two parallel rods, as 
shown in figure 1-28 view A, are in maximum opposition. Rod 1 contains a 
current flowing from the generator, while rod 2 contains a current flowing 
toward the generator. As a result, the direction of the magnetic field 
surrounding rod 1 is opposite the direction of the magnetic field surrounding 
rod 2. This will cause cancellation of part or all of both magnetic fields with a 
resultant decrease in radiation of the electromagnetic energy. View B 
illustrates that if the far ends of rods 1 and 2 are separated from each other 
while the rods are still connected to the generator at the near ends, more 
space—and consequently less opposition—will occur between the magnetic 
fields of the two rods. View C illustrates that placing the rods in line makes 
the currents through both rods flow in the same direction. Therefore, the two 
magnetic fields are in the same direction; thus, maximum electromagnetic 
radiation into space can be obtained. 


Figure 1-28. Magnetic Fields around Elements 


1-130. Magnetic lines of force are indicated by the letter H and are called H 
lines. The direction of the magnetic lines may be determined by use of the 
left-hand rule for a conductor: If you grasp the conductor in your left hand 


Wave Propagation 


with the thumb extended in the direction of the current flow, your fingers will 
point in the direction of the magnetic lines of force. In view C of figure 1-28, 
the direction of current flow is upward along both halves of the elements 
(conductors). The lines of magnetic force (flux) form concentric loops that are 
perpendicular to the direction of current flow. The arrowheads on the loops 
indicate the direction of the field. The left-hand rule, illustrated in figure 
1-29, is used to determine the direction of the magnetic field. The direction of 
the magnetic lines may be determined as follows: If you grasp the conductor 
in your left hand with the thumb extended in the direction of the current 
flow, then the rough circles formed by the fingers indicate the direction of the 
magnetic field. 


DIRECTION OF 
CURRENT FLOW 


DIRECTION OF 
MAGNETIC FIELD LEFT HAND 


Figure 1-29. Left-Hand Rule for Conducting Elements 


Combined Electric and Magnetic Fields 


1-131. The generator, shown in figure 1-30, provides the voltage, which 
creates an electric field, and current, which creates a magnetic field. This 
source voltage and current build up to maximum values in one direction 
during one half-cycle, and then build up to maximum values in the other 
direction during the next half-cycle. Both the electric and magnetic fields 
alternate from minimum through maximum values in synchronization with 
the changing voltage and current. The electric and magnetic fields reach their 
maximum intensity one quarter-cycle apart. These fields form the induction 
field. Because the current and voltage that produce these E and H fields are 
90 degrees out of phase, the fields will also be 90 degrees out of phase. 
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Figure 1-30. Relationship of E-Lines and Current Flow 


Now that you have completed this chapter, let us review some of the new 
terms, concepts, and ideas you have learned. You should have a thorough 
understanding of these principles before moving on to chapter 2. 

Wave propagation is an invisible force that enables man to communicate over 
long distances. Wave transmission can take many forms, such as light, sound, 
and radio. 

Light is a form of wave motion that can be seen. Heat cannot normally be 
seen, but can be felt. Radio waves cannot be seen or felt. 


Wave Propagation 


Wave motion can be seen in action by throwing a pebble into a pool of still 
water. The ripples that move toward the edge of the pool demonstrate the 
propagation theory. 
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Figure 1-Sum 1. Formation of Waves in Water 


The transverse wave is a type of wave motion. Radio, light, and heat waves 
are examples of transverse waves. 


Figure 1-Sum 2. Elements of a Wave 
The longitudinal wave is another type of wave motion. The sound wave is the 
only example of a longitudinal wave given in this text. 


Source, medium, and detector (receiver) are the three requirements for all 
wave motion. 


—_——_. 
MM il >> 


MEDIUM DETECTOR 
Al EAR 


Figure 1-Sum 3. The Three Elements of Sound 
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A source can be anything that emits or expends energy (waves). 


The medium is the vehicle for carrying waves from one point to another. 
Water, air, metal, and empty space are examples of mediums. Empty space 
can serve as a medium for electromagnetic waves but not for sound waves. 


The sound detector absorbs the waves emitted by the source. The human ear 
is an example of a detector. 


Hertz, which is abbreviated Hz, is used in lieu of “cycle per second” when 
referring to radio frequencies. 


Velocity of propagation is the speed (or rate) at which the crest of a wave 
moves through a medium. Velocity can be calculated by using the formula: 


v=hMf 


Where v is velocity of propagation and is expressed in feet (meters) per 
second, 4 is the wavelength in feet (meters), and f is the frequency in hertz. 


Reflection occurs when a wave strikes an object and bounces back (toward the 
source). The wave that moves from the source to the object is called the 
incident wave, and the wave that moves away from the object is called the 
reflected wave. 


REFLECTING 
SURFACE 


INCIDENT 
WAVE 


ANGLE /OF INCIDENCE 


NORMAL OR PERPENDICULAR 


ANGLE\OF REFLECTION 


REFLECTED 
WAVE 


Figure 1-Sum 4. Reflection of a Wave 


The law of reflection states that the angle of incidence is equal to the angle of 
reflection. 


Refraction occurs when a wave traveling through two different mediums 
passes through the boundary of the mediums and bends toward or away from 
the normal. 
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Figure 1-Sum 5. Refraction of a Wave 


Diffraction can account for the ability of the AM radio waves (due to their low 
frequency) to travel over a mountain, while FM and TV signals (due to their 
higher frequencies) are blocked. 


The Doppler effect is the apparent change in frequency of a source as it 
moves toward or away from a detector. It can affect the operation of 
equipment used to detect and measure wave energy. 


Characteristics of sound can be audible to the human ear or it can be outside 
the hearing range. 


Noise and tones are the two general groups that broadly classify all sounds. 
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Figure 1-Sum 6. Musical Sound Versus Noise 


Pitch, intensity, and quality are the three basic characteristics of sound. 
Pitch describes the frequency of sound. Intensity describes how much energy 
is transmitted. Quality enables us to distinguish one sound from another. 


The density of a medium, temperature, and atmospheric pressure affect the 
velocity of sound. If temperature, density, or pressure increases, the velocity 
of sound increases and vice versa. 


Acoustics is the science of sound and relates to the sense of hearing. 


Echo is an example of reflection. Sound echoes are used in sonar and depth 
finders to determine or measure the range of an object or the depth of the 
ocean bottom. 


Reverberation is the multiple reflections of sound waves. The prolonged roar 
of thunder is caused by reverberations. With underwater sound equipment, 
reverberations of nearby objects may interfere with returning echoes from 
actual targets. 


Interference occurs when two waves move simultaneously through a medium. 
They can interfere constructively, destructively, or produce a resultant of 
zero. 


Resonance occurs when an objects vibrates (or resonates) at its natural 
frequency. When different frequencies are produced inside a cavity, the sound 
from the cavity sounds louder at its resonant frequency than at all other 
frequencies. 


Noise is any disturbance that distracts from or distorts the quality of sound. 


A photon is the smallest unit of radiant energy that makes up light waves 
and radio waves. 


Angstrom (A) units are used for measuring the wavelength of light. One 
angstrom = 10-10 meters . 


The visible spectrum contains all the colors between infrared and ultraviolet. 
Infrared and ultraviolet are invisible to the human eye. 
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Figure 1-Sum 7. Use of a Prism to Split White Light into Different Colors 


The primary colors of light are red, green, and blue. These primaries can be 
mixed to make any color between red and violet. If the three colors are mixed 
equally, they produce white light. 


The complementary colors of light are magenta, yellow, and cyan. Mixing any 
two of the primary colors together in overlapping beams produces them. 


The speed of light in empty space is considered to be 186,000 miles per second 
(or 300,000,000 meters per second). This speed varies in different mediums, 
but the constant of 186,000 miles per second is always used as the speed of 
light. 


The electromagnetic spectrum is the complete range of electromagnetic 
frequencies from 3 kHz to beyond 300,000 THz. Audio frequencies (15 Hz to 
20 kHz) are not electromagnetic energy and are not included in the 
electromagnetic spectrum. The electromagnetic field consists of an electric 
field and a magnetic field. These fields are responsible for the transmission 
and reception of electromagnetic energy through free space. 
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Figure 1-Sum 8. Electromagnetic Spectrum 


1-46 


Wave Propagation 


Check-on-Learning Questions 
Wave Propagation 


When you are satisfied that you have answered every question to the best of your ability, 
check your answers using appendix A. If you missed eight or more questions, you should 
review the chapter, paying particular attention to the areas in which your answers were 
incorrect. 


What is propagation? 

How is a wave defined as it applies to wave propagation? 

What is wave motion? 

What are some examples of wave motion? 

What type of wave motion is represented by the motion of water? 
What are some examples of transverse waves? 

What example of a longitudinal wave was given in the text? 


What are the three requirements for a wave to be propagated? 


SOE OO. SE O88 IND: So 


What is a cycle? 
. What is wavelength (A)? 


. What is the law of reflection? 


na 
wo RF © 


. When a wave is reflected from a surface, energy is transferred. When is the transfer of 
energy greatest? 


an 
ise) 


. When is the transfer of energy minimum? 


a 
— 


. A refracted wave occurs when a wave passes from one medium into another medium. What 
determines the angle of refraction? 


an 
Oo 


. The apparent change in frequency or pitch because of motion is explained by what effect? 


= 
for) 


. What term describes sounds capable of being heard by the human ear? 


a 
~ 


. Are all sounds audible to the human ear? Why? 


hb 
oe) 


. Sound waves transmitted from a source are sometimes weak when they reach the detector. 
What instrument is needed to boost the weak signal? 


4 
Me) 


. What are the three basic requirements for sound? 


i) 
f=) 


. What are the two general groups of sound? 


i) 
ran 


. What are the three basic characteristics of sound? 


iw) 
iS) 


. What is the normal audible range of the human ear? 


we) 
ise) 


. What is intensity as it pertains to sound? 


bo 
nN 


. What characteristic of sound enables a person to distinguish one musical instrument from 
another, if they are all playing the same note? 


25. How do density and temperature affect the velocity of sound? 


26. What term is used to mean the science of sound? 
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27. 
28. 
29. 


30. 
31. 
32. 
33. 
34, 
35. 
36. 


37. 
38. 


39. 
40. 


41. 


42. 
43. 


44, 
45. 


46. 
47. 


48. 


A sound wave that is reflected back toward the source is known as what type of sound? 
What is the term for multiple reflections of sound waves? 


A cavity that vibrates at its natural frequency produces a louder sound than at other 
frequencies. What term is used to describe this phenomenon? 


What do we call a disturbance that distracts or distorts the quality of sound? 
What are three means of producing light? 

What is the smallest unit of radiant energy? 

What unit is used to measure the different wavelengths of light? 

What are the three primary colors of light? 

What are the three secondary colors of light? 


White light falls upon a dull, rough, dark-brown object. Will the light primarily be reflected, 
diffused, or absorbed by the object? 


What color will be emitted by a dull, rough, black object when white light falls upon it? 


A substance that transmits light but through which an object cannot be seen clearly is 
known as what kind of substance? 


At what speed does light travel? 


A light wave enters a sheet of glass at a perfect right angle to the surface. Is the majority of 
the wave reflected, refracted, transmitted, or absorbed? 


When light strikes a piece of white paper, the light is reflected in all directions. What do we 
call this scattering of light? 


What three examples of electromagnetic energy are mentioned in the text? 


What is the main difference between the bulk of the electromagnetic spectrum and the 
visible spectrum? 


What are the two components (fields) that make up the electromagnetic wave? 


What do we call a conductor (or set of conductors) that radiates electromagnetic energy into 
space? 


What do we call the field that is created between two rods when a voltage is applied to them? 


When current flows through a conductor, a field is created around the conductor. What do we 
call this field? 


An induction field is created around a conductor when current flows through it. What do we 
call the field that detaches itself from the conductor and travels through space? 
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Radio Wave Propagation 


LEARNING OBJECTIVES 


2-1. 


Upon completing this chapter, you should be able to do the following: 


State what the electromagnetic field is and what components make 
up the electromagnetic field. 


State the difference between the induction field and the radiation 
field. 


State what radio waves are. 


List the components of a radio wave and define the terms cycle, 
frequency, harmonics, period, wavelength, and velocity as applied to 
radio wave propagation. 


Compute the wavelength of radio waves. 
State how radio waves are polarized, vertically and horizontally. 


State what reflection, refraction, and diffraction are as applied to 
radio waves. 


State what influence the earth’s atmosphere has on radio waves and 
list the different layers of the earth’s atmosphere. 


Identify a ground wave and a sky wave, and describe the effects of the 
ionosphere on the sky wave. 


Identify the structure of the ionosphere. 


Define density of layer, frequency, angle of incidence, skip distance, 
and skip zone. 

Describe propagation paths. 

Describe fading, multipath fading, and selective fading. Describe 
propagation paths. 

State how transmission losses affect radio wave propagation. 

State how electromagnetic interference, man-made/natural interference, 
and ionospheric disturbances affect radio wave propagation. State how 
transmission losses affect radio wave propagation. 

Identify variations in the ionosphere. 

Identify the maximum, optimum, and lowest usable frequencies of 
radio waves. 

State what temperature inversion is, how frequency predictions are 
made, and how weather affects frequency. 

State what tropospheric scatter is and how it affects radio wave 
propagation. 
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2-2. The way energy is propagated into free space is a source of great 
dispute among people concerned with it. Although many theories have been 
proposed, the following theory adequately explains the phenomena and has 
been widely accepted. There are two basic fields associated with every 
antenna; an induction field and a radiation field. The field associated with 
the energy stored in the antenna is the induction field. This field is said to 
provide no part in the transmission of electromagnetic energy through free 
space. However, without the presence of the induction field, there would be 
no energy radiated. 


INDUCTION FIELD 


2-2 


2-3. Figure 2-1, which illustrates a low-frequency generator connected to an 
antenna, will help you understand how the induction field is produced. Let us 
follow the generator through one cycle of operation. 


2-4. Initially, you can consider that the generator output is zero and that no 
fields exist about the antenna, as shown in figure 2-1, view A. Now assume 
that the generator produces a slight potential and has the instantaneous 
polarity shown in view B. Because of this slight potential, the antenna 
capacitance acts as a short, allowing a large flow of current (I) through the 
antenna in the direction shown. This current flow, in turn, produces a large 
magnetic field about the antenna. Because the flow of current at each end of 
the antenna is minimum, the corresponding magnetic fields at each end of 
the antenna are also minimum. As time passes, charges—which oppose 
antenna current and produce an electrostatic field (EK field)—collect at each 
end of the antenna. Eventually, the antenna capacitance becomes fully 
charged and stops current flow through the antenna. Under this condition, 
the electrostatic field is maximum, and the magnetic field (H field) is fully 
collapsed, as shown in view C. 


2-5. As the generator potential decreases back to zero, the potential of the 
antenna begins to discharge. During the discharging process, the electrostatic 
field collapses and the direction of current flow reverses, as shown in 
figure 2-1, view D. When the current again begins to flow, an associated 
magnetic field is generated. Eventually, the electrostatic field completely 
collapses, the generator potential reverses, and current is maximum, as 
shown in view E. As charges collect at each end of the antenna, an 
electrostatic field is produced and current flow decreases. This causes the 
magnetic field to begin collapsing. The collapsing magnetic field produces 
more current flow, a greater accumulation of charge, and a greater 
electrostatic field. The antenna gradually reaches the condition shown in 
view F, where current is zero and the collected charges are maximum. 


2-6. As the generator potential again decreases toward zero, the antenna 
begins to discharge and the electrostatic field begins to collapse. When the 
generator potential reaches zero, discharge current is maximum and the 
associated magnetic field is maximum. A brief time later, generator potential 
reverses, and the condition shown in view B recurs. 


Note: The electric field (E field) and the electrostatic field (E field) are the 
same. The terms are used interchangeably throughout this text. 
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Figure 2-1. Induction Field about an Antenna 


2-7. The graph shown in figure 2-2 shows the relationship between the 
magnetic (H) field and the electric (E) field plotted against time. Note that 
the two fields are 90 degrees out of phase with each other. If you compare the 
graph in figure 2-2 with figure 2-1, you will notice that the two fields around 
the antenna are displaced 90 degrees from each other in space. (The H field 
exists in a plane perpendicular to the antenna. The E field exists in a plane 
parallel with the antenna, as shown in figure 2-1.) 
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Figure 2-2. Phase Relationship of Induction Field Components 


2-8. All the energy supplied to the induction field is returned to the antenna 
by the collapsing E and H fields. No energy from the induction field is 
radiated from the antenna. Therefore, the induction field is considered a local 
field and plays no part in the transmission of electromagnetic energy. The 
induction field represents only the stored energy in the antenna and is 
responsible only for the resonant effects that the antenna reflects to the 
generator. 


RADIATION FIELD 
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2-9. The E and H fields that are set up in the transfer of energy through 
space are known collectively as the radiation field. This radiation field is 
responsible for electromagnetic radiation from the antenna. The radiation 
field decreases as the distance from the antenna is increased. Because the 
decrease is linear, the radiation field reaches great distances from the 
antenna. 


2-10. Let us look at a half-wave antenna to illustrate how this radiation 
actually takes place. Simply stated, a half-wave antenna is one that has an 
electrical length equal to half the wavelength of the signal being transmitted. 
Assume, for example, that a transmitter is operating at 30 megahertz. If a 
half-wave antenna is used with the transmitter, the antenna’s electrical 
length would have to be at least 16 feet long. (The formula used to compute 
the electrical length of an antenna is explained in chapter 4.) When power is 
delivered to the half-wave antenna, both an induction field and a radiation 
field are set up by the fluctuating energy. At the antenna, the intensities of 
these fields are proportional to the amount of power delivered to the antenna 
from a source such as a transmitter. At a short distance from the antenna 
and beyond, only the radiation field exists. This radiation field is made up of 
an electric component and a magnetic component at right angles to each 
other in space and varying together in intensity. 
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2-11. With a high-frequency generator (a transmitter) connected to the 
antenna, the induction field is produced as described in the previous section. 
However, the generator potential reverses before the electrostatic field has 
had time to collapse completely. The reversed generator potential neutralizes 
the remaining antenna charges, leaving a resultant E field in space. 


2-12. Figure 2-3 is a simple picture of an E field detaching itself from an 
antenna. (The H field is not considered in this example, although it is 
present.) In view A, the voltage is maximum and the electric field has 
maximum intensity. The lines of force begin at the end of the antenna that is 
positively charged and extend to the end of the antenna that is negatively 
charged. Note that the outer E lines are stretched away from the inner lines. 
This is because of the repelling force that takes place between lines of force in 
the same direction. As the voltage drops (view B), the separated charges come 
together, and the ends of the lines move toward the center of the antenna. 
However, because lines of force in the same direction repel each other, the 
centers of the lines are still being held out. 
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Figure 2-3. Radiation from an Antenna 


2-13. As the voltage approaches zero (view B), some of the lines collapse back 
into the antenna. At the same time, the ends of other lines begin to come 
together to form a complete loop. Notice the direction of these lines of force 
next to the antenna in view C. At this point the voltage on the antenna is 
zero. As the charge starts to build up in the opposite direction (view D), 
electric lines of force again begin at the positive end of the antenna and 
stretch to the negative end of the antenna. These lines of force, being in the 
same direction as the sides of the closed loops next to the antenna, repel the 
closed loops and force them out into space at the speed of light. As these loops 
travel through space, they generate a magnetic field in phase with them. 


2-14. Because each successive E field is generated with a polarity that is 
opposite the preceding E field (that is, the lines of force are opposite), an 
oscillating electric field is produced along the path of travel. When an electric 
field oscillates, a magnetic field having an intensity that varies directly with 
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that of the E field is produced. The variations in magnetic field intensity, in 
turn, produce another E field. Thus, the two varying fields sustain each 
other, resulting in electromagnetic wave propagation. 


2-15. During this radiation process, the E and H fields are in phase in time 
but physically displaced 90 degrees in space. Thus, the varying magnetic field 
produces a varying electric field; and the varying electric field, in turn, 
sustains the varying magnetic field. Each field supports the other, and 
neither can be propagated by itself. Figure 2-4 shows a comparison between 
the induction field and the radiation field. 
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Figure 2-4. E and H Components of Induction and Radiation Fields 


RADIO WAVES 


2-16. An energy wave generated by a transmitter is called a radio wave. The 
radio wave radiated into space by the transmitting antenna is a very complex 
form of energy containing both electric and magnetic fields. Because of this 
combination of fields, radio waves are also referred to as electromagnetic 
radiation. The discussion that follows explains the earth’s atmosphere and its 
effect on radio waves. All the principles of wave motion that were discussed 
in chapter 1 also apply to radio waves. 


Note. The term radio wave is not limited to communications equipment 
alone. The term applies to all equipment that generates signals in the form of 
electromagnetic energy. 
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CHARACTERISTICS OF RADIO WAVES 


2-17. Shape. The basic shape of the wave generated by a transmitter is that 
of a sine wave. The wave radiated out into space, however, may or may not 
retain the characteristics of the sine wave. 


2-18. A sine wave can be one cycle or many cycles. Recall from chapter 1 that 
the number of cycles of a sine wave that are completed in 1 second is known 
as the frequency of the sine wave. For example, 60 cycles of ordinary house 
current occur each second, so house current is said to have a frequency of 60 
cycles per second or 60 hertz. 


2-19. Frequency. The frequencies falling between 3000 hertz (3 kHz) and 
300,000,000,000 hertz (300 GHz) are called radio frequencies (abbreviated 
RF) because they are commonly used in radio communications. This part of 
the radio frequency spectrum is divided into bands, each band being 10 times 
higher in frequency than the one immediately below it. This arrangement 
serves as a convenient way to remember the range of each band. The RF 
bands are shown in Table 2-1. The usable radio-frequency range is roughly 10 
kilohertz to 100 gigahertz. 


Table 2-1. Radio Frequency Bands 


DESCRIPTION ABBREVIATION FREQUENCY 

Very low VLF 3 to 30 KHz 

Low LF 30 to 300 kHz 
Medium MF 300 to 3000 kHz 
High HF 3 to 30 MHz 

Very high VHF 30 to 300 MHz 
Ultrahigh UHF 300 to 3000 MHz 
Superhigh SHF 3 to 30 GHz 
Extremely high EHF 30 to 300 GHz 


2-20. Harmonics. Any frequency that is a whole number multiple of a 
smaller basic frequency is known as a harmonic of that basic frequency. The 
basic frequency itself is called the first harmonic or, more commonly, the 
fundamental frequency. A frequency that is twice as great as the 
fundamental frequency is called the second harmonic; a frequency three 
times as great is the third harmonic; and so on. For example: 


e First harmonic (fundamental frequency) 3000 kHz 
e Second harmonic 6000 kHz 
e Thirdharmonic 9000 kHz 


2-21. Period. The period of a radio wave is simply the amount of time 
required to complete one full cycle. If a sine wave has a frequency of 2 hertz, 
each cycle has a duration, or period, of one-half second. If the frequency is 10 
hertz, the period of each cycle is one-tenth of a second. Because the frequency 
of a radio wave is the number of cycles that are completed in one second, you 
should be able to see that as the frequency of a radio wave increases, its 
period decreases. 


TC 9-64 


2-22. Wavelength. A wavelength is the space occupied by one full cycle of a 
radio wave at any given instant. Wavelengths are expressed in meters 
(1 meter is equal to 3.28 feet). You need to have a good understanding of 
frequency and wavelength to be able to select the proper antenna(s) to use for 
successful communications. The relationship between frequency, wavelength, 
and antennas are discussed in chapter 4. 


2-23. Velocity. The velocity (or speed) of a radio wave radiated into free 
space by a transmitting antenna is equal to the speed of light, which is 
186,000 miles per second or 300,000,000 meters per second. Because of 
various factors, such as barometric pressure, humidity, and molecular 
content, radio waves travel inside the earth’s atmosphere at a speed slightly 
less than the speed of light. Normally, in discussions of the velocity of radio 
waves, the velocity referred to is the speed at which radio waves travel in free 
space. 


2-24. The frequency of a radio wave has nothing to do with its velocity. A 
5-megahertz wave travels through space at the same velocity as a 
10-megahertz wave. However, the velocity of radio waves is an important 
factor in making wavelength-to-frequency conversions, the subject of our next 
discussion. 


WAVELENGTH-TO-FREQUENCY CONVERSIONS 
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2-25. Radio waves are often referred to by their wavelength in meters rather 
than by frequency. For example, most people have heard commercial radio 
stations make announcements similar to the following: “Station WXYZ 
operating on 240 meters.” To tune receiving equipment that is calibrated by 
frequency to such a station, you must first convert the designated wavelength 
to its equivalent frequency. 


2-26. As discussed earlier, a radio wave travels 300,000,000 meters per 
second (speed of light); therefore, a radio wave of 1 hertz would have traveled 
a distance (or wavelength) of 300,000,000 meters. Obviously then, if the 
frequency of the wave is increased to 2 hertz, the wavelength will be cut in 
half to 150,000,000 meters. This illustrates the principle that the higher the 
frequency, the shorter the wavelength. 


2-27. Wavelength-to-frequency conversions of radio waves are really quite 
simple because wavelength and frequency are reciprocals: Either one divided 
into the velocity of a radio wave yields the other. Remember, the formula for 
wavelength is: 


Where: 
A = wavelength in meters 
v = velocity of radio of radio wave (in Hz, kHz, or MHz) 
f = frequency of radio wave (in Hz, kHz, or MHz) 


2-28. The wavelength in meters divided into 300,000,000 yields the frequency 
of a radio wave in hertz. Likewise, the wavelength divided into 300,000 yields 
the frequency of a radio wave in kilohertz, and the wavelength divided into 
300 yields the frequency in megahertz. 
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2-29. Now, let us apply the formula to determine the frequency to which the 
receiving equipment must be tuned to receive station WXYZ operating on 240 
meters. Radio wave frequencies are normally expressed in kilohertz or 
megahertz. 


2-30. To find the frequency in hertz, use the formula: 


Given: 
v = 300,000,000 meters per second 
A = 240 meters 

Solution: 


300,000,000 meters per second 
240 meters 


f= 1,250,000 Hz 


2-31. To find the frequency in kilohertz, use the formula: 


300,000 


f (kHz) = ; 


Given: 


X. = 240 meters 


Solution: 
300,000 
f (kHz) = ———__ 
240 meters 
f = 1,250 kHz 


2-32. To find the frequency in megahertz, use the formula: 


300 
ny 


f (MHz) = 


Given: 
X. = 240 meters 
Solution: 


300 
240 meters 


f= 1.25 MHz 


f (MHz) = 
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POLARIZATION 
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2-33. For maximum absorption of energy from the electromagnetic fields, the 
receiving antenna must be located in the plane of polarization. This places 
the conductor of the antenna at right angles to the magnetic lines of force 
moving through the antenna and parallel to the electric lines, causing 
maximum induction. 


2-34. Normally, the plane of polarization of a radio wave is the plane in 
which the E field propagates with respect to the earth. If the E field 
component of the radiated wave travels in a plane perpendicular to the 
earth’s surface (vertical), the radiation is said to be vertically polarized, as 
shown in figure 2-5, view A. If the E field propagates in a plane parallel to 
the earth’s surface (horizontal), the radiation is said to be horizontally 
polarized, as shown in view B. 
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Figure 2-5. Vertical and Horizontal Polarization 


2-35. The position of the antenna in space is important because it affects the 
polarization of the electromagnetic wave. When the transmitting antenna is 
close to the ground, vertically polarized waves cause greater signal strength 
along the earth’s surface. On the other hand, antennas high above the ground 
should be horizontally polarized to get the greatest possible signal strength to 
the earth’s surface. Vertically and horizontally polarized antennas are 
discussed in more detail in chapter 4. 


2-36. The radiated energy from an antenna is in the form of an expanding 
sphere. Any small section of this sphere is perpendicular to the direction the 
energy travels and is called a wavefront. All energy on a wavefront is in 
phase. Usually all points on the wavefront are at equal distances from the 
antenna. The farther the wavefront is from the antenna, the less spherical 
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the wave appears. At a considerable distance the wavefront can be considered 
as a plane surface at a right angle to the direction of propagation. 


2-37. If you know the directions of the E and H components, you can use the 
“right-hand rule” to determine the direction of wave propagation (see figure 
2-6). This rule states that if the thumb, forefinger, and middle finger of the 
right hand are extended so they are mutually perpendicular, the middle 
finger will point in the direction of wave propagation if the thumb points in 
the direction of the E field and the forefinger points in the direction of the H 
field. Because both the E and H fields reverse directions simultaneously, 
propagation of a particular wavefront is always in the same direction (away 
from the antenna). 
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Figure 2-6. Right-Hand Rule for Propagation 


ATMOSPHERIC PROPAGATION 


Reflection 


2-38. Within the atmosphere, radio waves can be reflected, refracted, and 
diffracted in the same manner as light and heat waves. 


2-39. Radio waves may be reflected from various substances or objects they 
meet during travel between the transmitting and receiving sites. The amount 
of reflection depends on the reflecting material. Smooth metal surfaces of 
good electrical conductivity are efficient reflectors of radio waves. The surface 
of the earth itself is a fairly good reflector. The radio wave is not reflected 
from a single point on the reflector but rather from an area on its surface. 
The size of the area required for reflection to take place depends on the 
wavelength of the radio wave and the angle at which the wave strikes the 
reflecting substance. 
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Refraction 
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2-40. When radio waves are reflected from flat surfaces, a phase shift in the 
alternations of the wave occurs. Figure 2-7 shows two radio waves being 
reflected from the earth’s surface. Notice that the positive and negative 
alternations of radio waves (A) and (B) are in phase with each other in their 
paths toward the earth’s surface. After reflection takes place, however, the 
waves are approximately 180 degrees out of phase. The amount of phase shift 
that occurs is not constant. It depends on the polarization of the wave and the 
angle at which the wave strikes the reflecting surface. Radio waves that keep 
their phase relationships after reflection normally produce a stronger signal 
at the receiving site. Those that are received out of phase produce a weak or 
fading signal. The shifting in the phase relationships of reflected radio waves 
is one of the major reasons for fading. Fading is discussed in more detail later 
in this chapter. 


REFLECTED 


EARTH’S SURFACE 


Figure 2-7. Phase Shift of Reflected Radio Waves 


2-41. Another phenomenon common to most radio waves is the bending of the 
waves as they move from one medium into another in which the velocity of 
propagation is different. This bending of the waves is called refraction. For 
example, suppose you are driving down a smoothly paved road at a constant 
speed and suddenly one wheel goes off onto the soft shoulder. The car tends 
to veer off to one side. The change of medium, from hard surface to soft 
shoulder, causes a change in speed or velocity. The tendency is for the car to 
change direction. This same principle applies to radio waves as changes occur 
in the medium through which they are passing. As an example, the radio 
wave shown in figure 2-8 is traveling through the earth’s atmosphere at a 
constant speed. As the wave enters the dense layer of electrically charged 
ions, the part of the wave that enters the new medium first travels faster 
than the parts of the wave that have not yet entered the new medium. This 
abrupt increase in velocity of the upper part of the wave causes the wave to 
bend back toward the earth. This bending, or change of direction, is always 
toward the medium that has the lower velocity of propagation. 


Radio Wave Propagation 


yey, ory ca oe ae a ee t yrs : Py Se t c a, ae” 
est feypeeat =i] MAXIMUM ELECTRON |rasti clipes ge pi Seo 
ie en! DENSITY Re ee eee 2 
ry: wa ay” BO a i 
Rite p eRe airs SES 


Diffraction 


Figure 2-8. Radio Wave Refraction 


2-42. Radio waves passing through the atmosphere are affected by certain 
factors, such as temperature, pressure, humidity, and density. These factors 
can cause the radio waves to be refracted. This effect is discussed in greater 
detail later in this chapter. 


2-43. A radio wave that meets an obstacle has a natural tendency to bend 
around the obstacle, as illustrated in figure 2-9. The bending, called 
diffraction, results in a change of direction of part of the wave energy from 
the normal line-of-sight path. This change makes it possible to receive energy 
around the edges of an obstacle as shown in figure 2-9, view A or at some 
distances below the highest point of an obstruction, as shown in view B. 
Although diffracted RF energy usually is weak, it can still be detected by a 
suitable receiver. The principal effect of diffraction extends the radio range 
beyond the visible horizon. In certain cases, by using high power and very low 
frequencies, radio waves can be made to encircle the earth by diffraction. 
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Figure 2-9. Diffraction around an Object 


EFFECT OF THE EARTH’S ATMOSPHERE ON RADIO WAVES 
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2-44. The discussion of electromagnetic wave propagation is concerned 
mainly with the properties and effects of the medium located between the 
transmitting antenna and the receiving antenna. While radio waves traveling 
in free space have little outside influence affecting them, radio waves 
traveling within the earth’s atmosphere are affected by varying conditions. 
The influence exerted on radio waves by the earth’s atmosphere adds many 
new factors to complicate what at first seems to be a relatively simple 
problem. These complications are because of a lack of uniformity within the 
earth’s atmosphere. Atmospheric conditions vary with changes in height, 
geographical location, and even with changes in time (day, night, season, and 
year). Knowledge of the composition of the earth’s atmosphere is extremely 
important for understanding wave propagation. 


2-45. The earth’s atmosphere is divided into three separate regions, or layers. 
They are the troposphere, the stratosphere, and the ionosphere. The layers of 
the atmosphere are illustrated in figure 2-10. 
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Figure 2-10. Layers of the Earth’s Atmosphere 


2-46. The troposphere is the portion of the earth’s atmosphere that extends 
from the surface of the earth to a height of about 3.7 miles (6 km) at the 
North Pole or the South Pole, and 11.2 miles (18 km) at the equator. Virtually 
all weather phenomena take place in the troposphere. The temperature in 
this region decreases rapidly with altitude, clouds form, and there may be 
much turbulence because of variations in temperature, density, and pressure. 
These conditions have a great effect on the propagation of radio waves, as 
explained later in this chapter. 


2-47. The stratosphere is located between the troposphere and the 
ionosphere. The temperature throughout this region is considered to be 
almost constant and there is little water vapor present. The stratosphere has 
relatively little effect on radio waves because it is a relatively calm region 
with little or no temperature changes. 
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Ionosphere 


2-48. The ionosphere extends upward from about 31.1 miles (50 km) to a 
height of about 250 miles (402 km). It contains four cloud-like layers of 
electrically charged ions, which enable radio waves to be propagated to great 
distances around the earth. This is the most important region of the 
atmosphere for long distance point-to-point communications. This region is 
discussed in detail later in this chapter. 


RADIO WAVE TRANSMISSION PATHS 


Ground Waves 
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2-49. There are two principal ways in which electromagnetic (radio) energy 
travels from a transmitting antenna to a receiving antenna. One way is by 
ground waves and the other is by sky waves. Ground waves are radio waves 
that travel near the surface of the earth (surface and space waves). Sky 
waves are radio waves that are reflected back to Earth from the ionosphere 
(see figure 2-11). 


IONOSPHERE 
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Figure 2-11. Ground Waves and Sky Waves 


2-50. The ground wave is actually composed of two separate component 
waves. These are known as the surface wave and the space wave (figure 
2-11). The determining factor in whether a ground wave component is 
classified as a space wave or a surface wave is simple. A surface wave travels 
along the surface of the earth. A space wave travels over the surface. 


2-51. Surface wave. The surface wave reaches the receiving site by 
traveling along the surface of the ground as shown in figure 2-12. A surface 
wave can follow the contours of the earth because of the process of diffraction. 
When a surface wave meets an object and the dimensions of the object do not 
exceed its wavelength, the wave tends to curve or bend around the object. 
The smaller the object, the more pronounced the diffractive action will be. 
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Figure 2-12. Surface Wave Propagation 


2-52. As a surface wave passes over the ground, the wave induces a voltage 
in the earth. The induced voltage takes energy away from the surface wave, 
thereby weakening, or attenuating, the wave as it moves away from the 
transmitting antenna. To reduce the attenuation, the amount of induced 
voltage must be reduced. This is done by using vertically polarized waves 
that minimize the extent to which the electric field of the wave is in contact 
with the earth. When a surface wave is horizontally polarized, the electric 
field of the wave is parallel with the surface of the earth and, therefore, is 
constantly in contact with it. The wave is then completely attenuated within 
a short distance from the transmitting site. On the other hand, when the 
surface wave is vertically polarized, the electric field is perpendicular to the 
earth and merely dips into and out of the earth’s surface. For this reason, 
vertical polarization is vastly superior to horizontal polarization for surface 
wave propagation. 


2-53. The attenuation that a surface wave undergoes because of induced 
voltage also depends on the electrical properties of the terrain over which the 
wave travels. The best type of surface is one that has good electrical 
conductivity. The better the conductivity, the less the attenuation. Table 2-2 
gives the relative conductivity of various Earth surfaces. 


Table 2-2. Surface Conductivity 


SURFACE RELATIVE CONDUCTIVITY 
Sea water Good 
Flat, loamy soil Fair 
Large bodies of fresh water Fair 
Rocky terrain Poor 
Desert Poor 
Jungle Unusable 


2-54. Another major factor in the attenuation of surface waves is frequency. 
Recall from earlier discussions on wavelength that the higher the frequency 
of a radio wave, the shorter its wavelength will be. These high frequencies, 
with their shorter wavelengths, are not normally diffracted but are absorbed 
by the earth at points relatively close to the transmitting site. You can 
assume, therefore, that as the frequency of a surface wave is increased, the 
more rapidly the surface wave will be absorbed, or attenuated, by the earth. 
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Sky Wave 
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Because of this loss by attenuation, the surface wave is impractical for long- 
distance transmissions at frequencies above 2 megahertz. On the other hand, 
when the frequency of a surface wave is low enough to have a very long 
wavelength, the earth appears to be very small, and diffraction is sufficient 
for propagation well beyond the horizon. In fact, by lowering the transmitting 
frequency into the very low frequency (VLF) range and using very high- 
powered transmitters, the surface wave can be propagated great distances. 


2-55. Space wave. The space wave follows two distinct paths from the 
transmitting antenna to the receiving antenna—one through the air directly 
to the receiving antenna, the other reflected from the ground to the receiving 
antenna. These paths are illustrated in figure 2-13. The primary or direct 
path of the space wave is directly from the transmitting antenna to the 
receiving antenna. So, the receiving antenna must be located within the radio 
horizon of the transmitting antenna. Because space waves are refracted 
slightly, even when propagated through the troposphere, the radio horizon is 
actually about one-third farther than the line-of-sight or natural horizon. 
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Figure 2-13. Space Wave Propagation 


2-56. Although space waves suffer little ground attenuation, they 
nevertheless are susceptible to fading. This is because space waves actually 
follow two paths of different lengths (direct path and ground reflected path) 
to the receiving site and, therefore, may arrive in or out of phase. If these two 
component waves are received in phase, the result is a reinforced or stronger 
signal. Likewise, if they are received out of phase, they tend to cancel one 
another, which results in a weak or fading signal. 


2-57. The sky wave, often called the ionospheric wave, is radiated in an 
upward direction and returned to Earth at some distant location because of 
refraction from the ionosphere. This form of propagation is relatively 
unaffected by the earth’s surface and can propagate signals over great 
distances. Usually the high frequency (HF) band is used for sky wave 
propagation. The following study of the ionosphere and its effect on sky 
waves will help you understand the nature of sky wave propagation. 
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2-58. As stated previously, the ionosphere is the region of the atmosphere 
that extends from about 31.1 miles (50 km) above the surface of the earth to 
about 250 miles (402 km) above the surface. It is appropriately named the 
lonosphere because it consists of several layers of electrically charged gas 
atoms called ions. A process called ionization forms the ions. 


2-59. Ionization occurs when high-energy ultraviolet light waves from the 
sun enter the ionospheric region of the atmosphere, strike a gas atom, and 
literally knock an electron free from its parent atom. A normal atom is 
electrically neutral because it contains equal numbers of positively charged 
protons in its nucleus and negatively charged electrons that orbit the 
nucleus. When an electron is knocked free from the atom, the atom becomes 
positively charged (called a positive ion) and remains in space along with the 
free electron, which is negatively charged. This process of upsetting electrical 
neutrality is known as ionization. 


2-60. The free negative electrons subsequently absorb part of the ultraviolet 
energy, which initially freed them from their atoms. As the ultraviolet light 
wave continues to produce positive ions and negative electrons, its intensity 
decreases because of the absorption of energy by the free electrons, and an 
ionized layer is formed. The rate at which ionization occurs depends on the 
density of atoms in the atmosphere and the intensity of the ultraviolet light 
wave, which varies with the activity of the sun. 


2-61. Because the atmosphere is bombarded by ultraviolet light waves of 
different frequencies, several ionized layers are formed at different altitudes. 
Lower frequency ultraviolet waves penetrate the atmosphere the least; 
therefore, they produce ionized layers at the higher altitudes. Conversely, 
ultraviolet waves of higher frequencies penetrate deeper and produce layers 
at the lower altitudes. An important factor in determining the density of 
ionized layers is the elevation angle of the sun, which changes frequently. For 
this reason, the height and thickness of the ionized layers vary, depending on 
the time of day and even the season of the year. 


2-62. Recall that the process of ionization involves ultraviolet light waves 
knocking electrons free from their atoms. A reverse process called 
recombination occurs when the free electrons and positive ions collide with 
each other. Because these collisions are inevitable, the positive ions return to 
their original neutral atom state. 


2-63. The recombination process also depends on the time of day. Between 
the hours of early morning and late afternoon, the rate of ionization exceeds 
the rate of recombination. During this period, the ionized layers reach their 
greatest density and exert maximum influence on radio waves. During the 
late afternoon and early evening hours, however, the rate of recombination 
exceeds the rate of ionization, and the density of the ionized layers begins to 
decrease. Throughout the night, density continues to decrease, reaching a low 
point just before sunrise. 
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Four Distinct Layers 
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2-64. The ionosphere is composed of three layers designated D, E, and F, 
from lowest level to highest level as shown in figure 2-14. The F layer is 
further divided into two layers designated F1 (the lower layer) and F2 (the 
higher layer). The presence or absence of these layers in the ionosphere and 
their height above the earth varies with the position of the sun. At high noon, 
radiation in the ionosphere directly above a given point is greatest. At night 
it is minimum. When the radiation is removed, many of the particles that 
were ionized recombine. The time interval between these conditions finds the 
position and number of the ionized layers within the ionosphere changing. 
Because the position of the sun varies daily, monthly, and yearly, with 
respect to a specified point on the earth, the exact position and number of 
layers present are extremely difficult to determine. However, the following 
general statements can be made: 


e The D layer ranges from about 30 to 55 miles. Ionization in the D 
layer is low because it is the lowest region of the ionosphere. This 
layer has the ability to refract signals of low frequencies. High 
frequencies pass right through it and are attenuated. After sunset, 
the D layer disappears because of the rapid recombination of ions. 


e The E layer limits are from about 55 to 90 miles. This layer is also 
known as the Kennelly-Heaviside layer, because these two men were 
the first to propose its existence. The rate of ionic recombination in 
this layer is rather rapid after sunset and the layer is almost gone by 
midnight. This layer has the ability to refract signals as high as 20 
megahertz. For this reason, it is valuable for communications in 
ranges up to about 1500 miles. 

e The F layer exists from about 90 to 240 miles. During the daylight 
hours, the F layer separates into two layers, the Fl and F2 layers. 
The ionization level in these layers is quite high and varies widely 
during the day. At noon, this portion of the atmosphere is closest to 
the sun and the degree of ionization is maximum. Because the 
atmosphere is rarefied at these heights, recombination occurs slowly 
after sunset. Therefore, a fairly constant ionized layer is always 
present. The F layers are responsible for high frequency, long 
distance transmission. 


Radio Wave Propagation 


F2 LAYER 


RADIATION 
FROM SUN 


Figure 2-14. Layers of the lonosphere 


REFRACTION IN THE IONOSPHERE 


Density of Layer 


2-65. When a radio wave is transmitted into an ionized layer, refraction, or 
bending of the wave, occurs. As we discussed earlier, refraction is caused by an 
abrupt change in the velocity of the upper part of a radio wave as it strikes or 
enters a new medium. The amount of refraction that occurs depends on three 
main factors: (1) the density of ionization of the layer, (2) the frequency of the 
radio wave, and (8) the angle at which the wave enters the layer. 


2-66. Figure 2-15 illustrates the relationship between radio waves and 
ionization density. Each ionized layer has a central region of relatively dense 
ionization, which tapers off in intensity both above and below the maximum 
region. As a radio wave enters a region of increasing ionization, the increase 
in velocity of the upper part of the wave causes it to be bent back toward the 
earth. While the wave is in the highly dense center portion of the layer, 
however, refraction occurs more slowly because the density of ionization is 
almost uniform. As the wave enters into the upper part of the layer of 
decreasing ionization, the velocity of the upper part of the wave decreases, 
and the wave is bent away from the earth. If a wave strikes a thin, very 
highly ionized layer, the wave may be bent back so rapidly that it appears to 
have been reflected instead of refracted back to Earth. To reflect a radio 
wave, the highly ionized layer must be approximately no thicker than one 
wavelength of the radio wave. Because the ionized layers are often several 
miles thick, ionospheric reflection is more likely to occur at long wavelengths 
(low frequencies). 
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Figure 2-15. Effects of lonospheric Density on Radio Waves 


2-67. For any given time, each ionospheric layer has a maximum frequency 
at which radio waves can be transmitted vertically and refracted back to 
Earth. This frequency is known as the critical frequency. It is a term that you 
will hear frequently in any discussion of radio wave propagation. Radio 
waves transmitted at frequencies higher than the critical frequency of a given 
layer will pass through the layer and be lost in space; but if these same waves 
enter an upper layer with a higher critical frequency, they will be refracted 
back to Earth. Radio waves of frequencies lower than the critical frequency 
will also be refracted back to Earth unless they are absorbed or have been 
refracted from a lower layer. The lower the frequency of a radio wave, the 
more rapidly the wave is refracted by a given degree of ionization. Figure 2-16 
shows three separate waves of different frequencies entering an ionospheric 
layer at the same angle. Notice that the 5-megahertz wave is refracted quite 
sharply. The 20-megahertz wave is refracted less sharply and returned to 
Earth at a greater distance. The 100-megahertz wave is obviously greater 
than the critical frequency for that ionized layer and, therefore, is not 
refracted but is passed into space. 
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Figure 2-16. Frequency Versus Refraction and Distance 


Angle of Incidence 

2-68. The rate at which a wave of a given frequency is refracted by an ionized 
layer depends on the angle at which the wave enters the layer. Figure 2-17 
shows three radio waves of the same frequency entering a layer at different 
angles. The angle at which wave A strikes the layer is too nearly vertical for 
the wave to be refracted to Earth. As the wave enters the layer, it is bent 
slightly but passes through the layer and is lost. When the wave is reduced to 
an angle that is less than vertical (wave B), it strikes the layer and is 
refracted back to Earth. The angle made by wave B is called the critical angle 
for that particular frequency. Any wave that leaves the antenna at an angle 
greater than the critical angle will penetrate the ionospheric layer for that 
frequency and then be lost in space. Wave C strikes the ionosphere at the 
smallest angle at which the wave can be refracted and still return to Earth. 
At any smaller angle, the wave will be refracted but will not return to Earth. 
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Figure 2-17. Different Incident Angles of Radio Waves 
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2-69. As the frequency of the radio wave is increased, the critical angle must 
be reduced for refraction to occur. This point is illustrated in figure 2-18. The 
2-megahertz wave strikes the layer at the critical angle for that frequency 
and is refracted back to Earth. Although the 5-megahertz wave (broken line) 
strikes the ionosphere at a lesser angle, it nevertheless penetrates the layer 
and is lost. As the angle is lowered from the vertical, however, a critical angle 
for the 5-megahertz wave is reached, and the wave is then refracted to Earth. 
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Figure 2-18. Effects of Frequency on the Critical Angle 


Skip Distance/Skip Zone 
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2-70. In figure 2-19, note the relationship between the sky wave skip 
distance, the skip zone, and the ground wave coverage. The skip distance is 
the distance from the transmitter to the point where the sky wave is first 
returned to Earth. The size of the skip distance depends on the frequency of 
the wave, the angle of incidence, and the degree of ionization present. 


2-71. The skip zone is a zone of silence between the point where the ground 
wave becomes too weak for reception and the point at which the sky wave is 
first returned to Earth. The size of the skip zone depends on the extent of the 
ground wave coverage and the skip distance. When the ground wave coverage 
is great enough or the skip distance is short enough that no zone of silence 
occurs, there is no skip zone. 


2-72. Occasionally, the first sky wave will return to Earth within the range of 
the ground wave. If the sky wave and ground wave are nearly of equal 
intensity, the sky wave alternately reinforces and cancels the ground wave, 
causing severe fading. This fading is caused by the phase difference between 
the two waves, a result of the longer path traveled by the sky wave. 
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Figure 2-19. Relationship between Skip Zone, Skip Distance, and Ground Wave 


Propagation Paths 


2-73. The path that a refracted wave follows to the receiver depends on the 
angle at which the wave strikes the ionosphere. You should remember, 
however, that the RF energy radiated by a transmitting antenna spreads out 
with distance. The energy therefore strikes the ionosphere at many different 
angles rather than a single angle. 


2-74. After the RF energy of a given frequency enters an ionospheric region, 
the paths that this energy might follow are many. It may reach the receiving 
antenna via two or more paths through a single layer. It may also, reach the 
recelving antenna over a path involving more than one layer, by multiple 
hops between the ionosphere and Earth, or by any combination of these 
paths. 


2-75. Figure 2-20 shows how radio waves may reach a receiver via several 
paths through one layer. The various angles at which RF energy strikes the 
layer are represented by dark lines and designated as rays 1 through 6. 
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Figure 2-20. Ray Paths for a Fixed Frequency with Varying Angles of Incidence 


2-76. When the angle is relatively low with respect to the horizon (ray 1), 
there is only slight penetration of the layer and the propagation path is long. 
When the angle of incidence is increased (rays 2 and 3), the rays penetrate 
deeper into the layer but the range of these rays decreases. When a certain 
angle is reached (ray 3), the penetration of the layer and rate of refraction are 
such that the ray is first returned to Earth at a minimal distance from the 
transmitter. Notice, however, that ray 3 still manages to reach the receiving 
site on its second refraction (called a hop) from the ionospheric layer. 


2-77. As the angle is increased still more (rays 4 and 5), the RF energy 
penetrates the central area of maximum ionization of the layer. These rays 
are refracted rather slowly and are eventually returned to Earth at great 
distances. As the angle approaches vertical incidence (ray 6), the ray is not 
returned at all, but passes on through the layer. 


ABSORPTION IN THE IONOSPHERE 


2-78. Many factors affect a radio wave in its path between the transmitting 
and receiving sites. The factor that has the greatest adverse effect on radio 
waves is absorption. Absorption results in the loss of energy of a radio wave 
and has a pronounced effect on both the strength of received signals and the 
ability to communicate over long distances. 


2-79. As discussed previously in the section on ground waves, surface waves 
suffer most of their absorption losses because of ground-induced voltage. Sky 
waves, on the other hand, suffer most of their absorption losses because of 
conditions in the ionosphere. Note that some absorption of sky waves may 
also occur at lower atmospheric levels because of the presence of water and 
water vapor. However, this becomes important only at frequencies above 
10,000 megahertz. 


2-80. Most ionospheric absorption occurs in the lower regions of the 
ionosphere where ionization density is greatest. As a radio wave passes into 
the ionosphere, it loses some of its energy to the free electrons and ions. If 
these high-energy free electrons and ions do not collide with gas molecules of 
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low energy, most of the energy lost by the radio wave is reconverted into 
electromagnetic energy, and the wave continues to be propagated with little 
change in intensity. However, if the high-energy free electrons and ions do 
collide with other particles, much of this energy is lost, resulting in 
absorption of the energy from the wave. Because absorption of energy 
depends on collision of the particles, the greater the density of the ionized 
layer, the greater the probability of collisions; therefore, the greater the 
absorption. The highly dense D and E layers provide the greatest absorption 
of radio waves. 


2-81. Because the amount of absorption of the sky wave depends on the 
density of the ionosphere, which varies with seasonal and daily conditions, it 
is impossible to express a fixed relationship between distance and signal 
strength for ionospheric propagation. Under certain conditions, the 
absorption of energy is so great that communicating over any distance beyond 
the line of sight is difficult. 


2-82. The most troublesome and frustrating problem in receiving radio 
signals is variations in signal strength, most commonly known as fading. 
There are several conditions that can produce fading. When a radio wave is 
refracted by the ionosphere or reflected from the earth’s surface, random 
changes in the polarization of the wave may occur. Vertically and 
horizontally mounted receiving antennas are designed to receive vertically 
and horizontally polarized waves, respectively. Therefore, changes in 
polarization cause changes in the received signal level because of the inability 
of the antenna to adjust to the polarization changes. 


2-83. Fading also results from absorption of the RF energy in the ionosphere. 
Absorption fading occurs for a longer period than other types of fading, 
because absorption takes place slowly. Usually, however, fading on 
ionospheric circuits is mainly a result of multipath propagation. 


Multipath Fading 


2-84. Multipath is simply a term used to describe the multiple paths a radio 
wave may follow between transmitter and receiver. Such propagation paths 
include the ground wave, ionospheric refraction, reradiation by the 
ionospheric layers, reflection from the earth’s surface or from more than one 
ionospheric layer, and others. Figure 2-21 shows a few of the paths that a 
signal can travel between two sites in a typical circuit. One path, XYZ, is the 
basic ground wave. Another path, XEA, refracts the wave at the E layer and 
passes it on to the receiver at A. Still another path, XFZFA, results from a 
greater angle of incidence and two refractions from the F layer. At point Z, 
the received signal is a combination of the ground wave and the sky wave. 
These two signals having traveled different paths arrive at point Z at 
different times. Thus, the arriving waves may or may not be in phase with 
each other. Radio waves that are received in phase reinforce each other and 
produce a stronger signal at the receiving site. Conversely, those that are 
received out of phase produce a weak or fading signal. Small alternations in 
the transmission path may change the phase relationship of the two signals, 
causing periodic fading. This condition occurs at point A. At this point, the 
double-hop F layer signal may be in or out of phase with the signal arriving 
from the E layer. 
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Figure 2-21. Multipath Transmission 


2-85. Multipath fading may be minimized by practices called space diversity 
and frequency diversity. In space diversity, two or more receiving antennas 
are spaced some distance apart. Fading does not occur simultaneously at both 
antennas; therefore, enough output is almost always available from one of the 
antennas to provide a useful signal. In frequency diversity, two transmitters 
and two receivers are used, each pair tuned to a different frequency, with the 
same information being transmitted simultaneously over both frequencies. 
One of the two receivers will almost always provide a useful signal. 


2-86. Fading resulting from multipath propagation varies by frequency 
because each frequency arrives at the receiving point via a different radio 
path. When a wide band of frequencies is transmitted simultaneously, each 
frequency will vary in the amount of fading. This variation is called selective 
fading. When selective fading occurs, all frequencies of the transmitted signal 
do not retain their original phases and relative amplitudes. This fading 
causes severe distortion of the signal and limits the total signal transmitted. 


TRANSMISSION LOSSES 


2-87. All radio waves propagated over ionospheric paths undergo energy 
losses before arriving at the receiving site. As discussed earlier, 
absorption in the ionosphere and lower atmospheric levels account for a 
large part of these energy losses. There are two other types of losses that 
also significantly affect the ionospheric propagation of radio waves. These 
losses are known as ground reflection loss and freespace loss. The 
combined effects of absorption, ground reflection loss, and freespace loss 
account for most of the energy losses of radio transmissions propagated by 
the ionosphere. 


Ground Reflection Loss 
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2-88. When propagation is accomplished via multihop refraction, RF energy 
is lost each time the radio wave is reflected from the earth’s surface. The 
amount of energy lost depends on the frequency of the wave, the angle of 
incidence, ground irregularities, and the electrical conductivity of the point of 
reflection. 


Freespace Loss 
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2-89. Normally, the major loss of energy is because of the spreading out of 
the wavefront as it travels away from the transmitter. As the distance 
increases, the area of the wavefront spreads out, much like the beam of a 
flashlight. This means the amount of energy contained within any unit of 
area on the wavefront decreases as distance increases. By the time the 
energy arrives at the receiving antenna, the wavefront is so spread out that 
the receiving antenna extends into only a very small fraction of the 
wavefront, as illustrated in figure 2-22. 
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Figure 2-22. Freespace Loss Principle 


ELECTROMAGNETIC INTERFERENCE (EMI) 


2-90. The transmission losses just discussed are not the only factors that 
interfere with communications. An additional factor that can interfere with 
radio communications is the presence of electromagnetic interference (EMI). 
This interference can result in annoying or impossible operating conditions. 
Sources of EMI are both man-made and natural. 


Man-Made Interference 


2-91. Man-made interference may come from several sources. Some of these 
sources, such as oscillators, communications transmitters, and radio 
transmitters, may be specifically designed to generate radio frequency 
energy. Some electrical devices also generate radio frequency energy, 
although they are not specifically designed for this purpose. Examples are 
ignition systems, generators, motors, switches, relays, and voltage regulators. 
The intensity of man-made interference may vary throughout the day and 
drop off to a low level at night when many of these sources are not being 
used. Man-made interference may be a critical limiting factor at radio 
receiving sites located near industrial areas. 
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2-92. Natural interference refers to the static that you often hear when 
listening to a radio. This interference is generated by natural phenomena, 
such as thunderstorms, snowstorms, cosmic sources, and the sun. The energy 
released by these sources is transmitted to the receiving site in roughly the 
same manner as radio waves. As a result, when ionospheric conditions are 
favorable for the long distance propagation of radio waves, they are likewise 
favorable for the propagation of natural interference. Natural interference is 
very erratic, particularly in the HF band, but generally decreases as the 
operating frequency is increased and wider bandwidths are used. There is 
little natural interference above 30 megahertz. 


2-93. Electromagnetic interference can be reduced or eliminated by using 
various suppression techniques. The amount of EMI that is produced by a 
radio transmitter can be controlled by cutting transmitting antennas to the 
correct frequency, limiting bandwidth, and using electronic filtering networks 
and metallic shielding. 


2-94. Radiated EMI during transmission can be controlled by the physical 
separation of the transmitting and receiving antennas, the use of directional 
antennas, and limiting antenna bandwidth. 


VARIATIONS IN THE IONOSPHERE 


2-95. Because the existence of the ionosphere is directly related to radiations 
emitted from the sun, the movement of the earth about the sun or changes in 
the sun’s activity will result in variations in the ionosphere. These variations 
are of two general types: 

e Those that are more or less regular and occur in cycles and, therefore, 
can be predicted in advance with reasonable accuracy. 

e Those that are irregular as a result of abnormal behavior of the sun 
and, therefore, cannot be predicted in advance. Both regular and 
irregular variations have important effects on radio wave 
propagation. 


Regular Variations 
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2-96. The regular variations that affect the extent of ionization in the 
ionosphere can be divided into four main classes: daily, seasonal, 11-year, 
and 27-day variations. 


2-97. Daily. Daily variations in the ionosphere are a result of the 24-hour 
rotation of the earth about its axis. Daily variations of the different layers 
(figure 2-14) are summarized as follows: 


e The D layer reflects VLF waves, is important for long range VLF 
communications, refracts LF and MF waves for short-range 
communications, absorbs HF waves, has little effect on VHF and 
above, and disappears at night. 

e In the E layer, ionization depends on the angle of the sun. The 
E layer refracts HF waves during the day up to 20 megahertz to 
distances of about 1200 miles. Ionization is greatly reduced at night. 


Radio Wave Propagation 


e The structure and density of the F region depend on the time of day 
and the angle of the sun. This region consists of one layer during the 
night and splits into two layers during daylight hours. 

e Jonization density of the F1 layer depends on the angle of the sun. Its 
main effect is to absorb HF waves passing through to the F2 layer. 


e The F2 layer is the most important layer for long distance HF 
communications. It is a particularly variable layer and its height and 
density change with time of day, season, and sunspot activity. 


2-98. Seasonal. Seasonal variations are the result of the earth revolving 
around the sun; the relative position of the sun moves from one hemisphere 
to the other with changes in seasons. Seasonal variations of the D, E, and F1 
layers correspond to the highest angle of the sun; thus the ionization density 
of these layers is greatest during the summer. The F2 layer, however, does 
not follow this pattern; its ionization is greatest in winter and least in 
summer, the reverse of what might be expected. As a result, operating 
frequencies for F2 layer propagation are higher in the winter than in the 
summer. 


2-99. Eleven-year sunspot cycle. One of the most notable phenomena on 
the surface of the sun is the appearance and disappearance of dark, 
irregularly shaped areas known as sunspots. The exact nature of sunspots is 
not known, but scientists believe they are caused by violent eruptions on the 
sun and are characterized by unusually strong magnetic fields. These 
sunspots are responsible for variations in the ionization level of the 
ionosphere. Sunspots can, of course, occur unexpectedly, and the life span of 
individual sunspots is variable; however, a regular cycle of sunspot activity 
has also been observed. This cycle has both a minimum and maximum level 
of sunspot activity that occurs approximately every 11 years. 


2-100. During periods of maximum sunspot activity, the ionization density of 
all layers increases. Because of this, absorption in the D layer increases and 
the critical frequencies for the E, F1, and F2 layers are higher. At these 
times, higher operating frequencies must be used for long distance 
communications. 


2-101. 27-Day sunspot cycle. The number of sunspots in existence at any 
one time is continually subject to change as some disappear and new ones 
emerge. As the sun rotates on its own axis, these sunspots are visible at 27- 
day intervals, the approximate period required for the sun to make one 
complete rotation. 


2-102. The 27-day sunspot cycle causes variations in the ionization density 
of the layers on a day-to-day basis. The fluctuations in the F2 layer are 
greater than for any other layer. For this reason, precise predictions on a day- 
to-day basis of the critical frequency of the F2 layer are not possible. In 
calculating frequencies for long-distance communications, one must make 
allowances for the fluctuations of the F2 layer. 


Irregular Variations 


2-103. Irregular variations in ionospheric conditions also have an important 
effect on radio wave propagation. Because these variations are irregular and 
unpredictable, they can drastically affect communications capabilities 
without any warning. The more common irregular variations are sporadic E, 
sudden ionospheric disturbances, and ionospheric storms. 
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2-104. Sporadic E. Irregular cloud-like patches of unusually high ionization, 
called sporadic E, often form at heights near the normal E layer. Exactly what 
causes this phenomenon is not known, nor can its occurrence be predicted. It is 
known to vary significantly with latitude, and in the northern latitudes, it 
appears to be closely related to the aurora borealis or northern lights. 


2-105. At times the sporadic E is so thin that radio waves penetrate it easily 
and are returned to earth by the upper layers. At other times, it extends up 
to several hundred miles and is heavily ionized. 


2-106. These characteristics may be either harmful or helpful to radio wave 
propagation. For example, sporadic E may blank out the use of higher, more 
favorable ionospheric layers or cause additional absorption of the radio wave 
at some frequencies. Also, it can cause additional multipath problems and 
delay the arrival times of the rays of RF energy. 


2-107. On the other hand, the critical frequency of the sporadic E is very 
high and can be greater than double the critical frequency of the normal 
ionospheric layers. This condition may permit the long distance transmission 
of signals at unusually high frequencies. It may also permit short distance 
communications to locations that would normally be in the skip zone. 


2-108. The sporadic E can form and disappear in a short time during either 
the day or night. However, it usually does not occur at the same time at all 
transmitting or receiving stations. 


2-109. Sudden ionospheric disturbances. The most startling of the 
ionospheric irregularities is known as a sudden ionospheric disturbance 
(SID). These disturbances may occur without warning and may prevail for 
any length of time, from a few minutes to several hours. When SID occurs, 
long distance propagation of HF radio waves is almost totally “blanked out.” 
The immediate effect is that radio operators listening on normal frequencies 
are inclined to believe that their receivers have gone dead. 


2-110. When SID has occurred, examination of the sun has revealed a bright 
solar eruption. All stations lying wholly, or in part, on the sunward side of 
the earth are affected. The solar eruption produces an unusually intense 
burst of ultraviolet light, which is not absorbed by the F2, F1, and E layers, 
but instead causes a sudden abnormal increase in the ionization density of 
the D layer. As a result, frequencies above 1 or 2 megahertz are unable to 
penetrate the D layer and are usually completely absorbed by the layer. 


2-111. Ionospheric storms. Ionospheric storms are disturbances in the 
earth’s magnetic field. They are associated, in a manner not fully understood, 
with both solar eruptions and the 27-day intervals, thus corresponding to the 
rotation of the sun. 


2-112. Scientists believe that ionospheric storms result from particle 
radiation from the sun. Particles radiated from a solar eruption have a slower 
velocity than ultraviolet light waves produced by the eruption. This would 
account for the 18-hour or so time difference between a SID and an 
ionospheric storm. An ionospheric storm that is associated with sunspot 
activity may begin anytime from 2 days before an active sunspot crosses the 
central meridian of the sun until four days after it passes the central 
meridian. At times, however, active sunspots have crossed the central region 
of the sun without any ionospheric storms occurring. Conversely, ionospheric 
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storms have occurred when there were no visible spots on the sun and no 
preceding SID. As you can see, some correlation between ionospheric storms, 
SID, and sunspot activity is possible, but there are no hard and fast rules. 
Ionospheric storms can occur suddenly without warning. 


2-113. The most prominent effects of ionospheric storms are a turbulent 
ionosphere and very erratic sky wave propagation. Critical frequencies are 
lower than normal, particularly for the F2 layer. Ionospheric storms affect 
the higher F2 layer first, reducing its ion density. Lower layers are not 
appreciably affected by the storms unless the disturbance is great. The 
practical effect of ionospheric storms is that the range of frequencies that can 
be used for communications on a given circuit is much smaller than normal 
and communications are possible only at the lower working frequencies. 


FREQUENCY SELECTION CONSIDERATIONS 


2-114. Up to this point, we have covered various factors that control the 
propagation of radio waves through the ionosphere, such as the structure of 
the ionosphere, the incidence angle of radio waves, and operating frequencies. 
There is a very good reason for studying radio wave propagation. One must 
have a thorough knowledge of radio wave propagation to exercise good 
judgment when selecting transmitting and receiving antennas and operating 
frequencies. Selection of a suitable operating frequency (within the bounds of 
frequency allocations and availability) is of prime importance in maintaining 
reliable communications. 


Note. For successful communications between any two specified locations at 
any given time of the day, there is a maximum frequency, a lowest frequency, 
and an optimum frequency that can be used. 


Maximum Usable Frequency 


2-115. As discussed earlier, the higher the frequency of a radio wave, the 
lower the rate of refraction by an ionized layer. Therefore, for a given angle of 
incidence and time of day, there is a maximum frequency that can be used for 
communications between two given locations. This frequency is known as the 
maximum usable frequency (MUF). 


2-116. Waves at frequencies above the MUF are normally refracted so slowly 
that they return to Earth beyond the desired location, or pass on through the 
lonosphere and are lost. You should understand, however, that use of an 
established MUF certainly does not guarantee successful communications 
between a transmitting site and a receiving site. Variations in the ionosphere 
may occur at any time and consequently raise or lower the predetermined 
MUF. This is particularly true for radio waves being refracted by the highly 
variable F2 layer. The MUF is highest around noon when ultraviolet light 
waves from the sun are the most intense. It then drops rather sharply as 
recombination begins to take place. 


Lowest Usable Frequency 


2-117. As there is a maximum operating frequency that can be used for 
communications between two points, there is also a minimum operating 
frequency. This is known as the lowest usable frequency (LUF). As the 
frequency of a radio wave is lowered, the rate of refraction increases. So a 
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wave whose frequency is below the established LUF is refracted back to 
Earth at a shorter distance than desired, as shown in figure 2-23. 
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Figure 2-23. Refraction of Frequency below the Lowest Usable Frequency (LUF) 


2-118. The transmission path that results from the rate of refraction is not 
the only factor that determines the LUF. As a frequency is lowered, 
absorption of the radio wave increases. A wave whose frequency is too low is 
absorbed to such an extent that it is too weak for reception. Likewise, 
atmospheric noise is greater at lower frequencies; thus, a low-frequency radio 
wave may have an unacceptable signal-to-noise ratio. 


2-119. For a given angle of incidence and set of ionospheric conditions, the 
LUF for successful communications between two locations depends on the 
refraction properties of the ionosphere, absorption considerations, and the 
amount of atmospheric noise present. 


Optimum Working Frequency 
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2-120. Neither the MUF nor the LUF is a practical operating frequency. 
While radio waves at the LUF can be refracted back to Earth at the desired 
location, the signal-to-noise ratio is still much lower than at the higher 
frequencies, and the probability of multipath propagation is much greater. 
Operating at or near the MUF can result in frequent signal fading and 
dropouts when ionospheric variations alter the length of the transmission path. 


2-121. The most practical operating frequency is one that you can rely on 
with the least amount of problems. It should be high enough to avoid the 
problems of multipath propagation, absorption, and noise encountered at the 
lower frequencies; but not so high as to result in the adverse effects of rapid 
changes in the ionosphere. 


2-122. A frequency that meets the above criteria has been established and is 
known as the optimum working frequency. It is abbreviated “FOT” from the 
initial letters of the French words for optimum working frequency, “frequence 
optimum de travail.” The FOT is roughly about 85 percent of the MUF but 
the actual percentage varies and may be either considerably more or less 
than 85 percent. 
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EFFECTS OF WEATHER ON PROPAGATION 


2-123. Weather is an additional factor that affects the propagation of radio 
waves. In this section, we explain how and to what extent the various 
weather phenomena affect wave propagation. 


2-124. Wind, air temperature, and the water content of the atmosphere can 
combine in many ways. Certain combinations can cause radio signals to be 
heard hundreds of miles beyond the ordinary range of radio communications. 
Conversely, a different combination of factors can cause such attenuation of 
the signal that it may not be heard even over a normally satisfactory path. 
Unfortunately, there are no hard and fast rules on the effects of weather on 
radio transmissions because the weather is extremely complex and subject to 
frequent change. Therefore, we limit our discussion on the effects of weather 
on radio waves to general terms. 


Precipitation Attenuation 


2-125. Calculating the effect of weather on radio wave propagation would be 
comparatively simple if there were no water or water vapor in the 
atmosphere. However, some form of water (vapor, liquid, or solid) is always 
present and must be considered in all calculations. Before we begin 
discussing the specific effects that individual forms of precipitation (rain, 
snow, and fog) have on radio waves, you should understand that attenuation 
because of precipitation is generally proportionate to the frequency and 
wavelength of the radio wave. For example, rain has a pronounced effect on 
waves at microwave frequencies. However, rain hardly affects waves with 
long wavelengths (HF range and below). You can assume, then, that as the 
wavelength becomes shorter with increases in frequency, precipitation has an 
increasingly important attenuation effect on radio waves. Conversely, you 
can assume that as the wavelength becomes longer with decreases in 
frequency, precipitation has little attenuation effect. 


2-126. Rain. Attenuation because of raindrops is greater than attenuation 
because of other forms of precipitation. Attenuation may be caused by 
absorption, in which the raindrop, acting as a poor dielectric, absorbs power 
from the radio wave and dissipates the power by heat loss or by scattering 
(figure 2-24). Raindrops cause greater attenuation by scattering than by 
absorption at frequencies above 100 megahertz. At frequencies above 
6 gigahertz, attenuation by raindrop scatter is even greater. 


2-35 


TC 9-64 


WAVEFRONT 


c))))))) 


4 


— 


yA 


RAINDROP 


CCCCCC 


Figure 2-24. RF Energy Losses from Scattering 


2-127. Fog. In the discussion of attenuation, fog may be considered as 
another form of rain. Because fog remains suspended in the atmosphere, the 
attenuation is determined by the quantity of water per unit volume and by 
the size of the droplets. Attenuation because of fog is of minor importance at 
frequencies lower than 2 gigahertz. However, fog can cause serious 
attenuation by absorption at frequencies above 2 gigahertz. 


2-128. Snow. The scattering effect because of snow is difficult to compute 
because of irregular sizes and shapes of the flakes. While information on the 
attenuating effect of snow is limited, scientists assume that attenuation from 
snow is less than from rain falling at an equal rate. This assumption is borne 
out by the fact that the density of rain is eight times the density of snow. As a 
result, rain falling at 1 inch per hour would have more water per cubic inch 
than snow falling at the same rate. 


2-129. Hail. Attenuation by hail is determined by the size of the stones and 
their density. Attenuation of radio waves by scattering because of hailstones 
is considerably less than by rain. 


Temperature Inversion 
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2-130. Under normal atmospheric conditions, the warmest air is found near 
the surface of the earth. The air gradually becomes cooler as altitude 
increases. At times, however, an unusual situation develops in which layers 
of warm air are formed above layers of cool air. This condition is known as 
temperature inversion. These temperature inversions cause channels, or 
ducts, of cool air to be sandwiched between the surface of the earth and a 
layer of warm air, or between two layers of warm air. 


2-131. Ifa transmitting antenna extends into such a duct of cool air, or if the 
radio wave enters the duct at a very low angle of incidence, VHF and UHF 
transmissions may be propagated far beyond normal line-of-sight distances. 
When ducts are present as a result of temperature inversions, good reception 
of VHF and UHF television signals from a station located hundreds of miles 
away is not unusual. These long distances are possible because of the 
different densities and refractive qualities of warm and cool air. The sudden 
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change in density when a radio wave enters the warm air above a duct causes 
the wave to be refracted back toward Earth. When the wave strikes the earth 
or a warm layer below the duct, it is again reflected or refracted upward and 
proceeds on through the duct with a multiple-hop type of action. An example 
of the propagation of radio waves by ducting is shown in figure 2-25. 


Figure 2-25. Duct Effect Caused by Temperature Inversion 


TROPOSPHERIC PROPAGATION 


2-132. As the lowest region of the earth’s atmosphere, the troposphere 
extends from the earth’s surface to a height of slightly over 7 miles. Virtually 
all weather phenomena occur in this region. Generally, the troposphere is 
characterized by a steady decrease in both temperature and pressure as 
height is increased. However, the many changes in weather phenomena 
cause variations in humidity and an uneven heating of the earth’s surface. As 
a result, the air in the troposphere is in constant motion. This motion causes 
small turbulences, or eddies, to be formed, as shown by the bouncing of 
aircraft entering turbulent areas of the atmosphere. These turbulences are 
most intense near the earth’s surface and gradually diminish with height. 
They have a refractive quality that permits the refracting or scattering of 
radio waves with short wavelengths. This scattering provides enhanced 
communications at higher frequencies. 


2-133. Recall that in the relationship between frequency and wavelength, 
wavelength decreases as frequency increases and vice versa. Radio waves of 
frequencies below 30 megahertz normally have wavelengths longer than the 
size of weather turbulences. These radio waves are, therefore, affected very 
little by the turbulences. On the other hand, as the frequency increases into 
the VHF range and above, the wavelengths decrease in size, to the point that 
they become subject to tropospheric scattering. The usable frequency range 
for tropospheric scattering is from about 100 megahertz to 10 gigahertz. 


Tropospheric Scattering 


2-134. When a radio wave passing through the troposphere meets 
turbulence, it makes an abrupt change in velocity. This causes a small 
amount of the energy to be scattered in a forward direction and returned to 
Earth at distances beyond the horizon. This phenomenon is repeated as the 
radio wave meets other turbulences in its path. The total received signal is an 
accumulation of the energy received from each of the turbulences. 
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2-135. This scattering mode of propagation enables VHF and UHF signals to 
be transmitted far beyond the normal line-of-sight. To understand how these 
signals are transmitted over greater distances, you must first consider the 
propagation characteristics of the space wave used in VHF and UHF line-of- 
sight communications. When the space wave is transmitted, it undergoes 
very little attenuation within the line-of-sight horizon. When it reaches the 
horizon, the wave is diffracted and follows the earth’s curvature. Beyond the 
horizon, the rate of attenuation increases very rapidly and signals soon 
become very weak and unusable. 


2-136. Tropospheric scattering, on the other hand, provides a usable signal 
at distances beyond the point where the diffracted space wave drops to an 
unusable level. This is because of the height at which scattering takes place. 
The turbulence that causes the scattering can be visualized as a relay station 
located above the horizon; it receives the transmitted energy and then 
reradiates it in a forward direction to some point beyond the line-of-sight 
distance. A high gain-receiving antenna aimed toward this scattered energy 
can then capture it. 


2-137. The magnitude of the received signal depends on the number of 
turbulences causing scatter in the desired direction and the gain of the 
receiving antenna. The scatter area used for tropospheric scatter is known as 
the scatter volume. The angle at which the receiving antenna must be aimed 
to capture the scattered energy is called the scatter angle. The scatter volume 
and scatter angles are shown in figure 2-26. 
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Figure 2-26. Tropospheric Scattering Propagation 


2-138. The signal take-off angle (transmitting antenna’s angle of radiation) 
determines the height of the scatter volume and the size of the scatter angle. 
A low signal take-off angle produces a low scatter volume, which in turn 
permits a receiving antenna that is aimed at a low angle to the scatter 
volume to capture the scattered energy. 


2-139. As the signal take-off angle is increased, the height of the scatter 
volume is increased. When this occurs, the amount of received energy 
decreases. There are two reasons for this: (1) the scatter angle increases as 
the height of the scatter volume is increased; (2) the amount of turbulence 


Radio Wave Propagation 


decreases with height. As the distance between the transmitting and 
receiving antennas is increased, the height of the scatter volume must also be 
increased. The received signal level, therefore, decreases as circuit distance is 
increased. 


2-140. The tropospheric region that contributes most strongly to 
tropospheric scatter propagation lies near the midpoint between the 
transmitting and receiving antennas and just above the radio horizon of the 
antennas. 


2-141. Because tropospheric scatter depends on turbulence in _ the 
atmosphere, changes in atmospheric conditions have an effect on the strength 
of the received signal. Both daily and seasonal variations in signal strength 
occur as a result of changes in the atmosphere. These variations are called 
long-term fading. 


2-142. In addition to long-term fading, the tropospheric scatter signal often 
is characterized by very rapid fading because of multipath propagation. 
Because the turbulent condition is constantly changing, the path lengths and 
individual signal levels are also changing, resulting in a rapidly changing 
signal. Although the signal level of the received signal is constantly changing, 
the average signal level is stable; therefore, no complete fade-out occurs. 


2-143. Another characteristic of a tropospheric scatter signal is its relatively 
low power level. Because very little of the scattered energy is reradiated 
toward the receiver, the efficiency is very low and the signal level at the final 
receiver point is low. Initial input power must be high to compensate for the 
low efficiency in the scatter volume. This is accomplished by using high- 
power transmitters and high-gain antennas, which concentrate the 
transmitted power into a beam, thus increasing the intensity of energy of 
each turbulence in the volume. The receiver must also be very sensitive to 
detect the low-level signals. 


Application of Tropospheric Scattering 


SUMMARY 


2-144. Tropospheric scatter propagation is used for point-to-point 
communications. A correctly designed tropospheric scatter circuit will provide 
highly reliable service for distances ranging from 50 miles to 500 miles. 
Tropospheric scatter systems may be particularly useful for communications 
to locations in rugged terrain that are difficult to reach with other methods of 
propagation. One reason for this is that the tropospheric scatter circuit is not 
affected by ionospheric and auroral disturbances. 


Now that you have completed this chapter, let us review some of the new 
terms, concepts, and ideas that you have learned. You should have a 
thorough understanding of these principles before moving on to chapter 3. 


The induction field contains an E field and an H field and is localized near 
the antenna. The E and H fields of the induction field are 90 degrees out of 
phase with each other. 


The radiation field contains E and H fields that are propagated from the 
antenna into space in the form of electromagnetic waves. The E and H fields 
of the radiation field are in phase with each other. 
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A harmonic frequency is any frequency that is a whole number multiple of a 
smaller basic frequency. For example, a radio wave transmitted at a 
fundamental frequency of 3000 hertz can have a second harmonic of 6000 
hertz, a third harmonic frequency of 9000 hertz, and so on, transmitted at the 
same time. 


A vertically polarized antenna transmits an electromagnetic wave with the E 
field perpendicular to the earth’s surface. A horizontally polarized antenna 
transmits a radio wave with the E field parallel to the earth’s surface. 
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Figure 2-Sum 1. Vertical and Horizontal Polarization 
A wavefront is a small section of an expanding sphere of radiated energy and 
is perpendicular to the direction of travel from the antenna. 


Radio waves are electromagnetic waves that can be reflected, refracted, and 
diffracted in the atmosphere in the same manner as light and heat waves. 


Reflected radio waves are waves that have been reflected from a surface and 
are 180 degrees out of phase with the initial wave. 
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Figure 2-Sum 2. Phase Shift of Reflected Radio Waves 
The earth’s atmosphere is divided into three separate layers: the troposphere, 
the stratosphere, and the ionosphere. 


The troposphere is the region of the atmosphere where virtually all weather 
phenomena take place. In this region, RF energy is greatly affected. 


The stratosphere has a constant temperature and has little effect on radio 
waves. 


The ionosphere contains four cloud-like layers of electrically charged ions, 
which aid in long distance communications. 


Ground waves and sky waves are the two basic types of radio waves that 
transmit energy from the transmitting antenna to the receiving antenna. 
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Figure 2-Sum 3. Ground and Sky Waves 
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Figure 2-Sum 4. Surface Wave Propagation 
Ground waves are composed of two separate component waves: the surface 
wave and the space wave. 
Surface waves travel along the contour of the earth by diffraction. 


Space waves can travel through the air directly to the receiving antenna or 
can be reflected from the surface of the earth. 


TRANSMITTING 
ANTENNA 


\ 


ge neck PATH 


RECEIVING 
ANTENNA 


f 


A REFLECTED PATH 


Figure 2-Sum 5. Space Wave Propagation 


Sky waves, often called ionospheric waves, are radiated in an upward direction 
and returned to Earth at some distant location because of refraction. 


Natural horizon is the line-of-sight horizon. 
Radio horizon is one-third farther than the natural horizon. 


The ionosphere consists of several layers of ions, formed by the process called 
ionization. 


Ionization is the process of knocking electrons free from their parent atom, 
thus upsetting electrical neutrality. 


Recombination is the opposite of ionization; that is, the free ions combine 
with positive ions, causing the positive ions to return to their original neutral 
atom state. 


The D layer is the lowest region of the ionosphere and refracts signals of low 
frequencies back to Earth. 
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The E layer is present during the daylight hours, refracts signals as high as 
20 megahertz back to Earth; and is used for communications up to 1500 miles. 
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Figure 2-Sum 6. Layers of the lonosphere 


The F layer is divided into the F1 and F2 layers during the day but combine 
at night to form one layer. This layer is responsible for high frequency, long- 
range transmission. 


The critical frequency is the maximum frequency that a radio wave can be 
transmitted vertically and still be refracted back to Earth. 
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Figure 2-Sum 7. Frequency Versus Refraction and Distance 
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The critical angle is the maximum and/or minimum angle at which a radio 
wave can be transmitted and still be refracted back to Earth. 
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Figure 2-Sum 8. Effects of Frequency on Critical Angle 


Skip distance is the distance between the transmitter and the point where 
the sky wave first returns to Earth. 


Skip zone is the zone of silence between the point where the ground wave 
becomes too weak for reception and the point where the sky wave is first 
returned to Earth. 
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Figure 2-Sum 9. Relationship between Skip Zone, Skip Distance, and Ground Wave 
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Fading is caused by variations in signal strength, such as absorption of the 
RF energy by the ionosphere. 


Multipath fading occurs when a transmitted signal divides and takes more 
than one path to a receiver and some of the signals arrive out of phase, 
resulting in a weak or fading signal. 


Figure 2-Sum 10. Multipath Transmission 
Some transmission losses that affect radio-wave propagation are ionospheric 
absorption, ground reflection, and free-space losses. 


Electromagnetic interference (EMI), both natural and man-made, interferes 
with radio communications. 


The maximum usable frequency (MUF) is the highest frequency that can be 
used for communications between two locations at a given angle of incidence 
and time of day. 


The lowest usable frequency (LUF) is the lowest frequency that can be used 
for communications between two locations. 


IONOSPHERE 


FREQUENCY 
BELOW LUF 


"TRANSMITTER RECEIVER 


Figure 2-Sum 11. Refraction of Frequency below the Lowest Usable Frequency (LUF) 
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Optimum working frequency (FOT) is the most practical operating frequency 
and the one that can be relied on to have the fewest problems. 


Precipitation attenuation can be caused by rain, fog, snow, and hail, and can 
affect overall communications considerably. 


Temperature inversion causes channels, or ducts, of cool air to form between 
layers of warm air, which can cause radio waves to travel far beyond the 
normal line-of-sight distances. 


Figure 2-Sum 12. Duct Effect Caused by Temperature Inversion 


Tropospheric propagation uses the scattering principle to achieve beyond the 
line-of-sight radio communications within the troposphere. 
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Figure 2-Sum 13. Tropospheric Scattering Propagation 
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Check-on-Learning Questions 
Radio Wave Propagation 


Which two composite fields (composed of E and H fields) are associated with every antenna? 
What composite field (composed of E and H fields) is found stored in the antenna? 

What composite field (composed of E and H fields) is propagated into free space? 

What is the term used to describe the basic frequency of a radio wave? 


What is the term used to describe a whole number multiple of the basic frequency of a radio 
wave? 


It is known that WWV operates on a frequency of 10 megahertz. What is the wavelength of 
WwWV? 
A station is known to operate at 60 meters. What is the frequency of the unknown station? 


If a transmitting antenna is placed close to the ground, how should the antenna be polarized 
to give the greatest signal strength? 


In the right-hand rule for propagation, the thumb points in the direction of the E field and 
the forefinger points in the direction of the H field. In what direction does the middle finger 
point? 


. What is one of the major reasons for the fading of radio waves that have been reflected from 


a surface? 


. What are the three layers of the atmosphere? 
. Which layer of the atmosphere has relatively little effect on radio waves? 


. What is the determining factor in classifying whether a radio wave is a ground wave or a 


space wave? 


. What is the best type of surface or terrain to use for radio wave transmission? 
. What is the primary difference between the radio horizon and the natural horizon? 


. What three factors must be considered in the transmission of a surface wave to reduce 


attenuation? 


. What causes ionization to occur in the ionosphere? 

. How are the four distinct layers of the ionosphere designated? 

. What is the height of the individual layers of the ionosphere? 

. What factor determines whether a radio wave is reflected or refracted by the ionosphere? 


. There is a maximum frequency at which vertically transmitted radio waves can be refracted 


back to Earth. What is this maximum frequency called? 


. What three main factors determine the amount of refraction in the ionosphere? 

. What is the skip zone of a radio wave? 

. Where does the greatest amount of ionospheric absorption occur in the ionosphere? 
. What is meant by the term “multipath”? 


. When a wide band of frequencies is transmitted simultaneously, each frequency will vary in 


the amount of fading. What is this variable fading called? 
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27. 


28. 


29. 


30. 
31. 
32. 
33. 
34, 


35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44, 
45. 
46. 
47. 


48. 


What are the two main sources of electromagnetic interference (EMI) with which radio waves 
must compete? 


Thunderstorms, snowstorms, cosmic sources, and the sun are a few examples of EMI sources. 
What type of EMI comes from these sources? 


Motors, switches, voltage regulators, and generators are a few examples of EMI sources. 
What type of EMI comes from these sources? 


What are three ways of controlling the amount of transmitter-generated EMI? 
What are three ways of controlling radiated EMI during transmission? 

What are the two general types of variations in the ionosphere? 

What is the main difference between these two types of variations? 


What are the four main classes of regular variation that affect the extent of ionization in the 
ionosphere? 


What are the three more common types of irregular variations in the ionosphere? 
What do the letters MUF, LUF, and FOT stand for? 

When is MUF at its highest and why? 

What happens to the radio wave if the LUF is too low? 

What are some disadvantages of operating transmitters at or near the LUF? 
What are some disadvantages of operating a transmitter at or near the MUF? 
What is FOT? 

How do raindrops affect radio waves? 

How does fog affect radio waves at frequencies above 2 gigahertz? 

How is the term “temperature inversion” used when referring to radio waves? 
How does temperature inversion affect radio transmission? 

In what layer of the atmosphere does virtually all weather phenomena occur? 


Which radio frequency bands use the tropospheric scattering principle for propagation of 
radio waves? 


Where is the tropospheric region that contributes most strongly to tropospheric scatter 
propagation? 
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Principles of Transmission Lines 


LEARNING OBJECTIVES 


3-1. Upon completing this chapter, you should be able to do the following: 

e State what a transmission line is and how transmission lines are 
used. 

e Explain the operating principles of transmission lines. 

e Describe the five types of transmission lines. 

e State the length of a transmission line. 

e Explain the theory of the transmission line. 

e Define the term “lumped constants” in relation to a transmission line. 

e Define the term “distributed constants” in relation to a transmission 
line. 

e Define leakage current. 

e Describe how the electromagnetic lines of force around a transmission 
line are affected by the distributed constants. 

e Define the term “characteristic impedance” and explain how it affects 
the transfer of energy along a transmission line. 

e State how the energy transfer along a transmission line is affected by 
characteristic impedance and the infinite line. 

e Identify the cause of and describe the characteristics of reflections on 
a transmission line. 

e Define the term “standing waves” as applied to a transmission line. 

e Describe how standing waves are produced on a transmission line 
and identify the types of terminations. 

e Describe the types of standing-wave ratios. 


INTRODUCTION TO TRANSMISSION LINES 


3-2. A transmission line is a device designed to guide electrical energy from 
one point to another. It is used, for example, to transfer the output RF energy 
of a transmitter to an antenna. This energy will not travel through normal 
electrical wire without great losses. Although the antenna can be connected 
directly to the transmitter, the antenna is usually located some distance 
away from the transmitter. A transmission line is used to connect the 
transmitter and the antenna. 


3-3. The transmission line has a single purpose for both the transmitter and 
the antenna. This purpose is to transfer the energy output of the transmitter 
to the antenna with the least possible power loss. How well this is done 
depends on the special physical and electrical characteristics (impedance and 
resistance) of the transmission line. 
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3-4, All transmission lines have two ends (see figure 3-1). The end of a two- 
wire transmission line connected to a source is ordinarily called the input end 
or the generator end. Other names given to this end are transmitter end, 
sending end, and source. The other end of the line is called the output end or 
receiving end. Other names given to the output end are load end and sink. 


TRANSMITTER INPUT TRANSMISSION OUTPUT ANTENNA 


END LINE END 


Figure 3-1. Basic Transmission Line 


3-5. You can describe a transmission line in terms of its impedance. The 
ratio of voltage to current (Ein/lin) at the input end is known as the input 
impedance (Zin). This is the impedance presented to the transmitter by the 
transmission line and its load, the antenna. The ratio of voltage to current at 
the output (Eout/Iout) end is known as the output impedance (Zout). This is the 
impedance presented to the load by the transmission line and its source. If an 
infinitely long transmission line could be used, the ratio of voltage to current 
at any point on that transmission line would be some particular value of 
impedance. This impedance is known as the characteristic impedance. 


TYPES OF TRANSMISSION MEDIUMS 


3-6. The Army uses many different types of transmission mediums in its 
electronic applications. Each medium (line or waveguide) has a certain 
characteristic impedance value, current-carrying capacity, and physical 
shape and is designed to meet a particular requirement. 


3-7. The five types of transmission mediums discussed in this chapter 
include parallel line, twisted pair, shielded pair, coaxial line, and waveguides. 
The use of a particular line depends, among other things, on the applied 
frequency, the power-handling capabilities, and the type of installation. 


Note. In the following paragraphs, we mention losses several times. Losses 
are discussed more thoroughly later in this chapter. 


Parallel Line 


3-2 


3-8. One type of parallel line is the two-wire open line illustrated in 
figure 3-2. This line consists of two wires that are generally spaced from 2 to 
6 inches apart by insulating spacers. This type of line is most often used for 
power lines, rural telephone lines, and telegraph lines. It is sometimes used 


Twisted Pair 
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as a transmission line between a transmitter and an antenna or between an 
antenna and a receiver. An advantage of this type of line is its simple 
construction. The principal disadvantages of this type of line are the high 
radiation losses and electrical noise pickup because of the lack of shielding. 
The changing fields created by the changing current in each conductor 
produce radiation losses. 
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Figure 3-2. Parallel Two-Wire Open Line 


3-9. Another type of parallel line is the two-wire ribbon (twin lead) 
illustrated in figure 3-3. This type of transmission line is commonly used to 
connect a television-receiving antenna to a home television set. This line is 
essentially the same as the two-wire open line except that uniform spacing is 
assured by embedding the two wires in a low-loss dielectric, usually 
polyethylene. Because the wires are embedded in the thin ribbon of 
polyethylene, the dielectric space is partly air and partly polyethylene. 


LOW - Loss ieee 


DIELECTRIC 


Figure 3-3. Two-Wire Ribbon Line 


3-10. The twisted pair transmission line is illustrated in figure 3-4. As the 
name implies, the line consists of two insulated wires twisted together to 
form a flexible line without the use of spacers. It is not used for transmitting 
at high frequency because of the high dielectric losses that occur in the 
rubber insulation. When the line is wet, the losses increase greatly. 
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Shielded Pair 


Coaxial Lines 


3-4 


Figure 3-4. Twisted Pair 


3-11. The shielded pair, shown in figure 3-5 consists of parallel conductors 
separated from each other and surrounded by a solid dielectric. The 
conductors are contained within braided copper tubing that acts as an 
electrical shield. The assembly is covered with a rubber or flexible 
composition coating that protects the line from moisture and mechanical 
damage. Outwardly, it looks much like the power cord of a washing machine 
or refrigerator. 


RUBBER 


BRAIDED COVER 
SHIELD 


DIELECTRIC 


Figure 3-5. Shielded Pair 


3-12. The principal advantage of the shielded pair is that the conductors are 
balanced to ground; that is, the capacitance between the wires is uniform 
throughout the length of the line. This balance is due to the uniform spacing 
of the grounded shield that surrounds the wires along their entire length. 
The braided copper shield isolates the conductors from stray magnetic fields. 


3-13. There are two types of coaxial lines: rigid (air) and flexible (solid) 
coaxial line. The physical construction of both types is basically the same; 
that is, each contains two concentric conductors. 


3-14. The rigid coaxial line consists of a central, insulated wire (inner 
conductor) mounted inside a tubular outer conductor. This line is shown in 
figure 3-6. In some applications, the inner conductor is also tubular. 
Insulating spacers or beads at regular intervals insulates the inner conductor 
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from the outer conductor. The spacers are made of pyrex, polystyrene, or 
some other material that has good insulating characteristics and low 
dielectric losses at high frequencies. 


OUTER 
CONDUCTOR 


INNER ’ 
CONDUCTOR - 


WASHER (INSIDE) 


CABLE WITH WASHER INSULATOR 


Figure 3-6. Rigid (Air) Coaxial Line 


3-15. The chief advantage of the rigid line is its ability to minimize radiation 
losses. The electric and magnetic fields in a two-wire parallel line extend into 
space for relatively great distances and radiation losses occur. However, in a 
coaxial line no electric or magnetic fields extend outside of the outer 
conductor. The fields are confined to the space between the two conductors, 
resulting in a perfectly shielded coaxial line. Another advantage is that 
interference from other lines is reduced. 


3-16. The rigid line has the following disadvantages: (1) it is expensive to 
construct; (2) it must be kept dry to prevent excessive leakage between the 
two conductors; and (38) although high-frequency losses are somewhat less 
than in previously mentioned lines, they are still excessive enough to limit 
the practical length of the line. 


3-17. Leakage caused by the condensation of moisture is prevented in some 
rigid line applications by the use of an inert gas, such as nitrogen, helium, or 
argon. It is pumped into the dielectric space of the line at a pressure that can 
vary from 3 to 35 pounds per square inch. The inert gas is used to dry the line 
when it is first installed and pressure is maintained to ensure that no 
moisture enters the line. 


3-18. Flexible coaxial lines (figure 3-7) are made with an inner conductor that 
consists of flexible wire insulated from the outer conductor by a solid, 
continuous insulating material. The outer conductor is made of metal braid, 
which gives the line flexibility. Early attempts at gaining flexibility involved 
using rubber insulators between the two conductors. However, the rubber 
insulators caused excessive losses at high frequencies. 


3-5 
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Waveguides 
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Figure 3-7. Flexible (Solid) Coaxial Line 


3-19. Because of the high-frequency losses associated with rubber insulators, 
polyethylene plastic was developed to replace rubber and eliminate these 
losses. Polyethylene plastic is a solid substance that remains flexible over a 
wide range of temperatures. It is unaffected by seawater, gasoline, oil, and 
most other liquids that may be found aboard ship. The use of polyethylene as 
an insulator results in greater high-frequency losses than the use of air as an 
insulator. However, these losses are still lower than the losses associated 
with most other solid dielectric materials. 


3-20. The waveguide is classified as a transmission line. However, the 
method by which it transmits energy down its length differs from the 
conventional methods. Waveguides are cylindrical, elliptical, or rectangular 
(cylindrical and rectangular shapes are shown in figure 3-8). The rectangular 
waveguide is used more frequently than the cylindrical waveguide. 


CYLINDRICAL RECTANGULAR 


Figure 3-8. Waveguides 


3-21. The term waveguide can be applied to all types of transmission lines in 
the sense that they are all used to guide energy from one point to another. 
However, usage has generally limited the term to mean a hollow metal tube or 
a dielectric transmission line. In this chapter, we use the term waveguide only 
to mean “hollow metal tube.” It is interesting to note that the transmission of 
electromagnetic energy along a waveguide travels at a velocity somewhat 
slower than electromagnetic energy traveling through free space. 
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3-22. A waveguide may be classified according to its cross section 
(rectangular, elliptical, or circular), or according to the material used in its 
construction (metallic or dielectric). Dielectric waveguides are seldom used 
because the dielectric losses for all known dielectric materials are too great to 
transfer the electric and magnetic fields efficiently. 


3-23. The installation of a complete waveguide transmission system is 
somewhat more difficult than the installation of other types of transmission 
lines. The radius of bends in the waveguide must measure greater than two 
wavelengths at the operating frequency of the equipment to avoid excessive 
attenuation. The cross section must remain uniform around the bend. These 
requirements hamper installation in confined spaces. If the waveguide is 
dented, or if solder is permitted to run inside the joints, the attenuation of 
the line is greatly increased. Dents and obstructions in the waveguide also 
reduce its breakdown voltage, thus limiting the waveguide’s power-handling 
capability because of possible arc-over. Great care must be exercised during 
installation; one or two carelessly made joints can seriously inhibit the 
advantage of using the waveguide. 


LOSSES IN TRANSMISSION LINES 


3-24. The discussion of transmission lines so far has not directly addressed 
line losses; actually some line losses occur in all lines. Line losses may be any 
of three types—copper, dielectric, and radiation or induction losses. 


Note. Transmission lines are sometimes referred to as RF lines. In this text 
the terms are used interchangeably. 


Copper Losses 


3-25. One type of copper loss is I2R loss. In RF lines, the resistance of the 
conductors is never equal to zero. Whenever current flows through one of 
these conductors, some energy is dissipated in the form of heat. This heat loss 
is a power loss. With copper braid, which has a higher resistance than solid 
tubing, this power loss is higher. 


3-26. Another type of copper loss is due to skin effect. When DC flows 
through a conductor, the movement of electrons through the conductor’s cross 
section is uniform. The situation is somewhat different when AC is applied. 
The expanding and collapsing fields about each electron encircle other 
electrons. This phenomenon, called self-induction, retards the movement of 
the encircled electrons. The flux density at the center is so great that electron 
movement at this point is reduced. As frequency is increased, the opposition 
to the flow of current in the center of the wire increases. Current in the 
center of the wire becomes smaller and most of the electron flow is on the 
wire surface. When the frequency applied is 100 megahertz or higher, the 
electron movement in the center is so small that the center of the wire could 
be removed without any noticeable effect on current. You should be able to 
see that the effective cross-sectional area decreases as the frequency 
increases. 


3-27. Because resistance is inversely proportional to the cross-sectional area, 
the resistance will increase as the frequency is increased. Also, because 
power loss increases as resistance increases, power losses increase with an 
increase in frequency because of skin effect. Skin effect is a tendency for 
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Dielectric Losses 


alternating current (AC) to flow mostly near the outer surface of a solid 
electrical conductor, such as metal wire, at frequencies above the audio 
range. The effect becomes more and more apparent as the frequency 
increases. 


3-28. Copper losses can be minimized and conductivity increased in an RF 
line by plating the line with silver. Because silver is a better conductor than 
copper, most of the current will flow through the silver layer. The tubing then 
serves primarily as a mechanical support. 


3-29. Dielectric losses result from the heating effect on the dielectric material 
between the conductors. Power from the source is used in heating the 
dielectric. The heat produced is dissipated into the surrounding medium. 
When there is no potential difference between two conductors, the atoms in 
the dielectric material between them are normal and the orbits of the 
electrons are circular. When there is a potential difference between two 
conductors, the orbits of the electrons change. The excessive negative charge 
on one conductor repels electrons on the dielectric toward the positive 
conductor and thus distorts the orbits of the electrons. A change in the path 
of electrons requires more energy, introducing a power loss. 


3-30. The atomic structure of rubber is more difficult to distort than the 
structure of some other dielectric materials. The atoms of materials, such as 
polyethylene, distort easily. Therefore, polyethylene is often used as a 
dielectric because less power is consumed when its electron orbits are 
distorted. 


Radiation and Induction Losses 


3-31. Radiation and induction losses are similar in that the fields 
surrounding the conductors cause both. Induction losses occur when the 
electromagnetic field about a conductor cuts through any nearby metallic 
object and a current is induced in that object. As a result, power is dissipated 
in the object and is lost. 


3-32. Radiation losses occur because some magnetic lines of force about a 
conductor do not return to the conductor when the cycle alternates. These 
lines of force are projected into space as radiation and this results in power 
losses. That is, power is supplied by the source, but is not available to the 
load. 


LENGTH OF A TRANSMISSION LINE 


3-8 


3-33. A transmission line is considered to be electrically short when its 
physical length is short compared to a quarter-wavelength (%A) of the energy 
it is to carry. 


Note. In this document, for ease of reading, the value of the wavelength is 
spelled out in some cases, and in other cases, the numerical value is used. 


3-34. A transmission line is electrically long when its physical length is long 
compared to a quarter-wavelength of the energy it is to carry. You must 
understand that the terms “short” and “long” are relative ones. For example, 
a line that has a physical length of 3 meters (approximately 10 feet) is 
considered quite short electrically if it transmits a radio frequency of 
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30 kilohertz. On the other hand, the same transmission line is considered 
electrically long if it transmits a frequency of 30,000 megahertz. 


3-35. To show the difference in physical and electrical lengths of the lines 
mentioned above, compute the wavelength of the two frequencies, taking the 
30-kilohertz example first— 


Given: 
Mv 
MS f 
Where: 


A = wavelength 

v = velocity of RF in free space 

f = frequency of transmission 

Hz = cycles per second 
Solution: 


300 x 10° meters/second 


30 x 10° cycles/second (Hz) 
X= 10x 10° meters/cycle 


X= 10,000 meters, or approximately 6 miles for a 
complete wavelength 


3-36. Now, computing the wavelength for the line carrying 30,000 
megahertz— 


Vv 
A= —_ 

f 

7 300 x 10° meters/second 

30,000 x 10° cycles/second (Hz) 
N= meter/cycle 

100 
X=  .01 meter or approximately .03 foot for a 


complete wavelength 


3-37. Thus, you can see that a 3-meter line is electrically very short for a 
frequency of 30 kilohertz. Also, the 3-meter line is electrically very long for a 
frequency of 30,000 megahertz. 


3-38. When power is applied to a very short transmission line, practically all 
of it reaches the load at the output end of the line. This very short 
transmission line is usually considered to have practically no electrical 
properties of its own, except for a small amount of resistance. 


3-39. However, the picture changes considerably when a long line is used. 
Because most transmission lines are electrically long (because of the distance 
from transmitter to antenna), the properties of such lines must be considered. 
Frequently, the voltage necessary to drive a current through a long line is 
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considerably greater than the amount that can be accounted for by the 
impedance of the load in series with the resistance of the line. 


TRANSMISSION LINE THEORY 


3-40. The electrical characteristics of a two-wire transmission line depend 
primarily on the construction of the line. The two-wire line acts like a long 
capacitor. The change of its capacitive reactance is noticeable as the 
frequency applied to it is changed. Because the long conductors have a 
magnetic field about them when electrical energy is being passed through 
them, they also exhibit the properties of inductance. The values of inductance 
and capacitance presented depend on the various physical factors that we 
discussed earlier in this chapter. For example, the type of line used, the 
dielectric in the line, and the length of the line must be considered. The 
effects of the inductive and capacitive reactances of the line depend on the 
frequency applied. Because no dielectric is perfect, electrons manage to move 
from one conductor to the other through the dielectric. Each type of two-wire 
transmission line also has a conductance value. This conductance value 
represents the value of the current flow that may be expected through the 
insulation. If the line is uniform (all values equal at each unit length), then 
one small section of the line may represent several feet. This illustration of a 
two-wire transmission line is used throughout the following discussion of 
transmission lines; but keep in mind that the principles presented here apply 
to all transmission lines. We explain the theories using lumped constants and 
distributed constants to simplify these principles further. 


LUMPED CONSTANTS 


3-41. A transmission line has the properties of inductance, capacitance, and 
resistance, just as the more conventional circuits have. Usually, however, the 
constants in conventional circuits are lumped into a single device or 
component. For example, a coil of wire has the property of inductance. When 
a certain amount of inductance is needed in a circuit, a coil of the proper 
dimensions is inserted. The inductance of the circuit is lumped into the one 
component. Two metal plates separated by a small space can be used to 
supply the required capacitance for a circuit. In such a case, most of the 
capacitance of the circuit is lumped into this one component. Similarly, a 
fixed resistor can be used to supply a certain value of circuit resistance as a 
lumped sum. Ideally, a transmission line would also have its constants of 
inductance, capacitance, and resistance lumped together, as shown in 
figure 3-9. Transmission line constants are distributed, as described below. 


3-10 
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Figure 3-9. Equivalent Circuit of a Two-Wire Transmission Line 


DISTRIBUTED CONSTANTS 


3-42. Transmission line constants, called distributed constants, are spread 
along the entire length of the transmission line and cannot be distinguished 
separately. The amount of inductance, capacitance, and resistance depends 
on the length of the line, the size of the conducting wires, the spacing 
between the wires, and the dielectric (air or insulating medium) between the 
wires. 


Inductance of a Transmission Line 


3-43. When current flows through a wire, magnetic lines of force are set up 
around the wire. As the current increases and decreases in amplitude, the 
field around the wire expands and collapses accordingly. The energy 
produced by the magnetic lines of force collapsing back into the wire tends to 
keep the current flowing in the same direction. This represents a certain 
amount of inductance, which is expressed in microhenrys per unit length. 
Figure 3-10 illustrates the inductance and magnetic fields of a transmission 
line. 


Figure 3-10. Distributed Inductance 
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Capacitance of a Transmission Line 


3-44, Capacitance also exists between the transmission line wires, as 
illustrated in figure 3-11. Notice that the two parallel wires act as plates of a 
capacitor and that the air between them acts as a dielectric. The capacitance 
between the wires is usually expressed in picofarads per unit length. This 
electric field between the wires is similar to the field that exists between the 
two plates of a capacitor. 


OO 
ee 


Figure 3-11. Distributed Capacitance 


Resistance of a Transmission Line 


3-45. The transmission line shown in figure 3-12 has electrical resistance 
along its length. This resistance is usually expressed in ohms per unit length 
and is shown as existing continuously from one end of the line to the other. 


Figure 3-12. Distributed Resistance 


Leakage Current 


3-12 


3-46. Because any dielectric, even air, is not a perfect insulator, a small 
current known as leakage current flows between the two wires. In effect, the 
insulator acts as a resistor, permitting current to pass between the two wires. 
Figure 3-13 shows this leakage path as resistors in parallel connected 
between the two lines. This property is called conductance (G) and is the 
opposite of resistance. Conductance in transmission lines is expressed as the 
reciprocal of resistance and is usually given in micromhos per unit length. 
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Figure 3-13. Leakage in a Transmission Line 


ELECTROMAGNETIC FIELDS ABOUT A TRANSMISSION LINE 


3-47. The distributed constants of resistance, inductance, and capacitance 
are basic properties common to all transmission lines and exist whether or 
not any current flow exists. As soon as current flow and voltage exist in a 
transmission line, another property becomes quite evident. This is the 
presence of an electromagnetic field, or lines of force, about the wires of the 
transmission line. The lines of force themselves are not visible; however, 
understanding the force that an electron experiences while in the field of 
these lines is very important to your understanding of energy transmission. 


3-48. There are two kinds of fields; one is associated with voltage and the other 
with current. The field associated with voltage is called the electric (E) field. It 
exerts a force on any electric charge placed in it. The field associated with 
current is called a magnetic (H) field, because it tends to exert a force on any 
magnetic pole placed in it. Figure 3-14 illustrates the way in which the E fields 
and H fields tend to orient themselves between conductors of a typical two-wire 
transmission line. The illustration shows a cross section of the transmission 
lines. The E field is represented by solid lines and the H field by dotted lines. 
The arrows indicate the direction of the lines of force. Both fields normally 
exist together and are spoken of collectively as the electromagnetic field. 


E FIELD 
H FIELD 


Figure 3-14. Fields between Conductors 
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CHARACTERISTIC IMPEDANCE OF A TRANSMISSION LINE 


3-49. You learned earlier that the maximum (and most efficient) transfer of 
electrical energy takes place when the source impedance is matched to the 
load impedance. This fact is very important in the study of transmission lines 
and antennas. If the characteristic impedance of the transmission line and 
the load impedance are equal, energy from the transmitter will travel down 
the transmission line to the antenna with no power loss caused by reflection. 


Definition and Symbols 


3-14 


3-50. Every transmission line possesses certain characteristic impedance, 
usually designated as Zo. Zo is the ratio of E to I at every point along the line. 
If a load equal to the characteristic impedance is placed at the output end of 
any length of line, the same impedance will appear at the input terminals of 
the line. The characteristic impedance is the only value of impedance for any 
given type and size of line that acts in this way. The characteristic impedance 
determines the amount of current that can flow when a given voltage is 
applied to an infinitely long line. Characteristic impedance is comparable to 
the resistance that determines the amount of current that flows in a DC 
circuit. 


3-51. Lumped and distributed constants were explained earlier in this 
chapter. Figure 3-15, view A, shows the properties of resistance (R), 
inductance (L), capacitance (C), and conductance (G) combined in a short 
section of two-wire transmission line. The illustration shows the evenly 
distributed capacitance as a single lumped capacitor and the distributed 
conductance as a lumped leakage path. Lumped values may be used for 
transmission line calculations if the physical length of the line is very short 
compared to the wavelength of energy being transmitted. Figure 3-15, view 
B, shows all four properties lumped together and represented by their 
conventional symbols. 
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A. SHORT SECTION OF TWO-WIRE LINE 


B. EQUIVALENT CIRCUIT 


Figure 3-15. Short Section of Two-Wire Transmission Line and Equivalent Circuit 


Characteristic Impedance and the Infinite Line 


3-52. Like those shown in figure 3-15, several short sections can be combined 
to form a large transmission line, as shown in figure 3-16. Current will flow if 
voltage is applied across points K and L. In fact, any circuit, such as that 
represented in figure 3-16, view A, has a certain current flow for each value 
of applied voltage. The ratio of the voltage to the current is the impedance 
(Z), as expressed in the following formula: 


3-15 


TC 9-64 


3-16 


EQUIVALENT DIAGRAM OF A 
l I l 


I 1 
I iM 


4 ——- 
wt. ADDITIONAL 
“T" SECTIONS TO 
INFINITY 


AN IMPEDENCE 
MEASURING DEVICE 
MEASURES Z, HERE 


| 


= 


1 
1 
1 
— 


IMPEDENCE 

MEASURING DEVICE 

STILL MEASURES 

Z,HERE 
PLACE A LUMPED 
LOAD EQUAL TO 
Z, HERE 


Figure 3-16. Characteristic Impedance 


3-53. The impedance presented to the input terminals of the transmission 
line is not merely the resistance of the wire in series with the impedance of 
the load. The effects of series inductance and shunt capacitance of the line 
itself may overshadow the resistance, and even the load, as far as the input 
terminals are concerned. 


3-54. To find the input impedance of a transmission line, determine the 
impedance of a single section of line. The impedance between points K and L, 
in figure 38-16, view B, can be calculated by the use of series-parallel 
impedance formulas, provided the impedance across points M and N is 
known. But because this section is merely one small part of a longer line, 
another similar section is connected to points M and N. Again, the impedance 
across points K and L of the two sections can be calculated, provided the 
impedance of the third section is known. This process of adding one section to 
another can be repeated endlessly. The addition of each section produces an 
impedance across points K and L of a new and lower value. However, after 
many sections have been added, each successive added section has less and 
less effect on the impedance across points K and L. If sections are added to 
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the line endlessly, the line is infinitely long, and a certain finite value of 
impedance across points K and L is finally reached. 


3-55. In this discussion of transmission lines, the effect of conductance (G) is 
minor compared to that of inductance (L) and capacitance (C), and is 
frequently neglected. In figure 3-16, view C, G is omitted and the inductance 
and resistance of each line can be considered as one line. 


3-56. Let us assume that the sections of figure 3-16, view C continue to the 
right with an infinite number of sections. When an infinite number of 
sections extends to the right, the impedance appearing across K and L is Zo. 
If the line is cut at R and S, an infinite number of sections still extends to the 
right because the line is endless in that direction. Therefore, the impedance 
now appearing across points R and S is also Zo, as illustrated in view D. You 
can see that if only the first three sections are taken and a load impedance of 
Zo is connected across points R and S, the impedance across the input 
terminals K and L is still Zo. The line continues to act as an infinite line, as 
illustrated in view E. 


3-57. Figure 3-17, view A illustrates how the characteristic impedance of an 
infinite line can be calculated. Resistors are added in series parallel across 
terminals K and L in eight steps, and the resultant impedances are noted. In 
step 1 the impedance is infinite; in step 2 the impedance is 110 ohms. In 
step 3 the impedance becomes 62.1 ohms, a change of 47.9 ohms. In step 4 the 
impedance is 48.5 ohms, a change of only 13.6 ohms. The resultant changes 
in impedance from each additional increment become progressively smaller. 
Eventually, practically no change in impedance results from further additions 
to the line. The total impedance of the line at this point is said to be at its 
characteristic impedance; which, in this case, is 37 ohms. This means that an 
infinite line constructed as indicated in step 8 could be effectively replaced by 
a 37-ohm resistor. View B shows a 37-ohm resistor placed in the line at 
various points to replace the infinite line of step 8 in view A. There is no 
change in total impedance. 


3-58. In figure 3-17, resistors were used to show impedance characteristics 
for the sake of simplicity. Figuring the actual impedance of a line having 
reactance is very similar, with inductance taking the place of the series 
resistors and capacitance taking the place of the shunt resistors. The 
characteristic impedance of lines in actual use normally lies between 50 and 
600 ohms. 
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Figure 3-17 Termination of a Line 
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3-59. When a transmission line is “short” compared to the length of the RF 
waves it carries, the opposition presented to the input terminals is 
determined primarily by the load impedance. A small amount of power is 
dissipated in overcoming the resistance of the line. However, when the line is 
“long” and the load is an incorrect impedance, the voltages necessary to drive 
a given amount of current through the line cannot be accounted for by 
considering just the impedance of the load in series with the impedance of the 
line. The line has properties other than resistance that affect input 
impedance. These properties are inductance in series with the line, 
capacitance across the line, resistance leakage paths across the line, and 
certain radiation losses. 


VOLTAGE CHANGE ALONG A TRANSMISSION LINE 


3-60. Let us summarize what we have just discussed. In an electric circuit, 
energy is stored in electric and magnetic fields. These fields must be brought 
to the load to transmit that energy. At the load, energy contained in the fields 
is converted to the desired form of energy. 


Transmission of Energy 


3-61. When the load is connected directly to the source of energy, or when the 
transmission line is short, problems concerning current and voltage can be 
solved by applying Ohm’s law. When the transmission line becomes long 
enough so the time difference between a change occurring at the generator 
and the change appearing at the load becomes appreciable, analysis of the 
transmission line becomes important. 


DC Applied to a Transmission Line 


3-62. In figure 3-18, a battery is connected through a relatively long two-wire 
transmission line to a load at the far end of the line. At the instant the switch 
is closed, neither current nor voltage exists on the line. When the switch is 
closed, point A becomes a positive potential, and point B becomes negative. 
These points of difference in potential move down the line. However, as the 
initial points of potential leave points A and B, they are followed by new 
points of difference in potential which the battery adds at A and B. This is 
merely saying that the battery maintains a constant potential difference 
between points A and B. A short time after the switch is closed, the initial 
points of difference in potential have reached points A' and B'; the wire 
sections from points A to A' and points B to B' are at the same potential as A 
and B, respectively. The points of charge are represented by plus (+) and 
minus (-) signs along the wires. The directions of the currents in the wires are 
represented by the arrowheads on the line, and the direction of travel is 
indicated by an arrow below the line. Conventional lines of force represent 
the electric field that exists between the opposite kinds of charge on the wire 
sections from A to A' and B to B'. Crosses (tails of arrows) indicate the 
magnetic field created by the electric field moving down the line. The moving 
electric field and the accompanying magnetic field constitute an 
electromagnetic wave that is moving from the generator (battery) toward the 
load. This wave travels at approximately the speed of light in free space. The 
energy reaching the load is equal to that developed at the battery (assuming 
there are no losses in the transmission line). If the load absorbs all of the 
energy, the current and voltage will be evenly distributed along the line. 
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DIRECTION OF TRAVEL 


Figure 3-18. DC Voltage Applied to a Line 


AC Applied to a Transmission Line 


3-63. When the battery of figure 3-18 is replaced by an AC generator 
(figure 3-19), each successive instantaneous value of the generator voltage is 
propagated down the line at the speed of light. The action is similar to the 
wave created by the battery except that the applied voltage is sinusoidal 
instead of constant. Assume that the switch is closed at the moment the 
generator voltage is passing through zero and that the next half cycle makes 
point A positive. At the end of one cycle of generator voltage, the current and 
voltage distribution will be as shown in figure 3-19. 
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Figure 3-19. AC Voltage Applied to a Transmission Line 
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3-64. In this illustration the conventional lines of force represent the electric 
fields. For simplicity, the magnetic fields are not shown. Points of charge are 
indicated by plus (+) and minus (-) signs, the larger signs indicating points of 
higher amplitude of both voltage and current. Short arrows indicate direction 
of current (electron flow). The waveform drawn below the transmission line 
represents the voltage (E) and current (I) waves. The line is assumed to be 
infinite in length so there is no reflection. Thus, traveling sinusoidal voltage 
and current waves continually travel in phase from the generator toward the 
load, or far end of the line. Waves traveling from the generator to the load are 
called incident waves. Waves traveling from the load back to the generator 
are called reflected waves and are explained later in this chapter. 


DC Applied to an Infinite Line 


3-65. Figure 3-20 shows a battery connected to a circuit that is the equivalent 
of a transmission line. In this line, the series resistance and shunt 
conductance are not shown. Also, in the discussion that follows, the line is 
considered to have no losses. 


SWITCH 


TO 


INFINITY 


Figure 3-20. DC Applied to an Equivalent Transmission Line 


3-66. As the switch shown in figure 3-20 is closed, the battery voltage is 
applied to the input terminals of the line. Now, Cl has no charge and 
appears, effectively, as a short circuit across points A and B. The full battery 
voltage appears across inductor L1. Inductor L1 opposes the change of 
current (0 now) and limits the rate of charge of C1. 


3-67. Capacitor C2 cannot begin to charge until after C1 has charged. No 
current can flow beyond points A and B until C1 has acquired some charge. 
As the voltage across C1 increases, current through L2 and C2 charges C2. 
This action continues down the line and charges each capacitor, in turn, to 
the battery voltage. Thus, a voltage wave is traveling along the line. Beyond 
the wavefront, the line is uncharged. Because the line is infinitely long, there 
will always be more capacitors to be charged, and current will not stop 
flowing. Thus, current will flow indefinitely in the line. 


3-68. Notice that current flows to charge the capacitors along the line. The 
flow of current is not advanced along the line until a voltage is developed 
across each preceding capacitor. In this manner voltage and current move 
down the line together in phase. 
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AC Applied to an Infinite Line 


3-69. An RF line displays similar characteristics when an AC voltage is 
applied to its sending end or input terminals. In figure 3-21, view A, an AC 
voltage is applied to the line represented by the circuit shown. 
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Figure 3-21. AC Applied to an Equivalent Transmission Line 


3-70. In figure 3-21, view B, the generator voltage starts from zero (T1) and 
produces the voltage shown. As soon as a small voltage change is produced, it 
starts its journey down the line while the generator continues to produce new 
voltages along a sine curve. At T2 the generator voltage is 70 volts. The 
voltages still move along the line until, at T3, the first small change arrives 
at point W, and the voltage at that point starts increasing. At T5, the same 
voltage arrives at point X on the line. Finally, at T7, the first small change 
arrives at the receiving end of the line. Meanwhile, all the changes in the sine 
wave produced by the generator pass each point in turn. The amount of time 
required for the changes to travel the length of the line is the same as that 
required for a DC voltage to travel the same distance. 
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3-71. At T7, the voltage at the various points on the line is as follows: 
e Atthe generator: —100 V 
e At point W: 0V 
e At point X: +100 V 
e Atpoint Y: 0V 


3-72. If these voltages are plotted along the length of the line, the resulting 
curve is like the one shown in figure 3-22, view A. Note that such a curve of 
instantaneous voltages resembles a sine wave. The changes in voltage that 
occur between T7 and T8 are as follows: 


e Atthe generator: Rise from -100 V to-70 V 
e §=6At point W: Drop from 0 V to -70 V 
e §=6At point X: Drop from +100 V to +70 V 
e §=6At point Y: Rise from 0 V to +70 V 


SENDING POINT POINT PERFORMING 
END Ww xX END 
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Figure 3-22. Instantaneous Voltages along a Transmission Line 
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3-73. A plot of these new voltages produces the solid curve shown in 
figure 3-22, view B. For reference, the curve from T7 is drawn as a dotted 
line. The solid curve has exactly the same shape as the dotted curve, but has 
moved to the right by the distance X. Another plot at T9 would show a new 
curve similar to the one at T8, but moved to the right by the distance Y. 


3-74. By analyzing the points along the graph just discussed, you should be 
able to see that the actions associated with voltage changes along an RF line 
are as follows: 


e ©All instantaneous voltages of the sine wave produced by the generator 
travel down the line in the order they are produced. 


e At any point, a sine wave can be obtained if all the instantaneous 
voltages passing the point are plotted. An oscilloscope can be used to 
plot these values of instantaneous voltages against time. 

e The instantaneous voltages (oscilloscope displays) are the same in all 
cases except that a phase difference exists in the displays seen at 
different points along the line. The phase changes continually with 
respect to the generator until the change is 360 degrees over a certain 
length of line. 

e All parts of a sine wave pass every point along the line. A plot of the 
readings of an AC meter (which reads the effective value of the voltage 
over a given time) taken at different points along the line shows that 
the voltage is constant at all points (see figure 3-22, view C). 

e Because the line is terminated with a resistance equal to Zo, the 
energy arriving at the end of the line is absorbed by the resistance. 


VELOCITY OF WAVE PROPAGATION 
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3-75. If a voltage is initially applied to the sending end of a line, that same 
voltage will appear later some distance from the sending end. This is true 
regardless of any change in voltage, whether the change is a jump from zero 
to some value or a drop from some value to zero. The voltage change will be 
conducted down the line at a constant rate. 


3-76. Recall that the inductance of a line delays the charging of the line 
capacitance. The velocity of propagation is therefore related to the values of L 
and C. If the inductance and capacitance of the RF line are known, the time 
required for any waveform to travel the length of the line can be determined. 
To see how this works, observe the following relationship: 


Q=IT 


This formula shows that the total charge or quantity is equal to the current 
multiplied by the time the current flows. Also— 


Q=CE 


This formula shows that the total charge on a capacitor is equal to the 
capacitance multiplied by the voltage across the capacitor. 


3-77. If the switch in figure 3-23 is closed for a given time, the quantity (Q) of 
electricity leaving the battery can be computed by using the equation 
Q = IT. The electricity leaves the battery and goes into the line, where a 
charge is built up on the capacitors. The amount of this charge is computed 
by using the equation Q = CE. 
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Figure 3-23. DC Applied to an Equivalent Transmission Line 


3-78. Because none of the charge is lost, the total charge leaving the battery 
during T is equal to the total charge on the line. Therefore: 


Q=IT=CE 


3-79. As each capacitor accumulates a charge equal to CE, the voltage across 
each inductor must change. As C1 in figure 3-23 charges to a voltage of E, 
point A rises to a potential of E volts while point B is still at zero volts. This 
makes E appear across L2. As C2 charges, point B rises to a potential of E 
volts as did point A. At this time, point B is at E volts and point C rises. 
Thus, there is a continuing action of voltage moving down the infinite line. 


3-80. In an inductor, these circuit components are related, as shown in the 
formula— 

Al 
VT 
3-81. 1-79. This shows that the voltage across the inductor is directly 
proportional to inductance and the change in current, but inversely 
proportional to a change in time. Because current and time start from zero, 


the change in time (AT) and the change in current (AJ) are equal to the final 
time (T) and final current (1). For this case the equation becomes: 


ET =LI 


3-82. If voltage E is applied for time (T) across the inductor (L), the final 
current (1) will flow. The following equations show how T, L, and C are related: 
ET =LI 
IT =CE 


E=L ( ) 


3-83. For convenience, you can find T in terms of L and C by multiplying the 
left and right members of each of the above equations, and solving for T, as 


follows: 
(IT)(ET) = (CE)(LI) 
EIT? = LCEI 
TeSke 
Take 
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3-84. This final equation is used for finding the time required for a voltage 
change to travel a unit length, because L and C are given in terms of unit 
length. The velocity of the waves may be found by the following equation, 
where D is the physical length of a unit: 


Be 2D 
Ve" & Or v= Vic 
3-85. This is the rate at which the wave travels over a unit length. The units 


of L and C are henrys and farads, respectively. T is in seconds per unit length 
and V is in unit lengths per second. 


DETERMINING CHARACTERISTIC IMPEDANCE 
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3-86. As previously discussed, an infinite transmission line exhibits a definite 
input impedance. This impedance is the characteristic impedance and is 
independent of line length. The exact value of this impedance is the ratio of 
the input voltage to the input current. If the line is infinite or is terminated 
in a resistance equal to the characteristic impedance, voltage and current 
waves traveling the line are in phase. Recall the following equations: 


ET =LI 
IT =CE 


To determine the characteristic impedance or voltage-to-current ratio, use the 
following procedure: 


Divide the equations: 
ET = Ll and IT = CE 
ET LI 


Multiply the result by 


E*T LIE 
rT CEI 
Simplify: 
E’ L 
ee 
Take the square root: 
E L 
he =\Vc = 2Zo(characteristic impedance) 


3-87. A problem using this equation illustrates how to determine the 
characteristics of a transmission line. 
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Assume that the line shown in figure 3-23 is 1,000 feet long. A 100-foot 
(approximately 30.5 meter) section is measured to determine L and C. The 
section is found to have an inductance of 0.25 millinenry and a capacitance 
of 1000 picofarads. Find the characteristic impedance of the line and the 
velocity of the wave on the line. The characteristic impedance is— 


Z, =vLC 


_ | 0.25x10° 
© V¥1000x10712 


Z 9 = V0.25x10° 
Z) = 0.5x10° 
Z,) = 5002 


If any other unit length had been considered, the values of L and C would be 
different, but their ratio would remain the same as would the characteristic 
impedance. 


The formula for T is: 


Rene nes 


T = J0.25x10-° x1000x10-” 


T = ¥0.25x10°"” 


T =0.5x10 °second 
T =0.5 microsecond 


The formula for the velocity of a wave is: 
D 
V=— 
T 
100 feet 
0.5x10 ° second 


V = 200x10° feet/second 
V = 200,000,000 feet/second 


REFLECTIONS ON A TRANSMISSION LINE 


3-88. Transmission line characteristics are based on an infinite line. A line 
cannot always be terminated in its characteristic impedance because it is 
sometimes operated as an open-ended line and at other times as a short- 
circuit at the receiving end. If the line is open-ended, it has a terminating 
impedance that is infinitely large. If a line is not terminated in characteristic 
impedance (Zo), it is said to be finite. 


3-89. When a line is not terminated in characteristic impedance, the incident 
energy is not absorbed but is returned along the only path available—the 
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transmission line. Thus, the behavior of a finite line may be quite different 
from that of the infinite line. 


Reflection of DC Voltage from an Open Circuit 


3-90. The equivalent circuit of an open-ended transmission line is shown in 
figure 3-24, view A. Again, losses are to be considered as negligible, and L is 
lumped in one branch. Assume that (1) the battery in this circuit has an 
internal impedance equal to the characteristic impedance of the transmission 
line (Zi = Zo); (2) the capacitors in the line are not charged before the battery 
is connected; and (8) because the line is open-ended, the terminating 
impedance is infinitely large. 


3-91. When the battery is connected to the sending end as shown in figure 3- 
24, view A, a negative voltage moves down the line. This voltage charges each 
capacitor, in turn, through the preceding inductor. Because Zi equals Zo, one- 
half the applied voltage will appear across the internal battery impedance, Zi, 
and one-half across the impedance of the line, Zo. Each capacitor is then charged 
to E/2 (view B). When the last capacitor in the line is charged, there is no voltage 
across the last inductor and current flow through the last inductor stops. With no 
current flow to maintain it, the magnetic field in the last inductor collapses and 
forces current to continue to flow in the same direction into the last capacitor. 
Because the direction of current has not changed, the capacitor charges in the 
same direction, thereby increasing the charge in the capacitor. Because the 
energy in the magnetic field equals the energy in the capacitor, the energy 
transfer to the capacitor doubles the voltage across the capacitor. The last 
capacitor is now charged to E volts and the current in the last inductor drops to 
ZeYO. 
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Figure 3-24. Reflection from an Open-Ended Line 


3-92. At this point, the same process takes place with the next to the last 
inductor and capacitor. When the magnetic field about the inductor collapses, 
current continues to flow into the next to the last capacitor, charging it to E 
volts. This action continues backward down the line until the first capacitor 
has been fully charged to the applied voltage. This change of voltage, moving 
backward down the line, can be thought of in the following manner. The 
voltage, arriving at the end of the line, finds no place to go and returns to the 
sending end with the same polarity (figure 3-24, view C). Such action is called 
reflection. 


3-93. When a reflection of voltage occurs on an open-ended line, the polarity 
is unchanged. The voltage change moves back to the source, charging each 
capacitor in turn until the first capacitor is charged to the source voltage and 
the action stops (figure 3-24, view D). As each capacitor is charged, current in 
each inductor drops to zero, effectively reflecting the current with the 
opposite polarity (view C). Reflected current of opposite polarity cancels the 
original current at each point, and the current drops to zero at that point. 
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When the last capacitor is charged, the current from the source stops flowing 
(view D). 
3-94. Important facts to remember in the reflection of DC voltages in open- 
ended lines are— 
e Voltage is reflected from an open end without change in polarity, 
amplitude, or shape. 
e Current is reflected from an open end with opposite polarity and 
without change in amplitude or shape. 


Reflection of DC Voltage from a Short Circuit 
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3-95. A short-circuited line affects voltage change differently than the way an 
open-circuited line affects it. The voltage across a perfect short circuit must 
be zero; therefore, no power can be absorbed in the short, and the energy is 
reflected toward the generator. 


3-96. The initial circuit is shown in figure 3-25, view A. The initial voltage 
and current waves (view B) are the same as those given for an infinite line. In 
a short-circuited line the voltage change arrives at the last inductor in the 
same manner as the waves on an open-ended line. In this case, however, 
there is no capacitor to charge. The current through the final inductor 
produces a voltage with the polarity shown in view C. When the field 
collapses, the inductor acts as a battery and forces current through the 
capacitor in the opposite direction, causing it to discharge (view D). Because 
the amount of energy stored in the magnetic field is the same as that in the 
capacitor, the capacitor discharges to zero. 


3-97. Now there is no voltage to maintain the current through the next to the 
last inductor. Therefore, this inductor discharges the next to the last 
capacitor. 


3-98. As each capacitor is discharged to zero, the next inductor effectively 
becomes a new source of voltage. The amplitude of each of these voltages is 
equal to E/2, but the polarity is the opposite of the battery at the input end of 
the line. The collapsing field around each inductor, in turn, produces a 
voltage that forces the current to continue flowing in the same direction, 
adding to the current from the source to make it 2I. This action continues 
until all the capacitors are discharged (view E). 


3-99. Reflected waves from a_ short-circuited transmission line are 
characterized as follows: 
e The reflected voltage has the opposite polarity but the same 
amplitude as the incident wave. 
e The reflected current has the same polarity and the same amplitude 
as the incident current. 
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Figure 3-25. Reflection from a Short-Circuited Line 
Reflection of AC Voltage from an Open Circuit 


3-100. In most cases where RF lines are used, the voltages applied to the 
sending end are AC voltages. The action at the receiving end of the line is 
exactly the same for AC as for DC. In the open-ended line, as shown in figure 
3-26, view A, the generated AC voltage is distributed along the line, shown in 
view B. This voltage is distributed in such a way that as each instantaneous 
voltage arrives at the end, it is reflected with the same polarity and amplitude. 
When AC is used, this reflection is in phase. Each of the reflected voltages 
travels back along the line until it reaches the generator. If the generator 
impedance is the same as the line impedance, energy arriving at the generator 
is absorbed and not reflected again. Now two voltages are on the line. 
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Figure 3-26. Formation of Standing Waves 


3-101. View B of figure 3-26 shows how two waves of the same frequency 
and amplitude moving in opposite directions on the same conductor will 
combine to form a resultant wave. The small solid line is moving steadily 
from left to right and is the incident wave (from the source). The broken-line 
waveform is moving from right to left and is the reflected wave. The resultant 
waveform, the heavy line, is found by algebraically adding instantaneous 
values of the two waveforms. The resultant waveform has an instantaneous 
peak amplitude that is equal to the sum of the peak amplitudes of the 
incident and reflected waves. Because most indicating instruments are 
unable to separate these voltages, they show the vector sum. An oscilloscope 
is usually used to study the instantaneous voltages on RF lines. 


3-102. Because two waves of voltage are moving on the line, you need to 
know how to distinguish between the two. The voltages moving toward the 
receiving end are called incident voltages, and the whole waveshape is called 
the incident wave. The wave moving back to the sending end after reflection 
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is called the reflected wave. The resultant voltage curve (view B of figure 
3-26) shows that the voltage is maximum at the end of the line, a condition 
that occurs across an open circuit. 


3-103. Another step in investigating the open-circuited RF line is to see how 
the current waves act. The incident current wave is the solid line in figure 
3-26, view C. The voltage is represented by the dotted line. The current is in 
phase with the voltage while traveling toward the receiving end. At the end 
of the line, the current is reflected in the opposite polarity; that is, it is 
shifted 180 degrees in phase, but its amplitude remains the same. Dashed 
lines show the reflected wave of current in view C. The heavy-line curve 
represents the sum of the two instantaneous currents and is the resultant 
wave. Notice that current is zero at the end of the line. This is reasonable, 
because there can be no current flow through an open circuit. 


3-104. Views B and C of figure 3-26 show the voltage and current 
distribution along a transmission line at a point about one-eighth wavelength 
after a maximum voltage or current reaches the end of the line. Because the 
instantaneous values are continuously changing during the generation of a 
complete cycle, a large number of these pictures are required to show the 
many different relationships. 


3-105. Figure 3-27 shows the incident and reflected waveshapes at several 
different times. The diagrams in the left column of figure 3-27 (representing 
voltage) show the incident wave and its reflection without change in polarity. 
In figure 3-27, waveform (1), the incident wave and the reflected wave are 
added algebraically to produce the resultant wave indicated by the heavy 
line. In waveform (2), a zero point preceding the negative-going cycle of the 
incident wave is at the end of the line. The reflected wave and incident wave 
are 180 degrees out of phase at all points. (The reflected wave is the positive 
cycle that just preceded the negative cycle now approaching the end of the 
line.) The resultant of the incident and reflected waves is zero at all points 
along the line. In waveform (8), the waves have moved 1/8 wavelength along 
the line; the incident wave has moved 45 degrees to the right, and the 
reflected wave has moved 45 degrees to the left. The resultant voltage, shown 
by the heavy line, has a maximum negative at the end of the line and a 
maximum positive 1/2 wavelength from the end of the line. 
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Figure 3-27. Instantaneous Values of Incident and Reflected Waves on an Open-Ended Line 


3-106. In waveform (4) of figure 3-27, the incident wave is at a maximum 
negative value at the end of the line. The wave has moved another 45 degrees 
to the right from the wave in the preceding illustration. The reflected wave 
has also moved 45 degrees, but to the left. The reflected wave is in phase with 
the incident wave. The resultant of these two waves, shown by the dark line, 
again has a negative maximum at the end of the line and a positive 
maximum 1/2A from the end of the line. Notice that these maxima have a 
greater amplitude than those in waveform (8). 
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3-107. In waveform (5) of figure 3-27, the incident wave has moved another 
45 degrees to the right and the reflected wave 45 degrees to the left. The 
resultant again is maximum negative at the end and positive maximum 
1/2 wavelength from the end. The maxima are lower than those in waveform 
(4). In waveform (6), the incident and reflected wave have moved another 
1/8X. The two waves again are 180 degrees out of phase, giving a resultant 
wave with no amplitude. The incident and reflected waves continue moving 
in opposite directions, adding to produce the resultant waveshapes shown in 
waveforms (7) and (8). Notice that the maximum voltage in each resultant 
wave is at the end and 1/2A from the end. 


3-108. Study each part of figure 3-27 carefully and you will get a clear 
picture of how the resultant waveforms of voltage are produced. You will also 
see that the resultant voltage wave on an open-ended line is always zero at 
1/4X and 3/44 from the end of the transmission line. Because the zero and 
maximum points are always in the same place, the resultant of the incident 
and the reflected wave is called a standing wave of voltage. 


3-109. The right-hand column in figure 3-27 shows the current waveshapes 
on the open-ended line. Because the current is reflected out of phase at an 
open end, the resultant waveshapes differ from those for voltage. The two 
out-of-phase components always cancel at the end of the transmission line, so 
the resultant is always zero at that point. If you check all the resultant 
waveshapes shown in the right-hand column of figure 3-27, you will see that 
a zero point always occurs at the end and at a point 1/24 from the end. 
Maximum voltages occur 1/44 and 3/4A from the end. 


3-110. When an AC meter is used to measure the voltages and currents 
along a line, the polarity is not indicated. If you plot all the current and 
voltage readings along the length of the line, you will get curves like the ones 
shown in figure 3-28. Notice that all are positive. These curves are the 
conventional method of showing current and voltage standing waves on RF 
lines. 


Figure 3-28. Conventional Picture of Standing Waves 


3-111. When an RF line is terminated in a short circuit, reflection is 
complete, but the effect on voltage and current differs from that in an open- 
ended line. Voltage is reflected in opposite phase, while current is reflected in 
phase. Again refer to the series of pictures shown in figure 3-27. However, 
this time the left column represents current, because it shows reflection in 
phase; and the right column of pictures now represents the voltage changes 
on the shorted line, because it shows reflection out of phase. 
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3-112. The composite diagram in figure 3-29 shows all resultant curves on a 
full-wavelength section of line over a complete cycle. Notice that the amplitude 
of the voltage varies between zero and maximum in both directions at the 
center and at both ends as well, but one-fourth of the distance from each end 
the voltage is always zero. The resultant waveshape is referred to as a standing 
wave of voltage. Standing waves, then, are caused by reflections, which occur 
only when the line is not terminated in its characteristic impedance. 
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Figure 3-29. Composite Results of Instantaneous Waves 
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3-113. The voltage at the center and the ends varies at a sinusoidal rate 
between the limits shown. At the one-fourth and three-fourths points, the 
voltage is always zero. A continuous series of diagrams such as these is 
difficult to see with conventional test equipment, which reads the effective or 
average voltage over several cycles. The curve of amplitude over the length of 
line for several cycles is shown in figure 3-29, view B. A meter will read zero 
at the points shown and will show a maximum voltage at the center, no 
matter how many cycles pass. 


3-114. As shown in figure 3-29, view D, the amplitude varies along the 
length of the line. In this case it is zero at the end and center but maximum 
at the one-fourth and three-fourths points. The entire diagram of the open- 
ended line conditions is shown in view E. The standing waves of voltage and 
current appear together. Observe that one is maximum when the other is 
minimum. The current and voltage standing waves are one-quarter cycle, or 
90 degrees, out of phase with one another. 


Reflection of AC Voltage from a Short Circuit 


3-115. Reflection is complete when an RF line is terminated in a short 
circuit, but the effect on voltage and current differs from the effect obtained 
in an open-ended line. Voltage is reflected in opposite phase, while current is 
reflected in phase. Again look at the series of diagrams in figure 3-27. The 
left column represents current, and the right column shows voltage changes 
on the shorted line. The standard representation of standing waves on a 
shorted line is shown in figure 3-30; the voltage is a solid line, and the 
current is a dashed line. The voltage is zero at the end and center (1/24) and 
maximum at the 1/44 and 3/4A points, while the current is maximum at the 
end and center and minimum at the 1/4 and 3/4 points. 
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Figure 3-30. Standing Waves on a Shorted Line 


3-116. As previously discussed, there are several differences between open 
and shorted lines in the voltage and current waves on transmission lines. 
Basic differences also appear in the standing-wave patterns for open and 
shorted lines. You can see these differences by comparing figure 3-29, view E 
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and figure 3-30. Notice that the current and voltage standing waves are 
shifted 90 degrees with respect to the termination. At the open end of a line, 
voltage is maximum (zero if there are no losses in the line). At a short circuit, 
current is maximum and voltage is minimum. 


TERMINATING A TRANSMISSION LINE 


3-117. A transmission line is either nonresonant or resonant. A nonresonant 
line is a line that has no standing waves of current and voltage. A resonant 
line is a line that has standing waves of current and voltage. 


Nonresonant Lines 


Resonant Lines 
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3-118. A nonresonant line is either infinitely long or terminated in its 
characteristic impedance. Because no reflections occur, all the energy 
traveling down the line is absorbed by the load that terminates the line. 
Because no standing waves are present, this type of line is sometimes spoken 
of as a flat line. In addition, because the load impedance of such a line is 
equal to Zo, no special tuning devices are required to effect a maximum power 
transfer; hence, the line is also called an untuned line. 


3-119. A resonant line has a finite length and is not terminated in its 
characteristic impedance. Therefore reflections of energy do occur. The load 
impedance is different from the Zo of the line; therefore, the input impedance 
may not be purely resistive but may have reactive components. Tuning 
devices are used to eliminate the reactance and to bring about maximum 
power transfer from the source to the line. Therefore, a resonant line is 
sometimes called a tuned line. The line also may be used for a resonant or 
tuned circuit. 


3-120. A resonant line is sometimes said to be resonant at an applied 
frequency. This means that at one frequency the line acts as a resonant 
circuit. It may act either as a high-resistive circuit (parallel resonant) or as a 
low-resistive circuit (series resonant). The line may be made to act in this 
manner by either open- or short-circuiting it at the output end and cutting it 
to some multiple of a quarter-wavelength. 


3-121. At the points of voltage maxima and minima on a short-circuited or 
open-circuited line, the line impedance is resistive. On a short-circuited line, 
each point at an odd number of quarter-wavelengths from the receiving end 
has a high impedance (figure 3-31, view A). If the frequency of the applied 
voltage to the line is varied, this impedance decreases as the effective length 
of the line changes. This variation is exactly the same as the change in the 
impedance of a parallel-resonant circuit when the applied frequency is varied. 
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Figure 3-31. Sending-End Impedance of Various Lengths and Terminations 


3-122. At all even numbered quarter-wavelength points from the short 
circuit, the impedance is extremely low. When the frequency of the voltage 
applied to the line is varied, the impedance at these points increases just as 
the impedance of a series-resonant circuit varies when the frequency applied 
to it is changed. The same is true for an open-ended line (figure 3-31, view B), 
except that the points of high and low impedance are reversed. 


3-123. At this point let us review some of the characteristics of resonant 
circuits so we can see how resonant line sections may be used in place of LC 
circuits. 
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3-124. A parallel-resonant circuit has the following characteristics: 


e At resonance, the impedance appears as a very high resistance. A 
loss-free circuit has infinite impedance (an open circuit). Other than 
at resonance, the impedance decreases rapidly. 


e §6IZfthe circuit is resonant at a point above the generator frequency (the 
generator frequency is too low), more current flows through the coil 
than through the capacitor. This happens because Xx decreases with 
a decrease in frequency, but Xc increases. 


3-125. A series-resonant circuit has these characteristics: 


e At resonance, the impedance appears as a very low resistance. A loss- 
free circuit has zero impedance (a short circuit). Other than at 
resonance, the impedance increases rapidly. 

e §6IZfthe circuit is resonant at a point above the generator frequency (the 
generator frequency is too low), then Xc is larger than Xi and the 
circuit acts capacitively. 


e §6IZfthe circuit is resonant at a point below the generator frequency (the 
generator frequency is too high), then Xz is larger than Xc and the 
circuit acts inductively. 


3-126. Because the impedance a generator sees at the quarter-wave point in 
a shorted line is that of a parallel-resonant circuit, a shorted quarter-wave- 
length of line may be used as a parallel-resonant circuit (figure 3-31, view C). 
An open quarter-wavelength of line may be used as a series-resonant circuit 
(view D). The Q of such a resonant line is much greater than can be obtained 
with lumped capacitance and inductance. 


Impedance for Various Lengths of Open Lines 
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3-127. In figure 3-32, the impedance (Z) the generator sees for various 
lengths of line is shown at the top. The curves above the letters of various 
heights show the relative value of the impedances presented to the generator 
for the various line lengths. The circuit symbols indicate the equivalent 
electrical circuits for the transmission lines at each particular length. The 
standing waves of voltage and current are shown on each length of line. 
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Figure 3-32. Voltage, Current, and Impedance on Open Line 


3-128. At all odd quarter-wave points (1/44, 3/4A, etc.), the voltage is 
minimum, the current is maximum, and the impedance is minimum. Thus, at 
all odd quarter-wave points, the open-ended transmission line acts as a 
series-resonant circuit. The impedance is equivalent to a very low resistance, 
prevented from being zero only by small circuit losses. 


3-129. At all even quarter-wave points (1/2A, 1A, 3/2A, etc.), the voltage is 
maximum, the current is minimum, and the impedance is maximum. 
Comparison of the line with an LC resonant circuit shows that at an even 
number of quarter-wavelengths, an open line acts as a parallel-resonant 
circuit. The impedance is therefore an extremely high resistance. 


3-130. In addition, resonant open lines may also act as nearly pure 
capacitances or inductances. The illustration shows that an open line less 
than a quarter-wavelength long acts as a capacitance. Also, it acts as an 
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inductance from 1/4 to 1/2 wavelength, as a capacitance from 1/2 to 3/4 
wavelength, and as an inductance from 3/4 to 1 wavelength, and so forth. A 
number of open transmission lines, with their equivalent circuits, are shown 
in the illustration. 


Impedance of Various Lengths of Shorted Lines 


3-131. Refer to figure 3-33 in the following discussion of the shorted line. At 
the odd quarter-wavelength points, the voltage is high, the current is low, 
and the impedance is high. Because these conditions are similar to those 
found in a parallel-resonant circuit, the shorted transmission line acts as a 
parallel-resonant circuit at these lengths. 
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Figure 3-33. Voltage, Current, and Impedance on Shorted Line 
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3-132. At the even quarter-wave points in figure 3-33, voltage is minimum, 
current is maximum, and impedance is minimum. Because these 
characteristics are similar to those of a series-resonant LC circuit, a shorted 
transmission line whose length is an even number of quarter-wavelengths 
acts as a series-resonant circuit. 


3-133. Resonant shorted lines, like open-end lines, also may act as pure 
capacitances or inductances. The illustration shows that a shorted line less 
than 1/4 wavelength long acts as an inductance. A shorted line with a length 
of from 1/4 to 1/2 wavelength acts as a capacitance. From 1/2 to 3/4 
wavelength, the line acts as an inductance; and from 3/4 to 1 wavelength, it 
acts as a capacitance, and so on. The equivalent circuits of shorted lines of 
various lengths are shown in the illustration. Thus, properly chosen line 
segments may be used as parallel-resonant, series-resonant, inductive, or 
capacitive circuits. 


EFFECT OF TERMINATION ON STANDING WAVES 


3-134. There is a large variety of terminations for RF lines. Each type of 
termination has a characteristic effect on the standing waves on the line. 
From the nature of the standing waves, you can determine the type of 
termination that produces the waves. 


TERMINATION IN Zo 


3-135. Termination in Zo (characteristic impedance) will cause a constant 
reading on an AC meter when it is moved along the length of the line. As 
illustrated in figure 3-34, view A, the curve—provided there are no losses in 
the line—will be a straight line. If there are losses in the line, the amplitude 
of the voltage and current will diminish as they move down the line (view B). 
The losses are due to DC resistance in the line itself. 
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Figure 3-34. Effects of Various Terminations on Standing Waves 


TERMINATION IN AN OPEN CIRCUIT 


3-136. In an open-circuited RF line (figure 3-34, view C), the voltage is 
maximum at the end, but the current is minimum. The distance between two 
adjacent zero current points is 1/2A, and the distance between alternate zero 
current points is 1A. The voltage is zero at a distance of 1/44 from the end of 
the line. This is true at any frequency. A voltage peak occurs at the end of the 
line, at 1/2 from the end, and at each 1/2A thereafter. 


TERMINATION IN A SHORT CIRCUIT 


3-137. On the line terminated in a short circuit, shown in figure 3-34, view 
D, the voltage is zero at the end and maximum at 1/44 from the end. The 
current is maximum at the end, zero at 1/4 from the end, and alternately 
maximum and zero every 1/4A thereafter. 


3-44 


Principles of Transmission Lines 


TERMINATION IN CAPACITANCE 


3-138. When a line is terminated in capacitance, the capacitor does not absorb 
energy, but returns all of the energy to the circuit. This means there is 100 
percent reflection. The current and voltage relationships are somewhat more 
involved than in previous types of termination. For this explanation, assume 
that the capacitive reactance is equal to the characteristic impedance (Zo) of the 
line. Current and voltage are in phase when they arrive at the end of the line, 
but in flowing through the capacitor and the characteristic impedance 
connected in series, they shift in phase relationship. Current and voltage arrive 
in phase and leave out of phase. This results in the standing-wave 
configuration shown in figure 3-34, view E. The standing wave of voltage is 
minimum at a distance of exactly 1/8A from the end. If the capacitive reactance 
is greater than Zo (smaller capacitance), the termination looks more like an 
open circuit; the voltage minimum moves away from the end. If the capacitive 
reactance is smaller than Zo, the minimum moves toward the end. 


TERMINATION IN INDUCTANCE 


3-139. When the line is terminated in an inductance, both the current and 
voltage shift in phase as they arrive at the end of the line. When Xz is equal 
to Zo, the resulting standing waves are as shown in figure 3-34, view F. The 
current minimum is located 1/8A from the end of the line. When the inductive 
reactance is increased, the standing waves appear closer to the end. When 
the inductive reactance is decreased, the standing waves move away from the 
end of the line. 


TERMINATION IN A RESISTANCE NOT EQUAL TO THE CHARACTERISTIC 
IMPEDANCE (Zo) 


3-140. Whenever the termination is not equal to Zo, reflections occur on the 
line. For example, if the terminating element contains resistance, it absorbs 
some energy, but if the resistive element does not equal the Zo of the line, 
some of the energy is reflected. The amount of voltage reflected may be found 
by using the equation: 


R,-Z 
E, =E, (Bze 
Where: 


Er = the reflected voltage 


E; = the incident voltage 
R, = the terminating resistance 
Zo= the characteristic impedance of the line 


3-141. If you try different values of RL in the preceding equation, you will 
find that the reflected voltage is equal to the incident voltage only when RL 
equals 0 or is infinitely large. When RL equals Zo, no reflected voltage occurs. 
When RL is greater than Zo, ER is positive, but less than Ei. As RL increases 
and approaches an infinite value, ER increases and approaches Ei in value. 
When RL is smaller than Zo, ER has a negative value. This means that the 
reflected voltage is of opposite polarity to the incident wave at the 
termination of the line. As RL approaches zero, ER approaches Ei in value. 
The smaller the value of ER, the smaller is the peak amplitude of the 
standing waves and the higher are the minimum values. 
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TERMINATION IN A RESISTANCE GREATER THAN Zo 


3-142. When RL is greater than Zo, the end of the line is somewhat like an 
open circuit; that is, standing waves appear on the line. The voltage 
maximum appears at the end of the line and also at half-wave intervals back 
from the end. The current is minimum (not zero) at the end of the line and 
maximum at the odd quarter-wave points. Because part of the power in the 
incident wave is consumed by the load resistance, the minimum voltage and 
current are less than for the standing waves on an open-ended line. Figure 
3-34, view G, illustrates the standing waves for this condition. 


TERMINATION IN A RESISTANCE LESS THAN Zo 


3-143. When Rt is less than Zo, the termination appears as a short circuit. 
The standing waves are shown in figure 3-34, view H. Notice that the line 
terminates in a current loop (peak) and a voltage node (minimum). The 
values of the maximum and minimum voltage and current approach those for 
a shorted line as the value of RL approaches zero. 


3-144. A line does not have to be any particular length to produce standing 
waves; however, it cannot be an infinite line. Voltage and current must be 
reflected to produce standing waves. For reflection to occur, a line must not 
be terminated in its characteristic impedance. Reflection occurs on lines 
terminated in opens, shorts, capacitances, and inductances, because the load 
absorbs no energy. If the line is terminated in a resistance not equal to the 
characteristic impedance of the line, some energy will be absorbed and the 
rest will be reflected. 


3-145. The voltage and current relationships for open-ended and shorted 
lines are opposite to each other, as shown in figure 3-34, views C and D. The 
points of maximum and minimum voltage and current are determined from 
the output end of the line, because reflection always begins at that end. 


STANDING-WAVE RATIO 
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3-146. The measurement of standing waves on a transmission line yields 
information about equipment operating conditions. Maximum power is 
absorbed by the load when Zi = Zo. If a line has no standing waves, the 
termination for that line is correct and maximum power transfer takes place. 


3-147. You have probably noticed that the variation of standing waves shows 
how near the RF line is to being terminated in Zo. A wide variation in voltage 
along the length means a termination far from Zo. A small variation means 
termination near Zo. Therefore, the ratio of the maximum to the minimum is 
a measure of the perfection of the termination of a line. This ratio is called 
the standing-wave ratio (SWR) and is always expressed in whole numbers. 
For example, a ratio of 1:1 describes a line terminated in its characteristic 
impedance (Zo). 
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Voltage Standing-Wave Ratio 


3-148. The ratio of maximum voltage to minimum voltage on a line is called 
the voltage standing-wave ratio (VSWR). Therefore— 


Emax 
Emin 


VSWR = 


3-149. The vertical lines in the formula indicate that the enclosed quantities 
are absolute and that the two values are taken without regard to polarity. 
Depending on the nature of the standing waves, the numerical value of 
VSWR ranges from a value of 1 (Zi = Zo, no standing waves) to an infinite 
value for theoretically complete reflection. Because there is always a small 
loss on a line, the minimum voltage is never zero and the VSWR is always 
some finite value. However, if the VSWR is to be a useful quantity, the power 
losses along the line must be small in comparison to the transmitted power. 


Power Standing-Wave Ratio 


3-150. The square of the voltage standing-wave ratio is called the power 
standing-wave ratio (PSWR). Therefore— 

Pmax 

Prin 


PSWR = 


3-151. This ratio is useful because the instruments used to detect standing 
waves react to the square of the voltage. Because power is proportional to the 
square of the voltage, the ratio of the square of the maximum and minimum 
voltages is called the PSWR. In a sense, the name is misleading because the 
power along a transmission line does not vary. 


Current Standing-Wave Ratio 


SUMMARY 


3-152. The ratio of maximum to minimum current along a transmission line 
is called current standing-wave ratio (ISWR). Therefore— 


ISWR=  —!max _ 
min 
3-153. This ratio is the same as that for voltages. It can be used where 
measurements are made with loops that sample the magnetic field along a 
line. It gives the same results as VSWR measurements. 


This chapter has presented information on the characteristics of transmission 
lines. The information that follows summarizes the important points of this 
chapter. 


Transmission lines are devices for guiding electrical energy from one point to 
another. 


Input impedance is the ratio of voltage to current at the input end of a 
transmission line. 


Output impedance is the ratio of voltage to current at the output end of the 
line. 
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Two-wire open lines are parallel lines and have uses such as power lines, 
rural telephone lines, and telegraph lines. This type of line has high radiation 
losses and is subject to noise pickup. 


Figure 3-Sum 1. Two-Wire Open Line 


The two-wire ribbon (twin lead) has parallel lines and is most often used to 
connect televisions to their antennas. 


Figure 3-Sum 2. Two-Wire Ribbon Type Line 


A twisted pair consists of two insulated wires twisted together. This line has 
high insulation loss. 


Figure 3-Sum 3. Twisted Pair 
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A shielded pair has parallel conductors separated by a solid dielectric and 
surrounded by copper braided tubing. The conductors are balanced to ground. 


Figure 3-Sum 4. Shielded Pair 


Rigid coaxial line contains two concentric conductors insulated from each 
other by spacers. Some rigid coaxial lines are pressurized with an inert gas to 
prevent moisture from entering. High-frequency losses are less than with 
other lines. 


Figure 3-Sum 5. Rigid (Air) Coaxial Line 


Flexible coaxial lines consist of a flexible inner conductor and a concentric 
outer conductor of metal braid. A continuous insulating material separates 
the two. 


Figure 3-Sum 6. Flexible (Solid) Coaxial Lines 
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Waveguides are hollow metal tubes used to transfer energy from one point to 
another. The energy travels slower in a waveguide than in free space. 


Figure 3-Sum 7. Waveguides 
Copper losses can result from power (I2R) loss, in the form of heat, or skin 
effect. These losses decrease the conductivity of a line. 


Dielectric losses are caused by the heating of the dielectric material between 
conductors, taking power from the source. 


Radiation and induction losses are caused by part of the electromagnetic 
fields of a conductor being dissipated into space or nearby objects. 


A transmission line is either electrically long or short if its physical length is 
not equal to 1/4 for the frequency it is to carry. 


Lumped constants are theoretical properties (inductance, resistance, and 
capacitance) of a transmission line that are lumped into a single component. 


TRANS- 
MITTER ANTENNA 


Figure 3-Sum 8. Equivalent Circuit of a Two-Wire Transmission Line 


Distributed constants are constants of inductance, capacitance, and 
resistance that are distributed along the transmission line. 
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Figure 3-Sum 9. Distributed Constants 


Leakage current flows between the wires of a transmission line through the 
dielectric. The dielectric acts as a resistor. 


Figure 3-Sum 10. Leakage in a Transmission Line 


An electromagnetic field exists along a transmission line when current flows 
through it. 
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Figure 3-Sum 11. Fields between Conductors 


Characteristic impedance, Zo, is the ratio of E to I at every point along the 
line. For maximum transfer of electrical power, the characteristic impedance 
and load impedance must be matched. 


Figure 3-Sum 12. Characteristic Impedance 


The velocity at which a wave travels over a given length of transmission line 
can be found by using the formula: 


A transmission line that is not terminated in its characteristic impedance is 
said to be finite. 


When DC is applied to an open-ended line, the voltage is reflected back from 
the open end without any change in polarity, amplitude, or shape. Current is 
reflected back with the same amplitude and shape but with opposite polarity. 


When DC is applied to a short-circuited line, the current is reflected back 
with the same amplitude and polarity. The voltage is reflected back with the 
same amplitude but with opposite polarity. 


When AC is applied to an open-end line, voltage is always reflected back in 
phase with the incident wave and current is reflected back out of phase. 
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Figure 3-Sum 13. Formation of Standing Wave 


When AC is applied to a short-circuited line, voltage is reflected out of phase, 
while current is reflected in phase. 
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Figure 3-Sum 14. Instantaneous Values of Incident and Reflected Waves 


A nonresonant line has no standing waves of current and voltage and is 
either infinitely long or terminated in its characteristic impedance. 


A resonant line has standing waves of current and voltage and is of finite 
length and is not terminated in its characteristic impedance. 
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At all odd one-quarter wavelength points on an open-ended resonant line, the 
voltage is minimum, the current is maximum, and the impedance is 
minimum. At all even “A points, the voltage is maximum, the current is 
minimum and the impedance is maximum. 


Lets 2 JE 


Figure 3-Sum 15. Voltage, Current, and Impedance on a Shorted Line 
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There are a variety of terminations for RF lines. Each termination has an 
effect on the standing waves on the line. 


Figure 3-Sum 16. Various Termination Effects on Standing Waves 


A transmission line can be terminated in its characteristic impedance as an 
open- or short-circuit, or in capacitance or inductance. 


Whenever the termination on a transmission line is not equal to Zo, there are 
reflections on the line. The amount of voltage reflected may be found by using 
the equation: 


When the termination on a transmission line equals Zo, there is no reflected 
voltage. 


The measurement of standing waves on a transmission line yields 
information about operating conditions. If there are no standing waves, the 
termination for that line is correct and maximum power transfer takes place. 


The standing-wave ratio is the measurement of maximum voltage (current) 
to minimum voltage (current) on a transmission line and measures the 
perfection of the termination of the line. A ratio of 1:1 describes a line 
terminated in its characteristic impedance. 
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Check-On-Learning Questions 
Principles of Transmission Lines 
What connecting link is used to transfer energy from a radio transmitter to its antenna 
located on the mast of a ship? 


What terms are used to describe the end of the transmission line that is connected to a 
transmitter? 


What terms are used to describe the end of the transmission line that is connected to an 
antenna? 


List the five types of transmission lines in use today. 

Name two of the three described uses of a two-wire open line. 

What are the two primary disadvantages of a two-wire open line? 

What type of transmission line is often used to connect a television set to its antenna? 
What is the primary advantage of the shielded pair? 


What are the two types of coaxial lines in use today? 


. What is the chief advantage of the air coaxial line? 

. List the three disadvantages of the air coaxial line. 

. List the two common types of waveguides in use today. 

. What are the three types of line losses associated with transmission lines? 

. Losses caused by skin effect and the I2R (power) loss are classified as what type of loss? 
. What types of losses cause the dielectric material between the conductors to be heated? 


. What must the physical length of a transmission line be if it will be operated at 15,000,000 


Hz? Use the formula: 


What are two of the three physical factors that determine the values of capacitance and 
inductance of a transmission line? 


A transmission line is said to have distributed constants of inductance, capacitance, and 
resistance along the line. What units of measurement are used to express these constants? 


Describe the leakage current in a transmission line and in what unit it is expressed. 


All the power sent down a transmission line from a transmitter can be transferred to an 
antenna under what optimum conditions? 


What symbol is used to designate the characteristic impedance of a line, and what two 
variables does it compare? 


What is the range of the characteristic impedance of lines used in actual practice? 
Two types of waves are formed on a transmission line. What names are given to these waves? 


In figure 3-27, which waveforms on the left have a resultant wave of zero, and what is 
indicated by these waves? 


3-56 


25. 


26. 


27. 
28. 
29. 
30. 


Principles of Transmission Lines 


On an open-ended transmission line, the voltage is always zero at what distance from each 
end of the line? 


A nonresonant line is a line that has no standing waves of current and voltage on it and is 
considered to be flat. Why is this true? 


On an open line, the voltage and impedance are maximum at what points on the line? 
At what point on an open-circuited RF line do voltage peaks occur? 
What is the square of the voltage standing-wave ratio called? 


What does VSWR measure? 
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Antennas 


If you had been around in the early days of electronics, you would have 
considered an antenna (aerial) to be little more than a piece of wire strung 
between two trees or upright poles. In those days, technicians assumed 
that longer antennas automatically provided better reception than shorter 
antennas. They also believed that a mysterious medium filled all space, 
and that an antenna used this medium to send and receive its energy. 
These two assumptions have since been discarded. Modern antennas have 
evolved to the point that highly directional, specially designed antennas 
are used to relay worldwide communications in space through the use of 
satellites and Earth station antennas (figure 4-1). Present transmission 
theories are based on the assumption that space itself is the only medium 
necessary to propagate (transmit) radio energy. 
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Figure 4-1. Satellite/Earth Station Communications System 


4-1. A tremendous amount of knowledge and information has been gained 
about the design of antennas and radio wave propagation. Still, many old-time 
technicians will tell you that when it comes to designing the length of an 
antenna, the best procedure is to perform all calculations and try out the 
antenna. If it doesn’t work right, use a cut-and-try method until it does. 
Fortunately, enough information has been collected over the last few decades 
that it is now possible to predict the behavior of antennas. This chapter discusses 
and explains the basic design and operation of antennas. 
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LEARNING OBJECTIVES 


4-2. Upon completing this chapter, you should be able to do the following: 
e State the basic principles of antenna radiation and list the parts of an 
antenna. 
e Explain current and voltage distribution on an antenna. 
e Describe how electromagnetic energy is radiated from an antenna. 
e Explain polarization, gain, and radiation resistance characteristics of 
an antenna. 


e Describe the theory of operation of half-wave and quarter-wave 
antennas. 


e = List the various array antennas. 

e Describe the directional array antennas presented and explain the 
basic operation of each. 

e Identify various special antennas presented, such as long-wire, V, 
rhombic, turnstile, ground-plane, and corner-reflector; describe the 
operation of each. 

e List safety precautions when working aloft and around antennas. 


RADIO FREQUENCY SAFETY PRECAUTIONS 
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4-3. Although electromagnetic radiation from transmission lines and 
antennas is usually of insufficient strength to electrocute personnel, it can 
lead to other accidents and compound injuries. Voltages may be induced in 
ungrounded metal objects, such as wire guys, wire cable (hawser), handrails, 
or ladders. If you come in contact with these objects, you could receive a shock 
or radio frequency (RF) burn. This shock can cause you to jump or fall into 
nearby mechanical equipment or, when working aloft, to fall from an elevated 
work area. Take care to ensure that all transmission lines or antennas are 
deenergized before working near or on them. 


4-4, Either check or have someone check all guys, cables, rails, and ladders 
around your work area for RF shock dangers. Use working aloft “chits” and 
safety harnesses for your own safety. Signing a “working aloft chit” signifies 
that all equipment is in a nonradiating status. The person who signs the chit 
should ensure that no RF danger exists in areas where you or other personnel 
will be working. 


4-5. Nearby ships, vans or parked aircraft are another source of RF energy 
that you must consider when you check a work area for safety. Combustible 
materials can be ignited and cause severe fires from arcs or heat generated 
by RF energy. Also, RF radiation can detonate ordnance devices by inducing 
currents in the internal wiring of the devices or in the external test 
equipment or leads connected to them. 


4-6. Always obey RF radiation warning signs and keep a safe distance from 
radiating antennas. The six types of warning signs for RF radiation hazards 
are shown in figure 4-2. 
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Figure 4-2. Warning Signs for Radio Frequency Radiation Hazards 
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RF BURNS 


4-7. Close or direct contact with RF transmission lines or antennas may 
result in RF burns. These are usually deep, penetrating, third-degree burns. 
To heal properly, these burns must heal from the inside to the skin’s surface. 
To prevent infection, you must give proper attention to all RF burns, 
including the small “pinhole” burns. Petrolatum gauze can be used to cover 
these burns temporarily, before the injured person reports to medical 
facilities for further treatment. 


DIELECTRIC HEATING 


4-8. Dielectric heating is the heating of an insulating material by placing it 
in a high-frequency electric field. The heat results from internal losses during 
the rapid reversal of polarization of molecules in the dielectric material. 


4-9. In the case of a human in an RF field, the body acts as a dielectric. If 
the power in the RF field exceeds 10 milliwatts per centimeter, a person in 
that field will have a noticeable rise in body temperature. The eyes are highly 
susceptible to dielectric heating. For this reason, you should not look directly 
into devices radiating RF energy. The vital organs of the body also are 
susceptible to dielectric heating. For your own safety, you must not stand 
directly in the path of RF radiating devices. 


PRECAUTIONS WHEN WORKING ALOFT 


4-10. When radio or radar antennas are energized by transmitters, you must 
not go aloft unless advance tests show that little or no danger exists. A 
casualty can occur from even a small spark drawn from a charged piece of 
metal or rigging. Although the spark itself may be harmless, the “surprise” 
may cause you to let go of the antenna involuntarily and you may fall. There 
is also a shock hazard if nearby antennas are energized. 


4-11. Rotating antennas also might cause you to fall when you are working 
aloft. Motor safety switches controlling the motion of rotating antennas must 
be tagged and locked open before you go aloft near such antennas. 


PRINCIPLES OF ANTENNA RADIATION 
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4-12. After an RF signal has been generated in a transmitter, some means 
must be used to radiate this signal through space to a receiver. The device 
that does this job is the antenna. The transmitter signal energy is sent into 
space by a transmitting antenna; the RF signal is then picked up from space 
by a receiving antenna. 


4-13. The RF energy is transmitted into space in the form of an 
electromagnetic field. As the traveling electromagnetic field arrives at the 
receiving antenna, a voltage is induced into the antenna (a conductor). The 
RF voltages induced into the receiving antenna are then passed into the 
receiver and converted back into the transmitted RF information. 


4-14. The design of the antenna system is very important in a transmitting 
station. The antenna must be able to radiate efficiently so the power supplied 
by the transmitter is not wasted. An efficient transmitting antenna must 
have exact dimensions. The dimensions are determined by the transmitting 
frequencies. The dimensions of the receiving antenna are not critical for 
relatively low radio frequencies. However, as the frequency of the signal 
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being received increases, the design and installation of the receiving antenna 
become more critical. An example of this is a television-receiving antenna. If 
you raise it a few more inches from the ground or give it a slight turn in 
direction, you can change a snowy blur into a clear picture. 


4-15. The conventional antenna is a conductor, or system of conductors, that 
radiates or intercepts electromagnetic wave energy. An ideal antenna has a 
definite length and a uniform diameter, and is completely isolated in space. 
However, this ideal antenna is not realistic. Many factors make the design of 
an antenna for a communications system a more complex problem than you 
would expect. These factors include the height of the radiator above the 
earth, the conductivity of the earth below it, and the shape and dimensions of 
the antenna. All of these factors affect the radiated-field pattern of the 
antenna in space. Another problem in antenna design is that the radiation 
pattern of the antenna must be directed between certain angles in a 
horizontal or vertical plane, or both. 


4-16. Most practical transmitting antennas are divided into two basic 
classifications, hertz (half-wave) antennas and Marconi (quarter-wave) 
antennas. Hertz antennas are generally installed some distance above the 
ground and are positioned to radiate either vertically or horizontally. Marconi 
antennas operate with one end grounded and are mounted perpendicular to 
the earth or to a surface acting as a ground. Hertz antennas are generally 
used for frequencies above 2 megahertz. Marconi antennas are used for 
frequencies below 2 megahertz and may be used at higher frequencies in 
certain applications. 


4-17. A complete antenna system consists of the following three parts 
(figure 4-3): 

e The coupling device (coupling coil). 

e ©The feeder. 

e The antenna. 
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Figure 4-3. Typical Antenna System 
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4-18. The coupling device (coupling coil) connects the transmitter to the 
feeder. The feeder is a transmission line that carries energy to the antenna. 
The antenna radiates this energy into space. 


4-19. The factors that determine the type, size, and shape of the antenna are 
as follows: 

e The frequency of operation of the transmitter. 

e Amount of power to be radiated. 

e General direction of the receiving set. 


Some typical antennas are illustrated in figure 4-4. 
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Figure 4-4. Typical Antennas 


CURRENT AND VOLTAGE DISTRIBUTION ON AN ANTENNA 


4-20. A current flowing in a wire whose length is properly related to the RF 
produces an electromagnetic field. This field is radiated from the wire and is 
set free in space. We discuss how these waves are set free later in this 
chapter. Remember, the principles of radiation of electromagnetic energy are 
based on two laws: 


e A moving electric field creates a magnetic (H) field. 
e A moving magnetic field creates an electric (E) field. 
4-21. In space, these two fields are in phase and perpendicular to each other 


at any given time. Although a conductor is usually considered present when a 
moving electric or magnetic field is mentioned, the laws that govern these 
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fields say nothing about a conductor. Therefore, these laws hold true whether 
a conductor is present or not. 


4-22. Figure 4-5 shows the current and voltage distribution on a half-wave 
(hertz) antenna. In figure 4-5, view A, a piece of wire is cut in half and 
attached to the terminals of a high-frequency AC generator. The frequency of 
the generator is set so that each half of the wire is one-quarter wavelength of 
the output. The result is a common type of antenna known as a dipole. 
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Figure 4-5. Current and Voltage Distribution on a Antenna 


4-23. At a given time, the right side of the generator is positive and the left 
side negative. Remember that like charges repel. Because of this, electrons 
will flow away from the negative terminal as far as possible, but will be 
attracted to the positive terminal. Figure 4-5, view B shows the direction and 
distribution of electron flow. The distribution curve shows that most current 
flows in the center and none flows at the ends. The current distribution over 
the antenna will always be the same no matter how much or how little 
current is flowing. However, current at any given point on the antenna will 
vary directly with the amount of voltage developed by the generator. 


4-24, One-quarter cycle after electrons have begun to flow, the generator will 
develop its maximum voltage and the current will decrease to 0. At that time 
the condition shown in figure 4-5 view C will exist. No current will be flowing, 


4-7 
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but a maximum number of electrons will be at the left end of the line and a 
minimum number at the right end. The charge distribution along the wire 
will vary as the voltage of the generator varies. Therefore, you may draw the 
following conclusions: 


e A current flows in the antenna with an amplitude that varies with 
the generator voltage. 

e <A sinusoidal distribution of charge exists on the antenna. Every one- 
half cycle, the charges reverse polarity. 

e The sinusoidal variation in charge magnitude lags the sinusoidal 
variation in current by one-quarter cycle. 


RADIATION OF ELECTROMAGNETIC ENERGY 


4-8 


4-25. The electromagnetic radiation from an antenna is made up of two 
components: the E field and the H field. These fields are discussed in 
chapters 1 and 2. The two fields occur 90 degrees out of phase with each 
other. These fields combine and produce a single electromagnetic field. The 
total energy in the radiated wave remains constant in space except for some 
absorption of energy by the earth. However, as the wave advances, the energy 
spreads out over a greater area and, at any given point, decreases as the 
distance increases. 


4-26. Various factors in the antenna circuit affect the radiation of these 
waves. In figure 4-6, for example, if an alternating current is applied at the A 
end of the length of wire that stretches from A to B, the wave will travel 
along the wire until it reaches the B end. Because the B end is free, an open 
circuit exists and the wave cannot travel farther. This is a point of high 
impedance. The wave bounces back (reflects) from this point of high 
impedance and travels toward the starting point, where it is again reflected. 
Through this back-and-forth motion (oscillation), the resistance of the wire 
would gradually dissipate the energy of the wave; however, each time the 
wave reaches the starting point, it is reinforced by an amount sufficient to 
replace the energy lost. This results in continuous oscillations of energy along 
the wire and a high voltage at the A end of the wire. These oscillations are 
applied to the antenna at a rate equal to the frequency of the RF voltage. 
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Figure 4-6. Antenna and RF Source 
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4-27. These impulses must be properly timed to sustain oscillations in the 
antenna. The rate at which the waves travel along the wire is constant at 
approximately 300,000,000 meters per second. The length of the antenna 
must be such that a wave will travel from one end to the other and back 
again during the period of 1 cycle of the RF voltage. Remember, the distance 
a wave travels during the period of 1 cycle is known as the wavelength and is 
found by dividing the rate of travel by the frequency. 


4-28. Look at the current and voltage (charge) distribution on the antenna in 
figure 4-7. A maximum movement of electrons is in the center of the antenna 
at all times; therefore, the center of the antenna is at low impedance. This 
condition is called a standing wave of current. The points of high current and 
high voltage are known as current and voltage loops. The points of minimum 
current and minimum voltage are known as current and voltage nodes. 


4-29. Figure 4-7, view A shows a current loop and current nodes. View B 
shows voltage loops and a voltage node. View C shows the resultant voltage 
and current loops and nodes. The presence of standing waves describes the 
condition of resonance in an antenna. At resonance, the waves travel back 
and forth in the antenna reinforcing each other and the electromagnetic 
waves are transmitted into space at maximum radiation. When the antenna 
is not at resonance, the waves tend to cancel each other and lose energy in 
the form of heat. 
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Figure 4-7. Standing Waves of Voltage and Current on an Antenna 
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ANTENNA CHARACTERISTICS 


4-30. You can define an antenna as a conductor or group of conductors used 
either for radiating electromagnetic energy into space or for collecting it from 
space. Electrical energy from the transmitter is converted into 
electromagnetic energy by the antenna and radiated into space. On the 
receiving end, electromagnetic energy is converted into electrical energy by 
the antenna and is fed into the receiver. 


4-31. Fortunately, separate antennas seldom are required for both 
transmitting and receiving RF energy. Any antenna can transfer energy from 
space to its input receiver with the same efficiency that it transfers energy 
from the transmitter into space. Of course, this is assuming that the same 
frequency is used in both cases. This property of interchangeability of the 
same antenna for transmitting and receiving is known as antenna 
reciprocity. Antenna reciprocity is possible because antenna characteristics 
are essentially the same for sending and receiving electromagnetic energy. 


RECIPROCITY OF ANTENNAS 
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4-32. In general, the various properties of an antenna apply equally, 
regardless of whether you use the antenna for transmitting or receiving. The 
more efficient a certain antenna is for transmitting, the more efficient it will 
be for receiving on the same frequency. Likewise, the directive properties of a 
given antenna also will be the same whether it is used for transmitting or 
receiving. 


4-33. Assume, for example, that a certain antenna used with a transmitter 
radiates a maximum amount of energy at right angles to the axis of the 
antenna, as shown in figure 4-8, view A. Note the minimum amount of 
radiation along the axis of the antenna. Now, if this same antenna were used 
as a receiving antenna, as shown in view B, it would receive best in the same 
directions in which it produced maximum radiation; that is, at right angles to 
the axis of the antenna. 
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Figure 4-8. Reciprocity of Antenna 


4-34. Another characteristic of a given antenna that remains the same 
whether the antenna is used for transmitting or receiving is gain. Some 
antennas are highly directional; that is, more energy is propagated in certain 
directions than in others. The ratio between the amount of energy propagated 
in these directions compared to the energy that would be propagated if the 
antenna were not directional is known as its gain. When a transmitting 
antenna with a certain gain is used as a receiving antenna, it will also have 
the same gain for receiving. 


4-35. Let us review polarization briefly. In chapter 2 you learned that the 
radiation field is composed of electric and magnetic lines of force. These lines 
of force are always at right angles to each other. Their intensities rise and fall 
together, reaching their maximums 90 degrees apart. The electric field 
determines the direction of polarization of the wave. In a vertically polarized 
wave, the electric lines of force lie in a vertical direction. In a horizontally 
polarized wave, the electric lines of force lie in a horizontal direction. Circular 
polarization has the electric lines of force rotating through 360 degrees with 
every cycle of RF energy. 


4-36. The electric field was chosen as the reference field because the intensity 
of the wave is usually measured in terms of the electric field intensity (volts, 
millivolts, or microvolts per meter). When a single-wire antenna is used to 
extract energy from a passing radio wave, maximum pickup will result when 
the antenna is oriented in the same direction as the electric field. Thus, a 
vertical antenna is used for the efficient reception of vertically polarized 
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waves, and a horizontal antenna is used for the reception of horizontally 
polarized waves. In some cases the orientation of the electric field does not 
remain constant. Instead, the field rotates as the wave travels through space. 
Under these conditions both horizontal and vertical components of the field 
exist and the wave is said to have an elliptical polarization. 


Polarization Requirements for Various Frequencies 
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4-37. Ground-wave transmission is widely used at medium and low 
frequencies. Horizontal polarization cannot be used at these frequencies 
because the electric lines of force are parallel to and touch the earth. Because 
the earth acts as a fairly good conductor at low frequencies, it would short out 
the horizontal electric lines of force and prevent the radio wave from 
traveling very far. Vertical electric lines of force, on the other hand are 
bothered very little by the earth. Therefore vertical polarization is used for 
ground-wave transmission, allowing the radio wave to travel a considerable 
distance along the ground surface with minimum attenuation. 


4-38. Sky-wave transmission is used at high frequencies. Either horizontal or 
vertical polarization can be used with sky-wave transmission because the sky 
wave arrives at the receiving antenna elliptically polarized. This is the result 
of the wave traveling obliquely through the earth’s magnetic field and 
striking the ionosphere. The radio wave is given a twisting motion as it 
strikes the ionosphere. Its orientation continues to change because of the 
unstable nature of the ionosphere. The relative amplitudes and phase 
differences between the horizontal and vertical components of the received 
wave also change. Therefore, the transmitting and receiving antennas can be 
mounted either horizontally or vertically. 


4-39. Although either horizontally or vertically polarized antennas can be 
used for high frequencies, horizontally polarized antennas have certain 
advantages and are therefore preferred. One advantage is that vertically 
polarized interference signals, such as those produced by automobile ignition 
systems and electrical appliances, are minimized by horizontal polarization. 
Also, less absorption of radiated energy by buildings or wiring occurs when 
these antennas are used. Another advantage is that support structures for 
these antennas are of more convenient size than those for vertically polarized 
antennas. 


4-40. For frequencies in the VHF or UHF range, either horizontal or vertical 
polarization is satisfactory. These radio waves travel directly from the 
transmitting antenna to the receiving antenna without entering the 
ionosphere. The original polarization produced at the transmitting antenna is 
maintained throughout the entire travel of the wave to the receiver. 
Therefore, if a horizontally polarized antenna is used for transmitting, a 
horizontally polarized antenna must be used for receiving. The requirements 
would be the same for a vertical transmitting and receiving antenna system. 


4-41. For satellite communications, parallel frequencies can be used without 
interference by using polarized radiation. The system setup is shown in 
figure 4-9. One pair of satellite antennas is vertically polarized and another 
pair is horizontally polarized. Either vertically or horizontally polarized 
transmissions are received by the respective antenna and retransmitted in 
the same polarization. For example, transmissions may be made in the 3.7 to 
3.74 GHz range on the vertical polarization path and in the 3.72 to 3.76 GHz 
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range on the horizontal polarization path without adjacent frequency 
(co-channel) interference. 
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Figure 4-9. Satellite Transmissions Using Polarized Radiation 


Advantages of Vertical Polarization 


4-42. Simple vertical antennas can be used to provide omnidirectional (all 
directions) communication. This is an advantage when communications must 
take place from a moving vehicle. 


4-43. In some overland communications, such as in vehicular installations, 
antenna heights are limited to 3 meters (10 feet) or less. In such instances 
vertical polarization results in a stronger receiver signal than does horizontal 
polarization at frequencies up to about 50 megahertz. From approximately 50 
to 100 megahertz, vertical polarization results in a slightly stronger signal 
than does horizontal polarization with antennas at the same height. Above 
100 megahertz, the difference in signal strength is negligible. 


4-44, For transmission over bodies of water, vertical polarization is much 
better than horizontal polarization for antennas at the lower heights. As the 
frequency increases, the minimum antenna height decreases. At 30 megahertz, 
vertical polarization is better for antenna heights below about 91 meters 
(300 feet); at 85 megahertz, antenna heights below 15 meters (50 feet); and 
still lower heights at the high frequencies. Therefore, at ordinary antenna 
mast heights of 12 meters (40 feet), vertical polarization is advantageous for 
frequencies less than about 100 megahertz. 
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4-45. Radiation is somewhat less affected by reflections from aircraft flying 
over the transmission path when vertical polarization is used instead of 
horizontal polarization. With horizontal polarization, such reflections cause 
variations in received signal strength. This factor is important in locations 
where aircraft traffic is heavy. 


4-46. When vertical polarization is used, less interference is produced or 
picked up because of strong VHF and UHF broadcast transmissions 
(television and FM). This is because VHF and UHF transmissions use 
horizontal polarization. This factor is important when an antenna must be 
located in an urban area having several television and FM broadcast stations. 


Advantages of Horizontal Polarization 


4-47. A simple horizontal antenna is bidirectional. This characteristic is 
useful when you wish to minimize interference from certain directions. 
Horizontal antennas are less likely to pick up man-made interference, which 
ordinarily is vertically polarized. 


4-48. When antennas are located near dense forests or among buildings, 
horizontally polarized waves suffer lower losses than vertically polarized 
waves, especially above 100 megahertz. Small changes in antenna locations 
do not cause large variations in the field intensity of horizontally polarized 
waves. When vertical polarization is used, a change of only a few meters in 
the antenna location may have a considerable effect on the received signal 
strength. This is the result of interference patterns that produce standing 
waves in space when spurious reflections from trees or buildings occur. 


4-49. When simple antennas are used, a horizontally-mounted antenna less 
affects the transmission line, which is usually vertical. When the antenna is 
mounted at right angles to the transmission line and horizontal polarization 
is used, the line is kept out of the direct field of the antenna. As a result, the 
radiation pattern and electrical characteristics of the antenna are practically 
unaffected by the presence of the vertical transmission line. 


RADIATION RESISTANCE 


4-14 


4-50. Radiated energy is the useful part of the transmitter’s signal. However, 
it represents as much of a loss to the antenna as the energy lost in heating 
the antenna wire. In either case, the dissipated power is equal to I?R. In the 
case of heat losses, the R is real resistance. In the case of radiation, R is an 
assumed resistance; if this resistance were actually present, it would 
dissipate the same amount of power that the antenna takes to radiate the 
energy. This assumed resistance is referred to as the radiation resistance. 


4-51. Radiation resistance varies at different points on the antenna. This 
resistance is always measured at a current loop. For the antenna in free 
space, that is, entirely removed from any objects that might affect its 
operation, the radiation resistance is 73 ohms. A practical antenna located 
over a ground plane may have any value of radiation resistance from 0 to 
approximately 100 ohms. The exact value of radiation resistance depends on 
the height of the antenna above the ground. For most half-wave wire 
antennas, the radiation resistance is about 65 ohms. It will usually vary 
between 55 and 600 ohms for antennas constructed of rod or tubing. The 
actual value of radiation resistance, so long as it is 50 ohms or more, has 
little effect on the radiation efficiency of the antenna. This is because the 
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ohmic resistance is about 1 ohm for conductors of large diameter. The ohmic 
resistance does not become important until the radiation resistance drops to 
a value less than 10 ohms. This may be the case when several antennas are 
coupled together. 


RADIATION TYPES AND PATTERNS 


4-52. The energy radiated from an antenna forms a field having a definite 
radiation pattern. A radiation pattern is a plot of the radiated energy from an 
antenna. This energy is measured at various angles at a constant distance 
from the antenna. The shape of this pattern depends on the type of antenna 
used. The following sections introduce the basic types of radiation (isotropic 
and anisotropic) and their radiation patterns. 


Isotropic Radiation 


4-53. Some antenna sources radiate energy equally in all directions. 
Radiation of this type is known as isotropic radiation. We all know the sun 
radiates energy in all directions. The energy radiated from the sun measured 
at any fixed distance and from any angle will be approximately the same. 
Assume that a measuring device is moved around the sun and stopped at the 
points indicated in figure 4-10 to make a measurement of the amount of 
radiation. At any point around the circle, the distance from the measuring 
device to the sun is the same. The measured radiation will also be the same. 
The sun is therefore considered an isotropic radiator. 


Figure 4-10. Isotropic Radiator 


4-54. To plot the pattern shown in figure 4-10, assume that the radiation is 
measured on a scale of 0 to 10 units and that the measured amount of 
radiation is 7 units at all points. The measurements can be plotted on two 
different types of graphs: rectangular-and polar-coordinate graphs. The 
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rectangular-coordinate graph of the measured radiation, shown in 
figure 4-11, view A, is a straight line plotted against positions around the 
circle. View B shows the polar-coordinate graph for the same isotropic source. 
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Figure 4-11. Comparison of Rectangular and Polar-Coordinate Graph for an Isotropic Source 


4-55. In the rectangular-coordinate graph, points are located by projection 
from a pair of stationary, perpendicular axes. In the polar-coordinate graph, 
points are located by projection along a rotating axis (radius) to an 
intersection with one of several concentric, equally spaced circles. The 
horizontal axis on the rectangular-coordinate graph corresponds to the circles 
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on the polar-coordinate graph. The vertical axis on the rectangular-coordinate 
graph corresponds to the rotating axis (radius) on the polar-coordinate graph. 


Rectangular-Coordinate Pattern 


4-56. Look at figure 4-11, view A. The numbered positions around the circle 
are laid out on the horizontal axis of the graph from 0 to 7 units. The 
measured radiation is laid out on the vertical axis of the graph from 0 to 10 
units. The units on both axes are chosen so the pattern occupies a convenient 
part of the graph. 


4-57. The horizontal and vertical axes are at a right angle to each other. The 
point where the axes cross each other is known as the origin. In this case, the 
origin is 0 on both axes. Now, assume that a radiation value of 7 units is 
measured at position 2. From position 2 on the horizontal axis, a dotted line 
that runs parallel to the vertical axis is projected upwards. From position 7 
on the vertical axis, a line that runs parallel to the horizontal axis is 
projected to the right. The point where the two lines cross (intercept) 
represents a value of 7 radiation units at position 2. This is the only point on 
the graph that can represent this value. 


4-58. As you can see from the figure, the lines used to plot the point form a 
rectangle. For this reason, this type of plot is called a rectangular-coordinate 
graph. A new rectangle is formed for each different point plotted. In this 
example, the points plotted lie in a straight line extending from 7 units on the 
vertical scale to the projection of position 7 on the horizontal scale. This is the 
characteristic pattern in rectangular coordinates of an isotropic source of 
radiation. 


Polar-Coordinate Pattern 


4-59. The polar-coordinate graph has proved to be of great use in studying 
radiation patterns. Compare views A and B of figure 4-11. Note the great 
difference in the shape of the radiation pattern when it is transferred from 
the rectangular-coordinate graph in view A to the polar-coordinate graph in 
view B. The scale of radiation values used in both graphs is identical, and the 
measurements taken are both the same. However, the shape of the pattern is 
drastically different. 


4-60. Look at figure 4-11, view B, and assume that the center of the 
concentric circles is the sun. Assume that a radius is drawn from the sun 
(center of the circle) to position O of the outermost circle. When you move to 
position 1, the radius moves to position 1; when you move to position 2, the 
radius also moves to position 2, and so on. 


4-61. The positions where a measurement was taken are marked as 
0 through 7 on the graph. Note how the position of the radius indicates the 
actual direction from the source at which the measurement was taken. This 
is a distinct advantage over the rectangular-coordinate graph in which the 
position is indicated along a straight-line axis and has no physical relation to 
the actual direction of measurement. Now that we have a way to indicate the 
direction of measurement, we must devise a way to indicate the magnitude of 
the radiation. 


4-62. Notice that the rotating axis is always drawn from the center of the 
graph to some position on the edge of the graph (figure 4-11, view B). As the 
axis moves toward the edge of the graph, it passes through a set of equally 
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spaced, concentric circles. In this example, they are numbered successively 
from 1 to 10 from the center out. These circles are used to indicate the 
magnitude of the radiation. 


4-63. The advantages of the polar-coordinate graph are immediately evident. 
The source, which is at the center of the observation circles, is also at the 
center of the graph. By looking at a polar-coordinate plot of a radiation 
pattern, you can immediately see the direction and strength of radiation put 
out by the source. Therefore, the polar-coordinate graph is more useful than 
the rectangular-coordinate graph in plotting radiation patterns. 


Anisotropic Radiation 
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4-64. Most radiators emit (radiate) stronger radiation in one direction than 
in another. A radiator such as this is referred to as anisotropic. An example of 
an anisotropic radiator is an ordinary flashlight. The beam of the flashlight 
lights only a portion of the space surrounding it. If a circle is drawn with the 
flashlight as the center, as shown in figure 4-12, view B, the radiated light 
can be measured at different positions around the circle. Again, as with the 
isotropic radiator, all positions are the same distance from the center, but at 
different angles. However, in this illustration the radiated light is measured 
at 16 different positions on the circle. 
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Figure 4-12. Anisotropic Radiator 


4-65. Directly behind the flashlight (position 0) the radiation measured is 
minimum. Accordingly, a O value is assigned to this position in the 
rectangular-coordinate graph (figure. 4-12, view A). This radiation remains at 
minimum until position 4 is reached. Between positions 4 and 6, the 
measuring device enters the flashlight beam. You can see this transition from 
darkness to brightness easily in view B. Radiation is fairly constant between 
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positions 6 and 10. Maximum brightness occurs at position 8, which is 
directly in the path of the flashlight beam. From positions 10 to 12, the 
measuring device leaves the flashlight beam and the radiation measurement 
falls off sharply. At position 13 the radiation is again at 0 and stays at this 
value back to position 0. 


4-66. Radiation from a light source and radiation from an antenna are both 
forms of electromagnetic waves. Therefore, the measurement of radiation of 
an antenna follows the same basic procedure as that just described for the 
sun and the flashlight. Before proceeding further with the study of antenna 
patterns, you should be sure you understand the methods used to graph the 
measured radiation (magnitude of the radiation). Study the rectangular and 
polar coordinate systems of plotting presented in the following paragraphs. 


4-67. In figure 4-12, view A, the radiation pattern of the flashlight is graphed 
in rectangular coordinates. The illustration of the flashlight beam in 
figure 4-12, view B clearly indicates the shape of the flashlight beam. This 
shape is not evident in the radiation pattern plotted on the rectangular- 
coordinate graph. Now look at figure 4-13. The radiation pattern shown in 
this figure looks very much like the actual flashlight beam. The pattern in 
figure 4-13 is plotted using the same values as those of figure 4-12, view A, 
but is drawn using polar coordinates. 


D. 16 (360°, C*) 


Figure 4-13. Polar-Coordinate Graph for Anisotropic Radiator 
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4-68. The positions marked off on the two polar-coordinate graphs in figures 
4-11 and 4-13 were selected and numbered arbitrarily. However, a standard 
method allows the positions around a source to be marked off so that one 
radiation pattern can easily be compared with another. This method is based 
on the fact that a circle has a radius of 360 degrees. The radius extending 
vertically from the center (position 0 in figure 4-11) is designated 0 degrees. 
At position 4 the radius is at a right angle to the 0-degree radius. 
Accordingly, the radius at position 4 is marked 90 degrees, position 8 is 
180 degrees, position 12 is 270 degrees, and position 16 is 360 degrees. The 
various radii drawn on the graph are all marked according to the angle each 
radius makes with the reference radius at 0 degrees. 


4-69. The radiation pattern in figure 4-13 is obtained by using the same 
procedure that was used for figure 4 -10, view B. The radiation measured at 
positions 1, 2, 3, and 4 is 0. Position 5 measures approximately 1 unit. This is 
marked on the graph and the rotating radius moves to position 6. At this 
position a reading of 5.5 units is taken. As before, this point is marked on the 
graph. The procedure is repeated around the circle and a reading is obtained 
from positions 6 through 11. At position 12 no radiation is indicated, and this 
continues on to position 16. 


4-70. The polar-coordinate graph now shows a definite area enclosed by the 
radiation pattern. This pattern indicates the general direction of radiation 
from the source. The enclosed area is called a lobe. Outside of this area, 
minimum radiation is emitted in any direction. For example, at position 2 the 
radiation is 0. Such a point is called a null. In real situations, some radiation 
is usually transmitted in all directions. Therefore, a null is used to indicate 
directions of minimum radiation. The pattern of figure 4-13 shows one lobe 
and one continuous null. 


ANTENNA LOADING 


4-71. You will sometimes want to use one antenna system for transmitting 
and receiving on several different frequencies. Because the antenna must 
always be in resonance with the applied frequency, you may need to lengthen 
or shorten the antenna physically or electrically. 


4-72. Except for trailing-wire antennas used in aircraft installations (which 
may be lengthened or shortened), physically lengthening the antenna is not 
very practical. But you can achieve the same result by changing the electrical 
length of the antenna. To change the electrical length, you can insert either 
an inductor or a capacitor in series with the antenna. This is shown in figure 
4-14, views A and B. Changing the electrical length by this method is known 
as lumped-impedance tuning, or loading. The electrical length of any antenna 
wire can be increased or decreased by loading. If the antenna is too short for 
the wavelength being used, it is resonant at a higher frequency than that at 
which it is being excited. Therefore, it offers a capacitive reactance at the 
excitation frequency. This capacitive reactance can be compensated for by 
introducing a lumped-inductive reactance, as shown in figure 4-14, view A. 
Similarly, if the antenna is too long for the transmitting frequency, it offers 
an inductive reactance. Inductive reactance can be compensated for by 
introducing a lumped-capacitive reactance, as shown in view B. An antenna 
without loading is represented in view C. 
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Figure 4-14. Electrically Equal Antenna 


BASIC ANTENNAS 


4-73. Before you look at the various types of antennas, consider the 
relationship between the wavelength at which the antenna is being operated 
and the actual length of the antenna. An antenna does not necessarily 
radiate or recelve more energy when it is made longer. Specific dimensions 
must be used for efficient antenna operation. 


4-74. Nearly all antennas have been developed from two basic types, the 
Hertz and the Marconi. The basic Hertz antenna is one-half wavelength long 
at the operating frequency and is insulated from ground. It is often called a 
dipole or a doublet. The basic Marconi antenna is one-quarter wavelength 
long and is either grounded at one end or connected to a network of wires 
called a counterpoise. The ground or counterpoise provides the equivalent of 
an additional one-quarter wavelength, which is required for the antenna to 
resonate. 


HALF-WAVE ANTENNAS 


4-75. A half-wave antenna (referred to as a dipole, Hertz, or doublet) consists 
of two lengths of wire rod, or tubing, each one-quarter wavelength long at a 
certain frequency. It is the basic unit from which many complex antennas are 
constructed. The half-wave antenna operates independently of ground; 
therefore, it may be installed far above the surface of the earth or other 
absorbing bodies. For a dipole, the current is maximum at the center and 
minimum at the ends. Voltage is minimum at the center and maximum at 
the ends, as shown in figure 4-7. 


Radiation Patterns 
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4-76. In the following discussion, the term dipole is used to mean the basic 
half-wave antenna. The term doublet is used to indicate an antenna that is 
very short compared with the wavelength of the operating frequency. 
Physically, it has the same shape as the dipole. 
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4-77. Radiation pattern of a doublet. The doublet is the simplest form of a 
practical antenna. Its radiation pattern can be plotted in the same way as the 
radiation pattern of the flashlight shown in figure 4-13. Figure 4-15 
illustrates the development of vertical and horizontal patterns for a doublet. 
This is not a picture of the radiation, but three-dimensional views of the 
pattern itself that the radiation makes. In three views (views B, C, and D), 
the pattern resembles a doughnut. From the dimensions in these views, two 
types of polar-coordinate patterns can be drawn: horizontal and vertical. The 
horizontal pattern shown in view A is derived from the solid pattern shown in 
view C by slicing it horizontally. This produces view B, which is converted to 
the polar coordinates seen in view A. The horizontal pattern illustrates that 
the radiation is constant in any direction along the horizontal plane. 
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Figure 4-15. Development of Vertical and Horizontal Pattern 


4-78. A vertical pattern shown in figure 4-15, view E is depicted from the 
drawing of the vertical plane (view D) of the radiation pattern shown in view 
C. The radiation pattern in view C is sliced in half along a vertical plane 
through the antenna. This produces the vertical plane pattern shown in view 
D. Note how the vertical plane in view D of the radiation pattern differs from 
the horizontal plane in view B. The vertical pattern in view E exhibits two 
lobes and two nulls. The difference between the two patterns is caused by two 
facts: (1) no radiation is emitted from the ends of the doublet; and 
(2) maximum radiation comes from the doublet in a direction perpendicular 
to the antenna axis. This type of radiation pattern is both nondirectional (in a 
horizontal plane) and directional (in a vertical plane). 
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4-79. From a practical viewpoint, the doublet antenna can be mounted either 
vertically or horizontally. The doublet shown in figure 4-15 is mounted 
vertically, and the radiated energy spreads out about the antenna in every 
direction in the horizontal plane. Because ordinarily the horizontal plane is 
the useful plane, this arrangement is termed nondirectional. The directional 
characteristics of the antenna in other planes are ignored. If the doublet were 
mounted horizontally, it would have the effect of turning the pattern on edge, 
reversing the patterns given in figure 4-15. The antenna would then be 
directional in the horizontal plane. The terms “directional” and 
“nondirectional” are used for convenience in describing specific radiation 
patterns. A complete description always involves a figure in three 
dimensions, as in the radiation pattern of figure 4-15. 


4-80. Radiation pattern of a dipole. The radiation pattern of a dipole 
(figure 4-16) is similar to that of the doublet (figure 4-15). Increasing the 
length of the doublet to one-half wavelength has the effect of flattening out 
the radiation pattern. The radiation pattern in the horizontal plane of a 
dipole is a larger circle than that of the doublet. The vertical-radiation 
pattern lobes are no longer circular. They are flattened out and the radiation 
intensity is greater. 
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Figure 4-16. Radiation Pattern of a Dipole 
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Methods of Feeding Energy to an Antenna 


4-81. Voltage and current distribution for the half-wave antenna (shown in 
figure 4-17) is the same as that for the antenna discussed earlier in this 
chapter. A point closely related to the voltage and current distribution on an 
antenna is the method of feeding the transmitter output to the antenna. The 
simplest method of feeding energy to the half-wave antenna is to connect one 
end through a capacitor to the final output stage of the transmitter. This 
method is often called the end-feed or voltage-feed method. In this method 
the antenna is fed at a point of high voltage (the end). 


A. CURRENT DISTRIBUTION 


B. VOLTAGE DISTRIBUTION 


Figure 4-17. Standing Waves of Current and Voltage 


4-82. Energy may also be fed to the half-wave antenna by dividing the 
antenna at its center and connecting the transmission line from the final 
transmitter output stage to the two center ends of the halved antenna. 
Because the antenna is now being fed at the center (a point of low voltage 
and high current), this type of feed is known as the center-feed or current- 
feed method. The point of feed is important in determining the type of 
transmission line to be used. 


QUARTER-WAVE ANTENNAS 


4-83. As you have studied in the previous sections, a one-half wavelength 
antenna is the shortest antenna that can be used in free space. If we cut a 
half-wave antenna in half and then ground one end, we will have a grounded 
quarter-wave or Marconi antenna. This antenna will resonate at the same 
frequency as the ungrounded half-wave antenna. Quarter-wave antennas are 
widely used in the military. Most mobile transmitting and receiving antennas 
(illustrated in figure 4-18) are quarter-wave antennas. 
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Figure 4-18. Mobile Antennas 


4-84. As stated above, a grounded quarter-wave antenna will resonate at the 
same frequency as an ungrounded half-wave antenna. This is because the 
ground has high conductivity and acts as an electrical mirror image. This 
characteristic provides the missing half of the antenna, as shown in the 
bottom part of figure 4-19. In other words, the grounded quarter-wave 
antenna acts as if another quarter-wave were actually down in the earth. 
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Figure 4-19. Grounded Quarter-Wave Antenna Image 
Characteristics of Quarter-Wave Antennas 


4-85. The grounded end of the quarter-wave antenna has a low input 
impedance and has low voltage and high current at the input end, as shown in 
figure 4-19. The ungrounded end has a high impedance, which causes high 
voltage and low current. The directional characteristics of a grounded quarter- 
wave antenna are the same as those of a half-wave antenna in free space. 
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4-86. As explained earlier, ground losses affect radiation patterns and cause 
high signal losses for some frequencies. Such losses may be greatly reduced if a 
perfectly conducting ground is provided in the vicinity of the antenna. This is 
the purpose of a ground screen (figure 4-20, view A) and counterpoise (view B). 
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Figure 4-20. Ground Screen and Counterpoise 


4-87. The ground screen in figure 4-20, view A is composed of a series of 
conductors buried 1 to 2 feet (0.3 to 0.6 meter) below the surface of the earth 
and arranged in a radial pattern. These conductors reduce losses in the 
ground in the immediate vicinity of the antenna. Such a radial system of 
conductors is usually one-half wavelength in diameter. 


4-88. A counterpoise, as shown in figure 4-20, view B, is used when easy 
access to the base of the antenna is necessary. It is also used when the earth 
is not a good conducting surface, such as ground that is sandy or solid rock. 
The counterpoise serves the same purpose as the ground screen but it is 
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usually elevated above the earth. No specific dimensions are necessary in the 
construction of a counterpoise nor is the number of wires particularly critical. 
A practical counterpoise may be assembled from a large screen of chicken 
wire or some similar material. This screen may be placed on the ground, but 
better results are obtained if it is placed a few feet above the ground. 


FOLDED DIPOLE 
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4-89. The use of parasitic elements and various stacking arrangements 
causes a reduction in the radiation resistance of a center-fed, half-wave 
antenna. Under these conditions, obtaining a proper impedance match 
between the radiator and the transmission line is often difficult. A convenient 
method of overcoming these difficulties is to use a folded dipole in place of the 
center-fed radiator. (See figure 4-21, views A and B). 
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Figure 4-21. Folded-Dipole Antennas 


4-90. A folded dipole is an ordinary half-wave antenna that has one or more 
additional conductors connected across its ends. Additional conductors are 
mounted parallel to the dipole elements at a distance equal to a very small 
fraction of a wavelength. Spacing of several inches is common. 


4-91. The feed-point impedance can be further increased by using three or 
four properly spaced parallel conductors. Standard feed-line spreaders are 
used to maintain this spacing when required. In any folded dipole, the 
increase of impedance is the square of the number of conductors used in the 
radiator. Thus, a three-wire dipole has nine times (82) the feed-point 
impedance of a simple center-fed dipole. A second method of stepping up the 
impedance of a folded dipole is to use two conductors with different radii, as 
shown in figure 4-21, view B. 


4-92. The directional characteristics of a folded dipole are the same as those 
of a simple dipole. However, the reactance of a folded dipole varies much 
more slowly as the frequency is varied from resonance. Because of this 
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difference, the folded dipole can be used over a much wider frequency range 
than is possible with a simple dipole. 


ARRAY ANTENNAS 


4-93. An array antenna is a special arrangement of basic antenna 
components. The discussion of array antennas includes the following new 
terms that you should study before moving on to the section on phasing. 


DEFINITION OF TERMS 


4-94, An array antenna is made up of more than one element, but the basic 
element is generally the dipole. Sometimes the basic element is made longer 
or shorter than a half-wave, but the deviation usually is not great. 


4-95. A driven element is similar to the dipole you have been studying and is 
connected directly to the transmission line. It obtains its power directly from 
the transmitter or, as a receiving antenna; it delivers the received energy 
directly to the receiver. A parasitic element is located near the driven 
element from which it gets its power. It is placed close enough to the driven 
element to permit coupling. 


4-96. A parasitic element is sometimes placed so it will produce maximum 
radiation (during transmission) from its associated driver. When it operates 
to reinforce energy coming from the driver toward itself, the parasitic 
element is referred to as a director. If a parasitic element is placed so it 
causes maximum energy radiation in a direction away from itself and toward 
the driven element, that parasitic element is called a reflector. 


4-97. If all of the elements in an array are driven, the array is referred to as 
a driven array (sometimes as a connected array). If one or more elements are 
parasitic, the entire system usually is considered to be a parasitic array. 


4-98. Multi-element arrays frequently are classified according to their 
directivity. A bidirectional array radiates in opposite directions along the line 
of maximum radiation. A unidirectional array radiates in only one general 
direction. 


4-99. Arrays can be described with respect to their radiation patterns and the 
types of elements of which they are made. However, you will find it useful to 
identify them by the physical placement of the elements and the direction of 
radiation with respect to these elements. Generally speaking, the term 
broadside array designates an array in which the direction of maximum 
radiation is perpendicular to the plane containing these elements. In actual 
practice, this term is confined to those arrays in which the elements 
themselves are also broadside, or parallel, with respect to each other. 


4-100. A collinear array is one in which all the elements lie in a straight line 
with no radiation at the ends of the array. The direction of maximum 
radiation is perpendicular to the axis of the elements. 


4-101. An end-fire array is one in which the principal direction of radiation 
is along the plane of the array and perpendicular to the elements. Radiation 
is from the end of the array, which is the reason this arrangement is referred 
to as an end-fire array. 


4-102. Sometimes a system uses the characteristics of more than one of the 
three types mentioned. For instance, some of the elements may be collinear 
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PHASING 


while others may be parallel. Such an arrangement is often referred to as a 
combination array or an array of arrays. Because maximum radiation occurs 
at right angles to the plane of the array, the term broadside array is also 
used. 


4-103. The front-to-back ratio is the ratio of the energy radiated in the 
principal direction compared to the energy radiated in the opposite direction 
for a given antenna. 


4-104. Various reflected and refracted components of the propagated wave 
create effects of reinforcement and cancellation. At certain distant points 
from the transmitter, some of the wave components meet in space. Reception 
at these points is either impaired or improved. If the different components 
arrive at a given point in the same phase, they add, making a stronger signal 
available. If they arrive out of phase, they cancel, reducing the signal 
strength. 


Radiation Pattern 
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4-105. Effects similar to those described in the preceding paragraph can be 
produced at the transmitting point itself. Consider the antennas shown in 
figure 4-22, views A and B. View A shows an unobstructed view of the 
radiation pattern of a single dipole. In view B, two dipoles, shown as points 1 
and 2, are perpendicular to the plane of the page. They are spaced one- 
quarter wavelength apart at the operating frequency. The radiation pattern 
from either antenna 1 or 2, operating alone, would be uniform in all 
directions in this plane, as shown in view A. Suppose that current is being fed 
to both antennas from the same transmitter in such a way that the current 
fed to antenna 2 lags the current in antenna 1 by 90 degrees. Energy 
radiating from antenna 1 toward receiving location X will reach antenna 2 
after one-quarter cycle of operation. The energy from both antennas will add, 
and propagation toward X will be strong. 


Stub Phasing 


Antennas 


Figure 4-22. Phasing of Antenna in Free Space 


4-106. Radiation from antenna 2 toward receiving location Y will reach 
antenna 1 after one-quarter cycle. The energy in antenna 1 was one-quarter 
cycle behind that of antenna 2 to begin with; therefore, the radiation from 
antenna 1 toward receiving point Y will be exactly 180 degrees out of phase 
with that of antenna 2. As a result, the radiation fields will cancel and there 
will be no radiation toward Y. 


4-107. At receiving points away from the line of radiation, phase differences 
occur between 0 and 180 degrees, producing varying amounts of energy in 
that direction. The overall effect can be seen in the radiation pattern 
illustrated in view B. The physical phase relationship caused by the 
wavelength spacing between the two elements, as well as the phase of the 
currents in the elements, has acted to change the radiation pattern of the 
individual antennas. 


4-108. In the case just discussed, the currents fed to the two antennas from 
the same transmitter were 90 degrees out of phase. Sections of transmission 
line, called stubs, are frequently used for this purpose. These stubs can be 
adjusted to produce any desired phase relationship between connected 
elements. 


4-109. When two collinear half-wave elements are connected directly so their 
currents are in the same phase, the effect is the same as that of a full-wave 
antenna, as shown in figure 4-23, view A. The current in the first one-half 
wavelength is exactly 180 degrees out of phase with that in the second one- 
half wavelength. This is the opposite of the desired condition. In the 
illustration, arrows are used to indicate the direction of current flow in the 
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DIRECTIVITY 
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antenna. (Using arrows is a convenient means of determining the phase on 
more complicated arrays.) 
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Figure 4-23. Phasing of Connected Elements 


4-110. When the two elements are connected by a shorted one-quarter- 
wavelength stub, as shown in figure 4-23, view B, current travels down one 
side of the stub and up the other. It travels a distance of one-half wavelength 
in the stub itself. As a result, the current moves through one-half cycle of 
change. When the current reaches the second element, it is in the desired 
phase. Because the current on one side of the stub is equal and opposite to 
the current on the other side, the fields produced here cancel and no radiation 
is transmitted from the stub itself. 


4-111. The directivity of an antenna or an array can be determined by 
looking at its radiation pattern. In an array propagating a given amount of 
energy, more radiation takes place in certain directions than in others. The 
elements in the array can be altered in such a way that they change the 
pattern and distribute it more uniformly in all directions. The elements can 
be considered as a group of antennas fed from a common source and facing 
different directions. On the other hand, the elements could be arranged so 
that the radiation would be focused in a single direction. With no increase in 
power from the transmitter, the amount of radiation in a given direction 
would be greater. Because the input power has no increase, this increased 
directivity is achieved at the expense of gain in other directions. 
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Directivity and Interference 


4-112. In many applications, sharp directivity is desirable although no need 
exists for added gain. Examine the physical disposition of the units shown in 
figure 4-24. Transmitters 1 and 2 are sending information to receivers 1 and 
2, respectively, along the paths shown by the solid arrows. The distance 
between transmitter 1 and receiver 1 or between transmitter 2 and receiver 2 
is short and does not require high-power transmission. The antennas of the 
transmitters propagate well in all directions. However, receiver 1 picks up 
some of the signals from transmitter 2, and receiver 2 picks up some of the 
signals from transmitter 1, as shown by the broken arrows. This effect is 
emphasized if the receiving antennas intercept energy equally well in all 
directions. 


TRANSMITTER RECEIVER 
1 1 


TRANSMITTER RECEIVER 
2 2 


Figure 4-24. Directivity and Interference 


4-113. The use of highly directional arrays as radiators from the 
transmitters tends to solve the problem. The signals are beamed along the 
paths of the solid arrows and provide very low radiation along the paths of 
the broken arrows. Further improvement along these lines is obtained by the 
use of narrowly directed arrays as receiving antennas. The effect of this 
arrangement is to select the desired signal while discriminating against all 
other signals. This same approach can be used to overcome other types of 
radiated interference. In such cases, preventing radiation in certain 
directions is more important than producing greater gain in other directions. 


4-114. Look at the differences between the field patterns of the single- 
element antenna and the array, as illustrated in figure 4-25. View A shows 
the relative field-strength pattern for a horizontally polarized single antenna. 
View B shows the horizontal-radiation pattern for an array. The antenna in 
view A radiates fairly efficiently in the desired direction toward receiving 
point X. It radiates equally as efficiently toward Y, although no radiation is 
desired in this direction. The antenna in view B radiates strongly to point X, 
but very little in the direction of point Y, which results in more satisfactory 
operation. 
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Figure 4-25. Single Antenna Versus Array 


Major and Minor Lobes 


4-115. The pattern shown in figure 4-25, view B has radiation concentrated in 
two lobes. The radiation intensity in one lobe is considerably stronger than in 
the other. The lobe toward point X is called a major lobe; the other is a minor 
lobe. Because the complex radiation patterns associated with arrays frequently 
contain several lobes of varying intensity, you should learn to use appropriate 
terminology. In general, major lobes are those in which the greatest amount of 
radiation occurs. Minor lobes are those in which the radiation intensity is least. 


DIRECTIONAL ARRAYS 


Collinear Array 
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4-116. You have already learned about radiation patterns and directivity of 
radiation. These topics are important to you because using an antenna with 
an improper radiation pattern or with the wrong directivity will decrease the 
overall performance of the system. In the following paragraphs, we discuss in 
more detail the various types of directional antenna arrays mentioned earlier 
in this chapter. 


4-117. The pattern radiated by the collinear array is similar to that 
produced by a single dipole. The addition of the second radiator, however, 
tends to intensify the pattern. Compare the radiation pattern of the dipole 
(figure 4-26, view A) and the two-element antenna in view B. You will see 
that each pattern consists of two major lobes in opposite directions along the 
same axis, QQ1. There is little or no radiation along the PP1 axis. QQ1 
represents the line of maximum propagation. You can see that radiation is 
stronger with an added element. The pattern in view B is sharper, or more 
directive, than that in view A. This means that the gain along the line of 
maximum energy propagation is increased and the beam width is decreased. 
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As more elements are added, the effect is heightened, as shown in view C. 
Unimportant minor lobes are generated as more elements are added. 


Qi 
A. ONE ELEMENT 


Q 


Qi 
B. TWO ELEMENTS 


C. FOUR ELEMENTS 


Figure 4-26. Single Half-Wave Antenna versus Two Half-Wave Antenna in Phase 


4-118. More than four elements are seldom used because accumulated losses 
cause the elements farther from the point of feeding to have less current than 
the nearer ones. This introduces an unbalanced condition in the system and 
impairs its efficiency. Space limitations often are another reason for 
restricting the number of elements. Because this type of array is in a single 
line, rather than in a vertically stacked arrangement, the use of too many 
elements results in an antenna several wavelengths long. 


4-119. Radiation pattern. The characteristic radiation pattern of a given 
array is obtained at the frequency or band of frequencies at which the system 
is resonant. The gain and directivity characteristics are lost when the 
antenna is not used at or near this frequency and the array tunes too sharply. 
A collinear antenna is more effective than an end-fire array when used off its 
tuned frequency. This feature is considered when transmission or reception is 
to be over a wide frequency band. When more than two elements are used, 
this advantage largely disappears. 
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4-120. Length and phasing. Although the one-half wavelength is the basis 
for the collinear element, you will find that greater lengths are often used. 
Effective arrays of this type have been constructed in which the elements are 
0.7 and even 0.8 wavelength long. This type of array provides efficient 
operation at more than one frequency or over a wider frequency range. 
Whatever length is decided upon, all of the elements in a particular array 
should closely adhere to that length. If elements of different lengths are 
combined, current phasing and distribution are changed, throwing the 
system out of balance and seriously affecting the radiation pattern. 


4-121. Spacing. The lower relative efficiency of collinear arrays of many 
elements, compared with other multi-element arrays, relates directly to 
spacing and mutual impedance effects. Mutual impedance is an important 
factor to be considered when any two elements are parallel and are spaced so 
that considerable coupling is between them. There is very little mutual 
impedance between collinear sections. Where impedance does exist, it is 
caused by the coupling between the ends of adjacent elements. Placing the 
ends of elements close together is frequently necessary because of 
construction problems, especially where long lengths of wire are involved. 


4-122. The effects of spacing and the advantages of proper spacing can be 
demonstrated by some practical examples. A collinear array consisting of two 
half-wave elements with one-half-wavelength spacing between centers has a 
gain of 1.8 decibels (dB). If the ends of these same dipoles are separated so 
that the distance from center to center is three-quarters of a wavelength and 
they are driven from the same source, the gain increases to approximately 2.9 
dB. 


4-123. A three-dipole array with negligible spacing between elements gives a 
gain of 3.3 dB. In other words, when two elements are used with wider 
spacing, the gain obtained is approximately equal to the gain obtainable from 
three elements with close spacing. The spacing of this array permits simpler 
construction, because only two dipoles are used. It also allows the antenna to 
occupy less space. Construction problems usually dictate small-array spacing. 


Broadside Arrays 
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4-124. A broadside array is shown in figure 4-27, view A. Physically, it looks 
somewhat like a ladder. When the array and the elements in it are polarized 
horizontally, it looks like an upright ladder. When the array is polarized 
vertically, it looks like a ladder lying on one side (view B). View C is an 
illustration of the radiation pattern of a broadside array. Horizontally 
polarized arrays using more than two elements are not common. This is 
because the requirement that the bottom of the array be a significant 
distance above the earth presents construction problems. Compared with 
collinear arrays, broadside arrays tune sharply, but lose efficiency rapidly 
when not operated on the frequencies for which they are designed. 
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Figure 4-27. Typical Broadside Array 


4-125. Radiation pattern. Figure 4-28 shows an end view of two parallel 
half-wave antennas (A and B) operating in the same phase and located one- 
half wavelength apart. At a point (P) far removed from the antennas, the 
antennas appear as a single point. Energy radiating toward P from antenna 
A starts out in phase with the energy radiating from antenna B in the same 
direction. Propagation from each antenna travels over the same distance to 
point P, arriving there in phase. The antennas reinforce each other in this 
direction, making a strong signal available at P. Field strength measured at 
P is greater than it would be if the total power supplied to both antennas had 
been fed to a single dipole. Radiation toward point P1 is built up in the same 
manner. 
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Figure 4-28. Parallel Elements in Phase 


4-126. Next consider a wavefront traveling toward point Q from antenna B. 
By the time it reaches antenna A, one-half wavelength away, one-half cycle 
has elapsed. Therefore energy from antenna B meets the energy from 
antenna A 180 degrees out of phase. As a result, the energy moving toward 
point Q from the two sources cancels. In a like manner, radiation from 
antenna A traveling toward point Q1 meets and cancels the radiation in the 
same direction from antenna B. As a result, little propagation takes place in 
either direction along the QQ1 axis. Most of the energy is concentrated in 
both directions along the PP1 axis. When both antenna elements are fed from 
the same source, the result is the basic broadside array. 


4-127. When more than two elements are used in a broadside arrangement, 
they are all parallel and in the same plane, as shown in figure 4-27, view B. 
Current phase, indicated by the arrows, must be the same for all elements. 
The radiation pattern shown in figure 4-27, view C, and is always 
bidirectional. This pattern is sharper than the one shown in figure 4-28 
because of the additional two elements. Directivity and gain depend on the 
number of elements and the spacing between them. 


4-128. Gain and directivity. The physical disposition of dipoles operated 
broadside to each other allows for much greater coupling between them than 
can occur between collinear elements. Moving the parallel antenna elements 
closer together or farther apart affects the actual impedance of the entire 
array and the overall radiation resistance as well. As the spacing between 
broadside elements increases, the effect on the radiation pattern is a 
sharpening of the major lobes. When the array consists of only two dipoles 
spaced exactly one-half wavelength apart, no minor lobes are generated at 
all. Increasing the distance between the elements beyond that point, 


End-Fire Arrays 
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however, tends to throw off the phase relationship between the original 
current in one element and the current induced in it by the other element. 
The result is that, although the major lobes are sharpened, minor lobes are 
introduced, even with two elements. These minor lobes, however, are not 
large enough to be of concern. 


4-129. If you add the same number of elements to both a broadside array 
and a collinear array, the gain of the broadside array will be greater. Reduced 
radiation resistance resulting from the efficient coupling between dipoles 
accounts for most of this gain. However, certain practical factors limit the 
number of elements that may be used. The construction problem increases 
with the number of elements, especially when they are polarized horizontally. 


4-130. An end-fire array looks similar to a broadside array. The ladder-like 
appearance is characteristic of both (figure 4-29, view A). The currents in the 
elements of the end-fire array, however, are usually 180 degrees out of phase 
with each other as indicated by the arrows. The construction of the end-fire 
array is like that of a ladder lying on its side (elements horizontal). The 
dipoles in an end-fire array are closer together (one-eighth wavelength to one- 
quarter wavelength spacing) than they are for a broadside array. 


A. TOP VIEW OF ARRAY 


B. SIDE VIEW OF ARRAY 


Figure 4-29. Typical End-Fire Array 


4-131. Closer spacing between elements permits compactness of 
construction. For this reason, an end-fire array is preferred to other arrays 
when high gain or sharp directivity is desired in a confined space. However, 
the close coupling creates certain disadvantages. Radiation resistance is 
extremely low, sometimes as low as 10 ohms, making antenna losses greater. 
The end-fire array is confined to a single frequency. With changes in climatic 
or atmospheric conditions, the danger of detuning exists. 


4-132. Radiation pattern. The radiation pattern for a pair of parallel half- 
wave elements fed 180 degrees out of phase is shown in figure 4-30, view A. 
The elements shown are spaced one-half wavelength apart. In practice, 
smaller spacings are used. Radiation from elements L and M traveling 
toward point P begins 180 degrees out of phase. Moving the same distance 
over approximately parallel paths, the respective wavefronts from these 
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elements remain 180 degrees out of phase. In other words, maximum 
cancellation takes place in the direction of P. The same condition is true for 
the opposite direction (toward P1). The P to P1 axis is the line of least 
radiation for the end-fire array. 


ef 
A. END VIEW 


Qt 
B. SIDE VIEW 


Figure 4-30. Parallel Elements 180 Degrees Out of Phase 


4-133. Consider what happens along the QQ1 axis. Energy radiating from 
element M toward Q reaches element L in about one-half cycle (180 degrees) 
after it leaves its source. Because element L was fed 180 degrees out of phase 
with element M, the wavefronts are now in the same phase and are both 
moving toward Q and reinforcing each other. Similar reinforcement occurs 
along the same axis toward Q1. This simultaneous movement towards Q and 
Q1 develops a bidirectional pattern. This is not always true in end-fire 
operation. Another application of the end-fire principle is one in which the 
elements are spaced one-quarter wavelength apart and phased 90 degrees 
from each other to produce a unidirectional pattern. 


4-134. In figure 4-30, view A, elements A and B are perpendicular to the 
plane represented by the page; therefore, only the ends of the antennas 
appear. In view B, the antennas are rotated a quarter of a circle in space 
around the QQ1 axis so that they are seen in the plane of the elements 
themselves. Therefore, the PP1 axis, now perpendicular to the page, is not 
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seen as a line. The RR1 axis, now seen as a line, is perpendicular to the PP1 
axis as well as to the QQ1 axis. The end-fire array is directional in this plane 
also, although not quite as sharply. The reason for the greater broadness of 
the lobes can be seen by following the path of energy radiating from the 
midpoint of element B toward point S in view B. This energy passes the A 
element at one end after traveling slightly more than the perpendicular 
distance between the dipoles. Energy, therefore, does not combine in exact 
phase toward point S. Although maximum radiation cannot take place in this 
direction, energy from the two sources combines closely enough in phase to 
produce considerable reinforcement. A similar situation exists for wavefronts 
traveling toward T. However; the wider angle from Q to T produces a greater 
phase difference and results in a decrease in the strength of the combined 
wave. 


4-135. Directivity occurs from either one or both ends of the end-fire array, 
along the axis of the array, as shown by the broken arrows in figure 4-29, 
view A; hence, the term end-fire is used. 


4-136. The major lobe or lobes occur along the axis of the array. The pattern 
is sharper in the plane that is at right angles to the plane containing the 
elements (figure 4-30, view A). If the elements are not exact half-wave 
dipoles, operation is not significantly affected. However, because of the 
required balance of phase relationships and critical feeding, the array must 
be symmetrical. Folded dipoles, such as the one shown in figure 4-21, view A, 
are used frequently because the impedance at their terminals is higher. This 
is an effective way of avoiding excessive antenna losses. Another expedient to 
reduce losses is the use of tubular elements of wide diameter. 


4-137. Gain and directivity. In end-fire arrays, directivity increases with 
the addition of more elements and with spacings approaching the optimum. 
The directive pattern for a two-element, bidirectional system is illustrated in 
figure 4-30. View A shows radiation along the array axis in a plane 
perpendicular to the dipoles, and view B shows radiation along the array axis 
in the plane of the elements. These patterns were developed with a 180- 
degree phase difference between the elements. Additional elements introduce 
small, minor lobes. 


4-138. With a 90-degree phase difference in the energy fed to a pair of end- 
fire elements spaced approximately one-quarter wavelength apart, 
unidirectional radiation can be obtained. The pattern perpendicular to the 
plane of the two elements is shown in figure 4-31, view A. The pattern shown 
in view B, taken in the same plane, is for a six-element array with 90-degree 
phasing between adjacent elements. Because both patterns show relative 
gain only, the increase in gain produced by the six-element array is not 
evident. End-fire arrays are the only unidirectional arrays wholly made up of 
driven elements. 
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Parasitic Arrays 
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Figure 4-31. Unidirectional End-Fire Arrays 


4-139. If a small light bulb were placed in the center of a large room, the 
illumination would be very poor. However, if a reflector were placed behind 
the bulb, the space in front of the reflector would be brighter and the space 
behind the reflector would be dimmer. The light rays would be concentrated. 
Also, if a lens were placed in front of the bulb, the light would be even more 
concentrated and a very bright spot would appear on the wall in front of the 
lens. A flashlight is a practical combination of the small bulb, the reflector, 
and the lens. The energy from an antenna can be reflected and concentrated 
in a similar manner. 


4-140. Although we do not usually discuss the gain of a flashlight, we can 
continue the comparison of an antenna and a flashlight to explain the 
meaning of antenna gain. Suppose the spot on the wall in front of the 
flashlight becomes 10 times brighter than it was when only the open bulb 
was used. The lens and reflector have then produced a 10-fold gain in light. 
For antennas, the simple half-wave antenna corresponds to the open bulb in 


Antennas 


the flashlight. Suppose an antenna system concentrates the radio waves so 
that at a particular point the field strength is 10 times more than it would be 
at the same distance from a half-wave antenna. The antenna system is then 
said to have a gain of 10. 


4-141. Parasitic arrays represent another method of achieving high antenna 
gains. A parasitic array consists of one or more parasitic elements placed in 
parallel with each other and, in most cases, at the same line-of-sight level. 
The parasitic element is fed inductively by radiated energy coming from the 
driven element connected to the transmitter. It is in no way connected 
directly to the driven element. 


4-142. When the parasitic element is placed so that it radiates away from 
the driven element, the element is a director. When the parasitic element is 
placed so that it radiates toward the driven element, the parasitic element is 
a reflector. 


4-143. The directivity pattern resulting from the action of parasitic elements 
depends on two factors: 


e The tuning determined by the length of the parasitic element. 
e The spacing between the parasitic and driven elements. 


To a lesser degree, the directivity pattern also depends on the diameter of the 
parasitic element, because diameter has an effect on tuning. 


4-144. Operation. When a parasitic element is placed a fraction of a 
wavelength away from the driven element and is of approximately resonant 
length, it will re-radiate the energy it intercepts. The parasitic element is 
effectively a tuned circuit coupled to the driven element, much as the two 
windings of a transformer are coupled together. The radiated energy from the 
driven element causes a voltage to be developed in the parasitic element, 
which, in turn, sets up a magnetic field. This magnetic field extends over to 
the driven element, which then has a voltage induced in it. The magnitude 
and phase of the induced voltage depend on the length of the parasitic 
element and the spacing between the elements. In actual practice the length 
and spacing are arranged so that the phase and magnitude of the induced 
voltage cause a unidirectional, horizontal-radiation pattern and an increase 
in gain. 


4-145. In the parasitic array in figure 4-32, view A, the parasitic and driven 
elements are spaced one-quarter wavelength apart. The radiated signal 
coming from the driven element strikes the parasitic element after one- 
quarter cycle. The voltage developed in the parasitic element is 180 degrees 
out of phase with that of the driven element. This is because of the distance 
traveled (90 degrees) and because the induced current lags the inducing flux 
by 90 degrees (90 + 90 = 180 degrees). The magnetic field set up by the 
parasitic element induces a voltage in the driven element one-quarter cycle 
later because the spacing between the elements is one-quarter wavelength. 
This induced voltage is in phase with that in the driven element and causes 
an increase in radiation in the direction indicated in figure 4-32, view A. 
Because the direction of the radiated energy is stronger in the direction away 
from the parasitic element (toward the driven element), the parasitic element 
is called a reflector. The radiation pattern as it would appear if you were 
looking down on the antenna is shown in view B. The pattern as it would look 
if viewed from the ends of the elements is shown in view C. 
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Figure 4-32. Patterns Obtained Using a Reflector with Proper Spacing 


4-146. Because the voltage induced in the reflector is 180 degrees out of 
phase with the signal produced at the driven element, a reduction in signal 
strength exists behind the reflector. Because the magnitude of an induced 
voltage never quite equals that of the inducing voltage, even in very closely 
coupled circuits, the energy behind the reflector (minor lobe) is not reduced 
to 0. 


4-147. The spacing between the reflector and the driven element can be 
reduced to about 15 percent of a wavelength. The parasitic element must be 
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made electrically inductive before it will act as a reflector. If this parasitic 
element is made about 5 percent longer than one-half wavelength, it will act 
as a reflector when the spacing is 15 percent of a wavelength. 


4-148. Changing the spacing and length can change the radiation pattern so 
that maximum radiation is on the same side of the driven element as the 
parasitic element. In this instance, the parasitic element is called a director. 


4-149. Combining a reflector and a director with the driven element causes a 
decrease in back radiation and an increase in directivity. This combination 
results in the two main advantages of a parasitic array—unidirectivity and 
increased gain. If the parasitic array is rotated, it can pick up or transmit in 
different directions because of the reduction of transmitted energy in all but 
the desired direction. An antenna of this type is called a rotary array. Size for 
size, both the gain and directivity of parasitic arrays are greater than those of 
driven arrays. The disadvantage of parasitic arrays is that their adjustment 
is critical and they do not operate over a wide frequency range. 


4-150. Gain and directivity. Changing the spacing between either the 
director or the reflector and the driven element results in a change in the 
radiation pattern. More gain and directivity are obtained by changing 
the length of the parasitic elements. 


4-151. The front-to-back ratio of an array is the proportion of energy 
radiated in the principal direction of radiation to the energy radiated in the 
opposite direction. A high front-to-back ratio is desirable because this means 
that a minimum amount of energy is radiated in the undesired direction. 
Because completely suppressing all such radiation is impossible, an infinite 
ratio cannot be achieved. In actual practice, however, rather high values can 
be attained. Usually the length and spacing of the parasitic elements are 
adjusted so that a maximum front-to-back ratio is obtained, rather than 
maximum gain in the desired direction. 


Multi-Element Parasitic Array 


4-152. A multi-element parasitic array is one that contains two or more 
parasitic elements with the driven element. If the array contains two 
parasitic elements (a reflector and a director) in addition to the driven 
element, it is usually known as a three-element array. If three parasitic 
elements are used, the array is known as a four-element array, and so on. 
Generally speaking, if more parasitic elements are added to a three-element 
array, each added element is a director. The field behind a reflector is so 
small that additional reflectors would have little effect on the overall 
radiation pattern. In radar, from one to five directors are used. 


4-153. Construction. The parasitic elements of a multi-element parasitic 
array usually are positioned as shown in figure 4-33, views A and B. Proper 
spacings and lengths are determined experimentally. A folded dipole (view B) 
is often used as the driven element to obtain greater values of radiation 
resistance. 
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Figure 4-33. Yagi Antenna 


4-154. Yagi antennas. An example of a multi-element parasitic array is 
the yagi antenna (figure 4-33, views A and B). The spacings between the 
elements are not uniform. The radiation from the different elements arrives 
in phase in the forward direction, but out of phase by various amounts in the 
other directions. 


4-155. The director and the reflector in the yagi antenna are usually welded 
to a conducting rod or tube at their centers. This support does not interfere 
with the operation of the antenna. Because the driven element is center-fed, 
it is not welded to the supporting rod. Using a folded dipole as the driven 
element can increase the center impedance. 


4-156. The yagi antenna shown in figure 4-33, view A, has three directors. In 
general, the greater number of parasitic elements used, the greater the gain. 
However, a greater number of such elements cause the array to have a 
narrower frequency response as well as a narrower beam width. Therefore, 
proper adjustment of the antenna is critical. The gain does not increase 
directly with the number of elements used. For example, a three-element yagi 
array has a relative power gain of 5 dB. Adding another director results in a 
2 dB increase. Additional directors have less and less effect. 


4-157. A typical yagi array used for receiving and transmitting energy is 
shown with a support frame in figure 4-34. This antenna is used by the 
military services. It operates at frequencies of from 12 to 50 megahertz and 
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consists of two separate arrays (one high frequency and one low frequency 
antenna array) mounted on one frame. The various elements are indicated in 
the figure. The high-frequency (HF) array consists of one reflector, one driven 
element, and two directors; the low-frequency (LF) array has the same 
arrangement with one less director. The lengths of the elements in the high- 
frequency array are shorter than those in the low-frequency array. The 
physical lengths of the elements in the individual arrays are equal, but the 
electrical lengths can be varied by means of the tuning stubs at the center of 
the elements. The array can be rotated in any desired direction by a remotely 
controlled, electrically driven, antenna rotator. 
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Figure 4-34. Typical Parasitic Array Used for Transmitting and Receiving 


SPECIAL ANTENNAS 


4-158. In this section we cover some special communications and radar 
antennas. Some of these antennas we touch on only briefly because they are 
covered thoroughly in other courses. 


4-159. Previously discussed antennas operate with standing waves of 
current and voltage along the wires. This section deals principally with 
antenna systems in which the current is practically uniform in all parts of 
the antenna. In its basic form, such an antenna consists of a single wire 
grounded at the far end through a resistor. The resistor has a value equal to 
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the characteristic impedance of the antenna. This termination, just as in the 
case of an ordinary transmission line, eliminates standing waves. The 
current, therefore, decreases uniformly along the wire as the terminated end 
is approached. This decrease is caused by the loss of energy through 
radiation. The energy remaining at the end of the antenna is dissipated in 
the terminating resistor. For such an antenna to be a good radiator, its 
length must be fairly long. Also, the wire must not be too close to the ground. 
The return path through the ground will cause cancellation of the radiation. 
If the wire is sufficiently long, it will be practically nonresonant over a wide 
range of operating frequencies. 


Long-Wire Antenna 


V Antenna 
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4-160. A long-wire antenna is an antenna that is one wavelength or longer 
at the operating frequency. In general, the gain achieved with long-wire 
antennas is not as great as the gain obtained from the multi-element arrays 
studied in the previous section. But the long-wire antenna has advantages of 
its own. The construction of long-wire antennas is simple, both electrically 
and mechanically, with no particularly critical dimensions or adjustments. 
The long-wire antenna will work well and give satisfactory gain and 
directivity over a frequency range up to twice the value for which it was cut. 
In addition, it will accept power and radiate it efficiently on any frequency for 
which its overall length is not less than approximately one-half wavelength. 
Another factor is that long-wire antennas have directional patterns that are 
sharp in both the horizontal and vertical planes. Also, they tend to 
concentrate the radiation at the low vertical angles. 


4-161. Another type of long-wire antenna is the beverage antenna, also 
called a wave antenna. It is a horizontal, long-wire antenna designed 
especially for the reception and transmission of low frequency, vertically 
polarized ground waves. It consists of a single wire, two or more wavelengths 
long, supported 3 to 6 meters above the ground, and terminated in its 
characteristic impedance, as shown in figure 4-35. 
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Figure 4-35. Beverage Antenna 


4-162. A V antenna is a bidirectional antenna used widely in military and 
commercial communications. It consists of two conductors arranged to form a 
V. Each conductor is fed with currents of opposite polarity. 


4-163. The V is formed at such an angle that the main lobes reinforce along 
the line bisecting the V and make a very effective directional antenna (see 


Antennas 


figure 4-36). Connecting the two-wire feed line to the apex of the V and 
exciting the two sides of the V 180 degrees out of phase causes the lobes to 
add along the line of the bisector and to cancel in other directions, as shown 
in figure 4-37. The lobes are designated 1, 2, 3, and 4 on leg AA’, and 5, 6, 7, 
and 8 on leg BB'. When the proper angle between AA' and BB' is chosen, 
lobes 1 and 4 have the same direction and combine with lobes 7 and 6, 
respectively. This combination of two major lobes from each leg results in the 
formation of two stronger lobes, which lie along an imaginary line bisecting 
the enclosed angle. Lobes 2, 3, 5, and 8 tend to cancel each other, as do the 
smaller lobes, which are approximately at right angles to the wire legs of the 
V. The resultant waveform pattern is shown at the right of the V antenna in 
figure 4-37. 
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Figure 4-36. Basic V Antenna 
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Figure 4-37. Formation of Directional Radiation from a Resonant V Antenna 


Rhombic Antenna 


4-164. The highest development of the long-wire antenna is the rhombic 
antenna (see figure 4-38). It consists of four conductors joined to form a 
rhombus, or diamond shape. The antenna is placed end to end and 
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terminated by a noninductive resistor to produce a unidirectional pattern. A 
rhombic antenna can be made of two obtuse-angle V antennas that are placed 
side by side, erected in a horizontal plane, and terminated so the antenna is 
nonresonant and unidirectional. The rhombic antenna is widely used for long- 
distance, high-frequency transmission and reception. It is one of the most 
popular fixed-station antennas because it is very useful in point-to-point 
communications. 
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Figure 4-38. Basic Rhombic Antenna 


4-165. Advantages. The rhombic antenna is useful over a wide frequency 
range. Although some changes in gain, directivity, and characteristic 
impedance do occur with a change in operating frequency, these changes are 
small enough to be ignored. 


4-166. The rhombic antenna is much easier to construct and maintain than 
other antennas of comparable gain and directivity. Only four supporting poles 
of common heights from 15 to 20 meters are needed for the antenna. 


4-167. The rhombic antenna also has the advantage of being noncritical as 
far as operation and adjustment are concerned. This is because of the broad 
frequency characteristics of the antenna. 


4-168. Still another advantage is that the voltages present on the antenna 
are much lower than those produced by the same input power on a resonant 
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antenna. This is particularly important when high transmitter powers are 
used or when high-altitude operation is required. 


4-169. Disadvantages. The rhombic antenna is not without its 
disadvantages. The principal one is that a fairly large antenna site is required 
for its erection. Each leg is made at least 1 or 2 wavelengths long at the lowest 
operating frequency. When increased gain and directivity are required, legs of 
from 8 to 12 wavelengths are used. These requirements mean that high- 
frequency rhombic antennas have wires of several hundred feet in length. 
Therefore, they are used only when a large plot of land is available. 


4-170. Another disadvantage is that the horizontal and vertical patterns 
depend on each other. If a rhombic antenna is made to have a narrow 
horizontal beam, the beam is also lower in the vertical direction. Therefore, 
obtaining high vertical-angle radiation is impossible except with a very broad 
horizontal pattern and low gain. Rhombic antennas are used, however, for 
long-distance skywave coverage at the high frequencies. Under these 
conditions low vertical angles of radiation (less than 20 degrees) are 
desirable. With the rhombic antenna, a considerable amount of the input 
power is dissipated uselessly in the terminating resistor. However, this 
resistor is necessary to make the antenna unidirectional. The great gain of 
the antenna more than makes up for this loss. 


4-171. Radiation patterns. Figure 4-39 shows the individual radiation 
patterns produced by the four legs of the rhombic antenna and the resultant 
radiation pattern. The principle of operation is the same as for the V and the 
half-rhombic antennas. 
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Figure 4-39. Formation of a Rhombic Antenna Beam 
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4-172. Terminating resistor. The terminating resistor plays an important 
part in the operation of the rhombic antenna. Upon it depend the 
unidirectivity of the antenna and the lack of resonance effects. An antenna 
should be properly terminated so it will have constant impedance at its input. 
Terminating the antenna properly will also allow it to be operated over a 
wide frequency range without needing to change the coupling adjustments at 
the transmitter. The reduction of back radiation is perhaps of lesser 
importance for transmission. When an antenna is terminated with resistance, 
the energy that would be radiated backward is absorbed in the resistor. 


Turnstile Antenna 


4-52 


4-173. The turnstile antenna is one of the many types that has been 
developed primarily for omnidirectional VHF communications. The basic 
turnstile consists of two horizontal half-wave antennas mounted at right 
angles to each other in the same horizontal plane. When these two antennas 
are excited with equal currents 90 degrees out of phase, the typical figure- 
eight patterns of the two antennas merge to produce the nearly circular 
pattern shown in figure 4-40, view A. Pairs of such antennas are frequently 
stacked, as shown in figure 4-41. Each pair is called a bay. In figure 4-41 two 
bays are spaced one-half wavelength apart. Their corresponding elements are 
excited in phase. These conditions cause a part of the vertical radiation from 
each bay to cancel that of the other bay. This cancellation results in a 
decrease in energy radiated at high vertical angles and increases the energy 
radiated in the horizontal plane. Stacking a number of bays can alter the 
vertical radiation pattern, causing a substantial gain in a horizontal direction 
without altering the overall horizontal directivity pattern. Figure 4-40, view B, 
compares the circular vertical radiation pattern of a single-bay turnstile with 
the sharp pattern of a four-bay turnstile array. A three-dimensional radiation 
pattern of a four-bay turnstile antenna is shown in figure 4-40, view C. 
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Figure 4-40. Turnstile Antenna Radiation Pattern 
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Figure 4-41. Stacked Turnstile Antenna 


Ground-Plane Antenna 
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4-174. A vertical quarter-wave antenna several wavelengths above ground 
produces a high angle of radiation that is very undesirable at VHF and UHF 
frequencies. The most common means of producing a low angle of radiation 
from such an antenna is to work the radiator against a simulated ground 
called a ground plane. A simulated ground may be made from a large metal 
sheet or several wires or rods radiating from the base of the radiator. An 
antenna so constructed is known as a ground-plane antenna. Two ground- 
plane antennas are shown in figure 4-42, views A and B. 


Corner Reflector 


Antennas 


QUARTER-WAVE 
f+— VERTICAL RADIATOR 


COAXIAL” 
TRANSMISSION 
LINE 

A 


ANTENNA——* 


COUNTERPOISE 
“ 


RADIALS 


| 


CONNECTOR 
FOR MOUNTING 


B 


Figure 4-42. Ground-Plane Antenna 


4-175. When a unidirectional radiation pattern is desired, it can be obtained 
by using a corner reflector with a half-wave dipole. A corner-reflector antenna 
is a half-wave radiator with a reflector. The reflector consists of two flat 
metal surfaces meeting at an angle immediately behind the radiator. In other 
words, the radiator is set in the plane of a line bisecting the corner angle 
formed by the reflector sheets. The construction of a corner reflector is shown 
in figure 4-43, view B Corner-reflector antennas are mounted with the 
radiator and the reflector in the horizontal position when _ horizontal 
polarization is desired. In such cases the radiation pattern is very narrow in 
the vertical plane, with maximum signal being radiated in line with the 
bisector of the corner angle. The directivity in the horizontal plane is 
approximately the same as for any half-wave radiator having a single-rod 
type reflector behind it. If the antenna is mounted with the radiator and the 
corner reflector in the vertical position, as shown in view A, maximum 
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radiation is produced in a very narrow horizontal beam. Radiation in a 
vertical plane will be the same as for a similar radiator with a single-rod type 
reflector behind it. 


MAXIMUM 
RADIATION 


2S — 
FE aie : 


ee 


Zz 


SHEET a 
REFLECTORS 


Figure 4-43. Corner-Reflector Antenna 
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SUMMARY 


Antennas 


This chapter has presented information on the various types of antennas. The 
information that follows summarizes the important points of this chapter. 


An antenna is a conductor, or system of conductors, that radiates or receives 
energy in the form of electromagnetic waves. 


Hertz (half-wave) and Marconi (quarter-wave) are the two _ basic 
classifications of antennas. 


Reciprocity of antennas means that the various properties of the antenna 
apply equally to transmitting and receiving. 
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Figure 4-Sum 1. Reciprocity of Antennas 
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Radiation resistance is the amount of resistance that, if inserted in place of 
the antenna, would consume the same amount of power that is actually 
radiated by the antenna. 


Radiation patterns can be plotted on a rectangular or polar-coordinate graph. 
These patterns are a measurement of the energy leaving an antenna. 
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Figure 4-Sum 2. Radiation Patterns 
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An isotropic radiator radiates energy equally in all directions. 


Figure 4-Sum 3. Radiating Energy of an Isotropic Radiator 
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An anisotropic radiator radiates energy directionally. 
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Figure 4-Sum 4. Directional Radiating Energy of an Anisotropic Radiator 
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A lobe is the area of a radiation pattern that is covered by radiation. 


A null is the area of a radiation pattern that has minimum radiation. 


Figure 4-Sum 5. Null and Lobe Radiation Patterns 


Antenna loading is the method used to change the electrical length of an 
antenna. This keeps the antenna in resonance with the applied frequency. It 
is accomplished by inserting a variable inductor or capacitor in series with 
the antenna. 
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Figure 4-Sum 6. Antenna Loading 
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A half-wave antenna (Hertz) consists of two lengths of rod or tubing, each a 
quarter-wavelength long at a certain frequency, that radiate a doughnut 
pattern. 
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Figure 4-Sum 7. Half-Wave Antenna Pattern 


A quarter-wave antenna (Marconi) is a half-wave antenna cut in half with 
one end grounded. The ground furnishes the missing half of the antenna. 
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Figure 4-Sum 8. Quarter-Wave Antenna 


The ground screen and the counterpoise are used to reduce losses caused by 
the ground in the immediate vicinity of the antenna. The ground screen is 
buried below the surface of the earth. The counterpoise is installed above the 
ground. 
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Figure 4-Sum 9. Ground Screen and Counterpoise Antennas 


The folded dipole consists of a dipole radiator, which is connected in parallel 
at its ends to a half-wave radiator. 
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Figure 4-Sum 10. Folded Dipole 
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An array is a combination of half-wave elements operating together as a 
single antenna. It provides more gain and greater directivity than single 
element antennas. 


A driven array derives its power directly from the source. 


A parasitic array derives its power by coupling the energy from other 
elements of the antenna. 


The bidirectional array radiates energy equally in two opposing directions. 
The unidirectional array radiates energy efficiently in a single direction. 


The collinear array has elements in a straight line. Maximum radiation 
occurs at right angles to this line. 


The broadside array has elements parallel and in the same plane. Maximum 
radiation develops in the plane at right angles to the plane of the elements. 
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Figure 4-Sum 11. Broadside Array Elements 
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The end-fire array has elements parallel to each other and in the same plane. 
Maximum radiation occurs along the axis of the array. 
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Figure 4-Sum 12. End-Fire Array 


Matching stubs are used between elements to maintain current in the proper 
phase. 


The gain of a collinear antenna is greatest when the elements are spaced 
from 0.4 to 0.5 wavelengths apart or when the number of elements is 
increased. 


The optimum gain of a broadside array is obtained when the elements are 
spaced 0.65 wavelengths apart. 


A parasitic array consists of one or more parasitic elements with a driven 
element. The amount of power gain and directivity depends on the lengths of 
the parasitic elements and the spacing between them. 


Figure 4-Sum 13. Parasitic Array 
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Multi-element arrays, such as the yagi, have a narrow frequency response as 
well as a narrow beam width. 


Figure 4-Sum 14. Multi-Element Arrays 
A long-wire antenna is an antenna that is a wavelength or more long at the 


operating frequency. These antennas have directive patterns that are sharp 
in both the horizontal and vertical planes. 


Figure 4-Sum 15. Long-Wire Antenna 


Beverage antennas consist of a single wire that is two or more wavelengths 
long. 
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Figure 4-Sum 16. Beverage Antenna Wavelengths 
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A V antenna is a bidirectional antenna consisting of two horizontal, long 
wires arranged to form a V. 


Figure 4-Sum 17. V Antenna Layout 


The rhombic antenna uses four conductors joined to form a rhombus shape. 
This antenna has a wide frequency range, is easy to construct and maintain, 
and is noncritical as far as operation and adjustment are concerned. 


® + SUPPORT POLE 


Nea eae 


INSULATOR 


TERMINATING 
ae RESISTOR 


Figure 4-Sum 18. Rhombic Antenna Conductors 
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The turnstile antenna consists of two horizontal, half-wire antennas mounted 
at right angles to each other. 


Figure 4-Sum 19. Turnstile Antenna 
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Check-On-Learning Questions 
Antennas 

When you are satisfied that you have answered every question to the best of your ability, check 
your answers using appendix A. If you missed eight or more questions, you should review the 
chapter, paying particular attention to the areas in which your answers were incorrect. 
1. What are the two basic classifications of antennas? 
2. What are the three parts of a complete antenna system? 
3. What three factors determine the type, size, and shape of an antenna? 
4 


If a wave travels exactly the length of an antenna from one end to the other and back during 
the period of 1 cycle, what is the length of the antenna? 


5. What are the terms used to identify the points of high current and high voltage on an 
antenna? 


6. What is the term used to identify the points of minimum current and minimum voltage on an 
antenna? 


7. The various properties of a transmitting antenna can apply equally to the same antenna 
when it is used as a receiving antenna. What term is used for this property? 


8. The direction of what field is used to designate the polarization of a wave? 


9. If a wave’s electric lines of force rotate through 360 degrees with every cycle of RF energy, 
what is the polarization of this wave? 


10. What type of polarization should be used at medium and low frequencies? 
11. What is an advantage of using horizontal polarization at high frequencies? 


12. What type of polarization should be used if an antenna is mounted on a moving vehicle at 
frequencies below 50 megahertz? 


13. What is the radiation resistance of a half-wave antenna in free space? 


14. A radiating source that radiates energy stronger in one direction than another is known as 
what type of radiator? 


15. A radiating source that radiates energy equally in all directions is known as what type of 
radiator? 


16. A flashlight is an example of what type of radiator? 
17. What terms are often used to describe basic half-wave antennas? 


18. If a basic half-wave antenna is mounted vertically, what type of radiation pattern will be 
produced? 


19. In which plane will the half-wave antenna be operating if it is mounted horizontally? 


20. Because the radiation pattern of a dipole is similar to that of a doublet, what will happen to 
the pattern if the length of the doublet is increased? 


21. What is the simplest method of feeding power to the half-wave antenna? 
22. What is the radiation pattern of a quarter-wave antenna? 


23. Describe the physical arrangement of a ground screen. 
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24. 


25. 
26. 
27. 
28. 
29. 
30. 
3l. 
32. 


33. 


34, 


35. 
36. 
37. 


38. 
39. 


40. 


41. 
42. 
43. 
44, 
45. 
46. 
47. 
48. 


What is the difference in the amount of impedance between a three-wire dipole and a simple 
center-fed dipole? 


Which has a wider frequency range, a simple dipole or a folded dipole? 

What is the purpose of antenna stubs? 

What is the primary difference between the major and minor lobes of a radiation pattern? 
What is the maximum number of elements ordinarily used in a collinear array? 

Why is the number of elements used in a collinear array limited? 

How can the frequency range of a collinear array be increased? 

How is directivity of a collinear array affected when the number of elements is increased? 


What is the primary cause of broadside arrays losing efficiency when not operating at their 
designed frequency? 


When more than two elements are used in a broadside array, how are the elements 
arranged? 


As the spacing between elements in a broadside array increases, what is the effect on the 
major lobes? 


What are some disadvantages of the end-fire array? 
Where does the major lobe in the end-fire array occur? 


To maintain the required balance of phase relationships and critical feeding, how must the 
end-fire array be constructed? 


What two factors determine the directivity pattern of the parasitic array? 


What two main advantages of a parasitic array can be obtained by combining a reflector and 
a director with the driven element? 


The parasitic array can be rotated to receive or transmit in different directions. What is the 
name given to such an antenna? 


What are the disadvantages of the parasitic array? 

What is the advantage of adding parasitic elements to a yagi array? 

The yagi antenna is an example of what type of array? 

To radiate power efficiently, a long-wire antenna must have what minimum overall length? 
What is another name for the Beverage antenna? 

What is the polarity of the currents that feed the V antenna? 

What is the main disadvantage of the rhombic antenna? 


What is the primary reason for the development of the turnstile antenna? 
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Check-On-Learning Answers 


CHAPTER 1: WAVE PROPAGATION 
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10. 


Propagation means spreading out. 

A wave is a disturbance that moves through a medium. 

A means of transferring energy from one place to another. 

Sound waves, light waves, radio waves, heat waves, water waves. 

Transverse waves. 

Radio waves, light waves, and heat waves. 

A sound wave. 

A source, medium, and detector (receiver). 

A sequence of events, such as the positive and negative alternation of electrical current. 


The space occupied by one cycle of a radio wave at any given instant. 


. The law of reflection states: The angle of incidence is equal to the angle of reflection. 
. When the incident wave is nearly parallel with the surface. 


. When the incident wave is perpendicular to the surface. Also a dull (or black) surface reflects 


very little regardless of the angle. 


. The density of the two mediums, and the velocity of the waves. 

. The Doppler effect. 

. Sonics. 

. No. The average human ear cannot hear all sounds in the infrasonic and ultrasonic regions. 
. An amplifier. 

. Asource, medium, and detector (receiver). 

. Noise and tones. 

. Pitch, intensity, and quality. 

. 20 Hz to 20 kHz. 

. The amount of energy transmitted from a source. 

. Quality. 

. Velocity increases as density decreases and temperature increases. 
. Acoustics. 

. Echo. 

. Reverberation. 


. Resonance. 
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30. 
3l. 
32. 
33. 
34, 
35. 
36. 
37. 
38. 
39. 
40. 
41. 
42. 
43. 
44, 
45. 
46. 
47. 
48. 


Noise. 

Mechanical, electrical, and chemical. 

A photon. 

Angstrom unit. 

Red, green and blue. 

Magenta, yellow and cyan. 

Reflected or absorbed. 

None, all colors would be absorbed. 
Translucent. 

186,000 miles per second or 300,000,000 meters per second. 
Transmitted. 

Diffused. 

Light waves, heat waves, and radio waves. 
The visible spectrum can be seen. 

Electric field and magnetic field. 

An antenna. 

Electric field. 

Magnetic field. 

Radiation field. 
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Induction field and radiation field. 
Induction field. 

Radiation field. 

Fundamental frequency. 
Harmonic frequency or harmonics. 
30 meters. 

5 megahertz. 

Vertically polarized. 


Direction of wave propagation. 


. Shifting in the phase relationships of the wave. 
. Troposphere, stratosphere, and ionosphere. 
. Stratosphere. 


. Whether the component of the wave is traveling along the surface or over the surface of the 


earth. 


. Sea water 
. Radio horizon is about one-third farther. 


. (a) electrical properties of the terrain 


(b) frequency 


(c) polarization of the antenna 


. High energy ultraviolet light waves from the sun. 


D, E, F1, and F2 layers. 


. D layer is 30 to 55 miles, E layer 55 to 90 miles, and F layers are 90 to 240 miles. 
. Thickness of ionized layer. 
. Critical frequency. 


. (a) density of ionization of the layer 


(b) frequency 


(c) angle at which it enters the layer 


. Azone of silence between the ground wave and sky wave where there is no reception. 
. Where ionization density is greatest. 

. Aterm used to describe the multiple pattern a radio wave may follow. 

. Selective fading. 

. Natural and man-made interference. 

. Natural. 


. Man-made. 


TC 9-64 


30. 


31. 


32. 
33. 
34, 
35. 
36. 


37. 
38. 
39. 
40. 
41. 


42. 
43. 
44, 
45. 


46. 
47. 
48. 


(a) filtering and shielding of the transmitter 

(b) limiting bandwidth 

(c) cutting the antenna to the correct frequency 

(a) physical separation of the antenna 

(b) limiting bandwidth of the antenna 

(c) use of directional antennas 

Regular and irregular variations. 

Regular variations can be predicted but irregular variations are unpredictable. 
Daily, seasonal, 11-year, and 27-day variations. 

Sporadic E, sudden disturbances, and ionospheric storms. 


MUF is maximum usable frequency. LUF is lowest usable frequency. FOT is commonly 
known as optimum working frequency. 


MUF is highest around noon. Ultraviolet light waves from the sun are most intense. 
When LUF is too low it is absorbed and is too weak for reception. 

Signal-to-noise ratio is low and the probability of multipath propagation is greater. 
Frequent signal fading and dropouts. 


FOT is the most practical operating frequency that can be relied on to avoid problems of 
multipath, absorption, and noise. 


They can cause attenuation by scattering. 
It can cause attenuation by absorption. 
It is a condition where layers of warm air are formed above layers of cool air. 


It can cause VHF and UHF transmission to be propagated far beyond normal line-of-sight 
distances. 


Troposphere. 
VHF and above. 


Near the mid-point between the transmitting and receiving antennas, just above the radio 
horizon. 


Appendix A 


CHAPTER 3: PRINCIPLES OF TRANSMISSION LINES 


SO> DOS Set Oe SOM. es GOP. DOS 


eH 
a) 


a oe 
ma NInmwe Prk WO WD 


19. 


20. 


21. 
22. 
23. 
24. 


25. 
26. 
27. 
28. 
29. 
30. 


Transmission line. 

Input end, generator end, transmitter end, sending end, and source. 
Output end, receiving end, load end and sink. 

Parallel two-wire, twisted pair, shielded pair and coaxial line. 
Power lines, rural telephone lines, and telegraph lines. 

High radiation losses and noise pickup. 

Twin lead. 

The conductors are balanced to ground. 


Air coaxial (rigid) and solid coaxial (flexible). 


. The ability to minimize radiation losses. 


. Expensive to construct, must be kept dry, and high frequency losses limit the practical length 


of the line. 


. Cylindrical and rectangular. 

. Copper, dielectric, and radiation. 

. Copper losses. 

. Dielectric losses. 

. X= 20 meters. 

. (1) Type of line used, (2) dielectric in the line, and (8) length of line. 


. Inductance is expressed in microhenrys per unit length, capacitance is expressed in 


picofarads per unit length, and resistance is expressed in ohms per unit length. 


The small amount of current that flows through the dielectric between two wires of a 
transmission line and is expressed in micromhos per unit length. 


When the characteristic impedance of the transmission line and the load impedance are 
equal. 


Zo and it is the ratio of E to I at every point along the line. 
Between 50 and 600 ohms. 
Incident waves from generator to load. Reflected waves from load back to generator. 


2 and 6 have zero resultant wave and they indicate that the incident and reflected waves are 
180 degrees out of phase at all parts. 


One-fourth the distance from each end of the line. 

The load impedance of such a line is equal to Zo. 

Even quarter-wave points (1/2A, 1, 3/2A, etc.). 

At 1/2 wavelength from the end and at every 1/2 wavelength along the line. 
Power standing-wave ratio (PSWR). 


The existence of voltage variations on a line. 
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CHAPTER 4: ANTENNAS 


1. Half-wave (Hertz) and quarter-wave (Marconi). 
2. Coupling device, feeder, and antenna. 


3. Frequency of operation of the transmitter, amount of power to be radiated, and general 
direction of the receiving set. 


4. One-half the wavelength. 

5. Current and voltage loops. 

6. Current and voltage nodes. 

7. Reciprocity of antennas. 

8. Electric (E) field. 

9. Circular polarization. 

10. Vertical polarization. 

11. Less interference is experienced by man-made noise sources. 

12. Vertical polarization. 

13. 73 ohms. 

14. Anisotropic radiator. 

15. Isotropic radiator. 

16. Anisotropic radiator. 

17. Dipole, doublet and Hertz. 

18. Nondirectional. 

19. Vertical plane. 

20. The pattern would flatten. 

21. To connect one end through a capacitor to the final output stage of the transmitter. 
22 .A circular radiation pattern in the horizontal plane, or same as a half wave. 


23. It is composed of a series of conductors arranged in a radial pattern and buried 1 to 2 feet 
below the ground. 


24. Nine times the feed-point impedance. 

25. Folded dipole. 

26. To produce desired phase relationship between connected elements. 
27. Major lobes have the greatest amount of radiation. 

28. Four. 


29. As more elements are added, an unbalanced condition in the system occurs which impairs 
efficiency. 


30. By increasing the lengths of the elements of the array. 


31. Directivity increases. 


32. 
33. 
34, 
35. 


36. 
37. 
38. 


39. 
40. 
41. 
42. 
43. 
44, 
45. 
46. 
47. 
48. 


Lower radiation resistance. 
Parallel and in the same plane. 


They sharpen. 


Appendix A 


Extremely low radiation resistance, confined to one frequency, and affected by atmospheric 


conditions. 
Along the major axis 


Symmetrically. 


Length of the parasitic element (tuning) and spacing between the parasitic and driven 


elements. 

Increased gain and directivity. 

Rotary array. 

Their adjustment is critical and they do not operate over a wide frequency range. 
Increased gain. 

Multi-element parasitic array. 

One-half wavelength. 

Wave antenna. 

Opposite. 

It requires a large antenna site. 


For omnidirectional VHF communications. 


A-7 


absorption 


acoustics 


alternating current 


(AC) 


amplitude 


angle of incidence 
angle of reflection 


angle of refraction 


angstrom unit 


anisotropic 


antenna 


AR 
array of arrays 
bay 


beverage antenna 


bidirectional array 


broadside array 


Glossary 


(1) Absorbing light waves. Does not allow any reflection 
or refraction. (2) Atmospheric absorption of RF energy 
with no reflection or refraction (adversely affects long 
distance communications). 

The science of sound. 


An electrical current, which constantly changes 
amplitude and polarity at regular intervals. 


The portion of a cycle measured from a reference line to 
a maximum value above (or to a maximum value below) 
the line. 

The angle between the incident wave and the normal. 


The angle between the reflected wave and the normal. 


The angle between the normal and the path of a wave 
through the second medium. 


The unit used to define the wavelength of light waves. 


The property of a radiator to emit strong radiation in 
one direction. 


A conductor or set of conductors used either to radiate 
RF energy into space or to collect RF energy from space. 


Army regulation 

Same as COMBINATION ARRAY. 

Part of an antenna array. 

A horizontal, longwire antenna designed for reception 
and transmission of low-frequency, vertically polarized 


ground waves. 


An array that radiates in opposite directions along the 
line of maximum radiation. 


An array in which the direction of maximum radiation 
is perpendicular to the plane containing the elements. 


Glossary-1 
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center-feed method 


characteristic 
impedance 


coaxial line 


collinear array 


combination array 


complementary 
(secondary) colors of 
light 


complex wave 


compression waves 


conductance 


connected array 


copper losses 


corner-reflector 
antenna 


counterpoise 


coupling device 


crest (top) 


Glossary-2 


Connecting the center of an antenna to a transmission 
line, which is then connected to the final (output) stage 
of the transmitter. 


The ratio of voltage to current at any given point ona 
transmission line. Represented by a value of impedance. 


A type of transmission line that contains two concentric 
conductors. 


An array with all the elements in a straight line. 
Maximum radiation is perpendicular to the axis of the 
elements. 


An array system that uses the characteristics of more 
than one array. 


The colors of light produced when two of the primaries 
are mixed in overlapping beams of light. The 
complementary colors of light are magenta, yellow, and 
cyan. 


A wave produced by combining two or more pure tones 
at the same time. 


Longitudinal waves that have been compressed (made 
more dense) as they move away from the source. 


The opposite of resistance in transmission lines. The 
minute amount of resistance that is present in the 
insulator of a transmission line. 


Another term for DRIVEN ARRAY. 


The I2R loss in a conductor caused by the current flow 
through the resistance of the conductor. 


A half-wave antenna with a reflector consisting of two 
flat metal surfaces meeting at an angle behind the 
radiator. 


A network of wire that is connected to a quarter-wave 
antenna at one end and provides the equivalent of an 
additional one-quarter wavelength. 


A coupling coil that connects the transmitter to the 
feeder. 


The peak of the positive alternation (maximum value 
above the line) of a wave. 


critical angle 


critical frequency 


current-feed method 


current standing- 
wave ratio (ISWR) 


cycle 


damping 


density 


detector 


dielectric heating 


dielectric losses 


diffraction 


diffusion 


dipole 


direct current (DC) 


directional 


director 


directivity 


dispersion 


Glossary 
The maximum angle at which radio waves can be 
transmitted and still be refracted back to earth. 
The maximum frequency at which a radio wave can be 
transmitted vertically and still be refracted back to 
earth. 


Same as CENTER-FEED METHOD. 


The ratio of maximum to minimum current along a 
transmission line. 


One complete alternation of a sine wave that has a 
maximum value above and a maximum value below the 
reference line. 


Reduction of energy by absorption. 


(1) The compactness of a substance. (2) Mass per unit 
volume. 


The device that responds to a wave or disturbance. 


The heating of an insulating material by placing it in a 
high frequency electric field. 


The losses resulting from the heating effect on the 
dielectric material between conductors. 


The bending of the paths of waves when the waves meet 
some form of obstruction. 


The scattering of reflected light waves (beams) from an 
object, such as white paper. 


A common type of half-wave antenna made from a 
straight piece of wire cut in half. Each half operates at a 
quarter wavelength of the output. 

An electric current that flows in one direction. 


Radiation that varies with direction. 


The parasitic element of an array that reinforces energy 
coming from the driver toward itself. 


The property of an array that causes more radiation to 
take place in certain directions than in others. 


The refraction of light waves that causes the different 
frequencies to bend at slightly different angles. 
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distributed 
constants 


Doppler effect 


doublet 
driven array 


driven element 


echo 


elasticity 


electromagnetic 
field 


electromagnetic 
interference 


electromagnetic 
radiation 


electric (E) field 


electromagnetic 
interference (EMI) 


electromotive force 
(EMF) 


element 


end-feed method 


end-fire array 


fading 


Glossary-4 


The constants of inductance, capacitance, and 
resistance in a transmission line. The constants are 
spread along the entire length of the line and cannot be 
distinguished separately. 


The apparent change in frequency or pitch when a 
sound source moves either toward or away from a 
listener. 

Another name for the dipole antenna. 


An array in which all of the elements are driven. 


An element of an antenna (transmitting or receiving) 
that is connected directly to the transmission line. 


The reflection of the original sound wave as it bounces 
off a distant surface. 


The ability of a substance to return to its original state. 


The combination of an electric (E) field and a magnetic 
(H) field. 


Man-made or natural interference that degrades the 
quality of reception of radio waves. 


The radiation of radio waves into space. 

The field produced as a result of a voltage charge ona 
conductor or antenna. 

Any electromagnetic disturbance that interrupts, 
obstructs, or otherwise degrades or limits the effective 
performance of electronics/electrical equipment. 
Electromotive force or voltage is electrical pressure that 
can force the free electrons to move in the direction of 


negative to positive. 


A part of an antenna that can be either an active 
radiator or a parasitic radiator. 


Connecting one end of an antenna through a capacitor 
to the final output stage of a transmitter. 


An array in which the direction of radiation is parallel 
to the axis of the array. 


Variations in signal strength by atmospheric conditions. 


feeder 


flat line 


flexible coaxial line 


FM 


folded dipole 


four-element array 


free-space loss 


frequency 


frequency diversity 


frequency 
modulation (FM) 


front-to-back ratio 


fundamental 
frequency 


gain 


generator end 


ground plane 


Glossary 


A transmission line that carries energy to the antenna. 


A transmission line that has no standing waves. This 
line requires no special tuning device to transfer 
maximum power. 


A coaxial line made with a flexible inner conductor 
insulated from the outer conductor by a solid, 
continuous insulating material. 


field manual 


An ordinary half-wave antenna (dipole) that has one or 
more additional conductors connected across the ends 
parallel to each other. 


An array with three parasitic elements and one driven 
element. 


The loss of energy of a radio wave because of the 
spreading of the wavefront as it travels from the 
transmitter. 


The number of cycles that occur in one second. Usually 
expressed in hertz. 


Transmitting (and receiving) of radio waves on two 
different frequencies simultaneously. 


Frequency modulation is a method of impressing data 
onto an alternating-current wave by varying the 
instantaneous frequency of the wave. This scheme can 
be used with analog or digital data. 


The ratio of the energy radiated in the principal 
direction to the energy radiated in the opposite 


direction. 


The basic frequency or first harmonic frequency. 


The ratio between the amount of energy propagated 
from an antenna that is directional to the energy from 
the same antenna that would be propagated if the 
antenna were not directional. 


See INPUT END. 


The portion of a ground plane antenna that acts as 
ground. 
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ground-plane 
antenna 


ground reflection 
loss 


ground screen 


ground waves 


half-wave dipole 


antenna 


harmonic 


Hertz antenna 


high frequency (HF) 


horizontal axis 


horizontal pattern 


horizontally 


polarized 


incident wave 


induction field 


induction losses 


infrasonic 
(subsonic) 


input end 


Glossary-6 


A type of antenna that uses a ground plane as a 
simulated ground to produce low-angle radiation. 


The loss of RF energy each time a radio wave is 
reflected from the earth’s surface. 


A series of conductors buried below the surface of the 
earth and arranged in a radial pattern. Used to reduce 
losses in the ground. 


Radio waves that travel near the surface of the earth. 


An antenna, consisting of two rods (one-quarter 
wavelength each) in a straight line, that radiates 
electromagnetic energy. 


A frequency that is a whole number multiple of a 
smaller base frequency. 


A half-wave antenna installed some distance above 
ground and positioned either vertically or horizontally. 


The range of the radio frequency spectrum extending 
from 3 MHz to 30 MHz. 


On a graph, the straight line axis plotted from left to 
right. 


The part of a radiation pattern that is radiated in all 
directions along the horizontal plane. 


Waves that are radiated with their E field component 
parallel to the earth’s surface. 


(1) The wave that strikes the surface of a medium. (2) 
The wave that travels from the sending end to the 
receiving end of a transmission line. 


The electromagnetic field produced about an antenna 
when current and voltage are present on the same 
antenna. 


The losses that occur when the electromagnetic field 
around a conductor cuts through a nearby metallic 


object and induces a current into that object. 


Sounds below 15 hertz. 


The end of a two-wire transmission line that is 
connected to a source. 


input impedance 


intensity (of sound) 


interecept 


interference 


ionosphere 


ionospheric storms 


ionization 
isotropic radiation 


leakage current 


light rays 


load end 
loading 


lobe 


long-wire antenna 


longitudinal waves 


loop 


low frequency (LF) 


lowest usable 
frequency (luf) 


Glossary 
The impedance presented to the transmitter by the 
transmission line and its load. 


The measurement of the amplitude of sound energy. 
Sometimes mistakenly called loudness. 


The point where two lines drawn on a graph cross each 
other. 


Any disturbance that produces an undesirable response 
or degrades a wave. 


The most important region of the atmosphere extending 
from 31 miles to 250 miles above the earth. Contains 


four cloud-like layers that affect radio waves. 


Disturbances in the earth’s magnetic field that make 
communications practical only at lower frequencies. 


The process of upsetting electrical neutrality. 
The radiation of energy equally in all directions. 


The small amount of current that flows between the 
conductors of a transmission line through the dielectric. 


Straight lines that represent light waves emitting from 
a source. 


See OUTPUT END. 
See LUMPED-IMPEDANCE TUNING. 


An area of a radiation pattern plotted on a polar- 
coordinate graph that represents maximum radiation. 


An antenna that is a wavelength or more long at its 
operating frequency. 


Waves in which the disturbance (back and forth motion) 
takes place in the direction of propagation. Sometimes 


called compression waves. 


The curves of a standing wave or antenna that 
represent amplitude of current or voltage. 


The range of the radio frequency spectrum extending 
from 30 kHz to 300 kHz. 


The minimum operating frequency that can be used for 
communications between two points. 
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lumped constants 


lumped-impedance 
tuning 


magnetic (H) field 


major lobe 


Marconi antenna 


maximum usable 
frequency (muf) 


medium 


medium frequency 
(MF) 

minor lobe 
multielement array 
multielement 
parasitic array 


multipath 


natural horizon 
negative alternation 


node 


noise (of sound) 


nondirectional 


Glossary-8 


The properties of inductance, capacitance, and 
resistance in a transmission line. 


The insertion of an inductor or capacitor in series with 
an antenna to lengthen or shorten the antenna 


electrically. 


The field produced when current flows through a 
conductor or antenna. 


The lobe in which the greatest amount of radiation 
occurs. 


A quarter-wave antenna oriented perpendicular to the 
earth and operated with one end grounded. 


Maximum frequency that can be used for 
communications between two locations for a given time 
of day and a given angle of incidence. 

The substance through which a wave travels from one 
point to the next. Air, water, and wood are examples of 


a medium. 


The range of the radio frequency spectrum extending 
from 300 kHz to 3 MHz. 


The lobe in which the radiation intensity is less than a 
major lobe. 


An array consisting of one or more arrays and classified 
as to directivity. 


An array that contains two or more parasitic elements 
and a driven element. 


The multiple paths a radio wave may follow between 
transmitter and receiver. 


The line-of-sight horizon. 
The portion of a sine wave below the reference line. 


The fixed minimum points of voltage or current on a 
standing wave or antenna. 


An unwanted disturbance caused by spurious waves 
that originate from man-made or natural sources. 


See OMNIDIRECTIONAL. 


nonluminous bodies 


nonresonant line 


normal 


null 


omnidirectional 


opaque 


open-ended line 


optimum working 
frequency (fot) 


origin 


output end 


output impedance 


parallel resonant 


circuit 


parallel-wire 


parasitic array 


parasitic element 


period 


pitch 


Glossary 
Objects that either reflect or diffuse light that falls 
upon them. 


A transmission line that has no standing waves of 
current or voltage. 


The imaginary line perpendicular to the point at which 
the incident wave strikes the reflecting surface. Also 


called the perpendicular. 


On a polar-coordinate graph, the area that represents 
minimum or 0 radiation. 


Transmitting in all directions. 


A type of substance that does not transmit any light 
rays. 


A transmission line that has an infinitely large 
terminating impedance. 


The most practical operating frequency that can be used 
with the least amount of problems; roughly 85 percent 


of the maximum usable frequency. 


The point on a graph where the vertical and horizontal 
axes cross each other. 


The end of a transmission line that is opposite the 
source. 


The impedance presented to the load by the 
transmission line and its source. 


A circuit that acts as a high impedance at resonance. 
A type of transmission line consisting of two parallel 
wires. 

An array that has one or more parasitic elements. 
The passive element of an antenna array that is 
connected to neither the transmission line nor the 


driven element. 


The amount of time required for completion of one full 
cycle. 


A term used to describe the frequency of a sound heard 
by the human ear. 
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plane of polarization 
point of zero 
displacement 
polar-coordinate 
graph 
positive alternation 
power loss 


power standing- 
wave ratio (PSWR) 


primary colors (of 
light) 


prism 


propagation 
quality (of sound) 
quarter-wave 
antenna 


radiation field 


radiation losses 


radiation pattern 


radiation resistance 


radio frequencies 
(RF) 


Glossary-10 


The plane (vertical or horizontal) with respect to the 
earth in which the E field propagates. 


See REFERENCE LINE. 

A graph whose axes consist of a series of circles with a 
common center and a rotating radius extending from 
the center of the concentric circles. 

The portion of a sine wave above the reference line. 


The heat loss in a conductor as current flows through it. 


The ratio of the square of the maximum and minimum 
voltages of a transmission line. 


The three primary colors of light (red, green, and blue), 
from which all other colors may be derived. 


A triangular-shaped glass that refracts and disperses 
light waves into component wavelengths. 


Waves traveling through a medium. 


The factor that distinguishes tones of pitch and 
loudness. 


Same as the Marconi antenna. 


The electromagnetic field that detaches itself from an 
antenna and travels through space. 


The losses that occur when magnetic lines of force about 
a conductor are projected into space as radiation and 
are not returned to the conductor as the cycle 
alternates. 


A plot of the radiated energy from an antenna. 


The resistance, which if inserted in place of an antenna, 
would consume the same amount of power as that 
radiated by the antenna. 


Electromagnetic frequencies that fall between 3 
kilohertz and 300 gigahertz and are used for radio 
communications. 


radio horizon 


radio wave 


rarefied wave 


receiver 


receiving antenna 
receiving end 
reciprocity 
rectangular- 
coordinate graph 


reference line 


reflected wave 


reflection waves 


reflector 


refraction 


reradiation 


resonance 


Glossary 


The boundary beyond the natural horizon in which 
radio waves cannot be propagated over the earth’s 
surface. 


(1) A form of radiant energy that can neither be seen 
nor felt. (2) An electromagnetic wave generated by a 
transmitter. 


A longitudinal wave that has been expanded or rarefied 
(made less dense) as it moves away from the source. 


The object that responds to a wave or disturbance. 
Same as detector. 


The device used to pick up an RF signal from space. 
See OUTPUT END. 


The property of interchangeability of the same antenna 
for transmitting and receiving. 


A graph in which straight-line axes (horizontal and 
vertical) are perpendicular. 


The position a particle of matter would occupy if it were 
not disturbed by wave motion. 


(1) The wave that reflects back from a medium. (2) 
Waves traveling from the load back to the generator on 
a transmission line. (3) The wave moving back to the 
sending end of a transmission line after reflection has 
occurred. 


Waves that are neither transmitted nor absorbed, but 
are reflected from the surface of the medium they 
encounter. 


The parasitic element of an array that causes maximum 
energy radiation in a direction toward the driven 
element. 


The changing of direction as a wave leaves one medium 
and enters another medium of a different density. 


The reception and retransmission of radio waves caused 
by turbulence in the troposphere. 


The condition produced when the frequency of 


vibrations are the same as the natural frequency (of a 
cavity). The vibrations reinforce each other. 
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resonant line 


rest position 
reverberation 
rhombic antenna 


rigid coaxial line 


scatter angle 


self-induction 


self-luminous bodies 
sending end 

series resonant 
circuit 

shielded pair 


short-circuited line 


sink 


skin effect 


skip distance 


skip zone 


sky waves 


Glossary-12 


A transmission line that has standing waves of current 
and voltage. 


See REFERENCE LINE. 
The multiple reflections of sound waves. 
frequency transmission and reception. 


A coaxial line consisting of a central, insulated wire 
(inner conductor) mounted inside a tubular outer 
conductor. 


The angle at which the receiving antenna must be 
aimed to capture the scattered energy of tropospheric 
scatter. 


The phenomenon caused by the expanding and 
collapsing fields of an electron which encircles other 
electrons and retards the movement of the encircled 
electrons. 


Objects that produce their own light. 
See INPUT END. 


A circuit that acts as a low impedance at resonance. 


A line consisting of parallel conductors separated from 
each other and surrounded by a solid dielectric. 


A transmission line that has a terminating impedance 
equal to 0. 


See OUTPUT END. 


Skin effect is a tendency for alternating current to flow 
mostly near the outer surface of a solid electrical 
conductor, such as metal wire, at frequencies above the 
audio range. . 


The distance from a transmitter to the point where the 
sky wave is first returned to earth. 


A zone of silence between the point where the ground 
wave becomes too weak for reception and the point 
where the sky wave is first returned to earth. 


Radio waves reflected back to earth from the 
ionosphere. 


sonic 


source 


space diversity 


Space wave 


spectrum 


sporadic E layer 


spreader 


standing wave 


standing-wave ratio 


(SWR) 


stratosphere 


stub 


sudden ionospheric 
disturbance (sid) 


supersonic 


surface wave 


Glossary 


Pertaining to sounds capable of being heard by the 
human ear. 


(1) The object that produces waves or disturbance. (2) 
The name given to the end of a two-wire transmission 
line that is connected to a source. 


Reception of radio waves by two or more antennas 
spaced some distance apart. 


A radio wave that travels directly from the transmitter 
to the receiver and remains in the troposphere. 


(1) The entire range of electromagnetic waves. (2) 
VISIBLE. The range of electromagnetic waves that 
stimulate the sense of sight. (3) ELECTROMAGNETIC. 
The entire range of electromagnetic waves arranged in 
order of their frequencies. 


Irregular cloud-like patches of unusually high 
ionization. Often forms at heights near the normal E 
layer. 


Insulator used with transmission lines and antennas to 
keep the parallel wires separated. 


The distribution of voltage and current formed by the 
incident and reflected waves which have minimum and 
maximum points on a resultant wave that appears to 
stand still. 


The ratio of the maximum (voltage, current) to the 
minimum (voltage, current) of a transmission line. 
Measures the perfection of the termination of the line. 


Located between the troposphere and the ionosphere. 
Has little effect on radio waves. 


Short section of a transmission line used to match the 
impedance of a transmission line to an antenna. Can 
also be used to produce desired phase relationships 


between connected elements of an antenna. 


An irregular ionospheric disturbance that can totally 
blank out HF radio communications. 


Speed greater than the speed of sound. 


A radio wave that travels along the contours of the 
earth, thereby being highly attenuated. 
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TC 


temperature 
inversion 


three-element array 


TM 
tones 


translucent 
transmission line 
transmitting 
antenna 
transparent 
transmission 
mediums 


transmitter end 


transverse wave 
motion 

troposphere 
tropospheric scatter 


trough (bottom) 


tuned line 


turnstile antenna 


Glossary-14 


training circular 


The condition in which warm air is formed above a 
layer of cool air that is near the earth’s surface. 


An array with two parasitic elements (reflector and 
director) and a driven element. 


technical manual 
Musical sounds. 


A type of substance, such as frosted glass, through 
which some light rays can pass but through which 
objects cannot be seen clearly. 


A device designed to guide electrical energy from one 
point to another. 


The device used to send the transmitted signal energy 
into space. 


A type of substance, such as glass, that transmits 
almost all of the light waves that fall upon it. 


The various types of lines and waveguides used as 
transmission lines. 


See INPUT END. 


The up and down motion of a wave as the wave moves 
outward. 


The portion of the atmosphere closest to the earth’s 
surface, where all weather phenomena take place. 


The propagation of radio waves in the troposphere by 
means of scatter. 


The peak of the negative alternation (maximum value 
below the line). 


Another name for the resonant line. This line uses 
tuning devices to eliminate the reactance and to 
transfer maximum power from the source to the line. 


A type of antenna used in VHF communications that is 
omnidirectional and consists of two horizontal half- 
wave antennas mounted at right angles to each other in 
the same horizontal plane. 


twisted pair 


two-wire open line 


two-wire ribbon 
(twin lead) 


ultrahigh frequency 
(UHF) 

ultrasonic 
unidirectional array 


untuned line 


V antenna 


velocity 


vertical axis 


vertical pattern 


vertically polarized 


very high frequency 


(VHF) 


voltage-feed method 


voltage standing- 
wave ratio (VSWR) 


wave antenna 


wave motion 


wave train 


Glossary 
A line consisting of two insulated wires twisted together 
to form a flexible line without the use of spacers. 


A parallel line consisting of two wires that are generally 
spaced from 2 to 6 inches apart by insulating spacers. 


A parallel line similar to a two-wire open line except 
that uniform spacing is assured by embedding the two- 


wires in a low-loss dielectric. 


The range of the radio frequency spectrum extending 
from 30 MHz to 3 GHz. 


Sounds above 20,000 hertz. 
An array that radiates in only one general direction. 
Another name for the flat or nonresonant line. 


A bidirectional antenna, shaped like a V, which is 
widely used for communications. 


The rate at which a disturbance travels through a 
medium. 


On a graph, the straight-line axis oriented from bottom 
to top. 


The part of a radiation pattern that is radiated in the 
vertical plane. 


Waves radiated with the E field component 
perpendicular to the earth’s surface. 


The range of the radio frequency spectrum extending 
from 30 MHz to 300 MHz. 


Same as END FEED METHOD. 


The ratio of maximum to minimum voltage of a 
transmission line. 


Same as BEVERAGE ANTENNA. 


A recurring disturbance advancing through space with 
or without the use of a physical medium. 


A continuous series of waves with the same amplitude 
and wavelength. 
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Glossary-16 


wavefront 


waveguide 


wavelength 


yagi antenna 


A small section of an expanding sphere of 
electromagnetic radiation, perpendicular to the 
direction of travel of the energy. 


A hollow metal tube used as a transmission line to 
guide energy from one point to another. 


(1) The distance in space occupied by 1 cycle of a radio 
wave at any given instant. (2) The distance a 
disturbance travels during one period of vibration. 


A multi-element parasitic array. Elements lie in the 
same plane as those of the end-fire array. 
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Figure 1. Assorted antennas and their uses. 


CHAPTER 1 
INTRODUCTION 


Section |. THE ELECTROMAGNETIC WAVE 


1. General 


a. The study of antennas and wave propazation 
is essential to a complete understanding o:' radio 
communication, radar, loran, and other e:ectronic 
systems. In such systems, energy in the form of 
radio or electromagnetic waves is generated by 
electronic equipment and fed to an anterna by 
means of special transmissicn lines. The antenna 
radiates this energy out into space at the speed of 
light (approximately 186,090 miles per second). 
Receiving antennas, when placed in the path of 
the traveling wave, absorb part of this energy 


ov 


TRANSMITTING ~ 
ANTENNA 


TRANSMISSION —— 
CINE 


TRANSMITTER 


and send it to the receiving equipment by means 
of a transmission line. ‘Thus, the components 
required for successful transmission of intelligence 
by means of radio waves are a transmitter and 
transmission line, a transmitting antenna, a 
medium through which the waves travel (for 
example, the atmosphere surrounding the earth), 
a receiving antenna, another transmission line, 
and suitable receiving equipment. Figure 2 is a 
block diagram showing the arrangernent of these 
components. 

b. The ability to obtain successful communica- 
tion by means of radio waves depends chiefly on 


Figure 2. 


(MEDIUM 
od (EARTH'S ATMOSPHERE} 


the power of the transmitter, the distance between 
transmitter and receiver, and the sensitivity of 
the receiver. The ability of the earth’s atmos- 
phere to conduct the energy to its destination, 
together with the nature of the terrain between 
the sending and the receiving points, may, however, 
be responsible for the frequency selected; inter- 
fering signals may make reception impossible at 
a desired time, and the amount of noise present 
and transmission line losses may combine to make 
an otherwise good signal unintelligible. To under- 
stand the proper importance of all these factors it 
is necessary first to investigate the nature of the 
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Simple radio communications network. 


radio wave and the factors affecting its successful 
propagation. 


2. Wave Motion 


a. Heinrich Hertz, in 1887, demonstrated that 
electromagnetic energy could be sent out int 
space in the form of radio waves. It is known, 
of course, that an induction field exists about any 
wire carrying an electric current. Another field, 
called the radiation field, exists, becomes detached 
from the wire, and travels through space to make 
radio communication possible. Attempts have 


been made to illustrate the action involved by 
comparing it to the waves formed by dropping a 
stone on the smooth surface of a pond. Although 
the analogy is not exact, it does serve a useful 
purpose because it makes comparison with a well 
known physical action. Figure 3 shows such an 
event taking place, the waves appearing to be a 
series of regularly alternating crests and hollows 
moving radially outward in all directions from the 
point of disturbance on the surface of the water. 

b. Figure 4 presents a graphical analysis of this 
action, showing how the stone imparts its energy 
to the water surface. A of figure 4 shows the 
falling stone just an instant before it strikes the 
water. Its energy has been derived from the 
gravitational pull exerted on it by the earth, and 
the amount of this energy depends not orly on the 
weight of the stone but also on the height from 
which it has been dropped. B of figure 4 shows 
the action taking place at the instant the stone 
strikes the surface, pushing the water around it 
upward and outward, thereby imparting an initial 
velocity to the mass of water at this point of con- 
tact. In C of figure 4 the stone has sunk deeper 
into the water, which closes violently over it, 
causing some spray, while the leading wave has 
moved radially outward because of its initial 
velocity. An instant later, the stone will have 
sunk out of sight, leaving the water agitated 


(D of fig. 4). Here the leading wave has continued 
to move outward, and is followed by a series of 
waves of gradually diminishing amplitude; mean- 
while, the agitation in the immediate vicinity of 
the original point of contact gradually subsides. 
Note that the leading wave has amplitude (note 
A, fig. 4) and wavelength (note B, fig. 4) corre- 
sponding to 1 complete cycle. 

c. Of course, this action fails to compare with 
that of electromagnetic radiation, since a con- 
tinuous wave motion is not imparted to the surface 
of the water by a dropped stone, the action just 
described being that of a damped oscillation. 
But suppose a string to be attached to the stone 
of figure 4 so that its upward and downward 
motion can be controlled from above. Before the 
event shown in C of figure 4, takes place, the stone 
is pulled sharply upward after its initial fall to the 
position shown in A of figure 5, and then lowered 
again to the position shown in B of figure 5. 
The result of these upward and downward motions 
is to reinforce the diminishing amplitude of the 
succeeding waves, and, if the timing and the down- 
ward force of the stone are exactly right, waves of 
constant amplitude continue to travel outward 
from the disturbing source at a velocity, », 
determined by the product of the frequency, f, 
of the downward motion (those that impart 
energy to the medium) multiplied by the measured 


Figure 8. Formation of waves in water. 
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Figure 4. How a falling stone imparts wave motion to a water surface. 


wavelength (lambda), of the resulting waves. 
(Since LZ is used conventionally as the symbol for 
inductance and / for dimensional length, the 
equivalent Greek letter, 4, is used for the length 
of waves.) Thus: v=)Af. If the frequency and 
the velocity of propagation are known, then the 
wavelength may be determined: 


=0/f 

d. This same type of action takes place at the 
antenna of a radio transmitter, the medium in this 
case being the free space about the antenna 
instead of a water surface, and the disturbing 
source a fluctuating induction field in place of a 
moving stone. The preceding formulas (¢ above) 
hold for this wave motion and for all types of 
wave motion, whether it be of water waves, sound 
waves in air, or light and electromagnetic waves. 
in free space. It should be noted, however, that. 
the term free space is used to denote the unob- 
structed medium through which radio waves 
travel. Free space implies that the source (trans- 
mitter and antenna in the case of radio waves) is 
surrounded by nothing except ordinary air or 


\ [© 


Figure 5. Formation of continuous waves in water. 


vacuum. The presence of trees, hills, lakes, or 
other aspects of the local terrain modifies in each 
case the effective radiation of an electromagnet:c 
wave. And thus, although the surface of the 
earth, or the air near its surface, is not considered 
to be free space, the formula in ¢ above still will 
hold in terms of properly modified factors. 

e. Like light and radiant heat, radio waves 
are a form of radiant energy propagated through 
space at a speed of nearly 300,000,000 mete:s 
(186,000 miles) persecond. Thus,a wave alternat- 
ing at a frequency of 1,000,000 cycles per second 
has a wavelength of approximately 982 feet. 


Since: 4=0/f=186,000/1,000,000 
A4=0.186 mile 

Converting to fect: =0.186 x 5,280 
A=982 feet. 


Then one half-wavelength or \/2=982/2=491 feet. 


3. Radiation from a Half-wave Antenna 


a. Although nothing has been said about the 
characteristics of a half-wave antenna, it is con- 
venient to use this element in describing the 
mechanism of radiation. Simply stated, a hal’- 
wave antenna is one which is approximately a 
half-wave long at the operating frequency. For 
example, at 30 megacycles, a half-wave antenna ‘s 
approximately 16 feet long. When power is 
delivered to such an antenna, two fields are set 
up by the fluctuating energy: one the induction 
field, which is associated with the stored energy 
(par. 6), and the other the radiation field, which 
moves out into space at nearly the speed of light, 
At the antenna, the intensities of these fields are 
large and are proportional to the amount of power 
delivered to the antenna. At a short distance 
from the antenna, and beyond, only the radiation 
field prevails. This radiation field is made uo 
of an electric component and a magnetic compo- 
nent at right angles to each other in space and 
varying together in intensity. 

b. Figure 6 shows the manner in which the 
radiation field is propagated away from the 
antenna. The electric and magnetic components 
are represented here by separate sets of flux lines, 
which are at right angles to each other and to the 
radial direction of propagation. The picture is 
representative of any plane containing the antenna, 
and applies for only a single instant of time. The 
magnetic flux lines are shown as circular lines 
having the axis of the antenna as their axis, so 
that they appear in the illustration as dots and 


4 


crosses. The electric flux lines also are closed, or 
endless, lines in the present case, and consist 
essentially of arcs of circles lying in planes con- 
taining the antenna and joined in the manner 
shown. These electric flux lines reverse direction 
at precisely the places where the magnetic flux 
lines reverse, and their density varies along the 
radial direction in the way that the magnetic flux 
density varies. In fact, the electric flux density 
is everywhere proportional to the magnetic flux 
density. 

c. The correct configuration of flux lines for a 
single instant of time is shown in figure 6. As 
time passes, these flux lines expand radially with 
the velocity of light, and new flux lines are created 
at the antenna to replace those that travel 
outward. Thus, oscillating electric and magnetic 
fields are produced along the path of travel. The 
frequency of the oscillating fields is the same as the 
frequency of the antenna current, and the magni- 
tudes of both fields vary continuously with this 
current. The variations in the magnitude of the 
electric component (called the E field) and those 
of the magnetic component (called the H field) 
are in time phase, so that at every point in space 
the time-varying magnetic field induces a differ- 
ence in voltage, which is the electric field. The 
electric field also varies with time, and its varia- 
tion is equivalent to a current, even though it is 
not associated with a movement of charge. This 
is called the displacement current, and it estab- 
lishes a magnetic field in precisely the way that a 
conduction current does. Thus, the varying mag- 
netic field produces a varying electric field, and the 
varying electric field, through its associated dis- 
placement current, sustains the varying magnetic 
SJueld. Each field supports the other, and neither 
can be propagated by itself, without setting up the 
other. 

d. The mechanism by which the flux lines of the 
radiation field become separated from the antenna 
and are radiated out into space can be understood 
by considering the movement of the charges which 
pass back and forth along the length of the antenna 
as a result of the driving current. At an instant 
of time when positive charges are distributed 
along one half of the antenna, and negative 
charges along the other half, electric flux lines 
originate on the positive charges and terminate 
on the negative charges. These flux lines follow 
paths in space such as those indicated in A of 
figure 7. As time passes, the separated charges 
again come together, bringing the two ends of the 
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flux lines together, as in B of figure 7. When the 
unlike charges meet, they seem to cancel each 
other, and the flux lines attached to them collapse 
and cease to exist. Thus, the two ends of the 
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Figure 6. Electric and magnetic fields about an antenna. 


TM 666-4 


flux lines become joined, creating closed lines 
which are snapped free from the antenna and 
propagated outward, as shown in C and D of 
figure 7. 
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Figure 7. Creation of closed electric lines at an antenna. 
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4. The Wave Front 


Actually, the radiation field may be conceived 
of as a series of concentric expanding surfaces 
following one after the other. On each of these 
surfaces, the radiation field is at a constant phase 
of vibration and is called s wave front. Figure 
3 illustrates this concept. If the surface of the 
water about the point of disturbance is examined, 
water waves are observed to be radiating outward, 
increasing in circumference as they travel. At 
a distance from the origin, the circular pattern 
becomes less apparent and, when a small trans- 
verse section of the disturbed surface is studied, 
only arcs of relatively large circles of the wave 
front appear, and these seem to be transverse 
straight lines. Similar effects occur with radio 
waves that are radiated from an antenna, so that, 
at great distances from the antenna, a small por- 
tion of the wave front may be taken to be a 
transverse plane surface (fig. 8). From the point 


of view of the observer, the wave fronts march 
past, varying sinusoidally in direction and mag- 
nitude, as shown by the graphs at the top of the 
picture. 
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Figure 9. Components of electromagnetic wave. 


a. FE and H Fields. In considering the radio 
signal path between a transmitting and a receiving 
antenna, the concept of a moving wave front 
becomes important. This path is assumed to 
follow a straight line in the direction of travel. In 
traveling this way, the radio wave may be 
described as moving electromagnetic field, having 
velocity in the direction of travel, and with com- 
ponents of electric intensity and magnetic inten- 
sity arranged at right angles to each other (fig. 9). 
This figure indicates that the instantaneous ampli- 
tudes and phase relations of the electric field, EZ, 
and the magnetic field, H, change with time 
according to the frequency of the wave. In order 
to visualize this action, imagine a receiving antenna 
in the path of the oncoming wave (fig. 10). Now 
consider that the entire wave is moving at a con- 
stant speed in the direction indicated. The 
intensities of both the electric and the magnetic 
fields will be maximum at the same instant 4s the 
crest of the wave passes the antenna, and mini- 
mum at the same instant the zero point is reached, 
but at all times the fields are perpendicular to each 
other. It should be kept in mind that figure 10 
shows only one transverse section of the entire 
wave front, which fills all the space shown in the 
figure. 

b. Directional Conventions. The direction of the 
electric or magnetic component of an electromag- 
netic wave at any instant is determined by the 
conventions described below. It should be noted, 
however, that the electric and magnetic compo- 
nents of a radiated field are in phase in respect to 
time and 90° out of phase in respect to space, but 
that the electric and magnetic components of the 
induction field are 90° out of phase in respect to 
both time and space. Therefore, for the duration 
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Figure 10. E and H fields of radiated wave. 


of s given electric induction field, the magnetic 
induction field is first in one direction at right 
angles to the increasing electric field and then in 
the opposite direction for the decreasing electric 
field. 

(1) Electric field. The direction of any elec- 
tric field is, like that of voltage, taken to 
be from plus to minus; that is, an arrow 
representing the direction of an electric 
field carries the plus sign at its tail and 
the minus sign at its head. This con- 
vention is based on the arbitrary selec- 
tion of a unit positive charge as a test 
charge, which in such a field would move 
from plus to minus. 

(2) Magnetic field (radiated). If the radiated 
field is moving away from an observer 
with the arrows indicating direction of 
the electric field pointing downward, the 
direction of the magnetic field is given by 
arrows pointing to the left. This con- 
vention is based on the generation of a 
magnetic field by current defined as 
electron flow—that is, moving negative 
charges—and determined by use of the 
left-hand rule. 

(3) Magnetic field (induction). To an observ- 
er looking outward from a transmitting 
antenna, an increasing electric field of 
downward direction would be accompa- 
nied by a magnetic field with arrows 
pointing to the left, and a decreasing 
electric field of downward direction 
would be accompanied by a magnetic 
field with arrows pointing to the right. 
By the same token, the electric induction 
field reverses direction for the duration 
of a given magnetic field. 


5. Polarization 


In describing the principal characteristics of a 
wave front, the electric field component is taken 
as the point of reference. For example, the inten- 
sity of a radio wave usually is measured in terms of 
the strength of the electric field, and the orienta-. 
tion of the wave in space usually is described in 
terms of the direction of wave travel and by the 
direction of the electric field. The direction of 
the electric field, in particular, determines the 
polarization of the wave. Thus, as shown in @ of 
figure 11, when the plane containing the electric 
field and the direction of travel is vertical, the: 


wave is said to be polarized vertically; if the plane 
is horizontal, as in ® of figure 11 the wave is said 
to be polarized horizontally. This polarization of 
the wave front is an important factor in the 
efficient transmission and reception of signals. 
Thus, if a single-wire antenna is used to extract 
energy from a passing radio wave, maximum pick- 
up will result when the antenna is so placed 
physically that it lies in the same direction as the 
electric field component. Therefore, a vertical 
antenna (one perpendicular to the ground) should 
be used for the efficient reception. of vertically 
polarized waves (those transmitted from a verti- 
cal antenna), and a horizontal antenna should be 
used for the reception of horizontally polarized 


“waves (those transmitted from a horizontal an- 


tenna). In both cases, the direction of travel is 
taken to be parallel to the earth’s surface. 


6. Field Intensity 


a. The conventional measure of the field inten- 
sity of a radiated wave is, as mentioned in the 
previous paragraph, a measure of the intensity of 
the electric field. This intensity usually is ex- 
pressed in volts, millivolts, or microvolts per 
meter, which is a measure of the dielectric stress 
produced by the electric field, or the voltage 
induced in a conductor 1 meter long when held so 
that it lies in the direction of the electric field and 
is at right angles to the direction of propagation 
and to the direction of the magnetic field. As the 
distance between the transmitting antenna and 
the receiving antenna becomes greater and greater, 
the field intensity of the radiated wave falls off 
proportionately to the distance. For example, if 
the received field intensity of a signal is 50 milli- 
volts per meter at a distance of 25 miles, then at 
50 miles, or twice the distance, the field intensity 
is one-half as much, or 25 millivolts. Thus, 
electric field intensity varies inversely with the 
distance from the transmitting antenna. 

b. In order to understand this variation of the 
field intensity of a radiated wave, consideration 
must be given to the relationship between the 
power radiated and the field intensity. As was 
known before the era of electronics, the power 
of a radiated wave, such as a light wave, falls off 
as the square of the distance between the source of 
light and the point of measurement. Thus, if 
lighted candle is placed in the center of a dark 
room, the intensity of its light will vary accord- 
ing to the square of the distance from it. In other 
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Figure 11. Vertical and horizontal polarization. 


words, a sheet of paper held perpendicular to the 
rays of a candle and a certain distance from it will 
be lighted four times as brightly as one held at 
twice this same distance. The reason for this is 
illustrated in figure 12, where it may be seen that 
the same amount of light that is intercepted by the 
paper at A must be used to cover four times as 
great an area at B, which is twice as far from the 


candle as A. This law is expressed by the 
formula: 
A=A4rr’ 


where A is the area of any portion of the surface of 
a sphere of radius, 7, having its center at the 
source of the light. If 7 in figure 12 is equal to 1 
foot, the area of the sheet at A is then 4m (1)? or 
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4x, whereas the area of the sheet at B is equal to 
4x (2)? or 164. The amount of light intercepted 
at A is equivalent to the amount intercepted at B, 
which has an area four times as great. This same 
law holds for the field intensity of electromagnetic 
waves when the power intercepted in a unit area 
is considered. However, since electric power ex- 
pressed in terms of the voltage present is propor- 
tional to EF? (because P==?/R), then the square 
of the voltage falls off as the square of the distance, 
or voltage itself falls off as the distance. 
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Figure 12. How light waves decrease in intensity as the 
square of the distance. 


c. This analysis of field strength and the man- 
ner in which it decreases at a distance from the 
radiating antenna supplies the basis for under- 
standing the relationship between the various 
fields and their components present at a trans- 
mitting antenna. As mentioned in paragraph 3c, 
two major fields are set up about a transmitting 
antenna when alternating current power is applied. 
The radiation field persists to great distances, and 
the manner in which the power and intensity of 


this field are related to distance has been described 
above. The induction field, on the other hand, 
is present only in the immediate area of the trans- 
mitting antenna, since its power falls off as the 
fourth power of the distance. Close by the an- 
tenna, the induction field is stronger than the 
radiation field, but, at a distance equal to a few 
wavelengths of the frequency transmitted, the 
induction field is so small as to be negligible. The 
induction field is the field usually associated with 
the voltage and current in any conductor, and as 
such not only is the electric component at right 
angles to the magnetic component (as it is about 
any inductance carrying alternating current), but 
also the usual phase shift of 90° between voltage 
and current prevails. The result is that the in- 
duction field is made up of two fields separated 
in space by 90° and in time by 90°, or (as some- 
times expressed) two fields in space quadrature and 
in time quadrature. The electric and magnetic 
components of the radiation field, as has been 
shown, are also in space quadrature but are in 
time phase. 

d. Perhaps some notion of the characteristics 
of the induction field may be gained from con- 
sidering that its components are the stored energy 
usually associated with a resonant circuit—the 
energy stored alternately by an inductor and a 
capacitor. Thus, the energy in the electrostatic 
field is the energy in the magnetic field (oscillating 
continuously from one to the other), and this 
energy in either case is returned to the antenna 
circuit. Therefore, the power in the radiation 
field is the power delivered to a transmitting an- 
tenna, less the heat loss in the antenna itself. 


Section Il. WAVE PROPAGATION 


7. The Atmosphere 


The study of wave propagation is concerned 
chiefly with the properties and effects of the actual 
medium through which radio waves must travel 
in following any given path between a transmit- 
ting antenna and a receiving antenna. Since the 
atmosphere about the earth is not uniform, chang- 
ing with a change in height or geographical lo- 
cation, or even with a change of time (day, night, 
season, year), the lack of uniformity appreciably 
influences the passage of electromagnetic waves 
through it, thereby adding many new factors to 
complicate what at first might seem to be a rel- 
atively simple communication problem. A know!l- 
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edge of the composition of the earth’s atmosphere 
is extremely important in solving this problem, 
and therefore, for purposes of understanding wave 
propagation, various layers of the atmosphere 
have been distinguished. These are the tropo- 
sphere, the stratosphere, and the ionosphere. Their 
relative positions are shown in figure 13. 

a. The Troposphere. The troposphere is that 
portion of the earth’s atmosphere extending from 
the surface of the earth to heights of about 11 km 
(kilometers), or approximately 61 miles. The 
temperature in this region varies appreciably with 
altitude. 

b. The Stratosphere. The stratosphere is that 
portion of the earth’s atmosphere lying between 
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Figure 13. Layers of the earth's atmosphere. 
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the troposphere and the ionosphere. The tem- 
perature in this region is considered to be almost 
constant, and, hence, it is called the isothermal 
region. 

c. The Ionosphere. Besides the usual varia- 
tions of moisture content and temperature, and 
the variations in density associated with a change 
in elevation, the atmosphere is distinguished 
principally by the variation in amount of ioniza- 
tion present. The ionosphere accordingly is de- 
fined as that portion of the earth’s atmosphere 
above the lowest level at which ionization affects 
the transmission of radio waves. The ionization 
of this layer is large compared with that near the 
surface of the earth. It extends from about 50 
kilometers to 250 kilometers above the earth. 
The ionosphere is itself composed of several layers, 
as shown in figure 13, where ionization occurs at 
different levels and intensities. The properties 
of these layers and their effects upon the props- 
gation of electromagnetic waves are treated ia 
detail in the next chapter. 


8. Frequency Classifications 


An understanding of the effects of the atmos- 
pheric layers described above is complicated 
further by variations in the frequency of ths 
transmitted wave. The characteristics of low- 
frequency propagation are different from those of 
high-frequency propagation, and therefore, for 
ease of identification, the frequencies of propaga- 
tion usually are classed in ranges, as shown in 
table I. The choice of a given frequency as the 
point of division between classes, such as tha: 
between the very-high frequencies and the ultra- 
high frequencies, is more or less arbitrary and is 
agreed upon for convenience. Note that in this 
manual only those radio frequencies below 30 me 


Table I. Radto-Frequency Classifications 


Frequency (mc) Description 7 nik la 
Below .03.___.---.--- Very-low frequency_-_--| vif 
03 to .3 | Low frequency --_.---- if 
3 to 3.0 | Medium frequency --_-- mf 
3.0 to 30 High frequency. _...... hf 
30. to 300 Very-high frequency _..| vhf 
300 to 3,000 Ultrahigh frequency... _| ubf 
3,000 to 30,000 Superhigh frequency .__| shf 
30,000 to 300,000 Extremely-high fre- ehf 
quency. 
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(megacycles) per second are considered. The special 
considerations involved in the use of higher fre- 
quencies may be found in TM 11-667, Higher- 
frequency Techniques, and in TM 11-673, Gen- 
eration and Transmission of Microwave Energy. 


9. Propagation in the Atmosphere 


There are two principal ways in which radio 
waves travel from a transmitter to a receiver: by 
means of ground waves which travel directly from 
the transmitter to the receiver, and by means of 
sky waves which travel up to the electrically 
conducting layers of the earth’s atmosphere (the 
ionosphere), and are reflected by them back to 
the earth. Long-distance radio transmission takes 
place principally by means of sky waves, and short- 
distance transmission and all ultrahigh-frequency 
transmission take place by means of ground waves. 
Some forms of transmission consist of combina- 
tions of both. The propagation of the ground 
wave is in part affected by the electrical charac- 
teristics of the earth (soil or sea), and by diffraction, 
or bending, of the wave with the curvature of the 
earth. These characteristics differ in different 
localities, but under most conditions they are 
practically constant with time. Sky-wave propa- 
gation, on the other hand, is variable, since the 
state of the ionosphere is always changing and 
this, therefore, affects the reflection, or the refrac- 
tion, of the waves. 

a. Reflection. 

(1) The reflection of a radio wave is like that 
of any other type of wave. For instance, 
when a beam of light falls on the surface 
of a mirror, nearly all of it is turned back 
or reflected. As with light waves, the 
efficiency with which reflection of radio 
waves occurs depends on the material of 
the reflecting medium. Large, smooth, 
metal surfaces of good electrical conduc- 
tivity (such as copper) are very efficient 
reflectors of radio waves, reflecting nearly 
all of the energy carried by the incident 
waves. ‘The surface of the earth is itself 
a fairly good reflector of radio waves, 
particularly for waves that are incident 
at small angles from the horizontal; and 
the ionosphere, even though it is not a 
surface such as a mirror, is also a fairly 
good reflector of radio waves. 

(2) Figure 14 shows a planar wave front re- 
flected from a smooth surface. It should 
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Figure 14. Reflection of a planar wave front. 


be remembered here that, as in the re- 
flection of light, the angle of incidence is 
always equal to the angle of reflection. 
However, the incident wave front, A—A1. 
is reversed by the reflecting surface and 
appears at B-B1 180° out of phase. 
The reason for this is that point X of the 
incident wave reaches the reflecting sur- 
face before point Y and is reflected to 
point X1 during the time it takes for 
point Y on the wave front to move to 
the point of reflection Y1. The parallel 
arrows indicate this change in phase. 


b. Refraction. 
(1) If a beam of light shines on a smooth 


surface of water, some of the light will be 
reflected and the remaining portion will 
penetrate the water, as shown in figure 
15. The phenomenon by which light 
waves penetrate the water in the manner 
shown is called refraction, and can be 
observed readily by examining a glass of 
water into which a spoon is immersed. 
If viewed from an angle, the spoon ap- 
pears broken or bent at the point where 


that a wave front is a surface of equal 
phase perpendicular to the direction of 
travel of the wave. In the case of water 
waves previously discussed, the crests 
of adjacent circular expanding ripples 
would correspond to the wave fronts 
shown in the figure. 


(2) Consider the wave front, A—A1 (fig. 16), 


one portion of which is arriving at the 
surface of the water. Since the speed of 
light is less in water than it is in air, the 
point marked A will advance the dis- 
tance, di, in a given length of time, 
whereas the point marked A1 will travel 
a greater distance, d2, in the same length 
of time, since it is still passing through a 
faster medium. As a result, the wave 
front will be turned into a new direction, 
and the beam will follow this new direction. 
Note that refraction occurs only when 
the wave or beam of light approaches 
the new medium in an oblique direction; 
if the whole wave front arrives at the new 
medium at the same moment, it is slowed 


it enters the surface of the water. The Sc 


reason for this is that light waves travel “ey 
at a slower speed through water than Kau. 
through air. Thus, in figure 15, the SS 


direction of travel of the refracted light 
is different from that of the light beam 
incident on the surface of the water. 
Figure 16 shows how this change of di- 
rection of the light beam occurs. The 
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fronts of a beam of light incident on the TM 666-8 
surface of the water. It will be recalled 


Figure 15. Reflection and refraction of a light beam. 
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Figure 16. Bending of a wave front by refraction. 


up uniformly and no bending occurs. 


The amount any wave is refractec. or 


bent as it passes from one medium to 

another is called the refractive indez. 

This index depends on the relative densi- 

ties of the two media and is actually a 

ratio which compares the velocity of an 
electromagnetic wave through a perfect 

vacuum to its velocity through a denser 

medium such as the earth’s atmosphere. 

ce. Diffraction. If a beam of light in an other- 
wise blacked-out room shines on the edge of an 
opaque screen, it will be observed that the screen 
will not cast a perfectly outlined shadow. ‘The 
edges of the shadow are not outlined sharply be- 
cause the light rays are bent around the edge of 
the object and decrease the area of total shadow. 
The diffraction or bending of a light wave around 
the edge of a solid object is slight. The lower the 
frequency of the wave, or the longer the wave- 
length, the greater the bending of the wave. 
Thus, radio waves are more readily diffracted than 
light waves, and sound waves more than radio 
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Figure 17. Diffraction of waves around solid object. 


waves. A and B of figure 17 illustrate this phe- 
nomenon and help to explain why radio waves of 
the proper frequency can be received on the far 
side of a hill or other natural obstruction, and why 
sound waves can be heard readily from around 
the corner of a large building. Diffraction is an 
important consideration in the propagation of 
radio waves at a distance, because the largest ob- 
ject to be contended with is the bulge of the earth 
itself, which prevents a direct passage of the wave 
from the transmitter to the receiver. This prob- 
lem is analyzed in detail in paragraphs 12 to 18 
on ground-wave propagation. 


Section Ill. SUMMARY AND REVIEW QUESTIONS 


10. Summary 


a. Electromagnetic waves are a form of radiant 
energy propagated into space at nearly the speed 
of light, 300,000,000 meters or 186,000 miles per 
second. 

b. A radio wave may be described as a moving 
electromagnetic field having velocity in the direc- 
tion of travel. 

c. The wavelength of a radio wave in free space 
is equal to its velocity divided by its frequency 
(A=0/f). 
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d. When power is delivered to an antenna, two 
fields are set up proportional to this power, an 
induction field and a radiation field. 

e. At a distance from the antenna, only the 
radiation field prevails. 

f. The radiated field has both electric and mag- 
netic field components. Each field component 
supports the other, and neither can be propagated 
by itself without setting up the other. 

g. The wave front of an electromagnetic wave 
ig an expanding spherical surface all the points of 
which are of the same phase. 


h. The electric and magnetic field components 
of a wave front are at right angles to each other 
and to the direction of travel. 

1. The direction of the components of a radiated 
field are determined by convention: If the field is 
moving away from an observer with the direction 
of the electric field given as downward, the direc- 
tion of the magnetic field is to the left. 

j. The polarization of an electromagnetic field 
is determined by the direction of its electric com- 
ponent. 

k. When the direction of the electric field is 
vertical, the wave is said to be polarized vertically; 
when the electric field is horizontal, the wave is 
said to be polarized horizontally. 

l. Vertical antennas should be used for the 
transmission and reception of vertically polarized 
waves, and horizontal antennas for horizontally 
polarized waves. 

m. The power in a radiated field at any point 
is measured in terms of the intensity of its electric 
field, which is expressed as volts, millivolts, or 
microvolts per meter. This intensity is a measure 
of the dielectric stress produced by the electric 
field, or the voltage induced in a conductor 1 meter 
long so held that it lies in the direction of the 
electric field and is at right angles to the direction 
of the magnetic field and to the direction of 
propagation. 

n. The power of any radiated wave falls off as 
the square of the distance between the source and 
the point of measurement. 

o. The intensity of the electric field of radiated 
electromagnetic waves falls off proportionally as 
the distance. 

p. At a distance of approximately 10 wave- 
lengths, or less, of the frequency transmitted, the 
power in the induction field is so smal] as to be 
negligible. 

q. The induction field is made up of two fields 
(the electrostatic and the magnetic) separated in 
space by 90° and in time by 90°—that is, in space 
quadrature and in time quadrature. 

r. The electric and magnetic components of the 
radiation field are in space quadrature and in time 
phase. 

s. The energy in the induction field is the stored 
energy usually associated with a resonant circuit, 
being returned each cycle to the antenna circuit, 
except for slight losses. 

t. The power in the radiation field is the power 
delivered to the antenna less the heat losses in the 
antenna circuit itself. 


u. The atmosphere is composed of three regions, 
named in order of their relative heights—the 
troposphere, the stratosphere, and the ionosphere. 

v. The ionosphere is defined as that portion of 
the earth’s atmosphere above the lowest level at 
which ionization affects the transmission of radio 
waves. It is composed of several layers in which 
ionization occurs at different levels and intensities. 

w. The propagation of radio waves depends on 
the frequency of the wave, the location and height 
of the antenna, and the ability of the earth’s at- 
mosphere to conduct the wave. 

z. Long-distance transmission takes place prin- 
cipally by means of sky waves, and short-distance 
transmission and all ultrahigh-frequency trans- 
mission take place by means of ground waves. 

y. Sky-wave propagation is variable, depending 
on the reflection or refraction of the wave from 
the ionosphere; ground-wave propagation is more 
constant, depending on the characteristics of the 
terrain, on reflection from the earth’s surface, and 
on the diffraction of the wave around the curvature 
of the earth. 

z. Radio waves reflected from the surface of the 
earth, from large metal objects, and from the 
iorosphere suffer a change of phase polarization of 
the wave front. 

aa. Refraction is the bending of the beam of a 
radio wave when it passes from a medium of one 
density to that of another. 

ab. The refractive index is a ratio that com- 
pares the velocity of an electromagnetic wave 
through a perfect vacuum to its velocity through 
a denser medium. 

ac. Diffraction is the bending of a wave around 
the edges of a solid object; the lower the frequency, 
or the longer the wavelength, the greater is the 
bending of the wave. 


11. Review Questions 


a. Describe an electromagnetic wave. 

b. What is the velocity of propagation of a 
radiated wave in free space? 

c. Describe simple wave motion in water. 

d. Give the formula for the length of any wave 
in terms of its velocity and frequency. 

e. When did Hertz first demonstrate the radia- 
tion of an electromagnetic wave? 

f. What two fields are set up about a trans- 
mitting antenna? 

g. Describe the components of the radiated 
field. 
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h. What is the conventional determination of 
the direction of the components of the radiated 


field? 
i. What is a vertically polarized wave? 


zontally polarized wave? 

j. What type of antenna should be used for 
receiving vertically polarized waves? 

k. What is the unit used in measuring the in- 
tensity of a radiated field? 

!, What is the meaning of the expression micro- 
volts per meter? 

m. Give a possible explanation of the propaga- 
tion of radio waves away from an antenna. 

n. What is the relationship between power and 
distance for a radiated wave? 

o. How are the components of the induction 
field related in time and space? The components 
of the radiated field? 

p. How do the power and the intensity of the 


A hori- 


electrostatic field vary with distance? Of the 
magnetic field? Of the radiated field? 

g. Describe the storage action of the induction 
field. 

7. How is the power in the radiation field 
related to the total power delivered to the 
antenna? 

s. Name the major regions of the atmosphere 
and describe the characteristics of each. 

t. Define the ionosphere. 

u. What major factors affect the propagation of 
radio waves? 

v. What type of transmission uses sky waves? 
Ground waves? 

w. What effect does reflection have on the 
phase of a wave front? 

z. What is refraction? 

y. Define the refractive index. 

z. What is diffraction? How does it vary with 
frequency? 


CHAPTER 2 
MODES OF PROPAGATION 


Section |. GROUND-WAVE PROPAGATION 


12. Types of Ground Waves 


a. Ground-wave propagation refers to those 
types of radio transmission that do not make use 
of reflections from the ionosphere. ‘Therefore, the 
field intensity of ground waves depends on other 
factors—the transmitter power, the characteristics 
of the transmitting antenna, the frequency of the 
waves, the diffraction of the waves around the 
curvature of the earth, the electrical characteristics 
(conductivity and dielectric constant) of the local 
terrain, the nature of the transmission path, and 
also, local meteorological conditions such as the 
distribution of the water vapor content of the at- 
mosphere. Most of the received ground-wave 
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field intensity can be accounted for in terms of 
certain of these factors. Moreover, the earth it- 
self is a semiconductor, and, upon contact with 
its surface, some of the energy of the radiated 
wave is absorbed and rapidly dissipated in the 
form of heat. Thus, the losses suffered by ground- 
wave transmission are sometimes excessive and its 
use generally is limited to moderate-distance com- 
munication (up to several hundred miles) at low 
frequencies and to exceptional high-frequency 
applications. 

b. Figure 18 shows the way in which ground 
waves take a direct or reflected course from the 
transmitter to the receiver, or may be conducted 
by the surface of the earth and also refracted in 
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Figure 18. Possible routes for ground waves. 
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the troposphere. 


The resulting ground wave, 13. Direct-Wave Component 


therefore, can be considered as being composed of 


one or more of the following components: the 
direct wave, the ground-reflected wave, the surface 


wave, and the tropospheric wave. 
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Figure 19. 


a. The direct wave is that component of the en- 
tire wave front wuich travels directly from the 


transmitting antenna to the receiving antenna. 
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Nomograph—antenna heights and line-of-sight distance. 


RECEIVING ANTENNA HEIGHT ABOVE GROUND IN FEET 


This component of the ground wave is limited ing distance, then, is computed easily by assum- 
only by the distance to the horizon, or line of sight, ing an earth with a radius 4/3 times its proper 
Such an earth would have a larger cir- 
added by the atmosphere diffraction of the wave — cumference and, hence, a longer distance to the 


from the transmitter plus the small distance — radius. 
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Figure 20. Attenuation of power with frequency and distance. 
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Figure 21. Attenuation of power in terms of field intensity. 
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creasing the height of either the transmitting or 
the receiving antenna, and so effectively extend- 
ing the horizon. The nomograph of figure 19 
gives an approximation of the line-of-sight trans- 
mission range without any mathematical calcula- 
tions. Simply lay a straightedge on the chart so 
that it is alined with both the receiving-antenna 
height scale and the transmitting-antenna height 
scale, which are arranged on the two outside ver- 
tical lines of the chart. The transmission range 
then is indicated on the center vertical line at the 
point where the straightedge crosses it. An in- 
stance is shown by the dotted line—If the trans- 
mitting-antenna height is 30 feet and the receiv- 
ing-antenna height is 100 feet, the line-of-sight 
transmission range is approximately 20 miles. 
b. The electric field intensity of a direct wave 
varies inversely with the distance of transmission, 
as described in paragraph 6. This inverse-dis- 
tance attenuation is shown by the graph in figure 
20. For instance, the chart shows that for a 10- 
megacycle wave, 1 watt of radiated power suffers 
an attenuation of more than 80 db (decibels) below 
1 watt over a 25-mile direct-wave path. This may 


Oo eee 
Nae <a 


(IN 180° OUT 90° OUT 
PHASE OF PHASE OF PHASE 


WAVE FRONTS OF EQUAL PHA35E 


ia. oe 


OF WAVE FRONT 


ih 
EE tt he} 


TRANSMITTING ANTENNA _ 
6 


POINT OF PHASE REVERSA 


Ve, ow 
/ oe NN 


WAVIZ FRONTS 180° OUT OF PHASE WITH ee 


be converted into terms of electric field intensity 
(microvolts per meter) by referring to figure 21. 
On this latter chart, note that at 10 megacyeles a 
loss of 80 db below 1 watt results in an electric 
field intensity of about 200 microvolts per meter. 
Also, note that the attenuation increases as the 
frequency of transmission is increased, but that 
attenuation is constant when distance is read in 
terms of wavelength, since the higher the fre- 
quency, the shorter the distance represented by a 
given number of wavelengths. Furthermore, the 
direct wave is not affected by the ground or hy the 
earth’s surface, but is subject to refraction in the 
tropospheric air between the transmitter and the 
receiver. Thisrefraction is particularly important 
at very high frequencies and is explained in greater 
detail in paragraphs 17 and 18. 


14. Ground-Reflected Component 


a. The ground-reflected component, as its name 
indicates, is the portion of the radiated wave that 
reaches the receiving antenna after being reflected 
from the ground or from the sea. For communi- 
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Figure 22. Comparison of wave fronts of direct and reflected waves. 


20 


cation between points lower than a few thousand 
feet and separated by a distance of several miles, 
the ground-reflected wave takes on an importance 
comparable to the direct wave as a means of propa- 
gation. Upon reflection from the earth’s surface, 
the reflected wave undergoes a phase reversal of 
180°, as noted previously, and this fact is impor- 
tant in determining the effect of its combining 
with the direct-wave component upon arrival at 
the point of reception. Since the reflected com- 
ponent travels a longer time in reaching its des- 
tination, a phase displacement over and above the 
180° shift caused by reflection will result. 

b. In figure 22, it may be seen that the waves 
start out with fronts of equal phase and continue 
in phase up to the point of reflection of the ground 
component. Beyond this point, corresponding 
wave fronts are 180° out of phase, plus whatever 
small phase displacement results from the rela- 
tively longer path of the reflected component. 
Where the reflected component strikes the ground 
at a small angle of incidence, the time lag will be 
small. The reflected wave will arrive at the re- 
ceiving antenna nearly 180° out of phase with the 
direct wave, and a cancelation of signal energy 
will result. This cancelation effect can be mini- 
mized by increasing the height of either antenna, 
since this tends to decrease the phase difference 
between the direct and the reflected components, 
and thus decreases the degree of signal voltage 
cancelation. 


15. Surface-Wave Component 


a. The surface wave is that component of the 
ground wave that is affected primarily by the con- 
ductivity and dielectric constant of the earth and 
is able to follow the curvature of the earth. When 
both transmitting and receiving antennas are on, 
or close to, the ground, the direct and ground- 
reflected components of the wave tend to cancel 
out, and the resulting field intensity is principally 
that of the surface wave. The surface-wave com- 
ponent is not confined to the earth’s surface, how- 
ever, but extends up to considerable heights, 
diminishing in field strength with increased height. 
Because part of its energy is absorbed by the 
ground, the electric intensity of the surface wave 
is attenuated at a much greater rate than inversely 
as the distance. This attenuation depends on the 
relative conductivity of the surface over which the 
wave travels. Table IJ shows the relative con- 
ductivity for various types of surface. The best 


tvpe of surface for surface-wave transmission is 
sea water; this accounts for the fact that relatively 
long-distance radio contacts have been established 
across the ocean. The electrical properties of the 
underlying terrain that determine the attenuation 
of the surface-wave field intensity vary little from 
time to time, and therefore, this type of transmis- 
sion has relatively stable characteristics. 


Table II. Propagation Characteristics of Local Terrain 


Type of surface condimtisity | ponent 
Sea water____...-_.--------- Good_______- 80 
Large bodies of fresh water___.| Fair__-._-_-- 80 
Wet soil... --.--.----------- Fair... __- 30 
Flat, loamy soil_._._._-._-_-. Fair... .___.. 15 
Dry, rocky terrain.-.....----- Poor._....---- 7 
Desertucoso auc so Seek ed Poor.._..----- 4 
Jungle. = 2 2. dencee sh ece yess Unusable_..._]..------ 


b. The surface-wave component generally is 
transmitted as a vertically polarized wave, and it 
remains vertically polarized at appreciable dis- 
tances from the antenna. This polarization is 
chosen because the earth has a short-circuiting 
effect on the electric intensity of a horizontally 
polarized wave but offers resistance to this com- 
ponent of the vertical wave. The ground cur- 
rents of the vertically polarized surface wave do 
not short-circuit a given electric field but rather 
serve to restore part of the energy used to the 
following field (fig. 23). The better the conduct- 
ing surface, the more energy returned and the less 
energy absorbed. Since no surface is a perfect 
conductor or perfect ground (one returning all of 
the energy) the loss retards the grounded edge 
of any given wave front, causing it to bend for- 
ward in the direction of travel so that the successive 
wave fronts have a forward tilt (fig. 23). The 
conducting surface of the earth is then, in effect, 
a part of a waveguide, and the tilt has the effect 
of propagating the energy in the direction of wave 
travel. Poor conducting surfaces cause high loss 
and greater tilt and, finally, total absorption of 
the energy. Table IT] shows the variation in 
angle of tilt from the vertical for frequencies 
from 20 ke (kilocycles) to 20 mc, propagated over 
sea water and over dry ground. As frequency 
increases, the angle of tilt increases. At 20 me, 
the tilt is negligible over sea water, being little 
more than 1°, but over dry ground it is 35°, 
effecting a considerable change in polarization. 
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This tilting of the electric vector of an electro- 
magnetic wave is not to be confused with the 
bending of a wave, or diffraction, which is a 
phenomenon associated with a wave front striking 
the edge of a solid object, the greatest bending 
taking place at the lowest frequencies. 


Table III. Angle of Tilt Versus Frequency 


Frequency (me) Angle of tilt over | Angle of tilt over 
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Figure 28, Tilting of electric vector of wave froxt. 


16. Frequency Characteristics of Ground Waves 


a. The frequency characteristics of the ground 
wave determine in large part the particular com- 
ponent of the wave that will prevail along any 
given signal path. When the conductivity of the 
earth is high and the wave frequency below 30 me, 
the surface wave is the predominant component, 
except in the case of plane-to-plane or plane-to- 
ground transmission, in which the direct wave and 
ground-reflected waves are the principal means of 
communication. At frequencies greater than 10 
me and less than 30 mc, the dielectric constant of 
the terrain determines the surface-wave trans- 
mission characteristics, the signal being largest for 
the higher dielectric constants and for the lower 
frequencies. At frequencies greater than 30 mc, 
the losses suffered by the surface wave become so 
excessive that transmission is usually possible only 
by means of the direct wave. However, at fre- 
quencies where the ground-wave field intensity is 
largely determined by the surface-wave com- 
ponent, vertically polarized radiation is superior to 
horizontally polarized radiation, except in heavily 
wooded or jungle areas. In such areas, horizontal 
polarization provides better gain, even at distances 
and frequencies where the surface-wave component 
normally would predominate, because most of the 
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foliage grows vertically and absorbs vertically 
polarized energy. Above 30 mc, where the direct 
wave is the predominant component, the difference 
between vertical and horizontal polarization is 
negligible. 

b. These variations of the ground-wave compo- 
nents with frequency may be summarized, as 
follows: 

(1) The low-frequency band (0.03 to 0.3 mc) 
is used for moderate-distance ground 
wave communication. In this band, the 
ground losses of a vertically polarized 
wave are small, and the wave is able to 
follow the curvature of the earth for 
several hundred miles. 

(2) The medium-frequency band (0.3 to 3 
mc), which includes the standard. broad- 
cast frequencies—amplitude modula- 
tion—-is used for moderate-distance com- 
munication over land and for long- 
distance communication over sea water 
up to 1,000 miles. 

(3) The high-frequency band (3 to 30 mc) is 
used for short-distance communication. 
At these frequencies, the dielectric con- 
stant of the earth plays a greater part in 
the decrease of surface-wave field in- 
tensity and is the chief factor causing 
attenuation at very-high frequencies. 

(4) The very-high-frequency band (30 mc 
and over) is used for line-of-sight com- 
munication. At these frequencies, the 
direct-wave component is increasingly 
important. The direct-wave range there- 
fore can be extended greatly by increasing 
the height of transmitter and receiver 
antennas. Thus, it should be noted that 
whereas the distance range of the ground 
wave at low frequencies can be effectively 
increased only by increasing radiation 
power, the distance range of frequencies 
of 30 mc and higher can be effectively 
increased by increasing antenna heights 
as well as by increasing radiation power. 


17. Tropospheric- Wave Component 


a. The tropospheric wave is that. component of 
the entire wave front which is refracted in the 
lower atmosphere by relatively steep gradients 
(rapid changes in respect to height) in atmospheric 
humidity and sometimes by steep gradients in 
atmospheric density and temperature. At heights 


of a few thousand feet to a mile or so, huge masses 
of warm and cold air exist near each other, causing 
abrupt temperature differences and changes in 
density. The resulting tropospheric refraction 
and reflection make communication possiole over 
distances far greater than can be covered by the 
ordinary ground wave. A of figure 24, shows the 
downward bending of a wave front which enters 
a layer of air the dielectric constant! and moisture 
content of which decrease with heizht above the 
surface of the earth; B of figure 24 shows the up- 
ward bending of the same wave for the opposite 
condition. Since the amount of refraction in- 
creases as the frequency increases, ‘rcpospheric 
refraction is more effective at the higher fre- 
quencies, providing interesting communication 
possibilities at 50 me and above. 
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Figure 24. Refraction tn the iravecphere, 
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a cloud layer by reflection of the sun’s rays 
from the upper surface of the clouds. Tropo- 
spheric-propagation effect depends on weather 
sondiGiens, and since these vary from minute to 
they can cause fading or variable field 
inten: in tropospheric-wave communication, 
the ree eiving and the transmitting antennas should 
heve the same type of polarization, since the 
opospheric wave maintains essentially the same 
cclarization throughout its travel. 
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+8. Abnormal Effects of the Troposphere 


2, Propagation characteristics of the tropo- 
sphere vary under special weather conditions, and 
parts of the world such conditions may 
provail over long perieds. In the tropics and over 
larec bedies of water, temperature inversions are 
ress almost continuously at heights up to 
“Hy Tset, particularly in the range from 100 to 
se feet. When the boundary of the inversion is 
defined sharply, waves traveling horizontally or 
zi very iow angles of elevation become trapped by 
Lice pafrs ne layer of air and continue to be bent 
oeew toward the earth. Figure 25 shows how such 
“d wave follows a duct, the upper and lower 

wis of wineh are formed by the boundary and the 
seria. “The waves are guided along within this 
mucb the same manner as in a metallic 
waveguice, and since attenuation in a waveguide 
«ikt, the energy does not fall off inversely as 
' sjuare of the distance. Thus, the waves fol- 
che curvature of the earth for distances far 

~voud the optical horizon of the transmitter, and 
's soarpe localities may consistently reach distances 
. rtany thoussnds of miles, 

4 Pscpospheric ducts also are formed by the 
eguniing effect of two layers of air with sharply 
aed temperature inversions. The refraction 
upper boundary bends the wave down, 
auc the tefraction from the lower boundary bends 
the wave up, effectively trapping the energy within 
The height of the duct determines the 
cinuxtin frequency, and if this height is only a 

© feet abeve the surface of the earth, or from 
yin boundary, transmission may be pos- 
at the ultrahigh or superhigh frequencies. 
iy, the height and the dielectric char- 
s of the layer are suitable for vhf trans- 
“Pewee a necessary feature of duct 
tosusmmission is that the angle of approach of the 
pindent wave be approximately half a degree or 
ivsa in-ercles for the wave to be trapped. In addi- 
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Figure 25. Transmission by means of tropospheric duct. 


tion, both the transmitting and the receivirg 
antennas must be inside the duct, if communica- 
tion is to be established by this means. A trans- 
mitting antenna ebove the duct, as on a tower or 
promontory, will not operate inte the duct, and 


no signals by this means will be received at the 
receiving antenna. Moreover, a receiving antenna 
below a duct will receive no signals from an air- 
plane fiying in or above the duct, even though 
lme-of-sight. conditions prevail. 


Section Il. THE IONOSPHERE 


19. General 


In the early days of radio, mathematical 
physicists reasoned that it would be impossible 
to receive radio signals at very great distances 
because of the attenuation resulting from the 
absorption of the energy by the earth. When ‘t 
was found experimentally that signals could be 
received across the Atlantic Ocean, the work of the 
physicists was questioned. Their result was 
correct, of course, for the problem -to which it 
applied-—namely, the propagation of ground waves 
around a curved earth surrounded by free space, 
as has been noted in the section of ground waves. 
Obviously, some other means of propagation had 
to exist. The experimental evidence of trans- 
Atlantic communication proved only thet the 
assumption of an earth surrounded by nothing but 
free space was unjustifiable in this connectior.. 
It was then suggested by both Heaviside and Ken- 
nelly, the one an English scientist and the cther an 
American, that the earth actually is surrounded 
by an electrified layer which acts as a reflector and 
prevents the escape of the wave into free space by 
bending it back toward the earth. Such a layer 
also could form the source of the electric currents 
in the upper atmosphere which had been suggested 
as the cause of changes in the magnetic field of the 
earth during magnetic storms. Later, when it 
was shown that not only one, but several such 
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layers actually did exist, and that these layers 
consisted of ionized gases of the atmosphere, the 
naine tonosphere was suggested for the region in 
which the layers were found. 


20. Formation of lonosphere 


As indicated in figure 13, the earth’s atmosphere 
extends up to a distance of over 250 miles. How- 
ever, the density of the gases that compose this 
atmosphere decreases with height, so that above 
250 miles the air particles are so rare as to be prac- 
tically nonexistent. Also indicated in figure 13 is 
the constant state of bombardment to which the 
atmosphere is subjected by radiation and particle 
showers from the sun und by cosmic rays, the 
source of which is act. yet known. The radiation 
from the sun inelu-Jea net only the light rays that 
we see, but also aii the components of the entire 
spectrum, ranghig from infrared rays to ultraviolet 
rays, and particle showers composed of positrons 
and electrons moving at almost the speed of light. 
As these different forms of radiation approach the 
atmosphere of the earth, they reach certain critical 
levels where the gases are of such density as to be 
particularly susceptible to ionization by their 
action, and at these levels ionized Isyers are 
formed. The upper layers of air appear to be 
affected most by particle radiation, although the 
predominant source of ionization is the ultraviolet 


radiation. To understand how this ionization 
takes place, a brief review of the mechanics of 
gases is necessary. 
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Figure 26. Structure of hydrogen and helium atoms. 


a. Matter. All matter (solids, liquids, and 
gases) is made up of fundamental units called 
molecules. The molecule, the smallest subdivision 
of a substance that exhibits all its characteristic 
properties, is constructed of atems of the elements 
comprising the substance. 

(1) The atom is made up of a central part 
called the nucleus, around which mi- 
nute particles or charges of electricity 
called electrons circulate (fig. 26), sorne- 
what as the planets revolve around the 
sun. In the normal or neutral atom, the 
electrical charge of each electron is 
balanced by an equal charge of opposite 
kind associated with the nucieus. The 
kind of charge represented by the electron 
is conventionally called negative, and 
that associated with the nucleus is called 
positive. 

(2) In the atoms of many substances, such as 
gases, one or more of the outer electrons 
are bound so loosely to the nucleus that 
they can be detached from the atom by 
suitable means, thus leaving the atom as 
a whole with a net positive charge. When 
this occurs, electrical activity becomes 
evident. 

b. Ionization. It has been found that energy 
in the form of electromagnetic radiation is capable 
of dislodging some of the loosely bound electrons 
from their atoms, provided that the radiation is 
of the proper wavelength and energy. When a 
number of such events happens in any gas, the 
gas is said to be zonized, since it has atoms lacking 
their normal quota of electrons, and free electrons 
unassociated with any atom. Atoras lacking in 
their normal quota of electrons are called positive 
ions, and electrons unassociated with any aiom 


are called negative tons. The term ion is, in fact, 
applied to any elemental particle that has an 
electric charge. 

(1) Although a few ions may exist in any gas, 
external energy must be applied to the 
atom in order te produce an abundance of 
ions. A state of ionization is said to exist 
when al! or a large proportion of the parti- 
cles in the gas are positive and negative 
ions. The external energy necessary for 
ionization can come from several sources, 
the most important being from an impact 
with another particle, from cosmic waves 
such as light waves, X-rays, gamma rays, 
and ultraviolet rays; from chemical re- 
action, or by the application of heat. 

(2) The natural ionization in air caused by 
any of the energies listed above produces 
approximately 2 ions per cubic centimeter 
per second at atmospheric pressure. At 
higher altitudes such as in the ionosphere, 
the rate of ionization is approximately 
100 times as great. In the upper atmos- 
phere, where the pressure is low, condi- 
tions are excellent for ionization to take 
place. The sun constantly gives off 
ultraviolet rays of the proper wavelength 
to ionize the gas particles of the upper 
atmosphere. 

c Recombination. The atoms and ions in a gas 
are in constant motion, and frequent collisions 
take place between them. When an electron col- 
lides with a positive ion, it may combi with the 
ion and form again a neutral atom the gas. 
The process of recombination goes on coi .antly, 
so that an atom, once it has been ioniz ., does 
not remain so indefinitely. The time that it takes 
for recombination, or deionization, depends on 
several factors, but principally on the average 
distance between the particles of the gas. If only 
a few particles are present, as in the upper atmos- 
phere, collisions will not occur very frequently, 
and the particies remain ionized for relatively long 
periods. 

d. Source of Ionizatien—the Sun. Although the 
sup is composed of the same elements that are to 
be found on the earth, these elements exist in such 
a violent state of solar activity as to remain con- 
stantly in a molten or gaseous state. Probably 
because of intense internal stresses and the play 
oi atomic forces on a gigantic scale, the sun con- 
stantly emits huge amounts of energy in the form 
of heat, particles, and electromagnetic waves. 
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Figure 27, Selar eruption. 


Eruptions at the surface of the sun have been — rediation, and hence on the extent of ionization 
noted to shoot immense clouds of hot gases to  vaused by this radiation. 

distances of half a million miles above the surface (.) Affect of sunspots. During periods of high 
(fig. 27). Another disturbance of the sun’s sur- sunspot activity, the extent of ionization 
face is the appearance of sunspots, which |ave of the various layers is greater than the 
particular effects on the amount of ultraviolet average. The sunspots are dark areas 
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which appear on the disk of the sun (fig. 
28), and although their relative darkness 
would seem to indicate lower tempera- 
tures and lower ultraviolet radiation, 
they have bright gaseous clouds about 
them, and the processes involved in the 
formation of the sunspots probably pro- 
duce vast amounts of ultraviolet energy. 
The sunspots usually appear in groups, 
and follow a more or less definite cycle of 
activity, with an average time interval of 
11.1 years between the maxima of two 
consecutive cycles. Magnetic storms on 
the earth alo are related to the presence 
of large sunspots. 

(2) Dellinger fade. Bright visible flares on 
the sun’s disk instantaneously produce 
great effects on the ion density of the 
various ionospheric layers. This effect 
is known.as the Dellinger fade, or sudden 
atmospheric disturbance. Great in- 
creases are noted in the ionization pro- 
duced at low levels of the ionosphere as 
the result of these flares. 

e. Formation of an Ionized Layer. When ultra- 
violet radiation of a particular wavelength enters 
the earth’s atmosphere from above, the waves 
penetrate to a depth at which the critical density 
of the medium is sufficient to absorb the larger 
portion of the incident energy in the process of 
producing ionization. Before reaching this depth, 
the air particles are dispersed so sparsely that ouly 
a relatively few molecules of the rarefied gases be- 
come ionized. Upon reaching the level of critical 


density, a greater proportion of molecules are ion- 
ized, but the wave energy becomes so attenuated 
by the process of ionization that it is too weak to 
produce further ionization. The higher the fre- 
quency of the waves, the further they will pene- 
trate the atmosphere before reaching this level of 
critica] density. Thus, an ionized layer is formed 
with the greatest intensity of ionization at its 
center and lesser intensities at its edges. How- 
ever, both the greater rate of recombination and 
the attenuation of the waves serve to decrease the 
extent of ionization in the lower or atmospherically 
denser part of an ionized region. 


21. lonosphere Layers or Regions 


By means of ionospheric sounding, it has been 
determined that there are four distinct layers of 
the ionosphere, which are called, in order of in- 
creasing heights and intensities, the D, FE, Fi, and 
F2layers. The relative distribution of these layers 
about the earth is indicated in figure 29. As may 
be seen in this figure, the four layers are present 
only during the daytime, when the sun is directed 
toward that portion of the atmosphere. During 
the night, the F'1 and F2 layers seem to merge into 
a single F layer, and the D and £ layers fade out, 
because of the recombination of the ions compos- 
ing them. However, the actual number of layers, 
their heights above the earth, and the relative intensity 
of ionization present in them all vary from hour to 
hour, from day to day, from month to month, from 
season to season, and from year to year. 

a. D Region. At somewhat more than twice the 


Figure 29. 


Ionosphere layers and regions. 


highest altitude ever reached by man or between 
heights of 30 to 55 miles (50 to 90 kilometers) 
above the surface of the earth, is the first region of 
pronounced ionization; known asthe Dregion. In 
comparison with the conditions existing in the 
layers at greater heights, the amount of ionization 
in the D region is not extensive and has little effect 
in bending the paths of high-frequency radio waves. 
The chief effects of the ionization in this region are 
to cause a weakening or an attenuation of the field 
intensity of high-frequency radio waves as the 
transmission path of such waves crosses through 
this region, and to cause complete absorption of 
low- and medium-frequency radio waves. The D 
region exists only during the daylight hours, and 
its intensity follows the variation of the sun’s al- 
titude, becoming most dense at noon, and fading 
out shortly after sunset because of the rapid re- 
combination of ions at this atmospheric height. 
It is chiefly responsible for the fact that the inten- 
sity of high-frequency waves is lower when the 
transmission path lies in sunlit hours than when 
the path traverses these regions during darkness. 

b. E Layer. At heights between 55 and 90 
miles (90 to 145 km) lies the second region in 
order of height, called the E layer. This layer 
sometimes is known as the Kennelly-Heaviside 
region after the names of the men who first pro- 
posed its existence. The layer height varies some- 
what with the season, lower heights occurring 
when the sun is in that latitude, probably because 
the solar ultraviolet radiation penetrates farther 
into the earth’s atmosphere when the sun is more 
directly overhead. Since the rate of recombina- 
tion is large at this atmospheric level, the intensity 
of ionization of the E layer follows the sun’s alti- 
tude variations closely, reaching a maximum at 
about noon, and fading to such a weak level during 
the night as to be practically useless as an aid to 
high-frequency radio communication. The num- 
ber of electrons per unit volume in this layer is 
usually great enought to refract back to earth 
radio waves at frequencies as high as 20 mc. 
Thus, the Z layer is of great importance to radio 
transmission for distances less than approximately 
1,500 miles. For longer distances, transmission by 
this means is rather poor, because the necessarily 
lk. vertical angle cf departure of the wave from 
the ground results in greater absorption of the 
wave in the ionized region. At distances greater 
than 1,500 miles, better transmission can be ob- 
tained by means of the F, F1, and F2 layers. 

c. F Layer. At heights between 90 and 240 
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miles (145 to 380 km) above the earth’s surface is 
another region of ionization, known as the F layer. 
Tonization exists at all hours, usually with two 
well defined layers during the daytime and one 
during the night. In this region, at night, the 
single F layer lies at a height of about 170 miles, 
or 270 km. The atmosphere is so rare at these 
heights that recombination of ions takes place at a 
very slow rate, and sufficient ions remain through- 
out the night to refract high-frequency waves back 
to earth. 

d. Fl and F2 Layers. During the daylight hours, 
especially when the sun is high, as in tropical 
latitudes and during summer months, the F region 
splits up into two distinct layers—the F1, with a 
lower limit at a height of approximately 90 miles 
(145 km), and the F2, with a lower limit at a 
height of about 160 to 220 miles, depending on 
the seasons and the time of day. The F2 layer is 
the most highly ionized of all the layers and is the 
most useful for long-distance radio communica- 
tion. The degree of ionization for this layer ex- 
hibits an appreciable day-to-day variation in com- 
parison with that of the other layers. The 
intensity of ionization reaches a maximum in the 
afternoon and gradually decreases throughout the 
night. The rise of ion density is very rapid in the 
morning, and the low recombination rate permits 
this high ion density to persist. 

e. Other Layers. In addition to these regions of 
ionization which appear regularly and undergo 
variations daily, seasonally, and from year to year 
in height and ionization, other layers occasionally 
appear, particularly at heights near that of the E 
layers, much as clouds appear in the sky. Fre- 
quently their appearance is in sufficient intensity 
to enable good radio transmission to take place by 
means of reflection from them. At other times, 
especially during disturbed conditions in polar 
regions such as those that cause the aurora boreaiis, 
diffuse ionization may occur over a fairly large 
range of heights and may be detrimental to radio 
transmission because of the excessive absorption 
produced. 


22. lonosphere Characteristics 


Although a detailed enalysis of what happens to 
electromagnetic waves as they enter the ionosphere 
is beyond the scope of this manual, the principal 
factors and assumptions are described in this 
paragraph in terms of practical effects. 

a. Critical Frequency. In addition to the height, 


the principal ionosphere characteristic which con- 
trols or determines long-distance radio trans- 
mission is the ionization density of each of the 
layers. The higher the frequency, the greater the 
density of ionization required to reflect waves 
back to earth. In other words, the shorter the 
length of the waves, the denser or more closely 
compacted must be the medium to refract them. 
Therefore, the upper layers, which are the most 
highly ionized, reflect the higher frequencies, 
whereas the D layer, which is the least. ionized, 
does not reflect frequencies above approximately 
500 kc. Thus, at any given time, for each layer 
there is a value of highest frequency, called the 
critical frequency, at which waves sent vertically 
upward are reflected directly back to earth. 
Waves of frequencies higher than the critical 
frequency pass on through the ionized layer and 
are not reflected back to earth, unless they are 
reflected from an upper layer. Waves of frequen- 
cies lower than the critical frequency are reflected 
back to earth, unless they: are absorbed by, or 
have been reflected from, a lower layer. 
(1) Figure 30 shows waves of different fre- 
quencies radiated vertically into the 
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ionosphere. Two of these signals are 
returned directly to the earth and the 
third passes through both layers and is 
not returned. Each of the returned 
waves is at the critical frequency for its 
layer—that is, the highest frequency that 
is returned. All frequencies below the 
critical frequency are returned in the 
same manner. The unreturned signal 
is at a frequency above the critical 
frequency for either layer and therefore 
passes through to outer space. 


(2) This phenomenon may be understood in 


terms of the combined refractive and 
reflective effects of ionization on an 
electromagnetic wave. When a ray, or 
tram of waves, enters an ionospheric 
layer, it is slowed down as soon as it 
starts to penetrate the layer. This 
process of refraction is similar to that of 
the refraction of light passing from air to 
water, as explained in paragraph 9. 
When the signal enters the ionosphere at 
a 90° angle, there is no bending of the 
wave—the whole wave front is slowed 
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Figure $0. Critical frequencies. 
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down uniformly. The higher the fre- 
quency of the signal, the deeper it must 
penetrate the layer before it surrenders 
all of its energy. It should be remem- 
bered, however, that an ionization layer 
is most dense near its center, and that 
the wave will pass on through if this 
center density is insufficient to absorb all 
of the energy. The surrendered energy 
is reradiated by the layer, directly 
downward to the area of transmission. 
By analogy, this effect is similar to that 
obtained in tossing tennis balls vertically 
upward to a wire screen. If the openings 
in the screen are smaller than the diam- 
eter of the ball, all of those thrown are 
reflected back almost as effectively as 
though the screen were a solid piece of 
metal. But if golf balls were thrown at 
the same screen, most of them would 
pass through the screen and not be 
reflected. Thus, it may be concluded 
that (like frequency in respect to ioniza- 
tion) there is for a given screen a critical 
diameter of ball which will be reflected 
back; any smaller ball will pass on 
through. 

b. Critical Angle. The determination of a criti- 
cal frequency by vertical propagation is useful be- 
cause it marks a boundary condition. Electro- 
magnetic waves used in radio communications, 
however, are generally incident at some oblique 
angle to the ionosphere. These waves are re- 
fracted by the ionosphere and may or may not be 
returned to the earth. Obviously, any frequency 
at or below the critical frequency will be returned 
to the earth, but frequencies above the critical fre- 
quency also will be returned if propagated at cer- 
tain angles of incidence. This effect can be under- 
stood by considering for a moment our former 
analogy of the screen and the tennis balls. If, for 
instance, the critical diameter for a given screen 
is the diameter of a tennis ball, then golf balls 
thrown obliquely at the screen will hit the wire 
mesh at an angle and be reflected downward, even 
though they would pass easily through the screen 
if thrown vertically upward. Thus, for this screen 
there is a certain angle of incidence at which most 
of the golf balls would be reflected downward. In 
electromagnetic-wave propagation the same con- 
ditions prevail. At angles of incidence near the 
vertical, a given frequency passes on through the 
ionosphere. But as the angle lessens, a point is 
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reached at which the wave ‘is reflected back to 
earth. This angle is called the critical angle. 
The point at which the wave returns is a minimum 
distance, called the skip distance; at smaller angles 
of incidence, the wave returns at greater and 
greater distances. 
(1) The concept of critical angle may be un- 
derstood by consideration of a similar 
optical phenomenon (fig. 31). If a beam 


Critical angle of light beam. 


Figure 81, 


of light passes from a dense medium 
(water) to one of less density (air) at right 
angles to the boundary between them, it 
passes through with no change in direc- 
tion. As the angle of incidence becomes 
smaller than 90°, the beam is only slightly 
reflected back into the water, most of the 
light being refracted or bent in the air. 
The amount of bending increases as the 
angle grows smaller, but at a given angle, 
which is the critical angle, no light is re- 


fracted by the air, all of it being reflected 
back into the water. At angles smaller 
than the critical angle, the light beam is 
reflected back at greater and greater dis- 
tances from the source. At this point, 
it should be noted that this optical phe- 
nomenon cannot be applied strictly to 
radio waves, since the boundaries be- 
tween the dense ionization of the layer 
and the air above it are not sharp bound- 
ries. The wave is both bent and re- 
flected, and therefore, in propagation 
work the terms refraction and reflection 
tend to be used interchangeably. 


(2) The popular explanation of the return of 


radio waves as a phenomenon in refrac- 
tion alone is illustrated in figure 32. 
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Figure 32. Idealized refraction of radio wave. 


Suppose a train of wave fronts to be 
propagated from A so that it enters the 
ionosphere at an angle, . As each wave 
front enters the ionosphere, the upper 
part of the wave front feels the effect of 
lowered index of refraction first. There- 
fore, the upper part of each wave front 
has an increased phase velocity, so that 
the entire wave front as it enters the 
ionosphere wheels about like a column of 
soldiers obeying the command, ‘“‘Column 
rigbt.”” Since the central parts of the 
ionosphere have a greater ion density, the 
bending effect on the upper part of the 
wave front is greatest, so that the wheel- 


ing process continues and the waves are 
directed back toward the earth at 

point B. 
ce. Virtual Height. The oversimplified curved 
path shown in the figure also helps to make clear 
the notion of virtual height of an ionospheric 
layer. In following the curved path, as illustrated 
in the schematic drawing of figure 33, the time of 
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Figure 88. Virtual height of ionospheric layer. 


transmission of the radio wave along the actual 
path BCD in the ionized layer is considered to be 
the same as would be required for transmission 
along path BAD if there were no ionized particles 
present, and a perfect reflecting surface at A in- 
stead. The height, H, from the earth to the inter- 
section of the two projected straight parts of the 
path is called the virtual height of the layer. 
Note that this virtual height is considerably 
greater than the actual layer height. However, 
it is @ convenient and an important quantity in 
measurements and applications involving iono- 
spheric reflections. 


23. Regular Variations of lonosphere 


a. General. Since the existence of the iono- 
sphere is dependent on radiations from the sun, it 
is obvious that the movements of the earth about 
the sun, or changes in the sun’s state of activity 
which might serve to cause an increase or decrease in 
the amount of its radiation, will result in variations 
in the conformation of the ionosphere. These varia- 
tions include those which are more or less regular 
in their nature and, therefore, can be predicted in 
advance, and the irregular variations resulting 
from the abnormal behavior of thesun. For pur- 
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poses of discussion, the regular variations may be 
divided into four classes: the diurnal or daily 
variation, the seasonal, the 11-year, and the 27- 
day. For convenience, table IV lists the regular 


Type of variation 


Diurnal 
with hour of day). 


Seasonal....___...--- 


11-year sunspot cycle. - 


27-day (sunspot) --_---- 
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(variation 


variations together with the resulting effects upon 
the ionosphere and on radio communications, and 
also gives suggestions that may be followed in 
compensating for these effects. 


Table IV. Regular Variations of Ionosphere 


Effect on ionosphere 


F layer: Height and density de- 


crease at night, increase after 
dawn. During day, layer 
splits into—(1) Fl layer: 
Density follows vertical angle 
of sun; (2) F2 layer: Height 
increases until midday, den- 
sity increases until later in 
day. 


E layer: Height approximately 


constant, density follows verti- 
cal angle of sun. Practically 
nonexistent at night. 


D layer: Appears after dawn, 


density follows vertical angle 
of sun, disappears at night. 


F2 layer: Virtual heights increase 


greatly in summer, decrease in 
winter. Ionization density 
peaks earlier and _ reaches 
higher value in winter. Mini- 
mum predawn density reaches 
lower value in winter. 


Fi, E, and D layers: Reach 


lower maximum densities in 
winter months. 


Layer density increases and de- 


creases in accord with sunspot 
activity (maximum, 1947- 
1948 and 1958-1959; mini- 
mum 1944 and 1955). 


Recurrence of SID’s (sudden 


ionospheric disturbances) and 
ionospheric storms at 27-day 
intervals. Disturbed condi- 
tions frequently may be identi- 
fied with particularly active 
sunspots whose radiations are 
directed toward the earth 
every 27 days as the sun 
rotates. 


Effect on communications 


Skip distance varies in 1- to 
30-me range. Absorption 
increases during day. 


MUF’s (maximum usable fre- 
quencies) (par. 28), gen- 
erally reach higher midday 
values in winter but main- 
tain high values later into 
afternoon in summer. Pre- 
dawn dip in MUF’s reaches 
lower value in winter. Less 
absorption encountered in 
winter. 


Higher critical frequencies 
during years of maximum 
sunspot activity. MUF 


variation: Sunspot max: 
842 me.; sunspot min: 
4-22 me. 


See effects of SID’s and iono- 
spheric storms in table V. 


Method of compensation 


Use higher frequencies dur- 
ing day, lower frequencies 
at night. 


Provide greater spread be- 
tween nighttime and day- 
time operating frequen- 
cies in winter than in 
summer, 


Provide for higher operating 
frequencies to be used 
during periods of sunspot 
maximum and lower fre- 
quencies for use during 


minimum. (Consult TB 
11-499 to determine 
MUF.) 


See compensation for SID’s 
and ionospheric storms in 
table V. 


rr 


b. Diurnal. For the most part, the diurnal 
variations and their effects upon the ionosphere 
layers have been discussed in the description of 
these layers (par. 21). Note, in table IV, that 
to compensate for the resulting variations in the 
skip distance, it is suggested that higher medium 
frequencies be used during the daytime, and 
lower medium frequencies at night. The reason 
for this appears in the fact that the ion density 
of the F2 layer is greater during the daytime, and 
will reflect radio waves of higher frequency than 
the F layer will reflect during the night. The 
higher frequency waves suffer less absorption in 
passing through the D region, whereas at night 
the disappearance of the D region permits the use 
of lower frequencies. 
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Figure 84. Daily and seasonal variations in ion density. 


c. Seasonal. As the apparent position of the 
sun moves from one hemisphere to the other with 
corresponding changes in season, the maximum 
ion density in the D, E, and F1 layers shifts accord- 
ingly, each being relatively greater during the 
summer. The F2 layer, however, does not follow 
this pattern in seasonal shift. In most localities, 
the F2 ion density is greatest in winter and least 
in summer, which is quite the reverse of what 
might be expected from simple theory. Figure 
34 shows graphs of the relative ion densities of all 
layers, and also the relative heights of these 
layers above the surface of the earth, as the 


seasonal shifts occur. Note that, in winter the 
ion density of the F2 layer rises to a sharp peak 
at about noon, and assumes a much _ higher 
density than in summer. Also, note that the 
separation of the Fl and F2 layers is not so well 
defined in summer, since the height of the F2 
layer is relatively less during that season. 

d. Eleven-year. That sunspot activity varies 
according to an 1l-year cycle has been known 
since 1851. Shortly after the discovery of this 
phenomenon, a method was devised for measuring 
the relative intensity of sunspot activity, and, 
by means of this method, the alternations from 
maximum to minimum have been followed closely 
throughout the years. Briefly, the method entails 
the use of the so-called Wolf sunspot number, a 
number obtained for each day by multiplying 
by 10 the number of distinct visible sunspot 
groups and adding thereto the number of individ- 
ual spots observable in the groups. For months 
at a time, the visible surface of the sun may be 
devoid of spots and so that sunspot number ‘ 
zero (comparing views shown in fig. 28). This 
frequently occurs during times of sunspot minima. 
At other times, even the mean annual sunspot 
number has been known to rise as high as 140, 
with daily values running into the hundreds. 
These conditions occur at the maximum of the 
sunspot cycle. Although the time from minimum 
to minimum has been found to be variable, it 
averages around 11 years. Also, the height of 
the maximum and the depth of the minimum vary 
from cycle to cycle. The increased activity at 
times of sunspot maxima is reflected in an increase 
in ion density of all the ionosphere layers, 
resulting in higher critical frequencies for the 
E, F\, and F2 layers, and higher absorption in the 
D region. This permits the use of higher fre- 
quencies for communication over long distances 
at times of sunspot maxima than would be usable 
at times of sunspot minima. The increased 
absorption in the D region, which has the greatest 
effect on the lower frequencies, requires that higher 
frequencies be used, but the over-all effect is an 
improvement in propagation conditions during 
sunspot maxima as the critical frequencies are 
raised more than the absorption limits. 

e. Twenty-Seven Day. Another cycle that is 
due to sunspot activity is the 27-day variation re- 
sulting from the rotation of the sun on its axis. 
As the number of sunspots changes from day to 
day with solar rotation or the formation of new 
spots or the disappearance of old ones on the 
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visible part of the sun, absorption by the D region 
also changes. Similar changes are observed in the 
E layer critical frequency. These variations ex- 
hibit wide geographic range; they are not effects 
that are observed at one station and not observed 
at others. Although fluctuations in F2 layer criti- 
cal frequencies from day to day are greater than 
for any other layer, these fluctuations are not gen- 
erally of a world-wide character. Because of the 
variability of the F2 layer, precise predictions of 
its critical frequencies cannot be made for indi- 
vidual days, although seasonal and long-term 
trends and geographic distribution may be out- 
lined accurately in advance. It is necessary in 
selecting frequencies for long-distance communica- 
tion to allow for these fluctuations. 


24. Irregular Variations of lonosphere 


In addition to the more or less regular varia- 
tions in the characteristics of the ionosphere, a 
number of singular, transient effects, though un- 
predictable, have important bearing on propaga- 
tion phenomena. Some of the more prevalent 
of these effects are: sporadic Z; sudden ionospheric 
disturbance (Dellinger fade); ionospheric storms; 
and scattered reflections. These variations have 
been listen for convenience in table V where their 
effects on the ionosphere and on radio communica- 
tion, together with suggestions for compensating 
for them, are given. 

a. Sporadic E. The sporadic £, also known as 
the EZ, layer, is an ionized cloud that appears at 
indefinite intervals, and at a slightly greater height 
than the normal F layer. The nature and cause 
of this abnormal layer are as yet unknown. Some- 
times the sporadic E consists of an extremely 
efficient radiating surface that is capable of re- 
flecting so much of the energy radiated from the 
transmitting antenna, even at frequencies of 10 
to 15 me, that reflections from the other layers of 
the ionosphere are blanked out completely. At 
other times, the sporadic EF may be so thin that, 
although its presence can be verified by sounding, 
reflections from the upper layers easily can be re- 
ceived through it. The sporadic E layer may 
occur during the day or night. Its occurrence is 
frequent, and thus, from 25 to 50 percent of the 
time, long-distance propagation at frequencies up 
to 15 me is rendered possible by its means in 
middle latitudes. Occurrence of sporadic E is 
not usually simultaneous at all stations. In gen- 
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eral, tropical stations exhibit less sporadic E than 
stations in higher latitudes. 

b. Sudden Ionospheric Disturbance or Dellinger 
Fade. The most startling of all the irregularities of 
the ionosphere and of radio wave transmission is 
the sudden type of distrubance manifested by a 
radio fadeout. This disturbance, abbreviated 
SID, and sometimes called the Dellinger fade, 
comes without warning and may prevail for a 
length of time from a few minutes to several hours. 
All stations lying wholly or in part on the sunward 
side of the earth are affected, and, at the onset of 
SID, receiving station operators are inclined to 
believe that their radio sets have suddenly gone 
dead. Examination of the sun at the times of 
occurrence of these effects, however, has revealed 
that in all cases where reliable solar data were 
available the appearance of this ionospheric dis- 
turbance was coincidental with the onset of a 
bright solar eruption (fig. 35), and its duration was 
the same as that of the eruption. Such an eruption 
causes a sudden abnormal increase in the ionization 
of the D region, frequently with simultaneous dis- 
turbances in terrestrial magnetism and earth cur- 
rents. Such increases in D region ionization 
usually result in total absorption, in this region, of 
all frequencies above 1,000 kc. 

c. Ionosphere Storms. An ionosphere storm is a 
period of disturbance in the ionosphere, during 
which there are large variations from normal, of 
critical frequencies, layer heights, and absorption. 
These storms may last for periods of varying in- 
tensity (from several hours to several days), and 
usually extend over the entire earth. High- 
frequency sky-wave transmission above approxi- 
mately 1,500 kc then shows low intensity and is 
subject to flutter fading. During the first few 
hours of severe ionosphere storms, the ionosphere 
is turbulent, stratification is destroyed, and radio- 
wave propagation is erratic. During the later 
stages of severe storms and during the whole 
period of more moderate storms, the upper part of 
the ionosphere is expanded and diffused. The 
critical frequencies are much lower than normal 
because of a decrease in ion density, and the virtual 
heights of the layers much greater, so that the 
maximum usable frequencies are much lower than 
normal. It is often necessary to lower the working 
frequency to maintain communication during one 
of these storms. There is also increased absorption 
of radio waves during the storm. Ionosphere 
storms are most severe at the higher latitudes and 
decrease in intensity toward the equator. These 


Table V. Irregular Variations of Ionosphere 


Type of variation Effect on ionosphere 


Clouds of abnormal! ionization 
occurring in the E layer or 
slightly above for a large por- 
tion of time each month result 
in abnormally high critical 
frequencies. Usually spotty 
in geographic extent and time. 


Sporadic Z layer------ 


Unusual amount of ultraviolet 
radiation from solar flare re- 
sults in abnormally high ion- 
ization in all layers. Ioniza- 
tion increase occurs with great 
suddenness throughout day- 
light portion of earth. 


Sudden _ ionospheric 
disturbance (SID). 


Usually accompanies magnetic 

disturbance occurring about 
18 hours after SID’s. Prob- 
ably both are due to abnormal 
particle radiation. Upper 
ionosphere expands and dif- 
fuses, critical frequencies be- 
low normal, virtual heights 
above normal. 
Severest effects toward geo- 
magnetic poles, decreasing to- 
ward equator. Few minutes 
to several hours in duration; 
effects disappear gradually in 
few days. 

Scattered refiections...| The ionospheric layers are not 

smooth. Irregularities in den- 

sity and in height are normal. 


Tonospheric storm. -- .- 


storms probably are caused by abuormal particle 
radiation from the sun, and are likely to occur 
during periods of great solar activity. The storms 
are most likely to start about 2 days after an 
active sunspot group crosses the center of the sun’s 
disk. 

d. Scattered Reflections. An irregular type of 
reflection from the ionosphere occurs at all seasons 
and is prevalent both day and night. The iono- 


Excellent transmission within 


Limits number of usable high 


Because of irregularities in the 


Effect on communications Methods of compensation 


Frequency may have to be 
lowered to maintain short- 
skip communications. At 
times, long-distance com- 
munications on abnor- 
mally high frequencies are 


normal skip distance. Oc- 
casionally, long-distance 
communications on _ fre- 
quencies of 60 mc or higher 
are possible. 


possible. (See TB 11- 
499.) 
Normal frequencies above 1 | Raise working frequency 


above normal for short- 
hop transmission. Lower 
frequency below normal 
for long-hop transmission. 


or 1.5 me are rendered use- 
less because of high absorp- 
tion in the abnormally-ion- 
ized D layer. Frequencies 
considerably higher than 
norma! will survive this ab- 
sorption for short hops. 
Low frequencies may not 
penetrate the D layer and 
thus may be transmitted for 
long distances. 
Use frequencies lower than 
normal, particularly in 
high latitude circuits. 


frequencies. 


Fading of short duration. 


ionosphere, the electric field No compensation required. 


at a receiver consists of 
several fields arriving from 
slightly different directions 
with varying phase relation- 
ships. The result is fading 
of the signal resulting from 
cancelation and reinforce- 
ment. 


sphere layers are irregular, and the presence. of 
ionized clouds or scattering patches at E layer 
heights has been mentioned previously. Irregular 
reflections are obtained from these because of the 
rapid change of ionization with height. A radio 
wave can reflect from either the top or bottom of 
one of these scattering clouds, and these reflections 
make possible the reception of signals within the 
normal skip zones and at frequencies much higher 
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Figure 35. Bright-solar eruption. 


than those well receivable from the regular layers. 
The reflections may cause signal distortion and 
contribute to so-called flutter fading. Signals 
received from such reflections either may arrive 
from all directions or, if the transmitter operates 
with a highly directional antenna, may appear to 
come from the direction in which the antenna is 


TRANSMITTING 
ANTENNA 


pointed. The field intensity at the receiving sta- 
tion may be the sum of the components of several 
contributing radio waves of varying phase rela- 
tions. Figure 36 shows the effect of just two of 
these scattered signal components arriving at a 
receiving station by different paths, the one by 
reftection from the lower surface of the scattering 
cloud of ionization, the other after re-reflection 
from the top of this same cloud. It is obvious that, 
with respect to the latter signal component, a 
time lag will occur which either will serve to cancel 
@ portion of the signal reflected directly from the 
bottom surface of the scattering cloud, and thus 
cause fading, or will augment this signal, depend- 
ing upon the phase relations of the two components 
at the receiving station. 


25. lonosphere Predictions 


By sounding the ionosphere it is possible to pre- 
dict for several months in advance the various 
important characteristics of the ionosphere above 
any point on the surface of .the earth. Such 
predictions are useful in the selection of optimum 
frequencies for radio communication over a defi- 
nite path at particular times. The average vari- 
ations of the critical frequency and maximum 
usable frequency factors are sufficiently well 
known to permit long-range predictions to be made 
for average conditions on ionospherically quiet 
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36 Figure 36. Scattering of signal components of radio wave. 


days (days without ionosphere disturbances). One 
of the basic principles employed in all ionosphere 
predictions is the relation of ionospheric charac- 
teristics to the sunspot cycle. The actual predic- 
tion consists essentially of first predicting the 
solar activity and then deducing, from the mass of 
data available, the corresponding trends of sea- 
sonal, diurnal, and geographic variations of the 
ionosphere characteristics. No attempt.is made 
at present in these long-range predictions to 
estimate the detailed day-to-day variations in the 


Section Ill. 
26. General 


Sky-wave propagation refers to those types of 
radio transmission that make use of ionospheric 
reflections to provide signal paths between trans- 
mitters and receivers. Sky-wave transmission, 
being by far the most important method for long- 
distance radio communication, presents many 
problems that can be solved adequately only 
through a complete understanding of the prin- 
ciples involved. A typical question in sky-wave 
propagation is whether the ionosphere will support 
(reflect) a radio wave of a particular frequency 
and whether the received signal will be strong 
enough at the receiver to be heard above the noise 
level present at the receiver. The answer to this 
question can be given only after considering the 
many factors involved—what particular path the 
radio wave will take in traveling from transmitter 
to receiver, whether the frequency of the radio 
wave lies between the limits determined by the 
maximum usable frequency and the lowest useful 
high frequency for the particular signal path; and 
the field strength that may be expected of the 
signal upon its arrival at the receiver (received 
signal strength). 


27. Sky-Wave Transmission Paths 


Figure 37 illustrates some of the many possible 
paths of radio waves from a transmitter to a re- 
ceiver as transmitted by reflection from an elec- 
trically conducting layer of the ionosphere. Note 
that some of the components of the entire wave 
front, which in this case are assumed to be of too 
high a frequency for reflection by the ionized layer, 
pass on through and are lost in outside space, 
unless they happen to be reflected from some 
higher layer having a greater degree of ion density. 


ionosphere, these being rather localized and de- 
pending on conditions of solar radiation and 
terrestrial effects of the particular days. Also, 
no account is taken of ionospheric disturbances) 
either of the ionosphere-storm type or of the 
sudden ionosphere-disturbance type. These ab- 
normalities constitute a different forecasting 
problem. Regular predictions now are published 
monthly, for a period of 3 months in advance, as 
TB 11--499-( ), Basic Radio Propagation Predic- 
tions. 


SKY-WAVE PROPAGATION 


Other components of the wave, which are assumed 
to be of the correct frequency for reflection from 
the ionosphere layer, are returned to earth, and 
it is these components of the wave that provide 
commuaications. Note also that the skip distance 
is that distance from the transmitter at which the 
ion density of the layer will just support reflection. 
The skip zone and its relation to the ground wave 
are shown in figure 38. When the skip distance 
becomes less than the inner limit of the skip zone, 
both the sky wave and the ground wave may 
have nearly the same field intensity but a random 
relative phase. When this occurs, the field of the 
sky wave successively reinforces and cancels that 
of the ground wave, causing severe fading of the 
signal. Note the distinction between the terms 
skip distance and skip zone. For each frequency 
(greater than the critical frequency) at which 
reflection from an ionosphere layer takes place, 
there is a skip distance that depends only on the 
frequency and the state of ionization. The skip 
zone, on the other hand, depends on the extent of 
the ground-wave range and disappears entirely if 
the ground-wave range equals or exceeds the skip 
distance. 

a. Sky-Wave Modes. The distance at which 
the wave returns to the earth depends on the 
height: of the ionized layer and the amount of 
bending of the path while traversing the layer, 
the latter depending on the frequency of the wave 
as compared to the ion density of the layer 
required to refract or bend the wave. Upon re- 
turn to the earth’s surface, part of the energy 
enters the earth, to be rapidly dissipated, but 
part is reflected back imto the ionosphere again, 
where it may be reflected downward again at a 
still greater distance from the transmitter. This 
means of travel in hops, by alternate reflections 
from the ionosphere and from the surface of the 
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Figure 38. 


earth, may continue, and enables transmission 
to be received at long distances from the trans- 
mitter. Figure 39 illustrates this means of travel 
for paths involving one and two reflections from 
the ionosphere (single- and double-hop modes). 
Figure 40 further illustrates this means of travel 
and reflection from different layers, with the 
layers represented by lines for simplicity. Figure 
40 also relates the heights of the various ionized 
layers to actual distances along the earth’s 
surface. 

b. Great-Circle Path. The paths which the radio 
waves normally traverse in traveling from the 
transmitter to the receiver lie in the plane passing 
through the center of the earth and the trans- 
mission and reception points. The intersection 
of this plane with the surface of the earth is the 
great-circle path between the transmission and 
reception points. Radio-wave transmission paths 
which lie in this plane generally are called, for 
brevity, great-circle paths. Frequently, however, 
waves do not follow paths confined to this plane, 
and this deviation is called non-great-circle trans- 
mission. The part of the ionosphere which 
controls sky-wave propagation is the portion 
directly above the great-circle path. For single- 
hop transmission, this portion is a region centered 
above the midpoint of the great-circle path. 
The situation becomes more complicated when the 
transmission path is too long for a single hop, 
and it is necessary to consider ionsphere con- 
ditions at more than one point along the path 
between the tranamitter and the receiver. Waves 
can follow either the major arc or the minor arc 
of the great-circle path. For instance, radio 
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waves emanated at New York City might travel 
cross-country, or westward, to reach San Fran- 
cisco, which would be along the minor arc of the 
great-circle path between these cities, or these 
waves might travel eastward, almost around the 
world to the same destination, which would be 
along the major arc. The two types of trans- 
mission are called short-path and long-path trans- 
mission, respectively. 

c. Frequency. As noted previously in the dis- 
cussion of the ionosphere, the higher the fre- 
quency of a wave, the less it is refracted by a given 
ion density. Thus, if the angle of incidence of 
the wave with the ionosphere is fixed and the 
frequency increased, the minimum distance be- 
tween the transmitter and the point of return of 
the wave to the earth increases slightly. Figure 41 
shows three separate waves of different fre- 
quencies entering at the same angle an iono- 
spheric layer of a given density. Here, the 100- 
mec wave is not refracted sufficiently by the 
ionosphere and is not returned; the 5-mc and 
the 20-mc waves are returned, but the 20 mc 
wave, being refracted less than the 5-mc wave, 
returns at a greater distance. 

d. Incident Angles. For a radio wave of a 
particular frequency and for an ionized layer of a 
particular density of ionization, there is an angle 
of incidence of the wave, called the critical angle, 
at which the wave is reflected and returns to earth 
near its minimum or skip distance. This phe- 
nomenon is explained in detail in paragraph 22, 
but it should be noted that the critical angle of a 
given wave sometimes is defined as the angle at 
which the wave is propagated horizontally within 


‘uorssrmsun.; savm-fhys fo sapopy ‘6g aunbty 


Figure 41. 


the ionospheric layer and, therefore, does not 
return to earth. On consideration, it will be seen 
that these two definitions are the same, since the 
angle at which the wave first returns and the angle 
at which it just does not return are the same 
angle. Also, the critical angle is measured (for 
purposes of calculation) between the wave path at 
incidence with the ionosphere and a line extended 


Frequency versus distance for returned waves. 


from the ionosphere to the center of the earth; 
however, for ease of explanation, the critical angle 
and all other angles of incidence are taken as 
angles made by the wave with either the earth or 
the ionosphere considered as horizontal plane 

surfaces. 
(1) Figure 42 shows a given wave at various 
angles of incidence with the ionosphere 
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Figure 48. High-frequency wave at various angles of incidence. 


and its resultant variation in refraction 
or reflection. Note that at angles of 
incidence larger than the critical angle, 
the wave is not sufficiently refracted in 
the ionosphere and escapes into space. 
As the angle of incidence decreases below 


the critical angle, the wave returns to 
earth at decreasing distances from the 
transmitter until a point of minimum 
distance, the skip distance, is reached. 
Then, as the angle of incidence continues 
to decrease, the distance between the 
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Figure 44. Relation of angle of incidence to usable frequency. 


transmitter and the point at which the 
wave returns increases and continues to 
increase for smaller and smaller angles of 
incidence. Also, any high-angle wave 
which returns beyond the skip distance is 
attenuated greatly, and the skip distance 
remains as the point at which the wave 
first is returned in strength to the earth. 


(2) This irregular variation of the return 


distance with regular variation of the 
incident angle results from the fact that 
the ionosphere acts principally as a 
refracting medium for the larger angles 
of incidence. If the angle of radiation of 
the transmitted wave can be controlled, 
the smaller angles of radiation result in 
greater distance of communication. 
Figure 43 shows sky waves of a fixed 
frequency propagated at the critical 
angle and at various smaller angles. 
Note that the smaller the angle the 
greater the distance at which the wave is 
returned to earth. 


(3) The critical angle for a given frequency is 


not to be confused with the critical 
frequency for a given layer of the iono- 
sphere. The critical frequency, as ex- 
plained in paragraph 22, is the highest 
frequency a given density of ionization 
will return directly to the earth when 
propagated at a vertical angle (incident 


at 90° to the ionosphere). Although a 
vertically propagated frequency higher 
than the critical frequency does not 
return to the earth, it is possible that this 
same frequency propagated at a different 
angle will return. In other words, fre- 
quencies higher than the critical fre- 
quency may be used if the angle of 
incidence is less than 90°. Figure 44 
illustrates this relationship between the 
angle of incidence and the use of fre- 
quencies higher than the critical fre- 
quency to obtain communication. 


28. Maximum Usable Frequency (MUF) 


a. For any given ionized layer of fixed height 
and ion density, and for a transmitting antenna 
with a fixed angle of radiation, there‘is a frequency 
(higher than any other) that will return to the 
earth at a given distance. This frequency is the 
maximum usable frequency for that distance; more- 
over, it is always a frequency higher than the 
critical frequency because the angle of incidence is 
less than 90°. Thus, for any given great-circle dis- 
tance along.the earth, there is a maximum usable 
frequency which is the highest frequency that will 
be reflected from a given layer of the ionosphere 
and that will return to the earth at the great circle 
distance. If the distance between transmitter 
and receiver increases, the maximum usable fre- 
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Figure 45. Relationship of distance, time, angle, and frequency. 


quency increases. In other words, the greater the 
transmission distance, the higher the maximum 
usable frequency. 

b. In selecting the proper operating frequency 
for sky waves which travel along a fixed radio path, 
the maximum usable frequency is perhaps the most 
important factor to be considered. If the oper- 
ating frequency is above the maximum usable fre- 
quency, the wave is said to escape, since it then 
will not be reflected by the ionosphere layer but 
will pass on through. On the other hand, if the 
operating frequency is decreased below the maxi- 
mum usable frequency in the daytime, the wave 
becomes increasingly attenuated, since, in the high- 
frequency range, the lower the frequency, the 
more wave energy is lost through ionospheric ab- 
sorption. Hence, it is usually desirable for trans- 


mission to occur on a frequency as near to the 


maximum usable frequency as possible. A direct 
telationship exists between the maximum usable 
frequency, the condition of the ionosphere, time, 
and the angle of radiation, as shown in figure 45. 
Thus, it is possible to predict mean values of maxi- 
mum usable frequency for propagation over any 
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path for any time in any future month. Since the 
method of problem solution entails the use of 
world-contour charts and the use of complicated 
procedures, it is beyond the scope of this manual, 
but, as mentioned previously, this information 
may be obtained by consulting TM 11-499, Radio 
Propagation, and TB 11-499-( ), the monthly 
supplement thereto. 

c. If the density of the ionosphere is such that 
the maximum usable frequency is at a frequency 
near the critical frequency, the wave. is exces- 
sively retarded in the ionized layer, and, because 
of the effects of the earth’s magnetic field, splits 
into two components known as the ordinary wave 
and the extraordinary wave. These components, 
shown in figure 46, are usually of different polari- 
zation and phase. The critical frequency for 
the extraordinary wave is higher than that for 
the ordinary wave, the difference varying with 
the intensity of the earth’s magnetic field, which 
changes with geographic position. Since the 
critical frequency for the ordinary wave is lower 
than that for the extraordinary wave, a layer of 
given ion density bends the ordinary wave less 
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Figure 46. Ordinary and extraordinary waves. 


than it does the extraordinary wave. From 
another point of view, the ordinary wave, which 
obeys the laws of simple refraction, must penetrate 
a greater distance into the layer than the extraor- 
dinary wave, which responds to both refraction 
and reflection. Figure 46 shows these two waves 
in conjunction with the MUF. However, it 
should be noted that this effect is important only 
for F layer transmission, causing interference fad- 
ing. The extraordinary wave reflected from the 
E layer is so weak that it does not affect radio re- 
ception. 


29. Lowest Useful Frequency (LUF) 


a. Absorption. The presence of ions in the 
upper atmosphere not only causes bending and 
the return to earth of a radio wave of sufficiently 
low frequency, but also causes part of the wave 
energy to be absorbed. The collisions of electrons 


with neighboring molecules of air reduce the 
intensity of the radio wave below that result- 
ing from the normal spreading of the wave 
front as it travels out from the transmitter. This 
absorption process is also of great importance in 
the practical use of ionospheric radio transmission. 
During the day, absorption takes place mainly in 
the D region of the ionosphere. Electron densi- 
ties in this region are considerably less than in the 
higher regions, but the increased density of the 
atmosphere itself results in an increase in the 
number of collisions between electrons and mole- 
cules of air, and more than compensates for the 
scarcity of electrons. During the night, ioniza- 
tion and absorption in the D region become negli- 
gible. However, there is some absorption for 
frequencies near the MUF of the F2 layer because 
waves at such frequencies are retarded to such an 
extent that there is sufficient time for appreciable 
energy loss to take place in spite of the relatively 
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small number of collisions. Such absorption is 
called deviative absorption, because it occurs in 
conjunction with retardation, which causes bend- 
ing of the waves. Absorption which takes place 
even though the wave is not appreciably retarded 
is called nondeviative absorption. The absorption 
in the D region is largely nondeviative. 

b. Lowest Useful High Frequency (LUHF). At 
certain frequencies of transmission, radio waves 
penetrating into the ionosphere, primarily in the 
D region and in the lower portion of the Z region, 
lose some of their energy by absorption. Generally 
speaking, the higher the frequency used, up to the 
limit of the maximum usable frequency, the less 
will be the total absorption and the more satisfac- 
tory will be the level of communication. Absorp- 
tion is at a maximum for frequencies of about 500 
ke to 2 me in the daytime, and decreases for both 
higher and lower frequencies at night. Thus, for 
frequencies above about 1 me, the strength of the 
received sky waves will, in the daytime, increase 
with frequency (corresponding to decreasing ab- 
sorption). Finally, a frequency will be reached 
for any given sky-wave path where the strength 
of the received signal just overrides the noise level. 
This frequency is called the LUF. Frequencies 
lower than the LUF are absorbed to such an extent 
as to render them too weak for useful communica- 
tion. It should be noted, however, that the LUF 

‘depends on the power of the transmitter as well 
as on the distance concerned. At night, the noise 
level increases with decreasing frequency so that, 
as the frequency is lowered, the signals become 
weaker with respect to the noise and the LUF 
eventually is reached. Thus, the term lowest 
useful frequency may apply to either day or night 
transmission. 

c. Summary for Variable Frequency. Assuming 
constant ionospheric conditions, a constant dis- 
tance, and single-hop transmission, it can be said 
that — 

(1) Frequencies considerably below the MUF 
will be attenuated greatly by nondevia- 
tive absorption. 

(2) Frequencies somewhat below the MUF 

will be reflected as ordinary and extraor- 
dinary waves, either or both of which 
may be attenuated greatly by deviative 
absorption. 
Frequencies near the MUF will be re- 
flected as ordinary and extraordinary 
waves, both of fair strength. 

(4) Frequencies at the MIUF will Be received 
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in the greatest possible strength as one 
wave. 

(5) Frequencies above the MUF will escape 
and not be received, except as scattered 
waves (par. 24). 

d. Summary for Variable Distance. Assuming 
constant ionospheric conditions, a fixed frequency, 
and single-hop transmission, it can be said that— 

(1) At short distances, the wave will skip and 
not be received, except of course as a 
ground wave. 

(2) At just a certain distance, called the skip 
distance, the wave will be received as one 
wave and at its greatest strength. 

(3) At a greater distance, the wave still will 
be received but as an ordinary wave and 
extraordinary waves, with resultant fad- 
ing because of random polarization. 

(4) At still greater distances, the ordinary and 
extraordinary waves will be received, but 
either or both will be attenuated consider- 
ably by deviative absorption. 

(5) At even greater distances, the wave will 
be attenuated greatly by both deviative 
and nondeviative absorption. 

Note. An important fact to be borne in mind 
is that radio waves of fixed radiation angle are 
receivable at distances greater than the skip 


distance, but that as this distance is increased 
appreciably, increased attenuation results. 


30. Optimum Working Frequency (FOT) 


Variations in the ion density of the ionosphere 
layers occur from day to day, and from hour to 
hour. Predictions on which the MUF’s are based 
are made by averaging long-range observations, 
and do not take into account these day-by-day 
fluctuations. Therefore, the actual upper limiting 
frequency must be selected at a value which will 
insure against the probability of the operating 
frequency becoming greater than the MUF for 
any particular day. For the F2 layer, the optimum 
working frequency thus is selected at approxi- 
mately 85 percent of the MUF for that particular 
transmission path. The optimum working fre- 
quency for the combined #-F1 layer may be 
taken as the MUF, since the day-by-day variations 
in E layer ionization are small. Of course, if the 
LUF is nearly equal to the MUF for a given 
transmission path, the optimum working fre- 
quency must be selected at a value consistent 
with both. During moderate ionospheric storms, 
communication often can be assured by operating 


at frequencies slightly lower than normal, since 
critical frequencies are usually lower than normal 
during these periods. 


31. Received Signal Strength 


a. Factors. Whether the ionosphere will support 
transmission of sky waves over a given signal path 
at a certain time may be determined by finding 
the MUF and LUF for this path. If a consistent 
optimum working frequency can be derived from 
these factors, radio communication over this 
signal path is known to be possible. In the 
downcoming sky wave, we are not dealing with a 
steady wave of constant amplitude and phase, but 
one which may fade suddenly and greatly, whose 
polarization may be changing constantly, which 
may be composed of not one but many component 
waves, which is affected by reflection at the 
ground near the receiver, and which is subject to 
the variations in height and energy absorption in 
the ionosphere, and to focusing by the ionosphere. 
These difficulties may be minimized by due 
regard to certain factors upon which the received 
signal strength depends, such as_ transmitter 
power, antenna gain, transmission-path distance, 
absorption function of the signal path, and 
interference losses. It is obvious that the trans- 
mitter must supply the amount of power required 
to provide a field of sufficient strength at the 
receiver. 

b. Gain of Antenna. The gain of an antenna 
depends primarily on its design. The various 
types of antennas and their characteristics will be 
discussed in chapter 3, but it may be said here 
that transmitting antennas are designed for high 
efficiency in radiating energy, and receiving 
antennas are designed for the efficient pickup of 
energy. On many radio circuits, transmission is 
required between a transmitter and only one 
receiving station. In such cases, it is desirable to 
radiate as much energy as possible in the proper 
direction since radiated energy is useful only in 
that direction. Directional characteristics in a 
receiving antenna increase the energy pickup or 
gain in the favored direction and reduce the 
reception of unwanted noise and signals from 
other directions. The general requirements for 
receiving and transmitting antennas are that 
they have small energy losses and that they be 
efficient as receptors and radiators. 

c. Field Intensity. In traversing a nonionized 
region of the atmosphere, practically no energy 


is lost from the wave, and the only decrease in 
field intensity is that caused by the spreading out 
of the wave front, the inverse distance attenuation. 
The field intensity along a path, encountering no 
obstacles (neither large masses nor ions) and 
no interfering wave trains, varies inversely as the 
distance from the emitting source; the energy 
density in the waves, which is proportional to the 
square of the field intensity, varies inversely as 
the square of the distance (the familiar inverse- 
square law). As mentioned previously, the field 
intensity usually is measured in microvolts 
per meter. 

d. Absorption. The presence of ions in the 
upper atmosphere not only causes bending and the 
return to earth of a radio wave of sufficiently low 
frequency, but also causes part of the wave energy 
to be dissipated because of the collisions of the 
electrons with neighboring molecules of air. This 
reduces the intensity of the radio wave below that 
resulting from the normal spreading of the wave 
front as it travels out from the transmitter. This 
absorption process is of great importance in the 
practical use of ionospheric radio transmission. 
During the day, absorption takes place mainly 
in the D region of the ionosphere. Here, electron 
densities are considerably less than in higher 
regions, but the increased density of air molecules 
results in an increase in the number of collisions 
which more than compensates for the scarcity of 
electrons. During the night, ionization and ab- 
sorption in the D region become negligible. How- 
ever, there is still some absorption for frequencies 
near the MUF of the F2 layer because waves at 
such frequencies are retarded, and there is suffi- 
cient time for appreciable energy loss to take place 
in spite of the relatively small number of collisions. 
As stated before, such absorption is called deviative 
absorption because it occurs in conjunction with 
returdation, which also causes bending of the 
waves. Absorption which takes place even when 
the wave is not appreciably retarded is called 
nondeviative absorption. Absorption in the D 
region is largely nondeviative. 

e. Antenna Height. The received signal field is 
usually a combination of the direct field resulting 
from the downcoming sky wave, together with- 
that caused by the wave reflected from the ground. 
The resultant electric vector at the antenna, there- 
fore, is dependent on variations of the ground- 
reflection coefficient as well as on the instantaneous 
changes in both the amplitude and direction of 
the downcoming sky wave. The height of the 
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receiving antenna and the angle at which the sky 
wave approaches it may thus be contributing 
factors to the received signal strength, since 
polarization and phase of the ground-reflected 
component may serve either to cancel out, or to 
contribute to, the resultant field strength at the 
antenna. 


32. Fading 


Because of fluctuations in iondspheric condi- 
tions, the received intensity of the sky wave is not 
constant, but varies with time. The term fading 
refers to relatively rapid variations which occur 
during a space of minutes, seconds, or even frac- 
tions of a second. In general, fading is more 
sudden on high than on low frequencies. A type 
of fading known as selective fading also can cause 
distortion in radiotelephone signals. In such 
cases, the fading affects certain frequencies more 
than others and, therefore, may affect the side 
bands and the carrier wave differently. Fading, 
which is usually a nuisance, may be reduced by 
several methods, such as automatic volume con- 
trol, suppressed carrier transmission, and diversity 
reception. Discussion of these methods is beyond 
the scope of this manual. 

a. Types of Fading. The many types of fading 
fall into four principal classes—(1) interference 
fading, (2) polarization fading, (3) absorption 
fading, and (4) skip fading. Most of the rapid 
fading in the input to a receiver is a combination 
of the first two types; the other two are responsible 
for slower changes. 

b. Interference Fading. Interference fading is 
caused by phase interference of two or more waves 
from the same source arriving at the receiver 
over slightly different paths. If the paths are of 
different lengths, and their relative lengths vary 
for some reason, such as fluctuations in the height 
of the ionosphere layers, the relative phases of the 
waves arriving over the different paths vary with 
time, causing alternate reinforcement and cancel- 
ation of the field intensity. Because of irregu- 
larities in the ionosphere, one downcoming sky 
wave is really the summation of a great number of 
waves of small intensity and of random relative 
phases, and thus the resultant field intensity can 
vary over wide limits. The rms (root mean 
square) value of the fading mtensity is equal to the 
homogeneous field, or the steady value of the field 
that would have existed had the ionosphere not 
broken the wave up into many components. 
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c. rovarvzation Fading. Additional variation in 
the field intensity affecting the receiving antenna 
occurs as a result of changes in the state of polari- 
zation of the downcoming wave relative to the 
orientation of the antenna. This variation is 
called polarization fading. In general, the state 
of polarization of the downcoming sky wave is 
changing constantly. This is due mainly to the 
combination, at random amplitudes and phases, 
of the two oppositely polarized components, the 
ordinary and the extraordinary wave. The polar- 
ization of the downcoming sky wave is generally 
elliptical. By elliptical polarization is meant that, 
as the wave travels along the signal path, the 
electric and magnetic fields remain at right angles 
to each other and to the direction of propagation, 
but rotate about the signal path in more or less 
corkscrew fashion instead of remaining constantly 
in either a vertical or a horizontal plane with 
respect to the path, as does the plane polarized 
wave. This results in random and constantly 
changing values of the amplitude and orientation 
of the electric field with respect to the receiving 
antenna. The state of polarization of sky waves 
varies more rapidly the higher the frequency, 
which accounts in part for the rapid fading on the 
higher frequencies. 

d. Absorption Fading. Absorption fading is 
caused by short-time variations in the amount of 
energy lost from the wave because of absorption 
in the ionosphere. In general, the period of this 
type of fading is much longer than for the other 
two types, since the ionospheric absorption usually 
changes slowly. The sudden ionospheric disturb- 
ance is an extreme case of this type of fading, 
although usually it is classified as an irregular dis- 
turbance rather than as fading. Somewhat simi- 
lar to this type of fading, although not caused in 
the ionosphere but by reflections and absorption 
in objects close to the receiver, is the type of fading 
experienced in receiving a signal while moving 
along in an automobile. The fading out of the 
signal when the automobile is passing under a 
bridge or near a heavy steel structure is caused by 
absorption of the wave’s energy by the structure. 
Effects of this sort are involved in so-called dead 
spots or places where radio reception is particu- 
larly difficult. Also, radiation from wires, fences, 
and steel structures can cause an interference pat- 
tern that is relatively fixed in space, and can be 
noticed on moving the receiving equipment 


around. Where there are nearby structures which 


can cause these effects, care must be exercised in 
the selection of the receiving site. 

e. Skip Fading. Skip fading is observed at 
places near the limit of the skip distance, and is 
caused by the changing angle of refraction. Near 
sunrise and sunset, when the ionization density of 
the ionosphere is changing, it may happen that the 
MUF for a given transmission path fluctuates 
about the actual operating frequency. When the 
skip distance moves out past the receiving station 
(sometimes called going into the skip) the received 
intensity abruptly drops by a factor of 100 or more, 
and just as abruptly increases again when the skip 
distance moves in again. This may take place 
many times before steady conditions for trans- 
mission are established. 


33. Radio Noise and Required Signal Strength 


a. Required Signal Strength. The minimum 
radio field intensity necessary to allow the satis- 
factory reception of an intelligible signal of a 
particular type in the presence of radio noise at 
the receiving station is called the required signal 
strength for this type of service. As a propaga- 
tion factor, the required signal strength is subject 
to wide variation. It depends on the receiving 
set; the local noise or static; the type of modulation 
of the radio wave, or, in other words, the type of 
service; and the grade of service desired—e. g., 
barely intelligible, high fidelity, and so on. It 
also varies, with the radio noise, according to the 
time of day and season. 

b. Types of Radio Noise. Radio noise may be 
defined as interference, the energy of which is not 
confined to a narrow band of frequencies. Two 
general types of radio noise may be distinguished— 
(1) impulse noise, which is interference resulting 
from a single elementary disturbance, or from an 
aggregate of elementary disturbances with sys- 
tematic relative phase; and (2) random, or fluctua- 
tion noise, which is the aggregate of a large number 
of elementary disturbances with random relative 
phases. A distinction between impulse and ran- 
dom noise is not always easy to make. However, 
electrical, or man-made, noise caused by the opera- 
tion of electrical equipment is usually of the 
impulse type, whereas atmospheric noise, originat- 
ing in thunderstorms or caused by other atmos- 
pheric conditions, ordinarily may be considered to 
have the bandwidth characteristics of random 
noise. The best example of random noise is the 
fluctuation noise originating in the resistance com- 


ponents of impedance elements in the receiver or 
brought about by the fluctuations of electrons 
within vacuum tubes. Another example is the 
noise generated by cosmic rays, which are sufh- 
cently high in frequency to penetrate the atmos- 
phere of the earth. This cosmic noise is noticeable 
only in receivers capable of detecting these 
frequencies. 

(1) Atmospheric noise. At the frequencies 
under consideration in this manual, at- 
mospheric noise and precipitation noise 
are the most important types to be 
considered. Radio noise from electrical 
apparatus, such as the ignition systems 
of automobiles, may be very serious, but 
is, more or less, under the control of the 
observer, and can be largely eliminated 
if necessary. Atmospheric or precipita- 
tion noise, on the other hand, since it 
originates in thunderstorms, or in rain, 
snow, or dust storms, usually cannot be 
eliminated and thus sets the limit for 
radio reception. Most atmospheric noise 
is considered to originate in the lightning 
flashes associated with thunderstorms. 
Generally, thunderstorms occur much 
more frequently over the land than over 
the sea and are more common at low 
than at high altitudes. 

(2) Cosmic and solar radio noise. Between 
frequencies of about 10 and 100 me, 
cosmic radio noise originating in inter- 
stellar space is known to be the principal 
source of interference to reception under 
many circumstances. As stated above, 
cosmic noise has about the same char- 
acteristics as the fluctuation noise orig- 
inating in components of a receiving set. 
The sources of cosmic noise are not dis- 
tributed evenly over the sky but tend to 
be concentrated in several regions of the 
celestial sphere, the principal of these 
regions being near the center of the 
Milky Way. Consequently, when re- 
ceived on a directional antenna, the 
noise varies in characteristic manner 
from hour to hour and from day to day. 
The reason for the existence of cosmic 
noise is not well known. Some investiga- 
tors believe it to be radio-frequency 
radiation from eruptions, similar to the 
spot eruptions on our sun, occurring on 
all the stars in the galaxy; others have 
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considered it as originating in electron 
activity in the space between the stars. 
Recently, it has been found that the sun 
also acts as a radiator of radio noise at 
frequencies from about 200 mc up. 
Except at the time of large sunspot 
eruptions, solar noise is important only 
on very high frequencies and when highly 
directional antennas actually are pointed 
at the sun; therefore, it need not be con- 
sidered in relation to practical problems 
of propagation. 

(3) Receiving set noise. Noise generated in- 
ternally in a receiving set is caused by 
the random motion of electrons in resist- 
ance components of impedance elements 
and in the fluctuations of the electrons in 
vacuum tubes. In the absence of all 
external noise, signals, to be intelligible, 
must be strong enough to override this 
internal noise. With only internal noise 
present, the ability of a receiver to re- 
ceive a signal usually is expressed as the 
noise figure of the receiver. Experi- 
mental determination of the receiver 
input terminal voltage required to over- 
ride the internal noise in typical Army 
communications receivers shows a value 
of approximately 2 microvolts for 90 per- 
cent intelligibility of 100 percent modu- 
lated radiotelephony. Though this value 
is somewhat dependent on frequency, it 
is considered sufficiently accurate for all 
frequencies between 1.5 and 20 me. 

c. Noise Figure. For many years, radio engi- 
neers were faced with the problem of devising a 
system for rating a receiver or an amplifier on its 
merits from the standpoint of low noise. The 
problem was complicated by the fact that in ad- 
dition to the useful output voltage of a generator 
(the generator, under operating conditions, being 
an antenna and the useful output voltage being 
the desired signal voltage) a certain noise voltage 
is always present. In an antenna, this noise 
voltage would include that caused by thermal re- 
sistor noise, and atmospheric and cosmic noise; in 
a standard voltage generator, this voltage would 
include only that resulting from thermal resistor 
noise. Because of the fluctuations of atmospheric- 
and cosmic-noise voltages with time, location, and 
construction and orientation of the antenna, these 
noise voltages do not offer a constant standard for 
rating a receiver or an amplifier. However, ther- 
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mal noise, presenting a readily computed voltage 
offers a satisfactory standard against which the 
noise introduced by a receiver or an amplifier can 
be rated. Based on this principle, a system of 
rating a receiver in terms of its noise figure has 
been devised for this purpose. 

(1) In a receiving system, the total noise is 
the sum of the tube noise, the thermal 
noise in the input circuit, the thermal 
noise in the output circuit, and the 
antenna noise. Antenna noise is the 
induced atmospheric and cosmic noise 
appearing at the receiver input. 

(2) The signal-to-noise ratio of an ideal re- 
ceiving system can be expressed as 


available signal 
Signal-to-noise power __ power 
ratio of ideal system ideal available 
noise power 


where the ideal available noise power is 
the power developed across the antenna 
resistance by the thermal noise voltage. 
The available signal power at the re- 
ceiver input is the power that the signal 
will develop across an input resistance 
equivalent to the antenna resistance. 
Noise figures usually are expressed in 
terms of power ratios or in db. 

(3) The noise figure of an actual receiver is 
obtained from the following ratio: 


signal-to-noise power ratio 
for an ideal receiver 

signal-to-noise power ratio 
of an actual receiver 


Noise figure = 


(4) The required signal power at the input of 
an actual receiver is the required signal 
power for an ideal receiver multiplied by 
the receiver noise figure for the same 
signal-to-noise ratio. 


d. Types of Modulation and Sermce Gain. Other 
factors upon which the required signal strength of 
a receiving system depends are known as type of 
modulation and type of service gain. Higher signal- 
to-noise ratios are required in commercial high- 
quality broadcast work than in many other types 
of service. On the other hand, in general code 
systems, such as automatic high-speed telegraphy 
or teletypewriter systems, the output signal-to- 
noise ratio need not be large, since the mechanism 
operates when the signal exceeds the noise by only 


a small margin. The gain required for a certain 
type of service is the relative signal strength re- 
quired for that type of communication as com- 
pared with the signal required for a reference type. 


This reference type of service corresponds to 90 
percent intelligibility of speech and is comparable 
to the grade of service known as order wire in 
telephonic communications. 


Section IV. SUMMARY AND REVIEW QUESTIONS 


34. Summary 


a. Ground-wave propagation refers to those 
types of radio transmission which do not make use 
of ionospheric reflections. 

b. The direct-wave component travels directly 
from the transmitting to the receiving antenna. 

c. The ground-reflected component undergoes a 
phase reversal of 180° upon reflection from the 
ground. 

d. This phase reversal may cause serious signal- 
voltage cancelation between the ground-reflected 
and the direct-wave components. 

e. The surface-wave component is affected pri- 
marily by the conductivity and dielectric constant 
of the earth. 

f. The surface-wave component is essentially 
vertically polarized at appreciable distances from 
the antenna. 

g. The tropospheric-wave component is_ re- 
fracted in the lower atmosphere by sharp changes 
in density and humidity of the air. 

h. One of the common causes of tropospheric 
refraction is temperature inversion. 

i. Trapped waves may follow the curvature of 
the earth for distances far beyond the optical 
horizon of the transmitter. 

j. The frequency characteristics of the ground 
wave determine what particular component will 
prevail along any given signal path. 

k. For frequencies above 30 me, the distance 
range of the ground wave can be increased by 
increasing the antenna height as well as by 
increasing the radiation power. 

!. The ionosphere is composed of one or more 
electrically conducting layers which bend radio 
waves back toward the earth. 

m. The ionosphere layers are formed by ioniza- 
tion of the gas molecules composing them. 

n. Recombination goes on constantly, so that 
an ionized layer does not necessarily last indef- 
initely. 

o. The chief cause of ionization of the ionosphere 
is ultraviolet radiation from the sun. 

p. Sunspots have the effect of increasing the 
ionization of ionized layers. 


g. Ionization occurs in different layers, depend- 
ing on the frequency of the ultraviolet radiation 
causing it, and on the critical density of the 
atmosphere. 

r. Although the number of layers is subject to 
variation from time to time, there are usually four 
distinct layers during the daytime. 

s. During the nighttime, only one ionized 
layer—the F layer—usually exists. 

t. The D region is the lowest layer, and it is 
chiefly important for its absorption effects. 

u. The EF layer is important for reflection of 
radio waves up to about 20 me. 

v. For transmission above 20 mc, the F, F'l, and 
F2 layers are most important. 

w. The virtual height, or apparent height, of an 
ionized layer is considerably greater than the 
actual layer height. 

x. The chief factor that controls long-distance 
communication is the ionization density of the 
ionized layer. 

y. The bigher the frequency of transmission, the 
greater must be the density of ionization to reflect 
waves back to earth. 

z. The critical frequency is the highest frequency 
at which waves sent vertically upward are re- 
flected directly back to earth. 

aa. The upper layers are the most highly ionized 
and, therefore, they reflect the higher frequencies. 

ab. Waves of all frequencies higher than the 
critical frequency are not reflected back to earth, 
but are said to escape. 

ac. Changes in the sun’s state of activity which 
cause variations in the amount of its radiation will 
result in variations in the conformation of the 
ionosphere. 

ad. Regular variations can be predicted, and 
fall into four classes: diurnal, seasonal, 11-year, 
and 27-day. 

ae. Diurnal variation is caused by the rotation 
of the earth and results in higher intensities of 
ionization during the daytime. 

af. Seasonal variation causes shifts in the maxi- 
mum ion density in the D, E, and F layers, being 
greater in summer than in winter. 
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ag. The ion density of the F2 layer, however, is 
much greater in winter than in summer. 

ah. The 11-year variation is caused by the cycle 
of sunspot activity which rises to a maximum 
approximately every 11 years and decreases to a 
minimum in the intervening years. 

ai. At times of sunspot maxima, higher fre- 
quencies may be used generally for communica- 
tions over long distances. 
_aj. The 27-day variation results from the rota- 
tion of the sun about its axis. 

ak, The sporadic FE is an ionized cloud which 
appears at indefinite intervals and at a slightly 
higher level than the normal £ layer. 

al. Sudden ionospheric disturbances are the 
cause of sudden radio fadeouts. 

am. During ionospheric storms, there are large 
variations from normal of critical frequencies, 
layer heights, and absorption. 

an. Scattered reflections may cause signal dis- 
tortion and so-called flutter fading. 

ao. Sky-wave transmission is possible because of 
reflections from ionosphere layers. 

ap. The skip distance is the shortest distance 
from the transmitter at which radio waves of a 
given frequency will be reflected back to earth. 

aq. The skip zone depends upon the extent of 
ground-wave range and disappears entirely if the 
ground-wave range equals or exceeds the skip 
distance. 

ar. Signal paths involving one and two reflec- 
tions from the ionosphere are called, respectively, 
single- and double-hop modes of transmission. 

as. Paths which radio waves normally traverse 
in traveling from transmitter to receiver are 
usually directly above great-circle paths. 

at. The MUF is the highest sky-wave frequency 
that is usable for a particular radio circuit at a 
particular time. 

au. The greater the transmission distance, the 
higher may be the MUF. 

av. The chief effect of the extraordinary wave 
on communications is to cause severe interference 
fading. 

aw. The LUF is the lower limiting frequency for 
satisfactory sky-wave communication for a radio 
circuit at a particular time. 

ax. The LUF is determined by the strength of 
the sky-wave signal in relation to that required to 
overcome noise. 

ay. The sky-wave field intensity is equal to the 
required field intensity at the LUF. 

az. For the F2 layer, the optimum working fre- 
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quency usually is selected at approximately 85 
percent of the MUF for the particular signal path. 

ba. The received signal strength depends upon 
such factors as transmitter power, antenna gain, 
transmission path distance, absorption function, 
and interference losses. 

bb. The gain of an antenna depends primarily 
upon its design. 

be. The general requirements for receiving and 
transmitting antennas are that they have small 
energy losses and are efficient receptors or 
radiators. 

bd. The free-space electric field intensity is 
inversely proportional to the distance from the 
transmitter. 

be. Absorption that takes place even when the 
wave is not appreciably retarded in the ionosphere 
is called nondeviative absorption. 

bf. Deviative absorption occurs in conjunction 
with retardation which also causes bending of the 
waves. 

bg. The height of the antenna and the angle 
at which the sky wave approaches it may be con- 
tributing factors to the received signal strength. 

bh. Phase interference of two or more waves 
from the same source arriving at the receiver by 
different paths is called interference fading. 

bi. Changes in the state of polarization of down- 
coming sky waves relative to the orientation of the 
antenna is called polarization fading. 

bj. Absorption fading is caused by short-time 
variations is the amount of energy lost from the 
wave absorption in the ionosphere. 

bk. Skip fading is caused by waves alternately 
escaping and returning to earth. 

bl. The required field strength is the minimum 
radio field intensity necessary to the satisfactory 
reception of an intelligible signal. 

bm. Radio noise may be classified as impulse 
noise, and random, or fluctuation, noise. 

bn. Most atmospheric noise is considered to 
originate in lightning flashes associated with 
thunderstorms. 

bo. Cosmic noise originates in outer space and 
usually affects reception at frequencies of from 
10 to 100 me. 

bp. Receiving set noise is caused by the random 
fluctuations of electrons in resistance components 
and in vacuum tubes. 

bg. Radio receivers may be rated according to 
their noise figure. 

br. The noise figure is equal to the ratio between 


the signal-to-noise ratio for an ideal receiver and 
that for an actual receiver. 

bs. Different types of service require different 
values of signal-to-noise ratio for satisfactory 
operation. 


35. Review Questions 


a. What are the factors affecting ground-wave 
propagation? 

b. What are the separate components of the 
ground wave? 

c. What happens to the ground-reflected com- 
ponent upon reflection from the earth’s surface? 

d. What may be done to reduce the signal- 
voltage cancelation caused by the ground-re- 
flected component arriving at the receiver out of 
phase with the direct-wave component? 

e. What affects the surface-wave component? 

f. What is meant by temperature inversion? 

g. What is the normal range of frequency for 
ground waves? 

h. Describe trapped waves. 

i. How are the ionosphere layers formed? 

j. What is meant by ionization? By recombi- 
nation? 

k. What is the principal cause of ionization? 

l. What effects do sunspots have on the ion 
layers? 

m. What is meant by Dellinger fade? 

n. Name the ionosphere layers and their relative 
heights. 

o. What general effect does the D region have 
on hf waves? 

p. What happens to the various layers during 
the night? 

qg. Are the ionosphere layers limited to any 
given number? 

r. How does refraction take place in the iono- 
sphere? 

s. Describe virtual height. 

t. Define critical frequency. 


u. Briefly describe the regular variations of the 
ionosphere. 

v. What is sporadic E? 

w. What usually happens to radio communica- 
tions during severe ionospheric storms? 

z. What are scattered reflections? 

y. Give the factors affecting sky-wave propa- 
gation. 

z. What is the skip zone? 

aa. What is the difference between the skip 
zone and the skip distance? 

ab. Describe single- and double-hop radio paths. 

ac. What is meant by short-path and long-path 
transmission? 

ad. Define maximum usable frequency. 

ae. How does variation in the oblique angle of 
incidence affect the MUF? 

af. How does the extraordinary wave affect 
communications? 

ag. What happens to waves of frequencies 
greater than the MUF? 

ah. What is meant by the lowest usable high 
frequency? 

ai. What happens to waves of frequencies lower 
than the LU" 

aj. What _.imum working frequency usually 
is selected for F2 layer propagation? 

ak. What is received signal strength? 

al. What are the general requirements for 
receiving and transmitting antennas? 

am. What is the cause of absorption? 

an. How does the height of the receiving anten- 
na affect reception? 

ao. What is meant by interference fading? By 
polarization fading? 

ap. When does skip fading usually occur? 

ay. Upon what factors does required signal 
strength depend? 

ar. What is the cause of atmospheric noise? 
Cosmic noise? Receiving set noise? 

as. What is the noise figure of a radio set? 

at. How does the type of service affect the 
required signal-to-noise ratio? 
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CHAPTER 3 
HALF-WAVE AND QUARTER-WAVE ANTENNAS 


Section |. BASIC THEORY 


36. Introduction 


The electric and magnetic fields radiated from 
an antenna form the electromagnetic field, and 
this field is responsible for the transmission and 
reception of electromagnetic energy through free 
‘space. An antenna, however, is also part of the 
electrical circuit of a transmitter or a receiver and, 
because of its distributed constants, it acts as a 
circuit containing inductance, capacitance, and 
resistance. Therefore, it can be expected to dis- 
play definite voltage and current relationships in 
respect to a given input. A current through it 
produces a magnetic field, and a charge on it pro- 
duces an electric field. These two fields taken 
together form the induction field. To gain a 
better understanding of antenna theory, a review 
of the basic electrical concepts of voltage and 
electric field, and current and magnetic field is 
necessary. 


37. Voltage and Electric Field 


a. Electric Field. 

(1) When a capacitor is connected across a 
source of voltage, such as a battery (fig. 
47), it is charged some amount, depend- 
ing on the voltage and the value of 
capacitance. Because of the emf (elec- 
tromotive force) of the battery, negative 
charges flow to the lower plate, leaving 
the upper plate positively charged. Ac- 
companying the accumulation of charge 
is the building up of the electric field. 
The flux lines are directed from the 
positive to the negative charges and at 
right angles to the plates. 

(2) If the two plates of the capacitor are 
spread farther apart, the electric field 
must curve to meet the plates at right 
angles (fig. 48). The straight lines in A 
become arcs in B, and approximately 
semicircles in C, where the plates are in a 
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Figure 47. Charges on plates of a capacitor. 


straight line. Instead of flat metal 
plates, as in the capacitor, the two ele- 
ments can take the form of metal rods or 
wires. The three-dimensional view in 
figure 49 depicts the electric field more 
accurately. In A of figure 49 the wires 
are approximately 30° apart, and the 
flux lines are projected radially from the 
positively charged wire to the negatively 
charged wire. In B of figure 49 the two 
wires lie in a straight line, and the flux 
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Figure 48. Electric field between plates at various angles. 
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Figure 49. Electric field between wires at various angles. 


lines form a pattern similar to the lines of 
longitude around the earth. To bring 
out the picture more clearly, only the 
lines in one plane are given. 


b. Voltage. 
(1) Assume that the sphere marked E in B 


of figure 49, is a transmitter supplying 
r-f energy. The two wires then can 
serve as the antenna for the transmitter. 
R-f energy is radiated from the antenna 
and charges move back and forth along 
the wires, alternately compressing and 
expanding the flux lines of the electric 
field. The reversals in polarity of the 
transmitter signal also reverse the direc- 
tion of the electric field. 


(2) When a charge is put on the plates of a 


capacitor by means of a battery, an 
electric field is set up between its plates. 
The flow of charge from source to capaci- 
tor ceases when the capacitor is fully 
charged, and the capacitor is said to be 
charged to a voltage equal and opposite to 
that of the source. The charged capaci- 
tor can be used as a source of emf since 
it stores energy in the form of an electric 
field. This is the same as saying that 
an electric field indicates voltage. The 
presence of an electric field about an 


antenna also indicates voltage. Since 
the polarity and the amount of charge 
depend on the nature of the transmitter 
output, the antenna voltage also depends 
on the energy source. For example, if a 
battery constitutes the source, the an- 
tenna charges to a voltage equal and 
opposite to that of the battery. If r-f 
energy is supplied to a half-wave antenna, 
the voltage across the antenna lags the 
current by 90°. The half-wave antenna 
acts as if it were a capacitor, and it can 
be described as capacitive. 


38. Current and Magnetic Field 


a. Current. A moving charge along a conductor 
constitutes a current and produces a magnetic 
field around the conductor.. Therefore, the flow 
of charge along an antenna also will be accom- 
panied by a magnetic field. The intensity of this 
field is directly proportional to the flow of charge. 
When the antenna is uncharged, the current flow 
is maximum, since there is no opposing electric 
field. Because of this current flow, a charge 
accumulates on the antenna, and an electric field 
builds up in increasing opposition to the emf of 
the source. The current flow decreases and when 
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Figure 50. Magnetic field about a half-wave antenna. 


the antenna is fully charged, the current no longer 
flows. 

b. Magnetic Field. The magnetic field in the 
space about a current-carrying device has a specific 
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configuration, with the magnetic flux lines drawn 
according to a definite rule (fig. 50). Whereas, 
in the electric field, the electric lines are drawn 
from a positive charge to a negative charge, in the 
magnetic field, the flux lines are drawn according 
to the left-hand rule. The direction of current 
flow is upward along both halves of the antenna. 
The lines of magnetic flux form concentric loops 
which are perpendicular to the direction of current 
flow. The arrowheads on the loops indicate the 
direction of the field. If the thumb of the left 
hand is extended in the direction of current flow 
and the fingers clenched, then the rough circles 
formed by the fingers indicate the direction of the 
magnetic field. This is the left-hand rule, or 
convention, which is used to determine the direc- 
tion of the magnetic field. 


39. Combined Electric and Magnetic Fields 


a. When r-f energy from a transmitter is 
supplied to an antenna, the effects of charge, 
voltage, current, and the electric and magnetic 
fields are taking place simultaneously. These 
effects (fig. 51) have definite time and space 
relationships to each other. If a half-wave 
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Figure 51. Electric and magnetic fields 90° out of phase. 


antenna is used, the relations between charge and 
current flow can be predicted because of the 
capacitive nature of this antenna. The voltage 
will lag the current by 90° and the electric and 
magnetic fields will be 90° out of phase. With 
no electric field present (no charge), the current 
flow is unimpeded, and the magnetic field is 
maximum. As charge accumulates on the an- 
tenna, the electric field builds up in opposition 
to current flow and the magnetic field decreases 
in intensity. When the electric field reaches its 
maximum strength, the magnetic field has decayed 
to zero. 

b. A reversal in polarity of the source reverses 
the direction of current flow as well as the polarity 
of the magnetic field, and the electric field aids 
the flow of current by discharging. The magnetic 
field builds up to a maximum, and the electric 
field disappears as the charge is dissipated. The 
following half-cycle is a repetition of the first 
half-cycle, but in the reverse direction. This 
process continues as long as energy is supplied 
to the antenna. The fluctuating electric and 
magnetic fields combine to form the induction 


field, in which the electric and magnetic flux 
maximum intensities occur 90° apart in time, or 
in time quadrature. Physically, they occur at 
right angles to each other, or in space quadrature. 
To sum up, the electric and magnetic fields about 
the antenna are in space and time quadrature. 


40. Standing Waves 


a. The Infinitely Long Conductor. Assume that 
it is possible to have a wire conductor with one 
end extending infinitely, with an r-f transmitter 
connected to this wire. When the transmitter 
is turned on, an r-f current in the form of sine 
waves of r-f energy moves down the wire. These 
waves of energy are called traveling waves. The 
resistance of the conductor gradually diminishes 
the amplitude of the waves, but they continue 
to travel so long as the line does not come to an 
end. 

b. The Finite Conductor (Antenna). The an- 
tenna, however, has some finite length. There- 
fore, the traveling waves are halted when they 
reach the end.of the conductor. Assume that 
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Figure 52. Traveling waves on an antenna and typical resultant wave. 
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the r-f transmitter is turned on just long enough 
to allow one sine wave of energy to get on the 
line (A of fig. 52). This traveling wave is moving 
down the antenna toward the end. When this 
wave reaches the end of the conductor, the 
current path is broken abruptly. With the 
stoppage of current flow, the magnetic field 
collapses. A voltage is induced at the end of the 
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conductor that causes current to flow back toward 
the source, as in B of figure 52. The wave is 
reflected back to the source, and, if a continual 
succession of waves is sent down the line, they will 
be reflected in the same continual pattern. The 
wave moving from the transmitter toward the 
end is called the incident wave, and its reflection 
is called the reflected wave. 
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Figure 53. Development of standing wave from traveling waves. 
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c. Standing Waves. 
(1) A continuous flow of incident waves 


results in a continuous flow of reflected 
waves. Since there is only one con- 
ductor, the two waves must pass each 
other. Electrically, the only current 
that actually flows is the resultant of 
both of these waves. The waves can rein- 
force or cancel each other as they move. 
When they reinforce, the resultant wave 
is maximum; when they cancel, the 
resultant wave is minimum. In a con- 
ductor which has a finite length, such as 
an antenna, the points at which the 
maxima and minima of the resultant 
wave occur (C of fig. 52) are stationary. 
In other words, the maximum and 
minimum points stand still, although both 
the incident and reflected waves are 
moving. The resultant wave stands still 
on the line, only its amplitude being 
subject to change. Because of this 
effect, the resultant is referred to as & 
standing wave. 


(2) The development of the standing wave 


on an antenna by actual addition of the 
traveling waves is illustrated in figure 53. 
At the instant pictured in A, the incident 
and reflected waves just coincide. The 
result is a standing wave having twice 
the amplitude of either traveling wave. 
In B, the waves move apart in opposite 
directions, and the amplitude of the 
resultant decreases, but the points of 
maximum and minimum do not move. 
When the traveling waves have moved 
to a position of 180° phase difference, the 
resultant is zero along the entire length 
of the antenna, as shown in C. At this 
instant there can be no current flow in 
the antenna. The continuing move- 
ment of the traveling waves, shown in 
D, builds up a resultant in a direction 
opposite to that in A. The in-phase 
condition of the traveling waves results 
in a standing wave, in Z, equal in ampli- 
tude, but 180° out of phase with the 
standing wave in A. 


(3) If the progressive pictures of the standing 


wave are assembled on one set of axes, 
the result is as in figure 54. The net 
effect of the incident and reflected waves 
is apparent. The curves are lettered 
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Figure 54. Standing waves. 


with reference to figure 53. As the travel- 
ing waves move past each other, the 
standing wave changes only its ampli- 
tude. The fixed minimum points are 
called nodes, and the curves representing 
the amplitude are called loops. 


(4) The concept of the standing wave can be 


applied to the half-wave antenna with 
reference to either current or voltage 
distribution at any instant. This appli- 
cation is possible because there are 
traveling waves of both voltage and 
current. Since voltage and current are 
out of phase on the half-wave antenna, 
the standing waves also are found to be 
out of phase. 


41. Voltage and Current Distribution on Half- 


Wave Antenna 


a. Instantaneous Voltage and Current. 
(1) When an r-f transmitter is feeding a 


half-wave antenna, positive and negative 
charges move back and forth along the 
antenna (figs. 55 and 56). The first 
picture shows the position of the charges 
at some arbitrary time, TO. The r-f 
charges being observed are at the ends 
of the antenna, and there is a maximum 
difference in potential between the ends, 
A and B. The remaining illustrations 
show the instantaneous positions of the 
charges at regular intervals of 22.5° 
throughout a complete cycle. 


(2) To the right of each instantaneous posi- 


tion of the charges are curves representing 
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Figure 55, Voltage and current distribution in terms of positive and negative charges. 
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Figure 56. Voltage and current distribution in terms of positive and negative charyes. 


the current and voltage at that particular 
time for any point on the antenna. For 
example, at time TO, the positive and 
negative charges are at points A and B 
on the antenna. The voltage between 
these points represents a maximum dif- 
ference of potential. The current, being 
90° out of phase in respect to the voltage, 
is everywhere zero. These distribution 
curves are standing waves derived in the 
same manner as those discussed in the 
previous paragraph. 


(3) The next illustration shows the position 


of the charges at time T1. The standing 
wave of current is a relative maximum 
at the center of the antenna. This 
current loop has nodes which remain at 
the ends of the antenna, and it is, there- 
fore, 90° out of phase with the standing 
wave of voltage. 


(4) At T2 and T3, the charges move closer 


together, and the standing wave of 
voltage slowly decreases in amplitude. 
Conversely, the current loop increases 
in magnitude. When the charges meet 
after 90° of the r-f cycle (T4), the effect 
is that of having the positive and negative 
charges cancel. The voltage loop accord- 
ingly is zero everywhere on the antenna, 
and the current loop rises to its maximum 
value, unimpeded by any charge on the 
antenna. 


(5) At time T5, the charges have passed each 


other, each charge having moved past the 
center point of the antenna. The polarity 
of the voltage loops is reversed, and they 
build up in the opposite direction, keep- 
ing the node always at the center point of 
the antenna. The reversal of polarity is 
shown in the charge positions at T3, T4, 
and T5. The separation of the charges 
also is accompanied by a decrease in the 
amplitude of the current loop. 


(6) From T5 to T8, the charges move out to 


the ends of the antenna. During this 
time, the voltage loops increase and the 
current loops decrease in amplitude. At 
time T8, which occurs 180° after TO in 
the r-f cycle, the charges have moved to 
opposite ends of the antenna. Compare 
the picture in TO to the picture in T8. 
It is seen that the negative charge is now 
at point A and the positive charge at 


point B. Since the positions of the 
charges have been reversed from TO to 
T8, the voltage loops in T8 are 180° out 
of phase compared with the loops in TO. 


(7) From T8 to T16 in figure 56, the move- 


ment of the charges is shown in the 
opposite direction, the current loop 
reaching ® maximum at T12. When the 
entire r-f cycle is completed at time T16, 
the charges have returned to the posi- 
tions they occupied at TO. The distri- 
bution curves of voltage and current also 
are in their original conditions. The 
entire process then is repeated for each 
r-f cycle. 


b. Standing Waves of Voltage and Current. 
(1) The distribution curves of the current and 


voltage are standing waves. This means 
that they are the resultants obtained by 
adding two traveling waves. The two 
traveling waves are associated with the 
positive and negative charges. The wave 
caused by the negative charge can be 
called the incident wave, and the wave 
caused by the positive charge the re- 
flected wave. The discussion, however, is 
clearer when the concept of negative and 
positive charges is used. 


(2) The positive charge above, taken at time 


TO in figure 55, produces a traveling wave 
of voltage, shown by the dashed line in A, 
figure 57. The negative charge at the 
opposite end of the antenna produces an 
identical traveling wave (dash-dot curve). 
These two add together to produce the 
TO voltage distribution curve, which is 
the resultant wave of A of figure 55. 
Both of these waveforms are identical, 
being the standing wave of voltage at 
time TO. All the following distribution 
curves of figure 57 are produced in the 
same manner. They are the standing- 
wave resultants caused by the traveling 
waves accompanying the charges. 


(3) In B of figure 57, each of the traveling 


waves has moved 45°, the positive travel- 
ing wave moving to the right and the 
negative traveling wave moving to the 
left. This time corresponds to T2 in 
figure 55. The standing wave produced 
corresponds to the voltage distribution 
curve at T2. The standing waves of cur- 
rent are produced in the same manner. 
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Figure 57. Standing waves of voltage and current. 
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Figure 58. Standing waves of voltage at a point on the antenna. 


The current curves at D, HE, and F of 
figure 57 correspond to times TO, T2, 
and 14 of figure 55. 


c. Standing Waves of Voltage. 
(1) In A of figure 58, voltage standing waves 


occurring at different times are brought 
together on one axis, AB, representing a 
half-wave antenna. Essentially, these 
are the same curves shown progressively 
in figures 55 and 56 as voltage distribu- 
tion curves. They can be used to deter- 
mine the voltage at any point on the 
antenna at any instant of time. For 
example, if it is desired to know the 
variations of voltage occurring at point 
Y on the antenna over the r-f cycle, the 
variations are graphed in respect to 
time, as shown in B of figure 58. At TO 
the voltage at Y is maximum. From 
TO through T3 the voltage decreases, 
passing through zero at T4. The voltage 
builds up to a maximum in the opposite 


direction at T8, returning through zero 

to its original position from T8 to T16. 
(2) Between TO and T16, therefore, an entire 
sine-wave cycle, Y, is reproduced. This 
is true also of any other point on the an- 
tenna with the exception of the node at 
X. The peak amplitude of the sine 
wave produced at any point depends on 
its position on the antenna. The nearer 
the point is to either end, the greater its 

peak amplitude. 

d. Standing Waves of Current. The standing 
waves of current occurring at various times 
through the r+f cycle are assembled on a single 


‘axis in figure 59. This axis, AB, represents the 


half-wave antenna. If the current variations at 
point Y from TO to T16 are graphed iv respect to 
time, the result is the sine wave in B of figure 59. 
This is true for any point along the antenna with 
the exception of the nodes at the ends. The 
current has its greatest swing at X, the center of 
the antenna. Comparison of the voltage varia- 
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Figure 59. Standing waves of current at a point on the antenna. 


tion curve (A of fig. 58) with the current variation 
curve (A of fig. 59) shows the voltage curve lead- 
ing the current curve by 90° at Y. This relation 
can be expected on any half-wave device. 

e. Measurement of Standing Waves. In figure 
60, the standing waves of voltage E, and current 
I, are indicated along the antenna. There are 
current nodes at A and B and a voltage node at X. 
These standing waves are found on any half-wave 
antenna. A meter that indicates the effective 
value (0.707 of peak) of the a-c signal can be used 
to measure the standing waves present on the 
half-wave antenna. 
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Figure 60. Standing waves us measured with a meter. 


42. Velocity of Propagation and Antenna 
Length 


a. In free space, electromagnetic waves travel 
at a constant velocity of 300,000 kilomete:s or 
186,000 miles per second. The r-f energy on an 
antenna, however, moves at a velocity consider- 
ably less than that of the radiated energy in free 
space because the antenna has a dielectric constant 
greater than that of free space. Since the dielec- 
tric constant of free space (air or vacuum) is 
approximately 1, a dielectric constant greater 
than 1 retards electromagnetic-wave travel. 

b. Because of the difference in velocity between 
the wave in free space and the wave on the an- 
tenna, the physical length of the antenna no longer 
corresponds to its electrical length. The antenna 
is a half-wavelength electrically, but somewhat 
shorter than this physically. This is shown in 
the formula for the velocity of electromagnetic 


waves, 
V=fn 
65 


where V is the velocity, f is the frequency, and \ 
is the wavelength. Since the frequency of the 
wave remains constant, a decrease in the velocity 
results in a decrease in the wavelength. There- 
fore, the wave traveling in an antenna has a 
shorter wavelength than the same wave traveling 
in free space, and the physical length of the 
antenna can be shorter. 

c. The actual difference between the physical 
length and the electrical length of the antenna 
depends on several factors. A thin wire antenna, 
for example, has less effect on wave velocity than 
an antenna with a large cross section. As the 
circumference of the antenna increases, the wave 
velocity is lowered as compared with its free-space 
velocity. The effect of antenna circumference 
on wave velocity is illustrated in the graph of 
figure 61. 
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Figure 61. Effect of antenna circumference on wave velocity. 


d. Other factors are involved that lower wave 
velocity on the antenna. Stray capacitance, for 
exalaple, increases the dielectric constant and 
lowers wave velocity. This capacitance can be 
caused by the line connecting the antenna to the 
transmitter, the insulators used to give physical 
support to the antenna, or nearby objects made 
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of metallic or dielectric materials. The change 
in velocity resulting from stray capacitance is 
called end effect because the ends of the antenna 
are made farther apart electrically than they are 
physically. End effect is counteracted by making 
the physical length about 5 percent shorter than 
the electrical length, as expressed in the formula 


L=0.95(492/f) 
=468/f 


where L is the physical length in feet and f is the 
frequency in megacycles. This formula is ac- 
curate for all practical purposes in determining 
the physical length of an antenna 1 half-wave- 
length at the operating frequency. 

e. The capacitive end effect also changes 
slightly the standing waves of voltage and current. 
When the standing waves are measured, it is 
found that the nodes have some value and do not 
reach zero, because some current is necessary to 
charge the stray capacitance. The standing 
waves measured in figure 62 show the results of 
end effect. 


43. Resonance, Resistance, and Impedance 


a. Resonance. The antenna is a circuit element 
having distributed constants of inductance, capac- 
itance, and resistance, which can be made to form 
@ resonant circuit. The half-wave antenna is the 
shortest resonant length of antenna. However, 
antennas which are 2 or more half-wavelengths 
also can be resonant. Such antennas are said to 
operate on harmonics. If an antenna is 4 half- 
wavelengths at the transmitter frequency, it is 
being operated at the fourth harmonic of its 
lowest resonant frequency. In other words, this 
antenna is a half-wavelength at one-quarter of the 
frequency of operation. An antenna operating on 
the third harmonic is shown in figure 53. 

b. Resistance. 

(1) A current flowing in the antenna must 
contend with three kinds of resistance. 
With the antenna considered as a radi- 
ator of energy, the power expended in the 
form of radiation can be thought of as an 
PR, loss. R, is called the radiation 
resistance. With the antenna considered 
as a conductor, a certain amount of 
energy is dissipated in the form of heat. 
In this J?R, loss, R, is the ohmic resist- 
ance. There is also an [RP loss because of 
the leakage resistance of dielectric ele- 


ments, such as insulators. This R usu- 
ally is included in the ohmic resistance. 


(2) The purpose of the antenna is to dissipate 


as much energy as possible in the form of 
radiation. The energy dissipated by the 
radiation resistance, therefore, is the use- 
ful part of the total power dissipated. 
Since the actual power loss depends on 
the ohmic resistance, this resistance 
should be kept as low as possible. In 
the half-wave antenna, the radiation re- 
sistance is large compared to the ohmic 
resistance, and most of the available 
energy isradiated. The half-wave anten- 
ne is, therefore, a very efficient radiator 
for most purposes. 
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(3) For a half-wave antenna fed at the center 
point, the radiation resistance is equal 
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Figure 62. Impedance along half-wave antenna. 


to 73 ohms. The reference point is the 
center of the antenna at the time of peak 
current flow. Ohmic resistance is refer- 
red to this point. The total resistance is 
of importance in matching the antenna 
to a transmission line. 


c. Impedance. 
(1) Because the half-wave antenna has differ- 


ent conditions of voltage and current at 
different points and because impedance is 
equal to the voltage across a circuit 
divided by the current through it, the 
impendance will vary along the length of 
the antenna. If E is divided by J at 
each point of the voltage and current 
curves in figure 62, the result is the 
impedance curve, Z. The impedance is 
about 73 ohms at the center point and 
rises to a value of about 2,500 ohms at 
the ends. 


(2) The impedance of the half-wave antenna 


usually is considered to be the impedance 
as seen by the transmitter at the input 
terminals. This impedance consists of 
both resistance and reactance. If the 


antenna is cut to a length of exact 
resonance, the reactance is zero and the 
impedance is purely resistive. However, 
if the antenna is longer or shorter than 
resonance, reactance is present. When 
the antenna .is made shorter, capacitive 
reactance is present; when the antenna 
is made longer, inductive reactance is 
present. 


(3) The impedance at the antenna input 


terminals is important in terms of power 
efficiency. If the tranamitter is feeding a 
nonresonant antenna, a power loss is 
caused by the reactive component of the 
antenna impedance. Conversely, if the 
frequency of the transmitter is changed, 
the electrical length of the antenna also 
changes, If the frequency is made some- 
what higher, the electrical length is made 
greater, and inductive reactance is added 
to the impedance. If the frequency is 
lowered, the electrical length is shortened, 
and capacitive reactance is added to the 
impedance. 


Section Il. TRANSMISSION LINES 


possible to connect the antenna directly: to the 
transmitter, the antenna generally is located some 
distance away. In a vehicular installation, for 
example, the antenna is mounted outside and the 
transmitter inside the vehicle. A transmission 
line, therefore, is necessary as a connecting link. 
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44, Introduction 


a. A transmission line is a device for guiding 
electrical energy from one point to another. 
Therefore, it can be used to transfer the output 
of a transmitter to an antenna. Although it is 


b. The transmission line has a single purpose in 
respect to both the transmitter and the antenna. 
This purpose is to transfer the power output of 
the transmitter to the antenna with the least 
possible loss. How well this purpose is accom- 
plished depends on the characteristics of the 
transmission line used. 


45. Transmission-Line Characteristics 


a. Terminology. 


(1) The transmission line used to couple 
energy from the transmitter to the an- 
tenna has an input end and an output 
end. The output circuit of the trans- 
mitter is coupled to the input end, also 
called the generator end or source. The 
antenna is coupled to the output end, 
also called the load end or the sink. 


TRANSMISSION 


TRANSMITTER 


TRANSMITTER 


LINE 


(2) The ratio of voltage to current at the 


input end is known as the input imped- 
ance. The ratio of voltage to current at 
the output end is known as the output 
impedance. If the line were of infinite 
length, the characteristic impedance would 
be the ratio of voltage to current on this 
infinite line. This value is a constant 
for a given transmission line. 


(3) By comparing its electrical length to the 


wavelength of the energy to be trans- 
ferred, a transmission line can be called 
long or short. It is short when its length 
is short compared with a wavelength, 
and long when its length is long com- 
pared with a wavelength. This becomes 
important when considering the efficiency 
of energy transfer through the line, be- 
cause the line has distributed constants 
the effect of which increases with length. 


OUTPUT 
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END 
A 
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Figure 63. Basic transmission line and equivalent circuit. 


b. Distributed Constants. 
(1¥ The transmission line is essentially a four- 


terminal device. Two terminals (input 
end) are connected to the transmitter, 
and two terminals (output end) are con- 
nected to the antenna. Between these 
terminals are distributed constants of 
inductance, capacitance, and resistance; 
their values depend on the physical char- 
acteristics of the line. 


(2) A of figure 63, shows a basic system con- 


sisting of a transmitter, two wires, and 
an antenna. The equivalent circuit, B, 
shows that any given section of the line 
has a certain amount of distributed con- 
stants which are divided into three equal 
sections of lumped constants. The num- 
ber of sections depends on the unit of 
length. chosen. The amounts of induct- 
ance, capacitance, and resistance depend 
on the length of the line, the size of the 
conducting wires, the spacing between 
the wires, and the dielectric (air or insu- 
lating medium) between the wires. 


(3) These constants actually cannot be dis- 


tinguished in the manner shown in B of 
figure 63. For example, the resistance is 
distributed uniformly along the entire 
length of the line and usually is measured 
in ohms per unit length. This is repre- 
sented as Rs in section 1. There is also 
a certain amount of leakage resistance 
between the wires, represerited as Reg. 
This resistance is in shunt with the input 
and output ends and is the result of cur- 
rent leakage between. the wires through 
. the dielectric. 


(4) The wires forming the. transmission line 


also possess distributedinductance. This 
inductance can be seen in the action of 
magnetic fields set up by current flow. 
For example, if current flow attempts to 
drop to zero suddenly, the collapsing 
magnetic fields sustain the éurrent for a 
time. 
is sustained is a measure of the distributed 
inductance. The distributed inductance, 
L, is considered to be in series with 
the line, and is measured in microhenries 
per unit length. 


(5) The two wires substituted for the plates 


of a capacitor in figure 49 show an electric 
field produced between them when they 


The time during which the current. 


were connected to a source of emf. This 
is also true of the wires that constitute 
the transmission line. The intensity of 
this electric field is a measure of the dis- 
tributed capacitancy, which is expressed 
in micromicrofarads per unit length. 
These wires act as a capacitance, C, 
shunted across the line (B of fig. 63). 

c. Characteristic Impedance. In addition to 
having the distributed constants, a transmission 
line has a characteristic impedance. If an infinitely 
long transmission line is assumed, then the charac- 
teristic impedance, Z,, determines the current that 
flows when a given voltage is applied. This 
impedante is purely resistive, and it. is constant 
for a given transmission line. The characteristic 
impedance is important in determining how well 
energy is transferred from the sourcé to the load. 
For the infinitely long line, all of the energy is sent 
out on the line, and none returns to the source. If 
a finite line is terminated with a purely resistive 
load equal to Z,, the source appears to see an infi- 
nitely long line, and all the energy passes into the 
line. If the line is terminated in any other load, 
anergy is reflected back to the source. 

d, Attenuation and Losses. The ideal trans- 
mission line has no losses. It transfers all the 
energy available at the transmitter to the antenna. 
Actual transmission lines, however, dissipate power 
in three ways. 

(1) Radiation. The transmission line tends 
to act like an antenna. Radiation losses 
can be considerable with certain types of 
lines. 

(2) Heating. The resistance of the conduc- 
tors dissipates a certain amount of power 
in the form of heat (/?R loss). At higher 
frequencies, an appreciable amount of 
heat loss can result from skin effect. An 
I*R loss also results from leakage between 
the conductors (dielectric loss). Heat 
loss increases with lines having a lower 
characteristic impedance because of the 
higher currents that are permitted to flow. 

(3) Reflection. It has been explained that'a 
load other than Z, reflects energy back 
along the line. This results in the reflec- 
tion loss explained below, 

e. Reflection of Energy. 

(1) In discussing the infinitely long antenna 
wire, it was pointed out that energy 
injected by the transmitter results in 
traveling waves. The same can be said 
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of an infinitely long transmission line. 
Traveling waves of voltage and current 
continue to move down the line so long 
the line has no end. 


(2) Assume a finite line where the two con- 


ductors terminate abruptly, as if they 
were cut. Traveling waves reaching this 
open end are reflected in the same manner 
and this results in the formation of stand- 
ing waves of voltage and current that are 
out of phase, just as on the antenna. 
The reflected waves represent energy that 
is not absorbed by the load but is reflected 
back along the line. This is undesirable 
in a transmission line, where the object is 
to transfer as much energy as possible to 
the load. 


(3) If energy is reflected, standing waves are 
formed, which means a changing ratio of 


voltage to current along the line, and 
therefore a changing line impedance. If 
all energy is reflected from the output 
end and none is absorbed by the load, the 
impedance is purely reactive all along the 
line. If some energy is absorbed and 
some reflected, the line impedance either 
can be resistive (more or less than Z,) or 
can have both resistive and reactive 
components. 


f. Z, and Reflection. 
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(1) There can be no reflected waves, and 


hence no standing waves, on an infinitely 
long line. However, an infinitely long line 
has an impedance of Z,. When the trans- 
mitter injects energy into a line impedance 
equal to the characteristic impedance, 
there are no standing waves and no 
reflections. The transmitter can appear 
to see an infinitely long line if a resistive 
load equal to the characteristic im- 
pedance is placed across the output end. 
Consequently, a line terminated in this 
manner causes no reflection of energy and 
no standing waves. This results in a 
maximum transfer of energy from trans- 
mitter to antenna. 


(2) Inductance, capacitance, and resistance 


found in & transmission line are distrib- 
uted uniformly along its length. There- 
fore, no reflection of energy takes place 
unless the impedance at some point on 
the line is different from that caused by 
the distributed constants. The imped- 


ance seen by the transmitter can be 
changed by changing the load. The 
traveling waves reaching the load sud- 
denly encounter an impedance different 
from that along the line, resulting in the 
formation of standing waves and reflec- 
tion of energy. Reflections occur so long 
as the load differs in any way from Zp. 

g. Basic Line Terminations. The load which 
terminates the transmission line can vary from 
zero to infinity. It can be either resistive or reac- 
tive, or both. A line terminated in a resistance 
equal to Z, is said to be properly terminated. In 
this case, the line appears to be infinitely long 
looking from the source toward the load, and no 
reflection occurs. Any other load causes reflection 
and the formation of standing waves. The two 
extreme cases of line terminations are shorted or 
open output terminals. In the first, the short 
represents a load equal to zero. Since a zero lead 
differs from the characteristic impedance, standing 
waves are set up on the transmission line. This 
short-circuited line is known as a closed-end line. 
If the output terminals are left open, the load is 
infinite, also resulting in standing waves. This is 
called an open-end line. In either the closed-end 
or the open-end line discussed in (1) and (2) below, 
no power is delivered to the load (antenna). The 
use of either line results in complete reflection of 
energy back to the source (barring line losses). 

(1) The standing waves created on a closed- 
end line are shown in A of figure 64. 
The line used is a half-wavelength at the 
operating frequency. For simplicity, the 
waves are shown using the top wire as 
a zero baseline. Because of the short 
across the output terminals, the current 
loop is maximum at that point, and the 
voltage is zero. A quarter-wavelength 
back along the line, there is a current 
node with a maximum on the voltage 
loop. A half-wavelength back (at the 
input terminals), there is a voltage node 
with a current loop (maximum negative). 
The voltage and current ratio, and there- 
fore, the impedance, continually change 
along the line. At the load, the im- 
pedance is zero. At the current node, 
the voltage is maximum and the im- 
pedance infinite (there is no current 
flow). At the source, the current again 
is maximum and the impedance zero. 
At the load end, therefore, no power is 


absorbed (P=PZ=f x 0=0), all of it 
being reflected back along the line. At 
the source, the transmitter is working 
into zero impedance, and there is no ex- 
penditure of power. (In the actual case, 
however, some loss is caused by numerous 
factors, such as radiation or heat.) Con- 
sequently, no energy is transferred to 
the antenna if there is a short across the 
output terminals of this line. 

(2) In a half-wavelength section of open-end 
line, the load, Z,, is infinite, and creates 
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Figure 64. Standing-wave formation on closed- and open-end 
half-wave transmission lines. 


A 


the standing waves shown in B of figure 
64. Although the standing wave of 
voltage is maximum at the open end, 
current is zero. Ata quarter-wavelength 
back, the current ismaximum, the voltage 
is zero, and the impedance is zero. At 
the source, the current again is zero, the 
voltage maximum, and the impedance 
infinite. Since the transmitter is work- 
ing into an infinite impedance, no current 
flowsand no power isexpended (P=P??Z= 
0 x Z=0). 


(3) If a transmission line is terminated in 


either a low or a high resistance (fig. 65), 
as compared with Z,, the effect is similar 
to an open or a closed end. The low 
resistance termination causes standing 
waves, which have nodes and loops at 
the same points as with a closed end. 
The amplitudes of the standing waves are 
lower, however, and the nodes no longer 
reach zero. This is because some power 
is absorbed by the low resistance, al- 
though most of it is reflected back to the 
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Figure 65. Half-wave lines terminated in low and high resistance. 
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source. Compare A of figure 65, with 
A of figure 64. 


(4) In B of figure 65, the line is terminated 


in a high resistance. This produces 
standing waves similar to those produced 
by an open end, as in: B of figure 64. 
Again, the difference is only in standing- 
wave amplitude. Figure 66 shows that 
the standing waves decrease in amplitude 
when the characteristic impedance _ is 
approached from either side. Values of 
resistive load ranging from a closed to an 
open end are noted. 


(5) The effects of purely reactive loads are 


shown in figure 67. In A, a half-wave 
section of line is terminated in a purely 
capacitive load. Compare the standing 
waves in this case to the standing waves 
resulting from an open-end line. The 
standing waves are shifted an eighth- 
wavelength forward from the source and 
the current leads the voltage, the latter 
condition resulting in an input impedance 
consisting of capacitive reactance. As 
the capacitance is increased, the voltage 
node moves nearer and nearer the output 
end. The result of having a transmission 
line terminated in capacitance is to in- 
crease the effective electrical length. 
This is the same type of change that 
results from end effect on an antenna. 
The effect is equivalent to adding an 
open-end section of line which is less than 
a quarter-wavelength long. 


(6) Terminating the line in an inductance 


results in the standing waves shown in 
Bof figure 67. Compared to the open-end 
termination, the current wave is shifted 
an eighth-wavelength back toward the 
source. This results in an input imped- 
ance consisting of inductive reactance 
(voltage leads current). Placing an in- 
ductance across the output is equivalent 
to adding a closed-end section of line less 
than a quarter-wavelength long. De- 
creasing the inductance moves the volt- 
age node nearer the output end. 


h. Other Line Terminations. 
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(1) It is possible to connect either the genera- 


tor or the load at other points along the 
transmission line besides the ends. So 
long as the line is not terminated in a 
resistive load equal to Z,, standing waves 
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Figure 66. Varying resistive load from zero to infinity on 
the half-wave line. 


E I I E distance between a quarter- and a half- 


> ae ie wavelength from the load, the input 
i rs x mA impedance consists of inductive react- 
V V ance. Connecting the generator to the 


same point on the shorted line in B of 
figure 68 results in an input impedance 

(~) = consisting of capacitive reactance. 
= (3) If the generator in A of figure 68 is con- 
nected exactly a quarter-wavelength from 
the open end, the input impedance is a 
aan very low resistance. The equivalent 


lumped-constant circuit, however, is not 


B simply a small resistor, but a series- 

TM 666-71 resonant circuit. In other words, the 

Figure 67. Half-wave lines terminated in capacitance and transmission line has resonant lengths 

inductance. like an antenna. If the generator in B 

is connected a quarter-wavelength from 

exist. This results in a line impedance the load, the input impedance consists 

which varies all along the line. The of a very high resistance. The equiva- 

generator then can be connected to work lent circuit in this case is a parallel- 
into different impedances at different resonant circuit. 

points. (4) It is possible to connect the load at differ- 

(2) Assume an open-end half-wavelength line ent points along the line. In figure 69, 

(fig. 68). The impedance curve along the load is connected a sixteenth-wave- 

the line not only changes its value in length from the end of a shorted quarter- 

ohms, but also changes in type of imped- wavelength line. The generator is con- 

ance. If the generator is connected a nected at a point of high voltage and low 
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Figure 68. Line impedance changes on a half-wave open-end line and on a half-wave closed-end line. 


73 


TM 666-73 


Figure 69. Open and closed lines as step-up and step-down transformers. 


current. The load is connected to a 
point of relatively lower voltage and 
higher current. The equivalent circuit 
for the line, therefore, is a step-down 
transformer. The equivalent of a step-up 
transformer can be obtained by connect- 
ing the load to the same point on an 
open-end quarter-wavelength line, as in 
B of figure 69. 


2. Changing Line Length. 
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(1) For open- and closed-end lines, the 


impedance seen by the source is given in 
figure 70. In A, different lengths of 
open-end line are given. These vary 
from less than a quarter-wavelength to 
1 wavelength. The impedance seen by 
the source is repeated in half-wave steps. 
For example, the series-resonant circuit 
seen at 1 quarter-wavelength is seen 
again at 3 quarter-wavelengths. It also 
is to be seen at the fifth and seventh 
quarter-wavelengths, and for every 
length measured in odd quarters. On the 
other hand, the generator sees a parallel- 
resonant circuit at a half-wavelength, 1 
wavelength, and 3 half-wavelengths and 
soon. In other words, the input imped- 


ance consists of a parallel-resonant circuit 
on open-end lines an even number of 
quarter-waves long. 


(2) In B of figure 70 different lengths of 


shorted line are given. For shorted 
lines, series resonance occurs at even 
quarters and parallel resonance at odd 
quarters. This is the reverse of the 
situation with open-end lines. For 
lengths of line shorter and longer than 
even or odd quarters, the input imped- 
ance is indicated as either inductive or 
capacitive. The generator also can be 
inserted at different points along any of 
these lines. The input impedance then 
is simply the line impedance at: that 
point. 


3. Standing-Wave Ratio. 
(1) The actual loads connected to the trans- 


mission line usually have both resistive 
and reactive components. The result is 
the formation of standing waves on the 
line. Considering the standing wave of 
voltage, the ratio of maximum to mini- 
mum voltage along the line is called the 
standing-wave ratio. This ratio also can 
be obtained by measuring maximum and 
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Figure 70. Changing line length changes the impedance seen by source. 
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minimum current along the line. The 
standing-wave ratio provides a measure 
of the energy reflected. 


(2) When the line is terminated in a resistance 


equal to Z,, the maximum and minimum 
values of current are the same. The 
SWR (standing wave ratio) is 1 to 1, or 1. 
In this condition the load is said to be 
matched to the line. All of the energy is 
absorbed by the load (neglecting line 
losses), and there are no standing waves. 
Such a line is called flat, since the 
impedance is the same value, Z,, all 
along the line. 


(3) If standing waves occur on the line with 


a given load, the SWR is a measure of 
the degree of mismatch between load and 
line. For example, assume that a 
resistive load of 500 ohms is used to 
terminate a line with Z, of 50 ohms. 
If the SWR is measured, it is found to 
be 10. This is the same as dividing 500 
by 50. 


k. Resonance. 
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(1) If a load resistance equal to Z, terminates 


the line, then the line is matched, or flat. 
There are no reflections, and the SWR is 
unity. By definition, a matched line 
is nonresonant. This means that there is 
no reflection of energy and there are no 
standing waves, resulting in maximum 
transmission of energy. 


(2) Assume a section of line which is termi- 


nated in a load not the same as Z,. 
This line has standing waves which are 
greater than 1, indicating the degree of 
mismatch. This line is called resonant. 
Depending on the type of load and the 
length of line used, the transmission line 
can be represented by a series- or a 
parallel-resonant circuit. 


(3) The nonresonant, or matched, line is used 


principally in fixed or semifixed opera- 
tion, since its design and construction 
take into consideration a great many fac- 
tors. Even in fixed installations, how- 
ever, only a need for very high efficiency 
warrants the use of a nonresonant line. 
The resonant line, on the other hand, is 
simple in construction and flexible in 
operation, and therefore, is used in most 
field or mobile installations. Although a 
maximum SWR exists on a resonant line, 


it still can be used with relatively high 
efficiency. 

l. Impedance Matching. Assume that a trans- 
mission line has a characteristic impedance of 100 
ohms. This line must be used to feed an antenna 
with 75, ohms of resistance and 30 ohms of induc- 
tive reactance at the operating frequency. Since 
a mismatch occurs if the line is connected directly 
to the antenna, an intermediate element must be 
used between the line and the antenna. Such an 
element is called an impedance-matching device. 
For this purpose, a carefully constructed section 
of transmission line can be used. This is possible 
because a line exhibits an impedance which varies 
with length. If the proper length is selected, this 
length then can serve as the matching element. 

m. Velocity of Propagation. Wave travel on 
the transmission line is retarded in the same man- 
ner as on the antenna. Consequently, the 
electrical length and the physical length are not 
the same. The electrical length depends directly 
on the dielectric medium, the physical dimensions 
of the conductors, and the space between them. 
All the factors on which the electrical length de- 
pends can be reduced to a single constant factor 
for a specific type of line. The electrical length 
then can be expressed as— 


[= 246 k/f 


where J is the electrical length in feet, k is the 
factor for the specific line, and f is the frequency 
of operation in megacycles. Typical values of k 
range from 0.56 to 0.975. 


46. Types of Transmission Line 


Until now, only one type of transmission line 
has been discussed. This is the type using two 
parallel conductors, uniform in every dimension. 
So far as general theory is concerned, the previous 
discussion applies to all types of transmission 
lines. Physically, however, transmission lines 
differ considerably in their construction and 
specific characteristics. The various types are 
discussed below. 

a. Single-Wire Line. This is the simplest type 
of transmission line. A single-wire conductor 
links the transmitter to the antenna. The return 
path completing the circuit is ground. Because 
there is only one metallic conductor, the line is 
unbalanced. This condition leads to large radia- 
tion losses, which is a definite disadvantage. 
Another disadvantage is the lack of a constant 
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Figure 71. Variation in Z, with changes in b/a ratio, open two-wire line. 


physical relationship between wire and ground, 
which leads to a varying characteristic impedance, 
making the line difficult to match to the antenna. 
Because of these two disadvantages, the single- 
wire line is used rarely. It is found where its 


spreaders, shown in A of figure 71. The 
actual distance used between the con- 
ductors depends on the impedance re- 
quired, the diameter of the wire, and the 
frequency of operation. 


advantage of easy installation outweighs its (2) The characteristic impedance of a two- 


disadvantages. 
b. Open Two-Wire Lane. 

(1) Because it uses two parallel conductors, 
this is called also the parallel-conductor 
line, and because the dielectric medium 
is air, it is known also as an open-wire 
line (fig. 71). The construction and 
installation of the open two-wire line 
are nearly as simple as for the single- 
wire line. Although the balanced con- 
ductors act to reduce radiation loss, the 
balance is critical, and nearby metallic 
objects tend to unbalance the line and 
cause large radiation losses. The two 
wires used in this line are kept at a con- 


wire line is relatively constant. For a 
two-wire line having air as a dielectric 
medium, Z, is given by the formula 


Z4=216 logis 2 


where 6 equals the space between the 
conductors measured from their centers 
and @ equals the radius of the wire used. 
This formula is sufficiently accurate 
provided that the ratio b/a is 4 or greater. 
The graph in B of figure 71, demonstrates 
the variation in Z, produced by changing 
the ratio, b/a. 


stant distance from each other by means (3) Currents flow through the two parallel 


of insulating bars called spacers, or 


conductors in opposite directions. If 
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the two currents are exactly 180° out of 
phase, the fields nearly cancel and the 
radiation loss approaches zero. At 
relatively low frequencies, this condition 
can be approached. As the frequency 
of operation is raised, however, the two 
currents tend to be more and more out 
of phase, causing considerable radiation 
loss. The loss can be reduced by moving 
the conductors closer together. Because 
of radiation, the distance between the 
conductors should never exceed 0.01 \, 
where A is 1 wavelength at the operating 
frequency. 

(4) Moving the conductors closer together 
lowers the characteristic impedance of 
the line. This can be seen from the 
equation given above. In order to have 
a relatively high impedance and close 
spacing, it is necessary to reduce the 
size of the conductors. Reduction in 
size, however, decreases the power capa- 
bilities of the conductors. The higher 
the frequency of operation, the more 
difficult these problems become. A 
practical limit to the use of two-wire 
lines having air as the dielectric medium 
is reached at approximately 200 mc. 

c. Insulated Two-Wire Line. 

(1) Instead of having air as a dielectric 
medium, the two-wire line can be in- 
cased in a solid dielectric. This type of 
line has several advantages over the 
open line. Installation is simplified 


considerably because of its flexibility. 
For example, it is difficult to run the 
open-wire line around a corner without 
changing the spacing between the con- 
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Figure 72. Insulated two-wire line. 
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ductors. In the insulated type, the 
dielectric is solid enough to keep the 
conductors evenly spaced, but flexible 
enough to bend easily around corners. 
(2) In one type of insulated line, the two 
conductors are molded into the edges of 
a plastic ribbon called polyethylene 
(fig. 72). The dielectric losses are 
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Figure 74. Variations in Z, with changes in the b/a ratio, 
open coazial line. 


higher than in a comparable open-wire 
line, and the higher dielectric constant 
lowers the characteristic impedance. 

d. Shielded Pair. <A further development of 
the insulated two-wire line is the shielded pair 
(fig. 73). The two parallel conductors are im- 
bedded in a solid dielectric, such as the plastic 
copaline. The insulated pair then is inclosed in a 
tube made of braided copper. The entire assembly 
is given a weatherproof coating. The principal 
advantage of the shielded pair over other types 
of two-wire lines is its low radiation loss. This 
is true because the shield provides a uniform 
ground for both conductors, resulting in a well- 
balanced line. Furthermore, the shield provides 
protection from stray pickup in the presence of 
external fields. 

e. Twisted Pair. If two insulated wires are 
twisted together, a flexible transmission line 
results without the use of spacers. This type is 
limited to use as a short untuned line because of 
its high losses. It should not be used at frequen- 
cies above 15 mc. 

f. Coaxial Lines. 

(1) It is possible to place one conductor 
inside the other to form a transmission 
line. Such a line is called coaxial, or 
concentric. The open line (air dielec- 
tric) is shown in A of figure 74. Usually, 
it consists of a wire conductor placed 
inside a flexible metal tube which serves 
as the second conductor. The inner 
wire is fixed along the central axis of the 
outer tube by spacers, usually plastic 
beads. The open coaxial line is used to 
provide efficient operation at relatively 
high frequencies. There is little radi- 
ation loss from this type of line because 


the outer conductor confines radiation 
to the space inside the line. External 
objects consequently have no effect on 
transmission, making this line definitely 
superior to the two-wire type. Instead 
of air, the line can be filled with a 
flexible, plastic dielectric, forming a solid, 
coaxial line which has the advantage of 
greater flexibility compared with an open 
coaxial line. The use of a solid di- 
electric, however, increases the dielectric 
losses. 

(2) The characteristic impedance of the open 
coaxial line can be calculated from the 
formula, 


Z.= 138 logi b/a 


where 6 equals the inner diameter of the 
outer conductor and a equals the outer 
diameter of the inner conductor. Vari- 
ations in Z, with changes in the ratio 
b/a are given in the graph shown in B, 
figure 74, which includes open coaxial 
lines. The formula for Z, of a solid 
coaxial line is given by 


where ¢ is the dielectric constant of the 
dielectric material used. The other quan- 
tities (6 and a) are the same as for the 
open coaxial line. If ¢€ is equal to 1, 
then the two formulas become identical. 
From both formulas, it can be seen that 
a high ratio of b/a means a high Z,, and 
conversely, a low ratio of b/a means a 
low Zp. 


Section Ill. BASIC FEEDER SYSTEMS 


47. Introduction 


The transmission line used to couple the trans- 
mitter to the antenna sometimes is called a 
feeder. Because two general types of trans- 
mission line are used (resonant and nonresonant), 
methods of feed can be divided into two classes— 
tuned (resonant) and untuned (nonresonant or 
matched). Both types of line involve a trans- 
mitter, means for coupling the transmitter to the 
line, the transmission line, means for coupling the 
line to the antenna (including an impedance 


matching device if necessary), and the antenna 
itself. 


48. Transmitter-to-Line Coupling 


a. Transmitter Coupling to Untuned Lines. 

(1) On the untuned line, the SWR is 1.5 or 
less, and the line is considered properly 
terminated. For a single-wire feeder, 
two types of transmitter coupling are 
shown in A and B of figure 75. In A, 
the matched line is coupled capacitively 
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to a tap on the coil in the output circuit 
or the final amplifier. The tap is ad- 
justed for maximum power transfer. 
Although this method has the advantage 
of simplicity, it allows a great deal of 
harmonic radiation from the antenna. 
In B, a link is used to couple the trans- 
mitter output circuit to the feeder input 
circuit. The coils forming the links can 
be connected by a low-impedance section 
of line. This allows the transmission 
line to be moved a distance from the 
transmitter. This method is relatively 
simple and efficient, permitting little 
harmonic radiation. 


(2) The coupling used with two-wire systems 


depends in part on whether the trans- 
LINE 


mitter output circuit is single-ended or 
double-ended. It also depends on the 
input impedance of the two-wire feeder. 
If the impedance is low and the output 
circuit is single-ended (unbalanced), then 
the circuit in C can be used. A more 
flexible coupling arrangement is shown in 
D. This link circuit permits coupling to 
a high- or low-impedance two-wire feeder 
from the single-ended output circuit. 


(3) When the output circuit of the transmitter 


is double-ended (balanced), the two-wire 

feeder can be coupled capacitively to the 

output tank, as in EF. This method 

usually is found with open two-wire 

lines. A link arrangement, as shown in 

F, also is available for balanced output 
LINE 
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Figure 75. Various methods of coupling the transmitter to untuned transmission lines. 
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Figure 76. Two methods of coupling the transmitter to tuned transmission lines. 


circuits. The line taps in both cases are 
placed symmetrically in respect to the 
center of the coil. 

b. Transmitter Coupling to Tuned Lines. 


(1) If a resonant transmission line is used,. 


the type of coupling depends on whether 
the line input impedance is the equivalent 
of a series- or a parallel-resonant circuit. 
The circuit in A of figure 76, is an arrange- 
ment used with a line presenting a low 
impedance to the transmitter. The extra 
link serves to reduce harmonic radiation 
from the antenna. 

(2) An arrangement that can be used for 
either series- or parallel-tuned lines is 
shown in B. In this circuit, the link 
reduces harmonic radiation to a mini- 
mum. Except for the method of employ- 
ing the link, the circuits in A and B are 
almost identical. 

c. Pi-Section Coupling Network. The pi-section 
circuit is a versatile network which can be used 
with both tuned and untuned lines. It also can 
be used with balanced and unbalanced final- 
amplifier circuits over a wide range of line imped- 
ances. A single pi-section is used for coupling to 
a single-wire feeder (A of fig. 77). For a two- 
wire feeder, a double pi-section provides the 
necessary coupling, as in B. 


LINE 


A 


49. Methods of Feed 


a. Line Conditions. 

(1) Between the transmitter coupling network 
and the antenna input terminals, certain 
factors must be taken into consideration 
with regard to the transmission line. 
These factors apply equally to both tuned 
and untuned lines, and they deal with the 
problem of minimizing radiation loss 
from the line. 

(2) A minimum of radiation loss is attained 
when the fields surrounding the two con- 
ductors forming the line are equal and 
opposite in phase, and hence cancel each 
other. In this condition, a transmission 
line is called balanced. If the line is unbal- 
anced, excessive radiation loss occurs. 
The radiation loss is directly proportional 
to the amount of line unbalance. Com- 
mon causes of line unbalance are— 

(a) Unequal size, length, or spacing of the 
conductors. 

(6) Unequal loading of the two conductors. 
This can result either from the antenna, 
or from coupling between one conduc- 
tor and a nearby conducting surface. 

(c) Acute angle in the line. 

(3) Various methods are available for bal- 
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Figure 77. Pi-section coupling to tuned or untuned lines. 
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Figure 78. Devices for balancing transmission lines, 


ancing different types of transmission 
lines. Open-wire and shielded-pair lines 
have constant dimensions. If the line is 
a wavelength long, it usually is balanced. 
If an open-wire line longer than 1 wave- 
length is used, transposition blocks can 
be substituted for spacers. The positions 
of the conductors are reversed at regular 
intervals by means of these blocks (A of 
fig. 78). This serves to balance the line 
to ground and nearby objects. 

(4) The properties of a quarter-wave section 
of line can be utilized to balance unequal 
line currents in the transmission line 
proper. The balancing section used with 
a coaxial line, as in B, is called a bazooka. 
It serves to make the impedance of the 
outer conductor equal to that of the 
inner conductor. If the unbalance is 10 
percent or less, the line can be considered 
balanced for all practical purposes. 

b. Feeding the Antenna. Two important factors 
must be considered in answering the question of 
how to connect the line to the antenna. An 
antenna at resonance has standing waves on it, 
presenting a varying impedance along its length. 
For maximum transfer of energy, the impedance 
at the output end of the line must match the 
antenna input impedance. One factor to consider, 
therefore, is the antenna impedance. Another 
factor is the type of antenna used. Methods of 
feed are divided into two classes, tuned and un- 
tuned, corresponding to the two classes of trans- 
mission line. If it is no longer than 1 wavelength, 
a resonant line works with relative efficiency. If 
it is longer, a matched line should be used. 


50. Tuned Methods of Feed 


a. Although the resonant line can have the same 
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physical construction as the nonresonant line, 
standing waves are present on the resonant type. 
Since standing waves are present on the antenna, 
so far as the transmitter is concerned the antenna 
is merely an extension of the transmission line. 

b. For all practical purposes, there are two 
points at which a resonant line can be used to feed 
a half-wave antenna. The point of highest im- 
pedance occurs at either end; the point of lowest 
impedance occurs at the center. If the antenna 
is a half-wavelength at the operating frequency, 
voltage loops occur at its ends and a current loop 
occurs at its center. If this antenna is fed at one 
end, it is being fed at a point of high impedance 
(about 2,500 ohms) and, also, at a voltage loop. 
If it is fed at the center, the connection is to a low- 
impedance point (about 73 ohms), which is also a 
current loop in this case. 

c. An open-end resonant line can be either an 
odd or an even number of quarter-wavelengths. 
If it is an odd number, it acts as an impedance 
transformer. If it is an even number, it has the 
same input and output impedance. Either of 
these types can be connected to the center or the 
end of the half-wave antenna. 

d. The four possible arrangements for feeding 
the half-wave antenna with tuned lines are shown 
in figure 79. In A. the antenna is center-fed. The 
impedance curve for the antenna shows that the 
antenna impedance, Z,. is low at this point. The 
output impedance, Zz, of the line. therefore, must 
be low. Since the line used is an even number of 
quarter-wave lengths, a low output impedance 
results in a low input impedance. This determines 
the type of transmitter-to-line coupling. A series- 
resonant circuit is used to provide the necessary 
low-impedance match. The arrangement in A also 
is called current-fed, since the point of feed occurs 
at a current loop. 

é. In B of figure 79 the antenna is end-fed. The 
antenna therefore is being fed at a point of high Z,. 
In order to obtain a high Z,, the even quarter-wave 
length line is coupled to the transmitter by means 
of a high-impedance, parallel-resonant circuit. 
This type of feed results in an unbalanced line con- 
dition, and little radiation from the line occurs 
provided that the antenna is cut to a resonant 
length. An antenna far from resonance causes 
serious line radiation loss. The end-fed half-wave 
antenna is more common, and sometimes is 
referred to as Zepp-fed. 

jf. By comparison, center feed is a better arrange- 
ment than end or Zepp feed. In the center-fed 
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method, equal lengths of the antenna are added 
to each side of the line. Even if the antenna is 
actually not at resonance, the line remains near a 
balanced condition, and there is little line radia- 
tion loss. The symmetry of the center-fed method 
allows the antenna to be used over a wide fre- 
quency range, since it does not have to be near 
resonance to prevent line radiation loss. 

g. The center-fed antenna using a tuned line an 
odd number of quarter-wavelengths is shown in C 
of figure 79. The distinguishing feature of this 
length of line is its impedance transforming action. 
A low impedance across the output terminals is 
reflected as a high impedance at the input ter- 
minals. The antenna in C is being fed at a point 
of low impedance. The resulting high impedance 
reflected at the input end necessitates the use of a 
high-impedance, parallel-resonant circuit for cou- 
pling to the transmitter. If the same line is used 
to end-feed the antenna, as in D of figure 79, the 
high Z, is reflected as a low input impedance. A 
series-resonant circuit, therefore, is used for cou- 
pling to the transmitter. Asin B, end feed results 
in a condition of line unbalance which must be 
kept below 10 percent. 


51. Untuned Methods of Feed 


a. General. For all practical purposes, a non- 
resonant transmission line is defined as a line with 
SWR of 1.5 or less. To obtain this low standing- 
wave ratio, the lin» must be terminated in an 
impedance very close to its characteristic imped- 
ance. The antenna impedance may vary con- 
siderably from this value. Consequently, an 
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Z9= 500 TO 600 OHMS 
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impedance matching device sometimes must be 
inserted between the line and the antenna. The 
input impedance of this device matches the charac- 
teristic impedance of the line, and its output 
impedance matches the antenna impedance. 

b. Single-Wire Feed. 

(1) The single-wire feeder can be used as a 
nonresonant line to feed the resonant 
half-wave antenna. For simplicity of 
construction, an impedance-matching de- 
vice generally is not used. The charac- 
teristic impedance of this line ranges from 
500 to 600 ohms. Since the antenna 
impedance varies from 73 ohms at the 
center to 2,500 ohms at the end, by con- 
necting the line to a suitable point 
between the end and the center, an 
impedance match can be made which 
results in a relatively flat line. This type 
of connection is called off-center feed 
(A of fig. 80). 

(2) The impedance point on the antenna 
which matches approximately the char- 
acteristic impedance of the line occurs 
about one-half of a half-wavelength from 
the center of the antenna. A precaution 
to be observed in bringing the feeder to 
the antenna is to keep the two elements 
at right angles to each other for at least 
one-third wavelength. This serves to 
prevent antenna coupling to the line. 

(3) The off-center feed method just described 
is limited in use, despite its simplicity, 
because it requires the presence of a 
highly conductive ground return, which 
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Figure 80. Single-wire and twisted-pair feed systems. 


84 


serves as the line return to the tank. 
This coupling occurs through the an- 
tenna-to-ground capacitance, and it re- 
quires a well grounded tank circuit. An- 
other disadvantage is the excessive radia- 
tion loss from a single-wire feeder, since 
there is no parallel conductor to cancel its 
radiation field. 

c. Twisted-Pair Feed. An emergency method 
for center-feeding a half-wave antenna (B of fig. 
20) uses a twisted-pair line, the characteristic 
impedance of which is approximately 70 to 80 
ohms. The line in the figure is matched to the 
antenna. If Zo isless than Z,, the ends of the line 
are spread, or fanned, to get the correct match. 
This follows from the principle that increasing the 
space between the conductors increases the an- 
tenna impedance seen between the terrninals. 
This method normally is not used because of the 
high line losses associated with the twisted pair. 
In emergencies, however, the twisted pair forming 
a lamp cord or a field telephone wire can be used 
as a transmission line. 

d. Two-Wire Feed Using Delta Match. 

(1) A common system for feeding the half. 
wave antenna uses a balanced open-wire 
transmission line. Because of construc- 
tional difficulties, the open two-wire line 
usually cannot have a characteristic im- 
pedance to match the antenna input 
impedance. A practical line of this type 
has a Zp of 400 to 700 ohms. If this line is 
used to center-feed a half-wave antenna 
having a 73-ohm input impedance, some 
type of impedance transformation is nec- 
essary. A method similar to fanning the 
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twisted pair is used. In this case, it is 
called a delta match. 

(2) An example of the use of a delta match is 
illustrated in figure 81. The delta match 
is obtained by spreading the transmission 
line as it approaches the antenna. As- 
sume that the line has a characteristic 
impedance of 600 ohms. The antenna 
impedance at its center is 73 ohms. The 
delta section therefore must have an in- 
put impedance of 600 ohms to terminate 
the line properly. Proceeding from the 
center to either end, a point is passed 
where the impedance equals the imped- 
ance at the output terminals of the delta 
section. The delta section then is con- 
nected this distance on either side of the 
center of the antenna. 

(3) Electrically speaking, the delta section is 
actually part of the antenna. The delta, 
therefore, introduces a radiation loss, 
which is one of its disadvantages. An- 
other disadvantage is that cut-and-try 
methods must be used to determine di- 
mensions A and D of the delta section 
(fig. 81). Since both A and D can be 
varied, adjustment is difficult. The ad- 
vantage of the delta section is that it 
permits the use of a balanced transmis- 
sion line. This means that there is a 
minimum of line radiation, which allows 
the mounting of other lines and antennas 
nearby with minimum effect. A group 
of antennas using deltas is shown in B 
of figure 81. Such a group is known as 
an antenna park, or an antenna farm. 
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Figure 81. Delta-matched antenna and antenna park. 
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e. Two-Wire Feed Using T Match. 

(1) A method of feed having some advantages 
over the delta-section method uses a T 
match (A of fig. 82). The essential dif- 
ference between the delta and the T 1s 
in the shape of the matching section. 
When the antenna consists of a tubular 
conductor, the T-match method is easier 
to construct than the delta section. 
Furthermore, its dimensions are not 
nearly as critical. 
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Figure 82. T-matched antenna showing T-matching section. 


(2) A sketch of the physical appearance of a 
two-wire line feeding a T-matched an- 
tenna is shown in B of figure 82. In this 
arrangement, insulators can be used to 
support the assembly, and the line can 
be connected to the matching section by 
means of simple soldering lugs. The 
shorting bars permit dimension A to be 
adjusted for the best possible match. 
The radiation loss of the JT section is less 
than that of the delta section. It must 
be borne in mind, however, that the T 
match also is part of the radiating ele- 
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ment and not part of the nonresonant 
feeder. 

f. Two-Wire Feed Using J Match. Still another 
method for feeding the half-wave resonant antenna 
with a nonresonant line is by means of the J- 
matched section (fig. 83). The assembly consists 
of a shorted quarter-wave section of transmission 
line end-feeding a half-wave antenna. A shorted 
quarter-wave section of line acts as an impedance 
transformer. A high impedance is seen at the 
open end, and this end accordingly is connected 
to the high-impedance end of the antenna. The 
impedance of the line is relatively low compared 
to the open end of the matching section. Conse- 
quently, the lines are connected near the shorted 
end of the J match, and are made adjustable for 
optimum performance. The J-matched antenna 
is in wide use in mobile installations, where sim- 
plicity and ease of operation are important. 
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Figure 88. J-matched antenna. 


g. Two-Wire Feed Using Stub Matching. 

(1) A method of feed which uses sections of 
transmission line to connect a nonreso- 
nant line to the antenna is known as stub 
matching. The stub usually is a quarter- 
wave section of open or shorted line, al- 
though longer stubs can be used. In 
figure 84, two types of stub matching 
are shown. One uses the open stub, in 
A, and the other the shorted stub, in B. 

(2) Assume that a 600-ohm nonresonant line 
is used to center-feed a half-wave antenna 


with input impedance of 70 ohms. The 
stub to be used therefore must have high 
input impedance and low output imped- 
ance, as shown in A of figure 84. One 
end of an open quarter-wave stub is con- 
nected to the low-impedance antenna ter- 
minals. From transmission-line theory, 
it is known that a quarter-wave line acts 
as an impedance transformer. The im- 
pedance along this stub rises to a maxi- 
mum at the open end. At some point 
along the stub, the impedance matches 
that of the line. In the case given, this 
point occurs a short distance from the 
antenna terminals, and the transmission 
line is connected to the stub at this point. 


(3) A shorted quarter-wave stub can be used, 


as in A, to end-feed a half-wave antenna. 
As in B, the line is connected to the stub 
near the low-impedance end. This type 
leads to a certain amount of unbalance in 
loading the transmission line which 
should not exceed 10 percent. 


(4) If the line cannot be brought close enough 


to the antenna to use a quarter-wave 
stub, longer stubs can be used. For ex- 
ample, any open stub an odd number of 
quarter-waves long can be substituted 
for the quarter-wave stub shown in A. 
In B, any shorted stub an odd number of 
quarter-waves long can be substituted. 
The impedance match to the line is made 
in the last quarter-wave section of the 
stub. Other arrangements also are pos- 
sible, as explained previously. 


(5) The stub-matching system has the dis- 


advantage of limiting the frequency of 


operation, and the antenna must be near 
a resonant length to operate properly. 
This is especially true of the center-fed 
antenna, where the current loop present- 
ing a low impedance can become a node 
presenting a high impedance. This must 
be borne in mind when determining what 
type of impedance-matching device is to 
be used. 


h. Two-Wire Feed Using Q Match. 
(1) In the stub-matching system, the line is 


connected to taps on the stub and the 
correct point at which to connect the line 
to obtain an impedance match is deter- 
mined by trial-and-error methods. The 
Q-matching method eliminates the neces- 
sity for finding the correct impedance 
match by means of taps. The Q-match- 
ing device is an open quarter-wave section 
of line placed in series with the untuned 
transmission line. It has an input im- 
pedance matching the characteristic im- 
pedance of the line, and an output 
impedance matching the antenna input 
impedance. 


(2) Since Z, is the characteristic impedance of 


the line and Z, is the terminal impedance 
of the antenna, then 


Zo=VZLa 


where Zg is the characteristic impedance 
of the line used for the matching section. 
For example, if a 600-ohm line is used to 
feed an antenna with input impedance of 
70 ohms, then 
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Figure 84. Matching with the shorted and open quarter-wave stubs. 
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Z.=1(600)(70) 
= 42,000 
=205 ohms 


If a quarter-wave section of line having a 
characteristic impedance of 205 ohms is 
inserted between the transmission line 
and the antenna terminals, a perfect 
match results. 


(3) The Q match is flexible in that any type of 


line can be used for the matching section, 
provided only that it has the character- 
istic impedance necessary. The quarter- 
wave matching section can have either 
air or solid dielectric. The Q match, 
however, loses its effectiveness rapidly as 
the frequency of operation swings away 
from the resonant frequency of the 
antenna. To lessen this effect, the 
impedances can be matched in two steps 


instead of one. This requires two 
quarter-wave sections. 


(4) In the example given above, a 205-ohm 


quarter-wave section is used to match 
a 600-ohm line to a 70-ohm antenna 
impedance. In using two sections, an 
intermediate impedance is selected, and 
the first-section characteristic impedance 
found from the formula. For example, 
the first section matches the 600-ohm line 
to an impedance of 300 ohms. Then 


Za = (600) (300) 
—4180,000 
=425 ohms 


The characteristic impedance of the first 
section is425o0hms. Its input impedance 
is 600 ohms, and its output impedance is 
300 ohms. The second quarter-wave 
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Figure 85. Artificial-line matching to antennas. 


section then must have an input im- 
pedance of 300 ohms and an output 
impedance of 70 ohms. Its character- 
istic impedance therefore must be 


Zo2= v¥ (300) (70) 
= 21,000 
=145 ohms 


The second section then can be connected 
directly to the antenna terminals. As 
stated previously, there is no limitation 
on the type of line used to form the 
matching section. 

i. Coaxial Line Feed. Coaxial cable using a solid 
dielectric can be constructed with a characteristic 
impedance equal to the input impedance of a 
center-fed antenna. This provides an extremely 
simple method of feed. The inner conductor is 
connected to one leg of the antenna, and the outer 
conductor to the other end. The line is un- 
balanced in this arrangement, and a bazooka sec- 
tion, therefore, is used to restore balance. If the 
coaxial cable is not a direct match for the antenna, 
stub matching can be used in the same manner as 
with the two-wire stubs. This is not practical, 
because the line must be tapped on the stub to 
obtain the correct impedance match. A simple 
method is to use a Q-matching section of coaxial 
line. Open coaxial lines also can be used to feed 
antennas. These are found in special transmitting 
applications. Usually, the line is filled with a gas 
dielectric and sealed to preserve a uniform 
impedance. 

j. Artificial-Line Matching. 

(1) Matching systems are used because a mis- 
match between the line and the antenna 
causes standing waves to appear on the 


line. This condition lowers the ethciency 
of energy transfer from the transmitter to 
the antenna. Thus far in this paragraph, 
the methods evolved for matching a 
nonresonant line to an antenna have 
involved transmission-line sections, such 
as stubs or quarter-wave transformers. 
Since transmission lines have distributed 
constants, it is possible to replace the 
distributed constants of the line section 
with the lumped constants of coils and 
capacitors to obtain impedance matches. 
Methods using lumped constants are 
classified under the heading of artificial- 
line matching. 

(2) The chief advantage of the artificial line 
over the transmission-line section in im- 
impedance matching is the negligible 
amount of space occupied by lumped 
constants. Coils or capacitors in sealed 
weatherproof containers can be mounted 
right at the input terminals of the 
antenna. The main use of this type of 
line is at the lower frequencies, where 
equivalent transmission-line sections 
would have to be of excessive length. 

(3) Several typical feed systems using artifi- 
cial-line matching are shown in figure 85. 
In A and Bf, high impedance lines are 
used to feed a resonant antenna having 
low input impedance. The coil is divided 
equally between the two line conductors 
in order to maintain line balance. In C 
and D, the low-impedance line is used to 
feed a resonant antenna having high 
input impedance. The coils again are 
divided in order to preserve line balance, 
with the capacitor being placed across 
the line. 


Section IV. BASIC RADIATION PATTERNS 


52. Introduction 


The first three sections in chapter 3 covered the 
various circuits necessary to transfer energy from 
the transmitter to the antenna. This energy is 
radiated from the antenna and forms a field having 
a definite pattern, depending on the type of 
antenna used. It is desirable, therefore, to be able 
to put the radiation pattern of an antenna on 
paper where it can be examined. In fact, the 
antenna usually is designed to have a specific 


pattern for use with a particular installation 
The radiation pattern is a measure of the energy 
radiated from an antenna taken at various angles 
and at a constant distance from the antenna. 


53. Radiation Types and Patterns 


a. General. 
(1) A source of radiant energy such as the sun 
radiates light in all directions equally. A 
radiator of this type is known as an 
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Figure 86. The sun as an isotropic source of radiation. 


isotropic source of radiation. This sim- 
ply means that the energy coming from 
the source is found to be constant at a 
fixed distance from whatever angle it is 
measured. Assume that a measuring 
device is moved in a circle around the 
sun. At any point along the circle, the 
distance from the measuring device to 
the sun is the same. The measured radi- 
ation also remains the same. 


(2) If the measured radiation is plotted 


against various positions taken along the 
circle around the sun, the result is the 
graph in figure 86. Assume that the 
radiation is measured on a scale of 0 to 
10 units, and that the radiation meas- 
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ured is shown to be seven units at each 
position. The graph of the measured 
radiation, therefore, is a straight line 
plotted against positions along the circle. 


(3) The graph of measured radiation just 


described is a form of radiation pattern. 
The straight line represents the radiation 
pattern of an isotropic source taken in 
the plane of the measuring circle. It is 
possible to have a radiator which emits 
stronger radiation in one direction than 
in another. Such sources are called 
anisotropic. An example, shown in figure 
87, is the ordinary flashlight. The beam 
illuminates only a portion of the total 
space surrounding the flashlight. If a 
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Figure 87. Flashlight as anisotropic source of radiation. 


MEASURED RADIATION ———-= 


circle is drawn having the light source as 
center, the radiation can be measured 
at different positions along the circle. 
Each position used for measurement is 
the same distance from the light source. 
In other words, conditions are exactly 
those used in measuring the light radiated 
from the isotropic source. 


(4) At position 0 on the circle, which is 


directly behind the light source, the 
radiation measured is negligible. A zero 
value accordingly is assigned to this 
position on the graph at the right. 
Until position 4 is reached, the radiation 
remains negligible. Between 4 and 6, 
the circle passes from comparative dark- 
ness into the flashlight beam. This is 
an area of sharp transition from darkness 
to brightness, as can be observed easily 
on the graph. Radiation is relatively 
constant moving from positions 6 to 10, 
reaching a maximum at position 8, 
which is directly in the path of the beam. 
Between 10 and 12, the measured radia- 
tion falls off sharply, becoming and 
remaining negligible from 13 to 16. 


(5) Radiation from a light source and radia- 


tion from an antenna are both in the 
form of electromagnetic waves. The 
measurement of radiation from an an- 


tenna, therefore, follows the same basic 
procedure as the one just described for 
the sun and the flashlight. These meas- 
urements can be graphed to obtain a 
radiation pattern for the antenna. 
Before proceeding with the study of 
antenna patterns, however, it is desirable 
to understand in detail the various 
methods used to graph measured values 
of radiation. 


b. Rectangular-Coordinate Pattern. 
(1) In figures 86 and 87, the rectangular- 


coordinate type of graph is used to plot 
the measured value of radiation against 
the position at which the measurement is 
taken. For convenience, the graph of 
figure 86 is reproduced in A of figure 88. 
The numbered positions along the circle 
are laid cut along the horizontal axis of 
the graph from 0 to 7. The units of 
measured radiation are laid out along the 
vertical axis from 0 to 10. Units on both 
axes usually are chosen so that the 

attern occupies a convenient area of 
the graph. 


(2) The horizontal and vertical axes are at 


right angles to each other. The point 
at which the axes cross each other is 
called the origin. In this case, the origin 
has the value of zero on both axes. 
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Figure 88. Comparison of rectangular-coordinate and polar-coordinate graphs for isotropic source. 
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Now, assume that a radiation value of 
seven units is measured at position 2. 
From position 2 on the horizontal axis, a 
line (vertical dashes) is projected running 
parallel to the vertical axis. From 7 on 
the vertical scale, a line (horizontal 
dashes) is projected running parallel to 
the horizontal axis. The point at which 
the two lines intersect represents the 
value of seven radiation units at position 
2. Note that this is the only point on 
the graph that can represent this value. 


(3) The vertical and horizontal axes plus the 


two dashed lines used to plot the point 
inclose an area forming a rectangle 
(shaped area). I is for this reason that 
this type of graph is called a rectangular 
coordinate. A new rectangle is formed 
for each different point plotted. In the 
case given, all the points plotted lie 
along a straight line extending from 
seven units on the vertical scale to the 
projection of position 7 on the horizontal 
scale. The straight line, therefore, is the 
characteristic pattern in rectangular co- 
ordinates of an isotropic source of 
radiation. 


c. Polar-Coordinate Pattern. 
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(1) Although the rectangular-coordinate 


method of graphical analysis is used 
widely, another method has proved to be 
of greater use in studying radiation pat- 
terns. This method is the polar-coordt- 
nate type of graphical analysis (B of fig. 
88). Note the great difference in the 
shape of the radiation pattern when it is 
transferred from the rectangular-coordi- 
nate to the polar-coordinate graph. 
The scale of values used in both graphs 
is identical, and the measurements taken 
are both the same. The basic difference, 
which results in the difference in physical 
appearance, is in the type of axes used. 


(2) In the rectangular-coordinate graph, 


points are located by means of projections 
from a pair of axes at right angles to each 
other. These axes remain stationary at 
alltimes. In the polar-coordinate graph, 
one axis consists of concentric circles, and 
the other axis consists of a rotating radius 
extending from the center of the concen- 
tric circles. Recall how radiation was 
measured by traveling in a circle around 


thesun. Assume a radius, R, drawn from 
the sun as center to position 0 on the 
circle. Moving to position 1, the radius 
moves to position 1; moving te position 2, 
the radius also moves to position 2; and 
so on. This moving radius constitutes 
the moving axis of the polar-coordinate 
graph. 


(3) The positions of the radius are marked on 


the polar-coordinate graph for each posi- 
tion at which a measurement is taken. 
Note how the position of the radius indi- 
cates the actual direction from which the 
measurement was taken. This is a dis- 
tinct advantage over the rectangular- 
coordinate system, in which the position 
is indicated along a straight-line axis 
having no physical relation to the position 
on the circle. Having established the 
direction in which the measurement was 
taken by means of the rotating axis, it 
remains to devise means for indicating 
the measured radiation. 


(4) The rotating axis passes from the center 


of the graph to some position marked on 
the edge of the graph. In so doing, it 
intersects a set of concentric circles 
spaced at equal distances from each other. 
Going out from the center, the circles get 
larger and larger. These circles are used 
to indicate the measured radiation. 
They are numbered successively from 
the center outward, the center indicating 
a zero measurement. In the graph in 
B of figure 88, a radiation scale going 
from 0 to 10 units is used. Consequently, 
10 concentric circles go from the center 
to the circumference of the graph. These 
circles are marked 1, 2, 3, and so on, with 
10 designating the largest circle. This 
scale corresponds to the seale marked on 
the vertical axis of the rectangular- 
coordinate graph in A. 


(5) Summing up, the rotating radius of the 


polar-coordinate graph serves the same 
purpose as the stationary horizontal axis 
of the rectangular-coordinate graph. It 
has the advantage of indicating the actual 
direction from which the measurement is 
taken. The concentric circles serve the. 
same purpose as the verticle scale on 
the rectangular-coordinate graph. They 
allow the same scale to be used no matter 
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what the position of the rotating radius. 
The distance from the source is constant 
for both types of graphs. 

(6) At position 0 in B, the radius extends from 
the center outward to the right. The 
radiation measured is seven units in this 
position. This poirit is recorded by go- 
ing out seven circles along the radius. 
The point is the place where the radius 
intersects the seventh circle. The re- 
cording of the radiation measured in 
position 1 follows the same procedure. 
Since the source is isotropic, the measured 
radiation again is seven units. The ra- 
dius is rotated to position 1, and its 
intersection with the seventh circle is 
marked. 

(7) When all points are recorded through 
position 7, it is found that they all lie on 
the seventh concentric circle. The radia- 
tion pattern of the isotropic source, there- 
fore, is a circle. This contrasts sharply 
with the straightline pattern obtained 
with a rectangular-coordinate-type graph. 
The advantages of the polar-coordinate 
graph are evident immediately. The 
source, which is at the center of the 
observation circle, is at the center of the 
graph. Also, the direction taken by the 
radiated energy can be seen directly from 
the graph. For these reasons, the polar- 
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coordinate graph is more useful in 
plotting radiation patterns. 

(8) In figure 87, the radiation pattern of the 
common flashlight was graphed in rec- 
tangular coordinates. This graph is re- 
produced for convenience in A of figure 
89. From the physical picture of the 
flashlight beam, it is evident that the 
light source is anisotropic in nature. 
This is not evident in the radiation pat- 
tern traced on the rectangular-coordinate 
graph. Conversely, the radiation pat- 
tern of the flashlight shown in B of figure 
89 bears some physical resemblance to 
the actual beam. This is the same pat- 
tern, drawn using polar coordinates. 

(9) The positions on the circle marked off on 
the two polar-coordinate graphs given 
have been selected and numbered arbi- 
trarily. It is possible to mark off posi- 
tions around the circle in a standard way 
so that one radiation pattern can be 
compared easily with another. The 
standard method is based on the fact that 
a circle is divided into 360°. The radius 
extending from the center horizontally to 
the right (position 0 in B of fig. 89) is 
designated 0°. Advancing to position 4 
rotates the radius until it is at right angles 
to the 0° radius. This radius position 


accordingly is marked 90°. Position 8 
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Figure 89. Comparison of rectangular-coordinate and polar-coordinate graphs for anisotropic source. 
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is, therefore, 180°, position 12 is 270°, pattern given, there is one lobe and one 

and position 16 is 360°, by the same continuous null. 

reasoning. The various radii drawn on 

the graph all are marked according tothe 54. Dipole Antenna Radiation 

angle each radius makes with the refer- 

- ence radius at 0°. a. Definitions. In the following discussion, the 
(10) In B of figure 89, the polar-coordinate term dipole is used to mean the basic half-wave 

graph shows a definite area inclosed by antenna. The term doublet is used to indicate an 

the radiation pattern, indicating the antenna that is very short compared with the 

general direction of radiation from the wavelength of the operating frequency. Physi- 


source. This area is called a lobe. Out- cally, it has the same shape as the dipole. 

side of this area, no radiation is emitted b. Radiation Pattern of a Doublet. 

in any direction. For example, at an (1) The doublet is the simplest form of prac- 
angle of 45° (position 2), the radiation is tical antenna. Since it is a source of 
zero. Such a point is called a null. radiation, its radiation can be measured 
Practically speaking, there is usually some and a radiation pattern plotted in the 
radiation in every direction. A null, manner in which a flashlight and _ its 
therefore, also is used to indicate direc- beam were shown in figure 87. Figure 
tions of minimum radiation. In the 90 is a perspective view of the radiation 
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Figure 90. Development of vertical- and horizontal-plane polar patterns from solid radiation pattern. 
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pattern of a doublet. This is not a picture 
of the radiation, but a three-dimensional 
view of the pattern itself. In three 
dimensions, the pattern resembles a 
doughnut. 


(2) From this perspective view, two types of 


polar-coordinate patterns can be drawn. 
The first is obtained by getting a top 
view of the doughnut in a horizontal 
plane through its center. This plane is 
the same as that of the circle drawn with 
dashes in the solid pattern. Looking 
down on the horizontal plane, the antenna 
axis is seen head on, so that it becomes 
simply a dot in the horizontal polar 
pattern. It can be seen from the hori- 
zontal pattern that the radiation is con- 
stant in any direction along the hori- 
zontal plane. 


(3) A vertical plane view of the doughnut 


pattern can be drawn, from which is 
obtained a vertical polar pattern. To 
obtain this pattern, the doughnut is 
sliced in half along a vertical plane 


through the antenna. This can be seen 
in the figure to the right of the solid 
pattern. Note how the vertical plane 
view of the radiation pattern differs 
sharply from the horizontal plane view. 
The vertical pattern exhibits two lobes 
and two nulls. The difference in the 
vertical pattern is caused by the fact that 
no radiation is emitted from the ends of 
the doublet. Also, there is maximum 
radiation from the doublet in a direction 
perpendicular to the antenna axis. This 
type of radiation pattern is both non- 
directional (in a horizontal plane) and 
directional (in a vertical plane). 


(4) From a practical viewpoint, the antenna 


can be mounted vertically or horizon- 
tally. The doublet shown in figure 90 is 
mounted vertically, and the radiated 
energy spreads out about the antenna 
nondirectionally in the horizontal plane. 
Since this usually is the useful plane, this 
arrangement is termed nondirectional, 
and its directional characteristic in other 
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Figure 91. Radiation pattern of dipole (half-wave) antenna. 
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planes is ignored. If the doublet is 
mounted horizontally, it has the effect of 
turning the pattern on edge, reversing the 
patterns given in figure 90. The antenna 
is now directional in the horizontal plane. 
The terms nondirectional, directional, 
and so on are used for convenience in 
describing specific radiation patterns. 
A complete description always involves 
a figure in three dimensions, as in the 
solid pattern of figure 90. 

c. Radiation Pattern of a Dipole. The radiation 
pattern of a dipole is similar to that of the doublet. 
Increasing the length of the doublet until it is a 
half-wavelength has the effect of flattening out the 
doughnut pattern (fig. 91), or forming a flattened 
figure 8. The radiation pattern in the horizontal 
plane is a larger circle than in the doublet. The 
vertical radiaticn-pattern lobes no longer are 
circular. They are flattened out, and the radia- 
tion intensity is relatively greater. The elonga- 
tion of the pattern is greatest perpendicular to the 
antenna axis. On the vertical radiation pattern, 
0° is used to indicate a position off one end of the 
antenna. All angular measurements around the 
graph are made from this point. A position at 
right angles to the source of radiation accordingly 
is designated 90° or 270°. A position off the 
opposite end of the antenna is marked 180°, and 
soon. This method of starting at one end of the 
antenna axis is conventional. 


55. Using Radiation Pattern 


a. Antennas usually are constructed to obtain a 
specific radiation pattern. Actual tests then are 
conducted to discover whether the practical 
antenna radiation pattern conforms to the pattern 
desired. Field tests of this type usually are 
carried out by measuring the relative field strength 
of the antenna in terms of microvolts per meter. 
This measurement utilizes the E field of the 
antenna. Since power is directly proportional to 
the square of voltage (P=E?/R), the measure- 
ments obtained can be used to plot a radiation 
pattern. This is the simplest and most common 
method for taking measurements of antenna field 
strength. Measurements involving actual power 
require elaborate equipment. 

b. Since two types of pattern can be obtained, 
the voltage measurements can be used to plot a 
field-strength pattern, or can be squared to plot a 
power pattern. These patterns indicate relative 
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Figure 92. Beam width measured on relative field strength 
and relative power patterns. 


field strength and relative power. In practice, 
there is little difference between the patterns, and 
both are used. Relative field-strength and rela- 
tive power patterns for the same source of radia- 
tion are illustrated in figure 92. Maximum 
radiation is taken to be 1, and radiation in every 
other direction is expressed in terms of fractions of 
the maximum. 

c. Although the radiation pattern consists of 
areas inclosed by curves, it must be remembered 
that the actual radiation streams out from the 
source for great distances. The radiation takes 
the general directions indicated by the radiation- 
pattern lobes. There is little or no radiation in 
the directions indicated by nulls. For convenience 
in indicating the general direction of radiation, the 
term beam width is used. The radiation beam is 
considered to leave the antenna between the points 
where the field strength falls off to 0.707 of maxi- 
mum, or where the power falls off to 0.5 of 
maximum. 

d. In A of figure 92, the field strength is maxi- 
mum at 90° and 180°. There are nulls at 0° and 
270°. Between each null and maximum, the field 
strength rises from zero to one. The angles at 
which the voltage is 0.707 are marked in the 
figure. The beam is assumed to be contained 
within the total angle from 0.707 through a maxi- 
mum to 0.707. This total angle is the beam undth. 
In this case, the beam is 90° wide, as indicated in 
the figure. 

e. The field strength pattern in A is related 


directly to the power pattern in B. This is 
because the power is directly proportional to the 
square of the voltage. The same points can be 
found on the power pattern by taking the square 
of the voltage values used to determine the beam 
width. 

P,: EF? 


:: (0.707) 
Hic0 


where P, is the relative power and E, is the relative 


voltage. The beam width on the relative power 
pattern, therefore, is found by locating the half- 
power points. The beam width in B is also 90°. 
In other words, the beam width is constant, which- 
ever type of graph is used. 

jf. When looking at the plane patterns in figure 
92, bear in mind that they are cross sections of 
solid radiation patterns. Although there are two 
lobes in the plane radiation pattern, there is only 
one lobe in the solid pattern, and only one beam. 
It is possible to have more than one beam, as will 
be shown in chapter 4. 


Section V. PRACTICAL HALF-WAVE ANTENNAS 


56. Introduction 


a. The half-wave antenna has been discussed 
previously without reference to the effect produced 
by the presence of ground on the radiation pattern. 
Since all practical antennas are erected over the 
earth and not out in free space, it is necessary to 
determine just what effect the ground produces. 
The presence of ground may alter completely the 
radiation pattern produced by the antenna, and 
ground also will have an effect on some of the 
electrical characteristics of the antenna. 

b. In general, the ground has the greatest effect 
on those antennas which must be mounted fairly 
close to it in terms of wavelength. For example, 
medium- and high-frequency antennas elevated 
above ground by only a fraction of a wavelength 
will have radiation patterns that are quite different 
from the free-space patterns. 

c. Inaddition to ground effects, several examples 
of practical half-wave antennas are discussed in 
this section. These include the conventional 
single-wire, half-wave dipole, the folded dipole, 
the coaxial antenna, and the conical antenna. 


57. Ground Effects 


a. Assume that a horizontal half-wave antenna 
is erected at a vertical distance, H, from a ground 
plane, as illustrated in figure 93, where B is the end 
view. Some of the energy that leaves the antenna 
travels directly to some distant point, P. This 
energy is referred to as the direct wave in the 
figure. The direction followed by the direct 
wave makes a certain angle, A, in respect to the 
horizontal. 

b. Some of the energy leaving the antenna 
travels downward toward the ground plane. Since 
this ground plane is a good conductor, the down- 


ward traveling wave from the horizontal antenna 
is reflected with practically no loss and a reflected 
wave of energy travels outward toward the distant 
point, P. The angle between the reflected wave 
and the perpendicular is exactly equal to the angle 
between the downward traveling wave from the 
antenna and the perpendicular. 

c. During the actual reflection process, a 180- 
phase shift takes place so that the reflected wave 
is 180° out of phase with the direct wave. The 
highly conducting ground plane then cannot 
sustain the horizontal lines of electric force pro- 
duced by the antennas. In order to produce zero 
voltage along the ground, an electric field is 
assumed to be produced that is equal in amplitude 
but opposite in direction to that produced by the 
antenna. Ifa vertical antenna is used, the electric 
field is vertieal. Under these conditions, no phase 
reversal takes place during the actual reflection. 

d. Regardless of whether a phase shift is pro- 
duced, the distant point, P, is acted on by «wo 
waves. One of these waves is the direct wave and 
the other is the reflected wave. The reflected 
wave travels a greater distance than does the 
direct wave. Therefore, there is an additional 
phase shift so far as the reflected wave is concerned, 
because of the greater distance it must travel. 
For example, if the reflected wave travels a distance 
to point P that is a half-wavelength longer than 
the distance traveled by the direct wave, on 
additional 180° phase shift will result from the 
greater path length. 

e. The signal strength at point P depends on 
the amplitudes and phase relations of the direct 
and reflected waves. If the ground is a good 
conductor so that very little absorption of energy 
occurs during the reflection process, the reflected 
wave has the same amplitude as the direct wave. 
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Figure 98. Reflection produced by ground plane. 


If these two equal-amplitude waves arrive at the 
distant point in phase, the resultant signal strength 
is twice thet of the direct wave alone. On the 
other hand. if these waves arrive 180° out of 
phase, the resultant signal strengch is zero. Inter- 
mediate values of signal strength occur with 
intermediate phase relations between the reflected 
and the direct wave. 

f. Assume that point P is so located that it 
receives twice the signal strength. Now assume 
that a second point, Q, is located slightly below 
point P. The distances to point Q might be such 
that the direct and reflected waves arrive 180° out 
of phase. As a result, cancelation occurs, the 
received signe] strength is zero, and a null is 
produced. Because of ground reflections, then, 
it is possible that the radiation pattern may be 
broken up into a series of lobes. The signal 
strength at the center of the lobes will be about 
twice that which would be received if the antenna 
were not in the vicinity of a ground plane. These 
lobes are separated by nulls where the received 
signal strength is zero. 

g. It is sometimes convenient in making calcu- 
lations to use the idea of an image antenna. This 
is an imaginary antenna assumed to be located 
the same distance, H, below ground as the actual 
antenna is located above ground. The reflected 
wave is assumed to come from the image antenna, 
as shown in B of figure 93. When a horizontal 
antenna is used, to take into account the phase 
reversal that takes place when reflection occurs, 
the current in the image antenna is assumed to be 
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180° out of phase with the current in the actual 
antenna. When a vertical antenna is used, the 
current in the image antenna is considered to flow 
in the same direction the current flows in the 
actual antenna. 


58. Ground-Affected Radiation Patterns 


a. Reflection Factor. 

(1) The reflection factor is a term by which 
the free-space radiation pattern of an 
antenna must be multiplied in order to 
determine the radiated field strength of a 
practical antenna at a given vertical 
angle. The maximum value of the 
reflection factor is 2. At those vertical 
angles, the direct and reflected waves are 
in phase, and twice the free-space signal 
strength occurs. The minimum value of 
the reflection factor is 0. At those ver- 
tical angles, the direct and reflected 
waves are of opposite phase, and com- 
plete cancelation occurs. The reflection 
factor then may vary from 0 to 2 at 
vertical angles measured above the plane 
of the ground. Reflection factors are not 
given for angles below the surface of the 
earth. 

(2) The value of the reflection factor depends 
on the height of the antenna above the 
ground plane as well as the orientation. 
The following chart gives the value of 
the factor for horizontal half-wave anten- 


nas at various vertical angles when the 
antenna is located a quarter-wavelength 
above ground: 


Vertical angle Reflection Vertical angle Reflection 
(degrees) factor (degrees) ‘actor 
Oizic sec eotss 0 AS | eee ar 18 
102. 2c aeeeaece 5 60s on seo e ects 1. 95 
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| 0 een aee eee ree 1.5 805 cee eee 2.0 
| | Pe ee eae 1.75 {| 90....---_----- 2.0 


(3) When the horizontal antenna is located 
a half-wavelength above ground, the follow- 
ing chart can be used to obtain the re- 
flection factor: 


Vertical angle Reflection Vertical angle Reflection 
(degrees) factor (degrees) factor 
Qecc toe bid 0 essai hosete 1.4 
102s sete 2 1.0 60___._------- 75 
y || ee ney ds ee | De) eee a 4 
BOL ish cess 2.0 fen 1 
40. cece ciwe 5 1.75 || 90_..------.-- 0 


(4) When the horizontal antenna is located 
3 quarter-wavelengths above ground, the 
following chart is used to obtain the re- 
flection factor: 


Vertical angle Reflection Vertical] angle Reflection 
(degrees) factor (degrees) factor 
| Pie See 0 905. 2as sce 1. 
De. sw 2 ces eos 15 60. 225-2522. 1.7 
202 essseseees 2.0 Ween wee Seas 2 1.9 
BN taeeewuces 1.5 || 80....--_.___- 2.0 
, area ee 0 | epee a ene 2.0 
(5) When a height of 1 wavelength above ground 
is used, the following chart shows the re- 
flection factor: 
Vertical angle Reflection Vertical] angle Reflection 
(degrees) factor (degrees) factor 
On et 0 $02. ocs sees 1. 95 
$Oe ne ate et 1.8 | ee ee 14 
20....-------- 1.6 102 2 ob ee .6 
90. ot Secncecd 0 $0205 .2 oehe 1 
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(6) These charts also can be used with a 
half-wave vertical antenna. The height 
above ground is measured from the center 
of the vertical antenna. It is necessary, 
however, to subtract the given values of 
reflection factor from 2. Then, if the 
reflection factor given in the charts for a 
certain height and vertical angle is 1, 
the reflection factor for a vertical antenna 
is 2 minus 1, or 1. If the reflection 
factor for the horizontal antenna is 2, 
the factor for the vertical half-wave 
antenna is 2 minus 2, or 0. If the re- 
flection factor for the horizontal antenna 
is 0, then the vertical antenna reflection 
factor is 2 minus 0, or 2. 

b. Horizontal Half-Wave Antenna. 

(1) When the foregoing reflection factors are 
applied to the free-space radiation pat- 
tern of a horizontal half-wave antenna, 
the patterns shown in figure 94 are pro- 
duced. Patterns A, C, E, and G are the 
vertical radiation patterns in the plane 
of the antenna itself. B, D, F, and H 
are the vertical radiation patterns in the 
plane which is at right angles to the 
antenna. Patterns A and B are for 
antenna heights of a quarter-wavelength; 
C and D are for antenna heights of a 
half-wavelength; # and F are for heights 
of 3 quarter-wavelengths; G and H are 
for heights of 1 wavelength. 

(2) Figure 95 permits a better visualization 
of the radiation pattern produced. Here 
the actual solid radiation pattern is 
shown for a horizontal half-wave antenna 
located a half-wavelength above ground. 
In the vertical plane at right angles to 
the antenna, D of figure 94 shows two 
large lobes the maximum values of which 
occur at an angle of 30° with the hori- 
zontal. This pattern is reproduced in 
perspective at the upper left of figure 95. 
In the vertical plane which included the 
antenna, reference to C of figure 94, 
shows two small lobes with maximum 
values occurring at an angle of about 
40° with the horizontal. This pattern 
is reproduced in perspective at the upper 
right of figure 95. If these two plane 
views are connected smoothly, the solid 
pattern shown in the center of figure 95 
is produced. 
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(3) In a similar manner, solid radiation pat- 


terns can be visualized from the plane 
views shown in figure 94. Picture the 
pattern as being produced by the smooth 
transition from one vertical plane view 
shown to the other vertical plane view 
shown as an angle of 90° is covered. 


(4) Although vertical patterns are shown for 


only four specific heights above ground, 
it is not too difficult to predict the pat- 
terns produced at intermediate heights. 
This is true since the patterns do not 
change abruptly as the height of the 
antenna is increased gradually. Instead, 
there must be a smooth transition from 
the pattern shown for a height of a 
quarter-wavelength, to the pattern shown 
for a height of a half-wavelength. 


(5) At heights less than a quarter-wavelength 


above ground, the vertical patterns pro- 
duced by a horizontal half-wave antenna 
are almost perfectly circular. As the 
antenna is raised, the vertical pattern is 
flattened somewhat at its top, at a ver- 
tical angle of 90° (B of fig. 94). As the 
height is increased above a quarter-wave- 
length, a depression begins to appear at 
the top of the pattern, and the pattern 
width increases. The depression grows 
deeper and deeper as the antenna height 


Figure 95. Solid pattern produced by horizontal half-wave antenna located a half-wavelength above ground. 


approaches a half-wavelength. Finally, 
at a height of a half-wavelength, the 
pattern splits into two separate lobes. 
The radiation at a vertical angle of 90° 
(straight up) is zero at this height, as in 
D of figure 94. As the antenna height 
increases still more, a lobe of radiation 
begins to grow out of the center of the 
pattern at a vertical angle of 90°. As this 
lobe increases in amplitude with increas- 
ing antenna height, the two side lobes are 
spread farther apart so that their maxima 
occur at lower vertical angles. This ver- 
tical lobe has its maximum amplitude 
and begins to flatten somewhat (F of fig. 
94) at an antenna height of 3 quarter- 
wavelengths. As the antenna height is 
increased still more, the vertical lobe 
develops a depression that grows deeper 
as the height is increased. Finally, at a 
height of 1 wavelength, the center lobe 
splits into two separate lobes and the 
radiation at a vertical angle of 90° is 
again zero. Now four distinct lobes exist 
(Af of fig. 94). 


(6) The patterns that are produced at antenna 


heights in excess of 1 wavelength also can 
be determined by studying figure 94. 
When the height of the horizontal an- 
tenna is an odd number of quarter-wave- 


101 


102 


lengths above ground, a lobe of maximum 
radiation is produced at a vertical angle 
of 90° straight up. 


(7) Consider an antenna with a height of 1 


quarter-wavelength above ground. As- 
sume that the instantaneous electric field 
immediately around the antenna is maxi- 
mum in a given direction, designated as 
positive. A portion of this field moves 
downward a distance of a quarter-wave- 
length to the ground. Upon being re- 
flected, a 180° phase shift occurs, and the 
instantaneous electric field is now maxi- 
mum in the opposite direction, designated 
as negative. This negative field now 
moves upward from the ground for a 
distance of a quarter-wavelength. By the 
time the reflected field returns to the 
antenna, a total distance of a half-wave- 
length has been covered. Meanwhile, 
since one-half cycle of operation has 
elapsed during the time required for the 
downgoing wave to move from the an- 
tenna to the ground and from the ground 
back to the antenna again, the polarity 
of the energy on the antenna itself has 
reversed. As a result, the reflected wave 
arrives back at the antenna in exactly the 
right phase to reinforce the direct wave. 
The reinforcement occurs not only at 
heights of a quarter-wavelength above 
ground, but also at heights of 3 quarter- 
wavelengths, 5 quarter-wavelengths, 7 
quarter-wavelengths, and so on. Con- 
sequently, a lobe of maximum radiation 
is produced at a 90° vertical angle for all 
antenna heights which are an odd number 
of quarter-wavelengths from ground. 


(8) When the height of the antenna is an 


even number of quarter-wavelengths 
above ground, a null (zero radiated 
energy) occurs at the 90° vertical angle. 
Consider the action of the horizontal 
half-wave antenna that is located at a 
distance of a half-wavelength above 
ground. The portion of the radiated 
field from this antenna which travels 
downward toward the ground must cover 
a total distance of 1 wavelength before 
it arrives back at the antenna. The direc- 
tion of this field is reversed by the reflec- 
tion process. During the time that is 
required for the reflected wave to cover 


this distance, the field immediately sur- 
rounding the antenna has ggne through | 
complete cycle and is now back to its 
original direction or polarity. The re- 
flected wave, therefore, with its field 
reversed by the reflection process, be- 
comes 180° out of phase with the direct 
wave from the antenna. As a result, 
cancelation occurs at the vertical angle 
of 90°, and a null is produced. This 
cancelation, as described above, occurs 
not only at heights of a half-wavelength 
above ground, but also at heights of 1 
wavelength, 1% wavelengths, and so on. 
Consequently, null is produced at a 90° 
vertical angle for all antenna heights 
which are an even number of quarter- 
wavelengths from ground. 


(9) One other factor can be observed from 


the patterns in figure 94 which can be 
used to determine the vertical radiation 
pattern of a horizontal half-wave an- 
tenna at heights greater than are shown. 
At a height of 1 quarter-wavelength 
above ground, the radiation pattern is 
seen to consist of one lobe only. Ata 
height of 2 quarter-wavelengths ()/2) 
above ground, the radiation pattern con- 
sists of two lobes. At a height of 3 
quarter-wavelengths, the pattern con- 
sists of three lobes. At a height of 4 
quarter-wavelengths (A) above ground, 
the radiation pattern consists of four 
lobes. Consequently, the number of 
vertical lobes produced is numerically 
equal to the height of the antenna above 
ground in quarter-wavelengths and con- 
tinues for any antenna height. It is pos- 
sible to get a fairly good idea of the 
vertical radiation pattern of a horizontal 
half-wave antenna at any height above 
ground. For example, if the antenna is 
located at a height of 2 wavelengths 
above ground, which is an even number 
of quarter-waves, a null is produced at a 
vertical angle of 90°. Then, since 2 
wavelengths represent 8 quarter-wave- 
lengths, the radiation pattern consists of 
eight lobes. 


c. Vertical Half-Wave Antenna. 
(1) When the proper reflection factors are 


applied to the free-space radiation pat- 
tern of a vertical half-wave antenna, the 
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Figure 96. Vertical-plane radiation patterns produced by vertical half-wave antennas. 
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wave antenna located a half-wavelength above ground. 


Figure 97. Solid pattern produced by vertical halj- 
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patterns shown in figure 96 are produced. 
Only. a simple plane view need be shown 
here because the vertical half-wave an- 
tenna is nondirectional in the horizontal 
plane. Its free-space horizontal radia- 
tion pattern is a circle. Therefore, the 
effect of the reflection factor is the same 
in all horizontal directions. 

(2) To visualize more clearly the solid radia- 
tion pattern, it is necessary only to 
picture the plane patterns shown in 
figure 96 being rotated. One such solid 
radiation pattern is shown in figure 97, 
where the pattern is produced by a 
vertical half-wave antenna the center of 
which is a half-wavelength above ground. 

(3) In general, two effects are shown when the 
patterns of figure 96 are observed. First, 
there is always a null at the vertical angle 
of 90° because there is no radiation from 
the end of the vertical antenna. There- 
fore, regardless of the value of the reflec- 
tion factor at this angle, noradiation occurs 
directly upward. At all antenna heights, 
then, the vertical half-wave antenna 
produces a null at 90°. The second 
effect noted is that, as the antenna is 
raised above ground, a greater number 
of lobes appear in the pattern. At a 
height of 1 quarter-wavelength, for 
example, two lobes appear (A of fig. 96). 
When the antenna is raised to 1 half- 
wavelength, four lobes appear, as in B. 
The amplitude of the upper lobes is 
much smaller than that of the lobes 
which lie along the ground. At a 
height of 3 quarter-wavelengths, there 
are still four lobes, but the amplitude 
of the upper lobes has increased, as 
shown in C. When the antenna is 
raised to a height of a full wavelength, 
as in D, six lobes appear. 


59. Changes in Radiation Resistance 


a. The radiation resistance measured at the 
center of a half-wave antenna in free space is 
73 ohms. However, the radiation resistance of a 
practical half-wave antenna located over a ground 
plane may have any value of radiation resistance 
from 0 to almost 100 ohms. The exact value 
of radiation resistance depends on the height 
of the antenna above ground. 


104 


b. The change in radiation resistance occurs 
because of the effect of the wave reflected up 
from the ground plane. This reflected wave 
induces a voltage which causes a current to flow 
in the antenna. The phase of this induced 
current in respect to the current in the antenna 
produced bv the transmitter depends on the 
height of the antenna and its orientation. At 
some antenna heights, it is possible for the two 
currents to be in phase so that the total antenna 
current is greater than it would be if no ground 
reflection had taken place. At other antenna 
heights, the two currents may be 180° out of 
phase so that the total antenna current is less 
than it would be if no ground reflection had 
occurred. Intermediate antenna heights result 
in induced currents having different phase rela- 
tions. Therefore, the total antenna current varies 
widely, depending on the antenna height. 

ce. If a given input power is applied to an 
antenna and the antenna current increases. the 
antenna behaves as though its resistance were 
reduced. Since the ohmic resistance of the 
antenna does not change, the radiation resistance 
is lowered effectively. Similarly, if the antenna 
height is such that the total antenna current. 
decreases, the antenna radiation resistance is 
increased. 

d. The actual variation in radiation resistance 
of a half-wave antenna at various heights above 
ground is shown in the graph in figure 98. The 
solid curve shows the radiation resistance of a 
horizontal half-wave antenna, and the dashed 
curve shows the radiation resistance of a vertical 
half-wave antenna. The radiation resistance of 
the horizontal antenna rises steadily to a maxi- 
mum value of 98 ohms at a height of about 
3 eighths-wavelengths. Then the radiation resist- 
ance falls steadily to 58 ohms at a height of about 
5 eighths-wavelengths. The resistance then con- 
tinues to rise and fall around an average value 
of 73 ohms, which is the free-space value. As the 
height is increased, the amount of variation keeps 
decreasing. The curve is similar to a damped 
oscillation. 

e. The variation in: radiation resistance of a ver- 
tical antenna is much less than that of the hori- 
zontal antenna. The radiation resistance is @ 
maximum value of 100 ohms when the center of 
the antenna is a quarter-wavelength above ground. 
The value falls steadily to a minimum value of 70 
ohms at a height of a half-wavelength above 
ground. The value then rises and falls by several 
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Figure 98. Radiation resistance at various heights. 


ohms about an average value slightly above the 
free-space value of a horizontal half-wave antenna. 

f. Because of the variation in antenna current 
and radiation resistance at various antenna heights, 
the field intensity produced by a given antenna 
also changes. In general, as the radiation re- 
sistance is reduced, the field intensity increases. 
An increase in radiation resistance results in a drop 
in the radiated field intensity. 


60. Effects of Practical Grounds 


a. General. 

(1) Up to this point, all of the effects pro- 
duced have been the result of a ground 
which has a uniform high conductivity. 
In practice, the nature of the ground over 
which the antenna is erected is subject to 
considerable variation. This results not 
only from the ground material itself but 
also the manner in which it is found. 
For example, the antenna may be erected 
over a ground which has high or low con- 
ductivity, and over a ground with uni- 
form or nonuniform conductivity in the 
vicinity of the antenna. All of these 
characteristics of the ground have an 
effect on the radiation patterns and re- 
sistance of the antenna. 

(2) Table VI gives the approximate relative 
conductivities of various surfaces that 
may be found under an antenna. Note 
the wide variation in conductivity that 
occurs. It is not strange then that a 


considerable variation in ground effects 
occurs over different types of surfaces. 


Table VI. Ground Material Conductivity. 


Sea water 
Flat, rich 


Average flat soil. .....-.-.-------------- 
Fresh water lakes__.__------------------ 
Rocky hills.........--.----------------- 
Dry, sandy, flat soil......----.--.------- 
City residential area___...-..------------ 
City industrial area. _-_..-.------------- 


Relative 


Ground material conductivity 


Lusso umebleltewee ene eodastos 4, 500 
0) | a 15 


mB wn nN Oa 


b. Ground Losses. 


(1) 


(2) 


Unless the ground behaves as a nearly 
perfect conductor, the amplitude of the 
ground-reflected wave will be much less 
than the amplitude of the wave before 
reflection. A portion of the wave which 
ordinarily would be reflected is absorbed 
by the resistance of the ground. Such 
absorption by the ground constitutes 
ground , losses. This means that the 
value of the ground reflection factor 
will be reduced considerably. 

The maximum value of the ground 
reflection factor is 2 (par. 58a(1)). 
At those values of vertical angle at 
which the factor is 2, the total signal 
strength (resulting from the direct and 
ground-reflected waves) is tuzce the 
value of the direct wave alone. If the 
ground is a poor conductor, the maximum 
value of the ground reflection factor is 
much less than 2. As a result, the 
maximum value of the lobes never 
rises to twice the value without ground 
reflections. In addition, no nulls are 
produced over an imperfect ground. 
To produce a null, the ground-reflected 
wave must be 180° out of phase with the 
direct wave and must be of equal ampli- 
tude. As a result, complete cancelation 
occurs and a null results. If the ground 
is imperfect, some of the wave that 
would be reflected is absorbed instead. 
Ground losses occur, and the amplitude 
of the ground-reflected wave is reduced. 
Consequently, complete cancelation can- 
not occur at a given vertical angle. 
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Therefore, instead of an actual null being 
produced, a reduction in resultant signal 
strength occurs. 


(3) The value of ground reflection factor 


over a perfectly conducting ground 
(that is, one with no ground losses) 
varies from 0 to 2. Nulls are produced 
at those values of vertical angle where 
the factor is 0, and lobes of double 
signal strength occur where the factor is 2. 
Over a moderately conducting ground, 
the factor may increase to a maximum 
value of only 1.5 and may drop to a 
minimum value of 0.5. Asa result, the 
vertical radiation pattern shows a series 
of high and low signal strengths rather 
than a series of double-amplitude lobes 
separated by well defined nulls. When 
the ground acts as a very poor conductor, 
practically all of the energy directed 
down toward the ground is absorbed 
and ground reflections do not occur. 
The ground reflection factor is then 1 
over a wide range of vertical angles, 


when low and medium frequencies are 
used. 


(3) At higher frequencies (3 to 30 mc), the 


depth of penetration of a radio wave into 
the earth is limited to about 5 to 10 feet. 
Unless the antenna is erected over salt 
water or over a very highly conducting 
soil, considerable ground losses occur and 
much absorption of radiated energy oc- 
curs at vertical angles less than about 
10° to 12°. At very low vertical angles 
(approximately 1° to 3°) so much ab- 
sorption occurs because of ground losses 
that the ground reflection factor is re- 
duced to a very low value, and the 
vertical-plane radiation patterns shown 
in figure 96 must be modified to take 
this factor into account. These patterns 
should show little or no radiated field 
intensity at very low vertical angles. 
The large lobe of radiation which lies 
along the ground plane then is reduced 
in amplitude, and a null is produced 
along the ground. 


d. Radiation Resistance Effects. 
(1) The graph in figure 98 shows the variation 
in radiation resistance for half-wave 
(1) From the preceding discussion of the antennas at various heights above 


resulting in a free-space pattern. 


c. Frequency [ffects. 


effects of imperfect grounds and from 
the relatively low conductivities of all 
surfaces (table VI), it would appear 
that the entire previous discussion con- 
cerning ground effects is not too impor- 
tant. However, such is not the case. 


(2) At low and medium frequencies, the 


radio wave that strikes the ground 
causes ground currents to flow which 
penetrate the ground to a depth of 50 
feet or more. In general, a greater 
penetration occurs when the top layer 
of ground has a low conductivity. 
Consequently, even though the actual 
conductivity of the soil itself may not 
be great, the volume of soil in which 
current can flow is considerable. As a 
result, the resistance of the ground is 
low, and, for all practical purposes, most 
types of soil act as rather good reflectors. 
Only a relatively small amount of ground 
loss occurs and the ground reflection 
factors vary from 0 to 2. The vertical 
radiation patterns shown previously in 
this chapter then apply almost exactly 


ground. The curves in this figure have 
been plotted for antennas erected above 
a highly conducting ground. If an im- 
perfectly conducting ground is used, the 
curves shown must be modified. 


(2) In general, the use of an imperfectly 


conducting ground shifts the curves 
shown slightly toward the left. In addi- 
tion, the curves do not rise to as high 
values nor do they fall to as low values 
as when a highly conducting ground is 
used. The effect is to smooth out the 
curves and reduce the amount of change 
in radiation resistance as the antenna 
height is increased above ground. 


e. Antenna Height. 
(1) It is not possible always to answer ac- 


curately the question of what determines 
the exact height of a given antenna above 
ground. lt might be assumed that it is 
necessary simply to measure the distance 
between the antenna itself and the surface 
of the ground. This method, however, 
may not give accurate results so far as 
reflection factors and vertical-plane pat- 


terns are concerned. Instead, several 
feet must be added to the actual meas- 
ured height. It is just as though ground 
reflections take place from a plane located 
a few feet below the surface of the ground. 

(2) If the ground were a perfect conductor, 
no penetration of the radio wave would 
occur. Under these conditions, reflection 
takes place at the surface of the ground, 
and the actual height above ground can 
be used. In an imperfectly conducting 
ground, reflection seems to occur from a 
plane that is located below the surface 
and the actual depth of the reflecting 
plane is determined largely by the nature 
of the ground and the frequency used. 
This depth may be considerably greater 
than the few feet mentioned above. 
Since it is difficult to determine the actual 
depth of the ground reflecting plane, the 
exact effect on the radiation patterns 
and resistance of the antenna cannot be 
determined precisely, but sufficiently ac- 
curate results are obtained for all prac- 
tical purposes. 


61. Ground Screens 


a. A ground screen consists of a fairly large area 
of metal mesh or screen which is laid on the surface 
of the ground under the antenna. Special mesh 
made of copper, Copperweld, or galvanized iron 
is available in large sheets for this purpose. 
Ordinary chicken wire also can be used although it 
will introduce some losses. When sheets of mesh 
are used, they must be bonded together at several 
places to keep the over-all resistance of the ground 
screen low. Although a ground screen simply can 
be laid on the surface of the ground, lower losses 
occur if it is connected to the earth by means of 
ground rods. The rods are driven into the earth to 
a depth of 4 to 8 feet. The metal screen then is 
bonded to the rods. Sometimes a ground screen is 
laid on a wooden framework that is erected 8 to 


12 feet off the ground. .The metal mesh usually is | 


stapled to the framework; the grounding wires 
are run from the mesh to ground rods. 

6. The purpose of the ground screen is to simu- 
late to some extent the effect of a perfectly con- 
ducting ground under the antenna. The screen 
should extend for a considerable distance in every 
direction from the antenna. In practice, however, 
the ground screen seldom extends more than a 


half-wavelength or slightly less in all directions. 

c. Two specific advantages are to be gained 
when a ground screen is used. First, the ground 
screen reduces ground absorption losses which 
would occur when the antenna is erected over 
imperfectly conducting ground. Second, by using 
the ground screen, the height of the antenna above 
ground is set accurately. As a result, the radiation 
resistance of the antenna is known and the radia- 
tion patterns of the antenna can be predicted more 
accurately. 

d. For the ground screen to have any effect on 
the very low-angle radiation produced by the 
antenna, it would have to be unreasonably large, 
since ground reflections that effect such radiation 
take place at a considerable distance from the 
antenna. When a ground screen is used which 
extends for only a half-wavelength in every diree- 
tion from the antenna, only the high-angle radia- 
tion is affected. The ground reflections that con- 
tribute to such radiation take place rather close 
to the antenna itself. Therefore, the ground screen 
is effective in such cases. 


62. Polarization 


a. General. 

(1) Polarization of a radiated wave is de- 
termined by the direction of the lines of 
force making up the electric field. If the 
lines of electric force are at right angles 
to the surface of the earth, the wave is 
said to be vertically polarized. If the 
lines of electric force are parallel to the 
surface of the earth, the wave is said to 
be horizontally polarized. 

(2) When a single-wire antenna is used to 
extract energy from a passing radio wave, 
maximum pickup results if the antenna 
is so oriented that it lies in the same 
direction as the electric-field component. 
Thus, a vertical antenna is used for effi- 
cient reception of vertically polarized 
waves and a horizontal antenna is used 
for the reception of horizontally polarized 
waves. In some cases, the orientation of 
the electric field does not remain constant. 
Instead, the field rotates as the wave 
travels through space. Under these con- 
ditions, both horizontal and_ vertical 
components of the field exist and the 
wave is said to have elliptical polariza- 
tion. 
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(3) When a half-wave antenna is used for the 


radiation of energy, the electric lines of 
force are built up from one end of the an- 
tenna to the other. Atadistance from the 
antenna, the lines of force have a direc- 
tion that is parallel to the direction of the 
radiating antenna. Therefore, the hori- 
zontal half-wave antenna produces a 
horizontally polarized radio wave and the 
vertical half-wave antenna produces a 
vertically polarized radio wave. 


b. Polarization Requirements for Various Fre- 


quencies. 
(1) At medium and low frequencies, ground- 
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wave transmission is used widely, and it 
is necessary to use vertical polarization. 
The lines of electric force are perpen- 
dicular to the ground and the radio wave 
can travel a considerable distance along 
the ground surface with a minimum 
amount of attenuation. Horizontal po- 
larization cannot be used since, under 
these conditions, the electric lines that 
touch the earth do so parallel to it. 
Because the earth acts as a fairly good 
conductor at these low frequencies, the 
horizontal lines of clectric force are 
shorted out, and little useful range can 
be covered with horizontal polarization. 


(2) At high frequencies, with sky-wave trans- 


mission, it makes httle difference whether 
horizontal or vertical polarization is used. 
The sky wave that has been reflected by 
the ionosphere arrives at the receiving 
antenna clliptically polarized. This is 
the result. of the effect of the earth’s 
magnetic field on a wave traveling ob- 
liquely through it and striking the 
ionosphere. The radio wave is given a 
twisting motion and its orientation 
changes continually because of the un- 
stable nature of the ionosphere. The 
relative amplitudes and phase difference 
between the horizontal and vertical 
components of the received wave change 
at random, and the transmitting and 
receiving antennas therefore can be 
mounted either horizontally or vertically. 


(3) One reason for the preferenee for hori- 


zontally polarized antennas in the high- 
frequency range is that less interference 
is experienced because of man-made 
noise source. Vehicular ignition systems, 


various rotating machinery, and many 
electrical zppliances produce vertically 
polarized s:aterference signals. The re- 
sponse to these signals is minimized by 
using horizotal polarization. Supports 
for horizontally polarized antennas are of 
more convenient size. There also is less 
absorption of radiated energy by building 
or wiring when horizontal polarization is 
used, 


(4) With frequencies in the very-high or ultra- 


high range, either horizontal or vertical 
polarization is satisfactory. The radio 
wave travels directly from transmitting 
antenna to receiving antenna and the 
ionosphere is not used. The original 
polarization produced at the transmitting 
antenna is maintained throughout the 
entire travel of the wave to the receiver. 
Therefore, if a horizontal half-wave an- 
tenna is used for transmitting, a hori- 
zontal antenna must be used for receiv- 
ing. If a vertical half-wave antenna is 
used for transmitting, a vertical antenna 
must be used for receiving. 


(5) In some cases, the orientation of the 


receiving antenna peed not be the same 
as the transmitting antenna for vhf and 
uhf signals. For example, when duct 
transmission occurs, as described in 
chapter 2, the orientation of the wave 
may change as the energy travels to the 
receiving antenne tn much the same way 
as when a high-frequency sky wave is 
reflected from the ionosphere. Similar 
antenna orientations are not required 
when a large amount of the received 
energy arrives at the receiving antenna 
through diffraction or by reflection from 
irregular surfaces or from large flat 
oblique surfaces for example, when the 
receiving antenna is located in an urban 
area near large buildings. Since duct 
transmission is an abnormal eondition 
and most nulitary vhf and ubf antennas 
are located in the clear away from large 
reflecting surfaces, the same antenna 
orientation generally is used for the 
receiving antenna as for the transmitting 
antenna. 


ce. Advantages of Vertical Polarization. 
(J) Simple, vertical, half-wave antennas can 


be used to provide omnidirectional (in 


all directions) communication. This is 
advantageous when it is desired to com- 
municate with a moving vehicle. 


(2) When antenna heights are limited to 10 


feet or less over land, as in a vehicular 
installation, vertical polarization results 
in a stronger received signal at frequen- 
cies up to about 50 mc. From approxi- 
mately 50 to 100 mc, there is only a slight 
improvement over horizontal polariza- 
tion with antennas at the same height. 
Above 100 mc, the difference in signal 
strength is negligible. One polarization 
may produce a greater or smaller signal 
strength, depending on local conditions. 


(3) For transmission over sea water, vertical 


polarization is decidedly better than 
horizontal when antennas are below 
approximately 300 feet at 30 mc, but 
only 50 feet at 85 me, and still lower at 
the higher frequencies. Therefore, at 
ordinary antenna mast heights of 40 feet, 
vertical polarization is advantageous for 
frequencies less than about 100 mc. 


(4) Radiation using vertical polarization is 


somewhat less affected by reflections 
from aircraft flying over the transmission 
path. With horizontal polarization, such 
reflections cause variations in received 
signal strength. This factor is important 
in locations where aircraft traffic is heavy. 


(5) When vertical polarization is used, less 


interference is produced or picked up 
because of strong vhf and uhf broadcast 
transmission and reception (television 
and f-m (frequency-modulation)), all of 
which use horizontal pclarizat‘on. This 
factor is important when an antenna 
must be located in an urban area having 
several television and f-m_ broadcast 
stations. 


d. Advantages of Horizontal Polarization. 
(1) A simple horizontal half-wave antenna 


is bidirectional. This characteristic is 
useful if it is desired to minimize inter- 
ference from certain directions. 


(2) Horizontal antennas are less apt to pick 


up man-made interference, which ordin- 
arily is polarized vertically. 


(3) When antennas are located near dense 


forests, horizontally polarized waves suf- 
fer lower losses than vertically polarized 
waves, especially above about 100 me. 


(4) Small changes in antenna location do not 
cause large variations in the field intensity 
of horizontally polarized waves when 
antennas are located among trees or 
buildings. When vertical polarization 
is used, a change of only a few feet in 
the antenna location may have a con- 
siderable effect on the received signal 
strength. This is the result of interfer- 
ence patterns which produce standing 
waves in space when spurious reflections 
from trees or buildings occur. 

(5) Since the interference patterns will vary 
even when the frequency is changed by 
only a small amount, considerable dis- 
tortion may occur when complex types 
of modulation are used, as with tele- 
vision signals or with certain types of 
pulse-modulation systems. Under these 
conditions, horizontal polarization is pre- 
ferred. 

(6) When simple half-wave antennas are 
used, the transmission line, usually ver- 
tical, is less affected by a horizontally 
mounted antenna. By keeping the an- 
tenna at right angles to the transmission 
line and using horizontal polarization, 
the line is kept out of the direct field of 
the antenna. As a result, the radiation 
pattern and electrical characteristics of 
the antenna are practically unaffected by 
the presence of the vertical transmission 
line. 


63. Reciprocity 


a. The half-wave antenna has the property of 
reciprocity since, when it is used for transmitting, 
it has the same characteristics as when used for 
receiving. 

b. The function of a transmitting antenna is 
to convert the output power delivered by a radio 
transmitter into an electromagnetic field that is 
radiated through space. As such, the transmit- 
ting antenna is a transducer which converts energy 
having one form to energy having another form. 
The receiving antenna is also a transducer; how- 
ever, it makes the energy conversion in the 
opposite direction. The function of the receiving 
antenna is to convert the electromagnetic field 
that sweeps by it into energy that is delivered to 
a radio receiver. In transmission, the antenna 
operates as the load for the transmitter; in recep- 
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tion, if operates as the power source for the 
receiver, which is the load. 

c. A half-wave antenna used for transmitting 
radiates its maximum energy at right angles to the 
antenna itself and no energy is radiated in the 
direction of the antenna elements. When such an 
antenna is used for reception, it receives maximum 
energy at right angles to the antenna and no energy 
is received in the direction of the antenna elements. 
A vertically mounted half-wave antenna radiates 
energy equally in all horizontal directions. A 
similar antenna used for reception receives energy 
equally in all horizontal directions. Consequently, 
a pattern which shows the radiation of an antenna 
can be used also to show the reception of that an- 
tenna, A radial line drawn at a given angle from 
the center of such a pattern to its edge not only can 
be used to indicate the magnitude of the radiated 
field traveling outward on the pattern from the an- 
tenna but also shows the magnitude of the received 
field traveling inward on the pattern toward the 
antenna. 

d. This reciprocity of radiation and reception 
applies not only to the half-wave antenna but also 
to more complicated antennas and arrays de- 
scribed later in this manual. In all cases, if an 
antenna is highly directive as a transmitting 
antenna, it will have exactly the same directivity 
as @ receiving antenna. 

e. The gain of an antenna is the same regardless 
of whether the antenna is used for transmitting 
or for receiving (par. 82). The impedance and the 
distribution of standing waves of voltage and 
current are identical regardless of whether the 
half-wave antenna is used for transmitting or for 
receiving. 

f. If the reciprocity of an antenna is to be 
realized fully, it is necessary that the nature of the 
wave remain unchanged as it travels from trans- 
mitting antenna to receiving antenna. If it does 
not, two identical antennas similarly oriented may 
not act as though their characteristics were truly 
reciprocal. For example, assume that two such 
antennas, A and B, are used for communication by 
way of the ionosphere. When antenna A is trans- 
mitting to antenna B, the radiated energy follows 
a certain path up toward the ionosphere and then 
down toward antenna B. When antenna B is 
transmitting to antenna A, it is possible that a 
slightly different path is followed by the radiated 
energy in travelling toward antenna A. Under 
these conditions, the received wave at A will arrive 
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at a slightly different vertical angle, and a different 
part of the directive pattern will be used. 

g. For complete reciprocity to exist, it is 
necessary that antennas be terminated similarly 
when transmitting and receiving. If proper 
impedance matching is used when an antenna is 
transmitting, a proper match must exist also when 
the antenna is used for receiving. If it does not, 
the antenna will have somewhat different char- 
acteristics when it is used for transmission than 
when it is used for reception. 


64. Single-wire Antenna 


a. General. 

(1) A single-wire, half-wave antenna is one 
constructed of a single conductor of 
proper length. In the high-frequency 
range, the conductor is usually a stranded 
copper-alloy wire which is suspended 
between two upright supports. In the 
vhf and uhf frequency ranges, aluminum 
tubing frequently is used, and the 
antenna length is sufficiently short that 
the tubing need be supported only at the 
center. 

(2) The single-wire antenna can be mounted 
either vertically to produce a vertically 
polarized radio wave, or horizontally, to 
produce a horizontally polarized wave. 
Any of the feeding methods previously 
described can be used, depending on the 
type of transmission line or the nature of 
the output circuit of the transmitter that 
is to be connected to the antenna. Most 
of the figures so far in this manual show 
single-wire, half-wave antennas. Details 
of erection and construction have been 
omitted since only the theory of the 
antenna operation was under discussion. 

b. Typical Military Antennas. 

(1) The typical military half-wave antenna 
in figure 99 is suitable for transmission 
and reception. It can be used in con- 
junction with a transmitter having an 
output power of less than 100 watts. 
All of the component parts required for 
the installation are furnished in kit form. 
When the antenna is disassembled, it is 
highly portable. 

(2) Sufficient antenna wire is provided to 
construct a half-wave antenna resonant 
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Figure 99. Typical military single-wire antenna. 


to a frequency as low as 1.5 me, that is 
312 feet long. If the antenna is to 
operate on a frequency as high as 18 mc, 
the length is shortened to 24.3 feet. In 
actual practice, antenna wire forming 
one-half of the antenna is wound on a 
small reel. The wire is unwound from 
the reel until one-half the required 
antenna length is obtained. Then the 
free end of the wire is attached to an 
insulator at the center of the antenna. 
The reel then is attached to a halyard 
which has a strain insulator in it. The 


halyard is passed through a pulley at the 
top of one of the antenna supports with 
the free end made fast to a guy stake on 
the ground. Both halves of the antenna 
are made up in this way. The insulator 
at the center of the antenna is fitted 
with a female coaxial fitting. This 
accommodates a 72-ohm coaxial line 
which leads to either the transmitter or 
the receiver, providing the correct im- 
pedance for matching to the center of 
the half-wave antenna. 


(3) A single-wire transmission line also can 
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Figure 100. Delta-matched military antenna. 


be used with this antenna. Here, the 
center insulator is not used and the two 
portions of the antenna are connected. 
The single-wire line is connected at a 
point 0.18-wave length from one end of 
the antenna, giving it a proper impedance 
match. 


(4) Another common high-frequency, single- 


wire antenna is illustrated in figure 100. 
This delta-matched military antenna 
often is used with transmitters having 
output powers up to several kilowatts 
over distances of 500 miles or less for 
point-to-point, fixed-station communi- 
cation. For transmission up to about 
200 miles, the antenna height should be 
less than a quarter-wavelength in order to 
produce the required high angle of radi- 
ation. For longer distances, the antenna 
height may be as great as a half-wave- 
length to produce lower radiation angles. 


(5) The antenna consists of a single, hori- 


zontal wire of about one half-wavelength. 
The power from the station transmitter is 
transferred from a balanced 600-ohm 
transmission line to the antenna by means 
of a delta-matching section. The ends of 
the wires of the transmission line are 
fanned out and attached to the antenna 
at equal distances from the center. The 
dimensions must be such as to match the 
line to the antenna so that the standing 
waves on the line are minimized. The 
exact dimensions depend on the antenna 
height, ground conditions, frequency, 
and the effect of structures near the 
antenna. 


(6) A delta-matched, half-wave antenna used 


at a frequency of 5 mc would have the 
following dimensions (fig. 100): height, 
H, 70 feet, antenna length, A, 94 feet, 
maximum spread of matching section, B, 
23.6 feet, and length of matching section, 
C, 29.5 feet. 


65. Folded Dipole 


a. Operation. 
(1) The folded-dipole antenna consists of an 


ordinary half-wave antenna (dipole) 
which has one or more additional con- 
ductors connected across the ends of the 
antenna. The additional conductors are 
mounted parallel to the dipole elements 
at a distance that is a very small fraction 
of a wavelength in which spacings of 
several inches are common (fig. 101). In 
A, the two-wire folded dipole is con- 
structed of metal tubing. In #, the 
three-wire folded dipole is made of wire. 
The electrical length of both antennas is 
a half-wave, which is about 95 percent 
of the free-space half-wavelength. 


(2) Consider first the simple, two-wire folded 


dipole. Assume that the additional con- 
ductor is removed at points 1 and 2. 
Assume further that the charge remain- 
ing on the simple half-wave antenna is 
such that the end of the antenna at point 
1 is maximum positive and the end of the 
antenna at point 2 is maximum negative. 
Ordinarily, current then would start to 
flow from point 2 toward point 1. Now, 
if the additional conductor is connected 
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Figure 101. Folded-dipole antennas. 


as shown in the figure, this current finds 
two paths available. Consequently, the 
current divides so that about half flows 
from right to left in the additional con- 
ductor, and the remaining half flows in 
the same direction in the lower conduc- 
tor making up the simple half-wave 
antenna. This occurs with no change in 
input power. 


(3) Since impedance varies inversely as the 


square of the current (Z=P/J’), a reduc- 
tion in the current flowing in that branch 
of the folded dipole to which the trans- 
mission line is connected results in an in- 
crease in the input impedance of the 
antenna. As the current is reduced to 


larger diameter than the conductor to 
which the transmission line is connected, 
the impedance step-up produced by the 
folded dipole is increased. Under these 
conditions, the spacing between the two 
conductors has considerable effect on the 
impedance step-up. 


(2) Assume that a folded dipole (fig. 102) is 


constructed so that the diameter of con- 
ductor No. 1 is twice the diameter of 
conductor No. 2. The effect of various 
spacings (S) is shown in the following 
chart, which gives the input impedance 
of this particular folded dipole arrange- 
ment: 


one-half its original value, the impedance Ratio of spacing (S) | Input im- Ratio of spacing (S) | Input im- 
of the antenna increases to four times 73 Se kere eh Maen ona 

ohms, or close to 300 ohms. Therefore, = ome 
a 300-ohm transmission line can be con- 9.) 730 || 12:1........---. 369 
nected to the folded dipole, and a correct 4:1___._._______ #40 | BBAx ec cee 330 
impedance match occurs. ee a 365 


(4) If three conductors are used instead of 
two, a given input power will produce 
only one-third the original current in c. Radiation Pattern and Frequency Response. 
each conductor. As a result, the input (1) The radiation pattern produced by the 


impedance of the antenna rises to nine 
times 73 ohms, or about 600 ohms. This 
provides the proper impedance match 
for an ordinary 600-ohm transmission 
line, and the folded dipole antenna pro- 
vides an impedance step-up that can be 
used to affect an impedance match to 
common transmission lines. 


b. Effect of Different Conductor Sizes. 
(1) The folded dipoles discussed previously 


were constructed of conductors of equal 
diameter. If the added conductor has a 


folded dipole is similar to that produced 
by the conventional half-wave antenna. 
Maximum radiation occurs at right 
angles to the antenna itself and mini- 
mum radiation occurs off the antenna 
ends. 


(2) An advantage of the folded dipole is that 


its characteristics do not change with 
frequency as much as do those of an 
ordinary dipole. Therefore, the folded 
dipole has a broader frequency response. 
This increased bandwidth is the result 
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Figure 102. Folded dipole constructed of different conductor 


Sizes. 


of the greater cross-sectional area of the 
antenna which results from the folding. 
As a result, the folded dipole has greater 
capacitance and a smaller inductance per 
unit of length than does the ordinary 
dipole. The reduction in the L-C (in- 
ductance-capacitance) ratio of the an- 
tenna results in a lowered Q and a reduced 
frequency selectivity, 


(3) The greater bandwith of the folded dipole 


is explained by the fact that it acts not 
only as an antenna but as two short- 
circuited quarter-wave transmission lines 
connected end to end (at the antenna 
center). Since the reactance at the center 
of an antenna varies in the opposite 
direction to the reactance at the end of a 
quarter-wave section of transmission line, 
the result is a reduction in the rate of 
reactance Change which decreases the Q 
of the antenna and increases the fre- 
queney range. 


66. Coaxial Antenna 


a. Deseription and Operation. 
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(1) The coaxial or sleeve antenna is a common 


vertical radiator that is used in the vhf 
and uhf bands. In figure 108, the typical 
military couxtal antenna consists of a 
vertical half-wave antenna so constructed 
as to provide a convenient, mechanical 
feed arrangement. The antenna is fed by 
means of flexible coaxial cable which runs 
up through the supporting staff. 

The inner conductor of the coaxial eable 
is connected to the upper portion of the 


antenna, designated as the whip. The 
outer conductor of the cable is connected 
through a shorting ring to the top of an 
outer skirt. This skirt or sleeve is a 
hollow metal cylinder that is mounted 
around the outside of the mounting staff 
which supports the antenna. A small air 
space exists between the skirt and the 
outer surface of the mounting staff except 
at the location of the shorting ring. The 
skirt then acts as the lower portion of 
the antenna. 


(3) The skirt has an additional function. In 


conjunction with the outer surface of the 
metal mounting staff, it forms a quarter- 
wave section of transmission line which is 
short-circuited at one end by the shorting 
ring. The impedance at the bottom end 
of the line so formed is very high. As a 
result, current flow is minimized on the 
mounting staff and on the outer con- 
ductor of the coaxial cable. Such current, 
if allowed to flow, would produce radi- 
ation at a high vertical angle. By reduc- 
ing this current to a minimum value, 
the radiation is reduced. In this way, the 
low-angle, line-of-sight transmission re- 
quired in the vhf and uhf bands is 
produced. 


b. Dimensions. 
(1) The dimensions of the whip and especially 


of the skirt are highly critical. The upper 
radiating portion (whip) (A, fig. 103) is 
made 95 percent of a free-space quarter- 
wavelength. The length of the lower 
radiating portion (skirt) (B) is made 
equal to a free-space quarter-wavelength. 
Actually, the skirt snould be somewhat 
shorter than this value to produce maxi- 
mum efficiency as a radiator. Its length, 
however, is chosen for best operation 
as a quarter-wave line, which produces 
slightly higher radiation efficiency. Ad- 
justing clamps are provided both for the 
skirt and for the whip so that the antenna 
may be adjusted for any frequency in a 
given bank. 

One particular military coaxial antenna 
has a frequency range of from 30 to 40 
me. Another military coaxial antenna 
has a frequency range of 70 to 100 me. 
Markings sometimes are provided on the 
elements themselves to show the correct 
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Figure 108. Military coaxial antenna. 


whip and sleeve lengths for various reso- 
nant frequencies. For example, a coaxial 
antenna suitable for 35 me would have a 
whip length of 80 inches and a skirt 
length of 84 inches. 

c. Characteristics. The horizontal radiation 
pattern produced by the coaxial antenna is circular 
and, therefore, provides omnidirectional radiation 
or reception. Maximum radiation occurs at right 
angles to the antenna itself. The input impedance 
of a coaxial antenna is about 50 ohms, and a proper 
impedance match is produced when 50-ohm 
coaxial line is used. 


67. Conical Antenna 


a. Description and Characteristics. 
(1) The conical antenna is one of a large num- 


ber of special antennas that have been 
developed to operate satisfactorily over a 
wide frequency band. One type of coni- 
cal antenna, constructed of two solid 
metal cones, is shown in figure 104. Fre- 
quently the conical antenna is con- 
structed of metal mesh or is simply a 
framework of metal rods that forms the 
required shape. The cones are arranged 


115 


116 


TRANSMISSION 
LINE 


TM 666-108 


Figure 104. Simple conical antenna. 


on a common horizontal or vertical axis, 
depending on whether horizontal or 
vertical polarization is required. 

(2) If the conical antenna is to operate as a 
half-wave antenna, its over-all length 
must be considerably shorter than a 
free-space half-wavelength. This is the 
result of the large end effect produced by 
the bases of the cones forming the an- 
tenna. As the apex angle, A, is increased, 
the length of antenna required is reduced. 
For example, if angle A is 10°, the over- 
all length required is about 75 percent of 
a free-space half-wavelength. With angle 
A at 20°, the length is only about 70 per- 


CROSS ARMS 


ANTENNA 


(3) 


cent of a free-space half-wavelength. 
When such short lengths are used, the 
input impedance is approximately 40 
ohms. When the conical antenna is 
operated as a full-wave antenna, the over- 
all length commonly is made 73 percent 
of a free-space wavelength and the input 
impedance is several hundred ohms. 
When such an antenna has an apex angle 
of 10°, the input impedance is 950 ohms; 
with an apex angle of 20°, the input 
impedance is 600 ohms; with an apex 
angle of 30°, the input impedance is 300 
ohms. The value may be reduced by 
using large apex angles, in excess of 30°. 
The large, cross-sectional area of the 
conical antenna accounts for its wide 
frequency response. Like the folded 
dipole, the conical antenna has a large 
capacitance but a small inductance per 
unit length. This reduces the effective Q 
of the antenna and causes its characteris- 
tics to change more slowly as the fre- 
quency is varied away from resonance. 
As the apex angle, A, increases, the band- 
width of the conical antenna increases. 
The radiation pattern of the conical 
antenna is similar to that produced by an 
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Figure 105. Typical military conical antenna assembly. 


ordinary half-wave antenna which is 
similarly oriented. 


b. Typical Military Antenna. 


(1) The typical military conical antenna as- 
sembly shown in figure 105 consists of 
two modified conical antennas mounted 
at opposite ends of a cross arm atop a 
mast. The antennas can be mounted 
either as shown for the reception of verti- 
cally polarized signals, or they can be 
rotated through 90° for the reception of 
horizontally polarized signals. Each of 
these antennas has its own transmission 
line. These lines lead to separate input 
circuits of a vhf, ubf receiver. 

(2) One antenna has an over-all length of 
slightly more than 23 inches, with a maxi- 
mum cone diameter of 8% inches. The 
other antenna has a length of about 16% 
inches with a cone diameter of 6% inches. 
The larger antenna operates over a fre- 
quency range from 145 to 300 mc, the 
smaller antenna over a frequency range 
from 300 to 600 mc. Because of the 
large apex angle (about 60°), the varia- 
tion in the input impedance of the an- 
tenna is very small over an extremely 
wide frequency range, and the antenna 
length is not particularly critical. 


(3) The dimensions of the conical antenna 
were computed to maintain an imped- 
ance centered at about 95 ohms over the 
frequency range for which they were de- 
signed. Two shielded, two-wire lines 
having a characteristic impedance of 95 
ohms are used to connect the antennas to 
the two input circuits of the receiver. 


68. Microwave Antenna 


a. The half-wave antenna can be used at any 
operating frequency. When microwave frequen- 
cies (at the upper part of the uhf band and higher) 
are used, the antenna length required is extremely 
small. For example, the microwave frequency of 
5,000 mc has a free-space, half-wavelength of only 
a little more than 1 inch. .The length of the half- 
wave antenna at this frequency would have a 
value somewhat less than this small distance. 

b. The small size of a microwave, half-wave an- 
tenna is both a disadvantage and an advantage. 
The electrical characteristics of the microwave 


antenna are exactly like those of its larger, lower- 
frequency counterpart. It has about the same 
radiation pattern, the same distribution of stand- 
ing waves along its length, and the same radiation 
resistance for similar conditions. However, the 
amount of signal pick-up when such a small an- 
tenna is used for receiving is reduced greatly. Any 
receiving antenna is able to pick up energy from a 
section of an incoming wave front that extends less 
than a quarter-wavelength away from the antenna. 
Therefore, a receiving antenna that is, say, 50 to 
100 feet long is able to pick up a far greater amount 
of energy than can a microwave antenna only 
about an inch in length. So poor is the signal 
pick-up that a simple, half-wave antenna rarely 
is able to pick up enough microwave energy to 
overcome the noises generated within the receiver 
itself. As a result, a simple, half-wave antenna 
seldom is used alone in the microwave range. 

c. The great advantage of the small size of 
microwave, half-wave antennas is that it becomes 
convenient to use a large number of these together 
to form an array of antennas. All antenna arrays 
have two things in common: First, an array 
produces a concentration of radiated energy in 
certain directions; that is, the array is highly 
directional—it has gain. Second, an array occupies 
a greater space than does the single, half-wave 
antenna, since it is made up of a number of half- 
wave antennas, and the greater the number of 
individual antennas that make up the array, the 
greater are the directivity and gain. In the 
microwave range, the construction of very elab- 
orate arrays of half-wave antennas can be ac- 
complished in a reasonably small space. Some 
microwave arrays are made up of as many as 
32, 64, 100, or even 250 individual half-wave 
dipoles. 

d. Other microwave antennas are composed 
of a single half-wave dipole or an array that is 
used in conjunction with specially shaped re- 
flectors. These operate in much the same way 
as the parasitic reflectors (pars. 94 through 109) 
except that these reflectors are much larger than 
the dipole and they are specially shaped. 

e. One commonly used reflector, shown in A 
of figure 106, is the corner-reflector type. The 
reflector is composed of two flat, metal sheets 
which meet at an angle to form a corner. Wire 
mesh or metal tubing sometimes is used instead 
of the solid metal. The half-wave, microwave 
antenna is located so that it bisects the corner 
angle because maximum radiation occurs out of 
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the corner. The field strength produced by such 
an arrangement is considerably more than would 
be produced by the antenna alone. 

f. Another commonly used reflector, shown in 
B, is the paraboloidal type. The shape is 
similar to that of reflectors used in searchlights 
that concentrate energy from a light bulb into a 
narrow, well defined beam. The reflector is 
constructed of solid metal or metal mesh. A 
half-wave, microwave antenna is located at the 


Section VI. 
69. Quarter-wave Antenna 


a. The ground is a fairly good conductor for 
medium and low frequencies and acts as a large 
mirror for the radiated energy. This results in 
the ground reflecting a large amount of energy 
that is radiated downward from an antenna 
mounted over it. It is just as though a mirror 
image of the antenna is produced, the image 
being located the same distance below the surface 
of the ground as the actual antenna is located 
above it. Even in the high-frequency range and 
higher, many ground reflections occur, especially 
if the antenna is erected over highly conducting 
earth, salt water, or a ground screen. 

b. Utilizing this characteristic of the ground, 
an antenna only a quarter-wavelength long can 
be made into the equivalent of a half-wave 
antenna. If such an antenna is erected vertically 
and its lower end is connected electrically to the 
ground (fig. 107), the quarter-wave antenna 
behaves like a half-wave antenna. Here, the 


118 


COAXIAL OR 

WAVEGUIDE 
FEED MAXIMUM 
BABISHON 


eee 
FOCUS OF 
PARABOLOID; 
DIPOLE 
ANTENNA 
a 
HEMISPHERICAL 
REFLECTOR 
B 
TM 666-10 


Half-wave antennas used with special reflectors, 


focal point of the paraboloid. Energy arriving 
at any angle from the antenna is reflected by the 
paraboloid in parallel rays. This results in a very 
narrow beam of radio energy in the direction 
shown. A small, metal, hemispherical reflector 
prevents direct radiation from the half-wave 
antenna from interfering with the beam produced 
by the paraboloidal reflector. ‘The small re- 
flector causes all of the encrgy from the antenna 
to be directed back into the paraboloid. 


GROUNDED ANTENNAS 


ground takes the place of the missing quarter- 
wavelength, and the reflections supply that part 
of the radiated energy that normally would be 
supplied by the lower half of an ungrounded 
half-wave antenna. 

c. When the charge on the 
grounded antenna is maximum positive at its upper 
end, the charge at the lower end of the image 
antenna is maximum negative. Current begins to 
flow toward the positive end of the quarter-wave 
antenna, as illustrated by the arrow in the figure. 
Current in the image antenna begins to flow away 
from the negative end of the image. Note that 
the current flow is up in both eases. This is 
similar to conditions in a vertical half-wave 
antenna that has negative polarity at the bottom 
and positive polarity at the top. It is just as 
though the half-wave antenna were driven halfway 
into the earth. 

d. From figure 107, it must not be assumed that 
if a hole were dug into the earth under the antenna 
to a depth of a quarter-wave, conditions of voltage 
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Figure 107. Quarter-wave antenna connected to ground. 


and current such as described above would be 
found. Actually, this is not true, since the fields 
produced by the grounded quarter-wave antenna 
terminate only a short distance below the ground 
surface. None of the radiated field from the 
antenna penetrates the earth to any great extent. 
The following assumption with reference to a 
lighted flashlight will help to clarify the concept. 

e. Assume that a soldier is standing before a 
mirror with a lighted flashlight in his hand (fig. 
108). He holds the flashlight in such a way that 
its light is reflected by the mirror into his eyes; 
that is, the head of the actual flashlight is pointed 
away from him, whereas the head of the image 
flashlight is pointed toward him. This is a 180° 
shift in position. The effect is the same as if a 
flashlight were located behind the mirror the same 
distance as the actual flashlight is located before 
the mirror, without the mirror in the way. The 
image flashlight in the mirror is shining directly 
into the eyes of the soldier, although it is not a 
physical object as drawn in the figure, and if he 
looked behind the mirror he wouid find no flash- 
light. If the mirror were removed, there would 
be no reflected ray and the effect would be-as 
though the image flashlight had disappeared. 

J. The idea of an image flashlight can be applied 
to an image antenna formed by the ground. No 
antenna actually is located deep in the ground, 
but, because of the reflection of energy, conditions 
are similar to those that would occur without the 
reflecting surface and with a source of energy 
located as shown by the dashed lines in figures 107 
and 108. Just as the position of the image flash- 
light is reversed, the polarity of charge on the 
image antenna is opposite to that of the actual 
antenna. 

g. At medium and low frequencies, ground-wave 
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transmission is used, which requires vertical polar- 
ization, and vertical antennas are necessary. If 
the half-wave antenna were used, an extremely 
tall structure would be required. At 1,900 kc, 
for example, the length of a vertical half-wave 
antenna would be almost 500 feet. When oper- 
ated as a grounded type, the antenna need be only 
half that length, and loading devices make possible 
the use of even shorter lengths. These will be 
described below. Even in the high-frequency or 
very-high-frequency range, where the length of a 
half-wave antenna is much shorter, the use of the 
grounded quarter-wave antenna is common for 
portable and mobile installations. Here, resonant 
antennas of minimum length are required so that 
they can be carried easily by vehicles or by hand. 

h. The term Marconi antenna sometimes is used 
to designate the grounded quarter-wave antenna, 
but this term is being replaced gradually by more 
descriptive terms which relate to specific types of 
grounded quarter-wave antennas. The term 
Hertz antenna, occasionally used to designate the 
ungrounded half-wave antenna, also is being 
replaced by more descriptive terms to designate 
specific antenna types. 


70. Current and Voltage Distribution 


a. The distribution of the standing waves of 
voltage and current on a grounded quarter-wave 
antenna is the same as the distribution on one-half 
of a half-wave antenna. The voltage is maximum 
and the current is zero at the end of the antenna 
farther from ground. As a result, the impedance 
which is the ratio of voltage to current, is highest 
at this point. The voltage and current vary in 
amplitude sinusoidally along the antenna; at the 
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grounded end of the antenna, the voltage is zero 
and the current is at its maximum value. As a 
result, the impedance is lowest at this point. The 
distribution of the standing waves of voltage and 
current is shown in A of figure LOG. 
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Figure 109. Distribution of voltage and current on grounded 


quarter-wave antenna. 


b. Frequently, loading coils are used at the base 
of the grounded quarter-wave antenna. The 
added inductance of the leading coil reduces the 
resonant frequency of the antenna. This causes 
the antenna to appear as though it were longer 
electrically than it is physically, and grounded 
antennas which are shorter than a quarter-wave- 
length may be nade to operate as quarter-wave 
antennas. The distribution of voltage and current 
on such an antenna are as shown in B. The 
current is zero at the ungrounded end of the 
antenna and rises sinusoidally along the antenna 
until the position of the loading coil is reached. 
The current then remains relatively uniform 
throughout the Jength of the coil. The voltage is 
at its maximum value at the ungrounded end of 
the antenna, falls sinusoidsliv until the coil is 
reached, and then falls uniformly to zero at the 
ground connection, 

c. If a loading coil having a higher value of 
inductance is used, the length of the antenna can 
be reduced further. However, even though an 
extremely short antenna can be brought to 
resonance by a sufficiently large loading coil, the 
effective radintion of such an antenna is lowered 
and the ratio amount of power 
radiated and the amount of power dissipated in the 
resistance and ground connection of the coil ts 
reduced considerably, 


between the 
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71. Polarization 


a. The polarization of the radiated field pro- 
duced by the grounded quarter-wave antenna is 
always vertical. Figure 110 shows the electric 
lines of force existing around the antenna at a 
particular instant of time. 
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Figure 11@.  Fllectric field around a grounded quarter-wave 


antenna, 


b. In some grounded antennas, & portion of the 
antenna is mounted horizontally. Even here, 
when short antenna lengths are used, a vertically 
polarized radio wave is produced, since the electric 
field is built up between the antenna and the 
ground rather than between one horizontal portion 
of the antenna and another horizontal portion. 


72. Radiation Characteristics 


a. General. 

(1) The radiation pattern produced by a 
grounded quarter-wave antenna is shown 
in figure }11. It resembles the pattern 
of a vertical half-wave antenna in free 
space except that the latter pattern is cut 
in two horizontally. Maximum radia- 
tion (or rceeption) of energy occurs at 
right angles to the antenna and along the 
surface of the ground. The radiation 
falls off as the vertical angle is increased, 
until directly over the antenna (at a 
vertical angle of 90°), no radiation of 
energy oceurs. A true semicirele is 
shown so that a comparison ean be made 
with the radiation pattern. 

(2) A top view of the radiation pattern shows 
that this pattern is circular. The an- 
tenna, therefore, is omnidirectional in the 
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Figure 111. Radiation pattern produced by a grounded quarter-wave antenna. 


horizontal plane, and radiates equally 
in all horizontal directions. The solid 
radiation pattern of the grounded 
quarter-wave antenna also is shown. 
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more, the intensity of radiation at higher 
vertical angles is increased, as shown in 
C and D. Such antennas are not suit- 
able for ground-wave transmission or for 


b. Other Radiation Patterns. 
(1) Although most grounded vertical an- 
tennas are a quarter-wave length, it is 
common to find grounded antennas used 


transmission of large amounts of energy 
in the horizontal direction. 
c. Radiation Resistance. 
(1) The radiation resistance of a grounded 


with loading coils so that their length can 
be made shorter than a quarter-wave. 
The radiation patterns produced by such 
antennas are similar to the pattern 
shown in the previous illustration except 
that the amount of radiation is reduced 
and the side view of the pattern is 
practically a true semicircle. 


(2) Consider next the vertical-plane radiation 


patterns of vertical antennas which are 
longer than a quarter-wave length. As 
the antenna length is increased to a half- 
wavelength, the amount of radiation is 
increased at very low vertical angles and 


quarter-wave antenna is just half that of 
the ungrounded half-wave antenna. For 
very thin antennas, the value of the 
radiation resistance is 36 ohms. If 
large-diameter tubing or wide towers are 
used, the value is reduced. 


(2) When grounded vertical antennas are 


used that are shorter than a quarter- 
wavelength, the radiation resistance is 
reduced still more. This can be seen in 
the following chart, where the value of 
radiation resistance is shown for vertical 
grounded antennas of various lengths. 


the pattern becomes flatter (A of fig. Antenna lengths | Radiation Antenna lengths | Radiation 

112). As the antenna length is increased avon (ohms) iwanelnet (ohms) 

still more toward 5 eighth-wavelengths, , ; 

even greater radiation occurs at very 0.30---------- 60 || 0.15.-.------- 8 

low vertical angles. However, small 925---------- 86) O10. cunts a2 « 
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minor lobes begin to appear at vertical 


angles of about 60°, as shown in B. 


(3) If the antenna length is increased still 


(3) When very short antennas are used, it is 
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possible that the ohmic resistance of the 
antenna is considerably greater than the 
radiation resistance. For example, the 
ohmic resistance of the loading coil used 
might be several ohms, the resistance of 
the ground connection might be several 
ohms, and the resistance of the antenna 
itself might be 1 or 2 ohms, or more. 
The power that is dissipated in all these 
resistances may be considerably greater 
than the power that is radiated into 
space. If an antenna length used is .1 
wavelength the radiation resistance is 
only 2 ohms, and the total ohmic re- 
sistance is 8 ohms. 


(4) The power that is applied to this antenna 


is applied effectively to two resistances, 
one having a value of 2 ohms and the 
other having a value of 8 ohms. The 
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Vertical-plane radiation paiterns produced by grounded vertical antennas of varrous lengths. 


power usclessly have been reduced to an 
absolute minimum, the amount of energy 
radiated can be increased by increasing 
the radiation resistance of the antenna. 
One method of accomplishing this is to 
increase the length of the antenna toward 
a half-wavelength. At this length, the 
radiation resistance is about 100 ohms. 
The current maximum is no longer at the 
grounded end of the antenna but is 
instead halfway up the antenna. As a 
result, more energy is concentrated along 
the ground level and less energy 1s radi- 
ated at high vertical angles (A of fig. 106). 
In addition, since a greater portion of the 
antenna is carrying high current, a 
greater radiated field strength is  pro- 


duced. 


input’ power is applied to a total re- 73. Types of Grounds 
sistance of 10 ohms. Since the power 
dissipated or radiated is directly propor- 
tional to the resistance, eight-tenths of 


a. General. 
(1) When grounded antennas are used, it is 
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the total power applied is used to over- 
come the antenna losses and only two- 
tenths of the total power applied pro- 
duces useful radiation. Therefore, it 
can be seen how important it is to keep 
the ohmic resistance of the antenna as 
low as possible, to use a good ground 
connection, and to use a well designed 
loading coil. 


(5) Once all the resistances that dissipate 


especially important that the ground 
have as high a condnetivity as possible. 
This is necessary to reduce ground losses 
and to provide the best possible reflecting 
surface for the down-going radiated 
energy from the antenna. Since at low 
and medium frequencies the ground acts 
as a sufficiently good conductor, the 
problem is how to make connection to the 
ground in such a way as to introduce the 


least possible amount of resistance in the 
ground connection. At higher frequen- 
cies, artificial grounds constructed of 
large metal surfaces are common. 


(2) The ground connection takes many forms, 


depending on the type of installation and 
the loss that can be tolerated. For fixed 
station installations, very elaborate 
ground systems are used. These fre- 
quently are arranged over very large 
areas so that they operate as part of the 
reflecting surface in addition to making 
the connection to ground itself. In 
many simple field installations, the 
ground connection is made by means of 
one or more metal rods driven into the 
earth. Where more satisfactory arrange- 
ments cannot be made, it may be possible 
to make ground connections to existing 
devices which are themselves grounded. 
Metal structures or underground pipe 
systems (such as water pipes) commonly 
are used as ground connections. In an 
emergency, a ground connection can be 
made by plunging one or more bayonets 
into the earth. 


(3) Sometimes, when an antenna must be 


erected over soil having a very low 
conductivity, it is advisable to treat the 
soil directly to reduce its resistance. 
Occasionally, the soil is mixed with a 
quantity of coal dust for this purpose or 
it can be treated with substances which 
are highly conductive when in solution. 
Some of these substances, listed in order 
of preference, are sodium chloride (com- 
mon salt), calcium chloride, copper 
sulphate (blue vitriol), magnesium sul- 
phate (Epsom salt), and potassium 
nitrate (saltpeter). The amount required 
depends on the type of soil and its 
moisture content. When these sub- 
stances are used, it is important that 
they do not get into nearby drinking 
water supplies. 


b. Radial Grounds. 


(1) The most common ground system used 


with vertical grounded antennas at fixed 
stations is the radial ground. This 
consists of a number of bare conductors 
arranged radially and connected. The 
conductors, which may be from a tenth- 
to a half-wavelength or more, are buried 


a short distance beneath the surface of 
the earth. Sometimes one radial ground 
system serves two vertical antennas 
which operate over different frequency 
ranges (fig. 113). 


(2) Both antennas are constructed of several 


conductors connected to form a cage. 
Antenna A is used over a frequency range 
of 7 to 12 mc; antenna B is used over a 
frequency range of 2.5 to 7 mc. Each 
antenna is connected to the transmitter 
by means of a feed-through insulator 
(mounted on the wall of the transmitter 
house). Horn gaps, mounted on the in- 
sulators and connected to ground rods, 
provide lightning protection for the an- 
tennas and transmitter. The guys and 
horizontal supporting wire are broken 
up by insulators to prevent resonance ef- 
fects which would cause absorption of 
power from the antennas. All of the 
radials forming the ground system are 
bonded together at the center and con- 
nected to the transmitter ground. 


(3) A common military ground system kit 


which is supplied for use with grounded 
vertical radiators consists of 36 radials 
made of #12 Copperweld wire. These 
radials, spaced every 10°, extend out- 
ward for a distance of at least 350 feet 
from a common terminal near the lower 
end of the antenna. The conductors are 
buried in trenches, 6 to 8 inches deep. 
Soldered to the free end of each radial 
conductor a 6-foot ground rod is driven 
into the earth. 


c. Ground Rods. 
(1) With a less elaborate ground system, a 


number of ground rods can be used. 
These rods usually are made of galvanized 
iron, steel, or copperplated steel in 
lengths up to 8 feet. One end of the 
rod is pointed so that it can be driven 
easily into the earth. The other end 
frequently is fitted with some type of 
clamp so that the ground lead can be at- 
tached. Some ground rods are supplied 
with a length of ground lead already 
attached. 


(2) A fairly good ground connection can be 


made by using several ground rods, 6 to 
10 feet apart, connected in parallel. If 
possible, the rods should be located in a 
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Figure 113. Ground system for two verticai antennas. 
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moist section of ground or in a depression 
which will collect moisture. Ground re- 
sistance can be reduced considerably by 
treating the soil with any of the sub- 
stances previously mentioned. A trench 
about a foot deep is dug around each 
ground rod and filled with some common 
rock salt, Epsom salt, or any of the other 
materials mentioned. The trench then 
is flooded with water, after which it is 
covered with earth. To remain effec- 
tive, this treatment should be renewed 
every few years. 


(3) For simple installations, a single ground 


rod can be fabricated in the field from 
pipe or conduit. It is important that a 
low resistance connection be made be- 
tween the ground wire and the ground 
rod. The rod should be cleaned thor- 
oughly by scraping and sandpapering at 
the point where the connection is to be 
made, and a clean ground clamp installed. 
A ground wire then can be soldered or 
joined to the clamp. The joint should 
be covered with tape to prevent an in- 
crease in resistance caused by oxidation. 


d. Counter povse. 
(1) When an actual ground connection cannot 


be used because of the high resistance of 
the soil or because a large buried ground 
system is not practicable, a counterpoise 
may replace the usual direct ground 
connection in which current actually 
flows to and from the antenna through 
the ground itself. The counterpoise con- 
sists of a structure made of wire erected 
a short distance off the ground and in- 
sulated from the ground. The size of 
the counterpoise should be at least equal 
to and preferably larger than the size of 
the antenna. 


(2) The counterpoise operates by virtue of 


its capacitance to ground. Because of 
this capacitance, the ground currents 
which flow normally and usually are col- 
lected by conduction now are collected 
in the form of charge and discharge cur- 
rents. The end of the antenna which 
normally is connected directly to ground 
now is connected to ground through the 
large capacitance formed by the counter- 
poise. If the counterpoise is not well in- 
sulated from ground, the effect is much 


the same as that of a leaky capacitor. 
Leakage currents flow between the coun- 
terpoise and ground so that a poorly in- 
sulated counterpoise introduces more 
losses than no counterpoise at all. 


(3) The shape and size of the counterpoise are 


not particularly critical. In some field 
antenna installations, a type of grounded 
antenna is used in which a large portion 
of the antenna is folded into a horizontal 
position. The counterpoise used with 
such an antenna has the same shape 
and approximate dimensions as does 
the antenna itself. This counterpoise is 
mounted directly under the antenna at a 
height of about 8 to 12 feet off the ground. 


(4) When the antenna is mounted vertically, 


the counterpoise is made to have any sim- 
ple geometrical pattern such as those 
shown in figure 114. Although perfect 
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Figure 114. Wire counterpoises. 


symmetry is not necessary, the counter- 
poise should extend for equal distances at 
all angles from the antenna. The area 
covered by the counterpoise should be as 
great as possible, although very little is 
gained by extending the counterpoise 
more than a half-wavelength from the 
lower end of the antenna. The distance 
between parallel adjacent wires making 
up the counterpoise should be about 
equal to the height of the counterpoise 
above ground, because long conductors 
become resonant and absorb power from 
the antennas. To avoid this, the use of 
short jumpers between the conductors 
causes the counterpoise to behave only 
as a capacitance to ground. Smaller 
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separations should be used with small 
counterpoises. 


(5) In some vhf antenna installations on 


vehicles, the metal roof of the vehicle 
is used as a counterpoise for the antenna. 
Small counterpoises made of metal mesh 
sometimes are used with special vhf an- 
tennas that must be located a consider- 
able distance off the ground. This 
counterpoise provides an artificial ground 
which helps to produce the required 
radiation pattern. 


74. Bent Antenna 


a. Description and Operation. 
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(1) A bent antenna is a grounded antenna 


so constructed that a portion of it is 
mounted horizontally. Such an antenna 
takes the form of an inverted L or T. 
In an inverted-L antenna, a fairly long 
horizontal portion, or flattop, is used, 
and the vertical downlead, which forms 
an important part of the radiating sys- 
tem, is connected to one end of the flat- 
top. The length of the antenna is 
measured from the far end of the flattop 
to the point at which the downlead is 
connected to the transmitter. In the 
T antenna, a horizontal portion, or flat- 
top, also is used. Here the downlead, 
which is a part of the radiating system, 
is connected to the center of the flattop. 
The over-all length of the T antenna is 
equal to the entire length of the down- 
lead plus one-half the length of the 
flattop. 


(2) The purpose of the bent antenna is to 


afford satisfactory operation when it is 
not convenient to erect tall vertical 
antennas. This is particularly necessary 
wken operation at low frequencies is 
required. 


(3) When the lengtl: of the flattop of a bent 


antenna (the entire length of the in- 
verted L or one-half the entire length of 
the T) is 1 quarter-wavelength long, a 
full quarter-wave of current appears as 
a standing wave on the flattop. The 
current is minimum at the far end of the 
flattop and maximum at the point where 
the downlead is connected. Since the 
current. maximum is no longer at the 


ground level (as it is in a grounded an- 
tenna of a quarter-wavelength or less), 
but is elevated above ground by the 
length of the vertical downlead, there 
are several advantages. First, the high- 
angle radiation is reduced and more 
energy is propagated along the surface 
of the earth. This is particularly im- 
portant when ground-wave transmission 
is used. Second, because more of the 
antenna is carrying a high value of cur- 
rent, a greater amount of radiation 
occurs. 


(4) When the vertical downlead of a bent 


antenna is approximately a quarter- 
wavelength, the current in the downlead 
falls to ® minimum value at the end 
connected to the transmitter. Here the 
radiation resistance of the antenna has a 
high value because the ratio between the 
radiation resjstance and the ohmic re- 
sistance of the antenna is a maximum, 
and a large proportion of the power 
applied to the antenna is_ radiated. 
When using a downlead of 1 guarter- 
wave, a parallel resonant circuit should 
be employed for antenna tuning which 
requires high impedance for proper im- 
pedance matching; but if the downlead 
is 1 eighth-wavelength or shorter, series 
tuning is used to provide the required 
low impedance. 


(5) Even when very short vertical downleads 


are used, the addition of a horizontal 
flattop to form a bent antenna produces 
the advantages mentioned above. Bent 
antennas of only a quarter-wavelength 
(including downlead) frequently are used 
in the field. The radiation produced by 
such antennas is considerably greater 
than would be produced by a simple 
vertical antenna having the same length 
as the height of the bent antenna. 


(6) When bent antennas are used at low 


frequencies, it is common to construct 
the flattop of several connected con- 
ductors. This increases considerably the 
capacitance between the flattop and the 
ground. As a result, the resonant fre- 
quency of the antenna is reduced, and 
the antenna operates as a simple vertical 
antenna of much greater height. The 
higher capacitance produced by this type 


Tm 666-119 


Figure 115. Inverted-L military antenna. 


of flattop raises the position of the current 
maximum still higher above the ground, 
with the resultant advantages previously 


This antenna is particularly suitable for 
ground-wave transmission, although it 
is very efficient for sky-wave use. 


pointed out. | (2) Small jumpers are provided at the various 
b. Military Types. insulators so that these may be shorted 
(1) One common military bent antenna used 


at frequencies from about 1.5 to 12.5 me 
(fig. 115) is an inverted-L type with a 
single-wire counterpoise. This antenna 
is designed to operate with a total length 
of about 1 quarter-wavelength at a lower 
portion of its frequency range and 3 
quarter-wavelengths at the upper por- 
tion. It affords a low-impedance load 
on the radio set with which it is used. 


‘7 TO RADIO SET 


out if it is required to increase the length 
of the flattop and counterpoise. Clip 
leads at E and Z connect the counterpoise 
and the flattop to the leads which run to 
the radio set. When operation from 1.5 
to 2 mc or from 4.5 to 6 mc is required, all 
jumpers are connected so that the lengths 
of the antenna and the counterpoise are 
each 100 feet. When operation from 2 
to 3 mc or from 6 to 9 mc is required, the 
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Figure 116. Crowfoot antenna. 
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connections at A and X are broken. The 
antenna and the counterpoise then are 
each 80 feet long. When operation from 
3 to 4.5 me or from 9 to 12.5 me is re- 
quired, the connections at A, B, C, D, X, 
and Y are broken, making the length of 
the antenna 60 feet and the length of the 
counterpoise 45 feet. 

(3) Another inverted-L antenna used for 
military communication in the frequency 
range below 800 ke consists of a flattop 
constructed of five parallel conductors 
from 250 to 400 feet long and separated 
from each other by about 3 feet. The 
vertical downlead is connected to each 
of the flattop conductors at one end of 
the antenna. An extensive underground 
radial ground system is used with this 
antenna. 

(4) Still another inverted-L antenna used for 
low-frequency military communication 
is shown in figure 116. The flattop is 
seen to consist of three conductors, each 
100 feet long, which are joined at one end 
and fan out at the other end to a maxi- 
mum separation of about 30 feet. A 
counterpoise is used with this antenna, 
which is shaped like the flattop. Because 
of the appearance of this antenna, it 
commonly is referred to as & crowfoot 
antenna. 


75. Folded-top Antenna 


a. A folded-top antenna is a modified bent an- 
tenna in which the flattop is folded in such a way 
that it prevents radiation. If radiation from the 
flattop is prevented, or at least reduced consider- 
ably, more energy can be radiated from the vertical 
downlead of the antenna. The main advantage 
of preventing radiation from the horizontal flattop 
is that this part of the antenna may produce con- 
siderable radiation that is horizontally polarized. 
In addition, this energy is radiated at high vertical 
angles. Since the radiation does not add to the 
vertically polarized ground wave required, its 
elimination will improve the operation of the 
antenna. Another advantage of the folded-top 
antenna is that less horizontal space is required for 
its erection. 

b. The simplest method of preventing radia- 
tion of energy from tke flattop portion of the an- 
tenna is to fold the flattop in such a way that ad- 


128 


jacent sections carry current flowing in opposite 
directions. Jn this way, the field produced around 
one section is opposite in direction to that pro- 
duced around the adjacent section. As a result, 
almost complete cancellation of fields occurs, and 
radiation is largely prevented. Unless an even 
number of sections is used, appreciable cancella- 
tion will not occur. 

c. Two folded-top antennas are shown in figure 
117. In both cases, the quarter-wave flattop 
which is required to bring the current maximum 
to the top of the vertical downlead is folded in 
such a way as to prevent radiation from the flat- 
top. In A, the downlead to the transmitter is 
connected to one end of the folded section. This 
section consists of a quarter-wavelength of wire 
that is doubled back on itself so that the over-all 
length of the folded section is an eighth-wavelength. 
Note that the two wires forming the folded section 
are connected at the left and are not connected at 
the right. At any instant, the current in the two 
wires flows in opposite directions as shown by the 
arrows. Consequently, the field produced by one 
conductor is opposite in direction to that produced 
by the other conductor. Therefore, negligible 
radiation occurs from the folded section. 

d. In B, the downlead is connected to the center 
of the folded flattop. Note that the downlead is 
connected to the left half of one of the two con- 
ductors forming the folded top, and the direction 
of current flow in the folded quarter-wave section 
is as indicated by the arrows. Other arrange- 
ments can be used in addition to those shown. 
For example, the top quarter-wave section can be 
folded into four lengths, each of which is a@ six- 
teenth-wavelength long. 


76. Top-loaded Antenna 


a. Both the bent and folded top antennas oper- 
ate at frequencies that are much lower than the 
length of the vertical portion of the antenna would 
seem to indicate. The length not supplied by the 
vertical downlead is furnished by the bent or 
folded flattop. As a result, the standing wave of 
current appears higher on the vertical section of 
the antenna and its radiation resistance rises. 
Consequently, greater effective radiation occurs 
and at smaller vertical angles. 

b. Another method of increasing the effective 
length of a vertical antenna to obtain these ad- 
vantages is to use top loading. This usually is ac- 
complished by- adding a concentrated amouni of 
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capacitance or inductance at or near the top of the 
vertical antenna. Such an antenna is a top-loaded 
antenna. 

c. When inductance is used, the inductor simply 
is inserted in series with the antenna near the top. 
When capacitance is used, a capacitor cannot be 
inserted in series with the antenna, since this 
would reduce the total capacitance of the antenna, 
making it appear electrically shorter rather than 
longer as is desired. Shunt capacitance must be 
used instead so that the total capacitance be- 
tween the antenna and ground is increased. The 
most common method of producing the required 
shunt capacitance is to use a disk or a hat made of 
shect metal, mesh, or wire skeleton. The disk is 
centered on the top of the antenna and mounted 
at right angles to it. Such an arrangement. pro- 
vides an added capacitance of about 1 puf (micro- 
microfarads) for each inch of disk diameter. 

d, Sometimes both inductance and capacitance 
are used. The hat then must be insulated from 
the top of the vertical antenna and an inductor 
inserted between the hat and the antenna. The 
inductor frequently is made variable so that an 
adjustment of the amount of the top-loading is 
possible. This is more convenient than trying to 
make such an adjustment by varying the amount 
of shunt capacitance, since this would involve 
a change in the size of the top-loading disk. 

é. In some portable or mobile installations 
where top loading is used, the top-loading coil is 
inserted near the top of the antenna and a large 
metal shield is installed around the coil. The 
shield not only affords protection for the coil but 
also provides some shunt capacitance for top- 
loading the antenna. Where the top-loading coil 
and its shield would cause the antenna to be un- 
stable physically because of top-heaviness, the 
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Folded-top antennas. 


coil and shield are moved to the center of the 
antenna. Although this is not as effective as 
true top-loading, the radiation produced by such 
a center-loaded antenna is better than would be 
produced by a single loading coil at the base of 
the antenna or in the transmitter itself. 

f. The low-frequency bent antennas already 
discussed actually use some top-loading to incre... - 
the electrical length of the antenna and to produce 
the advantages mentioned above. The antennas 
shown in figure 116 utilize two or more insulators 
as the flattop to provide an increase in shunt 
capacitance. The term top-loaded antenna, how- 
ever, usually refers only to those vertical antennas 
in which the shunt capacitance is supplied by 2 
structure (such as a disk) the size of which is small 
compared with the length of the antenna. Be- 
cause of the small size of the top-loading disk, 
little radiation is produced. 

g. Figure 118 shows the current Wisenbition on. 
top-loaded antennas which are somewhat shorter 
than a quarter-wavelength. The current is the 
same as would be produced if the top-loading disk 
or coil were removed and the actual height of the 
antenna extended as shown. 

h. In general, as the ground resistance is 
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Figure 118. Top-loaded antennas. 
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increased, the size of the top-loading disk can be 
reduced. However, large ground resistances re- 
quire top-loading coils with higher inductance 
values. As the size of the top-loading disk is 
increased, the effective length of the antenna is 
increased. For example, the length of the antenna 
shown in A can be reduced further physically if 
the top-loading disk is increased in size. The 
actual size of the top-loading disk or coil required 
has been determined experimentally for a large 
number of special cases. 

i. It is desirable to increase the radiation resist- 
ance of an antenna so that a greater proportion of 
the input power can be radiated. Assume that a 
vertical antenna having a length of 0.2 wavelength, 
used without a top-loading disk, has a radiation 
resistance of 20 ohms. If a small top-loading 
disk is installed which has such a size as to increase 
the effective length of the antennas by about 0.05 
wavelength, the radiation resistance is increased 
to 34 ohms. If tne size of the disk is increased so 
that the effective length of the antenna is increased 
by about 0.1 wavelength, the radiation resistance 
rises to 45 ohms. A further increase in disk size, 
so that the effective antenna length is increased 
by abcut 0.15 wavelength, causes the radiation 
resistance to rise to 50 ohms. 


77. Mast and Tower Radiators 


a. Description. 

(1); Most of the antennas discussed so far 
have been constructed of suitably sup- 
ported wire. Since vertical supports are 
required for such antennas, it seems 
reasonable to consider use of the support 
itself asthe antenna. This support must 
be constructed of metal so that it can be 
used as the antenna. Metal masts are 
used in the field and large metal towers 
are used for fixed-station installation as 
vertical radiators. 

(2) Metal masts usually are made of aluminum 
alloy or steel tubing, sectionalized with 
metal coupling so that they can be taken 
apart for easy portability. Some short 
antenna masts, approximately 25 feet 
high, use a telescoping section construc- 
tion. Masts usually are supported by 
means of guys. 

(3) Metal antenna towers are designed to be 
either self-supporting or guyed. Both 
three-sided (triangular) and four-sided 
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(square) construction is common. The 
self-supporting tower has a wide base so 
that no guying is needed. The guyed 
tower, on the other hand, usually has a 
fairly uniform cross section. 


(4) Mast and tower radiators can be sub- 


divided into insulated and noninsulated 
types. An insulated mast or tower uses 
special compression-type base insulators 
that carry the weight of the structure and 
handle the r-f voltage that exists. A 
spark gap is used across the base insulator 
for lightning protection (fig. 119). In 
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noninsulated towers and masts, the base 
of the structure is in direct contact with 
the base support which is in the earth. 
When the insulated tower is used, the 
energy applied to the tower must be 
series-fed. Shunt feeding is used with the 
noninsulated tower. 


b Operation. 
(1) The operation and radiation of a mast or 


tower radiator are similar to the opera- 
tion and radiation of a grounded vertical 


antenna constructed of wire. Because of 
the greater cross-sectional area of these 
radiators, reduction of ohmic resistance 
results in a slight increase in over-all 
efficiency and in electrical length. 

(2) When a self-supporting tower is used, the 
tapering construction of the tower alters 
the current distribution so that it is no 
longer sinusoidal. Instead of the current 
rising sinusoidally at increasing distances 
from the tower top, the current increase is 
somewhat more gradual. Since the elec- 
trical length of the tower is reduced, the 
radiation resistance falls, and increased 
high-angle radiation occurs. This con- 
dition is reduced by adding a top-loading 
disk or hat on top of the tower. 

(3) When insulated masts or towers are used, 
the output of the transmitter is applied 
between the lower end of the structure 
and ground. The transmitter output is, 
in effect, connected directly across the 
base insulator (S), as shown in A of 
figure 120, and is referred to as series 
feeding. 

(4) The output of the transmitter is con- 
nected through a capacitor to point X, 
about one-fifth of the way up the tower. 
The inclined wire usually makes an angle 
of about 45° with respect to ground. The 
exciting voltage from the transmitter is 
developed between point X and ground, 
across the lower section of the tower. 
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This section can be considered to be a 
portion of a one-turn loop made up of the 
inclined wire (with capacitor), the portion 
of the tower between point X and 
ground, and the ground return between 
the bottom of the tower and the trans- 
mission-line ground connection. Since 
the transmission line usually sees an in- 
ductive reactance in the direction of 
point X, a series capacitor is used to 
cancel out this reactance. Noninsulated 
masts or towers using this arrangement 
are shown in B. 
c. Military Types. 

(1) One type of tower radiator used for mili- 
tary communication involving trans- 
mitter powers of several kw (kilowatts) 
is 180 feet high and is guyed for support. 
The tower is an insulated type using a 
single compression insulator at its pointed 
base. The tower consists of nine 20-foot 
sections, triangular in shape and lattice 
braced, with guys at five different levels, 
three guys to each level. 

(2) Another military tower radiator used for 
transmitter powers up to about 1 kw is 
125 feet high and is self-supporting, a 
square construction with insulators being 
used at the tower base. 

(3) Still another military tower radiator used 
for transmitter powers up to about 1 kw 
is 90 feet high and is guyed for support. 
This tower is an insulated type with 
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Figure 120. Sertes- and shunt-fed tower 1adzators. 
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triangular, lattice construction, equipped 
with one set of guys located 30 feet from 
the tower top. 


78. Ground-plane Antenna 


a. A ground-plane antenna consists of a quarter- 
wave vertical radiator which, in effect, carries its 
own. artificial ground. The artificial ground or 
ground plane consists of a flat disk of metal or a 
number of metal rods or spokes located at the 
bottom of the radiator and usually at right angles 
to it (A of fig. 121). Since the metal disk or 
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spokes are not connected directly to ground, they 
may be referred to as a counterpoise. This term 
is used rarely, however, this part of the antenna 
usually being called simply an elevated ground 
plane. 

b. The ground-plane antenna is used when 
nondirectional horizontal radiation or reception is 
required. It is particularly useful in the very- 
high-frequency range and higher. At these fre- 
quencies, the length of a vertical quarter-wave 
antenna is not great. Any desire to operate such 
an aritenna in conjunction with the actual ground 
would create high ground losses and would prevent 
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efficient radiation or reception. The ground-plane 
antenna, on the other hand, is usually well elevated 
so that ground losses are minimized. 

c. The elevated ground plane also prevents 
circulating currents from flowing in a vertical 
metal mast that might be used to support the 
antenna. These currents, if not prevented, would 
cause the vertical support itself to radiate in the 
same manner asalong-wire antenna. Asa result, 
undesired high-angle radiation would be produced. 

d. The radiation produced by a vertical quarter- 
wave grounded antenna erected adjacent to the 
earth itself is maximum along the surface of the 
earth (at a vertical angle of 0°). The intensity of 
the radiation falls off at higher vertical angles 
until, at a vertical angle of 90°, no radiation occurs. 
A side view of this radiation pattern is shown 
dashed in B of figure 121. Since this type of 
radiation occurs at all horizontal angles, a top 
view of the pattern would be circular. When a 
ground-plane antenna is used, the limited size of 
the elevated ground plane alters the radiation as 
shown, and maximum radiation is no longer along 
the horizontal plane but occurs at some angle 
above. 

e. When maximum radiation is required in the 
horizontal direction, it is common practice to bend 
down the spokes forming the elevated ground 
plane to an angle of about 50° below the hori- 
zontal. When the solid metal construction is 
used, the elevated ground plane takes the form of 
a cone, and the lobes of maximum radiation, shown 
in B, are pulled downward to a much lower 
vertical angle. 

f. In almost all cases, coaxial line is used to feed 
the ground-plane antenna. The inner conductor 
of the coaxial line is connected to the quarter-wave 
vertical radiator; the outer conductor is connected 
to the elevated ground plane. 

g. The input impedance of a ground-plane 
antenna with elevated ground plane at right angles 
to the radiator is between 20 and 25 ohms. Since 
this is a lower value of impedance than is found in 
most coaxial lines, a quarter-wave matching sec- 
tion sometimes is inserted between the antenna 
and its transmission line. The matching section 
can be constructed of two quarter-wave sections 
of coaxial line connected in parallel to produce 
the required low impedance. In some ground- 
plane antennas, the radiator is folded back on 
itself so that it resembles one-half of a folded 
dipole. Under these conditions, the input imped- 
ance of the antenna is raised to about 80 ohms, so 


that a coaxial transmission line having a charac- 
teristic impedance near this value can be used. 
When the ground-plane rods are bent downward 
below the horizontal, the input impedance is 
raised to about 50 chms. 


79. Whip Antenna 


a. The most common antenna used for tactical 
radio communication when relatively short dis- 
tances are to be covered is the whip antenna (fig. 
122). This term is applied to almost any type of 
flexible radiator used in conjunction with portable 
or mobile radio equipment. Whip antennas rang- 
ing in length up to 25 feet are mounted on vehicles. 
Shorter whip antennas are mounted on small 


hand-held radio sets or portable sets used in the 
field. 


b. Most whip antennas are constructed of tel- 
escoping sections of metal tubing which can be 
collapsed when not in use simply by pushing one 
section into another. In this way, the antenna 
has a minimum length and portability is increased. 
In certain lightweight portable equipment, the 
antenna can be collapsed completely into the 
equipment itself so that none of it is exposed. 

c. Sometimes a whip antenna mounted on a 
vehicle must be left fully extended so that it can 
be used instantly while the vehicle is in motion. 
In such antennas, the base mounting insulator of 
the whip is fitted with a coil spring attached to a 
mounting bracket on the’ vehicle. The spring 
base allows the whip antenna to be held in a 
nearly horizontal position by insulated guy lines 
so that the vehicle can be driven under low 
bridges or obstructions, although the radiation 
produced under these conditions is reduced. An- 
other advantage of the spring base is that even if 
the antenna is vertical and it does hit an obstruc- 
tion, the whip usually will not break or be bent 
since most of the bending occurs at the spring 
base. 


d. One common mobile radio station installed 
in a 2%-ton, 6 by 6 cargo truck uses three such 
whip antennas—two 15-foot whips for receiving 
and a single 25-foot whip for transmitting. The 
truck chassis is used as a ground. 


e. When whip antennas are operated in the 
high-frequency range, their length usually is a 
small fraction of a wavelength. Here, large load- 
ing coils must be used to resonate the whip antenna 
properly. The radiation resistance of a short whip 
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is very low and it is quite possible that the ohmic 
losses which result from the resistance of the load- 
ing coil, antenna connection, and the antenna 
itself may exceed the radiation resistance. The 
radiation efficiency of this antenna is low, being 
approximately 0.5 to 2 percent in the low end of 
the high-frequency range. If large whips or even 
higher frequencies are used, so that the whip length 
is a quarter- or half-wave, the output of the whip 
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antenna is raised. A 25-foot whip, for example, 
is « half-wavelength long at about 18.5 me. 

}. In the very-high-frequency band (and higher) 
short whip antennas can be a quarter- or a half- 
wavelength long. For example, a 4-foot whip is 
a cuarter-wavelength long at about 60 mc and a 
half-wavelength long at about 120 me. Under 
these conditions high radiation efficiencies are 
possible. 


SECTION VII. SUMMARY AND QUESTIONS 


80. Summary 


a. The presence of an electric field about an 
antenna indicates the presence of a voltage on 
the antenna, resulting from the charge placed 
on the antenna by the transmitter. 

b. The presence of a magnetic field about an 
antenna indicates the presence of a current in 
the antenna. This current is the charge moving 
in the antenna. 

c. The electric and magnetic fields that im- 
mediately surround an antenna, forming the 
induction field, are in space and time quadrature. 

d. Standing waves on an antenna are the result 
of incident and reflected traveling waves moving 
in opposite directions on the same conductor. 

e. The standing wave of voltages on a half- 
wave antenna is so distributed that it has maxi- 
mum amplitude at the antenna ends and minimum 
amplitude at the center of the antenna. 

f. The standing wave of current on a half- 
wave antenna is so distributed that it has maximum 
amplitude at the center of the antenna and 
minimum amplitude at the antenna ends. 

g. The velocity of wave travel on an antenna 
is lower than in free space. As a result, the 
physical length of a half-wave antenna is about 
5 percent shorter than its electrical length. 

h. A current flowing in an antenna must 
contend with radiation resistance, ohmic resis- 
tance, and leakage resistance. 

a1. In the half-wave antenna, the radiation 
resistance is large compared to the other resist- 
ances, so that most of the available energy is 
radiated. 

j. If an antenna is cut to a length of exact 
resonance, the reactance is zero and the impedance 
of the antenna is purely resistive. If the antenna 
is made somewhat shorter, capacitive reactance 
is present; if the antenna is made longer, induc- 
tive reactance is present. 

k. A transmission line is a device for guiding 
electrical energy from one point to another. 
Such a line has electrical constants of inductance, 
capacitance, and resistance distributed along its 
length. 

l. A line terminated in a resistance equal to 
its characteristic impedance is said to be termi- 
nated properly. 

m. The ratio of maximum to minimum voltage 
along a transmission line is called the standing- 


wave ratio. This ratio provides a measure of 
the energy reflected. 

n. A properly matched line is nonresonant. 
It produces no reflection of energy and there are 
no standing waves. As a result, there is maxi- 
mum transmission of energy. 

o. A resonant line is terminated in a load not 
the same as Z,. This line has standing waves 
so that the standing-wave ratio is greater than 1. 
Such a line, when cut to certain lengths, exhibits 
the properties of a resonant circuit. 

p. The transmission line used to couple the 
transmitter to the antenna sometimes is called 
a feeder. 

q. In determining how to connect a feeder line 
to the antenna, it is necessary to consider the 
antenna impedance at the connection point and 
the type of antenna that is used. 

r. A single-wire transmission line must be 
connected to a suitable point on the antenna 
between the end and the center in order to effect 
an impedance match. Two-wire and other lines 
usually are connected at the center or at the 
end of the antenna. 

s. A delta-matching section used with a two- 
wire line is made by fanning out the end of the 
transmission line as it approaches the antenna. 

t. T-matching and J-matching are two com- 
monly used impedance-matching systems with 
two-wire feeders. 

u. Stub matching, which utilizes sections of 
transmission line, frequently is used to connect 
a nonresonant feeder line to an antenna. 

v. The radiation pattern is a measure of the 
energy radiated from an antenna taken at various 
angles and at a constant distance from the 
antenna. 

w. Most radiation patterns are plotted in polar 
coordinates. This system of graphing has the 
advantage over the rectangular coordinate graph 
in that positions are indicated on the graph which 
are directly related to the actual positions at 
which measurements are taken around an antenna. 

z. The radiation pattern of a dipole is circular 
in a plane at right angles to the antenna. Broad- 
side, the pattern resembles a somewhat flattened 
figure 8. 

y. The beam width is measured between the 
points where the field strength falls off to 0.707 
of maximum, or where the power falls off to 0.5 
of maximum. 
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z. The presence of ground beneath an antenna 
affects the radiation pattern. 

aa. The energy received at a distant point is 
the sum of the direct wave and the ground- 
reflected wave. 

ab. The reflection factor is a term by which the 
free-space radiation pattern of an antenna must be 
multiplied in order to determine the radiated field 
strength of a practical antenna at a given vertical 
angle. 

ac. In general, ground reflections result in the 
breaking up of the vertical-plane radiation pattern 
into a number of separate lobes. 

ad. The radiation resistance of a practical, half- 
wave antenna located over a ground plane may 
have any value of radiation resistance from 0 to 
almost 100 ohms, depending on the exact height. 

ae. Because the ground has resistance and is not 
a perfect reflector, a portion of the wave which 
ordinarily would be reflected is absorbed in the 
ground resistance. This absorption constitutes 
ground losses. 

af. With an imperfectly conducting ground, the 
vertical radiation pattern shows a series of high 
and low signal strengths rather than a series of 
double-amplitude lobes separated by well defined 
nulls. 

ag. A ground screen can be used to establish 
accurately the location of the reflecting ground 
plane and to minimize ground losses. The ground 
screen consists of a fairly large area of metal mesh 
or screen which is laid on the surface of the ground 
under the antenna. 

ah. The polarization of a radio wave is deter- 
mined by the direction of the electric flux lines 
with respect to the surface of the earth. 

ai. In general, the characteristics of an antenna 
used for transmitting are much the same as when 
the antenna is used for receiving. The antenna 
receives best in those directions in which it radiates 
best. 

aj. A single-wire, half-wave antenna is one 
which is constructed of a single conductor of proper 
length. 

ak. The folded-dipole antenna consists of an 
ordinary, half-wave antenna which has one or 
more additional conductors connected across the 
ends of the antenna. These are mounted parallel 
to the dipole elements at a distance that is a very 
small fraction of a wavelength. 

al. A coaxial or sleeve antenna consists of a 
quarter-wave vertical radiator with a quarter- 
wave sleeve that fits around the antenna support 
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mounted just below it. The sleeve acts as the 
lover portion of the antenna. 

am. The conical antenna is a wide-band antenna 
whose elements are constructed in the form of 
cones. 

an. A quarter-wave antenna which operates in 
conjunction with ground operates as a resonant 
antenna. 

ao. The current in a quarter-wave, grounded 
antenna is maximum at the grounded end and the 
voltage isa minimum. The impedance of such an 
antenna is minimum at the grounded end. 

ap. The radiation resistance of a grounded, 
quarter-wave antenna is about 36 ohms. Shorter 
antennas have lower radiation resistance. 

ag. Loading coils are used frequently to increase 
the electrical length of short, grounded, quarter- 
wave antennas. 

ar. Maximum radiation from a grounded, 
quarter-wave antenna occurs at right angles to the 
antenna and along the surface of the ground. No 
radiation occurs directly over the antenna. 

as. With grounded antennas, it is especially 
important that the ground connection be good and 
that the ground conductivity is high. 

at. Large, underground, radial grounds are 
common for fixed-station installations. Ground 
rods also are useful in providing good ground con- 
nection. 

au. A counterpoise is utilized when an actual 
ground connection cannot be used because of the 
high resistance of the soil or because a large buried 
ground system is not practical. 

av. A bent antenna is a grounded antenna which 
is constructed so that a portion of it is horizontally 
mounted. 

aw. The advantages of a bent antenna are the 
reduction in high-angle radiation and an increase 
in the amount of radiation produced. 

ar. A folded-top antenna is a modified bent 
antenna in which the flattop is folded in such a 
way that it prevents radiation. 

ay. Top-loading increases the electrical length 
of the antenna. When top-loading is used, the 
radiation resistance of the antenna is increased and 
the radiation efficiency of the antenna rises. 

az. Metal masts and towers can be used as 
grounded vertical radiators. These are either 
self-supporting or guyed, insulated or noninsu- 
lated. 

ba. A ground-plane antenna consists of a quar- 
ter-wave vertical radiator which carries its own 
ground consisting of a flat, metal disk or a number 


of metal rods or spokes located at the bottom of 
the radiator and at right angles to it. 

bb. The whip antenna, which is a short, flexible, 
vertical radiator, is the most common antenna used 
for tactical radio communication when short 
distances are to be covered. 


81. Review Questions 


a. What is the direction of the electric flux 
lines that surround an antenna? 

b. What is responsible for the magnetic field 
that surrounds an antenna? 

c. Explain the expression, space and time quad- 
rature. 

d. What is meant by a loop, a node? 

e. Describe the distribution of the standing 
waves of voltage and current along a half-wave 
antenna. 

jf. Give several factors that cause the velocity 
of wave travel on an antenna to be lower than in 
free space. 

g. What is the free-space length (in feet) of a 
half-wave at a frequency of 7 mc? 

h. How long is a half-wave antenna which is to 
operate at 7 mc? 

i. What causes radiation resistance? 
resistance? Dielectric resistance? 

j. What is the value of the radiation resistance 
as measured at the center of a half-wave antenna? 

k, Why is it important to minimize the react- 
ance seen by a transmission line that is connected 
to an antenna? 

l. What is the purpose of a transmission line? 

m. Why is it advantageous to terminate a 
transmission line properly? 

n. Give three methods by which transmission 
lines dissipate power. 

o. Describe the current and voltage distribution 
on closed-end lines. On open-end lines. 

p. How does the standing-wave ratio indicate 
the amount of line mismatch? 

q. What is the purpose of an impedance-match- 
ing device? 

r. Describe several types of practical trans- 
mission lines. 

s. What is a tuned line? An untuned line? 

t. What lengths of open-end, resonant, trans- 
mission line are required to cause the line to act 
as an impedance transformer? 

u. Where is a current-fed, half-wave antenna 
fed? 

v. If voltage feeding is required, where should 
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the feeders be connected to the half-wave antenna? 

w. Give some advantages and disadvantages 
of the single-wire feeder. 

2. Give some advantages and disadvantages of 
the delta-matching system. 

y. What are some characteristics of the T- 
matching system? 

z. Describe the J-matching system. 

aa. Give several examples of impedance match- 
ing by the use of stubs. 

ab. Describe the Q-matching system. 

ac. What is an isotropic radiator? Give an 


example. ; 
ad. What constitutes a lobe on a radiatio 
pattern? A null? 


ae. Do radiation patterns actually picture the 
radiation produced by an antenna? 

af. Distinguish between a dipole and a doublet 
as used in this section. 

ag. Why does the presence of ground beneath 
the antenna affect the radiation pattern? 

ah. What is meant by an image antenna? 

ai. What are the minimum and maximum 
values of reflection factor? 

aj. What determines the value of the reflection 
factor? 

ak. Describe the vertical-plane radiation pat- 
tern produced by a horizontal half-wave antenna 
when its height above ground is increased gradu- 
ally. 

al. Why does the. radiation resistance of an 
antenna change at differing heights above ground? 

am. How does the frequency of the radiation 
from an antenna affect the amount of ground 
losses? 

an. What effect does an imperfect ground have 
on the radiation resistance of an antenna? 

ao, Give two specific advantages that are gained 
by the use of a ground screen. 

ap. How does the orientation of an antenna 
affect the polarization of the radiation produced? 

ag. Give some advantages of horizontal polari- 
zation. 

ar. Give some advantages of vertical polariza- 
tion. 

as. What is meant by the reciprocity of an 
antenna? 

at, What is the input impedance of a folded 
dipole antenna? 

au. Explain the greater bandwidth of the folded 
dipole. 

av. What is the function of the sleeve or skirt 
on the coaxial antenna? 
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aw. What are the characteristics of a coaxial 
antenna? 

az. Describe some simple microwave antennas. 

ay. What is a Marconi antenna? 

az. What is the current and voltage distribution 
on a grounded, quarter-wave antenna? 

ba. What is the function of a loading coil? 

bb. Describe the radiation pattern produced by 
a vertical, half-wave antenna. 

bc. Compare the radiation resistance of a quar- 
ter-wave antenna with an antenna that is only a 
tenth-wavelength long. 

bd. Describe a radial ground. 

be. What is the purpose of a ground rod, and 
how does chemical treatment affect the operation 
of a ground rod? 

bf. For what purpose is a counterpoise used? 

bg. When are bent antennas used? 

bh. What lengths are desirable for the flattop in 
a bent antenna? 
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bi. Why do low-frequency, bent antennas use 
flattops constructed of several connected conduc- 
tors? 

bj. What is the crowfoot antenna? 

bk. Why is it advantageous to minimize radia- 
tion from the flattop of an antenna? 

bl. Describe some devices commonly used for 
top-loading an antenna. 

bm. Distinguish between an insulated and a 
noninsulated tower. 

bn. When is a tower radiator series-fed? Shunt- 
fed? 

bo. What is the radiation pattern produced by 
a ground-plane antenna? 

bp. What advantages occur when the rods form- 
ing the elevated ground plane in a ground-plane 
antenna are bent downward below the horizontal? 

bg. Why do some whip antennas have spring 
bases? 


CHAPTER 4 
LONG-WIRE ANTENNAS 


82. Introduction 


Long-wire antennas are long single wires, 
longer than 1 half-wavelength, in which the 
current in adjacent half-wave sections flows in 
opposite directions. Such antennas have two 
basic advantages over the antennas discussed in 
the previous chapters. These advantages are 
increased gain and directinity. 

a. Antenna Gain. 

(1) All of the antennas discussed so far 
have been basic half- and quarter- 
wave antennas that radiate equally in 
all directions. Greatest amounts of 
power are radiated in directions that 
are broadside to the antenna itself, and 
very little power is radiated off the 
antenna ends. Consequently, the basic 
antennas already discussed have a certain 
degree of directivity, which is the ability 
to radiate and receive energy better in some 
directions than in others. 

(2) An isotropic antenna is one that radiates 
equally in all directions. In actual 
practice, every antenna radiates more 
energy in certain directions than in 
others. The imaginary isotropic an- 
tenna, however, can be used only as a 
standard for comparison. 

(3) Assume that a certain amount of power 
is applied to an isotropic radiator. 
This produces a field having a certain 
strength at a distant receiving antenna. 
If the same amount of power is applied 
to a half-wave antenna that is far 
removed from ground, this antenna will 
produce a field the strength of which is 
greater in certain directions than that 
produced by the isotropic radiator. 
This increase in field strength in some 
directions can be produced only at the 
expense of field strength in other di- 
rections; that is, an increase in field 
strength in certain directions must be 
accompanied by a decrease in field 


strength in other directions. As a 
result, a distant receiving antenna will 
have a greater or lesser amount of 
induced voltage depending on its position 
with respect to the orientation of the 
radiating antenna. The half-wave an- 
tenna produces an increase or gain in 
field strength in the direction at right 
angles to itself, and a decrease or loss in 
field strength in other directions. In 
the direction of maximum radiation, 
the antenna produces an increased field 
strength (field strength gain) that is 
about 1.28 times that produced by the 
isotropic radiator. This is equivalent 
to an increase in power (power gain) 
of 1.64 times that obtained from the 
isotropic radiator. In other words, if 
the power applied to the isotropic 
radiator were increased 1.64 times, ex- 
actly the same field strength would be 
produced for all directions as is obtained 
from the basic half-wave antenna in the 
direction of maximum radiation. 


(4) Gain frequently is expressed in terms of 


Gain 
Gain 


the logarithmic ratio, the decibel. In 
order to convert the figures to decibels, 
it is necessary only to use the formulas 
below: 


(in db) =20 logy x field-strength ratio 
(in db)=10 logis x power ratio. 


When either or both of these formulas are 
solved, it is found that the gain of the 
basic half-wave antenna is 2.15 db over 
that of the isotropic radiator. 


6. Calculation of Gain. 


(1) Since no antenna is truly isotropic, it is 


common practice to use a basic half-wave 
antenna as a standard for reference. 
The reference field strength is the field 
intensity at a fixed point produced by the 
half-wave antenna in the direction of 


139 


140 


its maximum radiation. The reference 
power is the power applied to the stand- 
ard antenna. If any antenna produces 
a greater field strength at the same fixed 
point than does the standard antenna, it 
is said to have gain with respect to the 
standard. Conversely, if the antenna 
produces less field strength at the fixed 
point than does the standard antenna, it 
is said to have loss with respect to the 
standard. 


(2) In actual practice, the procedure is first 


to set up the antenna to be checked. A 
given amount of input power is applied 
and the field strength is measured at a 
distant receiving point. Then, the half- 
wave antenna is set up at the same posi- 
tion and height above the earth, and 
oriented so that a field having the same 
polarization as the original antenna is 
produced. Exactly the same power is 
applied to the half-wave antenna as was 
applied to the other antenna. The field 
strength then is measured at the same 
distant receiving point. Comparison be- 
tween the two field strengths indicates 
whether the antenna being checked pro- 
duces a gain or a loss in field strength 
compared with the reference antenna. 


(3) Another method used to measure the gain 


(or loss) of an antenna involves an actual 
measurement of the input power to the 
antenna. The amount of input power 
applied to the antenna to be checked is 
measured, the field strength at a certain 
distant point is noted, and the half-wave 
antenna is set up as in the preceding 
method. The power applied to this 
reference antenna then is adjusted until 
exactly the same field strength is pro- 
duced at the distant point. If more 
power must be applied to the reference 
antenna to produce the same field 
strength at the point as produced by the 
antenna under test, the antenna under 
test has a gain with respect to the 
reference antenna. On the other hand, 


if less power must be applied to the half- 
wave reference antenna to produce the 
same field strength, the antenna under 
test has a loss with respect to the refer- 
ence antenna. The ratio between the 
two input powers (reference antennas 
divided by tested antennas) gives the 
gain (or loss) of the antenna being tested. 
Because an accurate measurement of dif- 
ferent field strengths cannot be made as 
easily as an accurate measurement of 
different antenna input powers, this 
method is preferred to that described in 
(2) above. 


(4) If the antenna under test produces the 


same field strength at a certain distance 
with exactly the same power applied as is 
produced by the reference half-wave 
antenna, there is neither a gain nor a loss. 
The ratio between the two input powers 
is unity (1 to 1) as is the ratio between 
the two field strengths with the same 
input power. Since the logarithm of 1 is 
zero, the gain in decibels as calculated 
by the formulas previously given is 0 db. 
This is simply another way of saying that 
there is neither a gain nor a loss. The 
reference level of field strength produced 
by the half-wave antenna, or a level 
equal to the reference level, is referred to 
as the zero db level. The standard half- 
wave antenna which produces the refer- 
ence field strength often is referred to as 
the zero db antenna. 


(5) If a certain antenna has a gain of 10 db, it 


produces a field strength that is over 
three times greater than that produced by 
the half-wave antenna with the same 
input power. This same antenna pro- 
duces the same field strength as that 
produced by the half-wave antenna when 
the power applied to the half-wave 
antenna is 10 times greater than that 
applied to the antenna under test. The 
chart given below gives the db gain or loss 
for various field strength and power 
ratios. 


Db gain or loss strength Power ratio 
ratio 
Ossesredccaseesesetee sees 1.0 1.0 
ce tome dese ense ode iS ae 1.12 1. 26 
Don i vacteseeeouk BLU oes 1. 26 1. 56 
SosucSs et eee eee 1. 41 1. 99 
Be ert Sol he Se OBE 1. 68 2. 82 
Goto tee cetacean Boe ess 1,99 3. 98 
Bi oe lobes wddese ates ses 2. 51 6. 31 
1062522425. e eee fae sees 3. 16 10. 0 
13.62 owes ue ves esse Ses 4. 22 17.8 
Vt ose eee See 5. 62 31.6 
20 Sue tebe bh Ble eaes 10.0 100. 0 
>: | | a le eer nee ese ee gag ee 31.6 1, 000. 0 
40 eet cole tee steeth ested 100. 0 10, 000. 0 


c. Directivity. 

(1) Since all antennas are directional to a 
certain degree, the term directional usu- 
ally is applied only to those antennas that 
are rather highly directional. The main 
advantage to be gained from the use of 
the long-wire antennas and arrays is in 
their greater directional qualities. These 
antennas all concentrate a larger amount 
of the available radiated energy into a 
smaller sector. 

(2) Some antennas are directional in some 
planes but practically nondirectional in 
others. Consider, for example, the basic 
half-wave antenna that is mounted in a 
vertical position. If a vertical plane is 
passed through the center of the antenna 
and the radiation pattern is drawn on that 
plane, the pattern would take the form of 
a figure 8. Maximum radiation occurs 
in the two directions that are at right 
angles to the antenna itself and no 
radiation occurs off the ends. The 
antenna is said to have two lobes of 
radiated energy and two nulls. Conse- 
quently, this antenna is said to be bi- 
directional (it radiates in two directions) 
in the vertical plane. If the horizontal 
plane is considered, however, it is seen 
that the antenna radiates equally in all 
directions. The antenna therefore is 
nondirectional in the horizontal plane. 
When highly directional antennas are 
used, it is important to know in which 
plane the desired directivity occurs. 

(3) Highly directional antennas are designed 


to produce a large increase in radiated 
(or received) energy in one direction. 
The idea, however, may be to prevent 
radiation (or reception) in a certain direc- 
tion. For example, assume that two 
powerful transmitters are located near 
each other. To prevent these trans- 
mitters from interfering with each other, 
it is necessary to use directional antennas 
with respective nulls pointing toward 
each other. Under these conditions, the 
antennas may be adjusted to produce the 
least amount of radiated energy in the 
direction of each other, rather than the 
greatest amount of energy in any given 
direction. 


83. General Characteristics of Long-wire An- 
tennas 


a. If the length of a long-wire antenna is such 
that two or more half-waves of energy are distrib- 
uted along it, it often is referred to as a harmonic 
antenna. Consider the half-wave antenna shown 
in A of figure 123. Ata given instant, the polarity 
of the r-f generator connected to the center of the 
antenna is positive at its left-hand terminal and 
negative at its right-hand terminal. As a result, 
current in the left half of the antenna flows toward 
the generator, whereas current in the right half of 
the antenna flows away from the generator. In 
both halves of the half-wave antenna, current 
flows in the same direction, from left to right, as 
shown by the wave of current above the antenna 
wire. 

b.. Now assume that the antenna just discussed 
is increased until it is 2 half-wavelengths, as in B. 
With the r-f generator still connected at the center 
and with the same instantaneous polarities as in 
A, current in the left side of the antenna must flow 
toward the generator, and current in the right 
side must flow away from the generator. Since 
the antenna is now 2 half-wavelengths, 2 half- 
waves of current can be accommodated on the 
antenna and the current polarity is the same in 
both halves of the antenna. It is important to 
note that this is not a true long wire or harmoni- 
cally operated antenna since there is no reversal of 
current flow in adjacent half-wave sections. In- 
stead, this arrangement is simply 2 half-wave 
antennas operating in phase at their fundamental 
frequency. Such an arrangement is called a 
driven collinear array (paragraphs 94 through 109) 
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Figure 128. Harmonic and nonharmonte antennas. 


and has characteristics quite different from those 
to be discussed for the true harmonically operated 
or long-wire antenna. 

c. The antenna in B can be converted into a 
true long-wire, harmonically operated antenna 
simply by moving the generator to a current loop 
as shown in (@. With the r-f generator polarity as 
shown, current flows from left to right in the half- 
wave section of the antenna. The direction of 
current flow then is reversed in the second half- 
wave section. If the generator is moved to the 
extreme end of the antenna as shown in D, the 
antenna is also a long-wire antenna, and the cur- 
rent distribution on the antenna is exactly the 
same as in C. 
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d. The harmonically operated antenna, there- 
fore, must be fed either at a current loop or at its 
end for proper operation. [f the antenna is any 
odd number of half-wave lengths (1%, 24%, 3%, and 
so on) so that a current loop occurs at the center 
of the antenna, center feeding can be used. 

e. As the length of an antenna is increased, it is 
natural to expect a change in the radiation pattern 
produced by the antenna. A long-wire antenna 
can be considered to be one made up of a number 
of half-wave sections fed 180° out of phase and 
spaced a half-wavelength apart. As aresult, there 
is no longer zero radiation off the ends of the 
antenna, but considerable radiation occurs in the 
direction of the long wire as a result of the com- 
bined fields produced by the individual half-wave 
sections. In addition, radiation also occurs broad- 
side to the long wire. Consequently, the resultant 
maximum radiation is neither completely at right 
angles to the long wire nor completely along the 
line of the long wire. Instead, the maximum 
radiation occurs at some acute angle in respect to 
the wire, the exact angle being determined by the 
length of the antenna. 

Ff. It will be shown that as the length of a long- 
wire antenna is increased, the following charac- 
teristic changes occur: First, the gain of the 
antenna increases considerably compared with 
that of the basic half-wave antenna, especially 
when the long wire is many wavelengths. Second, 
the direction along which maximum radiation 
occurs makes a smaller angle with respect to the 
wire itself. Consequently, as the antenna is made 
longer, its major Jobe of radiation lies closer to the 
direction of the wire itself. Third, more minor 
lobes are produced as the antenna length is 
increased. 


84. Harmonically Operated Antennas in Free 
Space 


a. Calculation of Length. 

(1) It already has been pointed out (pars. 36 
through 81) that the electrical and physi- 
cal lengths of a half-wave antenna are not 
the same because of the reduction in wave 
velocity on the antenna resulting from 
its thickness and because of end effect. 
The main factor producing end effect is 
the use of insulators at the antenna ends. 
These introduce additional capacitances 
to the antenna which lower its resonant 
frequency and increase the electrical 


length of the antenna. Consequently, b. Standing Waves and Impedances at Various 

the half-wave antenna isforeshortened by Frequencies. 

5 percent to compensate for these effects. (1) As the length of the antenna is increased 
(2) Since, in a long-wire antenna, the insu- so that it operates on higher harmonic 


lators are used at the ends and not 
between adjacent half-wave sections, it 
is only the half-wave sections at the 
antenna ends that are affected by end 
effects. Therefore, a harmonically oper- 
ated antenna of 1 wavelength is fore- 
shortened by only 2% percent over-all, 
one of 2 wavelengths is foreshortened by 
1% percent over-all, and so on. A con- 
venient formula that is used to determine 
the length in feet of a harmonic antenna 
for any given frequency in megacycles is 


492(H—0.05) 


length= frequency 


where H is the number of half-waves on 
the antenna. 


(3) Note that the foreshortening of the long- 


wire antenna is less than for the simple 
half-wave antenna. For this reason, a 
long-wire antenna with, say, 3 half-waves 
on it is slightly longer than three times 
the length of a half-wave antenna. There- 
fore, the length of the half-wave antenna 
is not an exact submultiple of the length 
of the harmonic antenna. 


frequencies, or, as the frequency applied 
to an antenna of fixed length is raised, a 
greater number of half-waves of voltage 
and current occur on the antenna. This 
is shown in figure 124, where antennas 
operating on the second, third, fourth, 
and fifth harmonics appear. The 
standing waves of voltage and current 
are 90° out of phase. 


(2) The impedance of the harmonic antenna 


at any point is determined by the re- 
actance and the resistance of the antenna 
at that point. The impedance often is 
measured at a current loop, because this 
is where the feed line usually is attached. 
When the antenna length is such that 
exact harmonic resonance occurs or if the 
reactance is tuned out otherwise, only 
resistance remains. This resistance is 
largely radiation resistance, since the 
ohmic losses of the antenna usually are 
so low that they can be neglected com- 
pared with the value of radiation resist- 
ance. 


(3) The following chart shows the approxi- 


mate radiation resistance, measured at a 
current loop, of harmonic antennas of 
various lengths. As the antenna length 
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Figure 124. Standing waves on harmonic antennas. 
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is increased, the value of radiation 
resistance also increases. 


(4) When the frequency applied to an 


antenna is no longer the resonant fre- 
quency, a considerable reactive com- 
ponent is present. Consider a half-wave 
antenna that is fed at the center. As 
the frequency of the r-f generator is 
increased above the resonant frequency 
of the antenna, the antenna becomes 
inductive with an inductive reactance. 
This inductive reactance reaches a maxi- 
mum value and then begins to fall off as 
the frequency is raised still more. When 
the frequency is such that the antenna 
length is slightly less than a full wave- 
length, the reactance is zero. An in- 
crease in frequency above this value 
causes the antenna to behave as a capac- 
itive reactance. As the frequency is 
raised still higher, the capacitive react- 
ance reaches a maximum value and then 
falls off toward zero. When the fre- 
quency is such that the antenna is 
slightly less than 1% wavelengths, the 
reactance again is zero. An increase in 
frequency above this value causes the 
antenna to behave as a induetive react- 
ance. As the frequency is raised still 
higher, the inductive rex tance reaches 
a maximum value and then falls off 
toward zero. When the frequency is 
such that the antenna is slightly less than 
2 wavelengths, the reactance again is 
zero. An increase in frequency above 
this value causes the antenna to behave 
as a capacitance once more. Conse- 
quently, a complete cycle of reactance 
changes occurs as the frequency is 
increased so that electrically the antenna 
is changed from a half-wavelength to 
1% wavelengths. A similar cycle occurs 


as the antenna is changed from 1% to 
24% wavelengths, from 2% to 3% wave- 
lengths, and so on. 


(5) During the time the reactance is going 


through a cycle, the resistive component 
of the impedance also varies with the 
change in frequency. It is at a mini- 
mum value when the frequency is such 
that the antenna is about a half-wave- 
length and reaches & maximum value 
when the antenna is about 1 wavelength, 
and back to a minimum value when the 
antenna length is approximately 11% 
wavelength. These cyclic variations in 
reactance and resistance are shown in 
figure 125. As a result of these varia- 
tions, the impedance of the antenna also 
has a cyclic variation as the frequency 
is raised from one harmonic to another. 


(6) The rate at which the impedance varies 


is increased at the higher frequencies. 
The impedance at the center of an an- 
tenna varies from minimum to maximum 
when the frequency applied increases 
from the fundamental to the second 
harmonic. A similar variation must take 
place when the frequency applied in- 
creases from the fifth to the sixth har- 
monic. From the fundamental to the 
second harmonic, however, a frequency 
increase of 100 percent occurs, and from 
the fifth to the sixth harmonic, there is a 
frequency increase of only 20 percent. 
Therefore, the impedance must change 
five times faster in the vicinity of the 
fifth harmonic than in the vicinity of the 
fundamental. 


(7) As the frequency applied to a given an- 


tenna or as the length of an antenna is 
increased, the resistive component of 
its impedance rises, and as the radiation 
resistance of an antenna rises, the length 
and losses increase. As a result, as the 
antenna varies from a half-wavelength 
to 114 wavelengths, and the resistance 
does not drop to as low a value at 1% 
wavelengths as at a half-wavelength, 
nor does it rise to as high a value at 2 
wavelengths as at 1 wavelength (fig. 125). 
This is true also as the frequency in- 
creases to 5. 6, or more times the funda- 
mental, or as the antenna increases to 3 
wavelengths, 4 wavelengths, and so on. 
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Figure 125. Cyclic variations of reactance and resistance 


at center of antenna. 


Although cyclic changes in impedance 
still occur at long antenna lengths or at 
high applied frequencies, the impedance 
does not rise to as high a value nor does 
it fall to as low a value as occurs at low 
harmonic frequencies or short antenna 
lengths. 


c. Directivity and Gain. 
(1) The maximum radiation from a har- 


monic antenna forms a lobe which covers 
a smaller and smaller sector as the an- 
tenna length is increased. Since a 
greater amount of power is concentrated 
into a smaller sector, the harmonic an- 
tenna has a power gain with respect to 
the half-wave antenna. 


(2) The approximate power gain of harmonic 


antennas of various lengths is shown in 
the following chart: 


ends of the antenna. Instead, the maxi- 
mum radiation forms lobes which lie 
closer and closer to the direction of the 
antenna itself as the length of the 
antenna increases. The angle of maxi- 
mum radiation is the angle between the 
line running through the center of the 
lobe and the antenna wire. 


(5) The approximate angles of maximum 


radiation for harmonic antennas of vari- 
ous lengths are given in the following 
chart: 


Antenna length 
(wavelengths) 


Angle of maxi- Angle of maxi- 
pee Antenna length ae 

mum radiation mum radiation 
(degrees) (wavelengths) (degrees). 
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(3) Very little gain occurs when the antenna 


is only a few wavelengths. When the 
length becomes appreciable, however, 
considerable power gains result, and 
increased power gain is accompanied by 
greater directivity. This is true since 
an increase of power in certain directions 
is attained by reduction of power in other 
directions. 


(4) The radiation produced by a harmonic 


antenna is neither completely at right 
angles to the antenna itself nor off the 


d. Radiation Patterns. 
(1) Figure 126 shows the radiation patterns 


of harmonic antennas up to 3 wave- 
lengths. ‘The field strength produced by 
the half-wave antenna is shown for com- 
parison. Note that as the antenna 
length is increased, more lobes are pro- 
duced. The 1%-wavelength antenna, 
which operates on the third harmonic, 
has three lobes—two major lobes and 
one minor lobe, the latter lying at right 
angles to the antenna. The 3-wave- 
length antenna, which operates on the 
sixth harmonic, has six lobes—two major 
lobes and four minor lobes. 


(2) The harmonic antennas which operate on 


the even harmonics (2d, 4th, and so on) 
have an even number of half-wave pat- 
terns distributed along their length. 
Since the adjacent half-wave sections 
have currents of opposite phase, a distant 
point in space located equidistant from 
the ends of the antenna is acted on by 
equal and opposite fields. Cancellation 
of fields occurs and 9 null is produced on 
a plane at right angles to the antenna, 
cutting it at the center. On the other 
hand, harmonic antennas which operate 
on the odd harmonics have an odd 
number of half-wave sections. Complete 
cancellation of radiated fields does not 
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Figure 126. 


occur at points equidistant from the ends 
of the antenna because of the odd half- 
wave section. This results in a minor 
lobe being produced in a direction that is 
perpendicular to the antenna, and com- 
ing from its center. 


85. Effects of Ground 


a. The radiation patterns of a harmonic antenna 
are modified considerably by the presence of the 
earth under the antenna. Some of the energy 
radiated from the antenna travels downward 
toward the earth, where it is reflected. If the 
reflected energy arrives at some distant point in 
phase with the direct energy from the antenna, 
then reinforcement of the signal strength occurs. 
On the other hand, if the reflected energy arrives 
180° out of phase with the direct energy, a reduc- 
tion or cancellation of signal strength takes place. 

b. Energy reflected from ground will induce a 
voltage into the harmonic antenna. This causes 
a current to flow which combines with the original 
antenna current. The total antenna current then 
will be greater or less than the original antenna 
current, depending on the height of the antenna. 
Consequently, the radiation resistance of the 
harmonic antenna varies, depending on the height 
above ground. In this respect, the behavior of 
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Radiation patierns of harmonic antennas. 


the harmonic antenna is the same as the half-wave 
antenna. 

c. Some horizontal radiation patterns at various 
vertical angles above harmonic antennas parallel to 
the ground are shown in figure 127. As the 
vertical angle is reduced—-that is, approaching a 
horizontal plane which includes the antenna—the 
pattern resembles those shown previously in 
figure 126. However, as the vertical angle in- 
creases toward the angle of the lobe maximum, the 
patterns become filled in. The nulls in the direc- 
tion of the antenna itself disappear. 

d. The shapes of the patterns are not altered by 
the earth. The effect of the earth is to change the 
relative amplitude of a pattern, which can be seen 
by comparing the 10° pattern with a 15° pattern, 
on A, B,orC.  Itis possible for the maximum lobe 
which occurs at one vertical angle to be reduced to 
zero, whereas the maximum lobe which occurs at 
another vertical angle can be increased to twice its 
normal free-space value. In order to note the 
effect of the ground on the radiation pattern, it is 
necessary to alter the patterns produced at various 
angles by taking into account the antenna height. 


86. Feeding Long-wire Antennas 


a. Both resonant and nonresonant lines can be 
used to feed long-wire antennas. The same 
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Figure 127. Horizontal patterns of harmonic antennas at 

various vertical angles. 


general principles apply here as in the half-wave 
antenna. Since a point on the antenna which is a 
current loop becomes a current node on the next 
higher harmonic, a current-fed antenna behaves 
as a true long wire only at odd harmonics of the 
original frequency. Therefore, for operation on 
all harmonics, end feeding is preferred. However, 
with end feeding, unbalanced transmission-line 
currents result and a nonsymmetrical radiation 
pattern is produced. The intensity of the lobes 
in the direction off the feeder end of the long wire 
is reduced, snd the intensity of the lobes in the 
direction away from the feeder end is increased. 
When matching sections of line are used with 
nonresonant feeders, it must be realized that these 
operate over only a narrow band of frequencies. 
b. An end-fed long-wire antenna with a reso- 
nant feeder line is shown in figure 128. Operation 
on all harmonic frequencies is possible with this 
arrangement, provided the tuning unit at the 
input end of the resonant line has sufficient 
range to match the input impedance to the trans- 
mitter. Arrangements for using nonresonant 
lines are shown in B and C. In both, quarter- 
wave matching sections are used to match the 
nonresonant line to the long-wire antenna. In B, 
the feeder is tapped on the matching section. at 
a point where an impedance match occurs. 
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Figure 128. Feeding long-wire antennas. 


147 


In C, the feeder is connected to a Q-matching 
section the characteristic impedance of which is 
made equal to the square root of the product of 
the radiation resistance of the long-wire antenna 
and the impedance of the nonresonant line. 


87. Resonant and Nonresonant Antennas 


a. Only resonant antennas have been discussed 
heretofore in this manual. These have standing 
waves of voltage and current distributed along 
their length which are set up by the reflection of 
waves at the ends of the antenna. If one end of 
an antenna is terminated in a resistance that is 
equal to the characteristic impedance of the 
antenna, waves can travel in one direction only. 
As a result, no standing waves are set up. Instead, 
the current and voltage are distributed uniformly 
along the length of the antenna. Such an antenna 
is known as a nonresonant antenna. 

b. The radiation pattern of a nonresonant 
antenna is quite different from the pattern pro- 
duced by a resonant antenna. Consider the 
radiation patterns shown in figure 126. Assume 
that all these resonant antennas are made non- 
resonant by connecting a terminating resistor 
between the right end of each antenna and 
ground. All of the antennas then radiate only 
in the direction of the terminating resistor, or 
toward the right in the figure. The lobes of 
energy to the left are largely attenuated. Conse- 
quently, the major lobe takes the form of a 
single cone of radiation surrounding the antenna 
in the direction of the terminating resistor. The 
antennas are converted from bidirectional types 
(which produce maximum radiation in two di- 
rections) to unidirectional types (which produce 
maximum radiation in only one direction). If a 
radiation pattern were drawn to show the radi- 
ation at the vertical angle at which maximum 
radiation occurs, a single major lobe of radiation 
appears in the direction of the antenna itself 
and toward the terminating resistor. 

c. An important characteristic of a nonreso- 
nant antenna is that it radiates efficiently over a 
very wide frequency range. Therefore, it is not 
necessary to cut the antenna for any exact length 
so long as it is at least several wavelengths. 


88. Beverage or Wave Antennas 


a. Description and Design. 
(1) One type of nonresonant, long-wire an- 
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tenna is the Beverage or wave antenna 
which consists of a single wire preferably 
of 2 or more wavelengths, parallel with 
the earth and supported on poles at a 
height of 10 to 20 feet above ground. The 
far end of the wire is connected to ground 
through a noninductive resistor of about 
500 ohms. This resistor must be able 
to dissipate about one-third of the power 
fed into the antenna. This is about the 
characteristic impedance of a single-wire 
transmission line with a ground return. 
A wave antenna is shown in figure 129. 
A reasonably good ground, such as a 
number of ground rods or a counter- 
poise, should be used at both ends of 
the antenna. 


(2) Sometuumes two or more antenna wires 


are used in parallel instead of a single 
wire. This reduces the characteristic 
impedance of the antenna and ground- 
return circuit and permits a lower value 
of terminating resistance to be used. 
The input impedance of the antenna is 
reasonably constant with frequency, and 
the antenna may be used over a wide 
frequency range without changing its 
length. 


(3) The wave antenna is directional and is 


used primarily for either transmitting or 
receiving low-frequency signals. Maxi- 
mum reception or radiation is in line with 
the wire and off the terminated end. 
There is a minimum of radiation in the 
opposite direction if the antenna is ter- 
minated properly. The forward lobe 
may be made narrower and the gain in- 
creased by using a longer antenna wire. 
However, if extremely long-wave anten- 
nas are used, the forward gain falls off. 


(4) At frequencies below 800 kilocycles, a 


properly located wave antenna should 
give results equivalent to a vertical an- 
tenna several hundred feet high. One 
particular military wave antenna (fig. 
130) consists of three conductors ar- 
ranged in the form of an equilateral 
triangle 5 feet on a side, erected about 
15 feet above ground on short telephone 
poles, and usually of 2 wavelengths. At 
a frequency of 500 kilocycles, such an 
antenna would be almost 4,000 feet long. 
If ground space limitations prevent the 
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Figure 129. Beverage or wave antenna. 

use of such a long antenna, an antenna pends on a process known as wave tilt. 

under 1 wavelength can be used. A re- When a vertically polarized radio wave 
duction of forward gain will result under travels over the surface of an imperfect 

these conditions. conductor, such as the earth, the wave 

6. Wave Tilt. fronts lean forward in the direction of 
(1) The operation of the wave antenna de- propagation. This is caused by the 
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Figure 1380. Three-wire wave antenna. 
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slower propagation constant of the earth. 
The amount of forward tilt depends on 
the frequency of the r-f wave and the 
characteristics of the surface over which 
the wave is traveling. At the lower 
frequencies at which the wave antenna 
is used, the wave tilt is approximately 
proportional to the square root of the 
product of frequency and soil resistivity. 
As the resistance of the surfsce is in- 
creased, the wave travel along the sur- 
face is reduced and a greater wave tilt 
results. Consequently, over rocky and 
sandy soil, a considerable forward tilt re- 
sults, whereas over salt marshes and sea 
water, almost no tilt occurs. This means 
that wave antennas, which depend on 
wave tilt for proper operation, should 
not be installed over highly conducting 
surfaces, but, instead, should be installed 
only over poor or medium soil. Wave 
antennas also give good results when in- 
stalled over ground which has a perma- 
nent layer of ice (such as permafrost) a 
short distance below the surface, or over 
certain types of ground found in northern 
or polar regions which are very moist in 
the summer and have poor conductivity 
because of lack of mineral content. Ac- 
tually, it is the average ground conduc- 
tivity for a considerable distance below 
the surface that is important rather thau 
the character of a thin top-soil layer. 

(2) The wave antenna operates in conjunc- 
tion with ground, so that a vertically 
polarized radio wave is radiated. How- 
ever, because of the forward wave tilt, 
there is a horizontal component of the 
electrical field. The vertical and hori- 
zontal components are not exactly in 
phase, and the resultant polarization of 
the radiated wave, therefore, is elliptical. 
The wave is radiated in the direction of 
the tilt which is off the end of the antenna 
that is terminated in the resistance load. 

e. Transmitting Antennas. When the wave an- 
tenna is used for transmitting, the r-f output of 
the transmitter is connected between the wire con- 
ductor of the antenna and ground (fig. 129). 
Ground can be considered as one conductor of a 
transmission line and the antenna wire as the 
other conductor. As the r-f energy travels down 
the line, the distance traveled by the energy along 
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the ground is less than the distance traveled by 
the energy along the wire, because of the lower 
velocity of propagation of the earth wave. This 
effect produces an out-of-phase relationship be- 
tween the wire wave and the ground wave. As a 
result, the wave front is caused to tilt forward 
(fig. 129) and the traveling wave off the end of the 
antenna contains both vertical and horizontal 
components of wave energy with respect to a path 
of travel parallel to the ground. The radiated 
energy then is considered as elliptically polarized. 
At a distance from the transmitter, however, the 
predominant component of polarization is ver- 
tical, as a result of normal ground-wave propaga- 
tion effects. 

(1) Generally, the forward or desired radia- 
tion increases as the antenna is length- 
ened. As an example of the effect of 
difference in length on efficiency, data 
taken on 1,200-foot and 3,600-foot wave 
antennas at 250 ke and 500 ke erected 
Over poor ground are indicated in the 
following chart: 


250 ke 500 ke 


Length (ft) - oe TK 
(wavelength) Gain Gieveingeh Gain 
1,200__...___. 0. 306 0 db 0. 612 0 db 
3,600... ___- . 918 8 db 1. 826 9 db 
Note. Gain of the 1,200-foot antenna is taken 


as 0 db at each frequency. 


(2) Experimental data indicate that a wave 
antenna having a wire length equivalent 
to 2 wavelengths and erected over poor 
ground has a radiation efficiency in the 
forward direction equivalent to the radia- 
tion of a quarter-wave vertical antenna. 
A wave antenna having a wire length 
equivalent to 4 electrical wavelengths 
under the same conditions shows a radia- 
tion efficiency in the forward direction 
equivalent to a half-wave vertical an- 
tenna. Experiments in the range of 100 
to 200 ke with wave antennas of 0.6 to 
1.5 wavelengths, compared with stan- 
dard-type flat-top antennas mounted on 
180-foot towers, showed gains of approx- 
imately 10 db for the wave antenna. 
Highest gains were noted with the longer 


wave antennas erected over poor ground. 

(3) The efficiency of the. wave antenna in- 
creases rapidly as the height is increased 
from 0 to the range of 12 to 15 feet. 
Above 15 feet, there is little increase in 
efficiency. 

d. Receiving Antennas. Wave antennas also 
are used for receiving and, in this application, 
their performance also depends on wave tilt. 
However, when receiving, the radio waves ap- 
proaching the antenna already are tilted because 
of their propagation over poor soil in the locality 
of the antenna. 

(1) As the tilted wave moves in a direction 
from the terminating resistor toward the 
receiver, energy is induced along both the 
antenna wire and the ground. The effect 
of this induced energy is cumulative, 
since energy from the traveling wave is 
absorbed by the antenna, and a large cur- 
rent is produced at the input to the re- 
ceiver. Actually, the induction of energy 
along the ground is a continuing process 
throughout the entire travel of the wave 
and not only at the antenna location. 
When so regarded, the antenna wire can 
be considered as the medium of extracting 
energy from the space surrounding it, 
and guiding this energy to the receiver 
with the proper phasing with respect to 
the receiver ground, so that a high level 
input is obtained. 

(2) The polar pattern of the antenna is the 
same for transmitting and receiving, with 
maximum antenna gain in a direction 
from terminating resistor to receiver. 
When maximum gain is desired in the 
opposite direction, a special circuit ar- 
rangement can be used. This arrange- 
ment consists of using reflection trans- 
formers at each end of the antenna and 
placing the terminating resistor at the 
receiver location. 

(3) When bidirectional reception is desired, 
the normal antenna circuit is used except 
for omission of the terminating resistor. 

e. Feeding Methods. 

(1) Since the wave antenna is a grounded an- 
tenna with a wide frequency range, it 
usually is fed by means of an unbalanced, 
nonresonant transmission line. The in- 
put impedance of the single-wire antenna 
is approximately 500 ohms, so that the 


characteristic impedance of the line also 
must be 500 ohms. 


(2) The most common feeding arrangement 
is @ single-wire transmission line con- 
nected to the end of the antenna. If co- 
axial line is to be used, an impedance- 
matching transformer is inserted between 
the transmission line and the antenna. 


89. V Antenna 


a. General Description. The V antenna con- 
sists of two horizontal, long wires arranged to 
form a V, and fed at the apex with currents of 
opposite polarity. Major lobes from each wire 
combine in such a way that maximum radiation 
occurs in the direction of a line that bisects the 
angle between the two wires. Figure 131 shows a 
V antenna with the individual radiation patterns 
of each of the wires. The shaded lobes produced 
by each individual leg of the V lie in exactly the 
same direction. These lobes combine to form the 
shaded lobes in the resultant pattern. Most of 
the other lobes are more or less attenuated. The 
pattern is bidirectional, and radiation occurs 
along a line that bisects the apex angle in both 
directions. 

b. Design. 

(1) As with other long-wire antennas, the 
greater the leg length the higher the gain 
and directivity of the antenna. The 
gain of the V antenna is about twice that 
of a single long-wire antenna, since the 
radiation from the lobes of two wires 
combines to produce the radiation pat- 
tern of the V antenna. In actual prac- 
tice, the gain may be even higher than 
this value because of the effects of one 
leg of the V on the other. 

(2) The following chart shows the approxi- 
mate power gains of V antennas for 
various leg lengths, using the optimum 
value of apex angle in all cases. 


Antenna length 
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(wavelengths) Power gain (wavelengths) Power gain 
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(3) The optimum apex angle for the V an- 
tenna is, ordinarily, twice the angle be- 
tween the lobe of maximum radiation and 
the wire itself when the wire is used as a 
conventional long-wire antenna. Here, 
the lobes of maximum radiation from the 
two long wires making up the V antenna 
are in the same direction so that they 
combine as shown in figure 131. In prac- 
tice, a somewhat smaller angle than this 
value is used when the V-antenna legs 
are shorter than about 3 wavelengths. 
This increases slightly the gain of the 
antenna. 

(4) The following chart shows the optimum 
apex angle for V antennas with equal legs 
of various lengths: 


Antenna length Optimum apex Antenna tength |Optimum apex 

(wavelengths) angle (degrees) (wavelengths) angle (degrees) 
Dies Se Pee O05) -Gecseckceonsec tl 40 
Dot A ill es Sate TOP Me Bien 22 pa An ot 35 
oe ee 58 |} 10......--__.- 33 
Ao ae Nae sas 50 


(5) When the V antenna is to be operated 
over a wide frequency range, an average 
optimum apex angle should be used. 
Reasonably good results are obtained by 
noting the optimum apex angle for the 
antenna at its lowest operating frequency 
and the angle for its highest operating 
frequency, and then using the average of 
these two values. 

(6) The V antenna does not radiate the major 
portion of its energy along the surface of 
the earth. Instead, the energy is radi- 
ated upward at a certain vertical angle 
in respect to the earth. The size of this 
angle depends on the length of the an- 
tenna legs and the height of the antenna 
above ground. In general, as the an- 
tenna length is increased or as the height 
above ground is increased, the vertical 
angle at which maximum radiation oc- 
curs gradually becomes smaller. The 
vertical angle is measured in respect to 
the horizontal antenna wires. 

(7) The following chart gives the approximate 
value of the vertical angle at which maxi- 
mum radiation occurs for V antennas of 
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various lengths. A height above ground 
of a half-wavelength is assumed. 


sh : sees 
Antenna length | Verticalangle ; Antenna length | Verticte angle 


(wavelengths: | (degrees) | (wavelengths) | (degrees) 
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c. Feeding Methods. Balanced lines are used to 
feed the V antenna. Resonant lines are used if a 
wide frequency range is to be covered. Nonreso- 
nant feeders can be used in conjunction with 
quarter-wave matching sections at the apex of the 
V antenna, but only a fairly narrow frequency 
band can be accommodated. 

d. Unidirectional V Antenna. 

(1) The V antenna can be made unidirec- 
tional by making the antenna non- 
resonant. This is accomplished by con- 
necting noninductive resistors of about 
500 ohms between the far end of each 
leg of the V antenna and ground (A of 
fig. 132). The resistors must be able to 
dissipate about one-third the power ap- 
plied to the antenna and must go to a 
good ground. Since no standing waves 
exist on the antenna, the length of the 
legs need not be a multiple of the half- 
wave. In a nonresonant antenna, maxi- 
mum radiation occurs in the direction of 
the terminating resistor. The lobe of 
maximum radiation then is directed 
toward the open mouth of the V antenna, 
whereas the radiation in the opposite 
direction is largely suppressed. 

(2) A unidirectional ¥V antenna is shown in 
figure 132. The exact values for the 
terminating resistors can be found by a 
cut-and-try method in which various 
values of resistance are used until mini- 
mum standing waves appear on the an- 
tenna. The proper value should be in 
the vicinity of 500 ohms. A nonresonant 
open-wire Jine is used to feed the antenna. 
The unidirectional radiation pattern pro- 
duced by this antenna is shown in # of 
figure 132. 

e. Obtuse-Angle V Antenna. 

(1) If the angle between the legs of the V 
antenna is greater than 90°, the antenna 


INDIVIDUAL 


APEX ANGLE PATTERNS 


Figure 181. 


TERMINATING 
RESISTORS 


RADIATION PATTERN B 


TM 666-136 


Figure 182. Unidirectional V antenna. 


is an obtuse-angle V antenna (fig. 133). 
The value of the obtuse angle is obtained 
by subtracting from 180° the value of 
apex angle for the conventional V antenna 
with the same leg length. 

(2) The following chart shows the correct 
angle for obtuse-angle V antennas of 
various leg lengths: 
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Formation of radiation pattern of V antenna. 
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(3) The obtuse-angle V antenna has the ad- 
vantage of maintaining the same direc- 
tivity over a wide frequency range. This 
is so because when the frequency is 
changed, the major lobe of radiation pro- 
duced by one leg shifts in one direction 
and the major lobe produced by the other 
leg shifts in the opposite direction. Al- 
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Figure 133. Obtuse-angle V antenna. 
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though a broadened lobe occurs and the 
gain is reduced somewhat, the directivity 
is exactly the same. Obtuse-angle V an- 
tennas frequently are terminated by a 
resistor, however, which makes the an- 
tenna nonresonant and unidirectional. 
Such obtuse-angle V antennas are known 
as half-rhombic antennas. 


(4) The obtuse-angle V is objectionable be- 


cause it requires twice the distance of an 
ordinary V antenna and produces less 
gain. For this reason, this antenna is not 
too popular. 


f. Combination V Antennas. 
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(1) A single unterminated V antenna radiates 


energy in two directions that are opposite 
toeach other. Combinations of V antennas 
can be used if it is desired to cover more 
directions. For example, nine 6-wave- 
length antenna wires can be erected radi- 
ally with angles of 40° between them 
like the spokes in a wheel. ‘This forms 
nine V antennas, with all apexes meeting 
at a common point. Each one of the 
radial wires serves as a leg for two ad- 
jacent V antennas. Separate feeder lines 
are used for each V antenna. Any one 
of nine different directions can be covered 
by selecting the proper feeder lines 


(2) The radiated power produced by a V an- 


tenna can be doubled approximately by 
the use of two V antennas operating si- 
multaneously. There are, in general, 
three methods of arranging these two an- 
tennas. First, they can be erected paral- 
lel to each other in such a manner that 
one of the V's is a half-wavelength above 
the other. They now are said to be 
stacked. When the antennas are fed in 
phase, approximately twice the radiated 
power is produced. The vertical angle 
of maximum radiation is reduced. Sec- 
ond, the antennas can be erected in such 
a way that a W is formed. The two V’s 
making up the W must be fed in phase. 
Third, the two antennas may be at the 
same height above ground, but one V is 
located a quarter-wavelength in front of 
the other. When the antennas are fed 
so that their currents are 90° out of phase, 
unidirectional radiation occurs. The 
maximum radiation is in the direction of 
the antenna with the lagging current. 


These are called V beams. The same 
principles apply to combinations of V 
antennas to produce beams as apply to 
combinations of other antennas for the 
same purpose (pars. 94 through 109). 


90. Half-rhombic Antenna 


a. General Description. 


The half-rhombic an- 


tenna is a terminated vertical antenna which 


resembles the obtuse-angle V antenna. 


With the 


obtuse-angle V, a balanced transmission line is used 
and ground does not form part of the radiating 


system. 


With the half-rhombic antenna, how- 


ever, an unbalanced transmission line is used and 
ground or a counterpoise is utilized. As a result, 
a vertically polarized radio wave is produced. 

b. Directional Characteristics. 


Q) 


(2) 


(3) 


The development of the radiation pattern 
produced by the half-rhombic antenna is 
shown in figure 134. In A, the half- 
rhombic antenna has not been termi- 
nated. Assume that each leg is 2 wave- 
lengths and that the angle between the 
two legs is correct. A transmitter is con- 
nected between the end of the antenna 
and a good ground. A single-wire count- 
erpoise frequently is used which extends 
for the entire projection of the antenna 
length on the ground. Current from the 
transmitter flows toward the untermi- 
nated end of the antenna where it is re- 
flected back along the antenna, as shown 
by the arrows. As a result of this re- 
flection, standing waves are set up on the 
antenna and lobes of radiation appear as 
shown. 

Lobe 2 combines with lobe 5 to produce 
strong forward radiation from left to 
right. Lobe 4 combines with lobe 7 to 
produce strong rear radiation from right 
to left. These lobes exhibit bidirectional 
directivity along the direction of the 
antenna self. The remaining lobes 
combine in various ways to produce 
several minor lobes in other directions. 
As a transmitting antenna, maximum 
energy is radiated in the directions shown 
by the large two-headed arrow, and as a 
receiving antenna best reception occurs 
an these same directions. 

When a terminating resistor of about 500 
ohms is connected between the far end of 
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Figure 134. Development of radiation pattern of half-rhombic antenna. 


the antenna and ground (or counter- 
poise), conditions become different. Cur- 
rent from the transmitter can flow only 
toward the resistor, as shown in B. This 
resistor absorbs any energy that is not 
radiated, and, in so doing, prevents any 
reflection of energy back along the an- 
tenna. Asa result of using the termi- 
nating resistor, lobes 3, 4, 7, and 8 dis- 
appear and only the forward lobes re- 
main. Lobes 2 and 5 combine to produce 
intense radiation in the forward direction, 
from left to right, whereas lobes 1 and 6 
produce minor lobes. Consequently, 
when this half-rhombic antenna is used 


for transmission, it is unidirectional, and 
radiates maximum energy along the 
antenna in the direction of the terminat- 
ing resistor, as shown by the large arrow 
in B. 

(4) When the antenna is used for receiving, 
the antenna current will flow from the 
terminating resistor toward the receiver. 
Signals originating from the direction of 
the resistor will produce maximum effect 
on the receiver. Under these conditions, 
all arrows in B would be shown reversed. 
This is in accordance with the usual 
reciprocity of antennas. 

(5) Two important angles are illustrated. 
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T, commonly known as the tilt angle, is 
half the apex angle between the two legs 
of the antenna. It is made to have a 
certain value which is determined by the 
leg length. The wave angle, W, is be- 
tween either maximum lobe of radiation 
and the antenna wire itself. The same 
value for this angle is obtained if meas- 
urement is made between lobe 5 and its 
antenna leg or between lobe 2 and its 
antenna leg. 


c. Design Information. 
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(1) Assume that a unidirectional half-rhom- 


bic antenna using a single-wire counter- 
poise is to be designed. It is desirable 
that the legs of the antenna be many 
wavelengths in order to provide maxi- 
mum gain and directivity. For satis- 
factory performance, each leg of a half- 
rhombic antenna must be at least, 1 wave- 
Jength at the lowest. frequency of oper- 
ation. In practice, a leg of at least 2 
wavelengths at the lowest frequency gen- 
erally is used, and some half-rhombic 
antennas use legs of 10 or 12 wave- 
lengths. The leg length usually is limited 
by the size of the available site and the 
directivity required. 


(2) The half-rhombic antenna maintains its 


characteristics over a wide frequency 
range. Frequeney ranges of 2 to 1 and 
4 to 1 are common in practice. For 
example, a half-rhombie antenna de- 
digned for a frequency of 10 me would 
operate satisfactorily to 20 me and would 
be useful to 40 me. Depending on the 
amount of change in gain and directivity 
that can be tolerated, an even greater 
frequeney range can be accommodated. 
In general, as the frequency is raised, 
greater gain and directivity occur. 


(3) Once the leg length has been decided, it 


is necessary to determine the tilt angle 
required for that leg length. The op- 
timum value of tilt angle is a compromise 
between two sets of conditions. First, 
the tilt angle must have such a value that 
the lobes of maximum radiation from 
both legs are in exactly the same direc- 
tion. This is necessary so that the two 
forward lobes can combine properly to 
produce the unidirectional pattern. This 
value of tilt angle is simply 90° less than 


the wave angle. Second, the tilt angle 
must have such a value that the radiation 
in the forward lobe of one leg of the half- 
rhombic antenna combines in phase with 
the radiation in the forward lobe of the 
other leg. This usually requires the pro- 
jection of either leg of the half-rhombic 
antenna on the ground to be a half- 
wavelength shorter than the actual length 
of the leg. When this condition is met, 
the tilt angle will be somewhat smaller 
than the first value obtained. In prac- 
tice, the actual size of the tilt angle is a 
compromise between these two values. 


(4) The following chart gives the value of tilt 


angle to be used in half-rhombic antennas 
of various leg lengths. As in most of the 
charts given so far, antenna length is ex- 
pressed in wavelengths. In order to 
convert these lengths to feet, the formula 
given previously can be used. The 
formula is: 

492(17—0.05) 
frequency (mc) 
where H is the number of half-waves on 
the antenne. A somewhat more con- 
venient form is: 


length (feet)== 


_ 984 (N—0.025) 


length (feet) = iq ne) 
where N is the number of full waves on 
the antenna. Because the length is not 
especially critical and the end effect is so 
small for long antennas, the factor 0.025 
may be neglected in practice. If the 
value of the angle between the two legs 
of the half-rhombic antenna is desired, 
simply double the value of the tilt angle. 
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(5) Once the tilt angle and leg lengths are 


known, the height of the apex of the an- 
tenna above ground and the required 
counterpoise length can be calculated. 
In figure 135, a right triangle is formed 
by one of the legs of the antenna, L, 


the height of the apex above ground, ¥CO 


H, and one-half the length of the counter- eae fa 
poise, 4 C. The tilt angle, 7, is one of 

the angles in the right triangle. The sin 50°22 
ratio of the height to the leg length, 2 
H/L, is equal to the cosine of the tilt %0 
angle, cos JT. Assuming that the leg is 0.766=~5— 


2 wavelengths and the tilt angle is 50°, 
as shown in the preceding chart, the 
following relation can be written and 


¥% C=1.532 or 1.5 


solved: C=3. 

econ H eatuals: the counterpoise required is 3 
a wavelengths. 
(7) The following chart gives the height of 
pone 50° att the apex and the length of the counter- 
2 poise required, both in terms of wave- 
H lengths at the operating frequency, for 
0.643=—> half-rhombic antennas of various leg 
lengths. 
H=1.,286 or 1.8. 
Counterpoi: 

Hence, the height of the apex is 1.3 deem teneth: (warclengiay) (wavobecgtin) length (wave. 
wavelengths above ground. To convert §£—————--—---—--—_- eee 
this height into feet, itis necessary only =, 0. 87 1 
to use the same formula ((4) above) for 92 = ss 1.3 3 
converting lengths in wavelengths to feet,  3----------------------------- 1.6 5 
except that end effect need not be con- 4----------------------------- 1.9 7 
sidered. Simplified, the formula is: te ee es a - 
eco eu “AG 19 
length (=, ee ee 3.5 23 


frequency (mc) 


where N is the number of full wave- 


lengths. ad. Practical Antennas. 


(1) The factor that most frequently limits 

the size of the half-rhombic antenna is 

Y the height of the apex above ground. 

& If a very tall support is available for the 

Pry apex, a large antenna, can be erected. 

By’ It is necessary that :the single support 

required, be: made of wood, or other non- 

conductor, so that the operation of the 

antenna is not affected. Steel masts, or 

wooden masts using metal guy wires, 
should not be used. 

(2) The typical military half-rhombic an- 

tenna shown in figure 136 consists of 
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Figure 185. Right triangle formed by half-rhombic antenna. 


(6) The ratio between one-half the length of 


of the counterpoise, % C, and the leg 
length, Z, is equal to the sine of the tilt 
angle, sin 7,. Using this relation, the 
length of the counterpoise ean be cal- 
culated for the example given above as 
follows: 


a 100-foot antenna wire erected over a 
single 30-foot wooden mast (supported 
by three rope guys) and an 85-foot 
counterpoise wire laid along the ground. 
The antenna and counterpoise are termi- 
nated in a 500-ohm resistor contained 
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Figure 1386. 


in a small terminal box at the far end 
of the antenna. 


(3) The antenna shown can be used with 


low-power transmitters or receivers oper- 
ating at frequencies from 30 te 70 mc 
and equipped with either an r-f output 
impedance of 500 ohms or a suitable 
antenna-matching network, At 30 me, 
the leg is 1% wavelengths, and at 70 
me it is 3% wavelengths. A power gain 
of 4 or 5 occurs at the lowest frequency, 
and a power gain of about iG oecurs at 
the highest operating frequency. 


(4) Since the transmitter or receiver used 


with the half-rhombiec antenna generally 
is located at the end of the antenna, 
direct connections can be made to the 
antenna. If a transmission line must 
be used between the antenna and the 
radio set, a two-wire line with a char- 
acteristic impedance of 500 ohms can 
be used. 


(5) A large half-rhombic antenna. designed 


for frequencies from 3 to 18 ime, has a 
ground-projected length of 625 feet and 
an apex height of 225 feet. The antenna 
is supported by a hydrogen-filied balloon 
in low winds or by a kite in high winds. 
A ballon- or kite-supported helf-rhombic 
antenna, designed for frequencies of | 


Typical military half-rhombie antenna. 


to 8 me, has a ground-projected length 
of 1,600 feet and an apex height of 560 
feet. 


91. Rhombic Antenna 


a. General Description. 
(1) The highest development of the long- 


(2 


\ 
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wire antenna is the rhombic antenna 
(fig. 137). It consists of four conductors 
joined to form a rhombus, or diamond. 
Ail sides of the antenna have the same 
length and the opposite corner angles 
are equal. The antenna can be con- 
sidered as being made up of two V 
antennas placed end to end and termi- 
nated by a noninductive resistor to 
produce a unidirectional pattern. A 
rhombic antenna can be made of two 
obtuse-angle V antennas which are 
placed side by side, erected in a hori- 
zontal plane, and so terminated as to 
be made nonresonant and unidirectional. 
In common with previous nonresonant 
antennas, the rhombic antenna radiates 
best in the direction of the terminating 
resistor and receives best from the direc- 
tion of the resistor. Maximum radiation 
does not occur in the same direction as 
the plane of the antenna, that is, hori- 
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Figure 187. Basic rhombic antenna. 


zontally. Instead, it occurs at some 
vertical angle above the horizontal plane, 
as shown by the wave angle, W. The 
tilt angle, 7, is one-half the angle between 
the two legs making up one side of the 
antenna. 

b. Advantages. The rhombic antenna is used 
widely for long-distance high-frequency transmis- 
sion and reception, for reasons explained below. 
It is one of the most popular fixed-station anten- 
nas, being very useful in point-to-point work. 

(1) The rhombic antenna is useful over a 
wide frequency range, a range of 2 to 1 
being covered easily with excellent re- 
sults. Although it is true that some 
changes in gain, directivity, and charac- 
teristic impedance do occur with change 
in operating frequency, these changes are 
small enough to be neglected. A fre- 
quency range of 4 to 1 can be covered by 
a typical rhombic antenna with good 


results, and standard military rhombics 
cover a frequency range of 5 to 1 or 6 to 
1 satisfactorily. 


(2) Another advantage of the rhombic anten- 


(3) 


na is that it is much easier to construct 
and maintain than other antennas of 
comparable gain and directivity. Only 
four supporting poles of common heights 
from 50 to 75 feet are needed for the 
antenna, which has a simple form, being 
made up of four straight lengths of wire. 
The rhombic antenna also has the advan- 
tage of being noncritical so far as opera- 
tion and adjustment are concerned. 
This follows from the broad frequency 
characteristics of the antenna. 


(4) Still another advantage is that the volt- 


ages present on the antenna are much 
lower than those that would be produced 
by the same input power on a resonant 
antenna. This is particularly important 
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when high transmitter powers are used or 
when high-altitude operation is required. 
The lower voltages mean less possibility 
of corona loss. 


c. Disadvantages. 
(1) The rhombic antenna is not without its 


disadvantages, probably the principal 
one being that a fairly large antenna site 
is required for its erection. Each leg is 
made at least 1 or 2 wavelengths at the 
lowest operating frequency, and when 
increased gain and directivity are re- 
quired, legs of from 8 to 12 wavelengths 
are used. Such requirements mean that 
high-frequency rhombic antennas have 
leg lengths of several hundred feet, and 
they are used then only when a large plot 
of land is available. 


(2) Another disadvantage is that the hori- 


zontal and vertical patterns depend on 
each other. Ifa rhombic antenna is made 
to have a narrow horizontal beam, the 
beam is also lower in the vertical direc- 
tion. Therefore, it is impossible to 
obtain high vertical-angle radiation ex- 
cept with a very broad horizontal pat- 
tern and low gain. Rhombic antennas 
are used, however, for long-distance sky- 
wave coverage at the high frequencies. 
Under these conditions, low vertical 
angles of radiation (less than 20°) are 
desirable. With the rhombic antenna, 
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Figure 138. 


a considerable amount of the input 
power is dissipated uselessly in the ter- 
minating resistor. However, this resistor 
is required in order to make the antenna 
unidirectional, and the great gain of the 
antenna more than makes up for this 
loss. 


d. Operation. 


(1) Figure 138 shows the individual radia- 


(2) 


tion patterns produced by the four legs 
of the rhombic antenna and the resultant 
radiation pattern. If the tilt angle, 7, 
is properly chosen for the length of the 
legs used, the shaded lobes all add to- 
gether to form an intense forward lobe 
in the direction of the terminating re- 
sistor. The principle of operation is the 
same as for the V and the half-rhombic 
antennas. 

Practically all rhombic antennas are 
erected in the horizontal plane. The 
two sides of the antenna are fed with 
currents of opposite polarity. As a 
result, the vertical electric field com- 
ponent of the radiated energy produced 
by one side of the antenna is largely can- 
celled by an equal and opposite electric 
field produced by the other side of the 
antenna. Lines of electric force are pro- 
duced from one side of the antenna to the 
other. Therefore, the polarization of the 
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Formation of rhombic antenna beam. 


radiated field produced by a horizontal 
rhombic antenna is mainly horizontal. 


(3) Very small rhombic antennas can be used 


at the very-high or ultrahigh frequencies. 
These antennas are erected in a vertical 
plane and a vertically polarized wave is 
radiated. Since the greatest percentage 
of rhombic antennas are used at high 
frequencies where the lengths of the legs 
are several hundred feet, most rhombics 
are horizontal. Therefore, the horizon- 
tal polarization is most common. 


e. Directivity and Gain. 
(1) Typical radiation patterns produced by 


rhombic antennas having various leg 
lengths are shown in figure 139. These 
radiation patterns clearly show an in- 
crease in gain and a reduction in the 
beam width of the main lobe as the 
lengths of the legs are increased. The 
wave angle, W, also is reduced as the 
leg lengths are increased. Information 
concerning the exact dimensions for 
optimum output from a rhombic antenna 
is given in paragraph 911 (4). 


(2) The gain of the rhombic antenna for a 


given leg length is considerably greater 
than for any of the other long-wire 
antennas discussed previously. The ap- 
proximate power gains of rhombic an- 
tennas of various leg lengths are shown 
in the following chart, which takes into 


Leg lengt! 
(wavelengt 


account the power lost in the terminating 
resistor. 


aN Power gain Fie Bn Sine) Power gain 
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f. Terminating Devices. 


(1) To operate properly, the rhombic antenna 


must be terminated correctly by correct 
value of resistance, which will make it 
unidirectional and nonresonant. The 
input impedance of the rhombic antenna 
then remains constant over a wide fre- 
quency range, and antenna coupling 
circuits need not be readjusted when the 
frequency applied to the antenna is 
changed. The proper value for the 
termination is about 800 ohms. When 
this is used at the far end of the antenna, 
the input impedance of the antenna is 
approximately 700 to 800 ohms. Thus, 
the terminating resistor is slightly higher 
in value than the input impedance of the 
antenna, because of the loss of energy by 
radiation as the traveling wave from the 
transmitter moves toward the terminat- 
ing resistor. 
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Figure 139. Radiation patterns produced by various rhombig, antennas. 


161 


(2) The termination used with the rhombic 


antenna must be a pure resistance at all 
frequencies at which the antenna is to 
operate. If any reactance is associated 
with the termination, some reflection of 
energy occurs and standing waves are set 
up on the antenna, causing variations in 
characteristics and radiation pattern 
when the frequency applied to the an- 
tenna is changed. 


(3) The terminating resistance must dissipate 


a little less than one-half the power ap- 
plied to the input terminals of the an- 
tenna. For transmitter powers up to 
1,000 watts, noninductive carbon re- 
sistors generally are used. These re- 
sistors are available in power ratings up 
to approximately 100 or 200 watts each. 
Frequently, several resistors are paralled 
to provide for adequate power rating. 
The total rated wattage of the resistors 
should equal one-half the transmitter 
wattage. For example, five 150-watt, 
3,000-ohm carbon resistors connected 
in parallel provide a 600-ohm load (re- 
quired for special types of rhombics) 
which will handle a transmitter power of 
1,000 watts with a 50-percent safety 
factor. To reduce capacitance in the 
terminating load, several resistors some- 


TOP VIEW 


times are connected in series, and t. 

capacitances across each resistor thet. 
are in series so that a reduction in ter- 
mination capacitance results. The ter- 
minating resistors frequently are mount- 
ed within a weatherproofed wooden box 
located atop the pole which supports the 
terminated end of the antenna. Con- 
necting leads to the terminating re- 
sistors are made as short as possible to 
minimize the amount of added reactance. 


(4) The insulators used with the rhombic 


antenna, and the supporting wires and 
fittings, sometimes introduce enough 
reactance to require precise adjustment 
of the terminating load to balance it out. 
It is more convenient, then, to mount 
the terminating resistors in a box that 
is near the ground rather than at the top 
of a pole. When this is done, the far 
end of the rhombic antenna is connected 
to the terminating resistors by means of 
an 800-ohm nonresonant transmission 
line. 


(5) For powers in excess of 1,000 watts, car- 


bon resistors are not available that will 
dissipate the necessary power. Lengths 
of transmission line constructed to have 
the proper impedance value, and made 
of wire that is a poor conductor, are used. 
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Figure 140. Dissipation line used with standard military rhombic antenna. 
162 


Most of these dissipation lines are made 
of #14 AWG solid, annealed, stainless- 
steel wire, and take two general forms: 
(a) One, a two-wire stainless-steel trans- 
mission line, is spaced properly to pro- 
vide a correct termination for the 
rhombic antenna. The spacing is 
uniform along the entire length of the 
line. If sufficient length is provided, 
the energy is so attenuated by the high 
resistance of the wire that the far end 
can be grounded directly for lightning 
protection. One such dissipation line 
is 1,000 feet long and is run back and 
fourth four times between supporting 
poles, 250 feet apart. The entire dis- 
sipation line is mounted beneath the 
rhombic antenna which it terminates. 
(6) A more common dissipation line which 
requires less than one-third as much 
steel wire is shown in figure 140. This 
line is used with standard military 
rhombic antennas. 


(6) The dissipation line includes, all in..one 


length, the downlead from the end of the 


rhombic antenna. The downlead portion 
is made up as a two-wire line with each 
wire being made of two strands of the 
steel wire twisted together. The spacing 
between the two wires is 12 inches so that 
the characteristic impedance produced 
is about 650 ohms. The downlead be- 
comes part of the horizontal portion of 
the dissipation line by a right-angle bend, 
and at this point a modified exponential 
line begins (fig. 141). 


(7) The two-wire downlead is transformed 


into a four-wire dissipation line without 
the necessity of joining or splicing. The 
12-inch spacing starts diminishing and 
the two strands making up each line of 
the two-wire line now become separate 
spaced lines. In this manner, in a line 
length of 62.5 feet, the 12-inch spacing 
tapers down to a 5.5-inch spacing as the 
side members spread apart to 1.3 inches 
at the dissipation-line spreader insulator. 
From this point on, in a line length of an 
additional 62.5 feet, the 5.5-inch spacing 
tapers down to 1.3 inches, whereas the 
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Figure 141. Dissipation line detatl showing terminating assembly. 
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Figure 142. Dissipation line detail showing terminating assembly. 


side members remain spaced 1.3 inches 
apart. Then, the line continues as a 
1.3-inch, square-spaced, four-wire line. 
The modified exponential portion of the 
dissipation line transforms the approxi- 
mately 650-ohm impedance of the down- 
lead to about 200 ohms. 


(8) The equally spaced four-wire portion of 


the dissipation line is fundamentally two 
400-ohm lines in parallel, one terminated 
in an open circuit and the other ter- 
minated in a short circuit. Such an 
arrangement improves the electrical 
balance and symmetry of the termination. 
The short-circuited end can be connected 
to ground (fig. 142) to provide for 
lightning protection. The three small 
pulleys shown are used to equalize the 
tension on the individual wires making 
up the line. A wire rope at the end of 
the assembly is passed through the large 
pulley and made fast to a concrete 
weight which maintains tension on the 
line, preventing excessive sagging. 


g. Checking Termination. 
(1) Unless the correct value of termination 


for the rhombic antenna is used, unde- 
sired resonance effects occur. This 
makes the antenna coupling critical, and 
adjustments must be made when the 
applied frequency is changed. Lack of 
symmetry from improper termination 
causes an undesirable shift in the 
directivity pattern of the antenna, and 
the resultant unbalanced reactance may 
introduce undesirable resonance effects. 


(2) In checking the rhombic antenna for 


proper termination, advantage is taken of 
the fact that a properly terminated an- 
tenna has an input impedance that is 
purely resistive. With a perfectly bal- 
anced antenna having the correct value of 
terminating resistance, no reflection of 
energy occurs on the antenna and no re- 
actance appears at the input terminals. 
Therefore, if a balanced oscillator is con- 
nected to the input terminals of a prop- 
erly terminated rhombic antenna, no 


change in oscillator frequency should 
occur. 

(3) The balanced (push-pull) oscillator used 
should have a high L-C ratio-tank circuit 
so that small values of reactance, which 
are usually capacitive with improperly 
terminated rhombic antennas, may have 
considerable effect on the oscillator fre- 
quency. To insure that the oscillator is 
not too heavily loaded, the correct tap 
points on the oscillator tank coil can be 
predetermined with an 800-ohm nonin- 
ductive resistor as load. 

(4) The oscillator first is set at a frequency 
within the operating range of the rhombic 
antenna. The oscillator frequency then 
is carefully measured with a heterodyne 
frequency meter or with a stable com- 
munication receiver having a beat-fre- 
quency oscillator, and the antenna is 
connected to the oscillator. If the rhom- 
bic antenna is perfectly terminated, the 
frequency meter or the receiver should 
indicate no change in oscillator frequency. 
In actual practice, since a perfect termi- 
nation is difficult to produce, a very small 
frequency shift can be tolerated. A 
possibility exists in which little or no 
change in oscillator frequency occurs, 
with the antenna not properly terminated. 
This happens if the antenna is resonant 
at the particular frequency used for the 
check. To eliminate this possibility, 
the frequency shift should be measured 
at a different oscillator frequency. If 
considerable frequency shift occurs when 
the antenna is connected to the oscillator, 
a recheck should be done with the value of 
the terminating resistor changed about 5 
or 10 percent, and this procedure should 
be continued until a resistance value is 
found that produces the least effect on 
the oscillator frequency when the antenna 
is connected. When a rhombic antenna 
is to be used over a wide frequency range, 
this procedure should be repeated for 
several frequencies within the desired 
frequency range. Then an average value 
for the proper terminating resistance can 
be used. 

(5) To use the procedure explained above, it 
is necessary that the test oscillator be 
battery-operated and portable, so that 


the oscillator can be carried up the pole 
which supports the input end of the 
antenna to permit direct connections at 
the input terminals. If the oscillator 
must be used on the ground below the 
rhombic antenna, a length of two-wire 
line is used to connect it to the input 
terminals of the antenna. This line 
must be a half-wavelength at the fre- 
quency at which the rhombic termination 
is to be checked. The frequency of the 
oscillator should be adjusted so that 
there is no change in oscillator frequency 
when the connecting line is connected or 
disconnected from the oscillator. Sev- 
eral separate half-wave connecting lines 
must be used to check the antenna ter- 
mination at several frequencies within 
the operating range. 
h. Design Information. 

(1) In. designing a rhombic antenna, the 
first consideration is usually a determi- 
nation of the wave angle, W, needed to 
cover the required distance when a given 
frequency is used at a certain time of the 
day. Such information can be obtained 
from charts and information given in 
TM 11-499, Radio Propagation Hand- 
book. 

(2) The following chart shows some typical 
wave angles required to provide sky- 
wave communication over various great- 
circle distances. The wave angles used 
are invariably less than 30°. 


Wave angle (degrees) 


Great-circle distance (miles) 
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(3) For a given vertical wave angle, a rhombic 
antenna produces maximum power out- 
put when its leg length, L, tilt angle, 7, 
and height above ground, H, have 
certain definite values. These values 
are all interdependent and any change 
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Wave angle (degrees) 


(4) 


from the optimum value results in a 
reduction in power at the desired wave 
angle. 


The following chart gives the proper 
values for these factors at various wave 
angles. Wave angles less than 10° are 
not shown. This does not mean that 
such angles are not required but rather 
that the rhombic antenna designed for 
maximum output at such low angles is 
prohibitively large. 
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(6) 


Frequently, a sufficiently large antenna 
site is not available for the erection of a 
rhombic antenna of proper size to pro- 
duce maximum output. For example, 
according to the chart above, a leg of 
17 wavelengths is required for a wave 
angle of 10°. If such an antenna is to 
operate on a frequency of 8 .mc, for 
example, each leg would have to be 
over 2,000 feet long. This antenna 
would require over a mile and a half 
of antenna wire for its construction, and 
the installation would prove difficult. 
Therefore, rhombic antenna dimensions 
are chosen which represent a compro- 
mise design. 

When a rhombic antenna is designed 
with leg length definitely limited, the 
gain of the antenna is less than if the 
dimensions shown in the preceding chart 
are used. All of the advantages of the 
antenna given previously still apply, 
however, and rhombic antennas of a 
compromise design are used widely. 


(7) The following chart shows the dimensions 


to be used when constructing a rhombic 
antenna limited to legs of 2 wavelengths. 


Tit 1 Height above 
Wave angle (degrees) | (deeren). Gear asnathss 
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(8) When the limit is 3 wavelengths, the 
dimensions in the following chart apply. 
The required heights above ground are 
the same as given in the previous table 
for similar wave angles. 
1 aT >, 
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A tilt angle is not given when a wave angie of 30° is required. No com- 
promise in design is needed, since a rhombic antenna with leg limited to only 
2 wavelengths and with a tilt angle of 60° can be used to produce maximum 
output. 


(9) When the leg is limited to 4 wavelengths, 
the dimensions given in the following 
chart apply. Here again the required 
heights above ground are the same as 
those given in the previous charts for 
similar wave angles. Where no tilt 
angle is given, no compromise in dimen- 
sions is required. 


Wave angle Tilt angle Wave angle Tilt angle 
(degrees) (degrees) (degrees) (degrees) 
| eee 63.5 || 20..-_.._-.-- 68. 5 
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i. Standard Designs. 
(1) Most rhombic antennas used for military 
applications are based on certain stand- 
ardized dimensions which make satisfac- 

tory operation possible over a frequency 

range of from 4 to 22 mc. This range 
includes the frequencies that commonly 

are used for long-distance point-to-point 


TRANSMISSION 
LINE TO 
TRANSMITTER 


sky-wave communication between fixed 
stations. 


(2) The seven standard sizes used are desig- 


nated as rhombic antennas A through 
G, inclusive. Antenna A is the largest 
rhombic and it is used when communica- 
tion is required between points over 
3,000 miles apart. The leg of this 
antenna is about 1% wavelengths at the 
lowest operating frequency (4 mc) and 
about 8 wavelengths .at the highest 
operating frequency (22 mc). Antenna 
G, the smallest rhombic, is used when 
communication is required between points 
that are from 200 to 400 miles apart. 
The leg of this antenna is somewhat less 
than 1 wavelength at the lowest operating 
frequency and about 5 wavelengths at the 
highest operating frequency. Rhombic 


PLAN VIEW 
Figure 148. Standard military rhombic antennas. 


TERMINATING 


antennas B through F inclusive have 
intermediate ranges and leg lengths. 


(3) Complete kits are available which include 


FRONT 
j POLE 


ISOMETRIC 
VIEW 


all necessary material for the construction 
of standard military rhombic antennas. 
The four large poles or metal supports 
used are designated as side poles, front 
pole, and rear pole in the isometric view 
of the rhombic antenna (fig. 143). 
Terminating resistors, or a dissipation 
line, are connected at the corner of the 
antenna supported by the front pole. 
The transmission line which connects 
the transmitter or receiver to the antenna 
is attached to the corner supported by 
the rear pole. As shown in the plan 
view, the side poles and the front pole 
are located 3 feet from the corners of the 
antenna which they support, and the 
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rear pole is located 8 inches from the cor- 
ner which it supports. These distances 
permit the installation of strain insulators 
and supporting harnesses which attach 
the antenna to the poles. 


(4) The chart given below indicates the essen- 


tial dimensions used in the seven standard 
rhombic antennas, along with the useful 
ranges of these antennas. The various 
letters designate dimensions that are indi- 
cated in the plan view of figure 143. All 
linear dimensions are given in feet. ZL 
refers to the leg length measured from 
corner tocorner. This includes the length 
of the strain insulators used at the front 


and rear poles. TJ refers to the size of the 
tilt angle in degrees, as previously defined. 
His the average height of the antenna 
above average ground level. The harness 
which ties the antenna corners to the 
poles usually is attached to the noles at a 
height 1 to 2 feet above H. Wéis the pole 
spacing along the minor axis of the an- 
tenna. X is the distance between the 
rear pole and the point at which the axes 
cross as measured along the major axis, 
and Y is the distance between the front 
pole and the point at which the axes cross 
as measured along the major axis. 


| Range L T H w x Y 
Type (miles) (feet) (degrees) (feet) (feet) (feet) (feet) 
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j. Multiwire Rhombics. 
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(1) A rhombic antenna will improve in per- 


formance if more than a single conductor 
is used to form each leg. The most com- 
mon of the multiwire rhombics is the 
three-wire type (fig. 144). The spacing 
between the three wires forming this an- 
tenna increases continuously as the side 
poles are approached. At this point, a 
separation of 6 feet exists between 
adjacent conductors. 


(2) When this type is used, the capacitance 


of the antenna per unit length increases 
as the separation between the two sides 
increases. Along the minor axis where 
the two sides of the antenna are spread 
farthest apart, the three conductors have 
their maximum capacitance, and the 
characteristic impedance of the antenna, 
therefore, does not vary along its length 
as it, does in a single conductor. 


(3) Two advantages occur with the multi- 


wire rhombic. First, the input im- 
pedance of the antenna is held at a more 
constant value over a given range of 
frequencies. Second, the value of input 


impedance is reduced somewhat so that 
a better impedance match to ordinary 
two-wire line is possible. An ordinary 
single-wire rhombic antenna designed to 
operate over a frequency range from 4 
to 22 mc may have an input resistance of 
850 ohms at 4 mc, 700 ohms at 14 me, 
and 625 ohms at 22 me. If a three- 
wire rhombic is used instead, it will have 
an input resistance of 600 ohms plus or 
minus 50 ohms over this same frequency 
range. At the samne time, a conventional 
600-ohm two-wire line can provide prac- 
tically an ideal impedance match. In 
addition, the three-wire rhombic has a 
slight gain (about | db) over the single- 
wire type. 


k. Methods of Feeding. 
(1) The most common method of feeding a 


rhombic antenna is by means of a non- 
resonant two-wire line. With this line, 
the wide frequency range of the rhombic 
antenna is not restricted by transmission- 
line limitations. 


(2) When a single-wire rhombic is used, the 


transmission-line impedance required is 
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approximately 700 to 800 ohms. A two- 
wire line having such a high value of 
characteristic impedance would have a 
fairly wide spacing. As a result of the 
wide spacing, considerable radiation loss 
occurs from the line. To avoid this loss, 
two alternatives are possible. First, a long 
tapering section of transmission can be 
used as an impedance-matching section. 
The spacing between the two conductors 
is greatest at the end of the section con- 
nected to the antenna; therefore the im- 
pedance is high enough to match the 
antenna. The spacing at the other end 
of the tapered section is least, resulting 
in a low value of impedance. If the 
tapered section, known as an exponential 
matching section, is designed to have an 
impedance of 600 ohms at its small end, 
ordinary 600-ohm two-wire line can be 
used between the low-impedance end of 
the matching section and the transmitter 
or receiver that is to be connected to the 
antenna. If the exponential matching 
section is designed to have a low im- 
pedance of 200 to 300 ohms, ordinary 
four-wire line can be used The second 
alternative involves the use of 600-ohm 
two-wire line directly connected to the 
end of the rhombic antenna. Since the 
standing-wave ratio is so small, the 
added loss resulting from a slight mis- 
match may be low enough to neglect in 
all cases except those in which peak 
efficiencies are required. In this method, 
the coupling to the transmitter may 
have to be readjusted slightly as the 
frequency is changed. 


(3) When a three-wire rhombic antenna is 


used, the transmission line impedance 
required is 600 ohms. It is then neces- 
sary only to connect an ordinary two- 
wire open line having a 600-ohm imped- 
ance between the antenna and the trans- 
mitter. 


l. Lobe Alinement. 
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(1) When a rhombic antenna is designed 


according to the information given in the 
previous charts, it produces maximum 
output at the supposedly desired vertical 
wave angle. If the vertical radiation 
pattern of such an antenna is examined, 
it will be noted that the maximum output. 


power actually is produced at a vertical 
angle which is a few degrees less than the 
desired wave angle. The peak of the 
maximum radiation lobe falls slightly be- 
low the wave angle for which the antenna 
is designed, as illustrated by lobe A in 
the vertical pattern of figure 145. 
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Figure 146. Lobe alinement patterns. 


(2) Since no other combination of leg length, 


tilt angle, and height above ground will 
produce a rhombic antenna having a 
greater radiation at the desired wave 
angle, changing any of these factors 
would serve to reduce the gain of the 
antenna at the desired wavelength. It 
is entirely normal then for the peak of the 
lobe to occur at & vertical angle that is a 
few degrees less than the wave angle for 
which the antenna is designed. 


(3) When a rhombic antenna is designed so 


that the peak of the lobe occurs just at 
the desired wave angle, the radiation 
pattern produced is illustrated by lobe 
B. This may be desirable if a somewhat 
sharper vertical radiation pattern is re- 
quired along with a somewhat broader 
horizontal radiation pattern. Some 
rhombic receiving antennas are designed 
that produce this type of pattern in order 
to minimize noise originating near the 
ground level, and to improve the signal- 
to-noise ratio of the antenna. 


(4) When the pattern illustrated by lobe B 


is required, the lobe alinement method is 
used in designing the antenna. The 
dimensions given in the previous charts 


can be used in the lobe alinement design, 
except that the length of each leg of the 
antenna is shortened to three-quarters of 
the leg length required to produce maxi- 
mum output. When the lobe alinement 
method is used, there is a reduction in 
gain of about 1 or 2 db at the desired 
wave angle. 


m. Ground Effects. 


ANTENNA HEIGHT ABOVE GROUND 
(IN WAVELENGTHS) 


(1) The effect of ground reflections on the 


radiation pattern of the rhombic antenna 
is exactly the same as with any horizontal 
antenna. There is one optimum height 
above ground at which reflection of 
radiated energy from the ground acts to 
produce maximum radiation at a given 
wave angle. This is the height which 
has been given in the preceding charts 
that show rhombic antenna dimensions. 


(2) As the height of the antenna above 


ground is increased, the wave angle at 
which maximum radiation occurs is 
reduced (fig. 146). 
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Figure 146. Graph showing variation in wave angle for 


different antenna heights. 


(3) The ground above which the rhombic 


antenna is installed should be flat and 
free from obstructions, and it should 
have a uniform conductivity. If these 
precautions are not observed, the actual 
required height of the antenna will be 
difficult to determine because the actual 
height required above ground may be 


considerably different for a given wave 
angle than is shown in the graph. If a 
rhombic antenna must be installed above 
uniformly sloping ground, it is possible 
to design the antenna in such a way that 
it compensates for the ground slope. 
For example, assume that a rhombic 
antenna is to be designed with a wave 
angle of 15°, to be erected over ground 
which has a 5° downward slope toward 
the front pole of the antenna. The 
required wave angle can be produced by 
designing the rhombic to produce a 20° 
wave angle and mounting the antenna 
parallel to the ground. 


n. Resonant Rhombics. 
(1) All of the rhombic antennas discussed so 


far have been terminated properly so 
that a unidirectional radiation pattern is 
produced. In practically every case 
where a rhombic antenna is referred to, 
this is the type used. If, however, the 
terminating resistance is removed from 
the antenna, a resonant rhombic is 
produced. 


(2) Since the resonant rhombic antenna is 


unterminated, energy traveling from the 
transmission line to the far end of the 
antenna is reflected back, and standing 
waves of voltage and current are set up 
along the conductors making up the 
antenna. 


(3) The input impedance of such an antenna 


is no longer in the vicinity of 800 ohms, 
but instead, is a much higher value. 
This means that it must be fed by resonant 
transmission lines, or that impedance- 
matching sections are necessary. As a 
result, the antenna cannot be used over a 
wide frequency range unless extensive 
retuning of the coupling system occurs 
along with considerable readjustment of 
the impedance-matching sections. 


(4) The radiation pattern of a resonant 


rhombic antenna is bidirectional slong 
the major axis of the antenna. [If it is 
desired to transmit or receive in only one 
direction, the resonant rhombic should 
not be used. This may interfere with 
other communication when the antenna 
is used for reception, since undesired 
signals and noise will be received from 
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the direction that is opposite to the 
desired direction of reception. This low- 
ers the signal-to-noise ratio. 

(5) In addition to the undesired major lobe 
that is produced to the rear of the anten- 
na, the radiation pattern of the resonant 
rhombic antenna changes considerably 
when the applied frequency is changed. 
For example, a certain lobe pattern is 
produced when the antenna leg is 2 
wavelengths, and another pattern is 
produced when the frequency is raised 
so that the leg is 24 wavelengths. 

(6) The gain of a resonant rhombic antenna is 
less than that of a nonresonant terminated 
rhombic. In the terminated antenna, 
less than one-half the input power is dis- 
sipated by the terminating resistance so 
that more than one-half the input power 
is radiated into space. In the unterm- 
inated or resonant rhombic antenna, the 
radiation divides equally; one-half the 
available input power is radiated toward 
the front and one-balf toward the rear. 


92. Summary 


a. Antenna directivity is the ability of an 
antenna to radiate or receive energy better in 
some directions than in others. 

b. An antenna is said to have gain when it pro- 
duces a greater field strength at a given distant 
receiving point than does a standard half-wave 
antenna. The standard antenna is assumed to be 
at the same position and height above the earth 
and is oriented to produce the same polarization. 

c. A long-wire or harmonic antenna is one with 
length greater than a half-wavelength and with 
current distribution such that there is a reversal 
of current flow in adjacent half-wave sections. 

d. As the length of a long-wire antenna is in- 
creased, the gain increases, the lobes of maximum 
radiation lie closer to the antenna itself, and a 
greater number of minor lobes is produced. 

e. In general, the effects of ground on long-wire 
antennas are the same as with the basic half-wave 
antenna. 

jf. A nonresonant antenna is terminated in a 
resistance equal to its characteristic impedance. 
As a result, standing waves no longer exist on the 
antenna and the radiation pattern becomes 
unidirectional. 

g. The Beverage or wave antenna is a single 
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terminated wire of 2 or more wavelengths, sup- 
ported on poles a short distance above ground. 
It is used to transmit or receive vertically polar- 
ized ground waves, particularly at low radio 
frequencies. The operation depends on a process 
known as wave tilt. 

h. The V antenns consists of two horizontal 
long wires arranged to form a VY, and fed at the 
apex with currents of opposite phase. The radia- 
tion pattern is bidirectional along a line which 
bisects the apex angle. 

1, The V antenna can be made unidirectional by 
connecting 500-ohm noninductive resistors be- 
tween the far ends of the legs of the V antenna and 
ground. 

j. The half-rhombic antenna is a terminated 
vertical antenna which has the form of an obtuse- 
angle V. This antenna works in conjunction with 
a ground or a counterpoise. An unbalanced 
transmission line is used to feed the antenna. 

k. The radiation from a half-rhombic antenna 
is unidirectional in the direction of the terminating 
resistor. A vertically polarized radio wave is 
produced by this antenna. 

l. The rhombic antenna is the highest develop- 
ment of the long-wire antenna. It is used widely 
for long-distance high-frequency point-to-point 
communication. 

m. The rhombic antenna is useful over a wide 
frequency range. It is easier to construct and 
maintain than are other antennas of comparable 
gain and directivity. The antenna is noncritical 
so far as operation and adjustment are concerned. 

n. Noninductive resistors are used to terminate 
the rhombic antenna used for receiving or for 
low transmitter powers. Dissipation lines are 
used for termination when high transmitter powers 
are applied to the rhombic antenna. 

o. A balanced oscillator can be used to check a 
rhombic antenna for correct termination. If the 
oscillator frequency does not change when it is 
connected to the antenna, no reactance is present 
at the input terminals of the antenna, and proper 
termination exists. 

p. Standard military rhombic antennas are 
designed for frequencies from about 4 to 22 me 
at ranges from 200 to over 3,000 miles. 

gq. A multiwire rhombic antenna has a lower 
and a more constant value of input impedance 
over a given frequency range than does the single- 
wire type. 

r. Resonant rhombic antennas have _ bidirec- 
tional radiation patterns, high input impedances, 


varying characteristics over a given frequency 
range, and slightly less gain than do the conven- 
tional terminated rhombic antennas. 


93. Review Questions 


a. What is meant by antenna directivity? 

b. How is antenna gain measured and in what 
units is it expressed? 

c. Describe a long-wire antenna. 

d. In general, what happens to the radiation 
pattern of an antenna as its length is increased? 

e. Calculate the length in feet of a long-wire 
antenna which is to have two full waves of current 
distributed along its length at 4 mc. 

jf. How is radiation resistance affected as the 
length of a long-wire antenna is increased? 

g. How can long-wire antennas be fed? 

h. Distinguish between resonant and nonreso- 
nant antennas. 

i. What is the wave antenna? 

7. What value of terminating resistance is 
required for the Beverage antenna? 

k. What is meant by the term wave tilt? 

l. Describe the V antenna. 

m. Discuss the radiation pattern of the V 


antenna and describe in general how such a pattern 
is produced. 

n. Distinguish between the angles known as 
the tilt angle and the wave angle. 

o. Describe the half-rhombic antenna. 

p. What is the radiation pattern of the half- 
rhombic antenna? 

q. Distinguish between the half-rhombic an- 
tenng and the obtuse-angle V antenna. 

r. Give several methods of supporting the 
apex of the half-rhombic antenna. 

s. Give several advantages of a rhombic 
antenna. 

t. Give some disadvantages of a rhombic 
antenna. 

u, What is the polarization of a radiated wave 
transmitted by a rhombic antenna? How is this 
polarization produced? 

v. What is the purpose of a dissipation line? 

w. How can the termination of a rhombic 
antenna be checked? 

z. Describe the multiwire rhombic antenna 
and give some advantages of this type over the 
single-wire antenna. 

y. How can rhombic antennas be fed? 

z. Give some characteristics of the resonant 
rhombic antenna. 
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CHAPTER 5 
DRIVEN AND PARASITIC ARRAYS 


Section I. 


94. Multielement Arrays 


One means of attaining increased antenna gain 
and directivity is by use of the multielement 
array. The long wire, regardless of its length, is 
looked upon as a single radiating or receiving ele- 
ment; the array is a combination of elements 
which, considered separately, could be individual 
antennas. These elements act together or upon 
each other to produce a given radiation pattern. 
Various factors influence the choice of methods 
used to produce high directivity. Whereas the 
long-wire antenna often is preferred where recep- 
tion or transmission on more than one frequency 
is required and where gain or directivity require- 
ments are moderate, the more exact phasing and 
determination of element lengths in the array 
make for a more regular radiation pattern. Since 
fewer minor lobes are developed, available power 
is concentrated in the major lobe or lobes, and 
therefore there is greater gain and sharper direc- 
tivity in the favored direction. In a given avail- 
able space, the elements of an array can be so 
arranged as to provide greater gain than a long- 
wire antenna confined to the same space. 


95. Definitions 


a. Types of Elements. 

(1) As a special arrangement involving new 
factors and concepts, the array requires 
special terminology. It is made up of 
more than one element, but the basic 
element is, generally, the half-wave dipole. 
Sometimes it is made to have more or 
less than this length, but the deviation 
usually is not great. 

(2) A driven element is connected directly to 
the transmission line. It obtains its 
power directly from the transmitter or, 
in reception, it applies the received 
energy directly to the receiver. A para- 
sitic element, on the other hand, derives 


174 


INTRODUCTION 


its power from another element in the 
same array. It is placed close enough to 
the other element to permit coupling and 
it is excited in this way. 

(3) If all of the elements in a given array are 
driven, the array is called a driven array. 
The term connected array. sometimes is 
used to described this type. If one or 
more elements are parasitic, the entire 
system usually is considered to be a 
parasitic array. 

(4) A parasitic element sometimes is placed so 
that it will produce maximum radiation 
(in transmission) from its associated 
driver, and it operates to reinforce energy 
going from the driver toward itself. When 
so used, the parasitic element is referred 
to as a director. If a parasitic element is 
placed on the other side of the driven 
element ‘and causes maximum energy 
radiation in the direction from itself to- 
ward the driven element, it is called a 
reflector. 

b. Directwity. Multielement arrays frequently 
are classified as-to their directivity. A bidzrectional 
array radiates in both opposite directions along the 
line of maximum radiation. A unidirectional arra 
radiates in only one direction. 


c. Types of Arrays. 

(1) Arrays have been described above with 
respect to their radiation patterns and 
the types of elements which comprise 
them. It is useful, however, to identify 
them by the physical placement of the 
elements and the direction of radiation in 
respect to these elements. Generally 
speaking, the term broadside array desig- 
nates any one in which the direction of 
maximum radiation is perpendicular to 
the plane containing the elements. In 
practice, however, this term is confined 
to those arrays in which the elements 


themselves are also broadside or parallel 
in respect to each other. 

(2) A collinear array is one in which all the 
elements lie in the same straight line. 
The direction of propagation is broadside 
to the array. 

(3) An end-fire array is one in which the 
principal direction of radiation is along 
the plane of the array itself. 

(4) Sometimes a system is used incorporating 
characteristics of more than one of the 
three types mentioned above. For 
instance, some of the elements may be 
collinear, others may be parallel. Such 
an arrangement often is referred to as a 
combination array or an array of arrays, 
although, since maximum radiation 
occurs at right angles to the plane of the 
array, the term broadside array could be 
used. 

d. Front-To-Back Ratio. The front-to-back ratio 
is the proportion between energy radiated in 
the principal direction to the energy radiated in 
the opposite direction. 


96. Phasing 


a. Coupling in Space. 

(1) Various reflected and refracted compo- 
nents of the propagated wave create cer- 
tain effects of reinforcement and cancela- 
tion. At certain points distant from the 
transmitter, some of these components 
meetin space. Reception at these points 
is either impaired or improved. If the 
different components arrive at a given 
point in the same phase, they add, mak- 
ing a stronger signal available, and if they 
arrive out of phase, they cancel. 

(2) Effects of this kind are caused by factors 
operating some distance from the point 
of transmission. It is possible to cause 
somewhat similar effects to occur at the 
transmitting point itself. Consider an- 
tennas A and B, figure 147. They are 
two dipoles perpendicular to the plane of 
the page and are, therefore, shown as 
points. They are spaced a quarter- 
wavelength apart at the operating fre- 
quency. The radiation from either an- 
tenna, operating alone, is uniform in all 
directions in this plane. Consequently, 
the pattern produced by each antenna is 


a circle with the antenna at its center. 
Suppose, however, that current is being 
fed to both antennas from the same 
transmitter, but in such a way that the 
current fed to antenna B lags the current 
in antenna A by 90°, or the time required 
for a quarter of a cycle. Energy radiat- 
ing from antenna A toward receiving 
location X reaches antenna B after \% 
cycle of operation. When it reaches an- 
tenna B, it meets the radiation from that 
antenna toward X in exactly the same 
phase. Therefore, radiation from both 
antennas add, and propagation toward 
X is strong. Radiation from antenna B 
toward receiving location Y reaches an- 
tenna A after 4 cycle. Since the energy 
in antenna A was \ cycle behind that of 
antenna B to begin with, the radiation 
from both antennas toward receiving 
point Y are exactly 180° out of phase 
when they join. Asa result, they cancel 
and no radiation occurs toward Y. At 
receiving points away from the line of 
radiation, indicated by the broken ar- 
rows, there are phase differences not 
quite so pronounced as to produce com- 
plete addition or outright cancelation. 
The over-all effect is indicated by the 
radiation pattern shown. The physical 
phase relationship caused by the quarter- 
wave spacing between the two elements, 
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Figure 147. Phasing of antennas in space. 
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as well as the phase of the currents in 
them, has acted to change the radiation 
pattern. 


b. Stub Phasing. 
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(1) In the case just discussed, it was men- 


tioned that the currents fed to both an- 
tennas from the same transmitter were 
90° out of phase. No explanation was 
given of the manner in which this is done. 
Sections of transmission line, called 
stubs, frequently are used for this pur- 
pose. These can be adjusted to produce 
any desired phase relationship between 
connected elements. 


(2) When two collinear half-wave elements 


are connected directly so that their cur- 
rents are in the same phase, the effect is 
that of a full-wave antenna (A of fig. 
148). The current in the first half-wave- 
length is exactly 180° out of phase with 
that in the second half-wavelength, as 
shown. This is the opposite of the 
desired condition. (In addition to the 
current waveform, arrows are used to 
indicate the direction of current flow 
which is more convenient for determining 
the phase of current on more complicated 
arrays.) 
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Figure 148. Phasing of connected elements. 


(3) When the elements are connected by a 


quarter-wave stub as in B, current travels 
down one side of the stub and up the 
other. It travels a distance of a half- 
wavelength in the stub itself, and, as a 
result, it moves through } cycle of change. 


When the current reaches the next 
element, it is in the desired phase. Since 
the current in one side of the stub is equal 
and opposite to current on the other 
side, the fields produced cancel, and, 
consequently, there is no radiation from 
the stub itself. 


97. Mutual impedance 


a. Definition. 


(1) The impedance of an antenna at any 
point can be calculated by Ohm’s law 
from the current and voltage at that 
point, but, in an isolated antenna element 
this impedance is known as self imped- 
ance. When another element is nearby 
the impedance is changed. Suppose that 
in figure 147, driven element A is parallel 
to and near unconnected (parasitic) ele- 
ment B. During operation, radiation from 
antenna A reaches antenna B, inducing 
current in the latter. The field asso- 
ciated with this current in turn influences 
antenna A. In other words, in addition 
to the current supplied to antenna A 
from the source, current is induced by 
antenna B. The current and voltage 
relationship at a given point on antenna 
A now will be different from the relation- 
ships that exist when no other element is 
nearby. Therefore, the impedance, cal- 
culated from current and voltage, will be 
different also. 

(2) When an antenna element is operating in 
association with other elements, a differ- 
ent value of impedance is measured 
which is referred to as its actual imped- 
ance. Mutual impedance is the imped- 
ance that results from the coupling 
between the two elements which is 
responsible for the difference between the 
self impedance and the actual impedance 
of a given element. 

b. Current Amplitude. When two parallel an- 
tenna elements are close together, the current 
induced in one by the other will be great. If one 
of these elements is driven and the other is not, 
the current in the driven element then is the cur- 
rent supplied by the transmitter simply added to 
that induced by the parasitic element, if there is 
no phase difference. Mutual impedance permits 


greater gain in the array than in a single antenna, 
although there is no actual increase in transmitter 
power, and mutual impedance acts to decrease the 
actual impedance, since the current in the driven 
element has increased. As the parasitic element 
is moved farther from the connected element, 
there is less coupling. As a result, less current is 
induced in the driven element, and less gain is 
produced. The effect of mutual impedance de- 
creases and the actual impedance of the driven 
element approaches its self impedance. 
c. Current Phase. 

(1) The amplitude of the induced current is 
not the sole factor determining gain. In 
practice, antenna gain can be reduced to 
a smaller value even as the amplitude of 
the induced current becomes greater. 
This occurs when the induced and origi- 
nal currents are 180° out of phase, at 
which time mutual impedance acts to 
increase the actual impedance, since the 
current in the driven element is reduced. 

(2) The distance between two elements in 
terms of wavelength at the operating fre- 
quency determines the relative phase 
between them. Then, cancelation and 
reinforcement of signal resulting from 
phase difference are particularly notice- 
able when the distance between the two 
elements is a fraction of a wavelength. 

(3) Consider an antenna that is cut to reso- 
nance at a given frequency. Since the re- 
active components cancel out, its self im- 
pedance is purely resistive. When this 


antenha works with another element 
(parasitic) so that the current induced 
back into the former is exactly in phase 
with the original, there is increased ampli- 
tude with no change in phase. Although 
the actual impedance has decreased, it 
still is purely resistive. When the in- 
duced current is exactly 180° out of phase 
with the original, there is decreased am- 
plitude but still no change in phase. 
Again, the actual impedance remains re- 
sistive, although it is now greater than 
the self impedance. When the induced 
current is not exactly in phase or 180° 
out of phase with the original current, 
the phase of the total current shifts in 
respect to voltage. This change of rela- 
tive phase between current and voltage 
indicates that a reactive effect is present. 
As a result of this reactive effect, the an- 
tenna can be tuned off resonance by the 
presence of another element. It is cor- 
rect, therefore, to say that mutual im- 
pedance may contain both reactive and 
resistive components. 


(4) If a resonant antenna associated with a 


parasitic element is tuned off resonance, 
the phase of the current induced in the 
parasitic element is shifted. Therefore, 
the phase of the current induced back 
into the resonant antenna also is shifted. 
In other words, the tuning of a parasitic 
element also affects the reactive com- 
ponent of mutual impedance. 


Section Il. DRIVEN ARRAYS 


98. General 


a. Description. 

(1) Driven arrays form a major subdivision 
of multielement arrays. The distinc- 
tive property of the driven array is the 
fact that ali of the elements used derive 
their power from the same source, the 
transmitter. This property differenti- 
ates this group from the other major 
class of multielement systems, the para- 
sitic arrays, in which one or more ele- 
ments are driven directly whereas others 
are excited by these driven elements. 

(2) The driven array is preferred when 
high-power transmission is desired in 


addition to high directivity, because 
the driven array introduces less over-all 
power loss than occurs in other multiele- 
ment systems where loss of energy is 
caused by insufficient coupling between 
elements. 


b. Problems of Feeding. 
(1) Special attention must be given to 


certain factors involved in feeding driven 
arrays. Current distribution is one of 
these, and phasing is another. For 
example, in an array consisting of four 
elements, the same amount of power 
must be fed to each element, and the cur- 
rent in each element must be in phase 
with the current in each of the other 
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three. Care must be exercised to main- 
tain these conditions as exactly as possi- 
ble. If deviations exist, undesired 
cancelations and reinforcements occur. 
As a result, undesired lobes can be intro- 
duced into the radiation pattern. De- 
sired lobes can be emphasized or deem- 
phasized, but beam width and directivity 
are affected and the advantages sought in 
the use of a given array can be nullified 
in this way. 

(2) Care must be taken in interconnect: 
ing the elements of an array since radia~ 
tion from sections of transmission line 
used for interconnecting can reduce 
effectiveness. Pick-up by these sections 
when the array is used for receiving may 
cause interference. 


99. Directivity 


a. Directivity and Gain. The directivity of an 
antenna or an array can be determined by exam- 
ining its radiation pattern. In an array propa- 
gating a given amount of energy, greater radiation 
takes place in certain directions than in others. 
The elements in the array can be manipulated in 
such a way that they change this pattern and 
distribute it more uniformly in all directions. 
They can be considered as a group of antennas, 
fed from a common source, facing in different 
directions. On the other hand, the elements can 
be disposed in such a manner that the radiation 
will be focused or concentrated in a single direc- 
tion. With no increase in power, the amount of 
radiation in a given direction is greater. Since 
there is no increase in the input power, this is 
achieved at the expense of gain in other directions. 

b. Directivity and Interference. 

(1) There are many applications in which 
sharp directivity is desirable although 
there is no need for added gain. Examine 
the physical disposition of the units 
shown in figure 149. A,r and Bp are 
transmitters. It is desired that they send 
information to receivers Ap and Ba, re- 
spectively, along the paths shown by the 
solid arrows. The distance between A,r 
and Ap, or between A; and Br, is not so 
great as to require high-power trans- 
mission. Jf the antennas of Ar and B; 
propagate well in all directions, however, 
there is some pick-up of A; at Bp and 
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of By ai Ax, as shown by the broken 
arrows. ‘This effect is emphasized if the 
receiving antennas intercept energy well 
in all directions. 
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Figure 149. Directinity and interference. 


(2) The use of highly directional arrays as 


radiators from A; and Br, beamed along 
the paths of the solid arrows and with 
low radiation along the paths of the 
broken arrows, tends to solve the prob- 
lem. With this arrangement, consider- 
able power is available from the desired 
sources at the respective receiving points, 
and little power is available from the 
unwanted sources. Further improve- 
ment along these lines is obtained by the 
use of narrowly directed arrays as receiv- 
ing antennas at locations Ag and Bg. 


(3) The effect of this arrangement is to select 


a desired signal while discriminating 
against an interfering signal. The same 
approach can be used to overcome types 
of radiated interference other than un- 
wanted transmissions. In such cases, it 
is more important to prevent radiation in 
certain directions than it is to produce 
greater gain in other directions. 


(4) The differences between the single-ele- 


ment antenna and the array are illus- 
trated m figure 150, in which A gives the 
relative field strength pattern for a hori- 
zontal polarized single antenna, and B 
shows the horizontal radiation pattern 
for one particular array. The antenna 
at A radiates fairly well in the desired 
direction, toward receiving point 1 

It radiates equally well, however toward 


point 2, although no radiation is de- 
sired in this direction. If the antenna at 
B is used in the same situation, it radiates 
strongly to point 1 but very little in 
the direction of point 2 Conse- 
quently, more satisfactory operation re- 
sults, 
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Figure 150. Single antenna versus array. 
c. Major and Minor Lobes. The pattern shown 


in B has radiation concentrated in two lobes. 
The radiation intensity in the B 1 lobe is 


considerably stronger than in the B 2 lobe. 
B 1 is called a major lobe, B 2 a minor 
lobe. Since the complex radiation patterns 


associated with arrays frequently contain several 
lobes of varying intensity, it is convenient to 
adopt appropriate terminology. In _ general, 
major lobes are those in which the greatest 
amount of radiation occurs. Minor lobes are 
those in which the radiation intensity is less. 


100. Main Systems 


Within the family of driven arrays, there are 
three basic types—collinear, broadside, and end- 
fire. Any driven array is one of these types or 
represents a combination of more than one of them. 

a. Collinear Arrays. 

(1) Radiation from a half-wave antenna is 
represented by two broad lobes in 
opposite directions. A method of con- 
necting two such elements arranged in a 
straight line to operate in the same 
phase is shown in B of figure 148. 
Basically, the pattern radiated by this 
latter combination is similar to that 


produced by the single dipole. The 
addition of another radiator, however, 
tends to intensify the pattern. A 
comparison of the two patterns in 
figure 151 shows that each consists of 
two major lobes in opposite directions 
along the same axis, Q to Q/. Along 
this line of maximum propagation, radi- 
ation is stronger with the added element. 
Moving toward the PPI axis, this 
reinforcing effect falls off. The pattern 
in B is sharper or more directive. This 
is the same as saying that gain along 
the line of maximum energy propa- 
gation is increased, whereas the beam 
width is reduced. As more elements 
are added, the effect is heightened, 
although unimportant minor lobes are 


added. 
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Figure 151. Single half-wave anienna versus two half-wave 
antennas in phase. 


(2) If all of the elements in a driven array lie 
in a single straight line, the array is 
known as a collinear array. The cur- 
rents in the various elements are always 
in the same phase. The elements are 
connected to each other by stubs adjusted 
to assure proper phasing. These ele- 
ments usually are a half-wavelength, but 
greater lengths also are used. To assure 
proper phasing, the connecting sections 
are a quarter-wavelength. However, 
when the length of the elements is in- 
creased, the length of the connecting sec- 
tions must be decreased. 

(3) A method using four collinear elements is 
shown in figure 152. The arrows in A 
(side view) illustrate the distribution and 
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relative phase of current in the array. 
At the frequency for which it is designed 
to operate, any collinear array regard- 
less of the number of elements, produces 
a bidirectional pattern (top view in B) 
with axis perpendicular or broadside to 
the line of the elements. 
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Figure 152. Typical collinear array. 


b. Broadside Arrays. 
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(1) Figure 153 shows an end view of two par- 


allel half-wave antennas, A and B, oper- 
ating in the same phase and located a 
half-wavelength apart. Ata given point, 
P, far removed from the antennas, they 
appear as a single point. Energy radi- 
ating toward P from antenna 4 starts 
out in phase with energy radiat ng from 
antenna # in the same direction. Prop- 
agation from each travels over the same 
distance te point P, arriving there in the 
same phase. In other words, the an- 
tennas reinforce each other in this direc- 
tion, making a strong signal available at 
P. Field strength measured at that 
point is greater than it would be if the 
total power supplied to both entennas 
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had been fed to a single half-wave dipole. 
Radiation toward point P/ is built up in 
the same manner. 
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Figure 183. Parallel elements in phase. 


Consider next a wavefront traveling 
toward point Q from antenna B. By 
the time it reaches antenna A, a half- 
wavelength away, half a cycle has 
elapsed. Therefore, energy from B meets 
the energy from antenna A 180° out of 
phase, with the result that energy from 
the two sources moving toward point Q 
cancels. In hke manner, radiation from 
antenna A traveling toward point QI 
meets and cancels the radiation from 
antenna B in the same direction. As a 
result, there is little propagation in either 
direction along the Q to Q/ axis, most of 
it being concentrated in both directions 
along the P to Pi axis. When both 
antenna elements are fed from the same 
source, the result is the basic broadside 
array. 

When more than two elements are used 
in a broadside arrangement, they are all 
parallel and in the same plane, as shown 
in figure 154. Current phase, indicated 
by the arrows in A, must be the same 
for all elements. The radiation pattern, 
shown in B, is always bidirectional. 
This pattern is sharper than the one 
shown in the previous illustration be- 
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Figure 164. Typical broadside array. 


cause of the addition of two elements. 
Directivity and gain depend on the 


END VIEW A 


number of elements and on the spacing 
between them. 


c. End-Fire Arrays. 
(1) The radiation pattern for a pair of parallel 


half-wave elements is shown in A of 
figure 155, fed 180° out of phase. The 
elements shown are spaced a half-wave- 
length apart, but, in practice, smaller 
spacings are used, for reasons to be dis- 
cussed later. Radiation from elements 

A and B traveling toward point 
P starts out with the 180° phase differ- 
ence. Moving the same distance over 
approximately parallel paths, the respec- 
tive wave fronts from these elements 
maintain the 180° phase difference. In 
other words, there is maximum cance- 
lation in the direction of P. The same 
condition holds true for the opposite 
direction. The P to P1 axis, which is 
the line of propagation in the case of the 
broadside array, becomes the line of least 
radiation in figure 156, where the end- 
fire principle is used. 


(2). Consider what happens along the Q to 


Q! axis. Energy radiating from element 

B_ toward Q reaches antenna A about 
half a cycle or 180° after it leaves its 
source. Since radiation from element 
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Figure 155. Parallel elements 180° out of phase. 
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(4) In A, figure 155, elements 


A is originally 180° out of phase, the 
wave fronts are now approximately in 
the same phase moving toward Q, and 
they reinforce. Similar reinforcement 
occurs along the same axis toward Q!. 


(3) In the example above, a bidirectional 


pattern is developed, which is not always 
true in end-fire operation. Figure 147 
is another application of the end-fire 
principle where elements are spaced a 
quarter-wavelength apart and phased 90° 
from each other to produce a unidirec- 
tional pattern. The importance of spac- 
ing and current phasing is apparent. 

A and B 
are seen perpendicular to the plane 
represented by the paper and, therefore, 
only the ends of the antennas appear. 
If the antennas are rotated a quarter of 
a circle in space around the Q to Q7 axis 
so that they are seen in the plane of the 
elements themselves, as shown in B, 
the P to Pi axis, now perpendicular to 
the page, is not seen asaline. The axis, 
R to R1, now seen as a line, is perpen- 
dicular to P to P1 as well as to Q to QI. 
The end-fire array is directional in this 
plane also, although not quite so sharply. 
The reason for the greater broadness of 
the lobes can be seen by following the 
path of energy radiating from the mid- 
point of element B toward point S. 
This energy passes the A element at 
one end after traveling slightly more 
than the perpendicular distance between 
the dipoles. Energy from these, there- 
fore, does not combine in exact phase 
toward point S. Although maximum 
radiation cannot take place in this direc- 
tion, energy from the two sources com- 
bines closely enough in phase to produce 
considerable reinforcement. A_ similar 
situation exists for wave fronts traveling 
toward 7, but the wider angle accounts 
for a greater phase difference with a 
resulting decrease in the strength of the 
combined wave. 


(5) To sum up, end-fire arrays consist of 


half-wave elements in which the currents 
are 180° out of phase. Directivity is 
off either or both ends of the array 
(along the axis of the array), as shown 
by the broken arrows in figure 156; hence 


the term end-fire is used. The pattern 
may be dibirectional or unidirectional, 
depending on the distance between 
elements and the relative phase of the 
currents flowing in them. Gain also 
depends on these two factors. Direc- 
tivity is achieved in two planes, but is 
sharper in one than in the other. The 
pattern in the plane shown in A is 
sharper than that for the plane in B. 
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Figure 156. Typical end-fire array. 


101. Collinear Arrays 


a. General Description. 
(1) The simplest type of collinear array is 


the center-fed ‘‘two half-waves in phase’’ 
arrangement shown in A, figure 157. 
The array in B also consists of two 
dipoles, but end feeding is used here, 
making necessary the use of a phase- 
reversing quarter-wave connecting stub 
between the elements. For purposes of 
feeding, notice that both arrangements 
mentioned so far are fed at voltage 
loops. In this connection, the terms end- 
fed and center-fed are likely to be mis- 
leading. In C, a three-element array is 
used. In D, the three-element array is 
center-fed with feed being introduced at 
the midpoint of one element. This is an 
instance of current feed. The system 
shown in # is the frequently used, 
balanced four-element collinear array. 


(2) More than four elements seldom are used, 


because. as more elements are added 
farther from the point of feeding, accu- 
mulated losses cause the farthest ele- 
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Figure 1567. Representative collinear arrays. 


ments to have less current than the 
nearest ones. This introduces an un- 
balanced condition in the system, which 
impairs its efficiency. Space limitations 
often provide another reason for limiting 
the number of elements. Since this type 
of array is in a single line, rather than in a 
stacked arrangement, the use of too many 
elements results in an antenna of several 
wavelengths. 


(3) The characteristic radiation pattern of a 


given array is obtained at the frequency 
or band of frequencies at which the sys- 
tem is made resonant; but the desired 
gain and directivity characteristics are 
lost when the antenna is not used at or 
near this frequency. The array then 
tunes sharply and acts as a simple long- 
wire antenna. However, it will be shown 
later that collinear arrays have higher 
radiation resistances than other types. 
If the resistance is higher, the Q is lower, 
and the antenna does not tune as sharply. 
A collinear antenna, then, is more effec- 
tive when used off its tuned frequency 
than an end-fire array. This feature is 
considered when transmission or recep- 
tion is to be over a wide frequency band. 
When more than two elements are used, 
this advantage largely disappears. 


for the collinear element, greater lengths 
often are used. Effective arrays of this 
type have been constructed in which the 
elements are 0.7 and even 0.8 wavelength 
which provides efficient operation at 
more than one frequency or over a wider 
frequency range. One frequent varia- 
tion uses elements cut to 0.64 wavelength. 
Whatever length is decided on, it is 
important that all of the elements in a. 
particular array closely adhere to it. 
If elements of different lengths are com- 
bined, current phasing and distribution 
are changed, throwing the system out of 
balance and seriously affecting the radia- 
tion pattern. 


(2) When the elements are made longer, it is 


necessary to decrease the size of the 
connecting stubs in order to maintain 
proper current phase (A of fig. 158). 
The arrows indicate the phase reversal 
at every half-wavelength. The first ele- 
ment, at the left, has current flowing in 
one direction for a quarter-wavelength 
and current flowing in the opposite 
direction for the remaining half-wave- 
length. The eighth-wavelength stub does 
not allow for a complete reversal of 
current flow. Instead, the change in 
direction takes place a quarter-wave- 


b. Length and Phasing. 
(1) Although the half-wavelength is the basis 


length along the length of the second 
element, making the distribution in this 
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length exactly like that in the first 
element. The current wave forms are 
shown to make this clear. In 8, another 
possible distribution is shown for the 
same two elements. In each case, there 
are half-wave sections of both elements 
in the same phase. The distance be- 
tween one half-wave section as it exists 
on one element in the array and the 
corresponding similarly phased half-wave 
section on the adjacent element (the 
distance from 1 to 2) is greater in each 
of thes@ examples than it is.when the 
elements themselves are exactly 1 half- 
wavelength long and are separated by 
quarter-wave connecting stubs. This 
affords an advantage, which will be 
discussed later. 
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Figure 158. Collinear elements longer than a half-wavelength 
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(3) The length of the basic half-wave ele- 


ment used in this type of array and all 
driven arrays is determined from the 
following corrected formula: 


_ 468 
bs 


where L is the length in feet, and f is the 
frequency in megacycles. The same 
formula applies whether the elements are 
of rigid construction or are made up of 
lengths of wire. For wire arrangements, 
the formula takes into account the ca- 


L 


pacitive effects of spacers and support- 
ing insulators. When rigid elements are 
used, the greater thickness of these ele- 
ments can be considered to have much 
the same effect. 


c. Gain and Directivity. 
(1) Number of elements. As a general prin- 


ciple, increasing the number of elements 
in a collinear array also increases gain 
and directivity. Figure 159 shows the 
change in shape of the radiation patterns 
of various collinear arrays. The increase 
in gain produced is not shown in these 
patterns. Parts A, B, and C represent 
respectively the radiation patterns of 
typical two-, three-, and four-element 
arrays, all patterns being shown broad- 
side to the line of the elements. There 
is a practical limit, however, to the num- 
ber of elements. Availability of space is 
one limiting factor, the danger of unbal- 
ancing the array is another, and the third 
is a nonlinear gain over one array element 
less, which is shown in the chart below. 
The figures are for collinear arrays using 
half-wave dipoles with negligible spacing 
between the elements. Adding a third 
dipole to the basic two-element array 
provides an additional gain of 1.5 db. 
A fourth dipole affords another 1.2 db of 
gain; a fifth element provides only 0.8 
db of additional gain. As the number 
of elements is increased, the added gain 
thus achieved does not go up proportion- 
ally. When greater gain is important 
in a particular installation, good practice 
indicates the use of some type of array 
other than the collinear. The addition 
of elements to a collinear array increases 
loss resistance, both in the phase- 
reversing connecting stubs and in the 
elements themselves. Power consumed 
by this resistance is not radiated. The 
addition of dipole sections tends to un- 
balance, because some of the energy fed 
to the array is radiated by the elements 
nearest the point of feed before it can 
reach the sections farthest from this 
point. Consequently, the end elements 
radiate less than the center segments. 
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(2) Spacing. 


(a) The lower relative efficiency of collinear 
arrays of many elements compared 
with other multielement arrays relates 
directly to spacing and mutual im- 
pedance effects. Mutual impedance 
is an important factor to be consider- 
ed when any two elements are parallel 
and are spaced so that there is consid- 
erable coupling between them. Be- 
tween collinear sections there is very 
little mutual impedance, but, where it 
does exist, it is caused by the coupling 
between the ends of adjacent elements. 

(6) Constructional problems, especially 
where long lengths of wire are involved, 
frequently make it necessary to place 
the ends of the elements close together. 
Another limit on -the spacing is the 
physical construction of the connecting 
stub. If the width of the stub is made 
too great or if the stub is not connected 
properly between the segments, un- 
desired radiation results. When rigid 
elements are used at the higher fre- 
quencies and correspondingly shorter 
wavelengths, the advantages of opti- 
mum spacing can be realized in a 
practical way. The graph of figure 
160 shows the relationship of spacing 
between adjacent ends and gain for two 
half-wave collinear elements. 

(c) Spacing often is referred to as the dis- 
tance between the center points of ad- 
jacent elements rather than the ab- 
solute distance between their ends. 
If the spacing is given as 3 quarter- 
wavelengths, center to center, where 
half-wave dipoles are involved it is the 
same as saying that the space between 
their ends is slightly greater than a 
quarter-wavelength. It is slightly 
greater because end effect accounts for Figure 159. Free-space patterns for collinear arrays. 
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the dipoles being shorter than a half- 
wavelength. 


(d) The effects of spacing, and the advan- 


tages of proper spacing, can be demon- 
strated by some practical examples. 
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Figure 160. Spacing and gain for collinear elements. 
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A collinear array consisting of two 
half-wave elements with half-wave- 
length spacing between centers has a 
gain of 1.8 db. If the ends of these 
same dipoles are separated so that the 
distance from center to center is 3 
quarter-wavelengths, and they are 
driven from the same source, the gain 
increases to ¢.2 db. Reference to the 
chart above shows that a three- 
dipole array with negligible spacing be- 
tween elements gives a gain of 3.3 db. 
In other words, when two elements are 
used with wider spacing, the gain thus 
obtained is approximately equal to the 
gain obtainable from three elements 
with close spacing. The spaced array 
permits simpler construction, since 
only two dipoles are used, and occupies 
less space. Reference to the graph of 
figure 160 shows that maximum gain 
is reached when spacing between the 
elements is in the vicinity of 0.4 or 0.5 
wavelength. However, constructional 


problems usually dictate smaller prac- 
tical spacing. 


(e) Optimum spacing is difficult to arrange 


in general, and it is particularly a 
problem when wire elements rather 
than rigid elements are used at fre- 
quencies having fairly long wave- 
lengths. The only spacing between 
wire elements generally is provided by 
the insulator between lengths of wire. 
There is a practical way, however, of 
achieving the desired effects of in- 
creased spacing without actually in- 
creasing the physical distance between 
the ends of the elements. This is done 
by making the elements themselves 
longer, which, although it gives the 
effect of increased spacing, simplifies 
construction. 


d. Feeding Methods and Adjustment. 
(1) Feeding. Collinear systems usually are 


fed at an end point between half-wave 
elements. Since there is a voltage loop 
and a current null at such a point, the 
impedance is relatively high, generally 
around 1,500 ohms. This impedance, 
together with the low Q of collinear 
arrays resulting from the relatively high 
radiation resistance and consequently 
lower standing-wave ratio, permits a 
certain amount of mismatch between the 
feed line and the antenna. For this 
reason, flat or nonresonant lines are used 
widely. The use of the flat line provides 
another advantage if operation is to be 
on more than one frequency. The per- 
missible degree of mismatch makes it 
possible to feed a conventional collinear 
array with open-wire 600-ohm line in 
which the standing-wave ratio is 2 to 1 or 
less. In the less frequently encountered 
case of the current-fed collinear array 
(when feed is introduced at the center of 
one clement as it sometimes is with the 
three-element arrangement to maintain 
balance), impedance at the feed point 
closely matches 300-ohm line. The use 
of 600 ohm line also is permissible here, 
since the standing-wave ratio is still low. 
Conventional matching devices can be 
used, however, if it is desired to connect 
line and antenna. 


(2) Adjustment. When only two elements are 


used with center feed (between the ele- 
ments), both lengths must be the same 
and no great problem exists. When more 
than two elements are involved, adjust- 
ment to resonance should begin with the 
two connected directly to the feed line 
and with a constant input to the antenna. 
The length thus obtained may not cor- 
respond exactly to the calculated length. 
It is important, however, that all elements 
be of the same length to maintain balance. 
Once this measurement is determined, 
cut all elements to be used to the same 
size. The length of the phasing stubs 
must be determined by formula for the 
particular type of line used. Cut them 
slightly longer than calculation indicates. 
Effective adjustment for proper phasing 
can be made only during actual assembly. 
One additional element with its associated 
stub is added to one side of the basic 
two-element array. Next, using 2 
shorting bar, determine the point along 
the stub at which current is maximum. 
Cutting at this point makes the length of 
the stub correct. If the array is not to 
be fed at its center (with respect to all its 
elements), add one element at a time 
with its associated stub. If the array is 
balanced, add two elements at a time, 
one to either end. In either case, the 
procedure just mentioned for phasing the 
stub or stubs is repeated. After the 
addition of each new element or pair of 
elements, the entire system must be 
checked to make certain that it is tuned 
properly. If a matching stub is used 
between antenna and line, it must be 
adjusted for maximum current also, but 
only after all elements have been con- 
nected and phased properly. 


102. Broadside Arrays 


a. General Description. Physically, a broadside 
array looks like a ladder. When the array and the 
elements in it are polarized horizontally, it looks 
like an upright ladder. When the array is polar- 
ized vertically, it looks like a ladder lying on one 
side. Horizontally polarized arrays using more than 
two elements are common, since the requirement 
that the bottom of the array be an appreciable 
distance above the earth presents constructional 


problems. Compared with collinear systems, 
arrays of this kind tune sharply, and therefore, 
lose efficiency rapidly when not operated on 
the frequencies for which they are designed. The 
higher Q resulting from the lower radiation resist- 
ance is responsible for this. 

b. Gain and Directinity. 

(1) Spacing. The physical disposition of di- 
poles operated broadside to each other 
allows for much greater coupling between 
them than can occur between collinear 
elements. Moving the parallel antenna 
elements closer together or farther apart 
materially affects the actual impedance 
of the entire array and the over-all 
radiation resistance as well. ‘This critical 
effect of spacing may be seen from the 
graph of figure 161, in which the gain 
of two broadside elements is plotted 
against the spacing between them. 
Compare this with a similar graph for 
two collinear dipoles (fig. 160). Both 
curves follow the same general path, 
but the one for broadside elements is 
much sharper. For collinear elements, 
since spacing is varied between 0 and 
1.0 wavelength, there is a variation in 
gain of about 1.5 db. For broadside 
dipoles, the range of variation in gain 
is nearly 5 db over the same range of 
spacings. In addition, the optimum 
spacing as far as gain alone is concerned 
occurs at a slightly greater spacing 
than is the case for collinear dipoles, 
approximately 0.65 wavelength. How- 
ever, to simplify phasing and feeding, 
half-wave spacing generally is used. 
Less than 1 db of gain is sacrificed by 
this expedient. Where more elements 
are used, the gain sacrificed is even 
greater. However, it can be recovered 
easily since the space saved can be 
used to accommodate one or more 
additional elements. As the spacing 
between broadside elements is increased, 
the effect on the radiation pattern is to 
sharpen the major lobes. When the 
array consists of only two dipoles exactly 
a half-wavelength apart, there are no 
minor lobes at all. Increasing the dis- 
tance between the elements beyond that 
point, however, tends to throw off the 
phase relationship between the original 
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current in one element and the current 
induced in it by the other element. The 
result is that, although the major lobes 
are sharpened, minor lobes are introduced 
even with two elements. These, how- 
ever, are not large enough to be of 


consequence. 
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Figure 161. Spacing and gain, broadside elements. 


(2) Number of elements. The increase in 


gain of a broadside array as more 
elements are added is-marked as com- 
pared to the increase with a collinear 
system. Reduced radiation resistance 
resulting from the efficient coupling 
between dipoles accounts for most of 
this. However, certain practical factors 
limit the number of elements that 
may be used. The constructional prob- 
lem increases with the number of ele- 
ments, especially when they are polarized 
horizontally (upright ladder). The fol- 
lowing chart shows the effect on gain 
by adding elements. With 3-quarter- 
wavelength spacing, the combined effects 
of optimum coupling and additional 
elements act to increase gain still fur- 
ther, and whenever more than two 
elements are used, minor lobes are 
developed regardless of the spacing. 
These lobes are greater than those 
developed by collinear arrays using 
the same number of elements. 
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(3) Radiation patterns. A representative pat- 
tern for a broadside array with four 
elements is shown in figure 154. The 
pattern is taken in free space in the 
plane perpendicular to the elements. 
Since the elements are vertical, the 
characteristic broadside pattern is devel- 
oped horizontally; the vertical pattern 
is that of the ordinary half-wave antenna, 
The characteristic pattern varies slightly 
from the illustrated free-space pattern 
when the elements are horizontal or 
stacked. This variation is a function 
of ground reflection. The resulting pat- 
tern can be developed by applying the 
reflection factor discussed in paragraph 
58. For this purpose, the height above 
the earth of the center element, (or the 
average height of the entire array) is 
considered to be the height from ground. 
The resultant low angle of radiation is 
a feature of this type of polarization. 

c. Variations. When an antenna system con- 
sists of purely broadside, in-phase elements, 
there is little difference between one and another 
aside from the number of elements and _ the 
spacing, both of which have been discussed, and 
the means of feeding. The lazy H, Sterba 
curtain, and Bruce array all represent systems 
using collinear as well as broadside elements. 
There is also a popular four-element arrangement 
combining broadside with end-fire elements. 

d. Phasing and Feeding. 

(1) Phasing. 

(a) One frequently used means of supplying 
currents in the same phase to broadside 
elements is shown in figure 162. In 
A, the feed line is connected directly to 
the center of the phasing section 
(vertical) between the dipoles. Con- 
sider that leg of the vertical section 
connected directly to the dipoles and 
its associated side of the feed line. 


The two halves of this side of the 
section are parallel with respect to the 
feed point. Current traveling up this 
side of the feed line continues to move 
in exactly the same phase up one 
side of the section and down the other. 
Phase reversal in either portion of 
this line occurs at exactly the same 
distance away from the point of feed. 
Electrically, the driven elements are 
merely series extensions of these ex- 
actly phased portions of line. There- 
fore, current in them must be also 
in the same phase. 


(b) Although the elements are represented 


as being exactly a half-wavelength 
apart, this need not be considered a rule 
when only two sections are involved. 
If the feed is introduced at the exact 
midpoint, correct phase is maintained 
regardless of the length of the phasing 
line. Advantage then may be taken 
of the larger optimum spacing, as indi- 
cated in the graph of figure 161. In 
B (fig. 162), where the array consists 
of more than two elements, adherence 
to half-wavelength spacing becomes 
necessary. The phasing of the two 
center dipoles is the same as in A. 
However, current traveling up the 
half-wavelength phasing section feed- 
ing the upper dipole undergoes a half- 
cycle of phase reversal. At the point 
where the section joins the top element, 
the current is 180° different from the 
desired phase. Connecting the ele- 
ment to the opposite side of the line, 
however, puts it exactly in the correct 
phase. The bottom element is driven 
in the same way. For the sake of 
clarity in showing the connections, the 
top and bottom dipoles have been made 
to appear slightly out of line with 
respect to the two in the center. In 
practice this is not. necessary. The 
phasing lines may be transposed or 
dressed to accommodate the position- 
ing of the dipoles. Here, spacings 
greater than a half-wavelength are not 
possible since the phasing lines must 
be exactly that long. 


(c) Energy also can be introduced at the 


junction between the feed line (or 
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Figure 162. Phasing broadside arrays, first method. 


matching device) and one of the ele- 
ments (A of fig. 163). Current phase 
in the lower element, shown by the 
arrow, is determined by the feed. At 
the other end of the vertical phasing 
line (180° or 1 half-wavelength away), 
the upper dipole is connected to the 
opposite side of the line. Phase re- 
versal in the line is canceled out, and 
the elements are kept in the same phase 
as desired. In B, phase is established 
for the upper element in the same way 
as for the upper dipole in A. The 
center dipole in B is connected just as 
is the lower elementin A. The bottom 
element in B is connected and phased 
exactly as is the top dipole in the same 
array. Since they are exactly 1 wave- 
length apart, and exactly the same 
distance from the point of feed, they 
must be in the same phase. When 
three or any other odd number of 
broadside elements is used, this method 
of applying signal to the center of the 
array is desirable because it makes for 
better balance. If more elements are 
added to either side of the array, they 
are connected to alternating sides of 
the phasing line. In this way, every 
even dipole is connected to one side 
of the phasing line; every odd dipole is 


189 


> 


Tm 666-167 


Figure 163. Phasing broadside arrays, second method. 


connected to the other side. The same 
spacing restrictions are applied. 


(d) The widely used method of feeding a 
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half-wave dipole at its current loop 
(center of the dipole) also can be ap- 
plied to the broadside array. In A of 
figure 164, the elements are a pair of 
dipoles, fed at their center points, and 
connected in parallel. At any spacing 
the elements are always in phase pro- 
vided that energy is introduced at the 
center of the line between them. If 
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additional elements are added to this 
basic arrangement, the array assumes 
the appearance shown in C, and the 
extreme dipoles must be connected to 
that side of the phasing section which 
is opposite to the side feeding the cen- 
ter elements. Another method for 
center-feeding the elements is shown in 
B. Energy is introduced to one of the 
extreme dipoles as though it were an 
ordinary, center-fed, half-wavelength 
section. All additional elements are 
joined at their centers to the continu- 
ous phasing line; the sides of the feed- 
ing line to which the respective halves 
of the elements connect are alternated 
throughout. The half-wavelength 
spacing restriction limits all of the ar- 
rays shown here just as it limits all of 
the multielement broadside arrays 
presented up to this point. 


(e) When space permits, full advantage of 


the gain attainable with 0.6- to 0.7- 
wavelength spacing can be taken. 
Phasing sections a full wavelength long 
are inserted between one dipole and 
another. These connecting lengths are 
bent or dressed as shown in figure 165, 
or in some similar fashion. The space 
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Figure i64. Phasing broadside elements, third method. 


between elements in this example is 3 
quarter-wavelengths. Current moving 
in any phasing section undergoes a 
full, 360° cycle of change so that it is 
fed to an element at the same phase 
point. With full-wave connecting 
lengths, all dipoles connect to the same 
side of the line. Any spacing up to 1 
wavelength is made possible by this 
method. The feed line or matching 
device usually is connected where the 
phasing section joins an element. 


case where the transmission line is intro- 
duced at the end of one element, the im- 
pedance is approximately 1,000 ohms, 
When the transmission line is introduced 
as shown in A of figure 164, the input im- 
pedance is about 3,000 ohms. Where 
more elements are used with open-wire 
line as in C, the input impedance is 
about 1,500 ohms. Matching to the in- 
put of broadside arrays has to be worked 
out for individual cases. 


Feeding at the center section gives the 103. End-fire Arrays 
best balance. 
a. General Description. 
(1) In appearance, an end-fire system does 


not look very different from a broadside 
array, the ladder-like appearance being 
characteristic of both. The currents in 
the elements, however, are 180° out of 
phase with each other. Because the 
plane in which the maximum radiation 
develops is in the plane of the elements, 
however, a vertically stacked arrange- 
ment is not likely to be operating as an 
end-fire array. Instead, the end-fire 
array is more likely to be constructed like 
a ladder lying on its side (elements 
vertical) or like one lying flat (elements 
horizontal). Moreover, the dipoles in 
an end-fire system are closer together 
(eighth-wavelength to quarter-wave- 
length spacing) than they are for broad- 


reco.” side radiation. 
LINE (2) Closer spacing between elements permits 
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compactness of construction. For this 

Pigure 165. Phasing broadside elements, fourth method. P : 
reason, an end-fire system is preferred 


(2) Feeding. Broadside arrays may be fed by to other types when high gain or sharp 


either resonant feeders or flat lines with 
matching devices. A two-element array 
phased by the resonant feeders presents 
an impedance of less than 100 ohms at 
the point of feed. Although the phas- 
ing line between the elements may be 
longer than a half-wavelength, it is only 
with an exact half-wavelength that the 
feed impedance is purely resistive. With 
other lengths, there is a reactive compo- 
nent that must be tuned out. When an 
array phased in this manner has four 
elements (B of fig. 162), the impedance 
at the point of input is about 250 ohms 
with open-wire phasing line. In any 


directivity is desired in a confined space. 
However, the close coupling creates 
certain disadvantages. Radiation re- 
sistance is extremely low, sometimes in 
the order of 10 ohms, making the 
possibility of antenna losses greater. 
Furthermore, this lower resistance is 
responsible for a higher Q, with the result 
that end-fire antennas are narrowly tuned 
affairs. This confines the array closely 
to a single frequency and introduces the 
danger of detuning with changes in 
climatic or atmospheric conditions. 


(3) The major lobe or lobes occur along the 


axis of the array. The pattern is sharper 
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Figure 166. Spacing, gain, and radiation resistance with end-fire elements. 


in the plane which is at right angles to 
the plane containing the elements. If 
the elements are not exact half-wave- 
length dipoles, operation is not affected 
materially. However, the required bal- 
ance of phase relationships and critical 
feeding makes it important that the 
array be symmetrical. Folded dipoles 
are used frequently because the im- 
pedance at their terminals is higher. 
This is an effective way of reducing Q and 
avoiding excessive antenna losses. 
Another expedient to reduce losses is the 
use of tubular elements of wide diameter. 


b. Gain and Directinty. 
(1) The gain available from a pair of dipoles 
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phased 180° apart at different spacings 
is graphed in A of figure 166. A com- 
parison with a similar graph for the same 
pair of elements operated in phase, or as 
a broadside array (fig. 161) shows an 
inverse relationship between the two. 
This is caused by the inverse phase 
relationship. In 8, the relationship 
between spacing and radiation resistance 
is shown. 


(2) In end-fire arrays, directivity increases 


with the addition of more elements and 
with spacings approaching the optimum. 
The directive pattern for a two-element, 


bidirectional system is illustrated in 
figure 155, where A shows radiation 
along the array axis in a plane perpen- 
dicular to the dipoles, and B shows 
radiation along the array axis in the 
plane of the elements. These patterns 
were developed with 180° phase differ- 
ence between the elements. Additional 
elements introduce small, minor lobes. 


(3) With 90° phase difference in the energy 


fed to a pair of end-fire elements spaced 
approximately a quarter-wavelength 
apart, unidirectional radiation can be 
obtained. The pattern perpendicular 
to the plane of two elements is shown in 
A of figure 167. The pattern shown in B, 
taken in the same plane, is for a six- 
element array with 90° phasing between 
adjacent elements. Since both patterns 
show relative gain only, the increase in gain 
produced by the six-element array is not 
evident. End-fire arrays are the only ones 
wholly made up of driven elements that 
can be unidirectional. 


c. Variations. 


(1) End-fire elements are used frequently in 


combination with other types of elements 
to procure a particular kind of radiation 
pattern or to obtain extra gain. In figure 
168, a four-element antenna, arrows 
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Figure 167. Unidirectional end-fire arrays. 


indicate the directions in which bidirec- 
tional radiation develops. This antenna 
system can be regarded as a pair of two- 
element end-fire arrays, operating broad- 
side to each other. The two top ele- 
ments can be considered as one end-fire 
array, the bottom pair as another. The 
radiation pattern developed in the plane 
shown in A is similar to that shown in 
A of figure 155, except that the lobes are 
sharper and the entire pattern is rotated 
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Figure 188. Combination end-fire and broadside elements. 


90°. The pattern shown in C is like that 
of B, figure 155. 


(2) The dipoles in figure 168 are fed at their 


centers, the main feed line branching into 
four legs, one feeding each element. The 
top and bottom elements on the right, in 
A, are in the same phase, or broadside. 
The two elements to the left are also in 
the same phase, but they are 180° out of 
phase with the elements on the right, as 
indicated by the arrows in D. The ele- 
ments on the left are connected directly 
to the phasing section of the transmission 
line without transposition. Connections 
to the right-hand elements are trans- 
posed. Spacing between the left and 
right elements, shown a8 eighth-wave- 
length in the figure, actually can vary 
from that measurement up to a quarter- 
wavelength. Spacing between top and 
bottom elements, shown as 3 quarter- 
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wavelengths, can vary from 3 eighth- 
wavelengths to 3 quarter-wavelengths. 
Depending on spacing, gain for this 
combination array varies from about 6.5 
db to about 9 db. The 9-db gain is 
obtained with the spacing indicated in 
A. Gain for any combination of spac- 
ings is obtained by adding the gain as 
read from the graph of figure 161 for the 
broadside spacing used to the reading 
from the graph of A of figure 166, for the 
end-fire spacing used. 

Phasing and Feeding. 

(1) Phasing. 

(a) Principal methods of operating parallel 
elements 180° out of phase are shown 
in figure 169. The method shown in 
A is acceptable when spacing is no 
more than an_ eighth-wavelength. 
Here, either side of the single-leg 
phasing section is no greater than a 
sixteenth-wavelength, and very little 
radiation takes place from these short 
lengths. The methods used in B and 
C appear similar to broadside phasing 
techniques. Two fundamental differ- 
ences, however, account for the 180° 
phase difference here as contrasted to 
to the in-phase relationship of broad- 
side elements. The phasing sections 
and spacing are always considerably 
less than a half-wavelength, and the 
point of feed can be different. The 
arrows indicate the direction of current 
flow at a given instant. In D, a 
method for center-feeding many ele- 
ments is shown. Whatever the spac- 
ing between elements, the lengths of 
the phasing lines between one element 
and the next must be exactly 1 half- 
wavelength to maintain the phase 
difference desired. Energy always 
must be applied at the junction of the 
phasing line with one of the elements. 

(6) Phasing of unidirectional end-fire arrays 
requires a 90° difference and must be 
arranged in a different manner. 
Quarter-wavelengths of phasing line 
can be used to provide the quarter- 
cycle phase difference required. 
Another popular method for a two- 
element array involves two separate 
transmission lines, one for each ele- 
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Figure 169. Phasing end-fire elements. 


ment. The transmission lines are 
matched individually to the elements, 
and one of the lines is exactly a quarter- 
wavelength shorter or longer to produce 
the desired phase relationship. Both 
lines are of the same type and are fed 
simultaneously from a coupling circuit 
at the transmitter. The advantage of 
this method is that it provides control 
at the transmitter of the amount of 
current fed to each element. In this 
mode of operation, mutual coupling is 
not the same for both elements, with 


the result that each has a different 
radiation resistance. 


(2) Feeding. With eighth-wavelength spacing 


of center-fed elements, radiation resist- 
ance falls as low as 8 ohms, and the 
standing-wave ratio becomes very high. 
The ratio can be in the order of 30 to 1 or 
higher, and this accounts for the critical 
tuning of such arrays. If the array is 
reasonably close to the transmitter, a 
tuned, open-wire line can be used, but 
when longer transmission lines are used, 
they should be matched carefully at the 
operating frequency to reduce the high 
standing wave ratio (SWR). Folded 
dipoles as end-fire elements are used to 
take advantage of the higher impedance 
at their terminals. The folded elements 
are fed and matched individually through 
quarter-wave stubs to increase impedance 
still further. It then is possible to reduce 
the SWR to no more than 2 to 1. 


wires carrying in-phase currents results in 
an increase in gain of slightly more than 
1 db over the gain of the basic collinear 
array with two half-wave dipoles. Un- 
desired radiation is small from the 
center of the array in which current flows 
in the opposite direction, because of the 
short sections of wire used (0.64 minus 
0.5 is only 0.14 wavelength). 


(3) The radiation from this array is bidirec- 


tional in a plane containing the two 
elements. A circular radiation pattern is 
produced in a plane that is at right angles 
to the elements. 


b. Lazy-H Antenna Array. 
(1) The lazy-H antenna array consists of two 


collinear arrays connected in parallel as 
shown in 5 of figure 170. Each collinear 
array, consisting of two half-wave ele- 
ments, usually is spaced a half-wave- 
length from its neighbor. The current 
in each of the four half-wave elements is 
in phase, so that maximum radiation 


104. Other Driven Arrays occurs at right angles to the plane of 
the array. 

The lazy-H array shown in B has a gain 
of about 6 db. Although smaller spac- 
ing between the two collinear portions 
can be used, a reduction in gain results. 
Larger spacing can be used also, which 
results in a slight increase in gain; how- 
ever, the input impedance is no longer 
purely resistive as it would be with 
half-wave spacing. 

With the half-wave spacing, the input 
impedance is about 100 ohms (resistive). 
When a high input impedance is required 


— 


All of the driven arrays discussed so far have (2 
been basic collinear, broadside, and end-fire types. 
Some. special combination driven arrays are 
discussed in the following paragraphs. 
a, Extended Double-Zepp. 
(1) A of figure 170, shows a two-element 
collinear array, with wide spacing, in 
which each element is longer than a 
half-wavelength, the optimum length 
usually being 0.64 wavelength. (3) 
(2) The greater than normal spacing between 
the half-wave sections at the ends of the 
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Figure 170. Extended double-Zepp and lazy-H arrays. 
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that is also resistive, the transmission 
line is connected directly at the lower 
center insulator, and the connecting line 
to the upper elements is transposed once. 
This is required to put the currents in the 
upper elements in phase with the cur- 
rents in the lower elements. The input 
impedance then is in the vicinity of 
2,000 ohms. 

(4) The radiation pattern produced by this 
array is bidirectional in both horizontal 
and vertical planes. The beam width 
is not as broad as in the horizontal plane. 

Sterba Curtain. 

(1) The Sterba curtain, shown in A of figure 
171, consists of two collinear arrays, 
usually made up of a large number of 
elements stacked one above the other. 
The spacing between the two collinear 
arrays is a half-wavelength. 

(2) When the array is arranged as shown, 
only the horizontal elements produce 
useful radiation. The three twisted ver- 
tical sections of line do not radiate since 
one conductor of each pair carries current 
in one direction and the other conductor 
carries current in the opposite direction, 
and their fields, therefore, cancel. Also, 
the two single vertical half-wave con- 
ductors at either end of the array pro- 
duce little radiation since the current 
flow in the upper half is in the opposite 
direction to that flowing in the lower half. 

(3) Although the array shown in A consists 
of only three half-wave elements as the 
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STERBA CURTAIN A 


top section and a similar number as the 
bottom section (actually two half-wave 
elements in the center and two quarter- 
wave elements at the ends) it can be 
extended to include many more elements. 

(4) The gain of the array is increased as it 
is lengthened to include more collinear 
elements. In the array shown, the 
equivalent of three collinear elements 
provides a gain of over 3 db. To this 
must be added the gain provided by 
operating the additional set of collinear 
elements beneath the first. This pro- 
vides an additional gain of about 4 db, 
so that the total gain of the array is 
about 7 db. 

(5) When the Sterba curtain is fed as illus- 
trated, the impedance is about 600 ohms. 
This permits the use of a 600-ohm non- 
resonant two-wire line. Another com- 
mon feeding point is at the exact center 
of the lower collinear array between the 
two half-wave sections. At this point, 
the input impedance of the array is 
about 1,000 ohms. 

(6) A unique advantage of the Sterba curtain 
is that it provides a closed circuit for 
power-frequency alternating current or 
direct current. Such current sometimes 


is used to heat the elements to prevent 

ice formation. 

d. Bruce Array. 

(1) The Bruce array consists of a single wire 
folded as shown in B of figure 171. All 
vertical and horizontal lengths are a 


TRANSMISSION 
LINE 


al, 


BRUCE ARRAY B 


TM 666-175 


Figure 171. Sterba curtain and Bruce array. 


quarter-wavelength with the exception 
of two at the ends of the array which are 
only 1 eighth-wavelength. 


(2) The distance from the extreme left end 


of the array to point 1 represents a total 
distance of a half-wavelength (an eighth- 
wavelength plus a quarter-wavelength 
plus an eighth-wavelength). In this 
section of the array, current flows in the 
direction toward point 1 which is indi- 
cated by the current wave and the small 
arrows. In the next half-wave section, 
between points 1 and 2, a current re- 
versal occurs. The current now flows 
from point 2 toward point 1. In the next 
half-wave section, between points 2 and 
3, another current reversal occurs. The 
current now flows from point 2 to point 3. 
This portion of the array is unfolded in 
the dotted view so that the directions of 
current flow are made clear. Similar 
reversals occur throughout the length of 
the array. 


(3) Because of the folding of the wire, the 


direction of current flow is the same (that 
is, down) in each of the six vertical 
quarter-wave sections comprising the 
antenna. On the other hand, half of the 
small amount of current that flows in the 
horizontal sections of the array flows in 
one direction and half flows in the oppo- 
site direction. 


(4) As a result of the current distribution de- 


scribed above, the radiation produced by 
the vertical sections adds _ together, 
whereas the radiation produced by the 
horizontal sections is canceled out. Con- 
sequently, strong vertically polarized 
radiation results. 


(5) The Bruce array functions are similar to 


those of a simple broadside array made 
up of six vertical elements. However, 
since the vertical elements are only a 
quarter-wavelength instead of the usual 
half-wavelength, considerably less gain 
is obtained than from an ordinary six- 
element broadside array. As a result, 
the array must be made at least several 
wavelengths in order to produce a worth- 
while gain. The Bruce array usually is 
fed at a current loop as in the illustration. 


of two pairs of collinear elements, each a 
half-wavelength, mounted in a horizontal 
plane and separated from each other by 
1 quarter- to 1 eighth-wavelength. Be- 
cause of the transposed transmission line 
connecting these pairs, the direction of 
current flow in one pair of collinear 
elements is opposite to that in the other 
pair. This is indicated by the small 
arrows in A. The array is not only 
collinear but is also end-fire, as indicated 
by the two large arrows which represent 
the directions of maximum radiation. 
These directions are in the plane of the 
elements. 
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Figure 172. Flat-top array. 


(2) The gain of the array shown is under 6 db 


when 1-quarter-wavelength spacing is 
used. With eighth-wave spacing, the 
gain increases slightly. The radiation 
pattern produced by this array is bi- 
directional in both horizontal and vertical 
planes. The beam width is narrower in 


e. Flat-Top Array. 
(1) The flat-top array (A of fig. 172) consists 


the horizontal plane, as shown by the 
solid radiation pattern in B. 
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(3) The input impedance of the array is 


several thousand ohms. Therefore, reso- 
nant feeders generally are used. If a 
nonresonant line is to be used, a matching 
is required and the feeder must be con- 
nected properly on the matching section. 


(4) The flat-top array can be constructed also 


of two half-wave elements instead of four. 
Here the array is not collinear, but is 
merely a close-spaced end-fire array. The 
gain is about 3 to 4 db and the input 
impedance is a low value. 


Section lil. PARASITIC ARRAYS 


105. Parasitic Elements 
a. General. 


(1) Parasitic arrays represent another method 


of achieving high antenna gains. A par- 
asitic array consists of one or more para- 
sitic elements placed in parallel with each 
other and, in most cases, in the same 
line-of-sight level. The parasitic ele- 
ment is fed inductively by radiated 
energy coming from the driven element 
connected to the transmitter. It is in 
no way connected directly to the driven 
element. 


(2) When the parasitic element is placed so 


that radiation is in the direction shown 
in A of figure 173, the element is a 
director. When the parasitic element is 
placed so that radiation is in the direction 
shown in B, the element is a reflector. 


(3) The directivity pattern resulting from the 


action of parasitic elements depends on 
two factors. These are the tuning, 
determined by the length of the parasitic 
element and the spacing between the 
parasitic and driven elements. To a 
lesser degree, it also depends on the 
diameter of the parasitic element, since 
diameter has an effect on tuning. 


b. Operation. 
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(1) When a parasitic element is placed a 


fraction of a wavelength away from the 
driven element and is of approximately 
resonant length, it will reradiate the 
radiated energy it intercepts. The par- 
asitic element is effectively a tuned 
circuit coupled to the driven element 
much as the two windings of a trans- 
former are coupled together. The radi- 
ated energy from the driven element 
causes a voltage to be developed in the 
parasitic element which, in turn, sets up 
a magnetic field. This magnetic field 
extends over to the driven element, 


which then has a voltage induced in it. 
The magnitude and phase of the induced 
voltage depend on the length of the 
parasitic element and the spacing be- 
tween the elements. In actual practice, 
the length and spacing are arranged so 
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Figure 178. Position of the director and reflector with reference 


to the driven element. 


that the phase and magnitude of the 
induced voltage cause a unidirectional, 
horizontal radiation pattern, with an 
increase in gain. 


(2) In the parasitic array in B of figure 173, 


the reflector and driven elements are 
spaced a quarter-wavelength apart. The 
radiated signal coming from the driven 
element strikes the reflector after a 
quarter-cycle. The voltage developed in 


the reflector is 180° out of phase with the 
driven element voltage. The magnetic 
field set up by the reflector induces a 
voltage in the driven element a quarter 
of a cycle later, since the spacing between 
the elements is a quarter-wavelength. 
The induced voltage is in phase with the 
driven element voltage, causing an in- 
crease in voltage in the direction of the 
radiated signal indicated. This forms 
the horizontal pattern in B of figure 174. 


(3) Because the voltage induced in the para-. 


sitic element is 180° out of phase with 
the signal produced by the driven ele- 
ment, there is a substantial reduction in 
signal strength behind the reflector. In 
practice, since the magnitude of an in- 
duced voltage never quite equals that of 
the inducing voltage even in very closely 
coupled circuits, the energy in the minor 
lobe is not reduced to zero. In addition, 
very little radiation is produced in the 
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direction at right angles to the plane of 
the elements. 

It can be shown also that when the para- 
sitic element is a director, the horizontal 
and vertical radiation patterns will be 
as in A, figure 174. 

The radiation patterns shown have several 
advantages and disadvantages. The two 
main advantages of a parasitic array are 
increased gain and unidirectivity. There 
is a reduction of transmitted energy in 
all but the desired direction. This makes 
the parasitic array useful in antenna 
systems that can be rotated to a given 
direction. These are known as rotary 
arrays. Size for size, the gain and 
directivity of a parasitic array are 
greater than for a driven array. The 
disadvantages of these arrays are that 
their adjustment is critical and they do 
not operate over a wide frequency range. 
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Figure 174. Patterns obtained using a parasitic element. 
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c. Relative Power Gain. 


(1) Figure 175 is a graph of the relative power 


gain for various element spacings. The 
curve was plotted under the special con- 
dition that both elements are a half- 
wavelength long. The dotted curve 
shows the power gain when a reflector 
is used as the parasitic element. The 
zero reference line shows the power gain 
from the driven element alone. 


MAXIMUM 
POWER 


(3) The gain of a parasitic array depends on 


the length of the parasitic element as 
well as the spacing between elements. 
Figure 176 shows the gain when the 
length of the parasitic element is ad- 
justed to obtain the most possible gain 
at any given spacing. There is, then, 
an increase in gain at any spacing be- 
tween elements. 
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Figure 176. Relative gains of a parasitic array for various 
spacing between elements when the parasitic element is 
adjusted for greatest gain. 
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(4) In figure 176, it can be seen that the maxi- 
mum gain with a director is almost 6 db 
at a spacing of slightly more than 0.1 
wavelength. With a reflector, the maxi- 
mum gain is 5.5 db at a spacing of 0.15 
wavelength. The same power gain is 
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Figure 178. Relative gain for various spacings between 
elements. 


(2) From the curves, it is seen that when the 


director is placed about 0.1 wavelength, 
or when the reflector is placed about 0.2 
wavelength from the driven element there 
is power gain of 3 to 4. db. The curves 
also show that the director provides a 
greater power gain with less spacing be- 
tween elements than does a reflector. 
However, the curves show that the gain 
does not change as rapidly when the 
spacing of a reflector is changed. Con- 
sequently, with only a single parasitic 
element the reflector is used, since its 
spacing is not so critical. 


obtained when the director is placed 0.15 
wavelength from the driven element. 
Comparison of figures 175 and 176 indi- 
cates that more gain is obtained at any 
spacing when the length of the parasitic 
element is changed by tuning. 


d. Front-to-Back Ratio. 
(1) The front-to-back ratio of an array is the 


proportion of energy radiated in the 
principle direction of radiation (or re- 
ception) to the energy radiated (or re- 
ceived) in the opposite direction. It is 
desirable to have a high value of front-to- 


back ratio because this means that the 
minimum amount of energy is radiated 
in the undesired direction. Since it is 
impossible to suppress all such radiation 
completely, an infinite ratio cannot be 
achieved, but rather high values can be 
attained in practice. It is usual to 
adjust the length and spacing of the 
parasitic element so that a maximum 
front-to-back ratio is obtained rather 
than maximum gain in the desired direc- 
tion. 


(2) In general, as the length of the parasitic 


element is reduced from a_half-wave- 
length, it has a greater capacitive react- 
ance. As the length is increased from a 
half-wavelength, it has a greater induc- 
tive reactance. The variation of the 
front-to-back ratio for different reactance 
values of parasitic elements is shown in 
figure 177. Here the front direction is 
assumed to be in a line from the parasitic 
element to the driven element. The 
spacing between elements in this partic- 
ular case is held constant at 0.1 wave- 
length. At all negative reactance values 
(capacitive reactance) and at low values 
of positive reactance up to about +8 
ohms, the parasitic element acts as a 
director with this value of spacing. When 
the inductive reactance increases beyond 
+8 ohms, as the parasitic element length 
is increased, this element acts as a re- 
flector and the front-to-back ratio is 0.5. 
When the length of the parasitic element 
equals that of the driven element—that 
is, when both are tuned to the resonant 
frequency—the parasitic element is purely 
resistive and its reactance is zero. The 
parasitic element then behaves as a direc- 
tor and only half as much energy is 
radiated from the parasitic element 
toward the driven element as is radiated 
in the opposite direction. When the 
reactance of the parasitic element is +8 
ohms, the front-to-back ratio is 1. This 
means that there is equal radiation in 
both directions and the parasitic element 
behaves neither as a director nor as a 
reflector. 


(3) Tuning a parasitic element for a maxi- 


mum front-to-back ratio does not mean, 
necessarily, that the array provides a 


FRONT -TO-BACK RATIO 


maximum power gain. With the director 
that is tuned for maximum power gain 
(6 db, fig. 176), the resonant length of 
the director can be changed by experi- 
menting so that the front-to-back ratio 
is increased 10 times with a reduction in 
the power gain of less than 1 db. 
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Figure 177. The fronj-to-back ratio of a parasitic array with 


varying reactance of the parasitic element. 


e. Radiation Resistance. 


(1) The elements of a parasitic array must 


be spaced a fraction of a wavelength 
from each other to obtain high power 
gain and high front-to-back ratio. When 
this is done, however, the radiation re- 
sistance of the driven element is altered 
considerably. The closer the spacing 
between elements, the smaller the radia- 
tion resistance becomes; the greater the 
spacing, the larger the radiation resist- 
ance (approaching the free-space value). 
The resulting low values of radiation 
resistance in parasitic arrays have sev- 
eral effects, not only limiting the number 
and type of feeding systems that can be 
used, but also reducing the radiation 
efficiency of the array. 


(2) The reason for the low values of radiation 


resistance in parasitic arrays is explained 
as follows: Since both elements are 
placed extremely close to one another, 
the voltage induced back in the driven 
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element as a result of the parasitic ele- 72 
ment is almost equal in magnitude to the 
original driven element voltage. Since 
these voltages are out of phase with each 
other, a cancelation effect exists at the 
driven element. This reduces the voltage 
at the driven element which, therefore, 
causes a reduction in its feed-point re- 
sistance with the same input power. The 
closer the elements, the greater is the 
cancelation effect, and the lower is the 
radiation resistance. 

(3) The manner in which radiation resistance 
varies with different element spacings is 
shown in figure 178, where both driven 
and parasitic elements are resonant. 
Note from the curve that the radiation 
resistance increases as either the reflector 
or the director is moved farther away 
from the driven element. The lowest 
radiation resistance is slightly greater 
than about 8 ohms when the elements 
are very close together. For spacings as 
great as 0.3 wavelength, when a reflector su @eaias 
° used, the radiation FESIB Lene goes a8 Figure 178. Curve showing radiation resistance al the driven 
high as 66 ohms. When a director is used element for various spacings of driven and parasitic 
at this spacing, the resistance is about elements. 

56 ohms. This indicates that larger 
radiation resistance values can be ac- 


FDIRECTOR— 
Bpaeehaeer 


ELEMENT SPACING (WAVELENGTH) 


f. Radiation Patterns. 
(1) The radiation patterns of a parasitic 
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quired when using the parasitic element 
as a reflector. 


(4) The maximum power gain with a reflector 


and a director occurs at element spacing 
of 0.2 and 0.1 wavelength, and the para- 
sitic elements are the same length as the 
driven element. At these spacings, the 
radiation resistance values with the re- 
flector and director are 36 ohms and 14 
ohms, respectively. These values are 
very small compared with a radiation re- 
sistance of about 73 ohms for the driven 
element alone. So, although the power 
gain of a parasitic array is large, the 
radiation efficiency may be low. In the 
selection of the type of array that is to be 
used for an antenna system, it first must 
be determined whether maximum power 
gain or radiation efficiency is desired. 
For maximum radiation efficiency, the 
driven array is used, and for maximum 
power gain the parasitic array is used. 


array depend on the spacing between 
elements and the length of the parasitic 
element. The reactance reflected by the 
parasitic element is a direct function of 
its length. When the parasitic element 
is longer than a half-wavelength, it be- 
haves as an inductive reactance. The 
induced parasitic voltage leads the in- 
duced current, and the parasitic phase 
angle is positive. When the parasitic 
element is shorter than a half-wavelength, 
it behaves as a capacitive reactance. 
The induced parasitic voltage lags the 
induced current, and the parasitic phase. 
angle is negative. These angles are indi- 
cated in figure 179, which shows several 
radiation patterns in the horizontal (zz) 
plane for various element spacings and 
parasitic phase angles. The power input 
to the driven element is the same in each 
case. The radiation resistance is shown 
above each pattern. 
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Figure 179. Radiation patterns of a parasitic array for various element spacings and phase angles. 


(2) At 0.15-wavelength element spacing and a 


phase angle of 0° (with parasitic element 
resonant), the radiation pattern is bi- 
directional. When the spacing is 0.15 
wavelength and the angle is +20°, the 
parasitic element acts as a reflector, but 
at a spacing of 0.15 wavelength and an 
angle of —20°, the parasitic element acts 
as a director. The diagonal dotted line 
indicates the dividing line between re- 
flector and director action. If the spac- 
ing between elements is other than 0.15 
wavelength, making the length of a para- 
sitic element shorter than a half-wave- 
length (resonant length) does not neces- 
sarily make it behave as a director, as 
shown by the pattern obtained at a spac- 
ing of 0.25 wavelength and a phase angle 
of —20°. Since the angle is negative, 


the parasitic element is shorter than its 
resonant length which ordinarily makes 
it appear as a director. However, the 
radiation pattern indicates that it ac- 
tually behaves as a reflector. 


g. Frequency Response. 
(1) As mentioned previously, the parasitic 


array has a comparatively narrow fre- 
quency range. Well outside this range, 
the effect of the parasitic element is small 
and the driven element alone controls 
the over-all characteristics. Figure 180 
shows the frequency response of a driven 
element alone contrasted with a parasitic 
array using a director and a reflector. 
The reflector curve is that obtained when 
the length of the reflector produces max- 
imum power gain with a spacing between 
elements of 0.2 wavelength. The di- 
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RELATIVE POWER GAIN (db). 


FREQUENCY RATIO (fA) 


rector curve is that obtained when the 
physical length of the director produces 
maximum power gain, with the spacing 
between elements 0.1 wavelength. The 
diameter of the elements is about 0.006 
wavelength. Ratio f,/f, is the frequency 
applied to the array compared with the 
resonant frequency of the driven element. 


(2) In the curve showing the frequency range 


of the driven element alone, a maximum 
power gain of 0 db (reference gain) is 
obtained when f,/f, equals 1; that is, 
when the frequency of the radiated signal 
equals the resonant frequency of the 
driven element. As the frequency of the 
applied signal decreases, the f,/f, ratio 
decreases, and the relative power gain 
decreases. As the frequency of the 
applied signal increases, the f,/f, ratio 
increases, and the relative power gain 
decreases. In other words, a decrease 
or an increase in the applied frequency 
causes a decrease in the power gain. 
This curve tapers off gradually as the 
frequency is changed, which indicates 
that the frequency response of the driven 
element alone is fairly broad. 


(3) Consider the reflector curve. Maximum 


power gain (+5 db) results when the 
applied frequency equals the resonant 
frequency of the driven element. How- 
ever, the power gain decreases sharply 
as the applied frequency is increased or 
decreased. Thisindicatesthe narrow fre- 
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Figure 180. Frequency coverage of a driven element contrasted with an array using a director and a reflector. 


quency response. When the applied fre- 
quency is increased by only 10 percent 
(f2/f.=1.1), the power gain drops 2 db— 
that is, from +5 to +3 db. When the 
applied frequency is decreased 10 percent 
(f,/f.==0.9), the power gain drops 4.5 db, 
from +5 to +0.5 db. At the f,/f, ratios 
of 0.88 and 1.23, there is a no-power gain 
compared with that of the driven ele- 
ment acting alone. The points where 
the driven element curve and the reflector 
curve mtersect (f,/f.=0.84 and 1.45) in- 
dicate that the same power gain results 
at this frequency ratio regardless of 
whether the reflector is used in the array. 
At all ratios lower than /,/f,=0.84, a 
greater power gain is obtained when using 
the driven element alone. 


(4) In the director curve, a similar action 


results. When /,/f, ratio equals 1, max- 
imum power gained is obtained. As the 
frequency ratio increases or decreases, 
the curve drops off rapidly, showing a 
sharp decrease in power gain. The direc- 
tor curve tapers off much more rapidly 
for ratios greater than 1 compared to the 
reflector curve. With ratios less than 1, 
the curve tapers off slightly less rapidly 
than the reflector curve. Therefore, the 
frequency response of the array with a 
director is very much narrower than that 
of the array with a reflector. 


106. Multiparasitic Arrays 


a. A multiparasitic array is one which contains 
two or more parasitic elements with the driven ele- 
ment. Ifthe array contains two parasitic elements 
(a driven element, a reflector, and a director), it 
usually is known as a three-element beam. If three 
parasitic elements are used, the array then is 
known as a four-element beam, and so on. Gen- 
erally speaking, if more parasitic elements are 
added to a three-element beam, each added ele- 
ment is a director. For example, a five-element 
beam contains one driven element, one reflector, 
and three directors. Most parasitic arrays do not 
use a greater number of elements than this. 

b. The parasitic elements of a multiparasitic 
array usually are positioned as shown in figure 181. 
A shows a three-element beam, B a four-element 
beam, and C a five-element beam. Although the 
spacing between elements is typical of those nor- 
mally encountered, many variations may be found. 
Frequently, the best spacings are found experi- 
mentally. In a three-element beam, the director 
usually is made slightly shorter and the reflector 
is made slightly longer than the driven element. 
The length ofthe second director in a four-element 
beam usually is shorter than the one nearest the 
driven element, and each additional director is 
made shorter than the previous one. A folded 
dipole can be used as the driven element to obtain 
greater values of radiation resistance. 

c. The reason for using a multiparasitic array is 
to obtain greater power gain and unidirectivity. 
In addition, a larger front-to-back ratio can be ob- 
tained with proper parasitic tuning. In general, 
the more parasitic elements used, the greater is the 
power gain. However, a greater number of such 
elements causes the array to have a narrower 
frequency response characteristic and become 
critical to adjust. The gain of parasitic array 
does not increase directly with the number of 
elements used. For example, the three-element 
beam shown in the figure has a relative power gain 
of 5db. Adding another director results in only a 
2-db increase, or a total gain of about 7 db. If 
another director is added to the array, an increase 
of less than 1 db results, making the total gain less 
than 8 db. It is seen that the director closest to 
the driven element has the greatest effect on the 


gain; the one farthest away has the least effect. 
Consequently, as more directors are added, the 
effect on radiation resistance becomes smaller and 
smaller. Regardless of how many directors are 
added to the array, only a single reflector is used, 
because very little radiation goes behind this 
reflector. 
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Figure 181. Examples of spacing between elements of multi- 
parasitic arrays. 


d. When there are two or more parasitic ele- 
ments in a multiparasitic array, it sometimes is 
referred to as a yagi array. A typical yagi array 
used for receiving and transmitting radio energy 
is shown in figure 182. This antenna, used by the 
military services, operates at frequencies from 12 to 
50 mc and consists of two separate yagi arrays 
mounted on one frame (one high-frequency and 
one low-frequency antenna array.) The various 
elements are indicated in the figure. The high- 
frequency array consists of one reflector, one 
driven element and two directors; the low-fre- 
quency array has the same arrangement with one 
less director. The lengths of the elements in the 
high-frequency array are shorter than those in the 
low-frequency array. The physical lengths of the 
elements in the individual arrays are equal, but 
the electrical lengths can be varied by means of 
the tuning stubs at the center of the elements. 
The array can be rotated in any desired direction 
by a remotely controlled, electrically driven, an- 
tenna rotator. Some of the characteristics of this 
array are given in the chart below. 
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Number 


Range of ele: pang Rated Feeding of driven element 
I-f_....- 3 7db | 25db | 52- to 600-ohm trans- 
mission line fed 
directly to T-match- 
ing section of driven 

element. 
h-f_.__- 4 9 db 30 db | 52- to 600-ohm trans- 


mission line using 
inductive. coupling 
to driven element. 


(2) A simple field intensity meter or high- 
input impedance vacuum-tube voltmeter 
may be used as the adjustment indicator. 

(3) No transmitter adjustments are necessary. 

(4) The r-f voltage induced in the antenna 
elements is of such low magnitude that 
the elements, including stubs and T- 
match sections, may be touched and 
handled without endangering personnel 
with r-f burns. 

(5) Fewer personnel are needed to make the 
adjustments. 


Figure 182. A typical parasitic array used for receiving and transmitting. 


107. Tuning, Adjusting, and Feeding 


a. There are many methods of tuning and 
adjusting parasitic arrays. Regardless of which 
method is used, and whether it is to be used for 
transmitting or receiving, the perasitic array 
usually is set up as a receiving array when it is 
adjusted. Some of the reasons for doing this are 
given below. 

(1) The parasitic array is immersed in a 
radiated field of constant intensity which, 
in turn, gives truer indications. 


b. In many instances, the elements of a para- 
sitic array contain telescopic sections which permit 
the physical length of the elements to be length- 
ened or shortened. It is customary first to adjust 
physical lengths approximately before attempting 
final adjustments. The following formulas can be 
used: 


length (in feet) of driven clement="— 
length (in feet) of reflector="— 


length (in feet) of director=“> 


where f is in megacycles in all cases. As an exam- 
ple, if a three-element beam is to operate at a 
frequency of 100 mc, the approximate physical 
lengths of its driven element, reflector, and di- 
rector, respectively, are 468/100 or 4.68 feet, 492/ 
100 or 4.9 feet, and 450/100 or 4.5 feet. 

ce. The method by which the driven element of a 
parasitic array is fed determines the method used 
in adjusting it. 

d. A typical arrangement used for tuning and 
adjusting the elements of a four-element beam is 
shown in figure 183. A half-wave exciting dipole 
is fed by a low-power transmitter. This dipole 
radiates energy to the parasitic array. The power 
output of the transmitter must be held constant 
during the procedure. The spacing between the 
parasitic array and the exciting dipole is 2 or more 
wavelengths. The driven element of the parasitic 
array is connected through a 600-ohm balanced 
line to a field intensity meter or a high-impedance 
vacuum-tube voltmeter by means of a T-matching 
section. These meters need not be calibrated, 
since only relative values of r-f voltage are required 
to be measured. The lengths of all of the elements 
are adjusted electrically (tuned) by the adjustable 


tuning stubs. 


e. The method and points to remember in tuning 
and sdjusting the array are as follows: 

(1) The height of the array should be a rea- 
sonable distance from the ground so that 
the element adjustments may be made 
conveniently. Very large arrays should 
be placed as much as 10 to 12 feet off the 
ground. In this case, the adjustments 
can be reached by a ladder. 

(2) The height of the exciting array must be 
the same as the parasitic array so that a 
constant large amount of radiated energy 
may be received by the array. 

(3) The low-power transmitter must be as 
close to the exciting dipole as possible. 
This means that the transmission line 
connecting the two must be as short as 
possible. In this way, it is less likely 
that the parasitic array will pick up radi- 
ation from the transmission line or from 
the transmitter directly. 

(4) The spacing between the exciting dipole 
and parasitic array must be 2 or more 
wavelengths for the reason given above. 
If the distance is made too great, on the 
other hand, the parasitic array might not 
pick up sufficient energy to actuate the 
meter. 
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Figure 188. Typical arrangement for tuning and adjusting a four-element beam. 
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(5) The T-matching section and the tuning 
stub of the driven element are adjusted 
for a maximum meter reading, and the 
stub of the director element closest to the 
driven element is adjusted for maximum 
meter reading. The stub of director No. 
2 then is adjusted for a maximum reading. 


(6) The antenna is rotated 180° so that the 
reflector element is closest to the exciting 
dipole. The stub of the reflector then is 
adjusted for a minimum meter reading, 
to insure that the reflector produces a 
maximum attenuation in the unwanted 
direction of radiation. 


Section IV. SUMMARY AND REVIEW QUESTIONS 


108. Summary 


a. An array is a combination of half-wave ele- 
ments operating together as a single antenna. 
Arrays provide more gain and greater directivity 
than single-element antennas. 

b. In a driven array, all elements derive their 
power directly from the source. In a parasitic 
array, one or more (parasitic) elements derive 
power by coupling from another element or other 
elements. 

c. Arrays can be bidirectional or. unidirectional. 
A bidirectional array radiates. equally in two 
opposing directions along a line of maximum 
radiation. A unidirectional array radiates well 
in a single direction. 

d, The elements in a collinear array lie in the 
same straight line, and maximum radiation occurs 
at right angles to this line. The currents in all 
elements must be in the same phase. 

e. The elements in a broadside array are all 
parallel and in the same plane. Maximum radia- 
tion develops in the plane at right angles to the 
plane of the elements. The currents in all ele- 
ments are in the same phase. 

f. The elements in an end-fire array also are 
parallel to each other and in the same plane, but 
maximum radiation occurs along the axis of 
the array. Currents in adjacent elements are 
never in the same phase. A 180° phase difference 
from element to element is most common and 
produces bidirectional radiation. A 90° phase 
difference results in a unidirectional pattern. 

g. At points distant from the array, radiation 
is either stronger or weaker than from a single 
element, depending on the direction of the point 
with respect to the array. At some angles, com- 
bined radiation from the various elements results 
in reinforcement; at other angles, combined 
radiation results in cancelation. The degree of 
cancelation of reinforcement is a function of the 
relative phase of radiation from different elements 
combining in space. 
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h. Matching stubs or sections are used between 
elements to maintain current in the desired phase. 

i. The impedence of an antenna element acting 
alone (selfimpedance) differs from its impedance 
when it is acting with other elements in an array. 
Mutual impedance accounts for the difference 
between these two. 

j. When collinear elements are a half-wave- 
length, the length of the stub between them is a 
quarter-wavelength. When the elements are 
longer, the length of the stubs is reduced cor- 
respondingly. In any one array, all elements 
must be of the same length. 

k. The gain of a collinear array depends on the 
number of elements used and the space between 
elements. Gain is greatest when this spacing 
is 0.4 to 0.5 wavelength. Gain also increases as 
the number of elements is increased. 

l. Collinear antennas can be fed adequately 
by resonant lines. Feed usually is introduced 
at a point between the ends of two elements, 
where the impedance is in the order of 1,500 ohms. 
Feed also can be introduced at the center of one 
of the elements. For best balance, the trans- 
mission line is introduced at the center of the 
array. 

m. Optimum gain is obtained from broadside 
arrays when the elements are spaced 0.65 wave- 
length apart. However, half-wave spacing, which 
provides good gain, simplifies phasing. 

n. When a broadside array is stacked vertically, 
height requirements usually limit the number of 
elements used; when the dipoles are vertical, 
more than six elements rarely are used. 

o. There are two principal means for bringing 
currents into broadside elements in the same 
phase. When the phasing line between dipoles 
is a half-wavelength, alternate elements are con- 
nected to opposite sides of the line. When the 
lengths are 1 wavelength, all elements are con- 
nected to similar sides of the line. 


p. The optimum spacing between end-fire 
elements is an eight-wavelength. 

q. The radiation resistance of end-fire arrays is 
very low. 

r. Radiation resistance can be increased and 
feeding can be simplified by the use of folded 
dipoles and impedance step-up matching devices. 

s. The extended double-Zepp antenna consists 
of a two-element collinear array in which the 
length of each element is somewhat longer than 
a half-wavelength. 

t. The lazy-H antenna array consists of two 
collinear arrays connected in parallel and spaced 
a half-wavelength apart in the vertical plane. 

u. The Sterba curtain consists of two collinear 
arrays, usually made up of a large number of 
elements, stacked one above the other at a spac- 
ing of a half-wavelength. The form of the array 
is such that a closed loop is formed by the con- 
ductors making up the array. 

v. The Bruce array consists of a single wire 
folded into horizontal and vertical quarter-wave 
sections. 

w. The flat-top array consists of two pairs of 
collinear elements, mounted in a horizontal plane 
and separated from each other by a small spacing 
(approximately an eighth- to a quarter-wave- 
length). 

z. A parasitic array consists of one or more 
parasitic elements along with a driven element. 

y. The director usually is made shorter and the 
reflector usually is made longer than the driven 
element to obtain a large power gain. 

z. The amount of power gain and directivity 
of a parasitic array depends on the lengths of the 
parasitic elements and the spacing between 
elements. 

aa. When the length of a parasitic element 
equals that of the driven element, a maximum 
power gain exists when the parasitic element is 
used as a director and is placed 0.1 wavelength 
from the driven element, or when it is used as a 
reflector and placed 0.2 wavelength from the 
driven element. 

ab. When the length of a parasitic element is 
tuned for a maximum power gain at any given 
spacing between elements, it is found that maxi- 
mum power gain for the director results at 0.1 
wavelength spacing and for the reflector at 
0.15 wavelength spacing. 

ac. Some power gain must be sacrificed when a 
parasitic array is tuned to obtain a maximum 
front-to-back ratio. 


ad. The radiation resistance of the driven ele- 
ment of @ parasitic array is very much less than 
that of a driven array. This, in turn, reduces its 
radiation efficiency. 

ae. The parasitic array has a comparatively 
narrow frequency range of optimum operation. 

af. The frequency response of a parasitic array 
using a reflector is wider than the frequency re- 
sponse of an array using a director. 

ag. Multiparasitic arrays are used to obtain 
greater power gain, directivity, and front-to-back 
ratios. 

ah. When tuning and adjusting a parasitic 
array, it usually is set up as a receiving array. 

ai. The approximate physical lengths of the 
elements of a parasitic array are as follows: 


length (driven element)=468 
af 
length (reflector) =492 


f 
length (director)=450 
f 


where the length is in feet and f is in mc. 

aj. When tuning a parasitic array, the elements 
are tuned in this order: the driven element, the 
director nearest the driven element, all other 
directors, and the reflector. 


109. Review Questions 


a. What is an array? 
parasitic array? 

b. What are the advantages and disadvantages 
of arrays as compared with other antennas? 

c. Describe a collinear array, with special atten- 
tion to the following features: arrangement and 
number of elements, phase relationship, radiation 
pattern. 

d. In what ways is a broadside array likely to 
differ from an end-fire array in appearance? 

e. Explain the difference in operation between 
broadside and end-fire arrays. Compare them as 
to the following features: plane of directivity, 
radiation resistance, phase relationship, spacing, 
feeding. 

f. What is mutual impedance? 


g. What is the gain of three collinear elements 
with negligible spacing between the elements? 

h. What is the gain of two collinear elements 
with 3-quarter-wavelength center-to-center spac- 
ing? 


A driven array? A 
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i. What is the radiation resistance of two col- 
linear elements with 0.35-wavelength spacing 
between their adjacent ends? 

3. What is the best point in a collinear array at 
which to introduce the feed? Why? 

k. For purposes of calculating reflection effects, 
what is considered to be the height of a broadside 
array above ground? 

l. Two parallel elements, half a wave apart, 
must be phased for broadside operation. Describe 
two methods by which this can be done. At what 
points can the transmission line be introduced? 

m. Three parallel elements with half-wavelength 
spacing must be phased for broadside operation. 
Describe one method by which this is done. Do 
not use a method explained in answer to the 
previous question. 

nm. Explain how four parallel elements must be 
phased for broadside operation when full-wave 
spacing is used. 

o. With what spacing will a broadside array be 
most efficient? 

p. Explain two methods for phasing a pair of 
parallel elements for bidirectional end-fire opera- 
tion. Choose one method using center feed. 

q. At what spacing do end-fire elements provide 
the greatest gain? What problems arise at this 
spacing and how can they be overcome? 

r. What is the input resistance of a pair of end- 
fire elements operated 180° apart with quarter- 
wavelength spacing? 

s. What is the optimum length of the elements 
in the extended double-Zepp antenna? 

t. Why is the lazy-H antenna array so named? 
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u. To what use can the closed-loop structure of 
the Sterba curtain be placed? 

v. Why does the Bruce array illustrated in 
figure 171 produce a vertically polarized radio 
wave? 

w. Describe the radiation pattern produced by 
the flat-top array. 

z. What is a parasitic array? 

y. Why is the physical length of a director 
shorter, and that of a reflector longer than the 
length of the driven element? 

z. Name three factors that the gain and direc- 
tivity of a parasitic array depend upon. 

aa. Compare the characteristics of a parasitic 
array with those of a driven array. 

ab. When a parasitic array is tuned for maxi- 
mum power gain, is the front-to-back ratio also a 
maximum? 

ac. Why is the radiation resistance of a parasitic 
array always lower than that of a driven array? 

ad. What is a two-element beam? A _ three- 
element beam? A four-element beam? 

ae. What are the advantages of using multi- 
parasitic arrays? 

af. Name the common methods for varying the 
length of parasitic elements. 

ag. Why are parasitic arrays operated usually 
as recewing arrays when they are adjusted? 

ah. What are the formulas used to determine the 
approximate physical lengths of a director, a 
reflector, and a driven element? 

ai. Give the order in which the elements of a 
five-element beam are tuned. 


CHAPTER 6 
RADIO DIRECTION FINDING ANTENNAS 


110. Directional Reception 


Since the early days of radio, it has been known 
that a radio wave, when traveling between a 
transmitter and:a receiver, almost always follows 
the shortest line along the surface of the earth, 
the Great Circle Path. For example, if a radio 
station located in New York City is radiating 
energy, that portion of the energy picked up by a 
receiver in Los Angeles, Calif., will travel diago- 
nally across the United States. Thus, the problem 
of radio direction finding is reduced to that of 
determining the direction of arrival of a radio 
wave at the receiver. This determination is ac- 
complished by using a directional receiving anten- 
na, such as a loop or an Adcock antenna. 


111. Loop Antenna 


a. General. A loop antenna consists of one or 
more turns of conductor, either self-supporting or 
wound on an insulated frame. The most com- 
monly used styles are diamond-shaped, square 
(fig. 184), or circular loops. These antennas all 
have a figure-8 response pattern. Thus, if a small 
transmitter is moved about a loop, unequal 
responses will be obtained at equal transmitter 
distances. Conversely, if a loop is rotated about 
its central vertical axis and the transmitter is held 
in one position, unequal responses will be obtained 
at different loop positions. 

(1) The output voltage of these antennas is 
the result of phase differences between 
the voltages induced in opposite sides of 
the antenna. Consider that the single- 
turn loop of figure 185 is placed in the 
path of a vertically polarized wave. 
When the plane of the loop is in line with 
the direction of wave travel, as indicated, 
the wave front (fig. 11) reaches the sides 
of the loop at slightly different times 
(one side of loop is nearer the transmitter 
than the other side), producing a phase 


difference between the voltages induced 
in the two sides and giving rise to a 
resultant voltage across the antenna 
coupling coil. The resultant voltage is 
maximum when the plane of the loop is 
in line with the direction of wave travel. 
No voltage is induced in the horizontal 
sides of the loop because the vertically 
polarized wave travels parallel to them. 

(2) If the loop then is rotated about its 
central vertical axis until the plane of the 
loop is perpendicular to the direction of 
wave travel, the wave front will reach the 
sides of the loop at the same time, the 
voltages induced in the two sides will be 
equal in magnitude and of the same 
phase, and, being directed in opposition 
through the coupling impedance, will 
cancel, thus resulting in a minimum 
output. The point of minimum response 
is called a null. 

b. Pattern with Normal Polarization. When the 
incoming radio waves have vertical polarization, 
which is the normal condition under which a 
vertical loop would be used for direction finding, 
the loop antenna has a figure-8 response pattern 
(fig. 186). In this illustration, the loop appears 
in the 90° to 270° position; any signal received 
from either of these directions will induce maxi- 
mum signal into the receiver. As the loop is 
turned away from the direction from which the 
wave is arriving (90° to 270° position), the 
received signal decreases, reaching a minimum 
when the loop is in either the 0° or the 180° 
position. The line of direction of a transmitter 
can be determined by rotating the loop about its 
vertical axis until either a null or a maximum 
signal is produced. Then the transmitter direc- 
tion is broadside to the loop at the null, or edge- 
wise to the loop at the maximum, and the appro- 
priate direction (azimuth) can be indicated by a 
pointer attached to the loop. It is customary to 
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Figure 184. Loop antenna. 


use the minimum rather than the maximum output 
of a loop when finding an azimuth. This permits 
a sharply defined indication and greater accuracy. 
The response pattern in figure 187 shows why this 
is so; maximum response of 100 microvolts is 
obtained with the loop edgewise to direction A 
(toward the transmitter). With the loop pointing 
toward B, a 10° rotation, there is only a 1.5-micro- 
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voli: change in signal strength; this difference is 
not noticeable in the output. But with the loop 
broadside to a transmitter at D, a null position, a 
similar 10° rotation of the loop causes a 17.4- 
microvolt change in signal intensity. 

c. Pattern with Abnormal Polarization. Since 
vertical polarization is considered normal for loop 
operation, any wave containing a horizontally 
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Figure 185. Simple loop antenna circuit, schematic diagram. 


polarized component is considered as being abnor- 
mally polarized. A horizontally polarized wave 
has no effect on vertical conductors, but it will 
induce, voltage in horizontal conductors such as 
those at the top and bottom of a loop. The 
response pattern of a loop for horizontal polarization 
is a figure 8, with maximum broadside and null 
endwise to the horizontal conductors. If the wave 
travels exactly horizontally, voltages induced in 
the top and bottom conductors will be equal and 
in phase; they will cancel each other in the loop 
output, just as do the voltages induced in the two 
sides by a (vertically polarized) wave arriving 
from the normal null direction (broadside). Thus, 
the horizontally polarized component of a wave 
produces little or no loop output when arriving at 
a low angle, but its effect becomes important when 
the wave is steeply downcoming (or upcoming). 
There will be an error of +90° in the azimuth 
determined by a simple loop direction finder if the 
polarization is assumed to be vertical when it 
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Figure 186. Loop antenna, figure-8 response pattern. 


actually is horizontal. If the incoming wave has 
both vertically and horizontally polarized com- 
ponents, the figure-8 responses to the two compo- 
nents may combine to produce a figure 8 with 
sharp nulls, rotated in azimuth by some angle less 
than 90° from the normal position; this happens 
when the two components produce output voltages 
either in phase or 180° out of phase. When the 
two components produce voltages having other 
phase relations, the resulting response pattern 
may have its nulls filled in so that they become 
broad minima rather than zeros. In the special 
case where the two components produce equal 
output voltages 90° out of phase, the resulting 
response pattern becomes a perfect circle. 

d. Ambiguity. Unless the general direction of 
the transmitter is known, a direction finder 
equipped with a simple loop antenna cannot 
determine whether a transmitter lies forward or to 
the rear of the direction finder. This 180° 
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Figure 187. Change in loop position versus change in signal 


voliage. 


ambiguity is caused by the two null positions of 
the loop, both of which indicate the same line of 
direction. There is no indication as to which of 
the two is the correct azimuth. 


112. Loop and Sense Antennas 


a. Purpose. The sense antenna is usually a 
vertical whip or monopole placed at the vertical 
axis of the loop. It is omnidirectional in azimuth. 
Both the circular response pattern of the sense 
antenna and the figure 8 pattern of the loop are 
symmetrical; but, when properly combined, the 
two antennas produce a lopsided or unidirectional 
pattern (cardioid pattern in fig. 188). The big 
end of this pattern lies to the right of one maxima, 
and to the left of the other maxima of the figure 8 
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Figure 188. Cardioid response pattern obtained by com- 
bination of circular and figure & voltages. 


pattern. By observing the relative positions of 
the unidirectional pattern, the two nulls can be 
distinguished, thus resolving the 180° ambiguity 
of the simple loop. One null is designated arbi- 
trarily the front or direction null; the other is 
called the back or reciprocal null. 

b. Application. After the loop has been rotated 
to a null, the direction it faces may be read from 
an azimuth scale or observed directly. Then the 
sense antenna is placed in operation, changing the 
response pattern from figure 8 to unidirectional. 
The null vanishes because of this change, and, 
upon turning the loop 90° to either side from the 
former null position, the response is found to be 
greater on one side than on the other. Which side 
is greater depends on whether the loop originally 
has its direct null facing toward or away from the 
transmitter. - As a rule, if the response increases 
as the loop is turned clockwise, which increases 
the azimuth scale reading, or if the response 
decreases as the azimuth reading decreases, the 
direct null was toward the transmitter; if the re- 
sponse changes in the opposite direction, the 
reciprocal null was toward the transmitter. This 
relation is not always used. It can be reversed 
by transposing connections in the antenna circuit, 
to reverse the relative polarity of loop and sense 
antennas, or by a 180° shift in position of azimuth 
scale or pointer relative to the loop, and there are 
cases in which such a reversal has been made 
intentionally. 
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113. Cardioid Theory 


When the voltages from loop and sense antennas 
are combined with the proper phase and amplitude 
the resulting pattern is a heart-shaped curve known 
to mathematicians as a cardioid. A tvpical case 
is illustrated in figures 189 and 190, and is ex- 
plained, step by step, as follows: 

a. A radio wave, traveling past the loop, as 
indicated in A of figure 189, strikes leg No. 1 a 
short time before it strikes leg No. 2. 

6. The voltages induced in the two vertical legs 
are connected in series opposition, so that the net 
output of the loop depends on their difference. 


c, As shown in B of figure 189, the voltage in 
leg No. 1 is starting to rise at time zero (ty); the 
voltage induced in leg No. 2 starts to rise a short 
time later (t,). However, so far as the output of 
the loop is concerned, the voltage induced in leg 
No. 2 is out of phase and begins to subtract from 
the voltage in leg No. 1 at this time (é). 

d. Resultant voltage Z, is developed across the 
output of the loop. This voltage is directly pro- 
portional to the time delay (phase shift) between 
the voltages induced in the legs of the loop. The 
greater the separation between ft) and ¢, in B of 
figure 189, the greater the resultant loop voltage. 

e. It is apparent in B of figure 189, that the 
resultant voltage leads the voltage induced in leg 
No. 1 approximately 90° and lags the voltage 
induced in leg No. 2 by the same amount. 

f. Voltage EZ, induced in the vertical sense an- 
tenna is intermediate in phase between the voltage 
induced in the two legs of the loop, and therefore 
lags the resultant loop voltage, £,, by 90°. To 
compensate for this phase difference (to have either 
an in-phase or an out-of-phase relation between 
resultant loop voltage Z, and sense voltage &,), it 
is necessary to advance or retard the phase of the 
loop voltage by 90° with a phase shifter. Re- 
tarded loop voltage E, is shown in C of figure 189. 
If the loop voltage had been advanced, it would be 
shifted 180° in phase from that shown in C of 
figure 189. 

g. Notice that retarded loop voltage E, and 
sense voltage H;, beginning at the same instant 
(t;), are in phase. These two voltages add in the 
input transformer; the receiver voltage Hp is maxi- 
mum (E of fig. 189). 

h. If the antenna is rotated on its vertical axis 
through 180°, the electromagnetic wave strikes 
leg No. 2 before it strikes leg No. 1 (fig. 190). 
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Figure 189 Loop and sense antenna system, relationship of voltages. 


1. The voltages across both legs are induced in 
the same manner, producing a resultant again pro- 
portional to the separation between the legs. 
However, because of the loop rotation, the volt- 
ages of the two legs are interchanged, and resultant 
output voltage E, is shifted 180° in phase (B of 
fig. 190). 

j. Retarded loop voltage Ez is, therefore, out of 
phase with the sense voltage, and minimum signal 
E is applied to the receiver (C, D, and E of fig. 
190). 

k. At intermediate points between the maximum 
and minimum positions of the loop, the following 
conditions exist. Assume that the transmitter 
azimuth is 0° as shown in figure 191. 


(1) When the loop is rotated from 0° to 90°, 


loop voltage gradually decreases (dis- 
tance between loop legs along the direc- 
tion of wave travel becomes less). Sense 
voltage is constant and in phase with the 
loop voltage. Resultant receiver volt- 
age is decreasing. 


(2) When the loop is rotated from 90° to 


180°, loop voltage gradually increases 
(distance between loop legs along the 
direction of wave travel becomes greater). 
Sense voltage is constant and 180° out 
of phase with the loop voltage. Result- 
ant receiver voltage decreases because of 
the out-of-phase condition. 
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Figure 190. Relationship of voltages in loop and sense antenna system when 
loop has been rotated 180° from position shown in figure 189. 


(3) When the loop is rotated from 180° to Sense voltage is constant and in phase 
270°, loop voltage gradually decreases. with the loop voltage. Resultant re- 
Sense voltage is constant and 180° out ceiver voltage increases. 
of phase with the loop voltage. Result- l. Sense Voltage. In practice, sense circuits sel- 
ant receiver voltage increases. dom are adjusted to the ideal condition just de- 


(4) When the loop is rotated from 270° to scribed, and the resulting unidirectional pattern is 
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360°, loop voltage gradually increases. not a perfect cardioid. If the sense voltage is too 
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Figure 191. Cardioid response patiern. 


small, the resultant pattern is a slightly lopsided 
figure 8. Increasing the sense voltage then makes 
the figure 8 more and more lopsided (fig. 192), until 
the sense voltage equals the maximum loop volt- 
age; then one lobe disappears completely, making 
the pattern a perfect cardioid (fig. 191). Further 
increase of sense voltage increases both maximum 
and minimum of the resultant pattern (fig. 193), 
making it more and more like a circle. Either too 
little or too much sense voltage makes sense de- 
termination difficult, but any of the patterns just 
mentioned would be usable. The lopsidedness 
of the resultant pattern is readily distinguishable 
so long as the sense voltage is within +50 percent 
of the maximum loop voltage. If the sense volt- 
age is a little out of phase with the loop voltage, 
the resultant pattern becomes nearly circular, and 
the amplitude relation must be kept closer to the 
ideal for satisfactory operation. Figure 194 shows 
@ case in which both amplitude and phase relation 
are far from the ideal. Here, the sense voltage has 
about half the amplitude shown in figure 192, and 
is 40° or 50° out of phase with the loop voltage. 
The lopsidedness of the resulting pattern could be 
detected by comparing its two maxima on a visual 
indicator, but the difference is too small to be 
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Figure 192. Response patiern, low sense voltage and correct 
phase relation. 
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Figure 198. Response pattern, high sense voltage and correct 
phase relation. 


detected by listening. If necessary (for example, 
if part of the sense antenna is lost), such a pattern 
can be used by observing which way the null shifts 
when the sense switch is operated; both nulls shift 
toward the small end of the lopsided figure 8 
pattern. 
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Figure 194. Response pattern, low sense voltage and incorrect 
phase relation. 


114. Loop Construction 


a. Balance. The most important single factor 
in the physical construction of a loop is its sym- 
metry. When the loop is symmetrical physically, 
electrical balance is obtained, and if the balance is 
good enough, antenna effect (stray pick-up of sense 
voltage) is reduced toa minimum. Any conduct- 
ing material near the loop, such as the top of the 
radio receiver case, should be placed symmetri- 
cally; otherwise the loop might be balanced at 
some positions but unbalanced at others. In the 
case of a square loop, it is preferable to place a 
corner rather than a side at the bottom; this 
arrangement keeps the body of the loop farther 
away from the ground so that any irregularities 
there (including metal items worn by the operator) 
are less likely to affect the loop balance. 

b. Electrostatic Shield. Multiturn loops often 
are inclosed in an electrostatic shield. This is a 
metal case, or a film of metal on a case of some 
other material which surrounds the loop winding 
almost completely (fig. 195). At one point (the 
top) there is a gap in the metal, and opposite sides 
of the gap are insulated from each other to prevent 
the shield from forming a closed (short-circuited) 
loop. The shield is grounded near the loop termi- 
nals as far as possible from the insulated gap. Asa 
vertical antenna, therefore, the shield is short-cir- 
cuited. Consider the voltages induced by a pass- 
ing radio wave as made up of two components, one 
corresponding to the desired loop voltage, the 
other to antenna effect. The former can produce 
very little current in the shield because of the in- 
sulated gap, but is fully effective in the loop which 
does have conductors crossing that gap. The 
latter component causes a flow of current over the 
shield to ground. Since the ground connection is a 
short circuit, this current produces in the shield 
counter electromotive force just equal to the origi- 
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Figure 195. Shielded loop. 


nal induced voltage, and it induces in each loop 
conductor a voltage which very nearly cancels the 
original antenna-effect voltage induced there by 
the radio wave. The reduction ratio is substan- 
tially the same as the reactance/resistance ratio 
which the shield would have if connected as a loop; 
since the Q is seldom less than 10, the residual 
antenna effect is seldom more than one-tenth the 
antenna effect with no shield. In addition to re- 
ducing antenna effect directly, the shield helps in- 
directly; unless very close to the gap in the shield, 
en external object cannot affect the capacitance 
from loop to ground and thus cannot change the 
capacitive balance of the loop. However, the 
shield affords no protection against inductive un- 
balance, such as might be caused by a scrap of 
metal placed too close to one side of the loop. The 
shield eliminates precipitation static of the type 
caused by electrically charged raindrops striking 
the antenna, and it provides mechanical protection 
for the loop. 

c. Loop Size. Except in some special vhf 
loops, which resemble groups of dipoles more than 
they do ordinary loops, the largest dimension of a 
loop antenna is usually a very small fraction of a 
wavelength (.1 wavelength at most). The voltage 
picked up by such a small loop is proportional to 
the total area inclosed by its turns; that is, to the 


product of the number of turns by the average 
areas of each turn. For maximum pick-up, the 
turns should be as large as possible, subject to 
mechanical limitations, such as portability. The 
number of turns should be as large as possible, sub- 
ject to electrical limitations. Most receivers will 
not operate efficiently from a loop which is self- 
resonant at any point within the operating fre- 
quency range; consequently, the number of turns 
must be small enough to keep the natural resonance 
higher than the highest operating frequency. 
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115. Adcock Antenna 


a. General. An Adcock antenna (fig. 196) con- 
sists of two spaced vertical antennas connected in 
opposition. Theoretically, it responds only to the 
vertically polarized component of an incoming 
radio wave, and therefore is not subject to polari- 
zation error. In practice, some polarization error 
is caused by various imperfections, but usually 
much less than in a loop receiving the same signal. 
The Adcock antenna is preferable to a loop in 
radio D/F (direction finding) when medium- or 
high-frequency signals must be received at a point 
beyond ground-wave range. 
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Figure 197. Adcock antenna, effects of vertically polarized 
wave. 


b. Principle. The action of an Adcock antenna, 
as far as vertically polarized waves are concerned, 
is identical with that of the loop antenna. A re- 
sultant current in output coil Z is proportional to 
the vector difference of the voltages induced in the 
vertical members, exactly as in the case of the loop. 
Horizontally polarized components of radio waves 
do not affect the antenna because of the absence of 
the upper and lower horizontal members, and be- 
cause the crossed arrangement of the center mem- 
bers effectively cancels the voltages induced in 
them. The response pattern of an Adcock an- 
tenna is the same figure 8 pattern typical of the 
loop antenna. Minimum and maximum response 
points are present in the Adcock pattern in the 
same respective positions as in the loop pattern. 
Thus, the directional properfies of the Adcock and 
loop antennas are the same with respect to verti- 
cally polarized waves. The effect of various types 
of wave polarization on the Adcock circuit are as 
follows: 

(1) Vertical polarization. The horizontal mag- 
netic lines of the vertically polarized 
wave cut the two vertical antenna ele- 
ments. Induced currents, although they 
are induced in phase in the vertical 
elements, oppose each other in the an- 
tenna coupling coil, producing a resultant 
voltage which leads the radiation field by 
90°. If the wave strikes both vertical 
elements simultaneously (antenna ele- 
ments broadside to direction of wave 
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travel as shown in fig. 197), the resultant 
voltage is a minimum. At other angles 
of arrival, the resultant voltage is pro- 
portional to the separation between the 
two antenna elements along the direction 
of wave travel. Thus, the action of the 
Adcock antenna system is identical with 
the action of the loop system and can be 
used in conjunction with a sense antenna 
to obtain a unidirectional pattern. 


(2) Horizontal polarization. As shown in 


figure 198, only the horizontal members 
(transmission lines) are in a position to 
respond to horizontally polarized waves. 
In a well designed radio direction finder, 
efficient use is made of shielding and 
balancing to prevent any voltages in- 
duced in the horizontal members from 
reaching the input tube of the receiver. 
The residue is small in comparison with 
the response of a loop under similar cir- 
cumstances, but has the same directivity 
pattern. 


(3) Elliptical polarization. Radio waves usu- 


ally contain both vertical and horizontal 
components of polarization which, in com- 
bination, produce an elliptically polarized 
wave. Although the vertical and hori- 
zontal components can be viewed as 
acting independently, their effect on the 
antenna results from the combined action 
of both components. Because the re- 
sponse of an Adcock antenna is relatively 


small for the horizontally polarized com- 
ponent, its polarization error is likewise 
smaller than that of a loop antenna. 
This is true as long as the vertically 
polarized component does not entirely dis- 
appear; when the vertically polarized 
component predominates, the Adcock 
antenna has scarcely any polarization 
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Figure 198. Adcock antenna, effects of horizontally polarized 


wave. 
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Chapter 1 
ROLES AND RESPONSIBILITIES 
Section 1[A—Maintenance 


1.1. The Assistant Secretary of the Air Force Installations, Environment, and Energy 
(SAF/IE) shall: 


1.1.1. Be responsible for all doctrine, strategy, policy, guidance, and resource advocacy 
related to the Air Force electrical systems and grounding program. 


1.2. The Headquarters, United States Air Force, Deputy Chief of Staff for Logistics, 
Engineering and Force protection, Directorate of Civil Engineers (AF/A4C) shall: 


1.2.1. Be responsible for Air Force Civil Engineering policy, strategy, doctrine, oversight, 
directive guidance, and resource advocacy. 


1.2.2. Be responsible for non-directive guidance related to the Air Force electrical systems 
and grounding program. 


1.2.3. Be responsible and responsible for the career field management of all Air Force 
Electrical Systems personnel and advocate to ensure the Air Force has adequate combat 
electrical systems capability. 


1.3. The Air Force Installation and Mission Support Center (AFIMSC) shall: 


1.3.1. Support the development of Air Force policy, strategy, doctrine, directive guidance, 
and oversight related to the Air Force electrical systems and grounding program. 


1.3.2. Be responsible for the development of non-directive publications and resource 
advocacy related to the Air Force electrical systems and grounding program. 


1.4. The Air Force Civil Engineer Center (AFCEC) shall: 


1.4.1. Support the development of Air Force policy, strategy, doctrine, directive guidance, 
oversight, and resource advocacy related to the Air Force electrical systems and grounding 
program. 


1.4.2. Provide the Air Force electrical systems and grounding program subject matter 
expert(s) (SME) to act as the Air Force senior consultant(s). 


1.4.3. Execute the Air Force electrical systems and grounding program by setting standards, 
developing procedures, and providing technical assistance to implement Air Force policy and 
programs. This includes criteria for design, maintenance, repair, and management of 
grounding and bonding systems in accordance with mandatory requirements of Unified 
Facilities Criteria (UFC) 3-520-01, Interior Electrical Systems; UFC 3-550-01, Exterior 
Electrical Power Distribution; UFC 3-575-01, Lightning and Static Electricity Protection 
Systems; and UFC 3-580-01, Telecommunications Interior Infrastructure Planning and 
Design. 


1.4.4. Be responsible to develop, maintain, and approve non-directive guidance to 
implement the Air Force electrical systems and grounding program. 
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1.4.5. Consult with SAF/IE and AF/A4C on all non-directive guidance and execution of the 
Air Force electrical systems and grounding program. 


1.4.6. Assist Major Command and installation electrical systems and grounding personnel to 
implement an effective electrical systems and grounding program. Provide technical support 
for Direct Reporting Units (DRU) and small units in accordance with this AFMAN. 


1.4.7. Coordinate with other service agencies on military electrical systems and grounding 
program. 


1.4.8. Review emerging and evolving technologies and evaluates for applicability to the Air 
Force. 


1.4.9. Evaluate grounding and bonding training conducted internally to the Air Force, 
conducted by the Defense Ammunition Center (DAC), and conducted by the private sector. 


1.4.10. Assist DRUs and Air Force installations with inspecting grounding and bonding 
systems and with troubleshooting electrical issues suspected to stem from grounding and 
bonding issues and discrepancies. 


1.4.11. Assists Air Force Safety Center (AFSEC) and Inspector General (IG) personnel with 
determining the equivalency of grounding and bonding protection systems. 


1.5. The Base Civil Engineer (BCE) shall: 


1.5.1. Provide oversight and support in accordance with DoD, federal, state, and legally 
applicable host nation laws. (T-0). 


1.5.2. Provide facilities, equipment, and material to support the local electrical systems and 
grounding program. (T-0). 


1.5.3. Maintain lightning and grounding systems specifically identified in Table A2.1 
according to the procedures within, or procedures referenced by, this AFMAN. Wavier tiers 
per grounding system provided within table. 


1.5.4. Ensure that user organizations identified in Table A2.1 are aware of their maintenance 
responsibilities. (T-2). 


1.5.5. Train users to perform their responsibilities to inspect and maintain lightning and 
grounding systems as identified in Table A2.1 when requested. On installations with 
privately owned electrical utility systems, consult with the owner. (T-2). 


1.5.6. Review the lightning protection system record drawings on each facility at least 
annually or after repair actions (including facility repairs and construction additions by 
contractors) have been completed. 


1.5.7. Ensure that, for all functions of the civil engineer squadron that are contracted (e.g., 
base operations support (BOS) and contractors supporting contractor-maintained 
government-owned facilities and installations), the responsibilities listed within this AFMAN 
are included in the contract, as applicable. 


1.5.8. Ensure compliance with applicable codes and specifications in Attachment 1 unless 
modified in this AFMAN, or deviations are justified due to local conditions. (T-1). 
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Chapter 2 
RECORDKEEPING AND REVIEW FOR EXPLOSIVES FACILITIES. 


2.1. Inspectors and testers. Inspectors and testers must compile and maintain records of their 
inspections and tests. (T-1). Records should include the following (sample records are provided 
in Attachment 6, Figures A7.6, A7.7, A7.8, and A7.9): 


2.1.1. A sketch of the grounding and lightning protection system is provided showing test 
points and where services enter the facility. The sketch should also show the location of the 
probes during the ground resistance test. Separate sketches are suggested for static, earth 
ground, and lightning protection systems on large complex facilities. See Figure A7.8 and 
Figure A7.9 for examples of sketches or drawings that contain required information. 


2.1.2. Date action was performed. 

2.1.3. Inspector's or tester's names, duty location or agency and contact information. 
2.1.4. General condition of air terminals, conductors, and other components. 

2.1.5. General condition of corrosion protection measures. 

2.1.6. Security of attachment for conductors and components. 

2.1.7. Resistance measurements of the various parts of the ground terminal system. 
2.1.8. Variations from the requirements of this AFMAN. 

2.1.9. Discrepancies noted and corrective actions taken. 

2.1.10. Dates of repairs. 


2.2. The Base Civil Engineer (BCE). The BCE will review records for deficiencies; also 
analyze the data for undesirable trends. If test values differ substantially from previous or 
original tests obtained under the same test procedure and conditions determine the reason and 
make necessary repairs. (T-1). 


2.3. Inspectors and testers. Inspectors and testers will keep test and inspection records in 
accordance with DoDM 6055.09 Volume 2 DoD Ammunition And Explosives Safety Standards: 
Explosives Safety Construction Criteria. (T-1). 


2.4. Mandatory Review and Update of Record Drawings for Nuclear-Capable Weapons 
and Munitions Storage and Maintenance Facilities. Reproducible lightning protection system 
(LPS) drawings are required to be included in record drawings and available for immediate use 
by AFSEC in initial and updated explosives site plans. The BCE will ensure the record drawings 
contain: 


2.4.1. Dimensions and material sizes for all LPS materials from top view and applicable 
elevations. (T-2). 


2.4.2. Identification of test points. (T-2). 


2.4.3. A 100-foot (30.5-meter) radius rolling sphere superimposed on elevations. (See 
Figure A7.10 for a sample drawing.) (T-2). 
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2.5. Active and ongoing projects. No ongoing or currently active project (awarded or under 
design) on nuclear, nuclear-capable, weapons storage area (WSA) or munitions storage areas 
(MSA) shall be accepted until drawings are delivered to and approved by the BCE. BCE may 
designates a representative, they need to do so in writing. Drawings must meet American 
National Standards Institute (ANSI), Architectural Graphic Standards (AGS), and Architectural 
Engineering and Construction (AEC) standards for content, abbreviations, reproducibility, and 
graphics. A signature by the BCE or their designated representative is required as proof of 
receipt and approval of as-built drawings. (T-2). 


2.6. Contract for a lightning protection system project. The contract for a lightning 
protection system project, or for any project on a facility containing a lightning protection 
system, shall require an LPS inspection by other than the designer and installer, prior to 
acceptance of the project. This may be accomplished by compliance with UFC 3-575-01, third- 
party inspection requirements, or by advanced government training, as outlined in paragraph 
6.2 of this AFMAN. Projects calling for a facility addition, with or without addition to the 
existing LPS, shall consider the configuration of the overall facility LPS in the design. Projects 
of this type shall ensure the final LPS as a whole is compliant with this AFMAN and National 
Fire Protection Association (NFPA) 780, in that priority order. (T-2) Chapter 12 applies for 
facilities housing explosives, whether permanent or temporary. See AFMAN 91-201, Explosive 
Safety Standards, for testing requirements. (T-0). 
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Chapter 3 
FORMS 


3.1. Forms for inspectors and testers. Inspectors and testers will provide copies of completed 
forms to the facility user. For munitions facilities maintained by host nation civil engineers, the 
using agency must receive a copy of the completed forms. (T-1). 


3.1.1. Sample questions and Visual Inspection Forms, for inspection and test records are 
provided in Attachment 6, Figures A7.6, and A7.7 


3.1.2. Either the sample forms or the Air Force General Purpose Form (3100 series) may be 
used to record test results for other-than-explosives facilities. 
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Chapter 4 
PERSONNEL QUALIFICATIONS. 


4.1. General Qualifications. Workers maintaining, repairing, modifying, and testing grounding 
systems must be thoroughly familiar with test equipment operation, lightning protection, 
grounding, bonding theory, practices, referenced codes, standards, specific requirements, and 
procedures in this AFMAN. DAC course number 4E-F37 645-F21 (formerly referred to as 
AMMO-47), AMMO-48, or an official on-the-job (OJT) program. If OJT is selected, the trainee 
must be instructed and mentored by a worker who has completed AMMO-47 or AMMO-48 
within the last three years, and training milestones comparable to those in formal training must 
be tracked and documented by the electrical superintendent. Minimum OJT program is 6 months. 
Workers will renew maintenance training every three years, +/- one month. One person with 
completion of AMMO-47 or AMMO-48 within the past three years must be part of the electrical 
shop at all times. (T-2). Attachments 2 through 6 provide information suitable for use in 
training and familiarization. Exception: ANG will determine training requirements for their 
technicians that follows this guidance as closely as reasonably possible. 


4.2. Advanced Qualifications. In addition to general qualifications, government personnel may 
meet the third party inspector requirements of this AFMAN with additional training. 
Government personnel responsible for inspection and acceptance of contracts, including 
simplified acquisition of base engineering requirements (SABER) contracts, on facilities with 
LPS installation have the following requirements: For official (designated in writing by the BCE) 
CE inspectors, advanced qualifications shall be renewed every three years. AFRC units and 
ANG may comply with UFC 3-575-01, in lieu of these advanced qualifications for a third-party 
inspector. (T-1). 


4.2.1. Attendance and completion of the Senior Inspector AMMO-50 course, or equivalent, 
with completion certificate. AFCEC/CO must approve the equivalent course, based on 
content, prior to participation. An equivalent course would be one in which all topics in 
AMMO-S50 are covered, all codes and references in AMMO-S50 are addressed, a class field 
inspection is conducted for the purpose of identifying real-world common discrepancies, and 
certification must be conditional upon passing a graded, comprehensive examination, which 
includes an LPS design, essay questions, and code Air Force criteria (with focus on this 
AFMAN) based questions. A certificate of completion and competency within three years 
prior to the inspection is required. 


4.2.2. Air Force Specialty Code (AFSC) 3E0X1, 7-level, with training commensurate with 
that level of expertise and experience or, for civilians, training and experience equivalent to 
this AFSC. 


4.2.3. Proficiency using test equipment required to obtain test readings for inspections 
referenced in this AFMAN. 


4.3. Project Acceptance Qualifications. Air Force-approved inspectors, with authority to 
recommend acceptance of LPSs that protect explosives facilities and communications facilities, 
are limited to: 


4.3.1. Nationally recognized inspection agencies who have a minimum 10 years of 
experience in inspection of LPS for explosives facilities on DoD or Department of Energy 
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(DoE) installations and have exhibited accuracy in identifying discrepancies, evidenced by 
no modifications having been required for the system during the warranty period (see UFC 3- 
575-01). Discrepancies must not be listed on any database with public access. (T-1). 


4.3.2. Air Force personnel with a minimum six years of experience in LPS maintenance and 
have taken an advanced lightning protection systems senior inspector course approved by the 
Air Force. (T-2). 


4.3.3. Air Force-contracted maintenance personnel (BOS or other contracted maintenance to 
government-owned facilities) shall meet the experience levels of paragraph 4.3.2 (T-2). 


4.4. IG and Nuclear Surety. Qualifications required for Nuclear Surety Inspections (NSD, 
Nuclear Surety Staff Assistance Visits (NSSAV), and Initial Nuclear Surety Inspection (INSI) of 
nuclear facilities: 


4.4.1. Military technicians must: 


4.4.1.1. Attend and complete the initial Air Force Inspection Agency inspector’s course. 
(T-1). 


4.4.1.2. Attend and complete the AMMO-47, AMMO-48, or equivalent experience, with 
completion certificate or supervisor memorandum of qualification stating what equivalent 
course was taken on file. (T-1). 


4.4.1.3. Attend and complete an advanced commercial lightning protection course per 
paragraph 4.2 (T-1). 


4.4.1.4. AFSC 3E0X1, 7-level, with training and experience commensurate to that 
intended level of expertise. (T-1). 


4.4.1.5. Proficiency using test equipment required to obtain test readings for inspections 
referenced in this AFMAN, validated in writing by a supervisor. (T-1). 


4.4.2. Civilian must: 


4.4.2.1. Attend and complete AMMO-47, AMMO-48, or equivalent experience, with 
completion certificate or supervisor memorandum of qualification on file. (T-1). 

4.4.2.2. Attend and complete an advanced commercial lightning protection course per 
paragraph 4.2.2 (T-1). 

4.4.2.3. Have 10 years of experience in maintenance and inspection of LPS in a field 
equivalent to AFSC 3E0X1, 7-level. (T-1). 


4.4.2.4. Proficiency using test equipment required to obtain test readings for inspections 
referenced in this AFMAN, validated in writing by a supervisor. (T-1). 
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Chapter 5 
DEVELOPING PROCEDURES 


5.1. Standard and procedures. The organization performing inspections and tests must 
develop standard procedures based on the requirements in this AFMAN. To avoid potential 
security issues, inspection information providing the facility name, facility number, street 
address, may include base on which the facility is located must not be posted to any site available 
for public access. (T-0). 
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Chapter 6 
TESTING REQUIREMENTS 
Section 6A—Grounding Resistance and Continuity Tests and Visual Inspections 


6.1. Testing Requirements. See Attachment 7 for resistance and continuity test requirements 
for typical systems. (T-1). Instruments must be able to measure 10 ohms +10 percent for ground 
resistance tests and 1 ohm +10 percent for continuity testing. 


6.1.1. Only instruments designed specifically for earth-ground systems are acceptable for 
ground resistance testing. 


6.1.2. Follow the manufacturer’s instruction manual except as modified herein when using 
the instruments. 


6.1.3. Earth-ground resistance should be less than 25 ohms at the service grounding 
electrode unless otherwise specified in this AFMAN. Note. The National Electrical Code 
(Articles 250.52 and 250.53) does not require 25 ohms to ground for a ground ring 
(counterpoise); therefore, ground rings are not required to be tested for resistance. Resistance 
test requirements are for the grounding electrodes bonded to the ground ring. Continuity 
testing is required for the ground ring (counterpoise). 


6.1.4. Periodic tests should be made at approximately the same time each year to minimize 
distortions to readings resulting from seasonal changes see Attachment 2. (T-1). 


6.1.5. If the resistance measured during continuity tests is greater than 1 ohm, check for 
deficiencies, repair, and then retest. NOTE: When performing a continuity test over very 
long lengths of conductors (more than 65 feet (20 meters) with no parallel paths), readings 
above | ohm but less than 3 ohms may occur. This can be due to the added resistance of the 
test wire and is acceptable. Documentation of the procedures is required and kept on file. The 
base electrical engineer may modify the test procedures to compensate for local conditions as 
long as the intent of the test is still met. 
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Chapter 7 
VISUAL INSPECTIONS OF LIGHTNING PROTECTION SYSTEMS 


7.1. Inspections. Inspector will annually inspect all visible parts of the system. (T-1). Pulling or 
tugging on conductors and connections to ensure soundness is a necessary part of these 
inspections, be careful not to damage the system in the process. Visual or physical inspection 
must determine if: 


7.1.1. The system is in good repair. 
7.1.2. Loose connections might be causing high-resistance joints. 
7.1.3. Corrosion or vibration has weakened any part of the system. 


7.1.4. Down conductors, roof conductors, ground terminals and all other components are 
intact, air terminals exceeding 24 inches in length are supported at a point not less than one- 
half their length, and no components or fasteners are missing. 


7.1.5. Braided bonding wires or straps are excessively frayed (cross-sectional area reduced 
by half). 


7.1.6. Ground wires and down conductors, air terminals (for earth-covered magazines 
(ECM), masts, or poles that might have been damaged by mowers, equipment, or vehicles. 


7.1.7. Conductors and system components are securely fastened to mounting surfaces. 
Position connections to better protect against accidental displacement. Do not use Adhesive- 
type fasteners. 


7.1.8. Project additions or alterations to the protected structure require additional protection. 
See UFC 3-575-01. 


7.1.9. Surge protective devices (SPDs) supporting facilities and facility service appear 
damaged or indicator lamps signal an operation has occurred. Note: Inspection, repair, and 
replacement of SPDs protecting equipment are the responsibility of the equipment owner or 
user. 


7.1.10. The system complies with the intent of applicable sections of the most recent version 
of NFPA 780, unless otherwise noted in this AFMAN. (T-1). 
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Chapter 8 
VISUAL INSPECTION OF FACILITY GROUNDS 
Section 8A—Grounding and Lightning Protection Requirements 


8.1. Visual Inspection. Unless otherwise specified by references in Table A2.1, conduct visual 
inspections as follows. Inspect all visible and accessible parts of the facility grounding system. 
Validate satisfactory condition and verify the installation meets the National Electric Code 
(NEC) requirements (T-1). Typical items to check include: 


8.1.1. The system is in good repair. 
8.1.2. No loose connections are visible. 


8.1.3. The system neutral is grounded at the service entrance. This may be achieved either by 
bonding the neutral bus to the ground bus in the main distribution panel or by connection to 
the grounding electrode (single point ground) for the facility. 


8.1.4. Separately derived systems are properly grounded. 


8.1.5. Flashover protection (bonding) is installed on insulating fittings on underground 
metallic pipelines entering the facility. 


8.1.6. Grounding systems and static systems within the facility are bonded together at floor 
level or at or below ground level outside the building. 
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Chapter 9 
INTRODUCTION 
Section 9A—Grounding and Lightning Protection Requirements 


9.1. Grounding and lightning protection requirements. This section covers requirements for 
grounding and lightning protection systems, including systems installed on or in areas such as 
explosives buildings, magazines, operating locations, and aircraft shelters. Use these 
requirements when inspecting to determine compliance and when repairing or modifying 
systems. See AFMAN 91-201. 
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Chapter 10 


TESTING AND INSPECTING STATIC AND LIGHTNING PROTECTION SYSTEMS 
AND GROUNDING 


10.1. Procedures. Use Attachment 4 and Attachment 5 as a guide for establishing proper 
maintenance procedures and as a self-check prior to inspections. (T-1). 


10.2. Inspection and Testing. Visually inspect and test the static, grounding, and lightning 
protection systems for buildings and facilities in accordance with Section A, Maintenance 
Policy, and Section B, Grounding Resistance and Continuity Tests and Visual Inspections, and 
the special requirements in this section. (T-1). 


10.3. Records. Inspectors and testers will keep test and inspection records in accordance with 
DoDM 6055.09, for a minimum of six inspection cycles. (T-1). Figure 10.1 is an example sketch 
of a grounding and lightning protection system with test points. 
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Figure 10.1. Example Sketch of Test Points (Typical). 


STRUCTURE: 

DATE CESS —— 

TESTEC BY ——_—_—_ i... 
() Ra 


LEGEND: 


Ly = AIR TERMINAL 1, ETC. 
V4 = VENT 1,ETC. 
Ra = REFERENCE POINT A 
Rg = REFERENCE POINT B 
Dy = DOOR 1, ETC. 
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Chapter 11 
STATIC PROTECTION 


11.1. Static Protection for Electronics and Electrical Equipment. The best methods to 
eliminate or reduce the hazard from static electricity are bonding and grounding. Bonding 
minimizes potential differences between conductive objects. Grounding minimizes potential 
differences between objects and the ground. Inspectors will inspect and test facilities for 
compliance with NFPA 77, Static Electricity, which contains the minimum acceptable static 
grounding and bonding requirements for Air Force activities, except as modified in this 
AFMAN. (T-0). See Attachment 3. (T-1). 


11.1.1. Bonding conductors shall be large enough to withstand mechanical damage. 
Minimum size for existing bonding conductors is American wire gauge (AWG) No. 8. If 
bonding conductors are in areas of high use or are subject to physical damage, make repairs 
with wires no smaller than AWG No. 6 copper. Static grounds for portable or movable 
equipment must be of braided cable for added flexibility. (T-0). 


11.1.2. Static grounds shall be 10,000 ohms to ground or less, unless otherwise stated. (T-0). 
Static electricity creates extremely small (on the magnitude of milliamps) currents, so even 
this large resistance is small enough to bleed off static charges. But because the static 
grounding system must be connected to the facility grounding system, resistances of less than 
25 ohms are common. 


11.2. Static Bus Bars. Static bus bars are usually 2-inch by 0.25-inch copper bars installed on 
the interior wall of the facility. The length will vary for new facilities but design the bar itself to 
be no closer than 12 inches from the intersection of an interior wall with an exterior wall for 
side-flash reasons. See Figure 11.1 for bus bar end and for transition at floor level, around 
windows, and doorways (requires depression for ground wire). 


11.2.1. Design the down conductor location so that it does not “cross” an interior static bus 
bar. For existing facilities at which this condition exists, perform side-flash calculations to 
ensure that the wall thickness exceeds the side flash distance. Typically, the side flash 
distance through the wall, using the basic bonding formula (BBF), exceeds the calculated 
side-flash distance at the normal static bus bar height up to 48 inches (1.2 meters). 


11.2.2. If installed within side flash distance, relocate either the down conductor or 
discontinue the static bus bar | foot (0.3 meter) either side of the exterior down conductor 
location and bond the two sections of the static bus bar at floor level, using a 1/0 copper 
conductor. Note: For structures exceeding 250 feet (76 meters) in perimeter, if relocating the 
down conductor results in a separation distance of greater than 100 feet (30.5 meters) 
between down conductors, an additional down conductor may be necessary. 


11.2.3. The grounding conductor from the static bus bar shall be connected directly to the 
facility grounding electrode system. See Attachment 6 for testing requirements. Use static 
bus bars only for static grounding. 


11.2.4. Communications systems, electrical conduit, intrusion detection systems, and other 
permanently installed systems shall not use the static bus bar as a system ground. As a 
general rule, do not connect a static bus to any facility metal body or use this bus to ground 
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structural components of a facility; however, coincidental connections of the bus bar through 
its anchoring, mounting system are acceptable, as is the mounting of the static bars on the 
skin of a metal structure. 


11.2.5. Portable grounding straps from equipment to the static grounding bus are not real 
property; therefore, visual inspections and continuity tests for these straps are the 
responsibility of the user. (T-0). 
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Figure 11.1. Grounding Static Bus Bar on Interior Wall. 


CORRECT 
Static Grounding 
Bar 


Bus 


= | 


Service Entrance at Floor Level 


———=— 


LPS Down Conductor, Static 
Grounding Not Connected 


INCORRECT Static Grounding 


Bus Bar 


Grounding Conductor through 
Exterior Wall to Down Conductor 


LPS Down Conductor, Static 
Grounding Connected 


11.3. Belting Requirements. On equipment such as belt-driven compressors and conveyor 
belts, if static electricity is a hazard, use non-static-producing belting. Belting must have a 
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resistance not exceeding 1,000,000 ohms when measured according to Institute of Electrical and 
Electronics Engineers (IEEE) Standard 142, IEEE Recommended Practice for Grounding for 
Industrial and Commercial Power Systems (Green Book), reference Chapter 3. (T-0). 


11.4. Conductive Floor Grounds. If the electronic equipment within a facility requires a 
resistance of the floor-to-ground of less than 1,000,000 ohms, a conductive floor is required. 
This resistance value is the sum of the resistance of the floor plus a person, added together. 
Static dissipative footwear which is a type of personal protective equipment (PPE) will ensure 
protection for personnel from electric shock hazard and will allow bleed-off of static buildup in 
personnel and equipment. Testing requirements are in Attachment 7. (T-1). Using agency must 
keep a record of test results. (T-1). 
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Chapter 12 
LIGHTNING PROTECTION SYSTEMS 


12.1. Lighting protection requirements. The following requirements will be used as a guide 
for facilities that require or possess lightning protection. (T-1). 


12.2. General. Lighting Protection Systems must comply with NFPA 780 and UFC 3-575-01, 
whichever is more restrictive (except as modified herein). See Attachment 4. (T-0). Early 
streamer emission systems, charge dissipation systems, or other unconventional systems are not 
permitted. Parts and materials must carry the Underwriters Laboratories® (UL) label or 
equivalent, and must be listed for use on lightning protection systems. (T-0). Components not 
carrying a UL label or equivalent, or components carrying a UL label or equivalent and not listed 
for use on lightning protection systems, must be approved by the BCE or designated 
representative. (T-2). Facilities in foreign countries may use host nation codes and standards if 
they offer equivalent protection, as determined by the BCE, with concurrence from 
AFCEC/COSM and, for facilities housing explosives, approval of the DoD Explosive Safety 
Board (DDESB). (T-0). Otherwise, the status of forces agreement (SOFA) must specifically 
permit the use of host nation codes. Where the SOFA requires compliance with host nation 
codes, translate those required codes into English, make them available to all appropriate 
personnel, and conduct necessary training. Maintain all installed systems in accordance with this 
AFMAN. If an existing lightning protection system is no longer required, coordinate with the 
facility manager to remove the LPS. Test records of the LPS must remain with the facility for six 
inspection cyclesinspections are required every 24 months. therefore, six inspection cycles are 
24 months times 6 inspection cycles divided by 12 months per year or 12 years. (T-1). 


12.3. Bonding Requirements. Adequate bonding is more important than grounding. Bonding 
ensures all metallic objects are at equal potentials to protect personnel against dangerous arcs or 
flashovers. Inspectors will inspect and test facilities for compliance with NFPA 780 and 
Attachment 3 (T-0). 


12.4. Resistance to Ground. Low resistance is desirable but not essential for lightning 
protection. For most facilities and per NEC Article 250.53, Grounding and Bonding, (resistance 
to ground should be less than 25 ohms at the service grounding electrode. If 25 ohms cannot be 
achieved with the addition of a grounding electrode, a supplemental electrode may be necessary, 
depending upon the magnitude of resistance obtained and the contents of a facility being 
protected. The resistance to ground of a ground loop conductor is acceptable even if greater than 
25 ohms. See Attachment 2. (T-1). 


12.5. Lightning Protection for Explosives Facilities. AFMAN 91-201 identifies explosives 
facilities that require lightning protection systems. Use the basic practices in that AFMAN, with 
the following additions: 


12.5.1. The system shall be designed for a 100-foot (30.5-meter) striking distance. (T-0). 
Note: an administrative, educational, or other non-explosives-type facility located within a 
weapons or munitions storage area may be designed for a 150-foot (45.7-meter) striking 
distance. 


12.5.2. Installation of test wells or hand holes at corner grounding electrodes for existing 
connections to grounding electrodes is recommended to aid with access for testing unless 
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conductors are exothermically welded to the grounding electrode and the exothermic weld is 
shown on record drawings. 


12.5.3. Replace existing bolted connectors on down conductors and roof conductors, when 
in need of repair, with high compression or exothermic-weld type connectors. Connections to 
air terminals are an exception, but they must be tight and in good repair. Bolted connections 
to aluminum bodies (such as vents) and to metal bodies for the purpose of bonding are also 
acceptable. Brazing to metal bodies is not allowed for new construction due to the possibility 
of a cold weld with inadequate strength. (T-0). 


12.5.4. The metal framework of a structure shall be permitted to be utilized as an air terminal 
and main conductor of a lightning protection system if it is equal to or greater than 3/16 
(0.188) inch (4.8 millimeters) in thickness and is electrically continuous, either inherently or 
made. (T-0O). 


12.6. Explosives Facility with Large Perimeter. New explosives facilities with a perimeter 
over 300 feet (91.4 meters) that require lightning protection and do not use the structural steel as 
an air terminal equivalent shall use either a mast system or an overhead wire system. See 
Attachment 4 for requirements. (T-1). Such indirect air terminal designs are intended to 
provide lightning attachment away from the facility and not directly to the facility. It also 
reduces maintenance and installation costs. The BCE may waive this requirement (overhead or 
mast system). ECMs are not required to carry air terminals from headwall to headwall (for drive- 
through ECMs) or from headwall to air vent. (T-2). 
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Figure 12.1. ECM With Center Conductor and Air Terminals. 
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Figure 12.2. ECM Without Center Conductor and Air Terminals. 
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12.7. Sunshades. The metal framework of a sunshade structure shall be permitted to be utilized 
as an air terminal and main conductor of a lightning protection system if structural members are 
equal to or greater than 3/16 (0.188) inch (4.8 millimeters) in thickness and structural members 
are electrically continuous (either inherent or made) to ground. Grounding requirements depend 
upon the footing of the vertical support units (columns). Vertical support units with full footers 
require no further grounding. The flight line (to include sunshade areas) is evacuated once 
lightning is at a distance in nautical miles (NM]) determined by the base; therefore, step potential 
is not considered for sunshades. Vertical support units bolted to the apron concrete make it 
necessary to, as a minimum, install one grounding electrode at two diagonally opposite corners. 
Roof material, whether metallic or fabric, is of no consequence when considering the steel 
structure as a lightning protection system. 


12.8. Protective Aircraft Shelters (PAS) (also known as Hardened Aircraft Shelter 
(HAS). Aircraft shelters with continuous interior steel arches, either visible or validated by 
record drawings, provides a Faraday-like shield and therefore requires no air terminals. Exterior 
metallic ventilators with an enclosure at least 3/16 (0.188) inch (4.8 millimeters) in thickness do 
not require air terminals if properly bonded to the steel arch. Metallic ventilators less than 3/16 
(0.188) inch (4.8 mm) in thickness must be protected by an air terminal bonded to the steel arch 
in accordance with NFPA 780. All metal bodies mounted to the steel arch shall be bonded and 
grounded in accordance with this AFMAN and NFPA 780. The facility grounding system shall 
also comply with this AFMAN and NFPA 780. Since the floor is designed to be separable from 
the walls, the walls and the floor shall be permanently bonded to a single grounding point or 
series of connected grounding points identified on record drawings. If no record drawings are 
available, continuity shall be validated by a minimum of four shell-to-ground tests interior to the 
facility. A sketch will be made, indicating test points, and this shall become the record drawing. 
Visual inspection will be conducted every 12 months and testing will be conducted every 24 
months. (T-0). 


12.9. Lightning Protection for Above Ground Launch Structure. Above ground launch 
structures shall be provided the same protection as explosive facilities (see paras 12.5 and 12.6) 
with the following additions: 


12.9.1. Lighting Protection for Above Ground Launch Structure will be designed in 
accordance with NFPA 780 and this document. Base the design on top 100 feet (30.48 
meters) of the structure. 


12.9.2. All structural metal shall be bonded. 


12.9.3. When practical, structural steel members will be made electrically continuous and 
used as down conductors. 


12.9.4. The structure will have an interconnecting ring conductor installed every 200 feet 
(60.91 meters) in height when the structural members do not form a ring every 200 feet 
(60.91 meters). In some cases, it will be necessary to attach temporary conductors between 
the fixed and moveable portions of the launch structure to ensure potential equalization. 


12.9.5. All antennas, radomes, and dishes mounted external to the structure will have surge 
suppression installed where the conductor enters the launch structure. 
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Chapter 13 
SURGE PROTECTION 


13.1. Surge protection. Surge protection is required on electrical service entrances and on 
some interior distribution panels in accordance with NFPA 780. (T-0). Protection shall meet the 
requirements of the following paragraphs. (T-1). 


13.1.1. SPD, formerly referred to as TVSS (transient voltage surge suppression), protect 
facilities and facility contents from transient voltages resulting from lightning surges, 
switching surges, and surges internal to the facility. SPDs may protect the upstream 
distribution system from the rapid switching effects of user-owned electronics. 


13.1.2. For large facilities, SPDs are most effective when used in the form of tiered 
protection. Tiered protection means providing protection at main distribution panels, at 
secondary or sub-panels, and at the equipment point of use. 


13.1.3. For protection of non-real property installed equipment, refer to the equipment 
manufacturers’ requirements for surge protection. The owner of the communications or 
other equipment funds the purchase, installation, and maintenance of any surge protective 
devices required for the protection. To include items desired by the user for additional 
protection of communications and other equipment. 


13.1.4. In facilities such as dormitories and other facilities with only basic electronics, low- 
dollar content, or with minimal occupants, surge protection may be met by the a lightning 
protection system. 


13.1.5. Surge protection shall be provided for all incoming power to facilities with 
electronic-intensive training systems. (T-3). 


13.2. WSAs, MSAs, and Communications Facilities: 


13.2.1. Standard, published, minimum 10-year unlimited replacement warranty on product. 
Entire unit shall be replaced upon detection of the failure of any mode. (T-1). 


13.2.2. All mode (10 modes), directly connected protection elements (I-n, I-g, I-l, n-g). 
Direct clamping I-n and I-1 is required. (T-1). 


13.2.3. Fl polycarbonate enclosure or National Electrical Manufacturers Association 
(NEMA) 4 or NEMA 4X steel enclosure: Inaccessible to unqualified persons. (T-1). 


13.2.4. Internal over-current fusing on each phase for self-protection from failed 
component(s) and an internal disconnect for each phase. (T-1). 


13.2.5. Individual component level thermal fusing. (T-1). 
13.2.6. Bi-polar protection. (T-1). 


13.2.7. The SPD shall contain continuous self-monitoring devices with indicator lamps for 
each mode. (T-1). These may be located inside enclosed areas such as mechanical rooms if 
an indicator lamp is provided in a visible area. Install the indicator lamp in a location that can 
easily be seen from a vehicle (to allow drive-by visual inspections), if permitted. Drive-by 
visual inspections allow maintenance personnel to quickly identify devices are operated and 
to assess whether a group of SPDs in a single area have operated. 
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13.2.8. Cable connection between a bus and SPD shall be minimum No. 10 AWG for 
installation at main distribution panels and sub-panels. (T-1). 


13.3. Igloos or ECMs: Up to 60A service. 


13.3.1. Visible indicators of SPD operation on the exterior of facilities. Drive-by visual 
inspections may be an effective means of inspecting SPDs. 


13.3.2. 60kA/mode to allow the following requirement. 
13.3.3. 180kA/phase peak service surge current. 


13.3.4. Non-modular. The entire unit shall be replaced upon detection of the failure of one 
mode of operation. Ease of installation shall not be traded for possible minimized protection 
level. (T-1). 


13.4. Maintenance Facilities: 400-600A service. (T-1). 


13.4.1. Visible indicators of SPD operation on the exterior of facilities. Drive-by visual 
inspections may be an effective means of inspecting SPDs. 


13.4.2. 180kA/mode to allow the following requirement. 
13.4.3. 240kA/phase peak service surge current. 


13.4.4. Non-modular. The entire unit shall be replaced upon detection of the failure of one 
mode of operation. Ease of installation shall not be traded for possible minimized protection 
level. (T-1). 


13.5. Communications Facilities: Up to 1800A. 
13.5.1. Visible indicators of SPD operation on the exterior of facilities or audible alarm. 
13.5.2. 200kA/mode to allow the following requirement. 
13.5.3. 600kA/phase peak service surge current. 


13.5.4. Non-modular. The entire unit shall be replaced upon detection of the failure of one 
mode of operation. Ease of installation shall not be traded for possible minimized protection 
level. 


13.6. General Requirements: 


13.6.1. Nominal discharge current test at 20kA (UL testing allows 10kA or 20KA, but testing 
at 1OkA is not allowed for Air Force facilities). (T-0). 


13.6.2. Unit type (NFPA 70, NEC, Article 285): (T-0). 


13.6.2.1. Type 1 unit is required for the supply side of the service or building disconnect 
means. (T-0). 


13.6.2.2. Type 2 or 3 units, when required by the equipment, must be installed on the 
load side of the overcurrent protective devices (not needed for igloos). (T-0). 
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13.7. User Requirements: SPDs shall be provided on proprietary equipment by the 
communications provider or the tenant communications agency or group. (T-1). 
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Chapter 14 
APPLICATION AND SCOPE 
Section 14A—Electrical Safe Practices 


14.1. Application and Scope. This section applies to all electrical work done either in house or 
by contract when incorporated as a part of the contract documents on infrastructure and facilities 
that are maintained and operated by the Air Force, assigns supervisor responsibilities and 
provides necessary guidance to safely build, operate, and maintain electrical distribution systems 
and equipment. It complies with NFPA 70E, Standard for Electrical. Safety in the Workplace, 29 
CFR 1910, Subpart S, Occupational Safety and Health Standards, UFC 3-560-01, Operation and 
Maintenance: Electrical Safety and incorporates National Consensus Standards. 
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Chapter 15 
SUPERVISOR RESPONSIBILITIES 


15.1. Personal Safety. Supervisors must provide a safe and healthful work environment. (T-0). 
Supervisors must ensure facilities, work areas, equipment, and work procedures comply with 
safety, fire, and health policies. (T-0). Each supervisor must be thoroughly familiar with safe 
working practices, particularly those in UFC 3-560-01 and applicable standards and codes 
referenced in Attachment 1 of this AFMAN. (T-0). Supervisors must report and document all 
injuries, even minor ones, as directed in AFI 91-202, The US Air Force Mishap Prevention 
Program and AFI 91-204, Safety Investigations and Reports. (T-1). 


15.2. Planning and Worker Awareness. Supervisors must plan the work properly and ensure 
it is performed safely. (T-0). Supervisors must review job requirements with the workers and 
ensure they understand why and how to do the work, the hazards they may encounter and how to 
control them, and the proper procedures for working safely. (T-0).. When the mission allows, 
coordinate de-energizing of circuits for safest possible working conditions. Supervisors are 
required to provide written procedures when working on energized circuits to ensure safe 
practices. (T-0). 


15.3. Training Assistance. Supervisors will provide general and specific safety instructions 
and training to workers, ensure each employee has access to this AFMAN and UFC 3-560-01, 
and ensure they demonstrate satisfactory knowledge before performing any task. (T-0). 
Supervisors must document all training on AF Form 55, Employee Safety and Health Record or 
an alternative as permitted in AFMAN 91-202. (T-1). 


15.3.1. Supervisors will, after initial job safety training, train employees annually on 
hazardous energy control, safe clearance, confined spaces entry, manhole, pole top and 
bucket truck rescue, shop operating instructions and review any Air Force mishap Cross-tell 
reports. (T-0). 


15.3.2. Supervisors must instruct employees on identifying abnormal or hazardous existing 
conditions (e.g., switches left in an abnormal condition or bypassed, broken equipment 
temporarily fixed, changes to the one-line distribution map or schematic diagram, hazardous 
energy control tags or safe clearance tags left on unfinished jobs, etc). (T-1). 


15.4. Safety Meetings. Supervisors will conduct weekly safety meetings. (T-1). As a 
minimum, safety meetings should cover the following topics annually: 


15.4.1. Hazardous Energy Control (lockout/tagout). 
15.4.2. Selected safety rules (two or three). 

15.4.3. Methods and hazards of jobs in progress. 

15.4.4. Unsafe practices and common causes of mishaps. 
15.4.5. Recent accidents. 

15.4.6. Potential personal injuries. 

15.4.7. Personal Protective Equipment (PPE). 

15.4.8. Electrical tools. 
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15.4.9. Materials handling. 

15.4.10. Good housekeeping. 

15.4.11. Adequate illumination. 

15.4.12. Working on or near machinery. 

15.4.13. Ladders. 

15.4.14. Working in elevated positions. 

15.4.15. Lifting and hoisting equipment, including aerial lifts. 
15.4.16. Grounding systems. 

15.4.17. Working in underground facilities (confined spaces). 
15.4.18. Overhead lines. 

15.4.19. First aid. 

15.4.20. Rescue and resuscitation. 

15.4.21. Arc Flash Hazards. 

15.4.22. Hazards associated with working on or near energized lines or equipment. 
15.4.23. Abnormal or hazardous existing conditions. 


15.4.24. Equipment ratings (i.e. amp rating, interrupt rating, short circuit current rating 
(SCCR) and available interrupting current ratings (AIC)). 


15.4.25. Energized work and the AF Form 1213, Civil Engineer Energized Electrical Work 
Permit. 


15.5. Specific Job-Related Safety Training. 


15.5.1. Supervisors must instruct employees who handle hazardous materials to include 
personal hygiene and protective measures in their safe handling of potential hazards. (T-0). 
Supervisors must ensure Material Safety Data Sheets (MSDS) or Safety Data Sheets (SDS) 
are available for all hazardous chemicals according to AFI 90-821, Hazard Communication 
(HAZCOM) Program. (T-0). 


15.5.2. Supervisors must provide Hazard Communication training to employees who work 
on job sites where harmful plants or animals are present. (T-0). Training must identify the 
potential hazards; explain how to avoid injury, include relevant first aid if an injury occurs. 
(T-0). 


15.5.3. Supervisors must instruct employees who enter confined or enclosed spaces on 
hazards and necessary precautions. (T-0). Specific instructions and procedures to enter and 
work in hazardous or potentially hazardous confined spaces are consistent with the 
requirements in AFMAN 91-203, Air Force Occupational Safety, Fire, and Health 
Standards, and 29 CFR 1910.146, Permit-required confined space. Employees engaged in 
construction activities having one or more confined spaces must also comply with the 
requirements in 29 CFR 1926, Safety and Health Regulations for Construction. Technical 
orders or other procedures that incorporate the requirements established in the standard are 


36 AFMAN32-1065 17 JULY 2020 


valid and may be used. This training should also include egress even if the space is not 
confined. 


15.5.4. Supervisors must ensure that employees are able to describe the work assignment 
and methods immediately before doing the work. 


15.5.5. Arc Flash Safety Awareness Computer Based Training is required annually for 
3EOX1, 3EOX2, 3E1X1, 3E4X1 Air Force Specialty Codes from the AFCEC Virtual 
Learning Center. (T-3). This can be taken as a group and annotated in training records 
through your unit training manager. 


15.6. Assigning Tasks. Supervisor’s assign employees to jobs they are capable of doing safely. 
Permit only qualified personnel to operate equipment and machinery. Supervisors must ensure a 
minimum of two qualified employees work together when high-voltage circuits or energized 
circuits are present. (T-0). 


15.7. Job Site Inspection. Active job sites and materials must be inspected at a minimum once 
a day. Inspections throughout the day may be appropriate and necessary as determined be 
Supervisor and ensure unsafe items are tagged, rendered inoperative, or removed from the work 
site. Ensure safe working conditions and practices. Take action to correct any observed or 
reported violation of safety rules in this AFMAN. Pay particular attention to safe clearance 
procedures and practices when working on energized lines and equipment. Present safety 
briefings to workers at the job site. 


15.8. Mishap Reports. Investigate every mishap involving an injury, property damage, or 
“near misses.” Determine the cause and implement corrective action to prevent recurrence. 
Notify the wing or installation safety staff of all mishaps involving injuries or property damage. 
Investigate and report certain mishaps through safety channels according to AFI 91-204. Either 
the supervisor or base safety personnel will perform the initial investigation; however, the 
supervisor will still complete AF Form 978, Supervisor Mishap Report, as required. (T-1). 


15.9. Standards and Codes. Supervisors must train employees to comply with safety standards 
and the following codes: National Fire Protection Agency (NFPA) 70®, National Electrical 
Code (NEC)®; NFPA 70E®; National Electrical Safety Code (NESC or American National 
Standards Institute (ANSI)®; state, local, and host nation codes (see Attachment 1). (T-0). 


15.10. Protective Equipment. Supervisors must properly equip and train workers to properly 
use and maintain tools and PPE. (T-0). Supervisors must ensure PPE is properly worn in 
accordance with additional guidance provided (see Attachment 8). Pay particular attention to 
rubber insulating protective equipment (rubber gloves, sleeves, line hoses, hoods, and covers) 
and hotline tools. Supervisors must make sure equipment receives periodic documented 
electrical tests in accordance with applicable ANSI and American Society for Testing and 
Materials (ASTM) specifications (see Attachment 1). (T-0). 


15.11. Scheduling Routine Maintenance. When routine maintenance requires disrupting 
power, schedule the outage for the least inconvenience to all users possible without jeopardizing 
the safety of workers or equipment. Arrange electrical circuits and equipment of the prime 
power source to allow safe and efficient performance of routine maintenance tasks with 
minimum mission impact as a result of the outage. 
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15.12. First Aid Training. Supervisors must ensure all electrical personnel (military and 
civilian) receive training in cardiopulmonary resuscitation (CPR), controlling bleeding, shock 
management, emergency care of a person having open wounds or burns, and using automated 
external defibrillators. (T-0). 


15.12.1. Host base medical personnel usually train unit CPR instructors. If the host base 
cannot provide medical personnel, they can arrange for certification of unit personnel 
through the American Red Cross or American Heart Association. 


15.12.2. Personnel’s certification shall be current according to American Red Cross or 
American Heart Association guidelines. (T-0). Supervisors must maintain written 
documentation of current certification. (T-1). 


15.12.3. Supervisors must ensure relevant emergency phone numbers are readily available to 
all personnel. (T-1). 


15.13. Rescue Training. Supervisors must train individuals designated for rescuing workers 
from confined spaces according to Occupational Safety and Health Administration (OSHA) and 
Air Force occupational safety and health requirements to include blood borne pathogen training; 
this includes initial and annual refresher training. (T-0). 


15.14. Noise Hazards. Ensure all potentially hazardous noise sources are identified to 
bioenvironmental engineering services for evaluation. Ensure all personnel that may be exposed 
to noise hazards are made aware of them and use the controls required by AFI 48-127, 
Occupational Noise and Hearing Conservation Program. Supervisors will post noise hazard 
warning signs at noise hazard area entry points, to warn workers. (T-0). Refer to AFMAN 91- 
203 and 29 CFR 1910.146 for additional information. 


15.15. System Maintenance. Supervisors must ensure electrical systems are maintained so they 
continue to operate in a safe and effective manner in accordance with UFC 3-550-01, and UFC 
3-520-01. (T-0). Supervisors must not authorize or permit alterations or modifications to 
equipment or protective device settings without adequate engineering guidance and study. (T-1). 
Supervisors must remove all obstacles and vegetation that restrict unimpeded egress from the 
work area or ready access to equipment. (T-2). 


15.16. Technical Data. Supervisors will ensure current maintenance and operations procedures, 
diagrams, schematics, device settings, fuse sizes, and manuals are available and properly used. 
(T-0). Supervisors will develop them if manufacturers’ data are not available; obtain engineering 
guidance if necessary. (T-2). Accurate, current (typically five (5) years or less) electrical short 
circuit and coordination studies on the primary distribution system that includes facility 
transformers are necessary in order to further calculate and determine arc flash potentials, 
equipment ratings, and settings on downstream equipment within the facility. 


15.17. Supervisory Control and Data Acquisition (SCADA) Systems. Comply with Air 
Force Guidance Memorandum (AFGM) 2019-32-02, Civil Engineer Control Systems Cyber 
Security. All operators of SCADA systems that remotely control electrical distribution systems 
must have full knowledge of the base distribution system and thorough understanding of 
switching procedures. (T-1). Operators must keep each display screen (schematic or map) 
within the SCADA system up-to-date and all switching points on the remote terminal unit 
accurately identified. (T-1). Supervisors will develop local written and posted procedures for 
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remote operation of circuit breakers and switches to ensure safety of personnel and equipment. 
(T-0). 


15.18. Safe Clearance. Make sure all workers are thoroughly familiar with and comply with 
the most stringent safe clearance procedures found in NFPA 70E, AFMAN 91-203, or those 
posted at the job location before starting work. See Chapter 17. Supervisors must not permit 
work unless workers follow these procedures. (T-0). 


15.19. Work on Energized Equipment. Work on energized electrical equipment is prohibited 
except in circumstances justified and approved by the BCE, or equivalent, in accordance with 
Chapter 18. (T-1). 


15.20. Routine Maintenance Outages. Before de-energizing circuits or equipment for routine 
maintenance or repair, the BCE must: 


15.20.1. Provide a minimum three-day notice to all users who may be affected by the 
electrical utility outage. (T-1). Facility manager approval is not required, but as a courtesy, 
an effort should be made to coordinate the outage. 


15.20.2. Coordinate substation, switch station, or major feeder outages with the utility 
provider, giving as much advance notification as possible. (T-1). 


15.20.3. Assist users with authorized backup power, either through equipment authorization 
inventory data or real property installed equipment generators. (T-1). 


15.20.4. Prepare to run a backup generator during the outage if necessary. (T-1). 
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Chapter 16 
POLYCHLORINATED BIPHENYLS (PCB) 


16.1. Purpose and Limitations. PCB is a class of nonflammable liquid insulation formerly 
used as a transformer liquid dielectric. PCB is a suspected carcinogen and no longer 
manufactured. Several manufacturers distributed PCB under various trade names, such as 
Askarel, Inerteen, Pyranol, and Chlorextol. 


16.2. Personal Contact Precautions. Workers should avoid contact with PCB. If PCB 
contacts the skin, remove it with waterless hand cleaner, wipe with towels, and dispose of towels 
with other contaminated material. If PCB contacts the eyes, thoroughly flush with water and 
seek medical attention. 


16.3. Cleaning Spills. PCB spills shall be cleaned up immediately in accordance with 40 CFR 
761.125, Requirements for PCB spill cleanup. (T-0). Prevent PCB from reaching storm drains, 
sewers, drainage ditches, or any other place where water is flowing. Handle a PCB spill and 
report it according to base and Environmental Protection Agency (EPA) requirements. Report a 
spill through the base environmental coordinator. 


16.4. Controlling Equipment Containing PCB. Mark, handle, store, dispose of, and account 
for equipment containing PCB according to the latest EPA standards and in accordance with 40 
CFR 761 Subpart B and D. (T-0). See AFI 32-7001, Environmental Management, for on base 
PCB waste management and recordkeeping requirements and contact the base CE environmental 
coordinator for additional information and the latest EPA rulings. 
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Chapter 17 
SAFE CLEARANCE REQUIREMENT 


17.1. Safe Clearance Requirement. Supervisors must require safe clearance procedures for 
personnel opening and closing switches while working on transmission or distribution lines and 
equipment. (T-0). Safe clearance procedures are necessary to clear lines and equipment for work 
in the de-energized condition. Safe clearance includes locking out switches, breakers, or other 
controlling devices when necessary. Mishap prevention tags, completing and posting energized 
work permits, and grounding provide additional warning and safety if lockout is not possible 
because of equipment design; however, if a circuit cannot be locked out, a qualified worker, as 
defined by NFPA 70 must remain at the controlling device while work is being conducted. (T-0). 
Supervisors must ensure no individual works on lines or equipment until all safety requirements 
are satisfied. (T-0). 


17.1.1. Safe Clearance Responsibilities. 


17.1.1.1. The Safe Clearance Manager, who is designated by the BCE, will issue a 
written safe clearance as required and document on AF Form 269, Electrical Facilities 
Safe Clearance. (T-0). The Safe Clearance Manager will arrange for interruption of 
service, must have knowledge of the base distribution system, and notify the utility 
company supplying power to the installation before performing any operation that may 
affect the utility company's system. (T-1). An on-site supervisor may also perform the 
duty of Safe Clearance Manager or Switching Supervisor (person receiving safe 
clearance), but never both. The Safe Clearance Manager Switching Supervisor must 
never be one and the same (person receiving safe clearance, see paragraph 17.2 (T-1). 


17.1.1.2. The Safe Clearance Manager will develop written and posted local procedures 
for proper switching, blocking, tagging, and lockout when switching by remote control, 
such as the SCADA system. (T-0). Depending on the type of SCADA system, each 
software manufacturer has different protocols to identify and issue tag orders for 
equipment or switchgear being worked on. The Safe Clearance Manager will ensure 
written procedures are available to an electrician and the SCADA operator in the event of 
a switching failure by SCADA requiring the technician to manually clear the switching 
failure. (T-0). Each worker and system operator must fully understand local procedures; 
local procedures must be accessible or available in the work area. Physically verify all 
SCADA-issued commands for opening and physically apply lockout before beginning 
work. (T-0).. When working on equipment with local control capability, the technician 
must take control from the SCADA operator and notify the operator when the equipment 
is returned to normal operation. (T-0). The operator must issue blocking orders and 
attach messages stating the reason for the condition and estimated restoration time. (T-0). 


17.2. Switching and Blocking Procedures. The Switching Supervisor (person receiving AF 
Form 269 from the Safe Clearance Manager) ensures workers accomplish switching, blocking, 
and tagging operations in the sequence specified on AF Form 269. Operations may begin only 
when authorized by the Safe Clearance Manager. When work is completed the system will be 
restored to normal operation in reverse order. For instance, if a detail of switching, blocking, and 
tagging reads, "Open Switch No. 501 and Attach Danger Tag," the opposite operation is 
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"Remove Danger Tag and Close Switch No. 501." Annotate AF Form 269 with the date and 
time. Do not operate switches bearing AF Form 979, Danger Tag, or AF Form 982, Danger 
Tag: Do Not Start, under any circumstances without specific authorization from the operations 
flight chief. Notify the SCADA systems operator before operating remotely operated or 
monitored circuit-opening devices. The "local-remote" switch must be blocked in the position 
which disables remote operation. The Switching Supervisor will notify the SCADA systems 
operator when work is complete and remote operation is safe. (T-1). These switching and 
blocking procedures are only used only when following an approved AF Form 269 for primary 
distribution. 


17.3. Tagging Procedures. “Tagging” is placing an appropriate tag directly on the circuit 
opening device. Apply tags and lock out the energy control device to ensure safety and prevent 
unauthorized personnel from altering device positions. A qualified technician will place danger 
tags in a conspicuous place upon opening a switch, disconnects, cutouts, primary jumpers, or 
breakers, before beginning work on a line or equipment. (T-0). 


17.4. Underground Distribution Systems. A qualified technician will block the switch 
mechanically and lock and tag the handle on underground distribution systems when it is not 
practical to provide a visible line break. (T-1). A qualified technician will always use AF Form 
979; AF Form 980, Caution Tag; AF Form 982, and AF Form 269, except when working on 
secondary lines or equipment. (T-1). A qualified technician will not use AF Form 269 when 
applying AF Forms 979, 980, and 982 on secondary lines or equipment. (T-1). 


17.5. Grounding Lines and Equipment. Before touching for work, always check all de- 
energized transmission and distribution lines and equipment by testing for voltage. Confirm lines 
are grounded. Treat all lines which are not grounded as energized. For definitions of 
transmission and distribution-voltages, see Attachment 1. 
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Chapter 18 
ENERGIZED CIRCUITS 


18.1. Energized Circuits. When energized work is deemed absolutely necessary, and approved 
by the BCE or equivalent, supervisors must ensure it is accomplished with extreme caution and 
only when the basic energized work procedures listed in the following paragraphs are followed 
and reviewed with all personnel immediately before starting. (T-1). Furthermore, if any 
potential environmental, safety and health, operational, fiscal, or mission risks are associated 
with working on energized circuits, the BCE must notify and consult with the base/wing Staff 
Judge Advocate. (T-1). Such risks may also create potential legal liabilities for the Air Force 
and Air Force personnel. 


18.2. Electrical Hand Holes. Work on or near energized electrical lines in hand hole 
enclosures sized to allow personnel to reach into, but not enter, for the purpose of installing, 
operating, or maintaining equipment or wiring or both is prohibited because the available 
working space is too small for safe work practices. Supervisors must ensure all hand hole 
electrical circuits are completely de-energized before starting any troubleshooting, maintenance, 
or repair action within the hand hole. (T-1). 


18.3. Low Voltage Electrical Panels. Conventional circuit de-energizing/re-energizing 
methods (1.e., turning off/on a switch, opening and closing switches, or operating circuit 
breakers/disconnects) for the purpose of controlling an entire circuit is not considered performing 
energized work; however; supervisors must ensure the PPE requirements of UFC 3-560-01 are 
met. (T-0). On a case-by-case basis, the BCE can grant written approval to waive the usage of 
the 8 Cal/cm2 coverall requirement if a qualified electrical engineer has verified that the panel 
meets the parameters of Table A8.1 to include all notes, and panel maintenance per NFPA 70E, 
Article 225, has been performed and documented. 


18.4. Electrical Manholes Containing Low-Voltage Circuits. Electrical manholes containing 
low voltage are considered Permit Required. Work on or near energized electrical equipment in 
manholes containing low-voltage circuits is prohibited because of high arc flash currents for 
secondary circuits downstream of distribution transformers. Supervisors must ensure manholes 
that contain distribution-voltage but also share space for low-voltage electrical circuits are also 
completely de-energized before starting any troubleshooting, maintenance, or repair actions. (T- 
1); 


18.5. Electrical Work Not In Manholes or Hand holes. Work on or near energized electrical 
equipment is prohibited except in rare circumstances and then only when approved by the BCE 
or equivalent in accordance with the procedures outlined in the following paragraphs. 
Authorization is not required for tasks such as voltage measurement on circuits operating less 
than 600V as long as maintenance or repair is not performed, and safe practices and appropriate 
PPE are used. Safe practices and appropriate PPE are determined by the qualified site supervisor 
who must follow applicable UFC and NFPA 70E, Article 130 guidance. (T-0). 


18.5.1. The BCE must approve energized work in advance. (T-0). Prepare an AF Form1213 
in accordance with UFC 3-560-01 and also include an emergency egress plan in the event of 
an emergency. The AF Form 1213 helps to ensure a qualified site supervisor has the 
information to ensure all work performed on or near energized lines greater than 600V is 
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based upon a risk management (RM) analysis in accordance with AFI 90-802, Risk 
Management and has been coordinated through the operations flight chief. A qualified site 
supervisor must deliver the final signed AF Form 1213 to the foreman or acting foreman or 
NCOIC of the electric shop to retain for a period of one year following completion of work. 
(T-0). 


18.5.2. Per UFC 3-560-01, energized work performed must be under the direct supervision 
of a qualified work leader devoting full time and attention to the workers and the safety of 
their work. (T-0). A qualified site supervisor must ensure two-person teams are used to 
perform the work. (T-0). The safety observer must be trained in CPR. (T-0). 


18.5.3. A qualified supervisor must be consulted and approve any plan to work on energized 
equipment and ensure proper use of PPE. (T-0). 


18.5.4. Place special emphasis on PPE and appropriate supervision. Proper supervision, 
training, and planning are paramount to ensure safety. 


18.5.5. For work on or near energized distribution voltage greater than 600V while the job is 
in progress, an on-site supervisor must closely supervise the workers, checking them 
constantly to make sure they are in safe working positions, handling tools safely, and 
complying with the energized work permit. (T-0). 


18.6. Electrical Work in Manholes Containing Distribution Voltage. Electrical manholes 
containing distribution-voltage are considered Permit Required confined spaces. Work on or 
near energized electrical equipment in manholes is extremely dangerous and prohibited except 
when justified and approved; before entering a manhole containing distribution-voltage 
energized circuits, first visually confirm the manhole’s installed configuration allows entry 
without disturbing any installed conductors or equipment. If it is not possible to enter the 
manhole without disturbing conductors, or if it is not possible to move around inside the manhole 
without disturbing conductors (adequate working space), then all circuits inside the manhole are 
de-energized before entry. The foreman or acting foreman or NCOIC of the electric shop must 
make the assessment regarding safe entry. (T-1). 


18.6.1. Inspection-Only Access in Manholes Containing Energized Circuits with No Known 
Problems. Inspection-type work can be authorized and is limited to allow a qualified 
employee to enter a manhole where energized cables or equipment are in service for the 
purpose of inspection, housekeeping, taking readings, or similar work, if such work can be 
performed safely. Safely entering a manhole for this purpose requires wear of minimum Arc 
Flash PPE Category 2 (NFPA 70E) and compliance with other confined space requirements 
in AFMAN 91-203. Inspection-only access, must be approved by the foreman or acting 
foreman or NCOIC of the electric shop. (T-1). Up to one-half (0.5) inch of standing water is 
permitted for inspection activities so long as no conductors are present in the standing water. 
Qualified technicians must ensure measurements are taken with a non-conductive instrument 
from outside the manhole or hand hole. (T-0). The energized work permit for “inspection- 
only access” can be discarded after the activity is complete. 


18.6.1.1. Entering a manhole safely for the purpose of examining insulated cable, 
equipment, or accomplishing other inspections not requiring touching or disturbing the 
energized conductors or equipment is permitted, but requires wear of minimum Arc Flash 
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PPE Category 2 (NFPA 70E) and compliance with other confined space requirements 
AFMAN 91-203. 


18.6.1.2. A minimum of three qualified people are necessary for this activity. 
Qualification requirements are specified in UFC 3-560-01. 


18.6.1.3. Supervisors will prepare an energized work permit in advance in accordance 
with UFC 3-560-01, and also include an emergency egress plan in the event of an 
emergency. (T-0). 


18.6.2. Work Inside Manholes Containing Energized Circuits. Electrical manholes 
containing energized circuits are considered Permit Required. Work other than inspection- 
only can be authorized in manholes that have a minimum of four (4) feet of working 
clearance in accordance with the following paragraphs, but is limited to: removing conduit 
plugs; spare conduit inspection using fish tape; borescope or other devices; splicing de- 
energized conductors; pulling new conductors in spare conduits; removing abandoned (de- 
energized) circuits, including load break or dead break elbows -- if nearby energized circuits 
are not disturbed. Re-racking energized conductors is not permitted. The circuits are de- 
energized before the conductors can be disturbed. Accomplishing this work when standing 
water is in the manhole is not permitted. 


18.6.2.1. The BCE must approve energized work in advance. (T-0). Prepare an 
energized work permit in accordance with UFC 3-560-01 and also include an emergency 
egress plan in the event of an emergency. The operations flight chief must ensure work 
performed inside a manhole containing energized circuits is accomplished based upon a 
risk management (RM) analysis in accordance with AFI 90-802 and coordinated through 
the operations flight chief. (T-1). The RM analysis must be kept with the energized work 
permit and retained by the chief of the electrical shop for a period of one year following 
completion of work. (T-1). 


18.6.2.2. A minimum of three qualified persons is necessary for this activity. 
Qualification requirements are specified in UFC 3-560-01. 


18.6.2.3. Supervisors will prepare an energized work permit in advance in accordance 
with UFC 3-560-01, and also include an emergency egress plan in the event of an 
emergency. (T-0). 


18.6.3. All Other Work Inside Manholes Containing Energized Circuits. Accomplishing this 
work where there is standing water in the manhole is not permitted. All other work in 
manholes containing energized circuits is considered Permit Required. 


18.6.3.1. The BCE must approve energized work in advance. (T-0). Prepare an 
energized work permit in accordance with UFC 3-560-01 and also include an emergency 
egress plan in the event of an emergency. (T-0). The operations flight chief must ensure 
all other work performed inside a manhole containing energized circuits is accomplished 
based upon a RM analysis in accordance with AFI 90-802 and coordinated through the 
operations flight chief. (T-1). The RM analysis must be kept with the energized work 
permit and retained by the chief of the electrical shop for a period of one year following 
completion of work. (T-1). 
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18.6.3.2. Provide an information copy of signed energized work permit and RM analysis 
to the AFCEC/COSM. 


18.6.3.3. Electrical analysis software packages that perform arc flash calculations do not 
account for an electrical manhole configuration in which the electrical worker is inside an 
enclosed area rather than standing adjacent to an enclosure. Increase the arc flash PPE 
requirements by a minimum of one (1) arc flash PPE category above the arc flash 
calculation result per UFC 3-560-01. 


18.6.3.4. A minimum of three qualified people are necessary for this activity. 
Qualification requirements are specified in UFC 3-560-01. 


18.7. Electrical Manholes Containing Transmission-Voltage Circuits. Work on or near 
energized electrical equipment in manholes containing transmission-voltage circuits is 
prohibited. Electrical work in manholes containing transmission voltage circuits using the 
procedures in the next sentence is considered a Permit Required confined space. A qualified 
technician must ensure all manhole electrical circuits are completely de-energized before starting 
any troubleshooting, maintenance, or repair action within the manhole. (T-1). 


WARREN D. BERRY, Lt Gen, USAF 
DCS/Logistics, Engineering & Force Protection 
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NFPA 70E, Standard for Electrical Safety in the Workplace 
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UFC 3-550-01, Exterior Electrical Power Distribution, 1 September 2016 

UFC 3-560-01, Operation and Maintenance: Electrical Safety, 24 July 2017 
UFC 3-575-01, Lightning and Static Electricity Protection Systems, 1 July 2012 
UFC 3-580-01, Telecommunications Interior Infrastructure Planning and Design, | June 2016 


Prescribed Forms 
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AF Form 847, Recommendation for Change of Publication 


48 AFMAN32-1065 17 JULY 2020 


AF Form 978, Supervisor Mishap Report 

AF Form 979, Danger Tag 

AF Form 980, Caution Tag 

AF Form 982, Danger Tag: Do Not Start 

AF Form 983, Danger Tag: Equipment Lockout Tag 


Abbreviations and Acronyms 

A—Ampere 

ac—Alternating Current 

AF/A4C—Arr Force Director of Civil Engineers 

AFCEC/CO—Air Force Civil Engineer Center, Operations Directorate 
AFCEC/COSM— Air Force Civil Engineer Center, Mechanical Engineering 
AFI— Arr Force Instruction 

AFMAN—Air Force Manual 

AFPD— Air Force Policy Directive 

AFSEC—Air Force Safety Center 

AHJ—Authority Having Jurisdiction 

AWG— American wire gauge 

BBF—basic bonding formula 

BCE—Base Civil Engineer 

BOS—Base Operations Support 

CATV—Cable Television 

cc—Carbon Copy 

CE—Civil Engineering 

DAC—Defense Ammunition Center 

dc—Direct Current 

DDESB TP—Department of Defense Explosives Safety Board Technical Paper 
ECM—Earth-Covered Magazine 

ETL—Engineering Technical Letter 

FC—Facilities Criteria 

FIPS—Federal Information Processing Standard 

ft—Foot 

HAS—hardened aircraft shelter 
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HVAC—Heating, Ventilation, Air-Conditioning 

IA W—In Accordance With 

IEEE—Institute of Electrical and Electronics Engineers 
kA—Kiloampere 

kV—Kilovolt 

LOX—liquid oxygen 

LPS—Lightning Protection System 

MIL HDBK—Military Handbook 

m—Meter 

mm—DMillimeter 

NEC—National Electrical Code 

NFPA—National Fire Protection Association 

NETA MTS—InterNational Electrical Testing Association Maintenance Testing Specifications 
ohms—cm—Ohms Centimeter 

PAS—Protective Aircraft Shelter (also known as Hardened Aircraft Shelter (HAS)) 
POL— petroleum, oils, lubricants 

SABER—Simplified Acquisition of Base Engineer Requirements 
SCIF—Sensitive Compartmented Information Facility 
SDS—-separately derived system 

SOFA—Status of Forces Agreement 

SPD—Surge Protective Device 

UAS/RPA—Unmanned Aerial System/Remotely Piloted Vehicle 
UFC— Unified Facilities Criteria 

UL—Underwriters Laboratories 

Vac—Volts Alternating Current 

V—Volt 

WS3—Weapon Storage and Security System 


Terms 


Air Terminal—Alternate name for the device itself may be “lightning rod.” The component of a 
lightning protection system intended to intercept lightning flashes, placed on or above a building, 
structure, or tower. Note: A building’s grounded structural elements may function as an air 
terminal. A main size conductor run across the top of a pole or mast may also function as an air 
terminal if installed in such a way that the conductor across the top of the pole or mast is higher 
than the cradle in which it is run. 
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Arc Flash Hazards—Dangerous conditions deriving from the release of energy due to a phase- 
to-phase or a phase-to-ground fault. 


Blocking—Placing a switch in the open or closed position and mechanically ensuring the 
position of the switch cannot be accidentally changed. 


Bonding—An electrical connection between two electrically conductive objects, made with the 
intent of significantly reducing potential differences. 


Cable—A conductor with insulation or a stranded conductor with or without insulation and other 
coverings (single conductor cable or a combination of conductors) insulated from one another 
(multiple conductor cable). Note: A cable sheath may consist of multiple layers of which one or 
more are conductive. 


Catenary System—A lightning protection system consisting of one or more poles or masts with 
overhead wires between them. Each overhead wire may serve the function of both a strike 
termination device and a main conductor. Also known as overhead wire system. 


Circuit—For purposes of this AFMAN, a conductor or system of conductors through which an 
electric current is intended to flow. 


Circuit Breaker—A device to open and close a circuit and to open the circuit automatically at a 
predetermined overload of current, without injury to itself, when properly applied within its 
rating. 


Conductor—Material (typically a wire, cable, or bus bar) for carrying an electric current. Note: 
This term is used only in reference to current-carrying parts that are sometimes energized. 


Conductor, Bonding—A conductor used to bring the potential between two metallic objects to 
essentially zero. 


Conductor, Main—A conductor intended to carry lightning currents from the point of 
interception to ground. 


Confined Space—A space large enough and configured so a worker can bodily enter and 
perform assigned work; has limited or restricted means for entry or exit (for example: tanks, 
vessels, silos, storage bins, hoppers, vaults, manholes and pits); and is not designed for 
continuous human occupancy. 


Copper-Clad Steel—Steel with a coating of copper bonded on it. 


Cross-tell—Formal messaging system designed to share lessons learned and to disseminate new 
ideas or techniques between common users. 


Delta—wye—transformer is a type of three-phase electric power transformer design that 
employs delta-connected windings on its primary and wye/star connected windings on its 
secondary. 


Down Conductor, Lightning—The conductor connecting roof conductors of an integral system, 
overhead wires of a catenary system, or a mast system to the earth ground subsystem. 


Equipment Grounding Conductor—The conductive path(s) that provides a ground-fault 
current path and connects normally non-current-carrying metal parts of equipment together and 
to the system grounded conductor or to the grounding electrode conductor, or both. 
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Facility Ground System—The electrically interconnected system of conductors and conductive 
elements that provides multiple current paths to earth. The facility ground system can include the 
earth electrode subsystem, lightning protection subsystem, signal reference protection subsystem, 
fault protection subsystem, static ground subsystem, as well as the building structure, equipment 
racks, cabinets, conduit, junction boxes, raceways, duct work, pipes, and other normally non- 
current-carrying metal elements. 


Frayed—When the cross-sectional area of the wire or braid is reduced by half. 


Grounded (Grounding)—Connected (connecting) to ground or to a conductive body that 
extends the ground connection. 


Grounding Electrode—The portion of a lightning protection system, such as a ground rod, 
ground plate electrode, or ground conductor, that is installed for the purpose of providing 
electrical contact with the earth. 


Ground Loop Conductor—A conductor, buried 3 to 8 feet (0.9 to 2.4 meters) from a structure, 
encircling the structure and interconnecting grounding electrodes. The conductor may also be 
connected to buried copper or steel plates or grounding electrodes which may have been installed 
to establish a low-resistance contact with earth. (A ground loop conductor is also referred to as a 
counterpoise, a loop conductor, or closed loop system.) 


Inherent Bond (Inherently Bonded)—Where metal bodies located in a steel-framed structure 
are electrically bonded to the structure through the construction, either by configuration or by 
weight. 


Integral System—A system which uses air terminals mounted directly on the structure to be 
protected. Note: integral systems protect both the structure and its contents. 


Labeled—Equipment or materials to which has been attached a label, symbol, or other 
identifying mark of an organization that is acceptable to the AHJ and concerned with product 
evaluation, that maintains periodic inspection of production of labeled equipment or materials, 
and by whose labeling the manufacturer indicates compliance with appropriate standards or 
performance in a specified manner. 


Listed—Equipment, materials, or services included in a list published by an organization that is 
acceptable to the AHJ and concerned with evaluation of products or services, that maintains 
periodic inspection of production of listed equipment or materials or periodic evaluation of 
services, and whose listing states that either the equipment, material, or service meets appropriate 
designated standards or has been tested and found suitable for a specified purpose. 


Lightning Rod—See Air Terminal. 


Lightning Protection System—A complete system of strike termination devices, conductors 
(which could include conductive structural members), grounding electrodes, interconnecting 
conductors, surge protective devices (SPD), and other connectors and fittings required to 
complete the system. 


Mast System—A lightning protection system using masts that are remote from the structure to 
provide the primary protection from a lightning strike. A mast system may be a single mast or 
multiple masts. 
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Non-Permit Confined Space—A space that does not contain or, with respect to atmospheric 
hazards, have the potential to contain any hazards capable of causing death or serious physical 
harm 


Permit—Required Confined Space—A confined space that has one or more of the following 
characteristics: contains or has a potential to contain a hazardous atmosphere; contains a material 
that has the potential for engulfing the entrant; has an internal configuration such that an entrant 
could be trapped or asphyxiated by inwardly converging walls or by a floor that slopes 
downward and tapers to a smaller cross-section; or contains any other recognized serious safety 
or health hazard. 


Premises Wiring System—Interior and exterior electrical wiring of a building that extends from 
(a) the load end of the service drop or service lateral conductor to (b) the outlets; includes power, 
lighting, control, and signal circuit wiring in addition to all associated hardware, fittings, and 
wiring devices. 


Overhead Wire System—System using conductors routed over the facility, at a specified 
height, designed to provide the required zone of protection. Also known as overhead shield wire 
system and catenary system. 


Side Flash—An electrical spark, caused by differences of potential, that occurs between 
conductive metal bodies or between conductive metal bodies and a component of a lightning 
protection system or ground. 


Strike Termination Device—A conductive component of the lightning protection system 
capable of receiving a lightning strike and providing a connection to a path to ground. Strike 
termination devices include air terminals, metal masts, wooden masts with an air terminal atop, 
permanent metal parts of structures, and overhead ground wires installed in catenary lightning 
protection systems. A main size conductor looped over the top of a wooden mast may also 
function as an air terminal. 


Structure—(1) Metal-clad structure. A structure with sides or roof, or both, covered with metal. 
(2) Metal-framed structure. A structure with electrically continuous structural members of 
sufficient size to provide an electrical path equivalent to that of lightning conductors. 


Surge Protective Device (SPD)—A device intended for limiting surge voltages on equipment 
by diverting or limiting surge current that comprises at least one nonlinear component. 


Tag—A system or method of identifying circuits, systems, or equipment being worked on. 


Tagging—Placing a safety tag directly on a circuit opening device or equipment for additional 
safety to ensure it is not used or its position altered. 


TEMPEST—Unclassified name for investigation and study of compromising emanation. 
Third—party Inspector — An inspector who is neither the designer nor the installer. 
Vac, VAC— Volts, alternating current 


Voltage—The effective root mean square (RMS) potential difference between any two 
conductors or between a conductor and ground. Voltages are usually listed as nominal values. 
The nominal voltage of a system or circuit is the value assigned to a system or circuit of a given 
voltage class to provide a convenient nomenclature. The operating voltage of the system may 
vary above or below this value: 
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—Low Voltage. Lines and equipment operating at and below 600 V (nominal phase-to- 
phase). 


—High Voltage. Lines and equipment operating above 600 V (nominal phase-to-phase). 
—Secondary Voltage. Lines and equipment operating at and below 600 V (nominal phase-to- 
phase). 

—Distribution- Voltage. Lines and equipment operating above 600 V (nominal phase-to- 
phase) up to and including 36 kV (nominal phase-to-phase). 

—Transmission Voltage. Lines and equipment operating above 36 kV (nominal phase-to- 
phase). 


Zone of Protection—The space adjacent to a lightning protection system that is substantially 
immune to direct lightning flashes. 
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Attachment 2 
SCHEDULED MAINTENANCE FOR GROUNDING SYSTEMS. 


Table A2.1. Schedule for Maintenance for Grounding Systems. 


esponsible 
P Reference Comments 


Organization Authority 


1. Exterior 
Electrical 
Distribution 


2. Electrical 
substation! 
(if base- 
owned or 


a. Visual 
inspection of, 
electrical 
distribution 
equipment 
fencing, pole 
grounds, 
pad- 
mounted 
equipment 
grounds, and 
neutrals. 


b. Physical 
continuity of 
grounds for 
separately 
derived 
systems 


a. Continuity 
check across 


gate opening} 5 years 


(1 ohm or 


totally/partia] less) 


UFC 3-501- 
O01, Electrical 
Engineering 


UFC 3-550-01 


This AFMAN 


NETA MTS 


1. Any and all 
inspections should 
follow NETA MTS 
guidance 


2. It is not necessary 
to perform the 5- 
year inspection of 
the system in a 
single year; 
however, at the end 
of 5 years, 
documentation must 
show that the entire 
system has been 
inspected. 


3. If utility is 
privatized, this does 
not apply; however, 
safety and 
operational 
discrepancies and 
damage should be 
reported when 
observed. 


Ensure ring currents 
are not established 
by the existence of 
grounds for 
multiple systems 
and equipment. 
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lly 
maintained 
by the base) 


3. Exterior 
lightning 
arrestors 
and/or surge 
protective 
devices on 
primary 
distribution 
lines (even 
if privately 
owned). 


4. General 


b. Ground 
resistance 
measuremen 
t of entrance 
gate (5 ohms 
or less) 


Visual 


a. Facility 
service 
entrance - 
visual 
inspection 


b. Verify 
bonding of 
other 


systems to 
facility 
grounds 


c. Visual 
inspection of 
lightning 
protection 
system and 
Surge 
protective 
devices 


3-5 years 


Critical 
systems 1-3 
years 


Upon 
revisions toa 
facility 


When 
electrical or 
communicati 
ons work is 
performed at 
facility 
service 


Upon new 
installation, 
installation or 
upgrade of 
other systems 
requiring 
grounding, 
and prior to 
contract 
acceptance 


1-2 years, as 
determined 
by the base 
AHBJ, based 
on facility 


type. 


NFPA 70 
(NEC), Art. 
250 


NFPA 70 
(NEC), B 


UFC 3-575-01 


NFPA 70 
(NEC) 


This AFMAN 
NFPA 780 


UFC 3-575-01 
UFC 3-520-01 


Ensure reliability to 
the Air Force 
mission. 
Discrepancies 
should be reported, 
in writing, to the 
owner if other than 
Air Force, with cc 
to BCE 


Tag or mark in a 
conspicuous place 
to indicate visual 
inspection date and 
initials of inspector 


Ensure the integrity 
of the single point 
facility ground 


Note mechanical 
damage, lightning 
damage, or 
discrepancies 
caused by repair, 
renovation, or 
addition 
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d. Facility 

ground 

resistance 

check (per 

SA ale This AFMAN 
ohms or less 

at service 

grounding 

electrode) 


a. Resistance 
Upon 


installation 
and when 
observed to 
be physically 
damaged 


UFC 3-460- 
03, O&M: 
Maintenance 
of Petroleum 
Systems 


measuremen 
t on static 
grounds 
(10,000 
ohms or 
less) 


b. Visual Quarterly and 
inspection | when User 
and damaged 
mechanical 
5 POL check of UFC 3-460-03 
facies. (2 
conductor | Annually 
connections 
(pull test) 
Annually for 
other than 
c. Inspection} thermal weld. 
of If thermal 
connection | weld, inspect | BCE UFC 3-460-03 
to grounding} upon 
electrode installation 
and when 
damaged. 


BCE 
BCE 
BCE 
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6. Fuels lab 


7. Aircraft 
parking 
apron 
grounds and 
hangar floor 
static 
grounds 


8. LOX 
storage 


d. Facility 
service 
entrance - 
visual 
inspection 


a. Visual 
inspection 
and 
continuity 
validation of 
equipment 
grounds 


b. Visual 
inspection of 
facility 
grounds 


Resistance 
measuremen 
t on static 
grounds 
(10,000 
ohms or 
less) 


Resistance 
measuremen 
t on static 
ground 
(10,000 
ohms or 
less) 


When 

electrical 

work is 

performed at 

facility, NFPA 70 Tag or mark in a 
including (NEC), Art. | conspicuous place 
destructive 250 to indicate visual 
inspection NFPA 70 inspection date and 
and any kind (NEC), B initials of inspector 
of electrical 

testing, by 

other than 

BCE 


BCE requirements 
Monthly User oo ak are covered in Item 
4, general facilities. 


BCE requirements 
Monthly User oo on are covered in Item 
4, general facilities. 


BCE 
When 
installed or | BCE UFC 3-575-01 
repaired 
When 
installed, 
physically BCE This AFMAN 
damaged, or 
repaired 
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9. Rail car 
off-loading 
spur 


10. 
Communicat 
ions (& 
TEMPEST) 
Facilities 


Visual 
inspection of 
rail bonding 


Ground 
resistance 
measuremen 
t at service 
entrance 
(Per NEC 
Article 250, 
10 ohms or 
less at the 
service 
grounding 
electrode is 
design 
objective. If 
10 ohms 
cannot be 
obtained 
after 
compliant 
installation 
of a ground 
loop, 
resistance is 
recorded as 
is.) 


Annually (If 
the rail car 
enters an 
explosive 
facility, test 
for continuity 
every 2 
years) 


Quarterly for 
first year 
after 
installation; 
then every 21 
months (see 
Note for this 
item) 
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This AFMAN 


NFPA 70 
(NEC) 


This AFMAN 


Communications 
facilities require 
tiered surge 
suppression — 
protection at the 
main distribution 
panel and any sub- 
panel serving 
sensitive 
communication s 
equipment, Heating, 
ventilation, and air 
conditioning, and at 
communication s 
equipment. 


Note: User has 
requested 21 
months in order to 
comply with their 
references. User is 
responsible for 
trend analysis. 
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Checks 
11. involving in- 
Communicat} house 
ions electronic 
Equipment | equipment 
ground 


a. Visual 
inspection of 
static bus 
bars, 
grounding 
conductors, 
and bonds 


12. 
Hazardous” 


explosives b. 
area Resistance 


to ground 
for 
equipment 
bonding 
straps 
(10,000 
ohms or 
less) 


(weapons) 


c. Continuity 
across 
bonds, 


Determined 
by user from 
T.O. and 
equipment 
manufacturer 


Before using 
equipment 
and every 6 
months 


Annually for 
nuclear 
facilities 


When 
physically 
damaged or 
when frayed 
from use 


When 
physically 
damaged 


Military- 
Handbook 
419A, 
Grounding, 
Bonding, and 
Shielding for 
Electronic 
Equipment 
and Facilities 


AFMAN 91- 
201 


This AFMAN 


NFPA 780, 
Ch. 8 


AFMAN 91- 
201 


AFMAN 91- 
201 


NFPA 780, 


59 


To prevent the 
effects of 
transients/surges on 
the electrical 
distribution, 
communications 
equipment contracts 
should include 
SPDs on the load 
sides of sub-panels. 
If surge protective 
devices are required 
by the equipment 
manufacturer, this is 
to be purchased and 
installed as part of 
the project. 


Explosives area 
governed by 
DDESB 
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between bus 


Ch. 8 


bar - : Explosives area 
conductors, | After system governed by 
and bonding | modification ce DDESB aad 
straps (less 
than 1 ohm) 
d. Facility 
ground T-0P 
resistance ae 
check (per | When repair NFPA 70 Hxplosives ares NE 
NEC Article| or renovation (NEC) ee red by 
250, 25 is made to the DDESB T-1 for 
ohms or less | facility This AFEMAN repair or 
at service renovation 
grounding 
electrode) 
e. | Upon — AFMAN 91- 
Conductive | installation 201 Explosives area 
floor and when governed by 
grounding | damage is NFPA 780, DDESB 
check reported Ch. 8 

6 months and Visual inspection 

after a may consist only of 

lightning checking for an 

strike indicator lamp, 
f. Visual AFMAN 91- denoting SPD 
inspection of 201 operation 
SPDs This AFMAN 

Annually Explosives area 

governed by 
DDESB 
g. See 
epee This block is | This block is [This block is 
P intentionally | intentionally [intentionally 
requirements! tank blank blank 
13e, 13f, 
13g, and 131 
13. Non- a. Visual Semi- [isee AFMAN 91- | Intent of T-3 
hazardous? | inspection of| annually 201 “semiannually” is 
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explosives | static bus every 180 days, +10 

area bar, NEPA 780, days 

(weapons) | conductor, Ch. 8 

and bonds | Annually ; T-0 

Explosives area 
governed by 
DDESB 


b. 
Resistance 
to ground 
for 
equipment 
bonding 
straps 
(10,000 
ohms or 
less) 


c. Continuity 
check from 
equipment to 
static bus 
bar (1 ohm 
or less) 


d. Facility 
ground 
resistance 
check (Per 
NEC Article 
250, 25 
ohms or less 
at facility 
grounding 
electrode) 


e. Visual 


inspection of 
lightning 
protection 
system 
components 


When 
physically 
damaged or 
when frayed 
from use 


When 
physically 
damaged 


24 months 


12 months 


User 


BCE 
BCE 


BCE 


AFMAN 91- 


201 


AFMAN 91- 


201 


NFPA 780, 
Ch. 8 


NEC 


This AFMAN 
AFMAN 91- 


201 


NFPA 780 
AHJ 


NEC 


AFMAN 91- 


201 


This AFMAN 


NFPA 780 
AHJ 


Explosives area 
governed by 
DDESB 


Explosives area 
governed by 
DDESB 


Explosives area 
governed by 
DDESB 


AFMAN 91-201 
refers to this 
AFMAN 


Explosives area 
governed by 
DDESB 
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f. Ground 
resistance 
measuremen 
ton LPS at 
grounding 
electrode 
(per NEC 
Article 250, | 24 months 
25 ohms 
maximum) 
measured 
diagonally 
opposite to 
electrical 
service 


g. 
Continuity 


validation on 
air 
terminals, 
bonds, and 
conductor 
connections 
(1 ohm or 
less) 


24 months 


6 months and 
after a 
lightning 
strike 

h. Visual 


BCE 


BCE 


User 


inspection of 
SPDs 


Annually 


i. Static bus 

bar 

continuity to} 24 months 
ground (1 


ohm or less) 


BCE 
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NEC 


AFMAN 91- 
201 


This AFMAN 


NFPA 780 
AHJ 


AFMAN 91- 
201 


This AFMAN 


NFPA 780 
AHJ 


AFMAN 91- 
201 


This AFMAN 


NFPA 780 
AHJ 


AFMAN 91- 
201 


This AFMAN 


NFPA 780 
AHJ 


AFMAN 91-201 
refers to this 
AFAMN 


Explosives area 
governed by 
DDESB 


Explosives area 
governed by 
DDESB 


Visual inspection 
may consist only of 
checking for an 
indicator lamp, 
denoting SPD 
operation 


Explosives area 
governed by 
DDESB 


Explosives area 
governed by 
DDESB 
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: Governed by 
This AFMAN DDESB 

: Governed by 
This AFMAN DDESB 


Governed by 
This AFMAN DDESB 


a. Facility 

single point | At 

ground construction 
system and every 24 
resistance | months 
check 


b. Visual 
inspection of 
grounding 
system 


12 months 


c. Continuity 
between a 
arch and 
ground (1 
ohm or less) 


construction 
and every 24 
months 


e. (HAS) 
Continuity 
between 
vault lip 
(flange) and 
ground 
(steel 
conduit) (1 
ohm or less) 


At 
construction 
and every 24 
months 


‘ Governed by 
This AFMAN DDESB 

: Governed by 
This AFMAN DDESB 


f. Continuity 
of installed 
(permanent) 
bonds 
between 
metal 
masses and 
steel support 


When 
notified of 
damage 


d. (HAS.) 
14. . Validate Governed b 
Protective door hinge | 24 months BCE This AFMAN y 
aircraft a: DPEee 
3 continuity (1 
shelter ohm or less ) 
vault 
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15. Medical 
facilities* 


g. Visual 


inspection of 


permanent 
bonds 
between 
metal 
masses and 
steel support 


a. Ground 
resistance 
validation 
(Per NEC 
Article 250, 
25 ohms or 
less at 
service 
grounding 
electrode) 


b. 
Effectivenes 
s of 
grounding 
system by 
voltage and 
impedance 
measuremen 
ts 


c, 
Verification 
of continuity 
of receptacle 
grounding 
circuits 
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Governed by 


Annually This AFMAN 


NFPA 99, 
Health Care 
Facilities 


NFPA 99 


Before 
acceptance of 
new facility 
or after 
service 
entrance 
modification 


Annually 
(semi- 
annually for 
critical care 
areas defined 
in NFPA70, 
hospitals and 
surgical 
centers) 
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Ground 
16. Airfield | resistance 
lighting check (Per 
vault single | NEC Article} 2 years BCE This AFMAN 
point facility] 250, 25 
ground ohms or 
less) 


These 

facilities 

may have 

special DNA-A-86- 

requirements 60, Vol 1-3, 
17. EMP otherwise, a EMP 
hardened Peslsialice 2 years ee 

ne check (Per Handbook for 

faciiinies NEC Article Ground-Based 

250, 25 Facilities 

ohms or less This AFMAN 

at service 

grounding 

electrode) 


a. Visual 

inspection of} Before each eee This AFMAN 
equipment 

bonds 


b. 

Continuity 

and 

resistance Facility Criteria 4- 
bes PMEL> | est of 218-01F, Criteria 

facility For Precision 

ground (Per | 5 years BCE This AFMAN | Measurement 

NEC Article Equipment 

250, 10 Laboratory Design 

ohms or less And Construction 

at service 

grounding 

electrode) 


19. Special |, TBD pb This block is This block is 

intelligence, | , y intentionally | BCE intentionally 
gence, | AHJ 

cyber, SCIF, blank blank 
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UAS/RPA, 

launch and 

space, and |b. TBD by 
other AHJ 
special-use 

facilities* 


This block is This block is 
intentionally intentionally 
blank blank 


After 
unscheduled 


User is onsite. A 
ower ; quick check and 
a. Visual P This AFMAN report to BCE may 


outages 
(report 
20. Surge outage to 
protective BCE) 
devices 


inspection NFPA 780 avoid additional 
damage until BCE 


can arrive. 


After 
wich unscheduled This AFMAN 
power 
outages and NFPA 780 
annually 


inspection 


1. If utility is privatized, this does not apply; however, safety and operational discrepancies 
and damage should be reported when observed. 


2. As defined in NEC Article 500. 


3. Also known as hardened aircraft shelter (HAS), as determined by current Security Forces 
AFIs. 


4. BCE will perform if separate medical facility maintenance branch does not exist, under 
memorandum of agreement only. 


5. T-0 requirements for explosives facilities and PAS/HAS is delegable from DDESB to 
AFCEC/COSM. 


6. Where decision authority is the “Authority Having Jurisdiction” or “AHJ”, the Base Civil 
Engineer is considered the AHJ. 


Note: All incoming utility services should be verified for continuity of grounding and bonding 
by the service provider every 5 years (i.e., gas, telephone, signal lines, CATV), including 
government-owned facilities systems. 
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Attachment 3 
BASIC REQUIREMENTS FOR GROUNDING SYSTEMS 


A3.1. Types of Grounds. There are five basic types of grounding systems which must be 
inspected if present in a facility: static grounds, equipment grounds, electrical system grounds, 
lightning grounds (down conductors), and signal reference grounds. (T-0). Subsystem grounds is 
a hybrid of these five basic systems. 


A3.1.1. Static Grounds. A static ground is a connection between a piece of equipment and 
earth to drain off static electricity charges before they reach a sparking (discharge) potential. 
Typically, static grounding involves connecting large metal objects such as fuel tanks or 
aircraft to earth through a grounding electrode. Static grounds are not part of an electrical 
power system, but if an equipment grounding conductor is adequate for power circuits it is 
also adequate for static grounding. 


A3.1.2. Equipment Grounds. Equipment grounding involves interconnecting and connecting 
to earth all non-current-carrying metal parts of an electrical wiring system and equipment 
connected to the system. The purpose of grounding equipment is to ensure personnel safety 
by reducing any residual charge in an equipment item to near zero volts with respect to 
ground. An equipment ground must be capable of carrying the maximum ground fault current 
possible without causing a fire or explosive hazard until the circuit protective device clears 
the fault. An example is the bare copper wire or green insulated conductor connected to the 
frames of electric motors, breaker panels, and outlet boxes. The equipment ground is 
connected to an electrical system ground (neutral) only at the electrical service entrance of a 
building. 


A3.1.3. Electrical System Ground (Single Point Facility Ground). The purpose of electrical 
system grounds is to limit the voltage imposed by lightning, line switching surges, or 
unintentional contact with higher-voltage lines and to stabilize the voltage to earth during 
normal operation. See NEC Article 250.4(A)(1). One wire or point of an electrical circuit in 
an electrical system ground is connected to earth. This connection is usually at the electrical 
neutral (though not always), and is called the "system ground" or “single point facility 
ground.” The resistance of most electrical system ground electrodes operating at or below 
600 Vac should not be more than 25 ohms. Medium voltage systems (1 to 15kV) frequently 
are grounded through a resistor (or reactor) and may exceed 25 ohms. This practice limits 
ground fault current to a manageable level. If a ground loop conductor functions as the 
electrical system ground (single point facility ground) then 25 ohms is not a requirement. 


A3.1.4. Lightning Grounds or Down Conductors. The purpose of a lightning protection 
system is to provide for the safeguarding of persons and property from hazards arising from 
exposure to lightning. Grounds and down conductors are necessary to safely dissipate 
lightning strikes into the earth. They are part of a lightning protection system that usually 
includes air terminals (lightning rods), main size conductors, arrestors, and other connectors 
or fittings required for a complete system. It is helpful to provide test wells for access to the 
grounding electrodes to test for continuity to the down conductor. 
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Figure A3.1. Test Well Configuration Example. 
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A3.1.5. Signal Reference Grounds. The purpose of a signal reference ground is to provide a 
low impedance reference system for electronic equipment to minimize noise-induced 
voltages (distortions on the voltage waveform) and thereby reduce equipment malfunctions. 
Common configurations include planes and grids. See IEEE STD 1100-1999 Recommended 
Practice for Powering and Grounding Electronic Equipment, for details. With the exception 
of the connection point to the facility grounding system, the responsibility for individual 
signal reference ground testing lies with the equipment owners. 


A3.1.6. Subsystem Grounds. Each of the grounding systems described above may be a 
subsystem of a total facility grounding system. All grounds (and subsystems) must be bonded 
together according to NFPA 780 and the NEC. The electrical system ground (single point 
facility ground) is the master ground and all must be tied to that point, either directly or 
indirectly. (T-0). Testing of equipment grounds is the responsibility of the equipment 
owners. 


A3.2. NEC Grounding Requirements. Electrical systems and circuit conductors are grounded 
to limit voltages during lightning and to facilitate overcurrent device operation in case of a 
ground fault. The NEC allows the system neutral to be grounded and limits the location of this 
neutral (NEC Article 250-24 and Exhibit 250.1). Since the neutral will carry current under 
normal operating conditions, the NEC refers to it as the grounded conductor. See NEC Article 
250. 


A3.2.1. Facility Ground. The NEC requires a premises wiring system to have a grounding 
electrode at each service. This electrode may be of several different types or systems. Each of 
the types listed below must be bonded together to form the grounding electrode system. (T- 
0). 


A3.2.1.1. Where a metal underground water pipe (uncoated) is in direct contact with the 
earth for 10 feet (3.05 meters) or more, do not bond around insulation flanges installed 
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for cathodic protection. If the underground water pipe is the only electrode available, 
grounding electrodes must supplement it. 


A3.2.1.2. The metal frame of a building where the building is effectively grounded. 


A3.2.1.3. An electrode encased by at least 2 inches (51 millimeters) of concrete, made of 
at least 20 feet (6.1 meters) of one or more steel reinforcing bars, located within and near 
the bottom of a concrete foundation or footing in direct contact with the earth. This is 
known as a Ufer ground. 


A3.2.1.4. A ground ring encircling the building at least 2.5 feet (0.76 meters) deep. The 
ground ring must be at least 20 feet (6.1 meters) long and use at least AWG No. 2 copper 
(for lightning protection ground ring conductor, see paragraph A5.1.16). (T-0). Where 
none of the above-listed electrodes are present, grounding electrodes or ground plates 
must be used. (T-0). Grounding electrodes must be at least 8 feet (2.44 meters) in length 
(10 feet (3.05 meters) for lightning protection; see paragraph A5.1.11). (T-0). 
Grounding electrodes or plates must not be aluminum. (T-0). The Air Force discourages 
the use of stainless-steel grounding electrodes because of the cost; however, they are 
allowed if the specific situation warrants their use. 


A3.2.2. Separately Derived System (SDS). A separately derived system is an electrical 
source, other than a service, having no direct connection(s) to circuit conductors of any other 
electrical source other than those established by grounding and bonding connections. 
Examples of SDSs include generators, batteries, converter windings, transformers, and solar 
photovoltaic systems, provided they have no direct electrical connection to another source. 
The grounded circuit conductors are not intended to be directly connected. 


A3.2.2.1. Dry type transformers (isolation and non-isolation) are common sources of 
SDSs in a facility. Typically, they are connected in a delta-wye configuration. SDS 
transformers are widely used in sensitive electronic installations (computer power 
distribution centers are essentially SDS transformers) since they effectively establish a 
local ground at the electronic equipment. This minimizes the impedance to ground as 
seen by the load. They should always possess a means of vibration isolation. 


A3.2.2.2. Standby or emergency generators are also common sources of separately 
derived systems. A generator connected to a facility through a transfer switch is not a 
separately derived system if the neutral conductor remains connected to the normal 
commercial power source neutral after transfer (the neutral is not switched along with the 
phase conductors). AFI 32-1062, Electrical Systems, Power Plants and Generators, 
requires a switched neutral in the case of all real property installed equipment (RPIE) 
generators (4-pole generators and automatic transfer switches). For older generators 
without a switched neutral, the required connection of the neutral to the facility’s 
grounding electrode system for both the commercial power source and the generator must 
be made only on the supply side of the commercial power service disconnect. (T-0). 
Providing an additional connection between the generator neutral and a grounding 
electrode at the generator would be a grounding connection on the load side of the service 
disconnect and a violation of the NEC. Refer to IEEE Standard 446, Recommended 
Practice for Emergency and Standby Power (The Orange Book), for additional 
information and requirements on grounding emergency and standby generators. 
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A3.3. Grounding Electrodes. 


A3.3.1. Connection to Earth. The most practical method of connecting to earth is to bury a 
solid body, such as a metal rod, pipe, or sheet, and connect a grounding conductor to it. This 
solid body is known as a grounding electrode. 


A3.3.2. Methods for Obtaining Better Grounds. Frequently a satisfactorily low electrode 
resistance cannot be obtained because of high soil resistivity. Use the following methods if it 
is necessary to lower the resistance of the electrode. 


A3.3.2.1. Deeper Grounding Electrode (Ground Rod). As a grounding electrode is driven 
more deeply into the soil, it not only has more surface contact with the earth, but it also 
begins to reach soil which is more conductive. The deeper the electrode, the less the 
effect of poor surface moisture content and temperature changes. 


A3.3.2.2. Parallel Grounding Electrodes. Grounding electrodes driven parallel to each 
other should have space between them at least the length of the electrodes unless only a 
few additional ohms are required to obtain 25 ohms. In that case, the additional electrode 
may need to be only a few feet from the first driven electrode. To determine necessary 
distance prior to permanently placing the second ground rod, partially drive the ground 
rod, attach a temporary bond between the two, and re-measure the resistance of the 
combination. If 25 ohms is achieved, remove the temporary bond, drive the ground rod 
in place and permanently bond the two together. Multiple electrodes connected by a 
conductor have a greater ability to equalize potential over the installation area. 
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Figure A3.2. Parallel Grounding Electrodes at Service Entrances (Also See NEC 
Minimums). 
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A3.3.2.3. Soil Replacement. You can significantly lower the resistance of a grounding 
electrode by lowering the resistivity of the soil immediately surrounding it. Use a mixture 
of 75 percent gypsum, 20 percent bentonite (well driller’s mud), and 5 percent sodium 
sulfate. This mixture is available from cathodic protection supply companies. The 
mixture is better than chemical salts because it lasts much longer and chemical salts may 
not be compatible with environmental requirements. Various vendors provide low- 
resistance backfills that may be approved on a case-by-case basis. In all instances, 
indication should be less than 5 percent sulphur content. 
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A3.3.2.4. Concrete Encapsulation. Encapsulating grounding electrodes with concrete 
increases their effective diameter. The concrete absorbs water from the soil, increasing 
the conductivity directly around the electrode. 


A3.3.2.5. Other Methods. Other more-elaborate methods include installation of a ground 
loop conductor, electrode networks, or multiple electrodes laid horizontally both parallel 
and perpendicular, and bonded together to create a grid about 18 inches (0.5 meter) below 
the surface. 


Figure A3.3. Sample Grid of Bonded Horizontally Laid Grounding Electrodes. 


0 8 8 


A3.4. Grounding and Corrosion. Copper grounding has been the standard of the electrical 
industry almost from inception. Because copper is cathodic to all common construction 
materials, corrosion often results when copper is in contact with ferrous structures. Bonding 
underground ferrous structures to copper grounding systems can create serious corrosion 
problems. 


A3.4.1. Corrosion of Pipelines. A typical situation for corrosion development exists when a 
facility’s copper grounding system is bonded to a coated steel pipeline entering the facility. If 
this pipe is installed in low-resistivity soil, corrosion current will be high because of the 
potential between copper and steel, the low-resistance circuit, and concentrated at the voids 
in the pipe coating. Common solutions to this problem are use of galvanized steel rather than 
copper grounding electrodes, installing an insulating fitting above the ground in the pipeline 
where it exits the soil and as it enters the building, separating the grounding system and the 
piping systems as widely as possible, installing a sacrificial anode system, or some 
combination of these solutions. Note that while the aboveground portion of the pipeline is 
grounded for safety, the underground portion is already grounded by contact with the soil. 
The resistance to earth of a typical coated piping system is usually 1 to 5 ohms. 


A3.4.2. Hazardous Voltages. If insulating fittings are installed on a pipeline, take 
precautions against lightning flashover at the fittings or a dangerous potential difference 
between the pipe sections. Connect a metal oxide varistor (MOV) lightning arrestor, zinc 
grounding cell, or an electrolytic cell across the insulating device. The clamping voltage 
should be 3.14 times the maximum output voltage of the rectifier of the cathodic protection 
system. 


A3.4.3. Zinc Grounding Cell. A zinc grounding cell is made of two bars of 1.4 by 1.4 by 60- 
inch (3.55 by 3.55 by 152.4-centimeter) zinc separated by 1-inch (2.54-centimeter) spacers. 
Each bar has an insulated AWG No. 6 stranded copper conductor silver-brazed to a 0.25-inch 
(0.64-centimeter) -diameter steel core rod. The unit comes prepackaged in a bag of low- 
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resistivity backfill (75 percent gypsum, 20 percent bentonite, 5 percent sodium sulfate). The 
nominal resistance of a two-anode grounding cell is 0.4 ohm. For lower resistance, a four 
cross-connected zinc anode cell with a resistance of 0.2 ohm is available. This resistance acts 
as an open circuit to the low dc voltage corrosion current, but like a short to lightning or 120 
Vac commercial current. 


A3.4.4. Electrolytic Cell. An electrolytic cell (Kirk Cell) consists of multiple pairs of 
stainless-steel plates immersed in a potassium hydroxide electrolyte solution with an oil film 
floating on top to prevent evaporation. The cell acts like an electrochemical switch, blocking 
low dc voltages in the cathodic protection range, but instantaneously shunting ac or higher dc 
voltages to ground. 
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Attachment 4 
BASIC BONDING REQUIREMENTS 


A4.1. Basic Requirements. Three conditions or situations establish the requirement for a bond. 


Table A4.1. Conditions or situations. 


Condition 1 Condition 2 Condition 3 

Common bonding of Bonding of metal bodies (See | Isolated (ungrounded) metallic 
grounded systems — structures | definition for “structure.”’) bodies (such as metallic 
exceeding 60 ft (18 m) window frames) 


A. Structures 40 ft (12.2 m) 
and less (structures </=40’ 


B. Structures more than 40 ft 
(12.2 m) in height where 
bonding is required within 60 
ft (18.3 m) from top of 
structure (structures >40’ and 
</=60’ 


A4.2. Condition 1. 


A4.2.1. Effective with the 2017 NFPA 780, for metal or steel-framed structures exceeding 
60 feet (18 meters) in height, the interconnection of the lightning protection system 
grounding electrodes and other grounded media shall be in the form of a ground loop 
conductor. (T-0). This interconnection shall include all building grounding electrode 
systems, including lightning protection, electrical service, communications service, and 
antenna systems grounding electrodes. For existing metal or steel-framed structures 
exceeding 60 feet (18 meters), metal bodies must be bonded as near as practical at their 
extremities (top and bottom) to structural steel members. 


A4.2.2. For reinforced concrete structures where the reinforcement is interconnected and 
grounded, long, vertical metal bodies must be bonded to the lightning protection system 
down conductors (unless inherently bonded through construction) at their extremities (top 
and bottom). (T-0). 


A4.3. Condition 2. 


A4.3.1. Bonding of metal bodies not covered by Condition 1 (structure is </= 60 feet [18 
meters]). Grounded metal bodies shall be bonded to the lightning protection system where 
located within a calculated bonding distance, D, as determined by the following BBF: (T-0). 
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Figure A4.1. Basic bonding formula. 


A4.3.1.1. Where: D = calculated bonding distance, h = either the height of the building 
or the vertical distance from the nearest bonding connection from the grounded metal 
body to the lightning protection system and the point on the down conductor where the 
bonding connection is being considered. n = value related to the number of down 
conductors that are spaced at least 25 feet (7.6 meters) apart and located within a zone of 
100 feet (30 meters) from the bond in question Km= 1 if the flashover is through air; 0.50 
if through dense material such as concrete, brick, and wood. 


A4.3.1.2. The value n shall be calculated as follows: n = 1 where there is one down 
conductor in this zone; n = 1.5 where there are two down conductors in this zone; n = 
2.25 where there are three or more down conductors in this zone. Application of this 
general formula is adjusted below, based on structure height. For quick reference, some 
calculated values for a single down conductor (7) are shown below: 


A4.3.1.3. Exterior. For items mounted on the exterior of a building on the same building 
face as a down conductor or another part of the LPS, where Km = 1.0 (air): 


Figure A4.2. Common Calculations. 


At h=60 inches, D=10 inches 

At h=42 inches, D= 7 inches 

At h=18 feet, D=3 feet 

At h= 20 feet, D=3 feet, 4 inches 

Note: that no masts or metal objects are allowed within 6 feet (1.8 
meters) of the base of a building exterior wall, to provide a safe side flash 
distance and adequate work space at the base of a mast. See Table A4.1. 


A4.3.1.4. Interior. For metal items on the interior of a building where Km = 0.5 (some 
solid medium previously described): At h=42 inches, D=3.5 inches, but 6 inches is 
minimum distance; therefore D=6 inches. This applies to static bus bars installed on the 
interior of an exterior wall. No metal objects are allowed closer than 6 inches to the static 
bus bar (examples are metallic lockers, metallic tool boxes and similar items). At h=60 
inches, D=5 inches, but, again, 6 inches is minimum distance; therefore, D=6 inches. 


A4.4. Condition 2a. 


A4.4.1. For grounded metal bodies inside structures 40 feet (12.2 meters) and less in height. 
Grounded metal bodies shall be bonded to the lightning protection system where located 
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within a calculated bonding distance (side flash distance), D, as determined by the following 
formula: (T-0). 


Figure A4.3. Basic bonding formula. 


A4.5. 


A4.4.1.1. Where: D = calculated bonding distance. 4 = either the height of the building 
or the vertical distance from the nearest bonding connection from the grounded metal 
body to the lightning protection system and the point on the down conductor where the 
bonding connection is being considered. n = value related to the number of down 
conductors that are spaced at least 25 feet (7.6 meters) apart and located within a zone of 
100 feet (30 meters) from the bond in question Km = 1 if the flashover is through air; Km 
= (0.50 if through dense material such as concrete, brick, and wood. 


A4.4.1.2. The value n shall be calculated as: n=1 where only one down conductor is 
within 100 feet, n=1.5 where two down conductors are within 100 feet, and n=2.25 where 
three or more down conductors are within 100 feet. 


A4.4.1.3. Down conductors not separated by at least 25 feet (7.6 meters) are considered 
one down conductor and n=1. An example of this calculation is shown in Figure A4.1 
The height of the building is 35 feet (10.7 meters). A is a metal pipe grounded at one end 
but close to down conductor. B is the only down conductor within 100 feet (30.5 meters) 
of the point in question, so n = 1. Since any flashover would occur through the wall, Km 
= 0.5. The BBF is D = [h/6(1)](0.5) = (30 feet/6)(0.5) = (5.0)(0.5) = 2.5 feet (0.76 meter). 
This means that if pipe A is 2.5 feet (0.76 meter) or closer to the down conductor at the 
point in question (30 feet [9.14 meters] in height), bond it through the wall to the down 
conductor. If installed within side flash distance, the design should relocate either the 
down conductor or offset the installation of the metallic object, pipe A, in this case. 


Condition 2b. 


A4.5.1. Note that for buildings between >40 and </= 60 feet (12.2 and 18.3 meters) in 
height, Condition 2B would apply. D = calculated bonding distance. h = vertical distance 
between the bond under consideration and the nearest interconnection to the lightning 
protection system or ground. n = value related to the number of down conductors that are 
spaced at least 25 feet (7.6 meters) apart and located within a zone of 100 feet (30 meters) 
from the bond in question K m= 1 if the flashover is through air; Km = 0.50 if through dense 
material such as concrete, brick, and wood. 


A4.5.1.1. The value n shall be calculated as: n=1 where only one down conductor is 
within 100 feet (30 meters), n=1.5 where two down conductors are within 100 feet, and 
n=2.25 where three or more down conductors are within 100 feet (30 meters). 
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A4.5.1.2. Where bonding is required below a level 60 feet (18 meters) from the top of a 
structure, n shall be the total number of down conductors in the lightning protection 
system. 


A4.5.1.3. See Figure A4.4 shows bond fitting Condition 2b(1). The vertical height, h1, 
is 75 feet (22.9 meters). In this case, the two down conductors are within 100 feet (30 
meters) of the bond at D1, and n equals 1.5. Again, the flashover would be through the 
wall, so Km = 0.5. The BBF is D1 = ([75 /(6)(1.5)])0.5 = (75/9)(0.5) = 4.17 feet (1.27 
meters). If pipe A is 4.17 feet (1.27) meters or closer to the down conductor, bond it to 
the down conductor through the wall. If installed within side flash distance, the design 
should relocate either the down conductor or offset the installation of the metallic object 
if possible, pipe A, in this case. 


A4.6. Condition 2c. 


A4.6.1. For grounded metal bodies where the bond in question is below the top 60 feet (18.3 
meters) of a structure which is greater than 40 feet (12.2 meters) in height, the following 
definitions apply. h = the vertical distance between the bond being considered and the nearest 
other lightning protection system bond (or to ground level if no other bond is present). n = 
the total number of down conductors (spaced 7.6 m apart) in the lightning protection system. 


A4.6.2. This type of bond is shown in Figure A4.1 Pipe B comes close to a down conductor 
at a height below the top 60 feet (18.3 meters) of the structure. Km would be 0.5 for a flash 
through the wall and n would be the total number of down conductors for the system assume 
four down conductors for the purpose of the following sample calculation. The BBF would 
be D2 = ([35/6(4)])0.5 = (35/24)(0.5) = 0.73 foot (0.22 meter). The pipe B would have to be 
bonded through the wall to the down conductor at this location if it is 0.73 foot (0.22 meter) 
or closer to the conductor. For this example, a wall thickness of 8.8 inches would not require 
through-the-wall bonding. If installed within side flash distance, the design should relocate 
either the down conductor or offset the installation of the metallic object, pipe B, in this case. 
Note that for buildings between 40 and 60 feet (12.2 and 18.3 meters) in height, Condition 
2b(1) would apply. 


A4.7, Side Flash for Catenary Systems. 


A4.7.1. For catenary systems, it is necessary to calculate the distance of the cable sag of the 
cross conductor to the nearest part of the facility or the position of the cross conductor that is 
nearest to any metal item mounted on top of the facility. The BBF must be used for this, but 
in no case shall the lowest part of the sag be less than 6 feet (1.8 meters) from the nearest part 
of the facility. (T-0). See Figure A5.1 


A4.7.1.1. For a metal mast or pole, / = the horizontal distance at the lowest point of sag 
to the top of the metal pole or mast. 


A4.7.1.2. For a non-metal mast or pole, / = the horizontal distance at the lowest point of 
sag to the top of the non-metal mast or pole plus the vertical distance from the top of the 
mast or pole to the grounding point at its base. 
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Figure A4.4. Typical Bonding Conditions in Structures 40 Feet or Less in Height. 


LIGHTNING ROD 


35 ft. (10.7 m) 


30 ft. (9.14 m) 
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Figure A4.5. Typical Bonding Conditions in Structures Greater Than 40 Feet in height. 
[D2 cut off] 


LIGHTNING ROD 


hi = 75 ft. 
(22.9 m) 


h2 =35 ft. (10.7 m) 


A4.8. Condition 3. Bonding of ungrounded metal bodies positioned to effectively short part of 
the separation distance between a grounded metal body and a lightning conductor. In Figure 
A4.6, a window is located between a grounded metal body and a lightning protection down 
conductor. First, calculate the bonding distance between the grounded body and down conductor 
by using the BBF according to the correct condition, from paragraph A4.1 [1, 2A, or 2B]. This 
will provide a distance for D. If the distance a + b is less than or equal to D, then the down 
conductor must be bonded directly to the grounded metal body. Note the window itself does not 
have to be bonded. Continuity tests should be performed to determine if the object is grounded, 
and not ungrounded, as it may appear. 
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Figure A4.6. Typical Bonding Conditions for Ungrounded Metal Bodies. 


WINDOV 
FRAME 
GROUNDED 
DOWN _— P 
CONDUCTOR METAL BODY 


A4.9. Typical Air Force Situation. Figure A4.9 depicts a situation that typically occurs at Air 
Force bases. Boxes shown in Figures A4.9 and A4.11 represent various types of metallic 
electrical enclosures. These are required by the NEC to be grounded, and therefore constitute 
grounded metal bodies as defined by Condition 2 above. They would have to be bonded to the 
down conductor if separation from the down conductor is less than the distance determined by 
the BBF, Condition 2. Condition 3 would not apply between the door frame and the down 
conductor with objects 1 through 4 in between, because all are grounded. However, the BBF, 
Condition 2, must be applied between the down conductor and the doorframe. On explosives 
facilities where such objects do not need to be bonded, recommend they be marked or labeled 
"NBN" (No Bonding Needed) for future reference. 


Figure A4.7. Bonding Metallic Equipment to Down Conductor. 


DOWN CONDUCTOR 


CORRECT METHOD INCORRECT METHOD 
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Figure A4.8. Bonding Down Conductor to Grounding Electrode. 


Pa Ria 


CORRECT METHOD INCORRECT METHOD 


Figure A4.9. Bonding for Typical Air Force Structure. 
~a— AIR TERMINAL 
DOWN BONDING EXPLOSIVES 


CONDUCTOR| | REQUIREMENTS STORAGE 
FACILITY 


A4.10. Explosives Facility Bonding. The following supplements the NFPA 780 bonding 
requirements for explosives facilities defined in Chapter 3. 


A4.10.1. See Figure A4.10 provides approximate bonding distances as defined by NFPA 
780. Note that this chart does not cover Conditions | and 2B from paragraph A4.1 The 
terms h, Km, and n are. The terms h, Km, and n are defined in paragraph A4.4 To 
demonstrate the use of the chart, it is used to solve the example in paragraph A4.4 
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Figure A4.10. Sample Calculations of Bonding Distances. 


ID 
h n=1.0 m=1.5 w= 2.25 
ft m Ky, | ft m ft m ft m 
10 | (3.05 1ft8in. 0.50 | 1 f 13/8 in,0.33 | 9 in. 0.22 
0.5 10 in. 0.25 | 63/4 in. 0.17 | 417 in. 0.11 
20 | (6.10 Bft4in. 71.01 | 2 234 in0.67 | [1 ft6in. 0.45 
0.5 1ft8in. 0.50 | {1 f 13/8 in0.33 | 9 in. 0.22 
30 | 9.15 SftOin. 1.52 | Bft4in. {1.01 | 2 23,4 in.0.67 
0.5 2ft6in. (0.76 | jl ft8in. 0.50 | 1 f 13/8 in.0.33 
40 12.2 |1 6ft8in. 2.03 | 4ft6in. [1.37 | Bft 0.91 


0.5 Bft4in. {1.01 | 2ft3in. 0.68 | |lft6in. 0.45 


1. Find the height (/) (9.15 m) in the column labeled h. 


2. Then select the row adjacent to the 9.15 m where Km is 0.5, since any 
flashover would occur through the wall. 


3. Since there is only one down conductor, n equals 1. Find the intersection of| 
the row selected in step 2 and the column labeled 1.0. The value in the cell is 
0.76 m. Therefore, D is 0.76 m or 2 ft 6 in. 


Also notice that the greatest bonding distance for objects not covered by 2b(2) 
inside a facility less than 12.2 m in height is 1.01 m (3 ft 4 in). 


This table derived from NFPA 780 


A4.10.2. Steel magazine doors inherently in physical contact with the metallic door frame do 
not need a separate bond if the resistance between the door and frame measures | ohm or 
less. Install a bonding strap if this resistance between the door and frame measures greater 
than 1 ohm. The frame must be inherently grounded through the rebar or bonded to a down 
conductor. 


A4.10.3. Objects such as metal desks, metal lockers, large metal trash cans, and ground-level 
floor grates do not need to be bonded unless they are located within side flash distance of a 
component of the lightning protection system or a static bus bar. 


A4.10.4. Fence posts and railroad tracks within 6 feet (1.83 meters) of any component of a 
structure’s lightning protection system must be bonded either to the structure’s grounding 
system or to a ground rod which is bonded to the structure’s grounding system. In addition, 


AFMAN32-1065 17 JULY 2020 83 


fence posts at gates where either personnel or explosives equipment may pass must be 
grounded. These are test points. 


A4.10.5. Blast valves must be inherently grounded through the rebar system or with a 
separate bonding strap. 


A4.10.6. Metal bodies located within a steel-framed structure that are inherently bonded to 
the structure through construction must be tested when the facility is new and the 
measurements recorded and kept with the other required measurements and observations. 
They do not need to be tested again unless there is reason to believe the bond has changed, 
e.g., corrosion or structural repair. 


A4.11. Protective Aircraft Shelters (PAS). In PASs with interior steel arches, all grounded 
metal bodies within | foot (0.305 meter) of the steel arch must be bonded to the arch. In PASs 
without a steel arch, all grounded metal masses within | foot (0.305 meter) of a wall must be 
bonded to the nearest metallic electrical conduit if not already connected. Only those grounded 
metal bodies not inherently bonded (through metallic conduit or equipment grounding 
conductor) must be tested for continuity to the ground or conduit system. All metal doors must 
be grounded. Door hinges and door tracks are acceptable as a bonding strap if the doorframe or 
door track is grounded and there is less than 1 ohm between the door and ground. Additional 
requirements for PASs with WS3 vaults are as follows: 


A4.11.1. Continuity between the steel arch and grounding system may be measured by 
validating with an ohmmeter the continuity between the steel arch and any metallic electrical 
conduit. Two test points between different conduits and the arch are sufficient if the test 
points are spaced on opposite walls and the conduit long. This is to ensure electrical 
continuity through the structural shell. If a maximum of | ohm is not achieved, a bonding 
strap must be installed. 


A4.11.2. When testing continuity between the WS3 vault and steel arch, an acceptable test 
location is the vault lip or flange flush with the shelter floor. The vault does not have to be 
raised. Where there is no steel arch, test from a metallic electrical conduit on the PAS wall to 
the vault lip. 
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Attachment 5 
LIGHTNING PROTECTION SYSTEMS 


A5.1. Minimum Requirements. Engineers assigned specific responsibilities for lightning 
protection must review the lightning protection system on each facility at least annually or after 
repair actions have been completed. (T-0). 


A5.1.1. Air terminals must extend at least 10 inches (0.25 meter) above the object to be 
protected. (T-0). Consider the use of blunt-tipped air terminals for new system installations 
on Air Force installations. Note: When replacing air terminals with terminals of a different 
length, required spacing around the perimeter must be reconfirmed and the zone of protection 
verified. Figure A5.1 1:1 zone of protection in NFPA 780 should extend from the tip of the 
air terminal instead of the eave. 


A5.1.2. Each air terminal mounted separately from the facility (non-integral system) (except 
as exempted in NFPA 780) must have at least two paths to ground. (T-0). For a catenary 
system consisting of non-metallic poles or masts, the second path may be one of the cross 
conductors to the next pole or mast. For a metallic mast, the base must be bonded to two 
separate grounding electrodes, as far apart as possible (opposite sides of the mast is the goal). 
Note that for earth-covered igloos, these paths may be covered with soil. 


A5.1.3. Each building with an integral protection system must have a minimum of two down 
conductors, one each at opposite corners (one each on all corners is preferred). (T-0). This 
provides two paths to ground. Because of the potential for galvanic corrosion, use only 
aluminum lightning system conductors on metal roofs. (T-2). 


A5.1.4. Down conductor design and installation must present the least possible impedance to 
ground. (T-0). 


A5.1.5. Down conductors must not have sharp bends or loops. All bends must have a radius 
of bend not less than 8 inches (0.203 millimeters) and must measure not less than 90 degrees 
from the inside of the bend. (T-0). The 8-inch (203-millimeter) radius does not apply to "T" 
or "Y" splices. These splices, however, can be used only for the purpose intended. 


A5.1.6. If the structure has metallic columns, these columns may serve as down conductors 
as long as columns do not average more than a 60-foot (18.3-meter) separation distance. 
Inherent bonding via continuity measurements must be shown on as-built drawings for new 
facilities. (T-0). If not shown at the time of construction, access points for testing must be 
provided and validated prior to project acceptance. (T-0). 


A5.1.7. Structures must have at least two down conductors, separated as widely as 
practicable. (T-0). Diagonally opposite corner locations achieve this easily. Structures 
exceeding 250 feet (76 meters) in perimeter shall have a down conductor for every 100 feet 
(30.5 meters) of perimeter or fraction thereof. (T-0). 


A5.1.8. Any down conductors subject to mechanical damage or displacement must be 
protected with a protective molding or covering for a minimum of 6 feet (1.83 meters) above 
grade. (T-0). If a down conductor runs through a ferrous metal tube or pipe (usually for 
mechanical protection), the conductor must be bonded to both ends of the tube or pipe (at 
point of entry and exit). (T-0). 
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A5.1.9. Do not paint down conductor connectors unless they are high-compression, 
exothermic, or welded type. Conductors on roofs must be bare. 


A5.1.10. Each down conductor must be connected, at its base, to a grounding electrode or to 
a ground loop conductor, keeping in mind the bending restrictions of the down conductor. 
(T-0). 


A5.1.11. Grounding electrodes must be at least 10 ft. (3.05 m) long and made of not less 
than 0.75-inch (19.05-millimeter) diameter pipe or equivalent solid rod made of copper or 
copper-clad steel. (T-0). Stainless-steel grounding electrodes must not be used. Grounding 
electrodes must be at least 3 feet (0.91 meters) from the building walls or footings and must 
penetrate at least 10 feet (3.05 meters) into soil. (T-0). Grounding electrodes with tops at 
least 1 foot (0.31 meter) below grade are recommended for mechanical protection. If 
conductors are not exothermically welded to the grounding electrode, test wells are required 
for new construction. (T-0). 


A5.1.12. The location of new down conductors on the exterior of a structure should take into 
consideration interior wall-mounted objects and be adjusted to avoid them. If avoidance is 
not optional or for existing facilities, interior metal parts of a facility close to a down 
conductor will need to be bonded to that down conductor if within the calculated side flash 
distance. (T-0). 


A5.1.13. Bonding materials must be compatible with the metallic mass and down conductor. 
(T-0). 


A5.1.14. On new facilities, down conductors entering soil with less than 10,000 ohm-cm 
resistivity must be protected against corrosion by a protective covering beginning 6 feet (1.83 
meters) above finished grade. (T-0). 


A5.1.15. Adhesive fasteners for down conductors and cross conductors of an integral system 
are not allowed on Air Force facilities due to the short adherence life of the adhesive. 


A5.1.16. A ground loop conductor (ground ring) encircling the building must be at least 1.5 
feet (0.46 meters) deep, be at least 20 feet (6.1 meters) long and be a main-size conductor, 
sized from NFPA 780, Table 4.1.1.1.1 or 4.1.1.1.2). (T-0). 


A5.2. Mast and Overhead Wire Systems. 


A5.2.1. A mast-type lightning protection system uses masts located remote from the facility. 
The mast must be high enough to enclose the facility in the zone of protection defined by 
NFPA 780. (T-0). Separate each mast from any part of the facility by at least the bonding 
distance specified in paragraph 4.6.5 of NFPA 780, but not less than 6 feet (1.83 meters). (T- 
0). Refer to Figure A5.1 


A5.2.2. If a single mast will not protect a facility, install multiple masts or an overhead wire 
system. An overhead wire or catenary system consists of grounded, elevated, horizontal 
metallic wires stretched between masts surrounding the facility. Each wire must be a 
continuous run of at least AWG No. 6 copper or equivalent. (T-0). Suspend each wire above 
the protected facility and connect them to grounding electrodes at each mast or pole. 
Interconnect all grounding electrodes with a ground loop conductor. NFPA 780, paragraphs 
4.16.2.5 and 4.16.2.6, specify the minimum separation between the overhead wire and the 
protected facility, which must be at least equal to the bonding distance or side flash distance. 
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(T-0). A minimum of 6 feet (1.83 meters) is recommended. Supporting masts must be 
separated by the side flash distance, but no less than 6 feet (1.83 meters). (T-0). 


Figure A5.1. Air Terminals on Masts (Typical). 
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A5.2.3. An air terminal extending above the top of the pole must be securely mounted to the 
top of the wooden mast and connected to the grounding system. (T-0). An overhead ground 
wire or a down conductor, extending above or across the top of the pole, may serve as the air 
terminal if this wire or conductor is the topmost item on the mast. Each nonmetallic mast 
must provide two paths to ground. A lone nonmetallic mast must have two down conductors. 
Metallic masts do not require air terminals and down conductors. Metallic masts must have 
two connections to the grounding system or to two grounding electrodes. (T-0). 
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Attachment 6 
MAINTENANCE SELF-CHECK FOR EXPLOSIVES FACILITIES 


A6.1. Maintenance Self-check for explosive facilities. Questions for Maintenance self-check 
for explosive facilities include: 


A6.1.1. Has each facility been inspected to determine the type of protection system 
installed? Is the system mounted on the facility (integral) or separately mounted (mast or 
overhead system)? 


A6.1.2. Are maintenance personnel familiar with lightning protection systems? See Chapter 
4 for personnel qualifications and training requirements. 


A6.1.3. Are all maintenance personnel who are qualified to perform tests or inspections 
familiar with this AFMAN? Are all contractors or architect or engineers for large contracts 
within the explosives area familiar with this AFMAN? 


A6.1.4. Do all contracts and projects (even if non-LPS) on facilities with LPS require 
certification and recertification of the LPS and as-builts (if construction changes are made), 
prior to acceptance and payment of the last 25 percent of the contract to the contractor (this 
includes SABER contracts)? This will ensure compliance with this AFMAN for new 
facilities and will ensure that no deficiencies have been introduced onto the existing LPS of 
existing facilities by a non-LPS contract. 


A6.1.5. Are static grounding systems installed as separate subsystems? Are they connected 
only to a lightning protection system down conductor (when within side flash distance) or to 
a ground loop conductor? Are contact points free of corrosion, paint, grease, oil, or other 
agents that prevent good bonding? Are static bus bars bonded to the single point facility 
ground at each end? Note: If interior static bus bars cross an exterior down conductor within 
calculated side flash distance, relocate the down conductor or the static bus bar to avoid this 
crossing. See paragraph 13.2 of this AFMAN. 


A6.1.6. Are both the user and maintenance personnel aware of all facilities that have been 
identified as housing, or being used to conduct, hazardous operations? Are personnel familiar 
with any special test and inspection requirements? 


A6.1.7. Are tests and inspections accomplished at the frequencies shown in Table A2.1 of 
this AFMAN? 


A6.1.8. Are tests conducted with test instruments designed for the purpose used? 


A6.1.9. Are personnel conducting tests familiar with the location and designation of test 
points and the relationship between various components of the system prior to testing? 


A6.1.10. Are visual inspections being performed in accordance with Table A2.1 of this 
AFMAN? 


A6.1.11. Are repair actions performed when reported? 


A6.1.12. After repair actions have been completed, are electrical tests accomplished and 
documented, to ensure system integrity and records accuracy? 
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Attachment 7 
TESTING REQUIREMENTS 


A7.1. Grounding System Resistance Test. Use the following procedures or the procedures 
recommended by the test instrument manufacturer (T-0): 


A7.1.1. Use Figure A7.1 illustrates auxiliary probe locations for fall-of-potential ground 
resistance tests. 


A7.1.2. Where possible, conduct this test at the corner of the building opposite the electrical 
service entrance. Exercise caution: underground metallic piping may influence readings. 
Position probes as far as possible from the grounding system under test. You may 
temporarily disconnect electrical service from other ground connections; however, make sure 
you reconnect the ground or a shock hazard will result. Connect the appropriate lead of a fall- 
of-potential meter to the grounding electrode (ground rod) at the test site. Place the potential 
reference probe at a distance greater than one-half the diagonal of the building under test, but 
not less than 25 feet (7.6 meters). Place the current reference probe 90 degrees from the 
potential reference probe (in a direction away from the facility under test) and the grounding 
electrode under test, and at a distance greater than one-half of the building diagonal but not 
less than 25 feet (7.6 meters) from the potential reference probe. Note that the distances 
between probes are equal. For buildings without a ground loop conductor, perform this test at 
each grounding electrode. Resistance at each grounding electrode should be less than 25 
ohms (10 ohms for communications facilities). Periodic tests should be made at 
approximately the same time each year to minimize confusion resulting from seasonal 
changes. 


Figure A7.1. Auxiliary Probe Locations for Fall-of-Potential Ground Resistance Test. 
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A7.2. Resistance Test for Above-Ground Petroleum (POL) Tanks. Note: Before any testing 
is performed for POL systems and tanks, the tester shall be familiar with the containment 
systems, their locations, and their configurations to avoid puncture and compromise of the 
containment system. If records of these containment system layouts are not contained in record 
drawings, they shall be located and defined and included in record drawings. The method 
described in paragraph A7.1 is appropriate for medium to small grounding systems. Figure 
A7.2 illustrates a method to measure resistance to earth of larger, more complex systems such as 
a large POL tank or a substation. In areas where the soil resistivity is relatively high, a higher 
voltage supply may be necessary. Local cathodic protection technicians can usually furnish the 
material for the test. Make sure the tank is isolated from the utility systems by dielectric flanges. 
Also be sure the cathodic protection systems are disconnected. 


Figure A7.2. Measuring Resistance to Earth of Large POL Tank. 
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A7.2.1. Install a temporary ground bed of three or four 5-foot (1.52-meter) grounding 
electrodes at a distance equal to five tank diameters. Place a copper-copper sulfate half-cell 
on the opposite side of the tank. Place it at a distance equal to five tank diameters and along 
an imaginary straight line through the center of the tank. Make sure it has good contact with 
earth. 


A7.2.2. Between the temporary ground bed and tank, install a 12-volt common vehicle 
battery and a dc ammeter (multimeter with l-amp scale may be used). Install a high- 
impedance (10 megaohm or greater) dc voltmeter with a 1-volt scale between the half cell 
and tank. 


A7.2.3. With the battery disconnected, record the voltage reading at the voltmeter. 


A7.2.4. Connect the battery and record the current at the ammeter and voltage at the 
voltmeter. Read voltage immediately after connecting the battery. Current output must be 
sufficient to effect a minimum 0.05 volt potential shift in the half cell reading. 


A7.2.5. Calculate resistance of the tank to earth in ohms by dividing the potential change in 
volts, DV, by the current in amps, or R = DV/I. For large tanks, typical values would be 
0.040 amps of current and a voltage change of 0.2 volt. 
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A7.3. Resistance Test for Large Objects. This procedure is an alternative to paragraph A7.2 
for measuring the resistance to earth of large metallic objects or grids. Be sure to isolate the tank 
(or object) from the utility system and turn off any cathodic protection system. 


A7.3.1. Install an 8-foot (2.44-meter) ground rod 5 diameters from the tank or object being 
tested. Measure the resistance of this rod to ground using a fall-of-potential meter. This is the 
value of Rgr. 


A7.3.2. Next, hook up the circuit as shown in Figure A7.3 The resistance of the tank (or 
object) to earth is determined by Ro = V/A - Rgr, where V is the reading from the voltmeter 
and A is the reading from the ammeter. The ammeter typically reads between 0.1 amp and 2 
amps with a 12-volt source. 


A7.3.3. If soil resistivity is very high, increase the voltage until enough amps flow to be 
measurable. 


Figure A7.3. Alternate Method of Measuring Resistance to Earth of Large Object. 
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A7.4. Continuity Test/Check for Separately Mounted Lightning Protection System (Mast 
and Overhead Shield Wire). 


A7.4.1. To test the continuity of a mast (Figure A7.4(a)), connect one lead of an ohmmeter 
to the top of the pole. Connect the other lead to the point where the conductor connects to the 
ground system at ground level. If the resistance is greater than | ohm, check for deficiencies 
and repair. For mast systems where the masts are metallic, seamless construction of a height 
to provide adequate protection, the continuity test can be conducted from the base of the 
mast. Field work which invalidates the manufacturer’s warranty is not allowed. Initial 
continuity test of the slip-fit joint at the time of installation shall be recorded in test records. 
Also record whether or not the slip-fit joint is inherently bonded. 


A7.4.2. For an overhead wire, or catenary, system (Figure A7.4(b)), visually inspect 
overhead shield wires with binoculars. If the system contains mechanical connectors, a 
continuity test must be conducted from the overhead shield wire to the point where the 
conductor connects to the lightning protection ground system. This also applies to guy wires 
when guy wires are used as a path to ground (used as a down conductor). If the resistance is 
greater than | ohm, check for deficiencies and repair. For systems which use only exothermic 
welds or high compression crimps, a visual inspection may be used to verify overhead wire 
and down conductor continuity. The visual inspection may be conducted from ground level 
using binoculars. 


Figure A7.4. Mast System (a) and Overhead Wire or Catenary System (b). 
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A7.5. Continuity Test/Check for Integrally Mounted’ Lightning Protection 
Systems. Perform this test by firmly attaching one lead of an ohmmeter to a corner ground rod. 
Next, connect the other lead consecutively to each of the air terminals located at the corners of 
the building and the air terminal (or metallic body) with the highest elevation. Repeat the test 
from the ground rod located at the opposite corner of the building. For explosive facilities, test 
the continuity to each air terminal. If the continuity of the system is good, the resistance value at 
any given test point should be about the same. Investigate any reading over 3 ohms. Note: Tests 
can also be performed from ground rod to nearest corner air terminal and from that corner 
terminal to the other corner terminals. 


A7.6. Testing for Static Bus Bars. Test static bus bars by connecting one lead of a digital 
ohmmeter to a ground rod of the facility grounding system. Connect the other lead (in turn) to all 
the free ends of the bus bar. Bolted connections between bus bar sections are not considered free 
ends. Figure A7.5 shows how a typical static bus bar test is performed. Investigate any reading 
more than 3 ohms and correct it. Perform a visual inspection to ensure materials and connections 
are in good condition. 


A7.7. Conductive Floor Tests. Before using test instruments, be sure the room is free of 
exposed explosives. To determine floor resistance, measure between two electrodes placed 3 feet 
(0.91 meter) apart anywhere on the floor. Each electrode shall weigh 5 pounds (2.27 kilograms) 
and have a dry, flat circular surface area 2.5 inches (63.5 millimeters) in diameter. The resistance 
between an electrode placed anywhere on the floor and a ground connection shall not be less 
than 25,000 ohms. For more information see IEEE Std 142 and NFPA 99. 
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Figure A7.5. Testing Static Bus Bars in Typical Explosives Area. 
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Figure A7.6. Sample Visual Inspection Form. 


XX Civil Engineer Squadron Visual Inspection of Lightning Protection and Grounding 
System. (For visual inspections only, fill out the first half of the form. There will be no 
resistance readings unless follow-up test is required from a previous poor reading or if 
repair is necessary at a test point. Document the retest and repairs in “Discrepancies or 
Test Notes” below.) 


Building 
Inspection Spector's 
Date of day/month/year Perf, dBy: Initials 
Inspection: scarica 
Yes No Visual Inspection of Lightning Protection System 
Is the lightning protection system in good repair? IAW AFMAN 32-1065, Section B, para. 9.1, and NFPA 
780, Annex D, para. D.1.2 (1) 
Are there loose connections that might cause high-resistance joints? [AW AFMAN 32-1065, Section B, 
para. 9.2, and NFPA 780, Annex D, para. D.1.2 (2) 
Has corrosion or vibration weakened any part of the lightning protection system? IAW AFMAN 32-1065, 
Section B, para. 9.3, and NFPA 780, Annex D, para. D.1.2 (3) 
Are down conductors, roof conductors, and ground terminals intact? [AW AFMAN 32-1065, Section B, 
para. 9.4, and NFPA 780, Annex D, para. D.1.2 (4) 
Are braided bonding wires excessively frayed? (cross-sectional area reduced by half) [AW AFMAN 32- 
1065, Section B, para. 9.5 
Are ground wires on the lightning protection masts damaged by lawn mowers or other equipment? [AW 
AFMAN 32-1065, Section B, para. 9.6 
Are conductors and system components securely fastened to mounting surfaces? IAW AFMAN 32-1065, 
Section B, para. 9.7, and NFPA 780, Annex D, para. D.1.2 (5) 
Have additions or alterations to the protected structure required additional protection? IAW AFMAN 
32-1065, Section B, para. 9.8, and NFPA 780, Annex D, para. D.1.2 (6) 
Do surge suppression (over voltage) devices appear damaged? IAW AFMAN 32-1065, Section B, para. 
9.9, and NFPA 780, Annex D, para. D.1.2 (7) 
Does the lightning protection system comply with applicable sections of NFPA 780 and AFMAN 32- 
1065? IAW AFMAN 32-1065, Section B, para. 9.10, and NFPA 780, Annex D, para. D.1.2 (8) 
Is there a counterpoise grounding system Test well ground resistance reading Q 
Soil condition on date of Inspection Ambient Temp °F Test reel resistance reading Q 
Continuity test from test well to static ground system / minus the test reel resistance 
Test Resistance Test Resistance | Test Resistance | Test Resistance Test Resistance | Test Resistance 
Point | Reading Point | Reading Point Reading Point Reading Point Reading Point | Reading 
1 Q | 15 Q | 29 Q | 43 Q 57 Q 71 Q 
2 Q | 16 Q | 30 Q | 44 Q 58 Q 72 Q 
3 Q | 17 Q | 31 Q | 45 Q 59 Q 73 Q 
4 Q | 18 Q | 32 Q | 46 Q 60 Q 74 Q 
5 Q | 19 Q | 33 Q | 47 Q 61 Q 75 Q 
6 Q | 20 Q | 34 Q | 48 Q 62 Q 76 Q 
7 Q | 21 Q | 35 Q | 49 Q 63 Q 77 Q 
8 Q | 22 Q | 36 Q | 50 Q 64 Q 78 Q 
9 Q | 23 Q | 37 Q | 51 Q 65 Q 79 Q 


AFMAN32-1065 17 JULY 2020 


95 


10 Q | 24 Q | 38 Q | 52 Q 66 Q 80 Q 
11 Q | 25 Q | 39 Q | 53 Q 67 Q 
12 Q | 26 Q | 40 Q | 54 Q 68 Q 
13 Q | 27 Q | 41 Q | 55 Q 69 Q 
14 Q | 28 Q | 42 Q | 56 Q 70 Q 


Continuity test from test well 


to lightning protection system / minus the test reel resistance 


Test Resistance | Test Resistance Test Resistance Discrepancies or System Notes: 
Point Reading Point | Reading Point | Reading 

1 Q | 4 Q | 7 Q 

2 Q 15 Q 8 Q 

3 Q | 6 Q Q 


Date of next visual inspection: 


Date of next 24-month test: 


Technician / Inspector Signature: 


Facility Point of Contact & Phone Number: 


Printed Name / Signature / Date: 


Signature of inspection form certifies review and receipt of duplicate inspection form 
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Figure A7.7. Sample 24-Month Resistance/Continuity Test/Visual Inspection of LPS and 
Grounding System. 


XX Civil Engineer Squadron 24-Month Resistance/Continuity Test and Visual Inspection 
of Lightning Protection and Grounding System 


Building 
Date of : Technician/ 
Tests/Inspection 
Tests/Inspec | day/month/year Inspector 
. Performed By: sae 
tion: Initials 
Yes No Visual Inspection of Lightning Protection System 
Is the lightning protection system in good repair? IAW AFMAN 32-1065, Section B, para. 9.1, and NFPA 
780, Annex D, para. D.1.2 (1) 
Are there loose connections that might cause high-resistance joints? [AW AFMAN 32-1065, Section B, 
para. 9.2, and NFPA 780, Annex D, para. D.1.2 (2) 
Has corrosion or vibration weakened any part of the lightning protection system? [AW AFMAN 32-1065, 
Section B, para. 9.3, and NFPA 780, Annex D, para. D.1.2 (3) 
Are down conductors, roof conductors, and ground terminals intact? [AW AFMAN 32-1065, Section B, 
para. 9.4, and NFPA 780, Annex D, para. D.1.2 (4) 
Are braided bonding wires excessively frayed? (cross-sectional area reduced by half) [AW AFMAN 32- 
1065, Section B, para. 9.5 
Are ground wires on the lightning protection masts damaged by lawn mowers or other equipment? [AW 
AFMAN 32-1065, Section B, para. 9.6 
Are conductors and system components securely fastened to mounting surfaces? IAW AFMAN 32-1065, 
Section B, para. 9.7, and NFPA 780, Annex D, para. D.1.2 (5) 
Have additions or alterations to the protected structure required additional protection? IAW AFMAN 
32-1065, Section B, para. 9.8, and NFPA 780, Annex D, para. D.1.2 (6) 
Do surge suppression (over voltage) devices appear damaged? [AW AFMAN 32-1065, Section B, para. 
9.9, and NFPA 780, Annex D, para. D.1.2 (7) 
Does the lightning protection system comply with applicable sections of NFPA 780 and AFMAN 32- 
1065? IAW AFMAN 32-1065, Section B, para. 9.10, and NFPA 780, Annex D, para. D.1.2 (8) 
Is there a counterpoise grounding system Test well ground resistance reading Q 
Soil condition on date of Inspection Ambient Temp °F Test reel resistance reading Q 
Continuity test from test well to static ground system / minus the test reel resistance 
Test Resistance Test Resistance | Test Resistance | Test Resistance Test Resistance | Test Resistance 
Point | Reading Point | Reading Point Reading Point Reading Point Reading Point | Reading 
1 Q | 15 Q | 29 Q | 43 Q 57 Q 71 Q 
2 Q | 16 Q | 30 Q | 44 Q 58 Q 72 Q 
3 Q | 17 Q | 31 Q | 45 Q 59 Q 73 Q 
4 Q | 18 Q | 32 Q | 46 Q 60 Q 74 Q 
) Q | 19 Q | 33 Q | 47 Q 61 Q 75 Q 
6 Q | 20 Q | 34 Q | 48 Q 62 Q 76 Q 
i Q | 21 Q | 35 Q | 49 Q 63 Q 77 Q 
8 Q | 22 Q | 36 Q | 50 Q 64 Q 78 Q 
9 Q | 23 Q | 37 Q | 51 Q 65 Q 719 Q 
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10 Q | 24 Q | 38 Q | 52 Q 66 Q 80 Q 
11 Q | 25 Q | 39 Q | 53 Q 67 Q 
12 Q | 26 Q | 40 Q | 54 Q 68 Q 
13 Q | 27 Q | 41 Q | 55 Q 69 Q 
14 Q | 28 Q | 42 Q | 56 Q 70 Q 


Continuity test from test well 


to lightning protection system / minus the test reel resistance 


Test Resistance | Test Resistance Test Resistance Discrepancies or System Notes: 
Point Reading Point | Reading Point | Reading 

1 Q | 4 Q | 7 Q 

2 Q 15 Q 8 Q 

3 Q | 6 Q Q 


Date of next visual inspection: 


Date of next 24-month test): 


Technician / Inspector Signature: 


Facility Point of Contact & Phone Number: 


Printed Name / Signature / Date: 


Signature of inspection form certifies review and receipt of duplicate inspection form 


98 AFMAN32-1065 17 JULY 2020 


Figure A7.8. Sample Static Ground System Layout. 
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Figure A7.9. Sample Layout of Points for Catenary System. 


LEGEND 


Pole Height: 65° 

Span Length: 148° 

Building Height: 32°9” 
Mininum Clearance Required: 
15'6” 
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Figure A7.10. Sample Record for Projected Rolling Sphere Protection (100’ is for 
Explosives Facilities — Non-explosives Facilities may be 150’). 
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Attachment 8 


REQUIREMENTS FOR WEAR OF MILITARY UNIFORMS WITH ARC THERMAL 
PERFORMANCE VALUE (ATPV) RATED PERSONAL PROTECTIVE EQUIPMENT 
(PPE) 


A8.1. 3EOX1, 3E0X2, 3E1X1 and 3E4X1 personnel must comply with the following PPE and 
uniform requirements while working on or near energized circuits: 


A8.1.1. Routine Electrical Work not Classified. The following PPE and uniform must be 
worn when performing Hazard/Risk Category 0 tasks: (T-0). 


A8.1.1.1. Safety glasses (ANSI Z87.1) with side shields or safety goggles (ANSI Z87.1) 
must be worn over metal frame and non-safety glasses. (T-0). 


A8.1.1.2. 100% cotton or natural fiber underwear (conventional short sleeve t-shirt and 
briefs/shorts) must be worn next to the body. T-shirts must not have any organizational 
or other insignias. (T-0). 


A8.1.1.3. Personnel must wear one of the following uniforms: 


A8.1.1.3.1. NFPA-compliant 100% cotton ABU with sleeves rolled down. (T-0). 
Note: ATPV-protective clothing is not required when wearing AFUB NFPA- 
compliant 100% cotton Airman Battle Uniform (ABU) while performing Hazard/Risk 
Category 0 tasks. 


A8.1.1.3.2. 50% nylon/50% cotton ABU or Operational Camouflage Pattern (OCP) 
uniform and ATPV-rated protective shirt (long-sleeve) and pants (or ATPV-rated 
protective coveralls) with minimum arc rating of 8 cal/cm? (33.47 J/cm2). (T-0). 
Note: When the 50% nylon/50% cotton ABU or OCP uniform is worn, the blouse 
must be removed before donning the ATPV protective clothing. 


A8.1.1.4. Review NFPA 70E and UFC 3-560-01 for tasks requiring voltage-rated gloves 
with leather protectors. (T-0). 


A8.1.1.5. Electrical hazard-rated (EH) work shoes/boots. (T-0). 


A8.1.2. Hazard/Risk Categories | and 2. Personnel must wear the following PPE and 
uniform when performing Hazard/Risk Category 1 and Category 2 tasks: 


A8.1.2.1. Safety glasses (ANSI Z87.1) with side shields, or safety goggles (ANSI Z87.1) 
worn over metal frame and non-safety glasses. (T-0). 


A8.1.2.2. Hearing protection using ear-canal inserts whenever working within the arc 
flash boundary. (T-0). 


A8.1.2.3. Balaclava/sock with minimum arc rating of 8 cal/cm2 (33.47 J/com?2). (T-0). 


A8.1.2.4. Hard hat (SEA Z89.1 Type 1 Class E approved). Long hair must be secured 
under the hard hat. For cold weather operations, insulated hard hat liner must be arc 
rated. (T-0). 


A8.1.2.5. Face shield with minimum arc rating of 8 cal/em2 (33.47 J/cem2) and wrap- 
around guarding to protect the face, forehead, ears, and neck. (T-0). 
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A8.1.2.6. One-hundred percent (100%) cotton or natural fiber underwear (conventional 
short sleeve t-shirt and briefs/shorts) must be worn next to the body. T-shirts must not 
have any organizational or other insignias. (T-0). 


A8.1.2.7. NFPA-compliant 100% cotton ABU, 100% cotton coverall, OCP uniform or 
50% nylon/50% cotton ABU. (T-0). Note: If the 50% nylon/50% cotton ABU or OCP 
uniform is worn, the blouse must be removed before donning the ATPV-protective 
clothing in paragraph A8.1.2.8 


A8.1.2.8. ATPV-rated protective shirt (long-sleeve) and pants (or ATPV-rated protective 
coveralls) with minimum arc rating of 8 cal/em? (33.47 J/cm2). (T-0). 


A8.1.2.9. Leather work gloves or voltage-rated gloves with leather protectors, used in 
accordance with NFPA 70E and UFC 3-560-01. (T-0). Note: Do not use voltage-rated 
gloves and their leather protectors as work gloves. 


A8.1.2.10. Electrical Hazard-rated work shoes or boots. (T-0). 


A8.2. The 3EOX1 Air Force specialty is the only authorized civil engineer specialty to work on 
or near energized Hazard/Risk Category 3-4 circuits. 3E0X1 personnel must comply with the 
following PPE and uniform requirements while working on or near these circuits: 


A8.2.1. Follow NFPA 70E and UFC 3-560-01. (T-0). 
A8.2.2. NFPA-compliant 100% cotton ABUs or 100% cotton coveralls. (T-0). 


A8.3. Base Civil Engineers (BCE) must strictly enforce the wear of ATPV-rated PPE for all 
civil engineer personnel working on or near energized electrical circuits. BCEs must develop 
written policy outlining procurement and funding of NFPA-compliant 100% cotton ABUs or 
100% cotton coveralls for the 3EOX1 Air Force specialty. NFPA-compliant 100% cotton ABUs 
are still authorized wear for the 3EOX2, 3E1X1 and 3E4X1 Air Force specialties, but not 
mandated. (T-0). 


A8.4. Civilian personnel will continue to follow requirements outlined in NFPA 70E and UFC 
3-560-01. (T-0). 
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Table A8.1. Personnel must comply with the below PPE and Uniform Item Requirements: 


(T-0). 
a 
Et f I 5 ae 
E #) 2/35 S| [e | ee 
Bp ae; Oo) 6|/245) & 5 J 5s 
2 =| s/o] ke) § a Bell enaee 
6 =| os Se) a) = wa |e 
ole eee 2 st eaill ste IIe et ege 
“ 22S) Se) Sal es) eS) Se are 
2 ah i Ss = Ss s ies 3 ca es =e a "So a s= 
& Seles aeCe) Gilhesasths fa Se +| Bs 83 
a ss AS > = ° x a s m3 Sp = = = = A 
8 n=] c = oath a! fay < o| §| Ss sus 6 
a | §)/ &| §|S8| 2) s| 3| S| Siu oF 
i | Uniform | fo) al a| se BS) el] | S| ol aa Se 
: 1 
Routi | 100% Cotton ABU x x x 3 
ne (Coverall) 
Electri 
cal 
Work | 50/50 Blend ABU? 
not or OCP Uniform? “ “ * = |e 
Classif 
ied 
100% Cotton ABU! 
(Coverall) or 50/50 
1&2 Blend ABU? or XK |X |X |X |X xK |X /X |3 |X 
OCP Uniform? 
i 
3 100% Cotton ABU x lx lx lx lx x 3 xX 
(Coverall) 
i 
4 100% Cotton ABU x lx lx lx |x x 3 xX 
(Coverall) 
Notes: 


1. When wearing the 100% cotton ABU (coverall), sleeves must be rolled down. 


2. When wearing the 50/50 blend ABU or OCP uniform, the blouse must be removed. 


3. Voltage rated gloves with leather protectors must be worn in accordance with NFPA 70E and 
UFC 3-560-01. 
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The publication 


Power, Grounding, Bonding, and Audio for Ham RadioSafety, Hum, Buzz, and RFI 
can be downloaded from 
Audio Systems Group, Inc. 


http://k9yc.com/GroundingAndAudio.pdf 
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GROUNDING, BONDING, AND SHIELDING FOR ELECTRONIC EQUIPMENTS AND FACILITIES 


1. This standardization handbook was developed by the Department of Defense in accordance with 
established procedure. 


2. This publication was approved on 29 December 1987 for printing and inclusion in the military 
standardization handbook series. Vertical lines and asterisks are not used in this revision to identify changes 
with respect to the previous issue due to the extensiveness of the changes. 


3. This document provides basic and application information on grounding, bonding, and shielding 
practices recommended for electronic equipment. It will provide valuable information and guidance to 
personnel concerned with the preparation of specifications and the procurement of electrical and electronic 
equipment for the Defense Communications System.The handbook is not intended to be referenced in purchase 
specifications except for informational purposes, nor shall it supersede any specification requirements. 


4. Every effort has been made to reflect the latest information on the interrelation of considerations 
of electrochemistry, metallurgy, electromagnetics, and atmospheric physics. It is the intent to review this 
handbook periodically to insure its completeness and currency. Users of this document are encouraged to report 
any errors discovered and any recommendations for changes or inclusions to: Commander, 1842 EEG/EEITE, 
Scott AFB IL 62225-6348. 


5. Copies of Federal and Military Standards, Specifications and associated documents (including this 
handbook) listed in the Department of Defense Index of Specifications and Standards (DODISS) should be 
obtained from the DOD Single Stock Point: Commanding Officer, Naval Publications and Forms Center, 5801 
Tabor Avenue, Philadelphia PA 19120. Single copies may be obtained on an emergency basis by calling 
(AUTOVON) 442-3321 or Area Code (215)-697-3321. Copies of industry association documents should be 
obtained from the sponsor. Copies of all other listed documents should be obtained from the contracting 
activity or as directed by the contracting officer. 
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PREFACE 


This volume is one of a two-volume series which sets forth the grounding, bonding, and shielding theory for 
communications electronics (C-E) equipments and facilities. Grounding, bonding, and shielding are complex 
subjects about which in the past there has existed a good deal of misunderstanding. The subjects themselves are 
interrelated and involve considerations of a wide range of topics from electrochemistry and metallurgy to 
electromagnetic field theory and atmospheric physics.These two volumes reduce these varied considerations 
into a usable set of principles and practices which can be used by all concerned with, and responsible for, the 
safety and effective operation of complex C-E systems. Where possible, the principles are reduced to specific 
steps. Because of the large number of interrelated factors, specific steps cannot be set forth for every possible 
situation. However, once the requirements and constraints of a given situation are defined, the appropriate 
steps for solution of the problem can be formulated utilizing the principles set forth. 


Both volumes (Volume I, Basic Theory and Volume II, Applications) implement the Grounding, Bonding, and 
Shielding requirements of MIL-STD-188-124A which is mandatory for use within the Department of Defense. 
The purpose of this standard is to ensure the optimum performance of ground-based telecommunications 
equipment by reducing noise and providing adequate protection against power system faults and lightning 
strikes. 


This handbook emphasizes the necessity for including considerations of grounding, bonding, and shielding in all 
phases of design, construction, operation, and maintenance of electronic equipment and facilities. Volume I, 
Basic Theory, develops the principles of personnel protection, fault protection, lightning protection, 
interference reduction, and EMP protection for C-E facilities. In addition, the basic theories of earth 
connections, signal grounding, electromagnetic shielding, and electrical bonding are presented. The subjects are 
not covered independently, rather they are considered from the standpoint of how they influence the design of 
the earth electrode subsystem of a facility, the selection of ground reference networks for equipments and 
structures, shielding requirements, facility and equipment bonding practices, etc. Volume I also provides the 
basic background of theory and principles that explain the technical basis for the recommended practices and 
procedures; illustrates the necessity for care and thoroughness in implementation of grounding, bonding, and 
shielding, and provides supplemental information to assist in the solution of those problems and situations not 
specifically addressed. 


In Volume II, Applications, the principles and theories, including RED/BLACK protection, are reduced to the 
practical steps and procedures which are to be followed in structural and facility development, electronic 
engineering, and in equipment development. These applications should assure personnel equipment and 
structural safety, minimize electromagnetic interference (EMI) problems in the final operating system; and 
minimize susceptibility to and generation of undesirable emanations. The emphasis in Volume II goes beyond 
development to assembly and construction, to installation and checkout, and to maintenance for long term use. 


Four appendices are provided as common elements in both volumes. Appendix A is a glossary of selected words 
and terms as they are used herein. If not defined in the glossary, usage is in accordance with Federal Standard 
1037, Glossary of Telecommunication Terms. Appendix B is a supplemental bibliography containing selected 
references intended to supply the user with additional material. Appendix C contains the table of contents for 
the other volume. Appendix D contains the index for the two-volume set. 
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CHAPTER 1 


FACILITY GROUND SYSTEM 


1.1 GENERAL. 


1.1.1 This handbook addresses the practical considerations for engineering of grounding systems, subsystems, 
and other components of ground networks. Electrical noise reduction is discussed as it relates to the proper 
installation of ground systems. Power distribution systems are covered to the degree necessary to understand 
the interrelationships between grounding, power distribution, and electrical noise reduction. 


1.1.2. The information provided in this handbook primarily concerns grounding, bonding, and shielding of fixed 
plant telecommunications-electronics facilities; however, it also provides basic guidance in the grounding of 
deployed transportable communications/electronics equipment. 


1.1.3 Grounding, bonding, and shielding are approached from a total system concept, which comprises four 
basic subsystems in accordance with current Department of Defense (DOD) guidance. These subsystems are as 


follows: 
a. An earth electrode subsystem. 
b. A lightning protection subsystem. 
c. A fault protection subsystem. 
d. A signal reference subsystem. 


1.2 APPLICATION. This handbook provides technical information for the engineering and installation of 
military communications systems related to the background and practical aspects of installation practices 
applicable to grounding, bonding, and shielding. It also provides the latest concepts on communications systems 
grounding, bonding, and shielding installation practices as a reference for military communications installation 


personnel. 


1.3 DEFINITIONS. A glossary of unique terms used in this handbook is provided in Appendix A. All other 
terms and definitions used in this handbook conform to those contained in Joint Chiefs of Staff Publication No. 
1. JCS Pub 1), FED-STD-1037, MIL-STD-463, and the Institute of Electrical and Electronics Engineers (IEEE) 
dictionary. 


1.4 REFERENCED DOCUMENTS. Publications related to the subject material covered in the text of this 
handbook are listed in Appendix B. The list includes publications referenced in the text and those documents 
that generally pertain to subjects contained in the handbook but are not necessarily addressed specifically. 


MIL-HDBK-419A 


1.5 DESCRIPTION. The ground system serves three primary functions which are listed below. A good ground 
system must receive periodic inspection and maintenance to retain its effectiveness. Continued or periodic 
maintenance is aided through adequate design, choice of materials, and proper installation techniques to ensure 
that ground subsystems resist deterioration or inadvertent destruction and thus require minimal repair to retain 
their effectiveness throughout the life of the facility. 


a. Personnel safety. Personnel safety is provided by low-impedance grounding and bonding between 
equipment, metallic objects, piping, and other conductive objects, so that currents due to faults or lightning do 
not result in voltages sufficient to cause a shock hazard. 


b. Equipment and facility protection.Equipment and facility protection is provided by low-impedance 
grounding and bonding between electrical services, protective devices, equipment, and other conductive objects, 
so that faults or lightning currents do not result in hazardous voltages within the facility. Also, the proper 
operation of overcurrent protective devices is frequently dependent upon low-impedance fault current paths. 


c. Electrical noise reduction. Electrical noise reduction is accomplished on communication circuits by 
ensuring that (1) minimum voltage potentials exist between communications-electronics equipments, (2) the 
impedance between signal ground points throughout the facility to earth is minimal, and (3) that interference 
from noise sources is minimized. 


1.5.1 Facility Ground System. All telecommunications and electronic facilities are inherently related to 
earth by capacitive coupling, accidental contact, and intentional connection. Therefore, ground must be looked 
at from a total system viewpoint, with various subsystems comprising the total facility ground system. The 
facility ground system forms a direct path of known low impedance between earth and the various power, 
communications, and other equipments that effectively extends in approximation of ground reference 
throughout the facility. The facility ground system is composed of an earth electrode subsystem, lightning 
protection subsystem, fault protection subsystem, and signal reference subsystem. 


a. Earth electrode subsystem. The earth electrode subsystem consists of a network of earth electrode 
rods, plates, mats, or grids and their interconnecting conductors. The extensions into the building are used as 
the principal ground point for connection to equipment ground subsystems serving the facility. Ground 
reference is established by electrodes in the earth at the site or installation. The earth electrode subsystem 
includes the following: (1) a system of buried, driven rods interconnected with bare wire that normally form a 
ring around the building; or (2) metallic pipe systems, i.e., water, gas, fuel, etc., that have no insulation joints; 
or (3) a ground plane of horizontal buried wires. Metallic pipe systems shall not be used as the sole earth 
electrode subsystem. Resistance to ground should be obtained from the appropriate authority if available or 
determined by testing. For EMP considerations, see Chapter 10. 


b. Lightning protection subsystem. The lightning protection subsystem provides a nondestructive path 
to ground for lightning energy contacting or induced in facility structures. To effectively protect a building, 
mast, tower, or similar self-supporting objects from lightning damage, an air terminal (lightning rod) of 
adequate mechanical strength and electrical conductivity to withstand the stroke impingement must be 
provided. An air terminal will intercept the discharge to keep it from penetrating the nonconductive outer 
coverings of the structure, and prevent it from passing through devices likely to be damaged or destroyed. A 
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low-impedance path from the air terminal to earth must also be provided. These requirements are met by 
either (1) an integral system of air terminals, roof conductors, and down conductors securely interconnected to 
provide the shortest practicable path to earth; or (2) a separately mounted shielding system, such as a metal 
mast or wires (which act as air terminals) and down conductors to the earth electrode subsystem. 


c. Fault protection subsystem. The fault protection subsystem ensures that personnel are protected 
from shock hazard and equipment is protected from damage or destruction resulting from faults that may 
develop in the electrical system. It includes deliberately engineered grounding conductors (green wires) which 
are provided throughout the power distribution system to afford electrical paths of sufficient capacity, so that 
protective devices such as fuses and circuit breakers installed in the phase or hot leads can operate promptly. 
If at all possible the equipment fault protection conductors should be physically separate from signal reference 
grounds except at the earth electrode subsystem. The equipment fault protection subsystem provides grounding 
of conduits for signal conductors and all other structural metallic elements as well as the cabinets or racks of 
equipment. 


d. Signal reference subsystem. The signal reference subsystem establishes a common reference for 
C-E equipments, thereby also minimizing voltage differences between equipments. This in turn reduces the 
current flow between equipments and also minimizes or eliminates noise voltages on signal paths or circuits. 
Within a piece of equipment, the signal reference subsystem may be a bus bar or conductor that serves as a 
reference for some or all of the signal circuits in the equipment. Between equipments, the signal reference 
subsystem will be a network consisting of a number of interconnected conductors. Whether serving a collection 
of circuits within an equipment or serving several equipments within a facility, the signal reference network 
will in the vast majority of cases be a multiple point/equipotential plane but could also, in some cases, be a 
single point depending on the equipment design, the facility, and the frequencies involved. 


1.5.2 Grounding and Power Distribution Systems. For safety reasons, both the MIL-STD-188-124A and the 
National Electrical Code (NEC) require the electrical power systems and equipments be intentionally grounded; 
therefore, the facility ground system is directly affected by the proper installation and maintenance of the 
power distribution systems. The intentional grounding of electrical power systems minimizes the magnitude and 
duration of overvoltages on an electrical circuit, thereby reducing the probability of personnel injury, insulation 
failure, or fire and consequent system, equipment, or building damage. 


a. Alternating currents in the facility ground system are primarily caused as a result of improper ac 
wiring, simple mistakes in the ac power distribution system installation, or as a result of power faults. To 
provide the desired safety to personnel and reduce equipment damage, all 3-phase wye wiring to either fixed or 
transportable communication facilities shall be accomplished by the 5-wire or conductor distribution system 
consisting of three phase or “hot” leads, one neutral lead and one grounding (green) conductor. A single building 
receiving power from a single source requires the ac neutral be grounded to the earth electrode subsystem on 
the source side of the first service disconnect or service entrance panel as well to a ground terminal at the 
power source (transformer, generator, etc.). This neutral shall not be grounded at any point within the building 
or on the load side of the service entrance panel. The grounding of all C-E equipment within the building is 
accomplished via the grounding (green) conductor which is bonded to the neutral bus in the source side of the 
service entrance panel and, in turn, grounded to the earth electrode subsystem. In addition to the three phase 
or “hot” leads and the neutral (grounded) conductor, a fifth wire is employed to interconnect the facility earth 
electrode subsystem with the ground terminal at the power source. 
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To eliminate or reduce undesired noise or hum, multiple facilities supplied from a single source shall ground the 
neutral only at the power source and not to the earth electrode subsystem at the service entrance point. Care 
should be taken to ensure the neutral is not grounded on the load side of the first disconnect service or at any 
point within the building. The grounding (green) conductor in this case is not bonded to the neutral bus in the 
service disconnect panel. It is, however, bonded to the facility earth electrode subsystem at the service 
entrance panel. The fifth wire shall be employed to interconnect the earth electrode subsystem with the ground 
terminal at the power source. 


The secondary power distribution wiring for a 240 volt single phase system consists of two phase or “hot” leads, 
a neutral (grounded) and a grounding (green) conductor while the three conductor secondary power distribution 
system is comprised of one phase, one neutral, and one grounding lead. In both cases, the neutral shall not be 
grounded on the load side of the first service disconnect. It shall, however, be grounded to the ground terminal 
at the power source and to the earth electrode subsystem if one power source supplies power only to a single 
building. 


The ac wiring sequence (phase, neutral, and equipment fault protection) must be correct all the way from the 
main incoming ac power source to the last ac load, with no reversals between leads and no interconnection 
between neutral and ground leads. Multiple ac neutral grounds and reversals between the ac neutral and the 
fault protection subsystem will generally result in ac currents in all ground conductors to varying degrees. The 
NEC recognizes and allows the removal or relocation of grounds on the green wire which cause circulating 
currents. (Paragraph 250-21(b) of the NEC refers.) Alternating current line filters also cause some ac currents 
in the ground system when distributed in various areas of the facility; this is due to some ac current passing 
through capacitors in the ac line filters when the lines are filtered to ground. Power line filters should not 
induce more than 30 milliamperes of current to the fault protection subsystem. 


b. Dc power equipment has been found to be a significant electrical noise source that can be minimized 
through proper configuration of the facility, the physical and electrical isolation of the dc power equipment 
from communications equipment, and filtering of the output. Certain communications equipment with inverter 
or switching type power supplies also cause electrical noise on the de supply leads and the ac input power leads. 
This noise can be minimized by the use of decentralizing filters at or in the equipment. The location, number, 
and termination of the de reference ground leads are also important elements in providing adequate protection 
for de systems and, at the same time, minimizing electrical noise and dc currents in the ground system. 


1.5.3 Electrical Noise in Communications Systems. Interference-causing signals are associated with 
time-varying, repetitive electromagnetic fields and are directly related to rates of change of currents with 
time. A current-changing source generates either periodic signals, impulse signals, or a signal that varies 
randomly with time. To cause interference, a potentially interfering signal must be transferred from the point 
of generation to the location of the susceptible device. The transfer of noise may occur over one or several 
paths. There are several modes of signal transfer (i.e., radiation, conduction, and inductive and capacitive 
coupling). 
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1.6 BONDING, SHIELDING, AND GROUNDING RELATIONSHIP. 


a. The simple grounding of elements of a communications facility is only one of several measures 
necessary to achieve a desired level of protection and electrical noise suppression. To provide a low-impedance 
path for (1) the flow of ac electrical current to/from the equipment and (2) the achievement of an effective 
grounding system, various conductors, electrodes, equipment, and other metallic objects must be joined or 
bonded together. Each of these bonds should be made so that the mechanical and electrical properties of the 
path are determined by the connected members and not by the interconnection junction. Further, the joint 
must maintain its properties over an extended period of time, to prevent progressive degradation of the degree 
of performance initially established by the interconnection. Bonding is concerned with those techniques and 
procedures necessary to achieve a mechanically strong, low-impedance interconnection between metal objects 
and to prevent the path thus established from subsequent deterioration through corrosion or mechanical 
looseness. 


b. The ability of an electrical shield to drain off induced electrical charges and to carry sufficient 
out-of-phase current to cancel the effects of an interfering field is dependent upon the shielding material and 
the manner in which it is installed. Shielding of sensitive electrical circuits is an essential protective measure 
to obtain reliable operation in a cluttered electromagnetic environment. Solid, mesh, foil, or stranded 
coverings of lead, aluminum, copper, iron, and other metals are used in communications facilities, equipment, 
and conductors to obtain shielding. These shields are not fully effective unless proper bonding and grounding 
techniques are employed during installation. Shielding effectiveness of an equipment or subassembly enclosure 
depends upon such considerations as the frequency of the interfering signal, the characteristics of the shielding 
material, and the number and shapes of irregularities (openings) in the shield. 


1.7 GROUNDING SAFETY PRACTICES. 


a. It is essential that all personnel working with Communications-Electronics (C-E) equipment and 
supporting systems and facilities strictly observe the rules, procedures, and precautions applicable to the safe 
installation, operation, and repair of equipment and facilities. All personnel must be constantly alert to the 
potential hazards and dangers presented and take all measures possible to reduce or eliminate accidents. 


b. Safety precautions in the form of precisely worded and illustrated danger or warning signs shall be 
prominently posted in conspicuous places, to prevent personnel from making accidental contact with 
high-voltage sources such as power lines, antennas, power supplies, or other places where uninsulated contacts 
present the danger of electrical shock or short circuits. Signs shall also warn of the dangers of all forms of 
radiation hazards, acids, and chemical inhalation, plus all other potential sources of personnel danger. Power 
cutoff features built into the equipment must be used in strict adherence to the intended use. 


c. During the installation of equipment, warning tags are used to note the existence of potential danger 
when individual circuits or stages are being checked out. The tags should contain appropriate information to 
alert all personnel of the dangers involved and specific restrictions as to the use of the equipment. The 
equipment being installed shall be appropriately tagged in accordance with the directives of the local safety 
officer, equipment manufacturer, or other responsible agent. 
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d. Installation personnel, when working with equipment having high-voltage devices, must ensure that 


the devices, are grounded and that the high-voltage circuits have been disconnected or turned off. Do not rely 
solely on the presence of interlock switches for protection from electrical shock. 
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CHAPTER 2 


EARTH ELECTRODE SUBSYSTEM 


2.1 OBJECTIVES. 


Earth grounding is defined as the process by which an electrical connection is made to the earth. The earth 
electrode subsystem is that network of interconnected rods, wires, pipes, or other configuration of metals which 
establishes electrical contact between the elements of the facility and the earth, This system should achieve 
the following objectives: 


a. Provide a path to earth for the discharge of lightning strokes in a manner that protects the 
structure, its occupants, and the equipment inside. 


b. Restrict the step-and-touch potential gradient in areas accessible to persons to a level below the 
hazardous threshold even under lightning discharge or power fault conditions. 


c. Assist in the control of noise in signal and control circuits by minimizing voltage differentials 
between the signal reference subsystems of separate facilities. 


2.1.1 Lightning Discharge. A lightning flash is characterized by one or more strokes with typical peak current 
amplitudes of 20 kA or higher. In the immediate vicinity of the point of entrance of the stroke current into the 
earth, hazardous voltage gradients can exist along the earth’s surface. Ample evidence (2-1)* exists to show 
that such gradients are more than adequate to cause death. It is thus of great importance that the earth 
electrode subsystem be configured in a manner that minimizes these gradients. The lower the resistance of the 
earth connection, the lower the peak voltage and consequently the less severe the surface gradients. Even with 
low resistance earth electrode systems, the current paths should be distributed in a way that minimizes the 
gradients over the area where personnel might be present. 


*Referenced documents are listed in the last section of each chapter. 
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2.1.2 Fault Protection. In the event of transformer failure (e.g., disconnect between neutral and ground or 
line to ground faults) or any failure between the service conductor(s) and grounded objects in the facility, the 
earth electrode subsystem becomes a part of the return path for the fault current. A low resistance assists in 
fault clearance; however, it does not guarantee complete personnel protection against hazardous voltage 
gradients which are developed in the soil during high current faults. Adequate protection generally requires the 
use of ground grids or meshes designed to distribute the flow of current over an area large enough to reduce the 
voltage gradients to safe levels. The neutral conductor at the distribution transformer must therefore be 
connected to the earth electrode subsystem to ensure that a low resistance is attained for the return path. 
(Paragraph 5.1.1.2.5.1 of MIL-STD-188-124A refers.) Ground fault circuit interrupters on 120 volt single phase 
15 and 20 ampere circuits will provide personnel protection against power faults and their use is therefore 
highly recommended. 


2.1.3 Noise Reduction. The earth electrode subsystem is important for the minimization of electromagnetic 
noise (primarily lower frequency) within signal circuits caused as a result of stray power currents. For example, 
consider a system of two structures located such that separate earth electrode subsystems are needed as shown 
in Figure 2-1. If stray currents (such as may be caused by an improperly grounded ac system, dielectric 
leakage, high resistance faults, improperly returned dc, etc.) are flowing into the earth at either location, then 
a voltage differential will likely exist between the grounding networks within each facility. 


Currents originating from sources outside the structures can also be the cause of these noise voltages. For 
example, high voltage substations are frequent sources of large power currents in the earth. Such currents arise 
from leakage across insulators, through cable insulation, and through the stray capacitance which exists 
between power lines and the earth. These currents flowing through the earth between the two sites will 
generate a voltage difference between the earth connections of the two sites in the manner illustrated by 
Figure 2-2. 


Any interconnecting wires or cables will have these voltages applied across the span which will cause currents 
to flow in cable shields and other conductors. As shown in Chapter 6, such intersite currents can induce 
common-mode noise voltages into interconnected earth electrode subsystems. 


2.1.4 Summary of Requirements. Table 2-1 summarizes the purpose, requirements, and resulting design 
factors for earth connections of the lightning protection subsystem, the fault protection subsystem, the signal 
reference subsystem, and the ac distribution system neutral (grounded) conductor and safety ground (grounding) 
conductor. Refer to Article 100 - Definitions of the NEC for additional information on grounding and grounded 
conductors (2-2). 
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Figure 2-1. Voltage Differentials Arising From Unequal Earth Electrode Resistances and Unequal Stray Currents 
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Figure 2-2. Voltage Differentials Between Structures Resulting From Stray Ground Currents 
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2.2 RESISTANCE REQUIREMENTS. 


2.2.1 General. The basic measure of effectiveness of an earth electrode is the value in ohms of the resistance 
to earth at its input connection. Because of the distributed nature of the earth volume into which electrical 
energy flows, the resistance to earth is defined as the resistance between the point of connection and a very 
distant point on the earth (see Section 2.4). Ideally, the earth electrode subsystem provides a zero resistance 
between the earth and the point of connection. Any physically realizable configuration, however, will exhibit a 
finite resistance to earth. The economics of the design of the earth electrode subsystem involve a trade-off 
between the expense necessary to achieve a very low resistance and the satisfaction of minimum system 
requirements. This subsystem shall also interconnect all driven electrodes and underground metal objects of the 
facilities including the emergency power plant. Underground metallic pipes entering the facility shall also be 
bonded to the earth electrode subsystem. 


2.2.2 Resistance _to Earth. Metal underground water pipes typically exhibit a resistance to earth of less than 
three ohms. Other metal elements in contact with the soil such as the metal frame of the building, underground 
gas piping systems, well casings, other piping and/or buried tanks, and concrete-encased steel reinforcing bars 
or rods in underground footings or foundations generally exhibit a resistance substantially lower than 25 ohms. 


2.2.2.1 National Electrical Code Requirements. For the fault protection subsystem, the NEC (2-2) states in 
Article 250 that a single electrode consisting of a rod, pipe or plate which does not have a resistance to ground 
of 25 ohms or- less shall be augmented by one additional made electrode. Although the language of the NEC 
clearly implies that electrodes with resistances as high as 25 ohms are to be used only as a last resort, this 25 
ohm limit has tended to set the norm for grounding resistance regardless of the specific system needs. The 25 
ohm limit is reasonable or adequate for application to private homes and other lower powered type facilities. 


2.2.2.2 Department of Defense Communications Electronics Requirements. The above criteria however, is not 
acceptable for C-E facilities when consideration is given to the large investments in personnel and equipment. 
A compromise of cost versus protection against lightning, power faults, or EMP has led to establishment of a 
design goal of 10 ohms for the earth electrode subsystem (EES) in MIL-STD-188-124A. The EES designed in 
MIL-STD-188-124A specifies a ring ground around the periphery of the facility to be protected. With proper 
design and installation of the EES, the design goal of 10 ohms should be attained at reasonable cost. At 
locations where the 10 ohms has not been attained due to high soil resistivity, rock formations, or other terrain 
features, alternate methods listed in Paragraph 2.9 shall be considered for reducing the resistance to earth. 


2.2.3 Lightning Requirements. For lightning protection, it also is difficult to establish a definite grounding 
resistance necessary to protect personnel. The current which flows in a direct lightning stroke may vary from 
several hundred amperes to as much as 300 thousand amperes. Such currents through even one ohm of 
resistance can theoretically produce hazardous potentials. It is impractical to attempt to reduce the resistance 
of a facility to earth to a value low enough to absolutely prevent the development of these potentials. 
Techniques other than simply achieving an extremely low resistance to ground must therefore be employed to 
protect personnel and equipment inside a structure from the hazards produced by a direct stroke. Experience 
has shown that a grounding resistance of ten ohms gives fairly reliable lightning protection to buildings, 
transformers, transmission lines, towers, and other exposed structures. At some sites, resistances as low as one 
ohm or less can be achieved economically. The lower the resistance, the greater the protection; therefore, 
attempts should be made to reduce the resistance to the lowest practical value. 
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Subsystem 


Lightning Protection 


Fault Protection 


Signal Reference 


Earth Electrode 


Table 2-1 


Facility Ground System: Purposes, Requirements, and Design Factors 


Purpose 


Dissipate lightning energy in 
earth. 


Provide fault current path 
to operate equipment break- 
ers, blow fuses, etc. 


Reduce noise in signal cir- 
cults, provide leakage path 
for static charges, establish 
voltage reference. 


Law resistance path to earth. 


Requirements 


Multiple connections to earth electrode 
subsystem, high peak power transfer 
capability, low impulse impedance to 
minimize magnitude of transient potentials. 


Low resistance in the return path for 
fault current, maintain voltage of equip- 
ment enclosures near earth potential. 


Establish reference potential for sign- 
al voltages, provide sink for static 
charge. 


Provides link for lightning 
protection, fault protection and 
signal reference subsystems to earth. 


Design Factors 


Lightning protection subsystem must 
be sized to dissipate energy in 

a lightning pulse (worst case) without 
producing hazardous voltages or 
damage to itself. 


Resistance should be low enough 
to permit operation of facility 
over-current devices when faults 
occur. 


Fault currents and lightning pro- 
tection system currents normally 
should not flow in the signal reference 
network; earth connection should not 
degrade signal quality. 


Installed around periphery of 
building or tower to be protected. 
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2.3 SOIL RESISTIVITY. 


2.3.1 General. The resistivities of the soil and rock in which the earth electrode subsystem is buried, 
constitute the basic constraint on the achievement of a low resistance contact with earth. The resistance of an 
earth electrode subsystem can in general be calculated with formulas which are based upon the general 
resistance formula. 


Sy pi dee, See 3 
Rp Ao ey (2-1) 


where pi is the resistivity of the conducting materialg is the length of the path for current flow in the earth, A 
is the cross-sectional area of the conducting path, I is the current into the electrode, and E is the voltage of the 
electrode measured with respect to infinity. It will be shown later in this chapter that if the soil resistivity is 
known, the resistance of the connection provided by the more common electrode configurations can be readily 
determined. 


The soils of the earth consist of solid particles and dissolved salts. Electrical current flows through the earth 
primarily as ion movement; the ionic conduction is heavily influenced by the concentration and kinds of salts in 
the moisture in the soil. Ionic disassociation occurs when salts are dissolved, and it is the movement of these 
ions under the influence of electrical potential which enable the medium to conduct electricity. 


Resistivity is defined in terms of the electrical resistance of a cube of homogeneous material. The resistance 
of a homogeneous cube, as measured across opposite faces, is proportional to the resistivity and inversely 
proportional to the length of one side of the cube. The resistance is 


ip dee phe of 2 - 
R =p E> Ly = (+) ohms (2-2) 
where p : = resistivity of the material, ohms - (unit-of-length); 

L = length of one side of the cube, (unit-of-length), and 

A = area of one face of the cube, (unit-of-length)2. 
Common units of resisitivity are ohm-cm and ohm-m. 


2.3.2 Typical Resistivity Ranges. A broad variation of resistivity occurs as a function of soil types, and 
classification of the types of soils at a potential site for earth electrodes is needed by the designer. Table 2-2 
permits a quick estimate of soil resistivity, while Table 2-3 lists measured resistivity values from a variety of 
sources. Tables 2-2 and 2-3 indicate that ranges of one or two orders of magnitude in values of resistivity for a 
given soil type are to be expected. 


2.3.3 Environmental Effects. In addition to the variation with soil types, the resistivity of a given type of soil 
will vary several orders of magnitude with small changes in the moisture content, salt concentration, and soil 
temperature. It is largely these variations in soil environment that cause the wide range of values for each soil 
type noted in Tables 2-2 and 2-3. Figure 2-3 shows the variations observed in a particular soil as moisture, 
salt, and temperature were changed. The curves are intended only to indicate trends -- another type of soil 
would be expected to yield curves with similar shapes but different values. 
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The discontinuity in the temperature curve (Figure 2-3(b)), indicates that at below freezing temperatures the 
soil resistivity increased markedly. This undesirable temperature effect can be minimized by burying earth 
electrode subsystems below the frost line. 


2.4 MEASUREMENT OF _ SOIL RESISTIVITY. 


2.4.1 General. It is not always possible to ascertain with a high degree of certainty the exact type of soil 
present at a given site. Soil is typically rather nonhomogeneous; many types will be encountered at most 
locations. Even with the aid of borings and test samples and the use of Table 2-3, the resistivity estimate can 
easily be off by two or three orders of magnitude. When temperature and moisture variations are added to the 
soil type variations, it is evident that estimates based on Table 2-3 are not sufficiently accurate for design 
purposes. The only way to accurately determine the resistivity of the soil at a specific location is to measure 
it. 


2.4.2 Measurement Techniques, The most commonly used field methods for determining soil resistivity employ 
the technique of injecting a known current into a given volume of soil, measuring the voltage drop produced by 
the current passing through the soil, and then determining the resistivity from a modified form of Equation 2-1. 


2.4.2.1 One-Electrode Method. To illustrate the principles of this technique, first visualize a metal 
hemisphere buried in the earth as shown in Figure 2-4. In uniform earth, injected current flows radially from 
this hemispherical electrode. Equipotential surfaces are established concentric with the electrode and 
perpendicular to the radial directions of current flow. (Regardless of the shape of an electrode, it can be 
approximated as a hemispherical electrode if viewed from far enough away.) As the current flows from the 
hemisphere, the current density decreases with distance from the electrode because the areas of successive 
shells become larger and larger. The current density within the earth, at a given distance x from the center of 
the electrode is 


i, = er amperes per unit area, (2-3) 
where 
I = current entering the electrode and 
2ax2 = area of the hemispherical shell with radius x. 


At the point x the electric field strength can be obtained from Ohm's law: 
ex = p ix, (2-4) 
pl ‘ 
2 Text volts per unit length. 


where p is resistivity of material. 
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RESISTIVITY IN OHM-CM 
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Table 2-2 


Approximate Soil Resistivity (2-3) 


Type of Soil Resistivit 
(ohm-m) (ohm-cm) (ohm-ft) 

Wet Organic Soil 10 10° 33 
M oist Soil 10? 10° 330 
Dry Soil 10° 10° 3300 
Bed Rock 10‘ 10° 33000 
10° 105 10° 
104 104 104 
103 10° 103 
102 102 102 

0 10 2 430% -20 0 20 40 60° 0 5 10 15% 

(a) MOISTURE (b) TEMPERATURE (c) ADDED SALT 


Figure 2-3. Typical Variations in Soil Resistivity as a Function of M oisture, 
Temperature and Salt Content (2-4) 
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Table 2-3 


Resistivity Values of Earthing Medium (2-5), (2-6), (2-7) 


M edium Resistivity 
Minimum Average Maximum 
(ohm-cm) (ohm-cm) (ohm-cm) 
Surface soils, loam, etc. 102 5x 102 
Clay 2x 107 10" 
Sand and gravel 5x10? 10° 
Surface limestone 10° 10° 
Limestones 5x 102 &x 10° 
Shales 5 x 107 10" 
Sandstone 2x 10? 2x 10° 
Granites, basalts, etc. 10° 
Decomposed gneisses 5x10? 5x 10° 
Slates, ete. 10? 10" 
Fresh Water Lakes 2x10" 2x 107 
Tap Water 10? 5x 10° 
Sea Water 20 107 2x 107 


Pastoral, low hills, rich soil, typical 
of Dallas, Texas; Lincoln, Nebraska 


areas 3x19° 
Flat counny marshy, densely wooded 
peal of Louisiana near Mississippi 
iver 2x 102 10" 
Pastoral, medium hills and forestation, 
typical of Maryland, Pennsylvania, New 
ork, exclusive of mountainous territory 
and seacoasts 2x10" 
Rocky soil, steep hills, typical of New 
England 3 4 5 
g 10 5x10 10 
Sandy, dry, flat, typical of coastal 
country 3x10" 5x10" 5x 10° 
City, industrial areas 10° 10° 
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Table 2-3 (Continued) 


Resistivity Values of Earthing Medium (2-5), (2-6), (2-7) 


Medium Resistivity 
Minimum Average Maximum 
(ohm-cm) (ohm-cm) (ohm-cm) 
Fills, ashes, cinders, brine, waste 6x 10° 2.5x 10° 7x 10° 
Clay, shale, gumbo, loam 3x 10° 4x 10° 2x 104 
Same-with varying proportion of 
sand and gravel 10° 1.5 x 10° 10° 
Gravel, sand stones with little clay 
or loam, granite 5x 10° 10° 10° 
CONDUCTING 
HEMISPHERE EQUIPOTENTIAL SURFACE, 
RADIUS = X 
O 


Figure 2-4. Current Flow From a Hemisphere in Uniform Earth 
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The voltage from the surface of the electrode to the point x is the line integral of e, with the lower limit equal 
to the sphere's radius, r, and the upper limit equal to the distance, x: 


x 

x 

E ye os (2-5) 
r 


As x becomes very large, E is closely approximated as 


I 
E> tr (2-6) 


The resistance to the earth of the electrode is the resistance between the electrode and a very distant point; 
therefore 


E 
R= 
(2-7) 
Sek 
~ 20r 
where = = the voltage drop between the electrode and a point infinitely distant, 
1 = the current entering the electrode, 
e = earth resistivity, and 
r = radius of hemisphere. 
Rewriting Equation 2-7 as 
E 
p= 2er R= 20r7 (2-8) 


shows that the resistivity can be determined by knowing r, E, and I. 
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2.4.2.2 Four-Terminal Method. In the four-terminal method developed by the U.S. Bureau of Standards (2-8), 
four electrodes are inserted into the soil in a straight line with equal spacings. A known current is injected into 


the soil through the end electrodes and the voltage drop between the two inside electrodes is measured. 


Consider four deeply buried spheres placed in a straight line, separated by a distance, a, as shown in Figure 2-5. 
Connection is made to the spheres by insulated conductors. Assume that a current, I, is introduced into one of 
the outermost spheres (No. 1) and flows out of the earth through the other (No. 4) outermost sphere. The 
voltage from the left hand (No. 2) to the right hand (No. 3) inner sphere can be viewed as resulting from a 
current flowing to infinity and another returning from infinity. The two resulting components of the voltage 


are (2-8) 

Vs i ’ 
where Ij = input current, 
and ol 

Pie re 
where I, = output current. 
But since Ig= Ij, 


the total potential V is 


(2-9) 


(2-10) 


(2-11) 
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If the probe depth, h, is less than the probe separation distance, a, the potential drop measured between the 
inner electrodes divided by the current measured into (or out of) one of the outer electrodes is (2-8): 


Vp 1 2 2 
R=T = 4q at ——— ———— (2-12) 
.Y a2 + 4h? ye + 4h? 
where: a= distance between four, equally spaced, in-line probes, and 
h = depth of burial of probes (insulated leads to surface). 
If h << a, Equation 2-12 simplifies to 
R= SL (2-13) 
2a 
or 
po = 2maR. (2-14) 


Short rods provide an effective approximation to the buried sphere, particularly at distances large with respect 
to the depth of insertion. 


The typical earth resistance test set contains a hand powered generator which can generate an ac signal at 
frequencies of 40 to 100 hertz or so. (Fifty or sixty hertz should not be used because errors may be produced 
by stray power currents in the soil. Direct current is not usually used because of polarization effects.) By 
adjusting the resistance of an internal double balanced bridge, the instrument provides a direct indication of the 


R required in Equation 2-14. 
/ \ AIR 


Figure 2-5. Idealized Method of Determining Soil Resistivity 
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2.5 TYPES OF EARTH ELECTRODE SUBSYSTEMS. 


2.5.1 General. Earth electrode subsystems can be divided into two general types, the most preferable being a 
ring ground with lo-foot (3-meter) minimum length ground rods every 15 feet (4.5 meters). A second and less 
preferable type consists of a system of radials or grounds used when soil is rocky or has extremely high 
resistivity. At sites where soil resistivity varies from high to very high and frequent electrical storms are 
common, a combination of the two is recommended, i.e., a ring ground around the building (worst case-grid 
under building) extending 2 to 6 feet (0.6 to 1.8 meters) outside the drip line with radials or horizontal 
conductors extending to 125 feet (37.5 meters). With either system, resistance to earth and danger of arc over 
can be greatly reduced by bonding any large metal objects in the immediate area to the earth electrode 
subsystem. These include metal pipes, fuel tanks, grounded metal fences, and well casings. 


2.5.2 Ground Rods. Vertically driven ground rods or pipes are the most common type of made electrode. 
Rods or pipes are generally used where bedrock is beyond a depth of 3 meters (10 feet). Ground rods are 
commercially manufactured in 1.27, 1.59, 1.90 and 2.54 cm (1/2, 5/8, 3/4 and 1 inch) diameters and in lengths 
from 1.5 to 12 meters (5 to 40 feet). For most applications, ground rods of 1.90 cm (3/4 inch) diameter, and 
length of 3.0 meters (10 feet), are used. Copper-clad steel ground rods are required because the steel core 
provides the strength to withstand the driving force and the copper provides corrosion protection and is 
compatible with copper or copper-clad interconnecting cables. 


2.5.3 Buried Horizontal Conductors. Where bedrock is near the surface of the earth, the use of driven rods is 
impractical. In such cases, horizontal strips of metal, solid wires, or stranded cables buried 0.48 to 0.86 meters 
(18 to 36 inches) deep may be used effectively. With long strips, reactance increases as a factor of the length 
with a consequent increase in impedance. A low impedance is desirable for minimizing lightning surge voltages. 
Therefore, several wires, strips, or cables arranged in a star pattern, with the facility at the center, is 
preferable to one long length of conductor. 


2.5.4 Grids. Grid systems, consisting of copper cables buried about 15.24 cm (6 inches) in the ground and 
forming a network of squares, are used to provide equipotential areas throughout the facility area. Such a 
system usually extends over the entire area. The spacing of the conductors, subject to variation according to 
requirements of the installation, may normally be 0.6 to 1.2 meters (2 to 4 feet) between cables. The cables 
must be bonded together at each crossover. 


Grids are generally required only in antenna farms or substation yards and other areas where very high fault 
currents are likely to flow into the earth and hazardous step potentials may exist (see Section 2.8.1.2.3) or soil 
conditions prohibit installation of other ground systems. Antenna counterpoise systems shall be installed in 
accordance with guidance requirements of the manufacturer. 


2.5.5 Plates. Rectangular or circular plate electrodes should present a minimum of 0.09 square meters (2 
square feet) of surface contact with the soil. Iron or steel plates should be at least 0.64 cm (1/4 inch) thick and 
nonferrous metals should be at least 0.15 cm (0.06 inches) thick. A burial depth of 1.5 to 2.4 meters (5 to 8 
feet) below grade should be maintained. This system is considered very expensive for the value produced and 
generally not recommended. 


2-15 


MIL-HDBK-419A 


2.5.6 Metal Frameworks of Buildings. The metal frameworks of buildings may exhibit a resistance to earth of 
less than 10 ohms, depending upon the size of the building, the type of footing, and the type of subsoil at a 
particular location. Buildings that rest on steel pilings in particular may exhibit a very low resistance 
connection to earth. For this low resistance to be used advantageously, it is necessary that all elements of the 
framework be bonded together. 


2.5.7 Water Pipes. Metal underground pipes have traditionally been relied upon for grounding electrodes. The 
resistance to earth provided by piping systems is usually quite low because of the extensive contact made with 
soil. Municipal water systems in particular establish contact with the soil over wide areas. For water pipes to 
be effective, any possible discontinuities must be bridged with bonding jumpers. The NEC requires that any 
water metering equipment and service unions be bypassed with a jumper not less than that required for the 
grounding connector. 


However, stray or fault currents flowing through the piping network into the earth can present a hazard to 
workmen making repairs or modifications to the water system. For example, if the pipes supplying a building 
are disconnected from the utility system for any reason, that portion connected to the building can rise to a 
hazardous voltage level relative to the rest of the piping system and possibly with respect to the earth. In 
particular, if the resistance that is in contact with the soil near the building happens to be high, a break in the 
pipe at even some distance from the building may pose a hazardous condition to unsuspecting workmen. Some 
water utilities are inserting non-conductive couplings in the water mains at the point of entrance to buildings to 
prevent such possibilities. For these reasons, the water system should not be relied upon as a safe and 
dependable earth electrode for a facility and should be supplemented with at least one other ground system. 


2.5.8 Incidental Metals. There may be a number of incidental, buried, metallic objects in the vicinity of the 
earth electrode subsystem. These objects should be connected to the system to reduce the danger of potential 
differences during lightning or power fault conditions: their connection will also reduce the resistance to earth 
of the earth electrode subsystem. Such additions to the earth electrode subsystem should include the rebar in 
concrete footings, buried tanks, and piping. 


2.5.9 Well Casings. Well casing can offer a low resistance contact with the earth. In some areas, steel pipe 
used for casing in wells can be used as a ground electrode. Where wells are located on or near a site, the 
resistance to earth of the casing should be measured and, if below 10 ohms, the well casing can be considered 
for use as a ground electrode. 
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2.6 RESISTANCE PROPERTIES. 


2.6.1 Simple Isolated Electrodes. 


2.6.1.1 Driven Rod. The resistance to earth of the vertical rod in homogeneous earth can be developed by 
approximating the rod as a series of buried spherical elements (2-3). When the contributions of the elemental 
spheres are integrated along the length of rod and its image, the resistance to earth of the vertical rod is 
computed to be: 


R : In st 
o * Om 7 (2-15) 


where 
d = rod diameter, in cm, 
o = earth resistivity in ohm-cm, 
g =rod length, in cm. 


An inaccuracy in the derived result arises from the assumption that equal incremental currents flow from the 
incremental spheres. Actually, more current per unit length flows into the soil near the earth’s surface than at 
the lower end of the rod. It has been found empirically that the expression 


32 
Ro =a "-Z (2-16) 


0.159p 3h 
(2.306) z log “+ 


_ 0.366) | 38 
saan acs Sr | 


is a better approximation to the resistance to ground for a driven vertical rod. The net difference in resistance 
as given by Equations 2-15 and 2-16 is about 10 percent. 


The resistance of the rod is directly affected by changes in the length of the rod and by the logarithm of the 
length Changes in the diameter only show up as slight changes in the logarithm in Equation 2-15 and 2-16. 
Figures 2-6 and 2-7 show the measured changes in resistance that occurs with rod length and rod diameter. It 
is evident that effects of rod length do predominate over the effects of rod diameter. 
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Figure 2-6. Effect on Rod Length Upon Resistance. (2-6) 
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Figure 2-7. Effect of Rod Diameter Upon Resistance (2-6) 


The earth surrounding the rod can be depicted conveniently as consisting of shells of earth of uniform thickness, 
as shown in Figure 2-8. The incremental resistance (in the direction of current flow) of each shell is given by 


- » & (F) (2-17) 
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which is a special form of Equation 2-1. The soil resistivity is p and dr is the incremental path length in the 

direction of current flow. The shell of earth nearest the electrode has the smallest area and thus exhibits the 
highest incremental resistance. This fact has two practical ramifications. First, lowest earth resistance is 

obtained with electrode configurations which have largest areas in contact with the earth. Second, changes 

which occur in the soil adjacent to the conductor have a significant effect on the electrode-to-earth contact 

resistance. For example, lightning discharge currents may heat the soil adjacent to the conductors, drying the 

soil or converting it to slag and thus increasing the electrode resistance to earth. One reason for providing a 

large contact area between the electrode and the earth is to minimize the current density in the soil 

immediately adjacent to the electrode, thus reducing the heating of the soil. 


The current which flows into the ground rod flows outward through each equipotential shell, and the potential 
on the earth’s surface at a distance, x, from the rod is (2-3) 


2 
TSS Yar E +@/1 4 (:) i (2-18) 
x 2 x x 


The ratio Ex/I is equivalent to Rx, that portion of resistance-to-ground of the rod which lies between the point 
X and infinity: 


E 2 
= L% = 023669 & & (2-19) 
RY I 2 10s [E+ 1+(4) : 
The ratio of ry toR 5 is 
2 
R log La 1 2 
_X _ x x ’ (2-20) 
R 
e log 2 


where g, 4, and x are in the same units. 
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Figure 2-8. Earth Resistance Shells Surrounding a Vertical Earth Electrode 


Equation 2-20 permits the area of influence of a single rod to be determined. For example, consider a 10-foot 
long, l-inch diameter rod at distance x = g: 


Rp tog (1 + 2) 
R, log 360 
= 0.15 


The ratio of 0.15 indicates that 85 percent of the total resistance to earth of a 10-foot long ground rod is 
established within 10 feet of the rod. For a 100-foot rod, 89 percent of the grounding resistance is obtained 
within 100 feet of the rod. 
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At a distance equal to two ground rod lengths, . x = 22 


Bo, _ log (0.5 +-9/1.25) 
ate = Tor 360.—CS~S 
R, log 3 

= 0.08 


Thus 92 percent of the resistance of a lo-foot by I-inch rod is obtained in a 20-foot radius cylinder. Similarly, 
94 percent of the resistance of a 100-foot by I-inch rod is obtained in a 200-foot radius cylinder. The 
resistance distribution for representative vertical electrodes is tabulated in Table 2-4. 


Table 2-4 


Resistance Distribution for Vertical Electrodes 


Approximate 
Type of Rod Electrode Total Resistance Distance from Rod 
(%) (feet) 
3/4-inch pipe, 90 6 
driven 3-feet 95 12 
deep 98 31 
99 61 
3/4-inch pipe, 90 9 
driven 5-feet 95 18 
deep 98 46 
99 92 
1-1/4-inch pipe, 90 18 
driven 10-feet 95 35 
deep 98 88 
99 176 
2-1/2-inch pipe, 90 25 
driven 20-feet 95 69 
deep 98 173 
99 345 


Table 2-5 


Simple Isolated Electrodes 
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Order Type Conditions for Ranking Resistance to Earth 
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Ry Vertical-Rod Ry 0.366 L log 7 
R Buried Sphere £L> il6d, r 2 [8h R, = 0.08 Z ( ea 
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> : : > : = : = 2 2 en Sree ) 
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Note: log X = log,,4, r_ = radius of sphere, r_ = radius of plate: & = total length of buried rod or wire, in em; d = diameter of rod or wire, in em; and 
19 s Bae 


h = depth of burial, inem. p= ohm-emn, The ranking assumes that each electrode has equal surface area in contact with the earth. 
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2.6.1.2 Other Commonly Used Electrodes. Table 2-5 lists a number of simple isolated earthing electrodes 
along with approximate formulas for their resistance to earth. The plate and spherical electrodes are extensive 
in area, whereas the vertical rod, the horizontal rod (or wire), the star, and the circle are extensive in length. 
The electrodes in Table 2-5 have been ranked after being normalized for equal surface area in contact with the 
earth. The order of ranking is such that the lowest resistance-to-earth electrode (the most effective) heads the 
list. As an example, a circular plate lying on the earth’s surface is a more effective electrode (has a lower 
resistance to earth) than a buried, horizontal rod which has the same area in contact with the earth, assuming 
that the rod is buried at a depth less than 40 percent of its length. 


The resistance to earth provided by horizontal conductors as a function of length is shown in Figure 2-9 for two 
depths of burial. Note that as the length is doubled, the resistance is approximately halved. The curves of 
Figure 2-9 assume that the conductors are laid out in a straight line. If the strips are coiled or curved, the 
resistance tends to be higher because the cross-sectional area of the soil affected is less. 


The resistance of a plate ground is dependent upon the area of the plate. The variation of resistance as a 
function of the radius of a circular plate is illustrated in Figure 2-10 for three depths of burial. These curves 
are calculated for a plate in soil of uniform resistivity of 10,000 ohm-cm. Similar relationships hold for 
rectangular plates; the curves as shown should be considered to indicate the behavior of resistance as a function 
of area rather than as a prediction of the resistance of plate of a given area. 


2.6.2 Resistance of Multiple Electrodes. The theoretical resistance of an electrode, such as given by Equation 
2-16, is obtained only at an infinite distance from the electrode. As shown in Section 2.6.1.1, however, most of 
the resistance of a single electrode is obtained within a reasonable distance from the electrode. (For a vertical 
rod, better than 90 percent is realized within two rod lengths.) If two or more electrodes are closely spaced, 
however, the total effective resistance of neither is realized. This interaction prevents the resistance of N 
electrodes connected in parallel from being I/N times the resistance of one of the electrodes. For this reason, 
the crowding of multiple vertical rods is not as beneficial in terms of dollar cost per ohm as is achievable with 
fewer rods properly spaced. If the electrodes in a multiple electrode installation are separated by adequate 
distances, the interactive influence is minimized. The separation between driven vertical ground rods in a 
group of rods should not be less than the length or greater than twice the length of an individual rod. 


2.6.2.1 Two Vertical Rods in Parallel. Expressions for the resistance of multiple electrodes are more complex 
than those for isolated electrodes. To illustrate, consider two rods driven into the earth with their tops flush 
with the surface as shown in Figure 2-11. The two rods are electrically in parallel, but the presence of one rod 
affects the resistance of the other. The resistance-to-earth of two rods (2-9) is 


2 2 2 2 (2-21) 
_p |, (22 + Vs" + 4¢ s ys2 + 422 4a 
R= zl = ) mR 7} + ln - lft , 


where s = spacing between rods. 
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Figure 2-9. Resistance of Buried H orizontal Conductors 
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Figure 2-10. Resistance of Buried Circular Plates 
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Figure 2-11. Ground Rods in Parallel 
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For the condition of s > &, 


2 4 
& 2 8 
R= —o- fs 2-2) + 2. aimee, tas = epg nee + (2-22) 


For s < 2, 


2 
J.P AR 4s Ss (2-23) 
R = (. : 2+ %1n = + og i? + -) - 


R = (1 a8 - 0-18) 3 (2-24) 


If a number, N, of equal length vertical ground rods (with tops flush with the surface) are separated equally 
along a straight line and connected together by an insulated conductor at the tops of the rods, the resultant 
resistance will be somewhat greater than I/N times the resistance of single isolated rod. For N rods of length g 
at spacing s, the total resistance RN is given by 


= i=? AL 224, 2N (2-25) 
mo hats fin 1+ Bin 
where r is the radius of each rod. 
2.6.2.2 Square Array of Vertical Rods. 
The resistance of a square array of rods is 
R = Mesistance of one tod: — x Resistance ratio, K 
cr Number of rods in array, N 
= Rone rod (2-26) 
—h OK 


Figure 2-12 shows the value of K for a square array of N equally spaced, equal length rods at spacings up to 10 
times a rod length. The distance from a rod to its closest neighbor in the array is s, and the various curves in 
Figure 2-12 correspond to values of s, stated as integral multiples of rod length. To illustrate the use of Figure 
2-12, consider a 5 by 5 array of 25 rods, each spaced one length from its closest neighbor. From the s = g 
curve, it is found that the resistance ratio is 2.8 for a 25-rod group. The parallel resistance of the 25 rods is 
therefore 2.8 times one twenty-fifth (1/N) of the resistance that one of the rods would exhibit if isolated. 
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Figure 2-12. Ratio of the Actual Resistance of a Rod Array to the Ideal Resistance of N Rods in Parallel 
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2.6.2.3 Horizontal Grid (Mesh). Earth electrode subsystems for electric power stations and substations must 
be designed both to provide low resistance to earth and to minimize voltage gradients at the earth’s surface (see 
Section 2.8.1). A common electrode design for such applications is a grid, or mesh, of horizontal rods or wires 
connected at each crossing. The resistance to earth for a square or a rectangular grid can be calculated from 
the following Equation (2-3) 


nese (ab, + th) aa 


p = earth resistivity, 


Lie SS total length of conductors used, 

nD 2 

Fi £ =A =area covered by grid, and 
D,. = effective diameter of grid. 


As an example, consider a square grid that has dimensions of 30.5 m x 30.5 m (100 feet by 100 feet) with 
conductors spaced 3.05 m (10 feet) apart. Thus there are 100 meshes with a total conductor length of 670 m 
(2200 feet). The area of the array is 929 square meters (10,000 square feet) with an effective diameter of 


= 4A 
D em = 
= 113 feet 
= 3440 cm 
Thus the resistance to earth, by Equation 2-27, is 
= p p 2 
R= y4a0) * 67100 re) 


1.45 x 10-4 9 + 0.15 x 1074 9 


1.6 x 1074 p ohms 
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2.6.2.4 Vertical Rods Connected by a Grid. The resistance of a bed of vertical rods, interconnected with a 
wire grid is (2-10) 


RES R- 
= 2-2 
Re R4R-2R oon 
wo Or ™ 
where 
R = resistance of wire grid as given by Equation 2-27 
es = length of conductors in grid 
Ro = resistance of bed of rods, as found from Figure 2-12 
RQ = mutual resistance which accounts for interaction 
of rods on grid 
2L 
0.73 tot 
a oe ) OF (2-30) 
tot y ve 
2L 
_ 0-73 i toe tot (2-31) 
L L 
tot 


where 


r_ = radius of grid wire, 


h = depth of grid, if buried, and 


~ 
Il 


length of rod, if the grid is near surface. 
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Figure 2-13. Transient Impedance of an Earth Electrode Subsystem as a Function 


of the Number of Radial Wires 
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2.6.3 Transient Impedance of Electrodes. The expressions given for electrode resistance assume perfect 
conductivity for the conductors of an electrode. Such an assumption introduces very little error in the 
calculation of the electrode dc resistance, but if the electrode must dissipate the impulsive energy of a 
lightning stroke, its impedance as a function of time must be considered. When a single star electrode, 
containing 305 meters (1000 feet) of conductor, is subjected to a surge of lightning current, the initial value of 
its effective impedance is about ten times the dc resistance (2-11). This initial value is termed the surge 
impedance. As the wave of energy propagates through the electrode system, more and more of the wire of the 
electrode makes effective contact between the propagating energy and the medium which dissipates the energy. 
It is clear that a given length of wire will couple lightning energy more efficiently into the earth if the 
electrode is in the form of a star than if it were a single conductor. This is illustrated in Figure 2-13 where it 
is indicated that as the energy surges down an electrode (at a velocity in the neighborhood of 100 meters (333 
feet) per microsecond), the transient impedance of the electrode decreases and approaches the dc resistance 
value. 


2.6.4 Effects of Nonhomogeneous (Layered) Earth. The previous derivations assumed homogeneous earth. A 
qualitative understanding of the effects of non-uniform earth resistivity can be deduced from Figure 2-14 
which illustrates the electric equipotential surfaces and current flow in layered earth when the earthing 
electrode is a small hemisphere. The lines radiating outward from the earth electrode indicate the flow of 
current. Not surprisingly, if the resistivity of the deeper layer is high, relative to the upper layer, nearly all of 
the current is confined to the upper layer of earth. 


2.6.4.1 Hemispherical_ Electrode. An approximate expression (2-3) for the resistance to earth of a small 
hemispherical electrode in layered earth is 


mae 


2-32 
2, (2-32) 


p 
R= ae + 0,366 <1 log 
where 
r = hemisphere radius (assumed less than h), 
h = thickness of superficial layer, 
p,: = resistivity of superficial layer, 


P_: = resistivity of deep layer. 


An interesting example is the case of a superficial layer of low resistivity soil p = 103 ¢ ohm-cm) over granite 
(p =10° © shin-cm): 


103-366 1 
a= Py + 3 tog (+ 500), (2-33) 
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where r and h are measured in centimeters. If h < 6.2 r, the resistance to earth will be greatly influenced by 


the resistivity of the granite underlayment; if h > 6.2 r, the resistance approaches that for homogeneous earth 
with resistivity, pj. 


2.6.4.2 Vertical Rod. 


When a vertical rod is driven through a high resistivity superficial (upper) layer into a lower resistivity subsoil, 
an adjustment can be made to the resistance to earth expression for homogeneous soil by substituting a reduced 
“effective length” of the ground rod. Letting 2't be the effective length (2-3) 


=n - 2) (2-34) 
Py 
where 
& © = physical length of rod, 
Py = resistivity of upper layer, 
Py: = resistivity of subsoil, and 


h = depth of upper layer. 


Note that if Py >? Rp: the effective length of the rod is reduced to» 2 - h. When the subsoil has a higher 
resistivity than the top layer of soil (p, > ,), { the current discharged through a slender vertical rod with length 
equal to the thickness of the superficial layer of soil will tend to remain in the superficial layer of soil. The 
“mean path” of the superficial layer current, that is the radial distance at which half the discharge current has 
entered the deeper soil, is approximately (2-3) 


x= 2h (2-35) 
Py 
If the dimensions of the earth electrode subsystem are large compared to the thickness of the upper stratum, 
the upper layer becomes insignificant and the resistance to earth can be computed as through the soil were 
homogeneous with resistivity equal to Pp, the resistivity of the subsoil. 


2.6.4.3 Grids. 


A useful approximation for the resistance-to-earth of a horizontally extensive electrode system is given by 
Equation 2-27. 


If the soil has a superficial layer with resistivity p, and a subsoil with resistivity p2, the resistance to earth of 
a grid in the superficial layer is given by (2-3) 
Po Fe Py 
2De Ltot 


(2-36) 
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Figure 2-14. Current Distribution in Nonuniform Soil 
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2D 
e . . . . 
when 9, >> 0, (23) , the earthing resistance is approximately 


73 2-37 
R = We (2-37) 
Liat 4 e ? 
and when 9, >> py We ,it is approximately 
Re (2-38) 
~ Ltot 


If, for example, the diameter, De, of the grid equals 500 meters, the resistivity, pl, of the superficial layer 
equals 10,000 ohm-meters, the resistivity, p a of the subsoil equals 200 ohm-meters, and the length, Ltot» of 


the conductors in the grid equals 4,000 meters, then 
R = 2.7 ohms 


Burying the grid within the lower resistivity subsoil would reduce the resistance-to-earth to about 0.4 ohms. 
Conversely, if the Py = 10,000 ohm-meters, ando, : = 200 ohm-meters, then 


R = 10 ohms 
regardless of the depth of the grid. 
2.7 MEASUREMENT OF RESISTANCE-TO-EARTH OF ELECTRODES. 


2.7.1 Introduction. The calculated resistance of a given electrode system is based on a variety of assumptions 
and approximations that may or may not be met in the final installation. Because of unexpected and 
uncontrolled conditions which may arise during construction, or develop afterward, the resistance of the 
installed electrode must be measured to see if the design criteria are met. In an existing facility, the 
resistance of the electrode system must be measured to see if modifications or upgrading is necessary. Two 
commonly used methods for measuring the resistance to earth of an electrode are the triangulation method and 
the fall-of-potential method. 


2.7.2 Fall-of-Potential Method. This technique involves the passing of a known current between the 
electrode under test and a current probe, , Cg, as shown in Figure 2-15(a). The drop in voltage between the earth 
electrode and the potential electrode, P»,, located between the current electrodes is then measured; the ratio of 
the voltage drop to the known current gives a measure of the resistance. (By using a voltage measuring 
device - a null instrument or one having a high impedance - the contact resistance of the potential electrode 
will have no appreciable effect on the accuracy of the measurement.) Several resistance measurements are 
taken by moving the potential probe, Pg, from the position of the earth electrode, along a straight line to the 
current probe, Cg, which is left in position. The data obtained is then plotted as resistance versus distance 
from the earth electrode as illustrated in Figure 2-15(b). This is the test method recommended for 
measurement of single rod or multi-rod earth electrode subsystems. 
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2.7.2.1 Probe Spacing. Current flow into the earth (see Figure 2-8) surrounding an electrode produces shells 
of equipotential around the electrode. A family of equipotential shells exists around both the electrode under 
test and the current reference probe, Cg. The sphere of influence of these shells is proportional to the size of 
each respective electrode. (See, for example, Section 2.6.1.1.) The potential probe, Pg», in Figure 2-15 provides 
an indication of the net voltage developed at the earth’s surface by the combined effect of these two families 
of shells. If the electrode under test and the current reference probe are so close that their equipotential shells 
overlap, the surface voltage variation as measured by Pg will vary as shown in Figure 2-16(a). Since the current 
flowing between the electrodes is constant for each voltage measurement, the resistance curve will have the 
same shape as the voltage curve. For close electrode spacings, the continuously varying resistance curve does 


not permit an accurate determination of resistance to be made. 


By locating the current reference probe, Cg, far enough away from the electrode under test to ensure that the 
families of equipotential shells do not overlap, a voltage curve like that shown in Figure 2-16(b) will be obtained 


to produce the type of resistance curve shown in Figure 2-15. 


When the distance, D, between the electrode under test and the current reference probe is very large compared 
to the dimensions of the earth electrode subsystem under test, the latter can be approximated as a hemisphere 
and interaction between the two electrodes is negligible. When these assumptions are met, the potential at a 


point at distance x from the electrode under test is: 


er... <0b Pit. ok. (2-39) 
vor sah 2) 


where p is the average soil resistivity; the minus sign indicates that the current, I, flows intoC,, and out from 


Co. 


Assume that the electrode under test is equivalent to a hemisphere with radius, r. At the surface of this 


hemisphere, the potential is found by letting x =r: 
Tue (2 i) (2-40) 


The potential difference between Cy and Pqi is the voltage that is being measured and is: 


VF = ( -U ) (2-41) 
Qa oO x 
pt pec it. se) 
whenx =r an xr Der x D-x 
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Figure 2-15. Fall-of-Potential Method for Measuring the Resistance of Earth Electrodes 
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Figure 2-16. Effect of Electrode Spacing on Voltage Measurement 
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If ther, is the radius of the hemisphere that is equivalent to the current probe Cy, and r is the equivalent 


radius of the electrode under test, it is seen that when x = D - ¢ P 


ge PE de nd ogc (2-42) 
Oo 2n \r D-r D-r, To 


If D >> ry orr 


(2-43) 


mt [ 
+ 

fo 
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But the true value of resistance corresponds to 


* 
1°) 
et 


Vi = (2-44) 


which is found when 0 < x < D- To 


In order for the measurement of ve to yield the correct value of resistance to earth; it can be seen that the 
error term in Equation 2-41 must be zero, i.e., 


_—+ = 9 (2-45) 


x(D-r) - (D-r) (D-x) - x (D-x) = 0 


r r 2 
Dx ( - 5) - D(D-x) ( - }. x (D-x) = 0. 


+DX-D*=0 


Againif D>> r 


2 (2-46) 
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which can be solved as follows: 


+5 DY + 4D (2-47) 


Thus the true value of resistance to earth corresponds to the ratio of the potential difference to the measured 
current when x is 62 percent of the distance, D, from the electrode under test to the current probe,Cg. It is 
important to remember that D is measured from the center of the electrode under test to the center of the 
current probe and that D is large relative to the radius of the electrode under test. 


Figure 2-17 shows an example of data taken with the fall-of-potential method. The correct resistance of 
13 ohms corresponds to the potential probe location of 27.4 meters (90 feet) which is 62 percent of the distance 


to the current probe. 


Resistance of the electrode under test with respect to infinity (the true definition of the resistance to earth) is 


U 
an EOS fee eRe Le = a 2-4 
BOR Se 2n ( 3.) ene 


Thus any value of D less than infinity causes the measured resistance to be in error. The error can be estimated 
by observing that 
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Figure 2-17. Resistance Variations as Function of Potential Probe Position in Fall-of-Potential Method (2-12) 
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Remembering _ that R= 3 


is the true resistance, it is evident that if D = 5r, the error will be 25 percent, if D = 111, the error is 10 
percent; if D = 26r, the error is 4 percent, etc. 


The equivalent radius of a large electrode system can be determined from 


a (2-49) 


where 
A = the area covered by the system. 


Consider a rectangular grid 10 meters by 10 meters. Its effective radius is 


102 
ro = 7. = 5.64 meters. 


For an accuracy of 90 percent, the probe Cg should be positioned at 
D=11 x 5.64 
= 62 meters or 203 feet away. 


A conservative estimate which leads to improved accuracy of the effective radius is that it is equal to one half 
the longest diagonal dimension (Dg) of the array. Thus for an accuracy of 90 percent, the location for » Cg should 
be 


11 x (0.5 Dg) or 5.5 Dg, 


which is the basis for the frequently quoted rule of thumb of 5 times the longest diagonal of the area of the 
electrode under test. Table 2-6 gives the percentage accuracies obtained at probe locations up to 50 times the 
longest diagonal. 


2.7.2.2 Extensive Electrode Subsystems (2-13). When the earth electrode subsystem is extensive, it is 
frequently difficult to locate the current probe at a distance of even five times the largest dimension and 
measurements of resistance to earth are subject to large errors. In addition, a connection to the electrical 
center of the subsystem may not be possible. Figure 2-18 shows a set of resistance curves for an extensive 
earth electrode subsystem obtained at current probe spacings of up to 304 meters (1000 feet). Each curve 
corresponds to a particular distance, C,, oof the current probe from the point of connection to the earth 
electrode subsystem. The potential probe spacing, P, is the independent variable. 
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Table 2-6 


Resistance Accuracy Versus Probe Cg Spacing 


Accuracy Probe Spacing 
(percent) 
90 5 x diagonal under test 
95 10 x diagonal under test 
98 25 x diagonal under test 
99 50 x diagonal under test 


On each curve the points corresponding to 62 percent of the distance to the current probe have been connected. 
It is evident that as the current probe location is moved farther out, the 62 percent value is decreasing. The 
true value of resistance can be estimated by extrapolating the connecting line to its asymptotic value. Because 
none of the curves in Figure 2-18 level out, even the largest spacing of the current probe is evidently too small 
for a direct reading of the resistance. Basic assumptions for the fall-of-potential measurement are that (1) the 
electrode to be measured can be approximated as a hemisphere and (2) the connection to the earth electrode is 
made at its electrical center. Since the location of the electrical center may not be known or may be 
inaccessible, the connection is usually made at a convenient point at a distance X (Figure 2-19) from the 
electrical center, D. The distance from the true center of the electrode to the current probe (assuming the 
measurements are made on a radial from the electrical center) isC, + X. The use of 62 percent point on the 
curves of Figure 2-18 to determine the resistance of the earth electrode should in reality correspond to a 
position of the potential probe that is 0.62 (C,- +X) from the true center (D). This means that the distance,, P4, 
from the point of actual connection (O) to the system to the location at which the correct resistance to earth 
exists will be 


Pt 


0.62 (Cy, + X)-X (2-50) 


0.62 Cy - 0.38 X 


where 


P,= Distance of potential probe from point of connection to electrode when the measured 
resistance is the true value of resistance-to-earth for the electrode, 
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Cx := Current probe distance from point of connection, for the kth set of probe measurements, 
and 


X = Distance from electrical center of electrode system to point of connection to the 
electrode system. 
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Figure 2-18. Earth Resistance Curves for a Large Electrode Subsystem 
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To determine the true resistance of the earth electrode, X is allowed to assume convenient increments from 

zero to Cy. For each Cx,the value of measured resistance corresponding to the resultant Pt (calculated with 
Equation 2-50) is read from the curves of Figure 2-18 and plotted against X. For example, if X and Cy, both 
equal 305 M (1000 feet), considering only the right hand curve in Figure 2-18, the value of — P¢ is 240, and R is 
0.08 ohms. Next let X be 244 m (800 feet). The corresponding value of Pt is 96 m (316 feet) and r is 0.1 ohms. 
In this manner, estimates of the 62 percent values can be taken from Figure 2-18 and replotted as “true” 

resistance versus X, as shown in Figure 2-20. At the region of intersection of the curves in Figure 2-20, the 
value of X = 122 m (400 feet) corresponds to the electrical center of the electrode, and the corresponding value 

of resistance (0.13 ohms) is the true value of resistance-to-earth of the electrode system. It is recommended 

that the distance to the current probe, “C’, from the point of connection to the earth electrode, “O”, (see 

Figure 2-19) be between one and two times the length of the longest side of the electrode system. 

Furthermore, failure to obtain a well defined region of intersection of the curves can result if the probe 
measurements are not taken on a radial from the electrical center, in that case, new probe directions will be 
required. 


2.7.2.3 Test Equipments. Test equipments are presently available which will permit the accurate 
measurement of ground resistances of earth electrode subsystems from 0.01 to 20,000 ohms and above. Most 
equipments used in conducting these measurements are designed to utilize ground test currents other than dc or 
60 Hz to avoid or eliminate the effects of stray ac or dc currents in the earth. 
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Figure 2-19. Earth Resistance Curve Applicable to Large Earth Electrode Subsystems 
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2.7.3 Three-Point (Triangulation) Method. In this method, illustrated in Figure 2-21 the resistances of the 
electrode under test (R,) and the auxiliary electrodes (Rg, Rp) are measured two at a time. The unknown 
resistance is then computed from the formula. 


R — 
x 


(+e) * (+9) - (+5), esp 


where the terms in the parenthesis are the following measured resistances: 


vy? 
f, ‘ 8) = (2-52) 
bs x 


= voltage drop from test electrode, X, to electrode A, divided by 
current entering test electrode, X, 


V 
i (2-51) 
f, s s) I 


x 


x oO 


= voltage drop from test electrode to electrode B, divided by 


current into test electrode, X, 


: Vv 
a 
R + == 
e, ) I (2-52) 


= voltage drop from electrode A to electrode B, divided by current 
entering electrode A. 


For best accuracy, it is important to use auxiliary electrodes with resistances of the same order of magnitude 
as the unknown. The series resistances may be measured either with a bridge or with a voltmeter and ammeter. 
Either alternating or direct current may be used as the source of test current. For the three-point 
measurement, the electrodes must be at some distance from each other; otherwise absurdities such as zero or 
even negative resistances may arise in the calculations. In measuring a single 3 meter (10-foot) driven ground 
rod, the distance between the three separate ground electrodes should be at least 5 meters (15 feet), with a 
preferable spacing of 8 meters (25 feet) or more. For larger area grounds, which are presumable of lower 
resistances, spacing on the order of the dimensions of the ground field is required as a minimum. This method is 
most effective for measurement of single rods and is not recommended for multi-rod earth electrode 
subsystems. 
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Figure 2-20. Intersection Curves for Figure 2-18 


2.8 OTHER CONSIDERATIONS. 


2.8.1 Surface Voltages Above Earth Electrodes. Very large currents can be conducted into earth electrodes 
whenever power line faults or lightning strikes occur. As a result, there is a substantial voltage developed at 
the surface of the earth near the electrode; this voltage varies significantly with distance from the electrode 
connection point. The voltage difference between two points about three feet apart on the surface is the “step 
voltage’, i.e., it is the voltage level between the feet of a person standing or walking on the surface. 


2.8.1.1 Step Voltage Safety Limit. The maximum safe step voltage depends upon the duration of the 
individual’s exposure to the voltage and upon the resistivity of the earth at the surface. The maximum safe step 


voltage for a shock duration of from 0.03 to 3.0 seconds has been expressed (2-3) as 


165 + 9, 


Vstep (safe) ~ — Jt (2-55) 
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Figure 2-21. Triangulation Method of Measuring the Resistance of an Earth Electrode 
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where 
Rie surface earth resistivity, (ohm - meters), 
= 10 for a minimum value, 
t = duration of shock (sec). 


For a 30 millisecond or shorter duration, the maximum safe step voltage is 1000 volts, and for durations greater 
than 3 seconds, it is 100 volts. 


2.8.1.2 Step Voltages for Practical Electrodes. The expressions for step voltage estimates in homogeneous 
soil for both flush and buried vertical rod electrodes and for buried grid electrodes are given in the following 
paragraphs. It should be noted that step voltages depend upon electrode geometry as well as upon earth 
resistivity and current magnitude. 


2.8.1.2.1 Flush Vertical Rod. The potential on the earth at a distance x from the top of a single, isolated 
flush-driven vertical rod is (2-3) 


0.366 pI 2 
re) R QR 
v2 aca oa log S +eqj1 + 2 ’ (2-56) 
x 
and the potential of the rod itself is 
7 0. 366 pl, ” 3R. (2-57) 
oo! Rg ar 


The step potential at the ground rod (where p is equal to a pace, or step, length from the rod) is therefore 


0.366 pl, Q a2 o5 
= SS ———— s+ +4 lt iS 
v. v5 q log d log > 2 > 
Pp 
0.366 el, 3 
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When the step length is much less than the rod length, ie., whenp <<, the step voltage can be approximated 
as 


0.366 pl ‘ 
2 . 3p 
eo" p i oe ( 24 | (2-59) 


The step potential can be expressed as a fraction of the ground rod potential as follows: 


Vv ~ 32 (2-60) 
te) log a 


The fractional step voltages for ground rods of various length are given in Table 2-7. For this Table, rod 
diameter is assumed to be one inch (2.54 cm) and the pace length is assumed to be three feet (0.91 m). 


Table 2-7 


Step Voltages for a Buried Vertical Ground Rod 


Rod Length Ratio of Step Voltage 
(Ft) To_Electrode_ Potential 
5 0.75 
10 0.68 
20 0.61 
50 0.53 
100 0.48 
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The step voltage near the lo-foot by I-inch (3.05 m x 2.54 cm) rod in 1000 ohm-cm soil is about 68 percent of 
the voltage between the rod and a point approaching an infinite distance away. Step voltage near a ground rod 
will be between 80 percent of the rod potential (for very short rods) and 50 percent (for very long rods). 


The step voltage on the surface of the earth near an isolated lo-foot by I-inch (3.05 m x 2.54 cm) ground rod (p 
= 1000 ohm-cm) carrying a lightning current of 20,000 amps could be fatal since the step voltage would be 


y —y = £0:366) (1000) (20,000) (2-61) 
op (10) (12) (2.54) 


x log 360 - log (2 + + 1m) ’ 


6 
=~ 232x109 556-0.833] 


3.05x10 


(2.4107) (1.723) 


i] 


41,352 volts, 


which is 41 times higher than the safe step voltage derived above. 


The resistance of the 10-foot by 1-inch (3.05 m x 2.54 cm) rod in 1000 ohm-cm soil is 


_ 0.366 po 3h 7 
Pe ga log d 5 (2-62) 


(0.366) (10°) 
(10) (42) (2.54) 


= 1.2 log 360, 
(1.2) (2.556), 
3.1 ohms. 


log 360, 


Higher values of earth resistivity would cause the step voltage near the rod to be even higher than the 
calculated 41,400 volts. For a three second duration shock condition, the requirement that the step voltage not 
exceed 100 volts means that the single 10-foot by 1-inch (3.05 m x 2.54 cm) rod would produce an unsafe Step 
voltage with a fault current greater than about 50 amperes, even in low resistivity (1000 ohm-cm) soil. 
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Figure 2-22. Variation of Surface Potential Produced by a Current 


Flowing Into an Isolated Ground Rod 
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2.8.1.2.2 Buried Vertical Rod. If the single isolated vertical rod is driven so that the top of the rod is below 
the surface, the maximum step voltage on the surface of the earth is reduced. Figure 2-22 shows the surface 
voltage variation for a flush driven rod compared with that for a rod with its top below the surface. Maximum 
gradient for the flush driven rod is at the vicinity of the rod. Maximum gradient for the rod sunk into the earth 
to a depth of h feet occurs at a distance of 3 h to 4h from the rod (2-3). The step voltage for the rod driven so 
that its top is h feet below the surface is: 


: 0.366p1 | 


yen ty? + x2 + nt al fn? + (eapy’ eh 
is Vath = ae log (2-63) 
[yin + 2)? + Get py? ened [yh? + x? + a 


For 
3 
p = 10° ohm-cn, 
I, = 20,000 amperes, 
2 = 10 feet (3.05 m), 
x = 3h feet, and 
p = 3 feet (0.91 m) 


ly +10) + (3h)* +h + | ly” + (3h + 3) 4+ 4 
VS ease Tee ea ae aR ae a eee ee RSE) Fe) 
Ye +10)? + (3h 4+3)7 +h+ 10 fe” + (3h)? + n | 


x x 
If h = 3 feet, the maximum step voltage is approximately 


4 (28.81) (15.37) 
ee i re ee os (28-8 (12.49) 


5, @ 10" foe 1.15 
(2.4 x 10") 0.063 
1504 volts, 


< 
| 

< 
iH 


instead of 41,400 volts, which was characteristic of the flush-driven 
rod. 
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2.8.1.2.3 Buried Horizontal Grid. An expression for the resistance to earth for a buried grid was presented in 
Section 2.6.2.3. Equations 2-27 and 2-28 are the sum of a resistance of a superficial platdp/2D,) and a 
resistance term representing the per unit diffusion resistance of the earth electrode materi@JI/L). A voltage 
pl/L which is proportional to the per unit average current flowing from the conductors of the mesh into the 
earth represents an approximation of the potential difference between the conductors of the mesh and the 
center of the open space with each mesh. The sketch of Figure 2-23 shows the resultant voltage distribution 


across a section of a grid. Note that the approximation used here would predict that 


wy, (2-65) 


is the minimum voltage (with respect to infinity) at the edge of the grid, so that the grid simply translates the 


dangerous voltage gradient to the periphery of the grid (2-3). 


If the value of earth resistivity is moderately high--sayi04 ohm-cm--and if the lightning current is 2 xi04 


amperes, the grid in the example of Section 2.6.2.4 would exhibit 


pl _ (10") (2x10") ee 
Lo 6.7 x 10° 
= 3000 volts 


over a five-foot (1.5 m) distance. This would exceed the safe step voltage of 1000 volts, developed earlier. 


If the grid is made of conductors spaced one foot apart for a total conductor length of 20,200 feet (6157 m) 
there would be 10,000 meshes on the 10,000 square foot (929 m’) area. The effective diameter would still be 
113 feet (34.4 m), and the computed resistance would be 


1 1 
= — H+ OO (2-67) 
Re sex (202x104) (12) aso 
4 10" 


R 


1.45 x10 9 +=— 


The maximum step potential difference over the grid of the latter case, again assuming p is 104ohm-cm and an 


effective lightning current of 20,000 amperes, would be 
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pl _ (10°) (2x10") 
Lb (62) (104) 


322 volts 


This would be a safe value of step voltage for transients shorter than 30 milliseconds, if the transient, or surge, 
impedance of the line does not greatly exceed its steady state resistance. 


2.8.1.3 Minimizing Step Voltage. Table 2-8 lists several design approaches to reducing the potential hazards 
of step voltage. The most effective method is the reduction of the resistance to earth of the earth electrode 
system to as low a value as is economically feasible. 


Table 2-8 


Methods of Reducing Step Voltage Hazards 


Design Approach Remarks 

1 . Minimize resistance to earth of electrode Resistance to earth is directly proportional to soil 
system. resistivity. 

2. Bury earth electrode to reduce maximum Connection to earth electrode must be insulated to 
gradient on surface of earth. withstand 5 x104 R,volts. 

3. Bury a grid beneath the earth, surrounding Tends to equalize the surface potential over area of 
the earth electrode. grid. 

4. Erect barricade so that personnel cannot Fence must be grounded. 


enter area of danger. 
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2.8.2 Beating of Electrodes. It is necessary to use enough material in an earth electrode to prevent excessive 
local heating when large currents flow in the electrode. 


2.8.2.1 Steady State Current. The presence of fault current in the earth electrode subsystem must be limited 
to a value which will not raise the temperature of the soil above the boiling point of water. The tolerable 
steady state ac current into an earth electrode is (2-3). 


1 
= +40. AT , 
Log = gO 0240 (2-68) 


where 
p = earth resistivity, 
= electrode resistance to earth, and 
AT =permissible temperature rise(°C), 
For AT = 60°C, the permissible steady state current is limited by 


1200 


Igg < R amp 


when p = 108 ohm-em, and by 
38 amp 


Igg < R 


when p = 107 ohm-cm. Since the voltage at the earth electrode is equal to the product I R, the corresponding 
voltage limits are 


Egg < 1200 volts, p= 106 ohm-em 
and 
Egg < 38 volts, 9= 193 oh n-em. 


2.8.2.2 Transient Current. The permissible transient current density for a temperature rise that does not 
exceed 60°C is found from the transient temperature time expression (2-3) 


«15 AT 
i-¥* ot A amp/ein2 , (2-69) 
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where 
t = duration of the transient, in seconds, 
AT = temperature rise, 
p = soil resistivity, ohm-cm, and 
i = transient current density. 
Letting AT = 60°C, one has 


: a3 
imax = 10¥pt = amp/em? 


The current density, i, at the surface of a short ground rod is approximately constant over the length of the rod 
and is given by 


i= Faz amp/em2, (2-70) 


where 
d 7 rod diameter (cm), 
2 7 rod length (cm), and 
I . input current (amperes), 


For a 10-foot by 1-inch rod (3.05 m x 2.54 cm), the peak transient current which can be handled without causing 
greater than 60°C temperature rise is: 


I = 7Td2 i 
max max 


(2.54) (304.8) (10) = (2-71) 


-= 2.43 x 10° Vir amperes. 
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2.8.2.3 Minimum Electrode Size. The necessity to hold the surface temperature below boiling temperatures 
establishes a minimum amount of electrode material. 


The minimum length of a single ground rod is 


10nd em. (2-72) 


The value of I Jt is approximately 1000 for both lightning stroke currents and power system fault currents, so 
for satisfactory energy dissipation the minimum rod length is specified by 


32 
ho 2 Fo em. (2-73) 


If the earth is moist soil with a.p of approximately 104 ohm-cm, the limit becomes 


3200 
£2 == om, (2-74) 


In granite with a p «of approximately 106 ohm-cm, the limit becomes 


32000 
B 2 == om. (2-75) 


If 2-cm rods are used, the safe dissipation of heat in granite would require at least 80 rods, each 2 meters long. 
For moist earth, only 8 rods, each 2 meters long, would be required for heat dissipation. 


2.9 ELECTRODE ENHANCEMENT. 


2.9.1 Introduction. Sites may be encountered where acceptable and practical numbers of driven rods, buried 
cables, and other available materials will not achieve the desired low resistance to earth for special 
communication systems, i.e., HF transmitters. In such situations, enhancement of the resistivity of the soil 
around the electrodes may be necessary to lower the resistance to the desired value. While enhancement of the 
resistivity may be required in certain situations, discretion of its use should be exercised due to the reduced life 
span of the earth electrode subsystem. 


The resistance to earth of an electrode is directly proportional to soil resistivity and inversely proportional to 
the total area of contact established with the soil. For fixed land areas, additional vertical rods or horizontal 
cables produce diminishing returns because of increased mutual coupling effects. The most straight forward 
enhancement method is to reduce soil resistivity. The parameters which strongly affect soil resistivity are 
moisture content, ionizable salt content, and porosity; the latter determining the moisture retention properties 
of the soil. Thus two recommended techniques for reducing earth resistivity are water retention and chemical 
salting. 


2-59 


MIL-HDBK-419A 


2.9.2 Water Retention. Overdrainage of soil leaches away salts that are necessary for high conductivity and 
dries out the deeper layers, thereby increasing their resistivity. Planting of appropriate ground covers, such as 
legumes, to retard runoff and to enhance the natural production of salts in the soil is useful. Surface drainage 
should be channeled so as to keep the earth electrode subsystem moist. Maintaining moist earth over the extent 
of the earth electrode subsystem will keep soil salt in solution as conductive ions. Drainage water which is high 
in salt content can be useful for continuous salting of the earth electrode. 


A porous clay, bentonite (also known as well drillers mud) can absorb water from surrounding soil and has 
hydration as well as water retention properties. When placed around ground rods and their interconnecting 
cable, it greatly increases the effective area of the rod and cable which in tum reduces the resistance of the 
earth electrode subsystem to earth (2-14, 2-15). Bentonite is generally available in dry (powder) form, must be 
saturated with water after initial installation and should be topped with a 12-inch layer of excavated soil. 
Caution is urged when using bentonite in areas that will ultimately be paved as it can expand to several times 
its dry volume when saturated. This can also prove to be a disadvantage of bentonite since it expands and 
contracts so much with moisture content, it can pull away from the ground rod and surrounding soil when 
moisture is lost. A much better backfill around ground rods is a mixture of 75 percent gypsum, 20 percent 
bentonite clay, and 5 percent sodium sulfate. The gypsum, which is calcium sulfate, absorbs and retains 
moisture and adds reactivity and conductivity to the mixture. Since it contracts very little when moisture is 
lost, it will not pull away from the ground rod or surrounding earth. The bentonite insures good contact 
between ground rod and earth by its expansion, while the sodium sulfate prevents polarization of the rod by 
removing the gases formed by current entering the earth through the rod. This mixture is available from 
cathodic protection distributors as standard galvanic anode backfill and is relatively inexpensive. The backfill 
mixture should be covered with 12 inches of excavated soil. This mixture is superior to chemical salts since it 
is much more enduring. 


2.9.3. Chemical Salting. Reduction of the resistance of an electrode may also be accomplished by the addition 
of ion-producing chemicals to the soil immediately surrounding the electrode. The better known chemicals in 
the order of preference are: 

a. Magnesium sulphate (MgSO 4) - epsom salts. 

b. Copper sulphate (CuSO4) - blue vitriol. 

c. Calcium chloride (CaClg). 

d. Sodium chloride (NaCl) - common salt. 

e. Potassium nitrate (KNOg) - saltpeter. 
Magnesium sulphate (epsom salts), which is the most common material used, combines low cost with high 
electrical conductivity and low corrosive effects on a ground electrode or plate. The use of common salt or 
saltpeter is not recommended as either will require that greater care be given to the protection against 
corrosion. Additionally, metal objects nearby but not related to grounding will also have to be treated to 


prevent damage by corrosion. Therefore, salt or saltpeter should only be used where absolutely necessary. 
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Largereductions in the resistance to earth of the individual ground electrodes may be expected after chemical 
treatment has been applied to the earth. The initial effectiveness of chemical treatment is greatest where the 
soil is somewhat porous because the solution permeates a considerable volume of earth and increases the 
of the electrode. In compact soils, the chemical treatment is not as immediately effective 


effective size 
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because the material tends to remain in its original location for a longer period of time. 


The effectiveness of chemical treatment in lowering the resistance of a ground rod is illustrated by Figures 
2-24 and 2-25. Chemical treatment achieves a significant initial reduction of resistance and further stabilizes 
the resistance variations. It also limits the seasonal variation of resistance and, additionally, lowers the 


freezing point of the surrounding soil. 
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Figure 2-25. Seasonal Resistance Variations of Treated and Untreated Ground Rods 
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Chemical treatment is limited in its effectiveness, however. Consider, for example, a square array of 
100 ground rods of length g - with spacings of twice the length of a rod. The resistance to earth (using an 
extrapolated value of 3 for K) from Figure 2-12 is (see also Equations 2-16 and 2-26) 


p= D020 105 2 
Assuming that 
p = 106 ohm-em (gravel sand stone), 
g = 100 feet (30.5 m) per rod,and 
d 2 1 ineh (2,54 em), 
then 
a = (3)_(0.366) (10°) (3.56) 


~ (100) (100) (12) (2.54) 


Iz 


12.81 ohms 


The upper bound on the effectiveness of chemical enhancement can be illustrated by determining the resistance 
to earth of a metal electrode which would completely fill the volume of earth (1800 x 1800 x 100 ft., i-e., 550 x 
550 x 30 m) occupied by the above array of ground rods. The effective diameter, D,, of the equivalent plate 
would be 2030 feet (619 m), and its resistance to earth would be (2-3): 


eee 
BS 2D, 
7 10° (2-76) 
(2) (2030) (12) (2.54) 
= 8 ohms 


The most that chemical enhancement could reduce the resistance of this large array would be by a factor of 
1.58. 


2.9.4 Electrode Encasement. The calculations of resistance of earth electrodes invariably assume zero 
contact resistance between the electrode elements and the earth. In reality, however, the interface between 


the surface of the rod and the earth is far from uniform except when the earth is tamped clay or its equivalent. 


high. Encasing the electrode in conductive mastic or conductive concrete is one approach to improving the 
contact between the electrode and the earth. Effects of local variations or moisture content will also be 
reduced and stabilized, if the encasement material absorbs and holds moisture. 
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2.9.5 Salting Methods. The trench method for treating the earth around a driven electrode is illustrated in 
Figure 2-26. A circular trench is dug about one foot deep around the electrode. This trench is filled with the 
soil treating material and then covered with earth. The material should not actually touch the rod in order to 
provide the best distribution of the treating material with the least corrosive effect. 


Another method for treating the earth around a driven electrode, using magnesium sulphate and water, is 
illustrated in Figure 2-27. A 2-foot length (approximately) of 8-inch diameter tile pipe is buried in the ground 
surrounding the ground electrode. This pipe is then filled with magnesium sulphate to within one foot of grade 
level and watered thoroughly. The 8-inch tile pipe should have a wooden cover with holes and be located at 
ground level. 


None of the aforementioned chemical treatments permanently improve earth electrode resistance. The 
chemicals are gradually washed away by rainfall and through natural drainage. Depending upon the porosity of 
the soil and the amount of rainfall, the period for replacement varies. Forty to ninety pounds of chemical will 
initially be required to maintain effectiveness for two or three years. Each replenishment of chemical will 
extend the effectiveness for a longer period so that the future treatments have to be done less and less 
frequently. 


Another method of soil treatment or electrode enhancement involves the use of hollow made electrodes which 
are filled with materials/salts which absorb external atmospheric moisture. These electrodes (generally 8-feet 
long) must be placed in holes drilled by an earth auger making sure the breather holes at the top are above 
grade level. Moisture from the atmosphere is converted to an electrolyte which in turn seeps through holes in 
the electrode into the surrounding soil. This keeps the soil moist and thereby reduces the resistance of the 
electrode to earth. These electrodes should be checked annually to ensure sufficient quantities of 
materials/salts are available and that good continuity exists between the rod and interconnecting cable. 


2.10 CATHODIC PROTECTION. 


2.10.1 Introduction. When two metals of different types are immersed in wet or damp soil, a basic electrolytic 
cell is formed. A voltage equal to the difference of the oxidation potentials of the metals will be developed 
between the two electrodes of the cell. If these electrodes are connected together through a low resistance 
path, current will flow through the electrolyte with resultant erosion of the anodic member of the pair. 
Unfortunately, those factors that aid in the establishment of low resistance to earth also foster corrosion. Low 
resistance soils with a high moisture level and a high mineral salt content provide an efficient electrolytic cell 
with low internal resistance. Relatively large currents can flow between short-circuited electrodes (such as 
copper ground rods connected to steel footings or reinforcing rods in buildings) and quickly erode away the more 
active metal (see Section 7.8.1.2) of the cell. In high-resistance cells, the current flow is less and the erosion is 
less severe than in low-resistance cells. 
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Figure 2-26. Trench Method of Soil Treatment 
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Figure 2-27. Alternate Method of Chemical Treatment of Ground Rod 
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2.10.2 Protection Techniques. 


Three basic techniques can be used to lessen the corrosion rate of buried metals. The obvious method is to 
insulate the metals from the soil by the use of protective coatings. This interrupts the current path through the 
electrolyte and stops the erosion of the anode. Insulation, however, is not an acceptable corrosion preventive 
for earth electrodes. The second technique for reducing galvanic corrosion is avoiding the use of dissimilar 
metals at a site. For example, if all metals in contact with the soil are of one type (such as iron, lead or 
copper), galvanic corrosion is minimized. Each of these materials, however, has unique properties such as 
weight, cost, conductivity, ductility, strength, etc., that makes its use desirable, and thus none can be 
summarily dismissed from consideration for underground applications. Copper is a desirable material for the 
earth electrode subsystem; apart from its high conductivity, the oxidation potential of copper is such that it is 
relatively corrosion resistant. Since copper is cathodic relative to the more common structural metals, its 
corrosion resistance is at the expense of other metals. Iron electrodes would, of course, be compatible with 
water pipes, sewer lines, reinforcing rods, steel pilings, manhole covers, etc., but iron is subject to corrosion 
even in the absence of other metals. In addition, the conductivity of iron is less; however, steel grounding rods 
are sometimes used by electric utilities for grounding associated with their transmission lines. Because of the 
greater conductivity and corrosion resistance of copper, it is normally used for the grounding of buildings, 
substations, and other facilities where large fault or lightning currents may occur and where voltage gradients 
must be minimized to ensure personnel protection. 


The third technique for combating the corrosion caused by stray direct currents and dissimilar-metal unions is 
commonly called cathodic protection.Cathodic protection may be implemented through the use of sacrificial 
anodes or the use an an external current supply to counteract the voltage developed by oxidation. Sacrificial 
anodes containing magnesium, aluminum, manganese, or other highly active metal can be buried in the earth 
nearby and connected to an iron piling, steel conduit, or lead cable shield. The active anodes will oxidize more 
readily than the iron or lead and will supply the ions required for current flow. The iron and lead are cathodic 
relative to the sacrifical anodes and thus current is supplied to counteract the corrosion of the iron or lead. 
The dc current is normally derived from rectified alternating current, but occasionally from photovoltaic cells, 
storage batteries, thermoelectric generators, or other dc sources. Since the output voltage is adjustable, any 
metal can be used as the anode, but graphite and high silicon iron are most often used because of their low 
corrosion rate and economical cost. Cathodic protection is effective on either bare or coated structures. If the 
sacrifical anodes are replenished at appropriate intervals, the life of the protected elements is significantly 
prolonged. 


2.10.3 Sacrifical Anodes. Sacrificial anodes provide protection over limited areas. Impressed current cathodic 
protection systems use long lasting anodes of graphite, high silicon cast iron or, to a lesser extent, platinum 
coated niobium or titanium. The protection of long cable or conduit runs can be provided by biasing the metal 
to approximately -0.7 to -1.2 volts relative to the surrounding soil. The external dc source supplies the 
ionization current that would normally be provided by the oxidation of the cable sheath or conduit. This dc 
current is normally derived from rectified ac and occasionally from photovoltiac cells, storage batteries, 
thermoelectric generators, or other dc sources. A layer of insulation such as neoprene must cover the metal to 
prevent direct contact with the surrounding soil. Therefore, the technique is not appropriate for protecting 
foundations, manholes, or other structural elements normally in contact with the soil. It is most appropriate for 
supplying the leakage current that would normally enter the soil through breaks in the insulation caused by 
careless installation, settling, lightning perforation, etc. 
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2.10.4 Corrosive Atmospheres. In regions exhibiting low soil resistivity, in corrosive atmospheres such as 
might be encountered near seashores, or near sources of large direct currents such as electroplating facilities, 
cathodic protection may be necessary to prolong the life of foundations, underground cable facilities, or other 
elements of a facility in contact with the soil. For additional information on the galvanic series of common 
metals see Table 7-7. 


2.11 GROUNDING IN ARCTIC REGIONS. 


2.11.1 Soil Resistivity. The problem of electric earth grounding in cold regions is primarily one of making 
good contact with high resistivity soils. Where frozen high resistivity materials are encountered, optimum 
grounding of power and communication circuits can only be accomplished by special attention to both surface 
and subsurface terrain. The fact is that resistance of frozen soils can be ten to a hundred times higher than in 
the unfrozen state. Seasonal changes in temperature and moisture will therefore extensively affect the soil 
resistance. Table 2-9 provides information on the effect of moisture content on earth resistivity, while Table 
2-10 provides the effect of temperature on earth resistivity (2-16, 2-17). 


Table 2-9. Effect of Moisture Content on Earth Resistivity 


Moisture Content Resistivity, ohm-cm 
% By Weight Top Soil Sandy Loam 

0 1,000 x 10° 1,000 x 10° 

225 250,000 150,000 

5 165,000 43,000 

10 53,000 18,500 

15 17,000 10,500 

20 12,000 6,300 

30 6,400 4,200 


Table 2-10. Effect of Temperature on Earth Resistivity * 


Temperature Resistivity 

oC OP ohm-cm 
20 68 7,200 
10 50 9,900 
0 32 (water) 13,800 
0 32 (ice) 30,000 
-5 23 79,000 
-15 5 330,000 


*Por sandy loam, 15.2% moisture. 
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Permafrost occurs in various degrees throughout much of the arctic and subarctic regions and is defined as that 
part of the lithosphere (upper crust of the earth) in which a naturally occurring temperature below O°C (32°F) ° 
has existed continuously for two or more years. The “annual frost zone” is the zone of annual freezing and 
thawing. Where permafrost occurs, the thickness of this surface layer varies from less than a foot in the arctic 
to depths in excess of 12 feet in the subarctic. The seasonal thaw zone remains unfrozen only during the short 
summer months. During this period, it is possible to recognize terrain features which can be located in the 


spring and fall if there is little or no snow cover. 


Willow groves or aspen generally point to the absence of permafrost and to the presence of groundwater which 
freezes only for a short time. River bottoms and lake bottoms are usually frost-free. Generally, slow moving 
rivers and streams freeze from the top down (surface ice). Clear, fast moving rivers and streams usually freeze 
from the bottom up (anchor ice). Mountains, valleys, lake bottoms, streambeds, tree-covered slopes, tundra 
plains, swamplands, ice glaciers, silty estuaries, permafrost areas, and seasonably frozen ground, each will be 
found to affect soil resistivity. Consequently, it is easily seen how one area versus another might be more 
suitable for good grounding. Basic illustrations of variations, layering and asymmetrical contouring can be 
found in Figures 2-28, 2-29, and 2-30. 


Resistance to ground and configuration of electrodes are further parameters that must be considered. The 
conductivity of cables and overhead wire systems are relatively high in comparison to the earth. Without the 
presence of minerals, dissolved salts, and moisture, clean dry soil can be classified as an insulator and possesses 
the intermediate characteristics of a poor conductor. 
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Figure 2-28. Relative Depths of Unconsolidated Materials, Subarctic Alaska 
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Seasonal freezing accounts for a reduced conductivity as illustrated in Table 2-10. If frozen soil or earth has a 
low conductivity, then providing larger effective electrodes will reduce the ground resistance. In northern 
arctic areas generally having very shallow surface thaw layers, horizontal rods or wires might be easier to 
install than driven rods and still provide optimum resistance values to earth or ground. Whether to install 


multiple electrodes or single deep, driven rods, or horizontal wires, the decision will usually be dependent on 
soil types and the economics of placement. 
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Figure 2-29. Typical Sections Through Ground Containing Permafrost 
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Figure 2-30. Illustration Showing Approximate Variations in Substructure 
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2.11.2 Improving Electrical Grounding in Frozen Soils. High electrical resistance of grounding sites is 
common in areas where the ground freezes. The performance of grounding installations can, however, often be 
increased through site selection and various electrode installation schemes. The degree of improvement will 
depend on the local existence and accessibility of conductive soils. The most common conductive sites are 
associated with thaw zones or clay-rich soils. The greatest grounding problems usually occur where bedrock, 
coarse-grained soil, or cold, ice-rich soil is found near the surface. 


In temperate regions, small field installations can usually be adequately grounded by driving a simple vertical 
electrode into the soil. This technique has been unsuccessful in areas of frozen ground because: (1) driving 
electrodes is difficult, (2) frozen materials tend to be electrically resistive, and (3) high contact potentials can 
develop between a rod and the frozen soil because a thin ice layer can form around the cold rod. 


Installation procedures can be modified in some frozen ground settings to eliminate some of these problems, 
permitting order-of-magnitude reductions in the resistance to ground. However, in many regions of the Arctic, 
electrical resistivity of the frozen ground is extremely high, and grounding may not be significantly improved by 
local modification or treatment of the soil surrounding the electrode. Achieving “low” resistance grounds of 
less than several ohms will often require that the site be selected in a zone of conductive material and is 
described in paragraph 2.11.1. 


Other factors such as accessibility to water, power, roads, real estate, siting requirements, electromagnetic 
compatibility, etc, may however require that a site be located in an area of low soil conductivity. This 
establishes the rather high probability of not being able to attain a low resistance to ground without 
considerable cost and effort. Studies (2-17) conducted to determine methods to obtain low or acceptable 
resistances in areas of low soil conductivity in turn raised additional questions: 


a. What is the influence of ground temperature, material type and associated variations in unfrozen 
water content on the performance of an installation? 


b. What is the influence of material type and associated differences in permeability and saturation on 
salt solutions added to the soil surrounding an electrode? 


c. What is the effectiveness of using more than one electrode for lowering resistance to ground? 


d. What is the long-term influence of conductive backfills and what is the suitability of various 
materials for backfill around electrodes placed in holes of larger diameter than the electrodes? 


The main procedure which can be used to reduce resistances to ground is to place the ground rod or electrode in 
open holes having diameters greater than the electrodes thereby making emplacement easier and permitting the 
use of conductive backfill. The holes can be made by drilling or blasting with shaped charges. Another 
procedure which may be used in limited situations is to lay or drive an array of horizontal rods into an active 
layer. 
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2.11.2.1 Electrode Resistance. The resistance of ground, R, of a single vertical electrode of length® in cm, 


and radius a in cm, emplaced in homogeneous soil of resistivity » (ohm - cm) is found from: 


p 
R (ohms) = 573, E 4h 4] (2-77) 


This equation may be used to estimate the penetration depth of conductive salt solutions in the soil adjacent to 
the treated backfill. Since the backfill is conductive, the electrode radius therefore is not just that of the 
metallic electrode, but initially the diameter of the hole filled with treated backfill. This large composite 
electrode is referred to as the effective electrode. For a constant ground temperature, any reduction in 
electrode resistance of a frozen saturated soil with time should be related to an increase in effective electrode 
diameter, presumably through salt movement. This increase can be determined by the soil resistivity p from 
equation 2-77 using the resistance to ground of the test electrode and the effective electrode radius measured 
at the time of installation. Periodically, after installation, the resistance to ground should be remeasured and 
the effective electrode radius can be calculated using the following form of equation 2-77 and using the soil 
resistivity calculated earlier: 


42 


a (em) = ‘exp [1 + (21% R/p)] 


(2-78) 
2.11.2.2 Installation and Measurement Methods. 


2.11.2.2.1 Electrode Installation. Holes can be drilled with augers designed for use in frozen ground with hole 
diameters ranging from 3.8 cm (1-1/2 in.) to 91.4 cm (3 ft) and depths seldom greater than 2 m (6 ft). Hand- 
held equipment, consisting of an electric drive or a 5-hp gasoline-powered drill can also be used for most of the 
shallow, smaller-diameter holes. Both units could be used with a coring auger to drill holes up to 11 cm (4 in.) 
in diameter in fine-grained frozen soils. A truck-mounted auger can be used for the larger-diameter vertical 
holes drilled in coarse-grained materials. The horizontal electrodes can be hand-pushed and then driven into the 
thin seasonally thawed layer. 


Military 6.8 kg (M2A3) shaped charges (used only by qualified personnel) can also be employed to produce 
vertical holes. Their similar performances in a range of frozen materials, with penetration approaching the 
length of standard electrodes, make this charge size ideal for electrode installation. The volume of several of 


the drilled holes can also be expanded by using C-4 block explosives. 


2.11.2.2.2 Backfill. Reduction of contact potential is important in establishing a good electrical ground. In 
frozen soil, ice can form around the electrode, causing high contact resistance. Ice formation on the rod 
surface is likely since the rod is easily chilled by exposure of the upper end to low air temperatures. The 
beneficial effect of pouring untreated water around an electrode will only be short-term in cold environments. 
Therefore, the use of conductive backfill with a low freezing point becomes paramount to attain good ground or 
earth contact. 
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The backfill can be prepared by mixing salt and local soil or by saturating the soil backfill with a salt-water 
solution as shown in Figure 2-31. Backfill other than soil can also be used because soil is not always easily 
recovered from some drilled or blasted holes and because unfrozen material is difficult to find during the 
winter. Absorbent paper saturated with a salt solution and compacted in the hole around the electrode can also 
be used as a soil substitute. 


The amount of salt added to the backfill is determined by preliminary laboratory conductivity measurements of 
several salt-soil mixtures. Salt may be added to silt and to a fine sand to obtain mixtures of from 0 to 20% salt 
based on the weight of the air-dried soil. Distilled water can be added to the salt-soil mixtures to obtain 
several soil moisture levels up to saturation for both materials. The soils should be compacted into a cylindrical 
plexiglass ring, which is clamped between electrodes for resistivity measurements at 1 kHz. Figure 2-32 shows 
the resistivity for two soils as a function of salt concentration at several volumetric moisture contents. A salt- 
soil mixture containing 1% salt results in a dramatic decrease in resistivity, with little effect after 5% salt for 
most moisture levels. Therefore, a 5% salt by weight is recommended for backfill as it produces a very 
conductive salt-soil mixture with the least amount of salt. 


Figure 2-31. Installation of an Electrode During the Process of Backfilling with a Salt-Soil Mixture 


Salt solution may also be poured around shallow-driven horizontal electrodes to minimize contact resistance 
during freezeback. These salt solutions in general may have concentrations on the order of 50-100%. 
Figure 2-33 shows a configuration of such horizontal electrodes placed in a thawed active layer. 


Curves showing resistance-to-ground for metallic electrodes having various backfills are shown in Figures 2-34 
through 2-38. Large seasonal variations are noted in electrode performance due to variations in unfrozen water 
content in both thawed and frozen materials. In some situations the improvement in grounding conditions 
during thaw periods can be extended by use of conductive backfill. The lower freezing point of the backfill will 
also reduce electrode contact resistance caused by freezing around the metallic electrodes. 
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Over a period of time, salt very likely will move into the soil adjacent to the electrode backfill and therefore 
will increase the effective area of the ground electrode and in turn reduce the resistance values. The level of 
the backfill should be checked annually to insure adequate levels are maintained to replenish this loss due to 
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Figure 2-32. Apparent Resistivity for Two Soils at Various Moisture and Salt Contents 
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CHAPTER 3 


LIGHTNING PROTECTION SUBSYSTEM 


3.1 THE PHENOMENON OF LIGHTNING. 


Cumulonimbus clouds associated with thunderstorms are huge, turbulent air masses extending as high as 
15 to 20 kilometers (9 to 12 miles) into the upper atmosphere. Through some means, not clearly understood, 
these air masses generate regions of intense static charge. These charged regions develop electric field 
gradients of hundreds, or perhaps thousands, of millions of volts between them. When the electric field strength 
exceeds the breakdown dielectric of air (= 3 x 105 wolts/meter), a lightning flash occurs and the charged areas 
are neutralized. 


Electric field measurements indicate that the typical thundercloud is charged in the manner illustrated by 
Figure 3-1 (3-1). A strong, negatively charged region exists in the lower part of the cloud with a 
counterbalancing positive charge region in the upper part of the cloud. In addition to these major charge 
centers, a smaller, positively charged region exists near the bottom of the cloud. Due to the strong negative 
charge concentration in the lower portion of the cloud, the cloud appears to be negatively charged with respect 
to earth -- except in the immediate vicinity underneath the smaller positive charge concentration. 


Breakdown can occur between the charged regions within the cloud to produce intracloud lightning. It can also 
occur between the charged regions of separate clouds to produce cloud-to-cloud lightning. Intracloud and 
cloud-to-cloud discharges do not present a direct threat to personnel or structures on the ground and thus tend 
to be ignored in the design and implementation of lightning protection systems. However, calculations of the 
voltages which could be induced in cross-country cables by such discharges (3-2) indicate that they present a 
definite threat to signal and control equipments, particularly those employing solid state devices. 


The cloud-to-ground flash is the one of primary interest to ground-based installations. By definition, such 
flashes take place between a charge center in the cloud and a point on the earth. This point on earth can be a 
flat plain, body of water, mountain peak, tree, flag pole, power line, residential dwelling, radar or 
communications tower, air traffic control tower, or multi-story skyscraper. In a given area, certain structures 
or objects are more likely to be struck by lightning than others; however, no object whether man-made or 


natural feature, should be assumed to be immune from lightning. 


The high currents which flow during the charge equalization process of a lightning flash can melt conductors, 
ignite fires through the generation of sparks or the heating of metals, damage or destroy components or 
equipments through burning or voltage stressing, and produce voltages well in excess of the lethal limit for 
people and animals. The objective of all lightning protection subsystems is to direct these high currents away 
from susceptible elements or limit the voltage gradients developed by the high currents to safe levels. 
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Figure 3-1. Charge Distribution in a Thundercloud 
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3.2 DEVELOPMENT OF A LIGHTNING FLASH. 


As the charge builds up in a cloud, the electric field in the vicinity of the charge center builds up to the point 
where the air starts to ionize. A column of ionized air, called a pilot streamer, begins to extend toward earth 
at a velocity of about 160 kilometers per hour (100 miles per hour) (3-3). After the pilot streamer has moved 
perhaps about 30 to 45 meters (100 feet to 150 feet), a more intense discharge called a stepped leader takes 
place. This discharge lowers additional negative charge into the region around the pilot streamer and allows the 
pilot streamer to advance for another 30 to 45 meters (100 to 150 feet) after which the cycle repeats. The 
stepped leader progresses towards the earth in a series of steps with a time interval between steps on the order 
of 50 microseconds (3-4). 


In a cloud-to-ground flash, the pilot streamer does not move in a direct line towards the earth but instead 
follows the path through the air that ionizes most readily. Although the general direction is toward the earth, 
the specific angle of departure from the tip of the previous streamer that the succeeding pilot streamer takes is 
rather unpredictable. Therefore, each 30 to 45 meter (100 to 150 foot) segment of the discharge will likely 
approach the earth at a different angle. This changing angle of approach gives the overall flash its 
characteristic zig-zag appearance. 


Being a highly ionized column, the stepped leader is at essentially the same potential as the charged area from 
which it originates. Thus, as the stepped leader approaches the earth, the voltage gradient between the earth 
and the tip of the leader increases. The increasing voltage further encourages the air between the two to break 


down. 


The final stepped leader bridges the gap between the downward progressing column and the earth or an 
extension of the earth such as a tree, building, or metal structure that is equipotential with the earth. While 
the stepped leader is approaching the earth, a positive charge equivalent to the negative charge in the cloud is 
accumulating in the general region underneath the approaching leader. Once the stepped leader contacts earth 
(or one of its extensions), the built-up positive charge in the earth flows rapidly upward through the ionized 
column established by the stepped leader to neutralize the strong negative charge of the cloud. This return 
current constitutes what is generally referred to as the lightning stroke. If additional pockets of charge exist in 
the cloud, these pockets may discharge through the ionized path established by the initial stroke. Continuous 
dart leaders proceed from a remaining charge pocket toward the earth down this path. Once the dart leader 
reaches the earth, another return stroke of positive charge propagates up the channel to neutralize the 
secondary charge in the cloud. This cycle may be repeated several times as succeeding charge centers in the 


cloud are neutralized. 
3.3 INFLUENCE OF STRUCTURE HEIGHT. 


Flashes to earth are normally initiated by a pilot streamer from the cloud. As the charged leader approaches 
the ground, the voltage gradient at the surface increases. Ultimately the voltage becomes high enough for an 
upward-moving leader to be induced. Over flat, open terrain, the length of the upward leader does not exceed a 
few meters before it unites with the downward leader to start the return stroke. However, structures or other 
extensions from the earth’s surface experience intensified electric field concentrations at their tips. 


Consequently the upward leaders are generated while the downward leader is some distance away; the upward 
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leader can be several hundred meters long before the two meet. For very tall buildings, the upward leaders 
begin to. form even before the downward leaders have begun to form within the cloud; such incidents are 
generally described as triggered lightning. Triggered lightning is not very common for structures less than 150 
meters (500 feet) in height; as the height increases above this threshold, the proportion of triggered strikes 
increases rapidly (3-5). 


3.4 STRIKE LIKELIHOOD. 


The number of total flashes to which the structure is exposed is related principally to local thunderstorm 
activity. Local thunderstorm activity can be projected from isokeraunic maps similar to those shown in 
Figures 3-2 and 3-3. These maps show the number of thunderstorm days per year for various regions of the 
United States and the world. Additional maps of worldwide keraunic levels can be obtained from the World 


Meteorological Association (3-6). 


A thunderstorm day is defined as a local calendar day on which thunder is heard irrespective of whether the 
lightning flashes are nearby or at some distance away. To an observer at a specific location, the average 
distance at which lightning may occur and thunder will be heard is about 10 km (6 miles) (3-5). Therefore, a 
thunderstorm day means that at least one lightning discharge has occurred within an area of about 300 square 
km (120 square miles) surrounding the position of the observer. The actual number of strikes in the immediate 
vicinity of the observer may be considerably higher or lower than the number of thunderstorm days might 
indicate, depending upon the duration and intensity of a specific storm or series of storms. 


In spite of the relative inexactness of a prediction of a lightning strike to a specific object that is based on the 
keraunic level, the thunderstorm day is the only parameter related to lightning incidence that has been 
documented extensively over many years. Its primary value lies in the qualitative information which it 
provides. This information can be used to assist in the determination of whether lightning protection should be 
provided in those situations where there is serious doubt as to the relative need for such protection. For 
example, a particular facility may not be essential to the safety of aircraft, but the loss of the facility may 
cause traffic delay. In an area of frequent thunderstorms such as the west coast of Florida, for example, the 
number of outages in areas where there was no protection could be so high as to be unacceptable; in an area of 
few thunderstorms; e.g., Southern California or Alaska, the expected outage from lightning might be once every 
few years (which could be significantly less than outages for routine maintenance). 


The number of lightning flashes per unit earth surface area increases with the number of thunderstorm days per 
year, though not linearly. Empirical evidence indicates that the number of flashes per square kilometer, dy, can 
be reasonably predicted from (3-5): 


Oy = 0.007 Ty? (3-1) 
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Figure 3-3. Worldwide Isokeraunic Map (Sheet | of 4) 
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where Ty is the number of thunderstorm days per year. Out of the total number of flashes per unit area, the 
number of, discharges increases with increasing geographical latitude (3-7). The proportion, p, of discharges 
that go to ground in relation to the geographical latitude, A, can be represented (3-8) as: 


p= 0.1 (1 + (A/30)2) (3-2) 


Thus in a given location the flash density, Oye i.e., the number of discharges to earth per square kilometer per 
year, is: 


Oyg = poy (3-3) 
To calculate Oy opt for a specific location, first determine T, from the isokeraunic map of Figure 3-2 to 
Figure 3-3. For estimation purposes, the number of thunderstorm days at points between lines may be 
determined by interpolation. Using this value of T,, calculate the total flash density with Equation 3-1. Next 
obtain the geographical latitude of the site from a map of the area and calculate p from Equation 3-2. Then 
determine the number of strikes to earth per year per square kilometer with Equation 3-3. 


3.5 ATTRACTIVE AREA. The concept of attractive area reflects the principle that an object extending 
above its surroundings is more likely to be struck by lightning than its actual cross-sectional area might 
otherwise indicate. For example, thin metallic structures such as flag poles, lighting towers, antennas, and 
overhead wires offer a very small cross-sectional area relative to the surrounding terrain but ample evidence 


exists to show that such objects apparently attract lightning. 


3.5.1 Structures Less Than 100 Meters High. 


For structures less than 100 meters (330 feet) in height, and which therefore do not normally trigger lightning, 
the number of strikes increases according to a power of h, the structure height. An expression that represents 
the attractive radius, r,, in meters of a structure is (3-5); 


S c a 2 
ry = 30 Is te 9.02h_,, 0.05h ) , 400 (1-e 0.0001h ) (3-4) 


where h is in meters. For a structure 10 meters high, Equation 3-4 given an attractive radius of 57.7 meters; 
similarly, the attractive radius for a 100-meter high structure is 356 meters. The attractive areAg, is Trg2. 


Thus A, for a lo-meter structure is approximately 0.01 square kilometer, while the attractive area of a 
100-meter structure is 0.4 square kilometer. 


Equation 3-4 has been found to adequately describe the number of strikes to objects which are not tall enough 
to trigger lightning. For taller structures, a multiplication factor (3-5) 


FP p=1+2 (9-1500/h) (h in meters) (3-5) 
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should be applied to Equation 3-4. The experimental data to justify the use of Equation 3-5 for structures 
greater than 400 meters (1300 feet) is sketchy. However, since structures even approaching this height are not 
expected to be of primary concern, Equations 3-4 and 3-5 are expected to be adequate for most design 
purposes. 


Large flat buildings that do not extend above the median treetop level in the general area will have an 
attractive area that is essentially the area of the roof (assuming the roof covers the entire structure). If the 
building is several stories high such that it appreciably extends above the prevailing terrain, then its attractive 
area is its roof area plus that portion of the attractive area not already encompassed by the roof. Figure 3-4 
illustrates the method for calculating the attractive area of a rectangular structure of length,g, and width, w. 
The roof area is given by 2x w. The additional attractive area resulting from the height of the building is 
readily determined by recognizing that the areas contributed by the four comers of the building equal a circle 
of radius, r,. Both ends of the structure (dimension w) contribute the area of 2 wrg; the sides contribute22rg. 
The total attractive area is the sum of the roof area (2w), the comers (1 rg”) the ends(2 wrg), and the sides 
(22r,,) to produce a total of 


Ag = Wh+ mg? + 2r, (wth). (3-6) 


Figure 3-5 indicates that the height to be used in calculating the attractive area of a tall structure should be 
the height that the structure extends above the effective (i.e., the level that earth charges would rise to if the 
building were not there) levels of the earth. On open, level terrain the height, h, would be the full height of the 
roof from grade level. 


The number of flashes which can be expected to strike a given structure is equal to the product of the flash 
density, Oygs times the attractive area, Ag, of the structure. For example, suppose the relative likelihood of a 
lightning strike to a low, flat structure 100 meters on a side, located in Nashville, TN, is desired. From Figure 
3-2, T, is determined to be approximately 54 thunderstorm days per year. The flash density as given by 
Equation 3-1 is 20.4 flashes/km2/year. The proportion of those flashes that are discharges to earth is 24.4 
percent (from Equation 3-2) since the latitude is 36 degrees. Thus approximately 5 flashes/km2/year to earth 
can be expected. Within the area of the structure (0.01 km’) there will be only 0.05 strikes per year on the 
average, or there is a | in 20 chance of being struck by lightning in a given year. For the same structure in 
Southern California, only a | in 330 likelihood of a strike would be expected in a given year. 


3.5.2 Cone of Protection. 


This ability of tall structures or objects to attract lightning to themselves serves to protect shorter objects and 
structures. In effect, a taller object establishes a protected zone around it. With this protected zone, other 
shorter structures and objects are protected against direct lightning strikes. As the heights of these shorter 
objects increase, the degree of protection decreases. Likewise, as the separation between tall and short 
structures increases, the protection afforded by the tall structure decreases. The protected space surrounding a 


lightning conductor is called the zone (or cone) of protection. 
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r, 'S DETERMINED BY EFFECTIVE HEIGHT, h. SEE EQUATIONS3-4 AND 3-5, 


Figure 3-4. Attractive Area of a Rectangular Structure 
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Figure 3-5. Effective Height of a Structure 


3-12 


MIL-HDBK-419A 


The zone of protection provided by a grounded vertical rod or mast is conventionally defined as the space 
enclosed by a right circular cone with its axis coincident with the mast and its apex at the top of the mast as 
illustrated by Figure 3-6(a). Similarly, the zone protected by a grounded horizontal overhead wire is defined as 
a triangular prism with its upper edge along the wire as illustrated in Figure 3-6(b). In either case, the zone (or 
cone) of protection is expressed as the ratio of the horizontal protected distance, D, to height, H, of the mast 
or wire. This ratio is the tangent of the shielding angle, *. Some commonly recommended zones of protection 
and the associated shielding angles are illustrated in Figure 3-7. 


The NFPA Lightning Protection Code (3-9) recommends that a 1:1 zone of protection (q= 45°) be provided in 
important areas while a 2:1 zone (qa = 63°) is acceptable for less important areas. The British Standard Code of 
Practice (3-10) states that a shielding angle of 45 degrees provides an acceptable degree of protection for 
ordinary structures, but that for structures with explosive or high flammable contents the shielding angle should 
not exceed 30 degrees. 


Although the existence of a 1:1 zone of protection does not absolutely guarantee immunity to lightning, 
documented cases of the 1:1 zone being violated are very few. Thus for all facilities except those associated 
with the storage of explosives or fuels, a 1:1 zone of protection can safely be used as a basis of design of 
lightning protection systems. As such, C-E facilities or equipments (antennas, etc.) located entirely within the 
1:1 zone of protection generally are not required to have separate air terminals. This does not eliminate the 
need to ground metal shelters or to meet the grounding requirements of the subsystems which comprise the 
facility ground system. If more than one rod or wire is used, the protected zone is somewhat greater than the 
total of all of the 1:1 zones of the rods or wires considered individually. For adjacent structures, the Codes 
specify that a 2:1 zone of protection may be assumed for the region between the structures. 


Large structures with flat or gently sloping roofs do not lend themselves to the straightforward application of 
the 1:1 or 2:1 zone of protection principles. To establish even 2:1 type coverage on large buildings, 
exceptionally tall air terminals would be required. Experience, however, shows that extremely tall terminals 
are not needed for effective protection. Both the NFPA Lightning Protection Code and UL Master Labeled 
Protection System (3-11) specify air terminals that extend from 10 to 36 inches above the object to be 
protected. (The British Standard Code of Practice does not require the use of air terminals at all.) 


3.6 LIGHTNING EFFECTS. 
3.6.1 Flash Parameters. 


During the short interval of a lightning flash, several discharges occur. The sequence of events in a multiple- 
stroke flash is illustrated in Figure 3-8. The initial path for the discharge is established in 50 microseconds. 
Intermediate return stroke currents of about | kA follow the initial return stroke and last for a few 
milliseconds. Subsequent strokes occur at intervals of 50 to 60 milliseconds. The return stroke interval may 
include a continuing current of 100 A or so which flows for several milliseconds or until the start of the next 
return stroke. 


*The shielding angle is defined as the angle between the surface of the cone and a vertical line through the 


apex of the cone, or between the side of the prism and the vertical plane containing the horizontal wire. 


3-13 


MIL-HDBK-419A 


GROUNDED CONDUCTOR 


(a) CONE OF PROTECTION PROVIDED BY A VERTICAL 
GROUNDED CONDUCTOR OF HEIGHT H. 


SUPPORT MAST GROUND WIRE 


AND GROUNDING 
CONDUCTOR 


(b) ZONE OF PROTECTION PROVIDED BY A HORIZONTAL 
AERIAL GROUND WIRE AT HEIGHT H. 


Figure 3-6. Zones of Protection Established by a Vertical Mast and a Horizontal Wire 


Z0NE ODI a REFERENCE RECOMMENDED FOR 
AOA’ 2/4 63 ° NFPA 78 ORDINARY CASES 

; NFPA 78 IMPORTANT CASES 
BOB 1/1 4 BRITISH CODE ORDINARY STRUCTURES 
coc’ 0.58/1 30 ° BRITISH CODE _— CRITICAL STRUCTURES 


Figure 3-7. Some Commonly Used Lightning Shielding Angles 
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Figure 3.8. Illustration of Process and Currents Which Occur 
During a Lightning Flash to Ground 


The lightning discharge involves the transfer of large amounts of electric charge between the cloud and the 
earth. The typical flash transfers 15 to 20 coulombs (C) (1 coulomb equals 6.2 x1918 electrons) with some 
flashes involving as much as 400 coulombs of charge. The energy per flash of lightning has been estimated to be 


as high as 108watt-seconds. Table 3-1 summarizes the range of values for selected lightning parameters. 
3.6.2 Mechanical and Thermal Effects. 


The fast rise time, high peak amplitude current of the stroke can produce severe mechanical, thermal, and 
electrical effects. The damage caused by these currents to objects in the discharge path is closely related to 
the relative conducting power of the object. For example, metals generally receive a discharge with little 
damage. In most cases, even slender conductors such as telephone and electric power cables handle the current 
without fusing (melting) except at the point where the current enters or leaves the metal (where severe damage 
may occur). Very strong discharges of high peak current (> 40 kA) and high coulomb values (>200 C), however, 
can melt or burn holes in solid metal plates. This burning effect is not usually of primary concern for a typical 
building or structure because, if an adequate protection system is installed, the principle effect will be a small 
deformation at the tip of a lightning rod or a small melted area on the intercepting cable. Such effects are of 
more concern where flashes to airplanes occur because such burning can perforate the fuselage to cause loss of 
pressurization or penetrate the skin of fuel tanks and possibly ignite fuels. The burning or melting also presents 


a threat to exposed tanks of volatile gases or fuels on the ground. 
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Table 3-1 


Range of Values for Lightning Parameters (3-5) 


Parameter Minimum Typical Maximum 

Number of return strokes per flash 1 2 to 4 26 
Duration of flash(s) 0.03 0.2 2 

Time between strokes (ms) 3 40 to 60 100 
Peak current per return stroke (kA) 1 10 to 20 250 
Charge per flash (C) 1 15 to 20 400 
Time to peak current (ys) <0.5 1.5 to 2 30 
Rate of rise (kA/ ys) <1 20 210 
Time to half-value (1s) 10 40 to 50 250 
Duration of continuing current (ms) 50 150 500 
Peak continuing current (A) 30 150 1600 
Charge in continuing current (C) 3 25 330 


Because of the duration of the currents that flow for the extended intervals between return strokes, they are 
most likely to cause damage by melting or igniting solid materials. In contrast, the short-duration high-current 
peaks tend to tear or bend metal parts by the electromagnetic forces that develop in proportion to the square 
of the instantaneous current. Though potentially hazardous, the damage caused by mechanical forces in 
metallic conductors is generally of secondary importance in most situations. However, because of the presence 
of these mechanical forces, it is necessary that lightning rods, down conductors, and other elements of the 
protection system be securely anchored. 


On the other hand, when insulating or semi-insulating material receives a discharge, an explosive reaction may 
occur with severe damage. Trees, for instance, whether dry or green, are in many cases split or stripped of 
their bark, and the damage can extend underground to their roots. Related damage may occur to other 
unprotected wooden structures or objects such as flag poles, masts, or light supports, and electric and telephone 
poles. When lightning strikes a wooden building, the stroke seeks out the lowest impedance path to earth which 
is probably through the electric wiring or water pipes. Often in order to reach these metallic paths, the 
discharge must pass through some type of wooden barrier. In penetrating such barriers, extensive explosive 
damage usually results. 


Brick, concrete, marble, and other masonry materials are also frequently shattered or broken loose at the point 
where the discharge passes through them. Such damage will occur where structural steel support members or 
steel reinforcing rods are encased in concrete or sheathed in brick or marble and the structure has an 
inadequate protective system. The explosive effect can dislodge materials with considerable force -- force 
sufficient to hurl relatively large pieces several meters. One explanation of the explosive force is that it is the 
result of the virtually instantaneous vaporization of the water present in the wood or entrapped in the masonry 
materials. 
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3.6.3 Electrical Effects. 


Lightning discharges to or near the buildings and structures frequently cause damage to electrical and, 
electronic equipment. Melting or burning of conductors occurs at the point of interception of the stroke. The 
voltages developed by the fast risetime, high amplitude current pulse are frequently high enough to break down 


insulation, pose personnel hazards, and cause component and device failure. These voltages are produced by: 
a. IZ (current x impedance) drop resulting from the lightning pulse traveling down power lines or signal 


lines, through structural members, along down conductors or overhead ground wires or through the resistance of 
the earth connection; 


b. Magnetic induction; and 
c. Capacitive coupling. 


Lightning surges in power, signal, and control circuits are generally the result of some combination of these 
three components. 


3.6.3.1 Conductor Impedance Effects. 


Because of the fast risetime (1 to 2 wsee) and high amplitude (10 to 20 kA) characteristics of the current pulse 
produced by the lightning discharge, the inductance and resistance of even relatively short conductors causes 
extremely high voltages to be developed on the conductor. The voltages frequently are high enough to exceed 
the breakdown potential of air or other insulation materials and cause flashover to other conductors or 
breakdown of insulation. The resistive IR drop generated by 20 kA in a 30 meter (100 feet) run of down 
conductor conforming to NFPA-78 (2.88 x 1074 Q/m) will be 


V =2x 104 x 2.88 x 1074 x 30 = 173 volts (3-7) 
which is not sufficient to cause flashover or to pose a serious threat to personnel. 
For a down conductor length of 30 meters (100 feet), the smallest copper conductor meeting the minimum 
requirements of the Lightning Protection Code or the UL Master Labeled Lightning Protection System has a 
diameter of 0.894 cm (0.352 inches). Assuming that the conductor is a straight round wire, the inductance can 
be determined from (see Section 5.2.2.3): 


42 
L = 0.002 2 (2.303 10g —g - 0.75), (3-8) 


where L is the total inductance in microhenries, is the length in cm, and d is the diameter in cm. A 30-meter 
length of conductor will exhibit an inductance of 52.5 microhenries. 
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The voltage, V, developed across an inductance is given by 


V =L di/dt, (3-9) 


where L is the inductance in henries and di/dt is the rate of change of the current through the inductor in 

amperes per second. From Table 3-1, the rate of rise of the typical lightning stroke is 20kA/ys which 
corresponds to a di/dt of 2x 1019 ,amps/second. Thus the voltage developed by the discharge pulse through the 

30-meter (100 foot) downconductor is 


V = 5.25 x 1079 x 2x 1010 = 1.05 x 108 volts. (3-10) 


Although the duration of this voltage is typically less than 2 microseconds, the voltage generated is high enough 
to cause flashover to conducting objects located as much as 35 cm (14 in.) away from the down conductor. It is 
for this reason that metallic objects within 6 feet of lightning down conductors should be electrically bonded to 
the down conductors. 


3.6.3.2 Induced Voltage Effects. 


In addition to the lightning effects discussed above, circuits not in direct contact with the lightning discharge 
path can experience damages even in the absence of overt coupling by flashover. Because the high current 
associated with a discharge exhibits a high rate of change, voltages are electromagnetically induced on nearby 
conductors. Experimental and analytical evidence (3-12) shows that the surges thus induced can easily exceed 
the tolerance level of many components, particularly solid state devices. Surges can be induced by lightning 
current flowing in a down conductor or structural member, by a stroke to earth in the vicinity of buried cables, 


or by cloud-to-cloud discharges occurring parallel to long cable runs, either above ground or buried (3-2). 


Consider a single-turn loop parallel to a lightning down conductor such as that shown in Figure 3-9. The 
voltage E magnetically induced in the loop is related to the rate of change of flux produced by the changing 
current in the down conductor (see Section 6.2.2.1). The voltage induced in the loop is dependent upon the 
dimensions of the loop (2, rg -ry),its distance from the down conductor (r,), and the time rate of change of the 
discharge current (di/dt). Figure 3-10 is a plot of normalized voltage per unit length that would be developed in 
a single turn loop of various widths. 


These results suggest the steps that should be taken to minimize the voltage induced in signal, control, and 

power lines by lightning discharges through down conductors. First, since no control can be exercised over di/dt 

because it is determined by the discharge itself, E must be reduced by controlling %, ry andra. The variable 2, 
is a measure of the distance that the loop runs parallel to the discharge path; thus, by restricting 2, the induced 
E can be minimized. Thus cables terminating in devices or equipments potentially susceptible to voltage surges 

should not be run parallel to conductors carrying lightning discharge currents if at all possible. If parallel runs 

are unavoidable, Figure 3-10 also shows that the distance, ry, between the loop and the lightning current path 

should be made as large as possible. 


Another observation to be made from Figure 3-10 is that rg minus r, should be as close as possible to zero. In 
other words, the distance between the conductors of the pickup loop should be minimized. One common way of 
reducing this distance is to twist the two conductors together such that the average distance from each 


conductor to the discharge conductor is the same. 
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Figure 3-9. Inductive Coupling of Lightning Energy to Nearby Circuits 
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Figure 3-10. Normalized Voltage Induced in a Single-Turn Loop by 
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Another protective measure is to reduce the flux density within the pickup loop by providing magnetic shielding. 
Because the coupling field is primarily magnetic in nature, a shielding material having a high permeability such 
as iron or nickel should be used. For shielding against lightning-produced fields, steel conduit or cast iron pipe 


are much more effective than aluminum or other non-ferrous materials. 


3.6.3.3. Capacitively-Coupled Voltage. 


Prior to the lightning discharge, an electric charge slowly accumulates on earth-based objects in the vicinity of 
the electrified clouds. This increase in charge occurs slowly enough so that the potential of grounded 
conductors does not change appreciably with respect to the earth, even when the impedance to ground is high. 
When the lightning stroke terminates on a structure or other point having contact with the earth as illustrated 
in Figure 3-11, the charge on all grounded objects nearby suddenly becomes redistributed. The redistribution of 
charge produces a current flow through the grounding impedance of the grounded objects and produces a voltage 
across that impedance. 


Referring to Figure 3-11, the voltage between the conducting objects and the ground can be expressed as 


E = 2 e-t/RC (3-11) 


where Q is the stored charge in coulombs, C is the total capacitance to ground in farads, R is the effective 
resistance to ground in ohms, and t is the elapsed time in seconds from the occurrence of the stroke. 


Equation 3-11 shows that if the product RC is small, the exponential term will be large (for a time t on the 
order of 10 ys), thus making the voltage capacitively induced on any reasonably well-grounded object quite 
small for a typical lightning stroke. 


3.6.3.4 Earth Resistance. 


Consider a facility such as the one illustrated in Figure 3-12, that has more than one possible electrical path to 
earth. For example, a ground rod is driven into the earth at the transformer pole or at the service entrance to 
Building 1. The resistance, Rg1,of this rod could be 25 ohms or higher and still conform to NEC requirements. 
Metal utility pipes such as water lines generally offer a relatively low resistance (labeled Rq@g) to earth. (In 
soils of high resistivity the point of effective contact between utility pipes may be an appreciable distance from 
the facility.) Empirical data indicates that the grounding resistance offered by water pipes is on the order of 1 
to 3 ohms. If the electrical ground is not connected to the water pipe, a lightning strike to the ground wire of 
the electrical distribution system could produce a potential difference high enough to possibly produce an arc 
between the electrical ground (including the equipment cabinet and the building’s structure, if connected) and 
the utility piping. A definite personnel hazard would then exist because of the high voltage that would be 
developed between the equipment and building ground and pipes. Because of this reason as well as the 
requirement to prevent analogous hazards from existing during power system faults, MIL-STD-188-124A 
requires electrical safety grounds be connected to the metallic water system in the building and recommends 
they also be directly connected to the ground rod at the transformer. 
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If %G 1 is 25 ohms whileRgg iis only 1 ohm or so, then a lightning strike as indicated could easily cause the 
potential of the overhead ground wire to become high enough to produce an arc across the transformer windings 
and insulators. Since the low voltage secondary side offers a lower impedance to earth, it is the preferred path 
for the discharge. 
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Figure 3-11. Capacitive Coupling of Lightning Energy 


This type of lightning threat can be minimized by (1) reducingRq@ , to approximately the magnitude of Rg (2) 
the installation of appropriate lightning arresters at the transformer to keep the potential difference between 
the power conductors and the ground wire and between the primary and secondary windings to within the stress 
ratings of the transformer, and (3) interconnecting the earth electrode subsystem (to include the water and 


other utility pipes) with a 1/0 or larger buried copper cable as illustrated by the dotted line in Figure 3-12. 


Interconnecting the ground electrodes of the building and transformer pole to form one effective earth contact 
does not eliminate the lightning threat to the buried cable between the two buildings. As shown, the cable 
shield is connected to the cabinet, i.e., the building ground. In the event of a lightning strike as shown, Building 
1 and its power supply system will be elevated in potential relative to Building 2. In particular, if the distance 
between the two buildings is more than just a few meters, the inductance, primarily, of the cable shield will 
prevent the cable from providing the low impedance necessary to keep the two buildings at the same potential. 
In addition if the shield of the cable is insulated from the earth, as is usually the case, the potential of the cable 


shield can become high enough with respect to the earth to exceed the breakdown of the insulation. 
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Figure 3-12. Coupling of Lightning Energy Through and Interconnected Facility 


V6TF-1 adaH-TIN 


MIL-HDBK-419A 


CURRENT DISTRIBUTION 
IN SOIL 


VOLTAGE 


a 
=) 
9 
i=] 
ud 
Q 
< 
Ee 
= 
i=] 
> 
Maud 
o 
< 
the 
e 
= 
” 


DISTANCE 


Figure 3-13. Step-Voltage Hazards Caused by Lightning-Induced Voltage Gradients in the Earth 
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Assume for the moment that Building | has an earth electrode subsystem consisting of ground rods 
interconnected with the cold water system with a net resistance to earth of 3 ohms. With a lightning discharge 
of 20 kA, the voltage of the complex will rise to 60 kV with respect to Building 2 and that portion of the earth 
not in the immediate vicinity of Building 1. At Building 1, the cable shield voltage will rise along with that of 
the building. This voltage pulse will travel down the cable, successively raising the shield potential to as much 
as 60 kV with respect to the surrounding earth. Such high voltages cause insulation breakdown in the form of 


tiny pinholes where the lightning energy punches through. 


As the lightning pulse travels down the cable, its amplitude diminishes due to cable resistance and dielectric 
losses. However, the amplitude of the pulse can still be sufficient to damage circuit components in terminating 
equipment in Building 2. To minimize this damage, surge arresters compatible with the terminating components 
and hardware should always be provided on such cables. Further information on the use of surge arresters is 
presented in Volume II, Section 1.3.3.5. 


In the event of a lightning stroke, there is a definite personnel hazard posed by the voltage gradient in the soil 
in the vicinity of the point where the lightning discharge enters the earth. In homogeneous soil, the current 
rapidly leaves the electrode. The current density is highest near the electrode and rapidly decreases with 
distance from the electrode. In soil of uniform resistivity, a significant voltage gradient will exist between two 
points that are differing distances from the electrode. Figure 3-13 illustrates the nature of this voltage 
variation and shows the hazard encountered by personnel walking (or standing) in the area. The voltage 
difference across the span of a step can be sufficient to be lethal. As shown earlier, the degree of the hazard is 
determined by the magnitude of the stroke current, the grounding resistance of the earth electrode, and the 
distance away from the electrode. No control can be exercised over the current; the threat, however, can be 
lessened by achieving a low common ground resistance and by minimizing the step potential as discussed in 
Section 2.8.1.3. 


3.7 BASIC PROTECTION REQUIREMENTS. 


To effectively protect a structure such as a building, mast, tower, or similar self-supporting object from 
lightning damage, the following requirements must be met: 


a. An air terminal of adequate height, mechanical strength and electrical conductivity to withstand the 
stroke impingement must be provided to intercept the discharge to keep it from penetrating any nonconductive 
outer coverings of the structure or to prevent it from terminating on antennas, lighting fixtures, transformers, 
or other devices likely to be damaged or destroyed. 


b. | A low impedance path from the air terminal to earth must be provided. 

c. The resistance of the connection between the discharge path and the earth must be low. 
These requirements are met by either (1) an integral system of air terminals, roof conductors, and down 
conductors, securely interconnected to provide the shortest practicable path to earth, or (2) a separately 
mounted shielding system such as a metal mast which acts as an air terminal, and a down conductor or an 
overhead ground wire terminated at the ends (and at intermediate locations, if needed) with down leads 


connected to earth ground electrodes. Specific design practices are contained in Volume II. 
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3.8 DETERMINING THE NEED FOR PROTECTION. 


The degree to which lightning protection is required, is a subjective decision requiring an examination of the 
relative criticalness of the structure location and its contents to the overall mission of the facility. Those 
structures containing elements vital to the operational mission such as air traffic control towers, radar 
installations, navigational aids, and communications centers are examples of facilities which obviously must be 
protected. However, every building or structure does not require that a lightning protection system be 
installed. For example, buildings primarily used for the storage of nonflammable materials do not have a 
critical need for protection. 


Three of the factors to consider in ascertaining whether a given structure should have a lightning protection 
system installed or in determining the relative comprehensiveness of the system are the relative threat of being 
struck by lightning, the type of construction, and the nature of the facility. 


3.8.1 Strike Likelihood. 


The relative likelihood of a particular structure being struck by lightning is a function of the keraunic level, 
i.e., the thunderstorm activity of the locality, the effective height of the structure and its attractive area. 
Average thunderstorm activity can be determined from the isokeraunic maps shown in Figures 3-2 and 3-3. 
Then using the techniques described in Section 3.4, estimate the frequency with which strikes to the structure 
may occur. Use this estimation as one of the inputs to the decision process. 


3.8.2 Type _of Construction. 


Steel frame buildings with metal outer coverings offer the greatest inherent protection against lightning 
damage. Steel towers also exhibit a high immunity to structural damage. Additional protection for these type 
buildings will probably be required only for very critical facilities in highly exposed locations. Steel frame 
buildings with nonconductive, but nonflammable, outer coverings (like brick or other masonry) also offer a high 
degree of protection against lightning damage. The greatest hazard is posed by pieces of masonry being 
dislodged by stroke currents passing through the outer coverings to reach the structural steel underneath. 
Minimal protection consisting of interconnected air terminals to down conductors and steel support columns will 
be sufficient to prevent this type of structural damage. 


Buildings constructed of nonconductive materials such as wood, concrete blocks, or synthetic materials are the 


most susceptible to destructive damage. A complete auxiliary protection system will be required to prevent 
lightning damage to buildings utilizing this type of construction. 
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3.8.3 Criticalness_to System Mission. 


If a strike to the facility poses a threat to human life, either to the occupants of the structure or to those. 
persons whose safety is dependent upon reliable performance of the equipment and people inside the structure, 
comprehensive lightning protection should be definitely provided even in areas of low thunderstorm activity. At 
the other extreme, the need for the protection of buildings used primarily to store nonflammable or 
nonexplosive items is doubtful unless the stored items are critical to system operation, the building is usually 
exposed, etc. In between these extremes are those structures whose incapacitation would cause an 
inconvenience or present other difficulties short of life-and-death situations. With these structures, a careful 
analysis must be made to determine the relative likelihood of outages from lightning in comparison to normal 


equipment failures, downtime for maintenance, and other routine occurrences. 


Though not directly related to the protection of electrical or electronic installations, Reference 3-10 is 
recommended for further guidance in performing the tradeoff analyses to determine the degree of lightning 


protection required for specific facilities. 
3.9 APPLICABLE CODES. 


The Lightning Protection Code, NFPA No. 78, issued by the National Fire Protection Association (3-9) contains 
the basic requirements for the minimization of personnel hazards in the event of a lightning strike to the 


structure. 


The requirements of NFPA No. 78, however, are not sufficient to protect the electrical distribution system, 
signal and control cables, or sensitive electronic equipment from surges produced by either direct or indirect 
strokes. Thus additional steps such as providing lightning arresters on power lines and on outside signal and 
control cables, providing counterpoise cables for overhead and underground cables, providing comprehensive 
electromagnetic shielding on sensitive cables, and installing fast response surge protection devices on circuits 
exposed to lightning discharges should be taken. MIL-STD-188-124A refers. 
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CHAPTER 4 


FAULT PROTECTION SUBSYSTEM 


4.1 FAULT PROTECTION. For effective fault protection, a low resistance path must be provided between 
the location of the fault and the transformer supplying the faulted line. The resistance of the path must be low 
enough to cause ample fault current to flow and rapidly trip breakers or blow fuses. The necessary low 
resistance return path inside a building is provided by the grounding (green wire) conductor and the 
interconnected facility ground network. An inadvertent contact between energized conductors and any 
conducting object connected to the grounding (green wire) conductor will immediately trip breakers or blow 
fuses. In a building containing a properly installed third-wire grounding network, as prescribed by 
MIL-STD-188-124A, faults internal to the building are rapidly cleared regardless of the resistance of the earth 


connection. 


4.1.1 Power System Faults. 


A power system fault is either a direct short or an arc (continuous or intermittent) in a power distribution 


system or its associated electrical equipment. These faults are hazardous to personnel for several reasons: 


a. Fault currents flowing in the ground system may cause the chassis of grounded equipment to be at a 
hazardous potential above ground. 


b. The energy in a fault arc can be sufficient to vaporize copper, aluminum, or steel. The heat can 
present a severe burn hazard to personnel. 


c. There is a fire hazard associated with any short circuit or arc. 


d. Burning insulation can be particularly hazardous because of the extremely toxic vapors and smoke 
which may be produced. 


Some common causes of electrical system faults are: 
a. Rodents getting between ground and phase conductors. 
b. Water infiltration. 
CC: Moisture in combination with dirt on insulator surfaces. 


d. Breakdown of insulation caused by thermal cycling produced by overloads. 


e. Environmental contaminants. 
f. Damage during installation. 
g. System age deterioration. 


4-1 


MIL-HDBK-419A 


Figure 4-1 illustrates how personnel hazards are developed by improper installation and fault conditions. 
Suppose, that one phase of the 230-volt line accidentally contacts the motor frame. If the motor is not 
grounded, its frame will rise to 133 volts, and anyone coming in contact with it would be subject to a lethal 
shock if simultaneous contact is made with a grounded object. To prevent this situation from arising, the motor 
frame must be grounded via the green wire. The resistance of the fault path must be low enough to permit the 
fault current to trip the overload protector and interrupt the fault. If the resistance of the fault path is too 
large, the fault current will not be enough to trip the overload protectors. Thus to minimize both shock and fire 
hazards, the resistance of the fault path must be as low as possible. However, the fault protection subsystem 
normally does not depend on the earth electrode subsystem to trip overcurrent devices. The fault current 
normally flows through the green wire (grounding conductor) to the source side of the first service disconnect 
means where the green wire and the neutral are tied together. The fault current then flows through the neutral 
to the transformer to complete the circuit. This path functions completely independent of the connection to 
the earth electrode subsystem. 


230-VOLT 
3-PHASE 
SYSTEM 
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FUSE TO 
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Figure 4-1. Grounding for Fault Protection 
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Fault clearance in power distribution systems is normally provided by circuit breakers, fuses, or overload relays 
in each phase. These devices provide personnel protection only if the fault current is sufficient to trip the 
over-current device. They generally however do not have response times which are adequate to protect the, 
individual if he happens to be in direct contact with the energized object. 


4.1.2 Ground-Fault-Circuit-Interrupter (GFCI). High resistance faults (low and moderate currents of 5 
milliamperes or more) can be cleared rapidly with a device called a ground-fault-circuit-interrupter (GFCI). 
The GFCI contains an electronic circuit which continuously monitors the difference between the current 
supplied to the load and the current returned from the load. If this difference is not zero, some current must be 
leaking to ground. When this leakage current exceeds a preset value, the GFCI will act to interrupt the power 
to the circuit. GFCI’s are so sensitive that they can be set to interrupt power fault currents as low as 2 
milliamperes. Experiments with dogs have shown that trip currents of 5 milliamperes or less will prevent 
electrocution. (GFCI's have proven so effective as protection against electric shock that the National 
Electrical Code requires that all 15 and 20 ampere bathroom, garage, and outdoor receptacles in family 
dwelling units and in circuits set up at construction sites be protected with a GFCI. MIL-STD-188-124A also 
recommends they be installed on 120 volt single phase 15 and 20 ampere receptacles of C-E facilities.) 


4.2 EARTH CONNECTION. 


Historically, grounding requirements arose from the need to protect personnel, equipment, and facilities from 
lightning strokes and from industrially generated static electricity. Structures, as well as electrical equipment, 
were connected to earth, i.e., grounded, to provide the path necessary for lightning and static discharges. As 
utility power systems developed, grounding to earth was found to be necessary for safety. All major 
components of the system such as generating stations, substations, and distribution systems are earth grounded 
to provide a path back to the generator for the fault currents in case of transmission line trouble. The path to 
earth should have as low a resistance as possible. A low resistance minimizes the potential difference between 
equipments connected to the earth electrode subsystem when fault currents flow. Thus personnel who come in 


contact with two or more pieces of equipment at one time are protected. 


Ideally, the earth connection should exhibit zero resistance between the earth and the equipment and facilities 
connected to it. Any physically realizable connection, however, will exhibit a finite resistance to earth. The 
economics of the design of the earth electrode subsystem involves a trade-off between the expense necessary 
to achieve a low resistance and the satisfaction of minimum subsystem requirements. The 10 ohm design 
objective of MIL-STD-188-124A is considered such a trade-off. 


4.3 AC POWER LINE GROUND. 


The grounding conductor (green wire) in a single-phase 115/230 volt ac power distribution system in a facility is 
one of four leads, the other three being the two phase or “hot” leads (black/red) and the neutral lead (white 
wire). The green wire is a safety conductor designed to carry current only in the event of a fault. The "hot" 
leads are connected from the first service disconnect to the high sides of the secondary of the distribution 
transformer and the neutral is connected to the center tap which is grounded to a ground terminal at the 
transformer. When a single transformer supplies power to only one communications building, for fault 
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protection the grounding conductor shall be grounded on the source side of the first service disconnect to the 
earth electrode subsystem and also to the ground terminal at the distribution transformer. For 3-phase wye 
systems a five-wire service entry cable consisting of one neutral, one grounding, and three phase conductors 
shall be employed. In either case, when a single transformer supplies power to a single building, the safety 
ground (green wire) shall be grounded to the earth electrode subsystem at the supply side of the first service 
disconnect of the facility as well as at the distribution transformer as shown in Figure 4-2. The neutral shall 
also be grounded at both locations. 


When a single transformer supplies power to more than one C-E building and if noise or hum is encountered in 
C-E circuits or equipments, the neutral should be lifted or removed from ground at each service disconnect. In 


this case the neutrals from each building are grounded at the distribution transformer only (see Figure 4-3). 


To protect personnel from exposure to hazardous voltages, all exposed metallic elements of electrical and 
electronic equipment are connected to ground with the green wire. Then, in the event of inadvertent contact 
between the hot lead and chassis, frame, or cabinet through human error, insulation failure, or component 


failure, a direct fault clearance path is established to quickly remove the hazard. 


Grounding of a 3-phase wye power distribution system is accomplished similarly to the single phase system. 
The connections for a typical system are shown in Figure 4-3. As in single phase systems, the neutral lead is 
bonded to the green wire at the supply side of the first service disconnecting means and grounded to the earth 
electrode subsystem as well as to the ground terminal at the distribution transformer. If one transformer 


supplies power to more than one C-E building, the neutral is lifted from ground at the service disconnect. 


A 3-phase system served by a transformer with a delta connected secondary will require the use of a grounding 
transformer to ground the system and establish a neutral. The grounding transformer may be either a “zig-zag” 
or “wye-delta” type, both of which have leads which are attached to each of three phases and a fourth lead 
which is grounded and serves as the neutral. The typical connections for a grounding transformer are shown in 
Figure 4-4. 
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Figure 4-2. Single-Phase 115/230 Volt AC Power Ground Connections 
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4.4 TEST EQUIPMENT. Test equipments are available to measure the resistances and impedances of the fault 
protection subsystems including the grounding (green) conductor as well as the signal reference subsystem 
(equipotential plane) which may at times become part of the fault protection subsystem. These equipments can 
measure the impedances (at 60 Hz) of each path from the equipment having the fault to the first service 
disconnect means and therefore assist in determining the value of the fault current over each path. The 
information will in turn be beneficial in determining or predicting the degree of interference which may be 
anticipated should a fault current be superimposed on the signal reference subsystem. (4-1 and 4-2) 
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Figure 4-3. Three-Phase 120/208 Volt AC Power System Ground Connections 
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Figure 4-4. Connections for a Three-Phase “Zig-Zag” Grounding Transformer 
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CHAPTER 5 


GROUNDING OF SIGNAL REFERENCE SUBSYSTEM 


5.1 INTRODUCTION. 


Signal circuits are grounded and referenced to ground to (1) establish signal return paths between a source and a 
load, (2) control static charge, or (3) provide fault protection. The desired goal is to accomplish each of these 
three grounding functions in a manner that minimizes interference and noise. 


If a truly zero impedance ground reference plane or bus could be realized, it could be utilized as the return path 
for all currents -- power, control, audio and rf -- present within a system or complex. This ground reference 
would simultaneously provide the necessary fault protection, static discharge, and signal returns. The closest 
approximation to this ideal ground would be an extremely large sheet of a good conductor such as copper, 
aluminum, or silver underlying the entire facility with large risers extending up to individual equipments. The 
impedance of this network at the frequency of the signal being referenced is a function of conductor length, 
resistance, inductance, and capacitance. When designing a ground system in which rf must be considered, 
transmission line theory must be utilized. 


5.2 CONDUCTOR CONSIDERATIONS. 
5.2.1 Direct Current Resistance. 


The resistance, Rge,of a conductor of uniform cross section is proportional to the length and inversely 


proportional to the cross-sectional area, that is 
Rge= o&/A ohms , (5-1) 


where 9 iis the resistivity of the conductor material, 2 is the length of the conductor in the direction of current 
flow, and A is the cross-sectional area of the conductor. Values ofRge for the standard sizes of wire and cable 
are given in Table 5-1. (For data on wire sizes not shown in this table, consult References 5-1 and 5-2.) 


At dc, the resistance of the conductor is the controlling factor. Except for very unusual situations (such as 
when the signal to be processed is very low in amplitude or where the interfacing equipments are very far apart 
physically), an adequate ground can generally be realized for dc in a relatively economical manner utilizing low 
resistivity materials such as copper and aluminum. Most systems, however, employ other than dc signals. 


Therefore, the frequency-dependent properties of the conductors become important. 
5.2.2 Alternating Current Impedance. The ac impedance of a conductor is composed of two parts: the ac 


resistance and the reactance. Both the ac resistance and the reactance of a conductor vary with frequency as a 
result of skin effect, 
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Table 5-1 


Properties of Annealed Copper Wire 


Diameter 
mils mm 
460.0 11.7 
409.6 10.4 
364.8 9.3 
324.9 8.3 
289.3 7.3 
257.6 6.5 
204.3 Sn 2 
162.0 4.1 
128.5 3.3 
101.9 2.6 
80.8 2.1 
64.1 1.6 
50.8 1.3 
40.3 1.0 
31.9 0.8 


Cross-Sectional Area 


cmil 


211 600 


167 800 


133 100 


105 500 


83 690 


66 370 


41 740 


26 250 


16 510 


10 380 


6 530 


4 107 


2 583 


1 624 


1 022 
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13.3 


Resistance in Ohms 


per_ 1000 ft 


0.049 
0.062 
0.078 
0.098 
0.124 
0.156 
0.248 
0.395 
0.628 
0.999 
1.588 
2.525 
4.016 
6.385 


10.150 


per_km 


0.161 


0.203 


0.256 


0.322 


0.407 


0.512 


0.814 


1.296 


2.060 


3.278 


5.210 


8.284 


13.176 


20.948 


33.300 
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5.2.2.1 Skin Effect. 


Whereas a direct current is uniformly distributed over the cross-sectional area of a conductor, alternating 
current tends to concentrate near the surface of the conductor. The higher the frequency, the greater the 
concentration near the surface. This physical phenomenon is called skin effect. A measure of the degree of 
penetration of the currents into the conductor is given by the skin depth, §.6 is defined as the depth at which 
the current density is attenuated to 1/e= 1/2.718 = 0.37 of its value at the conductor surface. Skin depth may 
also be interpreted as the equivalent thickness of a hollow conductor carrying a uniform distribution over its 
crosssectional area, having the same external shape as the actual conductor, and having a dc resistance exactly 


the same as the ac resistance of the conductor. 


For conductors whose thickness is at least three times the skin depth, this depth is given by (5-3). 


| p 
6 = 5033 Vet em, (5-2) 


where p is the resistivity of the material in ohm-cm, f is the frequency in hertz, and py is the relative 
permeability of the material. The skin depth for various metals is given in Table 5-2 and Figure 5-1. Note that 
copper has a skin depth of 0.34 inch (8.63 mm) at 60 Hz but only .00026 inch (0.066 mm) at | MHz. 

Table 5-2 


Parameters of Conductor Materials (5-4) 


Material* re 6 ___ Re 
(Q-em) (em) (2) 
Silver 1.62 x 1076 6.41/ ft 2.52 x 10-7 Vf 
Copper 1.73 x 1076 6.62/ VE 2.61 x 10-7 Vf 
Aluminum 2.69 x 1076 8.25/ VF 3.26 x 1077 Vf 
Brass 6.37 x 10-6 12.70/ \f_ 5.01 x 1077 VF 
Solder 14.2 x 1076 18.96/ Vi _ 7.48 x 10-7 VE 


fur = 1 
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Figure 5-1, Surface Resistance and Skin Depth for Common Metals (5-5) 
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5.2.2.2, AC_ Resistance. 


The ac resistance of a conductor of any shape can be determined from the skin depth if both the thickness and 
the radius of curvature of the conductor are much greater than the skin depth and if the radius of curvature 
does not vary too rapidly around the conductor’s perimeter. For a conductor meeting these conditions, the ac 
resistance per unit length is 


Rao ae ohms/meter, or (5-3) 
4 
=e. ohms /meter (5-4) 


where P is the circumference of the conductor and R, is the surface resistance of the conductor. The surface 


resistance is defined as the ac resistance of a surface of equal length and width and is given by 


po _ -4 
R, = 6° 1.987 x 10 ufo (5-5) 


The surface resistance for various metals is also shown in Figure 5-1 and Table 5-2. 


The ratio of the ac resistance to the dc resistance is called the resistance ratio of a conductor. Skin effect 
causes the resistance ratio to be greater than unity. The resistance ratio for straight cylindrical wires is given 
in Figure 5-2 in terms of a parameter X defined as 


f 
Bay 


Rac x 109 coe) 


where ir is the relative permeability of the conductor, f is the frequency in hertz, andRde is the dec resistance 
in ohms for 1 cm of conductor.* In the case of copper wire, Equation 5-6 becomes 


-4 
Key 7 2:71 x 10" a ye 


c (5-7) 
where dm is the wire diameter in mils, or becomes 
= 1,07 x 10° a yE 
Xcu m (5-8) 


where dy is diameter in mm. 


*It should be noted that Equation 5-6 applies at all frequencies, whereas Equations 5-3 and 5-4 apply only under 
the conditions stated. 
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5.2.2.3 Reactance. 


The reactance of the conductor is generally inductive and is given by the product of the radian frequency, w, 
and the self-inductance, L, of the conductor. The self-inductance of a conductor is a measure of that property 
which causes an opposition to a change in the current flowing in the conductor. Because skin effect 
redistributes the current within a conductor with changes in frequency, the inductance of the conductor does 


vary with frequency. 


The self-inductance of a straight round wire is given (5-6) by 


L = 0.005082 (2.303 log “e - 1+ WK) uH (5-9) 


where & iis the length in inches, d is the diameter in inches, and x iis a skin effect correction factor which may 
be determined (for copper) from Figure 5-3. For g and d in centimeters, Equation 5-9 becomes 


L = 0.0022 (2.303 log at -1t+t WK) vH (5-10) 


For materials other than copper, « can be obtained from Figure 5-3 by using f' = f(p¢/p) iinstead of the actual 
frequency f, where p is the resistivity of the material and pg is the resistivity of copper. For low frequencies 
where the current flow can be assumed to be uniform across the conductor cross-section, the inductance of a 


round straight wire of length 2, diameter d, and relative permeability yp (if surrounded by air) is 


u 
ae ey GR (5-11) 


Lip = 0.005082 (2.303 log “a i 


where all the dimensions are in inches. As the frequency increases, a limiting value of inductance,Lyp, is 


approached: 


Lyp = 0-005082 (2.303 log a S15 ait (5-12) 
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Figure 5-3. Nomograph for the Determination of Skin Effect Correction Factor (5-6) 


In Equations 5-11 and 5-12, the constant 0.00508 becomes 0.002 when 2 andd are incm. 


Figure 5-4 gives the value of Ly Ffor a 1/0 AWG solid round copper conductor as a function of length, and LyF 
for various wire lengths and diameters is given in Figure 5-5. 
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Figure 5-4. Low Frequency Self-Inductance versus Length for 1/0 AWG Straight Copper Wire (5-7) 
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Figure 5-5. Self-Inductance of Straight Round Wire at High Frequencies (5-6) 
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5.2.2.4 Proximity Effect. When two or more conductors are in close proximity, the current flowing in one 
conductor is redistributed because of the magnetic Held produced by the current in the other conductor. This 
effect is an extension of skin effect and is called proximity effect. The proximity effect tends to increase the 
ac resistance of a conductor to a value greater than that due to simple skin effect. 


5.2.3. Resistance _Properties_vs Impedance Properties. 


Although skin effect exists at all frequencies, it becomes more significant as the frequency increases. The 
reactance of a conductor also increases with frequency to further increase the conductor impedance above its 
dc value. To design an effective ground system one must consider the relative effects of the dc resistance, the 
ac resistance, and the inductance upon the total impedance of a ground conductor. 


Using Equation 5-1, the dc resistance of round wire conductors can be calculated. The dc resistance per 
1000 feet for four standard size copper cables is given in Table 5-3. Table 5-4 gives the dec resistance and (for 
60 Hz) the ac resistance, the inductance and the total impedance of various size and length conductors as 
determined from Table 5-3 and from Equation 5-12. At a frequency of 1 MHz, these same characteristics for 
30-meter (100-foot) lengths are given in Table 5-5 as calculated from Equations 5-3 and 5-12. Note that for 
the larger wires (No. 2 AWG or larger) the inductance of the long (> 100 feet! cables determines the magnitude 
of the impedance. Also note that for the same length cables there is not as much difference in the impedance 
magnitudes of a small and a large cable as there is in the resistance of the two cable sizes. For example, the 
ratio of the dc resistance of a 30-meter (100-foot) length of No. 12 AWG copper cable to the dc resistance of a 
30 meter (100 feet) of 1/0 AWG copper cable is 0.15880/0.0098 = 16.20. Since the ac resistance at 60 Hz is 
approximately the same as the dc resistance, the ratio of the 60 Hz ac resistance of the two cables is also 
16.20. At a frequency of 1 MHz the ratio of the ac resistance becomes 1.23/0.307 = 4.01. However, the 60 Hz 
impedance ratio is only 0.1605/0.0226 = 7.10 and the 1 MHz impedance ratio is only 382.65/329.49 = 1.16. These 
ratios are tabulated in Table 5-6 for comparison. From Tables 5-3 through 5-6 and the above example, the 
following conclusions are made: 


a. Because of the inductance, the advantages offered by a large cable such as 1/0 AWG are less than 
they might appear to be from a comparison of the dc resistance values. 


b. The advantage offered by a large cable, e.g., 1/0 AWG, will be somewhat more pronounced for 
relatively short conductor lengths than for long conductor runs. This is true because inductance increases more 
rapidly with length than does resistance (see Equations 5-1 and 5-9). 


c. Because of the lack of dramatic improvement in ac impedance of large cables over smaller cable 
sizes for long runs, consideration of materials and labor costs are relatively important and may be the deciding 
factor. 


d. Since even 1/0 AWG cables exhibit impedances from 22.6 mQ to 115.8n9_ for lengths of 30 meters 


(100 feet) and 137 meters (450 feet), respectively, the control of stray currents should be an essential objective 
in any signal grounding system. 


5-10 


1/0 


Size 
(AWG) 
No. 12 
No.8 
No. 2 

1/0 


MIL-HDBK-419A 


Table 5-3 


DC Parameters of Some Standard Cables 


Diameter 


(mils) 


80.81 
128.5 
257.6 
324.9 


Table 5-4 


DC 


Resistance 
(Ohms/1000 ft) 


1.588 
0.6282 
0.1563 
0.09827 


Sixty-Hertz Characteristics of Standard Cables 


Length 


(Ft) 


30 
100 
30 
30 
100 
150 
30 
100 
150 
300 
450 


Rac 


(Q) 


0.04764 
0.15880 
0.01885 
0.00469 
0.01563 
0.02344 
0.00294 
0.00980 
0.01470 
0.02940 
0.04410 
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L 


(ui) 
16.532 
62.447 
15.684 
14.411 
55.379 
86.777 
13.987 
53.964 
84.654 
181.987 

284.105 


xX, 

@) 
0.00623 
0.02354 
0.00591 
0.00543 
0.02088 
0.03271 
0.00527 
0.0226 
0.03191 
0.06861 
0.10710 


IN 


(2) 


0.0480 
0.1605 
0.0197 

0.0072 
0.0261 

0.0402 
0.0060 
0.0060 
0.0351 
0.0746 
0.1158 
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Table 5-5 


One-Megahertz Characteristics of Standard Cables 


Size Length Rdc Rac L XL Zz 

AWG (Ft) (2) (2) (:H) (Q) (2) 

No. 12 100 0.1588 1.23 60.9 382.65 382.65 

No. 2 100 0.0156 0.387 53.8 338.03 338.03 

1.0 100 0.0098 0.307 52.44 329.49 329.49 
Table 5-6 


Impedance Comparisons Between No. 12 AWG and 1/0 AWG 


Rye (No. 12 AWG) —R,, (No.12 AWG) 7 (No. 12 AWG) 


q y g nan awenyr RK, Q/0AWG) j%Z(i/0 AWG) 
Frequenc Length Re (1/0 AWG) Rac 1/0 AWG Z (1/0 AWG 
60 Hz 30 ft. 16.20 16.20 9.23 
60 Hz 100 ft. 16.20 16.20 7.99 
1 MHz 100 ft. 16.20 4.01 1.16 


5.2.4 Effects of Geometry. Many conductor shapes can be used in the signal ground network. As is the case 
for the solid round conductor, the impedance of other configured conductors is dependent upon the current 
distribution in the conductor and hence upon the signal frequency. 
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5.2.4.1 Stranded Cable. 


A stranded cable consists of a number of wires in close proximity twisted about each other; it is more flexible 
than a solid conductor of the same cross-sectional area. Because of the close proximity of the wires, the skin 
effect within the cable redistributes most of the current to outer wires. These outer wires are in the form of a 
coil (due to the lay of the strand), thus increasing the self-inductance of the cable. Skin effect also increases 
the ac resistance as the frequency is increased. 


For a given cable size, both the ac resistance and the self-inductance of a stranded conductor are greater than 
those of a solid round conductor. Because of their ineffectiveness at higher frequencies, it has been 
recommended that stranded cables not be used at frequencies over 1200 Hz (5-7). However, in many situations, 
large cables are required to safely carry currents produced by power faults and lightning discharges; in addition, 


solid wires larger than approximately 0.6 cm (0.25 in.) may be difficult to obtain. 


5.2.4.2 Rectangular Conductors. 


At frequencies high enough to make the skin effect noticeable, the resistance ratio of a flat rectangular 
conductor will be lower than that of a solid round wire with the same cross-sectional area if the 
width-to-thickness ratio exceeds approximately 2:1. The resistance ratios for several sizes of nonmagnetic 
(ur = 1) rectangular conductors are plotted in Figure 5-6. 


The self-inductance at lower frequencies of a rectangular conductor is (5-6) 


LLF = 0.00508 2 (2.303log 22 +0.5+ .2235 b+ c) ul, (5-13) 
bite 2 


where 2 is the length, b is the width and c is the thickness, and all the dimensions are in inches. For the 


dimensions in cm, Equation 5-13 is 
LiF = 0.002 2 (2.303 log 22 + 0.5 + 0.2235 b+ =) uH. (5-14) 
bte 2 


If & is larger than 50 (b+e), the last term in each equation may be neglected. 


The sharp edges on rectangular conductors tend to radiate energy into space and a flat conductor may become 
an efficient antenna. To reduce the efficiency of the antenna and minimize this radiation, the edges of the 


rectangular conductor can be rounded to form an elliptical shape. 
5.2.4.3. Tubular Conductors. 


Tubular conductors provide the best compromise between factors such as availability, cost weight, 
cross-sectional area, skin effect, resistance ratio and inductance. By using the actual cross-sectional area of 
the conductive material, the dc resistance of tubular conductors can be determined from Equation 5-1; it is 


given for three different diameter copper tubes in Figure 5-7. 
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Figure 5-6. Resistance Ratio of Rectangular Conductors (5-3) 
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Both the dc and the ac resistances of a tubular conductor are greater than those of a solid conductor with the 
same outside diameter. However, the ac resistance does not increase as much as the dc resistance, and, 
therefore, the resistance ratio of a tubular conductor is always less than that of a solid conductor. The ac 
resistance for four sizes of copper tubing is given in Figure 5-8, and the resistance ratio for isolated 
nonmagnetic tubular conductors of various sizes is given in Figure 5-9. For a given length of conductor, the ac 
resistance per unit weight (i.e., per given amount of copper) is less at high frequencies for tubular conductors 
than for any other shape. 


The self-inductance of a conductor is reduced by the absence of a conductive medium in the center (5-7). 
Therefore, the self--inductance of a tubular conductor will be less than that of a solid conductor with the same 


diameter. The self-inductance of three representative sizes of copper tubes is given in Figure 5-10. 


5.2.4.4 Structural Steel Members. The steel I-beam in the structural framework of a building is another 
conductor that is frequently used as a ground conductor. The resistivity of steel is approximately ten times 
that of copper; however, the skin depth of steel is greater than 3 times that of copper. This increased skin 
depth in steel increases the conducting area for high frequency currents. For example, in comparing a 0.3 
meter (12-inch) I-beam with a 4/0 AWG copper cable, the perimeter of the I-beam is about 30 times as great 
and with a factor of 3 increase in the skin depth, the conducting area for high frequency currents in the steel 
I-beam is close to 90 times larger. This advantage is offset somewhat by the fact that the current tends to 
flow in the edges of the I-beam and by the surface roughness. The ac resistance will be increased by a factor of 
4 because of this surface roughness and current distribution. Even so, the ac resistance of a 4/0 AWG copper 
cable is 4.25 times as great as that of a 0.3 meter (12-inch) I-beam. In addition, the building framework usually 
offers many paths in parallel, thus lowering both the ac resistance and the inductance between any two points 


(5-8) 


5.3 SIGNAL REFERENCE SUBSYSTEM NETWORK CONFIGURATIONS. Within a piece of equipment the 
signal reference subsystem may be a sheet of metal which serves as a signal reference plane for some or all of 
the circuits in that equipment. Between equipments, where units are distributed throughout the facility, the 
signal ground network usually consists of a number of interconnected wires, bars or a grid which serves an 
equipotential plane. Whether serving a collection of circuits within an equipment or serving several equipments 
within a facility, the signal reference subsystem will be a floating ground, a single-point ground, or a 
multiple-point ground known as a multipoint or equipotential plane. Of the aforementioned signal reference 
subsystems, the equipotential plane is the optimum ground for communications-electronics facilities. For 
existing facilities where the presence of equipment prohibit the installation of an equipotential plane beneath, 
on, or in the floor, the plane may be installed overhead and the equipment connected to it. It is desirable, but 
not mandatory, to retrofit existing C-E facilities with equipotential planes. 


5.3.1 Floating Ground. 


A floating ground is illustrated in Figure 5-11. In a facility, this type of signal ground system is electrically 
isolated from the building ground and other conductive objects. Hence, noise currents present in the building’s 
ground system will not be conductively coupled to the signal circuits. The floating ground system concept is 
also employed in equipment design to isolate the signal returns from the equipment cabinets and thus prevent 
noise currents in the cabinets from coupling directly to the signal circuits. 
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The effectiveness of floating ground systems depends on their true isolation from other nearby conductors, i.e., 


to be effective, floating ground systems must really float. In large facilities, it is often difficult to achieve a 


completely floating system, and even if complete isolation is achieved it is difficult to maintain such a system 


(5-9). 
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Figure 5-8. AC Resistance versus Frequency for Copper Tubing (5-7) 
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Figure 5-9. Resistance Ratio of Nonmagnetic Tubular Conductors (5-3) 
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In addition, a floating ground system suffers from other limitations. For example, static charge buildup on the 
isolated signal circuits is likely and may present a shock and a spark hazard. In particular, if the floated system 
is located near high voltage power lines, static buildup is very likely. Further, in most modern electronic 
facilities, all external sources of energy such as commercial power sources are referenced to earth grounds. 
Thus, a danger with the floating system is that power faults to the signal system would cause the entire system 
to rise to hazardous voltage levels relative to other conductive objects in the facility. Another danger is the 
threat of flashover between the structure or cabinet and the signal system in the event of a lightning stroke to 
the facility. Not being conductively coupled together, the structure could be elevated to a voltage high enough 
relative to the signal ground to cause insulation breakdown and arcing. This system generally is not 
recommended for C-E facilities. 
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Figure 5-11. Floating Signal Ground 


5.3.2 Single-Point Ground. (For lower frequencies, 0-30 kHz up to 300 kHz)* 


A second configuration for the signal ground network is the single-point approach illustrated in Figure 5-12. 
With this configuration, the signal circuits are referenced to a single point, and this single point is then 
connected to the facility ground. The ideal single-point signal ground network is one in which separate ground 
conductors extend from one point on the facility ground to the return side of each of the numerous circuits 


* Refer to 5.4.3 for definition of frequency limits. 
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located throughout a facility. This type of ground network requires an extremely large number of conductors 


and is not generally economically feasible. In lieu of the ideal, various degrees of approximation to single-point 
grounding are employed. 
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Figure 5-12. Single-Point Signal Ground (For Lower Frequencies) 


The configuration illustrated by Figure 5-13 closely approximates an ideal single-point ground. It uses 
individual ground buses extending from an earth electrode subsystem to each separate electronic system. In 
each system, the various electronic subsystems are individually connected at only one point to this ground bus. 
Another frequently used approximation to the ideal is illustrated in Figure 5-14. Here the ground bus network 
assumes the form of a tree. Within each system, each subsystem is single-point grounded. Each of the system 
ground points is then connected to a tree ground bus with a single insulated conductor (usually yellow). 
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Figure 5-13. Single-Point Ground Bus System Using Separate Risers (Lower Frequency) 
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Figure 5-14. Single-Point Ground Bus System Using a Common Bus 
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The single-point ground accomplishes each of the three functions of signal circuit grounding mentioned at the 
beginning of this chapter. That is, a signal reference plane is established in each unit or piece of equipment and 
these individual reference planes are connected together and to the earth electrode subsystem. An important 
advantage of the single-point configuration is that it helps control conductively-coupled interference. As 
illustrated in Figure 5-15, closed paths for noise currents in the signal ground network are avoided, and the 
interference voltage, Vy in the facility ground system is not conductively coupled into the signal circuits via 
the signal ground network. Therefore, the single-point signal ground network minimizes the effects of lower 
frequency noise currents which may be flowing in the facility ground. 


Single-point grounds, however, also become transmission lines at higher frequencies with earth being the other 
side of the line. In addition, every piece of equipment bonded to this transmission line will act as a tuned stub. 
In the presence of digital signals (square waves) the tuned circuits will ring at the specific frequencies to which 
they are resonant. Since single-point grounds behave as transmission lines at rf frequencies, they will have 
different impedances as a function of frequency, i.e., they may appear as inductors, capacitors, tuned circuits, 
insulators or pure resistance, and therefore become extremely poor grounds. In a large installation, another 
major disadvantage of the single-point ground configuration is the requirement for long conductors. The long 


conductors (1/8 A at the highest frequency of concern) prevent the realization of a satisfactory reference for 
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Figure 5-15. Use of Single-Point Ground Configuration to Minimize Effect of Facility Ground Currents 
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higher frequencies because of large self-impedances. Further, because of stray capacitance between 
conductors, single-point grounding essentially ceases to exist as the signal frequency is increased (5-10). 
Because of the aforementioned reasons, single-point grounds are not recommended for use in communications 


electronics facilities. 
5.3.3. Multipoint Ground. (For higher frequencies, 30-300 kHz and above) 


The multipoint ground illustrated in Figure 5-16 is the third configuration used for signal ground networks. The 
multipoint ground utilizes many conductive paths from the earth electrode subsystem to various electronic 
systems or subsystems within the facility. Within each subsystem, circuits and networks are multiply connected 
to this ground network. Thus, in a facility, numerous parallel paths exist between any two points in the ground 


network as shown in Figure 5-17. 


Multipoint grounding frequently simplifies circuit construction inside complex equipments; it is the only 
realistic method for the grounding of higher frequency signal circuits. This method of grounding permits 
equipments employing coaxial cables to be more easily interfaced since the outer conductor of the coaxial cable 
does not have to be floated relative to the equipment cabinet or enclosure. The multipoint grounding has the 
disadvantage of exhibiting transmission line characteristics at rf frequencies. To be effective, a multipoint 
ground system requires an equipotential ground plane whenever the conductors exceed 1/8 at the highest 


frequency of concern (5-11). 
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Figure 5-16. Multipoint Ground Configuration 
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Figure 5-17. Use of Structural Steel in Multiple-Point Grounding 
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Care must also be taken to ensure sixty hertz power currents and other high amplitude lower frequency currents 
flowing through the facility ground system do not conductively couple into signal circuits and create intolerable 
interference in susceptible lower frequency circuits. 


5.3.3.1 Equipotential Plane. 


The importance of equipotential ground planes cannot be overemphasized for proper equipment operation, as 
well as for EMI and noise/static suppression. An equipotential ground plane implies a mass, or masses of 
conducting material which, when bonded together, offers a negligible impedance to current flow. Connections 
between conducting materials which offer a significant impedance to current flow, can place an equipotential 
plane at a high potential with respect to earth. High impedance interconnections between metallic members 
subject to large amounts of current due to power system faults can be extremely hazardous to personnel and 
equipment. The RFI effect of an equipotential plane or system must however be carefully considered, and it is 
important to understand that grounding may not, in and of itself, reduce all types of RFI. On the contrary, 
grounding a system may in some instances increase interference by providing conductive coupling paths or 
radiative or inductive loops. 


Many of the deficiencies of the wire distribution system can be overcome by embedding a large conducting 
medium, in the floor under the equipments to be grounded. For existing facilities this system may be installed 
above the equipment to be grounded. A large conducting surface presents a much lower characteristic 
impedance than that of wire because the characteristic impedance (Z,g) is a function of L/C, hence as capacity 
to earth increases, Zg «decreases. The capacity of a metallic sheet or grid to earth is much higher than that of 
wire. If the size of the sheet is increased and allowed to encompass more area, the capacitance increases. 
Also, the unit length inductance decreases with width, which further decreasesZ. If the dimensions of a 
metallic sheet increase extensively (as in the case of conducting floor), the characteristic impedance 
approaches a very low value. In this case, the characteristic impedance would be quite low throughout a large 
portion of the spectrum. This, in turn, would establish an equipotential reference plane for all equipments 
bonded to it. 


Although it is not necessary from a functional point of view, terminating the surface to an earth connection 
presents the following advantages: 


a. Personnel safety is not dependent on long cable runs for protection against power faults. 
b. Low impedance is provided for power and radio frequencies. 


Grounding buses in a communication facility where higher frequencies are present, act as lossy transmission 
lines and therefore must be treated as such. Due to this phenomena single-point grounds and multipoint grounds 
employing ground buses are high impedance grounds at higher frequencies. To be effective at the higher 
frequencies, the multipoint ground system requires the existence of an equipotential ground plane. 
Equipotential Planes are sometimes considered to exist in a building with a metal floor or ceiling grid 
electrically bonded together, or in a building with the ground grid embedded in a concrete floor connected to 
the structural steel and the facility ground system. Equipment cabinets are then connected to the 


equipotential plane. Chassis are connected to the equipment cabinets and all components, signal return leads, 
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etc., are connected to the chassis. The equipotential plane is then terminated to the earth electrode subsystem 
and to the main structural steel via multiple connections, to assure personnel safety and a low impedance path 
for all frequencies and signals. It is again emphasized, however, that care must be taken not to create loops 
which can couple signals from one system to another. 


The equipotential plane also offers the following additional advantages; 


a. Any “noisy” cable or conductor connected to the receptor, i.e., receivers, modems, etc., through or 
along such a ground plane will have its field contained between the conductor and the ground plane. The noise 
field can be “shorted out” by filters and bond straps because the distance between these “transmission line” 
conductors is very small. Shorting out the noise field has the desirable effect of keeping noise current from 


flowing over the receptor case and along any antenna input cables. 


b. Filters at the interface terminals of equipment can operate more effectively when both terminals of 
their equivalent “transmission line” are available. As in a, above, a large conducting surface makes it possible 
to contain the field carried by the offending conductor, in such a way that it can be more easily prevented from 
traveling further. 


c. A large conducting surface may also shield or isolate rooftop antennas from noisy cables below it. 
5.3.3.2 Types of Equipotential Planes. Conducting materials that can be utilized for equipotential planes are 
(a) a copper grid embedded in the concrete floor such as a computer floor, (b) a subfloor of aluminum, copper, 


phospher bronze screen or sheet metal laid underneath the floor tile or carpet or (c) a ceiling grid above the 


equipment. Additional data and information on each of these planes can be found in para 1.5.1.1.1 of Vol II. 
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5.3.4 Floating System. 


The floating ground system is completely insulated from the building or from any wiring that may be a source of 
circulating currents. The effectiveness of floating ground systems depends on their true isolation. In large 
systems, it is difficult to provide required isolation to maintain a good quality floating ground. Insulation 
breakdown occurs easily because static charges, fault potentials and lightning potentials may accumulate 
between the floating ground and other accessible grounds, such as external power line neutrals, water pipes, 
etc. Due to the personnel hazards from the difference of potential between the floating ground and building 
ground, this system Is not recommended. 


The preferred grounding method is to have an equipotential plane bonded to the earth electrode subsystem and 
building structure steel at multiple points with the structural steel also bonded to the earth electrode 
subsystem. In those facilities which do not have structural steel, multiple copper downleads should be 
connected from the equipotential plane to the earth electrode subsystem. 


5.4 SITE APPLICATIONS. 


Because of the interference threat that stray power currents present to audio, digital, and control circuits (or 
others whose operating band extends down to 60 Hz or below), steps must be taken to isolate these large 
currents from signal return paths. Obviously, one way of lessening the effects of large power currents is to 
configure the signal ground system so that the signal return path does not share a path common with a power 
return. This can be accomplished by making sure that the grounding conductor (green wire) of the power system 
is always run in the same cable, conduit, duct, or raceway with the phase and neutral conductors to the first 


service disconnect and then bonded to the earth electrode subsystem. 


The first step in the development of an interference-free signal reference subsystem for an equipment or a 
facility is to assure that the ac primary power return lines are interconnected with the safety grounding 
network at only one point. Isolation of ac power returns from the signal reference subsystem is a major factor 
toward reducing many noise problems. Additional steps should also be taken to minimize other stray ac 
currents such as those resulting from power line filters. (One way of reducing these currents is to limit the 
number of filter capacitors in an installation by using common filtered ac lines wherever possible or by locating 
the filters as near as possible to the power service entry of the facility.) 


To meet the safety requirements while minimizing the effects of power currents flowing with signal currents 
through a common impedance, a single connection* between the power distribution neutral and the earth 
electrode subsystem is necessary. This single connection eliminates conductive loops in which circulating 


(power) currents can flow to produce interference between elements of the signal reference network. 


*This connection to the earth electrode subsystem should be made from the first service disconnect. Care 
should be taken to ensure that the signal reference, fault protection, and lightning protection subsystems are 
bonded to the earth electrode subsystem at separate ground rod locations. 
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5.4.1 Lower Frequency Network (0-30 kHz, and in some cases up to 300 kHz). The lower frequency grounding 
network for the facility should conform to the following principles: 


a. It should be isolated from other ground networks including structural, safety, lightning and power 
grounds, etc. The purpose of this isolation is to prevent stray currents (primarily 50/60 Hz power) from 
developing voltage differentials between points on the ground network. 


b. The inter-equipment or facility ground system should not be expected to provide the primary return 
path for signal currents from the load to the source. Figure 5-18 illustrates a way of discriminating against 
those extraneous signals which may inductively or capacitively induce currents into the grounding network and 
develop differential voltages between the source and the load. For example, Figure 5-19 illustrates a practice 
that is not recommended. If only one source and one load constitute the entire system or if the various 
source-load pairs within the system are essentially noninterfering in nature of their operation, this grounding 
arrangement may be acceptable. 


c. The lower frequency grounding network must be connected to the earth electrode subsystem at only 
one point. 
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Figure 5-18. Recommended Signal Coupling Practice for Lower Frequency Equipment 
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Figure 5-19. Ground Network Used as Signal Return 
(Practice Not Generally Recommended) 


d. The network must be configured to minimize conductor path lengths. In facilities where the 
equipments to be connected to the ground network are widely separated, more than one network should be 
installed. 


e. Finally, the conductors of the network are to be routed in a manner that avoids long runs parallel to 
primary power conductors, lightning down conductors, or any other conductor likely to be carrying high 


amplitude currents. 
5.4.2 Higher Frequency Network (>300 kHz, and in some cases down to 30 kHz). 


The higher frequency (equipotential) network provides an equal potential plane with the minimum impedance 
between the associated electronic components, racks, frames, etc. This plane shall be used at facilities or 
areas within facilities where interface frequencies are over 300 kHz and may be used at sites where interface 
frequencies are as low as 30 kHz. In higher frequency systems, equipment chassis are frequently used as the 
signal reference. The chassis in turn is usually connected to the equipment case at a large number of points to 
achieve a low impedance path at the frequencies of interest. See Para. 5.4.3. 
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The National Electrical Code requires that equipment cases and housings be grounded to protect personnel from 
hazardous voltages in the event of an electrical fault. Stray currents in the fault protection network can 
present an interference threat to any signal system whose operating range extends down into the lower 
frequency range and should be eliminated. Where such problems exist, it is advisable to attempt to reduce the 
impedance of the reference plane as much as possible. A practical approach is to interconnect equipment 
enclosures with the equipotential plane, via building structural steel, cable trays, conduit, heating ducts, piping, 
etc., into the earth electrode subsystem to form as many parallel paths as possible. It should be recognized that 
because of the inductance and capacitance of the network conductors, such multipoint ground systems offer a 
low impedance only to the lower frequency noise currents; however, these currents can be the most troublesome 
in many facilities. Higher frequencies find a much lower impedance to ground through the distributed capacity 


of the equipotential plane. 


5.4.3 Frequency Limits. 


The question remaining concerns the frequency below which signals can be considered as lower frequency. 
Certainly the dividing line between the lower and higher frequency should be high enough to include all audio 
communications signals. Since digital systems employ frequencies which extend from dc up to several hundred 
MHz, a decision based on pulsed-signal considerations is more appropriate. To minimize the possibility that the 
ground bus conductors will form antennas, the lengths should not exceed 0.02 wavelength which is 
approximately 21 meters (70 feet) at 300 kHz. Since the grounding buses in medium to large sized facilities 
may extend 21 meters (70 feet), 300 kHz appears to be the maximum frequency for which a single-point 
grounding system should be used. At frequencies up to 30 kHz, conductor lengths up to 210 meters (700 feet) 
can be approached without exceeding the 0.02 wavelength criteria. 


MIL-STD-188-124A establishes the lower frequency network range from dc to 30 kHz and in some cases 
(depending on the interface frequency) up to 300 kHz. The higher frequency network range extends above 300 
kHz and may in some cases be used at sites where the interface frequencies are as low as 30 kHz. The 
frequency range from 30 kHz to 300 kHz is a mutual area and may be considered as either higher or lower 
depending upon the interface frequency. 
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CHAPTER 6 


INTERFERENCE COUPLING AND REDUCTION 


6.1 INTRODUCTION. 


A large number of diverse equipments are usually present in an electronics complex. The various systems and 
subsystems making up the complex may be concentrated in a small area such as a single room or they may be 
distributed over a wide geographical area and be located in several buildings. Whether the distances between 
individual equipments are large or small, the entire system must function as an integral unit. Each equipment 
must supply its designated output -- whether it be audio or rf, or analog or digital -- to some terminal point 
such as an antenna, land line, or another piece of equipment. Both primary and backup power must be supplied. 
Critical points in the system must be monitored both locally and remotely. To perform all the required tasks 
and functions, many control, power distribution, and signal transmission networks are necessary. 


Within the interconnected complex, many potentially incompatible signals are present. For example, at one 
extreme are the large power sources (primarily dc and 60 Hz) supplying the various subsystems. At the other 
extreme, low level dc and very low frequency signals from monitors, indicators and other specialized devices 
are present. Also in the low frequency range are audio signals used for communications and control functions. 
In the higher frequency region of the spectrum. are the rf signals ranging from hf to microwaves used for 
communications, surveillance and tracking, and other functions. These signals range in amplitude from the 
microwatt levels typical at communications receiver inputs to the kilowatt and megawatt levels transmitted by 
some radar systems. Ranging from audio frequencies into the rf region are the broadband display and 
communications systems, both analog and digital, which may span from a few hertz to several megahertz in 
frequency and may range in amplitude from a few millivolts to a few volts, Falling in overlapping frequency 
ranges, these various signals present within the complex may interact in an undesirable manner to cause 
interference (generally manifested as annoying “noise’’). 


Interference is any extraneous electrical or electromagnetic disturbance that tends to interfere with the 
reception of desired signals or that produces undesirable responses in electronic systems. Interference can be 
produced by both natural and man-made sources either external or internal to the electronic system. The major 
objective of interference reduction in modern electronic equipments and facilities is to minimize and, if 
possible, prevent degradation in the performance of the various electronic systems by the interactions of 
undesired signals, both internal and external. 


The correct operation of complex electronic equipments and facilities is inherently dependent on the 
frequencies and amplitudes of both the signals utilized in the system and the interference signals present in the 
facility. If the frequency of an undesired signal is within the operating frequency range of the system, errors in 
the system response may be obtained. The extent of the system response is a function of the amplitude of the 
undesired signal relative to that of the desired signal. For example, in systems operating with high level 
signals, undesired signals with amplitudes on the order of volts may be tolerable, while in low level systems a 
few microvolts may produce intolerable errors in the response of the system. An important element in the 


control of unwanted interactions between signals is the proper grounding of the system. 
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An ideal signal system is a simple signal generator-load pair as shown in Figure 6-1. With no extraneous 
voltages present within the loop, this simple pair is free of interference. Consider, however, what happens 
when the current return path is non-ideal and sources of noise are present as shown in Figure 6-2. Unless noise 
voltages Vy yand Vygare identical, a voltage difference will exist between the low side of the generator (Node 
1) and the low side of the load (Node 2). As shown in Figure 6-3, this voltage difference effectively appears in 
the signal transfer loop in series with the signal generator and produces noise currents in the load. Four ways of 
combating this noise problem are as follows: 


a. Isolate the source-load pair from the noise sources; i.e., float the system and provide the necessary 
shielding and filtering to prevent coupling by other means. 


b. | Connect the low side of the loop to the reference plane at either Node 1 or Node 2 but not at both. 
ec. Reduce the impedance, Zretyrn, Of the path connecting the two noise sources. 


d. Reduce the magnitudes of Vyy and Vyp through the control of the currents producing them by 
lowering the impedance through which these currents flow. 


Practical electronics circuits typically are a collection of several source-load combinations such as shown in 
Figure 6-4. These various source-load combinations may be functionally dependent on each other. Hence each 
individual source-load pair can not operate in isolation, there must be coupling between pairs. For example, one 
source may be driving several loads; one load may be receiving signals from several sources; or the load for one 
signal source may serve as the source for another load. At the circuit level, numerous sources and loads are 
connected in an interrelated fashion and the use of individual return paths for each source-load pair becomes 
impractical. It is more realistic to establish a common ground or reference plane which serves as the return 
path for several signals. The control of undesired network responses, particularly in high gain and/or higher 
frequency circuits, often requires the establishment of a common signal reference to which functional grouping 
of components, circuits, and networks can be connected. Ideally, this common reference connection offers zero 
impedance paths to all signals for which it serves as a reference. The several signal currents within the 
network can then return to their sources without creating unwanted conductive coupling between circuits. 


OY GENERATOR LOAD 


Figure 6-1. Idealized Energy Transfer Loop 
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Figure 6-2. Energy Transfer Loop With Noise Sources in Ground System 


Figure 6-3. Equivalent Circuit of Non-Ideal Energy Transfer Loop 
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Figure 6-4. Practical Combinations of Source-Load Pairs 
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At the equipment level, the individual signal reference planes for the various networks must be connected 
together to prevent personnel shock hazards (see Chapters 5 and 9) and to provide as near as possible, the same 
signal reference for all networks. Thus, the signal reference plane may extend over large distances within a 
facility. The assumption that this large reference plane provides zero impedance paths is not valid; the series 
inductance and resistance of the conductors forming the signal reference plane and the shunt capacitance to 
nearby conductive objects must be considered. Currents flowing in the signal reference plane will develop 


voltages across this impedance and will produce electric and magnetic fields around the conductors. 


6.2 COUPLING MECHANISMS. 


Coupling is defined as the means by which a magnetic or electric field produced by one circuit induces a voltage 
or current in another circuit. Interference coupling is the stray or unintentional coupling between circuits 
which produces an error in the response of one of the circuits. The possible sources of spurious signals and the 
mechanisms by which this interference is coupled into a susceptible circuit must be understood in order to guard 


against interference pickup by sensitive signal circuits. 


The techniques for reducing pickup depend on the type of interference present. Interference is broadly 
classified by its coupling means; ie., as either being conductive or free-space. Conductive coupling occurs 
when the interfering and the interfered-with circuits are physically connected with a conductor and share a 
common impedance. Free-space coupling occurs when a circuit or source generates an electromagnetic field 
that is either radiated and then received by a susceptible circuit or that is inductively or capacitively coupled 
(near-field) to a susceptible circuit. 


6.2.1 Conductive Coupling. 


Power lines entering a facility provide good conductive coupling paths from interference sources external to the 
facility. This interference can easily be conducted into a particular unit or piece of equipment via the power 
lines entering the equipment. Also, interference can conductively couple between various circuits inside the 
equipment on the common de power lines. If one dc power supply is utilized with several circuits operating over 
various signal voltage and frequency ranges, the operation of one circuit may adversely affect the operation of 
other circuits. For example, if both the preamplifier and the power amplifier sections of an audio amplifier are 
supplied from a single dc power supply, variations in the relatively large current drawn by the power amplifier 
can appear as supply voltage variations at the preamplifier. These variations can be large compared to the 
operating signal levels in the preamplifier; the unwanted variations are amplified along with the desired signals 
and may produce distortion in the output of the amplifier. 


Another set of paths for conductive coupling of interference is offered by the signal lines. In general, signal 
lines enter each facility and each unit or piece of equipment; i.e., such signal lines are usually necessary for 
interfacing electronic circuits. Interference can be conductively coupled into facilities, equipment, and circuits 
as readily by signal lines as by power lines. 
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The signal reference plane is another potential coupling path for unwanted signals between equipments and/or 
circuits. Since practical signal reference planes do not exhibit a zero impedance, any currents flowing in a 
signal reference plane will produce potential differences (voltages) between various points on the reference 
plane. Interfacing circuits referenced to these various points can experience conductively coupled interference 
in the manner illustrated by Figure 6-5. The signal current 11, flowing in Circuit 1 of Figure 6-5 returns to its 
source through signal reference impedanceZp producing a voltage droByy in the reference plane. The 
impedance Zp is common to Circuit 2, henceEyy] ¢appears in Circuit 2 as a voltage in series with the desired 
signal voltage source, Egg. This undesired source produces an interference voltage, Vg, across the load of 
Circuit 2; similarly, the desired current, Ig, in Circuit 2 will produce interference in Circuit 1. 


In a facility, the conductive coupling of interference through the signal reference plane of interfaced equipment 
can occur in a manner similar to that described above for internal circuitry. If Circuit | in Figure 6-5 
represents two interfaced equipments and if Circuit 2 represents a different pair of interfaced equipments, then 

a current flowing in either circuit can produce interference in the other circuit as described. Even if the pairs 
of equipments do not use the signal reference plane as the signal return, the signal reference plane can still be 
the cause of coupling between equipments. Figure 6-6 illustrates the effect of a stray current, Ip, flowing in 
the reference (or ground) plane. Ip may be the result of the direct coupling of another pair of equipments to 
the signal reference plane, or it may be the result of free-space coupling to the signal reference plane. In 
either case, Ig produces a voltage EN in the reference plane impedance,'pR. This voltage produces a current in 
the interconnecting loop which in turn develops a voltage acrossZz, in Equipment B. Thus, it is evident that 
interference can conductively couple via the signal reference plane to all circuits and equipments connected 
across the non-zero impedance elements of that reference plane. 


6.2.2 Free-Space Coupling. 


Free-space coupling is the transfer of electromagnetic energy between two or more circuits not directly 
interconnected with a conductor. Depending on the distance between the circuits, the coupling is usually 
defined as either near-field or far-field. Near-field coupling can be subdivided into inductive and capacitive 
coupling, according to the nature of the electromagnetic field. In inductive coupling, a magnetic field linking 
the susceptible device or circuit is set up by the interference source or circuit. Capacitive coupling is produced 


by an electric field between the interference source and the susceptible circuit. 


Radiation of energy by electromagnetic waves is the principle coupling mechanism in far-field coupling. The 
term “radiated coupling” is sometimes used to describe both near-field (inductive and capacitive) coupling and 
far-field coupling. However, radiated coupling is generally accepted to mean the transfer of energy from a 
source to a susceptible circuit by means of electromagnetic waves propagating through space according to the 
laws of wave propagation. 


6.2.2.1 Near-Field Coupling. 


When two or more wires or other conductors are located near each other, currents and voltages on one wire will 
be inductively and capacitively coupled to the other wires. The wire acting as the interference source for this 
near-field coupling may be any conductor such as a high level signal line, an ac power line, a control line, or 
even a lightning down conductor. The currents or voltages induced into the other wires can further be 


conductively coupled into susceptible circuits. 
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Figure 6-5. Coupling Between Circuits Caused by Common Return Path Impedance 
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Figure 6-6. Conductive Coupling of Extraneous Noise into Equipment Interconnecting Cables 
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6.2.2.2 Inductive Coupling. The magnetic field surrounding a long, straight, current-carrying wire as shown in 
Figure 6-7 is the means for inductive coupling. This field can be determined from Ampere’s law (6-1): 


fi *dg = i(t), (6-1) 


where If is the magnetic field strength and dg is a small element of length along the path of integration (any 
closed loop around the current i(t)). Choosing a circle of radius r for the integration path in Equation 6-1 allows 
one to derive an expression for the magnetic field: 


i(t) 
H = 35, Amperes/ meter. (6-2) 


Thus the magnetic field strength surrounding a long straight wire carrying a current i is inversely proportional 
to the distance r from the wire, i.e., H decreases as the distance from the wire increases. 


Figure 6-7. Magnetic Field Surrounding a Current-Carrying Conductor 
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This magnetic field will induce a voltage into a nearby signal circuit loop as illustrated in Figure 6-8. 
According to Faraday’s law (6-1), the induced voltage is 


vi(t) = - « volts, (6-3) 


where vj ‘(t) is the induced voltage and yi is the total magnetic flux linking the susceptible circuit loop. This 
magnetic flux is given by 


=u fx ‘ ds webers, (6-4) 
8 


where B = yH is the magnetic flux density, yp is the absolute permeability of the medium, and ds is a small 


element of the loop area. Substituting Equation 6-2 into Equation 6-4 and integrating over the area of the loop 
in Figure 6-8 gives 


pRECED: 92 


Arise 27 T) 


webers, (6-5) 


where ry andrg are the distances from i(t) to the two sides of the loop which are parallel to i(t), and& is the 


length of each of these sides (in meters). This equation gives the total magnetic flux linking a susceptible 


Figure 6-8. Illustration of Inductive Coupling 
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circuit loop in terms of the current flowing in a nearby conductor parallel to the sides of the loop. Substituting 


the total magnetic flux from Equation 6-5 into Equation 6-3 gives the voltagev;(t), induced in the circuit loop 


rt 
= tue di 2 6-6 
v(t) aa ap In - volts. (6-6) 


1 


In free space, p = 4nx 107? henrys/meter, and Equation 6-6 reduces to 
r 


ety wate ie! 9SE iat) Neied (6-7) 
i dt TY 


If the interference current in the nearby conductor is sinusoidal, i.e., 


: (6-8) 
i(t) = T cos (wt +6), 
then the maximum value of di/dt is 
di 
— = = T 
qe wl 2 fl 5 (6-9) 
max 
and the maximum value of the induced voltage in Equation 6-6 is 
ta 
Vv, = wefT In a ’ (6-10) 
max 1 


where f is the frequency of i(t). 


In Equations 6-6 and 6-7, the induced voltage v; (t) in a circuit loop with sides parallel to a current i(t) is 
expressed in terms of the dimensions of the loop, the distance of the loop from the current i(t) and time rate of 

change of i(t). As can be seen from these equations, the induced voltage in a susceptible circuit loop increases 

with an increase in the loop area (either an increase in % or rg or both), the frequency, f, or the time rate of 
change, di/dt, of the interfering sources, and increases with a decrease in the distance, ry, between the 
interfering source and the loop. 


The preceding equations indicate that the induced voltage is independent of the impedance of the susceptible 
circuit loop; i.e., the amplitude of the induced voltage is the same in a high impedance circuit as it is in a low 
impedance circuit. The desired signal voltages in low impedance circuits, however, are generally much lower 
than in high impedance circuits. Therefore, in low impedance circuits the induced voltage can be high relative 
to the signal voltage and thus more likely to produce significant interference in the circuit load. In high 
impedance circuits the same induced voltage may be small compared to the circuit signal voltages and thus not 
create any problems. For these reasons, low impedance circuits are usually more susceptible to inductive 


coupling than are high impedance circuits. 
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6.2.2.3, Capacitive Coupling. When signal conductors of two circuits are near each other as shown in 
Figure 6-9, a capacitance, Ce exists between the conductors. The value of this capacitance is a function of the 
geometry of the signal lines. For parallel wires, C, is given by (6-2). 


LAL 
eo a x 101! farads/meter, 


log (2s) 
d 


where r, is the distance between the two lines and d is the diameter of the wires. In a similar manner, a 
capacitance exists between each signal line and its return. If the signal line is parallel to its return, these 


capacitances can be calculated using Equation 6-11 by replacing r, with r, and withrg (see Figure 6-9). 


The interference source voltage, vg(t) | produces a current flow through the mutual capacitance, C,, between the 
two signal conductors and develops an induced voltage, v;(t), in the susceptible circuit. The equivalent circuit 


for Figure 6-9 is given in Figure 6-10(a) where the parallel combination of Zgg and Zz,9 has been replaced by 
the equivalent impedance 


(6-12) 
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Figure 6-9. Illustration of Capacitive Coupling 
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and time-varying voltages have been replaced by their ac steady state phasors. The induced voltage (ac steady 
state assumed) in the susceptible circuit is 


Zc2% AVA 2+ Z9) 
Vi= ae Vs ; (6-13) 
Zoc+ ZcqLo/Zce + Z9) 


where 
1 
Zc2 = JuCy (6-14) 
and 
1 
Zcc = jw, ° (6-15) 


Substitution of Equations 6-14 and 6-15 into Equation 6-13 yields 


jwZ2Ce 
Vi = 1+ jwZ9(Co + CQ) Vs 7 (6-16) 
te we 2nf. Uf ja%_eCo << 1, ‘which is generally true at lower frequencies, the equivalent circuit of Figure 
6-10(b) is applicable and 
Vj = j2nf ZgCQV5 ° (6-17) 


At higher frequencies, the equivalent circuit of Figure 6-10(c) is applicable and 
Co 
Vi =ty+ Cy Vs* (6-18) 


These equations illustrate the induced voltage, Vj, which is capacitively coupled into a susceptible signal circuit 
from a nearby signal conductor, is dependent on the amplitude and frequency of the interference source 
voltage, Vs,the values of the coupling capacitance, C , the stray capacitance in the susceptible circuit,Cg, and 
on the magnitude of the impedance of the susceptible circuit. At low frequencies, Equation 6-17 indicates that 
the induced voltage increases with either an increase in the coupling capacitance or an increase in the 
impedance of the susceptible loop. Similarly, at high frequencies the induced voltage as given in Equation 6-18 
increases with either an increase in the coupling capacitance or a decrease in the stray capacitance of the 
susceptible circuit. It should also be noted that the value of the interference source voltage, V,, depends upon 


the stray capacitance in the interference source circuit,C, in Figure 6-9. 
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If the impedance of the susceptible circuit is totally resistive, ie.,if Zg = Rg, the induced voltage is given by 
Equation 6-16 as 


j2mfRoC, 


= J, (6-19) 
i= [+ janfRa(Cy+C,) ‘Ss 


and the magnitude of the ratio of the induced voltage to the interference (sinusoidal) voltage is 


Vil= / (21fRoC,)2 : 
Vs 1+ (2nfRy (Co+C,)P 
c, 
| + 
v; Co ar? i 


(a) TRUE EQUIVALENT CIRCUIT 


c, 
—+ 
vy, 2? Vi 


(b) LOW FREQUENCY APPROXIMATION 


{¢) HIGH FREQUENCY APPROXIMATION 


Figure 6-10. Equivalent Circuit of Network in Figure 6-9 
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3 seen een ae tee aS (6-20) 
Co + Ce 2 1 2 
Rot [ 2nhCs + Co) | 
This ratio increases almost linearly with Rg until Rg approaches the value 2ahC, + C,) ie., the reactance of 


Cg and Cg in parallel. For larger values of Rg, the ratio asymptotically approaches C,/(Cg + Cg). The behavior 
of this voltage ratio with frequency is illustrated in Figure 6-11. The ratio is zero at de and asymptotically 
approaches Co/(Cg + Cg) as the frequency is increased. Equation 6-20 and Figure 6-11 illustrate again that the 
voltage capacitively coupled into the susceptible circuit increases with an increase in the total resistance of the 
circuit and with an increase in frequency. Resonances can occur and change the amount of capacitive coupling 
if the impedance of the susceptible circuit contains inductive reactance, but such resonances usually only 
produce noticeable effects at higher frequencies. 


6.2.2.4 Far-Field Coupling. 


Radiation is the means by which energy escapes from a conductor and propagates into space. The conductor 
does not have to be specifically designed to radiate energy; it may be any current carrying conductor; e.g., a 
signal line, a power line, or even a ground lead. 


Algebraic expressions for the electromagnetic fields surrounding a current carrying conductor are usually 
expressed as the sum of three terms. Each term is inversely proportional to a power of the distance, r, from 
the conductor, i.e., each term is proportional to either 1/, Ur, or 1/r3. Close to the conductor (near field), 
the I/r’ and 1/r’ components dominate and the electromagnetic energy oscillates between the space 
surrounding the conductor and the conductor itself; zero average energy is propagated by the near field terms. 


Outside the near field region, the I/r term predominates. In this far field region, radiated energy that has 
escaped is propagating away from the “antenna” through space. The mechanism of energy radiation can be 
visualized (6-3) by considering the finite time required for the electromagnetic fields to propagate between two 
points in space. Current flows through an antenna at the frequency of the applied signal, and the polarity of the 
field produced by this current is reversed at this same frequency. When a positive charge is present at one end 
of the antenna, an equal but, negative charge is present at the other end and an electric field in the vicinity of 
the antenna will be established between the charges. As the current changes direction, the charges will reverse 
positions; the electromagnetic field will collapse and be re-established in the opposite direction. If the 
frequency of the applied signal is low, sufficient time will exist between reversals for practically all the energy 
stored in the field to be returned to the circuit and very little radiation will occur. If, however, the frequency 
is high and the charges reverse quickly, a field in the opposite direction is formed near the wire before a 
substantial amount of the field energy can return to the circuit. This part of the field is thus separated from 


the antenna and propagates outward through space as an electromagnetic wave. 
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Figure 6-11. Characteristic Voltage Transfer Curve for Capacitive Coupling 


This method of visualizing radiation from a wire or antenna is illustrated for a dipole antenna in Figure 6-12. 
Figure 6-12(a) shows a dipole when the charges are maximum at the ends of the antenna. As the current flow 
reverses directions and the charges move back toward the center, the electric field lines collapse as in (b). 
Since the field moves with a finite velocity, there is not enough time for all the field lines to return to the 
antenna. When the ends of these lines meet at the center of the antenna and the charge on the antenna is zero, 
the field lines that have not collapsed will close on themselves and continue to exist as closed loops as 
illustrated in (c). The antenna charges move in the opposite direction as shown in (d), and the oppositely 
directed electric field pushes away the previously detached loop as shown in (e). This procedure continues with 
the fields in the opposite direction, and a cycle is completed when the fields near the antenna return to their 
original state. These cycles repeat at the frequency of the applied signal, and an electromagnetic field 
propagates outward from the antenna at the speed of light. Although only the electric field is illustrated, there 
is an associated magnetic field in accordance with Maxwell’s equations (6-1). The magnetic field consists of 
concentric circles surrounding the antenna and expanding radially as the electric field propagates outward. 


These outward propagating electric and magnetic fields represent energy flowing away from the antenna. 
Therefore, the antenna radiates energy into the surrounding space. 


In a reciprocal manner, wires and conductors located in a radiated field have currents induced in them and act 
as receiving antennas for incident electromagnetic energy. These induced currents in the wires can then be 
conducted into associated signal circuitry as interference (see Section 6.2.1). The amplitude of the resulting 
interference depends on the strength of the electromagnetic field in the vicinity of the wire and on the 
efficiency of the wire as an antenna. The strength of this field is a function of the distance from the radiating 
wire, the efficiency of the radiating wire as an antenna, and the amplitude and frequency of the signal on the 
radiating wire. The efficiency of a wire or other conductor as either a receiving or a radiating antenna is a 
function of the length of the wire relative to the wavelength of the signal. 
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Figure 6-12. Electric Field Patterns in the Vicinity of a Radiating Dipole 
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One way of evaluating the efficiency of a wire as an antenna is to compare its radiation resistance with the 

radiation resistance of a quarter-wave (3/4) antenna. The radiation resistance of an antenna is the resistance 
which would consume the same amount of power as is radiated by the antenna. Thus the radiation resistance is 
a direct measure of the energy radiated from the antenna. A monopole antenna one-quarter of a wavelength 
long has a radiation resistance of 36.5 ohms (6-4). An antenna which transmits or receives ten percent or less 
of the energy that would be transmitted or received by a }/4 monopole can be considered relatively inefficient. 

Thus an inefficient antenna would exhibit a radiation resistance of 3.65 ohms or less. Monopoles of length /11 
meet this criterion (6-4). Greater convenience in calculations results if 3/10 is chosen instead of}/11, Thus 
iti is chosen to represent the length below which a conductor does not perform effectively as an antenna. 


6.3 COMMON-MODE _NOISE. 


Common-mode noise is an unwanted noise voltage which appears identically on both sides of a signal line when 
measured from the system ground or common point. It, like normal-mode noise, can be caused by resistive 
coupling, capacitive coupling, or magnetic coupling from the unwanted source. In addition, many measuring 
transducers intentionally have a dc or ac common-mode voltage present on both output lines, the presence of 
which is necessary for proper operation of the transducer, Although not a noise source, these common-mode 
voltages require careful design and use of data and instrumentation amplifiers to prevent interference with the 
desired signal components. 


The source of most common-mode noise is resistive coupling between separate ground points in a circuit or 
system. A simple example of this is illustrated in Figure 6-13. An oscilloscope probe is used to couple a signal 
from some point in a circuit to the oscilloscope terminals. The probe ground is connected to circuit ground 
which is in turn referenced through the facility ground system. Since there are generally currents flowing in 
the facility ground system (these are primarily at the 60 Hz power line frequency), it follows that the ground 
reference potential for the circuit is different from that for the oscilloscope. This difference in potential is 
produced by the flow of the stray ground currents through the impedance of the facility ground system. Thus, 
both the ground reference for the circuit and the signal point in the circuit have identical noise voltages 
impressed on them with respect to the ground reference for the oscilloscope. This noise is called 
common-mode noise by virtue of the fact that is common to all points in the circuit, including the circuit 
ground. Not only do these noise sources introduce measurement errors but they also produce interference 


between interconnected equipments. 
Resistively coupled common-mode noise can also occur in a single equipment rather than between equipments. 


The coupling arises from multiple signal currents and power frequency currents flowing in a common ground 
lead, chassis, or ground plane. 
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Figure 6-13. Illustration of Conductively-Coupled Common-Mode Noise 
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6.3.1 Basic Theory of Common-Mode Coupling. 


The mechanism of common-mode coupling can be explained with reference to Figure 6-14. In this figure, Vg 
represents some signal voltage from an unbalanced source, i.e., the output signal of some transducer or 
measuring amplifier, andRg is the output impedance of this source. The source is connected to the input 
terminals of some electronic device which is modeled as a two-terminal pair amplifier in the figure.Rz and Rg 
are the series resistances in the interconnecting cables between the source and amplifiers. The voltage source 
Vm with output resistance Re», represents a common-mode noise voltage source which causes the signal 
source to be at some voltage when measured with respect to the ground reference of the amplifier output. In 
Figure 6-14, the impedances Z; and Zg represent the input impedances of the two amplifier terminals. In a 
differential amplifier, these impedances are normally very high, however, in a single ended amplifier, one is 


high and the other is very low since it is tied directly to the ground reference terminal. 


The analysis of the circuit in Figure 6-14 is complicated enough to make it difficult to reach conclusions 
without excessive algebra. Normally, Rem is small and can be neglected. With this approximation, it can be 
shown that the output voltage of the amplifier is given by 


v= kv 
fe) x (6-21) 
By 20 
mas +R, +Z. £#R,+Z Von 
Be Se Ay 2 + 4 
KZ 
1 
a Vv , 
R, + Ry + Zy s 


where K is the voltage gain of the amplifier. 


There are two signal contributions to the output signal Vg in Equation 6-21: the desired signal and the 
undesired common-mode noise. There are three ways in which the common-mode noise term can be reduced. 
These are as follows: 


a. Decrease Vem - By decreasing Vem, the common-mode noise voltage at the output terminals 
decreases proportionally. 
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Figure 6-14. Common-Mode Noise in Unbalanced Systems 
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b. Balance the Two Amplifier Inputs - IfR, and Rg are manipulated such that 


=a, (6-22) 


the common-mode noise voltage at the amplifier output terminals can be made to vanish. 


c. Increase Z, and Z» - If Z, is sufficiently large compared to R,g+ Ry, and Zg is sufficiently large 
compared to Rg, then the common-mode noise voltage at the amplifier output terminals will be 
diminished. This approach normally requires a differential amplifier with carefully shielded input 


signal lines. 


In the case of balanced signal sources or transducers, the basic circuit and equations differ from those given in 

Figure 6-14 and by Equation 6-21. Figure 6-15 shows a balanced source with an output voltageVg and output 
resistancRg connected to the two inputs of an amplifier. In this case, the center tap of the source is 

connected to the ground reference terminal. As before, if it is assumed that Rey, is small, it can be shown that 
Vo is given by 


V = RV, 
oO x 
Z 
oe 7 25 
R +R, + + 
Re R Z, R, R, + Z, ecm 
2 
Zz Z Vv 
+K 1 Pree encore a8 (6-23) 
+R. + 2Z +R. + Z 2 


ree aes A ar ace aa 
2 2 


The same conclusions regarding the minimization of the common-mode noise component at the amplifier output 
apply in this circuit as for the unbalanced source. However, in this case the amplifier must have a differential 
input stage. Otherwise, one-half of the source would be shorted out. In Figure 6-14, the amplifier can have 
single-ended or differential inputs. 


The common-mode rejection (CMR) ratio of an amplifier is the gain of the amplifier (K) multiplied by the 
common-mode noise voltage (V.m) and divided by the amplifier output due to Veg. The CMR ratio describes a 
circuit’s ability to avoid converting common-mode noise to normal-mode noise. Expressed as a positive 
quantity, the CMR ratio is given by 


CMR= em (6-24) 
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Figure 6-15. Common-Mode Noise in Balanced Systems 
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Ideally, the CMR of an amplifier should be infinite, or as large as possible. Under the worse case conditions, 
CMR = 1. As it is defined, the CMR conveys a measure of how well the amplifier can reject a common-mode 
noise signal at its input. Typical values for a good differential amplifier with balanced input impedances are in 
the vicinity of CMR = 1000. Often this is expressed in decibels which, in this case, would be CMR = 60 dB. 


The CMR for the amplifier in Figure 6-14 is easily derived from Equation 6-21 to be 


CMR = 
(6-25) 


6.3.2 Differential Amplifier. A differential amplifier is designed to make Zg large compared to Rg and Zy 
large compared to Ry + Rg. Since Z, and Zg are normally functions of frequency, it can be seen that the CMR 
will also be a function of frequency. Typically Z; and Z» are resistors shunted by capacitors. Thus, it can be 
seen that the CMR will inevitably decrease with increasing frequency when the capacitive reactance becomes 
smaller than the resistor. Consequently, a high CMR is difficult to achieve at high frequencies. 


6.4 MINIMIZATION TECHNIQUES. Signal interaction, i.e., interference, can be minimized by reducing the 
coupling between the signal systems by modifying the signal systems in such a manner that interaction between 
the systems does not produce interference in either one, by eliminating the source of the interference, and by 
filtering the interference out of the susceptible signal system. 


6.4.1 Reduction of Coupling. The techniques for reducing coupling include minimizing the impedance of the 
reference plane, increasing the spatial separation between the signal systems, shielding the systems from each 


other, reducing the loop area of each signal system, and balancing the signal lines in each system. 


6.4.1.1 Reference Plane Impedance Minimization. Minimizing the impedance of the signal reference plane 
lowers the potential difference between any two points in the reference plane, thereby reducing the conductive 
coupling of interference in susceptible circuits referenced to these points. The impedance of the signal 
reference plane is reduced by minimizing both the resistance (R) and the series reactance (X) of the conductors 
forming the reference plane. The resistance decreases with a decrease in either the length of the conductors or 
the signal frequency (because of skin effect - see Section 5.2.2.1) and with an increase in conductor cross- 
sectional area. The reactance also decreases with a decrease in the signal frequency and with a decrease in the 
inductance of the conductors; the inductance is a function of both the conductor length and cross-sectional 
area. The impedance of the signal reference plane can be reduced by making the reference plane conductors as 
short as possible and by using conductors with cross-sectional areas as large as practical. The overall 
impedance of the signal reference plane also depends upon the establishment of low impedance bonds between 


ground conductors. (The various aspects of bonding and bond resistance are discussed in Chapter 7.) 
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6.4.1.2 Spatial Separation. Inductive or capacitive coupling can be reduced by increasing the physical 
distance between signal circuits. As can be seen from Equation 6-6 and Equations 6-11 and 6-16, increasing the 
separation between the interfering circuit and the susceptible circuit exponentially decreases the voltage 
coupled into the susceptible circuit. 


6.4.1.3 Reduction of Circuit Loop Area. Reducing the loop area of either the interference source circuit or 
the susceptible circuit will decrease the inductive coupling between the circuits. Equation 6-6 shows that the 
inductively coupled voltage can be minimized by reducing the length (2) or the width (r, - 1,) of the susceptible 
circuit. This width can be minimized by running the signal return adjacent to the signal conductor and, hence, 
reducing the loop area of the susceptible circuit. A preferable approach is to twist the signal conductor with its 
return. The use of twisted wires reduces the inductively coupled voltages since the voltage induced in each 


small twist area is approximately equal and opposite to the voltage induced in the adjacent twist area. 


6.4.1.4 Shielding. Another effective means for the reduction of coupling is the use of shields around the 
circuits and around interconnecting lines. Principles of shielding are presented in Chapter 8. 


6.4.1.5 Balanced Lines. 


In situations where signal circuits must be grounded at both the source and the load, and hence, establish 
conductive coupling paths, the use of balanced signal lines and circuits is an effective means of minimizing the 
conductively coupled interference. In a balanced circuit, the two signal conductors are symmetrical with 
respect to ground. At equivalent points on the two conductors the desired signal is opposite in polarity and 
equal in amplitude relative to ground. A common-mode voltage will be in phase and will exhibit equal 
amplitudes on each conductor and will tend to cancel at the load. The amount of cancellation depends upon the 


degree to which the two signal lines are balanced relative to ground. 


If the signal lines are perfectly balanced, the cancellation would be complete and the coupled interference 
voltage at the load will be zero. If the source and load are not normally or cannot be operated in a balanced 
mode, balanced-to-unbalanced transformers or other coupling devices should be used at both the source and load 
ends of the signal line. 


6.4.2 Alternate Methods. 


Several alternate methods exist for minimizing interference besides the reduction of coupling. The first 
technique consists of actual circuit modification. For example, the signal frequency of either the interfering 
source or the susceptible circuit can be changed such that the signals do not interfere with one another. 
Similarly, the desired signal can be transposed to another frequency range or to a type of signal not affected by 
the noise. An example of the former is the conversion of the desired signal to VHF/UHF or microwave while an 
example of the latter is the use of acoustic coupling and electro-optical transmission. Through the use of one 
of these techniques, the frequency of transmission over that portion of the path susceptible to pickup is such 
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that the receiving and detection devices do not respond to the noise signal. As another option, the amplitude of 
the interference source or the sensitivity of the susceptible circuit can be decreased to reduce the interaction 
between the two circuits. Further, the type of modulation used in one or both circuits can be changed to 


minimize the interference. 


Another technique is the elimination of the interference source. Although this may seem like a trivial solution, 
it is a valid alternative in many situations. For example, the source of interference may be a rusty joint which 
can be eliminated by proper bonding. 


A third alternative is the use of filters. The majority of interfering signals, even if they are free-space coupled 
to the signal and power lines, are conductively coupled into the susceptible circuit. The proper application of 
filters to both the signal and power lines can reduce this coupling. 


6.5 FACILITY AND EQUIPMENT REQUIREMENTS. ‘The interference rejection principles identified in this 
chapter are responsible, in part, for many of the recommendations contained elsewhere in this volume and in 
Volume II. For example, intersite or interbuilding common-mode noise voltages in the earth contribute to the 
need for a low resistance of 10 ohms to earth at each facility. Even a resistance to earth of as low as 10 ohms 
may not, however, alleviate all common mode noise on a data cable connecting two separate locations or 
buildings. While a low resistance may help, there will always be potential differences between any two rods in 
the ground. The use of shielded, balanced twisted pair for all lower frequency equipment interfaces 
recommended in Volume II, is intended to provide additional common-mode rejection to those unavoidable noise 
voltages which exist in any facility. This is not to say that the sources of noise in a facility cannot be 
controlled. In fact, much can be done by equalizing the load between the phases of the ac distribution system; 
by insuring that the neutral is grounded only at the service disconnecting means as recommended in Volume II; 
and by limiting the quantity of leakage current from power line filter capacitors by using the smallest 


acceptable value of capacitance or by sharing common filtered lines with several pieces of equipment. 
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CHAPTER 7 


BONDING 


7.1 DEFINITION OF BONDING. As used in these Volumes, bonding refers to the process by which a low 
impedance path for the flow of an electric current is established between two metallic objects. Other types of 


bonding which involve simply the physical attachment of one substance or object to another through various 
mechanical or chemical means are not treated. 


7.2 PURPOSES OF BONDING. 


In any realistic electronic system, whether it be only one piece of equipment or an entire facility, numerous 
interconnections between metallic objects must be made in order to provide electric power, minimize electric 
shock hazards, provide lightning protection, establish references for electronic signals, etc. Ideally, each of 
these interconnections should be made so that the mechanical and electrical properties of the path are 
determined by the connected members and not by the interconnection junction. Further, the joint must 
maintain its properties over an extended period of time in order to prevent progressive degradation of the 
degree of performance initially established by the interconnection. Bonding is concerned with those techniques 
and procedures necessary to achieve a mechanically strong, low impedance interconnection between metal 
objects and to prevent the path thus established from subsequent deterioration through corrosion or mechanical 


looseness. 

In terms of the results to be achieved, bonding is necessary for the: 
a. protection of equipment and personnel from the hazards of lightning discharges, 
b. establishment of fault current return paths, 


Cc. — establishment of homogeneous and stable paths for signal currents, 


d. minimization of rf potentials on enclosures and housings, 
e. protection of personnel from shock hazards arising from accidental power grounds, and 
f. prevention of static charge accumulation. 


With proper design and implementation, bonds minimize differences in potential between points within the fault 
protection, signal reference, shielding, and lightning protection networks of an electronic system. Poor bonds, 
however, lead to a variety of hazardous and interference-producing situations. For example, loose connections 
in ac power lines can produce unacceptable voltage drop at the load, and the heat generated by the load 
current through the increased resistance of the poor joint can be sufficient to damage the insulation of the 
wires which may produce a power line fault or develop a fire hazard or both. Loose or high impedance joints in 
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signal lines are particularly annoying because of intermittent signal behavior such as decreases in signal 
amplitude, increases in noise level, or both. Poor joints in lightning protection networks can be particularly 
dangerous. The high current of a lightning discharge may generate several thousand volts across a poor joint. 
Arcs produced thereby present both a fire and explosion hazard and may possibly be a source of interference to 
equipments. The additional voltage developed across the joint also increases the likelihood of flashover 
occurring to objects in the vicinity of the discharge path. 


A degradation in system performance from high noise levels is frequently traceable to poorly bonded joints in 
circuit returns and signal referencing networks. As noted previously, the reference network provides low 
impedance paths for potentially incompatible signals. Poor connections between elements of the reference 
network increase the resistance of the current paths. The voltages developed by the currents flowing through 
these resistances prevent circuit and equipment signal references from being at the same reference potential. 
When such circuits and equipments are interconnected, the voltage differential represents an unwanted signal 
within the system. 


Bonding is also important to the performance of other interference control measures. For example, adequate 
bonding of connector shells to equipment enclosures is essential to the maintenance of the integrity of cable 
shields and to the retention of the low loss transmission properties of the cables. The careful bonding of seams 
and joints in electromagnetic shields is essential to the achievement of a high degree of shielding effectiveness. 
Interference reduction components and devices also must be well bonded for optimum performance. Consider a 
typical power line filter like that shown in Figure 7-1. If the return side of the filter (usually the housing) is 
inadequately bonded to the ground reference plane (typically the equipment case or rack), the bond impedance 
Zp may be high enough to impair the filter’s performance. The filter as shown is a low pass filter intended to 
remove high frequency interference components from the power lines of equipment. The filter achieves its goal 
in part by the fact that the reactance, X¢, of the shunt capacitors is low at the frequency of the interference. 
Interfering signals present on the ac line are shunted to ground along Path 1 and thus do not reach the load. If 
Zp is high relative toX¢, however, interference currents will follow Path 2 to the load and the effectiveness of 
the filter is compromised. 


L 
TO 
POWER LINE AC 
INPUT C @) C LOAD 


PATH (1) 


Figure 7-1. Effects of Poor Bonding on the Performance of a Power Line Filter 
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If a joint in a current path is not securely made or works loose through vibration, it can behave like a set of 
intermittent contacts. Even if the current through the joint is at dc or at the ac power frequency, the sparking 


which occurs may generate interference signals with frequency components up to several hundred megahertz. 


Poor bonds in the presence of high level rf fields, such as those in the immediate vicinity of high powered 
transmitters, can produce a particularly troublesome type of interference. Poorly bonded joints have been 
shown to generate cross modulation and other mix products when irradiated by two or more high level signals 
(7-1). Some metal oxides are semiconductors and behave as nonlinear devices to provide the mixing action 


between the incident signals. Interference thus generated can couple into nearby susceptible equipments. 
7.3 RESISTANCE CRITERIA. 


A primary requirement for effective bonding is that a low resistance path be established between the two joined 
objects. The resistance of this path must remain low with use and with time. The limiting value of resistance 
at a particular junction is a function of the current (actual or anticipated) through the path. For example, 
where the bond serves only to prevent static charge buildup, a very high resistance, i.e., 50 kilohms or higher, is 
acceptable. Where lightning discharge or heavy fault currents are involved, the path resistance must be very 
low to minimize heating effects. 


Noise minimization requires that path resistances of less than 50 milliohms be achieved. However, noise 
control rarely ever requires resistances as low as those necessary for fault and lightning currents. Bond 
resistance based strictly on noise minimization requires information on what magnitude of voltage constitutes 
an interference threat and the magnitude of the current through the junction. These two factors will be 


different for every situation. 


A bonding resistance of 1 milliohm is considered to indicate that a high quality junction has been achieved. 
Experience shows that 1 milliohm can be reasonably achieved if surfaces are properly cleaned and adequate 
pressure is maintained between the mating surfaces. A much lower resistance could provide greater protection 
against very high currents but could be more difficult to achieve at many common types of bonds such as at 
connector shells, between pipe sections, etc. However, there is little need to strive for a junction resistance 


that is appreciably less than the intrinsic resistance of the conductors being joined. 


Higher values of resistance tend to relax the bond preparation and assembly requirements. These requirements 
should be adhered to in the interest of long term reliability. Thus, the imposition of an achievable, yet low, 
value of 1 milliohm bond resistance ensures that impurities are removed and that sufficient surface contact 


area is provided to minimize future degradation due to corrosion. 


A similarly low value of resistance between widely separated points on a ground reference plane or network 
ensures that all junctions are well made and that reasonably adequate quantities of conductors are provided 
throughout the plane or network. In this way, resistive voltage drops are minimized which helps with noise 
control. In addition, the low value of resistance tends to force the use of reasonably sized conductors which 
helps minimize path inductance. 
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It should be recognized that a low dc bond resistance is not a reliable indicator of the performance of the bond 
at higher frequencies. Inherent conductor inductance and stray capacitance, along with the associated standing 
wave effects and path resonances, will determine the impedance of the bond. Thus, in rf bonds these factors 
must be considered along with the dc resistance. 


7.4 DIRECT BONDS. 


Direct bonding is the establishment of the desired electrical path between the interconnected members without 
the use of an auxiliary conductor. Specific portions of the surface areas of the members are placed in direct 
contact. Electrical continuity is obtained by establishing a fused metal bridge across the junction by welding, 
brazing, or soldering or by maintaining a high pressure contact between the mating surfaces with bolts, rivets, 
or clamps. Examples of direct bonds are the splices between bus bar sections, the connections between 
lightning down conductors and the earth electrode subsystem, the mating of equipment front panels to 


equipment racks, and the mounting of connector shells to equipment panels. 


Properly constructed direct bonds exhibit a low dc resistance and provide an rf impedance as low as the 
configuration of the bond members will permit. Direct bonding is always preferred; however, it can be used 
only when the two members can be connected together and can remain so without relative movement. The 
establishment of electrical continuity across joints, seams, hinges, or fixed objects that must be spatially 
separated requires indirect bonding with straps, jumpers, or other auxiliary conductors. 


Current flow through two configurations of a direct bond is illustrated in Figure 7-2. The resistance,R», of the 
path through the conductors on either side of the bond is given by 


Re = px (7-1) 


where p is the resistivity of the conductor materials, 2 is the total path length of the current through 
conductors, and A is the cross-sectional area of the conductors (assumed equal). Any bond resistance at the 
junction will increase the total path resistance. Therefore, the objective in bonding is to reduce the bond 
resistance to a value negligible in comparison to the conductor resistance so that the total path resistance is 
primarily determined by the resistance of the conductors. 


Metal flow processes such as welding, brazing, and silver soldering provide the lowest values of bond resistance. 
With such processes, the resistance of the joint is determined by the resistivity of the weld or filler metal which 
can approach that of the metals being joined. The bond members are raised to temperatures sufficient to form 
a continuous metal bridge across the junction. 


For reasons of economy, future accessibility, or functional requirements, metal flow processes are not always 
the most appropriate bonding techniques. It may then be more appropriate to bring the mating surfaces 
together under high pressure. Auxiliary fasteners such as bolts, screws, rivets or clamps are employed to apply 
and maintain the pressure on the surfaces. The resistance of these bonds is determined by the kinds of metals 
involved, the surface conditions within the bond area, the contact pressure at the surfaces, and the cross- 
sectional area of the mating surfaces. 
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Figure 7-2. Current Flow Through Direct Bonds 
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7.4.1 Contact Resistance. 


No metallic surface is perfectly smooth. In fact, surfaces consist of many peaks and valleys. Even the 
smoothest commercial surfaces exhibit an RMS roughness of 0.5 to | millionth of an inch (7-2); the roughness 
of most electrical bonding surfaces will be several orders of magnitude greater. When two such surfaces are 
placed in contact, they touch only at the tips of the peaks - so called asperities. Thus the actual area of 


contact for current flow is much smaller than the apparent area of metallic contact. 


An exaggerated side view of the actual contact surfaces at a bond interface is shown in Figure 7-3. 
Theoretically, two infinitely hard surfaces would touch at only three asperities. Typically, however, under 
pressure elastic deformation and plasticity allows other asperities to come into contact. Current passes 
between the surfaces only at those points where the asperities have been crushed and deformed (7-3) to 
establish true metal contact. The actual area of electrical contact is equal to the sum of the individual areas 
of contacting asperities. This actual area of contact can be as little as one millionth of the apparent (gross 


surface) contact area (7-4). 
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Figure 7-3. Nature of Contact Between Bond Members 
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7.4.1.1 Surface Contaminants. 


Surface films will be present on practically every bond surface. The more active metals such as iron and 
aluminum readily oxidize to form surface films while the noble metals such as gold, silver, and nickel are less 
affected by oxide films. Of all metals, gold is the least affected by oxide films. Although silver does not 
oxidize severely, silver sulfide forms readily in the presence of sulfur compounds. 


If the surface films are much softer than the contact material, they can be squeezed from between the 
asperities to establish a quasi-metallic contact. Harder films, however, may support all or part of the applied 
load, thus reducing or eliminating the conductive contact area. If such films are present on the bond surfaces, 
they must be removed through some thermal, mechanical, or chemical means before joining the bond members. 
Even when metal flow processes are used in bonding, these surface films must be removed or penetrated to 
permit a homogeneous metal path to be established. 


Foreign particulate matter on the bond surfaces will further impair bonding. Dirt and other solid matter such 
as high resistance metal particles or residue from abrasives can act as stops to prevent metallic contact. 
Therefore, all such materials must be thoroughly removed from the surfaces prior to joining the bond members. 


7.4.1.2 Surface Hardness. The hardness of the bond surfaces also affects the contact resistance. Under a 
given load, the asperities of softer metals will undergo greater plastic deformation and establish greater 
metallic contact. Likewise, at a junction between a soft and a hard material, the softer material will tend to 
conform to the surface contours of the harder material and will provide a lower resistance contact than would 
be afforded by two hard materials. Table 7-1 shows how the resistance of 6.45 square cm (1 square inch) bonds 
varies with the type of metals being joined. 


7.4.1.3 Contact Pressure. The influence of mechanical load on bond resistance is illustrated by Figure 7-4. 
This figure shows the resistance variation of a 6.45 square cm (1 square inch) bond held in place with a 1/4-20 
steel bolt as a function of the torque applied to the bolt. The resistance variation for brass is lowest due to its 
relative softness and the absence of insulating oxide films. Even though aluminum is relatively soft, the 
insulating properties of aluminum oxide cause the bond resistance to be highly dependent upon fastener torque 
up to approximately 40 in.-lb torque (which corresponds to a contact pressure of about 1200 psi). Steel, being 
harder and also susceptible to oxide formations, exhibits a resistance that is dependent upon load below 
80 in.-lb or about 1500 psi (for mild steel), Above these pressures, no significant improvement in contact 
resistance can be expected. 
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Table 7-1 


DC Resistance of Direct Bonds Between Selected Metals 


Bond Composition Resistance _(Micro-ohms) 
Brass-Brass 6 
Aluminum-Aluminum 25 
Brass-Aluminum 50 
Brass-Steel 150 
Aluminum-Steel 300 
Steel-Steel 1500 


Notes: Apparent Bond Area: | in2 (6.45 em2) 
Fastener Torque: 100 in -Ib 


Source: Adapted from Reference (7-5) 


7.4.1.4 Bond Area. 


Smaller bond areas with the same loadings would produce higher contact pressure which would decrease the 
resistance. However, as shown in Figure 7-4, an increase in pressure over 1500 psi for steel and 1200 psi for 
aluminum produces relatively slight changes in bond resistance. Further, the improvement in resistance due to 
increased pressure is offset by the smaller overall bond area. In a similar fashion, a larger bond area (with no 
change in fastener size) under the same torque results in a lowered pressure at the bond surfaces. The reduced 
pressure would be counterbalanced to some extent by the increased bond area, but the net effect can be 
expected to be an increase in bond resistance. Thus, when larger bond areas are used, larger bolts at 
correspondingly higher torques should be used for fastening. (See Para 7.4.2.4) 
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Bond mating surfaces with areas as large as practical are desirable for several reasons. Large surface areas 
maximize the cross-sectional area of the path for current and correspondingly maximizes the total number of 
true metallic contacts between the surfaces. In addition to the obvious advantage of decreased bond resistance, 
the current crowding which can occur during power fault conditions or under a severe lightning discharge is 
lessened. Such current crowding produces a higher effective bond resistance than is present during low current 
flow. The increased bond resistance raises the voltage drop across the junction to even higher values and adds 
to the heat generated at the junction by the heavy current flow. Large bond areas not only lessen the factors 
which contribute to heat generation, they also distribute the heat over a larger metallic area which facilitates 
its removal. A further advantage of a large bond is that it will probably provide greater mechanical strength 
and will be less susceptible to long term erosion by corrosive products because only a small portion of the total 


bond area is exposed to the environment. 


7.4.2 Direct Bonding Techniques. 


Direct bonds may be either permanent or semi-permanent in nature. Permanent bonds may be defined as those 
intended to remain in place for the expected life of the installation and not required to be disassembled for 
inspection, maintenance, or system modifications. Joints which are inaccessible by virtue of their location 


should be permanently bonded and appropriate steps taken to protect the bond against deterioration. 


Many bonded junctions must retain the capability of being disconnected without destroying or significantly 
altering the bonded members. Junctions which should not be permanently bonded include those which may be 
broken for system modifications, for network noise measurements, for resistance measurements, and for other 
related reasons. In addition, many joints cannot be permanently bonded for cost reasons. All such connections 
not permanently joined are defined as semipermanent bonds. Semipermanent bonds include those which utilized 


bolts, screws, rivets, clamps and other auxiliary devices for fasteners. 
7.4.2.1 Welding. 


In terms of electrical performance, welding is the ideal method of bonding. The intense heat (in excess of 
4000° F) involved is sufficient to boil away contaminating films and foreign substances. A continuous metallic 
bridge is formed across the joint; the conductivity of this bridge typically approximates that of the bond 
members. The net resistance of the bond is essentially zero because the bridge is very short relative to the 
length of the bond members. The mechanical strength of the bond is high; the strength of a welded bond can 
approach or exceed the strength of the bond members themselves. Since no moisture or contaminants can 
penetrate the weld, bond corrosion is minimized. The erosion rate of the metallic bridge should be comparable 
to that of the base members; therefore, the lifetime of the bond should be as great as that of the bond 


members. 


Welds should be utilized whenever practical for permanently joined bonds. Although welding may be a more 
expensive method of bonding, the reliability of the joint makes it very attractive for bonds which will be 
inaccessible once construction is completed. Most metals which will be encountered in normal construction can 
be welded with one of the standard welding techniques such as gas, electric arc, Heliarc and exothermic. 
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Conventional welding should be performed only by appropriately trained and qualified personnel. Consequently, 
increased labor costs can be expected. In many instances, also, the welding of bonds can be much slower than 
the installation of fasteners such as bolts or rivets. In such cases, the added costs of welding may force the use 
of alternate bonding techniques. 


An effective welding technique for many bonding applications is the exothermic process. In this process, a 
mixture of aluminum, copper oxide, and other powders is held in place around the joint with a graphite mold. 
The mixture is ignited and the heat generated (in excess of 4000° F) reduces the copper oxide to provide a 
homogeneous copper blanket around the junction. Because of the high temperatures involved, copper materials 
can be bonded to steel or iron as well as to other copper materials. 


Two examples of exothermic bonds are shown in Figure 7-5. The top photograph shows a 4/0 copper clad cable 
bonded to a steel plate. The bottom photograph shows two 4/0 copper clad cables axially bonded together. The 
tight mechanical bond established by this process is evident from these photographs. Figure 7-6 shows 
examples of the various bond configurations for which molds are readily available. 


This process is advantageous for welding cables together, for welding cables to rods, or for welding cables to I- 
beams and other structural members. It is particularly attractive for the bonding of interconnecting cables to 
ground rods where the use of conventional welding techniques might be awkward or where experienced welders 
are not available. Because of the cost of the molds (a separate mold is necessary for each different bond 
configuration), this process is most economical when there are several bonds of the same configuration to be 
made. 


When using this process, the manufacturer’s directions should be followed closely. The mold should be dried or 
baked out as specified, particularly when the mold has not been used for several hours and may have absorbed 
moisture. The metals to be bonded should be cleaned of dirt and debris and should have the excess water dried 
off. Water, dirt and other foreign materials cause voids in the weld which may weaken it or may prevent a low 
resistance joint from being achieved. A further requirement is that the mold size must match the cable or 
conductor cross sections; otherwise, the molten metal will not be confined to the bond region. 


7.4.2.2 Brazing. 


Brazing to include silver soldering is another metal flow process for permanent bonding. In brazing, the bond 
surfaces are heated to a temperature above 800° F ‘but below the melting point of the bond members. A filler 
metal with an appropriate flux is applied to the heated members which wets the bond surfaces to provide 
intimate contact between the brazing solder and the bond surfaces. As with higher temperature welds, the 
resistance of the brazed joint is essentially zero. However, since brazing frequently involves the use of metal 
different from the primary bond members, additional precautions must be taken to protect the bond from 
deterioration through corrosion. 
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Figure 7-6. Typical Bond Configurations Which Can Be Implemented With The Exothermic Process 
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7.4.2.3 Soft Solder. 


Soft soldering is an attractive metal flow bonding process because of the ease with which it can be applied. 
Relatively low temperatures are involved and it can be readily employed with several of the high conductivity 
metals such as copper, tin and cadmium. With appropriate fluxes, aluminum and other metals can be soldered. 
Properly applied to compatible materials, the bond provided by solder is nearly as low in resistance as one 
formed by welding or brazing. Because of its low melting point, however, soft solder should not be used as the 
primary bonding material where high currents may be present. For this reason, soldered connections are not 
permitted by MIL-STD-188-124A or the National Electrical Code in grounding circuits for fault protection. 
Similarly, soft solder is not permitted for interconnections between elements of lightning protection networks 
by either the Military Standard, the National Fire Protection Association’s Lightning Protection Code or the 
Underwriter’s Master Labeled System. In addition to its temperature limitation, soft solder exhibits low 
mechanical strength and tends to crystallize if the bond members move while the solder is cooling. Therefore, 
soft solder should not be used if the joint must withstand mechanical loading. The tendency toward 


crystallization must also be recognized and proper precautions observed when applying soft solder. 


Soft solder can be used effectively in a number of ways, however. For example, it can be used to tin surfaces 
prior to assembly to assist in corrosion control. Soft solder can be used effectively for the bonding of seams in 
shields and for the joining of circuit components together and to the signal reference subsystem associated with 
the circuit. Soft solder is often combined with mechanical fasteners in sweated joints. By heating the joint hot 
enough to melt the solder, a low resistance filler metal is provided which augments the path established by the 
other fasteners; in addition, the solder provides a barrier to keep moisture and contaminants from reaching the 
mating surfaces. 


7.4.2.4 Bolts. 


In many applications, permanent bonds are not desired. For example, equipments must be removed from 
enclosures or moved to other locations which require that ground leads and other connections must be broken. 
Often, equipment covers must be removable to facilitate adjustments and repairs. Under such circumstances, a 
permanently joined connection could be highly inconvenient to break and would limit the operational flexibility 
of the system. Besides offering greater flexibility, less permanent bonds may be easier to implement, require 
less operator training, and require less specialized tools. 


The most common semipermanent bond is the bolted connection (or one held in place with machine screws, lag 
bolts, or other threaded fasteners) because this type bond provides the flexibility and accessibility that is 
frequently required. The bolt (or screw) should serve only as a fastener to provide the necessary force to 
maintain the 1200-1500 psi pressure required between the contact surfaces for satisfactory bonding. Except for 
the fact that metals are generally necessary to provide tensile strength, the fastener does not have to be 
conductive. Although the bolt or screw threads may provide an auxiliary current path through the bond, the 
primary current path should be established across the metallic interface. Because of the poor reliability of 
screw thread bonds, self-tapping screws are never to be used for bonding purposes. Likewise, Tinnernman nuts, 
because of their tendency to vibrate loose, should not be used for securing screws or bolts intended to perform a 
bonding function. 
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Figure 7-7. Nomograph for Torque on Bolts (7-6) 


The size, number and spacing of the fasteners should be sufficient to establish the required bonding pressure 
over the entire joint area. The pressure exerted by a bolt is concentrated in the immediate vicinity of the bolt 
head. However, large, stiff washers can be placed under the bolt head to increase the effective contact area. 
Because the load is distributed over a larger area, the tensile load on the bolt should be raised by increasing the 
torque. The nomograph of Figure 7-7 may be used to calculate the necessary torque for the size bolts to be 
used. Where the area of the mating surfaces is so large that unreasonably high bolt torques are required, more 


than one bolt should be used. For very large mating areas, rigid backing plates should be used to distribute the 
force of the bolts over the entire area. 


7.4.2.5 Rivets. 


Riveted bonds are less desirable than bolted connections or joints bridged by metal flow processes. Rivets lack 
the flexibility of bolts without offering the degree of protection against corrosion of the bond surface that is 


achieved by welding, brazing or soldering. The chief advantage of rivets is that they can be rapidly and 
uniformly installed with automatic tools. 
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The bonding path established by a rivet is illustrated in Figure 7-8. The current path through a rivet is 
theorized to be through the interface between the bond members and the rivet body. This theory is justified by 
experience which shows that the fit between the rivet and the bond members is more important than the state 
of the mating surfaces between the bond members. Therefore, the hole for the rivet must be a size that 
provides a close fit to the rivet after installation. The sides of the hole through the bond members must be free 
of paint, corrosion products, or other non-conducting material. 


For riveted joints in shields, the maximum spacing between rivets is recommended to be approximately 2 cm 
(3/4 inch) or less (7-7). In relatively thin sheet metal, rivets can cause bowing of the stock between the rivets 
as shown by Figure 7-9. In the bowed or warped regions, metal-to-metal contact may be slight or nonexistent. 
These open regions allow rf energy to leak through and can be a major cause of poor rf shield performance. By 
spacing the rivets close together, warping and bowing are minimized. For maximum rf shielding, the seam 
should be gasketed with some form of wire mesh or conductive epoxy to supplement the bond path of the rivets. 


7.4.2.6 Conductive Adhesive. Conductive adhesive is a silver-filled, two-component, thermosetting epoxy 
resin which when cured produces an electrically conductive material. It can be used between mating surfaces 
to provide low resistance bonds. It offers the advantage of providing a direct bond without the application of 
heat as is required by metal flow processes. In many locations, the heat necessary for metal flow bonding may 
pose a fire or explosion threat. When used in conjunction with bolts, conductive adhesive provides an effective 
metal-like bridge with high corrosion resistance along with high mechanical strength. In its cured state, the 
resistance of the adhesive may increase through time. It also tends to adhere tightly to the mating surfaces and 
thus an epoxy-bolt bond is less convenient to disassemble than a simple bolted bond. In some applications, the 
advantages of conductive adhesive may outweigh this inconvenience. 


7.4.2.7 Comparison of Techniques. Table 7-2 shows comparative ratings of the most commonly used bonding 
methods. In this table a rating from zero to 10 is assigned to each method for each performance parameter. A 
rating of 10 means that the method is suitable from the standpoint of the specific parameter listed in the 
extreme left hand column of the table. Lower ratings mean that the method is less suitable. A zero rating 
implies the method is a poor choice, while the dash means it does not apply. One-hundred percent consistency 
in ratings is impossible because any given method may vary widely in workmanship. A low-rated method 
expertly performed, will work better than a high-rated poorly performed method. When using the table assume 
that all methods are equally well implemented. 


7.5 INDIRECT BONDS. The preferred method of bonding is to connect the objects together with no 
intervening conductor. Unfortunately, operational requirements or equipment locations often preclude direct 
bonding. When physical separation is necessary between the elements of an equipment complex or between the 
complex and its reference plane, auxiliary conductors must be incorporated as bonding straps or jumpers. Such 
straps are commonly used for the bonding of shock mounted equipment to the structural ground reference. 
They are also used for by-passing structural elements, such as the hinges on distribution box covers or on 
equipment covers, to eliminate the wideband noise generated by these elements when illuminated by intense 
radiated fields or when carrying high level currents. Bond straps or cables are also used to prevent static 


charge buildup and to connect metal objects to lightning down conductors to prevent flashover. 
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Figure 7-8. Bonding Path Established by Rivets 
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Figure 7-9. An Improperly Riveted Seam 


Table 7-2 


Ratings of Selected Bonding Techniques* 


Thermal Chemical Mechanical 


Exo- Con- Screws 
Gas or thermic Spot ductive Twisted Wire 


Solder Braze Arc Weld Weld Weld Adhesive Bolts Crime Rivets Clamps Wire Terminal Wires Nuts 


Low Resistance 9 10 10 10 10 3 9 9 9 8 9 9 9 9 
Resistance 
Electrical Stability 10 10 0 10 10 7 8 9 9 5 7 9 a) 8 
Properties) Voltage Drop 9 10 0 10 10 5 9 9 10 8 8 9 5 8 
Current 
Capacity § 10 10 10 9 | 9 9 9 8 9 9 8 9 
Pulloff Force 8 10 10 10 10 | 9 9 9 9 3 10 2 8 
Mechanicalf Low Creep 9 10 10 10 10 5 9 9 9 8 3 8 2 8 
Properties Strength 6 10 10 10 7 4 9 9 10 8 5 9 4 8 
7 Solid Wire 10 10 10 10 10 10 10 10 5 9 10 - 9 10 
% Conductor ae Wire 9 9 8 9 0 9 9 10 2 9 2 - 9 10 
Applica- Aluminum Wire 5 2 | 8 0 2 9 8 4 9 4 - | 6 
bility Bus Bars and 
Structures 8 8 8 9 9 6 9 7 10 7 - 10 - - 
High Tempera- 
ture 3 9 10 10 10 1 8 9 4 5 7 8 5 7 
Low Temperature 9 10 10 10 10 5 8 9 5 5 8 8 7 7 
Environ- Thermal Shock 8 9 10 10 10 7 9 8 4 5 2 8 2 8 
mental Vibration 6 7 10 10 9 1 7 9 5 4 2 9 | 7 
Corrosive 
Atmosphere 9 10 10 10 10 5 6 9 8 3 7 9 4 8 
Aging 9 10 10 10 10 5 8 8 8 7 7 8 7 8 
Cost Tooling 7 4 3 4 4 9 8 8 7 10 9 10 10 10 
Economy A Brocese 6 5 5 5 5 8 5 9 8 10 10 10 10 10 
Accessi- Method Needs 
bility in | Little Space 8 5 4 5 8 8 8 9 8 9 9 9 10 8 
Assembly ‘Ease of Repair 8 6 5 F) 9 9 9 7 9 10 10 10 9 


Source: Adapted from Reference (7-8) 
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7.5.1 Resistance. The resistance of an indirect bond is equal to the sum of the intrinsic resistance of the 
bonding conductor and the resistances of the metal-to-metal contacts at each end. The resistance of the strap 
is determined by the resistivity of the material used and the dimensions of the strap. With typical straps, the 
dc bond resistance is small. For example with a resistivity of 1.72 x 10-Sohm-cm, (6.77 x 10-7 ohm-inches), a 
copper conductor 2.5 cm, (1 inch) wide, 40 mils thick, and 0.3 meters (1 foot) long has a resistance of 0.2 
milliohms. To this resistance will be added the sum of the dc resistances of the direct bonds at the ends of the 
strap. With aluminum, copper, or brass straps, these resistances should be less than 0.1 milliohm with properly 


made connections. If long straps are required, however, the resistance of the conductor can be significant (see, 
for example Table 5-1). 


7.5.2 Frequency Effects. 


7.5.2.1 Skin Effect. Because high conductivity materials attenuate radio frequencies rapidly, high frequency 
currents do not penetrate into conductors very far, ie., they tend to stay near the surface. At frequencies 
where this effect becomes significant the ac resistance of the bond strap can differ significantly from its dc 
value. For a detailed discussion of skin effect, see Section 5.2.2.1. 


7.5.2.2. Bond Reactance. 


The geometrical configuration of the bonding conductor and the physical relationship between objects being 
bonded introduce reactive components into the impedance of the bond. The strap itself exhibits an inductance 
that is related to its dimensions. For a straight, flat strap of nonmagnetic metal, the inductance in 
microhenries is given by 


2% bie 
L = 0.0022 (2.303 log Bre + 0.5 + 0.2235 —F ) pH (7-2) 
or, for a wire of circular cross section, by 
4% 
L = 0.0022 (2.303 tog G- 0.75) uH 7-3 


where = length in cm, 


width of the strap in cm 


2 
b 
c thickness of the strap in cm, and 
d 


= diameter of the wire in cm. 

Table 7-3 shows the calculated inductance, using Equation (7-2), of a nonmagnetic rectangular strap, 6 inches 
(15.2 cm) long. Table 7-4 compares the inductance of 6, 12, and 36 inch lengths of 0.05 inch (1.27 mm) thick 
straps while Table 7-5 tabulates the inductance of 6, 12, and 36 inch lengths of selected standard size cables 


from No. 14 AWG to 4/0 AWG. The inductive reactance of the straps tabulated in Tables 7-4 and 7-5 is plotted 
in Figure 7-10 for frequencies up to 100 MHz. 


7-19 


MIL-HDBK-419A 
Table 7-3 


Calculated Inductance of a 6 inch (15.2 cm) Rectangular Strap 


Width, b Thickness, c L 
(in.) (in.) (uH) 
0.5 (12.7 mm) 0.01 (0.25 mm) 0.112 
0.5 0.05 (1.27 mm) 0.110 
0.5 0.10 (2.54 mm) 0.107 
1.0 (25.4 mm) 0.01 0.092 
1.0 0.05 0.091 
1.0 0.10 0.089 
2.0 (50.8 mm) 0.01 0.072 
2.0 0.05 0.071 
2.0 0.10 0.071 

Table 7-4 


Calculated Inductance (yH) of 0.05 Inch (1.27 mm) Thick Straps 


Length 
Width (in.) 6 in. (15.2 cm) 12 in. 30.4 cm) 36 in. (91 cm) 
0.5 (12.7 mm) 0.110 0.261 0.984 
1.0 (25.4 mm) 0.091 0.222 0.866 
2.0 (50.8 mm) 0.071 0.183 0.745 
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Table 7-5 


Calculated Inductance : (1H) of Standard Size Cable 


Length 

AWG No. 6 in. 12 in. 36 in. 
4/0 0.098 0.238 0.914 
1/0 0.108 0.259 0.977 

2 0.115 0.273 1.020 
0.122 0.287 1.063 

6 0.129 0.301 1.105 
10 0.144 0.329 1.189 

14 0.158 0.358 1.274 


Even at relatively low frequencies, the reactance of the inductive component of the bond impedance becomes 
much larger than the resistance (7-5), (7-9). Thus, in the application of bonding straps, the inductive properties 
as well as the resistance of the strap must be considered. 


The physical size of the bonding strap is important because of its effect on the rf impedance. As the length, 2, 
of the strap is increased, its impedance increases nonlinearly for a given width; however, as the width, b, 
increases, there is a nonlinear decrease in strap impedance. Figure 7-11 shows that the relative reactance of a 
strap decreases significantly as the length to width (%/b) ratio decreases. The curve shows that a strap with an 
2/b ratio of 5 to | has an inductive reactance that is 45 percent that of a thin wire (i.e., very high ratio of 2 to 
b); a 3 to 1 ratio decreases this percentage to 38 percent. Because of this reduction in reactance, bonding 
straps which are expected to provide a path for rf currents are frequently recommended to maintain a 
length-to-width ratio of 5 to 1 or less, with a ratio of 3 to | preferred. 


In many applications, braided straps are preferred over solid straps because they offer greater flexibility. 
Figure 7-12 compares the measured impedance properties of a braided copper strap with those of a solid copper 
strap and shows that no significant difference exists between the impedance of the braided or solid strap for 
frequencies up to 10 MHz. Other tests (7-9) confirm that there is no essential difference in the rf impedance 
properties of braided and solid straps of the same dimensions and made of the same materials. Because the 
strands are exposed they are more susceptible to corrosion; braided straps may be undesirable for use in some 
locations for these reasons. Fine braided straps also are generally not recommended because of higher 
impedances at the higher frequencies as well as lower current carrying capacities. 
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Figure 7-10. Inductive Reactance of Wire and Strap Bond Jumpers 
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7.5.2.3, Stray Capacitance. 


A certain amount of stray capacitance is inherently present between the bonding jumper and the objects being 
bonded as well as between the bonded objects themselves. Figure 7-13 shows an equivalent circuit for the 
bonding strap alone. Rg represents the ac resistance of the strap; Lg is the inductance which may be calculated 
with either Equation 7-2 or 7-3; and Cg is the stray capacitance between the jumper and the two members 
being bonded. Except for extremely short straps, the magnitude of the inductive reactance of the strap will be 
significantly larger than the resistance and, at frequencies above approximately 100 kHz, theR, term can be 
ignored. Thus, not considering Rg, the equation for the magnitude of impedance,Z,, of the equivalent circuit is 


wL 
s 


a ee 7-4) 
l-w LC 
ss 


The equivalent circuit of Figure 7-13 does not take into account the effects of the equipment enclosure or 
other objects being bonded. Figure 7-14 shows the true equivalent circuit of an indirectly bonded system. The 
bonding strap parameters are again represented byRg, Cg, Lg. 
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Figure 7-11. Relative Inductive Reactance versus Length-to-Width Ratio of Flat Straps (7-10) 
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Figure 7-12. Frequency Variation of the Impedance of Simple Conductors (7-5) 
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Figure 7-14. True Equivalent Circuit of a Bonded System 
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The inherent inductance of a bonded object, e.g., an equipment rack or cabinet, is represented byLe and the 
capacitance between the bonded members, i.e., between the equipment and its reference plane, is represented 
by C,. In most situations , Lg >> Le, Ce >> Cg, and Rg can again be ignored. Thus, the primary (i.e., the lowest) 
resonant frequency is given by 


1 
f = —— 7-5 
T onybeCe (7-5) 
These resonances can occur at surprisingly low frequencies -- as low as 10 to 15 MHz (7-5) in typical 


configurations. In the vicinity of these resonances, bonding path impedances of several hundred ohms are 
common. Because of such high impedances, the strap is not effective. In fact, in these high impedance regions, 
the bonded system may act as an effective antenna system which increases the pickup of the same signals which 
bond straps are intended to reduce. Figures 7-15 and 7-16 show the measured effectiveness of two different 
lengths of bonding straps in the reduction of the voltage induced by a radiated field on an equipment cabinet 
above a ground plane. The bond effectiveness indicates the amount of voltage reduction achieved by the 
addition of the bonding strap. Positive values of bonding effectiveness indicate a lowering of the induced 
voltage. At frequencies near the network resonances, the induced voltages are higher with the bonding straps 
than without the straps. Figures 7-15 and 7-16 show that: 


a. at low frequencies where the reactance of the strap is low, bonding straps will provide effective 
bonding; 
b. at frequencies where parallel resonances exist in the bonding network, straps may severely enhance 


the pickup of unwanted signals and 


c. above the parallel resonant frequency, bonding straps do not contribute to the pickup of radiated 
signals either positively or negatively. 


In conclusion, bonding straps should be designed and used with care with special note taken to ensure that 


unexpected interference conditions are not generated by the use of such straps. 


7.6 SURFACE PREPARATION. To achieve an effective and reliable bond, the mating surfaces must be free 
of any foreign materials, e.g., dirt, filings, preservatives, etc., and nonconducting films such as paint, anodizing, 
and oxides and other metallic films. Various mechanical and chemical means can be used to remove the 
different substances which may be present on the bond surfaces. After cleaning, the bond should be assembled 
or joined as soon as possible to minimize recontamination of the surfaces. After completion of the joining 


process, the bond region should be sealed with appropriate protective agents to prevent bond deterioration 
through corrosion of the mating surfaces. 
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7.6.1 Solid Materials. 


Solid material such as dust, dirt, filings, lint, sawdust and packing materials impede metallic contact by 
providing mechanical stops between the surfaces. They can affect the reliability of the connection by fostering 
corrosion. Dust, dirt, and lint will absorb moisture and will tend to retain it on the surface. They may even 
promote the growth of molds, fungi, and bacteriological organisms which give off corrosive products. Filings of 


foreign metals can establish tiny electrolytic cells (see Section 7.8) which will greatly accelerate the 
deterioration of the surfaces. 


The bond surface should be cleaned of all such solid materials. Mechanical means such as brushing or wiping are 
generally sufficient. Care should be exercised to see that all materials in grooves or crevices are removed. If a 
source of compressed air is available, air blasting is an effective technique for removing solid particles if they 
are dry enough to be dislodged. 


7.6.2 Organic Compounds. 


Paints, varnishes, lacquers, and other protective compounds along with oils, greases and other lubricants are 
nonconductive and, in general, should be removed. Commercial paint removers can be used effectively. 
Lacquer thinner works well with oil-based paints, varnish, and lacquer. If chemical solvents cannot be used 
effectively, mechanical removal with scrapers, wire brushes, power sanders, sandpaper, or blasters should be 
employed. When using mechanical techniques, care should be exercised to avoid removing excess material from 
the surfaces. Final cleaning should be done with a fine, such as 400-grit, sandpaper or steel wool. After all of 
the organic material is removed, abrasive grit or steel wool filaments should be brushed or blown away. A final 
wipe down with denatured alcohol, dry cleaning fluid, or lacquer thinner should be accomplished to remove any 
remaining oil or moisture films. 


WARNING 


Many paint solvents such as lacquer thinner and acetone are highly 
flammable and toxic in nature. They should never be used around open 
flames and adequate ventilation must be present. Inhalation of the 
fumes must be prevented. 


Oils, greases, and other petroleum compounds should be wiped with a cloth or scraped off. Residual films 
should be dissolved away with an appropriate solvent. Hot soapy water can be used effectively for removing 
any remaining oil or grease. If water is used, however, the surfaces must be thoroughly dried before completing 
the bond. For small or intricate parts, vapor degreasing is an effective cleaning method. Parts to be cleaned 
are exposed to vapors of trichlorethylene, perchlorethylene, or methylene chloride until the surfaces reach the 
temperature of the vapor. In extreme cases, further cleaning by agitation in a bath of dry chromic acid, 2 Ibs 
per gallon of water, and sulfuric acid, 4 oz per gallon of water, (7-7) may be necessary. The average dip time 
should be restricted to less than 30 seconds because prolonged submersion of parts in this bath may produce 
severe etching and cause loss of dimension. This bath must be followed by a thorough rinse with cold water and 
then a hot water rinse to facilitate drying. 
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Figure 7-15. Measured Bonding Effectiveness of a 9-1/2 Inch Bonding Strap (7-5) 
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Figure 7-16. Measured Bonding Effectiveness of a 2-3/8 Inch Bonding Strap (7-5) 
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7.6.3 Platings and Inorganic Finishes. 


Many metals are plated or coated with other metals or are treated to produce surface films to achieve 
improved wearability or provide corrosion resistance. Metal platings such as gold, silver, nickel, cadmium, tin, 
and rhodium should have all foreign solid materials removed by brushing or scraping and all organic materials 
removed with an appropriate solvent. Since such platings are usually very thin, acids and other strong etchants 
should not be used. Once the foreign substances are removed, the bond surfaces should be burnished to a bright 
shiny condition with fine steel wool or fine grit sandpaper. Care must be exercised to see that excessive metal 
is not removed. Finally, the surfaces should be wiped with a cloth dampened in a denatured alcohol or dry 


cleaning solvent and allowed to dry before completing the bond. 


Chromate coatings such as iridite 14, iridite 18P, oadkite 36, and alodine 1000 offer low resistance as well as 
provide corrosion resistance. These coatings should not be removed. In general, any chromate coatings meeting 
the requirements of MIL-C-5541 (7-11) should be left in place. 


Many aluminum products are anodized for appearance and corrosion resistance. Since these anodic films are 
excellent insulators, they must be removed prior to bonding. Those aluminum parts to be electrically bonded 
either should not be anodized or the anodic coating must be removed from the bond area. 


7.6.4 Corrosion By-Products. Oxides, sulfides, sulfates, and other corrosion by-products must be removed 
because they restrict or prevent metallic contact. Soft products such as iron oxide and copper sulfate can be 
removed with a stiff wire brush, steel wool, or other abrasives. Removal down to a bright metal finish is 
generally adequate. When pitting has occurred, refinishing of the surface by grinding or milling may be 
necessary to achieve a smooth, even contact surface. Some sulfides are difficult to remove mechanically and 
chemical cleaning and polishing may be necessary. Oxides of aluminum are clear and thus the appearance of 
the surface cannot be relied upon as an indication of the need for cleaning. Although the oxides are hard, they 
are brittle and roughening of the surface with a file or coarse abrasive is an effective way to prepare aluminum 
surfaces for bonding. 


7.7 COMPLETION OF THE BOND. 


After cleaning of the mating surfaces, the bond members should be assembled or attached as soon as possible. 
Assembly should be completed within 30 minutes if at all possible. If more than 2 hours is required between 


cleaning and assembly, a temporary protective coating must be applied. Of course, this coating must also be 
removed before completing the bond. 


The bond surfaces must be kept free of moisture before assembly and the completed bond must be sealed 
against the entrance of moisture into the mating region. Acceptable sealants are paint, silicone rubber, grease, 
and polysulfates. Where paint has been removed prior to bonding, the completed bond should be repainted to 
match the original finish. Excessively thinned paint should be avoided; otherwise, the paint may seep under the 
edges of the bonded components and impair the quality of the connection. Compression bonds between copper 
conductors or between compatible aluminum alloys located in readily accessible areas not subject to weather 
exposure, corrosive fumes, or excessive dust do not require sealing. This is subject to the approval of the 


responsible civil engineer or the local authorized approval representative. 
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7.8 BOND CORROSION. Corrosion is the deterioration of a substance (usually a metal) because of a reaction 
with its environment. Most environments are corrosive to some degree. Those containing salt sprays and 
industrial contaminants are particularly destructive. Bonds exposed to these and other environments must be 
protected to prevent deterioration of the bonding surfaces to the point where the required low resistance 
connection is destroyed. 


7.8.1 Chemical Basis of Corrosion. 


The basic diagram of the corrosion process for metals is shown in Figure 7-17. The requirements for this 
process to take place are that (1) an anode and a cathode must be present to form an electrochemical cell and 
(2) a complete path for the flow of direct current must exist. These conditions occur readily in many 
environments. On the surface of a single piece of metal, anodic and cathodic regions are present because of 
impurities, grain boundaries and grain orientations, or localized stresses. These anodic and cathodic regions are 
in electrical contact through the body of metal. The presence of an electrolyte or conducting fluid completes 
the circuit and allows the current to flow from the anode to the cathode of the cell. 


ENVIRONMENT 
(ELECTROLYTE) 


CATHODE 
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Anything that prevents the existence of either of the above conditions will prevent corrosion. For example, in 
pure water, hydrogen gas will accumulate on the cathode to provide an insulating blanket to stop current flow. 
Most water, however, contains dissolved oxygen which combines with the hydrogen to form additional molecules 
of water. The removal of the hydrogen permits corrosion to proceed. This principle of insulation is employed in 
the use of paint as a corrosion preventive. Paint prevents moisture from reaching the metal and thus prevents 
the necessary electrolytic path from being established. 


7.8.1.1 Electrochemical Series. The oxidation of metal involves the transfer of electrons from the metal to 
the oxidizing agent, In this process of oxidation, an electromotive force (EMF) is established between the metal 
and the solution containing the oxidizing agent. A metal in contact with an oxidizing solution containing its 
own metal ions establishes a fixed potential difference with respect to every other metal in the same condition. 
The set of potentials determined under a standardized set of conditions, including temperature and ion 
concentration in the solution, is known as the EMF (or electrochemical) series. The EMF series (with hydrogen 
as the referenced potential of 0 volts) for the more common metals is given in Table 7-6. The importance of 
the EMF series is that it shows the relative tendencies of metals to corrode. Metals high in the series react 
more readily and are thus more prone to corrosion. The series also indicates the magnitude of the potential 
established when two metals are coupled to form a cell. The farther apart the metals are in the series, the 
higher the voltage between them. The metal higher in the series will act as the anode and the one lower will 
act as the cathode. When the two metals are in contact, loss of metal at the anode will occur through oxidation 
to supply the electrons to support current flow. This type of corrosion is defined as galvanic corrosion. The 


greater the potential difference of the cell, i.e., the greater the dissimilarity of the metals, the greater the 
rate of corrosion of the anode. 


7.8.1.2 Galvanic Series. 


The EMF series is based on metals in their pure state -- free of oxides and other films -- in contact with a 
standardized solution. Of greater interest in practice, however, is the relative ranking of metals in a typical 
environment with the effects of surface films included. This ranking is referred to as the galvanic series. The 
most commonly referenced galvanic series is listed in Table 7-7. This series is based on tests performed in sea 
water and should be used only as an indicator where other environments are of concern. 


Galvanic corrosion in the atmosphere is dependent largely on the type and amount of moisture present. For 
example, corrosion will be more severe near the seashore and in polluted industrial environments than in dry 
rural settings. Condensate near the seashore or in industrial environments is more conductive even under equal 
humidity and temperature conditions due to increased concentration of sulfur and chlorine compounds. The 
higher conductivity means that the rate of corrosion is increased. 
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Table 7-6 


Standard Electromotive Series (7-12) 


Metal Electrode _Potential* 
(volts) 
Magnesium 2.37 
Aluminum 1.66 
Zinc 0.763 
Iron 0.440 
Cadmium 0.403 
Nickel 0.250 
Tin 0.136 
Lead 0.126 
Copper -0.337 
Silver -0.799 
Palladium -0.987 
Gold -1.50 


NOTE: *Signs of potential are those employed by the American Chemical Society. 
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Table 7-7 


Galvanic Series of Common Metals and Alloys in Seawater (7-13) 


(ANODIC OR ACTIVE END) 
Magnesium 
Magnesium Alloys 
Zinc 
Galvanized Steel or Iron 
1100 Aluminum 
Cadmium 
2024 Aluminum 
Mid Steel or Wrought Iron 
Cast Iron 
Chromium Steel (active) 
Ni-Resist (high-Ni cast iron) 
18-8 Stainless Steel (active) 
18-8 Mo Stainless Steel (active) 
Lead-tin Solders 
Lead 
Tin 
Nickel (active) 
Inconel (active) 
Hastelloy B 
Manganese Bronze 
Brasses 
Aluminum Bronze 
Copper 
Silicon Bronze 
Monel 
Silver Solder 
Nickel 
Inconel 
Chromium Steel 
18-8 Stainless Steel 
18-8 Mo Stainless Steel 
Hastelloy C 
Chlorimet 3 
Silver 
Titanium 
Graphite 
Gold 
Platinum 
(CATHODIC OR MOST NOBLE END) 
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7.8.2 Relative Area of Anodic Member. When joints between dissimilar metals are unavoidable, the anodic 
member of the pair should be the largest of the two. For a given current flow in a galvanic cell, the current 
density is greater for a small electrode than for a larger one. The greater the current density of the current 
leaving an anode, the greater is the rate of corrosion as illustrated by Figure 7-18. As an example, if a copper 
strap or cable is bonded to a steel column, the rate of corrosion of the steel will be low because of the large 
anodic area. On the other hand, a steel strap or bolt fastener in contact with a copper plate will corrode 
rapidly because of the relatively small area of the anode of the cell. 


7.8.3 Protective Coatings. Paint or metallic platings used for the purpose of excluding moisture or to provide 
a third metal compatible with both bond members should be applied with caution. When they are used, both 
members must be covered as illustrated in Figure 7-19. Covering the anode alone must be avoided. If only the 
anode is covered then at imperfections and breaks in the coating, corrosion will be severe because of the 
relatively small anode area. All such coatings must be maintained in good condition. 


7.9 WORKMANSHIP. 


Whichever bonding method is determined to be the best for a given situation, the mating surfaces must be 
cleaned of all foreign material and substances which would preclude the establishment of a low resistance 
connection. Next, the bond members must be carefully joined employing techniques appropriate to the specific 
method of bonding. Finally the joint must be finished with a protective coating to ensure continued integrity of 
the bond. The quality of the junction depends upon the thoroughness and care with which these three steps are 
performed. In other words, the effectiveness of the bond is influenced greatly by the skill and conscientiousness 
of the individual making the connection. Therefore, this individual must be aware of the importance of 
electrical bonds and must have the necessary expertise to correctly implement the method of bonding chosen 
for the job. 


Those individuals charged with making bonds must be carefully trained in the techniques and procedures 
required. Where bonds are to be welded, for example, work should be performed only by qualified welders. No 
additional training should be necessary because standard welding techniques appropriate for construction 
purposes are generally sufficient for establishing electrical bonds. Qualified welders should also be used where 
brazed connections are to be made. 


Exothermic welding can be effectively accomplished by personnel not specifically trained as welders. Every 
individual doing exothermic welding should become familiar with the procedural details and with the 
precautions required with these processes. Contact the manufacturers of the materials for such processes for 
assistance in their use. By taking reasonable care to see that the bond areas are clean and free of water and 
that the molds are dry and properly positioned, reliable low resistance connections can be readily achieved. 


Pressure bonds utilizing bolts, screws, or clamps must be given special attention. Usual construction practices 
do not require the surface preparation and bolt tightening necessary for an effective and reliable electrical 
bond. Therefore, emphasis beyond what would be required for strictly mechanical strength is necessary. Bonds 
of this type must be checked rigorously to see that the mating surfaces are carefully cleaned, that the bond 


members are properly joined, and that the completed bond is adequately protected against corrosion. 
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Figure 7-18. Anode-to-Cathode Size at Dissimilar Junctions 
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Figure 7-19. Techniques for Protecting Bonds Between Dissimilar Metals 
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7.10 SUMMARY OF GUIDELINES. 


e Bonds must be designed into the system. Specific attention should be directed to the 
interconnections not only in power lines and signal lines, but also between conductors of signal 
ground bus networks, between equipments and the ground bus networks, between both cable and 
component or compartment shields and the ground reference plane, between structural members, 
and between elements of the lightning protection network. In the design and construction of a 
facility, signal path, personnel safety, and lightning protection bonding requirements must be 


considered along with mechanical and operational needs. 


e Bonding must achieve and maintain intimate contact between metal surfaces. The surfaces must be 
smooth and clean and free of nonconductive finishes. Fasteners must exert sufficient pressure to 
hold the surfaces in contact in the presence of the deforming stresses, shocks, and vibrations 
associated with the equipment and its environment. 


e The effectiveness of the bond depends upon its construction, the frequency and magnitude of the 


currents flowing through it, and the environmental conditions to which it is subjected. 


0 Bonding jumpers are only a substitute for direct bonds. If the jumpers are kept as short as possible, 
have a low resistance and low/w ratio, and are not higher in the electrochemical series than the 
bonded members, they can be considered a reasonable substitute. 


e Bonds are always best made by joining similar metals. If this is not possible, special attention must 
be paid to the control of bond corrosion through the choice of the materials to be bonded, the 
selection of supplementary components (such as washers) to assure that corrosion will affect 
replaceable elements only, and the use of protective finishes. 


° Protection of the bond from moisture and other corrosive elements must be provided. 


e Finally, throughout the lifetime of the equipment, system, or facility, the bonds must be inspected, 
tested, and maintained to assure that they continue to perform as required. 
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CHAPTER 8 


SHIELDING 


8.1 FUNCTION OF AN ELECTROMAGNETIC SHIELD. 


Groups of equipment or subsystems may be made electromagnetically compatible by any combination of three 
fundamental approaches: (1) the interfering signal source level may be reduced, (2) the receptor susceptibility 
may be reduced, or (3) the attenuation of the path or paths over which interference is transmitted from source 
to receptor may be increased. Radiated interference signals generated by electromagnetic fields may be 
attenuated effectively by electromagnetic shielding, either at the source or at the receptor. An 
electromagnetic (EM) shield reduces the strength of electric and/or magnetic fields on the side of the shield 
away from an interfering EM source. When a shield encloses an EM source, the field strength outside the shield 
will be reduced; when the shield is used to enclose a sensitive (susceptible) assembly located near an external 
EM source, the field strength inside the enclosure is substantially reduced. Shielding, when properly designed 
and implemented, offers significant wideband protection against EM radiation where source and receptor are 
not sufficiently separated for adequate free space radiation attenuation. It is relatively easy to obtain 40 dB of 
shielding effectiveness in a frequency range above 100 kHz with a single shield, and values as high as 70 dB are 
readily obtained with careful single-shield construction. For higher values of shielding effectiveness, double 


shields are normally used, yielding shielding values as high as 120 dB. 


Radiated energy may still be coupled into a susceptible device through a shield of inadequate thickness, through 
holes provided for ventilation and other purposes, and through imperfectly joined shield sections. Precise 
calculation of shielding effectiveness, even for perfectly joined solid shields, depends on the form of the shield 
and the type field for which the shielding is to be used. Both electric and magnetic coupling can occur, but 
normally it is relatively easy to provide electric shielding. Magnetic shielding, however, is more difficult to 
provide, particularly at frequencies below 100 kHz. To avoid uncertainties in critical situations, tests should be 
performed to check shielding effectiveness. Such tests require the establishment of a known field and the 
measurement of insertion loss introduced by the shielding. 


In the construction of a facility, the installation designer should take advantage of all the inherent shielding 
which the installation and its individual equipments and terrain have to offer. Items such as building walls, 
partitions, towers and other similar structures may be used to advantage. The shielding effectiveness afforded 
by these items can be used to isolate EM radiation generating equipment from potentially susceptible devices, 
personnel, flammable mixtures, and other items. In addition, equipments used in a console or rack may be 
placed to take advantage of the inherent shielding of that rack. 


Shielding, although an important technique for reducing EM interference effects, is not the only technique 


available for this purpose. Application of shielding techniques should not be made without due regard to the 
roles which filtering, grounding, and bonding play in the interference suppression program. 
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8.2 BASIC SHIELDING THEORY. 


The shielding effectiveness of an equipment or subassembly enclosure depends upon a number of parameters, 
the most notable of which are the frequency and impedance of the impinging wave, the intrinsic characteristics 
of the shield materials, and the numbers and shapes of shield discontinuities. The effectiveness of a shield is 
specified in terms of the reduction of EM field strength caused by the shield. The shielding effectiveness (SE) is 
defined as the ratio of the field strength without the shield present to the field strength with the shield in 
place. Because of the wide ranges in this ratio, it is common practice to express the shielding effectiveness in 
decibels: 


SE = 20 log (Ej/E2), (8-1) 


or 
SE = 20 log (H4/Hy). (8-2) 


The variables Ey andHy are the electric and magnetic field strengths without the shield present, and Eg and Hg 
are those with the shield in place. 


8.2.1 Oppositely Induced Fields. A shielding action occurs whenever an electromagnetic wave encounters a 
metal surface. Part of the wave energy is reflected back toward the source, part is dissipated in the metal, and 
the remainder propagates beyond the metal. This shielding effect can be visualized as being the result of the 
incoming electric and magnetic fields inducing charges at the surface of the shield and a current flow within 
the shield, respectively. The induced charges and currents are of such a polarity and direction that their 
associated electric and magnetic fields oppose the incident fields, thus reducing the EM fields beyond the 
shield. Although this concept of the shielding theory does not lend itself to efficient calculation of the degree 
of shielding provided by a particular shield, it does provide a useful physical picture of shielding. For example, 
it can be seen from this viewpoint that shielding effectiveness would be reduced more if the shield were cut so 
as to interfere with the induced current flow than if it were cut along the line of current flow. Thus, if a plane 
EM wave is incident upon a conducting shield with a very long slit, more energy will be transmitted through the 
slit if the electric field vector is perpendicular to the slit than if it is parallel to the slit (see Figure 8-1). This 
is true because the EM boundary conditions (8-1) require that the induced shield current flow be perpendicular 
to the incoming magnetic field vector (and thus parallel to the electric field vector). 


8.2.2 Transmission Line Analogy. The shielding theory most applicable to engineering calculations is based 
upon an analogy with transmission line theory. According to the planewave theory developed by Schelkunoff 
(8-1), an electromagnetic shield transmits EM waves whose fronts coincide with the shielding boundary 
configuration in a manner mathematically analogous to that in which a two-wire transmission line transmits 
electrical current and voltage. Consider an incident EM wave with a power of Pj, watts/ m2 impinging upon a 
flat shield as in Figure 8-2. When the wave encounters the first surface of the shield, a portion (Py) of the 
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incident power is reflected back toward the source; the remaindegP},) penetrates the shield and begins to 
propagate through the shield. The ratio of reflected power to incident power (P,;/Pj,) depends upon the 
intrinsic impedance of the shield material and the wave impedance* of the incident wave in the same manner as 
at the junction of two transmission lines of different characteristic impedances. A portion of the power 
transmitted into the shield (P¢g) is converted into heat as the wave moves through the shield; this energy loss is 
referred to as absorption loss and is analogous to the dissipated energy within a lossy transmission line. Of the 
power which propagates through the shield to reach the second surface of the shield, a portion is reflected back 
into the shield and the remainder (P44) is transmitted through the surface and beyond the shield. If the 
absorption loss within the shield is small (less than 10 dB), a significant part of the power reflected at the 
second surface (Ppg) propagates back to the first surface where a portion is reflected back into the shield, 
propagates back to-and-through the second surface, and contributes to the power propagated beyond the shield. 
Shielding effectiveness, then, depends upon three factors: (1) reflection loss, (2) absorption loss, and (3) a 


re-reflection factor which is significant when the absorption is small. 


(A) (B) 


Figure 8-1. Electromagnetic Transmission Through a Slot 


*Wave impedance is defined as the ratio of the electric field strength to the magnetic field strength in the 


plane of interest. For further information, see Chapter 18 of Everett (8-2). 
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Figure 8-2. Transmission Line Model of Shielding 


8.2.3 Nonuniform Shielding. Nonuniform shielding theory has been developed to deal with wave transmission 
through defects. It treats the defect as a transmission path in parallel with that representing transmission 
through the shielding material itself. The net shielding effectiveness of any practical enclosure is calculated as 
the result of all such parallel transmission paths, carefully considering transmission phase differences. The 
equipment design process, regardless of the theory utilized, consists of establishing undesired signal levels on 
one side of the proposed shielding barrier, estimating tolerable signal levels on the other side, and trading off 
shield design options to achieve the necessary effectiveness level. 


8.3 SHIELDING EFFECTIVENESS OF CONTINUOUS SINGLE-THICKNESS SHIELDS. 
The plane wave theory (or transmission line theory) of shielding is the basis of the most commonly used 
shielding design data. The resulting set of design equations, graphs, tables, and nomographs is based upon the 


separation of the shielding effectiveness into three additive terms: absorption loss, reflection loss, and a 
correction term to account for re-reflections within the shield. 
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The shield effectiveness (in decibels) of a large, plane sheet of metal with an EM wave arriving along a path 
perpendicular to the sheet has been shown (8-2) to be: 


SE = 20 logle’®| + 20 log || + 20 log {1 - reer" ’ (8-3) 
A R C 
where 
Q = thickness of the shield, 
Y = propagation constant of the shield, 
t = transmission coefficient, 
and 
T = reflection coefficient. 
The shielding equation is often written as 
SE = A +R+4+C (8-4) 


where A, R, and C are the indicated three terms in Equation 8-3 and represent respectively the Absorption 

Loss, the Reflection Loss, and the Correction Term for re-reflections as discussed earlier. In a particular 

shielding application, the values of the constants y, [f, and t depend upon the conductivity(o), | permeability y), 

and permittivity (e) of the shielding material. The values of f and + depend also upon the wave impedance of 
the EM wave impinging upon the shield. 


For convenience in the use of the shielding effectiveness equation, the individual terms A, R, and C have been 
expressed in more readily usable forms as functions of the EM wave’s frequency (f) and of the shield’s thickness 
(2), relative permeability (y,)and conductivity relative to copper (gr). Simplified approximate expressions 
have been derived for the reflection and correction terms. The selection of the appropriate approximate 
expression will depend upon whether the wave impedance is low (Zw < <377Q; magnetic field), medium 
(Zy = 377iplane wave), or high (Zw>>3779; electric field). Low impedance fields are found in the proximity 
of loop antennas, high impedance fields are found near dipole antennas, and plane waves exist away from the 
near fields of source antennas. 


8.3.1 Absorption Loss. 


The absorption loss of an EM wave passing through a shield of thickness % can be shown (8-2) to be given by: 


A= Kt yfurg, @, (8-5) 
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where K,; = 131.4 if g is expressed in meters, 
3.34 if 2 is expressed in inches, 
g = shield thickness, 
f = wave frequency, Hz, 
up = relative permeability of shield material, and 
8p A = conductivity of shield material relative to copper. 


Note that the absorption loss (in decibels) is proportional to the thickness of the shield and also that it increases 
with the square root of the frequency of the EM wave to be shielded against. As to the selection of the 
shielding material, the absorption loss is seen to increase with the square root of the product of the relative 
permeability and conductivity (relative to copper) of the shield material. 


Table 8-1 contains a tabulation of electrical properties of shielding materials (gy, and py); since 1, ‘is frequency 
dependent for magnetic materials, it is given for a typical shielding frequency of 150 kHz. The last two 
columns of Table 8-1 evaluate Equation 8-5 to give the absorption loss at 150 kHz for both a one millimeter and 
a one mil (0.001 inch) thick sheet for each of the listed materials. The absorption loss for other thickness can 
be calculated by simply multiplying by the shield thickness in millimeters or mils. Shield thicknesses are 


commonly expressed in either millimeters (mm) or milli-inches (mils); these two units are related as follows: 
1 mm = 39.37 mils or 1 mil = 0.0254 mm 


The variation of absorption loss with frequency, as well as a comparison of the absorption loss of three common 
shielding materials one mm thick, can be seen in Table 8-2. Also included is a listing of the relative 


permeability, as a function of frequency, for iron. Figure 8-3 presents the data of Table 8-2 in graphical form. 


Remember that the absorption loss is just one of three additive terms which combine to give the attenuation 
(shielding efficiency) of the shield. At this point, the absorption loss has been presented in equation form 
(Equation 8-5), tabular form (Tables 8-1 and 8-2), and graphical form (Figure 8-3). The tabular and graphical 
forms are easy-to-use sources of accurate results when the shield material and frequency of interest are 
included in those tables and graphs. Quick results for almost any material and frequency combination can be 
obtained from an absorption nomograph (see Vol II), but the results are generally less precise; nomographs are a 
good source of data for initial design purposes. Once a shielding material and thickness are tentatively 
selected, one may wish to compute a more precise value of the absorption loss by evaluation of Equation 8-5. 


8.3.2 Reflection Loss. 
According to Equation 8-3, the reflection loss portion, R, of the shielding effectiveness, SE, is given by: 


R=-20log | 1t| GB, (8-6) 
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where t is the transmission coefficient for the shield. The reflection loss includes the reflections at both 
surfaces of the shield (see Figure 8-2) and is dependent upon the wave impedance and frequency of the 
impinging EM wave as well as upon the electrical parameters of the shielding material. It is independent of the 
thickness of the shield. 


Table 8-1 


Electrical Properties of Shielding Materials at 150 kHz (8-3) 


Relative Relative 
Conductivity Permeability 
___Metal__ i Le __ Absorption Loss 
(dB) 
Silver 1.05 1 51.96 1.32 
Copper, annealed 1.00 1 50.91 1.29 
Copper, hard-drawn 0.97 1 49.61 1.26 
Gold 0.70 1 42.52 1.08 
Aluminum 0.61 1 39.76 1.01 
Magnesium 0.38 1 31.10 79 
Zinc 0.29 1 27.56 .70 
Brass 0.26 1 25.98 .66 
Cadmium 0.23 1 24.41 62 
Nickel 0.20 1 22.83 58 
Phosphor-bronze 0.18 1 21.65 55 
Iron 0.17 1,000 665.40 16.90 
Tin 0.15 1 19.69 50 
Steel, SAE 1045 0.10 1,000 509.10 12.90 
Beryllium 0.10 1 16.14 Al 
Lead 0.08 1 14.17 .36 
Hypernick 0.06 80,000 3484.00* 88.50* 
Monel 0.04 1 10.24 .26 
Mu-metal 0.03 80,000 2488.00* 63.20* 
Permalloy 0.03 80,000 2488.00* 63.20* 
Steel, stainless 0.02 1,000 224.40 5.70 


*With no saturation by incident field. 
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In a manner analogous to the classical equations (8-1) describing reflections in transmission lines, the 


shield reflection loss can be expressed as: 


1+S/2 


as dB, (8-7) 


R = 20 log 
where S is defined as the ratio of the wave impedance to the shield’s intrinsic impedance and is analogous to the 
voltage standing wave ratio in transmission line practice. While the shield’s intrinsic impedance is easily 
determined from the electrical properties of the shield material, the wave impedance is highly dependent upon 
the type and location of the EM wave source, as indicated in Figure 8-4. 


In order to present practical methods for determination of the reflection loss, three separate classes of EM 
waves are considered and approximations for the reflection loss relationships applicable to the three classes are 
presented. Since wave impedance is the ratio of electric to magnetic field strengths, a predominantly magnetic 
field will have a low impedance and a predominantly electric field will have a high impedance. The three wave 
impedance classes to be considered are low, medium, and high and are commonly referred to as the magnetic, 


plane wave, and electric field, respectively. 
Table 8-2 


Absorption Loss, A, of | mm Metal Sheet (8-2) 


Frequency —___tron __Copper__ __Aluminum___ 
cate A io a A Ar AL 

(dB) (4B) (dB) 

60.0 Hz 1,000 13 1 1 1 0.8 
1.0 kHz 1,000 54 1 4 1 3.0 
10.0 kHz 1,000 171 1 13 1 10.0 
150.0 kHz 1,000 663 1 56 1 40.0 
1.0 MHz 700 1,430 1 131 1 103.0 
3.0 MHz 600 2,300 1 228 1 178.0 
10.0 MHz 500 3,830 1 416 1 325.0 
15.0 MHz 400 4,200 1 509 1 397.0 
100.0 MHz 100 5,420 1 1,310 1 1,030.0 
1.0 GHz 50 12,110 1 4,160 1 3,250.0 
1.5 GHz 10 6,640 5,090 1 3,970.0 
10.0 GHz 1 5,420 1 13,140 1 10,300.0 


Relative Conductivity, gp: Iron - 0.17, Copper - 1.0, Aluminum - 0.61. 
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Figure 8-3. Absorption Loss for One Millimeter Shields 
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Figure 8-4. Wave Impedance versus Distance from Source 


8.3.2.1 Low Impedance Field. 


A loop, or magnetic dipole, antenna produces an EM wave which is predominantly magnetic in the near field (» < 
N2n), where r is the distance from the antenna and 4 jis the wavelength of the EM field. For such magnetic 7 


(low impedance) EM fields, the reflection loss can be approximated as follows: 


C 
Ry = 20 log —— + Corvfg /u, + 0.354), (8-8) 
rvfg /y 
r Tr 


where 
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r = distance from EM source to shield, 

f = frequency (Hz), 

Sr = conductivity of shield material relative to copper, 
Up = relative permeability of shield material, 


and the constants C, and Cgdepend upon the choice of units for the distance, r, as given in Table 8-3. 


Table 8-3 


Coefficients for Magnetic Field Reflection Loss 


Coefficient Units for Distance (r) 


Meters Millimeters Inches Mils 
Cy .0117 11.7 0.462 462 
Co 5.35 .0053 0.136 136 


As with absorption loss, the reflection loss for low impedance fields depends upon electrical properties of the 
shield material and upon the EM wave frequency. However, the reflection loss depends upon the distance from 


the source to the shield rather than upon the shield thickness. 


Figure 8-5 shows the reflection loss as a function of frequency for iron, copper, and aluminum shields at 
distances of one inch (2.54 cm) and ten inches (25.4 cm) from the low impedance EM field source. For a given 
separation distance, the reflection loss is seen to be greater for copper and aluminum than for iron except at 
the lower frequencies where iron has a better reflection loss. The curves cannot be extended to higher 
frequencies for these separation distances since the approximations used in the derivation of Equation 8-8 
assume that the separation distance, r, is less than, )/2q. For higher frequencies at these distances, the EM 
fields are more closely approximated by plane waves rather than by low impedance fields. Figure 8-6 is a 


universal curve of the reflection loss for low-impedance sources as a function of the parameter 
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Figure 8-5. Reflection Loss for Iron, Copper, and Aluminum with a Low Impedance Source 
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8.3.2.2 Plane Wave Field. 


The EM field at a distance of more than a few wavelengths from its source is essentially a plane wave with a 

wave impedance equal to the intrinsic impedance of the propagation media (377 QQ for air). A plane wave has its 

electric field and magnetic field vectors,E andH, perpendicular both to each other and to the direction of 
propagation. 


Unlike the low- and high-impedance fields associated with the near-fields of magnetic dipole and electric 
dipole sources, the plane wave field reflection loss is independent of the distance between the source and shield. 


The reflection loss for a plane wave impinging upon a uniform shield is given by 


fHp 
Rp = 168 - 20log¥ | (8-9) 
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Figure 8-6. Universal Reflection Loss Curve for a Low Impedance Source (8-3) 
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Figure 8-7. Plane Wave Reflection Loss for Iron, Copper, and Aluminum (r >2d) 
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where g,, wr, é and f are as defined with Equation 8-8. The plane wave reflection loss is seen to decrease as the 
wave frequency increases, and to be better for shielding materials with lower ur/gr ratios. Figure 8-7 shows 
the plane wave reflection loss as a function of frequency for iron, copper, and aluminum shields. The curve for 
iron, unlike those for copper and aluminum, is not a straight line because iron’s relative permeability is 
frequency dependent. Figure 8-8 provides a universal curve for plane wave reflection loss as a function of the 
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Figure 8-8. Universal Reflection Loss Curve for Plane Waves (8-3) 


8.3.2.3 High Impedance Field. 


The EM field in the proximity of an electric dipole antenna has a high electric field-to-magnetic field strength 


ratio (high wave impedance). The reflection loss for such a field encountering a shield is given by 


upfsr2 
Rg = C3 - 10 log a (8-10) 
where 
C3 «= 322, if r is in meters 
C3 = 354, if r is in inches, 
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ad or, gp, pp, and f are as identified as in Equation 8-8. The high impedance EM wave reflection loss is seen to 
depend upon the separation distance, r, between the EM source and the shield, as does the low impedance case. 
The reflection loss is seen to decrease as the frequency increases and to be better when the ratio g)/y, is 
higher. Figure 8-9 is a universal curve for the high impedance reflection loss; the upper line is for the 


parameter range. 


uf 

1 < 0.394rQ)=— < 10° 
r 

and the lower line covers the range 

3 

ut 6 

0.394r > 10 
r 


Figure 8-10 shows a plot of the high impedance EM wave reflection loss as a function of frequency for iron, 
copper, and aluminum for source-to-shield separation distances of one and ten inches. Separate curves for 
copper and aluminum are not shown since the high impedance reflection loss for aluminum is only 2 dB below 


that of copper. 


The reflection losses for iron, copper, and aluminum shields at representative frequencies for magnetic, 
electric, and plane waves are given in Table 8-4. The source-to-shield distance for the magnetic and electric 


wave cases is one foot (30.5 cm). 
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Figure 8-9. Universal Reflection Loss Curve for High Impedance Fields (8-3) 
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Figure 8-10. Reflection Losses for Iron, Copper, and Aluminum with a High Impedance Source 
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Table 8-4 


Calculated Reflection Loss in dB of Metal Sheet, Both Faces (8-2), (8-3) 


Frequency Reflection Loss* 
Iron (gp = 0.17) Copper (up =1, gp = 1) Aluminum (up = 1, gp = 0.61) 
Magnetic Electric Plane Magnetic Electric Plane Magnetic Electric 
Field Field Wave Field Field Wave Field Field 
Ur r = 30.5 cm r = 30.5 cm Field r = 30.5 cm r = 30.5 cm Field r = 30.5 cm r = 30.5 cm 
60.0 Hz 1000 -0.9 ** 241 113 22 279 150 = 
1.0 kHz 1000 0.9 204 101 34 242 138 - = 
10.0 kHz 1000 8.0 174 91 44 212 128 = 
150.0 kHz 1000 10.0 139 79 56 177 117 54 175 
1.0 MHz 700 28.0 116 72 64 152 108 62 150 
15.0 MHz 400 42.0 83 63 76 117 96 74 115 
100.0 MHz 100 57.0 64 61 84 92 88 82 90 
1.5 GHz 10 59.0 + 59 + 59 76+ 76 + 76 - = 
10.0 GHz | 61.0 + 61 + 61 69+ 68 + 68 me = 


* Tf Absorption Loss <15 dB, use Correction Factor C 
** The Reflection Loss for iron is zero at 620 Hz, it is a negative quantity at 60 Hz, zero at 31.5 Hz, and becomes positive at lower frequencies. 
* * * Plane-Wave Field not provided (normally close to that of copper), 


+ At these frequencies and for given distance, the field becomes a plane wave. 
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8.3.3 Re-Reflection Correction Factor. 


For shields in which the absorption loss (A) is reasonably large, say at least 10 dB, the energy reflected back 
into the shield at the second surface does not contribute significantly to the wave propagated through and 
beyond the shield. However, when the shield’s absorption loss is low, a significant amount of energy is reflected 
at the second surface and finally propagated into the area to be shielded. Accordingly, for shields with low 
absorption, the shielding effectiveness is calculated as the sum of (1) the absorption loss, A, (2) the reflection 


loss, R, and (3) a re-reflection correction factor, C. The correction factor is 


-A/10 


C = 20 log [1 - T10 (cos [0.23A] - jsin [0.23A])], (8-11) 


where A is the shield’s absorption loss (see Equation 8-5) and i is the two-boundary reflection coefficient; T is 
dependent upon both the shield characteristic impedance and the wave impedance of the impinging EM wave. 
Equations for the reflection coefficient, [, are given in terms of a precalculation parameter, m, for each of 
three wave impedance classes in Table 8-5. 


Values of the re-reflection correction terms for iron and copper sheets of various thicknesses and typical 

frequencies are given in Table 8-6. The correction term is seen to approach zero for thick shields or high 

frequencies since these conditions correspond to large absorption losses in the shield. The larger absorption loss 

of iron (compared with copper) for fixed frequency and thickness is also seen to result in a smaller correction 

term. Figure 8-11 presents the correction term in graphical form for copper in a magnetic (low impedance) 

field. Figure 8-12 presents a universal absorption loss curve (Equation 8-5). Recall that the correction term 

(Equation 8-11) depends upon the absorption loss, A, and that the reflection coefficient, T, is essentially unity. 
Whenever the approximation fT ~ 1 is valid, the correction term depends only upon the value of the absorption 
loss. For such conditions, the sum of the absorption loss and the re-reflection correction term is given by the 

dashed line on the universal curve in Figure 8-12. 


8.3.4 Total Shielding Effectiveness. The item of interest for any shield is the (total) shielding effectiveness, 
i.e., the sum of the absorption loss (A), reflection loss (R), and the multi-reflection correction term (C). The 
terms, A, R, and C are of significance only as a means of predicting the shielding effectiveness. Table 8-7 
contains the individual terms and the total shielding effectiveness for various shield thicknesses and EM wave 
frequencies for copper, iron, and aluminum shields. The entries under “SOURCE” designate the EM wave 
impedance classification: L indicates a loop antenna and designates a predominantly magnetic field, D 
indicates an electric dipole antenna and designates a predominantly electric field, and P indicates a plane wave 
(Zy = 377 9). All entries except the plane waves are for a source-to-shield separation distance of one foot. 
Figures 8-13 and 8-14 illustrate the total theoretical shielding performance which one may expect to obtain 
from enclosures constructed from copper foil and iron sheet to the electric, magnetic and plane wave 
propagation modes, although the effect of doors, ventilation apertures, and power line penetrations has not been 
considered, in many applications these penetrations, together with techniques used for joining the shield 
materials, markedly reduce the overall practical insertion loss of a shielded enclosure. 
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Type Field 


Magnetic 
(Low Impedance) 


Plane Wave* 
(fF = 3772) 


Electric 
(High Impedance) 


Table 8-5 


Coefficients for Evaluation of Re-Reflection Correction Term, C 


Reflection Coefficient, T 
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Table 8-6 


Correction Term C in dB for Single Metal Sheet (8-2) 


Frequency 


60 Hz 


100 Hz 


1 kHz 


Copper, Wp = 1, gp = 1, near field of loop 


-22.2 
-21.7 
-19.2 
-15.6 
-13.0 
-9.0 
-4.0 
-0.8 
+0.3 


Copper, Up = 1, gp = 1, | 


-42.0 
-28.0 
-22.0 
-16.0 
-13.0 
-9.0 
-4.0 
-0.6 
+0.1 


Iron, Up 


eoocoor 
SOoKRDOO 
Sat 


Iron, Up 


-20.00 
-7.00 
-3.00 
+0.20 
+0.60 
+0.10 


*] mil equals 0.0254 mm 


iT 


-24.00 
-22.00 
-19.00 
-14.00 
-11.00 
-7.00 
-3.00 
+0.50 
+0.50 


-40.00 
-25.00 
-20.00 
-14.00 
-11.00 
-7.00 
-3.00 
+0.10 
+0.60 


1000, g. = 0.17, 


1.00 
0.90 
0.50 
0.08 
0.06 
0.00 


1000, gy = 0.17, 


-17.00 
-5.00 
-1.30 
+0.50 
+0.40 

0.00 
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0.00 


near field of loop 


-1.60 
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plane waves and near field of electric dipole 
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Figure 8-11. Graph of Correction Term (C) for Copper in a Magnetic Field (8-4) 
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Figure 8-12. Absorption Loss and Multiple Reflection Correction Term when 
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Table 8-7 


Calculated Values of Shielding Effectiveness (8-2) 


Thickness Frequency Source* R A Cc SE=A+R+C 
(mils) (Hz) (dB) (dB) (dB) (dB) 
Copper 
1 60 L 22.4 0.026 -22.20 0.23 
10 60 L 22.4 0.260 -19.20 3.46 
300 60 L 22.0 7.800 +0.32 30.12 
10 1k L 34.2 1.060 -10.37 24.89 
10 10k L 44.2 3.340 +2.62 50.16 
10 10 k D 212.0 3.340 -2.61 212.73 
10 10k P 128.0 3.340 -2.61 128.73 
30 10k L 44.2 10.020 +0.58 54.80 
10 150 k L 56.0 12.900 0.50 69.40 
10 150k D 176.8 12.900 0.50 190.20 
10 150 k P 117.0 12.900 0.50 130.40 
10 1M L 64.2 33.400 0.00 97.60 
10 1M D 152.0 33.400 0.00 185.40 
10 1M P 108.0 33.400 0.00 141.40 
10 15M L 76.0 129.00 0.00 205.00 
10 15M D 116.0 129.00 0.00 245.00 
10 15M P 96.0 129.00 0.00 225.00 
10 100 M L 84.0 334.00 0.00 418.00 
10 100 M D 92.0 334.00 0.00 426.00 
10 100 M P 88.0 334.00 0.00 422.00 
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Table 8-7 (Continued) 


Calculated Values of Shielding Effectiveness 


Source* 


ee i I re RO ey aR GI IS oe ie 


174.0 
99.5 


19.0 
139.0 
79.0 
28.0 
116.0 
72.0 
42.0 
83.0 
63.0 
56.0 
64.0 
60.0 


(dB) 


0.33 
3.30 
100.00 
13.70 
43.50 
43.50 
43.50 
130.50 
160.00 
169.00 
169.00 
363.00 
363.00 
363.00 
1060.00 
1060.00 
1060.00 
1370.00 
1370.00 
1370.00 


C 
(dB) 


+0.95 
+0.78 
0.00 
+0.06 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 
0.00 


SE=A+R+C 


(dB) 


0.38 
3.18 
99.10 
14.66 
51.50 
217.50 
143.00 
138.50 
179.00 
308.00 
248.00 
391.00 
479.00 
435.00 
1102.00 
1143.00 
1123.00 
1426.00 
1434.00 
1430.00 


Thickness 


(mils) 


Frequency 


(Hz) 
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Table 8-7 (Continued) 


R 


(dB) 
Aluminum 


62.0 
150.0 


Calculated Values of Shielding Effectiveness 


A 
(dB) 


*L = near field of loop or magnetic dipole, r = 30 cm from shield. 


D = near field of electric dipole, r = 30 cm from shield. 


P = plane wave. 
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Figure 8-13. Theoretical Attenuation of Thin Copper Foil (8-5) 
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Figure 8-14. Theoretical Attenuation of Thin Iron Sheet (8-5) 
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8.3.4.1 Measured Data. 


In contrast to the theoretical shielding effectiveness presented thus far, Table 8-8 and Figures 8-15 and 8-16 
present actual measured data. Figure 8-15 illustrates representative shielding effectiveness data taken for a 
variety of high-permeability sheet materials. Loop sensors were located 0.3 cm (1/8”) from each sheet. The 
figure shows the typical leveling off in shielding effectiveness as frequency is decreased, with the breakpoint 
occurring in the 1-kHz range. Low frequency magnetic shielding is essentially achieved by establishing a low 
reluctance path in which the magnetic field is contained. The variation of shielding effectiveness as a function 
of loop sensor separation is shown in Figure 8-16 for one of the materials plotted in the previous figure. A 
change in effectiveness of about 5 dB over the range of the test at a particular frequency is indicated. 


A difficulty with most magnetic shielding materials is their tendency to change permeability when formed, 
machined, subjected to rapid or extreme temperature changes, or dropped. These processes change the 
orientation of the magnetic domains in the material, and it is necessary to reorient the domains by annealing to 
restore the initial magnetic properties. A typical annealing process involves heating the material to about 
2000° F (sometimes in an inert gas environment), holding it at that temperature for approximately two hours, 
and letting it slowly cool to room temperature. 


8.3.4.2 Summary. 


The shielding effectiveness in dB for a shield is calculated as the sum of three terms: absorption loss (A), 
reflection loss (R), and a correction term (C). The absorption loss is independent of the distance from the EM 
source. It depends upon the shield thickness and the shielding material’s conductivity and permeability, as well 
as upon the frequency of the incident EM wave. However, the reflection loss (like that of a junction of two 
types of transmission lines) depends upon the ratio of the EM wave impedance to the shield impedance and is 
therefore dependent upon both the EM source type and the distance between the source and shield. It is also 
dependent upon the EM source frequency and the shield material’s conductivity and permeability but does not 
depend upon the thickness of the shield. The multi-reflection correction term is essentially zero for shields 
with absorption losses greater than 10 dB; for shields with less absorption loss the correction factor should be 
used. It is dependent upon the EM wave impedance classification and the absorption loss, as well as the 
frequency, conductivity, and permeability. Table 8-9 summarizes the shielding equations. 


Equations, tables, and graphs, have been presented for evaluation of the components of the shielding 
effectiveness. The choice of which form to use will be influenced by the time available to the user and the 
accuracy to which the data is needed. 
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Figure 8-15. Measured Shielding Effectiveness of High Permeability Metals (8-6) 
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Figure 8-16. Measured Shielding Effectiveness of High Permeability 
Material as a Function of Measurement Loop Spacing (8-6) 
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Table 8-9 


Summary of Formulas for Shielding Effectiveness 


SE=A+R4#+C 


r = distance from source to shield (in meters) k = antenna correction factor 
Up = relative permeability L = largest dimension of antenna (in meters) 
gr = conductivity relative to copper T = reflection coefficient 
f = frequency (Hz) m = precaleulation parameter 
Source Attenuation, A Reflection Loss, R Correction Term C* 
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8.4 SHIELDING EFFECTIVENESS OF OTHER SHIELDS. 


8.4.1 Multiple Solid Shields. 


There are cases when it is appropriate to consider using two or even three layers of shielding material rather 
than a single sheet to obtain particular total shielding characteristics. The most frequently encountered 
circumstances are when good protection against both electric and magnetic fields is desired, although other 
situations also occur. 


Although Mumetal and similar types of high-permeability alloys provide good shielding for low-frequency weak 
magnetic fields, they tend to be less effective under the saturating effects of high-level fields. | Where 
magnetic shielding in strong signal environments is necessary, it is often desirable to use a multiple shield, 
where the outer material has a lower permeability but a higher saturation level than the inner material. Such a 
structure might be constructed with materials having the characteristics given in Table 8-10. 


Table 8-10 


Magnetic Material Characteristics 


Inner Material Outer Material 

Property (Co-Netic AA) (Netic S 3-6) 
Initial Permeability 20,000.00 300.0 
Permeability at 0.02 tesla 80,000.00 500.0 
Saturation Inductance (tesla) 0.75 2.2 


The material thickness necessary would be dictated by the unexpected levels of external fields and the desired 
suppression. 


When much of the usefulness of shielding is due to reflection loss, two or more layers of metal separated by 
dielectric materials and yielding multiple reflections, will provide greater shielding than the same thickness of 
metal in a single sheet. The separation of the two layers of metal is necessary to provide for the additional 
discontinuous surfaces. A similar advantage has been noted with magnetic sheet materials (see Figure 8-17). 


For the special case where two metallic sheets of the same material and thickness are separated by an air 
space, the penetration and reflection losses are each twice of those of a single sheet. However, the correction 
factors differ from double the value of a single sheet. One term in the correction factor is negative over much 
of the frequency range. 
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Figure 8-17. Measured Shielding Effectiveness of Two Sheets of a High Permeability Metal (8-6) 


Consequently, a double shield is considerably less effective than the sum of two single shields. However, it is 
considerably more effective than a single shield of the same total thickness. 


8.4.2 Coatings and Thin-Film Shields. 


Thin shielding* has been employed in a variety of ways, ranging from metallized component packaging for 
protection against RF fields during shipping and storing, to vacuum deposited shields for microelectronics 
applications, and to wallpaper-like shielding material for shielded enclosures. 


Solid material shielding theory is applicable to thin-film shields. For shields much thinner than )/4, the 
absorption loss is very small, but the multiple reflection correction term C, is fairly large and negative, thus 
offsetting a portion of the reflection loss. The implication of the negative term is that the various reflections 
have additive phase relationships, and thus reduce the effectiveness of the shield. The shield effectiveness is 
essentially independent of frequency. When the shield thickness exceeds X/4, the multiple reflection term 


becomes negligible, and there is no offsetting effect to the other losses. Thus the material shielding 
effectiveness increases and is frequency dependent. 


The thickness of a thin-film shield is often expressed in Angstroms. This unit is related to mils by 
1 Angstrom (A) = 3.937 x 10-6 mils. 
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Table 8-11 provides representative calculations of the shielding effectiveness of thin-film cover for different 
thicknesses and frequencies. One-quarter wavelength in copper is approximately 0.13 mils at 1 GHz, and it can 
be seen that shield effectiveness changes significantly above this thickness. 


Table 8-11 
Calculated Values of Copper Thin-Film Shielding Effectiveness in dB Against Plane-Wave Energy (8-7) 


Thickness 0.0041 Mils 0.049 Mils 0.086 Mils 0.86 Mils 
Frequency 1 MHz 1 GHz 1 MHz 1 GHz 1 MHz 1 GHz 1 MHz 1 GHz 
Absorption 

Loss, A 0.014 0.44 0.16 5.2 0.29 9.2 2.9 92 
Single 

Reflection 

Loss, R 109 79 109 719 109 719 109 79 
Multiple 

Reflection 

Correction 

Term, C -47 -17 -26 -6 -21 0.6 -3.5 

Shield 

Effectiveness, 

SE 62 62 83 78 88 90 108 171 


8.4.3 Screens and Perforated Metal Shields. 


There are many applications in which the shield cannot be made of a solid material. Screens and perforated 
materials must be employed if an enclosure must be transparent (e.g., a meter face) or ventilated. The 
shielding effectiveness of solid metal shields has been treated from the viewpoint of classical transmission line 
theory in the preceding sections. To obtain an expression for shielding effectiveness which is applicable to 
screens and perforated metal sheets, it is necessary to account for the following: 


a. The attenuation effects of the individual shield apertures acting as many stacked 
waveguides-below-cutoff (see Section 8.5.3.1). 


b. Reflection losses, considering the geometry of the openings. 


c. Area of the opening when the test antenna is far from the shield in comparison to the distance 
between holes in the shield. 


d. Skin depth effects. 
e. Coupling between closely spaced openings. 
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The shielding effectiveness, in decibels, is expressed as follows (8-8): 
SE =A,+RgtCg+ Ky + Ko + Kg (8-12) 


where, as with solid shields, A, represents the absorption or attenuation term, Rg the reflection loss term, and 
C,the multi-reflection correction term. The additional terms Ky, Kg, and Kg approximate the effects of 
items c, d, and e above. Detailed expressions for the screen and perforated metal sheet shielding effectiveness 


terms are given as follows for single layer wire cloth or screening: 


Ag = aperture attenuation in dB, 
= 27.3 D/W for rectangular apertures, and (8-13) 
= 32 D/d for circular apertures, (8-14) 
where 
D 7 depth of aperture in inches, 
Ww = width of rectangular aperture in inches (measured perpendicular to the E-Vector), 
d = diameter of circular aperture in inches, 
Rg = aperture reflection loss in dB, 
(1 +k) 
=20 log {ak | =~» and (8-15) 
Cg = correction factor for aperture reflections (negligible when Ag is greater than 10 dB) 


k-1)2 si 
Me- Wr  g ha/10 


= 20 log {1 - (aay? * (8-16) 
In Equations 8-15 and 8-16, 
k = ratio of aperture characteristic impedance to incident wave impedance, or 
= W/3.142r for rectangular apertures and magnetic fields (8-17) 
= d/3.682r for circular apertures and magnetic fields (8-18) 
= jewx17x 1074 for rectangular apertures and radiated fields (8-19) 
= jid x 1.47 x 1074 for circular apertures and radiated fields (8-20) 
f = frequency in MHz 
r = distance from signal source to shield in inches 
jo= Va 
Kj ‘= correction factor for number of openings per unit square (applicable when test antennas are far from the 
shield in comparison to distance between holes in the shield), 
= 10 log G5 (8-21) 
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where 


a = area of each hole in square inches 


5 
ll 


number of holes per square inch 


Kg := correction factor for penetration of the conductor at low frequencies 


35 
= -20 log (1 + 7) (8-22) 


where 


p = ratio of the wire diameter to skin depth, 6, where 


6.61 | 
6 = “Vt in em, or (8-23) 


in inches, f in Hz 


4 


K,; = correction factor for coupling between closely spaced shallow holes 


1 
= 20 log fanh (Ag/8.686 (8-24) 


As an example, determine the shielding effectiveness of a No. 22, 15 mil copper screen when subjected to a 
predominantly magnetic field from a loop source 1.75 inches away and operating at a frequency of 1 MHz. For 
such a screen, there are 22 meshes per linear inch; the center-of-wire to center-of-wire distance is 1/22 
(0.045) inch and the opening width is smaller by an amount equal to the wire diameter, 0.015 inches. The depth 


of the apertures is assumed equal to the wire diameter. 
Thus 

Ag = (27.3)D/W = (27.3) (.015) / (0.045 ~ 0.015) 

= 13.65 dB 

The impedance ratio for the magnetic wave and rectangular apertures is given by 

k= W/ar = (0.045 - 0.015) / (1.75) 

= 0.00546 

and the reflection term is 


1+)2 
Ra = 20 log |‘ a = 33.3 dB 
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The multi-reflection correction term is 


(k - 1)2 
- of te ~A,/10 
Cy 20 log j1 (k+ 12 * 10 ~“a 


= -0.4 dB. 
The number of openings correction factor is 


1 
Ky 10 log an. 


u 


1 
= 10 log (9 945 - 0.015) (22)2 
= 3.5 dB. 


The skin depth correction factor is 


Kg = -20 log (1+ (35/,2.3) ). 


0.015 


P= S6x10-3 = O77 


Ko = -20 log (1+ (35/56.3) )= -4.2 dB. 


Finally, the hole-coupling correction factor is given by 


K3 = 20 log ( 1/tanh (A,/8.686) ) 


0.8 dB. 
The screen’s shielding effectiveness, SE, is the sum of the six factors: 
SE = 13.5 + 33.2 - 0.4 + 3.5 - 4.2 + 0.8 


= 46.4 dB. 


Figure 8-18 presents both calculated and measured values of shielding effectiveness for several types of copper 
screen located 1.75 inches from a loop antenna. Representative non-solid sheet shielding effectiveness 
measurements are shown in Tables 8-12 and 8-13. The two tables provide data on a variety of material forms, 
including meshes, perforated sheets, and cellular structures against low-impedance, high-impedance, and plane 
waves. Figures 8-19 and 8-20 illustrate how the effectiveness of perforated sheet material changes with 
changes in hole size and hole separation. Table 8-14 contains both calculated and measured values of shielding 
effectiveness for the No. 22, 15 mil copper screen of the example for magnetic, plane, and electric waves of 
several frequencies. The shielding effectiveness of the screen is seen to increase with the frequency for 


magnetic fields, to decrease with increasing frequency for plane waves, and to be largely independent of 


frequency for electric fields. 
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Screen shields should use a single or double layer of copper or brass mesh of No. 16 or 22 gauge wire with 

openings no greater than 1/16 inch. A mesh less than 18 by 18 (wires to the inch) should not be used. The mesh 

wire diameter should be a minimum of 0.025 inch (No. 22 AWG). If more than a nominal 50 dB of attenuation is 

required, the screening should have holes no larger than those in a 22 by 22 mesh made of 15 mil of copper 
wires. The attenuation of an electromagnetic wave by a mesh is considerably less than that afforded by a solid 

metal screen. The principal shielding action of a mesh is due to reflection. Tests have shown that mesh with 

50 percent open area and 60 or more strands per wave length introduces a reflection loss very nearly equal to 

that of a solid sheet of the same material. 
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Figure 8-18. Measured and Calculated Shielding Effectiveness of 
Copper Screens to Low Impedance Fields (8-8) 
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Table 8-12 


Effectiveness of Non-Solid Shielding 
Materials Against Low Impedance and Plane Waves (8-7) 


Nominal Effectiveness 
(dB) 
Impinging Form Thickness 0.1 | 10 85 | 10 


Wave General Detail Material kHz kHz kHz MHz MHz 
2 layers Cu 18 
Low 1 inch (oxidized) 
Impedance Mesh 
(Screening) 31 3 43 
18 
10 17 21 
Perforated 3040 MHz 9380 MHz 
Sheet 
60 62 
Plane 
Mesh 34 36 
(Screening) 
| MHz 5 MHz 100 MHz 


106 100 80 
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Table 8-13 


Effectiveness of Non-Solid Shielding Materials Against High Impedance Waves (8-3) 


FORM " ; Nominal Effectiveness Open Air-Flow Static 
General Detailed Material Thickness (14 kHz to 1000 MHz) Area Pressure 
(mils) (dB) o (inches of wale 
200 cu _ ft/min 400 cu ft/min 


Hexcell 1/4-inch cell, Al 3 >90 0.06 26 
1 inch thick 


TV Shadow 9-mil holes, 


Mask 28-mil centers 95% Cu 7 >90 12 2 
(Photo- 5% 50 0.2 0.4 
Etched) 100% 3 >90 50 0.2 0.5 
Lektromesh 40 count Cu-Ni 7 >90 36 0.4 1.7 
25 count 5 78 49 0.2 0.5 
40 count Cu 3 78 57 0.2 0.5 
25 count 56 0.2 0.4 
Perforated 1/8-inch dia, Steel 
Sheet 3/16-inch Steel 60 58 0.27 >0.6 
1/4-inch dia, 
5/16-inch 60 48 46 
centers Al 
7/16-inch dia, 
5/8-inch 37 35 45 
centers 
Mesh No. 16 Al 20 (dia) 55 36 
(Screen- 16 x 16/sq in. 
ing) No. 22 Cu 65 (14 kHz to 60 MHz) 
No. 12 20 (dia) 50 50 
No. 16 Bronze 45 (14 kHz to 60 MHz) 
No. 10 Monel 18 (dia) 40 
No. 4 Galva- 30 (dia) 35 76 
nized 
Steel 28 (14 kHz to 40 MHz) 
o. 2 24 88 
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Table 8-14 


Comparison of Measured and Calculated Values 
of Shielding Effectiveness for No. 22, 15 Mil Copper Screens (8-8) 


Test Measured Calculated 
Type Frequency Effectiveness Effectiveness 
(MHZ) (dB) (dB) 
Magnetic 0.085 31 29 
field 1.000 43 46 
(r = 1.75") 10.000 43 49 
Plane 0.200 118 124 
Wave 1.000 106 110 
5.000 100 95 
100.000 80 70 
Electric 0.014 65 65 
field 


**The value assumes a wave impedance equal to that of a 30-inch square waveguide. 


The mesh construction should have individual strands permanently joined at points of intersection by a fusing 
process so that a permanent electrical contact is made and oxidation does not reduce shielding effectiveness. A 
screen of this construction will be very effective for shielding against electric (high-impedance) fields at low 
frequencies because the losses will be primarily caused by reflection. Installation can be made by connecting a 
screen around the periphery of an opening. 


8.5 SHIELD DISCONTINUITY EFFECTS (APERTURES). 


An ideal shielded enclosure would be one of seamless construction with no openings or discontinuities. 
However, personnel, powerlines, control cables, and/or ventilation ducts must have access to any practical 
enclosure. The design and construction of these discontinuities become very critical in order to incorporate 
them without appreciably reducing the shielding effectiveness of the enclosures. Since most mechanically 
suitable metal enclosures will give enough shielding above 1 MHz, EMI leakage above 1 MHz is due primarily to 
discontinuities. EMI leakage (the amount of EM energy that will leak from a discontinuity) depends mainly on: 


a. maximum length (not area) of the opening, 
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b. the wave impedance, and 
C the wavelength of the EM energy. 


Maximum length rather than width of an opening is important because the voltage will be highest wherever the 
“detour” for the currents is longest. This is at the center of the slot and the voltage increases as the length of 
the slot increases. The width has almost no effect on “detour” length and as a consequence has little effect on 
the voltage. 


Wavelength controls how much the “slot antenna” radiates. If the slot happens to be 1/4 wavelength or longer, 
it will be a very efficient radiator; if it is less than 1/100 wavelength, it will be a rather inefficient radiator. 
Therefore, slots only .001” to .005” wide but 1/100 wavelength or more long can be responsible for large leaks. 
Figure 8-21 shows wavelength and 1/100 wavelength vs frequency for 0”-6” slot lengths typical in normal metal 
enclosures. Combinations of frequency and slot lengths to the right of the 1/100 wavelength line would tend to 
be leaky. This figure shows why discontinuities in shields, even if very narrow but a few inches long, will 
severely reduce the shielding capacity of an enclosure above 100 MHz. 


Some types of discontinuities commonly encountered include: 


a. Seams between two metal surfaces, with the surfaces in intimate contact (such as two sheets of 
material that are riveted or screwed together), 


b. Seams or openings between two metal surfaces that may be joined using a metallic gasket, and 
Cc. Holes for ventilation or for exit or entry of wire, cable, light, film, water, meter faces, etc. 
8.5.1 Seams Without Gaskets. 


Seams or openings in enclosure or compartment walls that are properly bonded will provide a low impedance to 
rf currents flowing across the seam. When good shielding characteristics are to be maintained, permanent 
mating surfaces of metallic members within an enclosure should be bonded together by welding, brazing, 
sweating, swagging, or other metal flow processes. To insure adequate and properly implemented bonding 
techniques, the following recommendations should be observed: 


a. All mating surfaces must be cleaned before bonding. 


b. All protective coatings having a conductivity less than that of the metals being bonded must be 


removed from the contact areas of the two mating surfaces before the bond connection is made. 


c. | When protective coatings are necessary, they should be so designed that they can be easily removed 
from mating surfaces prior to bonding. Since the mating of bare metal to bare metal is essential for a 
satisfactory bond, a conflict may arise between the bonding and finish specifications. From the viewpoint of 
shielding effectiveness, it is preferable to remove the finish where a compromise of the bonding effectiveness 
would occur. 
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d. Certain protective metal platings such as cadmium, tin, or silver need not in general be removed. 
Similarly, low-impedance corrosion-resistant finishes suitable for aluminum alloys, such as alodine, iridite, 
oakite, turco and bonderrite, may be retained. Most other coatings, such as anodizing, are nonconductive and 


should be removed. See Figure 8-22 for shielding effectiveness degradation data on selected surface finishes. 


e. Mating surfaces should be bonded immediately after protective coatings are removed to avoid 
oxidation. Refinishing after bonding is acceptable from the standpoint of shielding effectiveness. 


f. When two dissimilar metals must be bonded, metals that are close to one another in the 
electrochemical series should be selected in order to reduce corrosion. 


g. Soldering may be used to fill the resulting seam, but should not be employed to provide bond 
strength. 


h. The most desirable bond is achieved through a continuous butt or lap weld. Spot welding is less 
desirable because of the tendency for buckling, and the possibility of corrosion occurring between welds. 
Riveting or pinning is even less desirable because of the greater susceptibility of bond degradation with wear. 


1. An overlap seam, accompanied by soldering or spot welding, provides a relatively effective bond. 
Other types of crimped seams may be employed so long as the crimping pressure is uniformly maintained. 
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Figure 8-21. Slot Radiation (Leakage) (8-9) 
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Figure 8-22. Shielding Effectiveness Degradation Caused by Surface Finishes on Aluminum (8-4) 


There are often occasions when good temporary bonds must be obtained. Bolts, screws, or various types of 
clamp and slide fasteners have been used for this purpose. The same general requirements of clean and 
intimate contact of mating surfaces, and minimized electrolytic (cathodic) effects apply to temporary bonds as 


well. Positive locking mechanisms that ensure consistent contact pressure over an extended period of time 
should be used. 


Bolts, nuts, screws, and washers that must be manufactured with material different from the surfaces to be 


bonded should be higher in the electromotive series than the surfaces themselves so that any material migration 
erodes replaceable components. 


A critical factor in temporary bonds (and in spot-welded permanent bonds as well) is the linear spacing of the 
fasteners or spot welds. Figure 8-23 provides an indication of the sensitivity of this parameter for a 1.27 cm 
(1/2-inch) aluminum lap joint at 200 MHz. The shielding effectiveness shown in 2.54 cm (1-inch) spacing is 
about 12 dB poorer than an identical configuration incorporating a 1.27 cm (1/2-inch) wide monel mesh gasket; 
the effectiveness at 25.4 cm (10-inch) spacing is about 30 dB poorer than that with the same gasket. Use of 
conductive gaskets for this and other applications is discussed in the next section. 


Similar techniques to those just described can be employed in connection with seams in magnetic materials. 


Permanent seams can be butt or lap, continuous or spot welded using an electric arc in an argon or helium 
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atmosphere, recognizing that a final material heat treatment will be necessary. Temporary seams are usually 
screwed or bolted together. Figures 8-24 and 8-25 indicate the change in shielding effectiveness of an 


AMPB-65 seam at various frequencies as a function of screw spacing and lap joint width, respectively. 
8.5.2 Seams With Gaskets. 


Considerable shielding improvement over direct metal-to-metal mating of shields used as temporary bonds can 
be obtained using flexible, resilient metallic gaskets placed between shielding surfaces to be joined. Clean 
metal-to-metal mating surfaces and a good pressure contact are necessary. 


The major material requirements for rf gaskets include compatibility with the mating surfaces, corrosion 
resistance, appropriate electrical properties, resilience (particularly when repeated compression and 
decompression of the gasket is expected), mechanical wear, and ability to form into the desired shape. On this 
basis, monel and silver-plated brass are generally the preferred materials, with aluminum used only for 
gasketing between two aluminum surfaces. Beryllium-copper contact fingers are also employed, with a variety 
of platings available, if desired. Mumetal and Permalloy have been used when magnetic shielding effectiveness 


is of concern. 


Gaskets are manufactured with rubber or neoprene to provide both fluid and conductive seals, or to sustain a 
pressure differential, as well as provide an rf barrier. They are also made using sponge silicon for high 
temperature applications and are made with both nonconductive or conductive pressure sensitive adhesives. A 
few of the gasket design approaches that have been employed are summarized in Table 8-15. Typical gasket 
mounting techniques are given in Figure 8-6. The most frequently used gasket configuration is the knitted wire 
mesh; the structure of this mesh is shown in Figure 8-27. 


The necessary gasket thickness is dependent on the unevenness of the joint to be sealed, the compressibility of 
the gasket, and the force available. The shape required depends on the particular application involved, as well 
as the space available, the manner in which the gasket is held in place, and the same parameters that influence 
gasket thickness. Gaskets may be held in place by sidewall friction, by soldering, by adhesives, or by positioning 
in a slot or on a shoulder. Soldering must be controlled carefully to prevent its soaking into the gasket and 
destroying gasket resiliency. Adhesives (particularly nonconductive adhesives) should not be applied to gasket 
surfaces that mate for rf shielding purposes; auxiliary tabs should be used. A recommended pressure is about 20 


psi. 


8.5.3 Penetration Holes. One effective method of neutralizing the shielding discontinuities created by 
planned holes (e.g., for air ventilation and circuit adjustment) in a shield is to use cylindrical and rectangular 
waveguide-below-cutoff slots or tubes. 
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Figure 8-23. Influence of Screw Spacing on Shielding Effectiveness 
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Figure 8-24, Shielding Effectiveness of AMPB-65 Overlap 
as a Function of Screw Spacing Along Two Rows, 1.5 Inches Apart (8-6) 
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Figure 8-25. Shielding Effectiveness of an AMPB-65 Joint as a Function of Overlap (8-6) 
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Table 8-15 


Characteristics of Conductive Gasketing Materials 


Material 


Compressed knit ted wire 


Brass or beryllium copper 


with punctured holes 
Oriented wires in rubber or 


silicon 


Aluminum screen impregnated 
with neoprene 


Soft Metals 


Metal over rubber 


Conductive rubber 


Contact Fingers 


Chief Advantages 


Most resilient all-metal gasket (low 


flange pressure required). Most 
points of contact. Available in 
variety of thicknesses and 

resiliencies, and in combination 


with neoprene and silicon. 


Best break-thru of corrosion 


protection films. 
Combines fluid and rf seal. Can 
be effective against corrosion 


films if ends of wires are sharp. 


Combines fluid and conductive 


seal. Thinnest gasket. Can be cut 


to intricate shapes. 

Cheapest in small sizes. 

Takes advantage of the resiliency 
of rubber. 

Combines fluid and conductive 


seal. 


Best suited for sliding contact. 
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Chief Limitations 


Not available in sheet (Certain 


intricate shapes difficult to make). 


Must be 0.40 inch or thicker. 


Not truly resilient nor generally 


reusable. 
May result in larger size gasket 


for same effectiveness. 


Very low resiliency (high flange 
pressure required). 


Cold flows, low resiliency. 


Foil cracks or shifts position. 


Generally low insertion loss yielding 


poor rf properties. 


Practically no insertion loss, giving 


very poor rf properties. 


Easily damaged. Few points of 
contacts. 
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Figure 8-26. Typical Mounting Techniques for RF Gaskets 
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Figure 8-27. Enlarged View of Knitted Wire Mesh 


8.5.3.1 Waveguide-Below-Cutoff 


A properly designed waveguide-below-cutoff opening will act like a high-pass filter. The cutoff frequency is a 
function of the cross-section of the waveguide. For a cylindrical waveguide, the cutoff frequency of the 
dominant TE mode is 


6.92 


fo = —q GHz (835) 


The cutoff frequency for the TE mode of rectangular waveguide is 


5.90 
_ 8-26 
f, = “p GHz. ( ) 


In these equations, 


fe = cutoff frequency for the dominant mode in gigahertz, 


inside diameter of a cylindrical waveguide in inches, and 


om 
ll 


greatest dimension of rectangular waveguide in inches. 
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At any frequency, fg, considerably less than cutoff (i.c., fg < 0.1f;,), the attenuation®, in dB per inch for 


cylindrical waveguides is approximated by the relation 


32 
a= > (8-27) 
For rectangular waveguides, the attenuation, a, in dB per inch is 
27.3 
asp (8-28) 


The equations given above are valid for air-filled waveguides with length-to-width or length-to-diameter ratios 
of 3 or more. 


In many cases, shielding screens introduce excessive air resistance (See Vol II) and may provide inadequate 
shielding effectiveness. In such cases, openings may be covered with specially designed ventilation panels (such 
as honeycomb) with openings that operate on the waveguide-below-cutoff principle. The shielding 
effectiveness of honeycomb panels is a function of the size and length of the waveguide and the number of 


waveguides in the panel. Table 8-16 indicates the shielding effectiveness of a honeycomb panel constructed of 
steel with 1/8-inch hexagonal openings 1/2-inch long. 


Table 8-16 


Shielding Effectiveness of Hexagonal Honeycomb Made of Steel 
with 1/8-inch Openings 1/2-Inch Long (8-10) 


Shielding 

Frequency Effectiveness 
(MHz) (dB) 
0.1 45 
50.0 51 
100.0 57 
500.0 56 
2,200.0 47 

Honeycomb-type ventilation panels in place of screening: 
a. allow higher attenuation that can be obtained with mesh screening over a specified frequency range, 
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b. allow more air to flow with less pressure drop for the same diameter opening, 
c. cannot be damaged as easily as the mesh screen and are therefore more reliable, and 
d. are less subject to deterioration by oxidation and exposure. 


All non-solid shielding materials, such as perforated metal, fine mesh copper screening, and metal honeycomb, 
present an impedance to air flow. Metal honeycomb is the best of these materials because it enables very high 
electric field attenuations to be obtained through the microwave band with negligible drops in air pressure (see 
Volume II). However, honeycomb has the disadvantages of occupying greater volume and costing more than 
screening or perforated metal. Further, it is often difficult to install honeycomb paneling because flush 
mounting is required. Thus, screening and perforated sheet stock sometimes find application for purely physical 


design reasons, although honeycomb panels can achieve attenuations greater than 100 dB for frequencies below 
10 MHz. 


The waveguide attenuator is also of considerable value where control shafts must extend through an enclosure. 
By making use of an insulated control shaft passing through the waveguide attenuator, the control function can 
be accomplished with little likelihood of radiation. However, where a metallic control shaft is required, it must 
be grounded to the case by a close-fitting gasket or metallic fingers. 


Fuseholders, phone jacks, panel connectors not in use, and other receptacles can be fitted with a metallic cap 
that provides an electrically continuous cover and maintains case integrity. 


The waveguide attenuator approach may also be considered where holes must be drilled in the enclosure. If the 
metal thickness is sufficient to provide a “tunnel” with adequate length, a waveguide attenuator is effectively 
produced. For example, a metal wall 0.5 cm (3/16-inch) thick would permit a 0.16 cm (1/16-inch) hole to be 
used without excessive leakage. This technique definitely should be considered where it is necessary to confine 
extremely intense interference sources. 


8.5.3.2 Screen_and Conducting Glass. 


Often it is necessary to provide rf shielding over pilot lights, meter faces, strip chart recorders, oscilloscopes, 
or similar devices that must be observed by the equipment user. The alternatives available include: 


a. Use of a waveguide attenuator, 

b. Use of screening material, 

c. Providing a shield behind the assembly of concern, and filtering all leads to the assembly, or 

d. Use of conducting glass. 
A waveguide attenuator is a practical approach for rf shielding of lamps. The technique has the advantage of 
not introducing light transmission loss. However, it is not particularly suitable for most meter openings or 


larger aperture; because of the space requirements involved. 
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Use of screens over meter faces and other large apertures has often been employed for shielding purposes. A 
typical screen introduces a minimum of 15%-20% optical loss which can create difficulties in reading meters. 
If the device being shielded has a scale (such as an oscilloscope graticule), bothersome zoning patterns can 
result. However, these potential deficiencies are counterbalanced by good shielding efficiencies at a fairly low 
cost. 


Glass coated with conducting material such as silver can provide shielding across viewing surfaces with some 


loss in light transmission. Conductive glass is commercially available from a number of glass manufacturers. 


Figure 8-28 provides shielding effectiveness data on 50 and 200 ohms per square silver-impregnated glass 
against electric arc discharges. Figure 8-29 indicates shielding effectiveness as a function of surface 
resistance for plane waves in the frequency range from 0.25 to 350 MHz. The light transmission characteristics 
of this type of glass as a function of surface resistance is presented in Figure 8-30. For effective shielding, 


good contact to the conducting surface of the glass must be maintained around its periphery. 

8.6 SELECTION OF SHIELDING MATERIALS. 

The selection of the material should be based on its ability to drain off induced electrical charges and to carry 
sufficient out-of-phase currents to cancel the effects of the interfering field. The inherent characteristics of 
the metal to consider are its relative conductivity,g,, and its relative permeability, y,. The thickness of the 
shield and the frequency of the signal to be attenuated are also important. 


The selection of proper materials for shielding should be made in accordance with the following basic rules: 


a. At low frequencies (LF), only magnetic materials can furnish appreciable shielding against magnetic 
fields. 


b. For a given material, magnetic fields require a greater shield thickness than do electric fields. 
c. At higher frequencies, smaller shield thickness is required for a given material. 


d. At sufficiently high frequencies, nonferrous materials such as copper and aluminum will give 
adequate shielding for either electric or magnetic fields. 


e. The electric field component for frequencies from 60 to 800 Hz (i.e., ac power) can readily be 


shielded with thin sheets of conducting materials such as iron, copper, aluminum, and brass. 


For a detailed description of the procedure for selecting a shield material for a facility, see Volume II. Care 
must be used when adding a shield to a subsystem. For example, a shield placed too close to a circuit in which 
the circuit Q is a critical factor can cause degradation of performance because the losses in the shield will 
appear as an effective resistance in the critical circuit, thereby lowering the circuit Q. 
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Figure 8-28. Shielding Effectiveness of Conductive Glass to High Impedance Waves (8-11) 
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Figure 8-29. Shielding Effectiveness of Conductive Glass to Plane Waves (8-11) 
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Figure 8-30. Light Transmission Versus Surface Resistance for Conductive Glass (8-7) 
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8.7 USE OF CONVENTIONAL BUILDING MATERIALS. Conventional building materials are not normally 
selected on the basis of their electromagnetic shielding properties however most materials do provide some 
limited degree of shielding. Some documented evidence of the shielding provided by common construction 
materials is available (8-12). Though the data is sketchy, enough does exist to give a preliminary indication of 
what can be expected from a building made of various materials. 


8.7.1 Concrete. Figure 8-31 shows that the shielding effectiveness of ordinary concrete is very low. (It may 
be assumed that the properties of brick are similar to concrete.) The addition of coke and other forms of 
carbon to concrete can greatly enhance shielding properties. Approximately 30 dB shielding effectiveness from 
1 GHz to 10 GHz can be achieved by using concrete and carbon. A concrete-coke aggregate apparently can 
provide shielding in excess of 30 dB above about 20 MHz and can offer more than 100 dB above 300 MHz. 


8.7.2 Reinforcing Steel (Rebar). 


Limited shielding to low frequency fields can be provided by the reinforcing steel or wire mesh in concrete. For 
maximum shielding, the conductors must be welded at all joints and intersections to form many continuous 
conducting loops or paths around the volume to be shielded. The degree of shielding will depend on the 
following parameters 


a. The size and shape of the volume to be shielded. 
b. The diameter of the bars and spacing (the distance between bar centers). 


c. The electrical and magnetic characteristics of the reinforcement steel materials (conductivity and 
relative permeability). 


d. The frequency of the incident wave. 


The family of curves shown in Figure 8-32 describes the attenuation at approximately 10 kHz for an enclosure 
whose height is 4.5 meters (15 feet), and other dimensions vary over a 5 to | range. Bar diameters are 4.30 cm 
(1.692 inches) with a spacing of 35.56 cm (14 inches) on centers. The room dimensions, bar spacing, and 
diameters shown in Figure 8-32 are typical and cover most situations encountered in practice. The values of 
attenuation indicated are those obtainable at the center of the room. There will be less shielding near the 
edges of the room. For more detailed design information on the use of reinforcing bars as shields, consult 
Reference 8-13. 


Welded wire fabric imbedded in the walls of a room or building can provide effective shielding if the individual 
wires of the fabric are joined to form a continuous electrical loop around the perimeter of the area to be 
shielded. At each seam where the mesh meets, each wire must be welded or brazed to the corresponding wire, 
or the meshes may be connected by a continuous strap. Additional attenuation may be obtained by use of a 
double layer of welded wire fabric separated by the thickness of a regular wall. 
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Figure 8-31. Shielding Effectiveness of Some Building Materials (8-12) 
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Figure 8-32. Center Area Attenuation of Induced Voltage by 15 Foot High Single-Course Reinforcing Steel Room (8-13) 
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8.8 CABLE AND CONNECTOR SHIELDING. Electromagnetic shielding is required not only for equipment 
containers but also for many of the cables which connect the equipment units since interference may be 
transferred from one circuit or location to another by interconnecting cable. The interference may be radiated 
from a cable or transferred into a cable from external fields. Once interference has been transferred by 
radiation or common-impedance circuit elements into a cable circuit of an electronic or electrical complex, it 
can be conducted through interconnecting cables to the other elements of the complex. Because of cable 
proximity in cable runs or elsewhere, intra- and/or inter-cable crosstalk may occur as a result of 
electromagnetic transference between cables. 


8.8.1 Cable Shields. 


The effectiveness of a cable shield is a function of two basic interference mechanisms: (1) EM wave shielding 
effectiveness and (2) surface transfer impedance, Zt. As with other shields, the EM wave shielding 
effectiveness results from attenuation and reflections and is dependent upon such factors as the type and 
thickness of the material used and the number and size of openings in the shield. In addition, cable shields 
frequently are connected in such a manner as to carry relatively large currents themselves. Although the 
interfering currents generally flow on the outer surfaces of the shields (skin depth effects), an electric field and 
resulting axial voltage gradient is developed along the inner (shielded) conductor (see Figure 8-33). The ratio of 
the induced conductor-to-shield voltage per unit length to the shield current is defined as the surface transfer 
impedancé@,. 


The effectiveness of a shield is a function of the conductivity of the metal, contact resistance between strands 
in the braid, angle and type of weave, strand sizes, percentage of coverage, and size of openings. Analytical 
expressions which define Z; in terms of these parameters are available (8-14). For uniform current distribution 
along a cable shield, the resulting Z; can be used to predict the shield effectiveness of the cable knowing the 
terminating impedances of the cable. Typically, the cable is several wavelengths long at the frequency of the 
impinging field. Thus, the current distribution on the cable sheath varies with length and is a function of its 
orientation to the incident wave and to the surroundings. Since the current distribution will be essentially 
unpredictable for other than very specialized conditions, the ability to predict shielding effectiveness of the 
cable shield through the use of Z; is severely limited. 


There are several methods for shielding cables. These include: (a) braid, (b) flexible conduit, (c) rigid conduit, 
and (d) spirally-wound shields of high permeability materials. The principal types of shielded cables that are 
available include shielded single wire, shielded multi-conductor, shielded twisted pair, and coaxial. Cables are 
also available in both single and multiple shields in many different forms and with a variety of physical 
characteristics. The general properties of five classes of cable shields are given in Table 8-17. 


Braid, consisting of woven or perforated material, is used for cable shielding in applications where the shield 
cannot be made of solid material. Advantages are ease of handling in cable makeup and lightness in weight. 
However, it must be remembered that for radiated fields the shielding effectiveness of woven or braided 
materials decreases with increasing frequency and increases with the density of the weave (8-14). The relative 
shielding effectiveness of single and double braided cables as a function of frequency is shown in Figure 8-34. 


MIL-HDBK-419A 


Table 8-17 


Comparison of Cable Shields 


Single + Multiple + 

Layer Layered Flexible 

Braid Braid Foil ++ Conduit ++ Conduit 
Shield 
Effectiveness* Good Good Exc. Exc. Good 
(Audio Frequency) 
Shield 
Effectiveness* Good Exc. Exc. Exc. Poor 
(Radio Frequency) 
Normal Coverage 60-95% 95-97% 100% 100% 90-97% 
Fatigue Life Good Good Fair Poor Fair 
Tensile Strength Exc. Exc. Poor Exc. Fair 


*Poor < 20 dB; Fair, 20-40 dB; Good, 40-60 dB; Exc. > 60 dB. 
+Effectiveness against magnetic fields is poor. 


++For effective magnetic shield, high permeability material must be used 


Conduit either solid or flexible, or zippered tubing may also be used to shield system cables and wiring from the 
rf environment. The shielding effectiveness of solid conduit is the same, for rf purposes, as that of a solid sheet 
of the same thickness and material. Linked armor or flexible conduit may provide effective shielding at lower 
frequencies, but at higher frequencies the openings between individual finks can take on slot-antenna 
characteristics, seriously degrading the shielding effectiveness. If linked armor conduit is required, all internal 
wiring should be individually shielded. Degradation of conduit shielding is usually not because of insufficient 
shielding properties of the conduit material but rather the result of discontinuities if the cable. These 
discontinuities usually result from poor splicing or from improper termination of the shield. Zippered tubing 
may provide greater than 60 dB of shielding to frequencies below 1 GHz. 


For protection against primarily magnetic fields, shielding materials with high permeability are necessary. For 
example, iron or steel conduit offers better protection against magnetic fields than does aluminum conduit. In 
lieu of ferrous conduit, annealed high permeability metal strips wrapped around the cable are sometimes used. 
Multiple layers of counterspiral-wound nickel-iron or silicon-iron alloys, or low carbon steel frequently prove 
effective. High permeability tape is also available with or without adhesive backing. Also, combination high 


permeability, high conductivity tape is available which provides both electric and magnetic shielding. 
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The proper installation of cables is essential if interference difficulties are to be avoided. Assuming proper 


grounding techniques have been employed, the following are suggested as guidelines for good signal cable 
practice. 


a. Choose the cable to be utilized according to the characteristic impedance desired, amount of signal 
attenuation permitted, environment within which the cable must exist, and characteristics of the signal to be 
transmitted. 


b. Where a high degree of shielding is needed, cables with multiple shields separated by insulation 
should be used. Double shielding is not effective unless each shield is insulated from each other. 


c . Overall shields of multipair cables should not be used for signal return paths. 


d. Individually shielded cables, where used, should have insulating sleeves or coverings over the shields. 
Balanced signal circuits should use twisted pair or a balanced coaxial line with a common shield. A coaxial line 
with a shield is commonly called a triaxial cable. Where multiconductor twisted pair cables that have individual 


shields as well as a common shield are used, all shields should be insulated from one another within the cable. 
e. Coaxial cables should, in all cases, be terminated in their characteristic impedances. 


f. Coaxial cables carrying high-level energy signals should not be bundled with unshielded cables or 
shielded cables carrying low-level signals. 


g. Grounding a number of conductor shields by means of a single wire to a connector ground pin should 
be avoided, particularly if the shield-to-connector, connector-to-ground lead length exceeds one inch, or where 
different circuits that may interact are involved. Such a ground lead is a common impedance element across 
which interference voltages can be developed and transferred from one circuit to another. 


Great care should be taken at connectors if impedance characteristics and shielding integrity are to be 
maintained. A shielding shell should be used to shield the individual pins of a connector; a well-designed 
connector has a shielding shell enclosing its connecting points. The shell of multiple connectors should be 
connected to the shield. Coaxial lines should terminate in shielded pins. The use of pigtail connections for 
coaxial lines is undesirable since it permits rf leakage. 


Serious interference problems arise when shielded wires or coaxial cables are not properly terminated at the 
connector. It is important that the connector be properly grounded. The direct bonds for this ground can be 
achieved by maintaining clean metal-to-metal contact between the connector and equipment housing. In those 
cases where a large number of individual shields from shielded wires must be connected to ground, it is 
recommended that the halo technique be used. The exposed unshielded leads should be as short as physically 
possible to reduce electrical coupling between conductors. Interference is caused when a shielded cable is run 
into a completely sealed box, but is grounded internally. The correct way to install a shielded rf cable is to run 
the shield well inside the connector and bond it around the connector shell. 
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Figure 8-33. Surface Transfer Impedance 
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Figure 8-34. Shielding Effectiveness of Various Types of RF Cables as a Function of Frequency (8-15) 


8-62 


MIL-HDBK-419A 
8.8.2 Terminations and Connectors. 


If the effectiveness of a shield is to be maintained, the cable shield must be properly terminated. In an 
otherwise adequately shielded system, rf currents that are conducted along shields can be coupled to the system 
wiring from the point of an improper cable termination. This is a particularly important consideration in the 
case of cables exposed to high power rf fields. 


In a properly terminated shield, the entire periphery of the shield is grounded to a low impedance reference, 
minimizing any potentials at the surface of the termination. MIL-E-45782B (8-16) recommends against use of 
soldering to terminate shields because of the danger of damaging conductor insulation, and suggests a variety of 
termination methods, all involving crimping operations. The use of silver epoxy or other synthetic conducting 
material has been found to be unacceptable for shield bonding because of lack of mechanical strength necessary 
for this application. 


Cable connectors are made in many styles for a multitude of power, signal, control, instrumentation, 
transducer, audio, video, pulse, and rf applications. They are made to fulfill special functions and may be 
required to be hermetically sealed, submersion proof, and weatherproof. They are manufactured in the straight 
type, angle type, screw-on type, bayonet twist-and-lock type, bayonet screw-on-type, barrier type, straight 
plug-in type, and push-on types (see Table 8-18). 


Figure 8-35 illustrates the type of connector that should be used when a shielded cable assembly contains 
individually shielded wires. The practice of pigtailing these shields and connecting them to one of the pins is 
not recommended. The individual shields should be connected to coaxial pins specifically adapted for this 
purpose, with the shields of the mating surfaces making contact before the pins. 


When maintaining the shielding integrity of a connector pair (i.e., two interconnecting connectors), a good 
method to employ (see Figure 8-36) is to place spring contacts inside one portion of one connector so that 
positive contact is made along the circumference of the mating parts. These contacts are extended so that the 
shell of the connector mates before the pins make contact on assembly of the connector and breaks after the 
pins on disassembly. A connector which meets these requirements is available under MIL-C-27599 (8-17) and is 
the preferred type to be used in rf-proof designs. 


The advantages gained using circumferential spring fingers over bayonet coupling is dramatically illustrated in 
Figure 8-37. In this case, the spring contacts were of silver-plated beryllium copper. 


8.9 SHIELDED ENCLOSURES (SCREEN ROOMS). Screen rooms are specially constructed enclosures designed 
to provide an electromagnetically quiet area. In very high level signal environments or where very sensitive 
equipments must be protected, screen rooms may be necessary. Table 8-19 summarizes some of the more 
significant features of twelve different types of screen rooms. These same rooms with carefully engineered 
apertures and openings can be expected to provide at least 100 dB attenuation to electric and plane wave fields. 
When the installation of a shielded room is required, a number of alternatives must be considered. The most 
important of these alternatives is whether to shield an existing or future room or building, or whether to 


provide a demountable enclosure which may be relocated quite simply when the need arises. 
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Connector 


Series 


N 


GR-874 


UHF 


LC 


BN 


BN 


BNC 


Sub- 


miniature 


For RG-/U Cables 


5, 6, 8, 9, 10, 11, 
12, 13, 14, 17, 18 


8, 9, 29, 55, 58, 
58A, 59, 62, 116 


8, 9, 10, 12, 14, 
55, 58 

8, 9, 10, 11, 12, 
13, 44, 58, 62, 

63, 65, 71 

17, 18 

8, 9, 10, 17, 18 


55, 58, 59, 62, 71 


55, 58, 59, 62, 71 


174 


Table 8-18 


Connector Application Summary 


Disconnect Style 


Screw-on type 


Push-on type 


Bayonet Lock type 


Screw-on type 


Screw-on type 


Screw-on type 


Screw-on type 


Bayonet lock type 


Screw-on & Push-on 
types 


Voltage 
Rating 


500 V 
peak 


1500 V 
peak 


1000 V 
peak 


500 V 


5000 V 
peak (modified 
to 10 kV) 


5000 V 
peak 


250 V 
peak 


250 V 
peak 


Characteristic Frequency 
Impedance Range 
50 ohm Up to 
70 ohm 10 GHz 
50 ohm Up to 
7 GHz 
SOohm anne 
(nonconstant) Up to 
200 MHz 
SOohm 
SOohm er eee 
(nonconstant) Up to 
200 MHz 
50 ohm Up to 
10 GHz 
SO ohm  — #eee= 
75 ohm 


Method of 


Assembly 


Manual 


Manual 


Manual 


Manual 


Manual 


Manual 


Manual 


Manual & 


Crimp-on 


Crimp-on 


V6TP-MAdH-TIN 


MIL-HDBK-419A 


SPRING 
FINGERS 


SHIELDED 
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CONTACTS 
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Figure 8-35. Connector for Shield Within a Shield 


MALE CONTACTS 


SHIELD 


SPRING CONTACT 


Figure 8-36. RF-Shielded Connector 
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ATTENUATION IN dB 


FREQUENCY IN MHz 


Figure 8-37. Effectiveness of Circumferential Spring Fingers 
for Improving the Shielding of a Connector (8-18) 


8.9.1 Demountable (Modular) Enclosures. 


The basic construction of a demountable enclosure might be a 1.27 cm (1/2 inch) thick plywood panel faced on 
both sides with an electro-galvanized steel sheet of nominal 0.56 mm (0.022”) thickness. For non-isolated 
double shields, the double facing of the walls makes panel-to-panel joining a considerably more certain process 
as each bonding joint is duplicated. The joining between wall panels is effected by a specially formed metal 
section, and the design of this requires a fairly precisely controlled blend of resilience and rigidity to establish 


continuous contact without gaps throughout the length of each bonding member. 


The most critical part of any shielded enclosure is the door; with some modern installations doors sizes of 1.86 
square meters (20 square feet) and above are required. In general, two types of door bonds are used; these are 
referred to as the “wedge” and the “knife edge” design. The most commonly used is the wedge door (Figure 
8-38) which takes the form of a standard casement type hinged opening leaf or leaves with the frame and the 
door leaf edges shaped to form a wedge entry, and beryllium copper finger stock affixed in a double layer 
around the complete periphery of the door leaf. The reason for adopting the wedge design is that, by correctly 
choosing the angle of wedge, contact pressure on the finger stock can be made high without the risk of tearing 
and breaking of the spring fingers when the door is opened; it has been found that this type of construction can 
achieve an overall performance on the order of 125 dB attenuation. The second type of door which has been 
used for special applications is the knife edge design in which the door leaf is provided with a flanged edge 
made to enter between two sets of finger stock contacts, enclosed within a channel section fixed upon the door 
frame. An advantage of this construction is that finger stock is completely protected and the performance is 
better than obtainable with a wedge door, especially at low frequencies. 
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Table 8-19 


Characteristics of Commercially Available Shielded Enclosures (8-13) 


Room Description 


Copper screen cell type 


Styrofoam core, sheet metal skin. 


Braided gasket material on door. 


Hollow core construction. Piano 


hinge on &or with finger stock. 


29 mil sheet metal bonded to 3/4” plywood base 
panel (2 sides) with bolted seam clamps. Three 
point suspension of personnel door. 20/50 foot 


overhead door with double row finger stock. 


Construction similar to above, 


except no overhead door. 


26 gauge steel with folded and soldered seams 
between panels. Commercially available door 
with double row of beryllium copper finger stock. 
All power lines provided with filters. 


Continuously soldered 20 gauge sheet metal with 
1.25 oz/ft2 ; zinc electroplate. Two commercial 
doors with finger stock (2 rows). Power line 
filtering installed. Room size = 20 x 20 x 8 feet. 


Continuously inert-gas welded sheet steel, 12 gauge 
with overlapping seams. Standard commercial 
shielded room door with double row finger stock. 


Frequency 


(kHz) 


15 
200 
15 
150 


15 
200 


1000 


18 
150 


14 
280 


14 
100 


14 
200 


Magnetic 
Shielding 
Effectiveness 
(dB) 

MAX MIN 
61 56 
97 96 
90 54 
87 63 
100 81 
118 108 

100 80 
93 64 
120 95 
58 34 
75 58 
70 65 
- 90 
90 74 
130 106 
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Table 8-19 (Continued) 


Magnetic 
Shielding 
Room Description Frequency Effectiveness 
(kHz) (dB) 

MAX MIN 

Similar to above in construction features. 15 111 50 

100 99 81 

Double shielding of 10 gauge continuously inert-gas 0.1 = 25 

welded low carbon sheet steel, 2” spacing between 1 62 52 

walls, pneumatic bladder, expanding panel sliding 15 108 92 

doors (no gasket). 100 120 107 

Room partitioned into three separate rooms; two 0.5 104 73 

are 12’ x 12’ x 10° and the third is 12’ x 12’ x 14. 1.0 122 = 

All seams continuously inert-gas welded 16 gauge 5.0 80 = 

sheet steel. Doors have pneumatic bladder with 10 39 = 

triple row of finger stock. 15 20 = 
Room divided into three cells. Single shielding 1 115 

sheet steel continuously inert-gas welded, with 15 114 104 

pneumatic bladder, and expanding panel sliding 100 140 114 

doors (EMI gasket for contact surface). Total 10,000 119 61 


room size 30 x 70 x 12 feet. 
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Figure 8-38. Use of Finger Stock for Door Bonding 
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Additional door bonding may be incorporated with either woven Mumetal gasketing (for very low frequencies), 
or flexible microwave absorber (for very high frequencies). 


To attenuate signals below 50 MHz, waveguide hallways can be used (8-19). The cutoff frequency is 
proportional to the largest lateral dimension of the hallway; therefore, a tradeoff is generally necessary 
between hallway size and required attenuation. As shown in Section 8.5.3.1, the amount of attenuation of 
frequencies below cutoff is a function of hallway length. The waveguide hallway may be constructed of 20 
gauge, or thicker, low carbon steel supported by any structurally sound, but nonconductive material. 


In all types of door design intended for use at frequencies above a few hundred megahertz, it is desirable to 
avoid metallic penetration of the door. A special locking catch has been designed which enables full retention 
of the door leaf and release of the latch from both sides of the door without the need for any metallic 
penetration of the shield. This lack of metallic penetration is important since even with the most adequate 
bonding any operating shaft severely increases the risk of shield degradation at frequencies where the shaft’s 
length becomes resonant. It is also important to ensure that even insulating penetrations through the shield 
which pass through waveguide-below-cutoff tubes are correctly designed. Although the cutoff frequency of a 
waveguide in air can be easily calculated, the inclusion of insulating material of high dielectric constant in the 
waveguide considerably reduces the cutoff frequency. 


A further requirement for shielded enclosures is adequate ventilation. Honeycomb structures provide a 
virtually unimpeded passage for air flow and are normally incorporated in ventilation ducts, ventilation 
openings, and fans or air conditioner systems. 


It is essential to avoid signal penetration via power and signal wiring. This demands that filters achieving 
adequate insertion loss are installed in all incoming cables; it is fairly normal to have three-phase power 
circuits and several hundred signal lines going into a large enclosure. It is essential that the filters provide the 
specified attenuation under full-load conditions at all frequencies. Unless the filter attenuation is maintained 
at all frequencies and load currents, the overall shield attenuation will be degraded by the signal penetration via 
the filters. Shield penetrations may also be provided for air, gas, and water lines; these can be achieved either 
by the use of waveguide-below-cutoff tubes carrying insulating piping or by welding metal pipework to the 
shield. It is essential that all input circuits and penetrations occur in a localized area. 


It is necessary that the shield be grounded adequately for safety purposes. Although an external ground 
connection has no effect on the equipment placed within an ideal shield since the shield itself forms its own 
private world, an external ground is essential to prevent the enclosure from reaching dangerous potentials 


relative to its surroundings. 
8.9.2 Custom Built Rooms. 


In spite of the wide range of use of demountable modular enclosures, a considerable demand exists for 
specialized custom built shielded areas. These are employed either where the insertion loss requirements are 
markedly different from those obtainable from modular rooms or where the area to be enclosed is exceptionally 
large and economy dictates that some other design be adopted. Many forms of construction are used and these 
include enclosures made from woven copper or steel mesh, from pierced and expanded metal, from aluminum or 


copper foils, from high permeability materials such as Mumetal, and from all-welded steel sheet. 
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The use of mesh and open work materials is only employed where a very economical construction is required and 
only a low shielding performance is necessary. Likewise the high permeability foils are not normally employed, 
although the low frequency performance of these can be extremely good when related to the foil thickness. A 
more economical construction often results from the use of welded steel in thicker gauges, although high 
permeability materials are required where the shield must provide high attenuation to extremely low frequency 
or constant magnetic fields. 


The most efficient practical shielding is provided by a continuously welded steel sheet clad enclosure. Standard 
practice in Great Britain is to employ a 1.2 mm (0.048”) thick electrogalvanized mild steel sheet continuously 
seam welded along all edges using an inert gas shrouded electric arc welding process. This approach may 
achieve the highest performance realizable at an economical price. Construction may either be supported by 


the walls and ceiling of the parent room, or the shield may incorporate its own independent steel framework. 


The shielding effectiveness of a shielded enclosure can be improved with the use of double shields. As indicated 
in the earlier section on the theory of shielding, the shielding effectiveness of two parallel (but slightly 
separated) shields is better than that of one double thickness shield but not twice as effective as a 
single-thickness shield. The actual improvement in shielding efficiency is dependent upon the degree of 
electrical isolation maintained between the two shields. 


At least one manufacturer (8-20) of shielded rooms maintains that the isolated double shielded room is 
substantially more effective than either the single-shielded or the “not isolated double shielded” room. The 
same types of doors, ventilation apertures, and filters described for the modular rooms are used except that in 
many cases an rf-proof access lock is provided; this may combine interlocks between the doors and completely 
automatic operation either by electric, hydraulic, or pneumatic systems. 


8.9.3 Foil Room Liners. 


When the shielding requirement does not justify an all-welded steel room or a separate screen room, it may be 
possible to use metal foils. For example, a copper foil nominally 5 mils thick with continuous soft soldered 
seams may be employed. This copper foil can be glued to the walls, floor, and ceiling to provide a complete 
lining to an existing room. If this construction is used in conjunction with gasketed metal doors, properly 
designed vents, and electrical filters, performance, while not being good for low frequency magnetic fields, can 
be comparable to welded steel at the higher frequencies. To achieve this performance, it is essential that all 
seams and joints be carefully soldered to establish continuous bonds. The cost of construction is not as low as it 
might first appear, especially when the additional complications which result from the need to provide fixtures 
for internal decorative finish and equipment mounting within the shielded area is considered. In general, this 
form of construction is only used where a relatively unsophisticated enclosure is required, e.g., in certain 
electro-medical work. If even more economy is required, it is possible to omit the soldering of the joints 
between the copper foils and use a conductive adhesive tape which is less expensive to install. If only electric 
fields are present at low frequencies, then a copper foil shield constructed in this manner will probably be 
adequate. 


When shielding is required only for microwave frequencies, a very economic shield may be constructed using 
aluminum foil of approximately 5 mils thick glued to the walls, floor, and ceiling. An overlap between adjacent 
foil sheets of approximately 5 cm (2 inches) should be allowed; these overlaps should be secured with 


aluminum-backed contact adhesive tape. This type of shield is most effective at frequencies above several 
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hundred megahertz; its shielding effectiveness increases with frequency since the bond between adjacent sheets 
is primarily capacitive. The normal application for this type of shield is for the protection of computers and 
data processing installations operating in the vicinity of high power radars. Where shields of this type are 
intended to work only at very high frequencies, it may be possible to dispense with the shielding over part of the 
central floor area in ground level installations. 


8.10 TESTING OF SHIELDS. 


Shield testing may be categorized as (1) the testing of shielding materials to determine their shielding 
properties, and (2) the testing of shield designs (such as shielded enclosures) to determine whether or not the 
design and construction are satisfactory. The first category of testing results in design data such as that 
described earlier in this chapter, and is usually performed by the shielding material manufacturer rather than 
the equipment designer or user. Methods for performing these and related tests can be found in Reference 8-21 
and are not discussed further here. On the other hand, the second category (the testing of equipment shields 
and shielded rooms for verification of sufficient shielding effectiveness) is a necessary part of equipment 
development and/or acceptance and is therefore discussed in the following. 


The testing of constructed shields is necessitated by the somewhat unpredictable effects of both intentional and 
unintentional openings and seams in the shield. Localized testing can point out the location of electromagnetic 
(EM) leaks such as those resulting from welding faults in seams and from poorly fitting gaskets. Such testing is 
frequently necessary for the successful construction of shielded enclosures. Uniform field (as opposed to local) 
testing is useful for acceptance testing of a shield. Methods have been developed for both localized and 
uniform shielding tests for variable-frequency EM fields of low impedance (magnetic), high impedance 
(electric), and plane waves. 


The variety of test methods available for evaluating shielding effectiveness are due, at least in part, to the 
many different factors that can affect material shielding capabilities. These factors include the configuration 
of the shield (Is it a sheet of material, or is it a box?), the frequency range of concern, whether or not the 
impinging wave is planar, the wave impedance, and others. This section will discuss some frequently employed 
and generally applicable shielding effectiveness tests. Frequently employed tests include: 

a. Low Impedance Magnetic Field Testing Using Small Loops, 

b . Low Impedance Magnetic Field Testing Using a Helmholtz Coil, 

c. High Impedance Electric Field Testing Using Rod Antennas, 

d. High Impedance Electric Field Testing Using a Parallel Line Radiator, 

e. Plane Wave Testing Using Antennas, 


f. Plane Wave Testing Using a Parallel Plate Transmission Line, and 


g, MIL-STD-1377 Testing (8-22). 
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A number of the above tests are very similar to tests designed to measure equipment and system EMC in 
accordance with MIL-STD-462 (8-23). They also are similar to tests performed to evaluate EM effectiveness of 
shielded enclosures used for testing purpose in accordance with MIL-STD-285 (8-24). One who is concerned 


with the measurement of shielding properties should become familiar with both of these standards. 


The MIL-STD-1377 tests represent procedures for evaluating the shielding (and filtering) effectiveness of 
systems. The specification contains a unique approach to shielding measurements; its cable effectiveness 
evaluation methods are good illustrations of how cable and connector performance tests should be performed. 


It should be pointed out that a high degree of measurement accuracy cannot generally be expected for shielding 
tests. Typically, wave impedances are not established when the tests are performed, antenna correction factors 
used for calibration purposes are based on plane-wave assumptions even though the test condition may not 
warrant this assumption, the degree of radiated field distortion by proximal structures is not known, and other 
factors limit the accuracy of the measurement. However, the tests can be expected to provide guidance on the 


shielding design approaches and the general effectiveness to be expected of those approaches. 
8.10.1 Low Impedance Magnetic Field Testing Using Small Loops. 


This test is designed to indicate the shield’s effectiveness in reducing the intensity of predominantly magnetic 
field radiation. It employs two small loop antennas and evaluates loop coupling with and without an intervening 
shield. MIL-STD-285 incorporates a similar magnetic field small loop measurement procedure to evaluate the 


shielding effectiveness of shielded enclosures used for electronic testing purposes. 


In this test, a pair of identical small loop antennas are used, one on one side of the shield and one on the other, 
spaced equidistant from the shield. If an enclosure is being tested, the usual practice is to have the test signal 


source within the enclosure and the receiving loop and detector outside the enclosure. 


Figures 8-39 and 8-40 show the two basic loop orientations. In Figure 8-39 the loops are coaxial, that is, both 
loops are normal to a common loop axis. In Figure 8-40 the loops are coplanar, that is, the loop surfaces lie on 
the same plane. Tests using at least these two orientations should be employed, but orientations that may 
result in a lower effectiveness figure should not be ignored. Both the loop diameters and the loop separations 
should be significantly less than the shortest dimension of the box, container, or enclosure being tested. Since 
this will result in only a small section of the shield being illuminated at one time, it will be necessary to move 


the loop over the entire surface of the shield to establish the effectiveness of the shield. 


The frequency range over which this test can be performed is a function of the level of shielding effectiveness 
that must be measured (measurement system dynamic range), the sensitivity of the test equipment, the 
available power to drive the test transmitting loop, and the loop-to-shield separations. The limiting factors are 
usually the areas of the loops and the number of turns in the loops, since these establish the self-resonance 
frequency of the loop. Loop-to-loop separation should not be closer than the loop diameter. 


The small loop-to-loop setup specified in MIL-STD-285 is shown in Figure 8-40 with the following parameter 
values employed: 
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Loop diameters (d): 12 inches (30.48 cm) 
Loop-to-shield separations (1/2): 12 inches 
Loops: One turn of No. 6 AWG Copper Wire 


The test setup in this specification is intended to provide a minimum of 70 dB measurement range. 


The corresponding test for a uniform magnetic field requires placing the test shielded enclosure within a 
Helmholtz coil (large loop), with a small detection loop inside the test enclosure. The use of a Helmholtz coil 
enables a large portion of the enclosure to be illuminated at one time. Various orientations of the sample 
relative to the loop should be tried. The frequency range is limited by the test sample size, which affects the 
size of the Helmholtz coil. Increasing coil size increases its inductance, reduces its self-resonant frequency, 
and decreases the frequency range over which its magnetic field strength remains constant. The coil diameter 
should be at least two and preferably three times the longest test sample dimension. The upper frequency limit 
is typically 100-500 kHz. 


8.10.2 Additional Test Methods. Although additional test methods for medium and high impedance incident 


waves exist, they are less frequently applied since the most difficult problem is the shielding at low frequency, 
magnetic fields. 


8.11 PERSONNEL PROTECTION SHIELDS. 


Shields for the reduction of EMI are also appropriate for protecting people from potentially hazardous radiation, 
either ionized or nonionized in nature. For most situations where sensitive electronic apparatus is present, the 
facility shielding required to prevent EMI is more than adequate to provide personnel protection. However, for 
high level incident fields, the need for personnel protection alone should not be overlooked. Areas of particular 
concern are those near high voltage vacuum devices which may emit X-rays, near high power rf sources or 
emitters such as acquisition and search radars, or near other sources of potentially damaging emanations such 
as laser emissions encountered during maintenance of fiber optics containing laser diodes. 


Shields for protection against contact with hazardous voltages at very low frequencies, i.e., dc and 50/60 Hz, 
are not generally of the same type as those which protect against radiated fields. Personnel protection may be 
nonconducting and function more as a simple physical barrier which prevents accidental contact. Metal 
electromagnetic shields may also establish a physical barrier; however, the barrier is an incidental byproduct 
and should not be considered to be the primary purpose of the shield. 


8.12 DETERMINATION OF SHIELDING REQUIREMENTS. Comprehensive shielding of a structure, 
particularly a large one, can be very expensive. Fortunately, if the threat signal environment is known or can 
be predicted, an appropriate choice of available or existing materials can accomplish the necessary shielding 
with minimum costs. Methods available for establishing the amount of shielding required in a given location 
include analyzing equipment malfunctions or disturbances, performing an electromagnetic site survey to obtain 
power density levels, and performing electromagnetic susceptibility and emissions tests of the equipments 
which are to be located in the facility. Shielding requirements can then be determined by comparing the 
susceptibility levels of the equipment against the power density levels measured in the area where the 
equipment is to be located. 
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DETECTOR 


GENERATOR 


Figure 8-39. Coaxial Loop Arrangement for Measuring Shield Effectiveness 


SIGNAL ATTENUATOR 
GENERATOR AND 
DETECTOR 


OUTER SHIELDING SURFACE INNER SHIELDING SURFACE 


Figure 8-40. Coplanar Loop Arrangement for Measuring Shield Effectiveness 
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8.12.1 Equipment Disturbances. 


A reliable indicator of the need for shielding of an equipment is the degree of interference that it experiences 
or causes. Recognizing that interference can be the result of one of the four different coupling modes, it must 
be determined that coupling will occur through one of the modes which can effectively be combatted by 
shielding. For example if the interfering signal is coupled into the equipment or system on a power or signal 
line, shielding the equipment may accomplish little. The line picking up the disturbing signal may be made less 
susceptible to interfering signals by careful shielding of the line itself. If inductive, capacitive, or radiated 
coupling is the cause of the problem, then shielding of the cable either alone or along with the equipment will 


be effective. 


If the equipment is going into a new facility and the decision to be made is whether or not shielding is 
necessary, the behavior of that equipment in other similar environments should be considered. If the 
performance of the specific equipment is not known, the behavior of equipments of similar types or 
construction should be studied. The most reliable method of determining shielding requirements is to compare 
known susceptibility levels of the equipment or system with known measured power density levels in the area 
where the equipment or system is being installed. 


8.12.2 Electromagnetic Environmental Survey. 


The most effective way of determining the power densities at the location where the equipment or the 
structure is to be located is by conducting an electromagnetic environmental survey. This survey is performed 
using calibrated antennas with special field strength meters or spectrum analyzers. These instruments permit 
the strength of radiated fields to be determined in terms of volts per meter or in power density, ie., watts per 
square centimeter or square meter. For personnel hazard determination, commercially available rf radiation 


monitors may be used. 


The spectrum survey should attempt to identify the presence of all potentially interfering fields. Of particular 
concern is the field strength of the signals emitted by readily identifiable sources such as commercial radio and 
television stations, and radar and communications transmitters. Other possible sources of interference include 
rf heating units, rf welders, microwave ovens, and, in locations near medical facilities, diathermy and 
electrocautery machines. Desk top evaluations can also be employed to calculate power density/signal strength 
levels in a given area if all local emitters (including output power, locations, etc) can be identified. 


The electrical power system can also be a source of interference. High voltage transmission systems, in 
particular, frequently generate noise through corona discharge and arcing across dirty connectors and 
insulators. The frequency spectrum of this noise generally extends well into the HF region (3-30 MHz) or above 
and can be a cause of severe problems. The routing, either existing or planned, of power lines should be noted 
carefully. If long runs of signal and control cables in parallel with power lines, either overhead or underground, 
are unavoidable, shielding of the signal and control cables may be necessary. 


In addition to the above identifiable sources of energy against which shielding may be required, other less 
obvious sources exist. For example, ignition noise from internal combustion engines can be troublesome. Also, 
office machines, vending machines, and fluorescent lights have been frequently observed to produce 


interference in digital computers, measuring systems and other sensitive equipments. 
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8.12.3 Equipment EMI Properties. 


Different equipments will exhibit different emission and susceptibility properties depending upon the job to be 
performed, the method of design, the type construction, the type components used, and a variety of other 
factors. The best indicator as to how much shielding is going to be required for a given piece of equipment or 
for an entire complex is provided by the measured level of emissions or the susceptibility level of the equipment 
or system. These properties are determined by operating the equipment in an electromagnetically controlled 
environment and by (1) measuring the frequency and amplitude of the signals radiated or produced by the 
equipment or (2) irradiating or otherwise subjecting the equipment to a known field or given signal and noting 
the minimum level to which the equipment or system responds. Under field conditions, neither of these 
procedures should be expected to provide precise detailed data because reradiation and mutual coupling effects 
can cause wide variations in the measured results. However, with a reasonable sampling of the fields or with 
illuminations provided at various locations and different orientations, an order-of-magnitude estimate of the 
relative susceptibility or threat posed by the equipment or system should be possible. If precise data is needed, 
test procedures in accordance with accepted standards, such as MIL-STD-461 and MIL-STD-462 should be 
performed. Unfortunately because of the expense of performing detailed and accurate emission and 
susceptibility tests of equipments (even the ability to perform these tests on large complexes in a meaningful 
manner is doubtful), and because a decision is frequently required on structural shielding before the specific 
equipment population is known, it is generally necessary to direct attention only to the most critical equipments 
or systems expected to be installed in the facility. Shielding requirements can also be determined by comparing 
the susceptibility levels (MIL-STD-461) of the equipment being installed with the measured or calculated power 
density levels in the area where the equipment is being installed. 


If it is simply not possible to anticipate or project the shielding requirements, then the resultant 
electromagnetic environment in which equipment will be required to perform must be measured or calculated 
and the information provided to the equipment supplier so that appropriate steps can be taken to assure that the 
equipment or system will function in that environment. 


8.13 SYSTEM DESIGN CONSIDERATIONS. 


The total area or volume of a facility to be shielded and the physical configuration of the shield is a function of: 


a. the size of the equipment or system requiring shields; 

b. the physical layout including orientation between sources and receptors; 
c. the amplitude and frequency of the interfering signals, and 

d. the cost of materials. 


These factors typically interact and, although in a given situation one will predominate, all must be considered. 
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8.13.1 Size. If a very sensitive piece of equipment or small system is to be located in a large structure, 
shielding the entire structure to protect that one small element is probably not cost effective. The cost of 
shielding is closely related to the size of the enclosed volume, assuming all other factors equal. Thus, a more 
economical approach would perhaps be to shield only the room in which the equipment is to be located, 
construct a shielded cage just for the susceptible (or offending) equipment, or upgrade the shielding of the 
particular equipment cabinet or enclosure. If, on the other hand, the susceptible element is a fairly large 
system, e.g., a communications center or a large scale computer, then incorporating appropriate shielding 
materials into the walls, floor, and ceiling of the room or structure may be necessary. If this requirement is 
recognized early in the design stage of the facility, the required shielding may be provided by properly-installed 
conventional structural materials. Also, supplemental shields can frequently be installed with greater economy 
if done during construction rather than later. 


8.13.2 Layout. 


If a susceptible equipment or system is to be located in a building and some choice exists as to position, special 
effort should be made to take advantage of the inherent shielding properties of the structure. The existence of 
metal walls, decorative screens, and other conductive objects may provide all the shielding necessary. Further, 
equipments frequently are more sensitive to radiated signals impinging from only one or two directions. Thus, 
orienting the equipment such that the susceptible side is facing away from the incident signal can lessen the 
shielding requirements. 


Signal and control cables deserve special mention. Because the voltage (or current) in the receptor wire is 
inversely dependent upon the distance from the source wire and directly proportional to the length of the path, 


every effort should be made to avoid long runs in parallel. 


8.13.3. Signal Properties. 


The shielding effectiveness of practically all materials is frequency dependent. The type of shield which will 
protect against an X-band radar signal will not necessarily be effective against a commercial broadcast 
transmitter. In choosing a shield for a particular purpose, compare the attenuation properties of the material 
with the frequency of the threat signal. 


The amplitude of the signal to be shielded indicates the amount of field attenuation the shield must provide. 
For most fields, the attenuation provided by the shield is not influenced by the magnitude of the field, i.e., a 
shield which will attenuate a low level field 60 dB will likewise attenuate a high level field 60 dB. Very strong 
magnetic fields, however, can cause saturation effects and the attenuation of the shield will generally decrease 
under very strong magnetic fields. This phenomenon is very important in choosing shields to protect against 
EMP for instance. Where saturation effects are likely, thicker shields are required in order to maintain the 
attenuation needed to protect against the very strong fields. 


8.13.4 Cost. 
The impact of size on cost was noted previously in Section 8.13.1 above. Other cost factors to consider include 
those associated with providing input and output ports for wiring and cabling, ventilation, and physical and 


visual access (doors, windows, meter openings, etc.) while maintaining the effectiveness of the shield. 
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CHAPTER 9 
PERSONNEL PROTECTION 


9.1 ELECTRIC SHOCK. 


Electric shock occurs when the human body becomes a part of an electric circuit. It most commonly occurs 
when personnel come in contact with energized devices or circuits while touching a grounded object or while 
standing on a damp floor. The major hazard of electric shock is death. Fatalities from shock total about 1,000 


annually. In addition, numerous injuries occur each year due to involuntary movements caused by reaction 
currents. 


The effects of an electric current on the body are principally determined by the magnitude of the current and 
the duration of the shock. The current is given by Ohm’s Law, which, stated mathematically, is I=V/R where V 
is the open circuit voltage of the source and R is the resistance of the total path including the internal source 
resistance, and not just the body alone. In power circuits, the internal source resistance is usually negligible in 


comparison with that of the body. In such cases, the voltage level, V, is the important factor in determining if 
a shock hazard exists. 


At the commercial frequencies of 50-60 Hz and at voltages of 120-240 volts, the contact resistance of the body 
primarily determines the current through the body. This resistance may decrease by as much as a factor of 100 
between a completely dry condition and a wet condition. Thus, perspiration on the skin has a great effect on its 
contact resistance.* At voltages higher then 240 volts, the contact resistance of the skin becomes less 
important. At the higher voltages, the skin is frequently punctured, often leaving a deep localized burn. In this 
case, the internal resistance of the body primarily determines the current flow. 


9.1.1 Levels of Electric Shock (9-1) (9-2). 


The perception current is that current which can just be detected by an individual. At power frequencies, the 
perception current usually lies between 0 and 1 milliamps for men and women, the exact value depending on the 
individual. Above 300 Hz, the perception current increases, reaching approximately 100 milliamps at 70 kHz. 
Above 100-200 kHz, the sensation of shock changes from tingling to heat. It is believed that heat or burns are 
the only effects of shock above these frequencies. 


The reaction current is the smallest current that might cause an unexpected involuntary reaction and produce 
an accident as a secondary effect. The reaction current is 1-4 milliamps. The American National Standards 
Institute (9-3) limits the maximum allowable leakage current to 0.2 milliamps for portable two-wire devices and 


0.75 milliamps for heavy movable cord-connected equipment in order to prevent involuntary shock reactions. 


*For calculation purposes, the resistance of the skin is usually taken to be somewhere between 500 and 1500 


ohms. 
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Shock currents greater than the reaction current produce an increasingly severe muscular reaction. Above a 
certain level, the shock victim becomes unable to release the conductor. The maximum current at which a 
person can still release a conductor by using the muscles directly stimulated by that current is called the 
“let-go” current. The ‘let-go” current varies between 4-21 milliamps, depending on the individual. A normal 
person can withstand repeated exposure to his “let-go” current with no serious after effects when the duration 
of each shock lasts only for the time required for him to release the conductor. 


Shock currents above about 18 milliamps can cause the muscles of the chest to contract and breathing to stop. 
If the current is interrupted quickly enough, breathing will resume. However, if the current persists, the victim 


will loose consciousness and death may follow. Artificial respiration is frequently successful in reviving 
electric shock victims. 


Above a certain level, electric shock currents can cause an effect on the heart called ventricular fibrillation. 
For all practical purposes, this condition means a stoppage of the heart action and blood circulation. 
Experiments on animals have shown that the fibrillating current is approximately proportional to the average 


body weight and that it increases with frequency. 


In Table 9-1, the various hazardous current levels for ac and dc are summarized along with some of the physical 
effects of each. 


Table 9-1 


Summary of the Effects of Shock (9-1) (9-2) 


Alternating Current (60 Hz) Direct Current Effects 
(mA) (mA) 
0-1 0-4 Perception 
1-4 4-15 Surprise (Reaction Current) 
4-21 15-80 Reflex Action (Let-Go Current) 
21-40 80-160 Muscular Inhibition 
40-100 160-300 Respiratory Block 
Over 100 Over 300 Usually Fatal 
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9.1.2 Shock Prevention. 


Most shock hazards can be divided into two categories: unsafe equipment and unsafe acts. The most common 
hazards in each category can be controlled as follows: 


a. Power cords and drop cords with worn and/or broken insulation should be routinely replaced. 
b. — All spliced cords should be removed from service. 


c. Exposed conductors and terminal strips at the rear of switchboards and equipment racks should be 
enclosed and warning labels installed. 


d. Rubber mats should be installed on the floor of all enclosures containing exposed conductors and on 
the floor in front of high voltage switches. 


e. | High voltage switches should be of the enclosed safety type. 


f. All wiring should comply with recognized electrical codes and it should be large enough for the 
current being carried. 


g. Temporary wiring should be removed as soon as it has served its purpose. 
h. The noncurrent-carrying metal parts of equipment and power tools should be grounded. 
i. The main power switch to all circuits being worked on should be locked open and tagged. 
j . Power switches should be opened before replacing fuses and fuse pullers should be used. 
k. Fuse boxes should be locked to prevent bridging or replacing with a heavier fuse. 
1. Care should be taken to prevent overloading of circuits. 

9.2 STATIC ELECTRICITY. 


Static electricity is produced when two bodies, particularly of unlike materials, are brought into intimate 
contact and then separated. When in contact, there is a redistribution of charge across the area of contact and 
an attractive force is established. When the bodies are separated, work is done in opposing these attractive 
forces. This work is stored in the electrostatic field which is set up between the two surfaces when they are 
separated. If no conducting path is available to allow the charges to bleed off the bodies, the voltage between 


the surfaces can easily reach several thousand volts as they are separated. 
Static electricity is an annoyance to many individuals. Static shock can result in discomfort and even injury to 


workers due to involuntary reaction. A far more dangerous aspect of static electricity is the fire and explosion 
hazard. This hazard can occur in situations where a vapor-air, gas-air, dust-air, or combinations of these 
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mixtures exist in the proper ratio. In order for static to be a source of ignition of the mixtures, four conditions 
must be fulfilled. These conditions are: 


There must first be an effective means of static generation. 


There must be a means of accumulating the separate charges and maintaining a suitable difference 
of electrical potential. 


There must be a spark discharge of adequate energy. 


The spark must occur in an ignitable mixture. 


The most common sources of static electricity are: 


Steam, air, or gas flowing from any opening in a pipe or hose, particularly when the stream is wet or 
when the air or gas stream contains particulate matter. 


Pulverized materials passing through chutes or pneumatic conveyors. 
Nonconductive power or conveyor belts in motion. 
Moving vehicles. 


All motion which involves changes in relative position of contacting surfaces (usually of dissimilar 


substances, either liquid or solid), of which one or both must be a poor conductor of electricity. 


Static electricity can be controlled in a variety of ways. The most effective means are: 


a. 


Bond all metallic parts of a system to prevent the existence of a statically-induced potential 
difference between any two metallic objects in the system. 


Ground all metallic systems to prevent the accumulation of static charges. 


Increase the relative humidity to 60% - 70% to increase the moisture content and thus the 


conductivity of insulating materials such as fabric, wood, paper, concrete, or masonry. 


Use ionizing devices to ionize the surrounding air so that it becomes sufficiently conductive to bleed 
off static charges. 


Use conductive materials for rugs, flooring, belts, etc. where nonconductive materials might 
otherwise be used. 
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9.3 RADIO FREQUENCY (RF) RADIATION HAZARDS. 


The effect of rf radiation on living tissue is thought to be primarily thermal in nature. The most vulnerable 
parts of the human body are the eyes and the testes. However, other parts which can be affected are the brain, 
nerves, skin, and muscles. The thermal effects can range from a mild heating of the skin or organs to fatal 
damage. 


Below 1000 MHz, rf energy penetrates deeply into the body. These frequencies are extremely hazardous since 
the radiation is not detected by the nerve endings located in the skin. The power absorbed in the body tissues 
can be as high as 40% of the incident power. The urinary bladder, gall bladder, and parts of the gastro- 
intestinal tract are particularly vulnerable since they are not cooled by an abundant flow of blood. Also, 
stainless steel and platinum bone implants and fillings in teeth can increase in temperature when subjected to rf 
radiation, resulting in burning of tissues. 


In the 2-5 GHz region of the rf spectrum, the eyes and the testes are the most vulnerable organs to rf radiation 
damage. Damage to the eyes is generally irreversible and can result in blindness from cataracts or loss of lens 
transparency. Animal experiments have shown that damage to the testes from low levels of exposure does not 
differ from that caused by common forms of heat applied to the testes, and that the reduction in testicular 
function due to heating appears to be temporary. It is not known if rf radiation produces any genetic damage. 


To minimize possible hazards from rf radiation, Dept of Defense Instruction 6055.11 (9-4) provides 


recommendations to prevent possible harmful effects in human beings exposed to radio frequency radiation. 


9.4 LASER HAZARDS (9-5). 


Biological damage from laser radiation is caused by photochemical, thermal, and pressure effects, acoustic and 
ultraviolet shock waves, plasma generation, ultrasonic emission, and even the generation of free radicals. Of 
these, the first three are the most hazardous to tissues, organs, and eyes. The damages include tissue 
ionization, molecular rearrangements, blood vessel occlusion, corneal opacity, retinal lesion, blindness, and even 
death. Lasers are divided into four classes: Class 1 is non-hazardous; Class 2 depends on blink reflex for the 
person to turn away to prevent a hazard; Class 3 is a direct or specular reflection hazard; Class 4 is all other 
high energy lasers. See ANSI Z136.1 for further information concerning safe use of lasers. 


It is believed that damage to eye tissue by visible and infrared light is mainly thermal in nature. The lens of the 
eye is practically transparent in these regions, thus increasing the susceptibility to retinal burn or lesion. The 
susceptibility is enhanced by the fact that the power density of light converging on the retina is concentrated 
by a factor of 10° when it passes through the pupil and lens of the eye. 


At near ultraviolet, the eye responds in nearly the same way as it does to visible light, the exception being a 
marked decrease in vision between 380 nm(10-9 meters) and 420 nm. This decrease is caused by the strong 
absorption at the lens of the eye. Extreme exposure to these wavelengths may lead to the development of 
cataracts. In the B and C ultraviolet bands, radiation is absorbed by the cornea and its outer layer. Excessive 


exposure to these wavelengths can cause a condition called “welder’s flash,” an effect similar to snow blindness. 
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Serious skin injury can occur at high power levels in the near infrared and visible regions. The skin becomes 
increasingly sensitive in the ultraviolet region. Energy at these wavelengths penetrates deeply and can cause 
severe burns. In the near infrared range, the skin becomes relatively transparent, making the internal organs 
particularly susceptible. 


9.5 X-RAY RADIATION. 


X-rays are generated when electrons are accelerated to a sufficiently high velocity before colliding with an 
appropriate target. In addition to being produced by specifically designed equipment, X-rays can also be 
produced by high-voltage (> 15 kV) tubes used for other applications. It is important that all sources of X-ray 
radiation in equipments be identified and shielded so that they will not present a personnel hazard. 


The maximum safe exposure to X-ray radiation is considered to be 100 milli-Roentgens per week (9-6). Based 
on a 40-hour work week, this limit translates into a maximum hourly rate of exposure of 2.5 milli-Roentgens 
per hour. 

9.6 REFERENCES. 


9-1. C. F. Dalziel, “Electric Shock Hazard,” IEEE Spectrum, Vol 9, No. 2, February 1972, pp 41-50. 


9 


2. “Standard General Requirements for Electronic Equipment,’ MIL-STD-454J, 30 June 1985. 


9-3. “Leakage Current for Appliances,” C101.1-1973, American National Standards Institute, 1430 Broadway, 
New York NY 10018. 


9-4. Dept of Defense Instruction 6055.11, 20 August 1986, “Protection of DOD Personnel from Exposure to 
Radio Frequency Radiation.” 


9-5. Marce Eleccion, “Laser Hazards,” IEEE Spectrum, Vol 10, No. 8, August 1973, pp 32-38. 


9-6. Dept of Defense Instruction 6055.8, 3 January 1983, “Occupational Radiation Protection Program.” 


9-6 


MIL-HDBK-419A 
CHAPTER 10 


NUCLEAR EMP EFFECTS 


10.1 INTRODUCTION. In addition to the blast, thermal effects, and radioactive fallout, a nuclear detonation 
produces an intense electromagnetic effect. Under the proper circumstances, a nuclear detonation generates a 
high-intensity electromagnetic pulse (EMP) whose frequency spectrum may extend from below | Hz to above 
300 MHz. This high-intensity EMP can disrupt or damage critical electronic facilities over an area as large as 
the continental United States, unless protective measures are taken in the facilities. The development of such 


protective measures involves grounding, bonding, and shielding and requires an understanding of the EMP itself. 


10.2 EMP GENERATION. 


10.2.1 High-Altitude EMP (HEMP). The high-altitude EMP (HEMP) produced by an exoatmospheric nuclear 
explosion is the form of EMP commonly of most interest because of the large area covered by a single bomb. 
The HEMP is also the form for which interaction and protection are most advanced. The standard HEMP 
waveforms to be used for tests and analyses of hardened systems are given in DoD-STD-2169 (SECRET-RD). A 
brief description of the three parts of the standard waveform is given below. 


10.2.1.1 Early-Time HEMP. 


The detonation of a nuclear weapon produces high-energy gamma radiation that travels radially away from the 
burst center. When the detonation occurs at high altitudes where the mean free path of the gamma photons is 
large, these photons travel great distances before they interact with another particle. As illustrated in Figure 
10-1, gamma rays directed toward the earth encounter dense atmosphere where they interact with air 
molecules to produce Compton recoil electrons and positive ions. The Compton recoil electrons also travel 
radially away from the burst center initially, but these moving charged particles are acted upon by the Earth’s 
magnetic field, which causes them to turn about the magnetic field lines (10-1). 


The Earth’s magnetic field accelerating the Compton recoil electrons causes them to radiate an electrodynamic 
field. Thus, the early-time HEMP is produced by this charge acceleration (electron turning) phenomenon that 
occurs in the atmosphere in a region about 20 km thick and 30 km above the Earth’s surface (sea level). This 
source region covers the Earth -within the solid angle subtended by rays from the burst point that are tangent to 
the surface of the Earth, as illustrated in Figure 10-2. To an observer on the ground, the incoming wave 
appears to be a plane wave propagating toward him from the burst point. The amplitude, duration, and 
polarization of the wave depend on the positions of the burst and the observer, relative to the Earth’s magnetic 
field lines. Peak electric field strengths of over 50 kV/m with risetimes of a few nanoseconds and decay times 
of less than lus are typical for this early-time portion of the HEMP (10-2). 
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h = HEIGHT OF BURST = 400 km = 250 MILES 


s = DISTANCE TO HORIZON = 2,250 km = 1,400 MILES 


A HIGH ALTITUDE BURST ILLUMINATES LARGE GEOGRAPHICAL REGIONS 
WITH GAMMA RAYS. 


Figure 10-1. EMP from High Altitude Bursts 
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Figure 10-2. Schematic Representation of High-Altitude EMP Generation 
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10.2.1.2 Late-Time HEMP (MHDEMP). Much later (0.1 to 100 s), currents are induced in the ground by the 
effects of the expanding and rising fireball constituents. These effects are called the magnetohydrodynamic 
EMP (MHDEMP). They arise from the motions of the rapidly expanding bomb debris and hot ionized gases in the 
Earth’s magnetic field. MHDEMP has two phases produced by two principal effects. The first effect is an 
ionospheric blast wave that deforms the geomagnetic field lines and produces an early phase of the MHDEMP 
that reaches the Earth’s surface in 2 to 10 seconds and can be seen worldwide. The second effect is the 
“atmospheric heave," in which hot debris and air ions are moved across geomagnetic field lines to cause large 
circulating currents in the ionosphere. These currents induce image currents in the ground over a period of 10 
to 100 seconds. Although the field strengths produced at the surface by the MHDEMP are small (tens of volts 
per kilometer), they occur over long times. Thus, the MHDEMP is a consideration for long power and 


communications lines and, because of its duration, for the energy it can deliver to protective devices. 


10.2.1.3 Intermediate-Time HEMP. Between the early-time HEMP and the MHDEMP, transitory phenomena 
produce what is called intermediate-time HEMP. This HEMP lasts from about lys to about 0.1 s. The 
intermediate-time HEMP observed at the Earth’s surface has a peak electric field strength of a few hundred 
volts per meter and is predominantly vertically polarized. 


10.2.2 Surface-Burst EMP. When a nuclear weapon is detonated at or near the surface of the Earth, neutrons 
and gamma rays are ejected radially outward from the burst center. The gamma ray photons emitted by the 
bomb, and others produced by neutron inelastic collisions with air, ground, and water, interact with air 
molecules to produce Compton recoil electrons. At or near sea level, however, the Compton recoil electrons 
quickly collide with air molecules to provide a copious supply of low-energy secondary electrons and ions. Thus, 
the Compton recoil electrons account for a large charge separation and, because of the secondary ionization, a 
fairly conductive air. As illustrated in Figure 10-3, the charge displacement is asymmetrical because of the 
Earth’s surface. The initial dipole charge is discharged by current through the ionized air and soil. From a 
large distance, the EMP from a surface burst appears to emanate from a dipole source; it is vertically polarized 
and attenuated as I/r with distance, r, from the burst point. Thus, the surface-burst EMP is a more localized 
source than the HEMP. However, within the source region where the Compton electrons, secondary ionization, 
and relaxation currents occur, the fields are large, and long conductors, such as power lines and communication 
cables, may have large currents induced on them. These currents may be propagated along the conductors for 
great distances from their source. Therefore, this source-region EMP (SREMP) may be important to systems 
far outside the source region if they are connected to the source region through wires, cables, or other 
conductors. 
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Figure 10-3. Surface-Burst Geometry Showing Compton Electrons and Net Current 
Density, Lear Radiated Fields are Approximately Proportional to 
aJC .4/dt (Electrie-Dipole Fields) 


10.2.3 Other EMP Phenomena. 


The high-altitude EMP (HEMP) is, by far, the most important form of EMP for communication facilities because 
of its large area of coverage. However, in addition to the HEMP and the surface-burst EMP, a few other 
electrical effects should be mentioned. System-generated EMP (SGEMP) is produced when the high-energy 
particles (mostly gamma- and X-ray photons) produced by the bomb interact directly with the system structure. 
These interactions knock electrons out of the structure, which causes current on the structure and potential 
gradients between the structure and the removed charge. The structure of interest may be system wiring or 
cable shielding; the current and potential differences are then on system circuits. (Because this EMP is often 
generated inside the system, it is sometimes called internal EMP (TEMP). SGEMP is of major concern for 
satellites and other space vehicles because the gamma- and X-rays from the high-altitude bomb can travel 
great distances without colliding with another particle or structure. SGEMP is also a consideration for surface 
systems whose blast and thermal resistance permits them to operate inside the source region. 


Another important electrical effect is known as transient radiation effects on electronics (TREE). The 
radiation emitted by the nuclear explosion can interact with components of electronic circuits to produce 
ionization or atomic displacements in the semiconductor and insulating materials. The effects range from 
momentary changes in conductivity to permanent changes in crystal lattices. Semipermanent effects, such as 
trapped charges in insulating materials, may also occur. TREE may upset memories, produce spurious circuit 
responses (logic errors), drive circuits into abnormal states, or cause permanent damage. As with most other 
EMP forms, damage caused by TREE can also occur through secondary effects. Self-inflicted damage may be 
triggered by abnormal conductivity in a junction that allows stored energy to be released. In addition, one 
circuit may be caused to instruct another circuit or another part of the system to perform some forbidden act 
that destroys the circuit or even the system. 


10-4 


MIL-HDBK-419A 


10.2.4 Comparison with Lightning. 


Lightning and the EMP are often compared because they are both large electromagnetic phenomena and 
because more people have experienced lightning in some form. Though they are generated by different 
mechanisms, some aspects of their effects on systems are similar. Both can produce large electrical transients 
in systems. Both interact with power lines and communication cables to excite systems served by these cables. 


However, lightning and HEMP have important differences in their electromagnetic properties and in the way 
they interact with systems. Lightning can deliver greater energy to a moderate impedance load, such as a 
power transmission line, than can the HEMP. On the other hand, the HEMP has a larger rate of change of field 
and induced currents and voltages than lightning, so that coupling phenomena that depend on dE/dt and dB/dt 
(where E and B are the electric field intensity and magnetic flux density, respectively) are more important for 
the HEMP excitation than they are for lightning. Because the HEMP appears to be a plane wave at the Earth’s 
surface, its interaction with long insulated conductors, such as overhead lines, can include a “bow wave” effect 
in which the inducing wave propagates along the line synchronously with the induced current wave, building up 
very large induced currents. The field produced by lightning decreases as I/r with distance, r, from the source, 
so that the bow-wave effect is much less prominent for lightning than it is for HEMP. 


Perhaps the most important difference between lightning and the HEMP is their area of coverage. Lightning 
strikes one point in a large system such as a continental communication network, while the HEMP excites the 
entire network almost simultaneously. Large networks have been designed to cope with single-point outages, 
such as those that may occasionally occur because of lightning. We have no experience to assist us in 
determining the effect of a large number of simultaneous outages that might accompany HEMP, and it is 
virtually impossible to test hypotheses of system reactions with network-scale experiments. Furthermore, the 
system is not exposed to the HEMP during peacetime; we get no feedback from a “protected” system on the 
effectiveness of the protection. Thus, protecting large networks from the HEMP usually involves conservative 
protection of individual parts of the network in the hope that network hardness will follow from component 
hardness. 


10.3 HEMP INTERACTION WITH SYSTEMS. HEMP interaction with systems may be separated into long-line 
effects and local effects. Long-line effects are the currents and voltages induced on long power lines, 
communication cable links, or even other conductors, such as pipelines. Some of these HEMP effects may be 
induced far away and guided to the facility along the conductor. Local effects are the currents and voltages 
induced directly on the facility shield, building structure, wiring, equipment cabinets, etc. These local effects 
are very difficult to evaluate analytically because of the complexity of the facility structure, the lack of 
information on the broadband electrical properties of many of the structural materials, and the extremely large 
number of interaction paths, facility states, and other complicating factors (10-2), (10-3). On the other hand, 
the local interactions can be evaluated experimentally with simulated HEMP fields that envelop the facility. 
The full length of the long lines connected to a facility can rarely be illuminated with simulated HEMP fields; 
the HEMP interaction with the long lines must usually be estimated analytically and simulated as an external 
excitation driving at the long-line port. 
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10.3.1 Current in Long Lines. 


10.3.1.1 Long Overhead Lines. 


The currents induced on long straight overhead lines parallel to the Earth’s surface by HEMP-like events have 
been analyzed thoroughly (10-4), (10-5), (10-6). If the line is over a perfectly conducting ground plane, the 
current has a waveform similar to the HEMP early-time waveform, except for a slightly longer risetime for 
lines more than a few feet high. For imperfectly conducting ground, such as soil, the imperfect reflection of 
the wave from the ground allows the line to be driven more strongly and for a longer time than if the ground 
were a good conductor. 


The short-circuit current induced in a semi-infinite line (one extending from the observer to infinity) over soil 
for an exponential pulse of incident field is shown in Figure 10-4. The current is shown for horizontal 
polarization (dashed line) and vertical polarization (solid line) of the incident field. The curve O= © is the 
current that would be induced in a wire over a perfectly conducting ground; this current is proportional to line 
height (h), decay time constant (t), and incident field strength (Ej). The current in Figure 10-4 is normalized by 
containing the characteristic impedance of the line, the peak field (Eo) and decay time constant(t) of the 
incident field, the speed of light (c), and a directivity function (D). The directivity function (D) depends on the 
azimuth angle (%) between the wire and the vertical plane containing the Poynting vector of the incident wave, 
and on the elevation angle (¥) of the ?oynting vector of the incident wave. The correction for finitely 
conducting ground is proportional to the incident field strength, the 3/2 power of the decay time constant, and 


the inverse square root of the soil conductivity (a). 


For a 3002 line 10 meters (33 feet) above soil havinglo-3 siemans/meter (S/m) conductivity, an incident 15 
kV/m exponential pulse with 250 nanoseconds (ns) decay time-constant will induce a short-circuit current of 
about 10kA on the line. Vertically polarized waves induce larger currents than horizontally polarized waves, 
but in the latitudes of the mainland United States, the HEMP fields are predominantly horizontally polarized. 
Thus, only 15 kV/m was used in this example, even though the peak HEMP field may be much larger than 15 
kV/m. More sophisticated analyses that take into account the burst point, the observer point, and their effect 
on HEMP polarization and waveform give peak short-circuit currents between 5 and 10 kA for the early-time 
HEMP. The open-circuit voltage induced at the end of the semi-infinite line is the product of the short-circuit 
current and the characteristic impedance (Zg). For the 3002 line in this example, the open-circuit voltage 


would be 3 megavolts (MV). 
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Figure 10-4. Short-Circuit Current Induced at the End of a Semi-Infinite 
Above-Ground Wire by an Exponential Pulse 


10.3.1.2 Long Buried Lines. 


As noted in 10.3.1.1, imperfectly conducting soil does not completely reflect the incident field; some of the 
incident wave is transmitted into the soil. This field in the soil can induce current in underground cables, pipes, 
and other conductors. However, because the velocity of propagation of a wave is much less in soil than in air, 
the bow-wave effect is almost negligible on buried conductors. Furthermore, the attenuation on buried 
conductors is greater than on overhead lines because of the proximity of the lossy soil to the buried conductor. 
For conductors in contact with the soil (i.e., buried bare conductor), the current at any observation point is 
determined primarily by coupling within one skin-depth of the observation point. Current induced at points 


farther away is so strongly attenuated by the soil that it adds little to the total current at the observation 
point. 


The current induced in a long buried cable is shown in Figure 10-5 for various depths of burial, as given by a 
depth parameter tq = pod, where d is the depth of burial. The current is normalized to the inductance per unit 
length (L) of the cable, the magnitude of the incident exponential pulse (E,), the decay time-constant(t), the 
soil tine-constant (te = e/o),and a directivity function (D). The induced current is proportional to the incident 
field strength (E,)the 3/2 power of the decay time-constant (t1),and the inverse square root of the soil 
conductivity (oor a horizontally polarized, vertically incident pulse having Eg 50 kV/m and ~~ T: = 250 ns, a 


long cable buried near the surface (d = 0) in soil of conductivity 1073 S/m will have about 2.8 kA induced in it. 
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Figure 10-5. The Normalized Current Waveform for Various Values of the Depth 
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10.3.1.3 Vertical Structures. The HEMP interacts with vertical structures, such as radio towers, waveguides, 
and cables to overhead antennas, and downleads from power and communication lines in much the same manner 
as it interacts with horizontal lines, except that it is the vertical component of the electric field that drives the 
vertical structures. The current induced in a downlead from an overhead power line is shown in Figure 10-6. 
Because the line is short and the angle of incidence is only 30°, little bow-wave effect is observable. The peak 
current is also limited by the line height in this example; for taller structures, the leading edge of the current 
wave will continue to rise as the integral of the incident wave. The current will increase with structure height 
for structures up to a few hundred feet high. 
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Figure 10-6. | Short-Circuit Current Induced at the Base of a Vertical Riser by a 
Vertically Polarized Incident Wave 


10.3.2 HEMP Interaction with Local Structure. 


10.3.2.1 Shields. The HEMP fields incident on a closed shield induce surface currents and charge 
displacements on the outer surfaces of the shield. If the shield is continuous metal (i.e., it has no opening or 
discontinuities in its surface) and about | mm thick, the voltage induced in circuits inside the shield by the 
HEMP will be very small. Table 10-1 shows the voltage induced in the largest single-turn loop that can be 
placed inside a spherical shield of 10 meters radius by a zero-rise-time 50 kV/m incident exponential pulse 
having a 250 ns decay time-constant (10-7). Note that even for a shield as thin as 0.2 mm, the induced voltage 
is less than 1 V; shields made of workable thicknesses of common metals do not allow significant HEMP 
interaction with internal circuits. Possible exceptions to this conclusion are those shields that are long and of 


small cross section, such as the shields on intrasite cables. 
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Table 10-1 


Shielding by Diffusion 


Internal Voltage Induced in Loop * 


Shield 
Thickness Copper Aluminum Steel 
(mm) 5.8 x 10’ S/m 3.7 x 10’ S/m 6 x 10° S/m 
(up = 200) 
0.2 0.34 V 0.85 V 0.076 V 
1.0 2.6 mV 6.4 mV 1.1 mV 
5.0 21.0 wpV 51.0 uV 15.0 pV 


*Peak voltage induced in a loop by radius 10 m inside a spherical shield or radius 10 m illuminated by a 
high-altitude EMP (by diffusion through walls only). 


10.3.2.2 Penetrating Conductors. Conductors, such as power and signal wires, that pass through the shield, as 
illustrated in Figure 10-7, may allow very large currents and voltages to be delivered to internal circuits. The 
current on the wire just inside the shield is about equal to the current just outside the shield; the wire is a 0 dB 
compromise of the shield. (At high frequencies, the capacitance between the wire and the shield wall may 
cause some attenuation of the wire current, but this effect is negligible at frequencies such that I/jwC << Zo, 
where C is the wire-to-shield capacitance and Z, is the load impedance on the wire. (For nominal values of 
C = 10 pF and Ze= 2002, f = 80 MHz for a 6-dB loss.) Thus a major concern for HEMP interaction is the 
penetrating conductor that can guide HEMP-induced waves through shield walls. As discussed above and 
illustrated in Figure 10-7, the shield is effective in excluding the incident electromagnetic waves, but it has 


little effect on the waves guided through it on insulated penetrating conductors (10-8). 
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Figure 10-7. Shield to Exclude Electromagnetic Fields 


10.3.2.3 Apertures. 


Apertures in the shield surface allow the external HEMP-induced fields to penetrate through the shield and 
interact with internal wiring or other conductors, as illustrated in Figure 10-8. The external electric field (En) 
associated with the surface charge dens(qy= EoEn) can induce charge on internal cables as illustrated in 
Figure 10-8a. The external magnetic field (H_) which has the same magnitude as the surface current density (J) 
can penetrate through the aperture to link internal circuits, as illustrated in Figure 10-8b. Since the current 
induced by the electric field is proportional to JEp/dt and the voltage induced by the magnetic field is 
proportional to dH;/dt, the aperture coupling emphasizes the fast-changing parts, or high-frequency spectrum, 
of the HEMP-induced transient. However, it is important to recognize that it is in the rate of rise that the 


HEMP stress is dominant over the other external sources. 


The maximum open-circuit voltage induced by a rate of change of external magnetic field of011 Am@1s"1 
penetrating a circular aperture 5 cm in radius is over 600 V. This rate of change of the field is characteristic of 
the HEMP, and the analysis leading to the induced voltage is based on a wire directly across the aperture just 
inside the shield. Thus, aperture coupling is an important consideration in HEMP interaction analysis. 
Apertures in facility shields take many forms; they range from open doors and windows to the discontinuities at 


riveted or bolted joints in the shield. 
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Figure 10-8. Electromagnetic Penetration Through Small Apertures 


10-12 


MIL-HDBK-419A 


10.4 PROTECTION AGAINST HEMP. 


There are important considerations in designing this protection that affect the value that can be placed on 
HEMP protection. The HEMP protection adds cost to the facility, and the value received for the added cost is 
confidence that the facility will survive HEMP. This implies that (1) the protection against HEMP can be 
verified, and (2) this protection is retained and can be maintained throughout the life of the facility. The 
protection has low value when it is designed in such a way that it is difficult to verify or maintain. The 
protection may be difficult to verify when the HEMP-induced stresses inside the facility are large enough to 
cause spurious arcing or other insulation breakdown. It may also be difficult to verify when it depends on 
unknown or uncontrolled electromagnetic properties of materials used in the facility. Finally, hardness 
verification will be difficult if the number of features that must be tested is very large. For example, if the 
HEMP-induced stress is large deep inside the facility, the number of system states, modes of excitation, stress 
waveforms, etc., that must be evaluated may be enormous. 


Since HEMP does not ordinarily occur during peacetime, degradation of the protection is not evident from 
peacetime operation of the facility. Therefore, the HEMP protection has greatest value if it is durable. The 
protection should not be degraded by normal use and maintenance of the facility. The protection should not 
depend on extraordinary configuration control. It must accommodate facility growth and modification. 
Components critical to the protection should be few in number, accessible, and testable. 


Protecting communication facilities against the HEMP typically consists of developing a closed HEMP barrier 
about the facility. The barrier consists of a shield to exclude the incident space waves and various barrier 
elements on the essential penetrating conductors and in the apertures required for personnel and equipment. 
The number of penetrating wires, apertures, and other features that must be evaluated to verify the HEMP 
protection is kept as small as possible. In addition, attention is given to the number of system states or 
configurations for which the protection must be determined. Durability and accessibility of the protection 
elements are also important. 


10.4.1 HEMP Barrier. 


10.4.1.1 Shield, The facility-level shield used for protection against HEMP is typically fabricated from 
welded sheet steel. The thickness is usually selected for ease of fabrication, but in areas where exceptional 
mechanical abuse is likely, mechanical strength, as well as workability, may be a consideration. Shield 
assembly is typically accomplished by continuous welding, brazing, hard soldering, or other fused-metal process 
to minimize the number of discontinuities in the shield (a weld or other fused-metal joint is considered 
continuous metal). 


10.4.1.2 Penetrating Conductors. 


Concepts for penetrating conductor treatment are illustrated in Figure 10-9. Penetrating conductors that can 
be grounded, such as plumbing, waveguides, grounding cables, and cable shields, are bonded to the shield wall at 
their point of entry by peripherally welding them to the wall or by the use of clamps, collets, etc., that 
peripherally bond the penetrating conductor to the shield with little or no discontinuity. 


Signal and power wires that need not penetrate the shield should not penetrate the shield. Wires that must 
penetrate the shield must be treated with a barrier element, such as a filter or surge arrester, that closes the 


barrier above a voltage threshold or outside the passband required for signal or power transmission. 
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Figure 10-9. Shielding Integrity Near Interference-carrying External Conductors 
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10.4.1.3 Apertures. No unnecessary openings or discontinuities in the shield should be allowed. Those 
openings necessary for personnel and equipment loading and for ventilation should be designed to limit 
electromagnetic field penetration. Openings that must permit air flow or light passage can be made more 
opaque to HEMP waves by covering them with mesh or, preferably, honeycomb waveguide-beyond-cutoff, as 
illustrated in Figure 10-10. High traffic entryways can use waveguide-beyond-cutoff tunnels with doors at each 
end (without the doors, the highest frequencies in the HEMP spectrum can penetrate through a tunnel large 
enough for personnel to walk through). Where possible, discontinuities in the shield should be eliminated by 
continuous welding or a similar process. Those that are necessary for equipment installation and maintenance 
should be electromagnetically sealed with durable bonding techniques, such as resilient RFI gaskets and small 
bolt spacing. Where access is required infrequently, it might be practical to weld the equipment entry door 
shut; large cargo doors are large compromises to shielding integrity and difficult to seal effectively and 
durably. 


10.4.2 Allocation of Protection. 
10.4.2.1 Amount of Protection Needed. 


The amount of protection needed depends to some extent on how failure is defined for the system. For 
communications facilities, the threshold for failure, or the minimum acceptable performance, may be defined 
by a maximum allowable outage time or error rate. In some cases, the principal requirement is that the system 
not damage itself so that it can be restarted and restored to service after an attack involving HEMP. The 
definition of system failure, or operating requirements, should be prescribed in the system specification; it will 
be determined by many factors in addition to HEMP. 


In determining the amount of HEMP protection required, it is important to be able to define a transient 
tolerance or susceptibility level for the facility or the equipment in the facility. Since most communications 
equipment have no transient “withstand” requirement, except perhaps on the power terminals, we cannot obtain 
the required tolerance from the equipment specification. Nevertheless, it is possible to define a transient 
stress at or below which the equipment performance will be unaffected. Zero stress certainly satisfies this 
definition, but more practical values can be found. For example, the equipment tolerates its operating signal 
levels, and it tolerates the peacetime transient stress inside the facility. Neither of these is a trivial value of 
stress, and we can be assured that if the HEMP-induced stress is made small compared to either, the presence 
of HEMP will not cause the equipment to malfunction. Additional information on transient withstand 
requirements may be found in MIL-STD-461C. 


The equipment or internal circuit threshold defined in terms of known peacetime tolerances has several 
advantages (10-9) 


(1) It takes advantage of known equipment "withstand" capability; no more HEMP protection is necessary 
than that required to reduce HEMP transients to a safe margin below this known tolerance. 


(2) It is not necessary to determine the HEMP response of circuits and structural elements inside the 


equipment; this greatly reduces the complication of hardness verification and maintenance. 


(3) It is possible to place all HEMP requirements at the facility barrier, so that concern for interior 


configuration control and internal states are alleviated. 
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Figure 10-10. Magnetic Field Penetration of Apertures 
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10.4.2.2 Where Protection is Applied. 


AS noted above, HEMP protection must be designed to accommodate hardness verification procedures. The 
most easily verified protection requires the least number of tests and the least number of assumptions to 
establish the integrity of the protection. For example, suppose the facility is a node with a 100-pair cable 
linking it to other parts of a network. Because of unbalanced and nonlinear terminations, there may be 2007 
two-wire stresses and susceptibilities to evaluate at the cable penetration of the facility barrier. Inside the 
facility, the 200-wire cable may branch into 1000 or more wires and equipment terminals. Thus if the HEMP 
stress is allowed to be dominant (larger than known peacetime stresses) inside the barrier, 1000” transient 
stresses and susceptibilities must be evaluated (or assumed unimportant). In addition, in the latter case, all the 
internal interactions between the 1000 wires and other internal circuits must be assessed (or assumed 
unimportant). Typically, both the number of features to be evaluated and the number of assumptions necessary 


increase with the depth into the system at which hardness verification is attempted. 


Therefore, for facilities whose protection against HEMP has high value (i.e., where confidence in the protection 
is important), the protection is placed at the system-level barrier, and the protection at this level is sufficient 


that the HEMP-induced stress is not dominant inside this barrier. 


10.4.2.3 Terminal Protection Devices. Problems from HEMP are expected to arise from the antennas and 
connecting cables, long interconnecting leads and cables between equipments, and the ac power lines. 
Antennas, connecting cables, and the front-end of the associated communications equipments in particular will 
be subjected to very large voltages and currents. The protective technique or device must protect the 
equipment without adversely affecting its performance, and must be capable of withstanding the effects of both 
EMP-induced transients and other transients in the system. The latter two considerations may severely limit 
applications of many of the protective devices at rf unless they are modified or used in conjunction with other 


components. 


10.4.2.3.1 Spark Gaps and Gas Tubes. Spark gaps are one of the oldest forms of surge arrester. A spark gap is 
a pair of electrodes, insulated by air or other gas, spaced so that the gap will break down when the voltage 
exceeds a specified level. The insulating gas pressure varies from a fraction of an atmosphere to several 
atmospheres, and the electrode spacing varies from a few millimeters in carbon blocks to several inches in large 
lightning arresters used for power equipment. Firing voltages range from about 1 kV for some carbon blocks to 
hundreds of kV for large lightning arresters. Large spark gaps can handle large charge transfers (many 
coulombs). In the nonconducting state, spark gaps behave as open circuits or small capacitances. The spark-gap 
firing voltage increases with the rate-of-rise of the applied voltage. Thus, for the large rates-of-rise 
encountered in EMP-induced voltages, the firing voltage may be several times as large as the rated static firing 
voltage. When spark gaps are used on energized lines, some provision must be made to assure that the discharge 
will be extinguished. Frequently, a metal-oxide varistor (MOV) is used in series with the spark gap to ensure arc 


extinction after the surge. 


Gas tubes are spark gaps with a low-pressure gas so that lower firing voltages can be achieved. Firing voltages 
below 100 V are available for commercial gas tubes. The gas tubes are generally more limited in their peak 
current and charge transfer capability than the spark gaps. Gas tubes are used primarily for secondary 


protection of wire pairs entering a facility from a long external shielded cable, or for exposed intrafacility 
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wiring. Balanced two-wire models are available that allow ionization from the first discharge to cause 
immediate conduction of both halves of the tube so that circuit imbalance is minimized. Coaxial models are 
also available for use on coaxial lines such as antenna feed cables. Gas tubes have small capacitances and 
virtually no loss in the nonconducting states. The glow state occurs in circuits whose impedance limits the 
discharge current to less than about 100 mA; the voltage across the tube in this state is about 100 V. The arc 
state occurs when large currents are caused to flow; the voltage across the tube in the arc state is usually 10 to 


20 V. Gas tubes should not be used on energized lines that can sustain the arc or glow discharge. 


Spark gaps and gas tubes display a negative dynamic resistance at the firing point, where a decrease in voltage 
across the device is accompanied by an increase in current through it. This property of spark gaps and gas tubes 
sometimes leads to unpredicted instabilities in the protected circuits. In addition, the discharge is a sudden 
change in voltage and current that may shock-excite the protected circuit. It is usually recommended that a 
linear filter be placed between the device and the protected circuits to minimize the effects of the negative 


dynamic resistance and shock excitation. 


10.4.2.3.2 Metal-Oxide Varistors. MOVs are capable of diverting currents up to tens of kiloamperes and, when 
packaged and installed to minimize terminal and lead inductance, they are effective for large rate-of-rise 
transients. Although they are nonlinear, MOVs do not display the negative dynamic resistance and shock 
excitation characteristics of the spark gaps and gas tubes. Their nonlinearity may produce intermodulation 
effects in RF circuits. The MOV stops conducting when the applied voltage decreases below the “knee” of the 
V-I curve. It is ideal for protecting energized lines, since it has no current-extinguishing problems. The MOV 
typically adds nanofarads of shunt capacitance and megohms of shunt resistance to the protected circuit. It 
should be used with caution on high-frequency circuits and high-impedance circuits. The maximum energy 
dissipation capability for large MOVs is tens of kilojoules. Just above the failure threshold, they usually fail as 
a short circuit or low resistance. However, for energies well above the failure threshold, the devices may be 
physically destroyed, sometimes explosively. 


10.4.2.3.3 Semiconductors. A number of avalanche devices are available for use as surge limiters. The 
semiconductor devices limit at lower voltages (1 to 100 V) than the MOVs and gas tubes, but they are less 
tolerant of large peak currents and large energies than the other devices. Peak current ratings up to about 
100 A are available. Because the devices themselves may be damaged by transients arriving on external wires 
and cables, they are not recommended for facility-level use. They may be used to protect equipment inside the 
facility and circuits that are entirely inside the shielded facility. The semiconductor devices add nanofarads of 
shunt capacitance to the protected circuit and may aggravate intermodulation problems. 


10.4.2.3.4 Filters. Linear filters may also be used as barrier elements on penetrating wires, but at the outer 
(facility-level) barrier, filters are always used in combination with surge arresters. On power lines, for 
example, the line filter usually cannot tolerate the peak voltages, so a spark-gap surge arrester is used to limit 
the voltage, and the filter isolates the interior circuits from the negative dynamic resistance and shock 
excitation of the spark-gap discharge. The shunt input capacitance of the filter may also be used to reduce the 
rate-of-rise of the voltage, so that the firing voltage of the surge arrester will be lower. A variety of low-pass, 
bandpass, and high-pass filters is available for power and signal line protection. 
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10.4.2.4 Waveguide Penetration of Facility Shield. 


10.4.2.4.1 Introduction. 


Waveguides, like other external conductors that penetrate the facility shield, can allow transients to propagate 
into the facility if they are not made continuous with the shield in the manner illustrated in Figure 10-11. 
Ideally, the waveguide wall should make continuous contact with the facility shield around the entire periphery 
or the waveguide combination. All of the waveguide current would then flow onto the outer surface of the 
facility shield; the external transients could only penetrate to the interior by diffusion through the waveguide or 
facility wall. 


In practice this continuous peripheral contact between the waveguide and the shield can be achieved by welding 
or soldering the waveguide to the wall. Two ways of implementing this connection are illustrated in Figure 10- 
12, where waveguide feedthrough sections are installed in the facility shield wall (or in a panel that is welded or 
bolted to the wall). In both cases, a waveguide section with two flange joints is used to allow the internal 
waveguide signal to pass through the wall but keep the external transient interference outside the facility. This 
method of treating the waveguide allows some flexibility in the waveguide plumbing inside and outside the 
facility, since only the feedthrough section is permanently attached to the wall. 


For microwave receiving systems operating with very small signals, the fraction of a dB loss in the joints and 
the possibility of additional loss from distortion about the weld may be undesirable, although the weld 
distortions can be eliminated by machining or reforming the welding operation. Where these losses are 
intolerable, some alternate methods of attaching the waveguide to the facility shield are available. In the 
following sections, two of these methods are described. Although these methods can be used satisfactorily, 
they are generally less rugged and more susceptible to corrosion and other degradation than the welded 
feedthrough sections of Figure 10-12. 


FACILITY 
SHIELD 
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Figure 10-11. Exclusion of Waveguide Current from Interior of Facility 
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Figure 10-12. Waveguide Feedthroughs 
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10.4.2.4.2 In-Line Waveguide Attachment. Connecting the waveguide to the shield without the feedthrough 
section and flange joints requires an in-line connection. In-line connections are somewhat inconvenient, 
because the waveguide penetration hole in the facility must be fairly accurately located so that it is aligned 
with the waveguide ports on the internal equipment and the external plumbing. In addition, the hole in the wall 
must be large enough to pass a waveguide flange, yet must be effectively closed by the attachment mechanism. 
Finally, the attachment to the waveguide must accommodate misalignment of the waveguide with the axis of 
the hole. If we further prohibit welding or brazing because of the potential distortion and damage to the 
internal finish of the waveguide, we are limited to soft soldering, mercury wetting, and clamping to make the 
electrical connection to the waveguide. Because of its environmental problems and its tendency to dissolve 
waveguide materials, mercury wetting has not been proposed to make the connection. The use of soft solder 
bonds also is prohibited by MIL-STD-188-124A on conductive paths subject to lightning or power fault currents. 
The following procedures are acceptable for bonding waveguides or cables to a designated RF shield, barrier or 
entrance plate. 


10.4.2.4.2.1 Sleeve and Bellows Attachment. In this method, illustrated in Figure 10-13, the connection to the 
waveguide is made with a snug-fitting sleeve over the waveguide. The sleeve may be installed on the guide 
before the end fittings are installed, or a split sleeve may be used so that it can be installed at any time. The 
preferred method of attaching the sleeve to the waveguide is to soft solder the sleeve to the guide with a 
eutectic lead-tin alloy. For split sleeves, however, it will probably be necessary to provide mechanical support 
with a clamp, as illustrated in the figure. If even eutectic soldering cannot be tolerated, a clamping alone may 
suffice, if the sleeve is slitted to allow it to grip the waveguide and if the sleeve and waveguide are both clean 
and protected so that they remain clean. To help prevent distortion of the waveguide by the clamp, it is 
recommended that a neoprene or other resilient cushion be used between the clamp and the sleeve. The flange 
on the sleeve and the bellows and its flanges can be welded together without damaging the waveguide. Details 
of their design are optional, but the bellows and flanges must be large enough to pass the waveguide flange if 
the bellows assembly is to be installed in the field after the waveguide is assembled. 
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Figure 10-13. Bellows with Slitted Sleeve Waveguide Attachment 
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10.4.2.4.2.2 Braided Wire Sleeve. 


A somewhat less effective, but usually adequate attachment to the waveguide can be made with a braided wire 
sleeve. As illustrated in Figure 10-14, the braided wire sleeve is necked down and soldered to the waveguide 
and flared out over a collar on the facility shield wall, where it is also soldered or welded. For mechanical 
strength, both of these attachments should be reinforced with a hose clamp and cushion, as was used with the 
rigid sleeve. And as with the rigid sleeve, the clamp may be used without solder at the waveguide if soldering 
cannot be tolerated, but, as before, both the braid and the waveguide must be clean when assembled and remain 
clean after assembly. 


The braided wire sleeve must expand into a large enough hoop to enable the waveguide end fittings to pass 
through (unless the sleeve is installed before the fittings are installed). In addition, it is desirable that the 
sleeve have an optical coverage of at least 85%. Thus, the sleeve design is fairly stringent because large 


expansion is usually accompanied by low coverage. 
For both the bellows and the braided wire sleeve attachments, it is recommended that the attachment 


mechanism be placed inside the facility wall and that a weatherproof boot or other external seal be installed to 


keep moisture and other foreign matter out of the attachment. 
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Figure 10-14. Braided Wire Sleeve Clamped to Waveguide 
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10.4.2.4.2.3 Stuffing Tube for Waveguide. In this method, illustrated in figure 10-15, the connection to the 
waveguide is made with a highly compressed stainless steel wool placed between rigid conduit and the bare 


waveguide. The conduit must be installed over the waveguide before the end fittings are installed. The 
follower plugs serve to compress the steel wool and also aid in weatherproofing and protecting the bond from 


corrosion. After all weather proofing has been completed, the rigid conduit should be bonded to the entry panel 


or facility shield by welding or brazing. 
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Figure 10-15. Stuffing Tube for Waveguide 
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CHAPTER 11 


NOTES 


11.1 SUBJECT TERM (KEY WORD) LISTING. Key words contained in Volume I and Volume II of this 
handbook include: 


Grounding 

Bonding 

Shielding 

Facility Ground System 
Lightning Protection Subsystem 
Fault Protection Subsystem 
Signal Reference Subsystem 
Earth Electrode Subsystem 
Single-Point Grounding 
Multipoint Grounding 
Equipotential Ground Plane 
Air Terminal (Lightning Rod) 
Electromagnetic Pulse (EMP) 
Lower Frequency Ground 
Higher Frequency Ground 
Phase Conductor 

Grounding Conductor (Green Wire) 
Grounded Conductor 

Neutral Conductor 

Ring Ground 

Fall-of-Potential Ground Test 
Shielding Effectiveness 
Zone (Cone) of Protection 
Power System Grounding 
Signal Grounding 

Facility Shielding 

Equipment Shielding 
Corrosion 

Down Conductor, Lightning 


Cathodic Protection 


11-1/11-2 


MIL-HDBK-419A 


APPENDIX A 
GLOSSARY 


ABSORPTION LOSS -- The attenuation of an electromagnetic wave as it passes through a shield. This loss is 
primarily due to induced currents and the associated IR loss. 


AIR TERMINAL -- The lightning rod or conductor placed on or above a building, structure, tower, or external 
conductors for the purpose of intercepting lightning. 


APERTURE -- An opening in a shield through which electromagnetic energy passes. 
BALANCED LINE -- A line or circuit using two conductors instead of one conductor and ground (common 
conductor). The two sides of the line are symmetrical with respect to ground. Line potentials to ground and 


line currents are equal but of opposite phase at corresponding points along the line. 


BOND -- The electrical connection between two metallic surfaces established to provide a low resistance path 
between them. 


BOND, DIRECT -- An electrical connection utilizing continuous metal-to-metal contact between the 
members being joined. 


BOND, INDIRECT -- An electrical connection employing an intermediate electrical conductor or jumper 
between the bonded members. 


BOND, PERMANENT -- A bond not expected to require disassembly for operational or maintenance purposes. 


BOND, SEMIPERMANENT -- Bonds expected to require periodic disassembly for maintenance, or system 
modification, and that can be reassembled to continue to provide a low resistance interconnection. 


BONDING -- The process of establishing the required degree of electrical continuity between the conductive 
surfaces of members to be joined. 


BUILDING -- The fixed or transportable structure which houses personnel and equipment and provides the 


degree of environmental protection required for reliable performance of the equipment housed within. 


CABINET -- A protection housing or covering for two or more units or pieces of equipments. A cabinet may 
consist of an enclosed rack with hinged doors. 


CASE -- A protective housing for a unit or piece of electrical or electronic equipment. 


CHASSIS -- The metal structure that supports the electrical components which make up the unit or system. 
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CIRCULAR MIL -- A unit of area equal to the area of a circle whose diameter is one mil (1 mil = 0.001 
inch). A circular mil is equal to 1/4 or 78.54 percent of a square mil (1 square mil = 106 square inch). The 


area of a circle in circular mils is equal to the square of its diameter in mils. 


CIRCUIT -- An electronic closed-loop path between two or more points used for signal transfer. 
COMMON-MODE VOLTAGE -- That amount of voltage common to both input terminals of a device. 


COMMON-MODE REJECTION -- The ability of a device to reject a signal which is common to both its input 


terminals. 


CONDUCTED INTERFERENCE -- Undesired signals that enter or leave an equipment along a conductive 
path. 


COPPER CLAD STEEL -- Steel with a coating of copper bonded on it. 

COUPLING -- Energy transfer between circuits, equipments, or systems. 

COUPLING, CONDUCTED -- Energy transfer through a conductor. 

COUPLING, FREE-SPACE -- Energy transfer via electromagnetic fields not in a conductor. 


CUTOFF FREQUENCY -- The frequency below which electromagnetic energy will not propagate in a 


waveguide. 


DEGRADATION -- A decrease in the quality of a desired signal (i.e., decrease in the signal-to-noise ratio or 
an increase in distortion), or an undesired change in the operational performance of equipment as the result of 
interference. 


DOWN CONDUCTOR, LIGHTNING -- The conductor connecting the air terminal or overhead ground wire to 
the earth electrode subsystem. 


EARTH ELECTRODE SUBSYSTEM -- A network of electrically interconnected rods, plates, mats, or grids 


installed for the purpose of establishing a low resistance contact with earth. 


ELECTRIC FIELD -- A vector field about a charged body. Its strength at any point is the force which would 


be exerted on a unit positive charge at that point. 


ELECTROMAGNETIC COMPATIBILITY (EMC) -- The capability of equipments or systems to be operated in 
their intended operational environment, within designed levels of efficiency, without causing or receiving 
degradation due to unintentional EMI. EMC is the result of an engineering planning process applied during the 
life cycle of equipment. The process involves careful considerations of frequency allocation, design, 


procurement, production, site selection, installation, operation, and maintenance. 
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ELECTROMAGNETIC INTERFERENCE (EMI) -- Any electrical or electromagnetic phenomenon, manmade or 
natural, either radiated or conducted, that results in unintentional and undesirable responses from, or 
performance degradation or malfunction of, electronic equipment. 


ELECTROMAGNETIC PULSE (EMP) -- A large impulsive type electromagnetic wave generated by nuclear or 


chemical explosions. 


EQUIPMENT, UNIT OR PIECE OF -- An item having a complete function apart from being a component of a 
system. 


EQUIPMENT GROUNDING -- Attained by the grounding conductor of the fault protection subsystem, and/or 


bonding to the signal reference subsystem or the structural steel elements of the building. 


EQUIPOTENTIAL PLANE -- A grid, sheet, mass, or masses of conducting material which, when bonded 
together, offers a negligible impedance to current flow. (serves as signal reference subsystem for new 


facilities) 


FACILITY -- A building or other structure, either fixed or transportable in nature, with its utilities, ground 
networks, and electrical supporting structures. All wiring, cabling as well as electrical and electronic 
equipments are also part of the facility. 


FACILITY GROUND SYSTEM -- The electrically interconnected system of conductors and conductive 
elements that provides multiple current paths to earth. The facility ground system includes the earth electrode 
subsystem, lightning protection subsystem, signal reference subsystem, fault protection subsystem, as well as 
the building structure, equipment racks, cabinets, conduit, junction boxes, raceways, duct work, pipes, and other 


normally noncurrent- carrying metal elements. 


FAR FIELD -- The region of the field of an antenna where the radiation field predominates and where the 
angular field distribution is essentially independent of the distance from the antenna. 


FAULT -- An unintentional short-circuit, or partial short-circuit, (usually of a power circuit) between 


energized conductors or between an energized conductor and ground. 


FIRST SERVICE DISCONNECT -- The necessary equipment (circuit breakers, switches, fuses etc.) located at 


the point of entrance of power conductors to a building or other structure. 


GROUND -- The electrical connection to earth primarily through an earth electrode subsystem. This 
connection is extended throughout the facility via the facility ground system consisting of the signal reference 
subsystem, the fault protection subsystem, the lightning protection subsystem and the earth electrode 


subsystem. 


GROUNDED CONDUCTOR -- (Neutral) The circuit conductor that is intentionally grounded (at first service 


disconnect or power source). 
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GROUNDING CONDUCTOR -- (Green Wire) A conductor used to connect equipment or the grounded circuit 
of a power system to the earth electrode subsystem. 


HIGHER FREQUENCY GROUND -- The interconnected metallic network (equipotential plane) intended to 
serve as a common reference for currents and voltages at frequencies above 30 kHz and in some cases above 
300 kHz. Pulse and digital signals with rise and fall times of less than 1 microsecond are classified as higher 
frequency signals. 


INTERFACE -- Any electrical connection (encompassing power transfer, signaling, or control functions) 
between two or more equipments or systems. 


ISOKERAUNIC (or isoceraunic) -- Showing equal frequency of thunderstorms. 


ISOLATION -- Physical and electrical arrangement of the parts of an equipment, system, or facility to 
prevent uncontrolled electrical contact within or between the parts. 


LIGHTNING PROTECTION SUBSYSTEM -- A complete subsystem consisting of air terminals, interconnecting 
conductors, ground terminals, arresters and other connectors or fitting required to assure a lightning discharge 
will be safely conducted to earth. 


LOWER FREQUENCY GROUND -- A dedicated, single-point network intended to serve as a reference for 
voltages and currents, whether signal, control or power, from dc to 30 kHz and some cases to 300 kHz. Pulse 
and digital signals with rise and fall times greater than | microsecond are considered to be lower frequency 
signals. 


MAGNETIC FIELD -- A vector field produced by a continuous flow of charge. 
MULTIPOINT GROUND -- More than one path to ground. 


NATIONAL ELECTRICAL CODE (NEC) -- A standard governing the use of electrical wire, cable, and fixtures 
installed in buildings. It is sponsored by the National Fire Protection Association (NFPA-70) under the auspices 
of the American National Standards Institute (ANSI-CD. 


NEAR FIELD -- The region of the field immediately surrounding an antenna where the inductive and 
capacitive fields predominate. In this region the angular distribution of the field varies with distance from the 


antenna. 


NEUTRAL -- The ac power system conductor which is intentionally grounded on the supply side of the first 
service disconnect(ing) means. It is the low potential (white) side of a single phase ac circuit or the low 
potential fourth wire of a three-phase wye distribution system. The neutral (grounded conductor) provides a 
current return path for ac power currents whereas the grounding (or green) conductor does not, except during 
fault conditions. 


PENETRATION -- The passage through a partition or wall of an equipment or enclosure by a wire, cable, or 
other conductive object. 
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PLANE WAVE -- An electromagnetic wave which predominates in the far field region of an antenna, and with 
a wavefront which is essentially in a flat plane. In free space, the characteristic impedance of a plane wave is 
377 ohms. 


RACK -- A vertical frame on which one or more units of equipment are mounted. 
RADIATION -- The emission and propagation of electromagnetic energy through space. 


RADIATION RESISTANCE -- The resistance which, if inserted in place of an antenna, would consume the 
same amount of power that is radiated by the antenna. 


RADIO FREQUENCY INTERFERENCE (RFI) -- RFI is manmade or natural, intentional or unintentional 
electromagnetic propagation which results in unintentional and undesirable responses from or performance 
degradation or malfunction of, electronic equipment. 


REFLECTING LOSS -- The portion of the transition loss, expressed in dB, that is due to the reflection of 
power at a barrier or shield. Reflection loss is determined by the magnitude of the wave impedance inside the 


barrier relative to the wave impedance in the propagation medium outside the barrier. 
RF-TIGHT -- Offering a high degree of electromagnetic shielding effectiveness. 


SHIELD -- A housing, screen, or cover which substantially reduces the coupling of electric and magnetic fields 
into or out of circuits or prevents the accidental contact of objects or persons with parts or components 
operating at hazardous voltage levels. 


SHIELDING EFFECTIVENESS -- A measure of the reduction or attenuation in the electromagnetic field 
strength at a point in space caused by the insertion of a shield between the source and that point. 


SIGNAL REFERENCE SUBSYSTEM -- A conductive sheet or cable network/mesh providing an equipotential 
reference for C-E equipments to minimize interference and noise. 


SIGNAL RETURN -- A current-carrying path between a load and the signal source. It is the low side of the 
closed loop energy transfer circuit between a source-load pair. 


STRUCTURE -- Any fixed or transportable building, shelter, tower, or mast that is intended to house 
electrical or electronic equipment or otherwise support or function as an integral element of an electronics 
complex. 


SUPPORTING STRUCTURES, ELECTRICAL -- Normally nonelectrified conductive structural elements near 
to energized electrical conductors such that a reasonable possibility exists of accidental contact with the 
energized conductor. Examples are conduit and associated fittings, junction and switch boxes, cable trays, 


electrical/electronic equipment racks, electrical wiring cabinets, and metallic cable sheaths. 


TRANSDUCER -- A device which converts the energy of one transmission system into the energy of another 
transmission system. 
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THUNDERSTORM DAY -- A local calendar day on which thunder is heard. 


UNDESIRED SIGNAL -- Any signal which tends to produce degradation in the operation of equipments or 
systems. 


WAVE IMPEDANCE -- The ratio of the electric field strength to the magnetic field strength at the point of 
observation. 


ZONE OF PROTECTION -- (also known as CONE OF PROTECTION) That space that is below and adjacent to 


a lightning protection subsystem that is substantially immune to direct lightning discharges. 
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3. 
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INDEX A 


Absorption loss, shield, I: 8-5, 8-8, 8-9, 8-27; II: 1-160, 1-162 
equations for, I: 8-6 
nomograph for, II: 1-161 


AC resistance, I: 5-5 


Air terminals, I: 3-13; II: 1-24, 1-27 to 1-33, 1-41, 1-179 
height, II: 1-27, 1-28 
location, II: 1-24 to 1-33 
materials, HI: 1-24 
also see cone of protection 


Amplifiers, grounding of, I: 6-19; II: 3-35 to 3-40 
Analog devices, grounding of, II: 3-35 


Antenna effects, I: 3-18, 6-14, 6-15 
of groundwires, I: 6-16 
and EMP pickup, I: 10-9 
and lightning induced surges, I: 3-17 


Apertures, shield, I: 8-32, 8-41, 10-11, 10-12,10-15; II: 3-28 
equations for, I: 8-34 
control of leakage through, I: 8-42; II: 3-28 


Arctic grounding, I: 2-66 
electrode resistance, I: 2-71 
improve grounding, I: 2-70 
installation and measurements, I: 2-71 
soil resistivity, I: 2-66 


Armored cable, I: 8-60; II: 1-103, 1-171, 1-173 
grounding of, II: 1-103 
relative shielding effectiveness of, I: 8-60; II: 1-171 


Arrester, surge, I: 3-25, 10-17 to 10-19; II: 1-59 to 1-70 


Attractive area, I: 3-10 
definition of, I: 3-10 
how to determine, I: 3-11 
also see effective height and cone of protection 
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INDEX B 


Balancing, use of, I: 6-23; II: 3-4, 3-7 
amplifiers, I: 6-21 
signal lines, I: 6-24; II: 3-4, 3-7 


also see noise minimization 


Body resistance, human, I: 9-1 


Bolting, I: 7-14; II: 1-140, 2-10 
also see bond, electrical 


Bond (and bonding), electrical, I: 7-1 to 7-36; II: 1-78, 1-109, 1-140, 1-195,1-199, 3-18 

area, I: 7-8 
assembly, I: 7-10 to 7-17 
completion of, I: 7-29; II: 1-140 
connectors of, II: 1-140, 3-20, 3-27 
contaminants, I: 7-7 
definition, I: 7-1 
direct, I: 7-4 
earth electrode system, in, II: 1-22, 2-5 
equipment, II: 3-18 
guidelines for, I: 7-36; II: 1-140, 3-18 
indirect, I: 7-16 

also see bond strap 
inspection of, II: 1-195, 2-5, 2-13, 3-49 
lightning protection system, in, II: 1-79, 2-13 
protection of, I: 7-29; II: 1-143 to 1-146 
purposes of, I: 7-1 
resistance, I: 7-3, 7-6; II: 1-194, 1-195, 2-10, 2-17, 2-19 
shields in, I: 8-33, 8-41; II: 1-162, 3-25 
structured, II: 1-140, 2-10 
techniques, I: 7-10; II: 1-140 

comparison of, I: 7-16 
testing of, II: 2-19 
torque, I: 7-7; II: 1-141 

table of, II: 1-141 
washer, use of, I: 7-15 
workmanship, I: 7-34 
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INDEX B 


Bond Protection Code, II: 1-143 to 1-147 

Bond strap (or jumper), I: 7-21; II: 1-147 to 1-153, 2-10, 3-18 
frequency, effects of, I: 7-19 
guidelines for use of, II: 1-148 to 1-153, 2-10, 3-18 
R/b ratio, recommended, I: 7-21 

Braided straps, I: 7-21 

Brazing, I: 7-11; II: 1-140, 1-142 

British Standard Code of Practice, I: 3-13 


Buried metals, see incidental electrodes 


Bus bar, use of, II: 3-3 
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INDEX C 


Cabinets, grounding of, II: 1-131, 3-16 


Cable routing, I: 1-171 
interference control, for, II: 1-171 


Cable shields, I: 8-59 to 8-63; II: 1-104, 3-2, 3-4, 3-35, 3-38, 3-49 
bonding of, II: 3-8 
braid, I: 8-59 
conduit as, I: 8-60 
grounding of, I: 8-61; II: 1-104, 3-2, 3-35, 3-38, 3-49 
installation practices, I: 8-61 


Cable trays, II: 1-103, 1-148 


Calcium chloride, I: 2-60 
also see chemical enhancement 


Capacitance coupling, I: 3-21, 6-11 
Capacitance, stray, I: 7-23 
Cathodic protection, I: 2-63 
Chemical enhancement, I: 2-60; II: 1-14, 1-185 
Classified Information Processors (RED/BLACK Equipments), II: 1-134, 2-58 
Climate, effects of, I: 2-7; II: 1-5, 1-143, 1-144 
on bonds, II: 1-143, 1-144 
on earth electrode subsystem design, I: 1-5 
on soil resistivity, I: 2-5 
Common-mode noise, I: 6-17 to 6-23 


Common-mode rejection ratio, I: 6-21 


Component damage, I: 10-15 to 10-17 
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INDEX C 


Compton electrons, I: 10-1 to 10-3 


Concrete enclosed electrodes, I: 2-62 


Conductive coupling, I: 6-5, 6-19 


Conductor length criteria, ground, II: 1-57 


Conductor parameters, I: 3-17, 5-1 
ac resistance, I: 5-5 
de resistance, I: 5-1 
proximity effects, I: 5-10 
reactance, I: 5-7 
also see inductance and skin effect 


Conductor routing, see cable routing 


Conductor selection, grounding, I: 5-1 to 5-19; II: 1-107 
I-beams, I: 5-15 
rectangular bars, I: 5-13 
stranded cables, I: 5-13 
tubular (pipes), I: 5-13 


Conduit, I: 8-60; II: 1-56, 1-74, 1-75, 1-103, 1-149, 1-159 
as a shield, I: 8-60; II: 1-159 
grounding of, II: 1-56, 1-75, 1-103 


Cone of protection, I: 3-11; II: 1-27 to 1-33 
definition of, I: 3-13 
example of, I: 3-13; II: 1-28 
means of determining, II: 1-28, 1-30 to 1-33 


Connectors, I: 8-59; II: 1-173, 3-13, 3-20, 3-49 
bonding of, II: 1-173, 3-13, 3-20, 3-49 
shields, I: 8-59 


Contaminants, bond, I: 7-7; II: 1-142 
removal of, I: 7-25; II: 1-142 
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INDEX C 


Convenience outlets, II: 1-104, 3-14, 3-49 
grounding of, II: 1-104, 3-14 
inspection of, II: 3-49 


Copper sulfate, I: 2-60 
also see chemical enhancement 


Corrosion, I: 7-29 to 7-35; II: 1-98, 1-99, 1-145, 1-146 
in bonds, I: 7-30 
protection against, I: 7-34; II: 1-98, 1-99, 1-145, 1-146 
theory, I: 7-30 
also see dissimilar metals 


Counterpoise, II: 1-15, 1-19 


Coupling, I: 6-1 

capacitive, I: 6-11 
conductive, I: 6-5 
far-field, I: 6-14 to 6-17 
free-space, I: 6-6 
inductive, I: 6-8 
near-field, I: 6-6 
radiated, I: 6-14 
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Demountable enclosures, I: 8-66 

Digital data systems, grounding of, II: 3-40 

Discrepancy report, major, II: 2-38 

Dissimilar metals, I: 7-31; II: 1-143, 1-145, 1-146 

Down conductor, lightning, I: 3-17; II: 1-34, 1-37 to 1-39 
location, II: 1-37, 1-39 
routing, I: 3-17; II: 1-37, 1-39 


size, II: 1-34 


Drawings, requirements for, I: 2-4, 3-43 
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INDEX E 


Earth electrode, I: 1-2, 2-1, 2-15; II: 1-2 to 1-22, 1-193, 1-196, 2-5, 2-39, 2-40 
current handling capacity, I: 2-57; II: 1-6 
design, I: 1-2, 1-6 to 1-14 
effective size of, I: 2-58 
encasement, I: 2-62 
enhancement, I: 2-59 
functions of, I: 2-1; II: 1-6 
heating, I: 2-57 
impulse impedance, I: 2-32; II: 1-6 
inspection of, II: 1-193, 2-5 
installation practices, II: 1-22, 1-193 
measurement, I: 2-35 
resistance, I: 2-17; II: 1-9, 1-193 
subsystem, I: 1-2; II: 1-193, 1-196 
types of, I: 2-15 


Earth resistance testing, I: 2-23, 2-35, 2-46; II: 1-9, 1-193, 2-5 
fall-of-potential method, I: 2-35 
large electrode system for, I: 2-44 


three-point method of, I: 2-46 


Effective height, I: 3-11 
also see cone of protection 


Electric dipole, I: 6-15 


Electric shock, I: 9-1 


Electrical equipment, grounding of, IH: 1-104, 1-133 


Electrical noise in communication systems, I: 1-4 


Electrical noise reduction, I: 1-2 


Electrical supporting structures, grounding of, II: 102 to 104 


Electrochemical series, I: 7-31 
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Electromagnetic interference (EMI), I: 1-4, 8-74, 8-77; II: 1-113 
Electromagnetic survey, I: 8-76; II: 1-154, 2-17 


EMP (Electromagnetic Pulse), I: 10-1 to 10-25; TH: 1-172 to 1-177, 1-187, 1-190, 3-50 
comparison with lightning, I: 10-5 
current in long lines, I: 10-6 to 10-9 
description, I: 10-1 to 10-5 
equipment susceptibility to, I: 10-22 
high-altitude EMP (HEMP), I: 10-5 to 10-25 
protection, I: 10-13 to 10-25; II: 1-172 to 1-177, 1-187, 1-190, 3-50 


Enclosures, electrical, II: 1-103, 3-27 to 3-33 
Enclosures, shielded, I: 8-63 
Epoxy, conductive, I: 7-16 
Equipment grounding, II: 3-1 to 3-19 
cabinet, of, II: 3-16, 3-46 
fault protection, for, II: 3-14 
inspection of, II: 3-43 
signal network, II: 3-2 
Equipment protection, I: 1-2 
Equipment susceptibility, I: 10-15; II: 1-50 
Equipotential plane, I: 5-26, 5-27; II: 1-120 to 1-133 
Existing facilities, II: 2-1 to 2-54 
expansion or modification of, II: 2-35 


survey of, II: 2-4 to 2-32 
upgrading, guidelines for, II: 2-33 
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Facility ground system, II: 1-113, 1-118 to 1-123, 1-199 
combined elements, II: 1-121 
description of, II: 1-113 
structural steel as used in, II: 1-118, 1-120 


Facility maintenance report, II: 2-46 
Facility survey, II: 2-4, 2-24 


Fall-of-potential method, I: 2-35 to 2-46; II: 1-182, 2-6 
theory of, I: 2-35 


Far-field coupling, I: 6-14 to 6-17 
Fasteners, II: 1-39, 1-40, 1-147 
Fault protection, I: 1-3, 2-2, 4-1 


Faults, electrical, I: 2-2, 4-1; II: 1-6, 3-14 
cause of, I: 4-1 


protective measures against, I: 4-1; II: 1-6, 3-14 
Feeder ground plate, I: 3-47 


Field, high impedance, I: 8-15 
low impedance, I: 8-10 


plane wave, I: 8-13 
Filters, I: 6-25, 10-18; II: 3-26 


Forms, II: 1-195 to 1-200, 2-24 to 2-32, 2-38, 2-46 to 2-53, 3-50 to 3-54 
equipment inspection, II: 3-50 to 3-54 
facility checkout, I: 1-195 to 1-200 
facility maintenance report, II: 2-46 to 2-53 
facility survey, II: 2-24 to 2-32 
major discrepancy report, II: 2-38 


Four-probe method, I: 2-15; II: 1-2 to 1-5 
also see resistivity, soil 


Frost line, II: 1-6 
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Galvanic series, I: 7-31 
Gaskets, RF, I: 8-45; II: 1-162, 3-20, 3-22, 3-27, 3-49 
Geological factors, II: 1-5 
Glass, conductive, I: 8-52; II: 1-164 
Ground fault interrupter (GFI), I: 4-2 
Ground, floating, I: 5-15 
Ground grid (or mesh), I: 2-15, 2-27, 2-33, 2-55, 5-27; II: 1-8 
Ground, multipoint, I: 5-24 to 5-28; II: 1-120 
Ground network configuration, I: 5-18 
Ground network isolation, I: 5-28; II: 3-4 
Ground rods, I: 2-15, 2-23, 2-27, 2-33, 2-48; II: 1-8 to 1-22, 1-178 
arrays of, I: 2-27; I: 1-12 
parallel, I: 2-23; I: 1-12 
placement of, II: 1-14 to 1-19 
resistance, equations for, I: 2-17; II: 1-9, 1-178 
resistance, nomograph of, II: 1-11 
selection of, II: 1-9 to 1-15 
sizes of, I: 2-15 
spacing of, I: 2-15 
step voltage of, I: 2-48 
Ground, single-point, I: 5-19 to 5-24; II: 3-43 
Ground system, I: 1-2 
Grounding, electrical power system, I: 1-3; II: 1-179, 2-16 


single-phase, I: 4-4; II: 1-179 
three-phase, I: 4-4; II: 1-178 
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Grounding safety, I: 1-5 


Grounding, signal, I: 5-1 to 5-32; II: 1-113 to 1-133, 1-185 to 1-188, 2-17, 2-31, 3-1, 3-43 
equipment in, IT: 3-1 
facilities, in, II: 1-113 
network configurations, I: 5-18 to 5-31; II: 1-113, 1-186, 1-187, 2-17, 2-31 
purposes of, I: 5-1 


Guards (down conductor), II: 1-41, 2-13 


Guidelines for 
bonding, I: 7-36; II: 1-148 to 1-151, 1-173, 1-188, 1-195 
earth electrode subsystem design, I: 1-14 to 1-22 
earth electrode subsystem installation, II: 1-22 
EMP protection, I: 10-13 to 10-25; II: 1-173, 1-188, 3-42 
equipment inspections, II: 3-43 
facility inspections, II: 1-195 
facility upgrading, II: 2-1, 2-33 to 2-37 
lightning protection, II: 1-23 to 1-46 
personnel safety, I: 9-2 
shielding, I: 8-54; II: 1-159 


INDEX H 


Hemispherical electrodes, I: 2-8 to 2-16 


HEMP (High-Altitude EMP), I: 10-5 to 10-25 
protection against, I: 10-13 to 1-25 


Higher frequency grounding, I: 5-30, 5-31; II: 1-113 to 1-132, 1-194, 3-12, 3-47 
equipment, in, II: 3-12, 3-47 
facilities, in, I: 5-31; I: 1-113 
network configurations, I: 5-30 


Honeycomb, see waveguide-below-cutoff 
Horizontal earth electrodes, I: 2-15, 2-23, 2-24; II: 1-8 


Hybrid equipments, II: 3-47 
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INDEX I 


Incidental electrodes, I: 2-53, 2-55; II: 1-8, 1-15 
Inductance, I: 5-7, 7-17, 7-19 to 7-25 
Inductive coupling, I: 6-8 to 6-10 
Inspection procedures, II: 1-193 to 1-200, 2-1, 2-39 to 2-53, 3-43 
equipment, IT: 3-43 
existing facilities, II: 2-1 
maintenance, II: 2-39 to 2-53 
new facilities, II: 1-193 to 1-200 
Instrumentation, grounding of, II: 1-172, 3-34, 3-49 
Instrumentation, test, II: 2-19 to 2-23 
Interfacing, signal, II: 3-4, 3-13 
Interference coupling, I: 6-1 
Interference reduction, see electromagnetic interference 
Isolation, ground network, I: 5-28; I: 3-4 
Isokeraunic, I: 3-4 to 3-11 


INDEX J 


Jumper, see bond strap 
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Labels, ground network, II: 3-3, 3-47 


Laser hazards, I: 9-5 


Layered earth, I: 2-32 to 2-36 


Let-go current, I: 9-2 


Lightning, I: 1-2, 2-1, 3-1 to 3-27; II: 1-23 to 1-43, 1-49, 1-197, 2-13, 2-41 
cloud to cloud, I: 3-1 
cloud to ground, I: 3-1, 3-3 
cone protection, I: 3-11 
description of, I: 3-1, 3-13 to 3-15 
effects of, I: 3-13 to 3-25 
flash parameters, I: 3-13 
network inspection procedures, II: 1-197, 2-13, 2-41 
personnel hazards, I: 2-5, 2-47, 3-25 
protective measures, I: 3-15, 3-25; II: 1-23 to 1-43, 1-49 
strike prediction, I: 3-4 to 3-11 
triggered, I: 3-4 


Lightning discharge, I: 2-1 

Lightning protection code, I: 3-13, 3-27 

Lightning protection subsystem, I: 1-2 

Lightning rods, see air terminals 

Lower frequency grounding, I: 5-29; II: 3-2 
equipment in, II: 3-2 


facilities in, I: 5-29 


network configuration, I: 5-29 
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INDEX M 
Magnesium sulfate, I: 2-60 
also see chemical enhancement 
Maintenance, II: 2-36 to 2-58 
procedures, II: 2-36, 2-39 to 2-47 
records, II: 2-36 
report form, II: 2-46 to 2-53 
schedules, II: 2-36 
Master Labeled Protection System, I: 3-27, 7-14; II: 2-13 
Masts (lightning) protective, I: 1-23, 1-40 to 1-43 
Metal framework, earth electrode, I: 2-16 
MIL-C-5541, II: 1-145, 1-146 
MIL-E-45782B, I: 8-63 
MIL-STD-285, I: 8-73 
MIL-STD-462, I: 8-73 
MIL-STD-1377, I: 8-73 


MIL-STD-10727, II: 1-145, 1-146 


Mobile facilities, grounding of, II: 1-177 to 1-190 
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National Electric Code (NEC), I: 2-2, 2-5, 2-75, 3-21; II: 1-103, 1-104, 1-105, 2-10, 2-13, 3-14, 3-47 


Near-field coupling, I: 6-6 


Noise, I: 1-2, 2-6, 6-3, 6-7, 6-17 to 6-25 
circuit, I: 6-3, 6-7 
common-mode, I: 6-17 to 6-23 
minimization, I: 6-23 to 6-25 


also see electromagnetic interference 
Noise reduction, I: 2-2 
Noise survey, I: 2-17 
Nomograph 
bolts, torque on, I: 7-15 
ground rod resistance, of, II: 1-11 
shield absorption loss, of, II: 1-161 
shield electric field reflection loss, of, II: 1-166 
shield magnetic field reflection loss, of, II: 1-165 
shield plane wave reflection loss, of, II: 1-167 


skin effect, for, I: 5-8 


Nuclear EMP effects, I: 10-1 to 10-25 


INDEX O 


Oppositely induced fields, I: 8-2 


Overhead ground wire, II: 1-41 to 1-43 
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Perception current, I: 9-1 

Personnel protection, I: 2-1, 2-5, 3-27, 7-1 

Personnel safety, I: 1-2 

Pilot streamer, I: 3-3 

Pipes, utility, grounding of, I: 2-15; II: 1-102 

Plates electrodes, I: 2-15, 2-23; II: 1-8 

Protection, equipment, I: 1-2 

Protective coatings, I: 7-34; II: 1-140, 1-145, 1-146 
bonds, for, I: 7-30; II: 1-145, 1-146 


bond washers, for, II: 1-140 


Proximity effect, I: 5-10 
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Radio frequency (RF) radiation hazards, I: 9-5 
Reactance, I: 5-7 

Reaction current, I: 9-2 

Recording devices, grounding of, II: 3-40, 3-42 
Rectangular conductor, I: 5-13 


Reflection loss of electromagnetic shield, I: 8-6; II: 1-161, 1-165 to 1-168 
electric field, for, I: 8-13; II: 1-166 
equations for, I: 8-6 
magnetic field, for, I: 8-11; I: 1-165 
plane wave, for, I: 8-15; II: 1-161, 1-167 
theory of, I: 8-1 


Reinforcing steel as shield, properties of, I: 8-56, I: 1-154, 1-156 
lie-reflection correction factor, I: 8-19 

Resistance requirements, I: 2-5 

Resistive coupling, see conductive coupling 

Resistivity mapping, soil, II: 1-4 


Resistivity, soil, I: 2-5; II: 1-2 to 1-5, 
measurement of, I: 2-8; II: 1-2 to 1-5 
ranges, I: 2-7 
temperature, as a function of, I: 2-8 


RF radiation hazards, I: 9-5 
Rivets (as bonds), I: 7-15 


Roof conductor, lightning, I: 3-26; II: 1-24, 1-33 to 1-37 
location, II: 1-24, 1-33 to 1-37 
routing, II: 1-33 to 1-37 
size, I: 1-24 
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Sacrificial anodes, I: 2-63 
also see cathodic protection 


Safety grounding, I: 1-2, 1-5, 4-1; II: 2-13 
Salting methods (for electrode enhancement), I: 2-63; II: 1-185 


Saltpeter, I: 2-60 
also see chemical enhancement 


Screen room, see shielded enclosures 


Selection criteria, I: 2-1, 3-1, 7-1, 8-1; II: 1-6 to 1-9 
bonds, for, I: 7-1 
earth electrode subsystem, for, I: 2-1; II: 1-6 to 1-9 
lightning protection, for, I: 3-1 
shielding, for, I: 8-1 


Semiconductor surge arresters, I: 10-18 
also see arresters, surge 


Shielded enclosures, I: 8-63 to 8-72 
custom built, I: 8-70 
double walled, I: 8-71 
modular, I: 8-66 


Shielding angle, see cone of protection 


Shielding effectiveness (SE), I: 8-4, 8-19, 8-31, 8-59; II: 1-155 to 1-160, 1-168 
building materials, of, I: 8-59; II: 1-155 to 1-160, 1-168 
definition of, I: :8-4 
equations for, I: 8-31 
layered shields, of, I: 8-31 
single thickness shields, of, I: 8-4 
tables of, I: 8-6 to 8-54 


also see absorption loss, reflection loss, and shields 
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Shielding, electromagnetic, I: 8-1 
functions of, I: 8-1 
theory of, I: 8-2 


Shielding requirement, I: 8-14 


Shields, I: 8-31; II: 1-154 to 1-165, 2-19, 3-25, 3-27, 3-35, 3-42, 3-53 
components, IT: 3-25 
configuration of, I: 8-63; II: 1-162 
design of, I: 8-74; II: 1-159 
discontinuous, see apertures 
equipment, guidelines for, I: 3-25 
grounding of, I: 8-70; II: 1-162, 3-26, 3-35 
inspection of, I: 2-19, 3-53 
magnetic, I: 8-20, 8-41; II: 1-165, 3-42 
material selections for, I: 8-53; II: 1-160, 1-162, 3-42 
metal foils as, I: 8-71 
personnel protection, I: 8-74; II: 1-159 
seams in, I: 8-42; II: 1-162, 3-27, 3-49 
testing of, I: 8-72 
thin film I: 8-31; II: 1-162 


Shields, perforated, I: 8-33, 8-52; II: 1-162, 3-30 
honeycomb, I: 8-52; II: 1-162, 3-30 
screens, I: 8-33, 8-52; II: 3-30 

Shock hazards, electric, I: 9-1 to 9-3 
effects on human body, I: 9-1 
prevention of, I: 9-3 

Signal grounding terminals, II: 3-1, 3-44, 3-46 

Signal reference, I: 1-3; II: 3-1, 3-35 


Silver solder (for bonding), I: 7-14; II: 1-140 


Site selection, II: 1-2 to 1-6 
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Site survey, I: 8-74; II: 1-2 to 1-6, 2-17 


Skineffect, I: 5-3, 5-5, 5-8 
formulas for, I: 5-5 
nomograph of, I: 5-8 


Sodium chloride, I: 2-60 
also see chemical enhancement 


Soft solder (for bonding), I: 7-14; I: 2-10 

Soil enhancement, see chemical enhancement 
Soil resistivity, I: 2-7; II: 1-2, 1-6 

Solvents, use of, I: 7-26 


Spark gaps, I: 10-17 
also see arresters, surge 


Standby generators, II: 1-104 

Static electricity, I: 5-19, 9-3, 9-4 
Step voltage, I: 2-49 

Stepped-leader, I: 3-1 

Stray current, I: 2-2, 6-5; II: 2-16, 2-17 


Structural steel, I: 5-15; II: 1-39, 1-140, 1-153, 1-154 
bonding of, II: 1-140, 1-153, 1-154 
ground conductors, as, I: 5-15; II: 1-39 


Structures, multiple, II: 1-15, 1-17, 1-18 
Stuffing tube, I: 10-24 

Surface hardness, see bonding, electrical 
Surface preparation, I: 7-25 


Surface transfer impedance, I: 8-59 


D-21 


MIL-HDBK-419A 
APPENDIX D (Continued) 


INDEX T 


Terminal protection devices, I: 10-17 to 10-19 
Test procedures, I: 8-72; II: 1-2 to 1-4, 2-5, 2-16, 2-17, 2-19, 3-43 to 3-46 
bond resistance, II: 2-19, 3-47 
earth electrode resistance, II: 2-5 
ground system noise, II: 2-20 
network isolation, II: 2-19, 3-4, 3-41, 3-44, 3-45 
shields, I: 8-72 
soil resistivity, II: 1-2 to 1-4 
stray current, II: 2-17, 2-20 
Three-point method, I: 2-46 
Thunderstorm day, see iokeraunic 
Transducer grounding, II: 1-172, 3-35 
Tubular conductor, I: 5-13 


TT-C-490, II: 1-145, 1-146 


Twisted wires, use of, I: 6-24; II: 1-171, 3-38, 3-40 


INDEX U 


Underground cables, protection of, II: 1-45, 1-57 


Upgrading proceedings for facilities, I: 2-1, 2-33 
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Varistors, I: 10-18 
also see arrester, surge 
Ventilation ports, shielding, of, I: 8-53; II: 1-162 
Vertical structures, I: 10-9 
INDEX W 


Water retention, I: 2-60; II: 1-6 


Water system as earth electrodes, I: 2-16; II: 1-182 


Waveguide-below-cutoff, I: 8-50; II: 1-162, 1-164 


Waveguide penetration, facility shield of, I: 10-19 to 10-25 


Welding, I: 7-10; I: 1-22, 1-140, 3-18 


Well casings, I: 2-16 


Wells, grounding, II: 1-20, 1-22 


Workmanship, I: 7-34 


INDEX X 


X-rays, I: 9-5 
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if This standardization handbook was developed by the Department of Defense in accordance with 
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2. This publication was approved on 29 December 1987 for printing and inclusion in the military 
standardization handbook series. Vertical lines and asterisks are not used in this revision to identify changes 
with respect to the previous issue due to the extensiveness of the changes. 


3. This document provides basic and application information on grounding, bonding, and_ shielding 
practices recommended for electronic equipment. It will provide valuable information and guidance to 
personnel concerned with the preparation of specifications and the procurement of electrical and electronic 
equipment for the Defense Communications System. The handbook is not intended to be referenced in purchase 
specifications except for informational purposes, nor shall it supersede any specification requirements. 


4. Every effort has been made to reflect the latest information on the interrelation of considerations 
of electrochemistry, metallurgy, electromagnetics, and atmospheric physics. It is the intent to review this 
handbook periodically to insure its completeness and currency. Users of this document are encouraged to report 
any errors discovered and any recommendations for changes or inclusions to: Commander, 1842 EEG/EEITE, 
Scott AFB IL 62225-6348. 


5. Copies of Federal and Military Standards, Specifications and associated documents (including this 
handbook) listed in the Department of Defense Index of Specifications and Standards (DODISS) should be 
obtained from the DOD Single Stock Point: Commanding Officer, Naval Publications and Forms Center, 5801 
Tabor Avenue, Philadelphia PA 19120. Single copies may be obtained on an emergency basis by calling 
(AUTOVON) 442-3321 or Area Code (215)-697-3321. Copies of industry association documents should be 
obtained from the sponsor. Copies of all other listed documents should be obtained from the contracting 
activity or as directed by the contracting officer. 
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PREFACE 


This volume is one of a two-volume series which sets forth the grounding, bonding, and shielding applications for 
communications electronics (C-E) equipments and facilities. Grounding, bonding, and shielding are complex 
subjects about which in the past there has existed a good deal of misunderstanding. The subjects themselves are 
interrelated and involve considerations of a wide range of topics from electrochemistry and metallurgy to 
electromagnetic field theory and atmospheric physics. These two volumes reduce these varied considerations 
into a usable set of principles and practices which can be used by all concerned with, and responsible for, the 
safety and effective, operation of complex C-E systems. Where possible, the principles are reduced to specific 
steps. Because of the large number of interrelated factors, specific steps cannot be set forth for every possible 
situation. However, once the requirements and constraints of a given situation are defined, the appropriate 
steps for solution of the problem can be formulated utilizing the principles set forth. 


Both volumes (Volume I, Basic Theory and Volume II, Applications) implement the Grounding, Bonding, and 
Shielding requirements of MIL-STD-188-124A which is mandatory for use within the Department of Defense. 
The purpose of this standard is to ensure the optimum performance of groundbased telecommunications 
equipment by reducing noise and providing adequate protection against power system faults and lightning 
strikes. 


This handbook emphasizes the necessity for including considerations of grounding, bonding, and shielding in all 
phases of design, construction, operation, and maintenance of electronic equipment and facilities. Volume I, 
Basic Theory, develops the principles of personnel protection, fault protection, lightning protection, 
interference reduction, and EMP protection for C-E facilities. In addition, the basic theories of earth 
connections, signal grounding, electromagnetic shielding, and electrical bonding are presented. The subjects are 
not covered independently, rather they are considered from the standpoint of how they influence the design of 
the earth electrode subsystem of a facility, the selection of ground reference networks for equipments and 
structures, shielding requirements, facility and equipment bonding practices, etc. Volume I also provides the 
basic background of theory and principles that explain the technical basis for the recommended practices and 
procedures; illustrates the necessity for care and thoroughness in implementation of grounding, bonding, and 
shielding, and provides supplemental information to assist in the solution of those problems and situations not 
specifically addressed. 


In Volume II, Applications, the principles and theories, including RED/BLACK protection, are reduced to the 
practical steps and procedures which are to be followed in structural and facility development, electronic 
engineering, and in equipment development. These applications should assure personnel, equipment and 
structural safety, minimize electromagnetic interference (EMI) problems in the final operating system; and 
minimize susceptibility to and generation of undesirable emanations. The emphasis in Volumel1 goes beyond 


development to assembly and construction, to installation and checkout, and to maintenance for long term use. 


Four appendices are provided as common elements in both volumes. Appendix A is a glossary of selected words 
and terms as they are used herein. If not defined in the glossary, usage is in accordance with Federal Standard 
1037, Glossary of Telecommunication Terms. Appendix B is a supplemental bibliography containing selected 
references intended to supply the user with additional material. Appendix C contains the table of contents for 


the other volume. Appendix D contains the index for the two-volume set. 
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CHAPTER 1 


NEW FACILITIES DESIGN CRITERIA 


1.1 INTRODUCTION. 


This chapter presents the design, installation practices, test and acceptance procedures associated with the 
incorporation of effective grounding, bonding, and shielding for a new facility.* The major elements of the 
facility covered are the (1) earth electrode subsystem, (2) fault protection subsystem, (3) lightning protection 
subsystem, (4) signal reference subsystem, (5) bonding, and (6) shielding. Design and construction steps for 
these six elements are contained in the following sections: 


1.2 Earth Electrode Subsystem 

1.3 Lightning Protection for Structures 

1.4 Fault Protection Subsystem 

15 Signal Reference Subsystem for New Facilities 
1.6 Grounding, Philosophy for Equipments Processing National Security Related Information 
1.7. Bonding Practices 

1.8 Shielding 

1.9  Common-Mode Noise and Instrumentation 
1.10 EMP Protection 

1.11 Military Mobile Facilities 

1.12 Fences 


1.13 Inspection and Test Procedures for a New Facility 


Secure transmission facility requirements are covered in Section 1.6. Supplemental measures which are needed 
to be incorporated in a facility to help reduce common-mode and instrumentation noise problems are presented 
in Section 1.9, Common-Mode Noise and Instrumentation. The special construction practices recommended to 
reduce facility vulnerability to the electromagnetic pulse (EMP) threat are contained in Section 1.10, EMP 
Protection. Tactical grounding requirements are presented in Section 1.11, Military Mobile Facilities. 
Inspection and Test Procedures for a New Facility, provided in Section 1.13, should be utilized in verifying that 
recommended practices and procedures are properly implemented and to help establish a performance baseline 
against which future measurements can be compared. 


To obtain optimum performance of electronic equipment and personnel safety while providing adequate 
protection against power system faults, EMP, and lightning strikes, thorough consideration must be given to the 
grounding system for the building; to the bonds needed and the method of their implementation; and to the 
shielding needed throughout the building for personnel safety and equipment interference control. For a new 
facility, the requirements in each of these areas are defined and appropriate design steps set forth to assure 


that the necessary measures are incorporated into the final structure and equipment installation. 


*A new facility is considered to be one of new construction or an existing one that will undergo major 
renovation or major equipment reconfiguration. The project engineer shall determine the grounding 
requirements whenever minor equipment reconfigurations are accomplished in existing facilities. Refer to 


Chapter 2 for additional information. 


1-1 


MIL-HDBK-419A 


1.2 EARTH ELECTRODE SUBSYSTEM. The earth electrode subsystem establishes the electrical connection 
between the facility and earth. This connection is necessary for lightning protection, useful in power fault 
protection, and aids in the minimization of noise. The system should be tailored to reflect the characteristics 
of the site and the requirements of the facility.* It must be properly installed and steps must be taken to 
assure that it continues to provide a low resistance connection throughout the life of the structure. To achieve 
these objectives, first determine the electrical and physical properties of the site, design an earth electrode 
subsystem appropriate for the site, install the subsystem in accordance with the recommended procedures, and 
finally, measure the earth resistance of the subsystem to verify that it meets the recommended goals or design 
specifications. 


1.2.1 Determination of Site Parameters (Site Survey). Before beginning the design, conduct a survey of the 
site where the earth electrode subsystem is to be installed. Through this survey, determine the resistivity of 


the soil, identify significant geological features, gather information on architectural and landscape features 
which may influence the design of the subsystem, and review local climate effects. (If possible, conduct this 
survey in advance of the final site selection in order to avoid particularly troublesome locations.) 


1.2.1.1 Soil Resistivity. As the first step of the site survey, measure the resistivity of the soil at several 
points over the area of the planned facility. For even the smallest facility, the effective facility area in so far 
as the electrode subsystem is concerned is assumed to be at least 15 meters by 15 meters (50 feet by 50 feet). 
For larger facilities, the facility areas are assumed to extend at least 6 meters (20 feet) beyond the basic 
building or structural outline, i.e., the ground floor plan, substation grid, tower footing, transformer housing, 
etc. It is necessary that the soil resistivity be known over the area encircled or covered by the earth electrode 


subsystem. 


a. A single soil resistivity measurement is made using the four-probe method (see Volume I, Section 
2.4) in the following manner: 


(1) At a location near the center of the site, insert the four short probes supplied with the earth 
resistance test set into the soil in a straight line as illustrated in Figure I-l. A convenient probe spacing of 6 
to 9 meters (20 to 30 feet) is recommended as a start. If probes are not supplied with the test set or if they 
have been lost or misplaced, four metal (steel, copper, or aluminum) rods, 1/4 to 3/8 inch in diameter and 12 to 
18 inches in length, may be used. Drill and tap No. 6-32, 8-32, or 10-24 screws, according to rod size and 
securely fasten the test set leads to the rock. Clamps may also be used for connecting the leads to the probes. 


*The relationship between the performance of an electronic system and the resistance of the earth ground is 
unclear. The value of 10 ohms earth electrode resistance recommended in Section 1.2.2.la represents a 
carefully considered compromise between overall fault and lightning protection requirements and the estimated 
relative cost of achieving the resistance in typical situations. In locations characterized by high soil 
resistivities, to achieve 10 ohms could be very expensive, In such locations, examine all elements of the site, 
consider the requirements of the planned facility, and then choose the best compromise based on soil conditions, 
relative costs, etc. 
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(2) 


Following the manufacturer's instruction, obtain a resistance reading, R, with the test set. 


(3) 


Convert the probe spacing, A, to centimeters. (See Page xvi for metric conversion factors.) 


(4) Compute resistivity from 


p = 6.26AR (in ohm-cm) (1-1) 
EXAMPLE: Assume that a resistance of 2 ohms is measured with probe spacings of 20 feet. 


Convert 20 feet to centimeters: 20 ft x 30.5 cm/ft =610 cm 


Calculate resistivity: 9 = 6.25 x 610 x 2= 7662 ohm -cm 


EARTH RESISTANCE 
TEST SET 


A = ELECTRODE SPACING 
B = DEPTH OF PENETRATION < A/20 
D= 


DEPTH AT WHICH RESISTIVITY IS DETERMINED = A 


Figure 1-1. Measurement of Soil Resistivity 
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b. | The reading obtained indicates the average resistivity of the soil in the immediate vicinity of the 
test area. A resistivity profile of the site requires that the above procedure be repeated at many sample 
locations over the region being mapped. For small sites up to 2500 square feet (232 square meters), make at 
least one measurement at the center of the site and at each of the four corners of a 50-foot square as shown in 
Figure 1-2. Drive a stake or marker at the locations shown. Position the potential and current probes in a 
straight line with the stake or marker centered between the probes. Make a resistance measurement at each 
location and calculate the resistivity as in step a-4 above. Take the average of the five readings as the 
resistivity for the soil at the site. If possible, soil measurements should be made during average/normal 


weather conditions. Measurements should never be made immediately after a rain or storm. 


c. For larger sites, make measurements every 100 to 150 feet (30 to 45 meters) over the site area. 
Include in the site area the locations of support elements such as transformer banks, towers, engine-generator 
buildings, etc. Choose a sufficient number of test points to give an indication of the relative uniformity of the 
soil composition throughout the area. Be particularly alert for the presence of localized areas of very high or 


very low resistivity soils. 


STAKES OR 
MARKERS 


| 
4 


| 20° a ed 20 | 


Cc P P C 50’ 


NOTE: NOT DRAWN TO SCALE. 


Figure 1-2. Resistivity Determination of a Small Site 
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1.2.1.2 Geological Effects. 
a. Identify the significant geological features of the site. Specifically, attempt to establish: 


(1) ‘the distribution of major soil types (see Volume 1, Section 2.3.2) to include the locations of 


sand and gravel deposits, 
(2) major rock formations, 
(3) the presence of water sources to include underground streams, and 
(4) the depth of the water table. 


Utilize test borings, on site inspections, studies of local maps, and interviews with local construction 


companies, well drillers, and other local personnel to obtain the desired information. 


b. | Evaluate the information provided by these sources for indications of particularly troublesome (or 
particularly helpful) characteristics that may influence the design or installation of the earth electrode 


subsystem of the facility. 
1.2.1.3 Physical Features. Locate and identify those other physical features that will influence the general 
placement of the earth electrode subsystem, the location of test and access points, physical protection 
requirements, and the cost of materials and installation. For example, indicate on the general site plan : 

a. the planned physical layout of the building or structure, 

b. locations of paved roads and parking lots, 

c. drainage, both natural and man-made, and 

d. the location of buried metal objects such as pipes and tanks. 
1.2.1.4 Local Climate. 

a. Review local climatic conditions and determine the annual amount and seasonal distribution of 
rainfall, the relative incidence of lightning, and the depth of freezing (frost line) typical of the area. Obtain 
the rainfall and frost line information from the local weather service; project the relative lightning incidence 


from the isokeraunic maps given in Volume I, Section 3.4, Figures 3-2 and 3-3. 


b. Record the data and make it a part of the facility files for the site. Immediately, however, use this 
information to aid in the design of the earth electrode subsystem for the facility to be constructed at the site. 
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1.2.2 Design Procedure. 


1.2.2.1 Selection of Electrode Configuration. Determine what type of earth electrode subsystem is most 
appropriate for the facility (complex, building, structure, transformer bank, substation, etc). The directed 
configuration is a ring ground outlined in paragraph 5.1.1.1.3 of MIL-STD-188-124A. If this configuration 
cannot be employed, alternate configurations meeting these requirements are described in Section 1.2.2.3 of 
this volume. 


a. Establish the primary functional requirements to be met by the earth electrode subsystem. For 


example: 


Lightning. For a facility located in an area of high lightning incidence or a high degree of exposure 
to lightning, or both, (see Volume I, Section 3.4) the earth electrode subsystem must safely dissipate the 
lightning energy without melting conductors or overheating the soil (see Volume I, Section 2.8.2.2). Also, the 


subsystem must minimize step voltages in areas where personnel are present. 


Impulse Properties and RF Impedance Characteristics. If the antenna counterpoise must serve as an 


earth electrode subsystem, it must have low rf impedance properties. 


Mobility. Mobile facilities or temporary transportable facilities will generally not justify the 
installation of an extensive fixed electrode subsystem. For such facilities, install only a basic system capable 
of providing the minimum acceptable lightning and personnel fault protection (see Section 1.11). 


Resistance. At fixed C-E facilities, the earth electrode subsystem should exhibit a resistance to 
earth of 10 ohms or less. If 10 ohms is not economically feasible by the ring ground, alternate methods should 
be considered. Paragraph 5.1.1.1.3.2 of MIL-STD-188-124A refers. Resistance measurements using the 
fall-of-potential method shall be accomplished in 3-month increments for 12 months following installation. 
Measurements shall be conducted in al-month intervals after the first year. 


b. Evaluate local conditions. 


Soil resistivity. Is soil resistivity low (< 5000 ohm-cm), average (5000 to 20,000 ohm -cm), or high 
(> 20,000 ohm-cm)? The higher the soil resistivity, the more complex (and expensive) will be the electrode 


subsystem necessary to achieve 10 ohms resistance. 


Moisture content. Is the water table near the surface or far below grade, and is it subject to large 
seasonal variations? Design the earth electrode subsystem so that it makes and maintains contact with soil that 
stays damp or moist year round if at all possible. Penetration of the permanent water table is highly desirable. 


Frost line. How deeply does the frost line extend, even during coldest periods? The resistivity of 
soil rises greatly (see Volume I, Section 2.3.3) as the soil temperature drops below 32° F. Thus for maximum 
stability of electrode resistance, the subsystem should penetrate far enough into the soil so that contact is 
always maintained with unfrozen soil. The earthing techniques described in this chapter are not directly 
applicable to permafrost. In permafrost, fault protection must be provided through the use of metallic returns 
accompanying the power conductors to insure the existence of a return path to the transformer or generator. 
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Personnel protection in permafrost requires an even greater emphasis on the bonding of all metal objects 
subject to human contact and to the power system neutral and is described in Volume I, Chapter 2. Because of 
the high resistance of permafrost, stray earth currents can be expected to be minimal with consequently 
reduced concern with inter-facility power frequency noise problems (see Volume I, Section 2.1.3). In the event 


that earth-current related noise problems exist, the common-mode rejection techniques described in Volume I, 
Section 6.4 should be applied. 


Rock Formations. Are major rock formations near the surface and are they large enough to 
influence the design and layout of the earth electrode subsystem? In regions of shallow bedrock, vertical 
ground rods may not be usable and horizontal grids, wires, or plates must be used. Large rock outcroppings or 
subsurface boulders may force the alternate routing of conductors or the placement of rods. There is no need 
to incur the expense of drilling holes in rock to insert rods or lay wires because the resistivity of rock is so high 
that generally the rods or wires would be ineffective. 


Architectural layout. Design the earth electrode subsystem so that it will not be materially 
influenced by the weather shielding effects of parapets and overhangs. Lightning down conductor placement 
and routing will frequently be influenced by architectural considerations. Design the earth electrode subsystem 
to accommodate such considerations by providing convenient connection points near the down conductors. 
Route the interconnecting cable of the earth electrode subsystem near down conductors to avoid long 
extensions between the down conductor and the effective grounding point. Configure the earth electrode 
subsystem such that convenient connections are possible between the earth electrode subsystem and grounding 
conductors of the power and signal ground systems inside the facility. 


Landscape features. Preferably locate ground subsystem conductors under sodded areas or those 
otherwise covered with vegetation. Locate conductors to take maximum advantage of the wetting effects of 
runoff or drainage water from the roof, parking lots, etc. Try to avoid placing major portions of this earth 
electrode subsystem under extensive paved areas such as roads and parking lots. 


c. Considering the relative advantages and disadvantages given in Table 1-1, choose a basic type of 


electrode most appropriate for meeting the functional requirements of the facility at the site under 
construction. 


d. Estimate the relative costs to meet the objectives with the different types of configurations. 
Include the cost of materials, installation costs, and relative maintenance and upgrading costs. 
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Type 


Ring Ground 


Horizontal Bare 
Wires (Radials) 


Horizontal Grid 
(Bare Wire) 


Vertical Rods 


Plates 


Incidental 
Electrodes 
(Utility pipes, 
building 
foundations, 
buried tanks) 
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Table 1-1 


of Earth Electrodes 


Advantages 


Straightforward design. Easy to install 
(particularly around an existing facility). 
Hardware readily available. Can be 
extended to reach water table. 


Can achieve low resistance where rock 
formations prevent use of vertical rods. 
Low impulse impedance. Good rf 

counterpoise when laid in star pattern. 


Minimum surface potential gradient. 
Straightforward installation if done 
before construction. Can achieve low 
resistance contact in areas where rock 
formations prevent use of vertical rods. 
Can be combined with vertical rods to 


stabilize resistance fluctuations. 
Straightforward design. Easiest to 
install (particularly around an existing 


facility). Hardware readily available. 


Can be extended to reach water table. 


Can achieve low resistance contact in 
limited area. 


Can exhibit very low resistance. 
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Relative Advantages and Disadvantages of the Principal Types 


Disadvantages 


Not useful where large rock 


formations are near surface. 


Subject to resistance fluctuations 
with soil drying. 


Subject to resistance fluctuations 
with soil drying if vertical rods not 


used. 


High impulse impedance. Not useful 
where large rock formations are near 
surface. Step voltage on earth 
surface can be excessive under high 
fault currents or during direct 
lightning | strike. 


Most difficult to install. 


Little or no control over future 


alterations. Must be employed with 


other made electrodes. 
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1.2.2.2 Calculation of Earth Resistance. 


Once the most appropriate configuration is chosen for the facility, calculate the resistance to earth for the 
configuration. If the calculated resistance meets the design goal (or requirement), complete the design to 
include all necessary interconnections. To illustrate this design procedure, assume that a 100 ft x 160 ft 
rectangular configuration like that shown in Figure 1-3 is initially chosen. Further, assume that the soil 
resistivity measurements made during the site survey showed an average resistivity of 10,000 ohm-cm for the 
area. In addition, the site survey indicated that all rock formations are at depths greater than 10 feet; the 
water table never drops more than 5 feet below grade; and the frost line extends only to | foot below grade. 
Therefore, 10-foot ground rods are initially selected for evaluation. (The minimum rod diameter required in 
MIL-STD-188-124A, para 5.1.1.1.4 is 3/4 inch.) 


a. Determine the resistance of one of the ground rods from Figure 1-4. First, place a straight edge 
between the point marked 3/4 on line “d” and the point marked 10 on line "2%". Indicate on line “q” where the 
straightedge crosses. Next, place the straightedge between the point just marked on “q” and the 
10,000 ohm-cm point on the vertical line labeled “Resistivity.” Read the resistance as 32 ohms at the point 


where the straightedge crosses the vertical line labeled “Resistance.” 


b. | Assume an initial spacing of 20 feet or twice the rod length (see Volume I, Section 2.6.2) between 
rods. Figure 1-3 shows that 26 rods are required to encircle the structure. Use Figure 1-5 to determine the 
relative lowering of the resistance of one rod that is produced by 26 rods in parallel. (The answer is about 5.5 
percent.) Thus the resistance of the 26 rods in 10,000 ohm-cm soil is 


R = 32 x 0.055 = 1.76 ohms. 


Figure 1-5 primarily applies to ground rods laid out in a straight line or around the perimeter of a site whose 
dimensions are large with respect to the rod spacing. If the rods are distributed in a grid pattern, as will 
frequently be done for substations, use Figure 1-6 to estimate the net resistance. In many instances, the 
answers provided by Figures 1-5 and 1-6 will agree. For this example, the resistance multiplier given by Figure 
1-6 for 26 rods over an estimated area of 16,000 square feet (100’ x 160’) is 0.056 for a net resistance of 
1.9 ohms. 


1.2.2.3 Alternate Configurations. Nonideal sites will frequently be encountered. For example, large rock 
formations may be present which prevent the uniform placement of ground rods around the site; bed rock may 
be relatively near the surface; the water level may drop to several feet below grade; the soil resistivity may be 
very high; or architectural and landscape requirements may preclude locating ground rods at particular points. 
In such cases, modify the electrode configuration to conform to the constraints while achieving the desired 
resistance. Typical suggested alternatives are: 
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Figure 1-3. Minimum Earth Electrode Subsystem Configuration for Rectangular Shaped Facility 
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Figure 1-4. Nomograph for Determining the Resistance to Earth 
of a Single Ground Rod (1-1) 


a. Change number of ground rods. The above example shows that fewer rods could be used and still 
meet the 10-ohm goal. Thus, if rock outcroppings were present at certain points around the perimeter, it would 
be permissible to omit some of the rods. Since 10 ohms (the net effective resistance desired) is 31 percent of 
32 ohms (the resistance of one lo-foot rod in soil of 10,000 ohm-cm), Figure 1-5 shows that as few as 3 rods 
would be acceptable. On the other hand, if the soil resistivity is very high more rods will be necessary. 
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Figure 1-5. Effective Resistance of Ground Rods When 


Arranged in a Straight Line or a Large Circle 


1-12 


MIL-HDBK-419A 


NUMBERS ON CURVES ARE AREAS IN SQUARE FEET 


.01 


OVER WHICH Bens ARE DISTRIBUTED 


(dOu¥ 3NO/Sd0Y ANI OV JINVLSIS3Y 


NUMBER OF RODS 


Figure 1-6. Graph of Multiple-Rod Resistance Ratio (1-2) 
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b. Use longer ground rods. Rods longer than 10 feet (can be realized by assembling lo-foot sections) 
may be used in high resistivity soil in place of a larger number of lo-foot rock. Where the ground water table is 
greater than 10 feet below the surface at any season of the year or where the frost line is greater than 10 feet, 
use the longer rods to maintain contact with the permanently moist, unfrozen soil. Use Figure 1-4 to estimate 
the length needed, given the soil resistivity. 


c. Use horizontal wires or grids instead_of vertical rods. Where bedrock or other obstacles prevent the 
effective use of vertical rods, horizontal wires, grids, or radials should be used. (See Volume I, Section 2.6.1.2 


for design data and equations.) 


d. Lower the soil resistivity through chemical enhancement (salting). Where the above alternatives are 


not possible or are not cost effective, chemical enhancement is frequently the only choice left. Consult 
Volume I, Section 2.9 before deciding what to do in this regard. 


1.2.3, Design Guidelines. 


a. At each facility supplied by electric power, at least one ground rod should be installed near the 
service disconnecting means and bonded to the earth electrode subsystem. If the transformer is located on the 
site, a bare 1/0 AWG wire or cable should interconnect the ground rod at the transformer with the earth 
electrode subsystem at the first service disconnect for lightning protection purposes. 


b. For lightning protection purposes, all facilities large or small or located in areas of low or high 
lightning incidence will require an earth electrode subsystem, described in the previous section. Facilities 
having structural extensions or equipment protrusions (such as antenna elements or towers) extending above the 
surrounding terrain should have a continuous earth electrode subsystem enclosing each facility or should have 
individual earth electrode subsystems connected together. See paragraph 5.1.1.3.8.1 of MIL-STD-188-124A. 


c. Most installations will require many interconnected ground rods. The configuration shown in Figure 
1-3 is adequate for most facilities. (The number of ground rods actually required at a given location will be 
determined by the resistivity of the soil and the configuration of the installation.) Three-meter (ten-foot) 
ground rods installed at 20-foot intervals around the perimeter of the structure provide good utilization of the 
effective radius of the rod while providing several points of contact with the earth. If longer rods are required 
to reach the water level, to make contact with lower resistivity soils, or to penetrate below the frost line, 
greater spacings may be employed. The nominal spacing between rods should be between one and two times the 
length of the rod; however, it is necessary for a ground rod to be placed near each lightning down conductor, so 
spacings should be limited to not more than 50 feet in order to conform to lightning protection requirements 
(see Section 1.3.2.2.2). 


d. The rods and interconnecting cable comprising the earth electrode subsystem should be positioned 
0.6 to 1.8 meters (2 to 6 feet) outside the drip line of the building or structure to insure that rain, snow, and 


other precipitation wets the earth around the rods. 


e. For facilities which do not conform to a rectangular or square configuration, lay out the rod field to 
generally follow the perimeter of the structure as illustrated in Figure 1-7. 
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f. Where two or more structures or facilities are located in the same general area (less than 200 feet) 
and are electrically interconnected with signal, control, and monitor circuits, either provide a common earth 
electrode subsystem, or interconnect the separate earth electrode subsystems with two buried bare cables. A 
common example of an installation where two separate structures are involved is a radar or communications 
site where the equipment shelter is adjacent to the antenna tower. Signal cables (both coaxial and waveguide), 
control cables, and power lines typically run between the tower and the shelter. The tower, being taller than 
the shelter, is more susceptible to lightning strikes. To minimize voltage differentials between the two 
structures, the facilities should effectively share a common earth electrode subsystem. Separate structures 
spaced closer than 6 meters (20 feet) should have a common earth electrode subsystem installed that encircles 
both facilities as shown by Figure 1-8. Figure 1-9 shows the recommended arrangement when separations equal 
to or greater than 6 meters (20 feet) but less than 60 meters (200 feet) are encountered. One of the 
interconnecting buried bare cables may also serve as a guard for buried signal or power cables. A typical site 
installation involving three structures separated less than 200 feet is illustrated in Figure 1-10. Structures or 
facilities having no interconnecting cables and separated by a distance greater than 60 meters (200 feet) 


generally do not require their earth electrode subsystems be interconnected. 


g. There may be a number of incidental, buried, metallic structures in the vicinity of the earth 
electrode subsystem. These structures should be connected to the subsystem to reduce the danger of potential 
differences during lightning or fault protection; their connection will also reduce the resistance to the earth of 
the electrode subsystem. Such additions to the earth electrode subsystem should include the rebar in concrete 
footings, and buried tanks and pipes. 


h. To minimize resistance variations caused by surface drying of the soil and by the freezing of the soil 
during winter and to minimize the possibility of mechanical damage to ground rods, connections, and 
interconnecting cables, the tops of ground rods should be at least 0.3 meters (1.0 foot) below grade level. Bury 
the bare 1/0 AWG interconnecting cable at least 0.45 meters (1.5 feet) below grade level. The recommended 
practices are Illustrated in Figure 1-11. 


1. If the subsystem is installed after foundations are poured, cables are installed, utility pipes installed, 
etc., make proper provisions for performing the needed interconnections between the water system, lightning 
down conductors, structural steel, buried lines and cables, and the electrodes. 


ce Access to the earth electrode subsystem should be provided through the installation of one or more 
grounding wells at each site. Two acceptable types of grounding wells are illustrated in Figures 1-12 and 1-13. 
Either clay pipe or poured concrete may be used. Removable access covers must be provided. In very large 
structures, particularly those in which grounding grids are installed underneath, the grounding well or wells may 
be located inside the building in an accessible location. More than one grounding well may be necessary 
depending upon the size of the facility, the extent of the electrode subsystem, and the degree of accessibility to 
the electrodes deemed desirable. Locate at least one of the ground wells in an area with access to open soil so 
that resistance checks of the earth electrode subsystem can be made once the building is in use. The top view 
of a representative ground rod installation shown in Figure 1-14 illustrates the required connections to the 
signal reference subsystem, the lightning protection subsystem, and the facility ground network. 
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Figure 1-7. Electrode Configuration for Irregular Shaped Facility 
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Figure 1-8. Electrode Configuration for Adjacent Structures 
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Figure 1-10. Grounding System for Typical Radar Installation 
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Figure 1-11. Details of Ground Rod/Earth Electrode Subsystem Installation 
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Figure 1-12. Concrete Grounding Well 


Figure 1-13. Typical Grounding Well Installation 
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Figure 1-14. Connections to Earth Electrode Subsystem 
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1.2.4 Installation Practices. 


a. Schedule the installation of the earth electrode subsystem so that any needed excavation, such as 
hole and trench digging, can be performed while other excavating, clearing, and earth moving operations 
associated with construction of the facility are in progress. If the subsystem is installed prior to completion of 
other earth moving operations, take the precautions necessary to assure that the components are not damaged 
or broken. 


b. Take special care to ensure that all metallic lines, such as water lines, sewer lines (if metal), 
armored cable, etc., are carefully bonded to the earth electrode subsystem. Bonding jumpers of 1/0 AWG, or 
larger, bare copper wire are to be used for this purpose. 


c. Before covering the earth electrode subsystem with backfill dirt or otherwise rendering it 
inaccessible, make visual checks of all joints and connections to check mechanical integrity, to verify the 
absence of voids or other indications of poor bonding, and to see that all required interconnections are made. 


d. All bonds in concealed locations must be brazed or welded. Any bonds between dissimilar metals, 
such as between a copper wire and cast iron or steel pipe, must be thoroughly sealed against moisture to 
minimize corrosion. Bolted clamp connections are to be made only in manholes or in grounding wells and are to 
be readily accessible for verification of integrity. 


e. | Drive rods only into undisturbed earth or into thoroughly tamped or compacted filled areas. Rods 
and cables should be placed in the backfill around foundations only after the soil has been compacted or has had 
adequate time to settle. Do not drive or lay rods in gravel beds which have been installed for drainage purposes 
unless the rods extend through such beds far enough to provide at least 1.8 to 2.4 meters (6 to 8 feet) of contact 
with the undisturbed earth underneath. Do not lay horizontal cables in such beds under any circumstances. 


f. Rods may be driven either by hand sledging, slide hammer, or with the use of power drivers. Use 
driving nuts to prevent damage to the driven end, particularly, if two or more sections are to be joined. Deep 
driven rods or those driven into hard or rocky soil generally require the use of power drivers with special driving 
collars to prevent damage to the rod. 


g. Attach the interconnecting cable to the rods by brazing, welding, or clamping. Use bolted, clamped- 
type connections only if the tops of the rods are accessible through grounding wells and a periodic maintenance 
program is established to verify the integrity of the connection on a regular basis. 


h. As rods are installed, make a one-time resistance check of each rod once it reaches its intended 
depth. After fulfilling the requirement of paragraph 5.1.1.1.7 of MIL STD-188-124A, resistance measurements 
shall be conducted on the earth electrode subsystem (as a system) at 3-month intervals for 12 months after 
installation and every 21 months thereafter. Use the measurement procedure outlined in Section 2.2.2.2.1.f. In 
this way a continuous check is made of the electrode design. If the measured resistance of the rods is less than 
the calculated resistance, the use of fewer rods may be acceptable as long as the minimum number required for 
terminating lightning down conductors is installed. On the other hand, if the measured resistance of the rods is 
greater than calculated, additional rods or longer rods should be installed during the construction stage rather 
than waiting until the facility is completed to add additional rods. 
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1.3 LIGHTNING PROTECTION FOR STRUCTURES. 


1.3.1 Principles_of Protection. 


A structure, for lightning protection purposes, is defined as a building mast, tower, or similar self-supporting 
object other than power lines, power stations, and substations. To provide minimum protection for structures 
against direct lightning strikes, four requirements must be fulfilled: 


a. an air terminal must be provided to intentionally attract the leader stroke, 


b. a path must be established that connects this terminal to earth with such a low impedance that the 
discharge follows it in preference to any other, 


Cc. a low resistance connection must be made with the earth electrode subsystem, and 
d. a low impedance interface must be established between the earth electrode subsystem and earth. 


These conditions are met when a lightning discharge is permitted to enter or leave the earth while passing 
through only conducting parts of a structure. The conditions can be satisfied by one of two methods, each 
having specific applications. These methods are: 


a. the installation of an integral protection system consisting of air terminals interconnected with roof 
and down conductors to form the shortest practicable distance to ground, or 


b. the installation of a separately mounted protection system of one of two types: 


(1) a mast type consisting of a metal pole which acts as both air terminal and down conductor (a 
nonconductive pole may be used if provided with metal air terminals and down conductors connected to an earth 
ground), or 


(2) two or more poles supporting overhead guard wires connected to an earth electrode subsystem 
with down leads. 


1.3.2 Integral Protection System. When designing and installing an integral system of protection, perform the 
following steps: 


a. Erect air terminals on the points of highest elevation and on other exposed areas to intercept the 
stroke before it has an opportunity to damage the structure or equipments or components mounted thereon. 
The terminal points must be placed high enough above the structure to eliminate the danger of fire from the 
arc. 


b. Install roof and down conductors so that they offer the least possible impedance to the passage of 
stroke currents between the air terminals and the earth. The most direct path is the best. The radius of 
conductor bends shall not be less than 8 inches nor shall the angle of such bends be less than 90 degrees. 
Additional information may be found in para 3-12.5 of NFPA 78. 
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C: Distribute ground connections symmetrically about the circumference of the structure rather than 
grouping to one side. 


d. Interconnect all metal objects close to the discharge path to prevent side flashes. (Representative 
interconnections are shown in Figure 1-15.) 


e. Make certain that the mechanical construction of the air terminal system is strong and that the 
materials used offer high resistance to corrosion. 


1.3.2.1 Air Terminals. Air terminals (lightning rods) must intercept, or divert to themselves, any lightning 
stroke that might otherwise strike the building or structure being protected. Antennas and their associated 
transmission lines/supporting structures shall be protected by air terminals meeting the requirements of 


1.3.2.1.1.a rather than be dependent upon transient protection/suppression devices described in 1.3.3.5.22. 


1.3.2.1.1 Size and Materials. To keep from exploding, igniting, or otherwise being destroyed, air terminals 
should be made of copper, aluminum, brass, or bronze. The minimum sizes are 1.27 cm (1/2 inch) in diameter 
for solid copper, brass, or bronze rods and 1.6 cm (5/8 inch) in diameter for solid aluminum rods. 


a. Air terminals must extend at least 25.4 cm (10 inches) directly above the object being protected and 
be of sufficient height so as to provide a 1:1 zone of protection for adjacent objects (antennas and associated 
support/control towers, etc). Rather than choosing the shortest terminal which will provide this minimum 
height, all parts of the structure must be checked graphically or analytically in the manner described in the 
next section to deter-mine if the zone of protection provided by the terminal is adequate. Where taller 
terminals are required to provide complete protection, adequate support and bracing as specified by ANSI-C5.1 
(2.1.15) must be provided. 


b. Where air terminals are mounted on or very near (less than 1.5 meters (5 feet)) to vents or stacks 
which emit potentially explosive or ignitable dusts, vapors, or gases, provide additional clearance. 


(1) Over hooded vents emitting explosive substances under natural draft, the air terminals should 
extend at least 1.5 meters (5 feet) above the opening. 


(2) Above open stacks emitting explosive substances under forced drafts, air terminals should 
extend at least 4.5 meters (15 feet) above the opening. 


1.3.2.1.2 Location. 


a. Locate air terminals along the ridges of gable, gambrel, and hip roofs in the manner illustrated in 
Figure 1-16. 
b. Place them on the corners and along the edges of gently sloping roofs as shown in Figure 1-17. 


Gently sloping roofs are defined as (1) having a span of 40 feet or less with a rise-to-run ratio, i.e., pitch, of 
one-eighth or less or (2) having a span greater than 40 feet and a rise-to-run ratio of one-quarter or less. 
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Figure 1-15. Grounding Practices for Lightning Protection 
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Figure 1-16. Location of Air Terminals for Common Roof Types 
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Figure 1-17. Location of Air Terminals on Gently Sloping Roofs 


c. On flat roofs position the air terminals around the perimeter in the manner shown in Figure 1-18. 
Provide additional air terminals placed at 50-foot intervals over the interior of flat and gently sloping roofs 
which exceed 50 feet in width. 


d. Terminals are to be provided within 2 feet of corners, the end of ridges, or edges of main roofs. 


e. Terminals less than 24 inches in height are to be spaced 20 feet or less. Terminals 24 inches or 


taller may be placed at intervals not exceeding 25 feet. 


f. Ensure that no part of the structure extends outside the cone of protection established by the air 
terminals. Determine the cone of protection by preparing a simple scaled profile drawing of the structure and 
then superimposing a 45-degree (a 1:1 cone of protection) triangle on the profile. The apex of the triangle 
should coincide with the tip of the air terminal whose protected zone is being verified, as illustrated in Figure 
1-19. Alternatively for existing structures, the field expedient method illustrated in Figure 1-20 showing a 2:1 
cone of protection can be used to determine the coverage of prominent projections. This method is particularly 
useful for small structures. 


To determine if all parts of a flat roofed structure such as vents, pipes, cabling, or raised extensions are 
protected, use the method illustrated in Figure 1-21 to calculate the zone protected by two vertical terminals. 
This method can also be used to determine the coverage provided by vertical masts or horizontal wires. In 
Figure 1-21 point P represents the point of discrimination. That is, the point of departure of the final stepped 


leader of the downward traveling stroke (see Volume I, Section 3.2). To determine if the air terminals are 
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actually the nearest objects to point P, use P as a center and swing an arc of radius X through the tips of the 
terminals. Let the value of this radius X be 100 feet, since 100 feet represents the shortest length usually 
associated with a stepped leader (see Volume I, Section 3.2). Because of the large differences between the 
height of typical terminals and the striking distance X, graphical determination of the protected zone will 
usually be awkward. For greater accuracy, calculate the critical distances through the use of the following 
equation: 
: 2 Ss 2 

G=H-X+4/x - (3) (1-2) 
which is valid for S < 2X. In this equation, G is the minimum height between the terminals that is completely 
protected; H is the height of the terminals, S is the spacing between terminals, and X is the radius of the arc. 


Sample calculation. To illustrate the application of this method, suppose it is necessary to determine the 
minimum spacing between 3-foot air terminals that will guarantee that all parts of a flat roof remain in the 
protected zone. In other. words, what value of S corresponds to G = O in Equation 1-2? To perform the 
calculation, first set G = 0: 


Rearranging to be 


and squaring both sides produces 
2 2_,2_(s\ 
X ~- 2HX + WH” = XX - (3) 


Eliminating X’and changing signs on both sides of the equation yields 


(3) 


QHxX - H? 


or 
H(2X - H) 


s = 2 /H(2X - H) 


mI 
it 


Substituting H = 3 feet and X = 100 feet in this last equation shows that S must equal 48.6 feet or less to 


guarantee that all parts of the roof remain within the protected zone. 
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Figure 1-18. Air Terminal Placement on Flat-Roofed Structures 
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Figure 1-19. Graphical Method for Determining Need for Additional Air Terminals 
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Figure 1-20. Field Expedient Technique for Determining the Protection of Prominent Dormers 
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Figure 1-21. Illustration of Method for Determining the Protection of Flat Surfaces as Provided by Air Terminals (1-4) 
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1.3.2.2 Grounding Conductors. Provide each air terminal with a two-way path to earth through the 
installation of roof and down conductors conforming to Table 1-2 for structures not greater than 75 feet in 
height and conforming to Table 1-3 for structures greater than 75 feet in height. An exception is that air 
terminals located on prominent dormers extending less than 16 feet from the main structure need have only one 
connecting path from the terminal to the main down conductor as shown in Figure 1-22. Additional information 
on copper wires is contained in Table 1-4. 


1.3.2.2.1 Roof Conductors. 


a. | Roof conductors should be routed along ridges of gable, gambrel, and hip roofs, and around the 
perimeter of flat and gently sloping roofs. 


b. Roof grounding conductors routed throughout decks, flat surfaces, and flat roofs should be 


interconnected to form closed loops to insure that all air terminals have at least two paths to earth. 


c. Ridge conductors may drop from a higher to a lower roof level without installing an extra down lead 
at the point of intersection of the two roof levels if there are not more than two air terminals on the lower roof 
level. 

d. On roofs that exceed 50 feet in width, additional conductors are to be provided to interconnect the 


air terminals required to protect large flat areas (see Figure 1-18). One additional conductor for each 50 feet 
in width is necessary. For example, on roofs 50 to 100 feet wide, add one additional run; on roofs 100 to 150 
feet wide, add two additional runs, etc. These additional runs must be interconnected together and to the 


perimeter conductor at 150-foot intervals with cross conductors as illustrated in Figure 1-18. 
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Table 1-2 


Minimum Requirements for Roof and Down Conductors on 
Structures Not Greater than 75 Feet (23 Meters) in Height (1-3) 


Type of Conductor Material 
Copper Aluminum 

Cable Strand Size 14 AWG 12 AWG 

Weight per 1000 feet* 187-1/2 pounds 95 pounds 

Area* 59,500 Cir mils 98,500 Cir mils 

DC Resistance 0.176 ohms/1000 ft 0.176 ohms/1000 ft 
Solid Strip Thickness 14 AWG 12 AWG 

Width 1 inch* * 1 inch** 

DC Resistance 0.176 ohms/1000 ft 0.176 ohms/1000 ft 
Solid Rod Weight Per 1000 feet 186-1/2 pounds 95 pounds 

DC Resistance 0.176 ohms/1000 ft 0.176 ohms/1000 ft 
Tubular Rod Weight per 1000 feet 187-1/2 pounds 95 pounds 

Wall Thickness 0.032 inch 0.064 inch 


DC Resistance 


0.176 ohms/1000 ft 


0.176 ohms/1000 ft 


*Acceptable substitutes are No. 2 AWG copper cables and 1/0 AWG aluminum cables. 


**This is the minimum width for a strip void of perforations. If perforated, the width shall be increased 


equal to the diameter of the perforations. 


Table 1-3 


Minimum Requirements for Roof and Down Conductors on 
Structures Greater than 75 Feet (23 Meters) in Height (1-3) 


Minimum Weight Weight Per DC Resistance 

Material Wire Strand Size* Per Foot 1000 Feet Per 1000 Feet 
AWG Ounces Pounds Ohms 
Copper 14 6 375 0.088 
Aluminum 12 3 190 0.088 


*Equivalent standard AWG cable: Copper - 2/0, Aluminum - 4/0 


Hom FS WO LP 


10 
11 


Diameter, 


Area 


Cir mils 


211,600 
167,800 
133,100 
105,600 

83,690 


66,360 
52,620 
41,740 
33,090 
26,240 


20,820 
16,510 
13,090 
10,380 

8,230 
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Table 1-4. Solid Copper Wire - Weight, Breaking Strength, DC Resistance 
(Based on ASTM Specifications B1-56, B2-52, and B3-63) 


Weight 

Lb per Lb 
Sq in. 1,000 ft per mile 
0.1662 640.5 3382 
0.1318 507.8 2681 
0.1045 402.8 2127 
0.08291 319.5 1687 
0.06573 253.3 1338 
0.05212 200.9 1061 
0.04133 159.3 841.1 
0.03278 126.3 667.1 
0.02599 100.2 528.8 
0.02061 79.44 419.4 
0.01635 63.03 332.8 
0.01297 49.98 263.9 
0.01028 39.61 209.2 
0.008155 31.43 166.0 
0.00646 24.9 131 


Hard 


resistance at 


Breaking 20° C (68° F) 
strength, maximum, 
minimum ohms per 
Ib 1,000 ft 
8143 0.05045 
6720 0.06362 
5519 0.08021 
4518 0.1022 
3688 0.1289 
3002 0.1625 
2439 0.2050 
1970 0.2584 
1590 0.3260 
1280 0.4110 
1030 0.5180 
826.1 0.6532 
660.9 0.8241 
529.3 1.039 
423 1.31 


DC 


Medium 


DC 


resistance at 


Breaking 20° C (68° F) 
strength, maximum, 
minimum ohms per 
Ib 1,000 ft 
6980 0.05019 
5666 0.06330 
4599 0.07980 
3731 0.1016 
3024 0.1282 
2450 0.1617 
1984 0.2039 
1584 0.2571 
1265 0.3243 
1010 0.4088 
806.7 0.5153 
644.0 0.6498 
513.9 0.8199 
410.5 1.033 
327 1.30 


Soft 


DC 
resistance at 
Breaking 20° C (68° F) 


strength, maximum, 
maximum ohms per 
Ib 1,000 ft 
5983 0.04901 
4744 0.06182 
3763 0.07793 
2985 0.09825 
a 0.1239 
1928 0.1563 
1529 0.1971 
1213 0.2485 
961.5 0.3135 
762.6 0.3952 
605.1 0.4981 
479.8 0.6281 
380.3 0.7925 
314.0 0.9988 
249 1.26 
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Table 1-4. Solid Copper Wire - Weight, Breaking Strength, DC Resistance 
(Based on ASTM Specifications B1-56, B2-52, and B3-63) (Continued) 


Area Weight Hard Medium Soft 
DC DC DC 
resistance at resistance at resistance at 
Breaking 20° C (68° F) _ Breaking 20° C (68°F) —_ Breaking 20° C (68° F) 
strength, maximum, strength, maximum, strength, maximum, 
Diameter, Lb per Lb minimum ohms per minimum ohms per maximum ohms per 
in. Cir mils Sq in. 1,000 ft per mile Ib 1,000 ft Ib 1,000 ft Ib 1,000 ft 

0.0808 6,530 0.00513 19.8 104 337 1.65 262 1.64 197 1.59 
0.0720 5,180 0.00407 15.7 82.9 268 2.08 209 2.07 157 2.00 
0.0641 4,110 0.00323 12.4 65.7 214 2.63 167 2.61 124 2.52 
0.0571 3,260 0.00256 9.87 52.1 170 3.31 133 3.29 98.6 3.18 
0.0508 2,580 0.00203 7.81 41.2 135 4.18 106 4.16 78.0 4.02 
0.0453 2,050 0.00161 6.21 32.8 108 5.26 84.9 5.23 62.1 5.05 
0.0403 1,620 0.00128 4.92 26.0 85.5 6.64 67.6 6.61 49.1 6.39 
0.0359 1,290 0.00101 3.90 20.6 68.0 8.37 54.0 a.33 39.0 8.05, 
0.0320 1,020 0.000804 3.10 16.4 54.2 10.5 43.2 10.5 31.0 10.1 
0.0285 812 0.000638 2.46 13.0 43.2 13.3 34.4 13.2 24.6 12.8 
0.0253 640 0.000503 1.94 10.2 34.1 16.9 21.3 16.8 19.4 16.2 
0.0226 S11 0.000401 1.55 8.16 21:3 21.1 21.9 21.0 15.4 20.3 
0.0201 404 0.000317 1.22 6.46 21.7 26.7 175, 26.6 12.7 25.7 
0.0179 320 0.000252 0.970 5.12 17.3 33.7 13.9 33.5 10.1 32.4 
0.0159 253 0.000199 0.765 4.04 13.7 42.7 11.1 42.4 7.94 41.0 
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SEE NOTE 1 


NOTES: 
1- DEAD ENDS ARE NOT ACCEPTABLE ON MAIN RIDGES OR ON RIDGES OF 
DORMERS OR SIDE WINGS AS HIGH OR HIGHER THAN THE MAIN RIDGE. 
2 - TOTAL CONDUCTOR LENGTH NOT TO EXCEED 16 FEET. 


Figure 1-22. Criteria for Dead End Coverage 


e. Maintain a horizontal or downward course with roof conductors. Provide “U” or “V” (up and down) 
pockets with a down conductor from the base of the pocket (see Figure 1-23(a)) to ground or to a convenient 


lead of the main down conductor. 


f. Route conductors through or around obstructions which lie in a horizontal plane with the conductor 
(Figure 1-23(b) and (c)). Bends in the conductor should not include an angle of less than 90 degrees and should 
maintain a radius of 8 inches or greater (Figure 1-23(d)). In particular, re-entrant loops should be avoided (1-5). 
When routing around obstructions, wide gradual bends are preferred. Other recommended practices are 
illustrated in Figures 1-23(e) thru (h). 


g. Securely attach the conductors directly to the ridge roll or roof with UL-approved fasteners every 3 
feet. 


h. Conductors may be coursed through air up to 0.9 meters (3 feet) without support. With an 
acceptable support such as a 1.9 cm (3/4-inch) copper-clad ground rod or its equivalent, securely fastened at 
each end, a conductor may be coursed up to 1.8 meters (6 feet) through air. 


1.3.2.2.2 Down Conductors. 


a. Course down conductors over the extreme outer portions of the structure and separate them as far 
apart as possible. Preferred locations are at diagonally opposite corners on square or rectangular structures and 


symmetrically distributed around cylindrical structures. 


b. Locate down conductors as close as practical to air terminals and to the most convenient places for 
attaching the conductors to the earth electrode subsystem of the structure. The down conductors should be 
equally and symmetrically spaced about the perimeter of the structure. 
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Figure 1-23. Recommended Construction Practices for Integral Lightning Protection Systems 
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C: At least two down conductors are required on all structures except on slender objects like flag poles, 
antenna masts (not substantial towers), light poles, and the like. 


d. Provide one additional down conductor for each additional 30 meters (100 feet) or fraction thereof 
on structures having a perimeter exceeding 75 meters (250 feet). On structures having flat or gently sloping 
roofs and on irregular-shaped structures, the number of down conductors should be such that the length of the 
average roof conductor joining them does not exceed 30 meters (100 feet). On structures higher than 18 meters 
(60 feet) where down conductors are required, install at least one additional down conductor for each 18 meters 
(SO feet) of height or fraction thereof; however, the spacing between down conductors need not be less than 15 
meters (50 feet). 


e. Down conductors are to be provided or located appropriately to avoid dead ends in excess of 4.8 
meters (16 feet) in length. See Figure 1-22, Note 1. 


f. Maintain down conductors in a downward course with routing around or through any obstruction 
which may lie in the path. Sharp bends or turns are to be avoided with necessary turns limited to not less than 
90 degrees and not less than 20 cm (8 inches) in radius. 


g. Where large re-entrant loops (i.e., those with greater than 90-degree turns) cannot be avoided, e.g., 
around cornices or over parapets, the conductor should be routed to ensure that the open side of the loop is 
greater than one-eighth the length of the remaining sides of the loop. It is advised, however, to course the 
conductor through holes or troughs through the obstacles and avoid the loop completely (as shown in 
Figure 1-23(e)) whenever possible. 


h. On structures with overhangs such as antenna towers with extended platforms or buildings utilizing 
cantilevered construction, run the down conductors vertically through the interior of the structure (1-5). 
Internally routed conductors must be enclosed in nonmetallic, noncombustible ducts. 


i. Substantial metal structural elements of buildings may be substituted for regular lightning 
conductors where, inherently or by suitable electrical bonding, they are electrically continuous from the air 
terminal to the earth electrode connection. The structural elements must have a conducting cross-sectional 
area, including that in joints, at least twice that of the lightning conductor that would otherwise be used. There 
need be no difference whether such conductors are on the interior or exterior of the structure when used for 
down conductors. Steel frame buildings encased in bricks or other masonry products must have external air 
terminals and roof conductors installed and bonded directly to the structural members to keep the lightning 


discharge from having to penetrate the masonry shell to reach the frame members. 
1.3.2.3. Fasteners. 


a. Securely attach air terminals and roof and down conductors to the building or other object upon 
which they are placed. 


b. Fasteners (including nails, screws, or other means by which they are attached) should be substantial 
in construction, not subject to breakage, and should be of the same material as the conductor or of a material 
that will preclude serious tendency towards electrolytic corrosion in the presence of moisture because of 
contact between the different metals. (For further information on corrosion, see Volume I, Section 7.8.) 
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c. Keep all hardware, component parts, and joints that are not welded or brazed and that require 


inspection for maintenance and repair readily accessible. 


d. Any special fixtures required for access should be permanently attached to prevent loss. However, 
appropriate locks or other devices essential to safety, security, and physical protection of the hardware or of 


the area in which it is located may be used. 


1.3.3. Separately Mounted Protection Systems. 


1.3.3.1 Mast Type. 


a. No part of the structure being protected should extend outside the protected zone as calculated by 
the procedure illustrated by Figure 1-19 (a conservative estimate for two masts can be made with the aid of 
Figure 1-24). 


b. Where it is impractical to provide a common mast to provide protection for an entire structure, 


additional masts should be provided. 


Cc. If the pole is made of a nonconducting material, provide an air terminal extending not less than 0.6 


meters (2 feet) nor more than 0.9 meters (3 feet) above the top of the pole. 


d. Connect the base of the mast (if metal) or the down conductors to the earth electrode subsystem of 


the protected structure with at least a No. 6 AWG copper conductor or equivalent. 


—_ 


PROTECTED ZONE 


Figure 1-24. The Protected gone Provided by Two Vertical Masts 


1-40 


MIL-HDBK-419A 


1.3.3.2 Overhead Ground Wire Type. 


a. If the poles are of a nonconducting material, an air terminal shall be securely mounted on the top of 
each pole, extending not less than 0.45 meters (1.5 feet) above the top of the pole. Down conductors are run 
down the side of the pole or the guy wire may be employed as the conductor as shown in Figure 1-25. If the guy 
wire is used, it shall meet the requirements of paragraph 1.3.2.2 and both this wire and the overhead ground 
wire are dead-ended at the pole. The overhead ground wire and the guy wire shall be interconnected with a 
separate cable. Down conductors and guy wires used as down conductors are to be connected to the earth 
electrode subsystem of the structure being protected. Guy wires not located near existing earth electrode 
subsystems shall be grounded either to their respective ground anchor (by use of an interconnecting cable) or to 
a separate ground rod. 


b. The height of the poles should be sufficient to provide a clearance of not less than 1.8 meters (6 
feet) between the overhead ground wire and the highest projection on the building. When the overhead ground 
wire system is used to protect stacks or vents which emit explosive dusts, vapors, or gases under forced draft, 
the cable is installed so that it has a clearance of at least 4.5 meters (15 feet) above the object receiving 
protection. 


C. With either the mast type or the overhead ground wire type of system, the pole is placed at a 
distance from the structure that is at least one-third the height of the structure, but in no instance less than 1.8 
meters (6 feet). Figure 1-25 refers. 
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Figure 1-25. Overhead Ground Wire Lightning Protection System 
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1.3.3.3 Waveguide Installation and Grounding. Waveguide between the antenna and the associated 


transmit/receive equipment should be grounded in the following manner. 


a. Each waveguide shall be bonded to the down conductor of the air terminal at the top near the 
antenna and also at the bottom near the vertical to horizontal transition point. The waveguide shall also be 
bonded to the antenna tower at the same points as well as at an intermediate point if the tower exceeds 
60 meters (200 feet). 


b. All waveguide support structures shall be bonded to the tower. The waveguides and supporting 
structure shall be bonded together at the waveguide entry plate and connected to the earth electrode 
subsystem. 


c. All waveguides, conduit or piping entering a building shall be bonded to the waveguide entry plate, 
then to the earth electrode subsystem (see Figures 1-26 thru 1-31). For waveguide penetrations of a shielded 
enclosure or entry plate see Volume I, Section 10.4.2.4. 


d. Rigid waveguides within 1.8 meters (6 feet) of each other should be bonded together through the 
entry plate or by means of a crimp type lug fastened under the waveguide flange bolts and No. 6 AWG wire. 
The bond shall be extended to the bus at the waveguide entry point and connected to the earth electrode 
subsystem. 


e. Determine location of ground strap position as shown in Figure 1-28A and remove waveguide jacket. 
The ground strap is made from a piece of waveguide as detailed in Figures 1-29 and 1-30. Clean mating 


surfaces (waveguide and strap) with solvent or cleaning fluid. 


f. Wrap the strap with No. 14 AWG copper wire (for 8 GHz waveguide as shown Figure 1-28A). For 
4 GHz waveguide, use No. 10 AWG solid copper wire. Use adjustable stainless steel clamps as required to 
secure the strap. Tighten screw until the clamp grips firmly. Excessive tightening could damage the waveguide 


and impair the electrical characteristics. Weatherproof with Scotch Guard or equivalent and tape. 


g. An alternate method of securing the strap to the waveguide is to use wrap-around heat shrink to 
cover the bond and to maintain weatherproofing. Solder one end of a solid copper wire (#10 for 4 GHz and #14 
for 8 GHz waveguide) to one end of corrugated portion of the ground strap. Align the corrugated section of the 
ground strap with the exposed section of the waveguide (see Figure 1-28B). Tightly wrap the wire around the 
ground strap and waveguide and solder the end of the wire to the ground strap for securing purposes. Apply the 


wrap-around heat shrink around the waveguide and heat according to the manufacturer’s instructions. 
h. Remove all sharp and rough edges on ground strap. 


1. An alternate method for grounding waveguide is also shown on Figure 1-26. 
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NOTE: To satisfy HEMP requirements, peripherally bond waveguide to waveguide entry plate. 


Figure 1-26. Waveguide Entry Plate Detail 
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Figure 1-27. Grounding Detail for Elliptical Waveguide 
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Figure 1-28A. Grounding Details for Elliptical Waveguide 
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Figure 1-28B. Heat Shrink Grounding 
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Figure 1-29. Ground Strap Detail for Elliptical Waveguide 
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Figure 1-30. Strap Cutting Detail for Elliptical Waveguide 
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Figure 1-31. Typical Communication Cable Entry Installation 
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1.3.3.4 Cable Installation and Grounding. Cables which enter a facility shall be installed generally using 
Figure 1-31 as a guideline. The final design shall rest with the designer; however, the following steps apply in 
general. (Figures 1-32 and 1-33) 


a. Remove outer cable jacket very carefully so as not to damage the cable shield (see Figure 1-33, 
step 1). 
b. Preform ground strap to fit cable diameter and secure the first hose clamp as outlined in the next 


step (see Figure 1-33, step 2) 


c. Fold back ground strap (about 3.2 cm (1-1/4) long) over hose clamp and cable for a snug fit. Secure 
second hose clamp around the folded strips of the ground strap described in the next step (see Figure 1-33, 
step 3). 


d. For small diameter cable use a No. 6 AWG 7-strand copper wire with a lug connector on the other 
end. Secure the stranded cable using the same method as for the strap. 


e. After attaching all ground straps, tape (weatherproof) the exposed area. 


1.3.3.5 Lightning-Generated Transient Surge Protection. Electrical and electronic equipment at various 
facilities has been severely damaged by lightning-generated transients. The transients occur on externally 
exposed lines that directly interface equipment. Externally exposed lines are outside lines, buried, overhead, 
etc, that are exposed to weather elements. The lines include incoming ac service conductors, and equipment 
signal, status, control, grounding conductors and intrafacility ac and dc powerlines. This section identifies 
transient source and damage, waveforms and amplitudes of projected transients on different types of lines, 
frequency of transient occurrence, and effective methods to implement to preclude equipment damage and 
operational upset when transients occur. 


1.3.3.5.1 Transient Source and Equipment Damage. 


a. Electrical and electronic equipment comprising an operating system is susceptible to damage from 
lightning-generated transient surges via two primary sources as follows: 


(1) Transient surges coupled to equipment from incoming commercial ac power conductors. 


(2) Transient surges coupled to equipment by connected facility control, status, power, ground, 
data and signal lines that originate or terminate at equipment located externally to the building or structure 
housing the equipment of interest. 


b. Damage resulting from lightning-generated transients occurs in many forms. Entire equipment 
chassis have been exploded and burned, and wall-mounted equipments have been blown off the wall by large- 


magnitude transient energy. However, two forms of damage are most prevalent and are listed below: 
(1) Sudden catastrophic component failure at the time of transient occurrence. 


(2) Shortened operating lifetime of components resulting from over-stress at time of transient 
occurrence. 
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1.3.3.5.2 Minimizing Damage. 


a. Damage can be minimized, and in most instances eliminated, by properly using the generally field- 
proven protection methods detailed in this section. In order to be cost effective and to provide effective 


protection, allocation of protection must be divided into three general categories which are: 


(1) Transient suppression (metal conduit and guard wires) for outside lines that interface 
equipment to be protected. 


(2) Installation of transient suppression devices on both ends of exterior lines immediately after 
equipment building penetration or at exterior equipment termination, and on incoming ac service entrance lines 
at the facility main service disconnect means. On shielded facilities, transient suppression devices (TSD's) 
should be installed in an entry vault or inside the main service disconnect box. 


(3) Including transient suppression as an integral part of protected equipment at the exterior line- 
equipment interfaces. 


b. If realistic transient protection is to be designed, frequency of transient occurrence, amplitudes and 
waveforms of transients, and the withstand level of protected equipment must be defined. The withstand level 
is the short-duration voltage and current surge levels that equipment can withstand without overstressing or 
immediate destruction of components occurring, and without equipment operational upset occurring. The 
information required for effective protection is provided in this section. The most susceptible components are 
identified together with typical withstand levels. Frequency of transient occurrence is also provided. Because 
of the large physical size of incoming ac service conductors, less impedance (resistance and inductance) is 
presented to transient surge current flow. As a result, amplitude and waveforms of transients appearing at ac 
inputs are quite different from those appearing at control, status, data, signal, and in-system powerline inputs. 
Therefore, protection for incoming ac power service conductors is discussed separately from that for other 
externally exposed lines. 


1.3.3.5.3. Susceptible Components. Integrated circuits, discrete transistors and diodes, capacitors, and 
miniature relays, transformers, and switches used in the design of solid-state equipment are very susceptible to 
damage from lightning-generated transient surges. Other components are not immune to damage but are 
susceptible to a much lesser degree. Standards do not exist for specifying the withstand level against lightning- 
transients for most equipment and components. Therefore, accurate information must be obtained from 
manufacturers, laboratory testing performed or conservative engineering estimates made. Typical withstand 


level limits for some common types of equipment and components are: 


a. Integrated circuits: 1.5 times normal rated junction and Vcc voltage. 


b. Discrete transistors: 2 times normal rated junction voltage. 
c. Diodes: 1.5 times peak inverse voltage. 
d. Miniature relays, transformers, and switches: 3 times rated voltage. 
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3 Capacitors: 1.5 times dc working voltage unless transient dielectric punch-through voltage known. 


f. DC power supplies with step-down transformer and diode bridge: 1.5 times diode peak inverse 
voltage (PIV) rating times the transformer secondary to primary voltage ratio. 


g. Small motors, small transformers and light machinery: 10 times normal operating voltage. 
h. | Large motors, large transformers and heavy machinery: 20 times normal operating voltage. 


1.3.3.5.4 Frequency of Transient Occurrence. Precise calculation of the number of lightning-generated 
transients that will occur at a specific location in a specified time interval is not possible. However, enough 
observations have been made to permit statistical evaluation of the number of lightning flashes that are likely 
to occur in an area with a known average number of thunderstorm days per year. Some flashes may not produce 
any transients while others will produce several transients. The available data, after considerable averaging 
and rounding, is provided in Table 1-5. The table lists a typical number of transients that might be expected to 
occur from lightning strikes at facilities located in high-and low-incident lightning areas. When used in 
conjunction with Figure 1-34, the table will permit calculation of the number of lightning surges that will occur 
anywhere in the United States in a 10-year period. Decrease 1750 by 10% for each 10 decrease in the number 
of thunderstorm days per year. 


Table 1-5. Frequency of Transient Occurrences 


Number of Lightning Surges 
In 10 Years at One Facility 


High Incident Area Low Incident Area 
(100 Thunderstorm (10 Thunderstorm 
Days Per Year) Days Per Year) 
1750 175 


1.3.3.5.5 Transient Definition, AC Service Conductors. Prediction of the exact amplitude, waveforms, and 
number of transients that will occur at a particular facility over a specific time interval is not possible. 
However, current amplitudes generated by many direct lightning strikes have been measured, and the 
waveforms for the current have been measured and recorded. Also, sufficient data has been recorded to permit 
statistical calculation of waveforms and amplitudes that are likely to occur. This data is provided in subsequent 
paragraphs. Frequency of occurrence is provided in paragraph 1.3.3.5.4. 


a. Transient amplitudes from direct strikes. Measured current amplitudes resulting from direct 
lightning strikes have varied from 1,000 amperes to 250,000 amperes. Results of several thousand measure- 
ments have been reduced and are provided in Table 1-6. As shown in Table 1-6, typical peak current is 10 to 20 
kiloamperes. Table 1-7 tabulates the peak current amplitudes measured for 2721 flashes. The median peak 


value for the peak currents was approximately 15 kiloamperes. This is in agreement with the typical values 
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provided in Table 1-6, and there is agreement among authoritative sources that the peak current for a large 
percentage of strikes is in the 10 to 30 kiloampere range. Note that in Table 1-7, 1818 of the 2721 current 
amplitudes or 66.8% were in the range of 1 to 20 kiloamperes. Also note that only 14% were greater than 
40,000 amperes, and it follows directly that 86% of the peak amplitudes were 40 kiloamperes or less. Only 45 
of the 2721 measured amplitudes, or 1.65%, were above the 100-kiloampere level. Also, it is emphasized that 
the peak current amplitudes noted in the foregoing resulted from direct strikes to metal towers for primary 
transmission lines. 


b. Induced _transient_amplitude. After installation of appropriate transient suppression, induced 
transients will still occur as a result of close proximity, high-intensity strikes, and some transient energy will be 
coupled through the service transformer onto the incoming ac service lines. The amplitude of those coupled and 
induced transients will be reduced a minimum of 50% of direct strike amplitudes due to earth resistance, 
attenuation of electromagnetic fields due to propagation through air, and coupling losses imposed by the service 
transformer winding. Therefore, 86% of the transient current surges appearing at a facility main service 
disconnect means will be 20 kiloamperes or less, and the greatest percentage, 68%, of the surges will be in the 
500 ampere to 10,000 ampere range. Only 1% of the surges will be above 50 kiloamperes, and only 0.25% will 
be above 75 kiloamperes. Table 1-8 provides a tabulation of transient amplitudes and the percentage of 


transients on incoming ac lines that will as a maximum be of the amplitude listed. 


c. Transient waveforms, ac lines. Waveshapes for transients will vary depending on the proximity of 
the strike, intensity of the strike, and length and inductance of the incoming ac service lines. Table 1-6 lists 
the typical time to peak current as 1.5 to 2 microseconds and 40 to 50 microseconds as the typical time from 
the start of the pulse until the current decays to 50% of peak value. Thus, a typical waveform for current 
surges generated by a direct strike is 2-by-40 microseconds. Transients measured at main service disconnects 
(amplitudes in excess of 3,000 volts) have had rise times of, 1 to 2 microseconds and decay times of 20 to 40 
microseconds. However, the inductance of some incoming ac service lines will slow down the rise time slightly. 
Most manufacturers of secondary ac surge arresters use either 8-by-20 or lo-by-20 microsecond current 
waveforms for testing and specification purposes, primarily because the waveform is relatively easy to generate 
while a 2-by-40 microsecond waveform is quite difficult to generate. The 8-by-20 or 10-by-20 microsecond 
waveforms are considered suitable for testing. However, the user of the arrester should be aware of the 
following: 


(1) Transients with rise times faster than 8 microseconds may appear across the arrester 
terminals resulting in a higher sparkover or turn-on voltage for the arrester than specified. 


(2) Transients with decay times up to 40 microseconds may appear across the arrester terminals 


which will require the arrester to dissipate considerably more transient energy than would be required for a 
20 microsecond decay time. 
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Figure 1-34, Mean Number of Thunderstorm Days per Year for the United States 
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Parameter 


Number of return 


strokes per flash 


Time between strokes 


(ms) 


Peak current per 
return stroke (kA) 


Time to peak current 


(Hs) 
Rate of rise (kA/us) 
Time to half-value (us) 


Duration of continuing 


current (ms) 


Peak continuing current 


(amperes) 
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Table 1-6 


Parameter for Direct Lightning Strike Current 


Minimum 


50 


30 


Typical 


2 to4 


40 to 60 


10 to 20 


1.5 to 2 


20 


40 to 50 


150 


150 


Maximum 


26 


100 


250 


30 


210 


250 


500 


1600 


Table 1-7. Peak Currents from Direct Lightning Strikes 
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No. of Flashes with 


Range of current, 


(amperes) 
1,000 - 5,000 
5,001 - 10,000 
10,001 - 20,000 
20,001 - 30,000 
30,001 - 40,000 
40,001 - 50,000 
50,001 - 60,000 
60,001 - 70,000 
70,001 - 80,000 
80,001 - 90,000 
90,001 - 100,000 

100,001 - 110,000 
110,001 - 120,000 
120,001 - 130,000 
130,001 - 140,000 
140,001 - 150,000 
150,001 - 160,000 
160,001 - 170,000 
170,001 - 180,000 
180,001 - 190,000 


190,001 - 200,000 
200,001 - 210,000 
212,000 
218,000 


Peak Current in 


Range 


567 
611 


No. at or 
above Level 


2,721 
2,154 
1,543 
903 
607 
380 
240 
160 

99 

77 

56 

45 

34 

25 

16 
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Table 1-8. Transient Surge Amplitudes 


Percentage at or 
above Level 


100 

79.2 

56.7 

33.2 

22.3 

14.0 
8.82 
5.88 
3.64 
2.83 
2.06 
1.65 
1.25 
0.918 
0.588 
0.331 
0.257 
0.137 
0.147 
0.110 
0.110 
0.073 
0.073 
0.037 


Transient Surge Percentage of Transients 


Amplitude (Amperes) 


500 
2,501 
5,001 

10,001 
20,001 
30,001 
40,001 
50,001 
75,001 


2,500 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
75,000 
100,000 
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at Listed Amplitude 


21% 
23% 
24% 
19% 
8% 
3% 
1% 
0.9% 
0.1% 
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1.3.3.5.6 Methods for Transient Protection on AC Service Conductors. Proper use of the following provides 


effective protection against lightning generated transients on incoming ac powerlines. 


a. Completely enclosing buried lines in ferrous metal, electrically continuous, watertight conduit. 

b. Use of overhead guard wires to protect overhead lines. 

c. Installation of a secondary ac surge arrester at the facility main service disconnect means. 

d. Including surge suppressors as in integral part of equipment at ac power inputs and rectifier outputs 


of low-level (5 to 48 volt) power supplies, when a power supply operates from commercial ac power and supplies 
operating power for solid-state equipment. 


e. Installation of suitable surge arresters on the primary and secondary of the service transformer. 
f. Installation of powerline filters shall be in accordance with NACSIM 5203. 


1.3.3.5.7 Use of Ferrous Metal Conduit. Since transients are induced on buried lines by electromagnetic waves 
created by lightning current flow, all buried incoming ac service lines should be completely enclosed in ferrous 
metal, watertight conduit. To be effective, the conduit must be electrically continuous and effectively bonded 
to the building entry plate and grounded to earth ground at each end. No. 2 AWG bare copper stranded cable is 
suitable for the earth ground connection, and exothermic welds provide effective bonding in earth. Approved 
pressure connectors are suitable for use above ground. The conduit should extend from the service transformer 
secondary to the facility main service disconnect means. This use of metal conduit will eliminate low-level 
induced transients, and will attenuate otherwise high-amplitude induced transients by 90% minimum. Although 
the conduit provides effective protection against induced transients, it does not provide protection against 
transients that enter the service conductors directly from the secondary of the service transformer. 


1.3.3.5.8 Use of Overhead Guard Wires. Since enclosing overhead incoming ac service lines in metal conduit is 
not feasible, experimentation has proved that the use of an overhead guard wire provides an effective level of 
protection for overhead service conductors against direct lightning strikes. This guard wire also provides a low 
level of protection against transients induced on lines by close proximity strikes as well as nearby cloud to cloud 
discharges. The guard wire must be located above and parallel to the service conductors. To be effective, the 
height of the guard wire must be that required to form a 1:1 cone of protection for the service conductors (see 
Volume I, Section 3.5.2), and the guard wire must extend from the secondary of the service transformer for the 
facility to the facility service entrance fitting. Also, at each end the guard wire must extend to, and be bonded 
to, an effective earth ground or to the earth electrode subsystem of the facility. When the distance between 
terminating facilities exceeds 250 feet, the guard wire shall also be bonded to a ground rod meeting the 
requirements of MIL-STD-188-124A, paragraph 5.1.1.1.4. Also refer to MIL-STD-188-124A, 
paragraph 5.1.1.3.10.2 regarding the type and size requirements of the guard wire. Since the guard wire and the 


earth electrode subsystem are comprised of different metals, exothermic welding is recommended. 
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1.3.3.5.9 Protection of Underground Cables. 


a. Protect against direct lightning strikes to buried cable by installing a guard wire above the cables or 
cable duct. A 1/0 AWG bare copper cable laid directly over the protected cables as shown in Figure 1-35(a) is 
recommended. At least 25.4 cm (10 inches) should be maintained between the protected cables and the guard 
wire. 


b. For a relatively narrow spread of the cables, 0.9 meters (3 feet) or less, or for a duct less than 0.9 
meters (3 feet) wide, only one guard wire cable is necessary. For wider cable spreads or wider ducts, at least 
two 1/0 AWG cables should be provided as illustrated in Figure 1-35(b). (Since the guard wire and protected 
cables are embedded in the earth, the applicable cone of protection is not known.) 


1.3.3.5.10 Buried Guard Wire. Experimental use of a buried guard wire embedded in soil above and parallel to 
buried cable runs not enclosed in metal conduit has provided effective attenuation of lightninginduced 
transients. Use of the guard wire is recommended for protection of buried equipment lines not enclosed in 
metal conduit. Bare 1/0 AWG copper wire has provided the most effective protection during experimental use. 
To be effective, the guard wire must be embedded in the soil a minimum of 25 cm (10 inches) above and parallel 
to the protected cable run or duct. When the width of the cable run or duct does not exceed 0.9 meters (3 feet), 
one guard wire, centered over the cable run or duct, provides adequate protection. When the cable run or duct 
is more than 0.9 meters (3 feet) wide, two guard wires should be installed. The guard wires should be spaced at 
least 30 cm (12 inches) apart and be not less than 30 cm (12 inches) nor more than 45 cm (18 inches) inside the 
outermost wires or the edges of the duct. To be effective, the guard wires must be bonded to the earth 
electrode subsystem at each terminating facility. Exothermic welds provide the most effective bonding. The 
requirement and need for underground guard wires shall be determined by the project and civil engineer and 
shall be determined on a case and location basis dependent upon the priority of the circuit and the degree of 
lightning anticipated. 
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Figure 1-35. Lightning Protection for Underground Cables 
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1.3.3.5.11 Secondary AC Surge Arrester. Installation of a properly selected secondary ac surge arrester at the 
facility main service disconnect means provides the best method for ensuring that high energy transients are 
not coupled to equipment by ac distribution lines within the facility. The surge arrester installed must have 
certain characteristics to ensure adequate protection. 


a. Characteristics. 


(1) Be capable of safely dissipating transients of amplitudes and waveforms expected at the 
facility for a predetermined period of time. Selection of an arrester that will provide protection for a period of 
ten years is recommended. 


(2) Have a turn-on time fast enough to ensure that transient energy will not cause damage before 
the surge arrester turns on and clamps. 


(3) Maintain a low enough discharge (clamp) voltage while dissipating transient current to prevent 
damage to protected equipment. 


(4) Have a reverse standoff voltage high enough to ensure nonconduction during normal operation. 
(5) Be capable of complete extinguishing after firing on an energized line. 


b. Additional requirements. In addition to the above, the surge arrester must be properly installed to 
ensure optimum operation. The input to each phase arrester contained in the surge arrester should be fused to 
provide protection against overload of, or damage to, the ac supply in the event an arrester should short. Also, 
indicator lights and an audible alarm that go off when a fuse opens should be provided on the front of the surge 
arrester enclosure as a maintenance aid. 


1.3.3.5.12 Surge Arrester Installation. Proper installation of the surge arrester is of vital importance for 
optimum operation. A surge arrester with excellent operating characteristics cannot function properly if 
correct installation procedures are not used. The most important installation criteria are provided below and 
applies to surge arrester phase input connections and the ground connection. All surge arresters should be 
installed in accordance with the manufacturer% recommendations. 


a. Installation criteria. 


(1) If possible, install arresters inside the first service disconnect box to keep interconnecting lead 
lengths as short as feasible. 


(2) Use interconnecting wire of sufficient size to limit resistance and inductance in the transient 
path to ground through the surge arrester. 


(3) Interconnecting wiring should be routed as straight and direct as possible with no sharp bends, 
and the least number of bends possible. 


(4) Do not include loops in the wiring. 
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(5) Must be grounded by the shortest low impedance path available. 


b. Surge arrester input connections. Installation of surge arresters is shown for grounded and 
ungrounded service in Figures 1-36 and 1-37 respectively. For best possible protection, the line supply side of 
the main service disconnect means should be connected to the phase input(s) of the surge arrester. However, 
when necessary to facilitate removal of ac power for surge arrester maintenance, it is permissible to connect 
the surge arrester to the load side of the main service disconnect means. In order to prevent introducing 
excessive inductance and resistance in the transient path to the surge arrester, No. 4 AWG (minimum) insulated 
stranded copper wire of the minimum feasible length must be used to make the interconnection(s) unless 
otherwise recommended and guaranteed by the manufacturer. Also, the interconnecting wiring must not 
contain loops or sharp bends. Otherwise, the response time of the surge arrester will be delayed and a higher 
clamp voltage than that of the surge arrester will be impressed across the protected equipment, thus increasing 
the possibility of damage. In the event a very fast transient should occur, it is quite likely that the surge 
arrester would never turn on, and all of the transient energy would be dissipated by supposedly protected 


equipment. 


G Surge arrester_ground connection. When the surge arrester is not properly grounded, its response 
time will be delayed and a higher clamp voltage than that of the surge arrester will be impressed across the 
equipment being protected. This can also be expected if the earth ground connection for the surge arrester 
contains loops or sharp bends or is not properly bonded to the earth electrode subsystem. To overcome this 
problem, stranded copper wire specified in accordance with Article 280 of the NEC must be used to make the 
ground connection unless other specifications are provided by the manufacturer of the surge arresters. 
Figure 1-36 shows the surge arresters installed to ensure the most direct route to ground thereby minimizing 
the lead inductance(s) and ensure the firing of the surge arresters. For best results exothermic welds should be 
used for bonding to the earth electrode subsystem. UL-approved pressure connectors are suitable for 
above-ground bonds. 


1.3.3.5.13 Operating Characteristics of Surge Arresters. Operating characteristics of different types of surge 
arresters are discussed in the following subparagraphs. Guidelines for selection of an adequate surge arrester 
are also provided. 


a. Transient dissipation capability. Selection of a surge arrester that will provide adequate protection 
against worst case transients is recommended. Waveforms are defined in Section 1.3.3.5.5. The worst case 
waveform is 2-by-40 microseconds. The number and amplitude of transients that can be expected to occur can 
be determined by referring to Tables 1-5 and 1-8. 


(1) In a high-lightning incident area (average of 100 thunderstorm days per year), 1750 transients 
are expected to occur in a lo-year period. Referring to Table 1-8, it can be determined that transient 


amplitudes and occurrence may be as listed in Table 1-9. 


(2) In a low-lightning incident area (average of 10 thunderstorm days per year), only 175 transients 
are expected to occur in a lo-year period. Transient occurrence and amplitudes may be as listed in Table 1-10. 
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Figure 1-36. Secondary AC Surge Arrester Installation, Grounded Service (Single Building from Single Source) 
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Figure 1-37. Secondary AC Surge Arrester Installation, Ungrounded Service 
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Table 1-9. Transient Occurrences, High-Incident Lightning Areas 


Transient 


Amplitude (Amperes) 


No. of Transients 
in 10-year Period 


368 
402 
420 
333 
140 


Table 1-10. Transient Occurrences, Low-Incident Lightning Areas 


500 to 2,500 
2,501 to 5,000 
5,001 to 10,000 

10,001 to 20,000 
20,001 to 30,000 
30,001 to 40,000 
40,001 to 50,000 
50,001 to 75,000 
75,001 to 100,000 
Transient 


Amplitude (Amperes) 


500 
2,501 
5,001 

10,001 
20,001 
30,001 
40,001 
50,001 
75,001 


(3) 


2,500 
5,000 
10,000 
20,000 
30,000 
40,000 
50,000 
75,000 
100,000 


No. of Transients 
in 10-year Period 


Transient amplitudes are less at small electronic facilities. Recorded data substantiates that 


large electronic facilities tend to attract higher intensity strikes than small electronic facilities. The transient 


amplitudes listed in Sections 1.3.3.5.13a(1) and a(2) are for large electronic facilities, and the amplitudes should 


be decreased by 50% for small electronic facilities. Large electronic facilities are defined as requiring more 


than 100 amperes per phase for normal operation. The transient amplitudes of Tables 1-9 and 1-10 should be 


decreased by 50% when relating to a small facility. 
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b.  Turn-on time. Turn-on time (response time) is the time required for an arrester to turn on and 
clamp a transient after turn-on voltage is impressed across device terminals. All basic suppressor devices used 
in manufacture of surge arresters are voltage dependent for ionization, breakdown, and other phenomena 
associated with breakdown. Therefore, a low turn-on voltage enhances a faster turn-on time. Turn-on time 
requirements for a surge arrester must be directly related to the withstand level for equipment and components 
being protected. For instance, if only heavy duty electrical equipment, such as motors, contactors, and 
switches are being protected, relatively slow turn-on of | to 5 microseconds can be tolerated. However, if 
solid-state electronic equipment, or a combination of electrical and electronic solid-state equipment is being 
protected, turn-on time becomes much more critical. In general, the most rapid response time available is 
desirable. However, cost and current dissipation capability normally place constraints on such selection 
criteria. Four types of arresters are currently manufactured as noted below. Additional data for each type is 
provided in 1.3.3.5.15. 


(1)  Gas-filled spark gap with series-connected nonlinear resistance. 
(2) Zinc oxide nonlinear resistor (ZNR) or metal oxide varistor (MOV). 
(3) Solid-state. 

(4) Hybrid of above components (development stage). 


c. Important turn-on time characteristics. Generalized characteristics for the three basic types of 
surge atresters are listed in Table 1-11. Turn-on time of 50 nanoseconds is sufficiently fast to protect all 
except very critical components that would directly receive transient energy prior to turn-on and clamp of the 
surge arrester. Solid-state units may be used for protection of very critical equipment components, and the 
gas-filled spark gap type will provide adequate protection for heavy duty electrical equipment such as motors, 
contactors and switches. However, arresters with slow turn-on time and high turn-on voltage should not be 
used to protect electronic equipment that has low-voltage, fast turn-on transient suppression devices or circuits 
included as an integral part of the equipment. Otherwise, the transient suppression in the equipment will turn 
on and attempt to dissipate transient energy before the surge arrester installed at the main service disconnect 
means turns on. In most cases, this will rapidly destroy equipment-level transient suppression. The impedance 
and inductance of power distribution panels and power distribution wiring within the facility will tend to slow 
down transient rise time and also dissipate some transient energy both before and after the surge arrester turns 
on. The resistance and inductance works in conjunction with the surge arrester at the main service disconnect 
means to provide additional protection. However, the true degree of protection thus provided varies widely due 
to varying transient waveforms, and size and length of distribution wiring within the facility. In summary, the 


most important characteristics for turn-on time are: 


(1) Turn-on time must be rapid enough to preclude damage to equipment resulting from over- 
voltage before the surge arrester turns on and clamps the incoming transient. 
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Table 1-11. Generalized Characteristics for Surge Arresters by Type 


Type Turn-on Time Current Capacity Firing/Clamp Voltage Cost 
Gas-filled 5-250 nanoseconds Extreme duty to 150,000 High - 350 to 5500 Moderate - $25 
spark gap for 10 kV/us rise amperes lifetime: 2500 volts (firing) to $750 
time surges at 10,000 amperes 

MOV or ZNR 50 nanoseconds Varies - can be equivalent Moderate - 300 to Moderate - $50 
or less, any rise to spark-gap type 3000 volts (clamp) to $1,000 
time 

Solid State 10 nanoseconds Varies - Generally 50 to Low - 275 to 750 High - $100 to 
or less, any rise 100 amperes except for volts (clamp) $25,000 
time costly units 


(2) Turn-on voltage and time for the surge arrester must be compatible with the same 
characteristics of transient suppressors/circuits included as an integral part of protected equipment. Otherwise 
equipment-level transient suppressors/circuits will attempt to dissipate the transient before the surge arrester 
turns on. When this occurs, the equipment level transient suppression will likely be destroyed resulting in 


damage or operational upset of protected equipment. 


d. Discharge (clamp) voltage. The clamp voltage, sometimes referred to as the discharge voltage, for 
a surge arrester is the voltage that appears across the arrester input terminals and the ground terminal while 
conducting a transient surge current to ground. The clamp voltage waveform occurring across the surge 
arrester installed at the main service disconnect means appears across the protected equipment after losses 


imposed by inductance and resistance of power distribution lines and panels. 


(1) In general, a surge arrester with the lowest clamp voltage possible is desirable. An all-solid- 
state arrester provides the lowest clamping voltage available (Table 1-11). However, as with turn-on time, 
other factors such as current dissipation capability and cost normally place constraints on simply installing a 


surge arrester at the main service disconnect means with the lowest clamping voltage available. 


(2) In new facilities calling out the latest design equipment, transient surge suppression generally 
is included as an integral part of the equipment ac input. Higher clamping voltages can therefore be tolerated 
at the main service disconnect means. When good engineering design practices are used, equipment level 
suppressors will have a slightly lower turn-on voltage threshold and a slightly faster turn-on time than the surge 
arrester at the main service disconnect means. This permits the equipment-level suppressors to maintain a 
lower clamping level to provide maximum equipment protection. Therefore, when a transient occurs, the 


equipment level suppressor(s) will turn on first. 
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(3) This circuit operation may generate the requirement for a properly sized (2-microhenry 
minimum) inductor to be installed in series with applicable ac conductors. If its need has been ascertained, it 
must be installed between the surge arrester and the integral equipment-level transient suppressor. It may also 
be designed as an integral part of the surge arrester or the equipment-level transient suppressor. 


(4) The equipment-level suppressor will immediately start toward its clamp voltage as transient 
current is conducted. Because of resistance and inductance in the power distribution lines and panels, the surge 
arrester will turn on very soon (nanoseconds) after the equipment-level suppressor(s), and will dissipate most of 
the remaining transient energy. After the surge arrester turns on, the equipment level suppressor(s) are 
required to dissipate only the transient energy resulting from the clamp voltage of the surge arrester. 


(5) Thus, the surge arrester dissipates most of the transient surge, and the equipment-level 
suppressor(s) provide equipment protection against fast rise time transients and reduce the surge arrester clamp 
voltage to levels that can be safely tolerated by protected equipment. In summary, the clamp voltage for the 
surge arrester must be low enough while dissipating a high-energy transient to provide adequate equipment 


protection taking into consideration: 


(a) Protection provided by transient suppression that is an integral part of the facility 


equipment. 


(b) Impedance (resistance and inductance) of power distribution lines and panels within the 


facility. 


e. Reverse_standoff voltage. Reverse standoff voltage is specified in various ways by surge arrester 
manufacturers such as maximum allowable voltage, voltage rating, and reverse standoff voltage. For usage 
herein, reverse standoff voltage is defined as the maximum voltage that can be applied across the surge 
arrester and still permit the surge arrester to remain in an off state (current leakage through arrester to ground 
100 microamperes or less). Good engineering practice dictates that the surge arrester remains off during 


normal operation. 


(1) Design of effective lightning transient protection requires that the surge arrester turn on very 
rapidly at the lowest voltage possible when a transient occurs. In addition, it is desirable that a low clamp 
voltage be maintained across the surge arrester while conducting surge current to ground. Turn-on voltage and 
associated turn-on time as well as clamp voltage are proportional to reverse standoff voltage. That is, an 
arrester with a low reverse standoff voltage has a lower turn-on voltage (and thus a faster turn-on time) and a 
lower clamp voltage than an arrester with a higher reverse standoff voltage. Therefore, it is important that the 


surge arrester has the lowest possible reverse standoff voltage. 


(2) For effective protection, the reverse standoff voltage should be between 200 to 300 percent of 
nominal line-to-ground voltage of the appropriate ac service lines for a spark gap type surge arrester that is to 
be installed line to ground. The reverse standoff voltage should also be between 200 to 300 percent of nominal 
line-to-line voltage of appropriate ac service lines for a spark gap type surge arrester that is to be installed 
line to line. The reverse standoff voltage for MOV and ZNR type arresters should be 175 + 25 percent of the 
nominal line-to-ground or line-to-line voltages of the appropriate ac service lines. 
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1.3.3.5.14 Desirable Operating Characteristics for Transient Suppressors. The transient suppressor character- 
istics listed below are required for effective protection at the facility level: 


a. Turn-on (response) time: 50 nanoseconds or less. 


b. Standoff voltage and leakage current: To ensure that the suppressor remains off except during 
transient occurrence, the standoff voltage should be between 200 to 300 percent above the nominal line voltage 
for spark gap type suppressors and approximately 175 + 25 percent for MOV and ZNR type suppressors. 
Leakage current should not exceed 100 microamperes at standoff voltage. 


c. Polarity: Bipolar or unipolar, depending on line voltage. 


d. _Turn-on voltage: 125 percent of standoff voltage maximum at one milliampere for MOV and ZNR 
type suppressors. Also, 125 percent of the standoff voltage for gas-filled spark gap suppressors. 


e. Clamp voltage: (Also known as discharge voltage) should not exceed 200 percent of the turn-on 
voltage for transients 100 amperes peak or 225 percent of the turn-on voltage for transients 1000 amperes 
peak. 


f. Operating life: Capable of dissipating number and amplitude of transients projected to occur over a 


lo-year period. See Section 1.3.3.5.17. 


g.  Self-restoring capability: Essential that suppressor automatically restores to off state when applied 


voltage drops below turn-on voltage. 


1.3.3.5.15 Characteristics of Different _Types of Surge Arresters. Various types of surge arresters are 


presently available for purchase as off-the-shelf items from a multitude of manufacturers. Most have desirable 
characteristics, and also have undesirable characteristics. Some types have the capability of dissipating 
tremendous amounts of current, but turn on relatively slowly (150 to 200 nanoseconds) after turn-on voltage 
appears across device terminals. Another type turns on more rapidly (50 nanoseconds or less) but will not 
dissipate as much current as the slower devices, unless many devices are connected in parallel which is not 
totally desirable. Solid-state arresters are available which have very fast turn-on times but most of them are 
limited in current dissipation capability except for expensive units that range in cost from $7,500 to $25,000. 
Several hybrid units are currently under development that consist of a solid-state suppressor for dissipation of 
low-energy transients, and a separate suppressor section for dissipation of high-energy transients. The two 
suppressor sections are normally separated by a choke in series with the protected phase line. The three most 
important characteristics of an ac surge arrester are the capability to dissipate the required levels of surge 
current, maintain a low discharge (clamp) voltage while dissipating the transient current, and a, fast response 
time. The fast response time is important to prevent the appearance of high level transient energy (overshoot 
voltage) across protected equipment for an intolerable length of time before the arrester turns on and clamps. 
Various types of suppressors are discussed below together with typical operating characteristics. 
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a. Gas-filled spark gap with series-connected silicon carbide block. The gas-filled spark gap arrester is 
capable of conducting very high currents. Some units have an extreme duty discharge capacity of 150,000 


amperes peak for one transient with a 10-by-20 microsecond waveform. Minimum life of such units is 
dissipation of 2500 surges of 10,000 amperes peak surge current with a 10-by-20 microsecond waveform. 
Impulse sparkover (turn-on) voltage is 1400 volts peak for a transient with a 10 kV/ us waveform for two types 
of arresters. Some typical discharge (clamp) voltages are listed in Table 1-12 for 10-by-20 microsecond 


waveforms of the transient amplitudes listed: 


Table 1-12. Typical Maximum Clamp Voltage for Spark Gap Arresters 


Peak Surge Maximum 
Amplitude Clamp Voltage 
10,000 Amperes 2,000 Volts 
40,000 Amperes 3,000 Volts 
150,000 Amperes 5,500 Volts 


(1) Follow current. The typical discharge (arc) voltage across a spark gap is 20 to 30 volts while it 
is in full conduction. Because of the low arc voltage, the voltage and current available from the ac power 
supply would maintain the spark gap in an on state after a transient was dissipated until the first zero crossing 
of the power supply or until a supply line fuse opened, a line burned open, the spark gap burned open, or the 
service transformer burned open. For this reason, a silicon carbide block (nonlinear resistor) is connected in 
series with a spark gap to ground to ensure that the spark gap extinguishes on the first zero crossing of the 
connected line, and, more importantly, to limit follow current through the spark gap after a transient is 
dissipated until the first zero crossing of the powerline (8.3 milliseconds maximum). The silicon carbide block is 
a nonlinear resistance, and resistance decreases as applied voltage increases. Thus, the resistance is relatively 
high at powerline voltages to limit follow current, but decreases to a fraction of an ohm when high-level 
transient voltage is applied. However, the resistance remains high enough to generate a relatively high clamp 
voltage when discharging high-amplitude transient currents. 


(2) Sparkover (turn-on) voltage. Sparkover time for the spark gap arrester is directly related to 
transient risetime since a finite amount of time is required for the spark gap to ionize and transition from the 
off mode through the glow region and into the are mode of operation. Also, ionization time is to some extent 
related to the risetime of the transient. Transition time from off to arc mode of operation is typically 150 to 
200 nanoseconds after sparkover voltage appears across arrester terminals. 
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Figure 1-38. Typical Operating Curve for Two Series of Gas-Filled Spark Gap 


Arresters with Nonlinear Series Resistor 


(3) Summary. In summary, the gas-filled spark gap is capable of discharging high-amplitude 
transients, but has a relatively slow response time and a relatively high discharge voltage. Follow current 
(10 to 80 amperes typical) occurs, but normally presents no significant problems. Figure 1-38 depicts typical 
operating curves for two series of gas-filled spark gap arresters with a series-connected silicon carbide resistor. 


b. ZNR and MOV type arresters. The ZNR type arresters have several desirable characteristics. Other 
types of MOV arresters are currently under development that have voltage-current characteristics similar to 


the ZNR type. The ZNR type arresters have a relatively fast turn-on time (50 nanoseconds or less), low turn-on 
voltage, relatively low clamping voltage, and various levels of current dissipation capability since the ZNR 


types are available in different energy level packages. Table 1-13 lists related characteristics for ZNR 
available in one type of energy level package, and Table 1-14 lists related characteristics for a high-energy 


level package. 
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Table 1-13. ZNR Type Devices (Molded Case Type) Typical Characteristics 


Parameter Range of Available Devices 
20 mm Disc 25 mm Disc 32 mm Disc 
DC Breakdown Voltage at 200 to 910 Volts 200 to 910 Volts 200 to 910 Volts 


1 Milliampere 


Maximum Clamping Voltage 525 to 2800 Volts 590 to 3200 Volts 640 to 3800 Volts 
at Maximum Surge Current 


Maximum Surge Current 2.5 to 5 kA 5 to 10 kA 10 to 20 kA 
(8 x 20 Microsecond Waveform) 


Life Depends on Surge Current and Waveform* 


*iMaximum surge current (8 x 20 microseconds) can be applied twice without incurring damage or over 
stressing the devices. 


Table 1-14. High Energy ZNR Surge Arrester Typical Characteristics 


Size: Three 80 mm Discs in Parallel 
Powerline Voltage: 250 V AC Maximum 
DC Breakdown Voltage at 560 Volts 


1 Milliampere: 


Maximum Clamping Voltage: Current 
(10 x 20 Microseconds) 


Clamping Voltage 


10 kA 1300 Volts 
40 kA 1600 Volts 
150 kA 2450 Volts 
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Table 1-15. Test Results for Parallel-Connected ZNR 


Number of 
Surges Applied Surge Amplitude Clamp Voltage (Peak) 
2000 250A @ 1000V 300V 
2500 400A @ 1600V 315V 
225 20, OOOA @ 8.75kV 500V 
25 40,000A @ 16.8kV 650V 
8 50, 000A @ 20kV 700V 


(1) Current dissipation. Testing has established that connection of the devices listed in 
Table 1-13 in parallel for line-to-ground or line-to-line protection is feasible. Use of the ZNR in parallel 
provides increased current dissipation capability and a lower maximum clamping voltage than a single, high- 
energy ZNR can provide. Five of the devices were connected in parallel and surged as listed in Table 1-15. The 
clamp voltages listed in Table 1-15 occurred. Current division was very good. 


(2) Turn-on. Although the ZNR devices used in ZNR-type arresters are not solid-state junction- 
type devices, the arrester acts very much like junction-type devices. That is, when breakdown voltage is 
reached, transition from off to on occurs very rapidly as shown in Figure 1-39b which is a typical operating 
curve for a ZNR. Since the devices used in ZNR-type surge arresters are essentially nonlinear resistors, 
resistance decreases rapidly as applied voltage across the device increases above breakdown voltage. 
Therefore, current flow through this type of arrester increases rapidly after breakdown as shown in 
Figure 1-39b. Primarily because of resistance and capacitance of the ZNR, the clamp voltage slightly lags the 
transient current waveform. The ZNR-type arrester automatically restores to the off state when applied 


voltage falls below turn-on voltage. Therefore, no follow current occurs during the turn off phase. 


c. Solid-state type arresters. So many different types of solid-state arresters are currently 
manufactured that it is difficult to generally evaluate them. In general, solid-state arresters manufactured by 
connecting silicon avalanche diode suppressors (SAS) in series to attain the desired current handling capability 
have truly fast response times of 1 to 10 nanoseconds. However, this type of arrester is generally limited to 
handling approximately 500 amperes surge current (waveform 8-by-20 to 8-by-40 microseconds). Figure 1-39a 
is a typical operating curve for a solid-state suppressor. This type of arrester also has a low clamp voltage 
(normally 160% of breakdown voltage, maximum) compared to other types of arresters. Other solid-state 
arresters are a combination of silicon avalanche diodes or rectifier diodes connected in a bridge network 
followed by a second stage consisting primarily of a silicon-controlled rectifier (SCR) with a varyingvalue 
current-limiting resistor in series with the SCR. This type arrester has a slow response time, sometimes 


approaching 1 microsecond, because of the slow turn-on time for the SCR. Also, the clamping voltage can be 
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high depending on the value of the SCR current-limiting resistor. Because of the proliferation of solid-state 
arresters available, it is strongly recommended that complete laboratory demonstration testing be required 


prior to implementation of the solid-state arresters. 
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Figure 1-39. Typical Arrester Operating Curves, ZNR and SAS 


d. Hybrid type _arresters. Hybrid type arresters are currently in development that consist of a 
combination of gas-filled spark gaps and ZNR or MOV, and two-stage arresters consisting of a solid-state stage 
for dissipation of low-energy-content transients and a separate stage for dissipation of high-energy transients 
consisting of gas-filled spark gaps and ZNR or MOV. The two stages are separated by a very low dc resistance 
choke so that the low-energy dissipation stage fires first to achieve fast response time. When sufficient voltage 
develops across the choke, the high energy dissipation stage turns on and dissipates the high level transient 
energy. Insufficient data currently exists to support analyzing the hybrid type arresters. A hybrid should 
emerge that effectively utilizes the best characteristics of available devices, (e.g., the fast turn-on and low 
clamping voltage characteristics of silicon avalanche diode suppressors and the high current dissipation 
capability of ZNR or MOV and gas-filled spark gaps). 
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1.3.3.5.16 Transient Protection for Externally Exposed Equipment Lines. In order to effectively protect 
equipment against damage from lightning generated transients on externally exposed (outside) equipment lines, 


the following must have some definition which is provided in subsequent paragraphs. 
a. Frequency of Transient Occurrence. 
b. Amplitude and Waveform of Occurring Transients. 
C Equipment Withstand Levels. 
d. Protection Methods Against Transients. 


1.3.3.5.17 Frequency of Transient Occurrence. There is no existing method for precise calculation of the 
number of lightning generated transients that will occur at a specific location in a given period of time. 
However, by using the best available data listed in Section 1.3.3.5.4, projections are that 1750 transients will 
occur in a lo-year period at a facility located in a high-lightning incident area with an average of 100 
thunderstorm days per year, and only 175 transients will occur in a lo-year period at a facility in a low-incident 
lightning area with an average of 10 thunderstorm days per year. Note that the number of transients is 
decreased by one order of magnitude for the low-lightning incident area. Therefore, by using Figure 1-34 to 
determine the average number of thunderstorm days per year in a specific location, and decreasing 1750 by 10% 
for each 10 decrease in the average number of thunderstorm days per year, the number of transients projected 


to occur at any location in the United States can be determined. 


Table 1-16. Transients Projected to Occur on Externally Exposed Line in 
High-Lightning Incident Area Over 10-Year Period 


No. of Transients Percentage Peak Voltage (Volts) Peak Current (Amperes) 
2 0.1 750 to 1,000 750 to 1,000 
15 0.9 500 to 749 500 to 749 
18 | 400 to 499 400 to 499 
53 3 300 to 399 300 to 399 
140 8 200 to 299 200 to 299 
332 19 100 to 199 100 to 199 
420 24 50 to 99 50 to 99 
403 23 25 to 49 25 to 49 
367 21 5 to 24 5 to 24 


Note: The source impedance for design purposes is assumed to be | ohm. 
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1.3.3.5.18 Amplitudes _and_ Waveforms of Occurring Transients. Transients occurring on landlines have been 
defined as 10-by-1000 microsecond, 1000-volt peak pulses where 10 microseconds is the time from the start of 
the transient to peak voltage, and 1000 microseconds is the time from the start of the transient until the 
amplitude exponentially decays to 50% of peak value. Source impedance cannot be precisely defined but for 
design purposes is assumed to be 1 ohm. Therefore, for design purposes, a typical worse case lightning-induced 
transient can be defined as 10-by-1000 microseconds, 1000 volts peak with a peak surge current of 1,000 
amperes. Using Table 1-8, the 1750 transient pulses defined in Section 1.3.3.5.17 and the worst case transient 
pulse defined above, the number of transients of varying amplitude would be as listed in Table 1-16 over a 
lo-year period for an externally exposed line in a high-incident lightning area (average of 100 thunderstorm 
days per year). 


1.3.3.5.19 Equipment Withstand Levels. Equipment withstand levels were generally defined in Section 
1.3.3.5.3. Nothing of substance can be added. However, manufacturers generally do not specify equipment or 
component withstand levels against lightning generated transient surges. It is imperative that the withstand 
level be analyzed and determined for each item of equipment to be protected. The withstand level should be 
10% below both the damage threshold level and operational upset level for the equipment. The damage 
threshold level is defined as the level where immediate component destruction occurs or the repeated 
application energy level that decreases useful operating lifetime of equipment components, whichever is lower. 
The operational upset level is defined as the transient voltage that causes an intolerable change in equipment 
operation. It is imperative that an accurate withstand level be established. Otherwise, designed transient 
suppression may not be effective, or conversely, costly transient protection may be designed when not required. 


1.3.3.5.20 Protection Methods Against Transients. Methods listed below are effective, when properly 
implemented, in providing equipment protection against lightning generated transients appearing on externally- 
exposed equipment signal, status, control and ac and dc intrafacility lines. Subsequent paragraphs delineate 
proper implementation techniques for the listed methods. 


a. Completely enclosing buried lines end-to-end in ferrous metal, watertight conduit. 
b. Installation of buried guard wire above buried cable runs not in metal conduit. 
c. Connecting transient suppressors line-to-ground on both ends of externally exposed equipment lines 


as soon as feasible after building penetration or at point of termination at exterior equipment. 


d. Including transient suppressors or transient suppression circuits as an integral part of protected 
equipment at all external line-equipment interfaces. 


e.  Peripherally bonding the shields of rf coaxial lines to building entry plates by use of bulkhead 
connector plates. 


1.3.3.5.21 Enclosing Cable Runs in Ferrous Metal Conduit. Transients are induced on external lines by 
electromagnetic waves created by lightning current flow, and by cloud-to-cloud lightning discharges. There- 
fore, completely enclosing buried external cable runs in ferrous metal, watertight, electrically continuous 
conduit provides an effective protection level against lightning-generated transients. 
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a. Cost considerations. When a buried cable run is 90 meters (300 feet) or less in length, it is 
economically feasible to enclose the cable run end-to-end in metal conduit. When the cable run exceeds 90 
meters (300 feet), it is normally more economically feasible to provide transient suppression at building 
penetration and equipment level than to install the conduit. However, use of metal conduit provides effective 
protection against induced transients, regardless of the length of the cable run. The conduit must extend from 
building penetration to building penetration, or building penetration to exterior equipment termination. 


b. Grounding of conduit. To be effective, the conduit must be electrically continuous and effectively 
bonded to earth ground at each end. If building entry plates are available the conduit should be peripherally 
welded. No. 2 AWG bare copper stranded cable is suitable for the earth ground connection, and exothermic 
welds provide effective bonding underground. Approved pressure connectors are suitable for use above ground. 
For runs over 90 meters (300 feet), the conduit should be connected to earth ground at each end and every 30 
meters (100 feet). The structural steel of antenna towers may be used to effectively ground the conduit 
provided the total bond resistance from the conduit to the earth electrode system is 5 milliohms or less. 


c. Transient suppression for lines in metal conduit. Only one level of transient suppression is required 
for exterior line/equipment interfaces to provide effective protection against induced transients conducted by 


lines in metal conduit. The one level of suppression may be located at building penetration or designed as an 
integral part of the applicable equipment. The one level of suppression may consist of a single suppressor 
connected line to ground, or two resistors connected in series with the external line input and a silicon 
avalanche diode connected between the junction of the two resistors and earth ground or equipment case 
ground, depending on location of the transient suppression. 


d. Amplitude of transients on external lines enclosed in metal conduit. The number of lightning 
generated transients occurring on external cables will not change as a result of enclosing cable runs in metal 


conduit. However, the voltage and current amplitudes will decrease a minimum of 90%. Therefore, Table 1-16 
can be used to determine the number and amplitude (voltage and current) of transients that are projected to 
occur on externally exposed lines, enclosed in metal conduit, in high-lightning incident areas. 


1.3.3.5.22 Transient Suppression. In order to provide effective equipment protection against lightning 
generated transients, externally exposed lines must have transient suppression installed on each end where the 
line directly interfaces electrical/electronic equipment. This requirement applies in all cases when the 
withstand level of the interfaced equipment is below the transient levels projected to occur at the 
line/equipment interface. As previously noted, transient amplitudes projected to occur on lines enclosed end- 
to-end in electrically continuous, ferrous metal conduit are only 10% of the transient amplitudes projected to 
occur on lines not enclosed in metal conduit (Table 1-16). Primarily because of insertion losses and impedance 
mismatch, transient suppression is not currently available that is satisfactory for installation on externally 
exposed rf coaxial lines at building penetration when the lines carry signals above 3 MHz in frequency. 
Therefore, all protection for these line/equipment interfaces must be designed as an integral part of the 
equipment. The most effective design for equipment protection is provided by installing a high energy level 
transient suppressor at building penetration (on all lines that carry signals 3 MHz or less in frequency) 
connected line to earth ground, and including low-energy suppression as a part of integral equipment design. 
Figure 1-40 depicts typical transient suppression at the facility and equipment level for both coaxial cables and 
single wires or pairs. Suppressors installed at building penetration should be located in the junction box that 


first terminates the externally exposed lines after building penetration. 
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Figure 1-40. Typical Transient Suppressor Installation, Facility and Equipment Level 
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a. Grounding for transient suppression. In order for the transient suppression to operate properly and 
provide optimum equipment protection, the ground side of the transient suppressor must be connected as 
directly as possible to ground. The ground for the high-energy level suppressor must be connected directly to 
the nearest J-Box wall. 


b. Suppressor installation. Suppressors can be installed between applicable terminal boards and _ the 
ground with short direct connections. Maintaining short lead lengths is important to prevent inductance of long 
lead lengths from delaying turn-on and response of the transient suppressors. 


1.3.3.5.23 Types_of Available Transient Suppressors. Three different types of suppressors are available to 
provide transient protection as listed below. Operating characteristics for each type are provided in subsequent 
paragraphs, followed by desirable operating characteristics. 


a. Zinc oxide nonlinear resistor (ZNR) or metal oxide varistor (MOV). 
b. Silicon avalanche diode suppressor (SAS). 


c. Gas-filled spark gap. 


1.3.3.5.24 Operating Characteristics of Transient Suppressors. 


a. Characteristics of ZNR-type suppressors. 


(1) Response time: 50 nanoseconds or less, any risetime. 

(2) Clamping voltage: 225% of breakdown voltage maximum for surge currents projected. 
(3) Breakdown voltage: 22 V dc to 1800 V dc at 1 milliampere. 

(4) Standoff voltage: 14 V dc to 1599 V de. 

(5) Surge current dissipation: 500 to 2000 amperes, 8-by-20 microsecond waveform. 


(6) Lifetime: Variable, depends on amplitude of surge current, satisfactory for 10-year 
protection, projected. 


b. Characteristics of SAS-type suppressors. 
(1) Response time: | nanosecond or less, any risetime. 
(2) Clamping voltage: 165% of breakdown voltage maximum at rated peak pulse current. 
(3) Breakdown voltage: 6.8 V dc to 200 V de at | milliampere. 


(4) Standoff voltage: 5.5 V de to 200 V dec. 
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(5) Surge current dissipation: Peak pulse current ratings from 139 amperes for 6.8 V dc suppressor 


to 5.5 amperes for 200 V suppressor for 10-by-1000 microsecond waveforms. 


(6) Lifetime: Not presently defined. Requires current-limiting resistor in series with protected 


line to provide required surge current dissipation at facility level. 


Cc. Characteristics of gas-filled spark gap suppressors. 


(1) Response time: 3 to 5 microseconds for 10-by-1000 microsecond waveforms. 
(2) Clamping voltage: Arc voltage is 20 volts typical. 

(3) Breakdown voltage: 300 to 500 volts typical. 

(4) Standoff voltage: 75 V dc to 1000 V dc. 

(5) Surge current dissipation: 5,000 amperes for 10-by-50 microsecond waveform. 


(6) Lifetime: Varies depending on surge current amplitude, 50 surges of 500 amperes peak current 
with 10-by-1000 microsecond waveform typical. 


1.3.3.5.25 Transient_Suppressor Packaging Design. Packaging of transient suppressors for standard wires and 
twisted shielded pairs is not critical. Leads should be as short as feasible to enable short, direct connections 
without bends. Transient suppressors for coaxial and twinaxial lines should be contained in a metal and epoxy 
package with appropriate connectors on each end, one male, and one female, to permit inline installation at the 
connector panel in the demarcation junction box. Two suppressors must be included in all twinaxial protector 
packages. 


1.3.3.5.26 Coaxial Cable Shield Connection Through an Entrance Plate. Effective transient protection can be 
provided by peripherally bonding each rf coaxial cable to a metal bulkhead connector which in turn is 
peripherally bonded to the building entry plate and grounded to the earth electrode subsystem. This scheme will 
route transient currents from cable shields to earth ground instead of through terminating equipment to ground. 


Also, transient surge currents will be shunted to ground before transient energy is cross-coupled to other 
equipment lines in the facility. The entry plate should be a minimum of 0.64 cm (1/4-inch) thick, and 
constructed of steel. The entry plate must contain the required number of appropriate coaxial feedthrough 
connectors to terminate all applicable incoming lines. The connectors must also provide a path to ground for 
connected cable shields. If external and internal coaxial cables are of a different physical size, the changeover 
in connector size should be accomplished by the feedthrough connectors of the entry plate. The entry plate 
should be connected to the earth electrode subsystem with a 1/0 AWG (minimum) insulated copper cable. The 
cable should be bonded to the entry plate and the earth electrode subsystem with exothermic welds. 


1.3.3.5.27 Grounding of Unused Wires. All unused wires/pairs of communication cable runs should be 
connected to ground at each end. This action will reduce transients on the unused lines which otherwise could be 
coupled to in-service lines of the cable. 
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1.3.3.5.28 Transient Suppression for RF Coaxial Lines. At the present time, effective transient suppressors 
for connection from line-to-ground at building penetration for externally exposed rf coaxial lines carrying 
signals above the 3 MHz range are still in the development stage, primarily because of insertion losses. The 
best method for protecting the lines at present is end-to-end enclosure in ferrous metal conduit, and providing 


transient suppression as an integral part of using equipment. 


1.3.3.5.29 Equipment-level Transient Suppression. Equipment-level transient protection is discussed in 
paragraph 1.3.3.7 of this chapter. In general, effective protection is provided by low-value resistors in series 
with external line inputs, and silicon avalanche diode suppressors connected line-to-ground. Suppressors are 
currently available as special order items that are suitable for connection line-to-ground on rf lines carrying 
signals up to 500 MHz. The suppressors consist of a spark gap, a silicon avalanche diode suppressor in parallel 
with an rf choke, or a combination ZNR and rf choke. 


1.3.3.6 Lightning Generated Transient Protection Evaluation. This portion of the procedure is performed to 
determine whether effective and adequate transient suppression is provided for protection against damage from 


lightning-generated transients. The procedure consists of a detailed review of facility drawings and a detailed 


visual inspection. 


a. Facility drawings. Review facility drawings required to determine the following. Sketch items of 
interest to aid in subsequent visual examination. 


(1) Are lightning protectors installed on the primary and secondary of commercial ac service 
transformer(s)? 


(2) Are buried, incoming ac power service lines enclosed in watertight, ferrous metal conduit 
connected to earth ground at the service transformer and to the earth electrode subsystem at the facility end? 
Is No. 2 AWG (minimum) bare, stranded copper wire used for earth ground connections? 


(3) Are overhead incoming ac power service lines protected by an overhead guard wire from the 
service transformer to the facility service entrance? Is the guard wire connected to earth ground at each end? 
Does the guard wire provide a 1:1 cone of protection for the incoming service lines? 


(4) Is an ac surge arrester installed at the facility main service disconnect means (each main 
disconnect if more than one)? Note manufacturer and part number on sketch. 


(5) Are the external landlines and lines which terminate at exterior equipment (including rf 
coaxial lines that connect to facility equipment) enclosed in watertight, ferrous metal conduit if the cable runs 
are 90 meters (300 feet) or less in length? Is the conduit connected to the applicable earth electrode subsystem 
at each end? 


(6) Do buried landlines (more than 90 meters (300 feet) in length and not enclosed in ferrous 
conduit) have a guard wire installed end-to-end in the cable trench? Is the guard wire connected to the earth 
electrode subsystem at each end? 


(7) Are all rf coaxial cables grounded to the metal bulkhead connector plate at building 
penetration? 
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(8) Are transient suppressors or transient suppression circuits installed line-to-ground on each end 
of all exterior lines not enclosed in ferrous metal conduit (except rf lines carrying signals above 3 MHz) at first 


termination after building penetration? 


b. Inspection, A survey form in Section 2.2.2.4, Part II, is provided for guidance in accomplishing a 


thorough visual inspection. Detailed written notes fully describing all noted deficiencies should be made. 


c. Corrective action. Specific corrective action to accomplish in response to each noted deficiency is 
difficult to detail. For instance, cable runs less than 90 meters (300 feet) in length are not normally enclosed 
end-to-end in electrically continuous, watertight, ferrous metal conduit. Intensity and incidence of lightning in 
the immediate area, together with economic feasibility and operational requirements, are normally the 
overriding factors in determining whether the installation of metal conduit is justified and feasible. In most 
cases, for the example cited, installation of transient suppression circuits on each end of externally exposed 
equipment lines is the most feasible solution. However, installation of transient suppression directly at the 
line-equipment interface may also be warranted, depending on equipment susceptibility and lightning incidence. 
Consider each deficiency individually. Refer to Sections 1.3.3.5 and 1.3.3.7 as required, and correct 
deficiencies in the most feasible manner. Some typical and required corrective actions are listed below: 


(1) If a secondary ac surge arrester is not installed at the facility, and there is any history of 
lightning incidence in the area, install a surge arrester on the line or load side of the main service disconnect 
means. Refer to Section 1.3.3.5 to determine that the surge arrester selected will be adequate and effective. 


(2) If the surge arrester and transient suppressor does not have a low-impedance, effective path to 
earth ground, take whatever action is necessary to provide effective grounding. Neither the arrester nor 
suppressor will provide effective transient protection if an effective ground is not available. 


(3) If no transient suppressors are installed on externally exposed equipment lines not enclosed 
end-to-end in metal conduit, and the lines interface susceptible equipment, as a minimum install transient 
suppressors on each end of each line that interfaces susceptible equipment. Refer to Sections 1.3.3.5 and 


1.3.3.7 as required. 
1.3.3.7 Transient Protection. 


1.3.3.7.1 Protection Requirement. Individual items of electrical and electronic equipment that directly 
interface any externally exposed equipment lines, including commercial ac, may require transient protection 
that is designed as an integral part of the equipment. Whether or not protection is required is dependent on the 
damage susceptibility of the equipment of interest, the level of transient suppression provided on externally 
exposed lines at building penetration or external equipment termination and the level of transient energy that is 
projected to be conducted to the equipment. For use herein, externally exposed lines are defined as lines 
exposed to outside weather elements and environmental conditions. The lines may run overhead, run along 
grade surface, or be buried in earth. Included are ac power input lines and signal, control, status, and 
intrafacility powerlines. The lines are commonly referred to as landlines. Transient protection is not required 
in equipment when an interfaced landline is fiber optic in lieu of a metallic line. In order to provide effective 
transient protection, the damage (withstand) level for the equipment must be determined, and the amplitude 
and number of transients that will be conducted to the equipment must be known. This information is provided 


in this section. Three areas of equipment circuitry normally require transient protection, and are listed below: 
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a. The ac power input. 
b. Where other externally exposed lines interface with the equipment. 
c. Rectifier outputs of 5 to 48 V dc power supplies that operate from commercial ac power and supply 


operating power for solid-state equipment. 


1.3.3.7.2 Transient Definition. The waveform and amplitude of transients that may appear on commercial ac 


input lines and other landlines connected to equipment are provided in this paragraph. 


a. AC powerline transients. The number and amplitude of lightning generated transients projected to 
occur on ac power inputs to equipment over a 10-year period are listed in Tables 1-17 and 1-18. The waveform 
for the transients is 8-by-40 microseconds where 8 microseconds is the risetime from zero to peak amplitude, 
and 40 microseconds is the time from the start of the transient until exponential decay to 50% of peak value. 
The transients listed are based on the data in Section 1.3.3.5. The transients listed in the two tables represent 
clamp voltages that will appear across equipment by the facility secondary ac arrester installed at the main 
service disconnect means (see Section 1.3.3.5) when discharging transient surges. Voltages and currents 
actually appearing across protected equipment will necessarily be related to the amounts and type of equipment 
operating from power supplied by the main service disconnect means. 


Table 1-17. Transient Surges, Line-to-Ground, Expected to 
Appear Across Equipment by Secondary AC 
Surge Suppressor Over a 10-Year Period 


Surge Current Amplitude 


(8-by-40 ps) Number of Surges 
1.5 kV, 100 A 1,500 

2 kV, 200 A 700 

2.5 kV, 300 A 375 

3 kV, 500 A 50 

3.5 kV, 1 kA 5 
4kV, 1.5 kA 2 

4.5 kV,2 kA l 
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Table 1-18. Transient Surges, Line-to-Line, Expected to 
Appear Across Equipment by Secondary 
AC Surge Suppressor Over a 10-Year Period 
(Ungrounded Service Only) 


Surge Current Amplitude 


(8-by-40 us) Number of Surges 
500 V, 50 A 1,000 
750 V, 100 A 100 
1 kV, 200 A 50 
1.5 kV, 300 A 10 
b. Landline transients. The number and amplitude of transients projected to be conducted to each 


landline equipment interface are listed in Table 1-19. The waveform for the transients is 10-by-1000 
microseconds where 10 microseconds is the risetime from zero to peak amplitude for the transient, and 1,000 
microseconds is the time from the start of the transient until exponential decay to 50% of peak amplitude. The 
information presented in Table 1-19 is based on data contained in Section 1.3.3.5. Since an equipment designer 
will not normally know whether external lines will be enclosed in ferrous metal conduit, different transient 


amplitudes are not provided in Table 1-19 for external lines enclosed in metal conduit. 


1.3.3.7.3, Determination _of Equipment Damage (Withstand) Levels. Manufacturers do not normally specify 


withstand levels for components. Therefore, an analysis should be performed to determine the withstand level 
for each item of equipment that directly interfaces any externally exposed lines including ac input lines. 
Transients that are projected to be conducted to equipment are provided in Tables 1-17, 1-18, and 1-19. The 
analysis should be based either on results of laboratory tests or engineering analysis. Also the analysis must 
include all equipment circuitry that will be exposed to transients. Three factors determine the withstand level 


for the equipment as follows: 


a. Component destruction level. The component destruction level is the transient energy level that 
either causes immediate component destruction or degrades component operation to a point so that useful 
operation cannot be achieved. This energy level is not usually specified or controlled by the manufacturer. 


b. | Shortened component operating life. Useful component operating life can be appreciably shortened 
by repeated overstressing of components. The overstressing occurs as a result of repeated application of some 
level of transient energy. This energy level may be difficult in some cases to determine, but is certainly 


meaningful when designing protection against transients. 


MIL-HDBK-419A 


Table 1-19. Transient Surges Projected to Occur in 10-Year 
Period on Externally-Exposed Landlines 


Peak Amplitude 


Number of Surges (Voltage and Current) 
1,000 100 V, SOA 
500 500 V, 100 A 
50 750 V, 375 A 
5 1,000 V, 1,000 A 


c. Operational _upset_level. The operational upset level is the transient energy level that causes a 
change in the equipment operating state. Since a change in the equipment operating state will normally create 
an intolerable change in associated system operation, transient protection must ensure that transient energy 
levels appearing across protected equipment do not cause operational upset. 


To establish the equipment withstand level, compare the transient energy levels that cause immediate 
component destruction, component overstressing, or equipment operational upset. Select the lower of the three 


transient energy levels, and establish the withstand level at 10% below the lowest transient energy level. 


1.3.3.7.4 Determination of Need for Transient Protection. Power supplies (5 to 48 V) operating from ac inputs 
and supplying operating power for solid-state equipment always require internal transient protection. Other 
equipment that directly interfaces externally exposed lines, including commercial ac inputs, may or may not 
require transient protection designed as an integral part of the equipment. To determine whether transient 
protection is required, compare the equipment withstand level with the transients of Table 1-17, 1-18, or 1-19, 
as applicable. If the equipment withstand level is above the transient amplitudes provided in the tables, 
equipment-level transient protection is not required. When the transient amplitudes are above the equipment 
withstand level, equipment-level transient protection is required, either at the ac input, other externally- 


exposed line-equipment interfaces, or both. 


1.3.3.7.5 Minimizing Transient Damage. When equipment requires protection against lightning generated 
transient damage, transient suppression design must ensure that transients are attenuated to the equipment 
withstand level prior to entering any equipment component. Therefore, the transient suppression must be 


effective at the external line-equipment interface. 


a. New_ equipment. 


(1) AC inputs. The most feasible method for providing transient suppression is to design the 
suppression as an integral part of the equipment. 
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(2) Other external line interfaces (dc to 3 MHz). The most effective method for providing 
transient suppression is to design low-energy level transient suppression as an integral part of the equipment 
and specify that high-energy level transient suppression, of a design provided by the manufacturer, be installed 
on applicable lines in cable demarcation junction boxes at building penetration or exterior equipment 
termination. Total transient suppression may be designed as an integral part of the equipment but caution must 
be exercised to ensure that a separate, dedicated path to earth ground be provided for the high-energy level 
dissipation section of the transient suppression. 


(3) External line interfaces (above 3 MHz). All transient suppression must be designed as an 
integral part of the applicable equipment. This is necessary because effective suppression devices/circuits are 
not currently available for in-line installation on rf lines above 3 MHz, primarily because of high insertion 
losses. If useable, effective high-energy level suppression becomes available in the future, the most effective 
transient protection can be realized by installing high-energy level suppression on applicable lines at a metal 
bulkhead connector plate at building penetration and including low-energy transient suppression as a part of the 
equipment. 


b. Existing equipment. The most effective transient protection can be provided as described in a(]), 
(2), and (3) above. When room is not available in the existing equipment to add required transient suppression 
components, the components can be installed in a small enclosure affixed to the chassis or cabinet rack for all 


except rf lines that carry rf signals above 3 MHz. 


1.3.3.7.6 AC Power Input. The clamp voltage, appearing across protected equipment by the secondary ac 
surge arrester installed at the facility main service disconnect means, when dissipating a transient surge, may 
be higher than the withstand level for the equipment. Therefore, effective transient suppression must be 
designed as an integral part of the equipment. 


a. Transient suppression design. To provide effective protection, equal suppression must be installed 
line-to-ground on each service conductor input and the neutral input. For floating (ungrounded) line-to-line 
power inputs, line-to-ground suppression must be installed and line-to-line suppression is optional. Suppressors 
installed at the equipment power input should have a slightly lower turn-on voltage and a slightly faster 
response time than suppressors of the secondary ac surge arrester at the main service disconnect means. This 
permits the suppressors integral to the equipment to clamp short-duration overshoot voltage that occurs before 
the secondary ac surge arrester can turn on and clamp in response to a transient. Also, with a lower turn-on 
voltage, the suppressors at the equipment will have a lower clamp voltage for a given transient surge than the 
secondary arrester and thus provides optimum equipment protection. However, with the specified character- 
istics, the surge suppressors at the equipment will tend to dissipate the occurring transient before the secondary 
arrester turns on. Therefore, it is imperative to have an inductor or a minimum 10 foot cable added in series 
with the input line. If the inductor is properly chosen, the secondary surge arrester may then tum on very 
rapidly after the equipment suppressor(s) turn on because of the voltage increase across the inductor. The 
voltage increase is caused by current drain through the equipment suppressors to ground. Figure 1-41 depicts a 
typical suppression circuit for use at the equipment level on ac inputs with a neutral. Figure 1-42 depicts a 
typical suppression circuit for use on ungrounded (line-to-line) inputs. 
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b. Components. 


(1) Inductor Ll. The inductor LI, shown in Figures 1-41 and 1-42, is necessary to provide a 
voltage increase to cause the secondary ac surge arrester at the main service disconnect means to turn on very 
rapidly when suppressor RVI turns on and conducts transient current to ground. The inductor must be capable 
of safely passing normal operating voltages and current, and current resulting from 130% overvoltage for a 
period of 50 milliseconds. Also, the inductor must: 


(a) Have a very low dc resistance. 

(b) Present a high impedance to transient surges. 

(c) Present a very low impedance to 60 Hz line voltage. 

(d) Be capable of safely passing the transient current listed in Table 1-17. 


(2) Suppressor RVI. Figure 1-41 shows RVI as a metal oxide varistor (MOV) because the zinc 
oxide nonlinear resistor type of MOV is especially well suited for this particular application. Other types of 
MOV are constantly being upgraded and are now possibly suitable for use. Other devices are also suitable for 
use, and, in some cases will be required. Silicon avalanche diodes are effective for use in protecting very 
susceptible equipment. Data for different type suppressors are provided in Section 1.3.3.5. Use of a gas-filled 
spark gap for use at the location of RVI is not recommended for two reasons. 


(a) Available gas-filled spark gaps with the required current handling capability have a 
relatively high sparkover (turn-on) voltage and relatively slow turn-on times. Therefore, if spark gaps are used 
for transient suppression at ac inputs, additional suppression including inductors, MOV and/or silicon avalanche 
diode suppressors must be added to provide required protection. 
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a. TYPICAL TRANSIENT SUPPRESSION 
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b. TYPICAL TRANSIENT SUPPRESSION 
FOR NEUTRAL AC INPUT TO EQUIPMENT 


Figure 1-41. Typical Configuration for Protection of Equipment From 
Conducted Powerline Surges and Transients (Neutral Grounded) 
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Figure 1-42. Typical Configuration for Protection of Equipment from 
Conducted Powerline Surges and Transients (Ungrounded) 
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(b) Arc voltage for spark gaps is a nominal 20 to 30 volts. Therefore, when the transient 
occurs causing the spark gap to turn on, normal line voltage is interrupted which will usually cause operational 
upset of the affected equipment. Also, since the arc voltage is only 20 volts and is across a 120-volt supply, the 
spark gap will likely remain in the arc mode of operation and draw current until the supply voltage waveform 
crosses zero or until the supply circuit breaker opens. It is likely that the spark gap will be destroyed before 
the supply circuit breaker opens. Either condition is very undesirable. 


(3) Inductor L2 and capacitor Cl. These two components form an LC network to filter out high 
frequency components of transient surges and are required only for equipment susceptible to high frequency, 
very short duration (less than 1 nanosecond) transient pulses that might pass across RVI. 


c. Transient suppression grounding. When at all feasible, transient suppressor grounds should be 
directly bonded to case ground. When the direct bond is not feasible, the suppressor grounds must be connected 
as short and direct as possible to case ground, and the case must have a low bond resistance to earth ground. 
Otherwise, the suppressors cannot operate properly. 


d. Functional characteristics. Functional characteristics for transient suppression at the ac input- 


equipment interface must be as follows for effective transient suppression. 


(1) Voltage characteristics. The operating (reverse standoff) voltage must be between 200 to 300 
percent of the normal line voltage for gas-filled spark gap suppressors. For MOV, ZNR, and SAS type 
suppressors, the reverse standoff voltage should be 175 + 25 percent of the normal line voltage. Turn-on 
voltage, discharge (clamp) voltage and the amplitude and time duration of any overshoot voltage must be 


sufficiently low to preclude equipment damage or operational upset. 


(2) Leakage current. Leakage current. for each suppression component at reverse standoff voltage 
must not exceed 100 microamperes. 


(3)  Self-restoring capability. The surge suppressors must automatically restore to an off state 


when transient voltage falls below turn-on voltage for the suppressor. 


(4) Operating lifetime. Equipment transient suppression must be capable of safely dissipating the 
number and amplitude of surges specified in Table 1-17 or 1-18 as applicable. Clamp voltage shall not change 


more than 10 percent over the operating lifetime. 


(5) In-line devices. Only inductors designed to have low dc resistance shall be used as in-line 
devices for suppression of conducted powerline transients. In-line inductors shall safely pass equipment 
operation voltages and line current with 130 percent overvoltage conditions for a period of 50 milliseconds. 


e. Housing. Suppression components should be housed in a separate, shielded, compartmentalized 
enclosure as an integral part of equipment design. Bulkhead-mounted, feedthrough capacitors should be used as 
necessary to prevent high-frequency transient energy from coupling to equipment circuits. Suppression 
components should be directly bonded to equipment case ground when at all feasible. Suppressor connections to 
ground must be short, straight, and direct. 
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1.3.3.7.7 Power Supply Transient Suppression. Power supplies (5 to 48 V dc) that operate from commercial ac 
power inputs and furnish operating voltage to solid-state equipment must have a transient suppressor installed 
between the rectifier output and case ground. This protection (in addition to the service disconnect arrester 
and powerline suppression at equipment entrances) is required because of the adverse electromagnetic 
environmental operating conditions for much military equipment. A silicon avalanche diode suppressor will 
provide the best protection for this particular application. The silicon avalanche diode suppressor is 
recommended because of the very fast response time of the device, since the primary purpose is to clamp very 
fast risetime and very short duration transients. In addition, the silicon avalanche diode suppressor provides the 
lowest clamping voltage available. Thus, when this device is used, the clamped output of the transient 
suppression at the ac input-equipment interface will be clamped to a lower level by the avalanche diode at the 
rectifier. This, in turn, provides optimum protection for solid-state voltage regulators and other solid-state 
components receiving operating voltage from the power supply. Operating characteristics for the suppressor 
installed at the rectifier output must be as follows if the suppressor is to provide the desired function: 


a. Operating (reverse standoff) voltage. Reverse standoff voltage must be 5 percent above maximum 
rectifier output voltage. 


b. Leakage current. Leakage current to ground should not exceed 100 microamperes at standoff 
voltage. 


c. Turn-on voltage. Turn-on voltage must be as near standoff voltage as possible using state-of-the- 
art suppressors, and shall not exceed 125 percent of reverse standoff voltage. 


d. Discharge (clamp) voltage. Clamp voltage must be the lowest possible value that can be obtained 
using state-of-the-art suppressors not to exceed 160 percent of turn-on voltage. 


e. Overshoot_voltage. Overshoot voltage must be sufficiently low to preclude equipment damage or 
operational upset. Time duration of overshoot voltage shall be limited to the shortest possible time not 
exceeding 2 nanoseconds. 


f. Self-restoring capability. Transient suppressors installed in power supplies must automatically 
restore to an off state when line transient falls below rated turn-on voltage for the suppressor. 


g. Operating lifetime. The transient suppressors must safely dissipate 1000 surges with an amplitude 
of 200 volts above rectifier output voltage and a waveform of 8-by-40 microseconds. Eight microseconds 
defines the time from the start of the transient to peak voltage, and 40 microseconds is the time from the start 


of the transient until the transient exponentially decays to 50 percent of peak value. 


1.3.3.7.8 Landline Transient Suppression. When the equipment withstand level is below the transient energy 
level projected to occur at direct la&line-equipment interfaces, transient suppression must be provided by 
equipment design. Generally, all direct landline-equipment interfaces will require transient suppression. 
However, when the landlines are totally enclosed end-to-end in ferrous metal conduit, a much lesser degree of 
suppression is required than when the landlines are direct earth-buried or overhead cable runs. At the time of 
new equipment design, when provisions for transient protection must be included, the manufacturer may not 
know whether externally exposed landlines will be totally enclosed in ferrous metal conduit. When the 
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manufacturer is not conclusively certain that external landlines will be enclosed in metal conduit, designed 
transient protection must ensure that the equipment will be adequately protected against the transient levels of 
Table 1-19. Subsequent paragraphs provide design guidelines for transient suppression for all types of landlines. 
Coaxial and twinaxial lines are treated separately. Also, externally-exposed landlines that carry signals of 
3 MHz to 400 MHz are treated separately. 


a. Control, status, intrafacility power, and audio landlines. Control, status, intrafacility power, and 
audio lines, other than coaxial or twinaxial lines, are most effectively protected by transient suppression 
designed as an integral part of the equipment, and specified transient suppression installed at building 
penetration or exterior equipment termination. Effective design is shown in Figure 1-43. 


(1) Suppression design and component selection. Transient suppression will effectively protect 
equipment only when proper components are selected so that the components operate in conjunction to provide 
the desired function. This is necessary so that the clamped output of the suppression components/circuits can 
provide optimum equipment protection. Actual suppression components are shown in Figure 1-43 as GT1, RVI, 
RV2, and TS1. The suppression component at the equipment entrance should be chosen so that it has a lower 
turn-on and clamping voltage than the suppression component at the facility entrance. Therefore, resistor R1 
must provide a voltage to turn on the suppression component at the facility entrance and limit current flow 
through the suppressor at equipment entrance. Otherwise, the suppression component at the facility entrance 
may not turn on when a transient occurs. The component will not normally turn on when a transient of less than 
400 volts peak amplitude occurs and the component is a gas-filled spark gap (GT1). However, when a transient 
of greater amplitude occurs, the suppression component at the facility entrance must turn on. Otherwise, the 
suppression component at the equipment entrance will attempt to dissipate the entire transient to ground. As a 
result, the suppression component at the equipment entrance will attain a higher clamp voltage as it dissipates 
additional transient current. The higher clamp voltage is reflected across protected equipment. In addition, 
the suppression component is likely to fail. 


(a) Gas-filled spark gap GT1. A gas-filled spark gap is suitable for use as a transient 
suppressor at the building/facility entrance in some cases. The device has a relatively high sparkover (turn-on) 
voltage and a relatively slow turn-on time when compared with a metal oxide varistor (MOV) or silicon 
avalanche diode suppressor (SAS). For typical lightning-induced transients on landlines, turn-on voltage is a 
nominal 500 volts with an associated turn-on time of 5 microseconds. These characteristics are satisfactory as 
long as the value of resistor R1 is 10 ohms or more, and the peak pulse current rating for the suppression 
component at the equipment entrance is not exceeded. When RI is 10 ohms, a peak current of 50 amperes is 
required to provide a voltage of 500 volts across R1 which is the nominal turn-on voltage for GT1. Since GT1 
turns on after a nominal 5 microseconds, the peak pulse current rating for most MOV and SAS devices will not 
be exceeded. After the spark gap turns on, arc voltage across the device is a nominal 20 volts. This may be 
sufficiently below the normal line voltage to create operational upset of the protected equipment, which in 
some cases cannot be tolerated. If normal line voltage is greater than 20 volts, difficulty may be encountered 
in turning off the device, depending on available current. The arc mode of operation may be sustained by 
current greater than 1 ampere for some devices. When the value of R1 is less than 10 ohms, an MOV or other 
equivalent suppressor must be used at the facility entrance because a spark gap will not turn on before the 
suppressor at the equipment entrance is damaged by overcurrent, particularly when the suppressor at equipment 
entrance is an SAS. 
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(b) Metal oxide varistor (MOV) RV1, RV2. As shown in Figure 1-43, MOVs can be used in 
various configurations to provide effective transient suppression. Turn-on time for the MOV is less than 50 
nanoseconds, and turn-on voltage ranges from 22 to 1800 volts. Clamp voltage is not as low as for SAS devices 
and turn-on time is not as fast. The turn-on time for SAS devices is typically less than 10 nanoseconds, and less 
than 1 nanosecond in some configurations. The configuration shown in Figure 1-43c is especially effective for 
protecting highly susceptible equipment. The configurations shown by Figures 1-43a and 1-43b provide 
adequate protection when the protected equipment can safely withstand the rated clamping voltage for the 
MOV at the equipment entrance. An MOV with a 20 mm element diameter will normally provide required 
protection at the facility entrance, and a 10 mm element diameter MOV will normally provide required 
protection at the equipment entrance. To enable desirable functioning, the turn-on voltage of the MOV 
suppressor at the facility entrance should exceed that of the MOV at the equipment entrance by approximately 
10%. This is desirable to permit the MOV at the equipment entrance to turn on and dissipate low-amplitude 
transients while reflecting a low clamp voltage to protected equipment. When a high-amplitude transient 
occurs, the voltage increase across R1 will cause the MOV at the facility entrance to turn on. When the MOV 
at the facility entrance turns on, it dissipates most of the remaining transient energy, thereby eliminating or 
greatly reducing the energy to the MOV at the equipment entrance. Thus, the MOV at the equipment entrance 
will conduct only a small amount of current and maintain a low clamp voltage that will appear across the 
protected equipment. The MOV operating characteristics are similar to those for a pair of back-to-back zener 
diodes. Therefore, the device responds the same to a negative or positive transient voltage. 


(c) Silicon avalanche diode suppressor (SAS) TS1. The SAS device has the fastest turn-on 
time of any of the three suppressor devices shown in Figure 1-43. Turn-on time is typically less than 
10 nanoseconds and can be less than | nanosecond in some configurations depending on lead length and the path 
to ground for the device. Turn-on voltage ranges from 6.8 volts to 200 volts. Devices may be connected in 
series to obtain higher turn-on voltages and to improve power handling capability. For example, two devices 
connected in series can dissipate approximately 1.8 times the power dissipated by a single device. The clamping 
voltage for the device is also lower than for MOV devices. The maximum clamping voltage for the SAS devices 
is approximately 1.6 times the turn-on voltage at peak pulse current. Peak pulse current ranges from 139 
amperes for a 6.8-volt device to 5.5 amperes for a 200-volt device over a period of 1 millisecond. Devices 
recommended for use at the equipment entrance have a peak pulse power dissipation rating of 1500 watts over a 
period of 1 millisecond. Devices are available in both unipolar and bipolar configurations. Operation of a 
unipolar device is very similar to that of a zener diode, and operation of a bipolar device is very similar to that 
of a pair of back-to-back zener diodes. For the most effective protection, unipolar devices should be used on 
lines that carry unipolar voltage provided the ac noise level on the applicable line is less than 0.5 volt. Use 
bipolar devices on lines that carry bipolar (ac) voltage and on lines with an ac noise level greater than 0.5 volt. 
Select SAS devices based on the reverse standoff voltage rating. The reverse standoff voltage must be greater 
than maximum line operating voltage, and should exceed normal line voltage by 20% when possible. 


(d) Resistor Rl. The function of resistor R1 is to provide current limiting for the 
suppression device at the equipment entrance and to provide a turn-on voltage for the suppressor at the facility 
entrance. Empirical evidence has shown that the power rating for the resistor should be 5 watts. The 
resistance value should be as high as equipment operation will permit. Typical values are 10 to 50 ohms. Values 
as low as 2 ohms have been successfully used. However, when the value is less than 10 ohms, the suppressor at 


the facility entrance must be an MOV or equivalent type suppressor. 
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(e) Resistor R2 and capacitor Cl. Resistor R2 attenuates current flow to protected 
equipment resulting from clamp voltage of the transient suppressor at the equipment entrance. The resistor 
also speeds up, and in some cases, generates turn-on of the transient suppressor at the equipment entrance. In 
addition, the resistor limits current drain from protected equipment when a transient with polarity opposite 
that of the equipment power supply occurs. A power rating of 1 watt is sufficient for the resistor. The 
resistance value should be as high as can be tolerated by applicable equipment, taking into consideration the 
value of resistor Rl and the impedance of the associated landline. The purpose of capacitor C1 is to filter out 
some high-frequency transient components, and the value of Cl should be selected accordingly. In some cases, 


equipment operating characteristics and line length may preclude the use of resistor R2 and capacitor Cl. 


(2) Grounding for suppression components/circuits. The high-energy transient suppressors, shown 
at the facility entrance in Figure 1-43 must be grounded to earth ground by means of the shortest path. This 
will minimize the large voltage spikes, caused by L di/dt effects when high-amplitude transient currents flow 
through the high-energy transient suppressor onto the ground, which in turn may damage protected equipment 
or the low-energy transient suppressors at the equipment entrance. 


(a) Grounding of transient suppressor at facility entrance. The high-energy transient 
suppressors installed at the facility entrance should be located in a junction box or the main (first) service 
disconnect where incoming lines are first terminated. The most effective ground for the suppressors can be 
provided by a ground bus bar located in the first service disconnect or the junction box. The transient 
protection devices (TPD’s) must be bonded to the TPD box and grounded by the shortest means. It is important 
that the ground wire has no sharp turns or bends, and is as short as feasible. The ground bus bar should be 
located to permit short, direct connection of suppressors between landline terminations and earth ground. 


(b) Grounding of transient suppressor at equipment entrance. The low-energy transient 
suppressor at the equipment entrance should be directly bonded to the equipment case when possible. The 
ground side of the suppressor at the equipment entrance must be connected with a short, straight, direct 
connection to equipment case to be effective. Connection of the suppressor to equipment case references both 
the suppressor and equipment circuits to the same ground potential, thus providing optimum equipment 
protection. 


(3) Packaging design. Transient suppression components/circuits included as an integral part of 
equipment design should be enclosed in a shielded, compartmentalized section of the equipment. This is 
necessary to preclude cross-coupling of transient energy to other equipment circuits. The suppression 
components must be located so that transients are attenuated prior to entering any equipment component 
susceptible to damage, including EMI filters. Packaging design for transient suppression specified for 
installation at facility entrance is not critical. However, the design should provide for short, direct connection 


of transient suppressors between the line termination and ground. 


b. Coaxial and twinaxial lines (dc to 3 MHz). The same transients are projected to occur on externally 
exposed coaxial and twinaxial lines as on the control and status lines discussed in paragraph 1.3.3.7.8a. In 
general, the same transient protection described in paragraph 1.3.3.7.8a will provide effective transient 
protection for equipment that directly interfaces the coaxial and twinaxial lines. That is, the most effective 
transient protection is provided by installing a high-energy transient suppressor and resistor at the facility 
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entrance or exterior equipment termination, with low-energy transient suppression included as an integral part 
of the equipment as shown in Figure 1-43. However, in many cases, end equipment connected to coaxial lines 
cannot tolerate added capacitance imposed by capacitor C,. Also, in most cases, the added resistance of 
resistor R2 cannot be tolerated. Because most end equipment connected to coaxial and twinaxial lines has a 
relatively low withstand level, the configuration shown in Figure 1-43c, without resistor R,and capacitor C,, 
should be used for transient suppression. The silicon avalanche diode suppressor TS,should always be bipolar. 
The configuration shown by Figure 1-43c should be used for protection of equipment that directly interfaces 
externally exposed twinaxial lines. In most cases, it is necessary to use a bipolar SAS since the twinaxial lines 


normally conduct both dc and low-level audio signals. Specific design criteria is provided in paragraphs (1) and 
(2) below. 


(1) Facility entrance suppression. The high-energy transient suppression specified for location at 
facility entrance or exterior equipment termination should be designed for in-line installation on applicable 
lines. The lines should be terminated at a metal connector plate located in a junction box at the facility 
entrance or exterior equipment termination. Transient suppression components should be enclosed in a sealed, 
metal enclosure with appropriate connectors to facilitate in-line installation. The ground side of suppressor(s) 
in the sealed package must be connected as directly as possible with No. 12 AWG copper wire (minimum) to a 
ground point located on the exterior of the sealed package to facilitate connection to a ground bus or tie point 
in the junction box. The package for a twinaxial line must include two suppression circuits, one for each of the 
two center conductors. Also, when a coaxial cable shield is not directly grounded at interfaced equipment, the 
enclosure for in-line installation must also contain two transient suppression circuits, one for the cable center 
conductor and one for the cable shield. Circuit configurations for each type of line are depicted in Figures 1-44 
and 1-45. Primarily because of the grounding configuration, MOV or equivalent devices should be used at 
facility entrance. 


(2) Equipment entrance suppression. Equipment entrance suppression is shown in Figure 1-44 for 
coaxial line-equipment interfaces. The transient suppression should be enclosed in shielded, compartmentalized 
areas to prevent cross-coupling of transient energy to other equipment circuitry. The transient suppression 
must be located so that transients are attenuated prior to entering any susceptible equipment components, 
including EMI filters. Because of the normally low withstand levels for end equipment, only bipolar avalanche 
diode suppressors should be used at equipment entrance. However, MOV suppressors may be used when the 
protected equipment can safely withstand the clamp voltages that will appear across protected equipment. For 
the most effective protection, the ground side of transient suppressors should be bonded directly to equipment 


case. When direct bonding is not possible, short, direct connections to equipment case must be used. 


c. Transient suppression for lines in metal conduit. When externally exposed lines are enclosed end-to- 
end in ferrous metal conduit, the amplitude of transients projected to be conducted to equipment will be 
attenuated a minimum of 90%. The number of transients that occur will not change. Therefore, the number of 
transients listed in Table 1-19 will still occur, but amplitudes will be only 10% of the amplitudes listed in 
Table 1-19. When the equipment manufacturer is absolutely certain that all externally exposed equipment lines 
will be enclosed in ferrous metal conduit, total transient suppression should be designed as an integral part of 
the equipment. The total transient suppression should consist of a 5-watt resistor in series with the landline 
input, and an MOV or SAS connected line-to-ground on the equipment side of the 5-watt resistor. 
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Figure 1-45. Transient Suppression for Twinaxial Lines (DC To 3 MHz) 
d. Functional characteristics. For effective transient suppression, the suppression components must 
have certain minimum operating or functional characteristics. These characteristics are defined in 


paragraphs 1.3.3.7.8d(1) and (2) for high-and low-energy transient suppressors, respectively. 
(1) High-energy transient suppression characteristics. 


(a) Reverse standoff voltage. Reverse standoff voltage for spark gap type suppressors 
should be between 200 and 300 percent of the nominal operating line voltage. For MOV, ZNR, and SAS type 
suppressors, the reverse standoff voltage should be 175 + 25 percent of the nominal line voltage. 


(b) Leakage current. Leakage current to ground should not exceed 100 microamperes at 
reverse standoff voltage. 


(c) Turn-on voltage. Turn-on voltage should not exceed 125 percent of reverse standoff 
voltage. 
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(d) Overshoot voltage. Overshoot voltage should be the lowest voltage that can be obtained, 
for the shortest time possible, using the best state-of-the-art suppressors available. 


(e) Clamp (discharge) voltage. Clamp voltage of the transient suppressors should be as low 
as possible and not more than 225 percent of turn-on voltage when discharging a transient with 1000 amperes 
peak amplitude. 


(f) Operating life. The transient suppressor must be capable of discharging the number of 
transients listed in Table 1-19 with peak amplitudes that are 90% of those listed in Table 1-19. Clamp voltage 
must not change more than 10 percent over the operating lifetime. 


(g)  Self-restoring capability. The transient suppressor must automatically restore to the off 
state when the transient voltage level falls below turn-on voltage. 


(2) Low-energy transient suppressor characteristics. 


(a) Reverse standoff voltage. The reverse standoff voltage rating of the transient 
suppressor should be between 200 to 300 percent above the nominal line voltage for spark gap type suppressors. 


For MOV, ZNR, and SAS type suppressors, the reverse standoff voltage should be 175 + 25 percent of the 
nominal line voltage. 


(b) Turn-on voltage. Turn-on voltage of the suppression component at the equipment must 
be as close to reverse standoff voltage as possible using state-of-the-art devices, and shall not exceed 125 
percent of reverse standoff voltage. 


(c) Overshoot voltage. Overshoot voltage must be the lowest value that can be obtained, for 
the shortest time possible, using state-of-the-art suppressors. Overshoot voltage shall be low enough to 
preclude equipment damage or operational upset. The requirement will apply for transients with rise times as 
fast as 5,000/us. 


(d) Leakage current. Leakage current to ground should not exceed 100 microamperes at 
reverse standoff voltage. 


(ec) Clamp voltage. Clamp voltage must remain below the equipment withstand level while 
dissipating transient currents with peak amplitude that are 10 percent of those listed in Table 1-19. The clamp 
voltage must not change more than 10 percent over the operating lifetime. 


(f) Operating life. The transient suppressor must be capable of safely dissipating the 
number of transients listed in Table 1-19, with current amplitudes that are 10 percent of those listed in 
Table 1-19. 


e. RF coaxial lines (above 3 MHz). At the present time, there is some difficulty encountered in 
providing effective transient suppression for lines that conduct signals above 3 MHz in frequency, and especially 
above 10 MHz. Most suppression devices that provide low-level clamping of transients have enough capacitance 
to create high insertion losses when installed line to ground on the conductor. Packaging of the devices for in- 


line installation without causing high insertion losses is also difficult and expensive. Gas-filled spark gaps have 
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been successfully packaged for in-line installation on critical rf lines, but unit cost is excessive. Also, gas-filled 
spark gaps do not always provide satisfactory protection because of high sparkover (turn-on) voltage, slow 
turn-on time, and low arcing voltage. Therefore, the best alternative at present is to include transient 


suppression design as an integral part of new equipment. 


(1) Transient suppression design. Potential sources of effective transient suppression are gas- 
filled spark gaps, MOV in series with rf chokes, and surge-rated, low capacitance silicon avalanche diodes 
paralleled with selected rf chokes. All of the suppression devices and components are for line-to-ground 
connection at the line-equipment interface. 


(2) Transient suppression grounding. The total transient suppression is included as an integral part 
of the equipments, and may have to dissipate the transient currents listed in Table 1-19. However, in most 
cases, these lines will be enclosed in ferrous metal conduit, and the amplitude of occurring transients will 
therefore be only 10% of the values listed in Table 1-19. In either case, the transient suppression should be 
grounded directly to equipment case ground using the shortest and most direct method possible. The equipment 
case must, in turn, be effectively connected to the earth grounding system via the equipment rack and the 
equipment grounding conductor, when applicable. 


(3) Packaging design. The transient suppression should be located in a shielded, compartmen- 
talized section of the equipment and located so that conducted transients are attenuated prior to entering any 
susceptible circuit component. 
1.3.3.8 Corrosion Control. 

a. The materials of which lightning protection subsystems are made must be highly corrosion resistant. 
Junctions or contact between dissimilar metals must be avoided; where such unions are unavoidable, moisture 
must be permanently excluded from the contacting surfaces. 

b. | Where any part of a copper protective system is exposed to the direct action of chimney or other 
corrosive gases, the exposed copper elements are to be protected by a continuous hot dip coating of lead. The 
coating should extend at least 0.6 meters (2 feet) below the top of the chimney or past the vent or flue opening. 


c. Where aluminum down conductors are used, do not permit them to come in contact with the soil. 


(1) Connections between aluminum down conductors and copper ground electrode risers are not to 
be made lower than one foot above grade level; use UL-approved bimetallic connectors for these connections. 


(2) Aluminum parts, including fasteners and anchors, should be protected from direct contact with 


concrete or mortar wherever such concrete or mortar is wet or damp or may become intermittently wet or 
damp. 


(3) Aluminum parts also must be protected from contact with alkaline-based paints. 


1-98 


MIL-HDBK-419A 


d. Aluminum parts are not to be used on copper roofing materials and must not contact other copper 
surfaces such as gutters, flashings, and trim. Similarly, do not use copper lightning protection materials on 
aluminum structures or on structures using aluminum roofing materials or aluminum siding. Avoid contact 
between copper conductors, terminals, and fasteners and aluminum gutters, windows, and trim. 


e. In aluminum lightning-protection systems, copper, copper-covered, or copper-alloy fixtures and 
fittings must not be used for connectors. Where aluminum must connect to copper, only UL-approved 
bimetallic connectors are to be used. 


1.3.3.9 Joints. 


a. | Welded or brazed bonds are preferred over all other types; in particular, junctions in inaccessible 
locations should be welded or brazed whenever practical. 


b. Never use soldered connections for bonding any part of the lightning protection system. 
C: Bolted or clamp-type connections should employ only UL-approved connectors. 
d. | Where bolted connections to flat surfaces are necessary, the surface contact area should be 3 square 


inches (19.5 square cm) or greater. 


1.3.3.10 Physical Protection. 


a. Protect all elements of the lightning protection system from damage and physical abuse by routing 
conductors to take advantage of any protection offered by structural features. Install appropriate guards or 
covers preferably made of wood or noncombustible synthetic material. 


b. Where conductive conduit is used, bond the conduit to the enclosed lightning conductor at each end 


of each isolated section of the conduit. (Standard conduit grounding lugs are acceptable.) 


c. The use of ferrous conduit to enclose lightning conductors should be avoided because it increases the 


impedance of the lightning conductor. 
1.4 FAULT PROTECTION SUBSYSTEM. 


1.4.1 Purpose. In Volume I, the equipment fault protection subsystem was described as a network which 
ensures that personnel are protected from shock hazard and equipment is protected from damage or destruction 
resulting from faults that may develop in the electrical system. To accomplish this, ground connections must 
be adequate for both normal and fault currents. The fault protection subsystem includes the green wire and all 
exposed noncurrent-carrying metal parts of fixed equipment such as raceways and other enclosures which are 
likely to be energized under power fault conditions. Any conductor used for grounding purposes shall not 
Penetrate any designated rf barrier, screen room, shielded enclosure etc., but shall rather be bonded to a welded 


stud on the barrier. In general, the equipment fault protection subsystem will conform to the requirements 
established in MIL-STD-188-124A. 
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1.4.2 Equipment Fault Protection Subsystem Composition. One of the major shortcomings in grounding 
systems is the interconnection and reversal of ac neutral and protective wires of the ac power distribution at 


various power distribution panels and at equipment throughout a facility. These installation errors result in 
additional electrical noise and ac currents in the ground system. The equipment fault protection subsystem 
should generally follow a configuration from a central or main ground point which, ideally, should be at the 
primary power station transformer ground point; or, it should be bonded directly to the earth electrode 
subsystem at the communications building, if a protective wire is not available to the main ground point. The 
configuration consists of a central main or trunk lead from the power source with protective conductors to the 
various intermediate power panels and equipment. The protective wire is carried along with the phase and 
neutral wires from the main ground point to the main circuit breaker panel, from there to intermediate circuit 
breaker panels to the equipment panels, and finally to the equipment. 


1.4.3, Configuration of the Equipment Fault Protection Subsystem. 


a. The equipment fault protection subsystem consists primarily of the grounding conductors of the 
interior ac power distribution system. The grounding conductors are green insulated or bare wires running in 
the same conduit or duct with the neutral and phase conductors. Covered grounding conductors are preferred to 
reduce EMI. Figure 1-46 illustrates a typical equipment fault protection subsystem. Key points to be noted 
are: 


(1) The conduit is grounded to the power panel at each end, but it is not used in lieu of a grounding 
conductor which continues through the conduit to the protective bus bar. 


(2) The ac neutral lead can be grounded at the first service disconnect means. In this case, the ac 
neutral also serves as a protective conductor back to the source. For best results, the ac neutral (grounded) and 
green (grounding) wire should be grounded at the service transformer and the first service disconnect means 
through the five-wire distribution system. 


b. To protect personnel from exposure to hazardous voltages, all exposed metallic elements of 
electrical and electronic equipment shall be connected to ground. In the event of inadvertent contact between 
the “hot” lead and chassis, frame, or cabinet through human error, insulation failure, or component failure, a 
good, direct, known fault current path will be established to quickly remove the hazard. The neutral lead shall 
be grounded for fault protection preferably at the distribution transformer and if the transformer is outside the 
building, at one additional point outside the building. It should never be grounded on the load side of the first 
service disconnect means. 


c. Grounding conductors and ground connections for transformers, switchgears, motors etc., shall 
comply with the requirements of the NEC Articles 250-92 and 250-95. 


d. Metal boxes, fittings, and noncurrent-carrying metal parts of other fixed equipment do not require 
additional protection if metallically connected to the grounded cable armor or bonded to the grounded members 
of the building. MIL-STD-188-124A provides that the path to ground for circuits, equipment, and conductor 
enclosures be permanent and continuous. The path must have (1) the capacity to conduct safely any fault 
current likely to be imposed upon it, and (2) sufficiently low impedance to limit voltage to ground and to aid the 
operation of circuit protective devices. 
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e. Article 250-91 of the NEC describes the types and materials used for equipment grounding 
conductors. Types include solid and stranded (insulated or bare) wire or other shapes, such as metallic tubes, 
pipes, and conduit. The grounding conductor types permitted by the NEC also include various metal ducts, 
cable trays, and raceways however these types shall not be used in lieu of the equipment grounding conductors. 
The NEC also permits/allows certain types of armored cable sheath be used as grounding conductors. 


f. Experience with military C-E facilities has proven that a low-noise, low-impedance equipment fault 
protection subsystem can be maintained over a prolonged period of time if separately designed and installed 
ground conductors are provided. Therefore, a separate equipment fault protection conductor shall be included 
with the ac power distribution if not provided in the power cable. A grounding (green) wire should be used and 
installed in the same conduit as the other ac wires. When ferrous ducts or conduits are used to protect or shield 
the neutral and phase conductors, the lowest impedance will result when this grounding conductor is installed in 
the same duct or conduit. The impedance can be further decreased if the grounding conductor is wrapped 
around the other conductors and bonded to the duct or conduit at both ends. In a correctly installed power 
distribution system, there should be no power current on the grounding conductor, except during a fault 
condition. It should be noted that there are two types of faults causing overcurrent devices to operate. The 
first is an overload condition in equipment. In this case, fault current is on the neutral and phase leads. The 
second fault is where a phase or hot lead is inadvertently grounded. The fault current in this case is on the base 
lead and the grounding conductor. In both cases, the overcurrent protective device, usually a circuit breaker, is 
opened in the phase or hot lead. Due to the fault currents that can flow either on the phase leads, neutral, or 
grounding conductor, it is recommended that a 2-inch separation be maintained between power runs and signal 
runs when neither is in conduit. 


1.4.4 Pipes and Tubes. 


a. All metallic pipes and tubes (including conduit) and their supports should be electrically continuous 
and are to be bonded to the facility ground system at least at one point. If any run of metal pipes or tubes 
exceeds 3 meters (10 feet) in length, it should be bonded to the facility ground system at each end. Also, longer 
runs should be bonded to the facility ground system at intervals of approximately 45 meters (150 feet). 


b. At indoor locations, these bonds may be made with clamps which provide continuous pressure. Pipes 
installed out of doors should be bonded to the facility ground system at entry point or wherever feasible by 
welding or brazing. Compatible stainless steel straps may be used with stainless steel pipe. In the event that a 
direct bond cannot be made, zinc-plated hose clamps or stranded, bare copper, untinned bond straps may be 
used. All bonds should be adequately protected against corrosion in humid or corrosive environments. 


c. Joints in metal pipes and tubes should have a de resistance no greater than 5 milliohms. In the case 
of threaded joints, the threads should be cleaned and firmly tightened (200 ft-lbs for hard wall conduit) and 
protected against corrosion. Leaded or caulked joints, flared and other compression fittings, and O-ring fittings 


should all be measured to verify that the joints have a dc resistance no greater than 5 milliohms. 


1.4.5 Electrical Supporting Structures. Electrical supporting structures such as conduit, cable trays or 
raceways, wiring system enclosures, and metallic power cable sheaths should be electrically continuous and are 
to be bonded to the facility ground system at multiple points. In the event of a fault, this continuity will 
prevent these structures from rising to a hazardous potential. 
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1.4.5.1 Metal Conduit. 


a. All metal conduit is to be grounded, regardless of whether it is used for enclosing power cables or 
for signal and control cables. 


b. All joints between sections of conduit and between conduit, fittings and boxes should be made 
electrically continuous when they are installed. 


c. All pipe and locknut threads should be thoroughly cleaned before they are engaged and then 
tightened firmly. For additional information see Sections 7.6 and 7.7 of Volume I. 


d. Gouging locknuts must positively penetrate all paint or other nonconductive finishes. 


e. Any joints not inherently continuous should be bonded with jumpers of No. 12 AWG or larger copper 
wire. These jumpers should be welded or brazed in place or attached with clamps, split bolts, grounding 
bushings, or screws and lockwashers. 


f. Protect the bonds against weather, corrosion, and mechanical damage. 
g. Firmly tighten the screws on the cover plates of pull boxes, junction boxes, and outlet boxes. 


h. All conduit brackets and hangers should be securely bonded to both the conduit and to the structural 
member to which they are attached. Bond conduit runs, to include the individual sections, couplings, line 
fittings, pull boxes, junction boxes, outlet boxes, etc., to the facility ground system at intervals not exceeding 
15 meters (50 feet). The resistance to each connection should not exceed 5 milliohms. 


1.4.5.2 Cable Trays. Make all cable tray systems electrically continuous by bonding together each individual 
section as described in Section 1.7.4.1. Bond each support bracket or hanger to the cable trays which they 
support. Connect the cable tray assemblies to the facility ground system with copper cables or equivalent 
conforming to the 2000 cmil per foot criterion. Make the connections within two feet of each end and at 
intervals not exceeding 15 meters (50 feet) along the run. Where metal covers are used, they should be securely 
bolted in place. 


1.4.5.3 Enclosures. Ground all enclosures of electrical and electronic wiring and distribution equipment in 
accordance with MIL-STD-188-124A. 


1.4.5.4 Cable Armor. The armor on electrical power cables should be bonded to the facility ground system at 
each end if the cables are 3 meters (10 feet) or longer. Provide supplemental connections at intervals not 


exceeding 15 meters (50 feet). The resistance of each connection should not exceed 5 milliohms. 


1.4.5.5 Rotating Machinery. The frames of motors, generators, and other types of electrical rotating 
machinery are to be connected to the facility ground system in accordance with the NEC requirements (1-6). 
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1.4.6 Power Distribution Systems. 


a. The neutral of an ac power distribution system is to be grounded to the earth electrode subsystem at 
the first service disconnect as well as to the ground terminal at the secondary distribution transformer. For 
separate facilities served by a common distribution system, each disconnecting means should be grounded to the 
earth electrode subsystem common to the facility. This connection may be lifted if noise or hum problems are 
encountered. At separate facilities having a common earth electrode subsystem, each service disconnecting 


means should be grounded to the closest point on the earth electrode subsystem. 


b. All distribution neutrals are to be isolated from equipment and structural elements except for the 
connection at the first service disconnect, 


© Connect the ground terminals of convenience outlets to the facility ground system with the green 
wire specified by the NEC. Do not use wire mold or plug mold distribution strips which depend upon serrated or 
toothed fingers for grounding. Effectively ground the ground terminals on such strips with auxiliary grounding 


conductors equivalent to the green wire requirements of Table 250-95 of the NEC. 


d. For a dc power system, ground one leg with a single connection to the earth electrode subsystem. 
The size of the grounding conductor should conform to the requirements of the NEC. Whether grounded at the 
source or at the load, provide a dedicated current return conductor from the load to the source to assure that 


the dc load current in the facility ground system or the lower frequency signal ground network is minimized. 


1.4.7 Standby AC Generators. The frames and housing of ac generators should be grounded as prescribed by 
the NEC. Ground the neutral to the facility main ground plate or to the earth electrode subsystem, whichever 
is closest. When generators are connected in parallel, interconnect the neutrals and ground them to the 
facility’s earth electrode subsystem with a common grounding conductor. 


1.4.8 Equipment Fault Protection Subsystems for Transportable Equipment. 


a. To protect personnel from exposure to hazardous voltages, all exposed metal elements of equipment 
and supporting structures shall be interconnected by a green wire from the ac power distribution system and 
referenced back to the power source. The grounding requirements of a transportable facility installed in the 
field and operating from transportable engine generators is relatively simple. The primary requirement is to 
ensure that (1) all vans, vehicles, trailers, and engine generator units are interconnected through a protective 
(green wire) network, and (2) the power neutral is grounded from a common bus that is connected to an earth 
electrode at the generator. Where parts are movable or subject to vibration, metal straps may be used in lieu 
of the green wire. 


b. | When transportable facilities are powered from a commercial base ac source or are integrated into a 
permanent installation with nontransportable facilities, personnel protection requirements become more 
complex. When part of a fixed installation, the transportable system shall be integrated into the facility ground 
system by extending the earth electrode subsystem to provide connections for the transportable facility. All 
metallic components of the facility shall be interconnected through the equipment fault protection subsystem 
and bonded to the earth electrode subsystem at the main power panel, or back to the primary power source 
through the ground conductor of the power distribution cable. 
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1.4.9 MIL-STD-188-124A and NEC Compliance Evaluation. 


1.4.9.1 Measurements. This portion of the survey is performed to determine if the facility complies with the 
requirements of the MIL-STD-188-124A as applicable to military installations in regard to grounding, bonding, 
and shielding. Powerline and equipment grounding conductor current measurements, not related to the NEC, 
are made at the time of the survey for convenience. Survey form contained in Section 2.2.2.4 Part IV is 
provided. Guidance in making the current measurement is provided in Sections 2.3.2.4 and 2.3.3 Part IV. 
Prepare sketches, as appropriate, that may aid in explaining the results of the survey or illustrating the 
installation. Attach the sketches to the survey data. 


a. The verification required by some steps may involve more than an inspection. For example, in 
verifying that all neutral conductors are color-coded white or natural gray, if a green colored wire is found 
connected to the neutral bus it will be necessary to trace out the conductor to determine its proper function. If 
the verification is not accomplished at the time of the inspection, the discrepancy should be recorded on the 
data sheet and noted as a potential violation. 


b. During the inspection, it may be desirable to correct a deficiency at that time (e.g., cleaning a bond 
area of paint). In such cases, record the discrepancy on the data sheet and note the corrective action taken. 


1.4.9.2 MIL-STD-188-124A and NEC Compliance Inspection. 


Note: Sections a(l), a(9), d(9), and d(15) are not MIL-STD-188-124A or NEC requirements but are for 
information. 


a. Service_entrance. Perform the following to determine that wiring at service entrances is in 
accordance with MIL-STD-188-124A requirements. 


(1) Determine if the input to the facility, from the power company, is single phase or three phase, 
if three phase is delta or wye, and if one of the service conductors is identified (grounded). The identified 
conductor will be the neutral. 


(2) Verify that each run of cable, conduit, etc., contains all phases and the identified conductor 
and that each identified conductor is grounded at or in the vicinity of and ahead of the service disconnecting 
means. For example, if the source is a transformer whose secondary is a 3-phase, 4-wire wye with the neutral 
grounded and the power is routed to the service disconnect switch through 3 conduits, each conduit must 
contain all 3 phases and neutral, and the neutral must be grounded in the vicinity of the service disconnect 
switch. 


(3) For each building or service supplied by a single source, verify that the identified conductor is 
routed to each service disconnect switch and that the conductor is connected to the earth electrode at each 
building with a grounding electrode conductor that meets the requirements of Table 1-20. 


(4) If the grounding electrode conductor is routed through a metallic enclosure (conduit, etc.), 
verify that the enclosure is bonded to the conductor at both ends. 


Note: It may not be possible to verify this connection at the electrode end as it may be inaccessible. 
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(5) Verify that the color of the identified conductor is white or natural gray. If larger than a 
No. 6 AWG and of a different color (not green), it should be reidentified white or natural gray with paint or 
tape, or by other means such as tags or labels. 
(6) Verify that the equipment grounding conductors (“safety” or “green” wire) are green or green 
with one or more stripes, or if larger than No. 6 AWG and of a color other than green, not white, has been 


reidentified with green tape, paint, or other means. 


(7) Verify that all metal noncurrent carrying service equipment is effectively bonded by one of 
the methods specified below and that all non-conductive coating in the bonding path has been removed: 


(a) Bonding jumpers connected by pressure connector, clamps, or other means. 


(b) Threaded couplings and threaded bosses on enclosures with joints that are tight when 
rigid conduit is involved. 


(c) Threaded coupling used for metallic tubing and rigid conduit is tight. 


(d) Bonding jumpers are used around knockouts that are punched or otherwise formed so as 
to impair the electrical connection. 


(e) |Bonding-type locknuts and bushings on other devices. 


(6) Verify that all covers for wireways, junction and pullboxes, surface raceways, etc., are 
installed and secured. 


(9) Using a clamp-on ammeter, measure the current in each phase conductor and the identified 
service conductors. Also measure the current in the grounding electrode conductor. Record the current levels 
and wire sizes on Part IV of the survey form in Chapter 2. 

b. Separately derived power sources. For premises derived sources, (a premises wiring system with 
power derived from an on-site generator, transformer or converter windings that have no direct electrical 
connection to supply conductors originating in another system) perform the following for each source. 

(1) Verify that the neutral conductor is grounded where the following exists: 


(a) AC circuits of less than 50 volts (peak to peak) where: 


_l. Supplied to transformers if the transformer supply system exceeds 150 volts (peak 
to peak) to ground. 


2. Supplied by transformers if the transformer supply system is ungrounded. 


3. Installed as overhead conductors outside of buildings. 
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Table 1-20. Grounding Electrode Conductor Size 


Size of Largest Service-Entrance Minimum Size of Grounding 
Conductor or Equivalent for Electrode Conductor 
Parallel Conductors (AWG) (AWG) 
Aluminum or Aluminum or 
Copper-Clad Copper-Clad 
Copper Aluminum Copper Aluminum’! 
2 or smaller 0 or smaller 8 6 
lor0 2/0 or 3/0 6 4 
2/0 or 3/0 4/0 or 250 MCM 4 2 
Over 3/0 thru Over 250 MCM 2 0 
350 MCM thru 500 MCM 
Over 350 MCM Over 500 MCM 0 3/0 
thru 600 MCM thru 900 MCM 
Over 600 MCM Over 900 MCM 2/0 4/0 
thru 1100 MCM thru 1750 MCM 
Over 1100 MCM Over 1750 MCM 3/0 250 MCM 


NOTE: Where the service conductors or the equivalent size of parallel conductors exceed 1100 MCM, the size 
of the grounding electrode conductor shall not be less than 12-1/2 percent of the area of the service 


conductor(s). 


‘Aluminum or copper-clad aluminum grounding conductors shall not be used where in direct contact with 
masonry or the earth or where subject to corrosive conditions. Where used outside, aluminum or copper-clad 


aluminum grounding conductors shall not be installed within 45 cm (18 inches) of the earth. 


(b) The source can be grounded such that the maximum voltage to ground on the ungrounded 
conductors does not exceed 150 volts. 


(c) Where the source is nominally rated 480/277-volt, 3-phase, 4-wire wye in which the 
midpoint of one phase is used as a circuit conductor. 


(d) Where the source is nominally rated 240/120-volts, 3-phase, 4-wire wye in which the 
midpoint of one phase is used as a circuit conductor. 


(e) | Where a grounded service conductor is uninsulated. 


(2) Where a source is grounded, verify that the installation complies with 1.4.9.2b(1). Also see 
Article 250-26 of the NEC. 
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Cc. Power transfer and bypass switches. If the facility contains power transfer and/or bypass switches, 
perform the following for each switch: 


(1) Verify that an identified conductor, if used, is brought into the switch from each power source. 
(2) Verify that the identified conductors are not grounded within the switch. 
(3) Verify that the identified conductors are white or natural gray. If larger than No. 6 AWG and 


of another color (not green), it should be reidentified white or natural gray with paint or tape or by other means 
such as tags or labels. 


(4) Verify that all raceways, conduits, enclosures, etc., are adequately grounded. 


(5) Verify the phase, identified and grounding conductors brought into the switch from each source 
are routed together. 


(6) Verify that output phase, identified and grounding conductors are routed together. 


d. Power panels. For power panels, excluding service entrance, verify the conditions listed below. In 
some instances, steps 11 through 14 may be more readily accomplished by working back from the equipment or 
load end. 


(1) Verify that the phase, identified and equipment grounding conductors are routed into the panel 
together through the same conduit, raceway, cable, etc. 


(2) Verify that the identified conductor is connected to the neutral bus. 
(3) Verify that the neutral bus is not grounded. 
(4) Verify that all wires connected to the neutral bus are white or natural gray or if larger than a 


No. 6 AWG and of a different color, not green, have been reidentified with white or natural gray paint or tape 
or by other means such as tags or labels. 


(5) Verify that no green, white or natural gray wires are used as phase conductors, or if white (but 
not green), have been reidentified with paint, tape, tags, or labels. 


(6) If an equipment grounding conductor is a separate conductor brought into the panel, verify 
that it is bare, or if insulated, that it is green, or green with one or more stripes, or if larger than a No. 6 AWG 
and of another color, not white, it has been reidentified with paint, tape, or tags. 


(7) If the equipment grounding conductor is an insulated or bare wire, verify that it is connected 
either to the ground bus or if the bus does not exist, that it is connected to the frame of the panel with 
UL-approved connectors. 
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(8) The equipment grounding conductor is a separate conductor, must be run in the same conduit 
as the feeder, and should be wrapped around the insulated conductors. 


(9) Using a clamp-on ammeter, measure the current in each input phase, the identified conductor, 
and the equipment grounding conductor. Record the data on Part IV of the survey form in Chapter 2. 


(10) Verify that bonds in the ac or dc power systems are not dependent upon solder for their 
electrical and mechanical connections. Solder may be used only to supplement mechanical connections to lower 
the overall impedance in RF/signal circuits or subsystems. 


(11) Verify that all related phase and equipment grounding conductors (“safety grounds”) to all 
circuits supplied by the panel are routed through the same conduit, raceway, cable, etc. 


(12) Verify that all separate equipment grounding conductors leaving the panel are green or green 
with one or more yellow stripes or bare. If larger than No. 6 AWG and of another color, not white, they shall 
be reidentified with paint, tape, tags, or other means at each end and at all places where the conductor is 


accessible. Bare conductors should not be utilized where EMI or TEMPEST must be considered. 


(13) Verify that the equipment grounding conductor for each circuit is at least as large as that 


given in Table 1-21 based upon the size of the overcurrent device protecting the circuit phase conductors. 
(14) Verify that all bonding connections are made through surfaces that have been cleaned of 
insulating finishes or by some method, i.e., gouging locknuts fully tightened, that inherently accomplishes the 


same result. 


(15) Using a clamp-on ammeter, measure the current in each equipment grounding conductor 
leaving the panel. Record the current on Part IV of the survey form in Chapter 2. 


e. Wireways, raceways, cable trays. For all wireways, raceways, cable trays, etc., verify the 
following. 


(1) All covers, where applicable, are in place and properly secured. 


(2) All sections are electrically connected, and any insulating finishes in the bonding path have 
been removed. 


(3) If the wireway, raceway, cable tray, etc., contains neutral or equipment grounding conductors 
that have been reidentified, verify that reidentification is accomplished at various intervals throughout their 
length. 


f. Equipment. For all equipment, verify the items listed below. In some instances, verification may 
require that the equipment be shut down. 
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Table 1-21. Equipment Grounding Conductor Size Requirement 


Rating or Setting of Automatic Size 
Overcurrent Device of Equipment 


Circuit. . 
Aluminum or 


Copper-Clad 


Copper Aluminum 
Amperes Wire No. Wire No. 
15 14 12 
20 12 10 
30 10 8 
40 10 8 
60 10 8 
100 8 6 
200 6 4 
400 3 ! 
600 I 2/0 
800 0 3/0 
1000 2/0 4/0 
1200 3/0 250 MCM 
1600 4/0 350 MCM 
2000 250 MCM 400 MCM 


(1) Where the equipment grounding conductor is a separate conductor, verify that the conductor is 


routed through the same conduit, raceway, etc., as the phase and neutral conductors. 


(2) Verify that the equipment grounding path back to the power panel is continuous and that any 
insulating finishes in the grounding path have been removed. 


(3) Verify that the size of the equipment grounding conductor is at least as large as that listed in 
Table 1-21 for the overcurrent device serving the equipment. 


(4) Verify that the neutral is not connected to the chassis or frame of the equipment. This may be 


verified visually or with an ohmmeter. 


g. Isolation of neutral conductor. When it is possible to deenergize a facility, or a portion thereof, 


perform the following test: 


(1) With the electrical power removed disconnect the facility neutral from ground or in the case 
of a portion of the facility (e.g., a power panel) the incoming neutral. See Figure 1-47. 
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(2) Measure the resistance between the neutral bus and the equipment grounding conductor or 
panel frame. A low value of resistance (< 10 ohms) indicates that the neutral may be grounded at some place 
other than at the first service disconnect. Grounding of the neutral at places other than at the first service 
disconnect violates the MIL-STD-188-124A and the NEC and will result in power current flow through the 
equipment ground network. 


1.4.9.3 Correction of Deficiencies. The results of the survey should be thoroughly reviewed to determine the 
overall impact of correcting the deficiencies. Complete and strict compliance with the requirements of 
MIL-STD-188-124A and the NEC is required. However, some corrections could be expensive and not result in 
any improvement in the operation of the facility. Some types of deficiencies should be corrected. Presented 


below is a listing of violations that could be encountered and possible corrective actions. 
a. Undersized equipment grounding conductor, replace with proper size conductor. 


b. Equipment grounding conductor and/or neutral conductor not routed with phase conductors. Reroute 
the grounding and/or neutral conductor to be in the same raceway as the phase conductors. 


c. Equipment is not grounded by means of an equipment grounding conductor meeting the requirements 
of 1.4.9.2d(7) or 1.4.9.2d(8) but is grounded by means of its installation (e.g., mounted in a rack). Ground the 
equipment by means of a separate green or identified conductor routed with the phase and neutral conductors. 


d. Neutral bus in power panel (other than service entrance) is grounded to the panel frame. Remove 
the grounding connection. 


e. A green wire connected to the neutral bus is found to be connected to an equipment chassis and is 


supposed to be the equipment conductor. Disconnect the conductor from the neutral bus and reconnect it to the 
ground bus or panel frame with UL-approved connectors. 
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Figure 1-47. Method for Determining the Existence 


of Improper Neutral Ground Connections 
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f. Bond is obtained through a painted surface. Disassemble, remove paint and reassemble. Protect 
with waterproof paint if exposed to moisture. 


g. A black wire, not reidentified, is found to be used as an equipment grounding conductor. If it is 
larger than a No. 6 AWG, it may be reidentified with green paint or tape or by other means at each end and 
wherever accessible. If smaller than No. 6, it should be replaced to comply with the NEC. However, an 
acceptable substitute would be to reidentify it with green paint or tape if replacement is impractical or 


expensive. 


h. Grounding conductor is routed through conduit and the conduit is not grounded. Ground the conduit 
at both ends by means of a grounding bushing or clamp, a jumper wire, and a split-bolt connector. The jumper 


wire is to be the same size as the grounding conductor. 


1. Service neutral is not grounded but equipment enclosure is grounded by means of a grounding 


conductor. Ground the neutral by connecting it to the grounding conductor/bus in the first service disconnect. 


j. Conductor insulation is damaged and conductor is exposed. Conductor should be replaced. 
Alternate correction is to cover the damaged area with insulating tape until the insulation of the repaired area 


is equal to the insulation of the conductor. 


k. Power panel is grounded by a soldered connection. Provide supplemental grounding by means of a 


bolted grounding connector. 


L Ground bus is not grounded and equipment grounding conductors terminate at equipment frame, not 
at receptacles. Connect ground bus to panel frame by means of UL-approved connectors. 


m. Raceway contains neutral and grounding conductors of different systems (e.g., commercial and 
regulated power) and conductors are not distinguishable. Distinguish conductors from each other by means of 
paint, tape or tags. Alternately, tie the phase, neutral and equipment grounding conductors of each system 


together. 


1.5 SIGNAL REFERENCE SUBSYSTEM FOR NEW FACILITIES. 


1.5.1 Higher Frequency Network. The higher frequency network is a conductive sheet, grid, or cable network 
mesh providing multiple low resistance paths between any two points within the structure and between any 
point in the structure and the earth electrode subsystem. It consists of three primary components: 
(1) equipotential plane, (2) equipment ground conductors, and (3) structural steel elements and electrical 
supporting structures, (see Figures 1-49, 1-50, and 1-51) connected to the earth electrode subsystem. The 
grounding (green) wire shall not be considered a substitute for this subsystem. The optimum interconnecting 
cable and mesh spacing of the equipotential plane should be 1/8 of a wavelength with regard to the highest 
frequency of concern. In practice this may not be feasible and the interconnecting cable and mesh spacing 


should therefore be as short and small as practical. 


1-113 


MIL-HDBK-419A 


THIS PAGE INTENTIONALLY LEFT BLANK 


1-114 


MIL-HDBK-419A 


wd 
a 
: 
$ 
a 
§ 
Ee 
& 
4 
a 
w 


DETAIL (WAVEGUIDE 


FIGURE 1-284 


SEE ENTRY PLATE 


OUND CLAMP 


G 


& 


0 


we 


x 


? 
x 


¢ 


XY 
(x) 
YY +, 


Y\ 7 


OP-CLAD WIRE 


#6 AWG 


\) 


“ROOF 


MESH ( 4X4" SPACING) — 


0 KIOLG (MIN) GND ROD 
“COPPER- CLAD STEEL 


\% FLOOR 


SPACED NOT MORE THAN 


TWICE THE ROD LENGTH 


Figure 1-49. Typical Equipotential Ground Plane for Multi-Deck Building 


1-115 


——+-——,-—— 


' 
| 
| 
— 
| 

= 
| 
a 
| 
Vo 


MIL-HDBK-419A 


1-116 


Figure 1-50. Typical Building Floor Plan (Top View) 
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Figure 1-51. Typical Multi-Deck Building Plan (Side View) 
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a. In steel frame buildings, make all structural members of the building (e.g., building columns, wall 
frames, roof trusses, etc.) electrically continuous by bonding each joint and interconnection with a welded, 
brazed, soldered, or high-compression bolted connection. Where direct bonds of these types are not possible, 
bridge the joint with a 1/0 AWG stranded copper cable both ends of which are brazed, welded, or bolted in 
place. This does not include rebars. 


b. Connect the bonded structural steel network to the earth electrode subsystem with 1/0 AWG copper 
cables. The distance between adjacent connections from the building structure to the earth electrode 
subsystem should not exceed 15 meters (50 feet). 


c. Where steel frame construction is not used, install a supplemental network consisting of large 
copper cables conforming to Table 1-22. 


d. | Equipment cabinets, electrical supporting structures, and utility pipes are to be connected to this 
structural steel or copper cable grid (equipotential plane) with #6 AWG copper wire. This interconnecting wire 
should be as short as feasible, preferably not over 24 inches to minimize high frequency reactance. (Electrical 
supporting structures include all the conduit, raceways, switch and breaker panels, and other hardware (not 


energized) commonly associated with the communication electronic facility.) 


1.5.1.1 Multipoint Ground System. The multipoint ground system requires the existence of an equipotential 
ground plane for the system. Such an equipotential plane exists in a building with a metal floor or ceiling grid 
electrically bonded together, or in a building with a concrete floor with a ground grid embedded in it, connected 
to the facility ground. Equipment cabinets are then connected to the equipotential plane. Chassis are 
connected to the equipment cabinets and all components, signal return leads, etc., are connected to the chassis. 
The equipotential plane is then terminated to the earth electrode subsystem to assure personnel safety and a 
low impedance path for lower frequency signals. 


At higher frequencies, the large conducting surface, embedded in the floor or the metallic raised floor under 
the equipments to be grounded, presents a much lower characteristic impedance than a signal wire, even if both 
were improperly terminated. This is true because the characteristic impedance (Z,) is a function of L/C. As 
capacity to earth increases, Z,decreases. Normally, the capacity of a metallic sheet to earth is higher than 
that of wire. If the size of the sheet is increased and allowed to encompass more area, the capacitance 
increases. Also, the unit length inductance decreases with width, which further decreases Z,. If the dimensions 
of a metallic sheet increase extensively (as in the case of a conducting subfloor), the characteristic impedance 
approaches a very low value. In this case, even if improperly terminated, the impedance would be quite low 
throughout a large portion of the spectrum. This, in turn, would establish an equipotential reference plane for 
all equipments bonded to it. With this reference plane bonded to earth, the following advantages are obtained: 


a. Any “noisy” cable or conductor connected to the receptor through or along such a ground plane will 
have its field contained between the conductor and the ground plane. The noise field can be “shorted out” by 
filters and bond straps because the distance between these “transmission line” conductors is very small. 
Shorting out the noise field has the desirable effect of keeping noise current from flowing over the receptor 
case and along any antenna input cables. 
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Table 1-22 


Size of Equipment Ground Cables 


Cable Size Maximum Path Length 
(AWG) (FT) 
750 MCM 375 
600 MCM 300 
500 MCM 250 
350 MCM 175 
300 MCM 150 
250 MCM 125 
4/0 105 
3/0 84 
2/0 66 
1/0 53 
1 4] 
2 33 
4 21 
6 13 
8 8 
Busbar 
(IN) 
4x 1/4 636 
4x 1/8 318 
3.x 1/4 476 
3 x 18 238 
2x 1/4 318 
2x 1/8 159 
2 x 1/16 719 
1x 1/4 159 
1 x 1/8 719 
1 x 1/16 39 
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b. Filters at the interface terminals of equipment can operate more effectively when both terminals of 
their equivalent “transmission line” are available. As in a, above, a large conducting surface makes it possible 
to contain the field carried by the offending conductor, in such a way that it can be more easily prevented from 
traveling further. 


C A large conducting surface will also provide isolation between any rooftop antennas and from cable 
runs below it. 


1.5.1.1.1 Types of Equipotential Planes. Conducting media that can be utilized for the equipotential plane are 
(a) a copper grid embedded in the concrete floor or raised metal floor such as computer floor, (b) a subfloor of 
aluminum, copper, phospher bronze screen or sheet metal laid underneath the floor tile or carpet, or (c) a 
ceiling grid above the equipment. The grid openings should not be larger than 1/20 wavelength at the highest 
frequency of concern up to four inches. As a design objective (DO) the grid openings should not be larger than 
four inches. The following equipotential planes may be utilized on new facilities or those facilities undergoing a 


major rehab, or upgrading of communications electronics equipments. 


1.5.1.1.1.1 Copper Grid Embedded_in Concrete. Since a large solid conducting surface is not economically 
feasible for some installations, a ground reference plane, made up of a copper grid, or copperclad construction 
mesh with 4 inch openings may be embedded in the concrete with ground risers installed to the surface of the 
concrete as shown in Figure 1-54. The mesh is commercially available in AWG wire sizes Nos. 6, 8, 10, and 12. 
It is normally furnished in 3.7m (12 foot) rolls, but can be obtained in various widths up to 5.5m (18 feet). See 
Figure 1-52. Where sections of mesh are joined together, there should be a one foot overlap and bonded 
together every two feet by welding, brazing, or manufactured connectors that are connected to the grid and 
give grounding access at the floor surface. See Figures 1-53, 1-54, 1-55, and 1-56. Normally, if the grid is 
embedded in a concrete floor, the latter method provides the easiest grounding source. The equipotential plane 
shall be welded to the main structural steel of the building at multiple locations. Where frame buildings are 
utilized the plane is connected to the earth electrode subsystem at multiple locations using 1/0 AWG copper 
conductors. If metal floor systems are used (metal floors with concrete poured over the floor) then the floor 
system itself can be used as the equipotential plane. In fact, this would be the preferred method of establishing 
the plane. 


1.5.1.1.1.2 Equipotential Plane Under Floor Tile or Carpet. An equipotential plane can be realized by 
installing a metal sheet or roll of either aluminum, copper, or phospher bronze under the floor tile or carpet. 


This sheet may be either thin gauge solid metal or window screen type material bonded to the floor with mastic 
and tile or carpet installed on top of it. In existing facilities where equipments are already installed, the plane 
need not be installed under the equipment cabinets, but must be bonded to the cabinets on all four sides. The 
plane shall be bonded to the main structural steel members of the building at multiple locations. The structural 
steel shall in turn be bonded to the earth electrode subsystem. 


1.5.1.1.1.3 Overhead Equipotential Plane. Where it is not practicable to install a plane on the floor around the 
equipment, it is possible to install an overhead equipotential plane in or on the ceiling of the equipment room. 
This can be accomplished by installing either thin metal sheets or screen either above or on the ceiling. Care 
must be taken to keep bonding straps from the equipment to the plane as short as possible. Generally phospher 
bronze screen is used in this application because it is light, durable, and easy to work. The plane must be 


connected to the building steel which in turn is bonded to the earth electrode subsystem. 
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Figure 1-52. Elements of the Facility Ground System (with Grid) 
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1.5.1.1.1.4 Raised (Computer) Flooring. Raised floors are used to structurally support equipment cabinets and 
provide a space between the original facility floor and raised floor plates for cabling, air plenum or air 
conditioning ducting, piping, drains, etc. Raised floors provide an esthetic room appearance. Three general 
types of floor systems manufactured are: (a) the bolted-grid (stringer) or rigid grid system, (b) the drop-in grid 
or removable grid type, and (c) the free-standing, stringerless or pedestal-only type. Only type (a) is acceptable 


as an equipotential plane. 
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Figure 1-53. Typical Equipotential Ground Plane for New Construction 


Higher or Hybrid Frequencies Facilities Installation 
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FOR FLAT BAR TO GROUND CABLE IN CONCRETE 


USE: These Ground Connectors are attached to a 
ground cable (Equipotential plane) in the floor, 
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Figure 1-54. Ground Connector for Equipotential Plane in Concrete 
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Figure 1-55. Typical Ground Connectors 
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Figure 1-56. Examples of Cable to Bar Ground Connectors 
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1.5.1.1.1.4.1 Bolted-Grid (Stringer) or Rigid Grid System Raised Floors. Shown in Figures 1-58, 1-59, and 1-60 
are bolted-grid floor systems. The systems are similar to the drop-in grid except the grids, when properly 
installed, are securely bolted or clamped in place. The drop-in panels must be metal or wood with metal plate 
on both sides with a selected floor covering. They should be no larger than 24” x 24”. Although the panels may 
not make a good low resistance contact with the stringers, the high distributed capacity makes the floor appear 
to be an electrically continuous sheet at rf frequencies. The equipment cabinets shall be connected to the floor 
stringers by bonding straps which must be kept as short as possible. This will provide a low impedance path to 


earth at the lower frequencies. Materials used for stringers and pedestal heads are steel and aluminum. Raised 
flooring to be used for equipotential planes should be purchased to conform to the requirements of 
MIL-F-29046 (TD). 


In general, the grounding aspects of raised flooring have been excellent. Problem areas that designers should be 
aware of are: 


a. Installation practices. Inadequate bonded joints between pedestal heads and stringers have 
sometimes resulted from poor installation practices primarily due to: 


(1) pedestal heads heavily oxidized and dirty when bolted, 
(2) use of poor bolting hardware (speed nuts, sheet metal screws), or 


(3) bolting hardware not installed or not properly tightened. 


Clipnuts shall not be used in place of standard nuts since they generally will deform and therefore produce loose 
joints. 


The installer may receive aluminum pedestal heads from the manufacturing plant that are heavily oxidized. 
The joint surface requires minor abrasion and perhaps a light coating of a joint protective compound. The joint 
compound should be particularly considered for non-carpeted floors where moisture, cleaning compounds and 
wax would settle, degrading the joint (sometimes severely) in a several year period. 


The use of improper bolting hardware has caused unreliable joints. All bolted bonds must meet the 
requirements of Table 1-23. Sheet metal screws have on occasion been employed to support the stringer to the 
pedestal. Clipnuts employed in lieu of standard nuts will deform and in turn produce loose joints, and shall not 
therefore be used. This “clip” nut called the grip lock nut is shown in Figure 1-61. MIL-F-29046 has been 
modified to specifically prohibit the use of such type of hardware. 


It is recommended that the installation crew be briefed and the floor tested, before the floor panels are 
installed. 


b. Floor system checkout. Composite bonds between cabinet chassis and the raised floor shall not 
exceed a specified resistance value, usually 1 milliohm. Typically, a pedestal head to stringer resistance will 


read about 40 micro-ohms and should not exceed 100 micro-ohms. For additional information see 
MIL-F-29046. 


Cc. Resistance _measurement equipment. The instrument recommended to obtain resistance 


measurements of 100 micro-ohms for these measurements is a modified Shallcross Model 670A Milliohmmeter 
or equal. 
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Figure 1-58. Rigid Grid Floor System Details 
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Figure 1-59. Example of Rigid-Grid to Pedestal Bolted Connection 
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Figure 1-60. Example of Rigid-Grid to Pedestal Clamped Connection 
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Figure 1-61. Example of Unacceptable Grid-to-Pedestal Bonding 


d. Connections to the raised floor system. Connections from the equipment racks and the earth 


electrode subsystem to the floor are important. Clamps, if used, should be installed on the upper pedestal 
assembly to avoid the relatively high resistance between the lower assembly (that has the base) and the upper 
column. The stringer to pedestal fastener hardware can often be changed to allow bolting a bonding cable 
terminal directly to the pedestal head. It is feasible to obtain additional grid locking hardware and use it to 
bolt the bonding cable terminal to the floor grid. Another means of terminating a bonding cable is to drill a 


hole and bolt it to a non-heavy weight bearing stringer. 


e. Corrosion control. In extremely humid environments where corrosion is common, the use of 
corrosion prevention compounds is recommended. Bolted joints can be covered with a non-corrosive silicone- 
rubber compound that will protect the joint for the life of the installation. An ice cube rubbed on the silicone- 


rubber will smooth it. 


f. Carpeting. Carpeting selected as a floor-covering, should be of a low static or static-free type to 
prevent possible static discharge or component failure. See MIL-F-29046 for additional information. 


g.  Maintenance__measurements. To determine degradation of the floor, resistance measurements and 
method should be documented and available so that repeat measurements can be made if ground reference 


subsystem problems are suspected or periodic checks for degradation made. 


h. Reliability. The MIL-F-29046 specification provides information for raised floor procurements. 
The guidelines in this Handbook will provide a ground reference subsystem that is well-designed, properly 


installed and lasts for the life of the electronic system installation. 
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1.5.1.1.1.4.2 Drop-In or Removable Grid System. The Drop-In Grid System is shown in Figure 1-62. The grids 
or stringers are retained by engaging pins or depressions in the pedestal head. The stringers supply support and 
when newly installed provide comparatively low resistance contact to the pedestal head. Equipment cabinets 
resting on the floor panels provide increased contact pressure in certain areas. Severe corrosion and unreliable 
electrical contact have resulted due to dirt, moisture and floor cleaning/waxing compounds filtering through 
crevices. This floor system is also considered unsuitable for a reference plane. Floor panels resting on the 


pedestals and grids are commonly 24” x 24” although they may be purchased in 30” x 30” dimension. 


1.5.1.1.1.4.3 Free-Standing, Pedestal-Only or Stringerless System. The pedestal-only system is shown in 
Figure 1-63. The pedestal base is glued or "shot" in place to form the basic understructure. The pedestal heads 
are leveled and the floor panel is installed. The conductivity between distant pedestals is variable and 
unreliable, making it unsuitable for a ground reference. 


1.5.1.1.1.5. Ground Risers. The type of ground riser to be used depends on the type of equipotential plane to 
be installed and whether the subject building will be new construction, a major modification to an existing 
building in which new equipments will be installed, or an existing building in which only the ground system will 


be upgraded while the equipments remain in place. The latter case is discussed in Section 2.2.3. 


1.5.1.1.1.6 Equipment Cabinet Grounding. Each individual unit or piece of equipment should either be bonded 
to its rack or cabinet (see Figure 1-64), or have its case or chassis bonded to the nearest point on the 
equipotential plane. Racks and cabinets should also be bonded to the nearest point of the plane. 


1.5.2 Lower Frequency Signal Reference Network. Lower frequency signal reference subsystems are not to be 
installed in communications-electronics facilities. 
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Figure 1-62. Example of Drop-In Grid Floor Construction 
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Figure 1-63. Example of Pedestal-Only Floor Construction 
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Figure 1-64. Typical Equipment Cabinet Grounding Detail 
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1.6 GROUNDING PHILOSOPHY FOR EQUIPMENTS PROCESSING NATIONAL SECURITY RELATED 
INFORMATION (RED/BLACK EQUIPMENTS). Grounding of equipment, conduit, and frames for safety 
protection in areas processing National Security related information (RED data) is no different than any other 
facility. Typically a RED and a BLACK signal ground is established by a direct connection totally within a 
controlled space to an equipotential ground plane and earth electrode subsystem (see Figure 1-65). Cable 
shields from the RED equipment to the RED side of the crypto are grounded at least at both ends. Cable 
shields from the BLACK side of the crypto equipment through the BLACK IDF to the BLACK equipment are 
normally grounded at both ends. For unbalanced signaling, signal ground is usually established by a direct 
connection from an isolated signal ground bus in the RED distribution frame to an equipotential ground plane 
and in turn to the earth electrode subsystem (see Figures 1-66, 1-67, and 1-68.) Figure 1-69 provides 
information on the facility power and ac ground distribution system. BLACK signal ground is used to provide a 
signal ground reference in the BLACK distribution frame and for signal line filters. For all aspects other than 
grounding, bonding, and shielding of secure installations, refer to NACSIM 5203. Refer to Section 2.4 of this 
Volume for the grounding of existing RED/BLACK equipments and systems. 


Note: An equipotential ground plane is considered as earth for the signal reference subsystem of communica- 
tion systems, regardless of elevation from physical earth. 
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Figure 1-65. Typical RED/BLACK Signal Reference Subsystem (High Level Signals) 
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Figure 1-66. Typical Red Signal, Shield Ground, Bus Distribution System 
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Figure 1-67. Typical Intermediate Distribution Frame (Shield Ground Bus in Distribution Frames) 
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Figure 1-68. Typical Intermediate Distribution Frame (Data Concentrator Frame Installation) 
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1.7 BONDING PRACTICES. High quality bonds between conducting elements throughout the facility are 
essential ingredients to the effective functioning of all grounding and shielding networks. It is thus of 
paramount importance that thorough consideration be given to bonds and bonding throughout design and 
construction of a facility. A bonding resistance of 1 milliohm indicates a high quality junction has been 
achieved. See Volume I, Chapter 7, for additional information. 


1.7.1. Application Guidelines. 


a. Utilize welding (exothermic) whenever possible for permanently joined bonds. The welds must be 
adequate to support the mechanical load demands on the bonded members, and the following minimum 
requirements must also be met: 


(1) On members whose maximum dimension is 5 cm (2 inches) or less, the weld must extend 
completely across the side or surface of largest dimensions. 


(2) On members whose largest dimension is greater than 5 cm (2 inches) but less than 30 cm 
(12 inches), one weld of at least 5 cm (2 inches) in length must be provided. 


(3) On members whose largest dimension is greater than 30 cm (12 inches), two or more welds, 
each not less than 5 cm (2 inches) in length, are to be provided at uniform spacings across the surface of largest 
dimension. The maximum spacing between successive welds must not exceed 30 cm (12 inches). 


(4) At butt joints, use complete penetration welds on all members whose thickness is 0.63 cm 
(1/4 inch) or less. Where the thickness of the members is greater than 0.63 cm (1/4 inch), the depth of the weld 
must not be less than 0.63 cm (1/4 inch). 


(5) Fillet welds are to have an effective size equal to the thickness of the members or as specified 
by Construction Specification for the Design, Fabrication, and Erection of Structural Steel for Buildings (1-7). 


(6) At lap joints between members whose thickness is less than 0.63 cm (1/4-inch), double fillet 
welds must be provided. 


b. Use brazing (or silver soldering) for permanently bonding copper and brass. 


c. Do not use soldered connections in the fault protection subsystem, the lightning protection 
subsystem or the earth electrode subsystem. 


d. All structural bolted connections must conform to the torque requirements of Table 1-23. 


e. The proper order of assembly for bolted bonds is illustrated in Figure 1-70. Position load 
distribution washers directly underneath the bolt head or under the nut next to the primary member. 
Lockwashers may be placed between the nut and any load distribution washers. Toothed lockwashers should not 
be placed between the primary bonded members but may be used as shown in Figure 1-70 for interior locations 
that are not exposed to moisture and where electrochemically compatible metals for the washer and bond 
members are utilized. 
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Table 1-23 


Minimum Torque Requirements for Bolted Bonds 


Bolt Size Threads/Inch Min. Torque Tension Bond_ Area 
(in -1bs) (Ibs) (in.2) 

#8 32 18 625 0.416 
36 20 685 0.456 

#10 24 23 705 0.470 
32 32 940 0.626 

1/4” 20 80 1840 1.225 
28 100 2200 1.470 

5/16” 18 140 2540 1.690 
20 150 2620 1.750 

3/8” 16 250 3740 2.430 
24 275 3950 2.640 

7/16” 14 400 5110 3.400 
20 425 5120 3.420 

1/2” 13 550 6110 4.070 
20 575 6140 4.090 

5/8” 11 920 7350 4.900 
3/4” 10 1400 9300 6.200 
718” 9 1950 11100 7.400 
P 8 2580 12900 8.600 

f. Once the mating surfaces have been cleaned of all nonconductive material, join the bond members 


together as soon as possible. If delays beyond two hours are necessary in corrosive environments, the cleaned 
surfaces must be protected -with an appropriate coating which, of course, must be removed before completing 
the bond. 


g. Alligator clips and other spring loaded clamps are to be employed only as temporary bonds. Use 
them primarily to insure that personnel are not inadvertently exposed to hazardous voltages when performing 
repair work on equipment or on facility wiring. 
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Figure 1-70. Order of Assembly for Bolted Connection 


1.7.2 Surface Preparation. 


a. Welding generally requires only the removal of foreign material which might prevent a homogeneous 
weld from being established. 


b. | Before performing exothermic welding, dirt and other debris must be wiped or brushed away from the 
weld area and water must be dried off before positioning the molds. 


c. Surfaces to be brazed or soldered are to be cleaned of all foreign matter and metallic films that would 
prevent adhesion of the filler metal to the primary members, and appropriate fluxes are to be applied. After 
the bond has been completed, remove any excess flux or neutralizers to prevent future corrosion. 


d. The mating surfaces of bolted and other compression type bonds require careful cleaning in accordance 
with the discussion in Volume I, Section 7.6. The basic requirements are: 


(1) All nonconductive material must be removed. Such materials include paints and other organic 
finishes; anodize films; oxide and sulfide films; and oil, grease and other petroleum products. 


(2) All corrosive agents must be removed. Such agents include water, acids, strong alkalies, and any 
other materials which provide conductive electrolytic paths. 


(3) All solid matter which would interfere with the establishment of a low resistance path across the 
bond interface or which forms a wedge or barrier to keep the bond area open to the entrance of corrosive 


materials or agents must be removed. Such solid materials include dust, dirt, sand, metal filings, and corrosion 
by-products. 
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1.7.3. Bond Protection Code. For bonds of high reliability, corrosion must be prevented by (1) avoiding the 


pairing of dissimilar metals and (2) preventing the entrance of moisture or other electrolytes into the bond area. 


Metals to be in direct contact should fall as close together in the galvanic series (see Volume I, Section 7.8.1.2) 
as possible. Compatible groupings of the common metals are given in Table 1-24. The corrosive action 
between metals of different groups will be greatest when the metallic union is openly exposed to salt spray, 
rain, or other liquids. The less exposed the bond, the less the rate of corrosion. The relative degrees of 
exposure may be defined as follows (1-8): 


Exposed: Open, unprotected exposure to weather. 


Sheltered: Limited protection from direct action of weather. Locations in louvered housings, sheds, 


and vehicles offer sheltered exposure. 
Housed: Located in weatherproof buildings. 


When bonds under these different exposure conditions must be made between different groups, they should be 
protected as indicated by Table 1-25. Condition A means that the couple must have a protective finish applied 
after metal-to-metal contact has been established so that no liquid film can bridge the two elements of the 
couple. Condition B means that the two metals may be joined with bare metal exposed at junction surfaces. 
The remainder of the bond must be given an appropriate protective finish. Condition C indicates that the 
combination cannot be used except under very unusual circumstances where short life expectancy can be 
tolerated or when the equipment is normally stored and exposed for only short intervals. Protective coatings 
for bonds subjected to weather exposure, corrosive fumes, or excessive dust are mandatory. Consult Table 1-26 


for assistance in choosing a method for protecting the bond members against corrosion. 
Table 1-24 


Compatible Groups of Common Metals 


Group Metals 
I Magnesium 
Il Aluminum, aluminum alloys, zinc, cadmium 
Ill Carbon steel, iron, lead, tin, lead-tin solder 
IV Nickel, chromium, stainless steel 
V Copper, silver, gold, platinum, titanium 
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Table 1-25 


Bond Protection Requirements 


Condition Anode 
of Exposure I I Il IV Cathode 
Exposed A A 
Sheltered A A II 
Housed A A 
Exposed C A B 
Sheltered A B B Ill 
Housed A B B 
Exposed C A B 
Sheltered A A B B IV 
Housed A B B B 
Exposed C C C 
Sheltered A A A B V 
Housed A A B B 
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Table 1-26 


Protective Finishes for Bond Members 


Type Bond 


1. Between Similar Metals 


a. Clad and corrosion resistant aluminum 
(6061) 


b. Non-corrosion resistant aluminum 


c. Steel (alloy and carbon) 


d. Corrosion-resistance steel (18-8 
stainless steel) 


e. Copper and copper alloys 


2.  Dissimilar Metals 


a. Corrosion resistant aluminum mated 
with the following metals: 


(1) Non-corrosion resistant aluminums 


(2) Steel (alloy and carbon) 


(3) Copper and copper alloys 


Finishing Requirements 


Clean and deoxidize 


Chemically treat per MIL-C-5541 (1-9) using colored 
inspectable coating on both members of joint (Alodine 
600, Iridite 14). 


If entire part is finished, plate with tin, MIL-T-10727 
(1-10), Type I or Il. If only faying surface is finished, 
plate with tin using brush plating method. 


Clean per TT-C-490 (1-11) Method1 (abrasive) or 
Method VI (phosphoric acid etch) for machined 


surfaces. 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


Clean and deoxidize 


Chemically treat per MIL-C-5541, colored inspectable 
coating (Alodine 600, Iridite 14). 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 
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Table 1-26 (Continued) 


Protective Finishes for Bond Members 


Type Bond 


(4) Corrosion-resistant 


Non-corrosion resistant aluminum mated 


with the following metals: 


(1) Steel (alloy and carbon) 


(2) Copper and copper alloy 


(3) Corrosion resistant steel 


Steel (alloy and carbon) mated with the 


following metals: 


(1) Copper and copper alloys 


(2) Corrosion resistant steel 


Copper and copper alloys 


(1) Corrosion resistant steel 


Finishing Requirements 


Clean per TT-C-490, Method I (abrasive) or Method VI 
(phosphoric acid etch). 


Chemically treat per MIL-C-5541, colored inspectable 
coating (Alodine 600, Iridite 14). 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


Clean per TT-C-490, Method I (abrasive) or Method VI 
(Phosphoric acid etch). 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


Clean per TT-C-490, Method I (abrasive) or Method VI 
(phosphoric acid etch). 


If entire part is finished, plate with tin, MIL-T-10727, 
Type I or II. If only faying surface is finished, plate 
with tin using brush plating method. 


Clean per TT-C-490, Method I (abrasive) or Method VI 
(phosphoric acid etch). 
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1.7.3.1 Jumper Fasteners. Acceptable fastener materials for bonding aluminum and copper jumpers to 


structures are indicated in Table 1-27. The arrangement of the metals is in the order of decreasing galvanic 


activity. The screws, nuts, and washers to be used in making the connections as indicated are: 


Type I - Cadmium or zinc plated steel, or aluminum 


Type II - Passivated stainless steel 


Where either type of securing hardware is indicated, Type II is preferred from a corrosion standpoint. 


Table 1-27 


Metal Connections for Aluminum and Copper Jumpers 


Connection 
Metal Structure Connection For Screw For Tinned Screw 
(Outer Finish Metal) Aluminum Jumper Type Copper Jumper Type 
Magnesium and Magnesium Direct or Magnesium Type I Aluminum or Type I 
alloys washer Magnesium 
washer 
Zinc, Cadmium, Aluminum Direct Type I Aluminum washer Type I 
and Aluminum alloys 
Steel (except stainless Direct Type I Direct Type I 
steel) 
Tin, Lead, and Tin-lead Direct Type I Direct Type I 
solders or II 
Copper and Copper Tinned or Cadmium Type I Direct Type I 
alloys plated washer or IT or II 
Nickel and Nickel Tinned or Cadmium Type I Direct Type I 
alloys plated washer or II or II 
Stainless Steel Tinned or Cadmium Type I Direct Type I 
plated washer or II or II 

Silver, Gold and Tinned or Cadmium Type I Direct Type I 
precious metals plated washer or II or II 
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1.7.4 Typical Bonds. 


1.7.4.1 Cable Trays. Utilize cable trays as part of the overall system bonding scheme. Bond each section of 
each tray in the manner shown in Figure 1-71 to the following section to provide a continuous path. The trays 


should also be connected to equipment housings by wide, flexible, solid bond straps as illustrated in Figure 1-72. 


CLEAN TRAY BEFORE 


Figure 1-71. Bonding of Cable Trays 


CABLE TRAY 


EQUIPMENT 
CABINETS 


Figure 1-72. Bonding of Equipment Cabinets to Cable Tray 
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1.7.4.2 Tubing and Conduit. Long spans of conduit should be properly bonded to the structure at both ends and 
at several intermediate points. Ordinary clamps cannot be used to bond flexible conduit since the required 
pressure on a comparatively small surface area may be sufficiently high to compress or collapse the conduit. 
Instead of ordinary clamps, use a flared, split sleeve (Figure 1-73) fitted around the flexible conduit. This 
sleeve distributes the high pressure of the bonding clamp over a large area, thereby exerting low pressure on the 
conduit. Figure 1-74 illustrates a method for bonding to rigid conduit. With either type of clamp, the conduit 
or tubing should be cleansed of paint and foreign material over the entire surface covered by the clamps. All 
insulating finishes should be removed from the contact area before assembly, and anodized screws, nuts, and 
washers should not be used to attach contacting parts. 


1.7.4.3, Other _Examples. Figures 1-75 through 1-80 illustrate recommended bonding methods appropriate for 
most facilities. 
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Figure 1-73. Bonding to Flexible Cable and Conduit 
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Figure 1-74. Bonding to Rigid Conduit 
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Figure 1-75. Connection of Bonding Jumpers to Flat Surface 
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Figure 1-76. Bolted Bond Between Flat Bars 
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Figure 1-77. Bracket Installation (Rivet or Weld) 
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Figure 1-78. Use of Bonding Straps for Structural Steel Interconnections 
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Figure 1-79. Direct Bonding of Structural Elements 
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Figure 1-80. Connection of Earth Electrode Riser to Structural Column 
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1.8 SHIELDING. The shielding provided in a given facility should be adequate to provide the needed equipment 
and personnel protection; however, it need not go beyond what is required for that particular facility. To 
determine the shielding required at a facility, the electromagnetic environment at the planned location should 
first be surveyed; then this threat environment should be compared with the response properties or 
susceptibilities of the equipment to be located in that environment. If a need for shielding is indicated, then it 
should be provided either as a part of the facility or the equipment shielding should be upgraded. The final 
decision will be based on a trade off between the known (or estimated) shielding requirements and the relative 
cost to provide this shielding. Conducted as well as radiated susceptibility and emission requirements of C-E 
equipments should meet the specifications of MIL-STD-461. 


1.8.1 Establishing Requirements. 


a. Tailor the shielding of the facility according to the needs of the equipments or systems to be located 
there by: 


(1) Conducting an electromagnetic survey at the facility location (see Volume I, Section 8.12.2) 
(The performance of these surveys requires specialized instrumentation, careful equipment calibration 
procedures, and calibrated antennas. Have this survey performed by an experienced team.), 


(2) examining the history of performance of the similar equipments at other sites with comparable 
electromagnetic environments, and 


(3) considering the measured EMI characteristics of the equipments (if available). 


b. If measured susceptibility data (the incident field levels which cause equipment interference) are 
available, determine the amount of additional shielding necessary by subtracting the equipment susceptibility 
level (in dB above a microvolt per meter, dB u V/m) from the field strength (as measured in dB u V/m) of the 
incident signals. If the measured signal strength is greater than the susceptible level, arrange to provide the 
extra shielding necessary either as part of the structure or building or require that the equipment’s shielding be 
upgraded (see Section 3.4). If susceptibility data is not available, make a best estimate of the amount of 
required shielding from the historical performance of the equipments (or similar types) at other sites. 


c. Before deciding what type or how much supplemental shielding material is necessary, estimate the 


amount of shielding inherently provided by conventional building materials and techniques. For example: 


(1) Use Figures 1-81 and 1-82 to estimate the shielding provided by normal construction 


techniques (steel skeleton with brick or concrete block exterior with standard wood, gypsum board, or concrete, 
block interior walls). 


(2) Reinforced concrete offers additional shielding because of the presence of the rebar. 
Estimate the shielding effectiveness of single course rebar to low frequency magnetic fields from the curves 
shown in Figure 1-83. (Use Table 1-28 to obtain attenuation correction factors to apply to Figure 1-83 for 
other size rebar and other spacings.) 
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Figure 1-81. Measured Electromagnetic Shielding Effectiveness 
of a Typical Building at 6 Feet Inside Outer Wall (1-12) 
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Figure 1-82. Measured Electromagnetic Shielding Effectiveness 
of a Typical Building at 45 Feet Inside Outer Wall (1-12) 
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Figure 1-83. Shielding Effectiveness of Rebars (1-13) 
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Table 1-28 


Attenuation Correction Factors for Reinforcing Steel (1-14) 


Bar Diameter Bar Spacing No. of Courses Correction Factor 
(in.) (in.) (dB) 
2.257 12 Single $5 
1.692 14 Single 0 
1.000 18 Single -6 
2.257 20 Double +8.5 
1.692 14 Double +13 
1.000 16 Double +5 


(3) Use Figure 1-84 to determine the relative attenuation of rebar (and other wire mesh or grid) 
to higher frequency electric fields and plane waves. To use this figure, first calculate the ratio of the wire (or 
bar) diameter, d, to the wire spacing, S. Then determine the ratio of S to the wavelength, A, at the frequency, 
f, of interest (A in meters = 3 x 10°divided by f in hertz). For example, determine the shielding effectiveness 
at 100 MHz of a 1” x 2” grid made of No. 10 AWG (0.1” diameter) wire. 


Calculation Steps 


8 
(a) x= 2X10. - gm = 118 in. 


1 x 108 
(b) for S = 1, 2 = 4. = 0.0085 and 
“5 > Tie 7 
Ee S§_ 2 _ 
for S = 2, x = Tis = 0.017 


depending upon the polarization of the incident wave. 


(ec) for S = 1, g = Ol - 0.1 and 


T 
for s = 2, ¢ = t= 0.05 
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(d) The Shielding Effectiveness (SE) (depending upon the polarization of the field) from 
Figure 1-84 is either 


= 35dB 

SEs 35 
or 

SE._, = 25 dB. 


(e) Use the lowest SE (25 dB) for design purposes. 


d. ‘If these calculations or estimates indicate a need for additional shielding, incorporate the shielding 
into the design of the structure, and schedule its installation at a time in the construction phase when it can be 


oe 


done most economically. 
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Figure 1-84. Shielding Effectiveness of a Grid as a Function of Wire 
Diameter, Wire Spacing, and Wavelength (1-15) 
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1.8.2 Design Guidelines. 


a. Design the shielding to conform to the needs of the system. Consider the relative ease of shielding 
an individual equipment rather than shielding a room or the entire structure. 


b. Assure that the shielding provided is sufficient to meet system needs (both known and predicted) but 
do not excessively over design. 


c. Use the inherent shielding properties of the structure to maximum advantage. Employ the small 
amount of shielding (typically 10-20 dB) offered by reinforced concrete. However, do not expect common 
building materials such as brick, concrete, wood, fiberglass, or plastic to provide any significant shielding to 
electromagnetic signals (1-16). 


d. Locate most sensitive and most critical equipments as close to the core of the structure as 


operational requirements will permit. 


e. To minimize the attenuation requirements on shields, predetermine the location of likely sources of 
interference such as power substations, engine-generators, and RF transmitters; maximize the separation 


between such sources and potentially susceptible equipments or systems. 


f. Where a choice exists as to exterior skin materials for the shelter or structure (e.g., fiberglass 
versus sheet steel or aluminum) choose metals to take advantage of their improved shielding properties. (In 


order to utilize metal sidings as effective shields, seams must be electrically continuous.) 


g. Insure that shield continuity is maintained at points of entry of signal cables, power conductors, 


utility lines, and ground conductors. 

h. Make sure that windows, doors, and ventilation ports are shielded along with the walls. Use well 
bonded screen wire for windows, use metal doors, and apply honeycomb ducts or appropriate screening over 
ventilation ports. 


1. Equip all power lines supplying shielded areas with power line filters. 


j. Use steel conduit in preference to aluminum conduit to take advantage of the improved magnetic 
shielding properties of steel. 


k. Use enclosed metal wiring ducts or raceways in preference to open mesh or unenclosed types. 
1. If the only purpose of the shield is to establish a personnel barrier to prevent inadvertent contact 
with dc and power frequency hazardous voltages, consider the use of nonconductive shields which may be less 


expensive. (If metal shields are used to provide shock protection, they must be well grounded to the power 
safety ground - the green wire network.) 
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1.8.3. Selection of Materials. The selection of a shielding material can be done either by (1) choosing a possible 
metal of a given thickness and then determining if the shielding effectiveness is equal to or greater than the 
field attenuation desired, or (2) starting with desired attenuation, determining what thickness of metal sheet or 
what type of screen is required. Either approach is acceptable. 


a. As the first step in the selection of a shield type and material, ascertain the nature of the field by 
determining whether it is an electric field, magnetic field, or a plane wave. (The distance between the source 
and the shield relative to signal wavelength gives an indication of the impedance characteristics of the incident 
field. Note the source may be either the actual signal generator such as a transmitter or it may be the 
current-carrying conductor such as a power line or signal cable.) 


(1) First compute the wavelength, A, or the incident signal or signals from 
3x10” 
A= f 


For f in hertz, X will be in meters. 


(2) If source location is known, measure or estimate r. Then calculate ae < 
2 me Sos ‘ 
Value of r must be greater than 2D ; r is distance from source in meters 


: D is length of antenna in meters 

(3) If 2mr/A is less than unity, the incident field will either be a high impedance electric field or it 
will be a low impedance magnetic field. To determine which one, try to establish what type of source produced 
the field. (An electric field source is characterized by a high source impedance and relatively low currents. 
Examples are high voltage dc power supplies; static discharges; short monopole antennas; etc. A magnetic field 
source is generally characterized as a low impedance, high current source. Typical magnetic sources are loop 
antennas and power lines.) 


(4)  If2wr/A is unity or greater, assume the incident field is a plane wave. 


b. Next, use Figure 1-85 to obtain the absorption loss of the material selected for a plane wave. To 
use this nomograph, draw a straight line between a point on the right hand vertical scale that corresponds to the 
particular metal involved and the correct point on the thickness scale (center scale on the nomograph). Mark 
where the straight line crosses the unlabeled pivot line. Next place a straight edge between the marked point 
on the pivot line and the frequency of interest (left most vertical scale). Read the absorption loss off the 
compressed scale just to the left of the thickness scale. (The determination of the absorption loss of a 14 mil 
sheet of stainlesssteel at 1 kHz is illustrated on the figure. First, line | is drawn between stainless steel on the 
right hand scale and 14 mils on the thickness scale. Then line 2 is drawn between 1 kHz on the left hand scale 
and the crossover point. The indicated absorption loss is 3 dB.) 


If the specific metal of interest is not indicated on the right hand scale, obtain both the relative conductivity, 
Bp and the relative permeability, Y from Table 1-29. Multiply g.times uw ; use the product as the right hand 
location for line 1 and complete the determination. (Given the frequency and the desired absorption loss, this 
nomograph can be used to determine the thickness and/or the type of metal needed.) 
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Figure 1-85. Shield Absorption Loss Nomograph (1-17) 
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c. The total shielding effectiveness is the sum of the absorption loss and the reflection loss. Use 
Figure 1-86 to determine the reflection loss of various metals to magnetic fields; use the nomograph of 
Figure 1-87 to determine the reflection loss of electric fields. The procedures for using these nomographs are 
similar to that described previously for determining absorption loss. Note that the right hand scale is based on 


the ratio of relative conductivity to relative permeability instead of the product of the two as used on the 
absorption loss nomograph. 


Determine the reflection loss for plane waves with the use of Figure 1-88. Simply lay a straightedge between 
the metal of interest (or the correct 8, / ui, ratio) on the right hand scale and the frequency of interest on the 
left hand scale; read the reflection loss of the scale in between. 


Thin shields with low values of absorption loss can experience re-reflections which may cause the estimates of 
shielding effectiveness to be in error. If the absorption loss is less than 10 dB, see Volume I, Section 8.3.3 for 
ways to account for the effect of re-reflections. 


d. Consider the use of thin metal foils for shielding high frequency (broadcast frequencies and above) 
plane and electric fields. Use Figures 1-89 and 1-90 to estimate the amount of shielding that can be achieved 
with copper and aluminum. 


1.8.4 Construction_Guidelines. 
a. Securely ground all metal shields. 


b. All seams and joints must be well bonded. Welded seams are highly desirable in enclosures which 
must provide a high degree (2 80 dB) of RF shielding or are intended for EMP protection. Where welding is 
impractical, solder or knitted wire gaskets should be used to supplement the mechanical fasteners (see 


Volume I, Section 8.5.2). Figures 1-91 and 1-92 show two recommended techniques for constructing seams in 
shields. 


c. Limit openings (windows, doors, ventilation ports) and penetrations (signal lines, power lines, 
utilities) to the lowest possible number and restrict their dimensions to a minimum. 


(1) If holes through the shield are necessary, see Volume I, Section 8.4.3 to determine the 
optimum size and spacing. 


(2) Use honeycomb (see Volume I, Section 8.5.3.1) for the shielding of ventilation ports wherever 
possible. Where forced ventilation is used through ports shielded with either honeycomb or wire mesh, predict 
the pressure drop with the aid of Figure 1-93. (A larger blower will generally be necessary to provide the same 
volume of air through a shielded port than would be required through an unshielded port.) 


d. _Peripherally bond metallic utility lines to the shield at the point of entrance. Nonmetallic lines 


entering through waveguide-below-cutoff (see Volume I, Section 8.5.3.1) ducts or tubes may also be used for 


water, gas, compressed air, etc. 
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Metal 


Alfenol 
Beryllium 
Brass 
Cadmium 
Chromax 
Chromium 
Cobalt 
Constantan 
Copper 
Gold 
HyMus0 
Iron, pure 
Iron, Swedish 
Tron, cast 
Kovar A 


Lead 
Magnesium 
Manganin 
Monel Metal 


Mumetal 


Nickel 


Nickel-silver 


Palladium 
Permalloy 
Permendure 
Platinum 
Rhodium 
Rhometal 
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Table 1-29 


Relative Conductivity and Relative Permeability of Common Metals 


Relative 


Conductivity 


g,) 


O11 
377 
442 
.230 
017 
.663 
177 
.039 
1.000 
£707 
.030 
.178 
ok 72, 
057 
.006 


.079 
387 
.039 
041 


.034 - .069 


.250 
.062 
.160 
.038 
.066 
.164 
.338 
019 


Relative 
Permeability 
(u m) 
Initial Maximum 
3,450 116,000 
1 
1 
1 
1 
70 250 
1 
1 
20,000 100,000 
25,000 350,000 
250 5,500 
100 600 
1 
1 
20,000 100,000 
110 600 
1 
2,500 25,000 
800 4,500 
1 
1 
1,000 5,000 
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Comments 


66% Cu, 34% Zn 


15% Cr, 35% Ni, 50% Fe 


55% Cu, 45% Ni 
Commercial annealed 


80% Ni, 20% Fe 
Annealed 


29% Ni, 17% Co, 
0.3% Mn, 53.7% Fe 


84% Cu, 12% Mn, 4% Ni 
67% Ni, 30% Cu, 1.4% Fe, 
1% Mn 

71-78% Ni, 4.3-6% Cu, 
0-2% Cr, bal. Fe 


64% Cu, 18% Zn, 18% Ni 
45% Ni, 55% Fe 


50% Co, 1-2% V, bal. Fe 


36% Ni, 64% Fe 
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Table 1-29 (Continued) 


Relative Conductivity and Relative Permeability of Common Metals 


Relative Relative 
Metal Conductivity Permeability Comments 
(g.) (u,) 
Initial Maximum 

Sendust .022 - .029 30,000 120,000 10% Si, 5% Al, 85% Fe 
(cast) 

Silver 1.064 1 

Steel .078 - .133 50 100 0.4%-0.5% C, bal. Fe 

Steel, manganese 025 13% Mn, 1% C, 86% Fe 

Steel, silicon 034 500 7,000 4% Si, 96% Fe (hot rolled) 

Steel, stainless 019 0.1% C, 18% Cr, 8% Ni, 
73.9% Fe 

Supermalloy 029 100,000 1,000,000 719% Ni, 5% Mo, 16% Fe 

Tin 151 | 

Titanium .036 

Tungsten 315 | 

Zinc .287 1 

e. Cover all openings required for visual access with wire screen or conductive glass (see Volume I, 


Section 8.5.3.2). Insure that the screen or glass is carefully bonded to the enclosure around the perimeter of the 
opening. 


f. Doors should be metal with solid, uniform contact around the edges. Wire mesh gaskets or finger 
stock should be provided. 


g. For large shielded enclosures where high traffic volume is expected, consider the use of waveguide- 
below-cutoff hallways. 


1.9 COMMON-MODE NOISE AND INSTRUMENTATION. There are several steps which can be taken during 
the design and construction stages of a facility to minimize subsequent common-mode noise problems in 
instrumentation, equipment, and systems. The recommended steps should be recognized as being appropriate 
for interference control in general and not limited strictly to common-mode noise. 
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Figure 1-86. Nomograph for Determining Magnetic Field Reflection Loss (1-17) 
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Figure 1-87. Nomograph for Determining Electric Field Reflection Loss (1-17) 
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Figure 1-88. Nomograph for Determining Plane Wave Reflection Loss (1-17) 
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Figure 1-89. Shielding Effectiveness of Aluminum Foil Shielded Room (1-18) 
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Figure 1-90. Shielding Effectiveness of Copper Foil Shielded Room (1-18) 
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Figure 1-91. Formation of Permanent overlap Seam 
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Figure 1-92. Good Corner Seam Design 
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1.9.1 Design Practices. 


a. Sensitive data and instrumentation facilities should be located as far as possible from high voltage 


(66 kV and above) transmission lines. 


b. The routing of data and signal lines should be perpendicular to main power lines wherever possible. 
Where parallel runs cannot be avoided, maximum separation must be maintained. In many instances, routing of 


the data and signal cables in ferrous conduit may be necessary. 


c. Distribution feeders to the facility should be routed perpendicularly to high voltage power lines, if 
possible. In any event, long parallel runs between distribution feeders and the main power line should be 


avoided. 


d. Where overhead distribution lines are necessary, pre-assembled aerial cable should be used in 
preference to open wires. Since the conductors of pre-assembled aerial cable are twisted, the associated 


magnetic field is greatly reduced. 


e. All internal distribution power conductors near sensitive test and measurement facilities and 
carrying more than 5 amperes should be twisted. A suggested rate of twist is one complete twist for each 
length equal to approximately 25 times the diameter of the insulated power conductor. 


f. Metallic enclosures should be used for power conductors wherever possible to take advantage of the 


shielding they offer. In order of preference, the types of enclosures recommended are: 


(1) Conduit. From the standpoint of noise reduction, rigid steel conduit is the most effective 
enclosure for power conductors and should be used wherever practical. Electrical metallic tubing (EMT) and 
rigid aluminum or copper conduit provide effective electrostatic shielding, but their magnetic shielding 
properties are at least an order-of-magnitude poorer than rigid steel conduit. 


(2) Cable armor. Armored cable is sometimes used in lieu of conduit and individual insulated 
conductors. The armor provides an effective electrostatic shield but is not as effective as rigid steel conduit 


for magnetic shielding. Steel armor is preferable to aluminum or bronze. 


(3) Flexible conduit. Because of its construction, standard construction grade flexible conduit is a 
poorer electrostatic shield than either of the above and provides considerably less magnetic shielding than rigid 
steel conduit. It is recommended that the use of flexible conduit be restricted to short lengths and only where 
required to absorb vibration or to permit position adjustment of the equipment or device served. 


(4) | Wireway or cable tray. Wireways, which are rectangular sheet metal duct-like enclosures, and 
cable trays are not nearly as effective for electrostatic or magnetic shields as rigid steel conduit. Unless the 
wireway or cable tray is made of a ferrous metal and all discontinuities are carefully bonded, its use for the 
shielding of power conductors should be limited. 
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g. Electrical power equipment such as transformers, line voltage regulators, motors, generators, and 
switching devices should be separated as far as possible from data system equipment and conductors. The 
architectural arrangement of the facility should allow for the maximum distance between these devices and the 
data systems. This requirement also applies to heating, ventilating, and air conditioning equipment which 
utilize electric motors and high amperage switching devices. The maximum distance will be limited by the 
voltage drop which can be tolerated in feeders to the system equipment. 


h. Use squirrel cage induction motors, which do not utilize slip rings or commutators, wherever 
possible. 
i. Where necessary to specify motors with commutators, specify those properly designed to minimize 


arcing. Arcing at the commutator or slip rings can be decreased by careful mechanical design such as requiring 
adequately sized shafts and bearings which maintain concentricity to minimize brush bounce and vibration. 


1.9.2 Instrumentation Considerations. Where transducers and associated processing devices are to be installed 
as an integral part of a facility, the instrumentation system must be designed and installed such that it does not 
compromise the single-point signal ground networks used by other lower frequency systems. In particular, 


where the systems interface, care must be utilized to assure that the grounding integrity of each is maintained. 


Derive the ac power for the test equipment from the same branch circuit supplying the equipment or system 
being measured. If this practice raises system reliability problems, low amperage breakers or fuses should be 
provided for the test equipment outlets. If the outlets for test equipment cannot be connected to the branch 
circuits feeding the primary equipment, then the test equipment branch circuit should be restricted only to test 
equipment use. In particular, rotating machinery, industrial machines, appliances, vending and office machines, 
and any other non-EM1 protected equipment should not be connected to that branch circuit. 


1.10 EMP PROTECTION. EMP protective measures are based on intercepting the incident energy and 
dissipating it or reflecting it away from the threatened device, equipment, or facility. These measures are 
implemented by providing adequate metal shielding around the facility (or the equipment inside); by installing 
fast response surge arresters on power, signal, and control lines; by terminating the shields and arresters in an 
earthing connection offering a low impulse impedance; by carefully controlling the points of penetration of 


collectors; and, finally, by paying particular attention to all bonds throughout the protective system. 


1.10.1 Earth Connection. A radial, or star, configuration is preferred to other types of earth electrode 
subsystems because of its lower impulse impedance (see Volume I, Section 2.6.3). Where EMP protection is to 
be provided in addition to conventional signal and safety protection, supplemental radials may be added to the 


conventional system. 


One low-impulse impedance radial should be placed at each location where there are over voltage arresters or 
protectors on incoming external lines or conductors. An example of such a location is the point where 
commercial power lines enter the first stepdown transformer. Another location is at the point where external 
conductors enter the shelter itself and where protectors or arresters are located. 
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Water pipes or conduit should be connected to the earth electrode subsystem to prevent ground currents from 
entering the structure. Further, at the first service disconnect the ac neutral should be grounded at only one 
point (to EES) to prevent the possibility of damage to transformers from circulating currents. This does not 
negate the NEC requirement to ground the neutral at the transformer. 


1.10.2 EMP Shield Applications. 


a. | Whenever feasible, shielding of the overall building should be done in preference to room or area 
protection. Individual room or area shields should only be utilized to provide additional protection of critical 
equipment when normal protective methods will not reduce EMP to an acceptable level, or where, in 
retrofitting an existing structure, the cost of protecting the entire building is excessive. 


b. Commercial enclosures may be used for small rooms and bolted construction is acceptable. For 
large room construction, however, continuously welded steel is preferred. 


c. Electrical wiring and components should be protected from EMP fields by a shield such as ferrous 
conduit, RF shielded raceway, or cable armor, that completely surrounds the items to be protected. Electronic 
components may be shielded with sheet metal housings. 


d. All metallic penetrations of the facility shielding should enter at a common location as illustrated in 
Figure 1-94. All shielded cables, conduits, and pipes should be bonded to an entry plate as shown in 
Figure 1-95. This plate should be large enough so that no penetrations will occur within 1 foot of the nearest 
edge. The entrance plate should be continuously welded, around its perimeter, to the building shield. The 
conduit should be of steel with threaded or welded couplings. Conduit runs should be as short as practical with 
joints held to a minimum. Transient protection for cables entering a building at points away from the building 
entry plate is provided by following procedures outlined in Section 1.3.3.5.26. 


1.10.3 EMP Bonding Practices. 


a. Homogeneous welds should be used whenever possible because they offer the best protection against 
penetration of the EMP signal. 


b. When bolts are used as fasteners, the body of the bolt should not be welded or brazed. The nut and 
washers should be located inside the shield region where they will not be exposed to the incident field. Nuts 


should be checked for tightness periodically during EMP hardness assurance test cycles. 


c. Pipes, conduit, and connector shells should be welded or brazed to the shield completely around their 


perimeter at the point of penetration of the shielded region. Conductors used for grounding purposes shall not 
penetrate any metallic barrier designated as an EMP shield ,i.e., shielded enclosure, EMP vault etc., but shall 


rather be bonded to a welded stud on the barrier. 


d. Indirect bonding jumpers and straps should be as wide as practical and as short as possible to 
minimize the inductance of the path for the EMP-induced current. 
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Figure 1-94. Typical Single-Point Entry for Exterior Penetrations (Top View) 
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Figure 1-95. Entry Plate Showing Rigid Cable, Conduit, and Pipe Penetrations 
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1.10.4 Construction Guidelines (1-14). The following is a list of additional construction practices which have 
proven effective in reducing problems of EMP interference and/or instrumental damage: 


a. Isolate power by using internal motor-generator sources and installing lightning arresters on lines. 

b. Put all external wires in continuous, properly grounded ferrous conduit. 

c. Screen over air-conditioning ducts, where they enter shielded areas, must be peripherally bonded to 
the shield. 

d. Interconnect the steel reinforcing bars in concrete into the shielding and grounding systems for the 
structure. 

e. Use lightning arresters on power station transformers. 

Tf; Provide all surge arresters with shortest possible leads. 

g. Ground cable outer shields and insure that the shields are continuous and closed throughout their 
lengths. 

h. Bury power and signal cables in ferrous conduit as deeply as is economically feasible (greater than 


0.9 meter (3 feet)) to reduce current surges and to slope wave fronts induced on the cables. 


i. Install transient protective devices (TPD's) on all antennas and other electric lines exposed to the 


external environment. 


cf Educate personnel in proper protection practices; for example, extension cords connected to outside 


plugs should not be brought into shielded areas. 


k . Bond together and ground all nonelectrical conductors such as elevator cables, metal airducts, and 
storage cabinets. 


1. All conduit penetrations must be peripherally bonded to the shield. 


m. Avoid use of nonconducting lubricants when fastening conduit pipes together. 


n. Ensure that a low resistance circumferential electrical weld exists wherever conduit penetrates the 
EMP barrier. 

0. When closed, the cover should provide peripheral contact with the box. 

p. Either use adequate surge protection on oil-filled transformers and other high voltage gear to 


prevent explosions or use only dry transformers inside the shielded enclosure. 
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q. Provide adequate surge protection for emergency power equipment. 

r. Do not rely on fuses or circuit breakers for EMP protection. 

S. Provide automatically closing doors in preference to manually closed doors. 

t. Put single-phase protection on each phase of S-phase power systems as well as on the neutral. 

u. Use passive low pass L-C radio interference filters on signal, control, and telephone lines. 

v. Since electromagnetic fields in the corners of a shielded structure are usually higher than in other 


parts of the structure, when convenient do not locate known sensitive equipments in corners. 


1.11 MILITARY MOBILE FACILITIES. 


1.11.1 General Tactical Grounding Requirements. 


1.11.1.1 Facility Ground System. The facility ground system connects any metallic element of the associated 
subsystems to earth by way of an earth-electrode configuration. It establishes a reference potential common to 
any equipment or subsystem, and makes the ground potential available throughout the system. This section 
describes the four subsystems that comprise the facility ground system and should be addressed during the 
design and installation of any electrical and electronic equipment, subsystem, and system. Although, it is not 
possible to have a fixed set of rules governing the grounding of all conceivable electrical or electronic 
equipment or system configurations, the guidelines presented here should be adapted to the requirements of a 
particular tactical installation. 


1.11.1.1.1 Earth Ground. A good, basic earth ground or earth electrode subsystem is the fundamental network 
for establishing a ground point for the three remaining ground subsystems; lightning/EMP, signal reference, and 
fault protection. An ideal earth electrode subsystem will provide a common potential reference point anywhere 
in the system to eliminate undesirable voltages and currents. 


1.11.1.1.1.1 General Earth Electrode Subsystem Requirements. An earth electrode subsystem is a network of 
electrically interconnected rods, plates, mats, or grids installed with a system to establish a low-resistance 
contact with earth. As a design objective, the dc resistance to earth of the earth electrode subsystem should 
not exceed 10 ohms. 


1.11.1.1.1.2 Earth Electrode Subsystem Types. There are earth electrode subsystems for the following two 
types of facilities: 


a. Fixed Site Facilities. Descriptions of earth electrode subsystems installed in fixed facility or 
semi-permanent buildings or installations are contained in Sections 1.2 and 1.4. 
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b. Tactical Facilities. Tactical earth electrode subsystems are connected to existing buried low 
resistance facilities, if available, or to driven ground rods or ground-rod configurations. Total resistance to 
earth is affected by the type of soil, contact resistance between ground rod and soil, and by the connector 


resistance. 


1.11.1.1.1.3 Soil Resistance. Resistivity of the soil into which the earth electrode subsystem is buried 
constitutes a basic constraint on achieving low ground resistance. Soil resistivity, measured in ohm-m, is 
defined as the electrical resistance of a cube of homogeneous material (soil). Table 1-30 contains sample 
resistivity values of various soil types. Soil temperature and moisture content are other variables affecting 
ground resistance. Ground resistance increases inversely as the soil temperature with only slight changes in 
ground resistance occurring above 32 degrees Fahrenheit. Soil resistance also varies widely as a function of 
moisture content. Additional information on soil resistance is contained in Sections 1.2.2 and 1.2.3 of this 
Volume, and Section 2.3 of Volume I. 


1.11.1.1.1.4 Ground Rod Resistance. Ground rod resistance is primarily a function of the depth the rod is 
driven into the earth and the soil resistivity. Theoretically, the resistance (R) of a ground rod driven vertically 
into uniform soil is: 


m8 te AR 
R= Oi In a (1-3) 


where p is the resistivity of the soil, and d are the rod’s length and diameter, respectively. Figure 1-96 
illustrates the measured effect of rod length on total ground resistance. 


1.11.1.1.1.5 Ground Resistance Shells. Associated with a driven ground rod injected with current are 
imaginary ground resistance shells. The concentric shells of resistance outward from the rod are a function of 
the earth’s resistance to flow of current. The shell having the smallest cross-sectional area closest to the 
ground rod will exhibit the largest incremental resistance. Approximately 90 percent of the shells of total 
resistance to the earth occur, on the average, within a radius of two rod lengths from the electrode. 


1.11.1.1.2 Power Ground. Power supplied to tactically-deployed equipments and systems may be derived from 
three sources; transportable ac power generators, commercially-available ac power, and battery supplied dc 
power. The ac neutrals are always floated on the load side of the first service disconnect within the shelter. 
The 5-wire system described in 1.11.1.1.2.1 is preferred for new systems. If multiple shelters are serviced from 
a single power source (transformer or generator), or if hum is encountered, the neutral conductor should be 
grounded at the source only. 


1.11.1.1.2.1 Three-Phase Power Distribution System. Transportable power generators presently used with 
military mobile equipments are 3-phase, 4-wire, 120/240 V ac wye distribution systems. Ground points of a 
S-phase wye system are illustrated in Figure 1-97. Five-wire ac power grounding requires that the neutral 
(white) or grounded conductor be connected to an earth ground at the source (generator or transformer) and 
again at the supply side of the first service disconnect/power entry panel (PEP). The grounding (green) 
conductor should also be connected to earth ground at the first service disconnect and at the transformer. 
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Table 1-30. Soil Resistivity (ohm-m) 


Resistivity 

Type of Soil Minimum Average Maximum 
Sandy, dry, flat, typical 3 x 10° 5 x 10° 5x 10° 
coastal areas 
Fills, ashes, cinders, brine, 6x 10° 2.5x 10° 7x 10° 
waste 
Clay, shale, gumbo, loam 3x 10° 4x 10° 2x 10° 
Same as above with varying 10° 1.5 x 10° 10° 
proportion of sand and gravel 
Gravel sandstones with little 5 x 10° 10° 10° 


clay, loam, or granite 


1.11.1.1.2.2 Single-Phase Power Distribution System. Commercially-supplied ac power is single-phase, 
110/220V. Power neutral of these systems is first grounded at the transformer secondary and also at the first 


service disconnect. Figure 1-98 illustrates the ground connections of a single-phase power system. 


1.11.1.1.2.3 DC Power System (2-Wire). A 2-wire dc power generator is grounded by connecting either the 
positive or negative conductor to ground at one point only, preferably at the source. The neutral (or grounded) 
conductor should not be grounded at the Power Entry Panel (PEP), Figure 1-99 shows the ground connections 
for the 28 V dc power system. The 3-wire dc power system requires that the neutral wire (white) or grounded 
conductor be connected to the earth ground at the source (generator or transformer) only. 


1.11.1.1.3 Lightning/EMP Protection Subsystem. Low resistance earth grounds are important for 
lightning/EMP ground subsystems. For these subsystems, low resistances to earth are necessary to reduce the 
possibility of arcing generated by potential differences between the earth and nearby equipments or shelters 
and to reduce step potentials and voltage gradients in the vicinity where a lightning discharge enters the earth. 
See Sections 2.8.1.3 and 3.6.3.4 of Volume I for additional information. The need for lightning protection in a 
tactical environment is determined by the frequency and intensity of lightning activity in the area and by the 
type of structures needing protection. The lightning protection subsystem down conductor should be connected 
to the earth electrode subsystem at a point removed from the signal reference and fault protection subsystem. 


Two general ways of protecting against lightning damage are air terminals and surge protection devices. 


1.11.1.1.3.1 Air Terminals. To protect a shelter from damage caused by a lightning stroke, an air terminal of 
adequate mechanical strength, length, and electrical conductivity to withstand the stroke must be provided to 
intercept the discharge before it penetrates the structure. A low-impedance path (cable) must be established 
between the air terminal and earth electrode subsystem. The resistance of the earth electrode subsystem 
should be less than 10 ohms. Detailed construction of air terminal systems are given in Section 1.3.2.1. 
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Figure 1-96. Effect of Rod Length on Ground Resistance 
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Figure 1-97. Grounding of 120/208V 3-Phase, 4-Wire Wye Power Distribution System 
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1.11.1.1.3.2 Terminal Protection Devices. Terminal Protection Devices (TPDs) and electromagnetic shields 
provide additional means of lightning and/or EMP protection (Section 1.3.3.5.11). The TPDs are fast-response 
protection devices installed on exposed circuits such as power lines, signal, and control cables. Lead lengths of 
each TPD shall be kept to an absolute minimum. They are installed on lines for the purpose of shunting 
extraneous pulses to ground and are typically installed on signal and power lines at their point-of-entry into a 
shelter’s signal entry panel. Examples of commonly used terminal protection devices are carbon blocks, gas- 
filled spark gaps, zener diodes, and EMI power and signal line filters. Surge arresters used to protect a system 
against lightning may serve to protect it against certain types of EMP given the response time of the arrester is 
properly designed (see Volume I, Section 10.4.2.3). 


1.11.1.1.4 Signal Reference Subsystem. Grounding techniques used in the signal reference subsystem are a 
function of operating frequencies. Lower frequency circuits (30 kHz and below) shall be single point grounded. 
Higher frequency circuits (above 30 kHz) shall employ an equipotential plane which may, in the case of a 
metallic van or shelter, be the skin of the housing. All equipment cases or cabinets must be bonded to the 
equipotential planes by the shortest and most direct route. In fixed site facilities an equipotential plane will be 
installed in accordance with Section 1.5.1. If a combination of both higher and lower frequencies circuits exist, 
use the higher frequency signal ground technique. All digital circuits are considered higher frequency signal 
circuits. Signal reference subsystems, in a multishelter configuration shall be bonded to a common earth 
electrode subsystem at one point only to minimize inter-shelter interference on signal cabling. 


1.11.1.1.5 Fault Protection Subsystem. The fault protection subsystem (grounding/green conductor) shall be 
designed to carry current only in the event of equipment or system faults. The fault protection subsystem 
includes equipment racks, cabinets, conduit, junction boxes, raceways, ductwork, pipes and other normally non- 
current carrying metal elements. For shelterized equipments, the fault protection subsystem is connected to 
the earth electrode subsystem via the power entrance panel. Care should be taken to ensure the fault 
protection subsystem and the signal reference subsystem are not connected to the earth electrode subsystem at 
the same point. 


1.11.1.2 Measuring Ground Resistance _in Tactical Environments. The resistance to earth of the earth 
electrode subsystem shall be measured by the fall of potential technique (see MIL-STD-188-124A para 5.1.1.1.7 
or Section 2.7.2 of Volume J). If the tactical situation does not permit this method to be used, the three-point 


or triangulation method is an adequate substitute. Section 2.7.3 of Volume I refers. 


1.11.1.3 Reducing Ground Resistance in Tactical Environments. Three basic methods should be considered for 
grounding tactical equipments and systems; (1) utilization of earth electrode subsystems of existing/permanent 
facilities, (2) utilization of recently configured earth electrode, ground rod/ground rod configurations, and (3) 
utilization of antenna counterpoises (including radial grounds). These methods and means of reducing related 
resistance are described below. 


1.11.1.3.1 Existing Facilities. Wherever feasible, installation of earth electrode subsystems should take 
advantage of the low-resistance properties of existing facilities such as water pipes, water well casings, 
plumbing, and other metals embedded in and in contact with the earth. Resistance of the facilities should be 
measured prior to use to determine if the 10 ohm or less resistance criteria is met. Use of existing facilities as 


grounding means is especially desirable in permafrost situations. 
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Figure 1-98. Grounding of Single-Phase, 3-Wire 110/220V Power System 
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Figure 1-99. Grounding of 28V DC P-Wire DC Power System 
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1.11.1.3.2 Multiple Electrode System. The resistance of a single vertically driven ground rod may also be 
reduced if additional ground rods are connected in parallel with the given ground rod using a 1/0 AWG bare 
copper cable to interconnect the rods. It is however important to note that total system resistance is sensitive 
to electrode spacing. Electromagnetic interaction between multiple (M) ground rods that are spaced too closely 
prevents the resistance of the total earth electrode subsystem connected in parallel from being 1/M times the 
resistance of a single rod. If the electrodes in a multiple electrode system are spaced at 1.5 to 2 times the 
length of a rod, the interactive influence is minimized and total resistance of the system will approach the 
ideal. 


1.11.1.3.3 Earth Electrode Subsystem. The earth electrode subsystem should, soil and tactical conditions 
permitting, consist of properly spaced ground rods interconnected in parallel by a bare 1/0 AWG copper cable. 
The interconnecting cable for tactical situations should be clamped to the ground rods to facilitate installation 
and transportability. Earth electrode subsystems shown in Figures 1-9 and 1-100 may be installed around the 
perimeter of temporary enclosures housing several stand-alone equipments such as portable single subscriber 
terminals, telephones, or small switchboards. These earth electrode subsystems should extend 0.6 to 1.8 meters 
(2 to 6 feet) beyond the dripline of the enclosure to ensure that any form of precipitation wets the soil around 
the system. Earth electrode subsystems in radial or star configurations may be employed but are less suitable 
for (a) grounding equipments operating at rf such as radar or microwave systems, or (b) providing low impedance 
grounds between interfacing shelters required to lessen interference or voltage surges caused by lightning 
discharges. Means of calculating ground resistance of the entire earth electrode subsystem are described in 
Section 2.6 of Volume I while measurements of these systems are described in Section 2.7. 


1.11.1.3.4 Chemical Treatment. The resistance of driven ground rods may be reduced by chemically treating 
the soil around the rod and the interconnecting cable/wire. Addition of ion-producing chemicals such as 
magnesium sulphate (epsom salts), sodium chloride (table salt), and potassium nitrate (saltpeter) as well as 
bentonite to the soil adjacent to an electrode has the net effect of increasing the apparent cross-sectional area 
of the electrode and minimizing the current density of the soil. Use of magnesium sulphate or bentonite is 
recommended because of their low corrosive effect on metal and high electrical conductivity. A circular 
trench approximately 0.3 meters (1 foot) deep and 0.9 meters (3 feet) in diameter should be dug around the 
electrode at a radius of 0.45 meters (1.5 feet) from the center of the electrode. The trench is filled with the 
saline solution and covered with earth. In order to provide the best distribution of the treating material with 
the least corrosive effect the solution should not actually touch the electrode. Additional information is 
provided in Section 2.9 of Volume I. 


1.11.2 Detailed Tactical Grounding Requirements. 


1.11.2.1 Introduction. It is important that serious consideration be given to grounding implementation. Proper 
grounding can have a significant impact on the ability to maintain communications under adverse conditions. 
This section contains grounding requirements for tactical deployments of mobile equipment. Grounding 
methods set forth are based not only on implementation considerations but also on complying with specific 
measured resistance requirements. The tactical deployments of mobile equipments are considered to be of four 


types; i.e., stand-alone equipment, stand-alone shelter, collocated equipments and collocated shelters. 
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1.11.2.1.1 Training. Installers and operators of communications equipment should be formally trained in the 


installation and maintenance concepts of grounding systems. This training should include instructions in the 
various types of grounding techniques and configurations, such as those listed: 


Typical Training Requirements 


Grounding Techniques - Resistance Measuring Methods 
Reduction in Ground Resistance 


Initial Establishment of Grounding Systems as a Function of Terrain 


Grounding Configurations - Earth Electrode Subsystem (Single Ground Rod) 
Earth Electrode Subsystem (Multiple Ground Rods) 
Equipotential Plane 
Antenna Counterpoises 
Radial Single-Point Ground Networks 
Ground Systems on a Nodal Basis 


1.11.2.1.2 Testing. Ground resistance measurements should be made upon installation of a ground system and 
at periodic intervals should the system remain in place for any length of time, or at any time extraneous noise 
occurs in the system. An earth resistance measurement set should be authorized to each unit to perform these 
resistance measurements. The earth resistance goal of 10 ohms or less should be obtained for stand-alone and 
collocated equipment. Where collocated equipment systems are separated by greater than 8 meters (26.5 feet), 
their difference in resistance-to-ground measurements in tactical situations may be higher. If noise or other 
undesirable effects are produced as a result of these higher ground resistance differences, the earth electrode 
subsystems of each facility should be interconnected using two bare 1/0 AWG copper cables or chemical 
treatment for soil enhancement should be applied to the subsystem having the higher resistance. 


1.11.2.2 Stand-Alone Equipment. 


1.11.2.2.1 General Description. The stand-alone equipments of the military mobile system are generally self- 
contained transportable field equipment. These equipments interface with other equipment over WF-16 wire or 
coaxial cables. Stand-alone equipments generally are totally self-contained with integral power supplies and 
grounding system. The primary emphasis of low resistance grounds for stand-alone equipments is to assure 
personnel safety and lightning protection. Lightning protection is needed to protect operating personnel from 
the effects of lightning that may impinge upon interfacing cable or from direct strike on the shelter. 


1.11.2.2.2 Grounding Procedure. Means of providing lightning and safety protection on stand-alone equipments 
include low resistance grounds and installation of surge arresters on interfacing cabling. 


1.11.2.2.2.1 Low Resistance Grounds. Obtaining and maintaining low resistance grounds are the responsibility 
of user personnel. To provide adequate lightning protection the resistance to ground should be less than 
10 ohms. Realizable grounding alternatives for stand-alone equipments are: 


1.11.2.2.2.1.1 Existing Facilities. If available, operating personnel should connect an interconnecting ground 
cable to an existing low resistance facility as specified in 1.11.1.3.1. 
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1.11.2.2.2.1.2 Earth Electrode Subsystem, Single Ground Rod. A single driven ground rod connected to the 
equipment via an interconnecting cable may be used, if the design resistance value is achievable. The rod 
should generally be between 1.8 and 3.0 meters (6 and 10 feet) long. Selection of the required type of ground 
rod should be based upon the expected soil conditions at the tactical site location. The resistance between the 
rod and earth should be measured in accordance with Section 2.7.2 of Volume I. Where measured resistance is 
not low enough, a saline solution (see 1.11.1.3.4) should be added to the soil adjacent to the rod to reduce ground 
resistance. 


1.11.2.2.2.1.3 Earth Electrode Subsystem, Multiple Ground Rods. Where soil resistance cannot be reduced by 
chemical means additional electrodes may be connected in parallel with the given ground rod. The 
interconnecting cable should be 1/0 AWG bare copper cable, and the ground rods should be spaced 1.5 to 2 rod- 
length’s apart to minimize overlapping shells (see 1.11.1.1.1.5). 


1.11.2.3 Stand-Alone Shelter. 


1.11.2.3.1 General Description. A stand-alone shelter is comprised of equipment housed in a mobile metallic 
shelter and typically, is not situated close enough to other equipments to merit construction of a common 
extensive earth electrode subsystem between its interfacing systems. Power supplied to the shelter may come 
from a power generator or a commercial source. Interfacing with the shelter may be through the power cable. 
The need for grounding stand-alone shelters is to provide a ground for (a) the fault protection subsystem, (b) to 
“bleed off” static charges or EMI from interfacing signal cables, (c) the signal reference subsystem, and (d) the 
(signal reference subsystem), lightning protection subsystem. 


1.11.2.3.2 Interconnection _of Subsystems. The signal reference and fault protection subsystems are connected 
to the earth electrode subsystem because of the following reasons: (1) the skin of the shelter generally serves 
as the equipotential plane for the signal reference subsystem, (2) the electronic equipment systems are 
connected directly to the skin of the shelter by the shortest route possible, and (3) the fault protection 
subsystem is connected to the grounding bus in the power entrance panel, and in turn, to the earth electrode 
subsystem. Since the power entry panel is bonded to the skin of the shelter, no loops are formed, and 
everything within the shelter will remain at the same potential in the event of power faults, EMP, lightning or 
EMI. If the lightning activity in the deployment area warrants additional shelter protection, air terminals 
should be installed atop the shelter as per 1.11.1.1.3.1. If the installation is long-term, lightning protection 


shall be mandatory. 
1.11.2.4 Collocated Military Mobile Equipments. 


1.11.2.4.1 General Description. Collocated mobile equipments are equipments operating individually but 
housed together within a single transportable enclosure, e.g., tarpaulin. Typically, these equipments are not 
rack mounted and may be situated on the ground. Metallic shelter enclosures are not considered here 
(reference 1.11.2.5). Intra-enclosure communication links may exist among equipments, but normally links are 
established between an equipment and an external system. Basic operational characteristics of collocated 
equipments are similar to stand-alone equipments. Grounding requirements are primarily for personnel safety 
from lightning and power faults. 
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1.11.2.4.2 Grounding Procedure. Each stand-alone equipment is deployed with at least one ground rod. If the 
total number of equipments within the enclosure are small enough and can be positioned such that the ground 
rod for each can be used without compromising grounding integrity, then existing low resistance facilities or a 
single driven ground rod per equipment may be used (reference 1.11.2.2.2.1) to ground collocated equipments. 
Where large numbers of equipments are housed within an enclosure for which the individual grounding procedure 
is not reasonable, a simple earth electrode subsystem should be deployed around the enclosure. The size of the 
ground system and the number of attached rods needed to achieve the required ground resistance should be 
determined according to 1.11.1.3.3. In deployment areas requiring additional lightning/EMP protection 
measures described in 1.11.1.1.2 shall be incorporated. 


1.11.2.5 Collocated Shelters. 


1.11.2.5.1 General Description. Collocated shelters are transportable metallic shelters that share common 
signal and/or power cables and are classified in two general categories; those located within 8 meters 
(26.5 feet) of one another and those located greater than 8 meters (26.5 feet) from one another (see 
Figure 1-100). Collocated shelter configurations are typical of an equipment system that must be housed in 
multiple shelters. Grounding requirements for collocated shelters are required to provide personnel and 
equipment protection from the effects of lightning power faults and to provide a reference for signal grounds. 
Particular consideration must be given to collocated shelters receiving power from the same power source or 
communicating over inter-shelter signal cables. The need to establish an all encompassing shelter grounding 
system for collocated shelters situated more than eight meters apart should be a function of ground resistance 
measurements taken at each shelter site. The ground system of each shelter should be interconnected as shown 
in Figure 1-100 using two bare 1/0 AWG copper cables. If noise or other undesirable effects are produced as a 
result of these higher ground resistance differences, the system having the higher resistance can be reduced by 


use of chemical treatment or enhancement described in 1.11.1.3.4 or Section 2.9 of Volume I. 


1.11.2.5.2 Grounding Procedure. 


1.11.2.5.2.1 Power Ground. Shelters powered by a single, common power source should have all grounded 
conductors (neutrals) grounded to one point at the generator. Where several power generators are connected in 
parallel, the power neutrals of the generators should be interconnected and grounded at a single point. For 
collocated shelters not sharing a common source but supplied by individual power sources, all neutrals may be 
bonded together and grounded at one point. The equipment shelters should share a common earth electrode 
subsystem if they are located within 8 meters (26.5 feet) of each other: 


1.11.2.5.2.2 Signal Ground. Collocated shelters less than 8 meters (26.5 feet) with interfacing communications 
cables should have the signal grounding conductors bonded to a common earth electrode subsystem (see 
1.11.1.3.3). This provides all interfacing shelters with a common signal reference plane. 


1.11.2.5.2.3 Fault Protection Subsystem. Intra-shelter green wire equipment grounding conductors should be 
grounded at the power entrance panel of each shelter via the earth electrode subsystem. 
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1.11.2.5.2.4 Lightning/EMP Protection. Electrical surge arresters should be used on all power and signal 
cables at the shelter points-of-entry to provide protection from lightning and EMP induced currents on 
inter-shelter cabling. Lightning protection should also be provided in accordance with Section 1.3. 


1.11.2.5.2.5 Collocated Shelters Greater_than 8 Meters Apart. Collocated shelters located greater than 
8 meters (26.5 feet apart refers to equipment systems consisting of multiple shelters (which has interfacing 
shelters located as much as 250 feet apart) as opposed to an equipment system in which all elements are housed 
in a single shelter. These shelters may therefore also be considered as stand-alone shelters. Where deployment 
requires shelters to be located more than 8 meters (26.5 feet) apart, grounding should be accomplished in 
accordance with Figure 1-100 and as follows: 


1.11.2.5.2.5.1 Ground Resistance Difference of Less Than 150 Ohms. If ground resistance measurements of all 
shelters differ by less than 150 ohms, ground each shelter as a stand-alone shelter (reference 1.11.2.3). 


1.11.2.5.2.5.2 Ground Resistance Difference of Greater Than 150 Ohms. If differences in ground resistance 
measurements are 150 ohms or more, take corrective action (reference 1.11.1.3) to reduce resistance, and 
ground each shelter as a stand-alone shelter (reference 1.11.2.3). 


l 

| 

Support Shelter | 
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Figure 1-100. Connecting Ground Subsystems for Collocated Shelters Greater than 20 Feet Apart 
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1.11.2.5.2.5.3. Earth Electrode Subsystem. The earth electrode subsystem of each shelter shall be inter- 
connected by two bare copper cables (see Figure 1-100). Tie all shelter earth electrode subsystems together to 


form a common earth electrode subsystem (reference Table 1-22 for appropriate size cable to be used). 


1.11.2.5.2.5.3.1 Power Ground. All grounded (neutral) conductors of each shelter should be grounded to the 
earth electrode subsystem via the power entrance panel. 


1.11.2.5.2.5.3.2 Signal Ground. The signal reference subsystem (skin or shelter) should be grounded at the 
earth electrode subsystem at a single point. 


1.11.2.5.2.5.3.3 Safety/Equipment_ Ground (Green Wire). The equipment grounding conductors of each shelter 
are connected to the ground bus at the power entrance panel which in turn is grounded to the earth electrode 
subsystem. 


1.11.2.5.2.5.3.4 Lightning/EMP Protection. Reference 1.11.2.5.2.4 for this requirement. If additional 
lightning protection is required, each air terminal with its associated down conductor should be grounded to 
ground rod of the earth electrode subsystem. This requirement may necessitate the installation of additional 
ground rods. 


1.11.2.6 Fixed Prefabricated Shelters. 


1.11.2.6.1 General Description. Fixed prefabricated shelters are generally designed having the major 
components prefabricated and then assembled on-site into a fixed shelter which can be considered as a fixed 
facility. As such, it will have its own earth electrode subsystem (ring ground) meeting the requirements of 
Section 1.2. It should also have a lightning protection subsystem meeting the requirements of 1.11.1.1.3.1 
whenever the shelter is located outside the cone of protection of a higher grounded tower. The shell of metallic 
prefabricated shelters should be constructed to be electrically continuous and grounded to the earth electrode 
subsystem to bleed off static charges and reduce the effects of interference to C-E equipments and circuits. If 
metallic and electrically continuous, the skin of a fixed prefabricated shelter may serve as the equipotential 
plane. If the skin is not metallic or electrically continuous, a separate equipotential plane meeting the 
requirements of Section 1.5 will be required. 


1.11.2.6.2 Electrical Connection. If the skin of the shelter is metallic, and electrically continuous, it shall be 
bonded to the grounding (green) cable of the fault protection subsystem at the first service disconnect or the 
power entrance panel which, in tur, is grounded to the earth electrode subsystem by the shortest route. Both 
the grounded (neutral) and grounding (green) wires are bonded together inside the first service disconnect, and 
grounded to the earth electrode subsystem. The grounded wire may, however, be lifted from ground if hum or 


noise problems are encountered when one power source supplies power to two or more shelters. 
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1.12 FENCES. 


1.12.1 Introduction. Perimeter or security fences designed as part of a facility’s ground system shall be 
constructed of galvanized steel chain-link fencing; vinyl-coating shall not be used. The supporting post and top 
rails or wire shall be electrically conductive materials. A #6 AWG (minimum) copper conductor, called a 
reinforcing wire shall be woven through the entire length of the fence. Both the fence post and the fence 
reinforcing wire shall be grounded periodically to ground rods. A suitable interval for the ground rods is 
100 feet for small sites and 500 feet for large sites. Installation will be shown on Figure 1-101. 


1.12.2 Grounding. Fences should be grounded on each side of every gate and, where crossed by high tension 
lines, at points 150 feet on each side of high tension crossing. If a fence consists of wooden post and horizontal 
metal strands only, down conductors should be run the full height of the fence post and securely fastened to 
each wire so as to be electrically continuous. The connection to the ground may be made at the post, if the 
post is metal and is electrically continuous with the fence. 


1.12.3. Installation. Installation of fence grounds shall be accomplished as follows: 


a. Thread a bare conductor, #6 AWG or larger, through individual links of the fence. This must be 
accomplished by threading two or three links at a time and pulling the conductor through until all slack has been 
removed; then repeat the process. The copper wire shall be continuous between posts. Splices, if required, 
shall be made at fence post bonds. 


b. Prepare bonding surface in accordance with Section 1.7.2. 
c. Bond reinforcing wires at each post with exothermic welds or by brazing. 
d. Bond ground straps to fence posts with exothermic welds or by brazing. Bonds to ground rods shall 


be exothermic welds or clamped and brazed. 


e. Seal all bonding surfaces in accordance with Section 1.7.3. 
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Figure 1-101. Method of Grounding a Fence 
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1.13 INSPECTION AND TEST PROCEDURES FOR A NEW FACILITY. The grounding, bonding, and shielding 
practices and procedures recommended in this chapter should be implemented as integral elements of the 
facility during the construction of the building or structure. To ensure that the implementation is accomplished 
in a timely manner, the construction efforts should be carefully monitored from the onset of excavation through 
completion of the facility. Prior to acceptance of the facility, complete the Facility Checkout Form provided 


in Section 1.13.6. The following guidelines are provided to aid in the inspection and checkout of the facility. 


1.13.1 Earth Electrode Subsystem. 


a. Observe installation procedures. Specifically see that the recommendations of Section 1.2.4 are 
observed. Verify that ground rods conforming to the sizes specified in MIL-STD-188-124A are used. If the 
ground rods are driven in place, see that driving collars or nuts are used to prevent damage to the rods. Watch 
for bent and broken or bulged couplings between sections. Seriously weakened or damaged couplings should be 
replaced before driven below grade. 


b. Spot check the resistance of rods as they are driven. Use the fall-of-potential method described in 
Section 2.2.2.2.1 to determine the resistance of a rod when it reaches the design or specified depth. With the 
aid of Figures 1-4, 1-5, and 1-6, project the net resistance of the total number of ground rods. This projection 
should indicate if the planned electrode subsystem will achieve 10 ohms (or less) resistance. As additional rods 
are driven, continue to spot check the resistance of individual rods by measuring the resistance at each 
successive fourth or fifth rod. This procedure will permit a decision to be made on the necessity for adjusting 
the electrode configuration (either adding to or subtracting from) to achieve the required resistance (see 
Section 1.2.2.3). 


c. See that cable interconnecting the rods is of a correct size (1/0 AWG). Inspect all connections 
between cable sections and all interconnections between cable and ground rods. All connections to be buried 
and subsequently made inaccessible must be welded or brazed. Restrict the use of clamps or bolted connections 
to locations which will remain accessible. 


d. Check to see that provisions are made for interconnecting the earth electrode subsystem with metal 
utility lines, buried tanks, and other underground metals. 


e. Verify that risers or cables of appropriate size are installed for lightning down conductor, signal 
ground, and power system ground connections (see Section 1.3.2.2). Ensure that risers used for lightning down 
conductors are not used as part of the signal reference or fault protection subsystems. 

f. Once the complete minimum system is installed, measure the resistance to earth for the system 
using the fall-of-potential method described in Section 2.2.2.2.1. If the resistance is greater than 10 ohms, 


alternate methods described in Section 2.9 of Volume I for reducing the resistance-to-earth shall be considered. 


g. Insure that all changes or modifications are properly indicated on the facility drawings. 
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1.13.2 Lightning Protection Network. 


a. Determine the cone of protection established by the air terminals (or by the mast or overhead 
ground wire, if a separately installed system is provided). Locate air terminals on a scaled drawing of the 
structure (be sure to include all views). Using the procedures of Section 1.3.2.1, determine if all parts of the 
facility are adequately included within the cones of protection established by the air terminals. In deficient 
areas, determine what additional measures, if any, need to be taken (Sections 1.3.2.1 and 1.3.2.2 should be 
consulted for guidance). 


b. Inspect air terminals for type of materials (Section 1.3.2.1.1), for correct height (Section 1.3.2.1.2), 
and proper placement (Section 1.3.2.1). 


c. Inspect roof conductors for proper size and correct choice of materials (Tables 1-2 and 1-3), proper 
routing (Section 1.3.2.2.1), and for proper use of fasteners (Section 1.3.2.3). 


d. Inspect down conductors for proper size and appropriate choice of material (Tables 1-2 and 1-3). 
Verify that the routing of down conductors conforms to the recommendations of Section 1.3.2.2.2. Where 
structural steel members are used as down conductors, the recommendations of Section 1.3.2.2.2.1 should be 


observed. Inspect fasteners and hardware for accessibility, strength, and corrosion resistance as recommended 
by Sections 1.3.2.3 and 1.3.3.8. 


e. Verify that adequate guards are provided (Section 1.3.3.10). 
1.13.3. Signal Reference and Fault Protection Subsystems. 
a. Inspect to verify that equipotential planes exist in conformance to Section 1.5.1.1. 


b. In steel frame buildings, verify that the equipotential plane is bonded to the main structural steel 
elements. In wooden or masonry buildings inspect to assure that multiple downleads are bonded to the plane. 
Insure the red and black signal grounds are bonded to the equipotential plane as outlined in Section 1.6. 


c. Verify that the structural steel elements are bonded at the joints to produce a low resistance 
(< 1 milliohm) joint. Review Section 1.5.1 for recommended fastening procedures. Welded joints conforming to 
Section 1.7.1 are preferred. Mechanically fastened joints should be carefully cleaned, bolts adequately torqued 
(see Table 1-5), and proper bond protection supplied. Visually inspect cleaning procedures, perform spot checks 
torque measurements, and visually verify that paints and sealants are applied as needed. Perform spot check 
measurements of bond resistance at structural joints using the double balanced bridge technique described in 
Section 2.2.2.3.1. Where bond resistances greater than | milliohm are encountered, require that bond surfaces 
be recleaned, bolts retorqued, or supplemental jumpers provided as needed to achieve | milliohm. 


d. In non-steel frame or masonry buildings, inspect the installation of the supplemental grounding 
network for conformance to the recommendations of Section 1.5.1. In particular, verify that the grounding 
cables provide the required 2,000 circular mils per running foot of conductors. 
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e. Verify that the ground risers are bonded to the equipotential plane as specified in Section 1.5.1.1 and 
that the bond resistance does not exceed 1 milliohm. Inspect to assure that the ground risers are located to 
provide the shortest possible lengths to the equipotential plane. 


f. Verify that at least two electrical paths exist between the equipotential plane and the earth 
electrode subsystem. Preferably the plane should be bonded to the building main structural steel (or downleads 
in wooden buildings) at least every 3 meters (10 feet). Measure the resistance between selected points on the 
plane and the earth electrode subsystem to verify that the total resistance does not exceed 5 milliohms. If the 
resistance does exceed 5 milliohms check all joints for proper bonding and down hauls for proper sizes. See that 
all deficient conductors are replaced and that all poor bonds are redone. 


g. Inspect all conduit metallic pipes and tubes for continuity and bonding as recommended in 
Section 1.4.4. 


h. Verify that all electrical supporting structures and cable ways are interconnected and bonded as 
recommended in Section 1.4.5. 


1. Inspect the grounding of the electrical distribution system for conformance with Section 1.4.6. 


1.13.4 Bonds and Bonding. 


a. In addition to the inspection of structural joints, generally inspect all bonds for proper cleaning, 
correct fastening or assembly, and for adequate corrosion protection. Be particularly alert for conformance 
with the recommendations of Sections 1.7.1 and 1.7.3. 


b. Perform resistance checks on selected bonds. Use the double balanced bridge method described in 
Section 2.2.2.3.1. All bonds should exhibit a resistance of 1 milliohm or less; those which do not must be 
redone. 
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PART I - EARTH ELECTRODE SUBSYSTEM 


1.13.5 Facility Checkout Form. 


Facility Date 
Location Inspector 
A. Soil Resistivity (ohm-cm). 


(Obtain from site survey (see Section 1.2.1.1) or from the measured resistance of a rod or group of rods 
(see Section 1.13.1). Use Figures 1-4, 1-5, and 1-6 to obtain an estimate of the average resistivity.) 


B. Resistance of Completed Earth Electrode Subsystem: ohms. 
C. Sketch of Final Earth Electrode Subsystem: 


(Show dimensions, locations of other buried metal objects, risers for lightning, power, or signal ground 
connections, and any ground wells.) 


(Corrected engineering drawings may be attached in lieu of sketch.) 
D. Inspection Check List (Initial when completed or confirmed): 

Ground rod sizes as specified 

1/0 AWG (or as specified) cable used 

Risers placed as specified 

All connections to buried metal objects made 

All future inaccessible joints and connections welded or brazed 


Ground wells provided as specified 
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PART II - LIGHTNING PROTECTION NETWORK 


Cone of Protection: 
(Attach profile views of facility (including antennas) with cone of protection added - see Section 1.3.2.1.2) 
UL Master Label Obtained (If Required)? 
Yes Not Required 
Drawings: 
(Attach all drawings pertaining to the lightning protection system or indicate where they may be found.) 
Inspection Checklist: 
As Specified Comments 

Air Terminals 

Materials 

Height 

Placement 
Roof Conductors 

Size 

Materials 

Routing 
Down Conductors 

Size 

Materials 


Routing 
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PART II - LIGHTNING PROTECTION NETWORK (Continued) 


Fasteners & Hardware 
Materials 
Mounting 


Guards 


PART II - FACILITY GROUND SYSTEM 
Steel Frame Buildings: 
Inspect structural joints for correct bonding - see Part IV below. 
Non-Steel Frame Buildings: 
As Specified 

Supplemental Grounding Network: 

Cable Sizes 
Facility Ground Plates: 

Size 

Location 
Resistance Measurements: 

Number 

Lower Limit 


Upper Limit 


1-198 


Comments 


MIL-HDBK-419-4 


PART IV - BONDING 


A. Procedures: 


As Specified Comments 

Cleaning 

Fastening 

Protection 
B. Torque Tests: 

Number Made 

Check here ______ when all bonds meet the torque requirements of Table 1-23. 
C. Resistance Tests: 

Number Made 

Lower Resistance Limit milliohms 

Upper Resistance Limit milliohms 


(Follow the procedures set forth in Section 1.13.3 for any bonds exhibiting a resistance greater than | milliohm.) 
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CHAPTER 2 


EXISTING FACILITIES (Not Protected Against EMP) 


2.1 INTRODUCTION. This chapter presents steps and procedures for verifying, upgrading, and evaluating the 
grounding, bonding, and shielding networks in an existing facility not protected against EMP. The specific items 
to consider during the evaluation of the facility are identified in Section 2.2 with a suggested survey form 
provided in Section 2.2.2.4. In addition, inspection procedures are given in Section 2.3. These procedures are 
directed toward verifying that the grounding, bonding, and shielding networks have not been compromised, that 
the basic resistance goals continue to be met, and that corrosion is effectively controlled. 


2.2 UPGRADING. 


For an existing facility with electrical wiring already installed, with an earth electrode subsystem (frequently 
only a connection to the water system) present, and (commonly) with electrical/electronic equipments in place, 
the installation of the grounding, bonding, and shielding networks described in Chapter 1 may not be 
straightforward. In recognition that major retrofitting, with the attendant costs and operational disruption, 
may be required in order for the facility to conform to the recommended practices and procedures, it is 
necessary that a comprehensive grounding, bonding, shielding, and lightning protection survey be made of the 
entire facility. The findings of the survey should be entered on the Survey Form. The results should be 
critically analyzed to determine the extent to which the existing system fails to conform to the 
recommendations set forth in Chapter 1. In areas of nonconformance, the performance history of equipments 
and subsystems in the facility should be examined to establish, if possible, any relationships which exist between 
noted deficiencies and operational problems. Then the decision to retrofit and the extent of any such 
retrofitting can be made based on the relative need to improve and on the overall cost of the retrofit. Figures 
2-1 and 2-2 are typical for building expansion. 


Before upgrading, altering, or expanding the grounding, bonding, or the shielding of a facility, it is necessary to 
define and analyze the existing system. This definition and analysis should include as a minimum the following 
steps: 

a. Obtain or prepare an accurate and complete set of drawings to show what is initially in the facility. 

b. Determine the condition, integrity, and effectiveness of the grounding, bonding, and shielding 
systems as they exist before changes are made. This determination will usually consist of a combination of 
visual inspections, analyses of facility drawings, and electrical measurements. 

c. Comprehensively document the findings of steps a and b and maintain for future reference. 


d. Compare the findings with the facility requirements to determine if improvements are needed. 


Once the need for changes or improvements in the system is determined, take whatever action is needed to 
rectify the deficiencies noted during the survey. 
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2.2.1 Drawings. Obtain, prepare, or complete an accurate set of architectural and engineering drawings for 
the facility to include all structures associated with it. Of particular importance are the site layout drawings 
which show the configuration of the earth electrode subsystem, location of utility piping and cable systems, 
general landscape features and building profile drawings. Structural drawings show methods of connecting to 
the earth electrode subsystem, methods used for structural steel assembly, locations and methods for the 
installation of reinforcing steel as well as metal screens or sheets. Electrical diagrams and drawings generally 
show wire sizes, breaker sizes, as well as cable type, routing and enclosures utilized. Drawings of the lightning 
protection subsystem show heights and locations of air terminals, down conductor sizes and routing, fasteners, 
guards, and connections to the earth electrode subsystem. Once the drawings are obtained, compare them with 
the existing structure and update them as needed to reflect additions or modifications which have been made 
but not entered on the drawings. If new drawings must be prepared, be sure they include all elements of the 
structure. It is very important that an accurate representation of the existing configuration be on hand before 
attempting any decision pertaining to upgrading or retrofitting the facility. 


2.2.2 Facility Survey. After the drawings are obtained or prepared, conduct a comprehensive survey of the 
grounding, bonding, shielding, and lightning protection practices throughout the facility. This survey should 
cover all the major elements of the fault protection subsystem, signal reference subsystem, bonding (both in 
current paths and between structural elements), lightning protection for the structure, shielding for both EMI 
(and EMP, if required) and personnel protection. Visual observations should be concisely documented and 
related to the engineering drawings for the facility. Measurements performed along with results obtained 
should be accurately documented on the Grounding, Bonding, and Shielding Form of Section 2.2.2.4. 
2.2.2.1 Survey Steps. The steps associated with the facility survey are: 

a. Analyze the earth electrode subsystem and measure its resistance to earth. 

b. Inspect a representative number (5 to 10 percent) of the bonds throughout the facility. 

c. Inspect and evaluate the lightning protection subsystem. 

d. Inspect the fault protection subsystem, make spot checks of stray current levels. 

e. Map out and describe the signal grounding networks (or systems) present in the facility. 

f. Perform a ground system noise survey. 


g. Evaluate (Gf applicable) the electromagnetic shielding of (or in) the facility. 


h. Before leaving the facility, review the Survey Form for accuracy and completeness. 
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2.2.2.2 Inspection Procedure. 


The procedure outlined below follows the same order as the Survey Form. In some facilities, a different 
ordering of the steps may be appropriate; in large facilities, more than one of the areas may be examined 
simultaneously. The most important task is not the sequential ordering of the steps, it is rather the accurate 
and comprehensive conduct of the survey. 


Before beginning the survey, enter the name and description of the facility (or the specific building, structure, 
or subsystem being surveyed), its location to include sufficient information to identify the geographical area, 
the date of the inspection, and the name of surveyor or survey team leader at the top of the Form. 


2.2.2.2.1 Earth Electrode Subsystem. 


a. Determine the configuration of the earth electrode subsystem for the facility. Sketch the conductor 
layout in the space provided in Part I, Section C of the Form or on an attached sheet. Engineering drawings 
may be attached in lieu of the sketch. Corrections or additions should be made to the drawings as appropriate. 
Identify the type of earth electrode subsystem present, i.e., rods, ring ground, grid, grid with rods, plates, 
horizontal radials, utility pipes, etc. Note all interconnections between the earth electrode subsystem and 
other conductors such as water pipes, buried tanks, structural columns, underground guard cables, antenna 
counterpoises, and power grounds. 


b. To the extent that information is available, determine the composition (copper, copperclad steel, 
steel, solid, hollow, etc.), diameter, and length of ground rods, as well as the size, depth, and composition of 
the ring ground. If horizontal rods or ribbons are used, record the dimensions; likewise, record the physical 
dimensions and composition of plates, cylinders, or other types of electrodes. 


c. Examine the conductor or conductors used to ground the power system neutral in the first service 
disconnecting means (i.e., main power switch or breaker for the facility), the power transformers, or other 
elements of the power distribution system to the earth electrode subsystem. Record the size or sizes in Section 
B, Part I, of the Form. Using a clamp-on ammeter, measure the ac current in each of these conductors and 


record in Part IV, Section C. 


d. Inspect those bonds associated with the earth electrode subsystem carefully for evidence of 
looseness, corrosion, electrolysis, and lightning or mechanical damage. (For a more detailed discussion of bond 
inspection procedures, see Section 2.2.2.2.2.) Note specific deficiencies in the appropriate blanks in Part II of 
the Form. 


e. | Make a general classification of the type of soil at the site. If the site possesses unique properties 
(e.g., located on a mountain top, in a swamp, on a coral reef), appropriately indicate the unusual features. Also 
generally describe the weather conditions existing at the time of the survey, particularly if the earth resistance 
measurement described in the next step is performed. If known, indicate how recently rainfall totaling at least 
0.01 inch has occurred. Enter the site and weather description in Sections D and F of Part I. Also state if any 


soil treatment or enhancement procedures have been utilized. 
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f. Measure the resistance to earth of the earth electrode subsystem using the fall-of-potential 
method. (For a detailed description of the principles of this technique see Volume I, Section 2.7.2.) 


(1) Connect the terminals marked C,and P,of the test set together and connect them to the 
electrode under test. 


(2) Determine the maximum dimension of the earth electrode subsystem. For a circle, this 
dimension is the diameter; for a square or rectangle, the dimension is along the corner-to-corner diagonal; for 
other shapes, select the longest lateral distance across the system. Locate the current probe, C,, of the earth 
tester, at a distance equal to or greater than five times the longest dimension from the point of connection to 
the electrode under test. Earth testers are typically supplied with approximately 30 meters (100 feet) of 
interconnecting wire. For all but the simplest earth electrode subsystem, 30 meters (100 feet) is insufficient 
spacing of probe C, The 30-meter (100-foot) spacing may be used for one- or two-rod systems where the rods 
are not more than 6 meters (20 feet) long nor spaced more than 6 meters (20 feet) apart. Thus, in most cases, 
additional wire will be needed for connecting the test instrument to the C,probe and the the potential probe, 
P,. For distances up to 300 meters (1000 feet), insulated No. 16 AWG or No. 18 AWG wire may be used. 


(3) Position the C,probe along a line which maximizes the distance from the electrode under test 
and from other buried metals such as utility pipes, power and signal cables, fuel tanks, sewers, etc. In choosing 
the direction for placement of the C,probe, examine the configuration of the earth electrode subsystem for 
the facility and determine the location of all such buried metals. Then locate the probe as far as possible from 
all these metals as illustrated in Figure 2-3. 


(4) Next position the potential probe P,along a straight line between the C,probe and the point 
of connection to the electrode under test. Insert both P,and C,probes into the soil to a depth of between 
10 cm (4 inches) and 30 cm (12 inches). (In the event that the probes supplied with the tester by the 
manufacturer are not available, make a set of probes following the instructions given in Chapter 1, Section 
1.2.1.1.) Take the first resistance reading, following the instructions supplied with the tester, with probe P, 
located about 20 percent of the distance X between the electrode and C, Repeat the measurement at the 0.4, 
0.5, 0.6, 0.7, 0.8, and 0.9X points. Record the C,distance and the resistance measured at each P,location on 


the worksheet shown in Figure 2-4. (Figure 2-5 is an example of a typical worksheet that has been completed.) 


(5) The resistance of 0.5X and 0.7X should be within 10 percent of the value at 0.6X. If these 
readings do not fall within 10 percent of the reading at 0.6X, either measure along a line in a different direction 
or move the position of C,farther away from the electrode under test. If locating C,equal to greater than 
five times the largest dimension is impractical, perform a series of tests for at least five C,locations out to 
the maximum practical distance. The resistance of the subsystem must then be determined graphically, using 
the method for extensive electrode subsystems described in Volume I, Section 2.7.2.2. (An illustrative example 
is also shown in that section.) 
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Figure 2-3. Earth Resistance Measurement at a Typical Facility 
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Figure 2-4. Resistance Measurement Work Sheet 
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Figure 2-5. Sample of a Completed Resistance Measurement Work Sheet 
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2.2.2.2.2 Bonds and Bonding. 


a. Visually check a representative number (5 to 10 percent) of the various types of bonds in use 
throughout the facility. An examination of one bond is not sufficient; it will not normally be necessary, 
however, to examine every joint in the facility. Typical bond deficiencies to look for are illustrated in Figures 
2-6 and 2-7. Other things to look for are: 


(1) Welded, brazed, or silver soldered connections should be examined for broken or cracked 
seams, presence of voids, size of filler deposit (see Section 1.8.1), length and number of deposits (if 


discontinuous), and evidence of corrosion. 


(2) Soft soldered bonds should be inspected for broken connections, evidence of cold solder joints 
(crystalline, grainy appearance), and signs of overheating. Soft solder should only be used to improve 
conductivity at load bearing joints; it should not be required to provide mechanical restraint. There shall be no 
solder joints in either the fault protection subsystem (this includes the green wire network) or in the lightning 
protection subsystem. 


(3) Bolted joints should be checked for looseness, inadequately sized fasteners, corrosion of either 
the fastener or main member, improper use of washers and locknuts, absence of or inadequate coverage with 
protective coatings, damaged or missing hardware, and improperly cleaned mating surfaces. Be particularly 
thorough in the inspection of bolted connections in areas open or exposed to the weather. 


(4) Joints using rivets, clamps, and other type fasteners should generally be examined for 
looseness and corrosion. 


b. Note the location and nature of specific bond deficiencies in Section B, Part II, of the Survey Form. 


c. Concurrently with or following the visual inspection of the bonds, perform bond resistance 
measurements using the test procedure described in Section 2.2.2.3.1. Select five to ten bonds that visually 
appear tight, well made, and corrosion free and measure their resistances. The sampling should include 
structural bonds, equipment-to-structure bonds, connections between safety ground wires, conduit-to-conduit 
or conduit-to-cabinet joints, bonds in lightning down conductors (to include structural columns if used for 
lightning discharge paths), and others as appropriate. Also measure all bonds exhibiting visible defects. These 
measurements indicate the actual resistance between the two measurement points and also include the effects 
of any paths in parallel with the bond under test. 


d. For every bond exhibiting a resistance greater than one milliohm, check for looseness; if the 
connection is loose, tighten the fastener. Measure the resistance again after tightening. If the resistance is 
still greater than one milliohm and the joint can be readily disassembled, disassemble the joint and check for 
corrosion, debris, paint, or other nonconductive materials. Remove the material, reassemble the bond, and 
remeasure the resistance. If the resistance is still greater than one milliohm, note on the Survey Form the 
location of the bond and indicate the type of corrective action needed. 


e. Bonding jumpers using wires, cables, or wide metal straps are frequently used for fault grounding, 
signal grounding, and lightning grounding. Fault protection jumpers should conform to Article 250 of the NEC. 
If they do not conform to Article 250, the jumpers should be replaced with cables or straps of the sizes 
specified by the NEC. Signal grounding straps should be only as long as needed to bridge the physical distance 
and should exhibit a length to width ratio of not greater than 5 to 1. Lightning bonds should be restricted to not 
more than 1.8 meters (6 feet) and should only be used to interconnect lightning down conductors to nearby 
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metallic objects. In addition to these requirements, examine the end connections at the end of the straps or 
jumpers for looseness, corrosion, and mechanical damage as described above. Any bond jumper not conforming 
to these requirements should be documented in Section D, Part II, of the Survey Form. Note the specific 
location and indicate the type of corrective action needed. 
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Figure 2-6. Typical Bonding Deficiencies 
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Figure 2-7. Typical Bonding Deficiencies 
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2.2.2.2.3, Lightning Protection Network. 


a. First, make a sketch of the lightning protection network for the facility or compare the system as 
installed with the engineering drawings. 


(1) The sketch should include profile views of the facility’s exterior either drawn approximately to 
scale or dimensions indicated on the views to permit scaled drawings to be made later. On the sketch, indicate 
the location of air terminals (lightning rods), the routing of roof and down conductors, connections to the earth 
electrode subsystem, and the location and size of bonding jumpers. Are the air terminals located and installed 
in such a manner so as to provide adequate protection (1:1 cone of protection) for all C-E buildings, structures, 
antennas, and equipments? 


(2) In most cases, engineering drawings should be available. If not shown already, add elements of 
the lightning protection subsystem to the drawings. 


b. Some large existing facilities may have a UL Master Labeled System installed. If such a system 
exists, indicate this fact in Section B, Part III of the Form. 


Cc. In Section C, Part HI, of the Form, record the height (above the roof) and material of the air 
terminals. Look for evidence of burning, pitting, or melting of a degree that seriously weakens (physically) the 
air terminals. While inspecting the air terminals, be alert for other metallic extensions (railings, antenna 
masts, etc.) extending above the air terminals or outside the cone of protection and note the existence of any 
such extensions on the Form. 


d. Record the cable sizes and materials used for roof and down conductors. Examine both types of 


conductors for unnecessary length, sharp or unnecessary turns (radii less than 20 cm (8 inches)), corrosion, and 
mechanical damage. 


e. Check fasteners and mounting hardware for secure mounting, looseness, corrosion, and mechanical 
damage. Verify that fasteners for connecting dissimilar metals (e.g., copper to aluminum) are of UL-approved 
bimetallic construction. Record any noted deficiencies in Section F, Part III, of the Form. 


f. Be sure that the bonds and bonding inspection (Section 2.2.2.2.2) includes the lightning protection 
subsystem. 


g . Insure that interconnections between the lightning protection subsystem and the earth electrode 


subsystem, structural metals, utility lines, etc., are recorded or noted on the sketch prepared earlier or are 
shown on the facility drawings. 


h. Check for the adequacy of guards which provide mechanical protection for down conductors (see 
Figure 2-8). Note any down conductors in areas with public access or subject to contact by equipment or 
machinery. All such down conductors must be guarded with- metallic or nonmetallic (preferably) guards to a 
height of at least 2.7 meters (9 feet) from grade or floor level. Such guards must be securely fastened in place 
and not show appreciable physical degradation. Metal guards to include EMT and conduit must be bonded to the 


down conductor at the top and bottom. Record all noted deficiencies in Section H, Part II. 
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Figure 2-8. Severely Damaged Down Conductor 
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Figure 2-9. Method for Determining the Existence of Improper Neutral Ground Connections 
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Figure 2-10. Measurement of Stray Current Level in Safety Ground Conductor 


2.2.2.2.4 Safety Grounding. 


a. Inspect the fault protection subsystem for conformance with the requirements of 
MIL-STD-188-124A and the National Electrical Code. Specifically, all equipments supplied with electric power 
and other electrical apparatus falling within the jurisdiction of the Standard or the NEC, must be grounded in 
accordance with the Standard or the Code. Inspect the facility and the equipment associated with the facility 
to see that grounding (green) conductors are present and record the sizes of the conductors. See that all 
connections are tight and well made. Record the other information requested about the fault protection 
subsystem in Part IV of the Survey Form. 


b. Check to see that color continuity is maintained from the breaker panels to the equipment. In 
particular, be alert for white wire/green wire reversals. 


c. Make sure that the neutral white wire (or other designated conductor) is not grounded at 
intermediate distribution panels, at switch boxes, or inside equipments. The grounded conductor shall be bonded 
to the earth electrode subsystem only at the first service disconnecting means. Facilities which can be 
temporarily removed from service should be deenergized and the main power switch locked or otherwise 
secured open. With electrical power removed, disconnect the neutral from ground at the first service 
disconnecting means and check for continuity between the neutral and the grounding conductor (see Figure 2-9). 
A low resistance reading (< 10 ohms) indicates that the neutral is connected to ground somewhere other than at 
the first service disconnect, This ground connection must be located and removed. Under normal operation, a 
one megohm resistance should easily be attained. 
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d. Using a clamp-on ammeter measure the stray current levels (see Figure 2-10) in the safety ground 
network at selected points throughout the facility. Choose a sufficient number of points to give an indication 
of the relative stray current level in the facility. In facilities containing electronic equipments, record and 
take action to correct all levels greater than 0.1 ampere. Enter results of measurements in Section C, Part IV, 
and see Section 2.2.3, which follows, for suggested steps for reducing these stray current levels. 


2.2.2.2.5 Signal Grounding Practices. 


a. Prepare a general description of the methods, techniques, and practices of signal grounding in the 
facility (see Sections 1.5 and 5.3.2 of Vol I). Determine if an identifiable, dedicated signal grounding network is 
present. Note the equipments served by the network. Include the description of this network in Section A, Part 
V of the Form. In Section B, record the location and size of wires or buses used as signal conductors. Also 
determine the existence of an equipotential plane. 


b. Using a double balanced bridge or a four-terminal milliohmmeter, measure the resistance (see 
Section 2.2.2.3.1) between selected points of the signal ground network. Where lower frequency ground 
networks exist, measure the resistance between those points on the network where equipment interconnections 
are made. On Figure 2-11, typical examples of this measurement are between equipments D and E, between E 
and G, and between G and K. This resistance should not exceed 20 milliohms. Further, measure the resistance 
between the ground terminals of equipments that are also interconnected with signal cables and control lines. 
On systems employing equipment chassis or cabinet as signal ground (e.g., most higher frequency and rf 
systems), measure the cabinet-to-cabinet (or chassis-to-chassis) cables (see Connections B-F and F-H on 
Figure 2-11). Also measure the cabinet-to-structure resistance (see Connections B-C and K-J). These two 
resistances should be less than five milliohms. Record the test point locations and measured resistances in 
Section C, Part V, of the Survey Form. 


2.2.2.2.6 Ground System Noise Survey. Stray currents on the fault protection subsystem, signal reference 
subsystem, and cable shields are frequent causes of common-mode noise interference in facilities. The 
assessment of these currents is a vital part of the survey of electronic facilities. Measure both stray power 


currents and other non-power related currents as follows: 


a. Using a clamp-on ammeter, check the ac load currents on the conductors of three phase supply 
lines. Note particularly any differences in line currents greater than 10 percent. Also check and record ac 


currents on neutrals. 


b. Using the clamp-on ammeter, probe signal ground wires, signal reference subsystems, cable shields, 
or other conductors likely to be carrying stray power currents. Note particularly the current levels in the 
grounds of lower frequency equipments and in the shields of cables carrying video, data, or other types of 
signals with operating frequencies in the power frequency range. Typical locations in the illustration of Figure 
2-11 where stray current measurements should be made are on the connection B-C between the rack of higher 
frequency equipment and the structure, on connection A-F between the equipment bay and the power panel, on 


the cabinet ground connection between lower frequency equipments E and G, and on connection J-K. 


c. Record the results of the current measurements in Part VI of the Survey Form. 
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Figure 2-11. Typical Bond Resistance and Stray Current Measurement Locations in an Electronic Facility 


2-18 


MIL-HDBK-419A 


a. Using the test procedure described in Section 2.2.3.2 measure the stray current levels on a selected 
number of shields surrounding sensitive signal cables, on conduit, on the signal reference subsystem, and on 
equipment ground cables. Document the test details (i.e., vertical sensitivity and sweep rate) on the 
photographs made of the oscilloscope displays and attach the photographs to the Survey Form. 


e. Using the test procedure described in Section 2.2.3.3 perform differential noise measurements 
between interfaced equipments: between the lower frequency (or other) signal ground network and structural 
ground; between widely separated points on ground networks; between signal grounds in equipments and the 
point of connection to the earth electrode subsystem; and between any other two points where common-mode 
voltages are causing system or equipment noise problems. 


f. Determine the type of grounding required, i.e., single-point or equipotential ground plane. 
2.2.2.2.7 Shielding. 

a. Identify the presence and nature (or type) of shields at the facility. (Recognize that shielding may 
be incidentally provided by a wall, screen, or other type of barrier that is primarily intended for a different 
purpose.) Describe the shields in Section A, Part VII of the Form. 

b. Inspect screens, shielded cabinets, doors, covers, etc., of all designated rf barriers for wear, 
damage, corrosion, broken bond straps, broken or damaged bonds, and loose gaskets. Observe equipment 
operation for evidence of interference, noise, or malfunctions. Record deficiencies in Section B of Part VII. 
Ensure that grounding conductors passing through a designated rf barrier are bonded to that barrier, 

c. Be sure that the bonds and bonding inspection (Section 2.2.2.2.2) includes the shields. 

d. | Examine cables and connectors for broken or frayed shields, improper mounting, and evidence of 
corrosion. Check to see if the termination of cable shields is in accordance with Sections 3.2.1.1.7 and 
3.2.1.2.1. Note deficiencies in Section C of Part VIL 


2.2.2.3 Test Procedures. 


2.2.2.3.1 Bond Resistance. This test is intended to give a general indication of bond adequacy, based on the 


de resistance of the bond. 
a. Equipment Requirements. The equipment required for this test is as follows: 
(1) A de resistance bridge capable of measuring to about 0.001 ohm or better. The bridge should 
be portable and not be position-sensitive. Connection of the test sample to the bridge terminals should be 


easily performed without cumbersome adapters or special tools. An instrument with separate potential 


(voltage) and current terminals is preferred to a two-terminal device. 
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(2) A pair of heavy-duty spring clip leads for connection between the bridge and the bonded 
junction. Clip leads may be connected to braided straps and plugs to make connection to the bridge. Total 
resistance of external connectors and leads should not be greater than 0.001 ohm. 


b. Equipment Setup. 


(1) Using the heavy-duty spring clips and braids or low resistance wire, connect the leads to the 
bridge. 


(2) Place the bridge in operation according to the manufacturer’s operating manual. 

(3) Zero the bridge, including leads, and connect the clip-leads across the bonded junction as 
shown in Figure 2-12. By placing the current leads away from the junction while placing the potential leads 
near the junction, the effects of the probe contact resistance are minimized. However, if the bond to be 
measured is internal to a metallic grid such that other current paths exist between the current probes in 
parallel to the one through the bond under test, the potential and current probes should be connected near to 
the same point (one potential probe and one current probe on each side of the bond). Otherwise, a gross error 
may result. When multiple parallel paths exist, this procedure may not adequately indicate the true condition 
of the specific junction under interest, but it will indicate the total resistance between both sides of the 
junction. 

c. Test Procedure. 

(1) Adjust the bridge balance until a null is obtained. 

(2) Record the indicated resistance. 
2.2.2.3.2 Ground System Noise Current. This test procedure measures the stray currents on fault protection 
subsystem, signal grounds, and cable shields which are frequent causes of common-mode noise interference 
within a facility. 

a. Equipment Required. 
(1) Oscilloscope (battery operated, if available). 


(2) Oscilloscope current probe. 


(3) Oscilloscope camera. 


MIL-HDBK-419A 
b. Equipment Setup and Test Procedure. 
(1) Connect the current probe, current probe amplifier, and oscilloscope as shown in Figure 2-13. 
(2) Observe the oscilloscope-displayed ambient level at each test point. 
(3) Photograph the ambient level at each test point. 
(4) Set the oscilloscope to trigger at a level slightly above the ambient. 


(5) Set the oscilloscope for single sweep operation and open the camera shutter. 
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Figure 2-12. Bond Resistance Measurement Technique 
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Figure 2-13. Test Setup for Stray Current Measurements 


(6) Let the camera shutter remain open for five minutes or until the oscilloscope is triggered, 
whichever occurs first. (Longer sampling periods may be used if desired.) 


(7) Record pertinent information on the test photograph, 


(8) If a spectrum analyzer plug-in is available for the oscilloscope, perform the current 
measurements in the frequency domain as well as the time domain. (Frequency domain measurements can be of 
great assistance in identifying the source of interference currents. 1 


2.2.2.3.3 Differential Noise Voltage. 
a. Equipment Required. 
(1) Oscilloscope with time and frequency domain plug-ins. 
(2) Oscilloscope camera. 
(3) Isolation transformer. 
(4) Required lengths of shielded cable. 
b. | Equipment Setup and Test Procedure. 


(1) Set up the equipment as shown in Figure 2-14. Note that the signal probe and the "ground" 
reference probe are connected to each of the two points between which the voltage differential is desired. 


(2) After an adequate warm-up time, photograph the ambient noise level in both time and 
frequency domains. 


(3) If transient data is required, proceed as indicated in steps four through seven in Section 
2.2.2.3.2, above, 
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Figure 2-14. Oscilloscope Connections for Measuring Voltage Levels on Ground Systems 
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2.2.2.4 Survey Form. 


FACILITY 


GROUNDING, BONDING, AND SHIELDING 


Facility HW SSSsSsSsSSsSSSSSSSSSSSSSSSS Date 


Location Inspector 


PART I - EARTH ELECTRODE SUBSYSTEM 


A. Configuration (Sketch or attach drawing): 


B. Identify: 
Rod Size and Length Grounding Conductor Size and Length 
Rod Composition Grounding Conductor Composition 
Interconnecting Cable Size Ground Wells (Yes/No) 
Interconnecting Cable Depth Ground Wells (Size/Type) 

C. Bonds: 
General Condition: Excellent Good Poor 


Unacceptable 


Specific deficiencies 


(See also Part II, Bonds) 
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Soil Conditions: 


Type Soil: Loam or Humus Clay — Sand 
Gravel ——W__ Rock _ 
General Moisture: Dry Damp Wet 


Other Comments: 


Resistance Measurement: 


Sketch of Test Setup (Indicate probe locations, spacings, etc.): 


Weather (at time of resistance measurement): 


Wet Dry Temperature 
Snow Rain __—C Mist: « L@L"_S 
Days since last rainfall (or snow): Same day 1-5 Days 
5-19 days more than 20 days 
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PART II - BONDS 


A. General Overall Condition (check): 


Excellent Good Poor Unacceptable 
B. Specific Deficiencies: 


Location of Bond Nature of Defect 


(Use additional sheets if necessary) 


C. Resistance (Use double-balanced dc bridge or approved bond resistance meter and identify those bonds 
whose resistance exceeds one milliohm): 


Location of Bond Nature of Defect 


(See text for selection of bonds to measure) 


D. Bond Jumpers (Specific observations or deficiencies); 


Location Material Length Wire/Strap Size 


(Use additional sheets if necessary) 
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PART II - LIGHTNING PROTECTION SUBSYSTEM 


A. Layout (Sketch or attach engineering drawings): 


B. UL Master Label Approved: Yes __———_— No 
C. Air Terminals (Lightning Rods): 
Height Location 
Is height sufficient to protect Material 
facility and/or antennas? 


(1:1 cone of protection) 
Yes No 


Evidence of burning, pitting, or melting? (Identify location and specific evidence) 


Evidence Location 


D. Roof Conductors: 


Cable Size BEND RADIUS: (8 inches) 
> < 

Cable Material BEND ANGLE (90 degrees) 
> < 
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Specific Deficiencies: 


Location Deficiency 


E. Down Conductors: 
Structure or Separate Conductors 
Conductor Size 
Conductor Composition 
Bend Radius Bend Angle 


F. Fasteners and Mounting Hardware: 


Deficiency Location 


G. Guards: 


Type 


Properly Bonded 
Physical condition 
Note Location and Nature of Specific Deficiencies below: 


Location Deficiency 
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PART IV - FAULT PROTECTION SUBSYSTEM (Safety Ground) 


A. Grounding Conductor (Green Wire): 


1. Connection diagram (Include transformer connections and neutral connection in first service 


disconnect (main breaker)). 


2; Cable sizes - Determine and indicate on the above diagram the size cables used for the connections. 
3. Is grounding (green) conductor in same conduit as service (black) and grounded (neutral/white) 
conductors? 
Yes No if no, record all locations/runs. 
Equipment Served Location Length of Cable 
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4, Determine and record connections to earth electrode subsystem: 


Connection Location Length and Size of Cable 


B. Equipment Safety Ground (Schematic or description of safety network): 


(On above diagram (or on the engineering drawings) indicate wire sizes, 
connection points, use of conduit, cable tray connections, etc.) 


c. Stray Current Measurements: 


Location Current Reading 
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PART V - SIGNAL REFERENCE SUBSYSTEM GROUNDING 


A. General Description of Signal Grounding Network (Use sketches where appropriate): 


B. Identify Wires and Buses Serving as Signal Ground Conductors (Record locations): 


Location Function 


C. Ground System Point-to-Point Resistance (Perform selected measurements with double balanced dc 
bridge): 


Test Points Resistance 
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PART VI - NOISE AND CURRENT LEVELS 


Stray Power Current Measurements: 


Test Point or Conductor 


Noise Voltage Measurements (Attach (or include) photographs of oscilloscope displays): 


Current Level 


PART VII - SHIELDING 


Existing Shields (Intentional and incidental) 


Nature 


Condition of Shields: 


System or Location 


Cables and Connectors: 


Location 
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Nature of Deficiency 


Deficiency 
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2.2.3 Guidelines for Upgrading. 


Use the information available from the corrected drawings and the facility survey to determine if modification 
or upgrading of the facility is necessary. Compare the grounding, bonding, shielding, and lightning protection 
networks and practices with the recommendations of Chapter | of this volume. While making these 
comparisons, be particularly alert for indications of operational, installation, or maintenance problems (either 
with a system or with an equipment) which may be directly or indirectly related to a noted deficiency. Where a 
need for upgrading is indicated, determine what retrofit steps would be necessary and estimate the costs. If the 
operational mission of the facility justifies the cost, proceed with the implementation. 


The following guidelines may be used to help evaluate the survey findings and to help define the retrofit steps 
which should be taken. This set of guidelines is not to be considered as all inclusive. Specific situations can be 
expected to arise that will not be adequately covered by the guidelines. These situations must be recognized 
and dealt with on an individual basis. 


a. If the measured resistance of the earth electrode subsystem is greater than 10 ohms, review Section 
1.2.1 to help identify the reason for the high resistance (see also Volume I, Section 2.3). In addition, review the 
past record (if available) of earth resistance measurements for signs of gradual increases in resistance as well 
as sudden resistance changes. (Discard from consideration “zero” resistance readings and other similarly 
unobtainable values. Review Section 2.2.2.2.1 for the correct measurement procedure.) Examine the resistance 
readings for possible correlation with site changes (Section 1.2.1.3) and local climatic conditions (Section 
1.2.1.4). Either of these situations could produce an increase in the resistance of the electrode and necessitate 
upgrading the system to reachieve 10 ohms. 


b. Once the reason for the high resistance is established, determine the most appropriate method in 
terms of cost and ease of implementation for reducing the resistance. Typical alternatives include the use of 
more or longer ground rods, the installation of horizontal grids or wires (Section 1.2.2.3), chemical salting (see 
Volume I, Section 2.9.3), or the drilling of wells down to the permanent water table. 


C; Carefully review the building drawings to insure that proper connections to the earth electrode 
subsystem are provided for all elements of the facility (see Sections 1.2.3, 1.3.2.2.2, and 1.5). For example, 
where building expansions have occurred or major equipment additions or relocations have been made, the earth 
electrode subsystem should be expanded to serve the new areas. Where such expansions are made, they should 
conform to Section 1.2.3. 


d. All specific earth electrode subsystem installation deficiencies such as grounding conductor sizes 
not in conformance with MIL-STD-188-124A requirements or maintenance deficiencies such as loose or 
corroded bonds and fasteners should be corrected as soon as possible. 


e. If no lightning protection subsystem exists for the structure, consult Volume I, Section 3.8 for 
guidance in determining whether a subsystem needs to be installed. If a new subsystem is installed, it should 
conform to the recommendations of Section 1.3. 


f. Where a structural lightning protection subsystem exists, all deficiencies noted during the survey 
should be corrected. For example: 
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(1) all seriously degraded or damaged air terminals should be replaced; 


(2) air terminals should be relocated as needed so that they are the objects of highest elevation on 
the structure; and where they provide a 1:1 cone of protection for the antennas without affecting their 
operation; 


(3) down conductors should be rerouted or additional down conductors added where more direct 
paths to the earth are needed (see Section 1.3.2.2); 


(4) if not already provided, the lightning protection network should be interconnected with the 
earth electrode subsystem, electrical ground, utility pipes, equipment grounds, and with the building ground to 
provide common grounding for all; 


(5) all corroded and mechanically damaged connectors and fasteners should be replaced with 
UL-approved devices; and 


(6) missing and severely damaged guards should be replaced. 


g. The lightning protection subsystem should be expanded as needed to provide protection for those 
parts of the facility extending outside the established cones of protection (see Section 1.3.2.1). 


h. At those facilities where the lightning outage history indicates a need for surge protection on either 
signal or power lines, appropriate lightning and surge protectors should be installed. Insure that the protectors 
are adequate for protecting the type of equipment on which installed (see Volume I, Section 10.4.2.3). 


i. Review electrical wiring diagrams and the electrical equipment distribution within the facility to 
determine possible direct or indirect coupling paths between noisy equipments and susceptible electronic 
apparatus. Apply corrective measures such as: 


(1) relocate equipments (see Section 1.9.1); 


(2) redistribute the electrical load so that potentially interfering equipments are served by 
separate feeders; 


(3) install electrical feeders in steel conduit or raceway to reduce magnetic fields; and 


(4) relocate signal lines to sensitive equipments at the maximum possible distance from power 
conductors feeding noisy equipments. 


j. Correlate, if possible, any evidence of equipment malfunctions due to electrical noise on signal or 
control cables with the measured values of stray currents or voltages on grounding conductors and on cable 
shields. If such correlation exists, determine as best as possible the probable cause of such noise voltages using 
the principles set forth in Volume I, Chapters 5 and 6. Then, apply the techniques described in Sections 1.5, 1.8, 
and 1.9 to reduce the noise to a level acceptable to the equipments in the facility. 
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k. Carefully review the drawings of the facility to identify the type of signal grounding employed 
throughout the facility, If operational experience as indicated by maintenance logs or outage reports and 
operator comments reveal problems with system noise and interference attributable to grounding deficiencies, 
review in detail Volume I, Chapters 5 and 6, and Section 1.5 of this volume. Based on this review and the 
relative severity of the problems, choose the most appropriate noise minimization procedures and implement 
them. 


1. Where shielding deficiencies exist, determine if the need is for additional shielding or for improved 
maintenance of the existing shields. If no shielding is present, design and install shields as needed. See Section 
1.8.1 for design assistance. If the existing shields have simply degraded through poor aperture control and poor 
bond or seam maintenance, implement corrective measures immediately (see Sections 1.7 and 1.8 and also see 
Sections 3.3 and 3.4). 


m. If the structure is used as a lightning down conductor or as an electrical safety grounding conductor, 
see that all joints are effectively bonded (see Section 1.7.1). 


n. If more than 25 percent of the bonds measured exhibit a resistance greater than one milliohm (after 
the steps recommended in Step “d” of Section 2.2.2.2.2 are taken), all bonds throughout the facility should be 
inspected carefully, and the resistance measured. Each one found deficient should be redone in accordance with 
the recommendations set forth in Section 1.7. 


o. Indicate all changes made during the upgrading process on the facility drawings. 
2.2.4 Expansion of Existing Facilities. 


AS operational requirements change, expansions of the grounding and shielding networks in a facility will be 
necessary. When such actions are necessary, it is essential that the added elements maintain the philosophy and 
integrity of the existing networks. When making additions or modifications to shielded areas, the original level 
of shielding integrity must be maintained. Particular attention must be directed to the careful bonding of 
connector shells, the installation of filters, and other practices which may drastically degrade the shielding 


effectiveness of a housing or other enclosure if not controlled. 


Following major additions to the facility, the facility should be resurveyed. Any deficiencies in the installation 
or compromises to the original networks should be corrected. File a copy of all survey results in the 
maintenance file for the facility to provide the initial starting point for the maintenance history. Finally 


review all drawings to verify that they are complete and accurately reflect the actual installation. 

2.2.5 Expansion of Existing Facilities for Higher Frequency Grounds. 

Most existing communication facilities will require the addition of an equipotential plane to satisfy the 
grounding requirements for frequencies above 30 kHz. When both higher and lower frequency requirements 


must be met, a hybrid system may be required but in most cases the equipotential plane will suffice for both 


requirements. 
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The equipotential plane may be installed on the floor under tile or carpet. If this is impractical, the 
equipotential plane may be installed overhead but every consideration should be given to placing it on or in the 
floor. In some cases it may be installed under the floor with ground risers penetrating the floor to the 
equipments installed above. Figure 2-15 is an example of the plane installed overhead. 


2.3 MAINTENANCE. Well designed and properly installed grounding, bonding, shielding, and lightning 
protection networks in a new facility or in an existing facility can rapidly deteriorate unless adequate and 
thorough maintenance is performed at regular intervals throughout the life of the facility. 


2.3.1 Schedules and Records. 


In a new facility, consider the initial checkout (see Section 1.13) as the first maintenance inspection for the 
facility. Utilize the results or information provided by the initial facility inspection as a base or starting point 
of comparison of the results of subsequent inspections. Subsequent inspections should be performed at least 
annually. In addition, a thorough inspection should be performed on affected parts or elements of the networks 
following major changes or additions to the facility either of the structure itself or of the equipment or systems 
located in the structure. 


In an older facility, consider the survey (if performed) described in Section 2.2 as the initial maintenance 
inspection. If a survey has not been made, an initial inspection of the facility should be made to determine the 
general condition of grounding networks, bonds, shields, and lightning protection subsystems. Subsequent to the 
survey or initial inspection, a maintenance inspection should be conducted annually and after major changes or 
additions to the facility as discussed above. 


Chronological records of all tests and observations should be maintained. When a significant departure from the 
record is noted, an investigation should be performed to determine the cause and the necessary corrective 
action taken. Any measurement (i.e., earth electrode subsystem resistance, bond resistance, point-to-point 
ground network resistance, etc.) not meeting the specified or recommended value should be immediately 
investigated to see if rework is desired. 


2.3.2 Maintenance Procedures. Maintenance procedures for the earth electrode subsystem, lightning 
protection subsystem, signal reference subsystem, fault protection subsystem, facility ground system, bonding, 
and shielding are presented in Sections 2.3.2.1 through 2.3.2.6. Upon completion of any or all of these 
procedures, prepare the Facility Maintenance Report of Section 2.3.3 and place it in the permanent 
maintenance file or record along with other supporting evidence such as test results, photographs, and drawings. 
Where deficiencies are noted that are immediately correctable (e.g., broken or misplaced bond wires or 
jumpers, loose bolts or screws, or other minor defects), they should be corrected with appropriate notation 
made on the Facility Maintenance Report. A Major Discrepancy Report (illustrated in Figure 2-16) should be 
made out on major deficiencies (e.g., earth electrode resistance too high, parts of structure outside the cone of 
protection, excessive current levels on signal ground conductors, etc.) to identify those areas needing 
significant rework or upgrading. (Do not confuse rework or upgrading associated with normal maintenance 
activity with a total facility rework or upgrading as described in Section 2.2 unless the facility has degraded to 


the point where a major overhaul is necessary for minimal performance or acceptability.) 
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Figure 2-15. Example of Equipotential or Multipoint Grounding 
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1. Facility 


2. Location 


3. Description of discrepancy 


4. Inspector’s remarks 


5. Inspector(s) 


6. Date 


7. Initials 
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MAJOR DISCREPANCY REPORT 


Figure 2-16. Major Discrepancy Report Form 
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2.3.2.1 Facility Maintenance Procedure (Earth Electrode Subsystem). 
1. TECHNICAL DATA REFERENCES: 
a. Grounding, Bonding, and Shielding, MIL-HDBK-419A Volumes I and II, MIL-STD-188-124A. 
b. Engineering drawings which show earth electrode subsystem. 


2 RELATED MAINTENANCE PROCEDURES: 


a. Lightning Protection. 
b. Fault Protection. 
c. Bonding. 


3. APPLICABLE TEST PROCEDURES: 

a. Earth Resistance Test (see Section 2.2.2.2.1). 

b. Bond Resistance Test (see Section 2.2.2.3.1). 
4. TEST EQUIPMENT REQUIRED: 

a. Double Balanced DC Resistance Bridge or other acceptable Ohmmeter. 

b. Earth Resistance Test Set. 

C; 30-meter (100-foot) Measuring Tape or Surveyor’s Chain. 

d. Camera. 
5. | MATERIALS REQUIRED: 

a. Test leads for earth resistance test set if not supplied by manufacturer or if not available. Where 
leads longer than those supplied by the manufacturer are needed, extra lengths of stranded No. 16 or No. 18 
wire are necessary. 


b. Ground probes if not supplied with earth resistance test set (see Section 1.2.1.1). 


Cc. Film and flash bulbs or electronic flash for camera. 


MIL-HDBK-419A 
6. | PROCEDURE: 
a. | Warm up equipment according to manufacturer’s instructions. 


b. Measure the resistance to earth of the earth electrode subsystem. 


(1) If the earth electrode subsystem is directly accessible through a ground well, connect the 
CP,terminals of the test set directly to a ground rod or the interconnecting cable. 


(2) If the electrode is not directly accessible, connect CP,to an interconnecting riser such as a 
signal ground cable, the power system grounding conductor, a lightning down conductor, or a structural 
grounding connection (see Section 1.2.3). 


c. Enter the measured value of earth resistance on the Facility Maintenance Report Form (Section 
2.3.3). 


d. Inspect all accessible portions of the system. Particularly look for loose connections, corrosion, and 
physical damage. (Take photographs as necessary to show nature of problems for before and after comparisons 
and for historical documentation purposes.) Note any undocumented changes or modifications to system. 
Update drawings as needed. 


eC Correct minor deficiencies (e.g., clean surfaces, retighten or replace connectors and fasteners, 
reapply protective coatings, etc.). 


f. Major deficiencies should be the subject of a Major Discrepancy Report. After major deficiencies 
are corrected, the facility should be reinspected. 


g. Provide other requested information on the inspection form. File the inspection report form along 
with supporting data or documentation in the permanent maintenance file for the facility. 
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2.3.2.2 Facility Maintenance Procedure (Lightning Protection Subsystem). 
1. TECHNICAL DATA REFERENCES: 
a. Grounding, Bonding, and Shielding, MIL-HDBK-419A Volumes I and II, MIL-STD-188-124A. 
b. Underwriter’s Laboratories Publication UL 96A or Lightning Protection Code, NFPA No. 78. 
C: Engineering drawings of the lightning protection networks. 
d. Architects drawings showing building profile views. 
2. RELATED MAINTENANCE PROCEDURES: 
Bonding. 
3. APPLICABLE TEST PROCEDURES: 
Bond Resistance Test (see Section 2.2.2.3.1). 
4. TEST EQUIPMENT REQUIRED: 


a. Double Balanced Resistance Bridge or approved Ohmmeter capable of measuring one milliohm and 
five milliohms. 


b. Camera, if desired. 
5. | MATERIALS REQUIRED: 

Film and flash bulbs or electronic flash for camera. 
6. | PROCEDURE: 

a. Follow the procedure of Section 2.2.2.2.3. 

b. | Examine all elements of the structure and antennas to insure that an adequate cone of protection 
exists (see Section 1.3.2.1). Note any additions to the exterior of the structure; make sure that all such 
additions do not extend outside of the established cone of protection. 

c. Perform a comprehensive inspection of the entire lightning protection subsystem. Note all 


deficiencies in Part II of the Facility Maintenance Report Form. Complete a Major Deficiency Report on all 
deficiencies not correctable during the inspection. 
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2.3.2.3 Facility Maintenance Procedure (Bonding). 
1. TECHNICAL DATA REFERENCES: 

Grounding, Bonding, and Shielding, MIL-HDBK-419A Volumes I and I, MIL-STD-188-124A. 
2. RELATED MAINTENANCE PROCEDURES: 

None. 
3. | APPLICABLE TEST PROCEDURE: 

Bond Resistance Test (see Section 2.2.2.3.1). 
4. TEST EQUIPMENT REQUIRED: 


a. Double Balanced Resistance Bridge or approved Ohmmeter capable of measuring resistances of less 
than one milliohm. 


b. Camera, if desired. 
5. | MATERIALS REQUIRED: 

Film and flash bulbs or electronic flash for camera, if used. 
6. | PROCEDURES: 

a. Follow the procedure of Section 2.2.2.2.2. 


b. Record the results of the inspection and measurements in Part III of the Facility Maintenance 
Report. Attach supporting evidence such as photographs, sketches, etc. 


c. File a Major Discrepancy Report on all noncorrectable deficiencies. 
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2.3.2.4 Facility Maintenance Procedure (Fault Protection Subsystem (Safety Ground)). 
1. TECHNICAL DATA REFERENCES: 
a. Grounding, Bonding, and Shielding, MIL-HDBK-419A Volumes I and II, MIL-STD-188-124A. 
b. National Electrical Code NFPA 70. 
2. RELATED MAINTENANCE PROCEDURES: 
a. Earth Electrode Subsystem. 
b. —_ Bonding. 
3. | APPLICABLE TEST PROCEDURES: 
Bond Resistance Test (see Section 2.2.2.3.1). 
4. TEST EQUIPMENT REQUIRED: 


a. Double Balanced Resistance Bridge or approved Ohmmeter capable of measuring resistances of one 
milliohm, five milliohms and one megohm. 


b. Clamp-on AC Ammeter. 
Cc. Camera, if desired. 
5. | MATERIALS REQUIRED: 
Film and flashbulbs or electronic flash for camera, if used. 


6. | PROCEDURE: 
a. Follow the inspection procedure of Section 2.2.2.2.4. 


b. Perform spot check resistance measurements on power receptacles and stray current measurements 
on safety ground to insure that the ground terminals on the receptacles are properly grounded to the facility 
ground system and no currents are flowing on grounding conductor (see Sections 1.4.5 and 3.2.2). 


c. Record the results of the inspection measured stray current levels and resistance values in Part IV 
of the Facility Maintenance Report. 


d. File a Major Discrepancy Report on all major deficiencies (particularly those representing a 
violation of MIL-STD-188-124A and the National Electrical Code). 
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2.3.2.5 Facility Maintenance Procedure (Signal Reference Subsystem (Signal Grounding)). 
1. TECHNICAL DATA REFERENCES: 
Grounding, Bonding, and Shielding, MIL-HDBK-419A Volumes I and II, MIL-STD-188-124A. 
2, RELATED MAINTENANCE PROCEDURE: 
Bonding. 
3. APPLICABLE TEST PROCEDURES: 
a. Bond Resistance Test (see Section 2.2.2.3.1). 
b. Ground System Noise Current Test (see Section 2.2.2.3.2). 


c. Differential Noise Voltage Test (see Section 2.2.2.3.3). 


4. TEST EQUIPMENT REQUIRED: 


a. Double Balanced Resistance Bridge or approved Ohmmeter capable of measuring resistances of one 
milliohm, 10 milliohms, and 100 milliohms. 


b. 50-MHz Oscilloscope. 


c. Isolation Transformer for Oscilloscope. 
d. | Clamp-on Current Probe for Oscilloscope. 
e. Oscilloscope Camera. 


5. | MATERIALS REQUIRED: 
a. Required lengths of coaxial cable for oscilloscope probes. 


b. Film for oscilloscope camera. 


6. PROCEDURE: 


a. Follow the inspection and test procedures set forth in Sections 2.2.2.2.5 and 2.2.2.2.6. 


b. Record the results of the inspection and measurements in Part V of the Facility Maintenance 
Report. 
Cc. File Major Discrepancy Reports as needed. 
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2.3.2.6 Facility Maintenance Procedure (Shielding). 
1. TECHNICAL DATA REFERENCES: 

Grounding, Bonding and Shielding, MIL-HDBK-419A Volumes I and II, MIL-STD-188-124A. 
2. RELATED MAINTENANCE PROCEDURE: 

Bonding. 
3. APPLICABLE TEST PROCEDURE: 

Bond Resistance Test (see Section 2.2.2.3.1). 
4. TEST EQUIPMENT REQUIRED: 


Double Balanced Resistance Bridge or approved Ohmmeter capable of measuring resistances of one 
milliohm and five milliohms. 


5: MATERIALS REQUIRED: 
None. 


6. | PROCEDURE: 


a. Inspect electromagnetic and personnel protection shields for continued shielding integrity, 


grounding, and bonding (see Section 2.2.2.2.7). Information on design and materials is available in Sections 1.8.2 
and 1.8.4. 


b. Complete Section IV of the Facility Report of Section 2.3.3. 


C; File Major Discrepancy Reports as needed. 
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2.3.3 Facility Maintenance Report. 


Facility Date 


Location Inspector 


PART I - EARTH ELECTRODE SUBSYSTEM 


A. Resistance Measurement: 


Sketch of Test Setup (Indicate Probe Locations, Spacings, etc.). 


(Enter raw test data and plot resistance readings on attached form) 


B. Resistance: ohms. (Fall-of-Potential Method) 


(Note precautions set forth in Section 2.2.2.2.1) 


C. Weather: 


Wet —__——sCi@ryy:~ S____ Temperature 

Snow ———— Rain __—SC=CSM it 

Days since last rainfall (or snow): Same day 1-5 days 
5-19 days more than 20 


General Soil Moisture: Dry Damp Wet 


D. Months since last measurement: 


E. Value of last measurement : 


Higher Same 


F. Comparison with last measurement : Lower 
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Inspection Checklist: 
Initial 


1. Check all accessible bonds and connections for 


looseness, corrosion, and physical damage. 


2 Measure stray current in grounding conductor 
between service disconnecting means and earth 
electrode subsystem (Current reading ). 


3. Check for additions or modifications made 


since last inspection. Update existing drawings. 

4. Generally inspect facility site for changes (in 
vegetation, roads, parking areas, excavation, 
drainage, etc.) that could cause future earth 
resistance variations. Note such changes in 
General Comments below. 


5. Inspection Results or Observations. 


Condition or 


Location Deficiency Corrective Action Taken 


General Comments: 
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PART II - LIGHTNING PROTECTION SUBSYSTEM 
A. Cone of Protection: 
Condition Initial 
No change from previous inspection. 
(All facility components and antennas are within 


1:1 cone of protection.) 


Additions made but within 1:1 cone of protection 


(update drawings to show locations of additions). 


Lightning protection subsystem needs expanding to 
include new additions. 


B. Inspection Checklist: 


1. Check for evidence of burning, pitting, as well as 
melting of air terminals. 


2: Check for burned or melted down conductors 


and _ fasteners. 


3, Cheek for broken or severely damaged as well as 
distorted roof conductors, down conductors, 
and bonding jumpers. 


4. Look for signs of arcing or flashover indicating 
a need for bonding jumpers or spark gaps. 


5. Cheek for corroded or loose connectors and 
fasteners. 
6. Make sure that copper-to-aluminum contact 


does not occur except through UL-approved 
bimetallic connectors. 


7. Make sure that all guards for down conductors 


are in place and without severe mechanical damage. 


8. Make sure that all guards are bonded to down 
conductors (at both ends of guard). 


9. 


10. 


Record all deficiencies below: 


Location 


Additional Comments: 
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Deficiency 


Corrective Action Taken 
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PART III - BONDING 
A. General Overall Condition (check): 
Excellent Good Poor 
B. Resistance Measurements: 


(Record the resistance of all bonds measured. See particularly Step d of Section 2.2.2.2.2 


for those bonds which measure greater than one milliohm.) 


Location of Bond Resistance in milliohms 


C. Deficiencies: 


Condition or 


Location Deficiency Corrective Action Taken 


2-50 


MIL-HDBK-419A 


PART IV - FAULT PROTECTION SUBSYSTEM (SAFETY GROUND) 


A. Requirements Checklist: 


Initial 


1. Inspect all electrical/electronic equipments for safety grounding 
conductors (green wire). Check to see that sizes conform to all 
designated requirements. 


2. Spot check all green wire connections to see that they are tight 
and free of corrosion. 


3. Check inside equipments, switch boxes, and distribution panels to 
see that the white wire (neutral) is not grounded at these locations. 
With neutral disconnected at first service disconnect, is resistance 
to ground at least one Megohm? 


4. Check the grounding connection at the first service disconnect 
to make sure it is tight and free of corrosion. 


By Generally check the electrical supporting structures (see Section 1.4.5) 
for looseness in joints or bonds and evidence of corrosion. 


6. Cheek to see if the neutral and green conductors are properly 
interconnected at the first service disconnect and grounded 
(MIL-STD-188-124A Section 5.1.1.2.5). 


Te Record all deficiencies: 


Nature of 
Location Deficiency Corrective Action Taken 


B. Stray Current Measurements: 


Location Reading 
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PART V - SIGNAL REFERENCE SUBSYSTEM GROUNDING 
A. — Inspection Checklist: Initial 


1, Visually inspect the signal reference subsystem for compromises 
in violation of the recommendations of Section 1.5. 


2. Inspect connections to equipment signal ground terminals 
(see Section 3.2.1.1.2) and equipotential plane for looseness 
and corrosion. Apply corrective measures. 

3. Check to see if any new equipments have been added or relocated 
since the last inspection. If so, check interconnecting cables 


for conformance with the requirements of Section 1.5. 


4. Insure that labels and protective covers are in place and free 
of serious damage. 


5. Inspect equipment grounding cables (see Section 1.5) for correct 
sizes, physical damage, and properly bonded end connections. 


6. Record all deficiencies below: 


Location Deficiency Corrective Action Taken 


B. Ground System Point-to-Point Resistance (See Section 2.2.2.2.5 for selection of measurement locations): 


Test Points Measured Resistance 


C. Attach Results of Ground System Noise Survey. Carefully compare results with those obtained during 


previous inspection to detect noticeable and significant changes in voltage and current levels. 
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PART VI - FACILITY SHIELDING (Designated rf Barrier) 


Inspection Checklist: 


Check personnel barriers for mechanical strength, signs of damage, 
and proper grounding (if metallic). 


Insure that all shields around high voltage apparatus are properly 
labeled. 


Check electromagnetic shields for adequate bonding. 
Inspect all electromagnetic shields for holes or openings added since 
last inspection. Check to see that such openings are properly 


covered with screening or covers. 


Inspect power line and signal line filters on wires entering shielded 


areas for proper peripheral grounding. 
Inspect cable shield pigtails for excessive length. 


Inspect rf connectors for tightness, evidence of corrosion, or 


physical damage. 


Ensure that all grounding conductors penetrating a designated rf 
barrier are peripherally bonded to barrier. 


Note Deficiencies Below: 


Location Deficiency Corrective Action Taken 


Initial 
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2.3.4 Performance Evaluation Program. 


a. Purpose. This program provides the checklist and procedures for the evaluation of compliance to 
overall Grounding, Bonding, and Shielding (GBS) practices prescribed in Volumes I and II. 


b. Reference Documents. 


(1) MIL-STD-188-124A, Grounding, Bonding, and Shielding for Common Long Haul/Tactical 


Communication Systems. 
(2) National Electrical Code. 


(3) Lightning Protection Code. 


Ci Procedures. The evaluation for Grounding, Bonding, and Shielding (GBS) is accomplished mainly 
through visual inspection by an evaluator qualified in GBS. The checklist for accomplishing the inspection is 
shown in Section d below. The checklist requires a “yes” or “no” answer. Shown in the checklist is the proper 
answer (indicated by X) for compliance with GBS requirements. The test procedure for measuring resistance to 
ground of the earth electrode subsystem is provided in Volume I, Chapter 2. A clamp-on ammeter with a full 
scale range of six amps on the lowest scale is required to measure ac current. Also required to measure bond 
resistance is a milliohm meter. Procedures for using these equipments come with the instruction book. An 


ohmmeter with the capability to measure one megohm resistance will also be required. 


d. The Performance Evaluation Program GBS checklist follows: 
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PERFORMANCE EVALUATION PROGRAM 
GROUNDING, BONDING, SHIELDING 


Evaluation Station Date 
YES NO 

Is the resistance to earth of the earth electrode subsystem less than 10 ohms? xX 
MIL-STD-188-124A, 5.1.1.1.3.1 
Are the lightning down conductors continuous and welded or brazed to the 
earth electrode subsystem? x 
MIL-STD-188-124A, 5.1.1.1.5 
Are underground metal pipes entering the facility bonded to the earth 
electrode subsystem? x 
MIL-STD-188-124A, 5.1.1.1.6 
a. Was the fall-of-potential method used to measure the earth electrode 

subsystem? xX 
b. Is the data available for inspection? x —— 
MIL-STD-188-124A, 5.1.1.1.7 
a. Is there a separate grounding conductor (green wire) for the power system? x —— 
b. Is it installed with phase and neutral conductors? x ——* 
MIL-STD-188-124A, 5.1.1.2.1 
c. Is conduit used in lieu of the separate grounding conductor? x 
MIL-STD-188-124A, 5.1.1.2.5.1 
Are all non-current carrying metal objects grounded? Xx — 
MIL-STD-188-124A, 5.1.1.2.1 
Are all main metallic structural members electrically continuous and grounded? Xx 


MIL-STD-188-124A, 5.1.1.2.2 


Are all metallic piping, tubing and supports electrically continuous and grounded? x 
MIL-STD-188-124A, 5.1.1.2.3 


Are all electrical supporting structures electrically continuous and grounded? Xx 
MIL-STD-188-124A, 5.1.1.2.4 


a. Is the ac neutral grounded only at the service entrance to the earth 
electrode subsystem? x — 
b. Is there ac current on the green wire or on the signal reference network? x 


MIL-STD-188-124A, 5.1.1.2.5; NEC 250-23 


13. 


14. 


18. 


19. 


20. 
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a. Are all generators grounded? 
b. Are the frames of the generators grounded? 
c. Are the neutrals of the generators tied together and grounded by a single 


lead to the earth electrode subsystem? 
MIL-STD-188-124A, 5.1.1.2.5.2; NEC 250-26 


Are the ground terminals of all ac outlets connected to the facility 
ground system through the grounding (green) conductor? 
MIL-STD-188-124A, 5.1.1.2.5.3 


a. Is one leg of each dc power system grounded? 
b. At one point only, i.e, source or load? 
MIL-STD-188-124A, 5.1.1.2.5.5 


a. Is the facility protected against lightning? 
b. Are all antennas inside a 1:1 cone of protection? 
MIL-STD-188-124A, 5.1.1.3.2 


Do any down conductors of the lightning protection subsystem have bends 
with a radius less than 20 cm (8 inches) or bends not less than 90°? 
MIL-STD-188-124A, 5.1.1.3.3 


Are all metal objects within 1.8 meters (6 ft) of the lightning down 
lead bonded to the down conductor or grounded to the facility ground? 
MIL-STD-188-124A, 5.1.1.3.3 


Are all bonds between elements of the lightning protection subsystem 
welded or brazed or secured by UL-approved clamps? 
MIL-STD-188-124A, 5.1.1.3.4 


a. Does the tower have an earth electrode subsystem? 
b. Is it connected to the earth electrode subsystem of the building7 
MIL-STD-188-124A, 5.1.1.3.8.1 


a. Are the down conductors from the tower bonded to the tower at the base? 
b. Are the down conductors run through metal conduit? 

c. If yes, is the conductor bonded to the conduit at each end? 
MIL-STD-188-124A, 5.1.1.3.8.3 and 5.1.1.3.7 


Is the waveguide grounded (1) near the antenna (2) at the vertical to horizontal 
transition and (3) at the waveguide entry port? 
MIL-STD-188-124A, 5.1.1.3.8.4 
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22. 


23. 


24. 


25. 


26. 


27. 


28. 


29. 


30. 


31. 


32. 
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Are all hand rails, ladders, stairways, antenna pedestals, and other objects 
subject to human contact grounded? 
MIL-STD-188-124A, 5.1.1.3.9 


Are power lines at the point of entry to the facility protected with approved 


lightning arresters? 
MIL-STD-188-124A, 5.1.1.3.12 


Are overall cable shields grounded at each end? 
MIL-STD-188-124A,  5.1.2.1.1.4 


Do any bonds show any signs of corrosion? 
MIL-STD-188-124A, 5.2.3.1 


Are all bolted or threaded fastener bonds adequately torqued? 
MIL-STD-188-124A, 5.2.3.3 and 5.2.6.5; Table 1-23 


Do any bonds have high resistance across the bond? 
MIL-STD-188-124A, 5.2.4 


Is soft solder used for bonds subject to lightning or power fault currents? 
MIL-STD-188-124A, 5.2.6.4 


Are C-clamps or spring clamps used for bonding? 
MIL-STD-188-124A, 5.2.6.6 


Are bonded areas visually clean? 
MIL-STD-188-124A, 5.2.8 


Is each subassembly and chassis adequately bonded to the rack, frame, or 
cabinet? 
MIL-STD-188-124A, 5.2.10 


Are cable connectors adequately mounted? 
MIL-STD-188-124A, 5.2.11 


a. Are shields of coaxial cable adequately fastened? 
b. Are shield pigtails less than 2.5 cm (1 inch) long? 
MIL-STD-188-124A, 5.2.12 


2-57 


34. 


35; 


36. 


37. 


38. 


39. 


40. 


41. 
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YES 

a. Do shielded enclosures appear to retain their integrity? xX 
b. Do grounding conductors cross shielded enclosure without being 

bonded to enclosure? 
MIL-STD-188-124A, 5.3.1 
In the routing and layout of wire, are power lines and high level signal 
lines kept separate from low level signal lines? xX 
MIL-STD-188-124A, 5.3.2.5 
Is there a need for a Lower Frequency Network? x 
MIL-STD-188-124A, 5.1.1.4.3 
Is there a need for a Higher Frequency Network? Xx 
MIL-STD-188-124A,  5.1.1.4.2 
Is a Lower Frequency Network installed? x 
MIL-STD-188-124A, 5.1.1.4.3 
Is a Higher Frequency Network installed? x 
MIL-STD-188-124A, 5.1.1.4.2 
Is the equipotential plane bonded to the facility ground earth 
electrode subsystem? x 


MIL-STD-188-124A, 5.1.1.4.2 


Have any resistance measurements been conducted on the equipotential 
plane? 
MIL-STD-188-124A,  5.1.2.1.1 


Are ground-fault-circuit-interrupters (GFCI) installed on 15 and 20 AMP 
convenience outlets? xX 
MIL-STD-188-124A, 5.1.1.2.5.7 and 5.1.2.2.2 


NO 
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2.4 GROUNDING CONSIDERATIONS FOR CLASSIFIED INFORMATION PROCESSORS (RED/BLACK 
EQUIPMENTS) INSTALLED PRIOR TO THIS HANDBOOK. 


2.4.1 Introduction. Previous chapters of this handbook provide grounding, bonding, and shielding practices for 
unclassified (BLACK) portions of the facilities or systems, and although the BLACK facility ground subsystem 
constitutes the basic ground for the whole facility, special additional grounding considerations must be designed 
into those facilities which process classified (RED) information. This section will cover those requirements 
which are necessary for the RED/BLACK grounding subsystem. 


2.4.2 Existing Facilities. In the past, communication facilities have been designed and installed with separate 
RED and BLACK ground systems isolated from each other as shown in Figure 2-17. Each of these systems was 
generally installed as single-point or tree-type grounding networks. While these systems generally do not meet 
the current requirements of MIL-STD-188-124A, they continue to be in use at existing facilities. Descriptions 
of these systems are therefore included for maintenance purposes only. Single-point signal ground systems 
(either RED or BLACK) will not be installed in new or upgraded facilities processing classified information. 
Any major building or facility rehabilitation should include upgrading the signal reference subsystem to include 
use of the equipotential plane. All additions to existing buildings shall include an equipotential plane in 
accordance with MIL-STD-188-124A. 


2.4.3. Protection Grounds. The methods of providing a ground for the signal reference subsystem are variable, 
and dependent on system equipment type, configuration, level of signaling, number of equipments, and location 
of the facility. These methods were intended to provide general parameters and outline the basic concept of a 
grounding system which would ensure an adequate signal-to-noise ratio in signaling circuits while affording 
requisite system security. The prime purpose of this guidance is to reduce or eliminate the number of points in 
the limited exclusion area (LEA) at which the RED equipment area nonferrous shield or signal ground makes 
contact with the distribution facilities or components of the ac fault protection subsystem in the LEA (including 
the equipment cases, duct, conduit, frames, panels) at other than intended points. Such isolation was intended 
to help reduce the probability of compromising emanations on the ac fault protection subsystem in the LEA. 
The physical makeup of many equipments in the government inventory however precludes complete separation 
of the ac fault protection subsystem from the signal reference subsystem. The ac fault protection subsystem 
was made up of several components for which the prime purpose is to safeguard life and equipment throughout 
the facility and is generally based on requirements defined in MIL-STD-188-124A. (Also See Figure 1-69.) The 


following comprise the fault protection ground subsystem: 


a. AC Metal. The ac metallic distribution subsystem (part of the fault protection subsystem) of a 
facility includes all equipment cases, cabinet racks, duct, conduit (rigid, EMT, flexible) metallic cellular 
flooring, technical power panels, main power panels, and distribution frames, connected or interconnected in 
such a manner that the components are electrically common and connected to the ac protection ground or earth 
electrode subsystem. (See Figure 1-69.) Electrical continuity of the system is accomplished via metal-to-metal 
contact. 


b. | Grounding (Green) Wire. The ac power required to operate equipment in the facility has the hazard 
integrity doubly insured by the inclusion of an unbroken green grounding conductor within the normal ac 
metallic distribution or the fault protection subsystem of the facility. This green grounding conductor is 
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connected from the grounding electrode or bus of the main (first) service disconnect power panel to each case 
of all equipments in the LEA and Controlled Access Area (CAA) (see Figure 1-69). The green wire protective 
grounding feeder has no TEMPEST connotations or engineering techniques nor relationship with or part of the 
signal reference subsystem. 


2.4.4 Signal Reference Subsystem. Under the old RED/BLACK criteria, the signal reference subsystem was 
called the signal ground system and was made up of those elements which permitted all station signals to be 
electrically referenced to a single-point (see Figure 2-17). The old signal ground system was made up of the 
following sub-sections: 


a. Signal Ground Point. The signal ground point was the single point to which the RED and BLACK 
signal ground conductors (installed throughout controlled access areas) were connected. 


b. Signal Ground Reference Point. In large facilities, several LEA’s may have required multiple 
RED/BLACK signal ground conductor feeders and connections to the signal ground point. To reduce the number 
of connections to the actual signal ground point, a signal ground reference point may be established to provide 
flexibility within the confines of the CAA or LEA for a facility containing multiple LEA's. A single signal 
ground reference point may have been used for both RED and BLACK conductors, however in many instances 
separate RED and BLACK signal ground reference points may also have been used. They should have been 
located at a point central to all LEA’s within a CAA or LEA. The location of the signal ground reference point 
should have also been planned to provide the most direct connection to the signal ground point or earth 
electrode subsystem. 


C. Signal Ground Plane. A ground focal point for connection of the nonferrous shields and the common 
of power supplies was usually a copper bus insulated from, but installed in, on, or near the Main Distribution 
Frame (MDF), Intermediate Distribution Frame (IDF), or RED Intermediate Distribution Frame (RED IDF). The 
signal ground plane would be connected to the signal ground point, or signal ground reference point via a heavy, 
insulated wire (signal ground conductor) which was installed in metallic distribution facilities, and was at least 
1/0 AWG. Signal ground planes regardless of system designation (RED, BLACK), were not directly 
interconnected to each other via signal ground conductors. The signal ground planes were common to each 
other only at the point where the separate RED and BLACK signal ground conductors ultimately made 
connection to the signal ground point or signal ground reference point. 


d. Signal Ground Reference Plane. A common connection point was established to terminate either 
RED or BLACK (not both together) equipment circuitry such as digital communication equipment or digital 
terminal equipment. The signal ground reference plane was isolated from the ac protection ground or grounding 
conductor or bus. When used, signal ground reference planes were connected to the nearest appropriate signal 
ground plane. 


e. Signal Ground Bus. A ground bus found in the MDF, IDF, or CDF served as the ground system 
connection point for the nonferrous shields of the signal and control cables. The shield ground bus was 
established and installed behind all vertical and horizontal terminal blocks in the distribution frames. The 


shield ground bus system was made up of rows of strapped (#22 AWG) terminals terminating the nonferrous 
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shields and an insulated conductor from strapped terminals to the insulated copper ground frame distribution 
cable behind the vertical and horizontal terminal blocks. The insulated conductor was brazed to the insulated 
signal ground plane near the distribution frames served. If a jumper wire was used from the distribution cable 
to the signal ground plane, a minimum of #10 AWG stranded conductor would generally suffice (see 
Figures 1-67, 1-68, and 2-18). 


f. Other Protection Grounds. The signal ground is an earth ground which should be controlled. It is 
recognized that a ground system contained within a controlled space (CS) is not always possible. In this case 
other alternatives were considered. Notwithstanding the limitations associated with water pipes, they were 
however used as a single ground point. Another somewhat acceptable ground point was the case of the old 
cryptographic equipment (see Figures 2-19 and 2-20) which did not have any means to attach a ground feeder 
conductor to the equipment case. As noted in Figure 2-19A, the green wire ground connection in the power 
panel serving the cryptographic units was sometimes used. 


2.4.5 Signal Filter Ground. To minimize the degradation of filter insertion-loss characteristics due to a 
nonzero impedance between the filter case and earth ground, filters were mounted directly on a ground 
reference plane. This ground plane was in turn connected to the signal ground point. If the filters could not be 
mounted on a ground plane or an equipment chassis (which effectively provides a ground plane), extreme care 
was taken to provide an adequate case ground. It was recommended that the case of the filter input utilize 
shielded cable and that it be connected to the filter via a coaxial type connection with the shield tied to the 
case via the connector shell (not via a pigtail). Additionally, a heavy braided ground strap was installed to 
connect the filter case to the ground point. 


2.4.6 Grounding Precautions. Whenever possible, inadvertent contact to fortuitous conductors in walls or 
floors which did not have an adjacent CAA was avoided when installing equipment, cabinets, racks, or ducts. 
Moreover, insulators were not utilized unless specifically required, and then only on a case-by-case basis. All 
components of the station signal ground distribution system were contained within a CAA or controlled space. 
It has been the responsibility of the operating activity to ensure, by periodic inspections, that all areas of the 
signal ground system installed in the controlled space meet good engineering practices. 
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Figure 2-17. Typical Multiple Area Ground Distribution (OLD RED/BLACK CRITERIA) 
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Figure 2-18. Typical Signal, Shield Ground, Bus Distribution System 


for Single-Point Ground (OLD RED/BLACK CRITERIA) 
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Figure 2-19. Crypto Equipment Grounds (OLD RED/BLACK CRITERIA) 
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Figure 2-20. Typical Facility Ground System (OLD RED/BLACK CRITERIA) 
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CHAPTER 3 


DESIGN CRITERIA 


3.1 INTRODUCTION. 


This chapter presents recommended grounding, bonding, and shielding practices for use in equipment design and 
construction at levels of implementation ranging from circuit board design to installation in the cabinets. Also 
presented is a set of inspection and test procedures for verifying that proper grounding, bonding, and shielding 
practices have been employed in the design and construction of the equipment. The design of the equipment 
should emphasize careful grounding, bonding, and shielding along with other interference and noise control 
measures in order to achieve compatible operation within the electronic system in which it is installed. This 
emphasis must continue to be maintained during the manufacture, installation, and operation of the equipment 
or system. For example, during manufacture, careful attention should be given to the routing of cables, the 
choice and mounting of cable connectors, the selection of signal and ground conductors, the correct 
implementation of all bonds within the equipment, etc. When the piece of equipment is installed, the 
configuration of the facility ground networks (for a detailed description of these networks, see Section 1.5) and 
the integrity of the shields within the facility must be maintained. Correspondingly, the ground networks and 
shields in the facility should not be allowed to degrade during the operation of equipments. For example, 
ground connections should not be randomly changed in efforts to improve equipment operation without 
considering what effect such changes will have on the overall system. This recommendation applies to changes 


internal to the equipment as strongly as it applies to changes made external to the equipment. 


Basic personnel protection measures should also be incorporated. Inadvertent contact with metal parts 
operating at hazardous voltages must be prevented. Likewise, exposure to harmful emissions of either the 
ionizing or nonionizing type must be avoided by the provision of appropriate shields or barriers. In addition, 
protection must be provided against internal power line faults through the installation of grounding conductors 
of adequate size and the incorporation of appropriately sized fuses or circuit breakers into the design. 
Overvoltage and overcurrent protection should be provided on power lines, signal lines, and control lines. A 
variety of measures may be used singly or in combination to provide the needed protection. Efficient 
grounding, bonding, and shielding in accordance with the recommendations set forth in the following sections 


are important factors in the achievement of this protection. 


3.2 GROUNDING PROCEDURES. 


3.2.1 Signal Grounds. 


Grounding in equipment must be given the same careful attention as is given to amplifier design, filter 
selection, component selection, and mechanical layout. In equipment, the signal grounding philosophy presented 
in Volume I, Chapter 5 and the practices recommended in Chapter | of this volume for facilities are to be 
applied on a smaller scale. The grounding techniques and practices used in the design of the equipment must 
ensure that the signal reference points or planes internal to the equipment can be properly interfaced with 
those of other equipments and those of the facility as a whole without compromising the signal ground system 
of either the individual unit or the total system. 


3-1 


MIL-HDBK-419A 


A basic signal ground point or plane is an important requirement for reliable, interference-free equipment 
operation. Unfortunately, the ideal ground plane does not exist and some difference of potential will always 
exist between different ground points. The following sections present techniques and procedures for minimizing 


this potential difference in both lower and higher frequency equipments. 


3.2.1.1 Lower Frequency Equipment. 


3.2.1.1.1 Signal Ground Network Configuration. Equipment shall be manufactured with a single-point, signal 
ground network in lower frequency equipments, i.e., equipment operating at 30 kHz or less. Isolate the lower 
frequency signal reference points and planes established internal to the equipment from the equipment case.* 
(The functional requirements of the internal circuitry of the equipment will determine the actual methods and 
techniques which must be used in establishing the individual reference points and planes. Because of the wide 
variability of design requirements, the final selection must be left to the individual designer. The designer 
should become thoroughly familiar with the fundamental design principles contained in Volume I, Chapters 5 and 
6.) 


3.2.1.1.2 Signal Ground Terminals. 


a. Equipment shall be manufactured with an insulated signal ground terminal on each equipment case 
as illustrated by Figure 3-1 to provide a path for interconnecting the signal reference inside the equipment to 
the facility lower frequency ground network. 


b. The ground terminals can be a pin in a connector, a screw or pin on a terminal strip, an insulated 
wire or an insulated stud, a jack, or a feedthrough. If an insulated wire is used, it should be at least No. 16 
AWG copper or larger to provide adequate mechanical strength; for No. 16 AWG, its length should not exceed 
1.5 meters (5 feet). If a longer ground wire is required in order to connect to the lower frequency signal ground 
network in the facility, the size of this wire should be increased. To determine the necessary wire size, first 
compute its required cross-sectional area from: 


Required area in circular mils = Length required in running feet x 500 cmil per foot. 


Using either Table 5-1 in Volume I or a standard wire table, determine the standard AWG size having the 
required (or larger) cross-sectional area. For example, assume the required wire length is 3 meters (10 feet). 
The minimum necessary cross-sectional area is then 


10 ft x 500 cmil/ft = 5000 cmil. 


*Common battery systems typically are designed with the signal ground connected to chassis or cabinet ground 
which is also connected to one of the dc supply buses. It is recommended that such systems be isolated from 
the structure and from the racks and cabinets of other lower frequency equipments and systems. All interfaces 
between common battery systems and other equipments and systems should be balanced. Shield grounding must 
be controlled to ensure that the desired isolation be maintained. 
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Figure 3-1. Grounding in Lower Frequency Equipment 


The wire tables show that No. 13 AWG wire has a cross-sectional area of 5,178 circular mils and could be used. 
However, No. 12 AWG is more commonly available and would probably be used instead. 


Cc. Where an insulated ground wire penetrates a metal sheet such as the equipment case, adequate 


physical protection must be provided with grommets, plastic sleeves, or other protectors to ensure continuous 
isolation between the floating chassis and the equipment case or cabinet. 


3.2.1.1.3 Color Code. To aid in distinguishing the signal ground terminal from other terminals on the 
equipment, it should be clearly marked with a permanent yellow label or color code. 


3.2.1.1.4 Cabinet Bus Bar. 


a. Each rack or cabinet containing two or more separate pieces of lower frequency equipment should 
have a bus ground installed that is insulated from the rack or cabinet. 
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b. Connect the signal ground terminal of each unit of equipment with a bonding jumper to the signal 
ground bus bar in the manner illustrated in Figure 3-2. To provide adequate mechanical strength and a low 
impedance path, a broad, flat copper or aluminum strap should be used between the signal ground bus bar and 
the signal ground terminal on each unit of equipment. A copper wire, No. 16 AWG or larger, may also be used. 
This bonding jumper must be insulated or otherwise kept from contacting either the equipment case, the rack or 
the cabinet. 


3.2.1.1.5 Isolation. 


a. The signal ground network in lower frequency equipments must be designed and installed to provide 
complete electrical isolation between this ground network and the equipment case (see Figure 3-1). For 
example, the signal grounds on printed circuit boards must not be connected to the chassis. On the other hand, 
if the designer determines that the metal chassis can be used as a signal reference for the lower frequency 
circuits without creating interference problems, and it is desirable to do so, the chassis then must be floated 
from the equipment case through the use of insulating spacers or standoffs. Care must be exercised in the 


mechanical layout of the equipment to insure that screws and fasteners do not compromise this isolation. 


b. Controls, readout and indicating devices, fuses and surge protectors, monitoring jacks, and signal 
connectors must be installed in ways that do not compromise this isolation. Both sides of the ac power line 
must be isolated from the lower frequency signal ground and from the equipment case. Only transformer-type 
power supplies should be used; the commercial ac/dc practice should never be used. The metal portions of 
equipments exposed to human contact must be grounded with the green safety wire. 


c. To verify that this isolation is maintained, measure the resistance between the equipment’s ground 
terminal and the case, between the rack ground bus and the rack frame, and between each side of the ac power 
line and the equipment case. Each of these measurements should show a high (> 1 megohm) resistance. Before 


making these tests, be sure power lines are not connected and all interfacing cables are disconnected. 
3.2.1.1.6 Signal Interfacing. 


a. The preferred method of interfacing lower frequency equipments is to use balanced lines. All signal 
inputs and outputs should be balanced with respect to the signal ground; the signal paths between such 
equipments should employ balanced, shielded, twisted pair lines in the manner illustrated in Figure 3-3. The 
twisting should be as tight as feasible with 18 twists per foot (3-1), the desired goal for small wires. 


b. | Where unbalanced signal lines must be used, the signal return must be grounded at one end or the 
other, but not both (see Figure 3-4). (Deciding in advance to ground the signal line at only the source (the 
driving end) or the load (the receiving end) generally leads to implementation problems in complex installations. 
For example, some equipment will be the load for one signal circuit while being, at the same time, the source 
for another load as shown in Figure 3-5. In this case, if each line is grounded at the source or at the load, the 
single-point ground will be compromised. Most modern electronic installations are so complex and widely 
distributed that even if unbalanced interfaces could be implemented which did not violate the lower frequency 
signal ground network in the facility, it is improbable that the single-point ground system could be maintained 
during future equipment additions and modifications.) As a result, the equipment must be designed to have the 
capability of isolating from ground at either the source or load. 
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Figure 3-2. Lower Frequency Signal Ground Bus Bar Installation in Rack or Cabinet 
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3.2.1.1.7 Shield Grounding (Black Only). 


a. The shields of lower frequency signal lines should be grounded at only one end to the signal ground 
network internal to the equipment as shown in Figure 3-3. The ground connection may be made at either the 
source or the load end (3-2), (3-3), (3-4). In general, 


(1) shields of sensitive data lines should be grounded at the load end; 
(2) shields of high level* signal lines should be grounded at the source end; and 


(3) shields on lines from high impedance dc sources such as strain gauges, thermocouples, etc., 
should be grounded at the source end (3-5). (Further details on shield grounding for data acquisition systems are 
given in Section 3.5.2.) 


b. All individual shields of lower frequency signal lines within a cable bundle must be insulated from 
each other to minimize cross coupling. Further, these individual shields must be isolated from the overall 
bundle shield, equipment chassis and enclosures, junction boxes, conduit, cable trays, and all other elements of 
the facility ground system. When cables are long, extra attention must be directed toward maintaining the 
isolation of the individual shields at the ungrounded end and at all intermediate connectors throughout the cable 
run. 


C. At terminating equipments, the shields of individual lower frequency signal lines may be carried into 
the case or cabinet on separate pins or may be grounded together to be carried in (or out) on a common 
connector pin, depending upon the characteristics of the equipment involved. If the common pin arrangement is 
used, it must not compromise the single-point grounding principle. It is advisable to use one pin for low level 
signal shields with a different pin used for high level signal lines. These individual shields should be terminated 


to the lower frequency signal ground network. See g through i below for overall shield grounding. 


d. The pigtail between the shield breakout and the connector pin should be as short as physically 
practical. 


e. In multiconductor cables some of the individually shielded signal lines will be grounded at one end 
while other shields will be grounded at the other end. Careful attention must be given to the installation of 


such cables to prevent grounding of shields at both ends. 


f. If pickup or radiation problems arise because the shield is longer than 4/10 at critical frequencies 
(see Volume I, Section 6.2.2.4), the shield may be divided into segments in the manner illustrated in Figure 3-6. 
Each shielded section should be grounded at one end only. 


*High level versus low level is a matter of degree and will depend upon the characteristics of the particular 
system under consideration. A suggested rule of thumb is that if the voltage levels of two signals differ by a 
factor greater than 10 to 1, then the larger should be treated as high level relative to the smaller. 
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Figure 3-3. Use of Balanced Lines to Avoid Ground Loops 
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g. Multiconductor cables which contain unshielded or individually shielded wires, or both, frequently 
have an overall shield provided for both physical protection and to provide supplemental electromagnetic 
shielding. Such overall shields should be grounded at each end of the cable run to provide a continuous rf shield 
with no breaks. 


h. For long cable runs where the cable is routed through one or more intermediate connectors, the 
overall shield should be grounded to the frame or case of junction boxes, patch panels, and distribution boxes 
along, the cable run. 


1. For maximum shielding effectiveness, the overall shield should be effectively bonded as shown in 
Figures 3-7 and 3-8 with a low impedance connection to the equipment case, enclosure wall, or other 
penetrated (metal) shield. The best way to bond the overall shield to a connector is to run the shield well inside 
the connector shell and provide clean metal-to-metal circumferential contact between the shield and the shell. 
If the connector is not involved, shortest practical lengths of connecting strap or jumper should be used. 
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Figure 3-4. Effect of an Unbalanced Cable on the Single-Point Ground 
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Figure 3-5. Effect of Arbitrarily Grounding the Source End of Unbalanced Equipment Interconnecting Cables 
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Figure 3-6. Method of Grounding the Individual Shields on Long Lower Frequency Shield Cables 
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Figure 3-7. Grounding of Overall Cable Shields to Connectors 
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Figure 3-8. Grounding of Overall Cable Shields to Penetrated Walls 


3.2.1.2 Higher Frequency Equipment. In higher frequency equipments, multiple-point equipotential grounding 
is required. The various signal pairs internal to the equipment are referenced as required to a metallic common 


or equipotential ground plane with minimum length conductors. The equipment chassis is normally used as the 
signal reference plane. The equipment chassis is grounded through the case or cabinet to the equipotential 


ground plane. Yellow covered wire or cable of adequate size should be employed for all interconnections of the 


higher frequency signal reference network. 
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Figure 3-9. Establishment of Shield Continuity Between Higher Frequency Equipments 


3.2.1.2.1 Signal Interfaces. For higher frequency signals, the interfacing lines between equipments may be 
unbalanced, constant impedance, transmission lines such as coaxial cables. The current return conductor, e.g., 
the shield in the case of a standard coaxial cable,* should be grounded to the equipment enclosure at both ends 
of the cable and at intermediate points along the cable run. (This multiple-point grounding of the shield 


maintains the rf shielding effectiveness of the cables and simplifies equipment design.) 


3.2.1.2.2 Cable Connectors. Cable connectors must have less than one milliohm contact resistance to provide 
a low impedance path between the cable shield and the equipment case on which the connector is mounted. 
Bond the shield completely around its periphery of the cable to the connector shell with a tight compression or 
soldered bond. Soldered connections are preferred over clamps. Higher frequency shield terminations must 
maintain the rf-tightness of the interconnected system (see Figure 3-9). 


*In low level, wideband (particularly video) systems, noise voltages arising from stray power currents (or from 
currents induced in cable shields by incident rf fields, ie., the antenna effect), flowing through the cable shield 
can be troublesome. A way to combat the rf pickup problem is to, in effect, enclose the shield carrying the 
signal return current inside of another shield or use a balanced type of transmission line. To accomplish the 
first of these alternatives, either a triaxial type cable can be used or the coaxial cable can be routed in metallic 
conduit. The inner shield of the triaxial cable or the shield of the conduit-protected coaxial cable should be 
terminated to the signal ground on the inside of the equipment. The outer shield of the triaxial cable and the 
conduit should be peripherally bonded to the case or cabinet of the terminating equipments. If the interference 
is the result of stray power currents, the current path through the shield must be interrupted or a twinaxial type 
of cable must be used. To interrupt the path for stray power currents, the system’s signal reference must be 
connected to structure at only one end. Thus, either the source or load end signal reference must be isolated 
from structure and the ac ground. The isolation can be effected either by floating the equipment or its internal 
circuitry. Generally, however, either process is very difficult to implement and maintain and it is preferable to 
resort to a balanced interface or locate the source and reduce the magnitude of the stray current. 
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3.2.1.3. Equipments Containing Both Lower and Higher Frequency Circuits. Some types of equipment will 
necessarily contain both lower and higher frequency signal circuits in the same equipment case because of 
specific design or operational requirements. (For example, a typical VHF or UHF receiver will require both a 
higher frequency input from the antenna and a lower frequency output to audio or IF amplifiers as illustrated in 
Figure 3-10.) If the lower and higher frequency circuits are functionally independent and can be separated, the 
lower frequency signal ground should be designed and installed in accordance with Section 3.2.1.1 and the higher 
frequency signal grounds should conform to Section 3.2.1.2.* However, in equipments where both lower and 
higher frequency circuits must share a common signal ground because of design or construction requirements, 
both signal circuits should be grounded as in higher frequency equipments. The higher frequency interfaces to 
all transitional type equipment should be constant impedance, shielded lines with the shield grounded around its 
periphery to the chassis or cabinet. The lower frequency interfaces may be shielded, and should be balanced, 
twisted pair lines, as illustrated in Figure 3-10, with the shield grounded at one end only. 


3.2.2 Fault Protection. Connect each unit or piece of electrical and electronic equipment and all exposed 
conductive parts to other nearby conductive objects, such as the building structural steel, to prevent hazardous 
voltages from existing on the equipment relative to its surroundings. Also, ground each equipment to the earth 
electrode subsystem through a low impedance path to provide a return path for fault currents back to the ac 
distribution transformer. 


a. Ground exposed noncurrent-carrying metal parts of electrical and electronic equipment for fault 
protection in accordance with the requirements of MIL-STD-188-124A. 


b. Convenience outlets which are provided as an integral part of a piece of equipment must be 
grounded in accordance with the NEC. Connect the ground terminal of the receptacle in such outlets to the 
equipment case, racks, or cabinet in which the outlet is mounted with a ground conductor equal in size to the 
green wire specified by the NEC. (This ground conductor is to be installed in addition to any grounding 
connection made by the yoke of the receptacle.) 


c. The ground terminal of all convenience outlets and plugmolds provided with the equipment or 
equipment cabinet shall be connected to the fault protection subsystem via the grounding (green) wire. In 
addition, the green wire shall be connected to the equipment case and rack. The size of the conductor shall be 
in accordance with Table 1-21 or Article 250 of the National Electrical Code. Wire mold or plugmold strips and 
convenience outlets which depend upon serrated fingers for ground shall not be used. 


d. Accessible conductive extensions from each equipment must be grounded to the equipment case to 
prevent such parts from becoming electrically energized in case of a power line fault or component failure. For 
example, metal control shafts must be grounded with close-fitting gaskets, with metal finger stock, or through 
the mounting hardware. 


*At facilities where lower frequency equipments are installed over the equipotential plane, the single-point 
ground should be connected to the equipotential plane. 
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Figure 3-10. Grounding Practices in Equipments Containing Both Higher Frequency and Lower Frequency Circuits 
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e. The ac neutral, ie., the white wire, must not be connected to any noncurrent-carrying metal parts 
of the equipment. (This restriction means that the use of ac/dc type of power circuit design is prohibited and 
that a power transformer is required for each equipment or subsystem.) 


3.2.3 Cabinet Grounding. The case or cabinet of each individual unit or piece of equipment must be 


electrically bonded to the cases of other nearby equipments and to the nearby equipotential plane or fault 
protection subsystem to minimize noise voltages produced by stray currents. 


a. Each unit or piece of equipment that is not rack mounted should have its case or enclosure 
connected to the nearest point on the equipment ground network with a low resistance ground cable. To ensure 
that this ground cable has a sufficiently low resistance, the size of the ground cable should provide at least 2000 
cmil per running foot. To determine the necessary wire size, first compute its required cross-sectional area 
from: 


Required area in circular mils = Bun length in feet x 2000 cmil per foot. 


Using either Table 5-1 in Volume I or a standard wire table, determine the standard AWG size having the 
required (or larger) cross-sectional area. For example, assume the run length is 20 feet. The minimum 
necessary cross-sectional area is then 


20 ft x 2000 cmil/ft = 40,000 cmil. 


The wire tables show that a No. 4 AWG wire has a cross-sectional area of 41,740 circular mils and should be 
used for a run of 20 feet. 


b. If the equipment is mounted in a rack, frame, or cabinet, the equipment case must be directly 
bonded to the rack, frame, or cabinet in accordance with the recommendations of Section 3.3. The rack, frame, 
or cabinet must then be grounded to the nearest point on the fault protection subsystem within the facility with 
a ground conductor providing 2000 cmil per running foot. Figure 3-11 provides a typical equipment cabinet 
grounding detail. 
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Figure 3-11. Typical Equipment Cabinet Grounding Detail 
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3.3 BONDING PRACTICES. Equipment emission and susceptibility requirements for proper system operation 
should be accomplished with the most cost-effective combination of interference reduction techniques. 
Bonding is an essential element of the interference control effort. This section presents design and 
construction guidelines to aid in the implementation of effective bonding of equipment circuits, equipment 
enclosures, and cabling. These guidelines are not intended as step-by-step procedures for meeting EMC 
specifications. Rather they are aimed at focusing attention on those principles and techniques which lead to 


increased compatibility between circuits, assemblies, and equipments. 


a. | Welded seams should be used wherever possible because they are permanent, offer a low impedance 
bond, and achieve the highest degree of rf tightness. 


b. Spot welds may be used where rf tightness is not necessary. Spot welding is less desirable than 
continuous welding because of the tendency for buckling and the possibility of corrosion occurring between 
welds. 

c. Soldering should not be used where high mechanical strength is required. If mechanical strength is 


required, the solder should be supplemented with fasteners such as screws or bolts. 


d. Solder must not be used to form bonds which may be reasonably expected to carry large currents, 
such as those produced by power line faults or lightning currents. 


e. Fasteners such as bolts, rivets, or screws should not be relied upon to provide the primary current 
path through a joint. 


T, Rivets should be used primarily to provide mechanical strength to soldered bonds. 


g. Sheet metal screws should be used only for the fastening of dust covers on equipment or for the 


attachment of covers to discourage unauthorized access by untrained personnel. 

h. Bonds that can not be made through direct metal-to-metal contact must use auxiliary straps or 
jumpers. The following precautions should be observed when employing bonding straps or jumpers (see Figure 
3-12): 

(1) Jumpers should be bonded directly to the basic structure rather than through an adjacent part. 
(2) Jumpers should not be installed two or more in series. 
(3) Jumpers should be as short as possible. 


(4) Jumpers should not be fastened with self-tapping screws. 


(5) Jumpers should be installed so that vibration or motion will not affect the impedance of the 


bonding path. 
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Figure 3-12. Acceptable and Unacceptable Uses of Bonding Jumpers 
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(6) Jumpers should be made of tinned copper, cadmium-plated phosphor bronze, aluminum, or 
cadmium- plated steel. 


(7) Mating metals should be selected to offer maximum galvanic compatibility (see Section 1.7.3). 


i. Where electrical continuity across the shock mounts is necessary, bonding jumpers should be 
installed across each shock mount. Jumpers for this application should have a maximum thickness of 0.06 cm 
(0.025 in.) so that the damping efficiency of the mount is not impaired. In severe shock and vibration 


environments, solid straps may be corrugated or flexible coarse wire braid may be used. 


j. Where rf tightness is required and welded joints can not be used, the bond surfaces must be 
machined smooth to establish a high degree of surface contact throughout the joint area. Fasteners must be 
positioned to maintain uniform pressure throughout the bond area. 


k. — Chassis-mounted subassemblies should utilize the full mounting area for the bond as illustrated in 
Figures 3-13 and 3-14. Separate jumpers should not be used for this purpose. 


L Equipments attached to frames or racks by means of flange-mounted quick disconnect fasteners 
must be bonded about the entire flange periphery as shown in Figure 3-15. Both the flange surface and the 
mating rack surface must be cleaned over the entire contact area. 


m. Rack-mounted packages employing one or more dagger pins should be bonded as shown in 
Figure 3-16. 


n. The recommended practices for effective bonding of equipment racks are shown in Figure 3-17. 
Bonding between the equipment chassis and the rack is achieved through contact between the equipment front 
panel and the rack front brackets. These brackets are bonded to the horizontal slide which is in turn arc welded 
to the rack frame. The ground stud at the top of the rack is used to interconnect the rack structure to the 
facility ground system. 


o. | Where hinges are used, establish an alternate electrical path through the use of thin, flexible straps 
across the hinges as shown in Figure 3-18. 


p. | Standard MS-type connectors and coaxial connectors must be bonded to their respective panels over 
the entire mating surfaces as illustrated in Figure 3-19. Panel surfaces must be cleaned to the base metal for 


no less than 0.32 cm (1/8 in.) beyond the periphery of the mating connector. 


q. In ideal situations cable shields should be bonded to the connector shell completely around the 
periphery of the shield with either compression or, preferably, soldered bonds. 


r. When an rf tight joint is required at seams, access covers, removable partitions, and other shield 
discontinuities, conductive gaskets should be used. They may also be used to improve the bond between 
irregular or rough bonding surfaces. Gaskets should be sufficiently resilient to allow for frequent opening and 


closing of the joint and yet be stiff enough to penetrate any nonconductive films on surfaces. 
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Figure 3-13. Bonding of Subassemblies to Equipment Chassis 
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s. Gaskets should be firmly affixed to one of the bond members with screws, conductive cement, or 
any other means which does not interfere with their operation. The gaskets may be placed in a milled slot to 
prevent lateral movement. 


t. All bonds which are not in readably accessible areas must be protected from corrosion and 
mechanical deterioration. Corrosion protection should be provided by insuring galvanic compatibility of metals 
and by sealing the bonded joint against moisture (see Section 1.7.3). 
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Figure 3-16. Bonding of Rack-Mounted Equipments Employing Dagger Pins 
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Figure 3-17 Recommended Practices for Effective Bonding in Cabinets 
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Figure 3-19. Bonding of Connector to Mounting Surface 
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3.4 SHIELDING GUIDELINES. Even during the circuit design phase of the equipment, shielding requirements 
should be considered. In this way, electromagnetic compatibility can be achieved during design thus alleviating 
much of the post-construction retrofit sometimes required for successful operation. A properly designed 
circuit can be compromised in the transition from a breadboard design to a packaged end item unless 
appropriate control measures are taken. Thus it is important that components be carefully selected with due 
regard to their sensitivity characteristics and shielding requirements. Then careful attention must be directed 
to the installation of these components to either take advantage of their inherent shielding properties or to 
overcome their shortcomings. In this way, coupling between circuits internal to the equipment and between 
internal circuits and external emitters or receptors can be controlled. The documentation and design 
requirements for the control of the electromagnetic emission and susceptibility characteristics of military C-E 
equipments are provided in MIL-STD-461. 


3.4.1 Parts Selection. 
a. In circuits where stray coupling may be detrimental, use shielded inductors. 
b. Wherever possible, use shielded relays and electrically ground the shield. 
c. The input transformer for isolation amplifiers should have electrically shielded primary windings. 


d. Power transformers for susceptible circuits should have an electrostatic shield between the primary 


and secondary windings. This shield and the transformer case should be grounded to the equipment chassis. 


e. | Use shielded hookup wire for high level leads inside the chassis to prevent interference signals from 
coupling to other internal leads which extend through the chassis. 


f. Select connector types which will provide sufficient pins for individual shield terminations. 


g. Select connectors which will be able to withstand environmental conditions without degradation of 
the shielding characteristics of the connector. 


3.4.2. Layout _and_ Construction. 


a. Do not place low level signal paths adjacent to high level signal paths or unfiltered power supply 
conductors. 

b. Avoid the use of long parallel conductor runs. 

Cc. Where long parallel runs cannot be avoided, e.g., on “Mother boards,” arrange conductor functions 


so that they successively progress from the low level, most sensitive leads to the highest level leads. The 
filtered dc power leads and low rate control functions (potentiometer leads, reference voltages, etc.) may run 
down the middle. 


d. Ensure that excessive conductor parallelism does not occur between adjacent boards. 
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e. For rf and high speed digital paths, use double-sided board with microstrip transmission lines 
properly matched to the terminal impedances. 


f. Effectively ground large unetched portions of boards and utilize the grounded portions as shields. 


g. Consider carefully the positions of transformers and inductors on adjacent boards to assure that 
undesired magnetic coupling does not occur between circuits. 


h. Assign circuit functions on boards following the principle of physically separating the most sensitive 
networks from the high level or transient producing networks. 


1. Arrange or shield magnetic components to avoid interacting stray fields. 
j. Orient the winding axes of adjacent transformers at 90° with respect to each other to minimize 
coupling due to the concentration of leakage flux along the winding axis and, hence, to minimize the required 


shielding. 


k. Exercise care in placing shields close to circuits in which the circuit Q is a critical factor because 
losses in the shield can lower the circuit Q. 


1. Ground any shields on printed circuit boards directly to the main chassis independently of any 
grounds located on the board. 


m. The shields on printed circuit boards must never be used as a circuit return conductor since current 
flowing in the surface of the shield can result in radiated rf energy. 


n. Use modularized construction wherever possible; in particular, place power line input filters in 
shielded modules. 


o. | Extreme high and low level stages should be isolated in separate compartments. 

p. Circumferentially bond power line filter cases to the chassis. If the surfaces are aluminum, the 
surfaces should be iridited, never anodized or primed. Mounting ears or studs must exhibit firm and positive 
contact over the entire area of the mounting surface. 

q. Most common lower frequency interference is the so-called "hum" from power conductors and is 
predominately magnetic. The shielding of a circuit from power frequency interference may require the use of a 


high permeability magnetic shield completely surrounding the sensitive circuit. 


I. Provide for effective electric and magnetic field shielding of the power supplies, battery chargers, 


dc to ac inverters, and dc to dc converters. 


S. High voltage power supplies should be adequately shielded and carefully isolated from highly 
sensitive circuits. 
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3.4.3, Equipment Enclosures. The shielding effectiveness of the enclosure depends on the structural material 
and on the mechanical design, construction, and installation of the equipment. The choice of material depends 
primarily on the ambient field and on the degree of shielding required (see Volume I, Section 8.3). The main 
problems with shielding, however, are usually not with the material but with the control of leakage through 
openings at seams, apertures, and wire penetrations. The following guidelines are suggested as aids toward 
controlling this high leakage. 


3.4.3.1 Seams. 

a. Hold mechanical discontinuities to a minimum. 

b. Bond equipment enclosures at every seam and discontinuity. 

c. Recognize that the poorest electrical joint will determine the shielding effectiveness of the 
enclosure. 

d. Obtain clean metal-to-metal contact at seams to prevent leakage and radiation of energy. 

e. Where possible, seams should be welded, brazed, or soldered such that the joint is continuous; 


however, satisfactory results for some applications can be obtained with closely spaced rivets, spot welding, or 
nuts and bolts. 


f. Provide as much overlap as possible and closely space fasteners to minimize the tendency of the 
joint to buckle. 


g. Ensure that the fastening method exerts sufficient pressure to hold the surfaces in contact in the 
presence of deforming stresses, shock, and vibrations associated with the normal operation of the equipment in 
its expected environment. 

h. Use gasket or finger stock material where seam unevenness is encountered or where removable 
panels, drawers, etc., are used. The gasketing material should fill gaps and uneven places to provide continuous 


electrical contact between the mating surfaces. 


1. Attach removable covers and panels with closely spaced screws and apply conductive gasketing 
around the periphery. 


j. Choose gaskets with properties of high resilience and high conductivity. 


k. Provide the minimum gasket thickness and width which will allow for the expected surface 


discontinuities of the joint. 


1. Provide the pressure necessary to achieve an rf-tight seam. 
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m. Mount gaskets in permanent seams as shown in Figure 3-20. The features to be observed in this 
figure are: 


(1) Gasket is bonded to one metallic surface of the seam with conductive adhesive; surfaces are 
cleansed of nonconductive material before applications. 


(2) Metallic surface is machined to smooth finish and all nonconductive materials are removed. 


(3) Appropriate mechanical fasteners (i.e., clamps, bolts, etc.) are used to provide a high pressure 
on the rf gasket. The pressure should be reasonably uniform along the entire length of the seam. 


n. Ensure that all rf gaskets are adequately compressed. 


o. On hinged side of doors or panels, mount gasket as shown in Figure 3-21(a). if the gasket is mounted 
in this manner, it receives little or no sliding motion as the door compresses it. Whereas, if the gasket is 
mounted as shown in Figure 3-21(b), it will be more likely to wear out quickly because of the sliding motion of 
the door. 


p- Ensure that the metal surfaces which mate with gaskets are free of oily film, corrosion, moisture, 
and paint. 
q. Handle finger stock with extreme care and install it in a recessed or inner lip to minimize the 


possibility of mechanical damage. 


I. Carefully maintain the pressure exerted by the spring fingers because this pressure is highly 


important to the shielding effectiveness of the seam. 


3.4.3.2 Penetrations and Apertures. Mechanical and electrical interfaces require that openings exist in the 
equipment enclosure. Since each interface degrades the shielding effectiveness of the enclosure, the selection 
and implementation of techniques to provide continuity at these interfaces are important. Figure 3-22 
illustrates both good and bad practices. 


a. Mount filters for power and control cables inside the shield and extend the filter input terminals 
through the shield. 


b. Metal control shafts extending through an enclosure should be grounded with metallic fingers, a 
grounding nut, or an rf gasket. An alternative to the grounded metal shaft is a nylon, teflon, or other dielectric 
shaft inserted in a waveguide-below-cutoff cylinder as illustrated in Figure 3-23. 


c. Keep holes for ventilation or drainage of moisture small in effective electrical area to avoid 
decreasing the shielding efficiency. A "small" hole is one which is small in dimension compared to the operating 
wavelength. Larger holes should be covered by a fine mesh copper screen, or alternately, a series of small holes 
may be used. 
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Figure 3-20. Method of Making Permanent Seam Using a Gasket 
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Figure 3-21. Mounting of Gasket on Hinged Side of Equipment Doors and Panels 
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d. Design equipment enclosures that require large inlet and/or outlet apertures to include suitable 


shielding such as honeycomb placed over the aperture. Table 3-1 lists typical cutoff and recommended usable 


frequencies of standard honeycomb cell sizes. Shielding may also be provided by layers of copper screening 


with an attendant lower shielding effectiveness and higher air resistance. The mesh size should offer 60 or 
more strands per unit wavelength at the highest frequency to be shielded. 


Table 3-1 


Frequency Properties of Standard Sizes of Honeycomb 


Ceil Size Cutoff Frequency Upper Usable Frequency 
(in.) (GHz) GHz) 
1/8 48 16 
3/16 32 10.7 
1/4 24 8.0 
3/8 16 5.3 


Mount screens over apertures in the manner shown in Figure 3-24. 


f. Compare the attenuation of various types of screen with the shielding effectiveness required before 
choosing the screen to be used. 


g. Shield meters with one of the techniques illustrated in Figure 3-25. 


h. Provide metal caps for fuse receptacles and for phone and meter jacks. 
i. Use fuses, jacks, and receptacles that have metallic bodies where possible. 
A: Shield either the front or rear of pilot and indicator lamps. Shielding of the front may be achieved 


through the use of wire screen or conductive glass. 


k. | Use equipment enclosures and cabinets to attenuate unwanted signals. 


1. Employ internal modular shielding in specific applications where the enclosure shield is inadequate. 
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Figure 3-22. Illustration of Proper and Improper Shield Penetrations 
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Figure 3-23. Use of Cylindrical Waveguide-Below-Cutoff for Control Shaft Shield Penetration 
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Figure 3-24. Method of Mounting Wire Screen Over a Large Aperture 


FEED—THRU 
FILTERS 


PANEL MOLDED 
RF GASKET 
(WIRE MESH) 

rs) 
r 
H CONDUCTIVE 
H SCREEN 
q 
i 
H METAL 
i FRAME 
q 
il 
4 
a 
8 


Figure 3-25. Acceptable Methods of Shielding Panel-Mounted Meters 
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m. Use internal walls and compartments to limit propagation of interference into and out of equipment 
subassemblies. 


n. Separate high level sources from sensitive receptors with internal shields such as panels or 
partitions. 


3.5 COMMON-MODE NOISE CONTROL AND INSTRUMENTATION GROUNDING. 


3.5.1 Common-Mode Noise Control. 


Primarily, common-mode noise is reduced by either (1) controlling its magnitude in the vicinity of the 
susceptible circuit, network, or device, or (2) employing those practices which minimize the coupling to the 
existing voltages, currents, or fields. The first alternative is accomplished by physically separating the source 
from the susceptible circuits, shielding the source, reducing the current or voltage level at the source, and 
minimizing any impedance shared in common by the desired and undesired currents. The second alternative 
involves grounding only one side of a noise voltage source, balancing of signal lines, operating in a differential 
mode, striving for a zero-resistance reference plane, shielding of signal lines, using a less susceptible mode of 
signal transmission, minimizing signal loop pickup area, or combinations thereof. (See Volume I, Section 6.4 for 
additional information on these minimization techniques.) 


In some situations, one of these techniques may be sufficient (if properly implemented) to reduce the noise level 
to an acceptable level. In general, however, combinations of elements of both alternatives will be necessary. 
To decide which combinations offer the greatest advantages for least cost, the equipment or system must be 
carefully analyzed to determine its specific operational properties (or its requirements); the anticipated 
electromagnetic environment should be carefully examined in order to ascertain the specific type of protection 
that will probably be required; then these two sets of factors must be compared with each other to determine 


the steps to be taken to achieve effective and reliable equipment or system operation. 


Common-mode noise control is primarily the application of proper grounding, bonding, and shielding practices in 
combination with careful circuit and equipment functional design to maximize the signal to noise ratio within 


the overall system. In particular, the lower frequency practices of Section 3.2.1.1 should be emphasized. 


3.5.2 Instrumentation Grounding. (3-5) 


Many, if not most, data instrumentation systems are concerned with the measurement or detection of physical 
phenomena (or changes in them) that require periods of observation or measurement that range from a few 
milliseconds to several minutes or longer. Because of the relatively slow nature of the event, the fundamental 
frequency of the transducer output may range from zero (dc) to a ‘few hundred hertz. Power distribution 
systems, electromechanical switches, and atmospheric noise produce extraneous voltages whose energy content 
is strongly concentrated within this lower frequency region. Because of this overlap of signals, special 
techniques are generally required to keep the voltages or currents produced by the extraneous sources from 
obscuring the transducer outputs. 


Data instrumentation systems may employ either analog or digital signals or a combination of both. The 
methods of grounding analog and digital systems are considered separately although the physical principles of 
noise reduction for both are basically the same. 
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3.5.2.1 Analog Systems. Since the analog signals are primarily lower frequency in nature, a basic single-point 
ground should be implemented. The signal return line should be grounded at one end only or not at all (.e., it 
should be balanced). Similarly, shields around signal lines should be grounded at one end only. 


3.5.2.1.1 Grounded Transducers. The bonded (grounded) thermocouple, illustrated in Figure 3-26, is used with 
a single-ended data amplifier whose output drives recording devices, such as oscillographs, strip-chart 
recorders, and magnetic tape recorders. 


a. The shield which surrounds the transducer signal leads should be grounded at the same point as the 
transducer to ensure that the shield and signal leads are at virtually the same potential. 


b. | When single-ended amplifiers must be used, the recorder should be left grounded. 


c. When the bonded thermocouple is connected to an isolated differential amplifier as shown in 
Figure 3-27, the shield of the input cable should be connected to the amplifier internal guard shield to continue 
the signal shield within the amplifier. Notice that a grounding bus is shown connected between the data system 
signal reference and earth ground of the test area. This ground bus is necessary in any instrumentation system 
which uses isolated differential amplifiers in order to (1) provide the earth reference for the signal circuitry 
within the recording system to reduce high voltage hazards, and (2) minimize the common-mode potentials that 
otherwise exist between the amplifier’s input and output if the data recording system was grounded to a 
separate earth or facility ground. Notice, also, that the amplifier case and output shield are connected to the 
data system (or load end) ground. 


d. Grounded bridge transducers should be excited with a balanced dc source. By balancing the dc 
excitation supply relative to ground as shown in Figure 3-28 the entire bridge will be balanced with respect to 
ground and the unbalanced impedance presented to the amplifier input will be due only to the leg resistances in 


the bridge. Although a ground loop still exists, its effect is greatly reduced by a balanced excitation supply. 


e. | Wherever possible, use an isolated amplifier in the manner illustrated in Figure 3-29 with bridge 
transducers. With this configuration, both the transducer and the amplifier can be grounded without degrading 
system performance. 


f. Ensure a low resistance earth ground connection (see Section 1.2). 
g. Provide a single common signal ground reference point for all grounded transducers at the test area. 
h. Connect the instrumentation cable shield of each data channel as close to the transducer ground 


connection as possible. 
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Figure 3-26. Grounding Practices for Single-Ended Amplifiers 
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Figure 3-27. Grounding Practices for Differential Amplifiers 


3-36 


MIL-HDBK-419A 


BALANCE EXCITATION 
-—— BRIDGE TRANSDUCER 


SINGLE—ENDED 
AMPLIFIER 


Figure 3-28. Method of Grounding Bridge Transducers 
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Figure 3-29. Use of Isolated Differential Amplifier With Balanced Bridge Transducer 
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1. Use twisted shielded transducer extension wires. 


j Use a floating load on the output of a single-ended data amplifier when the amplifier input is a 
grounded transducer. 


k. Connect guard shield of data amplifier to input cable shield. 


1. Always use insulated shielded cables. | Uninsulated shields should never be used in data 
instrumentation systems. 


3.5.2.1.2 Ungrounded Transducers. 


a. Figure 3-30 illustrates the grounding techniques recommended for ungrounded transducers. The 
metallic enclosure of the transducer is connected to the cable shield and both the enclosure and the shield are 
grounded at the transducer. If the load on the cable signal line is a single-ended amplifier as shown in Figure 
3-30(a), the shield of the input cable should not be connected to the amplifier. The case of the amplifier should 
be grounded at the load. 


b. Figure 3-30(b) shows the recommended way of grounding the system when using an isolated 
amplifier. (Certain types of non-isolated differential amplifiers require that a transducer ground path be 
provided for proper amplifier operation. The instructions supplied by the amplifier manufacturer should be 
consulted for correct procedures.) 


c. Provide a single common ground reference point for all cable shields. 


d. Ground all input cable shields at the transducer. 


e. Provide a continuous overall shield for signal wires from the transducer case to the input of the data 
amplifier. 

f. Connect isolated amplifier guard shield to input cable shield. 

g. Do not allow more than one ground connection in each input cable shield. 


3.5.2.1.3 Amplifiers. 


a. Single-ended amplifiers can be used in digital data acquisition systems if channel-to-channel 
isolation is provided (e.g., through the use of floating loads). 


b.  Single-ended amplifiers should not be used with grounded (bonded) transducers in order to avoid 
channel-to- channel ground loops. 


c. Single-ended amplifiers should not be used with grounded bridges to avoid short circuiting one leg of 
the bridge. 
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Figure 3-30. Recommended Grounding Practices for Floating Transducers 
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d. Connect amplifier output guard shield to data system ground bus. 


e. If a permanent unavoidable instrumentation ground exists at test area as well as at the data system, 
use isolated differential amplifiers to break the ground loop. 


3.5.2.2 Digital Data Systems. A digital circuit operates by recognizing the state of a two-level voltage or 
current signal. The speed of the system is determined by the speed at which the levels can be changed. 
Because of the capacitive and magnetic coupling effects resulting from the very fast rise and fall times of 
digital pulses, take every precaution to minimize the effects. 


a. Twist clock lines with their return leads to minimize the magnetic field near such lines. 


b. Use point-to-point wiring as much as possible to reduce capacitive coupling. 

c. Provide multiple paths in the ground wiring to distribute the ground current among several wires. 
d. Use electrostatic shielding with care to avoid excessive loading of data lines. 

e. Wire all digital circuits using shortest wire length possible. 

f. All ground wires must converge to system common ground point. 

g. Maintain maximum distance between digital circuits and low level analog circuits. 


h. In a system where both analog and digital circuits must be housed in the same equipment cabinet, 
keep as much physical separation between them as possible, e.g., at opposite ends of the cabinet. A common 
ground plate for the system can be located in the center of the cabinet or two ground plates can be utilized, one 
for analog ground and one for digital ground. These two ground plates must then be tied together with a low 
inductance bus and then tied to the system ground bus line. 


3.5.2.3 Recording Devices. 


3.5.2.3.1 Magnetic Tape Recorders. 


a. Magnetic tape recording systems are mostly single-ended and should therefore conform to much the 
same grounding practices as recommended for digital systems. 


b. Earth ground should be made at the test area with a single 1/0 cable extending to an isolated 
grounding plate within the tape cabinet. 


c. When using only one recording device for a given channel, the channel may be connected directly 
into the recorder as shown in Figure 3-31. 
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Figure 3-31. Grounding for Single Channel Strip Chart Recorder 
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Figure 3-32. Resistive Isolation of Data Channels 
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d. Should the tape channels receive data in parallel with other single-ended channels (such as arise in 
A/D systems), take special care to minimize the effects of inherent loops. The optimum method of recording 
with two single-ended devices in parallel from the same data channel is to use an amplifier with isolated 
outputs. (In this way, the inherent loop is broken and noise is minimized.) 


3.5.2.3.2 Strip Chart Recorders. 


a. Strip chart recorders are mostly single-ended and should be grounded as described in Section 
3.5.2.3.1 for magnetic tape devices. 


b. Since the strip chart recorder is a nulling device, its input impedance will change as it deflects from 
one position to another. This impedance change and the accompanying voltage feedback can be coupled directly 
from the strip chart input over to the input of a paralleled device such as an A/D converter. Gross error can 
result in the A/D channel. This difficulty can be resolved by using resistive isolation as shown in Figure 3-32 or 
by employing dual amplifier outputs, one for each channel, as described in Section 3.5.2.3.1 for analog tape 
systems. 


3.5.2.3.3 X-Y Plotters. X-Y plotters are available in either digital or analog input configurations. The 
digital type plotters are usually connected as peripheral devices to computers or A/D systems and should be 
grounded in accordance with the recommended digital practices. Analog type X-Y plotters are normally 


single-ended and should be grounded and connected in the same manner as described for strip chart recorders. 


3.6 EMP CONSIDERATIONS. Those general design practices which are effective for the control of 
electromagnetic interference generally are applicable to protection against EMP. The two factors of the EMP 
threat to be given particular emphasis are (1) the strong magnetic field component and (2) the overall high level 
of the incident field (see Volume I, Chapter 10). 


a. Because of the magnetic field component, design practices which minimize magnetic pickup are 
most important. Practices such as minimizing loop pickup area by twisting signal conductors with their returns, 
twisting of power supply conductors, routing conductors close to ground planes, and utilizing minimum length 
conductors must be emphasized. 


b. | EMP shielding requires the use of materials which provide high attenuations at frequencies up to 
200 MHz. Because of saturation effects, the thickness necessary for complete shielding can lead to rather 
heavy and bulky enclosures. Seams, joints, and apertures must be given the same careful attention and control 
required in the construction of shields for buildings and structures. For these reasons, it is generally more 
practical to shield the building or structure in which the equipment is located than it is to shield individual 
pieces of equipment. 


c. In a shielded area or facility, critical equipment should be located as far from corners, 
discontinuities, openings and penetrations as is practical. The most susceptible equipment should occupy the 
center locations with the least susceptible equipment closer to the shield. 
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d. | Components exhibit different degrees of susceptibility to damage from EMP (see Volume I, Chapter 
10). Electromechanical devices appear to be the least susceptible. Vacuum tube devices offer reasonable 
immunity, while solid state devices such as diodes, transistors (FET’s -Field Effect Transistors- in particular), 
silicon controlled rectifiers, and integrated circuits exhibit damage susceptibility thresholds two to three orders 
of magnitude less than the threat posed by the EMP. These factors should be kept in mind during initial design 
and, wherever a circuit function can be accomplished with a less susceptible device, use the device with greater 
immunity. For example, an electromechanical relay will be less likely to suffer damage than will an SCR 
(Silicon Controlled Rectifier) or transistor switch. A vacuum tube front end for a receiver will offer greater 
immunity than will the transistor version. Where the more susceptible devices must be used, they should be 
adequately shielded (the compartmentalization of subassemblies is probably the most economical and practical 
approach) with appropriate surge protection applied to all incoming and outgoing leads. 


e. Effective EMP design practices require careful tradeoff comparisons between functional 
requirements, device properties, physical constraints, and overall cost. Consult Volume I, Chapter 10 for 
additional design assistance; References 3-6 and 3-7 are also highly recommended. 


3.7 EQUIPMENT INSPECTION AND TEST PROCEDURES. 


Before installing, or accepting for installation, any piece or item of electronic equipment in a facility designed 
or modified to meet the recommendations represented herein, the equipment should be evaluated for 
conformance with the practices set forth in this volume. Record the results of this evaluation on the Inspection 
Form given in Section 3.7.11. 


Before beginning the evaluation, determine whether the equipment is designed to operate at frequencies 
(a) from de to 30 kHz (in some cases up to 300 kHz), or (b) above 300 kHz (in some cases down to 30 kHz). 
Square wave signals are always considered to be higher frequencies. In making this determination, the primary 
signals to consider are those which interface or communicate with other equipments or systems. For example, 
the frequencies of control and monitor signals, communication signals, data links, and input and output rf 
signals should be noted. (Those signals arising from internal sources and utilized only internally to a unit or 


piece of equipment are primarily the designer’s responsibility.) List the frequencies under Part IA of the 
Inspection Form. 


After establishing the frequency classification of the equipment, inspect the lower frequency types for 
conformance with the recommendations set forth in Section 3.2.1.1 and inspect the higher frequency types for 
conformance with the recommendations contained in Section 3.2.1.2. Some equipments will necessarily utilize 
both lower and higher frequency signals for interfacing purposes. For example, wideband data links frequently 
extend from low audio frequencies to frequencies well above 10 MHz. Such hybrid systems should be inspected 
for conformance to the recommendations set forth in Section 3.2.1.3. Specific inspection steps and procedures 
for all three types of equipments are contained in the following sections. 


3.7.1 Lower Frequency Equipments. 


a. Examine the drawings and schematics and visually inspect to see if an isolated single-point signal 
ground as described in Section 3.2.1.1.1 is provided. Provide a brief description of the signal ground network 
under Part IB of Inspection Form or attach copies of the schematics or drawings. Verify that the internal signal 


ground network is terminated to an insulated signal ground terminal of a type described in Section 
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3.2.1.1.2 or as otherwise specified. If a wire is used, verify that the size conforms to the 500 cmil per foot 
criteria (or as specified). Enter the information requested on Part IC of the Inspection Form. 


b. Verify that the signal ground is correctly identified with a yellow label or color code. 


Cc. With all cables (signal cables, control lines, power cables, etc.) disconnected, measure the resistance 
between the signal ground terminal and the equipment case with an ohmmeter (see Figures 3-33 and 3-34). The 
resistance should be greater than one megohm. Also, measure the resistance between each ac input terminal 
(ground wire excluded) and the case. A resistance of one megohm or greater should be measured. 


d. Record both readings on the Inspection Form. If the measured resistance is less than one megohm, 
proceed as follows: 


(1) First check to see that all cables, lines, cords, etc., are disconnected from the equipment or 
that the far ends of any such cables are insulated from other equipments and the structure. Disconnect all 
cables found still connected. 


(2) If no connected cables are found or the low resistance reading still exists after disconnecting 
all cables, visually inspect the mounting of the signal ground terminal to see that it is properly insulated from 
the case or cabinet (disassemble, if necessary). Alternately, disconnect the signal ground connection inside the 
equipment and then measure the resistance between just the terminal and the case. If the terminal is not 
insulated from the case or cabinet, it must be redone. 


(3) If the preceding two steps fail to identify the reason for the lack of isolation, the equipment 
schematics and mechanical layout should be analyzed and inspected to locate the compromise in the signal 
ground isolation. Be particularly alert for sneak paths through components (transformers, switches, relays, 
etc.), readout devices (meters, lights), physical contact between the case or cabinet and the signal ground, and 
wiring errors. 


e. Measure the resistance between the green safety wire and the case; the resistance reading should be 
0.1 ohm or less. If a higher resistance reading is obtained, inspect the equipment to see if the green wire in the 
power cord has been connected to the case or cabinet. If the connection is there physically, was the paint 
removed from the area of attachment? Are screws or nuts fastened securely? If any of these deficiencies 
exist, they must be corrected before installing or energizing the equipment. 


f. Inspect all cabling and connectors to see that balanced signal lines are used for lower frequency 
interfacing lines and that cable shields are grounded only at one end. The shields of individual cable pairs must 
be isolated from each other except at the common ground points. Check overall shields for grounding in 
accordance with Section 3.2.1.1.6. Record any specifically noted deficiencies under Part IE of the Inspection 
Form. 


g. If the equipment is already installed, verify that the signal ground terminal is connected to the 


nearest feeder ground plate of the lower frequency signal ground network for the facility. Check the size of 
the cable to see that it conforms to the 500 cmil per foot criteria of Section 3.2.1.1.3 or as otherwise specified. 
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Figure 3-33. Signal Ground Terminal Isolation Resistance Test for an Individual Equipment 
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Figure 3-34. Signal Ground Terminal Isolation Resistance Test for an Equipment Assembly 
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3.7.2 Higher Frequency Equipments. 


a. Verify that higher frequency reference points and planes are directly grounded to the chassis and the 
equipment case to the extent permitted by circuit design requirements (and unless specified otherwise). If 
necessary, review Section 3.2.1.2 before inspecting the higher frequency grounds in the equipment. 


b. Check to see that properly matched constant impedance cables are used for interfacing purposes. 
Verify that all connectors are of a type and design that provides a low impedance path from the signal line 
shield to the equipment case. Do not permit the use of pigtails for the termination of higher frequency line 
shields outside the equipment case. 


C Check connectors for tightness, cleanliness, and for proper mounting (see Sections 3.2.1.2.2 and 3.3). 
Measure the resistance between the connector shell or body and its mounting surface with a double balanced dc 
bridge as illustrated in Figure 3-35 (see Section 2.2.2.3.1 for the measurement procedure). The resistance 
should not exceed one milliohm. If the resistance exceeds one milliohm, the mounting surfaces should be 
recleaned to remove all paint, nonconductive coatings, or dirt and all screws or fasteners should be retightened 


to achieve a close mechanical fit. 


d. Measure the point-to-point resistance between selected points on the case or cabinet with the 
double balanced bridge. The maximum resistance between any two points on the case or cabinet should be one 
milliohm or as specified. If the resistance is greater than one milliohm, check to see that all bonding surfaces 
are properly cleaned and that all connections are securely fastened. (Larger sized grounding cables may have to 
be added to reduce the resistance to one milliohm or less.) 


e. Record the results of the inspection under Part I of the Inspection Form. 


3.7.3, Hybrid Equipments. Before inspecting equipments utilizing both lower and higher frequency interfacing 
signals, review Section 3.2.1.3. If the lower and higher frequency signal networks are separate, inspect each in 
accordance with the preceding respective instructions. If the networks involve both lower and higher frequency 
signals, inspect for conformance with the higher frequency requirements. Record the results of the inspection 
under Part I of the Inspection Form. 


3.7.4 Installed Equipments. Check to see that installed equipments, in addition, have their cases or cabinets 
grounded to the facility ground system of the facility with a cable providing at least 2000 cmil per running foot 
(or as specified) as described in Section 3.2.3. Also obtain and record the other information requested in Part II 
of the form. 


3.7.5 Fault Protection Subsystem. Verify that all exposed metal parts of the equipment are properly grounded 
with the green safety wire as prescribed by MIL-STD-138-124A. The size of this wire must conform to Table 
1-28 or Table 250-95 of the NEC. Convenience outlets should be grounded in the manner described in Section 
3.2.2. Record all information obtained under Part III of the form. 
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Figure 3-35. Measurement of Connector Bonding Resistance 
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3.7.6 Bonding. 


a. Inspect all joints, seams, and connections to see that the mating surfaces were cleaned of corrosion, 
nonconductive finishes, and dirt prior to joining (see Section 1.7.2). Check fasteners for tightness 
combinations of dissimilar metals been avoided (see Section 1.7.3) or, where unavoidable, have appropriate 
protective measures been applied (see Section 1.7.3 or Volume I, Section 7.7)? 


b. Do not permit sheet metal screws or Tinnerman nuts to be used for electrical bonding. 


c. Where used, do bonding jumpers generally conform to the recommendations contained in 
Section 3.3.h. 


d. Check all bonds between subassemblies, equipments, and racks for conformance with 
Sections 3.3.h-n. 


e. Inspect shield terminations for tight peripheral bonding to the connector shell. Such connections 
should be firm, offer maximized contact between the shield and the shell, and should be formed in a way that 
restricts the entrance of moisture and foreign matter into the bond area. Preferably bonds should be protected 


with an adequate weather seal. 


f. Pigtail terminations should be inspected for tightness and for excessive length (see 
Section 3.2.1.1.7). The pigtail should only be long enough to permit the connection to be made. 


g. Complete Part IV of the Inspection Form. 


3.7.7 Shielding. 


a. Examine the construction and layout of the equipment carefully to see if the design guidelines 
contained in Section 3.4 have been conscientiously considered. Be particularly alert for obvious shielding 
deficiencies such as poorly bonded seams; very high level (or very low level) circuits or devices with no shielding 
applied; use of unshielded wire extending into or out of shielded area; unprotected meters, jacks and other 
openings; unnecessarily large or unshielded ventilation ports; and the absence of gaskets or those which have 
been poorly installed. 


b. Inspect gaskets for correct cleaning and preparation of the mounting and contacting surfaces. 
Check the gasket for firm and continuous contact with the mating surface upon closure. Does the gasket 
appear to offer sufficient resilience to withstand the repeated compression and release expected to be 
associated with the point where applied? Is the gasket and mating surface adequately protected against 
corrosion? 


c. Complete Part V of the Inspection Form. 
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3.7.8 Instrumentation System. 


a. Generally inspect analog systems for conformance with the recommendations presented in Section 
335.251, 
b. Inspect the grounding networks of digital data systems for conformance with the recommendations 


of Section 3.5.2.2. 
3.7.9. EMP. Design. 

a. Has the potential threat of an EMP event been considered in the design of the equipment? (Note 
that most of the measures for EMP protection are also effective against lightning.) Have measures been taken 


to reduce magnetic pickup (see Volume I, Chapter 10)? 


b. Has extra emphasis been devoted to providing effective magnetic shields over potentially 
susceptible devices and components? 


c. Are components and devices having high degrees of immunity to EMP (and lightning) surges used 
where possible? 


d. Are all incoming and outgoing conductors adequately protected with fast acting transient protective 
devices? 


3.7.10 Other Observations. As appropriate, note the existence of any personnel hazards due to deficiencies of 
grounding, bonding, or shielding under Part VI of the Inspection Form. If appropriate to the intended use of the 
equipment, determine what type of lightning surge protection, if any, is provided on signal, control, or power 
lines associated with the equipment. Record all observations under Part VI of the Form. 
3.7.11 Inspection Form. 
EQUIPMENT 

GROUNDING, BONDING, AND SHIELDING 

Equipment Type 


Manufacturer 


Inspector Date 
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PART I - SIGNAL GROUNDING 


A. Operating Frequencies: 


Function Frequency 


B. Schematic Diagram or Word Description of Signal Ground: 


C. Signal Ground Terminal: 


Type 
Size 


Location 


D. Isolation Resistance Reading: 


Signal Ground Terminal 
AC Input Terminals 


MIL-HDBK-419A 
Cables and Connectors (Identify any noted deficiencies): 


Location Deficiency 


PART II - INSTALLED EQUIPMENTS 
Lower Frequency Signal Ground Lead Size 
Case or Cabinet Grounding Lead Size 
Resistance Between Case and Facility Ground System or Structure 
(five rnilliohms maximum) 
PART III - SAFETY GROUND 
Green Safety Wire Conforming to Article 250 of NEC Present? 


Resistance Between Power Plug Ground Terminal and Case or Cabinet 


(0.1 ohm maximum) 
Other Deficiencies: 


Location Defect 
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PART IV - BONDS 


A. Defects: 


Location Nature of Defect 


B. Resistance Measurements (Identify all bonds showing greater than one milliohm resistance): 


Location Resistance 


PART V - SHIELDING 


Results of Shielding Inspection: 


Location Deficiency 
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PART VI - OTHER OBSERVATIONS 


A. Personnel Hazards: 


B. Surge Protection: 


3.8 REFERENCES. 


3-1. D.M. Baker, “Magnetic and Electrostatic Wire Coupling in the Audio Frequency Range,” 
Report No. D-18306, Boeing Airplane Co, Seattle WA, May 1956. 


3-2. R.E. Taylor, “Radio Frequency Interference Handbook," NASA-SP-3067, National Aeronautics and Space 
Administration, Washington DC, 1971, N72-11153-156. 


3-3. “RFI Control Plan for Project Gemini Spacecraft,” Genistron, Incorporated, Los Angeles CA, 
24 August 1962. 


3-4. C.B. Pearlston, Jr, “Electromagnetic Compatibility Requirements for Space Systems,” 
TOR-1001 (2307)-39, Contract FO4695-67-C-0158, Aerospace Corporation, El Segundo CA, December 1967. 


3-5. “Instrumentation Grounding and Noise Minimization Handbook," AFRPL-TR-65-1, Consolidated Systems 
Corporation, Pomona CA, January 1965, AD 612 027. 


3-6. “DNA EMP (Electromagnetic Pulse) Handbook,” DNA 2114H-1, Defense Nuclear Agency, 
Washington DC, November 1971. 


3-7. EMP Engineering Practices Handbook, NATO File No. 1460.2, October 1977. 


3-8. NCS TIB 78-1, EMP Lightning and Power Transients: Their Threat and Relevance to EMP Protection 
Standards for Telecommunication Facilities, August 1978. 


MIL-HDBK-419A 


CHAPTER 4 


NOTES 


4.1 SUBJECT TERM (KEY WORD) LISTING. Key words contained in Volume I and Volume II of this handbook 
include: 


Grounding 

Bonding 

Shielding 

Facility Ground System 
Lightning Protection Subsystem 
Fault Protection Subsystem 
Signal Reference Subsystem 
Earth Electrode Subsystem 
Single-Point Grounding 
Multipoint Grounding 
Equipotential Ground Plane 
Air Terminal (Lightning Rod) 
Electromagnetic Pulse (EMP) 
Lower Frequency Ground 
Higher Frequency Ground 
Phase Conductor 

Grounding Conductor (Green Wire) 
Grounded Conductor 

Neutral Conductor 

Ring Ground 

Fall-of-Potential Ground Test 
Shielding Effectiveness 

Zone (Cone) of Protection 
Power System Grounding 
Signal Grounding 

Facility Shielding 

Equipment Shielding 
Corrosion 

Down Conductor, Lightning 
Cathodic Protection 
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APPENDIX A 
GLOSSARY 


ABSORPTION LOSS -- The attenuation of an electromagnetic wave as it passes through a shield. This loss is 


primarily due to induced currents and the associated I’R loss. 


AIR TERMINAL -- The lightning rod or conductor placed on or above a building, structure, tower, or external 
conductors for the purpose of intercepting lightning. 


APERTURE -- An opening in a shield through which electromagnetic energy passes. 
BALANCED LINE -- A line or circuit using two conductors instead of one conductor and ground (common 
conductor). The two sides of the line are symmetrical with respect to ground. Line potentials to ground and 


line currents are equal but of opposite phase at corresponding points along the line. 


BOND -- The electrical connection between two metallic surfaces established to provide a low resistance path 
between them. 


BOND, DIRECT -- An electrical connection utilizing continuous metal-to-metal contact between the 
members being joined. 


BOND, INDIRECT -- An electrical connection employing an intermediate electrical conductor or jumper 
between the bonded members. 


BOND, PERMANENT -- A bond not expected to require disassembly for operational or maintenance purposes. 


BOND, SEMIPERMANENT -- Bonds expected to require periodic disassembly for maintenance, or system 


modification, and that can be reassembled to continue to provide a low resistance interconnection. 


BONDING -- The process of establishing the required degree of electrical continuity between the conductive 


surfaces of members to be joined. 


BUILDING -- The fixed or transportable structure which houses personnel and equipment and provides the 
degree of environmental protection required for reliable performance of the equipment housed within. 


CABINET -- A protection housing or covering for two or more units or pieces of equipments. A cabinet may 
consist of an enclosed rack with hinged doors. 


CASE -- A protective housing for a unit or piece of electrical or electronic equipment. 


CHASSIS -- The metal structure that supports the electrical components which make up the unit or system. 
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CIRCULAR MIL -- A unit of area equal to the area of a circle whose diameter is one mil (1 mil = 0.001 
inch). A circular mil is equal to 1/4 or 78.54 percent of a square mil (1 square mil = 19° square inch). The 
area of a circle in circular mils is equal to the square of its diameter in mils. 

CIRCUIT -- An electronic closed-loop path between two or more points used for signal transfer. 


COMMON-MODE VOLTAGE -- That amount of voltage common to both input terminals of a device. 


COMMON-MODE REJECTION -- The ability of a device to reject a signal which is common to both its input 
terminals. 


CONDUCTED INTERFERENCE -- Undesired signals that enter or leave an equipment along a conductive 
path. 


COPPER CLAD STEEL -- Steel with a coating of copper bonded on it. 

COUPLING -- Energy transfer between circuits, equipments, or systems. 

COUPLING, CONDUCTED -- Energy transfer through a conductor. 

COUPLING, FREE-SPACE -- Energy transfer via electromagnetic fields not in a conductor. 


CUTOFF FREQUENCY -- The frequency below which electromagnetic energy will not propagate in a 


waveguide. 


DEGRADATION -- A decrease in the quality of a desired signal (i.e., decrease in the signal-to-noise ratio or 
an increase in distortion), or an undesired change in the operational performance of equipment as the result of 
interference. 


DOWN CONDUCTOR, LIGHTNING -- The conductor connecting the air terminal or overhead ground wire to 


the earth electrode subsystem. 


EARTH ELECTRODE SUBSYSTEM -- A network of electrically interconnected rods, plates, mats, or grids 


installed for the purpose of establishing a low resistance contact with earth. 


ELECTRIC FIELD -- A vector field about a charged body. Its strength at any point is the force which would 


be exerted on a unit positive charge at that point. 


ELECTROMAGNETIC COMPATIBILITY (EMC) -- The capability of equipments or systems to be operated in 
their intended operational environment, within designed levels of efficiency, without causing or receiving 
degradation due to unintentional EMI. EMC is the result of an engineering planning process applied during the 
life cycle of equipment. The process involves careful considerations of frequency allocation, design, 


procurement, production, site selection, installation, operation, and maintenance. 
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ELECTROMAGNETIC INTERFERENCE (EMI) -- Any electrical or electromagnetic phenomenon, manmade or 
natural, either radiated or conducted, that results in unintentional and undesirable responses from, or 


performance degradation or malfunction of, electronic equipment. 


ELECTROMAGNETIC PULSE (EMP) -- A large impulsive type electromagnetic wave generated by nuclear or 
chemical explosions. 


EQUIPMENT, UNIT OR PIECE OF -- An item having a complete function apart from being a component of a 
system. 


EQUIPMENT GROUNDING -- Attained by the grounding conductor of the fault protection subsystem, and/or 


bonding to the signal reference subsystem or the structural steel elements of the building. 


EQUIPOTENTIAL PLANE -- A grid, sheet, mass, or masses of conducting material which, when bonded 
together, offers a negligible impedance to current flow. (serves as signal reference subsystem for new 
facilities) 


FACILITY -- A building or other structure, either fixed or transportable in nature, with its utilities, ground 
networks, and electrical supporting structures. All wiring, cabling as well as electrical and electronic 
equipments are also part of the facility. 


FACILITY GROUND SYSTEM -- The electrically interconnected system of conductors and conductive 
elements that provides multiple current paths to earth. The facility ground system includes the earth electrode 
subsystem, lightning protection subsystem, signal reference subsystem, fault protection subsystem, as well as 
the building structure, equipment racks, cabinets, conduit, junction boxes, raceways, duct work, pipes, and other 
normally noncurrent- carrying metal elements. 


FAR FIELD -- The region of the field of an antenna where the radiation field predominates and where the 


angular field distribution is essentially independent of the distance from the antenna. 


FAULT -- An unintentional short-circuit, or partial short-circuit, (usually of a power circuit) between 


energized conductors or between an energized conductor and ground. 


FIRST SERVICE DISCONNECT -- The necessary equipment (circuit breakers, switches, fuses etc.) located at 
the point of entrance of power conductors to a building or other structure. 


GROUND -- The electrical connection to earth primarily through an earth electrode subsystem. This 
connection is extended throughout the facility via the facility ground system consisting of the signal reference 
subsystem, the fault protection subsystem, the lightning protection subsystem and the earth electrode 
subsystem. 


GROUNDED CONDUCTOR -- (Neutral) The circuit conductor that is intentionally grounded (at first service 
disconnect or power source). 
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GROUNDING CONDUCTOR -- (Green Wire) A conductor used to connect equipment or the grounded circuit 
of a power system to the earth electrode subsystem. 


HIGHER FREQUENCY GROUND -- The interconnected metallic network intended to serve as a common 
reference for currents and voltages at frequencies above 30 kHz and in some cases above 300 kHz. Pulse and 
digital signals with rise and fall times of less than | microsecond are classified as higher frequency signals. 


INTERFACE -- Any electrical connection (encompassing power transfer, signaling, or control functions) 
between two or more equipments or systems. 


ISOKERAUNIC (or isoceraunic) -- Showing equal frequency of thunderstorms. 


ISOLATION -- Physical and electrical arrangement of the parts of an equipment, system, or facility to 


prevent uncontrolled electrical contact within or between the parts. 


LIGHTNING PROTECTION SUBSYSTEM -- A complete subsystem consisting of Air Terminals, 
interconnecting conductors, ground terminals, arresters and other connectors or fitting required to assure a 
lightning discharge will be safely conducted to earth. 


LOWER FREQUENCY GROUND -- A dedicated, single-point network intended to serve as a reference for 
voltages and currents, whether signal, control or power, from de to 30 kHz and some cases to 300 kHz. Pulse 
and digital signals with rise and fall times greater than 1 microsecond are considered to be lower frequency 
signals. 


MAGNETIC FIELD -- A vector field produced by a continuous flow of charge. 
MULTIPOINT GROUND -- More than one path to ground. 


NATIONAL ELECTRICAL CODE (NEC) -- A standard governing the use of electrical wire, cable, and fixtures 
installed in buildings. It is sponsored by the National Fire Protection Association (NFPA-701 under the auspices 
of the American National Standards Institute (ANSI-CI. 


NEAR FIELD -- The region of the field immediately surrounding an antenna where the inductive and 
capacitive fields predominate. In this region the angular distribution of the field varies with distance from the 


antenna. 


NEUTRAL -- The ac power system conductor which is intentionally grounded on the supply side of the first 
service disconnect(ing) means. It is the low potential (white) side of a single phase ac circuit or the low 
potential fourth wire of a three-phase wye distribution system. The neutral (grounded conductor) provides a 
current return path for ac power currents whereas the grounding (or green) conductor does not, except during 
fault conditions. 


PENETRATION -- The passage through a partition or wall of an equipment or enclosure by a wire, cable, or 
other conductive object. 
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PLANE WAVE -- An electromagnetic wave which predominates in the far field region of an antenna, and with 


a wavefront which is essentially in a flat plane. In free space, the characteristic impedance of a plane wave is 
377 ohms. 


RACK -- A vertical frame on which one or more units of equipment are mounted. 
RADIATION -- The emission and propagation of electromagnetic energy through space. 


RADIATION RESISTANCE -- The resistance which, if inserted in place of an antenna, would consume the 


same amount of power that is radiated by the antenna. 


RADIO FREQUENCY INTERFERENCE (RFI) -- RFI is manmade or natural, intentional or unintentional 
electromagnetic propagation which results in unintentional and undesirable responses from or performance 
degradation or malfunction of, electronic equipment. 


REFLECTING LOSS -- The portion of the transition loss, expressed in dB, that is due to the reflection of 
power at a barrier or shield. Reflection loss is determined by the magnitude of the wave impedance inside the 
barrier relative to the wave impedance in the propagation medium outside the barrier. 


RF-TIGHT -- Offering a high degree of electromagnetic shielding effectiveness. 


SHIELD -- A housing, screen, or cover which substantially reduces the coupling of electric and magnetic fields 
into or out of circuits or prevents the accidental contact of objects or persons with parts or components 
operating at hazardous voltage levels. 


SHIELDING EFFECTIVENESS -- A measure of the reduction or attenuation in the electromagnetic field 


strength at a point in space caused by the insertion of a shield between the source and that point. 


SIGNAL REFERENCE SUBSYSTEM -- A conductive sheet or cable network/mesh providing an equipotential 
reference for C-E equipments to minimize interference and noise. 


SIGNAL RETURN -- A current-carrying path between a load and the signal source. It is the low side of the 
closed loop energy transfer circuit between a source-load pair. 


STRUCTURE -- Any fixed or transportable building, shelter, tower, or mast that is intended to house 


electrical or electronic equipment or otherwise support or function as an integral element of an electronics 
complex. 


SUPPORTING STRUCTURES, ELECTRICAL -- Normally nonelectrified conductive structural elements near 
to energized electrical conductors such that a reasonable possibility exists of accidental contact with the 
energized conductor. Examples are conduit and associated fittings, junction and switch boxes, cable trays, 


electrical/electronic equipment racks, electrical wiring cabinets, and metallic cable sheaths. 


TRANSDUCER -- A device which converts the energy of one transmission system into the energy of another 
transmission system. 


A-5 


MIL-HDBK-419A 
THUNDERSTORM DAY -- A local calendar day on which thunder is heard. 


UNDESIRED SIGNAL -- Any signal which tends to produce degradation in the operation of equipments or 
systems. 


WAVE IMPEDANCE -- The ratio of the electric field strength to the magnetic field strength at the point of 
observation. 


ZONE OF PROTECTION -- (also known as CONE OF PROTECTION) That space that is below and adjacent to 


a lightning protection subsystem that is substantially immune to direct lightning discharges. 
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APPENDIX D 


NOTE: This appendix is a subjective index of material contained in both volumes of MIL-HDBK-419A. The 


Roman numeral preceding the page number identifies the volume of interest. 


INDEX A 


Absorption loss, shield, I: 8-5, 8-8, 8-9, 8-27; II: 1-160, 1-162 
equations for, I: 8-6 
nomograph for, II: 1-161 


AC resistance, I: 5-5 


Air terminals, I: 3-13; II: 1-24, 1-27 to 1-33, 1-41, 1-179 
height, II: 1-27, 1-28 
location, II: 1-24 to 1-33 
materials, HI: 1-24 
also see cone of protection 


Amplifiers, grounding of, I: 6-19; II: 3-35 to 3-40 
Analog devices, grounding of, II: 3-35 


Antenna effects, I: 3-18, 6-14, 6-15 
of groundwires, I: 6-16 
and EMP pickup, I: 10-9 
and lightning induced surges, I: 3-17 


Apertures, shield, I: 8-32, 8-41, 10-11, 10-12, 10-15; II: 3-28 
equations for, I: 8-34 
control of leakage through, I: 8-42; I: 3-28 


Arctic grounding, I: 2-66 
electrode resistance, I: 2-71 
improve grounding, I: 2-70 
installation and measurements, I: 2-71 
soil resistivity, I: 2-66 


Armored cable, I: 8-60; II: 1-103, 1-171, 1-173 
grounding of, II: 1-103 
relative shielding effectiveness of, I: 8-60; II: 1-171 


Arrester, surge, I: 3-25, 10-17 to 10-19; II: 1-59 to 1-70 


Attractive area, I: 3-10 
definition of, I: 3-10 
how to determine, I: 3-11 
also see effective height and cone of protection 
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INDEX B 


Balancing, use of, I: 6-23; II: 3-4, 3-7 
amplifiers, I: 6-21 
signal lines, I: 6-24; II: 3-4, 3-7 
also see noise minimization 


Body resistance, human, I: 9-1 


Bolting, I: 7-14; II: 1-140, 2-10 


also see bond, electrical 


Bond (and bonding), electrical, I: 7-1 to 7-36; II 1-78, 1-109, 1-140, 1-195,1-199, 3-18 

area, I: 7-8 
assembly, I: 7-10 to 7-17 
completion of, It 7-29; II: 1-140 
connectors of, II: 1-140, 3-20, 3-27 
contaminants, I: 7-7 
definition, I: 7-1 
direct, I: 7-4 
earth electrode system, in, II: 1-22, 2-5 
equipment, II: 3-18 
guidelines for, I: 7-36; II: 1-140, 3-18 
indirect, I: 7-16 

also see bond strap 
inspection of, II: 1-195, 2-5, 2-13, 3-49 
lightning protection system, in, II: 1-79, 2-13 
protection of, I: 7-29; II: 1-143 to 1-146 
purposes of, I: 7-1 
resistance, I: 7-3, 7-6; II: 1-194, 1-195, 2-10, 2-17, 2-19 
shields in, I: 8-33, 8-41; II: 1-162, 3-25 
structured, II: 1-140, 2-10 
techniques, I: 7-10; II: 1-140 

comparison of, I: 7-16 
testing of, II: 2-19 
torque, I: 7-7; Il: 1-141 

table of, II: 1-141 
washer, use of, I: 7-15 
workmanship, I: 7-34 
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INDEX B 


Bond Protection Code, II: 1-143 to 1-147 

Bond strap (or jumper), I: 7-21; II: 1-147 to 1-153, 2-10, 3-18 
frequency, effects of, I: 7-19 
guidelines for use of, II: 1-148 to 1-153, 2-10, 3-18 
Z/b ratio, recommended, I: 7-21 

Braided straps, I: 7-21 

Brazing, I: 7-11; II: 1-140, 1-142 

British Standard Code of Practice, I: 3-13 


Buried metals, see incidental electrodes 


Bus bar, use of, II: 3-3 
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INDEX C 


Cabinets, grounding of, II: 1-131, 3-16 


Cable routing, II: 1-171 
interference control, for, II: 1-171 


Cable shields, I: 8-59 to 8-63; II: 1-104, 3-2, 3-4, 3-35, 3-38, 3-49 
bonding of, II: 3-8 
braid, I: 8-59 
conduit as, I: 8-60 
grounding of, I: 8-61; II: 1-104, 3-2, 3-35, 3-38, 3-49 
installation practices, I: 8-61 


Cable trays, II: 1-103, 1-148 


Calcium chloride, I: 2-60 


also see chemical enhancement 
Capacitance coupling, I: 3-21, 6-11 
Capacitance, stray, I: 7-23 
Cathodic protection, I: 2-63 
Chemical enhancement, I: 2-60; II: 1-14, 1-185 
Classified Information Processors (RED/BLACK Equipments), II: 1-134, 2-58 
Climate, effects of, I: 2-7; II: 1-5, 1-143, 1-144 
on bonds, II: 1-143, 1-144 
on earth electrode subsystem design, II: 1-5 
on soil resistivity, I: 2-5 
Common-mode noise, I: 6-17 to 6-23 


Common-mode rejection ratio, I 6-21 


Component damage, I: 10-15 to 10-17 
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INDEX C 


Compton electrons, I: 10-1 to 10-3 


Concrete enclosed electrodes, I: 2-62 


Conductive coupling, I: 6-5, 6-19 


Conductor length criteria, ground, I: 1-57 


Conductor parameters, I: 3-17, 5-1 
ac resistance, I: 5-5 
de resistance, I: 5-1 
proximity effects, I: 5-10 
reactance, I: 5-7 
also see inductance and skin effect 


Conductor routing, see cable routing 


Conductor selection, grounding, I: 5-1 to 5-19; II: 1-107 
I-beams, I: 5-15 
rectangular bars, I: 5-13 
stranded cables, I: 5-13 
tubular (pipes), I: 5-13 


Conduit, I: 8-60; II: 1-56, 1-74, 1-75, 1-103, 1-149, 1-159 
as a Shield, I: 8-60; II: 1-159 
grounding of, II: 1-56, 1-75, 1-103 


Cone of protection, I: 3-11; II: 1-27 to 1-33 
definition of, I: 3-13 
example of, I: 3-13; II: 1-28 
means of determining, II: 1-28, 1-30 to 1-33 


Connectors, I: 8-59; II: 1-173, 3-13, 3-20, 3-49 
bonding of, II: 1-173, 3-13, 3-20, 3-49 
shields, I: 8-59 


Contaminants, bond, I: 7-7; II: 1-142 
removal of, I: 7-25; II: 1-142 
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INDEX C 


Convenience outlets, II: 1-104, 3-14, 3-49 
grounding of, II: 1-104, 3-14 
inspection of, II: 3-49 


Copper sulfate, I: 2-60 
also see chemical enhancement 


Corrosion, I: 7-29 to 7-35; II: 1-98, 1-99, 1-145, 1-146 
in bonds, I: 7-30 
protection against, I: 7-34; II: 1-98, 1-99, 1-145, 1-146 
theory, I: 7-30 
also see dissimilar metals 


Counterpoise, I: 1-15, 1-19 


Coupling, I: 6-1 

capacitive, I: 6-11 
conductive, I: 6-5 
far-field, I: 6-14 to 6-17 
free-space, I: 6-6 
inductive, I: 6-8 
near-field, I: 6-6 
radiated, I: 6-14 


D-6 


MIL-HDBK-419A 


APPENDIX D (Continued) 


INDEX D 


Demountable enclosures, I: 8-66 

Digital data systems, grounding of, II: 3-40 

Discrepancy report, major, I: 2-38 

Dissimilar metals, I: 7-31; II: 1-143, 1-145, 1-146 

Down conductor, lightning, I: 3-17; I: 1-34, 1-37 to 1-39 
location, II: 1-37, 1-39 
routing, I: 3-17; II: 1-37, 1-39 


size, II: 1-34 


Drawings, requirements for, II: 2-4, 3-43 
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INDEX E 


Earth electrode, I: 1-2, 2-1, 2-15; If: 1-2 to 1-22, 1-193, 1-196, 2-5, 2-39, 2-40 
current handling capacity, I: 2-57; II: 1-6 
design, II: 1-2, 1-6 to 1-14 
effective size of, I: 2-58 
encasement, I: 2-62 
enhancement, I: 2-59 
functions of, I: 2-1; II: 1-6 
heating, I: 2-57 
impulse impedance, I: 2-32; II: 1-6 
inspection of, II: 1-193, 2-5 
installation practices, II: 1-22, 1-193 
measurement, I: 2-35 
resistance, I: 2-17; II: 1-9, 1-193 
subsystem, I: 1-2; II: 1-193, 1-196 
types of, I: 2-15 


Earth resistance testing, I: 2-23, 2-35, 2-46; II: 1-9, 1-193, 2-5 
fall-of-potential method, I: 2-35 
large electrode system for, I: 2-44 


three-point method of, I: 2-46 


Effective height, I: 3-11 
also see cone of protection 


Electric dipole, I: 6-15 


Electric shock, I: 9-1 


Electrical equipment, grounding of, II: 1-104, 1-133 


Electrical noise in communication systems, I: 1-4 


Electrical noise reduction, I: 1-2 


Electrical supporting structures, grounding of, II: 102 to 104 


Electrochemical series, I: 7-31 
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INDEX E 


Electromagnetic interference (EMD), I: 1-4, 8-74, 8-77; II: 1-113 
Electromagnetic survey, I: 8-76; II: 1-154, 2-17 


EMP (Electromagnetic Pulse), I: 10-1 to 10-25; II: 1-172 to 1-177, 1-187, 1-190, 3-50 
comparison with lightning, I: 10-5 
current in long lines, I: 10-6 to 10-9 
description, I: 10-1 to 10-5 
equipment susceptibility to, I: 10-22 
high-altitude EMP (HEMP), I: 10-5 to 10-25 
protection, I: 10-13 to 10-25; II: 1-172 to 1-177, 1-187, 1-190, 3-50 


Enclosures, electrical, II: 1-103, 3-27 to 3-33 
Enclosures, shielded, I: 8-63 
Epoxy, conductive, I: 7-16 
Equipment grounding, II: 3-1 to 3-19 
cabinet, of, II: 3-16, 3-46 
fault protection, for, II: 3-14 
inspection of, II: 3-43 
signal network, II: 3-2 
Equipment protection, I: 1-2 
Equipment susceptibility, I: 10-15; I: 1-50 
Equipotential plane, I: 5-26, 5-27; II: 1-120 to 1-133 
Existing facilities, II: 2-1 to 2-54 
expansion or modification of, TH: 2-35 


survey of, II: 2-4 to 2-32 
upgrading, guidelines for, II: 2-33 
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Facility ground system, II: 1-113, 1-118 to 1-123, 1-199 
combined elements, II: 1-121 
description of, II: 1-113 
structural steel as used in, II: 1-118, 1-120 


Facility maintenance report, II: 2-46 
Facility survey, II: 2-4, 2-24 


Fall-of-potential method, I: 2-35 to 2-46; II: 1-182, 2-6 
theory of, I: 2-35 


Far-field coupling, I: 6-14 to 6-17 
Fasteners, II: 1-39, 1-40, 1-147 
Fault protection, I: 1-3, 2-2, 4-1 


Faults, electrical, I: 2-2, 4-1; II: 1-6, 3-14 
cause of, I: 4-1 


protective measures against, I: 4-1; II: 1-6, 3-14 
Feeder ground plate, II: 3-47 


Field, high impedance, I: 8-15 
low impedance, I: 8-10 
plane wave, I: 8-13 


Filters, I: 6-25, 10-18; II: 3-26 


Forms, IT: 1-195 to 1-200, 2-24 to 2-32, 2-38, 2-46 to 2-53, 3-50 to 3-54 
equipment inspection, II: 3-50 to 3-54 
facility checkout, II: 1-195 to 1-200 
facility maintenance report, TH: 2-46 to 2-53 
facility survey, II: 2-24 to 2-32 
major discrepancy report, II: 2-38 


Four-probe method, I: 2-15; II: 1-2 to 1-5 


also see resistivity, soil 


Frost line, II: 1-6 
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Galvanic series, I: 7-31 
Gaskets, RF, I: 8-45; II: 1-162, 3-20, 3-22, 3-27, 3-49 
Geological factors, II: 1-5 
Glass, conductive, I: 8-52; II: 1-164 
Ground fault interrupter (GFT), I: 4-2 
Ground, floating, I: 5-15 
Ground grid (or mesh), I: 2-15, 2-27, 2-33, 2-55, 5-27; Il: 1-8 
Ground, multipoint, I: 5-24 to 5-28; II: 1-120 
Ground network configuration, I: 5-18 
Ground network isolation, I: 5-28; II: 3-4 
Ground rods, I: 2-15, 2-23, 2-27, 2-33, 2-48; II: 1-8 to 1-22, 1-178 
arrays of, I: 2-27; I: 1-12 
parallel, I: 2-23; II: 1-12 
placement of, II: 1-14 to 1-19 
resistance, equations for, I: 2-17; II: 1-9, 1-178 
resistance, nomograph of, II: 1-11 
selection of, II: 1-9 to 1-15 
sizes of, I: 2-15 
spacing of, I: 2-15 
step voltage of, I: 2-48 
Ground, single-point, I: 5-19 to 5-24; II: 3-43 


Ground system, I: 1-2 


Grounding, electrical power system, I: 1-3; II: 1-179, 2-16 
single-phase, I: 4-4; Il: 1-179 
three-phase, I: 4-4; II: 1-178 
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INDEX G 


Grounding safety, I: 1-5 


Grounding, signal, I: 5-1 to 5-32; II: 1-113 to 1-133, 1-185 to 1-188, 2-17, 2-31, 3-1, 3-43 
equipment in, II: 3-1 
facilities, in, II: 1-113 
network configurations, I: 5-18 to 5-31; II: 1-113, 1-186, 1-187, 2-17, 2-31 
purposes of, I: 5-1 


Guards (down conductor), I: 1-41, 2-13 


Guidelines for 
bonding, I: 7-36; II: 1-148 to 1-151, 1-173, 1-188, 1-195 
earth electrode subsystem design, I: 1-14 to 1-22 
earth electrode subsystem installation, II: 1-22 
EMP protection, I: 10-13 to 10-25; II: 1-173, 1-188, 3-42 
equipment inspections, II: 3-43 
facility inspections, II: 1-195 
facility upgrading, II: 2-1, 2-33 to 2-37 
lightning protection, II: 1-23 to 1-46 
personnel safety, I: 9-2 
shielding, I: 8-54; II: 1-159 


INDEX H 


Hemispherical electrodes, I: 2-8 to 2-16 


HEMP (High-Altitude EMP), I: 10-5 to 10-25 
protection against, I: 10-13 to 1-25 


Higher frequency grounding, I: 5-30, 5-31; II: 1-113 to 1-132, 1-194, 3-12, 3-47 
equipment, in, II: 3-12, 3-47 
facilities, in, I: 5-31; II: 1-113 


network configurations, I: 5-30 
Honeycomb, see waveguide-below-cutoff 
Horizontal earth electrodes, I: 2-15, 2-23, 2-24; II: 1-8 


Hybrid equipments, IT: 3-47 
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Incidental electrodes, I: 2-53, 2-55; II: 1-8, 1-15 
Inductance, I: 5-7, 7-17, 7-19 to 7-25 
Inductive coupling, I: 6-8 to 6-10 
Inspection procedures, II: 1-193 to 1-200, 2-1, 2-39 to 2-53, 3-43 
equipment, II: 3-43 
existing facilities, II: 2-1 
maintenance, II: 2-39 to 2-53 
new facilities, II: 1-193 to 1-200 
Instrumentation, grounding of, II: 1-172, 3-34, 3-49 
Instrumentation, test, II: 2-19 to 2-23 
Interfacing, signal, II: 3-4, 3-13 
Interference coupling, I: 6-1 
Interference reduction, see electromagnetic interference 
Isolation, ground network, I: 5-28; II: 3-4 
Isokeraunic, I: 3-4 to 3-11 


INDEX J 


Jumper, see bond strap 
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Labels, ground network, II: 3-3, 3-47 
Laser hazards, I: 9-5 

Layered earth, I: 2-32 to 2-36 
Let-go current, I: 9-2 


Lightning, I: 1-2, 2-1, 3-1 to 3-27; II: 1-23 to 1-43, 1-49, 1-197, 2-13, 2-41 
cloud to cloud, I: 3-1 
cloud to ground, I: 3-1, 3-3 
cone protection, I: 3-11 
description of, I: 3-1, 3-13 to 3-15 
effects of, I: 3-13 to 3-25 
flash parameters, I: 3-13 
network inspection procedures, II: 1-197, 2-13, 2-41 
personnel hazards, I: 2-5, 2-47, 3-25 
protective measures, I: 3-15, 3-25; II: 1-23 to 1-43, 1-49 
strike prediction, I: 3-4 to 3-11 
triggered, I: 3-4 


Lightning discharge, I: 2-1 

Lightning protection code, I: 3-13, 3-27 

Lightning protection subsystem, I: 1-2 

Lightning rods, see air terminals 

Lower frequency grounding, I: 5-29; II: 3-2 
equipment in, II: 3-2 


facilities in, I: 5-29 
network configuration, I: 5-29 
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Magnesium sulfate, I: 2-60 

also see chemical enhancement 
Maintenance, II: 2-36 to 2-58 

procedures, II: 2-36, 2-39 to 2-47 

records, II: 2-36 

report form, II: 2-46 to 2-53 

schedules, II: 2-36 
Master Labeled Protection System, I: 3-27, 7-14; II: 2-13 
Masts (lightning) protective, I: 1-23, 1-40 to 1-43 
Metal framework, earth electrode, I: 2-16 
MIL-C-5541, II: 1-145, 1-146 
MIL-E-45782B, I: 8-63 
MIL-STD-285, I: 8-73 
MIL-STD-462, I: 8-73 


MIL-STD-1377, I: 8-73 


MIL-STD-10727, Il 1-145, 1-146 


Mobile facilities, grounding of, II: 1-177 to 1-190 
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National Electric Code (NEC), I: 2-2, 2-5, 2-75, 3-21; II: 1-103, 1-104, 1-105, 2-10, 2-13, 3-14, 3-47 


Near-field coupling, I: 6-6 


Noise, I: 1-2, 2-6, 6-3, 6-7, 6-17 to 6-25 
circuit, I: 6-3, 6-7 
common-mode, I: 6-17 to 6-23 
minimization, I: 6-23 to 6-25 
also see electromagnetic interference 


Noise reduction, I: 2-2 

Noise survey, II: 2-17 

Nomograph 
bolts, torque on, I: 7-15 
ground rod resistance, of, II: 1-11 
shield absorption loss, of, II: 1-161 
shield electric field reflection loss, of, II: 1-166 
shield magnetic field reflection loss, of, II: 1-165 
shield plane wave reflection loss, of, II: 1-167 


skin effect, for, I: 5-8 


Nuclear EMP effects, I: 10-1 to 10-25 


INDEX O 


Oppositely induced fields, I: 8-2 


Overhead ground wire, II: 1-41 to 1-43 
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Perception current, I: 9-1 

Personnel protection, I: 2-1, 2-5, 3-27, 7-1 

Personnel safety, I: 1-2 

Pilot streamer, I: 3-3 

Pipes, utility, grounding of, I: 2-15; Il 1-102 

Plates electrodes, I: 2-15, 2-23; II: 1-8 

Protection, equipment, I: 1-2 

Protective coatings, I: 7-34; II: 1-140, 1-145, 1-146 
bonds, for, I: 7-30; I: 1-145, 1-146 


bond washers, for, II: 1-140 


Proximity effect, I: 5-10 
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Radio frequency (RF) radiation hazards, I: 9-5 
Reactance, I: 5-7 

Reaction current, I: 9-2 

Recording devices, grounding of, II: 3-40, 3-42 
Rectangular conductor, I: 5-13 


Reflection loss of electromagnetic shield, I: 8-6; II: 1-161, 1-165 to 1-168 
electric field, for, I: 8-13; II: 1-166 
equations for, I: 8-6 
magnetic field, for, I: 8-11; II: 1-165 
plane wave, for, I: 8-15; II: 1-161, 1-167 
theory of, I: 8-1 


Reinforcing steel as shield, properties of, I: 8-56, II: 1-154, 1-156 
Re-reflection correction factor, I: 8-19 

Resistance requirements, I: 2-5 

Resistive coupling, see conductive coupling 

Resistivity mapping, soil, II: 1-4 


Resistivity, soil, I: 2-5; II: 1-2 to 1-5, 
measurement of, I: 2-8; II: 1-2 to 1-5 
ranges, I: 2-7 
temperature, as a function of, I: 2-8 


RF radiation hazards, I: 9-5 
Rivets (as bonds), I: 7-15 


Roof conductor, lightning, I: 3-26; II: 1-24, 1-33 to 1-37 
location, II: 1-24, 1-33 to 1-37 
routing, II: 1-33 to 1-37 
size, I: 1-24 


MIL-HDBK-419A 


APPENDIX D (Continued) 


INDEX S 


Sacrificial anodes, I: 2-63 


also see cathodic protection 


Safety grounding, I: 1-2, 1-5, 4-1; II: 2-13 


Salting methods (for electrode enhancement), I: 2-63; II: 1-185 


Saltpeter, I: 2-60 
also see chemical enhancement 


Screen room, see shielded enclosures 


Selection criteria, I: 2-1, 3-1, 7-1, 8-1; II: 1-6 to 1-9 
bonds, for, I: 7-1 
earth electrode subsystem, for, I: 2-1; II: 1-6 to 1-9 
lightning protection, for, I: 3-1 
shielding, for, I: 8-1 


Semiconductor surge arresters, I: 10-18 
also see arresters, surge 


Shielded enclosures, I: 8-63 to 8-72 
custom built, I: 8-70 
double walled, I: 8-71 
modular, I: 8-66 


Shielding angle, see cone of protection 


Shielding effectiveness (SE), I: 8-4, 8-19, 8-31, 8-59; II: 1-155 to 1-160, 1-168 
building materials, of, I: 8-59; II: 1-155 to 1-160, 1-168 
definition of, I: 8-4 
equations for, I: 8-31 
layered shields, of, I: 8-31 
single thickness shields, of, I: 8-4 
tables of, I: 8-6 to 8-54 


also see absorption loss, reflection loss, and shields 
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Shielding, electromagnetic, I: 8-1 
functions of, I: 8-1 
theory of, I: 8-2 


Shielding requirement, I: 8-14 


Shields, I: 8-31; II: 1-154 to 1-165, 2-19, 3-25, 3-27, 3-35, 3-42, 3-53 
components, ITI: 3-25 
configuration of, I: 8-63; II: 1-162 
design of, I: 8-74; II: 1-159 
discontinuous, see apertures 
equipment, guidelines for, II: 3-25 
grounding of, I: 8-70; II: 1-162, 3-26, 3-35 
inspection of, II: 2-19, 3-53 
magnetic, I: 8-20, 8-41; II: 1-165, 3-42 
material selections for, I: 8-53; II: 1-160, 1-162, 3-42 
metal foils as, I: 8-71 
personnel protection, I: 8-74; TH: 1-159 
seams in, I: 8-42; II: 1-162, 3-27, 3-49 
testing of, I: 8-72 
thin film I: 8-31; II: 1-162 


Shields, perforated, I: 8-33, 8-52; I: 1-162,3-30 
honeycomb, I: 8-52; II: 1-162, 3-30 
screens, I: 8-33, 8-52; II: 3-30 

Shock hazards, electric, I: 9-1 to 9-3 
effects on human body, I: 9-1 
prevention of, I: 9-3 

Signal grounding terminals, II: 3-1, 3-44, 3-46 

Signal reference, I: 1-3; II: 3-1, 3-35 


Silver solder (for bonding), I: 7-14; II: 1-140 


Site selection, II: 1-2 to 1-6 
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Site survey, I: 8-74; II: 1-2 to 1-6, 2-17 


Skin effect, I: 5-3, 5-5, 5-8 
formulas for, I: 5-5 
nomograph of, I: 5-8 


Sodium chloride, I: 2-60 
also see chemical enhancement 


Soft solder (for bonding), I: 7-14; II: 2-10 

Soil enhancement, see chemical enhancement 
Soil resistivity, I: 2-7; II: 1-2, 1-6 

Solvents, use of, I: 7-26 


Spark gaps, I: 10-17 
also see arresters, surge 


Standby generators, II: 1-104 

Static electricity, I: 5-19, 9-3, 9-4 
Step voltage, I: 2-49 

Stepped-leader, I: 3-1 

Stray current, I: 2-2, 6-5; II: 2-16, 2-17 


Structural steel, I: 5-15; II: 1-39, 1-140, 1-153, 1-154 
bonding of, I: 1-140, 1-153, 1-154 
ground conductors, as, I: 5-15; II: 1-39 


Structures, multiple, II: 1-15, 1-17, 1-18 
Stuffing tube, I: 10-24 

Surface hardness, see bonding, electrical 
Surface preparation, I: 7-25 


Surface transfer impedance, I: 8-59 
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Terminal protection devices, I: 10-17 to 10-19 
Test procedures, I: 8-72; II: 1-2 to 1-4, 2-5, 2-16, 2-17, 2-19, 3-43 to 3-46 
bond resistance, II: 2-19, 3-47 
earth electrode resistance, II: 2-5 
ground system noise, II: 2-20 
network isolation, II: 2-19, 3-4, 3-41, 3-44, 3-45 
shields, I: 8-72 
soil resistivity, II: 1-2 to 1-4 
stray current, II: 2-17, 2-20 
Three-point method, I: 2-46 
Thunderstorm day, see iokeraunic 
Transducer grounding, II: 1-172, 3-35 
Tubular conductor, I: 5-13 


TT-C-490, II: 1-145, 1-146 


Twisted wires, use of, I: 6-24; II: 1-171, 3-38, 3-40 


INDEX U 


Underground cables, protection of, II: 1-45, 1-57 


Upgrading proceedings for facilities, II: 2-1, 2-33 


MIL-HDBK-419A 


APPENDIX D (Continued) 


INDEX V 
Varistors, I: 10-18 
also see arrester, surge 
Ventilation ports, shielding, of, I: 8-53; I: 1-162 
Vertical structures, I: 10-9 
INDEX W 


Water retention, I: 2-60; I: 1-6 


Water system as earth electrodes, I: 2-16; II: 1-182 


Waveguide-below-cutoff, I: 8-50; II: 1-162, 1-164 


Waveguide penetration, facility shield of, I: 10-19 to 10-25 


Welding, I: 7-10; II: 1-22, 1-140, 3-18 


Well casings, I: 2-16 


Wells, grounding, II: 1-20, 1-22 


Workmanship, I: 7-34 


INDEX X 


X-rays, I: 9-5 
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CHAPTER 1 
Introduction 


1.1 Purpose and Scope 


This manual provides design, engineering, acquisition, installation, and maintenance direction 
and guidance for implementation of effective lightning protection for use by technical staff both at 
the headquarters and regional levels. The design and installation direction and guidance in this 
document provide a systematic approach to minimizing electrical hazards to personnel, damage to 
facilities and electronic equipment from lightning, transients, electrostatic discharge (ESD), 
power faults, and electromagnetic interference. These electrical provisions shall apply to any 
new construction or major renovation being performed after the date of the adoption of this 
manual. Existing electrical installations that do not comply with the provisions of this manual 
shall be permitted to continue in use without any corrections. If major renovations (defined in the 
Glossary) are to be made to existing electrical systems, or major renovations to existing buildings 
are undertaken, or major additions are planned, then compliance with the manual is required. 


1.2 Minimum Requirements for Lightning Protection 


National Weather Service (NWS) facilities and systems are located in such diverse physical and 
electrical environments that each may require different design and installation methods. However, 
all should meet the minimum NWS requirements for safe lightning protection. Users should 
become familiar with the information contained herein and apply it to specific design and 
installation requirements for new facilities, as well as for maintaining and retrofitting existing 
facilities. 


The minimum requirements for bonding and grounding are those specified by IEEE Std. 1692: 
"TEEE Guide for the Protection of Communication Installations from Lightning Effects", and the 
National Fire Protection Association’s NFPA 70, National Electrical Code. The minimum 
requirements for lightning protection are those specified by IEEE Std. 1692: "IEEE Guide for the 
Protection of Communication Installations from Lightning Effects", and the NFPA 780, Standard 
for Installation of Lightning Protection Systems. These guidelines provide information intended to 
aid engineers in design and installation methods for lightning protection of NWS facilities. A 
critical link in the proper operation of electronic equipment is to have an effective low-resistance 
facility grounding system. An effective low-resistance facility grounding system design required 
to minimize lightning strike current or lightning induced Ground Potential Rise (GPR) is less than 
one (1.0) ohm to remote earth. 


All contractors performing work at an NWS facility involving installation of a lightning 
protection system shall meet the requirements of this manual, if it is part of the contract statement 
of work (SOW). 


1.3. Organization of the Manual 

Chapter 2 of this manual specifies requirements for surge and transient protection, lightning 
protection, earth electrode system (EES), electronic multipoint ground system (MPG), electronic 
single-point ground system (SPG), electrostatic discharge (ESD) minimization, control and 
prevention requirements for cables, and National Electrical Code (NEC) compliance. 


Additional information is provided in eight appendixes: 
4 


Appendixes A, A; and B include checklists and audit outline for lightning safety and 
lightning protection. 


Appendixes C through I provide information supplementary to the main text. 


A glossary and index are also included at the end of the manual. 


Comments and suggestions from users of this manual are welcome and may be submitted in 
electronically or in hard copy using the Technical Manual Deficiency Report immediately 
following the title page of this manual. 


1.4 Applicable Documents 


The following documents are applicable to the subject of this manual. Unless stated otherwise, 
National Weather Service organizations performing operations shall use the latest available issue 
or revision of each document listed. 


NOTE: If the guidance in this manual differs from that specified in a referenced document, 
the guidance in this manual shall govern. 


American National Standards Institute (ANSI)/Institute of Electrical and Electronics 
Engineers 
ANSI/TEEE C62.41 Recommended Practice on Surge Voltages in Low Voltage 
AC Power Circuits 
ANSI/TEEE C62.45 IEEE Guide on Surge Testing for Equipment Connected to 
Low-Voltage AC Power Circuits 


ANSI/TEEE 1100 Recommended Practice for Powering and Grounding 

Emerald Handbook Electronic Equipment 

ANSI/TEEE 142 Grounding of Industrial and Commercial Power Systems 

Green Handbook 

Motorola R56B Standards and Guides for Communication Sites 

IEEE STD 100 IEEE Standard Dictionary of Electrical and Electronics 
Terms 

IEEE STD 1692 IEEE Guide for the Protection of Communication 
Installations from Lightning Effects 

TEEE STD 367 IEEE Recommended Practice for Determining the 


Electrical Power Station Ground Potential Rise and 
Induced Voltage From a Power Fault 


Federal Aviation Administration 


FAA-STD-019c Lightning Protection, Grounding, Bonding and Shielding 
Requirements for Facilities 
FAA-STD-019d Lightning and Surge Protection, Grounding, Bonding and 
Shielding Requirements for Facilities and Electronic 
Equipment 
Military Documents 


MIL-HDBK 419A 


Grounding, Bonding, and Shielding for Electronic 
Equipment and Facilities 


National Fire Protection Association (NFPA) 


NFPA 70 National Electrical Code 
NFPA 780 (2004 Edition) Standard for the Installation of Lightning Protection 
Systems 
Underwriters Laboratories, Inc. 
UL 96 Standard for Lightning Protection Components 
UL 96A Standard for Installation Requirements for Lightning 
Protection Systems 


UL 1449 (Oe Edition) Standard for Safety for Transient Voltage Surge 


Suppressors 


1.5 Acronyms and Abbreviations 


The following list contains all approved acronyms and abbreviations used within the National 
Weather Service Facilities Lightning Protection Manual. 


AC 
AIC 
AWG 
DC 
EES 
EGC 
EMI 
EPP 
ESD 


alternating current 

amperes interrupting capacity 

American wire gauge 

direct current 

earth electrode system 

equipment grounding conductor 
electromagnetic interference 
equipotential plane 

electrostatic discharge 

Federal Aviation Administration 
grounding electrode 

grounding electrode conductor 

ground fault circuit interrupter for personnel protection 
ground fault protection for equipment 
groundable point 

Global Positioning System 

heating, ventilation, and air conditioning 
kilocircularmil 

lightning protection system 

meter 


milliamp 


MCOV maximum continuous operating voltage 
MPG (Electronic) Multipoint Ground System 


MIC meteorologist in charge 
mm millimeter 

MSDS Material Safety Data Sheet 
NEC National Electrical Code 


NEMA National Electrical Manufacturers Association 
NLSI National Lightning Safety Institute 


NFPA National Fire Protection Association 
nS nanoseconds 

NWS National Weather Service 

PVC polyvinyl chloride 

RF radio frequency 

RGS rigid galvanized steel 

RMS root mean square 

SGS Satellite Ground Station 

SPD surge protection device 

SPG (Electronic) Single-Point Ground 
SRG signal reference grid 

SRS signal reference structure 

UL Underwriters Laboratories Inc. 

V Volt 

W Watt 
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CHAPTER 2 


Lightning Protection Design, Engineering, Acquisition, Installation, 
and Maintenance for NWS Facilities and Equipment 


2.1 Surge and Transient Protection Requirements 


Lines, cables, and facilities will be protected against the effects of lightning. Ferrous conduit 
should be used to shield external lines and cables to minimize inductive coupling of transients 
from lightning discharges. Guard wires should be used to protect buried cables from direct 
lightning strikes. This will minimize inductive coupling of transients from nearby lightning 
strikes. Fiber-optic lines and balanced metallic lines should be used when feasible. Electrical and 
electronic equipment will be protected against conducted and radiated surges and transients from 
all power, signal, control and/or status lines. Integrated circuits, transistors, diodes, solid-state 
voltage regulators, capacitors, miniature relays, miniature switches, and miniature transformers, 
etc., are susceptible to damage and operational upset caused by transients. Transient suppression 
will be provided at the entrance to any National Weather Service (NWS) facility and all electronic 
equipment for protection against conducted electrical transients. A surge protection device (SPD), 
capable of shunting energy represented by the surge levels in Table 2-1 (see Section 2.5.1), should 
be installed at the facility’s electric power service entrance. All manufacturer SPDs should be 
listed and labeled according to the Underwriters Laboratories Inc. (UL) standard UL 1449 com 
edition), and should be tested according to Institute of Electrical and Electronics Engineers 
standard IEEE C62.45. 


2.1.1. Existing Electronic Equipment Designs 

For existing electronic equipment designs, equipment-level transient suppression is required. It 
may be either internal or external to the equipment it is protecting but must follow the grounding, 
bonding, and shielding methods indicated herein. 

2.1.2 Installation by Others 


Electronic equipment not installed by its manufacturer or supplier will have all items of material 
required for installation of transient protection delivered to the site. 


2.2 External Lines and Cables 


2.2.1 Fiber-optic Lines 


Fiber-optic lines are not susceptible to environmental interference or induction fields produced by 
lightning. Fiber-optic lines should replace metallic conductors when economically and technically 
feasible. Ferrous conduit shielding and suppression components are not required for fiber-optic 

conductors unless these lines use metallic or electrically conductive sheaths or strength members. 


2.2.2 Balanced Pair Lines 


When possible, signals in metallic conductors routed externally between facility shelters and 
buildings to externally mounted electronic equipment should be designed as balanced, 
two-conductor, twisted, shieldedcircuits. 
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2.2.3 Ferrous Conduit 


In this manual, ferrous conduit is defined as rigid galvanized steel (RGS) conduit. Buried 
alternating current (AC) power conductors or cables to a facility should be enclosed in watertight, 
ferrous conduit. The buried ends of this conduit will be bonded to the earth electrode system 
(EES) with a bare copper conductor No. 2 AWG, minimum. Conduit joints and fittings will be 
electrically continuous with a bonding resistance of less than 5 milliohms between joined parts. 
Conduit enclosing AC power service entrance conductors will be terminated using conductive 
fittings from the distribution transformer case and to the service entrance cabinet as the situation 
dictates. Conduit enclosing signal, control, status, power, or other conductors to electronic 
equipment will be terminated using conductive fittings. Any metallic conduit entering the 
facility must be bonded to the EES to minimize transient conductance. 


2.2.4 Ferrous Conduit Penetration of Facility 


Direct connections will be made from the conduit to a bulkhead connector plate or ground plate 
(installed externally or immediately after entering the building) that is connected directly to the 
EES using exothermic welds and a minimum No. 4/0 AWG stranded copper conductor. This will 
be done at each location where above-ground conduits first penetrate a shelter or a building’s 
exterior wall. 


2.2.5 Existing Unused Metallic Conduit, Conductors, andCables 


Bonding of the grounding conductor to its enclosed conduit should be done as shown inthe 
example in Figure 2-1. 


2.3 Interior Lines and Cables 


All permanently installed interior cables and conductors exceeding 6 feet in length will be 
enclosed end-to-end in conduit. (Temporary extension cables used for performing maintenance 
work are excluded.) 


2.4 Electronic Equipment Transient Susceptibility Levels 


Commercial off-the-shelf (COTS) electronic equipment supplied as part of the facility should be 
provided with transient protection. This protection will reduce surges and transients to below the 
equipment susceptibility level determined by the manufacturer. The equipment susceptibility 
level is the online transient level that may cause damage, degradation, or upset to the connected 
electronic equipment. The combined facility and equipment entrance protection will be 
coordinated to limit transients at the equipment entrance to a level below the equipment 
susceptibility level. The following characteristics should be evaluated. All manufactured 
electronic equipment must meet the transient susceptibility levels specified in IEEEC62.41. 


a. Component Damage Threshold. The transient level sufficient to render the 
component nonfunctional or operationally deficient. 


b. Component Degradation Level. The transient voltage or energy level sufficient to 
shorten the useful life of the component. 


c. | Operational Upset Level. The transient voltage or energy level sufficient to cause 
an unacceptable change in operating characteristics for a duration in excess of 10 
milliseconds for analog equipment or a change of logical state for digital equipment. 


Remove Insulation 
at Contact Point 
Split Bolt 
Conductor 
Insulated Circuit 
Grounding Conductor Ground Conductor 


to Busing 


Ground Bushing 


Conduit 


Source: FAA-STD-019d LM1 


Figure 2-1. Bonding of Grounding Conductor to Its Enclosed Conduit for Used Conductors 


2.5 Power Line Surges 


A surge protection device (SPD) will be provided at the main service disconnecting means to 
reduce transients conducted to electronic equipment. SPDs may be installed on the load side or 
line side at the service entrance. Additional SPDs may need to be provided at power line entrances 
to electronic equipment. SPDs at the main service disconnecting means, as well as at electronic 
equipment power line entrances, will be functionally compatible. 


2.5.1 Surge Levels 


Surge levels and the number of occurrences for selection or design of facility AC arresters are 
provided in Table 2-1. The table defines line-to-ground surge currents and the number of 
occurrences for low voltage (less than 600 VAC) services. In the table, the 8/20 microsecond 
current waveform defines a transient reaching peak value in 8 microseconds and decays to 50 
percent of that peak value in 20 microseconds. SPDs should be able to tolerate surges of shorter 
duration i.e., less than five (5) nanoseconds without malfunction. 
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Table 2-1. Line-to-Ground Surge Levels for 120/240, 120/208 Y 
and 277/480 Y Service Line 


Surge Current Amplitude 
8 by 20 Microsecond Waveform Number of Surges 
(*4 by 10 Microsecond) (Lifetime) 
10 kA 1,500 
20 kA 700 
30 kA 375 
40 kA 50 
50 kA 8 
60 kA 6 
70 kA 4 
100 kA* 2 
180-240 kA* 1 


2.5.2 Facility AC Surge Protection Device 


A facility AC surge protection device should be installed on the load side of the facility service 
disconnect. The SPD may be a combination of solid-state circuits 1.e., silicone avalanche diode 
(SAD), metal oxide varistor (MOV), or other devices that fire faster than 5 nanoseconds. For 
services with a neutral, SPD elements will be connected to protect all surge modes of coupling: 
line to ground (L-G), line to neutral (L-N), and neutral to ground (N-G). For services without a 
neutral, SPD elements will be installed on the primary side, line to line (L-L) and each line to 
ground (L-G), of any NWS-owned distribution transformer. 


Examples: 


a: 3-phase, 4-wire DELTA-WYE neutral grounded system: The SPD will be connected 
for 7 modes of coupling: (L-N) 3, (L-G) 3, and (N-G) 1. 


b. 3-phase, 3-wire DELTA grounded system: The SPD will be connected (L-L) 3, 
(L-G) 3 for 6 modes of coupling. 


Using these examples, all possible entry points of overvoltage and surge currents are secured. 


2.5.2.1 Characteristics 


Minimum functional and operational characteristics of facility SPDs installed at the service 
disconnect will be as follows: 


a Maximum Continuous Operating Voltage (MCOV). MCOV is the maximum 
voltage that can be applied across SPD terminals with the device remaining in an off 
(nonconducting) state. The MCOV of the SPD will not be less than 115 percent of 
nominal root mean square (RMS) line voltage. 


b. Leakage Current. Leakage current across the device terminals will not exceed 100 
microamps at MCOV. 
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« Turn-on Voltage. Turn-on voltage is the minimum voltage across SPD terminals 
that will cause the arrester to turn on and conduct. Turn on voltage should not exceed 
125 percent of MCOV. The arrester response time shall be less than five (5) 
nanoseconds in order to capture the entire lightning current spike. 


d. Discharge (Clamp) Voltage. Clamp voltage is the maximum voltage appearing 
across an arrester output terminal while conducting surge currents. Clamp voltage 
should not exceed 160 percent of MCOV. 


e. Overshoot Voltage. Overshoot voltage will not exceed 2 times the SPD clamp 
voltage for more than 10 ns. Overshoot voltage is the surge voltage level appearing 
across the SPD terminals before the device turns on and clamps the surge to the 
specified voltage level. 


f. Self-Restoring Capability. The SPD will automatically return to an off state after 
surge dissipation when line voltage returns to normal. 


g_ Operating Lifetime. The SPD will safely dissipate the number and amplitude of 
surges listed in Table 2-1. Clamp (discharge) voltage should not change more than 
10 percent over the operating life of the arrester. 


h. ‘Fusing and Indicator Lamps. The input to each SPD will be internally fused to 
protect the AC power supply equipment against overload should an SPD 
short-circuit. This fusing should not increase the clamp voltage of the SPD and 
should pass the surge current levels given by Table 2-1 up to the 70KA level without 
opening. Fusing provided will open on application of a steady state current at a level 
low enough to prevent damage or degradation to the AC power supply. Indicator 
lamps per phase on the SPD enclosure cover should visually indicate that fuse(s) 
have opened. 


2.5.2.2 Packaging 


All components comprising an SPD will be housed in a single National Electrical 
Manufacturers Association (NEMA) type 4 enclosure or minimum equivalent for indoor or 
outdoor use. If the SPD is to be installed in a corrosive atmosphere, it will be packaged in a 
single NEMA type 4X enclosure (see description in Table 2-2). SPDs may be enclosed within 
panelboards or switchgear, if they are UL-approved for such installation. Heavy-duty, 
screw-type studs and/or UL-approved screw pressure connectors will be provided for all input 
and output connections. The SPD elements, when not connected to phase and neutral conductors, 
should be electrically isolated from the enclosure by a minimum of 10 megohms. The enclosure 
door will be electrically bonded to the enclosure. Fuses, lights, fuse conductors, and arrester 
elements will be readily accessible for inspection and replacement. 
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Table 2-2. NEMA Enclosure Types 


12 
12K 
13 


General Purpose - Indoor 

Drip-proof - Indoor 

Dust-tight, Rain-tight, Sleet-tight - Outdoor 

Rain-proof, Sleet-resistant - Outdoor 

Dust-tight, Rain-tight, Sleet-resistant - Outdoor 

Water-tight, Dust-tight, Sleet-resistant - Indoor and Outdoor 

Water-tight, Dust-tight, Corrosion-resistant - Indoor and Outdoor 
Dust-tight - Indoor 

Submersible, Water-tight, Dust-tight, Sleet-resistant - Indoor and Outdoor 
Water-tight - Prolonged Submersion - Indoor and Outdoor 

Class 1, Group A, B, C, or D Hazardous Locations, Airbreak -Indoor 
Class 1, Group A, B, C, or D Hazardous Locations, Oil-immersed - Indoor 
Class 2, Group E, F, or G Hazardous Locations, Airbreak -Indoor 

Bureau of Mines 

Corrosion-resistant and Drip-proof, Oil-immersed - Indoor 

Industrial-use, Dust-tight, and Drip-tight - Indoor 

Industrial-use, Dust-tight, and Drip-tight With Knockouts - Indoor 

Oil-tight and Dust-tight - Indoor 


2.5.2.3 Installation 


The SPD should be installed as close as practical to the main service disconnecting means. Wiring 
connections from the SPD to the service disconnecting means should be no longer than 12 inches 
and may be other than the gauge specified herein if recommended by the manufacturer. 
Connections will be made with UL-approved pressure connectors. 


a Phase Connections. Phase lugs of the SPD will be connected to corresponding 
phase terminals of the service disconnect with insulated No. 4 AWG copper cable. 
Connections will be as short and direct as possible without loops, sharp bends, or 


kinks. 


b. SPD Ground and Neutral Connections. The ground connection for the SPD 
element should be from its output terminal to the ground bus in the service 
disconnect. In a grounded neutral system, the neutral connection for SPD elements 
will be routed in a similar manner as above to the neutral bus of the service 
disconnect. These neutral connections should be not less than a No. 4AWG copper 
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conductor, insulated, and color-coded white. SPD element terminals willbe 
electrically insulated from the SPD enclosure. 


c. Equipment Grounding Conductor (EGC). The SPD enclosure will be connected 
to the ground bus in the service disconnecting means enclosure with no less than a 
No. 6 AWG copper conductor. The conductor will have a green insulation. 


2.5.3 Surge Protection Devices for Distribution and Branch Panels 


SPDs will be installed on all critical and essential panels providing service to NWS electronic 
equipment. SPDs will be sized using guidance provided in IEEE C62.41 and meet the 
manufacturer’s product testing requirements of UL 1449 (Cas edition) and IEEE C62.45. SPDs for 
panels serving critical loads will be tested for a location category level C3 application under IEEE 
C62.41. These devices will be installed, in accordance with the manufacturer’s instructions, as 
close as possible to the panel they serve. The MCOV for SPDs located at branch and distribution 
panels should be greater than the MCOV of those located at the facility service entrance. 


2.5.4 — Electronic Equipment Power Entrance 


SPDs, components, or circuits for protection of electronic equipment power lines should be 
provided as an integral part of all electronic equipment. These devices will be positioned at the 
AC power conductor entrance to electronic equipment provided as part of the facility. Transient 
protection will be provided on all surge modes of coupling: line to line (L-L), line to neutral 
(L-N), line to ground (L-G), and neutral to ground (N-G). The MCOV for SPDs located at the 
equipment should be equal to or greater than the MCOV for those located at branch and 
distribution panels. SPDs at equipment should provide a clamping level less than theequipment 
susceptibility level. 


2.5.4.1 Characteristics 


Basic characteristics of surge suppression components or circuits for equipment power lines 
should comply with the followingrequirements: 


a Maximum Continuous Operating Voltage (MCOV). MCOV of the SPD should 
be equal to or greater than 130 percent of the nominal line voltage. 


b.  Turn-on Voltage. Turn-on voltage, discharge (clamp) voltage, and the amplitude 
and time duration of any overshoot voltage should be sufficiently low to preclude 
electronic equipment damage or operational upset. 


c Leakage Current. Leakage current for each suppression component at MCOV 
should not exceed 100 microamperes. 


d. _Self-Restoring Capability. Surge suppressors should automatically restore to an 
off state when surge voltage falls below the turn-on voltage for the suppressor. 


e. Operating Lifetime. Clamp voltage should not change more than 10 percent over 
the operating lifetime. When not located within a facility protected by the SPD, the 
electronic equipment surge suppression device should be capable of safely 
dissipating the number and amplitude of surges specified in Table2-1. 
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2.5.4.2 Packaging 


Suppression components should be housed in a separate, nonmetallic compartmentalized 
enclosure as an integral part of the electronic equipment design. Bulkhead mounted feed-through 
capacitors or equivalent will be used as necessary to prevent high-frequency transient energy from 
coupling to electronic equipment circuits. Suppression components will be grounded to the 
electronic equipment case as directly as feasible. 


2.5.4.3 | DC Power Supply TransientSuppression 


Power supplies using 60 hertz (Hz) power and furnishing DC operating voltages to solid-state 
equipment will have transient suppression components from each outlet of the power supply to 
the equipment chassis. The ground side of the suppressors should be connected as directly as 
possible to rectifier output ground. Operating characteristics of suppression components provided 
for power supply rectifier output lines should be: 


a = MCOV. MCOV should be above maximum rectifier output voltage. 


b. Leakage Current. Leakage current to ground should not exceed 100 microamperes 
at MCOV. 


c  Turn-on Voltage. Turn-on voltage should be as near MCOV as possible using 
commercially available SAD suppressors, and should not exceed 125 percent of 
MCOV. The arrester response time shall be less than five (5) nanoseconds in order 
to capture the entire lightning current spike. 


d. Discharge (Clamp) Voltage. Clamp voltage should be the lowest possible value 
that can be obtained using commercially available suppressors not exceeding 160 
percent of MCOV. 


e. Overshoot Voltage. Overshoot voltage should be sufficiently low to preclude 
electronic equipment damage or operational upset. Time duration of overshoot 
voltage should be limited to the shortest possible time not exceeding 5 nanoseconds. 


f  Self-Restoring Capability. Transient suppression installed in power supplies 
should automatically restore to an off state when line transient voltage falls below 
the rated turn-on voltage for the suppressor. 


g_‘ Testing Criteria. Transient suppressors should safely dissipate 1,000 surges with an 
amplitude of 200 amps and a voltage waveform of 1.2 by 50 microseconds. One 
point two (1.2) microseconds defines the time from the start of the transient to peak 
current, and 50 microseconds is the time from the peak current of the transient until 
the transient decays to 50 percent of its peak value. 


2.6 Conducted Signal, Data, and Control Line Transients 


Transient protection should be provided for all signal, data, and control lines, both at facility 
entrances and at entrances to electronic equipment. This protection will limit transients at the 
equipment entrance to below the equipment susceptibility level. This includes all signal, data, 
control, status and inter-facility power lines installed above and below grade between facility 
structures and to externally mounted electronic equipment. Additional protection design and 
packaging requirements specifically applicable to audio, radio frequency (RF), and other signals 
transmitted by axial cables are specified in the following subparagraphs. 
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2.6.1 Transient Levels 


Electronic equipment using landlines should be protected against the transient levels defined in 
Table 2-3. Landlines continuously enclosed in ferrous conduit are different from landlines not 
continuously enclosed in ferrous conduit. Landlines continuously enclosed in ferrous conduit 
require transient protection only at electronic equipment entrances. Landlines not continuously 
enclosed in ferrous conduit require transient protection both at electronic equipment and at 
facility entrances. 


Table 2-3. Conducted Landline Transient Levels 


: Peak Amplitude (Voltage and Current) 
No. of Transients 
(8 by 1000ps) Lines Continuously Lines Not Continuously 
Microsecond Enclosed in Ferrous Enclosed in Ferrous 
Waveform Conduit Conduit 

1,000 50V, 10A 100V, 50A 

500 75V, 20A 500V, 100A 

50 100V, 25A 750V, 375A 

5 100V, 50A 1000V, 1000A 


Source: FAA-STD-019d 


2.6.1.1 Surge Protective Device Testing Compliance 


All SPDs should comply with the testing standards of IEEE C62.45 or UL 1449 (ne edition) and 
be tested to the waveforms (1.2 x 50 microseconds — voltage, and 8 x 20 microseconds — current) 
specified in IEEE 62.41. SPDs can be control-tested to European surge test EN61000-4-5. 
Location categories should be as described in IEEE C62.41 (A3, B3, or C3). 


2.6.2 Protection Design 


Detailed analysis of suppression component and electronic equipment circuit characteristics are 
required to select components compatible with the requirements herein and to provide 
suppression circuits that will function without adversely affecting signals and information 
transmitted by individual circuits. Design requirements for selection of components are: 


a. _ Unipolar suppression components should be selected and installed for signals and 
voltages that are always positive or always negative relative to reference ground. 
Bipolar suppression components should be selected for signals and voltages that are 
both positive and negative relative to reference ground. 


b. Total series impedance of the suppression circuits at both ends of a landline should 
not degrade electronic equipment performance. The baud rate of the suppression 
circuit should be compatible with the equipment. 


c. High-energy protection components at facility entrances will be selected to reduce 
the magnitude of transient levels to equipment below their electronics susceptibility 
levels for individual lines. 
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d. Suppression components at the facility and electronic equipment entrances and any 
impedance added to ensure coordination will be selected to function together. The 
transient protection components at the facility entrance and the transient protection 
components at the electronic equipment entrance will be selected to clamp and limit 
the transient voltage and energy safely below circuit susceptibility levels. 


2.6.3 Characteristics 


The combined operating characteristics for landline transient suppression at facility and electronic 
equipment entrances and requirements for individual devices should be as follows: 


a. MCOV. The MCOV rating of the suppression components should be 15 to 25 
percent above normal peak line voltage. 


b. Leakage Current. Leakage current to ground should not exceed 100 microamperes 
at MCOV. 


c. Turn-on Voltage. Turn-on voltage of the suppression components should be as 


close to MCOV as possible using commercially available devices, and should not 
exceed 125 percent of MCOV. 


d. Overshoot Voltage. Overshoot voltage amplitude and duration limits should be low 
enough to preclude electronic equipment damage or operational upset. The 
requirement should apply for transients with rise times up to 5,000 V/microsecond. 


e. Discharge (Clamp) Voltage. Clamp voltage should be below the electronic 
equipment susceptibility levels while dissipating the transients listed in Table 2-3. 


f. | Operating Life. The transient suppression system should dissipate the transients 
defined in Table 2-3. Clamp voltage levels should not change more than 10 percent 
over the operating life of the suppression system. 


g. Self-Restoring Capability. The transient suppression system should automatically 
return to the off state when the transient voltage level drops below turn-on voltage 
for the suppressors. 


2.6.4 Location of Landline Transient Protection 


Transient suppression components for signaling, data, and control lines of electronicequipment 
should be housed in nonmetallic compartmentalized enclosures. When landlines terminate at a 
junction box provided by others, a separate junction box may be provided for installation of 
suppression components. A ground bus bar, electrically isolated from the enclosure, should be 
provided in the junction box to serve as an earth ground point for the high-energy transient 
suppressors. The ground bus bar should be directly connected to the EES with an insulated 

No. 4 AWG or larger copper wire of minimum length with no loops, sharp bends, or kinks. A 
UL-approved connector will be used to bond the conductor to the ground bus bar. The bonding 
connection to the EES will be an exothermic weld. The ground bus bar location should permit a 
short, direct connection to transient suppressors. The installation should provide easy access to 
component terminals for visual inspection, testing, and replacement. Each suppression device 
should be replaceable, or at a minimum, the suppressor and resistor for each line should be 
replaceable as a unit. Bulkhead mounted, feed-through capacitors should be used, if necessary, to 
prevent high-frequency transient energy from coupling to electronic equipmentcircuits. 
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2.6.5 _—_ Installation of Suppression Components at Electronic Equipment 


Transient suppression components at electronic equipment will be housed in a separate, 
nonmetallic enclosure. Components used should be leadless or of minimum length with no loops, 
sharp bends, or kinks. Access should be provided for visual inspection and replacement of 
components. 


2.6.6 Externally Mounted Electronic Equipment 


When landlines are directly connected to externally mounted electronic equipment, the landline 
SPD specified in this document for both facility and electronic equipment entrances will be 
provided at the electronic equipment entrance. This combined protection will provide separate 
high- and low-energy components with a single grounding path. The high-energy suppression 
components will be grounded directly to the EES. This connection should be accomplished with a 
minimum No. 4 AWG insulated copper conductor. The low-energy suppression component will 
be grounded to the reference ground used by the circuit to which the landline is connected, or to 
the electronic multipoint ground system. The grounding conductors for the high- and low-energy 
components should be of minimum length and routed to avoid sharp bends, kinks, or loops. 
Access should be provided for visual inspection of these suppressors and for their replacement. 


2.6.7 Axial Landlines 


Transient protection for electronic equipment will be provided both at facility entrances and at the 
electronic equipment. Transient suppression should be provided equally for each conductor and 
shield that is not grounded directly to the electronic equipment case. 


2.6.7.1 Protection Design 


Special attention should be given to the design of transient protection for axial-type lines, as noted 
below: 


a. Suppression circuits should be designed using commercially available components. 


Packaging of suppression components and circuits should be designed to minimize 
the effect on transmitted signals. Feed-through components, leadless components, or 
short direct-lead connections without bends will improve performance of the 
suppression circuit and reduce signal degradation. 


c. Analyses and tests must be performed by a recognized engineering laboratory and 
must meet all surge suppressor tests required by UL 1449 (on edition) to ensure 
suppression components do not degrade signals to an unacceptable degree or cause 
marginal operation of electronic equipment. Particular attention should be given to 
the impedance, insertion loss, phase distortion, and voltage standing wave ratio for 
RF signals. 


NOTE: Any critical electronic equipment that has interconnecting cables extending outside 
the facility lightning protection system will be protected by surge suppression 
devices. 


2.6.7.2 Metal Bulkhead Connector Plates 


A metal bulkhead connector plate will be provided where axial-type cables, waveguides, 


conduits, etc., first enter an NWS facility. The connector plate should be a minimum of 1/4inch 


thick and constructed of tin-plated copper, or other material compatible with the connectors. 


Connector plate or plates will have the required number and types of feed-through connectors to 


terminate all coaxial lines and provide adequate surface area for bonding waveguides, cable 


shields, conduits, etc. The connectors will provide a path to ground for cable shields. If external 
and internal cables are of different sizes, the changeover in cable size should be accomplished by 
the feed-through connectors at the plate. Waveguides, conduits, etc., will be bonded to bulkhead 
plates with a No. 4 AWG copper conductor minimum. This bonding jumper will be connected to 


the plate by means of an exothermic weld or a double-bolted lug. The bulkhead plate will be 
bonded to the EES with a No. 4/0 AWG copper conductor minimum (see Figure 2-2). 


Additionally, when building steel is properly bonded to the EES, the bulkhead connector plate can 


be connected to building steel. 


NOTE: Exothermic welds will be used for all connections to the EES. 


Tower ‘ 


Building 


a Metal Bulkhead or 
Coaxial Line a Cable Entrance Panel 
(External or Internal) 
No. 4/0 AWG Copper 
Conductor to EES 


Figure 2-2. Waveguide, Coaxial Line, and Conduit Penetration (for NWS Facility Only) 


2.6.7.3 Installation of Suppression Components at Facility Entrances 


Transient suppression components for axial-type cables should be packaged in a sealed metal 


enclosure with appropriate connectors at each end to permit in-line installation at the bulkhead 


connector plate required in Section 2.6.7.2. 
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2.6.7.4 Installation of Suppression Components at Electronic Equipment Entrances 


Off-the-shelf suppression components should be provided as an integral part of electronic 
equipment design. When electronic equipment without internal transient suppression is required 
for the facility, electronic equipment suppression components should be packaged with 
compatible connectors on each end permitting in-line connection directly to the equipment. When 
isolation of the cable shield and connector body is required for electronic equipment operation, 
suppression component grounds should be isolated from the component housing and connected 
directly to the electronic equipment case. Electronic equipment case entrances should be located 
in a common area, close to the case ground to minimize circulating currents on the case. 


2.6.8 Location of TransientProtection 


The location of transient protection for landlines is specified both at entrances to facilities and at 
entrances to electronic equipment within facilities. Depending on the type of electronic equipment 
and planned facility installation, combining the transient suppression specified at facility and 
electronic equipment entrances may be acceptable. Transient protection designs for landlines 
combining the protection specified herein for installation at one location will: 


a. Provide high-energy suppression component(s) connected from line to the facility 
EES to remove a major percentage of transient energy from eachline. 


b. Be located at the entrance to the facility. 


c. Provide low-energy suppression components connected from line to electronic 
equipment case ground to reduce transient energy and voltages to safe levels below 
the electronic equipment susceptibility level for each line. 

2.6.9  Fiber-optic Cable 


Where fiber-optic cable uses a conductive armor, the armor should be bonded to the EES at the 
facility entrance. If the cable is internal to the facility, conductive armor will be bonded to the 
multipoint ground (MPG) system near the equipment entrance. The use of fiber-optic cable 
without a conductive shield or armor is permitted. 


2.7 Lightning Protection System Requirements 


The intention of the lightning protection system (LPS) is to provide preferred paths for lightning 
discharges to enter or leave the earth without causing facility or equipment damage or injury to 
personnel. The essential components of an LPS are: 


a. Air terminals 

b. Roof, bonding, and down (main) conductors 
c. Ground rods 

d. Surge protection. 


These components act together as a system to dissipate lightning energy. The LPS will meet or 
exceed the requirements of National Fire Protection Association (NFPA) 780, Standard for the 
Installation of LP Systems. Materials used for an LPS will follow the lightning protection 
components selections shown in the UL 96, Lightning Protection Components. 
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2.7.1 Materials 


All equipment will be UL-listed for lightning protection purposes and marked following UL 
procedures. All equipment should be new and of a design and construction to suit the application 
under UL 96 material requirements; however, aluminum will be used on aluminum roofs, 
aluminum siding, or other aluminum surfaces. Aluminum materials will not be used on surfaces 
coated with alkaline-base paint, embedded in masonry or cement, on copper roofing, or in contact 
with copper and aluminum conductors. Dissimilar materials will conform to the bonding 
requirements of Section 2.13.2.3. 


2.17.2 Main Conductors 


Roof bonding and down conductors will be stranded and will meet the requirements given in 
NFPA 780. On upper air domes at upper air sites, four equally spaced 10-inch air terminals will be 
installed around a full perimeter roof platform, as shown in Figure 2-3. 


2.7.2.1 Structural Steel Used as Main Conductors 


The steel metallic framework of a structure will be permitted to be utilized as the main conductor 
of a lightning protection system if it is electrically continuous from roof to ground foundation or 
is made electrically continuous. 


2.7.3 Hardware 


Hardware will meet the requirements in the following subsections. 


2.7.3.1 Fasteners 


Roof bonding and down conductors will be fastened at intervals not exceeding 3 feet (0.9 m). 
Fasteners will be of the same material as the conductor base material, the bracket being fastened, 
or other equally corrosion resistant material. 


2.7.3.2 Fittings 


Bonding devices, cable splicers, and miscellaneous connectors will be UL-approved for use with 
the installed conductor and will be copper or aluminum with bolt pressure connections to the 
cable. Aluminum fittings will only be used with aluminum conductors. Copper fittings will only 
be used with copper conductors. 


2.7.4 Guards 


Guards will be provided for conductors located in or next to driveways or other areas where they 
may be displaced or damaged. Guards will extend at least 6 feet (1.8 m) above and | foot (0.3 m) 
below grade level. Guards should be schedule 40 polyvinyl chloride (PVC) pipe where feasible. 
Metal guards may be used but will be bonded to the down conductor at both ends. Bonding 
jumpers will be of the same size as the down conductor. PVC guards do not require bonding. 
Crimp-type fittings will not be used. 


2.7.5 Bonds 


Certain metallic bodies located outside or inside a structure contribute to lightning hazards 
because they assist in providing a path to ground for lightning currents. Such metallic bodies will 
be bonded to the LPS wherever a side flash can occur between the LPS conductors and a metal 


2-14 


body. This will be done following NFPA 780 guidance. Bonding to the LPS conductor will also be 
applied to other metal bodies permanently affixed to the structure. 


2.7.5.1 Metallic Bodies Subject to Direct Lightning Discharge 


Metallic bodies, on roofs, subject to direct lightning discharge are generally any large metallic 
body whose size causes it to protrude beyond the zone of protection of the installed air terminals. 
This includes, but is not limited to, exhaust pipes; exhaust fans; metal cooling towers; heating, 
ventilation, and air conditioning (HVAC) units; ladders; railings; antennas; and large louvered 
structures. When these metallic bodies have a metal thickness of 3/16 inch or greater, they should 
be bonded to the nearest main LPS roof conductor with UL-listed fittings for lightning protection 
(see UL 96 for a list of lightning protection components). These fittings will provide bonding 
surfaces of not less than 3 square inches (approximately 1.75 inches by 1.75 inches). Provisions 
will be made to prevent corrosion effects introduced by galvanic action of dissimilar metals at 
bonding points. If the metal parts of these units are less than 3/16-inch thick, additional approved 
air terminals, bonding conductors, and fittings will be installed to provide an additional path to 
ground from these additional air terminals. 


2.7.5.2 Metallic Bodies Subject to Induced Charges 


Metallic bodies on or below the roof level, subject to induced charges from lightning within 6 feet 
of an exposed LPS element, will be bonded to the LPS using UL-approved pressure connectors 
and conductors. This includes, but is not limited to, the following metallic items: roof drains, 
vents, coping, flashing, gutters, downspouts, metal doors, metal door and window frames, 
balcony railing, conduits, and pipes. Fittings and conductors used will be UL-listed for lightning 
protection. The 3-square-inch bonding surface contact area will apply. 


2.7.5.3 Exhaust Stack Grounding 


Exhaust stacks used for either fossil fuel heating or for engine generators create a plume of highly 
ionized, heated air. This plume may attract cloud-to-ground lightning. Bond all exhaust stacks to 
the nearest point on the LPS with a conductor equal in size to the down (main) conductor to 
prevent flashover (see NFPA 780 [2004], Chapter 6). The bond to the exhaust stacks will be made 
with an exothermic weld or a UL-approved mechanical connector. 


2.7.5.4 | Above-Ground Fuel and Oil Storage Tanks 


Provisions will be made to prevent direct lightning strikes to above-ground storage tanks. A 
separately mounted LPS should be provided where part of the above-ground storage tank extends 
outside the facility LPS. When this is the case, a mast with elevated ground wires should be used 
(see NFPA 780 Figure 7.3.3.9). The separate LPS bonding connection conductor should be 
exothermically welded to the EES. Nonmetallic (fiberglass) above-ground fuel and oil storage 
tanks shall not be installed, because elevated ground wires will not protect against lightning 
induced Ground Potential Rise (GPR) which may result in fire or explosion. 


2.7.6 Conductor Routing 


Roof and down conductors will maintain a horizontal or downward course. No bend in a roof or 
down conductor will form an included angle less than 90 degrees (no acute angles), nor will it 
have a bend radius of less than 8 inches (0.203 m). Conductors will be routed external to buildings 
and greater than 6 feet (1.8 m) from other power or signal conductors. 
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2.7.6.1 Down Conductors on Fiberglass Mounting Poles 


Where a fiberglass pole is used to mount an air terminal, the air terminal will extend at least 2 feet 
above the top of the pole and will be securely fastened to the pole following the requirements of 
NFPA 780. The down conductor from the air terminal will be run on the exterior of the fiberglass 
pole and will be fastened to the pole at intervals not exceeding 3 feet (0.9 m). The down conductor 
will be connected to ground and bonded, if necessary, to the EES using Section 2.7.7 guidance. 


2.1.17 Down Conductor Terminations 


Down conductors used to ground air terminals and roof conductors will be a No. 2 AWG 
(minimum) copper conductor prior to entering the ground. The No. 2 AWG copper conductor will 
enter the ground and be connected to a ground rod. This ground rod will be bonded to the EES 
with an exothermic weld using a No. 4/0 AWG copper conductor connection. The top of the 
ground rod will be located 1 foot (0.3 m) to 2 feet (0.6 m) vertically below ground level and from 
2 feet (0.6 m) to 6 feet (1.8 m) outside the foundation or exterior footing of the building. 


2.7.8 Buildings 


Lightning protection will be provided for all buildings, or parts thereof, not within the zone of 
protection provided by another building or higher part of the same building. Zones of protection 
for all structures will be as defined in NFPA 780. 


2.7.8.1 Air Terminals 


Air terminals will be solid copper, bronze, aluminum, or stainless steel (only in areas of high 
corrosion). Copper air terminals may be nickel-plated. Air terminals will be a minimum of 10 
inches (254 mm) in height, at least % inch (12.7 mm) in diameter for copper and 5/8 inch 

(15.9 mm) in diameter for aluminum. Air terminals will be located according to the 
recommendations of NFPA 780. Air terminals will extend at least 10 inches above the object or 
area they are to protect unless they are mounted on walking or working surfaces. In this case, the 
tip of the air terminal will not be less than 5 feet above the walking or working surface. Air 
terminals will be placed on the ridges of pitched roofs and around the perimeter of flat or gently 
sloping roofs at intervals not exceeding 20 feet (6.1 m). Air terminals will be bonded to the 
nearest roof or down conductor, and connected to the EES following Section 2.7.7 guidance. 


2.7.8.2 Number of Down Conductors 


No less than two down conductors will be provided for buildings with perimeters of 250 feet 

(76 m) or less. Down conductors will be as widely separated as possible; e.g., at diagonally 
opposite corners on square or rectangular buildings. Buildings with perimeters in excess of 250 
feet (76 m) will have one down conductor for each 100 feet (30.5 m) of perimeter distance or part 
thereof. Building steel and metal supporting structures, such as conduits, may be used in place of 
down conductors. 


2.7.8.3. Metal Parts of Buildings 


Metal roofing, siding, eave troughs, down spouts, ladders, ducts, and similar metal parts will not 
be used as substitutes for roof or down conductors. A lightning protection conductor system will 
be attached to the metal roof and to the metal siding of a metal-clad building in the same 
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manner as on a building without metal covering. Building metal parts will be bonded following 
Section guidance. 


2.7.8.4 Roof-Mounted Antennas 


If metallic, the mast of a roof-mounted antenna will be bonded, in two directions, to the nearest 
roof or down conductor using UL-approved fittings and conductors. The bonding jumper will be 
of the same size and material as the roof or down conductor to which it is connected. If a roof or 
down conductor is not available, then the antenna mast should be bonded directly to the EES by 
means of exothermic welding. A suitable connection to the EES is required for the Global 
Positioning System (GPS) repeater antenna. 


2.7.8.5 Radomes Not Mounted on Towers 

A 150-foot radius zone of protection will be established to include all radome surfaces. Follow 
guidance in NFPA 780. 

2.7.8.6 | Upper Air Buildings 


Lightning air terminals will be installed at the four corners of the platform located at the bottom of 

the dome. Air terminals will be mounted on 14-foot (approximately) fiberglass masts, as shown in 
. A single 24-inch air terminal will be installed at the apex of the dome (also shown in 
). See for an alternative catenary type of design. 


4 Air Terminals on Fiberglass Masts 


Figure 2-3. Lightning Protection for Upper Air Buildings (Franklin Rod Design) 
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2.7.9 Antenna Towers 


Antenna towers will be protected from lightning by following the guidelines specified below. 


2.7.9.1 Number of Down Conductors 


Pole-type towers will have one down conductor. Towers consisting of multiple parallel segments 
or legs that sit on a single pad or footing not over 9 square feet in area are considered pole-type 
towers. All other towers will have at least two down conductors. Large towers, such as radar 
towers, will have one down conductor per leg. Down conductors will be routed down the inside of 
the legs wherever practical and secured at intervals not exceeding 3 feet (0.9 m) following 
Section 2.7.7 guidance. 


2.7.9.2 Towers Without Radomes 


Pole-type towers will be protected by at least one air terminal to provide a Zone of Protection for 
all antennas located on the tower following NFPA 780 requirements. Protection may be provided 
for large radar antennas by extending structural members above the antenna and mounting the air 
terminal on top as shown in Figure 2-4. The air terminal will be supported on the structural 
member and will have a UL-approved fitting on its base. The down conductor from the air 
terminal will be connected to a perimeter cable that forms a loop around the perimeter of the 
tower platform. Down conductors will be run from the perimeter cable to the EES. Except where 
only one down conductor is required, each air terminal will be provided with at least two paths to 
ground. All conductors including the LPS will be exothermically welded to the EES with a size 
No. 4/0 AWG copper conductor minimum. 


2.7.9.3 Radomes 


Radomes will be located within a Zone of Protection established according to the 150-foot radius 
“Rolling Sphere Model” rule (see NFPA 780). This protection can be either from air terminals 
mounted on the radome or catenary wires mounted independently of the radome. When air 
terminals are mounted on the radome, they must have two paths to ground. An equalization ring 
should be established at the radar antenna deck level. 


2.1.9.4 Towers With Radomes 


Towers with spherical radomes will be protected with a 2-foot (0.62 m) high (minimum) air 
terminal at the peak and four or more air terminals equally spaced around the circumference of the 
radome. Spacing of the circumferential air terminals may be adjusted if the antenna pattern is 
affected; however, their position and height will be interconnected with a main conductor. As 
indicated in Figure 2-4, this conductor, labeled “Interconnecting Conductor,” will be connected to 
the air terminal at the peak of the radome. The interconnecting conductor will also be connected 
to the peripheral conductor that forms a loop around the base of the radome. The down conductors 
noted above will be run in a path following the contour of the radome as shown in Figure 2-4. 


All lightning protection connections will be free of paint and galvanizing. Scrape all steel free of 
surface contaminants or surface treatments prior to making exothermic welds. 
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Figure 2-4. Lightning Protection for Radomes and Radar Antenna 


Platforms (Crown of Thorns) 


NOTE: 


Bond down conductors to each tower leg section. Exothermically weld down 
conductor to a 4/0 AWG copper conductor above grade. Route 4/0 conductor 
through 1-inch PVC conduit around concrete pier and 12 inches below grade. All 
conductor bend radii must be 8 inches or greater. 

All lightning protection connections will be free of paint and galvanizing. Scrape 
all steel free of surface contaminants or surface treatments prior to making 


exothermic welds. 


2.7.9.5 


Antenna Protection 


Air terminals will be placed to protect structural towers and buildings, and antennas mounted to 
towers and on buildings. 


2.7.9.6 


All metallic guy wire systems without insulators will be connected to the ground system. 


a. 


Low Conductivity Anchors. On guy wires terminating in low conductivity anchors 
(such as concrete), a jumper of the same material as the guy wire should be 
mechanically bonded to each wire above its lowest turnbuckle. Where multiple guy 
wires terminate on a single anchor, the jumper may daisy-chain through the guy 
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wires. The jumper should be exothermically welded to a 3/4-inch by 10-foot ground 
rod that is exothermically welded and bonded to the EES. Mechanically bonded 
jumpers of the same material as the guy wire should be placed across any 
intermediate turnbuckles in a guy wire. All jumper connections to the guy wires 
should be made with UL-approved connectors (see Figure 2-5 for depiction of guy 
wire and anchor grounding). 


Metallic Anchors. A jumper of the same material as the guy wire will be 
mechanically bonded across each turnbuckle in the guy wire with UL-approved 
connectors. 


UL-Approved Connectors 


Y%" Galvanized 
Guy Wire 


Exothermic Weld 


Galvanized 


#2 AWG Steel Anchor 


Solid Copper 


%” x 10 Foot 
Copper-Clad 
Steel Ground 
Rod 


Concrete 
Block 


Figure 2-5. Multiple Guy Wire and AnchorGrounding 


Waveguide, Coaxial Line, and ConduitProtection 


Waveguide, coaxial line, and conduit located on the tower and feeding into the facility will be 
bonded to a ground plate mounted on the tower or directly to the EES. This bond should be at a 
point no greater than 2 feet above the transition bend (90 degree bend) near the tower’s base. The 


ground plate will be bonded to the EES with a No. 4/0 AWG copper conductor following the 
requirement in Section 2.6.7.2. An additional bond will be made from the point of origin of the 
waveguide, coaxial line, or conduit to the metallic tower structure (see Appendix D for 
explanation of waveguide grounding). 


2.7.9.8 Staircase/Ladder Protection 


The metallic access (e.g., staircase, ladder) will be exothermically bonded, near its base, to the 
EES with a No. 4/0 AWG copper conductor installed in a location that prevents accidental trips or 
strikes that could result in personnel injury. Where staircase sections are not welded together, 
bonding jumpers will be installed between sections. 


2.7.10 Fences 


Grounding and bonding of metal fences will be done to all areas where personnel may come in 
contact with the fence metal structure or fabric. Grounding and bonding of the fence should be 
accomplished where a significant step potential can be generated, during lightning activity or 
during a fault of the utility or facility electrical system. All fences within 20 feet (6.0 meters) of a 
lightning-protected facility will be grounded to the facility’s counterpoise. 


2.7.10.1 Fences and Gates 


Fences made of conducting material (e.g., chain-link fabric, metal crossbar, stranded wire) should 
be constructed using metal posts driven a minimum of 2 feet (0.6 m) below grade. Gates should 
have a 1-inch by 1/8-inch flexible tinned copper bond strap or an insulated No. 4/0 AWG flexible 
(welding) copper conductor bonded to the adjacent post (exothermic welding is required). The 
post at each side of the gate will also be exothermically welded, at a height no greater than | foot 
above grade, to their respective ground rods with a No. 4/0 AWG bare copper conductor. The 
bonding strap to the post will be installed so as not to limit full motion of the gate (whether swing 
or slide type). Ground rods will also be connected to the EES by an exothermically welded 

No. 4/0 AWG bare copper conductor. Metallic fence fabric with nonconductive coatings should 
not be used. A horizontal bare No. 6 AWG stranded copper conductor, woven continuously 
through the fencing fabric around the perimeter of the facility, will be mechanically bonded to the 
fence posts at intervals not greater than 40 feet. In turn, fence posts with the noted mechanical 
connections will be bonded with a No. 4/0 AWG bare copper conductor to the EES. Measures will 
be taken to ensure fence posts of the entire perimeter of the facility are exothermically welded at 
the posts, with a No. 4/0 AWG bare copper conductor at intervals not greater than 40 feet. The 
preferred method of bonding a fence is illustrated in Figure 2-6. This method requires a 
counterpoise around the facility and an additional counterpoise around and in close proximity to 
the fence. The two counterpoise systems are connected together in as many places as possible 

(4 minimum for a small facility <75 square feet, 8 minimum for a large facility >75 square feet) to 
further equalize step potentials within the facility. 


2.7.10.2 Overhead Power Line Considerations 


When a fence constructed of conducting material is crossed by overhead power lines, the fence 
will be bonded to a ground rod with bare No. 6 AWG copper conductors located not less than 
20 feet to each side of the power line crossing. (Doing this additional grounding will assure that, 
in the event the live electrical power line falls on the fence, it will go to ground.) The ground rods 
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Figure 2-6. Grounding a Fence 


will be bonded to the facility’s EES with a No. 4/0 AWG copper conductor. For a chain-link 
fence, the fabric will be bonded to this conductor on each side, crossing at the top, middle, and 
bottom, as well as at each strand of security wire placed above the fencing fabric. Where cross-bar 
or stranded wire is used, each horizontal strand or cross-bar will be bonded top-to-bottom to the 
conductor. The ends of protective wires will be connected, using exothermic welds, to their 
respective ground rod, while the other ends connected to the top of the fence. 


27.11 Radar Towers 


Towers having electronic areas in the associated base building present a unique set of challenges 
for implementing lightning and transient protection. The numerous conductors running between 
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electronic equipment located in the base building and beneath the tower are subject to large 
electromagnetic fields during a lightning strike. For this reason, special techniques must be 
applied to provide an environment minimizing lightning’s damaging effects. 


The lightning protection, electrical, electromechanical, electronic systems, and building steel 
structures must be bonded together for safety. The National Electrical Code (NEC) NFPA-70 
mandates this bonding. 


27.111 Main Ground Plate and Power Distribution 


In order to ensure good high-frequency and low-frequency signal grounding during normal 
operation, a low-impedance connection must be provided to the EES. A main ground plate should 
be established for this grounding. This main ground plate will be grounded via two 500 kcmil 
conductors exothermically welded to the EES. 


2711.2 Roof, Structural Steel, Reinforcing, and Other Metal Element Bonding 


Metal elements composing the tower and its supporting structure, reinforcing bars in both 
horizontal and vertical elements, building steel, and metal sheathing will be bonded together to 
provide a Faraday cage. All reinforcing bars within the tower will be tied together and, where 
independent elements are used, the reinforcing bars should be tied between elements at least once 
every 4 feet. Reinforcing bars in the floors, overheads, corrugated decking, and footers will be 
tied to the reinforcing bars in the vertical elements. This bonding is necessary to establish both the 
Faraday cage and to provide a secondary grounding path for high-frequency (exceeding 10,000 
Hz) equipment. 


2.7.11.3 Signal, Communications, Coaxial Cables, and Control Line Protection 


For purposes of lightning and transient protection, cables running up the tower shaft in open 
raceways are considered totally exposed to lightning related phenomenon. For this reason, 
transient protection must be applied at each end of these cables. This protection will be installed 
where the cables enter the tower equipment area, and where they enter the associated base 
building. Both facility and equipment levels of protection will be provided for these lines at each 
location. 


27.114 Signal Grounding 


The signal grounding system consists of both single-point and multipoint elements. The 
single-point ground system is most frequently used in conjunction with the audio and associated 
switching equipment (low frequency). The MPG system is used for most other electronic 
equipment (high frequency). All grounds present within the operational or equipment levels will 
be bonded together at the main ground plate. 


2.7.11.5 Multipoint Grounding 


An MPG system, consisting of either a raised access floor with a below-floor signal reference grid 
(SRG) or single conductors, should be installed in: 


a. _ All facility operational equipment areas 


b. Any area containing electrical equipment installed to address power quality 
(e.g., isolation transformers, power conditioning equipment). 
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The SRG should consist of 2-inch wide copper straps arranged in a grid on 2-foot centers. 
Connections from the SRG to the access floor pedestals should be on a 6-foot spacing. Floor 
coverings of tile will be of static dissipative material properly installed following manufacturers’ 
specifications and connected to the SRG. 


27.11.66  Single-Point Grounding 


Single-point ground (SPG) systems, if required for the electronic equipment to be installed, will 
be constructed following Section 2.10.6.1. All SPG systems mandated by equipment 
manufacturers will be bonded to the main ground plate established following the requirements of 
this paragraph. All electronic grounding systems at a facility will be bonded together to prevent 
the possibility of large voltage differentials between equipment during a lightning strike. 


2.8 Earth Electrode System Requirements 


An EES will be installed at each facility to provide a low-resistance contact (less than 5 ohms) to 
earth for lightning discharges, electrical and electronic equipment grounding, power fault 
currents, and surge and transient currents. The EES will be capable of dissipating within the earth 
the energy of direct lightning strikes with no ensuing degradation to itself. The system will 
dissipate DC, AC, and RF currents from equipment and facility grounding conductors. (For 
further information, see IEEE Standard142, Chapter 3, Static and Lightning Protection 
Grounding.) 


2.8.1 Site Survey 


A site survey to determine the EES location and configuration should be conducted for all sites. 
Information to be collected will include location of rock formations, gravel deposits, soil types, 
etc. A soil resistivity test should be performed at distances of 10, 20, 30, and 40 feet (3, 6, 9 and 
12 m), in four directions, from the proposed facility. 


2.8.2 Design 


The EES will normally consist of driven rods, buried interconnecting cables, and connections to 
underground metallic pipes, tanks, and structural members of buildings that are effectively 
grounded. The site survey recommended in this section will be used as the basis for the design of 
the EES. The design goal for the resistance to earth of the EES will be as low as practicable and 
should not exceed 5 ohms. Resistance measurements should be done by the “Fall of Potential” 
method explained in Appendix G and shown in Figure 2-7. Where conditions are encountered, 
such as rock near the surface, shallow soils, permafrost, and soils with low moisture or mineral 
content, the ground enhancements listed in Sections 2.8.2.1 through 2.8.2.5 may be necessary. 


2-24 


Earth Tester 


Earth Electrode 


. 


Figure 2-7. Fall of Potential Method for Measuring Ground Resistance 


2.8.2.1 Chemical Enhancements 


Chemical enhancements (doping) with materials such as mineral salts, Epsom salts, sulfates, etc., 
should be utilized only as a last resort to lower the resistance to earth value of 5 ohms. Chemical 
enhancement is dependent on soil moisture content to be effective. Chemicals can leach into the 
surrounding soil and can migrate into the water table, thereby contaminating it. Typical 
installation is in bored holes with ground rods and in trenches (see Figure 2-8). 


2.8.2.2 Chemical Rods 


Some chemical rods require re-treatment and monitoring to ensure continuous effectiveness. 
Many of these systems require a drip irrigation system in dry soil conditions. Frequent inspections 
must be performed to check for excessive corrosion at connection points between the 
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Figure 2-8. Ground Rod and Chemical Enhancement Material Installation 


counterpoise and the chemical rod attachment point. Normal installation is insertion into the soil 
following manufacturer’s instructions. 


2.8.2.3 Engineered Soils 


Engineered soils are soils or clays treated with a variety of materials to enhance their conductive 
properties. These engineered soils may be a mixture of moisture absorbing materials such as 
Bentonite, homogenous clays in combination with native soils and/or chemicals. Some 
engineered soil enhancements utilize ferrous-concrete based materials. These materials should be 
avoided in areas with soil movement. Engineered soils usually require the presence of moisture 
(14 percent) in the soil to be effective. A low sulfur content soil enhancement material is advised. 
Normal installation is in bored holes around ground rods and in trenches. 


2.8.2.4 Coke Breeze 


Coke breeze is a material produced as a by-product of smelting metals. It is mainly fixed-base 
carbon. All the corrosives and volatiles have been cooked off at extremely high temperatures. 
Coke breeze is environmentally safe, stable, and conductive when completely dry or frozen, 
non-moisture-dependant, compactable, and very economical to install. Normal installation is in a 
1-foot-square trench in a counterpoise configuration with a continuous No. 4/0 AWG copper 
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conductor in the center of the material (see Figure 2-9). Placement of the trench is based on the 
geometry of the facility and the physical site location. Radial trenches with a center conductor can 
be utilized to enhance RF ground plates in communication facilities. The top of the coke breeze 
trench must be covered by a minimum of 1 foot of native soil. Charcoal should not be substituted 
for coke breeze. Charcoal typically contains high levels of sulfur, which in the presence of 
moisture, can accelerate corrosion. Obtain the Material Safety Data Sheet (MSDS) before 
installing. 


Grade 


Backfill Material — 
Coke Breeze 


Bt Gt 


#4/0 AWG 
Bare Copper 
Ground Wire 


Source: FAA-STD-019d LM8 


Figure 2-9. Grounding Trench Detail 


2.8.2.5 Ground Dissipation Plates (Noncorrosive Soils) 


In shallow soil locations with limited surface space, ground dissipation plates must be installed to 
supplement the counterpoise system. The plates, installed at the corners of the counterpoise 
system, provide a large surface area of high conductivity at the farthest accessible point from the 
facility to be protected (see definition of “Plate, Ground” in the Glossary at the end of this 
manual). This allows the energy to travel away from the facility. Plates should be constructed of 
1/4-inch thick copper and be a minimum of 2 feet square. These plates should be installed in a 
vertical plane to take advantage of seasonal moisture and temperature changes in the soil. Install 
the plates at the same depth or deeper than the counterpoise, but maintain a minimum of 1 foot of 
native soil above the upper edge of the plate. Attachment to the counterpoise should be with a 
No. 4/0 AWG copper conductor, exothermically welded to the counterpoise and the plate. For 
maximum performance, the attachment point at the plate should be at the center of the plate, not 
near the edge or the corners. To further enhance the effectiveness of ground dissipation plates, 
they may be configured as a Jordan Dissipation Plate, (JDP) with pinking shear edges, as shown 
in Figure 2-10. This configuration provides two-thirds more surface area at the edge than a square 
plate and provides multiple sharp points for increased dissipation capability. In difficult areas, a 
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combination of coke breeze trenches and dissipative plates is highly recommended (see 
Figure 2-9 and Figure 2-10). 


2.8.2.6 Installation in Corrosive Soils 


Careful considerations must be given to the installation of any grounding system in soils with 
corrosive elements. Two geological areas of known concern are the volcanic soils in Hawaii and 
Alaska. Supplemental cathodic protection should be applied to the grounding system at these 
locations. A buried steel plate acts as a sacrificial anode and is connected to the counterpoise 
conductor with a No. 4/0 AWG copper conductor. The No. 4/0 AWG copper conductor should be 
welded to the center of the plate, not near the edge or near the corners. Minimum sizing for the 
sacrificial plate is 4 feet square and 1/2 inch in thickness. In shallow soils, this would be in 
addition to the standard copper dissipation plates. For enhanced performance, sacrificial plates 
may be configured as a JDP (see Figure 2-10). 


2.8.3 Configuration 


Unless otherwise specified, the EES will consist of at least four ground rods penetrating the 
ground to the lowest resistance as determined by the site survey. Facilities with two or more 
structures (e.g., a building and antenna tower) separated by 15 feet (4.6 m) or less, one EES 
surrounding both structures will be provided. Where structures are separated by more than 15 feet 
(4.6 m) but less than 30 feet (8.2 m), the EES may share a common side. Where the structures are 
separated by more than 30 feet (8.2 m), an EES will surround each structure and will be bonded 
together by two No. 4/0 AWG cables buried and exothermically welded. 


2.8.4 Ground Rods 

Ground rods and their installation will meet the requirements specified in the following 
paragraphs. 

2.8.4.1 Material and Size 


Ground rods will be copper or copper-clad steel, a minimum of 10 feet in length and 3/4 inch in 
diameter. Rod cladding will not be less than 0.012 inch thick. 


2.8.4.2 Spacing 


The spacing between ground rods should be at least two times a single rod length. Nominal 
spacing between rods should be between two and three times a single rod length (e.g., 10-foot 
ground rods spaced at 20 feet apart). 


2.8.4.3. Depth of Rods 
Tops of ground rods should be not less than 1 foot (0.3 m) below gradelevel. 


2.8.4.4 Location 


Ground rods should be located 2 to 6 feet (0.6 to 1.8 m) outside the foundation or exterior footing 
of the structure. On buildings with overhangs, ground rods may be located further out to take 
advantage of the drip line moisture. 
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Figure 2-10. Ground Plate Detail 


2.8.4.5 Chemical Enhancement 


For chemical enhancement to lower ground rod resistance to earth, consider using coke breeze 
(see Section 2.8.2.4). 
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2.8.5 Interconnections 


Ground rods will be interconnected by a buried, bare, No. 4/0 AWG stranded copper conductor. 
The cable will be buried at least 30 inches (0.8 m) below grade level. Connections to the ground 
rods will be made by an exothermic weld. The interconnecting conductor will close on itself 
forming a complete loop with the ends exothermically welded. The structural steel of buildings 
will be connected to the EES at approximately every other column at intervals not over 60 feet 
(18.3 m) with a bare, No. 4/0 AWG stranded copper cable. Connections will be by exothermic 
welds. The grounding electrode conductor (GEC) for the electric service, sized following the 
NEC requirements (Article 250) for GECs, will not be smaller than No. 2 AWG and will be 
connected to a ground rod in the EES with an exothermic weld. All underground metallic pipes, 
tanks, and the telephone ground, except metal gas lines, if present, will be connected to the EES 
by a copper conductor no smaller than No. 2 AWG. Where routed underground, interconnecting 
cables will be bare. Bonding resistance of all interconnections to the EES will not exceed 1 
milliohm for each bond. 


2.8.6 Access Well 


Access wells are permissible at all NWS facilities. The well will be located at a ground rod in an 
area with access to the open soil so checks of the EES can be made once the facility is in use. The 
access well will be made from clay pipe, poured concrete, or other approved wall material and 
will have a removable cover. The access well will be constructed to provide a minimum 
measurement of 12 inches circular clearance from the ground rod. Connections at the access well 
can be made with UL-approved pressure connectors, but connections to the ESS must be made by 
means of exothermic welding (see Figure 2-11 for installation diagram). 


2.9 Electronic Multipoint Ground System Requirements 


Electronic facilities require separate grounding systems for the electronic equipment and the 
power distribution system. The power distribution grounding system protects equipment and 
personnel from hazards, such as direct shorts or arc faults in the power distribution system. All 
NWS facilities will have a separate multipoint ground (MPG) system for electronic equipment. 
Protection of electronic equipment against potential differences and static charge buildup will be 
provided by interconnecting all non-current-carrying metal parts to an electronic MPG system 
effectively grounded to the EES (see Glossary at the end of this manual). The MPG for electronic 
equipment systems consists of electronic equipment racks, frames, cabinets, conduits, raceways, 
wireways, cable trays enclosing electronic conductors, structural steel members, and conductors 
used for interconnections. The MPG will also provide multiple low (less than 1.0 ohm) 
impedance paths to the ESS as well as between various parts of the facility, electronic equipment 
within the facility, and any point within the system and the EES to minimize the effects of 
spurious currents and ground loops that may be present in the ground system (see Electrical 
Ground Loops, Appendix EB). 
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Figure 2-11. Concrete Grounding Access Well 


NOTE: It is essential that no power or single-point grounds utilize this system. The multipoint 
ground system will not be used as a signal return path. 


A typical facility grounding system is shown in Figure 2-12. 


2.9.1 Facilities Requiring a Signal ReferenceStructure 


The Signal Reference Structure (SRS) will serve as the MPG system for those areas so equipped. 
AS areas are renovated in facilities, they may be equipped with an SRS. In areas where an SRS is 
installed under the requirements of this paragraph, multipoint ground plates are notrequired. 


2.9.1.1 | Equipotential Planes in NewFacilities 


The SRS to be installed in new facilities should consist of a grid of 2-inch wide, 0.01-inch thick 
copper strips, placed on a 2-foot grid or bolted stringer connected to the computer access floor. 
The grid and access floor will be bonded together at least every 6 feet by means of exothermic 
welding. A No. 4/0 AWG bare copper conductor should run around the perimeter of all areas 
where this SRS is utilized. Bond this perimeter conductor to the below-floor grid at every 
intersection. All building structural steel, such as columns, within 6 feet of the grid will be bonded 
to the grid with a No. 4/0 AWG or larger conductor. Bonding means will be by exothermic 
welding. All concrete encased steel should be equipped with a grounding terminal. All conduits, 
wireways, pipes, cable trays, or other metallic elements penetrating the area will be bonded to the 
grid where they enter the area and every 25 feet for their entire length. All conduits, wireways, 
pipes, cable trays, or other metallic elements within 6 feet of the grid will be bonded to the grid. 
Bonding means will be either by UL-approved pressure connections or exothermic welding. This 
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Figure 2-12. Facility Grounding System 


interconnection of the access floor system, with metal-backed panels; below-floor grid; and 
structural steel elements and electrical supporting structures creates an equipotential plane (EPP) 
(see Figure 2-13). 


2.9.1.2 | SRS Methods in Existing Facilities 


In existing NWS facilities, it may not be feasible to implement the techniques used to install an 


EPP. In these cases, the alternative methods described in IEEE 1100-1999, Section 8.5.4 (High 
Frequency Grounding Configuration) will beused 


2.9.1.3. Bonding Electronic Equipment to the SRS 
Signal grounding connections for all equipment connected to the SRS may be either to the 


below-floor grid or directly to the access floor system, or alternatively to the SRS as constructed 
in Section 2.9.1.2. To prevent the possibility of problems due to resonance of a single bonding 


2-32 


Buildi u 
Steel. Stee 
Ground Example Only 


LM12 Ring Equipotential Plane 


Figure 2-13. Grounding Ring Used for a Signal Reference Grid 


strap, two widely spaced straps of unequal length will be used to connect the equipment to the 
SRS. Bonding will follow the recommended practices as expressed in IEEE 1100-1999, Section 
8.5.4.6 (Connection of Equipment to the SRG). For additional guidance, see Figure 2-13. 


2.9.1.4 Facilities Without SRS 


New facilities will be equipped with an electronic MPG system consisting of conductors and 
plates meeting Section 2.9.1.2 requirements. 


2.9.2 Ground Plates, Cables, and Protection 


The MPG will not replace the NEC-mandated equipment power grounding conductor routed with 
the phase and neutral conductors. Conductors from the ground plate to the EES will be 
exothermically welded to the EES. 


2.9.2.1 Ground Plates and Busses 


A ground plate should be used when a centralized connection point is desired. The location should 
be chosen to facilitate the interconnection of all equipment cabinets, racks, and cases within a 
particular area. If more than one ground plate is required, they should be installed near a structural 
steel location within the facility (this minimizes the bonding distance of the ground plate to 
structural steel). Ground buses will be used when distributed grounding is desired with a long row 
of equipment cabinets. Ground plates will be copper and at least 12 inches long, 6 inches wide, 
and 1/4 inch thick. Ground bus width and thickness will be selected from Table 2-4, according to 
the length required. 
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Table 2-4. Size of Electronic Multipoint Ground Conductors 


Maximum Path Bus Bar Size Maximum Path 
Length (Width x Thickness) Length 
Cable Size Feet (Meters) Inches (Millimeters) Feet (Meters) 
750 kemil* 375 (114.3) 4x 1/4 (100 x 6.4) 636 (193.9) 
600 kemil* 300 (91.4) 4x 1/8 (100 x 3.2) 318 (96.9) 
500 kemil 250 (76.2) 3x 1/4 (75 x 6.4) 476 (145.1) 
350 kemil 175 (53.3) 3 x 1/8 (75 x 3.2) 238 (72.5) 
300 kemil 150 (45.7) 2x 1/4 (50 x 6.4) 318 (96.9) 
250 kemil 125 (38.1) 2x 1/8 (50 x 3.2) 159 (48.5) 
4/0 AWG 105 (32.0) 2x 1/16 (50 x 1.6) 79 (24.1) 
3/0 AWG 84 (25.6) 1x 1/4 (25 x 6.4) 159 (48.5) 
2/0 AWG 66 (20.1) 1x 1/8 (25 x 3.2) 79 (24.1) 
1/0 AWG 53 (16.2) 1x 1/16 (25 x 1.6) 39 (11.9) 
1 AWG 41 (12.5) 
2 AWG 33 (10.1) 
4 AWG 21 (6.4) 
6 AWG 13 (4.0) 
*kcmil — Where these cables are not available, parallel cables may be used, such as three 
250 kcmil cables in place of one 750 kcmil cable, or two 300 kcmil cables in place of one 600 
kemil cable. The cable sizing is based on providing a cross-sectional area of 2000 circular 
mill per linear foot. The bus bar sizes are based on providing a cross-sectional area of 2000 
cmil per linear foot. 


Source: FAA-STD-019d 


2.9.2.2 Ground Conductors 


Interconnections in the MPG between ground plates and buses will be made with insulated, 
stranded copper cable, as noted in Table 2-4. Interconnections in the MPG between ground plates 
and structural steel will be made with insulated, stranded copper cable, conforming to Table 2-4, 
but in no case may the cable be smaller than No. 4/0 AWG. The use of uninsulated (bare) 
conductors are not permitted inside structures, except when used for short grounding jumpers, 
bonding jumpers, and similar items not enclosed in a conduit or raceway. 


2.9.2.3 Protection 


Provide mechanical protection for all cables in the MPG where they may be subject to damage. 
This protection may be provided by conduit, floor trenches routing behind permanent structural 
members, or other means. Where routed through metal conduit, the conduit will be bonded to the 
cable at both ends. 
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2.9.3 Building Structural Steel 


All structural members such as building columns, wall frames, roof trusses of steel frame 
buildings, and other metal structures will be made electrically continuous by bonding each joint 
and interconnection following Section 2.13 guidance. Structural steel will be connected to the 
EES, as specified in Section 2.8.5. 


2.9.3.1 Metal Building Elements 


Requirements of this paragraph apply to facilities with sensitive receiver or computing systems 
and those located in areas where radiation from radar or other high-power emitters is expected. 
Metal building elements and attachments such as walls, roofs, floors, doors and window frames, 
gratings, and other architectural features should be directly bonded to structural steel complying 
with Section 2.13. Where direct bonding is not practical, indirect bonds with copper cable 
conforming to Table 2-4 will be used. Removable or adjustable parts and objects will be grounded 
with appropriate type bond strap as specified in Section 2.13.3. All bonds will conform to the 
requirements of Section 2.13. Metal elements with a maximum dimension of 3 feet (0.9 m) or less 
are exempt from the requirements of this section. 


2.9.4 Interior Metallic Piping Systems 


The interior metallic cold water piping system will be bonded to the service disconnecting means 
ground or to the EES. The bonding jumper will be the same size as the GEC that is selected from 
NEC Table 250-66. All other interior metallic piping, which may become energized, will be sized 
following the NEC Table 250-122 using the rating of the circuit that may energize thepiping. 


2.9.4.1 Ground Connections 


Approved pressure clamps will be used to bond pipes and tubes to the equipment ground system. 
In highly humid or corrosive atmospheres, adequate corrosion protection will be provided, 
complying with Section 2.13.10. Do not use the building main incoming water pipe as the sole 
EES. Many buried metal water pipes are coated with corrosion-resistant insulating fibers or are 
connected to buried plastic pipe, making the main incoming water pipe unsuitable 
(nonconductive) as a primary earth electrode. 


2.9.5 Electronic Supporting Structures 


All metallic electronic support structures will be electrically continuous and will be bonded to the 
MPG and to the EES. 
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2.9.5.1 Conduit 
All metal conduit used for electronic signal and control wiring should be grounded as follows: 


a. Conduit should have a means to be bonded, prior to entering the facility, to a 
bulkhead plate located outside the facility and connected directly to the EES. The 
bulkhead plate should be bonded to the EES with an insulated No. 4/0 AWG copper 
conductor (minimum size). 


b. — All joints between conduit sections and between conduit, fittings, and boxes will be 
electrically continuous. All pipe and locknut threads should be treated with a 
conductive lubricant rated for the metal prior to assembly. Surfaces should be 
prepared complying with Section 2.13.9. Joints not otherwise electrically continuous 
will be bonded with short jumpers of No. 6 AWG or larger copper conductor. The 
jumpers will be welded or brazed in place or will be attached with clamps, split 
bolts, grounding bushings, or other devices approved for the purpose. All bonds will 
be protected against corrosion, and comply with Section 2.13.10.4. 


c. Cover plates of conduit fittings, pull boxes, and outlet boxes will be grounded by 
securely tightening all available screws (see Table 2-7 in Section 2.13.2.4 for torque 
requirements). 


d. Every component of metallic conduit runs such as individual sections, couplings, 
line fittings, pull boxes, junction boxes, and outlet boxes will be bonded, either 
directly or indirectly, to the MPG or facility steel (which is bonded to the EES) at 
intervals not exceeding 50 feet (15 m). 


e. | Conduit brackets and hangers will be securely bonded to the conduit andmetal 
structure. 


2.9.5.2 Cable Trays and Wireways 


Individual sections of all cable tray systems for electronic conductors will be bonded together 
with a No. 6 AWG insulated copper conductor and each support bracket or hanger will be bonded 
to the cable trays they support. All bonds will comply with procedures and requirements specified 
in Section 2.13. All tray assemblies for electronic conductors will be connected, either directly or 
indirectly, to the MPG or properly grounded facility steel within 2 feet (0.6 m) of each end of the 
run and at intervals not exceeding 50 feet (15 m). Resistance of each connection will not exceed 1 
milliohm. The minimum size bonding conductor for connection of a cable tray and wireway to the 
MPG will be No. 2 AWG copper conductor. 


2.9.6 Multipoint Grounding of Electronic Equipment 


When permitted by circuit design requirements, all internal ground references will be directly 
bonded to the chassis and the equipment case. Where mounted in a rack, cabinet, or enclosure, the 
electronic equipment case will be bonded to the rack, cabinet, or enclosure complying with 
Section 2.12.1. The DC resistance between any two points within a chassis or electronic 
equipment cabinet serving as ground will not exceed 1 milliohm. Shields will be provided as 
required for personnel protection and EMIreduction. 
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2.9.6.1 Electronic Signal Return Path 


The electronic signal return path will be routed with the circuit conductor. For coaxial circuits, the 
shield serves this purpose. For multiconductor signal cables, each signal function will have a 
return. The electronic equipment case and MPG will not be used as a return conductor. 


2.9.6.2 Shield Terminations of Coaxial and Other Cables 


All connectors will be of a type and design providing less than 1 milliohm impedance path from 
the signal line shield to the electronic equipment case. If the electronic signal reference plane 
must be isolated from the electronic equipment case, and if the shielding effectiveness of the case 
must not be degraded, a connector of a tri-axial design properly grounding the outer cable shield 
to the case will be used. Shields of co-axial cables and balanced transmission lines will be 
terminated by peripherally grounding the shield to the electronic equipment case. Bonding of 
connectors will comply with Section 2.13.13. Use of pigtails to terminate high-frequency line 
shields outside the electronic equipment case is not permitted. Coaxial shields and connector 
shells will be grounded to the MPG at junction boxes, patch panels, signal distribution boxes, and 
other interconnection points along the electronic signal path. 


2.9.7 Electronic Equipment Containing Both Low- and High-Frequency Circuits 


If the low- and high-frequency circuits in electronic equipment are functionally independent and 
if construction and layout permit separate electronic signal references (electronic chassis and 
equipment case isolated from each other), low-frequency circuits may be grounded by complying 
with Section 2.10. If low-frequency and high-frequency circuits share a common electronic signal 
reference (both electronic chassis and equipment case connected to each other), both circuits will 
be grounded by complying with Sections 2.9.6, 2.9.6.1, and 2.9.6.2. 


2.10 Electronic Single-Point Ground System Requirements 


This ground system provides a single-point reference for equipment designs requiring 
single-point grounds to minimize power frequency noise and provide control of static buildup. 
The single-point ground (SPG) system will be isolated from the power grounding system and the 
MPG system. The SPG system will be terminated at the EES. The SPG system will be configured 
to minimize cable lengths. Conductive loops should be avoided by maintaining a trunk and branch 
arrangement as shown in Figure 2-14. 


2.10.1 Ground Plates 


Main, branch, and feeder ground plates should be made of copper and be at least 12 inches 

(305 mm) long, 6 inches (152 mm) wide, and 1/4 inch (6.4 mm) thick. The plates should be 
mounted on phenolic or other nonconductive material of sufficient cross-section to rigidly support 
the plates after all conductors are connected. Plates should be mounted in a manner providing 
ready accessibility for future inspection and maintenance. 


2.10.2 Isolation 


Minimum resistance between the SPG system and the MPG system will be 10 megohms. The 
resistance should be measured after the complete network is installed and before connection to the 
EES. 
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Figure 2-14. Electronic Single-Point Ground System Installation 


2.10.3 Resistance 

Maximum resistance between any ground plate and any cable connected to the plate will not 
exceed | milliohm. 

2.10.4 Ground Conductor Size 


The size of the main, trunk, and feeder ground cables will comply with the following 
requirements. 
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2.10.4.1 Main Ground Conductor 

The main ground conductor to the EES will be an insulated 500 kcmil copper not exceeding 

50 feet in length. The main ground conductor will be connected to the EES by exothermic weld. 
2.10.4.2 Trunk and Branch Ground Conductors 


An insulated trunk ground conductor should be installed in each facility from the main ground 
plate to each of the branch plates as shown in Figure 2-14. Insulated copper branch ground 
conductors will be installed between feeder and branch ground plates. These conductors should be 
routed to provide the shortest practical path. These cables will be No. 4/0 AWG insulated copper 
conductors. Trunk ground conductors will be exothermically welded or connected with 
UL-approved double-bolted connectors to the feeder ground plates in compliance with 

Section 2.13.2.4. 


2.10.4.3 Electronic Equipment Ground Conductors 


The minimum-size electronic equipment ground conductor will be insulated No. 6 AWG for cable 
lengths not exceeding 50 feet (from the last plate to cabinet bus or equipment chassis), and for 
runs over 50 feet the conductor size should be increased following NEC Article 250.122 and 
Table 250-122 guidance. 

2.10.4.4 Interconnections 


All connections to the SPG system will be made on ground plates or buses. Split bolts, Burndy 
clamps, and other connections to existing conductors will not be used. 


2.10.5 Labeling 

The SPG system should be clearly labeled “ELECTRONIC SINGLE-POINT GROUND” to 
preserve its integrity and isolation from the MPG. 

2.10.6 Equipment Requiring Electronic SPGs 


When electronic equipment performance dictates an isolated SPG system for proper operation, all 
the equipment and its installation will comply. 


2.10.6.1 Electronic SPGs 


The SPG system for the internal circuits will be isolated from the electronic equipment case. Ifa 
metal chassis is used as the SPG, the chassis will be floated relative to the case. 


2.10.6.2 Electronic SPG Terminals 


Insulated and isolated SPG system terminals will be provided on each electronic equipment case 
where an isolated signal reference is required. The SPG system will be isolated from the 
electronic equipment case. The terminals will be used to terminate cable shields, and to connect 
the isolated signal ground of the electronic equipment to the facility SPGsystem. 


2.10.6.3 Isolation 


With all external power, signal, and control lines disconnected from the electronic equipment, 
isolation between the SPG system terminals and the case will not be less than 10 megohms. 
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2.10.6.4 Electronic Signal Lines and Cables 


Electronic signal lines should be twisted shielded pairs with the shield insulated. Cables 
consisting of multiple twisted pairs will have the individual shields isolated from each other. 
Cables with an overall shield will have the shield insulated. 


2.10.6.5 Termination of Individual Shields 


Termination of individual shields will follow Section 2.14.1.2 guidelines. 


2.10.6.6 Termination of Overall Shields 


Termination of overall shields will follow Section 2.14.1.3 instructions. 


2.10.6.7_ Single-Point Grounding of ElectronicEquipment 


Each SPG terminal will be connected to the facility SPG system conforming with the following: 


a. 
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Individual units of electronic equipment that by nature of their location or function 
cannot or should not be mounted with other electronic equipment will have an 
insulated copper conductor installed between the electronic SPG terminal specified 
in Section 2.10.6. and the nearest electronic SPG plate. See Figure 2-15 for an 
illustration of this connection 


Where two or more units of electronic equipment are mounted together in a rack or 
cabinet, a single-ground bus bar will be installed as shown in Figure 2-16. The bus 
bar will be copper and will provide a minimum cross-sectional area of 125,000 
square mils. The bus bar should be drilled and tapped for No. 10-24 screws. The 
holes will be located as required by the relative location of the isolated electronic 
SPG terminals on the electronic equipment. The bus bar will be mounted on 
insulating supports that provide at least 10 megohms DC resistance between the bus 
bar and the rack or cabinet. 


Each electronic equipment isolated SPG terminal will be interconnected to the bus 
bar by means of a solid or flexible tinned copper jumper of sufficient cross-sectional 
area so that its resistance is 1 milliohm or less (No. 6 AWG minimum). The jumper 
will be insulated or mounted in a manner ensuring a minimum isolation of 10 
megohms. The interconnecting jumper will be attached to the bus bar at a point 
nearest to the SPG terminal to which the strap is attached. An insulated copper 
conductor will be installed from the bus bar in the cabinet to the nearest SPG system. 
This conductor will be a minimum of a No. 6 AWG. 
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Figure 2-15. Single-Point Grounding for an Individual Unit or Piece of 
Electronic Equipment 
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Figure 2-16. Single-Point Electronic Ground Bus Bar Installation in Rack or Cabinet 
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2.11 National Electrical Code Grounding Compliance 


The facility electrical power grounding will meet or exceed the minimum requirements of 
Article 250 of the National Electrical Code (NEC). The electronic MPG conductor will not 
replace the EGC required by the NEC. 


2.11.1 Grounding Electrode Conductors 


Grounding electrode conductors (GEC) will conform to the following guidelines: 


a. 


Premises wiring, as required by the NEC to be grounded, will have the identified 
neutral (grounded conductor) connected to the EES by a copper GEC at the service 
disconnecting means, and connected by an additional copper grounding conductor 
from the neutral of the transformer secondary to a grounding electrode (GE). The 
GEC will be sized to comply with NEC Table 250.66. 


The GEC connecting the identified neutral conductor (grounded conductor) to the 
EES will be continuous and unspliced, except where splices and taps are permitted 
by the NEC. When a GEC is routed through a metal enclosure (e.g., a conduit), the 
enclosure will be bonded at each end to the GEC. Where two or more facilities are 
separately supplied by a common AC service in one building, the grounded 
conductor will be connected to the EES at each facility on the supply side of the 
disconnecting means. The grounded conductor from the common service to the 
separate building(s) will be grounded to the EES and will not be grounded at other 
points within the building(s). This grounding of the grounded conductor at several 
separate building(s) is only to be made when there is a common Ground Fault 
Protection for Equipment (GFPE) surge protection provided at the separate services 
where the feeder or branch circuit originates. 


Where one facility receives its electrical power from another facility, the EGC will 
be carried with the phase and neutral conductors in the same conduit or raceway and 
the grounded conductor (neutral) of the receiving facility will not be grounded at that 
facility. 


For separately derived systems, the GE from the grounded conductor (e.g., 
transformer secondary neutral) will be connected directly to the nearest electrically 
continuous effectively grounded structural steel. Where it is not feasible to connect 
the GEC to structural steel, the EES may be used. The required connections will be 
made only at one point on the separately derived system, before any system 
disconnecting means or over-current device, and at one point on the EES. This GEC 
should be copper and sized in compliance with NEC Table 250.66. In addition, the 
grounded conductor will be bonded to the frame and case of the separately derived 
system. EGCs (safety grounds) will also be connected between the separately 
derived system ground connection to the case and (1) its supply side distribution 
panel ground bus, and (2) its load side disconnecting means enclosure ground 
connection. These EGCs will be green insulated, unspliced, and the same size as the 
associated phase conductors. No neutral to ground connection will be made on the 
load side of the disconnecting means enclosure (see Figure 2-17). 
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Figure 2-17. Separately Derived System 
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2.11.2 Equipment Grounding Conductors 


If any commercially produced equipment allows for NEC-required power grounding, the 
equipment must be grounded. If the equipment is nonmetallic or does not allow for grounding, it 
is not necessary to ground. The equipment grounding conductor (EGC) will be a green insulated 
conductor and run in the same access way as its related phase and neutral conductors. Cord 
connected equipment will include the EGC as an integral part of the power cord. EGCs will be 
installed in all branch circuits and feeders and comply with NECrequirements. 


2.11.3. Color-Coding of Conductors 
2.11.31 |Ungrounded Conductors 


The color-coding of ungrounded conductors will be consistent throughout the facility as follows: 


a. For two ungrounded 120/240 V conductors, colors should be black andred. 


b. For three ungrounded 120/208 V service conductors, colors should be black, red, and 
blue for phase A, B, and C, respectively. For 277/480 V service, colors could be 
yellow, brown, and orange for phases A, B, and C, for example. A color distinction 
should be made from the 120/208 V service mentioned above. 


c. | Where color-coded conductors larger than No. 6 AWG are not available, other 
colors, except white, natural gray, or green, may be used if they are re-identified with 
tape as specified below in paragraph d. 


d. When ungrounded conductors are re-identified, color-coding will be applied at each 
end and at every location where the conductor is visible. When routed through 
raceways or wireways, the coding will be visible by opening any cover. When 
conductors are routed through cable trays, coding 3 inches (75 mm) in length at 
intervals not exceeding 3 feet (0.9 m), should be provided. 


2.11.3.2 | Grounded Conductors 
Color-coding of grounded conductors will be consistent throughout the facility: 


a. Neutral conductors (grounded conductors) will be insulated and color-coded white 
for 120/240 V and natural gray for 277/480 V. Conductors larger than No. 6 AWG 
may be re-identified as the grounded (neutral) conductor except that insulated green 
conductors will not be re-identified. Re-identification of conductors is permitted 
only if proper color-coded conductors are not available. 


b. In any room, conduit, pullbox, raceway, wireway, or cable tray, where two or more 
grounded conductors of different systems are present (branch circuits, feeders, 
services, voltages, etc.), conductors for each system will be consistent throughout 
the facility. The grounded conductor of one system may be white or natural gray. The 
grounded conductors of the other systems will be identified by a colored stripe (not 
green) on white insulation. 


ce. Color-coding of grounded conductors will be applied at each connection and at every 
point where the conductor is accessible. Where routed through raceways or 
wireways, the color-coding will be visible by removing or opening any cover. Where 
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conductors are routed through cable trays, color-coding 3 inches (75 mm) inlength 
should be provided at intervals not exceeding 3 feet (0.9 m). 


2.11.3.3 Equipment Grounding Conductors 


Equipment grounding and neutral conductors will be installed with the shortest most direct route 
with no sharp bends or kinks. Bend radius of the neutral and grounding conductor will be the 
same as it is for phase conductors, as specified in NFPA 70 (NEC). EGC color-coding will be 
green throughout the facility. 


2.11.3.4 Conductor Routing 


The neutral (grounded conductor) and EGCs will be routed through the same conduit, raceway, or 
cable tray as the phase conductors. Power conductors should not be routed in the same conduit or 
enclosed raceway with control, communications, or signal conductors or cables. Where power 
conductors must be routed in the same cable tray with electronic cables, the power conductors 
will be twisted to comply with Table 2-5. For conductor sizes larger than No. 2 AWG, conductors 
will be twisted to the maximum extent practical. The minimum separation distance between 
power and signal cables should comply with specifications in Table 2-9 (see Section 2.14.1.4). 
Power and signal cables should cross each other at right angles wherever possible. 


Table 2-5. Minimum Number of Twists for Power Conductors 


Twists per Foot (0.3 m) 
Size No. of Conductors 

(AWG) Two Three Four Five 
12 7 5 4 3 
10 6 4 3 2.5 
8 5 4 3 2 
6 4 3 2 1.5 
4 3 2 15 1 
2 25 2 1.5 1 


Source: FAA-STD-019d 


2.11.3.5 | Non-Current-Carrying Metal EquipmentEnclosures 
Metal enclosures will meet the following requirements: 


a. _ All non-current-carrying metal enclosures such as conduit, raceways, wireways, 
cable trays, and panel boards will be electrically continuous. Insulating finishes will 
be removed between grounding/bonding areas of mating surfaces and bonding 
jumpers (see Figure 2-18). All rigid galvanized steel conduits will be equipped with 
a bonding bushing at each end. 


b. Maximum use will be made of ferrous materials for enclosures, conduits, raceways, 
and cable trays to provide shielding from magnetic fields. 
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Figure 2-18. Order of Assembly for Bolted Connections 


2.12 Other Grounding Requirements 
2.12.1 Electronic Cabinet, Rack, and Case Grounding 


All electronic cabinets, racks, and cases will provide a grounding terminal or means whereby a 
grounding jumper or wire can be mechanically connected through an electrically conductive 
surface to the basic frame. (See Figure 2-18 for guidance.) The metal enclosure of each individual 
unit of electronic equipment will be bonded to its cabinet, rack, or directly to the MPG system. 


2.12.1.1 Mounting Surfaces 


Electronic equipment mounting surfaces on cabinets and racks will be free of nonconducting 
finishes. Mounting surfaces for electronic equipment to be mounted in cabinets or racks will also 
be free of nonconducting finishes (see Figure 2-19). 


2.12.2 Receptacles 


Receptacles (convenience outlets) will be provided with a ground terminal. An EGC whose path 
is electrically continuous and is in the same raceway as the power conductors feeding the 
receptacles will be connected to the ground terminal. Where required for the possible reduction of 
electrical noise (electromagnetic interference) on the grounding circuit, receptacles will be 
permitted in which the grounding terminal is purposely isolated from the receptacle mounting. 
The receptacle grounding terminal will be grounded by means of an isolated EGC run with the 
circuit conductors (phase and neutral). This grounding conductor will be permitted to pass 
through one or more panelboards without connection to the panelboard grounding terminal. This 
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Figure 2-19. Bonding of Connectors to Mounting Surface 


EGC should terminate directly at the service. All EGCs will be run in the same conduit with their 
associated phase and neutral conductors. The EGC will be color-coded green. 


2.12.3 Equipment Power Isolation Requirements 


With the equipment power cord or connector disconnected and the equipment power switch or 
circuit breaker in the ON position, resistance between each conductor (including AC neutral) and 
the equipment case, and between each power line conductor and the SPG system, will not be less 
than 10 megohms. 
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2.12.4 Portable Operational Equipment 


Portable electrical or electronic equipment cases, enclosures, and housing will be considered to be 
adequately grounded for fault protection through the EGC of the power cord, provided continuity 
is firmly established between the case, enclosure, or housing and the receptacle ground terminal. 


NOTE: The power cord equipment grounding conductor (EGC) will not be used for signal 
grounding. 


2.12.5 Fault Protection 


Equipment parts such as panels, covers, knobs, switches, and connectors that are subject to human 
contact during operation and maintenance will be prevented from becoming electrically energized 
when there are faults or component failures. Such parts will be grounded by a low impedance path 
to the chassis or cases of the equipment on which they are mounted. When grounded conforming 
with Section 2.12.3, equipment chassis, cases, racks, cabinets, and other enclosures will be 
considered adequately grounded for fault protection. 


2.12.5.1 Metal Control Shafts 


Metal control shafts will be grounded to the equipment case. 


2.12.5.2 Shielded Compartments 
Shields will be bonded to the chassis for fault protection complying with Section 2.13. 


2.12.6 AC Power Filters 


All filter cases will be directly bonded according to Section 2.13.12 to the equipment case or 
enclosure. Filter leakage current will not exceed 5 mA per filter. Where practical and where the 
equipment is compatible, common power line filters will be used to limit total leakage current to 
5 mA. Transient suppression devices, components or circuits will be installed according to 
Section 2.6. 


2.12.7 Grounding of RF Transmission Lines andAntennas 


Antenna and transmission line terminals should be at ground potential, except for RF energy on 
their external surfaces. This requirement should be met by providing a DC path from such 
terminals to ground that is of sufficiently low resistance and heavy current carrying capacity 
(complying with NEC Tables 250-66 and 250-122) to disable the source of any internal high- 
voltage supply that may be applied to the terminals by accident or failure of some part. 


2.12.7.1 Satellite Ground Station Antenna Grounding (Directly to Building EES) 


The buried conductor used to bond the satellite ground station (SGS) antenna’s ground rod to the 
building’s EES will be a bare stranded copper conductor of a size No. 4/0 AWG minimum. 
Connection to the buried EES will be made to the closest and direct point from the antenna’s 
ground rod. Directly burying the conductor and connecting it to the building’s EES outside of the 
Weather Forecast Office (WFO) is the preferred method. 
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2.12.7.2 Satellite Ground Station Antenna Grounding (Connecting to the Ground Test Well) 


The buried conductor may be connected to the EES by way of a test well connection. In this case, 
UL-approved connectors may be used at the test well. The SGS antenna’s bonding conductor 
should be installed in as straight a line as practical to minimize any self inductive reactance 
created by the conductor’s configuration. This bonding conductor will not have a bending radius 
less than the NEC’s allowable 8 inches. If Section 2.12.7.1 is the method of bonding, a 

No. 4/0 AWG buried copper conductor should be exothermically welded to both the EES andthe 
antenna’s ground rod, unless the test well is located in a flammable area, in which case, 
UL-approved pressure connectors may be used. This bonding requirement is an NEC requirement 
(Article 250.106). This conductor will be buried at least 30 inches below grade level. Annual 
antenna grounding checks should be made to ensure its continuity as well as its ground ohmic 
value, which should be less than the 5ohms. 


2.12.7.3. Rooftop Antennas With an Existing LPS 


If the antenna is mounted on the roof of a building having an existing LPS, the antenna’s metal 
mast will be bonded to the nearest roof or down conductor of the LPS. Thermal welding or U.L. 
approved pressure connectors may be used at either the roof or down conductors. If the bonding to 
the conductors noted above requires the use of a separate conductor, its size should be at 
minimum a No. 4 AWG bare stranded copper. Electrical grounds of the LPS and EES will be 
bonded together to comply with the National Electrical Code (NEC Articles 250.106 and 
810.21f). 


2.12.7.4 Rooftop Antennas Without an Existing LPS 


Air terminals are required on metal obstacles less than 3/16 inch thick. If a rooftop-mounted 
antenna’s material thickness is 3/16 inch or greater, the antenna should be externally grounded. If 
a rooftop-mounted antenna’s material thickness is less than 3/16 inch, an air terminal (strike 
termination device) should be within 5 feet of the antenna. The antenna should be bonded to the 
air terminal using a Class I or Class II conductor. From the air terminal, there should be two 
independent conductor paths to ground. 


2.13 Bonding Requirements 


2.13.1 Resistance 


Unless otherwise specified in this standard, bonding will be accomplished by a method that 
provides the required degree of mechanical strength, achieves and maintains the low-frequency 
and high-frequency impedance required for proper functioning of the equipment, and is not 
subject to deterioration through vibration or corrosion in normal use. Surface contact area of 
bolted connections to flat surfaces in the LPS will be 3 square inches or greater. Soft soldered or 
brazed connections will not be used for any part of the power grounding system or the LPS (air 
terminals, roof conductors, down conductors, fasteners, and conduit). Soft solder will only be 
used to improve conductivity at load bearing joints. Soft solder will not be used to provide 
mechanical restraint. 
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2.13.2 Methods 


2.13.2.1 


Exothermic Welds 


Exothermic welds may be used for any type of bond connection specified herein. Exothermic 
welds will be used for all underground connections between earth electrodes, counterpoise cable 
or other connections to the EES. 


2.13.2.2 Welds 


Welding generally requires only the removal of foreign material that can prevent the 
establishment of a homogeneous weld. Before exothermic welding can be performed, dirt and 
other debris must be wiped or brushed away from the weld area and the area must be completely 
dry before the molds are positioned. 


Welds will meet the following minimum requirements: 


a. 
b. 


Welds will support the mechanical load demands on bonded members. 


On members with a maximum dimension of 2 inches (50.8 mm) or less, the weld 
will extend completely across the side or surface of the largest dimension. 


On members with a maximum dimension between 2 inches and 12 inches (305 mm), 
one weld of at least 2 inches in length will be provided. 


On members with a dimension of 12 inches or more, two or more welds, each not 
less than 2 inches (508 mm) in length, will be provided at uniform spacings across 
the surface. The maximum spacing between welds will not exceed 12 inches. 


At butt joints, complete penetration welds will be used on all members whose 
thickness is 1/4 inch (6.4 mm) or less. Where the thickness of the members is 
greater, the depth of the weld will exceed 1/4 inch. 


Fillet welds will have an effective size equal to the thickness of the members. 


At lap joints between members whose thickness is less than 1/4 inch, double fillet 
welds will be provided. 


For metal interfaces requiring to be RF-tight, the interface will be continuously 
welded. 


2.13.2.3 Dissimilar Metals 


a. 


Only exothermic welding will be used for the permanent bonding of copper 
conductors to steel or other ferrous structural members. 


All residual fluxes will be removed or neutralized to prevent corrosion. 


Brazing material will meet the requirements for dissimilar metals as specified in 
Table 2-6. 


Table 2-6. Acceptable Couplings Between Dissimilar Metals 


Magnesium 


50-50 Solder | @ 
Magnesium Alloy e 
Zinc e 
Clad 755 Vianganese Bronze | @ 
Clad 615 Brass |e 
525 Aluminum Bronze | @ eS SS 
Clad 245 rae KOSS SSK 
Nickel te <gSeeeS 
Inconel | @ <e- Mes se 
Type 410 | @ EOS OS Se 
= pease EETS 
al ibalie 18-8 NiCr Steel |@ —SCOgegce™ 
245-14 Titanium | @ <e> <e> 
145-T6 Monel | @ BX eee 
Wrought Steel Silver | @ 2 
Steel Cast Graphite | @ 
50-50 Solder 
Notes: 
1. Stainless steels, nickel, and inconel are considered passive on this chart. 
2. Each metal on the chart is considered anodic (sacrificial) to the metals following it. 
3. A solid dot (@) indicates an acceptable combination. 


2.13.2.4 
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Source: FAA-STD-019c 


Mechanical Connections 


Bolted Connections. Bolts and machine screws should be used primarily as 
mechanical fasteners for holding component members of the bond in place. They 
will be tightened sufficiently to maintain the contact pressures required for effective 
bonding but should not be over-tightened to the extent that deformation of bond 
members occurs. Where lockwashers are required to prevent loosening, they should 
not be placed between the bond members. Bolts and screws will not be used as 
indirect bonds for high-frequency signals. Bolted connections will conform to the 
following: 


(i) ~All bolted connections will conform to the torque requirements noted in 
Table 2-7. 


Table 2-7. Torque Requirements for Bolted Bonds 


Threads Minimum 


per Torque Tension Bond Area 
Bolt Size Inch (in-Ibs) (Ibs) (sq. in.) 

No. 8 32 18 625 0.416 
36 20 685 0.456 

No. 10 24 23 705 0.470 
22 a2 940 0.626 

1/4 in. 20 80 1840 1.225 
28 100 2200 1.470 

5/16 in. 18 140 2540 1.690 
20 150 2650 1.750 

3/8 in. 16 250 3740 2.430 
24 275 3950 2.640 

7/16 in. 14 400 5110 3.400 
20 425 5120 3.420 

1/2 in. 13 550 6110 4.070 
20 Sys 6140 4.090 

5/8 in. 11 920 7350 4.900 
3/4 in. 10 1400 9300 6.200 
7/8 in. 9 1950 11100 7.400 
1 in. 8 2580 12900 8.600 


Source: FAA-STD-019c 


(2) Bolted connections should be assembled in the order shown in Figure 2-18 (see 
Section 2.12.1). Load distribution washers, if used, should be positioned 
directly underneath the bolt head. Lockwashers will be placed between the nut 
and the primary members. Washers will not be placed between bonded 
members (see Section 2.13.9 for surface preparation). 


Sheet Metal Screws. Sheet metal screws will not be used to provide a continuous 
and permanent electrical bond. The use of sheet metal screws will be restricted to the 
fastening of covers. These covers are to eliminate dust or other foreign matter from 
the equipment, and to discourage unauthorized or untrained personnel access to the 
equipment. 


Hydraulically Crimped Terminations. Mechanical connections such as a Burndy 
“Hyground” connector, a Thomas and Betts compression connector, or an approved 
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equivalent, when operated at the manufacturer’s recommended pressure to develop a 
minimum force of 6 tons, are acceptable pressure connectors. (These connectors are 
not acceptable in the LPS.) 


Soldering. Soldered joints should be carefully made to prevent cold solder joints. 
Where there are mechanical loads and stresses, including those resulting from 
temperature differentials existing at the joint, soldered bonds will utilize auxiliary 
fasteners such as bolts, screws, or rivets to provide mechanical strength. Solder 
connections will not be used as part of the power grounding system or the LPS. 


Riveting. Riveting will be employed primarily as mechanical fasteners to hold 
smooth, clean metal surfaces together or to provide mechanical load bearing 
capability to a soldered bond. Rivets will not be used as indirect bonds for 
high-frequency signals. 


2.13.3 Bonding Straps and Jumpers 
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a. 


Bonding straps will be attached to the basic member rather than through any 
adjacent parts. 


Bonding straps will be installed to be unaffected electrically by motion or vibration. 


Braided bonding straps will not be used for bonding transmitters or other sources of 
RF fields. 


Bonding straps will be installed whenever possible in areas accessible for 
maintenance and inspection. 


Bonding straps will be installed so they will not restrict movement of the members 
being bonded or other members nearby which must be able to move as part of 
normal functional operation. 


Two or more bonding straps will not be connected in series to provide a single 
bonding path. 


The method of installation and point of attachment of bonding straps will not 
weaken the members to which they are attached. 


Bonding straps will not be compression-fastened through nonmetallic material. 


Bonding straps will be designed not to have resonant impedances at equipment 
operating frequencies. Two short, low-impedance grounding straps between the 
MPG system and two corners of the equipment should be used. These straps should 
be connected as far apart as possible on the piece of equipment (ideally on opposite 
cormers) in order to reduce mutual inductance and they should have few bends or 
sags. Two straps with a 20 percent to 30 percent difference in length should be used 
so that if one strap experiences resonance, limiting current flow, the other strap will 
not experience resonance. 


Broad flat conductors with a large surface area should be used for equipment 
grounding straps since they have a lower inductance than other (round) conductors. 


2.13.4 Fasteners 


Fastener materials for bonding aluminum and copper jumpers to structures will conform to the 


materials listed in Table 2-8. 


Table 2-8. Metal Connections for Aluminum and Copper Jumpers 


Metal Structure Connection for Screw Tinned Copper Screw 
(Outer Finish Metal) Aluminum Jumper Type* Jumper Type* 
Magnesium (Mg) and Mg alloys | Direct or Mg washer Type | Al or Mg washer | Type | 
Aluminum (Al), Al alloys, Direct Type | Al washer Type | 
Cadmium (Cd) and Zinc (Zn) 
Steel (except stainless steel) Direct Type | Direct Type | 
Tin (Sn), Lead (Pb), and Direct Type | Direct Type | or Il 
Sn-Pb solders 
Copper (Cu) and Cu alloys Tinned or Cd-plated Type lor Il | Direct Type | or Il 
washer 
Nickel (Ni) and Ni alloys Tinned or Cd-plated Type lor Il | Direct Type | or Il 
washer 
Stainless Steel Tinned or Cd-plated Type lor Il | Direct Type | or Il 
washer 
Silver, Gold, and precious Tinned or Cd-plated Type lor Il | Direct Type | or Il 
metals washer 


*Screw Type: 


Type | — Cadmium, zinc plated, or aluminum 
Type Il — Passivated stainless steel 


Source: FAA-STD-019c 


2.13.5 Metal Elements Requiring Bonding 


2.13.5.1 


Earth Electrode Risers 


The EES will be connected by exothermic welding to the down conductors of the LPS, the GEC, 
the grounding conductor from the main ground plate of the electronics grounding system, and the 
conductors from the structural steel columns. 


2.13.5.2 Counterpoise Cables 


Counterpoise cables will be attached to ground rods following the requirements of Section 2.8.5. 


2.13.5.3. Underground Metallic Pipes and Tanks 


Underground metallic pipes and tanks will be bonded to the EES according to the Section 2.8.5 
requirements. 
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2.13.5.4 Steel Frame Buildings 


Structural members (columns, wall frames, and roof trusses) will be electrically continuous. 
Where joints are not electrically continuous, they will be bridged to obtain continuity, with an 
exothermically welded No. 4/0 AWG stranded copper cable. 


2.13.5.5 Interior Metallic Pipes 


Interior metallic pipes and conduits will be bonded according to Section 2.9.4 requirements. 


2.13.5.6 Electrical Supporting Structures 


Conduit and cable trays will be bonded to comply with Section 2.9.5 requirements. 


2.13.5.7 Flat Bars 

Flat bars should be bonded by high compression bolts (see Table 2-7 for bolt-torque 
specifications). 

2.13.6 Temporary Bonds 

Alligator clips and other spring-loaded clamps will be employed only as temporary bonds while 
performing repair work on equipment or facility wiring. 

2.13.7 Inaccessible Locations 


All bonds in concealed or inaccessible locations should be exothermically welded. 


2.13.8 Coupling of Dissimilar Metals 


Compression bonding with bolts and clamps will be used between metals with acceptable 
coupling values (see Table 2-6). When the base metals form couples that are not allowed, the 
metals will be coated, plated, or otherwise protected with a conductive finish, or a 
(toothpick-type) washer made of a material compatible with each will be inserted between the two 
base metals. The washer will be constructed of, or plated with, an appropriate intermediate metal 
as determined from Table 2-6. 


2.13.9 Surface Preparation 


All surfaces to be bonded will be thoroughly cleaned to remove all dirt, grease, oxides, 
nonconductive films, or other foreign material. Paints and other organic coatings will be removed 
by sanding or brushing down to bare metal. Use of chemical removers is acceptable, provided all 
residue is removed from the area to be bonded and provided the chemical does not react with the 
base metal to produce nonconductive or corrosive products. 


2.13.9.1 Paint Removal 


Paints, primers, and other nonconductive finishes will be removed from the metal base with 
appropriate chemical paint removers, or the surface will be sanded with 500-grit abrasive paper or 
equivalent. 


2.13.9.2 Inorganic Film Removal 


Rust, oxides, and nonconductive surface finishes (anodized, galvanized, etc.) will be removed by 
sand blasting, by using abrasive paper or cloth with 320-grit or finer, or by using an appropriate 
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wire brush technique. Gentle and uniform pressure will be employed when using abrasive papers 
or cloths or wire brushes to obtain a smooth, uniform surface. Remove no more metal than 
necessary to achieve a clean surface. 


2.13.9.3 Area To Be Cleaned 


All bonding surfaces will be cleaned over an area extending at least 1/4 inch (6.4 mm) beyond all 
sides of the bonded area on the largermember. 


2.13.9.4 Final Cleaning 


After initial cleaning with chemical paint removers or mechanical abrasives, the bare metal will 
be wiped or brushed with an appropriate solvent (e.g., alcohol). Prior to bonding, surfaces not 
requiring the use of mechanical abrasives or chemical removers will be cleaned with a dry 
cleaning solvent to remove grease, oil, corrosion preventives, dust, dirt, and moisture. 


a. Clad Metals. Clad metal will be carefully cleaned, to a bright, shiny, smooth 
surface, with fine steel wool or grit so the cladding material is not penetrated by the 
cleaning process. The cleaned area will be wiped with dry cleaning solvent and 
allowed to air dry before completing the bond. 


b. Aluminum Alloys. After cleaning of aluminum surfaces to a bright finish, a brush 
coating of alodine or other similar conductive finish will be applied to the mating 
surfaces. 


2.13.9.5 Completion of the Bond 


If an intentional protective coating is removed from the metal surface, the mating surfaces will be 
joined within 24 hours after cleaning. If delays beyond 2 hours are necessary in corrosive 
environments, cleaned surfaces must be protected with an appropriate coating which must be 
removed before completion of the bond. 


2.13.9.6 Refinishing of the Bond 


Bonds will be refinished so as to match the existing finish as close as possible within the 
requirements of Section 2.13.10. 


2.13.9.7 Machined Surfaces 


Where an RF-tight joint is necessary, both surfaces will be machined smooth to provide uniform 
continuous contact through the joint area and an RF gasket (see Section 2.13.15) will be used to 
ensure a low-impedance path across the joint. Fasteners will be positioned and distributed in a 
manner to ensure uniform pressure is maintained throughout the bond area is maintained. 


2.13.9.8 Surface Platings or Treatments 


Surface treatments, including platings, provide added wearability or corrosion protection and high 
conductivity. Plating metals will be electrochemically compatible with base metals, as specified in 
Section 2.13.8. Unless suitably protected from the atmosphere, silver, and other easily oxidized 
metals will not be used to plate bond surfaces, except where an increase in surface contact 
resistance cannot be tolerated. 
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2.13.10 Bond Protection 


All bonds will be protected against weather, corrosive atmospheres, vibration and mechanical 
damage. Under dry conditions, a compatible corrosion preventive or sealant will be applied 
within 24 hours of assembly of the bond materials. Under conditions exceeding 60 percent 
humidity, sealing of the bond will be accomplished within | hour of joining. 


2.13.10.1 Paint 


If a paint finish is required on the final assembly, the bond will be sealed with the recommended 
finish. Care should be taken to ensure all means by which moisture or other contaminants may 
enter the bond are sealed. A waterproof type of paint or primer will be used if the recommended 
finish is not waterproof. 


2.13.10.2 Inaccessible Locations 


Bonds located in areas not reasonably accessible for maintenance will be sealed with compatible 
permanent, waterproof compounds after assembly. 


2.13.10.3 Compression Bonds in Protected Areas 


Compression bonds between copper conductors or between compatible aluminum alloys located 
in readily accessible areas not exposed to weather, corrosive fumes, or excessive dust do not 
require sealing. 


2.13.10.4 Corrosion Protection 


All exterior and interior bonds exposed to moisture or high humidity will be protected against 
corrosion. All interior bonds made between dissimilar metals will be protected againstcorrosion, 
according to both Table 2-6 and Section 2.13. All exothermic connections will be cleaned. 
Protection should be provided by a moisture-proof paint or sealed with a silicone or 
petroleum-based sealant to prevent moisture from reaching the bond area. 


2.13.10.5 Vibration 


Bonds should be protected from vibration-induced deterioration by assuring bolts and screws, 
employ lock washers, and self-locking nuts are properly tightened, as all rivets are securely 
sealed. 


2.13.11 Bonding Across Shock Mounts 


Bonding straps installed across shock mounts or other suspension or support devices should not 
impede mounting device performance. Bonding straps should be capable of withstanding the 
anticipated motion and vibration requirements without suffering metal fatigue or other failures. 
Extra care should be utilized in the attachment of bonding strap ends to prevent arcing or other 
forms of electrical noise generation from strap movement. Ensure straps are protected from 
scrubbing, rubbing, or chaffing. 


2.13.12 Enclosure Bonding 


Subassemblies and equipment should be directly bonded, whenever practical, at the areas of 
physical contact with the mounting surface. 
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2.13.12.1 Subassemblies 


Subassemblies should be bonded to the chassis utilizing the maximum possible contact area. All 
feed troughs, filters, and connectors will be bonded around the periphery to the subassembly 
enclosure to maintain shield effectiveness. Covers will exhibit intimate contact around their 
periphery, and contact will be achieved and maintained through the use of closely spaced screws 
or bolts, or the use of resilient conductive gaskets, or both. 


2.13.12.2 Equipment 


The chassis or case of equipment will be directly bonded to the rack, frame, or cabinet in which it 
is mounted. Flange surfaces and the contact surface on the supporting element will be cleaned of 
all paint or other insulating substances in compliance with Section 2.13.9. Fasteners will maintain 
sufficient pressure to ensure adequate surface contact to meet the bond resistance requirements in 
Section 2.13.1. Sheet metal screws will not be used for fasteners. If equipment must remain 
operational when partially or completely withdrawn from its mounted position, the bond will be 
maintained by a moving area of contact or by the use of a flexible bonding strap. Except when 
necessary to maintain bonding during adjustments, maintenance, or when other constraints 
prevent direct bonding, use of straps should be avoided. Mechanical designs will emphasize direct 
bonding. 


2.13.13 Connector Mounting 


Standard MIL-SPEC type connectors, shell-type connectors and coaxial connectors should be 
mounted to ensure intimate metallic contact is maintained with the panel on which it is mounted. 
Bonding will be accomplished completely around the periphery of the flange of the connector. 
Both the flange surface and the mating area on the panel will be cleaned as specified in 

Section 2.13.9. All nonconductive material will be removed from the panel as illustrated in 
Figure 2-19. After mounting the connector, the exposed area of the panel will be repainted or 
otherwise protected from corrosion as noted in Section 2.13.10. 


2.13.14 Shield Terminations 


Cable shields will be terminated in the manner specified by Sections 2.14.1.2 and 2.14.1.3. 
Shields of coaxial cables will be fastened tightly to the cable connector shell with a compression 
fitting or soldered connection. The cable will be able to withstand anticipated usage without 
becoming noisy or suffering degradation in shielding efficiency. Coaxial connectors will be of a 
corrosion resistant material. Low-frequency shields will be soldered in place or, if solderless 
terminals are used, the compressed fitting will afford maximum contact between the shield and 
the terminal sleeve. Shield pigtails will extend less than 1 inch from the point of breakaway from 
the center conductors of the cable. 


2.13.15 RF Gaskets 


Conductive gaskets will be made of corrosion resistant material, offer sufficient conductivity to 
meet the resistance requirements of Section 2.13.1, and possess adequate strength, resiliency, and 
hardness to maintain the shielding effectiveness of the bond. Surfaces in contact with the gasket 
will be smooth and free of insulating films, corrosion, moisture, and paint. The gasket will be 
firmly affixed to one of the bond surfaces by screws, conductive cement, or other means which do 
not interfere with the effectiveness of the gasket; or a milled slot will be provided, preventing 
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lateral movement or dislodging of the gasket when the bond is disassembled. Gaskets will be a 
minimum of 1/8 inch wide and of a reusable type. The gasket and contact surfaces will be 
protected from corrosion. 


2.14 Shielding Requirements 
2.14.1 Conductor and Cable Shielding 


Conductor and cable shielding will comply with the following requirements. 


2.14.1.1. Signal Lines and Cables 


Cables consisting of multiple twisted pairs will have individual shields isolated from each other. 
Cables with an overall shield will have the shield insulated. 


2.14.1.2. Termination of Individual Shields 


Shields will be terminated as applicable for equipment operation. Shields of pairs of conductors 
and the shields of cables containing unshielded conductors will be terminated according to the 
following: 


a. Shield terminations will employ minimum-length pigtails between the shield and the 
connection to the bonding halo or ferrule ring and between the halo or ferrule ring 
and the shield pin on the connector. 


b. — Shields, individually and collectively, will be isolated from overall shields of cable 
bundles and from electronic equipment cases, racks, cabinet, junction boxes, 
conduit, cable trays, and elements of the MPG. Except for one interconnection 
(where the shield is grounded at one end only), individual shields will be isolated 
from each other. This isolation will be maintained in junction boxes, patch panels 
and distribution boxes throughout the cable run. When a signal line is interrupted 
such as in a junction box, the shield will be carried through. 


c. Circuits and chassis will be designed to minimize the distance from the connector or 
terminal strip to the attachment point of the shield grounding conductor to the 
electronic signal reference. The size of the wire used to extend the shield to the 
circuit reference will be as large as practical but will not be less than No. 16 AWG or 
the maximum conductor size that will fit the connector pin. A common shield 
ground conductor for input and output signals, for both high-level and low- level 
signals, for signal lines and power conductors, or for electronic signal lines and 
control lines is prohibited. Each signal and power line will have its own ground. 


d. Nothing in this requirement may preclude the extension of the shields through the 
connector or past the terminal strip to individual circuits or chassis if required to 
minimize unwanted coupling inside electronic equipment. Where extensions of this 
type are necessary, overall cable or bundle shields grounded complying with 
Section 2.14.1.3 will be provided. 


2.14.1.3 Termination of Overall Shields 


Cables with an overall shield over individually shielded pairs will have the overall shield 
grounded at each end and at intermediate points according to the following: 
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See note. Stationary Member Movable: Member 


Mae Enclosure hq 


Enclosure 
a) Box Connector 
Cable Shield Metal Shell 
See note. a Connector 


b) Grounding of Multi-pin Contractor 


Cable Shield 


Note: 
Be sure cable shield 
is clean and securing 


Enclosure——>} See note. clamp is tightened to 


provide a good ground. 
Hex Head Bolt ——>f ‘ Strap 


c) Partition Penetration 


Source: FAA-STD-019d LM19 


Figure 2-20. Grounding of Overall Cable Shields to Connectors and Penetrating Walls 


a. __ Cable shields terminated to connectors will be bonded to the connector shell as 
shown in Figure 2-20a or Figure 2-20b. The shield will be carefully cleaned to 
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remove dirt, moisture, and corrosion products. The connector securing clamp will be 
carefully tightened to ensure a low resistance (5 milliohm or less) bond to the 
connector shell is achieved completely around the circumference of the cable shield. 
The bond will be protected against corrosion to conform with Section 2.13.10. The 
panel-mounted part of the connector will be bonded to the mounting surface 
according to Section 2.13.13. 


Where cable continuity is interrupted (e.g., in a junction box), the shield will be 
carried through and grounded at the box. The length of unshielded conductors will 
not exceed 1| inch (25 mm). To meet this requirement the length of shield pigtail may 
be longer than | inch, if necessary, to reach ground but will be kept to aminimum. 


Cables penetrating walls or panels of cases or enclosures without the use of 
connectors will have their shields bonded to the penetrated surface in the manner 
shown in Figure 2-20c. Overall shields should be terminated to theouter surface of 
cases. 


Grounding of overall shields to the terminal strips will be grounded as shown in 
Figure 2-21. 
The shields of the individual pair will be grounded as specified in Section 2.14.1.2. 


Individual 
Line Shields 


Signal Line 
Bonding HALO 
or Ferrule 
Overall Shield 
To 
ENE, Equipment 
Case 


| | 


Insulation 
Terminal 
Individual Strip 
Line Shields 
SIZE: 16 AWG or larger 
LENGTH: 2 inches or less 
Source: FAA-STD-019d LM20 


Figure 2-21. Grounding of Overall Cable Shield to Terminal Strip 


2.14.1.4 Wire and Cable Routing 


Routing and layout of conductors will be performed in a manner that does not jeopardize 
equipment shield integrity. High-frequency signals should be routed as far as feasible from 
low-frequency signals. AC power cable and control lines subject to large transients will be routed 
away from sensitive digital or other susceptible circuits. Shielded cables will be used for either 
extremely low- or high-frequency signals. Cable shields will be grounded to comply with 
requirements in Section 2.14.1.2 and 2.14.1.3 (see Table2-9). 


2.15 Electrostatic Discharge Minimization, Control, and Prevention 


Modern electronic and electronically controlled electrical equipment with high-speed, closely 
spaced circuitry and miniaturized components is highly susceptible to damage from electrostatic 
discharge (ESD). This phenomenon is most often related to operator contact with ESD susceptible 
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items and must be considered when troubleshooting equipment. Some facilities preparation and 
installation requirements for ESD reduction as related to electrical grounding and bonding are 
included in this section. A typical ESD meter with an explanation of its use is shown in 


Appendix F. 


a. Static Dissipative ESD Control Floor Coverings. Static dissipative ESD control 
floor coverings will include static dissipative tile, carpeting, static limiting floor 
finishes, and floor mats. These floor coverings will be bonded to a ground point 
(e.g., ESD common point ground) or directly to the MPG system in the area served. 


b. Relative Humidity Control. Relative humidity in ESD protection areas will be 
maintained within the range of 40 to 70 percent. 


c. Use of Ionization. Selective use of bench-top or area ionizers may be considered at 
ESD protected workstations if static generative items (e.g., insulators) are deemed 
essential and cannot be removed from ESD protected areas or if grounding of mobile 
personnel would be cumbersome or would create a safety hazard. 


Table 2-9. Minimum Separation Distance Between Signal and Power Cables 


Condition <2kVA 2-5 kVA >5kVA 
Unshielded power lines or electrical equipment in 5 in. 12 in. 24 in. 
proximity to signal conductors in open or (127 mm) (305 mm) (610 mm) 
nonmetal pathways 
Unshielded power lines or electrical equipment in 2.5 in. 6 in. 12 in. 
proximity to signal conductors in a grounded (64 mm) (152 mm) (305 mm) 
metal conduit pathway 
Power lines enclosed in a grounded metal - 3 in. 6 in. 
conduit (or equivalent shielding) in proximity to (76 mm) (152 mm) 
signal conductors in a grounded metal conduit 
pathway 


Source: FAA-STD-019d 


2.15.1 Hard and Soft Grounds 
2.15.1.1. Hard Grounds 


Any item, material, or product forming a part of the ESD control system and intentionally or 
unintentionally connecting directly to an ESD ground point (e.g., ESD common point ground 
reference) or directly bonded to an MPG will be considered to be hard grounded. ESD control 
work surfaces, cabinets, flooring, test equipment, and other items used for ESD control will be 
hard grounded to an ESD common point ground reference as specified above. 


2.15.1.2 Soft Grounds 


A soft ground is the intentional connection to ground through a series resistor limiting current to 
1. mA if a person connected to the soft ground were to come into direct contact with a 
known potential. The soft ground concept will only be used in personnel grounding skin 
contact devices such as wrist straps, leg and ankle straps, conductive shoes, and heel or 
toe grounders. All other 
eS ee 
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elements of the ESD control system will be hard-grounded. The nominal resistance of the resistor 
used for soft grounding of personnel will not be less than 1 megohm. 


2.15.1.3 Panel-to-Understructure Resistance 


Panel-to-understructure (metal-to-metal) contact resistances between individual access floor 
panels and the raised-floor understructure will not exceed 10 ohms. 


2.16 Additional Guidelines 


a. 


b. 


Periodic inspections of electrical components of any LPS installed at any NWS 
facilities are recommended (see NFPA 780, Appendix K.7). 


New LPSs will be completely inspected immediately after installation. This includes 
a visual inspection, parts inspection, and ground resistance and ground termination 
inspection. 


In addition to the above, the LPS should be inspected whenever any alterations or 
repairs are made to the protected structure, as well as following any known lightning 
discharge to the system. 


Existing LPSs on any NWS facilities will be visually inspected every 7 months (see 
NFPA 780, Appendix K.7.2). 


An electrical continuity test will be made on all LPSs from the air terminal to the 
ground at least every 14 months (see NFPA 780, Appendix K.7.3). 


Inspection will be performed whenever the LPS has been or is suspected to have 
been struck by lightning. 


For an applied signal difference at the input of electronic equipment, the signal 
relative to the reference at equivalent points in the two branches must be opposite in 
polarity and equal in amplitude. 


Another occasional hazard is the location of a site in proximity to an electric 
substation. It is recommended that no NWS site be located near electric power 
stations. If this does occur, there is a considerable problem with “ground potential 
rise” when there is an electric fault. The topic of “ground potential rise” can be found 
in reference IEEE Standard 367. If consideration of this topic needs evaluation and 
calculations, the services of a registered Professional Engineer are recommended. 
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CHAPTER 3 


Radial Grounding, Electrical Protection, 
Equipment Specifications and Installation 
Guidelines for NWS Facilities 


3.1 
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Purpose 


Engineering design guidelines are provided for the grounding and electrical protection of tower 
sites, equipment buildings, and power and communication locations to minimize damage resulting 
from lightning strike energy and lightning induced Ground Potential Rise (GPR). 


3.2 


Applicability 


Apply this chapter when installing, operating, maintaining and/or repairing equipment, facilities, 
and services in order to minimize lightning induced ground potential rise (GPR). 


3.2.1 


— 


ae 
12. 


3.3 


3.3.1 


Acronyms and Abbreviations 


Air Terminals: Lightning Rods 

Ground Potential Rise (GPR): The product of ground electrode impedance, referenced to 
remote earth, and the current that flows through that electrode impedance. 

HALO Ground: A closed loop grounding system that bonds all non-equipment metal frames 
to ground minimizing the radiation of RF and electromagnetic energy into the equipment 
room 

IERG: Interior Equipment Ring Ground is an open loop ring ground that facilitates 
common bonding of equipment 

Isolating Transformer: Transformers that provide longitudinal (common mode) isolation of 
wire-line telecommunication circuits. 

MGB: Master Ground Bar is an exclusive grounding point for all equipment to one point in 
the equipment building. See Figure 3-2 for proper bonding to the MGB. 

MGN: Multi-Grounded Neutral 

SAD: Silicon Avalanche Diode is solid state protection that shunts transients to ground in 
less than 5 nanoseconds and required to shunt all lightning surge energy 

SBTC: Solid Bare Tinned Copper 


. Solid State Protector: A protective device that employs solid state elements that provides a 


combination of high speed voltage and current sensing. These protectors are shunting 
devices to ground that are generally a combination of voltage clamps (avalanche diodes) and 
crowbar devices (multilayer diodes similar to SCR’s), and are designed to limit the voltage 
to a specific value and to reduce current flow to low value of milliamperes within 
nanoseconds. 

SPG: Single Point Ground 

TVSS: Transient Voltage Surge Suppression 


Tower and Equipment Building Installation Recommendations 


Grounding System Design and Grounding System Evaluation Method 


1) Conduct a four (4) probe soil resistivity test to be taken at a tower and equipment 
building installation site to provide data for an engineering study to design a new 
grounding system that will minimize (harden) lightning strike damage to equipment. 
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2) 


3) 


4) 


To harden against lightning GPR damage requires a specially designed tower and 
equipment building radial grounding system with impedance not exceeding two (2) 
ohms each. 


The total overall site ground impedance (tower and building) should not exceed one (1) 
ohm if possible. Note: This may require significant real-estate space if the site soil 
resistivity is greater than 200 meter-ohms at the anticipated grounding electrode depth. 


a. If one (1) ohm is not economically achievable, an attempt should be made to 
provide the lowest possible ground resistance value, using radial grounding, to 
minimize lightning induced GPR as much as possible. 


Conduct a site ground resistance test {three (3) probe} to remote earth using the 
location of the Single Point Ground as the grounding electrode. This test, referred to as 
a ‘fall-of-potential' test will confirm that the site grounding system meets engineering 
design requirements. A fall-of-potential resistance test must be conducted with the 


electrical connection (bond) to the power Multi Grounded Neutral (MGN) removed. 


Note: all grounding systems of the same resistance to remote earth are not equal. To be 
equal they must have the same value of impedance to remote earth. Grounding systems 


using capacitive radials placed horizontally in the earth will have much lower impedance 
than an inductive ground rods placed vertically in the earth. Lightning current has high 
frequency components up to 1.0 M HZ, thus a capacitive ground is much better than an 
inductive ground. At Time ‘T’ = to Zero a capacitor is a short circuit while an inductor is an 
open circuit. 


3.3.2 Design of Ideal Tower and Equipment Building Earth Grounding 


1) 


2) 


3) 


4) 


5) 


6) 


Tower and Equipment Building grounding system design: See example design of 
“IDEAL LIGHTNING-DISSIPATING SINGLE-POINT GROUNDING SYSTEM” 
Figure 3-1. 

All grounding system wire shall be #2 AWG Solid Bare Tinned Copper (SBTC), 
diameter =.2576 inches. 


Use Sankosha Conductive Cement placed over all grounding conductor radials (18 to 
24 inches in width) at locations where the soil resistivity is greater than 200 Meter- 
Ohms at the grounding electrode depth. 


a. See web site: http://www.sankosha-usa.com/pdf/san-earth-lateral.pdf for an 
example installation of placing dry cement over radial wire. 


All ground rods shall be galvanized steel, copper clad or stainless steel, and a minimum 
of 8 ft. in length and 5/8 inch in diameter. 


All bonds to the grounding system, in contact with earth, shall be by exothermic 
welding. 


Tower and equipment building, each require an external ring ground composed of #2 
AWG Solid Bare Tinned Copper (SBTC) that is placed below the frost line. 
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7) Grounding of a non-self-supporting or a supporting Ice Bridge bonds both ends of the 
bridge to the tower ground ring and the equipment building ground ring. The tower 
end of the Ice Bridge is isolated from the tower. 


8) Guyed towers shall have grounding radials (#2 AWG SBTC) that are a minimum of 
twenty feet in length for each guy wire and placed out in front of the guyed anchor. 


9) Ring grounds and redials for tower and equipment building shall each be protected by a 
17 Ib. or a 32 Ib. sacrificial magnesium anode. For grounding systems have more than 
500 linear feet of wire use one 32 lb. magnesium anode. Always place the anode two 
(2) or more feet below the grounding system depth. 


10) Bond external ring grounds to any metal object or structure within five (5) feet. 


11) External ring grounds and radials are to be buried at least 30 inches below grade level 
or below the frost line whichever is deeper and spaced at least two (2) feet from 
building foundations, tower footings or guyed anchors. 


12) No bend radii of less than 24 inches throughout the external grounding system. 


13) A minimum of four (4) ground rods (one at each building corner) spaced a minimum of 
sixteen feet apart if possible, and bonded to building ring ground. 


14) A minimum of one ground rod for each tower leg bonded to the tower ring ground. 


15) Bond each tower leg to ring ground at two points curving in opposite directions on each 
side of the tower leg ring ground rod. 


16) Provide four (4) to ten (10) radials off of ring grounds as necessary to obtain the 
specified grounding impedance desired for each ring ground but not longer than 80 feet 
each. Space radials equally apart and not closer than 15 feet in separation at the radial 
ground ring bond points. 


17) Tower and equipment building ring grounds should be separated by a minimum of 30 
feet (to prevent electromagnetic wave damage to equipment building) and bonded 
together with a single ground wire called the ‘ring connecting ground wire’. See Figure 
3-1, “Ideal Lightning-Dissipating Single-Point Grounding System”. 


18) The bonding point of this ‘ring connecting ground wire’ at the building ring ground is 
known as the Single Point Ground (SPG) location. See Figure 3-1, “Ideal Lightning- 
Dissipating Single-Point Grounding System”. 


19) Place a tinned Single Point Ground (SPG) Bar at the single point ground location on the 
building ground ring in a protected hand hole or placed on the equipment building wall 
and bonded to the SPG on the building ring ground. 


20) Provide suitable access (a hand hole) for the single point ground (SPG) bar location for 
future inspection, maintenance, etc. if placing this bar in the earth instead of on the 
equipment building. 


21) Tower and equipment building ring grounds separated by less than 30 feet may result in 
lightning electromagnetic energy damage to equipment within the equipment building. 
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22) Damage may be minimized to equipment in buildings located within 30 feet of towers 


by providing an elemental Faraday cage in the equipment building’s concrete walls 
utilizing the rebar within the concrete. 


23) An elemental Faraday cage may be defined as an electrically connected rebar cage, 4 


inch rebar at every rebar intersection, with 8 inch rebar spacing on all four building 
sides, and bonded to ring ground. 


24) Radials placed off of tower ring ground should be directed away (opposite direction) 


from equipment building as well as radials placed off of the equipment building ring 
ground should be directed away from the tower. 


3.3.3 Placing Ground Rods and Bonding to Metallic Objects 


1) 
2) 


3) 


Place all ground rods in undisturbed soil and below the frost line. 


Provide suitable access (a hand hole) for the four ground rods at each corner of the 
equipment building for future inspection, maintenance, etc. 


If a metal fence is located within twenty (20) feet of the tower ring ground or within five 
(5) feet from the tower building ring ground: 


a. Bond the fence to the ring ground 
b. Bond the fence posts to the ring ground 


c. Bond openings across the fence 


3.3.4 Grounding Conductor Requirements Inside Equipment Building 


1) 
2) 
3) 


4) 


5) 
6) 


7) 


Do not use U-shaped grounding conductor runs 
Place in nonmetallic conduit only 


If metallic conduit cannot be avoided, bond both ends of the metallic conduit to the 
grounding conductor, avoid long runs and keep bends to a minimum 


Minimum bend radius for a #2 AWG wire is 12 inches and 18 inches for #4/0 AWG 
wire 


Place grounding conductor through nonmetallic sleeves in floors, walls, ceilings, etc. 


Consider an Interior Equipment Ring Ground (IERG) to facilitate common bonding of 
equipment, prevent lightning energy from passing through equipment to get to ground at 
the floor level, and at the height of the coaxial (bulkhead) entry. The IERG is bonded to 
the Master Ground Bar (MGB). If an IERG equipment grounding system is not placed, 
then use home runs (bond ground wires) from each piece of equipment or rack back to a 
Master Ground Bar (MGB). 


All equipment racks must be isolated from ground at the floor if the coaxial cable entry 
at the bulkhead, from the tower ice bridge into the equipment room, is at eight (8) to ten 
(10) feet above ground level. 
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8) The IERG is bonded to the interior Master Ground Bar (MGB) which is then bonded to 

the bulkhead, which in turn is bonded to the exterior Single Point Ground (SPG) bar or 
directly to the ground ring at the SPG. 


9) The IERG should be a #2 AWG or larger solid bare conductor mounted in an open loop 
(to prevent ground loop currents) around the perimeter of the room at a height of the 
bulkhead or coaxial entry level above the floor. 


10) Use #6 AWG or larger conductors to bond equipment to the IERG. 


11) To provide limited protection against RF interference and electromagnetic radiation 
from the lightning strike, metal objects such as doorframes, air conditioners, electrical 
boxes, or cabinets, etc., must be all bonded together in a ring, and then bonded only to 
the MGB. This ring type ground is called a HALO Ground. Absolutely, do not bond 
this HALO Ground to fire protection systems or to the IERG. Absolutely, do not bond 


any equipment to this HALO Ground. 


12) A HALO Ground may also be grounded externally to the facility ring ground at the four 
(4) corners of the building. 


13) The MGB is the only bonding point (connection) between the IERG and the HALO 
Ground. 


14) External ground bars must be tinned and all connections shall be bonded using a two (2) 
hole lug connection for each bolted bond connection. 


15) Bonding to the MGB should be as shown in Figure 3-2. 


3.3.5 AC Power Grounding Electrode and DC Rectifier 


1) The protective grounding for the AC service must meet the requirements of the National 
Electrical Code (NEC) and any local codes. Insure that the neutral in the main service 
panel is bonded to ground (AC ground electrode). 


2) A bonding conductor must be placed from where the AC power service ground is 
derived to the metallic water pipe system (if present). 


3) Bond the AC power service entrance panel neutral to the tower building’s Master 
Ground Bar (MGB). 


4) Bond the AC grounding electrode (ground rod) at the meter to the SPG bar or to the 
SPG location on the building ground ring. 


5) DC Rectifier ground must be bonded to the MGB. 


3.3.6 Transient Voltage Surge Suppression (TVSS) 


1) Service Entry Protection Panel must be UL 1449 listed and tested with ANSI C62.41- 
1991. Capability shall be bi-directional and treat both positive and negative impulses. 


2) Effective response time shall be 20 nanoseconds or less. 
3) Suppression shall be line to neutral, except delta configurations. 


4) Sub-protection Panels shall operate as a totally coordinated system with the Service 
Protection Panel and perform equal or better than UL 1449 and be UL listed. 


3-5 


NWSM 30-4106 April 25 2017 


3.3.7 


3.3.8 


5) 
6) 
7) 


8) 
9) 


Unit shall not short circuit power flow that would cause an interruption of power to load. 
Effective response time shall be 5 nanoseconds or less. 


5 nanoseconds or less is necessary to protect against lightning surges and this requires 
Silicon Avalanche Diode (SAD) Technology. 


Suppression shall be line to neutral, except delta configurations. 


Transtector APEX IMAX surge suppression equipment or equivalent is recommended. 


Coaxial Cable, Waveguide and Bulkhead Panel 


1) 


2) 


3) 


4) 


5) 


6) 


Coaxial antenna cable shield and waveguide shall be bonded, to the tower, at the top and 
bottom of the tower, and every 50 to 75 feet in between. 


Placement of bottom grounding kit for all coaxial cable shields should be at the bend 
where coaxial cable transitions from the vertical direction to horizontal direction. 


All antenna coaxial cable, other cable, wire, and waveguide shall be routed, and bonded 
to ground at the SPG and to the MGB inside the equipment building, through a bulkhead 
(ground window). The bulkhead is the bonding point for coaxial cable/waveguide entry 
into the equipment building that prevents lightning strike current from entering the 
building. 


Coaxial cable (center conductor with voltage powering) solid state transient surge 
suppression requires the use of PolyPhaser BGXZ or DGXZ technology or equivalent. 


Preferred coaxial cable entrance into an equipment building is at ground level. This 
design eliminates the need for large copper straps required to bond the bulkhead to earth 
ground, and intercepts tower magnetic field. 


Any use of CATS5e cables shall be shielded cables and protected at the top of the tower 
and in the equipment building using Transtector ALPU-POE-90 or 90M or comparable 
surge protection. 


Communication Facility Isolation from a Lightning Induced Ground Potential Rise (GPR) 


1) 


2) 


All wire-line (copper) communication services, i.e., copper pairs that may enter an 
equipment building should be isolated from remote ground (the Central Office ground at 
the other end) by the use of isolation or neutralizing transformer technology if the GPR 
is more than 1000V-Peak, per IEEE Std. 487. 


a. Wire-line isolation using transformer technology and fiber optics to protect 
communication services from a GPR may be a costly solution. However, if the 
communication services are considered critical Class ‘A’ Services that cannot be 


b. allowed go out of service for any length of time, then isolation is the only 
alternative and Teleline Isolator by Positron Inc. is recommended or equivalent. 


Standard communication pair shunting protection such as gas tube or carbon type 
protectors will not protect equipment at GPR locations. They are too slow and will 
allow the lightning surge to pass by and damage equipment. Also, shunting type 


3.3.9 


3.4 


3) 


4) 


5) 
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protection will fire in reverse, in a GPR location, placing ground potential voltages on 
the communication pairs with the current flowing away from the GPR to the remote end. 
See Figure 3-3 and Figure 3-4. 


Solid state surge protection must be used if lightning surges are to be protected against 
non GPR or low GPR locations. Use ONEAC 5S-Series solid state protector units, 1.e., 
N5-27-TBK or equivalent. 


Communication metallic shields, entering equipment building, shall be grounded to the 
single point ground location if wire-line isolation is not used. 


If fiber optic cable is provided for communications, it must be all dielectric cable with 
no metallic strength members or metallic shield and protected by placing it ina PVC 
conduit (Schedule 80) with a minimum diameter of 2 inches to prevent gopher damage. 


Equipment Building Lightning Protection System 


1) 


2) 


3) 


4) 


An equipment building does not require air terminals (lightning rods) on the roof if 
located within thirty (30) feet of the base of a tower that is at least 100 feet in height 
because of being under the cone of protection (45 degree angle from top of tower). 


Equipment buildings should be protected with a traditional lightning protection system 
using air terminals, if considered exposed to a direct lightning strike except for metal 
building with steel thickness, including roof, of greater than 3/16 inch. 


Follow NFPA 780, “Standard for the Installation of Lightning Protection Systems” 
and/or UL 96A, “Installation Requirements for Lightning Protection Systems” to protect 
exposed equipment buildings. 


Exposed equipment buildings with perimeters less than 250 feet should have a minimum 
of two air terminals on a pitched roof and two ‘Down Conductors’ bonded to ring 
ground. Structures exceeding 250 feet in perimeter must have a down conductor for 
every 100 feet of perimeter bonded to ring ground and additional air terminals per 
NFPA 780. Metal structures shall be bonded to earth ground every 60 feet of perimeter. 


Personnel Safety 


1) 


2) 


3) 


Maintenance personnel shall not work on a tower or in the equipment building during a 
lightning storm and should wisely leave the area when threatening weather approaches. 


Maintenance personnel shall work while standing on a rubber mat (20kV) and wear 
rubber gloves (1OkV) when working on wire-line communication services or associated 
communications equipment, in the equipment building, that are connected to a remote 
ground. 


Any noted damage to TVSS equipment in the equipment building shall be repaired or 
replaced immediately prior to any other work attempted. 


3-5 


NWSM 30-4106 April 25 2017 


4) A minimum of two maintenance personnel working together at tower locations prone to 
lightning strike activity is recommended and is a legal requirement in some states if 
conducting an audit. 
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Single-Point Ground 


Figure 3-1 
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APPENDIX A 
Lightning Safety Checklist for NWS Sites 


(Adapted from the National Lightning Safety Institute’s Lightning Safety Checklist) 


1. Verify air terminals and bases: 
% Are straight, unbroken, anduncracked. 
‘ Are securely fastened to structure. 
“ Are clamped tightly to conductorcable. 
‘ Are not more than 20 feet apart on horizontal surfaces. 
‘° Are connected to at least two paths to ground. 
2. Verify bonding connections to metal objects: 
‘° Are secured tightly to metal equipment. 
Are clamped tightly to connectorcable. 
° Are in electrical contact with metal object (measure continuity). 
Are reinstalled properly if they have been removed and replaced. 
‘° Have aluminum-to-copper connections made with stainless steel separators. 
3. Verify building additions and alterations: 
‘? Have no new additions unprotected. 
Have no alterations changed and no damaged systems. 
“° Have no new mechanical equipment left unconnected. 
4. Verify cable holders: 


% Are constructed of high strength silicon bronze bolts, nuts, flat washers and 
toothpicked lockwashers. Lightning’s magnetic forces can “torque” weaker 
components apart. 


Are still tight andsecure. 
Are still properly spaced at 3 feetO.C. 
% Are undamaged and have not been removed. 
5. Verify conductors, in general, including bonding straps: 
Are unbroken and not frayed. 


‘ Have no tight bends. (Radius of bend should be 8 inches or greater and 
measure not less than 90 degrees from the inside of the bend. This does not 
apply to“T” or “Y” splices. Bends must be gradual.) 


‘° Have all braided cables used on equipment subject to movement. 


10. 
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If accessible, verify ground connectors: 
% Are tight and unbroken. 


S Show no evidence of corrosion. (If so, remove corrosion. Measure for 
electrical continuity.) 


Verify service arresters and suppressors: 
Are secure and straight, with nobends. 


% Have leads nolongerthanrecommended by manufacturer. (Minimum lengthis 
vital for performance to manufacturer’s ratings.) 


“ Have unbroken and uncracked outside case/inside components. 
% Are free from any burning scent. (Must perform a Sniff Test.) 
% Have electrical service groundintact. 

Verify splices and connectors: 

% Are still tight on conductors. 

‘° Have not cracked or appear broken. 

‘They are still secure to proper cables (no loose ends). 


‘° Where connectors are employed to fasten down conductor cables to building 
structural steel, use exothermal weld (not mechanical) connections where 
possible. 


Verify through-roof and through-wall connectors: 

All are tight and unbroken. 

All are watertight. 

° All leads to roof cable are intact. 

‘ All metal conduits entering structures are referenced to ground at both ends. 


Verify grounding: 


CAUTION 


Do not perform this test under lightning threat conditions. 


% Resistance measurements are within guidelines. 


NOTE: 


Temporarily disconnect the Lightning Protection System from the ground rod at the 
Test Well. Use the “Fall of Potential” or other approved test method to measure 
ground system resistance. Perform this test every fourteen (14) months, as 
recommended by NFPA 780, Appendix K.7.3, but not during frozen ground or 
moisture-saturated ground conditions. 
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11. In inaccessible areas: 


Perform bridge continuity testing on bonding straps, cables, conductors, 
connectors where possible to verify electrical continuity. 


12. On main and secondary electrical panels: 

‘° Neutral bus is isolated from panel frame and/or ground bar. 

‘ Separate neutrals and grounds are employed for each branch circuit. 
13. Verify signals lines: 


“° Have used and unused lines equipped with surge suppression/transient 
protection devices. 


‘° Have terminal blocks protected at both ends. 
° Have all opto-isolators employed, wherever possible on I/O equipment. 


‘° In metal conduit, including braided shielding, are grounded only at the end 
where the circuits derive their zero potential or references point (normally the 
transmitter end and not the I/Oend). 


14. Verify grounding of security fences: 

% Are part of the earth electrode system (EES). 

‘° Have gates bonded to the fence at the gate hinge point. 

‘ Are not energized before you touch them. (Use a voltmeter.) 
15. Verify other metal objects, such as: 


Air handling equipment in generator rooms whichemploy nonconductive 
vibration dampers havea bonding strap across separated sheet metal. 


% Large exterior metal objects within 6 feet of the lightning protection down 
conductor network are bonded to it. (This includes fuel tanks, permanent 
machinery, stairs, columns, beams, trusses, metal sidings, railroad tracks, 
“temporary” buildings and trailers, etc.) 


16. Verify standby generator building, RDA building, and the radome tower: 


“° From construction documentation (“As-Builts”), the original installation and 
modifications to the earth electrode system are installed per the drawings and 
specifications. 


‘ There is separation of neutral and ground downstream of the main bonding 
jumper. 


‘ The standby generator neutral is isolated at the generator set. 


Lightning arresters are installed at the utility AC service transformer. 
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APPENDIX A, 


Lightning Audit & Safety Checklist for NWS 
Site Grounding & Electrical Protection 
Compliance 


A. Audit Compliance Evaluation Section in which One Deviation May 
Compromise the Site to Damage from Lightning 


1) Inspect to insure that the site AC Power Main Entrance Panel Neutral is bonded to the 
equipment building’s Master Ground Bar (MGB) 


DEVIATION 
NO DEVIATION 


2) Inspect to insure that the AC Grounding Electrode (ground rod) at the meter (main 
power panel) is bonded to the Single Point Ground (SPG) 


DEVIATION 
NO DEVIATION 


3) Inspect to insure that the building has AC Power Surge Protection using Silicon 
Avalanche Diode (SAD) Technology on the main entrance panel or subpanel supplying 
power to the equipment room 


DEVIATION 
NO DEVIATION 


4) Inspect to insure that the MGB is properly (down and out) bonded to the SPG 


DEVIATION 
NO DEVIATION 
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5) Inspect to insure that all coaxial cable and waveguide shields entering the building are 
bonded to the MGB 


DEVIATION 
NO DEVIATION 


6) Inspect to insure that all coaxial cable center conductors are protected with SAD 


DEVIATION 
NO DEVIATION 


B. Tower & Building Ring Ground (Test Procedure) 


(1) Conduct a four (4) probe Wenner Soil Resistivity Test at the depths of the tower and 
equipment building grounding systems. Several test depths may be required. Use a Megger 
DET4TD or an equivalent test set. Grounding System Depths are equivalent to probe 
spacing. Record the meter readings (R) at several different site locations and probe 
orientations (N-S, E-W, etc.). Use a Soil Resistivity Worksheet to record and average test 
results. To calculate the soil resistivity, solve the following equation for (p) in Q-M (ohm- 
meters) with the equation: p = 1.915 + probe spacing in feet - R meter reading. 


(a) These test results can be used to either design new installations or evaluate the 
existing grounding system installations in order to develop or confirm a 
grounding system resistance to remote earth. Grounding consultants utilize 
complex computer equations to design grounding system resistance using these 
soil resistivity measurements. 


(b) Refer to Motorola R56B: “Standards and Guidelines for Communication 
Sites”, Appendix ‘B’: Soil Resistivity Measurements or other comparable 
documentation for Test Worksheet examples. 


(c) Soil Resistivity (p) greater than 200 Ohm-Meters indicates poor soil 
conductivity and special grounding design techniques using radial grounds and lo- 
ohm conductive cement are going to be necessary to obtain a grounding system 
design under one (1) ohm to remote earth or as low as economically acceptable. 


AVERAGE SOIL RESISTIVITY Q-M 


(2) Conduct a three (3) probe Fall of Potential test of the total grounding system to 
determine the grounding system resistance to remote earth. The goal is to obtain 
as low a resistance as possible to one (1) ohm. Use a Megger DET4TD or an 
equivalent test set. Record test results. WARNING: lethal potential may exist 
between probes during this type of test, if a fault were to occur. Thus insulated 
rubber gloves are required. 


(a) The current probe should be placed at a distance that is out of the zone of 
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influence of the grounding (electrode) system under test, i.e., a minimum of 5 
times the length of the diagonal of the total grounding system area will provide a 
90% accurate resistance measurement. The voltage probe placement will be at 
61.8% of the distance to the current probe from the electrode under test (usually 
the SPG). 


(b) The AC Power Multi-Ground-Neutral (MGN) must be disconnected from the 
grounding system while under a ‘fall of potential test’ to obtain a valid reading. 
Never disconnect the MGN from ground without totally turning off the AC Power to 
the site. 


(c) Refer to Motorola RS6B: “Standards and Guidelines for Communication Sites”, 
Appendix ‘D’: Grounding Electrode Testing/Verification for details on the Fall of 
Potential Method testing procedure or other comparable document. 


SITE RESISTANCE TO REMOTE EARTH Q 


(d) If test results indicate a grounding system resistance to remote earth of greater 
than five (5) ohms then an improved grounding system design using radial grounds 
and lo-ohm conductive cement may be required. Note: radial grounds provide a 
better impedance conducting path for lightning surge currents than standard ring 
grounds using only ground rods. Thus, radial grounding systems provide a better 
ground even if the resistance test measurement is greater than five (5) ohms to 
remote earth. 


C. Building Lightning Protection (NFPA-780) 


1) 


2) 


3) 


Is equipment building within the cone of protection (45 degree angle from top of 
tower)? If so, no air terminals are required on roof. 


IS BUILDING WITHIN THE CONE OF PROTECTION? 
ARE AIR TERMINALS REQUIRED? 


If not within the cone of protection, equipment buildings must have air terminals 
(lightning rods) on the roof, except for metal buildings with steel thickness of greater 
than 3/16 inch. Air terminal bonds to ground (earth) are known as ‘Down Conductors’. 


AIR TERMINALS OBSERVED? 
DOWN CONDUCTORS OBSERVED? 


Exposed equipment buildings with perimeters less than 250 feet should have a minimum 
of two (2) air terminals on a pitched roof and two (2) ‘Down Conductors’ bonding air 
terminals to the ring ground. Structures exceeding 250 feet in perimeter shall have a 
down conductor for every 100 feet of perimeter bonded to ring ground, and additional 
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roof air terminals per NFPA 780 spaced every 20 feet. Metal structures require that the 
building frame be bonded to earth ground every 60 feet of building perimeter. 


4) 


IS BUILDING PERIMETER > 250 FT? 
IS BUILDING A METAL STRUCTURE? 
IS NFPA 780 BEING FOLLOWED? 


D. Grounding Conductor Requirements in Equipment Building 


1) No U-shaped grounding conductor runs. 


DEVIATION 
NO DEVIATION 


2) No grounding conductors in metallic conduit unless bonded at both ends to earth 
ground. 


DEVIATION 
NO DEVIATION 


3) Minimum bend radius for a #2 AWG wire is 12 inches and 18 inches for #4/0 AWG 
wire. 


DEVIATION 
NO DEVIATION 


4) Grounding conductor must be placed through nonmetallic sleeves in floors, walls, and 
ceiling. 


DEVIATION 
NO DEVIATION 


5) If an Interior Equipment Ring Ground (IERG) is used to facilitate common bonding of 
the equipment it must be placed at the bulkhead entrance height. 


DEVIATION 
NO DEVIATION 


6) Insure that the IERG is bonded to the Master Ground Bar (MGB) or home runs (bond 
ground wires) from each piece of equipment are bonded to the MGB. 
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DEVIATION 
NO DEVIATION 


7) Inspect all equipment racks to insure their isolation from ground at the floor, if coaxial 
cable entry from the tower ice bridge into the equipment room is at eight (8) to ten (10) 
feet above ground level. 


DEVIATION 
NO DEVIATION 


8) Inspect to insure that the MGB is bonded to the bulkhead (ground window). 


DEVIATION 
NO DEVIATION 


9) Inspect to insure that the MGB is bonded to the SPG. Repeat of Audit Section A. 


DEVIATION 
NO DEVIATION 


10) Inspect to insure that the IERG is a #2 AWG or larger conductor mounted in an open 
loop around the perimeter of the room at a height of 8 to 10 feet above the floor level or 
at coaxial entry level (bulkhead level) above the floor. 


DEVIATION 
NO DEVIATION 


11) Inspect to insure that #6 AWG conductors or larger are used to bond equipment to the 
TERG or used as home runs to bond directly to the MGB. 


DEVIATION 
NO DEVIATION 


12) Inspect any separate grounding system (HALO) that bonds metal objects such as 
doorframes, window frames, fans, air conditioners, electrical boxes, or cabinets, to 
insure that no equipment is grounded to this HALO Ground. 
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DEVIATION 
NO DEVIATION 


13) Inspect this HALO Ground to insure that it is a closed ring, and then bonded only to the 
MGB. 


DEVIATION 
NO DEVIATION 


14) Inspect to insure that this HALO Ground is not bonded to fire protection systems or to 
the IERG. 


DEVIATION 
NO DEVIATION 


15) A HALO Ground may also be grounded externally to the facility ring ground at the four 
(4) corners of the building. 


IS THE HALO GROUND BONDED TO THE GROUND RING? 


16) Inspect to insure that the only bond (connection) between the IERG and the HALO 
Ground is at the MGB. 


DEVIATION 
NO DEVIATION 


17) Inspect all internal and external ground bars to insure that bond connections are secure 
with two (2) hole lug connections for each bolted bond connection. 


DEVIATION 
NO DEVIATION 


18) Inspect all external ground bars to insure that tinned ground bars are used. 


DEVIATION 
NO DEVIATION 
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E. AC Power Grounding Electrode, DC Rectifier, and Voltage Surge Suppression 


(TVSS) 


1) Inspect the AC service entrance to insure that it meets or exceeds the National Electrical 
Code (NEC) and all applicable local codes. Utilities must also adhere to the NEC if non 


2) 


3) 


4) 


5) 


6) 


utilities have access. 


DEVIATION 


NO DEVIATION 


Inspect to insure that a bonding conductor has been placed from where the AC power 
service ground is derived to any metallic water pipe system (if present). 


DEVIATION 


NO DEVIATION 


Inspect to insure that the AC Power Main Entrance Panel Neutral is bonded to the 


equipment building’s MGB. Repeat of Audit Section A. 


DEVIATION 


NO DEVIATION 


Inspect to insure that the AC Grounding Electrode (ground rod) at the meter (main 
power panel) is bonded to the SPG. Repeat of Audit Section A. 


DEVIATION 


NO DEVIATION 


Inspect to insure that the building has AC Power Surge Protection using SAD on the 
main entrance panel or subpanel supplying power to the equipment room. Repeat of 


Audit Section A. 


DEVIATION 


NO DEVIATION 


Inspect to insure that the DC Rectifier Ground is bonded to the MGB. 


DEVIATION 


NO DEVIATION 
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F. Coaxial Cable, Waveguide, Ice Bridge, and Bulkhead Panel 


1) Inspect to insure that all coaxial cable shields and waveguide are bonded, to the tower, at 
the top and bottom of the tower, and every 50 to 75 feet in between. 


DEVIATION 
NO DEVIATION 


2) Inspect to insure that all coaxial cable shields and waveguide are bonded to the tower as 
it transitions from the vertical to horizontal. 


DEVIATION 
NO DEVIATION 


3) Inspect to insure that the ice bridge is bonded to ground at both ends. 


DEVIATION 
NO DEVIATION 


4) Inspect to insure that the ice bridge is isolated from the tower structure. 


DEVIATION 
NO DEVIATION 


5) Inspect to insure that all cable shields and waveguide are routed through the bulkhead 
(ground window), bonded to ground at the SPG, and also bonded to the MGB inside the 
equipment building. Repeat of Audit Section A. 


DEVIATION WITH ROUTING THRU BULKHEAD 
NO DEVIATION 
DEVIATION WITH BOND TO SPG 
NO DEVIATION 
DEVIATION WITH BOND TO MGB 
NO DEVIATION 
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6) Inspect to insure that the SPG and the MGB are bonded together. Repeat of Audit 
Section A. 


DEVIATION 
NO DEVIATION 


7) Inspect to insure that all coaxial cable center conductors are protected with SAD at the 
bulkhead and bonded to the MGB. Repeat of Audit Section A. 


DEVIATION 
NO DEVIATION 


G. Wire Line Communication Facility Isolation from a Lightning Induced 
Ground Potential Rise (GPR) 


1) Inspect any wire-line (copper) communication services entering the equipment building 
to determine if properly isolated from remote ground. 


ARE THERE ANY WIRE LINE COMMUNICATIONS? 
ARE THEY PROPERLY ISOLATED FROM REMOTE GROUND? 


2) Inspect any wire-line communication services not isolated from remote ground to insure 
that their metallic shields are bonded to the SPG. 


ARE WIRE LINE COMMUNICATIONS NOT ISOLATED? 
ARE THEIR METALLIC SHIELDS BONDED TO THE SPG? 


3) Inspect wire-line communication services not using isolation technology to insure that 
all pairs are protected using SAD. 


ARE WIRE-LINE PAIRS PROTECTED WITH SAD? 


H. Test Equipment 


Use a Megger DET4TD or an equivalent test set with an additional special set of long probe 
leads to conduct a three (3) probe Fall of Potential test of large grounding systems. 
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Note: probe lead lengths must be long enough to accommodate a required distance that is at 
least five (5) times the diagonal length of the grounding system under test to be out of the 
influence of the large electrode under test. 


If the grounding system under test has a diagonal length of 100 feet then the current probe 
‘C’ should be placed at 500 feet and the voltage probe ‘P’ should be placed at 
approximately 309 feet. The electrode under test ‘E’ connection is to the SPG location. 


J. Routine Audit Intervals 


Audit interval for the following may be every five (5) years, provided that there has been no 
vandalism or theft: 


B. Tower & Building Ring Ground (Test Procedure) 
C. Building Lightning Protection (NFPA-780) 


Audit interval for the following may be every three (3) years, provided that no tower or 
equipment additions or modifications have been made. Note: if additions or 
modifications have been made then a site audit should follow: 


D. Grounding Conductor Requirements in Equipment Building 
F. Coaxial Cable, Waveguide and Bulkhead Panel 


Audit interval should be every two (2) years: 


E. AC Power Grounding Electrode and Voltage Surge Suppression (TVSS) 
G. Wire Line Communication Facility Isolation from a Lightning Induced Ground 
Potential Rise (GPR) 


Audit interval should be every year: 


A. Audit Compliance Evaluation Section in which One Deviation may Compromise 
the Site 


K. Personnel Safety 


Maintenance personnel are to not work on a tower or in the equipment building during a 
lightning storm and should wisely leave the area when threatening weather approaches. 


Maintenance personnel are to work while standing on a rubber mat (20kV isolation) and 
wear rubber gloves (10kV isolation) when working on wire-line communication facilities or 
associated communications equipment in the equipment building that have a remote ground. 


Maintenance personnel are to repair or replace any noted damage to TVSS equipment in the 
equipment building prior to any other work attempted. 
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A minimum of two (2) maintenance personnel should be working together at tower 
locations prone to lightning strike activity, and is a legal requirement in some states if 
conducting an audit. 
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APPENDIX B 
Lightning Protection Checklist 


Earth Electrode System 
‘° Has an EES been installed at this facility? 
Is original site grounding survey data available at this facility? 


‘° Is the present ground EES properly sized and interconnected with the proper 
sizes andtypes of cables? 


Are all connections to ground rods made by exothermic welding or other 
approved methods? 


‘ Ifanaccess well has been provided at this facility, is it properly installed and 
marked? 


% Using the 62 percent “Fall of Potential” method, does the EES measure less 
than 10ohms(5 ohms ina facility housing operating electronic equipment)? 


“° With the test probes in the same location and using the 62 percent Fall of 
Potential above, do all other connected grounds to the EES have the same 
resistance as measured in No. 6 above? 


Service Entrance Grounding 


Is the incoming power neutral conductor grounded at the transformer and the 
Main Service Disconnect Means (MSDM)? 


% Is the electrical transformer enclosure and Main Service Disconnect Means 
housing properly grounded? 


Is the service entrance conduit grounded at both ends? 


° Isthe grounding electrode conductor properly sized, installed and terminated at 
the EES? 


Are all ground rods installed properly and interconnected? 


‘° Is the grounding electrode conductor properly terminated at the service 
entrance device neutral bar? 


Is the ground bus properly bonded to the neutral bar established in the 
enclosure of the MSDM? 


Is the MSDM ground bus properly installed and bonded? 


Are all load side neutral conductors grounded only at the service entrance 
device? (Neutral must notbe grounded atthe equipments, raceways, switches, 
distribution, lighting or branch circuit panelboards, etc.) 


Surge Protection Equipment Grounding 
° Verify proper AC surge protection devices are installed at the facility. 


 Isthe AC power surge protector installed at the service entrance line side? 
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Is the AC power surge arrester installed with the shortest lead lengths possible, 
keeping the number of bends to a minimum, and without any sharp bends or 
kinks? 


% Verify the phases, neutral, and ground of the surge protector device are 
properly installed. 


Equipment Grounding 
Are all equipment grounding conductors green insulated? 


% Are equipment grounding conductors run in the same raceway with the phase 
conductors and sized properly? 


% Are all metallic raceways electrically continuous, end to end? 
Are all equipment grounding conductors properly terminated? 
Are all troughs and electrical enclosures properly grounded? 


% Where isolated receptacles (orange) are utilized at the facility, are they 
properly installed per the NEC requirements? 


Signal Grounding 


Is the main ground plate connected to the EES with the shortest conductors 
possible? 


Is the main ground plate conductor properly terminated at both ends? 


Does the electronic equipment designated for single point grounding have an 
isolated ground terminated? 


° Is the feeder ground plate properly installed and marked? 


4D 


Is the branch ground plate of the single point grounding system properly 
installed and marked? 


Is the signal ground conductor properly color coded? 

 Isthe signal ground conductor properly terminated at the equipment? 

Is the single point ground conductor properly terminated at the feeder plate? 
° Is the Telco ground properly terminated to the facility ground system? 
Lightning Protection Grounding 

% Are all airterminals UL-approved for lightning protection? 

Are all air terminals properly supported? 

Are all air terminals at the proper elevation? 

Are all the air terminals properly interconnected? 


% Are all exterior metal objects subject to a direct lightning strike or flash-over 
properly bonded tothe roof or downconductors? 


° Does each air terminal have a minimum of two paths to the earth ground 
system? 
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 Areall the down conductors installed properly, and are they external to the 
facility building? 

Are all metal objects within 6 feet of the down conductors properly bonded to 
the down conductors? 


‘ Are all down conductors connected properly to the ground rods? 


‘° Are all ground rods properly sized, interconnected and installed? 
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APPENDIX C 
Lightning Protection Rationale 


Earth Electrode System 


¢ Where required, an Earth Electrode System (EES) shall be installed capable of 
dissipating the energy of direct lightning strikes, dissipating DC, AC, RF currents 
and conducting power system fault currents to earth. 


¢ A site survey should be made for existing facilities if data are not otherwise 
available. The four-probe method using a Biddle ground-resistance testermodel 
DET62D or equivalent tester should be used. 


¢ The EES shall consist of grounding rods, a counterpoise cable forming a closed loop 
on the ground rods and approved connections. The ground rods shall be 3/4 inches in 
diameter by 10 feet in length, copper-clad steel sectionalized type installed with the 
top of the rod at least 12 inches below finished grade. The ground rods shall be 
interconnected by the counterpoise cable that is a bare No. 4/0 AWG or larger copper 
conductor buried at least 2-1/2 feet below the finished grade. Connections to the 
ground rods shall be exothermic welds or by use of UL-approved connectors. 
Ground rods shall be outside of the drip line of the building’s dripline. 


¢ Structural steel of the building shall be connected to the EES at every other column 
around the building at intervals that shall not average over 60 feet apart, with 
No. 2/0 AWG or larger copper conductor. All underground metallic pipes, tanks and 
telephone grounds shall be connected to the EES by means of a No. 2 AWG copper 
conductor. All bonding resistances measured shall be one milliohm or less for each 
bond. 


¢ — Anaccess well shall be provided for large facilities. The access well shall have a 
removable cover that can be locked and should be located at a ground rod as near the 
central location of the facility as possible. This access well shall be used for 
connecting the power and electronic grounding systems to the EES and for the 
connection of any future grounding system to the EES. 


¢ — The Grounding Electrode Conductor (GEC) shall be sized in accordance with the 
NEC, but in no case shall it be smaller than No. 2 AWG copper. 


e¢ — Use the Fall of Potential method to establish the resistance plot indicating how the 
EES is performing. 
Service Entrance 


¢ Incoming power neutral conductor must be grounded using a Grounding Electrode 
Conductor (GEC). The case of the transformer must also be bonded to the same 
neutral point. 


¢ Underground service entrance conduit shall hold only service conductors including 
the neutral. 
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A grounding electrode conductor shall be used to connect the grounded neutral 
conductor at the service entrance equipment to the grounding electrode. This GEC 
shall be installed in one continuous length, without a splice or joint. Metal 
enclosures for the GEC shall be made electrically continuous by bonding each end to 
the GEC. 


The ground bus at the Main Service Disconnect Means (MSDM) shall be bonded to 
the neutral bar using the same size conductor as the GEC - Main Bonding Jumper. 


The neutral conductor shall not be connected to any ground other than in the MSDM 
(e.g., no neutral to ground bonds atsub-panels). 


Surge and Transient Protection Devices 


Refer to the manufacturer’s installation procedures pertaining to AC surge protection 
for the proper type and installation procedures. 


The AC power surge protection device shall be installed as close as practicable to the 
phase, neutral, and ground buses on the load side of the MSDM. 


The leads from the AC surge protection device shall terminate at their respective 
phase conductors and at the neutral bar. The case of the protector and the conduit 
nipple between the protection unit and the service shall be bonded to the ground. All 
leads will be as short as practicable and shall not have any sharp bends or kinks. 


Electrical Grounding 
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Reference the NEC - Article 250 for equipment to be grounded. 


The path to ground shall be permanent and continuous. It shall have the capacity to 
safely conduct any fault current likely to be impressed on it and have low impedance 
to limit the voltage to ground and facilitate the operation of the protection device in 
the circuit. The equipment grounding conductor shall run in the same raceway as the 
power conductors. All power raceways shall be electrically continuous and solidly 
connected to the equipment at both ends with UL-approved fittings. 


Grounding conductors shall be connected by pressure connectors, clamps or other 
UL-approved means. Connection devices or fittings depending on solder shall not be 
used. A connection shall be made between the one or more equipment grounding 
conductors and a metal box by means of an approved grounding device. 


Isolated ground pin receptacles installed in complying with NEC Article 250-146(D) 
shall only be permitted where approved for the purpose. This type of receptacle 
requires two equipment grounding conductors. One is run in the raceway with its 
related circuit conductors from the isolated ground terminal of the receptacle and 
shall terminate directly at an equipment grounding conductor terminal of its related 
service. This grounding conductor shall be permitted to pass through one or more 
panelboards without connection to panelboard grounding terminal. The other is to 
ground the receptacle box and shall be run in the conduit with its related circuit 
conductors and shall terminate on the ground bus of the panelboard providing the 
circuit protection for the receptacle. 
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Lightning Protection 


A lightning protection system consists of air terminals, roof and down conductors, 
ground rods, fittings and connections. All items shall have the UL label for use asa 
lightning protection component. Items that are listed by UL but not approved for 
lightning protection are not to beused. 


The tip of the air terminal shall be at least 10 inches above the object to be protected. 
Each terminal that has more than 24 inches total height shall be supported at a point 
not less than one half its height. 


All air terminals shall be interconnected as required by the “Standard for the 
installation of lightning protection systems” (NFPA 780) to ensure that each air 
terminal has at least two paths to ground. 


Not less than two down conductors shall be provided for buildings or structures 
(except for pole type towers where only one conductor is required). The down 
conductors shall be as widely separated as practicable. 


A conductor run through ferrous or aluminum material (conduit) shall be bonded to 
the top and bottom of the conduit. 


Conductors shall be securely attached to the object upon which they are placed. 
Fasteners shall be spaced not more than 3 feet apart on all conductors and shall be 
compatible with the structure. Conductors shall maintain a horizontal or downward 
course. No bend in a conductor shall form an inside angle of less than 90 degrees or 
have a radius of less than 8 inches. Metal objects that may be subject to a direct 
lightning strike shall be bonded to the lightning protection system. The bonding plate 
shall have an area of not less than 3 square inches. 


Metal objects at risk of a direct lightning strike shall be bonded to the system 
utilizing approved splices, fittings andconductors. 


Approved methods of below grade connections are exothermic. 
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APPENDIX D 
Grounding Requirements for Nonstructural Metal Elements 


Waveguide Grounding, Including Nonstructural Metal Elements 
At a minimum, waveguides shall be grounded as described in this appendix. 


All waveguides to the antennas shall be grounded at three points: 


¢ Near the antenna. 

¢ — At the vertical to horizontal transition near the base of the tower. 

¢ At the waveguide entry port. 
Supporting structures for waveguides shall be connected to the exterior earth electrode subsystem 
at the first and last support columns. Conductor leads shall be as direct as possible. 


Waveguides shall be grounded with solid copper straps or conductors at least equal to 
No. 6 AWG. All bends shall have a radius of 20 cm (8 inches) or greater and no bend shall be less 
than 90 degrees. 


Exterior Nonstructural Metal Elements 


All handrails, ladders, stairways, antenna pedestals, antenna elements operating at ground 
potential and other metallic elements subject to human contact shall be bonded to the lightning 
protection system with cables no less than a copper No. 6 AWG (see NFPA 780 3.21.3, Isolated 
[Non-Grounded] Metallic Bodies). 
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APPENDIX E 
Electrical Ground Loops 


Ground loops are one of the most significant grounding problems in many commercial and 
industrial environments. To understand ground loops is to recognize multiple ground paths. If a 
signal cable is grounded twice, unwanted currents will flow and the signal will be contaminated, 
which is a common cause of power quality problems. They occur whenever the equipment 
grounding conductor is connected to ground points, which are not at the same potential as the 
service ground. 


Equipment Safety Ground Conductor 


*-GromalicopClrent 
Ground Loop Current 4 
| > 
Earth Ground1-EG1 Earth Ground 2-EG2 


(Ground potential at EG1 # Ground potentialatEG2) ue 


With Earth Ground | at a different potential thanEarth Ground 2, current flows in the equipment 
safety ground conductor. This current causes ground noise. 
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APPENDIX F 
Typical ESD Event and EMI Meter 


The following pages are from the Credence Technologies’ Web site at www.credencetech.com. 
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EM Eye® ESD Event and EMI Meter 


EM Eye® is amultifunctional electromagnetic field 
meter. For full description of all the features of EM 


Eye® please visit it's web_pafe. 


As an ESD Audit and Survey tool, EM Eye® performs 
the following functions: 


| ) J Measurement and count of ESD Events 
(see Application Notes) 


Measurement of EMI environment 


& Ground EMI measurements 
(see Application Notes) 

Data logging of ESD and EMI Events with 
time/date stamp for documented ESD Audit and 
Survey Report. Data can be retrieved with supplied 
Windows™ -based software. 


Among applications of EM Eye for ESD andEM’: 


a Assessment of effectiveness of ESD preventive measures 
oe Identifying sources of ESD Events 
fUEvaluation of danger presented by the ESD Events 


flcottection of data of ESD Events for the entire work shift with time/date stamp and comparison 
with the similar data collected during last survey 


— Historical records of ESD environment 
Location and evaluation of electromagnetic interference at your plant 
Improving your EMI Environment and your ground 


— Calibration and characterization of workbench ESD Event monitors 


© 1999 Credence Technologies, Inc. Mail comments to wehrmster @credencetech.com 
Aware, Ei. Alert, EM Even EMEye and ScanEM are trademarks of Credence Technologies, Inc. 
Products arecovered by patents or are patent pending. All specifications are subject to change without notice. 
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Verification of grounding from EMI point of 
view using EM Eye® field strength meter 


Application Notes E213 


EM Eye Firmware versions 1.0.4.0 and 1.0.5.0 


Background 


Groundisthe most essentialcomponent of yourESD/EMIManagement. Good groundperforms several keyfunctions: 


O dissipates static charges from conductive objects 

Oestablishesthe common reference atthe factory 

Oprovides "disposal" for EMl-related signals 

0 provides compliance with thesafety regulations regarding protection of personnel 


Conventional methodology checks the quality of the ground usingohmmeters or multimeters. If the resistance path below the limit, 
the groundisjudged to be good. Whilethis method isadequate for assuring proper dissipationof static charges, itisinsufficient 
for verification of quality of ground for high-frequency signals, i.e. EMl-related signals. The problem is that atypical multimeter 
isincapable of measuring high-frequency signals (many multimeters go only as high as 3kHz while EMI range extends upto 2GHz 
and sometimes above that). 


Wha Is Different alHighFrequencies? 


At high frequencies behavior of electric circuits changes. A simple wirewhich at DC (directcurrent) and lower frequencies repre- 
sents ashort circuit (0Ohms) at higher frequencies (Megahertz and Gigahertz range) isan inductor: A coiled wirewhich at DC and 
lowerfrequencies still remainsashort circuit, athigher frequencies is aninductorwithvery high 
impedance that may block passage of current essentially disconnectingsupposedly grounded 
workbench oratool from the realground. As aresult, high-frequency EMl-inducedsignalsdo 
notdissipate into the ground and resideon aworkbench oron atool. To make itworse, improp- 
erly done ground wires pick up EMI themselves and inject itinto the circuits,aggravating the 
situation. Conventional methodology and tools provide false assurance of "good ground." 


TheSourcesofEMlonlhe GroundedObjects 


hthe ndustrial environment there are abundant sources of EMI. Any electric or electron- ics 

equipment generates EMI, ESD Events generate substantial amount of EMJextrane- 

ous sources such as mobile phones used inthe vicinity contribute tothe problem, EMI Oye cere 
generates elsewhere propagates via power and poorly-done ground cables and wires | 


and through the air: If the path to the ground for EMI is poor, a supposedly grounded 
object may have several volts of high-frequency signal present on its ground. 


Why EMlis Bad? 
To summarize t, EMIcauses several significant problems: 


O equipment lock-up 

Dequipment and sensor malfunction 

Dstrong EMI may cause damage of sensitive components 
Any ofthe abovecauseslossesanddowntime. 


If equipment is poorly grounded from EMI point of view, it willbemuch moresusceptible to EMI partially due to phenomenon called 
"ground bounce." At high frequencies voltage drops across such reactive component as long and coiled ground wires can 
result inground level shifts or"bounce."The bounce, when added to the device logic level, may be sufficient to erroneously toggle 
aflip-flop ina neighboring or succeedinglogic stage, causing equipment malfunction. Ifasensitive component,such as GMR 
head,is brought to the poorly grounded surface when there is strong "jolt" of EMI,the head will beexposed to electric overstress 
caused by the worst type of contact -- metal-to-metal. 


EMI-related problems are very difficult to diagnose ,causing substantial downtime. 
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Proper Methodology of Measuringthe Ground Qualitv from EMIPoimof View 


Verification of ground quality at high frequencies is notas complex as it may sound - Lets’examine the basic principle of ground. 


Good groundisan "infinite sink." Nomatter how muchenergy isprovidedinto it, good groundshouldhave NOvoltage onit. Ifthere is 
avoltage onthe ground, itsqualityisanywhere poorto unacceptable. 


Ifthereisavoltage presenton the groundedsurface,thisvoltage wouldcreate an electric field. At DC, this field couldbemeasured 

with the static field meter: If there is static electric field, the quality of groundfrom DC point of view is poor: At highfrequencies 
situationisvery simi ar. If the ground quality at high frequencies is poor, there will behigh-frequency voltage onthe "grounded" 
surfaces which would create high-frequency electric fields. By measuring these fields one can reliably assess quality of grounding 
from EMI pointof view. 


Procedure 


SetEM Eye toits default screen. Ifyou are notsure whereisthe default 
screendepressPower/(buttoncoupleoftimesto gettoit. 
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Move EM Eye away from any metal objectand measure the background 
EMI level. If your environment exhibits substantial EMI levels, you may 
see bar graph and numbersjump abit. Please avoid performingthese 
measurements nearthe mobile phone nuse. 


Now bring EM Eye'santenna - 1/2" close tothe metal grounded surface. 
If the quality of ground is good, it would have no or very little high- 
frequency signals sitting onit,therefore, EM Eye shouldsee no substan- 
tialncrease inemission Evel. 1 the emission kvel goes dramatically up, 
the quality of EMlgroundisvery poor. 


Italso helps to repeat the same test with EM Eye'detector set to PEAK 
(use DET button from the default screen) . 


GeneralGuidelines 
ff the emission level drops when the antenna approaches grounded surface, itisvery good ground for EMI 
If the emission level stays the same or goesupslightly,the EMI qualty of groundisadequate 


F the emission level increases more than twice from the background kvel, the EMI quality of grounds poor and needs to be 
improved. 


Wavs to Improve EMIGround QualilV 

Though every solution 6 specific to aparticular problem ,there are general guidelines to improveground quality: 
OShorten your ground wires 

OStraighten your ground wires 


OUse large gauge braidedcable 


S OConnectito known good ground 

S ODonotchain-link many v.orkstations 

v DAlways verify ground quality for EMI 

= DDoitonaregularbasis 
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APPENDIX G 
“Fall of Potential’ Method for Resistance Measurements 


This appendix outlines the most commonly used method to measure electrode resistance to 
ground (see diagram in Figure 2-7 in Section 2.8.2 of this manual). 


NOTE: Measurement is generally taken with a Biddle ground resistance tester. 


1. Connect the P; and C, terminals of the test instrument together and to the electrode 
being tested. 


2. Drive reference electrode C> into the earth as far away from the electrode under test 
as is practical. 


3. Drive reference P, into the ground at 62 percent, along a straight line between the 
earth electrode being tested and the reference electrode C). 


4. The meter reading will show earth ground resistance. 
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APPENDIX H 
Types of Lightning Protection Systems 


There are three types of lightning protection systems used to determine a “zone of protection.” 


1. Franklin: This lightning protection system consists of air terminal 
strike termination device(s), down conductor(s), and ground 
(earth) connection(s). 


j — 


A. 50-ft (15.3 m) maximum spacing 
B. 20-ft (6.1 m) or 25-ft (7.6-m) maximum spacing 


“Franklin” Lighting Protection System 
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2. Mast: The lightning protection system consists of a single mast 
driven into the ground (earth) such that its height above 
ground will constitute a “zone of protection” for any object 
located within the lightning striking distance and the mast. 


3. Catenary: This lightning protection system consists of two masts driven 
into the ground (earth) supporting an overhead ground 
conductor. The “zone of protection” is defined by a circular 
arc, concave side upward. The radius of the arc is the striking 
distance, and the arc passes through the tip of the masts and 
is tangent to the ground. 


“Mast” Lightning Protection System “Catenary” Lightning Protection System 


Overhead wires 
Radius 100 ft (30 m) 
(striking distance) 


Gi cana 
i’ oe 
| ae 4 eG 
rf 7 ; Supporting mast 
it eck me inca 
ef SOF a 
Ground surface cee 
(a) SingleMast (b) Overhead Ground Wires 
Zone of protection Zone of protectiondefined 
defined by dashedlines by ground wire(s) and dashedlines 
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APPENDIX | 


Alternative Lightning Protection System 
for Upper Air Building 
(Catenary Type) 


No. 2 Bare Stranded 
Copper 


Upper Air Dome 


#— Mast (2 typical) 
WwW 


Tower Leg 
Platform Pec 


' 10 feet below grade 


Zone of Protection is established by using a 100-foot arc (concave side upwards) 


where: 
D, = Sideflash distance from catenary or distance above dome 
L = _ Lightning protection conductor length 


N  =_ 1.5 for single overhead conductor 
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D, = H/6 


where: 


H = _ Upper air dome height above grade 


D, = Sideflash distance from a mast to dome surface 


Example: 


Upper air dome height above grade—55feet = H 
Width of dome — 18 feet = W 


Height of Dome from platform — 15 feet 


Hp 


H, + D, = H 
Class I size overhead lightning conductor needed (NFPA 780 recommended). 


Use No. 2 bare stranded copper conductor. 


Length of conductor needed: 
D, +W +D, 
D, = H/6 = 55/6 = 9.2 = 10 feet 
L = 10feet + 18 feet + 10 feet = 45 feet of No. 2 lightning conductor: 


Distance above dome:: 


D,=L/6N (NFPA 780) 


L = 38 feet 
N- = h5 
D, = 38/6x 9.5 =8.33 feet (string conductor 10 feet above dome) 


Use rigid conduit for lightning dome conductor (recommended size: 1-1/2 inches). 


Rigid conduit should be buried at least 10 feet below grade. 
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GLOSSARY 


(Sources: IEEE STD 100, NFPA 780, and NEC) 


Access Well. A small covered opening constructed in the earth made of concrete, clay pipe, or 
other wall material, providing access to an earth electrode system (EES) connection. 


Air Terminal. A component of a lightning protection system specifically designed to intercept 
lightning strikes. 


Alternating Current (AC). An electric current that reverses direction at regularly recurring 
intervals of time. 


Arrester. Components, devices, or circuits used to attenuate, suppress, limit, and/or divert 
adverse electrical (surge and transient) energy to ground. The terms arrester, suppressor and 
protector are used interchangeably; the term arrester is used herein for components, devices and 
circuits at the service disconnecting means. 


Bend Radius. The radial distance of any arc formed by a bent cable, measured to the geometric 
center of the cable. 


Bond. The electrical connection between two metallic surfaces used to provide a low resistance 
path between them. 


Bond, direct. An electrical connection utilizing continuous metal-to-metal contact between the 
members being joined. 


Bond, indirect. An electrical connection employing an intermediate electrical conductor 
between the bonded members. 


Bonding. The joining of metallic parts to form an electrically conductive path, ensuring electrical 
continuity and the capacity to conduct current imposed between the metallic parts. 


Bonding Jumper. A conductor installed to ensure electrical conductivity between metal parts to 
be electrically connected. 


Branch Circuit. Circuit conductors between the final overcurrent device, protecting both the 
circuit and the outlet. 


Brazing. A joining process using a filler metal with working temperature above 800 degrees F 
but below the melting point of the base metal. The filler material is distributed by capillary action. 


Building. The fixed or transportable structure providing environmental protection; a stand alone 
structure or one isolated from adjoining structures by fire walls. 


Bus, Ground. A bus to which the grounds from individual pieces of equipment are connected, 
and, in turn, is connected to a main ground at one or more points. 


Cabinet. A protective housing or covering for two or more units or pieces of equipment. A 
cabinet may consist of an enclosed rack with hinged doors. 


Cable Tray. A prefabricated metal raceway with or without covers consisting of side rails and 
bottom support sections. 
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Case. A protective housing for a piece of electrical or electronic equipment. 


Chassis. The metal structure supporting electrical or electronic components comprising the 
equipment. 


Chemical Enhancement. The chemical treatment of soil around a driven ground rod to reduce 
its resistance. 


Clamp Voltage. The voltage appearing across the surge or transient suppressor terminals when 
the suppressor is conducting a surge current to ground. 


Coke Breeze. A chemically soil resistance enhancement backfill material that is a by-product 
from burning coke. 


Conductor, Bare. A conductor having no covering or electrical insulation. 


Conductor, Guard. A grounded wire installed above and in parallel to a current carrying 
conductor, but not connected to it. Its purpose is to lightning protect the current carrying 
conductor by enabling nearby high lightning voltages and currents to drain to ground. At least 10 
inches should be maintained between the protected cables and the guard conductor (wire). 


Conductor, Insulated. A conductor encased within material of composition and thickness 
recognized by the NEC as electrical insulation. 


Conductor, Main. The conductors intended to carry lightning currents between air terminals and 
ground terminations. These can be the roof conductors interconnecting the air terminals on the 
roof, the conductor to connect a metal object on or above roof level that is subject to a direct strike 
to the lightning protection system, or the downconductor. 


Cone of Protection (Lightning). The space enclosed by a cone formed with its apex at the 
highest point of a lightning rod. The diameter of the base of the cone has a definite relation to the 
height of the rod. The ratio of radius of base to height varies approximately from one to two. 


Copper-Clad Steel. Steel with a coating of copper welded to it, as distinguished from 
copper-plated or copper-sheathed material. 


Counterpoise. A system of conductors located below ground to enhance a low impedance path 
to the earth electrode system. 


Critical Load. That part of the load requiring continuous quality electric power for its successful 
operation. 


Earth Electrode System (EES). A network of electrically interconnected rods, plates, mats, 
piping, incidental electrodes (metallic tanks, etc.) or grids installed below grade to establish a low 
resistance contact with earth. 


Effectively Grounded. Intentionally connected to earth through a ground connection or 
connections of sufficiently low impedance and having sufficient current-carry capacity to limit 
the buildup of voltages to levels below that which may result in undue hazard to persons or to 
connected equipment. 


Electromagnetic Interference (EMI). Any emitted, radiated, conducted, or induced voltage 
degrading, obstructing, or interrupting performance. 
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Electronic Multipoint Ground System (MPG). An electrically continuous network consisting 
of interconnected ground plates, equipment racks, cabinets, conduit, junction boxes, raceways, 
duct work, pipes, copper grid system, building steel, and other non-current carrying metal 
elements. 


Electronic Single Point Ground System (SPG). A single reference network providing a 
single-point reference in the facility for equipment requiring single-point grounding. The 
single-point ground system is designed in a manner to minimize stray currents and magnetic 
interference. It consists of conductors, plates and equipment terminals, all of which are isolated 
from any other grounding system except at the main ground plate. 


Electrostatic Discharge (ESD). Electrical discharges of static electricity that build up on 
personnel or equipment, generated by the sudden transfer of charge between bodies of differing 
electrostatic potentials. 


Equipment Grounding Conductor. The conductor with the phase and neutral conductors used 
to connect non-current carrying metal parts of equipment, raceways, and other enclosures to the 
system grounded conductor and/or to the grounding electrode conductors at the main service 
disconnecting means or at the point of origin (Xo bond) of a separately derived system. 


Equipment. An item having a complete function apart from being a component of a system. 
Exothermic. Characterized by or formed with the release of heat. 


Facility Ground System. Consists of the complete ground system at a facility including the earth 
electrode system (EES), electronic multipoint ground system (MPG), electronic single point 
ground system (SPG), equipment grounding conductors (EGC), grounding electrode conductor(s) 
(GEC), and lightning protection system (LPS). 


Faraday Cage. A grounded metallic barrier which can be used as ashield. 


Feeder. All circuit conductors between the service equipment or the source of a separately 
derived system and the final branch circuit overcurrent device. 


Filter. A circuit that eliminates certain portions of a signal, by frequency, voltage, or some other 
parameter. 


Ground. A conducting connection, whether intentional or accidental, between an electrical 
circuit or equipment and the earth, or to some conducting body serving in place of earth. 


Ground Grid. A system of grounding electrodes consisting of interconnected bare conductors 
buried in the earth to provide a common ground for electrical devices and metallic structures. 


Ground Loops. A potentially detrimental loop formed when two or more points in an electrical 
system that are nominally at ground potential are connected by a path such that either or both 
points are not at the same ground potential. 


Grounded Conductor. A system or circuit conductor intentionally grounded at the service 
disconnecting means or at the source of a separately derived system. This grounded conductor is 
the neutral conductor for the power system. 


Glossary-3 


NWSM 30-4106 APRIL 25 2017 


Grounded Effectively. Permanently connected to earth through a ground connection of 
sufficiently low impedance and having sufficient current carrying capacity insuring ground fault 
current, which may occur, cannot build up to voltages dangerous to personnel or equipment. 


Grounding Conductor. A conductor used to connect equipment, or the grounded circuit of a 
wiring system, to the grounding electrode system. 


Grounding Electrode. Copper rod, plate, or wire embedded in the ground for the specific 
purpose of dissipating electric energy to the earth. 


Grounding Electrode Conductor. The conductor used to connect the grounding electrode to the 
equipment grounding conductor and/or to the grounded (neutral) conductor of the facility at the 
service disconnecting means or at the source of a separately derived system. 


Halo. A circular metallic disk (band) surrounding the overall shield of a cable. To be used to 
ground the shield. 


Hertz. One cycle of alternating current. 


High Frequency. All electrical signals at frequencies greater than 20 kilohertz (khz). Pulse and 
digital signals with rise and fall times of less than 10 micro-seconds are classified as high 
frequency signals. 


Landline. Any conductor, line or cable installed externally above or below grade to interconnect 
electronic equipment in different facility structures or to interconnect externally mounted 
electronic equipment. 


Low Frequency. All electrical signals less than 20 kilohertz (khz). 


Major Renovations. Any renovation to the building or any additional alterations that cost more 
than 50% of the replacement cost of the building. 


Material Safety Data Sheet (MSDS). A collection of details about chemicals and theirhazards. 


Multipoint. Pertaining to grounding bus having several different equipment (green conductor) 
circuit grounds (used in high frequency regime). 


National Electrical Code (NEC). A standard containing provisions considered necessary for 
safety governing the use of electrical wire, cable, equipment, and fixtures installed in buildings. It 
is sponsored by the National Fire Protection Association (NFPA) under the auspices of the 
American National Standards Institute(ANSI). 


Overshoot Voltage. The fast rising voltage appearing across transient suppressor terminals 
before the suppressor turns on (conducts current) and clamps the input voltage to a specified level. 


Plate, Ground. A plate of conducting material buried in the earth to serve as a grounding 
electrode. 


Radio Frequency. A frequency useful for radio transmission (usually between 10 khz to 100,000 
MHz). 


Resonance. A condition in a circuit containing inductance and capacitance in which the 
capacitive reactance is equal to the inductive reactance. This condition occurs at only one 
frequency in a circuit with fixed constants, and the circuit is said to be “tuned” to this frequency. 
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Reverse Standoff or Maximum Continuous Operating Voltage (MCOV). The maximum 
voltage that can be applied across transient suppressor terminals with the transient suppressor 
remaining in a non-conducting state. 


Rolling Sphere Model [Method of Locating Lightning Protection Air Terminals]. This 
method establishes the zone of protection from a lightning strike. It is the space below a rolling 
ball of radius [150 feet (46m)] immune to lightning strikes. When the ball is tangent to earthand 
resting against a strike termination device (air terminal), all space in the vertical plane between 
the two points of contact (air terminal point and earth point) are in the zone of protection. 


Sacrificial Plate. Reduction or prevention of corrosion of a metal in an environment acting as an 
electrolyte by coupling it to another metal that is electrochemically more active in that particular 
electrolyte. 


Separately Derived System. A premises wiring system whose power is derived from a battery, a 
solar photovoltaic system, or from a generator, transformer, or converter windings, and that has no 
direct electrical connection, including a solidly connected grounded circuit conductor, to supply 
conductors originating in anothersystem. 


Shield. A housing, screen, or cover that substantially reduces the coupling of electric and 
magnetic fields into or out of circuits or prevents accidental contact of objects or persons with 
parts or components operating at hazardous levels. 


Shielded. A housing, screen, or other object, usually conducting, that substantially reduces the 
effect of electric or magnetic fields enclosed. 


Short Circuit. An overcurrent resulting from a fault of negligible impedance between live 
conductors having a difference of potential under normal conditions. 


Signal Reference Grid. A system of conductive paths among interconnected equipment that 
reduces noise-induced voltages. 


Signal Reference Structure (SRS). A system of conductive paths among interconnected 
equipment that reduces noise-induced voltages to levels that minimize improper operation. (Also 
known as high frequency grounding of electronic equipment.) 


Single Point. Pertaining to the electronic equipment grounding bus, where the electronic 
equipment chassis grounds are connected and isolated from any other grounding system; this bus, 
in turn, is directly connected to the EES (used in low frequency regime). 


Steady State. The condition of a specified variable at a time when no transients are present. 


Surge. An overvoltage of short duration occurring on a power line. Lightning or switch events 
may cause surges. 


Surge Protection Device. A device intended to either limit transient overvoltages or divert surge 
currents or both. It contains at least one nonlinear component. 


Surge Suppressor. A device operative in conformance with the rate of change of current, 
voltage, power, etc., to prevent the rise of such quantity above a predetermined value. 
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Susceptibility Level. The electronic equipment susceptibility level serving as the lesser of the 
damage, degradation, or upset levels, considering all electronic components potentially affected 
by conducted or radiated transients. 


Transient Suppressor. Components, devices, or circuits designed to attenuate and suppress 
transient and surge energy by providing a control path to ground to protect facility equipment. At 
the service disconnecting means, the term “arrester” is generally used instead of transient 
suppressor. The term surge protective device (SPD) is preferred. 


Turn-on Voltage. The voltage required across transient suppressor terminals to cause the 
suppressor to conduct current. 


Utility. Furnished commercial power. It is usually the prime power source. 
Varistor. Solid-state voltage regulator. 


Waveguide. A system of material boundaries or structures for guiding electromagnetic waves 
(e.g., the use of a hollow metal pipe or duct work). 


Weld. To join by applying heat. 


Zone of Protection. The space adjacent to a Lightning Protection System that is substantially 
immune to direct lightning flashes. 
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abbreviations, 1.5, 3.2.1 
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access well, 2.8.6, 3.3.2 (20) 

acronyms, 1.5 air 
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for antenna protection, 2.7.9.5 on 
buildings, 2.7.8.1, 3.3.9 
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and electronic equipment protection, 2.5.4 
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facility surge protection, 2.5.2 
power filters, 2.12.6 

aluminum 
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requirements, 2.13, 3.3.2, 3.3.3, 3.3.4 
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buildings, 2.7.8, 3.3.2, 3.3.4 


C 
catenary design, App. H, App. I 
chemical enhancement, 2.8.2.1, 2.8.4.5, 
3.3.2 
chemical rods, 2.8.2.2 
coke breeze, 2.8.2.4, 2.8.2.5, 2.8.4.5 
conductors 
color-coding, 2.11.3 
down. See down conductors 
equipment grounding, 2.5.2.3, 2.11.2, 2.11.3.3, 
3.3.7,3.3.8 
grounding electrode, 2.11.1 
roof, 2.7.2, 2.7.3.1, 2.7.6 
routing of, 2.11.3.4 
copper 
and aluminum conductors, 2.7.1 
fittings, 2.7.3.2 
roofing, 2.7.1 
use of, 2.6.7.2, 2.7.3.2, 2.7.8.1 
Credence Technologies, Inc., App. F 


D 


DC power, transient suppression, 2.5.4.3 
down conductors 

on buildings, 2.7.8.2 

on fiberglass mounting poles, 2.7.6.1 

requirements, 2.7.2 

routing of, 2.7.6 

terminations, 2.7.7 

on towers, 2.7.9.1 


E 


earth electrode system 


and exothermic welds, 2.6.4, 2.6.7.2, 2.13.2.1, 
2.13.5.1 


and ferrous conduit, 2.2.3, 2.2.4 

and fiber-optic cable 2.6.9 

with grounding electrode conductors, 2.11.1 

and high-energy suppression components, 2.6.6 

and landline transient protection, 2.6.8 

and LPS, 2.7.5.4, 2.7.6.1, 2.7.7, 2.7.8.1, 2.7.8.4, 
2.7.9.2, 2.7.9.6, 2.7.9.7, 2.7.9.8, 2.7.10.1, 
2.7.10.2, 2.7.11.1 

and MPG system, 2.9, 2.9.2, 2.9.3, 2.9.4, 2.9.4.1, 
2.9.5, 2.9.5.1 

requirements, 2.8 
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with RF lines and antennas, 2.12.7.1— 


2.12.7.3 with SPG system, 2.10, 2.10.2, 
2.10.4.1 


EES. See earth electrode system 
electrical ground loops, App. E 
electronic equipment 
applied signal difference, 2.16 
grounding of, 2.12.1, 3.3.4 
portable, 2.12.4 
power isolation requirements, 
2.12.3, 3.3.6 


electrostatic discharge, 2.15 
EM eye meter, App. F 
EMI ground quality, measurement of, App. F 
equipotential planes, 2.9.1.1 
ESD event and EMI meter, App. F 
exhaust stacks, 2.7.5.3 


F 
Fall of Potential method. See resistance measurement 
Faraday cage, 2.7.11.2, 3.3.2 (22) 
fault protection, 2.12.5 
fences, 2.7.10 
ferrous conduit 
enclosing landlines, 2.6.1 
for surge and transient protection, 2.1 
use at penetration of facility, 2.2.4 
fiber-optic lines, 2.1, 2.2.1, 2.6.9, 3.3.8 
fittings, 2.7.3.2 
Franklin rod design, 2.7.8.6, 3.3.9, App. H 


G 
gates. See fences 
ground plates, 2.8.2.5, 2.10.1 
ground rods 
with access wells, 2.8.6, 3.3.2 
(20) 
and SGS antenna grounding, 2.12.7.1—2.12.7.2 
with chemical enhancement material, 2.8.2.1 
with counterpoise cables, 2.13.5.2 
with down conductors, 2.7.7 
and EES configuration, 2.8.3, 2.8.4 
with engineered soils, 2.8.2.3 
with fences and gates, 
2.7.10.1, 3.3.3 
with guy wires, 2.7.9.6, 3.3.2 
interconnections of, 2.8.5 
in LPS, 2.7 
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and SGS antenna grounding, 2.12.7.1, 2.12.7.2 
grounding 3.3.2 

NEC requirements, 2.11 

for nonmetal structural elements, App. D 


other requirements, 


2.12 grounds, hard and 
soft, 2.15.1 guard wires, 2.1 
guards, 2.7.4 


I 


Ideal Lightning-Dissipating Single Point Grounding 
System, Figure 3-1, Chapter 3 


L 

landlines 2.6.4 

landlines, 2.6.1 

lightning protection 
checklist, App. B 
minimum requirements, 1.2 
rationale, App. C 

lightning protection systems 
electrical continuity test, 2.16 
inspection of, 2.16 
requirements, 2.7 
types of, App. H 

lightning safety, checklist, App. A 

lines and cables 
external 2.2 


interior, 2.3 


M 
mast design, 2.7.8.6, App. H 
metal building elements, 2.9.3.1 
metal bulkhead connector plates, 2.6.7.2 
metal conduit 

grounding of, 2.9.5.1 

unused, 2.2.5 
metal equipment enclosures, 2.11.3.5 
metal-clad surfaces, cleaning of, 2.13.9.4 
metallic electronic support structures, 2.9.5 
metallic pipe, 2.2.3, 2.9.4 
MPG system, 2.6.6, 2.6.9, 2.7.11.4, 2.7.11.5, 2.9, 2.10, 


2.10.2, 2.10.5, 2.11, 2.12.1, 2.13.3, 2.14.1.2, 2.15, 
2.15.1.1 


multipoint grounding. See MPG system 2.7.11.5 


P 


Personnel safety 3.4 


power lines 
AC, 2.5.2 
DC, 2.5.4.3 


R 

radar towers, 2.7.11 

radomes, 2.7.8.5, 2.7.9.3 

referenced (applicable) documents, 1.4 
resistance measurement, 2.8.2, 3.3.1 
resistance measurement, App. G 

RF transmission lines, 2.12.7 


S 
Sacrificial anodes 3.3.2 (9) 
separately derived system, 2.11.1 
shielding, 2.14 
Signal Reference Structure, 
single-point grounding. See SPG 
system, 3.3.2 (18) 
site surveys, 2.8.1, 2.8.2, 2.8.3 
soil 
corrosive, 2.8.2.6 
dry, 2.8.2.2 
in EES design, 2.8.2 
engineered, 2.8.2.3 
shallow, 2.8.2.5 
soil restivity test, 2.8.1, 3.3.1 
SPDs. See surge protection devices 
SPG system, 2.7.11.4, 2.7.11.6, 2.10, 2.12.3 
SRS. See Signal Reference Structure 
steel 
copper-clad, 2.8.4.1 
structural, 2.7.2.1, 2.7.11.2, 2.8.5, 2.9, 2.9.2.1, 
2.9.2.2, 2.9.3, 2.11.1, 2.13.5.1 
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surge levels, 2.5.1 
surge suppression, 2.5 


surge protection 
for electronic equipment power entrance, 2.5.4 
requirements, 2.1 

surge protection devices 


at main service disconnecting means and at power 
line entrances, 2.5 


for distribution and branch panels, 2.5.3 

for facility AC, 2.5.2 

NEMA enclosure types, 2.5.2.2 

surge and transient protection requirements, 2.1 


testing compliance 2.6.1.1 


T 


transient protection 
equipment susceptibility levels, 2.4 
for electronic equipment power entrance, 2.5.4 
requirements, 2.1, 3.3.5, 3.3.6 


U 
upper air buildings, 2.7.8.6, App. I 


Ww 
Window (copper)/ bulkhead 3.3.7 
welding 

exothermic, 2.13.2.1 


minimum requirements, 2.13.2.2 


Z 
zone of protection, 2.7.8, App. H 
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Preface 


Training Circular (TC) 6-02.6 provides various grounding techniques for tactical communications equipment and 
systems including the Surface Wire Grounding Kit. This TC is intended to supplement detailed grounding and 
safety information found in doctrine publications and equipment technical manuals. Grounding is a basic 
communications procedure, each Soldier should know how and why to perform grounding procedures regardless 
of the equipment they are operating. 


The principle audience for TC 6-02.6 is all Army professionals and contractors who plan, operate, maintain, and 
use grounding devices for tactical equipment and systems. This publication provides grounding techniques 
information and guidance to commanders, staffs, operators, and maintainers that execute oversite grounding 
procedures for the Army. TC 6-02.6 provides a significant resource to Army trainers and educators. 


Commanders, staffs, and subordinates ensure their decisions and actions comply with applicable Unites States, 
international, and in certain cases, host nation laws and regulations. Commanders at every level ensure their 
Soldiers operate according to the laws of war and the rules of engagement. (See FM 27-10.) 


Additionally, Commanders and subordinate leaders ensure that all members of the Army Profession are expected 
to live by, adhere to, and uphold the moral principles of the Army Ethic. The training objective is for trusted 
Army professionals to accomplish their missions in the right way; ethically, effectively, and efficiently. 
Commanders and subordinate leaders, as moral exemplars and stewards of the Army profession, understand that 
their leadership facilitates the command climate, shared understanding, and mutual trust necessary to develop 
cohesive teams of trusted Army professionals (ADRP 1). 


TC 6-02.6 uses joint terms where applicable. Selected joint and Army terms and definitions appear in both the 
glossary and in the text; the term is italicized and the number of the proponent publication follows the definition. 
This publication is not the proponent for any Army terms. For other definitions shown in the text, the term is 
italicized and the number of the proponent publication follows the definition. 


TC 6-02.6 applies to the Active Army, Army National Guard, Army National Guard of the United States, and 
United States Army Reserves unless otherwise stated. 


The proponent of TC 6-02.6 is the United States Army Cyber Center of Excellence. The preparing agency is the 
Cyber Center of Excellence Doctrine Branch and United States Army Cyber Center of Excellence. Send 
comments and recommendations on a Department of Army Form 2028 (Recommended Changes to Publications 
and Blank Forms) to Commander, United States Cyber Center of Excellence, ATTN: ATZH-DT (TC 6-02.6), 
506 Chamberlin Avenue, fort Gordon, GA 30905-5735; by e-mail to usarmy.gordon.cyber-coe.mbx. gord-fg- 
doctrine @ mail.mil. 
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Introduction 


This training circular is a guide to proper earth grounding methods and procedures for 
use with tactical systems. It describes different earth grounding systems and provides 
guidance on the proper methods for their installation. Earth grounding helps to protect 
personnel and equipment from electrical faults and power surges. Earth grounding also 
helps reduce circuit noise and other transmission interference that can degrade 
communications-electronics system performance (CECOM TR 98-6). The instructions 
contained in this circular are designed to supplement information not often found in 
technical manuals. It will help in setting up effective and safe earth grounding systems 
for tactical equipment, systems, and shelters. The procedures outlined in this training 
circular can assist in solving grounding problems which may be encountered. For 
detailed grounding procedures, consult the specific manual on the tactical equipment or 
systems being operated or installed. Failure to ground equipment or improper grounding 
can lead to serious injury or death. The equipment is also subject to catastrophic failure 
from electricity surges. Improper grounding can lead to burned-out circuit cards or 
complete destruction of a piece of equipment or the entire system may become non- 
mission capable. 


TC 6-02.6 contains five chapters: 


Chapter 1 covers the three basic types of grounding systems. Earth ground, equipment 
ground, and chassis ground. 


Chapter 2 describes the many techniques used for grounding. Such as rods, plates, and 
wires contacting the earth. This chapter explains each system, recommends materials 
and kits to use, and how to install the system you select. 


Chapter 3 explains the different types of soil conditions that a Soldier may find in a 
tactical operation for the employment of equipment and systems that need to be 
grounded. The kinds of soil, its moisture content and temperature all affect how well the 
equipment of system will operate. 


Chapter 4 discusses the different types of terrain and how it can affect grounding 
procedures selected. 


Chapter 5 provides helpful hints and additional information that will help the user if 
grounding procedures become a problem. 


Appendix A provides a general grounding checklist that can be utilized by commanders, 
staffs, leaders, and Soldiers for their equipment and systems that require an earth ground. 
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Chapter 1 
Types of Grounds 


This chapter covers the three basic grounding systems: earth 
ground, equipment ground, and chassis ground. 


BASIC GROUNDING SYSTEMS 


1-1. All Soldiers need to keep basic grounding techniques and procedures in mind 
prior to employment of their communication and electronic equipment. Failure to 
perform basic grounding techniques could lead to equipment failure, network outages, 
and ultimately personnel injury or death. 


EARTH GROUND 


1-2. In order to protect communications and electronic equipment from built up or 
induced electrical charges or lightning strikes, provide a metal path to earth ground. 
Charges that can build up or be induced onto equipment or are exposed to external high 
voltages are sent harmlessly into the earth if all the fundamental pieces of an effective 
grounding system are used. 


1-3. An earth grounding system helps to keep the electrical potential on noncurrent- 
carrying metal surfaces at a similar level as that of the surrounding earth. Earth 
grounding is only part of the overall ground system. The other is to ensure that all 
equipment and power supplies in the equipment, shelter or system are bonded with a 
common equipment grounding conductor. 


1-4. Earth ground consists of three key components that work together (see figure 1-1 
on page 1-2). These components are the equipment grounding conductor (green wire), 
the connection point (ground lug or terminal), and the earth grounding electrode (ground 
rod). (CECOM TR 98-6). 
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connection 


grounding electrode conductor 


er = 


—— 


earth grounding electrode 


__ moisture line 


Figure 1-1. Earth ground 


Note. That the top of the installed rod is below, the earth’s surface plane. This 
reduces dangerous voltages near the rod during a storm and helps to avoid 
tripping hazards. 


EQUIPMENT GROUND 


1-5. A good equipment ground is needed to connect all the components of the system 
or equipment shelter to a common earth ground. This kind of ground connects the metal 
mounting frames, cases, dust covers and cable shields of the equipment to a common 


ground bus. 


1-6. Equipment ground protects the user from being shocked when touching the 
equipment, and it protects the equipment from being damaged. 


1-7. Equipment ground creates a low-impedance path to permit overcurrent protection 
devices to open as well as limits voltages between exposed conductive surfaces or 
ground. In most cases the wire used that connects the equipment to the ground bus is 
green (see figure 1-2 on page 1-3). 
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Types of Grounds 


Figure 1-2. Equipment ground 


CHASSIS GROUND 


1-8. A chassis ground is used in all electrical (electronic) equipment, vehicles, and 
generators. For example inside the equipment enclosure of a satellite transportable 
terminal, there are some visible parts connected to the metal chassis (ground) (see figure 
1-3 on page 1-4). 

1-9. The purpose of chassis ground is to connect (bond) individual items to the 
equipment grounding conductor in alternating current systems or negative in DC current 
systems. This bonding holds all conductive parts at the same voltage to prevent shock 
hazards. Also it provides short-circuit path to clear circuit breakers in the event of a 
ground fault. 
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ROADSIDE 
GROUND LUG 


Figure 1-3. Chassis ground 


1-10. A good example of a chassis ground is in the electrical system of your satellite 
transportable trailer and its generator. One terminal of the battery, usually the negative, 
is connected directly to the chassis. Likewise all equipment in the rear equipment 
enclosure is individually connected to a common ground bus which is tied to the chassis 
of the trailer. This is then tied to the roadside ground lug for which the surface wire 
grounding kit is attached thus completing the grounding of all components of the 
satellite transportable terminal. 
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Chapter 2 
Grounding Systems 


This chapter discusses the purpose of grounding systems and the 
various key components used with earth grounding. 


PURPOSE OF GROUNDING SYSTEMS 


2-1. An earth grounding system helps keep the electrical potential on noncurrent 
carrying metal surfaces at a similar level as that of the surrounding earth. Earth 
grounding also provides a preferred discharge path for externally generated electrical 
surges due to power switching, faults, or lightning. This earth ground reference is 
established by firmly connecting a number 6 American wire gauge wire between the 
equipment (generator, communications electronics system, shelter) and running it to a 
buried metal electrode (ground rod, water pipe, plates) which is in contact with moist 
subsoil or reaches into the underground water table. See the American wire gauge table 
2-1 on page 2-13 for more information. 


2-2. It is important to note that earth grounding is only a part of the total ground 
system. Equally important to the earth grounding system is the need to inter bond all 
equipment and power supply enclosures through the equipment grounding conductor 
(green wire), as well as the need to bond the power supply neutral circuit conductor to 
earth (known as system grounding). However, since the primary area of Soldier 
involvement is in the area of earth grounding shelters, generators, and equipment using 
rods and straps, this will be the area of focus. For more information on the additional 
requirements associated with equipment grounding conductors and system grounding, 
see CECOM TR-98-6. 


DANGER 


Ensure equipment being grounded does not have 
power applied. If the equipment has power and a 


fault current occurs while working with the 
grounding system, a hazardous condition may 
exist. 


EARTH GROUNDING SYSTEM KEY COMPONENTS 


2-3. The earth grounding system consists of three key elements which when are 
properly incorporated together make an effective grounding system. These elements are 
the earth grounding conductor, the connection point, and the earth grounding electrode. 
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A lack of attention to any of the three elements can create a weak link which could lead 
to a failure. 


EARTH GROUNDING CONDUCTORS 


2-4. The purpose of the earth grounding conductor is to provide a low impedance path 
between the equipment noncurrent-carrying metal parts (enclosure) and the earth. The 
term "low impedance" is used, which covers both resistance (which is independent of 
signal frequency) and reactance (resistance that changes with frequency). The 
importance of this can be best illustrated as follows: given a properly sized earth 
grounding wire is provided which has a number of loops and sharp bends. This 
grounding path may show a low resistance reading using an ohmmeter, and may indeed 
be suitable for DC or 60 Hertz (low frequency) related events. However, the loops and 
sharp bends will substantially increase the path's impedance during higher frequency 
events such as lightning related transients (over 100,000 Hertz) and signal noise. This 
example points out the reason why in some cases equipment grounding-related problems 
occur although a grounding wire is provided. Along with loops and sharp bends, other 
factors that affect path impedance include wire size, length, shape and surface area. 


CONNECTION POINT 


2-5. Connections in a grounding system are very important and often overlooked. 
Though grounding connections can look fine, they may fail if loose or corroded. Usually 
the equipment (generator, shelter) has a built-in terminal for connecting the ground strap. 
To connect the ground strap to the surface end of the ground rod, there may be a terminal 
(thumb) screw (see figure 2-1) or a ground clamp. If neither is present, install the ground 
rod using the wrap method. 


thumb screw 


ground rod 


Figure 2-1. Ground rod with terminal screw 
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Clamp or Screw Method 


2-6. Clamp or screw connections tightly to prevent loosening over time. Use a lock 
washer where nuts or bolts are used. Do not over tighten the connection to the point 
where the conductor strands are damaged. When using a clamp, always have the clamp 
body compress the grounding electrode conductor against the rod (see figure 2-2). Using 
clamp screw to compress the electrode conductor against the ground rod results in a bad 
connection. CECOM TR 98-6. 


ground rod 


ad 
ground wire 


Figure 2-2. Ground rod clamp 


2-7. Ground clamps come in many different shapes and sizes, but they all have one 
purpose, to hold the ground strap tightly against the ground rod. When attaching, ensure 
that the bonding surfaces are free of paint, corrosion, grease, or dirt. Performing weekly 
inspections of the ground clamp will ensure the connection points are not building up 
with corrosion and also serve to identify any potential tripping hazards. 


2-8. Connecting dissimilar metals, especially copper and aluminum or copper and 
galvanized parts can cause corrosion at the bonding point. If you cannot avoid mixing 
different metal connections, then more frequent inspection or cleaning of the connection 
points may be necessary. 


Wrap Method 


2-9. Use the wrap method for a temporary installation if a terminal screw or ground 
clamp is not available. Bind the ground strap to the rod by using strong, flexible bare 
copper wire. First scrape the rod and the strap with a knife so the metal shines. Place the 
strap in parallel with the rod (figure 2-3 on page 2-4) and be sure the strap is connected 
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to the rod in an upward direction as shown. The strap should never be wrapped around 
the rod. Wrap about 24 turns of the copper wire around the strap and rod. Only a copper 
or bronze strap should be connected to the rod. 


ground strap 


24 or more twists d 
of wire 


ground rod 


Figure 2-3. Wrap method 


2-10. Dissimilar metals react chemically with each other to produce corrosion at the 
points of contact. This destroys the connection. If the strap is not copper or bronze, you 
must use a bimetallic connector. For copper or bronze, if you cannot solder the 
connection, twist the ends of the wire as tight as you can without breaking them. 


Note. Remember grounds are clean, tight, and inspected regularly. 


EARTH GROUND ELECTRODE 


2-11. Various types of earth ground electrodes are used to establish an interface with 
the earth ground. The most commonly used electrode is the ground rod, which is 
available in various lengths and configurations. 


2-12. Under certain conditions, a good earth ground can be achieved by connecting to 
existing objects such as a buried metal pipe or the steel frame of a building. Where poor 
soil conditions exist, other methods and combinations of methods are required, which 
are discussed later. The following is a description of some of the typical earth grounding 
electrodes that are used. 
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Ground Rod 


2-13. A ground rod is the most often used grounding system and it is also the most often 
misused (see figure 2-4). Army communications equipment and systems are issued with 
ground rods and are made of metal that does not corrode or rust easily. Some rods may 
be longer and thicker than others, but the ground rod alone will not do the job. You need 
a complete ground rod system to include a ground strap and a device (terminal screw or 
clamp) to connect the strap to the surface end of the ground rod. Installation instruction 
are also provided with the communication equipment and in the technical manual 
associated with it. 


2-14. The Army inventory has two common ground rods: the 9-foot ground rod, or the 
6-foot ground rod. The 6-foot rod is being phased out and replaced by the 9-foot rod. 
You may continue using a 6-foot rod as long as it is serviceable. The 6-foot rod comes 
in a single section, whereas the 9-foot rod is a three-section rod. Ground rods can be 
installed using a sledge hammer or in the case of the sectional rod, a slide hammer and 
strike plate. 


Note. It is very important to know that aluminum is not to be used in the material 


for any type of grounding electrode. 


Figure 2-4. Driven head sectional ground rod 
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GROUND ROD SYSTEM 


2-15. How well a ground rod system works also depends on the terrain and the 
installation process. The following information will help to determine the best method 
to use. 


Ground Rod Installation 


2-6 


2-16. First, clean all the components. Second, get the ground rod into the subsoil to 
make a good ground. Topsoil, generally speaking, is not a good conductor of electricity. 
Dig a hole about six to eight inches deep that is about 18 inches wide. This should get 
you into the subsoil and at the same time give you room to work. 


2-17. Next, strike the end of the rod just hard enough to drive it into the ground, driving 
the rod straight down into the ground. The manner the ground rod is driven into the 
ground has a direct bearing on how well it should work (see figure 2-5). When the 
subsoil finds driving the rod straight down is not permissible, drive the rod at an angle 
of 30 but no more than 45 degrees. This can make it easy to remove if you have to 
relocate the ground rod or your communications equipment. 


FENCE POST 
DRIVER 


309.45 ° 


GROUNDING 
ROD 


Figure 2-5. Ground rod and driver 


2-18. Drive the rod into the ground with enough force to emplace the rod without 
disturbing the soil. Doing so allows more surface area of the soil to remain in contact 
with the rod enhancing its grounding properties. The best way to drive the rod is with a 
fence post driver. A sledge hammer can be used only if a fence post driver is not 
available. Some ground rod systems come with a slide hammer which performs the same 
driving techniques as the fence post driver. 
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2-19. Finally, when the end of the rod is about 3 inches above the bottom of the hole, 
connect the ground strap to it. Fill the hole with water and let it soak in. Keeping the soil 
around the rod moist will help increase the possibility of good grounding system (see 
figure 2-6). 


Figure 2-6. Soaking ground rod installation with water 


Ground Rod Removal 


2-20. When it is time to move the equipment, be prepared to find that the ground rod is 
difficult to remove. Ground rods can be removed by the use of a vehicle jack (see figure 
2-7 on page 2-8). Soldiers should ensure that all power has been removed prior to the 
de-installation of the ground. Use of all safety equipment is required. If a ground rod 
cannot be removed by various methods it may have to be recovered by digging it out if 
time permits. 
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Nis 


Figure 2-7. Ground rod removal with vehicle jack 


Grounding Plates 


2-21. Though more difficult to install, plates can achieve very low earth resistance 
values. The plates must have at least three square feet of surface contact with ground 
(front and back of plate is 18 inches by 18 inches). Some soil conditions require a larger 
surface area for which it is recommended to use a plate that is nine square feet. Such a 
plate would have a 50 percent larger surface area than that of the 9-foot ground rod listed 
above. Plates should be a minimum of 1/4 inch thick if iron or steel, or 1/16 inch thick 
if nonferrous. 


2-22. Select a metal bolt, nut and lock washer and drill a hole in the center of the plate 
just large enough for the bolt. Fasten an appropriate grounding strap to the plate ensuring 
the connection is clean and tight. 


2-23. Dig a hole so that the ground plate can be buried vertically at five feet below the 
surface (see figure 2-8 on page 2-9). Though in some circumstances soil conditions may 
only allow for the plate to be placed horizontally. Pour a mixture of water and salt into 
the soil around the plate to further increase soil conductivity if necessary. 
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Figure 2-8. Grounding plate installation 


2-24. Connect the other end of the grounding strap to the equipment. Keep the path as 
straight as possible. Ensure any part of the ground system is void of tripping hazards. 


Surface Wire Grounding Kit 


2-25. This grounding system was designed primarily for use with systems requiring 
high mobility and quick installation and removal. It is easily emplaced and removed, 
offering a reasonable option in situations where driving/retracting conventional ground 
rods would be difficult and time consuming to install. It consists of 15 ten-inch cast steel 
stakes installed in a circular pattern and interconnected with a 3/16-inch steel cable. The 
Surface Wire Grounding Kit (SWGK) is available in the Army inventory under the 
official nomenclature of Grounding Kit, MK-2551 A/U (see figure 2-9 on page 2-10). 
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Figure 2-9. Surface wire grounding kit 


Surface Wire Ground System Installation 


2-26. Remove components from the system bag. Inspect the components and make sure 
they are clean and serviceable. Lay the cable in a U shaped pattern around the equipment 
avoiding any sharp bends or twists in the cable. Space the stakes evenly apart from each 
other. Attach the connector end of the cable to the equipment grounding lug. 


2-27. Begin with the stake closest to the grounding lug. Pull the cable taut. Twist the 
stake 30 to 45 degrees. Using the supplied 3 pound sledge hammer drive the stake until 
the top is flush with the ground (see figure 2-10 on page 2-11). Continue until all stakes 
are driven in the ground. Driving the stakes fully into the ground and slightly twisting 
them helps to ensure a tight connection between the stakes and cable. 


2-28. Using the two provided jumper cables connect them to the mid and end of the 
cable to the equipment. The purpose of these jumpers is to meet high-current 
survivability guidelines, such as lightning strikes. It is not necessary to scrape away paint 
to improve the clips connections however the grounding lug ends must still be attached 
to a stud or lug that is free of paint, grease, or dirt. 


Note. When handling the components of the surface wire ground kit ensure you 
use safety glasses and gloves. Loose strands in the 3/16 inch cable can cause cuts. 
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Figure 2-10. Surface wire grounding kit installation 


Surface Wire Ground Kit Removal 


2-29. For safety concerns disconnect equipment power and ensure all working on 
removing the SWGK has gloves and safety glasses on. This will allow supply capacitors 
a chance to discharge (see equipment specific technical manuals for details). Next 
remove the jumper cables and coil them back up. Then remove the terminal lug from the 
grounding stud. 


2-30. To assist with the removal of the stakes use the hammer and tap each peg from 
side to side. Also you may find that in some soil conditions you may be able to lift up 
on the main cable on either side of the stake will be sufficient enough to remove it. 
Continue until all stakes are removed. 


2-31. Take the time to clean off any excess soil at this time. Coil all items and along 
with the hammer and place the equipment back into the provided tool bag. 
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WARNING 


For systems that operate on the move and 
transition to at the halt, ensure that the earth 


grounding system is installed first before 
interconnecting to any external communications 
systems or power sources. 


Water Plumbing 


2-32. Traditionally, this was the preferred grounding electrode at fixed sites since the 
resistance to earth of the extensive water piping system was quite low. However, much 
plumbing is being changed over to or being coated with nonconductive materials, and 
therefore is no longer as reliable. 


2-33. If using this technique, the Soldier should verify that the water pipe has a 
minimum of 10 feet of non-coated pipe in the connection area. If this is true, then 
connect the ground strap to the underground pipe or object just like you would with a 
ground rod. You might have to use a clamp or wrap method unless there is a usable bolt 
or screw. Ensure the area the strap is placed on is clean and that the connection is tight. 
Connect the other end of the strap to your equipment and the ground is complete. 


WARNING 


If you use an underground pipe, tank or object 


you must make sure it does not contain 
gasoline, oil, and other flammable liquids. 


Buried Tanks 


2-34. Just as with water plumbing, buried tanks can provide an effective earth grounding 
terminal. However, tanks are often coated with or made of nonconductive materials 
which can reduce grounding effectiveness. Never use tanks with flammable contents. 


Horizontal Rods or Conductors 


2-35. Buried horizontal rods and conductors are an acceptable alternative where soil is 
shallow. Ideally, buried horizontal conductors made with copper material or copper-clad 
steel should meet the American Wire Gauge of 2 (see American wire gauge chart table 
2-1 on page 2-13). Never use aluminum conductors as the earth grounding electrode 
because it quickly oxidizes and greatly increases resistance to earth. 
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Table 2-1. American Wire Gauge Conductor Size Chart 


AWG Diameter | Diameter | Resistance | Resistance 
0000 (4/0) | 0.46 11.684 0.049 0.16072 
000 (3/0) | 0.4096 10.40384 | 0.0618 0.202704 
00 (2/0) 0.3648 9.26592 0.0779 0.255512 
0 (1/0) 0.3249 8.25246 0.0983 0.322424 
1 0.2893 7.34822 0.1239 0.406392 
2 0.2576 6.54304 | 0.1563 0.512664 
3 0.2294 5.82676 0.197 0.64616 
4 0.2043 5.18922 0.2485 0.81508 
5 0.1819 4.62026 0.3133 1.027624 
6 0.162 4.1148 0.3951 1.295928 


Metal Framework of a Structure 


2-36. Often, a nearby steel frame building can serve as a suitable earth round. 
Depending on the size of the metal building and the type of footings, a very low 
resistance to earth may exist. To ensure a suitable ground, all elements of the framework 
must be bonded well, especially between the steel frame and the footing steel 
reinforcement bars. 


Grids 


2-37. These consist of buried copper cables that form a network of squares over an entire 
area. This grounding system, though effective, is the least practical from a tactical 
standpoint, therefore it is not addressed in detail this circular. 
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Chapter 3 
Soil Conditions 


This chapter introduces various soil types and qualities. Different 
types of soil have different electrical characteristics. 


SOIL TYPES 


3-1. Soil is usually divided into two distinct layers. The first layer (one to six inches) 
is topsoil, normally dry and loosely packed. The second layer is the subsoil, it is 
generally tightly packed and retains moisture, and provides the best electrical ground. 
Table 3-1 provides a brief summary of soil types, ground qualities, and suggested types 
of earth grounding electrodes. 


Table 3-1. Soil type and quality 


Type of Soil Quality of Ground Suggested Earth Ground Electrode 


Organic soil, high water Very good Ground rod, surface wire grounding kit 

content 

Clay, loam, shale Ground rod, surface wire grounding kit, or 
plate 


Mixed (Clay, loam, or shale Poor Buried pipes, building frame, or other 

mixed with sand or gravel) metal object or a ground plate or several 
ground rods electrically connected 
together 

Gravel, sand, stone Very poor Additional steps may be required; treating 
soil to increase conductivity or installation 
of additional ground electrodes 


3-2. The soils are derived of several characteristics. These include moisture content, 
temperature, and soil treatment. 


MOISTURE CONTENT 


3-3. Wet soil passes electric current better than dry soil and makes your grounding 
system work more efficient. Use chemicals (conductive additives) whenever you can 
and keep the soil moist (see figure 3-1 on page 3-2). 
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Figure 3-1. Moisture content 


TEMPERATURE 


3-4. Ice is a poor conductor of electric current. When the temperature of the soil drops 
below freezing, 32 degrees Fahrenheit, the moisture in the soil freezes and the 
effectiveness of the grounding system decreases. There are several remedies to 
strengthen the connection. Finding a buried metal object such as an underground pipe 
or building frame could be used. If none are available you can use several ground rods 
driven as deep as possible, keeping the spacing at least two rod lengths apart. 
Alternatively, a horizontal trench can be used. The trench should be treated with a salt 
water mixture to improve conductivity. In rare cases where the frost line is too deep and 
installed grounding system is not working it is very important to ensure that all 
equipment is bonded together with grounding straps. This can help prevent potentials 
from developing between two pieces of equipment (see figure 3-2 on page 3-3). 
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Figure 3-2. Temperature 


SOIL TREATMENT 


3-5. If your ground resistance, as measured by a null-balance earth tester or equivalent 
device, is 25 ohms or more, you may add chemicals to lower the resistance. The ideal 
resistance measured should be 10 ohms. The following chemicals, listed in order of 
preferred use, are recommended for good results— 


e Magnesium sulfate (Epsom salts). 
Copper sulfate (blue vitriol). 

Calcium chloride. 

Sodium Chloride (common table salt). 


Potassium nitrate (saltpeter). 


3-6. Inthe above list, sodium chloride or common table salt, is usually most accessible 
in the field. Use as follows— 


e Dig a hole about one foot deep and three feet across. 

Mix five pounds of chemical to five gallons of water and pour it into the hole. 
Let it seep in. 

Install the ground rod and connect the ground strap. 


Continue to keep soil around the rod moist. 
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3-7. Since this blend will seep into the ground, repeat adding the saltwater mixture 
once a week for the first four weeks then repeat only on monthly intervals afterwards. 


3-8. For environmental reasons always check to ensure that chemicals can be used at 
your grounding location. If chemicals cannot be obtained or used using water alone can 
still help improve soil conductivity (see figure 3-3). 


Figure 3-3. Chemical treatment 
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Terrain and Climate Conditions 


This chapter discusses the impact of terrain and climate on 
deployable force Army tactical communication systems. These 
conditions present a variety of problems in establishing a solid 
ground. 


TERRAIN TYPES 


4-1. The soil for each climate type determines what basic grounding procedure the 
Soldier should use to produce an effective ground for equipment protection. There are 
four basic terrain types, desert, mountain, tropic, and arctic. 


DESERT TERRAIN 


4-2. The extreme dry and loosely packed sandy soil of the desert area (figure 4-1) 
makes very poor electrical grounds. The use of large ground plates or sectional ground 
rods are advantageous because of the large metallic area that is in contact with the soil. 
The surface wire ground system can also provide a good ground in this soil type. The 
use of chemicals is strongly recommended in desert areas. If possible, locate your 
equipment near an oasis or subterranean water source. If you have equipment in a shelter 
or location that has an air conditioner you can route the condensation water to the 
grounding area. 


Figure 4-1. Sandy or dry soil 
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MOUNTAIN TERRAIN 


4-3. Site selection is key to solving the grounding problem. In soil that has lots of 
rocks, the contact area of the driven ground rod and actual soil is much less. Thereby 
reducing the effectiveness of the ground or increasing the resistance. In this soil type 
(figure 4-2) the ground rod can be buried horizontally or you may be able to obtain a 
good ground by locating near a stream bed or some type of water source. To increase 
the effectiveness of a ground in this terrain the use of a salt water mixture can be used. 
Salt placed along the horizontal trench above the ground rod will leach into the soil 
whenever it rains. 


Figure 4-2. Rocky or hard compact soil 


TROPIC TERRAIN 


4-2 


4-4. If the soil is moist and heavily covered with vegetation, the ground rod may be 
the most effective approach (see figure 4-3 on page 4-3). Surface growth should be 
removed if a surface wire ground system is to be installed to allow good contact of the 
wire and pegs to the earth. Soil in this terrain usually has enough moisture making it 
easy to install rods. The main concern in a tropical environment is the fast build-up of 
corrosion. The connection of the ground strap to the ground system must be kept clean 
and dry (waterproof tape) to ensure a good electrical path. 
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Figure 4-3. Wet or moist soil 


ARCTIC TERRAIN 


4-5. When the soil is frozen (below 32 degrees), it is hard to get a good electrical 
ground. Cold soil substantially increases soil resistance and also earth grounding 
resistance. The SWGK should be used wherever the ground stakes can be driven through 
the surface. Ground rods can be used if they can be driven completely. If you have 
something that is already grounded, such as a metal buildings or underground pipes, you 
may connect to them for your ground. You can also drive several ground stakes into the 
soil at various locations to the greatest depth possible. If you get a poor ground because 
the soil conductivity is low, use chemicals to condition the soil (see figure 4-4 on page 
4-4). 
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Figure 4-4. Frozen soil 


SOIL RESISTIVITY 


4-6. As discussed above the type of soil directly effects the grounding equipment or 
system. Each soil type has a certain electrical resistance measured in Ohms. Table 4-1 
assists the equipment operator or planner in determining the general resistance of the 
soil and how it impacts the ability to achieve a less or equal to 25 ohm ground. 


Table 4-1. Soil type and resistance 
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Helpful Hints 


This chapter contains additional information that assists the 
operator of tactical communications equipment and systems when 
trouble shooting grounding procedures. 


GROUNDING TIPS 


5-1. In situations where equipment, systems, or shelters must be located six to eight 
feet within each other they need to be bonded. Bonding of equipment means to share a 
common grounding point (ground rod) or to have a grounding conductor (minimum 6 
AWG) between the two ground lugs of each shelter. 


5-2. Do not forget to check any remotely located equipment that extends from its 
primary shelter or location. Performing these steps can prevent injury where by a person 
could touch both metal surfaces of different voltage potentials could develop between 
them should a fault occur. 


GROUNDING NETWORKS 


5-3. In areas of very poor soil conductivity, you can improve grounding by installing 
multiple grounds or interconnecting several grounding systems (see figure 5-1). A 
second SWGK extended in the opposite direction from the first, or at least in a different 
direction, could provide equipment with a better overall ground resistance. 


Figure 5-1. Multiple equipment grounding 
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Improvised Ground Rods 


5-4. A ground rod kit may get lost due to the tactical situation, or lack of time to 
recover it. A Solider can improvise a good ground rod by using a substitute material. 
Make sure that the material chosen is strong enough to drive into the ground without 
bending. The ideal substitute would be a copper rod about 180 centimeters or six feet 
long and a dimeter of 1.9 centimeters, about % inch thick. 


Other Improvised Ground Rods 


5-5. A length of steel reinforcing rod is a very good substitute for the standard ground 
rod. Steel is rigid and can be cut to the same length as the rod it replaces. For easy soil 
penetration, cut one end of the steel rod into a chisel shape with a hacksaw. 


5-6. A steel fence post, the kind used for wire fencing, barbed wire makes an excellent 
ground rod. However, most posts of this type have a protective coat of paint that must 
be removed to get an effective ground. 


5-7. A metal water or gas pipe cut to the right length (eight to ten feet) can be used as 
a substitute rod. Flattening one end of the pipe to a chisel shape increases the ease of 
driving it into the soil (see figure 5-2). 


Figure 5-2. Improvised ground rod items 


Note. Never use an underground gas or propane line as a source to attach a 
ground strap. 
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EARTH GROUND ELECTRODE RESISTANCE MEASURING 


5-8. To reduce the chance of electrical shock and provide optimal equipment 
operations it is good practice to measure the resistance of the ground system prior to its 
installation. There are several fall of potential methods. Common practice in a tactical 
situation would be to use the 62 percent fall of potential method. This will provide a 
reading that will indicate if the installed ground system is good or may need to be 
chemically treated based on the soil conditions for which the ground system is installed. 


62 Percent Fall of Potential Method 


5-9. If available, use a null-balance earth tester or other approved resistance testing 
device to check your grounding system using the fall of potential method (see figure 5- 
3 on page 5-4). Do not use a standard multimeter. To perform a test of the ground with 
this type of equipment check the following— 

e Disconnect your equipment or system from the ground electrode (rod). 

e@ Connect terminals Pl and Cl together and run a heavy, short flexible cable 
from them to your ground rod. On some earth testers a single terminal 
labelled X is provided. 

e@ Connect terminal C2 or C to a 30 meter long cable which should be stretched 
out as far away from the ground system as possible and clamped to a 20 to 
30 inch ground rod provided with the tester. Make sure you place the rod 
firmly in the ground. This is the current spike. 

e@ Connect terminal P2 or P to a 50 to 60 foot long cable which should be 
stretched along the first cable and clamped to a 30 inch ground rod at its end. 
Make sure you place the rod firmly into the ground. This is the potential 
spike. 

e@ Insome cases you may be limited on distance from the ground rod under test 
to the current spike. In this instance the potential spike needs to be 62 percent 
in distance from the measured distance of the current spike. 

e Turn on your earth tester. If it is not battery operated, you need to turn the 
hand crank to make it work. 


e@ On some battery operated earth testers you can read the resistance of the 
ground directly. However, on many of them you might have to adjust the 
dials so that the meter does not deflect from its center position when you push 
the test button. The dial reading then tells you the resistance. 

e Ifyou get areading of 25 ohms or less, you can consider the ground resistance 
adequate. Ideally you want to achieve a resistance of 10 ohms. If you get a 
higher reading, you should try an alternate grounding method (preferably the 
SWGS); or you should attempt to reduce the ground resistance by treatment 
with chemicals, or the installation of multiple ground rods. 

e You should not use an ohmmeter or a multi-meter to test your ground. Such 
devices do not give valid resistance measurements. 
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EARTH 
ELECTRODE 


Figure 5-3. Fall of potential resistance method 


ENGINEER SUPPORT 


5-10. Engineer support is reasonably available at most locations. The engineers may 
assist you by performing soil tests, excavating where necessary, and making 
recommendations for grounding. 


REMINDERS FOR GROUNDING 


5-11. In certain cases we tend to rush the installation of our tactical equipment and 
systems. In doing this we can insert problems with equipment operation before we begin. 
Here are some reminders to assist you in establishing a good ground. 


GROUND RODS OR KITS TIPS 


5-12. Ensure that all ground rods and or kits are— 
e@ Clean- remove paint, oil, and grease. 
e Complete- verify for the proper ground strap, clamps, and connections. 
e Sharp- rod points are ready for soil penetration. 
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Helpful Hints 


EQUIPMENT TIPS 


5-13. The condition and location of equipment influences the ground connection. If the 
ground connection is not good, try the following— 


e Insure that the ground connection is clean and complete. 
e Connect equipment to an existing permanent ground, when possible. 


e Relocate equipment, if possible, when adequate grounding cannot be 
obtained. 


INSTALLATION TIPS 


5-14. Always install stakes in a straight line, if possible. Moisten surrounding area. Add 
conductive chemicals (salt) to soil, if needed. When installing ground rods, ground 
straps and ground plates there are some specific tips to assist with strengthening the 
ground connection. Ground rods should be— 


e Installed to full length so that top of ground rod is 3-5 inches below terrain. 
e Surrounded by moisture area. Add conductive chemicals (salt) to soil, if 
needed. 
5-15. Ground Straps should— 
e@ Be made from braided copper material or heavy gauge wire. 
e Not contain any loops or kinks. 


5-16. Ground Plates should be— 
e Used in dry and or sandy soil. 
e Placed horizontally or vertically depending on the terrain. 


CONNECTIONS TIPS 


5-17. The proper bond of grounding equipment is necessary for a good ground 
connection to occur. Below are some tips to assist with the terminal screw/clamp and 
wrap method connections. 
5-18. Terminal Screws or Clamps should be— 

e Clean, no paint, oil or grease. 

e Tight so that ground strap is held securely and firmly against the grounding 

surface. 

5-19. Wrap Method should— 


e Be such that the ground strap is held firmly and securely in place against the 
ground rod by stripped flexible wire. 


e@ Only be used if no other connection is available. 
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Chapter 5 


GROUND ROD DRIVING EQUIPMENT TIPS 


5-6 


5-20. There are two most commonly used ground rod driving tools used for driving 
rods. The fence post driver is the preferred driving tool and can be made locally. A light 
weight hammer should be used to sink rods without disturbing the soil. 
5-21. Fence post drivers should be— 

e The preferred driving tool. 

e Either as part of your basic issue items or additional authorized list 

equipment. Or one could be made locally. 

5-22. Hammers should be— 

e Light weight, enough to sink the rod without disturbing the soil. 

e Ensure all safety concerns are addressed prior to using the hammer. 
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Appendix A 
Grounding Checklist 


This checklist (see table A-1) details the principal factors required 
for a durable and effective grounding and lightning protective 
system. Not all of the items require compliance, depending on the 
circumstances. Rather, the grounding and lightning protection 
systems should be reviewed in light of this checklist to ensure that 
no particular area has been left unaddressed. For more details see 
CECOM TR 93-1. 


GROUNDING CHECKLIST 


A-1. All tactical systems and equipment come with technical manuals that may cover 
how to ground the equipment. Most units have established standard operating 
procedures that outline how to conduct grounding operations in a training or deployed 
environment. The grounding checklist shown in table A-1 provides the main areas to 
consider when grounding any Army tactical piece of equipment or system. 


Table A-1. Grounding checklist 


Preparation (check prior to installation of a Grounding System): 


Has consideration been given to the placement of equipment, shelters from an earth grounding 
perspective (soil quality)? 


Has consideration been given to how extensive the earth grounding electrode system should 
be? 

Has the soil condition been considered in selecting the type and quantity of earth grounding 
electrodes? 

Earth Grounding Conductor Considerations: 

Is the grounding wire suitably sized and of a corrosion-resistant material? 


Are loops, kinks, and sharp bends avoided? 


Are grounding conductors routed horizontally or down toward the ground rod? (Avoid going 
up and over objects). 


Are splices in the conductor avoided? 


Are the grounding wires free of heavy corrosion and damage, especially at the ends? 
Observations to make at each Bonding Point: 


Are ground wires twisted around ground rods, masts? 


Are wires rigidly clamped (not twisted or solely taped)? 


Are clamps or bonding points adequately secured to avoid loosening with time? 


Are grounding or bonding connections free of paint or any signs of corrosion? 


Are dissimilar materials avoided at the bonding point? 
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Table A-1. Grounding checklist (continued) 


Items to check at each Ground Rod (Earth Grounding Electrode): 


Are ground rods or other electrodes suitably installed? 


Are ground rods or other electrodes free of paint? 


Is the use of aluminum for electrodes avoided? 


Where possible, are electrodes installed away from areas where rocks are evident (signifying 
poor soil conditions)? 


Where soil is shallow, are ground rods/wires buried horizontally? 


If used, are grounding plates suitably sized? 


Where the Surface Wire Grounding Kit is employed, are the two jumper cables installed? 


Are electrodes installed where the ground receives rain water or other moisture? 


Are grounding electrodes installed away from locations with normal pedestrian traffic or 
personnel tents? 


Are power and signal cables laid across or near earth grounding conductors or cables? 


When earth ground resistance is questioned (poor soil, buried plumbing (coated metal) has a 
test been conducted? 


Where soil quality is poor, are multiple grounding electrodes installed and interconnected? 


Where soil quality is poor, is conductivity enhanced through the use of salt? 


Check the following areas for a Lightning Protective Masts: 


Is equipment requiring protection located within the Lightning Protection Mast cone of 
protection? 


Is the air terminal at top of the Lightning Protection Mast durable? 


Is a suitable grounding conductor provided from the air terminal to ground? 


Is the Lightning Protection Mast suitably grounded via a dedicated ground rod? 


If any separate grounding electrodes are located near the Lightning Protection Mast grounding 
electrode, are they interconnected to the Lightning Protection Mast grounding electrode? 


Are all bonding connections secure? (Clamped, not taped or twisted) 


Other considerations for checks on a Grounding System: 


Are personnel informed to remain within appropriate shelters when possible during electrical 
storms? 


Are all grounding locations inspected following electrical storms to ensure that damage was 
not sustained? 


If tents are used to house personnel, are they located away from ground rods and antenna masts 
(tents provide poor protection; especially where personnel lie across the ground)? 
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Glossary 


SECTION | - ACRONYMS AND ABBREVIATION 


CECOM Communications-Electronics Command 
SWGK surface wire grounding kit 
TC training circular 
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CHAPTER 1 
GENERAL 


1-1. Purpose. Information and criteria in this man- 
ual will guide engineering design personnel in deter- 
mining the adequacy of lightning and static electric- 
ity protection systems for all types of facilities. 
Policy and procedure of design development and 
tests are also included. Referenced criteria, codes, 
and standards are intended to include provisions for 
normal type facilities, which when integrated with 
criteria included herein, establish complete provi- 
sions for these protection systems. The standards 
and methods of system protection discussed are in- 
tended as the most practical and economical means of 
accomplishing protection of real property and avoid- 
ance of casualties to personnel. These criteria will not 
provide suitable protection for construction contrac- 
tors’ personnel. 


1-2. Scope 


a. General. The scope of this manual will include 
adequacy of engineering design for facilities of Army, 
Air Force and other agencies in conformance with 
paragraph 1-3. 

b. Limitations. Limitations within continental 
United States will be subject only to specific provi- 
sions of project design directives, deviations included 
herein or authorized by HQDA (DAEN-ECE-E) 
WASH DC 20314-1000, for Army projects, and 
HQUSAF/LEEE WASH DC 20332, for Air Force 
Projects. 

c. Other protection systems. These criteria are not 
intended to support or implement separate criteria 
such as furnished for electromagnetic protection or 
electromagnetic shielding requirements. 


1-3. Application. Except as included for facilities 
of the Army Materiel Development and Readiness 
Command, criteria contained in this manual will ap- 
ply to new construction of permanent, fixed type fa- 
cilities conforming to AR 415-15 within the continen- 
tal United States. Where conflicts arise with criteria 
or design guidance of different Army or Air Force 
agencies, or with Federal organizations other than 
Army or Air Force, the most stringent guidance will 
govern. Criteria or design guidance will apply to 
overseas facilities in conformance with AR 415-36. 


1-4. General 


a. Separate section of a specification. Inasmuch as 
provisions for lightning protection involve a special 
type (steeple jack) trade, contract requirements for 
lightning and static electricity protection will be in- 
cluded as a separate section in project specifications. 


b. Environmental considerations. Design consid- 
eration will be given to overall appearance so as to 
maintain an attractive facility in harmony with area 
surroundings. 

c. System components. Components will conform 
to applicable NFPA codes, except as otherwise 
stated or indicated. 

d. Penetration of building exterior surfaces. 
Where roofing, walls, floor and waterproofing mem- 
branes are penetrated by components of these sys- 
tems, adequate waterproofing and caulking of such 
penetrations will be provided. However such pene- 
trations will be avoided whenever possible. 


1-5. Applicable codes and standards. Codes 
and standards referenced in this manual and listed in 
Appendix A are to be considered as an integral part 
of this manual, 


1-6. Design development 


a. Lightning protection system. When contract 
drawings comprise more than one sheet showing 
composite roof and architectural elevation, a separate 
sheet will be provided showing locations of air termi- 
nals, routing of roof conductors, down conductors, 
and grounding system pattern. 

b. Static electricity protection system. Where 
static electricity protection for two or more rooms or 
areas is indicated on an architectural floor plan and 
cannot be shown on an appropriate electrical plan, a 
separate floor plan sheet showing the complete static 
electricity protection system pattern will be included 
in the project design. 


1-7. Approved type systems 


a. Lightning protection. Selection of the type of 
protective system will be as prescribed in this man- 
ual, NFPA No. 78, and MIL—HDBR-419. 

b. Static electricity protection. Selection of system 
type will be prescribed in NFPA No. 77, 
MIL-HDBR 419, and MIL-STD-188-124. 


1-8. Materials. Materials will conform to applicable 
NFPA codes, unless otherwise stated. Normally, 
copper materials will be specified for use below fin- 
ished grade. Stainless steel grounding devices should 
be used when there is a potential of galvanic corro- 
sion of nearby steelpipes. UL listed compression- 
type connectors may be used where such connectors 
are equivalent to the welded type. Special considera- 
tion will be given to selection of materials to compen- 
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sate for the following conditions as encountered at 
project locations: 

(1) Corrosive soils and atmosphere. 

(2) Atmospheric and ground contact corrosion. 

(3) Electrolytic couples that will accelerate cor- 
rosion in the presence of moisture or ground contact 


corrosion. This must be prevented by use of same 
type metals, or by providing junctions of dissimilar 
metals in air that will permanently exclude moisture. 

(4) Equal mechanical strength or fusing capabil- 
ity where conductors of different metals are joined. 
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CHAPTER 2 
LIGHTNING PROTECTION 


2-1. Discussion 


a. Lightning phenomena. The planet earth is simi- 
lar to a huge battery continuously losing electrons to 
the atmosphere. These electrons could be lost in less 
than an hour unless the supply is continually replen- 
ished. It is widely agreed among physicists and scien- 
tists that thunderstorms occurring thousands of 
times daily around the earth return electrons to 
earth to maintain normal magnitude of electrons at or 
near the surface of- the earth. The rate of electron 
loss from earth, called the “air-earth ionic current’, 
has been calculated to be 9 microampere for every 
square mile of earth’s surface. Thunderstorms supply 
electrons back to earth by an opposite electron poten- 
tial gradient of perhaps 10 kilovolts per meter within 
a thundercloud. This feedback forms a potential dif- 
ference of from 10 to 100 megavolts in a single dis- 
charge between the center of a cloud and earth. 
These lightning discharges carry currents varying 
from 10 to 345 kiloamperes to earth at an average 
rate of 100 times per second with duration of less 
than % second per flash. Each flash consists of up to 
40 separate strokes, Each stroke of lightning lasting 
for this brief instant releases about 250 kilowatt- 
hours of energy-enough to operate a 100-watt light 
bulb continuously for more than three months at the 
rated voltage of the lamp. Lightning discharges do 
not always bring electrons to earth, because so-called 
positive ground-to-cloud strokes consist of low power 
energy transmissions from earth to small negative 
charge pockets in a thunder cloud. However, magni- 
tudes of discharge voltages and currents are approxi- 
mately the same from cloud to earth, and all occur 
within the same discharge timeframes. Just before 
the lightning flash, the ground within a radius of sev- 
eral miles below the cloud becomes deficient in elec- 
trons. Repelled by the army of electrons in the cloud 
base, many of the free electrons on the ground are 
pushed away. The result is that the ground beneath 
the cloud base becomes more positively charged. As 
the cloud moves, the positive charge region below 
moves like its shadow. As the cloud charge balloons, 
the pressure becomes so great that a chain reaction 
of ionized air occurs. Ionization is the process of 
separating air molecules into positive ions and nega- 
tive electrons. This air which is normally a good elec- 
trical insulator becomes a good conductor and allows 
the cloud electrons to pierce the faulted insulation 
and descend this newly created ionized air path be- 
tween cloud and earth. The lightning flash starts 
when a quantity of electrons from the cloud heads to- 


ward earth in a succession of steps, pulsing forward 
with an additional step every 50 microseconds 
creating a faintly luminous trail called the initial or 
stepped leader. As the leader nears the ground, its 
effects create an ionized streamer which rises to 
meet the advancing leader. When the two join, the 
ionized air path between cloud and earth is 
completed, and the leader blazes a faint trail to 
earth. Immediately a deluge of electrons pour from 
this lightning discharge channel creating the brilliant 
main or return stroke that produces most of the light 
we see, The motions of the leader and the main or re- 
turn stroke appear to move in opposite directions, 
but lightning is not an alternating current, since the 
transferred electrical recharge current moves back to 
earth. 

b. Nonconventional systems. Nonconventional and 
unacceptable systems include the so-called dissipa- 
tion array, and those using radioactive lightning 
rods, Radioactive lightning rods have been proven 
less effective than passive air terminals in storm situ- 
ations. These systems have not been recognized by 
NFPA or UL. Use of these systems will not be 
permitted unless specifically approved by the appro- 
priate using agency. Dissipation arrays consist of two 
types: 

(1) A high tower with top-mounted dissipation 
suppressor, and radial guy wire array. This type is 
used on isolated high towers, antenna structures and 
offshore facilities. 

(2) A series of high towers located beyond a 
given area to be protected and supported by a num- 
ber of sharp pointed strands of barbed wire for the 
protection array. 

c. Code applicability. NFPA No. 78 is intended to 
apply to the protection of ordinary buildings, special 
occupancies, stacks, and facilities housing flammable 
liquids and gases. The lightning protection code will 
be utilized where lightning damage to buildings and 
structures would cause large economic loss or would 
prevent activities essential to the Department of De- 
fense. NFPA No, 78 does not relate to the protection 
of explosives manufacturing or storage facilities. Pro- 
tection for these facilities will be in accordance with 
paragraph 2-9. Since NFPA No. 78 does not pre- 
scribe a comprehensive coverage pattern for each 
type of facility required by the military departments 
of the government, additional guidance is given in 
this chapter. Temporary DOD storage facilities and 
structure housing operations not regularly conducted 
at a fixed location and other facilities specifically ex- 
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empted by the responsible using agency are not gov- 
erned by the lightning protection code. 
d. Effects of lightning discharges. 

(1) General. When any building or structure is 
located within a radius of several hundred feet from 
the point where a lightning discharge will enter the 
surface of the earth, the lightning discharge current 
becomes so high that any building or structure within 
this radius becomes vulnerable to immediate damage. 

(2) Nature of damage. Damage may range from 
minor defacement to the building to serious founda- 
tion upheaval, fire and personnel casualties. Damage 
control can be effective dependent on extent of fire- 
proofing and lightning protection incorporated into 
the project design. Although lightning strokes gener- 
ate static discharges in the form of radio noise, it is 
generally accepted that these cause only an instant of 
interference to manmade electronic systems. In- 
creased heating effects are also a factor since a light- 
ning bolt increases the temperature of the lightning 
channel to about 15,000 degrees C. This sudden in- 
crease in temperature and pressure causes such an 
abrupt expansion of air that any hazard type of at- 
mosphere which comes within the ionized air path of 
the lightning bolt becomes explosive. The explosive 
nature of the air expansion of bolt channels can cause 
physical disruption of structures located near the 
lightning stroke. Lightning discharges below the 
earth surface sometimes fuse sand into fulgurates 
which appear like glass tubes. Trees of 40 feet or 
more in height are especially vulnerable targets for 
attraction of lightning discharges, and are susceptible 
to being totally destroyed. 


e. Effective resistance to ground. 

(1) The lightning protection system will be de- 
signed to provide an electrical path to ground from 
any point in the system, and that point will be of con- 
siderably lower resistance than that otherwise avail- 
able by use of the unprotected facility. 

(2) Low resistance to ground is desirable for any 
lightning protection system but not essential. This is 
in conformance with NFPA No. 78 and MI L-HDBK-— 
419. Where low resistance to ground is mandatory, 
grounding electrode patterns as described herein and 
MIL-HDBK-419 will furnish ample length of electri- 
cal path in contact with earth to dissipate each light- 
ning discharge without damage to the protected 
facility. 


2-2. Limitations in use of lightning protection 


a. General. Lightning protection will be installed 
as part of the initial construction project, particularly 
in view of long replacement time and high cost of 
structures. Installation cost of lightning protection 
systems during project construction is small when 
compared to the cost of the installation as a whole. 
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Economic and operational considerations will be 
made in determining the need for lightning protec- 
tion system, unless otherwise directed by the using 
agency. Unless lightning frequency at the project 
site averages five or less thunderstorms per year, as 
indicated in figure 2-1, lightning protection will be 
provided for buildings and structures as follows: 

(1) Buildings of four floors having elevator or 
stairwell penthouses or other similar projections 
above roof. 

(2) Buildings of five floors or more with or with- 
out projections above roof. 

(3) Structures such as steel towers, aluminum 
and reinforced concrete towers, and flagpoles with- 
out inherent grounding, and smoke-stacks and stee- 
ples of 50-foot elevation or more above lowest point 
of contact with finished grade. 


b. Other applications. Special consideration will be 
given in determining need for lightning protection as 
follows: 

(1) Whether building is manned, and there is in- 
herent hazard to personnel. 

(2) Whether building contains explosive or haz- 
ardous areas or rooms, weapons systems technical 
equipment, or security communication equipment. 

(3) If an unprotected building is destroyed by 
lightning, the length of outage which can be tolerated 
until replacement is made. This includes the restora- 
tion of high priority facilities such as water supply, 
weapons systems, police and security intelligence 
communications, strategic communication system op- 
erating components. 

(4) Replacement of building contents and value 
thereof. 


2-3. Air terminals. The purpose of air terminals is 
to intercept lightning discharges above facilities. Air 
terminals will be in accordance with UL 96, and 96A, 
NFPA No. 78 or MIL—HDB-419. Where building 
roof is not metal and building construction includes 
steel framing, air terminal connection assemblies will 
conform generally to figure 2-2. 


2-4. Grounding 


a. General. Grounding generally will conform to 
NFPA No. 78, except as required by this manual or 
by the using agency. Guidance for grounding for pur- 
poses, such as electromagnetic pulse (EMP), electro- 
magnetic interference shielding, NASA and HQDCA 
electronic facility grounding, are subjects of other en- 
gineering manuals which govern grounding require- 
ments. Those grounding systems will also serve as 
grounding of the lightning protection system. Where 
separate systems are installed such systems will be 
bonded below grade to any other independently in- 
stalled exterior grounding system such as for electro- 


€-% 


National 


125° 50° 120° 115° 110° 105” 100” 


75° 50° 70” 


Oceanographic and Atmospheric Administration 


Figure 2-1. Mean number of thunderstorms--annual 


8-S WL 


€ ‘deys ‘6-88 W4v/e- 


TM 5-811-3/AFM 88-9, Chap. 3 


magnetic shielding not suitable for complete lightning 
protection system. However, exterior protection 
grounding system will be bonded to static electricity 
exterior grounding system. 

b. Ground rods. Ground rods will be not less than 
10 feet in length, nor less than 34-inch diameter pipe 
or equivalent solid rod. Ground rods will be located 
clear of paved surfaces, walkways, and roadways. 
Rods will be driven so that tops are at least six 
inches below finished grade, and three to eight feet 
beyond perimeter of building foundation. Where 
ground rods are used with a counterpoise, tops will 
be driven to same elevation as counterpoise below 
finished grade. Exact location of rods must give pref- 
erence to use of moist earth. Contact with chemically 
injurious waste water or other corrosive soils will be 
avoided. Where avoidance of chemically injurious or 
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corrosive soils is impracticable, use of stainless steel 
rods and magnesium-anode protection will be consid- 
ered. Driving stud bolts will be used for driving, and 
couplings will be used for sectional rods. Where 
buried metal pipes enter a building, the nearest 
ground rod will be connected thereto. 

c. Earth electrode subsystem. Each earth electrode 
subsystem or counterpoise will consist of one or more 
closed loops or grid arrangement of No. 1/0 AWG 
bare copper conductors installed around facility pe- 
rimeter not less than 2 feet below earth surface. 
Larger conductors should be used when installed in 
highly corrosive soils. A second loop, if used, should 
not be less than 10 feet beyond the first and inner 
loop. At least 2 ground rods should be provided at 
each corner of each counterpoise loop where earth- 
seeking current tend to concentrate. Counterpoise 
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will extend not less than 3 feet nor more than 8 feet 
beyond the perimeter of building walls or footings. 
Conductor ends, connections to down conductors, 
tops of ground rods,and crossovers will reconnected 
for electrical continuity. Figure 2-3 illustrates a be- 
low grade weapons system facility counterpoise. Pat- 
tern will be as required in this manual or as required 
by using service. 

d. Radials. A radial system of grounding consists 
of one or more No. 1/0 AWG copper conductors not 
less than 12 feet long, extending away from each 
ground rod or grounding connection. The use of mul- 
tiple radials is an effective form of grounding, offer- 
ing substantially lower reactance to the high fre- 
quency of lightning current wave fronts than do 
single straight conductors. Installation of grounding 
radials will take advantage of crags and cracks in 
surface rock formations in obtaining maximum avail- 
able earth cover. Connections of radials to down con- 
ductors will be made so as to insure electrical 
continuity. 
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2-5. Nonreinforced concrete or wood frame 
buildings. Lightning protection will be provided on 
outside of exterior surfaces without reliance upon 
components of building for conductors. Fasteners for 
conductors will be other than aluminum on concrete, 
and will be selected for attachment to building con- 
crete or wood. 


2-6. Reinforced concrete buildings. Reinforce- 
ment steel may be used for down conductors in con- 
formance with NFPA No. 78 and if approved by the 
using agency. Joints should be made in no fewer than 
every fifth reinforcement rod and at corners of build- 
ing. Joints will be made electrically conductive and 
will be connected top and bottom for connections to 
roof conductors and to grounding electrodes, respec- 
tively. Grounding pigtails from bottoms of reinforce- 
ment fabric will be connected to exterior grounding 
system at same or lower elevation as that where pig- 
tails leave walls and footings. 
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2-7. Steel frame building with nonconducting 
roof and sides. Air terminals will be provided and 
installed in conformance with figure 2-2 and para- 
graph 2-3. Not less than one steel column will be 
grounded at each corner of building. 


2-8. Metal clad building with steel framing. 
Steel columns of metal clad buildings will be bonded 
top and bottom to metal siding. Except for facilities 
used for storage of propellant type weapons and un- 
less the using service guidelines or requirements dif- 
fer, air terminals may be omitted from building con- 
taining no hazardous areas. 


2-9. Building containing hazardous areas. 
Metal containers of hazardous materials will not be 
located within 10 feet of lightning protection system. 
Any metals within hazardous atmospheres having 
connections to other metals within 10 feet of light- 
ning protection system will be bonded to the nearest 
lightning protection system down conductor. Metal 
doors and windows within hazardous areas will be in- 
cluded in such grounding, and doors will be bonded to 
metal framing by flexible braid-type copper conduct- 
ors, and connected to lightning protection system. 


2-10. Classified communications building. 
Lightning protection and grounding of communica- 
tions facilities will comply with MIL-STD-188-124 
and MI L-HDBK-419. 


2-1 1. Aircraft control-navigation aids. 


a. General. These facilities are considered of such 
importance that aircraft pilots must be assured of re- 
liability, particular when landing during any light- 
ning storm, and when pilot’s visibility is severely lim- 
ited. Counterpoise grid g-rounding system will be 
provided for each building. 

b. Instrument landing system (ILS), tactical air 
navigation (TACAN) and ground control approach 
(GCA), facilities. One-floor frame buildings housing 
equipment for ILS and TACAN facilities and other 
similar type structures will be protected as described 
in paragraph 2-5; however no fewer than two air ter- 
minals will be provided on each facility. Transmitter 
and receiver buildings for GCA facilities will be pro- 
tected as described in paragraph 2-6. 

c. Control towers. Protection will be provided inde- 
pendently of antennas and other superstructure. 
These terminals will be interconnected around top 
perimeter of control tower for connections to down 
conductors. 


2-12. Igloos. Protection for corrugated steel arch 
earth-mounted igloos, also called “magazines”, will be 
provided as required by the using agency. Metallic 
conduits containing electrical conductors will be 
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bonded to steel arch, and all will be grounded in con- 
formance with paragraph 24. 


2-13. Fences. Metal fences that are electrically 
continuous with metal posts extending at least 2 feet 
into the g-round normally require no additional 
grounding. Other fences should be made electrically 
continuous and grounded on each side of every gate. 
Fences should all be grounded every 1,000 to 1500 
feet when located in isolated areas; and every 500 to 
750 feet when located within 100 feet of public roads, 
highways and buildings. All metal fences will be 
grounded at or near points crossed by overhead 
powerlines in excess of 600 volts and also at distances 
of 150 feet on each side of the line crossing. 


2-14. Railroads. Rails that are not electrically con- 
tinuous and that extend within 100 feet of facilities 
used for storage, manufacturing, processing or han- 
dling explosives, explosive ingredients. explosive 
gases, or flammable liquids will be bonded together 
with flexible copper cables or straps and grounded. 
Switches will be bonded to rails. Where overhead 
power lines in excess of 600 volts crosses railroads, 
the rails will be made electrically continuous and 
grounded at a distance of 150 feet on each side of 
overhead lines. Where tracks are located within 25 
feet of structures with a grounding system, the 
tracks will be grounded to the structural grounding 
system. This is to effectively discharge potentials 
generated by static electricity and lightning before 
such discharges are permitted to accumulate or oth- 
erwise cause an air gap spark to ignite loose hazard- 
ous materials. Isolation points should be provided in 
the tracks outside of hazardous areas to avoid stray 
currents from being conducted into the bonded or 
grounded area. 


2-15. Weapon system electronic facilities 
aboveground 


a. General. This guidance pertains to designs for 
the protection of radars, antennas, electronic equip- 
ment vans, launchers, missile controls, and guided 
missile batteries when permanently installed. Any 
lightning stroke may damage or destroy such elec- 
tronic weapon facilities by blast effect or by creating 
surges in connecting wiring. A direct stroke could ig- 
nite magnesium portions of van walls, cabinets, con- 
soles, and radar antenna castings. When lightning oc- 
curs with rain, moisture encourages burning of 
magnesium and splattering of molten metal. Protec- 
tion for weapon support buildings is as required by 
construction types discussed in previous paragraphs. 

b. Protection pattern. Patterns will comply with 
NFPA No. 78. When structure is a van type, pole 
will be located opposite middle of van’s longest side, 
and not less than 6 inches from concrete base of van 


to pole. One pole may serve two van units having 
long sides parallel and located not more than 12 feet 
apart. Protection equipment will be located and 
arranged in a manner that will not obstruct the oper- 
ation of any radar electronic acquisition or tracking 
beam. 

c. Protection system. Down conductors of not less 
than No. 2 AWG bare copper on pole will be pro- 
vided from lightning rod to ground rods located not 
less than 6 feet from van and not less than 6 inches 
from edge of hardstand. Spiral type grounds under 
poles (butt grounds) are acceptable. Pole guys will be 
electrically conductive to ground, and guy anchor will 
be interconnected to pole ground rod below grade. 
Each ground rod at pole will be interconnected below 
hardstand to ground rod of’ van grounding system. 
Where vans are clustered, van ground rods will be 
interconnected in compliance with MIL-HDBK-419. 


2-16. Weapon system electronic facilities be- 
low ground 


a. Protection included with other protection sys- 
tems. When external grounding system design is in- 
cluded for electromagnetic pulse (EMP) protection, 
electromagnetic interference shielding or other pro- 
tection system, separate lightning protection will not 
be required. 

b. Protection not included in other protection sys- 
tems. When external grounding system design does 
not include EMP protection, electromagnetic inter- 
ference shielding or other protection system, light- 
ning protection counterpoise will be provided includ- 
ing connections to metallic objects below grade, such 
as the following: 

(1) Electrical conduit. 

(2) Mechanical piping. 

(3) Metal tanks. 

(4) Manhole grounds. 

(5) Missile cells or equivalent. 

(6) Internal grounding system of control build- 
ings and power plants. 

(7) Metal ducts for fans. 

(8) Tunnels. 
The main counterpoise will be installed above each 
buried weapon system building, at least 2 feet below 
finished grade, and will extend beyond the building 
perimeter not less than 3 nor more than 8 feet. Main 
counterpoise will be connected to ground rods located 
as in figure 2—3, and driven to a point at least 6 
inches below normal ground water table level, where 
earth is available for driving. See also above for 
building reinforcement system grounding. Metal 
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equipment extending above ground will be grounded 
to protection system counterpoise. 


2-17. Electrically-controlled target training 
system 

a. General. Reliability of continuous operational 
availability of electricallty-cont rolled target systems 
for rifle squad tactical ranges is of such importance to 
infantry training in the scheduling of firing periods 
and to morale of’ large numbers of troops that provi- 
sions of lightning protection is warranted. Lightning 
protection for rifle range support facilities need not 
be provided. 

b. Control tower. Complete protection system will 
be provided. The system should have at least two air 
terminals installed on roof. 

c. Target control system. Where a control relay is 
separately provided at each target mechanism box 
assembly station of such rifle ranges, lightning pro- 
tection counterpoise or grid will not be required for 
protection of down range target area. Where such 
control relays are not provided, grounding counter- 
poise or grid will be provided above wiring in 
trenches below grade to all targets from control 
tower. 


2-18. Petroleum oil lubricants (POL) facilities 

a. Storage tanks. Generally, protection for storage 
tanks will depend on their inherent contact with 
earth. Where steel storage tanks are constructed on 
foundations of concrete or masonry, grounding will 
be provided in accordance with grounding schedule 
show-n in table 2-1, regardless of tank height. Where 
steel tanks are constructed in direct contact all 
around the perimeter with not less than 18 inches of 
earth, grounding will not be required. See AFM 
85-16 for additional requirements pertaining to Air 
Force facilities. 


Table 2-1. Fuel Storage Tank Grounding Schedule 


Tank Circumference—Feet Ground Connections 
Minimum Number 

200 And Less 2 

201 Through 300 3 

301 Through 400 4 

401 Through 500 5 

501 Through 600 © 

601 Through 800 7 

801 And More 8 


b. Pump house. Protection for POL pump house 
will be provided complete as required for the applica- 
ble type of building construction. 

c. Fill stands. Protection for fill stands will con- 
form to NFPA No. 78. 


2-7 


TM 5-811-3/AFM 88-9, Chap. 3 


CHAPTER 3 
STATIC ELECTRICITY PROTECTION 


3-1. Discussion 


a. General. While the practice of grounding electri- 
cal systems is well established, the full implications 
of static electricity protection are not always under- 
stood. The object of static electricity protection is to 
provide a means whereby static electricity charges, 
separated by whatever cause, may recombine harm- 
lessly before sparking charges are attained. In order 
for a static electricity charge to become a source of 
trouble, the following conditions must be considered: 

(1) There must be a means of static generation. 

(2) There must be a means of accumulation of a 
static charge capable of producing ignition. 

(3) There must be a means of spark discharge of 
the accumulated charge. 

(4) There must be an ignitable mixture or atmos- 
phere at location of spark discharge to constitute an 
explosive or fire hazard. 

(5) The static potential must be maintained to 
constitute a hazard to personnel. 

(6) The static charge must be continuously con- 
ducted to constitute a compromise of classified com- 
munications. It may be impracticable to attempt miti- 
gation or control of all static charges. Furthermore, 
most static charges normally do not accumulate suffi- 
cient charge to supply enough energy to produce a 
spark capable of causing ignition. It should be recog- 
nized, however, that when static electricity accumu- 
lates, it becomes a potential hazard, and therefore 
must be controlled as required. Electrostatic electric- 
ity charges are generated by friction or contact be- 
tween dissimilar conductive, semiconductive or 
nonconductive moving objects, materials, liquids or 
air particles. Obviously, we live in an electrostatic 
environment containing constant movement of mole- 
cules, none of which is inherently grounded. When 
two solids move into contact, a voltage difference or 
contact charge occurs. In most cases it is very small, 
but with tin and iron, as specific examples, it is 
nearly a third of a volt. The tin is electropositive in 


this case. Moreover, if a piece of plastic is merely 
pressed—not rubbed-against a metal plate and 
taken away, it will have a charge where actual con- 
tact was made. Whereas if the plastic is rubbed on 
the metal, the charges will be increased in proportion 
to the number of little areas which actually make con- 
tact. The plastic, being a nonconductor, tends to re- 
tain that state at any little area of contact. When an 
insulating solid becomes charged, the charge tends to 
remain anchored to the area where it was developed. 
Good insulators having clean dry surfaces in low at- 
mospheric humidity can hold their charge for quite a 
while. A poor insulator quickly loses its charges to 
surrounding areas, and a good insulator having sur- 
face contamination will become somewhat conductive 
regardless of humidity, and will permit leakage to 
take place. A volume of relatively dry space which is 
normally a good insulator containing neutral mole- 
cules can also become charged by radioactivity andl 
cosmic rays. However, since there are no known per- 
fect insulators, isolated charges of static electricity 
always eventually leak away. The problem is to pro- 
vide instant control of hazardous accumulations of 
static charges without reliance upon natural bleeding 
or leaking away of such charges. For static electricity 
to discharge as a spark, the accumulated charge must 
be capable of jumping through a spark gap. The mini- 
mum sparking voltage at sea level is generally ac- 
cepted as approximately 350 volts for the shortest 
measurable length of gap. Characteristics of the gap 
are also a limiting factor. For discharge to constitute 
a fire hazard, the gap must exceed a critical minimum 
length to permit the buildup of a sufficient energy 
level for an incendiary spark to result. Of course, 
there must be an ignitable mixture in the gap where 
the spark occurs. This energy level is estimated to be 
in order of 10°joules minimum. An example of 
sparking voltages required to break clown various air 
gap spacings is furnished in table 3-1. For calculating 
ignition energy, refer to NFPA No. 77. 


Table 3-1. Static Electricity Sparking Voltages 


¥" Square 
Needle Rods Cut 
Gap Points 


*Varies between 350 and 600 volts depending on air gap characteristics. 


¥2" Square 
Rods Cut 
Square 


Needle 
Points 


Volts Volts 


12500 Cy 
17800 CF) 
23000 2600 
41000 47000 


55000 62000 


**Varies between 450 and 22,000 volts depending on air gap characteristics. 


3-1 


TM 5-811-3/AFM 88-9, Chap. 3 


b. Sources of static electricity charges. For pur- 
poses of this manual, static electricity charges should 
be considered as being generated by three classifica- 
tions of sources. 

(1) Magnetic inductions. 

(a) office equipment with moving parts as in 
data processing systems, having integral electric 
motor-driven parts assembled in a ferrous metal fire- 
proof enclosure where the motors are grounded into 
the building electrical distribution system. 

(b) Portable, normally ungrounded, electric 
motor-driven equipment having a ferrous metal en- 
closure exposed to operating personnel. Induced 
charges from magnetic induction sources could be of 
continuous duration at utilization voltage of electric 
motors. 

(2) Electrostatics as defined in NFPA No. 77. 

(3) Lightning static results from accumulations 
of extremely high voltage discharges, as discussed in 
paragraph 2—la. These magnitudes of potentials are 
sufficient to break down the dielectric strength of air 
for distances upwards of 3,000 feet, It will suffice to 
note here that lightning discharges can and do by 
their so-called side effects break down the dielectrics 
of many man-made condensers (ungrounded insulated 
metals, for example) existing within most of our 
buildings, and thereby very rapidly generate hazard- 
ous and explosive accumulations of static electricity 
energy in these condensers. 

c. NFPA No. 77. This code suggests special stud- 
ies for determining the need to provide means of pre- 
venting accumulation of static electricity in the hu- 
man body. These studies include such means as: 
conductive flooring, use of nonmetallic supports and 
hardware for personnel assistance, and tie-down 
rings for aircraft and hydrant refueling. These means 
of static control are included below, as appropriate. 

d. Effects of static electricity discharges. There are 
many reasons why concerns for protection against 
static electricity charges are important. Most of the 
everyday, normal types of static charges find a quick 
natural means of dissipation without any hazardous 
effects. However, because static charges of instanta- 
neous magnitudes greater than 10 kilovolts may be 
encountered, it is mandatory that potential effects 
from accumulations of these charges be considered. 
This is particularly essential where personnel are in- 
volved and where such static discharges may occur in 
hazardous areas with sufficient strength to produce 
ignition. It is not the intent herein to provide a list- 
ing of effects of discharges of static electricity, as 
many are already well known. It is the intent, how- 
ever, to place every electrical designer on the alert to 
use every reasonable precaution for including static 
electricity protection in each project specification 
when such protection is required. 
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e. Resistances to ground. Resistance to ground for 
dissipation of static electricity charges is not critical 
in order to provide adequate leakage path to ground 
and to equalize static electricity charges as fast as 
they are generated. Resistance to ground for static 
electricity dissipation may be as much as 1,000,000 
ohms. However, resistances to ground of less than 
25,000 ohms should be avoided when used with the 
usual g-rounded electrical distribution system in order 
to avoid increased electric shock hazard to personnel 
which may result in using lower resistances to 
ground. Maintaining an average range of between 
25,000 to 100,000 ohms resistances, to limit the cur- 
rent magnitude to ground, is complicated by ambient 
wet or dry conditions, such as: atmospheres, building 
materials, and foundations of concrete or earth, Re- 
sistance to ground limitations will be established for 
corresponding applications herein. 


3-2. Applications 


a. Conditions. It is not the intent of this manual to 
attempt to furnish a listing of all applications where 
static electricity protection should be provided. The 
electrical designer must analyze suspected potential 
static electricity charges and decide what conductive 
paths will be available between them, particularly in 
the following conditions: 

(1) Hazardous locations as listed in the NFPA 
No. 70. 

(2) Locations containing hazardous materials 
which will be handled or stored. 

(3) Movable and portable equipment having 
static electricity generating capabilities which will be 
dangerous to personnel, 

b. Hospitals. Static electricity protection in inten- 
sive care, and surgical and obstetrical sections of hos- 
pitals will conform to NFPA No. 56A. 

c. Other facilities. Static electricity protection for 
other facilities will be in conformance with provisions 
included below, unless otherwise requested on a 
project-by-project basis by the using service. Where 
criteria of other Federal agencies conflict with crite- 
ria contained below, the most stringent criteria will 
govern. 


3-3. General. Building areas where static electric- 
ity protection is required will be identified on the 
contract drawings in conformance with classifications 
contained in NFPA No. 70. A listing of hazardous 
materials, containers, and operating units will be in- 
cluded in the design, and fixed operating equipment 
locations indicated on the drawings. Portable and 
movable equipment requiring static electricity 
grounding will be distinctively identified by location 
and with type of grounding locations required. 


3-4. Bonding 


a. Bonding is the process of connecting two or 
more conductive objects together by means of a con- 
ductor. Bonding is done to minimize voltage differ- 
ences and impedances of joints. Bonding conductors 
normally will be uninsulated. When bonding conduct- 
ors are used between movable objects, and connec- 
tions are disconnected frequently, they will be of the 
flexible conductor or strap type. When concealed or 
mechanically protected, bonding conductors may be 
No. 10 AWG copper wire; otherwise No. 6 AWG cop- 
per wire or larger will be used. Bonding for other fa- 
cilities will conform with NFPA No. 70, and U L 467, 
unless otherwise required in paragraph 3-9. The fol- 
lowing guide will be used for determining objects to 
be bonded, in conformance with paragraph 3-2: 

—For permanently installed underground 
built-in equipment having metal housing and movable 
or portable equipment having ungrounded metal 
housing; bond to attached or unattached fixed adjoin- 
ing metal. 

—For movable or portable equipment nor- 
mally having ungrounded metal housing located in 
room or area where protection of operating and main- 
tenance personnel is required regularly; provide con- 
ductive flooring as described below. 

—For movable or portable normally ungrounded 
equipment having nonconductive housing and no ac- 
cessible grounding terminal; provide bonding termi- 
nal for portable type connection. 


—For classified equipment; bond in conform- 
ance with paragraph 3—9. Electrically conductive con- 
tainers with explosive and flammable contents shall 
be grounded. In bonding explosive and flammable 
contents of containers, including nonconducting liq- 
uids stored in electrically insulated containers, it may 
be necessary to insert a conductive electrode having 
a bonding terminal on the exterior of the container. 
The electrode material will be chemically inert to the 
stored ingredients and the container. Such an ar- 
rangement will be specified only by the using service. 
Whenever such electrode is used, it will be of a de- 
signed which will preclude its being broken off during 
handling of containers. 


b. Before securing any bond, it is necessary to in- 
sure electrical continuity by removing any paint, oil, 
dirt or rust to present an electrically clean contact 
surface. In providing a bond for a frequently moving 
body such as a metal door, hinged shelf or table, not 
less than two separated flexible bonding straps will 
be provided. Bonds will not be made to gas, steam, 
oil, air, or hydraulic lines, nor to sprinkler system 
piping or metallic bodies connected to lightning pro- 
tection system, except as required below finished 
grade, as described below. 
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3-5. Grounding. Grounding is the process of con- 
necting one or more metallic objects and g-rounding 
conductors to a ground electrode or system. A metal- 
lic object also may be grounded by bonding to an- 
other metallic object that is already connected to the 
ground. Grounding conductors within the building 
will be bonded separately to static electricity bonding 
jumpers or other bonded metals, and connected be- 
low finished grade to an appropriate grounding elec- 
trode or system. No fewer than two grounding con- 
ductors will be provided for connection to grounding 
electrodes at opposite corners of any building. For 
buildings having more than a total of 1,600 square 
feet of protected area, one grounding conductor- 
electrode arrangement will be provided at each cor- 
ner of the building. Steel framing members of the 
building and metal sides that are electrically bonded 
and not used for lightning protection may be as part 
of the grounding conductor system. Ground rods will 
be not less than 5/8 inch in diameter, 8-foot long cop- 
per or copper-clad rods driven so tops are not less 
than 6 inches below finished grade, except as other- 
wise required herein. The electrical power grounding 
system will be extended and connected to the static 
electricity grounding system. 


3-6. Hazardous locations. Electrical design will 
incorporate the requirements of the using service rel- 
ative to hazardous materials, equipment and contain- 
ers to the extent that information is furnished to en- 
able the construction contractor to proceed with full 
understanding of static electricity protection provi- 
sions. Classifications will conform to NFPA No. 70, 
unless otherwise authorized by the using service. For 
Air Force facilities, classifications of hazardous areas 
of hangars, docks and POL areas will conform to 
AFM 88-15. For Army facilities, classifications for 
POL areas will conform to AR 415-22. 


3-7. Petroleum oil lubricants (POL) facilities. 
This paragraph pertains to static electricity protec- 
tion for pumping, distribution, fueling and refueling 
storage and miscellaneous handling facilities for 
Army facilities. Fueling and refueling of fixed wing 
aircraft on the ground is discussed in paragraph 3-11. 
Recommendations contained in NFPA No. 77, will be 
included in each project design of these facilities as 
appropriate. Prior to and during fueling of other than 
fixed wing aircraft, the refueling hose nozzle must be 
bonded to the plane by means of a short bond wire 
and clip, without reliance upon a separate static elec- 
tricity grounding system. Air Force designs will be 
in accordance with the requirements of AFM 85-16. 


3-8. Weapon systems. Where electromagnetic 
pulse (EMP) or electromagnetic sheilding protection 
is included in the design of any weapons system, 
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grounding conductors of the static electricity protec- 
tion systems, when required, will be bonded to these 
other protective systems at convenient locations be- 
low finished grade. Separate static electricity protec- 
tion is not required for static producing units such as 
doors, fixed or movable equipment, electric motors, 
and storage containers, when these items are bonded 
electrically to other grounding type of protection sys- 
tem. When question arises whether static electricity 
generating sources may be controlled, these units 
will be bonded to a grounding system to assure 
safety of personnel and prevent malfunction and 
breakdown of weapons system tactical control func- 
tions. Weapons system support facilities provisions 
for static electricity protection will conform to above 
general requirements. 


3-9. Classified communications buildings. 
Classified communications cannot risk being compro- 
mised and endangered by permitting ungrounded 
static electricity discharges. Static electricity 
generating equipment used in classified communica- 
tions operations will be bonded to a grounding sys- 
tem separate from other grounding systems in ac- 
cordance with MIL-HDBK-419 and 
MIL-STD-188-124. This is required to insure com- 
plete invulnerability to intelligence countermeasures 
from any possible potential static electricity dis- 
charge, No fewer than two shielded grounding buses 
will be provided within each classified room or area. 
Not more than two such grounding buses will be con- 
nected by shielded conductor to one electrode below 
finished grade, Grounding buses will be arranged 
with a number of shielding one-wire grounding recep- 
tacles to provide a plug-in grounding jack (telephone 
type) connection for each classified unit of equip- 
ment, Grounding of other than classified equipment 
to these grounding buses will be permitted. Ground 
rods will be driven into earth so that tops and con- 
nections thereto will be not less than 2 feet below fin- 
ished grade. 


3-10. Corrugated steel arch type igloos for 
storage of MB-1, GAM-87 and GAR cased 
propellant type weapons. Static electricity 
grounding of case will be bonded to the lightning pro- 
tection grounding electrodes. This arrangment will 
permit no space between cased weapons and storage 
racks for possibility of any static spark. 


3-11. Airplane parking aprons. Static electricity 
grounding in new construction for airplane parking- 
hydrant refueling areas will be accomplished with a 
closed metal tie-down ring, 1% inch inside diameter, 
welded to the reinforcing steel in the concrete, Park- 
ing apron will be provided with a recess cavity at 
each ground rod location, permitting top of tie-down 
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ring to become set below apron surface. The recessed 
cavity will be wide enough to permit static grounding 
temporary connections to metal tie-down ring. Re- 
sistance to ground of each tie down ring connected to 
the reinforcing steel can be anticipated to be less 
than 10,000 ohms. In hydrant refueling areas one 
static grounding tie-down ring will be installed be- 
tween each refueling hydrant and electrical cable 
control box. Tie-down ring grounding electrode inter- 
connections between hydrant and cable housing will 
not be required. Static grounds are not designed for 
aircraft lightning protection. 


3-12. Airplane hangar floors. Grounding devices 
installed in floors are intended to serve for airplane 
static and equipment grounding. A static grounding 
system conforming to NFPA No. 77 is suitable for 
dissipation of any aircraft static electricity to ground. 
However, inasmuch as NFPA No. 70 requires a max- 
imum of 25 ohms resistance to ground for equipment 
grounding, the 25-ohms requirement will govern for 
this dual-purpose grounding system. Floor grounding 
systems electrodes will be interconnected below con- 
crete, and interconnection also will be made to han- 
gar electrical service grounding system. Interconnec- 
tions will be of not less than No. 4 AWG bare copper. 
Each floor receptacle will consist essentially of a 
housing, grounding connection stud, housing cover, 
and ground rod as illustrated in figure 3-1. Floor lay- 
outs for receptacles will be essentially as follows: 

a. Where hangars will be used for a specific num- 
ber and type of aircraft, one grounding electrode will 
be provided for each aircraft space approximately 10 
feet from the centerline of the aircraft space in the 
vicinity of one of the main landing gears. 

b. For general purpose hangars, electrodes will be 
provided for each aircraft space approximately 10 
feet from centerline of the aircraft space, and will be 
installed at 50-foot intervals. Spacing of electrodes 
from wall lines or columns will not exceed 50 feet. 


3-13. Conductive flooring. Where conductive 
flooring is provided in an area of a room, it is not nec- 
essary to provide separate grounds for metal frames 
of nonelectric equipment located on that flooring. 
Conductive floors are provided essentially to protect 
operating and maintenance personnel from hazards of 
shock where personnel may otherwise become ex- 
posed to low resistances to ground (less than 25,000 
ohms), at voltages of electrical distribution system, 
or other hazardous area system, The following guide 
may be used in identifying hazardous conditions and 
materials requiring conductive flooring for protection 
of personnel from static electricity: 

a. Areas containing units of operating equipment 
hazardous to operating and maintenance personnel. 


CAST BRONZE 


COVER FRICTION 


FIT 


CAST BRONZE 
HOUSING 


BRASS PIN 


0’’ MIN. FOR HANGARS. 
8’ MIN. FOR HYDRANT REFUELING SYSTEM 


ya 
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— 23/4" DIAM. 


FINISHED HANGAR 
FLOOR OR APRON 
PAVEMENT. 

IN HANGARS’ 

MAX RESISTANCE 
TO GROUND SHALL 
BE 25 OHMS FROM 
ANY GROUND ROD’ 


#10 BRASS BALL CHAIN 


3/4” N.C. THREAD 


3/4" PIPE OR ROD FOR 
HANGARS 3/4" COPPER- 
WELD GROUND ROD FoR 
HYDRANT REFUELING 
SYSTEM. 


#4 FOR WATER 
SERVICE MAIN 
CONNECTION 
IN HANGARS. 


INSTALL BELOW CONCRETE 
SLAB. BOND BY CADWELD 
PROCESS OR EQUAL, 
GROUNDING CABLE: 

#4 FOR HANGARS, 

#1/0 FOR HYDRANT 
REFUELING. 


CROSS SECTION 
ELEVATION VIEW: 


US Army Corps of Engineers 


Figure 3-1. Static grounding receptacle 
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b. Hazardous materials including the following: 

(1) Loose unpacked ammunition with electric 
primers. 

(2) Exposed electro-explosive devices such as: 
squibs, detonators, etc. 

(3) Electrically initiated items with exposed elec- 
tric circuits such as rockets. 

(4) Hazardous materials that could be easily ig- 
nited or detonated by a static spark such as— 

Lead _ styphnate. Ethyl ether. 


Lead azide. Ethyl alcohol. 
Mercury fulminate. Ethyl acetate. 
Potassium chlorate- Tetrazene. 


lead styphnate mix- Diazodinitrophanal. 
tures. 

Grade B magnesium 
powder. 

Black powder dust in 
exposed layers, 


Igniter composition. 


Acetone. 
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Dust of solid propel- Gasoline. 
lants, uncased. 
Dust-air mixtures of Anesthetics. 


ammonium picrate, 
tetryl, and tetrytel. 


c. Storage areas containing exposed explosives, 
such as— 


Primers. Igniters. 
Initiators. Tracers. 
Incendiary mixtures. Detonators. 


Information in connection with specific hazardous 
materials as listed above and units of hazardous 
equipment will be obtained from the using service for 
each project. Hazards of dust-air or flammable vapor- 
air mixtures can be reduced substantially by provid- 
ing for adequate housekeeping, dust collection, venti- 
lation, or solvent recovery methods. 
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Departments of the Army and the Air Force. 
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AR 415-22 Protection of Petroleum Installations and Related Facilities. 
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Garrisoned On Temporary Basis. 

AFM 88-15 Air Force Design Manual Criteria and Standards for Air Force Con- 
struction. 

AFM 85-16 Maintenance of Petroleum Systems. 


Nongovernment Publications. 


National Fire Protection Association [NFPA], Publications Department, Batterymarch Park, Quincy, MA 
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No. 78-1983 Lightning Protection Code. 
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UL 96A Installation Requirements for Lightning Protection Systems. (Apr 9, 
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CHAPTER 1 


INTRODUCTION 


1-1. Purpose 


The purpose of this manual is to present an integrated set of design and installation requirements for 
grounding and bonding practices in new and existing Command, Control, Communications, Computer, 
Intelligence, Surveillance, and Reconnaissance (C4ISR) facilities. Grounding and bonding alone will not 
and cannot guarantee absolute protection against electromagnetic (EM) environmental threats. Improper 
grounding and bonding practices, however, can negate the effectiveness of other protective measures, 
such as EM protection, TEMPEST protection, shielding, and surge suppression. 


a. EM protection. EM protection requirements are intended to limit the spurious emissions given off 
by electronic equipment and to ensure that electronic equipment is not adversely affected by such 
emissions. Typical EM requirements are contained in CFR 47 or in documents promulgated by Technical 
Committee 77 (Electromagnetic Compatibility) of the International Electrotechnical Commission (IEC). 


b. TEMPEST protection. Transient electromagnetic pulse emanation standard (TEMPEST) protection 
is a government standard with the purpose of protecting the compromising emanations from any 
information processing equipment from the possibility of interception and extraction of classified 
information by unauthorized parties. 


c. EM and TEMPEST grounding and bonding practices. A Faraday cage that provides an 
electromagnetic and radio frequency shield enveloping the electronic equipment to be protected best 
describes the basic requirements of EM and TEMPEST protection. This shield isolates the protected 
circuits from spurious external signals and also attenuates TEMPEST emanations to levels that are too 
small to be intercepted or analyzed. To be usable this shield must have penetrations for personnel and 
equipment access, power lines, control cables, and ventilation. The number of shield penetrations must 
be held to a minimum since each penetration is a potential leakage source unless properly grounded and 
bonded. Shielding hardware and a power distribution system designed to meet the objectives of EM and 
TEMPEST protection guidelines must always meet the requirements of the National Electrical Code®, 
NFPA 70-1999 (NEC®). In particular, the grounding and bonding of shields and associated components 
must comply with Article 250 of the NEC®. (National Electrical Code® and NEC® are registered 
trademarks of the National Fire Protection Association Inc., Quincy, MA 02269.) 


d. Recommended grounding and bonding practices. The recommended grounding and bonding 
practices are designed to: (1) accomplish adequate fault and lightning protection, (2) allow effective 
TEMPEST protection to be implemented, (3) support reliable signal and data transmission without 
introducing noise coupling via safety grounds, and (4) maintain the integrity of electromagnetic 
interference (EMI) control and electromagnetic pulse (EMP) hardness measures. C4ISR facilities and the 
interconnections between the various system elements are very complex. Existing documentation of the 
as-installed grounding and bonding networks is typically not kept current. Therefore, this manual will 
provide a unified set of grounding and bonding practices specifically formulated for standard C4ISR 
facilities. 
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1-2. Scope 


The scope of this manual is to provide general guidance for design, construction, modification, inspection, 
and acceptance testing of the grounding and bonding subsystems for building protection, electrical power 
ground fault protection, lightning protection, and signal ground protection for both new and existing 
C4ISR facilities. The procedures presented in this manual are basic. Detailed information and specific 
instructions for each particular project should be observed. 


1-3. Objectives 


The objective to this manual is to define the state of the art and most commonly accepted practices for an 
integrated set of grounding and bonding practices for design and installation that is applicable to both new 
and existing C4ISR facilities. 


1-4. References 


Appendix A contains a complete listing of references used in this manual. Prescribed forms are also listed 
in appendix A, page A-4. 


1-5. Overview of the inspection program 


The inspection program is divided into two groups of forms. The first group contains Department of the 
Army (DA) forms for guidance to the electrical inspector in the inspection of new C4ISR facilities and is 
found in chapter 3. The second group pertains to existing C4ISR facilities and is found in chapter 6. 


a. New facilities. Figure 3-5 illustrates how the information for DA Form 7452-R (Earth Ground 
Electrode Subsystem Checklist for New Facilities) is recorded by electrical inspectors checking the earth 
ground electrode subsystem. Figure 3-12 illustrates a sample of DA Form 7452-1-R (Ground Fault 
Protection Subsystem Checklist for New Facilities) as does figure 3-31 for DA Form 7452-1-R 
(Lightening Protection Grounding Subsystem Checklist for New facilities) and figure 3-38 for DA Form 
7452-2-R (Signal Ground Reference Subsystem Checklist for New Facilities). These four may be found 
at the end of the manual as reproducible forms. 


b. Existing facilities. Typically, existing C4ISR facilities have been built to a variety of building codes 
that either directly dictated specific grounding and bonding practices or indirectly restricted what could be 
done. Consequently, the practices may vary or be incomplete with respect to other environmental 
grounding and bonding practices. Major modifications to the grounding system may need to be done in 
phases or may need to wait until a major equipment upgrade is being performed so that the new 
grounding measures can be implemented as a part of the equipment changeover. Figure 6-1 illustrates a 
sample filled-out form for use by electrical inspectors in completing the DA Form 7452-4-R (Earth 
Electrode Subsystem Checklist for Existing Facilities). Figure 6-2 illustrates a sample of DA Form 
7452-5-R (Grounding and Bonding Connection Checklist for Existing Facilities) as does figure 6-3 for 
DA Form 7452-6-R (Lightning Protection Grounding Subsystem Checklist for Existing Facilities) and 
figure 6-4 for DA Form 7452-7-R (Ground Fault Protection Subsystem Checklist for Existing Facilities). 
Figure 6-5 illustrates a sample DA Form 7452-8-R (Signal Ground Reference Subsystem Checklist for 
Existing Facilities) and figure 6-6 is an illustration for DA Form 7452-9-R (Shielding Subsystem 
Checklist for Existing Facilities). These six may be found at the end of the manual as reproducible forms. 
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CHAPTER 2 


FACILITY ELEMENTS AND 
PROTECTION REQUIREMENTS 


2-1. Generic C4ISR facility elements 


To support its mission of gathering, processing, and transmitting information, the Command, Control, 
Communications, Computer, Intelligence, Surveillance, and Reconnaissance (C4ISR) facility contains as 
a minimum ten distinguishable elements. These are the structure or housing; electrical power generation 
and distribution [both alternating current (ac) and direct current (dc)]; non-electrical utilities; heating, 
ventilation, and air-conditioning (HVAC); an earth electrode; lightning protection; communications 
systems; computer and data processing systems; control and security systems; and personnel support 
systems. 


a. Requirements. In general, C4ISR facility elements must conform to the requirements commonly 
encountered in commercial construction. However, because of their unique mission, the C4ISR facility 
elements must also accommodate several specialized requirements not found in commercial buildings or 
in military administration and support buildings. These specialized requirements impose restrictions on 
the configuration and installation of grounding networks and on bonding practices that are not common in 
routine construction. Fixed land-based C4ISR facilities range from small structures performing dedicated 
missions with few pieces of equipment to large complexes performing varied jobs involving many 
different kinds of signal and data processing equipment. 


b. Facility characteristics. Regardless of the specific mission, land-based C4ISR facilities have certain 
characteristics that make them unique relative to administrative and support facilities. For example, in 
addition to commercial power, they commonly contain extensive on-site power generation capabilities for 
both emergency backup and power conditioning. Effective protection against electrical faults within this 
combined power system must be established. Also, because much of the information processed by the 
facilities is classified, TEMPEST measures must be taken to protect against unauthorized interception. In 
many locations, lightning presents a serious threat of damage to the sensitive equipment and protection 
must be provided. Hardness against disruption and damage from electromagnetic pulses (EMP) produced 
by nuclear blasts is also required in many facilities. Further, because of the amount of electronic data 
processing, transmission, and reception equipment in the facilities, there are many opportunities for 
electromagnetic interference (EMI) to occur. Integral to reliable operation of the C4ISR facility in this 
electromagnetic (EM) "environment" is the establishment of electrical fault protection networks and 
lightning discharge paths, the installation of interference control and surge suppression devices, and the 
implementation of EM shields between sensitive receptors and troublesome EM sources. Grounding and 
bonding are essential elements of these protective measures. 


2-2. Element descriptions 
Following are the descriptions of some common elements found in commercial and administrative 
facilities as well as in C4ISR facilities. For example, all facilities have structural, utility, HVAC, and 
personnel support elements. Other facilities may contain a number of the remaining elements. 

a. Structure. The structure provides physical support, security, and weather protection for equipment 


and personnel. The structure is an element common to all facilities, yet it is the most varied. The size, 
configuration, material, and construction are rarely the same in any two C4ISR facilities. 
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(1) Wood, stone, glass, or concrete, which are essentially transparent to EM energy, provide little 
shielding to EMI and EMP threats. 


(2) Structures containing steel reinforcing bars or steel superstructures offer some degree of EM 
protection. Other structures that have walls containing wire mesh, corrugated metal panels, aluminum 
siding, or solid metal foils or sheets offer still more protection against the transmission of EM energy into 
or out of the facility. Generally, as the metal content of the structure increases, so does the available EM 
protection. However, this protection depends heavily upon the electrical continuity (bonding) and 
topology of the structure. For example, structures which are completely enclosed by well-bonded steel 
sheets or plates with adequately treated apertures may provide over 100 decibels (dB) of protection from a 
few kilohertz to several gigahertz. On the other hand, open metallic construction may actually enhance 
coupling at frequencies where the members exhibit resonant lengths. 


(3) Where TEMPEST or EMP protection is required, the structure of the C4ISR facility typically 
incorporates continuously bonded metal sheets in exterior walls or around rooms or clusters of rooms to 
provide a zonal barrier to prevent disruptive or compromising coupling of EM energy between internal 
equipment and the external environment. To maintain the shielding integrity of these EM barriers, all 
seams must be made electrically tight and all penetrations must be constructed and maintained to prevent 
unintended coupling of energy through the barrier. These penetrations include those required for 
personnel access, HVAC support, and signal and power transmission. 


(4) For underground facilities, the housing typically consists of large interconnected metal rooms. 
The rock and earth overburden provides some degree of attenuation to EM energy; however, for complete 
EMP and TEMPEST protection, the added metal enclosures are necessary. 


(5) The C4ISR facilities associated with the generation and transmission of high power radio 
frequency (RF) signals (e.g., long range radar installations or those providing high satellite linkages) 
commonly incorporate continuous RF shielding to control EMI to internal equipment. Similar 
requirements also exist in those facilities near commercial broadcast facilities or other RF-generating 
sources. 


(6) Steel structural members offer many parallel conducting paths between various points within the 
facility and between these points and earth. These structural support members are frequently in direct 
contact with soil and can provide a low impedance path to earth. Because of the large cross-sectional 
areas of steel superstructural members, the net impedance between points is frequently less than that 
provided by lightning down conductors and electrical grounding conductors. For this reason, 
crossbonding between lightning down conductors and structural members is required to control flashover. 


(7) Throughout the typical existing C4ISR facility, structural members are in frequent electrical 
contact with other facility elements either through intentional grounding or inadvertent grounding as a 
result of normal construction and installation practices. In general, structural members do not provide 
either adequate EM shielding or reliable power safety grounding. On the other hand, with proper bonding 
of structural members and with proper control of stray power return currents, the structure can be used to 
effectively augment grounding networks within the facility. 


(8) The particular grounding and bonding requirements and constraints imposed on C4ISR 
structures are summarized in table 2-1. 


b. Electric power generation and distribution. The power system is a network of electrical equipment, 


conductors, and distribution panels located throughout the C4ISR facility. The purposes of this network 
are to: 
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Table 2-1. Grounding and bonding principles for structures 


Electrical Safety Lightning Signal Security 
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The structure cannot 
be substituted for the 
required equipment 
grounding conductor, 
Le., “green wire.” 


Wherever possible and 
convenient, the 
structure should be 
frequently 
interconnected with 
the fault protection 
subsystem. 


The structure should 
be frequently 
interconnected with 
the earth electrode 
subsystem. 


All exterior metal 
walls must be bonded 
to lightning down 
conductors. 


No lightning 
protection subsystem 
conductors need 
penetrate the 
structural boundary 
of the facility. Bonds 
for the protection 
against lightning 
flashover must be 
connected to opposite 
sides of the structural 
boundary. 


Large exterior metal 
objects that are 
within 2 meters of 
down conductors 
must be cross-bonded 
to the nearest down 
conductor. 


Large interior metal 
objects and shielded 
rooms positioned 
within 2 meters of 
exterior steel 
structural members 
must be bonded to 
these members. 


Resistance of bonds 
should not exceed 
one milliohm. 


To provide the lowest 
impedance facility 
ground system, all 
structural joints should 
be electrically well 
bonded. 


All structural joints 
should be 
electrically well 
bonded. 


No untreated 
grounding 
conductors may 
penetrate or cross 
the structural 
boundary. External 
grounding 
conductors must be 
bonded to the 
outside of the 
structure. Internal 
grounding 
conductors must be 
bonded to the 
interior surface of 
the structure or 
enclosure. 


No untreated 
grounding conductors 
may penetrate or cross 
the structural 
boundary. External 
grounding conductors 
must be bonded to the 
outside of the 
structure. Internal 
grounding conductors 
must be bonded to the 
interior surface of the 
structure or enclosure. 


(1) Transform, as necessary, and route commercially supplied power into the facility. 


(2) Generate appropriate on-line electrical power as required, especially during the absence of 


commercial power. 
(3) 
(4) 
(5) 
(6) 
(7) 


Switch between these two sources of electrical power. 


Condition the electrical power for the critical loads being served. 


Provide uninterrupted electrical power for critical equipment in all situations. 


generic ac system is illustrated by figure 2-1. It consists of a substation/transformer bank, a number of 


Distribute appropriate electrical power to the various equipment loads throughout the facility. 


The overall facility power system includes both ac and de subsystems. A one-line diagram of a 
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engine/generators (E/Gs), various switchgear, intermediate transformers, an uninterruptible power supply 
(UPS), transfer switches, and a network of conductors, disconnects, and distribution panels. 
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Figure 2-1. One-line diagram of a generic ac power subsystem 


(8) The substation/transformer bank, which can range in size from a single pad-mounted transformer 
to a complete power substation, converts the incoming commercial power to the proper voltages for use at 
the facility. Commercial power is a primary ac power source for C4ISR installations wherever such 
sources are available and where operational and economic considerations permit. Independent, redundant 
sources are desirable. Thus, on-site electrical generators driven by diesel engines are commonly used to 
produce ac power as needed. The main facility switchgear is used to select one of the commercial power 
feeds or the generators as the primary source of facility power, to synchronize these sources, and to 
switch between them. In addition to having redundant feeds, this switchgear is configured with multiple 
buses so as to provide redundant paths to technical operational loads. 
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(9) CA4ISR facilities contain four types of electrical/electronic equipment to which power must be 
supplied: critical technical, essential technical, non-essential loads, and emergency loads. Critical 
technical loads are those which must remain operational (100 percent continuity) in order for the facility 
to carry out its assigned mission. Essential technical loads are those which are supportive of the assigned 
mission but are not required to have 100 percent continuity. Non-essential loads indirectly support the 
C4ISR mission. Emergency loads consist of life-safety equipment such as emergency lights, exit lights, 
and fire alarm and suppression systems. 


(10) The configuration of the ac power system following the main switchgear depends on the type 
of facility load being served. The critical and essential technical equipment loads are supplied through 
multiple bus switchgear and double feeds to provide redundant distribution paths. The non-essential 
loads are supplied through a single feed and single bus switchgear either from one bus in the main facility 
switchgear or directly from commercial power. In addition to the redundant distribution paths, the critical 
technical equipment loads are supplied through a UPS. The UPS provides continuous, high quality, 
uninterruptible power in all operational situations to the critical technical equipment within the facility. It 
consists of a rectifier bank driving a group of inverters, which generate the required ac power. 
Uninterruptible ac power results from paralleling the dc output of the rectifiers with a battery bank 
capable of carrying the critical facility load until the engine/generators are started, brought up to speed, 
and switched on-line. In addition, all incoming commercial and engine/generator power to critical loads 
is conditioned by the rectifier/battery/inverter process in normal operational situations. 


(11) The output of the UPS is routed via multiple buses and redundant feeds through breakers in the 
critical bus switchgear to branch distribution panels. These branch panels are located throughout the 
facility at critical equipment locations. The critical power is then routed through circuit breakers in each 
of these panels to specific pieces of equipment. 


(12) At appropriate locations in the power distribution paths, transformers and intermediate 
switchgear (indoor unit substations) and transfer switches may be employed. The transformers convert 
the ac power to the appropriate voltages and configuration (i.e., three-phase, delta or wye, or single- 
phase) for the loads being served. The transfer switches, which are typically automatic, switch between 
two sources of power to provide continuous operation in the event of failure of one of the sources. 


(13) A typical configuration for the ac power system showing the neutral and grounding conductor 
is illustrated in figure 2-2. (To simplify this figure, the redundant buses in the switchgear and the 
redundant feeds are not shown.) Typically, every transformer between the ac power source and the load 
is a delta-primary/wye-secondary configuration, thus establishing a separately derived source at each 
transformer. Furthermore, the neutral is usually not run between intermediate switchgear. For example, 
although the neutral is usually present in the intermediate switchgear, it is usually not continued to the 
next successive transformer/switchgear assembly. It commonly begins at the last transformer prior to a 
single-phase load and is then routed with the phase conductors through the remaining switchgear and 
distribution panels to the loads. 


(14) The dc power system usually consists of multiple battery racks located at various places in the 
facility and includes dc switchgear, battery chargers, and distribution conductors. In some C4ISR 
facilities, individual battery racks are located near the dc loads they serve; in others, a large battery rack 
called the station battery serves the function of, and replaces, several individual battery racks. The de 
power system supplies appropriate power for switchgear circuit breaker controls, protective and auxiliary 
relays, and pilot lights; for other instrumentation and control signaling and switching; and for the UPS 
equipment. Since the major functions of the dc loads are associated with generation, monitoring, and 
control of the ac power, a significant portion of the dc power system is located near the ac power 
switchgear. 
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Figure 2-2. Typical ac power subsystem configuration 


(15) In many facilities, there will be power conditioning centers dedicated to supplying highly 
filtered and protected power to data processing and other equipment demonstrated to be highly 
susceptible to power line transients and ground system noise. These centers commonly contain filters, 
terminal protection devices (TPDs), isolation transformers, voltage regulators, and overload protection. 
Depending upon the criticality of the equipment being served, a secondary UPS may also be provided by 
the power-conditioning center. 


(16) The particular grounding and bonding requirements and constraints imposed on C4ISR 
electric power generation and distribution are summarized in table 2-2. 


c. Non-electric utilities. Non-electric utilities are the non-electrical piping used for gas, sewer, and 
water (both for fire fighting and normal use). In addition to these normal services, the facility will likely 
contain other non-electric utilities such as fire suppression, chilled water, compressed air, etc. The utility 
pipes providing these services are typically constructed of steel, cast iron, copper, or plastic. Some buried 
sewer lines may be fired clay. In older facilities, the lines enter the facility at different points and then 
branch out to form an interwoven tree network of pipes. Metal pipes of different non-electric utility 
systems are frequently mechanically bonded together to become electrically continuous along their path. 
For example, gas and water pipes become interconnected at hot water heaters; water and sewer pipes 
interconnect at sinks and appliances; all may interconnect with structural elements via mounting brackets. 
Through chilled water and other coolant systems, the utility piping network can become electrically 
interconnected with electronic equipment. The internal piping is commonly joined electrically to the 
external system of pipes. This electrically joined network may provide coupling paths for unwanted 
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Table 2-2. Grounding and bonding principles for power distribution 


Safety 


Lightning 


EMC 


EMP 


Signal Security 


Ground the neutral of 
three-phase wye and 
single-phase supply 
lines at the service 
disconnect for the 
facility and/or 
individual buildings. 


Electrical supporting 
structures should be 
interconnected and 
connected with facility 
ground. 


Neutrals of engine 
generators should be 
grounded through a 
current limiting 
resistance or with a 
grounding transformer 
to the facility ground. 


The equipment 
grounding conductors, 
Le., "green wire 
grounds," must be run 
with power conductors 
and connected to 
equipment frames and 
housings. 


Resistance of bonds 
should not exceed one 
milliohm. 


Lightning ground must 
be interconnected with 
power ground. 


Surge suppressors 
installed on 
transformers shall be 
grounded to the 
transformer housings 
and their earth 
electrode connections 
with minimum length 
conductors 
Suppressors installed 
on service entrance 
panels shall be 
grounded to the 
common neutral- 
grounding conductor 
connection with 
minimum length 
connections. 


TPDs installed on 
power and control 
cables interfacing with 
HVAC elements must 
be grounded to the 
enclosure of the 
protected equipment 
with minimum length 
conductors. 


Resistance of bonds 
should not exceed one 
milliohm. 


The neutral should not 
be grounded at any 
point on the load side 
of the disconnect, 
other than as required 
on the secondaries of 
delta-wye stepdown 
transformers or 
isolation transformers. 
(See exception for 
certain personnel 
support appliances. 
For this exception, 
however, it is essential 
that the frames or 
cabinets NOT be 
interconnected with 
the structure or fault 
protection subsystem.) 


All fuse and breaker 
panels, switch boxes, 
junction boxes, power 
outlets, electronic 
equipment enclosures, 
etc., MUST have no 
inadvertent 
neutral/grounding wire 
(white/green) reversal. 


All power conductors, 
including neutrals, 
entering or leaving 
protected regions 
should be equipped 
with EMI power line 
filters. 


All power conductors 
entering or leaving 
protected regions of the 
facility must be 
equipped with EMP 
power line filters and 
TIDs. Grounding 
conductors must be 
bonded to the structure, 
EM shield, or EMP 
zonal boundary at the 
point of penetration of 
the power conductors. 


No untreated grounding 
conductors may 
penetrate or cross the 
structural boundary. 
External grounding 
conductors must be 
bonded to the outside of 
the structure. Internal 
grounding conductors 
must be bonded to the 
interior surface of the 
structure or enclosure. 


Multiple entry panels 
may be used; however, 
the aggregation of all 
penetrating conductors - 
power, signal, data, 
control lines, and utility 
conductors - to a single 
entrance panel or vault 
should be a goal during 
upgrades and 
continuing 
modifications of the 
facility. 


All power 
conductors 
(including neutrals) 
entering or leaving 
Controlled Access 
Areas (CAA) must 
be equipped with 
EMI power line 
filters. Grounding 
conductors, i.e., 
green wires, must be 
bonded to outside 
and the inside 
surfaces of EM 
shields surrounding 
the CAA. A common 
grounding stud may 
be used to terminate 
the external and 
internal grounding 
conductors. External 
grounding 
conductors must 
terminate to the 
exterior part of 
shielded volume. 


energy both between equipment internal to the facility and between internal equipment and the external 
environment, if adequate measures are not taken to disrupt the coupling path. The particular grounding 
and bonding requirements and constraints imposed on non-electric utilities are summarized in table 2-3. 


d. Heating, ventilating and air conditioning (HVAC). HVAC is the network of equipment that 
regulates the internal physical environment of the facility. This system consists of the furnaces, air- 
conditioners, heat pumps, and humidifiers that condition the air, ducts, vents, and fans that distribute the 
conditioned air throughout the facility. 


(1) The HVAC ducts are routed throughout the facility and are likely to make frequent contact with 
structural elements. The duct system may or may not be electrically continuous. 
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Table 2-3. Grounding and bonding principles for non-electrical utilities 


Power Safety Lightning EMC EMP Signal Security 
Except for gas lines, Buried metal pipes All utility pipe Utility pipes must be All utility pipes 
exterior pipes are to be | must be bonded penetrations into bonded to the structure entering CAA must 
bonded to the earth together and to the protected areas must at the point of be peripherally 
electrode subsystem earth electrode be properly treated. penetration. If possible, | bonded to the CAA 


and to the structure. 


Exterior gas supply 
lines shall be isolated 
from conductors inside 
the facility, if required 
by local codes. 


Metallic piping 
including gas lines 
inside the structure 
should be frequently 
interconnected with the 
facility ground. 


subsystem. 


peripheral bonding to a 
penetration panel or 
through a shielded 
entrance vault is 
preferred. 


All utility pipes should 
be bonded to the earth 
electrode subsystem at 
the point of crossing the 
subsystem. Utility pipes 
should have an 
insulating section 
inserted immediately 
outside the earth 
electrode subsystem. 


All utility pipes outside 
the zone oil boundary 
should be below grade. 


shield or utilize 
waveguide - below 
cutoff penetrations. 


(2) Some components of the HVAC system, such as cooling towers and oil tanks, are usually 
outside the structure. These components can act as pickup conductors for lightning and EMP energy; 
thus, penetrating conductors such as fuel, water and coolant lines, and the protective conduit of electrical 
supply lines associated with external elements of the HVAC subsystem must be peripherally bonded. 


Electrical conductors must have appropriate transient suppressors and filters installed. 


(3) The particular grounding and bonding requirements and constraints imposed onC4ISR HVAC 
systems are summarized in table 2-4. 


e. Earth electrode. The earth electrode subsystem is a network of conductors buried in soil to establish 
an electrical connection between the facility and the body of the earth. This connection provides the 
primary path to ground for the facility and its contents: 


(1) The network provides a preferential path to the earth for lightning discharge currents in a 
manner that protects the structure, its occupants, and the equipment inside. 


(2) The network ensures that any faults in the facility substation or transformer-breaker system 
have a sufficiently low impedance return path between the fault and the generating source to reliably 
cause breakers (in the substation or in generators) to trip and clear the fault and to minimize voltage 
hazards until the fault is cleared. 


(3) The network restricts the step-and-touch potential in areas accessible to personnel to levels 


below the lethal threshold even under lightning discharge and power fault conditions. 
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Table 2-4. Grounding and bonding principles for heating, ventilation, and air-conditioning 
Power Safety Lightning EMC EMP Signal Security 
Green wire grounds Any external HVAC Isolation Sections must | Filters and TPDs Isolation sections 


must be run with 
power conductors 
and connected to 
equipment frames 
and housings 


elements exposed to direct 
lightning strokes must have 
air terminals mounted 
thereon and be 
interconnected with roof 


be inserted in air ducts 
immediately prior to 
shield penetrations. 


Filters and TPDs 


installed for noise 
suppression and 
transient protection 
must be grounded to 
their mounting 


must be inserted in 
air ducts 
immediately prior to 
shield penetrations. 


installed for noise 
suppression and 


and down conductors. enclosures (which 


presumably is 


Any other external HVAC | transient protection mounted directly on 
equipment located within 2 | must be grounded to the housing of the 
m of roof and down their mounting HVAC equipment) 
conductors should be enclosures (which with direct 


Connections or with 
minimum length 
conductors. 


interconnected with the 
nearest down conductor. 


presumably is mounted 
directly on the housing 
of the HVAC 
equipment) with direct 
connections or with 
minimum length 
conductors. 


TPDs installed on power 
and control cables 
interfacing with HVAC 
elements must be grounded 
to the enclosure of the 
protected equipment with 
minimum length 
conductors. 


(4) The earth electrode subsystem commonly consists of both intentional and incidental metal 
conductors. Intentional conductors include ground rods (plus an interconnecting cable), grids, horizontal 
radials, or some combination of these. These conductors are generally placed around the perimeter of the 
structure, underneath the equipment as in the case of generators and high voltage transformers, or at 
penetration points of long external conductors. Since the C4ISR facility includes auxiliary generators 
and, typically, a commercial substation as integral elements of the power system, substation ground mats 
are likely to be a part of the facility earth electrode subsystem either through integral design or by 
extension through normal interconnections. Further, where auxiliary towers are a part of the complex, 
their grounds are also part of the earth electrode subsystem of the facility. 


(5) Incidental earth electrode conductors are those buried objects that are directly or indirectly 
interconnected with the intentional earth electrode subsystem. Examples of incidental members of the 
earth electrode subsystem are underground storage tanks connecting to the facility via metal pipes, 
structural steel pilings, buried metal utility pipes (usually the cold water main), well casings, and, for 
underground facilities, conduit for power conductors and signal cables which penetrate the overburden. 


(6) The particular grounding and bonding requirements and constraints imposed on the C4ISR 
earth electrode subsystem are summarized in table 2-5. 


f. Lightning protection. A lightning protection subsystem is frequently installed to protect the structure, 
personnel, and equipment of the C4ISR facility from damage due to lightning discharges. 


(1) The subsystem is a network of bonded air terminals and down conductors distributed over the 
exterior of the structure and connected to the earth electrode subsystem. The lightning protection 
subsystem also includes properly bonded support towers, to include their interconnections with the earth 
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Table 2-5. Grounding and bonding principles for earth electrode subsystem 


Power Safety 


Lightning 


EMC 


EMP 


Signal Security 


A low resistance 
connection to earth is 
required, i.e., 10 ohms 
or less. 


Ground mats or grids 
shall be installed as 
required to limit step- 
and-touch potentials in 
generating plants, 
substations, switching 
stations, and power 
conditioning centers. 


Except for gas lines, all 
nearby buried metal 
objects shall be 
interconnected to the 
earth electrode 
subsystem. Local codes 
may dictate that exterior 
gas supply lines be 
isolated from 
conductors inside the 
facility. 


The earth electrode 
subsystem shall be 
configured as a ground rod 
and counterpoise ring 
around the facility. 


Ground connections must be 
0.6 m outside the facility 
wall and must extend a 
minimum of 3 m into soil. 


Multiple paths between air 
terminals and the earth 
electrode subsystem must be 
installed. Except for gas 
lines, all nearby buried 
metal objects shall be 
interconnected to the earth 
electrode subsystem. Gas 
lines shall have a minimum 
1 m insulating section 
installed outside at the point 
of penetration inside the 
facility and before crossing 
the earth electrode 
subsystem conductors. 


No untreated 
conductors may 
penetrate protected 
areas. 


All metal conductors 
shall be peripherally 
bonded to the earth 
electrode subsystem 
at the point of 
crossing or shall 
have insulating 
sections installed. 


No untreated 
conductors may 
penetrate protected 
areas. 


No untreated 
conductors may 
penetrate protected 
areas. 


electrode subsystem. Primary and secondary surge arresters on power lines, along with terminal 
protection devices on power and signal conductors located at penetration points into EM-protected areas, 
also are integral parts of the lightning protection subsystem. 


(2) Air terminals are vertically mounted conductors placed on roof edges, ridges, corners, and any 
structural projection likely to receive a lightning stroke. Their purpose is to divert to themselves the 
lightning energy, which would otherwise enter the structure. Air terminals are interconnected with roof 
conductors routed along the roof edges and ridges. 


(3) Lightning down conductors provide preferential paths for the lightning energy to follow from 
the air terminals and roof conductors to earth. Since analytical tools and measurement methods are not 
available for determining in advance the path of least resistance for a lightning discharge, down 
conductors are routed to follow the straightest and shortest path from the air terminals to earth. The down 
conductors must terminate to the lowest available impedance contact with earth, which should be the 
earth electrode subsystem for the facility. 


(4) Lightning surge arresters are placed on the primary and secondary terminals of transformers 
supplying commercial power to the facility. These surge arresters are typically the robust spark gap 
variety used by the power utilities to protect against lightning strokes to the transmission network. 
Additional arresters are placed at penetration points into the facility and at subsequent step-down 
transformers, switchgear, the UPS, and other vulnerable equipment locations. These added arresters 
include both lightning surge suppressors and the fast-acting semi-conductor TPDs necessary for EMI and 
EMP transient suppression. Complete lightning and EMP protection also require that TPDs be placed on 
all exposed signal and control conductors at penetration points into EM-protected volumes. 
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(5) The particular grounding and bonding requirements and constraints imposed on the C4ISR 
lightning protection subsystem are summarized in Table 2-6. 


Table 2-6. Grounding and bonding principles for lightning protection 


Power Safety 


Lightning 


EMC 


EMP 


Signal Security 


Any exterior metal 
objects within 2 m 
of lightning down 
conductors must be 
bonded to the 
down conductors. 


The lightning 
protection sub- 
system's earth 
connection must be 
common with the 
facility's earth 
electrode sub- 
system. 


For above ground facilities, an 
air terminal, roof conductor, 
and down conductor net- work 
is required. 


At least two paths from each 
air terminal to earth must 
exist. 


Locate air terminals and down 
conductors so as to assure that 
all building extensions are 
effectively protected. 


Each down conductor shall 
terminate to a ground rod of 
the earth electrode subsystem. 


Lightning down conductors 
should be bonded to structural 
steel members at the top of the 
structure and near ground 
level. 


On towers, lightning down 
conductors should be 
periodically bonded to the 
tower structure along their 
downward paths. 


Resistance of bonds should 
not exceed one milliohm. 


No untreated 
conductors may 
penetrate protected 
areas. 


No untreated 
conductors may 
penetrate protected 
areas. 


No lightning protection 
subsystem conductors 
may penetrate the zonal 
boundary of the facility. 
Bonds for the protection 
against lightning 
flashover must be 
connected to opposite 
sides of the zonal 
boundary. 


The ground lugs of 
terminal protection 
devices shall be bonded 
to the distribution 
frame, junction box, 
penetration panel, or 
filter box where 
mounted. The frame, 
box, or panel must be 
grounded directly to the 
nearest point on the 
structure or on the 
EMP/EMI shield and, 
by extension, to the 
lightning down 
conductor and earth 
electrode subsystem. 


No untreated 
conductors penetrate 
protected areas. 


g. Communications systems. The communications subsystem is the network of electronic equipment, 
interfaces, and antennas whose elements are located both in, and around, the C4ISR facility. The purpose 
of the communications subsystem is to transfer information from one point to another. The information 
transfer may take place between points located within the facility or between different facilities. 


(1) The electronic equipment making up the communications subsystem frequently include RF 
receivers and transmitters; audio, baseband, and RF amplifiers, data terminals and displays; telephones; 
modems; multiplexers; frequency converters; encryption devices; and other communication-electronic (C- 
E) equipment. Within the facility, the interfaces between equipment are generally hard-wired signal lines 
or waveguides. Signal penetrations into the facility include coaxial and waveguide for RF signals and, 
shielded, multiconductor cables for telephone, data, and control signals. Fiber optic penetrations are 
being increasingly used for EMP-protected facilities. Between facilities, the information transfer is 
usually via land lines or RF transmission. The RF antennas are generally located on or near the facility. 
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(2) The various communication sub-elements include telephone, radio, local area data transfer, and 
high-speed data. The telephone sub-element provides internal communications via hard-wired interfaces 
and intersite communications via land lines or microwave links. As a minimum, the telephone subsystem 
consists of the telephone instrument sets, cabling, and distribution frames. Larger facilities generally also 
have a private branch exchange (PBX), Centrex, and/or automatic switching racks, intercom apparatus, 
and a telephone power plant. 


(3) The radio subsystem converts audio and baseband signals to a RF signal, radiates the RF signal 
to the receiving point, and then converts the RF signal back to the appropriate audio or baseband signal. 
Since it has both low frequency and RF equipment interconnected within the same network, the operating 
frequencies of the radio subsystem cover an extremely wide range. 


(4) The low frequency signal interfaces to and from the RF equipment may be either single-ended or 
balanced, twisted-pair lines. Depending on the frequency of operation, the RF signal interfaces may be 
either coaxial lines or waveguides. These various types of interfaces are included within the radio 
subsystem. 


(5) Another subsystem is equipment and cables associated with high-speed data transmission. This 
subsystem is used to transfer high-speed data signals between data processing equipment. The 
transmission paths employ both shielded twisted pair and coaxial cables. 


(6) The equipment of the various communication elements is likely to be distributed throughout the 
facility and grounded at multiple points. The equipment cases, racks, and frames are grounded to the ac 
power ground, to raceways and conduit, and to structural members at numerous locations within the 
facility. In many facilities, a single point configuration for the signal reference ground is said to be 
implemented for telephone circuits and for data processing circuits. Actually, however, a single point 
ground configuration does not exist because of internal grounding of signal references to cabinets and 
enclosures with subsequent interconnections to power conduits and raceways and because of the use of 
unbalanced interfaces between the various pieces of equipment. Consequently, the effective signal 
reference ground for the communication subsystem in the typical C4ISR facility is a multi-point grounded 
system with numerous interconnections between signal references, equipment enclosures, raceways, 
conduit, and structural members. 


(7) The particular grounding and bonding requirements and constraints imposed on C4ISR 
communications systems are summarized in table 2-7. 


h. Computer and data processing systems. A distinguishing feature of the C4ISR facility is the 
presence of many digital processors ranging from microcomputers performing dedicated equipment and 
instrument control to large interconnected mainframes providing complex analyses, signal processing, 
and image displays. These processors typically interface with numerous input/output (I/O) devices 
including keyboards, monitors, disk drives, tape drives, remote terminals, data acquisition and control 
equipment, and other processors. 


(1) The data processing subsystems are configured in various ways. These various configurations 
result in different grounding connections being established. For example, stand-alone desktop computers 
obtain power from single ac outlets and thus establish only one electrical safety ground connection. Other 
small computing systems may be configured so that the processor and I/O devices share the same outlet, 
or perhaps the same branch circuit. In this configuration, the ground connection is effectively a single 
connection although more than one physical tie is made. Where I/O and other peripherals are separated 
by large distances from the processor, multiple connections to the facility ground network result. 
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(2) Larger computing subsystems are generally characterized by having the processor in one place 
and the peripherals distributed throughout the facility. In this configuration, the peripherals are supplied 
from different ac outlets, off different branch circuits, or perhaps from different phases of the line. In 


Table 2-7. Grounding and bonding principles for communications 


Power Safety 


Lightning 


EMC 


EMP 


Signal Security 


Green wire grounding 
conductor must be run 
with power conductors 
and connected to 
equipment cabinets. 


The ground terminal of 
surge arresters and 
TPDs shall be bonded 
to the mounting 
enclosure with 
minimum length 
conductors. The 
enclosure shall be 
mounted directly to the 
tower structure or will 
be bonded with a 
minimum length, flat 
conductor. 


A signal reference 
subsystem shall be 
established. This ground 
reference subsystem will 
consist of multiple 
interconnections between 
equipment cabinets, frames, 
and racks; between conduit, 
raceway, and wireway; 
between these 
communication subsystem 
members and structures; and 
shall incorporate raised 
floors into the reference 
subsystem. 


Where space and 
accessibility exist, a wire 
mesh grid may be installed 
at floor level or overhead to 
supplement the above 
cabling network. Equipment 
enclosures and racks should 
be bonded to this wire mesh. 
The mesh should be bonded 
to structure at each point 
where structural members 
are accessible. 


Both ends of shielded cable 
shall be terminated to case 
or enclosure. Continuous 
peripheral bonding of the 
shield is best. 


Filters and TPDs installed 
for noise suppression and 
transient protection must be 
directly grounded to the 
enclosures of the protected 
equipment. TPDs installed 
in distribution frames and 
junction boxes must be 
terminated directly to the 
ground bus or to the 
mounting enclosure. The 
ground bus and the 
mounting enclosure must be 
bonded to the fault 
protection subsystem with 
minimum length 
conductors. 


A signal reference 
subsystem shall be 
established. This ground 
reference subsystem will 
consist of multiple 
interconnections between 
equipment cabinets, frames, 
and racks; between conduit, 
raceway and wireway; 
between these 
communication subsystem 
members and structure; and 
shall incorporate raised 
floors into the reference 
subsystem. 


Where space and 
accessibility exist, a wire 
mesh grid may be installed 
at floor level or overhead to 
supplement the above 
cabling network. Equipment 
enclosures and racks should 


be bonded to this wire mesh. 


The mesh should be bonded 
to structure at each point 
where structural are 
accessible. 


Filters and TPDs installed 
for noise suppression and 
transient protection must be 
directly grounded to the 
enclosures of the protected 
equipment. TPDs installed 
in distribution frames and 
junction boxes must be 
terminated directly to the 
ground bus or to the 
mounting enclosure. The 
ground bus and the 
mounting enclosure must be 
bonded to the fault 
protection subsystem with 


minimum length conductors. 


Both ends of shielded cable 
shall be terminated to case 
or enclosure. Continuous 
peripheral bonding of the 
shield shall be used. 


A signal reference 
subsystem shall be 
established inside the 
Controlled Access 
Area (CAA). This 
ground reference 
subsystem will 
consist of multiple 
interconnections 
between equipment 
cabinets, frames and 
racks; between 
conduit, raceway and 
wireway; between 
these communication 
subsystem members 
and structure; and 
shall incorporate 
raised floors into the 
reference subsystem. 


Terminate shields of 
all cables in the CAA 
to the signal 
reference subsystem 
within the CAAs. 
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some installations, remote terminals may even be in separate buildings and supplied from different 
transformer banks. Each remote device must have a safety ground at its location. Noise in 
interconnecting paths can be encountered from stray currents in the ground reference network. The most 
practical approach to solving these noise problems is not to strive to implement a "single point" ground 
connection for the main processor but rather to minimize the stray current in the ground reference system 
and use effective common mode suppression techniques and devices in data paths. 


(3) The particular grounding and bonding requirements and constraints imposed on C4ISR 
computer and data processing systems are summarized in table 2-8. 


i. Control and security systems. Typical C4ISR facilities have many control and security devices 
which gather information and then automatically respond to a given situation by alerting personnel or 
engaging equipment to correct it. These subsystems range in nature from pneumatic and mechanical to 
electrical, electronic analog or digital, or a combination of these. Numerous current sensors, intrusion 
detectors, trip relays, sound detectors, remote control locks, remote control doors, and alarms are typically 
included in the systems. 


(1) Many of the control subsystems are self-contained and independent, as, for example, intrusion 
detectors that sound alarms. Often, however, they interact with other facility elements. For example, the 
HVAC subsystem contains an integral network of temperature and humidity sensors along with actuators 
that control the interior air. For fire protection, smoke detectors, sound alarms, and temperature sensors 
start purging of the affected area. The power subsystem incorporates electronically operated circuit 
breakers to close or open circuits and to keep particular breaker combinations from being opened or 
closed simultaneously. 


(2) Control subsystems range from being entirely automated to completely manual. One example 
of automated controls is that which switches over from commercial power to engine/generator power 
upon loss of commercial power. The control elements can automatically start the engine/generators, bring 
them up to proper speed and voltage, and switch the appropriate breakers. On the other hand, the operator 
has the option of performing each of these functions separately using selected devices of the control 
system to monitor the progress. 


(3) In terms of grounding, the large diversity of the control subsystem results in various grounding 
paths being established. Small control devices are typically grounded through the ac safety ground 
provided via the power outlet. The more automated and complex subsystems, however, resemble a 
computer net or a communication subsystem. For example, sensors communicate information from their 
locations (which may be very remote) to a central location. In many cases, processors monitor the 
sensors, determine if an abnormal situation exists, and provide appropriate commands to control the 
necessary equipment. The processor may be the main facility computer. In such cases, the grounding 
network resembles that of both data processing and communications. 


(4) Many control sensors and actuators are outside EM-protected portions of the facility. 
Particularly with automated control subsystems, these exposed portions are extremely susceptible to upset 
or damage from high level EM transients such as produced by lightning and EMP. Clearly, appropriate 
incorporation of shielding, terminal protection, grounding, and bonding are necessary. Specific attention 
must be paid to the filtering and terminal protection of control cables penetrating the boundary of the EM- 
protected volume, to effectively establishing adequate grounding paths for transient energy, and to 
accomplishing electrically tight bonds around the penetrations into control devices. 
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Table 2-8. Grounding and bonding principles for computers and data processing 


Power Safety Lightning EMC EMP Signal Security 
Green wire The ground lugs A signal reference A signal reference A signal reference 
grounding of terminal subsystem must be subsystem must be subsystem must be 
conductor must protection established. This ground established. This ground established. This 

be run with devices shall be reference subsystem will reference subsystem will ground reference 
power bonded to the consist of multiple consist of multiple subsystem will 


conductors and 
connected to 
equipment 
cabinets. 


distribution frame 
or junction box 
where mounted. 
The distribution 
frame or junction 
box must be 
grounded to the 
nearest structural 
frame member 
and, by extension, 
to the lightning 
down conductor. 


The shields of 
penetrating data 
lines shall be 
bonded to the 
entrance panel, or 
to the facility 
ground with a 
minimum length 
conductor. 


Data cable shields 
shall be bonded 
to antenna tower 
structural 
members at the 
point of departure 
from the tower. 


interconnections between 
equipment cabinets, frames, 
and racks; between conduit, 
raceway, and wireway; 
between these 
communication subsystem 
members and structure; and 
shall incorporate raised 
floors into the reference 
subsystem. 


Where space and 
accessibility exist, a wire 
mesh grid may be installed 
at floor level or overhead to 
supplement the above 
cabling network. 
Equipment enclosures and 
racks should be bonded to 
this wire mesh. The mesh 
should be bonded to 
structure at each point 
where structural members 
are accessible. 


Both ends of shielded cable 
shall be terminated to case 
or enclosure. Continuous 
peripheral bonding of the 
shield is best. 


Filters and TPDs installed 
for noise suppression and 
transient protection must be 
directly grounded to the 
enclosures of the protected 
equipment. TPDs installed 
in distribution frames and 
junction boxes must be 
terminated directly to the 
ground bus or to the 
mounting enclosure. The 
ground bus and the 
mounting enclosure must 
be bonded to the fault 
protection subsystem with 
minimum length 
conductors. 


interconnections between 
equipment cabinets, frames, 
and racks; between conduit, 
raceway, and wireway; 
between these 
communication subsystem 
members and structure; and 
shall incorporate raised 
floors into the reference 
subsystem. 


Where space and 
accessibility exist, a wire 
mesh grid may be installed 
at floor level or overhead to 
supplement the above 
cabling network. 
Equipment enclosures and 
racks should be bonded to 
this wire mesh. The mesh 
should be bonded to 
structure at each point 
where structural members 
are accessible. 


Both ends of shielded cable 
shall be terminated to case 
or enclosure. Continuous 
peripheral bonding of the 
shield is best. 


Filters and TPDs installed 
for noise suppression and 
transient protection must be 
directly grounded to the 
enclosures of the protected 
equipment. TPDs installed 
in distribution frames and 
junction boxes must be 
terminated directly to the 
ground bus or to the 
mounting enclosure. The 
ground bus and the 
mounting enclosure must 
be bonded to the fault 
protection subsystem with 
minimum length 
conductors. 


consist of multiple 
interconnections 
between equipment 
cabinets, frames, 
and racks; between 
conduit, raceway, 
and wireway; 
between these 
communication 
subsystem members 
and structure; and 
shall incorporate 
raised floors into the 
reference 
subsystem. 


Both ends of 
shielded cable shall 
be terminated to 
case or enclosure. 
Continuous 
peripheral bonding 
of the shield is best. 
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(5) The particular grounding and bonding requirements and constraints imposed on C4ISR control 
and security systems are summarized in table 2-9. 


j. Personnel support systems. Typically, C4ISR facilities are manned 24 hours per day. This means 
that in addition to routine office equipment, food, lodging, and recreational facilities are normally 
required for operating personnel on duty. This personnel support equipment includes those electrical 
devices that connect directly to the power system and do not interconnect with the communication, 
computer, or control system under normal operation. Devices such as office typewriters, lighting fixtures, 
kitchen equipment, cleaning apparatus, and electric tools are examples of personnel support equipment. 
Even non-electrical objects like carpeting, which can contribute to static charge build-up, need to be 


considered. 
Table 2-9. Grounding and bonding principles for controls 
Power Safety Lightning EMC EMP Signal Security 
Green wire The ground lugs of Both ends of shielded | Both ends of shielded | Control circuits 


grounding conductor 
must be run with 
power conductors 
and connected to 
equipment cabinets. 


terminal protection 
devices shall be 
bonded to the 
distribution frame or 
junction box where 
mounted. The 
distribution frame or 
junction box must be 
grounded to the 
nearest structural 
frame member and, by 
extension, to the 
lightning down 
conductor. 


The shields of 
penetrating data lines 
shall be bonded to the 
entrance panel, or to 
the facility ground 
with a minimum 
length conductor. 


Control cable shields 
shall be bonded to 
antenna tower 
structural members at 
the point of departure 
from the tower. 


cable shall be 
terminated to case or 
enclosure. 
Continuous 
peripheral bonding of 
the shield is best. 


Filters and TPDs 
installed for noise 
suppression and 
transient protection 
must be directly 
grounded to the 
enclosures of the 
protected equipment. 
TPDs installed in 
distribution frames 
and junction boxes 
must be terminated 
directly to the ground 
bus or to the 
mounting enclosure. 
The ground bus and 
the mounting 
enclosure must be 
bonded to the fault 
protection subsystem 
with minimum length 
conductors. 


cable shall be 
terminated to case or 
enclosure. Continuous 
peripheral bonding of 
the shield is best. 


Filters and TPDs 
installed for noise 
suppression and 
transient protection 
must be directly 
grounded to the 
enclosures of the 
protected equipment. 
TPDs installed in 
distribution frames and 
junction boxes must be 
terminated directly to 
the ground bus or to 
the mounting 
enclosure. The ground 
bus and the mounting 
enclosure must be 
bonded to the fault 
protection subsystem 
with minimum length 
conductors. 


penetrating the CCA 
must be treated as 
BLACK! conductors. 
They must be enclosed 
in continuous conduit, 
which are peripherally 
bonded at each end 
They must be powered 
from BLACK power. 
All penetrations through 
the CAA barrier must 
be thoroughly filtered. 


Both ends of shielded 
cable shall be 
terminated to case or 
enclosure. Continuous 
peripheral bonding of 
the shield is best. 


Filters and TPDs 
installed for noise 
suppression and 
transient protection 
must be directly 
grounded to the 
enclosures of the 
protected equipment. 
TPDs installed in 
distribution frames and 
junction boxes must be 
terminated directly to 
the ground bus or to the 
mounting enclosure. 
The ground bus and the 
mounting enclosure 
must be bonded to the 
fault protection 
subsystem with 
minimum length 
conductors. 


' See paragraph 2-3a for definition of BLACK protection areas. 
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(1) Support equipment is usually electrically self-contained and has its own internal safety 
grounds. The connection to the power ground is via the three-pronged electrical plug, which connects to 
the "green" wire safety ground or otherwise provides an electrical safety grounding connection. 


(2) Certain kinds of furniture and carpet may be responsible for the build-up of static charges. 
When personnel walking across carpet or in contact with furniture touch a piece of electronic equipment, 
a discharge can occur causing serious damage to solid-state devices. Computer and communication 
equipment is especially susceptible to damage of this type, particularly if they contain metal oxide 
semiconductor (MOS) integrated circuits. However, static build-up can be eliminated by proper choice of 
materials and by proper grounding of the offending objects and the affected equipment. Properly 
designed raised floors in data processing areas can largely fulfill this grounding requirement. 


(3) The particular grounding and bonding requirements and constraints imposed on C4ISR 
personnel support systems are summarized in table 2-10. 


Table 2-10. Grounding and bonding principles for personnel support equipment 


Power Safety Lightning EMC EMP Signal Security 
All exposed elements of Waveguide-below- 
electrical equipment and cutoff personnel 
appliances should be entryways must be 
grounded via the green wire peripherally bonded 
ground to the fault protection to the supporting 
subsystem, with the structure/shields. 


following exceptions: 
Certain types of high current, 
220-volt appliances such as 
ranges, ovens, and dryers 
commonly are designed such 
that the neutral is grounded 
to the frame. These 
appliances shall not be 
grounded to the fault 
protection subsystem, to 
structure, nor to utility pipes. 


Doubly insulated, portable 
equipment does not need to 
be grounded, as per the 
National Electrical Code. 


2-3. C4ISR facility protection requirements 


The C4ISR facility requires different levels of protection dependent on the importance to national security 
for the area. 


a. Protection areas. In the areas of protection two generic terms are used to depict the importance to 
national security. These terms are RED and BLACK. RED is applied to wire lines, components, 
equipment, and systems that handle national security signals, and to areas in which national security 
signals occur. BLACK is applied to wire lines, components, equipment, and systems that do not handle 
national security signals, and to areas in which no national security signals occur. The facility itself 
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generally contains three areas requiring protection; these are the controlled access area (CAA), the 
Limited Exclusion Area (LEA), and the Controlled BLACK Equipment Area (CBEA). 


(1) A controlled access area (CAA) is the complete building or facility area under direct physical 
control, which can include one or more LEA, CBEA, or any combination thereof. 


(2) A limited exclusion area (LEA) is a room or enclosed area to which security controls have 
been applied to provide protection to a RED information processing systems' equipment and wire lines 
equivalent to that required for the information transmitted through the system. A LEA must include a 
RED equipment area. 


(3) A-controlled black equipment area (CBEA) is a BLACK equipment area that is not located in a 
LEA but is afforded the same physical entry control which would be required if it were within a LEA. 


b. Practices. The grounding and bonding practices for the C4ISR facility must conform to the 
requirements for electrical safety and for lightning protection, must not compromise signal security, and 
must not degrade EMI control and EMP hardness. The ten identified elements of the generic C4ISR 
facility may therefore be logically divided into three categories. 


(1) The first category includes those that must establish contact with earth in order to function 
correctly. In this category are the earth electrode subsystem and the lightning protection subsystem. 


(2) The second category includes those elements which do not require grounding in order to 
perform their primary function, but which must be grounded for safety, for overvoltage protection, or 
because they tend to become part of the facility grounding system through convenience or accessibility. 
In this category are the structure, electrical power generation and distribution subsystem, utilities, HVAC, 
and personnel support. 


(3) In the third category are those facility elements which must be grounded for fault protection 
and whose functioning may be severely impacted by improper grounding and bonding practices. This 
category includes the communications, data processing, and security and control systems. For these 
systems, in particular, the necessary protection against EMI, control of unwanted emissions, and EMP 
may be compromised unless proper grounding and bonding practices are followed. 


c. Electrical safety (fault protection). The two primary goals of the fault protection subsystem are 
protection of personnel from exposure to electrical shock hazards in the event that short circuits or 
leakage paths occur between electrical conductors and exposed metal surfaces or objects and rapid 
clearance of fault conditions to minimize potential fire hazards. The electrical safety (fault protection) 
system falls in the second or third categories of protection. 


(1) Effective electrical fault protection is achieved through the establishment of a low resistance 
contact with earth; the installation of ground mats or grids underneath high voltage transformers, circuit 
breakers and switchgear; and the installation of dedicated grounding conductors ("green wire") to 
equipment surfaces likely to become energized in the event of a fault. 


(2) A low resistance connection to earth at substations and transformer locations simultaneously 
aids in clearing primary sideline faults while minimizing hazardous potentials. Since commercial power 
lines are highly exposed to lightning, the lightning surge arresters protecting the transformers, breakers, 
and switches are likely to be activated regularly. These lightning surge currents must be safely conducted 
to earth at the transformer/breaker location rather than through other, uncontrolled paths. This 
requirement can best be met with a low resistance, earth electrode subsystem at the power 
transformer/breaker/switchgear site. 
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(3) The purpose of the mats or grids under high voltage apparatus is to limit to safe values the 
step-and-touch voltages that are produced during high current fault conditions and during lightning surge 
arrester firings. In this way, if a fault occurs while personnel are in the substation or switchgear room, the 
voltages to which they are exposed remain within non-lethal ranges. Mats and grids are also effective in 
establishing a low resistance contact with earth. This low resistance is helpful in minimizing the voltage 
differential between objects in contact with the mat and personnel or objects not in contact with the mat. 


(4) Asa further protective measure against hazardous step-and-touch potentials during faults and 
lightning discharges, all metal objects, such as gates, fences, towers and barriers, which are in the 
immediate vicinity of the transformer/breaker site must be electrically interconnected with the grounding 
system for the site. 


(5) A dedicated fault current return path must be installed between all potential fault locations and 
the source at E/Gs, transformer secondaries, and service disconnects. Thus all electrically powered 
equipment and the conduit, raceway, breaker panels, and junction boxes associated with the electrical 
distribution system must be electrically interconnected with the "green wire," or the "equipment 
grounding conductor” specified by the National Electrical Code®. This equipment grounding conductor 
is connected to the source neutral at all engine/generators, transformer secondaries and service entrance 
disconnects. (Reprinted with permission from NFPA 70-2002, the National Electrical Code® Copyright© 
2002, National Fire Protection Association, Quincy, MA 02269. This reprinted material is not the 
referenced subject which is represented only by the standard in its entirety.) 


(6) In order to prevent ac return current from flowing in the power grounding network, the neutral 
must not be grounded at any point following the first disconnecting means of a separately derived system 
or the building (i.e., "main") disconnecting means of an ac supply originating outside the building served. 


(7) The generators, transformers, power converters, and power conditioners within the C4ISR 
facilities constitute "separately derived systems." Figure 2-3 shows the required grounding for separately 
derived systems. 


(a) Article 250-20(d) of the National Electrical Code® defines separately derived systems as "a 
premise wiring system whose power is derived from generator, transformer, or converter windings and 
has no direct electrical connection, including a solidly connected grounded circuit conductor, to supply 
conductors originating in another system.” An alternate power source cannot be considered as a 
separately derived system if its neutral is solidly interconnected to a normal utility service supplied 
system neutral. Figure 2-4 shows the required grounding for non-separately derived systems. 


(b) Separately derived systems are grounded for fault protection and personnel safety in the 
same way as normal ac supply systems. The neutrals from the wye windings of generators and the wye 
secondaries of transformers are bonded to the fault protection subsystem. Article 250-28 of the National 
Electrical Code® specifies that a bonding jumper sized in accordance with table 250-66 be used to 
interconnect the equipment grounding conductors of the separately derived system to the grounded 
conductor of the separately derived system. Further, this connection may be made at any point between 
the source and the first disconnecting means for that separately derived source. Confusion can arise 
between "the first disconnecting means for a separately derived system" and "the building disconnecting 
means" for normal commercial service. 


(c) The intent for either separately derived sources or normal commercial ac service is to have 
the grounded conductor (as defined in Article 250-24) made common with the grounding conductor so as 
to complete the fault return path and to prevent the grounded conductor from contacting the grounding 
conductor at any point beyond the service disconnect for that particular ac service. Thus, the 
interconnection of the neutrals of transformer or generator wye windings to building steel and the 


2-19 


TM 5-690 


interconnection of the neutral conductor to the grounding conductor at the first disconnect following the 
transformer or generator fulfills the requirements of the Code. This requirement for the interconnection 
of neutral to the grounding conductor applies to both normal ac service and separately derived systems. 
The neutral is not grounded for non-separated derived systems, which have a bonded neutral conductor, to 
avoid incorrect operation of overcurrent devices during ground faults. Beyond this disconnect, no 
connections may be made between the grounded conductor (the neutral) and the safety grounding 
conductor. 


(d) Except where single-phase loads are involved, the neutrals are not continued beyond the 
disconnect of separately derived systems or the disconnect for the building, as appropriate. Where single- 
phase loads are served, both the neutral and the grounding conductor are continued to the loads. The 
grounding conductor must be run with the phase conductors, which include the neutral. 


208v/1 20-V, S-phase, 4-wire system | 


Service _ Separately derived: system 
‘equipment 


; - Grounding 


kee id Eauleiient grounding _ | electrode . 


goo ae - | conductor. 


Generator 


‘ Grounding | 
; N electrode 
; nearby 
4-pole 
transfer switch 
Load 


Figure 2-3. Required grounding for separately derived systems 
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208Y/120-V, 3-phase, 4-wire 


Not a separately 
derived system 


Equipment | 
grounding 
conductor 


3-pole 
transfer switch 


Figure 2-4. Required grounding for non-separately derived systems 


(e) A major category of equipment that is exempted from this prohibition of grounding of the 
neutral includes ranges and clothes dryers. These personnel support equipment typically have their 
neutrals connected to the frames. Consequently, these appliances should not have their frames 
interconnected with the remaining elements of the facility grounding system, including utility pipes. 


(8) At engine/generator locations, low resistance contacts with earth are typically installed. In 
indoor locations where operating personnel may be reasonably isolated from intimate contact with earth, 
the necessary fault protection reference for multiple engine/generators can be achieved through the 
installation of a copper bus bar of adequate cross section around or throughout the engine/generator area. 
This bus in turn is connected to the fault protection subsystem or to the earth electrode subsystem at the 
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motor/generator if the engine/generator is a separately derived system, 1.e. its neutral is not solidly 
connected to the neutral of the normal ac supply. If the engine/generator neutral were solidly tied to the 
normal ac supply the engine/generator would not be considered a separately derived system and the 
generator neutral would not be grounded. A four-pole transfer switch, which transfers the neutral 
conductor or a transfer switch with overlapping neutral make-before-break contacts, is normally used for 
transferring between separately derived power sources, i.e. the normal ac supply and the 
engine/generators instead of a three-pole transfer switch. For additional reference material on grounding 
of engine/generators see IEEE 446-1995, Recommended Practice for Emergency and Standby Power 
Systems for Industrial and Commercial Applications. 


(a) Where phase-to-neutral loads must be served, engine/generators are required to be solidly 
grounded. However, 600 volt and 480 volt systems may be high resistance grounded or ungrounded 
where a grounded circuit conductor is not used to supply phase-to-neutral loads. 


(b) High resistance grounded or ungrounded engine/generators may provide a higher degree of 
service continuity than solidly grounded engine/generators. High resistance grounding combines some of 
the advantages of solidly grounded systems and ungrounded systems. System overvoltages are held to 
acceptable levels during ground faults, and the potentially destructive effects of high magnitude ground 
currents are eliminated. With high resistance grounding, ground fault currents are normally limited to 10 
amperes or less to allow continued operation of a system until the fault is located and cleared. However, 
if a ground fault is not located and cleared before another ground fault occurs, the high magnitude ground 
currents will flow through the equipment grounding conductors and operate the circuit protective devices. 


(c) Where phase-to-neutral loads are not served, low resistance grounding of engine/generators 
may be used where limiting the ground-fault current is important. Such grounding may be used to limit 
damage to large engine/generators. There is also an additional element of protection for personnel who 
may be working on or near the engine/generator. The size of the resistor can be set to limit the current to 
100 amperes; however, the 200-1000 ampere range is more typical. This provides sufficient current to 
operate the motor protective devices for a line-to-ground fault. The neutrals of the engine/generators are 
typically connected to ground through low resistance grounding resistors. 


d. Lightning protection. The lightning protection requirements seek to protect personnel, buildings, 
and equipment from the high voltage and current transients produced by lightning discharges. A major 
element of this protection is achieved by providing a means by which a lightning stroke can bypass the 
facility and enter the earth without causing damage. The stroke current must first be intercepted before it 
penetrates the structure. Air terminals are provided for this purpose. Preferential paths must then be 
offered which the stroke current will follow instead of any others. To provide these preferred paths, down 
conductors are designed to have large diameters and are routed to be as straight and short as possible. 
Finally, a low impulse impedance connection with the earth must be made. 


(1) "Side flashes" between the down conductors and internal conducting objects within the facility 
can occur because of the inherent inductance of the down conducting path. The internal conducting 
objects must be interconnected with the down conductors to prevent this flashover. However, EMP and 
TEMPEST protection practices prohibit unprotected conductors from penetrating the EM boundary, 
which in many facilities is the exterior wall of the structure. Fortunately, the connection for preventing 
flashover can be made without violating the EMP restrictions by bonding the cross conductors to the 
outside and the inside, respectively, of the exterior wall (with no direct penetration). 


(2) An essential addition to the air terminals, down conductors, and earth connection for the 
protection of electrical and electronic equipment is the installation of lightning arresters and terminal 
protection devices (TPDs) on all external power, communications, data, and control lines that penetrate 
the facility boundary. TPDs are fast-response protection devices installed for the purpose of shunting 
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extraneous pulses to ground. Examples of commonly used terminal protection devices are carbon blocks, 
gas-filled spark gaps, zener diodes, and EMI power and signal line filters. These devices must respond in 
a sufficiently short time to limit the surge voltages produced by the lightning discharge to levels, which 
can be tolerated by the equipment inside the facility. To obtain least response time and to limit the 
overshoot voltage of the arresters and TPDs, these devices must be properly grounded. They must be 
installed such that their leads are kept to minimum lengths and kept very near to facility ground 
conductors. 


e. Electromagnetic (EM) interference. Each of the electronic subsystems found in C4ISR facilities 
contain several pieces of equipment that must work together as an integrated unit. Communication and 
data transfer between the equipment consists of analog, digital, RF, or audio signals. Extraneous energy 
from other equipment within the facility or from sources outside the facility can degrade performance or 
damage components. 


(1) To prevent such interference or damage from occurring it is necessary that the level of the 
interfering signal at the susceptible component be reduced by relocating the sensitive equipment inside a 
shielded volume and by shielding and filtering the power and signal conductors. Grounding, in and of 
itself, is not part of the interference control process. Yet the method of grounding filters and equipment 
cases and the bonding of cable shields can influence the performance of shields and filters and other EMI 
protective measures. 


(2) Grounding is required for lightning protection and for electrical safety. In most installations, 
signal references will not remain isolated from the safety and lightning protection grounds. For example, 
signal paths between equipment often use unbalanced transmission lines in which the low, signal return 
side is electrically interconnected with the case. Since the case must be grounded for electrical safety, the 
signal reference ground and the power safety become common. This interconnection between the signal 
reference and the power safety ground gives rise to the frequently mentioned "ground loops." The stray 
current flowing in the common "ground" produces the common-mode voltage between interconnected 
equipment. Such voltages can produce a differential noise voltage in the terminating loads of the 
equipment, which can disrupt the intended operation of the system or damage circuit components. The 
degree of interference or upset experienced in a given situation is dependent upon the impedance of the 
common path, the amplitude of the stray current in the path, the common-mode rejection of the cabling 
between the equipment and the internal circuitry of the equipment, and the relative susceptibility of the 
circuits to the coupled noise currents. Typically, the most serious contributors to "ground loop 
interference" are the very high stray power currents present in the fault protection subsystem of C4ISR 
facilities. These currents commonly arise from electrical wiring errors, which interchange the neutral 
(white) and grounding (green) conductors. Other contributors to troublesome grounding network noise 
currents are filter capacitors in shunt across power lines and improperly wired electronic equipment. 
Particular attention needs to be paid to locating and correcting excessive stray power currents wherever 
they exist. 


(3) A frequently encountered recommendation for eliminating "ground loop noise" in signal and 
data circuits is to install a single point ground. The single point ground seeks to isolate the entire signal 
processing circuitry in the interconnected equipment from the fault protection subsystem except for one 
connection. To achieve a truly single point grounded complex of equipment requires extraordinary 
attention to assuring that all pieces of equipment except one are completely isolated from the fault 
protection subsystem. Not only must the complex be laid out to be fed from a single ac power source, but 
also no hardwired signal, control, or other type of lines may interconnect with other equipment outside the 
complex. Not only are these constraints difficult to achieve at initial installation but they are also 
impractical to maintain over any extended period of use. Consequently, single point grounded systems 
are being replaced with multiple point grounded systems. A multiple point grounding system is a 
grounding system with multiple connections to earth. In addition, as noted in the previous section, even 
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in those locations where single point ground networks are said to be installed, normal installation 
practices typically produce a multiple point, interconnected grounding system. 


(4) The merits of the multiple point ground are that it is straightforward to install since it does not 
demand special training or procedures, and it is simple to maintain during normal operation and through 
successive upgrades or retrofits. 


f. Electromagnetic pulse (EMP). The EMP generated by a nuclear explosion presents a harsh EM 
environmental threat with lightning being the closest comparable threat. Exo-atmospheric nuclear bursts 
can develop pulses of EM energy whose amplitudes can approach 50,000 volts/meter over geographical 
regions nearly the size of the continental United States. Such high amplitude, short duration EM fields 
can induce currents into long unprotected conductors sufficient to cause operational upset and component 
burnout in C4ISR equipment. 


(1) Since the EMP threat is significantly different from any other man-made or natural EM threat, 
the measures that are routinely incorporated for protection from non-EMP environments are not adequate. 
For example, the structures that are intended to house equipment in non-EMP environments are typically 
not designed nor constructed with an aim toward providing the extensive EM shielding needed for EMP 
protection. 


(2) Effective EMP protection requires the construction of a closed EM barrier surrounding the 
susceptible equipment. The realization of an EM barrier involves the construction of an effective shield, 
the treatment of shield penetrations and apertures, and correct grounding and bonding. 


(a) Shielding involves the use of metallic barriers to prevent the direct radiation of incident 
energy into the system and internal enclosures and to minimize the coupling of energy to cables and other 
collectors which may penetrate these barriers. Shielding is the basic element of any barrier design, and 
little EMP protection is possible without its proper use. A completely solid shield is not possible since 
mechanical and electrical penetrations and apertures are necessary. These openings must be properly 
treated, or "closed," to prevent unacceptable degradation in the effectiveness of the shield. Grounding 
and bonding, by themselves, do not directly provide protection against EMP. However, they form an 
integral part of, and are inseparable from, enclosure shield designs and penetration and aperture 
treatments. Proper grounding and bonding techniques and practices must be followed if violations in the 
integrity of EMP shields and of penetration and aperture treatments are to be avoided. 


(b) Insome existing C4ISR facilities, it may be possible to enclose the entire building 
containing critical equipment, including power, inside a well-bonded metal shell. In most situations, 
however, surrounding the total building with a metal shell will be extremely difficult and extraordinarily 
expensive. For the majority of cases, shielding of only part of the volume of the building will be realistic. 
In perhaps a small number of facilities, the necessary amount of EMP protection can be achieved by only 
shielding individual equipment enclosures. 


(c) Inside a volume, shielded with solid metal, the primary purpose of grounding is to achieve 
electrical safety. A facility not totally shielded may be conveniently divided into EM zones. Outside the 
structural walls of the facility is defined as Zone 0. Inside the facility outer walls, but outside equipment 
enclosures or internal shielded rooms, is then Zone 1. Thus, the facility outer structural walls become the 
Zone 0/1 boundary. (For underground facilities, the rock-earth overburden may be considered to be the 
Zone 0/1 boundary.) Zone 2 is then inside the electronic enclosure or inside the shielded room, if present. 
Higher ordered zones may also be defined, according to the level of compartmentalization employed. 


(d) In the absence of a solid metal, well-bonded shield for the Zone 0/1 boundary, certain steps 
can be taken to minimize the coupling of EMP energy into the facility. Minimal steps include 
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implementing low resistance bonds across structural joints and assuring that utility pipes are effectively 
bonded to the earth electrode subsystem where they cross, or to the facility ground subsystem at the point 
where the pipes enter the facility. Fast acting surge suppressors should be installed across entering power 
and signal lines. 


(e) More substantial steps include augmenting the shielding properties of the structure by 
installing wire mesh or sheet metal. The added metal must be continuously joined at the seams and joined 
to the existing structural steel members with soldered or welded connections. 


(f) More comprehensive EMP treatment involves rerouting utility, electrical, and signal 
conductors into the facility through a well-shielded entry vault or through an entry plate positioned at or 
below grade level with a short interconnection with the earth electrode subsystem. Surge arresters and 
TPDs should be returned to the entry vault walls or to the entry plate with minimum length conductors. 


g. Signal security. Equipment that processes classified information may produce signals capable of 
unauthorized detection. To prevent such security compromises, measures must be taken to reduce 
sensitive data signals to levels low enough to make detection impossible in areas accessible to 
unauthorized personnel. These measures include controlled grounding practices. 


(1) The recommended approach to TEMPEST grounding is illustrated in figure 2-5. All 
equipment cabinet grounds, RED signal grounds, and BLACK signal grounds are made to the ground 
reference established inside the CAA. Both RED and BLACK cable shields are peripherally bonded to 
equipment cabinets at both ends. The low sides of BLACK data lines are connected to cable shields in 
the BLACK intermediate distribution frame (IDF) and both are grounded to the ground reference plane. 
Notice that BLACK cables should exit the controlled area via filtered couplings through the CAA 
boundary. 
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Figure 2-5. Recommended TEMPEST signal reference subsystem 
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(2) Figure 2-6 depicts the grounding approach recommended for ac power distribution in secure 
facilities. Note that both the neutral and phase conductors are filtered. As discussed earlier, the neutral is 
grounded only at the service disconnect. The cases of all subsequent distribution panels, filter enclosures, 
technical power panels, and equipment are all interconnected with the deliberately installed grounding 
conductor. Note that the equipment cases are connected to the BLACK signal reference system, which is 
grounded to the reference plane. 
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Figure 2-6. Recommended power grounding for secure facilities 


2-4. Role of grounding 


The C4ISR grounding system consists of four subsystems, (1) the earth electrode subsystem, (2) the fault 
protection subsystem, (3) the lightning protection subsystem, and (4) the signal reference subsystem. The 
purpose of the earth electrode subsystem is to provide a path to earth for the discharge of lightning 
strokes, prevent shock hazard to personnel, and assist in the control of noise. The primary purpose of the 
fault protection subsystem is the protection of circuits and equipment by ensuring prompt operation of 
overcurrent devices and protection of personnel from electric shock hazards. The primary purpose of the 
lightning protection subsystem is the reduction of overvoltages due to lightning and power system surges. 
The primary purpose of the signal reference subsystem is the reduction of EMI due to EM field, common 
ground impedance, or other forms of interference coupling. The various grounding systems used are 
integral parts of a facility or system. 


a. Facility ground network design. The facility ground network design should consider all aspects to 
the degree required for the particular mission of the facility in its environment and in the context of cost- 
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effectiveness. The use of the term facility ground network is intended to be in the collective sense; it 
includes the power fault protection network, lightning protection network, building or structure ground, 
equipment ground, signal ground, instrument ground, data ground, etc. 


b. Installation requirements. Requirements for the safe installation of electric conductors and 
equipment within or on various facilities are contained in the National Electrical Code® NFPA 70-2002. 


c. Separation of equipment grounding. The grounding of the electrical system and connection of the 
electrical system neutral to earth must be separated from the equipment grounding. Reasons for the 
electrical system to be grounded are stabilization of the voltage (that is, to keep it from floating above a 
set reference point), facilitation of clearing phase to enclosures/ground faults, and limitation of lightning 
and line surges. 


2-5. Role of bonding 


Bonding refers to the process by which a low impedance path for the flow of an electric current is 
established between two metallic objects. In any realistic electronic system, whether it be only one piece 
of equipment or an entire facility, numerous interconnections between metallic objects must be made in 
order to minimize electric shock hazards, provide lightning protection, establish references for electronic 
signals, etc. Ideally, each of these interconnections should be made so that the mechanical and electrical 
properties of the path are determined by the connected members and not by the interconnection junction. 
Further, the joint must maintain its properties over an extended period of time in order to prevent 
progressive degradation of the degree of performance initially established by the interconnection. 
Bonding is concerned with those techniques and procedures necessary to achieve a mechanically strong, 
low impedance interconnection between metal objects and to prevent the path thus established from 
subsequent deterioration through corrosion or mechanical looseness. 


a. Bonding objectives. In terms of the results to be achieved, bonding is necessary for the: 
(1) Protection of equipment and personnel from the hazards of lightning discharges; 
(2) Establishment of fault current return paths; 
(3) Establishment of homogeneous and stable paths for signal currents; 
(4) Minimization of RF potentials on enclosures and housings; 
(5) Protection of personnel from shock hazards arising from accidental power ground; and 
(6) Prevention of static charge accumulation. 


b. Effects of poor bonds. With proper design and implementation, bonds minimize differences in 
potential between points within the fault protection, signal reference, shielding, and lightning protection 
networks of an electronic system. Poor bonds, however, lead to a variety of hazardous and interference- 
producing situations. 


(1) For example, loose connections in ac power lines can produce unacceptable voltage drops at the 
load, and the heat generated by the load current through the increased resistance of the poor joint can be 
sufficient to damage the insulation of the wires which may produce a power line fault or develop a fire 
hazard or both. Loose or high impedance joints in signal lines are particularly annoying because of 
intermittent signal behavior such as decreases in signal amplitude, increases in noise level, or both. Poor 
joints in lightning protection networks can be particularly dangerous. The high current of a lightning 
discharge may generate several thousand volts across a poor joint. 
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(2) Degradation in system performance from high noise levels is frequently traceable to poorly 
bonded joints in circuit returns and signal referencing networks. As noted previously, the reference 
network provides low impedance paths for potentially incompatible signals. Poor connections between 
elements of the reference network increase the resistance of the current paths. The voltages developed by 
the currents flowing through these resistances prevent circuit and equipment signal references from being 
at the same reference potential. 


(3) Poor bonds in the presence of high-level RF fields, such as those in the immediate vicinity of 
high powered transmitters, can produce a particularly troublesome type of interference. Poorly bonded 
joints have been shown to generate cross modulation and other mix products when irradiated by two or 
more high level signals. Some metal oxides are semiconductors and behave as nonlinear devices to 
provide the mixing action between the incident signals. Interference thus generated can couple into 
nearby susceptible equipment. 


c. Importance of Bonding. Bonding is also important to the performance of other interference control 
measures. For example, adequate bonding of connector shells to equipment enclosures is essential to the 
maintenance of the integrity of cable shields and to the retention of the low loss transmission properties of 
the cables. The careful bonding of seams and joints in EM shields is essential to the achievement of a 
high degree of shielding effectiveness. Interference reduction components and devices also must be well 
bonded for optimum performance. 


2-6. Role of shielding 


Shielding involves the use of metallic barriers to prevent the direct radiation of incident energy into the 
system and internal enclosures and to minimize the coupling of energy to cables and other collectors that 
may penetrate these barriers. Shielding is the basic element of any barrier design, and little EMP 
protection is possible without its proper use. A completely solid shield is not possible since mechanical 
and electrical penetrations and apertures are necessary. These openings must be properly treated, or 
"closed," to prevent unacceptable degradation in the effectiveness of the shield. Grounding and bonding, 
by themselves, do not directly provide protection against EMP. However, they form an integral part of, 
and are inseparable from, enclosure shield designs and penetration and aperture treatments. Proper 
grounding and bonding techniques and practices must be followed if violations in the integrity of EMP 
shields and of penetration and aperture treatments are to be avoided. 
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CHAPTER 3 


FACILITY GROUND SYSTEM 
FOR NEW C4ISR FACILITIES 


3-1. Ground system 


A facility ground system is typically comprised of four major subsystems. These are the earth electrode 
subsystem, the fault protection subsystem, the lightning protection subsystem, and the signal reference 
subsystems. 


a. Earth electrode subsystem. Earth grounding is defined as the process by which an electrical 
connection is made to the earth. The earth electrode subsystem is that network of interconnected rods, 
wires, pipes, or other configuration of metals, which establishes electrical contact between the elements of 
the facility and the earth. The extensions into the building are used as the principal ground point for 
connection to equipment ground subsystems serving the facility. Ground reference is established by 
electrodes in the earth at the site or installation. This system should achieve the following objectives. 


(1) Provide a path to earth for the discharge of lightning strokes in a manner that protects the 
structure, its occupants, and the equipment inside. 


(2) Restrict the step-and-touch potential gradient in areas accessible to persons to a level below the 
hazardous threshold even under lightning discharge or power fault conditions. 


(3) Assist in the control of noise in signal and control circuits by minimizing voltage differentials 
between the signal reference subsystems of separate facilities. 


b. Fault protection subsystem. The fault protection subsystem ensures that personnel are protected 
from shock hazard and equipment is protected from damage or destruction resulting from faults that may 
develop in the electrical system. It includes deliberately engineered grounding conductors (green wires), 
which are provided throughout the power distribution system to afford electrical paths of sufficient 
capacity, so that protective devices such as fuses and circuit breakers installed in the phase or hot leads 
can operate promptly. If at all possible the equipment fault protection conductors should be physically 
separate from signal reference grounds except at the earth electrode subsystem. The equipment fault 
protection subsystem provides grounding of conduits for signal conductors and all other structural 
metallic elements as well as the cabinets or racks of equipment. In the event of transformer failure (e.g., 
disconnect between neutral and ground or line to ground faults) or any failure between the service 
conductor(s) and grounded objects in the facility, the earth electrode subsystem becomes a part of the 
return path for the fault current. A low resistance assists in fault clearance; however, it does not guarantee 
complete personnel protection against hazardous voltage gradients, which are developed in the soil during 
high current faults. Adequate protection generally requires the use of ground grids or meshes designed to 
distribute the flow of current over an area large enough to reduce the voltage gradients to safe levels. The 
neutral conductor at the distribution transformer must therefore be connected to the earth electrode 
subsystem to ensure that a low resistance is attained for the return path. 


c. Lightning protection subsystem. The lightning protection subsystem provides a non-destructive path 
to ground for lightning energy contacting or induced in facility structures. To effectively protect a 
building, mast, tower, or similar self-supporting objects from lightning damage, an air terminal (lightning 
rod) of adequate mechanical strength and electrical conductivity to withstand the stroke impingement 
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must he provided. An air terminal will intercept the discharge to keep it from penetrating the non- 
conductive outer coverings of the structure, and prevent it from passing through devices likely to be 
damaged or destroyed. A low-impedance path from the air terminal to earth must also be provided. 
These requirements are met by either an integral system of air terminals, roof conductors, and down 
conductors securely interconnected to provide the shortest practicable path to earth; or a separately 
mounted shielding system, such as a metal mast or wires (which act as air terminals) and down 
conductors to the earth electrode subsystem. 


d. Signal reference subsystem. The signal reference subsystem establishes a common reference for 
communications equipment, thereby also minimizing voltage differences between equipment. This in 
turn reduces the current flow between equipment and also minimizes or eliminates noise voltages on 
signal paths or circuits. Within a piece of equipment, the signal reference subsystem may be a bus bar or 
conductor that serves as a reference for some or all of the signal circuits in the equipment. Between 
equipment, the signal reference subsystem will be a network consisting of a number of interconnected 
conductors. Whether serving a collection of circuits within a single piece of equipment or serving several 
pieces of equipment within a facility, the signal reference network will in the vast majority of cases be a 
multiple point/equipotential plane. However, in some cases, the signal reference subsystem can be a 
single point depending on the equipment design, the facility, and the frequencies involved. 


e. Interfaces among the subsystems. The earth electrode subsystem provides the main grounding 
connection to the earth for the facility, the associated equipment, and the personnel protection 
requirements. This system interfaces with all the other grounding systems in that it provides the ultimate 
earth ground, ensuring the other systems provide the protection they were designed for. 

3-2. Earth electrode subsystem 

The earth electrode subsystem establishes the electrical connection between the facility and earth. This 
connection is necessary for lightning protection, useful in power fault protection, and in the minimization 
of noise. The system should be tailored to reflect the characteristics of the site and the requirements of 
the facility. It must be properly installed and steps must be taken to assure that it continues to provide a 
low resistance connection throughout the life of the structure. 


a. Typical configurations. Typical configurations of an earth electrode subsystem may consist of the 
following. 


(1) A system of buried, driven rods interconnected with bare wire that normally form a ring around 
the building; or 


(2) Metallic pipe systems, i.e., water, gas, fuel, etc., that have no insulation joints (metallic pipe 
systems shall not be used as the sole earth electrode subsystem); or 


(3) A ground plane of horizontal buried wires. 


b. Design. To achieve the desired objectives of the earth ground system, design of the system to be 
installed is of utmost importance. For an acceptable system the following steps must be followed. 


(1) Perform a site survey to determine the electrical and physical properties of the site, 
(2) Design an earth electrode subsystem appropriate for the site, 


(3) Install the subsystem in accordance with the recommended procedures, and 
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(4) Measure the earth resistance of the subsystem to verify that it meets the recommended goals or 
design specifications. 


c. Soil resistivity. As the first step of the site survey, measure the resistivity of the soil at several points 
over the area of the planned facility. For even the smallest facility, the effective facility area in so far as 
the electrode subsystem is concerned is assumed to be at least 15 meters by 15 meters (50 feet by 50 feet). 
For larger facilities, the facility areas are assumed to extend at least 6 meters (20 feet) beyond the basic 
building or structural outline, i.e., the ground floor plan, substation grid, tower footing, transformer 
housing, etc. It is necessary that the soil resistivity be known over the area encircled or covered by the 
earth electrode subsystem. It is not always possible to ascertain with a high degree of certainty the exact 
type of soil present at a given site. Soil is typically rather non-homogeneous; many types will be 
encountered at most locations. Even with the aid of borings and test samples the resistivity estimate can 
easily be off by two or three orders of magnitude. When temperature and moisture variations are added to 
the soil type variations, it is evident that estimates based on standard values are not sufficiently accurate 
for design purposes. The only way to accurately determine the resistivity of the soil at a specific location 
is to measure it. The most commonly used field methods for determining soil resistivity employ the 
technique of injecting a known current into a given volume of soil, measuring the voltage drop produced 
by the current passing through the soil, and then determining the resistivity using standard equations. 


(1) The one electrode method involves driving a round electrode in the earth and then inducing a 
current into it. In uniform earth, injected current flows radially from the hemispherical electrode. 
Equipotential surfaces are established concentric with the electrode and perpendicular to the radial 
directions of current flow. As the current flows from the hemisphere, the current density decreases with 
distance from the electrode because the areas of successive shells become larger and larger. The current 
density within the earth, at given distances from the center of the electrode, is then calculated. The 
electric field strength is then calculated, which allows the resistance and subsequently the resistivity of the 
earth to be calculated. Approximate values of earth resistivity are given in table 3-1. 


Table 3-1. Approximate soil resistivity 


Type of Soil Resistivity 
Ohm-m Ohm-cm Ohm-ft 
Wet Organic 10 10° 33 
Moist 10? 10° 330 
Dry 10° 10° 3300 
Bed Rock 10° 10° 33000 


(2) In the four-terminal method developed by the U.S. Bureau of Standards, four electrodes are 
inserted into the soil in a straight line with equal spacings. A known current is injected into the soil 
through the end electrodes and the voltage drop between the two inside electrodes is measured. 
Connection is made to the electrodes by insulated conductors. The current is introduced into one of the 
outermost spheres and flows out of the earth through the other outermost sphere. The voltage from the 
left hand to the right hand inner sphere can be viewed as resulting from a current flowing to infinity and 
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another returning from infinity. The resistance and subsequently the earth resistivity can then be 
calculated. 


d. Geological considerations. Identify the significant geological features of the site. Specifically, 
attempt to establish: 


(1) The distribution of major soil types to include the locations of sand and gravel deposits 
(2) Major rock formations 

(3) The presence of water sources to include underground streams 

(4) The depth of the water table 


(5) Utilize test borings, on site inspections, studies of local maps, and interviews with local 
construction companies, well drillers, and other local personnel to obtain the desired information. 


(6) Evaluate the information provided by these sources for indications of particularly troublesome 
(or particularly helpful) characteristics that may influence the design or installation of the earth electrode 
subsystem of the facility. 


e. Physical features. Locate and identify those other physical features that will influence the general 
placement of the earth electrode subsystem, the location of test and access points, physical protection 
requirements, and the cost of materials and installation. For example, indicate on the general site plan the 
planned physical layout of the building or structure, locations of paved roads and parking lots, drainage 
(both natural and man-made), and the location of buried metal objects such as pipes and tanks. 


f. Local climate. Review local climatic conditions and determine the annual amount and seasonal 
distribution of rainfall, the relative incidence of lightning, and the depth of freezing (frost line) typical of 
the area. Obtain the rainfall and frost line information from the local weather service and project the 
relative lightning incidence from isokeraunic maps. Record the data and make it a part of the facility files 
for the site. Immediately, however, use this information to aid in the design of the earth electrode 
subsystem for the facility to be constructed at the site. 


g. Design procedure. The detailed design process involves discrete steps that ensure the system will 
perform the intended function. 


(1) Determine what type of earth electrode subsystem is most appropriate for the facility. The 
directed configuration is a ring ground. If this configuration cannot be employed, alternate configurations 
meeting the requirements must be considered. 


(2) Establish the primary functional requirements to be met by the earth electrode subsystem. 
(a) Fora facility located in an area of high lightning incidence or a high degree of exposure to 
lightning, or both, the earth electrode subsystem must safely dissipate the lightning energy without 
melting conductors or overheating the soil. Also, the subsystem must minimize step voltages in areas 


where personnel are present. 


(b) If the antenna counterpoise must serve as an earth electrode subsystem, it must have low RF 
impedance properties. 
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(c) At fixed facilities, the earth electrode subsystem should exhibit a resistance to earth of 10 
ohms or less. If 10 ohms is not economically feasible by the ring ground, alternate methods should be 
considered 


(3) The conditions of the site and its location must be considered in the design process. 


(a) Determine if the soil resistivity is low (<< 5000 ohm-cm), average (5000 to 20,000 ohm-cm), or 
high (> 20,000 ohm-cm). The higher the soil resistivity, the more complex (and expensive) will be the 
electrode subsystem necessary to achieve 10 ohms resistance. 


(b) Consideration must be given to the water table at the site. Factors to consider include its 
location in relation to the surface and whether or not it is subject to large seasonal variations. Design the 
earth electrode subsystem so that it makes and maintains contact with soil that stays damp or moist year 
round if at all possible. Penetration of the permanent water table is highly desirable. 


(c) The depth of the frost line even in the coldest periods must be determined. The resistivity of 
soil rises greatly as the soil temperature drops below 32° F. Thus for maximum stability of electrode 
resistance, the subsystem should penetrate far enough into the soil so that contact is always maintained 
with unfrozen soil. In permafrost, fault protection must be provided through the use of metallic returns 
accompanying the power conductors to insure the existence of a return path to the transformer or 
generator. Personnel protection in permafrost requires an even greater emphasis on the bonding of all 
metal objects subject to human contact and to the power system neutral. Because of the high resistance of 
permafrost, stray earth currents can be expected to be minimal with consequently reduced concern with 
inter-facility power frequency noise problems. 


(d) Major rock formations near the surface large enough to influence the design and layout of the 
earth electrode subsystem must be considered. In regions of shallow bedrock, vertical ground rods may 
not be usable and horizontal grids, wires, or plates must be used. Large rock outcropping or subsurface 
boulders may force the alternate routing of conductors or the placement of rods. There is no need to incur 
the expense of drilling holes in rock to insert rods or lay wires because the resistivity of rock is so high 
that generally the rods or wires would be ineffective. 


(4) The design of the earth electrode subsystem must be such that it will not be materially 
influenced by the weather shielding effects of parapets and overhangs. Lightning down conductor 
placement and routing will frequently be influenced by architectural considerations. Design the earth 
electrode subsystem to accommodate such considerations by providing convenient connection points near 
the down conductors. Route the interconnecting cable of the earth electrode subsystem near down 
conductors to avoid long extensions between the down conductor and the effective grounding point. 
Configure the earth electrode subsystem such that convenient connections are possible between the earth 
electrode subsystem and grounding conductors of the power and signal ground systems inside the facility. 


(5) Preferably locate ground subsystem conductors under sodded areas or those otherwise covered 
with vegetation. Locate conductors to take maximum advantage of the wetting effects of runoff or 
drainage water from the roof, parking lots, etc. Try to avoid placing major portions of this earth electrode 
subsystem under extensive paved areas such as roads and parking lots. 


(6) Considering the relative advantages and disadvantages given in table 3-2, choose a basic type of 


electrode most appropriate for meeting the functional requirements of the facility at the site under 
construction. 
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Table 3-2. Relative advantages and disadvantages of the principal types of earth electrodes 


Type 


Advantages 


Disadvantages 


Ring Ground 


Straightforward design. Easy 
to install (particularly around 
an existing facility). Hardware 
readily available. Can be 
extended to reach water table. 


Not useful where large rock 
formations are near surface. 


Horizontal Bare Wires 
(Radials) 


Can achieve low resistance 
where rock formations prevent 
use of vertical rods. Low 
impulse impedance. Good RF 
counterpoise when laid in star 
pattern. 


Subject to resistance 
fluctuations with soil drying. 


Horizontal Grid (Bare Wire) 


Minimum surface potential 
gradient. Straightforward 
installation if done before 
construction. Can achieve low 
resistance contact in areas 
where rock formations prevent 
use of vertical rods. Can be 
combined with vertical rods to 
stabilize resistance 


Subject to resistance 
fluctuations with soil drying if 
vertical rods not used. 


contact in limited area. 


fluctuations. 

Vertical Rods Straightforward design. High impulse impedance. Not 
Easiest to install (particularly | useful where large rock 
around an existing facility). formations are near surface. 
Hardware readily available. Step voltage on earth surface 
Can be extended to reach can be excessive under high 
water table. fault currents or during direct 

lightning strike. 

Plates Can achieve low resistance Most difficult to install. 


Incidental Electrodes (utility 
pipes, building foundations, 
buried tanks) 


Can exhibit very low 
resistance. 


Little or no control over future 
alterations. Must be employed 
with other made electrodes. 


(7) Estimate the relative costs to meet the objectives with the different types of configurations. 
Include the cost of materials, installation costs, and relative maintenance and upgrading costs. 
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(8) Once the most appropriate configuration is chosen for the facility, calculate the resistance to 
earth for the configuration. If the calculated resistance meets the design goal (or requirement), complete 
the design to include all necessary interconnections. 


(9) Non-ideal sites will frequently be encountered and will require an alternate configuration from 
the standard ring ground system. For example, large rock formations may be present which prevent the 
uniform placement of ground rods around the site; bed rock may be relatively near the surface; the water 
level may drop to several feet below grade; the soil resistivity may be very high; or architectural and 
landscape requirements may preclude locating ground rods at particular points. In such cases, modify the 
electrode configuration to conform to the constraints while achieving the desired resistance. Typical 
suggested alternatives are: 


(a) Change number of ground rods. 


(b) Use longer ground rods. Rods longer than 10 feet may be used in high resistivity soil in place 
of a larger number of 10-foot rods. Where the ground water table is greater than 10 feet below the surface 
at any season of the year or where the frost line is greater than 10 feet, use the longer rods to maintain 
contact with the permanently moist, unfrozen soil. 


(c) Use horizontal wires or grids instead of vertical rods. Where bedrock or other obstacles 
prevent the effective use of vertical rods, horizontal wires, grids, or radials should be used. 


(d) Lower the soil resistivity through chemical enhancement (salting). Where the above 
alternatives are not possible or are not cost effective, chemical enhancement is frequently the only choice 
left. 


h. Minimum design requirements. The design of each ground system is unique to the particular facility 
and the conditions present. However, a minimum set of requirements shall be considered for each 
facility. 


(1) At each facility supplied by electric power, at least one ground rod should be installed near the 
service disconnecting means and bonded to the earth electrode subsystem. If the transformer is located on 
the site, a bare 1/0 AWG wire or cable should interconnect the ground rod at the transformer with the 
earth electrode subsystem at the first service disconnect for lightning protection purposes. 


(2) For lightning protection purposes, all facilities large or small or located in areas of low or high 
lightning incidence will require an earth electrode subsystem. Facilities having structural extensions or 
equipment protrusions (such as antenna elements or towers) extending above the surrounding terrain 
should have a continuous earth electrode subsystem enclosing each facility or should have individual 
earth electrode subsystems connected together. 


(3) Most installations will require many interconnected ground rods. The configuration shown in 
figure 3-1 is adequate for most facilities. (The number of ground rods actually required at a given 
location will be determined by the resistivity of the soil and the configuration of the installation.) Three- 
meter (10-foot) ground rods installed at 20-foot intervals around the perimeter of the structure provide 
good utilization of the effective radius of the rod while providing several points of contact with the earth. 
If longer rods are required to reach the water level, to make contact with lower resistivity soils, or to 
penetrate below the frost line, greater spacings may be employed. The nominal spacing between rods 
should be between one and two times the length of the rod; however, it is necessary for each lightning 
down conductor to be connected to its own dedicated ground rod, so spacing should be limited to not 
more than 50 feet in order to conform to lightning protection requirements. 
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Figure 3-1. Earth electrode subsystem configuration for rectangular shaped facility 
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(4) The rods and interconnecting cable comprising the earth electrode subsystem should be 
positioned 0.6 to 1.8 meters (2 to 6 feet) outside the drip line of the building or structure to insure that 
rain, snow, and other precipitation wets the earth around the rods. 


(5) For facilities that do not conform to a rectangular or square configuration, lay out the rod field to 
generally follow the perimeter of the structure. See figure 3-2 for an example. 


(6) When two or more structures or facilities are located in the same general area (less than 200 feet) 
and are electrically interconnected with signal, control, and monitor circuits, either provide a common 
earth electrode subsystem, or interconnect the separate earth electrode subsystems with two buried bare 
cables. See figure 3-3 for an example. A common example of an installation where two separate 
structures are involved is a radar or communications site where the equipment shelter is adjacent to the 
antenna tower. Signal cables (both coaxial and waveguide), control cables, and power lines typically run 
between the tower and the shelter. The tower, being taller than the shelter, is more susceptible to 
lightning strikes. To minimize voltage differentials between the two structures, the facilities should 
effectively share a common earth electrode subsystem. Separate structures spaced closer than 6 meters 
(20 feet) should have a common earth electrode subsystem installed that encircles both facilities. 
Structures or facilities having no interconnecting cables and separated by a distance greater than 60 
meters (200 feet) generally do not require their earth electrode subsystems be interconnected. 


(7) There may be a number of incidental, buried, metallic structures in the vicinity of the earth 
electrode subsystem. These structures should be connected to the subsystem to reduce the danger of 
potential differences during lightning or fault protection; their connection will also reduce the resistance 
to the earth of the electrode subsystem. Such additions to the earth electrode subsystem should include 
the rebar in concrete footings, buried tanks and pipes. 


(8) To minimize resistance variations caused by surface drying of the soil and by the freezing of the 
soil during winter and to minimize the possibility of mechanical damage to ground rods, connections, and 
interconnecting cables, the tops of ground rods should be at least 0.3 meters (1.0 foot) below grade level. 
Bury the bare 1/0 AWG interconnecting cable at least 0.45 meters (1.5 feet) below grade level. 


(9) If the subsystem is installed after foundations are poured, cables are installed, utility pipes 
installed, etc., make proper provisions for performing the needed interconnections between the water 
system, lightning down conductors, structural steel, buried lines and cables, and the electrodes. 


(10) Access to the earth electrode subsystem should be provided through the installation of one or 
more grounding wells at each site. Two acceptable types of grounding wells are illustrated in figure 3-4. 
Either clay pipe or poured concrete may be used. Removable access covers must be provided. In very 
large structures, particularly those in which grounding grids are installed underneath, the grounding well 
or wells may be located inside the building in an accessible location. More than one grounding well may 
be necessary depending upon the size of the facility, the extent of the electrode subsystem, and the degree 
of accessibility to the electrodes deemed desirable. Locate at least one of the ground wells in an area with 
access to open soil so that resistance checks of the earth electrode subsystem can be made once the 
building is in use. 


i. Typical components. Earth electrode subsystems can be divided into two general types, the most 
preferable being a ring ground with 10-foot (3-meter) minimum length ground rods every 15 feet (4.5 
meters). A second and less preferable type consists of a system of radials or grounds used when soil is 
rocky or has extremely high resistivity. At sites where soil resistivity varies from high to very high and 
frequent electrical storms are common, a combination of the two is recommended, i.e., a ring ground 
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Figure 3-2. Earth electrode subsystem configuration for irregular shaped facility 
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Figure 3-3. Electrode configuration for closely adjacent structures 
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Figure 3-4. Typical grounding well installation 


around the building (worst case-grid under building) extending 2 to 6 feet (0.6 to 1.8 meters) outside the 
drip line with radials or horizontal conductors extending to 125 feet (37.5 meters). With either system, 
resistance to earth and danger of arc over can be greatly reduced by bonding any large metal objects in the 
immediate area to the earth electrode subsystem. These include metal pipes, fuel tanks, grounded metal 
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fences, and well casings. The advantages and disadvantages of each type of system are shown in table 3- 
2. 


(1) Vertically driven ground rods or pipes are the most common type of made electrode. Rods or 
pipes are generally used where bedrock is beyond a depth of 3 meters (10 feet). Ground rods are 
commercially manufactured in 1.27, 1.59, 1.90 and 2.54 cm (1/2, 5/8, 3/4 and 1 inch) diameters and in 
lengths from 1.5 to 12 meters (5 to 40 feet). For most applications, ground rods of 1.90 cm (3/4 inch) 
diameter, and length of 3.0 meters (10 feet), are used. Copper-clad steel ground rods are required because 
the steel core provides the strength to withstand the driving force and the copper provides corrosion 
protection and is compatible with copper or copper-clad interconnecting cables. 


(2) Where bedrock is near the surface of the earth, the use of driven rods is unpractical. In such 
cases, horizontal strips of metal, solid wires, or stranded cables buried 0.48 to 0.86 meters (18 to 36 
inches) deep may be used effectively. With long strips, reactance increases as a factor of the length with 
a consequent increase in impedance. Low impedance is desirable for minimizing lightning surge 
voltages. Therefore, several wires, strips, or cables arranged in a star pattern, with the facility at the 
center, is preferable to one long length of conductor. 


(3) Grid systems, consisting of copper cables buried about 15.24 cm (6 inches) in the ground and 
forming a network of squares, are used to provide equipotential areas throughout the facility area. Such a 
system usually extends over the entire area. The spacing of the conductors, subject to variation according 
to requirements of the installation, may normally be 0.6 to 1.2 meters (2 to 4 feet) between cables. The 
cables must be bonded together at each crossover. Grids are generally required only in antenna farms or 
substation yards and other areas where very high fault currents are likely to flow into the earth and 
hazardous step potentials may exist or soil conditions prohibit installation of other ground systems. 
Antenna counterpoise systems shall be installed in accordance with guidance requirements of the 
manufacturer. 


(4) Rectangular or circular plate electrodes should present a minimum of 0.09 square meters (2 
square feet) of surface contact with the soil. Iron or steel plates should be at least 0.64 cm (1/4 inch) thick 
and non-ferrous metals should be at least 0.15 cm (0.06 inches) thick. A burial depth of 1.5 to 2.4 meters 
(5 to 8 feet) below grade should be maintained. This system is considered very expensive for the value 
produced and is generally not recommended. 


(5) The metal frameworks of buildings may exhibit less than 10 ohms, depending upon the size of 
the building, the type of footing, and particular location. Buildings that rest on steel pilings in particular 
may exhibit a low impedance connection to earth. For this low resistance to be used advantageously, it is 
necessary that framework be bonded together. 


(6) Metal underground pipes have traditionally been relied upon for grounding electrodes. The 
resistance to earth provided by piping systems is usually quite low because of the extensive contact made 
with soil. Municipal water systems in particular establish contact with the soil over wide areas. For water 
pipes to be effective, any possible discontinuities must be bridged with bonding jumpers. The National 
Electrical Code (NEC) requires that any water metering equipment and service unions be bypassed with a 
jumper not less than that required for the grounding connector. However, stray or fault currents flowing 
through the piping network into the earth can present a hazard to workmen making repairs or 
modifications to the water system. For example, if the pipes supplying a building are disconnected from 
the utility system for any reason, that portion connected to the building can rise to a hazardous voltage 
level relative to the rest of the piping system and possibly with respect to the earth. In particular, if the 
resistance that is in contact with the soil near the building happens to be high, a break in the pipe at even 
some distance from the building may pose a hazardous condition to unsuspecting workmen. Some water 


TM 5-690 


utilities are inserting non-conductive couplings in the water mains at the point of entrance to buildings to 
prevent such possibilities. For these reasons, the water system should not be relied upon as a safe and 
dependable earth electrode for a facility and should be supplemented with at least one other ground 
system. 


(7) There may be a number of incidental, buried, metallic objects in the vicinity of the earth 
electrode subsystem. These objects should be connected to the system to reduce the danger of potential 
differences during lightning or power fault conditions: their connection will also reduce the resistance to 
earth of the earth electrode subsystem. Such additions to the earth electrode subsystem should include the 
rebar in concrete footings, buried tanks, and piping. 


(8) Well casing can offer a low resistance contact with the earth. In some areas, steel pipe used for 
casing in wells can be used as a ground electrode. Where wells are located on or near a site, the 
resistance to earth of the casing should be measured and, if below 10 ohms, the well casing can be 
considered for use as a ground electrode. 


j. Installation practices. The installation of the system must be performed in conjunction with other 
construction activities for the facility. 


(1) The schedule for installation must be such that any needed excavation, such as hole and trench 
digging, can be performed while other excavating, clearing, and earth moving operations associated with 
construction of the facility are in progress. If the subsystem is installed prior to completion of other earth 
moving operations, take the precautions necessary to assure that the components are not damaged or 
broken. 


(2) All metallic lines, such as water lines, sewer lines (if metal), armored cable, etc., must be bonded 
to the earth electrode subsystem. Bonding jumpers of 1/0 AWG, or larger, bare copper wire are to be 
used for this purpose. 


(3) Before covering the earth electrode subsystem with backfill dirt or otherwise rendering it 
inaccessible, make visual checks of all joints and connections to check mechanical integrity, to verify the 
absence of voids or other indications of poor bonding, and to see that all required interconnections are 
made. 


(4) All bonds in concealed locations must be brazed or welded. Any bonds between dissimilar 
metals, such as between a copper wire and cast iron or steel pipe, must be thoroughly sealed against 
moisture to minimize corrosion. Bolted clamp connections are to be made only in manholes or in 
grounding wells and are to be readily accessible for verification of integrity. 


(5) Drive rods only into undisturbed earth or into thoroughly tamped or compacted filled areas. Rods 
and cables should be placed in the backfill around foundations only after the soil has been compacted or 
has had adequate time to settle. Do not drive or lay rods in gravel beds which have been installed for 
drainage purposes unless the rods extend through such beds far enough to provide at least 1.8 to 2.4 
meters (6 to 8 feet) of contact with the undisturbed earth underneath. Do not lay horizontal cables in such 
beds under any circumstances. 


(6) Rods may be driven either by sledgehammer or with the use of power drivers. Use driving nuts 
to prevent damage to the driven end, particularly if two or more sections are to be joined. Deep driven 
rods or those driven into hard or rocky soil generally require the use of power drivers with special driving 
collars to prevent damage to the rod. 
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(7) Attach the interconnecting cable to the rods by brazing, welding, or clamping. Use bolted, 
clamped-type connections only if the tops of the rods are accessible through grounding wells and a 
periodic maintenance program is established to verify the integrity of the connection on a regular basis. 


(8) As rods are installed, make a one-time resistance check of each rod once it reaches its intended 
depth. This subsystem should be visually inspected every 2 months, mechanically inspected every 12 
months, and electrically tested every 24 months, per InterNational Electrical Testing Association’s 
(NETA) guidelines. See text for specific recommendations. Use the fall of potential method outlined in 
MIL-HDBK-419A, Grounding, Bonding, and Shielding for Electronic Equipment and Facilities. In this 
way a continuous check is made of the electrode design. If the measured resistance of the rods is less 
than the calculated resistance, the use of fewer rods may be acceptable as long as the minimum number 
required for terminating lightning down conductors is installed. On the other hand, if the measured 
resistance of the rods is greater than calculated, additional rods or longer rods should be installed during 
the construction stage rather than waiting until the facility is completed to add additional rods. 


k. Inspections and testing. Inspection and testing of the system should be implemented as integral 
elements of the facility during the construction of the building or structure. To ensure that the 
implementation is accomplished in a timely manner, the construction efforts should be carefully 
monitored from the onset of excavation through completion of the facility. Prior to acceptance of the 
facility, the installation should be validated as acceptable using DA Form 7452-R shown in figure 3-5. 
The following guidelines are provided to aid in the inspection and checkout of the facility. 


(1) Observe installation procedures. Specifically see that the requirements and recommendations 
outlined above are observed. Verify that ground rods conform to specified sizes. If the ground rods are 
driven in place, see that driving collars or nuts are used to prevent damage to the rods. Watch for bent 
and broken or bulged couplings between sections. Seriously weakened or damaged couplings should be 
replaced before driven below grade. 


(2) Spot-check the resistance of rods as they are driven. Use the fall-of-potential method to 
determine the resistance of a rod when it reaches the design or specified depth. Project the net resistance 
of the total number of ground rods. This projection should indicate if the planned electrode subsystem 
will achieve 10 ohms (or less) resistance. As additional rods are driven, continue to spot check the 
resistance of individual rods by measuring the resistance at each successive fourth or fifth rod. This 
procedure will permit a decision to be made on the necessity for adjusting the electrode configuration 
(either adding to or subtracting from) to achieve the required resistance. 


(3) See that cable interconnecting the rods is of a correct size (1/0 AWG). Inspect all connections 
between cable sections and all interconnections between cable and ground rods. All connections to be 
buried and subsequently made inaccessible must be welded or brazed. Restrict the use of clamps or 
bolted connections to locations which will remain accessible. 


(4) Verify that provisions are made for interconnecting the earth electrode subsystem with metal 
utility lines, buried tanks, and other underground metals. 


(5) Verify that risers or cables of appropriate size are installed for lightning down conductor, signal 
ground, and power system ground connections. Ensure that risers used for lightning down conductors are 
not used as part of the signal reference or fault protection subsystems. 
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EARTH GROUND ELECTRODE SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 

Fort Tank 20020228 
3. LOCATION 4. INSPECTOR 

Building 358 Joe Sparks 


5. SOIL RESISTIVITY fohm-cm) (Obtain from site survey or from the measured resistance of a rod 


or gr oup of rods) 
100 


6. RESISTANCE OF COMPLETED EART HELECTRODE SUBSYSTEM (ohms) 


e) 


7. SKETCH OF FINAL EARTH ELECTRODE SUBSYSTEM (Show dimensions, locations of ot her buried metal objects, risers for lightning, power, or signal ground connections, and any ground wells.) 


(Corrected engineer ing drawings may be attached in lieu of sketch.) 


See attached drawing 001-50-6, 30 November 2001 


COMPONENT IDENTIFICATION 


8. GROUND RODS 


8a. TYPE 8b. SIZE 8c. NUMBER OF ADDITIONAL RODS 
copper strand 1" X 10 feet Z 
8d. POSITIONED AN DIN STALLED AS SPECIFIED 8e. PHYSICAL CONDITION 
x _| YES [| No no damage 
9. GROUN D CONDUCT ORS 
9a. TYPE 9b. SIZE 9c. MATERIAL 
stranded, bare 1/0 copper 
9d. DISTANCE BETWEEN TWOSUCCESSIVE GROUN D CONDUCT ORS 9e. BURIED DEPTH 
6 feet 3 feet 
10. INTERCONNECTIN G CONDUCTORS 
10a. TYPE 10b. SIZE 10c. MATERIAL 
stranded, bare 1/0 copper 


11. CON NECT ORS/FITT INGS 


11a. PROPER TYPE/SIZE/MATERIAL AS SPECIFIED 


11b. MEASUREMENT OF RESISTAN CE BETWEEN T WOCONNECTION POINTS 


>< | YES NO 0.1 ohms 
12. RISERS 
12a. PROPERLY INSTALLED 12b. PROPERLY SIZED 12c. LOCATED AS SPECIFIED 
>< | YES NO >< | YES NO >< | YES NO 
13. FUTURE INACCESSIBLE JOINTS AND CONNECTIONS 
13a. PROPERLY INSTALLED 13b. PROPERLY CONNECTED 
>< | YES NO YES NO 
14. GROUND WELLS 
14a. INSTALLED AS SPECIFIED 14b. MEASURED RESIS TAN CE-TO-EARTH (ohms) 
><] YES NO 5 


DA FORM 7452-R, FEB 2002 


Figure 3-5. Sample of completed DA Form 7452-R 


(6) Once the complete minimum system is installed, measure the resistance to earth for the system 
using the fall-of-potential method. If the resistance is greater than 10 ohms, alternate methods as 
described above for reducing the resistance-to-earth shall be considered. 


(7) Ensure that all changes or modifications are properly indicated on the facility drawings. 
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(8) Maintain a copy of all drawings, initial site surveys, checklists, and test data collected during 
construction in the facility records department. 


l. Baseline configuration documentation. Documentation collected during the site surveys that provide 
the basis for the site conditions should be maintained in the facility records for future reference. 


3-3. Fault protection subsystem 


An electrical system ground is the connection of the electrical system to earth in such a manner that will 
limit the voltage imposed by lightning, line surges and unintentional contact with higher voltage lines; 
and stabilize the voltage to earth during normal operation. An equipment ground is the connection of 
conductive materials enclosing electrical conductors or equipment to limit the voltage to ground on these 
materials. A grounded conductor is a system or circuit conductor, which is intentionally grounded. A 
grounding conductor is a conductor used to connect equipment or the grounded circuit of a wiring system 
to a grounding electrode or electrodes. The purpose of the equipment fault protection subsystem is to 
ensure that personnel are protected from shock hazard and equipment is protected from damage or 
destruction resulting from faults that may develop in the electrical system. To accomplish this, ground 
connections must be adequate for both normal and fault currents and have sufficiently low impedance to 
facilitate operation of overcurrent devices under fault conditions. The fault protection subsystem includes 
the green wire and all exposed non-current-carrying metal parts of fixed equipment such as raceways and 
other enclosures which are likely to be energized under power fault conditions. Any conductor used for 
grounding purposes shall not penetrate any designated RF barrier, screen room, shielded enclosure etc., 
but shall rather be bonded to a welded stud on the barrier. 


a. Typical configuration. The equipment fault protection subsystem consists primarily of the 
grounding conductors of the interior ac power distribution system. One of the major shortcomings in 
grounding systems is the interconnection and reversal of ac neutral and equipment grounding conductors 
of the ac power distribution at various power distribution panels and at equipment throughout a facility. 
These installation errors result in additional electrical noise and ac currents in the ground system. The 
equipment fault protection subsystem should generally follow a configuration from a central or main 
ground point which ideally should be at the primary power station transformer ground point. If an 
equipment grounding conductor is not available to the main ground point, the equipment grounding 
conductor should be bonded directly to the earth electrode subsystem at the communications building. 
The configuration consists of a central main or trunk lead from the power source with equipment 
grounding conductors to the various intermediate power panels and equipment. The equipment grounding 
conductor is carried along with the phase and neutral wires from the main ground point to the main circuit 
breaker panel, from there to intermediate circuit breaker panels to the equipment panels, and finally to the 
equipment. 


b. Design considerations. A power system fault is either a direct short or an arc (continuous or 
intermittent) in a power distribution system or its associated electrical equipment. Figure 3-6 illustrates 
how personnel hazards are developed by improper wiring and fault conditions. The grounding system for 
transformers, switchgear, motors, etc. shall comply with the requirements of NEC® Article 250. These 
faults are hazardous to personnel for several reasons: 


(1) Fault currents flowing in the ground system may cause the chassis of grounded equipment to be 
at a hazardous potential above ground if not properly grounded. 


(2) The energy in a fault arc can be sufficient to vaporize copper, aluminum, or steel. The heat can 
present a severe burn hazard to personnel. 
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(3) There could be a fire hazard associated with any short circuit or arc. 


(4) Burning insulation can be particularly hazardous because of the extremely toxic vapors and 
smoke which may be produced. 


(5) Common causes of electrical system faults are: 


(a) Rodents getting between ground and phase conductors 


FUSE 


230-VOLT 
3-PHASE 
SYSTEM 


—_— 


FAULT = 
CURRENT TO RESISTANCE 
OF FAULT 
GROUND PATH 
CAUSES 
FUSE TO 
BLOW 


Figure 3-6. Grounding for fault protection 


(b) Water infiltration 

(c) Moisture in combination with dirt on insulator surfaces 

(ad) Breakdown of insulation caused by thermal cycling produced by overloads 
(e) Environmental contaminants 

(f) Damage during installation 


(g) System age deterioration 
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(6) For a motor supply if one phase of the 230-volt line accidentally contacts the motor frame, and 
the motor is not grounded, its frame will rise to the circuit maximum phase-to-ground potential of 133 
volts, and anyone coming in contact with it would be subject to a lethal shock if simultaneous contact is 
made with a grounded object. To prevent this situation from arising, the motor frame must be grounded 
via the equipment grounding conductor (green wire). The resistance of the fault path must be low enough 
to permit the fault current to trip the overload protector and interrupt the fault. If the resistance of the 
fault path is too large, the fault current will not be enough to trip the overload protectors. Thus to 
minimize both shock and fire hazards, the resistance of the fault path must be as low as possible. 
However, the fault protection subsystem normally does not depend on the earth electrode subsystem to 
trip overcurrent devices. The fault current normally flows through the green wire (grounding conductor) 
to the source side of the first service disconnect where the green wire and the neutral are tied together. 
The fault current then flows through the neutral to the transformer to complete the circuit. This path 
functions completely independent of the connection to the earth electrode subsystem. The earth electrode 
subsystem functions to limit the voltage difference between personnel and equipment, and prevent system 
voltage from rising above normal levels during fault conditions. The earth electrode subsystem is 
connected to the ac power system at the supply transformer neutral and the service entrance disconnect. 


(7) Fault clearance in power distribution systems is normally provided by circuit breakers, fuses, or 
overload relays in each phase. These devices provide protection only if the fault current is sufficient to 
trip the over-current device. However, these protective devices may not act fast enough to protect 
personnel during accidental direct contact with energized circuits. 


(8) Article 250-118 of the NEC® describes the types and materials used for equipment grounding 
conductors. Types include solid and stranded (insulated or bare) wire or other shapes, such as metallic 
tubes, pipes, and conduit. The grounding conductor types permitted by the NEC® also include various 
metal ducts, cable trays, and raceways; however, these types shall not be used in lieu of the equipment 
grounding conductors. The NEC® also permits/allows certain types of armored cable sheath be used as 
grounding conductors. 


c. Typical components and installation details. The equipment fault protection subsystem consists 
primarily of the grounding conductors of the interior ac power distribution system. The grounding 
conductors are green insulated or bare wires running in the same conduit or duct with the neutral and 
phase conductors. Dedicated grounding conductors are preferred to reduce electromagnetic interference 
(EMI). Figures 3-7, 3-8, and 3-9 provide examples of equipment fault protection subsystems. 


(1) To protect personnel from exposure to hazardous voltages, all exposed non-current carrying 
metallic elements located near the energized circuits shall be connected to ground. In the event of 
inadvertent contact between the "hot" lead and chassis, frame, or cabinet through human error, insulation 
failure, or component failure, a good, direct, known fault current path will be established to quickly 
remove the hazard. Also, according to NEC®, Article 250-24, the neutral conductor should be grounded 
at the service entrance disconnecting mean. If the transformer supplying the service entrance is located 
outside the building, an additional grounding electrode should be installed at the transformer and the 
grounded conductor of the transformer should be grounded to the newly added grounding electrode. 
Buildings having two or more service entrances are bonded to the building’s common earth electrode 
subsystem. 


(2) Metal boxes, fittings, and non-current-carrying metal parts of other fixed equipment do not 
require additional protection if mechanically connected to the grounded cable armor or bonded to the 
grounded members of the building. MIL-STD-188-124B, Grounding, Bonding and Shielding for 
Common Long Haul/Tactical Communication Systems Including Ground Based Communications- 
Electronics Facilities and Equipment, provides that the path to ground for circuits, equipment, and 
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Figure 3-7. Typical equipment fault protection subsystem 
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Figure 3-8. Single-phase 120/240 volt ac power ground connection 


conductor enclosures be permanent and continuous. The path must have (1) the capacity to conduct 
safely any fault current likely to be imposed upon it, and (2) sufficiently low impedance to limit voltage 
to ground and to aid the operation of circuit protective devices. 


(3) Experience with military communications equipment (CE) facilities has proven that a low- 
noise, low-impedance equipment fault protection subsystem can be maintained over a prolonged period of 
time if separately designed and installed with ground conductors. Therefore, a separate equipment fault 
protection conductor shall be included with the ac power distribution if not provided in the power cable. 
A grounding (green) wire should be used and installed in the same conduit as the other ac wires. When 
ferrous ducts or conduits are used to shield the neutral and phase conductors, the lowest impedance will 
result when this grounding conductor is installed in the same conduit. The impedance can be further 
decreased if the grounding conductor is wrapped around the other conductors and bonded to the duct or 
conduit at both ends. In a correctly installed power distribution system, there should be no power current 
on the grounding conductor, except during an abnormal condition. It should be noted that there are two 
types of abnormal conditions causing overcurrent devices to operate. The first is an overload condition in 
equipment. In this case, the high current is on the neutral and phase leads. The second abnormal 
condition is where a phase or hot lead is inadvertently grounded. The high current in this case is on the 
hot lead and the grounding conductor. In both cases, the overcurrent protective device, usually a circuit 
breaker, is opened in the phase or hot lead. Due to the high currents that can flow either on the phase 
leads, neutral, or grounding conductor, it is recommended that a 2-inch separation be maintained between 
power runs and signal runs when neither is in conduit. 


(4) Electrical supporting structures such as conduit, cable trays or raceways, wiring system 
enclosures, and metallic power cable sheaths should be electrically continuous and are to be bonded to the 
facility ground system at multiple points. In the event of a fault, this continuity will prevent these 
structures from rising to a hazardous potential. 


(5) For service entrances, the ac neutral lead can be grounded at the first service disconnect means. 


In this case, the ac neutral also serves as a grounded conductor back to the source. For best results, the ac 
neutral (grounded) and green (grounding) wire should be grounded at the service transformer and the first 
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Figure 3-9. Three-phase 120/208 volt ac power system ground connections 


service disconnect means through the five-wire distribution system. All distribution neutrals are to be 
isolated from equipment and structural elements except for the connection at the first service disconnect. 
If a single common service supplies two or more separate buildings, the connection to the grounding 
electrode and grounding or bonding of equipment, structures or frames required to be grounded or bonded 
must be accomplished in different ways, depending on whether the equipment grounding conductor is 
installed with the supply or is not installed with the supply. Ifa single service is installed with an 
equipment grounding conductor to a second building, the grounded conductor (neutral) is not permitted to 
be connected to the equipment grounding conductor or the grounding electrode system as shown in figure 
3-10. Ifa single service is not installed with an equipment grounding conductor to a second building, the 
grounded conductor (neutral) is permitted to be connected to the equipment grounding conductor or the 
grounding electrode system as shown in figure 3-11. 


(6) Connect the ground terminals of convenience outlets to the facility ground system with the green 
wire specified by the NEC®. Do not use “wiremold” or “plugmold” distribution strips, which depend 
upon serrated or toothed fingers for grounding. “Wiremold” or “plugmold” is commonly used to supply 
high-density 120V receptacles for laboratories and work areas. Wiremold Company catalog number V20- 
C2 illustrates this product. Effectively ground the ground terminals on such strips with an auxiliary 
grounding conductor equivalent to the green wire requirements of Article 250 of the NEC®. 


(7) Fora direct current (dc) power system, ground one leg with a single connection to the earth 


electrode subsystem. The NEC® requires all two-wire dc systems operating between 50 to 300 volts be 
grounded, and requires all three-wire dc systems to be grounded. The size of the grounding conductor 
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Figure 3-10. Single service entrance with common equipment grounding conductor 


shall not be smaller than the largest conductor for two-wire dc systems, and shall not be smaller than the 
neutral conductor for all three-wire dc systems. Whether grounded at the source, the first system 
disconnection means or overcurrent device, or by other means that accomplish equivalent system 
protection, provide a dedicated current return conductor from the load to the source to assure that the dc 
load current in the facility ground system or the lower frequency signal ground network is minimized. 


(8) On-site power generation requires grounding. The frames and housing of ac standby generators 
should be grounded as prescribed by the NEC®. Ground the neutral to the facility main ground plate or 
to the earth electrode subsystem, whichever is closest. When generators are connected in parallel, 
interconnect the neutrals and ground them to the facility’s earth electrode subsystem with a common 
grounding conductor. 


(9) For metal poles supporting outdoor lighting fixtures, ground pole to a grounding electrode in 
addition to separate equipment grounding conductor run with supply branch circuit. 


(10) Bond grounding conductors, including grounding-conductor conduits, to lightning protection 
down conductors or lightning protection grounding conductors in compliance with National Fire 
Protection Association (NFPA) 780, Standard for the Installation of Lightning Protection Systems (1997). 
Bond electric power system ground directly to lightning protection system grounding conductor at closest 
point to electric service grounding electrode. Use bonding conductor sized same as system grounding 
conductor and install in conduit. 


(11) Electrical raceways require grounding to ensure the complete low impedance path to ground is 
maintained. The conduit is grounded to the power panel at each end, but it is not used in lieu of a 
grounding conductor, which continues through the conduit to the equipment ground bus bar. 


3-23 


TM 5-690 


Service conductors 


oN 
ans 
IN e 
Building 1 . Building 2 
Service 
grounding 
electrode 


Figure 3-11. Single service entrance without common equipment grounding conductor 


(a) All metal conduit is to be grounded, regardless of whether it is used for enclosing power 
cables or for signal and control cables. 


(b) All joints between sections of conduit and between conduit, fittings, and boxes should be 
made electrically continuous when they are installed. 


(c) All pipe and locknut threads should be thoroughly cleaned before they are engaged and then 
tightened firmly. 


(d) Gouging locknuts must positively penetrate all paint or other non-conductive finishes. 
(e) Any joints not inherently continuous should be bonded with jumpers of No. 12 AWG or larger 


copper wire. These jumpers should be welded or brazed in place or attached with clamps, split bolts, 
grounding bushings, or screws and lockwashers. 


(f) Protect the bonds against weather, corrosion, and mechanical damage. 


(g) Firmly tighten the screws on the cover plates of pull boxes, junction boxes, and outlet boxes. 
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(h) All conduit brackets and hangers should be securely bonded to both the conduit and to the 
structural member to which they are attached. Bond conduit runs, to include the individual sections, 
couplings, line fittings, pull boxes, junction boxes, outlet boxes, etc., to the facility ground system should 
be at intervals not exceeding 15 meters (50 feet). The resistance to each connection should not exceed 5 
milliohms. 


(i) All cable tray systems shall be electrically continuous by bonding together each individual 
section. Bond each support bracket or hanger to the cable trays which they support. Connect the cable 
tray assemblies to the facility ground system with copper cables or equivalent conforming to the 2000 
cmil per foot criterion. Make the connections within two feet of each end and at intervals not exceeding 
15 meters (50 feet) along the run. Where metal covers are used, they should be securely bolted in place. 


(12) All metallic pipes and tubes (including conduit) and their supports should be electrically 
continuous and are to be bonded to the facility ground system at least at one point. If any run of metal 
pipes or tubes exceeds 3 meters (10 feet) in length, it should be bonded to the facility ground system at 
each end. Also, longer runs should be bonded to the facility ground system at intervals of approximately 
45 meters (150 feet). 


(a) At indoor locations, these bonds may be made with clamps which provide continuous 
pressure. Pipes installed out of doors should be bonded to the facility ground system at entry point or 
wherever feasible by welding or brazing. Compatible stainless steel straps may be used with stainless 
steel pipe. In the event that a direct bond cannot be made, zinc-plated hose clamps or stranded, bare 
copper, untinned bond straps may be used. All bonds should be adequately protected against corrosion in 
humid or corrosive environments. 


(b) Joints in metal pipes and tubes should have a dc resistance no greater than 5 milliohms. In 
the case of threaded joints, the threads should be cleaned and firmly tightened (200 ft-lbs for rigid wall 
conduit) and protected against corrosion. Leaded or caulked joints, flared and other compression fittings, 
and 0-ring fittings should all be measured to verify that the joints have a dc resistance no greater than 5 
milliohms. 


(13) Other equipment/installations requiring grounding and bonding include the following. 


(a) The frames of motors, generators, and other types of electrical rotating machinery are to be 
connected to the facility ground system in accordance with the NEC requirements. 


(b) Ground all enclosures of electrical and electronic wiring and distribution equipment in 
accordance with NEC® Article 250. 


(c) The armor on electrical power cables should be bonded to the facility ground system at each 
end if the cables are 3 meters (10 feet) or longer. Provide supplemental connections at intervals not 
exceeding 15 meters (50 feet). The resistance of each connection should not exceed 5 milliohms. 


(d) To protect personnel from exposure to hazardous voltages, all exposed metal elements of 
equipment and supporting structures shall be interconnected by an equipment grounding conductor (green 
wire) from the ac power distribution system and referenced back to the power source. The grounding 
requirements of a transportable facility installed in the field and operating from transportable engine 
generators is relatively simple. The primary requirement is to ensure that all vans, vehicles, trailers, and 
engine generator units are interconnected through an equipment grounding conductor (green wire) 
network, and the power neutral is grounded from a common bus that is connected to an earth electrode at 
the generator. Where parts are moveable or subject to vibration, metal straps may be used in lieu of the 
green wire. When transportable equipment is powered from a commercial base ac source or is integrated 
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into a permanent installation with non-transportable equipment, personnel protection requirements 
become more complex. When part of a fixed installation, the transportable equipment shall be integrated 
into the facility ground system by extending the earth electrode subsystem to provide connections for the 
transportable equipment. All metallic components of the transportable equipment shall be interconnected 
through the equipment fault protection subsystem and bonded to the earth electrode subsystem at the main 
power panel, or back to the primary power source through the ground conductor of the power distribution 
cable. 


d. Inspections. Inspections of the fault protection subsystem should be implemented as integral 
elements of the facility during the construction of the building or structure. To ensure that the 
implementation is accomplished in a timely manner, the construction efforts should be carefully 
monitored. Prior to acceptance of the facility, the installation should be validated as acceptable using DA 
Form 7452-1-R shown in figure 3-12. The following guidelines are provided to aid in the inspection and 
checkout of the facility. 


(1) Specifically see that the requirements and recommendations outlined in paragraph 3.3.c. (1) 
through 3.3.c. (13) are observed. Verify that grounding conductors conform to the sizes specified. 


(2) Verify that the grounding conductors are routed along the shortest and straightest paths possible, 
except as otherwise indicated. Avoid obstructing access or placing conductors where they may be 
subjected to strain, impact, or damage. 


(3) Verify that any underground ground conductors are bare copper wire sized as specified and are at 
least 24 inches (600 mm) below grade. 


(4) Verify bonds to metal water pipes. 


(5) Verify that bonds have been made to pipes of each interior metal piping system present and to 
metal air ducts. These bonds shall be located between equipment grounding conductors of associated 
pumps, fans, blowers, electric heaters, and air cleaners. Bonds shall be made by using braided-type 
bonding straps. 


(6) Verify that connections are made with galvanically compatible materials. 


(7) Verify exothermic-welded connections comply with manufacturer's written instructions. Welds 
that are puffed up or that show convex surfaces indicating improper cleaning are not acceptable. 


(8) Verify proper lugs are used for the appropriate cable size. 


(9) Verify conduits are properly terminated and bonded to the metal housings. Verify the conduit to 
be electrically non-continuous and that both entrances and exits are properly bonded with grounding 
bushings and bare grounding conductors, except as otherwise indicated. 


(10) Verify that screws and bolts for grounding and bonding connectors and terminals are installed 
in accordance with manufacturer's published torque-tightening values. Where these requirements are not 
available, use those specified in Underwriters Laboratories (UL) UL 486A, Wire Connectors and 
Soldering Lugs for Use with Copper Conductors, Ninth Edition (1998), and UL 486B, Wire Connectors 
for Use with Aluminum Conductors, Fourth Edition (1997). 
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GROUND FAULT PROTECTION SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 
Fort Tank 20020228 
3. LOCATION 4. INSPECTOR 


Building 1929 


Lou Swire 


5. SKETCH THE LAYOUT OF THE ACTUAL ELECTRICAL GROUN DFAULT PROTECTION SUBSYSTEM. IF AN ENGINEERING DRAWING EXISTS, UPDATE IT WTHTHE ACTUAL DATA. THIS 
SHOULD IN CLUDE ALL GROUN DED (Neut ral) AND GROUN DING (Green) CIRCUITS FROM THE MAIN INPUTS (Feeding the facility) TO THE LOAD CIRCUITS. 


See attached drawing 001-50-6, 30 November 2001 


6. CHECK ALL GROUNDED CIRCUITS FOR PROPER INSTALLATION, CONTINUITY, AND CORRECT TYPES, SIZES, AND MATERIAL AS SPECIFIED. RECORD ALL DEFICIENCIES. 


LOCATION DEFICIENCIES 
Panel A-3 Grounded conductor is size #2 instead of 2/0 as specified in DWG EE-1 
Panel B-5 Grounding conductor does not run in same conduit as phases conductor 
Panel C-7 No ground bus exists. All green conductors were connected to neutral bus. 


7. CHECK ALL ELECTRICAL GROUND FAULT PROTECTION COMPONEN TS/DEVICES FOR SIGNS OF OVERHEATING, BURNING, RODENT, WATER INFILTRATION, ENVIRON MEN TAL 


CONTAMINANTS, AND INSULATION DAMAGE. RECORD ALL UNDESIRABLE SITUATIONS. 


LOCATION DAMAGE 
Panel E-1 Ground bus has signs of burning 
Panel E-3 Neutral bus corroded 
8. DETERMINE AND RECORD CON NECTION TOEARTHELECTRODE SUBSYSTEM 
LOCATION CONNECTIONS CONDUCTOR SIZES 
Main switchgear Ground bus of SWG (3) 500 MCM 
Gen switchgear Ground bus of SWG (3) 500 MCM 


9. MEASURE AND RECORD THE NEUTRAL AND GROUND CURRENTS AT ALL PANEL BOARDS 


LOCATION CURRENT READING NOTES 
Panel A-2 I(N) = 30A,1(G) = O.5 A Supply Warehouse B-1 
Panel B-4 I(N) = 50 A, 1(G) = 10 A Supply ADP Room B-5 
Panel C-6 I(N) = 42 A, I(G) = 0.7 A Supply BOQ 3 


DA FORM 7452-1-R, FEB 2002 


Figure 3-12. Sample of completed DA Form 7452-1-R 


USAPA V1.00 


(11) For compression-type connections verify that the proper hydraulic compression tools provide 
correct circumferential pressure for the connectors. Verify the tools and dies are as recommended by the 
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manufacturer of the connectors. Provide embossing die code or other standard method to make a visible 
indication that a connector has been adequately compressed on grounding conductor. 


(12) Insure that all changes or modifications are properly indicated on the facility drawings. 
e. Tests. Testing shall be performed by qualified and trained personnel. 
(1) The following safety precautions should be followed when testing the ground system. 


(a) When testing earth resistance, remember that during fault conditions, dangerous voltages 
may exist between a system ground and a remote point being tested. Care should be taken when 
connecting leads and test equipment. Avoid as much contact with the leads and probes as possible. 


(b) Most of the earth resistance is located close to the grounding system due to the “hemisphere 
effect.” Around a grounding hemispherical electrode, the resistance of the soil is the sum of the series 
resistances of virtual shells of earth, located progressively outward from the electrode. The shell nearest 
the electrode has the smallest circumferential area or cross section, so it has the highest resistance. 
Successive shells outside this one have progressively larger areas, and thus progressively lower 
resistances. As the radius from the electrode increases, the incremental resistance per unit of radius 
decreases effectively to nearly zero. When a ground fault occurs, the majority of the voltage drop is close 
to the system. Caution should be used when approaching a live ground. 


(c) At stations where the fence is not connected to the station ground, a dangerous voltage can 
develop under fault conditions between the fence and station ground. Do not touch both at the same time. 


(d) Surge and switching effects in transmission lines may induce dangerous spikes in the test 
leads strung under the line. Care should be exercised in handling these test leads. 


(e) Tests should not be performed during a thunderstorm. 


(f) Rubber gloves, boats, an insulated platform, etc., capable of protecting the operator against 
full-line voltage, are recommended for protection. 


(2) The completed grounding system shall be megger tested at each location where a maximum 
ground-resistance level is specified by the installation design documents, at service disconnect enclosure 
grounding terminal, and at ground test wells. Measure ground resistance not less than 2 full days after the 
last trace of precipitation, and without the soil being moistened by any means other than natural drainage 
or seepage and without chemical treatment or other artificial means of reducing natural ground resistance. 
Perform tests by the two-point method according to IEEE 81, Guide for Measuring Earth Resistivity 
Grounding Impedance and Earth Surface Potentials of Ground Systems (1983). The two-point method 
provides a pass/fail indication of ground resistance and is easier to perform than the three-point method. 
Maximum grounding to resistance values are as follows. 


(a) Equipment rated 500 kVA and less: 10 ohms 
(b) Equipment rated 500 to 1000 kVA: 5 ohms 
(c) Equipment rated more than 1000 kVA: 3 ohms 


(d) Unfenced substations and pad-mounted equipment: 5 ohms 
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(e) Manhole grounds: 10 ohms 


(3) Measure the ground path resistance of all branches of the grounding system from the point of 
connection, on the structure, equipment enclosure, or neutral conductor, to the earthing connection. The 
earthing connection may be the top of a single ground rod, a water pipe, a counterpoise, or a ground grid. 


(4) Measure the resistance of the earthing connection whether it is a ground rod, a water pipe, a 
counterpoise, or a ground grid to the earth itself. 


(5) Wherever the total resistance of the total ground circuit is in excess of the values established, 
measure resistance of individual portions of the circuit to determine the point or points where resistance is 
excessive and corrective action can be taken. 


(6) Measure resistance between gates and gateposts to ensure that flexible ground connections are 
adequate. Resistance higher than one-half ohm indicates a deficiency. 


(7) Measure resistance between operating rods and handles of group-operated switches and the 
supporting structure to determine that the flexible connections are adequate. Resistance higher than one- 
half ohm indicates a deficiency. 


(8) Measure resistance of all bonds between metallic-cable sheathing and its ground path. 
Resistance higher than one-half ohm indicates a deficiency. 


(9) All methods of measuring ground resistance are similar in that a suitable source of current is 
necessary. Auxiliary reference grounds and test instruments are necessary for American National 
Standards Institute (ANSI)/Institute of Electrical and Electronics Engineers (IEEE) ANSI/IEEE 80, IEEE 
Guide for Safety in AC Substation Grounding, methods. The following methods are suitable for 
measuring the resistance of isolated ground rods or small grounding installations. Precision in 
measurements is difficult to obtain. Normally an accuracy of 25 percent is sufficient, since the 
surrounding soil will not have consistent values of temperature, moisture, and depth. 


(a) A usual way to measure the ground resistance is with a low-range, self-contained, portable 
earth-tester instrument such as the “Megger” ground tester. The manufacturer’s instructions should be 
followed in the use of this instrument. 


(b) The resistances of the ground circuits are determined from the meter readings and these 
values are then used in calculating resistance (R). Stray alternating currents (ac) of the same frequency as 
the test current, if present, will introduce some error in measurements. 


(c) Where accurate measurements of extensive low-resistance grounding systems are required, 
more elaborate test methods and equipment are needed using considerably larger separation distances 
between test electrodes. Normally large facility substations are tested with the fall-of-potential method. 


(d) To allow for seasonal variations it is recommended that tests be made at the same time each 
year or for each season of the year to allow for accurate comparison. 


(e) Tests should be performed in accordance with written procedures. Provide adequate safety 


precautions as all electrical conducting paths for overvoltage and fault currents are connected to the 
substation grid. 
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(11) Maintain a copy of all drawings, initial site surveys, checklists, and test data collected during 
construction in the facility records department. Prepare test reports, certified by the testing organization, 
of ground resistance at each test location. Include observations of weather and other phenomena that may 
affect test results. Describe measures taken to improve test results. 


3-4. Lightning protection subsystem 


A lightning protection subsystem is frequently installed to protect the structure, personnel, and equipment 
of the C4ISR facility from damage due to lightning discharges. A major element of this protection is 
achieved by providing a means by which a lightning stroke can bypass the facility and enter the earth 
without causing damage. The stroke current must first be intercepted before it penetrates the structure. 
Air terminals are provided for this purpose. Preferential paths must then be offered which the stroke 
current will follow instead of any others. To provide these preferred paths, down conductors are designed 
to have large diameters and are routed to be as straight and short as possible. Finally, a low impulse 
impedance connection with the earth must be made. 


a. Typical configuration. To provide the most effective safeguard, a lightning-protection system must 
be appropriate for the type of structure and its construction characteristics. It has been shown that a 
modest lightning stroke of 10,000 amperes (A) develops a 2,000 kV voltage when it terminates on the 
phase conductor of a transmission line. Obviously, lines and equipment cannot be insulated to withstand 
voltages in this range. A more practical alternative is to limit voltages to a much lower level. This 
involves two basic principles - the use of masts and overhead ground wires to shield equipment and 
circuits from direct strokes; and the application of arresters to limit surge voltages to levels well below 
practical equipment insulation levels. 


(1) The oldest and most commonly used protection method is the conduction system, sometimes 
termed as the Franklin Rod or Faraday Cage system. 


(a) Air terminals (lightning rods) on the structure roof are connected to a grid of interconnecting 
(coursing) conductors, which connect to down conductors that extend down to earth and connect to 
appropriate grounding electrodes. The grounding electrodes can be individual ground rods or a 
conductive ring buried around the building perimeter or both. 


(b) All system components are made of copper, anodized aluminum, or stainless steel. 


(c) To complete the conventional lightning-protection system installation, all metallic elements 
(roof fans, vents, etc.), grounded or isolated, which are located on the roof or in the exterior walls near the 
down conductors, must be bonded to the down conductors because the possibility of a sideflash exists. A 
sideflash is an arc caused by a difference in potential between a down conductor and a metallic element. 
The bonding eliminates potential difference and prevents high current flow from damaging these 
components. 


(2) Recent changes in standard guidelines have redefined the outline of the zone protected by any 
one standard air terminal. Originally, the accepted standard indicated that the area protected was defined 
by a 60° cone starting at the tip of the air terminal, surrounding the terminal, and extending to earth, 
without regarding the terminal height. Now, however, research and better data define the protected zone 
as an area under an arc that has a maximum radius of 150 feet and is tangent to the earth while touching 
the tip of an air terminal. This is important for structures exceeding 150 feet in height because additional 
air terminals must be installed at an appropriate intermediate level, as well as at roof level. Figure 3-13 
illustrates the 150-foot radius of protection. 
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Figure 3-13. 150-foot radius of protection 


(3) Other protection requirements for high-rise buildings include the electrical interconnection of the 
steel column components or installation of conductive loops around the building at vertical intervals not 
exceeding 60 feet. A bonding conductive loop must also be made at ground level and at roof level. 
Furthermore, all grounded building elements (roof fans, vents, etc.) on building exterior walls within 12 
feet of the main roof must be connected to the protection system. Also, buildings over 75 feet high must 
use larger system components per the requirements of the Standard for the Installation of Lightning 
Protection Systems, NFPA 780. 


b. Design considerations. The degree to which lightning protection is required, is a subjective decision 
requiring an examination of the relative criticality of the structure location and its contents to the overall 
mission of the facility. Those structures containing elements vital to the operational mission such as air 
traffic control towers, radar installations, navigational aids, and communications centers are examples of 
facilities, which obviously must be protected. However, every building or structure does not require that 
a lightning protection system be installed. For example, buildings primarily used for the storage of non- 
flammable materials do not have a critical need for protection. Three of the factors to consider in 
ascertaining whether a given structure should have a lightning protection system installed or in 
determining the relative comprehensiveness of the system are the relative threat of being struck by 
lightning, the type of construction, and the nature of the facility. 


(1) The relative likelihood of a particular structure being struck by lightning is a function of the 
isokeraunic level, i.e., the thunderstorm activity of the locality and the effective height of the structure. 
Average thunderstorm activity can be determined from isokeraunic maps. Figure 3-14 shows the mean 
annual number of days with thunderstorms based on the period 1948-1972. The frequency of strikes can 
then be estimated. Use this estimation as one of the inputs to the decision process. 


(2) A structure, for lightning protection purposes, is defined as a building mast, tower, or similar 
self-supporting object other than power lines, power stations, and substations. To provide minimum 
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Figure 3-14. Mean annual number of days with thunderstorms based on the period 1948-1972 
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protection for structures against direct lightning strikes, four requirements must be fulfilled - an air 
terminal must be provided to intentionally attract the leader stroke, a path must be established that 
connects this terminal to earth with such a low impedance that the discharge follows it in preference to 
any other, a low resistance connection must be made with the earth electrode subsystem, and a low 
impedance interface must be established between the earth electrode subsystem and earth. Steel frame 
buildings with metal outer coverings offer the greatest inherent protection against lightning damage. 

Steel towers also exhibit a high immunity to structural damage. Additional protection for these type 
buildings will probably be required only for very critical facilities in highly exposed locations. Steel 
frame buildings with non-conductive, but non-flammable, outer coverings (like brick or other masonry) 
also offer a high degree of protection against lightning damage. The greatest hazard is posed by pieces of 
masonry being dislodged by stroke currents passing through the outer coverings to reach the structural 
steel underneath. Minimal protection consisting of interconnected air terminals to down conductors and 
steel support columns will be sufficient to prevent this type of structural damage. Buildings constructed 
of non-conductive materials such as wood, concrete blocks, or synthetic materials are the most susceptible 
to destructive damage. A complete auxiliary protection system will be required to prevent lightning 
damage to buildings utilizing this type of construction. 


(3) Methods used to protect outdoor equipment vary depending on the location of the equipment. 
If the equipment were located in close proximity to a structure, which is being protected, it would be 
prudent to include the equipment protection within the zone of influence of the structure. Otherwise this 
equipment may be protected in the same way as overhead lines, transmission lines, substations, or high 
towers. In these cases a protective shielding cable sometimes called a “skywire” is usually installed. It is 
a well-grounded bare conductor, usually mounted several feet above the conductors or equipment to be 
protected. When lightning strikes in the vicinity, induced voltage surges tend to be carried by the 
shielding skywire instead of the protected conductors or equipment. 


c. Protection components and installation details. Lightning protection systems are typically 
comprised of the following major components. 


(1) Air terminals (lightning rods) must intercept, or divert to themselves, any lightning stroke that 
might otherwise strike the building or structure being protected. Antennas and their associated 
transmission lines/supporting structures shall be protected by air terminals rather than be dependent upon 
transient protection/suppression devices. 


(a) Erect air terminals on the points of highest elevation and on other exposed areas to intercept 
the stroke before it has an opportunity to damage the structure, equipment, or components mounted 
thereon. The terminal points must be placed high enough above the structure to eliminate the danger of 
fire from the arc. 


(b) To keep from exploding, igniting, or otherwise being destroyed, air terminals should be made 
of copper, aluminum, brass, or bronze. The minimum sizes are 1.27 cm (1/2 inch) in diameter for solid 
copper, brass, or bronze rods and 1.6 cm (5/8 inch) in diameter for solid aluminum rods. 


(c) Air terminals must extend at least 25.4 cm (10 inches) directly above the object being 
protected and be of sufficient height so as to provide a 1:1 zone of protection for adjacent objects 
(antennas and associated support/control towers, etc). Rather than choosing the shortest terminal, which 
will provide this minimum height, all parts of the structure must be checked graphically or analytically to 
determine if the zone of protection provided by the terminal is adequate. Where taller terminals are 
required to provide complete protection, adequate support and bracing must be provided. 
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(d) Where air terminals are mounted on or very near [less than 1.5 meters (5 feet)] to vents or 
stacks that emit potentially explosive or ignitable dusts, vapors, or gases, provide additional clearance. 
Over hooded vents emitting explosive substances under natural draft, the air terminals should extend at 
least 1.5 meters (5 feet) above the opening. Above open stacks emitting explosive substances under 
forced drafts, air terminals should extend at least 4.5 meters (15 feet) above the opening. 


(e) Locate air terminals along the ridges of gable, gambrel, and hip roofs as shown in figures 3- 
15 and 3-16. Place them on the corners and along the edges of gently sloping roofs having a span of 40 


feet or less with a rise-to-run ratio, i.e., pitch, of one-eighth or less or having a span greater than 40 feet 
and a rise-to-run ratio of one-quarter or less. 


(f) On flat roofs position the air terminals around the perimeter as shown in figure 3-17. Provide 


additional air terminals placed at 50-foot intervals over the interior of flat and gently sloping roofs which 
exceed 50 feet in width. 


(g) Terminals are to be provided within 2 feet of corners, the end of ridges, or edges of main 
roofs. 


(h) Terminals less than 24 inches in height are to be spaced 20 feet or less. Terminals 24 inches 
or taller may be placed at intervals not exceeding 25 feet. 
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Figure 3-15. Location of air terminals on gently sloping roofs 
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Figure 3-16. Location of air terminals for common roof types 
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Figure 3-17. Air terminal placement on flat-roofed structures 
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(i) Ensure that no part of the structure extends outside the zone of protection established by the 
air terminals. For structures with multiple-level roofs no more than 50 feet (15 meters) in height, the zone 
of protection shall form a cone having an apex at the highest point of the strike termination device, with 
walls forming approximately a 45-degree (1:1 slope) or 63-degree (1:2 slope) from the vertical. 

Structures that do not exceed 25-feet (7.6 meters) are considered to protect lower portions of a structure 
located in a one-to-two (1:2) zone of protection as shown in figures 3-18 and 3-19. Structures that do not 
exceed 50-feet (15.24 meters) are considered to protect lower portions of a structure located in a one-to- 
one (1:1) zone of protection as shown in figures 3-20 and 3-21. 


< 25 ft (7.6 m) 


Figure 3-18. Lower roof protection for flat roof 25-feet or less high 


() Structures that do not exceed 150-feet shall determine the zone of protection by the space not 
intruded by a rolling sphere having a radius of 150-feet (46 meters). When the sphere is tangent to earth 
and resting against an air terminal, all space in the vertical plane between the two points of contact and 
under the sphere are in the zone of protection. A zone of protection is also formed when such 
a sphere is resting on two or more air terminals. This zone shall also include the vertical plane under the 
sphere and between those devices, as shown in figure 3-13. All possible placements of the sphere must be 
considered when determining the zone of protection using the rolling sphere model. 


(k) Structures greater than 150-feet (46 meters) above earth or above a lower air terminal shall 
determine the zone of protection to be the space in the vertical plane between points of contact and under 
the sphere when the sphere is resting against a vertical surface of the structure and the lower air terminal 
or earth. The zone of protection shall be limited to the space above the horizontal plane of the lowest air 
terminal unless it can be extended by further analysis, such as in rolling the sphere to be tangent to earth. 


(2) To provide effective protection, it is of utmost importance that a low-impedance path to ground 
exists. This applies to all components and connections from the air terminals to the grounding electrodes. 
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Figure 3-19. Lower roof protection provided by pitched roof 25-feet or less high 


Low impedance is essential so that the huge currents involved will follow the design path in preference to 
alternative paths offered by building materials such as wood, brick, tile, stone, or concrete. When 
lightning follows these higher impedance paths, extensive damage may be caused by the heat and 
mechanical forces generated during the passage of the lightning discharge. A low-impedance path 
reduces the potential difference between the storm system, the earth, and the protection to the point where 
a stroke does not occur or at least is somewhat controlled. Even with installations built on solid rock, an 
extensive low-impedance ground electrode/system is required, as well as solid connections between 
components and earth. Standards do not call out a specific ohmic ground value; however, every effort 
must be made to obtain the lowest value possible. The down conductors from the air terminals to the 
earth connections provide this low impedance path. 


(a) Install roof and down conductors so that they offer the least possible impedance to the 
passage of stroke currents between the air terminals and the earth. The most direct path is the best. The 
radius of conductor bends shall not be less than 8 inches nor shall the angle of such bends be less than 90 
degrees. 

(b) Course down conductors over the extreme outer portions of the structure and separate them as 
far apart as possible. Preferred locations are at diagonally opposite corners on square or rectangular 
structures and symmetrically distributed around cylindrical structures. 


(c) Locate down conductors as close as practical to air terminals and to the most convenient 


places for attaching the conductors to the earth electrode subsystem of the structure. The down 
conductors should be equally and symmetrically spaced about the perimeter of the structure. 
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Figure 3-20. Lower roof protection for flat roof 50-feet or less high 


(d) At least two down conductors are required on all structures except on slender objects like 
flagpoles, antenna masts (not substantial towers), light poles, and the like. 


(e) Provide one additional down conductor for each additional 30 meters (100 feet) or fraction 
thereof on structures having a perimeter exceeding 75 meters (250 feet). On structures having flat or 
gently sloping roofs and on irregular-shaped structures, the number of down conductors should be such 
that the length of the average roof conductor joining them does not exceed 30 meters (100 feet). The 
spacing between down conductors need not be less than 15 meters (50 feet). 


(f) Down conductors are to be provided or located appropriately to avoid dead ends in excess of 
4.8 meters (16 feet) in length. See figure 3-22, note 1. 


(g) Maintain down conductors in a downward course with routing around or through any 
obstruction which may lie in the path. Sharp bends or turns are to be avoided with necessary turns limited 
to not less than 90 degrees and not less than 20 cm (8 inches) in radius. 
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Figure 3-21. Lower roof protection for pitched roof 50-feet or less high 


SEE NOTE i 


NOTE 2 


NOTES: 
| — DEAD ENDS ARE NOT ACCEPTABLE ON MAIN RIDGES OR ON RIDGES OF 
DORMERS OR SIDE WINGS AS HIGH OR HIGHER THAN THE MAIN RIDGE, 
2- TOTAL CONDUCTOR LENGTH NOT TO EXCEED 16 FEET. 
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(h) Where large re-entrant loops (i.e., those with greater than 90-degree turns) cannot be avoided, 
e.g., around cornices or over parapets, the conductor should be routed to ensure that the open side of the 
loop is greater than one-eighth the length of the remaining sides of the loop. It is advised, however, to 
course the conductor through holes or troughs through the obstacles and avoid the loop completely 
whenever possible. 


(i) On structures with overhangs such as antenna towers with extended platforms or buildings 
utilizing cantilevered construction, run the down conductors vertically through the interior of the 
structure. Internally routed conductors must be enclosed in non-metallic, non-combustible ducts. 


() Substantial metal structural elements of buildings may be substituted for regular lightning 
conductors where, inherently or by suitable electrical bonding, they are electrically continuous from the air 
terminal to the earth electrode connection. The structural elements must have a conducting cross-sectional 
area, including that in joints, at least twice that of the lightning conductor that would otherwise be used. 
There need be no difference whether such conductors are on the interior or exterior of the structure when 
used for down conductors. Steel frame buildings encased in bricks or other masonry products must have 
external air terminals and roof conductors installed and bonded directly to the structural members to keep 
the lightning discharge from having to penetrate the masonry shell to reach the frame members. 


(3) Provide each air terminal with a two-way path to earth through the installation of roof and down 
conductors conforming to table 3-3 for structures not greater than 75 feet in height and conforming to table 
3-4 for structures greater than 75 feet in height. An exception is that air terminals located on prominent 
dormers extending less than 16 feet from the main structure need have only one connecting path from the 
terminal to the main down conductor. 


Table 3-3. Minimum requirements for roof and down conductors on 
structures not greater than 75 feet (23 meters) in height 


Conductor Material 
SSS ow Aluminum 
Cable Strand Size 14 AWG 12 AWG 
Wt/1000 ft. 187 4 lbs 95 Ibs 
Area 59,500 Cir Roils 98,500 Cir Roils 
dc Resistance .176 ohms/1000 ft. .176 ohms/1000 ft. 
Solid Strip Thickness 14 AWG 12 AWG 
Width 1 in. 1 in. 
dc Resistance .176 ohms/1000 ft. .176 ohms/1000 ft. 
Solid Rod Wt/1000 ft. 186 4 lbs 95 lbs 
dc Resistance .176 ohms/1000 ft. .176 ohms/1000 ft. 
Tubular Rod Wt/1000 ft. 187 ‘4 lbs 95 lbs 
Wall Thickness .032 in. .064 in. 
dc Resistance .176 ohms/1000 ft. .176 ohms/1000 ft. 
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Table 3-4. Minimum requirements for roof and down conductors on 
structures greater than 75 feet (23 meters) in height 


Material Strand Size Weight/ft. Weight/1000 ft. | de Resistance/1000 ft. 
Copper 14 AWG 6 Oz 375 lbs .088 ohms 
Aluminum 12 AWG 3 oz 190 Ibs .088 ohms 


(a) Roof conductors should be routed along ridges of gable, gambrel, and hip roofs, and around 
the perimeter of flat and gently sloping roofs. 


(b) Roof grounding conductors routed throughout decks, flat surfaces, and flat roofs should be 
interconnected to form closed loops to insure that all air terminals have at least two paths to earth. 


(c) Ridge conductors may drop from a higher to a lower roof level without installing an extra 
down lead at the point of intersection of the two roof levels if there are not more than two air terminals on 
the lower roof level. 


(d) On roofs that exceed 50 feet in width, additional conductors are to be provided to 
interconnect the air terminals required to protect large flat areas. One additional conductor for each 50 
feet in width is necessary. For example, on roofs 50 to 100 feet wide, add one additional run; on roofs 
100 to 150 feet wide, add two additional runs; etc. These additional runs must be interconnected together 
and to the perimeter conductor at 150-foot intervals with cross conductors as illustrated in figure 3-17. 


(e) Maintain a horizontal or downward course with roof conductors. Provide "U" or "V" (up and 
down) pockets with a down conductor from the base of the pocket to ground or to a convenient lead of the 
main down conductor. 


(f) Route conductors through or around obstructions which lie in a horizontal plane with the 
conductor [figure 3-23(b) and (c)]. Bends in the conductor should not include an angle of less than 90 
degrees and should maintain a radius of 8 inches or greater [figure 3-23(d)]. In particular, re-entrant 
loops should be avoided. When routing around obstructions, wide gradual bends are preferred. Other 
recommended practices are illustrated in figure 3-23(e) through (h). 


(g) Securely attach the conductors directly to the ridge roll or roof with UL-approved fasteners 
every 3 feet. 


(h) Conductors may be coursed through air up to 0.9 meters (3 feet) without support. With an 
acceptable support such as a 1.9 cm (3/4-inch) copper-clad ground rod or its equivalent, securely fastened 
at each end, a conductor may be coursed up to 1.8 meters (6 feet) through air. 


(4) To complete the conventional lightning-protection system installation, all metallic elements 
(roof fans, vents, etc.), grounded or isolated, which are located on the roof or in the exterior 
walls near the down conductors, must be bonded to the down conductors because the possibility of a 
sideflash exists. A sideflash is an arc caused by a difference in potential between a down conductor and a 
metallic element. The bonding eliminates potential difference and prevents high current flow from 
damaging these components. 
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(5) Continuous conductor runs shall be used if at all possible. Connections and splices shall be of 
high quality and performed using approved manufacturer’s recommended methods and tools. Figure 3-23 
shows several examples of splices and connections. 


USE USE LEAD 
STANDARD COATED 
FITTINGS POINT 


CARRY CABLE AROUND 
AQD GROUND CHIMNEY ON LEVEL 
WITH RIOGE 
(a) 


(b) 


MAKE BENDS 
WITH NOT 
LESS THAN 8” RADIUS 


COURSE ROD AROUND 
ON LEVEL WITH RIDGE 


{c) (d) 


ORILL THROUGH 
WALL 


USE 
APPROVED 
SPLICE 
CONNECTOR 
FOR 
SPLICES 


USE APPROVED 
ANCHORS 


(f) 
{e) 


ON CHIMNEYS 

USE LEAD COATED 
TOPS AND 
APPROVED 
FASTENERS TO 
SUPPORT TOP 
AND CABLE 


USE APPROVED 
PIPE CLAMPS 


(g) (h) 


Figure 3-23. Recommended construction practices for integral lightning protection systems 
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(6) Securely attach air terminals and roof and down conductors to the building or other object upon 
which they are placed. Fasteners (including nails, screws, or other means by which they are attached) 
should be substantial in construction, not subject to breakage, and should be of the same material as the 
conductor or of a material that will preclude serious tendency towards electrolytic corrosion in the 
presence of moisture because of contact between the different metals. Keep all hardware, component 
parts, and joints that are not welded or brazed and that require inspection for maintenance and repair 
readily accessible. Any special fixtures required for access should be permanently attached to prevent 
loss. However, appropriate locks or other devices essential to safety, security, and physical protection of 
the hardware or of the area in which it is located may be used. 


(7) No part of the structure being protected should extend outside the protected zone. Where it is 
impractical to provide a common mast to provide protection for an entire structure, additional masts 
should be provided. If the pole is made of a non-conducting material, provide an air terminal extending 
not less than 0.6 meters (2 feet) nor more than 0.9 meters (3 feet) above the top of the pole. 

Connect the base of the mast (if metal) or the down conductors to the earth electrode subsystem of the 
protected structure with at least a No. 6 AWG copper conductor or equivalent. 


(8) If the poles are of a non-conducting material, an air terminal shall be securely mounted on the 
top of each pole, extending not less than 0.45 meters (1.5 feet) above the top of the pole. Down 
conductors are run down the side of the pole or the guy wire may be employed as the conductor as shown 
in figure 3-24. If the guy wire is used, it shall be properly grounded and bonded and both this wire and 
the overhead ground wire are dead-ended at the pole. The overhead ground wire and the guy wire shall 
be interconnected with a separate cable. Down conductors and guy wires used as down conductors are to 


AIR TERMINAL AIR TERMINAL 
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GROUNDING SYSTEM ——_/ 


“INTERCONNECTICN — 


Figure 3-24. Overhead ground wire lightning protection system 
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be connected to the earth electrode subsystem of the structure being protected. Guy wires not located 
near existing earth electrode subsystems shall be grounded either to their respective ground anchor (by 
use of an interconnecting cable) or to a separate ground rod. 


(a) The height of the poles should be sufficient to provide a clearance of not less than 1.8 meters 
(6 feet) between the overhead ground wire and the highest projection on the building. When the overhead 
ground wire system is used to protect stacks or vents which emit explosive dusts, vapors, or gases under 
forced draft, the cable is installed so that it has a clearance of at least 4.5 meters (15 feet) above the object 
receiving protection. 


(b) With either the mast type or the overhead ground wire type of system, the pole is placed at a 
distance from the structure that is at least one-third the height of the structure, but in no instance less than 
1.8 meters (6 feet). 


d. Transient protection. An essential addition to the air terminals, down conductors, and earth 
connection for the protection of electrical and electronic equipment is the installation of lightning 
arresters and terminal protection devices (TPDs) on all external power, communications, data, and control 
lines that penetrate the facility boundary. TPDs are fast-response protection devices installed for the 
purpose of shunting extraneous pulses to ground. Examples of commonly used terminal protection 
devices are carbon blocks, gas-filled spark gaps, zener diodes, and EMI power and signal line filters. 
These surge arresters and TPDs must respond in a sufficiently short time to limit the surge voltages 
produced by the lightning discharge to levels which can be tolerated by the equipment inside the facility. 
To obtain least response time and to limit the overshoot voltage of the arresters and TPDs, these devices 
must be properly grounded. They must be installed such that their leads are kept to minimum lengths and 
kept very near to facility ground conductors. 


(1) Installation of a properly selected secondary ac surge arrester at the facility main service 
disconnect provides the best method for ensuring that high energy transients are not coupled to equipment 
by ac distribution lines within the facility. The surge arrester installed must have certain characteristics to 
ensure adequate protection. 


(a) The arrester must be capable of safely dissipating transients of amplitudes and waveforms 
expected at the facility for a predetermined period of time. Selection of an arrester that will provide 
protection for a period of ten years is recommended. 


(b) Have a turn-on time fast enough to ensure that transient energy will not cause damage before 
the surge arrester turns on and clamps. (50-5000 nanoseconds) 


(c) Maintain a low enough discharge (clamp) voltage while dissipating transient current to 
prevent damage to protected equipment. (1.5 times system normal voltage) 


(d) Have a reverse standoff voltage high enough to ensure non-conduction during normal 
operation. (1.75 time normal system voltage) 


(e) Be capable of complete extinguishing after firing on an energized line. 


(f) The surge arrester must be properly installed to ensure optimum operation. The input to each 
phase arrester contained in the surge arrester should be fused to provide protection against overload of, or 
damage to, the ac supply in the event an arrester should short. Also, indicator lights and an audible alarm 
that go off when a fuse opens should be provided on the front of the surge arrester enclosure as a 
maintenance aid. 
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(g) Proper installation of the surge arrester is of vital importance for optimum operation. A 
surge arrester with excellent operating characteristics cannot function properly if correct installation 
procedures are not used. All surge arresters should be installed in accordance with the manufacturer's 
recommendations. 


(h) If possible, install arresters inside the first service disconnect box to keep interconnecting 
lead lengths as short as feasible. Use interconnecting wire of sufficient size to limit resistance and 
inductance in the transient path to ground through the surge arrester. Interconnecting wiring should be 
routed as straight and direct as possible with no sharp bends and the least number of bends possible. Do 
not include loops in the wiring. The arrester must be grounded by the shortest low impedance path 
available. 


(i) Installation of surge arresters is shown for grounded and ungrounded service in figures 3-25 
and 3-26 respectively. For best possible protection, the line supply side of the main service disconnect 
means should be connected to the phase input(s) of the surge arrester. However, when necessary to 
facilitate removal of ac power for surge arrester maintenance, it is permissible to connect the surge 
arrester to the load side of the main service disconnect means. In order to prevent introducing excessive 
inductance and resistance in the transient path to the surge arrester, No. 4 AWG (minimum) insulated 
stranded copper wire of the minimum feasible length must be used to make the interconnection(s) unless 
otherwise recommended and guaranteed by the manufacturer. Also, the interconnecting wiring must not 
contain loops or sharp bends. Otherwise, the response time of the surge arrester will be delayed and a 
higher clamp voltage than that of the surge arrester will be impressed across the protected equipment, thus 
increasing the possibility of damage. In the event a very fast transient should occur, it is quite likely that 
the surge arrester would never turn on, and all of the transient energy would be dissipated by supposedly 
protected equipment. 


(j) When the surge arrester is not properly grounded, its response time will be delayed and a 
higher clamp voltage than that of the surge arrester will be impressed across the equipment being 
protected. This can also be expected if the earth ground connection for the surge arrester contains loops 
or sharp bends or is not properly bonded to the earth electrode subsystem. To overcome this problem, 
stranded copper wire specified in accordance with Article 280 of the VEC® must be used to make the 
ground connection unless other specifications are provided by the manufacturer of the surge arresters. 
Figures 3-25 and 3-26 show the surge arresters installed to ensure the best direct route to ground thereby 
minimizing the lead inductance(s) and ensure the firing of the surge arresters. For best results exothermic 
welds should be used for bonding to the earth electrode subsystem. UL-—approved pressure connectors are 
suitable for aboveground bonds. 


(k) Selection of a surge arrester that will provide adequate protection against worst case 
transients is recommended. 


(1) Several surge arrester application guide standards are available from the IEEE to aid in the 
selection of surge arresters for specific applications. These standards are IEEE C62.2, Guide for the 
Application of Gapped Silicon-Carbide Surge Arresters for AC Systems; IEEE C62.22, Guide for the 
Application of Metal-Oxide Surge Arresters for AC Systems; IEEE C62.22.1, Guide for the Connection 
of Surge Arresters to Protect Insulated, Shielded Electric Power Cable Systems; IEEE C62.37.1, Guide 
for the Application of Thyristor Surge Protective Devices; IEEE C62.42 Guide for the Application of Gas 
Tube and Air Gap Arrester Low-Voltage (Equal to or Less Than 1000 Vrms or 1200Vdc) Surge 
Protective Devices; and IEEE C62.43, Guide for the Application of Surge Protectors Used in Low- 
Voltage (Equal to or Less Than 1000 Vrms or 1200Vdc) Data, Communications, and Signaling Circuits. 
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Figure 3-25. Secondary ac surge arrester installation, grounded service 
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Figure 3-26. Secondary ac surge arrester installation, ungrounded service 
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(m) The turn-on time (response time) is the time required for an arrester to turn on and clamp a 
transient after turn-on voltage is impressed across device terminals. All basic suppressor devices used in 
the manufacture of surge arresters are voltage dependent for ionization, breakdown, and other phenomena 
associated with breakdown. Therefore, a low turn-on voltage enhances a faster turn-on time. Turn-on 
time requirements for a surge arrester must be directly related to the withstand level for equipment and 
components being protected. For instance, if only heavy duty electrical equipment, such as motors, 
contactors, and switches are being protected, relatively slow turn-on of | to 5 microseconds can be 
tolerated. However, if solid-state electronic equipment, or a combination of electrical and electronic 
solid-state equipment is being protected, turn-on time becomes much more critical. In general, the most 
rapid response time available is desirable. However, cost and current dissipation capability normally 
place constraints on such selection criteria. Four types of arresters are currently manufactured. Their 
general characteristics are listed in table 3-5. 


(n) Turn-on time of 50 nanoseconds is sufficiently fast to protect all except very critical 
components that would directly receive transient energy prior to turn-on and clamp of the surge arrester. 
Solid-state units may be used for protection of very critical equipment components, and the gas-filled 
spark gap type will provide adequate protection for heavy duty electrical equipment such as motors, 
contactors, and switches. However, arresters with slow turn-on time and high turn-on voltage should not 
be used to protect electronic equipment that has low-voltage, fast turn-on transient suppression devices, or 
circuits included as an integral part of the equipment. Otherwise, the transient suppression in the 
equipment will turn on and attempt to dissipate transient energy before the surge arrester installed at the 
main service disconnect means turns on. In most cases, this will rapidly destroy equipment-level transient 
suppression. The resistance and inductance of power distribution panels and power distribution wiring 
within the facility will tend to slow down transient rise time and also dissipate some transient energy both 
before and after the surge arrester turns on. The resistance and inductance works in conjunction with the 
surge arrester at the main service disconnect means to provide additional protection. However, the true 
degree of protection thus provided varies widely due to varying transient waveforms, and size and length 
of distribution wiring within the facility. 


Table 3-5. Generalized characteristics for surge arresters by type 


any rise time 


rae Reverse 
Type Bees | eerie: | Aum ORMe | Gender || <a 
pee aes Voltage 
Gas-filled spark 5 — 250 Up to 150,000 350 — 5500 200-300% $25 - $750 
gap nanoseconds amperes volts 
for 10 Life = 2500 
kV/micro sec | surges @ 10,00 
rise time amperes 
MOV or ZNR 50 Varies 300 — 3000 175425% $50 - $1000 
nanoseconds, volts 
any rise time 
Solid-State 10 Varies usually 50 275 — 750 175+25% $100 — 
nanoseconds, — 100 amperes volts $25,000 


(o) Design of effective lightning transient protection requires that the surge arrester turn on very 
rapidly at the lowest voltage possible when a transient occurs. In addition, it is desirable that a low clamp 
voltage be maintained across the surge arrester while conducting surge current to ground. Turn-on 
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voltage and associated turn-on time as well as clamp voltage are proportional to reverse standoff voltage. 
That is, an arrester with a low reverse standoff voltage has a lower turn-on voltage (and thus a faster turn- 
on time) and a lower clamp voltage than an arrester with a higher reverse standoff voltage. Therefore, it 
is important that the surge arrester has the lowest possible reverse standoff voltage. 


(p) For effective protection, the reverse standoff voltage should be between 200 to 300 percent 
of nominal line-to-ground voltage of the appropriate ac service lines for a spark gap type surge arrester 
that is to be installed line to ground. The reverse standoff voltage should also be between 200 to 300 
percent of nominal line-to-line voltage of appropriate ac service lines for a spark gap type surge arrester 
that is to be installed line to line. The reverse standoff voltage for metal oxide varistor (MOV) and zinc 
oxide non-linear resistor (ZNR) type arresters should be 175 + 25 percent of the nominal line-to-ground 
or line-to-line voltages of the appropriate ac service lines. 


(2) Electrical and electronic equipment at various facilities has been severely damaged by lightning- 
generated transients. The transients occur on externally exposed lines that directly interface equipment. 
Externally exposed lines are outside lines, buried, overhead, etc., that are exposed to weather elements. 
The lines include incoming ac service conductors, equipment signal, status, control, grounding 
conductors, and intrafacility ac and dc power lines. This section identifies transient source and damage, 
waveforms and amplitudes of projected transients on different types of lines, frequency of transient 
occurrence, and effective methods to implement to preclude equipment damage and operational upset 
when transients occur. 


(a) Electrical and electronic equipment comprising an operating system is susceptible to 
damage from lightning-generated transient surges via two primary sources - transient surges coupled to 
equipment from incoming commercial ac power conductors and transient surges coupled to equipment by 
connected facility control, status, power, ground, and data and signal lines that originate or terminate at 
equipment located externally to the building or structure housing the equipment of interest. 


(b) Damage resulting from lightning-generated transients occurs in many forms. Entire 
equipment chassis have been exploded and burned, and wall-mounted equipment has been blown off the 
wall by large-magnitude transient energy. Damage usually consists of catastrophic component failure or 
shortened operating lifetime of components resulting from over-stress. 


(c) Damage can be minimized, and in most instances eliminated, by properly using the 
generally field-proven protection methods. In order to be cost effective and to provide effective 
protection, allocation of protection must be divided into three general categories: (1) transient 
suppression (metal conduit and guard wires) for outside lines that interface equipment to be protected; (2) 
installation of transient suppression devices on both ends of exterior lines immediately after equipment 
building penetration or at exterior equipment termination, and on incoming ac service entrance lines at the 
facility main service disconnect means (on shielded facilities, transient suppression devices (TSDs) 
should be installed in an entry vault or inside the main service disconnect box); and (3) including transient 
suppression as an integral part of protected equipment at the exterior line-equipment interfaces. 


(3) If realistic transient protection is to be designed, frequency of transient occurrence, amplitudes 
and waveforms of transients, and the basic insulation level (BIL) of equipment to be protected must be 
defined. The BIL is the short-duration voltage and current surge levels that equipment can withstand 
without overstressing or immediate destruction of components occurring, and without equipment 
operational upset occurring. 


(a) Integrated circuits, discrete transistors and diodes, capacitors, miniature relays, transformers, 
and switches used in the design of solid-state equipment are very susceptible to damage from lightning- 
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generated transient surges. Other components are not immune to damage but are susceptible to a much 
lesser degree. Standards do not exist for specifying the withstand level against lightning-transients for 
most equipment and components. Therefore, accurate information must be obtained from manufacturers, 
laboratory testing performed, or conservative engineering estimates made. Typical withstand level limits 


for common devices are shown in table 3-6. 


Table 3-6. Typical withstand level limits for electrical devices 


Device 


Withstand Level Limit 


Integrated circuits 


1.5 times normal rated junction and Vcc voltage 


Discrete transistors 


2 times normal rated junction voltage 


Diodes 


1.5 times peak inverse voltage 


Miniature relays, transformers, and switches 


3 times rated voltage 


Capacitors 


1.5 times de working voltage unless transient 
dielectric punch-through voltage known 


DC power supplies with step-down transformer and 
diode bridge 


1.5 times diode peak inverse voltage (PIV) rating 
times the transformer secondary to primary voltage 
ratio 


Small motors, small transformer, and light 
machinery 


10 times normal operating voltage 


Large motors, large transformers, and heavy 
machinery 


20 times normal operating voltage 


e. Protection of conductors and other systems. Protection of outside distribution circuits and 


components from lightning strikes is described below. Because of the large physical size of incoming ac 
service conductors, less impedance (resistance and inductance) is presented to transient surge current 
flow. As a result, amplitude and waveforms of transients appearing at ac inputs are quite different from 
those appearing at control, status, data, signal, and in-system power-line inputs. Therefore, protection for 
incoming ac power service conductors is discussed separately from that for other externally exposed lines. 


(1) An overhead guard wire has been proven to provide an effective level of protection for 
overhead service conductors against direct lightning strikes. This guard wire also provides a low level of 
protection against transients induced on lines by close proximity strikes as well as nearby cloud-to-cloud 
discharges. The guard wire must be located above and parallel to the service conductors. To be effective, 
the height of the guard wire must not allow a circle with the radius of 100-feet tangent to the guard wire 
and earth to touch the service conductors to be protected per NFPA 780. The guard wire must extend 
from the secondary of the service transformer for the facility to the facility service entrance fitting. Also, 
at each end the guard wire must extend to, and be bonded to, an effective earth ground or to the earth 
electrode subsystem of the facility. When the distance between the service transformer and the facility 
service entrance exceeds 250 feet, the guard wire shall also be bonded to a ground rod. Since the guard 
wire and the earth electrode subsystem are usually comprised of different metals, exothermic welding is 
recommended. 


(2) Transient protection on ac service conductors is accomplished by use of the following. 
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(a) Installation of an ac surge arrester at the facility main service disconnect means. 


(b) Including surge suppressors as an integral part of equipment at ac power inputs of each critical 
sub-panel of a facility. 


(c) Installation of suitable lightning or surge arresters on the primary and secondary of the main 
station service transformer. 


(3) Protection against direct lightning strikes for underground cables may be accomplished by use of 
the following. 


(a) Completely enclose buried lines in ferrous metal, electrically continuous, watertight conduit. 
Protect against direct lightning strikes to buried cable by installing a guard wire above the cables or cable 
duct. A 1/0 AWG bare copper cable laid directly over the protected cables is recommended. At least 
25.4 cm (10 inches) should be maintained between the protected cables and the guard wire. Fora 
relatively narrow spread of the cables, 0.9 meters (3 feet) or less, or for a duct less than 0.9 meters (3 feet) 
wide, only one guard wire cable is necessary. For wider cable spreads or wider ducts, at least two 1/0 
AWG cables should be provided as illustrated in figure 3-27. The guard wires should be spaced at least 
30 cm (12 inches) apart and be not less than 30 cm (12 inches) nor more than 45 cm (18 inches) inside the 
outermost wires or the edges of the duct. To be effective, the guard wires must be bonded to the earth 
electrode subsystem at each terminating facility. Exothermic welds provide the most effective bonding. 
Since the guard wire and protected cables are embedded in the earth, the applicable zone of protection is 
not known. 


GRADE LEVEL 
VE YZ VILLLLEL LL 1 Wo 


1/0 AWG 
BARE GUARD WIRE 


10 IN, 
F comp —-— PROTECTED CABLES 
\ | (DIRECT BURIAL OR 
ts IN DUCT) 

CABLE | |g—— 

SPREAD 


(a) CABLE SPREAD LESS THAN 3 FEET 


GRADE LEVEL 
Vide 


1/0 AWG 
BARE GUARD WIRE 


BREATER AT LEAST 
THAN 12 IN. -| 12 IN 10 IN. 


LESS THAN 18 IN. 


(b) CABLE SPREAD 3 FEET OR GREATER 


Figure 3-27. Lightning protection for underground cables 
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(b) Experimental use of a buried guard wire embedded in soil above and parallel to buried cable 
runs not enclosed in metal conduit has provided effective attenuation of lightning-induced transients. Use 
of the guard wire is recommended for protection of buried equipment lines not enclosed in metal conduit. 
Bare 1/0 AWG copper wire has provided the most effective protection during experimental use. The 
guard wire should be installed using the same guidelines given for underground cable runs encased in 
metal conduit. 


(4) Waveguides between antennas and their associated transmit/receive equipment should be 
grounded in the following manner. 


(a) Each waveguide shall be bonded to the down conductor of the air terminal at the top near the 
antenna and also at the bottom near the vertical to horizontal transition point. The waveguide shall also 
be bonded to the antenna tower at the same points as well as at an intermediate point if the tower exceeds 
60 meters (200 feet). 


(b) All waveguide support structures shall be bonded to the tower. The waveguide and 
supporting structure shall be bonded together at the waveguide entry plate and connected to the earth 
electrode subsystem. 


(c) All waveguides, conduit, or piping entering a building shall be bonded to the waveguide entry 
plate, then to the earth electrode subsystem, as shown in figures 3-28 through 3-30. 


(d) Rigid waveguides within 1.8 meters (6 feet) of each other should be bonded together through 
the entry plate or by means of a crimp type lug fastened under the waveguide flange bolts and No. 6 
AWG wire. The bond shall be extended to the bus at the waveguide entry point and connected to the 
earth electrode system. 


(e) Determine location of ground strap position and remove waveguide jacket. The ground strap 
is made from a piece of waveguide. Clean mating surfaces (waveguide and strap) with solvent or 
cleaning fluid. 


(f) Wrap the strap with No. 14 AWG copper wire (for 8 GHz waveguide). For 4 GHz 
waveguide, use No. 10 AWG solid copper wire. Use adjustable stainless steel clamps as required to 
secure the strap. Tighten screw until the clamp grips firmly. Excessive tightening could damage the 
waveguide and impair the electrical characteristics. Weatherproof with Scotch Guard or equivalent and 
tape. 


(g) An alternate method of securing the strap to the waveguide is to use wrap-around heat shrink 
to cover the bond and to maintain weatherproofing. Solder one end of a solid copper wire (#10 for 4 GHz 
and #14 for 8 GHz waveguide) to one end of corrugated portion of the ground strap. Align the corrugated 
section of the ground strap with the exposed section of the waveguide. Tightly wrap the wire 
around the ground strap and waveguide and solder the end of the wire to the ground strap for securing 
purposes. Apply the wrap-around heat shrink around the waveguide and heat according to the 
manufacturer’s instructions. 


(h) Remove all sharp and rough edges on ground strap. 
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3” COAXIAL CABLE 
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Figure 3-28. Communication cable entry installation 
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Figure 3-29. Grounding details for elliptical waveguide 


ff. Inspections. Inspections of the final installation shall be performed to confirm the system is installed 
in accordance with the engineering drawings and specifications. Inspections of the system should be 
implemented as integral elements of the facility during the construction of the building or structure. To 
ensure that the implementation is accomplished in a timely manner, the construction efforts should be 
carefully monitored. Prior to acceptance of the facility, the installation should be validated as 
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acceptable using DA Form 7452-2-R shown in figure 3-31. The following guidelines are provided to aid 
in the inspection and checkout of the facility. 


(1) The zone of protection established by the air terminals (or by the mast or overhead ground wire, if 
a separately installed system is provided) shall be determined. Locate air terminals on a scaled drawing 
of the structure (be sure to include all views). Verify all parts of the facility are adequately included 
within the zones of protection established by the air terminals. In deficient areas, determine what 
additional measures, if any, need to be taken. 


| r 3/16" — 45° NOTCH 
} 
Ww 
W, 
4 


am 3/8" DIA 
24'+ ral 


ANNEAL THIS re r 2 6" | 


AND FLATTEN OUT 
CORRUGATION 


4 § 


NOTE: FOR FIGURES !-29 ANDI-30 
We L-I/4" FOR 4-GHz WAVEGUIDE 


w=!" FOR 8GHz WAVEGUIDE i DO NOT USE 
- SEAMWELD PORTION 


ELLIPTICAL WAVEGUIDE 


Figure 3-30. Ground strap fabrication details for elliptical waveguide 


(2) Verify that the air terminals are the proper type, correct height, and in the proper locations. 
(3) Verify roof conductors are the proper size and correct choice of materials. 
(4) Verify the route of the roof conductors is acceptable and that all fasteners are acceptable. 


(5) Verify down conductors are the proper size and correct material. 
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LIGHTNING PROTECTION GROUNDING SUBSYSTEM CHECKLIST FOR NEW FACILITIES 


For use of this form see TM 5-690; the proponent agency is CCE. 


1. FAQLITY 2. DATE (YYYYVIVDD) 

Fort Tank 20020228 
3. LOCATION 4. INSPECTOR 

Building 316 Al Volta 


See attached drawing 001-50-7, 30 November 2001 for details 


5. SKETCH THE LAYOUT OF THE ACTUAL LIGHTNING PROTECTION SUBS YST BM (QO attachan uptodate engineering drawing) 


6. ALLLIGHTNING PROTECTION EQUPIVENT UL LABELED 


7. ULMASTER LABEL ISSUEDAND PROPERLY ATTACHED TO THE BUILDING 


[><] YES NO ><] YES NO 
8. AIRTERMNALS 
8a. CLASS 8b. HEGHT 8c. MATERIAL 8d. SIZE (Diameter) 
I 2 ft copper 5/8" 
8e. PROPER BASES/ATTINGS 8f. PHYSICAL CONDITION 8g. PROPERLY INSTALLED 8h. LOCATED ANDSPACED AS SPECIFIED 
[><] Yes NO good YES x | NO >< | YES | | No 
8i. DOES THEHS CHT OF ARRTERMINALS PROVDEPRCPRR CONE OF PROTECTION 8). DEHCENCES 
xX | YES NO Need to reinstall properly 
9. ROOF CONDUCT CRS 
9a. CLASS 9b. TYPE Qc. SIZE 9d. MATERIAL 
I stranded bare 17/2" copper 
9e. BENDRADIQUS 9f. SECURELY ANCHORED 9g. PROPER AT TINGS 9h. LOCATED ANDSPACED AS SPECIFIED 
10" x ] Yes NO ><] YES NO x] YES NO 
Qi. PROPERLY BONDED TO AIR TERMINALS AND OTHER IVET AL OBJECTS ON ROOF 
(>< | Yes NO 
gj. PROPERLY INTERCONNECTED TO OTHER CROSS ROOF CONDUCT ORS 9k. DEFIC.ENCIES 
x YES NO none 
10. DOWN CONDUCTCRS 
10a. CLASS 10b. TYPE 10c. SIZE 10d. MATERIAL 
I stranded bare 1/2" copper 
10e. BEND RADIOUS 10f. SECURELY ANCHORED 10g. PROPER AT TINGS 10h. LOCATED ANDSPACED AS SPECFIED 
10" >< ] YES NO <| YES NO ><] YES NO 
10). PROPERLY BONDED TO ROOF CONDUCT CRS/AIR TERMINALS AND GROUN DIN GELECTRODES 
xX} YES NO 
10j. DEHCQENGES 
nonee 
11. GUARDS 
11a. TYPE 11b. PROPER AT TINGS 11c. SCLIDLY ANCHORED 
PVC > | YES NO >< | YES NO 
12. GROUNDNGELECTRODES 
12a. TYPE 12b. SIZE 12c. LENGTH (Fach) 12d. FORM COUNT ERPOISE LOCP 
copper clad 5/8" 20 ft x | Yes NO 
12e. DISTANCE BELOW GRADE LEVEL 12f. DISTANCE FROM OUTER WALL 12g. PROPERLY INSTALLED 
2 ft 6 ft >< | YES NO 
12h. PROPERLY CONNECTED TO OTHER GROUNDING SYSTHVS OF THE BULDING 
x | Yes / —] NO 
12). PROPERLY CONNECTED TO DOWN CONDUCTORS 12). GROUNDRESISTANCE MEASUREVIENT 
xX | YES | ] NO 10 ohms 
DA FORM 7452-2-R, FEB 2002 USAPA V1.00 


Figure 3-31. Sample of completed DA Form 7452-2-R 
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(6) Verify that the down conductors are routed properly. Verify fasteners and hardware are 
accessible and are the proper type and material. 


(7) Verify that adequate guards are provided where necessary. 


(8) Maintain a copy of all drawings, initial site surveys, checklists, and data collected during 
construction in the facility records department. Prepare test reports, certified by the testing organization, 
of ground resistance at each test location. Include observations of weather and other phenomena that may 
affect test results. Describe measures taken to improve test results. 


3-5. Signal reference subsystem 


Signal circuits are grounded and referenced to ground to establish signal return paths between a source 
and a load, control static charge, or provide fault protection. The desired goal is to accomplish each of 
these three grounding functions in a manner that minimizes interference and noise. Ifa truly zero 
impedance ground reference plane or bus could be realized, it could be utilized as the return path for all 
currents -- power, control, audio and RF -- present within a system or complex. This ground reference 
would simultaneously provide the necessary fault protection, static discharge, and signal returns. The 
closest approximation to this ideal ground would be an extremely large sheet of a good conductor such as 
copper, aluminum, or silver underlying the entire facility with large risers extending up to individual 
equipment. The impedance of this network at the frequency of the signal being referenced is a function of 
conductor length, resistance, inductance, and capacitance. When designing a ground system in which RF 
must be considered, transmission line theory must be utilized. 


a. Isolation from fault protection subsystem. Because of the interference threat that stray power 
currents present to audio, digital, and control circuits (or others whose operating band extends down to 60 
Hz or below), steps must be taken to isolate these large currents from signal return paths. Obviously, one 
way of lessening the effects of large power currents is to configure the signal ground system so that the 
signal return path does not share a path common with a power return. 


(1) The first step in the development of an interference-free signal reference subsystem for an 
equipment or a facility is to assure that the ac primary power neutral or grounded conductor are 
interconnected with the safety grounding network at only one point. Isolation of ac power returns from 
the signal reference subsystem is a major factor toward reducing many noise problems. Additional steps 
should also be taken to minimize other stray ac currents such as those resulting from power line filters. 
One way of reducing these currents is to limit the number of filter capacitors in an installation by using 
common filtered ac lines wherever possible or by locating the filters as near as possible to the power 
service entry of the facility. 


(2) To meet the safety requirements while minimizing the effects of power currents flowing with 
signal currents through a common impedance, a single connection between the power distribution neutral 
and the earth electrode subsystem is necessary. This single connection eliminates conductive loops in 
which circulating (power) currents can flow to produce interference between elements of the signal 
reference network. This connection to the earth electrode subsystem should be made from the first 
service disconnect. Care should be taken to ensure that the signal reference, fault protection, and 
lightning protection subsystems are bonded to the earth electrode subsystem at separate ground rod 
locations. 


b. Typical configuration. Within a piece of equipment the signal reference subsystem may be a sheet 


of metal which serves as a signal reference plane for some or all of the circuits in that equipment. 
Between equipment, where units are distributed throughout the facility, the signal ground network usually 
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consists of a number of interconnected wires, bars, or a grid that serves an equipotential plane. Whether 
serving a collection of circuits within equipment or serving several pieces of equipment within a facility, 
the signal reference subsystem will be a floating ground, a single-point ground, a multiple-point ground, 
or an equipotential plane. Of the aforementioned signal reference subsystems, the equipotential plane is 
the optimum ground for communications-electronics facilities. 


(1) A floating ground is illustrated in figure 3-32. In a facility, this type of signal ground system is 
electrically isolated from the building ground and other conductive objects. Hence, noise currents present 
in the building's ground system will not be conductively coupled to the signal circuits. The floating 
ground system concept is also employed in equipment design to isolate the signal returns from the 


EQUIPMENF 


e 
SIGNAL REFERENCE SUBSYSTEM 


FAULT PROTECTION 
FAULT PROTECTION 


EARTH ELECTRODE SUBSYSTEM 


Figure 3-32. Floating signal ground 


equipment cabinets and thus prevent noise currents in the cabinets from coupling directly to the signal 
circuits. The effectiveness of floating ground systems depends on their true isolation from other nearby 
conductors, i.e., to be effective, floating ground systems must really float. In large facilities, it is often 
difficult to achieve a completely floating system, and even if complete isolation is achieved it is difficult 
to maintain such a system. In addition, a floating ground system suffers from other limitations. For 
example, static charge buildup on the isolated signal circuits is likely and may present a shock and a spark 
hazard. In particular, if the floated system is located near high voltage power lines, static buildup is very 
likely. Further, in most modern electronic facilities, all external sources of energy such as commercial 
power sources are referenced to earth grounds. Thus, a danger with the floating system is that power 
faults to the signal system would cause the entire system to rise to hazardous voltage levels relative to 
other conductive objects in the facility. Another danger is the threat of flashover between the structure or 
cabinet and the signal system in the event of a lightning stroke to the facility. Not being conductively 
coupled together, the structure could be elevated to a voltage high enough relative to the signal ground to 
cause insulation breakdown and arcing. This system generally is not recommended for C-E facilities. 
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(2) A second configuration for the signal ground network (for lower frequencies, 0-30 kHz up to 
300 kHz) is the single-point approach illustrated in figure 3-33. With this configuration, the signal 
circuits are referenced to a single point, and this single point is then connected to the facility ground. The 
ideal single-point signal ground network is one in which separate ground conductors extend from one 
point on the facility ground to the return side of each of the numerous circuits located throughout a 
facility. This type of ground network requires an extremely large number of conductors and is not 
generally economically feasible. In lieu of the ideal, various degrees of approximation to single-point 
grounding are employed. 
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Figure 3-33. Single-point signal ground 


(a) The configuration illustrated by figure 3-34 closely approximates an ideal single-point 
ground. It uses individual ground buses extending from an earth electrode subsystem to each separate 
electronic system. In each system, the various electronic subsystems are individually connected at only 
one point to this ground bus. 


(b) Another frequently used approximation to the ideal is illustrated in figure 3-35. Here the 
ground bus network assumes the form of a tree. Within each system, each subsystem is single-point 
grounded. Each of the system ground points is then connected to a tree ground bus with a single insulated 
conductor (usually yellow). 


(c) The single-point establishes a signal reference plane in each unit or piece of equipment, and 
these individual reference planes are connected together and to the earth electrode subsystem. An 
important advantage of the single-point configuration is that it helps control conductively-coupled 
interference. As illustrated in figure 3-36, closed paths for noise currents in the signal ground network are 
avoided by the single point signal reference subsystem. The interference voltage, Vn in figure 3-36, in 
the facility ground system is not conductively coupled into the signal circuits via the signal reference 
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Figure 3-34. Single-point ground bus system using separate risers 


subsystem. Therefore, the single-point signal reference subsystem minimizes the effects of lower 
frequency noise currents, which may be flowing in the facility ground. 


(d) Single-point grounds, however, also become transmission lines at higher frequencies with 
earth being the other side of the line. In addition, every piece of equipment bonded to this transmission 
line will act as a tuned stub. In the presence of digital signals (square waves) the tuned circuits will ring 
at the specific frequencies to which they are resonant. Since single-point grounds behave as transmission 
lines at RF frequencies, they will have different impedances as a function of frequency, i.e., they may 
appear as inductors, capacitors, tuned circuits, insulators, or pure resistance, and therefore become 
extremely poor grounds. In a large installation, another major disadvantage of the single-point ground 
configuration is the requirement for long conductors. The long conductors prevent the realization of a 
satisfactory reference for higher frequencies because of large self-impedances. Further, because of stray 
capacitance between conductors, single-point grounding essentially ceases to exist as the signal frequency 
is increased. 


(e) Because of the above conditions, single-point grounds are not recommended for use in 
communications electronics facilities. 
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Figure 3-35. Single point ground bus system using a common bus 
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Figure 3-36. Use of single-point ground configuration to minimize effect of facility ground currents 
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(3) The multipoint ground (for higher frequencies, 30-300 kHz and above) utilizes many 
conductive paths from the earth electrode subsystem to various electronic systems or subsystems in the 
facility. Within each subsystem, circuits and networks are connected to this ground network. Thus in a 
facility numerous parallel paths exist between any two points in the ground network. 


(a) Multipoint grounding frequently simplifies circuit construction inside complex equipment. It 
is the only realistic method for the grounding of higher frequency signal circuits. This method of 
grounding permits equipment employing coaxial cables to be more easily interfaced since the outer 
conductor of the coaxial cable does not have to float relative to the equipment cabinet or enclosure. 


(b) The multipoint grounding has the disadvantage of exhibiting transmission line characteristics 
at radio frequencies. Care must also be taken to ensure 60 hertz power currents and other high amplitude 
lower frequency currents flowing through the facility ground system do not conductively couple into 
signal circuits and create intolerable interference in susceptible lower frequency circuits. 


(4) An equipotential ground plane implies a mass, or masses of conducting material which, when 
bonded together, offers a negligible impedance to current flow. Connections between conducting 
materials which offer a significant impedance to current flow can place an equipotential plane at a high 
potential with respect to earth. The importance of equipotential ground planes cannot be overemphasized 
for proper equipment operation, as well as for EMI and noise/static suppression. High impedance 
interconnections between metallic members subject to large amounts of current due to power system 
faults can be extremely hazardous to personnel and equipment. 


(a) The radio frequency interference (RFI) effect of an equipotential plane or system must 
however be carefully considered, and it is important to understand that grounding may not, in and of 
itself, reduce all types of RFI. On the contrary, grounding a system may in some instances increase 
interference by providing conductive coupling paths or radiative or inductive loops. Many of the 
deficiencies of the wire distribution system can be overcome by embedding a large conducting medium, 
in the floor under the equipment to be grounded. A large conducting surface presents a much lower 
characteristic impedance than that of wire because the characteristic impedance is a function of L/C, 
hence as capacitance to earth increases, impedance decreases. The capacitance of a metallic sheet or grid 
to earth is much higher than that of wire. If the size of the sheet is increased and allowed to encompass 
more area, the capacitance increases. Also, the unit length inductance decreases with width, which 
further decreases impedance. Ifthe dimensions of a metallic sheet increase extensively (as in the case of 
conducting floor), the characteristic impedance approaches a very low value. In this case, the 
characteristic impedance would be quite low throughout a large portion of the spectrum. This, in turn, 
would establish an equipotential reference plane for all equipment bonded to it. 


(b) Grounding buses in a communication facility where higher frequencies are present act as 
lossy transmission lines and therefore must be treated as such. Due to this phenomena, single-point 
grounds and multipoint grounds employing ground buses are high impedance grounds at higher 
frequencies. To be effective at the higher frequencies, the multipoint ground system requires the 
existence of an equipotential ground plane. Equipotential planes are sometimes considered to exist in a 
building with a metal floor or ceiling grid electrically bonded together, or in a building with the ground 
grid embedded in a concrete floor connected to the structural steel and the facility ground system. 
Equipment cabinets are then connected to the equipotential plane. Chassis are connected to the 
equipment cabinets and all components, signal return leads, etc., are connected to the chassis. The 
equipotential plane is then terminated to the earth electrode subsystem and to the main structural steel via 
multiple connections, to assure personnel safety and a low impedance path for all frequencies and signals. 
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It is again emphasized, however, that care must be taken not to create loops that can couple signals from 
one system to another. 


c. Design considerations. The design of an effective signal reference subsystem depends upon 
properly identifying the range of signal frequencies likely to be encountered. 


(1) A higher frequency grounding network is defined as one that is > 300 kHz, and in some cases 
down to 30 kHz. The higher frequency (equipotential) grounding network provides an equal potential 
plane with the minimum impedance between the associated electronic components, racks, frames, etc. 
This plane shall be used at facilities or areas within facilities where interface frequencies are over 300 
kHz and may be used at sites where interface frequencies are as low as 30 kHz. In higher frequency 
systems, equipment chassis are frequently used as the signal reference. The chassis in turn is usually 
connected to the equipment case at a large number of points to achieve a low impedance path at the 
frequencies of interest. 


(a) The higher frequency grounding network is a conductive sheet, grid, or cable network mesh 
providing multiple low resistance paths between any two points within the structure and between any 
point in the structure and the earth electrode subsystem. It consists of three primary components - 
equipotential plane, equipment ground conductors, and structural steel elements and electrical supporting 
structures, connected to the earth electrode subsystem. The equipment grounding conductor (green wire) 
shall not be considered a substitute for this subsystem. The optimum interconnecting cable and mesh 
spacing of the equipotential plane should be 1/8 of a wavelength with regard to the highest frequency of 
concern. In practice this may not be feasible and the interconnecting cable and mesh spacing should 
therefore be as short and small as practical. 


AN=c/f 
where c = velocity of light in free space = 3 x 10° meters/second 
f = frequency in hertz (cycles/second) 


(b) The NEC requires that equipment cases and housings be grounded to protect personnel from 
hazardous voltages in the event of an electrical fault. Stray currents in the fault protection network can 
present an interference threat to any signal system whose operating range extends down into the lower 
frequency range and should be eliminated. Where such problems exist, it is advisable to attempt to 
reduce the impedance of the reference plane as much as possible. A practical approach is to interconnect 
equipment enclosures with the equipotential plane, via building structural steel, cable trays, conduit, 
heating ducts, piping, etc., into the earth electrode subsystem to form as many parallel paths as possible. 
It should be recognized that because of the inductance and capacitance of the network conductors, such 
multipoint ground systems offer a low impedance only to the lower frequency noise currents; however, 
these currents can be the most troublesome in many facilities. Higher frequencies find a much lower 
impedance to ground through the distributed capacity of the equipotential plane. 


(c) Insteel frame buildings, make all structural members of the building (e.g., building 
columns, wall frames, roof trusses, etc.) electrically continuous by bonding each joint and interconnection 
with a welded, brazed, soldered, or high-compression bolted connection. Where direct bonds of these 
types are not possible, bridge the joint with a 1/0 AWG stranded copper cable both ends of which are 
brazed, welded, or bolted in place. This does not include rebars. 


(d) Connect the bonded structural steel network to the earth electrode subsystem with 1/0 AWG 
copper cables. The distance between adjacent connections from the building structure to the earth 
electrode subsystem should not exceed 15 meters (50 feet). 
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(e) Where steel frame construction is not used, install a supplemental network consisting of large 
copper cables conforming to table 3-7. 


(f) Equipment cabinets, electrical supporting structures, and utility pipes are to be connected to 
this structural steel or copper cable grid (equipotential plane) with #6 AWG copper wire. This 
interconnecting wire should be as short as feasible, preferably not over 24 inches to minimize high 
frequency reactance. (Electrical supporting structures include all the conduit, raceways, switch and 
breaker panels, and other hardware (not energized) commonly associated with the communication 
electronic facility.) 


Table 3-7. Size of equipment ground cables 


Cable Size Maximum Path Length 
(AWG) (FT) 
750 kemil! 375 
600 kemil 300 
500 kemil 250 
350 kemil 175 
300 kemil 150 
250 kemil 125 
4/0 105 
3/0 84 
2/0 66 
1/0 53 
1 41 
2 33 
4 21 
6 13 
8 8 
Busbar 
4x% 636 
4x 1/8 318 
3xM% 476 
3x 1/8 238 
2x“% 318 
2x 1/8 159 
2x 1/16 79 
1x% 159 
1x 1/8 79 
1x 1/16 39 


'kemil — One thousand circular mils. A circular mill is a unit of area equal to the area of a circle whose diameter is 
one mil (1 mil = 0.001-6 inch). 
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(g) The dividing line between the lower and higher frequency should be high enough to include 
all audio communications signals. Since digital systems employ frequencies, which extend from dc up to 
several hundred MHz, a decision based on pulsed-signal considerations is more appropriate. To minimize 
the possibility that the ground bus conductors will form antennas; the lengths should not exceed 0.02 
wavelength which is approximately 21 meters (70 feet) at 300 kHz. Since the grounding buses in medium 
to large sized facilities may extend 21 meters (70 feet), 300 kHz appears to be the maximum frequency 
for which a single-point grounding system should be used. At frequencies up to 30 kHz, conductor 
lengths up to 210 meters (700 feet) can be approached without exceeding the 0.02 wavelength criteria. 
MIL-STD-188-124B establishes the lower frequency network range from dc to 30 kHz and in some cases 
(depending on the interface frequency) up to 300 kHz. The higher frequency network range extends 
above 300 kHz and may in some cases be used at sites where the interface frequencies are as low as 30 
kHz. The frequency range from 30 kHz to 300 kHz is a mutual area and may be considered as either 
higher or lower depending upon the interface frequency. 


(2) The lower frequency grounding network is defined as the range from 0-30 kHz, and in some 
cases up to 300 kHz. The lower frequency grounding network for the facility should conform to the 
following principles: 


(a) It should be isolated from other ground networks including structural, safety, lightning and 
power grounds, etc. The purpose of this isolation is to prevent stray currents (primarily 50/60 Hz power) 
from developing voltage differentials between points on the ground network. 


(b) The inter-equipment or facility ground system should not be expected to provide the primary 
return path for signal currents from the load to the source. Figure 3-37 illustrates a way of discriminating 
against those extraneous signals which may inductively or capacitively induce currents into the grounding 
network and develop differential voltages between the source and the load. 


EQUIPMENT A EQUIPMENT 8 


STRUCTURE 


Figure 3-37. Signal coupling for lower frequency equipment 
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(c) The lower frequency grounding network must be connected to the earth electrode subsystem 
at only one point. 


(d) The network must be configured to minimize conductor path lengths. In facilities where the 
equipment to be connected to the ground network are widely separated, more than one network should be 
installed. 


(e) Finally, the conductors of the network are to be routed in a manner that avoids long runs 
parallel to primary power conductors, lightning down conductors, or any other conductor likely to be 
carrying high amplitude currents. 


(f) Lower frequency signal reference subsystems are not recommended as the sole system in 
communications-electronics facilities. 


d. Typical components and installation details. Typical components and installation details for signal 
reference subsystems are described below. 


(J) Conducting media that can be utilized for the equipotential plane generally consists of a copper 
grid embedded in the concrete floor or raised metal floor such as computer floor. Since a large solid 
conducting surface is not economically feasible for some installations, a ground reference plane, made up 
of a copper grid, or copperclad construction mesh with 4-inch openings may be embedded in the concrete 
with ground risers installed to the surface of the concrete. The mesh is commercially available in AWG 
wire sizes Nos. 6, 8, 10, and 12. It is normally furnished in 3.7m (12 foot) rolls, but can be obtained in 
various widths up to 5.5m (18 feet). Where sections of mesh are joined together, there should be a one- 
foot overlap and bonded together every two feet by welding, brazing, or manufactured connectors that are 
connected to the grid and give grounding access at the floor surface. Normally, if the grid is embedded in 
a concrete floor, the latter method provides the easiest grounding source. The equipotential plane shall be 
welded to the main structural steel of the building at multiple locations. Where frame buildings are 
utilized, the plane is connected to the earth electrode subsystem at multiple locations using 1/0 AWG 
copper conductors. If metal floor systems are used (metal floors with concrete poured over the floor) then 
the floor system itself can be used as the equipotential plane. In fact, this would be the preferred method 
of establishing the plane. 


(2) Where it is not practicable to install a plane on the floor around the equipment, it is possible to 
install an overhead equipotential plane in or on the ceiling of the equipment room. This can be 
accomplished by installing either thin metal sheets or screen either above or on the ceiling. Care must be 
taken to keep bonding straps from the equipment to the plane as short as possible. Generally phosphor 
bronze screen is used in this application because it is light, durable, and easy to work. The plane must be 
connected to the building steel, which in turn is bonded to the earth electrode subsystem. Alternately, a 
ceiling grid arrangement may be used. The grid openings should not be larger than 1/20 wavelength of 
the highest frequency of concern up to 4 inches. As a design objective (DO), the grid openings should not 
be larger than 4 inches. 


(3) A surface equipotential plane is one usually installed under floor tile or carpet. An 
equipotential plane can be realized by installing a metal sheet or roll of aluminum, copper, or phosphor 
bronze under the floor tile or carpet. This sheet may be either thin gauge solid metal or window screen 
type material bonded to the floor with mastic and tile or carpet installed on top of it. In existing facilities 
where equipment is already installed, the plane need not be installed under tile equipment cabinets, but 
must be bonded to the cabinets on all four sides. The plane shall be bonded to the main structural steel 
members of the building at multiple locations. The structural steel shall in turn be bonded to the earth 
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electrode subsystem. Alternatively, a ceiling grid arrangement may be used. The grid openings should 
not be larger than 1/20 wavelength at the highest frequency of concern up to 4 inches. As a DO, the grid 
openings should not be larger than four inches. 


(4) Raised floors are used to structurally support equipment cabinets and provide a space between 
the original facility floor and raised floor plates for cabling, air plenum or air conditioning ducting, 
piping, drains, etc. Raised floors provide an esthetic room appearance. Three general types of floor 
systems manufactured are the drop-in grid, the freestanding (stringerless or pedestal-only) type, and the 
bolted-grid (stinger) system. Only the bolted-grid or the rigid grid system is acceptable as an 
equipotential plane. 


(a) Ona drop-in or removable grid system, the grids or stringers are retained by engaging pins or 
depressions in the pedestal head. The stringers supply support and when newly installed provide 
comparatively low resistance contact to the pedestal head. Equipment cabinets resting on the floor panels 
provide increased contact pressure in certain areas. Severe corrosion and unreliable electrical contact 
have resulted due to dirt, moisture, and floor cleaning/waxing compounds filtering through crevices. This 
floor system is also considered unsuitable for a reference plane. Floor panels resting on the pedestals and 
grids are commonly 24” x 24” although they may be purchased in 30” x 30” dimension. 


(b) On a freestanding (pedestal-only or stringerless) system, the pedestal base is glued or “shot” 
in place to form the basic understructure. The pedestal heads are leveled and the floor panel is installed. 
The conductivity between distant pedestals is variable and unreliable, making it unsuitable for a ground 
reference. 


(c) Bolted-grid (stringer) or rigid grid system raised floors are similar to the drop-in grid except 
the grids, when properly installed, are securely bolted or clamped in place. The drop-in panels must be 
metal or wood with metal plate on both sides with a selected floor covering. They should be no larger 
than 24" x 24." Although the panels may not make a good low resistance contact with the stringers, the 
high distributed capacitance makes the floor appear to be an electrically continuous sheet at RF 
frequencies. The equipment cabinets shall be connected to the floor stringers by bonding straps which 
must be kept as short as possible. This will provide a low impedance path to earth at the lower 
frequencies. Materials used for stringers and pedestal heads are steel and aluminum. In general, the 
grounding aspects of raised flooring have been excellent. 


(d) Problem areas that designers and installers should be aware of are inadequate bonded joints 
between pedestal heads due to oxidized dirty pedestal heads when installed, use of poor bolting hardware 
(speed nuts, sheet metal screws), or bolting hardware not installed or not properly tightened. Composite 
bonds between cabinet chassis and the raised floor shall not exceed a specified resistance value, usually 1 
milliohm. Typically, a pedestal head to stringer resistance will read about 40 micro-ohms and should not 
exceed 100 micro-ohms. 


(e) Connections from the equipment racks and the earth electrode subsystem to the floor are 
important. Clamps, if used, should be installed on the upper pedestal assembly to avoid the relatively 
high resistance between the lower assembly (that has the base) and the upper column. The stringer to 
pedestal fastener hardware can often be changed to allow bolting a bonding cable terminal directly to the 
pedestal head. It is feasible to obtain additional grid locking hardware and use it to bolt the bonding cable 
terminal to the floor grid. Another means of terminating a bonding cable is to drill a hole and bolt it to a 
non-heavyweight bearing stringer. 


(f) In extremely humid environments where corrosion is common, the use of corrosion 
prevention compounds is recommended. Bolted joints can be covered with a non-corrosive silicone- 
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rubber compound that will protect the joint for the life of the installation. An ice cube rubbed on the 
silicone-rubber will smooth it. 


(g) Carpeting selected as a floor-covering, should be of a low static or static-free type to prevent 
possible static discharge or component failure. 


(h) To determine degradation of the floor, resistance measurements and method should be 
documented and available so that repeat measurements can be made if ground reference subsystem 
problems are suspected or periodic checks for degradation made. 


(5) The type of ground riser to be used depends on the type of equipotential plane to be installed 
and whether the subject building will be new construction, a major modification to an existing building in 
which new equipment will be installed, or an existing building in which only the ground system will be 
upgraded while the equipment remains in place. 


(6) Each individual unit or piece of equipment should either be bonded to its rack or cabinet, or 
have its case or chassis bonded to the nearest point on the equipotential plane. Racks and cabinets should 
also be bonded to the nearest point of the plane. 


e. Shielding for EDP protection and signal security. Grounding of equipment, conduit, and frames for 
safety protection in areas processing national security related information (RED data) is no different than 
any other facility. Typically a RED and a BLACK signal ground is established by a direct connection 
totally within a controlled space to an equipotential ground plane and earth electrode subsystem. Cable 
shields from the RED equipment to the RED side of the crypto are grounded at least at both ends. Cable 
shields from the BLACK side of the crypto equipment through the BLACK intermediate distribution 
frame (IDF) to the BLACK equipment are normally grounded at both ends. For unbalanced signaling, 
signal ground is usually established by a direct connection from an isolated signal ground bus in the RED 
distribution frame to an equipotential ground plane and in turn to the earth electrode subsystem. 


f Inspections and tests. Inspection and testing of the system should be implemented as integral 
elements of the facility during the construction of the building or structure. To ensure that the 
implementation is accomplished in a timely manner, the construction efforts should be carefully 
monitored from the onset of excavation through completion of the facility. Prior to acceptance of the 
facility, the installation should be validated as acceptable using DA Form 7452-3-R shown in figure 3-38. 
The following guidelines are provided to aid in the inspection and checkout of the facility. 


(1) Examine the drawings and schematics and visually inspect to see if an isolated single-point 
signal ground is provided. Provide a brief description of the signal ground network or attach copies of the 
schematics or drawings. 

(2) Verify that the internal signal ground network is terminated to an insulated signal ground 
terminal as required. Ifa wire is used, verify that the size conforms to the 500 cmil per foot criteria (or as 
specified) times the length of the wire connecting the single-point signal ground network to the earth 
electrode subsystem. Enter the information requested on the inspection form. 

(3) Verify that the signal ground is correctly identified with a yellow label or color code. 


(4) Inspection requirements for the equipotential plane include the following. 


(a) Verify that equipotential planes exist in conformance to paragraph 3-5.d. 
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SIGNAL GROUND REFERENCE SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form see TM 5-690; the proponent agency is CCE. 


1. FAQLITY 2. DATE (YYYYVIVDD) 

Fort Tank 20020228 
3. LOCATION 4. INSPECTOR 

Building 358 Georg Ohm 


5. SKETCHT HE LAYOUT OF THE ACTUAL SIGNAL GROUND REFERENCE SUBSYSTEM (Q attach the up-to-date engineering drawings) 


See attached drawing 001-50-4, 30 November 2001 


6. CHECK ALL SIGVAL GROUND COVIPONENT S FOR PROPER SIZES, TYPES AND MATERIAL AS SPECIFIED. RECORD ALL DEH CENCIES. 


LOCATION DEFIGENCES 
Computer room (#12) The grounding plate is 2 ft x 1 ft instead of 2 ft x 3 ft as specified 
Telephone room (#15) The battery ground conductor is #6 AWG instead of 500 MCM 


7. CHECK ALL SIGNAL GROUND COVPONENT S FOR PROPER CONNECTION, BONDING, ANDCONTINUTY. RECORD ALL DISCREPANCIES. 


LOCATION DEFIGQENCES 
Computer room (#12) The grounding plate is not bonded to the raised floor 
Telephone room (#15) The phone switch rack is not grounded 
Tower antenna #6 The tower metal structure is not grounded 


8. GROUND RESISTANCE MEASURBVENTS (Lée double balanced at bridge far all j aint connect ars) 


TEST POINTS RESISTANCE MEASUREMENT 
Bond between grounding plate and raised floor frame in room #11 .02 milliohms 
Bond between raised floor frame and computer server frame .03 milliohms 
DA FORM 7452-3-R, FEB 2002 USAPA V1.00 


Figure 3-38. Sample of completed DA Form 7452-3-R 
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(b) In steel frame buildings, verify that the equipotential plane is bonded to the main structural 
steel elements. In wooden or masonry buildings inspect to assure that multiple downleads are bonded to 
the plane. Insure the red and black signal grounds are bonded to the equipotential plane. 


(c) Verify that the structural steel elements are bonded at the joints to produce a low resistance 
(<1 milliohm) joint. Welded joints conforming are preferred. Mechanically fastened joints should be 
carefully cleaned, bolts adequately torqued, and proper bond protection supplied. Visually inspect 
cleaning procedures, perform spot checks torque measurements, and visually verify that paints and 
sealants are applied as needed. Perform spot check measurements of bond resistance at structural joints 
using the double balanced bridge technique. Where bond resistances greater than 1 milliohm are 
encountered, require that bond surfaces be recleaned, bolts retorqued, or supplemental jumpers provided 
as needed to achieve | milliohm. 


(d) In non-steel frame or masonry buildings, inspect the installation of the supplemental 
grounding network. In particular, verify that the grounding cables provide the required 2,000 circular 
mils per running foot of conductors times the length of the wire connecting the higher frequency 
equipotential signal ground plan to the earth electrode subsystem. 


(e) Verify that the ground risers are bonded to the equipotential plane and that the bond 
resistance does not exceed | milliohm. Inspect to assure that the ground risers are located to provide the 
shortest possible lengths to the equipotential plane. 


(f) Verify that at least two electrical paths exist between the equipotential plane and the earth 
electrode subsystem. Preferably the plane should be bonded to the building main structural steel (or 
downleads in wooden buildings) at least every 3 meters (10 feet). Measure the resistance between 
selected points on the plane and the earth electrode subsystem to verify that the total resistance does not 
exceed 5 milliohms. If the resistance does exceed 5 milliohms, check all joints for proper bonding and 
down hauls for proper sizes. See that all deficient conductors are replaced and that all poor bonds are 
redone. 


(5) Inspect all conduit metallic pipes and tubes for continuity and bonding. 
(6) Verify that all electrical supporting structures and cable ways are interconnected and bonded. 
(7) Inspect the grounding of the electrical distribution system. 


(8) With all cables (signal cables, control lines, power cables, etc.) disconnected, measure the 
resistance between the signal ground terminal and the equipment case with an ohmmeter. The resistance 
should be greater than one megaohm. Also, measure the resistance between each ac input terminal 
(ground wire excluded) and the case. A resistance of one megaohm or greater should be measured. 
Record both readings on the inspection form. If the measured resistance is less than one megaohm, 
proceed as follows. 


(a) First check to see that all cables, lines, cords, etc., are disconnected from the equipment or 
that the far ends of any such cables are insulated from other equipment and the structure. Disconnect all 
cables found still connected. 


(b) Ifno connected cables are found or the low resistance reading still exists after disconnecting 


all cables, visually inspect the mounting of the signal ground terminal to see that it is properly insulated 
from tile case or cabinet (disassemble, if necessary). Alternately, disconnect the signal ground connection 
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inside the equipment and then measure the resistance between just the terminal and the case. If the 
terminal is not insulated from the case or cabinet, it must be redone. 


(c) If the preceding two steps fail to identify the reason for the lack of isolation, the equipment 
schematics and mechanical layout should be analyzed and inspected to locate the compromise in the 
signal ground isolation. Be particularly alert for sneak paths through components (transformers, switches, 
relays, etc.), readout devices (meters, lights), physical contact between the case or cabinet and the signal 
ground, and wiring errors. 


(d) Measure the resistance between the green safety wire and the case; the resistance reading 
should be 0.1 ohm or less. If a higher resistance reading is obtained, inspect the equipment to see if the 
green wire in the power cord has been connected to the case or cabinet. If the connection is there 
physically, was the paint removed from the area of attachment? Are screws or nuts fastened securely? If 
any of these deficiencies exist, they must be corrected before installing or energizing the equipment. 


(e) Inspect all cabling and connectors to see that balanced signal lines are used for lower 
frequency interfacing lines and that cable shields are grounded only at one end. The shields of individual 
cable pairs must be isolated from each other except at the common ground points. Check overall shields 
for grounding. Record any specifically noted deficiencies on the inspection form. 


(f) If the equipment is already installed, verify that the signal ground terminal is connected to the 
nearest feeder ground plate of the lower frequency signal ground network for the facility. Check the size 
of the cable to see that it conforms to the 500 cmil per foot or as otherwise specified. 


(9) Inspection requirements for higher frequency equipment include the following. 


(a) Verify that higher frequency reference points and planes are directly grounded to the chassis 
and the equipment case to the extent permitted by circuit design requirements (and unless specified 
otherwise). 


(b) Check to see that properly matched constant impedance cables are used for interfacing 
purposes. Verify that all connectors are of a type and design that provides a low impedance path from the 
signal line shield to the equipment case. Do not permit the use of pigtails for the termination of higher 
frequency line shields outside the equipment case. 


(c) Check connectors for tightness, cleanliness, and for proper mounting. Measure the resistance 
between the connector shell or body and its mounting surface with a double balanced dc bridge. The 
resistance should not exceed one milliohm. If the resistance exceeds one milliohm, the mounting surfaces 
should be recleaned to remove all paint, non-conductive coatings, or dirt and all screws or fasteners 
should be retightened to achieve a close mechanical fit. 


(d) Measure the point-to-point resistance between selected points on the case or cabinet with the 
double balanced bridge. The maximum resistance between any two points on the case or cabinet should 
be one milliohm or as specified. If the resistance is greater than one milliohm, check to see that all 
bonding surfaces are properly cleaned and that all connections are securely fastened. (Larger sized 
grounding cables may have to be added to reduce the resistance to one milliohm or less.) 


(e) Record the results of the inspection on the inspection form. 
(10) If the lower and higher frequency signal networks are separate, inspect each in accordance with 


the preceding respective instructions. If the networks involve both lower and higher frequency signals, 
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inspect for conformance with the higher frequency requirements. Record the results of the inspection on 
the inspection form. 

(11) Check to see that installed equipment, in addition, have their cases or cabinets grounded to the 
facility ground system of the facility with a cable providing at least 2000 cmil per running foot or as 


specified. Record results on the inspection form. 


(12) Maintain a copy of all drawings, initial site surveys, checklists, and test data collected during 
construction in the facility records department. 
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CHAPTER 4 


ELECTROMAGNETIC INTERFERENCE 
(EMI) PROTECTION 


4-1. Purpose of EMI protection 


Interference is any extraneous electrical or electromagnetic (EM) disturbance that tends to interfere with 
the reception of desired signals or that produces undesirable responses in electronic systems. Interference 
can be produced by both natural and man-made sources either external or internal to the electronic 
system. The major objective of interference reduction in modern electronic equipment and facilities is to 
minimize and, if possible, prevent degradation in the performance of the various electronic systems by the 
interactions of undesired signals, both internal and external. In systems operating with high level signals, 
undesired signals with amplitudes on the order of volts may be tolerable, while in low level systems a few 
microvolts may produce intolerable errors in the response of the system. An important element in the 
control of unwanted interactions between signals is the proper grounding of the system. 


4-2. Typical configuration 


An ideal signal system is a simple signal generator-load pair. With no extraneous voltages present within 
the loop, the simple pair is free of interference. However, when the current return path is non-ideal and 
sources of noise are present, a voltage difference will exist between the return or low side of the generator 
and the return or low side of the load. This voltage difference effectively appears in the signal transfer 
loop in series with the signal generator and produces noise currents in the load. 


a. Noise current reduction. Four ways of combating this noise problem are as follows. 


(1) Isolate the source-load pair from the noise sources; 1.e., float the system and provide the 
necessary shielding and filtering to prevent coupling by other means. 


(2) Connect the return or low side of the generator-load loop to one of the reference planes, but not 
at both. 


(3) Reduce the impedance of the path connecting the two noise sources (the generator and the 
load). 


(4) Reduce the magnitudes of noise voltages through the control of the currents producing them by 
lowering the impedance through which these currents flow. 


b. Common reference plane. Practical electronics circuits typically are a collection of several source- 
load combinations. These various source-load combinations may be functionally dependent on each 
other. Hence each individual source-load pair cannot operate in isolation; there must be coupling between 
pairs. For example, one source may be driving several loads; one load may be receiving signals from 
several sources; or the load for one signal source may serve as the source for another load. At the circuit 
level, numerous sources and loads are connected in an interrelated fashion and the use of individual return 
paths for each source-load pair becomes impractical. It is more realistic to establish a common ground or 
reference plane that serves as the return path for several signals. The control of undesired network 
responses, particularly in high gain and/or higher frequency circuits, often requires the establishment of a 
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common signal reference to which functional grouping of components, circuits, and networks can be 
connected. Ideally, this common reference connection offers zero impedance paths to all signals for 
which it serves as areference. The several signal currents within the network can then return to their 
sources without creating unwanted conductive coupling between circuits. 


c. Large common reference planes. At the equipment level, the individual signal reference planes for 
the various networks must be connected together to prevent personnel shock hazards and to provide as 
near as possible, the same signal reference for all networks. Thus, the signal reference plane may extend 
over large distances within a facility. The assumption that this large reference plane provides zero 
impedance paths is not valid; the series inductance and resistance of the conductors forming the signal 
reference plane and the shunt capacitance to nearby conductive objects must be considered. Currents 
flowing in the signal reference plane will develop voltages across this impedance and will produce 
electric and magnetic fields around the conductors. 


4-3. Design considerations 


Adherence to the following design considerations should mitigate the effects of any extraneous EM 
interference in Command, Control, Communications, Computer, Intelligence, Surveillance, and 
Reconnaissance (C4ISR) facilities. 


a. Equipotential plane. The equipotential plane (described in chapter 3) shall be bonded to the earth 
electrode subsystem at multiple points. Such an equipotential plane exists in a building with a metal or 
raised floor or ceiling grid electrically bonded together, or, in a building with a concrete floor with a 
ground grid imbedded in it, connected to the facility ground. Equipment cabinets are then connected to 
the equipotential plane. Chassis are connected to the equipment cabinets and all components, signal 
return leads, etc., are connected to the chassis. The equipotential plane is then terminated to the earth 
electrode subsystem to assure personnel safety and a low impedance path to ground. Planes are not 
required in areas of the facility where no communications equipment (CE) equipment is or will be 
installed. 


(1) At high frequencies, the large conducting surface embedded in or on the floor under the 
equipment to be grounded, presents a much lower characteristic impedance than a single wire, even if 
both were improperly terminated because the characteristic impedance is a function of L/C. As the 
capacitance to earth increases, the impedance decreases. 


(2) Normally, the capacitance of a metallic sheet to earth is higher than that of wire. If the size of 
the sheet is increased and allowed to encompass more area, the capacitance increases. Also, the unit 
length inductance decreases with width, which further decreases Zp. 


(3) Ifthe dimensions of a metallic sheet increase extensively (as in the case of a conducting sub- 
floor), the characteristic impedance approaches a very low value. In this case, even if the signal 
equipotential plane were improperly terminated to the earth electrode subsystem, the impedance would be 
quite low throughout a large portion of the spectrum. This, in turn, would establish an equipotential 
reference plane for all equipment bonded to it. With this reference plane bonded to earth, the following 
advantages are obtained. 


(a) Any "noisy" cable or conductor connected to the receptor through or along such a ground 
plane will have its electric field contained between the conductor and the ground plane. The noise field 
can be "shorted out" by filters and bond straps because the distance between these “transmission line” 
conductors is very small. Shorting out the noise field has the desirable effect of keeping noise current 
from flowing over the receptor case and along any antenna input cables. 
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(b) Filters at the interface terminals of equipment can operate more effectively when both 
terminals of their equivalent “transmission line” are available. Access to both terminals allows short 
connections to the equipotential plane from both terminals for filtering of noise generated from either 
source or load. A large conducting surface makes it possible to contain the field carried by the offending 
conductor in such a way that it can be more easily prevented from traveling further, and will also tend to 
shield any rooftop antennas from cable runs below it. 


(4) The equipotential plane may be a solid sheet or may consist of a wire mesh. A mesh will 
appear electrically as a solid sheet as long as the mesh openings or spacing of conductors are less than 1/8 
wavelength at the highest frequencies of concern. When it is not feasible to include a fine mesh (either 
overhead or under the equipment) a larger grid may be installed, but even then the mesh size should be 
made as small as practicable. In all cases, the “design objective” (DO) is to keep the mesh size to less 
than 1/8 wavelength at the highest frequencies of concern. 


AN=clf 
where c = velocity of light in free space = 3 x 10° meters/second 
f = frequency in hertz (cycles/second) 


(5) Conducting media that can be utilized for ground distribution networks are Q-cell floor (if 
available) or subfloor of aluminum, copper, or sheet metal laid underneath the floor tile. Since a large 
solid conducting surface may not be economically feasible for some installations, a ground reference 
plane, made up of a copper grid, should be considered. Copper-clad steel wire meshes with all crossovers 
brazed are commercially available. They are obtainable in mesh spacings of from 5 to 61cm (2 to 24 in) 
squares, in AWG wire sizes Nos. 6, 8, 10, and 12. It is normally furnished in 3.7m (12 foot) rolls, but can 
be obtained in various widths up to 5.5m (18 feet). Electrically continuous stringers of raised floors may 
also be used to serve as an equipotential plane. Ground connections can be made to either the grid or 
stringer by direct bonding or manufactured ground “buses” and give grounding access at the floor surface. 
Normally, if the grid is embedded in a concrete floor, the latter method provides the easiest grounding 
source. Equipotential planes for existing facilities may be installed at or near the ceiling above the CE 
equipment. 


b. Grounding and bonding. Intersite or inter-building common-mode noise voltages in the earth 
contribute to the need for a low resistance of 10 ohms to earth at each facility. Even a resistance to earth 
of as low as 10 ohms may not, however, alleviate all common mode noise on a data cable connecting two 
separate locations or buildings. 


(1) While a low resistance may help, there will always be potential differences between any two 
rods in the ground. The use of shielded, balanced twisted pair for all lower frequency equipment 
interfaces is intended to provide additional common-mode rejection to those unavoidable noise voltages 
which exist in any facility. This is not to say that the sources of noise in a facility cannot be controlled. 
In fact, much can be done by equalizing the load between the phases of the alternating current (ac) 
distribution system; by insuring that the neutral is grounded only at the service disconnecting means; by 
limiting the quantity of leakage current from power line filter capacitors by using the smallest acceptable 
value of capacitance; or by sharing common filtered lines with several pieces of equipment. 


(2) Bonding provides an electrical union between two metallic surfaces used to provide a low- 
impedance path between them. Bonding is the procedure by which the conductive surface of a 
subassembly or component is electrically connected to another. This prevents development of electrical 
potentials between individual metal surfaces for all frequencies capable of causing interference. 


4-3 


TM 5-690 


c. Shielding. Groups of equipment or subsystems may be made EM compatible by any combination of 
three fundamental approaches: the interfering signal level may be reduced, the receptor susceptibility may 
be reduced, or the attenuation of the path or paths over which interference is transmitted from source to 
receptor may be increased. Radiated interference signals generated by EM fields may be effectively 
attenuated by EM shielding, either at the source or at the receptor. Shielding, when properly designed and 
implemented, offers significant wideband protection against EM radiation, where source and receptor are 
not sufficiently separated for adequate free space radiation attenuation. 


(1) It is relatively easy to obtain 40 decibels (dB) of shielding effectiveness in a frequency range 
above 100 kHz with a single shield, and values as high as 70 dB can be obtained with careful single- 
shield construction. Where this is inadequate, double shields are normally used, providing shielding 
values as high as 120 dB. Radiated energy may still be coupled into a susceptible device through a shield 
of inadequate thickness, through holes penetrated for ventilation and other purposes, and through 
imperfectly jointed shielded sections. 


(2) Precise calculation of shielding effectiveness, even for perfectly joined solid shields, depends 
on the form of the shield and the type of field for which the shielding is to be used. Both electric and 
magnetic coupling can occur. Normally, it is relatively easy to provide electric shielding. Magnetic 
shielding, however, is more difficult to provide, particularly at frequencies below 100 kHz. 


(3) Shielding shall be integrated with other basic interference control measures such as filtering, 
wire routing, cable and circuit layout, signal processing, spectrum control, and frequency assignment to 
achieve operational compatibility of the equipment. The degree of shielding shall be determined by the 
systems engineering process. 


(4) Shields shall be constructed from material that provides the required degree of signal 
suppression without incurring unnecessary expense and weight. The selection of materials shall be based 
upon: the amplitude and frequency of the signals to be attenuated, the characteristics of the EM field of 
the signal (i.e., is the signal being coupled via inductive, capacitive, or free space means), configuration, 
the installation constraints, and the corrosion properties. 


(5) Filters on power, control, and signal lines shall be installed in a manner that maintains the 
integrity of the shield. Power line filters shall be completely shielded with the filter case grounded. 
Filters on power control and signal lines shall be placed as close as possible to the point of penetration of 
the case in order to avoid long, unprotected paths inside the equipment. 


(6) Several steps can be taken during the design and construction stages of a facility to minimize 
subsequent common-mode noise problems in instrumentation, equipment, and systems. The 
recommended steps should be recognized as being appropriate for interference control in general and not 
limited strictly to common-mode noise. 


(a) Sensitive data and instrumentation facilities should be located as far as possible from high 
voltage (66 kV and above) transmission lines. 


(b) The routing of data and signal lines should be perpendicular to main power lines wherever 
possible. Where parallel runs cannot be avoided, maximum separation must be maintained. In many 
instances, routing of the data and signal cables in ferrous conduit may be necessary. 


(c) Distribution feeders to the facility should be routed perpendicularly to high voltage power 


lines, if possible. In any event, long parallel runs between distribution feeders and the main power line 
should be avoided. 
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(d) Where overhead distribution lines are necessary, pre-assembled aerial cable should be used in 
preference to open wires. Magnetic field is greatly reduced. 


(e) All internal distribution power conductors near sensitive test and measurement facilities and 
carrying more than 5 amperes should be twisted. A suggested rate of twist is one complete twist for each 
length equal to approximately 25 times the diameter of the insulated power conductor when physically 
possible. 


(7) Metallic enclosures should be used for power conductors wherever possible to take advantage 
of the shielding they offer. In order of preference, the types of enclosures recommended are: 


(a) Rigid steel conduit is the most effective enclosure for power conductors from the standpoint 
of noise reduction and should be used wherever practical. Electrical metallic tubing (EMT) and rigid 
aluminum or copper conduit provide effective electrostatic shielding, but their magnetic shielding 
properties are at least an order-of-magnitude poorer than rigid steel conduit. 


(b) Armored cable is sometimes used in lieu of conduit and individual insulated conductors. 
The armor provides an effective electrostatic shield but is not as effective as rigid steel conduit for 
magnetic shielding. Steel armor is preferable to aluminum or bronze. 


(c) Standard construction grade flexible conduit is a poorer electrostatic shield than either of the 
above because of its construction and provides considerably less magnetic shielding than rigid steel 
conduit. It is recommended that the use of flexible conduit be restricted to short lengths and only where 
required to absorb vibration or to permit position adjustment of the equipment or device served. 


(d) Wireways, which are rectangular sheet metal duct-like enclosures and cable trays, are not 
nearly as effective for electrostatic or magnetic shields as rigid steel conduit. Unless the wireway or cable 
tray is made of a ferrous metal and all discontinuities are carefully bonded, its use for the shielding of 
power conductors should be limited. 


(8) The effect of RF radiation on living tissue is thought to be primarily thermal in nature. The 
most vulnerable parts of the human body are nerves, skin, and muscles. However, other parts that can be 
affected are the brain, the eyes and the testes. The thermal effects can range from mild heating of the skin 
or organs to fatal damage. To minimize possible hazards from RF radiation, Dept of Defense Instruction 
6055.11 (9-4) provides recommendations to prevent possible harmful effects in human beings exposed to 
radio frequency radiation. 


(a) Below 1000 MHz, RF energy penetrates deeply into the body. These frequencies are 
extremely hazardous since the radiation is not detected by the nerve endings located in the skin. The 
power absorbed in the body tissues can be as high as 40% of the incident power. The urinary bladder, 
gall bladder, and parts of the gastro-intestinal tract are particularly vulnerable since they are not cooled by 
an abundant flow of blood. Also, stainless steel and platinum bone implants and fillings in teeth can 
increase in temperature when subjected to RF radiation, resulting in burning of tissues. 


(b) In the 2-5 GHz region of the RF spectrum, the eyes and the testes are the most vulnerable 
organs to RF radiation damage. Damage to the eyes is generally irreversible and can result in blindness 
from cataracts or loss of lens transparency. Animal experiments have shown that damage to the testes 
from low levels of exposure does not differ from that caused by common forms of heat applied to the 
testes, and that the reduction in testicular function due to heating appears to be temporary. It is not known 
if RF radiation produces any genetic damage. 
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(9) Various organizations and countries have developed exposure standards and guidelines over 
the past several decades. In North America and most of Europe exposure standards and guidelines have 
generally been based on exposure levels where effects considered harmful to humans occur. Safety 
factors are then incorporated to arrive at specific levels of exposure to provide sufficient protection for 
various segments of the population. The Federal Communications Commission (FCC) Office of 
Engineering and Technology Bulletin 56 (OET-56) discusses in great detail the recommended human 
exposure limits to RF radiation for the general public and occupational exposures. The ANSI/IEEE 
document (ANSI/IEEE C95.3-1992) entitled, "Recommended Practice for the Measurement of Potentially 
Hazardous Electromagnetic Fields - RF and Microwave," contains practical guidelines, required 
instrumentation and information for performing RF field measurements. 


d. Aperture control. Unnecessary apertures shall be avoided. Only those shield openings needed to 
achieve proper functioning and operation of the equipment shall be provided. 


(1) Controls, switches, and fuse holders shall be mounted such that close metal-to-metal contact is 
maintained between the cover or housing of the devices and the case. 


(2) Where non-conductive control shafts are necessary, a waveguide-below-cutoff metal sleeve 
(for the highest frequency of concern) shall be peripherally bonded to the case for the shaft. 


(3) The cutoff frequency for the waveguide shall be considerably higher than the equipment 
operating frequency. The length of the sleeve shall be no less than three times its diameter. 


(4) Pilot lights shall be filtered or shielded as needed to maintain the required degree of shielding 
effectiveness. 


(5) If possible, ventilation and drainage holes shall not penetrate radio frequency (RF) 
compartments. If necessary, such holes shall utilize waveguide-below-cutoff honeycomb or other 
appropriate screening. Care shall be taken to assure the honeycomb and screens are well bonded to the 
shield completely around the opening. 


e. RED/BLACK equipment. Specific requirements concerning the installation of RED/BLACK 
equipment is contained in MIL-HDBK-232A, Red/Black Engineering-Installation Guidelines. This 
manual will provide the general requirements expected to provide interference protection for signals 
generated from these installations. 


(1) Physical barriers should be provided at the perimeter of the facility to ensure that the earth 
electrodes are not degraded or tapped, or that pickup devices are not introduced into the system. 


(2) Each RED/BLACK facility should use a facility entrance plate with all conductors entering the 
facility passing through this plate. The entrance plate should extend approximately one foot from the 
nearest conduit or cable penetrations. All signal cables entering the facility should be shielded, with the 
shield circumferentially bonded to the plate. These cables should be either filtered or isolated and 
protected by surge arresters or other protective devices. The entrance plate should be bonded to the earth 
electrode subsystem using two #1/0 AWG cables. 


(3) Internally the interference barrier between RED and BLACK equipment consists of physical 
separation, shielding of cables, and encrypting or filtering signal lines which connect the RED/BLACK 
equipment. All equipment shields should be grounded to the equipotential plane at every convenient 
point. 
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4-4. Typical components and installation details 


Typical components and installation details for electromagnetic interference (EMI) protection systems are 
described below. 


a. Shielding. Coupling is defined as the means by which a magnetic or electric field produced by one 
circuit induces a voltage or current in another circuit. Interference coupling is the stray or unintentional 
coupling between circuits, which produces an error in the response of one of the circuits. An effective 
means for the reduction of coupling is the use of shields around the circuits and around interconnecting 
lines. 


(1) To determine the shielding required at a facility, the EM environment at the planned location 
should first be surveyed. The threat should be compared with the response properties or susceptibilities 
of the equipment to be located in that environment. If a need for shielding is indicated, then it should be 
provided either as a part of the facility or the equipment shielding should be upgraded. 


(2) Conduct an EM survey at the facility location using the proper equipment and experienced 
personnel, examine the history of performance of the similar equipment at other sites with comparable 
environments, and consider the measured EMI characteristics of the equipment. 


(3) Determine the amount of shielding necessary. If the measured signal strength is greater than 
the susceptible level, arrange to provide the extra shielding necessary either as part of the structure or 
building or require that the equipment’s shielding be upgraded. If susceptibility data is not available, 
make a best estimate of the amount of required shielding from the historical performance of the 
equipment (or similar types) at other sites. 


(4) Before deciding what type or how much supplemental shielding material is necessary, estimate 
the amount of shielding inherently provided by conventional building materials and techniques. Estimate 
the shielding provided by normal construction techniques (steel skeleton with brick or concrete block 
exterior with standard wood, gypsum board, or concrete block interior walls). Reinforced concrete offers 
additional shielding because of the presence of the rebar. Estimate the shielding effectiveness of single 
course rebar to low frequency magnetic fields. 


(5) Design the shielding to conform to the needs of the system. Consider the relative ease of 
shielding individual equipment rather than shielding a room or the entire structure. 


(6) Assure that the shielding provided is sufficient to meet system needs (both known and 
predicted) but do not excessively over design. 


(7) Use the inherent shielding properties of the structure to maximum advantage. Employ the 
small amount of shielding (typically 10-20 dB) offered by reinforced concrete. However, do not expect 
common building materials such as brick, concrete, wood, fiberglass, or plastic to provide any significant 
shielding to EM signals. 


(8) Locate most sensitive and most critical equipment as close to the core of the structure as 
operational requirements will permit. 


(9) To minimize the attenuation requirements on shields, predetermine the location of likely 


sources of interference such as power substations, engine-generators, and RF transmitters; maximize the 
separation between such sources and potentially susceptible equipment or systems. 
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(10) Where a choice exists as to exterior skin materials for the shelter or structure (e.g., fiberglass 
versus sheet steel or aluminum) choose metals to take advantage of their improved shielding properties. 
(In order to utilize metal sidings as effective shields, seams must be electrically continuous.) 


(11) Insure that shield continuity is maintained at points of entry of signal cables, power 
conductors, utility lines, and ground conductors. 


(12) Make sure that windows, doors, and ventilation ports are shielded along with the walls. Use 
well bonded screen wire for windows, use metal doors, and apply honeycomb ducts or appropriate 
screening over ventilation ports. 


(13) Equip all power lines supplying shielded areas with power line filters. 


(14) Use steel conduit in preference to aluminum conduit to take advantage of the improved 
magnetic shielding properties of steel. 


(15) Use enclosed metal wiring ducts or raceways in preference to open mesh or unenclosed types. 


(16) Ifthe only purpose of the shield is to establish a personnel barrier to prevent inadvertent 
contact with direct current (dc) and power frequency hazardous voltages, consider the use of non- 
conductive shields which may be less expensive. (If metal shields are used to provide shock protection, 
they must be well grounded to the power safety ground - the green wire network.) 


(17) The selection of a shielding material can be done either by choosing a possible metal of a 
given thickness and then determining if the shielding effectiveness is equal to or greater than the field 
attenuation desired, or starting with desired attenuation, determining what thickness of metal sheet or 
what type of screen is required. Either approach is acceptable. 


(a) The first step in the selection of a shield type and material is to determine the nature of the 
field by determining whether it is an electric field, magnetic field, or a plane wave. 


(b) Compute the wavelength, or the incident signal or signals and measure the location of the 
sources. From this a determination is made of the incident field and the absorption and reflection loss of 
the material selected for a plane wave. 


(c) The total shielding effectiveness is the sum of the absorption loss and the reflection loss. 
Consider the use of thin metal foils for shielding high frequency (broadcast frequencies and above) plane 
and electric fields. 

(18) Employ the following installation guidelines when constructing shielded facilities. 

(a) Securely ground all metal shields. 

(b) All seams and joints must be well bonded. Welded seams are highly desirable in enclosures, 
which must provide a high degree 80 dB of RF shielding or are intended for EMP protection. Where 
welding is impractical, solder or knitted wire gaskets should be used to supplement the mechanical 


fasteners. 


(c) Limit openings (windows, doors, ventilation ports) and penetrations (signal lines, power lines, 
utilities) to the lowest possible number and restrict their dimensions to a minimum. 
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(d) If holes through the shield are necessary, determine the optimum size and spacing. 
(e) Use honeycomb for the shielding of ventilation ports wherever possible. 


(f) Peripherally bond metallic utility lines to the shield at the point of entrance. Non-metallic 
lines entering through waveguide-below-cutoff ducts or tubes may also be used for water, gas, 
compressed air, etc. 


(g) Cover all openings required for visual access with wire screen or conductive glass. Ensure 
that the screen or glass is carefully bonded to the enclosure around the perimeter of the opening. 


(h) Doors should be metal with solid, uniform contact around the edges. Wire mesh gaskets or 
finger stock should be provided. 


(i) For large shielded enclosures where high traffic volume is expected, consider the use of 
waveguide-below-cutoff hallways. 


b. Bonding. Bonding is the process by which a low impedance path for the flow of an electric current 
is established between two metallic objects. Bonding is concerned with the techniques and procedures 
necessary to achieve a mechanically strong, low impedance interconnection between metal objects and to 
prevent the path thus established from subsequent deterioration through corrosion or mechanical 
looseness. With proper design and implementation, bonds minimize differences in potential between 
points within the fault protection, signal reference, shielding, and lightning protection networks of an 
electronic system. Poor bonds, however, lead to a variety of hazardous and interference-producing 
situations. Loose or high impedance joints in signal lines are particularly annoying because of 
intermittent signal behavior such as decreases in signal amplitude, increases in noise level, or both. 


(1) A degradation in system performance from high noise levels is frequently traceable to poorly 
bonded joints in circuit returns and signal referencing networks. The reference network provides low 
impedance paths for potentially incompatible signals. Poor connections between elements of the 
reference network increase the resistance of the current paths. The voltages developed by the currents 
flowing through these resistances prevent circuit and equipment signal references from being at the same 
reference potential. When such circuits and equipment are interconnected, the voltage differential 
represents an unwanted signal within the system. 


(2) Bonding is also important to the performance of other interference control measures. For 
example, adequate bonding of connector shells to equipment enclosures is essential to the maintenance of 
the integrity of cable shields and to the retention of the low loss transmission properties of the cables. 

The careful bonding of seams and joints in EM shields is essential to the achievement of a high degree of 
shielding effectiveness. 


(3) Interference reduction components and devices also must be well bonded for optimum 
performance. Ifa joint in a current path is not securely made or works loose through vibration, it can 
behave like a set of intermittent contacts. Even if the current through the joint is at dc or at the ac power 
frequency, the sparking which occurs may generate interference signals with frequency components up to 
several hundred megahertz. Poor bonds in the presence of high level RF fields, such as those in the 
immediate vicinity of high-powered transmitters, can produce a particularly troublesome type of 
interference. Poorly bonded joints have been shown to generate cross modulation and other mix products 
when irradiated by two or more high level signals. Some metal oxides are semiconductors and behave as 
non-linear devices to provide the mixing action between the incident signals. Interference thus generated 
can couple into nearby susceptible equipment. 
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(4) A primary requirement for effective bonding is that a low resistance path be established 
between the two joined objects. The resistance of this path must remain low with use and with time. The 
limiting value of resistance at a particular junction is a function of the current (actual or anticipated) 
through the path. Noise minimization requires that path resistances of less than 50 milliohms be 
achieved. However, noise control rarely ever requires resistances as low as those necessary for fault and 
lightning currents. 


(a) A bonding resistance of 1 milliohm is considered to indicate that a high quality junction has 
been achieved. Experience shows that | milliohm can be reasonably achieved if surfaces are properly 
cleaned and adequate pressure is maintained between the mating surfaces. 


(b) A much lower resistance could provide greater protection against very high currents, but 
could be more difficult to achieve at many common types of bonds such as at connector shells, between 
pipe sections, etc. However, there is little need to strive for a junction resistance that is appreciably less 
than the intrinsic resistance of the conductors being joined. 


(5) Direct bonding is the establishment of the desired electrical path between the interconnected 
members without the use of an auxiliary conductor. Specific portions of the surface areas of the members 
are placed in direct contact. Electrical continuity is obtained by establishing a fused metal bridge across 
the junction by welding, brazing, or soldering or by maintaining a high pressure contact between the 
mating surfaces with bolts, rivets, or clamps. Examples of direct bonds are the splices between bus bar 
sections, the connections between lightning down conductors and the earth electrode subsystem, the 
mating of equipment front panels to equipment racks, and the mounting of connector shells to equipment 
panels. 


(a) Properly constructed direct bonds exhibit a low dc resistance and provide RF impedance as 
low as the configuration of the bond members will permit. Direct bonding is always preferred; however, 
it can be used only when the two members can be connected together and can remain so without relative 
movement. The establishment of electrical continuity across joints, seams, hinges, or fixed objects that 
must be spatially separated requires indirect bonding with straps, jumpers, or other auxiliary conductors. 


(b) The objective in bonding is to reduce the bond resistance to a value negligible in comparison 
to the conductor resistance so that the resistance of the conductors primarily determines the total path 
resistance. 


(c) Metal flow processes such as welding, brazing, and silver soldering provide the lowest values 
of bond resistance. With such processes, the resistance of the joint is determined by the resistivity of the 
weld or filler metal, which can approach that of the metals being joined. The bond members are raised to 
temperatures sufficient to form a continuous metal bridge across the junction. 


(d) For reasons of economy, future accessibility, or functional requirements, metal flow 
processes are not always the most appropriate bonding techniques. It may then be more appropriate to 
bring the mating surfaces together under high pressure. Auxiliary fasteners such as bolts, screws, rivets, 
or clamps are employed to apply and maintain the pressure on the surfaces. The resistance of these bonds 
is determined by the kinds of metals involved, the surface conditions within the bond area, the contact 
pressure at the surfaces, and the cross-sectional area of the mating surfaces. 


(6) In terms of electrical performance, welding is the ideal method of bonding. An effective 
welding technique for many bonding applications is the exothermic mixture of aluminum, copper oxide, 
and other powders. The mixture is held in place around the junction by a joint with a graphite mold. The 
mixture is ignited and the heat generated (in excess of 4000°F) reduces the copper oxide to provide a 
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homogeneous copper blanket around the junction. Because of the high temperatures involved, copper 
materials can be bonded to steel or iron as well as to other copper materials. 


(a) The intense heat involved is sufficient to boil away contaminating films and foreign 
substances. A continuous metallic bridge is formed across the joint, and the conductivity of this bridge 
typically approximates that of the bond members. The net resistance of the bond is essentially zero 
because the bridge is very short relative to the length of the bond members. The mechanical strength of 
the bond is high; the strength of a welded bond can approach or exceed the strength of the bond members 
themselves. Since no moisture or contaminants can penetrate the weld, bond corrosion is minimized. 
The erosion rate of the metallic bridge should be comparable to that of the base members; therefore, the 
lifetime of the bond should be as great as that of the bond members. 


(b) Welds should be utilized whenever practical for permanently joined bonds. Although 
welding may be a more expensive method of bonding, the reliability of the joint makes it very attractive 
for bonds that will be inaccessible once construction is completed. Most metals that will be encountered 
in normal construction can be welded with one of the standard welding techniques 


(7) Brazing to include silver soldering is another metal flow process for permanent bonding. In 
brazing, the bond surfaces are heated to a temperature above 800°F but below the melting point of the 
bond members. A filler metal with an appropriate flux is applied to the heated members which wets the 
bond surfaces to provide intimate contact between the brazing solder and the bond surfaces. 


(8) Soft soldering is an attractive metal flow bonding process because of the ease with which it can 
be applied. Relatively low temperatures are involved and it can be readily employed with several of the 
high conductivity metals such as copper, tin, and cadmium. With appropriate fluxes, aluminum and other 
metals can be soldered. Properly applied to compatible materials, the bond provided by solder is nearly 
as low in resistance as one formed by welding or brazing. Because of its low melting point, however, soft 
solder should not be used as the primary bonding material where high currents may be present. 


(a) In addition to its temperature limitation, soft solder exhibits low mechanical strength and 
tends to crystallize if the bond members move while the solder is cooling. Therefore, soft solder should 
not be used if the joint must withstand mechanical loading. The tendency toward crystallization must also 
be recognized and proper precautions observed when applying soft solder. Soft solder can be used 
effectively in a number of ways. For example, it can be used to tin surfaces prior to assembly to assist in 
corrosion control. 


(b) Soft solder can be used effectively for the bonding of seams in shields and for the joining of 
circuit components together and to the signal reference subsystem associated with the circuit. Soft solder 
is often combined with mechanical fasteners in sweated joints. By heating the joint hot enough to melt 
the solder, a low resistance filler metal is provided which augments the path established by the other 
fasteners; in addition, the solder provides a barrier to keep moisture and contaminants from reaching the 
mating surfaces. 


(9) In many applications, permanent bonds are not desired. For example, equipment must be 
removed from enclosures or moved to other locations that require ground leads and other connections 
must be broken. The most common semi-permanent bond is the bolted connection (or one held in place 
with machine screws, lag bolts, or other threaded fasteners) because this type bond provides the flexibility 
and accessibility that is frequently required. The bolt (or screw) should serve only as a fastener to provide 
the necessary force to maintain the 1200-1500 psi pressure required between the contact surfaces for 
satisfactory bonding. Examples are shown in figure 4-1. 
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Figure 4-1. Connection of bonding jumpers to flat surface 
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(10) Riveted bonds are less desirable than bolted connections or joints bridged by metal flow 
processes. Rivets lack the flexibility of bolts without offering the degree of protection against corrosion 
of the bond surface that is achieved by welding, brazing, or soldering. The chief advantage of rivets is 


that they can be rapidly and uniformly installed with automatic tools. Examples of riveted bonds are 
shown in figure 4-2. 
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Figure 4-2. Examples of bonding 
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(a) The current path through a rivet is theorized to be through the interface between the bond 
members and the rivet body. This theory is justified by experience, which shows that the fit between the 
rivet and the bond members is more important than the state of the mating surfaces between the bond 
members. Therefore, the hole for the rivet must be a size that provides a close fit to the rivet after 
installation. The sides of the hole through the bond members must be free of paint, corrosion products, or 
other non-conducting material. 


(b) For riveted joints in shields, the maximum spacing between rivets is recommended to be 
approximately 2 cm (3/4 inch) or less. In relatively thin sheet metal, rivets can cause bowing of the stock 
between the rivets. In the bowed or warped regions, metal-to-metal contact may be slight or non-existent. 


(c) These open regions allow RF energy to leak through and can be a major cause of poor RF 
shield performance. By spacing the rivets close together, warping and bowing are minimized. For 
maximum RF shielding, the seam should be gasketed with some form of wire mesh or conductive epoxy 
to supplement the bond path of the rivets. 


(11) Conductive adhesive is a silver-filled, two-component, thermosetting epoxy resin, which when 
cured produces an electrically conductive material. It can be used between mating surfaces to provide 
low resistance bonds. It offers the advantage of providing a direct bond without the application of heat as 
is required by metal flow processes. In many locations, the heat necessary for metal flow bonding may 
pose a fire or explosion threat. When used in conjunction with bolts, conductive adhesive provides an 
effective metal-like bridge with high corrosion resistance along with high mechanical strength. In its 
cured state, the resistance of the adhesive may increase through time. It also tends to adhere tightly to the 
mating surfaces and thus an epoxy-bolt bond is less convenient to disassemble than a simple bolted bond. 
In some applications, the advantages of conductive adhesive may outweigh this inconvenience. 


(12) The preferred method of bonding is to connect the objects together with no intervening 
conductor. Unfortunately, operational requirements or equipment locations often preclude direct bonding. 
When physical separation is necessary between the elements of an equipment complex or between the 
complex and its reference plane, auxiliary conductors must be incorporated as bonding straps or jumpers. 
Such straps are commonly used for the bonding of shock mounted equipment to the structural ground 
reference. 


(a) Bond straps or cables are also used for bypassing structural elements, such as the hinges on 
distribution box covers or on equipment covers, to eliminate the wideband noise generated by these 
elements when illuminated by intense radiated fields or when carrying high level currents. They may also 
be used to prevent static charge buildup and to connect metal objects to lightning down conductors to 
prevent flashover. 


(b) The resistance of an indirect bond is equal to the sum of the intrinsic resistance of the 
bonding conductor and the resistances of the metal-to-metal contacts at each end. The resistance of the 
strap is determined by the resistivity of the material used and the dimensions of the strap. With typical 
straps, the dc bond resistance is small. With aluminum, copper, or brass straps, these resistances should 
be less than 0.1 milliohm with properly made connections. If long straps are required, however, the 
resistance of the conductor can be significant. 


(c) Because high conductivity materials attenuate RF rapidly, high frequency currents do not 


penetrate into conductors very far, i.e., they tend to stay near the surface. At frequencies where this “skin 
effect” becomes significant, the ac resistance of the bond strap can differ significantly from its de value. 


4-14 


TM 5-690 


(d) The geometrical configuration of the bonding conductor and the physical relationship 
between objects being bonded introduce reactive components into the impedance of the bond. The strap 
itself exhibits an inductance that is related to its dimensions. Even at relatively low frequencies, the 
reactance of the inductive component of the bond impedance becomes much larger than the resistance. 
Thus, in the application of bonding straps, the inductive properties as well as the resistance of the strap 
must be considered. The physical size of the bonding strap is important because of its effect on the RF 
impedance. As the length of the strap is increased, its impedance increases non-linearly for a given 
width; however, as the width increases, there is a non-linear decrease in strap impedance. In many 
applications, braided straps are preferred over solid straps because they offer greater flexibility. There is 
no significant difference between the impedance of the braided or solid strap for frequencies up to 10 
MHz. Because the strands are exposed they are more susceptible to corrosion; braided straps may be 
undesirable for use in some locations for these reasons. Fine braided straps also are generally not 
recommended because of higher impedances at the higher frequencies as well as lower current carrying 
capacities. 


(e) A certain amount of stray capacitance is inherently present between the bonding jumper and 
the objects being bonded as well as between the bonded objects themselves. At low frequencies where 
the reactance of the strap is low, bonding straps will provide effective bonding. At frequencies where 
parallel resonance exists in the bonding network, straps may severely enhance the pickup of unwanted 
signal. Above the parallel resonant frequency, bonding straps do not contribute to the pickup of radiated 
signals either positively or negatively. In conclusion, bonding straps should be designed and used with 
care with special note taken to ensure that unexpected interference conditions are not generated by the use 
of such straps. 


(13) To achieve an effective and reliable bond, the mating surfaces must be free of any foreign 
materials, e.g., dirt, filings, preservatives, etc., and non-conducting films such as paint, anodizing, and 
oxides and other metallic films. Various mechanical and chemical means can be used to remove the 
different substances, which may be present on the bond surfaces. After cleaning, the bond should be 
assembled or joined as soon as possible to minimize recontamination of the surfaces. After completion of 
the joining process the bond region should be sealed with appropriate protective agents to prevent bond 
deterioration through corrosion of the mating surfaces. 


(a) Solid material such as dust, dirt, filings, lint, sawdust, and packing materials impede metallic 
contact by providing mechanical stops between the surfaces. They can affect the reliability of the 
connection by fostering corrosion. Dust, dirt, and lint will absorb moisture and will tend to retain it on 
the surface. They may even promote the growth of molds, fungi, and bacteriological organisms that give 
off corrosive products. Filings of foreign metals can establish tiny electrolytic cells that will greatly 
accelerate the deterioration of the surfaces. 


(b) The bond surface should be cleaned of all such solid materials. Mechanical means such as 
brushing or wiping are generally sufficient. Care should be exercised to see that all materials in grooves 
or crevices are removed. If a source of compressed air is available, air blasting is an effective technique 
for removing solid particles if they are dry enough to be dislodged. 


(c) Paints, varnishes, lacquers, and other protective compounds along with oils, greases, and 
other lubricants are non-conductive and in general, should be removed. Commercial paint removers can 
be used effectively. 


(d) Lacquer thinner works well with oil-based paints, varnish, and lacquer. If chemical solvents 


cannot be used effectively, mechanical removal with scrapers, wire brushes, power sanders, sandpaper, or 
blasters should be employed. When using mechanical techniques, care should be exercised to avoid 
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removing excess material from the surfaces. Final cleaning should be done with a fine, such as 400-grit, 
sandpaper or steel wool. After all of the organic material is removed, abrasive grit or steel wool filaments 
should be brushed or blown away. A final wipe down with denatured alcohol, dry cleaning fluid, or 
lacquer thinner should be accomplished to remove any remaining oil or moisture films. 


(e) Many metals are plated or coated with other metals or are treated to produce surface films to 
achieve improved wearability or provide corrosion resistance. Metal plating such as gold, silver, nickel, 
cadmium, tin, and rhodium should have all foreign solid materials removed by brushing or scraping and 
all organic materials removed with an appropriate solvent. Since such platings are usually very thin, acids 
and other strong etchants should not be used. Once the foreign substances are removed, the bond surfaces 
should be burnished to a bright shiny condition with fine steel wool or fine grit sandpaper. Care must be 
exercised to see that excessive metal is not removed. Finally, the surfaces should be wiped with a cloth 
dampened in a denatured alcohol or dry cleaning solvent and allowed to dry before completing the bond. 


(f) Chromate coatings such as iridite-14, iridite-18P, oadkite-36, and alodine-1000 offer low 
resistance as well as provide corrosion resistance. These coatings should not be removed. 


(g) Many aluminum products are anodized for appearance and corrosion resistance. Since these 
anodic films are excellent insulators, they must be removed prior to bonding. Those aluminum parts to be 
electrically bonded either should not be anodized or the anodic coating must be removed from the bond 
area. 


(h) Corrosion by-products such as oxides, sulfides, and sulfates must be removed because they 
restrict or prevent metallic contact. Soft products such as iron oxide and copper sulfate can be removed 
with a stiff wire brush, steel wool, or other abrasives. Removal down to a bright metal finish is generally 
adequate. When pitting has occurred, refinishing of the surface by grinding or milling may be necessary 
to achieve a smooth, even contact surface. Some sulfides are difficult to remove mechanically and 
chemical cleaning and polishing may be necessary. Oxides of aluminum are clear and thus the 
appearance of the surface cannot be relied upon as an indication of the need for cleaning. Although the 
oxides are hard, they are brittle and roughening of the surface with a file or coarse abrasive is an effective 
way to prepare aluminum surfaces for bonding. 


(14) After cleaning of the mating surfaces, the bond members should be assembled or attached as 
soon as possible. Assembly should be completed within 30 minutes if at all possible. If more than 2 
hours is required between cleaning and assembly, a temporary protective coating must be applied. Of 
course, this coating must also be removed before completing the bond. 


(a) The bond surfaces must be kept free of moisture before assembly, and the completed bond 
must be sealed against the entrance of moisture into the mating region. Acceptable sealants are paint, 
silicone rubber, grease, and polysulfates. Where paint has been removed prior to bonding, the completed 
bond should be repainted to match the original finish. Excessively thinned paint should be avoided; 
otherwise, the paint may seep under the edges of the bonded components and impair the quality of the 
connection. Compression bonds between copper conductors or between compatible aluminum alloys 
located in readily accessible areas not subject to weather exposure, corrosive fumes, or excessive dust do 
not require sealing. 


(b) Corrosion is the deterioration of a substance (usually a metal) because of a reaction to its 
environment. Most environments are corrosive to some degree. Those containing salt sprays and 
industrial contaminants are particularly destructive. Bonds exposed to these and other environments must 
be protected to prevent deterioration of the bonding surfaces to the point where the required low 
resistance connection is destroyed. 
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(c) Paint or metallic platings used for the purpose of excluding moisture or to provide a third 
metal compatible with both bond members should be applied with caution. When they are used, both 
members must be covered. Covering the anode alone must be avoided. If only the anode is covered, then 
at imperfections and breaks in the coating corrosion will be severe because of the relatively small anode 
area. All such coatings must be maintained in good condition. 


c. Entry plates. All metallic penetrations of the facility shielding should enter at a common location, 
and all shielded cables, conduits, and pipes should be bonded to an entry plate. This plate should be large 
enough so that no penetrations will occur within | foot of the nearest edge. The entrance plate should be 
continuously welded around its perimeter to the building shield. The entry plate should be connected to 
the earth electrode subsystem with a 1/0 AWG (minimum) insulated copper cable. The cable should be 
bonded to the entry plate and the earth electrode subsystem with exothermic welds. The conduit should 
be of steel with threaded or welded couplings. Conduit runs should be as short as practical with joints 
held to a minimum. 


(1) Effective transient protection can be provided by peripherally bonding each RF coaxial cable 
to a metal bulkhead connector that in turn is peripherally bonded to the building entry plate and grounded 
to the earth electrode subsystem. This scheme will route transient currents from cable shields to earth 
ground instead of through terminating equipment to ground. Also, transient surge currents will be 
shunted to ground before transient energy is cross-coupled to other equipment lines in the facility. The 
entry plate must contain the required number of appropriate coaxial feed through connectors to terminate 
all applicable incoming lines. The connectors must also provide a path to ground for connected cable 
shields. If external and internal coaxial cables are of a different physical size, the changeover in 
connector size should be accomplished by the feed through connectors of the entry plate. 


(2) The shields of all telephone cables entering a CE facility must be bonded to each other and to 
the earth electrode subsystem through the steel entry plate. This measure eliminates harmful differences 
of potential between the various telephone cables entering the facility. It is important that electrical 
continuity of all cable shields is maintained. Care must be taken to ensure that shields of aerial telephone 
cables are bonded to any connecting buried or underground cable shields. This provides a path to ground 
for lightning and power currents and provides an effective noise shield. 


(3) Configuration control must be considered during the design phase. Conducting penetrations 
must be bonded carefully around the penetration perimeter (360 degrees) to the shield entry plate to 
prevent aperture coupling to the facility interior or to inner conductors of shielded cables. Non- 
conducting penetrations must be treated as apertures in the shield. 


d. Filters. The majority of interfering signals, even if they are free-space coupled to the signal and 
power lines, are conductively coupled into the susceptible circuit. The proper application of filters to both 
the signal and power lines can reduce this coupling. 


(1) It is essential to avoid signal penetration via power and signal wiring. This demands that filters 
achieving adequate insertion loss be installed in all incoming cables; it is fairly normal to have three- 
phase power circuits and several hundred signal lines going into a large enclosure. It is essential that the 
filters provide the specified attenuation under full-load conditions at all frequencies. Unless the filter 
attenuation is maintained at all frequencies and load currents, the overall shield attenuation will be 
degraded by the signal penetration via the filters. Shield penetrations may also be provided for air, gas, 
and water lines; these can be achieved either by the use of waveguide-below-cutoff tubes carrying 
insulating piping or by welding metal pipe to the shield. It is essential that all input circuits and 
penetrations occur in a localized area. 
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(2) All power line filter cases shall be directly bonded to the equipment case or enclosure. Filters 
shall be bonded to any subassembly enclosure used to maintain shield effectiveness. 


(3) Filters on power, control, and signal lines shall be installed in a manner that maintains the 
integrity of the shield. Power line filters shall be completely shielded with the filter case. Filters on 
power control and signal lines shall be placed as close as possible to the point of penetration of the case in 
order to avoid long, unprotected paths inside the equipment. Mount filters for power and control cables 
inside the shield and extend the filter input terminals through the shield. 


(4) DC power equipment has been found to be a significant electrical noise source that can be 
minimized through proper configuration of the facility, the physical and electrical isolation of the dc 
power equipment from communications equipment, and filtering of the output. Certain communications 
equipment with inverter or switching type power supplies also cause electrical noise on the de supply 
leads and the ac input power leads. This noise can be minimized by the use of decentralizing filters at or 
in the equipment. The location, number, and termination of the dc reference ground leads are also 
important elements in providing adequate protection for dc systems and, at the same time, minimizing 
electrical noise and dc currents in the ground system. 


(5) AC line filters can cause ac currents in the ground system when distributed in various areas of 
the facility. This is due to ac current passing through capacitors in the ac line filters when the lines are 
filtered to ground. Power line filters should not induce more than 30 milliamperes of current to the fault 
protection subsystem. 


(6) Linear filters may also be used as barrier elements on penetrating wires, but at the outer 
(facility-level) barrier, filters are always used in combination with surge arresters. On power lines, for 
example, the line filter usually cannot tolerate the peak voltages, so a spark-gap surge arrester is used to 
limit the voltage, and the filter isolates the interior circuits from the negative dynamic resistance and 
shock excitation of the spark-gap discharge. The shunt input capacitance of the filter may also be used to 
reduce the rate-of-rise of the voltage, so that the firing voltage of the surge arrester will be lower. A 
variety of low-pass, bandpass, and high-pass filters are available for power and signal line protection. 


4-5. Interfaces with other grounding and bonding subsystems 

The grounding required for EMI protection is a part of the total facility grounding network. The ultimate 
path to ground is the earth electrode subsystem. Protection against EMI is imperative for sensitive 
electronic equipment to ensure a workable and secure system. Grounding for this protection interfaces 
with each of the major subsystems. The main interface is the earth electrode subsystem which in turn ties 
in with the fault protection subsystem, the lightning protection subsystem, and the signal reference 
subsystem. 


4-6. Inspections and testing 


Thorough inspection and testing programs are imperative to assess the effectiveness of the EMI protection 
measures utilized. 


a. Inspections. Inspect the facility for the following. 
(1) Verify that the EM survey at the facility has been properly performed and documented. 


(2) Verify that shielding provided is sufficient to meet system needs (both known and predicted). 
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(3) Verify that shield continuity is maintained at points of entry of signal cables, power 
conductors, utility lines, and ground conductors. 

(4) Verify that windows, doors, and ventilation ports are shielded along with the walls. 

(5) Verify that all power lines supplying the shielded areas are protected with power line filters. 

(6) Verify that all electrical conduit is steel inside the shielded areas. 

(7) Verify that any wiring ducts are totally enclosed. 

(8) Verify that all metal shields are grounded. 

(9) Verify that all seams and joints are well bonded by welding, solder, or knitted wire gaskets. 

(10) Verify that all metallic utility lines are bonded to the shield at the point of entrance. 


(11) Verify that all openings required for visual access are covered with wire screen or conductive 
glass and that the screen or glass is carefully bonded to the enclosure around the perimeter of the opening. 


(12) Verify that all doors are metal with solid, uniform contact around the edges. 


(13) Verify that all bonds are of the type that will provide the least resistance possible for the 
application, preferably direct bonding with no intervening conductor. 


(14) Verify that the bonding surfaces are cleaned of all such solid materials and moisture. 


(15) After bonding, verify that the completed bond is sealed against the entrance of moisture into 
the mating region. 


(16) Verify that all metallic penetrations and shielded cables through the facility shield are bonded 
to the entry plate. 


(17) Verify that each RF coaxial cable is bonded to the entry plate with a metal bulkhead 
connector, which is bonded to the building entry plate and grounded to the earth electrode subsystem. 


(18) Verify that the shields of all telephone cables entering the facility are bonded to each other 
and to the earth electrode subsystem through the steel entry plate. 


(19) Verify filters specified in the design are installed as shown on the engineering drawings. 
(20) Verify all power line filter cases are directly bonded to the equipment case or enclosure. 
(21) Verify filters are bonded to any subassembly enclosure used to maintain shield effectiveness. 


(22) Verify filters on power, control, and signal lines are installed in a manner that maintains the 
integrity of the shield. 


(23) Verify that the power line filters are completely shielded with the filter case. 


(24) Verify that filters on power control and signal lines are placed as close as possible to the point 
of penetration of the case. 
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b. Testing. Measure the bonding resistance of each bond. One milliohm or less should be the 
acceptable value of the resistance measured. 


c. Inspection and test records. Inspection and test records shall be maintained for the facility with the 
periodic maintenance records and shall be used as the baseline for determining any corrective actions that 
be necessary as a result of unacceptable conditions found during normal routine maintenance activities. 


4-7. Baseline configuration documentation 
Baseline documentation shall be maintained as part of the facility records for the life of the facility. 
Changes to the baseline configuration shall be documented and approved by the responsible engineer. 


Modifications and additions to the facility shall have the same requirements for maintaining an acceptable 
EMI grounding configuration as the original installation. 
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CHAPTER 5 


ELECTROMAGNETIC PULSE 
(EMP) PROTECTION 


5-1. Purpose of EMP protection 


The purpose of the electromagnetic pulse (EMP) protection system is to protect critical electrical systems 
from the effect of intense electromagnetic (EM) effects caused as a result of an explosion. The frequency 
spectrum may extend from below | Hz to above 300 MHz. The high-altitude EMP produced by an 
exoatmospheric nuclear explosion is the form of EMP commonly of most interest because of the large 
area covered by a single bomb. This high-intensity EMP can disrupt or damage critical electronic 
facilities over an area as large as the continental United States, unless protective measures are taken in the 
facilities. The development of such protective measures involves grounding, bonding, and shielding. 


5-2. Types of EMP 
An EMP event can be subdivided into three time-based periods, each of which has distinct characteristics. 


a. Early time EMP. During the early time portion of the EMP the amplitude, duration, and polarization 
of the wave depend on the positions of the burst and the observer, relative to the Earth’s magnetic field 
lines. Peak electric field strengths of over 50 kV/m with risetimes of a few nanoseconds and decay times 
of less than | ps are typical. 


b. Late time EMP. During the late time portion of the EMP, currents are induced in the ground by the 
effects of the expanding and rising fireball constituents. These effects are called the 
magnetohydrodynamic EMP. As a result the currents produced induce image currents in the ground over 
a period of 10 to 100 seconds. Although the field strengths produced at the surface by the 
magnetohydrodynamic EMP are small (tens of volts per kilometer), they occur over long times. Thus, the 
magnetohydrodynamic EMP is a consideration for long power and communications lines and, because of 
its duration, for the energy it can deliver to protective devices. 


c. Intermediate time EMP. Between the early-time EMP and the magnetohydrodynamic EMP, 
transitory phenomena produce what is called intermediate-time EMP. This EMP lasts from about 1 ps to 
about 0.1 s. The intermediate-time EMP observed at the Earth’s surface has a peak electric field strength 
of a few hundred volts per meter and is predominantly vertically polarized. 


d. Surface burst EMP. When a nuclear weapon is detonated at or near the surface of the Earth, neutrons 
and gamma rays are ejected radially outward from the burst center. The surface-burst EMP is a more 
localized source than the EMP and the event may cause large currents to be induced on long conductors, 
such as power lines and communication cables. These currents may be propagated along the conductors 
for great distances from their source. Therefore, this source-region EMP may be important to systems far 
outside the source region if they are connected to the source region through wires, cables, or other 
conductors. 


e. High altitude EMP. The high-altitude EMP is the most important form of EMP for communication 


facilities because of its large area of coverage. However, in addition to the EMP and the surface-burst 
EMP, a few other electrical effects could occur. System-generated EMP is produced when the high- 
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energy particles (mostly gamma- and X-ray photons) produced by the bomb interact directly with the 
system structure. These interactions knock electrons out of the structure, which causes current on the 
structure and potential gradients between the structure and the removed electrons. The structure of 
interest may be system wiring or cable shielding; the current and potential differences are then on system 
circuits. 


5-3. Effects of EMP on facility systems 


EMP interaction with systems may be separated into long-line effects and local effects. Long-line effects 
are the currents and voltages induced on long power lines, communication cable links, or even other 
conductors, such as pipelines. Some of these EMP effects may be induced far away and guided to the 
facility along the conductor. Local effects are the currents and voltages induced directly on the facility 
shield, building structure, wiring, equipment cabinets, etc. These local effects are very difficult to 
evaluate analytically because of the complexity of the facility structure, the lack of information on the 
broadband electrical properties of many of the structural materials, and the extremely large number of 
interaction paths, facility states, and other complicating factors. On the other hand, the local interactions 
can be evaluated experimentally with simulated EMP fields that envelop the facility. 


a. EMP induced currents. The currents induced on long straight overhead lines parallel to the Earth’s 
surface by EMP-like events have been analyzed thoroughly. If the line is over a perfectly conducting 
ground plane, the current has a waveform similar to the EMP early-time waveform, except for a slightly 
longer risetime for lines more than a few feet high. For imperfectly conducting ground, such as soil, the 
imperfect reflection of the wave from the ground allows the line to be driven more strongly and for a 
longer time than if the ground were a good conductor. 


b. Effects on long buried lines. \n long buried lines imperfectly conducting soil does not completely 
reflect the incident field; some of the incident wave is transmitted into the soil. This field in the soil can 
induce current in underground cables, pipes, and other conductors. However, because the velocity of 
propagation of a wave is much less in soil than in air, the bow-wave effect is almost negligible on buried 
conductors. Furthermore, the attenuation on buried conductors is greater than on overhead lines because 
of the proximity of the soil to the buried conductor. 


c. Effects on conductors in contact with the soil. For conductors in contact with the soil (1. e., buried 
bare conductor), the current at any observation point is determined primarily by coupling within one skin- 
depth of the observation point. Current induced at points farther away is so strongly attenuated by the soil 
that it adds little to the total current at the observation point. 


d. Effects on vertical structures. The EMP interacts with vertical structures, such as radio towers, 
waveguides, and cables to overhead antennas, and downleads from power and communication lines in 
much the same manner as it interacts with horizontal lines, except that it is the vertical component of the 
electric field that drives the vertical structures. 


e. Effects on closed shields. The EMP fields incident on a closed shield induces surface currents and 
charge displacements on the outer surfaces of the shield. If the shield is continuous metal (i. e., it has no 
opening or discontinuities in its surface) and about 1 mm thick, voltage is induced in circuits inside the 
shield by these surface currents. 


jf. Effects on insulated penetrating conductors. Conductors, such as power and signal wires, that pass 
through the shield may allow very large currents and voltages to be delivered to internal circuits. The 
current on the wire just inside the shield is about equal to the current just outside the shield; the wire is a 
hole in the shield or, in other words, a 0 decibel (dB) compromise of the shield. A major concern for 
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EMP interaction is the penetrating conductor that can guide EMP-induced waves through shield walls. 
The shield is effective in excluding the incident EM waves, but it has little effect on the waves guided 
through it on insulated penetrating conductors. 


g. Effects on apertures in shield surfaces. Apertures in the shield surface allow the external EMP- 
induced fields to penetrate through the shield and interact with internal wiring or other conductors. The 
external electric field associated with the surface charge density can induce charge on internal cables. 
The external magnetic, field which has the same magnitude as the surface current density can penetrate 
through the aperture to link internal circuits. 


h. Transient radiation effects on electronics (TREE). Another important electrical effect is known as 
transient radiation effects on electronics (TREE). The radiation emitted by the nuclear explosion can 
interact with components of electronic circuits to produce ionization or atomic displacements in the 
semiconductor and insulating materials. The effects range from momentary changes in conductivity to 
permanent changes in crystal lattices. Semi-permanent effects, such as trapped charges in insulating 
materials, may also occur. TREE may upset memories, produce spurious circuit responses (logic errors), 
drive circuits into abnormal states, or cause permanent damage. As with most other EMP forms, damage 
caused by TREE can also occur through secondary effects. Self-inflicted damage may be triggered by 
abnormal conductivity in a junction that allows stored energy to be released. In addition, one circuit may 
be caused to instruct another circuit or another part of the system to perform some forbidden act that 
destroys the circuit or even the system. 


i. Effects on large networks. Protecting large networks from the EMP usually involves conservative 
protection of individual parts of the network in the hope that network hardness will follow from 
component hardness. 


5-4. Grounding protection against EMP 


Some form of grounding is required in any electrical or electronic system for protecting personnel from 
electrical shock, controlling interference, proper shunting of transient currents around sensitive 
electronics, and other reasons. (Grounding does not directly provide protection against EMP, but must be 
done properly to prevent creation of more serious EMP vulnerabilities.) Ideally, grounding would keep 
all system components at a common potential. In practice, because of possible inductive loops, capacitive 
coupling, line and bonding impedances, antenna ringing effects, and other phenomena, large potentials 
may exist on grounding circuits. The choice of grounding concept is therefore important in the EMP 
protection philosophy. 


a. EMP grounding protection considerations. There are important considerations in the EMP 
grounding protection that affect the value that can be placed on EMP protection. The EMP protection 
adds cost to the facility, and the value received for the added cost is confidence that the facility will 
survive EMP. Since EMP would not ordinarily occur during peacetime, degradation of the protection is 
not evident from peacetime operation of the facility. Protecting communication facilities against the EMP 
typically consists of developing a closed EMP barrier about the facility. The barrier consists of a shield to 
exclude the incident space waves and various barrier elements on the essential penetrating conductors and 
in the apertures required for personnel and equipment. 


b. EMP barrier. The EMP barrier is usually a facility-level shield fabricated from welded sheet steel. 
The thickness is usually selected for ease of fabrication, but in areas where exceptional mechanical abuse 
is likely, mechanical strength, as well as workability, may be a consideration. Shield assembly is 
typically accomplished by continuous welding, brazing, hard soldering, or other fused-metal process to 
minimize the number of discontinuities in the shield (a weld or other fused-metal pint is considered 
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continuous metal). This shield should be bonded to the earth electrode system in a number of places, 
typically in a grid configuration with a cable equal in size to the largest earth electrode grounding 
conductor. This bond should be a continuous weld to preclude any potential high resistance bonds that 
may develop with aging of the facility. 


c. Coupling of EM energy to penetrating conductors. Many factors affect the coupling of EM energy 
to penetrating conductors. The EMP waveform characteristics, such as magnitude, rate of rise, duration, 
and frequency, are each important. Further, the observer’s position with respect to the burst is a factor. 
Because the interaction between fields and conductors is a vector process, the direction of arrival and 
polarization is also important. Conductor characteristics also affect EMP coupling. These include 
conductor geometry (length, path, terminations, distance above or below the earth’s surface), physical and 
electrical properties that determine series impedance per unit length (including diameter, resistivity, and 
configuration), and the presence and effectiveness of shielding. For overhead or buried conductors, the 
electrical properties of soil affect coupling. Many elements of a facility can act as efficient collectors and 
provide propagation paths for EMP energy. EMP can couple to structures such as power and telephone 
lines, antenna towers, buried conduits, and the facility grounding system. Actual antennas, non-electrical 
penetrators such as waterpipes, and any other conductive penetration can couple EMP energy into a 
structure. In addition, if the structure is not shielded or is not shielded well enough, EMP can couple to 
the cables between equipment inside. Penetrating conductors (plumbing, waveguides, grounding cables, 
electrical conduit, and cable shields) must be grounded by bonding to the shield wall at their entry point. 
The preferred method of bonding is by peripherally welding them to the wall. However, it is permissible 
to use clamps, collets, etc., that peripherally bond the penetrating conductor to the shield with little or no 
discontinuity. 


d. Treatment of penetrating conductors. Signal and power wires that need not penetrate the shield 
should not penetrate the shield. Wires that must penetrate the shield must be treated with a barrier 
element, such as a filter or surge arrester, that closes the barrier above a voltage threshold or outside the 
passband required for signal or power transmission. 


e. Openings in EMP barriers. Unnecessary openings or discontinuities in the shield are not typically 
allowed. Those openings necessary for personnel and equipment loading and for ventilation must be 
properly grounded to ensure continuity and a continuous path to the ground system. 


5-5. Typical components and installation details 
Typical components and installation details for EMP protection systems are described below. 


a. Shielding. An EMP-induced event can cause a magnetic or electric field to be induced in an 
electrical circuit that can cause an error in the response of the circuit. As in electromagnetic interference 
(EMI) protection described in chapter 4, an effective means for the reduction of this interfering coupling 
is the use of shields around the circuits and around interconnecting lines penetrating the EMP barrier and 
internally within the barrier. 


(1) To determine the shielding required at a facility, the equipment susceptible to such events 
should be surveyed. The sensitive equipment will typically be located within the shielded barrier 
provided for EMP protection. Shielding should be provided for the cabling servicing this equipment by 
installing it in rigid metal conduit that is bonded to the entry plate of the shield. Instrumentation and 
coaxial cable should be of shielded construction with connectors providing additional protection as the 
cable passes through the entry plate into the protected area. 
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(2) Insure that shield continuity is maintained at points of entry of signal cables, power 
conductors, utility lines, and ground conductors. 


(3) Make sure that windows, doors, and ventilation ports are shielded along with the walls. Use 
well-bonded screen wire for windows, use metal doors, and apply honeycomb ducts or appropriate 
screening over ventilation ports. 


(4) Equip all power lines supplying shielded areas with power line filters. 
(5) Securely ground all metal shields. 


b. Bonding. The bonding requirements for EMP protection necessary to ensure a mechanically strong, 
low impedance interconnection between metal objects and to prevent the path thus established from 
subsequent deterioration through corrosion or mechanical looseness are the same as those for EMI 
protection as established in chapter 4. 


c. Entry plates. All metallic penetrations entering the protected area should enter at a common 
location, and all shielded cables, conduits, and pipes should be bonded to an entry plate. This plate 
should be designed and installed as described for EMI protection in chapter 4. 


d. Filters. The majority of the interfering signals will be conductively coupled into the susceptible 
circuit. The proper application of filters to both the signal and power lines to reduce this coupling is the 
same for EMP protection as it is for EMI protection discussed in chapter 4. 

5-6. Interfaces with other grounding and bonding subsystems 

The grounding required for EMP protection is a part of the total facility grounding network. The ultimate 
path to ground is the earth electrode subsystem. Protection against EMP is imperative for sensitive 
electronic equipment to ensure a workable and secure system. Grounding for this protection interfaces 
with each of the major subsystems. Since the influence of EMP-induced interference is similar to that 
seen by lightning discharges, the lightning subsystem and the earth electrode subsystem are the main 
interfaces with the EMP protection system. It is, therefore, imperative that these systems be properly 
designed and constructed to ensure the most direct and lowest possible impedance to the earth ground. 
5-7. Inspections and testing 


Thorough inspection and testing programs are imperative to assess the effectiveness of the EMP 
protection measures utilized. 


a. Inspections. Inspect the facility for the following. 
(1) Verify that the EMP survey at the facility has been properly performed and documented. 
(2) Verify that shielding provided is sufficient to meet system needs (both known and predicted). 


(3) Verify that shield continuity is maintained at points of entry of signal cables, power 
conductors, utility lines, and ground conductors. 


(4) Verify that windows, doors, and ventilation ports are shielded along with the walls. 
(5) Verify that all power lines supplying the shielded areas are protected with power line filters. 


(6) Verify that all electrical conduit is steel inside the shielded areas. 
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(7) Verify that any wiring ducts are totally enclosed. 

(8) Verify that all metal shields are grounded. 

(9) Verify that all seams and joints are well bonded by welding, solder, or knitted wire gaskets. 
(10) Verify that all metallic utility lines are bonded to the shield at the point of entrance. 


(11) Verify that all openings required for visual access are covered with wire screen or conductive 
glass and that the screen or glass is carefully bonded to the enclosure around the perimeter of the opening. 


(12) Verify that all doors are metal with solid, uniform contact around the edges. 


(13) Verify that all bonds are of the type that will provide the least resistance possible for the 
application, preferably direct bonding with no intervening conductor. 


(14) Verify that the bonding surfaces are cleaned of all such solid materials and moisture. 


(15) After bonding, verify that the completed bond is sealed against the entrance of moisture into 
the mating region. 


(16) Verify that all metallic penetrations and shielded cables through the facility shield are bonded 
to the entry plate. 


(17) Verify that each RF coaxial cable is bonded to the entry plate with a metal bulkhead 
connector, which is bonded to the building entry plate and grounded to the earth electrode subsystem. 


(18) Verify that the shields of all telephone cables entering the shielded facility must be bonded to 
each other and to the earth electrode subsystem through the steel entry plate. 


(19) Verify that filters specified in the design are installed as shown on the engineering drawings. 
(20) Verify that all power line filter cases are directly bonded to the equipment case or enclosure. 


(21) Verify that filters are bonded to any subassembly enclosure used to maintain shield 
effectiveness. 


(22) Verify that filters on power, control, and signal lines are installed in a manner that maintains 
the integrity of the shield. 


(23) Verify that the power line filters are completely shielded with the filter case. 


(24) Verify that filters on power control and signal lines are placed as close as possible to the point 
of penetration of the case. 


b. Testing. Measure the bonding resistance of each bond. One milliohm or less should be the 
acceptable value of the resistance measured. 


c. Inspection and test records. Inspection and test records shall be maintained for the facility with the 


periodic maintenance records and shall be used as the baseline for determining any corrective actions that 
be necessary as a result of unacceptable conditions found during normal routine maintenance activities. 
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5-8. Baseline configuration documentation 


Baseline documentation shall be maintained as part of the facility records for the life of the facility. 
Changes to the baseline configuration shall be documented and approved by the responsible engineer. 
Modifications and additions to the facility shall have the same requirements for maintaining an acceptable 
EMP grounding configuration as the original design configuration. 
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CHAPTER 6 


EVALUATING, MODIFYING, AND MAINTAINING 
EXISTING C4ISR FACILITIES 


6-1. Purpose of evaluating, modifying and maintaining existing C4ISR facilities 


The purpose of this chapter is to provide guidance, steps, and procedures for verifying, upgrading, and 
evaluating the grounding, bonding, and shielding networks in an existing facility. The specific items to 
consider and inspection procedures used during the evaluation of the facility will be addressed. The 
procedures are directed toward verifying that the grounding, bonding, and shielding networks have not 
been compromised, that the basic resistance goals continue to be met, and that corrosion is effectively 
controlled. 


6-2. Facility survey 


For an existing facility with electrical wiring already installed, with an earth electrode subsystem 
(frequently only a connection to the water system) present, and with electrical/electronic equipment in 
place, the installation of the grounding, bonding, and shielding networks described in previous chapters 
may not be straightforward. In recognition that major retrofitting, with the attendant costs and operational 
disruption, may be required in order for the facility to conform to the recommended practices and 
procedures, it is necessary that a comprehensive grounding, bonding, shielding, and lightning protection 
survey be made of the entire facility. The findings of the survey should be documented on a survey form. 
Survey forms are DA Forms 7452-4-R through 7452-9-R as shown in figures 6-1 through 6-6. 
Reproducible forms can be found at the end of the manual. The results should be critically analyzed to 
determine the extent to which the existing system fails to conform to the recommendations set forth in the 
previous chapters. In areas of non-conformance, the performance history of equipment and subsystems in 
the facility should be examined to establish, if possible, any relationships which exist between noted 
deficiencies and operational problems. Then the decision to retrofit and the extent of any such retrofitting 
can be made based on the relative need to improve and on the overall cost of the retrofit. 


a. Baseline configuration. Before upgrading, altering, or expanding the grounding, bonding, or the 
shielding of a facility, it is necessary to define and analyze the existing system. This definition and 
analysis should include drawings depicting the ground system layout of the facility; determination of the 
condition, integrity, and effectiveness of the existing grounding, bonding, and shielding systems; 
documentation of existing conditions; and a comparison of the findings with the facility requirements to 
determine if improvements are needed. 


(J) Engineering drawings for the facility should include all structures, the configuration of the earth 
electrode subsystem, location of utility piping and cable systems, general landscape features, and building 
profiles. Drawings should also show methods of connecting to the earth electrode subsystem, methods 
used for structural steel assembly, locations and methods for the installation of reinforcing steel as well as 
metal screens or sheets. Electrical drawings should show wire sizes, breaker sizes, as well as cable type, 
routing and enclosures utilized, the lightning protection subsystem, with heights and locations of air 
terminals, down conductor sizes and routing, fasteners, guards, and connections to the earth electrode 
subsystem. 
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(2) Compare the drawings with the existing configuration. If the drawings do not match the 
configuration, review available maintenance and change records to confirm the changes made where 
acceptable. Update the drawings as needed to reflect additions or modifications that have been made but 
not entered on the drawings. If new drawings must be prepared, be sure they include all elements of the 
structure. It is very important that an accurate representation of the existing configuration be used in 
determining what changes are required to the grounding system. 


EARTH ELECTRODE SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 
Fort Tank 20020228 
3. LOCATION 4. INSPECTOR 


Andre Ampere 


Building 1929 
5. SKETCH THELAYOUT OF THE EARTH ELECT RODE SUBSYSTEM (Or attach anup-to-date engineering drawing) 


See attached drawing O001-51-7, 30 April 2001 


6. SOIL CONDITIONS (Type) 7. EARTH ELECTRODE SUBSYSTEM RESISTANCE MEASUREM ENT 


LOAM OR HUMUS ><] clay SAND GRAVEL Be Ohms 
8. LAST RESISTANCE MEASUREM ENT 9. MONTHS SINCE LAST RESIST ANCE MEASUREMENT 
1.4 ohms 14 
COMPONENT IDENTIFICATION 
10. GROUND RODS 
10a. TYPE 10b. SIZE (Diameter) 10c. LENGTH 10d. PHYSICAL CON DITION 
copper i" 20 ft good: no corrosion, no damage 
11. GROUN D CONDUCT ORS 
11a. TYPE 11b. SIZE 11c. MATERIAL 11d. PHYSICAL CON DITION 
stranded/bare 1/0 copper good:no corrosion 
12. INTERCONNECTIN G CONDUCTORS 
12a. TYPE 12b. SIZE 12c. MATERIAL 12d. PHYSICAL CON DITION 
stramded 1/0 copper good:no corrosion 

13. RISERS 
13a. PHYSICAL CON DITION 13b. MEAS URED RESISTANCE 

good 1.5 ohms 
13. GROUND WELLS 
13a. PHYSICAL CON DITION 13b. MEAS URED RESISTANCE 

good 1.0 ohms 
14. WEATHER CON DITIONS (At time of ins pect ion) 

WET >< | DRY SNOW tis. RAIN MIST 

15. MEASURED TEMPERAT URE 16. DAYS SINCELAST PRECIPIT ATION 

80 F 10 days 


USAPA V1.00 


DA FORM 7452-4-R, FEB 2002 


(2) Figure 6-1. Sample of completed DA Form 7452-4-R 
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GROUNDING AND BONDING CONNECTION CHECKLIST FOR EXISTING FACILITIES 


For use of this form, see TM 5-690; the proponent agency is COE. 


Building 316 


Lou Swire 


1. FACLITY 2. DATE (YYYYMIVIDD) 
Fort Tank 20020328 
3. LOCATION 4. INSPECTOR 


5. GENERAL CONDITION 


EXCELLENT > | Good POOR UNACCEPT ABLE 
6. SPEQFIC DEFICIENCIES 
LOCATION DEFICENCIES 


. Service entrance raceway 


The metallic raceway is not bonded 


. Service entrance panel (2000A) 


Bonding jumper is undersized (42 AWG Cu) 


. Distribution panel D-1 


Neutral bus is bonded to ground bus 


. Raceway between panel D4&D5 


Connector (fitting) is non-metallic 


MR] WwW) rho)» 


. Panel DP-7 


No ground bus. Neutral bus is used for both neutral and ground conductors 


7. RESISTANCE (U&e double balanced ac bridge or approved bond r esis tance meter and identify those bonds whose resistance is greater than 1.Omilli-ohy) 


LOCATION 


DEFICENCES 


1. Raceway between panels D-3 


and D-7 


High resistance is due to non-metallic fitting 


2. Between panels D-7 & D-9 


Metallic raceway is not continuous 


8. INEFFECTIVE BON DINGJUVPERS 


LOCATION MATERIAL LENGTH SIZE DEFIGQENGIES 
1. Service entrance panel (2000A) |copper 10" #2 AWG undersized 
2. Distribution panel D-6 (300A) copper vias #6 AWG undersized 
3. Distribution panel D-9 (150A) copper 24" #2 AWG too long 


DA FORM 7452-5-R, FEB 2002 


Figure 6-2. Sample of completed DA Form 7452-5-R 
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LIGHTNING PROTECTION GROUNDING SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 


For use of this form, see TM 5-690; the proponent agency is COE. 


1. FAQLITY 2. DATE (YYYYMIMIDD) 

Fort Tank 20020330 
3. LOCATION 4. INSPECTOR 

Building 358 Joe Sparks 


See attached drawing 001-50-09, 12 December 2001 


5. SKETCH THE LAYOUT OF THE ACTUAL LIGHTNING PROTECTION SUBSYSTEM (Q: at tach an up-to-date engineering drawing if it exists) 


6. ALL LIGHT NING PROTECTION EQUIPMENT UL LABELED 


7. ULMASTER LABEL ISSUED AND PROPERLY ATT ACHED TO THE BUILDING 


[><] YES NO ><] YES NO 
8. AIR TERMINALS 
8a. HEIGHT 8b. MATERIAL 8c. SIZE (Diameter) 
2 ft copper 5/8" 
8d. PROPER BASES/ATT INGS 8e. PROPERLY INST ALLED 8f. LOCATED ANDSPACED AS SPECIFIED 
[><] YES NO x | YES NO x | Yes ae) 
8g. DOES THE HEIGHT OF AIR TERMINALS PROVIDEPRCP ER CONE OF PROTECTION 8h. PHYSICAL CONDITION 
x | YES NO well maintained 
9. ROOF CONDUCT ORS 
9a. TYPE Qb. SIZE 9c. MATERIAL 
stranded 2/0 copper 
9d. BEND RADIUS ACCEPTABLE 9e. SECURELY FAST ENED 9f. PROPER FITTINGS 
[><] YES NO > | YES NO [><] YES NO 
9g. PROPERLY BONDED TO AIR TERMINALS AND OTHER MET AL OBJECTS ON ROOF 
[><] Yes NO 
Qh. PROPERLY INTERCONNECTED TO OTHER CROSS ROOF CONDUCT ORS 9i. PHYSICAL CONDITION 
[><] Yes NO good 
10. DOWN CONDUCTORS 
10a. TYPE 10b. SIZE 10c. MATERIAL 10d. BEND RADIUS ACCEPTABLE 
stranded 2/0 copper ><] YES NO 
10e. SECURELY AN CHORED 10f. PROPER FITTINGS 10g. LOCATED ANDSPACED AS SPECIFIED 
[><] YES NO >< | YES NO > | YES NO 
10h. PROPERLY BONDED TO ROOF CONDUCT ORS /AIR TERMINALS AND GROUN DIN GELECTRODES 
| YES NO 
10). PHYSICAL CONDITION 
good 
11. GUARDS 
11a. TYPE 11b. SOLIDLY ANCHORED ee 10c. PHYSICAL CON DITION 
PVC > ] YES NO good 
12. GROUNDINGELECTRODES 
12a. TYPE 12b. SIZE 12c. LENGTH (Fach) 12d. FORM COUNT ERPOISE LOOP 
copper clad 5/8" 20 ft >< | YES NO 
12e. DISTANCE BELOW GRADE LEVEL 12f. DSTANCE FROM OUTER WALL 12g. PROPERLY INSTALLED 
2 ft 6 ft > | Yes NO 
12h. PROPERLY CONNECTED TO OTHER GROUN DING SYSTEMS OF THE BULDING 
> | YES / | No 
12). PROPERLY CONNECTED TO DOWN CONDUCTORS 12). GROUND RESISTANCE MEASUREMENT 
>< | YES . |No 10 ohms 
DA FORM 7452-6-R, FEB 2002 USAPA V1.00 


Figure 6-3. Sample of completed DA Form 7452-6-R 
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GROUND FAULT PROTECTION SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form see TM 5-690; the proponent agency is CCE. 


1. FAQLITY 2. DATE (YYYYVIVDD) 

Fort Tank 20020301 
3. LOCATION 4. INSPECTOR 

Building 1929 Max Drain 


5. CHECK THE GROUNDED (Neutral) AND GROUNDING CG ROUITS FOR PROPER INSTALLATION, CONNECTION, AND BON DINGFROM THE SERVICE ENTRANCE PANELS TOTHE DISTRIBUTION 
PANELS. VERIFY THAT THE GROUNDED AND GROUNDINGCONDUCT ORS ARELOCATED IN THE SAVE CONDUIT AS THE LINE (Hot) CONDUCTORS. RECORDTHE DATAAND ALL 


DEA CENCES. 


MAIN GROUNDED GROUNDING PROPER PROPER LOCATED IN SAME 
LOCATION BREAKER QRCUIT QRCUIT INSTALLATION BONDING CONDUIT 
RATING SIZE MATERIAL SIZE MATERIAL YES NO YES NO YES NO 
Main panel MP-1 1000A a copper 4/0 copper >< >< >< 
Distribution panel DP-1 225A 4/0 copper #2 copper >< x x 


6. MEASURE THE LINE-TONEUTRAL VOLTAGES, LINE-TO-GROUND VOLTAGES, AND NEUTRAL-TOGROUND VOLTAGES AT ALL PANELS AND DISCONNECTED SWITCHES 


LINE-TONEUT RAL VOLTAGES LINE-TO-GROUND VOLTAGES NEUTRAL-TO-GROUND VOLTAGES 
Ne V (AN) VeN Vicn Vac) Veo Vice V (NG) 
Main panel MP-1 418V 480V 481V 480V 480V 481V 0.2V 
Distribution panel DP-1 480V 480V 481V 479V 480V 481V 0.5V 


7. MEASURE THE LINE (Hot) CURRENTS, NEUTRAL CURRENTS, AND GROUND QURRENTS 


LINE CURRENTS NEUTRAL CURRENT NEUTRAL CURRENT 
LOCATION 
la) lB) Ke) aN) liq 
Main panel MP-1 650A 630A SISA 150A 1.5A 
Distribution panel DP-1 110A 100A 115A 52A 2.0A 


8. RECORD ALL NATIONAL ELECTRIC CODE (NEC) AND NATIONAL ELECTRIC SAFETY CCDE (NESC) VICQLATIONS 


LOCATION MOLATIONS 


Distribution panel DP-2 Neutral bus is bonded to ground bus 


Distribution panel DP-5 No ground bus. All ground conductors are connected to neutral bus 


DA FORM 7452-7-R, FEB 2002 USAPA V1.00 


Figure 6-4. Sample of completed DA Form 7452-7-R 
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SIGNAL GROUND REFERENCE SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 


For use of this form see TM 5-690; the proponent agency is CCE. 


1. FAQLITY 2. DATE (YYYYVIVDD) 

Fort Tank 20020304 
3. LOCATION 4. INSPECTOR 

Building 358 Al Volta 


5. SKETCH THE LAYOUT OF THE EXISTING SIGNAL GROUND REFERENCE SUBSYSTEM OR ATTACH AN UP-TO-DATE ENG NEERINGDRAWING 


See attached drawing 001-504, 20 December 2001 


6. VISUALLY INSPECT THE EXSTINGSIG\IAL GROUND REFERENCE SUBS YSTEIVI FOR SIGNS CF DETERICRATION, BURNING, CORROSION, OR DAMAGE. RECORD ALL DEH CENCIES. 


LOCATION GROUND COMPONENTS DEFIG ENCES 
Tower antenna #3 Ground conductor corrosion 
Battery set #3 (Room 12) Ground bus corrosion 


7. CHECK THE CONTINUTY CF THE GROUNDING CIRCUITS. CHECK ALL CONNECTORS, JOINTS, BONDS, ANDFITTINGS FOR PROPER INSTALLATION, CRACKS, AND TIGHTNESS. RECORD 


ALL DEA CENGES. 

LOCATION DEFIGQENCES 
Computer room (Room 2) Bond between the server #2 frame and raised floor frame was broken 
Telephone room (Room 3) Battery rack is not grounded 


8. MEASURE THE RESIST ANCE BETWEEN CONNECTORS, JOINTS, BONDS, AND FITTINGS USINGDOUBLE BALANCED DC BRIDGE. RECORD ALL MEASUREIVENTS. 


LOCATION CONNECTIONS RESISTANCE 
Computer room (Room 2) Bond between ground plate and raised floor 0.2 milliohms 
DCO Bond between ground bus and phone rack .03 milliohms 


9. MEASURE THE EARTH TO GROUNDRESI STANCE CF THE SIG\IAL GROUND REFERENCE SUBSYSTEIVI USING THE FALL OF POTENTIAL METHOD. RECORDTHE IVEASURBVENT. 


RESI STANCE 1.5 ohms 


DA FORM 7452-8-R, FEB 2002 


Figure 6-5. Sample of completed DA Form 7452-8-R 
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SHIELDING SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form see TM 5-690; the proponent agency is CCE. 


1. FAQLITY 2. DATE (YYYYVIVDD) 

Fort Tank 20020227 
3. LOCATION 4. INSPECTOR 

Building 358 Lou Scable 


5. VISUALLY INSPECT THE EXISTING SH ELD NETWORK FOR PROPER GROUNDING AND SIGNS OF DAMAGE, CORROSION, AND LOOSEN ESS 


LOCATION DEFIGENCES 


Service entrance point Corrosion at point of bonding to the shield 


6. CHECK SHELDING ON ALL DOCRS, WINDOWS, VENTILATION PORTS, VISUAL AOCESS OPEININGS, AND WALLS FOR PROPER INSTALLATION AND BONDING 


LOCATION DEFIGENCES 


Ventilation port No bonding screen wire applied 


7. CHECK ALL UTILITY LINES, ELECTRICAL CONDUCTORS, AND DATA CABLES FOR PROPER BONDING AND SH ELDING YES NO 
7 UTILITY LINES, ELECTRICAL CONDUCTORS, ANDDATA CABLES ARE PROPERLY BONDED TO THE SHIELD AT THE POINT OF ENTRANCE x< 
b ALL ELECTRICAL GROUNDED AND GROUNDING CONDUCTORS ARE IN THE SAME CONDUT AS PHASE CONDUCT ORS x 
AL BECTRICAL ALTERS AND CONDUCTORS ARE PRCPERLY ENCLOSED INSIDE METAL (STEEL) CASES/CONDUITS x 
d. ALL METAL OBJECTS/CASES/CONDUITS AREPROPERLY BONDED TO GROUND x 
e. DATACABLES ARE PROPERLY BONDEDTOT HE SIGNAL GROUNDFEFERENCE SYSTEM x 
8. MEASURE STRAY CURRENTS ON THE GROUND Cl ROUITS 
LOCATION GROUND CIRCUITS CURRENT MEASUREMENTS 
Service entrance Electrical ground conductor 0.5 amps 
Data cable shield 0.1 amps 
9. MEASURE THE BOND RESISTANCES 
LOCATION BOND CIRCUIT RESISTANCES 
Service entrance Data cable to shield 0.1 ohms 
DA FORM 7452-9-R, FEB 2002 USAPA V1.00 


Figure 6-6. Sample of completed form 7452-9-R 
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b. Field inspections. After the drawings are obtained or prepared, conduct a comprehensive survey of 
the grounding, bonding, shielding, and lightning protection practices throughout the facility. This survey 
should cover all the major elements of the fault protection subsystem, signal reference subsystem, 
bonding (both in current paths and between structural elements), lightning protection for the structure, and 
shielding for both electromagnetic interference (EMI) [and electromagnetic pulse (EMP), if required] and 
personnel protection. 


(1) Visual observations should be concisely documented and related to the engineering drawings for 
the facility. Measurements performed and data collected should be accurately documented on the survey 
form. The steps of the inspections are as follows. 


(a) Analyze the earth electrode subsystem and measure its resistance to earth (figure 6-1). 


(b) Inspect a representative number (5 to 10 percent) of the bonds throughout the facility (figure 
6-2). 


(c) Inspect and evaluate the lightning protection subsystem (figure 6-3). 
(d) Inspect fault protection subsystem; make spot checks of stray current levels (figure 6-4). 


(e) Wisp out and describe the signal grounding networks (or systems) present in the facility 
(figure 6-5). 


(f) Perform a ground system shielding survey (figure 6-6). 
(g) Evaluate (if applicable) the electromagnetic (EM) shielding of (or in) the facility (figure 6-6). 
(h) Before leaving the facility, review the survey forms for accuracy and completeness. 

(2) A comprehensive survey of the earth electrode subsystem should include the following items. 


(a) Determine the configuration of the earth electrode subsystem for the facility. Sketch the 
conductor layout on the survey form or on an attached sheet. Engineering drawings may be attached in 
lieu of the sketch. Corrections or additions should be made to the drawings as appropriate (figure 6-1 #5). 
Identify the type of earth electrode subsystem present, i.e., rods, ring ground, grid, grid with rods, plates, 
horizontal radials, utility pipes, etc. (figure 6-1 #10 through #13). Note all interconnections between the 
earth electrode subsystem and other conductors such as water pipes, buried tanks, structural columns, 
underground guard cables, antenna counterpoises, and power grounds (figure 6-2). 


(b) To the extent that information is available, determine the composition (copper, copperclad 
steel, steel, solid, hollow, etc.), diameter, and length of ground rods, as well as the size, depth, and 
composition of the ring ground. If horizontal rods or ribbons are used, record the dimensions; likewise, 
record the physical dimensions and composition of plates, cylinders, or other types of electrodes (figure 
6-1 #10 through #13). 


(c) Examine the conductor or conductors used to ground the power system neutral in the first 
service disconnecting means (1.e., main power switch or breaker for the facility), the power transformers, 
or other elements of the power distribution system to the earth electrode subsystem. Record the size or 
sizes on the survey form. Using a clamp-on ammeter, measure the ac current in each of these conductors 
and record the value on the survey form (figure 6-4). 
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(d) Inspect those bonds associated with the earth electrode subsystem carefully for evidence of 
looseness, corrosion, electrolysis, and lightning or mechanical damage (figure 6-2). 


(e) Make a general classification of the type of soil at the site. If the site possesses unique 
properties (i.e., located on a mountaintop, in a swamp, on a coral reef), appropriately indicate the unusual 
features (figure 6-1). Also generally describe the weather conditions existing at the time of the survey, 
particularly if the earth resistance measurement described in the next step is performed. If known, 
indicate how recently rainfall totaling at least 0.01 inch has occurred. State if any soil treatment or 
enhancement procedures have been utilized (figure 6-1). 


(f) Measure the resistance to earth of the earth electrode subsystem using the fall-of-potential 
method (figure 6-1). 


(3) A comprehensive survey of the lightning protection subsystem should include the following 
items (figure 6-3). 


(a) Make a sketch of the lightning protection network for the facility or compare the system as 
installed with the engineering drawings. Indicate the location of air terminals (lightning rods), the routing 
of roof and down conductors, connections to the earth electrode subsystem, and the location and size of 
bonding jumpers. 


(b) Document the Underwriters Laboratories (UL) listing of the system if available. 


(c) Record the height (above the roof) and material of the air terminals. Inspect for evidence of 
burning, pitting, or melting of a degree that seriously weakens (physically) the air terminals. Identify 
other metallic extensions (railings, antenna masts, etc.) extending above the air terminals or outside the 
150-foot radius of protection. 


(d) Record the cable sizes and materials used for roof and down conductors. Examine both 
types of conductors for unnecessary length, sharp or unnecessary turns [radii less than 20 cm (8 inches)], 
corrosion, and mechanical damage. 


(e) Check fasteners and mounting hardware for secure mounting, looseness, corrosion, and 
mechanical damage. Verify that fasteners for connecting dissimilar metals (e.g., copper to aluminum) are 
of UL approved bimetallic construction. 


(f) Ensure that interconnections between the lightning protection subsystem and the earth 
electrode subsystem, structural metals, utility lines, etc., are recorded. 


(g) Inspect the guards that provide mechanical protection for down conductors. Note any down 
conductors in areas with public access or subject to contact by equipment or machinery. All such down 
conductors must be guarded with metallic or non-metallic (preferably) guards to a height of at least 2.7 
meters (9 feet) from grade or floor level. Such guards must be securely fastened in place and not show 
appreciable physical degradation. Metal guards to include electrical metallic tubing (EMT) and conduit 
must be bonded to the down conductor at the top and bottom. 


(4) A comprehensive survey of the fault protection subsystem should include the following items 
(figure 6-4). 


(a) Inspect the fault protection subsystem for conformance with the requirements of 
MIL-STD-188-124B and the National Electrical Code (NEC). Specifically, all equipment 
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supplied with electric power and other electrical apparatus falling within the jurisdiction of the 
standard or the NEC, must be grounded in accordance with the standard or the code. Inspect the 
facility and the equipment associated with the facility to see that grounding (green) conductors 
are present and record the sizes of the conductors. See that all connections are tight and well 
made. 


(b) Verify that color continuity is maintained from the breaker panels to the equipment. In 
particular, be alert for white wire/green wire reversals. 


(c) Verify that the neutral white wire (or other designated conductor) is not grounded at 
intermediate distribution panels, at switch boxes, or inside equipment. The grounded conductor (neutral 
white wire) shall be bonded to the earth electrode subsystem only at the first service disconnecting means. 
Facilities which can be temporarily removed from service should be de-energized and the main power 
switch locked or otherwise secured open. With electrical power removed, disconnect the neutral from 
ground at the first service disconnecting means and check for continuity between the neutral and the 
grounding conductor. A low resistance reading (<10 ohms) indicates that the neutral is connected to 
ground somewhere other than at the first service disconnect. This ground connection must be located and 
removed. Under normal operation, a one megohm resistance should easily be attained. 


(d) Measure for stray currents using a clamp-on ammeter in the safety ground network at selected 
points throughout the facility. Choose a sufficient number of points to give an indication of the relative 
stray current level in the facility. In facilities containing electronic equipment, record and take action to 
correct all levels greater than 0.1 ampere. 


(5) A comprehensive survey of the signal reference subsystem should include the following items 
(figure 6-5). 


(a) Prepare a general description of the methods, techniques, and practices of signal grounding 
in the facility. Determine if an identifiable, dedicated signal grounding network is present. Note the 
equipment served by the network. Include the description of this network and record the location and size 
of wires or buses used as signal conductors. Also determine the existence of an equipotential plane. 


(b) Using a double balanced bridge or a four-terminal milliohmmeter, measure the resistance 
between selected points of the signal ground network. Where lower frequency ground networks exist, 
measure the resistance between those points on the network where equipment interconnections are made. 
Measurements between equipment cabinets should not exceed 20 milliohms. Measurements between the 
cabinet and ground or the cabinet and the structure should be no more than five milliohms. 


(6) Acomprehensive survey of the bonding subsystem should include the following items (figure 
6-2). 


(a) Visually check a representative number (5 to 10 percent) of the various types of bonds in use 
throughout the facility. Welded, brazed, or silver soldered connections should be examined for broken or 
cracked seams, presence of voids, size of filler deposit length and number of deposits (if discontinuous), 
and evidence of corrosion. Soft soldered bonds should be inspected for broken connections, evidence of 
cold solder joints (crystalline, grainy appearance), and signs of overheating. Soft solder should only be 
used to improve conductivity at load bearing joints; it should not be required to provide mechanical 
restraint. There shall be no solder joints in either the fault protection subsystem (this includes the green 
wire network) or in the lightning protection subsystem. Bolted joints should be checked for looseness, 
inadequately sized fasteners, corrosion of either the fastener or main member, improper use of washers 
and locknuts, absence of or inadequate coverage with protective coatings, damaged or missing hardware, 
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and improperly cleaned mating surfaces. Be particularly thorough in the inspection of bolted connections 
in areas open or exposed to the weather. Joints using rivets, clamps, and other type fasteners should 
generally be examined for looseness and corrosion. 


(b) Record the location and nature of specific bond deficiencies. 


(c) Concurrently with or following the visual inspection of the bonds, perform bond resistance 
measurements. Select five to ten bonds that visually appear tight, well made, and corrosion free and 
measure their resistances. The sampling should include structural bonds, equipment-to—structure bonds, 
connections between safety ground wires, conduit-to-conduit or conduit-to-cabinet joints, bonds in 
lightning down conductors (to include structural columns if used for lightning discharge paths), and 
others as appropriate. Measure all bonds exhibiting visible defects. These measurements indicate the 
actual resistance between the two measurement points and also include the effects of any paths in parallel 
with the bond under test. 


(d) For every bond exhibiting a resistance greater than one milliohm, check for looseness; if the 
connection is loose, tighten the fastener. Measure the resistance again after tightening. If the resistance is 
still greater than one milliohm and the joint can be readily disassembled, disassemble the joint and check 
for corrosion, debris, paint, or other non-conductive materials. Remove the material, reassemble the 
bond, and re-measure the resistance. If the resistance is still greater than one milliohm, note on the survey 
form the location of the bond and indicate the type of corrective action needed. 


(e) Bonding jumpers using wires, cables, or wide metal straps are frequently used for fault 
grounding, signal grounding, and lightning grounding. Fault protection jumpers should conform to 
Article 250 of the NEC®. If they do not conform to Article 250, the jumpers should be replaced with 
cables or straps of the sizes specified by the NEC®. Signal grounding straps should be only as long as 
needed to bridge the physical distance and should exhibit a length to width ratio of not greater than 5 to 1. 
Lightning bonds should be restricted to not more than 1.8 meters (6 feet) and should only be used to 
interconnect lightning down conductors to nearby metallic objects. In addition to these requirements, 
examine the end connections at the end of the straps or jumpers for looseness, corrosion, and mechanical 
damage as described above. Any bond jumper not conforming to these requirements should be 
documented in the survey form. Note the specific location and indicate the type of corrective action 
needed. 


(7) A comprehensive survey of the shielding subsystem should include the following items (figure 6- 
6). 


(a) Identify the presence and nature (or type) of shields at the facility. (Recognize that shielding 
may be incidentally provided by a wall, screen, or other type of barrier that is primarily intended for a 
different purpose.) Record the description of the type of shields on the survey form. 


(b) Inspect screens, shielded cabinets, doors, covers, etc., of all designated RF barriers for wear, 
damage, corrosion, broken bond straps, broken or damaged bonds, and loose gaskets. Observe equipment 
operation for evidence of interference, noise, or malfunctions. Record deficiencies on the survey form. 
Ensure that grounding conductors passing through a designated RF barrier are bonded. 


(c) Be sure that the bonds and bonding inspection include the shields. 


(d) Examine cables and connectors for broken or frayed shields, improper mounting, and 
evidence of corrosion. Check to see if the termination of cable shields is properly performed. 
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6-3. Performance evaluation program 


Use the information available from the corrected drawings and the facility survey to determine if 
modification or upgrading of the facility is necessary. Compare the grounding, bonding, shielding, and 
lightning protection networks and practices with the recommendations contained in the previous chapters 
of this manual. While making these comparisons, be particularly alert for indications of operational, 
installation, or maintenance problems (either with a system or with a piece of equipment) which may be 
directly or indirectly related to a noted deficiency. Where a need for upgrading is indicated, determine 
what retrofit steps would be necessary and estimate the costs. If the operational mission of the facility 
justifies the cost, proceed with the implementation. 


6-4. Upgrades 


The following guidelines may be used to help evaluate the survey findings and to help define the retrofit 
steps which should be taken. This set of guidelines is not to be considered as all inclusive. Specific 
situations can be expected to arise that will not be adequately covered by the guidelines. These situations 
must be recognized and dealt with on an individual basis. 


a. Earth electrode subsystem. If the measured resistance of the earth electrode subsystem is greater 
than 10 ohms, identify the reason for the high resistance. Review the past record (if available) of earth 
resistance measurements for signs of gradual increases in resistance as well as sudden resistance changes. 
(Discard from consideration "zero" resistance reading and other similarly unobtainable values.) Examine 
the resistance readings for possible correlation with site changes. 


(1) Once the reason for the high resistance and local climatic conditions is established, determine 
the most appropriate method in terms of cost and ease of implementation for reducing the resistance. 
Typical alternatives include the use of more or longer ground rods, the installation of horizontal grids or 
wires, chemical salting, or the drilling of wells down to the permanent water table. 


(2) Carefully review the building drawings to insure that proper connections to the earth electrode 
subsystem are provided for all elements of the facility. 


(3) All specific earth electrode subsystem installation deficiencies such as grounding conductor 
sizes not in conformance with MIL-STD-188-124B requirements or maintenance deficiencies such as 


loose or corroded bonds and fasteners should be corrected as soon as possible. 


b. Lightning protection subsystem If no lightning protection subsystem exists for the structure, 
determine if one is needed. 


(1) Where a structural lightning protection subsystem exists, all deficiencies noted during the 
survey should be corrected. 


(a) All seriously degraded damaged air terminals should be replaced. 
(b) Air terminals should be relocated as needed so that they are the objects of highest elevation 
on the structure and where they provide a 1:1 cone of protection for the antennas without affecting their 


operation. 


(c) Down conductors should be rerouted or additional down conductors added where more direct 
paths to the earth are needed. 
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(d) If not already provided, the lightning protection network should be interconnected with the 
earth electrode subsystem, electrical ground, utility pipes, equipment grounds, and with the building 
ground to provide common grounding for all. 


(e) All corroded and mechanically damaged connectors and fasteners should be replaced with 
UL-approved devices. 


(f) Missing and severely damaged guards should be replaced. 


(g) If the structure is used as a lightning down conductor or as an electrical safety grounding 
conductor, see that all joints are effectively bonded. 


(h) If more than 25 percent of the bonds measured exhibit a resistance greater than one milliohm 
then all bonds throughout the facility should be inspected carefully, and the resistance measured. Each 
one found deficient should be redone. 


(2) The lightning protection subsystem should be expanded as needed to provide protection for 
those parts of the facility extending outside the established cones of protection. 


(3) At those facilities where the lightning outage history indicates a need for surge protection on 
either signal or power lines, appropriate lightning and surge protectors should be installed. Insure that the 
protectors are adequate for protecting the type of equipment on which installed. 


c. Coupling path analysis. Review electrical wiring diagrams and the electrical equipment distribution 
within the facility to determine possible direct or indirect coupling paths between noisy equipment and 
susceptible electronic apparatus. Apply corrective measures such as relocating equipment, redistributing 
the electrical load so that potentially interfering equipment are served by separate feeders, installing 
electrical feeders in steel conduit or raceway to reduce magnetic fields, and relocating signal lines to 
sensitive equipment at the maximum possible distance from power conductors feeding noisy equipment. 


d. Equipment malfunction analysis. Correlate, if possible, any evidence of equipment malfunctions due 
to electrical noise on signal or control cables with the measured values of stray currents or voltages on 
grounding conductors and on cable shields. If such correlation exists, determine as best as possible the 
probable cause of such noise voltages. Perform corrective actions as necessary to bring the noise levels to 
acceptable values. 


e. Signal grounding analysis. Carefully review the drawings of the facility to identify the type of signal 
grounding employed throughout the facility. If operational experience as indicated by maintenance logs 
or outage reports and operator comments reveal problems with system noise and interference attributable 
to grounding deficiencies, determine the severity of the problems and remedy them if necessary. 


f. Shielding analysis. Where shielding deficiencies exist, determine if the need is for additional 
shielding or for improved maintenance of the existing shields. If no shielding is present, design and 
install shields as needed. If the existing shields have simply degraded through poor aperture control and 
poor bond or seam maintenance, implement corrective measures immediately. 


g. Facility “as-built” documentation. Indicate all changes made during the upgrading process on the 
facility drawings. 
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6-5. Expansions 


As operational requirements change, expansions of the grounding and shielding networks in a facility will 
be necessary. The added elements must maintain the philosophy and integrity of the existing networks. 
When making additions or modifications to shielded areas, the original level of shielding integrity must 
be maintained. Particular attention must be directed to the careful bonding of connector shells, the 
installation of filters, and other practices which may drastically degrade tile shielding effectiveness of a 
housing or other enclosure if not controlled. Following major additions to the facility, the facility should 
be resurveyed. Any deficiencies in the installation or compromises to the original networks should be 
corrected. File a copy of all survey results in the maintenance file for the facility to provide the initial 
starting point for the maintenance history. Finally review all drawings to verify that they are complete 
and accurately reflect the actual installation. 
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CHAPTER 7 


MAINTENANCE OF GROUNDING 
AND BONDING SYSTEMS 


7-1. Purpose of maintenance of grounding and bonding systems 


Well designed and properly installed grounding, bonding, shielding, and lightning protection networks in 
a new facility or in an existing facility can rapidly deteriorate unless adequate and thorough maintenance 
is performed at regular intervals throughout the life of the facility. 


7-2. Configuration control 


Baseline records are of utmost importance when performing maintenance activities. The initial 
installation records should be maintained in such a fashion that they could be easily obtained for future 
reference. 


a. New installations. In a new facility, consider the initial checkout as the first maintenance inspection 
for the facility. Utilize the results or information provided by the initial facility inspection as a base or 
starting point of comparison of the results of subsequent inspections. Subsequent inspections should be 
performed at least annually. In addition, a thorough inspection should be performed on affected parts or 
elements of the networks following major changes or additions to the facility either of the structure itself 
or of the equipment or systems located in the structure. 


b. Existing facilities. In an older facility, consider the initial survey evaluation as the initial 
maintenance inspection. If a survey has not been made, an initial inspection of the facility should be 
made to determine the general condition of grounding networks, bonds, shields, and lightning protection 
subsystems. Subsequent to the survey or initial inspection, a maintenance inspection should be conducted 
annually and after major changes or additions to the facility as discussed above. 


c. System modifications. Modifications of the facility system and the impact to the grounding system 
as a result of these modifications should be documented on the engineering drawings so that future 
maintenance activities can include the additions. 


7-3. Maintenance and repair records 


Chronological records of all tests and observations should be maintained. When a significant departure 
from the record is noted, an investigation should be performed to determine the cause and the necessary 
corrective action taken. Any measurement (i.e., earth electrode subsystem resistance, bond resistance, 
point-to-point ground network resistance, etc.) not meeting the specified or recommended value should be 
immediately investigated to see if rework is desired. 


a. Facility maintenance report. Maintenance procedures for the earth electrode subsystem, lightning 
protection subsystem, signal reference subsystem, fault protection subsystem, facility ground system, 
bonding, and shielding should be prepared. Upon completion of any or all of these procedures, the 
facility maintenance report should be prepared and then placed in the permanent maintenance file or 
record along with other supporting evidence such as test results, photographs, and drawings. The facility 
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maintenance report should be reviewed and updated annually along with any supporting maintenance 
inspection or testing results. 


b. Major deficiency report. Where deficiencies are noted that are immediately correctable (e.g., broken 
or misplaced bond wires or jumpers, loose bolts or screws, or other minor defects), they should be 
corrected with appropriate notation made on the facility maintenance report. A major discrepancy report 
should be made on major deficiencies (e.g., earth electrode resistance too high, parts of structure outside 
the cone of protection, excessive current levels on signal ground conductors, etc.) to identify those areas 
needing significant rework or upgrading. 


7-4. Earth electrode subsystem 


Proper maintenance of the earth electrode subsystem requires the following inspection and testing 
activities be performed at regular intervals. 


a. Visual and mechanical inspection. The earth electrode subsystem should be visually inspected every 
2 months and mechanically inspected every 12 months per InterNational Electrical Testing Association’s 
(NETA) guidelines. 


(1) Inspect all accessible portions of the system. Particularly look for loose connections, corrosion, 
and physical damage. 


(2) Check the general overall condition of bonds as excellent, good, or poor. Perform resistance 
measurements and record the location of those that measure greater than one milliohm. (Take 
photographs as necessary to show nature of problems for before and after comparisons and for historical 
documentation purposes.) 


(3) Note any undocumented changes or modifications to system. Update drawings as needed and 
correct minor deficiencies (e.g., clean surfaces, retighten or replace connectors and fasteners, reapply 
protective coatings, etc.). 


(4) Generally inspect facility site for changes (in vegetation, roads, parking areas, excavation, 
drainage, etc.) that could cause future earth resistance variations and note such changes. 


(5) Major deficiencies should be the subject of a major discrepancy report. After major 
deficiencies are corrected, the facility should be re-inspected. File the inspection report. 


b. Electrical testing. Electrical testing of the earth electrode subsystem should be conducted every 24 
months per NETA guidelines. 


(1) Measure the resistance to earth of the earth electrode subsystem using the fall of potential 
method. Test directly in a ground well if available. If not, connect to a signal ground cable, the power 
system grounding conductor, a lightning down conductor, or a structural grounding connection. 


(2) Measure stray current in grounding conductor between service disconnecting means and earth 
electrode subsystem (current reading). 


(3) Concurrently with or following the visual inspection of the bonds, perform bond resistance 
measurements. Select five to ten bonds that visually appear tight, well made, and corrosion free and 
measure their resistances. The sampling should include structural bonds, equipment-to—structure bonds, 
connections between safety ground wires, conduit-to-conduit or conduit-to-cabinet joints, bonds in 
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lightning down conductors (to include structural columns if used for lightning discharge paths), and 
others as appropriate. Measure all bonds exhibiting visible defects. These measurements indicate the 
actual resistance between the two measurement points and also include the effects of any paths in parallel 
with the bond under test. For every bond exhibiting a resistance greater than one milliohm, check for 
looseness; if the connection is loose, tighten the fastener. Measure the resistance again after tightening. 
If the resistance is still greater than one milliohm and the joint can be readily disassembled, disassemble 
the joint and check for corrosion, debris, paint, or other non-conductive materials. Remove the material, 
reassemble the bond, and re-measure the resistance. If the resistance is still greater than one milliohm, 
note on the survey form the location of the bond and indicate the type of corrective action needed. 


7-5. Fault protection subsystem 


Proper maintenance of the fault protection subsystem requires the following inspection and testing 
activities be performed at regular intervals. 


a. Visual and mechanical inspection. The fault protection subsystem should be visually inspected every 
2 months and mechanically inspected every 12 months per NETA guidelines. 


(1) Inspect all electrical/electronic equipment for safety grounding conductors (green wire). Check 
to see that sizes conform to all designated requirements. 


(2) Spot check all green wire connections to see that they are tight and free of corrosion. 


(3) Check inside equipment, switch boxes, and distribution panels to see that the white wire 
(neutral) is not grounded at these locations. 


(4) Check the grounding connection at the first service disconnect to make sure it is tight and free 
of corrosion. 


(5) Generally check the electrical supporting structures for looseness in joints or bonds and 
evidence of corrosion. 


b. Electrical testing. Electrical testing of the fault protection subsystem should be conducted every 24 
months per NETA guidelines. 


(1) With neutral disconnected at first service disconnect, the resistance to ground should be at least 
one megohm. (New ground resistance testers on the market today do not require that the neutral 
conductor be disconnected.) 

(2) Perform spot check resistance measurements on power receptacles and stray current 
measurements on safety ground to insure that the ground terminals on the receptacles are properly 
grounded to the facility ground system and no currents are flowing on grounding conductor. 

(3) Measure for stray currents at obvious locations. 

(4) Perform resistance tests of a sample of bonds as described earlier in this chapter 


7-6. Lightning protection subsystem 


Proper maintenance of the lightning protection subsystem requires the following inspection and testing 
activities be performed at regular intervals. 
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a. Visual and mechanical inspection. The lightning protection subsystem should be visually inspected 
every 2 months and mechanically inspected every 12 months per NETA guidelines. 
(1) Verify that all facility components and antennas are within the cone of protection. 
(2) Check for evidence of burning and/or pitting, as well as melting of air terminals. 
(3) Check for burned fasteners. 


(4) Check for broken or melted down conductors or severely damaged as well as distorted roof 
conductors, down conductors, and bonding jumpers. 


(5) Look for signs of arcing or flashover indicating a need for bonding jumpers or spark gaps. 
(6) Check for corroded or loose connectors and fasteners. 


(7) Verify that copper-to-aluminum contact does not occur except through Underwriters 
Laboratories (UL) approved bimetallic connectors. 


(8) Verify that all guards for down conductors are in place and without severe mechanical damage. 
(9) Verify that all guards are bonded to down conductors (at both ends of guard). 


b. Electrical testing. Bond resistance tests of a sample of bonds as described earlier in this chapter 
should be conducted every 24 months per NETA guidelines. 


7-7. Signal reference subsystems 


Proper maintenance of the signal reference subsystems requires the following inspection and testing 
activities be performed at regular intervals. 


a. Visual and mechanical inspection. The signal reference subsystem should be visually inspected 
every 2 months and mechanically inspected every 12 months per NETA guidelines. 


(1) Inspect connections to equipment signal ground terminals and equipotential plane for looseness 
and corrosion. Apply corrective measures. 


(2) Check to see if any new equipment has been added or relocated since the last inspection. If so, 
check interconnecting cables for conformance with the requirements. 


(3) Ensure that labels and protective covers are in place and free of serious damage. 


(4) Inspect equipment grounding cables for correct sizes, physical damage, and properly bonded 
end connections. 


b. Electrical testing. Electrical testing of the fault protection subsystem should be conducted every 24 
months per NETA guidelines. 


(1) Perform resistance tests of a sample of bonds as described earlier in this chapter. 


(2) Perform point-to-point resistance measurements at select locations comprising approximately 
25 percent of available locations. 
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(3) Perform stray current measurements and differential noise voltage measurements. 
7-8. Facility shielding 


Proper maintenance of the facility shielding requires the following inspection and testing activities be 
performed at regular intervals. 


a. Visual and mechanical inspection. The signal reference subsystem should be visually inspected 
every 2 months and mechanically inspected every 12 months per NETA guidelines. 


(1) Check personnel barriers for mechanical strength, signs of damage, and proper grounding (if 
metallic). 


(2) Insure that all shields around high voltage apparatus are properly labeled. Labels should be 
provided in accordance with the individual facility standards, practices and requirements. 


(3) Check electromagnetic (EM) shields for adequate bonding. 


(4) Inspect all EM shields for holes or openings added since last inspection. Check to see that 
such openings are properly covered with screening or covers. 


(5) Inspect power line and signal line filters on wires entering shielded areas for proper peripheral 
grounding. 


(6) Inspect cable shield pigtails for excessive length. 
(7) Inspect connectors for tightness, evidence of corrosion, or physical damage. 


(8) Ensure that all grounding conductors penetrating a designated radio frequency (RF) barrier are 
peripherally bonded to barrier. 


b. Electrical testing. Bond resistance tests of a sample of bonds as described earlier in this chapter 
should be conducted every 24 months per NETA guidelines. 


7-9. Performance evaluation program 

The purpose of the performance evaluation program is to provide checklists and procedures for the 
evaluation of compliance to overall grounding, bonding, and shielding practices. Individuals qualified in 
the proper methods of obtaining an acceptable grounding system accomplish the evaluation mainly 
through visual inspection. Checklists should be prepared to include the following attributes for 
inspection. 


a. Resistance to earth of the earth electrode subsystem should be less than 10 ohms. 


b. The lightning down conductors should be continuous and welded or brazed to the earth electrode 
subsystem. 


c. Underground metal pipes entering the facility should be bonded to the earth electrode subsystem. 


d. The fall-of-potential method should be used to measure the earth electrode subsystem. 
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e. A separate grounding conductor (green wire) should exist for the power system and be installed with 
the phase and neutral conductors. 

f Document if conduit is used in lieu of the separate grounding conductor. 

g. All non-current carrying metal objects should be grounded. All main metallic structural members, 
electrical supporting structures, metallic piping, tubing, and supports should be electrically continuous 


and grounded. 


h. The alternating current (ac) grounded conductor (neutral) should be grounded only at the source 
distribution transformer and at the service entrance to the earth electrode subsystem. 


i. All generators and their frames should be grounded. Generator neutrals should be tied together and 
grounded by a single lead to the earth electrode subsystem. 


j. The ground terminals of all ac outlets should be connected to the facility ground system through the 
grounding (green) conductor. 


k. One leg of each direct current (dc) power system should be grounded. 
l. The facility should be protected against lightning. 
(1) All antennas should be inside a 1:1 cone of protection. 


(2) Bends in down conductors of the lightning protection subsystem should have a radius of at 
least 20 cm (8 inches) and not less than 90°. 


(3) Metal objects should not be within 1.8 meters (6 feet) of the lightning down lead. 


(4) All bonds between elements of the lightning protection subsystem should be welded, brazed, or 
secured by UL approved clamps. 


m. If the facility has a metal tower, it should have a direct tie to the earth electrode subsystem with the 
down conductors bonded to the tower at the base. If in conduit, the conduit should be bonded at each end. 


n. The waveguide should be grounded near the antenna, at the vertical to horizontal transition, and at 
the waveguide entry port. 


o. All metal hand rails, ladders, stairways, antenna pedestals, and other objects subject to human 
contact should be grounded. 


p. Power lines at the point-of-entry to the facility should be protected with approved lightning arresters. 
q. Overall cable shields should be grounded at each end. 
r. Bonds should show no signs of corrosion, should be adequately torqued, and be low in resistance. 


s. The routing and layout of power lines and high level signal lines must be kept separate from low 
level signal lines. 


t. The equipotential plane should be bonded to the facility ground earth electrode subsystem. 
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u. Resistance measurements should be conducted on the equipotential plane. 


v. Ground-fault-circuit-interrupters (GFCI) should be installed on 15 and 20 ampere convenience 
outlets. 
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APPENDIX A 
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Required Publications 


Government Publications 


Department of Defense 
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Protection of DoD Personnel from Exposure to Radiofrequency Radiation 
[Cited in paragraph 4-3c(8)] 
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Grounding, Bonding and Shielding for Common Long Haul/Tactical Communication Systems 
Including Ground Based Communications-Electronics Facilities and Equipment 

[Cited in paragraph 3-3c(2), 3-5c(1)(g), 6-2b(4)(a), 6-4a(3)] 


MIL-HDBK-232A 
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Guide for the Application of Thyristor Surge Protective Devices 
[Cited in paragraph 3-4d(1)(1)] 
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Guide for the Application of Gas Tube and Air Gap Arrester Low-Voltage (Equal to or Less Than 


1000 Vrms or 1200Vdc) Surge Protective Devices 
[Cited in paragraph 3-4d(1)(1)] 
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Guide for the Application of Surge Protectors Used in Low-Voltage (Equal to or Less Than 1000 
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National Fire Protection Association (NFPA): 
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Prescribed Forms 
The following forms are printed in the back of this manual and are also available on the Army Electronic 
Library (AEL) CD-ROM (EM 0001) and the USAPA web site (www.usapa.army.mil). 


DA Form 7452-R 
Earth ground electrode subsystem checklist for new facilities 
[Cited in paragraph 1-5a and 3-2a] 


DA Form 7452-1-R 
Ground fault protection subsystem checklist for new facilities 
[Cited in paragraph 1-5a and 3-3d] 


DA Form 7452-2-R 
Lightning protection grounding subsystem checklist for new facilities 
[Cited in paragraph 1-5a and 3-4f] 


DA Form 7452-3-R 
Signal ground reference subsystem checklist for new facilities 
[Cited in paragraph 1-5a and 3-5f] 


DA Form 7452-4-R 
Earth electrode subsystem checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 


DA Form 7452-5-R 
Grounding and bonding connection checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 


DA Form 7452-6-R 
Lightning protection grounding subsystem checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 


DA Form 7452-7-R 
Ground fault protection subsystem checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 


DA Form 7452-8-R 
Signal ground reference subsystem checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 


DA Form 7452-9-R 
Shielding subsystem checklist for existing facilities 
[Cited in paragraph 1-5b and 6-1] 
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GLOSSARY 


Section I 


Abbreviations 


A 
Amperes 


ac 
Alternating current 


AWG 
American Wire Gage 


C4ISR 
Command, Control, Communications, Computer, Intelligence, Surveillance, and Reconnaissance 


C 
Centigrade 


CAA 
Controlled Access Area 


CBEA 
Controlled BLACK Equipment Area 


C-E 
Communications Equipment 


cm 
Centimeter 


cmil 
Circular mils 


dB 
Decibel 


dc 
Direct current 


DO 
Design objective 


EG 
Engine generator 
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EM 
Electromagnetic 


EMC 
Electromagnetic Compatibility 


EMI 
Electromagnetic Interference 


EMP 
Electromagnetic Pulse 


EMT 
Electrical metallic tubing 


F 
Fahrenheit 


ft 
Feet 


GFCI 
Ground Fault Circuit Interrupter 


GHz 
Gigahertz 


HVAC 
Heating, Ventilating, and Air Conditioning 


Hz 
Hertz 


IDF 
Intermediate Distribution Frame 


IEEE 
Institute of Electrical and Electronics Engineers 


in 
Inch 


VO 
Input/Output 


kemil 
One-thousand circular mils 


kg 
Kilogram 
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kHz 
Kilohertz 


kV 
Kilo Volt 


kVA 
Kilo Volt Amperes 


kW 
Kilo Watts 


LEA 
Limited Exclusion Area 


m 
Meter 


MHz 
Megahertz 


mm 
Millimeter 


MOV 
Metal Oxide Varistor 


MOS 
Metal oxide semiconductor 


MVA 
Mega Volt Amperes 


NEC 
National Electrical Code 


NFPA 


PA 
Public Address 


PBX 
Private Branch Exchange 


PIV 
Peak Inverse Voltage 


psi 
Pounds per square inch 


National Fire Protection Association 
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R 
Resistance 


RF 
Radio Frequency 


RFI 
Radio Frequency Interference 


S 
Second 


™ 
Technical Manuals 


TPD 
Terminal Protection Devices 


TSD 
Transient Suppression Devices 


TREE 
Transient radiation effects on electronics 


UL 
Underwriters’ Laboratories 


UPS 
Uninterruptible Power Supply 


VRMS 
Volts root-mean-square 


ZNR 
Zinc Oxide Non-Linear Resistor 
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Section II 


Terms 


Absorption Loss 
The attenuation of an electromagnetic wave as it passes through a shield. This loss is primarily due to 
induced currents and the associated I’R loss. 


Air Terminal 
The lightning rod or conductor placed on or above a building, structure, tower, or external conductors for 
the purpose of intercepting lightning. 


Aperture 
An opening in a shield through which electromagnetic energy passes. 


Balanced Line 

A line or circuit using two conductors instead of one conductor and ground (common conductor). The 
two sides of the line are symmetrical with respect to ground. Line potentials to ground and line currents 
are equal but have opposite phase at corresponding points along the line. 


Bond 
The electrical connection between two metallic surfaces established to provide a low resistance path 
between them. 


Bond, Direct 
An electrical connection utilizing continuous metal-to-metal contact between the members being joined. 


Bond, Indirect 
An electrical connection employing an intermediate electrical conductor or jumper between the bonded 
members. 


Bond, Permanent 
A bond not expected to require disassembly for operational or maintenance purposes. 


Bond, Semi-permanent 
Bonds expected to require periodic disassembly for maintenance, or system modification, and that can be 
reassembled to continue to provide a low resistance interconnection. 


Bonding 
The process of establishing the required degree of electrical continuity between the conductive surfaces of 
members to be joined. 


Building 
The fixed or transportable structure that houses personnel and equipment and provides the degree of 
environmental protection required for reliable performance of the equipment housed within. 


Cabinet 
A protection housing or covering for two or more units or pieces of equipment. A cabinet may consist of 
an enclosed rack with hinged doors. 
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Case 
A protective housing for a unit or piece of electrical or electronic equipment. 


Chassis 
The metal structure that supports the electrical components which make up the unit or system. 


Circular Mil 

A unit of area equal to the area of a circle whose diameter is one mil (1 mil = 0.001-6 inch). A circular 
mil is equal to or 78.54 percent of a square mil (1 square mil = 10 square inch). The area of a circle in 
circular mils is equal to the square of its diameter in mils. 


Circuit 
An electronic closed-loop path between two or more points used for signal transfer. 


Common-Mode Voltage 
That amount of voltage common to both input terminals of a device. 


Common-Mode Rejection 
The ability of a device to reject a signal which is common to both its input terminals. 


Conducted Interference 
Undesired signals that enter or leave equipment along a conductive path. 


Copper Clad Steel 
Steel with a coating of copper bonded on it. 


Coupling 
Energy transfer between circuits, equipment, or systems. 


Coupling, Conducted 
Energy transfer through a conductor. 


Coupling, Free-Space 
Energy transfer via electromagnetic fields not in a conductor. 


Cutoff Frequency 
The frequency below which electromagnetic energy will not propagate in a waveguide. 


Degradation 

A decrease in the quality of a desired signal (i.e., decrease in the signal-to-noise ratio or an increase in 
distortion), or an undesired change in the operational performance of equipment as the result of 
interference. 


Down Conductor, Lightning 
The conductor connecting the air terminal or overhead ground wire to the earth electrode subsystem. 


Earth Electrode Subsystem 


A network of electrically interconnected rods, plates, mats, or grids installed for the purpose of 
establishing a low resistance contact with earth. 


G-6 


TM 5-690 


Electric Field 
A vector field about a charged body. Its strength at any point is the force that would be exerted on a unit 
positive charge at that point. 


Electromagnetic Compatibility (EMC) 

The capability of equipment or systems to be operated at their intended operational environment, within 
designed levels of efficiency, without causing or receiving degradation due to unintentional EMI. EMC is 
the result of an engineering planning process applied during the life cycle of equipment. The process 
involves careful consideration of frequency allocation, design, procurement, production, site selection, 
installation, operation, and maintenance. 


Electromagnetic Interference (EMI) 

Any electrical or electromagnetic phenomenon, manmade or natural, either radiated or conducted, that 
results in unintentional and undesirable responses from, or performance degradation or malfunction of, 
electronic equipment. 


Electromagnetic Pulse (EMP) 
A large impulsive type electromagnetic wave generated by nuclear or chemical explosions. 


Equipment, Unit or Piece Of 
An item having a complete function apart from being a component of a system. 


Equipment Grounding 
Attained by the grounding conductor of the fault protection subsystem, and/or bonding to the signal 
reference subsystem or the structural steel elements of the building. 


Equipotential Plane 
A grid, sheet, mass, or masses of conducting material which, when bonded together, offers a negligible 
impedance to current flow (serves as signal reference subsystem for new facilities). 


Facility 

A building or other structure, either fixed or transportable in nature, with its utilities, ground networks, 
and electrical supporting structures. All wiring, cabling as well as electrical and electronic equipment are 
also part of the facility. 


Facility Ground System 

The electrically interconnected system of conductors and conductive elements that provides multiple 
current paths to earth. The facility ground system includes the earth electrode subsystem, lightning 
protection subsystem, signal reference subsystem, fault protection subsystem, as well as the building 
structure, equipment racks, cabinets, conduit, junction boxes, raceways, duct work, pipes, and other 
normally noncurrent-carrying metal elements. 


Far Field 
The region of the field of an antenna where the radiation field predominates and where the angular field 
distribution is essentially independent of the distance from the antenna. 


Fault 
An unintentional short-circuit, or partial short-circuit, (usually of a power circuit) between energized 
conductors or between an energized conductor and ground. 
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First Service Disconnect 
The necessary equipment (circuit breakers, switches, fuses, etc.) located at the point of entrance of power 
conductors to a building or other structure. 


Ground 

The electrical connection to earth primarily through an earth electrode subsystem. This connection is 
extended throughout the facility via the facility ground system consisting of the signal reference 
subsystem, the fault protection subsystem, the lightning protection subsystem, and the earth electrode 
subsystem. 


Grounded Conductor 
(Neutral) The circuit conductor that is intentionally grounded (at first service disconnect or power 
source). 


Grounding Conductor 
(Green Wire) A conductor used to connect equipment or the grounded circuit of a power system to the 
earth electrode subsystem. 


Higher Frequency Ground 

The interconnected metallic network (equipotential plane) intended to serve as a common reference for 
currents and voltages at frequencies above 30 kHz and in some cases above 300 kHz. Pulse and digital 
signals with rise and fall times of less than 1 microsecond are classified as higher frequency signals. 


Interface 
Any electrical connection (encompassing power transfer, signaling, or control functions) between two or 
more equipments or systems. 


Isokeraunic (or isoceraunic) 
Showing equal frequency of thunderstorms. 


Isolation 
Physical and electrical arrangement of the parts of an equipment, system, or facility to prevent 
uncontrolled electrical contact within or between the parts. 


Lightning Protection Subsystem 
A complete subsystem consisting of air terminals, interconnecting conductors, ground terminals, arresters, 
and other connectors or fittings required to assure a lightning discharge will be safely conducted to earth. 


Lower Frequency Ground 

A dedicated, single-point network intended to serve as a reference for voltages and currents, whether 
signal, control, or power from dc to 30 kHz and in some cases to 300 kHz. Pulse and digital signals with 
rise and fall times greater than 1 microsecond are considered to be lower frequency signals. 


Magnetic Field 
A vector field produced by a continuous flow of charge. 


Multipoint Ground 
More than one path to ground. 
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National Electrical Code (NEC) 

A standard governing the use of electrical wire, cable, and fixtures installed in buildings. It is sponsored 
by the National Fire Protection Association (NFPA-70) under the auspices of the American National 
Standards Institute (ANSI-CI). 


Near Field 
The region of the field immediately surrounding an antenna where the inductive and capacitive fields 
predominate. In this region the angular distribution of the field varies with distance from the antenna. 


Neutral 

The ac power system conductor that is intentionally grounded on the supply side of the first service 
disconnecting means. It is the low potential (white) side of a single-phase ac circuit or the low potential 
fourth wire of a three-phase wye distribution system. The neutral (grounded conductor) provides a 
current return path for ac power currents whereas the grounding (or green) conductor does not, except 
during fault conditions. 


Penetration 
The passage through a partition or wall of an equipment or enclosure by a wire, cable, or other conductive 
object. 


Plane Wave 

An electromagnetic wave that predominates in the far field region of an antenna, and with a wavefront 
which is essentially in a flat plane. In free space, the characteristic impedance of a plane wave 1s 377 
ohms. 


Rack 
A vertical frame on which one or more units of equipment are mounted. 


Radiation 
The emission and propagation of electromagnetic energy through space. 


Radiation Resistance 
The resistance which, if inserted in place of an antenna, would consume the same amount of power that is 
radiated by the antenna. 


Radio Frequency Interference (RFI) 

RFI is manmade or natural, intentional or unintentional electromagnetic propagation that results in 
unintentional and undesirable responses from or perform ante degradation or malfunction of, electronic 
equipment. 


Reflecting Loss 

The portion of the transition loss, expressed in dB, that is due to the reflection of power at a barrier or 
shield. Reflection loss is determined by the magnitude of the wave impedance inside the barrier relative 
to the wave impedance in the propagation medium outside the barrier. 


RF-Tight 
Offering a high degree of electromagnetic shielding effectiveness. 
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Shield 

A housing, screen, or cover which substantially reduces the coupling of electric and magnetic fields into 
or out of circuits or prevents the accidental contact of objects or persons with parts or components 
operating at hazardous voltage levels. 


Shielding Effectiveness 
A measure of the reduction or attenuation in the electromagnetic field strength at a point in space caused 
by the insertion of a shield between the source and that point. 


Signal Reference Subsystem 
A conductive sheet or cable network/mesh providing an equipotential reference for C-E equipment to 
minimize interference and noise. 


Signal Return 
A current-carrying path between a load and the signal source. It is the low side of the closed loop energy 
transfer circuit between a source-load pair. 


Structure 
Any fixed or transportable building, shelter, tower, or mast that is intended to house electrical or 
electronic equipment or otherwise support or function as an integral element of an electronics complex. 


Supporting Structures, Electrical 

Normally non-electrified conductive structural elements near to energized electrical conductors such that 
a reasonable possibility exists of accidental contact with the energized conductor. Examples are conduit 
and associated fittings, junction and switch boxes, cable trays, electrical/electronic equipment racks, 
electrical wiring cabinets, and metallic cable sheaths. 


Transducer 
A device which converts the energy of one transmission system into the energy of another transmission 
system. 


Thunderstorm Day 
A local calendar day on which thunder is heard. 


Undesired Signal 
Any signal which tends to produce degradation in the operation of equipment or systems. 


Wave Impedance 
The ratio of the electric field strength to the magnetic field strength at the point of observation. 


Zone Of Protection 


That space that is below and adjacent to a lightning protection subsystem that is substantially immune to 
direct lightning discharges. 
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EARTH GROUND ELECTRODE SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD} 


3. LOCATION 4. INSPECTOR 


5. SOIL RESISTIVITY fohm-cm) (Obtain from site survey or from the 6. RESISTANCE OF COMPLETED EARTH ELECTRODE SUBSYSTEM 
measured resistance of a rod or group of rods) fohms) 


7. SKETCH OF FINAL EARTH ELECTRODE SUBSYSTEM (Show dimensions, locations of other buried metal objects, risers for lightning, power, 
or signal ground connections, and any ground wells.) (Corrected engineering drawings may be attached in lieu of sketch.) 


COMPONENT IDENTIFICATION 


8. GROUND RODS 


8b. SIZE . NUMBER OF ADDITIONAL RODS 


8d. POSITIONED AND INSTALLED AS SPECIFIED 8e. PHYSICAL CONDITION 


[| Yes [__]No 


9. GROUND CONDUCTORS 


9b. SIZE . MATERIAL 


9d. DISTANCE BETWEEN TWO SUCCESSIVE GROUND CONDUCTORS 9e. BURIED DEPTH 


10. INTERCONNECTING CONDUCTORS 
10a. TYPE 10b. SIZE 10c. MATERIAL 


11. CONNECTORS/FITTINGS 
11a. PROPER TYPE/SIZE/MATERIAL AS SPECIFIED 11b. MEASUREMENT OF RESISTANCE BETWEEN TWO CONNECTION 


= ves Oo re POINTS 


12. RISERS 
12a. PROPERLY INSTALLED 12b. PROPERLY SIZED 12c. LOCATED AS SPECIFIED 


[| YES [| NO [Yes [__]No [ ] YES [__]No 
13. FUTURE INACCESSIBLE JOINTS AND CONNECTIONS 
13a. PROPERLY INSTALLED 13b. PROPERLY CONNECTED 


[| YES [| NO [J YES [ ] NO 
14. GROUND WELLS 
14a. INSTALLED AS SPECIFIED 14b. MEASURED RESISTANCE-TO-EARTH (ohms) 


[| ves [_]No 
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GROUND FAULT PROTECTION SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE ACTUAL ELECTRICAL GROUND FAULT PROTECTION SUBSYSTEM. IF AN ENGINEERING DRAWING 
EXISTS, UPDATE IT WITH THE ACTUAL DATA. THIS SHOULD INCLUDE ALL GROUNDED (Neutral) AND GROUNDING (Green) CIRCUITS 


FROM THE MAIN INPUTS (Feeding the facility) TO THE LOAD CIRCUITS. 


6. CHECK ALL GROUNDED CIRCUITS FOR PROPER INSTALLATION, CONTINUITY, AND CORRECT TYPES, SIZES, AND MATERIAL AS 
SPECIFIED. RECORD ALL DEFICIENCIES. 


LOCATION DEFICIENCIES 


7. CHECK ALL ELECTRICAL GROUND FAULT PROTECTION COMPONENTS/DEVICES FOR SIGNS OF OVERHEATING, BURNING, RODENT, 
WATER INFILTRATION, ENVIRONMENTAL CONTAMINANTS, AND INSULATION DAMAGE. RECORD ALL UNDESIRABLE SITUATIONS. 


= ——= = 


8. DETERMINE AND RECORD CONNECTION TO EARTH ELECTRODE SUBSYSTEM 


CONNECTIONS CONDUCTOR SIZES 


LOCATION 


9. MEASURE AND RECORD THE NEUTRAL AND GROUND CURRENTS AT ALL PANEL BOARDS 


LOCATION CURRENT READING 
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LIGHTNING PROTECTION GROUNDING SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE ACTUAL LIGHTNING PROTECTION SUBSYSTEM (Or attach an up-to-date engineering drawing) 


6. ALL LIGHTNING PROTECTION EQUIPMENT UL LABELED 7. UL MASTER LABEL ISSUED AND PROPERLY ATTACHED TO THE 
BUILDING 


[| Yes [__]No [_] ves [_]No 


8. AIR TERMINALS 


8b. HEIGHT 8c. MATERIAL 8d. SIZE (Diameter) 


8e. PROPER BASES/FITTINGS | 8f. PHYSICAL CONDITION | 8g. PROPERLY INSTALLED | 8h. LOCATED AND SPACED AS SPECIFIED 


8). DOES THE HEIGHT OF AIR TERMINALS PROVIDE PROPER CONE OF PROTECTION /} 8j. DEFICIENCIES 
YES NO 


9. ROOF CONDUCTORS 


9a. CLASS 9b. TYPE 9c. SIZE 9d. MATERIAL 


9e. BEND RADIOUS 9f. SECURELY ANCHORED | 9g. PROPER FITTINGS 9h. LOCATED AND SPACED AS SPECIFIED 
| | YES | NO NO | | YES | | NO 
9i. PROPERLY BONDED TO AIR TERMINALS AND OTHER METAL OBJECTS ON ROOF 


[_]ves___[]no 


9j. PROPERLY INTERCONNECTED TO OTHER CROSS ROOF CONDUCTORS | 9k. DEFICIENCIES 


[yes [_]No 
10. DOWN CONDUCTORS 
. CLASS 10b. TYPE 10c. SIZE 10d. MATERIAL 


. BEND RADIOUS 10f. SECURELY ANCHORED | 10g. PROPER FITTINGS 10h. LOCATED AND SPACED AS SPECIFIED 


[]ves_[ |No [ lyes_[ |No 


i. PROPERLY BONDED TO ROOF CONDUCTORS/AIR TERMINALS AND GROUNDING ELECTRODES 


[_]yes [_]No 


j. DEFICIENCIES 


. GUARDS 


11a. TYPE 11b. PROPER FITTINGS 11c. SOLIDLY ANCHORED 
| |yes [_]No | YES til NO 


. GROUNDING ELECTRODES 
12a. TYPE 12b. SIZE 12c. LENGTH (Each) 12d. FORM COUNTERPOISE LOOP 


[_]yes [ _]No 


12e. DISTANCE BELOW GRADE LEVEL | 12f. DISTANCE FROM OUTER WALL 12g. PROPERLY INSTALLED 


[|] ves _[_]No 


12h. PROPERLY CONNECTED TO OTHER GROUNDING SYSTEMS OF THE BUILDING 
| | YES [| NO 
12i. PROPERLY CONNECTED TO DOWN CONDUCTORS 12). GROUND RESISTANCE MEASUREMENT 


USAPA V1.00 


DA FORM 7452-2-R, FEB 2002 


SIGNAL GROUND REFERENCE SUBSYSTEM CHECKLIST FOR NEW FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE ACTUAL SIGNAL GROUND REFERENCE SUBSYSTEM (Or attach the up-to-date engineering drawings} 


6. CHECK ALL SIGNAL GROUND COMPONENTS FOR PROPER SIZES, TYPES AND MATERIAL AS SPECIFIED. RECORD ALL DEFICIENCIES. 


LOCATION DEFICIENCIES 


7. CHECK ALL SIGNAL GROUND COMPONENTS FOR PROPER CONNECTION, BONDING, AND CONTINUITY. RECORD ALL 
DISCREPANCIES. 


LOCATION DEFICIENCIES 


8. GROUND RESISTANCE MEASUREMENTS (Use double balanced dc bridge for all joint connectors) 


TEST POINTS RESISTANCE MEASUREMENT 


DA FORM 7452-3-R, FEB 2002 USAPA V1.00 


EARTH ELECTRODE SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 


2. DATE (YYYYMMDD) 


3. LOCATION 


4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE EARTH ELECTRODE SUBSYSTEM (Or attach an up-to-date engineering drawing) 


6. SOIL CONDITIONS (Type) 


fr] LOAM OR HUMUS [| CLAY fe SAND 


7. EARTH ELECTRODE SUBSYSTEM RESISTANCE 
MEASUREMENT 


8. LAST RESISTANCE MEASUREMENT 


COMPONENT IDENTIFICATION 


10. GROUND RODS 


9. MONTHS SINCE LAST RESISTANCE MEASUREMENT 


10a. TYPE . SIZE (Diameter) 


. LENGTH 10d. PHYSICAL CONDITION 


11. GROUND CONDUCTORS 


11a. TYPE 


. MATERIAL 11d. PHYSICAL CONDITION 


12. INTERCONNECTING CONDUCTORS 


12a. TYPE 12b. SIZE 


. MATERIAL 12d. PHYSICAL CONDITION 


13. RISERS 


13a. PHYSICAL CONDITION 


. MEASURED RESISTANCE 


13. GROUND WELLS 


13a. PHYSICAL CONDITION 


14. WEATHER CONDITIONS (At time of inspection) 


[_] wet [_] pry 


. MEASURED RESISTANCE 


[| RAIN [| mist 


16. DAYS SINCE LAST PRECIPITATION 


15. MEASURED TEMPERATURE 


DA FORM 7452-4-R, FEB 2002 USAPA V1.00 


GROUNDING AND BONDING CONNECTION CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. GENERAL CONDITION 


[__] EXCELLENT [__] coop [_]PooR [_] UNACCEPTABLE 


6. SPECIFIC DEFICIENCIES 


LOCATION DEFICIENCIES 


7. RESISTANCE (Use double balanced dc bridge or approved bond resistance meter and identify those bonds whose resistance is greater than 
1.0 milli-ohm) 


8. INEFFECTIVE BONDING JUMPERS 


LOCATION MATERIAL LENGTH DEFICIENCIES 


DA FORM 7452-5-R, FEB 2002 USAPA V1.00 


LIGHTNING PROTECTION GROUNDING SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD)} 


3. LOCATION 4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE ACTUAL LIGHTNING PROTECTION SUBSYSTEM (Or attach an up-to-date engineering drawing if it exists) 


6. ALL LIGHTNING PROTECTION EQUIPMENT UL LABELED 7. UL MASTER LABEL ISSUED AND PROPERLY ATTACHED TO THE 
BUILDING 


[_] ves [_]No [" ] ves [_]No 


8. AIR TERMINALS 
8a. HEIGHT 8b. MATERIAL 8c. SIZE (Diameter) 


8d. PROPER BASES/FITTINGS 8e. PROPERLY INSTALLED 8f. LOCATED AND SPACED AS SPECIFIED 


8g. DOES THE HEIGHT OF AIR TERMINALS PROVIDE PROPER CONE OF PROTECTION | 8h. PHYSICAL CONDITION 
YES NO 


9. ROOF CONDUCTORS 


9a. TYPE 9b. SIZE 9c. MATERIAL 


9d. BEND RADIUS ACCEPTABLE 9e. SECURELY FASTENED 9f. PROPER FITTINGS 


[_|yYes [_].No [_]yes [_]|No [ lves _[ _|No 


9g. PROPERLY BONDED TO AIR TERMINALS AND OTHER METAL OBJECTS ON ROOF 


[yes [_|No 


9h. PROPERLY INTERCONNECTED TO OTHER CROSS ROOF CONDUCTORS | 9i. PHYSICAL CONDITION 


_{[ fyes [No 


10. DOWN CONDUCTORS 
10a. TYPE 10b. SIZE 10c. MATERIAL 10d. BEND RADIUS ACCEPTABLE 


[_|yes [_]|No 


10e. SECURELY ANCHORED 10f. PROPER FITTINGS 10g. LOCATED AND SPACED AS SPECIFIED 


__[__|No __ [yes [No [lyes [ _]|No 


10h. PROPERLY BONDED TO ROOF CONDUCTORS/AIR TERMINALS AND GROUNDING ELECTRODES 


[Yes [ _]No 


10). PHYSICAL CONDITION 


11. GUARDS 
lta. TYPE 11b. SOLIDLY ANCHORED 10c. PHYSICAL CONDITION 


[_]yYes [_]No 
12. GROUNDING ELECTRODES 


12a. TYPE 12b. SIZE 12c. LENGTH (Each) 12d. FORM COUNTERPOISE LOOP 


12e. DISTANCE BELOW GRADE LEVEL 12f. DISTANCE FROM OUTER WALL 12g. PROPERLY INSTALLED 


|_| Yes | | No 


12h. PROPERLY CONNECTED TO OTHER GROUNDING SYSTEMS OF THE BUILDING 


__[_]yes [_]No 


12). PROPERLY CONNECTED TO DOWN CONDUCTORS 12j. GROUND RESISTANCE MEASUREMENT 


DA FORM 7452-6-R, FEB 2002 USAPA V1.00 


GROUND FAULT PROTECTION SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. CHECK THE GROUNDED (Neutral) AND GROUNDING CIRCUITS FOR PROPER INSTALLATION, CONNECTION, AND BONDING FROM THE 
SERVICE ENTRANCE PANELS TO THE DISTRIBUTION PANELS. VERIFY THAT THE GROUNDED AND GROUNDING CONDUCTORS ARE 
LOCATED IN THE SAME CONDUIT AS THE LINE (Hot) CONDUCTORS. RECORD THE DATA AND ALL DEFICIENCIES. 


MAIN GROUNDED GROUNDING PROPER PROPER LOCATED IN 
LOCATION BREAKER CIRCUIT CIRCUIT INSTALLATION BONDING SAME CONDUIT 


RATING SIZE | MATERIAL | SIZE | MATERIAL | YES NO YES NO YES NO 


6. MEASURE THE LINE-TO-NEUTRAL VOLTAGES, LINE-TO-GROUND VOLTAGES, AND NEUTRAL-TO-GROUND VOLTAGES AT ALL PANELS 


AND DISCONNECTED SWITCHES 
LINE-TO-NEUTRAL VOLTAGES LINE-TO-GROUND VOLTAGES NEUTRAL-TO-GROUND VOLTAGES 


LOCATION 


7. MEASURE THE LINE (Hot) CURRENTS, NEUTRAL CURRENTS, AND GROUND CURRENTS 


LINE CURRENTS NEUTRAL CURRENT NEUTRAL CURRENT 


LOCATION 
Ia) 1(B) lic) TiN) l(c) 


8. RECORD ALL NATIONAL ELECTRIC CODE (NEC) AND NATIONAL ELECTRIC SAFETY CODE (NESC) VIOLATIONS 


LOCATION VIOLATIONS 


USAPA V1.00 


DA FORM 7452-7-R, FEB 2002 


SIGNAL GROUND REFERENCE SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE {YYYYMMDD)} 


3. LOCATION 4. INSPECTOR 


5. SKETCH THE LAYOUT OF THE EXISTING SIGNAL GROUND REFERENCE SUBSYSTEM OR ATTACH AN UP-TO-DATE ENGINEERING 
DRAWING 


6. VISUALLY INSPECT THE EXISTING SIGNAL GROUND REFERENCE SUBSYSTEM FOR SIGNS OF DETERIORATION, BURNING, 
CORROSION, OR DAMAGE. RECORD ALL DEFICIENCIES. 


LOCATION GROUND COMPONENTS DEFICIENCIES 


7. CHECK THE CONTINUITY OF THE GROUNDING CIRCUITS. CHECK ALL CONNECTORS, JOINTS, BONDS, AND FITTINGS FOR PROPER 
INSTALLATION, CRACKS, AND TIGHTNESS. RECORD ALL DEFICIENCIES. 


LOCATION DEFICIENCIES 


8. MEASURE THE RESISTANCE BETWEEN CONNECTORS, JOINTS, BONDS, AND FITTINGS USING DOUBLE BALANCED DC BRIDGE. 
RECORD ALL MEASUREMENTS. 


LOCATION CONNECTIONS RESISTANCE 


9. MEASURE THE EARTH TO GROUND RESISTANCE OF THE SIGNAL GROUND REFERENCE SUBSYSTEM USING THE FALL OF POTENTIAL 
METHOD. RECORD THE MEASUREMENT. 


RESISTANCE 


DA FORM 7452-8-R, FEB 2002 USAPA V1.00 


SHIELDING SUBSYSTEM CHECKLIST FOR EXISTING FACILITIES 
For use of this form, see TM 5-690; the proponent agency is COE. 


1. FACILITY 2. DATE (YYYYMMDD) 


3. LOCATION 4. INSPECTOR 


5. VISUALLY INSPECT THE EXISTING SHIELD NETWORK FOR PROPER GROUNDING AND SIGNS OF DAMAGE, CORROSION, AND 
LOOSENESS 


LOCATION DEFICIENCIES 


6. CHECK SHIELDING ON ALL DOORS, WINDOWS, VENTILATION PORTS, VISUAL ACCESS OPEININGS, AND WALLS FOR PROPER 
INSTALLATION AND BONDING 


LOCATION DEFICIENCIES 


7. CHECK ALL UTILITY LINES, ELECTRICAL CONDUCTORS, AND DATA CABLES FOR PROPER BONDING 
AND SHIELDING 


a. UTILITY LINES, ELECTRICAL CONDUCTORS, AND DATA CABLES ARE PROPERLY BONDED TO THE 
SHIELD AT THE POINT OF ENTRANCE 


b. ALL ELECTRICAL GROUNDED AND GROUNDING CONDUCTORS ARE IN THE SAME CONDUIT AS PHASE 
CONDUCTORS 


c. ALL ELECTRICAL FILTERS AND CONDUCTORS ARE PROPERLY ENCLOSED INSIDE METAL (STEEL) 
CASES/CONDUITS 


d. ALL METAL OBJECTS/CASES/CONDUITS ARE PROPERLY BONDED TO GROUND 


e. DATA CABLES ARE PROPERLY BONDED TO THE SIGNAL GROUND FEFERENCE SYSTEM 


8. MEASURE STRAY CURRENTS ON THE GROUND CIRCUITS 


LOCATION GROUND CIRCUITS CURRENT MEASUREMENTS 


9, MEASURE THE BOND RESISTANCES 


LOCATION BOND CIRCUIT RESISTANCES 
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1.0 Introduction 


This document is intended to provide information to installations for the development of 
defenses against lightning for the protection of personnel. It provides a concise discussion of 
lightning phenomena, hazards, personal defenses and engineering defenses. 


In Army operations, lives are lost and many injuries are incurred each year by lightning. 
Analysis of these mishaps indicate that some simple steps, based on knowledge of lightning and 
the associated hazards, may have prevented some of these accidents. 


1.1 The “Typical” Lightning Accident 


Although there is probably no such thing as a “typical” accident, most Army lightning mishaps 
have several things in common. These are: 


-Troops are in unimproved shelters, usually in tentage, or in the open. 

-Troops are working with antenna/mast equipment. 

-Troops are using field phones. 

-Troops are not informed about lightning hazards and consequently took no action. 

-Troops had no prior warning of approaching lightning other than audible and visual warnings. 
-Troops are most often affected by indirect lightning current, rather than being directly struck by 
lightning. 


The most severe mishaps occur while troops were in the field, sleeping in tents. Lightning then 
strikes nearby, to a tree or even to the tent pole and the resulting current from the strike affects 
soldiers nearby. Fatalities from indirect lightning events have occurred at ranges of 40 to 60 feet 
from the point of the lightning strike. 


1.2 Lessons Learned 


From the review of the accidents, we have learned that there are three essential elements of 
personnel protection from lightning. 


1 — Knowledge; What to do if lightning threatens, development of a plan to protect troops. 
Knowledge of first aid procedures for electrical shock is also important. 


2 — Warning; Advance warning of approaching lightning. 


3 — Shelter; Where to take shelter from lightning. Consider that many structures that provide 
shelter from the elements will not protect from lightning effects and actually increase risk. 


In this guide, we address all three of these elements and provide guidance for implementation. 


2.0 Discussion of Lightning Phenomena and Hazards 
2.1 Introduction to Lightning Hazards 


To better understand how to protect personnel and facilities from lightning we will briefly 
discuss lightning characteristics, the lightning attachment process and lightning hazards. 


2.1.1 Lightning Parameters 


A lightning strike is essentially a high amplitude direct-current pulse with a well-defined 
waveform. While there are several types of lightning, the type that concerns us is cloud to 
ground lightning. Understanding of the waveform of cloud to ground lightning is useful to the 
designer in formulating a protection system. Precisely how lightning is generated and how it is 
propagated to earth does not impact design greatly, therefore it is not within the scope of this 
report. The lightning pulse is divided into four parts, components A to D. Figure 1 illustrates a 
lightning waveform. Component A is the high-current pulse. It is a direct current transient that 
has been recorded to reach up to 
260,000 amperes and last for a 
duration of up to 200 microseconds. 
Typical rate of current rise with respect 
to time is 3 X 10!° A/s, but could reach 
2X 10'' A/s. On the average, it will 
reach 20,000 amperes for a 50 
microsecond duration. Strikes above 
200,000 amperes are considered rare. 
Component B is a transition phase on 
the order of several thousand amperes. 
Component C is a continuing current 
of approximately 300-500 amperes that eee 
lasts up to .75 second. The last ; | C 
component, D, not shown, is a restrike 200 0.75 X 108 
; ; TIME, SECONDS X 10° 
surge that is typically half that of 
component A in a given strike. It has 
generally the same duration as Figure 1 Representative lightning event. 
component A. Typically 3 or 4 
restrikes will occur in one lightning event but the maximum observed is 26 restrikes in one 
lightning event. Sources differ on the magnitude of 'D'; some state all restrikes are one-half the 
magnitude of the A component and some sources imply that the D component continually 
decreases by one-half (e.g., 1/2A, 1/4A, 1/8A, etc.). 


di/dt = 3 X 101° A/s 


CURRENT, AMPERES X 10? 8 
So 
| 


2.1.2 Lightning Attachment Process 


Let us examine how lightning interacts with the ground and how it attaches to objects on the 
ground. Most lightning that reaches the ground (over 90%) is negatively charged. It begins to 
intercept the ground by lowering a stepped leader - a precursor to the actual lightning discharge. 
This leader progresses in steps toward the ground and is comprised of electric charge. It 


completes this process in a length of time measured in tens of milliseconds. Below the leader is 
a region of very high electric field. As the leader approaches the earth, the high electric field 
induces objects on the ground to emit leaders of opposite polarity charge. Since opposite charges 
attract, the path of the downward leader is influenced by an upward leader of opposite polarity. 
Upon connection, the actual current discharge associated with lightning begins as shown in 


figure 2. 


2.1.3 Rolling Sphere Model of 


Lightning 

The final step in the lightning 

attachment process occurs at a 
STEPPED \ 
LEADERS 


point during the downward leader 
progression, when the leader 
“decides” toward which upward 
leader it will travel. As the 
downward leader approaches the 
objects on the ground, it is 
attracted to upward emitted 
leaders. A model of lightning 
propagation used today to 
represent this final step is the 
rolling sphere model as illustrated Figure 2 - Illustration of Lightning Attachment. 

in figure 3. It’s important to point 

out that this is largely an empirical model that models the observed behavior of lightning. 


Once the downward leader is within 
a certain radius, known as the 
striking distance, the upward and 
downward leader attract and PATH OF 

aps DOWNWARD 
connect. The striking distance is LEADER ‘ ROLLING:BALL 
defined in the NFPA 780 as the 
distance over which the final 
breakdown of the initial lightning DISTANCE 
stroke occurs. The sphere used in 
the model eventually intersects an 
object on the earth’s surface. This 
object can be a tree, structure or 
person. At that time, we expect that & 
the tip of the leader located at the 
center progresses rapidly toward the _ Figure 3 - Rolling Sphere Model of Final Lightning 
object intersecting the sphere. Taller Attachment Step. 
objects generally have an advantage 
since they are closer to the stepped 
leader and begin to emit their own leader sooner. From this type of model, we derive the 
concept of attractive area, which is explained in the next section. 


2.2 Assessment of Lightning Risk 


To determine the probability of strike several variables are considered such as geographical 
location, time of year and structural configuration. 


2.2.1 Probability of Strike 


The first aspect of lightning risk is the probability of strike. The procedure used to assess a 
probability of strike is to calculate an “attractive area” for the object in question. The term 
“attractive area” is the common phrase used but is really not the best choice of words since 
lightning events initiate without influence from features close to the ground. The attractive area 
really represents a zone where there is a high probability of lightning striking the object in 
question in the event that lightning initiates overhead within that zone. Once the attractive area 
is known, it is compared with the flash density to find the expected number of lightning 
attachments to the object within a period of time. A coefficient is also sometimes used to 
account for other objects/structures nearby. 


2.2.2 Determination of Lightning Attractive Area 
A key variable in the assessment of lightning probability is the lightning attractive area, Ag. 
Strike frequency is proportional to the attractive area. The attractive area is determined by 


finding the area of the structure and adding a region equal to three times the structure height. 
Expressing this mathematically, we find the attractive area: 


A, = LW +6H(L+W)+9nH” 


Where: L= length [km], W= width [km], H= height [km] 


In cases of a prominent singular structure or prominent part of the structure, then the attractive 
area reduces to: 


A, =9nH” 


2.2.3 Geographical Factors 


The next step in the probability determination is to find the product of the attractive area and the 
lightning flash density of a given particular geographical area and account for the local 
environment of the structure. Flash density is the expression of the number of lightning events in 
a given area per unit time. Typically, the flash density is expressed in flashes per square 
kilometer per year. 


The map in figure 4 shows the expected annual flash density within CONUS. 


To account for the local environment of the object, we use an environmental coefficient, given in 
the following table. 


Table 1 — Determination of Environmental Coefficient, C, 

Relative Structure Location Cy 
Structure located within a space containing 

Structures or trees of the same height or taller 0.25 
Within a distance of 3H. 

Structure surrounded by smaller structures 0.5 
Within a distance of 3H 

Isolated structure, no other structures located within a distance of 1.0 
3H. 

Isolated structure on a hilltop 2.0 


Meon Annual Ground Flash Density 
(floshes/km? ) 


Figure 4 Mean CONUS Annual Lightning Flash Density 


Finally the strike frequency to an object is given by the product of the attractive area, flash 
density and the environmental coefficient. 


N=D,A,C, 


where: Dy = flash density [flashes/km? per year], A.= attractive area [km”], C, = environmental 
coefficient [no unit]. 


As an example, a structure of 3 by 10 meters, and 3 meters high, would have an attractive area, 
A. =2.7X10* km’. If Dp= 6 flashes/km* per year if the structure were in a clearing, meaning 
use C; = 1.0, then the expected frequency of strike would be N= 1.6X 10% or about 0.16 % per 
year. If the same structure was in a heavily wooded area, then C= 0.25, decreasing the chance 
of strike to 0.04 % or if it were on a hilltop, increasing the chance of strike to 0.32 %. 


Although these values seem small, if the total area of all structures on a post were added together 
and considered, we would find that several strikes are expected to structures on the post within a 
year’s time. If we also consider that some given area of terrain is occupied by troops in the field 
for most of the year the same calculation is valid. Consider that if one square kilometer is 
occupied by troops in the field most of the year, we 
would expect about 6 strikes per year near troops. (No 
environmental factor is applied since troops in the open ) 
are more susceptible to lightning effects, as will be FOU, 

ni : i ay CURRENT (1) 
explained in the next section.) = 


2.3 Personnel Hazards 


The danger from lightning is not confined to a direct 
lightning strike. Most lightning injuries (and almost all 
Army lightning injuries/fatalities) come from indirect 
effects of nearby lightning strike. The two prominent 
effects are step potential and flashover. 


2.3.1 Step Potential Hazards 
Figure 5 Step Potential. 

We can expect a significant voltage difference near the 

point where lightning current enters the earth. In figure 

5 we model the current injected flowing outward 

through thin “shells” in the earth, each with an 

incremental resistance, which develops an 


: es CL) 
incremental voltage, dV, over the surface of the earth. pd 


This is known as the step potential, named after the 


potential drop across human (or animal) feet in the ip 

space of a step. Step potential developed from 

lightning effects, or even large fault currents, can be Rt Rf 

lethal. Figure 6 illustrates the hazard from step 

potential. If current (I ;-2) on the order of tens of | 1-2 V1 V2 

thousands of amperes (a typical lightning event) is —— 
injected on the left of the figure, the resulting Figure 6 Body current path induced by 


potential (voltage) difference (V1-V2) over the step potential. 

illustrated step length can easily be tens of thousands 

of volts. Since there is a voltage difference between 

two points (feet) and the human body presents an 

impedance, a current can flow resulting in shock. The magnitude of the current (Ib) depends on 
the foot contact impedance (Rf) and the body impedance (Rb). 


The step potential hazard is manifest in situations where people perceive that they are safe. 

Many step potential accidents occur when people are gathered in a tent, under a tree, or other 
unprotected structure (like the huts on golf courses) that is hit by lightning. Even though there is 
no direct strike to personnel, injuries and fatalities from the resultant electrical shock can (and 
do) occur. Protection from step potential is an important design consideration for personnel 
protection. 


2.3.2 Flashover Hazards 


Flashover occurs when lightning attaches to something that has a relatively high impedance path 
to ground. A good example of such an event is lightning striking a tree. The tree presents a 
path to ground, but the path has a high impedance compared to that of a properly installed, well 
grounded lightning protection system. If we model the lightning as a current (I) source and the 
object through which it is passing as a general impedance (Z) we see that a significant voltage 
can develop on the object. If this voltage exceeds the air breakdown value (approximately 10° 
volts/meter) the lightning current may jump from that object to another grounded object in the 
vicinity. 


In figure 7, we illustrate the flashover effect. If 
lightning were to attach to a tree current would 
flow through the tree to ground. This usually 
causes significant damage to the tree from the 
rapid heating and expansion of moisture within 
the tree. Note we are modeling the current flow 
as upward, since we have mentioned that most 
cloud to ground lightning is negatively charged. 
By Ohm’s law, V = IZ, as current flows through 
the tree, a voltage is developed. If this voltage 
exceeds the air breakdown value to a nearby 
object (or person), the lightning current will 
likely seek a path through the air to the nearby —— 
object or person. If a person is touching the tree — Physical System Equivalent Circuit 
to begin with then the breakdown value is 
governed by the skin impedance (which would 
be quite low in comparison) and the person 
would find themselves as part of the circuit. A typical lightning strike might produce 20,000 
amperes of current and a typical tree might have a 100-ohm impedance. In this case, the voltage 
developed would be 2 million volts, enough to flashover to objects 2 meters away. Many 
lightning injuries occur from the flashover hazard. Most common is from being in the vicinity of 
trees during lightning storms or near electrical conductors that are subject to lightning current. 
Common sources of this injury occur when a person is near a residential telephone line and it is 
energized by a distant lightning strike. Consideration of flashover hazards is also an important 
design issue for the protection of personnel. 


Vid) © 
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Figure 7 Flashover hazard. 


3.0 Lightning Detection, Warning and Safety Procedures 
An essential part of minimizing risk due to lightning is detection and warning. 
3.1 Lightning Detection 


Several methods are available to detect lightning. In one form or another, these methods can be 
applied by soldiers at all levels to know when a lightning hazard is expected or imminent. 


A major disadvantage of most detection systems is that they cannot predict the first strike of 
lightning. They can only tell what has already happened. At the front of a fast-moving storm, 
risk of first strike may be significant. Tracking and early warning is a good feature available 
from many lightning detection systems. Let’s discuss them in ascending complexity. 


3.1.1 Visual/Audible Detection 


This method involves little more than training troops to recall the “flash-to-bang” method to 
determine the distance of lightning strikes. Once a lightning flash is observed, the sound of the 
associated thunder takes 5 seconds to travel one mile. Using this rule of thumb, soldiers can 
easily detect and measure the distance to a lightning event. Unfortunately, maximum audible 
range of the thunder associated with lightning is approximately 6 miles, flash-to-bang time of 30 
seconds. Detection of lightning at a range of 6 miles may not provide troops enough time to take 
protective measures or discontinue especially hazardous operations. 


3.1.2 Weather Reports 


Weather reports are available through various media; radio, television and internet. These 
reports, especially forecasts, are useful to know when to expect lightning hazards and 
consequently plan accordingly. 


3.1.3 National Oceanic and Atmospheric Administration (NOAA), National Weather Service 
(NWS) Radio 


NOAA radio, available throughout the continental U.S. in the 162.4 — 162.55 MHz band, also 
broadcasts storm alerts affecting the nearby area. These radios provide some degree of early 
warning but are not specific to lightning. 


3.1.4 National Lightning Detection Network (NLDN) 


NLDN is a system of lightning sensors covering most of CONUS. Lightning warning services 
from NLDN are available through Global Atmospherics Inc. These services are available by 
subscription and are relatively inexpensive. (See www.lightningstorm.com for details.) 
Warnings can be issued by this service via pager. 


3.1.5 Radiofrequency Detectors 


Detectors are available that locate lightning by using a characteristic radio signature. While 
more expensive, these instruments can provide the direction and location of distant lightning, up 
50 or 100 miles away. Detection at this range provides the ability to track the approaching storm 
and thus provide a great deal of early warning. 


3.1.6 Electric Field Detectors 


At some government installations, electric field detectors are employed. These devices are 
limited in capability, since they do not detect lightning directly. They do have the advantage of 
being able to detect the conditions necessary for a lightning strike and are very useful as a part f 
a comprehensive lightning warning system. Electric field detectors are very limited in range and 
many would be needed to cover an installation. The expense and limited capability of these 
devices make them practical in only the most critical applications, such as bulk explosives 
handling or special weapons operations. A point detector is useful at critical sites, like bulk fuel 
handling or ammunition points. 


3.2 Warning Procedures 


The best detection methods are useless if the information is not disseminated. Standing 
Operating Procedures need to be in place at operations centers, range control or with the Staff 
Duty Officer (whomever is designated as the responsible party) for notification of the lightning 
hazard. 


Most installations already have some form of notification procedure, telephonic or tactical radio, 
which can be easily adapted to lightning warnings. Features of notification should provide for 
positive real-time verification of message receipt and provide for backup or alternate means of 
notification. Recreational activities, such as the golf course, should also receive notification 
when lightning threatens. 


3.3 Safety Criteria and Procedures 

3.3.1 Personnel Protection Plan 

In preparing personnel protection against lightning, planning is essential. Personnel must be 
aware of the hazards from step potential and flashover and must know what to do if an electrical 
storm threatens. Consequently, the following measures are recommended to protect personnel 
on-site. 

3.3.1.1 Before Field Deployment 

Check the weather forecast for the geographical area of deployment. A cursory risk assessment 


can be made on how probable lightning activity is. If lightning activity is reasonably probable 
plan for: 


1) Monitoring of lightning activity. Designate a responsible person for monitoring. 

2) A lightning shelter consisting of a permanent substantial structure or a shelter specifically 
designed for personnel protection against lightning. 

3) Priority of work efforts in the event that outdoor activity is curtailed. Curtailment of low 
priority activities will minimize personnel exposure to lightning hazards. 

4) Communication of the lightning hazard on-site. How will all personnel be notified? 

5) Protected location for operational (mission essential) personnel. 

6) Personnel awareness of the lightning hazard. Awareness can be promulgated through a 
handout for personnel or more formal training. 


3.3.1.2 During Deployment — Activity Curtailment 


If lightning activity threatens during the deployment, a number of incremental steps to minimize 
personnel exposure are necessary. 


1) Criteria: Lightning at 30 miles. 


Actions: 

a) Notify personnel of increased lightning hazard. 
b) Prepare to cease unnecessary outdoor activity. 
c) Have nonessential personnel find shelter. 


2) Criteria: Lightning at 15 miles. Or thunder heard by personnel, but no lightning flash 
observed. 


Actions: 

a) Secure outdoor equipment. 

b) Cease outdoor activity other than securing equipment and critical tasks. 

c) Personnel not occupied due to activity curtailment should move to designated lightning 
shelter. 


3) Criteria: Lightning at 8 miles or lightning observed. 

Actions: 

a) Immediate cessation of outdoor activity. Abandon efforts to secure equipment if not 
completed. 

b) All personnel take cover in designated shelter. If no other shelter is available, personnel can 
move to hardtop automobiles for shelter. Personnel on foot should find low risk locations and 
disperse if no other options are available. 


Most periods of lightning activity move with a storm front and are often relatively brief. If 
sporadic lightning activity is present between 15 mile and 30 mile ranges, limited critical tasks 
may be undertaken outdoors but personnel must be informed of the hazard. Tasks that are 
especially hazardous during lightning storms, such as working with antenna masts or emplacing 
the grounding system, should not be performed at this time. In this circumstance, real time 
monitoring of lightning and fast personnel notification is crucial. Once lightning is observed 
within 8 miles, outdoor activity should again cease. 
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3.3.1.3 During Deployment — Activity Reinstatement 


Reinstatement of activities are in the reverse order of the above. If possible, delay resumption of 
outdoor activities (especially grounding and antenna mast work) until lightning moves out of the 
30 mile range. If absolutely required, allow only critical tasks once lightning moves out of the 
15 mile range. 


3.3.2 Lightning Risk Minimization Procedures 


Upon notification to take cover from lightning or upon hearing thunder, personnel outdoors can 
take actions to minimize their exposure to lightning. 


Personnel should: 

-Move to a substantial building, a permanent structure, or a structure specifically designed as a 
lightning shelter. Small, unprotected shelters and huts (like golf or bus shelters) are not safe. 
-Stay within metal vehicles. 

-Move to a low-lying area. 

-Minimize contact with electrical equipment and hard-wired phones during lightning activity, 
including tactical phones and associated equipment (wire, etc.) 

-Secure electrically initiated munitions (blasting caps, TOW rounds, etc.) [AW TM instructions. 


Personnel should not: 

-Remain in an open area. 

-Move near tall objects such as trees or poles. (Including antenna masts, see below.) 
-Remain in water. 

-Remain near metal fences, tracks, etc. 

-Remain on hilltops or other high ground. 

-Remain in tents. 

-Work with signals or other electrical equipment. Antenna masts and similar equipment are 
dangerous to work with during lightning storms. Do not attempt to secure antenna equipment 
during lightning storms. Move personnel at least 50 feet away from antenna masts and poles 
during lightning storms. 


If unable to take shelter, personnel should more to as low a spot as possible and crouch with feet 
closely together. Any objects that may produce a metallic upward projection, such as a radio or 
rifle, should be removed and placed horizontally on the ground nearby. Any weapon placed on 
the ground nearby should be cleared IAW local procedures before placing it on the ground. 
Groups of personnel in the open or in forested areas should disperse to minimize the possibility 
of multiple injuries from a single lightning strike. 
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4.0 Shelter Specifications 


At some installations, shelters have been equipped with lightning protection for personnel. 
Special considerations are needed to protect personnel in these structures. Often, these 
considerations are not commonly known. Our objective here is to specify shelters that provide 
robust protection for personnel. An example of one type of shelter is provided below. 


Example of a lightning protection shelter. 


The specifications and instructions in this guide are not to be used for protection of large 
buildings or other structures. They are intended for application to relatively small personnel 
shelters. For larger, more complicated installations additional guidance (as detailed in the 
references) must be consulted. 


4.1 Shelter Introduction 
A Lightning Protection (LP) Shelter must protect against the following lightning effects: 
a. Direct strike 


b. Flashover 
c. Step potential 
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3 primary subsystems are employed: 


a. Strike Termination subsystem 
b. Downconductor subsystem 
c. Grounding subsystem 


4.2 Strike Terminations 


The intent of the strike termination is to intercept the lightning event and direct it into the 
lightning protection system, eventually for dissipation into ground. 


Several methods of strike termination can be used. 


1) Air terminals. These terminals consist of upward pointing copper rods affixed to the upper 
parts of the structure to be protected. Spacing and positioning of the air terminals, as described 
below, are critical parameters for lightning protection. 


2) Metal parts. Metal parts of a structure can serve as strike terminations. ( 1/8” thick steel or 
3/16” copper or aluminum.) Thinner metal parts have a more significant risk of burnthrough. 


conductor can be used to intercept 
lightning. Inthis case,4” steel cable pewter tee eet eet 
greater) is recommended. 


3) Overhead wire. An overhead 
Pa “Te 


(or 


4) Lightning protection masts: 
essentially a tall extension of the air 
terminal concept. 


Pitched Roof: 
A: 20 ft., maximum; B: 2 ft., maximum. 


4.2.1 Placement of Strike Terminations 

Strike terminations are placed at locations where they are likely to intercept the lightning strike. 
4.2.1.1 Integral to the structure: 

Strike terminations must be placed within 2 feet of ridge ends on pitched roofs and at the edges 
and corners of flat or gently sloping roofs. Air terminals must be spaced not more than 20 ft. 
apart. 

Pitched Roofs: (Pitched roof defined as spans less than 40 ft., 1/8 pitch or spans greater than 40 


ft., 4 pitch.) Air terminals can be placed on the ridge only provided the height of the eaves does 
not exceed 50 ft. above grade. 
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Gently Sloping Roofs and Flat Roofs: 
(Defined as roofs with less pitch than 
pitched roofs.) Additional strike 
termination devices, not to exceed a 50 
ft. interval, will be placed on the flat or 
gently sloping areas. 


An air terminal installed on a structure 
must have 2 paths to ground via a main- 
sized downconductor (described in 
4.3.1). 


Flat/Gently Sloping roof: 
A: 50 ft., maximum 


. . . B: 20 ft., maximum 
4.2.1.2 Lightning Protection Masts 


Masts with an air terminal affixed to the top can be used to protect structures. The mast (less 
than 50 ft. height) protects a conical area with the apex of the cone at the tip of the installed air 
terminal on top of the mast. The radius of the base of the protected conical area is equal to the 
mast height, to the tip of the air terminal’. Masts must be placed such that the structure is 
entirely contained within these cones. 

Although the structure may be within 

the protected area, ground currents 

remain a significant hazard in the 

event of a lightning strike. 


4.2.1.3 Overhead wires: 


Similar to lightning protection masts, 
an overhead wire can be placed over a 
structure. The strike termination in 
this case is the wire. The conductor 


must be placed so that it is 8 ft. or Depiction of approximate protected area from a 
higher than the top of the structure to lightning protection mast. 
be protected. 


4.2.1.4 Materials for Strike Terminations: 


Air terminals: Copper, 3/8 inch thick minimum, blunt (rounded) tips are recommended. Length 
of the air terminal will be no less than 10” but no greater than 24”. 


Metal parts: 1/8” thick steel or 3/16” copper or aluminum (minimum, thicker is permissible). 


Overhead wire: Steel cable, 4 inch or greater diameter. 


' A more advanced description of the protected zone is available using the electrogeometrical, or rolling ball, model 
in NFPA 780. The conical protected zone approximation is used for the small structures here for the sake of 
simplicity. 
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4.3 Downconductors 


The downconductor system conveys the lightning current from the strike terminations to the 
ground electrode system. 


For personnel protection, the 
downconductor system also 
needs special consideration. The 
primary consideration is 
prevention of flashover to 
persons near the downconductor. 


A downconductor must be 
provided for each corner of the 
structure at a minimum. Given a 
typical shelter structure, a 
minimum of four 
downconductors are needed. If 
the separation between 
downconductors exceeds 60 ft., 
more are needed. 


Diagram of overhead wire system. 


Structural steel is permitted for use as the downconductor system. If structural steel is used, 
separate downconductor systems are unnecessary. Bonding the downconductor to the structural 
steel must be done by compression or exothermic means and have a minimum contact area of 3 
sq. in. 


Downconductors will be run as directly and as short a path as possible. Bends must not exceed 
90 degrees with a minimum of 8 in. bend radius. 


4.3.1 Downconductor Materials: 


Copper, #2 AWG with minimum strand size of #17AWG per strand. Main sized Class I copper 
lightning protection cable (NFPA 780-1997) may also be used. 


Conductors will be fastened or anchored at a maximum of 3 ft. intervals. 

4.3.2 Downconductor Flashover/Touch Potential Protection System: 

Copper conductors must be guarded by nonconductive barriers to prevent flashover. Schedule 
80 PVC pipe is recommended for this purpose. The downconductor must be guarded from grade 
to 8 ft above grade or to the eave of the structure. Using insulated wire is less desirable since it 


will be subject to damage. 


Although structural steel downconductor systems have much less inductive reactance than 
copper wire downconductor system, there is still a touch potential hazard. To prevent these 
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hazards, the structural steel should be insulated. In cases where this is impractical, establishing 
equipotential (essentially a Faraday cage) all around the structure, including the floor surface, 
will minimize flashover hazards. In many cases, insulation of the structural metal will be 
impractical. Personnel should then remain away from the supports during electrical storm 
activity (post sign to this effect). Recommend 3 ft. separation distance. 


4.4 Grounding system 


The purpose of the grounding system is to transfer the lightning current from the downconductor 
system to earth. In order to do this effectively, it must have a fairly large area in contact with the 
ground and have a low resistance. Minimization of step potential hazards is also an important 
consideration for personnel shelters and adds other aspects to the grounding system design. 


4.4.1 Grounding Electrodes 


-A grounding electrode (ground rod) at each downconductor termination at grade. Other 
electrodes are permissible where ground rods are not practical. Ground rods should be a 
minimum of 8 feet below grade. 


4.4.2 Step Potential Protection Subsystem Requirements 


To protect against the effects of step potential it is important to make an equipotential surface. 
Current can’t flow between two points of the same voltage, thus preventing electrical hazards. 
(This is how birds can sit on an energized wire without harm.) In the same way, personnel can 
be protected against step potential. The best solution, although not practical, is to have a metal 
floor. The requirements in this section attempt to replicate a as closely as possible, a conductive 
surface on or below the shelter floor. To provide some further protection in the event the 
equipotential surface is not perfect, a high resistance material is specified for the top layer in 
order to minimize any current flow through the body that may develop. 


4.4.2.1 Subsurface Mesh Specifications 


Subsurface mesh must be installed with not more than 3 ft. spacing. (New construction) Mesh 
should be constructed of main-sized copped wire (#2 AWG) and be installed at least 18 in. but 
not more than 30 in., below grade. Mesh crossovers must be wire tied together with copper wire. 


A crushed rock or gravel top layer should be provided, 6 inches deep minimum. (This serves as 
an additional insulating barrier to limit currents induced by step potential.) Other insulating 
materials are permissible under engineering supervision. 


Where concrete flooring is used, a mesh made of rebar is acceptable. The rebar within the 
concrete must be wire tied together for electrical bonding and the rebar must be bonded to any 
earth electrodes and the downconductor system. There should be at least one bond to each 
downconductor. Bonding for this should be by compression fitting or exothermal bond, with a 
minimum of 3 sq. in. contact area. 


* See NFPA 780 or MIL-HDBK 419 for detailed instructions on grounding system implementations. 
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#2 AWG COPPER WIRE 


WIRE TIES AT 


— CROSSOVERS 
3 FT. ins 
<<» 


3 FT. MAX. 
Illustration of subsurface grounding mesh for the prevention of step potential hazards. 


4.4.2.2 Subsurface Equipotential Surface for Old Construction: 


In many cases where lightning protection is applied to old construction, installation of a 
subsurface mesh may be impractical. In this case a grounding perimeter wire, or counterpoise, 
needs to be installed. The counterpoise needs to be a main-sized copper conductor and bonded 
into all electrodes, downconductors, etc. 


#2 AWG COPPER 
WIRE 


. * 


CRUSHED 
STONE OR 
GROUND ae 
RODS 


l¢—_t—_ 


# 


Plan view of counterpoise and stone fill for old construction. 


If there is no improved flooring (dirt floor) in the shelter, a minimum of 6 inches of gravel is 
recommended as an insulating barrier. Existing concrete flooring can be used. 
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4.4.2.3 Common Grounding: 


Electrically bonding metal parts ensures equipotential. Any metallic apertures to the shelter can 
become energized from lightning or other sources. Single-point bonding reduces the possibility 
of high current flow through unintended paths in the event of a lightning strike. 


4.4.3 Bonding of Dead Metal Parts 


All dead metal parts within the shelter must be bonded into the ground electrode system for the 
same reason as any electrical system grounds. This includes permanent benches, tables, lockers, 
etc. 


All other grounding systems, such as that provided for electrical service, or for 
telecommunications, must be bonded to the lightning protection system ground at one point only. 
This bonding should be done IAW National Electrical Code (see references) or IAW local 
construction codes/standards and policy. 


4.4.4 Bonding Conductors Specification 


Copper, #6 AWG with minimum strand size of #17AWG per strand, is permitted for use for 
bonding purposes. 


4.5 Site Considerations 


Local terrain can affect the performance of the shelter. Terrain factors must be considered when 
choosing the site for the shelter. 


Hilltops should be avoided for the shelter, or similar areas of high lightning risk. Having the 
shelter in a high-risk area merely increases the probability of strike and might place personnel 
trying to reach the shelter at significant risk. 


The area near the shelter should be cleared of trees or other upward projections to a range of at 
least 15 feet. It is possible that a lightning event to a tree or other nearby projection that is not 
bonded electrically into the grounding system will flashover to personnel inside the (open) 
shelter. 
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PREFACE 


Noise and interference present problems to all electronic tech- 
nicians everywhere. With the tremendous “electrification” of this 
country, even the once quiet rural scene is now troubled with inter- 
ference. Most technicians have become pretty adept at keeping 
electronic equipment operating. However, troubles which do not 
originate within a unit, such as noise and interference, still represent 
a thorn in the side of the average serviceman. 


This book is presented in the hope that it will make the job of 
finding and eliminating interference easier. It is obviously impossible 
to cover all the causes and cures; however, enough of them have been 
included in this book to guide you in locating and correcting prac- 
tically any kind of noise problem. The material has been derived 
from years of experience in hunting noises of different kinds, and is 
presented for the benefit of those who can’t afford to start from 
“scratch.” 


My sincere thanks to the many manufacturers who supplied some of 
the illustrative matter for this book. Also, my thanks to the FCC for 
the material from their files on unusual noise cases. 


September, 1960 
Jack Darr 
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CHAPTER 


SINCE MAN first began to com- 
municate by means of electromag- 
netic impulses, his worst enemy has 
been interference created by the in- 
tentional or unintentional trans- 
mission of other electromagnetic 
impulses. This interference—better 
known as noise—comes from every- 
where: the atmosphere, outer space, 
and here on earth. Marconi’s first, 
feeble three dots would have been 
a lot easier to receive from Poldhn, 
Cornwall, England, if it hadn’t been 
for noise! In fact, if it weren’t for 
noise, man could communicate to 
the farthest planets with only a few 
watts of radio-frequency power. 

In the beginning, radio operators 
actually communicated by means of 
noise: the old “spark” transmitter 
was nothing but a coded noise gen- 
erator. 

Noise originates in every part of 
electrical apparatus—in the vacuum 
tubes, transistors, and resistors, and 
even in the wiring itself. The ran- 
dom flow of electrons through a con- 
ductor generates a few microwatts 
of noise; so do the many megawatts 
of a lightning flash. 

Tremendous strides have been 
taken, in a comparatively few years, 
toward reducing noise generated in 
the circuits themselves. From the 
cascode tubes in the TV tuners to 
the ruby masers working in a bath 
of liquid helium, every effort has 
been made to reduce self-generated 


noise in receiving equipment. Spe- 
cially-designed radio receivers are 
used in space communications and 
telemetry, some with a bandwidth 
of only ten cycles, to reduce the ef- 
fects of noise. 

So, amidst the crackles, bangs, 
pops, and roars of natural static, 
there stands out the worst offender: 
man himself! Random noises origi- 
nating in the myriad electrical units 
surrounding us make up a very large 
proportion of the total. Fortunately, 
this is the one kind of noise we can 
do something about. 

There are several means of re- 
ducing the effects of noise on com- 
munications—frequency and phase 
modulation, narrow-bandwidth re- 
ceivers, special low-noise receivers 
such as the supercooled masers, par- 
ametric amplifiers for UHF and 
SHF, and so on. However, we will 
be concerned with only the everyday 
problem of how to improve radio 
and TV reception by reducing man- 
made noise in our own area. The 
ways of doing this will be covered 
in great detail and in plain Jan- 
guage. These methods and the 
equipment used have been field- 
tested and will be successful if prop- 
erly applied. 


DEFINITIONS 


The first thing to do is get our 
definitions straight . . . we'll get 
along a lot better if we're all speak- 


ing the same language! So, let’s be- 
gin by defining some of the terms 
used throughout the rest of this 
book. 

What is noise? For that matter, 
what is a signal? Both are clectrical 
disturbances—but with a difference! 
Look at Fig. 1-1; Fig. 1-1A shows a 
signal which consists of variations in 


water out of the other! This brings 
us to the second point: if we can’t 
separate the two once they are 
mixed, then our only hope is to keep 
the noise out in the first place (see 
Fig. 1-2). We can’t do very much 
about natural static, lightning, at- 
mospherics, and such; but we can 
stop man-made noise. The best and 


(A) Signal. 


(B) Noise. 


Fig. 1-1. Comparison of a signal and a noise voltage. 


the amplitudes of the waves. From 
these variations we recover the “in- 
telligence’—the modulation put 
there originally—in order to hear 
sound or make a TV picture. The 
signal in Fig. 1-1B shows similar 
variations, but of a completely ran- 
dom nature. By random nature we 
mean there is no recognizable pat- 
tern—these are small electrical im- 
pulses of all kinds, sizes, shapes, and 
frequencies. Feed this mess into a 
radio and it will come out a loud 
“rushing”? sound. In fact, this is 
what we would see if we connected 
an oscilloscope to the output of a 
radio and turned the gain wide open 
with the set off-station. This is the 
all-too-familiar “hash” we hear be- 
tween stations. 

So now we can make one state- 
ment: both signals and noise are 
fundamentally alike—they're both 
electrical disturbances. Combining a 
pure signal with noise is like pour- 
ing milk and water into the same 
pitcher. From then on, we simply 
can’t pour milk out of one side and 
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(A) A noise-free signal. 


(B) Signal at A combined with an almost 
equal amount of noise. 


Fig. 1-2. Effect of noise on a signal. 


about the only way to do this is to 
go directly to the source and keep 
noise from being produced at all. 
This we can do with the proper 
methods and equipment. 


NOISE VERSUS INTERFERENCE 


You noticed that the title of this 
book refers to interference, and 
here we are talking about noise. 
Well, the difference is merely once 
of definition. Actually, anything 
that interferes with reception of a 
desired signal can be classed as inter- 


ference, whether it is a flash of light- 
ning, Grandma's kitchen mixer, or 
the neighbor's 50-watt hi-fi running 
at full output. However, there is 
one small difference: By noise, we 
mean a purely random effect such as 
that shown in Fig. 1-1B. Noise does 
not become interference until it is 
actually interfering with the recep- 
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amplitudes and frequencies. No 
matter to what frequency we tune 
our receiver, there is bound to be 
some noise energy floating around 
somewhere on that frequency! 

A random-noise waveform has a 
certain typical frequency distribu- 
tion; that is, it shows peaks at certain 
frequencies (see Fig. 1-3). This is 
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FREQUENCY 
Fig. 1-3. Amplitude versus frequency spectrum of a typical arc noise. 


tion of a signal, as shown in Fig. 1- 
2B. This may sound as if we’re split- 
ting hairs— but we need some way 
of differentiating between noise 
(which is present at all times) and 
interference (which is not, except 
when a station is being received). 

There is another type of noise, 
called RF interference, due to radio- 
frequency signals from a_ station 
other than the one to which we are 
listening (or viewing). Most of the 
time, however, we will be concerned 
with the purely random-noise type 
of interference. 


SPECTRAIL DISTRIBUTION OF 
RANDOM-NOISE ENERGY 


To select a signal, we tune it in 
by setting a frequency-selective de- 
vice to respond to the frequency of 
the desired radio or TV station. By 
virtue of the selectivity of our re- 
ceiver, we can exclude all other sta- 
tions. Now look at Fig. 1-] again. 
No matter what the frequency is, 
there’s a little noise in there some- 
where! So, here is another charac- 
teristic of random noise to remem- 
ber—it occurs at all conceivable 


the frequency versus amplitude char- 
acteristic of a burst of random noise, 
such as the typical arc noise. Notice 
how the amplitude varies with the 
frequency: the higher the frequency, 
the lower the noise (and _ conse- 
quently, the lower the amplitude of 
the random-noise interference). The 
high-band TV stations are less af- 
fected than the low bands, and the 
UHF stations are affected the least 
of all. As a demonstration, listen 
during a thunderstorm to a broad- 
cast receiver at about 1200 ke and 
a short-wave receiver at about 10-15 
me while watching Channel 9 or 10 
on a TV receiver. You'll notice that 
the noise bursts from the broadcast 
receiver are deafening, but that 
those from the short-wave set are 
quite a bit less and the TV picture 
is hardly affected. 

It ts possible for this type of noise 
to show a frequency-peak effect as 
a result of peculiarities in the device 
generating it. For instance, if a ma- 
chine is creating random noise and 
pieces of wire or metal which reso- 
nate at 20 megacycles are attached 
to it, the resonance effects of these 
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conductors will increase the ampli- 
tude of the noise—often far above 
the normal amplitude found in ran- 
dom distribution. This is sometimes 
a valuable clue—by hunting for ob- 
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(A) Radiating noise source. 
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(B) Frequency versus amplitude curve. 


Fig. 1-4. Radiation from metal objects at- 
tached to a noise source. 
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jects which show these peculiarities, 
it is often possible to track down an 
obscure source of noise. Fig. 1-4 il- 
lustrates this effect. In Fig. 1-4A the 
metal objects attached to the noise 
source act as an antenna. Thus, they 
radiate much more noise at their 
natural resonant frequency than at 
other frequencies. The metal ob- 
jects can be guy wires, mounting 
brackets, or anything else which can 
be excited by the electrical energy 
from the noise source. The frequency 
versus amplitude graph of the noise 
source in Fig. 1-4B shows how the 
noise spectrum is affected when the 
conditions in Fig. 1-4A exist. 


SIGNAL-TO-NOISE RATIO AND 
THE BANDWIDTH OF A RECEIVER 


The operating bandwidth of any 
receiver has a lot to do with its 
signal-to-noise ratio. For example, 
the telemetering radio receiver men- 
tioned before, with its 10-cps band- 
width, will be much less affected by 
random noise than a commercial TV 
receiver with its 6-mc input. Fig. 1-5 
shows why. The narrow-band re- 


Fig. 1-5. Comparison of noise pickup by a receives with 10-cycle bandwidth 
to that of a TV receiver. 
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ceiver accepts only a very small per- 
centage of the total noise energy 
present, whereas the wide-band TV 
receiver receives a much greater 
portion. 

At present, there is no known way 
to build a TV receiver with less 
bandwidth and still get a usable pic- 
ture. So, if we can’t redesign the 
receiver, we'll just have to reduce 
the amount of noise present while 


the signal is being reccived. This 
applies equally to radio, television, 
or any other kind of communica- 
tion. The principal objective of this 
book is to aid the technician in 
reducing or eliminating man-made 
interference. This we will do by 
showing how it is generated, what 
its modes of transmission are, and 
some field-tested methods of dealing 
with it. 
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CHAPTER 


Noise and Its 
Elimination 


WE'VE TALKED a lot about noise. 
Now let’s find out a little more 
about it .. . what it is, and how it 
is generated. In order to deal in- 
telligently with noise, we must first 
understand all we can about its true 
nature and origin before we can take 
steps to reduce or eliminate it. 

Noise, for purposes of this book, 
is a completely random collection of 
electrical impulses containing ele- 
ments at all frequencies and at vary- 
ing amplitudes. Where does noise 
come from? The answer is simple— 
everywhere! Every piece of electrical 
equipment of any kind is a potential 
source! In other words, there is no 
such thing as an electrical apparatus 
that does not generate signals which 
could cause interference. Under 
some circumstances, even radios and 
TV sets are capable of causing inter- 
ference. 


CAUSES OF MAN-MADE NOISE 


The basic cause of all random 
noise is an electric arc. An arc is 
a rich source of radio-frequency 
“hash,” which is a short word for a 
“completely random signal’ (see 
Fig. 2-1). In any electrical apparatus, 
from the simple light switch to the 
inost complicated device, conditions 
exist which are capable of causing 
an arc and thus creating noise. Now, 
let's work out its basic concept, so 
we can deal with noise in whatever 
form we find it. 
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Fig. 2-1. Random noise created by on elec- 
tric arc. 


Why does an arc create noise? 
When an electric current jumps a 
gap, an arc is created as the current 
travels through the air instead of 
through a conductor. To set up an 
arc, sufficient voltage must be pres- 
ent to allow the air to “break down” 
and become ionized. The current 
then travels through the ionized 
path. The flow of electrons is highly 
irregular; they move at random, 
compared with their smooth travel 
through a conductor. Because of the 
constantly changing “resistance” of 
the ionized air, the instantaneous 
value of the current varies rapidly. 
These rapid variations set up a 
series of disturbances, not only in 
the arc itself, but also in the con- 
ductors carrying the supply current, 
and finally in the associated power 
supply. So, we get noise. 

There is a definite relationship 
between the length of an arc and 
the voltage of the source: the longer 
the arc, the greater the voltage 
needed to sustain it, and the higher 
the noise level it is creating. 


TRANSMISSION OF 
ELECTRICAL NOISE 


Now that we've created the arc 
and made the noise, how does it get 
from the source to our receiver? Any 
electrical apparatus consists of two 
major parts—the device itself, and 
the power supply that runs it. This 
may be the AC line, internal bat- 
teries, solar cells, an atomic pile— 
anything at all. Let’s look at condi- 
tions within these circuits. 

Take the simplest of all—a DC 
motor, and a power line carrying 
pure DC. If we connect this power 
line to a radio, all we will hear is 
a small “pop” when we make the 
initial connection (a small arct). 
What happens as the motor starts 
making noise? The noise flows 
around the circuit, back to the 
power supply and through it, and 
then back to the motor. Now we 
have a pure DC supply with a wildly 
varying AC voltage superimposed 
on it. Also, there are two voltages 
in the system—the noiseless DC sup- 
ply, and the noise. This noise is 
varying in amplitude—which brings 
us to the most important point in 
this section. Because it is varying (if 
it weren’t, it wouldn’t be noise at 
all, but DC again!), we can see that 
noise is always, in effect, an alternat- 
ing current (or voltage; for our pur- 
poses, it makes no difference at all). 

Actually, the noise voltage in this 
example is not true AC, but a 
pulsating DC. However, this is the 
same as we’d find in the plate circuit 
of an amplifier tube; in radio work 
it is treated like DC with an AC 
component. 

So, if we can recognize this voltage 
as AC, we can treat it like AC. But 
we must always remember, with any 
kind of noise, that we have two dis- 
tinct potentials in the supply wir- 
ing—the supply voltage itself (DC 
in this instance), and the AC noise 


voltage superimposed on it. Here 
we have used an ideal situation, 
where the power supply is absolutely 
pure DC. However, even in 60-cycle 
AC-powered equipment, we can still 
treat the supply voltage as a pure 
signal—noiseless as it were, and one 
which will not interfere with recep- 
tion—and concentrate on ways of 
separating the noise from it. 

To repeat, if the noise is AC, we 
can treat it as such, and by using 
various electrical components, do 
things to it according to standard 
AC theory. AC will pass through a 
capacitor; so will noise. AC is slowed 
down, or impeded, by a coil; so is 
noise. High-frequency AC (radio- 
frequency signals) can be confined 
inside a metal box; so can noise. 
Therefore, if we can remember its 
fundamental AC nature, we’ll find 
noise a lot easier to handle! 


TRANSMISSION CHARACTERISTICS 
OF NOISE 


Let’s see how this disturbance gets 
from its source to our radios and 
TV’s. Like all electrical signals, 
noise has two methods of travel— 
conduction and radiation. Hf the 
radio or TV and the noise-generat- 
ing apparatus are connected to the 
same power source, there will be a 
good, solid metallic path between 
the two, as shown in Fig. 2-2. The 
noise signals will travel along the 
power-supply lines (always taking 
the easiest way) and enter the chas- 
sis through the power-supply wiring 
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Fig. 2-2. Transmission of noise through the 
power lines. 
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of the set. There, it will be coupled 
into the sensitive input circuits and 
appear in the output as noise, along 
with the desired signal. So, instead 
of music we will get a lot of uproar. 

If the radio and the noise source 
aren't connected to the same power 
supply (for example, a battery set), 
then the noise apparently must 
travel through the air. This it does, 
being “broadcast” from the power- 
supply wiring of the noise source, 
which acts as a transmitting antenna 
as shown in Fig. 2-3. Magnetic im- 
pulses, exactly like those of a broad- 
cast-signal, are created. This radiated 
noise field cuts the turns of the an- 
tenna and induces a signal] in it, the 


what are we going to do about it? 
What kind of components can we 
use to reduce its intensity, and how 
do they work? First, let’s throw in 
another definition. Although there 
are many types of noise-reducing 
apparatus, most technicians lump 
them together and call them filters. 
This is quite an appropriate term, 
too—more so than many other elec- 
tronic terms. A filter “strains out” 
the noise from the power-supply 
voltage or other circuit, and leaves 
only the pure DC or signal voltage. 


How They Work 


Although ranging from a simple 
capacitor to elaborate multisection, 


NOISE 
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POWER SUPPLY 


Fig. 2-3. ‘Broadcasting’ of noise from the power lines. 


same as the signals from the radio 
station do. So, once again we get a 
lot of uproar. 

Of course, just as there are no 
pure radiated signals, there is no 
noise conducted entirely by wiring. 
All noises are a combination of the 
two. The stronger the noise, the 
greater the intensity of the noise 
field radiated from the wiring. In a 
way this is fortunate: it is no prob- 
lem to locate the wiring and trace 
the noise back to its source. Noise 
signals are attenuated in transmis- 
sion according to the same formula 
as radio broadcast signals. 


NOISE-REDUCING 
COMPONENTS—FILTERS 


Now that we've identified noise, 
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sharply-tuned traps, all noise filters 
have the same basic function—they 
must remove as much undesired 
noise as they can from the circuit, 
while leaving the original current 
or voltage relatively unaffected. Let’s 
sce how they do this. 


Capacitive Filters—Bypassing 


A capacitor, because of its ability 
to pass AC while blocking DC, is 
the simplest noise filter. Fig. 2-4 
shows how it works. The DC supply 
voltage is unaffected by the capaci- 
tor; however, the noise, being AC, 
takes the path of least resistance 
through the capacitor, which by- 
passes the noise to ground, where it 
is absorbed or dissipated. The by- 
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Fig. 2-4. Applying a bypass capacitor to 
the noise source. 


pass capacitor should be connected 
as close to the noise source as pos- 
sible. This way, we also shorten the 
“transmitting” antenna formed by 
the power line and thereby reduce 
the amount of noise radiated by it. 

In Fig. 2-5 the noise source is the 
variable contacts between the carbon 
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Fig, 2-5, Using a bypass capacitor to elim- 
inate noise from a DC motor. 


brush and commutator bars. The 
motor, turning at a high speed, 
causes the brush to make and break 
many thousand times each second. 
Each time, a small arc is formed. If 
the motor is heavily loaded, or if 
the brush holder is defective and 
allows the brush to bounce and 
make a poor contact, arcs will be 
longer and of higher intensity, and 
so more noise will be created. To 


reduce or eliminate this noise, we 
use as large a bypass capacitor as 
possible and connect it as close to 
the brush as we can. Since space 
inside motor housings is always 
limited, we’re restricted as to the 
maximum size. However, the newer 
capacitors combine maximum elec- 
trical capacity with minimum size. 

In Fig. 2-5 the frame of the motor 
is grounded to provide a return 
path for the noise. With the bypass 
capacitor connected directly to the 
brush, the noise finds an easy low- 
impedance route back to the chassis. 
In other words, it takes the path of 
least resistance! For simplicity, we 
have used a DC motor, which or- 
dinarily has one brush grounded to 
the frame. Many variations are 
found in commercial equipment. 
For example, if this were an AC 
motor, both brushes would be “hot,” 
so we would need two bypass capaci- 
tors, one for each brush; however, 
we could still ground the frame of 
the motor. (More about this in a 
later chapter.) 


Chokes—Inductive Filtering 


Let’s assume the brush noise in 
the motor of Fig. 2-5 is so bad that 
a simple bypass won’t stop it all. 
From Fig. 2-6 you can see that, al- 
though part of the noise is going 
through the bypass capacitor, there 
is still some left which is flowing 
happily off down the power wiring, 
looking for a radio or TV to get 
into. So, we use another kind of 
noise-reducing device called a choke, 
which is simply a coil of the proper 
inductance. The flow of the noise 
(AC) through the coil generates a 
back emf which opposes the noise. 
As a result the noise currents grow 
smaller and smaller, until they are 
all “choked out.” Meanwhile, the 
DC supply current is allowed to flow 
unimpeded. 
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Fig. 2-6. Using a bypass capacitor and 
choke coil to eliminate noise from a DC 
motor. 


There are two points to consider 
in selecting a choke. First, it must 
be wound with large enough wire to 
carry the maximum power-supply 
current without any voltage drop. 
Second, it must have enough turns 
to remove the noise voltages. For 
purposes of illustration, the choke 
in Fig. 2-6 has been drawn quite a 
way from the brush terminal. In 
actual practice, it would be con- 
nected as close to the terminal as 
possible, in order to reduce the 
length of the “antenna” radiating 
the noise signals. 


Combination Filtering Devices 


So far we have used a bypass ca- 
pacitor alone and with a choke. Now 
let's see what happens when we put 
them together. By taking advantage 
of the characteristics of each compo- 
nent, we can build a combination 
filter that will be much more efficient 
than either of the parts used sepa- 
rately. Fig. 2-7A shows it schemati- 
cally. This is about the simplest com- 
bination filter—a_ single — section, 
sometimes called an “L” filter. By 
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(A) A simple LC filter. 


GROUND 


(B) A pi-section filter. 
Fig. 2-7. Two types of noise filters. 


adding another capacitor at the out- 
put of this filter (Fig. 2-7B), we will 
have one of the most common filter 
circuits used. Because of its simi- 
larity, in schematic notation, to the 
Greek letter 7, it is called a pi-sec- 
tion filter. If you're thinking that 
this circuit looks exactly like the 
filter circuit used in radio and TV 
receiver power supplies, you're ex- 
actly right. It has been used in such 
applications for many, many years. 

The action of the pi-section filter 
is exactly like that of the simpler 
units discussed, only carried a bit 
further. The AC noise energy finds 
a pretty good path to ground 
through the first bypass capacitor, 
Cl. The rest tries to get through 
coil L, but suffers quite a bit of 
loss in amplitude from its choking 
action. What little noise is left, after 
this struggle, simply gives up and 
flows off to ground through output 
bypass capacitor C2, leaving the line 
free of noise voltages and carrying 
only the original power-supply volt- 
age. 

There are many combinations of 
this basic circuit—one with filter 
chokes in both legs of the circuit, 


double sections, plus many others. 
However, no matter how compli- 
cated a filter appears to be, its action 
is always just as simple as the ones 
described in the previous para- 
graphs. 


SUPPRESSION 


Suppression is a term with several 
meanings, but in noise work it takes 
on a specific one. When we say sup- 
pression from now on, we mean the 
insertion of a resistance (as opposed 
to impedance) in series with the cir- 
cuit. Pure resistance has the same 


IGNITION 
SWITCH 
° 


BATTERY 


BREAKER 
POINTS 


stop. Hlowever, there arc many other 
circuits in which we can use pure 
resistance to good advantage. One is 
in the high-tension ignition system 
of an automobile. Here, the noise 
comes in “bunches,” or as we'll call 
it from now on, a pulse noise. Each 
of the pulses represents a_ single 
burst of noise from the ignition coil 
and distributor; the purpose is to 
fire the spark plugs. If allowed to 
feed into the car’s electrical wiring, 
this noise will reach the radio and 
cause a “popping” sound each time 
a plug fires. Fig. 2-8A shows the basic 
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(A) Basic schematic. 
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(B) Addition of suppressor resistor to reduce noise pulses. 


Fig. 2-8. Automobile electrical system. 


ohmic value, whether used in a DC 
circuit or in one carrying radio- 
frequency currents, whereas imped- 
ance varies according to the fre- 
quency of the applied AC voltage. 

As a rule, resistive suppression is 
restricted to those circuits which 
carry very high voltages and very 
small currents. Obviously a large re- 
sistor, in series with the input wiring 
of the motor in Fig. 2-6, would cause 
the motor to slow down or even 


circuit of an automobile ignition 
system. The voltage in this system 
will resemble the pulse shown in 
Fig. 2-9A. That is, at first a high- 
amplitude pulse appears; this is suc- 
ceeded by several alternations with 
slowly decreasing amplitude. Un- 
fortunately, we can’t get rid of the 
noise entirely; so we will have to 
settle for reducing its amplitude and 
duration—this is called damping. 
We do this by inserting a 10K 
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(A) Undomped fluctuotions in unsuppressed 
system. 


(B) Fluctuations when suppressor resistor is 
used, 


Fig. 2-9. Pulse voltages in automotive 
electrical systems. 


resistor in series with the high-ten- 
sion side of the circuit, as shown in 
Fig. 2-8B. With the resistor in the cir- 
cuit, the pulse will look more like 
the one in Fig. 2-9B. The original 
high-voltage pulse is there, almost as 
high as before and still with plenty 
of voltage to fire the spark plug, but 
the resistor damps the circuit so that 
succeeding fluctuations die away 
much more rapidly. Because we have 
reduced not only the amplitude of 
the pulse, but most of its duration 
as well, we have cut down drastically 
on the total “noise power.” A long 
burst of noise will have a greater 
effect than a series of short ones; 
there is much less actual power— 
“noise watts,” we might say—in the 
short bursts. 


SHIELDING 


Well, we've done about everything 
we can to the poor little noise sig- 
nals. We've poured them down the 
drain of bypass capacitors; we've 
strangled them in chokes; and now 
we offer them the final indignity: 
imprisonment! This is the last basic 
method of noise reduction, and is 
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known as shielding. If the use of 
sufficient noise-reducing devices of 
the kinds we've been talking about 
isn’t practical, or if they won't quite 
get rid of the noise, then we must 
resort to another method: keeping 
the noise fields from escaping from 
the vicinity of the device causing 
them. 

Noise fields, as we have said, are 
electromagnetic waves. Like radio 
signals, they will set up an electric 
current whenever they cut a con- 
ductor. So, to eliminate them, we 
place in their path a solid box of 
highly conductive material, as shown 
in Fig. 2-10. The noise fields strike 
the surface of this box and immedi- 
ately induce currents in the metal. 
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Fig. 2-10. Shielding a noise-producing 


device. 


The currents don’t go anywhere; 
they simply flow around in circles 
until their energy is dissipated. The 
energy which causes these currents 
to flow must come from the original 
noise fields, of course; therefore, it is 
quickly exhausted, and harmlessly 
eliminated. 

The box is shown grounded in 
Fig. 2-10. In many instances ground- 
ing will not be necessary; the noise- 
energy level will be sufficiently re- 
duced by the losses in creating the 
current. However, if the noise is ex- 
ceptionally high, it may be necessary 
to ground the shielding box, in 
order to furnish an easy path for the 


current to return to earth-ground 
and be dissipated. 

We used the term “solid” box just 
now in order to make the analogy a 
little clearer. Actually, shielding 
boxes are seldom really solid. ‘They 
must be solid as far as radio-fre- 
quency energy is concerned; this 
means they can be made of screen 
wire, or that small holes can be 
punched in the solid sheet metal to 
provide ventilation for the device 
inside, and still offer a solid surface 


to the RF noise fields trying to es- 
cape. As long as there are plenty of 
paths for the current to flow, the 
shield will be solid enough for prac- 
tical purposes. 

In typical applications, the shield 
would be used with some kind of 
filter to reduce the noise. Shielding 
is used principally to reduce direct 
radiation of noise, whereas filters 
are connected into the power wiring 
to prevent the escape of any noise 
through that path. 
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CHAPTER 


IN THE preceding chapter, we dis- 
cussed the three basic components 
used in noise-suppression work and 
the part each one plays in the final 
design of a filter. Each component— 
capacitor, inductor, or resistor—has 
its own specific application and 
characteristics, for which none of 
the others are suitable. If you know 
exactly what each part does, you'll 
be able to use it more effectively. 
Now, let’s venture a little further 
into the principles of filter design, 
so you'll know what to do with the 
various parts. 

You'll never have to make any of 
the parts you use in noise work (un- 
less you want to wind a small coil or 
two for some specific job). Building 
a filter is a task very seldom encoun- 
tered. There are now on the market 
many types of noise filters for every 
conceivable application; your job 
will simply be to select the right one. 
This is exactly like building a hi-fi 
or radio—we don’t actually make 
the components; we buy them ready- 
made and select the right one for 
each job. It is the same principle 
here—you know just what each com- 
ponent does and how it reacts in 
various combinations, so you will be 
able to choose intelligently between 
them. OF course, there will always 
be that one job calling for a very 
special filter which is more easily 
built than bought; this is the excep- 
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Noise Filter 
Design 


tion that proves the rule, and we'll 
deal with it later on. 


THE BASIC FILTER CIRCUITS 


The simplest filter circuit is just 
a bypass capacitor from the noise 
source back to ground. No other 
name is needed; we just call it “by- 
passing’ (Fig. 3-1A). The next type 
of filter is the inductor. You will 
seldom see inductors alone used in 
filtering, for an obvious reason: 
capacitors are usually cheaper. If 
the bypass capacitor doesn’t get rid 
of all the noise, then the inductor 
is added to complete the job. Re- 
sistors are used in special cases. 
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Fig. 3-1. Simple filter circuits. 


The simplest filter configuration 
is the single capacitor and inductor 
in Fig. 3-1B, called an “L” section 
because of its shape. In radio and 
TV circuits, it is used to prevent 
interaction between stages. Never- 
theless, the purpose is still the same 
—it’s a filter. In TV circuitry, LC 
filters are found mostly in video and 
in VHF stages, such as the video IF, 
etc. These tiny chokes, which are 
only a few turns of wire, are cheaper 
than resistors. In power-supply cir- 
cuits, however, small resistors are 
more common. For example, the 
familiar “IK resistor, .01 capacitor” 
so often used in screen-grid circuits, 
etc., is actually the RC circuit shown 
in Fig. 3-1C. 

In both the LC and the RC filters 
there is one pertinent characteristic 
we should discuss—the time con- 
stant. Notice the resemblance of all 
LC filters to a resonant circuit, and 
indeed, that is what they are. Each 
one will resonate at a frequency de- 
termined by the inductance and 
capacitance, according to the fa- 
miliar formula: 


I 
fp = 
2ay/LC 
where, 7 
fy is the frequency in cycles per 
second, 


L is the inductance in henrys, 

C is the capacitance in farads. 
Later, we'll make good use of this 
formula in specific applications. 

The RC filters, of course, do not 
really “resonate” at a given fre- 
quency, as the LC combinations do 
—but they do have a very important 
property known as the time con- 
stant. Briefly; this means the com- 
bination of resistance and capacity 
will have maximum effect at a given 
frequency. 

The time constant of an RC cir- 
cuit is the time in seconds the capaci- 
tor takes to charge to 63% of its 
peak voltage through resistor R. 


The formula for this is: 


T=RC 
where, 

T is the time in seconds, 

R is the resistance in ohms, 

C is the capacitance in farads. 
Since these values are rather un- 
wieldy to work with, we can use R 
in megohms and C in microfarads 
and still obtain the same answer. 

An RC combination can be used 
as a sort of “‘semiresonant” filter in 
a circuit carrying AC, by making the 
product of R x C equal to the time 
taken by one cycle. This increases 
the efficiency of the filtering action. 
Filter circuits using this principle 
are much more efficient than those 
which simply use very large capaci- 
tors or inductors to “swamp out” the 
noise. The latter are called, with 
justification, “brute-force” filters. 


FILTER EFFICIENCY 


The efficiency of any filter is rated 
by the amount of undesired noise, 
signal, etc., it takes out of the circuit. 
This is called the attenuation (loss) 
of the filter; the filter attenuates or 
makes less the unwanted parts of the 
composite signal. Hence, filters are 
rated in terms of attenuation. In the 
more elaborate applications, they 
are rated in decibels (db), which is 
the ratio of the original noise in the 
input to the noise remaining in the 
output. For instance, a filter with an 
attenuation of 3 db would remove 
exactly half the noise voltage in the 
circuit, and so on. 


FILTER CONFIGURATIONS 


The circuit configuration gives us 
the name of different filter types. 
We've already seen “L” sections; if 
we add another inductor in series 
with the first and connect the ca- 
pacitor to the junction of the two, 
we get a “T” section (Fig. 3-2A). By 
adding another capacitor to the cir- 
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(A) T-section filter. 


(B) Pi-section filter. 
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(C) Ladder-section filter. 


Fig, 3-2. Filter configurations. 


cuit of Fig. 3-1B, we get the pi section 
shown in Fig. 3-2B. In some applica- 
tions, inductors must be used in 
both legs of the circuit, as seen in 
Fig. 3-2C. This is usually called a 
“ladder” type, or a double pi. (A 
true double pi consists of two pi sec- 
tions in series.) 

Filter sections can be connected 
in series if greater attenuation is 
needed. Fig. 3-3 shows two ladder 
sections in series. However, a mul- 
tiple-section filter can be a series of 
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Fig. 3-3. A multiple-section ladder filter. 
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pi, “T,” or “L” sections, or whatever 
type is best for the purpose. The 
attenuation of filter sections is usu- 
ally added arithmetically (in db) to 
get the total attenuation. Because 
this is all done with AC, we have to 
contend with phase angles, etc., in 
computing the actual] attenuation. 
Since the mathematics needed is ex- 
tremely complicated and quite un- 
necessary in a book of this kind, it 
will not be discussed any further. 


BASIC FILTER TYPES 


Low-Pass Filter 


In everyday filtering work, we are 
interested mainly in removing noise, 
fluctuations, etc., which may be 
present. For example, in a power- 
supply filter system we must remove 
the ripple from the supply current 
before we can come out with pure 
DC. To remove ripple, we use a 
simple pi-section filter (Fig. 3-4). 
This filter requires very little “de- 
signing”: we just keep piling on ca- 
pacitance until the output has no 
ripple left! Commercial values of 
such filter capacitors often run over 
100 mfd. 

However, in certain applications 
the filters must have very special 
characteristics, such as the ability to 
pass certain frequencies and attenu- 
ate others. There are three types of 
filters, known by very descriptive 
names. The first one, which has been 
shown in all illustrations up to this 
point, is called a low-pass filter. 
Translated, this means the filter will 


Fig. 3-4. A typical power-supply filter as used in radio and TV sets. 
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pass low frequencies without loss, 
but offer a high attenuation to high 
frequencies, 

Fig. 3-4 shows a low-pass filter 
which passes DC with very little loss, 
but has a high attenuation for the 
120-cycle ripple frequency. There is 
an easy way to remember the dif- 
ference between the two types: just 
keep in mind the basic characteris- 
tics of the components and how each 
one behaves when the applied fre- 
quency increases (or decreases). 

For example, one of the first 
things we learned when we began 
studying electronics was that an in- 
ductance offered a reactance (AC re- 
sistance) which was directly propor- 
tional to the size of the inductor and 
the frequency of the applied cur- 
rent. Also, we learned the formula 
for inductive reactance is: 


X, = 27 fL 
where, 
X, is the inductive reactance in 
ohms, 


f is the frequency in cps, 
L is the inductance in henrys. 
Translating from Greek into Eng- 

lish, we find that the higher the fre- 
quency applied to an inductor, the 
higher the reactance. As its frequency 
increases, the current finds an ever- 
increasing opposition to its flow 
through the coil. A capacitor acts 
exactly the opposite: at DC, it is a 
completely open circuit (infinite re- 
actance) and no current flows at all. 
As the frequency increases, the cur- 
rent finds less and less resistance 
(lower reactance) to its flow. So, the 
reactance of a capacitor is inversely 
proportional to the applied fre- 
quency, or: 


> eee 


27 fC 
where, 
Xq is the capacitive reactance in 
ohms, 
f is the frequency in cps, 
C is the capacity in farads. 


By looking at the circuit used in 
any filter, we can now tell what its 
basic type is. The components con- 
nected in series with the circuit de- 
termine its characteristics. In Fig. 3- 
4, we have inductance in series—low 
opposition to DC (zero frequency) 
and high opposition to AC. Across 
the circuit, or in shunt, we have ca- 
pacitance—low reactance to AC and 
high reactance to DC. Now what 
happens? Look at Fig. 3-5; here we 
have placed an obstacle (inductor 
L) in the path of the high-frequency 
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Fig. 3-5. Current paths for pi-section filter 
in Fig. 3-4, 


currents. At the same time, we have 
provided an easy path for them to 
go through the capacitor to ground. 
Hence, we have a low-pass filter. The 
pi section shown is used often in 
power-supply filtering because it is 
more efficient. However, you'll find 
the L-section filters used in other 
circuits, and the action will be ex- 
actly the same. (See Fig. 3-6A.) The 
passband, or transmission charac- 
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(A) Configuration. 
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(B) Transmission characteristic. 


Fig. 3-6. An L-section, low-pass filter. 


23 


teristics, of a low-pass filter are 
shown in Fig. 3-6B. Remember: in- 
ductance in series equals a low-pass 
filter. 


High-Pass Filter 

The opposite of a low-pass filter 
is, of course, a high-pass filter—one 
which passes high frequencies with 
little loss, but opposes the flow of 
lower frequencies. To make a filter 
with this kind of characteristic, we 
simply reverse the positions of the 
basic components, as shown in Fig. 
3-7A. Now the capacitor is in series 
with the circuit and provides an 


Cc 


— 


(A) Configuration. 


AMPLITUDE 


FREQUENCY —~ 


(8) Transmission characteristic. 


Fig. 3-7. An t-section, high-pass filter. 


easy (low-reactance) path for high 
frequencies only, whereas the in- 
ductor is in shunt across the circuit 
and gives the low frequencies an 
easy path back to ground. Inci- 
dentally, the order of the compo- 
nents in the circuit in Figs. 3-6A and 
3-7A can be reversed without chang- 
ing their functions. In Fig. 3-7A, the 
inductor can be placed on either 
side of the capacitor, depending on 
the requirements of the circuit in 
which the filter network is con- 
nected. Fig. 3-7B shows the trans- 
mission characteristics of a high-pass 
filter. 


Bandpass Filter 


Now and then we'll find an appli- 
cation where a certain band of fre- 
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HiGH-pass’ FREQUENCY ——e 
FILTER 


quencies must be passed between 
given limits. Here, a special filter 
configuration called a bandpass is 
used. Each of the filter types dis- 
cussed thus far has a certain cutoff 
frequency—a point beyond which it 
will not pass any perceptible cur- 
rent. This is illustrated in Figs. 3- 
8A and B. To make a filter configu- 
ration that will pass a given band of 
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(B) High-pass filter. 


LOW-PASS LowWER CUTOFF UPPER CUTOFF 
FILTER FREQ. FREO. 


(C) Combining low-pass and high-pass 
filters, 


Fig. 3-8. Combining the transmission 
curves of a Jow-pass and a high-pass filter 
to obtain a bandpass filter characteristic. 


frequencies, we use a combination 
of high- and low-pass filters. If we 
make up a combination of the two 
filters, we will have both an upper 
cutoff frequency from the low-pass 
filter and a lower cutoff frequency 
from the high-pass filter, as shown 
in Fig. 3-8C. By selecting the com- 
ponent sizes used in each filter, we 
can make the filter pass any given 
band of frequencies we want. A 
typical bandpass filter circuit is 
shown in Fig. 3-9. Later on, we'll go 
into more detail as to specific ap- 
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Fig, 3-9. A bandpass filter section. 


plications of this principle, and also 
show how high-pass, low-pass, and 
bandpass filters fit into the require- 
ments for noise-elimination work. 


FILTER DESIGN FORMULAS 


As we said before, the detailed 
mathematics needed for a complete 
treatment of filter design is far be- 
yond the scope of this book. How- 
ever, for those who are interested. 
here is a very brief discussion of the 
mathematical constants lor the vari- 
ous types of filters. 


Constant-k Type 


In high-frequency work, the filter 
section must, in addition to remov- 
ing the undesired noise, etc., also 
match the impedance of the circuit 
in which it is inserted. Actually the 
impedance of a constant-k filter will 
match the impedance of the circuit 
it is working into at only one fre- 
quency. The term constant-k is 
sometimes misconstrued to mean the 
impedance is constant. However, 
this is not true. The term constant-k 
merely means that a constant, termed 
k, was used in the development of 
the design equations. 

The configuration for a constant- 
k, low-pass, L-section filter is given 
in Fig. 3-10A. The formulas for 
computing the component values 
are given in Fig. 3-10B, and the 
transmission characteristic of the 
filter appears in Fig. 3-10C. The 
quantity R in Fig. 3-10A and B rep- 
resents the load impedance of what- 
ever circuit the filter is working into: 
for example, in the grid circuit of a 
vacuum tube, R would be the grid- 
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(A) Configurotion. 
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(B) Formulas. 
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(C) Transmission characteristic. 


Fig. 3-10. A conslant-k, low-pass, l-sec- 
tion filter. 


to-cathode impedance of the tube, 
plus whatever stray impedances are 


present. 
The configuration, formulas, and 
transmission characteristics for a 


constant-k, high-pass, L-section filter 
are given in Fig. 3-1). 
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(A) Configuration. 


(8) Formulas. 
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(C) Transmission choracteristic. 


Fig. 3-11. A constant-k, high-pass, L-sec- 
tion filter. 
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The m-Derived Type 


If we connect a filter section into 
a very critical circuit without con- 
sidering the possibility of imped- 
ance mismatches, we may get reflec- 
tions, phase shift, etc., which will ad- 
versely affect the performance of not 
only the filter, bute the whole circuit 
as well. Therefore, a type of filter 
known as an m-derived section is 
used to give a better match. By 
proper selection of values, an m-de- 
rived filter can be made to match 
the impedance of the circuit over 
approximately 85 per cent of the 
transmission band. 

An m-derived filter is made by 
first obtaining the values which 
would be used and then modifying 
these values by an algebraic expres- 
sion containing the number mm. One 
part of an m-derived filter is con- 
nected to a resonant circuit, as shown 
in Fig. 3-12. (Fig. 3-12 shows the 
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(A) Low-pass configuration. 


(8) Formulas for low-pass filter. 


The constant m is a number be- 
tween 0 and 1. It can be computed 
from the formulas: 


m =vI~ (ey 


f. 
or, 
m = vi~ (ey 
ta) 
where, 
fo is the frequency of infinite 


attenuation, 
{, is the cutoff frequency. 

The most common value of m for 
commercial] filter circuits is 0.6, be- 
cause this value gives a more uni- 
form impedance over the band. In 
designing complex multiple-section 
filters for special applications, at 
least one section is chosen so that 
m will be approximately 0.3; this 
gives the cutoff frequency of the 
filter a much steeper slope. By 
changing this constant for that one 
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(C) High-pass configuration. 
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(D) Formulas for high-pass filter. 


Fig. 3-12. m-derived, L-section filters, 


shunt sections connected to reso- 
nant circuits; either the series or the 
shunt section may be connected.) At 
resonance, the filter presents a theo- 
retically infinite attenuation. Hence, 
this frequency is called the frequency 
of infinite attenuation and is desig- 
nated fo. 
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section, we can give the filter any 
Slope desired at the cutoff fre- 
quency. 


TUNED FILTERS 


There is a special class of filters 
which depend for their action on the 
principle of electrical resonance. 


They can be used to allow a desired 
band of frequencies to pass while at- 
tenuating all others both above and 
below (this is another type of band- 
pass filter), or to pass or block se- 
lected frequencies in a given circuit. 

A brief review of the action of the 
two basic types of tuned circuits 
might be advisable at this point. As 
we said before, inductance allows 
low frequencies to pass, whereas ca- 
pacitance passes the high frequen- 
cies. Therefore, if we combine the 
two in a circuit, we'll also have a 
combination of the two properties. 


Parallel-Resonant Circuits 


Fig. 3-13 shows L and C connected 
in parallel. Each one has reactance, 
according to the familiar formulas 
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(A) At resononce. 
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(B) Below resonant frequency. 


(C) Above resonant frequency. 


Fig. 3-13. A parallel-resonant circuit. 


given before. These reactances cause 
phase shifts in the current—induc- 
tive reactance causing the voltage to 
lead the current, and capacitive re- 
actance causing it to lag. Remember 
that frequency is a factor in comput- 
ing all reactance. When an inductor 
and a capacitor are connected in 
parallel and their two reactances are 
equal (X;, = X@), we say the circuit 
is “parallel resonant.” 

To freshen your memory, at reso- 
nance the current through the ca- 
pacitive leg of the circuit in Fig. 3- 
13A will lead the applied voltage by 
90°, while the current through the 
inductive portion will lag by 90°. 
Thus we have two currents 180° out 
of phase flowing in the LC circuit, 
and even though we have high cir- 
culatory currents within the LC cir- 
cuit, they will theoretically cancel 
and no current will flow from 4 to B 
in Fig. 3-13A. Notice that we said 
“theoretically”; actually, for zero 
current to flow, it would be necessary 
to design a coil with zero resistance. 
Since this is not possible, a small 
current will flow from A to B, de- 
spite the very high impedance of the 
circuit. 

But, if we change the frequency, 
something else will happen: if we 
lower it below resonance, more sig- 
nal will go through the LC circuit 
(most of it flows through the coil, as 
shown in Fig. 3-13B, because its im- 
pedance decreases while that of the 
capacitor increases). More current 
flows than did at resonance, so the 
total impedance goes down. 

If we raise the frequency, the sig- 
nal sees a greater impedance in in- 
ductance L, but finds an easier path 
through capacitor C, so there’s 
where it goes (Fig. 3-13C). The total 
current once more is higher than at 
resonance and the impedance is 
lower. Thus, for the combination we 
have the condition in Fig. 3-14: 
maximum impedance (minimum 
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Fig. 3-14. Transmission characteristics of 
a parallel-resonant circuit. 


current flow) at resonance and an 
increase in current on either side of 
resonance, with most of the current 
taking the path of least resistance 
as shown. 


Series-Resonant Circuits 


If we connect the capacitor and 
inductor in series, as shown in Fig. 
3-15, we will have a circuit that will 
resonate at exactly the same fre- 
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Fig. 3-15. A series-resonant circuit. 


CAPACITOR 


ABOVE 
RESONANCE 


there is no alternate path! Currents 
below resonance flow through the 
inductor, run into the capacitor, and 
are stopped; those above resonance 
flow through the capacitor, run into 
the inductance, and are stopped. 
Neither finds an easy path, because 
the impedance on either side of reso- 
nance is high; therefore, the current 
through the circuit is low. At the 
resonant frequency the capacitive 
reactance and the inductive react- 
ance cancel, leaving only the resist- 
ance in the circuit to impede the 
current flow. Consequently, a larger 
current flows at resonance and a 
smaller current flows on either side 
of resonance, as shown in Fig. 3-16. 

There you have the two effects: 
the impedance of each circuit, of 
course, is exactly opposite from the 
transmission curves shown in Figs. 
3-14 and 3-16. Now we have a 
parallel-resonant circuit which offers 
a very high impedance to the current 
at a certain frequency, and a series- 
resonant circuit which offers a very 
low impedance. By making use of 
these two qualities, we can do just 
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Fig. 3-16. Transmission characteristics of a series-resonant circuit. 


quency, but will have the exact op- 
posite effect on the external circuit 
A-B. In the parallel-resonant circuit, 
off-resonance currents had a choice 
of either of two paths—the inductor, 
or the capacitor. In the series-reso- 
nant circuit, however, they have no 
such choice; all currents must flow 
through both components because 
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about anything we want in special- 
ized filter applications. 

If we must remove a certain band 
of frequencies but allow others above 
and below to pass, we connect a 
parallel-resonant circuit in series 
with our circuit as in Fig. 3-17A. If 
we want to allow a certain band of 
frequencies to pass and to stop those 
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(A) Parallel-resonant circuit. 
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(B) Transmission characteristic of A. 
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(C) Series-resonant circuit. 
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(D) Transmission characteristic of C. 


Fig. 3-17, Effect of connecting a parallel- 
or series-resonant circuit in series with a 
circuit, 


above and below, we connect a 
series-resonant circuit in series with 
our circuit as in Fig. 3-17C. 

There are many other uses for 
these circuits. If we want to bypass 
only a certain frequency, we can 
connect a series-resonant circuit as 
shown in Fig. 3-18A. By connecting 
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(A) Using series-resonant circuit. 


Fig. 3-18. Methods of 


this frequency-selective circuit from 
our niain circuit to ground, we allow 
only the current at its resonant fre- 
quency to pass off to ground. This 
is known as trapping out the fre- 
quency. If the undesired frequency 
is at a high level, a single trap may 
not be enough. So we connect a 
paralle}-resonant trap in series with 
the main circuit as shown in Fig. 3- 
18B. This will create a high imped- 
ance in the path of the undesired 
current, while leaving it an oppor- 
tunity to flow off to ground through 
the low impedance of the series-reso- 
nant trap. The combination of the 
two effects will reduce the level of 
an interfering frequency tremen- 
dously. 


Bandpass Filters 


We can also use our series- and 
parallel-resonant circuits to pass one 
frequency and reject all others. This 
is called a bandpass filter. The IF 
transformer in an ordinary home 
radio (Fig. 3-19A) is a common ex- 
ample of this application. 

The action is as follows: The pri- 
mary circuit (L1), being parallel- 
resonant, offers a high impedance to 
currents at that frequency and a low 
impedance to currents of all other 
frequencies (Fig. 3-19B). So, a very 
large circulating current is built up 
at the desired frequency in coil L1. 
This current is inductively coupled 
to secondary L2; maximum voltage 
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(B) Using both series- and parallel-reso- 
nant circuits. 


trapping out certain frequencies. 
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{A) Circuit. 
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(B) Current through L1. 
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(C) Current thraugh L2. 


(D) Bandposs of circuit (curves B and C 
combined). 
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(E) Equivalent circuit for L2. 


Fig. 3-19, Operation of an IF transformer. 


(current) at the desired frequency is 
thus induced in L2 (Fig. 3-19C). L2 
is actually series-resonant (although 
it isn’t easy to see this from the cir- 
cuit connections), because the source 
of the voltage in the coil is the coil 
itself, If you'll mentally take the 
“generator” out of the coil and draw 
the circuit to look like Fig. 3-19E, 
this will become clearer. Now we 
have a high current at the resonant 
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frequency circulating in L2. This 
builds up maximum voltage at the 
desired frequency for application to 
the grid of the next stage, and that’s 
what we want. In addition, any left- 
over off-resonance currents are fur- 
ther reduced in amplitude by the 
series-resonant characteristics of the 
secondary—which offers a high im- 
pedance to off-resonance current. So 
the transformer acts as a bandpass 
filter; it passes only the resonant 
frequency, plus a band of frequen- 
cies on either side determined by the 
Q of the transformer and by the 
circuit loading. 

The resonant filter circuits in 
radio and other electronic circuits 
use capacitors and inductors of vari- 
ous sizes, sometimes quite large. The 
size depends on the amount of filter- 
ing needed and on the frequency. In 
television applications, short sec- 
tions of transmission line are used 
for the same purpose. Now you can 
see that, no matter what kind of 
current you want to filter out of a 
given circuit or what frequencies you 
want to remove, it is easy to find 
some sort of filter that will do the 
job. Always begin with the simplest 
one—a bypass capacitor to ground. 
You'll be surprised at how often it 
is all you'll need! If a bypass capaci- 
tor doesn’t work, then go on to more 
elaborate filters. By the proper selec- 
tion, you can: (1) cut off all fre- 
quencies above or below the one 
wanted; (2) allow only a single fre- 
quency to pass a given point in the 
circuit; (3) trap out one or more in- 
terfering frequencies from a band of 
desired frequencies; (4) knock out 
random noise with a “brute-force” 
filter that takes out all frequencies. 
You name it, there's a filter thae will 
do it. Succeeding chapters will go 
into details about the type of filters 
needed for most applications, plus 
specific recommendations for their 
use. 


BUILDING YOUR OWN FILTERS 


You'll undoubtedly find that 
many times it will be cheaper or 
easier to build a special filter rather 
than buy one. Of course, ready- 
made filters cost less, but they may 
not always do the job. 

For example, in close quarters, 
home-made filters may have to be 
built to fit into a very small space. 
One instance might be a small add- 
ing machine with only a small space 
underneath. 

For this kind of work, the standard 
LC filter circuit in Fig. 3-20 will give 
better results than simple bypassing. 
This filter is used in series with the 
AC line. It can be made up in a 
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Fig. 3-20. Standard LC circuit used in series 
with the AC line. 
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Fig. 3-21. Parts needed to build filters, and the completed filters. 
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short time to fit into almost any 
space. 

The coils can be wound onto any 
kind of form, or made air core with 
no form at all. Fig. 3-21 shows an as- 
sortment of materials needed to 
build your own filters, and some 
completed coils. Ceramic capacitors 
permit comparatively large amounts 
of capacitance to be squeezed into a 
very small space. If there is room, 
paper capacitors can be used. 

The coils are wound of enameled 
wire, which must be large enough to 
carry the maximum current drawn 
by the machine without heating up. 
Check the current rating plate on 
the machine; it will always give you 
the wattage, if nothing else, and the 
current can be calculated from it. 
For example, if the machine is rated 
at 100 watts, 110 volts, the current 
will be about 0.9 ampere; figure 
about 2 amps for a good-sized safety 
factor. Standard wire tables will give 
the safe current-carrying capacity of 
each wire size. In the example given, 
either No. 18 or 20 wire will carry 
the current safely. A large enough 
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wire is necessary to prevent the coils 
from heating under a load and caus- 
ing trouble. 

The inductance of the coils isn’t 
too critical. Any practical size can 
be used. A common coil is about 15 
to 20 turns on a ¥4-inch form, or 
more if there is room for a double 
layer. The wire can be wound on 
almost any form—pencils, smail 
wooden dowels, plastic forms made 
of short pieces of heavy spaghetti, 
or any other insulating material. 
(See Fig. 3-21.) In general, it’s better 
to use insulating material; never use 
a discarded iron tuning core or the 
like. Although it would be more cf- 
ficient, you might wind up with too 
much inductance and get overheat- 
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tightly soldered and taped before 
the final covering of tape or insula- 
tion is applied. If the filter is in- 
tended to be cut into the line inside 
the machine, use standard braid-in- 
sulated wire for the leads. Never use 
solid-plastic insulated wire; most of 
it won't stand the heat, and there is 
a chance of shorting. It is a good 
practice to color-code the leads; for 
instance you could use red for the 
output, green for the input, and 
black for ground. Make them long 
cnough, too! 

If there isn’t room inside the ma- 
chine, this filter can be mounted in 
a small metal box and fastened to 
the outside, as in Fig. 3-22. If desired, 
a chassis-type receptacle can be 
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Fig. 3-22. Construction of a homemade filter. 


ing in a heavily-loaded AC circuit. 
The air-core coils will have ample 
choking action for radio-frequency 
work, and RF is what we're trying to 
remove from the circuit. 

The coils can be insulated with 
plastic tape, or they can be painted 
or sprayed with one of the acrylic 
insulating compounds. Be sure they 
are well insulated, and always use 
braid spaghetti on the teads. 

The coils and capacitors can be 
connected as shown in Fig. 3-20, and 
folded into a small space. Input, out- 
put, and ground leads should be 
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mounted on one end and a male plug 
on the other to convert it into a 
plug-in type. However, for maxi- 
mum efficiency it’s better to mount 
the box in a convenient location, 
such as a wall, and run the line cord 
in one end and out the other as 
shown. Use clamps to keep strain oft 
the cord. 


COMMERCIAL FILTERS 


Commercial filters are made in a 
wide variety of sizes, shapes, and 
configurations, and one can be found 


Fig. 3-23. A commercial “plug-in” filter. 


for any filter application. Fig. 3-23 
shows a plug-in line filter which is 
used at the wall outlet. The screw 
which holds it in place goes into the 
center terminal of the receptacle. If 


The filters shown in Fig. 3-24 are 
single-pi networks of the standard 
LC configuration. From left to right, 
they are rated at ], 10, and 35 am- 
peres. The small one at the right is 


Fig. 3-24. Commercial pi-network filters. 


the wiring is old and the center 
terminal of the receptacle is not 
grounded, the binding post just be- 
low the plug can be used to provide 
an external ground. Rated at five 
amperes, this filter will handle most 
small- to medium-sized home appli- 
ances. 


a special passthrough capacitor. 
These filters may be built into the 
machines, or added later if noise is 
encountered. 

Fig. 3-25 shows a group of filters 
which are similar in circuitry but 
vary in size and shape. They can be 
built-in when the equipment is de- 
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Fig. 3-25. A group of commercial filters which can be added when equipment 
is designed, or later. 


signed. Many of them are particu- 
larly suited to marine or aircraft 
noise-suppression work because of 
their tightly-sealed construction. 
Fig. 3-26 shows a group of three- 
terminal filters which are mainly ca- 


pacitive single and dual sections, 
mostly with delta connections. They 
are intended for application to small 
motors, fluorescent lights, and other 
similar uses. They are also adaptable 
to automotive or marine use. 


Fig. 3-26. Three-terminal filters for addition to existing equipment. 
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CHAPTER 


4 


Locating Interference 


THE HARDEST part of all inter- 
ference work is finding the source. 
The time spent doing so will depend 
on how quickly we can make obser- 
vations and measurements of the 
noise, and how logical are the con- 
clusions we draw from them. It’s 
simply a matter of detective work! 


NOISE DETECTORS 


To find a noise, we must have 
some kind of a detector. The best 
one, of course, is the radio or TV 
being interfered with! Most of the 
time, though, these are too unhandy. 
We need a detector that can be car- 
ried from place to place easily. Most 
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noises, and all random noises, will 
be audible on a radio, even though 
the primary complaint was TV inter- 
ference. (There are special cases of 
TVI that are not detectable on 
radios. We will take those up in the 
more detailed studies in a later chap- 
ter.) Remember the noise spectrum 
of Fig. 1-3? If the source is a random 
noise, some energy will always be 
present in the broadcast band, es- 
pecially when we are close to the 
source. 

A portable radio makes an excel- 
lent noise locator, and a transistor- 
ized portable is ideal: almost all have 
earphone jacks and some have con- 


Fig. 4-1. A portable radio and meter for locating noise sources, 


nections for an external ancenna. 
These can be used for auxiliary 
equipment, to make the job easier. 

Most of the time, the speaker alone 
will give an indication of the ampli- 
tude of the noise. However, if we run 
into a difficult case where compara- 
tive readings of noise amplitude are 
needed, we can make up an output 
meter and plug it into the earphone 
jack, as shown in Fig. 4-1. Many 
portables have dual jacks; one cuts 
the speaker off and the other leaves 
it connected in parallel with the 
phones. The latter is better because 
it is best to listen to the noise at the 
same time we take the meter read- 
ings. This way, we can be sure we are 
still tuned to the noise itself and not 
to a “rock-and-roll” program! 

The extension-antenna jack can 
be used to good advantage under 
some circumstances. By making a 
probe as shown in Fig. 4-2, we can 
check out apparatus that would be 
difficult to test otherwise. Make up 
a length of coaxial cable, with a plug 
that will fit the external antenna 


jack and a “pigtail” on the shield 
that will plug into one of the ear- 
phone jacks to ground the shield. At 
the other end, cut the shielding back 
three or four inches. Leave the in- 
sulation on, and tape the end of the 
wire to eliminate any shock hazard. 
Tape the wire to a piece of light 
rod long enough to reach the place 
to be checked (which could be a 
fluorescent light fixture on a high 
ceiling). Aluminum tubing or a glass 
fishing rod is ideal for this purpose. 
The coaxial cable is handy for pin- 
pointing odd noise sources. For av- 
erage work, a piece of flexible wire 
can be used without the shielding. 

The output meter itself can be 
the output section of a VOM, or 
you can make up a special output 
meter by mounting an ACVM or db 
meter in a small metal utility box 
as was shown in Fig. 4-1. If desired, 
series resistors or shunt capacitors 
and a selector switch can be added 
to the meter circuit, as shown in Fig. 
4-3, to increase the range of the in- 
strument. The values of the resistors 
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Fig. 4-2. A special probe for locating noise sources. 
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(8) Using shunt capacitors. 


Fig. 4-3. Adding a range switch to the 
meter circuit, 
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or capacitors are not critical and are 
best determined by the ‘“cut-and- 
try” method. We will have more use 
for this meter later on. 


NOISE INDICATIONS 


There are two valuable clues to 
the location of a noise when you're 
searching for it with a radio. The 
first is the amplitude—the “loud- 
ness” of the noise—as indicated on 
the meter. Actually, there is another, 
much more useful clue which is the 
main reliance of the experienced 
noise hunter. This is the portion of 
radio dial over which the noise is 
heard. 

Most noise heard in the broadcast 
band will show up first between 700 
and 900 kc because of the spectral 
distribution of noise energy. This is 
true when the radio is quite far from 
the source of the noise. As you bring 
it closer, more and more of the dial 
will be “masked” by the noise, as 
shown in Fig. 4-4. When you reach 
the vicinity of the source, the radio 
will roar all the way from 550 to 
1600 kilocycles! 
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Fig. 4-4. Noise-distribution characteristics over the radio dial at various 
distances from the noise source. 
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At this point the amplitude of the 
noise will also be at its peak. Here, 
in the immediate vicinity of the 
source, the frequency-coverage indi- 
cation won't be too useful because 
of the high level of noise, and you'll 
have to use the meter to pinpoint 
the source. Move the radio around 
the source, watching for the maxi- 
mum meter reading. You'll probably 
begin to get an idea of what is caus- 
ing the noise. Usually, two or three 
pieces of electrical equipment will 
be operating; turn them off one at a 
time, to see if one stops the noise. 

So, there are your two indica- 
tions—the amplitude of the noise, 
and the amount of the radio dial 
covered. By using these clues prop- 
erly, it shouldn’t take you too long 
to spot the cause. 


Wai? 


os 


“Smail"’ Noises 


Let's take the simplest possible 
case—a noise which is bothersome 
only in a certain house. Obviously, 
the source must be in the house it- 
self. The average American home is 
full of electrical appliances, any one 
a legitimate suspect for noise. 

The first step in dealing with 
noise is identification of the type by 
its characteristic sound—is it a pop- 
ping, roaring, or ripping sound? Or 
is it flashes, streaks, or patterns of 
dots or stripes on the TV screen? 
From this, we get our first clue as 
to its nature and origin. Later on we 
will show you the characteristic TV 
patterns of each type, and try to de- 
scribe the sound. After a little prac- 
tice, you should be able to get a 


Fig. 4-5. The ‘‘breaker box" in a large house. 
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pretty good idea of its origin from 
the sound or pattern. 

The first step is to ask questions. 
Find out from the customer just 
what the noise looks or sounds 
like... when it is heard, and so on. 
From this information we'll get our 
first clues. For example, if the noise 
is heard only when the lady of the 
house is cooking a meal, we'd begin 
our search in the kitchen! 

A typical case might be a roaring, 
scratching sound that tears up 
Father’s newscast while Mother is 
making dinner. So we grab our por- 
table and head for the kitchen. From 
the description, this sounds like a 
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smal]-motor noise. We turn on first 
one appliance and then another 
which uses a small motor—the venti- 
lating fan, the mixer, and so on— 
until we find the one giving trouble. 
Then we install the proper filter, 
and there we are! 

If the noise is continuous, we 
check the whole house until we find 
the room where the noise is loudest. 
There, we turn off each piece of 
equipment until we spot the one 
making the uproar. Don’t overlook 
anything operated by electricity: 
no matter what, it’s a_ potential 
source of noise! Appliances, fixtures, 
switches, lamps—anything that is 
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Fig. 4-6. Electrical circuits and potential noise sources in a modern home. 
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connected to the power lines—fit 
into this category. 

In more difficult cases, we go to 
the electrical load center of the 
house—the fuse box, or in more 
modern homes, the breaker box. The 
box pictured in Fig. 4-5 is for a large 
home with 34 separate circuits. Most 
homes will have fewer circuits, but 
the procedure is the same. The house 
wiring is divided into several cir- 
cuits, as shown in Fig. 4-6. Thus, by 
turning them off one at a time while 
listening to the noise, we can tell 
which circuit is causing the noise. 
Then, by checking each item con- 
nected to that circuit one at a time, 
we can pinpoint the noise source. 
Don't overlook the possibility that 
the breaker itself may be the culprit; 
this is not at all uncommon with 
today’s heavily loaded home cir- 
cuits. A home-type circuit breaker is 
nothing but a thermally operated 
switch, and like any switch it can de- 
velop dirty contacts from overheat- 
ing. This will cause arcing—with the 


resultant noise—when the circuit is 
loaded. 

The wall receptacles are another 
potential source. If an appliance, 
lamp, etc., causes noise when plugged 
into an outlet, try a different outlet. 
If it is quiet there, but another lamp 
makes noise in the first outlet, the 
receptacle itself is probably dirty, or 
the contact springs have lost tension 
with age and overheating and are 
not making good contact. In any 
event, the receptacle must be re- 
placed. 

If none of the individual circuit 
breakers will stop the noise, pull the 
main switch for a moment. If the 
noise does not stop then, it is defi- 
nitely not originating in that house, 
and so you'll have to search further! 


‘‘Medium”’ Noises 


“Medium” noise is one loud 
enough to be heard in all houses 
within a block or two (although, with 
the sensitivity of modern radios and 
TV sets, most noises will be heard 


Fig. 4-7. Neise being conducted threugh the power lines from 
house Ne. 1 te house No. 2 


over an area about this size). Any- 
how, we now have the task of finding 
out just which house inside a given 
area contains the noise source. So 
we'll have to set up a search pattern. 

As we said in a previous chapter, 
all noise has both conductive and 
radiating qualities: it will be con- 
ducted along the power wiring and 
will radiate from it all along the 
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the radiated field. As the noise 
travels down the wiring, it will radi- 
ate from the wires, the absolute 
amplitude of this radiation being 
proportional to the distance from 
the source. Random noise, being a 
true electromagnetic signal, obeys 
the inverse square law. For example, 
if we were standing under the power 
line at point A in Fig. 4-8, we'd get 


Fig. 4-8. Relative amplitude of noise being conducted along power lines. 


line (Fig. 4-7). Electrical noise from 
house No. 1, for example, will be 
conducted out of the house on the 
power wiring and into the service 
wires. From here it will flow down 
the power line and wind up in 
house No. 2. OF course, it goes in 
the other direction, too, and will be 
heard in all other houses within its 
range, as well as at any point within 


a small noise; if we moved to point 
B, halfway to the source, we’d have 
not twice but four times the noise. 
As we move on from B to C, the 
noise will increase very rapidly, tell- 
ing us we were approaching the 
source. 

After we had passed the house, 
we'd find the amplitude going down 
just as rapidly as it had gone up. 
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Thus, we’d know we had overshot 
the source and would start back- 
tracking. More than one house may 
be connected to the service lines at 
this pole. So we trace out the house 
services, one at a time, until we find 
the one carrying the loudest noise. 

For this kind of noise tracing, we'll 
probably have to use the output 
meter, especially as we get closer to 
the source. We can make preliminary 
checks with the sound from the port- 
able alone, carrying it along under 
the wiring. 


USING AN AUTO RADIO TO 
NARROW DOWN NOISE 


For noises covering a fairly large 
area, there is an easier method than 
walking. Since the noise wil] be rid- 
ing the power lines, we can use the 
standard auto radio as an indicator. 
Almost all modern auto radios use 
separate speakers connected to the 
main chassis through a plug and 
socket. Hence, we can use the same 
output meter we had on the port- 
able, by making up another cable 
with a plug that will fit the auto- 
radio speaker socket (Fig. 4-9). A 


small wirewound potentiometer of 
the type used in rear-seat speaker 
kits, and a socket and plug which 
will fit the auto radio being used, 
are all we need. The circuit is shown 
in Fig. 4-10. The plug is inserted 
into the speaker socket on the radio, 
and the speaker plug is inserted into 
the socket on the adapter. In this 
way, you can hear the noise in the 
auto-radio speaker while watching 
it on the meter. The fader will allow 
you to turn the volume of the noise 
down to keep from being deafened, 
but still keep a usable meter deflec- 
tion. If desired, a miniature jack can 
be added to the adapter, as shown by 
the dotted lines in Fig. 4-10. The 
jack permits leaving the plug used 
with the portable radio attached to 
the meter, and merely plugging the 
meter into either circuit. 


The Search Pattern 


Now we start looking. We know 
that this noise is going to be riding 
on the power lines. Therefore, we 
start out anywhere in the area where 
the noise is heard and take a sead- 
ing, noting carefully the amount of 


Fig. 4-9. Adapter harness for using portable meter with an auto radio. 
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Fig. 4-10. Adapter-harness circuit. 


radio dial masked by the noise. We 
cruise the streets, keeping under the 
power lines and watching to see 
where they run, meanwhile checking 
the amplitude and coverage of the 
noise at various points, as shown in 
Fig. 4-11. With the car’s added mo- 
bility, we can cover a lot more 
ground in a shorter time. Soon we 
spot the area of highest noise level. 
There, we park the car, disconnect 
the meter, hook up the portable 
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radio, and continue the search on 
foot. The noise will be pretty close 
to where the auto radio showed the 
highest reading. (Needless to say, the 
db figures in Fig. 4-1] are not exact 
readings; they are shown only as an 
example.) Always look for the point 
of highest noise level and maximum 
coverage of the radio dia]. When 
trying to get a set of comparison 
readings, watch out for the power 
wires. If you run past a place where 


Fig. 4-11. Location of power lines, and readings found at various points 
along the lines. 
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they cross the street at a low level, 
you'll get a much higher reading— 
but it will be a false peak, caused by 
the closer coupling of the antenna 
to the wires. If possible, drive the 
search pattern so the car antenna is 
as nearly the same distance from the 
wires as possible, to avoid false read- 
ings. Depend more on the dial cover- 
age than on the actual noise level; 
the former is slightly more accurate. 


INTERMITTENT NOISES 


The hardest kind of noise to lo- 
cate is an intermittent. It is as hard 
to find as an intermittent in a TV 
set. If a noise shows up at regular 
intervals or at certain times of the 
day, this is at least a small clue to 
its origin. To be able to find an in- 
termittent, though, you will just 
have to arrange to be there when it 
happens. 

In one instance, a random noise 
showed up every evening just after 
eight o'clock and tore up every 
radio in the neighborhood. [This 
happened B.T. (Before TV).] After 
several nights of fruitless checking, 
the technician drove down the street 
one evening, the noise roaring in his 
radio. It was summer, and all the in- 
habitants were on their front lawns 
watching him. (This was a com- 
munity project!) Suddenly, he saw 
that one house was still lit up, and 
he noticed that the noise was loudest 
in front of it. Going up to this house, 
he rang the bell. The door was an- 
swered by an elderly gentleman. 
(Meanwhile, the technician’s port- 
able radio was really roaring!) 
“Come right in,” he said heartily. 
“Maw’s gone to bed. These nights, 
she just has to curl up with her 
heating pad\" This was the only clue 
the technician needed! The heating 
pad, of course, was the culprit. Its 
tiny thermostats were bad and were 
causing a terrific frying noisel (The 
grateful neighbors took up a collec- 
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tion and bought the lady of the 
house a brand-new noiseless pad. 
After ceremoniously burning the old 
one, they returned to their noise- 
free radio programs.) 


VERY HIGH-LEVEL NOISES 


Once in a while, noise is so loud 
it blacks out a whole section of a 
city—or even an entire small town! 
It can be difficult to pinpoint be- 
cause of its tremendously high level. 
In one actual case, the level was so 
high that no peak could be found 
anywhere in town. Over an area of 
25 or 30 blocks, the meter simply 
laid against the peg and_ stayed 
there, while radios roared from one 
end of the dial to the other! 

The power and light company 
sent a crew, the telephone company 
sent their men, and all the radio 
technicians in town also took part 
in the search. Finally, in despera- 
tion, the whole crew went to the 
substation. Monitoring the noise, the 
supervisor pulled switches and dis- 
connected power from whole sec- 
tions of the town at once. Finally, 
one switch stopped the noise! Fur- 
ther “sectionalizing’ showed that 
the trouble was centered around a 
comparatively short 220-volt “power- 
only” circuit running through the 
business district and in the street- 
light wiring. 

Street lights of this type (common 
some time ago, and still found in 
many towns) are connected in series 
and have only a single conductor— 
compared with the two wires in 
standard circuits. Each lamp has an 
automatic device in its base. If the 
filament burns out, a spring snaps 
a switch closed and restores con- 
tinuity to the circuit. Of course, this 
means a fairly high voltage at the 
“hot” end of the line. It was standard 
practice in those days to break the 
ground end to turn the lights off. 

The 220-volt circuit was traced 


out, foot by foot. Sure enough, about 
five blocks from the substation, the 
trouble was spotted! Vhe street-light 
wiring, the power circuit, and some 
other wires took a short cut through 
an alley to reach part of the business 
district. Where the lines passed some 
fairly good-sized trees, a high wind 
had bent a large branch down and 
swung it under the wires. When it 
had sprung back up, it had caught 
the 220-volt circuit and the street- 
light wires. Further movement of the 
branch had caused the wires to saw 
through the bark and into the moist 
cambium in the tree. Current im- 
mediately began flowing through 
the sap, even though the wires were 
almost two feet apart! The high 
voltage of the street-light circuit had 
helped set up the original arc. After 
it had formed, the 220-volt circuit 
had ample power to keep it alive. 
(The street-light circuit, of course, 
was turned off in the daytime.) 
Eventually, this current had burned 
a deep trough, composed mainly of 
carbonized wood, in the branch. 
The trough was almost an inch deep 
when discovered, and the arc, as the 
lineman said, “looked like a red-hot 
snake running along the bottom of 
it!” The tremendous noise created 
was coupled directly into the street- 
light wiring, which ran all over 
town. From the street-light wiring, 
it was radiated into the other power 
wiring, the telephone wiring, and 
everything else metallic within 
range! At one point, noise was found 
on a telephone cable two blocks from 
any power wires! 

The local power and light com- 
pany will always be glad to help in 
cases of high-level interference, if 
only to get their own customers off 
their necks. (People have a habit of 
calling the light company when noise 
is heard, no matter what the actual 
cause!) Often, the company will have 
specially trained crews with direc- 


tional noise-locating radio cquip- 
ment who will be glad to help you 
in the search. Actually, a directional 
receiver will not be of too much as- 
sistance because of the radiation of 
the noise from power wiring; the 
bearings will usually point to the 
nearest power line! The varying- 
amplitude and frequency-coverage 
method is much more accurate. 


TRACING HIGH-LEVEL TV! SOURCES 


There are times when directional 
bearings can be used to advantage. 
To illustrate, the writer and his as- 
sociates were confronted with a very 
severe case of TVI a few years ago. 
Large black bars appeared on every 
TV screen in town, and the inter- 
ference was so severe that it was even 
annoying on the community-antenna 
system, whose antennas were on a 
mountain three miles from town! 
The major symptom was the large 
bar across the center of the screen. 
From this characteristic, we deduced 
that it was mainly 60-cycle noise, 
possibly due to power-line troubles. 
It was much worse on damp or rainy 
days. 

After several fruitless efforts, we 
located a house which had an out- 
door TV antenna equipped with a 
rotator. Shooting a bearing on the 
direction of maximum noise inten- 
sity, we marked it on a map (Point 
1 on Fig. 4-12). Going to another 
part of town, we repeated the proc- 
ess and a pattern began to show up 
(Point 2). A third bearing (Point 3), 
taken on the north side of town, 
confirmed our suspicions. The three 
bearings crossed a highway about 
one and a half miles out of town. 
Hurrying out there with our auto 
radio and a_ portable, we soon 
spotted the cause. A 27,000-volt high 
line ran alongside the highway, and 
there was an obviously defective in- 
sulator on one of the poles. In fact, 
the arc was clearly visible from the 
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Fig. 4-12. Locating the noise source by shooting bearings on it with 
directional TV antennas and rotators. 


ground! The wiring, which extended 
through the middle of the town, was 
broadside to the community-an- 
tenna system’s antennas on the 
mountain. Hence, it had functioned 
as a most efficient antenna, impar- 
tially distributing the noise to the 
whole community! 

In cases like this, go to the source 
indicated by the bearings and cruise 
it out. Even though the noise might 
be (as it was here) entirely on TV 
sets, when you get close to the actual 
source, there will always be enough 
radio noise to help you find it! The 
origin of this noise was immediately 
obvious; most won't be that simple! 

If your bearings lead you to a cer- 
tain area and you find yourself in a 
street between two or three factories, 
your problem gets a little more 
complicated, One way is to probe 
each factory with the portable radio, 
to see if one shows a higher noise 
level than the others. A good clue 
here is to wait until quitting time. If 
the noise stops immediately after the 
whistle blows, it must be coming 
from the machinery in the plant. 
For diplomatic reasons, it’s best to 
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contact the management of the 
plant, explain your problem, and 
arrange with the plant maintenance 
crew to make your test after work- 
ing hours so you won't interfere with 
production. After the plant has shut 
down for the day, the machines can 
be turned on one at a time until the 
culprit is located. However, by prob- 
ing with the portable during work- 
ing hours, you can usually find the 
general area where the noise is 
located. 

In many cases like this, the “time 
constant” of the noise can give a 
clue. For example, not too long ago 
we encountered a disturbance on 
TV that centered around only two 
channels and consisted of a loud 
ripping noise lasting exactly four 
seconds, followed by silence for 
about seven to ten seconds. From 
these clues, we concluded the noise 
was coming from a machine which 
made articles one after the other at 
a fairly fast rate. The noise was 
heard only while the machine was 
working, followed by the silent 
period while the article was being 
taken from the machine and another 


put in place. (This was an “ail-over- 
town” type of noise, too!) 

After some thought, we selected 
two or three places which fit these 
requirements. In the second one 
checked, we struck “pay dirt”—an 
industrial radio-frequency heater 
used to seal plastic articles. It oper- 
ated on a fundamental frequency 
somewhere near 35 mc, at a power 
output of about I kw. We were pick- 
ing up the second harmonic of the 
fundamental on the TV sets. The 
machine wasn’t correctly grounded 
and it also had a defective tube 
socket. Clearing up the troubles re- 
duced the interference to a bearable 
level. 


Tracking Down TVI 
With Portable Equipment 


Although the majority of TVI 
will also include enough radio noise 
to help you locate it, once in a while 
you'll find one that won’t. The case 
just described was one; we couldn’t 
hear any radio noise to speak of, 
even quite close to the machine. So, 
in cases like this, more equipment 
must be brought into play because 
noise in the sound, streaks in the 
picture, herringbone or beat pat- 
terns and the like, can be caused by 
harmonics of VHF radio signals from 
two-way radio transmitters (or re- 
ceivers!), amateur transmitters, and 
electromedical and industrial appa- 
ratus. These noises cannot be heard 
on a BC radio. 

A TV set would be a bit difficult 
to carry around. However, a battery- 
powered TV field-strength meter, a 
common item in many shops, is ideal 
for the purpose. 

These FS meters can be used mo- 
bile, exactly like the auto radio a 
while ago. A probing dipole can be 
made from a folded dipole off a 
discarded TV antenna (say about 
Channel 7, for instance, which is a 
handy size). The dipole is attached 


to a long rod and connected to the 
FS meter by a piece of twin-Iead or 
coaxial cable, as shown in Fig. 4-13. 
Vhe device can be made handier by 


DIPOLE 


Fig. 4-13. A probe dipole and field- 
strength meter for locating TVI. 


fastening the dipole to a piece of 
rod about three or four feet long 
which can be slipped into the top 
of a 10-foot section for a greater 
reach. If desired, a jointed wooden 
pole, of the type used by tree-limb 
trimmers, can be employed. When 
additional height is needed, extra 
sections can be added. 

To use this “gadget,” set the FS 
meter on the seat of the service truck 
and hold the dipole out the window 
while driving up and down the street 
in the suspected area (Fig. 4-14). 
When a peak is found in the noise, 
park the truck and continue the 
search on foot, just as before. Most 
FS meters have provision for the at- 
tachment of earphones; in the older 
models using a tuner similar to the 
one in a TV set, the earphones were 
connected to the detector output, 
and what you heard in the phones 
was the sharp buzz of the vertical- 
blanking pulses. Later models use 
continuous tuners, and the sound 
output can be applied to the phones; 
some include sound detectors with 
which the operator can hear the 
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Fig. 4-14. Searching the area with service truck for noise source, using 
probe dipole and field-strength meter, 


actual sound from the TV station. 
All are equipped with meters so the 
amplitude of the signal can be read 
in microvolts. This is an extremely 
helpful feature; while hunting, you 
can listen to the noise in the phones 
while watching the amplitude on the 
meter. 

After the general area of the noise 
is located, the portable meter can be 
taken from the truck and the service 
wires, etc., probed with the dipole. 
By detaching the dipole from its 
long rod, you can even use it in- 
doors. In special situations you can 
make a short probe (like the coaxial 
probe used with the portable radio) 
and attach it to the FS meter, leav- 


48 


ing a foot or so of insulated wire 
protruding from the end of the 
shielding. 

TV signals can display very pe- 
culiar characteristics when traveling 
along power wiring. The wires act 
as antennas for the signals, which 
will always be several wavelengths 
between anything that might “break 
them up,” such as transformers, ca- 
pacitors, etc. Signals will also be 
coupled into guy wires and anything 
else metallic in the vicinity, leaving 
you with some very peculiar patterns 
indeed! (By “TV signals,” we mean, 
of course, noise signals occurring at 
TV frequencies.) 


CHAPTER 


Small AC Motors 


THE MODERN American home is 
practically filled with very small al- 
ternating-current motors. Although 
only a small fraction of a horse- 
power, they drive kitchen mixers, 
can openers, fans, lawn mowers, hair 
driers, and a host of other useful 
devices. Because of their number, 
they are probably the No. } source 
of radio-TV noise in the home. 
Therefore, we had better take a lit- 
tle time here to discuss their char- 
acteristics. 


MOTOR TYPES 


There are two basic types—syn- 
chronous, and brush. The synchro- 
nous motor (Fig. 5-1A), familiar to all 
technicians as a phonograph motor, 
consists of only two field coils and a 
solid metal rotor. Of course, with no 
connections to break, this type can- 
not cause electrical noise unless 
something is drastically wrong with 


{A) Synchronous. 


Fig. 5-1. 
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it. However, the very small syn- 
chronous type does not have the 
power of the brush type; nor can its 
speed be controlled. Therefore, the 
brush type is used for more applica- 
tions such as mixers, etc. Its circuit 
is different, too, as shown in Fig. 
5-1B. 

The current comes into the motor 
through one of the field coils, goes 
through a carbon brush to a bar on 
the commutator, through one of the 
armature coils to a bar on the op- 
posite side of the commutator, 
through the other field coil, and back 
to the line. As the current flows 
through the armature coil, a mag- 
netic field is created which is out of 
line with the fields set up by the 
field coils. This causes the armature 
to twist in its bearings, in an attempt 
to line up the magnetic fields. When 
it does it moves the commutator, 
and the original armature coil is dis- 
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(B) Brush. 


The two types of small AC motors. 


connected and the next one con- 
nected in its place. This coil also 
creates a magnetic field out of line 
with the field and the process is re- 
peated, causing the armature to ro- 
tate. Of course, each time a coil is 
connected and disconnected by the 
brushes and commutator bars, one 
circuit is broken and another is 
made. This process is repeated many 
thousands of times a second. 

Fig. 5-2 shows a typical armature 
(only one coil is drawn, for clarity). 
The coil is wound in a slot in the 
armature, and the ends of the coil 
are connected to commutator bars 
180° apart, as shown in Fig. 5-2A. 
The number of coils will vary with 
the speed of the motor, the average 
being 15 to 20. This means, of 
course, that there will be twice as 
many commutator bars as there are 
coils. Each coil is connected to a pair 


ARMATURE 


of commutator bars 180° apart, as 
shown. Contact between the field 
coils and armature coils is made 
through a pair of soft carbon brushes 
which contact the commutator bars, 
as shown in Fig. 5-3. The brush must 


Fig. 5-3. Detail of brush holder and com- 
mutator on a small motor. 
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(B) Side view. 


Fig. 5-2. Construction of a typical small motor armature. 
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slide freely in the holder, yet be held 
firmly enough to keep it from rock- 
ing from side to side. The spring on 
top (lig. 5-3) holds the brush firmly 
against the surface of the commu- 
tator. If worn or loose, or if the com- 
mutator is dirty or uneven, the 
brush will bounce and cause exces- 
sive arcing and noise. 

The constant making and break- 
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MOTOR TOGETHER 
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Therefore, if the motor is making 
noise, the first step is to check the 
brushes and the commutator sur- 
face. These should be cleaned if 
there is too much arcing. The motor 
may have to be disassembled, which 
usually isn’t too difficult to do in 
most appliances. 

The motor will look something 
like Fig. 5-4A. The brushes are 
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(A) Motor. 
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(8) Detail of brush assembly. 


Fig. 5-4. Construction of a typical small motor. 


ing of the contacts causes arcing be- 
tween brush and commutator, and 
this arcing is the source of the noise. 
For the least noise, the motor must 
run with only a minimum of arcing 
between the brush and commutator. 


mounted in insulated holders, which 
are rectangular slides fastened to the 
body of the motor. An insulated cap 
holds the brush in place, and a small 
spring holds it firmly against the 
armature as shown in Fig. 5-4B. Fig. 
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Fig. 5-5. Brush holders and springs on an electric drill, 


Fig. 5-6. An electric drili with the brushes disassembled. 


5-5 shows another type of small 
motor. Here, the two long springs, 
which apply pressure to the insulat- 
ing bars at the top and bottom, hold 
the brushes against the armature. In 
most motors the brush is held down 
by a small coil spring, as shown in 
detail in Fig. 5-4. The “pigtail” in- 
side the spring insures good contact 
between the carbon brush and 
holder, at the cap. Fig. 5-6 shows a 
small electric drill with the brush 
disassembled. This type does not 
use the “pigtail,” although it could 
be used (and should be. Without the 
pigtail, the spring itself must carry 
the current. This often causes severe 
overheating and the resultant loss 
of tension because the spring has 
lost its temper.) 


SERVICING AND REPAIRING 
SMALL MOTORS 


To get an idea of the amount of 
noise coming from a motor, watch 
the brushes while it is running. If 
there is severe arcing at the brushes, 
as illustrated in Fig. 5-7, the motor 
is making noise. Incidentally, it is 
not running at maximum efficiency 


either! Brushes on most small motors 
are accessible from the outside; 
there is no need to disassemble the 
unit. In some appliances, however, 
a cover, body, or shield will have to 
be removed. If excessive sparking is 
noticed, take a look at each brush. 
If its contact end is glassy-smooth 
over the entire surface, the brush is 
making good contact and the com- 
mutator is good (Fig. 5-8A). A rough 
commutator, one with a high bar 
(one which has risen above the 
others because it didn’t wear 
equally), or one with an open cir- 
cuit will cause rapid brush wear. 
The brushes must move freely in 
their holders, but the holders must 
still hold tightly enough to keep the 
brushes from tilting or vibrating. A 
chipped or broken brush like the 
one in Fig. 5-8B will cause arcing 
and noise. If long enough, it can be 
smoothed off and replaced. A brush 
which shows the symptoms of Fig. 
5-8C indicates bad trouble. This 
kind usually throws a ring of fire 
around the commutator while the 
motor is running, and it makes 
enough noise to be heard for sev- 


Fig. 5-7, Severe arcing at the brushes of a small motor. 
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(C) The worst passible brush. 


Fig. 5-8. Appearance of damaged brushes 
and commutators. 
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eral blocks! This usually indicates 
a bad armature; or the brush has 
been sticking in the holder and 
jumps free as the armature turns, 
causing arcing. The arcing wears 
away the end of the brush, reducing 
the contact area—in turn causing 
more arcing, and so on. 

The armature itself will cause 
trouble under certain circumstances. 
If one coil is open, the commutator 
bar connected to it will usually be 
darker than the rest, showing signs 
of burning or arcing. A good com- 
mutator should be perfectly smooth 
all the way around and have a uni- 
form color. The armature in Fig. 
5-6 illustrates this: the commutator 
is dark but perfectly smooth. The 
dark color alone is not an indication 
of trouble, but is merely due to oxi- 
dation in this example. The com- 
mutator in Fig. 5-9 is in bad shape. 
Notice the groove worn by the 
brushes, and the rough commutator 
surface. This commutator will cause 
brush bounce and severe noise. 

If a commutator is not making 
good contact, its surface can be 
cleaned by applying fine emery cloth 
to it while the motor is running. If 
the brushes are replaced, it is a good 
idea to run them in until their ends 
have worn down concavely, indicat- 
ing perfect contact over the whole 
surface. 

Badly pitted or worn armatures 
can sometimes be helped by turning 
the commutator down on a lathe. 
However, unless you are experi- 
enced in this type of work, it is best 
to take it to an electric-motor repair 
shop. 

Fig. 5-10 shows a typical small 
motor with its commutator and 
brush holders. This is a high-speed 
type; because of the tiny arcs caused 
by the brushes, a very high-frequency 
interference was created. Although 
not too noticeable on the broadcast 
band, it was quite annoying in TV 


Fig. 5-9. Commutator and brushes of an AC motor, showing excessive wear. 


Fig. 5-10. A typical small motor, showing commutator and brush holders. 


reception. The commutator was 
cleaned, but there was no improve- 
ment. A pair of .01-mfd ceramic by- 
pass capacitors were then soldered 
to the brush leads, as shown in Fig. 
5-11, and the exposed wires covered 
with spaghetti. After the photograph 


was taken, the small, flat capacitors 
were fastened to the sides of the 
motor frame with plastic tape to 
keep them out of the way. This is 
a typical example of the kind of 
motors you'}l run into, and a typical 
cure for noise. 


Fig. 5-11. Adding bypass capacitors to the brushes of a small AC moter. 
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Case Histories 


WE'VE ALWAYS felt that a book 
of this kind had its greatest value 
when it gave the reader two things— 
a detailed explanation of the causes 
of trouble, and a full set of practical 
examples. With this in mind, we 
will present case histories of real 
troubles encountered, and the meth- 
ods and materials used to cope with 
them. 

This chapter will deal with noise 
troubles found in the field in audio 
systems and home radio and tele- 


CHAPTER 


vision receivers. We will discuss their 
causes and the remedies used. Later 
chapters will cover specific problems 
encountered in auto, two-way, air- 
craft, and marine radio. 

There will undoubtedly be some 
troubles we'll miss, but we'll try to 
give you at least a representative 
sample so you can find one similar 
to the trouble you’re having! Always 
remember the primary axiom of fil- 
tering work: any device added for 
noise filtering must never interfere 


Fig. 6-1. Appearance of noise caused by an arcing motor. 
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with the operation of the machine or 
circuit. In other words, after you 
have taken the noise out of a motor, 
it must run just as well as it did be- 
fore you began. 


RANDOM NOISE FROM MOTORS 


Smail-Motor Noises 


Fig. 6-1 shows the typical screen 
pattern when noise from an arcing 
small motor is being picked up. The 
streaking and flashing are always 
seen with this type of noise. To 
eliminate it, add a capacitor across 
the brushes or from each brush to 
ground, as shown in Fig. 6-2. 


Hair Driers 


Hair driers are small blowers, 
usually with a long, flexible plastic 
tube and a plastic or fabric hood 
that fits over the head. Some have 
heating units mounted in the air 
stream to warm it for faster drying. 

A variable-speed brush-type AC 


COMMUTATOR 


Fig. 6-2. Adding capacitors to brushes to 
eliminate noise. 


motor is employed which usually 
resembles the one in Fig. 6-3. The 
brush noise from these motors is of 
a fairly high frequency; therefore, it 
interferes with TV more than with 
radio reception. 

If there is room inside the hous- 
ing, connect a pair of .0l-mfd ce- 
ramic capacitors to the brushes. Use 
spaghetti on the “hot” leads, and 
ground the other end to a screw on 
the motor, as shown. Before reas- 
sembling the motor, it is a good idea 


Fig. 6-3. Bypass capacitor added to a small brush-type AC motor. 
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to tape the capacitors to the frame 
to keep them in place. 

If it is possible, some of these 
troubles can be corrected by recon- 
necting the motor so the armature is 
between the field coils (lig. 6-4). This 
causes the fields to act as RF chokes 
and thus helps prevent the noise 
from escaping. It is also a good idea 


Kitchen Mixers 


Kitchen mixers use brush-type 
variable-speed motors. The speed is 
controlled by changing the setting of 
a centrifugal switch, or by switching 
a variable resistance in serics with 
the motor windings. 

Some of these motors are so com- 
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Fig. 6-4. Reconnecting small AC motors so the armature is between the field coils. 


to install the bypass capacitors as 
shown. Always see that the brushes 
are good and of sufficient length, and 
that their springs make good con- 
tact and have enough tension to hold 
the brushes firmly against the com- 
mutator. Clean the commutator sur- 
face with fine emery cloth if neces- 
sary. 


pact that there is no space inside the 
housing for even installing ceramic 
capacitors. Of course, a pair of them 
across the brushes to the frame will 
reduce the noise considerably. 

If there is no room inside the 
motor, install a plug-in filter at the 
line plug. Try the simple type shown 
on the left in Fig. 6-5 first. If it does 


Fig. 6-5. A kitchen mixer and two plug-in line filters. 


not completely eliminate the noise, 
use the more claborate type with a 
ground-return connection shown on 
the right. Wind a very fine insulated 
wire tightly around the line cord 
and back to the mixer, taping it 
wherever necessary with plastic tape 
split to a 44-inch width. Fasten the 
end of the wire under a screw on the 
mixer frame. 


Electric Shavers 


The average electric shaver uses 
a very small electric motor of a 
slightly unusual type. A dumbbell- 
shaped armature is driven by the 
field coils, and a pair of contact 
points closes the field circuit when 
the armature is off-center. The arma- 
ture is then pulled into the fields, 
and the cam again breaks the cir- 
cuit. This allows the armature to 
coast on past, to the next making of 
the points. 

The noise comes from these 
points. Connecting a ceramic ca- 
pacitor across them will usually re- 
duce the noise to an acceptable level. 
(The newer shavers include built-in 
capacitors.) You can usually find 
room inside the case to slip in a small 
ceramic capacitor, as seen in Fig. 
6-6. 


The commercial plug-in filters 
are also usable with these machines. 
Either a small capacitive type, or in 
extreme cases the LC filters, can be 
used at the wall outlet. 


Sewing-Machine Motors 


The probability of radio noise in 
sewing-machine motors depends on 
the age of the motor. Newer models 
have factory-installed radio suppres- 
sion, but older models and recon- 
verted foot-powered machines are 
good prospects for noise. 

The motors are small brush types 
with a foot-operated speed con- 
troller (Fig. 6-7). Install small ce- 
ramic capacitors across the brushes 
to the frame, and add a slightly 
larger one across the control rheo- 
stat. If the motor is too small to al- 
low installation of capacitors at the 
brushes, use a plug-in filter or cut an 
LC filter into the line cord, as close 
to the motor as possible. 


Electric Lawn Mowers 


Electric lawn mowers use a brush- 
type motor which, because of its very 
high torque, develops tremendous 
amounts of power. This means high 
currents through the brushes and 
armature, and hence, a greatly in- 


Fig, 6-6. A bypass capacitor added across the points of an electric shaver, 
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Fig. 6-7. A typical old-type shunt sewing-machine motor, 


creased noise potential! In addition, 
these motors are of necessity at the 
end of a very long extension cord 
which makes an excellent antenna! 
The motor in Fig. 6-8 develops 34 
horsepower—yet is not much bigger 
than your fist! 


Motor housings are very small, 
and the brush mountings are almost 
completely inaccessible. “Cherefore, 
the easiest way of mounting an LC 
filter is to cut the line cord as close 
to the motor as possible, and install 
the filter on the mower frame. Put 


Fig, 6-8. Line filter added to an electric lawn mower. 
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a line plug and cable-type socket in 
the motor cord, and use a plug-in 
type filter as shown in Fig. 6-8. In 
this way, we can get the filter close 
to the motor and thus avoid most of 
the radiation; or at least we can re- 
duce it to the point where it is not 
annoying. 

Some makes of electric mowers 
use a terminal box just below the 
motor, with room inside to install a 
specially-buile filter. Fig. 6-9 shows 
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Fig. 6-9. Configuration of a line filter suit- 
able for adding to an electric lawn mower, 


the circuit for such a filter, if you 
want to try to build one. The coils 
are 15 to 20 turns of enameled wire 
wound on a 44-inch wooden form. 
Small ceramic capacitors are used. 
Solder all connections and wrap the 
entire assembly with plastic tape. 
Use at least No. 14 flexible insulated 
wire for the leads. 


Office Machines 
(Electric Typewriters, Adding 
Machines, Cash Registers, Etc.) 


The characteristic sound from of- 
fice machines is directly related to 
their action. Adding machines, for 
example, which start and stop the 
motor every time an ADD key is 
pressed, give «a sound like “Pop! 
Whrrrr!” in a radio. Cash registers 
and all other “stop-start machines 
give the same sounds. Electric type- 
writers, whose motors run continu- 
ously, produce a grinding roar like 
any other small-motor noise. 

The best cure is the standard one: 
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clean the commutators, check the 
brushes, and connect small capaci- 
tors across them to the frame. In 
quite a few machines of this type, 
the space inside the cabinet is ex- 
tremely limited, even inside the 
motor itself. Therefore, it may be 
impossible to connect the bypasses 
where they should be, so any filter- 
ing will have to be external. 

The standard LC filter should be 
used. It can be built into a small 
metal box and mounted on the ma- 
chine. If it is one of the larger models 
with its own table, the ftlter can be 
attached beneath the table and the 
line cord brought out of the machine 
and into the filter, as in Fig. 6-10. 
The line cord should be shielded be- 
tween the body of the machine and 
the filter to prevent the noise from 
SHIELD LINE CORD WITH 


PIECE OF BRAID OR 
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Fig. 6-10. Methods of eliminating noise in 
an adding machine. 


radiating before it gets to the filter. 
A common screen-door spring is very 
useful for this purpose. Slip one end 
inside the line-cord clamp of the 
machine, thread the cord through 
the spring, and fasten the other end 
inside the filter housing. This is par- 
ticularly useful in machines where 
the line cord comes out of the back 
and the filter must be placed under- 
neath. Install a three-conductor line 
cord with ground wire; connect the 
ground lead between the filter box 
aud ground, at the receptacle. (If 
the receptacle has no provision for 


a ground wire, attach the ground 
lead to a water pipe or other con- 
venient ground.) It is also a good 
idea to attach a ground lead between 
the machine and the filter box, as 
shown. 


Compact Office Machines 


In the smaller adding machines, 
etc., used on desk tops and carried 
about the office, the problem of in- 
stalling a noise filter can be pretty 
tough. A big, bulky metal box would 


LC filter, using small coils and ce- 
ramic capacitors, and mount it in- 
side the case of the machine if there 
is room. Be sure it is well insulated 
and doesn’t interfere with any of 
the moving parts. 

If you have to use a plug-in filter 
at the wall outlet, either slip a 
shielding braid over the line cord 
(taking off the line plug first), or 
wrap a thin insulated wire around 
the cord and keep it in place with 
plastic tape, as shown in Fig. 6-11. 


Fig. 6-11. Plug-in filter on a table-model adding machine. 


interfere with the operation of the 
machine. So we usually have to rely 
on a plug-in filter. If possible, it 
should be close to the machine, and 
the case should be grounded to the 
machine there. Sometimes the line 
cord can be cut just outside the ma- 
chine and the filter installed in 
series with it. In this way, radiation 
from the line cord will be mini- 
mized. 

We can often make up a special 


Connect one end of this wire to the 
frame of the machine and the other 
to the ground terminal on the filter. 
If the machine is used at a perma- 
nent location, the wires can also be 
grounded to a water pipe. 


Old Vacuum Cleaners 


The reason we specifically men- 
tion old vacuum cleaners is that 
you'll be concerned with them most 
of the time. Practically all later 
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models have built-in radio-inter- 
ference suppression. 

These are brush motors, and the 
typically noisy cleaner will usually 
require quite a bit of work on the 
brushes, commutator, etc., before 
you can even start to quiet it. For 
some reason, they are never serviced 
until they are in fairly bad shape. 
Therefore, clean the commutator, 
turning it down if necessary, and see 
that the brushes and their springs 
are in good condition. Then apply 
the noise-reducing equipment. 

Most of the tank-type cleaners 
will have ample room for mounting 
an LC filter. However, after a 
thorough clean-up job, a .01-.05-mfd 
paper capacitor across each brush 
will usually get rid of the noise. Fig. 
6-12 shows two .05-mfd capacitors 
mounted across the brushes in a 
typical installation. Always tuck the 
capacitors under the brush holders, 
or fasten them in some other way 
(clamp if possible) for security. 


Never let them hang by their leads 
because the continued vibration will 
soon break the leads. Use spaghetti 
on the “hot” leads, and fasten the 
ground lead under a nearby screw. 


Old Refrigerators and 
Similar Appliances 


Late-model refrigerators use unit- 
ized compressors which are not at all 
likely to cause radio or TV inter- 
ference. However, the older models 
and many of the commercial units 
still present the possibility of noise. 

The noise comes from the fact 
that the motor and compressor are 
usually mounted on a platform sus- 
pended from shock mounts such as 
rubber or springs. Sometimes the 
motor and compressor will not make 
good electrical contact with the 
frame of the appliance and a static 
charge will build up, which is dis- 
charged as the unit bounces on its 
springs. The cure is simple: Install 
at least two heavy, flexible ground- 


Fig. 6-12. Capacitors installed across the brushes of o vacuum cleaner. 


ing straps between the floating unit 
and frame. Be sure to leave plenty 
of room for the unit to float nor- 
mally on its mountings. Ground the 
frame to a water pipe. Mostly these 
are heavy-duty induction motors 
without brushes, so they will not 
cause radio noise unless defective. 
Broken wires, frayed insulation, etc., 
are easy to spot, because this usually 


results in a short circuit and a 
shower of sparks! 
SMALL PERMANENT MAGNET 
EMBEDDED IN FLYWHEEL 
RESISTOR 
PLUG 


Fig. 6-13. A typical magneto ignition- 
system circuit. 


Small Engines 
Noise from gasoline-powered lawn 


mowers and other small gasoline 
engines probably won't be too 
troublesome. These little engines all 
have magneto ignition, as illustrated 
in Fig. 6-13. A permanent magnet is 
embedded in the steel or aluminum 
of the flywheel, and as the flywheel 
turns, the magnet passes the coil 
and induces a pulse of high voltage 
in it which fires the plug. Since 
there is no DC generator to worry 
about, all we have to do is reduce 
the ignition noise. 

Because the high-voltage lead to 
the spark plug is usually fastened 
firmly into the magneto coil itself, 
we can’t use resistance-type wiring 
without first disassembling the coil. 
Therefore, our best bet would be a 
resistor spark plug, or a plug-in sup- 
pressor on the plug itself. The re- 
sistor plug would be better; because 
of the tremendous vibration on 
these small high-speed engines, a 
plug-in suppressor might work loose 
and cause trouble. 


Fig. 6-14. Fluorescent-light interference on a TV screen. 


65 


ARC 


BALLAST 


USE 10F 3 
METHOOS 
SHOWN. 


GROUND 
TO FIXTURE 


LAMP 


STARTER 


Lecce nme ene wncue 


it- 


oh r 


TO LINE 


Fig. 6-15. Methods of eliminating noise from a filvorescent light. 


RANDOM NOISE FROM 
GAS DISCHARGES 


Fluorescent-Light Interference 


Noise from fluorescent lights is 
heard on the radio as a buzzing or 
roaring sound, and seen on TV 
screens as two lines of dots or wavy 
forms (Fig. 6-14). This is caused by 
the fact that a fluorescent light is 
actually drawing an arc through the 
gas in the tube, as shown in Fig. 6- 
15. The starter closes the circuit 


through the two small filaments 
until they become hot; then it opens 
and an arc is struck through the gas- 
filled tube. Current flowing through 
this arc ionizes the gas and, in turn, 
excites the fluorescent powder de- 
posited on the walls of the glass 
tube. The irregular nature of the 
current flowing in the tube causes 
the noise. 

The cure is to add a capacitor 
across the line, inside the lamp fix- 
ture, or a pair of smaller capacitors 


Fig. 6-16. Bypass capacitors installed inside a fluorescent-light Axture. 


from each side of the line to the fix- 
ture (ground). A single capacitor 
should be about an .05 mfd (600V); 
the dual capacitors, about .01-.02 
mfd. Special filters can be obtained 
in which the dual capacitors are all 
in one container; also included are 
flexible leads which can be installed 
inside the fixture. In cases of severe 
interference, try replacing the lamp 
or starter. Or instal! an LC filter in 
the line, also placing it inside the 
fixture housing. Fig. 6-16 shows two 
bypass capacitors installed in a 
fixture. 


Neon-Sign Interference 


Neon-sign interference is similar 
to fluorescent-light interference, and 
indeed comes from the same source 
—a very long arc inside a gas-filled 
tube. A transformer with a high 
step-up ratio must be used because 
the tubing requires approximately 
1,000 volts per foot to fire the gas. 
Fig. 6-17 shows the basic circuit. The 


Fig. 6-17. The basic neon-sign circuit. 


ionized gas itself is the light-produc- 
ing agent. The arc discharge pro- 
duces a very peculiar voltage wave- 
form in the secondary, as seen in Fig. 
6-18. This is actually a 60-cps wave- 


Fig. 6-18. Voltage waveform at second- 
ary of neon-sign transformer. 


Fig. 6-19. Severe neon-sign interference on a TV receiver. 
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form. Notice the sharp spikes on the 
half cycle and the bursts of high- 
frequency oscillations on the wave- 
form. Interference of this nature will 
give us a pattern similar to Fig. 6-19 
on a TV receiver. 

The voltages can run as high as 
25-30 kilovolts in long tubing. This 
usually causes severe interference. 

The cure is good grounding of the 
transformer housing, and filtering of 
the line input. Capacitors or filters 
similar to those used for fluorescent 
lights (Fig. 6-15) can be used; how- 
ever, make sure the capacitors have 
a high enough voltage rating. Also, 
low-resistance (5k to 25k) suppres- 
sor resistors in series with the line 
will sometimes reduce the spike 
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ing, it will attract all kinds of atten- 
tion—mostly from irate radio listen- 
ers and TV viewers! Under the right 
circumstances, it can cause a tre- 
mendous amount of interference. 

The smaller flashers are the worst 
offenders. Most of them are small 
“button”-type, thermally-operated 
switches which are inserted into the 
socket of an incandescent light. If 
they become noisy, connect about 
a .05-mfd bypass capacitor across the 
socket. If this does not reduce the 
noise to an acceptable level, replace 
the flasher. 

On more elaborate signs such as 
neon displays, the flashers are larger 
and hence simpler to work with. Fig. 
6-20 shows a typical example. The 

To 
OFFERENT 


PARTS OF 
SIGN 


Fig. 6-20. Flasher system used on an electric sign. 


amplitude. If these measures don’t 
bring the noise down enough, try 
wrapping a very fine insulated 
(enameled) wire around the whole 
length of the tubing and grounding 
it at each end. Make about two 
turns per foot. The wire serves as a 
partial shield and thus helps pre- 
vent radiation. Be sure all connec- 
tions between tubing and wiring 
are tight; an arc at the connectors 
will increase the interference con- 
siderably. 


Flashers in Electric Signs 


Flashers are used to turn the lights 
in an electric sign on and off at reg- 
ular intervals, to give the sign more 
attention value. If the contact in the 
flasher is dirty enough to cause arc- 
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drum is driven by the motor, and the 
spring contacts, which connect to the 
different portions of the sign, con- 
tact a conducting surface on the 
drum. If trouble occurs, clean the 
contacts and connect bypass capaci- 
tors (approximately .0]-mfd) across 
each set of contact points. Make 
sure the metal cover over the flasher 
motor and drum assembly is 
grounded. (If there is no metal 
cover, one should be made.) If the 
sign uses neon, an LC filter may be 
required in the line. 


“Ultraviolet Machines" 


There may not be any “ultra- 
violet machines” left by now, but 
they really gave people headaches 
several years ago! The device con- 


sisted of a step-up transformer with 
a very high ratio, heavily insulated 
cables, and an “applicator.” When 
the machine was turned on, a tube 
glowed blue because it was filled 
with gas. The pad on the end, when 
passed over the body, gave a sinall 
static-charge effect and the user 
could feel a very slight tingle from 
the leakage. This was supposed to 
cure various ailments. 

The only thing this machine ever 
did was produce a high level of 
radio interference from the gas dis- 
charge! If you run into one, try an 
LC filter in the line, as close to the 
transformer as you can get it. This 
should reduce the radiation. 


MISCELLANEOUS RANDOM NOISES 


Power-Line Noise 

Power-line noise is encountered 
most frequently in TV fringe areas, 
although it can be found anywhere 
around a power line. Its character- 
istic symptom on a TV screen is the 
two lines of dots seen in Fig. 6-21. 


This is heard as a roaring buzz in a 
radio, and once in a while in the TV 
sound if the signal is weak. The two 
lines of dots may be so weak that 
only a single line is visible, but if 
you'll Jook closely, you can almost 
always find traces of the second one. 
The dots ordinarily will be floating 
up and down the screen. This is due 
to the very slight phase difference 
between your location and_ the 
power-line frequency at the point 
where the program is originating. 
These dots will also show up in 
the shop now and then while you're 
trying to align a radio with an FM 
sweep signal! The pattern will look 
something like Fig. 6-22. In fact, 
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Fig. 6-22. Power-line interference in a 
sweep response curve, 


Fig. 6-21. Power-line interference in a TV receiver. 
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BECAUSE THEY ARE 60 CYCLES. 
TRIANGULAR SHAPE) 


some technicians have spent quite a 
bit of time trying to make the two 
curves coincide! 

The cause of this noise is a slight 
leakage in the power lines: power 
and light companies call it “hard- 
ware” noise. It is due to defective in- 
sulators or to improper or defective 
grounding of the “hardware” (cross- 
arms, metal brackets, étc.) on the 
pole. It can also be from a warped 
pole, which will cause a transformer 
to swing around until a wire is 
touching its case. The cure is to call 
the power company; they are always 
willing to clear up such difficulties, 
which could mean trouble in the 
lines later. 


Battery Chargers 


Although comparatively little 
noise comes from battery chargers. 
there is always the possibility, es- 
pecially from the larger ones in 
garages and auto-parts stores. Fig. 
6-23 shows a typical arrangement: 
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Fig. 6-23. A large battery-charging ar- 
rangement. 


several 6- or }2-volt auto batteries 
are connected in series for charging, 
and a heavy-duty rectifier applies 
sufficient voltage to the series to 
send a charging current (ordinarily, 
8 to 10 amperes) through them all. 

Fig. 6-24 shows the appearance of 
such noise on a TV screen. It comes 
from leakage to grounded objects 
nearby. Sometimes the batteries are 


Fig. 6-24. Battery-charger interference in a TV receiver. 


70 


set on a heavy metal bench; even if 
the bench is wooden, moisture and 
the continual spillage of acid will 
soon make it conductive. This flow 
of intermittent leakage currents 
through the resistance of the bench 
to ground can cause noise. When 
this happens, install a heavy ground 
wire from the ends of the bench to a 
ground rod or water pipe, ground 
the metal case of the charger, and 
cover the bench top with an insulat- 
ing material which is both water- 
and acid-proof. 


Oil Burners With Electric Igniters 


Some home and industrial heat- 
ing systems use fuel-oil burners with 
electric igniters. These are similar to 
the spark-plug ignition systems used 
in automobiles, but are powered by 
transformers from the 110-volt AC 
line. This, as can be imagined, is a 
rich source of noise! There is usually 
a continuous arc inside the furnace, 
between the igniter points. 

An LC filter added in the primary 
circuit (Fig. 6-25) will usually elimi- 
nate any noise. Fortunately, the 
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acceptable level. Several companies 
make filters specially for this appli- 
cation which are encased in metal. 
They should be installed directly on 
the transformer case and be well 
grounded. As a last resort, resistor 
suppressors (R in Fig. 6-25) can also 
be added in series with the high- 
voltage side of the transformer. If 
the noise remains, have an oil-burner 
repairman check the gap of the ig- 
niter points. It may be too large, 
creating a much longer arc than 
necessary. 


Arc Welders 


Arc welders are somewhat like the 
little girl who, when she was good, 
was very, very good—but when she 
was bad, she was horrid! Most of 
them don’t make much trouble. But 
when they do, they can tear up 
everything for miles around. The 
average small arc welder used by 
garages and machine shops doesn’t 
seem to give too much trouble, prob- 
ably because it is used so infre- 
quently. However, an industrial arc 
welder on a production line, par- 
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Fig. 6-25. Eliminating noise in an oil-burner igniter. 


furnace itself, being metal, acts as a 
shield. In addition, the igniter 
transformer is completely encased in 
metal, and the high-voltage igniters 
are inside the furnace combustion 
chamber. Thus, if we can prevent 
any noise from escaping through the 
power lines, we can reduce it to an 


ticularly the automatic type making 
many welds each minute, will cause 
pretty severe radio and TV interfer- 
ence. Fig. 6-26 shows a typical elec- 
tric arc-welder circuit. This is a low- 
voltage, high-current type which 
generates a slightly lower level of 
noise than a high-voltage arc does. 
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Fig. 6-26. Eliminating noise in an electric arc welder. 


There is no way, of course, to sup- 
press the arc itself. But we can re- 
duce the radiation by adding an LC 
filter in the line and grounding the 
frame of the machine as shown. The 
coils (L1) should consist of approxi- 
mately twenty turns of No. 6 enam- 
eled copper wire. Capacitor Cl is .01 
mfd (600V) and C2 is .05 mfd (600V). 
If the arc welder must be reduced to 
absolute silence (for example, near 
an airport), the only thing left to do 
is build a screened room around it. 


Ignition Noise 

Ignition noise is one we can't do 
much about! It is caused by the radi- 
ation from unsuppressed vehicle ig- 
nition systems, mostly from older 
cars and heavy trucks. TV viewers 
living in deep-fringe areas alongside 
busy highways aften encounter con- 
siderable trouble from this type of 
noise. High-gain directional an- 
tennas can sometimes help; pointed 
away from the highway, they will re- 
ject part of the noise. However, if 


Fig. 6-27. Severe ignition noise in a TV receiver. 
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the station is so situated that the 
antenna must be aimed across the 
highway, it’s just too bad! Fig. 6-27 
shows the typical pattern of ignition 
noise on a ‘TV screen. It is fairly 
heavy, like what you would get when 
a vehicle with an unsuppressed igni- 
tion system is being driven near the 
lead-in cable. 

The use of antenna boosters will 
often help: these are high-gain 
broad-band amplifiers mounted on 
top of the mast, close to the antenna. 
Most of them use shielded coaxial 
cable between the booster and TV 
set. This, together with the increase 
in signal-to-noise ratio, will often 
help. By increasing the signal level 
in the lead-in, ignition noise pickup 
can often be minimized. 

Ignition noise in your own car, 
annoying when someone drives into 
the garage during your favorite pro- 
gram, can be eliminated by applying 
suppression to it. (See Chapter 7.) 


Traffic Lights, Railway Signal 
Systems, and Other Warning Lights 
If you live close to a traffic light or 
railroad right-of-way, you may hear 
the pulsed currents from them. Traf- 
fic lights and railroad-crossing warn- 
ing lights use flashers, motor-driven 
selector switches, and similar devices 
which are always potential noise- 
makers. There is nothing you can 
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do, if the noise has been positively 
identified as coming from a_ traffic 
light for example, except get in 
touch with the traffic division. Their 
maintenance men will install noise 
filters or clean the contacts. 

Railroad block-signal systems use 
pulsed currents which can make a 
peculiar sound in radio—a_ triple 
clicking, something like “ka-plick-et, 
ka-plick-et.”” Once again, your only 
recourse is to get in touch with the 
signal maintenance department of 
the railroad and see if they can filter 
out the noise. 


TV] From Converted TV 
High-Voltage Supply 


Many old TV receivers have been 
converted to larger picture cubes, 
which often required adding a new 
high-voltage supply. If the job was 
not done too well, arcing and radia- 
tion of interference can occur which 
can tear up the pictures of neighbor- 
hood TV sets. In one case this inter- 
ference apparently was not bother- 
ing the owner of the offending set, 
but was causing trouble with his 
neighbors’! 


Electric Fences 


Electric fences are most popular 
in rural areas, of course, but now 
and then they are found in or near 


INSULATED AT 
EACH POST 


Fig. 6-28. A typical electric-fence circuit. 
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Fig. 6-29. The automatic keying device for an electric fence. 


cities. They consist of a step-up 
transformer and an automatic key- 
ing device which sends high-voltage 
pulses through the fence (Fig. 6-28). 
One common type uses a pendulum 
arrangement for keying the trans- 
former, as shown in Fig. 6-29. The 


arm swings down, closing the switch 
on the transformer and sending a 
pulse of current through the fence. 
At the same time, a solenoid is ener- 
gized and throws the arm, which 
forms the core of the solenoid, back 
up. This results in a pulse of cur- 


Fig. 6-30. Interference from an electric fence. 
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rent through the fence about once 
a second. 

The fence itself, which requires 
only a single wire, must be mounted 
on insulators. The high voltage is 
pulsed for safety’s sake. Otherwise, 
there would be a shock hazard to 
both humans and animals. 

The fence, often over a thousand 
feet long, makes an excellent an- 
tenna; the popping noises from it 
can sometimes be heard for miles! 
In some instances, getting the noise 
—which usually resembles Fig. 6-30, 
although it may take on several dif- 
ferent shapes—out of one of them 
can be very difficult. 

A bypass capacitor (.01-.05 mfd) 
must be used across the contact 
points, and resistors (approximately 
10K) can often be added in series 
with the high-voltage circuit to damp 
the pulses. An LC filter in the sup- 
ply line will complete the job. This 
filter should have a time constant as 
close to that of the pulses as possible, 


even though some good-sized capaci- 
tors may be called for. In difficult 
cases, the arrangement in Fig. 6-31 
may have to be used. 
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Fig. 6-31. LC filters added to the input of 
an electric fence. 


INTERMITTENT RANDOM NOISE 


Electric Ranges 


Troubles due to electric ranges 
are always in either the switches or 
in bad connections on the elements. 
The culprits are mainly old ranges 
using open elements of coiled re- 
sistance wire. (There are still a few 
such ranges around!) The very 
heavy currents flowing through the 


Fig. 6-32. Ragged noise pattern in a TV receiver, caused by intermittent arcing 
of an electric-range switch. 
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switches cause overheating of the 
contacts and intermittent arcing. 
This gives us the characteristic 
range-noise pattern shown in Fig. 
6-32. 

The best remedy is to clean or re- 
place the switch, the latter being 
preferred. (The best cure, of course, 
is to replace the range! However, 
this is normally impossible.) Such 


exchanges; the culprit in this case 
was a small town exchange using 
obsolete equipment. 

The noise was a rapid, crisp “pop- 
pop-pop” at the same speed. It was 
heard over several blocks; tracing 


RINGER 


AC MOTOR GENERATOR 


troubles are also found in electric 


20-30 
hot plates using open-wire elements, Fate 
and in electric toasters, grilles, table yryoers 
ovens, or any other electrical appli- cin 


ance having heating elements of one 
kilowatt or larger. 

It is usually not too good an idea 
to place bypass capacitors across the 
contacts on the switches unless the 
capacitors are heatproof, because 
they must withstand temperatures 
far above normal. Some of the latest 
“hard-shell," plastic-encapsulated 
capacitors might work, but check 
their heat range very carefully before 
installing them—a wax paper ca- 
pacitor would melt entirely in about 
five minutes! 


Immersion Heaters 

An immersion heater is a resistive 
element, usually about 50 to 100 
watts, built into a waterproof case 
with a handle (or sometimes, only a 
line cord). The heater is used to heat 
water, which is done by simply 
dropping the whole thing into a 
vessel. ft must be kept submerged 
at all times. If the water is allowed 
to boil away, excessive heat may 
crack the housing. These cracks, 
sometimes so small they are invisible 
to the naked eye, allow water to get 
into the heating element. In addi- 
tion to the shock hazard, this results 
in a ripping, frying noise in radios. 
The only cure here is to replace the 
heater. 


Telephone Interference 


Telephone interference is rarely, 
if ever, found in modern telephone 
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Fig. 6-33. Motor and “‘ringer'’ generator 
in a telephone office. 


with a portable radio finally showed 
that the noise was more prominent 
near telephone wires. Investigation 
of the telephone office unveiled a 
defective “ringer” generator (Fig. 
6-33), a device which supplies low- 
voltage AC for ringing the tele- 
phones. Slip rings at the generator 
output (Fig. 6-34) contact the rotat- 
ing armature. In this case, a dirty 
spot on one of the slip rings was 
feeding a sharp pulse of noise into 
the telephone wiring, which fur- 
nished enough antenna to radiate 
over quite a large areal! 


SUP RINGS 


Fig. 6-34. Slip rings at the “ringer’’-gen- 
erator output. 


The only other possibility of noise 
in modern equipment is an occa- 
sional “pop-pop-pop,” slower than 
the first, as the dial switching 
mechanism returns to the stop. The 
telephone company will gladly in- 
stall bypassing if notified that the 
noise is annoying. (Never attempt 


to repair telephone company equip- 
ment! It is against every rule in the 
company’s books.) 


Heating Pads 


Heating pads are made of resist- 
ance wire wound around an asbestos 
core and sewed to a fabric founda- 
tion to keep the wire in place. 
Usually three amounts of heat can 
be selected by a switch. Thermostats 
smaller than a pencil eraser are in- 
serted in series with the resistance 
wire to hold the heat constant. As 
the thermostat opens and closes, it 
causes arcing, especially in the older 
heating pads. Dirty contacts in the 
thermostat increase the noise. Later 
models are not as troublesome be- 
cause of their improved contacts. 

There is no known remedy or fil- 
ter for this trouble except a new 
heating pad. 


thermostatic control box containing 
thermostats, switches, heat controls, 
etc. The contacts will cause noise by 
arcing. Connecting a bypass across 
them will cure most of the trouble. 


RF INTERFERENCE IN 
AUDIO SYSTEMS 


Audio Amplifiers 


Under some = circumstances the 
leads of an audio amplifier will pick 
up enough radio-frequency signals 
to be annoying. If a strong RF field 
is present near them, cnough RF 
will be picked up to impress a siz- 
able voltage on the grid of the input 
tube and thus cause interference. 

There are two solutions: One is 
to shield the input leads from the 
phono cartridge, mike, etc. Fig. 6-35 
shows how. Use shielded leads for 
all input leads, and bond the turn- 
table chassis to the amplifier chassis. 


Fig. 6-35. Shielding an audio amplifier. 


Electric Blankets 


Electric blankets are similar to 
heating pads, but are much larger 
and operate at a lower temperature. 
The troubles caused by blankets are 
about the same as for heating pads— 
for example, a defective thermostat. 

The blankets have an external 
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Be sure the amplifier metal cover is 
in place and tightly grounded. If 
necessary, ground both chassis to an 
earth ground as a water pipe. The 
other method is to install RF filter- 
ing in the grid circuit of the input 
tube. The upper limit of frequency 
response in even the “highest hi-fi” 
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Fig. 6-36. Filter circuit added at input of audio amplifier. 
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is about 25 kc, to be liberal, but the 
RF frequencies we want to get rid 
of are much higher. Therefore, we 
can use a low-pass filter in series with 
the grid leads. Even with a lower 
cutoff at, say, 50 or 75 kc it will still 
cover all the necessary RF fre- 
quencies. 

Fig. 6-36 shows the filter circuit. 
Values are not too critical; the 
average capacitance would be 100 
mmf or smaller. The reactance of a 
100-mmf capacitor at 20 kc is around 
80K ohms; this becomes about 2,000 
ohms at the frequency of the lowest 
radio station, or 550 kc. So, we can 
use any capacitance low enough that 
it does not cut off the high-frequency 
response of the amplifier and still 
offer a low impedance to RF. 

By inserting a very smal] RF 
choke in series with the grid lead, 
as close as possible to the input grid 
connection at the tube socket, we 
can reduce the RF signals even 
more. A 50-microhenry choke, for 
example, would have a reactance of 
about 200 ohms at 550 kc, but only 
2 ohms at 20 kc. The use of such a 
filter, together with careful shield- 
ing and grounding, should reduce 
the RF voltages at the input to a 
point where they are no longer 
annoying. 

Watch out for long leads in any 
circuit around the input tube! Even 
cathode or filament ground leads 
can pick up RF under some circum- 
stances. If a cathode lead, for ex- 
ample, must be run eight or ten 
inches to reach a cominon-ground 
point (a quite common practice to 
minimize hum in some circuits), it 
may be necessary to shield it. Ground 
the shield at both ends, near the 
socket, and at the common-ground 
point. 

Shielding in the grid circuit, if 
necessary, must be of very low-ca- 
pacity shielded wire; the very small 
shielded wire, like the type known 
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as phono pickup leads, usually has 
a comparatively high capacitance. 
Practical hint: run a very smal] wire 
through a piece of discarded auto- 
radio lead-in shield, and ground the 
shield at both ends. This will give 
shielding with minimum shunt ca- 
pacitance. (Shunt capacitance cuts 
down the high-frequency response of 
an amplifier.) 


Drive-in Theater Sound System 

The drive-in theater in this case 
history was located about 400 feet 
from the transmitting tower of a 
500-watt radio station. When the 
station was on the air, its programs 
were being heard in the drive-in’s 
sound system, sometimes slightly 
louder than the sound from the 
film! 

It was thought, at first, that the 
large network of speaker wiring was 
picking up the undesired RF. A lit- 
tle more thought ruled out this pos- 
sibility: the speaker wiring was all 
buried at least two feet under- 
ground, most of it in conduit! The 
source of the pickup was finally pin- 
pointed to the AC power wiring. It 
was bringing the RF signals inside 
the projection booth, and from there 
they were being radiated from the 
power lines into the grid circuits of 
the amplifiers. 

An audio amplifier working from 
a photoelectric-cell input has an 
extremely high input impedance; 
this caused the amplifier to rectify 
the signals in the grid circuit, simi- 
lar to grid-leak action. The cure was 
a heavy shielded LC filter in the 
power line, thorough shielding of 
the PE cell leads between the sound 
heads and amplifiers, and small RF 
bypass capacitors (220 mmf) to 
ground from the PE cells and at the 
grid connections on the tube sockets. 


Airport Intercommunication System 


The wartime airfield had a 500- 
watt transmitter on 317 kc; also a 


large intercommunication system be- 
tween the maintenance hangar, op- 
erations, flight line, supply, machine 
shop, etc. Whenever the tower trans- 
mitter was keyed, it came in on the 
intercom system louder than on any 
radio receiver on the field! The 
reason is shown in Fig. 6-37A. The 
system was the older type which in 
effect consisted of a microphone (the 
speaker), a very long line, and an 
amplifier on the other end (Fig. 6- 
37B). Shielded wire should have been 
used; because of war-time shortages, 


shown in Fig. 6-37C. Now the micro- 
phone and amplifier were at the 
same end, and the long line of un- 
shielded wire became a 45-ohm 
speaker wire, which does not re- 
spond to RF at all. 


Theater Sound System 


A small theater sound system 
picked up a I-kw amateur transmitter 
much louder than it did the film 
sound! Although at first the ham was 
blamed, a closer check disclosed that 
the sound system also picked up a 
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Fig. 6-37. Airport intercommunications system. 


it was not. The unshielded wire 
picked up the high-level radio sig- 
nals from the tower, and the input 
grid rectified them. 

The cure was not bypassing, be- 
cause of the very high signal! level. 
The intercom circuits were “re- 


versed” by rewiring the switches as 


local 250-watt broadcast station over 
a mile away! So, the fault was ob- 
viously in the sound system. The 
conventional remedies were tried— 
a smal] RF bypass capacitor across 
the input grid, and finally a larger 
one, but with no result. The PE 
cell inputs were taken off—no im- 
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ment. 
provement. Filters were installed in 
the AC line—very small improve- 

After some “head scratching,” we 
finally ground the input grid with a 
small screwdriver. No result; the 
music from the radio station came in 
as clearly as before! Finally, the 
cause was found. The cathode of the 
input tube was returned to a com- 
mon-ground point outside the am- 
plifier case. This lead was found to 
be over 18 inches long! Grounding 
the cathode directly at the cube 
socket stopped all the trouble. Evi- 
dently the RF was being picked up 
on this excessively long cathode wir- 
ing and was feeding into the grid 
of the second amplifier stage. 

The general procedure in such 
cases is to find out where the RF 
is getting into the circuit. Clean and 
fasten all shields. The bottom plate 
of this amplifier had been missing 
for a long time; even though the 
amplifier was in a solid metal case 
and presumably was well grounded, 
some RF was still leaking into it 
from somewhere. Obvious sources 
were the power wiring and the PE- 
cell input lines. 

In some instances the input tubes 
will have to be shielded, and you 
may find “GT” tubes in sockets that 
should have metal tubes. If so, add 
well-grounded external shields. 


Wireless Intercommunication 
Systems 


A variation of the standard “wired” 
intercom system uses a low-frequency 
carrier impressed on the AC power 
lines. The carrier frequency ranges 
from 100 to 150 kilocycles and has 
a comparatively short range, usually 
within a single building. 

Noises riding the power and light 
wiring will be picked up, since the 
“receivers” are nothing but LF radio 
receivers. Arc noises, motors, and 
radiating Huorescent and neon lights 
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will cause interference. It can be 
tracked down by tracing the light 
wiring throughout the building, 
using a portable radio, until the 
source is found. 


RF INTERFERENCE IN 
RADIO RECEIVERS 


Interference from TV 
High-Voltage Supply 


Many of the older TV sets had 
poor shielding in the horizontal- 
sweep circuits and high-voltage sup- 
plies. Also, careless technicians often 
forget to replace the shield cover for 
the flyback and thus allow the 
15,750-cycle sweep frequency and its 
numerous harmonics to escape. A 
large number of harmonics are 
generated in this 15.75-kc signal. 
These harmonics can cause inter- 
ference in broadcast radio receivers 
up to two or three blocks away. 

The typical symptom of such in- 
terference is a series of “tweets” or 
“birdies” —oscillations at regular in- 
tervals over the entire dial of a BC 
radio. Usually they will run about 
75 ke apart, becoming stronger to- 
ward the lower end of the band. 

The cure is to shield the offend- 
ing TV receiver. Replace missing 
HV cages or covers, and in severe 
cases, cover the inside of the cabinet 
with grounded aluminum foil or 
copper screen. For mild cases, it is 
often sufficient just to wrap the yoke 
leads with aluminum foil and 
ground the foil to the chassis. 


Interference from 
Phonograph Oscillators 


The wireless phonograph oscil- 
lator consists of a tiny radio trans- 
mitter modulated by the audio 
signals from a phonograph pickup. 
Its operating range is restricted by 
the FCC to not over 50 or 100 feet. 
However, some ingenious person 


will sometimes find ways to extend 
this range quite a bit. A few have 
even operated their own radio sta- 
tions, complete with “disc jockeys” 
and, in some instances, commercials! 
If such interference is heard in the 
broadcast band, it can usually be 
tracked down with the auto radio 
and a db meter. The range is ex- 
tended by adding more antenna to 
the transmitter, and most of the 
signal will ride along the power 
lines. Such transmissions are com- 
pletely illegal, of course; and if you 
find one, tell the operator that if he 
doesn’t “cease and desist,” Uncle 
Sam will hand him a stiff fine and 
even toss him in the “klink.” 


Carrier-Current Systems 


Many colleges, hospitals, sani- 
tariums, and similar institutions use 
what is sometimes called “wired 
radio.” The correct name is carrier- 
current system; it consists of a special 


transmitter which sends its signals 
over the AC power lines to broad- 
cast music, announcements, or local 
radio programs inside the institu- 
tion. Special receivers are required 
because the carrier must be quite 
low in frequency to “stay on the 
wires.” 

Now and then, too much RF 
power will be used and such systems 
will interfere with BC radios, low- 
frequency aircraft communication 
systems, etc. Such interference is 
usually easy to detect! The opera- 
tors, who do not realize their sig- 
nals are getting out, can be identi- 
fied from their call letters or station 
identification! Resetting the power 
output of the transmitter to its 
proper level will cure the interfer- 
ence. In some cases, LC filters tuned 
to the proper frequency can be in- 
serted in the primary supply lines 
to confine the signals to the internal 
wiring. 


Fig. 6-38. Interference in a TV receiver, caused by a radio transmitter 
in a passing police car. 
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RF INTERFERENCE IN 
TELEVISION RECEIVERS 


Police and Other 
Communications Transmitters 


Fig. 6-38 shows a typical pattern 
when TVI from police and other 
communications transmitters is en- 
countered. This is a somewhat un- 
usual type of interference, and its 
occurrence depends directly upon a 
large set of coincidences—the TV 
channel being watched, the fre- 
quency of the short-wave trans- 


This pattern usually is seen only 
when a radio-equipped car passes 
the TV antenna while transmitting. 
However, TV viewers living near a 
powerful base station may encounter 
this interference every time the 
transmitter is keyed. This definitely 
points to a defective transmitter, 
and it should be reported to the 
company operating the station. The 
interference may even be so strong 
it almost completely blacks out the 
TV screen on certain channels. Fig. 
6-39 shows what happened when a 


Fig. 6-39. Severe interference on Channel 4 due to strong second-harmonic 
radiation from a 36-mc transmitter. 


mitter, and its condition. The pat- 
tern will consist of herringbones, 
wavy lines, and assorted streaks 
which are continually in motion; 
sometimes the sound may also be 
heard. ‘The reason is that these trans- 
mitters are al] FM; the continually 
changing frequencies and sideband 
products result in the interference 
pattern scen. 
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station transmitting on 36 mc de- 
veloped a very strong second-har- 
monic radiation as a result of trans- 
mitter damage from lightning. The 
lightning damaged the harmonic 
filter in the antenna line (required 
by the FCC); the second harmonic 
of the carrier was allowed to pass on 
to the antenna, where it was radi- 
ated the same as the carrier. It 


blacked out Channel 4 (66-72 mc) 
all over a small town! This pattern 
also is in continual motion: the 
number and type of lines change 
with every word in the modulation. 


False TV! in Color Reception 


In some makes of color TV sets, 
beat patterns may be encountered 
which look like adjacent-channel 
interference. For instance, if a Chan- 
nel-4 station is being received in a 
fringe area and there is a Channel-3 
station nearby, a beat interference 
may be seen. This is caused by the 
nineteenth harmonic of the 3.58-mc 
color subcarrier oscillator beating 
with the incoming signal. Check by 
pulling the 3.58-mc oscillator tube. 
This trouble can usually be remedied 
by cleaning the short coaxial-cable 
link between the tuner and _ first 
video IF. 

A similar case, but with a different 
cause, will be noted on Channel 8. 
The beat this time will be seen on 


color TV programs. It is caused by 
the fourth harmonic of the picture 
IF being generated in the video- 
detector circuit and picked up by 
the twin-lead between the antenna 
terminals and tuner. Shielded twin- 
lead can be used here or traps can 
be used in the video IF, depending 
on the make of TV. The set manu- 
facturer usually has a service hint 


_on this; for example, one manufac- 


turer recommends installation of a 
22-mmf capacitor across the second- 
ary of the fourth video-IF trans- 
former, and some wiring dress. 


FM Receiver Radiation 


In some cases, FM receivers which 
radiate a fairly high signal from 
their oscillator or mixer stages can 
cause interference in TV sets. The 
patterns will vary, but in general 
will resemble the one in Fig. 6-40. 
The characteristic beats may cover 
the whole screen or only a portion 
of it. 


Fig. 6-40. FM receiver radiation in a TV receiver. 
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Locate this interference with a 
portable field-strength meter and 
probe, or by checking the neighbor- 
hood to see which FM set is on dur- 
ing interference. Usually, it is not 
too far from the TV set being inter- 
fered with. 


RF Industrial Heaters 

There is still some industrial heat- 
ing equipment in use for sealing 
plastics, etc., which utilizes RF en- 
ergy as the source of heat. These 
devices are simply radio transmit- 
ters. Some of them, with outputs up 
to 3 kw, operate on a fundamental 
frequency which can cause tremen- 
dous TVI if any is allowed to escape. 
The characteristic pattern of such 
interference is shown in Fig. 6-41. 
Not all heaters will make exactly 
this pattern, of course, but the 
similarity will always be there—the 
fringes around a single, heavy black 
bar. The reason is that most of the 
machines use half-wave rectified AC 
plate supplies and there is always a 


strong 60-cycle component in the 
RF signal. 

This interference can be traced 
with several directional TV an- 
tennas, as outlined in an earlier 
chapter; it is usually VHF and is 
pretty directional. Under some cir- 
cumstances it will also interfere 
with police radios and similar 
equipment, and even with AM 
radios. 

The cure is a thorough cleaning 
of the machine (Fig. 6-42). Clean and 
tighten all shielding, replace all 
missing screws, and ground the 
cabinet. Most of this trouble is due 
to leakage from the cabinet and 
across insulators, sockets, etc., inside 
the final stages of the machine. All 
parts carrying high RF in these ma- 
chines are mounted on ceramic 
standoffs; clean the standoffs with 
carbon tetrachloride, but keep your 
fingers away from them. Even the 
small amount of grease left by your 
fingertips is enough to catch dust, 


Fig. 6-41. Interference from an RF heater in a TV receiver. 
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Fig. 6-42. Rear view of a typical RF induction heater. 


which will eventually cause leakage. 

If noise is being radiated through 
the AC power line, install an AC 
line filter. Fig. 6-43 shows the con- 
struction of one. The coils must be 
capable of carrying the heavy cur- 
rents—50 to 75 amperes in many in- 
stances—drawn by the machine. The 
coils should consist of four to six 
turns of No. 0 or 00 solid copper 
wire, or %-inch copper tubing. The 
capacitors must have a high voltage 
rating because of the high RF volt- 


ages which may be present. The 50- 
mmf, 20-kv types used as TV high- 
voltage filters are ideal. Mount the 
components on phenolic insulating 
blocks, as shown, and enclose the as- 
sembly in a metal box mounted as 
close to the machine as possible. Run 
the power-line leads through con- 
duit to the machine. Be sure the 
case and conduit are connected to a 
good earth ground. Additional filter 
sections can be added in series if 
necessary. 
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Fig. 6-43. Construction of an AC line filter for an industrial heater. 


Community or Master cause interference if the shielding is 
Antenna Systems not perfect. The FCC has issued a 

Community and master antenna regulation covering the amount of 
systems, or any system which trans- radiation permissible from such sys- 
mits TV signals over cables, can tems, and it is very low. 


Fig. 6-44. A typical ‘‘cable bar’’ in a TV receiver. 
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The interference takes the form of 
ghosts in most cases. It is picked up 
on TV sets using antennas in the 
vicinity of cable systems. Usually, 
the characteristic symptom is a hori- 
zontal blanking bar, or sometimes 
an almost complete picture, picked 
up at the same time as the signal 
from the station. (See Fig. 6-44.) The 
bar may be either black or white. 
Another clue is the pickup of signals 
from a station while the antenna is 
pointed away from it! 

The cause, of course, is RF leak- 
age from the high-level transmission 
lines—usually in the shielded ampli- 
fier boxes. If the lids are not tightly 
fastened or the amplifier is run at 
too high a level, there will be leak- 
age. The displacement of the blank- 
ing bar is caused by the difference in 
speed between the signals in free 
space and those in the coaxial cables 
of the system. This usually amounts 
to 20 or 25 microseconds—just 
enough to cause the blanking bar to 


appear in the center of the screen. 

The remedy, of course, is to call 
the office of the cable system and 
give the location and direction of 
the interference. Their technicians 
will gladly correct the trouble. The 
same troubles are found in master 
antenna systems, but the symptoms 
are harder to identify. Because of the 
shorter runs of cable, the lag will be 
much less and so the characteristic 
ghosts may be very closely spaced. 
In fact, they may be so close that 
they only make the picture look fuzzy 
or out of focus. A quick check here 
is temporary substitution of a direc- 
tional antenna to see if the signals 
from a station are picked up from 
the wrong direction (i.e., toward the 
cable amplifier box). 

Similar difficulties may be en- 
countered in isolated areas. Several 
cases of interference have been 
found in areas where the antenna 
was located on a mountaintop, with 
a long transmission line running 


Fig. 6-45. RF beat interference in a TV receiver, caused by an oscillating booster. 


87 


down to the house. A booster was 
used at the antenna, and the trans- 
mission line was improperly termi- 
nated, As a result, standing waves 
were set up and the signals were 
radiating from the transmission line, 
interfering with other sets not con- 
nected to the system. 

In other cases, the boosters them- 
selves have been guilty. Trouble in 
the circuits can cause a high-gain 
booster to go into oscillation. This 
causes radiation of signals, har- 
monics, etc., which will interfere 
with other TV sets (Fig. 6-45). In 
some peculiar cases, this can happen 
without interference to the TV set 
connected to the booster! 

Many of these boosters are auto- 
matically switched off when the TV 
set is turned off. If the automatic 
switch fails, the booster may remain 
on all the time and cause trouble. 


INTERFERENCE FROM 
AMATEUR TRANSMITTERS 


Although the writer isn’t an ama- 
teur radio operator, he’s very much 
in sympathy with them; in  practi- 
cally all cases of TVI, the customer's 
first thought is to blame a ham op- 
erator somewhere, even though the 
TVI may be caused by his own 
kitchen mixer! From actual experi- 
ence, we have found that not one 
case in a hundred blamed on ham 
operators is actually due to them— 
that is, to a defect in the ham trans- 
mitter itself! A great many amateur 
transmitters nowadays, especially the 
higher-powered types (the “full gal- 
lons”; 1 kw, the amateur limit) are 
either factory-built or kit types with 
full ‘TV1-proofing (if correctly as- 
sembled). 

Actually, most of these complaints 
arise from poor design or defective 
parts in the front-end of the TV re- 
ceiver! The front-cnd must accept 
Signals over a 6-mc bandpass, and 
some scts will give a pretty fair 
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pickup over a much wider range of 
frequencies! Selectivity, in a TV 
front-end, is merely a figure of 
speech! 

However, because of the accusa- 
tions—true or false— in this section 
we will depart from the brief case 
history type of approach and enter 
into a more thorough discussion. In 
the following paragraphs we will 
discuss methods of eliminating inter- 
fering signals at the receiver, as well 
as how to make sure the amateur 
transmitter is not radiating har- 
monics. 


Harmonic Radiation 


Much bharmonicradiation —inter- 
ference, which usually resembles Fig. 
6-46, is caused by spurious or legiti- 
mate RF radiation from transmitters 
of other services such as police, air- 
craft, or two-way radios. According 
to FCC rules and regulations, har- 
monic emission by any licensed 
transmitter must be more than 60 
db down to the fundamental (the 
carrier frequency). ‘This is read at 
the second harmonic frequency (the 
strongest), and emission of all other 
harmonies must be checked at least 
once a year in all broadcast. sta- 
tions—whether AM, FM, and TV. 
This is checked during the “proof 
of performance” tests, which include 
amplitude readings of the second 
harmonic taken directly under the 
transmitting antenna. So, there is 
only the smallest chance that any 
broadcast station is actually radiat- 
ing harmonic energy. 

This is not to say there cannot be 
harmonic interference in receivers 
of any kind. Far from it! However, 
it is caused by the receiver itself! 
The simpler sets with no RF-ampli- 
fier stage aren’t bothered because of 
the low RF gain, but receivers that 
do have them, especially the lower- 
priced scts, often are if the inter- 
stage coupling is not a very high-Q 


Fig. 6-46. RF beat interference in a TV receiver, caused by another transmitter. 


transformer. On some sets of this 
kind, you can tune in a broadcast 
Station on its second harmonic; for 
example, a station at 1450 kc will be 
heard at 2900 kc. This is the second 
harmonic frequency, of course. But 
it isn’t coming from the station; it’s 
being generated inside the receiver! 
The RF-amplifier stage picks up a 
strong signal from the station at all 
times; unless the front-end is very 
selective (and most usually aren’t!), 
this 1450-kc energy will be present 
in the output of the RF-amplifier 
stage. Also, as in any amplifier cir- 
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cuit, the second harmonic of the re- 
ceived signal will be present in the 
RF-amplifier plate circuit. Thus, 
with the oscillator and mixer stages 
tuned for a 2900-kc signal, there will 
be sufficient second-harmonic signal 
from the RF-amplifier tube to beat 
with the oscillator signal in the 
mixer stage and produce the IF fre- 
quency. Incidentally, a trap, tuned 
to the frequency of the strong local 
station and connected in the grid 
circuit of the RF stage as shown in 
Fig. 6-47, will often help reduce 
these false harmonics. 


Fig. 6-47. Trap connected in an RF-amplifier grid circuit to reduce “false harmonics.” 
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If the receiver is near a strong 
local transmitter, the RF stage may 
suffer from overloading. This is due 
to the presence of a very strong RF 
signal, whether on the frequency to 
which the set is tuned or not. There 
will be enough stray RF pickup to 
place a high voltage on the grid of 
the first stage. This can reduce the 
gain of the RF stage by driving the 
grid to cutoff; it is also very useful 
in generating harmonics by grid 
rectification! The trap just men- 
tioned will help here, too. 


Receiver Input Filtering 


In radio receivers, the trap shown 
in Fig. 6-47 can be made from com- 
mercial coils and trimmer capaci- 
tors and installed. Connect a DC 
VTVM to the AVC line of the re- 
ceiver, tune to the frequency of the 
offending station, then tune the 
traps for minimum AVC voltage. 
This trap can often be mounted di- 
rectly on the frame of the tuning 
gang. Shielding of the gang is some- 
times needed to reduce the inter- 
ference. 

In TV receivers we have a slightly 
different problem. Most of the bet- 
ter TV sets have high-pass filter net- 
works built into the balun coils in 
the tuner input (Fig. 6-48). They 
may be marked ‘FM traps” on the 
schematic, since their major purpose 
is to reduce interference from FM 
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transmitters and they are usually 
peaked in that range. Note the coils 
marked “IF trap” in the circuit of 
Fig. 648. These coils are tuned to 
the video-IF frequency of the TV 
set. They are included there to pre- 
vent transmitter signals in the video- 
IF range from getting through the 
tuner and causing interference. In- 
cidentally, this will happen now and 
then, especially in the 21-mc video- 
IF stages. There are quite a few 
radio stations in this range, and in- 
terference is often caused by direct 
pickup in the video IF, or by im- 
properly trapped front-ends. The 
clue to this is the fact that the inter- 
ference seen on the screen is not 
affected by the tuner; no matter to 
what channel the set is tuned, the 
interference remains the same. This 
means it is being picked up directly 
by the video-IF stages. Better shield- 
ing will stop such interference. 

If interference is found in well- 
trapped TV receivers, it is a good 
idea to check the traps for damage. 
Lightning striking the TV antenna 
may have damaged the balun coils 
or traps; enough signal could still 
be coming through to make a pic- 
ture, but the traps may be bad. 


External Trapping of 
Interfering Signals 


In certain cases you'll come across 
unavoidable RF interference in TV 
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Fig. 6-48. A typical tuner input circuit in a TV receiver. 


receivers, such us signals from a 
nearby police transmitter. Many of 
these troubles can be reduced or 
eliminated by adding sharply-tuned 
traps in series with the antenna lead 
of the TV set. 

Very sharply-tuned traps for sin- 
gle-frequency interference can be 
made by connecting a piece of 300- 
ohm transmission line across the an- 
tenna terminals, as shown in Fig. 
6-49. If the transmission line is open 
at the other end and is exactly one- 
quarter wavelength at the interfer- 
ing frequency, it will act as a “short 
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Fig. 6-49. A stub made of a length of 
transmission line connected across the an- 
tenna terminals of a TV receiver. 


circuit” for only the undesired fre- 
quency. The same effect can be ob- 
tained with a shorted half wave- 
length, because an open quarter 
wave and shorted half wave give 
exactly the same effect. These are 
known as stubs. A stub is effective 
in removing interference because an 
open quarter-wave or a shorted half- 
wave stub will act as a series-reso- 
nant circuit to the interfering fre- 
quency. Thus, it will present a low 
impedance to the interfering fre- 
quency and remove, or “trap out,” 
these frequencies from the received 
signal. 

The stub can be connected to the 
antenna terminals through a switch, 
in case it causes trouble on another 
channel; or a clothespin connector 


can be used so it can be taken off 
easily. A simple way to find the 
proper Jength for stubs is to connect 
a piece of transmission line longer 
than necessary to the antenna ter- 
minals. Then cut off about a quarter 
inch at a time from the open end, 
until you can see the interference 
being reduced. This will leave you 
with an open-end, quarter-wave 
section. Another method is to con- 
nect the line to the antenna termi- 
nals, and short across the line at 
various points by gently cutting 
through the insulation with a pair 
of diagonals or a knife. (Be careful 
not to cut the wire in two!) After 
finding the best place, move down 
half an inch and cut the wires; then 
remove the insulation back to the 
original mark and solder the ends 
together. This will give you a 
shorted half-wave trap. After deter- 
mining the half-wave length by 
shorting across the line, you can 
measure to its center and cut it here 
for an open quarter-wave section if 
you wish. 

An absorption trap can also be 
used. To make one which will work 
over a range of frequencies from 40 
to about 170 me, cut a piece of 300- 
ohm transmission line five inches 
long, and strip the wires back on 
each end to leave the insulated por- 
tion exactly 4% inches long. Short 
one end and connect an adjustable 
(2 to 14 mmf) ceramic trimmer ca- 
pacitor to the other end. Tie it 
to the transmission line, between 
the antenna terminals and tuner, as 
shown in Fig. 6-50. Use plastic tape 
and be sure the trap is lying flat. 
Watch the screen while the inter- 
ference is present, and tune the 
trimmer for minimum interference 
beats. This trap tunes very sharply, 
and you’ll have to “hit it right on 
the nose” to take out the undesired 
frequency. You can make it tune a 
little broader by opening the shorted 
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Fig. 6-50. The absorption trap attached to the transmission line. 


end and adding a resistor there. This 
lowers the Q of the trap; the higher 
the resistance, the less attenuation 
in the trap. By the way, this resistor 
will also work for the quarter-wave 
shorted stub if it tunes too sharply. 


Commercial Filters 


There are several types of com- 
mercial] filters on the market which 
will do this kind of work. A high- 
pass filter like the one in Fig. 6-51 


Fig. 6-51. A commercial high-pass filter. 


allows only signals above a certain 
frequency to pass. The configuration 
for such a filter is given in Fig. 6-52. 
This filter has a transmission char- 
acteristic which looks like Fig. 6-53. 
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Fig. 6-52. Schematic of a typical high- 
pass filter. 


As you can see, only signals above 
50 mc can get through without suf- 
fering severe attenuation; al] those 
below 50-mc—which include not 
only the amateur bands, but also the 
low-band two-way radio frequencies 
—will be attenuated. Thus, all low- 
frequency signals are trapped out— 
and even ignition noise, which has 
large low-frequency components, is 
reduced. 

A tunable notch filter (Fig. 6-54) 
is also available; it can be extremely 
helpful in some cases, especially 


ALL FREQUENCIES IN THIS 
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ATTENUATION. 
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Fig. 6-53. Transmission characteristics of a 50-mc high-pass filter. 
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Fig. 6-54. Commercial trap for removing interfering TV station signals. 


where adjacent-channel sound inter- 
ference is troublesome. It is con- 
nected in series with the antenna 
lead, and has dual tuning adjust- 
ments for tuning and fine tuning so 
an interfering frequency can be 
clipped out of the signal with great 
precision. This filter has a very sharp 
notch in its transmission curve, as 
seen in Fig. 6-55, going down to 
about 50 db of attenuation. 


TRANSMISSION 


in the picture. By setting the notch 
of the filter to the undesired signal, 
its amplitude can be reduced to the 
point where it will not give trouble. 
These filters are made in two models, 
one covering the channels 2 through 6, 
and the other, channels 7 through 13. 


Construction of a High-Pass Filter 


You may want to build a high-pass 
filter yourself, if a commercial unit 
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Fig. 6-55. Transmission characteristics of the filter in Fig. 6-54. 


For instance, if an adjacent-chan- 
nel sound carrier is being received 
along with the desired signal, the 
excessive amplitude of the former 
can raise the AGC voltage of the 
receiver and thereby lower the gain. 
This is in addition to the various 
herringhone patterns and beats seen 


is not immediately available. Fig. 6- 
56 shows the schematic of such a 
filter. It can be built in a small box; 
shielding need not be perfect since 
the transmission lines are un- 
shielded. Some of the little plastic 
boxes in which parts are packed are 
ideal. Coils Ll and L3 are 23 turns 
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Fig. 6-56, A high-pass filter schematic. 


of No. 24 enameled wire closely 
wound on a %¢-inch polystyrene coil 
form. L2 is the same except it has 
only 11 turns. Center-tap each coil 
by pulling out a %inch loop in the 
middle turn; then clean and tin the 
loop and solder to ground. 

This filter is balanced for 300-ohm 
twin-lead and has a low frequency 
cutoff at about 53 mc. Insertion 
losses at higher frequencies are very 
small. By using two 10-mmf silver- 
mica capacitors to make up the 20- 
mmf units shown, lead inductance 
can be made somewhat lower and 
better performance obtained. Keep 
the ground leads of all components 
as short as possible. Be sure to 
mount the coils at least an inch 
apart to avoid inductive coupling 
between them. 


TVI-proofing the 
Amateur Transmitter 


All amateur transmitters must be 
checked to make sure they are not 
radiating illegal harmonics. This is 
a comparatively simple procedure. 
Tune the transmitter, using a 
dummy load such as a light bulb 
of appropriate wattage. If you can 
get the bulb inside the transmitter 
cabinet, this part of the tests will be 
much easier. Close and latch all 
doors and lids. 

You can use a communications re- 
ceiver that will cover the harmonic 
frequencies, or a grid-dip meter if 
one is on hand. Key the transmitter 
and search the band for harmonics. 
For instance, if the transmitter is 
working around 7 mc, check 14, 21, 
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28, 35, and other multiples of the 
frequency. If you find no readable 
harmonics up to the fifth, you can 
be pretty sure the transmitter isn't 
radiating too many of them! Of 
course, higher-order harmonics, even 
at pretty low amplitudes, can cause 
trouble. So, to be sure, place a 
portable TV receiver with a rabbit- 
ear antenna Close by, and tune to 
each active channel in your locality. 
Key the transmitter while watching 
each channel. 

If any TVI is detected in this test, 
the cabinet or rack will have to be 
cleaned to prevent any RF leakage. 
All bolted joints should be taken 
apart, sanded clean, and retightened. 
(Some may have to be bonded.) If 
the cabinet can't be made “RF 
tight,” you may have to add more 
shielding. Make an inner box of 
copper screen to enclose the trans- 
mitter compartment. (You may be 
able to get by with just copper 
screening over the Jouvers and venti- 
lating grilles.) 

Before going too far with extra 
shielding, be sure the TVI isn't 
leaking out through the AC input 
and the B+ supply leads. Add filters 
to these leads, as shown in Fig. 6-57. 
The microphone or keying leads 
should be shielded, too, to prevent 
any signal from escaping. Use key- 
click filters on keying Jeads to keep 
these pulses from interfering. Usu- 
ally, just a single bypass capacitor is 
enough; but in bad cases, small 
chokes may be necessary. 

After you get through, make a 
thorough test with the portable TV 
set. If all signs of interference have 
disappeared after the transmitter 
has been keyed, you can feel sure 
this part of the job is all right. 


Antenna Filtering 


Reconnect the antenna and tune 
the transmitter. Recheck with the 
TV set (keep it at least 15 or 20 
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(B) AC line filters. 
Fig, 6-57. Filters for amateur transmitters. 
feet away, if possible). If any inter- 


ference is seen on any of the chan- 
nels available in the area, harmonics 


COAXIAL © 
CONNECTOR 


are being radiated from the final 
stage and from the antenna, which 
will have to be filtered. 

A good low-pass filter will clear 
up the interference. The ideal filter 
will transmit all amateur frequencies 
without loss while attenuating all 
harmonics which can cause TVI. 
Fig. 6-58 shows a low-pass filter which 
will come close to doing this. It has 
almost 100 db of attenuation at all 
TV frequencies, and less than 0.2 db 
of insertion loss in the amateur 
bands. Also, by making the capaci- 
tors variable and by using small low- 
loss ceramic trimmers for Cl, C2, C3, 
and C4, the filter can be tuned to 
hit exactly on the interfering har- 
monic. The trimmers can be set for 
preliminary adjustments, according 
to the parts list, by using a good ca- 
pacitance tester or a coil and grid-dip 
meter. 

This is the m-derived filter section 
described in Chapter 3. There are 
enough elements to insure attenua- 
tion of all frequencies which might 
fall within the TV bands. The filter 
should be built in a tight metal box, 


(A) Configuration. 


TEM 
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4) MMF (SOMMF AIR PADOER) 
36 MMF (ISOMMF AIR PADDER) 
O06 MMF (ISOMMF AIR PADDER) 
41 MMF (SOMMPF AIR PADDER) 
4 TURNS, No.l ENAMELED SOLIO WIRE, ON 1/2" FORM, 1/2" LONG. 
5 TURNS, No.I2 ENAMELED SOLIO WIRE, ON 1/2” FORM, 5/8" LONG. 
6 TURNS, No.I2 ENAMELED SOLIO WIRE, ON 1/2” FORM, I3/I6" LONG. 
TURNS, No. 14 ENAMELED SOLID WIRE, ON I/4” FORM, 5/8” LONG. 
TURNS, No.I2 ENAMELED SOLID WIRE,ON 1/2” FORM, 3/4” LONG. 
TURNS, No. 2 ENAMELED SOLID WIRE, ON 172” FORM, 1/2“ LONG. 
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(B) Parts list. 


Fig. 6-58. Low-pass filter suitable for amateur transmitters. 
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and the coaxial connectors used as 
shown. The lid should have not less 
than two screws per side if the box 
is of average dimensions (about 4” x 
5” x 6”). This is not to keep the lid 
from falling off, but to insure its 
having good RF grounding! 


After taking these precautions, 
the amateur operator can be fairly 
sure any interference complaints 
are not the fault of his transmitter, 
but are caused by defects in the re- 
ceiving equipment itself. 


CHAPTER 


Automobile Radios 


ALTHOUGH noises in home radios 
and television sets can be quite an- 
noying, for some reason they don’t 
seem to make the average customer 
nearly as angry as a noise in his car 
radio! The reason is probably that 
most home set noises tend to be 
intermittent, whereas noise is pres- 
ent every time a faulty auto radio is 
turned on. Ever since 1927 or so, 
when the first auto radio was in- 
stalled, electrical noise in auto 
radios has been the subject of much 
research. Fortunately, they are not 
too hard to quiet down if the proper 
equipment anc methods are used. 

The auto radio leads a hard life 
anyhow. It is not more than two feet 
from a spark transmitter, which was 
the cause of much interference in 
the early days of radio. The spark 
transmitter in automobiles is, of 
course, the ignition system. Design- 
ers of auto radios have been highly 
successful in finding ways of prevent- 
ing noise from entering the raclios 
themselves. In the old days, chassis 
pickup (noise entering the ractio 
through power wiring and paths 
other than the antenna socket) was 
a major problem. Because of im- 
provements in design, however, a 
true case of chassis pickup is ex- 
treniely rare today. Nowadays any 
noise present will enter through the 
antenna socket. Our efforts must be 
turned toward reducing this noise 
level so it cannot be heard. 


NOISE SOURCES IN A CAR 


Noise it an auto radio can come 
from either the electrica] system or 
the body. In the electrical system 
there are several noise producers, 
such as the ignition and_ battery 
charging systems. The car body 
furnishes a much smaller share be- 
cause of only intermittent contact 
between parts. We will deal with 
both causes in this chapter. 


THE AUTOMOBILE 
ELECTRICAL SYSTEM 


The modern automobile packs a 
tremendous amount of electrical 
equipment. The operating power is 
furnished by a 6- or 12-volt battery 
which is kept charged by a generator 
driven from the engine. There have 
been hints that cars of the future 
may have 24-volt DC or even 400- 
cycle AC systems. This is pure specu- 
lation, and in any event, the prin- 
ciple of noise elimination will be the 
same! 

Fig. 7-1 shows a typical electrical 
system for a medium-priced Ameri- 
can automobile. Others may include 
such luxuries as electrically-operated 
window lifts and radio antennas, 
plus a host of other gadgets—all 
potential sources of noise. The dia- 
gram is quite complicated. However, 
if you’ll remember that all compli- 
cated circuits are merely a number 
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of very simple ones tied together, 
you won't have a bit of trouble 
understanding them. 

Basically, each circuit consists of 
the device itself and the controls 
(switches), plus a wire leading to the 
battery and a return circuit to the 
other side (Fig. 7-2)—which is al- 
ways the metal frame of the car. Re- 


AC noise components to ground 
without affecting the primary DC 
supply. 


THE IGNITION SYSTEM 


Of all noise sources in a car, the 
ignition system is the worst offender. 
This is due to the very high-voltage 
pulses generated and to their inter- 
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Fig. 7-2. Basic automotive electrical circuit. 
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Fig. 7-3. Basic schematic of the automotive ignition system. 


member that there are always two 
wires: a “hot” wire from the battery, 
and another “wire” which is the 
frame or body of the car. Previously, 
to get rid of a noise component we 
simply bypassed it to ground— 
cither an actual earth ground or the 
frame of the device. Here, the frame 
or body of the car serves the same 
purpose, Any noise is bypassed to 
the frame or body, where it is ab- 
sorbed and dissipated harmlessly as 
eddy currents. Since the system is DC 
(and low voltage, too), we can use 
any size of capacitor to bypass the 
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mittent nature. Fig. 7-3 shows the 
circuit of a typical ignition system. 
Briefly, its operation is as follows: 
When the ignition switch is closed, 
battery voltage is applied to the ig- 
nition coil, which is simply a two- 
winding iron-core transformer with 
a very high step-up ratio. Current 
flow through the primary is con- 
trolled by a switch, called the 
breaker points, in the distributor. 
When the breaker points close, a 
pulse of current flows through the 
primary, charging capacitor C in 
Fig. 7-3. When the points break 


(open), the magnetic field in the coil 
collapses, inducing a very high-volt- 
age pulse in the secondary. ‘Vhis ac- 
tion is aided by the discharge of the 
capacitor. The high-voltage pulse is 
distributed to the spark — plugs 
through a rotary switch known as 
the distributor. At the plug, the 
pulse jumps the gap, causing an arc 
which fires the fuel charge in the 
cylinder. 

As you can see, this system is full 
of noise-producing gadgets such as 
the arcs at the points and distribu- 
tor, but mostly the high-voltage arc 
at the spark plugs. This can run as 
high as 20,000 volts or more. The 
whole system is a highly efficient 
noise generator which not only radi- 
ates noise into other wiring, but also 
couples it to the battery (Fig. 7-4). 


LIGHTS 


RADIO 


Ignidon noise, or plug noise as 
many technicians call it, is usualty 
easy to detect. It is a sharp popping 
sound which is heard whenever the 
engine is running, whether the car 
is moving or not. The noise will 
vary with the speed of the engine. 
At low speeds (wider pulses) it will 
be louder; at higher rpm's, it will 
gradually blend into a roar. ‘The 
number of pops per second is di- 
rectly proportional to the engine 
speed, 


Eliminating Ignition Noise 

The noise must be eliminated 
without disrupting the operation of 
the ignition system. This is done by 
reducing the amplitude of the pulses 
slightly and bypassing them liber- 
ally, to keep them from feeding back 
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IGNITION 
WIRING 


OTHER 


Fig, 7-4. Noise from the ignition system being radiated or conducted 
into other parts of the wiring. 


Identifying Ignition Noise 

Before you can eliminate a noise, 
you must first identify it! In auto- 
radio noise work this isn’t always as 
easy as it sounds, because a lot of 
noises sound alike but originate 
from entirely different places. 


into the power-supply wiring. ‘The 
high-voltage pulse is the worst of- 
fender because of its tremendous 
amplitude. It has the waycform 
shown in Fig. 7-5A. Notice the simi- 
larity to the ringing oscillation in 
TV damper circuits, etc.—the grad- 
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ual dying away of oscillations in an 
inductive circuit, with a fairly high 
Q. In the automobile electrical sys- 
tem, the coil secondary winding, 
etc, and the distributor capacitor 
form a high-Q circuit. 

a8 

1 | 


VOLTAGE 


TIME 


(A) Undamped pulse. 


VOLTAGE 


TIME ———= 


(8) Damped pulse. 


Fig. 7-5. Appearance of the ignition pulse 
voltage. 
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reduce the total amount of noise 
power and hence its ability to cause 
interference. To do so, we connect a 
resistor of about 10,000 ohms in 
series with the high-voltage circuit 
(Fig. 7-6). This resistor suppresses, 
or damps, the circuit to reduce its 
ringing time; as a result the pulse 
will appear as shown in Fig. 7-5B. 
The amplitude of the initial pulse 
is only slightly reduced, but the suc- 
ceeding alternations are quickly 
damped. In most cars, only a single 
resistor connected at point A will be 
needed. If the ignition noise is very 
high, we also need a resistor at point 
B (on the spark plug). 

In auto-radio noise work, these 
resistors are called suppressors. Most 
are carbon resistors built into in- 
sulating shells, with terminals to fit 
the specific application. Some sup- 
pressors are inductive—that is, RF 
chokes which are made in the same 
form and do the same job. Quite a 
few cars built since about 1958 use 
a special ignition wiring which is 
actually resistance wire. 


Fig. 7-6. Adding resistive suppression to damp pulses in the ignition system. 


As small boys often say when be- 
ing dressed for Sunday school: “A 
loc of this stuff ain’t necessary!” We 
can fire the plug very well, using 
only the initial two or three pulses 
of high voltage between points A 
and B in Fig. 7-5A. The remainder 
of the pulse isn't needed. By cutting 
down on the pulse width, we can 
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Some of the different types of sup- 
pressors are pictured in Fig. 7-7. A 
“cable-type” suppressor, shown at 
the top of the illustration, is used 
mainly for distributor suppressors 
(although the plug-in type at the 
bottom is also used). To install a 
cable-type suppressor, simply cut 
the wire between the center contact 


Fig. 7-7. Different ty 


of the distributor cap and the center 
terminal of the coil, somewhere near 
the center, and screw the ends of the 
wire directly into the suppressor. A 
special high-pitched screw is used 
which bites into the wire and pulls 
the insulation tightly into the ends 
of the insulated case. An expanded 
detail of one of this type suppressor 
is given in Fig. 7-8. 


pes of suppressors. 


cable-type suppressor in Fig. 7-7. 
The suppressor attached to the top 
spark plug in Fig. 7-7 is the induc- 
tive type, and the one attached to 
the lower plug is the resistance type. 
These suppressors are simply slipped 
onto the terminal of the plug and 
the wiring inserted into the top of 
the suppressor. The suppressor at 
the bottom of Fig. 7-7 is the plug-in 


INSULATION 


BODY OF SUPPRESSOR 


Fig. 7-8. Detail of one end of a cable-type resistive suppressor. 


WARNING: Never cut a dis- 
tributor wire without checking 
it first! If the word “Radio” is 
printed down its length, it is 
resistance wire and you already 
have a distributor suppressor! 


The resistance-wire type of sup- 
pressor is pictured directly below the 


type of distributor suppressor men- 
tioned previously. 

Special spark plugs are also made 
in which the suppressor is built right 
into the plug (Fig. 7-9). The resist- 
ance wire or resistor plugs are very 
effective in reducing ignition noise. 
They can also be installed on older 
models. 
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Fig. 7-9. Spark plugs with built-in suppressor resistors. 


Bypassing the Ignition Coil 


We have succeeded in damping 
out some of the unnecessary energy 
from the high-voltage pulse to stop 
the radiation. Now we should try 
to keep the remaining noise from 
being fed back into the battery wir- 
ing on the other side of the ignition 
coil. We can do this by bypassing 
the primary side of the coil, as 
shown in Fig. 7-10. The connections 
must be exactly as shown. Because 
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Fig. 7-10. Installing a bypass capacitor in 
ignition-coil circuit. 


of the circuitry used, “distributor 
condenser” Cy must be matched to 
the coil; his determines the HV cir- 
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cuit time constant, which will vary 
from car to car. If an extra capacitor 
is connected across the points, the 
operation of the ignition system 
will be upset. So always be sure to 
connect the noise bypass capacitor 
to the switch side of the coil—never 
to the distributor side. Fig. 7-11 
shows a correctly mounted capacitor. 
Almost all coils have provision for 
mounting the capacitor at this 
point. 
GENERATOR NOISE 


The next most common noise in 
auto radios is from the generator. 
All DC generators—auto or other- 
wise—use brushes (noises from car- 
bon brushes and commutators were 
covered quite extensively in earlier 
chapters). The DC generator makes 
a random noise, usually called hash, 
which we get rid of by the same 
method as before—bypassing it to 
ground with a capacitor. 

The capacitors are special units 
made to withstand the very hard 
service they get. They must be able 


Fig. 7-11. Bypass capacitor mounted on ignition-coil bracket. 


to bear up under heat, oil, moisture, 
vibration, and other abuses without 
breaking down. They are usually 0.5 
mfd, 200-volt units in heavy metal 
cases fitted with a large mounting 


lug. The case and lug also serve as 
the ground return for the capacitor, 
the other lead being a well-insulated 
pigtail with a terminal lug. (See Fig. 


7-12. 


The generator manufacturers 
have provided an easy place for 
mounting this capacitor. As usual, 
we want to get it as close to the noise 
source as we can. So we mount it on 
the generator itself, where you'll 
find a screw to hold its mounting 
lug. The pigtail connection goes to 
the armature lead of the generator 
(Fig. 7-12). 

Older cars used only the DC gen- 
erator, plus a small relay called the 
cutout which automatically discon- 
nected the generator when the 
motor wasn’t running. Otherwise, 
the battery would have discharged 
through the generator. (Connect a 
rotating generator to a battery, and 
it charges the battery; connect the 
same generator, standing still, to 
the same battery and it becomes a 
motor! The cutout kept the genera- 
tor from acting as a motor. Unless 
the generator was turning fast 
enough to charge the battery, the re- 
lay stayed open and kept the battery 
disconnected from the generator.) 


Modern cars have a slightly more 
complicated system called a voltage- 
regulated generator. A voltage regu- 
lator, consisting of three relays, con- 
trols the charging action of the 
generator. The old system simply 
ran the generator wide open all the 
time. When the battery reached full 
charge, say during a long trip, the 
generator kept right on pumping. 
As a result, the voltage sometimes 
rose far above normal, burning out 
light bulbs or even worse. Because 
of the numerous electrical apparatus 
in a modern car, such a system simply 
wouldn't do: high voltage is very 
hard on radios, electric motors, and 
other apparatus. Voltage-regulated 
generators were developed to keep 
the voltage constant or within very 
narrow limits. 

Fig. 7-13 shows the circuit of a 
typical system. The separate field 
winding on the generator, with its 
connection to the voltage regulator, 
controls the charging rate of the 
generator by adjusting its field cur- 
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Fig. 7-13. A typical voltage-regulator circuit. 
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rent. One of the other relays is our 
old friend the cutout, and the other 
is a current relay. 

To bypass noise in these systems, 
connect a capacitor to the generator 
case, as shown in Fig. 7-12. This puts 
the bypass directly across the output 
brush. Never connect a bypass to 
the field terminal: too much capaci- 
tance across the field relay upsets the 
time constant and thus interferes 
with the circuit action. Incidentally, 
the field wire is always much smaller 
than the armature wire. In addition, 
there is usually a red paper collar 
around the field terminal to warn 
you not to connect a bypass capaci 
tor here, 


Voltage-Regulator Noise 


In addition to brush noise from 
the generator, now we have some- 
thing else that makes noise—the 
rapidly opening and closing relay 
contacts in the regulator. This 
sounds much like spark-plug noise, 
so you'll have to listen closely. It is 


a popping noise, heard only while 
the engine is running—but the 
trained ear will detect the slight ir- 
regularity, compared with the con- 
tinuous popping of plug noise. Also, 
voltage-regulator noise cannot be 
heard unless the engine is running 
fast enough for the generator to 
charge. To find it, slow the engine 
down until the ammeter indicates 
“no charge” (or the generator light 
glows); then speed up the engine 
yery slowly until the generator cuts 
in. If no noise is present until the 
generator cuts in, the trouble is 
voltage-regulator noise. If noise is 
heard all the time, it is plug noise. 

To eliminate  voltage-regulator 
noise, connect a bypass capacitor at 
the battery terminal of the regn- 
lator, as shown in Fig. 7-14. Bad 
cases may need another on the gen- 
erator terminal, although there al- 
ready is one on the other end of the 
same wire, at the generator. How- 
ever, the bypass at the voltage regu- 
lator is intended to keep noise orig- 


Fig. 7-14, Voltage regulator with bypasses connected to generator 
and battery terminals. 
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inating in the regulator from passing 
into the wiring harness. Bypasses 
are never connected to the field ter- 
minal. Special field-suppressor units 
are available, as we'll see in the next 
chapter; but for ordinary auto-radio 
work they are unnecessary. 


FRONT-WHEEL NOISE 


We may seem to be skipping 
around a little in presenting these 
noises, but many years of field ex- 
perience have shown that they oc- 
cur in this order—ignition, genera- 
tor, and front wheels. 

The front wheels, as they rotate, 
sometimes are momentarily insulated 
from the rest of the car by a thin 
film of grease. The tire builds up a 
static charge as it contacts the road. 
As the wheels continue turning they 
will at various times become elec- 
trically connected to the rest of the 
car and the static charge discharges 
into the body, producing a pulse of 
current heard as a “pop” in the 
radio. This is repeated at irregular 
intervals. Front-wheel noise is heard 
only on smooth roads and on dry 
days. The constant bouncing of the 
wheels on rough roads won't allow 
the wheel to remain “insulated” 
long enough to build up a static 
charge; and if it’s raining, the water 
will short out the static charge be- 
fore it builds up, of course. 

This is a fairly easy noise to iden- 
tify. For a positive test, run the car 
up to 20 or 30 miles per hour until 
the noise is heard. Then switch the 
engine off, but leave the radio on, 
and let the car coast. Gently apply 
the brakes to see if the noise stops. 
If so, it’s definitely front-wheel] noise 
because the brake drums have 
grounded it out. 

To stop the noise, we've got to 
supply a constant contact between 
the wheels and body. We can do this 
by installing grounding springs in- 
side the front-wheel dust caps (the 
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Fig. 7-15. A front-wheel grounding spring. 


“inside” hub caps). One type of 
grounding spring is shown in Fig. 
7-15. The springs are pressed into 
the cap, so the large end contacts 
the cap and the smal! end contacts 
the small conical hole in the end of 
the front spindle, called the lathe 
center. Be sure this hole is free of 
grease before installing che spring. 
Now we have a positive contact at 
all times. 

On rare occasions this noise is 
found even after the grounding 
springs have been installed. The 
noise is due to static buildup in the 
tires themselves. To cure it, blow the 
tires with a graphite powder, which 
forms a conductive layer inside the 
tire and prevents buildup of static 
charges. 


INSTRUMENT NOISE 


Most instruments in an automo- 
bile consist of a “transmitter” that 
measures whatever value is needed 
(fuel level, ot] pressure, tempera- 
ture, etc.), and an indicator on the 
dash. Fig. 7-16 shows the basic cir- 
cuit of a fuel-level gauge. Being 
electrically operated, all instru- 
nents are potential sources of noise. 
Basically, instrument noises aren't 
too hard to cure, but the crowded 
construction of some modern cars 
can complicate the procedure. 


PIVOT 


FUEL TANK 
FLOAT 


FUEL 


FUEL GUAGE 


TO BATTERY 


POTENTIOMETER 


Fig. 7-16. Basic circuit of an electrically-operated fuel gauge. 


In dealing with instrument noise, 
always remember the basic noise- 
elimination theorem: go directly to 
the source of the noise and apply 
corrective measures. Noise in the 
fuel gauge of Fig. 7-16, for instance, 
originates at the tank unit in the 
potentiometer. Hence, there would 
be very little improvement if a by- 
pass capacitor were located on the 
more accessible dash indicator unit. 
The noise would have to flow all the 
way from the tank, via the wiring, 
to the bypass at the dash. On the 
way, it would inevitably be coupled 
into other wires and reach the radio. 
By putting the bypass at the tank 
unit, we’ve stopped the noise at its 
source. 

Instrument noise is an irregular 
popping sound resembling front- 
wheel noise. However, it is worse on 
unpaved roads, is not affected by 
weather, and can’t be stopped by 
applying the brakes. About the best 
test for it is to turn the ignition 
(and radio) on, but leave the engine 
off, and jar the car body by kicking 
the bumper or stamping on the 
floor. If this produces a noise in the 
radio, it is usually instrument noise. 
Because of the numerous instru- 
ments, it is sometimes a problem 
finding the one causing the trouble. 
However, if kicking the rear bumper 
makes the noise worse, it is likely to 
be coming from the fuel gauge; if 
jarring the dash or firewall makes 
more noise, then probably one of 
the engine-mounted instruments 


(oil pressure, temperature, etc.) is 
to blame. (Assuming, of course, the 
car has a front-mounted engine.) 
You can always use the process of 
elimination: disconnect the wire 
from each instrument under the 
dash, one at a time, until the noise 
stops. 

There is one exception to always 
bypassing to ground. Certain makes 
of cars (the defunct Kaiser, for in- 
stance) were equipped with an in- 
strument voltage regulator—a small 
thermostat-like device located be- 
hind the instrument panel and con- 
nected in series with the voltage 
supply to the dash instruments. The 
“thermosnap” blade in series with 
the current makes and breaks rapidly 
enough to hold the voltage constant. 
(The current flowing throngh the 
bimetal blade heats it, causing it to 
warp and break contact; as it cools, 
it makes contact again.) Its main ef- 
fect, however, was to produce a tre- 
mendous amount of radio noise! By 
some quirk of the circuitry; the 
usual bypassing directly to ground 
does not stop the noise; the only 
way is to connect about a 0.1-mfd or 
larger radio-type bypass capacitor di- 
rectly across the terminals (and con- 
tact points) of the device. The radio 
bypass is used because there is no 
room inside the instrument cluster 
for the larger auto-radio type. Use 
spaghetti on the leads, and tie the 
capacitor in place with tape. For- 
tunately, these devices are rare 
today. 
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NOISE FROM OTHER 
ELECTRICAL EQUIPMENT 


As we said a while back, anything 
connected to the power source is a 
potential noisemaker. Electric win- 
dow-lift motors, for example, are all 
good prospects. Such noise is easy to 
identify because it will be heard 
only while the motors are in opera- 
tion. But getting to them to apply 
bypasses turns out to be a different 
matter! Window-lift motors, for in- 
stance, require removal of the door 
upholstering for access. It might 
even be worthwhile to try bypassing 
the supply wiring at some accessible 
point, to see if the noise can be re- 
duced slightly without having to 


tear the car apart. If these motors 
cause very severe radio noise, they 
are probably not working right and 
should be repaired by a qualified 
auto mechanic. Try to be there so 
you can install the radio bypassing 
before he puts the car back together 
again! 


SHIELDING, BONDING, ANO 
BODY NOISES 


In older cars, body noises occur 
now and then because of poor elec- 
trical contact between different sec- 
tions of the car body. Today's welded 
bodies seldom give such trouble. 
However, if you find a mysterious 
noise that will not respond to nor- 


{A) Brass springs. 


FLEXIBLE COPPER BRAID STRAP FROM 


UNDERSIDE OF HOOD TO 
COWLING 


(B) Bonding strap. 


Fig. 7-17. Methods of grounding the hood of an automobile. 
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mal treatment, try bonding the va- 
rious parts of the body together. 
Points of likely trouble are the front 
fenders (the inner surfaces of which 
form part of the engine compart- 
went), the tailpipe and muffler, and 
the hood. 

Because the hood encloses the en- 
gine and thus forms a shield, you 
may have to bond it. Otherwise, un- 
less it is making very good electrical 
contact when closed, some of the 
radiated noise in the engine com- 
partment will leak out and be picked 
up by the antenna rod. To check 
while listening to the noise, insert a 
small screwdriver or knife blade be- 
tween the edge of the hood and the 
cowling and twist gently, so the sharp 
edges of the blade will cut through 
the paint and ground the hood. If 
this helps at all, install grounding 
clips at the edge of the hood, as 
shown in Fig. 7-17A. These are small 
“C-shaped brass clips mounted fac- 
ing upward so the hood closes down 
tightly on them; the serrated edges 
will bite through the paint on the 
underside of the hood and ground it. 

Bonding can also be applied at 
the hinge side. Fasten a piece of flat 
shielding braid not less than one- 
half inch wide to the underside of 
the hood and to a convenient place 
on the cowling (see Fig. 7-17B). Be 
sure the braid does not foul the hood 
hinges. 

CORONA 

Now and then you'll run into a 
very mysterious form of noise in auto 
radios. It is found only in hot, dry 
weather on paved roads, like wheel 
noise, but it has a sound all its own. 
Beginning with a slight increase in 
the hash, it gradually builds up, 
growing higher in pitch until it 
winds up as almost a shriek and 
drowns out the music; then it stops 
with a loud “pow”! 

This noise is not due to a banshee, 
but to corona discharge from the tip 


of the antennal While in motion au 
automobile, under just the right cir- 
cumstances, will build up a heavy 
static charge. If the tiny metal ball 
on the tip of the antenna has been 
broken olf, the discharge will take 
the form just described. (In fact, the 
proper name for this ball is “corona 
ball.”) Incidentally, replacement 
balls can be purchased at radio-TV 
supply houses, but the best remecty 
is a new antenna, 


ANTENNA TROUBLES 


The importance of an auto-radio 
antenna is not fully understood, 
even by many auto-radio  techni- 
cians! It is always a very short (com- 
pared with the wavelength on which 
it works) metal rod connected to the 
radio through a coaxial cable. The 
antenna is mounted on an insulat- 
ing base which must hold it firmly 
in place, insulate it from the body, 
and make a perfect ground for the 
outer shield of the coaxial cable. 

The rod and capacitance of the 
coaxial cable are part of the tuned 
circuits of the RF stage. Only by de- 
signing this circuit so the antenna 
is actually resonant over the stand- 
ard broadcast band can any RF pick- 
up be obtained at all out of so little 
an antenna. For best results, the an- 
tenna and lead-in cable must be in 
perfect condition at all times. 

In addition to picking up the sig- 
nal, the antenna must deliver it to 
the radio without allowing a lot 
of noise to creep in. This it does 
through the coaxial lead-in, the 
outer shield) of which is firmly 
grounded at both ends. The lead-in 
must pass through the very strong 
field of radiated noise always present 
inside the car body. The noise pulses 
are picked up by the shield and flow 
harmlessly to ground at cither end, 
as eddy currents in the solid (to RF) 
shield. The lead-in itself, which is 
the inner conductor, thus is not af- 
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fected. However, if the shield be- 
comes ungrounded at either end, 
standing waves of noise will be set 
up on the shield and transferred to 
the inner conductor. 

Some antennas do not have the 
high-quality insulation necessary for 
the best performance. Cheap, dam- 
aged, or cracked insulators will al- 
low moisture to seep in, creating a 
high-resistance leakage across the 
base of the antenna. Strangely 
enough, such a leak does not seem to 
affect the signal pickup too much 
(unless it becomes a dead short), but 
it will always increase the noise 
pickup. Therefore, if an auto radio 
grows noisier in wet weather, check 
the antenna for leakage. 


Antenna Testing 


There are three tests you should 
make on every antenna. Use a VOM 
and make resistance tests at the 
points shown in Fig. 7-18. The first 


test (1 in Fig. 7-18) is for continuity. 
With one test prod connected to the 
antenna rod and the other to the tip 
of the plug, you should get a read- 
ing (measured on the low range) of 
three to five ohms—not zero as you 
might expect. The reason for this is 
that the inner conductor is made of 
very fine wire in order to obtain the 
correct impedance for the coaxial 
cable. Measuring from the tip of the 
plug to ground (Test 2) should re- 
sult in a completely open circuit on 
the highest ohmmeter range. In 
Test 3, from the shell of the plug 
to ground, we should read zero re- 
sistance on the lowest ohmmeter 
range. 


Rear-Mounted Antennas 


For some reason, the antenna in 
some of the later models is quite a 
distance from the radio—on the rear 
fenders, the trunk, etc. This brings 
on more complications. Now the 


Fig. 7-18. The three tests for an automobile antenna. 


radio designer must compensate for 
a tremendously high-capacitance 
lead-in (some as long as 20 feet!) 
compared with the normal 24- to 30- 
inch ones. The solution used by 
most designers is to add a series ca- 
pacitance to effectively shorten the 
line and thus give more efficiency. 
Signal losses remain quite high, 
though. So, if you are testing the 
lead-in of one of these antennas for 
continuity, don’t forget the series 
capacitor. It will make a simple 
continuity test impossible, of course. 

The best check for lead-in con- 
tinuity is to turn the antenna trim- 
mer capacitor back and forth; if you 
can find a peak anywhere, the lead- 
in has continuity. A “flat” antenna 
trimmer means an open or leaky 
lead-in. 


FALSE NOISES 


Various interferences can give 
misleading clues as to their sources, 
and you've got to be on your toes 
all the time! A noise can imitate the 
characteristic sound of an entirely 
different noise and fool the unwary 
noise hunter. One well-remembered 
case will illustrate this point: I sat 
in a car behind my shop, listening 
to a terrific case of plug noise. Some 
twenty minutes later, after installing 
every kind of ignition-noise suppres- 
sor known to man, I could still hear 
the noise just as louct as ever! The 
car’s engine had been allowed to 
idle, because plug noise is loucest at 
idling speed. Finally, I angrily 
slapped off the ignition switch, 
killing the engine and radio. The 
key went all the way over to the 
“accessory” position, turning the 
radio back on again, but leaving the 
engine off. Much to my surprise and 
mortification, the plug noise was 
there, just as loud as before! 

Starting the engine again, I drove 
around the block. The radio was one 
of the most noise-free ones you've 


ever heard. But when the cur re- 
turned to the back of the shop, so 
did the “plug noise.” Eventually, 
the culprit was “smoked out”—it 
was a defective ventilating fan in 
the bakery next door! (Moral: never 
settle for a single test! By simply 
pressing the accelerator, I could have 
found out there was no relationship 
between the noise and the engine 
speed! This would have told me the 
noise was external.) 


ALTERNATORS 


In some cars and trucks, a new de- 
vice has replaced the familiar DC 
generator. This is an AC generator 
called an alternator (Fig. 7-19). 
However, its purpose in the elec- 
trical system remains the same—to 
produce a DC current for charging 
the battery. 

In a DC generator, each coil in 
the rotor produces a small AC pulse 
as it turns through a magnetic field, 
These pulses are actually rectified 
by the commutator and brushes, and 
then connected to the output the 
instant they’re all flowing the same 
way. This provides the direct cur- 
rent. The field coils are stationary 
and are attached to the frame. 

In an alternator, however, the 
stator windings are attached to the 
frame and the rotating part is the 
field. (Notice that the effect is the 
same: one set of coils stands stil] 
while the other turns.) However, 
now the output is AC. A set of sili- 
con diodes rectifies this AC to make 
it suitable for charging the battery. 
The stator (output) windings are 
connected in a Y to give more pulses 
per rotation and to cut down on the 
filtering needed. 

The voltage regulator is a single 
relay which cuts a resistor in and out 
of the field circuit. This changes the 
amount of field excitation and hence 
the output. 

All we’re concerned about is the 
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Fig. 7-19. Alternator-type automotive electrical system. 


system’s noise-making ability, which 
is considerably less than in conven- 
tional DC generators. The reason is 
that there is no continuous making 
and breaking of contacts on the 
commutator. Notice the symbol used 
in Fig. 7-19 for the field contacts. No 
commutator is shown; this symbol 
indicates slip rings (continuous 
bands of copper with no breaks, as 
in a commutator). The brushes 
merely slide around the slip rings, 
and in norma) operation should 
create no noise at all. If a noise re- 
sembling generator noise is heard, 
check the brushes and clean the slip 
rings. A dirty spot on a slip ring will 
cause noise by changing the current 
each time a brush passes over it. 
The voltage regulator will require 
a small bypass capacitor across the 
contact points; a 0.1-mfd unit will 
be sufficient. Defective diodes will 
also cause noise, especially if inter- 
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mittent, but this trouble is very 
rare. 


IMPORTED CARS AND 
U.S. COMPACTS 


In general, the U.S.-built compact 
cars are exactly like their larger 
brethren in construction, design, 
and circuitry used. The same noise- 
elimination methods will also work 
on the smaller cars, since as a rule 
they have the same parts in the same 
places. 

Foreign cars may turn up some 
surprises, especially the more exotic 
jobs. Here again, just remember they 
all have generators, spark plugs, 
voltage regulators, and so on—only 
in different places. Fortunately, the 
electrical system is often more acces- 
sible on the smaller cars than in the 
bigger ones with their overcrowded 
under-the-hood condition. 


Two-Way 


CHAPTER 


Mobile-Radio Systems 


NOISE AND interference in a home 
radio or television is at worst only 
an annoyance. But in a two-way 
mobile-radio system it not only can 
cause trouble and expense, but can 
even endanger life. The two limiting 
factors in the range of a two-way 
system are the power output of the 
mobile transmitters and the amount 
of noise present. Most of this noise 
comes from the electrical system of 
the vehicle itself. 

You must hold an FCC license to 
work on the transmitter. However, 
any competent technician can _re- 
pair the receiver or perform noise- 
reduction work on the vehicle. At 
the last report, there were several 
hundred thousand systems licensed, 
with over one million transmitters! 
So, there’s a worthwhile market. 


GENERAL DESCRIPTION 


The first two-way mobile-radio 
systems used AM. The frequencies 
allocated were a couple of channels 
just above the present broadcast 
band (1620 and 1720 ke, to be exact). 
The police were the main users. 
However, as soon as others found 
out how useful two-way mobile 
radio was, it began to grow in 
earnest! The two original channels 
were soon outgrown, and today there 
are two-way radio-equipped vehicles 
everywhere. Police, taxicabs, forest 
service, oil drillers, highway trucks, 
movie makers—the list is endless. 


Because it is less susceptible to 
noise interference, frequency modu- 
lation (FM) soon became popular 
and now almost all mobile radios 
are FM. The systems were moved 
up into the 30- to 50-mc band, then 
into the 150-160 mc, and even into 
the 480- and 490-mc band. In fact, by 
the time you read this, still other 
bands may be in use! At first, 20-kc 
channels were allocated and the re- 
ceivers used a 15-kc modulation 
swing. This gave a very good audio 
recovery (the amount of audio sig- 
nal voltage obtainable from the 
modulation) and excellent noise 
rejection. 

However, the tremendous ex- 
pansion of two-way radio soon over- 
crowded these channels, and some- 
thing had to be done to reduce the 
cross talk and interference from 
other stations. The FCC, in con- 
junction with leading radio manu- 
facturers and users, developed a plan 
known as split-channel operation: 
the original 20-kc channels were 
“split” to allow three channels of 7.5 
ke each, and the allowable modula- 
tion swing was reduced to only 5 kc 
(Fig. 8-1). 

But this brought on more trouble! 
Frequency tolerances were cut down, 
requiring transmitters with much 
less drift, and other restrictions were 
imposed—for example, audio modu- 
lation was limited to 3 kc to prevent 
sideband splatter (sideband products 


115 


ORIGINAL 20KC CHANNEL 

' 
fanaa ORIGINAL ISKC SWING ———————4 
i 
{ 1 
' | 
' ] 


7.5} KC CHANNEL 
: 


7.5 KC CHANNEL 


( ' 
te—'5KC SWING—o! e— 5KC SWING —et 


| 
| 
| 
' 
( 
{ 
t 


Fig. 8-1. Comparison of the original 20-kc channels with the 
narrow-band 7.5-ke channels. 
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Fig. 8-2, Effect of the narrow-band channels on the recovered audio signal. 
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interfering with adjacent channels). 
The reduction in modulation had 
far more serious consequences than 
any of the rest. 

In FM radio the amplitude of the 
audio signal is directly proportional 
to the frequency deviation. (Sce Fig. 
8-2.) Audio recovery in the first sets 
was fairly good; but with the new 
narrow channels, it was reduced by 
more than two-thirds. The same 
amount of noise was still present, so 
the signal-to-noise ratio fell off 
badly. This cut down the effective 
range of the radio-equipped cars, 
because the effective range is the 
range over which the base trans- 
mitter can be read clearly. Close to 
the base station, there is no differ- 
ence: an FM receiver, in the presence 
of a strong RF signal, will “quiet.” 
The RF signal amplitude is so high 
that the limiter stages in the receiver 
remove all traces of AM modulation 
(which is noise to an FM receiver!), 
and reception is clear as a bell. How- 
ever, in the fringe areas (to borrow 
a term from TV), communication 
fell off so badly that places where 
the base station was clearly heard 
before were impossible to use for 
communication! The RF signals 
were about the same amplitude, but 
because the audio recovery was so 
much less, the signal-to-noise ratio 
made them unreadable. 

In order to get the total range 
back to anything like what it was 
before, something had to be done 
about the noise. Of course, not too 
much could be done about atmos- 
pherics and other external noises. 
But something could be done with 
the worst offenders—the electrical 
systems of the cars and trucks carry- 
ing the mobile units! To tell the 
truth, at that time many two-way 
radios were ‘installed” by simply 
being thrown into the vehicles and 
bolted down! Because of the excel- 
lent noise rejection of the receivers 


in wide-band systems, not even the 
most elementary noise-suppression 
equipment was installed. Fortu- 
nately, such slovenly work is a thing 
of the past. For successful operation 
in a split-channel system, the am- 
bient noise level of the vehicle elec- 
trical system must be reduced far 
below that required for operation 
of a broadcast radio. 

Noise generated by automobiles 
and trucks, especially from the igni- 
tion system, is much worse at high 
frequencies (30 mc on up into the 
lower TV channels) than at even the 
broadcast radio frequencies. “The 
very sharp rise time of the ignition 
pulses gives a larger portion of noise 
in the VHF band. This will be veri- 
fied by anyone listening to a short- 
wave receiver near a busy street, or 
watching TV in a fringe area near 
a highway! (At 30 megacycles or so, 
a sensitive receiver will pick up an 
unsuppressed ignition system over a 
mile away!) Therefore, noise-sup- 
pression equipment had to be de- 
veloped which would give much 
lower levels, in order to reduce or 
eliminate the high-frequency noise 
as much as possible. 


TESTING FM RECEIVERS FOR NOISE 


We have a slightly different prob- 
lem in checking an FM receiver for 
noise. In AM broadcast receivers the 
noise comes right on through, but 
FM receivers used in mobile units 
must be equipped with a squelch 
circuit to keep the speaker cut off 
except when a signal is being re- 
ceived. (See Fig. 8-3.) Some systems 
even use a special squelch circuit 
keyed by a supersonic tone, in addi- 
tion to the standard squelch. 

The first mobile radios didn’t 
have a squelch circuit: the receivers 
simply ran wide open with a terrific 
roar. This was hard on the operators, 
who usually turned the gain down 
and consequently missed many calls. 
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Fig. 8-3. Block diagram of a typical mobile FM receiver. 


With squelch-equipped _ receivers, 
there is no sound (called blow) in 
the speaker unless a signal is being 
received. 

The basic squelch circuit is quite 
simple. A DC amplifier tube is ad- 
justed to develop a high negative 
bias on the first audio-amplifier tube. 
The source of this bias, the actual 
noise in the receiver input, is ampli- 
fed, rectified, and applied to the 
squelch tube. When a signal comes 
in, the receiver quiets and the noise 
voltage falis off. The squelch circuit 
then develops a positive bias which 
cancels the negative one, the first 
audio tube returns to its normal 
operating condition, and the signal 
is heard. In the tone-coded squelch, 
a very selective filter circuit is used 
so that voice signals alone will not 
operate the squelch; the keying tone 
must also be present before the 
squelch will open. The keying tone 
blocks all signals except those from 
the mobile unit’s own base station 
and thus alleviates co-channel inter- 
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ference. With this system two taxi- 
cab companies, for example, can op- 
erate on the same frequency in a 
city, and each cab will receive only 
the calls from its own dispatcher. 
Provision for disabling a keying- 
tone squelch, so the receiver can be 
tested, is provided on the control 
head. 

Now we have a problem. Simply 
“blowing” the squelch on an FM 
receiver will not allow us to hear 
ignition noise, etc; an RF signal 
must also be present. This signal 
must be very weak; too strong a 
signal will quiet the receiver and 
block the noise, thus giving us a 
false reading. 

There is a way. to cope with this 
problem when the vehicle is in the 
shop. Turn the radio on and the 
volume full up, and shut off the 
squelch. Now turn on an RF signal 
generator and connect a short wire 
to the output to act as an antenna. 
Tune back and forth around the 
frequency of the receiver, using a 


400-cycle modulated AM _ signal, 
until you hear the squelch “break.” 
The AM signal will come through 
the FM receiver at this short range 
and the 400-cycle modulation will 
be heard, allowing you to identify 
it. Turn the attenuator of the signal 
generator down until the signal is 
as weak as possible and still hold 
the squelch open. Now you have 
simulated the weak-signal condi- 
tions the receiver would encounter 
at a long distance from its base sta- 
tion, and the engine noise will be 
heard. The 400-cycle modulation can 
be turned off now, if you want to, 
leaving only the “blow” of the re- 
ceiver. 

Most shop RF signal generators 
will cover the mobile-radio fre- 
quency bands. If not, use a TV 
sweep generator without the sweep. 
If the signal generator covers the 
UHF TV channels, it will even work 
up into the 480-490 mc UHF mobile 
bands. All you need is just enough 
signal to break the squelch. If you 
cannot get it, run a Jonger wire from 
the shop to the car to increase the 
field strength at the receiver. Now 
we're ready to go to work on the 
noise! 

We've got the same problem here 
as in the preceding chapter. The 
main difference will be in some of 
the equipment used. Basically, of 
course, it’s the same, only con- 
structed differently for greater effi- 
ciency in reducing VHF noises. 

For example, the bypass capaci- 
tors will usually be of the coaxial 
type instead of the less expensive 
standard ones we've been using (Fig. 
8-4). The capacitance remains the 
same—0.5 mfd—although a 0.1-mfd 
unit occasionally is found. A coaxial- 
type capacitor is compared with the 
standard bypass in Fig. 8-4. Coaxial 
simply means the conductor in the 
circuit being bypassed goes all the 
way through the case of the capaci- 
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CASE 


(A) Stondard generator capacitor. 


OUTSIDE FOIL, 
GROUNDED TO METAL 
CASE 


(B) Coaxial bypass capacitor. 


Fig. 8-4. Comparison of a standard gen- 
erator capacitor with a coaxial bypass 
capacitor. 


tor, on the inside foil, and comes out 
the other end. Connections are made 
at the studs on each end. The out- 
side foil is connected to the case, 
which is fitted with the usual ground- 
ing-mounting lug. This construction 
gives a more efficient bypassing 
action. 

In the last chapter we told you 
not to install a bypass on the field 
terminal of a voltage regulator. A 
special RC filter (Fig. 8-5) is used on 
the field in two-way radio work. On 
the outside, these look just like con- 
ventional bypass capacitors, but in- 
clude a resistor in series with the 
capacitor to keep from upsetting the 
voltage-regulator action. 


CASE 


Fig. 8-5. A special RC filter for bypassing 
the voltage-regulator field connection. 
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Generator filtering is the same— 
with coaxial capacitors. Some ve- 
hicles use heavy-duty generators, 
and the heavier loads imposed on 
them makes them likely prospects 
for noise. Therefore, the generator 
filter in Fig. 8-6 will sometimes have 
to be used. It includes coils and ca- 
pacitors, plus a heavy waterproof 
metal case and the usual mounting: 
grounding lugs for attaching it to 
the generator housing. 

Let's go over a typical noise-find- 
ing procedure in a two-way radio. 
The first step is to install the mini- 
mum noise-suppression equipment— 
a resistive suppressor in the distribu- 
tor coil lead, and a 0.5-mfd capacitor 
across the generator armature. Now 
make the operating test with the 
signal generator to see how quiet 
the vehicle is. (Incidentally, noises 
sound exactly the same on com- 
munications as on broadcast radios.) 
Be sure the hood is closed and 
latched. A large percentage of radi- 


ated noise in mobile radios is picked 
up through the antenna, and the 
hood is an integral part of the igni- 
tion-system shielding. 
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(A) Circuit. 
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(B) Shown mounted on generator housing. 


Fig. 8-6. A special generator filter. 


Fig. 8-7. A complete set of resistance-type ignition wiring. 


If there is still too much ignition 
noise, the best bet is to remove the 
suppressor and install a complete 
set of resistance-type ignition wiring 
(Fig. 8-7), which can be purchased at 
any automobile agency. It is also 
factory equipment on quite a few 
cars now, so before cutting the igni- 
tion wiring to install suppressors, be 
sure to check. If marked “Radio,” it 
is resistance wire and the suppressor 
is unnecessary. Resistor-type spark 
plugs are also available, but don’t 
use both—the two together would 
probably cause trouble in the igni- 
tion system. 

Other noises will respond to the 
same remedies listed in the previous 
chapter. Connect the generator and 
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voltage-regulator filtering as shown 
in Fig. 8-8. A coaxial capacitor can 
also be used in the ignition-coil 
primary circuit, as scen in Fig. 8-9. 
A resistor spark plug is shown in 
Fig. 8-9. 

Some cars, if exceptionally noisy, 
may require additional suppression 
devices. If so, refer to the following 
list of possible causes and install 
suppression as needed: 


Ammeter: Bypass with a 0.5- 
mfd capacitor under the dash. 
Ignition switch: Same as am- 
meter. 


Headlight, taillight, and dome- 
light leads: Bypass with 0.5-mfd 
capacitors. 


VOLTAGE 
REGULATOR 


ARM. FLD. BAT. 


FIELO 


Fig. 8-8. Points where coaxial capacitors and the special field fliter unit 
should be used for mobile-radio work. 
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Fig. 8-9. A coaxial capacitor added in the primary side of the ignition coil. 
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Accessory wiring (electric wind- 

shicld wipers, heater motors, 

window-lift| motors, etc.): By- 
pass with 0.5-mfd capacitors. 

Install hood-grounding wipers 

or bond the hood. 

Install front-wheel grounding 

springs. 

Connect the primary (battery) 
lead of the radio directly to the 
“hot” terminal of the battery in- 
stead of to the starter relay as is 
customary. A fully-charged battery 
will act as a very large capacitor (up 


Noise usually originates from one 
of two places—the ignition  sys- 
tem (both the primary and the sec- 
ondary sides) or the generator. 
Therefore, by confining the noise to 
these systems, we can reduce it to a 
level far below anything previously 
thought possible. 

A shielded ignition system con- 
sists of a completely shielded and 
waterproof distributor cap, and 
special terminals for the shielded 
spark-plug wiring, as seen in Fig. 
8-10. The spark-plug wiring has 


Fig. 8-10. A special shielded distributor cap with shielded spark-plug wiring. 


to one farad!) and thus bypass di- 
rectly to ground any noise riding 
the battery wiring. Be sure to coat 
the whole terminal with heavy 
grease, working it well underneath 
to prevent corrosion. 


SHIELDED IGNITION SYSTEMS 


For the car which must have the 
absolute minimum of — electrical 
noise, specially-designed, completely- 
shielded wiring systems are available 
for ignition and other wiring. ‘These 
systems are provided with filtering, 
in addition to the shielding. 


122 


special fittings which not only make 
contact with the plug, but also pro- 
vide a watertight positive ground 
connection at that end of the shield- 
ing braid. Fig. 8-11 shows the plug 
connector and a cutaway view of its 
internal construction. The wiring 
between the distributor and coil is 
also completely shielded, of course, 
and there is a shielding cover on the 
ignition coil itself (Fig. 8-12). A 
passthrough capacitive filter, on the 
primary side of the coil, keeps the 
noise from feeding into the other 


Fig. 8-11. Special shielded terminals for spark plugs. 


Fig. 8-12. Shielding cover for the ignition 
coil. 


wiring. This cap is for ignition coils 
with metal cases; if the case is plas- 
tic, a metal bottom shield must be 
added. The shielding is grounded 
wherever possible, and additional 
grounds are provided in the igni- 
tion-wiring harness clamps. 

Shielded wiring is used between 
the generator and voltage regulator, 
and a shield completely encloses the 
voltage regulator as seen in Fig. 8- 
18. Passthrough capacitors in the 
leads of this cover complete the fil- 
tering. Access is gained to the volt- 


Fig. 8-13. Shielding cover for the voltage 
regulator. 


age regulator by removing the four 
screws in the cover. 

Fig. 8-14 shows the complete in- 
stallation of this system. Notice the 
extra grounding obtained by using 
the ignition harness clamps. By the 
way, this shielding can be easily 
transferred to another car, especially 
if of the same make. This will reduce 
the over-all expense of the installa- 
tion considerably, because only a 
new distributor cap will be needed 
as a rule. 

The noise reduction attained with 
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Fig. 8-14. Fully-shielded ignition system installed on a car. 


a properly installed system of this 
type is remarkable, especially if 
either resistor-type spark plugs or 
resistive ignition wiring is also used 
with the shielding. Fig. 8-15 shows a 
set of typical test curves, made by 
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placing a monitor radio receiver 
alongside the test vehicle (hood 
open) and measuring the radiated 
noise over the frequency range in- 
dicated on the chart. Notice the final 
result—the total noise level is prac 
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Fig. 8-15. Comparison of radiated noise from a shielded and an 
unshielded ignition system. 


124 


tically coincident with the ambient 
noise (the noise present when the 
engine is not running)! 


RECEIVER ADJUSTMENTS 


As a final touch-up, it is often pos- 
sible to reduce the output noise in a 
receiver by adjusting its alignment 
slightly. Check the discriminator 
centering by tuning in a signal from 
the base-station transmitter. If this 
circuit is misadjusted, the noise level 
will be very high and the sound will 
be garbled. 

To adjust, start the engine and 
feed a signal from a generator into 
the antenna. Very carefully touch up 
the second mixer coil by listening to 
the sound and watching a tuning 
meter. Don't reduce the meter read- 
ing too much because the sensitivity 
of the set must be kept high. The 
high IF’s can also be checked the 
same way. Full instructions will be 
found in the manual covering the 
particular make of set; there are so 
many that it would be hopeless to 
try to discuss them all here. 


NOISE IN BASE-STATION RECEIVER 


Up to now we have dealt ex- 
clusively with noises from the elec- 
trical systems of the vehicles in 
which the mobile units were in- 
stalled. The reason is that they 
cause most of the trouble. Now and 
then, however, noise will be found 
in a base-station receiver (although 
this is fairly uncommon, because its 
antenna is usually mounted on a 
tall tower and equipped with co- 
axial-cable lead-in to minimize noise 
pickup). 

Noise in a base-station receiver is 
usually from power lines, motors, or 
other electrical apparatus. It is usu- 
ally pulsed, producing large high- 
frequency components which are 
heard at all times on the base-station 
receiver, and can seriously interfere 
with communications, 


To locate such noise sources, use 
the same methods outlined before 
for finding TV and other noises. 
One of the mobile units makes an 
excellent noise tracer. Drive around 
the area close to the base station 
until you find the plice where the 
noise is loudest. Then take a port- 
able BC radio and track it down. It 
will be very intense in BC radios, 
since it is loud enough to bother an 
FM _ receiver. 


Remote-Controlled Base Stations 


Many times the hase-station an- 
tenna in a two-way radio system is 
three or four miles from the control 
point, on a hill or tall building. 
This is done so the antenna will be 
high enough above surrounding ob- 
stacles to give the system sulhcient 
range. Telephone wires connect the 
receiver, transmitter, and antenna 
to a remote-control unit. All con- 
trolling is done by means of relays. 
Only audio-frequency signals are 
carried on the control lines, together 
with DC voltages to operate the 
relays. 

In cases of interference, you'll 
have to find out where it is coming 
from. Is it high-frequency noise be- 
ing picked up by the antenna? Or 
is it audio-frequency noise being 
picked up by the Jong telephone 
lines? One way to find out is to go 
to the remote receiver site, discon- 
nect the control lines, and listen to 
the receiver. If the noise is still 
present, you have eliminated the re- 
mote unit. Noise picked up by the 
receiver is probably from power 
lines, defective “hardware,” etc., as 
covered in Chapter 6. The power 
and light company will co-operate 
in looking for it. 

Audio noise picked up on the 
control] lines may be more difficult 
to trace, since the lines are often 
several miles in length. The best 
way to check this out is with an auto 
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radio. Drive alongside the lines and 
listen for a similar noise. When it is 
heard, check the area for possible 
sources. One actual case of such a 
noise was caused by a tree branch 
which had fallen across the bare tele- 
phone line. Its other end was touch- 
ing an AC power line, and there 
was just enough resistance in the 
bark to allow a bad AC hum to feed 
into the control lines! Telephone- 
company linemen will be glad to 
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help out, since the control lines are 
almost always leased from the tele- 
phone company. With their help, 
the line can be “sectionalized.” In 
other words, you can go to about the 
middle of the line and disconnect 
it. Then, by listening to each half 
with a test set, you'll be able to tell 
which segment is causing the noise. 
Further sectionalizing will let you 
pin down the noise source and 
eliminate it. 


Aircraft Radio 


CHAPTER 


THE UNITED STATES has an 
amazing number of private air- 
planes, and it is increasing every 
day. A great many of them are 
equipped with at least a communica- 
tions radio .. . and many are also 
equipped with radio compasses, 
VOR, and “beam-riding” receivers 
for navigation. We’H not try to cover 
the whole field of aircraft radio here, 
but confine ourselves to light planes 
and the smaller executive aircraft. 
The amount of radio equipment 
in some of these planes will astonish 
you. For instance, a typical flying 
ambulance has 200-400 kc low-fre- 
quency receivers for flying the radio 
beams, 100-120 mc band VHF re- 
ceivers and transmitters for air- 
ground and ground-air communica- 


tion, a VOR (Visual OmniRange) 
for navigation, and a radio compass. 
The latter covers the broadcast band 
and provides directional readings on 
any BC station within range. By 
taking two or more bearings, the 
pilot can locate his position with 
accuracy. 


AIRCRAFT ENGINES 


The typical engine in such planes 
is a seven- to nine-cylinder radial. 
You'll note one difference between 
aircraft and automobile engines: the 
aircraft generator, etc., are driven 
by gears instead of a fan belt. The 
equipment is mounted under the 
accessory cowling at the rear, as 
shown in Fig. 9-1]. This cowling is 
removable to provide access to the 


Fig. 9-1. Location of the generator, voltage regulator, and magneto on a 
typical aircraft engine. 
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equipment. Ignition is furnished by 
dual magnetos. An impulse booster 
increases the spark available while 
the engine is being cranked. 


DC VOLTAGE SUPPLY SYSTEM 


The DC voltage supply system of 
an aircraft is identical to that of an 
automobile, except that 24-volt sys- 
tems are used in order to reduce the 
size and weight of the wiring and 
apparatus. 

A DC generator controlled by a 
voltage regulator keeps the battery 
charged. The generator and regu- 
lator are the exact counterparts of 
those in an automobile and can be 
treated as such when hunting noise. 
Aircraft generators are usually fairly 
well loaded down, and the batteries 
are light in weight. Although the 
light weight reduces its capacity, the 
battery is actually a sort of floating 
load across the generator, which sup- 
plies most of the current. 

When testing, never run the 
radios more than one or two min- 
utes from the battery. Either keep 
the engine running or use an ex- 
ternal battery cart. The latter is a 
heavy-duty battery on a small 
wheeled cart, with extension cables 
for connecting in place of the air- 
plane battery. 


RADIO CHASSIS 


IX SCREW OR 
OZUS -FASTENER 


There is one peculiarity of aircraft 
electrical systems: most of them have 
a Battery switch which must be 
closed to operate the radio or other 
electrical equipment. In some ships 
the Main switch must also be closed. 
(In some aircraft it is labeled the 
Master switch.) Some use a dual 
switch with Ship’s Battery and Ex- 
ternal Battery positions. If there is 
no provision for disconnecting the 
battery, take off one of the battery 
cables and connect the external bat- 
tery to it. (The simplest way to find 
out is to ask the owner or pilot how 
it is connected.) 


AIRCRAFT RADIO EQUIPMENT 


Almost all aircraft radio equip- 
ment is the plug-in type where all 
units are removable for service. The 
wiring connections are made through 
multiple contact plugs, and all wir- 
ing remains in the aircraft. Much of 
this equipment is rack mounted, 
either in the instrument panel or in 
a radio compartment (Fig. 9-2), and 
the wiring is connected to a socket 
on the back. The radio chassis slides 
into this rack on guides, and a plug 
fits into the socket to make all 
power, control, output, etc., connec- 
tions. The chassis is held in place by 
screws or by the popular half-turn 
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Fig. 9-2. Method of mounting aircraft radio equipment. 
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fasteners (Dzus fasteners) usecl 


throughout many aircraft. 


ELECTRICAL NOISE IN 
AIRCRAFT RADIO 


You'll find three types of noise in 
aircraft radio. Engine noise is ex- 
actly the same as in automobile 
radios and responds to the same 
cures. It was discussed in detail in 
an earlier chapter. Second is acces- 
sory noise, which includes all other 
electrical equipment on the plane. 
This noise can be bypassed directly 
at the source. Noise from gauges and 
instruments would come under 
either category. The third, and the 
one which can cause you the most 
trouble unless you’re really alert, is 
vibration noise! 

Because of the very high engine 
speeds needed, the whole airframe 
is subjected to a severe high-fre- 
quency vibration which can cause 
trouble if there are loose connec- 
tions, dirty socket contacts, or simi- 
lar troubles in the radio equipment. 
Therefore, in complaints of irregu- 
lar static-like noise, make a thorough 
test of all equipment on the ground 
and with the engine off before trying 
anything else. Hammer the frame 
and fuselage with your fist while the 
radio volume is wide open, and 
clear up any noise before attempting 
anything else. 


Checking for Engine Noise 


Checking for engine noise is the 
same in an airplane as in an auto- 
mobile, but with one exception— 
you'll have to tie the airplane down! 
Start the engine, and with the radio 


at normal volume, “rev” the engine 
up to cruising speeds (this point will 
be “red-lined” on the tachometer). 
If ignition noise shows up, run the 
engine on first one magneto and 
then the other. Ignition noise will 
almost always be found in one or the 
other, but seldom in both. If you do 
seem to find noise in both, check the 
antenna shielding and the radio 
bonding and grounding; this is 
more likely to be antenna trouble. 

Many aircraft use shielded igni- 
tion systems like the one in Chapter 
8. If noise is found here, check the 
shielding for loose grounds. The 
magnetos are fitted with conductive 
covers for shielding, and the most 
common cause of ignition noise is 
leakage from it. Clean the shielding 
carefully, washing off all grease and 
oil with carbon tetrachloride. Then 
replace the cover, being sure it is 
fastened tightly and the safety wires 
have been replaced on all screws. 

Speaking of safety wires, perhaps 
it would be appropriate to explain 
just what they are and how they are 
used. Safety wires are used in air- 
craft to prevent the cables and the 
mounting bolts and screws from 
working loose during flight. Holes 
are provided in the screw heads and 
bolts and, after they have been 
tightened, a soft copper or brass 
wire is run through the holes and 
fastened to a nearby object (Fig. 9- 
8). A safety wire is also attached to 
all cable connectors and fastened to 
a nearby object. Always be sure to 
replace any safety wires, and if you 
use any new screws, be sure they can 
be safetied. 


Fig. 9-3. Safety wiring of mounting bolts and screws. 


129 


Generator and 
Voltage-Regulator Noise 


Generator and voltage-regulator 
noise will also be the same as in an 
automobile, and will respond to the 
same cures. When mounting capaci- 
tors on either unit, be very sure they 
are sturdily mounted and the bolts 
are safetied. Because of the terrific 
vibration and G_ stresses encoun- 
tered in flight, all parts must be se- 
curely mounted to keep them from 
coming loose in fight. 

On some ships you'll find a very 
convenient device for checking gen- 
erator noise—a switch which cuts off 
the generator while the engine is 
running, in case it goes bad in flight. 
Simply turn the generator off if you 
suspect generator or VR noise; if the 
noise stops, then you're sure of it! 


Static-Discharge Noise 


Static-discharge noise is heard in 
flight. Although not really interfer- 
ence, it is often mistaken for such. 
It isa static discharge from the metal 
skin of the aircraft, caused by high- 
speed flight through dry air. One 
way to eliminate this noise is with 
static dischargers which are fastened 
to the trailing edges of the outer 
surface, such as the wing tips and 
rudder. The static charge gradually 
leaks off into the slipstream from 
these devices. 


Interference in Instrument-Landing 
and Homing Systems 


The airplane using radio-compass 
homing, or making a blind landing 
on instruments, is very vulnerable 
to interference, especially while on 
the glide path, or final approach. 
Any interference could cause the 
pilot to miscalculate and to crash. 
For this reason, both the FAA and 
FCC are understandably anxious to 
eliminate any such danger to the 
passengers or crew. 
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Instrument-landing systems are in 
the VHF bands for maximum im- 
munity to normal atmospheric dis- 
turbances, and VOR = equipment 
works in the 108-112 mc band for 
the same reason. Therefore, atmos- 
pherics don’t bother these systems 
too much, but there is always the 
possibility that radiated RF inter- 
ference will cause troubie. 

Low-frequency equipment is more 
vulnerable, of course. A peculiar 
phenomenon occurred a while ago. 
Transport pilots using the low-fre- 
quency homers to find marker bea- 
cons and get into the correct landing 
patterns were annoyed by hetero- 
dyne beats and squeals in the re- 
ceivers. What was more alarming, 
this caused the indicators to go wild! 
After some difficulty, the cause was 
finally located; it was radiation from 
the intermediate-frequency stages of 
transistorized portable BC radios 
carried by the passengers! These 
sets almost all use 265-kc IF’s, and 
enough radiation was leaking out to 
upset the very sensitive homing- 
compass receivers. The FAA _ is 
thinking about barring such equip- 
ment aboard commercial airliners, 
as it should. 

Some interference has been found 
even in the VHF range. Several 
radio-controlled garage-door opener 
transmitters near an airport were 
radiating entirely too much power. 
Although their fundamenta! was on 
27.255 me (their allocated fre- 
quency), the fourth harmonic of the 
transmitters was interfering with 
ILS equipment operating on 109 mc. 
This was also too close to some of 
the VOR frequencies. 

Such transmitters are authorized 
to radiate only a very weak signal no 
farther than 50 to 100 feet. This 
particular equipment had exces- 
sively high output and, of course, no 
harmonic filtering in the antenna 
circuit. Ordinarily, it is possible to 


install such filtering in order to cut 
the transmitter power down to 
where the equipment will be accept- 
able. However, these garage-door 
openers had been made by a com- 


pany which had vot bothered to 
secure FCC approval! Needless to 
say, they now have such approval, 
plus much lower output and no har- 
monic radiation! 
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CHAPTER 


Marine Radio 


BOATING IS fast becoming one of 
the most popular sports, and small 
boats have increased tremendously 
in number the past few years. By 
small boats, we don’t mean just row- 
boats, either! We mean powered 
craft, all the way from a 20-foot 
cabin cruiser up to some which can 
be classed as small yachts. Even the 
house trailer is getting into the act! 
One manufacturer is building a 
completely amphibious trailer. You 
drive up to the lake, back it into the 
water, crank up an engine in the 
trailer, and you have a houseboat! 
There has been a corresponding 
increase in the amount of radio 
equipment designed for marine use. 
These include two-way communica- 
tion equipment, entertainment ra- 
dios, radios combined with direction 
finders, radio compasses, and even 
transistorized depth alarms which 
ring a bell when the water beneath 
the keel is shallower than a preset 
depth. And for commercial and 
sport fishermen, “fish finders” are 
available which work like sonar! 
With all this electronic gear 
aboard, it is essential that the elec- 
trical system of the boat be silenced 
to prevent interference. Otherwise, 
radio noise might interfere with the 
radio direction-finding equipment 
or with emergency communications, 


MARINE ENGINES 


Marine engines are either the 
familiar outboards, which range 


fron: 3 up to 75 horsepower, or 
inboard engines, which go up to 200 
or 300 horsepower in some of the 
large fishing boats and small yachts. 


Inboard Engines 


The inboard marine engine is ex- 
actly like its automotive counter- 
part, except it has no radiator be- 
cause water is drawn from over- 
board. Most of them are housed in 
a well or compartment in the middle 
of the boat and are reasonably acces- 
sible. 

Ignition systems are like those in 
an automobile and the same noise- 
reducing procedures can be used— 
resistor spark plugs, resistive igni- 
tion wiring, bypasses on the genera- 
tor and voltage regulator, etc. The 
major difference is that the entire 
ignition system must be completely 
waterproof, and whatever noise- 
suppression equipment we install 
must never interfere with the water- 
proofing. For this reason, resistor 
spark plugs or resistive wiring should 
be used instead of plug-in or cable- 
type suppressors, because they can 
be made just as watertight as the 
original. A liberal application of 
waterproofing compound is also 
recommended on all connections. 

Fully-shielded ignition systems 
similar to those for automobiles are 
also available for marine engines. 
These have the added advantage of 
being completely waterproof. 
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Outboard Engines 


Outboard motors probably out- 
number the inboard types by a large 
margin. They range from the tiny 
one-cylinder trolling motor to the 
six- or cight-cylinder racing types. 
Often, they are used in pairs to drive 
medium and large cruisers. 

Almost all of them are cquipped 
with magnetic ignition. Fig. 10-1 
shows the magnetos and_ breaker 


some noise pickup near the motor, 
but it often is not even noticeable 
forward where the radio equipment 
is located. Motors using plastic 
covers may need suppression, how- 
ever. 

In some magnetos the wiring is 
part of the coils and it is impossible 
to use resistance-type ignition wir- 
ing. Instead, resistor-type spark 


plugs will have to be used. (Separate 


Fig. 10-1. Magneto and breaker points on a typical outboard motor, 


points of a typical outboard motor. 
Notice the plastic-encased coils at 
the top and bottom. These are the 
ignition coils. Some of the larger 
outboards have electric ignition like 
an automobile’s, and even electric 
starters. Magneto ignition systems 
can cause noise, the severity depend- 
ing on the construction of the motor. 
If it has a solid metal cover over the 
spark plugs, not too much suppres- 
sion may be required . . . the cover 
serves as a shield. There will be 


suppressors like those used on cars 
would not be too durable.) To re- 
peat: the ignition system must be as 
waterproof as possible, so always use 
resistance wire or resistor-plugs. 


LIGHTING GENERATORS 


Some of the more elaborately 
equipped boats will have auxiliary 
engines to provide electric lights 
and power for a refrigerator and 
other electric apparatus. These en- 
gines are used mostly to charge a 
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bank of 6-, 12-, 24-, and 32-volt bat- 
teries. The engine drives a heavy 
generator with a capacity of 30 on 
up to 100 amperes or even more. 

Noise problems arise from the 
auxiliary engine's ignition system, 
which can be either shielded or sup- 
pressed like any other gasoline en- 
gine. Resistor spark plugs will prob- 
ably eliminate almost all ignition 
noise. The generator is simply a 
large DC generator, exactly like a 
car generator except for its size. 
Hence, the same procedure of by- 
passing each brush with a large ca- 
pacitor can be used. Also clean and 
polish the commutator. Standard 
LC filters may have to be installed 
in series with the main power wir- 
ing, between the battery bank and 
the load (or better still, between the 
generator and batteries). 

Some systems employ a 110-volt, 
60-cycle AC generator so that stand- 
ard electrical appliances can be 
used afloat. An AC generator isn’t 
inherently as noisy as the DC gen- 
erator because the output is taken 
off by means of slip rings; the worst 
trouble here will be in the auxiliary 
engine itself. 


OTHER ELECTRICAL EQUIPMENT 


On the more Juxurious boats, elec- 
tric sail hoists or anchor winches 
may cause noise due to the brushes 
in their motors. Standard filtering 
procedures will take care of this. 
Install bypass capacitors at the 
motor, across the brushes. When the 
equipment is exposed, always be 
very sure the filters are completely 
waterproof if installed on the out- 
side of the motor. If only bypass ca- 
pacitors are installed on the inside, 
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be careful to replace all waterproof 
gaskets, seals, etc., after reassembling 
the motor. 

Some of the factory-built LC fil- 
ters can be very useful in marine 
work; they are already completely 
sealed in tubular cases and hence 
are entirely waterproof. In addition, 
they can be installed in bulkheads 
(naval slang for the walls), special 
metal boxes, or on the motor itself. 


RF INTERFERENCE: DISTRESS AND 
COMMUNICATION CHANNELS 


Since 1958, the FCC has made it 
mandatory for boats carrying more 
than six passengers for hire to have 
radio receiving and transmitting 
equipment aboard, and the radio 
operators must maintain a watch 
over the distress and calling fre- 
quencies of 500 and 2182 kc, and 
also the ship calling frequency of 
8364 ke. 

Several cases of radiated interfer- 
ence have been found on these fre- 
quencies, quite a few due to “stuck” 
transmitters. This is caused by a key- 
ing relay contact, etc., becoming 
stuck and keeping the transmitter 
on the air without the operator's 
knowledge. The frequency is blocked 
for severa] miles in all directions, of 
course. The only way to locate this 
trouble is with direction-finding 
equipment. A minimum of two bear- 
ings is required to locate this, or any, 
interference source. 

Other equipment can_ interfere 
with these frequencies; LF carrier- 
current systems have been picked up 
on them, as have industria] heaters 
and arc welders, etc. Once again, the 
DF receiver is the handiest tool. 


Unusual Noise 


and Interference 


CHAPTER 


UP TO this point, we have been 
talking mainly about the effects of 
noise and interference on radios 
(both entertainment and communi- 
cations types) and television. Now, 
let’s take up the much more serious 
and sometimes dangerous effect that 
interference and noise can cause in 
the more delicate electronic appa- 
ratus in use today. Typical units 
would include electronic computers 
and controls, telemeters, electro- 
medical and geophysical apparatus, 
and many others. 

Most of them are very sensitive 
receivers, and a high ainbient noise 
level can play havoc with the ac- 
curacy of their recordings. The re- 
sult may cause severe property dam- 
age and endanger human life. For 
example, a rocket launching at Cape 
Canaveral was supposed to have 
been delayed for several hours while 


technicians located and repaired a 
faulty transmitter, in a taxicab radio 
system miles away, that was interfer- 
ing with their telemetering receivers! 
The most common cause of inter- 
ference is exactly like what we have 
been discussing in the earlier chap- 
ters: fluorescent lights, defective 
motors, bad connections, improper 
shielding, radiating devices of all 
kinds, and so on. These can be 
located and quieted with conven- 
tional apparatus. However, special 
cases of unusual interference may 
require more drastic measures. Inter- 
ference which is concentrated in a 
certain band of UHF frequencies, 
for example, may be impossible to 
locate with ordinary equipment. 
Quite often it will be possible to 
locate the noise source by using the 
receiver being interfered with as a 
detector. Monitor its output, either 


Fig. 11-1. A professional noise locator. 
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on a graph or oscilloscope, while 
turning on various items of electrical 
equipment in the vicinity one at a 
time, to see which one is responsible 
for the interference. 

In very difficult cases, a_profes- 
sional noise locator like the one in 
Fig. 11-1 will have to be used. It is 
made in several models covering 
different parts of the radio-fre- 
quency spectrum. The unit shown 
has a range from 375 to 1,000 mc. 
Other models provide measurements 
from as low as thirty cycles to 10.7 
kilomegacycles! These are very ac- 
curately calibrated, highly-sensitive 
RF microvoltmeters that can meas- 
ure not only the frequency and am- 
plitude of the noise, but also deter- 
mine the bandwidth over which it is 
present. Recording voltmeters can 
be used with them so that a perma- 
nent record of the noise level can 
be kept. An oscilloscope can be con- 
nected to the output for a “pan- 
oramic” display—i.e., a sweep-fre- 
quency pattern of the entire band 
of frequencies being used. In this 
Way, noise sources can be located 
within several megacycles of the fre- 
quency in use. 

A variety of input devices are 
available for these instruments. A 
conyentional dipole or a broad-band 
“bow-tie” can be used in the UHF 
ranges, or a directional loop antenna 
will provide bearings on the noise 
source. For other work, special 
shielded probes are used to pin- 
point individual noise sources within 
the interfering apparatus. The sen- 
sitivity of the detector is adjustable 
over a very wide range, and addi- 
tional pads are available to bring it 
down to whatever value is needed. 

This detector is often used with 
directional antennas of various 
types to pinpoint the location of a 
noise or interference source. It can 
also be used as a_ field-intensity 
meter because it is capable of cancel- 
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ing interference in the presence of 
a sine-wave RF signal and thus 
reading the actual field strength of 
the signal without the noise. 


INTERFERENCE FROM 
INDUCTIVE CONTROLS 


Many times the electrical appa- 
ratus is remote-controlled, necessi- 
tating a large number of relays, 
solenoids, and similar controls. Each 
of these controls has as its actuating 
mechanism a coil, which can be the 
source of a peculiar type of inter- 
ference. Most relay coils are actuated 
by a sudden pulse of current. Under 
just the right circuit conditions, this 
current can cause the coil to “ring” 
(go into temporary oscillation). As 
a result, a pulse-type interference is 
generated which can be radiated or 
conducted into other nearby appa- 
ratus, upsetting their operation. (See 
Fig. 11-2.) 


(A) A typical relay coil. 


COIL RINGING 


AMPUTUDE 


I! 
ORIGINAL PULSE 
TIME. 


(B) The applied pulse ond the ringing 
voltage. 


Fig. 11-2. Ringing in a relay coil. 


Such interference is caused by the 
unavoidable conditions in any cir- 
cuit using inductance. All coils have 
inductance; they also have a certain 
distributed capacitance between any 
one turn of wire and all the other 
turns. There is also the DC resist- 
ance of the wire. The LC constant 


of the coil determines the frequency 
of the fundamental burst. The Q of 
the coil determines the number of 
cycles in the ringing waveform; 
high-Q coils, of course, will ring 
longer than low-Q coils, which tend 
to be more or less self-damping be- 
cause of their tow DC resistance. 

This is really a design problem, 
usually taken care of when the 
equipment is built. However, now 
and then unavoidable interference 
will be found when apparatus made 
by different manufacturers is used 
together. 

There are several ways of curing 
this kind of trouble. The simplest, 
of course, is to install line filters, 
both in the device causing the noise 
and in the one being interfered 
with. With adequate input shield- 
ing, this will often be the easiest 
way out. If it doesn’t bring the inter- 
ference down to an acceptable level, 
then we'll have to do something to 
the offending coils themselves. A lot 
of work may be required in disas- 
sembling the machines, etc.—which 
is the reason for suggesting the 
simplest way first. 

The coil or coils causing the 
trouble must first be positively iden- 
tified. This can be done by using the 
noise locator just described and a 
well-shiclded probe to pinpoint the 
offender. Always remember the first 
rule of noise-suppression work: the 
filtering device must never inter- 
fere with the primary purpose of the 
circuit being filtered. For this reason 
be very careful, when applying cor- 
rective measures, that each piece of 
equipment still performs exactly as 
before. 

The worst headache is the sensi- 
tive relays, solenoids, etc., which 
must act very rapidly—many open- 
ing and closing several times per 
second. The actuating coils of such 
relays have a very fast drop-out time 
(the time in seconds or milliseconds 


required for the inagnetic field of 
the coil to collapse and allow the 
armature of the relay to be released). 
Other relays will have a delayed re- 
lease; they hold the armature down 
for a certain time after the exciting 
current has been interrupted. We'll 
have to be very careful, with the last 
ones, to keep from upsetting their 
time constants. 

However, the picture is not as 
dark as we have been painting it. 
There are ways we can damp out the 
ringing in a coil without affecting 
its performance or changing its time 
constant too much. 


Remedies 


The simplest method of damping 
a coil, shown in Fig. 11-3A, consists 
of shunting a resistor across it. The 
resistor, which is several times as 
large as the DC resistance of the 
windings, changes the Q of the coil 
and thus damps the reverse pulses 
quite efficiently. However, the lower 
amplitude of the pulses will slow 
down the re-energizing time of the 
relay. The magnetic field of the coil 
will have to be built up again after 
the resistor has damped it, and hence 
a few more milliseconds will be 
added to the re-energizing time. 

Another method is shown in Fig. 
11-3B—a reversed diode connected 
across the coil. The effect is obvious 
—the diode does not conduct when 
the current is applied in the “nor- 
mal” polarity, and the exciting cur- 
rent is permitted to flow through 
the coil. When the coil attempts to 
ring, however, the diode conducts 
heavily on the first half cycle of the 
reversed-polarity current and thus 
damps the coil rapidly. This gives 
excellent suppression; but it cannot 
be used where the relay must have 
a very fast reaction, because the 
magnetic field of the coil must have 
time to rebuild after being com- 
pletely drained off by the diode. 
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(A) Resistor across coil. 


(B) Diode across coil. 


(C) Capacitor across coil. 


(D) Combination af diode and RC network 
across coil. 


Fig. 11-3, Methods of damping induct- 
ances to prevent excessive ringing. 


Another alternative is to use a 
shunt capacitor across the coil (Fig. 
11-3C). By adding more capacitance, 
we can lower the natural resonant 
frequency of the coil enough to 
throw the fundamental out of range 
of the apparatus being interfered 
with. Most of the time, large low- 
voltage capacitors are used; how- 
ever, in some VHF and UHF appli- 
cations, a small capacitor may move 
the noise peak out of the bandpass 
of the receiving apparatus without 
slowing down the time constant of 
the relay too much. 

In some cases, a combination of 
all three may be used, as shown in 
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Fig. 11-3D. By making the time con- 
stant of the RC network very short, 
the release time of the coil will not 
be affected too much and the coil 
will be ready for service again. 

If the circuitry makes it possible, 
other more common filters may clear 
up the trouble. For example, if the 
relay is energized by pure DC, it 
should be possible to install a rather 
“heavy” filter in the supply circuit, 
as shown in Fig. 11-4, and to increase 
the DC supply voltage to allow for 
any voltage drop in the filter. 

Shielding can also help here. If 
space does not permit the entire re- 


a | 


Send 


oa ee ened 


‘ 
t 
t 
! 
i] 
i] 


Fig. 11-4. Adding LC filters on both sides 
of radiating coil to eliminate interference. 


lay assembly to be shielded, small 
homemade shields can be placed 
around the coil. In close quarters, 
wrap the coil with several turns of 
aluminum or other metallic foil, tie 
it tightly with string, and ground 
the foil by taping one end of a wire 
to it and attaching the other end to 
the chassis (Fig. 11-5). 

Other circuits may offer more dif- 
ficulties. If the coil happens to be 


Fig. 11-5. Shielding a relay coil with foil 
to eliminate interference. 


in the plate circuit of a vacuum 
tube, as so many are in this kind of 
apparatus, we are severely limited in 
the number of interference suppres- 
sion devices we can use. However, 
we're still not entirely helpless. For 
example, if a coil used in the circuit 
of Fig. 11-6 is radiating interference, 
we can reduce it by taking the meas- 
ures shown. Correctly applied, these 
should reduce the radiated pulse 
interference without affecting the 
performance of the stage. After all, 
there are still only two ways these 
interfering pulses can escape—by 


11-7 is the block diagram of a typical 
electromedical device. The pickup 
is attached to the patient and its 
output is fed into a very high-gain 
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Fig. 11-7. Block diagram of a typical elec- 
tromedical device. 
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Fig. 11-6. Methods of reducing interference from a relay coil in the 
plate circuit of a vacuum tube. 


radiation, which can be cut down by 
shielding, and by conduction over 
the supply wiring, which can be re- 
duced by proper bypassing. 


ELECTRONIC MEDICAL APPARATUS 


Modern hospitals use a tremen- 
dous number of electronic apparatus 
for both diagnosis and treatment. 
Such items as the electrocardiograph 
(abbreviated EKG) for recording 
heartbeats, and the electroencephal- 
ograph (abbreviated EEG) for meas- 
uring brain waves, can be easily up- 
set by an excessively high electrical 
noise level. Basically, these and all 
similar instruments consist of a 
transducer or other pickup device 
which converts the quantity being 
measured into electrical signals. Fig. 


amplifier. The detected output of 
the amplifier is then fed into a re- 
corder which makes a permanent 
chart of the readings. Some are used 
with an oscilloscope so the wave- 
forms can be examined at the same 
time. 

Noise and interference can get 
into the input of such devices and 
cause false readings, misleading the 
diagnostician. This can be very 
dangerous. Therefore, all possible 
precautions must be taken to keep 
the area in which the equipment is 
used free of electrical noise and 
interference. The amplifiers in such 
equipment have a very wide range 
of response, often running from al- 
most DC up to 100 kc. Therefore, 
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they are sensitive to almost any fre- 
quency of noise. The room and 
building should be checked very 
carefully with radio detectors or one 
of the special interference locators 
described before. Normal sources of 
noise, such as fluorescent lights, 
motors, etc., must be quieted with 
filters, and all other electrical appa- 
ratus within range checked for noise 
radiation. Where the ambient noise 
level is very high and cannot be re- 
duced economically, the equipment 
may have to be placed in a com- 
pletely shielded room to keep out 
extraneous noise. 

The equipment itself must be very 
carefully checked to insure that it is 
in perfect condition. Quite a few 
complaints of external interference 
have been cleared up by repairing 
the apparatus itself! Since these in- 
struments require a very high sensi- 
tivity to respond to the minute cur- 
rents generated by brain waves, etc., 
the input shielding must be abso- 
lutely perfect. Loose or ungrounded 
shields, loose connections in the 


pickup, and similar troubles, can 
cause false noise in the equipment. 
Check and clean all connections. 
Then test the apparatus for noise 
immunity by operating some kind 
of noise generator nearby, such as 
a noisy electric drill or an old-type 
electric razor. Make a test recording 
or observe the waveform on a scope, 
to see if the noise is being shielded 
out as it should be. Incidentally, it 
would be a very good idea to make a 
test recording, using no input, on 
each new piece of equipment when 
it is first installed. This will give you 
an idea of the normal noise level of 
the unit. If a great deal of this work 
is done, one of the many calibrated 
noise generators can be used for 
accuracy. 

If some hospital equipment is 
among the worst at receiving noise, 
other units are among the worst in 
creating it! Among these are the 
older X-ray and diathermy ma- 
chines. The champion noisemaker is 
the cautery, or “radio knife” as it is 
sometimes called, in Fig. 11-8. It 


Fig. 11-8. A “radio knife,"* or cautery. 
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generates a high-frequency current 
which is controllable in amplitude 
and, to a certain extent, in fre- 
quency. It is used for cauterizing 
wounds and sometimes for cutting 
tissues without excessive bleeding. 
The latter is done by applying cur- 
rent through an electrode; a tiny arc 
sears the tissues as they are separated. 

The basic schematic of a typical 
cautery is shown in Fig. 11-9. The 
step-up transformer, together with 
an electrically-driven set of contacts 
in series, forms a high-frequency arc 
between the points. This pulsating 
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ing in one or two short bursts of 
noise. Installation of an LC filter in 
the supply wiring, and complete 
grounding of the apparatus (neces- 
sary in any event for the protection 
of both patient and surgeon) will 
help shorten the range of the radia- 
tion, which ordinarily will not travel 
far beyond the operating room. 


GEOPHYSICAL EQUIPMENT 


Another place where absolute 
radio silence must be observed, at 
least as far as noise and interference 
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Fig. 11-9. Basic schematic of a “radio knife." 


voltage is fed, through insulated 
cables, to the cutting or treatment 
electrode and to a return pad, or 
ground, placed under the patient. 
The current thus consists of a rapid 
series of high-frequency, high-volt- 
age pulses. Their amplitude and 
frequency are regulated by changing 
the distance between the vibrating 
points, and hence, the length of the 
arc. 

This is a rich source of RF inter- 
ference, of course! Unfortunately, 
we can do little about it except rec- 
ognize its source. The only way to 
completely eliminate the radintion 
would be to use the cautery in a 
fully shielded room. However, there 
is one small, alleviating feature—the 
unit generates interference only 
when being operated, which is for 
very short periods of time. Current 
flows for only a second or two, result- 


are concerned, is in geophysical 
equipment. Such equipment is used 
to explore for oil deposits and 
other subterranean research. A lot 
of extremely sensitive recording 
equipment is used: recording seis- 
mographs, geophones (seismic 
detectors), and a large assortment of 
telemetering equipment. Two-way 
radio equipment is also employed 
for communication and for tele- 
metering between the base and ob- 
servation stations. 

The trucks, cars, boats, and air- 
craft used must be noiseproofed to 
prevent radiation of ignition noise, 
which could interfere with the sensi- 
tive recording equipment and with 
communications. In addition, the 
generator at the main base must be 
absolutely “clean” as far as noise is 
concerned. The standard noise-re- 
ducing procedures and equipment 
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outlined in earlier chapters will do 
the work, and LC filters should be 
used in all power-supply lines. 


THE SHIELDED ROOM 


Where a machine generates large 
amounts of radio-frequency or noise 
interference, or where very sensitive 
receiving equipment must be pro- 
tected from random noises, it is 
necessary to enclose the equipment 
in a solid (to RF energy) shield. 
These are often called screened 
rooms because the most popular ma- 
terial for constructing them is cop- 
per window screening. 

The purpose of the screening is 
the same as for any other shielding. 
The surface of the shield intercepts 
the energy and carries it off to 
ground in the form of eddy cur- 
rents. The walls, floor, and ceiling 
must be completely covered with the 
conductive material, and all power 
lines and other conductors passing 
through the shielding must be fur- 
nished with filters. (Light fixtures 
can be hung on the outside to save 
filtering them.) Furthermore, all 
doors must be provided with wiping 
metallic contacts so they do not 
cause a break in the shielding. Fig. 
11-10 shows a completely screened 
room. 
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Fig. 11-10. Construction of a screen room. 
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Construction of a Screened Room 

There are two types of screen 
rooms in general. One is where a 
machine must be shielded in a larger 
Space, such as a factory floor, etc. 
The other is where the unit is in- 
stalled in a small room. In the first 
type, a self-supporting framework 
of light timbers supports the screen. 
The floor can be covered with the 
screen, which in turn is covered with 
linoleum or other floor covering, or 
with solid sheet metal if more con- 
venient. 

The copper screen is soldered to- 
gether at all joints to assure con- 
tinuous shielding. Solder joints 
should be as close as possible, con- 
tinuous soldering being best. 

If the machine is in a small room 
of its own, the screening can be 
fastened to the walls and ceiling. 
Furring strips of wood will provide 
a place to nail the screen if the wall 
surface is masonry, etc. The top of 
the screening can be dropped below 
the ceiling and all lighting fixtures 
mounted on the outside to save 
using filters. 

Details of the door construction 
are shown in Fig. 11-lt. The edges 
of the door and the jambs are fitted 
with brass weatherstrip so they will 
make a tight contact when the door 
is closed. (The detailed drawing in 
Fig. 11-11B shows the door and jamb 
separated much farther than normal 
for clarity. The two weather strips 
should wipe tightly when the door 
is closed.) Copper screen on walls 
and door are soldered to the edge 
of the brass strips to make a guod 
joint. The wiping action keeps the 
contacts clean. 

All wiring entering the shield 
must pass through adequate filter- 
ing. An LC filter in a metal box | 
should be used in each circuit, and 
the box connected to the shield it- 
self. Where the machine is produc- 
ing large amounts of radio-frequency 
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(B) Detail of door edge. 


Fig. 11-11. Construction of a screen room 
door. 


energy, the filters can be tuned to 
the fundamental frequency for 
maximum efficiency. However, the 
standard brute-force filters will al- 
most always be sulhicient. 

In severe cases, a dual screened 
room will have to be built, one in- 
side the other. The two screens 
should be separated by at least 34 
inch or more and insulated from 
each other. Both the inner and the 
outer screens should be well 
grounded, and the inner-screen 
ground wires should be insulated 
where they pass through the outer 
screen. A ground rod at each corner 
of the room, connected to the screen 
by a heavy strap, will furnish the 
thorough grounding needed. 
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CHAPTER 


120 The FCC and Its Role in 


Interference Complaints 


THE FEDERAL Communications 
Commission (FCC) is the govern- 
mental agency charged with regulat- 
ing all broadcasting and communica- 
tion in the United States. In 1934, 
this agency had 20 offices, 7 monitor- 
ing stations, and 113 employees. 
That year .it received 3,800 com- 
plaints of radio interference. In 
1959 it had grown to 31 offices, 18 
monitoring stations, and 80 mobile 
units, with a staff of 400. In that 
year it received 24,036 complaints 
of radio and TV interference! 

With such an overwhelming load 
and limited staff, the FCC has aided 
in the formation of industrial and 
citizens’ groups to handle as many 
local complaints as possible. There 
are 32 Cooperative Interference 
Committees (CIC), made up of en- 
gineers, executives, governmental 
officials, and others interested in the 
clearing up of mutual interference 
problems, and 525 Television Inter- 
ference Committees (TVIC), made 
up of radio amateur operators, radio 
and TV technicians, broadcast radio- 
TV engineers, and others. Industrial 
groups have also been formed to aid 
in the design of such machines as 
plastic heaters, RF arc welders, etc., 
so they will cause as little interfer- 
ence as possible. 

The TVIC groups handle all 
local interference complaints where- 
ever possible. In some areas, a state- 
wide organization has. been formed 


and a headquarters set up in the 
state capital. 


FCC MONITORING STATIONS 


The FCC operates 18 monitoring 
stations in the United States. These 
stations are equipped with direction- 
finding equipment and_ receivers 
capable of covering almost all RF 
frequencies, as are the 80 mobile 
units of the field-engineering divi- 
sion. The stations and mobile units 
not only check radio and ‘TV broad- 
cast stations to make sure they ad- 
here to the strict technical standards 
laid down by the FCC, but also track 
down interference of almost any 
kind. The locations of these stations 
are as follows: 


Primary Monitoring Stations 


Allegan, Michigan 
Grand Island, Nebraska 
Kingsville, Texas 
Millis, Massachusetts 
Santa Ana, California 
Laurel, Maryland 
Livermore, California 
Portland, Oregon 
Powder Springs, Georgia 
Lanikai, Oahu, Hawaii 


Secondary Monitoring Stations 


Searsport, Maine 
Spokane, Washington 
Douglas, Arizona 

Fort Lauderdale, Florida 
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Secondary Monitoring Stations (cant.) 


Ambrose, Texas 

Chillicothe, Ohio 
Anchorage, Alaska 
Fairbanks, Alaska 


HOW TO REPORT A COMPLAINT 
OF INTERFERENCE 


Obviously, a huge percentage of 
interference complaints arc going to 
be caused by local conditions—de- 
fective electrical equipment, etc.— 
which can be located and clearcd up 
easily by local technicians. There- 
fore, such cascs should not be re- 
ported to the FCC until all resources 
have been exhausted locally. 

The route for complaints to the 
FCC should always be: first, the 
local TVIC, then the state TVIC or 
CIC headquarters, and finally, but 
only if these agencies cannot find the 
cause, the FCC engineers. In this 
way, you'll avoid wasting the time 


of the FCC engineers—who have a- 


very heavy workload at all times— 
on a case which should have been 
handled locally. 


UNUSUAL CASES OF INTERFERENCE 


Our deepest gratitude goes to the 
Federal Communications Commis- 
sion for permission to reprint the 
following case histories. Taken from 
the FCC Field Engineering Re- 
ports, there are but a sample of the 
oddities the FCC engineers turn 
up... all in a day’s work. 


Interference in Aircraft 
Communication Systems 


An_ inadequately shielded arc 
weldcr in Detroit caused a_near- 
accident at a local airport when its 
released energy blotted out an im- 
portant call of an approaching air- 
craft. Luckily, no damage was done, 
and after the offending welder was 
tracked down, it was properly 
shielded. 


A Minnesota airfield reported 
disruption to aircraft) commuinica- 
tion over a radius of 50 or more 
niles. Thanks to bearings taken by 
a mobile unit, FCC engineers found 
the culprit to be a common electric 
doorbell half a mile from the air- 
port. Its transformer contained a 
temperature-control strip with con- 
tacts which had becoine so_ pitted 
that the connection alternately 
went on and off. ‘The interference 
stopped when the bell was silenced. 


A recent long-distance interfer- 
ence case developed when an aero- 
nautical service at Honolulu, Ha- 
waii, reported that strong signals 
were blotting out its radio messages 
between air and ground. The FCC 
direction-finder net was alerted and 
fixed the source, not locally, but 
some 5,000 miles away—at a port on 
the east coast of the United States! 
The trouble proved to be a defec- 
tive ground transmitter of another 
airline. Unusual propagation condi- 
tions caused the signal to span the 
continent and part of the Pacific 
Ocean to Hawaii. 


An Air Force base in Colorado 
complained of interruptions to its 
air-to-ground communications. FCC 
engineers found it was due to radia- 
tions from an old-type radio-con- 
trolled garage-door opener at a 
nearby private residence where the 
garage doors were labeled “His” 
and “Hers.” The difficulty was re- 
moved after the couple installed a 
remote-control system that could be 
licensed in the Citizens Radio 
Service. 


The reason for complaint of an 
airport in Bellingham, Washington, 
was finally pinned on arc welders 
used in a local shipyard, which took 
measures to eliminate their effect on 
aviation radio communication. 
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An airlines office in Chicago re- 
ported serious interference on a fre- 
quency used by its planes. Direction- 
finder bearings indicated it came 
from a certain area in Minnesota. 
A mobile unit narrowed it down to 
a factory at Grand Rapids, Michi- 
gan, and further pinpointed it to an 
industrial heating device. The com- 
pany promptly took corrective 
measures. 


“Hillbilly” music which plagued 
radio communications at a Tennes- 
see airport was emanating from a 
homemade record player nine miles 
away. 


Interference to the International 
Airport at Boston, it was discovered, 
came from a broken cable in con- 
tact with a covering metal pipe. 


Interference in Broadcast 
Radio Reception 


A Maryland resident complained 
of severe interference, both to radio 
and TV reception, from 9:15 P.M. to 
6 am. It had been going on for 
three months and the power com- 
pany was unable to locate the 
trouble. The complainant was re- 
quested to recheck all electrical 
equipment in her home. Two days 
later she reported she had found the 
culprit—an old electric blanket! 


In Fairbanks, Alaska, a broadcast 
station experienced jamming on its 
remote pickup frequency. An FCC 
mobile unit traveled the streets, go- 
ing from door to door, until finally 
professional rather than personal 
preference caused it to stop in front 
of a tavern. Here a neon sign was 
turned on, but the gas in it was not 
illuminated and caused radiation. 
The tavern owner “signed off" and 
called a repairman. 
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An illegal but humorous opera- 
tion was uncovered in a Chicago 
suburb. Four youths, using a tmake- 
shift “station’’ composed of parts of 
a castoff theater sound system and 
the power supply of an old TV re- 
ceiver, not only broadcast recorded 
music and commercials (free), but 
were conducting ‘‘man-on-the-street” 
interviews as well. However, one of 
the persons interviewed on the side- 
walk was an FCC field engineer who, 
in response to the opening ques- 
tions, announced he was there to 
close down the station. There was a 
sudden sign-off announcement by 
the “ex-manager.” A visit to the 
“studio” revealed a posted schedule 
of stiff penalties for violating the 
station’s rules. They ranged from 
“goofing names on the news—3¢” to 
“messing up commercials—5¢.” 


There are cases of carrier-current 
or wired broadcast systems interfer- 
ing with radio communication serv- 
ices. In one instance a so-called “‘col- 
lege campus” system was radiating 
five miles from the school. The Com- 
mission's field staff has long tried to 
acquaint educational institutions 
with the availability and advantages 
of economical, low-powered, non- 
commercial educational FM_broad- 
cast operation. 


When a California family went on 
vacation, it forgot to turn off the 
household broadcast receiver. Not 
only that, but something went wrong 
with the neglected set. Possibly be- 
cause of loneliness, it started to re- 
transmit the programs of a_ local 
broadcast station. It did so in a 
manner that played havoc with re- 
ception by land mobile radiotele- 
phone stations up to 33 miles away. 
Insertion of a new tube and a turn 
of the Off knob eliminated the 
trouble. 


This case involved complaint by 
a woman that a neighborhood ama- 
teur station was interfering with the 
operation of a radio phonograph. 
The amateur was elderly and in poor 
health. His principal intcrest was 
his “ham” station, which several 
fellow amateurs constructed and 
serviced for him. The amateur’s 
sister informed the inquiring engi- 
necr that her brother had suffered 
a heart attack after a series of argu- 
ments with the complainant. There- 
fore, tests were made under the guise 
of a routine station inspection. No 
cause for interference was found in 
the amateur equipment. 

At the complainant's home, inter- 
ference was observed in the all-wave 
receiver, only when it was in the 
phonograph position. The antenna 
consisted of a short insulated wire 
wrapped around a line cord of a very 
“messy” electric system. When the 
antenna was unwrapped from the 
line cord and the line plug reversed, 
the interference ceased. 

Some time later, however, another 
report was received from the same 
complainant. This time the agitated 
lady claimed that whenever she put 
her hand near the radio-phonograph 
pickup to change records, the ama- 
teur’s voice would break through. 
This phonomenon, she said, was 
making her nervous and affecting 
her health. The investigating engi- 
neer discovered that the latest ap- 
parition was due to pickup in the 
phono-pickup leads. So he devised a 
wavetrap which eliminated the 
woman’s “haunt,” and the amateur 
continued to operate his station 
which, according to him, ‘makes 
life worth living.” 

The Commission wishes all inter- 
ference cases could be resolved as 
satisfactorily and harmoniously! 


In another case, near Havre de 
Grace, Maryland, both radio and 


TV reception on a broad scale was 
disrupted by a loud buzz. The Mary- 
land CIC group traced it to a defec- 
tive electric fence on a local farm. 
By following the advice of CIC ex- 
perts, the owner was able to remove 
the intruding noise. 


While monitoring for interference 
in Portland, Oregon, a mobile unit 
observed a strange signal which it 
traced to an apartment house. Here 
it was found to be due to a home- 
made short-wave receiver which had 
been discarded for two years. But, 
unknown to the owner, the power 
cord was still plugged in and the 
switch was on. This combined fire 
and interference hazard was reme- 
died, but the owner is still trying to 
determine how much it cost him on 
his electric bill. 


Interference in TV Reception 


Complaints of interference, which 
gave a Massachusetts city “picture- 
less TV” on one channel, were 
traced to test equipment in a local 
radio tube plant—one of the com- 
plainant’s! 


In Worcester, Massachusetts, in- 
terference to reception on a certain 
TV channel was found to come from 
an oscillating AM receiver in the 
neighborhood. On the other hand, 
interference to AM broadcast recep- 
tion in two Vermont communities 
originated with two wired TV dis- 
tribution systems. 


An investigation extending over 
many months was required to solve 
an intermittent TV_ interference 
problem in Marion, Massachusetts. 
The cause finally proved to be 
spark-type discharges in the antenna 
system of a military installation in 
that area. 
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An Indiana housewife blamed a 
neighbor’s amateur operation for 
her distorted TV picture. She was 
not satisfied when an FCC field in- 
quiry indicated that her receiver, 
rather than the “ham,” was at fault. 
So she wrote to President Eisen- 
hower. However, a second visit by 
an engineer of the Chicago office 
showed that the disturbance had 
been eliminated. The method used 
was unique. On the day when the 
lady of the house (described by her 
husband as the “dominant member 
of the family”) was away, the help- 
ful amateur, with the consent of the 
woman's husband but without her 
knowledge, installed a wave trap 
and a line filter in her set to make 
up for its poor interference-rejection 
capabilities. 


Complaint was received of poor 
TV visibility by 60 families sharing 
a master TV receiving antenna on a 
Connecticut apartment building. 
Inquiry revealed that the trouble 
extended over an area containing 
500 receivers. An FCC engineer 
found it was caused by a defective 
flashing neon sign in the window of 
a local finance company. The man- 
ager (not because of financing any 
of the sets involved) immediately 
turned the sign off and arranged to 
have it serviced. 


During sunspot and other seasonal 
disturbances, the Commission is 
swamped with complaints of TV 
interference and reports of abnormal 
TV reception. At such times some 
TV signals occasionally span the 
continent. Nothing can be done 
about it; this is an abnormal condi- 
tion due to reflections by the iono- 
sphere—a layer of ionized air far 
above the earth’s surface, above 
which radio waves normally do not 


go. 
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Manufacturers and users of indus- 
trial heating equipment are going 
to great lengths to curb interference 
from this type of apparatus, which 
has become important to many 
manufacturing processes. One firm, 
harassed by continuing complaints 
of interference, decided to correct 
the situation itself, since a commer- 
cial firm indicated it would take 
months to provide the necessary 
shielding. So plant personnel con- 
structed a shielded room 70 by 30 by 
15 feet at a cost of $3,000, and an 
outside engineer certified that it 
complied with the FCC interference 
safeguards. To make doubly sure, 
however, the plant’s own engineer 
installed a meter in his office to 
check the radiation. 


Numerous complaints of interfer- 
ence to TV reception came from a 
city in upper New York state. The 
complainants believed that ama- 
teurs, diathermy equipment, or sta- 
tion operation was at fault. But a 
Buffalo mobile unit traced the oner- 
ous signal to a local private resi- 
dence. Here, on-and-off tests showed 
radiation from a booster amplifier, 
which went into strong oscillation 
when it was left on after the TV set 
was turned off. The owner promised, 
in the future, to turn off both his 
booster and receiver simultaneously. 


A resident of Chicago complained 
about persistent annoyance to his 
and other TV receivers in the neigh- 
borhood. He was surprised to be 
told, after investigation, that the 
source was an electronic door-open- 
ing device on his own garage! 


Inquiry into disruption of TV 
reception in a California community 
showed that technicians in an ad- 
jacent research laboratory had for- 
gotten to turn off some transmitting 
equipment they were testing. 


Interference to TV reception in a 
California city was first blamed on 
an obsolete diathermy machine. The 
latter was replaced with approved 
equipment. However, complaints 
continued and a new search led to 
an oscillating TV booster. This was 
also remedied. A short time later a 
letter was received from the local 
chamber of commerce, thanking the 
Los Angeles FCC office on behalf of 
“hundreds of persons whose ‘TV en- 
joyment was impaired and who are 
most grateful for the prompt atten- 
tion.” 


A TV store in Massachusetts com- 
plained that prolonged interference 
—for several hours at a time—was 
hurting its business because it was 
unable to properly demonstrate TV 
receivers to prospective customers. 
After some questioning, the FCC 
engineer asked if a TV booster was 
being used. When the answer was in 
the affirmative, he suggested the com- 
plainant turn off the booster. The 
annoyance stopped immediately. 
The store owner was voluble in his 
thanks. Time for solving this com- 
plaint—eight minutes. 


A new TV station in San Diego, 
California, was blamed for spoiling 
reception from other stations. In- 
quiry showed the fault was receiver 
overloading through the use of high- 
gain antennas employed by viewers 
to extend their reception to Los 
Angeles. The receiver owners were 
instructed on how a quarter-wave 
stub or a commercial wave trap 
could remedy their trouble. 


Disruption of TV service to an 
area of several blocks at Pitcairn, 
Pennsylvania, was traced by an FCC 
engineer to a defective thermostat 
on a gas heating unit in one of the 
homes. The local TVI committee in- 
duced the owner to have it repaired. 


The owner of an industrial plant 
in New York went to great lengths 
to satisfy a New Jersey woman who 
was blaming TV interference on an 
electronic heater in his establish- 
ment. 

Initial investigation revealed that 
during the World Series an employee 
of the plant had plugged a radio re- 
ceiver into an electric outlet inside 
the room shielding the heater, and 
had placed the receiver on the out- 
side for the benefit of his fellow 
baseball fans. Because the door of 
the heater room was left slightly 
open for the cord to pass through, 
some of the radio-frequency energy 
escaped. However, before the FCC 
investigator arrived on the scene, 
the plant management had dis- 
covered the door ajar, closed it, and 
cautioned the employee responsible. 

But the New Jersey TV fan still 
complained of interference trace- 
able to the plant. So the factory 
owner shut off his heater temporarily 
while he added shielding to the 
woman’s TV receiver, installed a 
line filter for it, and even replaced 
her TV antenna with a better one. 

This is an example of unusual 
cooperation from a user of non- 
communications electronic equip- 
ment. 


Distortion of TV pictures in Dan- 
ville, Virginia, was ended when a 
TV booster on the roof of a fire sta- 
tion was discovered to still be on, 
even though the receiver was off. 


Residents near Santa Rosa, Cal- 
ifornia, were plagued with TV 
interference. FCC engineers and co- 
operating electric company trouble- 
shooters found the cause—faulty 
controls for ventilating the brooder 
house of a local chicken ranch. The 
owners replaced the defective de- 
vices. 
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In Pennsylvania a local official 
complained to the Commission and 
to his Congressman about interrup- 
tion of his TV reception by a com- 
munity antenna TV system. Inquiry 
pinned a double guilt—on cable 
radiation by the community TV 
system and on the complaining of- 
ficial’s own defective TV receiver. 
Both parties promised corrective 
action. 


A “popping” sound which blacked 
out TV reception over a four-block 
area in Denver was first blamed by 
a set owner on neighborhood ama- 
teur-radio operation. But investiga- 
tion showed that it came from the 
complainant’s own TV receiver. It 
had been “souped up” with higher 
voltage to take care of a larger pic- 
ture tube, with resultant breakdown 
of equipment. The abashed owner 
agreed to remedy his set to satisfy his 
neighbors. 


A TV repair shop in Kentucky 
reported that his entire community 
was experiencing severe interfer- 
ence on Channel 12. By using a 
mobile unit equipped with a field- 
Strength meter, an FCC engineer 
traced the trouble to an amplifier 
used by a TV viewer to bring pro- 
grams in over a very long lead-in 
line. The amplifier, in continuous 
operation, oscillated and acted like 
a small transmitter. 


When TV fans at Port Jefferson, 
New York, complained that passing 
railroad locomotives were ruining 
their pictures, the New York field 
office and the railroad company col- 
laborated in demonstrating, with the 
help of a locomotive loaned for the 
purpose, that this was not the cause. 
From that point it was traced to a 
defective insulator on an electric 
light pole. 
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Some cases of interference to TV 
reception are due to old-style elec- 
tric light bulbs. They became such 
a problem in one community that 
the local electric power company, 
co-operating with loca] TV dealers, 
offered to replace free any outmoded 
bulbs turned in by the public. 


Sixty families in three New York 
City apartment houses were annoyed 
by both radio and TV interference. 
Pooling their observations, they 
noted that the trouble always started 
after a certain tenant had returned 
home. An FCC engineer then deter- 
mined that the source was in the 
suspect’s apartment. Friendly entry 
with a police officer found the man 
using an old sparking-commutator 
motor. He said he did so to retaliate 
against a neighbor whose refrigera- 
tor, he thought, was ruining his AM 
reception. He desisted upon warn- 
ing, whereupon broadcast reception 
returned to normal for everybody 
concerned. 


Interference to TV reception in a 
section of Puerto Rico was traced to 
a poor connection at a nearby aero- 
nautical beacon. In reverse, inter- 
ference to an aviation station in the 
United States was found to come 
from a faulty transmitter at an FM 
broadcast station. 


Interference in Other 
Communications Systems 


A case of heater interference af- 
fected a marine distress frequency. 
It was in the form of 100 pulses a 
minute, indicating industrial heat- 
ing of very small objects. It was 
traced to a factory in Washington 
state that was using 10-kilowatt ap- 
plications on roller bearings at the 
rate of 100 per minute. Here, too, 
the management co-operated to re- 
move the interfering “beats.” 


“Rock-and-roll” music invaded a 
marine rescue frequency to give op- 
erators an additional headache. 
The Millis, Massachusetts, monitor- 
ing station found it was caused by 
an. overmodulated emission of a 
broadcast station. When notified, 
the broadcast station promptly sup- 
pressed it—the overmodulation, not 
the “jive.” 


When police and broadcast sig- 
nals doubled up on a frequency used 
by an industrial radio station in 
Waterboro, South Carolina, a trap 
installed at the complainant’s re- 
ceiver removed the undesired signals. 


Here is one for the birds! Com- 
plaint of interference to a Texas 
police radio system resulted in a 
floor-by-floor search of a 12-story 
hotel several blocks away. The 
woman occupant was kind enough 
to interrupt her bath in order to 
dress and allow the FCC and police 
representatives to enter and search 
out the trouble. It was found to be 
a defective TV receiver which had 
been left on. The woman explained 
that she usually did that for the 
enjoyment of her birds—a parakeet 
and a canary. Lady, birds, and police 
all seemed happy when a minor ad- 
justment stopped the set from oscil- 
lating. 


An international communication 
carrier complained of interference 
to radio messages en route from New 
York to Frankfurt, Germany. Both 
the German and British monitoring 
services had been unable to identify 
the source. FCC monitoring obser- 
vations and direction-finding bear- 
ings placed it as coming from a com- 
mercial telegraph transmitter of 
another company in New York. 
Identification of spurious signals is 
often more difficult than the layman 
may think—or understand. 


During recent Hoods, the Con- 
necticut state police asked the FCC’s 
Boston district office to inquire into 
interference to the state forestry 
radio system. From the information 
furnished, the Boston office felt that 
the trouble was in the forest service's 
own cquipment, and suggested a 
check of that service’s transmitters 
throughout the state. It detected one 
transmitter in continuous operation. 
This was due to flood waters actuat- 
ing the relay, which remained closed 
after the waters had receded. 


More widespread interference, re- 
ported by a gas pipeline company, 
was affecting communication be- 
tween its facilities in three states— 
Texas, Louisiana, and Mississippi. 
At an FCC field engineer's sugges- 
tion, one of the company’s planes 
took off and headed in a certain di- 
rection. As it approached a company 
installation 40 miles distant, the 
interfering signal became stronger. 
The plant there was requested to 
look at its main transmitter. The 
main switch had _ unintentionally 
been left on. 


Interference to a marine calling 
and distress frequency, reported by 
a Coast Guard station in Washing- 
ton state, was traced to an electric 
fence on an inland farm. The owner 
agreed to stop operating the fence 
charger until it could be repaired. 


Intrusion on a radio frequency 
used by the Civil Air Patrol in 
Tulsa, Oklahoma, was due to an 
overly-healthy signal emitted by an 
improvised “health machine” in a 
Tulsa household. Below a sun lamp 
and two layers of colored glass, two 
jugs of water were in the process of 
being “vitamized” by radiation. The 
owner agreed that his health would 
not be impaired if he obtained his 
vitamins by other means. 
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The New Jersey Turnpike re- 
ported that interference was dis- 
rupting a portion of its highway 
radio network. Mobile detection 
units tracked it down to a telephone 
company transmitter in  Philadel- 
phia. The latter’s defective resistor 
was replaced. 


The British monitoring service 
requested FCC assistance in identi- 
fying a station spoiling reception at 
London of transmissions from Nai- 
robi, Kenya, in East Africa. The 
Commission’s monitoring observa- 
tions and long-range direction-finder 
bearings showed that the interfer- 
ence came from a United States mili- 
tary station at Tripoli, North Africa. 
As a result of its contact with the 
military in Washington, D.C., the 
Commission was able to advise the 
British agency that the trouble 
would be eliminated as soon as a 
substitute frequency could be ob- 
tained for the Tripoli station. 


When the transmitter of a Eau 
Claire, Wisconsin, nonbroadcast sta- 
tion did not operate properly and 
caused harmonic radiations, investi- 
gation revealed that squirrels had 
gained entrance to the remote appa- 
ratus and dined off the transmission 
line, chewing up a couple of filters 
for chasers. 


Police of one Maryland county 
were troubled by erratic perform- 
ance of its radio communication 
system. An FCC mobile unit traced 
it to a tailor shop in Baltimore. 
After an electric system which op- 
erates the pressing machine was re- 
paired, no further antics resulted. 


Interference to Internal Revenue 
Service domestic communication was 
identified by FCC monitors as orig- 
inating from a station in Rio de 
Janeiro, over 4,000 miles away. 
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The Chillicothe, Ohio, monitor- 
ing station received complaints by 
an electronic firm about interrup- 
tions of its communication in the 
citizens band. The wayward trans- 
missions were deciphered to be taxi- 
cab dispatching messages. However, 
they were not accompanied by call 
signals or other identification. Di- 
rection finders fixed their origin in 
Bermuda. Since citizen frequencies 
are used on a shared basis, with no 
interference protection, there was 
no justification for complaining to 
the British authorities. 


The Pennsylvania, North Caro- 
lina, and Wyoming state-police 
radio systems complained of severe 
interference. Bearings obtained by 
FCC direction finders led overseas 
to a Berlin, Germany, radio station. 
The angle of the Berlin station's di- 
rectional antenna was accommodat- 
ingly changed, but the interference 
appeared to be a transistory prank 
due to high sunspot activity. Like- 
wise, passing interference to certain 
domestic radio communication chan- 
nels has been caused by wayward 
video signals from British TV Chan- 
nels } and 2 in the 40-mc band. 


When an international telegraph 
carrier complained of multiple in- 
terference on its circuit to Saudi 
Arabia, the FCC net found that it 
was caused by 10 different radio 
stations scattered throughout the 
world. 


A taxicab radio control station in 
Buffalo, New York, was not enter- 
tained by hearing local broadcast 
programs on the frequency it uses 
for dispatching cabs. Search led toa 
small clock-radio receiver which was 
radiating a strong signal over the 
neighborhood. A cure was effected 
by replacing the output tube in the 
radio. 


That interference can span great 
distances is illustrated by the fol- 
lowing: 

The Coast Guard requested FCC 
assistance in locating signals blotting 
out ship communication. Bearings 
showed that they came from far- 
Pacific waters. When the Coast 
Guard contacted Japan, it learned 
that the signals were from a vesse} in 
distress in the Philippine Sea. 


Miscellaneous Cases 


Interference is sometimes experi- 
enced by FCC monitoring stations. 
For example, tests of the direction 
finder at the new Douglas, Arizona, 
monitoring station were so handi- 
capped. The origin was traced to a 
nearby power line—whereupon the 
co-operative power company in- 
stalled new insulators and drove 
ground rods to a depth of 20 feet. 
This did the trick. 


Disruption of service by a land 
radar installation near Long Beach, 
California, pointed to radar opera- 
tion on a U.S. Navy vessel in the 
harbor. Naval personnel insisted 
that the ship’s radar was not in op- 
eration. But mobile bearings showed 
that the boat’s radar transmitter 
was on, despite the fact that its radar 
antenna was not rotating. 


Another distance-spanning inter- 
ference offender is the old-model 
diathermy machine. Its unshielded 
emissions can skip and jump over 
wide areas to bother regular radio 
services, particularly those on which 
safety of life and property depend. 
However, most of these machines 
are being brought into compliance 
with the FCC rules, and new ma- 
chines release their excess energy on 
a special frequency provided for 
that purpose. 


Not long ago an FCC inspector 
boarded a motor vessel at a Cali- 
fornia marina. The uncooperative 
owner ordered the inspector off the 
boat. When the latter stopped on 
the float to write his official report, 
he was followed by the boat owner 
and, in a resulting altercation, 
somehow found himself—literally— 
in deep water. Not having a pen 
that would write under water, he 
had to swim for shore to complete 
his report. As a result, the FCC is 
taking administrative action against 
the boat owner—this time through 
the mails. 

This case typifies one reason the 
FCC wants its field inspectors 
brought under a Federal law which 
makes it a criminal offense to assault 
certain Government inspectors. FCC 
field men have no such protection 
at present, so the Commission has 
proposed covering legislation. 


Another device which Commis- 
sion field men inspected was an “elec- 
tronic bug killer.” It was supposed 
to emit a ray which so affected the 
antenna of insects that they would 
be driven away. The demonstration 
indicated no release of energy, but 
only sound which was calculated to 
greatly annoy the bugs. 


The FCC monitoring station at 
Fairbanks, Alaska, was troubled with 
power-line interference. By taking 
bearings with improvised mobile 
equipment, it traced the source to 
power-line poles about a mile away, 
where the insulators had been shot 
away by erratic hunters. 


Strong signals which prevented 
reception of mobile telephone calls 
at a Dallas, Texas, exchange were 
discovered to be high-frequency 
oscillation from a TV receiver about 
500 feet from the telephone com- 
pany’s receiving antenna. 
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Complaint was made by a con- 
tractor on an Air Force project at 
Roosevelt Field, New York, that de- 
velopment of a radio telemetering 
circuit was being delayed by inter- 
ference which was increasing the 
cost approximately $1,000 a day. The 
troublesome signal was traced by an 
FCC mobile unit to nearby radar 
equipment. Replacement of a defec- 
tive tube in the latter was the simple 
cure, 
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The Veterans Administration at 
Boston complained that interference 
was rendering an electronic medical 
recorder inoperative. An FCC engi- 
neer found that the machine was not 
adequately shielded from the clinic's 
own diathermy machine. The latter 
was operating properly. Diathermy 
interference is no longer a major 
problem because such machines are 
now approved to control excess 
radiation. 


INDEX 


A 


Absorption trap, TVI, 91-92 
AG alternator, automobile, 113 
AC line filter, for RF heaters, construction of, 
85-86 
AC motors, types of, 49-53 
AC receptacles, as noise sources, 40) 
AC voltage, noise, 13 
Accessories 
automobile, bypassing of, 122 
noise from, 110 
Adapter harncss, automobile radio, for out- 
put meter, 42-43 
Adding machines, eliminating noise from, 
Adjustments, FM receivers, 125 
Aircraft, DC system, peculiarities of, 128 
engines, 127-128 
radio, 127-131 
generator noise in, 130 
vibration noise in, 129 
Aircraft radio equipment, 128-129 
safety wiring of, 129 
Aircraft radio noise, 129 
Airline transmitter, interference from, 145 
Altemators, used in autos, 113 
Amatcur transmitters, checking harmonic 
radiation of, 94 
TVI-proofing, 94 
Ammeter, bypassing of, 121 
Amplitude, noise, as clue to source, 37-38 
Antenna 
automobile, 111-113 
design and characteristics, 111-112 
moisture proofing, 112 
rear-mounted, 112-113 
shield grounding, 111 
testing of, 112 
troubles in, 111-113 
hoosters, for reducing ignition noise in 
TV, 73 
filtering, amateur transmitter, 94-96 
noise locators, 136 
noise radiation, 10 
probe, for noise detector, 36 
systems, community, 86-88 
interference from, 86-88 
master, 86-88 
Are, as noise source, 12 
electric, 12 
voltage relation to noise amplitude, 12 
Arc discharges, interference from, 147 
Are welder, eliminating noise from, 71-72 
filtering of, 71-72 
interference from, 145 
Arcing, small motor, effect on TV picture. 
57-58 
Armatures, checking of, 54 
construction of, 50 
Attenuation, filter, 21 
frequency of infinite, 26 
Audio recovery, FM radios, 115-117 
Automobile, body, shielding and bonding, 
110-111 
accessories, bypassing of, 122 
noises from, 110 
antennas, 111-113 


Antowobile—contd 
generator noise, 104-107 
electrical system, 97-100 
ignition system, 100-104 
radio, as noise locator, 42-44 
for checking remote-control lines, 125- 
126 
Auto radio noise, 97-112 
short-wave bands, 117 
Auxiliary electrical equipment, marine, 184 


Balun coil, TV, 90 
Bandpass filters, 24-25, 29-30 
Bandwidth, receiver, effect on noise pickup, 
10-11 
versus noise figure, 10-11 
Base station noise, FM system, 125-126 
Base stations, remote-controlled, 125-126 
Basic filter circuits, 20-21 
Basic filter types, 22-25 
Battery chargers, eliminating noise from, 70- 
71 
Blankets, electric, eliminating noise in, 77 
Block signal systems, railroad, noise from, 73 
Bonding, auto body, 110-111 
refrigerators, etc., 64-65 
Booster, interference from, 87-88, 148, 149, 


reducing ignition noise in TV with, 73 
Brute-force filters, 21 
Breaker box, 38, 40 
Broadening response, trap, 91-92 
Brush holders, 50-53 
Brush noise, 51 
Brush-type AC motors, 49-53 
Bypass capacitors, adding to small motor, 56 
coaxial, use of, 119 
hair drier, 58-59 
Bypassing, 14-15 
ammeter, 121 
auto ignition coil, 104 
instrument voltage regulator, 109 
noise, automobiles, 100 
voltage regulators, automobiles, 107-108 


c 


Cable, broken, interference from, 146 
Cahble-bar, appearance of, 86-87 
Capacitor, bypass, adding to small motors, 56 
hypass, automobile generator, 104-107 
coaxial, use of, 119 
effect on noise, 13 
passthrough, 33 
types to use, 31 
Capacitive reactance, formula for, 23 
Carrier-current systems, 81 
interference from, 146 
Cautery device, 140-14] 
Chargers, battery, eliminating noise from, 70- 
71 


Chokes, 15-16 
selection of, 16 
Cl1C (Cooperative Interference Committees), 
144 
Circuit breaker, 40 
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Circuits, basic filter, 20-21 
electrical, in home, 39, 40 
Clues, to noise source, 37-38 
Coaxial bypass capacitors, 119 
Coaxial cables, auto antenna lead-in, 111-112 
Coil, automobile-ignition, bypassing of, 104 
effect on noise, 13 
insulation of, 32 
winding of, 32 
Color TV interference, false, 83 
Color TVI, 83 
Commercial filters, 32-34 
TV, tuned, 92-93 
Communication systems, interference in, 150- 
153 
Components, filters, 14 
noise reducing, 13-19 
Community antenna systems, 86-88 
Commutators, AC motors, 50-51 
cleaning of, 59 
condition of, 53-55 
turning in lathe, 54 
Conduction, noise, 13-14 
noise, on power lines, 40-42 
Configurations, filter, 21-22 
Constant-k filters, 25 
Construction, filters, 31-32 
high-pass filter, TV, 93-94 
shielded room, 142-143 
shields, 18-19 
small motors, 51 
Continuity testing, auto antenna, 112 
rear-mounted, 113 
Corona-hall, automobile antenna, 111 
Corona discharge, automobiles, 111 
Current, at resonance, 27 
Cutoff frequency, filters, 26 
Cutout, on automobile generator, 106 


D 


Damping, relays, 137, 138 
DC, pulsating, noise, 13 
motor, 13 
voltage supply system, aircraft, 128 
Definitions, 7-8 
Design, noise filters, 20-34 
Deteetors, noise, 35-37 
Diathermy machines, 140 
Diodes, across relay coil, 137-138 
Direct current; see DC 
Directional bearings, used for tracing noise 
sources, 45-46 
Discriminator adjustment, FM receivers, 125 
Distress frequencies, marine, 134 
Distributor suppressors, plug-in, 103 
Door construction, shielded room, 142-143 
Doorbell, interference from, 145 
Drive-in theater sound system, RF interfer- 
ence in, 78 


Efficiency, filter, 21 
Electric, are, 12-13 
blankets, eliminating noise in, 77 
fenees, eliminating noise from, 73-75 
interference from, 147, 151 
suppression of noise in, 75 
lawn mowers, eliminating noise from, 60-62 
ranges, eliminating noise from, 75-76 


Electrie—eont’d 

shavers, eliminating noise from, 60 

sign flashers, eliminating noise from, 68 

typewriters, eliminating noise from, 62-63 
Electrical circuits, automotive, 100 

home, 39, 40 
Electrical noise, aircraft radio, 129-131 
Electrical system, automotive, 97-100 
Electrocardiograph, 139-140 
Electrocncephalograph, 139-140 
Electromedical apparatus, 139-141 
Elimination method, noise location, 39-40 
Engine, aireraft, 127-128 

testing for noise, 129 
Extension antenna, for probing, 36 


F 


False noise, auto radio, 113 
False TVI, color TV, 83 
FCC (Federal Communications Commission), 
144 
interference cases, 145-154 
monitoring stations, 144-145 
Fence, electric, eliminating noise from, 73-75 
Field filter, voltage regulator, 119 
Field-strength meter, battery operated, 47-48 
used as noise indieator, 47-48 
Filter, 14-17 
AC line, construction of, 85-86 
attenuation, 21 
bandpass, 24-25, 29-30 
brute-foree, 21 
building your own, 31-32 
capacitive, 14-15 
combination, 16-17 
commercial, 32-34 
built-in, 33-34 
TVI, 92-93 
components, 14 
configurations, 21-22 
eonstant-k, 25 
construction of, 31-32 
design, 20-34 
formulas, 25-26 
efficiency, 21 
high-pass, 24 
TV input, 93-94 
installing on lawn mowers, 61-62 
L-section, 16 
ladder, 22 
LC, 20-21 
low-pass, 22-24 
m-derived, 26 
mounting of, 32 
pi-section, 16, 22-23 
plug-in, 33 
power supply, 22 
RC, 20-21 
RF, in audio systems, 77 
sections, adding in serics, 22 
T-section, 21-22 
three-terminal, 34 
tuned, 26-30 
types, basic, 22-25 
Filtering, amateur transmitters, 94-96 
flashing signs, 68 
hair dricrs, 58-59 
office machines, 62-63 
relay coils, 138-139 
shielded rooms, 142-143 
small motors, 56 
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flashers, electric signs, 68 
Fluorescent lights, filtering of, 66-67 
FM receiver adjustments, 125 
FM receiver radiation, 83-84 
FM traps, TV, 90-9-4 
Formula, capacitive reactance, 23 
inductive reactance, 23 
resonance, 21 
time constant, 21 
filter design, 25-26 
Frequency, effect on impedance, 27 
Frequency coverage, radio, clue ta source of 
noise, 37-38 
accuracy of, 44 
Front-wheel noise, automobiles, 108 


G 


Garage door opener, interference problem, 
130-131, 145, 148 
Gas discharges, random noise from, 66-69 
Gasoline engines, small, climinating noise 
from, 65 
Generator 
expacitors, 104-106 
mounting of, 106 
cutoff switch, aircraft, 130 
noise, aircraft radio, 130 
automobiles, 104-107 
characteristics of, 104 
voltage-regulated, automobile, 106-108 
Geophones, 141 
Geophysical equipment, 141-142 
Ground, electrical, automobiles, 100 
shields, 18-19 
Grounding, automobile antenna shield, 111 
Grounding clips, automobile hood, 110-111 
Grounding springs, front-wheel, automobile, 
108 


H 


Hair driers, noise from, 58-59 
Half-wave stub, TV input, 91 
Hardware noise, power line, 69-70 
Harmonic interference, generated in receiver, 
Harmonic radiation, 88-90 
amateur transmitters, checking tor, 94 
warage-door opener, 130-13] 
mobile radios, 82-83 
Hash, 12 
Health machine, interference from, 151 
Heaters, immersion, interference from, 76 
Heating pads, electric, 77 
source of noise, 44 
High-level noises, location of, 44-48 
Hih-pass filter, 24 
TV, construction of, 93-94 
Holders, motor brushes, 50-53 
Hood bonding, automobile, 110-111 


Identification, noise, 38-39 
noise, ignition, 101 
IF transformer, action of, 29-30 
IF traps, TV input, 90 
Ignitors, oi] burners, eliminating noise from, 


Ignition, coil, antomobile, bypassing of, 104 
noise, airerall, testing For, 129 
automobile, 17-18, 72-73 
elimination of, 101-104 
identification of, 101 
switch, bypassing of, 121 
system, automobile, 100-104 
shielded, 122-125 
ILS and homing systems, interference in, 130 
Immersion heaters, 76 
Impedance, load, of filter, 25 
Impedance matching, 26 
Inboard engines, 132 
Indicator, noise detector, 36-37 
Inductance, action of in filter, 15-16 
Induetive controls, interference from, 136-139 
Induetive filtering, 15-16 
Inductive reactance, formula for, 23 
Inductive suppressors, automobile, 102-103 
Industrial heaters, source of noise, 46-47 
radio-frequency, 84-85 
identifying TVI patterns from, 84 
interference from, 146, 148, 149, 150 
interference from, cleaning up, 84-85 
tracing with directional TV antennas, 
S4 
Input filtering, radio receivers, 89-90 
TV receivers, 90-94 
Instrument, automotive, 108-109 
Instrument noise, automobiles, 108-109 
elimination of, 109 
identification of, 109 
instrument voltage regulator, 109 
Intercommunication systems, airport, RF in- 
terference in, 78-79 
wireless, 80 
Interference, aircraft communication systems, 
145-146 
aircraft navigational equipment, 130-131 
are welders, 71-72, 145 
automobile ignition, 72-73 
battery chargers, 70-71 
hlankets, electric, 77 
hooster amplifier, 148, 149, 150 
broadcast radio reception, 146-147 
broadcast receivers, as source, 146, 152 
carrier-current system, 81, 146 
color TV, 83 
community antenna system, 86-88 
communications systems, 150-153 
complaints, reporting of, 145 
definition of, 8-9 
doorbell, 145 
electric blanket, 146 
electric range switch, arcing, 75-76 
fence, electric, 73-75, 147, 151 
fluorescent lights, 66-67 
FM receiver radiation, 83-84 
gasoline engines, 65 
garage door openers, 130-131, 145, 148 
hair driers, 58-59 
harmonic, receivers, 88-90 
health machine, 151 
heating pads, 77 
inductive controls, 136-139 
illegal station, 146 
industrial heaters, 84-85, 146, 148, 149, 
150 
immersion heater, 76 
lawn mowers, gasoline, 65 
electric, 60-62 
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Interference—cont’d Motor—cont'’d 


light bulbs, 150 brush-type, 49-53 

location of, 35-48 commutators, condition of, 54 

long distant, 152, 153 DC, 13 

marine distress frequencies, 134 filtering, 15-16 

master antenna systems, 86-88 sewing machine, eliminating noise from, 60, 
mobile radio, 82-83 61 

neon sign, 67-68, 146, 148 synchronous, 49 

office machine, 62-63 

oil burner igniters, 71 N 


ee aie weal Neon sign interference, 67-68, 146, 148 


phonograph pickup, 147 Noise, aircraft radio, 129-131 
power line, 69-70, 153 attenuation of, 14 
record player, 146 auto radio, 97-114 
refrigerators, 64-65 brush, AC motor, 51 
RF, 9 causes of, 12 

in audio systems, 77-80 clues to eer Sey 

in intercommunication systems, 78-79, conduction of, 13-14 


80 power lines, 40-42 
in theater sound systems, 78, 79-80 corona, ees 11) 
in TV receivers, 82-88 definition of, 


detectors, 35-37 

energy, spectral distribution of, 9-10 
faults, in automobile radios, 113 

FM base station receiver, 125-126 
frequency distribution of, 9-10 


small motors, 57-65 
sewing machines, 60, 61 
shavers, electric, 60 
receiver, short wave, 147 
sign flashers, 68 


telephone, 76-77 frequency peaks in, 9-10 
thermostat 149 frequency versus amplitude, 9 
transmitters, defective, 151, 152, 153 front-wheel, automobile, 108 
TV reception, 147-150 generator, automobile, 104-107 
TV sweep system, 80, 150 hardware, power line, 69-70 


high-level, tracing of, 45-48 
identification, 38-39 
base station receiver, 125-126 
ignition, 17-18, 72-73 
elimination of, 101-104 


ultraviolet machines, 68-69 
vacuum cleaners, 63-64 
versus noise, 8-9 

wired broadcast systems, 146 


L indications, 37-42 
induced from wiring, 14 
L-section filter, 16, 20-21, 24 industrial heater, 46-47 
Lawn mowers, electric, eliminating noise instrument, automobile, 108-109 
from, 60-62 intermittent, location of, 44 
LC filters, 20-21 location by elimination, 39-40 
Leakage, testing automobile antennas for, locator, professional, 135, 136 
marine radios, 132-134 
Lead-in, coaxial, automobile antenna, 111- origin of, 7, 12 
pickup, automobile radio antenna lead-in, 
Light bulbs, interference from, 150 111-112 
Lighting generators, marine, 132-134 remote-control lines, 125-126 
Lights, bypassing of, 122 Power line, 44-46, 69-70 
Low-pass filter, 22-24 power supply wiring, 13-14 
amateur transmitter antenna, 95-96 pulses, from ignition system, 100-101 
radiation of, 13-14 
M power lines, 41 
random, 8 
M-derived filter, 26 motors, 56-65 
formulas, 26 reducing components, 14-19 
section, amateur transmitter, 95-96 reduction of, by equipment design, 7 
Machines, office, climinating noise from, 62- by shielding, 18-19 
63 RF interference, 9 
Marine, engines, 132-133 scientific equipment, causes of, 135-136 
lighting generators, 133-134 signal, comparison to radio waves, 18 
radio, 130-134 similarity to signals, 8 
Master antenna systems, 86-88 sources, in automobile, 97 
Medium noises, 40-42 in home, 39 
Meter, output, for noise detection, 36-37 street lights, 44-45 
Mixers, kitchen, eliminating noise from, 59-60 suppression, small gasoline engines, 65 
Mobile radio, FM versus AM, 115 suppression procedures, two-way radio, 
interference with TV, 82-83 120-122 
Motor telemetry equipment, 135 
AC, reconnecting armature, 59 testing, FM receivers, 117-119 
types of, 49-53 transmission characteristics, 13-14 
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Noise—cont'd 
transmission of, 13 
two-way niobile-radio systems, 115-126 
rersus interference, 8-9 
voltages, AC, 13 
composition of, 13 
voltage regulator, aircraft, 130 
automobile, 107-108 
Notch filters, TV, 92-93 


ce] 


Office machines, compact, 63 
eliminating noise from, 62-63 
Oil burners, eliminating electric igniter noise, 
71 


suppression of noise, 71 
Outboard motors, 133 
Output meter, for noise detector, 36-37 


P 


Parallel resonant circuits, 27-28 
Passhband, low-pass filter, 23-24 
Passthrough capacitors, 33 
Peaks, random noise spectrum, 9-10 
Phonograph oscillators, 80-81 
Pi-section filter, 16, 33 

action of, 16 
Plug-in filters, 33 
Police radio, interference with TV, 82-83 
Power line, interference from, 153 

noise, 69-70 

insniator, 45 

Power supply, broadcasting noise, 14 
Power supply wiring, noise conducted on, 13- 


Probe antenna, for portable radio, 36 
Probe dipole, TVI location, 47-48 
construction of, 47 


Q 


Quarter-wave stub, TV input, 9! 


R 


Radiation, automobile ignition system, 101 
noise, 13-14 
from power lines, 41 
reduction of, 19 
Radio, aireraft, 127-131 
marine, 132-134 
portable, used as noise detector, 35-36 
Radio frequency; see RF 
Radio knife, 140-141 
Radio reception, broadcast, interference in, 
146-147 
Railway signal lights, 73 
Random noise, definition of, 8 
gas-discharge ‘apparatus, 66, 69 
intermittent, 75-77 
Range switch, noise meter, 36-37 
Ranges, electric, eliminating noise from, 75- 
76 
Rear-mounted antennas, automobile, 112-113 
Receivers, broadcast, interference from, 146, 


narrow-band, 7, 10 
short wave, interference from, 147 
Record player, interference from, 146 


Refrigerators, eliminating noise from, 64-65 
Relay interference, causes of, 136-137 
reduction of, 137-139 
Repairs, soll motors, 53-56 
Resistance wire fynition harness, 103, 120, 
identification of, 103 
two-way radio, 120, 121 
Resistive damping, 18 
relays, 137-138 
Resistive suppression, 17-18, 102-103 
Resistor spark plugs, automobile, 102-104 
Resonant circuits, series, 28-29 
parallel, 27-28 
Resonant frequency, formula for, 21 
relay coils, 138 
RF chokes, used in audio systems, 78 
RF industrial heaters, 84-85 
RF interference, audio amplifiers, 77-78 
distress frequencies, marine, 134 
drive-in theater sound system, 78 
intercommunication system, 78-79 
wireless, 80 
radio receivers, 80-81] 
theater sound system, 79-80 
TV receivers, 82-88 
RF overloading, causing interference, 88-89 
RF pickup, cathode of input tube, 80 
long leads, in audio systems, 77 
Ringer, telephone, causing interference, 76- 
77 
Ringing, in automobile ignition system, 101- 
102 


$ 


Safety wiring, aircraft, purpose of, 129 
Screen pattern, hattery charger interference, 
70 
cable-har, 86 
electric fence interference, 74 
electric range switch arcing, 75-76 
fluorescent light interference, 65 
FM receiver radiation, 83 
harmonic radiation, 89 
mobile radio, 82 
ignition interference, 72 
motor arcing, 57 
neon-sign interference, 67 
oscillating booster, 87 
police radio interference, 81 
power line noise, 69 
RF heater interference, 84 
Sereened rooms; see Shielded rooms 
Search pattern, noise lacation, 42-44 
Search procedures, TVI, with field strength 
meter, 47-48 
Seismographs, 141 
Selectivity, 10-11 
Series resonant circuits, 28-29 
Servicing, small motors, 53-56 
Sewing machine motors, eliminating noise 
from, 60, 61 
Shavers, electric, eliminating noise from, 60 
Shields, construction of, 19 
grounding of, 18-19 
Shielded ignition systems, 122-125 
Shielded rooms, 142-143 
Shielding, 18-19 
amateur transmitter, 94 
audio systems, 77 
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Shielding—cont’d 
automobiles, 110-111 
electromedical apparatus, 140-141 
purpose of, 18 
relays, 138 
TY receivers, 80 
Shunt capacitor, relay damping, 138 
Signal, sclection of, 9 
Signal generator, using to simulate weak sig- 
nals, 118-119 
Signal-to-noise ratio, 10-11 
Slip rings, alternator, automotive, 114 
Small motors, noises from, 57-65 
servicing of, 53-56 
Spark plugs, resistor-type, 103-104 
Spectral distribution, noise energy, 9-10 
Split-channel mobile radio, 115 
Squelch, FM radio, 117-119 
tone-coded, 118 
Static build up, front wheels, automobile, 108 
Static discharge noise, aircraft, 130 
Static dischargers, 130 
Stubs, construction of, 91 
Sunspot disturbances, 148 
Supply voltage, 13 
Suppression, resistive, 17-18 
Sweep generator, use for two-way radio work, 
119 
Switches, electric ranges, 75-76 
ignition, bypassing of, 121 
Synchronous motors, 49 


T 


T-section filters, 21-22 
Telemetry, 135 
Telephone interference, 76-77 
Test recordings, clectromedical] apparatus, 140 
Testing, automobile antennas, 112 
Theater sound system, RF pickup in, 78-80 
Thermostats, electric heating pads, 77 
interference from, 149 
Time constant, filters, 21 
relay circuits, 137 
Traffic lights, noise in, 73 
Transformer, IF, action of, 29-30 
Transistor radio, used as noise detector, 35- 
36 
Transmission, noise, 13 
Transmission characteristics, noise, 13-14 
parallel-resonant circuit, 27-28 
series-resonant circuit, 28 
Transmitter, airline, interference from, 145 
amateur, TVI proofing, 94 
defective, interference from, 151, 152, 153 
Traps, external, TVI, 90-94 
frequency selective, 29 
FM and IF, TV receivers, 90-94 
TVI, tunable, 91-93 
Tuned circuits, action of, 27-29 
Tuncd filters, 26-30 
TV antenna, used to trace high-leve) TVI, 


5- 


TV horizontal sweep, interfering with radio, 
80 
TV receivers, RF interference in, 82-88 
TV reception, interference in, 147-150 
TVI, amateur transmitters, 88-96 
carried on power wiring, 48 
color, false, 83 
converted TV high-voltage supply, 73 
high-level, 46-47 
oscillating booster, 87-88 
-proofing amatcur transmitter, 94 
sources not affecting broadcast band, 47 
tracking down with portable equipment, 
47-48 
TVIC (Television Interference Committees), 
144 
Two-way radio, 115-126 
Typewriters, clectric, eliminating noise from, 


U 


Ultraviolet machines, eliminating noise from, 
68-69 
Unusual interference cases, FCC, 145-154 


Vv 


Vacuum cleaners, eliminating noise from, 63- 
64 
repairing, 64 
Values of m, commercial filters, 26 
Voltage-regulated generators, automobile, 
106-108 
Voltage-regulated alternator, automobile, 114 
Voltage regulator, field filter for, 119 
instrument, 109 
noise, aircraft, 130 
automobile, 107-108 
bypassing, 107-108 
identification of, 107 
Voltage, noise, nature of, 13 
supply, 13 


Ww 


Warning lights, noise in, 73 

Wire, commutator and brushes, 54-56 
Welders, arc, eliminating noise from, 71-72 
Wire sizes, home-made filters, 31-32 

Wired broadcast systems, interference from, 


Wired radio systems, 81 

Wiring, noise radiation from, 14 

Wireless intercom systems, interference in, 80 
Wireless phono oscillators, 80-81 


X 


X-ray machines, 140 
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PREFACE 


This is the sixth edition of this handbook. Periodic updates are necessary to cope with 
new sources of radio noise, new source-location and source-identification techniques, and 
improved procedures for mitigating sources. In past years the dominant noise at receiving sites 
was from sources on power lines. In more recent time, radio noise from power-conversion 
devices operated by customers of electric utilities has become a significant source, and a section 
on such sources is included in this edition. 


The title of this edition has been slightly changed to better accommodate new noise- 
mitigation information and the new sources. In addition, the title limits the content of this 
handbook to sources external to receiving sites. A companion handbook covering sources of 
radio noise internal to a receiving facility is in preparation. 


Editions 1 and 2 of this document were published and distributed by the Southwest 
Research Institute of San Antonio, Texas in 1993. These two early editions formalized hand 
written notes on power-line noise mitigation, and they were provided to US Navy Signal-to- 
Noise Enhancement Teams to aid in their task of minimizing the adverse impact of power-line 
noise on the reception of radio signals at US Navy radio-receiving sites. The procedures 
provided in the handbook proved to be highly effective when the teams were adequately trained 
and when the procedures were strictly followed. All copies of the first two editions were quickly 
distributed to interested parties. Since there was an ongoing demand for additional copies, a 
second printing of Edition 2 was provided by the Naval Postgraduate School, Monterey, CA. 
Engineering Research Associates of Vienna, Virginia provided a third printing of Edition 2. 


The second edition was translated into Japanese to support mitigation programs in Japan, 
into Spanish for use in Spain and Puerto Rico and into Korean for use in Korea. The first two 
translations were provided by Engineering Research Associates, and the third translation by the 
Mission Support Activity (MSA) of USA INSCOM. Argon Engineering of Vienna, Virginia has 
produced a Japanese translation of the fifth edition for use in Japan. 


This edition adds considerable information about radio noise from power-conversion 
devices, a new source of radio noise that has appeared from the use of modern solid-state 
switching devices to alter and control electric power supplied to various kinds of loads. 


The authors are grateful to the Signal Enhancement Laboratory of the Electrical and 
Computer Engineering Department of the Naval Postgraduate School for their ongoing interest in 
keeping this handbook up to date. 
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1. INTRODUCTION 


Radio noise from sources associated with hardware on distribution power lines was the 
primary kind of radio noise affecting the signal-reception capability of radio receiving sites for 
many years. Only a very few remote sites that did not obtain power from overhead distribution 
lines and did not have distribution lines within line of sight of the uppermost part of antennas 
were free from the noise problems described in this document. 


In recent years radio-noise from power-conversion devices has appeared, and it is now an 
additional problem at many HF through UHF radio-receiving sites. This edition of the handbook 
adds information about this relatively new source of radio noise. The handbook has been 
reorganized to add information about new sources and other new material, but the extensive 
information about sources associated with electric-power-distribution lines in the earlier editions 
is retained. 


A five-step program is described to eliminate external sources of man-made noise from a 
receiving site. They are: 

Step 1—Understand and define the noise problem at a receiving site. 

Step 2—Understand sources and source mechanisms. 

Step 3—Locate sources. 

Step 4— Identify the hardware which is generating noise. 

Step 5—Specify and execute an effective mitigation action for each source. 


The presentation in this edition of the handbook follows the above steps. Typical noise 
problems at a receiving site are described in Section 1. Typical sources, source mechanisms and 
the temporal and spectral properties of noise from a variety of common sources are described in 
Section 2. Section 3 presents effective ways to locate sources of noise affecting the reception of 
signals at a site. Section 4 provides techniques to identify the specific items of hardware which 
generate noise. Section 5 presents effective and ineffective noise-mitigation actions. 


Appendix A provides a convenient summary of techniques to build noise-free electric- 
power distribution lines. Sections of distribution lines constructed in accordance with these 
techniques and procedures have remained completely free of sources of radio noise during more 
than a decade of monitoring. 


Appendix B describes a realistic method of calculating the loss of signal-reception 
capability from sources of man-made radio noise, and this technique is often used at the 
completion of a site survey. An example of signal-reception loss is provided from man-made 
radio-noise problems at a major receiving site, primarily noise from sources on power lines. The 
example employs measured noise data, measured site parameters, and is for a specific site, year, 
and season. 


The power-line material in this handbook is directed at the mitigation of noise sources 
associated with overhead distribution power lines (the lines providing electric power to 
customers). Sources on transmission lines (the lines interconnecting power plants, 
interconnecting transmission-line substations, and providing power to transmission substations) 
are usually more remote from receiving sites and such lines usually have fewer sources. In 


addition, the safety requirements associated with the higher voltages of transmission lines (69kV 
to 1MV) are critical and beyond the scope of this handbook. 


The planners, managers, and staff of receiving sites have historically given a low priority 
to radio-noise problems. This is because effective and practical instrumentation to identify and 
document radio-noise problems in meaningful terms is rarely available at a site. In addition a 
means to determine its impact on the reception of radio signals at a site is seldom available. 
Radio-noise problems are often perverse, and they take special techniques and considerable 
practical field experience to resolve. This handbook fills some of the gaps in the process of 
resolving radio-noise problems. 


Shortcuts to the procedures provided in this handbook are not advised since they almost 
always lead to incorrect results, excessive expenditures of manpower and money, and ineffective 
noise-elimination actions. Detailed knowledge of the procedures in this handbook and the strict 
adherence to the procedures will result in the elimination of noise sources. The reader is 
cautioned that extensive field experience is a necessary aspect of the successful and complete 
mitigation of the noise sources described in this handbook. There is no quick and easy way to 
successfully undertake the tasks of radio-noise mitigation. 


Many sites have additional radio-noise problems from sources internal to a site. This 
handbook does not cover this additional aspect of sources of noise affecting the reception of 
radio signals. A companion document that deals with this important problem is in draft form. 


2. Step 1—THE SITE NOISE PROBLEM 


2.1 Background and General Approach 


Considerable background information is required to understand whether a receiving site 
has experienced harmful interference from external sources of noise. A few sites encounter no 
noise from external sources, thus they have no need for this handbook. Other sites encounter 
severe levels of radio noise from external sources along with the associated loss of signal- 
detection capability. Generalized comments about radio noise and radio interference are not 
sufficient to determine if harmful levels of noise are present, to determine is noise is from 
internal or external sources, to locate sources, and to undertake effective noise-mitigation 
actions. This section of the handbook is intended to familiarize the reader with some of the 
background information needed to investigate and solve site noise problems. 


It is useful to first understand the general signal population in the HF band and to relate 
signals of primary interest to the general signal population. Figure 1 shows an example of the 
signal levels received in the 8- to 18-MHz portion of the HF band. The signal amplitudes were 
obtained at 1600 local time, a time of day when the general signal population and signal levels 
were lowest. Only a few low-level signals were present above and below the frequency range 
shown due to propagation conditions. The groups of highest-level signals in Figure 1 are signals 
from transmitters in the International Broadcast Service. They represent signals in the 31-, 25-, 
22-, 19-, and 16-meter bands internationally allocated to that service. At nighttime when 
ionospheric absorption is low, signals in these groups will be 30- to 50-dB higher in amplitude 
than shown in this figure. 
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Figure 1 Example of Daytime Signal Levels in the HF Band 


Most signals of primary interest will be located at frequencies between, above, and below 
signals in the International Broadcast Bands shown in Figure 1. The level of most signals of 
concern will be much lower in amplitude than those in the International Broadcast service, and 
they will generally range from a peak of about -80 dBm down to the minimum detectable level 
of about -130 dBm for a receiver with a 3-kHz bandwidth. Radio receivers and noise- 
Measurement instrumentation must be capable of coping with high-level signals in the 
International Broadcast Bands while also receiving signals and noise at the minimum signal- 
detection level of about -130 dBm. 


All broadband components of the RF path from the antenna to a receiver must be capable 
of coping with the total signal power delivered by the antenna without becoming saturated. In 
addition, the receivers and noise-measurement instrumentation at a site must also be able to cope 
with the total signal and noise power delivered to them. To obtain general information about the 
nature of signals in the band, the total signal and noise power delivered by an omni-directional 
antenna to a 50-Ohm load was measured at a number of HF receiving sites over one- to four-day 
periods with a broadband rms. voltmeter. A bandpass filter of 2- to 30-MHz was used between 
the antenna and the voltmeter to prevent signals lower and higher in frequency from 
contaminating the results. This measurement was completed at several sites to understand the 
maximum power levels presented to the input terminals of site receivers and at the input 
terminals of the noise instrumentation. 


Figure 2 shows an example of the total power delivered from an omidirectional antenna 
to a 50-Ohm load over a 4-day period. This example was obtained from a European location, but 
almost identical examples were obtained from all other locations. As shown, daytime power 
levels are reduced by signal absorption in the propagation path. Nighttime absorption levels are 
lower, resulting in higher signal levels and higher total power delivered by an antenna. 
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Figure 2 Total Signal Power Delivered from an Antenna 


The noise floor of a typical HF receiver is about —130 dBm for a 3-kHz bandwidth. This 
indicates that the broadband dynamic range of components in the RF path from the antenna to a 
receiver, and in the front-end portion of a receiver or noise instrumentation, must be about 100 
dB for the daytime measurement of noise at a receiving site. A broadband dynamic range of 
about 140 dB is required to ensure that nighttime noise data will not be contaminated by inter- 
modulation products or inter-modulation noise generated by components in the RF path between 
the antenna and the receiver. Alternatively, filters can be used to reduce the level of the 
broadcast band signals. Daytime noise measurements can usually be made by the careful use of 
conventional instrumentation. While some care must be made to ensure that instrumentation has 
sufficient dynamic range to handle the daytime signal power, much greater care must be taken to 
cope with the increased nighttime signal power. 


Yet another problem exists for the measurement of man-made radio noise in the HF band. 
Such noise is often highly impulsive. The spectral components of impulses are generally much 
wider than the measurement bandwidth of a conventional HF receiver or the bandwidth of noise- 
measurement instrumentation. Since little information about the impact of measurement 
bandwidth on noise amplitude was available, Hodge’ investigated the problem and developed a 
plot for bandwidth conversion. 


Figure 3 shows how the amplitude of power-line noise changes with instrumentation 
bandwidth. A similar plot of the amplitude of time-stable Gaussian noise as bandwidth is 
changed is added to the figure for reference purposes. The amplitude of a discrete-frequency 
signal does not change with bandwidth. 
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Figure 3 Bandwidth Scaling Curve for Power-Line Noise 


' James W. Hodge, A Comparison between Power-line Noise Level Field Measurements and Man-Made Radio 
Noise Prediction Curves in the High-Frequency Radio Band, MS Thesis, Naval Postgraduate School, Monterey, 
CA., December 1995 


Preliminary data about the amplitude of noise from a few power-conversion devices has 
been collected as receiver bandwidth was changed. Figure 4 shows plots of data from two types 
of motor controllers. Again a line representing variation in the amplitude of time-stable 
Gaussian noise with bandwidth is added to the plot for reference purposes. 
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Figure 4 Preliminary Bandwidth Scaling Curve for Power-Conversion Noise 


Because of measurement bandwidth implications on noise amplitude, the actual 
measurement bandwidth for each example of data shown in this document is provided. In 
addition, all measurements were made with a Gaussian-shaped bandwidth to minimize pulse- 
distortion effects. Considerable care was taken to ensure that all measurements were made under 
linear conditions to avoid contamination from intermodulation products and broadband 
intermodulation noise. 


Occasionally one will encounter a nonlinear device during noise measurements at a 
receiving site. The term “Intermodulation Products” is often used to describe the resulting 
spectral components generated by a nonlinear device. However, “Intermodulation Products” is 
commonly used to define the result of mixing multiple discrete-frequency signals together in a 
nonlinear component where the original and the additional spectral components generated are all 
discrete in frequency. Intermodulation products are highly useful for many laboratory 
measurements where clean signals are generated by signal generators, but it does not describe the 
intermodulation results found at a receiving site. A receiving site encounters many signals that 
are wide in spectral content (examples are FM, SSB, spread spectrum, repetitive impulses, 
random impulses, etc.). The intermodulation products of such signals are spectrally wide and 
change in amplitude and occurrence as signals fade, come and go. The term “Intermodulation 
Noise” is used in this document to distinguish the additional wideband spectral components 
generated in a nonlinear device while the term “Intermodulation Components” is used in its 
conventional sense. 


2.2 Site Instrumentation 


Instrumentation is required inside the receiving site to verify that radio noise and 
interference from power lines is present at the input terminals of receivers and to document the 
technical properties of such interference. Special importance is given to this instrumentation 
since it must present the investigator with sufficient information to determine the adverse impact 
of noise on signal reception, differentiate power-line noise from power-converter noise, and 
define noise from other sources. The instrumentation must also be able to cope with, and define, 
the highly erratic and time-changing operation of individual sources as well as multiple sources. 


The site instrumentation must be capable of accomplishing a variety of measurement 
tasks. Examples of these tasks are: 


e Identify and measure the ambient noise floor presented to the input terminals of a 
receiver in the absence of man-made radio noise. 


e Identify and sort power-line noise and power-conversion noise from a variety of other 
kinds of noise. 


e Identify and describe multiple cases and types of noise. 
e Identify the primary spectral and temporal properties of each source of noise. 


e Identify brief bursts of noise and sort them from other noise bursts, signal bursts, 
transients, and other ambient signals and noise. 


e Cope with and define highly erratic time-varying noise. 


e Identify, sort, and distinguish between cases of non-stationary noise and non- 
stationary signals. 


e Document the technical characteristics of each case of harmful radio noise. 


e If possible, provide directional information toward each source of noise to external 
source-location teams. 


e Coordinate the observed temporal structure of each case of power-line noise with that 
observed by external source-location teams in real time. 


This handbook does not include instrumentation to obtain long-term statistical measures 
of man-made radio noise. That is a separate matter that is beyond the scope and objectives of 
this handbook. The information and the instrumentation described in this handbook are limited 
to the objectives stated in Section 1. 


Figure 5 shows a block diagram of the primary site-located instrumentation used to 
obtain the data presented in this document. 
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Figure 5 Block Diagram of Site Instrumentation 


The antenna should be the one normally used for signal reception at a site. Furthermore, 
the instrumentation should be connected to the antenna at a location near the receiver. This will 
allow the instrumentation to examine the same radio-noise conditions which the receiver 
encounters. 


Banks of band-pass filters are used to avoid the high signal strengths found in the 
International Broadcast Bands. Unfortunately, it is not possible to design conventional discrete- 
component filters to completely avoid all of the high-level signals in the HF band. The filters 
were often supplemented with a narrow-band preselector of the kind popular in the early days of 
radio. Between the filters and a preselector it is possible to obtain sufficient information about 
low-level signals and noise to achieve the program objectives. 


High dynamic range preamplifiers were used to set the noise floor of the instrumentation 
about equal to that of a standard HF/VHF/UHF receiver. 


The spectrum analyzer is the critical part of the instrumentation. A scanning analyzer is 
preferred, but many new digital scanning analyzers are unsuitable for two reasons. First, the 
dead time between scans is far too large, resulting in excessive missed information along with 
their inability to define cases of erratic and intermittent noise. Second, it is impossible to alter 
their adjustments fast enough to define many cases of intermittent and short-term noise. For 
these reasons hand-selected units of the older HP-141 type Spectrum Analyzers were used to 
collect the data shown in this document. The dead time between scans for the older analyzer is 
minimal, and its controls can be rapidly adjusted to cope with changing conditions. Newer 
models of scanning spectrum analyzers are desired to replace the older model used for noise 
measurements, but suitable models were not available at the time this document was prepared. 
However, presently available newer models were preferred for laboratory measurements of time- 
stable signals and noise. 


An ELF Engineering Model 7200B 3-Axis Display was interfaced to the HP 141 
Spectrum Analyzer to provide a real-time time-history display of the temporal and spectral 
properties of signals and noise in any portion of the HF, VHF or UHF bands. The time-history 
presentation of the display provides its operator with comprehensive information about the time- 
changing signals and noise as well as those of more stable sources of signals and noise. The 
time-history view is often optimized by adjusting the spectrum analyzer scan-time control to a 
value considerably longer than the repetitive period of power-line noise (8.3 or 16.6 ms for a 60- 
Hz line and 10 or 20 ms for a 50-Hz line). A scan time of 100 or 200 ms allows several bursts of 
wide-band impulsive noise to occur during each scan. This provides an excellent view of the 
coarse-scale temporal and spectral structure. The interaction of repetitive bursts of power-line or 
power-converter noise with the slower scan time results in slanting lines across the time-history 
view. This provides an effective means to quickly determine the primary properties of each case 
of noise and to distinguish power-line noise from other types of signals and noise. 


In past years the time-history views were photographed with oscilloscope cameras using 
Polaroid film. This camera has been replaced with a digital oscilloscope camera, and the 
resulting digital files are stored on a laptop computer. 


Figure 6 Photograph of Typical Site Instrumentation 


Some sites may not have suitable real-time instrumentation for source-location, source- 
identification, and source-mitigation tasks. For such sites, the spectrum analyzer can be replaced 
with the Radar Engineers, Inc. Model 240 or 242 RFI Locators described in Section 3. 


2.3. Coarse-Scale Properties of Power-Line Noise 


This section of the handbook describes the primary properties of radio noise from sources 
on power poles. Several examples of the coarse-scale temporal and spectral properties of power- 
line noise obtained at receiving sites are provided to illustrate its impact on signal reception. The 
fine-scale temporal properties of such noise are highly useful in identifying sources, and several 
examples are provided in the following section. 


Figure 7 shows an example of the coarse-scale temporal and spectral structure of noise 
from a source on a power line. This example of severe noise from sources on a distribution line 
was obtained at a large receiving site and from an operational antenna at that site. The 
distribution line poles containing the sources were more than 1 km from the site. 
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HAN, 920402, 1118, 4.8, 5, 30, 200, A-192, F(2-8), a192, 20, -10, -20 


Figure 7 Coarse-Scale Properties of Power-Line Noise, Example 1 


Two views of the same data are provided in Figure 7. The top view shows noise 
amplitude vs. frequency. Noise amplitude can be obtained from the scale on the right end of the 
view. This scale provides the peak noise power within the bandwidth of the measurement 
system that is delivered to a 50-Ohm receiver. Multiple sources of noise (at least 4) with 
differing spectral shapes are shown in this view. The frequency scale shown below the bottom 
view also applies to the top view. 
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Deep nulls and high peaks in amplitude across the 5-MHz frequency band are shown in 
Figure 7. These peaks and nulls are caused by the non-frequency-flat characteristics of the 
source and spectral distortion from items in the path between the source and a receiver. The 
peaks and nulls make it impossible to define noise amplitude by a single number except at a 
specific frequency. The rather sharp fall in amplitude at the lower end of the frequency scale 
was caused by the use of a band-pass filter (band pass of 2 to 8 MHz) to limit the total signal and 
noise power fed to the instrumentation. The reduction in amplitude at the upper end of the 
frequency scale is associated with the spectral content and shape of the noise. 


A close inspection of the upper view shows a few discrete-frequency signals near the 
upper end of the frequency scale, but the noise level exceeded all signal levels. Signal reception 
was not feasible with the presence of this noise. 


The lower view provides a time-history picture of the activity of the sources. In this case 
the sources were active for the full 16.8 seconds duration of the example. Later examples will 
show the more typical erratic operation of noise sources. The slanting lines across the time- 
history view are a result of the bursts of broad-band noise occurring at the voltage peaks on a 
nearby distribution line interacting with the slower scan time of the spectrum analyzer used to 
obtain the example. The noise bursts are separated by 8.33 ms while the scan time is 200 ms. 


This example shows severe radio noise originating from sources on an electric-power 
distribution line where the nearest source was more than one km from the antennas at the site. 
The example illustrates the adverse impact radio noise can have on signal reception. The 
maximum amplitude of typical signals of interest to the site is about —80 dBm, a further 
indication of the adverse impact of the noise. 


Since the noise shown in Figure 7 is impulsive, its amplitude is limited by the 
measurement-system bandwidth (30 kHz for this example). The noise amplitude can be scaled 
to any desired receiver bandwidth using the curve in Figure 3. The amplitude of discrete- 
frequency signals can be obtained from the amplitude scale. 


A small line of information is provided at the bottom of this and all subsequent examples. 
The parameters in this line provide information about the measurement as well as key 
instrumentation parameters. Each item listed in the line is separated by a comma, and they are: 


Site identification, date in yymmdd format, local time, center frequency in MHz, 
frequency span in MHz, IF bandwidth in kHz, scan time in ms, antenna identification, filter 
identification, preamplifier gain in dB, IF reference level, and RF attenuation. 
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Figure 8 shows a case where the source of power-line noise is erratic in operation as 
shown in the time-history view. In this case the source was only about 100 meters from the 
receiver site, allowing noise to be received up into the VHF band. 


FREQUENCY - MHz 


0 SCAN TIME - ms 100 


SARGENT, 860713, 1500, 50, 100, 300, 100, 1m, NF, 24, 0, -20 


Figure 8 Coarse-Scale Properties of Power-Line Noise, Example 2 


One noise source was active for the entire time of the observation of Figure 8. The 
amplitude of this source was higher at the VHF frequencies of 40 to 100 MHz than for the 2- to 
30-MHz HF band. A second source became active about 2 way down the time axis of the time- 
history view. The second source added additional radio noise to the HF band and added very 
high noise into the VHF band up to and beyond 100 MHz. 


The slanting lines are further apart than those in Figure 7 because of the use of a faster 
scan time of 100 ms compared with 200 ms for the prior example. Since the bursts of noise from 
the two sources overlap in the time-history view, the two sources are on the same phase of a 
three-phase overhead distribution line. 
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Figure 9 shows another example of the erratic impact of power-line noise on the 
reception of signals. In this case the source was located more than a km from the receiving site. 
The time-history view shows the erratic operation of the source. The upper view shows that each 
burst of noise has the same spectral structure, indicating that each burst of noise is from the same 
erratically-operating source. The peaks and nulls in amplitude are well defined. 
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Figure 9 Coarse-Scale Properties of Power-Line Noise, Example 3 


Two strong signals near the upper end of the frequency scale exceeded the noise and 
could be received. One signal slightly above 4 MHz exceeded the noise by a slight amount, and 
it could be received along with noise. Another signal can be seen about %4 of the way up the 
frequency scale that is below the noise level and could not be received during the noise bursts, 
but it could be received in the brief intervals between each noise burst. 
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Figure 10 shows an example of noise from multiple sources on a distribution line. The 
lower view shows that sources are on two phases of a 3-phase distribution line. Both sources 
were more than 2 km from the site. The upper view shows the spectral shape of each source as 
well as several discrete-frequency signals. 
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ROT, 000906, 0835, 4.2, 5, 30, 200, LBM 120, PS-3, BPF 2-6, 11, 0, -30 


Figure 10 Coarse-Scale Properties of Power-Line Noise, Example 4 


The non-flat spectral content of each sources of power-line noise is shown in the 
amplitude vs.-frequency view. The signal-to-noise ratio of each individual signal can be 
determined from the data. Signals without sufficient amplitude margin over the noise cannot be 
received. 
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One final example of the gross spectral content of noise from a source on a power line is 
provided in Figure 11. In this case multiple sources of noise were present from three bell 
insulators on a pole located about 100 meters from the receiving site’s antenna. This line 
provided electric power to this site and to another site several km further away. 


Severe noise was noted throughout the entire HF and VHF bands and up into the UHF 
band. The sources were eliminated by replacing the bells with polymer insulators. After 
replacement the noise floor dropped significantly across the entire frequency span of the data, 
and the site was able to resume normal signal-reception tasks in all bands. Only a few cases of 
low-level noise remained from more distant sources. The nearby sources had to be eliminated 
before the lower-level and more distant sources could be detected and be dealt with. 
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Figure 11 Noise at a HF/VHEF/UHF Site 
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2.4 Fine-Scale Properties of Power-Line Noise 


Knowledge of the fine-scale temporal structure of power-line noise provides considerable 
information about each source of noise. Such information when obtained at the site is essential 
for the successful completion of external source-location and source-hardware identification 
efforts. 


Two common types of noise will be encountered along with several less common types. 
These types are closely related to the source mechanisms. The first is sometimes referred to as 
“gap noise” and its source is the very small breakdown of an insulating oxide layer between two 
metal components. The second common type is from the breakdown of air between two closely- 
spaced conducting objects. The first type is called micro sparking in this document. The second 
is called sparking. 


Figure 11 shows an example of the fine-scale presentation of the micro sparking. This 
source was traced to the breakdown of the oxide layer between the two metal parts of the clevis 
and pin joining two parts of a dual bell insulator. 


SCAN TIME - ms 
AT 4.5 MHz 


HAN, PASTEUP, 950407, 1439, 4.5, 0, 30, 20(LS), LBM 180, PS(-3), BPF 1, 20, 0, -20 


Figure 12 Fine-Scale Temporal Structure, Example 1 


The example in Figure 12 was obtained with the scan process of the spectrum analyzer 
synchronized to the power-line frequency. The scan time of 20 ms resulted in bursts of noise in 
the view where the bursts are separated by 8.33 ms. The timing of the first impulse of each 
group is very stable, and it occurs when the power-line voltage reaches the breakdown point of a 
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thin insulating oxide layer. Successive impulses occur in accordance with the model of the 
breakdown process provided in Section 3. The timing of subsequent breakdowns is less stable, 
and the creation of the impulses stops when the power-line voltage falls below the breakdown 
point of the thin oxide layer. This process results in a succession of bursts of noise where the 
bursts are synchronized to the power-line frequency. The amplitude of each impulse is almost 
identical. This and the pulse-spacing pattern result in a distinctive temporal structure that is easy 
to recognize during noise measurements at a receiving site. The noise creation and radiation 
mechanism is described more fully in Section 3. 


Figure 13 shows a case where the breakdown process is erratic. Such a source can 
quickly change from continuous operation to intermittent operation and back, or it can remain in 
a Stable state for minutes to tens of minutes. 


SCAN TIME - ms 
AT 4.2 MHz 


HAN, PASTEUP, 950407, 1502, 4.2, 0, 30, 20(LS), LBM 180, PS(-3), BPF 1, 20, 0, -20 


Figure 13 Fine Scale Temporal Structure, Example 2 
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Figure 14 shows an example of micro-sparking noise from a bell insulator source where 
the insulator was moving slightly from wind. The data was obtained with the scan time of the 
spectrum analyzer synchronized to the power-line frequency. Slight changes in the physical 
configuration of the oxide-layer breakdown from wind movement can produce large changes in 
the temporal structure of the noise. A few minutes after this example was obtained, the source 
became inactive for the remainder of the day. 


SCAN TIME - ms 
at 3.2 MHz 


HOM, PASTEUP, 900425, 1515, 3.2, 0, 30, 20(LS), LBM 312, (-3), BPF 1, 20, -10, - 


Figure 14 Fine-Scale Temporal Structure, Example 3 


The sources of the microsparking noise shown in the previous three figures are frequently 
hidden behind metal objects, and the spark is so small that it is not visible to the eye. Also it 
does not produce sufficient energy to result in reliable detection with an infrared sensor. Noise 
from this kind of source can be reliably detected with a VHF RF probe. 
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Figure 15 shows an entirely different fine-scale temporal structure. This example of 
sparking noise was caused by the erratic breakdown of air at the end of an insulated tie wire used 
to fasten an insulated conductor to a post insulator. The source was several km from the 
receiving site. The erratic initiation time of the initial arc is shown in the time-history view 
along with a more erratic second arc. The spacing between the two pairs of breakdowns is 8.33 
ms, indicating the arc occurred at both the positive and negative peaks of the line-voltage 
waveform. 
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Source 9508-04, Phase C 


Figure 15 Fine-Scale Temporal Structure, Example 4 


Because the breakdown process of a small arc is usually quite erratic, the temporal 
structure will vary considerably with time and from one source to another source. Most 
examples will show the erratic timing of the initial pulse followed by one or two additional 
pulses, also with erratic timing. 
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In some cases the sparking process will produce well-defined temporal patterns in the 
time-history view. Figure 16 shows one such case where the timing of the pulses produced a 
distinctive pattern. The upper view shows that at least four sources of noise were present, but the 
threshold control for the time-history view was adjusted to permit viewing only the distinctive 
structure of the highest level noise. This allowed the site operator to concentrate on the highest- 
level noise before proceeding to the lower-level cases. 
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HUM, 930523, 1245, 3.5, 0, 30, 20(LS), P-225, BPF 1, 0, 0, -20 


Figure 16 Fine-Scale Temporal Structure, Example 5 
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Figure 17 shows another example of the distinctive temporal pattern of sparking noise 
from the small arcing between the bottom threaded part of a pin insulator and its support bolt. 
The pin insulator had not been sufficiently tightened to form a solid metallic contact between the 
insulator threads and its mounting bolt. This allowed a thin insulating oxide layer to build up 
between the insulator threads and the mounting bolt resulting in a potential difference between 
the insulator threads and the mounting bolt. 


Similar patterns can occur from other arcing sources. 
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SOURCE 9509-1 


Figure 17 Fine-Scale Temporal Structure from a Small Arc 
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High voltage transients can be impressed on a distribution line during nearby or direct 
lightning strikes. Lightning arresters provide a path to ground to dissipate the charge buildup 
from a lightning strike, but their internal components can be damaged from a potent strike. The 
internal components of a damaged lightning arrester can then breakdown at the normal line 
voltage and at multiple locations within the arrester. The resulting overlapping arcing and 
microsparking can result in very potent radio noise at a receiver site located within line of sight 
of an overhead line associated with the source. 


Figure 18 shows the temporal structure of radio noise from a damaged lighting arrester 
located several km from a receiving site. The temporal structure can be similar to that of a gap 
source, but the amplitude will not be quite as flat and the pulses will be usually be overlapping in 
time from multiple breakdowns. Lightning arrester sources are often more active at times of 
high humidity and often become inactive during times of low humidity. 


TIME -s 


0 


SCAN TIME - ms 
AT 2.9 MHz 


HAN, PASTEUP, 950405, 0835, 2.9, 0, 30, 20(LS) LBM 60/72, PS(-3), BPF 9, 20, -10,-10 


Figure 18 Fine-Scale Temporal Structure, Example 6 
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The distinctive temporal structure of Figure 19 suggests the source is probably different 
from the prior examples. A guy wire attached to a distribution line pole rubbed against other 
metal hardware and produced erratic microsparking that generated this complex temporal 
structure. The pole was about 2 km from the receiving site. 


dBm 


TIME -s 


SCAN TIME - ms 
AT 2.7 MHz 


SAB, PASTEUP, 950919, 1030, 2.7, 0, 30, 20 (LS), LBM 288, PS (-3), BPF 9, 20, 0, -20 
Source 9509-11 


Figure 19 Guy Wire Rubbing Against Metal Hardware 
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The previous fine-scale views of radio noise from sources on distribution lines were 
obtained at times when only a single dominant source or a few sources were in operation. At 
times radio noise from multiple sources will be found, and the site operator must be able to 
distinguish between each source. Figure 20 shows an example of multiple sources. At least six 
and possibly seven sources are present. In this case, the site operator would place emphasis on 
the strongest sources, eliminate them, and then deal with the lower level sources. 


0 SCAN TIME — ms 20 
AT 4 MHz 


ROT, 000913, 0940, 4, 0, 30, 20(LS 60), LBM 120, BPF 1, 11, 0, -20 


Figure 20 Fine-Scale Temporal Structure, Example 7 
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2.5 Power-Conversion Devices 
2.5.1 General Comments 


Modern solid-state switching devices are used to alter electric power, control electric 
power, and change electric power from one form to another form. These devices are used in a 
wide variety of equipment and devices ranging from uninterruptible power supplies, switching 
power supplies, variable-speed controllers for electric induction motors, heating controls, light 
dimmers, solar power systems, and many other applications. Devices employing solid-state 
switching can place high levels of impulse current and voltage onto the electric wiring, ground 
conductors, and other metal components associated with a source. These impulses pass through 
the transformer providing power to a facility with little loss and onto the conductors of an 
overhead distribution line providing electric power to the facility. Noise radiating from the 
building conductors and the overhead power-line conductors of a distribution line associated 
with such a facility can result in severe radio interference at a radio receiving facility located 
within line-of-sight of the overhead lines providing electricity to a facility containing a power- 
conversion device. In some cases recent laws mandating the use of these devices in an attempt to 
conserve energy further exacerbate the noise problem at a receiving site. 


The temporal and spectral content of the radiation is determined by the electrical design 
of the power-conversion device. The spectral content is further modified by the electrical 
impedances of its facility wiring, the electrical path from the facility to the overhead lines, and 
radiation from the overhead lines. While the temporal structure of a specific source is usually 
maintained and can be observed at a distant receiving site, the spectral shape of the broadband 
noise can contain deep nulls and peaks in amplitude caused by the electrical characteristics of the 
path between the source and the receiving site. However, the temporal structure can vary from 
one source to another, thus providing a means to distinguish one source from another. 


2.5.2 Variable-Speed Electric-Motor Drives 


Variable-frequency power can be used to vary the speed of a standard induction electric 
motor where the motor size can vary from a fractional horse-power up to a multiple horsepower 
motor. Solid-state power-conversion devices are commonly used to change the fixed-frequency 
of electric power into a variable frequency power, thus providing a simple and effective means to 
change and control the speed of the motor. This technique can be used for a large variety of 
applications such as the control of the flow of air in facility, the speed of a conveyor belt, the 
flow of air into a ceramic furnace, and many other similar applications. 

Harmful levels of radio noise from variable-speed drives were first encountered at a 
radio-receiving site in 1995. Since that time the population of such devices has dramatically 
increased due to their effectiveness, low cost, numerous applications, and new laws mandating 
their use. Since most such devices were intended for industrial uses, little attention was given to 
the impulsive current and voltage they imposed on the electric wires and other conductors in the 
facility housing these devices. While they generate sufficient noise to affect the reception of 
signals from AM/FM broadcast and television stations, the affected receivers were often within 
the facilities housing the power-conversion devices and under their direct control. However, 
radiation from the facility conductors and the overhead power lines providing electric power to 
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such facilities extend far beyond the source facility. Any LF through VHF radio-receiving site 
within line of sight of the overhead power lines associated with such a facility is susceptible to 
radio interference. 

Figure 21 shows an example of the fine-scale temporal structure of noise generated by a 
controller used to vary the speed of a fractional horse-power electric induction motor. This 
particular controller was located about 3 km from the receiving site. 


The data was obtained at the receiving site at a fixed frequency of 4.2 MHz to allow the 
time-varying temporal structure to be portrayed without encountering deep nulls and peaks in the 
spectral content of the data. The variations in the speed of the motor are clearly shown in the 
time-history view. The amplitude of the noise is considerably higher than the maximum 
amplitude of all signals of interest to the site. 


TIME -s 


SCAN TIME - ms 
AT 4.2 MHz 


HAN, PASTE UP, 950808, 1508, 4.2, 0, 100, 5, LBM 324, BPF 9, 20, 0, -30 
Motor Controller Bravo 


Figure 21 Fine-Scale Temporal Structure of Noise from a Motor Controller 
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Figure 22 shows the fine-scale temporal structure of noise from the variable-speed 
electric-motor drive used to rotate a VHF acquisition antenna a nearby VHF receiving site. The 
HF receiving antenna was about 1/2 km from the rotating antenna at the VHF site. 


-140 


9 SCAN TIME - ms 100 


AT 3.44 MHz 


EDZ, 920514, 1043, 3.44, 0, 10, 100(LS), F-1, 20, 0, -40 
Noise from controller of ACQ Antenna 


Figure 22 Acquisition Antenna Controller Noise 


The time-history view shows the antenna controller was operating during the upper part 
of the view, and it turned off about 34 of the way down the view. Strong bursts of noise occurred 
at about 20-ms intervals. Since the scan process of the spectrum analyzer was synchronized to 
the frequency of the local power source, the slanting lines show that the controller operated at 
close to, but not quite, half the frequency of the local 50-Hz power. 
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2.5.3. Power-Conversion Device for a Residential Solar Power Installation 


Solar- and wind power-generation systems use solid-state-switching devices to convert 
their power into a format compatible with other electric power systems. Figure 23 shows an 
example of the coarse-scale spectral content of noise from a direct-current to alternating-current 
converter used with a residential solar power system. The noise was recorded at a radio 
amateur’s site located 1 km from the residence containing the converter. Very large spectral 
peaks and nulls of noise across the 10-MHz-wide band existed at the input to the radio amateur’s 
receiver. These peaks and nulls prevent the use of a single amplitude value to characterize the 
noise, however noise amplitude can be provided at any specific frequency. 


FREQUENCY MHz 


K6GDI, 0350621, 1037, 5, 10, 100, 100(LS), 80 m DIPOLE, NF, O, 0, -: 


Figure 23 Solar Converter Noise at K6GDI 


The residence with the solar converter was visited and measurements were made to 
determine the radiation mechanism. Current probes on the conductors between the converter and 
the house wiring indicated the broadband noise current was very low and radiation from the 
house wiring and the overhead power line feeding the residence could not explain the high levels 
of noise at the receiver location. A current probe on the DC conductors running from the 
converter to the roof-mounted solar cells indicated very high levels of conducted broadband 
noise. These conductors were about 50 meters in length, and they (along with the solar cell 
conductors) were the primary radiators of the broadband noise. 
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Since the radio amateur operator at K6GDI was the control station for a large-scale net 
operating on the 80-meter amateur band, the noise level in that band at his receiver input 
terminals was examined. The 80-meter band extends from 3.5 to 4 MHz, the center portion of 
the frequency range shown in Figure 24. The upper view shows the amplitude of the noise as 
delivered from his antenna to his receiver while the time-history view shows the noise was 
essentially continuous in time. While some temporal structure from impulses associated with 
converter switching is visible in the time-history view, its amplitude is nearly equal to the more 
continuous noise. The amplitude of signal levels during normal network operation range from 
about -130 dBm up to a high of about -80 dBm for single-sideband signals detected in a 3-kHz 
receiver bandwidth. The end result is that all signals from other stations in the network will be 
covered by the solar-system noise. 


1.4 


TIME -s 


FREQUENCY - MHz 


K6GDI, 030621, 1052, 4, 2, 100, 20, 80 m DIPOLE, F 2-8, 20, O, -20 


Figure 24 Solar Converter Noise at the 80-Meter Amateur Band 
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The amateur radio station also operated on 40 meters. A check of solar-converter noise at 
that band was also made. The 40-meter amateur band extends from 7.000 to 7.300 MHz, at the 
middle of the frequency range shown in Figure 25. The upper view shows significant peaks and 
nulls in noise amplitude across the frequency range shown. The two sets of slanting lines in the 
lower view show that repetitive impulses are present at two different rates. Apparently, the dc 
voltage from the solar cells was sampled at a different rate from the line frequency. Amateur 
radio operation at the low end of the band is not feasible, and only a few exceptionally strong 
signals will barely exceed the noise level at the upper edge of the band. 


32.8 


TIME -s 


FREQUENCY - MHz 


K6GDI, 030621, 1043, 7, 2, 100, 500, 80 m DIPOLE, F 2-8, , 20, 0, -20 


Figure 25 Solar Converter Noise at the 40-Meter Amateur Band 
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2.5.4 Uninterruptible Power Supply 


Some radio-receiving sites are located close to other facilities. In one case a satellite 
communications terminal was located about 1 km from an HF and VHF receiving site. The 
satellite terminal was equipped with an Uninterruptible Power Supply (UPS) to allow it to 
continue operation during short-duration power outages. The site was also equipped with diesel- 
powered generators for longer periods of power failures. 


When the satellite terminal was placed into operation, a new radio noise source appeared 
at the HF site. Figure 26 shows the temporal and spectral properties of the new interference that 
was traced to the UPS in the satellite terminal. The slanting lines represent impulses from the 
switching process of the power-conversion devices in the UPS. The UPS noise made it 
impossible to receive the low-level ambient signals that are also shown in the example. 


AMPLITUDE - dBm 
-100 


FREQUENCY - MHz 


BY, GOGO T, 28, 206, 2. 0, 20, LBM 2, BPP 1, 20, 0, 
Hinde from BAT OOM LS, Deities 8208-1 


Figure 26 Interference from a UPS Located 1-km from a Receiving Site 


An additional and even more potent noise source affecting other parts of the HF spectrum 
was also traced to the new satellite communications facility. In this case the noise was traced to 
a second power-conversion device that was used to control the field current in the diesel- 
powered generators. Neither the UPS nor the power-conversion device caused harmful 
interference at the microwave frequencies used by the satellite terminal, but they did cause 
harmful levels of interference to the nearby, but separate, HF site. 
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2.6 Other External Sources 


2.6.1 General Comments 

A noise investigator will encounter a number of additional sources of noise external to a 
receiving site in addition to those associated with hardware on power lines or from power-control 
devices. Knowledge of other sources and the temporal and spectral properties of their noise are 
essential to avoid the high cost and excessive time of false location, identification, and mitigation 
efforts. 


2.6.2 Ignition Noise 

In past years ignition noise from automobiles and trucks with gasoline engines was a 
prominent problem. In some cases the use of automobiles was restricted near antennas and other 
special precautions were taken to avoid ignition-noise problems. These precautions often 
included special equipment to monitor ignition-noise levels of automobiles as they approached a 
site. Quiet vehicles were allowed access to a site, but noisy vehicles were denied access. 


With recent improvements in the design of ignition systems for gasoline motors and the 
compliance of automobile manufacturers with modern radio-noise standards, vehicular radio 
noise has almost, but not quite, been eliminated. Modern automobiles can usually be operated 
close to the antennas of a receiving site with very little or no problem. Only older automobiles 
and trucks, those with modified ignition systems, those with faulty ignition systems, 
motorcycles, and other small vehicles are now of concern. Fortunately, the population of such 
vehicles is low, and only minimal effort is required to identify noisy vehicles and restrict their 
use near a receiving site. 


In addition, special gasoline-powered vehicles and other devices exist that radiate 
excessive ignition noise, and they are sometimes used in the vicinity of receiving sites. Devices 
such as weed whackers, lawn mowers, small utility vehicles, gasoline-powered electric 
generators, diesel-powered electric generators using electronic power control and power 
conversion, and other similar equipment are often major sources of radio noise. Such vehicles 
and devices are not required to meet the noise limits imposed on automobile and truck 
manufacturers. Their use at and near receiving sites must be strictly controlled. 


Older diesel-powered vehicles were exceptionally noise quiet, but modern diesel engines 
have electronic powered injection and fuel-control systems. The current impulses on conductors 
in these systems result in excessive noise levels similar to ignition noise, and most of today’s 
diesel-powered vehicles are unsuited for use in and around radio receiving sites. 


Yet one more source of radio noise can be traced to modern devices. Most late model 
portable electric generators (either gasoline or diesel powered) provide direct-current electrical 
power. Power-conversion devices are used to convert the electric power into 50-Hz or 60-Hz 
alternating power at 120/240-V or other desired voltages. Impulsive noise from such generators 
renders them unsuitable for use on and around radio receiving sites unless they are especially 
modified to reduce impulsive noise to harmless levels. 
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Figure 27 shows an example of ignition noise observed at a receiving site. The curved 
pattern of the noise impulses is caused by the changing rotation rate of the engine. The time 
between impulses from the ignition system changed with the engine rotation rate. The variable 
timing of the impulses interacted with the slower (but constant) scan time of the spectrum 
analyzer used to receive the noise. The source of this example was a single-cylinder motorcycle. 


7.425 FREQUENCY - MHz Pas 
| a ee Se 
* SCAN TIME - ms 200 


EDZ, PASTE UP, 920513, 1522, 7.45, 0.01, 1, 2O0(LS), CM, F 2, 20, 0, -40 


Figure 27 Temporal Structure of Ignition Noise 
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Figure 28 shows the fine-scale temporal structure of radio noise from the small gasoline 
engines of multiple weed whackers. The weed whackers were trimming grass and weeds around 
the antennas of a receiving site, and they induced impulsive noise into the ground plane of the 
receiving antenna. The smoothly changing pattern of the impulses from the more prominent 
sources can be seen in the time-history view. Normal receiving tasks could not be accomplished 
at this site while gardening work was underway. 


29.75 30.25 
FREQUENCY - MHz 


HAN, PASTE UP, 950808, 0940, 30, 5, 30, 50, HBM 96, PS(-3), HPF 25, 20, 0, -40 


Figure 28 Temporal Structure of Noise from Multiple Weed Whackers 
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2.6.3. RE Stabilized Arc Welders 


RF stabilized arc welders use radio-frequency power in the medium-frequency band to 
establish an arc, but the RF arc produced by the medium-frequency does not penetrate metal 
sufficiently for welding. RF-Stabilizers start an arc with a radio-frequency and then apply 
alternating current to the arc at the power-line frequency in parallel with the radio frequency. 
The combined arc from both radio-frequency and 60-Hz power is very stable and penetrates 
metal sufficiently for welding. Such arcs are widely used to weld Aluminum and other metals. 
Unfortunately, these devices feed harmonics of radio-frequency and the power-line frequency 
along with intermodulation products of both frequencies onto the electric-power wiring of a 
facility and onto overhead power lines supplying electric power to the facility. 


Figure 29 shows an example of severe radio noise from an RF-stabilized welder recorded 
at a receiving site. The RF stabilized welder facility (making aluminum fishing boats) was more 
than 11 km from the receiving site. 


RF & 60-Hz ARC 


SCAN TIME - ms 


SI, PASTE UP, 830609, 1430, 2.5, 0, 30, 50(LS), LBM 312, NF, 0, O, -30 


Figure 29 Noise from an Industrial RF Stabilized Welder 
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2.6.4 Electric Fences 


Electric fences are often used in the rural areas surrounding receiving sites. Some 
electric-fence controllers inject significant levels of pulse voltage and current into the fence 
conductors, and the electrically long fence wires are efficient radiators of broadband impulsive 
noise. 


Figure 30 shows an example of pulses from two fences as received at a receiving site. In 
this case the noise was received on a 20-ft length of television mast material that was used for a 
test antenna at a receiving site. The noise peaks, spaced roughly 1-second apart, produced very 
strong impulses in the receiver. The fences were more than 1 km from the receiving site. 


TIME -s 


SCAN TIME - s 
AT 5 MHz 


EDZ, 910911, 1530, 5, 0, 10, 5000, 20-FT PIPE, BPF 2-8, 20, -20, -20 


Figure 30 Noise from Two Electric Fences 
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2.6.5 Corona Noise 


Corona noise is sometimes observed at a receiving site. It is not included in the earlier 
descriptions of noise from primary sources because corona noise sources exist only on 
transmission lines operating at high voltages (typically from 69 to as high as 750 kV and in some 
special cases up to 1 MV). The lower voltage levels used on distribution lines (from 1.2 to about 
35 kV) will not support the air breakdown process of corona-noise sources. 


Figure 31 shows the temporal structure of corona noise. Each burst contains a vast 
number of overlapping impulses where the amplitude of each individual impulse is a function of 
the line voltage. The rounded shape of each noise burst is typical for corona noise. In this 
example, the scan process of the analyzer was not synchronized to the power-line frequency, thus 
slanting lines were formed in the time-history view. 


-70 
-90 
dBm 
-110 
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3.3 
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SI, 910814, 1535, 5, 10, 10, 50, 3m, NF, 20, 0, -40 


Figure 31 Corona Noise 
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The source of the corona noise in Figure 31 was identified as the breakdown of air at very 
small and sharp metal protrusions that formed on the upper side of the arm of a high voltage 
switch in a substation operating at 135,000 volts. The substation was located about 2 km from 
the receiving site. When these small protrusions were removed the corona noise disappeared. 


2.6.6 Broadband over Power Lines 


Recently radio amateurs and other organizations have experienced severe radio-noise 
problems from Broadband over Power Lines (BPL). The authors of this document have not 
encountered noise from BPL at the many radio receiving sites where extensive noise 
measurements were made (more than 45 sites worldwide). This is because BPL was not used on 
overhead-power lines within line of sight of any of the sites at the time of the visits. 


Since the receiving sites of concern are designed to detect and receive very weak signals 
operating with a variety of modulation formats, available evidence clearly indicates BPL will be 
a major source of radio noise and radio interference if implemented on power lines within line of 
sight of a radio receiving site. Serious degradation in signal detection and signal reception is 
expected if BPL is used on power lines within line of sight of a receiving site. 


Of special concern is that BPL operates in an environment which contains nonlinear 
equipment, devices, and contacts. This enhances the possibility of the production of harmonics, 
intermodulation products, and intermodulation noise at higher and lower frequencies than used 
by BPL. While such spectral components may be low in amplitude compared to the normal 
interference experienced by BPL and some receiving sites, such interference can be of significant 
concern to more specialized receiving sites. 


This major new source of radio noise and interference needs to be carefully examined by 
site planners, site managers, and site operators as well as by organizations managing the radio 


spectrum. Means to prohibit the use of BPL at or near present or possible future radio-receiving 
sites must be implemented, and a means to deal with any existing BPL system already installed 
at or near a radio-receiving site needs to be implemented. 
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3. Step 2—EXAMPLES OF SOURCE DEVICES 


3.1 Power-Line Sources 
3.1.1 General Information 


A detailed knowledge of power-line hardware and noise-production mechanisms on 
distribution and transmission lines is essential to locate, identify, and mitigate sources of radio 
noise on power lines. This is a difficult and time-consuming process for a number of reasons. 
Power-line hardware is considerably different from that normally encountered in receiving sites, 
thus personnel at such sites will not be familiar with the hardware or noise sources. Also, the 
hardware varies from country to country, electric utility to electric utility, and even within the 
territory served by an electric utility. Electric-utility linemen and radio-noise specialists go 
through several years of apprenticeship training to become acquainted with the vast variety of 
hardware, line-construction standards, line-construction procedures, noise-generation 
mechanisms, and safety procedures before they are considered proficient in power-line 
maintenance and radio-noise mitigation. This kind of experience cannot be obtained from this 
handbook. This handbook is only an aid in the process of gaining the required experience. 


The prior section has indicated that two basic sources exist on electric-utility distribution 
lines. These are microsparking from the breakdown of very thin layers of insulation oxide found 
on the surface of metal hardware, and sparking from the breakdown of air between two pieces of 
metal or from one charged object to another charged object. In microsparking, the spark is very 
small (as small as 0.002 cm) and generally invisible. Sparking sources can be as short as a 
fraction of a cm or up to about 2-cm long. The common characteristic of these two mechanisms 
is a step-function in current flow which generates almost infinite spectral components. These 
two mechanisms can be associated with a variety of hardware on distribution lines. A third 
source, corona noise, occurs from the breakdown of air around a conductor, and it is found only 
on transmission lines. 


Table 1 lists the most common items of hardware on electric-utility distribution lines that 
have caused harmful noise at radio receiving sites. Only six sources appear on this short list. 


Table 1 Most Common Sources 
Source Hardware Rating 

Bell Insulators 1 
Loose Hardware 2 
Lightning Arrester 3 
Insulated tie wires on either bare or insulated conductors and bare tie wires on insulated 3 
conductors 

Arcing between inadequately spaced and unbonded metal components 3 
Improperly assembled transitions between overhead conductors and underground cables 3 
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A number of less-common sources have been encountered during noise-mitigation work 
at receiving sites and during other source-identification tasks. Table 2 lists these sources. 


Table 2 Other Sources 


* The authors of this handbook are grateful for the help of several utility radio noise specialists in 
compiling this list of sources. We are especially thankful for the help of Mr. Wally Hanifin (now 
retired) of the Pacific Gas and Electric Company. 


Of interest is that some hardware items often thought to be common sources are not on 
the two lists. Examples are aging of hardware, corrosion, and dirty insulators. None have been 
identified as sources on distribution lines during the field work associated with this handbook. 
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3.1.2. Bell Insulator 


Many sources of radio noise have been traced to the bell insulator. Figure 32 shows a 
two-section bell insulator used on distribution lines. Single, dual, and triple bells are commonly 
used on distribution lines operating at 10- to 40-kV phase-to-phase or phase-to-ground 
potentials. Single bells are commonly used on lines operating at voltages of 13 kV or less. 


Figure 32 Bell Insulator 


The bell insulator is rugged, has a long life (typically 40 years or longer), does not 
significantly deteriorate with exposure and age, retains its insulation properties with age, 
normally tolerates flashovers from lightning, and is inexpensive. These desirable properties have 
made the bell insulator a popular item with many utilities and public works departments. Yet, 
the bell insulator has gradually been recognized as a major source of radio noise. Because of 
this, some utilities are now using other types of insulators to replace bells. 


About 1 out of 100 bell insulators is a source of radio noise at a radio-receiving site. The 
reasons why one particular bell insulator becomes a source of noise are obscure and not well 
understood. Visual inspection seldom reveals a flaw or any other reason why one bell generates 
noise and many others do not. 


The particular bell insulator shown in Figure 32 was removed from service because of 
lightning damage. A long burn mark is visible on the metal portion of the left section along with 
a short streak on the left rib of the left porcelain insulator. Another short streak is visible on the 
first rib of the porcelain at the right end of the bell. In addition, the clevis on the right end of the 
insulator shows burn damage around its hole. These visible marks on the insulator were caused 
by a flashover from a direct lightning strike. Apparently the flashover jumped over the center of 
the insulator. 


The burn marks did not result in radio noise, and thus were of no concern to noise- 
mitigation personnel or to the operation of a nearby radio-receiving site. The decision to replace 
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such a bell, if it is not a source of noise, should be left to personnel of the electric-utility or 
public-works organization operating the line. 


The primary source of bell-insulator noise has been traced to the electrical breakdown of 
a thin layer of oxide that forms on the surface of the metal parts of the insulator. The breakdown 
process is complex and has been extensively investigated by Beaseley*. The oxide-layer 
breakdown can occur at any of several locations on the bell. The locations are the clevis-pin 
joining connecting the sections of a bell, the end connection to the supporting pole, and the 
connection to the line conductor. 


To better understand the noise-generation mechanism, an equivalent electrical circuit of a 
two-section bell has been developed. Figure 33 shows a sketch of a bell and the equivalent 
circuit. Each component of the equivalent circuit is located immediately below the 
corresponding part of the insulator. 


POLE END CONDUCTOR END 


i | =e 


A a 


S2 & B2 


Figure 33 Circuit Diagram of a Bell Insulator 


The equivalent circuit can be modified to fit a one-, two-, or three-section bell insulator. 
A two-section bell was chosen for the example since it is the most common configuration found 
on distribution lines. C1 is the capacitance across the ceramic, or glass, insulation of the section 
near the hot line. This capacitance is considerably larger for a bell type than other types of 
insulators because of its internal construction. The metal line-attachment component extends 
inside the ceramic or glass insulation material and inside the metal component of the opposite 
side. The two metal components and the high dielectric constant of the insulation material 


* William L. Beaseley, An investigation of the Radiated Signals Produced by Small Sparks on Power Lines, Ph.D. 
dissertation, Texas A&M University, January 1970 
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produce the relatively high capacitance across each section of a bell insulator, and this 
capacitance is one of the factors involved in noise generation. Typical values of capacitance 
across a section of a bell insulator range from about 35 to 45 pf. This capacitance is sufficient to 
provide significant capacitive transfer of electric charge from the hot line to right side of the 
insulator that is opposite in phase to the potential of the line. 


S1 is closed if the clevis pin between the two sections provides a conducting connection. 
When S1 is closed, that portion of the bell will not generate radio noise. It is open when the two 
sections of the insulator are separated by a thin layer of insulating oxide. 


If S1 is open, then B1, S2, and B2 must be considered. B1 is shown as an arrow pointing 
left. This represents the insulating oxide layer between the two metal portions of a bell insulator. 
A charge transfer occurs in one direction across the thin layer of oxide when the oxide breaks 
down. The arrow indicates the transfer of charge during the positive portion of the line-voltage 
waveform. A potential of about 800 to 900 volts across the insulating oxide layer will cause it to 
break down. 


If S1 is open, S2 may be open or closed. If S2 is open, a potential cannot be induced 
across B2 on the negative portion of the line-voltage waveform. If S2 is closed, then the 
insulating layer, B2, can break down on the negative half of the line-voltage waveform. This 
produces a second set of breakdowns, separated in time from the positive set by one half the 
period of the line-voltage waveform. 


The charge transfer across B1 and B2 produces a brief pulse of current with a magnitude 
of about 7 to 9 amperes. This burst of current equalizes the potential on each side of S1 which 
terminates the oxide breakdown and the flow of current. The charge may then build up and 
repeat itself for one to twelve more times during each positive portion of the voltage waveform 
and also for the negative portion of the voltage waveform when S2 is closed. 


If S1 is closed by a good electrical connection at the interconnecting clevis pin, the 
potential appears at the left side of the second bell section. This results in a transfer of charge 
through C2. If S3 is open, the potential difference appears across oxide layer B3. It can break 
down in manner similar to the process described for B1. If S4 is closed, another breakdown can 
occur at the opposite portion of the line-voltage waveform and produce a second set of impulses. 


If both S1 and S3 are closed, a potential appears across the oxide layer on the clevis-pin 
joint on the insulator-to-post support hardware. A similar breakdown process can then take place 
at B5 and B6. The transfer of charge across C1 and C2 will result in a micro spark at B5 and B6 
only if the pole-to-ground resistance is very high. 


All of the oxide layer breakdown conditions and locations described have been identified 
during power-line noise-mitigation efforts. Since the insulating oxide layer is only about 0.001 
to 0.01 inch thick, the breakdown process cannot be considered an arc or even a spark. It is 
called a micro spark in this document. The charge transfer process across the B elements is 
similar to the reverse breakdown process in a diode, commonly called a charge avalanche 
process. 


Still another factor must be considered in the bell-insulator noise-mechanism process. 
An overhead distribution line is an excellent receiving antenna. Electric potentials (and current) 
are induced onto overhead lines from a number of sources, and these potentials ride on top of the 
normal line voltage. Such sources are: 
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Radio signals from nearby transmitters 

Transients from lightning 

Transients and noise from customer sources 

Transients from customer and utility switching operations 


All such sources add voltage to the normal line potential. Their sum can start, alter, 
change, and aggravate the operation of a microspark source in a bell insulator. 


Furthermore, weather conditions can alter the operation of a microspark type of source. 
High humidity can cause one of all of the switches to close and terminate the operation of a 
source. Wind can alter the physical shape of any or all of the switches and alter the operation of 
a source. 


At one time, it was believed that bells at the ends of short slack spans of conductors were 
more susceptible to microsparking than those at the ends of long tight spans. Field 
measurements have shown that this is not a reliable indicator of a source of noise. 


Figure 34 illustrated the relationship between the line voltage waveform and the temporal 
structure of a typical microspark breakdown process. 
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Figure 34 Sketch of Microspark Breakdown Process 


The following steps summarize the multiple breakdown process of a microsparking 
source. 


1. As the line voltage increases, the breakdown threshold of the thin layer of oxide is 
reached. 


2. A large avalanche of current flows across the thin layer of oxide (7 to 9 A). 


3. The potential across the oxide layer is equalized and the current flow stops. The 
breakdown is extinguished after a few microseconds of time. 
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4. The potential across the layer of oxide again increases to the breakdown point and 
another surge of current is generated. Each surge is equal in amplitude. 


5. This process continues until the line voltage decreases to the point where it can no 
longer support the breakdown process. 


6. This process is often, but not always, repeated on the opposite polarity of the line- 
voltage waveform. Sometimes it is repeated with different pulse patterns. 


This process usually generates multiple microsparks during each voltage maximum. 
Each group contains about 1 to about 12 impulses. If only half of the voltage waveform 
produces a breakdown, the time interval between groups of impulses will be 16.6 ms for a 60-Hz 
power line and 20 ms for a 50-Hz power line. If the positive and negative portions of the line- 
voltage waveform both produce breakdowns of the layer of oxide, the time interval between 
groups of impulses will be 8.3 ms for a 60-Hz line and 10 ms for a 50-Hz power line. Each 
impulse causes a nearly equal impulse current to flow since the breakdown process is the same 
for all impulses. If the mechanism is very stable, the variation in pulse-to-pulse spacing with 
respect to voltage will be visible in the time-history view of the temporal structure of a 
succession of groups. 


Still another factor must be considered to explain the full impact of radio noise from a 
microsparking source on a bell insulator. The impulse generated by each breakdown of the oxide 
layer is capacitively coupled onto the overhead power-line conductor by the relatively low RF 
impedance of capacitors C1 and C2. Impulse currents of 7 to 9 amperes in magnitude are 
injected onto the overhead line. These impulses create a strong electromagnetic field which 
efficiently radiates outward from the overhead line. 


The radiation pattern of an electrically-long distribution-line conductor contains many 
nulls and lobes in accordance with the normal long-wire antenna-radiation principles. Since 
impulse current flowing in the antenna is similar to the levels of antenna current generated by a 
low- to medium-power transmitter, the amplitude of noise collected by a distant receiving site 
will be similar to that from such a transmitter. 


3.1.3 Tie Wires 


Tie wires are widely used to attach conductors to post, pin, spool, and saddle insulators. 
Bare conductors and bare tie wires are commonly used on US distribution lines. Insulated 
conductors are often found on the distribution lines of other countries, and sometimes they are 
found on short sections of US distribution lines. Unfortunately, from a noise standpoint, 
insulated conductors are becoming more popular in congested areas where a configuration called 
“compact line construction” is used. This construction is a problem because of the high electric 
fields resulting from the close spacing of the conductors. 


Both bare and insulated tie wires can be found on both bare and insulated conductors. 
Bare preformed tie wires on bare conductors rarely produce radio noise since the tie wires are 
firmly bonded to the line conductors. This prevents the tie wire from assuming a potential 
different from the line conductor. The use of bare preformed tie wires is the preferred method of 
attaching bare line conductors to post or pin insulators. 
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Insulated tie wires on either an insulated conductor or a bare conductor can become a 
significant source of radio noise, and such construction, while standard for many electric utilities, 
should be discouraged. A number of examples of this kind of construction and the noise-source 
mechanism are provided, and Figure 35 shows an example of an insulated tie-wire holding an 
insulated conductor to a pin insulator. 


Figure 35 Insulated Tie Wire on an Insulated Conductor 


Figure 36 shows example of a small gage insulated tie wire holding a bare conductor to a 
pin insulator. 


Figure 36 Insulated Tie Wire on a Bare Conductor 
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The capacitance between the conductor and the tie wire shown in Figures 35 and 36 is 
about 30 to 50 pf. This is sufficient to charge the tie wire to a potential nearly equal to the line- 
to-ground potential but of the opposite polarity. While the insulation between the conductor and 
the tie wire will usually tolerate the normal potential difference, other factors must be 
considered. The insulation on both the tie wire and the conductor deteriorates with exposure and 
age. In addition, overhead conductors carry significant levels of radio signals, transients from 
utility switching actions, transients from customer operations, radio noise from customers, and 
transients from lightning and atmospheric electricity. These sources all have high-frequency 
components, up to tens of megahertz that add directly to the normal line potential. The normal 
potential difference between the conductor and the tie wire, along with the added potential 
provided by transients and other sources, is often sufficient to cause failure of the insulation on 
the conductor and tie wire. The insulation of even a new or replacement tie wire can quickly fail 
from the added potential difference caused by such sources; especially that from a nearby 
lightning strike. Once the insulation is penetrated with a spark and weakened, the normal 
potential difference between the line conductor and the tie wire is often sufficient to cause the 
breakdown process to continue. 


The insulation breakdown typically occurs at sharp bends in the tie wires and at the end 
of the tie wires. The electric field between the line conductor and a tie wire is maximum at such 
locations. Once a breakdown occurs, the insulation properties are decreased, and a continuous 
sparking can take place between the two conductors. Each spark induces an impulse of current 
into the overhead conductors. These current impulses have high-frequency spectral components 
that radiate from the overhead lines. 


The minimum length of the sparking path between the line conductor and the tie wire is 
the thickness of the insulation. Once started, the sparking path can expand in length and follow 
the path of damaged insulation. Tie wire sparking paths up to % inch in length, and sometimes 
longer, are common. Multiple failures on a single tie wire can occur. Figure 37 shows an 
example of the breakdown of an insulated tie wire. Severe deterioration of the insulation 
occurred from sparking. 


Figure 37 Insulation Failure at a Bend in a Tie Wire 
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Figure 38 shows the deterioration of insulation from sparking at and near the end of a tie 
wire where the potential between the tie wire and the line conductor is high at the high-frequency 
spectral components of the sparking process. This is similar to the high potential that exists at 
the ends of a dipole antenna. Note that the insulation has been trimmed from the end of the tie 
wire by sparking as well as causing damage to the insulation at several places a few inches from 
the end of the tie wire. 


Figure 38 Insulation Failure at the End of a Tie Wire 


In addition to the above sparking problem, deteriorated tie-wire insulation can sometimes 
allow the tie-wire conductor to come into contact, or near contact, with the line conductor. Ifa 
layer of oxide forms between the tie-wire conductor and the line conductor, or a very small 
spacing exists between them, micro sparking can also occur. Both sparking and micro-sparking 
sources can exist on a damaged tie wire, sometimes simultaneously. 


3.1.4 Lightning Arresters 


A new lightning arrester seldom generates radio noise, however all lightning arresters, 
old and new, can be damaged by lightning or other severe line transients. When damaged, 
lightning arresters can be sources of severe radio noise. 


Figure 39 shows a lightning-damaged arrester installed on one phase of a three-phase 
distribution line. The top of the arrester is connected to the line conductor and the bottom end at 
one time was connected to a ground wire. Note that the bottom connection to ground has been 
blown free from the arrester by lightning, a key indication that the internal components of the 
arrester probably have been damaged. The bottom connection of many arresters has been 
designed to separate from the body of the arrester as shown in the photograph. In addition the 
bottom connection of some arresters will purposely turn brown when damaged as shown in the 
photograph. 
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Figure 39 Example of a Damaged Lightning Arrester 


The radio noise is caused by the failure of the insulating gap or semiconductor material 
inside the arrester. This results in micro sparking and sometimes sparking inside the arrester. A 
single spark source can occur inside an arrester or several microsparking sources can occur. 
Multiple sources of microsparks often produce groups of overlapping impulses during the 
maximum part of the line-voltage waveform. 


Any lightning arrester with either indicator of damage should be immediately replaced or 
as a minimum be disconnected from the overhead-line conductor. It is a good practice to locate 
all lightning arresters within line of sight of the uppermost part of the antennas of a receiving site 
on a map and visually inspect each arrester after each severe lightning storm as well as check 
damaged arresters for radio noise. 


3.1.5 Loose and Unbonded Hardware 


Loose and unbonded hardware is often a source of radio noise. This includes a large 
number of potential sources including loose bolts, loose insulator-support pins, loose crossarm 
braces, inadequately separated conducting objects, loose staples on ground conductors, debris on 
the line, and leakage paths caused by insulation degradation or failure. 


Sparking can occur between any two conducting objects located within the near-zone 
electric field of a line conductor or which can be excited by an electrical leakage path. Sparking 
between two adjacent pieces of metal can be avoided by maintaining a spacing of at least 1% 
inches or more or by solidly bonding closer-spaced items. 
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Figure 40 shows an example of a hardware source. In this case an insulator support bolt 
protruded through the crossarm and touched the crossarm brace. During wet weather the bolt-to- 
crossarm spacing opened and caused a small gap to exist. Sparking across this gap caused severe 
radio noise to a receiving site located 2 km from the source. 


Insulator Support Bolt 


Cross Arm Brace 


Figure 40 Hardware Source, Example 1 


Figure 41 shows a source where a ground wire used to bond metal components together 
passed over the metal brace supporting a plastic crossarm. A small spark occurred between the 
ground wire and the brace. This induced noise current into the ground wire and other nearby 
objects. The length of the ground wire was sufficient to make it an efficient radiator of the noise. 


Figure 41 Hardware Source, Example 2 
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Figure 42 shows still another example of a hardware source. A close inspection of the 
wood behind the insulator shows extensive cracking and dry rot. This loosened the support bolts 
and associated hardware, and allowed sparking and micro-sparking sources to form on the 
insulator support components. Occasional puffs of smoke were seen emanating from the cracks 
due to the conduction of carbonized wood. 


Figure 42 Hardware Source, Example 3 


Figure 43 shows still another example of a hardware source. In this case the line 
construction crew carelessly left a loose bolt in a hole on the end of a metal crossarm. 
Movement of the bolt from wind or pole movement caused an intermittent and erratic micro- 
sparking source to exist. 


Figure 43 Hardware Source, Example 4 
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Debris can sometimes be found hanging on the conductors of a distribution line or from 
other nearby conductors. Such metal objects form intermittent contacts with a conductor whose 
electrical properties change with wind and moisture. A small layer of rust can develop between 
such an object and the line conductor which will break down from the difference in potential 
between the line and the debris. Such mechanisms generate highly erratic impulses of noise 
with noise bursts synchronous with the line frequency. 


Figure 44 shows an example of debris found hanging on the conductor of a distribution 
line while trying to locate a highly intermittent and erratic source of noise at a receiving site. In 
this case, a child’s swing seat was tossed onto the line by mischievous teen-age youngsters who 
were playing in the street. 


Figure 44 Debris on a Distribution Line Conductor 


Other kinds of debris can be very difficult to spot since the object can be a small piece of 
wire or other very small metal object. For example a small piece of wire or metal object can be 
blown onto an overhead conductor by wind, a piece of tie-wire can work its way along a 
conductor from line movement, or small pieces of debris can be flung up onto a line by a power 
mower. While most noise sources are associated with line-support hardware on a pole, debris 
can be found anywhere on or between line-support hardware, and is often found in mid-span, at 
the lowest point on a line conductor. In many cases the debris is very difficult to visually locate. 
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3.1.6 Spool Insulators 


Spool insulators are occasionally found on distribution lines although they were designed 
for (are more often found on) lower-voltage secondary lines. Figure 45 shows an example of a 
spool insulator that was removed during the upgrading of a distribution line. The line conductor 
is supported by passing it through the spool at the right end of the insulator assembly. The left 
clevis is attached to pole hardware. Often an insulated conductor is used to increase the 
insulation protection of the line. 


Figure 45 Spool Insulator 


The spool insulator is often a source of radio noise for two reasons. First, the spacing 
between of the line conductor from the metal support parts of the insulator is minimal, and under 
some conditions this can result in sparking. Next, the capacitance between the line conductor 
and the metal support parts of the spool is sufficient to pass a charge through the spool and onto 
the insulated metal spool-support hardware. The capacitance across the single section of the bell 
on the spool is similar to that of a bell insulator. These two factors can result in microsparking at 
the metal-to-metal junctions of the insulator similar to that described earlier for the bell insulator. 
Furthermore if insulated conductors are used with a spool, the insulation can break down, 
resulting in sparking and microsparking sources similar to that generated by an insulated tie wire. 


Lastly, insulated tie wires are sometimes used to attach bare or insulated line conductors 
onto the spool, and this can result in the tie-wire to conductor breakdown along with the resulting 
combinations of sparking and microsparking source mechanisms described earlier for tie wires. 
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Figure 46 shows a spool insulator used at the end of a short span of overhead conductor. 
The tie wire fastening the conductor to the spool is insulated. In addition, the conductor is 
wrapped with plastic insulation. This combination is especially prone to breakdown and the 
generation of sparking sources. 


Figure 46 Spool with Insulated Tie Wire and Insulated Conductor 


Several cases of the conductor slipping off a spool due to a loose tie wire have been 
noted. In such cases the conductor often comes in direct contact with the spool support metal, 
causing a metal-to-metal contact with the resulting erratic radio noise. 


Because of the propensity of spool insulators to support one or more noise sources, their 
use on distribution lines is strongly discouraged. This is especially true of distribution lines 
located within line of sight of a receiving site. 
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3.1.7. Underground Distribution Lines 


Underground electrical distribution is generally considered to be noise quiet, but there are 
notable exceptions. Some of these exceptions are described in this section. 


Customer sources of noise can be conducted over a section of an underground 
distribution line and onto overhead lines, and radiation of the noise from the overhead portion of 
the distribution system can be encountered at a receiving site. The source will appear to be at the 
transition from the underground to the overhead line. Most cases of such noise will have a 
distinctive temporal structure that will provide considerable information about the type of source. 
Facilities obtaining their electric power from the underground portion of the distribution system 
must then be examined to locate and identify the source device. Often there will be sufficient 
radiation from a facility containing a source that it can be located by measurement from nearby 
roads and parking lots with the instrumentation used to locate poles with sources. In most cases, 
the facility containing the source will be located a short distance from the underground-to- 
overhead transition. 


The insulation used on underground lines experiences high levels of dielectric stress, and 
failures in the insulation can occur. A sparking type of source from initial stages in the 
breakdown process can result in small local areas of noise emanating directly from the 
underground line. Fortunately, such noise rapidly attenuates along the underground line and 
only radiates harmful levels of noise from an overhead line if the source is close to an 
underground-to-overhead transition. The temporal structure of such a source usually starts with 
a single small spark and progresses to multiple overlapping sparks. Such sources should be 
reported to the electric utility operating the underground line since insulation breakdown 
eventually progresses to total failure. 


The most prevalent sources of noise related to underground construction are the 
transitions from an underground cable to an overhead line, the transition of an underground line 
to the terminals of a surface-mounted transformer, and the transition from an underground cable 
to switch gear. It is sometimes difficult to distinguish such sources from those caused by a 
nearby cable insulation failure. 


The metal enclosure housing a surface-mounted customer transformer or switch gear is 
normally grounded for safety considerations. In rare cases the ground connection can be broken. 
When this is the case, a sparking source inside the enclosure can induce surface currents on the 
outside of the enclosure. Radiation from the surface current can be a source of noise at a nearby 
receiving site. 


Problems arising from underground construction peculiarities and transitions from 
underground to surface hardware are difficult to identify and resolve, and they will present the 
radio-noise investigator with great challenges in properly identifying the actual source 
mechanism and prescribing practical and effective mitigation actions. Only experienced utility 
or public works personnel should obtain access to, and work on, underground cables and the 
transition to surface hardware because of the specialized construction and the safety 
considerations involved. 
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3.2 Power-Conversion Sources 
3.2.1 Background Information 


Devices to convert electrical power from one form to another form have been used since 
the early days of the distribution of electricity, but the relatively recent development of solid- 
state switching devices capable of handling large currents and withstanding large potentials has 
greatly expanded applications for these devices. They are presently used to change alternating 
current to direct current, direct current to alternating current, 50- or 60-Hz current into variable- 
frequency current, and many other tasks. The switching process breaks the power into a series of 
short pulses of current and voltage. These short pulses (with steep rise and fall times) have 
spectral components that extend up into the HF and VHF frequencies and sometimes even higher 
into the UHF band. 


The first through fourth editions of this handbook did not mention radio noise from 
power-control devices, because they simply were not a major source of radio noise affecting the 
operation of receiving sites. By the time the fifth edition was published, it was apparent that 
such devices were becoming a significant source of radio noise, and their numbers would 
increase over the next few years. Unfortunately, not enough information about the radio- 
interference aspects of power-control devices had been collected to fully document the extent of 
their radio-noise problem as the 5" edition was being prepared. 


Every desktop and laptop computer uses a switching-power supply to convert the 
available electric supply into the various voltage levels required to operate the computer, but this 
is only one of a vast number of applications for solid-state switching devices. Fortunately, most 
of these devices are designed such that the transients produced by them are largely contained 
within the device. Unfortunately, some are not so designed and induce undesired electrical 
impulses into the power conductors of the building housing them and onto overhead power lines. 
Generally, it is impulsive current on the overhead power lines that is the radiation mechanism. 


In the United States, the Federal Communications Commission sets limits on the amount 
of radio noise which switching devices and other electronic equipment can inject into the power 
conductors of a residence or an industrial facility. Part 15 of the FCC Rules® provides for two 
classes of protection from radio noise generated by such devices. Devices in the Class A 
category have limits intended to satisfy the needs of industrial facilities where significant 
amounts of radio noise can be tolerated. Devices in the Class B category have a stricter limit to 
meet the needs of residential areas where the density of radio and television receivers is high. 
All electronic devices marketed in the United States must be tested for compliance with the noise 
limits contained in the FCC Rules, and each item must have a label indicating it meets the 
requirements of its category. 


Figure 47 shows an example of such a label for a Class A product intended for use by 
industry. The text on this notice clearly indicates the device might, and probably does, generate 
unacceptable amounts of radio noise for use in a residential area. The notice does not mention 
the possibility of radio noise at radio-receiving sites. 


> Code of Federal Regulations, 47CFR Part 15, Radio Frequency Devices; Subpart B, Unintentional Radiators 
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Figure 47 Radio-Interference Label from a Class A Electronic Device 


Unfortunately, radio noise from a Class A device located in an industrial facility can be 
conducted along the facility wiring, through the meter, through a pole transformer, and onto 
overhead power lines providing electrical power to the facility. Overhead power lines carrying 
noise current efficiently radiate the noise which appears as radio interference to a nearby radio 
receiver. While the source of the noise is the power-conversion device, it is the conductors of an 
overhead power line that radiate the noise or sometimes other conductors in a building. Both the 
source and the conductors carrying noise current are part of the noise-source mechanism. 


Radio noise originating from a number of power-conversion devices has been 
encountered during noise surveys at receiving sites. Among these are: 


Variable-speed controller providing power to a fractional horse power electric motor 
driving a pump at a hydroponics farm. 


Variable-speed controller providing power to a fractional horsepower electric motor 
driving a belt for sorting flowers. 


Variable-speed controller providing power to a fractional horsepower electric motor 
driving an exhaust fan at a ceramics furnace. 


Variable-speed controller providing power to an electric motor providing power to 
the air-circulating fan of a building. 


Variable-speed controller providing power to an electric motor used to drive a 
moving platform of a research water tank. 


Variable-current controller used to provide power to the field winding of a large 
electric generator located at a satellite communications facility. 


Uninterruptible power supply for a satellite receiving facility. 


Variable-frequency controller providing power to an electric motor at a water- 
pumping station. 


Controllers and power converters for residential solar power systems. 
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3.2.2 Examples of Power-Conversion Sources 


Several examples of power-conversion devices are provided in this section. Each 
example produced harmful levels of radio noise at a receiving site. The examples show the 
diversity and variety of power-conversion devices and their applications. 


Figure 48 shows the outside housing for the controller and motor of an air-conditioning 
system of a large radio-receiving facility. A radio-noise specialist is pointing at the Class A 
warning notice on the housing that clearly indicated this device was a likely source of radio 
noise. The controller injected high levels of noise current onto the outside surface of the 
housing, onto pipes leading to and from the housing, and onto the conduits providing power to 
the controller. Radio noise emanating from these conductors was intercepted by the site’s 
antennas and fed to its receivers, resulting in severe interference to the reception of radio signals. 


The variable-speed controller for the air-conditioning motor for this installation was 
intended for use in an industrial facility, and it was properly labeled for that type of use. The 
controller was improperly installed at an HF radio-receiving site where it caused severe radio 
interference as indicated by its warning label. This is a clear example of poor site engineering. 
Only devices approved for Class B residential use should be considered for installed at locations 
at or within line of sight of radio receiving sites. Noise measurements should be performed on 


Figure 48 Housing for Variable-Speed Motor Controller and Motor 


Figure 49 shows another example of a source of radio interference at a receiving site 
from a power-conversion device. The photograph shows the controllers for two variable-speed 
electric-motors used to control the flow of water from a nearby storage tank into the local-area 
water-distribution system. Electric power enters the controller enclosure at the bottom. The 
motors are located directly below and behind the controller. Variable-frequency electric-power 
is provided to the motors by short conductors that also exit from the bottom of the enclosure. 
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Figure 49 Variable-Frequency Controllers for Two Electric Motors 


Figure 50 shows the motors and the water-control valves associated with the controller in 
the previous figure. The motors are standard fractional horsepower induction motors that are 
widely used in many kinds of low- to modest-size variable-speed applications. 


Figure 50 View of Variable-Speed Motors and their Loads 
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In this case the controller injected switching impulses onto the building wiring, the 
impulses were conducted to an outside pole transformer, passed through the transformer and onto 
the overhead distribution line conductors. Radiation from the overhead-line conductors caused 
radio noise at a receiving site located several km away. 


Figure 51 shows the controller used to convert direct-current voltage from solar cells into 
alternating current at the frequency of the power provided by an electric utility. In this case the 
controller was used in a residence where solar-generated electricity was used to supplement 
power from the electric utility serving the area. High levels of switching impulses were injected 
onto the conductors running from the controller to the roof-mounted solar cells, and radiation 


from these conductors resulted in severe noise to a receiving site located more than a km from 
the source. 
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Figure 51 Solar Power Converter 


The controller shown in Figure 51 did not contain a FCC Class A or B label. Because of 
this it was a unit improperly marketed in the United States. This particular model is no longer 
available, but it raises questions about similar units that are built with no consideration of man- 
made radio noise or of units built to FCC Class A specifications that find their way into 
residences. Several complaints of radio noise from such devices have been reported, and in most 


cases the resident had insufficient knowledge and background to understand the implications of 
the noise ratings. 
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Figure 52 shows a controller and three induction motors used to control the flow of 
enriched water to plants in a hydroponics farm located about 11 km from a receiving site. The 


Figure 52 Motor Controller at a Hydroponics Farm 


Figure 53 shows the external electric power feed into the building containing the 
hydroponics farm. The controller was located inside the building on the inside of the wall shown 
in photograph. The power drop was connected to an overhead pole transformer located about 30 
meters from the building, and the overhead line feeding electric power to the transformer ran 
along the road in front of the building. Controller-generated radio noise radiated from the 
overhead distribution line. 


61 


Figure 53 Power Feed for Hydroponics Farm 


Figure 54 shows the conveyor belt associated with a machine used to sort, process, and 
prepare flowers for shipment to sales outlets. The speed of the conveyor belt is controlled by a 
solid-state variable-speed motor controller. The enclosure housing the power-conversion 
electronics is the grey box under the belt and to the left of the seat of the motorcycle that was 
parked in the facility. The motor is located under the belt and is not visible in this photograph. 


Figure 54 Photograph of Flower Processing Machine with Variable-Speed Drive 
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4. Step 3—Locate Sources 


4,1 Power Line Sources 


The location of sources on power lines must be done only by individuals trained in the 
hardware and safety aspects of working around overhead distribution lines. Carefully read the 
following warning and comply with all aspects of the warning. 


WARNING 


Individuals following the field procedures in this section are cautioned that 
electrical shock hazards, including possible electrocution, exist when 
working near and around power lines. All personnel working near power 
lines must use due caution and work under the supervision of trained 
personnel and be provided with the appropriate safety equipment. 
Inexperienced personnel should not attempt to work on or near power lines. 


The procedures described herein do not require the attachment of 
instruments or probes directly on power lines. Furthermore the procedures 
in this document do not require that poles, guy wires, or other conducting 


objects be touched or moved. This includes striking poles with sledges, 
mallets and other objects. These and similar actions are specifically 
excluded as they are dangerous, and they do not produce useful results. 


All field personnel and support personnel are cautioned that guy wires, 
switch handles, damaged ground wires, and other conducting objects may 
be at high potentials due to leakage, insulation failure, or reactive coupling 
effects. Stay clear of pole hardware and stand clear of line conductors 
during noise mitigation work. Be alert to possible mechanical failure, 
particularly on older lines. 


WARNING 


Most sources of power-line noise are associated with electrically small metal objects. 
Thus, direct radiation from the actual source hardware is usually insufficient to account for the 
reception of such sources at a receiving site; however such sources inject significant levels of 
noise current into overhead-line conductors, ground conductors, guy wires, and other nearby 
electrically-long conductors. Radiation of noise from these conductors, rather than direct 
radiation from the noise source, is a primary aspect of the power-line-noise problem. 


Figure 55 shows a block diagram of the factors involved in the reception of power-line 
noise at a receiving site. Each block in the diagram has electrical characteristics that vary with 
frequency. A microspark or spark produces spectral components over a very wide portion of the 
radio spectrum; often up to 1-GHz. Usually the microspark or the spark is not directly connected 
to the overhead power-line conductors. The electrical properties and dimensions of conductors 
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associated with the source and the capacitive and inductive coupling of the spark to nearby 
conductors along with the electrical dimensions of these conductors distort the spectral shape of 
the noise and result in peaks and nulls in its spectral shape. The electrically-long power-line 
conductors carrying and radiating noise also have significant impedance variations with 
frequency, and the lobes and nulls of their radiation patterns vary in direction and magnitude 
with frequency. The propagation path from the radiating power-line conductors to the receiving- 
site antenna often contain conducting objects such as buildings, trees, other overhead lines, and 
other conducting objects that introduce frequency-sensitive distortion to the noise. Finally, the 
lobes and nulls of the receiving-sites’ antenna in the direction of a source also change with 
frequency. All of these factors have a significant impact on the fine-scale and the coarse scale 
spectral shape of broadband impulsive noise observed at the input terminals of a site’s receiver 
as well as producing smaller changes in the temporal structure with frequency. While these 
factors complicate the job of precisely defining the spectral and temporal properties of noise 
observed at a receiving site and relating it to a source, an understanding of the general impact of 
the various factors on the temporal and spectral properties of noise is essential for the conduct of 
successful source-location work. The spectral shape of noise observed at a receiving site is much 
different than the spectral shape of noise observed at or near a source. 


Figure 55 Block Diagram of Source-to-Victim Path 


The source-location techniques described in this handbook are based on the distance 
noise current is conducted along a power line as frequency is varied, and the radiation of noise 
from these conductors. At low HF frequencies, noise current flows for relatively long distances 
along the overhead conductors of a power line. At high VHF and low UHF frequencies the 
amplitude of noise current on a power line decreases rapidly with distance from a source. 


Figure 56 illustrates this effect. The time-history view shows noise exceeding a threshold 
level as a spectrum analyzer and its time-history display are moved along a power line at 
constant speed. The location of two poles, both containing sources, is shown on the left edge of 
the time-history view. The poles are about 30-meters apart. At low VHF frequencies (and also 
at HF frequencies not shown on this example) high levels of noise exist over the entire distance 
traveled, but at high VHF frequencies, noise is detectable only when near the pole. As a general 
rule, the higher the frequency the nearer one must be to a source for the noise to exceed a 
threshold. Thus a portable receiver with an AM detector, a relatively wide IF bandwidth, and a 
tunable frequency range from HF up to about 1000 MHz is a primary tool for source location. 
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The data shown in Figure 56 suggests that noise sources on distribution lines built along 
roads can be located simply by installing a HF/VHF/UHF receiver in an automobile and driving 
along the road. This indeed is a practical way of locating the general region of a source, but the 
excessive impulsive noise from the ignition systems of many gasoline-powered automobiles 
makes it difficult to locate similar impulsive noise from power-line sources. Modern diesel- 
powered vehicles often radiate excessive impulsive noise from their fuel injection and other 
digital systems. It is essential that source-location teams use radio-noise-quiet vehicles. 


Pole 1 


TIME -s 


SI, 890119 1535, 100, 100, 100, 200, NF, 1 m, 15, 0, -10 
Sears Point Road, Circle Bar Ranch 


Figure 56 Variation in Spectral Content with Distance from Sources 


Two battery-operated and portable receivers specifically designed for the investigation of 
radio noise from power lines have been developed for use by electric-utility personnel. They are 
the Models 240 and 242 MF/HF/VHF/UHF RFI Locators provided by Radar Engineers of 
Portland Oregon (radarengineers.com). The receivers can be used with a noise-quiet vehicle to 
search for sources on distribution lines that are located along roads. A 1-meter magnetic mount 
antenna on the roof of the vehicle can be used to receive noise. When the general region of a 
source is located, multiple passes with the receiver tuned to higher and higher frequencies may 
be necessary to pinpoint a source. Subsequent refinements in the final location on foot are often 
required to ensure that the correct pole or tower is located. 
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Figure 57 shows two photographs of the Model 240 RFI Locator during a source-location 
task. In the left view a small rod antenna is used while the receiver is carried along a power line. 
In the right view the receiver is used with a hand-held log-periodic antenna to determine the 
direction to a noise source. In both cases one must start at a frequency in the low VHF range and 
successively use higher frequencies to pinpoint the location of the source. 


Figure 57 Source-Location Using the Model 240 or 242 Locator 


The display incorporated into the Radar Engineers Models 240 and 242 receivers is 
highly useful during source-location work. Its presentation of the temporal structure of noise 
from a nearby source enables the external team to compare the structure and activity to that 
observed at a receiving site. Figure 58 shows an example of the temporal structure of a source 
under investigation at a receiving site. The signal-strength meter is shown below the display 
along with other controls. 


MOORE CATON ene 
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Figure 58 Temporal Display on Model 240 Receiver 
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Other hand-held receivers with similar frequency coverage are available from suppliers 
of communications equipment. Examples are the models IC-R5, IC-R3, IC-R10, and IC-R20 
from ICOM (see icomamerica.com), the model TH-G71A from Kenwood (see kenwood.net), 
and the model AR-8200 series from AOR U.S.A., Inc (see aorusa.com). While these are 
excellent communications and general-purpose receivers, their narrow IF bandwidths and lack of 
a display of the temporal structure of noise make them less desirable for source-location work. 


Still one more technique can sometimes be used to locate poles containing noise sources. 
Figure 59 shows a Model 240 RFI Locator on a hilltop overlooking a distribution line. The log- 
periodic antenna is pointed at the distant distribution line and slowly scanned along the line for 
noise. Poles on the distant line must be visible from the hilltop. Repeated scans at higher and 
higher frequency will allow sources on individual poles to be located by this technique with the 
RFI Locator at distances up to about 1 km from a distribution line. 
—E 
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Figure 59 Hilltop Source Location with RFI Locator 


A standard battery operated HF receiver is often useful during source-location work. It 
can be used to monitor the activity pattern of erratic sources for correlation with the activity 
pattern observed in the receiving site while the RFI Locator is moved from one location to 
another. A Sony Model IC 2010 or any equivalent portable HF receiver can be used for this 
purpose. Some portable receivers have an RF gain control which is useful to avoid overloading. 
Alternatively, the length of the antenna can be shortened to reduce overloading problems. 


As source poles are located, a portable GPS is used to determine the location of the 
source, the direction of the source from the receiving site, and the distance from the source to the 
site. This information is entered into a source-location log along with other comments. Table 3 
shows a suggested source-location log. 
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Table 3 Source-Location Information 


Site 

Source Identification No. 
Date 

Time 

Pole ID 


Location 


Latitude 
Longitude 
Site-to-Source Bearing 


Site-to-Source Distance 


Noise Description 


Comments 


Source Hardware 


Mitigation Actions 


Note: The last two items in Table 3, Source Hardware and Mitigation Actions, cannot be 
completed until the source hardware is identified. These items are included in the table to permit all 
information about each source can be recorded in one place. 
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Table 4 lists the power-line source-location equipment used to obtain the information 
needed to produce this handbook. 


Table 4 Source-Location Equipment 
Item Model No. Source 
RFI Locator Model 240 or 242 Radar Engineers 
HF Receiver IC 2010 or eq. Sony 
Log Periodic Antenna CLP 5130-1 (50 to 1300 MHz Create 
Log Periodic Antenna CLP 5130-2 (108 to 1300 MHz) Create 
Loopstick Antenna 1700 to 6000 kHz Frequency Range | Palomar Engineers 
Whip Antenna 1-meter magnetic Mount Larson 
Short Antenna 14 to 20 inch with BNC Centurion 
GPS Several Types are Available 
Communications Equipment As needed for each task 
Noise-Quiet Automobile Local Rental 


A sources-location team must always receive timely information about the activity 
patterns and the temporal structures of the most harmful sources as determined by real-time 
measurements within a receiving site. This requires real-time coordination between the internal 
noise-measurement team and the external source-location team. This coordination can 
preferably be provided by a dedicated radio link. Alternatively, cellular telephones can be used 
at locations where such service is available, although with considerably less success because of 
the need to maintain continuous voice communications over long time periods. It is also useful 
to pass audio sounds of received noise between the internal and external teams over a radio link, 
and the narrow audio-frequency range of cellular telephones severely limits their usefulness. In 
addition, the use of communications devices at or near a source-location effort must ensure that 
radio interference does not adversely affect the source-location team’s efforts. It is essential that 
all communications equipment employs frequencies well above the upper-frequency limit of the 
equipment used by the external source-location team. 


A detailed knowledge of the various fine- and coarse-scale temporal structures described 
in Section 2 and of typical real-time activity patterns of many kinds of sources is required by 
personal of both the internal and the external teams. Any attempt to conduct source-location 
work without fully trained and qualified personnel will only result in lack of success, frustration, 
and disappointment in the paucity of results. 
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4.2 Power-Conversion Sources 


Procedures for the location of power-conversion sources are similar to those used for the 
location of sources on power lines with one major exception. Most power-conversion sources do 
not radiate sufficient energy above the HF band to use the VHF and UHF frequencies to obtain 
direction from a site to sources or to locate sources. Because of this, two sequential techniques 
are used to locate such sources. 


4.4.1 StepA 


The first step is to use an elevated HF loop-stick antenna at the site along with a Model 
240 or 242 RFI Locator. The loop stick and RFI Locator are both tuned to a frequency that 
maximizes the noise amplitude, and the loop stick is rotated until a null is reached off the end of 
the antenna. Alternatively, a maximum off the side of the antenna can be used. Either will 
provide bi-directional information from the site to the source. A review of facilities and potential 
sources in the two opposite directions will often place emphasis on only one of the directions. 


Figure 60 shows a commercially available loop stick antenna mounted on a tripod to 
obtain direction to a power-conversion source located in a residential area. In this case a tunable 
loop stick built for use at the low end of the HF band was used. A Model 240 RFI Locator is 
shown below the antenna, and it shows the temporal structure of noise from a power-conversion 
device on its display. If multiple sources exist, they can easily be sorted because of differences 
in their temporal structures, and the direction to each source can be determined. While some 
practice is needed to find the null off the end of the loop stick or the maximum off the side of the 
loop stick, the technique can be highly effective in determining the direction to sources. 


Figure 60 Loopstick Antenna for Location of Power-Conversion Sources 
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4.4.2 StepB 


The second technique is the use of a broadband HF loop stick antenna mounted on the 
roof of a noise-quiet vehicle and connected to a Model 242 RFI Locator. Modest increases in 
noise level will occur as a power-conversion source is approached since high levels of higher- 
order harmonics of the power-line frequency (along with other spectral components developed 
by most power-conversion devices) can be detected for hundreds of meters along an overhead 
power line. With proper design, the loop stick can be made insensitive to low-order harmonics 
produced by many other sources of little interest. This technique will locate the general vicinity 
of a power-conversion device. The temporal structure of the noise can be observed on the display 
of the Model 242 RFI Locator and compared with that observed inside the site. 


Figure 61 shows a photograph of a medium-frequency loop stick on the roof of a search 
automobile along with a Model 242 Noise Locator and held in place with a magnet. The loop- 
stick is normal to the power line as the vehicle moves along a road to maximize its sensitivity to 
radiation from the power line. A Model 242 RFI Locator is in the vehicle where its display and 
audio output can be monitored. 


BS. 


Figure 61 Loopstick Antenna on Roof of Source-Location Automobile 


Once the general location of a power-conversion source is determined, the noise from the 
higher-order harmonics and other spectral components can be examined on the secondary side of 
each pole-line transformer in the vicinity. The highest noise level will be found on the secondary 
which provides provide power to the facility containing the power-conversion device. 
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5. Step 4—IDENTIFY SOURCES 


5.1 ‘Distribution Line Hardware 


The identification of specific items of hardware on power poles requires working close to 
high voltage components. The following warning must be strictly followed during the conduct 
of source-identification work. 


WARNING 


Individuals following the procedures described in this handbook are 
cautioned that electrical shock hazards, including possible electrocution, 
exist when working near and around power lines.  Inexperienced 
personnel should not attempt to do source-identification work. This part 


of the radio-noise-mitigation effort must be accomplished by personnel 
trained to work on hot lines or by utility-trained lineman. All 
instrumentation must be suitable for use on and near hot lines. Do not 
assign untrained personnel to this task. 


WARNING 


The Radar Engineers Model 247 Noise Sniffer is used by the authors and their associates 
as well as by many electric utilities. It is mounted on the end of a distribution-line rated hot 
stick. Figure 62 is a view of the instrumentation and equipment used for the identification of 
pole-line hardware containing noise sources. 


Figure 62 Source Identification with a Noise Sniffer 
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The noise sniffer is fastened to the end of the hot stick and is simply moved around the 
hardware on the pole until the strongest signal is obtained. This can best be accomplished by 
elevating the noise sniffer operator to the vicinity of the hardware with a utility-rated bucket 
truck. In the example shown in Figure 62, the source is located on the clevis pin between two 
sections of a bell. Never use an ordinary bucket truck designed for general construction work or 
for telephone line work since these are not insulated for operation near high voltages. 


Source activity should always be monitored in the site and also on the ground near the 
source during sniffer work. The RFI locator receiver described previously or an HF portable 
receiver can be used for such monitoring. Use a short rod antenna (14” to 18” in length) on the 
RFI locator when close to an active source. 


The Model 247 Noise Sniffer contains both RF and acoustic sensors. The RF sensor is 
usually the most effective sensor for work on distribution lines because many sources produce 
little or no useful acoustic noise. In addition, many sources are acoustically isolated from the 
external regions of hardware. In some cases where the source is very strong, or when a sparking 
source exists on the outside surface of hardware, the acoustic sensor is useful. 


Sometimes the temporal structure of the noise (observed inside the site and confirmed by 
outside observations) is sufficient to suggest the type of hardware generating the noise. A highly 
experienced person can sometimes identify hardware by this process. This process requires 
considerable field experience and a detailed knowledge of a very large number of possible source 
mechanisms, and this method of hardware identification must be used with great caution. 


In principle, the source-identification process is straightforward. In practice, several 
pitfalls complicate the process. Sometimes a source cannot be located on a specific pole. When 
this happens, check adjacent and nearby poles to ascertain if the adjacent pole impedance effect 
(see Section 4.1) has confused the source-location process. In addition, check all hardware such 
as switch handles, ground conductors, guy wires, braces, and other possible sources that may be 
nearby (see list of sources in Tables 1 and 2). Another pitfall is the presence of multiple sources 
on a pole. In such cases, all sources on a pole should be eliminated by effective mitigation 
actions. 


There can also be cases where noise is conducted onto an overhead line from an 
underground line. In such cases, underground-to-overhead cable heads should be on the pole. A 
source on the underground line can be differentiated from sparking at a faulty cable head with 
the RF and acoustic sensors. If the acoustic sensor indicates a source, it probably will be from a 
sparking cable head. If the RF sensor indicates a source of noise at the cable head and the 
acoustic sensor does not, the source probably is on the underground line. 


Still another problem is that the operator of the sniffer must have knowledge of a wide 
variety of pole-line hardware. In addition, the operator must know what hardware can generate 
radio noise, the noise-source mechanisms, and what replacement hardware can be used to 
eliminate each individual noise source. 
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Still one more technique is available for identifying source hardware. An ultrasonic dish 
is available from Radar Engineers that is effective at identifying the hardware associated with 
some sparking sources. Figure 63 is a photograph of the Model 250 Ultrasonic Parabolic 
Pinpointer pointed at a sparking source on a pole. It can detect radio noise from sparking sources 
from the ground as long as the source is in line of sight of the dish. Thus, it is useful to walk 
around a pole suspected of containing a sparking source to maximize noise detection and source 
identification. 


While the Ultrasonic Pinpointer is primarily useful in identifying sparking and corona 
sources on transmission lines, its small size and light weight of the device make it very useful to 
carry along overhead distribution lines for preliminary searches for sparking sources. 


Figure 63 Ultrasonic Parabolic Pinpointer 


While the ultrasonic sensor provides an excellent means to detect and identify hardware 
with sparking sources that are in line of sight, it cannot detect many micro-sparking sources that 
emit little or no acoustic energy. It is excellent auxiliary tool, but it must be used with care and 
with other sensors capable of detecting and finding micro-sparking sources such as those 
associated with bell insulators, insulated tie wires, and lightning arresters. Also, the sensor 
cannot provide information about the temporal structure of a noise for comparison with the 
properties of noise affecting the reception of radio signals from a receiving site. 


The combination of the Model 250 Parabolic Pinpointer, the Model 240 or 242 RFI 
Locator, and the Model 247 Sniffer provides a comprehensive means to identify noise-generating 
hardware on power lines. 


Table 4 lists the source-identification instrumentation used by the teams participating in 
the field work that supported the information provided in this handbook. 
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5.2 Identification of Power-Conversion Sources 


Once the facility containing a power-conversion device is located, identification of the 
actual hardware generating the noise is often a matter of visual inspection of the facility. This is 
especially the case for individuals familiar with such power-conversion. Nevertheless, 
verification of the actual source is recommended. Several options are available to the source- 
location team. They are: 


5.2.1 Technique A 


Scan all circuit breakers at the electric-power panel of a facility with a circuit sniffer. 
The Radar Engineers Model 245 Circuit Sniffer is an effective instrument for this task. It will 
locate circuit breakers feeding power to devices that generate wide-band radio noise. 


Figure 64 is a photograph of the Model 245 Circuit Sniffer in use at a small facility where 
a switching power supply on a fiber-to-wire converter caused radio interference to a nearby 
receiving facility. The circuit breaker carrying radio noise was quickly identified and its 
conductors were traced to the offending source of noise. Turning the power-supply off at the 
converter verified it was the source of the noise. 


Figure 64 Using the Model 245 Circuit Sniffer 
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5.2.2 Technique B 


The Radar Engineers Model 242 RFI Locator is an excellent instrument to sniff a facility 
for sources of radio noise when it is equipped with a small antenna or an RFI-locator probe. This 
instrument allows the RFI investigator to observe the temporal structure of noise and compare it 
with the temporal structure observed at a receiver site. This capability is highly useful in source- 
verification tasks. 


Figure 65 shows the Model 242 RFI Locator in use with a loop stick antenna to identify 
conductors associated with a power-conversion device that carry excessive levels of EMI 
current. The conduit near the loop stick carried significant levels of broadband conducted noise 
current from a variable-speed motor drive located to the rear of the operator. This instrument 
and the similar Model 240 RFI Locator have also been used with other antennas and probes with 
excellent results. 


Figure 65 Using the Model 242 RFI Locator and Probe 
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6. Step 5—SOURCE MITIGATION 


6.1 Power-Line Sources 


Distribution power lines constructed in accordance with the information provided in 
Appendix A rarely contain a source of radio noise. Such lines have been constructed on a trial 
basis, and all were completely free of noise sources for many years. However, most distribution 
lines are constructed in accordance with the practices and hardware of each electric utility, and 
radio noise problems are rarely a consideration in such construction. It is then necessary to 
locate each source of noise and identify each item of hardware generating radio noise that 
adversely affects signal reception at a receiving site. Practical and successful mitigation 
procedures are described in this section. 


6.1.1 Bell Insulators 


Clips and brushes have been designed to be inserted into the clevis of a Bell Insulator. 
Either one provides a conducting path between the metal parts of the insulator thus preventing 
the build up of charge across oxide layers that form on the surface of the metal parts. These 
devices provide a temporary means to prevent the operation of the noise source, but with time 
they become loose from the almost continuous movement of the line conductors, the bell, and 
other components of a distribution line. The clips and brushes eventually loosen and fall out. 
The noise then reappears. Since clips and brushes do not provide a long-term solution their use 
to correct noise problems at a radio-receiving site is not recommended. 


Figure 66 shows a clip and a brush. They are manually inserted into the clevis 
connecting the metal parts of a bell. Both are made of stainless steel to deter corrosion from 
weather exposure. 


Figure 66 Clips and Brushes 
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Usually utility personnel will replace a noisy bell with a new bell insulator, but a 
replacement bell insulator will often become a source of noise after a short period of use. Thus, 
never replace a bell insulator found to be a source of noise with another bell insulator. 


The only effective mitigation action is to replace a bell insulator identified as a source of 
radio noise with a polymer insulator. Furthermore replace all bell insulators on a pole containing 
a noisy bell with polymer insulators. This is the only effective way to eliminate bell-related 
sources. 


Figure 67 shows an example of a polymer insulator. Variations will exist in the 
configuration of a polymer from one model to another, but all contain a fiberglass rod covered by 
a weatherproof polymer material. Metal components on each end of the insulator are attached by 
compression onto the fiberglass rod. Since the end-to-end capacitance of a polymer insulator is 
extremely low, sufficient charge cannot accumulate on the metal components at the ends of the 
insulator to support a microspark type of noise source. 


Figure 67 Example of a Polymer Insulator 


6.1.2 Sparking Sources 


Sparking sources are caused by the breakdown of air between two closely-spaced metal 
objects or between a metal object and a plastic component that has accumulated a surface charge. 
Metal components can be bonded together and grounded to earth. This prevents a voltage 
difference between components. Alternatively, all metal components on a distribution line can 
be separated by at least 11% inches. These two actions will eliminate sparking sources associated 
with hardware. 
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6.1.3. Tie Wires 


A variety of ways to use tie wires exist. In the United States most distribution-line 
conductors are not insulated. Usually bare tie wires are used on bare line conductors. This 
results in the tie wire and the conductors being at the same potential. Thus, microsparking or 
sparking cannot occur. However, if the tie wire is poorly and loosely wrapped around the 
conductor and the insulator, the rubbing between the tie wire and the conductor can result in a 
noise source. This kind of source is relatively rare and can be corrected by replacing the loose 
tie wire with a tightly wrapped tie wire. 


In may countries and in some isolated locations in the United States, the conductors of a 
distribution line are insulated. Thus, a potential difference can exist between the line conductor 
and either a bare or an insulated tie wire. A nearby lightning strike or a nearby radio transmitter 
can induce a voltage on the line conductor and further increase the potential difference between 
the tie wire and the line conductor. Eventually, the insulation on the line and/or on the tie wire 
will start to break down. The breakdown usually starts at the end of the tie wire or at a sharp 
bend in the tie wire where impedance effects result in high potentials similar to the high potential 
that exists at the ends of an antenna. Once the insulation breakdown process starts, carbon 
deposits caused by the small intermittent arcing can result in a noise source. 


Utility personnel usually replace a damaged tie wire with a new tie wire. This is only a 
temporary solution since the process that initiated the original arcing is often repeated. The only 
effective way to permanently eliminate such a source is to eliminate the potential difference 
between the tie wire and the line conductor. Figure 68 shows a method of eliminating the 
potential difference where the tie wire is electrically connected to the line conductor with a 
bronze cable clamp. In this example an insulated tie wire is used on an insulated line conductor. 
A short portion of the insulation on both the tie wire and the line conductor was stripped to allow 
the bronze cable clamp to be attached to both conductors. 


Figure 68 Tie Wire Source Mitigation, Example 1 
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Figure 69 shows another example where the tie wire is electrically connected to the line 
conductor. In this example, a bare tie wire is used on an insulated line conductor. The line 
conductor was stripped of its insulation where it was attached to the insulator. 


Figure 69 Tie Wire Source Mitigation, Example 2 
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6.2 Power-Conversion Sources 


It is impractical to provide specific mitigation instructions for each of the many sources 
of radio noise associated with power-conversion devices. Small devices can often be mitigated 
with minimal changes and at low cost. Large devices often require considerable modification at 
high cost. The general approach is identical to all such sources, and this section describes the 
procedures needed to eliminate radio noise from power-conversion sources. 


The best approach is to ensure that the procurement of any equipment or system 
containing a power-conversion device meets the Class B radio-noise requirements of the Federal 
Communications Commission of the United States or similar requirements in other countries. 
Devices that meet the Class A radio noise requirements of the Federal Communications 
Commission or similar requirements of other countries should never be used within line-of-sight 
of an HF, VHF, or UHF receiving site. In addition, power-conversion devices that are not rated 
must be avoided. 


Since a receiving site often cannot control the installation and use of electronic devices in 
other facilities located within line of sight, the source-location and source-identification 
procedures described in Section 4 must be followed. The basic mitigation process and 
techniques are described in this section. 


After a power-conversion source is located and identified, it must be inspected to 
determine the best approach to control the coupling of radio noise from the source onto power, 
conduits, ground conductors, and other conductors associated with the operation of the source. 
The actual source of impulsive current and voltage must be placed inside an electromagnetically 
shielded enclosure and all impulsive current and voltage on conductors entering or exiting this 
enclosure must reduced to harmless levels. This can be a small enclosure for a physically small 
source or it can be a large shielded room for a physically large device. 


Figure 70 shows the start of this process where the source is completely enclosed within 
an electromagnetic barrier. 


Figure 70 Source Enclosed within an Electromagnetic Barrier 
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Figure 70 describes a somewhat impractical case since power must be provided to the 
source, a ground must be provided, the source probably will be connected to other devices, and 
conductors are often required to control the operation of the source. Figure 71 shows how power 
can be applied to a source. A filter can be installed directly onto the metallic surface of the 
enclosure and power can be provided through the filter. The filter allows electric power to be 
provided to the source at low loss while the higher-frequency noise is attenuated and cannot be 
conducted onto the outside power conductors. Small and inexpensive filters can be used on low- 
power sources, but large filters will be required for high-power sources. 


Filter 


Input Power 


Figure 71 Provision of Power to a Source 


Most sources operate an external device. For example, many sources operate variable- 
speed induction electric motors by varying the frequency of the power provided to the motor. A 
second filter can be installed on the surface of the electromagnetic barrier to prevent the 
conduction of noise current and noise voltage to external conductors. Alternatively, the 
electronic barrier can be extended to include the conductors from the barrier to the motor. Most 
electric motors are sufficiently enclosed in metal to provide a suitable electromagnetic barrier. 
Figure 72 shows such a configuration where conduit is used between the source and the motor or 
other load to shield the conductors. The conduit must be electrically bonded to the source barrier 
and to the metal barrier enclosing the motor or other load. 


Input Power 


Figure 72 Source-to-Load Connection 
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Most electrical and electronic installations require a safety or green-wire ground. Ground 
conductors can carry significant amounts of noise current and voltage (often higher levels than 
the power conductors), and they must also be controlled. Figure 73 shows an effective means to 
prevent the conduction of noise current and voltage from a source to an outside conductor over a 
ground wire. Ground conductors inside the barrier are bonded to the inside surface of the barrier. 
Ground conductors outside the barrier are bonded to the outside surface of the barrier. This 
provides a path for noise current flowing on the internal ground conductor to return its source 
inside the barrier while the barrier provides a shield that prevents the conduction of noise current 
and voltage to the outside ground conductor. Since the barrier will conduct low-frequency 
power-related current, all safety aspects of the green-wire ground are maintained. 


Electromagnetic Barrier 


Ground 
Source Cenductor External 
Ground 
Conductor 


Figure 73 Barrier Treatment of Ground Conductor 


Additional filters can be provided on the surface of the barrier to permit control wires and 
other conductors carrying low-frequency signals to pass through the barrier. If high-frequency 
signals must pass through the barrier a coaxial cable bulkhead connector can be added to the 
barrier, however, both the source of, and the load for, the high-frequency signals must be 
contained within a barrier, the cable and the load similar to the way the motor is contained within 
the barrier as shown in Figure 72. 


It is essential that the process described in Figures 70 through 73 be strictly followed to 
eliminate noise problems from power-conversion devices. Any uncontrolled conductor that is 
allowed to penetrate the barrier, regardless of its importance, will carry noise current outside the 
barrier where it can be transferred to other nearby conducting material by inductive and/or 
capacitive coupling mechanisms or by direct conduction. There is no shortcut to the mitigation 
process. 
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Figure 74 shows an example of a successful installation of filters on the metal box 
containing the electronics for a variable-speed motor drive. In this case two filters were required 
since the system used both 120-V single-phase and 240-V three-phase electric power. The 
filters were bolted directly onto the side of the metal box, and care was given to ensuring that the 
filter case was in direct contact with the housing. An additional small box was added to each 
filter to provide physical support for the input power conductors. This filter prevented noise 
current and voltage from escaping the metal box on the power and green-wire ground 
conductors. 


Figure 74 Filter Installation to Suppress Motor-Controller Noise 


Conductors from the controller to two electric motors exited the case on its lower side. 
These conductors were inside conduits that ran from the controller’s case to each motor, and the 
conduits were bonded to the controller’s case and to the motor’s housing. Additional conductors 
associated with an external control box used to adjust motor speed also exited the controller’s 
case. These conductors were in a flexible shielded cable, and the shield was terminated at the 
controller’s case and at the control-box case. No unshielded conductor that might carry noise 
current was allowed to penetrate the controller’s case. 


The modifications shown in Figure 74 proved to be highly effective in containing 
harmful levels of noise current within the controller’s case, conduits and loads, and the procedure 
corrected a severe noise problem. 
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An example of an ineffective filter installation is provided to illustrate some common 
deficiencies that occur in improperly engineered attempts to solve electromagnetic-noise 
problems. Figure 75 shows a filter installed to prevent EMI current and voltage from causing 
problems at a receiving site. The filter was installed in a standard metal case that provided an 
excellent and acceptable shield around the filter. 


Figure 75 Improper Filter Configuration 


Several improper aspects of the filter installation resulted in the total lack of suppression 
of a severe electromagnetic noise problem. These aspects are: 


=" Both input and output conductors penetrated a shield. The input conductors 
carried high levels of noise current. Some of this current was inductively and 
capacitively coupled to the interior surface of the shield case and in turn was 
inductively and capacitively coupled to the output conductors. 


=" The green-wire ground conductor also carried high levels of noise current and 
voltage. The input and output green wires were connected together, and this 
provided a direct conduction path for noise current and voltage to bypass the filter 
and be conducted to the output conductors. 
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« An examination of the source device showed that the conduit from the source to 
the filter housing was not terminated at the source device. This induced noise 
current and voltage onto the outside surface of the conduit. This noise current and 
voltage was then conducted to the filter box, onto the outside surface of the filter 
box, and onto the outside surface of the conduit running from the filter container 
to the motor. Since this conduit was bonded to other metal objects, noise current 
and voltage was conducted onto a number of other conducting objects. These 
conducting objects constituted a complex, but effective, radiator of the noise. 


There is no simple corrective action that can be taken to alter or correct the deficiencies 
of the filter installation shown in Figure 75. In this case the source device was very small and its 
enclosure could be a small and inexpensive metal box along with the appropriate filters on its 
surface. The mitigation actions require: 


1. 
Zs 


The small source device itself must be enclosed in a small metal box. 


All conductors entering and exiting this box must pass through filters with the 
exception of the green-wire ground. 


The green-wire ground must be connected as shown in Figure 73. 


Then remove the existing filter installation and reconnect all conductors in a normal 
configuration. 
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7. SUMMARY COMMENTS 


This handbook is based on experience accumulated by the US Navy’s Signal-To-Noise 
Enhancement Program (SNEP) teams over almost three decades of investigating Man-Made 
Radio-Noise problems at HF, VHF, and UHF receiving sites. Much has been learned from the 
detailed efforts needed to understand, document, and correct radio-noise problems. Many myths 
about radio noise were exposed and considerable progress was made in understanding sources, 
the impact of noise on signal reception, and effective noise mitigation procedures and well as 
ineffective procedures. During this time the team found that few electric utilities still maintain 
radio-noise specialists to aid in troubleshooting noise problems. In past years these individuals 
obtained decades of experience working on overhead and underground power lines problems and 
accrued much practical experience on solving radio-noise problems through trial and error. The 
SNEP teams learned to respect the detailed knowledge of these individuals about noise sources 
and noise mitigation. Unfortunately, the electric utilities are rapidly eliminating such positions 
for cost reasons, and trained replacements are simply no longer available. 


Instrumentation to understand noise problems in a receiving site remains a major 
technical and management problem. New models of spectrum analyzers are simply not suitable 
to replace the old instruments used to investigate noise problems in sites. Current models cannot 
cope with the time-varying signal and noise problems encountered in receiving sites. 


Nor are site planners, site managers and site staff trained to cope with the highly 
intermittent and erratic signal and noise conditions encountered. Of special concern is that the 
simple things like noise amplitude could not be described in normal terms of average, root-mean- 
square, or peak amplitude. Also, the more advanced terms of amplitude probability distributions, 
percent-of-time above a certain level, and other stationary statistical descriptors do not apply to 
the erratic noise conditions found at receiving sites. The noise encountered can only be 
described by complex non-stationary statistical procedures, suggesting that a valid description of 
noise is a highly complex mathematical process. This complex matter was avoided in this 
document by providing time-history examples of the noise. These examples illustrate the time 
and frequency changing properties of noise as well as its temporal variations with time. 


To further complicate the matter, noise was mostly impulsive where the bandwidth of the 
noise was always wider than the receiver bandwidth. This results in the amplitude of impulsive 
noise being a function of receiver bandwidth. To partly cope with this major problem, the 
measurement bandwidth associated with each example of data is provided. 
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Appendix A 


NOISE-FREE DISTRIBUTION LINES 
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NOISE-FREE OVERHEAD DISTRIBUTION LINES 


A.1 INTRODUCTION 


The perverse nature and erratic occurrence of power-line noise complicate efforts to 
understand and eliminate its impact on receiving sites. To further confuse matters, some sections 
of distribution lines are completely free of sources of radio noise while other sections contain 
numerous sources. The differences are often poorly understood by electric-utility or public 
works personnel. 


During the mitigation of power-line noise at receiving sites, sections of a number of 
distribution lines have been changed from noise-producing to noise-free lines. Distribution lines 
modified in accordance with the procedures described in this appendix have remained noise free 
for more than ten years. No section of a distribution line modified in accordance with these 
procedures has yet reverted into a noise-producing line. This success has shown that overhead 
distribution lines can be made noise free even though some are very close to receiving sites and 
some provide power to them. These cases have shown that overhead power lines can be built in 
the near vicinity of radio receiving sites which have no adverse impact on their reception of weak 
radio signals in the HF, VHF, and UHF bands. It is a matter of using line-hardware and line- 
construction techniques which inhibit the operation of noise sources. 


While noise-free distribution lines can be built, there can be several roadblocks to 
achieving this goal. First, there is a considerable amount of misinformation available about the 
mechanisms of noise sources. Some of the misunderstood aspects of power-line noise have even 
achieved legendary and mythical status. Second, radio noise is often not a key consideration in 
the formulation of line-construction and line-maintenance practices and techniques by the 
electric utilities or public works departments. Each has its own set of guidelines for the 
construction and maintenance of overhead lines. These guidelines have evolved over many years 
into effective procedures for the efficient and low-cost delivery of electric power to customers. 
Sources of radio-noise on overhead distribution lines are an additional and separate aspect of this 
process often ignored because of the lack of information about sources or simple economics. 
Since radio-noise sources rarely affect the efficient and low-cost delivery of electric power, they 
are easily neglected or given secondary status by utility or public works personnel. 
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A.2.NOISE-FREE CONSTRUCTION AND MAINTENANCE TECHNIQUES 
A.2.1 Background Information 


This portion of Appendix A describes construction and maintenance techniques and 
practices which produce noise-free overhead distribution lines. The techniques and practices are 
specifically intended for use on distribution lines in the vicinity of HF, VHF, and UHF receiving 
sites. While some public works departments and some electric utilities now partly, or 
completely, follow these practices and techniques, others do not. Partial compliance with the 
techniques and practices will not provide noise-free overhead lines as turning out the lights in a 
room seldom makes the room completely dark. 


SPECIAL NOTE 


In the past it was recommended that overhead power lines not be allowed within two 
or three miles of a receiving site. This recommendation has not been strictly 
followed, and many violations of this recommendation exist near receiving sites. The 
list of violations includes many overhead power feeds to receiving sites. 
Unfortunately, the concept of the two and three mile distance limits is not supported 
by technical data or by technical analyses. These limits are ineffective, and they must 
be disregarded. 


In actual practice, all overhead distribution lines within line of sight of the uppermost 
part of the antennas at a receiving site must be free of harmful noise sources. A 
practical maximum distance limit is not feasible until a distance of about 30 km from 
a receiving site is reached. 


A.2.2 New Overhead Line Construction 


Whenever possible, encourage the use of underground power lines with customer service 
transformers installed in metal enclosures on concrete pads for all new construction within line 
of sight of an HF, VHF, or UHF receiving site. When this is not feasible due to cost, lack of 
right of way, or other problems, new overhead lines and new extensions to existing lines can be 
made noise free by strictly complying with the following line-construction practices. These 
practices are directed at the prevention of sources of radio noise on new distribution lines, new 
extensions to existing lines, and new customer-service connections. The practices and 
techniques apply to all single-phase and multiple-phase distribution lines operating at line-to-line 
and line-to-ground voltages from 2 kV up to 35 kV. 


Lower voltage secondary lines seldom contain source of noise although they sometimes 
carry customer-generated noise onto overhead power lines. Customer-generated noise will pass 
through distribution-line transformers with little or no significant attenuation; the suggestion that 
such transformers will isolate noise sources from overhead distribution lines is inaccurate. 
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A.3.2 


A.3.3 


NOISE-FREE TECHNIQUES FOR NEW LINE CONSTRUCTION 
Insulators: 


Do not use ceramic or glass bell insulators on new lines. Use only polymer type insulators for 
suspension or tension insulators. Use a polymer insulator with a voltage rating one level above 
the line-to-line and the line-to-ground voltage. This ensures that sufficient line-to-pole spacing is 
provided to prevent the activation of noise sources associated with the insulator attachment 
hardware. 


Do not use spool insulators on new distribution lines. Replace spool insulators with polymer-type 
insulators which have a voltage rating one level above the line-to-line and the line-to-ground 
voltage. This ensures that sufficient line-to-pole spacing is provided to prevent the occurrence of 
noise sources associated with the insulator support hardware. 


Do not use pin insulators and pin bolts. Use post insulators to avoid loose internal screw joints. 
Use post insulators with bare conductors and bare preformed tie wires whenever possible. 


When post insulators with saddle clamps are used, ensure that the saddle clamp is tightened 
sufficiently to eliminate any possibility of line-conductor movement in the saddle clamp. 


Do not install elastomer pads on the top of pin or post insulators to provide a soft cushion for the 
conductor. If unusual wear is anticipated, use a preformed line-reinforcement sleeve. 


Tie Wires 
Use bare preformed tie wires on bare conductors whenever possible. 


Do not use insulated tie wires on either insulated or bare conductors unless the tie-wire conductor 
is firmly bonded to the line conductor. 


If insulated line conductors are used, firmly bond each tie-wire conductor to the line conductor. 


If bare tie wires are used on bare conductors, use preformed tie wires or ensure that wrapped tie 
wires are firmly bonded to the line conductor. 


Do not use plastic, semi-conductor or other non-conducting tie wires. 
Hardware 


Do not use lag screws on wooden poles or crossarms. Use through-bolts, and install a 
combination of a large flat washer and two-turn lock washers or spring washers on all bolts to 
spread the pressure over a larger surface and reduce the incidence of loosening from wood 
shrinkage. 


Ensure that a minimum of 1% inch spacing is maintained between all unbonded metal objects. 
This includes the spacing between ground and guy wires and all other conductive objects. 


Bond all unenergized objects to earth ground. Leave nothing floating. If metal towers are used to 
support a distribution line, bond all unenergized objects to the metal tower and ground the tower. 
Insure that all tower joints are tight. 


On wooden poles, use only insulated staples to support ground wires. Do not use bare staples. 


Use only pressure treated components for wooden construction. Never use untreated wooden 
poles, crossarms, or other components which are subject to shrinkage and premature failure. 
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A.4 


NOISE-FREE TECHNIQUES AND PRACTICES FOR EXISTING LINES 


Noise sources on existing distribution lines can be eliminated as long as the line-support 


hardware already meets good, normal construction standards. Do not try to eliminate sources on 
lines containing dry-rotted wooden components or other abnormal construction until the public 
works department or electric utility operating the line corrects such deficiencies and brings the 
lines up to good condition. 


The following procedures and practices will eliminate sources of noise on distribution 


lines operating at line-to-line or line-to-ground voltages from 2 kV up to 35 kV. 


A4.1 


A4.3 


Insulators 


Where a bell insulator is identified as a noise source, replace all bells on the same pole with 
polymer-type insulators. Use polymer insulators with a voltage rating one step higher than the 
line-to-line or line-to-ground voltage. 


Never replace a bell insulator with another bell insulator. 

Replace pin insulators found to be noisy with post insulators. 

Eliminate all spool insulators, except those on secondary lines (600 V or less). 
Lightning Arresters 


Immediately remove every lightning arrester identified as a source of noise. Replace each with a 
new arrester of the appropriate rating. 


Remove all lightning arresters with discoloration on the bottom ceramic ring of the arrester or if 
the bottom ground conductor has separated from the arrester. Replace them with new arresters of 
the appropriate rating. 


Check all lightning arresters within line of sight after each major lightning storm. Immediately 
remove and replace all damaged or noisy arresters. 


Hardware 
Tighten all hardware on each pole identified with a source of noise. 


Remove all lag bolts on wooden poles containing a source of noise and replace them with through 
bolts. Add large flat washers and two-turn lock washers or spring washers to each bolt. 


Replace all wooden components, such as crossarms and poles, suffering dry-rot damage since 
hardware cannot be tightened sufficiently to keep poles free of sparking sources. Use only 
pressure-treated wooden components. 


Maintain 1% inch or greater spacing between unbonded metal objects. 


Bond all metal objects together. On wooden pole construction run a ground wire to an earth 
ground. On steel towers, use the tower as a ground conductor. 


Use insulated staples to support ground wires on wooden poles. Replace damaged staples. Never 
use uninsulated staples. 
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A.5 


INEFFECTIVE ACTIONS 
Field experience has shown that many corrective or repair actions taken do not lead to 


noise-free overhead distribution power lines. Knowledge of these items avoids wasting time, 
resources, and money on useless mitigation actions. Most of the ineffective actions are based on 
popular myths about power lines and their noise sources. Some of these things are listed below. 


Do not wash insulators on a distribution line. It is not an effective noise-mitigation technique, 
and the process may be very misleading. Dirty insulators on a distribution line rarely are a 
source of radio noise. The moisture from washing an insulator will temporarily render most 
sources inactive. They will become active again as soon as the source mechanisms dry. Dirty 
insulators can sometimes cause a power delivery problem in heavy industrial areas and in high- 
humidity areas which support the growth of fungus on insulators. Utility personnel in the 
affected areas are well aware of this problem, and they can take the necessary corrective actions 
to keep power flowing. 


Do not waste time on noise sources which do not affect the performance of a receiving site. Ifa 
source does not affect the ability of a receiving site to receive radio signals, ignore it. Attention 
to such sources is a needless waste of time and resources. Concentrate on those sources that do 
affect the performance of a receiving site. 


Do not expect public works or utility personnel to find the sources that affect the operation of 
your site based only on general radio-interference complaints. This rarely works. Public works 
and utility personnel do not normally have access to your site; hence, they do not know what kind 
of noise is adversely affecting your site. Successful and effective mitigation actions start within a 
receiving site. The determination of the general activity of each source and the fine-scale 
temporal and spectral structure of each source of power-line noise which adversely affects radio- 
signal reception are key items needed to start the identification and location process. Also, your 
noise may not originate from a power line. Noise from many other electrical sources can be very 
similar to that from power lines. Be completely sure that your problem is related to power lines 
and document each case of radio interference before you involve public works or utility 
personnel. 


Never hammer or shake distribution-line poles or guy wires. This action induces movement 
along several spans of line, and it rarely provides the information needed to identify the pole 
containing a specific source affecting a receiving site. In addition, serious safety issues arise 
since even the slight movement of a pole can result in the failure of line-support hardware. 
Locate poles containing noise sources with the radio techniques described in the main body of 
this handbook. 


Untrained personnel must not touch guy wires, switch handles, fuse blocks, or other hardware on 
a pole. This is not necessary to locate sources, and such hardware should always be treated as 
energized, as it is often energized through leakage current and/or by induction. Leave all pole 
work up to public works or utility personnel who have had many years of training on safety issues 
and are qualified to work on overhead lines. 


Never rebuild a section of overhead lines in a blind attempt to use this gross approach to 
eliminate sources of radio interference. This is a costly and ineffective approach that often winds 
up with more sources that previously existed. This approach will work only when the noise-free 
techniques described in this appendix are employed. If a section of line has deteriorated to the 
extent that it is unusable or unsafe, then utility or public works personnel must correct such 
problems in accordance with noise-free techniques and practices. 
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A.6 ADDITIONAL COMMENTS 


The authors have encountered a number of practical problems in implementing noise-free 
practices and procedures on distribution lines. Each public works department or utility 
constructs and maintains their lines in accordance with established practices and procedures. 
Line hardware is purchased and stocked to meet these practices and procedures. Linemen are 
trained to strictly follow established practices and procedures and to use only approved 
hardware. It is often useful to obtain a copy of the line-construction and line-maintenance 
procedures used by the public works department or the utility operating overhead distribution 
lines with noise sources. 


Changing the procurement, stocking, and installation process to use noise-free 
components and procedures (e.g., the use of polymer insulators in place of the old reliable bell 
insulators) is often a complex process. Changing the line-construction techniques (e.g., the 
elimination of insulated tie wires) also can be a time-consuming process that often requires 
fundamental changes in old established procedures and changes in the training of lineman. Yet 
these obstacles can be overcome provided the technical aspects of the need for change are 
justified to the line operators. 


Another major problem is that the managers and operators of receiving sites usually lack 
detailed knowledge about power lines, the terminology used by line operators, noise-source 
mechanisms, effective source-location techniques, and effective mitigation actions. Since radio 
interference from sources associated with overhead power-lines is the major factor adversely 
affecting the reception of signals at most HF/VHF/UHF receiving sites, serious attention to this 
plaguing problem is needed. This handbook was devised to aid in this problem. 


Still another problem is that the physical aspects of power lines seldom remain static. 
Line updates, new higher-capacity lines, lines to serve new customers, and line-maintenance 
actions are continuously underway. This is especially the case in growing and developing areas. 
Thus, noise mitigation will be a moving target unless there is effective and ongoing coordination 
and cooperation between the site and the public works department or the electrical utility 
operating the lines. The use of noise-free techniques and practices during distribution-line 
modifications, line maintenance, and the installation of new lines will prevent ongoing noise 
problems. 


There are no restrictions on the reproduction and distribution of this handbook. Provide 
copies of it to all utility and public works organizations operating distribution lines within line of 
sight of a receiving site, and encourage them to follow the noise-free practices described. 
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Appendix B 


SIGNALS LOST FROM SITE PARAMETERS 
AND MAN-MADE RADIO NOISE 
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B.1 THE PERFORMANCE EVALUATION TECHNIQUE (PET-2A) 


A program named the Performance Evaluation Technique (PET) was developed by the 
staff and students of the Naval Postgraduate School to evaluate the ability of an HF site to 
receive radio signals. This program was improved during more than two decades of staff and 
student participation in radio-noise and signal-reception surveys at receiving sites, eventually 
developing into version PET-2A‘*. This is a relatively simple program using the HF propagation 
prediction program (PROPHET) and spreadsheets (Lotus 123). Any similar propagation 
prediction program or spreadsheet program can be used. 


PET-2A is a flexible program that can accommodate a number of HF communications 
signal formats including conventional signal formats such as frequency-shift-keyed, spread- 
spectrum, single sideband, amplitude modulation, Morse Code, and other signal formats. It is 
also useful for use with short-duration signals as long as the input data is collected over the short 
times of interest. 


The PET-2A program calculates the effects of the following items on the reception of 

signals from a distant source: 

e source transmitter power, 
type of source transmitting antenna, 
type of the modulation, 
ionospheric radio-propagation conditions, 
type of receiving antenna, 
RF path loss from the receiving antenna to the receiver, 
radio noise introduced by components in a site’s RF path, 
site’s receiver bandwidth, 
site’s receiver sensitivity, and 
man-made radio-noise levels at a site. 


Signal sources are chosen within the primary and secondary coverage areas of a site. The 
primary coverage area of a receiving site is defined as that area within one ionospheric hop of the 
site location. The secondary coverage area is defined as the area between the one-hop limit and 
the two-hop limit. A source in the secondary coverage area will typically provide signal levels 
10- to 20-dB lower than the same source when located in the one-hop area. The reception of 
signals from sources beyond the two-hop limit is considered to be too unreliable for consistent 
reception. 


As part of the analysis, a great-circle map is typically generated to show the one-hop and 
the two-hop coverage areas for each site examined. This map provides an overview of the areas 
of the globe that can be effectively covered by a radio-receiving site. 


* Wilbur R. Vincent and Richard W. Adler, A Method of Evaluating the Ability of Naval Receiving Sites to Detect 
and Process Data from Signals of Interest, Technical Memorandum PET9608, Signal Enhancement Laboratory, 
Electrical and Computer Engineering Department, Naval Postgraduate School, Monterey, CA, August 1996 
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Figure 76 shows a block diagram of the PET-2A process. Six types of input data are 
required. They are: 


1. 


Signal level at the output port of a receiving antenna from a propagation prediction 
program. 


The signal-to-noise ratio required for the reception of a chosen modulation format. 
The loss of signal (if any exists) in the RF-Distribution System (RFD) of a site. 


Any increase in the noise floor at the input terminals of a receiver due to RFD 
components. This is expressed in dB over the design noise floor of the site, and 
usually measured in a 3-kHz Gaussian-shaped bandwidth. 


The level of man-made noise, expressed in dB over the design noise floor of the site, 
is usually measured in a 3-kHz Gaussian-shaped bandwidth. 


Attenuation at the input stage of a receiving system introduced to limit receiver 
saturation caused by strong signals. 


INPUT 
SPREADSHEETS 


HF PREDICTION 
FS 


OUTPUT OUTPUT 
SPREADSHEETS PLOTS 


S FROM dB ABOVE dB ABOVE 
MODULATION T dB ABOVE dB ABOVE 
THRESHOLD T T 

L dB ABOVE dB ABOVE 
H bas dB ABOVE dB ABOVE 
T+L+H T+L+H 
MAH-MADE MMH dB ABOVE dB ABOVE 
HOISE T+L+MMN T+L+MMH 
RECEIVER AVAILABLE AVAILABLE 
ATTENUATION SIGHALS SIGHALS 


Figure 76 Block Diagram of PET-2A 
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Figure 


76 uses a number of abbreviations to minimize the amount of text in each block. 


These abbreviations are: 


FS Signal Strength module of PROPHET or other similar program. 
S Signal strength at the antenna output in dBuV. 

RFD _ Radio-Frequency Distribution System of a site. 

NF _ Noise floor in dBm. 

T Detection threshold of the modulation of the signal of interest. 
L RED loss. 

N Noise added by RFD components. 

MMN Man-made noise in dB above the NF. 


For the primary use of PET-2A, these parameters are provided at each hour of the day 
and in frequency increments of 1 or 2 MHz over the 2- to 30-MHz band. Closer frequency and 


time intervals 


can be used for special analysis cases. All of the listed parameters must be 


obtained to evaluate the impact of each on signal reception. 


The operation of PET-2A is described by a number of sequential steps. 


Step 1. 


Step 2. 


Step 3. 


Step 4. 


Obtain the operating parameters and location of the signal-source and the receiver sites. Enter 
these parameters into the FS module of PROPHET Version 5.1 or other propagation program 
along with the desired date and the sunspot number or other equivalent measure of radiation from 
the sun. Compute the strength of the SOI at the output terminals of the receiving site’s antenna in 
dBuV. Convert the dBuV values into dBm and enter the dBm values into the spreadsheet labeled 
“S” from PROPHET. 


This will produce Output 1. The values in Output 1 represent signal levels at the output port of the 
antenna. The values shown are signal strength above the site’s design noise floor for a 0-dB 
(S+N)/N ratio. The 3-axis view shows signal levels for a 24-hour period. 


Enter the modulation threshold required to obtain good reception of the particular type of 
modulation employed. PET will automatically produce the second output. Output 2 shows the 
signal level above the threshold level for the type of modulation used by the SOI. This plot 
represents the best the site can accomplish. The values of Maximum Usable Frequency (MUF) 
and the Lowest Useful Frequency (LUF) are established by the propagation path, and site 
parameters will not significantly affect these values. 


Enter the signal loss between the antenna and the receiver. In a well designed site this value will 
be very low. The signal loss can be significant in a modified site. Signal loss values will probably 
not change with time of day. Enter the measured values in the first column of the spreadsheet and 
copy these values to all other times of the day. 


Enter the amount of noise appearing at the input to a site’s receiving system that exceeds the 
design noise floor of the site. A 3-axis plot will appear at Plot 4. This plot will show the signal 
level at the input to a site’s receiver after RFD loss and RFD noise floor effects are considered. 
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Step 5. 
Enter the man-made noise levels. These levels will change from hour to hour, from frequency to 
frequency, and with the activity of the noise sources. Erratic jumps in noise can occur. Enter the 
actual data. A 3-axis plot will appear as Plot 5. This plot shows detectable signals that exceed the 
modulation-detection threshold, RFD loss, RFD noise, and man-made noise. 


Step 6. 
Some receivers have an attenuator prior to their first stage. This attenuator is used to reduce 
strong signals to harmless levels and to avoid excessive intermodulation production. If the 
receiver of interest has such an attenuator, record its value at hourly intervals and enter the values 
into the spreadsheet labeled “Receiver Attenuation.” A 3-axis plot will appear as Plot 6. This plot 
will show all detectable signals that exceed the modulation threshold, RFD loss, man-made noise, 
and receiver attenuation. 


Select the desired output plots. Usually Plots 2 and 5 or 6 will be sufficient for an overall 
analysis of the ability of the site to receive SOI. Prior to printing the plots, manually remove all 
negative values of signal from each output spreadsheet. Negative values represent signals below 
the detection threshold which cannot normally be received. 


Should the impact of a specific factor, i.e. RFD loss, be of interest, then Plots 2 and 3 will 
provide the degradation in signal detection from that factor. Other combinations of output plots 
will provide information about the extent of degradation of receiving capability from other 
factors. 


A numerical evaluation of the loss in receiving capability can be obtained by counting the 
frequency-time blocks in each view. While the 3-axis plots provide an excellent overall view of 
the operation of a receiving site, the data in some frequency-time blocks can obscure data in 
other blocks. The maximum value of the amplitude scale of any plot can be manually increased 
to a higher value up to 999 dB. This compresses the amplitude-time blocks and allows them to 
be viewed and counted. 


Keep in mind that the source of signal levels, the FS module in PROPHET Version 5.1, 
calculates the average monthly signal values. Signals that are both above and below the 
calculated values will appear at the antenna output terminals. In addition, PET-2A should be 
used to evaluate signal reception only during periods of low magnetic-storm activity, and no 
solar flares. This can be determined by monitoring the magnetic activity and sunspot values 
provided by WWV and other time-standard stations. The same kind of information is available 
from the Internet. 


While a number of propagation prediction programs are available to provide information 
about the signal path between a source and a receiving site, the program “Advanced PROPHET” 
developed by the Naval Ocean Systems Center, San Diego, CA was used for the examples in this 
document. PROPHET provides a plot of average hourly diurnal values of the Maximum Usable 
Frequency (MUF), the Lowest Useful Frequency (LUF), and the Frequency of Optimum 
Transmission (FOT). In addition PROPHET provides tables of the hourly average signal level 


> http://wdc-c2.crl.go.jp.ISD/index-E.html or 
http://solar.spacew.com/www/realtime.html 
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expected to be delivered by the receiving antenna to the site’s Radio Frequency Distribution 
(RFD) system. 


Most PET-2A tasks subsequent to the production of the examples shown in this 
document have used the Proplab-2 prediction program. This program provides a means to use 
near real time ionospheric parameters as well as non-great circles modes of propagation. Since 
the distribution of the PROPHET program is limited and the program is not being updated and 
maintained, new users might find the Proplab-2 program to be more suitable. 


B.2.) AN EXAMPLE OF PET-2A 


The first step in the use of PET-2A is to select candidate locations for a few signal 
sources and to determine the primary properties of each source. Table 1 shows the properties of 
a source labeled as Source 1. This source was being received at the receiving site being 
evaluated. The source characteristics are as follows: 


Identification Symbol TEST 1 

Latitude 

Longitude 

Antenna i/2 Dipole 

Power 1000 Watts 

Modulation 3-kHz digital modulation 
Distance 3900 km 

Coverage Area Primary 


Next, a propagation prediction program is used to determine the average values of the 
Maximum Useable Frequency (MUF) and the Lowest Useful Frequency (LUF) for each hour of 
the day on the path from the source to the receiving site along with the average values of hourly 
received signal strengths. Ionospheric conditions for the date of the investigation were used for 
the production of the examples. This date was the nearest mid-month date to the accumulation 
of site data. Actual values of man-made radio noise obtained during a 24-hour measurement 
period at the receiving site were used in the analysis. 


Figure 77 provides a listing of the hourly signal strengths in 2-MHz increments of 
frequency across the entire HF band. This data is used as the first input into the PET-2A 
program. 
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*** UNCLASSIFIED *** 


DATE: 9/ 9/2000 ATMOSPHERIC NOISE: NO 

10.7 CM FLUX: 160.0 X-RAY FLUX: .0010 MAN-MADE NOISE: QM 

eCes LAT: ' LON: ANT: 101 @ *OMNI* PWR: 1000.00 
ROTA LAT: LON: ANT: 666 @ *OMNI* RANGE: 3894 KM 


SIGNAL STRENGTH (DB ABOVE 1 MICROVOLT) 


FREQUENCY 

TIME 2 8 16 24 32 40 LF MF 
00 20 26 26 29 32 33 5 2 12 
OL 20 26 26 29 32 18-17 2021 
02 20 26 26 29 24-12 2 10 
03 20 26 26 29 14 2 9 
04 20 26 26 29 32 33 34 35 35 9° 2 18 
05 -17 11 20 22 26 30 32 33 34 35 31 14-17 223 
06 416° 22°:25. 27 33. 32-34 29°25.19. -8 4 26 
07 116 21 23 26 30 32 28 24 21 14-14 5.2 

08 -9 10 16 20 24 26 31 27 23 21 20 0 6 29 
09 -1 13 18 22 24 30 26 22 20 20 9-18 6 29 
10 -4 11 16 20 23 26 25 21 19 19 12-14 7 30 
11 a6 10 15 20 23° 25525: 2219 19 2-4 7 30 
12 25-1 620: 23.226 25 24 LOE 8-18 729 
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Figure 77 Average Values of Received Signals for the Test Case 


The above values are converted into dBm for a 50-Ohm load and entered into 
Spreadsheet 1. These values represent the average signal strength obtained at the output 
terminals of an omi-directional antenna located at the receiver site. 


Next the modulation detection threshold of the receiving system is entered into 
Spreadsheet 2. This is the signal margin above noise needed to detect the received signal and 
provide a low error copy of the modulation of that signal. 


In this case, the receiving site contained cable loss between the antenna and the receiver. 
This loss was measured and entered into Spreadsheet 3. 


In some cases, additional radio noise is generated by components between the antenna 
and the receiver. Thus, the noise at the input terminals of a receiver is measured with the 
antenna removed from the site’s signal-distribution system and replaced with a suitable 
termination. This noise level is entered into Spreadsheet 4 
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The man-made radio-noise values at the antenna terminals are measured in two-hour 
increments over a 24-hour period, and these values are entered into Spreadsheet 5. In this case 
the external noise was entirely from sources on distribution power lines that were within line of 
sight of the uppermost part of the antenna used for reception. The sources varied in distance 
from the site’s antenna from 1 km to more than 10 km. During this measurement some erratic 
variations in noise level were noted because of changes in the activity of sources. The level at 
the time of the measurement was used rather than the peak or minimum noted between 
measurement times 


Finally, some receivers contain an attenuator at their input to limit the maximum signal 
level. This is done to prevent overloading the receiver with the resultant loss of linearity and the 
introduction of intermodulation products and intermodulation noise. The receiver used for this 
analysis did not contain such an attenuator. 


Figure 78 provides an example of the measured man-made noise levels for the site. In 
this case the levels are expressed in dB above -130 dBm where -130 dBm is the minimum signal- 
detection level for the specific receiver used in the analysis when it used a 3-kHz signal- 
detection bandwidth. 


dB ABOVE -130 dBm 
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Figure 78 Radio Noise Levels at the Antenna Output Terminals 
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Output 1 of the PET-2A program provides an overview of the signal strengths available 
at the antenna terminals where the amplitude scale is in dB above -130 dBm. This output 
illustrates the ability of the site to detect signals under perfect site conditions with no signal- 
distribution loss, no signal-distribution noise, a 0-dB modulation-detection margin, and no man- 
made radio noise. Figure 79 shows a plot of predicted received signal levels for the source 
selected and at the year and season of the measurement. 


The impact of the ionosphere on signal propagation is evident in this example. The 
diurnal changes in the MUF and LUF are prominent aspects of the example along with the 
impact of path absorption on signal strength. In this case a few signals would be received at 
frequencies above the upper limit of the HF band during the mid afternoon hours. Signals would 
also be received from the source at frequencies below the lower limit of the HF band after 
midnight and during the early morning hours. 
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Figure 79 Signal Levels at the Antenna Output Terminals 
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The prior figure does not take into account the need for a margin in signal strength to 
detect and receive a signal at a low error rate. A signal-detection threshold of 12 dB was used 
for this example. In this example the detection margin was combined with the values of RFD 
loss and RFD noise to generate Output Plot 4 of the PET-2A program. These two items prevent 
the reception of some of the low-level signals. Figure 80 shows the remaining signals that can be 
detected by a receiver. 


About 11% of the signals were lost due to the consideration of the detection threshold, 
RFD loss and RFD noise. This is a reasonable loss for these parameters at a practical site since 
there will be some signal loss between the antenna and a small amount of noise will be added by 
components in the signal distribution system. 
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Figure 80 Signals Remaining after T+RFD 
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The high noise levels shown in the operating noise floor in Figure 79 suggest that 
additional signals will be lost when the man-made noise levels are considered. Figure 81 shows 
signals left when all site factors including the detection threshold, RFD loss, RFD noise, and 
man-made noise are considered. Man-made noise accounted for an additional loss of 46% of the 
signals impinging on the sites antennas from the selected source. This high loss indicates that 
considerable attention needs to be given to the mitigation of the sources of man-made radio noise 
if the site is to become an effective receiving site. 


The PET-2A program can be repeated for additional signal sources and sources with 
different parameters as long as the sources are within the primary and secondary coverage areas 
of the receiving site. Such results provide a means to evaluate the present state of a site and to 
assess the effectiveness of noise-mitigation actions undertaken to improve signal reception. 
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Figure 81 Signals Remaining after T + RFD + MMN 


The above examples of the PET-2A program illustrate how a site manager can determine 
the ability of his site to receive radio signals. Additional outputs can be provided to further 
examine signal loss due to any component of a site. 


A similar program is used to assess signal-reception loss at VHF and UHF sites. 
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research on RFI in the pro audio world where | made my living. That work is documented in 
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website. For this latest revision, much of the material on common mode chokes for 
transmitting has been moved to a new applications note. 


The publication 
A Ham's Guide to RFI, Ferrites, Baluns, and Audio Interfacing 
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Audio Systems Group, Inc. 


http://www.audiosystemsgroup.com/RFl-Ham.pdf 
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1. INTRODUCTION 


This handbook provides information about sources of radio noise and interference 
at radio-receiving sites where sources are located within the boundaries of a site. This 
includes sources that are within the main building, auxiliary buildings and other 
facilities associated with a radio-receiving site. Mitigation principles and techniques are 
included. A companion handbook' provides information about off-site sources of radio 
noise and interference and mitigation techniques for them. 


The objectives of this handbook are simple. It is the provision of the information 
needed to design, construct, and operate a modern radio-receiving site that is free of 
harmful sources of on-site radio noise and interference, thus permitting a radio- 
receiving site to detect and process low-level radio signals. 


In recent years on-site sources have become more pervasive due to the widespread 
use of power-conversion devices based on switching techniques. These devices convert 
electrical power from one form to another (e.g. direct current to alternating current, 
alternating current into direct current, a supply voltage to other desired voltages, the 
production of variable-frequency electric power, etc.) The widespread introduction of 
digital data-processing devices into radio-receiving sites has also resulted in many cases 
of increased noise levels at the input terminals of radio receivers. It is recognized that 
power-conversion and data-processing devices have added significant capabilities to 
radio-receiving sites, thus it is not the intent of this handbook to eliminate their use. It 
is the intent to provide the information needed to successfully employ such devices in 
and around a radio-receiving facility without degrading the ability of a site to receive 
low-level signals. 


Extensive illustrations and examples of data are provided, along with photographs, 
to support the information and procedures contained in the handbook. Time-history 
views provide a means to examine the details of impulsive and time-changing noise, 
interference and signals. Broadband current probes are used to measure the properties 
of EMI current flowing on a variety of conductors in a site where the EMI 
(Electromagnetic Interference) current can consist of one or more discrete-frequency 
components, broadband noise and interference or commonly mixtures of both. The 
instrumentation used to provide examples of data for this document is described in 
Appendix A. 


One additional complication is encountered while investigating signal-reception 
issues at radio receiving sites. Many signals are intermittent and occur at unknown 
times, at unknown frequencies, with unknown spectral and temporal properties and for 
unknown durations. Noise and interference is usually from multiple sources where each 
source produces noise and interference that is erratic in occurrence, erratic in temporal 
and spectral content and of erratic duration. In many cases the signals, noise and 


' Wilbur R. Vincent, George F. Munsch, Richard W. Adler and Andrew A. Parker, The Mitigation of 
Radio Noise from External Sources at Radio Receiving Sites, 6"" edition. Report No. NPS-EC-07-002, 
Signal Enhancement Laboratory, Department of Electrical and Computer Engineering, Naval 
Postgraduate School, Monterey CA 


interference fit non-stationary statistical rules rather than the conventional stationary 
statistical rules. Thus, simplistic measures of signals, noise and interference such as 
average, root-mean-square, peak, quasi-peak, amplitude probability distributions, etc. 
are not sufficient to even crudely describe many actual cases. To avoid the complexities 
of non-stationary statistical descriptions of signals, noise and interference in this 
document, graphical time-history views of signals, noise, and interference are provided. 
These views are calibrated in frequency, amplitude, and time duration as well as 
containing such information as date, time of day and location. Many of the views 
illustrate the difficulty of describing the properties of signals, noise and interference in 
simple terms. 


The reader will find that some of the information in this handbook is considerably 
different from that in other sources, and in some cases it conflicts with the information 
from other sources. In such cases it is hoped the reader will rely on basic electrical 
theory to evaluate such differences and conflicts. 


2. THE ON-SITE RADIO-NOISE PROBLEM 


On-site sources of radio noise that adversely affect the reception of desired radio 
signals are a major problem, preventing the reception of low-level signals at many HF 
through UHF receiving sites. Figure | illustrates the general nature of the problem 
where the building housing the receiving equipment is shown as a rectangle outlined in 
black and with light yellow fill. A typical signal path from an antenna to a radio 
receiver is shown in blue. Noise sources are shown in red ovals, and typical entry paths 
from sources into the RF path are shown as red dotted lines. 


Many sites have outlying facilities which also contain sources of noise. These are 
shown by the red oval titled fNearby Sources,O and noise from such sources can be 
received by the site antenna and be passed along to the input terminals of a receiver. 
Other sources can be inside the receiver building where it can leak into the RF paths by 
a variety of mechanisms. Still other sources of radio noise can be generated by filters, 
switches, amplifiers, and other components within the RF distribution system which are 
saturated thus generating intermodulation products and intermodulation noise. 
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Figure 1 Block Diagram of On-Site Sources 


Each item in the block diagram of Figure 1 will be dealt with in subsequent parts of 
this document. Emphasis is given to identifying sources, understanding the paths radio 
noise takes from its source to the input terminals of a receiver, and the application of 
effective mitigation actions. Numerous examples will be provided to support the 
implications presented in the block diagram. 


Of special interest is that all of the sources and the associated paths radio noise 
takes to appear at the input terminals of a radio receiver are completely within the 
control of site planners, site managers, and site operators. Eliminate the sources and/or 
the paths of entry of the noise into the RFD, and radio noise and interference problems 
will disappear. 
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3. RECEIVED SIGNALS 
3.1 Signal Dynamic Range 


Some information about the nature of ambient signals delivered by an antenna to 
the RF-distribution system of a site and its receivers is necessary to fully understand the 
adverse impact of radio noise and interference on the reception of signals. Thus a brief 
description of some aspects of received signals is provided for background information. 


Figure 2 shows the amplitude of signals received at an HF site from a vertical 
monopole antenna over the frequency range of 7.7 to 17.7 MHz. The signals in this 
example were received at 1600 hours local time, a time-of-day of minimum signal 
amplitudes. Signals above and below the frequency range were very low in amplitude 
due to radio-propagation limitations and were excluded from the data. The clusters of 
high-level signals originate from transmitters in the International Broadcast Service. 
The common wavelength identifiers of each international broadcast band are shown 
above each cluster. Signals in between the clusters of high-level signals are from other 
radio services and are normally the signals of highest interest to a receiving site. 


At nighttime when ionospheric absorption is low, HF signals will be 30- to 50-dB 
higher in amplitude than shown in Figure 2. 
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Figure 2 Example of Daytime Signal Levels in the HF Band 


Similar signals levels can be found at other HF receiving-sites since the distribution 
of transmitting sources is widely spread around the earth. Only minor site-to-site 
variations have been noted during measurements at more than 40 radio-receiving sites.” 


The total ambient signal power at the output terminals of an HF antenna was 
measured at 2-hour intervals over four days at a European site, and Figure 3 shows the 
result where a band-pass filter was used to exclude out-of-band signals. This example 
shows the broadband signal power within the 2- to 30-MHz frequency range that was 
delivered to the siteé RF-distribution system and on to the input terminals of the site& 
radio receivers. All broadband devices in the site RF-distribution system and the 
receivers must have sufficient dynamic range to handle the total signal power while still 
receiving low-level signals. 


Most HF and VHF/UHF receivers are capable of detecting a signal as low as -130 
dBm in a 3-kHz bandwidth. This indicates that a broadband dynamic range of about 
100 dB is required for all components in the RF distribution path during the daytime 
and up to about 140 dB at the nighttime hours. Any linear component in the RF- 
distribution system and in the broadband portion of a receiver that does not have this 
dynamic range will saturate and cause excessive intermodulation products and 
intermodulation noise which will appear at the input terminals of the receiver. Since the 
needed dynamic range is extremely difficult to achieve in standard broadband amplifiers 
and in receivers, automatic gain control is often used to limit the operating range of 
amplifiers and receivers at the expense of losing low-level signals. 
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Figure 3 Diurnal Variations in Total HF Received Signal Power 


2 Wilbur R. Vincent, Richard W. Adler and George F. Munsch, An Examination of Man-Made Radio 
Noise at 37 HF Receiving Sites, Report No. NPS-EC-05-003, Signal Enhancement Laboratory, 
Department of Electrical and Computer Engineering, Naval Postgraduate School, Monterey, CA 


Figure 4 shows a typical example of signal levels in the VHF band. In this case the 
primary strong sources are FM and Television stations located on nearby hill or 
mountain tops that are within line of sight. Occasionally one will encounter strong 
signals from other nearby sources such as mobile or fixed communications sites. 
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Figure 4 Example of Strong Signals in the VHF Band 


Experience has shown that the RF Distribution System at many sites contains 
components that lack sufficient dynamic range for effective signal reception. This is 
especially the case for nighttime signal reception at HF sites and at VHF/UHF sites that 
have nearby transmitting facilities. Site designers, managers, maintenance personnel 
and operators must take into consideration the presence of high-level signals from 
nearby sources and their potential impact on the reception of desired low-level signals. 
All components in the signal path from an antenna to a receiver must have sufficient 
dynamic range to cope with the total signal power delivered by the antenna. 


4. FACILITY GROUNDS 


4.1 General Comments 


Grounds are often misunderstood, misused, mistaken, and confused by site designers 
and site operators. Added to the confusion are the numerous names that are used for 
grounds. A partial list of these names includes: 


Single-point ground 
Multiple-point ground 
Signal ground 

Red ground 

Black ground 
Green-wire ground 
Shield ground 
Radio-frequency ground 
Computer ground 
Equipotential ground 
Room ground 

Facility ground 
Power ground 
Electrical ground 
Earth ground 
Lightning ground 
Antenna ground 


With the proliferation of names, many of them without a precise technical definition, 
it is no wonder that grounds are a confusing topic to the designers, managers, and 
operators of a receiving site. 


An additional vital, but often ignored, aspect of all ground conductors in a site is that 
they can, and do, conduct unwanted levels of EMI current and voltage from their 
source(s) to other locations in a site. This is further complicated by the electrical 
connection of a site& ground conductors to many other conductors such as equipment 
cases, equipment racks, electrical fixtures, communications cable shields, coaxial cable 
shields, conduits, and even the building structure. All such conductors are a part of the 
total electrical and RF ground system of a site, and no part of this total ground system 
can be ignored when investigating electromagnetic interference problems. 


The following discussion will attempt to eliminate some of the confusion about site 
grounds. 


4.2 The NEC® Ground 


The National Fire Protection Association (NFPA) publishes the National Electric 
Code® (NEC®). The NEC specifies details of a comprehensive ground system for all 
buildings with electric power. The NEC ensures that facility and personnel safety is 
maximized, and all sites operated by US entities should be in full compliance with the 
NEC. The NEC describes an earth ground located at the entrance of electric power into 
a facility, and it specifies the use of green-wire-ground conductors for the supply of 
electric power to all devices within a facility that use electric power. 


The sole purpose of the NEC green-wire ground is for the safety of equipment and 
personnel. No additional ground system or set of ground conductors is needed to satisfy 
the equipment and personnel safety requirement of the NEC at a receiving site or at any 
other facility. 


Each site should have a copy of the most recent edition of the NEC* and have 
someone fully trained in the use of, and full compliance with, the NEC. Of interest is 
that several individuals and organizations offer excellent training for the NEC’. 


4.3 An Additional Aspect of the NEC Green-Wire Ground 


The NEC green-wire ground conductors, as well as their associated electric-power 
conductors and metal conduits, often carry harmful levels of current and voltage 
throughout a site at frequencies higher than the electric power-related frequencies 
considered by the NEC. The NEC green-wire conductors as well as additional 
conductors such as cable shields, conduits, cabinet surfaces, equipment racks, and even 
the building structure also carry unwanted levels of EMI current from sources to 
victims. The high-frequency aspects of the flow of electric current and voltage in 
grounds is not covered by the NEC, and an understanding of the adverse impact of such 
current and voltage on the reception of radio signals is essential as well as the mitigation 
actions needed to reduce such current and voltage to harmless levels. 


Knowledge of the basic rules for the flow of electricity is essential in understanding 
the full role of ground systems. Two factors must be considered. The first is that low- 
frequency EMI current flows in complete circular paths from its source back to its 
source. This circular path may be simple, or it may be complex due to connections to 
other conductors. The exception to this simple circular rule is that current and voltage 
can be coupled by magnetic fields that surround all current-carrying conductors 
(inductive coupling) and by electric fields from voltage on conductors (capacitive 
coupling) onto all other nearby conductors. This provides even more paths for high- 
frequency current and voltage to reach the input terminals of a receiver. This is highly 
important because of the very close proximity of conductors carrying EMI current and 
voltage to many other conductors and conducting objects in a receiving site. 


Copies of the National Electric Code (NEC 2008) can be obtained from NFPA Headquarters, 1 
Battery Park, Quincy MA, 02169-7471, any of its regional offices, or from many commercial 
organizations. Further information is available at www.nfpa.org 
* One excellent source of training in the NEC is www.mikeholt.com 
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In addition, the flow of high-frequency EMI current on the electrically-long 
conductors commonly found in a receiving site will result in current and voltage peaks 
and nulls with distance along a conductor These peaks and nulls are identical to the 
standing waves found on unmatched transmission lines and on antennas. Thus, the 
magnitude of high-frequency current and voltage along a ground or along a conductor 
of any kind will change significantly with distance and with frequency. 


In this handbook, the measurement and documentation of EMI current from the 
magnetic fields that surround a conductor is emphasized rather than EMI voltage from 
the electric fields between the conductors. This is because a definitive value of EMI 
current can be obtained at any selected measurement point along a conductor with an 
appropriate current probe placed around a conductor. However, the measurement of 
EMI voltage requires a zero-voltage reference point which is virtually impossible to 
obtain in a receiving site except at the exact source of an EMI current or voltage. Since 
multiple EMI sources are common in a facility, a zero-voltage reference is almost 
impossible to obtain at the high frequencies of concern because of standing waves. A 
ground bus or system, no matter how large or extensive, cannot provide a zero-voltage 
ground reference at the high frequencies encountered at receiving sites. 


One additional complication needs consideration. Most EMI voltage and current 
flowing on conductors in a receiving site is highly impulsive, thus contains frequency 
components over a very wide part of the radio spectrum. Because of this, wide-band 
measurement techniques are essential to measure, document and understand EMI 
flowing on ground conductors, or any other conductor, as well as discrete-frequency 
measurements. Also of interest is that a description of the spectral and temporal 
properties of EMI current and/or voltage is often highly useful in identifying sources. 


To further complicate the understanding of a ground is that high-frequency EMI 
current and voltage flowing on grounds and other conductors often changes in value 
with time. This includes the occurrence of transients as well as sudden and large 
changes in current and/or voltage as sources are turned on and off. Thus, knowledge of 
the time history of changes of current and voltage is essential in diagnosing intermittent 
problems associated with erratic EMI current flowing in grounds. 


Figure 5 shows an example of standing waves along ground conductors for two 
equipment racks and along the conduit providing power to the racks. EMI current was 
injected into a ground bus at the power panel supplying power to equipment in the 
racks. Current was injected at a series of fixed frequencies and at a level of 750 uA 
rms. The injection level was set to the ambient broadband EMI current level flowing on 
the ground bus at a frequency of 2 MHz at this receiving site. The blue curve shows the 
measured current flowing in a ground bus at an equipment rack located about 10 feet 
from the injection point and as the injection frequency was varied. Peaks and nulls 
were found with frequency similar to the peaks and nulls found on a transmission line or 
an electrically long antenna. At the high-frequency end of the data, current peaks on the 
ground bus significantly exceeded the injection level. 
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Figure 5 Standing waves along Ground Conductors 


EMI current was also measured on a second ground bus leading to another nearby 
equipment rack as shown by the red line on the graph. Similar standing waves existed 
on this ground bus although at a lower level. EMI current was also measured on a 
power conduit as shown by the green line. It was somewhat more orderly and exhibited 
only minor variations with frequency. In this case the conduit was located on a cement 
floor and was separated from the ground busses and the ground busses were isolated a 
few inches above the floor. The conduit also fed electric power to another set of 
equipment racks, thus it did not provide a good closed path from the source of the EMI 
current back to its source. 


The data in Figure 5 show that grounds are not simple devices where the flow of 
current and its associated voltages are described by the limited concepts of direct 
current and voltage or at the low frequencies of the electric power system. The reactive 
impedance aspects of electrically-long grounds and conductors carrying EMI current 
must be considered in modern sites. The data show that zero-voltage points simply do 
not exist at any point along the ground system except at the exact point of injection of 
EMI current into a ground conductor. Additional information about the broadband 
nature of EMI current will be presented later in this document. 


Other electrically-long conductors can carry high-frequency EMI current such as 
cable shields and common-mode current flowing in unshielded cables, and they also 
will have standing waves for discrete-frequency cases. Standing waves were explored 
further using a multi-conductor cable 250 feet in length (Cable 1) placed on the ground 
in an open area. A second cable (Cable 2) was placed adjacent to and parallel with the 
first one. A constant level of current was injected into the shield of Cable 1 at a 
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frequency of 2 MHz, and the shield current was measured at 10-foot intervals along the 
cable. The dark line on the plot of Figure 6 shows the current magnitude along the 
length of Cable 1. The distinctive standing waves on the cable shield are identical to 
those along a long-wire antenna. 
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Figure 6 Variation of EMI Current Level on Cable Shields with Distance 


Next, one must consider the very tight coupling of EMI current and voltage from 
one conductor to another nearby conductor. The mutual impedance from one conductor 
to another nearby conductor (especially conductors in the same cable bundle) is very 
low, thus high-frequency current and voltage is efficiently transferred from one cable to 
another by inductive and capacitive field coupling. This is shown by the lighter line in 
Figure 6. Note that the current in Cable 2 also varies with distance, but it is opposite in 
phase. The current is near zero at each end of the second cable and peaks at 
approximately the nulls of the current in Cable 1. The data is not entirely smooth since 
the ground material under the cables was not uniform along the cable length and the 
cables were not perfectly straight nor evenly spaced apart over their length. 


The example shows that the tight coupling of EMI current and voltage from one 
conductor to another nearby conductor greatly enhances and complicates the spread of 
EMI current and voltage throughout a site. A single conductor with excessive levels of 
EMI current or voltage can efficiently infect other conductors and provide paths for 
EMI current and/or voltage to enter leakage points in signal paths. 


The two examples show the distinctive standing waves formed by a discrete- 
frequency source of EMI current. In actual cases, the EMI current often contains broad- 
band spectral components rather than a single spectral component as was used to obtain 
the standing-wave plots. Thus, overlapping standing waves will exist and the peaks and 
nulls of the standing wave current will be smoothed into a more continuous shape. 
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4.4 Other Ground Systems 


Receiving sites sometimes contain other ground conductors and ground systems in 
addition to the NEC Green-wire ground. In addition, many other conductors such as 
cable shields, conduits, equipment-rack and cabinets, and the metallic parts of the 
building structure are all electrically connected to the NEC green-wire ground. It is 
common practice to bond together large used and unused metallic objects such as 
equipment racks and cabinets from a general electrical safety standpoint. All of these 
conductors are a part of a site& ground system. 


The shields of antenna and communications cable should always be grounded to 
earth at their entrance point into a building with a suitable termination plate and a short 
conductor bonded to an earth ground rod as specified by the NEC. 


Equipotential ground systems are sometimes added to a receiving site, or a portion 
of a site, where the stated reason is usually to provide a near-zero-voltage reference for 
electronic systems and components. Unfortunately they only provide a near-zero 
voltage reference and an equipotential surface when their dimensions are electrically 
less than about 1/20" of the wavelength of the highest-frequency EMI current that flows 
in such a ground system. Since the wavelength of EMI current flowing in the grounds 
of modern sites is physically much shorter than the dimensions of any practical 
equipotential ground systems, standing waves of current and voltage will exist across its 
surface similar to that shown in Figure 4 for a linear ground conductor and similar to 
that found on a flat-plate antenna operating at frequencies where the signal& 
wavelength is shorter than the antenna dimensions. Thus equipotential ground systems 
cannot provide an equipotential surface or reference in a modern site, and they are not 
effective in controlling EMI problems. In many cases an equipotential ground will 
exacerbate EMI problems in a site rather than correct or minimize such problems 
because they effectively inductively and capacitively couple EMI current (magnetic 
fields) and voltage (electric fields) to many nearby conductors. 


In past years the equipotential ground was effective when one needed to provide an 
equipotential surface only at the fundamental and the low-order harmonics of the 
electric power frequency. This changed with the introduction of modern digital devices 
and power-control systems into receiving sites along with the accompanying high- 
frequency and broadband spectral components of EMI current and voltage. 


The use of a so-called equipotential ground system in a receiving site is no longer 
practical, and their use can be detrimental to site performance. 


Some sites contain additional ground systems. In all cases a valid technical reason 
should be clearly stated for additional ground conductors and systems other than the 
NEC green-wire system. 
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4.5 Earth Ground 


Some documents state, or imply, that grounding a device or system that contains a 
source of high-frequency EMI current and/or voltage to earth (or equipment that is 
susceptible to EMI) will correct EMI problems. Furthermore some documents state that 
the earth actually absorbs EMI. These statements are highly misleading and are often 
downright incorrect. They are not supported by the accepted principles of basic 
electricity. 


A review of Ohm6 law” and Kirchoff6° first law of current flow and his second law 
of voltage is useful in understanding the flow of low-frequency EMI current in a 
complex multi-path ground circuit. The concepts developed by these two individuals 
have withstood several centuries of tests and experiments, and they describe the flow of 
low-frequency EMI current and its associated voltages in electrical circuits including 
ground conductors. Only minor modifications to their laws (with the introduction of 
circuit impedance in addition to resistance) are needed to describe the flow of EMI 
current in ground systems at higher frequencies as well as the presence of standing 
waves of current and voltage (hence magnetic and electric fields) on ground conductors. 


The electrical path into an earth ground rod is always considerably higher in 
resistance and in reactive impedance than other paths within the complex configuration 
of ground conductors and other metallic conductors of a site. Since EMI current will 
always flow in the path of lowest impedance, it will flow primarily in the other metallic 
paths, and only insignificant levels of EMI current will flow into the higher impedance 
path of a ground rod and into the earth. Numerous attempts to measure EMI current 
flowing into the ground rods at a number of receiving and data-processing sites have 
shown such current to be insignificant and orders of magnitude lower than the EMI 
current flowing in other conductors of these sites. 


While an earth ground is absolutely necessary to comply with the personnel and site- 
safety requirements of the NEC, it does not provide a useful means to control or 
eliminate high-frequency EMI in a receiving site. Furthermore, there is no valid 
physical or electrical mechanism associated with an earth ground that will permit the 
absorption of alternating EMI current or voltage into the earth; however the earth and an 
earth ground do play a significant role in the control of static discharges from lightning 
and for the safety requirements of the NEC. 


° Georg Simon Ohm formulated his law of current flow in a resistor and the voltage drop across a resistor 
while a high-school teacher and published his findings in 1827. 

° Gustave Robert Kirchhoff formulated his two electrical circuit laws in 1845 while a university student in 
Germany. These two laws remain the fundamental means of determining the performance of circuits at 
direct current and at low alternating current frequencies in circuits were impedance is low. 
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4.4 Antenna Related Grounds 


It is beyond the scope of this document to provide detailed information about ground 
systems for antennas, and there are numerous references available to antenna designers 
on the topic. However, most forms of monopole receiving antennas require a ground 
counterpoise or mesh to provide a path for the flow of image current. This is commonly 
provided by the counterpoise wires or a ground mesh located under and around a 
monopole antenna. Such wires provide a lower-impedance path for the flow of image 
current than an earth-ground path. Counterpoise wires should never be used for any 
other purpose such as a general electrical or lightning protection ground system. 


Since ground counterpoise conductors are an integrated part of the antenna system, 
and all other nearby conductors must be free of EMI current to avoid coupling harmful 
levels of such current into the counterpoise conductors. This includes power and 
communication cables that are buried below the counterpoise conductors or supported 
above them. 


4.5 Other Factors 


Always use standard compression fittings and/or stainless-steel bolts to connect 
sections of a ground system together. Firmly tighten all joints. 


Never use welded or CADWELD® joints in a ground system or at any other location 
in a receiving site. Numerous cases of poor welding have been noted in receiving sites 
which can be blown apart with a sudden surge of fault current. In addition, 
contamination in welded joints can result in inclusions with non linear electrical 
properties. These can produce intermodulation components and intermodulation noise 
when EMI current flows through them. 
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5. TYPICAL SOURCES OF NOISE AND 
INTERFERENCE 


5.1 General Comments 


A variety of sources have been identified that inject harmful levels of radio noise 
and interference into the RF paths leading to radio receivers, and a number of typical 
examples are described in this section along with examples of the problems generated. 


5.2 Saturated Components in the RF Paths 


The saturation or overload of components in RF paths between an antenna and a 
receiver from the normal ambient signal environment and from high levels of man- 
made interference is a common source of unwanted and harmful radio interference. 
Examples of such components are broadband amplifiers, multicouplers, signal dividers, 
RF filters, and dirty and/or corroded coaxial connectors. Welds on galvanized steel 
used on antenna towers, antenna components, ground conductors, antenna supports, and 
objects near an antenna also have nonlinear characteristics that will saturate at very low 
levels of RF current. These kinds of sources produce unwanted radio interference from 
intermodulation (IM) components and broadband IM noise. 


Figure 7 shows a brief burst of intermodulation noise caused by a strong signal burst 
that overloaded the amplifier of a multicoupler. Such bursts of IM noise can be similar 
to some short-duration signals, and when present they put an unwanted burden on a 
receiving system which must differentiate them from desired signals. 
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Figure 7 In-Band IM Noise 
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Figure 8 shows another example of interference caused by saturated components in 
an RF path to a receiver. Multiple high-level signals from international broadcast 
stations in the HF band exceeded the dynamic range of a component in the RF path and 
caused the closely-spaced IM products. In this case the broadcast signals were all 
below the frequency range shown. JIonospheric propagation limitations prevented 
normal signals from being received within the frequency range of the example at the 
time of day of the example, thus all of the spectral components in the view are IM 
products. The reduction in amplitude of the IM products in the lower one-third of the 
time-history view is because of fading of the ambient signals that overloaded the RF 
components. The maximum amplitude of the IM products is shown in the upper 
amplitude-vs.-frequency view. Additional IM products also existed at lower and higher 
frequencies, including the lower frequencies where the broadcast signals were received. 
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Figure 8 Above-Band IM Products 


The term IM product refers to the textbook description of intermodulation where 
two or more discrete-frequency signals applied to a nonlinear component produce 
harmonics of each signal and other products in accordance with the following: 

fim = mf, + nf> + of 36 é é 


where fy is the frequency of each intermodulation product generated. 
f\, fo, f;@ @ are discrete-frequency signals applied to a nonlinear joint. 
m, n, o@ € are integers from 1 to a higher number. 
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The term FIM noised is also used throughout this document. Since fi, f, f;6 are 
often not pure discrete frequencies but are normal signals that have spectral width, the 
IM products will also have spectral widths but with widths multiplied by m, n, and 
o@ @ When the spectral widths of the ambient signals are wide as in many practical 
instances, the IM products will appear as broadband noise. Thus, both terms IM 
products and IM noise describe two important aspects of intermodulation. 


The previous Figure 7 shows one example where a strong signal about one-second 
in duration produced IM products and noise also about one-second in duration. Even 
shorter duration IM products and noise can occur, and Figure 9 shows an example. In 
this case a frequency-hopping transmitter emitting pulses in the low portion of the VHF 
band was operated adjacent to a receiving facility. Its strong VHF signals overloaded 
components in the RF path and produced high-level impulses of IM noise from 60 MHz 
up to 1000 MHz. Figure 9 shows an example of the resulting IM pulses in a 10-MHz 
wide portion of the radio spectrum centered at 309 MHz. 
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Figure 9 Intermodulation Pulses in the UHF band from a VHF Source 


Two factors contributed to the excessive IM products and noise shown in Figure 9. 
First, the VHF frequency-hopping transmitter was operated too close to the receiving 
antenna thus resulting in extremely high electromagnetic-field levels at the receiving 
antenna. Second, a very low-dynamic-range multicoupler was incorporated in the RF 
path between the receiving antenna and the receiver, and it could not handle the normal 
signal environment. 
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5.3 Cable Leakage 


Leakage of noise and other spectral components into RF cables running from 
antennas to receivers has been noted at all receiving sites that use single-shielded 
coaxial cables. Receiving sites using high-quality double-shielded coaxial cable and 
properly-assembled coaxial connectors seldom encounter cable-leakage problems. 


Figure 10 shows an example of severe leakage encountered at a receiving site. In 
this case a 5-MHz frequency-reference signal was distributed throughout the site over 
single-shielded RG-58 coaxial cable’. Radio signals were carried from the entry into 
the building and to receivers on single-shielded cables. Leakage of the reference signal 
and a second lower-level signal into a single-shielded cable feeding the receiver was 
exceptionally high. Of interest was that no detectable leakage was found in a parallel 
double-shielded coaxial cable feeding another receiver. This example clearly indicates 
that the use of single-shielded coaxial cable in a receiving site must be prohibited. 
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Figure 10 Example of Leakage into Coaxial Cables 


To better understand the leakage of signals from one cable to another, two single- 
shielded cables (type RG-58) fifty feet long were run in a straight line along the earth. 
Two fifty-foot double-shielded cables (type RG-223) were added to the configuration. 


7 See Section 8 for a discussion of coaxial cable designations, old and new. 
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Test signals were first injected into one of the single-shielded cables and then into one 
of the double-shielded cables. The far end of each driven cable was terminated in a 
fifty-Ohm coaxial terminator. The far ends of the un-driven cables were also terminated 
with 50-Ohm terminators, and the signal levels that leaked into the un-driven cables 
were measured with a spectrum analyzer at frequency intervals from 5 to 25 MHz. 


Figure 11 shows the result of this measurement where the leakage loss is expressed 
in dB. The single-shielded to single-shielded coaxial cable provided only about 70 dB 
of isolation near the center of the frequency range while the double-shielded to double- 
shielded loss was greater than 140 dB (not measurable with the test setup available). 
The single-shielded cable to single-shielded isolation is clearly insufficient to provide 
acceptable signal isolation from one antenna cable to another since at least 130 dB of 
cable-to-cable isolation is needed to the avoid cross talk of received RF signals. The 
isolation provided by single-shielded to double-shielded cable also did not meet the 
needed isolation levels. Because of these findings only double-shielded coaxial cable 
should be used throughout a receiving site. 
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Figure 11 = Cable-to-Cable Coupling Loss 
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The upper view of Figure 12 shows signals and noise at the input terminals of a 
receiver when an improperly assembled coaxial connector was installed on a coaxial 
cable in the RF-Distribution path for that receiver. The shield of the cable was open at 
one end enabling EMI current and voltage on the cable shield to enter the signal path. 
The noise floor over the low-frequency portion of the frequency range is excessively 
high. The lower view shows the reduction in the noise floor when the shield was 
properly connected. 
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Figure 12. ~—Impact of Improperly Assembled Coaxial Connector on Noise Level 
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5.4 Antenna Issues 


A number of sources of radio-interference and radio-noise related to antenna 
construction or antenna field issues have been identified. Examples are provided to 
illustrate some typical problems. 


Experience has shown that welding on galvanized metal after galvanizing produces 
nonlinear joints. Welding prior to galvanizing does not normally produce nonlinear 
junctions. 


A single alternating-frequency current conducted through a welded joint on 
galvanized metal will result in the production of harmonics. Current from multiple 
signals flowing through a non-linear joint will result in the production of 
intermodulation products and intermodulation noise as well as harmonics. Such sources 
can inject massive numbers of spectral components of current and voltage into the tower 
structure where the tower structure is physically close to its receiving antennas. This 
current and voltage can be coupled into the nearby receiving antennas, resulting in 
unwanted noise and interference being fed to all receivers connected to the antennas. 


Figure 13 shows an example of a weld on a galvanized portion of an antenna tower 
at a receiving site. This tower was located on a hilltop receiving site in direct line of 
sight to television, FM, and AM broadcast transmitters as well as being close to other 
commercial and military communication sites. Such sources injected significant levels 
of current and voltage into the tower and its associated cable shields. If nonlinear joints 
are present on such structures, intermodulation products and broadband intermodulation 
noise sources will exist. 


Figure 13. Weld on Galvanized Metal of a Receiving Antenna Tower 


2 


Figure 14 shows a ground conductor welded to a galvanized metal component of a 
tower at a receiving site. This tower was adjacent to the tower shown in the previous 
figure. The weld was clearly of poor quality, and it was necessary to use a tie wire to 
maintain its mechanical properties. In addition to its ability to produce intermodulation 
products and broadband intermodulation noise, the poorly welded joint would be blown 
free of the tower from surge current induced by a lightning strike. 


 \ 


a 


Ground Wire Welded to Galvanized Metal on Antenna Tower 


Figure 14 


The solution to the ground cable connection is to use a standard electrical 
compression fitting on the ground conductor and bolt the fitting to the tower. All other 
tower fittings should be bolted. 


Welding on the galvanized metal components of a receiving or transmitting antenna 
tower should be prohibited. 
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Impurities in a CADWELD® can also produce nonlinear joints which can be a 
source of harmonics, intermodulation products and broadband intermodulation noise. 
Figure 15 shows an example of a CADWELD® that connects an antenna counterpoise 
wire to a ground stake. A large number of such welds existed in the ground plane for 
the antenna. 


The use of mechanical electrical fittings fabricated of bronze will eliminate the 
possibility of these connections being sources of low-level intermodulation products 
and noise in the antenna counterpoise system. This will also eliminate the high levels of 
intermodulation when nearby radio transmitters are operated. CADWELD® joints 
should not be used on or near antenna fields or at any other location within or near a 
receiving site. 


Figure 15 ©CADWELD® on Antenna Counterpoise Wire 


The rusty joint effect is well known to old-time radio engineers, especially when the 
rusty joint is in the antenna system. Figure 16 shows an example of such a joint that 
was part of an antenna guy. Also of concern is the use of chain in the guy because its 
joints can move from wind resulting in intermittent contacts. A thin layer of insulating 
oxide is formed on galvanized metal, and wear from movement can intermittently make 
and break through the layer. Non-conducting line should be used for all antenna guy 
material or metallic guys with properly installed and spaced compression insulators. 


Zs 


Figure 16 Example of a Rusty Joint 


Figure 17 shows an example of multiple incidental contacts between conductors 
where the conductors are physically and electrically close to receiving antennas. Low- 
level standing waves of current and voltage exist on such conductors from ambient 
radio signals. The intermittent contacts formed by minor movement of the conductors 
result in impulses due to small potential differences between the conductors. These low 
level impulses radiate and result in low-level and erratic impulsive noise at the input of 
the siteG receivers. 


Figure 17. Example of Incidental Contacts 
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5.5 Shielded Room Issues 


Shielded rooms are often used to isolate sources of EMI from nearby antennas and 
signal-distribution components. A properly designed and installed shielded room can 
be an effective means of controlling EMI problems when extreme measures are needed, 
but with time and modifications many become ineffective shields. 


A few common examples of problems with shielded rooms are shown in this 
section. The technical details associated with the use of small and large shielded spaces 
are presented in more detail in Section 7. Figure 18 shows where a water pipe 
penetrated a wall of a shielded room. This pipe can conduct EMI current and voltage 
from outside sources into the room, and it can conduct EMI current and voltage from 
sources in the room to locations outside the room. The outside surface of the water pipe 
should be electrically connected to both sides of the shielded-room wall. This provides 
a low-impedance path for EMI current to flow back to its source rather than into or out 
of the shielded room. 


Figure 18 Water Pipe Penetrating a Shielded Room 
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Figure 19 shows another penetration of a shielded room. In this case a coaxial cable 
associated with the site security system penetrated the shielded room. Its shield 
carried EMI current and voltage into and out of the shielded room. This kind of 
conducting penetration must be avoided since a single such penetration as shown can 
completely destroy the effectiveness of a shielded room. In this case a standard coaxial 
bulkhead connector at the penetration point would have provided a satisfactory means 
of terminating the cable shield on both sides of the wall of the shielded room. 


Figure 19 Coaxial Cable Penetration of a Shielded Room 


Of interest is that other similar penetration tubes have been found that carry non- 
conducting fiber-optic cables into and out of shielded rooms. Such penetrations are 
acceptable since non-conducting cable can not conduct EMI current or voltage into or 
out of the room, however some fiber-optic cables are constructed with metallic armor, 
and these should be treated the same as the shield on coaxial cable. 


The use of shielded rooms is recommended only for special needs and for the 
isolation of major sources of EMI. Most sources of EMI can be sufficiently contained 
by enclosing the actual source inside an inexpensive commercial metal enclosure along 
with the control of each penetrating conductor as described later in Section 7. 
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5.6 Power-Conversion Devices 


In recent years a wide variety of power-conversion equipment has become available 
for general use. Most such equipment employs electronic switching techniques to 
convert electric power from one form to another form. Examples are Uninterruptible 
Power Supplies (UPS), switching power supplies, and variable-frequency power 
sources. 


Many power-conversion devices, but not all, are sources of harmful levels of EMI 
current and voltage that is injected onto the NEC green-wire ground, power conductors, 
other grounds, cable shields, and other conductors of a site. Since the EMI current and 
voltage generated by these equipments is often impulsive, spectral components of their 
current and voltage often extend from low-order harmonics of their power source up 
into the UHF frequencies. Some such devices are designed to limit the flow of EMI 
current and voltage on external conductors to low levels while many other similar 
equipment is not so designed. 


The Federal Communications Commission (FCC) recognized that many electronic 
devices and power-conversion equipments generate harmful levels of EMI current and 
voltage. The FCCG Class A and Class B ratings for acceptable levels of EMI voltage 
were developed and published several years ago.’ The FCC Class A rating describes 
acceptable levels of EMI voltage for devices employed in commercial facilities where 
relatively high-levels of EMI current and voltage can be tolerated. The FCC Class B 
rating describes lower levels of EMI voltage for devices that are sold for residential use. 
Other specifications (such as the MIL standards) exist that describe acceptable levels of 
EMI voltage and current for various military systems, but they do not always apply to 
radio-receiving sites. 


Unfortunately, no document is presently available that covers the specific radio 
noise and interference requirements for radio-receiving sites, although the FCC Class B 
specification is sometimes, but not always, used for the purchase of equipment for such 
sites with varying degrees of effectiveness. Of concern is that many new electronic 
devices and systems containing power-conversion devices are designed to Class A 
standards and are intended only for industrial purposes, but they are frequently installed 
at receiving sites. Modern air-handling systems, variable-speed electric-motor 
controllers and large Uninterruptible Power Systems are prime examples. 


Figure 20 shows an example of a label added to electronic devices made in the 
United States that are intended only for use in non-residential locations. Any device 
containing this or a similar label is almost certain to produce harmful levels of radio 
interference at a receiving site. Devices with such a label should not be procured for 
use in and around a receiving site. In addition, any device containing electronic 
equipment that does not have such a label should not be procured for use at a radio- 
receiving site unless it has been tested to ensure that it meets the FCC Class B 
requirements or the EMI current levels provided in Table | later in this section. 


8 See Section 8 for more detail. 
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Figure 20  Radio-Interference Label from a Class A Device 


Computers, home electronics, and other electronic devices usually have a label 
indicating that they meet the FCC Class B requirements, or this is stated in their 
instruction manual. Such devices can be used in a radio-receiving site with little 
concern that they will generate harmful levels of radio interference although Class B 
devices should not be used in close proximity to a site@ receiving antennas. Be aware 
that adding external peripheral devices to any item with internal noise sources may 
cause them to no longer meet the Class B requirements, and thus be an interference 
source. 


The U.S. Navy Signal-to-Noise Program (SNEP) Teams have examined radio-noise 
and radio-interference problems from both internal and external sources of interference 
and noise at more than 40 sites at various locations around the globe. Their work 
consisted of identifying the sources of harmful levels of noise and interference, 
determining the maximum tolerable levels of EMI current from sources, evaluating the 
loss of signals from noise and interference, and developing mitigation actions for 
sources. Extensive measurements have resulted in estimates of the maximum tolerable 
levels of EMI current at these sites for the reception of low-level signals. 


Table 1 provides maximum permissible levels for a small receiving site and a large 
receiving site. Two frequency ranges were examined. Linear scaling can be used to 
determine the approximate maximum current for frequencies between the two ranges. 


LARGE SITE 
0 to 10 kHz 


100 kHz to 100 MHz 


SMALL SITE 
0 to 10 kHz 


100 kHz to 100 MHz 


Table 1 Maximum Permissible Limits for Conducted EMI Current 


The values of maximum permissible EMI current at frequencies between 100-kHz 
and 100 MHz are quite low. These low levels were determined from extensive 
measurements at many receiving sites, and the reasons for the low levels are twofold. 
The first is that the limits apply to sites that are designed to detect and process low-level 
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radio signals without harmful radio-interference or added noise above ambient noise 
levels. The second is that multiple leakage paths can exist for EMI current and voltage 
to enter the signal paths at all sites, but the permissible leakage level is often determined 
by only one or two elusive and difficult to identify points of the lowest transfer 
impedance for EMI current or voltage to enter a signal path. The test equipment needed 
to identify low-impedance transfer points is seldom available at a receiver site. 


Exceptions have been noted to Table 1. Some sites that have nonlinear joints in the 
antenna system, its counterpoise, or within its signal paths can be susceptible to low 
levels of EMI current. Sites with power, control, and communications cables 
underneath its antennas (including buried cables) can be susceptible to low-levels of 
EMI current flowing on the shields of such cables. Other sites designed with high 
levels of isolation in signal paths can tolerate somewhat higher levels of EMI current. 
This indicates that an examination of the properties of low-level radio interference and 
noise at the input terminals of a receiver is critical, and a determination of its sources is 
a requisite item in determining the ability of a site to perform as intended. 


The maximum EMI current levels in Table | are based on the detection of typical 
signals with a 0-dB signal-to-noise ratio at a receiver bandwidth of 3 kHz. Ifa site must 
detect signals at negative signal-to-noise ratios or narrow-band signals with receiver 
bandwidths less than 3 kHz, the maximum permissible EMI current levels will be even 
lower than those shown in Table 1. 


A few examples of excessive EMI current flowing on cables in a receiving site will 
demonstrate the problem. Figure 21 shows EMI current flowing on one of the 3-phase 
output power conductors of a Power Distribution Unit (PDU) over the frequency range 
of 100 kHz up to 10 MHz. This particular PDU was located within a shielded room that 
housed the RF-distribution equipment for an HF receiving site. The PDU contained a 
switching power supply for its electronics along with other digital control devices, and 
it provided electric power to all equipment located within the shielded room. 


Time -s 


Frequency - MHz 


B, 9/10, 051021, 1419, 10, 20, 10, 200, F-70, NF, 20, O, -30 
PDU, Blue Cable 


Figure 21. EMI Current Flowing on PDU Power Conductor 
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Severe peaks and nulls in noise amplitude were found across the entire frequency 
range of the data at levels significantly above the minimum tolerable level provided in 
Table 1. The slanting lines in the time-history view over the frequency range of about 
3.5 to 8 MHz are from repetitive impulsive noise with a period of 8.3 ms (a pulse 
occurrence rate of 120 per second). The amplitude of these impulses is shown in the 
upper amplitude-vs.-frequency view. The noise in the remaining part of the HF band 
was a combination of impulsive noise at lower levels and closely-spaced spectral 
components related to harmonics of the power-line frequency and of the switching rate 
of the power-converter device. 


The PDU was examined to determine if it was procured in accordance with the FCC 
Class B noise voltage rating. No label was found on the unit, a violation of the FCC 
rules. While the voltage level of noise was not measured in accordance with the FCC 
test procedures, the high noise current level clearly indicate this unit was either 
manufactured to the FCC Class A industrial noise requirement or the noise requirement 
was simply ignored. 


Figure 22 shows noise on one of the 3-phase conductors feeding power into the 
shielded room. In this case the power is provided to a 30-kVA UPS located in an 
adjacent shielded room, and it passed through a large low-pass filter located on the UPS 
side of the wall of the shield separating the two rooms. The drop in noise amplitude 
above about 200 kHz is caused by the filter. Note that the noise level at 500 kHz is very 
low, and the device met the requirements of Table 1 for a large site at all frequencies 
above about 1 MHz. The filter installation was effective at the higher frequencies, but 
excessive levels of noise and harmonic components of the power-line frequency and the 
switching rate of the UPS exceeded the low-frequency level stated in Table 1. 


Frequency - MHz 


B, 7, 051023, 1145, 0.25, 0.5, 3, 100, F-70, NF, 20, 0, -20 
Blue Cable, UPS J Box in B 


Figure 22. UPS Noise after a Filter 
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The data in Figure 22 shows the difficulty of placing a relatively large UPS adjacent 
to a room containing radio-frequency distribution equipment. The filters on the power 
conductors and the use of a ground stud connected to both sides of the wall of the 
shielded room separating the UPS from the signal paths equipment were effective at the 
high frequencies of primary interest to the site, but practical filter-design considerations 
made it impossible to meet the low-frequency requirements. 


At this site, electric power for the UPS and other portions of the RF-distribution 
room was supplied by underground cables that ran under the antenna field at a depth of 
about 4 feet. Of concern was that EMI current on these cables might be inductively 
coupled into the counterpoise wires of the monopole antennas at the facility. The 
concern for this was highlighted by the reception of excessive levels of impulsive noise 
by the antennas. To check this, a test dipole was placed on the ground in parallel with 
the counterpoise wires. 


Figure 23 shows the amplitude of spectral components of noise collected by the test 
dipole antenna over the frequency range of 4.5 to 5.5 MHz at three locations. The top 
location was near the center of the antenna field, the middle location was near the edge 
of the antenna field, and the bottom location was near a nearby large facility. The data 
clearly show that excessive spectral components of noise were injected into the test 
antenna and also into the site@ antenna counterpoise wires from EMI current flowing on 
the underground cables. 
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LZO, B/BA/A, 051027, 1253/1309/1330, 5, 1, 3, 100, Dipole-O, NF, 20, O, -30 
Ambient from antenna on gnd at three locations 


Figure 23 Noise from Underground Power Cables 
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Multiple sources of noise current carried by the underground power cables were 
identified including the UPS at the location along with other power-conversion devices 
in another nearby building associated with air-handling systems, power-conversion 
devices associated with water-control pumps, another a even larger UPS in an adjacent 
building, and several additional power-conversion devices operating at lower power 
levels. 


The underground power cables located directly under the antenna field were 
installed in accordance with the requirements of the NEC, but those requirements were 
insufficient to ensure the noise-free operation of a radio-receiving site. 


An examination of the power-conversion devices contributing to the harmful levels 
of radio noise in Figures 21, 22 and 23 did not reveal the expected Class B or Class A 
labels required by the FCC for such devices marketed for general sale. Additional 
examination and measurements indicated that all were intended for industrial use rather 
than meeting the FCC Class B requirement for residential use. The use of such devices 
in and near a radio receiving site can significantly degrade the ability of a site to receive 
low-level radio signals of special interest, and they should not be installed in such 
facilities. 
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5.7 Building Issues 


Examples of problems found in existing buildings are provided to illustrate the 
general nature of items that must be avoided to achieve a low-noise radio-receiving 
capability. 


Never install electronic equipment or devices in a receiving site which inject 
harmful levels of EMI current or voltage into conductors attached to the equipment or 
device. One way to achieve this is to ensure that all electronic equipment or devices, or 
any larger system that includes electronic equipment or devices, meets the FCC Class B 
radio noise and interference requirements or meets the EMI current limits provided in 
Table 1 on Page 30. Avoid the use of any electronic equipment or device or other 
system that contains a label similar to that shown in Figure 24’. Some items of 
equipment do not have such a label, but still contain electronic devices. In such cases, 
the person responsible for the procurement and installation of such equipment must 
make certain that it complies with the FCC Class B radio-noise and interference 
requirements and/or the EMI current limits provided in Table 1. There should be no 
exception to this process. Compliance will ensure that the buildings and facilities of a 
radio-receiving site will function as planned and as needed to achieve its mission. 


Figure 24 Example of FCC Class A Label 


If such a device is essential for the operation of a radio-receiving site, it must be 
modified in accordance with the principles provided in Section 7 of this document and 
tested prior to its use. Examples of such potential equipment and devices are 
Uninterruptible Power Supplies, switching power supplies, recent air-conditioning 
equipment with electronic controllers, the controllers for variable-speed electric motors, 
and other similar devices. 


° This label is used elsewhere in this document. It is reused several times because of the critical need to 


avoid the installation and use of such equipment or devices in a radio-receiving site unless it has been 
modified in some way to fully comply with the FCC Class B requirements or the EMI current limits 
provided in Table 1. 
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In addition to the above items, other building issues that impact the operation of a 
radio receiving site can exist. Figure 25 shows a support bracket fabricated out of 
galvanized steel and bolted to the side of a shielded room. This bracket was welded 
after galvanizing. While it provided excellent mechanical support, EMI current was 
flowing on the surface of the shielded room and such current passed through the 
nonlinear joints of the welds. The resulting harmonics, IM products and IM noise 
generated by the nonlinear joints added significantly to the RF environment inside the 
room which contained RF cables, RF preamplifiers and other low-level radio systems. 


Figure 25. + Weld on Galvanized Steel inside a Radio-Receiving Building 


Cable shields, conduits, pipes, and other conductors in a building often carry 
significant levels of current at harmonics of the electric power frequency and other 
high-frequency spectral components. Incidental contacts between such conductors and 
other nearby conductors produce transients of current and voltage that contain high- 
frequency spectral components, and such transients can cause two problems. The first 
is undesired intermittent noise in the output of a receiver. Second, such transients have 
been noted to disrupt the operation of computers and data-processing devices. 


Figure 26 shows a photograph of unwanted intermittent contacts. MC cables 
providing power to electronic devices were in loose contact with each other. Also two 
of the cables were in intermittent contact with a metal floor stanchion. Unfortunately, 
the MC cable shields carried significant levels of current at harmonics of the electric 
power, and a person walking on the floor above can cause sufficient movement to 
produce harmful levels of transients. 
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Figure 26 _—_Incidental Contact, Example 1 


Still another example of incidental contacts between conductors is shown in Figure 
27. In this case an extra length of MC cable was coiled and left under the floor in loose 
contact with other conductors. It also resulted in unwanted transients when anyone 
walked on the floor above the cable. Of interest is that the photograph shows that other 
metal objects were properly bonded together to avoid the production of transients. 


Figure 27 _ Incidental Contact, Example 2 
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Significant levels of low-frequency current at the fundamental and harmonics of the 
electric-power frequency and at higher frequencies are found on ground buses, conduits, 
and other conductors of a building. Figure 28 shows three views of spectral 
components of current flowing on a green-wire ground from a cabinet containing digital 
devices. The top view shows current at the fundamental frequency and at harmonics 
over the frequency range of 0 to 2000 Hz. The middle view shows a coarse view of 
components over the frequency range of 0 to 100 kHz. The bottom view shows an 
expanded view of a strong component found at 64 kHz. Other cases have shown that 
50- or 60-Hz levels as high as 8 A have been found flowing on conduits along with 
harmonic levels up to 1 A. 
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Figure 28 Example of Current Flowing on a Cabinet Ground 


The source of the unwanted current levels is usually poorly-designed power supplies 
and electronic equipment. Unwanted current levels can be avoided by purchasing and 
installing only well-designed electronic equipment and devices that comply with the 
FCC Class B noise requirements or the current levels provided in Table 1. 
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Figure 29 shows another example of unwanted current flowing on a cabinet ground 
conductor. In this case multiple and sensitive digital signals appeared on a major 
ground conductor of a data-processing facility. Further investigation identified the 
same digital signals on several cable shields and on several other ground conductors. 
The source was a signal cable whose shield was open at one end. This was done to 
reduce low-frequency current also flowing on the cable shield to harmless levels, but it 
allowed the high-frequency digital signals to appear on the shield of the signal cable as 
well as on other nearby conductors. 
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Figure 29. Example of Current Flowing on a Ground Conductor 
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6. STATISTICAL PROPERTIES OF NOISE 
AND INTERFERENCE 


Radio noise and interference at the input terminals of radio receivers can originate 
from a variety of off-site and on-site sources. Prior to 1998 external sources dominated 
the noise and interference levels at the input terminals at most HF and VHF receiving 
sites. Occasional on-site sources would sometimes be found, but they were often lower 
in amplitude than noise from off-site sources. After about 1998 site-improvement 
programs started to introduce power-conversion devices into radio-receiving sites. The 
power-conversion devices convert alternating electric power into other forms of 
electricity using digital switching techniques. In addition, new and extensive digital 
signal-processing devices were added to receiving sites at about the same time. 


These devices include switching power supplies, variable-speed controls for motors, 
uninterruptible power sources, and a great variety of digital control and processing 
equipment. While many such devices were designed such as to limit their emission of 
noise and interference, others were not. Those that did not generally increased the noise 
and interference levels at the input terminals of radio receivers, and this limited the 
ability of a receiver to detect and process data from low-level signals, thus degrading 
site performance. 


Also at about 1998 external power-line sources started to decrease in numbers as 
electric utilities and base-maintenance facilities started to change insulators on 
distribution lines within line of sight of receiving antennas from ceramic and glass bells 
to polymer types as well as updating other aspects of their overhead power lines. Of 
interest is that higher voltage transmission lines seldom were identified as sources of 
radio noise since their design, construction techniques and hardware usually met low 
radio-noise-emission standards. 


Unfortunately, the spectral and temporal properties of noise and interference from 
both off-site and on-site sources often change significantly with time. Rarely does a 
single and stable source dominate noise levels at the input terminals of a receiver. 
Multiple simultaneous sources often exist. Significant changes in the spectral and 
temporal properties of each individual source can, and do, occur erratically within 
seconds, minutes and to a lesser extent hours. This along with the ever-changing 
impulsive nature of noise and interference make it extremely difficult to describe its 
properties. Significant changes in the temporal and spectral properties of noise and 
interference often occur at time intervals comparable to message lengths. 


Figure 30 shows an example of erratic noise and interference found over the 1- to 
20-MHz portion of the HF band at a receiving site where the data was obtained with a 
conventional scanning spectrum analyzer. Four sequential scans are shown where the 
spacing between the first two scans is about 20 seconds, and the spacing between the 
other examples is only a few seconds. A careful examination of the four examples 
shows significant differences in detail from one to the next one. The spectral and 
temporal properties of the noise and interference changed significantly from example to 


4] 


example, and the changes cannot be understood from such sequential examples. These 
examples illustrate the difficulty in describing erratic noise and interference with 
standard instruments. 
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Figure 30. Example of Erratic Noise and Interference 


Two additional factors must be considered. The properties of noise and interference 
are further complicated by the broadband nature of impulsive noise. The amplitude and 
the spectral and temporal properties of impulsive noise and interference are a function 
of measurement bandwidth. Conventional electromagnetic compatibility receivers, 
conventional radio receivers and spectrum analyzers all have measurement bandwidths 
less than the bandwidth of most cases of impulsive noise. For example, the 
measurement bandwidth of the noise and interference shown in Figure 30 is a 30-kHz 
Gaussian-shaped bandwidth. Its amplitude would be less with a measurement 
bandwidth of 3 kHz, and its temporal structure would be different. Thus, the amplitude, 
and the temporal properties of all examples of impulsive noise and interference 
provided in this handbook are dependent on measurement bandwidth. A general scaling 
rule for amplitude changes with bandwidth is provided in Appendix A. 


In addition to the measurement bandwidth issue, the amplitude of noise and 
interference appearing at the input terminals of a receiver changes significantly across a 
even a relatively small frequency band. The frequency-flat noise produced by 
laboratory test sources is seldom encountered at the input terminals of a radio receiver. 
Significant peaks and nulls in amplitude with frequency are shown in many of the 
examples provided which illustrates this condition. 


42 


Laboratory and acceptance testing of radio receiving equipment and data processing 
devices is commonly done using time-stable signals and time-stable noise. Both can be 
measured and quantified with stationary statistical values such as average, root-mean- 
square, amplitude probability distributions, etc. However, in actual practical cases the 
noise and interference at the input terminals of a receiver, as well as signals, are often 
highly erratic, and can only be described as a non-stationary statistical process. 


Brief statements for the meaning of stationary and non-stationary data or processes 
are provided to aid in understanding and defining the properties of noise and 
interference encountered at the input terminals of a radio receiver. 


e Noise and interference data and signals are stationary if their statistical 
properties (such as average, root-mean-square, amplitude probability, and 
other measures) are all stable and constant during a time interval of interest. 


e Noise and interference data and signals are non-stationary if any of their 
statistical properties (such as average, root-mean-square, amplitude 
probability, and other measures) change during a time interval of interest. 


Thus, little experience is gained during standard laboratory and acceptance testing of 
equipment related to its performance under the erratic and changing conditions such as 
encountered at radio-receiving facilities. Also, there is a major paucity of 
instrumentation and procedures to cope with the erratic noise, interference and signals 
encountered at radio-receiving facilities. The lack of attention to this problem also 
results in a lack of personnel who are trained to understand and cope with practical field 
conditions. 


Unfortunately, the complexity of applying non-stationary statistical processes has 
discouraged personnel associated with receiving sites from its use. In past years, 
progress in understanding non-stationary statistical processes has been slow and largely 
limited to a few mathematicians and specialized statistical individuals. Recently, this 
has changed because a large variety of cases have been found to fit the definition of a 
non-stationary process, and considerable attention is now being devoted to such cases. 
For example, a recent series of conferences at Cambridge University'® in England dealt 
with practical communications problems related to the erratic noise and interference 
encountered at radio-receiving facilities as well as other similar and related problems. 
A few text books directed at solutions to such practical problems are starting to appear | 
although much additional material related to practical applications is needed. 


New applied research programs and additional conferences, such as the University 
of Cambridge conference, are urgently needed where mathematicians, statisticians and 
engineers can explore practical problems such as the impact of erratic and non- 
stationary interference and noise on the reception and processing of erratic and non- 
stationary radio signals. 


' http://www.newton.ac.uk/reports/9899/nsp.html 
'' Nonlinear and Nonstationary Signal Processing, Edited by W. J. Fitzgerald, University of Cambridge 
(ISBN-13:9780521800440 | ISBN-10: 0521800447) 
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Real-time, time-history presentations of signals, noise and interference are used 
throughout this handbook (and in its complementary handbook for off-site noise 
sources) to graphically portray the time-changing spectral and temporal properties of 
noise, interference and signals. This provides an alternate approach to investigate 
practical field problems and to provide the information needed to identify sources. 
While this approach offers a convenient graphical way to portray actual conditions, it 
does not provide a means to supply simple values for noise and interference or the 
numerical values needed to evaluate the loss of received signals due to noise and 
interference. 


A few additional graphical examples of noise and interference at the input terminals 
of radio receivers are provided to illustrate the difficulty of defining their properties in 
simple terms. Figure 31 shows two examples of intermittent interference from the 
controllers for variable-speed electric-motor drives. The left view shows interference 
across the 415- to 435-MHz portion of the spectrum of interest at the input terminals of 
a VHF receiver. The right shows an example of interference at the input terminals of an 
HF receiver where the spectrum analyzer frequency span was set at zero to better 
portray the temporal structure of the interference at a specific frequency. In both cases 
the interference erratically changed with time. Also, significant differences in the 
temporal structure of the two cases are shown. 


In both examples, the interference extended well above and below the frequency 
ranges shown. 
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Figure 31 Severe Radio Interference from Variable-Speed Electric-Motor Drives 
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Figure 32 shows two examples of intermittent interference to receivers. The left 
view shows interference from three frequency-hopping sources located off-site but less 
than a km from the receiving site. A number of ambient signals are shown as well as 
the frequency-hopping emissions. In this case, interference to signal reception only 
occurred when a hopping signal burst was within or near the bandwidth of a VHF 
receiver, thus the occurrence of interference was erratic and unpredictable. 


The right view shows variable-frequency emissions causing intermittent interference 
to an HF receiver. In this case, multiple emissions from the radio-frequency heaters of 
multiple plastic molding machines caused the intermittent interference. Such emissions 
are permitted for the Industrial, Scientific and Medical (ISM) radio service within the 
band of 27.120 MHz + 160 kHz. The emissions originated from a factory located more 
than 10 km from the receiving site, and the emissions are clearly outside their allocated 
frequency band. 
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Figure 32 —‘Intermittent Interference from Frequency-Hopping and ISM Emissions 
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Radio interference from sources on electric utility distribution lines is frequently 
encountered at HF and VHF receiving sites. Figure 34 shows two examples of such 
interference. The left view shows interference from two sources where one operated 
continuously over the 10.8 s observation time and the other only over the lower half of 
the time-history view. 


The right figure shows the complex temporal structure of two simultaneous sources. 
In this case the frequency scan of the spectrum analyzer was set at zero-frequency scan 
and the scan time was changed to enhance the detail of temporal structure. The 
amplitude differences of the three sources are shown in the upper view. The two views 


show the details of the interference at the input terminals of a receiver set at a frequency 
of 30 MHz. 
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Figure 33. The Complex Structure of Intermittent Power Line Interference 
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Figure 34 shows two views of signals and interference in the unlicensed 2.4-GHz 
wireless band. The left view shows the dense population of signals in the band along 
with an emission from a microwave oven. The upper view shows the densely packed 
and overlapping signals from multiple 802.11b devices as well as other sources. 
Interference from a microwave oven is shown about %4 of the way down the time axis of 
the time-history view. 


The right pair of views shows signals and interference prior to the addition of a 
wireless router in a home office. The slanting lines are caused by the synchronizing 
pulses emitted by two fairly strong emissions from existing nearby 802.11b Access 
Points along with a third low-amplitude 802.11b signal. Strong intermittent interference 
is shown in the time-history view while the amplitude of each emission is shown in the 
upper amplitude vs. frequency view. Two narrow-band signals are also shown in the 
time-history view along with intermittent interference from an unknown source. 
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Figure 34 —‘ Signals and Interference in the 2.4-GHz Wireless Band 
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While emphasis has been given to the erratic structure of noise and interference, the 
temporal and spectral structure of signals can also be erratic and be statistically non- 
stationary. Burst signals that occur at random and unknown times are an example. 


Figure 35 shows two examples of signals severely distorted by propagation effects. 
The left view shows an HF signal severely distorted by selective fading where the 
fading was caused by its arrival from a distant source over multiple ionospheric 
propagation paths. Four discrete-frequency synchronizing signals can be seen at the 
upper edge of the time-history view followed by the main band-limited short-duration 
PSK signal. The strong signal near the left edge of the frequency scale is not related to 
the signal of interest. The severity of the distortion changed from very little to severe 
with time. 


The example in the right view shows the distortion of a UHF signal caused by the 
movement of objects in the path between its source and the receiving antenna. In this 
case the source was a spread-spectrum signal with a spectral width of slightly less than 
2 MHz. The spectral sidebands of the signal were suppressed. A narrowband signal 
exists near the upper frequency limit of the example at slightly higher amplitude than 
the primary signal of interest. 
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Figure 35 _—_— Erratic Signals 
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7. MITIGATION TECHNIQUES 
7.1 Mitigation Principles 


The only effective mitigation technique is to identify each actual source of noise and 
interference and reduce the emission levels of each source sufficiently to prevent 
harmful effects. 


A large variety of power-conversion devices and other sources are used in modern 
radio-receiving sites. Examples are switching power supplies, variable-speed drives for 
the electric motors in air-handling and air-conditioning systems, temperature control 
devices, Uninterruptible Power Supplies, water-flow control equipment, and many other 
devices and systems. These devices and systems are highly useful, and they usually add 
significant capabilities to the operation of a receiving site. Some of these devices are 
sufficiently noise quiet that their use is acceptable and desirable. Others have been 
found to be major sources of radio noise, and their use in a radio-receiving site is not 
acceptable. The rule is: never install a power-conversion device or any other noise or 
interference source in a receiving site that is, or will become, a source of harmful levels 
of radio noise. 


In general, devices and equipment purchased which meets the FCC Class B radio- 
noise requirements will function in a satisfactory manner in a radio-receiving site. 
Nevertheless, some such devices installed in a critical location may still cause low- 
levels of radio noise and interference. A more appropriate set of guidelines is provided 
in Table 1. Once a device that generates harmful levels of radio noise and interference 
is installed in a receiving site, the only option is to remove the offending device or 
implement effective mitigation procedures. The basic principles of mitigation of 
power-conversion devices and other sources are described in this section followed by 
other sections containing specific examples of unsuccessful and successful installations. 


The techniques described in this section are not new. They were developed and 
successfully applied to radio noise and interference problems in the very early days of 
radio. Nanevicz and his colleagues reviewed these techniques in the 1980s and used the 
term Afopological Controld to describe the EMI control techniques'*. Later, the 
students and staff of the Signal Enhancement Laboratory of the Naval Postgraduate 
School expanded on these concepts under the name fBarrier, Filter and Ground (BFG)O 
techniques to mitigate sources of radio noise and interference where the name 
represents the three primary factors necessary for a successful mitigation process 
(electromagnetic shields or barriers, filters, and grounds). 


'? J.E. Nanevicz, Topological Anomalies in Test Methods, Paper Presented at the EMP Workshop on 
Compatible Interference Control Techniques at the 1980 IEEE Electromagnetic Compatibility 
Symposium in Baltimore MD. 
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Figure 36 shows the basic aspects of the BFG process where a source is completely 
enclosed within an electromagnetic barrier. The barrier can be metal such as steel or 
aluminum. Special materials such as MuMetal are seldom required to achieve a 
sufficient level of control. The shield can have electrically small holes such found in 
copper screen or punched aluminum material, and standard commercial metal boxes or 
cases often provide sufficient shielding. Expensive shielded rooms are only required for 
special cases or physically large systems. 


Figure 36 ~— Source Enclosed within an Electromagnetic Barrier 


Figure 36 describes a somewhat impractical case since external sources of electric 
power usually must be provided to the source, a ground must be provided for 
compliance with the NEC, the source probably will be connected to other devices, and 
conductors are often required to control the operation of a source. These items require 
that conductors penetrate the electromagnetic shield. 


Figure 37 shows how power can be applied to a source. A bulkhead type of filter 
can be installed directly onto the metallic surface of an enclosure and alternating- or 
direct-current power can be provided to internal devices through the filter. The filter 
allows low-frequency electric power to be provided to the source at very low loss while 
higher-frequency noise is attenuated and cannot be conducted onto the outside power 
conductors at harmful levels. In addition, the filter prevents external interference and 
noise from penetrating into the shielded enclosure. Small and inexpensive filters can be 
used on low-power sources, but large filters will be required for high-power sources. 
The primary rule is that no conductor can be allowed to penetrate the electromagnetic 
shield without a filter or other means to prevent the flow of harmful levels of EMI 
current or voltage to leave or enter the enclosure. 
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Input Power 


Figure 37 _— Provision of Power to a Source 
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Most sources also must operate or be connected to an external device. For example, 
many power-conversion devices operate variable-speed induction electric motors by 
varying the frequency of the power provided to the motor. A second filter can be 
installed on the surface of the electromagnetic barrier to prevent the conduction of noise 
current and noise voltage onto conductors leading to external locations or the 
conduction of noise current and voltage from external sources from entering the 
enclosure as shown in Figure 38. 
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Figure 38 — Provision of Power to a Load 


Alternatively, the electromagnetic barrier can be extended to include the conductors 
from the barrier to a load. For example, most electric motors are sufficiently enclosed 
in metal to provide a suitable electromagnetic barrier. Figure 39 shows such a 
configuration where metal conduit is used between the source and a motor or other load 
to shield the conductors. The conduit or shield around the conductors must be 
electrically bonded to both the source barrier and to the barrier enclosing the motor or 
other load. Open shields cannot be used. 
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Figure 39 —Source-to-Load Connection 
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Most electrical and electronic installations require a safety or green-wire ground. 
Unfortunately, ground conductors often carry significant amounts of high-frequency 
noise current and voltage (often at higher levels than on the power conductors). Figure 
40 shows an effective means to prevent the conduction of high-frequency noise current 
and voltage from an internal source to an outside conductor over a ground wire or from 
an external source into the barrier. Ground conductors inside the barrier are bonded to 
the inside surface of the barrier. Ground conductors outside the barrier are bonded to 
the outside surface of the barrier. This provides a path for noise current flowing on the 
internal ground conductor to return to its source inside the barrier. The barrier also 
prevents the conduction of high-frequency noise current and voltage from external 
sources into the barrier. Since the barrier will conduct low-frequency power-related 
current with little loss, all safety aspects of the NEC green-wire ground are maintained. 
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Figure 40 _— Barrier Treatment of a Ground Conductor 


As shown in Figure 40, it is advisable to use separate closely-spaced ground 
connections for the internal and external grounds since unwanted ground current may 
pass through a single stud. 


Figure 41 shows a ground configuration that meets the requirements of the NEC, but 
it violates BFG principles. In this case the green-wire ground is carried into the interior 
of the electromagnetic barrier through a hole, and noise and interference current will 
flow into and out of the barrier. This configuration should never be used for electronic 
devices in a radio-receiving site. 
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Figure 41 —Improper and Ineffective Treatment of a Ground Conductor 
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Unfortunately, the method of grounding shown in Figure 41 is frequently used in 
electronic equipment, and Figure 42 shows two views of a popular type of chassis 
power connector that fits this case. The ground conductor of the plastic connector 
protrudes inside a chassis barrier, and it connects to the inside surface of the barrier. 
The connector meets all requirements of the NEC green-wire ground, but it does not 
provide a means to control high-frequency noise current or voltage flowing on any 
conductor. This type of power connector can be used on devices or equipment that does 
not contain a source of EMI or on equipment that is not susceptible to EMI (such as an 
incandescent light bulb), but its use in electronic equipment should be strictly avoided. 


Figure 42 Chassis Power Connector that does not comply with BFG Needs 


Figure 43 shows another popular type of chassis power connector that is available 
from a number of manufacturers. In this case the connector provides a filter for each 
power conductor and the ground configuration of the connector meets all BFG 
requirements. The external ground wire is connected to the external surface of an 
equipment case or chassis while the internal ground is connected to the internal surface 
of the equipment case or chassis. While the figure shows a low-power connector, this 
style is available in a variety of power ratings and filter configurations. It is 
recommended for use in all electrical and electronic equipment that contains a source of 
EMI or is susceptible to EMI. 


Figure 43. Chassis Power Connector that meets BFG Needs 
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Many devices require additional conductors that penetrate an electromagnetic 
barrier. For example coaxial bulkhead fittings provide a means to interconnect coaxial 
cables between multiple barriers. However, one must use connector types that comply 
with the Barrier-Filter-Ground principles. Figure 44 shows three insulated bulkhead 
coaxial connectors that do not allow the coaxial cable shield to be terminated on each 
side of a barrier. The use of these types of insulated connectors must be avoided since 
they destroy the integrity of an electromagnetic barrier. EMI current from a source 
inside the barrier will be carried outside the barrier on the cable shield. Also, EMI 
current from outside sources will be carried to victim devices inside a barrier. 


Figure 44 Examples of Insulated Bulkhead Connectors 


It is important that the processes illustrated in Figures 36 through 44 be strictly 
followed to eliminate noise problems from power-conversion and other digital devices. 
Any uncontrolled conductor that is allowed to penetrate a barrier, regardless of its 
importance, will carry high-frequency noise current outside the barrier where it can be 
coupled into other nearby cables or conducting material by direct conduction or by 
inductive and/or capacitive coupling. There is no shortcut to the mitigation process. 
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7.2 Effective Examples 


It is impractical in this handbook to provide a specific mitigation example, design or 
instructions for each of the many sources of radio noise and interference associated with 
power-conversion and other devices. Successful mitigation actions depend on the 
physical configuration of the actual source of noise. It must be physically possible to 
implement the barrier, filter, and ground techniques described in Section 7.1. For 
example, physically small sources can often be effectively mitigated with minimal 
alteration to a source and often at low cost. Poorly designed low-power sources of EMI 
and physically large devices sometimes require considerable modification and at high 
cost. The general approach is identical to all types of sources, and this section describes 
actual procedures used to mitigate radio-noise problems. 


After a power-conversion source is located and identified, it must be inspected to 
determine the best approach to limit the transfer of radio noise from the source onto 
other conductors such as power wires, conduits, ground conductors, cabinet walls and 
other conductors associated with the operation of the source. The actual source of 
impulsive current and voltage must be placed inside an electromagnetically shielded 
enclosure. This can be a small enclosure for a physically small source or it can be a 
large shielded room for a physically large device. 


Figure 45 shows an example of a successful installation of filters on the metal box 
containing the power-conversion devices for two variable-speed electric-motor drives. 
In this case two filters were required since the system required both 120-V single-phase 
and 240-V three-phase electric power. The two filters were bolted directly onto the side 
of the metal box, and care was taken to ensure that the filter case was in direct electrical 
contact with the housing. An additional small box was added to each filter to provide 
physical support for the input power conductors. These two filters prevented noise 
current and voltage from escaping the metal box over the power conductors and green- 
wire ground conductor. 


Figure 45 _‘ Filter Installation to Suppress Motor-Controller Noise 
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Conductors from the controller to two electric motors exited the case on its lower 
side. These conductors were inside conduits that ran from the controller case to each 
motor, and the conduits were bonded to the controller& case and to the motorG housing. 
Additional conductors associated with an external control box were provided to adjust 
the speed of each motor, and they also exited the bottom of the controller case. These 
conductors were in a flexible shielded cable, and the shield was terminated at the 
controller case and at the control-box case. No unshielded conductor was allowed to 
penetrate the controller@ case. All radio noise problems associated with the controller 
were successfully mitigated. 


Figure 46 shows two views of a 1.4 KVA UPS that was modified for use in a small 
receiving site. This particular UPS injected sufficient impulsive noise current onto its 
power conductors and onto the input and output green-wire grounds that its use in a 
receiving site prior to modification was unacceptable. 


A filter for input 120-V power was added inside the case of the UPS as shown in the 
left view. There was not sufficient room inside the UPS for the output filter so it was 
added to the outside of the UPS case and was enclosed in a metal box to protect the 
short wires from the filter to the electrical sockets. The filter styles and their installation 
complied with the BFG principles, and the modification to the standard UPS 
successfully corrected a radio-noise problem. 
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Figure 46 | UPS Modified to Comply with BFG Principles 
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Figure 47 shows the rear panel of the Model 7200B Time-History Display described 
in Appendix A. This instrument contains high-level digital devices and switching 
power supplies that generate significant levels of impulsive noise, but its case was 
designed in accordance with the BFG principles described in this section. The power 
connector shown in the photograph is a small unit containing an integrated filter of the 
type described in Figure 43. The unit can be operated in close proximity to the antennas 
of a receiving site without producing detectable noise or interference. 
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Figure 47. Power Connector that Complies with BFG Principles 


Figure 48 shows coaxial bulkhead fittings on the rear of the Model 7200B Time- 
History Display. Five bulkhead fittings were required to pass signals in and out of the 
unit. Non-insulated bulkhead connectors were used to terminate the shields of coaxial 
cables on both the inside and the outside of the instrument@ case in accordance with 
BFG principles. 
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Figure 48 Coax Feed Bulkhead Connectors that Comply with BFG Principles 


57 


7.3 Ineffective Examples 


An example of an ineffective filter installation is provided to illustrate some 
common deficiencies that occur in improperly engineered attempts to solve 
electromagnetic-noise problems. Figure 49 shows a filter installed to prevent EMI 
current and voltage from a source from being received by nearby antennas. In this case 
the source was the electronic controller for a variable-speed fan motor of an air- 
conditioning unit. The physically-small electronic controller was located inside the 
large metal housing of the air-conditioner unit. Power to the air-conditioning unit and 
the variable-speed controller unit was provided through a metal conduit running to a 
filter located about 15 feet from the air-conditioner unit. Conduit then ran from the 
filter enclosure to the power panel. 


The controller-to-filter conduit was properly terminated on the bottom left side of 
the filter box. The conduit to the power panel was terminated at the bottom right side of 
the filter enclosure. The filter was nicely installed in the standard metal housing that 
provided an excellent and acceptable shield around the filter; however other aspects of 
the installation completely negated the effectiveness of the filter. 


Figure 49 Improper Filter Configuration 


Several improper aspects of the filter installation resulted in the total lack of 
suppression of a severe electromagnetic impulsive noise problem. These aspects were: 


= The conductors from the controller to the filter carried high levels of 
impulsive current along with the normal variable-frequently power to 
operate a fan motor. Some of this impulsive current was inductively and 
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capacitively coupled to the interior surface of the shield case and was, in 
turn, inductively and capacitively coupled to the output conductors. There 
was no electromagnetic isolation or barrier between the input and the output 
of the filter. 


The green-wire ground conductor also carried high levels of impulsive 
current and voltage, and the input and output green wires were connected 
directly together as shown by the green conductor running across the bottom 
of the case. This provided a direct conducting path for noise current and 
voltage to bypass the filter. Because the green-wire ground is close to the 
power conductors, its EMI was inductively and capacitively coupled back 
onto the power conductors and onto other conductors associated with it in 
the power panel. 


The physically-small source device was located inside a very large metal 
enclosure located about 15 feet from the filter. While the conduit from the 
filter was bonded to the external surface of the large enclosure, electrically 
long conductors from the source inside the enclosure injected excessive 
impulsive and broadband noise current into its associated conductors and 
onto all nearby conductors. The open bottom to this large enclosure and 
other untreated conductors penetrating the enclosure allowed impulsive 
noise to appear on the outside of the case and on all associated conduits as 
well as all power wires and all green-wire ground conductors associated with 
the large enclosure. This induced noise current and voltage onto the outside 
surface of the conduit as well as well as on the power conductors and the 
green-wire ground conductors running inside the conduit to the filter. These 
conducting objects constituted a complex, but effective, radiator of the noise. 
Nearby receiving antennas intercepted the noise fields resulting in high 
levels of radio interference to all radio receivers at the site. 


There is no simple corrective action that can be taken to alter or correct the 
deficiencies of the filter installation shown in Figure 49. The only viable corrective 
action was at the source itself. In this case the source device was very small and its 
enclosure could have been a small and inexpensive metal box along with appropriate 
filters for all conductors penetrating the small enclosure in accordance with the 
principles shown in Section 7. These inexpensive and effective mitigation actions 


required: 


ls 
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The small source device itself must be enclosed in a small metal box. 


All conductors entering and exiting this metal box must pass through filters 
with the exception of the green-wire ground which must be terminated on 
the outside and inside surface of the enclosure. 


The green-wire ground must be connected as shown in Figure 40. 


Finally, remove and scrap the existing filter and its enclosure and reconnect 
all power conductors and their conduits in a normal configuration. 
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Figure 50 shows another example of a harmful source of impulsive noise. The 
photograph shows the side panel of a heavy-duty switching power supply. A hole was 
punched in the panel to provide a means for the DC leads of the power supply to exit its 
case. In this case, high-frequency components of impulsive noise were present on the 
direct-current supply conductors, and it created harmful levels of interference to other 
nearby digital devices and to the reception of radio signals. The corrective action was: 
add a filter to the DC leads and to the AC input power of the switching power supply. 


Figure 50 Unfiltered Conductors Exiting a Switching Power Supply 


Figure 51 shows a computer power supply with a type of power connector normally 
considered unacceptable (see Figure 42). However, the internal circuits of the 
switching power supply in this computer were designed to meet the low-noise emissions 
requirements of the Federal Communication Commission Class B noise specification, 
and a label on the computer indicated it had been tested to the Class B specification. In 
this specific case, the use of the unfiltered connector is acceptable. 


Figure 51 Computer Power Supply not in Accordance with BFG Principles 
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7.4 Saturated Components in the RF Path 


Examples of the intermodulation products and intermodulation noise created by 
saturated components in the RF paths of receiving sites are provided in Section 5.2. 
The following procedures will aid in obtaining and maintaining a noise-free RF 
distribution system which is free of components which introduce noise and 
intermodulation. 


e Limit the bandwidth of RF paths with band-pass filters located prior to the use 
of any item whose dynamic range cannot handle the full level of signal, noise 
and interference power collected by an antenna. Ensure that all band-pass 
filters can handle the maximum level of signal, noise and interference power 
received by an antenna including all out-of-band emissions. Filters rated for 
1-Watt of total power will usually be sufficient unless a site is located in close 
proximity to a transmitting site or the site itself contains transmitters. 


e Avoid the use of any component in an RF path prior to a band-pass filter that 
contains elements that can saturate from the total signal power applied to 
them. This includes items such as line amplifiers, multicouplers, directional 
couplers and signal splitters. Ensure that all such items are rated to handle the 
maximum signal, noise, and interference power applied to them. All signal 
splitters and other components that contain ferrite components or nonlinear 
capacitors should be able to handle at least 1-Watt of total power and maintain 
linear operation. Avoid the use of small and inexpensive line amplifiers and 
multicouplers. 


eIn general, avoid line amplifier and multicouplers whose amplifying 
component use less than 12 to 15 watts of d.c. power. In some cases even high 
dynamic-range line amplifiers and multicouplers will not meet site needs, and 
site operators must be aware of their adverse impact of signal reception. 


eFor maximum equipment life, provide sufficient cooling for line amplifiers, 
multicouplers and other heat generating devices. 
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7.5 Cable Leakage 


Examples of signal and noise leakage into coaxial cables are provided in Section 
5.3, and Figure 11 in that section provides measured values of cable-to-cable isolation 
for typical flexible coaxial cables. Note that a 0-dBm signal in a single-shielded cable 
with only 80 dB of isolation to another similar nearby cable will result in a -80 dBm 
signal in the second cable. If a receiver connected to the second cable has a noise floor 
of -130 dBm for a 3-kHz bandwidth, the leakage signal will be 50-dB above the noise 
floor of the receiver. 


The following procedures will eliminate emission leakage problems in RF paths. 


e For long coaxial cable runs, use low-loss and solid-shielded coaxial cable such 
as Times LMR series or Andrew Corporation Heliax cable. Carefully check 
the total attenuation for the length needed from the manufacturerG literature, 
and use an appropriate size cable. 


e Never use single-shielded coaxial cable for any application in a receiving site, 
even for very short coaxial cables. 


e Always use double-shielded coaxial cable. Where flexible cable is needed for 
short 50-Ohm runs, use a cable such as MI7/84-RG-223/U or one with 
equivalent shielding. 
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7.6 Shielded Rooms 


Examples of problems found with shielded rooms are provided in Section 5.5. 
Additional information about shielded enclosures to control radio interference is 
provided in Section 6.1.1. 


General guidelines for the use of shielded rooms are provided below. 


e Shielded rooms are required only for highly critical applications where their 
cost can be justified. Most sources of radio interference can be controlled and 
isolated using standard metal enclosures provided the barrier, filter and ground 
techniques described in this handbook are properly used. 


e Never allow a conductor or a pipe to penetrate a shielded room or a shielded 
enclosure without bonding it to both the external and internal surfaces of the 
shield wall with electrically-short bonding conductors. 


elf a shielded signal cable or a coaxial cable is allowed to penetrate a shielded 
room or a shielded enclosure, its shield must be terminated on both the inside 
and the outside surface of the shield wall. Standard non-insulated coaxial 
feed-through connectors provide an excellent means to terminate a coaxial 
cable shield to both surfaces. 


e Shielded rooms provide excellent attenuation of electric fields from internal 
and external sources. However, they provide only partial isolation from near- 
field sources magnetic fields located inside a shielded enclosure at frequencies 
below about 50 kHz, and near-zone techniques can be used to detect, measure, 
and receive such sources outside an enclosure. External sources of magnetic 
fields at frequencies below about 50 kHz also penetrate a shielded enclosure 
and can be detected inside such an enclosure with near-zone techniques. This 
is because the skin depth of current flowing in shielded material is often larger 
than the thickness of the material at low radio frequencies. Thus, caution must 
be used in locating a shielded room and in its applications. 


eThe conducting strips around doors deteriorate with use and age thus 
decreasing the effectiveness of a shielded room. If a full shielded room is 
required to prevent an internal source from escaping the room or an outside 
source from entering the room, then ongoing maintenance is necessary. 
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7.7 Buildings Issues 


A number of building issues have been noted at receiving sites. Among these are 
numerous cases of incidental contacts, and examples are shown in Figures 52 and 53. 
For example Figure 52 shows an MC cable touching a floor support and a conduit. If 
potential differences exist between the cable and the other metal items and movement 
occurs, the thin layer of oxide on the floor support and on the conduit can be penetrated 
with a resulting electrical transient. The transient will be propagated along the 
conducting objects, be inductively and/or capacitively coupled to other conductors and 
can eventually reach sensitive equipment. Such transients have been observed to 
disrupt computers and can enter the RF paths to radio receivers. 


Figure 52. _— Incidental Contact, Example 1 


Figure 53 shows another example where a loose coil of BX cable touches other 
metallic items under a raised floor. Other conductors are supported or bonded to avoid 
incidental contacts. 


Figure 53 _— Incidental Contact, Example 2 
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Figure 54 shows an example of a weld on galvanized angle material used to support 
electrical and electronic equipment. Current flowing in the welded joints can produce 
intermodulation products and intermodulation noise which is conducted away from the 
source by the nearby metal conductors. While the welds have been painted, this has no 
impact on the production of these unwanted products. 


Figure 54 Welds on Galvanized Metal Supports 
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7.8 Other Site Issues 


Many receiving sites contain other buildings for a variety of purposes and uses. 
Emissions from all electrical and electronic equipment and devices in these buildings 
must also be sufficiently low that they do not adversely affect the reception of low-level 
signals. As a general rule, all such devices should be required to meet the Federal 
Commission (FCC) Class B emission limits described later in Section 8. 


Figure 55 shows an example of a site issue that caused harmful levels of radio noise 
to appear at the input terminals of radio receivers. The security camera shown in the 
example was powered by a switching power supply that did not meet FCC Class B 
emission limits and was not modified in accordance with the barrier-filter techniques 
described in Section 7.1. Radiation from noise current flowing on the camera mount 
and its associated cables was intercepted by the nearby antennas. In this case the 
solution was to implement a field modification by replacing the switching power supply 
with an analog type of power supply. 


Tell reetatn il 
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Figure 55 ~— Security Camera Powered by a Noisy Switching Power Supply 


Sometimes power cables will be buried under an antenna field. In such cases care 
must be taken to ensure that high-frequency noise-current levels carried by such buried 
power cables is sufficiently low that inductive and capacitive coupling of harmful 
levels of noise current into antenna counterpoise systems and/or directly into antenna 
elements does not occur. A good rule is to limit the high-frequency noise current 
flowing on such cables to the maximum values provided in Table 1. 


Communications cables are sometimes routed under antennas, and in such cases the 
high-frequency shield current carried by such cables must be limited to the values 
provided in Table 1. 
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8. SPECIFICATIONS AND STANDARDS 


8.1 General Comments 


A large and often confusing variety of standards and handbooks exist which are 
related to the control of electromagnetic noise and interference. Many of them have 
portions that can be applied to radio-receiving sites and facilities, but none fully cover 
the specific needs of such facilities and sites. Most of the existing standards and 
handbooks have old and out-of-date information that can mislead site planners and 
operators. Some contain technically inaccurate and incorrect information, especially 
with regard to grounding. 


A comprehensive review of available standards and handbooks as they apply to 
radio-receiving facilities and sites is badly needed, but it is beyond the scope of this 
document. This document is limited to the presentation of the technical aspects of noise 
and interference encountered by its authors over several decades of investigations at 
receiving sites. A partial listing of these documents is provided in this section. 


8.2 National Electric Code 


All electrical and grounding aspects of buildings at a receiving facility or site should 
be required to fully meet the requirements of the National Electric Code (NEC). This 
includes all aspects of electrical power at a receiving site that supply electricity to 
equipment. Full compliance with the NEC is required by a DoD directive, and each 
facility or site should have available the latest edition of the NEC as well as one or more 
individuals trained in its use. 

Of special interest is that while compliance with the NEC is required of all U.S. 
Department of Defense facilities, the NEC is not a government produced or sponsored 
document. It is a document produced and provided by the National Fire Protection 
Association (NFPA) for the protection and safety of personnel, equipment, and 
buildings from electrically-related causes. The document is updated periodically by the 
NFPA. 

Copies of the NEC can be ordered on-line at nominal cost from the web site for the 
NFPA at nfpa.org. 

An earlier section (Section 4.3) describes one limitation of the NEC green-wire 
ground as it applies to radio-receiving and data-processing facilities or sites. The NEC 
does not include the specific aspects or implications of sources of radio-noise and radio- 
interference that might be generated by equipment and devices using electric power. 
The aspects of equipment and devices that are sources of radio-noise and radio- 
interference are at least partly covered by other standards and handbooks such as the 
FCC Class B requirements described in the next section and also by this document. 
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8.3 Federal Communications Commission Part 15, Class B 


Compliance with the Federal Communications Commission (FCC) Class B'* noise 
limits is often required for equipment purchased for use in radio-receiving facilities, and 
this should be a requirement for all electrical and electronic equipment and devices 
procured for use in such facilities. The FCC Class B requirement is currently the most 
practical and most effective reference available for the procurement of low-noise- 
emission electronic and electrical equipment. 


However, the FCC Class B noise requirement has one limitation that must be 
considered when conducting measurements to ensure that a device is suitable. The 
Class B noise requirement is based on the measurement of noise-voltage levels, and 
suitable instruments are available for such measurements from a number of instrument 
manufacturers. One needs to ensure that the frequency range and measurement 
bandwidths of such instruments realistically describe noise and interference conditions. 
However, voltage measurements are valid only at the exact source of a noise or 
interference where a zero-voltage-reference exists. Unfortunately, sources can inject 
harmful levels of noise and interference into many source-associated conductors 
(including ground conductors), and the impedance of even short lengths of any 
conductor will result in invalid noise and interference voltage reference except at the 
source. Any noise-voltage measurement made at even a short distance from a source 
will be suspect and probably will not be valid. Also, all voltage measurements made at 
a location with multiple sources, no matter where made, will be suspect since a zero- 
voltage reference will not be present. 


While the level of discrete-frequency spectral components of noise can be accurately 
measured with many instruments, the amplitude of broadband impulsive noise is 
dependent on the bandwidth of the measuring device. Thus, considerable care must be 
taken in voltage-measurement procedures of impulsive noise to ensure compliance with 
the FCC Class B limits. These aspects of noise measurements are discussed further in 
Appendix A. 


Of interest is that current measurements of both discrete-frequency spectral 
components of noise and interference, and also of broadband cases, can be measured 
with a broadband current probe. A reference point is not required for current 
measurements or for multiple sources. All examples of the measurement of noise and 
interference in this document injected onto conductors are based on current 
measurements, and Table 1 provides recommended maximum values of noise current 
generated by equipment for radio-receiving sites. 


The FCC Class B measurement procedures need to be updated to include maximum 
tolerable values of discrete-frequency and broadband noise current, a measurement that 
is independent of the need for a zero-reference point. 


'S 47 CER part 15, Rules and Regulations, Federal Communications Commission, Washington D.C. 
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Electronic devices and equipment sold for use in a residential installation must be in 
accordance with FCC Class B requirements and must contain a label indicating its 
compliance with the requirements. The instruction manuals of all equipment complying 
with the FCC Class B noise emission standard also contain this information. An 
example of such a label is provided in Figure 56. 


Figure 56 Example of a FCC Class B Label 


Electronic and electrical devices rated for the FCC Class A noise and interference 
requirement must not be tolerated in radio-receiving or data-processing facilities since 
this requirement allows unacceptable levels of high-frequency noise and interference to 
be emitted by electrical and electronic devices and be injected into power, ground, and 
other conductors of a facility. The Class A noise and interference limits are intended 
only for the procurement of equipment to be used in industrial facilities where high 
radio-noise levels can be tolerated. Examples of the FCC Class A label required for all 
electronic devices marked in the United States are provided earlier in Figures 20 and 24. 
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8.4 Coaxial Cable Designations 


In the WWII era, coaxial cable was designated as RG- (Radio Guide) followed by 
one, two, or 3 numerals, and then /U for universal. This system was replaced in 1976 
by the new Gevision E6of MIL-C-17 which introduced the M17/ system. Note that 
cables manufactured after 1976 and bearing only RG/U nomenclature are essentially 
unregulated and should be avoided. Only M17/ coaxial cables must be manufactured to 
meet any standard. Cables mentioned in this document by their old designations cross 
reference to current nomenclature as follows: 


Old Current Low smoke/halogen 
RG8/U M17/74-RG213 M17/189-0001 
RG58/U M17/28-RG58 M17/183-0001 
RG214/U M17/75-RG214 M17/190-0001 
RG223/U M17/84-RG223 M17/194-0001 
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Appendix A INSTRUMENTATION 


This page is intentionally left blank 
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A.1 Instrumentation for the Definition of Signals, Noise and 
Interference 


The instrumentation used for field measurements of signals, noise, and interference 
is described in this appendix. An understanding of both the capabilities and the 
limitations of the instrumentation is necessary to fully evaluate the implications of the 
examples of data provided. 


The purpose of the instrumentation is to provide a visual presentation of the primary 
properties of time- and frequency-varying signals, radio noise, and interference in any 
portion of the radio spectrum. This includes a means to portray both the temporal and 
spectral structures of signals, radio noise and radio interference in selected bands where 
the both the frequency span, the time of observation, and other instrumentation 
parameters can be rapidly changed to best describe the conditions encountered. One 
further requirement was included. The amplitude, frequency span, and time of 
observation must be calibrated and presented in commonly accepted engineering terms. 


Figure 57 shows a block diagram of the primary components of the instrumentation 
used for most measurements. The input is usually connected directly to the actual 
antenna used for signal reception or to a current or voltage probe. This enables the 
instrumentation to observe the actual signal, noise and interference conditions applied to 
a receiver or to examine the broadband current and voltage on cables and grounds. 


ANTENNA 
FILTER 


PREAMPLIFIER 


SPECTRUM 3-AXIS 
ANALYZER DISPLAY 


Figure 57. _— Block Diagram of the Instrumentation 


DATA 
RECORDER 
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Figure 58 is a photograph of a typical instrumentation configuration used to 
investigate signals and noise appearing at the input of a receiver, signals carried on 
cable shields and ground conductors, or other uses. The instrumentation is mounted on 
a wheeled cart to allow moving it to any desired location, and only the primary 
instrumentation is shown. Auxiliary instrumentation such as filters, probes, and 
additional preamplifiers are shown in other figures. 


Date Recording Laptop 
_ Digital Oscilloscope Camera 


Figure 58 Typical Instrumentation configuration 
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A.1.1 Filters 


A band-pass filter is provided for each portion of the radio spectrum to be observed. 
The filters are used to avoid strong out-of-band signals that might cause overloading of 
the preamplifier and/or the spectrum analyzer. Care was taken in the design of each 
filter to ensure that its dynamic range was sufficient to avoid saturation of its internal 
components. Many kinds of small commercially-available filters were found to be 
unsuitable for the measurement program because of component saturation. 


Figure 59 shows a photograph of two sets of filters often used to examine signals, 
noise and interference in the HF, VHF and the lower part of the UHF bands. The top 
set consists of a bank of eight filters covering portions of the HF band. This particular 
set shows band-pass filters covering portions of the HF spectrum between allocations 
for the International Broadcast Service. The bottom set shows four band-pass filters 
covering portions of the VHF and UHF bands. A number of additional single filters are 
used for special measurements. 


Figure 59 Example of Band-pass Filters 
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Figure 60 shows a photograph of the filters used for measurement in the 915-MHz 
and the 2.4-GHz bands. These filters are physically large to provide linear operation for 
the maximum total signal power imposed onto their input terminals. 


Figure 60 Example of Special Purpose Filters for the UHF Band 


Many additional special-purpose high-dynamic range filters were designed, 
fabricated and used for special-purpose measurements in portions of the radio spectrum. 
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A.1.2. Preamplifiers 


Since the noise figure of most commercially available spectrum analyzers is 
considerably higher than that of radio receivers, a preamplifier is used between the filter 
and the spectrum analyzer. Unfortunately, the low-cost preamplifiers that are 
commonly available have insufficient dynamic range to cope with total signal power 
applied to them during signal reception under the conditions encountered at most 
receiving facilities. The saturation of such amplifiers always results in the generation of 
intermodulation products and broad-band intermodulation noise. To avoid this 
problem, high-dynamic-range preamplifiers were provided for each radio band. The 
maximum total signal power at the input to each preamplifier is carefully examined 
prior to recording data to ensure that linear operation is achieved. 


Figure 61 shows an example of a preamplifier and its power supply that is used for 
measurements in the HF band. The components are mounted on a large heat sink to 
dissipate the heat generated by the preamplifier. 


Figure 61 Example of a Preamplifier for the HF Band 
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Figure 62 shows an example of a preamplifier and its power supply used for the 
examination of signals, noise and interference in the UHF band. In this particular case 
sufficient heat dissipation from heat generated by the preamplifier was achieved by its 
heat sink and the aluminum mounting plate. 


Figure 62 Example of a Preamplifier for the UHF Band 


Some sacrifice in the noise figure for all preamplifiers was necessary in order to 
achieve a sufficiently high dynamic range for practical measurements. Noise figures of 
6 to 12 dB are provided by the preamplifiers normally used compared to the 
approximately 2-dB noise figures achieved by low-dynamic-range units. Additional 
low-noise preamplifiers were provided for special measurements, but extreme care was 
taken in their use to avoid intermodulation problems. 


The signal environment frequently contained a mixture of random impulses, signals 
with various formats, impulsive noise, and impulsive radio interference along with a 
few discrete-frequency signals. High-level impulsive signals, noise, and interference 
can result in the production of impulsive and broadband intermodulation noise. 
Precautions to identify instances of strong impulsive signals, noise, and interference are 
essential to avoid contamination of recorded data and the misleading results from such 
contamination. 
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A.1.3 Spectrum Analyzers 


Two types were used to collect data in the field. The first type was the popular 
scanning spectrum analyzer commonly used to examine radio signals. The second type 
was the FFT type of spectrum analyzer, although all of the available FFT analyzers 
required the use of a linear frequency translator due to their base-band operation. Both 
types of spectrum analyzers were employed for field measurements, although most 
measurements were made with the scanning type. 


The selection of an appropriate model of a scanning spectrum analyzer was a major 
matter, and a number of models were used over past years. While excellent modern 
digitally-controlled scanning spectrum analyzers are available, they were seldom used 
during field measurements for a variety of technical reasons. First, their dead time 
between scans (not specified by any of the manufacturers) was far too long to cope with 
the rapidly-changing signal and noise conditions found in real life. The dead time also 
significantly reduces the ability of a spectrum analyzer to receive and define the 
properties of intermittent signals, noise, and interference. In addition, the use of keypad 
or keyboard controls resulted in unacceptable time delays for changing the analyzer 
operating parameters to cope with time-varying signal, noise, and interference 
conditions. However, the newer digitally-controlled analyzers are preferred for the 
laboratory measurement of time-stable signals and noise or other similar special purpose 
measurement tasks. 


The older knob-controlled spectrum analyzers were found to be more suitable for 
field-measurement purposes. The time delay between spans of the older scanning-type 
analyzers is considerably lower than that for the newer digitally-controlled units thus 
increasing their ability to detect and define intermittent and frequency varying 
emissions. The knob controls permit the rapid adjustment of instrumentation 
parameters to cope with the need to define time- and frequency-changing signal and 
noise conditions. 


The old Hewlett Packard Model 141 Spectrum Analyzer with RF heads covering the 
frequency ranges of 0 to 110 MHz and 0 to 1250 MHz was found to be the best 
available model for measurements within its frequency-coverage ranges. The Hewlett 
Packard Model 8565A Spectrum Analyzer was found to be the best available analyzer 
for the measurement of time- and frequency-changing and intermittent emissions in the 
microwave bands. While the signal-handling dynamic range of these two models was 
somewhat lower than for newer models, the short dead times between spans and the 
ability to rapidly alter operating parameters outweighed the dynamic-range 
considerations. These analyzers were often modified for specific measurement tasks to 
improve dynamic range, provide an external synchronizing capability, and further 
reduce their dead time between scans. 


Both spectrum analyzer models provide the ability to quickly change operating 
parameters such as the center frequency of a band under observation, the frequency 
span of that band, the scan time, and the measurement bandwidth. In addition, the 
analyzers could be quickly switched to operate in a zero-span mode similar to that of a 
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fixed-tuned receiver. The scanning process could be synchronized to external 
synchronizing sources to aid in the fine-scale definition of the temporal structure of 
some repetitive signals. 


The dead time between scans was carefully measured and documented for each 
spectrum analyzer prior to its use in the field. This was done for two reasons. 


First, transients and intermittent signals can, and will, occur during the dead time of 
a scanning analyzer, and such transients and intermittent signals will not be received. 
Also, portions of repetitive impulsive signals and noise will occur during the dead time 
and not be received. The probability of receiving an unknown transient is the quotient 
of the ratio of the scan time to the scan time plus dead time. Because of this the 
magnitude of the dead time compared to the scan time is a significant disadvantage of a 
scanning spectrum analyzer. It is essential that this ratio be known and be as low as 
possible to properly understand and interpret the results of field measurements. 


Second, the dead time between scans influences the duration of the time-history axis 
used to define the temporal properties of signals and noise. This will be described in 
more detail in the following section. 
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A.1.4 Time-History Display 


A Model 7200B 3-Axis Display is used to portray the time-history properties of 
signals and noise in real time. It has been used by students and staff of the Naval 
Postgraduate School for a number of thesis projects and other tasks. The display is 
completely slaved to the operation of a spectrum analyzer, thus only visually-related 
adjustments are provided on the instrument. The easiest way to demonstrate its 
presentation and capabilities is to review an example. Figure 63 shows an example of 
the presentation provided by a Model 7200 display. Two views of the same data are 
provided. The top view shows amplitude vs. frequency in a presentation similar to that 
provided by most spectrum analyzers. The bottom view provides a time-history 
presentation of the same data as shown in the upper view. 


SS TELE 
SS TELE & 
DISCRETE FREQUENCY 


CLASS 802.11b 
UNBALANCED SS 


TIME-s 


2394 2494 
FREQUENCY - MHz 


NPS, 19/20, 040318, 0953, 2444, 160, 100, 2000, M,N, +24,0,0 


Figure 63 Example of Signals, Noise and Interference in the UHF Band 
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Information from each new scan of the spectrum analyzer is shown on the bottom 
line of the time-history presentation. Each new scan bumps all older scans up one line, 
and the oldest line at the top of the time-history presentation is discarded. This process 
occurs in real time. Prominent aspects of emissions in the example are identified by the 
annotation at the top of the amplitude-vs.-time view. 


Several ways are available to enhance the time-history presentation of signals, noise, 
and interference. For example, the time axis can be slewed (or rotated); the time axis is 
slightly skewed to the left in the example to better show the slanting lines across the 
time-history view. The amplitude can be compressed; it is almost fully compressed in 
the time-history view and not compressed in the upper amplitude-vs.-frequency view of 
the same data. The elevation of the time-history view can be varied from 0 to 90 
degrees; it is at zero degrees in the time-history view and at 90 degrees in the 
amplitude-vs.-frequency view. In addition, any set of 4, 8, 16, or 32 lines of the time- 
history view can be selected for a detailed line-by-line analysis of an emission. The 
amplitude threshold can be varied to minimize visual interference from low-level 
emissions. These features can be altered in real time to aid in portraying any desired 
feature. Any view can be frozen for a detailed examination or to photograph the two 
presentations, and the viewing enhancement controls also operate with a frozen view. 


The slanting lines across the time-axis presentation are a result of receiving the 
broadband synchronizing pulses from an 802.11b access point as the spectrum analyzer 
scans across the bandwidth of the pulses. The scan time of the spectrum analyzer must 
be longer than the repetition period of the pulses, and the analyzer& IF bandwidth must 
be less than the spectral width of the pulse emission for this type of presentation. Since 
the data is obtained from a scanning filter, the time between impulses can be scaled 
from the horizontal axis which is a combination of frequency and scan time. The scan 
time of this axis is provided for each item of data, but it is not always added to the 
bottom horizontal axis to avoid excess material in the presentation. 


The amplitude scale on Figure 63 refers to the amplitude of received signals at the 
output terminals of the antennas. The impact of receiver bandwidth on the amplitude of 
received signals is discussed later. 


Synchronizing pulses from three 802.11b access points are shown in the time-history 
view. The clutter between the synchronizing pulses is from the 802.11b emissions of 
laptop computers using the networks as well as a few random pulses from other sources. 
Other signal formats are also shown in the two views such as the relatively narrow-band 
spread-spectrum signals from portable telephones.. 


The data in Figure 63 was obtained during a classroom session at the Naval 
Postgraduate School where wireless radio was extensively used as a classroom aid. 
Only the signal identified as AClass 802.11b0 was associated with the classroom. All 
other signals came from other sources on the campus. 
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A.1.5 Data Recording 


Until a few years ago, data was recorded by freezing the operation of the 7200B 
display and photographing the frozen view with a Tektronix Model C-5C Oscilloscope 
Camera using Polaroid film. Operating parameters were then written onto the back of 
each photograph. The pictures were trimmed and pasted onto white cardboard, and 
scales were manually added to the frequency, amplitude, and time axes. The resulting 
paste-ups were then scanned and recorded as a computer file. While this manual 
process was tedious, it provided excellent examples for the documentation of the results 
of field measurements. 


The increasing price of Polaroid film in recent years eventually became a major cost 
of conducting field measurements. This resulted in the modification of the Tektronix 
camera enclosure to incorporate a small digital camera into the C-5C case. A USB 
cable connection between the digital camera and a laptop computer now provides a 
means to place examples of the two views from the time-history display directly onto 
the hard drive of a laptop in a standard .jpg format. The two views are subsequently 
combined into a single file, and the frequency, amplitude, and time scales are added to 
each set of views along with any desired annotation using a standard photo-processing 
program. The end result is a compressed .jpg file ready for direct insertion into the text 
of a report. This process eliminated the high cost of film and the cost of the manual 
graphics effort needed to format the Polaroid pictures. 


A digital recording capability is built into Model 7200B display. This capability 
was seldom used since useful and effective digital data-processing techniques could not 
be applied to much of the data accumulated for this effort. 
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A.1.6 Data Calibration and Scaling 


Comprehensive records are maintained for each item of data collected in the field. 


These records include the following items about each item of data. 
Measurement Location 
Picture Number 
Date in yymmdd Format 
Local Time 
Center Frequency of Data 
Frequency Span 
Measurement Bandwidth 
Scan Time in ms 
Signal Source (Usually an Antenna ID) 
Filter ID 
Preamp Gain 
RF Attenuator Setting 
Signal Reference Level 
Comments 
Additional Special Comments 


An abbreviated version of the above parameters is added below each item of 
formatted data as shown by the line of text at the bottom of Figure 63. Sufficient 
information is provided in this line to add amplitude, frequency, and time scales to the 
data and to reference each item of data to its source. 


The amplitude scales in this document are calibrated in dBm to provide a convenient 
means to relate recorded data to commonly accepted spectrum analyzer calibration 
terms. Noise temperature has not been used as a measure of interference to the 
reception of a desired signal. This is because the term has not yet been defined 
sufficiently to describe the erratic time and frequency-varying conditions found in the 
wireless bands as well as the measurement bandwidth considerations. 


The amplitude scales in this document show the peak level of signals, noise, and 
interference as received within the measurement bandwidth of the spectrum analyzer. 
The peak amplitude of any emission whose bandwidth is equal to or smaller than the 
measurement bandwidth can be determined directly from the amplitude scale shown on 
the right edge of the amplitude-vs.-frequency view. Impulsive signals and broadband 
signals with spectral content wider than the measurement bandwidth are always higher 
in amplitude than shown by the amplitude scale. This is because some of the spectral 
content is outside the measurement bandwidth. 


An empirical curve has been generated by Hodge” to provide an approximate means 
to scale the amplitude of wide-band emissions to other than the measurement 
bandwidth. Figure 64 shows this curve along with a second curve for wideband 
Gaussian noise. 


'4 James W. Hodge, A Comparison between Power-Line Noise Level Field Measurements and Man- 


Made Radio Noise Prediction Curves in the High Frequency Radio Band, MS Thesis, Naval 
Postgraduate School, Monterey, CA, December 1995 
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Figure 64 Bandwidth Compensation Plot 


While the above Hodge curve was derived primarily from measurements of 
impulsive power-line noise in the HF and VHF bands, it has been shown to provide 
reasonable estimates for pulse emissions and impulsive noise and interference in the 
wireless bands. The curve is valid for receivers using Gaussian-shaped measurement 
bandwidths such as the bandwidth shapes used by many models of spectrum analyzers. 
To our knowledge similar curves have not been obtained for receivers with more 
rectangular IF bandpass filters. 


Since the temporal structure of emissions in the wireless bands change significantly 
over brief intervals of time and with frequency, and are clearly non-Gaussian, one 
cannot provide a universal and acceptable way to define the average, root-mean-square, 
or other measures of amplitude other than at a selected time and for a specific small 
frequency band. 


Finally, the duration of the time-history axis must also be determined to understand 
the variations of the emissions received over time and frequency. For a 60-line time- 
history display, the duration of the time axis, T(S), is determined by: 


T(s) = [(Scan Time in ms + Blanking Time in ms) x 60] / 1000 
For a 120-line time-history display the duration of the time axis is: 
T(s) = [(Scan Time in ms + Blanking Time in ms) x 120] / 1000 


The scan and blanking times are measured prior to each field use, and they are 
recorded along with other operating and site parameters. Tables 2 and 3 show the 
measured blanking times and the resulting duration of the time-history axis for two 
examples of instrumentation configurations. Since multiple sets of instrumentation are 
available, a similar chart is provided for each field measurement instrumentation 
configuration. 
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Table 2. Typical Calibration Data —-NPS HP 141 #5 


Scan Total Free Run Free Run Line Sync Line Sync 


Time/div Scan Time Scan + Blank T(s) Scan + Blank T(s) 


Table 3 Typical Calibration Data —-WRV HP 140 


Scan Total Scan Free Run Free Run Line Sync Line Sync 
Time/div Scan + Blank T(s) Scan + Blank 


ms Ss ms 


aan 
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A.2 Instrumentation for Source Location and Identification 


A variety of instrumentation and devices have been used to locate sources of noise 
and interference within the borders of a receiving site. For example, the instrumentation 
described in Section Al.1 can also be used with small probes to investigate on-site 
sources of noise and interference. In addition, additional instrumentation has been 
found to be highly useful, and examples of these are provided in this section. Some of 
these additional items are also used to investigate and identify sources of noise and 
interference external to a receiving site and their use is shown in reference 1 listed on 
page 1. 

Figure 65 is a photograph of the Radar Engineers Model 242 portable noise receiver. 
It is tunable over the frequency range of 100 kHz to 1000 MHz, and it contains a small 
display of the temporal structure of examples of noise that is especially useful to portray 
the temporal structure of noise and interference that is synchronized to the power-line 
frequency. Data from this device is highly useful in relating and comparing the 
temporal structure of impulsive noise at a source location to that observed at the input 
terminals of a receiver. 


Figure 65 Radar Engineers Noise Receiver with Probe 


The noise receiver is battery powered and can be carried to any convenient location. 
It can be used with a small whip antenna for general purpose or any other convenient 
source device. The above photograph shows it with a small probe that is used to 
pinpoint sources of unwanted emissions within a receiving or data-processing site. 


The temporal structure of noise and interference observed on the Model 242 Noise 
Receiver can be recorded by photographing the display with a small conventional 
digital camera. 
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Figure 66 shows a Model F-70 Current Probe made by Fischer Custom 
Communications. It is used to examine and measure the level of spectral components of 
current flowing in any conductor up to about two inches in diameter. The probe 
provides a flat frequency response from 100 Hz up to 100 MHz, and its response can be 
calibrated down to about 30 Hz. The probe is matched to the 50-Ohm inputs of many 
amplifiers and spectrum analyzers. Spectral components of currents as low as 2uA can 
be measured with the use of a suitable low-noise preamplifier and a spectrum analyzer. 
This probe provides a means to make measurements of current to the low levels 
required to meet the limits provided in Table 1. 


Figure 66 Model F-70 Current Probe 


Caution must be employed with the use of the probe since many cases of noise and 
interference current are non-stationary. Thus, the amplitude of spectral components of 
current cannot always be accurately described with conventional measures of amplitude. 
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Figure 67 shows a Radar Engineers Model 245 Circuit Sniffer. This device is useful 
to detect the location of devices emitting unwanted broadband noise and interference 
from power-conversion sources. It is shown with its small whip antenna for general 
probing. It also contains a small magnetic-field sensor on the upper right corner of its 
case. This sensor is highly useful when scanning the circuit breakers of a power panel 
to identify which breaker feeds electric power to a power-conversion device or other 
noise source. 


Figure 67 Circuit Sniffer Used to Locate On-Site Sources 
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FOREWORD 


The purpose of this training circular Is to provide Information 
concerning the radioelectronic combat threat. The enemy 
integrates electronic intercept and direction finding with sup- 
pressive fires and electronic jamming. Enemy radioelectronic 
combat Is intended to deprive the United States Army use of 
its tactical electronic emitters required to fighi the battle. 
This training circular explains how the direction finding com- 
ponent of enemy radioelectronic combat is used and how 
specific protective techniques may be applied to prevent 
United States Army units from beceming enemy electronic 
targets. This training circular is Intended for use by all mem- 


bers of the United States Army having responsibillty for tac- 
tical electronic systems. 
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SECTION | 
THE ELECTRONIC BATTLEFIELD 


Consider the modern battlefield not in the customary three dimensions of 
previous wars — but with an added dimension — the electromagnetic spectrum. 
The commander ust view and pian for this battlefield with regard to Its depth 
and width, the airspace overhead, and the electromagnetic spectrum, a ‘argely in- 
visibie mediun which will saturate the battle area. If a unit can ba seen visually or 
electronically on this battlefield, there is a high probability it can be destroyed. 
The enemy uses racio direction fliding to locate eisctronic emitters used by our 
units. Or.ce an emitter is identified and located the enemy can determine the 
disposition and intentions of our force and can alsa develop targets for sup- 
pressive fires or electronic jamming. 


THIS TRAINING CIRCULAR EXPLAINS HOW DIRECTION FINDING IS USED AS 
AN ELEMENT OF ELECTRONIC WARFARE. THE EFFECTIVENESS OF ENEMY 
DIRECTION FINDING C4N BE REDUCED IF TKE USERS OF ELECTRONIC 
SYSTEMS UI DERSTAND DIRECTION FINDING. 
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ON THE MODERN BATTLEFIELD 


— WHAT 


— WHAT 
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CAN BE SEEN, 
CAN BE HIT 


CAN BE HIT, 
CAN BE KILLED 
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ELECTRONICALLY 
CAN BE KILLED 
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DF 
DIRECTION FINDING 


DF is a collective term applied te the technique of determining line bearings 
from one or more direction finding positions to HF/VHF/UHF radio or radar emit- 
ters. A line bearing is determined by measuring the direction of arrival of an emit- 
ter’s radio waves at the direction finders. A single line bearing from one point to 
an ¢ ‘ultter provides the approximate diraction of the emitter from the DF position. 
intersecting bearings from DF positions at three or more differant points may pro- 
vide the approximate location of an emitter. Radars may be located very accurate- 
ly by direction finding; in some cases by using only a sing!e line bearing in con- 
junction with radar locating equipment. 
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DIRECTION FINDING IS USED TO LOCATE TARGETS 


THE RADIOELECTIHUNIUL CUMBAI! INHEAI 


Radioelectronic combat is a term used by Soviet modei forces to Indicate the 
integration of signels intelligence (SIGINT), Intensive jamming, deception, and 
suppressive fires to deprive an adversary of command and control in combat. It 
may be expected that enemy forces will be aware of the dependence that our 
forces place on communications. The enemy may be expe:ted to try to 
systematically analyze US Army communications and noncommunications emit- 
ters which serve as keystones upon which command and controi of our forces are 
dependent. The enemy may then be expected to attempt to destroy or disrupt at 
least 50 percent of our command, control, and weapon system communications 
by using suppressive fires or electronic jamming wherever possible. This is the 
essence of radicelectronic combat. 


To locate US electronic emitters, the enemy employs direction flading in con: 
junction with other information to provide targets for enemy suppressive fires 
and Jamming. Direction finding of radio transmitters is not precise. The enemy's 
suppressive artillery fires will usually not be fired at locaticns provided only dy 
direction finding. However, there are exceptions. 


Due to the high concentration and wide dispersal of multiple rocket launcher 
fires, they can be fired against soft targets located by direction finding with a 
high probability of destroying the target. Suppressive fires are also effective 
against most radars since they can be more accurately located by direction 
finding. 


Because of the length of their transmissions, the peculiarity of their signal, and 
power output, jammers are easily located and identified as targets for attack by 
suppressive fires. Otherwise, the enemy requires lnformation from other sources 
to rafine direction finding locations Into targets. In too many instances this infor- 
mation is provided by poor signal security (SIGSEC) or poor electronic counter- 
countermeasures (ECCM) on the part of our forces. 


Because the US forces will be outnumbered, the US commander must be able 
to sea the modarn battlefield faster and more clearly than ever before. According- 
ly, the US unit must depend on effective command, control, intelligence, and 
weapon communications systems for survival. Superb communications are need- 
ed to control the movement of forces to counter the enemy’s superiority in 
numbers and firepower. The US Army needs and uses much communications 
equi; ment to fight a numerically superior enemy. To ensure that the US Army can 
fight in the manner for which it is being trained, it must prevent an enemy from 
controlling the electromagnetic environment. 


DIRECTION FINDING I$ USED 


® To provide approximate locations of electronic emitters that can then be 
fired on by artillery barrages or multiple rocket fires. 


* To provide suitable locations for firing on most radars and jammers. 


* To provide locations which, when applied in conjunction with signal and 


terrain analyses, can be refined to a target area of sufficient accuracy for 
artillery fires. 


* To bulld a picture of the battlefield which shows the disposition and re- 
veals the Intentions of our units. The dispositions and intentions of units 
may be revealed by a single key emitter. 


Specifically, direction finding is a prerequisite 
and essential step for the conduct of effective 
radioelectronic combat. 


{ | SIGSEC and ECCM are effective deterrents to | 
anamy radinalectennie camhat 


Re ta ak i ee 


ELECTRONIC WARFARE 


DIRECTION FINDING 


a 
ESM 
ELECTRONIC WARFARE SUPPORT 
MEASURES 


(U) ESM 1S THAT DIVISION OF EW IN- 
VOLVING ACTIONS TAKEN TO 
SEARCH FOR, INTENSEPT, LOCATE. 
AND IMMEDIATELY IDENTIFY RA- 
DIATED ELECTROMAGNETIC ENER 
GY FOR THE PURPOSE OF MAILS. 
ATE THREAT RECOGNITION AND 
THE TACTICAL EMPLOYMENT OF 
FORCES. DIRECTION FINDING OF 
RADIOS AND RADARS IS AN ESM 
TECHNIQUE. ESM MAY BE A RECI- 
PROCAL OF SIGNALS INTELLI- 
GENCE (SIGINT). 


INTERCEPTING 
IDENTIFYING 
ANALY.ONG 

LOCATING 


EW IS MILITARY ACTION INVOLVING THE 
USE OF ELECTHOMAGNETIC ENERGY TO 
DETERMINE, EX®LGIT, HEDUCE OR PRE- 
VENT HOSTILE USE OF THE ELECTRO 
MAGNETIC SPECTRUM AND ACTION WHICH 
RETAINS FRENDLY USE OF THE ELECTRO 


MAGNETIC SPECTRUM. EWS DIVIDED INTO 
THE THREE CATEGORIES ESM, ECM, FCCM 


ECM 


ELECTRONIC CONMTER MEASURES 


(U) ECM 1S THAT DIVISION OF EW INVOLV- 
ING ACTIONS TAKEN TO PREVENT OR 
REOUCE THE ENEMY'S EFFECTIVE USE 
OF THE ELECTROMAGNETIC SPEC- 


TRUM. ECM INCLUDES JAMMING ANO 
ELECTRONIC DECEPTION 


JAMMING 
DISRUPTING 
DECEIVING 


COUNTER DIRECTION 
FINDING & INTERCEPT 


ECCM 


ELECTRON COUNTER-COUNTER 
MEASURES 


(U) ECCM IS THAT DIVISION OF EW IN. 
VOLVING ACTIONS TAKEN TO EN- 
SURE FRIENDLY USE OF THE ELEC. 
TROMAGNETIC SPECTRUM AGAINST 
ELECTRONIC WARFARE. ECOM IS A 
RECIPROCAL OF COMMUNICATIONS 
SECURITY SIGSEC. 


PROTECTING 


a ee 


Cn eee led to. eee a Ls 


SECTION 11 


A SHORT HORROR STORY 
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AUS Army mechanized force prepares to attack an enemy position on the hill 
mass to the east. One of its tank units is located off the adjacent road in a 
woodline near the bank of the stream. The tank unit is concealed and In cefilade 
awaiting the arrival cf a mechanized infantry unit approaching north of the town 
and from the west prior to attacking a fortified enemy position. 
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The mechanized infantry unit has passed north of the town and Is approaching 
the tank unit while taking full advantage cf all concealing terrain. At this point, 
both units remain visually unobserved by the enemy. 


12 


ALFA ONE BRAVO THRE TRmER Bin 
THIS 1S ALPS ONE BRAVO TWO 
BEVEN. WHAT 1@ YOUR LOCATION 
@RAVO THREE S.x. ONER. = 


ial — nee. + _teer\ 
See RE | \ > . , 
ae ras 


As the mechanized infantry unit approaches the general location of the tank 
unit, the commander requeste further instructions. Communication time is about 
ten seconds. The enemy Intercept operator monitoring the commend net notes 
and records the communication. 


THI@ 1@ BRAVO THREE Bix 
AM LOCATEO (ENCRYPTEO) 
TANGO GULF IND'« GULF 


INDIA HOTEL KILO O:immMaA. 


The tank unit replies, providing its location with a properly encrypted message. 
Communication time is about twenty seconcis. At this point the enemy Intercept 
unit has flashed Its direction finding net asking for bearings on both stations 
transmitting on the monitored frequency. 
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Total time for the entire communications exchange is about forty-five seconds. 
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; i The enemy radio direction finding (ROF) net has had more than adequate time to 
determine the azimuth from each of its three positions to the tank unit. The area 
within the triangie on the map represents the approximate nOF fix. 


The area of the tix remains too large for accurate targeting or to risk exposing 
the enamy’s firing positions on the hill to the front. The gridded location of the 
tank platoon reported in the communicaticn was properly encipered and remains 
unintelligible to the enemy. tv fact, mos: things are being done correctly. A com- 
bined arms team Is being used to attack fortified positions aiid tlis team ts using 
concealed routes of advance. But, the enemy does know that the mechanized unit 
is moving to the tank unit’s location within the triangular area delineated by the 
RDF. The enemy knows that there will soon be two targets within the triangular 
area. Further, elementary call sign analysis suggests that two separate units are 
Involved. If the new automated communicatione-electronic operating instructione 
(CEO!) are not used correctly, prior tactical call sign analysis by the enemy wou'd 
suggest that a tank unit and a mechanized unit are Involved. Plain text revelation 
not Involving cail sign usage but the use of tanker- or mechanized infantry- 
peculiar terms would also allow this conclusion. 
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BRAVO 27 Is now about 1,000 meters from the tank unit but Is unable to see the 


concealed tanks. BRAVO 27 hes no Intention of remaining in the open or of get- 
ting iost near the FLOT so... 
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Meanwhile, on the hill to the front, the enemy gunners have received 
pretiminary Information for a fire mission. Traverse and elevation is completed, 
the guns «re loaded, the gunners are awaiting the order to {lve. Only the most 
basic analyis was required to locate the ‘‘bridge’’ within the vicinity of the ROF 
location, from thore the woodline was readily located. There was more than ade- 
quate Information with which to provide a target. 
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| t The enemy arti!!: 4 commander allows another minute or so for the armored 
, personnel carriers (APC) to close with the tanks and for hatches to open and then 
vos the APC ard tank engines are muffled by the sourz:d of exploding artillery aimed 
; 500 meters north of the bridge at the edge of the wou!‘ ine. 
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Hopefully, the lesson to be learned from the horror story i¢ not that enemy ROF 
1s highly accurate, but that... 


POOR COMSEC IS SUICIDE 


During @ tivee-day maneuver in 1982 about 
60 percent cf all battalion and trigade com- 
mand neste within a US Army division were 


| tecated to within 500 meters in this manner. 
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if the enemy is unable to destroy the friendly unit by suppressive fires, he will 
target the friendly unit’s receivers for radic jamming during the attack on his 
positions when command end contro! by our forces are crucia!. RDF anc poor 
communications security (COMSEC) permit the enemy to accurately direct his 
Jammers against our radics for maximum effectiveness. 
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“USE A GUIDE" *: 
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In the preceding scenario the use of a predetermined approach route for the 
mechanized Infantry unit and the use of guides provided by the tank unit could 
have avoided the use of communications. This is one method that the enemy 
forces use to reduce communications. 


22 


sor one* 


Fe reererap i. a 


MAIN ATTACK 


RADIO SILENCE 
i 
oes’ — 


This scenario also provided an excellent opportunity for electronic deception. 
A feint suggesting a frontal attack north of the road could have been simulated 
with only one tank and one APC using noise broadcast aquipment to simulate the 
engine sounds of the tanks and APCs of a larger force. Manipulative communica- 
tlons deception (MCD) by the tank and APC indicating a much larger force would 
have coniributed additional realism to the feinit by feeding the enemy false RDF 
conclusions. Meanwhile the actual force conducting the main attack approaches 
from the south with emissicn control {radio silence). The enemy’s artillery is 
directed to the wooded, but then unoccupied, area ‘500 meters north of ths 
bridge’ and the attack is successful and casualties hopefully reduced. Decep- 
tion is e good idea, but must be carefully planned and coordinated with battle 
commander and adjacent units. Since the enemy may also use ground radar to 
verify these targets, the deception force should include a deception array. 
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SECHIUN UI 


RADIO WAVES 


The accuracy of RDF has been the subject of many narratives. In some cases 
commanders who beileve that RDF Is very preciso instruct that radios and their 
antennas be remotec 250 meters from the operator to counter RDF. Remoting on- 
ly 250 meters is of little advantage. Let’s examine the facts. A basic explanation 
of radio wave theory Is essential in order to understand direction finding 
accuracy. 


The ability of a direction finding station to intercept and determine a bearing 
on a target transmitter depends on its ability to receive a ‘‘usable’’ signal. A 
usable signal depends on the characteristics of radio waves. Radio waves travel 
from the transmitter to a recelver or direction finder by ground wave which 
spreads directly from transmitter to recelver through or just above the soil or sea; 
and by sky wave which travels up to the electronically conducting layers in the 
earth’s upper atmosphere and Is reflected back by these layers to earth. In the 
past the Army has referred to Its tactical field radios chiefly as amplitude 
modulated (AM) or frequency modulated (FM). This practice dates to WW Ii when 
the terms AM and FM more cieariy disiinguisnad ine Versallity of thess two types 
of radios. With respect to electronic warfare (EW) commanders should perceive 
tactice: radios with respect to the behavior of the radio’s signal (radio wave pro- 
pagation) which is affected mostly by frequency. 
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CONSIDER RADIOS NOT ONLY AS AM OR FM BUT ALSO AS HF, VHF, OR UHF 
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cipatly by means cf the sy wave; short distance HF (50 kms) uses the ground 
wave. Tactical FM communications (like the AN/PRC-77) use VHF. VHF (30-300 
MHz) (often cailed tactical FM) communication is a radio line-of-sight, short 
distance (40 to 80 kms), radio transmission method. The AN/PRC-77 and VRC-46 
series radtoe use a portion of the VHF spectrum (30-76 MHz). The range of the 
VHF ground wave depends on the unobstructed line-of-sight distance from the 
transmitting to the receiving antenna, the height and type of the antennas, and 
the effective power output of the transmitter. Enemy direction finding can be 


restricted by controlling the direction and power of the radio’s ground wave. A 
VHF transmission is illustrated below. 
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ANTENNA PC-UARIZATION AND DIRECTIVITY 


When power is delivered to an antenna, a radiation fieid Is established which 
travels trom the transmitting antenna into space and hance to receiving anten- 
nas. The radiation field has two components, referred to as the eleciric and 
magnetic fields, which fc rm a definite pattern, depending on the type antenna 
used. 


SIGNAL VOLTAGE 


TRANSMITTING 
ANTENNA 


Polarization of a radiated wave is determined by the direction of the lines of 
force making up the electric field. Lines of force at right angles to the earth are 
calisd VERTICALLY POLARIZED; lines which are puralled to the earth are called 
HORIZQNTALLY POLARIZED. Vertically polarized antennas are used for efficient 
recention of vertically nolarizad lnas of farce; similarly, horizontally nolarized 
antennas are used for efficient reception of horizontally polarized lines of force. 
Commanders at every eche!on need to understand how to advantageously use 
verticaily and horizontally poiarized antennas. They need to undersiand that ver- 
tically pelarized antonnas provide the best flexibility in the attack tien rapid 
movement deiracts from enemy DF. The horizontally polarized antenna provides 
the best security in the defense and longer range when transmittina In heavily 
wooded areas. The unit communicatione-electronics officer should L.. consulted 
with regard to the proper use of all antennas. 
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Either vertically or horizontally polarized antennas may be used at VHF. Ver- 
tically polarized antennas are more common for military communications 
because they can produce an omnidirectional signal (radiating in 360 degrees) 
and hence are very versatile. Omnidirectional signals are, however, more likely to 
be intercepted by the enemy. Horizoniaily polarized antennas are directional. 
Both vertically anc horizontelly polarized signais can produce dead areas, called 
nulls — zero signal — which can be oriented toward the enemy to reduce the 
probability of intercept when directional antennas are used. Vertically polarized 
VHF signals are also stronger at 30 to 50 MHz with antenna heights under 10 feet; 
above 50 MHz there is no practica: ditiarence between the signal strength pro- 
duced by vertically and horizontally polarized antennas. 


Use of a horizontaily polarized antenna reduces vulnerability to intercept and 
radio direction finding. A steerable, vertically polarized antenna will also reduce 
the vulnerability of radio emitters to intorcept and radio direction finding. That's 
It — the basic principles. 
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*The OE 254 antenna has replaced the RC 292 antenna shown above 
in some UNiis. However, tie Lasic prncip: * Giscusssa hers romaine 
constant. 


As an example, at 30 MHz each half of this quarter-wave antenna is 2.5m long 
and at 76 MHz only 0.987m long. (See page 74 for an exampie on how to con- 
struct this antenna.) 
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SECTION IV 
HOW DOES RAGiO DIRECTION FINDING WORK? 


Radio direction findin:; Ia a method of determining the approximate direction of 
a transmitting antenna ‘radio cr radar) by means of its emissions at a single direc- 
tion findlig position. Owaction finding can also determine the approximate loca- 
tion of an emitter by correlating the directions of arrival of its several emissions 
by a direction finding location and identification system whicli may consist of one 
(but usually three of more) positions. 


‘‘A BEARING’”’ 


k One RDF bearing provides APPROXIMATE direction, but not distance. 


s ONE Wee ee 


Pia 


““a Cur”’ 


Two RDF bearing usually provide APPROXIMATE direction and SOME CON- 
CEPT OF distance. 


“A FIX” 


~ 


Three or more RDF bearings are referred to as a fix. A fix usually provides bet- 
ter direction and distance to form an APPROXIMATE location. 


The same principie applies to locating radar equipment, but the enemy uses 
DOF equipment that is compatible with radar signals. Radars may be located more 
accurately than radics due to their signal characteristics, and within a triangle or 
circle having a radius of 50 to 200 meters. 


34 


Pome 


SECTIUN V 


HOW AIRBORNE RADIO DIRECTION FINDING 
WORKS 


Alrdorne radio direction finding (RDF) is e« radio direction finding system 
mounted in a helicopter or a fixed-wing aircraft. The principles of ARDF operation 
are similar to those which govern ground vehicle radio direction finding. But, tne 
use of an airborne platform increases the elevation of the receiving antenna and 
enhances its ability to Intercept radio signals at greater distances. 
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ARDF Is not subject to as many effects of propagation error as is ground station 
RDF. As an example, an aircraft can take a series of successive bearings along i‘s 
flight path and provide the effect of many ground station RDF bearings without 
the limitation of Individual ground station error factors. (in many situations, in- 
dividual ground station error factors accumulate to produce gross errors.) In 
some Instances, the aircraft can aiso pursue the target transmitter while further 
refining its bearing at closing ranges. in this respect, ARDF is a special threat to 
unconventional wartare end long-range reconnaissance units. 


AIRBORNE RADIO DIRECTION FINDING FIX 


More azimuths and better accuracy are possible with ARDF, but the aircraft is 
required to remain on track long enough to acquire a wide base for the DF bear- 
Ings. If the aircraft is diverted (as by anti-aircraft artillery (AAA) fire), then the 
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High Frequency ARDF. A simple radio transmitting antenna radiates waves In 
many directions, although the strength of the waves may be greater in certain 
directions and at certain angles above the ground. Both the skywave and ground- 
wave may be used in HF communications. Long distance HF radio transmissions 
operate principally by means of skywaves refracted from the lonosphere to a 
recelving antenna on the earth’s surface. HF airborne direction finding opera- 
tions are conducted against these intentional and unintenticnal skywaves, prior 
to refraction. 


IONOSPHERE 


TRANSMITTER HF GROUND WAVE RECEIVER 


In short distance HF radio transmissions, the groundwave rather than the 
skywave is the principal neans of communications. However, airborne DF Is con- 
ducted agains? +’ -aintentional by-product (skywave) of this type transmission. 
The distance fro.n the transmitter at which these waves can be received by ARDF 
is affected by tranamitter output power, antenna type, terrain, and operating fre- 
quency. Eight kilometers is a typical distance. Although frequency affects wave 
propagation, the manner in which airborne DF operations are conducted against 
HF and ViF targets remains unchanged. 
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Very High Frequency ARDF. The energy from a VHF transmitting antenna !s 
normally radiated as an omnidirectional wave thiough the atmosphere to a recelv- 
Ing antenna located within line-of-sight. Airborne equipment, because of greater 
elevation, is capable of intercepting this line-of-sight transmission at a greater 
distance, enhancing its operations at sn extended range. 


80km 30km 8km Okm 
ARDF RECEIVER TRANSMITTER 
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The establishment of a 
snitaale base line is af- 
fected by tactical, 
strategic, and technical 
considerations. In DF 
operations, a base line is 
identified as the !ine or 
axis along which lines of 
bearing are taken. it may 
be straight or curved, 
depending upon a techni- 
caiiy accepiabie environ- 
ment and the area to be 
covered. 
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ARDF BEARING INDICATOR 


After enargy has been received by the antenna, passed through the coupling 
system, amplified, and detected by the receiver, the bearing indicator translates 
this energy into an intelligible form from which the operator can determine the 


direction of the arriving signal. Bearings are plotted to determine the location of 
the tzansmitting antenna. 
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ARDF provides the tactical commander with approximate location of hostile 
emitters for subsequent destruction, deception, or continued observation for 
EWiintelligence exploitation. 
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The basic mothod of DF ploiting is the measurement, at a receiving or centraliz- 
ed plotting station, of the angle betwean 2 predetermined reference line (usually 
magnetic or true north), from = knovn ccint, and the direction of travel of the elec- 
tromagnetic waves arriving irom a distant transmitting station. The results are 
then plotted on a map and tne point of intersection Is the target's probable locea- 
tlon. 
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SECTION VI 
VHF DIRECTION FINDING ACCURACY 


The VHF range (30 to 300 MHz) Is used by most tactical radios. This is a simpie 
explanation to describe how RDF functions; its accuracy Is determined with 
respect to VHF radios. A radio transmits and receives enorgy (radio waves). VHF 
radio waves travel from the transmitter to a receiver by the groundwave which 
travels directly to, or is reflected by, the transmitter to the distant receiver 
through or above the soil or sea. VHF communications are predominantly short 
range, line-of-sight, FM voice and use omnidirectional vertically polarized 
antennas. 


VHF RDF depends on the effective radiated power (ERP) and the antenna direc- 
tivity of the target emitter to provide a strong groundwave which may be targeted 
by RDF. RDF is effective when equipment is compatible with the modulation, fre- 
quency, and bandwidth of the signal transmitter. 
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Ground station RDF systems can determine approximate locations of VH™ 
transmitters at ranges from 0 to 40 kms or more. Airborne platforms can extend 
the range of RDF to 80 kms or more. 
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DIRECTION FINDING 
TARGET LOCATION ERROR 


Direction finding accuracy is determined by the power anc antenna directivity 
of the target tranamitter; by electromagnetic influences which affect radio wave 
propagation; and by the capability of direction finding equipment and operations. 
Eecause rather comp!icated mathematical formulas are applied to determine the 
effect of these Influences, ROF accuracy was previously expressed for tactical 
use with respect to rules of probability and standard deviation as an equivalent 
circular error probability (CEP). 


A CEP Is the radius of a circle within which a given percentage, usueli; 50 per- 
cent, of ths projectiles is expected to fall. The term CEP is most populaz as an ar- 
tillery term and is used to explain the delivery accuracy of a weapon system. 
Because most tactical requirements for ROF have, in the past, been satisfied by 
the CEP report, it is now used to indicate the target location error of direction 
finding. 


The intersection ot three or more RDF bearings actually provides an eiliptic pat- 
tern; a CEP Is deduced by reporting the length of half or two-thirds of the major 
axis of the ellipse. The resulting CEP provides a mathematically crude, but ude- 
quate location. A CEP by itself Goes not provide targets. 


Fifty percent or 66 percent of the length of 
the major axis of the ellipse is used as the 
radius of a CEP. As DF impreves, some tacti- 
cal units gre now using 66 percent of the 
length of the major axis as the radius of the 
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d LOCATION ERROR ELLIPSE 270° 


90% 
MINOR AXIS 


if The diagram, when simplified, Iliustrates the following: 

- (1) The length of the major (largest axis); 

(2) The length of the minor (shortest) axis; and, 

(3) The orientation of the major axis with respect to location c.g., true north). 


The equivalent CEP is determined by using one-half or two-thirds of the length 
of the major axis to form the radius of the circle. Using a CEP Instead of an 
e'lipse, we are now reporting the location of an emitter inside of a circle instead 
of inside an ‘‘egg.”* The radius of the circle begins on the best probable location 
determined by the ellipse and extends outward to form a circumference related 
to. the degree of probability. The user should always Inquire as to the probability 
factor of the CEP if it is not provided by the direction finding unit. Target analysts 
should also be able to plot the more accurate RDF ellipse. However, a computer i: . 
required to provide RDF ellipse reports; manual systems cannot provide this 
capabil‘ty. As a result, most tactical RDF data are reported as a CEP. 
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When a 500-meter CEP is reported with a 90 percent probability, there is a 90 
percent chance thar the target transmitter is located somewhere within a 
§00-meter radius of the circle. The circle with a radius of 500 meters contains 
785,000 scuare meters or about 3/4 of a square kilometer. By comparison, a bat- 
tallon size command post’s antenna array typically occupies about 10,000 square 
meters. A single FM/VHF ground plane antenna occupies about nine square 
meters. 


If the CEP Is increased to 1,500 meters (a more typical RDF accuracy in tactical 
situations), the circle will contain 7,065,000 square meters or about seven square 
kilometers in which to locate a 10,000 square meter antenna array or a single 
antenna occupying nine square meters. That information by itself is only of 
marginal valus In the acquisition of targets. But! Most enemy SIGINT analysts ap- 
ply that information in conjunction with poor SIGSEC on our part, with terrain 
analysis, and with predictions of radio operator behavior (signal units consistent- 
iy use ideal Gummunicaiing iWcatuns) io proves laigets. OF ay proves ihe 
master clue! 
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Tactial RDF accuracy may be measured in meters of CEP. Experience indicates 
that an RDF accuracy cf 500 meters CEP is considered to be a very good RDF fix. 
Probably less than ten percent of all RDF fixes (on 100 different transmitters) will 
be reported with an accuracy of 500 meters CEP. 
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Percentile Graph of Typical RDF Fixes Reported as CCP at a 
Range from Transmitter to RDF Station of less Than 30 Km 
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MODEL OF ELLIPTIC ERROR PROBABLE 


TWO STATION DF BEARING ERROR ELLIPSE 


With the advent of computer-assisted RDF, the user of the RDF product should 
become aware of how an elliptic error probability (EEP) is derived and liow to use 
its ellipse. When plotted, an EEP provices a more accurate location than does a 
CEP. 


If one could actually see radio wave propagation, it would zppear in a manner 
similar to the illustration. The RDF bearings form an ellipse. Usuaily three or more 
bearings are used to determine an RDF fix, but only two RDF stations are shown 
in the above illustration to reduce diagram cluiter. 
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WHAT CAUSES RDF ERRORS? 


There are three main causes of RDF error: radio wave propagation irregularity; 
RL. and emitter equipment inconsistencies; and RDF cperat: mistakes. The key 
words are system accuracy and operational accuracy of RDF. System accuracy is 
evaluated in an electronics laboratery, where equipment is unaffected by en- 
vironmental or human factors. It Is system accuracy that is usually reported in 
equipment manuals and threat documents. System accuracy provides a source of 
comparison, but should not be used to predict the accuracy of target acquisition. 
Operational security, on the other hand, Is field accuracy — the results obtained 
by experience during training exercises or combat. Let us examine, in general 
terms, the principal causes of RDF error and their effect on RDF accuracy. 


Radio Wave Propagation Irregularity. 


One exaniple of radio wave propagation effect !s the multipath error which oc- 
curs when a radio wave produces both a reflective and an instant component 
wave, each arriving at different times and which may appear out of phase. The 
direction finding station has difficulty determining the true signal. Where the 
received signal arrives from two or more paths, the RDF operator will read an 
azimuth that Is in error and biased. Errors up to ten degrees can result from such 
2 condition. The VHF multinath error is caused by othar 2au'pment located near 
the RDF equipment, by man-made obstructions, or by terrain which may distort 
the path of the signal. Multipath error occurs tnore frequently at VHF than HF 
since a smaller area can act as a reflector to a VHF signal. This is Important 
because when VHF radio operators deliberately piace terrain obstacles to racio 
wave propagation between the intended receiver and the enemy RDF, they take 
advantage of the potential effect of multipath error. This technique is called 
“‘masking.’’ (More ab7 ut masking in Section Vill.) 


RDF Equipment Errors. 


Tactical RDF equipment is designed to perform with a system accuracy within 
plus or minus two degrees. Accuracy within plus or minus two degrees Is the 
same as a total error of four degrees with regard to system plotting. The key 
words reported in threat manuals are system accuracy. The operational accuracy, 
also referred to as field accuracy, of enemy tactical RDF equipment is usually 
within plus or minus 3.5 degrees (total 0 to 7 degrees). 
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Strategic or semi-permanent RDF equipment, usually targeted at HF com- 
munications and located well behind the FLOT Is usually not more accurate than 
l plus or minus two degrees; but the greater distance between the target transmit- 
ter and the RDF site results in larger linaas error and in a CEP in excess of 20 
Pe kliometers (closer to 50 kilometers). Nevertheless, strategic RDF plays an impor- 
a tant role in detecting major troop movements. The Soviets probably used 
| strategic RDF and communications intelligence (COMINT) to detect a temporary 
ge.p between the German Fourth and Sixth Panzer Armies confronting Stalingrad 
on 13 July 1942, allowing two-thirds of the Soviet forces trapped across the Don 
! River to escape — a significant factor In the eventual Soviet victory at Stalingrad. 
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RDF equipmer:t operators can also contribute considerable error to RDF equir- 
ment by making even minor mistakes In many operational and land navigational 
functions for which they are responsible. Additicinailly, tactical ROF equipment 
can seldom be verified, or operator error distinguished from equipment or pro- 
pagation errov. This is important becausa RDF Is susceptible io deception. 


Dereption Operations Against RDF. 


RDF data enable analysts to determine the approximate location of ai active 
transinitter whose signal has been intercepted and from which ROF boarings 
were taken. RDF bearings in themselves do not provide cufficient information to 
correctly identify the traneniitter. Identification is usualiy provided through 
analysis of signals. If enemy SIGINT analysts are deceived into belleving that a 
specific transmitter is assigned to a division tactical command post, RDF may 
reinforce that conclusion. This is especially true if RDF reports that the transmit: 
ter Is indeed located where a division command post should be located with 
respect to the FLOT and other boundaries. Other deceptive techniques against 
reconnaissance, to Include decoy equipment and installations, would further 
reinforce the doception. By contrast, an otherwise flawless decoption plan not 
supported by electronic dacaption could be detected easily by RDF. It can be 
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sions drawn from RDF. That point is not contested. 


The use of speec!: security equipment (NESTOR or VINSON) with VFH radios 
does not provide protection agelist DF. Speech security devices prevent clear 
text revelation of unit identity or cali sign identity; but, If only command and con- 
trol nete use thease devices, the:. the identification of key emitters by RDF can still 
be accomplished. In fact, whan only key command and controi nets within a unit 
use speech security equipment, this practice greatly assists enemy RDF 
operators i) iden‘!fying command post transniitters. 
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SECTION Vii 
TRE THREAT 


TACTICAL OF EFFECTIVENESS OF THREAT FORCES 


Tar:tical DF is effective. it is a threat. DF is effective because large numbers of 
RDF equipments are integrated and employed in conjunction with other in- 
telligence to locata US Army and NATO emitters. DF is also used by the enemy to 
Idantify the controt or weapon systems with which these emitters are aerociated. 
OF Is used chiefiy as an analytic aid to detect unit groupings and movements, and 
to sort out Communications systems. It aiso provides clues as to where friendly 
forces are not located. However, when our forces provide lucrativa SIGINT 
because of poor SIGSEC practices, the enemy forces may b> able to ectually de- 
pend upon DF to exploit the weakness and provide targeting deta for suprressive 
fires; or if thai fais, io Giteci ihe jammess More accurately. Poor SIGSEC makosa 
DF very effective. 


While ground force intercept and DF equipment fs not always highly 
sophisticated, there |s a lot of it and It Is located very near the FLOT. 


About 2& seconds after the 
communication began, the 
enainy targeting sequence 
cai Coats Svar HT irisad- 
ly communications are ter- 
mlinzied. This is the danger 
pola — communications 
funger than 20 to 25 
seconds. Of caurse, this fs 
meant to depict an op- 
vimum sequence of events, 
anid is illustrated for train: 
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PLOTTING AND ANALYSIS REFINES 
APPROXIMATE LOCATION PROVICED 
BY RDF WET CONTROL BY APPLYING 
COLLATCRAL INFORMATION. MAP 
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EFFECTIVE RADIO DIRECTION FINDING 
SUPPORTS EFFECTIVE RADIO JAMMING 


Efiiclent jamming dopends on direction finding to analytically select and 
zsnevally locate target transmitters. The receiving element of the target transmit- 
ter is then selected for Jamming, and the jammer’s antenna oriented to the loce- 
tion reported by RDF. Soviet doctrine establishes a requirement to jam US Army 
command control, and weapon system communications when they cannot be 
destroyed by suppreseive artilierv fires. The three main types of jamming are it 
lusirated below. Enemy forces jam VHF, but they also depend on VHF for their 
own command, contro], and weapon systems. One way they are able to control 
this problem is using VHF directional antennas which have a greater effective 
radiated power (ERP) for their own communications. They practice this technique 
in training. The Soviet type force use VHF and UHF muliichannel communications 
at selected key levels and employ HF tactical communications as a redundant 
communications system down to tank platoon level. 
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Three Methods of Communications Jamming 


Jamming can also sup- 
port DF by jamming a target 
for a prolonged period and 
causing th: target station 
to backlog tvatfic. When the 
jamming ie. terminated, the 
target station may then 
transmit continuously ovar 
a long period to relieve the 
backlog of traffic. Prolong- 
ed transmission in these 
cases enables DF to refine 
numerous bearings obtai- 


ed during the long trensmit 
time. 


ee 


; 
t 
é 
f 


DIRECTION FINDING AND TACTICS 
ON THE MODERN BATTLEFIELD 


The use of direction finding is a tactical consideration; it is part of EW tactics. 
Enemy forces are confronted with two tactical choices pertaining to the employ- 
ment of ground station RDF. If the enemy commander's objective is to obtain the 
best bearing to tactical transmitters within a compact, narrow, division area of tha 
FEBA, he wou'd most Iikely locate his RDF positions on a straight or concave 
baseline tc provide the best azimuth angles at short ranges within 20 kms, and 
falr angies at longer ranges to 75 kms. This is one indication of ae possible 
penetration attempt by enemy forces. Similarly, if friendly ROF elements are pro- 
perly aware of basic command plans they can deploy to provide the most effec- 
tive support. 


EXPECTED RDF TARGET AREA 
FOR ENEMY BREAKTHROUGH OPERATIONS 


If the enemy division commander’s objective |s to obtain the best bearings over 
a wide flanking ares, he would most likely locate his ROF positions in a trianguler 
or quadrilateral base pattern which provides fair azimuth angiss on most 
transmitters at the expense of more accurate angles on transmitters within short 
range. This is one indication of a flanking attack. Surveillance techniques which 
may reveal these employments should be considered as basic intelligence re- 
quirements along with other (ndications cf enemy intentions. 
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Before exploring the solution to this threat with the use of horizontally polariz- 
ed directional antennas, iet’s look at the enemy’s RDF antenna characteristics. 


THE ADCOCK RDF ANTENNA 


The Adcock RDF antennas usualiy consist of from (wo to eight spaced vertical 
antennas connected in opposition. There are other variations, but the illustration 
shown below is typical. it is most efficient against the vertically polarized compo- 
nent of an incoming radio wave. The Adcock antenna is aspecially reliable for 
YHF signals at a point beyond strong ground wave range (e.g., In an area to the 
rear of the FEBA). As a result, when the vertically polarized component of a radio 
wave predominates, as is presently the case with US Army tactical communica- 
tlens using omnidirectional antennas, the Adcock antenna is very effective and 
has little if any polarization ecror. its chief weakness is its limited effectivenass in 
detecting horizontally polarized antennas. In addition, the Adcock antenna end 
its connecting cebles are comparatively complicated to adjust. The Adcock direc- 
tion finder is not a first choice for 2 multi-polarization tactical device. Good 
calibration of the Adcock at a new site is very difficult and is seriously affected by 
changing weather conditions. Nevertheless, the Adcock type antenna remains 
more than adequate for enemy forces so long as the US Army relies heavily on 
vertically polarized, omnidirectional, VHF antennas for tactical communications. 


TOP VIEW FRONT VIEW SIDE VIEW 


LOOP ANTENNAS 


Enemy forces may also use spaced !oop, rotatabie loop, and other loop type 
tactical VHF direction finding antennas. Like the Adcock, the spaced loop is a ver- 
tically polarized antenna made up of two parallel loops fixed coaxially to the enc's 
of a rotatable boorn. Several variations are available and ROF positions of this 
type may de mobile. The sp..ced loop 2 itenna is not very suitable for tactical con- 
ditions. The position requires considerable installation and calibration time, has 
poor sensitivity, ana bearing ambiguity is difficult to discern. As a result, its ac- 
curacy Is limited. However, other HF and VHF loop antennas do have tactical 
application. 


A special purpose ROF loop antenna used by US Army Special Forces units is 
shown below to iliustrate the sniall size which is possible with systems of this 
type. These marn-packed units may be used to detect the general location of 
transmitters and for thet purpose they are highly effective. They are also effective 
as homing devices. 
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HOW TO BEAT RADIO DIRECTION FINDING 
ALONG WITH THE JAMMING AND 
ARTILLERY FIRE IT DIRECTS 


Onea the hattle haasina and our unite are attackina and moving, fast RDF is nat 
a significant threat to fighting units. But when we stop or go Into the defense, 
enemy radio direction finding in conjunction with poor SIGSEC on our part pro- 
vides targets for suppression — free targets. 


During field training exercises, poor COMSEC allows !ccution (bw RDF) of many 
divisional, brigade, battalion, and company command posts with an accuracy 
(100 te 250 meters) sufficient for target destruction. 


PROVIDING REVELATION 
OF LOCATION BY CLEAR 
TEXT OR UNAUTHORIZED 


CODE OR CIPHER 
VEF'NGALLY POLARIZED vite 
JIGNAL 1S COMPATIBLE ; 
WITH ENEMY TACTICAL ALE USE OF OMNIDIRECTIONAL 
EQUIPMENT ANTENNA PROVIDES SICA! 


TO BE INTERCEPTED WITHIN A 
360° RADIUS 


REFEF ANG TO 

LOC/.TION BY 

REFEAENCE TO 
T:ARAIN 
FI ATURES 


US ARMY RDF TARGETED UNITS MAY NOT BE ABLE TO 
FIGHT AND WIN UNDER THESE CIRCUMSTANCES 


Electronic emitters can be used to identify units, weapons, and command 
posts because... 


Unit identity can be simply determined by one or a combination of — 


(1) Plain text revelation. 

(2) Type transmitter. 

(3) Cali sign peculiarity. 

(4) Analysis of communications traffic. 

(5) Transmitter modulation. 

(6) Operator identification. 

(7) Duration and frequency of messages. 

(8) Analysis of unauthorized codes or ciphers. 

(9) Misuse of authorized callsigns, codes or ciphers. 


ALL OF THIS IS USED IN CONJUNCTION WITH AN ANALYSIS OF THE GENERAL 
LOCATION OF A UNIT ON THE BATTLEFIELD PROVIDED BY DIRECTION 
FINDING. 


| INTERCEPTED INTELLIGENCE:. 
TYPE RADIO N 


Move OF THANSMISSION 


CAL". SIGNS sata 
MESSAGE FORMAT NM a7.20 

FREQUENCY ™ mz | ap 
TIME OF TRANSMISSION = NS 0 


DURATION OF TRANSMISSION 


OPERATOR CHARACTERISTICS: — ==1 
(ARTICULATION, IDIOM, | 


Peres COLLOQUIALISM) { 
~ ~> CIPHER SYSTEM ENEMY 
Pia APPROXIMATE SIGINT 
<< — — LOCATION 8Y RDF 


ivioeuss UNIT 


Electronic emitters can provide the enemy with the detection, general location, 
and possible identity of the unit which they serve. 


RADIO OPERATORS USING PLAIN TEXT MOST OFTEN REVEAL: 


ADA LOCATION 
AIRBORNE LAUNCH AREA 
AIRHEAD 

AIRSTRIKE TARGETS 

ASP 

ARMOR LOCATION 
ASSAULT STRIP 

ARTY LOCATION 

ARTY TARGETS 
AUTHENTICATION FAILURE 
AVENUE OR APPROACH 
BARRIER LOCATION 
BOUNDARY LINE 

BRIDGE 

CALL SIGN COMPROMISE 
CAPABILITY 

COMMAND POST 
COMMUNICATIONS SITE 
CONCENTRATIONS (TROOP) 
CONVOY (TIME-LOC) 
DEFENSE POSITION 
DEPLOYMENT SCHEME 
DGZ 

DZ/LZ/PZ 

EVASION ROUTE 


FLOT 

FORWARDING STAGING AO 
FREQUENCY COMPROMISE 
FSCL 

GOPL 

HELI PAD 

LRAP (LOC-ROUTE) 
MANEUVER SCHEME 
MARSHALLING AREA 

MINE FIELD 

MISSILE LOCATION 
NUCLEAR WEAPON LOCATION 
OBJECTIVE AREA 


OFFENSIVE Pl ANS 
OFFENSE VULNERABILITY 
PATROL ROUTE 
PERIMETE® 

PHASE LINE 

POL SUPPLY 

RADAR LOCATION 
RESUPPLY LOCATION 
SHORTAGES (CRITICAL) 
TACTICAL OPERATIONS CENTER 
ViP LOCCATIONS 


Electronic emitters can reveal locations of units, weapons, and command posts 
because... 


location can be approximated by direction finding and then refinea to an accu- 
racy sufficient for target acquisition by plain text revelation; reference to terrain 
featuvoa by the operator; and terrain analysis. 
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ECCM IS AN EFFECTIVE MEANS OF COUNTERING ENEMY RADIOELECTRONIC 
: COMBAT — IT CAN REAT ENEMY RDF 

t 
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GOOD ECCM TECHNIQUES 


USE LOW POWER 


When you transmit on lower power, you reduc tl.¢ opportunity for an enemy ta 
hear your signal. If the signal can’t be heard, the traiismitier can't be located by 
radio direction finding. 


Obviously, If your own station can’t hear the signal elther, the radio is of little 
use. The trick is to use only enough ERP to be heard within your n«:, Sit not 
enough to be heard by the enemy. This Is accomplished by thoroughly 
understanuing radio wave bohavior, and by using lower power wherever possiblo 
and the best antenna for each situation. 


Unfortur tely, tactical VHF radios have only two power settings: /ow and high. 
Most operators use only the high setting because they Incorrectly think high 
power Js better and that the low power position Is useless. The lowes! power sei- 
ting avaiiabie on \us equipment shouid be tried first. Let us look at the following 
examp!.. 
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A tank platoon velil cperate in formations in which its tanks will be separated 
from ono anothers by about 100 to 1,000 meters. Even when the tank’s VHFIFM 
raiig is set on low pewer, the radio tranemits an effective signal which may be 
received by sadio direction finders at a distance in uxcess of 10 kms, and perhaps 
as far as 30 kms. On the high power setting, a radio directior. finder may be able 
to intercepi the signal at a distance from 30 tc 86 kms. ARDF can certainly In- 
tercept the high power signal at a distance <f 80 kms. 


Ons zimple operator procedure to reduce ERP of the ANIVAC-12 and 
AN/JPRC-77 radio using 2 lower power setting Is bend and tie the AS 1729 toward 
the ground. This technique may not be possibile with future shorter antennas that 
are expected in the inventory In the coming decade. 


CAUTION 


DO NOT TRANSMIT USING ONLY THE 
ANTENNA STUB OR WITHOUT ANY ANTENNA AT ALL 


Using the AN/VRC-12, AN/PRC-77, or 
AN/PRC-74 racios without an antenna 
or with enly the antenna stub resufts in 
severe mismatch of the power output 
stage. At certain frequencies, this mis- 
match is so severe that the maximum 
Sate Gperating Emits for the powsr am 
piifier transistor could be exceeded 
Causing permanent damage to the radio! 


Another method of reducing ERP and distorting the radiation pattern In the 

horizonts! plane is to carry the AN/PRC-77 upside down with the antanna tip a 

toot above the soil. This technique wil! usually provide a good strong surface 

wave within a radius of five kilometers while reducina the radius of the direct 
; wave most usable to RDF and AKDF. 


is Use the smallest antenna which will permit effective communications. Do not 
hesitate to take the aitra step of changing from a ground plane antenna to a 
i short-whip antenna whenever possibie. 
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USE A MOBILE ANTENNA 


This procedure provides a highly mobile command nei antenna which can be 
rapidly raiocated, and does not tie a command post to an antenna array. 
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USE DIRECTIONAL HORIZONTALLY POLARIZED ANTENNAS 


For varsatiiity, the omnidirectional vertically polarizec antenna is best. The 
flexibility provided ty omnidirectional ante:unas is important to the commander 
during the attack, whien it is difficult to maintain correct orientation for hor!zonta- 
ly polarized directional antennas. Vertically polarized omnidirectional antennas 
are required for communications between moving vehicies. However, when 
ECCM Is considered, the omnidirectiona! antenna has one chief disadvan- 
tage — a danger. Omnidirectional! antenna signals travei In a 360-degree radius 
and usually well across the FEBA where they are susceptible to intercept and 
ROF. Horizontally polarized directional antennas should be considered for lateral 
communications whenever possibie. 


Enemy forces primarily use Adcock and vertice! loop RDF antennas which are 
designsd for optimum performance when receiving vertically polarized radio 
waves. A horizontally polarized transmitting VHF antenna will radiate a 
predominantly horizontally poiarized wave irom ten to forty Kiometers from ths 
transmitter. The horizontally polarized wave will create some bearing error in an 
Adcock antenna, and a very large error 'n a vertica! loop antenna. This may cause 
an error as much as five times gveater than the usual operational error (about 20 
degrees), creating unusable RDF bearings. it is impossible for an ROF operator to 
continually adjust tactical ground operated RDF equipment, particularly Adcock 
antennas, to compensate for both vertical and horizontal waves. if US forces 
would use both vertically and horizontally polarized omnidirectional and direc: 
tional VHF aritennas along with good COMSEC practices, direction finsing would 
becomes more difficult and expensive for our adversary. 


End- or center-fed half-wave or quarter-wave directional antennas offer many 
advantages with VHF radios. For example, a doubiet antenna provides a more 
directional signal antenna which can reduce the enemy’s ability to intercept the 
sijnal by 20 to 40 percent. It also provides a 20 percent greater range, especially 
in wooded areas, by Increasing EhP in the <.:!red direction. This is a useful 
ECCM technique. 


FORMULA FOR 1/2 WAVE ANTENNA ~ FORMULA FOR 1/4 WAVE ANTENNA 
Antonna _ 468 Antenna _ _ 234 
Length = Frequency Length = Frequency 


| In Foet In MHz | | in Feot in MHz __| 


A VHF directional antenna is smail — only ninc feet long for a frequency of 50 
MHz, or 6.5 feet for a frequency of 70 MHz. An antenna of this size is easily con- 
cealed. Doublets are also easily constructed from copper wire (or lendiine), a 
“caura head,’’ and two piastic C-ration spoon insulators. Yes, there are 
drawbacks — when one station uses a horizontally polarized antenna, so also 
should the ether station; and correct antenna orientation between both stations 
is important. But, the advantages, particularly in a defensive sliuation, warrant 
consideration of this technique wherever practical. Antennas of this type are not 
auitable for fast-moving offensive operations. A horizontally polarized directionel 
antenna provides the commander én elternative -— just as a white phozahorous 


«WP) artillery round [s an alternative, not a substitute for a highly explosive (He) 
| artillery round. 


7 


PLASTIC SPOON 
INSULATOR 
t) 


WAVE LUNGTH \ WAVE LENGTH 


{ 
TRANSMISSION LINE 
an i —. N 
~ 


Horizontally polarized center-fed doublet antenna for AN/PRC-25 or AN/PRC-77 
! radio. (See 7M 11-2651 and TM 11-5820-467-15.) 


Antenna horizontal. (Radiation directional and at right angies to antenna.) 
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Advantages of Half-Wave Horizontally Polarized VHF Antennas in Comparison 
to Vertically Polarized Antennas: 


© The horizontal antennas produces a more stable signal in tr» presence of 
interference (Jamming). 

© The horizontal antenna produces a more stabie signal when used in or near 
dense woods. 

® The horizontal antenna is more readily camouflaged without loss of signal. 

e Small changes in antenna location do not cause large variations In signa! 
strength. 

® The horizontai antenna is more difficult to dizection find because of polariza- 
tion and because Its signal can be directed to Intended reciplents and away 
from enemy RDF in many applications. 


Horizontally polarized antennas may be constructed by following Instructions 
In — 
TM 11-5820-667-12 (iong wire for AN/PRC.-77 radio) 
TM 11-2651 (antenna groups AN/GRA-4 and AN/GRA-12, center-fed doublet) 
TM 11-5820-467-15 (antenna group AN/GRA-50). 


While the information provided in these manuals Is tailored for HF application, 
the dipole dimensions can be readily scaled down for the particular operating fra- 
quency In the VHF range at the proper 50-ohm impedance required by the 
AN/PRC-12 and AN/PRC-77 radios. 


RF cable assembly CG-692/U which has an insuiator IL-4/GRA-4 permanently 
attached can be used to feed a doubiat antenna. 
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AT 984A/G used to make end-fed antenna for AN/PRC-77 radio. (See TM 
11-5820-867-12.) 
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Both Transmitting and Receiving Staucns Should 
Use Antenna With Same Polarization. 
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APC Serves as Counterpoise 


HORIZONTALLY POLARIZED DIRECTIONAL ANTENNAS INCREASE 
OPERATING RANGE BY 20 PERCENT IN WOODED TERRAIN WHILE 
REDUCING THE ENEMY’S OPPORTUNITY TO INTERCEPT BY 20 TO 40 


DERCENT. 


DECOY ANTENNAS 


When practical, surplus decoy antennas can be set up in credible antenna 
locations within 2,000 to 5,000 meters of the command post. Intelligence analysts 
place special emphasis on photographs or reconnaissance reports of visible 
antenna arrays. Real antennas, especially distinct:ve microwave antennas, must 
be carefully camouflaged. 
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REDUCE COMMUNICATIONS TIME 


Another way to reduce the probability of signal intercept by 
the enemy Is to use radio communications only when 
necessary. Consider the use of landline communications where 
practical; use personel as guides rather than providing direc- 
tlon and location over the radic. Once station identity is con- 
firmed (ALPHA ONE BRAVO ONE SIX, THIS IS ALPHA ONE 
BRAVO TWO SEVEN), eliminate call sign redundancy by using 
the last letter of the changing portion of the call sign pilus the 
suffix (BRAVO ONE SIX, THIS IS BRAVO TWO SEVEN). Call sign 
procedure is not a substitute for authentication. Limit conversa- 
tion to less than 30 seconds — a 20 second signal is ideal. 


Enemy RDF is not as effective once an offensive operation has begun. We are 
usually moving too fast. Short communication time is not as critical during the 
baits; bul snort communications es = counter-RDF technique are vital during the 
preparation phase, the approach to the objective, or in the defense. Since the 
discovery of the u'solacement of a reinforcing unit is critical, the reserve force 


snou!d not use radio communications unless necessary. 


An observant enemy nviices that In too many instances US Army tactical com- 
munications may be used as a substitute for complete battle planning. Analysis 
of US tactical communications, illustrated in the following graph, indicates that 
most communications used in training exercises are explanatory, not directive In 
nature. Tactical communications should be used to rapidly convey decisions, to 
key standing operating procedures, and to direct alternative courses of action. 
Execution of the battle must be inherent in training, planning, ingenuity, and 
team work. Vulnerability of communications to intercept and direction finding is 
indicated by the large volume and context of communications noted on command 
iinks prior to contact with the enemy. This pattern uniquely distinguishes the US 
Army in the attack prior to its departure from the assembly area. Additionally, the 
communications pattern depicted in the graph defies electronic concealment. 
There is too much traffic to be concealed. By contrast, the preferred commu iica- 
tlons pattern (indicated by the shaded area of the graph) can be concealed prior 
to contact. 


Vulnerability to enemy ROF increases as the FEBA Is approached. 
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COMPARSON OF VHF /HE COMMUNICATION PREEFORMANCE REQUIRED FOR 
SUCCESSFLA AETEP VERSUS PREVIOUS HISTORICAL PERFORMANCES 


*Army Training and Evaluation Program (ARTEP)}: (Designed to evaluate units in 
mission accomplishment as opposed to a t:st oriented etmosphere.) 
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CONSIDER THE USE OF PAORSE CODE WITH VHF/FM IN PLACE 
OF VOICE WHERE PRACTICAL 


Communications time can also be reduced by using an inexpensive (less than 
$15.00) radio cod¢ tone oscillator (used to practice Marse code and obtainabie at 
radio supply stores) installed at the audio input of FM/VHF radios. This adaptation 
permits the transmission of short Morse code tone signals instead of voice 
signals, which are of long duration. The signa is clear, sharp, and perceptibie at 
greater distances than Is volce, and when used with a directional antenna, Is an 
excellent COMSEC technique. Radiotelegrapher's Q and Z signals may serve as a 
basis for a divisional ‘‘Morse code’’ system. Special Forces and long-range 
reconnaissance units put FM/Morse code te good use In Vietnam. 
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THIS IDEA IS A TECHNIQUE FROM THE FIELD. CONSULT THE UNIT C-E OFFICER 
FOR PROPER USE OF THIS TECHNIQUE OVEH CONTROLLED VHF NETS. 
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ANTENNA MASKING 


Antenna masking is the technique of hiding radio signals behind terrain. It is 
an inexpensive way tc confuse RDF efforts. VHF radio waves bend; they are 
reflected by bulidings and mountains, and absorbed by trees. When this hap- 
pens, it is difficult to determine the original direction from which the wave was 
transmitted, but the hearability of the signal is minimally affected. A radio 
operator can advantageously use this principle by attempting to place terrain 
obstacles between the transmitter and the FLOT, while affording an unblocked 
path to the intended receivers. Hills, !akes, and dense forests also provide terrain 
obstacles. Antenna masking elso occurs when antennas ars positioned on the 
back siopes of hilis. A radio operator should also erect antennas as low as ade- 
quate communications permit; and, in all cases, antennas should be camouflag- 
ed to blend with tervain. 
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AUTHENTICATE 


Bs aware of imitative com: unications deception (ICD). Authenticate: ICD is fre- 
cuently used by an anemy to prolong communication RDF thrivus on protonged 
communications. Don’t be caught by tne iure. 
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CHANGE CALL SIGN, FREQUENCY, AND SCHEDULE 


Change call signs, frequencies, and schedules at least e 
every 24 hours; change call sign suffixes as well. Don’t 
circumvent the automated CEO. These techniques 


reduce the enemy's ability to analyze ROF reports in con- 
junction with COMINT. 


USE YOUR ENCRYPTION SYSTEM E 


Use the KAL 61 DRYAD :r 
Other appropriate eNncryp- 
tion system for ali numbers 
(map Coordinatas, ais- 
tances, dates, and times). 
When used with an INSCOM 
accredited brevity fist, the 
KAL 61 can also encrypt 
words, phrases, and short 
standardized Messages. Do 
not assist the enemy by 
making approximate RDF 
locations Frecise due to 
Poor COMSEC. Never dis- 
Cuss past, Present, or future 
locations in Plain text. 
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RADIO OPERATORS MUST BE TRAINED! 


Operation of a Va-ton vehicle or a 1Gé-mm projector is a comparatively simple 
task for most US Army personnel; nevertheless, a definitive training and licensing 
program is required to ensure personal and group safety as well e3 to prevent 
equipment abuse. In combat, misuse of the radic can result in the death of an en- 
tire unit. Use of any tactical radio should be restricted to individuals (especialiy 
office: s) who continually demonstrate equal qualification in both radio-operator 
skills and COMSEC. 


RADARS AND MICROWAVE TRANSMITTERS 


Though this training circular pertains chiefly to ROF of VHF/UHF, FM, single 
channel communications emitters, radars and VHF microwave transmitters pose 
special probiems to be considered In conjunction with communications emitters. 


Radars are targets. 


The nature of a radar wave (as opposed to an HF/VHF radio wave) makes direc- 
tion finding of a radar very accurate and lucrative. Direction finding of radars can 
be very precise -- to within a CEP of 50 meters at a range of 10 to 20 kilometers. 
This accuracy is sufficient for divecting immediate and effective artillery fire. Too 
frequently US Army units collocate radars with radio transmitters, especially in 
artillery units. Even when the radar operator practices good electronic security 
(ELSEC), the combination of radar signals and radio traffic provides considerably 
more SIGINT to the enary than when both emitters are separated. This is an op- 
portunity for better use of landline communications. Do not locate radars near 
communications centers or command and control areas. Ensure radar equipment 
operators practice good ELSEC. 
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RADIOELECTRONIC COMBAT (REC) } 7 , 


The most significant lterference 
caused vy Threat electronic warfare 
operations is caliec radio-electronic 
combat. REC differs from US elec- 
tronic warfare In that theze Is a direc? 
fink between collectors and fire sup- 
port means. The purpose of REC is to 
destroy or disiupt US command con- 
trol means. Soviet REC units continu- 
ously intercept and analyze frienaly 
communications and noncommuni- 
cations emitters. As nats are identi- 
fled, priorities are established for 
jamming and destruction. 


The equipment below, usually 
found well forward on the battlefield, 
supports the enemy at all levels of 
command. 


4 RADAR DIRECTION 
FINDER 
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Enemy radio-ele:tronic combat 
target priorities generally are as 
foliows: 


¢ Nuclear-capable artillery and Air 
Force units and associated com- 
mand and control systems. 


e Command posts, observation 
posts, communications centers, and 
radar stations. 


® Other tleld artillery, tactical air 
support, and air defense units. 


¢ Reserve forces and logistic 


¢ Point targets that may jeopardize 
advancing enemy forces. 


TELESCOPIC 
ANTERNA 


VHF/FM RADIO JAMMER 
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NONCOMMUNICATIONS INTERCEPT AND DIRECTION FINDING 


AUS Army division is alloceted approximately 400 noncommunications emitters 
(to include radar sets, navigational beacons, aircraft landing systems, identifica- 
tion as friend or foe (IFF) devices, drone control units, fuzes, electro-optic devices, 
searchlights, and meterologic data gathering systems). Although these systems 
vary widely in el: .ctronic characteristics and in method of deployment, they usual- 
ly radiate electromagnetic energy into potentially hostile territory where It is 
vulnerable to intercept and analysis by enemy SIGINT units. 


Intercept of Emissions. 


Signal strength and the amount of operating time are two major factors which 
must be considered in determining the interceptability of various noncommunica- 
tions emitters. Powerful radar signals can be intercepted at distances five times 
greater than their operating range; i.e., a radar searching for targets with a max- 
imum range of five kilometers would be vulnerable to intercept at distances in ex- 
cess of 25 kilometers. This is because the radar intercept operator intercepts the 
strong emitted signal and is not forced to receive the weak echo signals required 
by the radar uperator. Early warning and surveillance radars must operate for 
prolonged periods of time to accomplish their surveillance mission; therefore, 
they are extremely vulnerable to intercept. Fire control and guidance radars 
operate at brief or intermittent pericds. causing them to be less susceptible to In- 
tercept. However, regardiess of ithe duraiiun of the operating perisd, all radia- 
tions are vulnerable to Intercept. 


Signal Anaiysis. 


Important signal information Is contained in the technical characteristics or 
parameters of the noncommunications emitter signal anc: its direction of arrival. 
Signal analysis can reveal the type and function of the emitter; and the direction 
of arrival information can perm! location of the emitter. The basic parameters of 
the emitted signal are: 


The carrier frequency is obiained from the tuning dial of the receiver or, more 
accurately, from a frequency counter. 


Modulation characteristics, which include pulse width, pulse recurrence dis- 
play frequency, and pulse shape are obtained from an oscliloscope display of 
the detected video waveforin. 


The direciion of ar:ivai is derived from the orieniation of the diractiona! recelv- 
Ing antennas. 


en 


The antenna scan measurement is derived from the pattern disolayed on the 
oscilloscope or detected audibly by means o7 a headset. 


The amount of radiated power is estimated from signal strength measurements 
and the distance from the emitter. 


These characteristics are then examined to determine the type of emitter and 
the control function or weapon system with which it is used. No two friendly emit- 
ters nave the same combination of carrier frequency, pulse repetition rate, or 
pulse width. If the .eceived signal has some unusual chaiacteristic, the emitter 
can be uniquely identified or ‘‘fingerprinted.’’ The movement of the emitter carn 
then be tracked as it is deployed at various locations, providing reliable in- 
telligence information. 


Direction Finding Emitter Location. 


Because of the sharpness of the radar wave, highly directional antennas, which 
have an appreciable output signal only when oriented toward the emitter, are 
able to provide very accurate direction finding information. Direction finding from 
two or more radar direction finders permits a radar emitter to be located by apply- 
ing basic trigonometry or by piotting the data as shown in the figure. The CEP of 
radar emitter locations is sufficient to direct artillery or missile fire. 
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JAMMERS ARE TARGETS TOO 


Friendly jammers also make up a large portion of RDF electromagnetic targets 
on the battlefield. No longer can these high radiation devices be deployed to the 
highest terrain to operate for axtended reziods. The modern battlefield requires 
highly mobilo Jammers capable of moving constantly while stil! operating. The 
high amount of radiated power and the peculiar signal transmitted by jammers 
enable enemy RDF to easily identify them as targots for suppressive fires. 
Deployment of tactical jammers requires optimum SIGSEC tactics. 


Janacers must radiate large power levels across the FLOT and be located cicse 
to the FEBA. These conditions create considerabie vulnsrability with a high pro- 
bablility of intercept and accurate DF locations. Jammers should be sighted In 
ications that offer more than one exit. Jammers will also be targets of cpportun!- 
ty for enemy reconnaissance units as well as unconvantional forces. Operators 
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A Few Words About Microwave Transmitters. 


Microwave communications systems use highly directional antennas. An RDF 
has to be directly In tha path of the microwave signal before it is effective and 
then the distance to the transmitter is difficult to measure accurately. It is not un- 
common, however, to observe microwave system operators using an HF or VHF 
radio with an omnidirecticnal antenna to communicate from one end of a 
microwave link to the other. HF or VHF communications usually reflect service 
tratfic distinct'y familiar only to microwave systems — used at command posts. 
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COUNTER-DF COMBAT STEPS 


You can beat RDF by using these techniques: 
© Reduce transmit power to minimum level required to permit communications. 
e Use mobile antennas where practical. 
© Use forizontally polarized directional antennas where tactical utility permits. 
© Remote radios one kilometer or mere. 
e Use cecoy antennas. 


° Transmit as quickly as possible, then get off the air. Organize message con- 
tent beforehand to minimize transmission time and consider not transmitting 
the message by radio or telephone If alternate means exist. 


¢ Site radio station with obstacle between It and enemy to reduce possibility of 
Intercept. This Is referred to as antenna masking. 


¢ Use proper authentication procedures. 

¢ Train radio operators. 

© Take special care with radars and microwave transmitters. 
e Take special care with jammers. 


¢ Use encryption devices to prevent the enemy from refining RDF locations 
with measurement data provided through poor COMSEC. Use proper cail 
signs. 


* Use dummy load (antenna) for maintenance and tune-up procedures. 


* Employ random transmissions, rather than working on a schedule to reduce 
{Nhe Gey Ss Gade TF HisiTSption. 


* Do not peak traffic before an attack or any major change in strategy. 


© Use radar blinking where practical. 
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ABSTRACT 

This thesis evaluates VHF Intercept and Direction Finding 
(DF) collection systems developed by ESL International, Watkin 
Johnson, and HRB Singer for induction into a divisional level 
signal battalion of the Pakistan army. The introduction of 
the proposed system is expected to enhance existing intercept 
and Direction Finding (DF) capabilities. This thesis 
evaluates the three systems on the basis of performance, 
design, and supportability characteristics. In the process 
each system element is further broken into subelements 
composed of significant intercept and DF system 
characteristics. The expected threat environment and the 
capabilities of modern intercept and DF systems provided 
practical and workable rationale and criteria for this 
purpose. 

The conclusion is that the system developed by ESL 
International offers significant capabilities of meeting the 
needs of expected divisional level threat environments. A 
major reconmendation is that the system cz abilities be 
verified by carrying out a dedicated operational testing 


program before finalizing the acquisition proposal. 
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I. INTRODUCTION 


A. GENERAL 

Electronic devices have become an essential part of a 
military force for command and control, logistic support and 
control of weapons. On one hand, use of such electronic 
devices extend excellent command and control opportunities, 
and on the other, their increased use has inherent risks and 
vulnerabilities. These dangers have established themselves 
as important weapons of war. The threat of Electronic Warfare 
(EW) is fact and in any future war we will have to face an 
organized electronic warfare effort by the enemy. Electronic 
warfare is becoming one of the most effective weapons in the 
armory of any nation facing a sophisticated threat. Properly 
used in support of a tactical plan, electronic warfare can 
turn out to be a battle winning factor. Therefore, the need 
for having a sizable capability in this area must be 
considered. 

Because of its clandestine nature and the high security 
barriers erected around it, EW is one of the least-understood 
aspects of military activity of our times and has for many 
come to represent a "black art" to which only a chosen elite 
are permitted access. To some extent this is necessary, since 


electronic warfare must by its nature keep its secrets, as far 


as possible, to be effective. On the other hand, electronic 
warfare must absorb the latest advances in electronics 
technology if they are perceived to be of potential value. 

Despite these factors, electronic warfare is not 
fundamentally a complex subject and is as old as the 
technology of electronics itself. Historically, electronic 
warfare in its most basic form, that of interception of other 
people's communication has been with us almost since the 
introduction of communication via radio. As soon as radio 
communications came into general use, there was always some 
unauthorized person prepared to eavesdrop on them. Apart from 
realizing that he may be overheard, there was little that the 
user could do to counter this. 

In the modern electronic battle field, communication plays 
a pivotal role to control forces, to know their deployment and 
maneuvers, and to fire weapons. Thus, there are tactical 
reasons for the presence and activity of each transmitter. 
Each higher headquarters needs two-way communications with 
each of its subordinate headquarters; each element of a fire 
control network must talk to other elements; and each mobile 
unit must communicate with its commander. Under this 
saturated communication scenario modern intercept and 
direction finding (DF) systems provide timely and accurate 
information that allow a decision maker to determine the 


strength and location of enemy forces and enemy tactical 


intentions. They also support electronic countermeasures 
(ECM) activities, which can prevent the enemy from effectively 
controlling his forces or using his weapons: Thus a clear 
understanding of the theoretical basis of selected electronic 
warfare (EW) missions, the concept of combat communication, 
and the characteristics of the latest intercept and DF systems 
is essential. 
B. OBJECTIVE 

The objective of this thesis is to evaluate the 
technological capabilities of VHF Intercept and Direction 
Finding (DF) systems which could support the combat signal 


communication at divisional level in the Pakistan Army. 


II. ELECTRONIC WARFARE (EW) MISSION CATEGORIIS 


A. GENERAL 

Broadly speaking, Electronic Warfare is a military action 
involving the use of electromagnetic energy to determine, 
exploit, reduce, or prevent hostile use of the electromagnetic 
spectrum and action which retains friendly use of the 
electromagnetic spectrum. The commonly employed definition, 
however, is more restrictive. The term "electronic warfare" 
includes only those devices designed to interfere with, or 
prevent such interference with, the operation of military 
systems that employ electromagnetic communications links. A 
communication link is any system that conveys information from 
one point to another. This includes voice and data links, 
electromagnetic remote sensors such as radar and infrared 
detectors, and radio navigation systems. The most extensive 
employment of electronic warfare includes radar systems. In 
this thesis the discussion considers only communication 
systems. 

Electronic Warfare (EW) involves three major categories; 
electronic reconnaissance (ER), electronic countermeasure 
(ECM), and electronic counter countermeasures (ECCM). 
"Electronic reconnaissance is that branch of electronic 


warfare involved in gathering, by electronic’ means, 


G 


information concerning the intentions and operations of the 
enemy and the capabilities and characteristics of his 
"communications" equipment. Electronic countermeasures is 
that branch of electronic warfare involved in degrading the 
usefulness of the enemy's "communications" equipment. 
Electronic counter countermeasures is that branch of 
electronic warfare involved in preventing the electronic 
countermeasures of the enemy from degrading the usefulness of 
communications equipment employed by friendly forces. [Ref. 
1) 

This thesis will focus on the electronic reconnaissance 
area. A brief review of the Electronic Warfare categories is 


helpful. 
B. ELECTRONIC RECONNAISSANCE (ER) 


The gathering of information in support of electronic 
warfare activities takes place at three levels: the strategic 
level, the tactical level, and the combat level. 

Strategic Electronic Reconnaissance (ER), is called 
electronic intelligence (ELINT) and involves a long term 
process of large amounts of data and extensive analysis. 
Usually CLINT data are acquired by long-range signal- 
monitoring (intercept) receivers from positions removed from 
the combat zone and are typically used in the design of 
electronic warfare equipment and the performing of strategic 


planning. 


Tactical ER, generally called electronic support measures 
(ESM), involves the gathering of information for use in 
current (daily) operations. The intercept equipment is 
generally located (at least temporarily) in the combat zone 
and the analysis of data is more or less limited to 
determining the locations and types of equipment currently 
Geployed by the enemy. As the name implies, tactical ER data 
is used to perform tactical planning and to employ electronic 
warfare equipment to meet current threats. [Ref. 1; p. 1.3] 

Combat ER, also called electronic support measures, 
identifies immediate threats and targets. Because of the 
urgency, data analysis and presentations are usually automated 
and, therefore, minimal. [Ref. 1; p. 1.4] 

The equipment used in el*.cronic support measures also 
gathers intelligence, known as radiation intelligence (RINT), 
and telemetry intelligence (TELINT). RINT and TELINT are a 
part of ELINT. Radiation intelligence (RINT) is defined as 
"intelligence derived from the collection and analysis of non- 
information bearing elements extracted from the 
electromagnetic energy unintentionally emanated by foreign 
devices, equipments and systems excluding those generated by 
the detonations of atomic or nuclear weapons. Many devices 
such as vehicle ignition systems and power generators give off 


detectable electromagnetic emission which, if not suppressed, 


can yield useful intelligence to the enemy. Telemetry 


intelligence (TELINT) is defined as the "technical and 
intelligence information derived from the interception, 
processing and analysis of foreign telemetry. In this 
context, the telemetry is usually associated with such things 


as missile and aircraft tests. [Ref. 2; p. 120} 


C. ELECTRONIC COUNTERMEASURES (ECM) 

Electronic countermeasures are of two types - jamming and 
deception. Jamming prevents or disrupts the passage, receipt, 
or gathering of information by electronic means. Electronic 
deception feeds false information to the enemy, either through 
their electronic collection devices or directly to their 
electronic systems. All types of electronic equipment are 
vulnerable to both jamming and deception. 

Jamming deliberately radiates or reradiates 
electromagnetic energy to prevent or degrade the reception of 
information by a receiver. A jammer delivers more power to 
the receiver preventing the receiver from receiving its 
intended signal. In general, the effectiveness of jamming 
depends on the relative power between transmitter and jammer; 
relative distance between transmitter, jammer, and receiver; 
terrain barriers; and whether or not the receiver is using a 
directional antenna. 


Communications jamming interferes with enemy communication 


systems. Used against secure communication systems, it may 


force the enemy to transmit in the clear so that the 
communications can be exploited for combat ir:formation. 
Jamming also can aid in direction finding (DF) by forcing the 
enemy to transmit longer, allowing time for multiple lines of 
bearing (LOB) from different directions. 

Jamming against communications equipment is accomplished 
using spot, sweep, or barrage jamming. 

Spot jamming may utilize a single frequency or multiple 
frequencies through: 

a. Sequential spot jamming, in which various 
frequencies are jammed one at a time, in sequence. 

b. Simultaneous multi-spot jamming, in which several 
frequencies are jammed at the same time. 

In both spot and sequential spot jamming the full power 
of the jammer suppresses one frequency at a time, which 
increases the effectiveness and range of the jammer. The main 
disadvantage of spot jamming is that receivers can resist spot 
jamming by slightly changing (detuning) the frequency they are 
receiving. 

In sweep jamming, the jammer goes through a frequency 
range then repeats the sweep continuously. All frequencies 
in the range are jammed and friendly frequencies may be 


affected. 


Barrage jamming spreads the jammer's power over a much 


larger portion of the frequency spectrum than spot jamming, 
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thereby reducing the radiated power directed at any single 
target frequency. It is similar to sweep jamming because 
there are no frequencies free of jamming within the targeted 
portion of the spectrum. 

The advantage of barrage jamming is that more frequencies 
can be jammed at the same time. The disadvantages are that 
friendly frequencies may be ‘jammed. Also, spreading the 
jammer's power over a greater portion of the spectrum reduces 
the amount of power available to jam each frequency, reducing 
the effectiveness and range of the jammer. 

The jamming signal may include an unlimited variety of 
amplitude, frequency, or pulse modulating signals. The 
capability of the jamming equipment, the nature of the signal 
to be jammed, and the desired result determine the type of 
modulation. 

Reradiation jamming uses special equipment to receive the 
enemy's transmissions, alter them in some way, and reradiate 
the signal back to the enemy. The principal targets of 
reradiation jamming are radars and navigation aids. 

Electronic deception misleads the enemy in the 
interpretation or use of information received by his 
electronic systems. Normally, it is a part of a larger 
deception operation and is seldom conducted alone. Electronic 


deception has the following three forms: 


a. Manipulative electronic deception 
b. Simulative electronic deception 


c. Imitative electronic deception 


Manipulative electronic deception alters the 
electromagnetic profile of friendly forces. It seeks to 
counter hostile EW and SIGINT activities by manipulating 
friendly electromagnetic emissions. The objective of 
manipulative electronic deception is to have the enemy 
analysts accept the information as valid and thereby arrive 
at an erroneous conclusion concerning friendly activities and 
intentions. 

Simulative electronic deception misleads the enemy as to 
the actual composition, deployment, and capabilities of the 
friendly forces. It seeks to counter hostile EW and SIGINT 
efforts by simulating non-existing units or capabilities or 
by simulating actual units or capabilities at false locations. 

Imitative electronic deception injects false or misleading 
information directly into enemy communication networks. The 
communication imitator gains admission as a substation of a 
particular radio net and maintains that role until the desired 


false information is passed to the enemy. 


D. ELECTRONIC COUNTER ~ COUNTERMEASURES (ECCM) 


Electronic warfare also involves actions taken to retain 


friendiy use of the electromagnetic spectrum. Maintaining 


effective, friendly communications on the battlefield depends 
upon the solid base of tried and proven ECCM techniques. The 
sole purpose of ECCM techniques is to ensure tue continued 
friendly use of electromagnetic spectrum for communications. 

A close relationship exists between ECCM and Communication 
Security (COMSEC). Both of these defensive arts are based on 
the same principle. The major goal of COMSEC is to ensure 
that the friendly use of the electromagnetic spectrum for 
communications is unexploitable by the enemy and to ensure 
security of transmission; whereas, the major goal of 
practicing sound ECCM techniques is to ensure the continued 
effective use of the electromagnetic spectrum. 

ECCM should be preventive in nature. It should be planned 
and employed to force the enemy to commit more jamming, 
information gathering, and deception resources to a target 
than it is worth or than he has readily available to him. 
ECCM techniques must also force the enemy to doubt the 
effectiveness of his jamming and deception efforts. 

Preventive ECCM techniques are methods employed to 
safeguard our communications from disruption and destruction 
attempted by the enemy. These techniques include all measures 
taken to avoid enemy detection and to deny enemy intelligence 
analysts useful information. There are two categories of 


preventive ECCM techniques: 


a. ECCM designed circuits (equipment feature) 


b. Radio operating procedures/transmission control 


Remedial ECCM techniques reduce the effectiveness of enemy 
efforts to jam our radio nets. They apply only to enemy 
jamming efforts or any unidentified or unintentional 
interference which disrupts our ability to communicate. Here, 
prevention is the only solution. We must attempt to prevent 
enemy jamming and interference; but if we don't succeed, then 


we must take the following actions to overcome it: 


a. Recognize jamming / interference: 


1) Determine whether the interference is internal 
or external to the radio. 


2) Determine whether the interference is jamming 
or unintentional interference. 


b. Overcome jamming / interference by: 

1) Continuing to operate 

2) Improving signal-to-jamming ratio 
(a) Adjust the receiver 
(b) Increase transmitter power output 
(c) Adjust or change the antenna 
(a) Establish a retransmission station 
(e) Relocate the antenna 

3) Using an alternate route for communication 


4) Change frequency 


III. CONCEPT OF COMBAT COMMUNICATION IN A DIVISION 


A. ELECTROMAGNETIC ENVIRONMENT 

In the past, soldiers recognized two dimensions of the 
battlefield - width and depth. The advent of aircraft forced 
the recognition of the airspace as a third dimension. 

Today another dimension of the battlefield must be 
considered. Men of perception realize that. the 
"electromagnetic environment" has an ever increasing role in 
modern tactics and combat. It's the dimension in which 
radios, radars, and lasers operate. It pervades the other 
three dimensions of the battlefield. This dimension is 
limited only by the frequency spectrum and is measured in 
terms of electronic emitters. The location of each of these 
emitters is a critical intelligence activity. 

The numbers of electronic devices operating in future 
wars will be staggering. For example, one division has over 
1000 electromagnetic emitters, and to this must be added the 
thousands of emitters in adjacent divisions. Also we must 
consider the communications used by the civilians in the area 
of operations, plus those of the enemy forces. One can 
clearly imagine that we are going to have to fight for our 


share of the frequency spectrum. And since we are already at 


a disadvantage on a man-against~man basis, we have got to be 


better at gaining and keeping control of the frequency 
spectrum than the threat force. 

Threat forces also know that the key to success in combat 
is an effective communication system. To Gefeat us, they 
must attack and destroy our system. They will use electronic 
warfare (EW) to destroy as many command, control, 
intelligence and weapon communication systems as possible. 
Their major electronic offensive will happen during the first 
minute of the first battle. 

Our ability to counter their electronic warfare (EW) 
effort will mean the difference between winning and losing. 
Electronic communications is not something separate from the 
combat scene; it is a part of the total weapons system and, 
as such, requires flexible tactics for employment. The 
communicators are responsible for the proper use of this 
essential part of combat power, and we must know how to 


handle it. 


B. ROLE AND RESPONSIBILITIES OF THE SIGNAL CORPS 
Responsibility for providing communications is shared 
between the signal corps and the other arms/services. Armor, 
artillery, engineers, and infantry units in corps and 
divisions are responsible for regimental/battalion 


communications from unit headquarters downwards. 


The signal corps provides and coordinates all 
communications in the army down to the point where they are 
taken over by regimental/battalion units. In addition 

fs signals corps is responsible for communication intelligence. 
On the enemy side of the border, a similar concept of combat 
communication exists. To insure effective communication 
intelligence, it is necessary to have a broad look at the 
means of communications available in the field and their use 


in various operations of war. 


C. COMMUNICATION TECHNIQUES 

Information takes many forms and the means to communicate 
it ranges from the simple to the complex. The system 
required depends on the type of information to be 
transmitted, the form in which it will be received and the 


security and speed required. 


D. RADIO 

Radio systems are identified by their electronic 
characteristics. The following is a general list of radio 
equipment characteristics. Some combinations of these wiil 
identify any given division radio and help to fit it into the 


system being designed: 


a. Frequency band: 
1) High frequency (HF): 2-30 MHZ 


2) Very high frequency (VHF): 30-300 MHZ 
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Type of modulation: 
1) Frequency modulation (FM) 
2) Amplitude modulation (AM) 
c. Channel capacity: Single channel 
ad. Modes of operation: 
1) Voice 
2) Secure voice 
3) Frequency shift keying (FSK) 
4) Radio teletypewriter (RTT) 


5) Single sideband (SSB) 


Radio is th: siost widely used means of communications in 
a division. xz is also the most susceptible to enemy 
electronic warfare (EW) activities. The communicator must 
have a full understanding of the capabilities, limitations, 
and technical characteristics of the radios employed on the 
battlefield during various operations of war. Improper 
installation, operation and maintenance may bring defeat just 
as quickly as other tactical blunders. 

Cryptographic security devices are another important 
aspect of the tactical radio system. These devices connect 
to single channel radio sets and encrypt either voice or 
teletypewriter traffic, depending upon the security device 


used. 


Radio has a big disadvantage, too. Radio direction 
finding (RDF) combined with other intercept and DF analysis 
provides an accurate picture of our situation and positions 


to enemy observers. 


E. WIRE AND CABLE SYSTEM 
In the division, field wire and cable systems provide: 
a. Telephone service within command posts and major 
headquarters. 


b. Telephone trunk circuits between unit switchboards 
at brigade, division artillery, and below 


c. Telephone circuits from multichannel terminal 
equipment to subscribers and switchboards 


ad. The primary means of communication when radio 
silence is necessary 

There are some obvious advantages in using wire and cable 
systems in a tactical situation. They eliminate the enemy's 
ability to locate positions with radio direction finding 
equipment. They also limit his ability to jam and otherwise 
Gisrupt communications. 

There are some disadvantages too. The distance between 
subscribers; the time required for installation; maintenance 
and recovery; and the user's need for mobility restrict wire 
and cable use. Also, a wire and cable system, if it is not 


properly installed, is extremely susceptible to enemy 
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artillery and damage by our own tanks, armored personnel 


carriers and other tracked vehicles. 


F. RADIO RELAY 

Multichannel VHF radio relay systems provide a standby to 
wire and cable systems in a division. Though it offers 
directional communication, it is still susceptible to enemy 
electronic warfare (EW) activities. Sound technical and 
tactical considerations must govern its employment. 
Cryptographic security devices are another important part of 
the radio relay system. Antenna location must meet both 
technical and tactical requirements. Efficient operation of 
the system requires coordination between radio relay terminal, 
multiplex and main system control. The following is a list 


of radio relay equipment characteristics: 


a. Frequency band: 

1) Very high frequency (VHF): 30-300 Mhz 

2) Ultra high frequency (UHF): 300-600 Mhz 
b. Type of modulation: Frequency modulation (FM) 
c. Channel capacity: 4, 12 and 24 channels 
a. Modes of operation: 

1) Voice 

2) Secure voice 


3) Frequency shift keying (FSK) 


4) Radio teletypewriter (RTT) 


e. Type of multiplex equipment: 
1) Frequency division multiplexing (FDM) 


2) Time division multiplexing (TDM) 


G. MESSENGER SERVICE 

The classification of messenger service depends on the 
type of messenger. A well planned and coordinated system will 
include foot, motorcycle, jeep, and air messengers, as needed. 
Messengers provide a secure means of delivery for packages/ 
messages, but the availability of personnel and transportation 
and the tactical situation itself limit the service. Despatch 
rider service is either scheduled or special. Scheduled 
service has a pre-arranged schedule. Special service, on the 
other hand, occurs when special handling or more rapid service 


is required. 


H. COMMUNICATION FOR DEFENSE 

In order to fight a defensive battle successfully, a 
commander must receive information quickly and be able to act 
on that information by passing orders. The attack may come 
at any time and from any direction. If it is to be broken up, 
the commander must be able to concentrate his infantry, 
artillery, and air at the right place without delay. It is 
the responsibility of the signal corps to produce a sound 


communication system which will enable centralized control to 
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be exercised quickly and which is not likely to fail at the 
critical time. The communication means to be employed and 
available with signal corps are as follows: 

Ground lines, with their greater traffic capacity, 
security and simplicity will form the backbone of the 
communication system in defense. Signal corps communication 
at all levels coordinates all line networks in the operational 
area and lays down the priorities for laying and burying of 
lines. Normally artillery and signals communications 
complement each other and act as alternative channels. 
Continued and progressive improvements make the line system 
safe and provide alternative routes. Reserve forces held for 
counter attack mainly rely on line communication since they 
observe electronic silence until they are committed to battle. 

Defensive operations seldom use multichannel VHF/UHF radio 
relays. Radio relays may be used in the initial stages when 
the line network is being laid out. However, there is a 
possibility of its use of providing communications to a 
covering force if it is large and is comprised of all arms 
elements. 

Radio (HF/VHF) will always be a secondary means of 
communication, but it is a good standby to line and radio 
relay. All formations and units exercise radio silence in the 
defense but the counterattack force keeps it ready and 


immediately uses it wpon engaging. Radio may be the chief 
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means of communication for the covering troops since they are 
highly mobile and operate at distances far from the main 
defenses. Similarly, air support uses radio to assist in 
breaking up enemy attacks. Radio may also be used for pure 
deceptive roles to give the enemy a false impression regarding 


Gispositions, strength, etc. 


I. COMMUNICATION FOR OFFENSIVE OPERATIONS 

The frequent moves of headquarters, changes in grouping, 
and the increase in distances between them present 
considerable communication problems in the advance. It will 
help in maintaining good communication if headquarters are 
kept well forward and moved in as large bounds as possible. 
During this phase the divisional signal resources are 
preserved as much as possible to ensure their availability on 
contact with the enemy. 

Radio is the primary means of communication when 
headquarters are on the move and facilities are not tied down 
to static positions. During the move, interference, both 
atmospheric and electrical especially on HF sets, will reduce 
the effectiveness of this means of communication considerably. 
Enemy jamming capabilities may at times render a net or a 
complete band useless. During the advance, it may become 
necessary to impose radio silence for security and deception 


purposes, 
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Radio relay communication characteristics make it 
extremely adaptable to the conditions before contact with the 
enemy. The relay links are normally used in leap-frog 
arrangement. This system eliminates the time lag imposed by 
laying line communication and provides efficient 
communication. The system does not offer security, especially 
in the forward areas and is susceptible to jamming by the 
enemy. Using radio relay, in preference to lines, preserves 
the line resources for use at a later stage. 

Land lines are still valuable in the advance. Their 
usefulness will depend largely on the rate of advance and the 
accuracy with which further locations of headquarters can be 
forecast. The advisability of laying cable during even the 
very slowest advance is carefully weighed against the time and 
space factor, resources available, likely future requirements, 


etc. 


J. COMMUNICATION FOR ATTACK AND PURSUIT PHASE 

A major attack starts from a position with fully developed 
line communications (as in the defense). Communications 
become progressively harder to maintain as, the attack 
develops. Radio and, to a certain extent, radio relay take 
over most of the channels of communication from lines. 


Line communication ensures maximum signal security when 


the attacking units are in their assembly area, just before 
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the attack. Once the assault and destructive phase have 
started, all available means of communication are used. 

Radio silence may be partiai or total during the 
preparatory phase for the purpose of security or deception. 
Here the air support communications are as important as normal 
command radio communication. During the assault phase, radio 
becomes the primary means of communication. Similarly, during 
the pursuit phase, radio provides intercommunication to and 
within the pursuit force. 

Radio relay links are more secure in rear areas behind 
divisions than in forward areas, where they are as unsafe as 
radio from a security point of view. But the characteristic 
of radio relay makes it the backbone of rearward communication 
of the pursuit force, whenever its headquarters becomes 
stationary. Relay stations become essential when the distance 


to the pursuit force increases. 


Ks COMMUNICATION FOR WITHDRAWAL 
In the withdrawal, distances between headquarters tend to 
be stretched and headquarters are often split to allow for 


control on one position and reconnaissance and coordination 


‘on another. Signal resources are likely to be taxed to the 


limit in the withdrawal, since they do not cater to the 
splitting of headquarters for prolonged periods. In addition, 


step-up, traffic control, and administrative purposes require 
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radio communication. In withdrawal existing land lines and 
radio relay communication links usually will be available to 
fall back upon. It may be necessary to lay short spurs or an 
additional radio relay station to bridge gaps in line or radio 
relay systems. But when the withdrawal is to a position away 
from the existing arteries or when the enemy attempts to 
envelop the force and succeeds in cutting the lines of 
communication, the task of providing the communication becomes 
more difficult. It is quite likely that line and radio relay 
communication will be impossible, and radio will become the 
principal means of communication. However, radio relay can 
be used to great advantage. In withdrawal the secrecy of 
intention, timing, route, grouping and the new defensive 
positions are important and the communication system, whatever 
it may be, must deny all this to the enemy. 

When withdrawal is along the existing cable arteries; 
satisfactory line communication to the rear and forward troops 
is quite simple by laying short spurs from the main artery. 
Hasty withdrawal may force routes other than existing main 
arteries; then radio will be the principal means of 
communication. Withdrawal may create panic, confusion, and 
poor discipline. Therefore control in general and rearward 


traffic control in particular requires special separate 


traffic control communication. 


Radio silence may be partial or complete since secrecy in 
withdrawal is essential. This is of course weighed against 
the loss of control. At times imposing of radio silence gives 
away what it would not otherwise, and this is more likely to 
be the case in withdrawal. Withdrawal may require several 
routes. Since radio is independent of the restrictions 
imposed by the routes of existing lines it is deployed to the 
fullest extent within the limits imposed by radio silence. 
Radio, due to its flexibility and mobility, is most useful and 
will probably be the principal means of communication during 
withdrawal, particularly for covering troops or rear-guard due 
to their mobile nature. 

Radio relay multichannel networks should be coordinated 
in such a way that the existing terminals and relays in the 
rear should be used by the headquarters withdrawing, along the 
same axis. If there are no restrictions on the use of radio, 
radio relay stations should be used to bridge the gaps in line 
communication. This allows the line parties to reel up, 
provided the time and the tactical situation permits. Setting 
up of relay stations is unsafe and time consuming during 


withdrawal. 
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IV. MODERN TECHNOLOGICAL CONCEPTS IN COMMUNICATION 


A. GENERAL 

Communication warfare is an element of warfare that pits 
potential communicators against hostile personnel who seek to 
intercept or disrupt their communication. In the armies of 
developed countries, covert communication techniques have cut 
down the possibility of intercepting and interpreting 
communications. 

Various general measures will reduce communication 
susceptibility to interception and jamming severely. Using 
frequencies exceeding 30 MHZ will minimize the long range 
interception and jamming possibilities, since ionospheric 
reflections are small. Similarly, millimeter waves and 
highly directional laser beams are difficult to intercept. 
Their receivers are difficult to jam due to the narrow 
radiation patterns of the receiving antennas. Special 
applications such as satellite communication can eliminate 
these problems. 

Cable communication by metallic wires, coaxial cable, wave 
guides and by optical fibers provide advantages similar to 
those of directional beams, but without the acquisition 
problem. The main problems with cables are their 


impracticality in mobile, rapidly changing tactical 


environments and their susceptibility to damage. Since 
optical fibers do not emit a significant amount of 
electromagnetic energy, they are very effective in preventing 
the interception of communications by the enemy. Tapping is 
more difficult than it is for a metallic cabie. Other 
advantages of optical fiber communication are light weight, 
lack of crosstalk and invulnerability to jamming. A major 
disadvantage is the difficulty in rapid replacement of damaged 
fiber. 

Technological advances are providing the "force 
multiplier" required to command, control, and win battles. 
At present and in the near future, the technological strides 
discussed below are taking/will take place. The key to 
providing effective communication systems is to imbed that 
technology in new developments and field them as quickly as 


possible. 


B. SPREAD SPECTRUM COMMUNICATION 

Spread spectrum communication is one of the most 
significant innovations. It produces a signal with a 
bandwidth much wider than the message bandwidth. Because a 
spread spectrum system distributes the transmitted energy over 
a wide bandwidth, the signal-to-noise ratio at the receiver 
is low. Nevertheless, the receiver is capable of operating 


successfully because the transmitted signal has distinct 
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characteristics relative to the noise. [Ref. 3] 

A pseudorandom noise code controls the waveform. It is 
a binary sequence that is apparently random, but can be 
reproduced deterministically by the intended user. The 
pseudonoise code gives spread spectrum systems identification 
and selective calling capabilities. [Ref. 3 ] 

Spread spectrum systems are useful for military 
communications because they make it difficult to detect the 
transmitted waveform, i.e, low probability of intercept (POI). 
The system is difficult to jam and offers high data rate from 
transmission and reception. The most widely used spread 
spectrum methods are 

a. direct sequence (DS) modulaticn, in which a fast 


pseudorandom sequence causes phase transitions in 
the carrier containing data; 


b. frequency hopping (FH), in which the carrier shifts 
frequency in a pseudorandom way; and 


c. time hopping (TH), where burst signals are 
initiated at pseudorandom’ times. Hybrid 
combinations of these techniques are frequently 
used, such as FH/DH/TH. [Ref. 4] 

A burst communication system transmits data in a high- 
speed bit stream, which is closely associated with spread 
spectrum signals. Here the maximum transmission duration of 
a bit stream is rarely longer than 30 to 45 seconds. fhus, 


burst communication systems are less susceptible to detection 


than other form of tactical communications. Simply by virtue 


of their minimal transmitting period, spread spectrum 
techniques are utilized throughout the frequency range in 
order to optimize the information carrying capacity under 
military stressed situations such as jamming and interception. 


[Ref. 4] 


C. METEOR BURST COMMUNICATION (MBC) 

Meteor burst communication is based on RF signals bouncing 
off ionized trails in the atmosphere. The ionized trails of 
electron are caused by meteorites bombarding the earth's 
atmosphere. The size of each trail and its duration as a 
reflecting or reradiatory path of RF signals depends largely 
on the size of the meteor. The height of these trails range 
from 85 km to approximately 125 km. Meteor burst systems 
usually operate at VHF between 30 MHZ and 50 MHZ. The heights 
and the curvature of the earth limit communication to ranges 
around 2000 km, but there is no dead space between zero and 
maximum range, as is the case with HF. [Ref. 4] 

In a typical meteor burst system, one station continuously 
broadcasts a "probe" signal. Receipt of this probe signal by 
a second station indicates the existencé of a usable meteor 
trail and the second station responds over the reciprocal 
path. The life time of a useful path ranges from four 
milliseconds to several seconds. A typical trail lasts for 


a few hundred milliseconds, with wait time between trails 
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ranging from seconds to minutes, depending on daily and annual 
cycles. Each message consists of bursts of high-speed data 
of tens to hundreds of characters separated by periods of 
silence. [Ref. 4] 

Generally, the "footprint" of the signal is elliptical in 
shape with major axis in the direction of transmission 
(typically 30 miles major axis and 15 miles minor axis). This 
permits multiple use of radio frequencies and provides 
protection against unwanted intercept and Jamming... 
Additionally, MBC systems don't utilize the ionosphere so they 
recover from atmospheric nuclear events more quickly than HF 
systems. [Ref. 4] 

In general, two types of MBC systems exist: in telemetry, 
in which large number of remote stations report weather data 
to a single master; and in point to point message 
communications, between two military headquarters or through 
large systems comprising many nodes. Each key node has master 
station equipment and may have a larger number of such nodes 
with remote stations. In addition to the advances made in 
improving throughput and wait time and in enhancing 
flexibility, significant improvements have been made in 
networking software, which enables MBC message communication 
systems to handle traffic efficiently. Keeping in view the 
scope of this research work further quantitative discussion 


on this aspect of MBC is not possible. [Ref. 4] 
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| D. FIBER OPTICS 
| Using optical fiber systems in tactical operations 


supports force dispersion and enables high-value targets to 


remain hidden. Many defense installations are turning to 
- fiber optic transmission systems as the preferred alternative 
to copper wire, coaxial and microwave systems in new and 
existing local area networks. There are a number of reasons 


for this growing interest in fiber optics. 


a. Fiber optic cable is dielectric, so it does not 
bleed off electrical signals and thus provides 
greater security than traditional systems. 


b. Fiber optic cable is immune to electromagnetic 
pulse, which precludes the potential for electrical 
serge that can disturb computer operations. 


c. Fiber optic systems are well suited to the 
_ distributed data environment found at defense 
installations, since the bandwidth of fiber optic 
cable is unaffected by the distances of two miles 
or more. 


ad. Optical fiber can be extended 10 - 20 km or longer 
without the need for repeaters. 


e. Optical fiber cable occupies far less space than 
normal copper wire, making it possible to achieve 
highly efficient transmission while conserving 
space. 


f. Fiber optic transmission systems offer an 
alternative to circuit crowding because they 
eliminate the line-of-sight problems associated 
with microwave transmission. 


g. Fiber optic is smaller in size, lightweight, 
flexible and high tensile strength cable. 
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h. Fiber optic cable is not affected by 
electromagnetic interference (EMI) and 
electromagnetic pulse (EMP). 

i. In view of greater bandwidth capability in a given 
duct space, it proves less expensive than metallic 
cables. (Ref. 4] 

Optical fibers are made from an abundant and inexpensive 
material, silica Si0o,. There are two types of optical 
waveguide fibers, i.e., multimode and single mode having 
diameters 20-150 microns and 1.5-8 microns respectively. Good 
quality multimode fibers can transmit 1000 Mb/s over 1 kn. 
At the lower rate of 1000 Mb/s, the repeater spacing can be 
greater, about 10 - 20 km. [Ref. 5] 

Single-mode optical fiber systems propagate light rays 
along a single direct path along the fiber core in contrast 
to multi-mode systems where the light rays can bounce back and 
forth on many zig-zag paths as they move along the fiber. 
Without elaborate multiplexing schemes, single-mode optical 
fiber systems can transmit, without regeneration by a 
repeater, up to 200 Mb/s over 80 ~- 100 km. [Ref. 4] 

Fiber optic communication links include a transmitter, a 
light source, a fiber optic cable, a photodetector and 
receiver. The light source is a light emitting diode or laser 
diode that accepts an electrical input signal. The fiber 
transmits the optical output energy to the signal with some 


small attenuation and distortion. At the far end, the 


receiver photodetector converts the optical energy back to 
electrical forn. 
Fiber optic systems can transmit data, voice and video. 
The system is ideal for synchronous or asynchronous data 
transmission, particularly at longer distances. Data 
transmission over fiber usually requires less bandwidth than 
do voice and video transmission, and it is accomplished via 
a binary digital signal with a low error rate typically 10°. 
(Ref. 5] The significant trend today is toward fiber optic 
systems that accommodate transmission of both data and voice. 
This entails the multiplexing of different types of media over 
the same transmission system. 
The choice of network topology depends on specific 
circumstances, but selection will involve three basic types - 
star, ring and bus. These are not mutually exclusive, 
however, because a combination of all three can be used in 
larger LANs. The factors which must be considered while 
choosing fiber optic cable include current and future 
bandwidth requirements, acceptable attenuation rates, length 
of cable and cost of installation, mechanical requirements, 


Signal source, connectors and terminations, cable dimensions 


and physical environments. [Ref. 5] 


E. MILLIMETER WAVELENGTH 

The millimeter wave (MMW) region of the electromagnetic 
spectrum has received increased interest in recent years due 
to significant advances in the development of transmitters, 
receivers, devices and components. The MMW region finds use 
in systems applications such as radar, radiometry, radio 
astronomy, missile guidance, communications and spectroscopy. 

The MMW region of the electromagnetic spectrum covers the 
frequency range from 30 GHZ to 300 GHZ (or wave length between 
1 cm and 1 mm; 30-300 GHZ is the EHF band). Other current 
terminology associated with the MMW region includes "near- 
millimeter waves" for frequencies from approximately 100 GHz 
(sometimes from 90 GHZ) to 1000 GHZ and sub-millimeter from 
about 150 to 3000 GHZ. 

One characteristic of the MMW frequency range is that for 
a given physical antenna size (aperture) the antenna beamwidth 
is smaller and the gain is higher than at microwave 
frequencies. Therefore, to obtain a specified antenna gain 
or narrow beamwidth, a much smaller antenna may be used. MMWs 
are a very promising media for line of sight communications 
in the lower atmosphere under battlefield environmental 
conditions. These waves exhibits high data rates and low 


propagation losses in the 35 GHZ and 94 GHZ atmospheric 


windows. [Ref. 4] 


MMW systems are superior to optical and infrared systems 
for penetration of smoke, fog, haze, dust, clouds and other 
adverse environments. The improved technology includes better 
sources (such as Gunn oscillators, gyrotrons, extended 
interaction oscillators [EIOs], extended interaction klystron 
amplifiers [EIKAs], magnetrons and travelling wave tubes) 
which have higher power outputs or operate at higher 
frequencies and, in some cases, have longer life times than 


earlier designs. [Ref. 4] 


F. LOCAL AREA NETWORKS (LAN) 

Local area networks for army headquarters have the 
following characteristics: high data rates (.1 - 100 Mbps), 
short distances (.1 - 50 km) and low error rate (10° -10"). 
Implementing a local network has a number of significant 
benefits. First, and most important, modifications and 
enhancements have little impact on the other devices on the 
network. Therefore, a system evolves gradually rather than 
through a few major upgrades. Other benefits include higher 
system availability (critical resources can be duplicated and 
functions shifted from failed processors to alternate 
processors with no interconnect problems), sharing of 
expensive resources, reduction of amount of cabling and 
interconnections required, e.sier integration of equipment and 


functions, and greater flexibility of equipment location. of 
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course, local networking does not guarantee interoperability. 
The network only provides connection compatibility, electrical 
connectivity and perhaps some lower level protocols. 
Interoperability requires, in addition, application 
compatibility, which is not automatically provided by the 
network. [Ref. 4] 

Local area networks are frequently characterized in terms 
of their topology. Three topologies are common, star, ring, 
and bus or tree. Modern local networking systems are 
characterized by bandwidth of consecutive frequencies and high 
data rates of several million bits per second. These systems 
use coaxial cable, twisted pair wire, or fiber optic 


transmission media. [Ref. 5] 


G. SATELLITE COMMUNICATION 

Over the past several years, the service requirements for 
satellite communication (SATCOM) have increased steadily to 
a point where satellites operate at full load capacity. With 
the advent of SATCOM, links were established easily. They 
were reliable, stable (nonfading), terrain independent and not 
affected by the atmosphere. The satellite link is a quasi- 
channel affected by the atmospheric absorption due to rain and 


cloud coverage. The effect of rain can be compensated by a 


nominal downlink margin. [Ref. 4] 


In discussing satellite communication, it is difficult to 
differentiate tactical and strategic communications. A 
terminal at corps headquarters in the field can just as 
easily communicate with a division in a tactical environment 
as it can communicate with the cowmander-in-chief thousands 
of miles away regarding a strategic matter. Of course the 
satellite is indifferent to tactical or strategic traffic. 
At present time, two frequency bands have been allocated and 


are being used, i.e., [Ref. 4] 


a. UHF Band 


Ground to satellite 335.4 - 399.9 MHZ 

Satellite to ground 225.0 - 328.6 MHZ 
b. SHF Band 

Ground to satellite 7.250 - 7.700 GHZ 

Satellite to ground 7.900 - 8.400 GHZ 


In the Defense Satellite Communication System (DSCS ITI) 
a constellation of four satellites provides for global 
communication. DSCS II is a spin stabilized satellite having 
both earth coverage and narrow beam antennas. The satellite 
has four transponders. The transponders are transparent; that 
is, they receive RF carriers and retransmit the signal ona 
downlink frequency. One of the transponders, in conjunction 


with the narrow beam antenna, is used for tactical 


communications. The coverage area of the narrow beam antenna 


has a 2.5 degree bandwidth covering an area of 1,000 miles in 
diameter at the subsatellite point. [Ref. 4] 

Eventually, DSCS III satellites will replace the DscsS II 
variety. DSCS III is a three axis stabilized satellite with 
six transponders operating in the 7/8 GHZ band. The satellite 
uses earth coverage antennas and a 61 beam waveguide lens 
antennas for receiving the uplink, earth coverage and two 19 
beam waveguide lens antennas for the downlink. In addition 
it also has a dish antenna to service the ground mobile forces 
(GMF) tactical terminals. [Ref. 4] 

The GMF Satellite Communication System (GMFSCS) will 
satisfy critical command and control multichannel transmission 
requirements between command echelons from theater army down 
to maneuver brigade level. The terminals can provide command 
and control links between air defense, artillery brigade and 
other groups. 

GMF requirements for satellite communication falls into 
two broad categories of data rates: high data rate, full 
duplex multichannel trunking and low data rate for netting 
operations. While multichannel trunking uses the SHF band, 
single channel netting utilizes the UHF band. 

Satellites are vulnerable to electronic and physical 
attack. Electronic countermeasures can protect SATCOM from 


intentional interference. E, ‘reading the information over 


a large bandwidth, either by direct pseudonoise sequence, 
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frequency hopping or both. Physical attack of a synchronous 
satellite would require placing an antisatellite (ASAT) 
weapon in the vicinity of the satellite (22,300 miles) or from 
directed energy beam weapons which would require large 
expenditures by the attacker. 
Future satellite communication systems will provide the 
following: 
a. Survivability - satellites will be hardened against 
physical, nuclear effects and electronic jamming. 


b. Increased Interoperability - through standardized 
waveforms, signal processing and encryption devices. 


c. Processing Satellite - satellite will include baseband 
processing; that is, frequency dehopping, demodulation, 
rerouting and remodulation. 


d. Cross-links between geostationary satellites and for 
access to low orbiting or inclined satellites. The 
cross-link can be either at RF (60 GHZ or greater) or 
by laser communication. 


e. Wideband satellites that can transmit hundreds of mega 
bits of protected traffic. This could involve laser 
satellite (LASERSAT) or satellites operating in the EHF 
band. [Ref. 4] 


V. INTERCEPT AND DIRECTION FINDING SYSTEMS 


A. GENERAL 

Over the last ten years the evolutionary progress made in 
communication technology transmission methods, modulation 
waveforms, and communication schemes discussed in Chapter IV 
has changed the tactical military electromagnetic environment 
drastically. This situation presents formidable challenges 
to surveillance receivers and intercept systems. These modern 
technologies require specialized surveillance systems to 
counter then. Approaches include microscan, Fast Fourier 
Transform (FFT) receiving systems, and other types of 
compressive receivers.[Ref. 6] Changes in the approach to 
surveillance systems has also brought improvements in the 
conventional superheterodyne receivers which monitor the 
communication spectrum. A digitally tuned superheterodyne 
receiver has fast tuning, wide frequency coverage, the ability 
to monitor multiple waveforms, programmable search, selectable 
IF bandwidths, various demodulators and amplitude/phase 
tracking characteristics which are consistent with DF 
applications. [Ref. 7] 

Like interception and monitoring in communication 


intelligence, direction finding (DF) is a primary intelligence 


source for locating enemy communication centers. Generally, 


the communication centers are located in close proximity to 
command posts and command and control nodes, which make them 
attractive targets for both physical and electronic attack. 
Similarly, a concentration of emitters within an area may 
indicate the presence or absence of activities undetectable 
by other means of intelligence. A typical Direction Finding 
(DF) system consists of a receiver, DF processor and antenna. 
A DF system attempts to determine the location of an emitter 
by measuring the direction of arrival of an intercepted 


signal. 


B. INTERCEPT RECEIVERS 

A communication intercept receiver system monitors the 
frequency spectrum over a pre-defined range and determines the 
frequency, signal strength, signal type, and the time of any 
signal present. To do this, the system first carries out a 
spectral search; also termed a spectral surveillance. This 
offers an indication of signal activity, usually in the form 
of a panoramic display. Following the search, and at the 
direction of the operator, the system analyzes signals 
acquired. [Ref. 6] 

A spectral search consists of two operations: interception 
and detection. The interception of signals involves the 


tuning of the receiver detection band to a certain frequency 


at a time coincident with signal activity at that frequency. 


The range of frequencies wver which the receiver 
simultaneously detects all signals present is the detection 
band. Signal interception does not mean signal detection. 
In fact, detection depends on the amount of time the signal 
remains within the detection band. If the detection bandwidth 
covers the frequency range of interest; the probability of 
interception depends on two parameters: the data acquisition 
time and the processing time. The data acquisition time is 
the time required to evaluate signal activity. The processing 
time is the time required to perform the necessary post 
processing. In superheterodyne surveillance receivers, the 
post processor simply consists of an energy detector followed 
by a threshold comparator. [Ref. 8] 

Signal analysis implies many things. It can be a simple 
demodulation of a signal, or it can be a detailed spectral 
analysis of the signal. Also, analysis can involve more 
exotic processing such as call sign recognition, language 
recognition and translation. The difference between the 
analysis mode and surveillance mode is that the analysis mode 
processes only a received signal over its bandwidth. In 
surveillance mode, an entire frequency range of interest goes 
through processing, although not necessarily on all 
frequencies at once. [Ref. 8] 

Modern ESM receivers have extensive emitter libraries, 


which contain the history of previously identified emitters, 


obtained through ELINT and tactical intelligence information 
of hostile emitters. Received signal parameters like 
frequency, type of signal, frequency band occupancy, signal 
strength, duration of transmission and amount of transmission 
activity. A match between these parameters and the emitter 
library triggers the analysis subsystem to investigate this 
signal. [Ref. 9] 

Microprocessors, being the heart of the ESM receiver 


system, perform various functions like 


a. Control the receiver functions 


b. Perform automatic scanning, signal identification and 
logging 


c. Accept operator commands from the keyboard 
d. Output data to the graphic terminal 


e. Save and recall pages of information. ([Ref. 8] 


Advances and improvements in the field of artificial 
intelligence (AI) have made the ESM system capable of 
recognizing the patterns. With further developments this will 
become a common feature of all intercept and surveillance 
systems. [Ref. 9] 

Software controls the receiver by selecting the center 
frequency, frequency span, threshold level, etc. Under 
operator command, the receiver operates in one of two modes: 
manual mode and automatic mode. In the manual mode the 


operator has direct control of the receiver and selects the 


frequency, IF bandwidth, signal identification and emitter 
logging, by keyboard commands. In the automatic mode, the 
operator specifies the instructions and the receiver 
automatically steps through the selected band. Typically, the 
receiver provides a spectrum analyzer type of trace on the 
graphic terminal and performs signal sorting, identification, 
and logging. In addition, the operator can stop between 
traces and store or recall a trace and then continue scanning. 


[Ref. 8] 


Cc. DF SYSTEM 

Figure 1 illustrates a commonly used direction finding 
technique: horizontal or azimuth’ triangulation for 
determination of an unknown location. Here, two or more DF 
sites connected by a communication link measure azimuth angles 
to an emitter. The separation distance of the sites is 


comparable to the distance to the emitter. [Ref. 7] 
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Figure 1 - Emitter location by triangulation 


A ground based DF system may be fixed or movable depending 
upon the operational needs and terrain. A digital computer 
controls the system, enabling the designer to employ a DF 
antenna of his’ choice. The existing real-time signal 
processing techniques provide both phase and amplitude 
responses of the received signal, and with proper antennas can 
respond to signals of any polarization. In the VHF band, 
antennas having a large electrical aperture are relatively 
small physically.[Ref. 7] 

The processor uses output signal voltages of the receiver 
system to locate the emitter location. Usually such systems 
employ modular software, that adapt to a variety of antenna 
systems and optional capabilities like networking, signal 
acquisition and monitoring. The system maintains a bearing 
history for the acquired emitter locations and updates this 
in case of any change. This helps in correct identification 
of a previously seen emitter and also serves as a warning in 
case a new emitter comes up in the threat environment. 
Typical DF azimuth accuracy achieved by a modern DF system 
ranges between +1° to +3°.[Ref. 9] The following factors are 


of major importance when planning a DF system acquisition 


a. Ground and terrain in which the emitter operates 
b. Operating frequencies of the emitter 


c. Measurement accuracy desired (this determines the 
number of DF stations required) 
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d. Response time (time required to process the signal, 
match them against the emitter library and display 
the finished results) 


e. Physical limitations of the system. [Ref. 7] 


D. CLASSIFICATION OF DF SYSTEM 
The technique for obtaining information about the arriving 
signal at the antenna and the subsequent processing of that 
information classifies the DF system into two broad 
categories: scalar systems and vector or phasor systems. If 
only the direction of the signal of interest is taken into 
consideration then the system is classified as a scalar 
system. But, if the system obtains direction and range 
information about these signals then it is classified as 
vector or phasor system. In simple terms, the first category 
of the system deals with either amplitude or phase information 
of the signal, while the other deals with both information. 
(Ref. 7] 
1. Scalar Systems 
Figure 2 shows the rotary loop arrangement employed in 
most scalar systems. [Ref. 7} Since most of the scalar systems 
measure the signal strength, they have to rely upon some form 
of symmetry. Figure 2 clearly indicates this fact where the 
system depends on the figure of 8 symmetry of its vertically 
polarized amplitude response. The Adcock and Watson watt 


antenna systems are examples of such a system. 
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Figure 2 - Rotary Loop System 


Systems which deal with the enaee information of the 
signal of interest usually employ multiport antenna systems. 
Examples are Interferometer and Doppler systems. In vector 
systems the relative amplitudes and phases measured on 
different antenna elements uniquely define the bearing, both 
in azimuth and elevation angles of a single incident plane 
wave of a specified frequency origination from a source. ([Ref. 
7) 

The two systems (Watkin Johnson and HRB Singer) under 
evaluation employ interferometer techniques for emitter 
location. It is worthwhile to describe the technique briefly. 

a. Interferometer Technique 

One form of this technique uses a small/wide 
aperture interferometer consisting-of three electrically short 
vertical dipoles (having separation greater than 4/2) 
arranged in an equilateral triangle. Centrally located among 
the feed points of the elements is an enclosure containing a 
low noise preamplifier for each element. The relative phases 
measured on these three elements uniquely defines the bearing, 
azimuth and elevation angles. 

The method used in the DF processor to determine 
a signal's bearing angle involves correlating the complex 
voltages measured at the antenna elements against a set of 


stored voltage patterns, each of which corresponds to an 


incident wave of the same frequency illuminating the antenna 


from a different direction. An indicated DF bearing is the 
azimuth angle that maximizes the magnitude of the complex 
correlation coefficient. The approach used in such systems 
is based on a parabolic approximation to wave propagation. 
(Ref. 9] 
2. Vector or Phasor Systems 
For emitter location, vector or phasor systems use 
both amplitude and phase information of the signal of 
interest. These systems need multiport antennas and at least 
two amplitude-and-phase-coherent receivers. An extension of 
vector or phasor systems, termed Wavefront-Analysis (WFA) 
systems resolve multicomponent wave fields. The main 
difference between vector and WFA is that WFA require a normal 
receiver-processor-output system which can determine the 
incident wave parameters like arriving angles, both azimuth 
and elevation and relative amplitude and phase. Signals are 
processed in digital form, thereby fully preserving relative 
amplitude and phase. Time-difference-of-arrival (TNOA) 
technique is a good example of WFA DF systems. ESL's. system 
makes use of this technique. [Ref. 7] 
a. TDOA Technique 
The basic method used to determine the direction 
to an RF emitter is to measure the time difference of arrival 
(TDOA) of the RF wavefront between two DF antennas. Figure 


3 shows the geometry of the technique.[Ref. 9J It consists 


of two antennas separated by a baseline length: d. A wave 
impinging at an angle ¢ from the normal arrives at antenna B 
before antenna A by a time difference, AT, which actually 
defines a hyperbola and is determined by 
AT = t, - t, = constant 
the emitter can be anywhere on hyperbola, hence, usually we 
need two antennas or more to determine angle ¢, given by 
: AT 
@ =aresine = 
a 


where c is the velocity of propagation. 


INCOMING WAVE 


Figure 3 ~ Geometry for TDOA 


Here, it is necessary to measure fT accurately to 
determine the angle of arrival that needs to be measured with 
an accuracy of hundredths of nanoseconds. To determine an 
emitter location requires two crossing angles or a minimum of 


three antennas. 


E. ESM SYSTEM IN OPERATIONS OF WAR 

In the light of discussion carried out in Chapter III and 
in this chapter, one can summarize the employment and utility 
of intercept and DF system in the divisional communication 


scenario during various operations of war. 


1. Defensive Operation 
During the initial stages of defense, when the line 
network is being laid out, VHF radio relay communication is 
used extensively. The main force uses line and radio relay, 
but covering troops use radio extensively. Therefore by 
interception of enemy communication and direction finding his 
emitters, one not only gains useful information of enemy 
intentions, rather we can designate air and artillery targets. 
This information can also help in planning ECM against the 
hostile emitters. 
2. Offensive Operation 
During attack, radio becomes the primary means of 
communication. However, during the advance operation before 
making contact with the adversary forces, VHF radio relay acts 
as a backbone for command and control of maneuvering forces. 
By intercepting enemy communication, we can determine the 
amount of transmission activity, grouping and regrouping of 
forces in a particular sector of operation. The direction 


finding system will indicate the movement patterns of the 
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emitter, thus enabling us to deduce enemy maneuvers and his 
intentions. 

3. Withdrawal Operation 

Radio being the principal means of communication in 
withdrawal, is subject to maximum exploitation by intercept 
and DF resources. The movement pattern of emitters can help 
in determining the enemy's role of withdrawal, allowing the 
‘use of air and artillery to jeopardize his withdrawal. 

The increasingly dense, complex signal environment demands 
programmable, high performance ESM systems. Improvements in 
performance for DF and_ surveillance applications are 
achievable, while at the same time maintaining high 
reliability, small size, and low cost. New technology along 
with innovative design methods can satisfy the requirements 


established by the acquisition decision maker and operators. 
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VI. SYSTEM EVALUATION 


A. GENERAL 

An evaluation in a defense system's acquisition program 
should reduce or eliminate the areas of risk. It serves a 
number of useful functions, providing information about a 
number of contractors. Evaluation provides information to 
developers to assist in the identification and resolution of 
technical difficulties. It also provides information to 
decision makers responsible for making the investment decision 
to procure a new system and for deciding on the most effective 
use of limited resources. Moreover, an evaluation provides 
information to operational users to support the development 
of effective tactics, doctrine, and procedures. 

For this thesis, letters were sent to sixteen 
manufacturers actively engaged in developing VHF intercept and 
DF systems. Appendix A includes a list of all those 
approached along with their addresses. 

Only Watkins Johnson, ESL, Zeeta, HRB Singer, and Napco 
Internationals responded positively to the request. After 
reviewing the literature provided by these manufacturers, 
Watkins Johnson, ESL, and HRB Singer (see the figures in 


Appendix B.) were selected for the purpose of this evaluation. 
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The main criteria for their selection was the amount of 


detailed information provided about their systems. 
B. LIMITATIONS 
a. The following aspects are not addressed in this 
evaluation: 
1) Expected threat analysis. 


2) Enemy resources and capabilities. 


3) Existing Pakistan Army EW resources and 
capabilities. 


4) Signal equipment analysis. 

b. The logistic efforts required to support the proposed 
intercept and DF system could not be evaluated due to 
insufficient information and time. 

c. ECM vulnerability could not be assessed since field 
tests were not feasible and equipment was not 
available. 


a. Proprietary or security classification constraints on 
the part of contractors. 


C. EVALUATION METHODOLOGY AND CRITERIA™ 

The following criteria provide the rationale and basis for 
scoring each evaluation parameter. Each parameter has 
subcategories scored from 0 to 1.0 with zero being lowest and 
unity being highest. There are a total of 49 parameters 


which are scored for a total maximum score of 49 for each 


* Most of the material is derived from Reference 10. 


Since every subelement of each parameter significantly effects 


the mission performance, therefore, they are additive and with 


equal weights. However if any system offers a capability 


beyond the threshold setting which results in performance 


enhancement, then a bonus point in fraction is awarded in 


a addition to highest scoring of one. 


1. Performance Characteristics 


Acquisition 


Frequency coverage 


Dynamic Range 


Programmable Search 


Speed 


Acquisition 


30 MHZ - 300 MHZ 
Full coverage = 1.0 
Partial coverage = 0.5 


How large is the range of 
power levels between the 
processing sensitivity and 
when the signals become 
detectable. 


60 @B = 0.25 

65 dB = 0.5 

70 @B = 0.75 

75 dB = 1.0 

Can the system be tasked for 
automatic, prioritized 
search of the bands of 
interest? 

Yes = 1.0 

No = 0 


How many signals can be 
acquired in 5 seconds with 
energy and parameter 
measurement performed? 
Less than 5 signals = 0 

1 - 5 signals = 0.25 

6 - 10 signals = 0.50 

11 - 15 signals = 0.75 
Greater than 20 signals = 
1.0 


Response 


Parameter measurement 


Direction Finding 


Speed 


Accuracy 


DF/acquisition on 
same mast 


How long does it take to 
process the signals acquired 
in 5 seconds, match them 
against the emitter library 
and display the finished 
results? 

Greater than 60 seconds = 0 
50 - 60 seconds 0.25 

40 - 49 seconds 0.50 

30 - 39 seconds = 0.75 
Less than 30 seconds = 1.0 


How accurate are the 
measurements for amplitude 
and frequency? 

This is a subjective 
evaluation of how well the 
parameter measurements 
support the system's 
identification of signals. 
Very accurate = 
less accurate = .5 
not accurate = 


How many lines of bearing 
(LOB) on communication 
signals can be 
measured/calculated in 1 
minute? 20 LOB/seconds = 1.0 
Each signal more than 20, 
add 0.05; each signal less 
then 20, subtract 0.05. 


How accurate are the 
communication DFs? + 3 
degrees = 1.0 

Each degree better than + 3, 
add 0.1; each degree worse 
than + 3, subtract 0.1. 


Is the DF antenna on the 
primary acquisition mast? 
Yes = 1.0 


No = 0 


Total Assets 


Number of 
Receivers 


. Number of Operator 


Positions 


Simultaneous Search 
and Analysis 


Operability 


Operator Workload 


Control all Assets 
from 
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How many measurement 
receivers does the system 
have? 2 receivers = 1.0 

Add 0.1 for each additional 
receiver, subtract 0.1 for 
each receiver less than 2. 


How many are the operator 
positions in the system? 
positions = 1.0 Add 0.1 for 
each additional position. 


Can the system search and 
analyze concurrently? 

Yes = 1.0 

No = 0 


How well is the display 
organized to allow the 
operator to deal with heavy 
environments? 

This category is a 
subjective one. Tradeoffs 
must be made between the 
amount of data presented and 
the clarity of the 
presentation, making use of 
multi color schemes, 
graphics etc. 


Can the operator effectively 
Operator Positionutilize all 
his software controlled 
system assets from his 
system workstation or are 
multiple MMIs required? 
Yes = 1.0 

No = 0 


Man/Machine Interface Is the data presented to the 

(MMI) operator organized 
effectively? Is the layout 
of the operator's controls 
and tools optimized for 
convenience and ease of use? 
Check availability of 
multiple screens or multiple 
terminals. 
This is a subjective 
evaluation based on the 
answers to questions such as 
those listed above. 


Measurement Equipment Does the system provide for 


for Communication automatic/manual measurement 

Signals equipment for communications 
signal parameter 
measurement? 


Automatic = 0.5 
Manual = 0.5 


Supports Recording Does the system support 
recording with recorders and 
operator annotation aids? 
Does the system support 
automatic recorder control 
and logging? 

Yes to both questions = 1.0 
Yes to one questions = 


Response Time Does the system respond 
within 1 second to operator 
initiated commands? 


Yes = 1.0 
No = 0 
Operator Aids 
Exploitation Aids Does the system have 


hardware/software aids which 
allow the operator to drive 
signal internal information? 
Yes = 1.0 

No = 0 


Bearing History 


Emitter Libraries 


Re-acquisition 
Recognition 


Automatic Logging 


Event Recognition 


Tactical Situation 
Analysis Display 
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Does the system maintain 
bearing history and provide 
for bearing smoothing on 
targets? 

Yes to both questions = 1.0 
Yes to one question = 0.5 
No = 0 


Does the system have an 
extensive library of known 
emitters to try to match 
intercepted signals with? 
Less than 500 = 0 

500 = 1000 = 0.25 

1001 - 2000 0.5 

2001 - 3000 0.75 

Greater than 3000 = 1.0 


Can the system correctly 
identify a previously seen 
emitter and tag it with the 
same detection number? 

Yes = 1.0 

No = 0 


Does the system 
automatically log system 
detections, identifications, 
and measurements? Can the 
logs be recalled and 
reviewed at the operators 
discretion? 

Yes to both questions = 1.0 
Other = 0 


Can the system recognize 
that an event is occurring, 
or about to occur, based on 
the sequence of emitter 
detections? 

Yes = 1.0 

No = 0 


Does the system offer 
standard military map 
(Mercator) projections 
facility? 

Yes = 1.0 

No = 0 


Environment Table 


Automatic File Lookup 


Does the system have a large 
environment table to store 
information about 
intercepted signal? 

Yes = 1.0 

No = 0 


Does the system have data 
base management tools that 
allow for automatic file 
search and sort? 

Yes = 1.0 

No = 0 


Environment Handling Ability 


Multiple SimultaneousCan the system process 


Signals 


Environment Table 


Total Pulses per 
Second (pps) Handled 


Process Complex 
Emitters 


multiple simultaneous 
signals within the same 
quadrant? 

Yes = 1.0 

No = 0 


Is there a separate 
environment table associated 
with a receiver group to 
perform preprocessing to 
relieve the burden from the 
main data processing 
equipment? 

Yes = 1.0 

No = 0 


What is the total pps 
processing capability of the 
system? 


100 Kpps - 199 Kpps = 0.25 
200 Kpps - 399 Kpps = 0.5 
400 Kpps - 800 Kpps = 0.75 


Greater than 800 Kpps = 1.0 


Can the system detect and 
process complex emitter 
(spread spectrum, burst 
signal) types? 

Yes = 1.0 

No = 0 


2. Design Characteristics 


Space and Structure 


Space for N-Suite Does the system have rack 
space and cable 
* interconnects for the 
augmentation package? 
Yes = 1.0 
= No = 0 
Ruggedness Does the system hardware 
exhibit sufficient 


ruggedness to sustain rough 
handling by men and during 


transportation? System 
response to shocks” and 
vibrations? 


This is a subjective 
evaluation based on the 
apparent look of the 
structure of the system. 


Modularity 
Extensible Can the system architecture 
Architecture accommodate additional 
. receivers and processors to 


meet the needs of a changing 
environment, without majo 


: redesign? : 
Yes = 1.0 
No = 0 


Internal Commonality Does the system make use of 
common cards and 
subassemblies as much as 
possible within itself? 
Yes = 1.0 
No = 0 


Operational Supportability 
Test Equipment Does the system have built- 
in test equipment? 


Yes = 1.0 
No = 0 
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Technical Manuals 


On-Line PM/FL 


Military Specified 
Construction 


Electromagnetic 
Interference (EMI) 


Transportability 


Space for other 


Equipment 


Power 
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Is the system supported by 
Military Specified 
(Operating and Maintenance 
Instructions, circuit 
diagrams, etc.) Technical 
Manuals? 

Yes = 1.0 

No = 0 


Does the system have on-line 
performance monitoring and 
fault location? 

Yes = 1.0 

No = 0 


Was the system constructed 
to meet Mil-Spec 
Requirements? 

Built to meet = 0.75 
Fully qualified = 1.0 


Does the system meet Mil- 
Spec Requirements for EMI? 
Yes = 1.0 

No = 0 


Type of vehicle required for 
installation. 

In .25 ton jeep = 1.0 

In 1.5 ton truck = 0.75 

In 2.5 ton trucks = 0.50 


Is space left for 
installation of other 
augmentation equipment after 
the basic N-suite is 
installed? 

In .25 ton jeep = 1.0 

In 1.5 ton truck = 0.75 

In 2.5 ton trucks = 0.50 


Does the system offer 
integral power source for 
use in the field in case of 
main power source failure. 
Yes = 1.0 

No = 0 


Set Up/Tear 
Down Time 


Operating 
Temperature 


3. Multipliers 


Link Communication 


Nuclear 


Survivability 


Credibility 


D. SYSTEM COMPARISON 


Time required to set up and 
tear down the system in the 
field. 

20 minutes = 1.0 

Each minute more than 20, 
subtract 0.05; each minute 
less than 20, add 0.05. 


Operating temperature range 
of the system? 

-5 deg C to 50 deg C = 1.0 
0 deg C to 50 deg C = 0.50 


Does the system offer 
integrated communication 
links for the flow of 


information between master 
and slave stations? 


Yes = 1.0 

No = 0 

Does the system offer 
protection against 


electromagnetic pulse (EMP) 
effects? 


Yes = 1.0 
No = 0 
How far along the 


development cycle of the 
system? 

Fielded in U.S. Army 
Fielded in other army 
Prototype = 0.7 
Brassboard = 0.5 


= 1.0 
= 0.8 


Table I gives an overview of the criteria and their 


resulting evaluations for all three systems. 


An asterisk (*) 


represents a situation where information was not available. 
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To ensure an unbiased evaluation, a supplementary system 


comparison sheet is shown in Table II. It includes only those 


parameters where all three contractors furnished information. 
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E. SUMMARY 

Tables I and II both show the superiority of the ESL 
system. 

A comparison of total scores in Tables I and II show that 
the Watkins Johnson and HRB Singer systems change order when 
the ranking is restricted to available information. This 
suggests that further consideration of both systems may be 


necessary. 
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VII. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSIONS 

The fundamental purpose of this thesis is to reduce the 
risk involved in a VHF intercept and DF system acquisition 
program if undertaken in the near future by the Pakistan Army. 
Therefore, the author has evaluated the VHF Intercept and 
Direction Finding (DF) collection systems developed by three 
different manufacturers for use by a divisional level signal 
battalion. This thesis examined systems developed by ESL 
International, Watkin Johnson, and HRB Singer on the basis 
of performance, design and supportability issues. The scoring 
criteria and rationale discussed in Chapter VI of this thesis 
explains the weighting of each subelement of the intercept and 
DF system. 

From the discussions of EW mission categories, concept of 
combat communication in a division, modern trends’ in 
communication, generic intercept and DF systems, and 
evaluation process, a number of points should be apparent. 
First, tactical electronic reconnaissance (ER) is an important 
activity towards tactical planning and adjustment of EW assets 
to meet the current threats. Second, a large number of 


tactical communication systems tend to dominate the VHF and 


UHF portion of the electromagnetic spectrum. Third, the 


expected dense electromagnetic environment heavily taxes the 
existing intercept and DF collection capability of a 
divisional signal battalion and demands enhancement of 
resources. Similarly, an effective use of ECCM by friendly 
forces should be emphasized to counter the enemy's EW effort, 
which will be the only difference between winning and losing. 
Fourth, the armies of developed countries now make effective 
use of modern communication techniques like spread spectrum, 
meteor burst communication, fiber optics, etc. Which 
severely reduces not only the possibility of intercepting and 
interpreting communications but jamming possibilities as well. 
The key to secure and reliable communication is having modern 
covert communication assets within existing financial 
constraints. Fifth, the modern intercept and DF systems 
employ novel ideas which offers dependable and reliable signal 
detection, identification, location, and analysis procedures. 
The procedures followed are software oriented. The software 
can be changed to enhance the system performance keeping the 
hardware intact. Sixth, fully automatic systems are one or 
two orders of magnitude faster and more accurate than manual 
systems. Finally, the objective evaluation of an intercept 
and DF system leads us to the conclusion that the ESL 
International system should meet the mission and operational 


requirements of a divisional signal battalion under current 


threat environments. 


B. RECOMMENDATIONS 


This thesis offers the following recommendations: 


a. The intercept and DF system developed by ESL meets 
the mission needs of a divisional signal battalion 
in the current threat environment. 


b. An intercept and DF platoon equipped with the 
selected system should be integrated as an integral 
part of the radio company of a divisional signal 
battalion. 


c. The introduction of a new system will affect the 
tactical doctrine and concept of combat 
communication at divisional level. Therefore, in 
addition to the operational test of the system, the 
operational test (OT) team should perform the 
following: 


1) Study the affect on tactical doctrine and 
concept of combat communication in a division. 


2) Assess the impact on the Table of Organization 
and Equipment (TO&E) of signal battalion and 
suggest manpower increase required to achieve 
the desired performance objectives. 


3) Analyze and determine the compatibility of the 
new system with the existing resources of a 
signal battalion to take care of divisional 
intercept and DF needs. 


4) Assess the impact of the system operation and 
maintenance, and evaluate the need (for 
additional training, associated publications, 
training aids and time. 


5) Confirm the system parameters chosen in this 
thesis work under real field environments. 


ad. Before the operational test is carried out, the 
contractor should be asked to provide the 
following: 
1) Operator training 
Z) Maintenance training 


3) Operator and maintenance manuals 
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4) First echelon to depot level maintenance 
support 


The system should be hardened to survive a nuclear 
electromagnetic pulse. 


The contractor should be responsible for system 
engineering and maintenance support for the first 
year after the installation of the system. 


A feasibility study shoul¢e be carried out to assess 
the suitability and affordability of having secure 
fiber optic links from division to corps and corps 
to army headquarters. 


APPENDIX A: LIST OF MANUFACTURES 


NAME 


Marconi Defense System 
Ltd 

Browns Lane, the 
Airport, Portsmouth 
Hampshire P03 5PH, 
England 


Plessey Military 
Communication 
Southleigh Park House 
Eastleigh Road, Havant 
Hampshire PO92PE, 
England 


Racal Communication, Inc 
5 Research Place 
Rockville, MD 20850 


Columbia Electronics 
International Inc 

3301 West 5th St., PO 
Box 50667 

Oxnard, CA 93031 


Napco International Inc 


Defense Electronic 
Division 
1600 2nd Street South 
Hopkins 


Minnesota 55343 


Cimsa/Sintra Asnieres 
19-12 Avenue de 
l'Europe, BP 44 
78140 Velizy- 
Villacoublay 

France 


AEG Aktiengesellschaft 
Defense Technology 
Theodor-Stern-Kai 1-3 
D-6000 Frankfurt 70 
West Germany 


RESPONSE 


NAME 


Rodhe & Schwarz GmbH & 
CO KG 

Postfach 80 14 69 
D-8000 Munich 80 

West Germany 


Siemens AG 
Postfach 23 48 
D-8510 Fuerth 
West Germany 


MBLE (Philips & MBLE 
Associated SA) 

Rue des Deux Gares 80 
B-1070 Brussels 

Belgium 


SIEL 

Industrie Per Lospazio E 
Le 

Communicazioni SpA 
Viele Machinavelli 
50125 Firenze 

Italy 


ESL International Inc 
3052 Bunker Hill Lane 
P.O.Box 4353 

Santa Clara, CA 95054- 
4353 


Watkins Johnson Company 
CEI Division 

700 Quince Orchard Road 
Gaithersburg, MD 20878 


Rockwell International 
P.O.Box 56356 
Dallas, Texas 75356 


Regco 
2351 Research Boulevard 
Rockville, MD 20850 


HRB Singer 
P.O. Box 60 
Science Park Road 


State College PA. 16804 
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Figure 5 - WJ COMINT SYSTEM 
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“The word “he” is intended to include both the masculine and the feminine 
genders and any exceptions to this will be so noted.” 


This publication was prepared by the US Army Intelligence School, Fort 


Devens for use by personnel assigned to US Army tactical support units. 


CHAPTER 1 


Introduction 


1—1. Purpose. 


This manual prescribes basic radio 
Direction-Finding (DF) principles and 
techniques for personnel responsible for the 
employment and operation of DF equipment. 


1—2. Scope. 


This manual includes information pertaining 
to: 


a. Propagation of radio waves. 


b. Directional properties and types of 
directional antennas. 


c. Types of DF efforts. 
d. DF plotting. 
1—3. Comments and Recommendations. 


Users of this publication are encouraged to 
submit recommended changes and comments 
to improve the publication. Comments should 
be keyed to the specific page, paragraph, and 
line of the text in which the change is 
recommended. Reasons should be provided 
for each comment to ensure understanding 
and complete evaluation. Comments should 
be prepared using DA Form 2028 
(Recommended Changes to Publications) and 
forwarded direct to the Commander, US 
Army Intelligence School (Fort Devens), 
ATTN: ATSIE—TD—TS—TL, Fort Devens, 
Massachusetts 01433. 
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1—4, Concept of Warfare. 


The information contained in this manual is 
applicable to nonnuclear warfare. 


1—5. Definition, Capabilities, and 
Limitations of Radio Direction Finding. 


a. DF is concerned with determining 
the arrival direction of a radio wave. Unlike 
an ordinary radio receiver, a DF receiver, with 
associated equipment, indicates the 
approximate direction along an imaginary line 
on which a distant transmitter lies. While 
information obtained by DF may not always 
be accurate enough to direct artillery fire, the 
direction of a distant transmitter can be 
determined, in most cases, to an accuracy on 
the order of + 2 degrees. One DF site can 
determine only the approximate direction of 
a distant transmitter. However, by the use of 
two DF sites, the approximate location of a 
transmitting antenna can be found. By the use 
of three DF sites, a fixed location can be 
found. 


b. The theory of DF has remained 
reasonably static since the early history of the 
study of electromagnetic wave phenomena. 
Initially, attempts were made to obtain 
directional transmissions because early 
transmitters were relatively low powered and 
inefficient in their output and receivers were 
relatively insensitive. Efforts were undertaken 
to “direct” the transmitted wave toward the 
receiving device to ensure communications 
rather than to determine locations. The useful 
applications of DF were obtained almost 
simultaneously with the effort to provide 
directional transmissions. 


1—6. Military Use of DF. 
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DF is extensively used as navigation aids, as 
‘sources of signal intelligence, and in electronic 
warfare support measures. 


a. Navigation. As navigational devices, 
DF equipment is either used alone or in 
combination with radio communications 
systems, depending upon the service which is 
to be eas Such service includes the 
positioning, controlling, and homing of 
ground, sea, and air forces. DF equipment is 
also used by rescue personnel as an essential 
part of) air-sea rescue. Crash beacons on 
downed aircraft or disabled ships provide a 
signal which can be located or “chomed-in” on 
by use of DF equipment. 


b. Signal Intelligence. The use of radio 
in military communications has increased the 


value of DF in furnishing signal intelligence. 
Even if a hostile force is extremely careful, his 
transmissions by radio can be intercepted and 
the location of his transmitters determined. 
This information is invaluable when used by 
traffic analysts in determining order of battle. 


c. Electronic Warfare Support 
Measures, Electronic Warfare Support 
Measures (ESM) are those actions taken to 


search for, intercept, locate, record, and 


analyze radiated electromagnetic energy for 
the purpose of exploiting such radiations in 
support of military operations. ESM activities 
provide the operational information required 
to. conduct Electronic Countermeasures 
(ECM), Electronic Counter-Countermeasures 
(ECCM), threat detection, warning, 
avoidance, target acquisition, and homing. 


Sew 


CHAPTER 2 


Wave Propagation 


Theory 


Section | 
PROPAGATION OF ELECTROMAGNETIC 
WAVES 


2—1. General. 


In order to understand how a radio receiver 
intercepts or “hears” signals from the 
atmosphere, a basic introduction to radio 
waves is necessary. This section describes the 
nature of radio waves and the basic principles 
involved in the propagation of radio waves 
from a transmitting station to a receiver or 
DF site. Since DF involves determination of 
the arrival direction of these waves, an 
understanding of these principles will improve 
the results obtained with DF equipment. If a 
more detailed study of wave transmission 
phenomena is required, additional 
information may be found in TM 11—666, 
Antennas and Radio Propagation, and TM 


11—665, CW and AM Radio Transmitters and 


Receivers. 


a. The frequency bands and _ their 
designators which are detailed in table 2—1 
provide the commonly accepted limits of each 
band. Information which follows in this 
manual is primarily applicable to the DF 
effort on frequencies up through the High 
Frequency (HF) band. 


b. Transmissions using frequencies in 
the Very High Frequency (VHF) and higher 
bands are identified as _ line-of-sight 
transmissions. This type of signal is used in 
communications and is vulnerable to DF but, 
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Table 2-1. Frequency Ranges and Band Designators 


FREQUENCY RANGE BAND DESIGNATOR 
30 to 300 Hertz (Hz) Extremely Low Frequency (ELF) 
300 to 3000 Hz Voice Frequency (VF) 
3 to 300 Kilohertz (kHz) Very Low Frequency (VLF) 
30 to 300 kHz Low Frequency (LF) 
300 to 3000 kHz Medium Frequency (MF) 


3 to 30 Megahertz (MHz) High Frequency (HF) 

30 to 300 MHz Very High Frequency (VHF) 

300 to 3000 MHz Ultrahigh Frequency (UHF) 

3 to 30 Gigahertz (GHz) Superhigh Frequency (SHF) 

30 to 300 GHz Extremely High Frequency (EHF) 


since it uses the directwave component of the 


. groundwave (para 2—11), it is limited in 


effective range. Section IV of this chapter 
furnishes additional information concerning 
higher frequency uses. 


2—2. Electrical Component of Radio Waves. 


a. To transmit, an antenna must be 
coupled to a transmitter through a coil or 
other electrical device. The electromagnetic 
wave front, or wave, which is required for 
transmission consists of an electrical field and 
a magnetic field, identified in this manual as 
the E and H field respectively. 


b. The analogy of a pebble dropped 
into a smooth pond or body of water, with 
the resulting waves or ripples traveling in 
concentric circles outward from the point of 
disturbance, has often been used to illustrate 
radio wave action from a transmitter. The 
wave front alternately reverses polarity due to 
changes in the voltage applied to the antenna. 
Capital A, figure 2—1 illustrates this principle 
with the electrical lines of force at any given 
instant showing a positive polarity. Since 
electrical charges of a like polarity repel one 
another, these lines of force are illustrated as 
bowed out but shortening themselves as much 
as possible to the earth since they cannot 
expand indefinitely. When the antenna 
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Ix WAVELENGTH > 
i 


t 
current changes polarity, the electrical field 
collapses momentarily, builds again, and 
assumes opposite polarity. The full cycle is 
illustrated in Capital B, figure 2—1. The 
arrowheads at the end of each line indicate 


the force reversing itself alternately. The — 


electrical component of the wave continues to 
perform in this manner as long as the 
transmitter is keyed. This reversal of polarity 
is again observed at Capital C, figure 2—1, by 
the arrowheads reversing their direction 
periodically. Capital D, figure 2—1 equates 
this action to wavelength which is discussed 
later in this chapter. Shields, reflectors, or 
other devices may be attached to or installed 
near a transmitting antenna to make these 
electromagnetic waves highly directional; 
however, for this discussion, only 
omnidirectional transmissions are explained. 


c. This manual does not discuss fully 
the electrical theory associated with 
electromagnetic wave propagation. To do so 
would involve an elaborate study of 
induction, flux fields and densities, right and 
left hand rules with regard to current flow, 
and many other details. 


2—3. Magnetic Components of Radio Waves. 


A magnetic component (H field) that cannot 
be dissociated from the electrical field at any 
time exists in the radiated wave. In paragraph 
2—2, the continuing change of polarity, or 
oscillation, of the transmitted wave was 
discussed. Thus, oscillating electrical and 
magnetic fields are produced along the path 
of wave travel. The frequency of the 
oscillating fields is the same as the frequency 
of the antenna current, and the magnitudes of 
both fields vary continuously with this 
current. The variations in the magnitude of 
the electrical component (E field) and those 
of the magnetic component (H field) are in 
time phase, so that at every point in space the 
time-varying magnetic field induces a 
difference in voltage, which is the electric 
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field. Thus, the varying magnetic field 
produces a varying electric field, and the 
varying electric field, through its associated 
displacement current, sustains the varying 
magnetic field. Each field supports the other, 
and neither can be propagated by itself. 
Figure 2—2 illustrates the interrelationship of 
the two fields (components). It should be 
kept in mind that figure 2—2 illustrates only 
one transverse section of the entire wave 
front, which fills all the space shown in the 
figure. 


2—4. Wavelength. 


The conventional way of illustrating the 
electrical and magnetic force of any 
electromagnetic wave is by a sine curve, as in 
Capital D, figure 2—1. If a wave were visible, 
it would look like a sine curve, curving above 
and below a base line. The distance between 
the forces at maximum intensity in the same 
direction is known as the wavelength. 
Wavelength may also be defined as the 
distance between two points where the forces 
are identical in intensity and are changing in 
the same manner. Figure 2—3 is another 
method of illustrating the various components 
of the radio wave. Both elements of the wave 
are present regardless of polarity (which is 
discussed in section II, this chapter); however, 
all discussion and illustrations have dealt with 
the vertical element. 


2—5. Frequency. 


a. Frequency is the actual number of 
occurrences in one unit of time of the sine 
curve illustrated in Capital D, figure 2—1. The 
frequency of a transmitted wave is measured 
in Hertz (Hz), Kilohertz (kHz), Megahertz 
(MHz), or Gigahertz (GHz). Some existing 
manuals may contain frequency references 
using Cycles Per Second (c/s), Kilocycles (kc), 
Megacycles (Mc), or Gigacycles (Gc). The 
National Bureau of Standards and _ the 
Department of Defense (DOD) have adopted 
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Figure 2-2. E and H fields of a radiated wave. 
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Figure 2-3. Components of an electromagnetic wave. 


n 


the term Hertz as the standard method of 
referring to frequency. 


b. A conversion formula for wavelength 
and frequency is shown below. If the 
measurement in Hertz is known and a 
conversion to wavelength is desired, apply: 


Wavelength (meters) = 300,000,000*_ 

7 Frequency (Hz) 
If wavelength (in meters) is known and a 
conversion to frequency (Hz) is desired, 
apply: 


Frequency (Hz) = ___300,000,000. 
Wavelength (meters) 
Section Il 

POLARIZATION OF RADIO WAVES 


2—6. General. 


Polarization, or the relationship of the 
different fields in the transmitted wave, may 
be either vertical, horizontal, or a mutation 
which adopts portions of the vertical and 
horizontal. The latter results in a circular or a 
hybrid form of a wave. This manual will deal 
primarily with vertical and horizontal 
polarization. If a whip or other vertical type 
transmitting antenna is used to propagate 
radio waves, the transmitted wave is 
considered to be vertically polarized. If the 
transmitting antenna is horizontal relative to 
the ground or earth’s surface, the transmitted 
wave is horizontally polarized. The direction 
the electric field moves relative to the ground 
is taken as the reference point and determines 
the polarization of the wave. 


2—7. Vertical Polarization. 
Imagine a rope lying reasonably straight on 


the ground with one end attached firmly to a 
tree or other support. If the loose end of the 


*The speed of light in meters per second which is the speed at which radio waves travel. 
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rope is raised, tightened, and given a violent 
up and down motion, a series of undulating 
“waves” will travel along the rope. Although 
the rope remains firmly attached and firmly 
grasped, the movement of the waves up and 
down, vertical to the ground, can be clearly 
observed. Radio waves perform in a manner 
similar to the waves produced along'the rope. 
As long as the E field component of the waves 
moves up and down with reference to the 
earth, they are identified as being vertically 
polarized. Ocean waves are vertically 


~ polarized since the wave movement is up and 


down. There is a ¢+.inite effect produced by 
these waves, although there is little horizontal 
movement of the water through which the 
wave passes. | 


2—8. Horizontal Polarization. 


If the same rope had a movement applied in a 
horizontal manner, the waves would be ina 
horizontal plane and would be called 
horizontally polarized waves. 


2-9. Plane Polarization. | 
| 
From paragraphs 2—7 and 2-8, it is easy to 
imagine taking the same rope and giving it a 
violent shake in any particular angle relative 
to the earth resulting in a straight) line, not 
necessarily vertical or horizontal. In all three 
cases, however, the wave would be polarized 
along a plane (plane polarized waves), a name 
given to any system of transverse wave 
motion which takes place in one plane due to 
the direction of propagation, whether it be 
vertical, horizontal, or any intermediate 
direction. 


a. Linear Polarization. Vertical and 
horizontal polarization, illustrated) in figure 
2—4 are two examples of a |form of 
polarization known as linear polarization. The 
term linear means that (except for the 180 
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VERTICAL 


Figure 2—4. Representation of magnetic and electric fields 
in horizontally and vertically polarized wave fronts. 


degree phase reversal during a cycle) the 
orientation of the electric field does not 
change. In other words, the electric field of a 
horizontally polarized wave always remains 
horizontal, and the electric field of a 
vertically polarized wave always remains 
vertical. By various means it is possible to 
produce a linearly polarized wave at any 
angle. A linearly polarized wave at an angle of 
45 degrees from the horizontal is shown in 
figure 2—5. One method of producing this 
direction of polarization is to tilt a 
horizontally polarized aircraft antenna to a 45 
degree angle. Tilting the electric field in this 
manner serves no useful purpose insofar as 
radiation in this form is concerned, but it can 
be used as a starting point for introducing 
another type of polarization, referred to as 
circular polarization. 
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HORIZONTAL 


Figure 2—5, Representation of electric and magnetic fields in 
wave front polarized at an angle to the horizontal. 


b. Circular Polarization. Assume that an 
electric field is tilted at a 45 degree angle as 
shown in figure 2—5 and further assume that 
by the use of some device it is possible to 
resolve this field into its horizontal (Ep) and 
vertical (Ey) components as shown in figure 
2—6. These two components would still be in 
phase; that is, measured at a given point, both 
Ep and Ey would have the same relative 
amplitude at any given time. If either 
component is shifted in phase by 90 degrees, 
or one quarter wavelength, a new type of 
polarization becomes possible. If it is assumed 
that the horizontal component Ep has been 
retarded 90 degrees in phase, then when Ey 
has maximum amplitude, Ep is zero, and vice 
versa. The E vector is shown in figure 2—7 for 
several different conditions of Ey and Ey. To 
an observer standing in one spot and able to 


» 


Figure 2—6. Vertical and horizontal components of the 
electric field in directions other than vertical or horizontal. 


Figure 2—7, Successive directions of the electric field in a 
circularly polarized electromagnetic field. 


FM 30—476 


“see” the electric field, the field would appear 
to have a circular motion and a constant 
amplitude. , 


ATE,;Ey = Oy = MAX POSITION 
ATE);Eq = Ey, BOTH POSITIVE 

ATE3;Ey = O,Eq = MAX POSITIVE 
ATE4;Eyq = O.Ey = MAX POSITIVE 
ATEs;Ey = O,Eyq = MAX POSITIVE 


c. Elliptical Polarization. In the 
development of a circularly polarized wave, 
any attentuation introduced by the 
phase-shifting device must produce the same 
effect on both Ep and Ey. If this condition is 
not obtained, the peak amplitudes of Ep, and 
Ey will not be the same. As a result, the 
electric field as “seen” by the observer will 
vary in both amplitude and direction, and will 


‘describe an elliptical path. Hence, the 


resulting polarization is known as elliptical 
polarization. Two possibilities of ellipticai 
polarization are shown in figure 2—8. 


B 
PK ps PKE 
\U/ 
A 
PK E> PK Ey 


Figure 2-8, Successive directions of the electric field in an 
elliptically polarized electromagnetic field. 
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Section III -w? 
PROPAGATION FACTORS 


2—10. Electrical Phenomena in Radio Wave 
Propagation. 


Radio wave propagation is defined as 
extending or transmitting electromagnetic 
energy through space. There are numerous 
factors affecting radio propagation. 
Wavelength, frequency, and _ polarization, 
which have been discussed previously, are all 
essential elements of the actual wave. Space, 
or the medium through which waves travel, 
contributes or creates additional 
considerations which personnel engaging in or 
using DF results must understand. 


2-11. Types of Radio Waves. 


Radio waves may be classified as either 
groundwaves or skywaves (fig. 2—9). 


yonizeD LAYER 


VA p wl 
way Eee SKIP ZONE —~a, 


Figure 2-9. Groundwaves and skywaves. 


a. Groundwaves are continuously in 
contact with the earth’s surface and do not 
make use of reflection from the ionosphere. 
They have a tendency to be refracted and, in 
some cases, reflected into the lower 
atmosphere. At frequencies above 1500 kHz, 
a groundwave is affected very little by the 
time of day or season. The groundwave loses 
much of its strength and dissipates energy as 
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it travels over the earth’s surface. However, 
less strength is lost when it travels over water. 


b. Skywaves are transmitted upward 
with respect to the earth’s surface. Skywaves 
would not be useful for communications were 
it not for the ionosphere, a region of ionized 
gases in the earth’s atmosphere located some 
50 to 400 kilometers above the earth’s 
surface. Radio waves approaching the 
ionosphere at an angle are refracted (para 
2-18) back to earth where they may be 
detected and used for communications 
purposes or for DF exploitation. Figure 
2—10, similar to figure 2—9, represents the 
waves that penetrate the ionosphere and are 
lost for all practical purposes, and also those 
waves that return to earth for 
communications use. 


2—12. The lonosphere. 


The ionosphere consists of a series of layers of 
ionized gases which occur at different levels 
and vary in intensity and height above the 
earth’s surface during the course of the day. 
An important relationship between radio 
waves and the ionosphere is that the higher 
the frequency, the less will be its tendency to 
bend as it enters the ionized area. Dependent 
upon ionospheric conditions and the angle of 
the signal’s arrival at the ionosphere, the 
bending will be so slight that the radio waves 
will not be sent back to earth, but will 
continue into space (fig. 2—10). 


a Factors which influence the 
ionosphere, and therefore its effect on radio 
waves, are the time of day, the season of the 
year, solar flares, magnetic storms, and certain 
manmade disturbances such as atomic 
detonations. More information may be 
obtained concerning this phenomena by 
consulting any standard reference 
encyclopedia and reading of the efforts of 
three physicists, Kennely, Heaviside, and 
Appleton, who were early pioneers in this 
area. 


io 


Sy 
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Figure 2—10. Wave penetration. 


b. For the purpose of this manual, 
however, the reader must understand that 
there are essentially four layers (D, E, Fl, and 
F2) of the ionosphere which affect 
communications, propagation, and DF. 

(1) Some of these layers combine 
during periods of varying ionization. 
Exposure of the atmosphere to the sun causes 
ionization, and the degree of ionization is 
determined by the duration of exposure. 
During daylight hours, the ionization reaches 
a maximum intensity at approximately 400 
kilometers above the earth’s surface. 

(2) To describe the term “varying 
ionization,” it is necessary to briefly discuss 
the matter which is present in the ionosphere 
and the mechanics of ionization. Energy in 
the form of electromagnetic radiation of the 
proper wavelength and energy is capable of 
dislodging some loosely bound electrons from 
their atoms. When this occurs frequently in 
any gas, it is said to be ionized since it has 
atoms lacking electrons and free electrons 
dissociated from any atom. Atoms lacking 
their normal quota of electrons are called 


. positive ions, and electrons dissociated from 


any atom are called negative ions. The term 
ion is, in fact, applied to any elemental 
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particle that has an electric charge. Although 
a few ions may exist in any gas, external 
energy must be applied to the atom in order 
to produce an abundance of ions. Ionization 
is said to exist when all or a large proportion 
of the particles in the gas are positive and 
negative ions. Although external energy may 
come from many sources, we are primarily 
interested in the ultraviolet rays the sun 
constantly gives off which ionize the gas 
particles of the upper atmosphere. This 
ionization is not static and recombination 
takes place continuously. The rate of 
recombination depends in part upon the 
density of the gas molecules. The atoms and 
ions in a gas are in constant motion, and 
frequent collisions take place. When an 
electron collides with a positive ion, it may 
combine with it to form a neutral atom of the 
gas. The time that it takes for recombination, 
or deionization, depends on several factors, 
but principally upon the average distance 
between the particles of the gas. If only a few 
particles are present, as in the upper 
atmosphere, collisions will not occur very 
frequently, and the particles remain ionized 
for relatively long periods. 


c. Other changes in composition occur 
(F layers combine), and it becomes a thin 
layer at an altitude of approximately 270 
kilometers. At night, the higher radio 
frequencies are more likely to penetrate the 
ionosphere and be lost. Therefore, as a rule, 
lower communications frequencies are used 
during the night. Conversely, during the day 
when the ionization of the atmoshpere is 
more intense, higher communications 
frequencies can be used without undue loss of 
the signal because of penetration of the 
ionized layer. Changes in the relative 
proximity of the sun to the earth cause 
gradual changes in the ionosphere. The longer 
exposure of the ionosphere to the sun during 
the summer causes a greater degree of 
ionization during both night and day. 
Therefore, higher frequencies may be used for 
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summer operation. Figure 2—11 presents the 
approximate heights of the various layers of 
the ionosphere. 


APPROX REICHT 
IN KILOMETERS 


Figure 2~11. Approximate heights of ionospheric layers. 


d. Remember, however, that the actual 
number of layers, their heights above the 
earth, and the relative intensity of ionization 
present, all vary from hour to hour, from day 
to day, from month to month, and from year 
to year. There are many ionospheric 
predictions generated to determine the best 
skywave frequencies over any transmission 
path at any time of day and for average 
conditions for the month. Ionospheric 
prediction information can be obtained from 
the Bureau of Standards. A pamphlet called 
the “Monthly Basic Radio Propagation 
Predictions” can be obtained 3 months in 
advance from the Central Radio Propagation 
Laboratories, National Bureau of Standards, 
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Washington, DC 20234. Information 
regarding radio wave propagation may also be 
obtained by writing to: Commander, 
USACEEIA, ATTN: ACCC—CED—RP, Fort 
Huachuca, AZ 85613. 


2-13. The Stratosphere. 


The stratosphere is that portion of the earth’s 
atmosphere between the troposphere and the 
ionosphere. Since the temperature in this 
region is considered to be almost constant, it 
is also known as the isothermal region. The 
stratosphere has little if any effect on radio 
waves which are transmitted through it, and it 
is mentioned only to differentiate the three 
major regions of the earth’s atmosphere. 


2—14. The Troposphere. 


a. The troposphere, which greatly 
influences communications, is that portion of 
the earth’s atmosphere extending from the 
surface of the earth to heights of 
approximately 95-105 kilometers. In 
transmitting a wave, there are four distinct 
paths that the wave may take to reach the 
receiving antenna: direct, reflected, refracted, 
and tropospheric ducting. The direct and 
reflected paths shown in figure 2—12, are 
purposely exaggerated to enable the reader to 
clearly grasp the differences. The direct path 
goes directly from the transmitting to the 
receiving antenna. The reflected path 
“bounces” off the ionosphere, troposphere, 
or the surface of the earth at the same angle 
of arrival and continues to the receiving 
antenna. The refracted path is the path caused 
by the bending of the waves in the same 
manner light waves are bent when seen 
through water. If the waves are refracted by 
the earth, the distance they travel is severely 
limited due to large losses of energy in the 
form of heat dissipated into the earth’s crust. 
By contrast, those waves refracted by the 
troposphere may travel great distances. 
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Figure 2-12, Reflected and direct routes for radio waves, 


b. The tropospheric path is a 
combination of reflection, refraction, and 
certain “‘channeling” phenomena caused by 
the humidity and density of the atmosphere. 
The term tropospheric “‘scatter”’ is also widely 
used for descriptive purposes. The 
tropospheric wave is that component of the 
entire wave front which is refracted in the 
lower atmosphere by relatively steep gradients 
(rapid changes in respect to height) in 
atmospheric humidity, and sometimes by 
steep gradients in atmospheric density and 
temperature. At heights varying from a few 
hundred meters to a kilometer or so, huge 
masses of warm and cold air exist near each 
other, causing abrupt temperature differences 
and changes in density. The resulting 
tropospheric refraction and reflection make 
communications possible over distances far 


greater than can be covered by the ordinary 
groundwave. Depending upon the dielectric 
constant and the moisture content of the 
troposphere, the radio waves may be refracted 
upward or downward, as depicted in figure 
2—13. Since the amount of refraction 
increases as the frequency increases 
tropospheric refraction is more effective at 
the higher frequencies, providing more 
available communications possibilities at 50 
MHz and above. 


c. One common cause of tropospheric 
refraction is temperature inversion, which is 
the result of any of the following: a warm air 
mass overrunning a colder mass; the sinking of 
an air mass heated by compression; the rapid 
cooling of surface air after sunset; and the 
heating of air above a cloud layer by the 


2-11 


FM 30—476 | 


‘Te 
% 


ie, 
Tf y. 


JONOSPHERE 


¥ 


IN 


Figure 2—13. Atmospheric ducting and refracted routes for radio waves, 


reflection of the sun’s rays from the upper 
surface of the clouds. The effect of 
tropospheric propagation depends on weather 
conditions which vary from minute to 
minute, thus causing fading or variable field 
intensity. In tropospheric wave 
communications, the receiving and 
transmitting antennas should have the same 
polarization, since the tropospheric wave 
maintains essentially the same polarization 
throughout its travel. 


2—15. Abnormal Effect of the Troposphere. 
a. In the tropics and over large bodies 
of water, temperature inversions are present 


almost continuously at heights up to 
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approximately 1,000 meters, particularly 
from 50 to 150 meters. When the boundary 
of the inversion is defined sharply, waves 
traveling horizontally or at very low angles of 
elevation become trapped by the refracting 


- layer of air and continue to be bent back 


toward the earth. Figure 2—13 shows how 
such a trapped wave follows a duct, the upper 
and lower walls of which are formed by the 
boundary and the earth. This is the 
channeling mentioned in paragraph 2—14. 
The waves are guided within this duct in 
much the same manner as in a metallic 
waveguide, and since attenuation in a 
waveguide is slight, the energy does not fall 
off inversely as the square of the distance. 
Thus, the waves follow the curvature of the 


earth for distances far beyond the optical 
horizon of the transmitter, and in some 
localities they may consistently reach 
distances of many thousands of kilometers. 


b. ‘Tropospheric ducts also are formed 
by the waveguiding effect of two layers of air 
with sharply defined temperature inversions. 
The refraction from the upper boundary 
bends the wave down, and the refraction from 
the lower boundary bends the wave up, 
effectively trapping the energy within the 
layer. The height of the duct determines the 
minimum frequency, and if this height is only 
a few meters above the surface of the earth, 
or from boundary to boundary, transmission 
may be possible only at the UHF or SHF 
frequencies. Occasionally, the height and the 
dielectric characteristics of the layer are 
suitable for VHF transmissions. However, a 
necessary feature of duct transmission is that 
the angle of approach of the incident wave be 
approximately half a degree or less for the 
wave to be trapped. In addition, both the 
transmitting and the receiving antennas must 
be inside the duct if communication is to be 
established by this means. A transmitting 
antenna above the duct, as on a tower or 
promontory, will not operate into the duct, 
and no signals will be received by the 
receiving antenna. Moreover, a_ receiving 
antenna below a duct will not receive signals 
from an airplane flying in or above the duct, 
even though line-of-sight conditions prevail. 
From this it is apparent that accurate 
tropospheric propagation predictions are 
essential to establish reliable communications. 
Also, it should be obvious that due to the 
channeling effects of tropospheric returns, 
this means of communications, if used by 
unfriendly targets, would have little value to 
friendly DF efforts. Tropospheric information 
is included in this manual since supporting 
communications units make extenisve use of 
it in normal communications, and the 
supported commander who receives DF 
information may, therefore, become 
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particularly attracted to this means of 
communications. Its value to the DF effort is 
of little, if any, consequence. 


2—16. Influence of Soil 
Relative to Wave Propagation. 


Conductivity 


A wave front is a surface of equal phase 
perpendicular to the direction of travel of the 
wave. As previously discussed, the wave front 
has been found to contain both electric and 
magnetic components as it is propagated. 
Within a few wavelengths of a transmitting 
antenna, the lines of both magnetic and 
electric force are appreciably curved. At 
greater distances the curvature becomes so 
slight that the network of horizontal and 
vertical lines becomes, for all practical 
purposes, a vertical plane presenting a wave 
front to a receiving antenna. This front is 
shown diagrammatically in figure 2—14. In 
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Figure 2—14. Wave front of normally polarized wave. 


practice, the plane containing the electric and 
magnetic forces in the wave, constituting the 
wave front, is never truly vertical unless the 
wave is passing over a surface which has 
infinite conductivity, such as salt water, or is 
traveling in free space. The horizontal electric 
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force in a wave, in the direction of its travel, 
can lead to some confusion and is, therefore, 
worth consideration. To propose an extreme 
case, imagine a wave traveling over a perfect 
conducting surface, with the arrow AB in 
figure 2-—15 representing the vertical 
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Figure 2—16. Vertical electric force in a wave traveling over a 
high-conductivity surface. 


Figure 2-15. Horizontal and vertical components 
of electric force. 


component of electric force and AC 
representing the horizontal component of 
electric force in direction and magnitude. For 
this to be true, there must be a potential 
difference between A and C. However, since 
the surface is a perfect conductor and has no 
resistance, there can be no difference of 
potential and likewise no lines of electric 
force. Therefore, AC cannot exist. The salt 
water of the ocean has high conductivity in 
this respect. Figure 2—16 shows a cross 
section of a wave front over the ocean with a 
vertical electric force being represented in 
direction and magnitude by the single arrow 
or vector AB. When a wave is transmitted over 
the earth’s surface, with its low conductivity, 
there are losses into the semiconducting 
material which result in a_ horizontal 
component of electric force in the direction 


a Figure 2-17. Elliptical electrical force in wave traveling over 
of wave travel, as shown by the two vectors in a low-conductivity surface. 


figure 2—17. The consideration becomes more 
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complex because the vertical electrical force 
and the horizontal component are not usually 
in phase with one another, thus producing a 
rotating field of elliptical form, as illustrated 
in figure 2—17. The conductivity of the earth, 
or surface over which wave fronts pass, 
becomes very important when dealing with 
the different antennas used in DF operations, 
particularly the Adcock antenna. Although 
the values of conductivity and resistivity vary 
widely for soils of apparently similar types 
(they also vary with frequency), they are not 
appropriate to this manual. 


2—17. Reflection. 


When one observes himself in a mirror, the 
light beams or waves transmitted directly off 
the mirror’s silver finish give the identical or 
“mirror” image, barring parallax or other 
optical distortions. Radio waves act in a 
similar manner to light waves, traveling at the 
same speed. Although light waves can be seen, 
radio waves must be detected by electronic 
equipment. Illustrations in this section will 
deal with both media. Figure 2—12 illustrates 
how radio waves are reflected off the 
ionosphere. Radio waves are reflected off the 
earth’s surface, but are of little value unless 
the transmitting and receiving antennas are in 
close proximity of one another. The reflective 
and refractive components of light beams are 
illustrated in figure 2—18. The reflection of 
radio waves is illustrated in figure 2—19. 


2—18. Refraction. 


When the beam of a flashlight is directed at an 
angle on the smooth surface of water, some of 
the light will be reflected and the remaining 
portion will penetrate the water, as shown in 
figure 2—20. Refraction can also be observed 
by examining a glass of water into which a 
spoon is immersed. If viewed from an angle, 
the spoon appears broken or bent at the point 
where it enters the water because light waves 
travel at a slower speed through water than 
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Figure 2-18. Reflection and refraction of a light beam. 


through air causing a change in direction of 
travel of the refracted light. Figure 2—20 
shows how this change in the direction of the 
light beam occurs. The parallel lines in this 
figure represent the wave front of a light 
beam incident to the surface of the water. 
Consider the wave front A—A1 (fig. 2—20), 
hitting the surface of the water. Since the 
speed of light is less in water than in air, point 
A will advance the distance dj in a given 
length of time, whereas point Al will travel a 
greater distance (dz) in the same length of 
time. As a result, the wave front will turn in a 
new direction. Note that refraction occurs 
only when the wave or beam of light 
approaches the new medium at an oblique 
angle. If the whole wave front arrives at the 
new medium at the same moment 
(perpendicularly), it is slowed uniformly and 
no bending occurs. 


2-19, Diffraction. 


If a beam of light in a dark room shines on 
the edge of an opaque screen, it will not form 
a perfectly outlined shadow because the light 
rays bend around the edge of the object, 
decreasing the area of total shadow. The 
diffraction or bending of a light wave around 
the edge of a solid object is slight. The lower 


2-15 


FM 


2—16 


30-476 


DIRECTION OF DIRECTION OF 
TRAVEL REFLECTED WAVE 


POLARIZATION 


LATS. 
a Op. 
INCIDENT | NEPIN 


REFLECTING SURFACE 


ANGLE OF 
REFLECTION 


Figure 2-19. Reflection of a planar wave front. 
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Figure 2-20. Bending of a wave front by refraction. 
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the wave frequency, or the longer the 
wavelength, the greater the bending of the 
wave. Therefore, radio waves are more readily 
diffracted than light waves, and sound waves 
more than radio waves. Figure 2—21 
illustrates why radio waves of the proper 
frequency can be received on the far side of a 
hill or other natural obstruction, and why 
sound waves can be heard readily around the 
corner of a large building. Diffraction is an 
important consideration in the propagation of 
radio waves over long distances because the 
largest object to be contended with is the 
curvature of the earth, which prevents a direct 
passage of the waves from the transmitter to 
the receiver. 


2—20. Skip Zones and Skip Distances. 


In the foregoing discussion on propagation 
factors, the skip zones and skip distances have 
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been illustrated, although not explained. 
Simply stated, the skip zone is that area in 
which the groundwave can no longer be 
detected (area AB, fig. 2—9) and the skywave 
has not yet returned to earth after being 
reflected or refracted off the ionosphere or 
troposphere. The wave front has “outrun” the 
groundwave portion, and the skywave portion 
has not returned to earth after reflecting off 
the ionosphere. The skip distance is that area 
where no skywave reception will normally be 
possible (area CD in fig. 2—9) since the wave 
has not returned to earth after its first or 
subsequent bounce off the reflecting layer. 
Depending upon the frequency and the 
transmitter power, multihop transmissions are 
routinely used for communications; there will 
be, however, skip distances between the 
points of the waves’ return at each hop. 
Figure 2—22 illustrates multihop 
transmissions. 


DIFFRACTION ZONE 


Figure 2-21. Diffraction of waves around a solid object. 
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Figure 2-22. Multihop transmission. 


Section IV 
VHF AND UHF TRANSMISSIONS 


2—21. VHF Transmissions. 


The majority of all Frequency Modulated 
(FM) communications links operate within 
the frequency range of 30 to 300 MHz, (VHF 
band). Several FM radio sets are employed by 
US forces with speech security devices. This 
equipment provides secure communications in 
a wide variety of tactical situations. The 
planning range for this VHF equipment, with 
the transmitter and receiver located at ground 
level and no intervening hills, buildings, 
towers, or similar obstructions, is 
approximately 32 kilometers from a fixed 
location and 24 kilometers if moving. By 
increasing the height of the receiving antenna 
(as in an airborne platform) above the ground, 
it is readily apparent that the usable range of 
VHF signals for DF operations is greatly 
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increased. This portion of DF application is 
covered more fully in section IV, chapter 4, 
of this manual. 


2—22. Secondary DF Applications of VHF 
Transmissions. 


Particularly in helicopters or other slow, 
low-flying aircraft, the “homing”? use of VHF 
transmissions is important. When weather 


‘conditions deteriorate and visibility is 


marginal, the aircraft commander, copilot, or 
observer may use a homing antenna or 
homing adaptor. By tuning the receiver to a 
known friendly frequency in the VHF band, 
having that station key its transmitter for 
extended periods (20-30 seconds), and 
rotating the antenna for a null, the general 
direction of the transmitter can be 
determined. This method will be explained in 
paragraph 3—1. By flying the aircraft in the 
direction indicated by the null, the VHF 


signal becomes a ground navigational aid. 
Although this is DF homing instead of target 
locating, it is another useful application of the 
principles of DF. 


2—23. UHF Transmissions. 
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Equipment is undergoing research and 
development, and in some cases field testing, 
for UHF DF applications. Since the principles 
and systems for UHF will be similar to those 
employed in VHF, they will not be discussed 
here. 
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CHAPTER 3 


DF System Components 


and Characteristics 


Section | 
RADIO DF ANTENNAS 


3—1. Polar Diagram of Antennas. 


In the study of DF, it is convenient to have 
some method of illustrating the receiving 
sensitivity of an antenna system for various 
angles of arrival of an incoming wave. A 
method to illustrate this for both transmitting 
and receiving antennas is the polar plane 
diagram. 
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a, In figure 3—1, the plus mark at the 
zero point represents the directive antenna 
system of a receiver. To indicate the antenna 
sensitivity (response pattern). for signals 
arriving from different directions move a 
portable transmitter in a circle around the 
antenna, keeping the transmitter power 
output and distance from the receiving 
antenna constant. Measure the receiver input 
and compare with the transmitter output at 
known angles: (0, 10, 20 degrees, etc.). If 
radial lines are drawn from the central point 
with each line corresponding to the azimuth 
for which the receiver input was measured, 
and if the lengths of these lines correspond to 
the receiver input voltages, the curve obtained 


AZIMUTH 


| 7 
\ / FA 50 
VOLTAGE OR POWER 40 \\ 
LEVEL \ 


30 FIELD STRENGTH 


> AW. oo 


ce) 


Figure 3-1. Polar diagram. 


FM 30—476 


by joining the extremities of all these lines 
will give a clear picture of the directional 
properties of the antenna system. For 
example, in figure 3—1, the level of receiver 
input is 80 volts at 10 degrees, 69 volts at 15 
degrees, 56 volts at 20 degrees, 27 volts at 30 
degrees, etc. 


b. ‘When the polar diagram of a 
directional transmitting antenna is made, the 
process is reversed so that the receiver circles 
the antenna. In either case, the transmitter 
output and the receiver gain must be. kept 
constant during the test so that the measured 
signal strength changes only because of 
directivity. 
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32. Loop Antennas. 


Loop antennas are as old as radio itself. 
Heinrich Hertz used them in his original 
experiments with radio transmission and 
teception, and their directional properties 
were known long before there were enough 
radio transmitters to make direction finding 
worthwhile. A loop antenna consists of one or 
more turns of conductor, either 
self-supporting or wound on an insulated 
frame. The most commonly used styles are 
square (fig. 3—2) or circular (fig. 3—3) loops. 
The loop in figure 3—2 is illustrated as one 
turn of wire. 
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Figure 3-2, Simple loop antenna. 
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Figure 3—3. Circular loop antenna. 


a. Maximum Reception. Consider the 
loop placed in the path of a vertically 
polarized wave with one side of the antenna 
closer to the transmitter than the other. With 
the plane of the loop parallel to the direction 
of wave travel the wave front reaches the 
vertical sides at slightly different times. Since 
wave polarization is spoken of in terms of the 
electric field, the magnetic component of a 
vertically polarized wave is horizontal (see fig. 
2—2). This horizontal magnetic component 
induces voltages in both vertical arms of the 
loop but not in the horizontal arms since the 
wave travels parallel to them. The voltages 
induced in the vertical arms partly cancel each 
other across the antenna coupling coil because 
the amplitudes of the induced voltages differ 
at any given instant of time. The resultant 
voltage has a relative magnitude proportional 
to the field intensity of the wave. 
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b. Minimum Reception. If the loop is 
rotated about a central vertical axis until it is 
broadside to the oncoming wave 
(perpendicular to the direction of wave 
travel), the voltages induced in the vertical 
arms are equal and in phase, and will cancel 
across the antenna coupling coil to give 
minimum reception. This point of minimum 
response is called a null. 


c. Pattern with Normal Polarization. 
When the incoming radio waves are vertically 
polarized, the condition under which a 
vertical loop would be used for direction 
finding, the loop antenna has a figure-eight 
response pattern. In figure 3—4, the loop 
appears in the 90—270 degree position; any 
signal received from either of these directions 
will induce maximum signal into the receiver. 
As the loop is turned away from the direction 
in which the. wave is arriving (90—270 
degrees), the received signal decreases, 
reaching a minimum when the loop is in 
either the 0 or 180 degree position. The line 
of direction (bearing, azimuth) to a 
transmitter can be determined by rotating the 
loop on its vertical axis until either a null or a 
maximum signal is produced. The transmitter 
direction will be broadside to the loop at the 
null or edgewise to the loop at the maximum. 
The appropriate direction will be indicated by 
an azimuth scale attached to the loop (fig. 
3—5). It is customary to use the minimum 
rather than the maximum output of a loop 
when finding an azimuth since it permits a 
sharply defined indication and _ greater 
accuracy. The response pattern in figure 3—6 
demonstrates the reason that this is so. In this 
instance, a maximum response of 100 
microvolts (uv) is obtained with the loop 
edgewise to direction A (toward the 
transmitter). With the loop pointing toward 
B, a 10 degree rotation, there is only a 1.5 
microvolt change in signal strength; this 
difference is not noticeable in the receiver 
input. But with the loop broadside to a 
transmitter at D, a null position, a similar 10 
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Figure 3-4, Loop antenna, figure-eight response pattern. 
degree rotation causes a 17.4 microvolt antenna cannot determine whether 


change in signal intensity. 


d. Pattern with Abnormal Polarization. 
Since vertical polarization is considered 
normal, any horizontally polarized wave is 
considered to be abnormally polarized for the 
simple loop direction finder. A horizontally 
polarized wave has no effect on vertical 
conductors, but it will induce voltage in 
horizontal conductors such as those at the top 
and bottom of a loop. For DF purposes, these 


horizontal conductors are considered to be 


ineffective and any induced current is 
considered inconsequential. 


e. Ambiguity. Unless the general 
direction of the transmitter is known, a 


direction finder equipped with a simple loop 
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transmitter lies forward of or behind the 
direction finder. This 180 degree ambiguity is 
caused by the two null positions of the loop. 
Without a sense antenna or sensing circuit, 
there can be no indication which of the two 
directions is the correct azimuth. 


3—3. Loop and Sense Antennas. 


a, Purpose. The sense antenna is usually 
an omnidirectional vertical whip or monopole 
placed at the vertical axis of the loop. Both 
the circular response pattern of the sense 
antenna and the figure-eight pattern of the 
loop are symmetrical, but when properly 
combined the two antennas produce a 
lopsided or unidirectional. pattern (the 
cardioid pattern or ‘“‘valentine-shaped heart” 
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Figure 3—5, Azimuth scales, 
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Figure 3—6. Change in loop position versus change in 
signal voltage. 


in fig. 3—7). The large end of this pattern lies 
to the right of one null and to the left of the 
other null of the figure-eight patfern. By 
observing the relative position of the 
unidirectional pattern, the two nulls can be 
distinguished, thus resolving the 180 degree 
ambiguity of the simple loop. One null is 
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Figure 3-7, Cardioid response pattern obtained by 
combination of circular and figure-eight voltages. 
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arbitrarily designated as the front or 
direct null, while the other is called the 
back or reciprocal null. 


b. Application. After the loop has 
been turned to a null, the direction may 
either be read from an azimuth scale or 
observed directly. The sense antenna is 
then placed in operation to change the 
response pattern from a figure eight to 
undirectional. The null vanishes due to 
this change. Upon turning the loop 90 
degrees to either side from the former 
null position, the response is found to be 
greater on one side than on the other. 
Which side is greater depends on whether 
the loop originally had the direct null 
facing toward or away from the 
transmitter. As a rule, if the response 

increases as the loop is turned clockwise, 
increasing the azimuth scale reading, or if the 
response decreases as the azimuth reading 
decreases, the direct null was toward the 
transmitter. If the response changes in the 
opposite direction, the reciprocal null was 
toward the transmitter. This relationship is not 
always used. It can be reversed by transposing 
connections in the antenna circuit to reverse 
the relative polarity of loop and_ sense 
antennas, or by a 180 degree shift in the 
position of the azimuth scale or pointer 
relative to the loop. There are cases in which 
such a reversal has been made intentionally. 


3—4. Cardioid Theory. 


When the voltages from the loop and sense 
antennas are combined with the proper 
relative phase and amplitude, the resulting 
pattern is a heart-shaped curve known as a 
cardioid. A typical case is illustrated in figures 
3—8 and 3—9, 


a. <A radio wave traveling past the loop, 
as indicated in capital A, figure 3—8, strikes 
leg No. 1 a short time before it strikes leg No. 
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Figure 3—8, Loop and sense antenna system, relationship of voltages. 
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Figure 3—9, Relationship of voltages in loop and sense antenna systems 
when the loop has been rotated 180 degrees from the position shown in figure-3~—8, 


b The voltages induced in the two so that the net output of the loop depends on 
vertical legs are connected in series opposition, their potential difference. 
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c. As shown in Capital B, figure 3—8, 
the voltage in leg No. I is starting to rise at 
time zero (tg); the voltage induced in leg No. 2 
starts to rise a short time later (t7). However, 
where the output of the loop is concerned, the 
voltage induced in leg No. 2 is out of phase 
and begins to subtract from the voltage in leg 
No. | at this time (t)). 


d. The resultant voltage (E,) is 
developed across the output of the loop. This 
voltage is directly proportional to the time 
delay (phase shift) between the voltages 
induced in the legs of the loop. The greater the 
separation between ty and tz in Capital B, 
figure 3—8, the greater the resultant loop 
voltage. 


é. It is apparent in Capital B that the 
resultant voltage leads the voltage induced in 
leg No. 1 by approximately 90 degrees and 
lags the voltage induced in leg No. 2 by the 
same amount. 


f. Voltage E3 induced in the vertical 
sense antenna is intermediate in phase between 
the voltages induced in the two legs of the 
loops, and therefore lags the resultant loop 
voltage Ej by 90 degrees. To compensate for 
this phase difference (to have either an 
in-phase or out-of-phase relation between the 
resultant loop voltage E, and the sense voltage 
E3), it is necessary to advance or retard the 
phase of the loop voltage by 90 degrees with a 
phase shifter. Retarded loop voltage E is 
shown in Capital C, figure 3—8. If the loop 
voltage had been advanced, it would be shifted 
180 degrees in phase from that shown in 
Capital C. 


g. Notice that the retarded loop voltage 
E and the sense voltage E3, beginning at the 
same instant (tj), are in phase. These two 
voltages add in the input transformer; the 
receiver voltage Ep is maximum (Capital E, 
fig. 3—8). 
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h, If the antenna is rotated on its 
vertical axis through 180 degrees, the 
electromagnetic wave strikes leg No. 2 before 
it strikes leg No. 1 (fig. 3—9). 


i. The voltages across both legs are 
induced in the same manner, producing a 
resultant voltage again proportional to the 
separation between the legs. However, because 
of the loop rotation, the voltages of the two 
legs are interchanged and the resultant output 
voltage E; is shifted 180 degrees in phase 
(Capital B, fig. 3—9). 


j. ‘The retarded loop voltage E9 is 
therefore out of phase with the sense voltage, 
and the minimum signal Ep is applied to the 
receiver (Capitals C, D, and E, fig. 3—9). 


k. Assume that the transmitter azimuth 
is 0 degrees as shown in figure 3-10. At 
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Figure 3-10. Cardioid response pattern, 
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intermediate points between the maximum 
and minimum positions of the loop, the 
following conditions exist: 

(1) When the loop is rotated from 0 
to 90 degrees, the loop voltage gradually 
decreases (the distance between the loop legs 
along the direction of wave travel becomes 
less). The sense voltage is constant and in 
phase with the loop voltage. The resultant 
receiver voltage is decreasing. 

(2) When the loop is rotated from 90 
to 180 degrees, the loop voltage gradually 
increases (the distance between the loop legs 
along the direction of wave travel becomes 
greater). The sense voltage is constant and 180 
degrees out of phase with the loop voltage. 
The resultant receiver voltage decreases 
because of the out-of-phase condition. 

(3) When the loop is rotated from 
180 to 270 degrees, the loop voltage gradually 
decreases. The sense voltage is constant and 
180 degrees out of phase with the loop voltage 
while the resultant receiver voltage increases. 

(4) When the loop is rotated from 
270 to 360 degrees, the loop voltage increases. 
The sense voltage is constant and in phase with 
the loop voltage while the resultant receiver 
voltage increases. 


1. In practice, sense circuits are seldom 
adjusted to the ideal condition just described, 
and the resulting unidirectional pattern is not 
a perfect cardioid. If the sense voltage is very 
small, the resultant pattern is a slight lopsided 
figure eight. Increasing the sense voltage then 
makes the figure eight more and more 
lopsided, as shown in figures 3—11 and 3—12, 
until the sense voltage equals the maximum 
loop voltage. One lobe then disappears 
completely, making the pattern a perfect 
cardioid (fig. 3—13). Further increases of sense 
voltage increase the maximum and minimum 
resultant pattern (fig. 3—14), making it more 
and more like a circle. Either too little or too 
much sense voltage makes sense determination 
difficult, while any of the four patterns just 
mentioned would be acceptable. The 
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Figure 3-11. Response pattern, low sense voltage, 
and correct phase position. 
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Figure 3—13.. Response pattern, proper ratio of sense, - 
and figure-eight. voltage with correct phase relation. 
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lopsidedness -of the resultant pattern is readily 
distinguishable as long as the sense voltage is 
within + 50 percent of the maximum loop 
voltage. If the sense voltage is out of phase 
with the loop voltage, the resultant pattern 
becomes nearly circular, and the amplitude 
relation must be kept closer to the ideal for 
satisfactory operation. Figure 3—15 shows a 
case in which both amplitude and phase 
relation are far from the ideal. Here the sense 
voltage has about half the amplitude shown in 
figure 3—11, and is 40 — 50 degrees out of 
phase with the loop voltage. The lopsidedness 
of the resulting pattern could be detected by 
comparing its two maximums on a visual 
indicator. The difference is too small to be 
detected by listening. If necessary (for 
example, if part of the sense antenna is lost), 
such a pattern can be used by observing which 
way the null shifts when the sense switch is 
operated; both nulls shift toward the small end 
of the lopsided figure-eight pattern. 
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Figure 3-14, Response pattern, high sense voltage, 


and proper phase relation. 
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Figure 3-15. Response pattern, low sense voltage, 


and incorrect phase relation. 
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3—5. Loop Errors. 


Several different factors can lead to undesired 
effects and incorrect azimuths. Some are 
peculiar to loops; others can affect any type of 
directional antenna. Errors arising from causes 
entirely outside the direction finder will not 
be discussed in detail here (see sec. III, chap. 
5). 


a. Antenna Effect. Antenna effect is the 
error in a loop antenna due to voltage loop 
imbalance. 

(1) Description. ‘When combined 
with the loop voltage, even a weak signal from 
the sense antenna may cause noticeable 
distortion of the figure-eight response pattern. 
If in phase or 180 degrees out of phase with 
the loop voltage, the sense-antenna voltage 
tends to make the figure eight lopsided, 
shifting the two nulls in opposite directions 
(fig. 3-11) so that they are no longer 180 
degrees apart. If 90 degrees out of phase, the 
sense-antenna voltage tends to fill in the nulls, 
changing them to rounded minimums. At 
intermediate phase angles, both rounding and 
shifting of the nulls occur simultaneously (fig. 
3—15). Usually the sense-antenna circuit is 
designed carefully to prevent any undesired 
addition to. the loop voltage from that source, 
even though the same antenna effect is still 
applied to any pattern distortion caused by 
voltage from the sense antenna. 

(2) Causes. Antenna effect may 
occur due to stray pick up. A small amount of 
signal may be picked up directly by an 
inadequately shielded receiver, or some circuit 
not intended as an antenna, e.g., power or 
telephone wires may pick up a signal and pass 
it along to the receiver. Probably the most 
important cause of antenna effect lies in the 
loop itself. Even when the loop is turned toa 
null position where the net loop voltage is 
zero, a relatively strong voltage is induced in 
each leg, just as in any vertical antenna of the 
same height. If the loop and associated circuits 
are properly balanced, this voltage has no 
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effect on the receiver, while a slight imbalance 
may combine part of it with the loop voltage 
in the receiver, producing antenna effect. 

(3) Balance adjustment. One of the 
simplest types of imbalance is inequality 
between the capacitances from each side of 
the loop to the ground. Such an imbalance can: 
be corrected, as illustrated in Capital A, figure’ 
3—16, by adding a capacitor to each side, 
making one of them variable so that it can be 
adjusted for balance. Similar results can be 
attained with a differential capacitor (Capital 
B, fig. 3-16). Capacitive balance adjustment 
can be used even if the imbalance is inductive 
(unequal inductance in the two sides of the 
loop), but then a different adjustment is 
required for each signal frequency, since 
inductive and capacitive reactances vary in 
opposing fashion as the frequency changes. A 
third arrangement, illustrated in Capital C, 
figure 3—16, uses a differential capacitor to 
introduce an impulse from the sense antenna. 
The capacitor is adjusted to make the injected 
voltage equal and opposite to that entering 
accidentally. Balancing or neutralizing 
arrangements are sometimes called 
null-clearing devices because they are highly 
effective in eliminating the component of 
antenna effect which tends to fill in the 
figure-eight nulls. This component (90 degrees 
out of phase with loop voltage) is usually the 
most important. Antenna-effect voltage in the 
loop is initially 90 degrees out of phase with 
the desired loop voltage. Loop imbalance 
couples it into the circuit with little or no 
phase shift; therefore, the desired and 
undesired voltages follow the same path and 
undergo the same phase shifts, retaining their 
initial relation. 

(4) Shielding and grounding. 
Antenna effect originating in the loop itself 
can be reduced greatly by using an 
electrostatic shield, as shown in figure 3—3. 
Similar results can be obtained by grounding 
the electrical center of the loop. This method 
is most effective when the loop has an even 
number of turns so that the center and the 
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Figure 3-16. Method of balancing antenna effect. 


terminals are close together and the ground 
connection is short. Despite this, it is still 
quite as effective as a shield. When an input 
transformer is used in the receiver, grounding 
the electrical center of the primary coil will 
reduce antenna effect. However, the electrical 


cf 
et 
—P 


FM 30—476 


center is more difficult to locate accurately in 
the coil than it is in the loop. At frequencies 
far below the natural resonance of the loop or 
primary coil, grounding and the centertap 
location need not be extremely accurate. At 
nearer the natural resonance of the coil 
frequencies, the tapped coil serves chiefly as 
an inductive balancing device in a manner 
similar to the split-stator capacitor in Capital 
B, figure 3—16. Since its adjustment is fixed 
by the manufacturer, the center tap must be 
placed very accurately, and may have to be 
some distance from the mechanical center of 
the winding. 

(5) Operating techniques. Even 
though technological developments have 
reduced antenna effect so that it is scarcely 
noticeable, fairly accurate readings can be 
obtained from older direction finders in which 
antenna effect is unpleasantly large. 

(a) In cases where the nulls are 
filled in, the bottom of the resulting minimum 
cannot be located directly with any great 
precision, even though the minimum level is 
definite. By turning the loop back and forth, 
the operator can locate two points on either 
side of the minimum where the response rises 
above the minimum level by the same small 
amount. The null position is midway between 
these two points, with a probability error of 
10 to 20 percent of their separation, 
depending on the skill of the operator. 

(b) If the two nulls are displaced 
from their normal 180 degree separation, each 
null will be in error by an equal but opposite 
amount (fig. 3—15), called the reciprocal 
error. This error can be eliminated by 
averaging the direct azimuths determined from 
observation of the two nulls. The 
corresponding direct azimuth is computed 
from the azimuth at the reciprocal null by 
adding or subtracting 180 degrees if it is not 
shown by a separate set of numbers on the 
azimuth scale. 


b. Weak Signal. 
(1) If the signal is weak or the 
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background noise is high, several azimuths 
should be taken when the signal appears 
strongest. These readings can be averaged to 
give a reasonably accurate azimuth. 

(2) If it is impossible to use the null 
points, an approximate azimuth can be found 
by using the maximum points, Direct azimuth, 
when turned to maximum, is indicated by a 
signal strength increase when the sense switch 
is turned on. When the maximum point is used 
to determine the azimuth, the actual value is 
90 degrees less (or more) than the reading of 
the azimuth indicator. 

(3) Often when the noise level is 
high, the null can be located by averaging the 
azimuths (up to 90 degrees apart) at which the 
signal rises above or falls below the noise. Even 
with low noise levels it is sometimes easiest to 
locate the null by splitting the arc within 
which the signal is exceeded by the noise. 


c. Polarization Effects. As explained in 
paragraph 3—4c, the response pattern. of a 
loop antenna varies with the polarization of 
the radio waves received. Abnormal 
polarization may cause DF errors by rotating 
the whole pattern or by filling in the nulls, 
making them difficult to locate. These effects, 
already observed under several different 
conditions are: 

(1) Night effect. When receiving only 
groundwave signals, a loop is free from 
polarization effect, both because it has a null 
in the horizontal direction for horizontally 
polarized waves, and because any transmitting 
antenna located near the ground also has a null 
(or a very small minimum) for horizontally 
polarized radiation in the horizontal direction. 
This justifies the assumption that groundwaves 
are vertically polarized. Skywaves, on the 
other hand, may have any kind of polarization 
since they come down at some angle above the 
horizontal. The loop then responds to the 
horizontally polarized component as well as to 
the vertically polarized component of the 
wave. At the low and medium frequencies 
used when radio first became popular, the 
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ionosphere was a much better reflector at 
night than in the daytime, and skywave 
reception was possible at night over distances 
far beyond the groundwave range. Thus 
polarization error, due to abnormal 
polarization in the skywave, was first observed 
at nightfall, and has been called a night effect 
ever since. 

(2) Fading and swinging. When both 
groundwaves and skywaves are received 
simultaneously with nearly equal intensity, 
interference results. As the height of the 
ionosphere fluctuates, the skywaves change 
phase with respect to the groundwaves, 
sometimes adding to them, sometimes 
opposing them. The resultant intensity of the 
vertically polarized component varies widely, 
being sometimes much greater and sometimes 
much less than the horizontally polarized 
component. As a result, the polarization error 
varies, and the azimuth indication swings back 
and forth, making it very difficult to obtain an 
accurate reading. The amount of swing 
depends on the relative intensities of the 
skywaves and groundwaves, reading a 
maximum of + 90 degrees if their vertically 
polarized components cancel each other in the 
loop. 

(3) Airplane effect. Polarization 
error also occurs in direction finding on an 
airborne transmitter, particularly one using a 
trailing wire antenna. When the aircraft flies 
radially to or from the direction finder, 
vertically polarized radiation is received, and 
normal results are obtained by DF. When the 
aircraft follows a tangential course, the 
received signal has more horizontal than 
vertical polarization, and the target signal 
suffers from a polarization error which shifts 
the indicated azimuth toward the lower end of 
the trailing wire. Usually this end is to the rear 
of the aircraft. For courses intermediate 
between radial and tangential, the ratio of 
horizontal to vertical polarization is smaller, 
and so is the error. 

d. ‘Winding Arrangement. In an 
unshielded loop antenna, the arrangement of 


turns may have an appreciable effect on the 
directivity pattern. The ideal figure-eight 
pattern applies exactly to a single turn loop, 
while more complicated patterns may be 
obtained when a number of turns are used, 
unless the turn arrangement is carefully 
chosen. ; 

(1) Symmetrical pancake winding. lf 
the loop turns are wound so that each turn is 
symmetrical (Capital A, fig. 3-17), the 
directivity of the loop will be the same as the 
directivity of any one of the turns. The 
vertical transition between turns is 
concentrated in one location with the upgoing 
and downcoming wires close together. As a 
result, the voltages induced in these opposing 
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Figure 3-17. Effect of winding arrangement. 
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wires are equal. Complete cancellation takes 
place, and only those voltages induced in the 
main portions of the loop affect the receiver. 

(2) Spiral pancake winding. If the 
turns are wound spirally (Capital B, fig. 3—17) 
so that the upgoing side of each turn is longer 
or shorter than its downcoming side, the 
pancake loop becomes nonsymmetrical. The 
inductance and capacitance of the winding are 
unevenly distributed between the two sides, 
and this imbalance leads to an antenna effect. 
The loop circuit can be balanced as shown in 
figure 3—16, but the relative influence of 
inductive and capacitive imbalance changes 
with frequency, so that the compensating 
capacitor must be readjusted whenever the 
receiver is tuned to a different frequency. 
Theoretically, the difference in pick up of a 
symmetrical and nonsymmetrical pancake, due 
to the spirality of the latter, is equivalent to 
the pick up of a small pair of coplanar spaced 
loops. This tends to make the response pattern 
slightly sharper at its maximums. (See Capital 
C, fig. 3-17.) However, this spiral effect is 
imperceptible in any loop small enough to 
need more than one turn. 

(3) Skewness. When a solenoid 
winding is used for a loop antenna, its form is 
usually helical, similar to that shown in Capital 
D, figure 3—17. As the winding progresses, one 
side of each turn is further advanced than the 
other by half the spacing between the turns. 
Thus, the turns are skewed slightly, and their 
nulls are turned a fraction of a degree from the 
axis of the helix. A skewed winding is 
equivalent to two windings without skew (i.e., 
a primary winding coaxial with the frame, and 
a smaller secondary winding at right angles 
with its horizontal part parallel to the axis of 


the actual helical winding). The secondary 


loop, figure-eight response pattern (Capital E, 
fig. 3—17) adds either in-phase or out-of-phase 
to the primary figure-eight loop voltage. The 
resultant pattern is also a figure eight, but it 
has its orientation rotated slightly (much less 
than that illustrated) from the primary 
figure-eight pattern. 
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(4) Width effect. The capacitance 
between adjacent turns of a solenoid winding 
produces an effect similar, but with opposite 
polarity, to that of skewness. As shown in 
figure 3-18, these capacitances form 
horizontal members of a secondary loop which 
is oriented 90 degrees away from the primary 
loop. The effect of this secondary loop 
increases with increasing frequency, and 
becomes large enough to cancel the skewness 
effect at a frequency slightly below that at 
which resonance occurs within each turn. If 
there is leakage between turns due to poor 


Figure 3-18. Distributed capacities in solenoidal loop. 


insulation, the capacitors shown in figure 
3—18 may be considered shunted by 
resistance. This shifts the phase of the 
secondary loop voltage so that it fills in the 
nulls of the primary figure-eight pattern rather 
than rotating the pattern. The result resembles 
antenna effect. However, because the polarity 
of the two lobes of the secondary figure eight 
is opposite, while the circular pattern of actual 
antenna effect has the same polarity all 
around, width effect and antenna effect tend 
to add at one null and cancel at the other so 
that one becomes slightly more rounded than 
the other. 

(5) Combination windings. The 
peculiarities explained in (2), (3), and (4) 
above are all attributable to dissymmetry in 
the loop windings, and can be reduced or 
eliminated by making the windings .more 
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symmetrical. One symmetrical case is shown in 
Capital A, figure 3—17. Nearly the same 
results can be obtained with spiral windings if 
an even number of pie windings (a method of 
constructing coils from a number of individual 
washer-shaped coils called pies) are used, 
provided that the pies are wound in opposite 
directions; i.e., spiraling outward and inward 
alternately. This arrangement keeps the loop 
balanced and neutralizes the spiraling effect, 
but still leaves a little width effect. Both 
skewness and width effect in a solenoid 
winding can be neutralized by using an even 
number of layers, one layer being wound from 
left to right and the next from right to left. 
Similar results may be obtained with universal 
windings in which the axial progression of 
turns is reversed periodically by a cam in the 
winding machine. Balance still requires an even 
number of pies which again introduces width 
effect, which will be insignificant if the 
number of turns per pie is more than the 
number of pies. When many turns are used, 
shielding the loop is often the simplest and 
most effective solution, since it practically 
eliminates skewness and width effect. It also 
reduces antenna effect so that balance 
becomes less important. 


3—6. Loop Construction. 


a. Balance. The most important factor 
in the physical construction of a loop is its 
symmetry. When the loop is symmetrical, 
electrical balance follows automatically. If the 
balance is good enough, antenna effect will be 
insignificant. Any conducting material near 
the loop, such as the top of the radio receiver 
case, should be placed symmetrically, 
otherwise the loop might be balanced at some 
positions but unbalanced at others. In the case 
of a square loop, it is preferable to place a 
corner rather than a side at the bottom. This 
arrangement keeps the body of the loop 
farther away from the ground so that any 
irregularities (including metal items worn by 
the operator) are less likely to affect the loop 
balance. 


a / 


b. Electrostatic Shield. Multiturn loops 
are often encased in an electrostatic shield. 
This is a metal case, or a film of metal on a 
case of some other material, which surrounds 
the loop winding almost completely (fig. 
3—3). There is a gap in the top of the metal, 
and the opposite sides of the gap are insulated 
from each other to prevent the shield from 
forming a closed (short-circuited) loop. The 
shield is grounded near the loop terminals as 
far as possible from the insulated gap. As a 
vertical antenna, therefore, the shield is 
short-circuited. Consider the voltages induced 
by a passing radio wave made up of two 
components, one corresponding to the desired 
loop voltage, the other to the antenna effect. 
Although the former can produce very little 
current in the shield because of the insulated 
gap, it is fully effective in the loop having 
conductors crossing that gap. The latter 
causes a flow of current over the shield to the 
ground. Since the ground connection is short 
circuit, this current produces a 
counterelectromotive force in the shield equal 
to the original induced voltage. It induces a 
voltage in each loop conductor which nearly 
cancels the original antenna effect voltage 
induced there by the radio wave. The 
reduction ratio is substantially the same as the 
Q (reactance/resistance ratio), which. the 
shield would have if connected as a loop. 
Since the Q is seldom less than 10, the 
residual antenna effect is seldom more than 
one-tenth the antenna effect with no shield. 
In addition to reducing antenna effect 
directly, the shield helps indirectly. Unless an 
external object is very close to the gap in the 
shield, it cannot affect the capacitance from 
loop to ground, and thus cannot change the 
capacitive balance of the loop. However, the 
shield affords no protection against inductive 
imbalance which might be caused by a scrap 
of metal placed too close to one side of the 
loop. The shield also eliminates the 
precipitation static caused by electrically 
charged rain drops striking the antenna and 
provides mechanical protection for the loop. 
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c. Loop Size. Except in some special 
VHF loops, which resemble groups of dipoles 
more than they do ordinary loops, the largest 
dimension of a loop antenna is usually a small 
fraction (0.1 at most) of a wavelength. The 
voltage picked up by such a small loop is 
proportional to the total area enclosed by its 
turns; i.e., the product of the number of turns 
by the average area of each turn. For 
maximum pick up, the turns should be as 
large as possible, subject to electrical 
limitations. Most receivers will not operate 
efficiently from a loop which is self-resonant 
at any point within the operating frequency 
range. Consequently, the number of turns 
must be small enough to keep the natural 
resonance higher than the highest operating 
frequency. 


3—7. Crossed-Loop Antenna. 


a. Generak A_ crossed-loop antenna 
consists of two loops with identical 
characteristics, mounted at a fixed angle of 90 
degrees to each other. Each loop has a 
figure-eight response pattern which is 
displaced 90 degrees in azimuth. As a result, 
the ratio of the two responses varies with 
direction. Several different systems have been 
devised to-make use of this fact. 


b. The Goniometer. In the Bellini-Tosi 
system, the two loops are connected to two 
stator windings, located 90 degrees apart. In 
operation a goniometer, whose rotor winding 
is connected to a radio receiver, is turned to a 
null or a position of minimum output so that 
its angle corresponds to the direction of the 
signal picked up by the loops. Since the loops 
themselves need not be rotated, they can be 
made large for the sake of sensitivity. The 
operation of the goniometer will be explained 
in detail in section III, chapter 3. 


3-8. Adcock Antennas. 


a. General. An Adcock antenna consists 
of two spaced vertical antennas connected in 
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opposition. Theoretically, it responds only to 
the vertically polarized component of an 
incoming radio wave, and therefore is not 
subject to polarization error. In practice, 
there is some polarization error due to various 
imperfections, but usually much less than in a 
loop antenna receiving the same signal. The 
Adcock antenna is preferable to a loop in 
radio DF when medium or high frequency 
signals must be received at a point beyond 
groundwave range. 


b. Principle. The basic Adcock antenna 
consists of two vertical elements connected as 
shown in figure 3—19. The action of such an 
antenna, as far as vertically polarized waves 
are concerned, is identical with that of the 
loop antenna. A resultant current in output 
coil L is proportional to the vector difference 
of the voltages induced in the vertical 
members, exactly as in the case of the loop. 
Horizontally polarized components of 
descending skywaves do not affect the 
antenna because of the absence of the upper 
and lower horizontal members, and because 
the crossed arrangement of the center 
members effectively cancels the voltages 
induced in them. The response pattern of an 
Adcock antenna is the same figure-eight 
pattern typical of the loop antenna. Minimum 
and maximum response points are present in 
the Adcock pattern in the same respective 
positions as in the loop pattern. Thus, the 
directional properties of the Adcock and loop 
antennas are the same with respect to 
vertically polarized waves. The effects of 
various types of wave polarization on the 
Adcock circuit are as follows: 

(1) Vertical polarization. The 
horizontal magnetic field of the vertically 
polarized wave cuts the two vertical antenna 
elements. Induced currents, while they are 
‘induced in phase in the vertical elements, 
oppose each other in the antenna coupling 
coil, producing a resultant voltage which leads 
the radiation field by 90 degrees. This 
resultant voltage is proportional to the 
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Figure 3-19, Adcock antenna, effects of vertically 
polarized waves. 

separation between the two antenna elements 
along the direction of wave travel. Thus the 
action of the Adcock antenna system is 
identical to the action of the loop system, and 
can be used in conjunction with a sense 
antenna to obtain a unidirectional pattern. 

(2) Horizontal polarization. As 
shown in figure 3—20, only the horizontal 
antenna members are in a position to respond 
to horizontally polarized waves. In a 
well-designed radio direction-finding system, 
efficient use is made of shielding and 
balancing to prevent any voltages induced in 
the horizontal members from reaching the 
input stage of the receiver. The residue is 
small in comparison with the response of a 
loop under similar circumstances, but it has 
the same directivity pattern. Thus, the 
maximum polarization error with an Adcock 
antenna is still 90 degrees, but is of a lesser 
magnitude than that of a loop antenna. 

(3) Other abnormal polarizations. 
Radio waves usually contain both vertical and 
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Figure 3-20, Adcock antenna, effects of 
horizontally polarized waves, 


horizontal components of polarization which, 
in combination, produce an abnormal 
polarized wave. Although the vertical and 
horizontal components can be viewed as 
acting independently, their effect on the 
antenna is due to the combined action of 
both components. Because the response of an 
Adcock antenna is relatively small for the 
horizontally polarized component, its 
polarization error is likewise smaller than that 
of a loop antenna. This is true as long as the 
vertically polarized component does not 
entirely disappear. When the vertically 
polarized component predominates, the 
Adcock antenna’s polarization error is 
scarcely noticeable. 


c. Types. All Adcock antennas have the 
following general characteristics: first, the 
active antenna elements are vertically spaced 
wires; second, the horizontal members are 
arranged so that little or no voltage can be 
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induced in them; and third, the small voltage 
that is induced cancels across the output. The 
various types of Adcock antennas are: 

(1) Simple U-Adcock antenna. This 
is the basic type of Adcock antenna (fig. 
3—21). U-Adcock antennas are used chiefly in 
crossed-Adcock systems, which are 
nonrotatable. 


VERTICAL MEMBERS 


HORIZONTAL 
MEMBER 


L EARTH 


Figure 3—21. Simple U-Adcock antenna. 


(2) Shielded U-Adcock antenna. 
The shielded U-Adcock reduces polarization 
error significantly by shielding the horizontal 
antenna element. When shielded, its response 
to horizontally polarized waves is minimized. 
However, the voltages and currents in the 
shield set up potentials at the extremities 
(Capital A, fig. 3—22) which induce voltage 
into the vertical antenna elements, thus 
introducing error. Connecting the ends of the 
shield to metallic plates buried in the ground 
(Capital B, fig. 3—22) reduces this undesired 
condition, but introduces another. The shield, 
ground connections, and earth form an 
untuned loop which responds to horizontally 
polarized waves. 

(3) Grounded H-Adcock antenna. 
This antenna (fig. 3—23) differs from the 
others in that its horizontal members are 
grounded. Directivity, as in the case of the 
loop antenna, is the result of the differential 
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Figure 3-—22.. Shielded U-Adcock antenna. 


action of the voltages in the two vertical 
antenna elements. The voltages induced in the 
horizontal antenna elements will cancel. This 
condition is demonstrated in Capital A, figure 
3—23, which shows the distribution of 
potentials on the horizontal members at a 
given instant. If equal voltages are induced in 
all horizontal antenna elements, the resultant 
voltage across the coil is zero. A problem 
arises because the lower elements are 
connected to the ground forming an untuned 
loop which unbalances the system (Capital B, 
fig. 3—23). Some of the imbalance can be 
eliminated by inserting lumped constants in 
the lower vertical legs (fig. 3—24). _ 

(4) Elevated H-Adcock antenna. 
The elevated H-Adcock minimizes the 
imbalance caused by grounding the lower 
portion of the antenna. Balance is obtained 
through physical symmetry and by raising the 
antenna a reasonable height above the ground. 
-Depending upon the antenna, balance will be 
achieved within a fixed height area above the 
ground. The degree of imbalance increases if 
the antenna is moved above or below the 
balance area because of the reduction or 
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increase in antenna-to-ground capacitance. 

(5) Coupled H-Adcock antenna. 
This type of antenna incorporates a highly 
effective method of reducing the pickup of 
the horizontal antenna elements and reducing 
polarization error. Azimuth error is 
minimized by making the impedance of the 
horizontal elements high to all currents 
except those induced in the vertical members. 
The high impedance is obtained by inserting 
two mutually coupled impedances in each 
vertical element (fig. 3—25). This method 
presents a high series impedance (very small 
capacitance between windings) to all current 
directly induced in the horizontal elements; 
however, a low impedance is presented to the 
voltages induced in the vertical elements since 
they are mutually coupled through the 
transformer and appear directly across the 
antenna coil. A further reduction in 
polarization error is obtained by carefully 
balancing the system of the balanced-coupled 
Adcock antenna (fig. 3—26). 


d. Tilting Adcock Antenna. Compared 
to the loop, the Adcock antenna system is 
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Figure 3-23. Grounded H-Adcock antenna. 


Figure 3-24. Balanced H-Adcock antenna, 
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Figure 3—25,. Coupled H-Adcock antenna. 
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Figure 3—26. Balanced-coupled Adcock antenna. 


insensitive to high angle radio waves, even if 
they are vertically polarized. There are two 
reasons: -first, the spacing of the vertical 
antennas along the path of a radio wave 
(Capital A, fig. 3—27) grows smaller as the 
elevation angle increases or the incidence 
decreases; second, the effective length of each 
antenna, in the direction of the lines of 
electric force of the radio wave, is decreased 
by a similar factor as these lines tilt forward. 
The effective length reduction can be 
overcome by tilting the antenna backward, as 
shown in Capital C, figure 3—27, until it is 
perpendicular to the direction of the 
incoming waves, and therefore parallel to the 
lines of electric force. Tilting improves the 
system sensitivity when the Adcock antenna 
is near the direct azimuth. Conversely, 
sensitivity decreases near the reciprocal 
azimuth, since the tilt there is the wrong way. 
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Sense indication also deteriorates because the 
phase relation between voltages from the 
Adcock and sense antennas changes unless the 
sense antenna is also tilted. An Adcock 
antenna tilted 60 degrees from the vertical 
might be advantageous for aural-null DF on 
skywaves from a transmitter 80 to 320 
kilometers away, or on signals from a 
high-flying aircraft 16 to 32 kilometers away, 
for which the elevation angle may be 45 to 75 
degrees. 


3~9. Adcock Antenna Errors. 


The factors leading to undesired effects and 
incorrect azimuths when an Adcock antenna 
is. used are similar to those encountered in 
loop installations. For errors involved in weak 
signals, antenna effect, and polarization error, 
see paragraph 3—7. The causes of imbalance 
(antenna effect) as it applies specifically to 
Adcock antennas are: 


a. The terrain surrounding a radio 
direction finder is an important factor in 
obtaining accurate azimuth readings. To 
obtain the highest degree of accuracy, a DF 
set should always be operated on level 
ground, free from neighboring objects such as 
telephone lines, power lines, buildings, and 
metallic masses. The presence of such objects 
or peculiarities in the terrain may cause an 
imbalanced condition (antenna effect) to 
exist at the antenna, resulting in possible 
error. The antenna effect can be reduced by 
using a stationary Adcock; thus, the relation 
of the antenna to the ground and nearby 
objects is fixed, making the final problem of 
correction less difficult. 


b. With a U-Adcock, irregularities in the 
ground at the base of each monopole may 
unbalance the system. This effect can be 
materially reduced with a counterpoise 
covering the ground between the spaced 
monopoles and extending beyond them a 
considerable distance in all directions. 


Tom 
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Figure 3—27.. Effects of tilting an Adcock antenna. 


c. With an elevated H-Adcock antenna, 
the mere existence of the ground causes a 
slight imbalance, and any conductors on the 
ground will make the imbalance worse 
because the lower ends of the dipoles are 
naturally closer to the ground than are the 
top ends. This imbalance leads to polarization 
error, rather than antenna effect. The 
difference between the ground is so far away, 
and the antenna effect resulting from it is 
rarely, if ever, perceptible. 


d. In both types of Adcock systems, 
shielding of the horizontal transmission lines 
is useful and sometimes an indispensable 
guard against imbalance caused by adjacent 
objects (such as the DF operator). It also 
eliminates accidental capacitive coupling to 
other circuits in the vicinity. 


e. Another important point in reducing 
antenna effect. is to maintain perfect 
symmetry and spacing of the antenna 
elements. Imbalance is caused by having one 
element slightly larger than the corresponding 
one, or by having nonuniform spacing. 
Coupling coils must be identical in inductance 
and the number of couplings must be equal. 


f. Antennd spacing in a rotatable 
H-Adcock system may be almost a full 
wavelength before the directional pattern 
becomes unusable. At spacing exceeding 1/2 
wavelength, the figure-eight pattern has a 
dimple in the middle. of each lobe, which 
deepens with increasing frequency, becoming 
a null when the spacing reaches a full 
wavelength. Even then the antenna still has 
directional properties, but the extra nulls 
make interpretation difficult. 


3—10. Crossed-Adcock Antennas. 


a. General. A crossed-Adcock antenna 
consists of two identical Adcock antennas, 
oriented 90 degrees apart in azimuth. 
Crossed-Adcock antennas may be used in 
various ways similar to those mentioned in 
paragraph 3—7a. At low and medium 
frequencies, crossed-Adcock antennas can be 
made much larger than rotatable Adcock 
antennas, and are therefore more sensitive. At 
high frequencies, this advantage is small 
because of the limitations imposed by spacing 
effect or octantal error (para 3-19). 
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b. Spacing. In a crossed-Adcock system, 
the maximum spacing is one-half wavelength 
between adjacent antennas (0.707 wavelength 
between diagonally opposite antennas). 
Above this limit, the same indication may be 
obtained for signals coming from three 
different directions (six before sense 
determination). 


3-1 1. Spaced-Loop Antennas. 


a. General. The spaced-loop antenna 
consists of two parallel loops fixed to the 
ends of a boom which may be rotated about 
its center or on other “platforms” (various 
types of aircraft). Earlier models of DF 
equipment using spaced-loops had the loops 
mounted perpendicular to the boom, and 
were said to be coaxial. Since the two loops 
point in the same direction, the magnitude of 
the output voltage of each loop will vary in 
the same manner as the loop is rotated. 
Besides the normal loop directivity, the 
spaced-loop system has directivity due to the 
loop spacing; the latter directivity is not 
affected by polarization errors. There are two 
addditional types of spaced-loop antenna 
systems called the vertical coplanar and the 
horizantal coplanar (fig. 3—28). 


b. Pattern for Vertically Polarized 
Waves. The pattern for the coaxial 
spaced-loop system (Capital A, fig. 3—29) has 
four nulls spaced 90 degrees apart when 
vertically polarized waves are received. Two 
of the nulls occur when the planes of both 
loops are perpendicular to the direction of 
wave travel; the other two occur when the 
planes of both loops are parallel to the 
direction of wave travel. Although maximum 
signal is induced in both loops when their 
planes are parallel to the direction of wave 
travel, the outputs of both loops are in 
opposition and cancel across the antenna 
coupling coil. In this case, the wave strikes 
both loops at the same instant. If the boom is 
rotated, less voltage is induced in each loop. 
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Figure 3-28. Common spaced-loop types. 


The wave will strike one loop before it strikes 
the other, producing a resultant voltage across 
the antenna coil. If the boom is rotated 90 
degrees, the separation between the two loops 
is maximum. Maximum voltage would be 
expected to appear in the output, however, 
this expected result does not occur. When the 
boom is rotated 90 degrees, each individual 
loop is perpendicular to the direction of wave 
travel, and there is no voltage induced in the 
loops. Therefore, there is a null point every 
90 degrees. One set of null points results from 
the position of the individual loops, the other 
set from the position of the boom. There is a 
maximum point located between each 


LooP-— | 4 | | “SLOOP 


BOOM 


SPACED -LOOP ANTENNA 
Figure 3—29. Spaced-loop antenna response patterns. 


‘ adjacent pair of nulls when both the plane of 
the loops and the antenna boom are at a 45 
degree angle with respect to the null position. 


c. Patterns. for Abnormally Polarized 
Waves. Capitals B through F, figure 3—29, 
show typical response patterns obtained with 
a spaced-loop antenna (coaxial) when the 
polarization of the received waves is other 
than vertical. 

(1) Capital B, figure 3—29, closely 
resembles the response pattern for a wave 
which is horizontally polarized. This type of 
polarization is rarely encountered. The 
pattern is similar to a flattened figure eight. 

(2) Capitals C and D, figure 3—29, 
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show the distortion which occurs when the 
received waves contain both horizontal and 
vertical components of polarization. Note 
that two of the nulls are shifted in azimuth, 
while the other two nulls remain unaffected. 

(3) Capitals E and F, figure 3—29, 
show typical patterns which may be obtained 
when receiving elliptically. polarized waves 
(waves containing both horizontal and vertical 
components which are out of phase with each 
other). 


d. Polarization Error. It is important to 
note that regardless of the polarization of the 
received wave, two of the nulls (or 
minimums) are affected by polarization and 
shift as the polarization changes. Thus the 
spacing nulls are free from polarization error, 
while the loop nulls are subject to it, just as in 
a single-loop antenna. 


e. Taking an Azimuth. The correct null 
must be used when taking an azimuth with 
the spaced loop. Receiving a skywave or any 
other type of abnormally polarized wave, the 
correct set of nulls appear fixed, while the 
pair affected by polarization error is 
indefinite or continually shifting in position. 
The direct and reciprocal bearings of the 
correct set of nulls can be determined if the 
general direction of the transmitter is known, 
or if a bearing is taken by a loop and sense 
antenna combination to determine general 
direction. When the radio wave is vertically 
polarized and has traveled only a_ short 
distance, definite and fixed nulls are found 
every 90 degrees. The general direction of the 
transmitter must then be known by other 
means before the correct null can be selected. 
When azimuths from several DF sites are 
plotted on a map, the direct azimuths will 
intersect near the transmitter location, while 
reciprocal azimuths and false azimuths (from 
loop nulls) will either run off the edge of the 
map without intersection, or intersect at 
widely scattered points. 


3—12. Theory of Doppler Direction Finding. 
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A signal which is received by a moving 
antenna will experience a phase modulation in 
accordance with Doppler’s principle. The 
radiation field has an “‘equiphase surface” or 
“wave front” which is equidistant from the 
transmitter at all points along the wave front. 
When a receiving antenna is placed in 
rotational motion about a reference point 
(fig. 3-30), the signal processed by the 
receiver will exhibit a sinusoidal phase 
modulation or frequency change. As the 
antenna is moved from 0 to 180 degrees, the 
receiver will experience a frequency decrease 
because the antenna is moving away from the 
incoming wave front. When the antenna 
continues from 180 to 360 degrees, which is 
toward the incoming wave front, the receiver 
experiences a frequency increase. No 
frequency change or phase modulation will be 
experienced at the direction from which the 
wave front came nor at the back azimuth 
(180 degrees opposite). Measurement of this 
modulated frequency permits the arrival 
direction of the signal to be determined. This 


DIRECTION OF ARRIVAL» 
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type of system is used in Airborne Radio 
Direction Finding (ARDF). 


3—13. Quasi-Doppler Direction Finding. 


The Quasi-Doppler direction finder locates a 
wave front or plane and the direction from 
which it was-transmitted is assumed to lie 
perpendicular to it. 


a. Theory. Radio waves travel outward 
in space from a transmitting antenna at the 
speed of light and have the same phase at all 
points which are equidistant from the 
transmitting antenna. A wave front arriving at 
two or more distant points simultaneously 
(Capital A and D, fig. 3—31) is said to be in 
phase and lie on an imaginary wave front. All 
points along this wave front are equidistant 
from the transmitter. Wave fronts in free 
space are always spherical since all points 
equidistant from a single point must lie on the 
surface of a sphere. This point, the center of 
the imaginary sphere, is the transmitter site. 
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Figure 3-30: Doppler direction finding. 
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The spherical curvature of the wave front is 
quite pronounced near the transmitter site, 
but at greater distances, the curvature is so 
slight that the wave front may be considered 
to be a plane surface (Capitals A and D, and E 
and H, fig. 3—31). A line perpendicular to and 
bisecting the middle of this plane or wave 
front between two known points will pass 
through the transmitter site (Capitals B and C, 
and E and G, fig. 3—31). 


Figure 3-31. Transmitter lies along a line 
perpendicular to the wave front. 
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b. Principle of Operation. The 
Quasi-Doppler direction finder is similar to 
Doppler direction finding. Instead of 
physically rotating an antenna through the 
radiation field, the function is simulated by 
sampling the outputs of several fixed antennas 
spaced equally around a circumference equal 
to that normally traced out by the rotating 
antenna (fig. 3—32). As long as the number of 
antennas is sufficient to satisfy the sampling 
requirement, this system permits the 
determination of the transmitter’s direction 
by construction of an imaginary plane or 
wave front (fig. 3—33). The arrival direction 
of the transmitted signal lies on a line that 
bisects the middle of, and is perpendicular to, 
this plane. 


Section I! 
TRANSMISSION LINES 


3—14. Transmission Lines Used with DF 
Equipment. 


Transmission lines and coupling systems used 
to tie the actual DF equipment to the antenna 
system are very closely interrelated. To 
attempt to separate the information relating 
to transmission lines and coupling systems 
would not be in the best interests of this 
manual. Accordingly, information pertaining 
to transmission lines will be included in the 
following section on coupling systems. 


Section Il 
COUPLING SYSTEMS FOR DF EQUIP — 
MENT 


3—15. General. 


a. Coupling systems are defined as 
those elements of a DF system which serve to 
couple the directional antenna system to the 
radio receiver. 


b, The coupling system must fulfill the 
following requirements for satisfactory 


operation: 
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Figure 3-32, Quasi-Doppler direction finder antenna array. 


(1) It must efficiently conduct the 
energy picked up by the antenna system to 
the radio receiver. If this requirement is not 
met, the DF will lack sensitivity. 

(2) It must not pick up or otherwise 
introduce additional energy from the wanted 
signal. Failure to meet this requirement 
results in bearing errors. 

(3) It must not introduce unwanted 
signals or noise. These effects, if present, 
produce interference and impair the bearing 
accuracy. 


c. Coupling systems, as used in various 
types of DF equipment, differ in complexity 
and type. Common types in general use are 
discussed individually in two categories: 

(1) Systems used with rotatable 
antennas. 
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(2) Systems used with fixed 


antennas. 


3—16. Coupling Systems Used with 


Rotatable Antennas. 


a. Direct Coupling. Direct coupling, as 
the name implies, is the simplest form of 
coupling. The antenna terminals are directly 
connected to the receiver input. It is used in 
those few cases where it is practical to design 
a DF system in which the radio receiver is 
located at the antenna terminals, and the 
antenna and receiver rotate together as a unit. 
Other directly coupled DF sets are small, 
hand-carried, transistorized receiving sets used 
by counterinsurgency personnel. The loop is 
generally the carrying handle, and the entire 
set is rotated to produce line bearings in the 
direction of the target transmitter. 
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Figure 3-33. Direction finding by a Quasi-Doppler system. 
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b. Transmission Line Coupling. 
Transmission line coupling is used in its 
simplest form on DF sets in which the 
antenna system is placed some distance above, 
but is rotatable with its radio receiver. 

(1) Construction of a transmission 
line coupling system is extremely simple. It is 
usually made up of a length of balanced, 
dual-conductor, shielded Radio Frequency 
(RF) cable, or two balanced lengths of 
single-conductor, coaxial, shielded cable. 
However, these place stringent requirements 
on its design since, by virtue of its length and 
position, the transmission line will, if its 
shielding or balance is not perfect, introduce 
unwanted energy causing bearing errors or 
impaired readability. In addition, if the length 
of the transmission line is an appreciable 
fraction of a wavelength or more, its 
characteristic impedance must accurately 
match the impedance of the receiver and the 
antenna, or a considerable loss of sensitivity 
will occur. In cases where the transmission 
line is short, such matching is not essential. 
However, the series impedance of the line 
must be small and its leakage impedance great 
in comparison with the sum of the antenna 
and receiver input impedances. 

(2) The direct and transmission line 
systems of coupling the antenna to the 
receiver may be used when it is desired to 
rotate the antenna without rotating the 
receiver. This is accomplished by the addition 
of a rotatable coupling element. Several types 
of rotatable elements used in various DF sets 
are: 

(a) Slip rings. Slip rings are 
insulated metal rings, in contact with sliding 
fingers or brushes, which permit rotation 
without interrupting the circuit. By mounting 
the rings on a shaft and providing fixed 
brushes, it is possible to conduct the antenna 
current to a_ stationary receiver while 
permitting the antenna to turn at will. It is 
customary to make the rings of silver and the 
brushes of a silver alloy which is either harder 
or softer than the rings in order to minimize 
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the variation of contact resistance as the rings 
are rotated. Such variations give rise to noise 
which is amplified in the radio receiver and 
may obscure the wanted signals. 

(b) Rotating transformer. This 
rotatable coupling device consists of a 
transformer whose primary and secondary 
windings are coaxial. Under this condition, 
one winding may be rotated with respect to 
the other without changing the coupling 
which exists between them. This type of 
rotatable coupling device can serve as the 
input transformer of the DF receiver, with the 
secondary coil turned over a_ limited 
frequency range in unison with the rest of the 
receiver circuits. It can also be used for 
relatively wide frequency coverage in those 
cases where its primary and secondary load 
impedances are substantially uniform and 
resistive in nature. 

(c) Rotating capacitor. This 
form of rotatable coupling element makes use. 
of the fact that the capacitance between 
coaxial disks or rings is independent of their 
rotation. This method is customarily used 
only in VHF equipment since only a small 
value of capacitance is achievable with 
elements of reasonable size. At these 
frequencies, a small capacitance can provide 
adequate coupling. 


3—17. Coupling Systems Used with Fixed 
Antennas. 


In DF, the term goniometer is applied to a 
device used to couple two or more input 
circuits (usually connected to antennas) to an 
output circuit (usually connected to the radio 
receiver). This is done in such a manner that 
the degree of coupling varies with the rotation 
of a shaft. The coupling between one input 
circuit and the output circuit increases, while 
the coupling with the other input circuit 
decreases. When properly connected, a 
well-constructed goniometer provides an 
output, at each position of its shaft, identical 
to that which would be produced by a single 


figure-eight pattern antenna oriented to the 
corresponding position. Thus, the goniometer 
provides an equivalent for the rotation of an 
antenna, and makes it possible to use large 
fixed antenna systems (either loop, Adcock, 
Circularly Disposed Antenna Arrays (CDAA), 
or others) which would in themselves be too 
bulky for an operator to rotate. 


a. ‘Inductive Goniometer. The inductive 
goniometer usually consists of two fixed 
windings arranged at right angles to each 
other and inclosing a third winding which is 
rotatable by means of a shaft (fig. 3—34). 


LOOP 1 


LOOP 2 


B RECEIVER 
INPUT 


Figure 3-34, Basic goniometer circuit. 


(1) When the two fixed windings, 
arranged at right angles, are connected to 
identical antennas having figure-eight 
patterns, the magnetic field within the 
goniometer will have a direction in relation to 
the fixed windings corresponding to the 
direction of arrival of the signal at the fixed 
antennas. As the internal winding, or search 
coil, of the goniometer is rotated, its output 
will vary from maximum to minimum twice 
per revolution, exactly as would the output of 
one of the antennas if it were rotated. The 
positions of minimum output, or nulls, are 
used to determine the bearing in exactly the 
same way as if a rotatable antenna was used. 
The goniometer may be rotated by hand, thus 
providing manual null-seeking, or it may be 
continuously rotated by a motor drive and 
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employed with an automatic visual bearing - 
indicator. 


(2) The effect of changing the 
direction of wave travel on the directional 
pattern of the goniometer system is shown in 
figure 3—35. The first column shows the 
position of the transmitter with respect to the 
loops, the second and third columns show the 
position of the goniometer rotor for 
maximum and minimum. signals at each 
transmitter position, and the fourth column 
shows the position of the indicator pointer 
when the DF is set on the correct azimuth. 


b. Capacitive Goniometer. The 
capacitive goniometer consists of two fixed 
sets of capacitor plates inclosing a rotatable 
set of plates. Operation of this type is similar 
to the inductive goniometer except that an 
electric field rather than a magnetic field is 
established within the goniometer. In 
practice, the capacitive goniometer is usually 
used at frequencies above 100 MHz since it is 
difficult to construct accurate and efficient 
inductive goniometers for these frequencies. 


c. Requirements. In order to minimize 
errors, it is necessary to _ construct 
goniometers with extreme precision. The 
basic requirements for accuracy in a 
goniometer coupling system are: 


(1) The fixed elements must be 
electrically identical. 


(2) There must be a _ complete 
absence of coupling between the fixed 
elements. 


(3) Accurate positioning of the 
fixed elements at the same angle as the 
antennas (usually 90 degrees) is necessary. 


(4) Coupling between the rotating 
element and the fixed elements must vary 
with shaft revolution in accordance with the 
same law as the variation of antenna response 
with azimuth angle. Generally, this means 
cosine-law variation. 
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Figure 3-35, Goniometer system, directional characteristics. 
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Note: These requirements are met in _ practical 
goniometets to the extent that the maximum error is less 
than + 1 degree. 


d. ‘Transmission Lines and Coupling 
Devices. In applying the goniometer to a 
practical DF system, it is often desirable to 
locate the goniometer some distance away 
from the antenna system. To accomplish this, 
it is necessary to provide transmission lines 
between the antenna and the goniometer. 
These lines must be well shielded and are 
usually balanced to ground to avoid stray 
pickup. In addition, the transmission lines 
connecting the several antennas to the 
goniometer must be electrically identical, 
particularly in time delay, over the entire 
frequency range of the equipment in order to 
preserve accuracy and provide deep nulls. 
Such systems customarily use shielded, 
balanced-type transmission lines laid on the 
ground. The antennas may be coupled to the 
transmission lines either through transformers 
designed to match the impedance of the 
antenna to the impedance of the transmission 
line or through amplification type coupling 
devices. The transmission line length is also 
critical as varying lengths will cause varied 
signal strengths to be received. Transmission 
line coupling must be precise and balanced 


throughout the system. All couplings must be - 


clean and have maximum contact, if not, 
signal loss will result. A transmission line with 
three couplings will have a greater amount of 
signal loss than a line with two couplings. 


3-18. Electronic Goniometer System. 


a. This system, in which the varying 
coupling is provided by means of electronic 
circuits rather than by mutual inductance or 
capacitance, is an electronic equivalent of the 
inductive goniometer. In practice, it is 
desirable to make the electronic goniometer 
circuits an integral part of the antenna 
system. However, the electronic goniometer 
may be considered as a coupling system 
applicable to the same forms of antenna 
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systems as’ the inductive and capacitive 
goniometers. The electronic goniometer 
system is particularly useful with automatic 
bearing indication systems, since the effective 
rotation of the antenna system is produced 
entirely by electronic circuits. This permits 
the use of high speeds which would be 
unattainable with a mechanically rotated 
inductive circuit. 


b. The basic unit of the electronic 
goniometer system is the balanced modulator. 
This device has two input circuits and one 
output circuit so arranged that if two 
different voltages are introduced into the two 
input circuits, the output voltage is 
proportional at every instant to the vector 
produced by these voltages. In the electronic 
goniometer, the two input voltages are the 
signal voltages picked up by the antenna and 
an Audio Frequency (AF) sine wave voltage 
of a frequency representing the desired rate of 
effective rotation of the antenna. The output 
of the balanced modulator, under these 
conditions, is a modulated envelope 
comprising the entire spectrum of signals 
picked up by the antenna. Each signal is 
completely modulated in amplitude by the 
audio frequency used. In other words, the 
output of the balanced modulator contains all 
the signals picked up by the antenna. 
However, each signal is varied periodically in 
amplitude by the AF voltage from its 
maximum value to zero and back to 
maximum with reversed polarity, just as if a 
figure-eight pattern were rotating at the AF 
rate. Two balanced modulators, upon having 
their outputs added together, form an 
electronic equivalent of the spinning inductive 
goniometer. The outputs of the two balanced 
modulators combine in such a way that each 
of the resulting modulated signals reaches its 
minimum or null at an instant during each AF 
cycle, corresponding to the direction from 
which the signal is arriving. 


3—19. Octantal Error. 
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a. In addition to the errors common to 
the type antenna used, another error, known 
as octantal error, is introduced by the 
goniometer. This is caused by the 
nonuniformity of the flux fields within the 
stationary windings of the goniometer. In 
early types of goniometers, this 
nonuniformity was considerable and, as a 
result, octantal error was large. In more 
modern goniometers, however, the turns of 
both the stator and rotor windings are 
distributed in such a manner that almost 
perfect uniformity of the flux fields is 
obtained. Thus, this type of octantal error is 
practically eliminated. 


b. Octantal errors are also introduced 
by the physical dimensions of the antenna 
system as related to the ground. When the 
spacing of the antenna elements is large with 
respect to wavelength, the relation between 
the planes of the antenna elements and the 
direction of wave arrival does not parallel at 
all points the relation between the goniometer 
rotor and the goniometer stationary windings. 
Instead, the true azimuth is found by adding a 
correction factor to the azimuth reading. 
Since the element spacing becomes 
increasingly longer with respect to wavelength 
as the frequency is increased, the correction 
also becomes greater. Generally, an octantal 
correction chart is supplied with the 
equipment. 


Section IV 
BEARING INDICATORS 


3—20. Definition and General Characteristics. 


a. After energy has been picked up by 
the antenna, passed through the coupling 
system, and amplified by the receiver, the 
bearing indicator translates this energy into an 
intelligible form from which the operator can 
determine the direction of the arriving signal. 
In addition, a bearing indicator may provide 
information enabling the operator to choose 
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the most satisfactory moment to read the 
bearing and to judge the probable accuracy of 
that bearing. — 


b.. The type of bearing indicator used 
with any particular DF system depends on the 
type of DF system in use, the complexity and 
physical size permitted, and the accuracy 
desired for a particular DF application. 


c. Many types of bearing indicators 
have been designed and used in DF systems, 
but those having greatest application can be 
grouped in the following general categories: 

(1) Aural indicators. 

(2) Instantaneous indicators (scope 
presentations). 

(3) Automatic bearing-seeking 
indicators (primarily in airborne application). 

(4) Digital read out. 


d. Each type of indicator has certain 
specific characteristics and applications which 
are described in detail in this section. Many of 
these characteristics are closely related to, and 
cannot be separated from, characteristics of 
the DF system with which a particular 
indicator is used. For example, in an 
instantaneous DF system, many of the 
features exhibited by the indicator are not 
necessarily characteristic of the indicator 
alone, but are the combined characteristics of 
the antenna, coupling, and indicator system. 


3—21. Aural Null. 


An aural null is the decreased audio tone of 
the received signal when the antenna is at 
right angles to the arriving wave front and the 
signal components (phase relationship and 
signal strength) are identical. Electronically, 
when signals of equal value are ‘‘beat” (mixed 
together), these signals will, among other 
effects, cancel each other. This cancellation 
results in the decreased audio tone. 


a. Aural Indicator. An aural indicators 
a headset or loudspeaker connected to the D 


receiver audio circuit. It enables the operator 
to detect the signal bearing by changes in the 
audible receiver output as the antenna is 
rotated. In DF systems using aural indicators, 
the antenna system must be rotated to the 
bearing position. This position must be 
characterized by an abrupt change in the 
antenna response pattern and, therefore, in 
the receiver output. 


b. Types. In the most common DF sets 
using aural indicators, the antenna is a 
rotatable loop or Adcock, or a fixed 
crossed-loop or crossed-Adcock effectively 
rotated by a goniometer. All these antennas 
have, or result in, a figure-eight response 
pattern with broad maximums and sharp 
nulls. Therefore, the nulls of the antennas are 
selected as the bearing pints. Aural 
indicators used with DF sets having these 
types of antennas are commonly called 
aural-null indicators. At the higher 
frequencies (several hundred megahertz), 
directional arrays having response patterns 
with sharp maximums can be used. Aural 
indicators operating with these antennas 
might be called aural-maximum indicators. 
The remainder of this paragraph is limited to 
a discussion of aural-null indicators rather 
than aural-maximum indicators because they 
are the most common in DF equipment 
currently deployed. 


c. Characteristics. The important 
characteristics of the aural-null indicator are 
as follows: : 

(1) It is the simplest indicator that 
can be used with a DF set since: 

(a) It adds nothing to the DF 
because a headset or speaker is usually 
included for monitoring purposes. 

(b) It can be used with 
simple-loop or Adcock antenna systems 
without the addition of complicated coupling 
systems. “4: 

(c) It reduces to a minimum 
the size, weight, and maintenance factors of 
the indicator. 
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(2) The indicator cannot detract 
from the accuracy of the remainder of the 
system. 

(3) The readability of the indicator 
is not influenced by the type of signal 
received, whether it is Continuous Wave (CW), 


Interrupted Continuous Wave (ICW), or 


Modulated Continuous Wave (MCW). 

(4) The readability of the indicator 
is high on weak signals in the presence of 
noise or interfering signals because the human 
ear can differentiate between desired and 
undesired signals. 

(5) The readability of the indicator 
is poor on fading signals because it cannot 
discriminate between a fade and a null 
indication. 

(6) An extra operation must be 
performed to determine sense. 


3—22. Visual Bearing Indicator Systems. 


More sophisticated equipment is required for 
systems providing visual bearing 
presentations. A meter or oscilloscope must 
be used to determine the bearing direction. 
Most DF equipment currently deployed has a 
scope integral to the circuitry. On the scope 
face, the signal bearing is displayed in a 
number of forms or shapes. 


a. Instantaneous (Oscilloscope) 
Indicators. An instantaneous visual indicator 
using a Cathode-Ray Tube (CRT) 
continuously and automatically presents a 
pattern or trace on the tube screen that points 
toward the azimuth of the arriving signal or 
an azimuth scale around the face of the tube 
(fig. 3-36). The presentation of this pattern 
or trace is accomplished without manually 
rotating the DF antenna to the bearing 
position. 


b. Application. The application of an 
instantaneous indicating device to a DF 
system is possible only if the antenna system 
is one of the following types: 
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(1) A fixed, oriented, crossed-loop, 
or crossed-Adcock variety that may be 
effectively rotated 360 degrees at a constant 
trate by a spinning mechanical or electronic 
goniometer. 

(2) A fixed, oriented, crossed-loop, 
or crossed-Adcock variety, the outputs of 
each of the crossed-loop or Adcock antennas 


maintained as separate signals through a 
dual-channel receiver, or through a system of 


antenna switching and a_ single-channel 
receiver, to individual channels in the 
indicator. 


(3) A single-loop or Adcock that is 
continuously rotated 360 degrees by 
mechanical means at some constant rate. 


Figure 3-36. Typical position of azimuth scale on instantaneous indicator (oscilloscope). 
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(4) A Circular Disposed Antenna 
Array (CDAA) equipped with monitor beams, 
power combiners, and much greater 
sophistication than has thus far been 
discussed. 

(5) Inverse LORAN. 

(6) Single Site Position Assembly 
Location. | 


c. Characteristics, Because these special 
features must be incorporated in a DF system 
using an instantaneous indicator, its size, 
weight, power consumption, complexity of 
design, and maintenance are greater than in 
systems using aural-null indicators. When not 
prohibitive, these disadvantages are more than 
compensated for by the _ increased 
performance obtained when using this type of 
indicator. Characteristics of instantaneous 
indicators in comparison with similar 
characteristics of aural-null indicators are as 
follows: 

(1) There is greater speed in 
obtaining bearings because the antenna is not 
manually rotated to the bearing position. 
Bearings can be taken as quickly as the 
receiver can be turned to the desired signal 
and the bearing read directly from the 
indicator. In autotune systems the 
productivity of a remoted DF site is greatly 
increased. a 

(2) Simplicity of operation is 
increased. Tuning the receiver and reading the 
bearing are the only operations necessary. 
Alinement and _ balancing procedures, 
although not difficult, must be carefully 
accomplished by experienced operators or 
maintenance personnel as appropriate. 

(3) Readability is increased. 
Although its readability on. strong signals is 
not appreciably greater than the aural-null 
system previously discussed, its readability on 
moderate and weak signals is considerably 
greater. 

’ (4) There is equal readability on 
CW, ICW, and MCW signals. 

(5) Readability on swinging signals 
is increased because the _ indication 
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continuously and instantaneously changes 
with the bearing swing, and thus permits the 
operator to choose the bearing that most 
likely is correct. 

(6) Readability on fading signals is 
increased because the indicator has a high 
degree of discrimination between a change in 
signal level, due to fade, and a change in 
bearing. 

(7) There is increased readability on 
combinations of swinging, fading, and 
unfavorably polarized signals, because the 
indicator exhibits certain features which tell 
the operator when conditions are most 
favorable for obtaining a bearing. 

(8) Readability in the presence of 
interfering signals is fair, although not as good 
as aural indicators. This reverts back to the 
discrimination by the ear between two signals 
with only fractional frequency separation. 
Auto tune systems. however, have largely 
eliminated adjacent channel interference by 
remotely tuning the DF receiver to within 25 
Hz of the target frequency. 


3-23. Bearing-Seeking Type Indicators. 


a. A bearing-seeking type indicator is 
used with those DF sets in which the antenna 
system is automatically rotated by an electric 
motor to the true bearing position of the 
source of signal to which the DF receiver is 
tuned. The bearing indicator in such a system 
is the component which controls the rotation 
of the loop driving motor. It causes an 
indicating pointer to revolve and come to rest 
when pointing at the azimuth of a signal as 
read from a circular azimuth scale. The 
rotation of the antenna is quite often 
electronic instead of manual. The: bearing 
presentation, however, is still as described 
above. This type indicator is used primarily in 
airborne applications and is identified as 
Automatic Direction Finding (ADF), or 
automatic radio compass. This information is 
included to ensure an overall understanding of 
DF. The ADF provides the pilot with a 
continuous and automatic indication of the 
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azimuth to the transmitter. In reality, the 
automatic radio compass is a left-right, 
loop-type DF with a  servosystem (or 
electronic system) which automatically (or 
electronically) turns the loop to its true null. 


b. The output of a left-right DF when 
the loop is off bearing is an audio signal at the 
loop switching frequency whose amplitude 
and phase are a function of the loop position 
with respect to the loop null. In an automatic 
radio compass, the variations in phase and 
amplitude of the receiver output voltage cause 
the loop to be driven by a reversible electric 
motor (or electronic switching system) to a 
point of null or zero pickup. 


c. The widest. application of a 
bearing-secking type indicator is in homing 
type DF for aircraft where size and weight 
requirements do not permit the use of 
instantaneous indicators, but where an 
automatic DF (in the sense _ that 
operator/pilot does not have to rotate the 
antenna to the bearing position and the true 
bearing is continously indicated) is required. 


d. Characteristics of bearing-seeking 
type indicators are as follows: 
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(1) It has simplicity of operation 
comparable to that of instantaneous 
indicators. The only operational requirement 
is tuning the receiver to the desired signal and 
reading the bearing on the indicator. 

(2) Readability on strong and 
moderate CW, ICW, and MCW signals is as 
good as that of indicators previously 
discussed. 

(3) Readability on weak signals, 
swinging and fading signals, and on signals in 
the presence of adjacent channel interference 
is not comparable to the readability of 
instantaneous indicators. 

(4) Automatic sense indication is 
coincidental with bearing indication. 


Section V 
DF RECEIVERS 


3—24. DF Receivers. 


Any good quality receiver that has excellent 
sensitivity and selectivity, and can be 
modified for compatibility with necessary 
auxiliary equipment, can be used as a DF 
receiver. 


CHAPTER 4 


Types of 


Direction-Finding 
Efforts 


Section | 
TERMINOLOGY ASSOCIATED WITH DF 
EFFORTS 


4—1. General. 


a. ‘Directwave Direction Finding. Di- 
trectwave Direction Finding (DWDF) is the 
term used to identify the DF effort against 
transmitters located close enough to the DF 
site that the direct component of the trans- 
mitted wave is used to locate the transmitter. 


b. Skywave Direction Finding. Skywave 
Direction Finding (SWDF) is the term used to 
identify the DF effort against transmitters 
whose location is far enough away from the 
DF site that their radio waves have been 
reflected or refracted by the atmosphere prior 
to their interception by the DF site. 


c. Airborne Radio Direction Finding. 
Airborne Radio Direction Finding (ARDF) is 
the term used to identify the DF effort 
conducted from an airborne platform. 


Section II 
DIRECTWAVE DIRECTION FINDING 


4—2. DWDF Factors. 


Radio wave propagation is an extremely 
important factor in all types of DF. Although 
a review of wave propagation was given in 
chapter 2, it is necessary to describe some 
important differences between wave behavior 
in the MF/HF frequency range and those in 
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the VHF/UHF range, since these effects have 
important operational effects on DWDF 
activities. | 


a. In the VHF/UHF frequency range 
(30 MHz and above): 

(1) Communications are 
predominantly short range and line-of-sight. 

(2) FM voice is the primary type of 
transmission. 

(3) Transmitters are usually highly 
mobile, either manpacked or vehicle 
mounted. They commonly use whip antennas 
which are nondirectional and __ vertically 
polarized. 

(4) Transmission is mostly by means 
of the direct component of the groundwave. 
Wave travel is primarily in a direct path from 
the transmitting antenna to the receiving or 
DF antenna (fig. 4—1). 

(5) The directwave component is 
generally not greatly affected by the ground 
over which it travels. It is, however, subject to 
reflection and reradiation by objects above 
the ground in its wavepath (fig. 4—2). 


b. At this point, it is necessary to 
discuss how reradiation affects the DF effort. 
Reradiation occurs when the wave front 
encounters an object composed of any 
material having high electrical conductivity, is 
of a size that approximates the wavelength 
(including fractions or multiples thereof), and 
has the same polarization. For example, an 
FM radio transmitting on a frequency of 50 
MHz using a quarter-wave vertical whip 
antenna is located at point A in figure 4—3. 
The hill mass between the transmitter at A 
and the DF sets at B and C would ordinarily 
make it impossible for the transmitter to be 
heard at the DF sites. A metal fence post 
approximately 1.5 meters in height is located 
at point D. As the wave transmitted from the 


4-1 


FM 30—476 


teres | 
etme 


ENEMY ENEMY TRANSMITTER FRIENDLY DF 


Figure 4—1, Direct wavepath. 


—_— 


ERRONEOUS LOCATION 


NUH? 


i 
Oe oe ee 


TOWER WITH-- 
WHIP ANTENNA. 


TARGET 
TRANSMITTER 


Figure 4 By i Wave reflection and reradiation. 
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Figure 4—3. Reradiation of transmitted signal, 


FM radio passes by the fence post, a small 
induction field is built up around the post. 
Since the 1.5 meter post is a 
quarter-wavelength of the radiated wave, a 
resonant radiation field is set up causing the 
wave to be reradiated from the fence post. In 
this instance, the DF sites will indicate an 
erroneous location for the transmitter. The 
reradiated wave is much weaker than the 
original wave, but when a directwave and a 
reradiated wave are present at the same time, 
as shown in figure 4—2, the weaker reradiated 
wave may still be of sufficient intensity to 
affect the accuracy of the DF bearing. 


c. The discussion pertaining to wave 
propagation indicates that groundwaves are 
composed of several components. The waves 


radiated from a transmitting antenna spread 
out into the atmosphere and along the earth, 
as well as into the earth. Because of the 
conducting properties of the earth, some of 
the energy is reflected from the earth’s 
surface. The part of the wave not reflected 
enters the earth where the energy rapidly 
dissipates as heat. Other portions of the waves 
spread out along the earth and into the 
atmosphere and travel to the receiver, 
providing radio communications, and to the 
DF set. The field intensity of the groundwave 
and the range over which groundwave 
communications can be conducted depends 
upon many factors (see section III, chapter 
2). Most of the received groundwave field 
intensity can usually be accounted for in 
terms of one or more of the factors discussed 
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previously. The resulting groundwave is, 
therefore, composed of one or more of the 
following wave components: direct, ground 
reflected, surface, and tropospheric. 

(1) Directwave. This component 
travels directly from the transmitting antenna 
to the receiving antenna. The directwave is 
not appreciably affected by the earth’s 
surface, but is subject to refraction in the 
atmosphere between the transmitter and the 
receiver. This refraction is particularly 
important in the UHF range. The directwave 
is the principal means of transmission in 
tactical VHF communications circuits, and 
therefore is of prime importance in DWDF 
operations above 30 MHz. The directwave 
(along with the ground-reflected wave) is also 
the most important wave component in 
Airborne Radio Direction Finding (ARDF) at 
all frequencies. 

(2) Ground-reflected wave. This 
component reaches the receiver after being 
reflected off the ground. 

(a) If both the transmitter and 
receiver (or DF set) are located on the 
ground, the difference in path lengths 
between the direct and the ground-reflected 
waves is small. These waves arrive almost 
exactly 180 degrees out of phase, resulting in 
almost complete cancellation. This is 
particularly true at frequencies below 30 MHz 
due to the relatively long wavelengths. The 
difference in path lengths between the direct 
and ground-reflected waves would have to be 
relatively large to compensate for the 180 
degree phase shift at the point of reflection. 
Therefore, in this instance, DF of groundwave 
communications below 30 MHz are 
conducted primarily with the surfacewave 
component. 

(b) As the height above the 
ground of the receiver antenna increases, the 
difference in the path lengths of the two 
components increases until a point is reached 
where the difference is equal to the 180 
degree phase shift caused by reflection. When 
the two components are equal in phase, they 
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add together to produce a stronger signal than 
would be produced by either component 
alone. At still greater heights, the two waves 
again arrive out of phase, and cancellation 
occurs. At extremely high frequencies, many 
cycles of change from null to maximum 
occur. At 3,000 MHz, for instance, the nulls 
are only two degrees apart. In the HF band, 
there are usually only one or two such cycles 
because of the greater wavelengths at these 
frequencies. 

(c) The height of the 
transmitting antenna above the ground plays 
an important part in determining the shape 
and vertical orientation of the lobes. For 
instance, if the transmitting antenna is a 
quartet-wavelength above the ground, the 
wave goes through a 90 degree phase change 
in its path from the antenna to the ground 
directly below, a 180 degree phase change 
caused by reflection, and a further 90 degree 
shift on its way back from the ground to the 
antenna. Thus, the wave front is exactly in 
phase with the next succeeding wave front 
emitted from the antenna, and the maximum 
signal strength is directly above the antenna. 
These patterns of radiation are very important 
in ARDF, which operates against a 
combination of the direct and the 
ground-reflected wave components. 

(d) At frequencies above 30 
MHz, the wavelengths are shorter and the 
in-phase condition between the direct and 
ground-reflected wave components occurs 
close to the ground. Since the surfacewave 
component loses strength rapidly at these 
frequencies above 30 MHz, communications 
are largely by means of the combined direct 
and ground-reflected wave components. Re- 
ception can be improved by increasing the 
height of the receiver antenna to increase the 
path length difference between the direct and 
ground-reflected wave components to maxi- 
mize the phase relationship between the two 
components. Since a full wavelength at 30 
MHz is only 10 meters and decreases to 1 
meter at 300 MHz, a smai! adjustment in 


antenna height may produce the desired 
results by trial and error. It should be pointed 
out that whenever operations are conducted 
over terrain which inhibits ground reflection, 
such as areas covered by low brush or rocky 
desert terrain, the ground-reflected wave may 
be absent, and communications above 30 
MHz will use the directwave component only. 
In essence, a very low percentage of a VHF 
signal is adequately reflected to enhance the 
DF effort. 

(3) Surfacewave. This component 
travels directly along the surface of the earth 
(although it extends above the ground, its 
strength diminishes with increased height), 
and is affected primarily by the conductivity 
and dielectric constant of the ground over 
which it travels. The surfacewave is the 
primary componcnt acted upon by ground- 
based DWDF systems below 30 MHz. The 
three most important factors of this type 
wave propagation are: 

(a) Frequency. The lower the 
frequency, and therefore, the longer the 
wavelength, the greater the range. The LF and 
VLF frequency bands are used for extremely 
long-range communications These frequencies 
are commonly used as navigational aids for 
ships. The MF range, which includes the 
standard broadcast band, can _ support 
moderate-range communications when the 
transmitting equipment is specially designed 
for groundwave propagation. Over sea water, 
this frequency range can be used for distances 
up to approximately 5,000 kilometers. In the 
HF band, wavelengths become shorter, and 
the dielectric constant and conductivity of 
the ground become the most important fac- 
tors in surfacewave propagation. Regardless of 
ground conductivity, however, as the frequen- 
cy increases, the groundwave range decreases. 
In the vicinity of 20 MHz, the groundwave 
loses strength very rapidly, and above 30 
MHz, it is virtually nonexistent for purposes 
of practical communications and DF. Most 
military communications below 30 MHz oper- 
ate in the 2—20 MHz range (predominantly in 
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the 1.5—8 MHz band) and rely mainly on 
skywave propagation. Groundbased DWDF 
systems working against such transmitters are 
actually receiving groundwaves which are un- 
intentional byproducts of transmissions 
whose main energy is directed towards the 
ionosphere rather than along the surface of 
the earth (fig. 4—4.) © 
(b) Terrain. The electrical char- 
acteristics of the ground over which the 
groundwave component travels can affect its 
range considerably. Sea water is the best 
conductor, having a conductivity factor ap- 
proximately 5,000 times as great as dry soil. 
(c) Polarization. When the sur- 
facewave is horizontally polarized, the earth 
has a short-circuiting effect which causes the 
wave to dissipate rapidly into the ground. For 
this reason, surfacewaves are generally verti- 
cally polarized. If a transmitted wave has 
some degree of both vertical and horizontal 
polarization, the horizontal portion will be 
quickly absorbed and only the vertically 
polarized part of the wave will travel any 
appreciable distance. Because of this, surface- 
waves can be considered to be vertically 
polarized. This is an important point, since 
most DWDF systems employed against sur- 
facewaves use vertical loop or monopole 
antennas which are designed to receive verti- 
cally polarized waves. 
(4) Tropospheric waves. See para- 
graphs 2—14 and 2—15. 


d. In the MF/HF range, the enemy 
transmitters against which DWDF is being 
conducted are likely to be communicating 
with another station hundreds of kilometers 
away by the skywave mode of transmission. 
The groundwave received by the DWDF team 
is generally an unintentional byproduct of a 
skywave transmission (fig. 4—4). 

(1) This wave travels along the 
surface of the earth and can be strongly 
affected by the earth and natural or manmade 
objects on its surface. Obstructions between 
the transmitting antenna and a DF site can 
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Figure 4—4, Groundwave DF, 


cause the wave to deviate from a straight-line 
path and introduce wavepath errors of varying 
degrees. 

(2) The distance these groundwaves 
can be received by a DWDF set is subject to 
extreme variations and is affected by such 
factors as transmitter power output, antenna 
type, terrain, manmade objects, and operating 
frequency. Advance estimates of expected 
groundwave range in a given environment can 
be made if some knowledge of the enemy’s 
communications equipment and operating 
techniques is available; however, some actual 
operating experience in each situation is 
usually required before reliable range 
estimates can be made. 


4—3. The Baseline and Baseline Distance. 


The establishment of a suitable baseline is 
affected by tactical, strategic, and technical 
considerations. A direction-finding baseline is 
identified as the imaginary line or axis along 
which the DF equipment of a DF network is 
deployed. Essentially, there are two types of 
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baseline configurations utilized for 
deployment of a DF network; concave or 
straight, and convex. The baseline distance is 
that straight line distance that separates the 
two outermost DF stations or sites. As a rule 
of thumb, a DF network fix capability is 
equal to the distance of the baseline measured 
from the center of the imaginary line joining 
the two outermost DF sites. For example, if 
the DF baseline is 80 km in length, the net 
location capability is 80 km in depth. 
Tactically, the deployment and movement 
plans of the friendly unit in whose area: of 
operations the DWDF net is established will 
determine which areas are available for the 
siting of the DF equipment. However, the 
target area to be covered, depending upon a 
technically acceptable environment, will 
dicatate the baseline configuration that is 
employed in any given situation. 


a. Concave. If it is expected that the 
target locations will be in a rather compact, 
narrow but deep, frontal area, it is best: to 
locate the direction finders on a concave or 


even straight base line (fig 4—5). With this 
baseline, the azimuth angles are satisfactory at 
‘longer ranges and excellent at short ranges. 


EXPECTED 
TARGET AREA 


Figure 4—5, Concave baseline. 


b. Convex. If target locations are 
anticipated to be located over a wide flanking, 
short-in-depth area, a triangular or convex 
(quadrilateral) baseline is suitable (fig 4—6). 
Using a convex baseline in this situation 
provides a reasonable azimuth angle over a 
wide front. It is probable that the convex 
baseline will satisfy the average situation. 


4—4. Baseline Considerations. 


The physical security of the DF site presents a 
combination of technical and __ tactical 
problems. Sites that are most suitable from a 
technical standpoint may be _ tactically 
undesirable, and vice versa. In many cases, a 
technically desirable site may be located in a 
risky area, and a suitable defensive perimeter 
must be established. If barbed wire is required 
in the vicinity of the DF site, or if armored 
vehicles are stationed near the DF antenna, 
these metallic objects will introduce DF errors 
that may completely negate the site’s original 
technical advantages. DWDF equipment is 
subject to serious errors caused by poor siting. 
Siting criteria, which are applicable to all DF 
efforts, will be discussed in detail in a later 
paragraph of this chapter. While it is difficult 
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EXPECTED 
TARGET AREA 


Figure 4—6. Convex baseline, 


to locate a technically ideal site, it is essential 
that the siting criteria which follows be 
adhered to as closely as possible. 


4—5. Terrain Considerations for Wavepath. 


The terrain on which both the DF sets and 
the target area are located is an important 
factor in DWDF operations. In favorable 
terrain, such as flat areas with few 
obstructions, all of the DF sites may have a 
clear electronic “view” of the target area. The 
establishment of the baseline is largely a 
matter of placing the DF sets so that good 
bearing angles for triangulation within the 
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target area are possible. Ideally, each of the 
sites should have an unobstructed wavepath 
between the DF antenna and any point within 
the target area. In most cases, however, this is 
not possible. Sites should be arranged so that 
portions of the target area that are “masked” 
to one or more sites can still be covered by at 
least three other sites. This is similar to setting 
up interlocking fields of fire for weapons, 
except that in the case of DF sets, each area 
must be covered by three “lines of fire” 
instead of one or two (fig. 4—7). 


4—6. Masking of Transmitters by the Enemy. 


There are some situations in which the enemy 
can take advantage of terrain features to mask 
his communications from friendly 
groundbased DF sets. Such a situation is 
illustrated in figure 4—8. The transmitting 
antenna, being hidden behind a hill is 
electronically masked from the DF sites, yet 
is able to communicate effectively with his 
outstation. Although this type masking is 
most effective in line-of-sight 
communications, the possibility must be 
considered whenever the terrain features in 
the enemy’s area of operations afford the 
opportunity. 


Figure 4—7, DWDF net with curving baseline. 


4—7. Limitations of Baseline Establishment. 


In some situations, conditions may be 
prohibitively unfavorable for DWDF 
operations because of impossible terrain 
conditions, unusual propagation factors, or 
baseline restraints. An example of a 
prohibitive baseline limitation is an 
amphibious operation with an assault on a 
very narrow beachhead. In this case, the area 
under friendly control is too small to establish 
an effective baseline, therefore, effective DF 
cannot be employed. In such a situation, it 
would be necessary to rely on ARDF support 
until the beachhead is expanded to 
accomodate a suitable baseline. 


4—8. Map Reconnaissance for Establishing 
DWDF Nets. 
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The most important step in setting up the 
DWDF net is thorough planning of the 
operation. Maps of the area must be carefully 
studied to find favorable site locations that 
present the best possible wavepaths from the 
target areas. The size and shape of the 
deployment area must be considered, as well 
as the estimated transmission range of enemy 
transmitters. The number of DF sets available 
for deployment will heavily influence the 
planning estimates. Sites must be in good 
radio reception areas and as far removed as 
possible from all obstructions, particularly 
metallic objects. Even under particularly 
unfavorable conditions, acceptable DWDF 
results can be obtained if the operation is 
carefully planned, with proper attention paid 
to the fundamentals of DF site selection and 
wavepath considerations. 


DF+4 DF# 3 


DF#2 DF#1 


Figure 4g, Enemy transmitter masked to friendly DF stations. 
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Section Il 
SKYWAVE DIRECTION FINDING 


4—9. SWDF Factors. 


This discussion of SWDF will deal only with 
the acquiring of bearings from skywaves 
arriving at DF antennas. The tactical and 
technical requirements discussed in paragraph 
4—2 for DWDF site selection will also apply 
to most SWDF sites except where friendly DF 
sites are installed in CONUS or countries 
friendly to the United States and where 
physical security would not be a major 
requirement. DF sites which deal primarily 
with SWDF are quite often designed to 
provide strategic coverage over vast 
geographical areas, such as an_ entire 
continent. Nets of this nature will frequently 
have sites scattered along a baseline thousands 
of kilometers in length. 


4—10. The Baseline. 


Site acquisition for strategic DF nets in 
foreign countries will usually be a joint effort 
with the host country. The DF planner gives 
the site requirements to a consular office or 
an embassy which negotiates with the host 
country for the site. For those installations to 
be equipped with large CDAA, approximately 
40 acres will be needed at each site. For 
smaller equipment sites, the baseline will 
usually remain in land areas where tactical 
superiority is exercised by friendly forces. 
Siting criteria, discussed in paragraphs 4—2 
through 4—6, apply to SWDF as well as to 
DWDF. 


Section IV 
AIRBORNE RADIO DIRECTION FINDING 


4—11. General. 
In the ARDF effort, the aircraft is actually 
the DF site, consisting of a combination of 


dipole antennas, a coupling system, receivers, 
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integrated equipment that will resolve the 
ambiguity of the incoming RF signal, and 
air-to-ground communications equipment. 


4—12. Concept of Employment. 


Within TOE limitations, aviation companies 
with the ARDF capability are deployed so 
their product is available to all combat 
echelons. Tasking is done through a central 
control section at the supported command 
level. These ARDF aircraft are used to 
supplement groundbased collection systems 
by providing an airborne DF platform to 
extend the radio horizon. The mission of 
ARDF involves acquisition and location of 
targets within the supported commander’s 
area of interest. 


4—13. Aircraft. 


Normally, the aircraft deployed for tactical 
ARDF missions is of a standard type modified 
to accommodate ARDF equipment. 

4—14. Equipment Employed in ARDF 
Operations. 


In addition to the normal complement of 
installed antennas, the ARDF aircraft will 
have some combination of the following 
antennas: two wing-mounted dipole antennas, 
two inboard nacelle dipole antennas, two 
horizontal stabilizer dipole antennas, one 
fuselage-mounted spaced-loop antenna, and a 
whip antenna used to search for targets. Some 
will also have a fuselage-installed antenna 
group for use with the radar navigational 
system. Other equipment necessary for ARDF 
is: 


a. Direction-finding receiver. 
b. C—11 gyroscopic compass system. 


c. C—12 gyroscopic compass system. 


d. ‘Radio Magnetic Indicator (RMI). 
e. Inertial naviation system. 
4—15. Crew Requirements. 


The crew for a normal mission on an ARDF 
aircraft would consist of a pilot, a copilot, 
and one or more operators depending upon 
equipment on board. 


4—16. Mission Configuration. 


ARDF aircraft are configured with equipment 
to cover various frequency ranges. The 
aircraft configuration used would depend 
upon the supported commander’s intelligence 
needs. 


4—17. Navigational Requirements in ARDF 
Operations. 


The pilot is responsible for the safety of his 
aircraft and accomplishment of the mission. 
To partially satisfy this requirement, he must 
know where he is at all times. For routine 
flying, arrival within one quarter of a mile of 
the destination is sufficiently accurate. He can 
adjust any minor navigational inaccuracies in 
the traffic pattern at his destination. Unless 
suitable adjustments for aircraft location are 
made, this criterion is intolerable in ARDF 
operations. The pilot must always know the 
precise location of his aircraft over the ground 
using dead reckoning and referring to visible 
landmarks on the ground and on his charts. 
New aircraft have instruments that operate in 
conjunction with satellites and ground 
stations which keep the pilot informed of his 
precise location. 


4—18. General Operating Environment of 
ARDF Units. 
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Each aviation unit requires a base of 
operations from which the aircraft can fly. 
The aviation unit providing ARDF support 
requires an adequate operations area and a 
secure communications facility through which 
mission assignments can be received and 
results reported. 


4—19. Flight Considerations for ARDF 
Operations. 


Before the mission flight, the aircrew is given 
a thorough briefing of the target area. The 


current artillery advisory, in the mission area 


and enroute, is carefully studied because the 
ARDF aircraft operate at altitudes low 
enough to be vulnerable to high trajectory 
firing. The pilot then decides whether to fly a 
direct route or make some detour to avoid 
artillery and hazardous terrain. The pilot 
notes any emergency landing areas close to 
the intended route and studies the terrain 
features on the chart for suitable basepoints, 
such as distinctive patterns of railroad tracks 
or roads, sharp bends in rivers or trails, 
quarries, small lakes, and other easily 
identifiable terrain features. 


4—20. Integration of Results. 


Tasking, plotting, and reporting is generally 
handled within the channels that regularly 
process DWDF and SWDF reports. ARDF 
results on high priority targets in which a 
tactical unit has pressing and immediate 
interest may be passed directly to the 
supported commander by secure means. 
Although passed directly, the results will still 
be processed with the results from other DF 
efforts through a central control or plotting 
facility. ARDF contributes to the overall 
effort in much the same manner as the other 
efforts previously discussed. 
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CHAPTER 5 


Direction-Finding 


Techniques 


Section | 
MAPS 


5—1. Use of Map Projections with DF. 


The basic method of DF plotting consists in 
the measurement, at a receiving or centralized 
plotting station, of the angle between the 
direction of a predetermined reference line 
(usually magnetic or true north) and the 
direction from which the electromagnetic 
waves atrived from a distant transmitting 
station. The results are plotted and evaluated 
on a map. For this reason, the more 
important types of map projections are 
explained below. 


5—2. General. 


a. Definition. A map as used for DF 
plotting, is a graphic representation of a 
portion of the earth’s surface. Although 
drawn to scale, no map is absolutely accurate 
since it represents the earth as a plane or flat 
surface. Accuracy depends upon the method 
used in making the map, and certain 
properties must be sacrificed to obtain other 
desirable features in accordance with its 
specific use. 


b. ‘Introduction. No portion of the 
earth’s surface can be spread out into a flat 
plane without some “stretching” or “tearing.” 
This is illustrated by attempting to flatten 
either the cap of an orange peel or a portion 
of a hollow rubber ball. The outer portion 
must be stretched or torn before the central 
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part will flattsn. However, there are some 
surfaces which can be spread out in a flat 
surface without stretching or tearing; these 
are called deveiopable surfaces. Those surfaces 
whicn cannot be spread out in a flat surface, 
such as a sphere, are called nondevelopable 
surfaces. Two. well-known developable 
surfaces are the cone and the cylinder. If a 
paper cone is cut from the base to the apex, 
the conical surface can be spread out in a flat 
surface without tearing or stretching (Capital 
A, fig. 5—1). If such a cone is flattened, any 
line or curve drawn on it will have exactly the 
same length as before. In the same manner, if 
a cylindrical surface is cut from base to base, 
the whole surface can be rolled out into a 
plane or a rectangle (Capital B, fig. 5—1). In 
this case there is no stretching or tearing of 
any part of its surface. 


5—3, Reference Points on a Spheroid. 


On a spheroid such as the earth, it is necessary 
to have some points or lines of reference so 


AN 


Figure 5-1. Cone and cylinder, developable surfaces. 
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that any point may be located with respect to 
them. Places on the earth are located by 
latitude and longitude, which form a network 
of lines running true east and west (parallels 
of latitude) and true north and south 
(meridians of longitude). 


a. ‘Derivation of Reference Points on a 
Spherioid. The ends of the earth’s rotational 
axis are called the North Pole and the South 
Pole. With these as starting points, assume the 
earth is divided into two equal parts by a 
plane perpendicular to the axis midway 
between the poles. The circle formed by the 
intersection of this plane and the surface of 
the earth is the equator and divides the earth 
into the Northern Hemisphere and the 
Southern Hemisphere. Any circle upon the 
earth which divides it into two equal parts, 
such as the equator, is called a great circle (see 
fig. 5—2). It is customary in the United States 
to divide these great circles into 360 equal 
parts called degrees. 

(1) Meridians. As shown in figure 
5—3, any number of great circles can be 
drawn through the two poles, and each will 
cut the equator into two equal parts. Each 
circle may be divided into 360 degrees, with 
the equator 90 degrees from either pole. 
These great circles are called meridians. 

(2) Establishing meridians . of 
longitude. To further reference a point, it is 
necessary to number the meridians east and 
west from an established location. Most 
countries have adopted the meridian passing 
through the Greenwich Observatory in 
England as the zero meridian, or the prime 
meridian (0 degrees). The degrees of longitude 
are counted from 0 to 180 degrees east and 
west (fig. 5—4). The great circle that passes 
through the poles and Greenwich, England, is 
called the prime meridian on one side of the 
globe, and the 180th meridian on the other 
side, since at this point it is both 180 degrees 
east and west of the prime meridian. Thus, 
east-west reference points are provided. 

_ (3) Establishing parallels of latitude. 


Figure 5-2. Great circles. 


75° 75° 


NORTH LATITUDE 


SOUTH LATITUDE 


WEST LONGITUDE EAST LONGITUDE 


Figure 5—3. Projection of a sphere showing the arrangement 
of longitudes and latitudes. 


Assume that on one of these meridians a 
point is taken 70 degrees north of the 
equator, and a plane is passed through this 
point perpendicular to the north-south axis 


ae a 
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Figure 5—4, Diagram of the globe indicating 
the derivation of longitude. 


(parallel to the plane of the equator). The 
intersection of this plane and the surface of 
the earth will form a small circle called a 
parallel of latitude (fig. 5—5). Every point on 
this circle will have a latitude of 70 degrees 
north. Other such circles can be formed at 20 
degrees, 40 degrees, etc. Thus, since the 
equator was drawn as a great circle midway 
between the poles, a point north or south 
with reference to the poles can be located. 


b. Initial Problem of Map Projection. A 
sphere constructed with meridians and 
parallels on it represents the earth with its 
imaginary meridians and parallels. As 
previously stated, a sphere is nondevelopable. 
Therefore, the problem of map projection is 
one involving a systematic drawing of lines 
representing meridians and parallels on a flat 
surface, either for the whole earth or any 
desired portion. 


5—4, Selecting a Type of Map Projection. 
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Figure 5—5. Diagram of the globe indicating 
the derivation of latitude. 


The spheroidal shape of the earth cannot be 
represented on a plane without distortion, 
therefore, a compromise of desirable 
properties to obtain the most practical 
features for a specific use must be made. 
Many different types of map projections have 
been devised, each having special merits for 
their intended use, while compromising other 
features. The map projections used for DF 
plotting must be of a type that a straight line 
from a given point will indicate the true 
azimuth. Three map projections commonly 
used for DF plotting are: 


a. Universal Transverse Mercator Pro- 
jection. The Universal Transverse Mercator 
(UTM) system (fig. 5—6) is the most com- 
monly used map projection method for mili- 
tary purposes. It can be easily oriented for 
combat situations and readily used with a 
compass to find a true azimuth from any 
given point on the map. This system, makes it 
possible to plot from point to point using a 
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straight line called a rhumb line. This rhumb 
line may be used to determine latitude and 
longitude of any point along its path, up to 
300 kilometers. This is of great importance 
because it is only through use of a map 
projection system of this type that a flat 
presentation of a globular object may be 
displayed with the distortion minimized. 


b. ~Gnomonic Projections. 
(1) The gnomonic projection is the 
most commonly used map projection system 
for long range DF plotting. It is particularly 


ae 


Figure 5—6. Mercator projection on a cylinder indicating 
method and showing polar distortion. 
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useful when plotting across great expanses of 
ocean. 

(2) A gnomonic projection of the 
earth is derived by projecting the surface of 
the globe, from its center, upon a planar 
surface. This projection method represents all 
great circles as straight lines, and is the 
projection’s chief merit. This property is 
important in DF, because the shortest route 
between two points (a straight line) is always 
a portion of the arc of a great circle. Radio 
waves travel more or less on great circle 
routes. 

(3) The mathematical limit of this 
projection is a hemisphere. The practical limit 
is a quarter of the globe (90 degrees) since the 
distortion beyond that point becomes severe. 


c. Equatorial Projection. This 
projection was rarely used in earlier DF 
efforts. However, with the installation of large 
fixed sites with DF multiband capabilities, 
this projection is essential for maximum 
accuracy and _ convenience. With the 
development of computer technology; the 
computer produces such projections from any 
given reference point. This projection has a 
relatively small scale error if it is not extended 
beyond a hemisphere. It is possible to show 
the whole earth, although distortion increases 
rapidly toward the perimeter. Figure 5—7 isa 
map representation of this projection 
centered on New York. 


5—5. Aeronautical Charts. 


Another type of map encountered in the 
plotting of DF results is the aeronautical 
chart. The major difference between 
aeronautical charts and standard Army maps 
is that the grid lines in aeronautical charts are 
straight and are oriented to true north, and 
the particular areas in which magnetic 
variation occurs are indicated by broken 


' magenta-colored lines which follow the exact 


electrical variations in the earth’s surface. 
These lines, called isogonic lines, waver and 
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Figure 5-7. Azimuthal equidistant projection centered on New York. 


slant to follow the electrical fields which they 
designate. Where true north and magnetic 
north are almost identical, these lines are 
called agonic lines, and there would be no 
deflection of the compass needle from true 
north indicated by the grid lines. As electrical 
fields in and around the earth do not respect 
the orderly requirements of the map makers 
for maximum accuracy, the user must 


“average” the variation depending upon the 
distance he may be from an isogonic line. 


5—6. Magnetic Variation and Use of the 
Compass Rose. 


Magnetic north and true north do not 
coincide. True north and south (the poles) are 
used as the chart poles because they are fixed 
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and unvarying. Magnetic north is some 650 
kilometers south of geographic north, and is 
constantly changing its exact location. 


a. Variation. When a compass needle 
points north, it is not pointing to the north of 
the chart (true north), but rather to magnetic 
north. The amount of separation between 
these two points is called variation, and is 
expressed in degrees. The amount of variation 
differs with the locality, since it follows the 
magnetic channels between the poles. It may 
vary east or west of the true meridian, or it 
may not vary at all (fig. 5—8). This variation 
is a continually changing phenomenon which 
could not be represented on any map or chart 
perpetually. Therefore, maps should be 
obtained with the latest variations posted 
before planning any DF plotting effort. 


b. Use of the Compass Rose. The 
amount of variation for each locality on 


charts and maps is indicated by either a 
compass rose, a declination diagram, or a 
narrative statement, depending upon the age 
and type of map. A compass rose is a double 
graduated circle, the outer one marked in 
degrees and the inner one marked in compass 
points. Figure 5—9 illustrates the compass 
rose on a 1939 map. The outer circle, which is 
stationary, is oriented to true north. Its zero 
degree is true north. The inner circle is 
oriented to magnetic north for the year 
indicated in the center of the compass rose 
diagram. The difference between the two 
points is the variation in the year indicated in 
the center. 

(1) The variation since the year the 
chart was published is obtained by 
multiplying the annual increase or decrease, 
indicated in the lower half of the center of 
the rose, by the number of years elapsed 
between printing and reading. Therefore, in 
figure 5—9, the variation in the year 1939 was 


Figure 5—8, Map of the world showing typical zones of magnetic variation. 
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Figure 5-9. Compass rose. - 


13 degrees 00 minutes W and the variation 
increased 2 minutes each year, as indicated in 
the center of the rose. Therefore, the 
variation in 1946 would equal 7 (number of 
years between 1939 and 1946) times 2, or a 
total variation of 13 degrees 14 minutes W. If 
the variation had indicated an annual 
decrease, the amount would be subtracted 
from the 1939 variation. 

(2) When a true direction reading 
from a map is changed to a magnetic 
direction, easterly variation is subtracted from 
the true course indicated, and westerly 
variation is added. A memory aid, in the form 
of a simple rhyme is, “East is least (subtract) 
but west is best (add). The reverse is true 
when changing from a magnetic to a true 
course reading. 

(3) The compass rose variation 
indicator is not used on many maps today. An 
explanation is included for its use since there 
are many parts of the world that remain 


FM 30—476 


uncharted or inaccurately charted, and older 
maps may be the only references available. 


5—7. Declination Diagrams. 


a. A declination diagram is placed on 
most large-scale maps to enable the user to 
orient the map properly. The diagram shows 
the interrelationship of magnetic north, grid 
north, and true north. On medium-scale maps, 
declination information is shown by a note in 
the map margin. 


b. Declination is the angular difference 
between true north and either magnetic or 
grid north. There are two declinations, 
magnetic and grid. Magnetic north, grid north, 
and true north (fig. 5—10) are indicated on 
the diagram by a half arrow, straight line, and 
star respectively. Since it is not the intent of 
this manual to discuss basic map reading, FM 
21—26, Map Reading, should be used as a 
basic reference. 


Section Il 
DF SITE REQUIREMENTS 


5—8. General. 


Whenever a DF site is set up in a new 
location, its antennas must be precisely 
oriented to a known reference point to 
produce an accurate measurement of the 
arrival angle of a wave front. Without this 
accuracy, the plotting of reported bearings 
would be valueless. DF stations of the US 
Army have their antennas oriented to true 
north. To establish a true north reference line 
on the map of the area in which the DF site is 
being erected, it is common to use celestial 
bodies and satellites for maximum accuracy. 
Alternatively, field expedient methods may 
be used. Chapter 5, FM 21—26 explains in 
detail those field expedients which may be 
used to determine the direction of true north. 
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Figure 5-10. Declination diagrams. 


5—9. Siting Errors. 


Siting, as well as orientation, of DF antennas 
is extremely important in obtaining maximum 
DF accuracy. Since radio waves can be 
deflected from their paths by various 
obstacles, and DF equipment can only 
measure the angle of arrival where the DF 
antennas are located, the DF set should be 
positioned where the wavepath is least 
susceptible to outside influences. Then the 
DF set will give the most accurate 
representation of the true direction of wave 
travel. Obstructions in the near vicinity of the 
site are particularly objectionable; the closer 
the obstruction is to the DF site, the greater 
its adverse effect on the site. DF errors caused 
by obstructions in the vicinity of the DF site 
are known as site errors. Figure 4—2 
illustrates site errors caused by reflecting or 
radiating objects located near the DF site. 


5-10. Site Criteria. 
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a. The area should be substantially flat 
for approximately 90 meters from the DF 
ante’ © and have no more than a gentle slope 
for cal times that distance. 


b. The area should be the highest level 
area in the vicinity. A site in a valley is usually 
unsatisfactory. 


c. Mountainous or hilly country should 
be avoided. 


d. The area should be as far as possible 
from the shore line of large bodies of water 
(at least 5 wavelengths of the lowest 
frequency to be measured). If the installation 
must be made on or near the coast, the 
flattest area should be selected and the DF 
antenna should be oriented so that the 
azimuth arc to be measured is as nearly 
perpendicular to the coast as possible. 


e. The earth at or around the site 
should have uniformly high conductivity and 
moisture content. Areas uniformly covered 
with grass or vegetation usually meet this 
requirement. Rock or sandy soil is poor as a 
DF site. Areas having low conductivity are 
preferable, however, to areas having high 
conductivity spotted with rock formations, 
sand, or a varying moisture content. 


f. Regions where there are abrupt 
discontinuities of the earth should be avoided. 
Sharp changes in terrain elevation usually 
indicate the presence of rock or mineral 
outcroppings, or underground streams. 


g. The site should be removed from tall 
trees, buildings, wire fences, power or 
telephone lines, radio antennas, railroad 
tracks, buried metal conductors (cables and 
pipelines), sharp ground contour changes 
(mountains, cliffs, and ravines), chimney 
stacks, water towers, rivers, lakes, and 
streams. 


h. Distances to be maintained between 
the DF site and these obstructions to 
minimize their effect on accuracy are listed in 
table 5—1. 


Table 5—1. Preferred Distance from Obstacles. 


DISTANCE TO BE 
OBSTACLES MAINTAINED 

Scattered trees and single small 

buildings 185 meters 
Wire fences 275 meters 
High cliffs and deep ravines 1.6 kilometers or farther 
Buried metallic conductors 275 meters 
Chimney stacks and water towers 450 meters 


Railroad tracks and overhead con- 

ductors (utility lines and antennas) 450 meters 
Mountains 10 to 50 kilometers 
Rivers, streams, and lakes 550 meters 


5—11. Comparison of DWDF and SWDF Site 
Establishment. 


In establishing large, fixed-installation DF 
sites, all of the technical considerations can 
usually be met. Tactical DF sites, however, 
present more of a problem since the areas 
available for sites are fewer, and such factors 
as physical security and logistical support 
become predominant considerations. Once a 
site has been installed, it is necessary to 
ensure that it remains free of obstructions. A 
restricted zone should be established for a 
distance of 150 to 300 meters in all directions 
from the center of the DF antenna array. This 
zone must be kept free of all construction and 
material storage. As a minimum, this area 
must be kept completely free of metallic 
buildings, vehicle parks, and _ other 
obstructions listed in the above table. 


5—12. Site Testing. 

In addition to the physical criteria specified 
previously, additional tests should be made on 
the DF site if time and the tactical situation 


permit. 


a. Electrical Inspection. 
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(1) Noise measurement. Measure the 
noise level with a field strength meter or 
comparable equipment, at the major 
frequencies on which the DF set will be 
operated. If the equipment is to be used over 
a band of frequencies, measurements should 
be made throughout the band. For a suitable 
DF site, the noise level (other than temporary 
atmospheric noise) should be low, otherwise 
many signals of interest wil! ve lost. 

(2) Field pattern. This test is made 
to determine uniformity of reception for the 
DF site. An explar.tion of this test was 
detailed in paragraph 3—1a. Although the 
directivity of an installed antenna was 
discussed in the polar diagram section, the 
reader can compare the discussion with figure 
5—11 and reasonably deduce how the test for 
uniform reception of the chosen site is made 
with the target transmitter and field strength 
meter instead of a receiver. The field strength 
measurements for each position of the target 
transmitter (as indicated in fig. 5-11) must 
be taken with all measurements marked 
accurately. Each frequency must be plotted 
on rectangular coordinate paper relating field 
strength to azimuth, and the resulting graph 
should be substantially a straight line. Any 
irregularities indicate an absorption or 
reflection of the wave which would affect the 
accuracy of the DF. If the variations exceed 
25 percent of the average field strength, 
especially in azimuth arcs where maximum 
accuracy is desired, the site is unsuitable for 
DF. If the visual and electrical inspection 
discloses no objection to the use of the site, 
the DF antennas may be erected. 


b. Tactical Requirements for Good 
Sites. In addition to security, other factors 
which should be considered are: 

(1) Does it afford 
approaches for vehicles? 

(2) Is it located at a practical 
distance from the supply and ration point? 

(3) What is its proximity to suitable 
bivouac areas? 


convenient 
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Figure 5-11. Field pattern. 


5—13. Improvement of Sites. 


The DF site selected, although the best 
possible, may be far from ideal. Nevertheless, 
definite measures for improving the site from 
a technical viewpoint can be undertaken. 
Areas which are not substantially flat for at 
least 90 meters from the DF antenna can be 
leveled off with a bulldozer or grader. If it is 
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impractical or even impossible to level the 
entire area for 360 degrees coverage, at least 
those areas within the azimuth arc of primary 
interest should be flattened. Natural objects 


‘such as trees and low vegetation should be cut 


down or uprooted. Manmade objects and 
personnel not actually engaged in operating 
the site should be kept away from the 
antenna system. Increasing the conductivity 


of the ground is another measure that will aid 
in the overall efficiency of the system. Most 
DF antenna systems that are not manpacked 
or vehicular transportable are issued with a 
counterpoise, which are grounding devices 
installed under each dipole. 


5—14. Periodic Checking of DF Equipment 
and the Site Selected. 


a. Checking Instrumental Calibration 
and Adjustment. The various calibrations and 
adjustments of DF equipment described in 
technical manuals must be performed at 
regular intervals to ensure continued 
satisfactory performance and accurate results. 
Checks should be made at frequent intervals. 


b. Daily Check of DF Accuracy. Take 
daily bearings on known transmitters to 
ascertain if the accuracy or calibration of the 
DF site is acceptable. Any appreciable 
deviation of the DF bearings from the known 
bearing, or the ones normally obtained, 
should be investigated immediately. 


Section III 
DF ERRORS 


5—15. General. 


This section discusses the various types of 
errors which may be encountered in DF 
applications. How these errors may influence 
the accuracy of the equipment is explained, 
and how to minimize the influence of these 
errors to ensure optimum performance is 
included. An understanding of the 
information contained in this section will 
enable the operator to analyze the inferior 
performance of a DF set, to select and 
segregate the type or types of errors causing 
the inferior performance, and, in some cases, 
to decrease or eliminate the effects of these 
errors. For purposes of explanation, the 
various types of errors are grouped as source, 
path, polarization, site. instrumental, and 
operator errors. 
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5—16. Source Error. 


This error is introduced at or near the 
transmitting station. It may be caused by the 
particular type of directional antenna 
employed, or by ground conditions at the 
transmitter site which alter the normal 
radiation pattern of the antenna. If the DF 
site is more than 15 kilometers away from the 
transmitting antenna, the magnitude of the 
source error is usually small compared to 
other errors. It is, therefore, seldom a 
contributing factor to the overall accuracy of 
a DF bearing. 


5—17. Path Error. 


This is caused by deviations of the radio wave 
from the great-circle path between the 
transmitting antenna and the DF site. This 
deviation is caused by the radio wave being 
absorbed, reflected, reradiated, refracted, or a 
combination of these factors. The more 
important sources of path error and methods 
of reducing these errors are: 


a. Scatter. In some instances, a small 
portion of the radio wave entering the 
ionosphere is scattered instead of being 
gradually bent and returned to the earth. This 
scattered radiation may be projected in any 
direction, and returns to earth at random 
angles (fig. 5—12 and 5—13). This accounts 
for signals sporadically received in regions 
that are normally in the skip zone of an HF 
transmitter (fig. 5—14). Under ordinary 
operating conditions, errors caused by the 
reception of scattered waves are not likely to 
occur. In some- cases, however, when a 
powerful transmitter using a _ highly 
directional antenna is transmitting in a 
direction other than that of the DF site, an 
azimuth reading taken on this transmission 
may cause the apparent location of the 
transmitter to be somewhere along the course 
of its directed beam rather than in its correct 
position. This is caused when receiving a wave 
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TRANSMITTER 


Figure 5—12, Short scatter. 


TRANSMITTER 


Figure 5-13. Long scatter. 


radiated from the scattered source rather than 
from the transmitter itself. 


b. Refraction. Radio waves, being 
electromagnetic in character, are bent or 
refracted from their normal path when they 
pass from one medium to another. A small 
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difference in the conductivity of the surface 
over which the wave is propagated or a change 
in the dielectric constant of the medium is 
sufficient to give rise to refraction. For 
example, the velocity of a radio wave over sea 
water is greater than its velocity over land. As 
a result, when a radio wave crosses a coast line 
at an oblique angle, its direction is 
appreciably altered (Capital A, fig. 5—15). 
The effect is particularly pronounced when 
either the DF site or the transmitting station 
is near the coast, especially if high ground 
intervenes. This effect also varies with the 
frequency of the wave. 


c. Reflection. Incorrect azimuth 
readings are frequently obtained under 
conditions which suggest that reflection may 
sometimes be a contributing cause. Quite 
large and otherwise unaccountable errors are 
sometimes produced when a radio wave 
travels over or close to high cliffs, mountains, 
or buildings in its path to the direction finder 
(Capital B, fig. 5-15). Occasionally, 
conducting strata below the surface of the 
earth behave in the same manner as surface 
obstructions by reflecting the wave and 
causing errors. Generally, errors due to 
reflection are greatest when the reflecting 
mediums are in the vicinity of either the 
transmitter or DF set. 


d. Reradiation. This effect occurs 
primarily as a result of the reradiation of the 
tadio wave by metallic objects that are 
resonant at the frequency of the received 
wave. Even when the frequency of these 
objects is not resonant with the received 
waves, some reradiation may occur. The flux 
of such a reradiated wave will have a purely 
random phase with respect to the flux of the 
main wave. As a result, there will be a field 
composed partly of the strong main field and 
partly of the reradiated fields near the DF 
receiver, with different phase relations and 
polarization. These fields may combine to 
broaden the null, making the azimuth reading 
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OR LARGE BEARING ERRORS ARE LIKELY AS 
A RESULT OF SCATTER PHENOMENA. 
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Figure 5—14,. Effects of skip zone reception on bearing error. 


indefinite and difficult to determine exactly. 
'They also may combine to shift the null, 
causing error. Reradiation effects usually 
occur when the reradiating object is in the 
immediate vicinity of the DF site, although 
under some conditions, it may occur when 
the object is at a distance. 


e. Methods of Reducing Path Error. 


There is no practical method of reducing path 
errors originating from scatter, refraction, 
reflection, or reradiation. An exception to 
this can be made when the errors are due to 
the refraction, reflection, or reradiation of the 
radio wave in the immediate proximity of the 
DF site. In this case, the source of error may 
be removed, its effect adjusted by calibration, 
or the DF set moved to a more favorable 
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Figure 5-15. Error caused by the refraction and reflection of a radio wave. 


location. Calibration for path errors a 
considerable distance from the DF set is 
usually not possible. 


5—18. Polarization Error. 


Polarization error occurs when the undesired 
component of a radio wave induces voltage in 
a DF antenna. 


a. Effects. This voltage tends to blur 
the bearing, making the azimuth reading 
indefinite and difficult to determine. For 
example, vertical loop and Adcock antennas 
are designed to receive vertically polarized 
waves. If the wave is abnormally or randomly 
polarized (contains both vertically and 
‘horizontally polarized components), the 
voltage induced by the two components may 
combine to produce the effect mentioned 
above. The magnitude of the effect will 
depend upon the ability of the loop or 
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Adcock to discriminate between the desired 
component (vertically polarized) and the 
undesired component (horizontally polarized) 
of the received signal. Other types of antenna 
systems are designed to receive horizontally 
polarized waves. With these antennas, 
polarization errors occur when the vertically 
polarized components of the radio waves 
induce voltage. The ways in which radio 
waves with abnormal polarization originate 
are described in paragraph 3—5. 


b. Methods of Reducing Polarization 
Error. The effect of polarization error can be 
reduced by using a direction finder that is 
relatively insensitive to incorrectly polarized 
waves. When randomly polarized waves are 
received, a direction finder using an Adcock 
antenna would have less polarization error 
than a loop set. Additionally, when receiving 
substantially horizontally polarized waves, a 
horizontally polarized DF antenna would be 
superior to a vertically polarized antenna. 


5—19. Site Error. 


This error occurs in the immediate vicinity of 
the DF site as a result of many factors, some 
of which were discussed earlier in this manual. 
Error is kept to a minimum when the DF 
equipment is located in the best possible site. 
Paragraph 5—10 and table 5—J provide 
specific installation guidance to eliminate site 
error. Compensation and calibration are 
possible for site error, but only if the error is 
large and reasonably constant without regard 
to variations in frequency, azimuth, and time. 


5—20. Instrument Error. 


This error is introduced by the DF equipment 
itself. The amount of instrument error varies 
with the design, general condition, and 
adjustment of the DF equipment. Factors 
which may introduce instrument error are: 
low signal-to-noise ratio, antenna effects, and 
other facets of the equipment discussed in the 
technical manuals published for the users of 
the particular sets. 


5—21. Operator Errors. 


This type of error is self-explanatory. These 
errors are reduced to a minimum when the 
operators have sufficient training and 
experience in operating the specific DF 
equipment to which they are assigned. In 
addition, the operator must be alert at all 
times. When a fading signal is being received, 
or when the bearing is shifting, the operator 
must be able to obtain readings at those times 
when the signal is strongest or most stable. 
Under adverse conditions, an_ efficient 
operator will usually take several different 
readings and then determine the azimuth by 
averaging them. 


Section IV 
PLOTTING METHODS 


5—22. Definitions. 
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a. Line Bearing. This is the angular 
measurement of the arrival of a radio wave in 
degrees from true north after the null is 
obtained. A line bearing is sometimes called 
an azimuth or a shot. 


b. Cut. This is the point of intersection 
of two DF bearings. 


c. Fix. This is the probable location of 
a target transmitter’s antenna when three or 
more DF bearings have been plotted on a 
chart or map. 


5-23. Plotting. 


a. Plotting a Bearing. The simplest 
method of plotting a bearing is with a 
protractor and straight edge. Point A in figure 
5—16 represents the known location (by grid 
coordinates) of a.DF station. This is entered 
as a tick mark (.) on the map or overlay. The 
index of the protractor is placed to coincide 
with point A and is accurately alined along 
the north-south grid lines by using dividers or 
parallel rulers. The bearing taken by the DF 
station is measured in degrees from true north 
and is indicated by another tick mark at the 
appropriate. degree on the protractor. The 
protractor is removed and the straight edge 
alined along the two tick marks. The bearing 
is then plotted by drawing a line along the 
straight edge from the station location 
through the degree tick mark, extending a 
sufficient length into the target area so that 
the enemy transmitter may reasonably be 
expected to be located along this line. 


b. Plotting a Cut. Using the method 
outlined above, the bearing from a second DF 
station is plotted. The intersection of the two 
bearings thus plotted is identified as a DF cut 
(fig. 5—17). es 


c. Plotting a Fix. If three DF stations 
are arranged along a baseline, the protractor 


may still be used. DF stations A, B, and C are 
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Figure 5—16. Plotting a bearing. 


located as shown in figure 5—18, and have 
reported bearings of 132, 182, and 233 
degrees respectively. Again the protractor and 
straight edge may be used to plot successively 
the bearings of each DF set at its map 
location; the lines may be extended to form a 
small triangle, or join at a point if the fix is 
perfect. A perfect DF is extremely rare, 
however, figure 5—18 illustrates a perfect fix. 


d. Plotting Control and _ Evaluation 
Centers. The plotting procedures described 
above, while completely valid in terms of 
accuracy, are somewhat slow and laborious. 
With the advancement of DF and the greater 
number of bearings reported by individual 
stations, the plotter would find it difficult to 
plot all the DF results. Accordingly, DF 
plotting centers, with the capability of 
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analysis in depth, have been established. In 
such centers, plotting boards with the DF 
stations represented by strings which may be 
pulled out and lined on calibrated map-edge 
scales are used. The plotter simply notes the 
station, the reported bearing, and the 
calibrated edge scale for the particular 
reporting station. The compass rose around 
each DF station has been transferred to the 
map-edge scales mentioned above. When the 
string is pulled out and alined along the 
reported bearing on the map-edge scale, the 
bearing is plotted. Additional stations are also 
plotted, and the intersection of the bearings 
determines the probable target location. 
Evaluation of DF plotting will be discussed in 
greater depth in section V. Computerized 
plotting of DF results is possible in the SWDF 
nets dealing primarily with the strategic 
location of targets. 
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Figure 5-17. Plotting a cut. 


5—24. Baselines. 


The size and scale of the maps used in 
plotting will depend upon the range of 
bearings to be plotted and, of course, upon 
the length of the DF baseline. The baseline, in 
tum, is affected by the range of fixes to be 
obtained, and is limited by the terrain and the 
DF control net. The limit of an area in which 
the desired enemy targets will be expected to 
appear is not definite due to many variables, 
but experience will dictate the best layout for 
a given situation. A baseline, ideally, should 
be the same length as the expected depth of 
the target area. When these dimensions are 
observed, at least two of the DF stations will 


be measuring arriving signals at nearly right 
angles which is the most desirable. 


Section V 
EVALUATION OF DF RESULTS 


5—25. General. 


In section IV, plotting was discussed in 
general terms with several illustrations given 
representing near-perfect conditions. In the 
practical application of DF plotting, the 
returned bearings are carefully evaluated by 
the plotters to determine the most nearly 
correct location of the target of interest. A 
perfect fix, with three or more bearings 
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intersecting at an exact grid location, is so 
rare it is almost unknown. The plotter has 
many factors which he must resolve. 


5—26. Evaluation by the DF Operator. 


Initially, the bearing is obtained by the 
operator at the DF site and reported to the 
plotting center or control. The operator’s 
experience, judgement, operating skills, and 
ability to read the bearings, are factors which 
affect the accuracy of the reported bearing. A 
system of evaluating the reliability of a 
bearing does exist; however, the specific 
details cannot be discussed within the 
classification limitations of this manual. Very 
basically, the operator affixes a designator 
which reflects a degree of confidence in target 
identification and a measure of signal 
conditions at the time the bearing was 
obtained. 


5—27. Evaluation by the Plotter. 
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Figure 5—18. Plotting a perfect DF fix. 


A DF plotter is substantially influenced by 
several human factors in his evaluation of 
bearings reported from the DF stations in his 
net. As his experience builds, and reported fix 
locations are confirmed by enemy contacts 
and other irrefutable means, the plotter will 
grant increasing credibility to one DF site 
over another. Known site error itself will, on 
many occasions, cause the plotter to reject, or 
accept on reduced reliability, bearings from 
certain stations. A change of operating 
personnel at a particular site, if known to the 
plotter, may also influence his decision on the 
reliability to assign a reported bearing. In 
spite of the standard assignment of reliability 
indicators, plotting is still very much 
influenced by these human factors. 


Section VI 
DETERMINATION OF FIX AREA 


5—28. Methods Used to Determine Probable 
Target Locations. 


DF fixes illustrated previously have been 
“perfect” with all bearings intersecting at an 
exact grid location. Of course, such a fix 
seldom occurs because of the inherent errors 
in DF operations. The continually changing 
electromagnetic environment of each DF site 
and the errors discussed previously contribute 
to these inherent errors. Consequently, fixes 
obtained after plotting three bearings may 
appear on the plotting map as indicated in 
figure 5—19. It is readily apparent that the 
triangle formed by the three plotted bearings 
could cover a substantial portion of the 
tactical area; therefore, methods had to be 
established to evaluate the most probable 
location of the target in the triangle. Some of 
the methods used are the bisection of the 
medians (sides) of a triangle, bisection of the 
angles of a triangle, and the Steiner point 
method. Of these three, the Steiner point 
method is the most commonly accepted, 
especially for tactical use. As illustrated in 
figure 5—20, there is little difference in the 
three solutions. Strategic DF nets will most 


Figure 5-19. Three-station fix, error triangle. 
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often use the visual inspection method, but 
prior to using this method, a reliable data base 
must be established. 


a. Bisection of the Medians of a 
Triangle. Evaluating a fix using this method, 
the plotter must draw a line from the 
midpoint of each median to the opposing 
angle. As shown in figure 5—20, a line is 
plotted from the midpoint of line AB to angle 
C, another from midpoint of line BC to angle 
A, and the last line from the midpoint of line 
AC to angle B. The error triangle solution or 
probable target emitter location is the point 
where the three lines intersect (A}). 


b. Bisection of the Angles of a Triangle. 
Determining the error triangle solution by 
bisecting the angles of the triangle is shown in 
figure 5—20. First, the plotter must determine 
the degree of each angle, then each angle must 
be bisected. In figure 5—20, the bisecting lines 
are drawn from angle A to point 1, from angle 
B to point 2, and last, from angle C to point 
3. The solution (B!) is the point where three 
lines intersect. 


c. Steiner Point. The Steiner point 
method of determining the location of the 
target within the error triangle is probably the 
easiest and most accurate once a template is 
constructed. Draw a large circle on a sheet of 
clear plastic and drill a small hole in the exact 
center. Three lines are etched from the center 
to the outside of the circle exactly 120 
degrees apart, thus trisecting the circle. Lay 
this template over the error triangle formed 
after the three bearings are vlotted, rotate and 
maneuver it until each of ‘jie 120 degree lines 
is over the corners of the error triangle. Mark 
the location (cl) with a pencil through the 
hole in the center of the template (fig. 5—20). 
This mark is reported, by grid coordinates, as 
the probable target location. 


The visual 
evaluation 


d. Visual Inspection. 
inspection method of fix 
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Figure 5-20. Error triangle solution. 


encompasses several factors relating to the 
reported bearings. Paragraph 5—26 described 
how the operator assigns a classification or 
evaluation to the bearing. This factor is 
blended with the known reliability of the DF 
site based upon past performance. The 
distance that a radio wave travels before 
reaching the DF site as well as the terrain 
features around the DF site are also 
considered in the visual inspection method of 
fixing the probable location of a target 
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emitter. Angles that intersect at or near right 
angles are desirable and weigh heavily in 
producing the probable location of a target. 
As illustrated in figure 5—21, if the angle 
from point A is increased by 10 degrees, the 
area of increase is greater than that produced 
when the angle of point B is increased by 10 
degrees. This is the reason angles near 90 
degrees are desirable. To better illustrate 
visual inspection, the original bearings from 
four DF: stations have been plotted (figure 


5—22). The obvious error triangle is the one 
formed by lines plotted from _ bearings 
reported from stations 1, 2, and 4. However, 
the analyst in the plotting center knows that 
stations 1 and 2 have a huge body of water 
between them and the target area. From the 
data base, he knows that DF stations 1 and 2 
have a plus 10 degrees bearing error for this 
particular frequency and angle. Using these 
known facts, the experienced plotter 
subtracts 10 degrees from the reported 
bearings of stations 1 and 2. The error triangle 
with the adjusted bearings is now located ina 
different and much smaller area formed by 
lines plotted from stations 1, 2, and 3 as 
shown in figure 5—22. The analyst has also 
determined that station 4 reported a bearing 
for a similar but different signal. 


5—29. Deductions Relating to Probable 
Target Locations. 


By using these methods to produce a probable 
target location, the plotter must examine the 


Figure 5-21. Angle increase comparison. 
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Figure 5—22. Plotting using reported bearings and data base. 


map in detail and study the geographical 
qualities of the fixes that have been produced. 
Should the location be indicated as the 
middle of a large lake, there is little likelihood 
that the transmitter would be accurately 
located if the target were serving a large 
headquarters. On the other hand; however, if 
the target is a low-powered, clandestine 
station about which little is known, and the 
fix is made during the hours of darkness, it 
may very well be accurate; eg., a 
man-portable transmitter operating in a boat 
crossing the lake. If the fix point is located 
atop an inaccessible crag or butte, the plotter 
must once again apply a little logic and 
examine the terrain features adjacent to the 
indicated location. Transmitters usually serve 
a command or headquarters and are likely to 
be located where such troop units would 
logically be stationed or encamped. Camps, 
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trails, roads, water supplies, and similar 
terrain features must be evaluated in the 
formation of fix location. 


5—30. Plotting with Four or More Bearings. 


a. In larger plotting centers serving 
many outstations, several bearings may be 
received on the same target, requiring plotting 
from more than three bearings. The evaluative 
process mentioned above still applies. 
Ultimately, however, the plotter is confronted 
with a probable location triangle, 
quadrilateral, or other geometric figure 
formed by the plotted bearings. The details of 
these solutions are beyond the scope of this 
manual. 


5—31. Mechanization of DF Plotting. 
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These methods of plotting to determine a fix 
point or fix area are predicated on the 
assumption that the plotting is done on a map 
board with a protractor and ruler at each DF 
site, or a string board on which the DF 
stations have been geographically located. 
Systematic errors and standard deviation have 
been interpolated according to all DF stations 
represented on the plotting board, and the 
map-edge scale is, therefore, accurate to that 
station’s reported bearings. With the 
introduction of lightweight, portable 
computers rugged enough to withstand the 
exposures of field deployment, DF bearings 
reported in certain nets are translated into 
computer language, and determination of the 
fix areas or fix point is done 
electromechanically. The least square method 
of plotting is the basis for all computer 
plotting, however, because of its complexity, 
it is beyond the scope of this manual. 


CHAPTER 6 


Tasking and Reporting 


Section | 
COMMUNICATIONS REQUIREMENTS 
; FOR DF NETS 


6—1. Methods of Communications Within DF 
Nets. 


The methods of communications used by DF 
nets are landline teletypewriter, radio 
teletypewriter, CW, and radiotelephone. All 
of these methods of communications must be 
secured with cryptosystems. A _ prime 
consideration of a DF net is the security and 
speed with which its users may effectively 
communicate. 


a The primary method of 
communications for strategic DF is secure, 
online teletypewriter using the Defense 
Special Security Communication System 
(DSSCS). 


b. Methods of communications for 
tactical DF are CW, secured radio 
teletypewriter, and radiotelephone. 


6—2. Problems of Control. 


From the simplest to the most complex DF 
nets, there are certain functions which must 
be performed from the time a bearing is 
requested until the resultant bearings are 
obtained and the estimated target location is 
reported. These functions, in a reasonably 
chronological sequence, are: 


a. The bearing to or position of a target 
station is required for intelligence purposes 
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(mission authorized action). Sufficient 
information concerning callsigns, frequency, 
and type of traffic passed must be furnished 
to permit identification of the target signal. 
This information is usually obtained from an 
intercept-search mission which identifies new 
stations of interest or substantiates the 
continuance of old stations with an interest in 
determining possible displacement. The 
completeness of this information is not 
always predictable. Generally, however, the 
DF operator does not spend his time 
searching the frequency bands for targets. 


b. The mission, with all available 
information on the operation of the target 
station or net, is given to the radio intercept 
operator who searches for the desired signal 
and copies it to obtain traffic and keep the ~ 
DF controller informed of the station’s or 
net’s activities. 


c. As soon as the desired station or net 
is active, the radio intercept operator notifies 
the DF controller. He also provides the 
controller with any identifying details not 
already known. 


d. The DF controller notifies all DF 
operators of the station’s or net’s activities, 
callsigns, frequencies, and other identifying 
information. This takes place over the flash. 
net. 


e. Bearings obtained by the DF 
operator are reported to net control. The 
reported bearings are plotted and _ the 
probable target location given to the 
commander who authorized or requested the 
mission. The assignment of the mission to the 
DF operator and the reporting of the results is 
accomplished by any of the means of 
communications mentioned above. If a DF 
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station happens to be colocated with the 
intercept facility, communication between 
the DF controller and the operator is within 
the confines of the facility, and requires none 
_ of the above. When only one DF set is used, 
only a line bearing can be obtained. In this 
situation, the commander desiring the bearing 
is usually in close proximity to the supporting 
DF site, and requests are made in person, with 
the results rendered in the same way. This 
single site DF effort is usually for close 
tactical support when a ground commander 
wishes to confirm his contacts or suspicions 
about the enemy’s location. After the inital 
mission has been assigned to the operator, the 
controller can employ certain codes (if 
equipped with online cipher devices) or speak 
directly to the operator (if speech privacy 
equipment is available) to keep him informed 
as to exactly what the target station is doing. 
This is called “tracking” the station, and is 
used to ensure positive identification by the 
operator. Various DF missions will be 
assigned priorities depending upon the 
urgency of the tactical situation or the overall 
intelligence effort. When the missions 
terminate, the results are forwarded to 
control over a second net, called the reporting 
net. 


Section I! 
TASKING AUTHORITY AND COMMAND 
STRUCTURE OF DF NETS 


6—3. General. 


Tasking, or mission assignment, is extremely 
complex, ranging from. the tactical 
commander’s request to requirements 
generated at the national level. A discussion 
of the detailed generation of missions is not 
within the scope of this manual. Such 
information may be obtained, if required, 
from the liaison officer assigned at each level 
of command who acts as a resources manager 
for the units providing DF support. 


6—4. Basic Net Requirements for DF 
Support. 


Without regard for the means of 
communications employed, a DF net requires 
communications circuits as shown in figure 
6—1. The flash net, over which missions are 
assigned, is indicated by the solid lines, while 
the reporting net over which mission results 
are passed, is indicated by the broken lines. 
This is the basic communications requirement 
for any DF net. Tracking is conducted over 
the flash net after the missions are assigned. 
All bearings are returned over the reporting 
net. 


FM 30—476 
aie 


D/F CONTROL 
OPERATOR 
NOTE: 

CONTROL BETWEEN D/F 


CONTROLLER AND 0/F'S 
MAY BE RADIO OR WIRE. 


LEGEND: 


=== MISSIONS ASSIGNED 
TO D/F OUTSTATIONS. 


O/F CONTROLLER 
a CONTROL BETWEEN THE D/F AT m= = BEARINGS RETURNED 
CONTROLLER AND THE O/F INTERCEPT FROM 0/F OUTSTATIONS. 
CONTROL OPERATOR IS 
NORMALLY BY WIRE. 
Figure 6—1. DF net control arrangement. 
Pas 
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CHAPTER 7 


Direction-Finding 


Computations 


Section | 
GNOMONIC PROJECTION CORRECTION 
TECHNIQUES 


7—1. General. 


The gnomonic projection is the most common 
map used for long-range DF plotting. Its 
primary characteristic is the appearance of all 
great circles as straight lines. Distortion on the 
gnomonic is minimum at the point of 
tangency but increases as the distance from 
the point of tangency increases. For example, 
the boundaries near the edge of the projection 
are badly distorted and are practically useless 
for determining true shapes and distances. 
This distortion does not affect plotting 
activities if the DF equipment is located 
within a four degree radius from the poir:t of 
map tangency, and bearings can be plotted to 
any point on the chart without any 
appreciable error. However, if the DF station 
is located outside the four degree radius, 
angular correction must be applied before its 
bearings can be accurately plotted. The 
computation methods used to correct this 
distortion are border coordinates and the 
corrected compass rose (CCR). 


7—2. Border Coordinates. 


Border coordinates not only correct angular 
distortion on a gnomonic chart, but provide 
what is perhaps considered the most accurate 
method of plotting DF bearings. Border 
coordinates divide the perimeter of the 
gnomonic chart into 1,000 equal spaces, 
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which are denoted by tick marks. Every tenth 
mark is numbered, starting with 00 at the 
upper left-hand corner and_ continuing 
clockwise to 100. The border coordinates are 
constructed on the chart’ so that 00 through 
30 are located on the top border; 30 through 
50 are located on the right border; 50 through 
80 are on the bottom border; and 80 through 
100 are located on the left border. The spaces 
between the tick marks can be mechanically 
interpolated into tenths, providing a total of 
10,000 coordinates for plotting purposes. 
Tables are constructed for each DF site, 
providing coordinates for all azimuths. When 
a bearing is reported by a DF site it is 
converted to border coordinates and plotted 
on the gnomonic chart by drawing a line 
between the coordinate and the DF site. 
Border coordinates and conversion tables are 
machine computed and may be obtained on 
request to higher headquarters. The applicable 
gnomonic chart number and the exact 
latitude and longitude of each DF site 
location must be included in the request. 


7—3. Corrected Compass Rose. 


a. General. The corrected compass rose 
is nothing more than a compass rose which 
has been corrected or expanded to 
compensate for angular distortion. In other 
words, the degree marks have been placed 
closer together or moved farther apart, 
according to the amount of distortion 
present. When situated on the gnomonic 
plotting chart the CCR must have its center 
exactly over the direction-finding site 
location. Bearings can then be plotted from 
the CCR or the rose can be extended to a line 
around the edge of the map in the same 
manner as border coordinates. 


b.  Right-Triangle Method. Constructing 
a corrected compass rose by the right-triangle 
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method entails the computation of 
mathematical formulas and is time 
consuming; however, this is compensated by 
the high degree of accuracy and reliability it 
provides. Since radio waves follow great circle 
paths, the right-triangle method of error 
correction is concerned with spherical 
trigonometry. Under theoretical conditions, 
the equator and the selected meridian would 
intersect at a right angle (fig. 7—1).. The 
azimuth from the direction-finding site would 
intersect both the equator and the selected 
meridian forming a right triangle. A common 
logarithm of functions of angles in degrees 
and minutes table (appendix B) is used to 
solve the unknown quantities of a spherical 
right triangle. For additional information on 
the principles and application of logarithms, 
reference TM 11-684. 


4 


SONG Ia 


Figure 7-1, Spherical right triangle. 


(1) The three known factors of the 
computation are: 
(a) The latitude and longitude 
of the DF site. 
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(b) The 
selected meridian. 

(c) The desired azimuth. 

(2) The selected meridian used 
during the computation should be in the 
approximate center of the area of interest. It 
also should be noted that one single meridian 
need not be used for the computation of th 
entire CCR. 

(3) Figure 7-2. illustrates the 
formula used in the right-triangle method of 
computation. . 

(a) The bottom line marked 0 
degrees represents the equator. 

(b) Line a is the distance in 
degrees and minutes from the equator to the 
DF site, or the latitude of the site. 

(c) Angle B is the desired 
azimuth which is to be corrected for angular 
map distortion. 

(dq) Angle A is the angle the 
desired azimuth makes at the equator. Note 
that angles A and B do not total 90 degrees as 
in a -true right triangle because the 
right-triangle method deals with a right 
triangle only in theory and the functions are 
computed by spherical trigonometry. 

; (e) Line b is the distance in 
degrees and minutes of the difference in 
longitude between the DF site and the 
intersection of the azimuth with the equator. 

(f) Line b’’ is the distance in 
degrees and minutes from the DF site to the 
selected meridian. 

(g) Line b’ is the difference in 
longitude of the intersection of the azimuth 
with the equator and the selected meridian. 
Or, line b’ is the sum of lines b and b’’. 

(h) The value of a’ represents 
the latitude at which the bearing will intersect 
the selected meridian. 


longitude of the 


c. Common Logarithms of Functions 

of Angles in Degrees and Minutes Table. 
(1) Degrees. Each page of the 
appendix B table is computed for eight 
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<——DF SITE DF SITE —> 


Sa nacre See eb" 
bo—<—<——SS i ’ —_____ > 


B= a= b"= b= 
a’= A= b’= 


(log tan b) = (log sin 4) — (log cot B) 


log sin a: 

log cot B: 

Diff: = log tan b be 
(log cos A) = (log cos a) + (log sin B) 

log cos a: 

log sin B: 

Sun __ = log Cou A= 
(log tan a’) = (log sin b’) — (log cot A) 

log sin b’: 

log cot A: 

Diff: __ = tog tana’ a’= 


Figure 7-2. Right triangle computation worksheet. 


FM 30—476 


different angles, of which four are indicated 
in the upper left-hand corner and four in the 
lower right-hand corner. The fact that one 
page is sufficient for the functions of eight 
different angles is a result of the properties of 
trigonometric functions. For example, the 
sine of O degrees is numerically equal to the 
sine of 180 degrees and the cosine of 90 
degrees is equal to the cosine of 270 degrees. 
(2) Minutes. The minutes for each 
angle are found in the columns headed by the 
mathematical sign for minutes (').. The 
minutes for the angles in the upper left-hand 
corner are read down the left minute column. 
The minutes for the angles in the lower 
right-hand corner are read up the right minute 
column. 
(3) Use of the tables. 
(a) To determine the logarithm 
of an angle: 

i. Locate the page 
containing the angle of the trigonometric 
function. 

2. Follow the  angle’s 
minute column up or down, as required, until 
the exact minute reading is located. 

3. Determine which 
function is appropriate by consulting the 
legend either at the top or the bottom of the 
table. Angle functions are opposite each angle 
or degree reading. The number found at the 
intersection of the function column and the 
logarithm row opposite the minute column is 
the logarithm of that angle. 

(b) To determine the angle of a 
logarithm: 

ZI. Locate the logarithm 
which is nearest the given logarithm in the 
appropriate function column. 

; 2. The minute value will 
be selected from either the corresponding 
number in the left minute column or the right 
minute column. 

3. Note the corresponding 
angles of the function column, top left-hand 
corner and bottom right-hand corner, and 
select the lowest of the four angles. If the 
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selected angle is at the top of the page, read 
the minute value from the left minute 
column. However, ii the selected angle is 
taken from the bottom of the page, read the 
minute value from the right minute column. 


d. Right-Triangle Method Example. The 
desired azimuth or angle B which is to be 
corrected for angular distortion is 10 degrees. 
The latitude of the DF site or line a is 36 
degrees. The difference in longitude between 
the DF site and the selected meridian, or b”, 
is 5 degrees. (Reference appendix B for 
logarithm table.) 


Step 1. Find b: 
(log sina) — (log cot B) = (log tan b) 


log sin 36° = 9.76922—10 

log cot 10° = 0.75368 

log diff = 9.01554—10 

logtanb = 9,01554—10 
b = 5° 55’ 


Note. Always select the lowest degree and minute reading. 


Step 2. Find b’: 

(b") + (b) = (b’) 
b” ue 5° 
5° 55! 
10° 55’ 


log 
out 


Step 3. Find A: 

(log cos a) + (log sin B) = (log cos A) 
log cos 36° = + 9.90796—10 

log sin 10° = 9.23967—10 


logsum = = 19.14763—20 
logcosA = 9.14763—10 
A = 81°55’ 


Step 4. Find a’: 
(log sin b’) — (log cot A) = (log tan a’) 


log sin 10° 55’ = 9.27734—10 
log cot 81° 55’ = 9.15236—10 
log diff = 0.12498 
log tan a’ = 0.12498 

a’ = 53° 08’ 


Step 5. A straightedge alined with 53 degrees and 8 
minutes latitude on the selected meridian will 
indicate the corrected azimuth for 10 degrees. When 


constructing a corrected compass rose a tick mark 
should be placed on the compass rose and numbered 
10 degrees, or a tick mark placed on the edge of the 
plotting chart and numbered 10 degrees. 


(1) It is apparent that logarithm tables are 
constructed in such a manner so that the area from 0 
to 90 degrees will represent the entire 360 degree 
circle. Any computation using X degrees east as the 
selected meridian will also be correct for X degrees 
west and. both reciprocals. Therefore, any single 
computation will yield four azimuths; 90 
computations are required to complete the entire 
compass rose. 


(2) A problem area may arise when 
computing desired azimuths around 90 or 270 
degrees. To eliminate confusion, subtract the value of 
(b) from 90 degrees and complete the computations 
normally. This procedure :should also be used 
approximately 5 degrees on either side of the 90 or 
270 degree azimuth which will ensure standard 
accuracy. 


Section II 
GREAT CIRCLE AZIMUTHS 


7—4. General. 


Radio waves follow great circle paths between 
the transmitting and receiving antennas. When 
the exact location of the signal source is 
known, it is possible to compute the true or 
great circle azimuth and distance (GCAD) 
from the point of signal origin to any other 
point receiving the signal on the surface of the 
earth. The computations of great circle 
azimuths are based on spherical trigonometry 
and may be computed using the dead 
reckoning altitude and azimuth table in 
appendix C. This method is simpler and much 
faster than using other logarithmic methods 
and is accurate to within one-half a minute. 
Greater accuracy is possible by interpolating 
between table functions. 


7—5. Dead Reckoning Altitude and Azimuth 
Table. 
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The dead reckoning altitude and azimuth 
table is arranged in parallel “A’’ and “B” 
columns. The “A” columns contain log 
cosecants multiplied by 100,000 and the “‘B” 
columns contain log secants multiplied by 
100,000. The “A” columns decrease in value 
from the front of the table toward the rear, 
while the “B”’ columns increase in value from 
the front of the table to the rear. When 
determining degrees and minutes from the top 
of the table, read the minutes from the 
left-hand column. However, when reading the 
degrees and minutes from the bottom of the 
table, read the minutes from the right-hand 
column. It should also be noted that if the 
desired degrees and minutes exceed 180 
degrees, it is necessary to subtract 180 degrees 
before entering the table. 


7—6. Great Circle Azimuth and Distance 
Computation. 


a. General. Great circle azimuth and 
distance computations are based on spherical 
trigonometry. A terrestrial triangle has curved 
sides and is commonly referred to as a 
spherical triangle. Refer to figure 7—3 and 
you will see that the shaded portion of the 
illustration is a spherical triangle. The 
determination of the true azimuth and 
distance is reduced to simply completing the 
worksheet (fig. 7—4) using the dead reckoning 
altitude and azimuth table. 


b. Formula symbols. The following 
symbols are used in the GCAD formula (fig. 
7—3): 

(1) L or lat is the latitude of the 
initial position or the DF site. 

(2) L’ or lat’ is the latitude of the 
final position or the check station. 

(3) ZB is the great circle azimuth 
from the check station to the DF site. 

(4) D arc is the great circle distance, 
in minutes of arc, between the target and the 
DF site. (One minute of arc equals one 
nautical mile.) 
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TARGET LONG’ 
< : 


Figure 7-3. Spherical triangle. 


(5) X is a factor introduced to 
simplify the computation and represents that 
point at which a great circle constructed 
perpendicular to the target’s meridian crosses 
the meridian of the DF site. 

(6) K is the latitude of point X or 
the arc from X to the equator (assumes the 
name of the latitude of the final position.) 

(7) KL is the difference between K 


and L. 
(8) Long is the longitude of the DF 


site. 
(9) Long’ is the longitude of the 


check station. 


c. Special Rules. The fact that D arc 
may be greater than 90 degrees has 
necessitated the following rules. 

(1) Rule 1. When L and L’ are the 
same name (north or south) the following 
procedures are applicable. 

(a) When T is greater than 90 
degrees, select the K value from the bottom 
of the table. When T is Jess than 90 degrees, 
select the K value from the top of the table. 

(b) Record ZB from the top of 
the table when K is greater than L. When K is 
less than L select ZB from the bottom of the 


table. 
(c) D arc is recorded from the 


top of the table except when T and KL are 
both greater than 90 degrees. 

(2) Rule 2. When L and L’ are 
different names the following procedures are 


applicable. 
(a) When T is greater than 90 


degrees select the K value from the bottom of 
the table. When T is Jess than 90 degrees . 
select the K value from the top of the table. 

(b) Record ZB from the 
bottom of the table except when KL is 
greater than 180 degrees. 

(c) D arc is recorded from the 
bottom of the table except when T and KL 
are both less than 90 degrees. 

(dq) When KL exceeds 180 
degrees, subtract 180 degrees before making a 
table computation. 


(3) Rule 3. Computation of ZB. 

(a) When the initial position is 
in the Northern Hemisphere and is west of the 
final position, ZB is the true bearing. If the 
initial position is east of the final position, 
ZB is subtracted from 360 degrees to obtain 
the true bearing. 

(b) When the initial position is 
in the Southern Hemisphere and is west of the 
final position, subtract ZB from 180 degrees. 
If the initial position is east of the final 
position, add 180 degrees to ZB to obtain the 
true bearing. 


d. GCAD Worksheet. To facilitate the 
computation process, aGCAD worksheet is 
illustrated in figure 7—4. It is divided into a 
heading and the step-by-step procedure for 
determining true azimuth and distance. An 
explanation of the worksheet and the GCAD 
formula follows. 

(1) The heading contains the 
latitude and longitude of the direction-finding 
site and the selected check station. The 
following abbreviations are used: 

(a) FROM: The name of the 
DF site. 

(b) LAT or L: The latitude of 
the DF site. 

(c) LONG: The longitude of 
the DF site. 

(d) TO: The name of the target 
station. 

(e) LAT’ or L': The latitude of 
the target station. 

(f) LONG’: ‘The longitude of 
the target station. 

(g) To determine T, the 
following procedures should be followed: 

I. If LONG and LONG’ 
are in the same hemisphere, (same names) 
subtract to determine the T value. 

2. If LONG and LONG’ 
are in different hemispheres, (different 
names) add to determine the T value. 

(2) The remainder of the worksheet 
is divided into the DEGREES/MINUTES 
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column and COL-—1 through COL—4. The 
mathematical function is indicated at the top 
of each column. Logarithms are entered at the 
spaces “A’’ and “B” beginning with COL—1 
and the appropriate function performed. If 
other logarithm tables are used instead of the 
dead reckoning altitude and azimuth table, 
column A will equate to the log cosecant and 
column B will equate to the log secant. Prior 
to beginning the computation, enter the T 
value in the appropriate space under the 
DEGREES/MINUTES column. 


e. Computation Procedures. 
(1) COL-1. 

(a) Locate the T value in the 
dead reckoning altitude and azimuth table 
(appendix C). Enter the figure found under 
the corresponding A column in_ the 
appropriate space under COL—1. 

(b) Enter L’ in the appropriate 
space under the DEGREES/MINUTES 
column. 

(c) Locate the L’ value in the 
table. Enter the corresponding B column 
number in the appropriate space under 
COL-1. 

_(d) Add the COL—1 A and B 
values. Enter the result under the final A 
space in COL—1. 
(2) COL—2, 

(a) Locate the L’ value in the 
table. Enter the corresponding A column 
figure in the appropriate space under COL—2. 

(b) Locate the COL—1 final A 
value in the table. Enter the corresponding B 
figure in the appropriate space under COL—2. 

(c) Subtract the COL-—2 B 
value from the COL—2 value. The result is 
entered as the final COL—2 A value. 

(d) Locate the final COL—2 A 
value in the table. The corresponding degrees 
and minutes will be entered as the K value 
under the DEGREES/MINUTES column. 


Nte. Before the K value is determined, refer to the special 
tules 1 or 2 and determine which is applicable to the GCAD 
computation. 


N 
is FROM: To: T is determined by the following conditions: If long and long’ 
. . are the same name SUBTRACT. If long and long’ are different 
LAT: LAT’: names ADD. 
LONG: LONG’: _ T 
DEGREES/MINUTES COL—1 (ADD) COL-—2 (SUBTRACT) COL-—3 (ADD) COL—4 (SUBTRACT) 
T: A: 
y 
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TOTAL 


TRUE AZIMUTH 


If other logarithm tables are used instead of dead reckoning altitude and azimuth tables, column A equates to log consecant, and column B equates to 
log secant. 
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(3) COL-3. 

(a) The first COL—3 B value is 
a repeat of the COL—2 B value. 

(b) Enter the LAT or L in the 
appropriate space under the DEGREES/ 
MINUTES column. 

(c) Determine the KL value 
under the DEGREES/MINUTES column, by 
subtracting the L or LAT value from the K 
value if the same name. Add K and L if 
different names. 

(d) Locate the KL value in the 
table. Enter the corresponding B column 
value in the appropriate COL—3 space. 


Note. If rule 2 is applicable to the computation, and the KL 
value exceeds 180 degrees, subtract 180 degrees before 
entering the table. 


(e) Add the COL—3 B values. 
Enter the result as the final COL—3 B value. 

(f) Locate the final COL—3 B 
value in the table. Enter the corresponding 
degrees and minutes as the D arc value under 
the DEGREES/MINUTES column. 


Note. Refer to the applicable rule to determine if the D arc 
value is taken from the top or the bottom of the table. 


(4) COL—4. 

(a) The first COL—4 A value is 
a repeat of the final COL—1 A value. 

(b) Locate the final COL—3 B 
value in the table. Enter the corresponding A 
value in the appropriate COL—4 A space. 

(c) Subtract the COL—4 A 
values and enter the difference in the space 
provided. 

(d) Locate the final COL—4 A 
value in the table. Enter the corresponding 
degrees and minutes as the COL—4__B value. 


Note. Again refer to the applicable rule to determine if ZB 
is taken from the top or the bottom of the table, and if that 
value is the true azimuth. 


(5) Distance. To compute the great 
circle azimuth distance: 
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(a) Multiply the number of D 
arc degrees by 60. 

(b) Add the D arc minutes to 
the result. The sum indicates the distance in 
nautical miles. To obtain statute miles, 
multiply the nautical miles by 1.15. 


f. GCAD Example. Determine the great 
circle azimuth and distance from Hetricks 
Villa, USA to London, England. The 
following information is provided. 


Hetricks Villa, USA Latitude: 42° 33’ North 
Longitude: 71° 36’ West 
Latitude: 51° 32’ North 
Longitude: 00° 05’ West 


London, England 


Before beginning the computation, determine which 
tule is applicable. Since LONG and LONG’ are the 
same name, West, rule 1 will apply. 


Step 1. Determine the T value. Since LONG and 
LONG’ are the same name, West, subtract to find the 
difference. 


Hetricks Villa LONG: 71° 36° 
London LONG’: 00° 05’ 


T= 71° 31" 


Step 2. Locate the T value, 71° 31’, in the dead 
reckoning and azimuth table. The corresponding 
COL—1 A value is 2300. 


Step 3. Locate the L’ value, 51° 32", in the table. 
The corresponding COL—1 B value is 20617. 


Step 4. Add the COL—1 A and B values. The result, 
or 22917, is the final COL—1 A value. 


A 2300 
+ 

B=. 20617 

22917 


Step 5. Locate the L’ value, 51° 32’, in the table. 
The corresponding COL—2 A value is 10625. 


Step 6. Locate the COL—1 final A value, 22917, in 
the table. The corresponding COL—2 B value is 9292. 
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Step 7. Subtract the COL—2 B value, 9292, from the 
COL-—2 A value, 10625. The remainder is 1333 and 
the final COL—2 A value. 


A 10625 
B 9292 
1333 


Step 8. Locate the final COL—2 A value, 1333, in the 
table. The corresponding degrees and minutes, 75° 
52! 30” represents the K value. 


Note. Refer to rule 1a to determine if K is selected from the 
top or the bottom of the table. 


Step 9. Record the first COL—3 B value as 9292 since 
it is a repeat of the COL—2 B value. 


Step 10. Enter the value for LAT, or 42° 33’, under 
the DEGREES/MINUTES column in the appropriate 
space. 


Step 11. Determine the value for KL by subtracting 
LAT, 42° 33’ from the K value, 75° 52’ ii. The 
remainder is 33° 19’ 30”. 


K 75° 52’ 30” 
LAT 42° 33’ 
KL = 33° 19% 30” 


Step 12. Locate the KL value, 33° 19’ 30”, in the 
table. The corresponding COL—3 B value is 7802. 


Step 13. Add the COL—3 B values. The sum and final 
B value is 17094. 


B 9292 
+ 

B 7802 
B = 17094 


Step 14. Record the first COL—4 A value as 22917 
since it is a repeat of the final COL—1 A value. 


Step 15. Locate the COL—3 final B value, 17094, in 
the table. The corresponding COL—4 A value is 
13185, 


Step 16. Subtract the COL—4 A value, 13185, from 
22917. The final COL—4 value is 9732. 
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A = 22917 
A 13185 
A = 9732 


Step 17. Locate the COL—4 final A value, 9732, in 
the table. Again refer to rule 1 and determine if ZB is 
taken from the top or the bottom of the table. Since 
K is greater than L, ZB is selected from the top of 
the table. Therefore, ZB or the true azimuth from 
Hetricks Villa to London, England is 53° 03’ 30”. 
Again refer to the rule and determine if ZB is the 
true bearing. As the initial position is west of the final 
position, 53° 03’ 30” is the true azimuth. 


Step 18. To determine D arc, locate the final COL—3 
B value in the table. Refer to rule 1 to determine if D 
arc is taken from the top or the bottom of the table. 
Since T and KL are both less then 90 degrees, D arc is 
taken from the top of the table and is 47° 34’ 30”. 


Step 19. To compute the distance from the initial to 
the final position in nautical miles, multiply D arc by 
60. To obtain statute miles, multiply the total 
nautical miles by 1.15. 


Dare = 47° 34’ 30” 
47 X 60 


2820 
+ 34.5 
2854.5 
2854.5 
x 1.15 
142 725 
285 45 
2854 5 
3282.675 


Total nautical miles 


Total statute miles 


Section II 
STATISTICAL FACTORS 


7—7. General. 


Statistical analysis is an invaluable 
management tool for measuring 
direction-finding performance. Through the 
proper application of statistics, an estimate of 
the amount of error found in individual 
bearings can be provided, as well as the 
probable amount of error of the site, or even 
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the complete direction-finding net. Normally, 
plotting and _ evaluation activities are 
responsible for performing accuracy studies. 
However, direction-finding supervisors and 
analysts must be knowledgeable of statistical 
analysis procedures and must be able to 
compute the analytical computations outlined 
in this chapter. 


7-8. Systematic Error. 


Systematic error (SE) represents the 
difference between the true bearing and the 
mean bearing of a transmitter. The true 
bearing is determined by computing a great 
circle azimuth from the DF site to the 
selected target station. The average bearing is 
determined by taking a large number of 
bearings on the selected transmitter, a 
minimum of 200, and computing the average 
or mean bearing of the sample. 


a. Consideration should be given to the 
following criteria when selecting a check 
station. 

(1) The frequency should be 
compatible with operational targets. 

(2) The location should be within 
the area of interest or a very close proximity 
thereof. 

(3) The distance should not be 
significantly different than that of operational 
targets. 


b. Systematic error is computed using 
the formula SE = Bearing Mean (BM) minus 
Bearing True (BT). 

(1) BM is the mean bearing between 
the DF site and the selected check station. 

(2) BT is the true bearing between 
the DF station and the selected check station. 


c. The following steps outline the 
procedure for computing systematic error. 


Step 1. Visually inspect the reported bearings and 
eliminate the obviously wild ones. 
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Step 2. Mathematically compute the mean bearing 
from the remaining bearings. 


Step 3. Eliminate all bearings which deviate more 
than plus or minus 8 degrees from the computed 
mean bearing. 


Step 4. Recompute the mean bearing. 


Step 5. Determine the difference between the mean 
and true bearings. The difference is the systematic 
error. 


Note. Systematic error must always be expressed as a 
negative or positive error. If the mean bearing is smaller than 
the true bearing, the error is negative. However, if the mean 
bearing is larger than the true bearing, the error is positive. 


d. The following example illustrates the 
computation of systematic error using the 
formula SE = BM — BT. The true azimuth of 
the check station is 031 degrees. The 
following bearings were observed on the 
selected check station: 029°, 025°, 032°, 
029°, 034°, 032°, 030°, 028°, 034°, and 
027°. 


Note. In practical applications at least 200 bearings must be 
obtained on the selected check station. 


Step 1. A visual inspection proves there are no 
obvious wild bearings. 


Step 2. Compute the mean bearing. 


029° 
025° 
032° 
029° 
034° 
032° 
030° 
028° 
034° 
027 
300 / 10 = 030° 


Steps 3 and 4. Since there are no bearings which 
deviate over plus or minus 8 degrees from the 


computed mean bearing, proceed to step 5. 
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Step 5. Determine the difference between the mean 
and true bearings. The difference is the systematic 
error. 


SE = BM — BT 
SE = 030° — 031° 
SE = -001° 


7—9. Variance. 


Variance is used as a reliability factor and 
indicates the quality of bearings used in the 
computation of the mean bearing. Variance 
provides the measure of spread, or the 
dispersion of bearings around the mean 
bearing. The analysis of either site or 
individual operator variance on selected check 
stations provides the supervisor with an 
additional management tool for evaluating 
efficiency. 


a. The formula for computing variance 
is: 
(BM — BO)2, 
N 


(1) & indicates the algebraic sum. 

(2) (BM — BO) is the observed 
bearing subtracted from the mean bearing. 
The difference or remainder is then squared. 

(3) N is the total number of 
bearings within plus or minus 8 degrees of the 
mean bearing. 


b. The following steps outline the 
procedure for computing variance. 


Step 1. Visually inspect all the reported bearings and 
eliminate the obviously wild ones. 


Step 2. Mathematically compute the mean bearing 
from the remaining bearings. 


Step 3. Eliminate any of the remaining bearings 
which deviate more than plus or minus 8 degrees 
from the computed mean. 


Step 4. Recompute the mean if necessary. 
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Step 5. Determine the deviation of each observed 
bearing from the mean bearing and square each 
deviation. 


Step 6. Add the squared deviations. Divide the sum 
by the total number of bearings used. The result is 
the variance. 


Note. Due to the squaring process in step 5, variance has no 
sign. 


c. The following bearings were 
observed on a selected check station: 330°, 
326°, 333°, 334°, 325°, 330°, 331°, 329°, 
328°, and 334°. 


Note. In practical applications at least 200 bearings must be 
obtained on the selected check station. 


Step 1. A visual inspection proves there are no 
obvious wild bearings. 


Step 2. Compute the mean bearing. 


330° 
326° 
333° 
334° 
325° 
331° 
330° 
329° 
328° 
334° 
3300 / 10 = 330° 


Steps 3 and 4. Since there are no bearings which 
deviate over plus or minus 8 degrees from the 
computed mean, proceed to step 5. 


Step 5. Determine the deviation of each observed 
bearing from the mean bearing and square each 
deviation. 


BM BO Remainder Squared 
330° — 330° = 02 = O 
330° — 326° = 42 = 16 
330° 398° S age Se 
330° — 334° = —-42 = 16 
330° — 325° = 52 = 25 
330° — 331° = —12. = 1 
330° — 330° = 02 = O 
330° — 329° = 12 = | 
330° — 328° = 22 = 4 
330° — 334° = —4 = 16 


Step 6. Add the squared deviations and divide by the 
number of bearings used. The result is the variance. 


16. 
88 / 10 =8.8 
The variance is 8.8. 


7—10. Square Root. 


Before standard deviation (SD), another 
direction-finding statistical factor, can be 
addressed it is necessary to be able to 
manually compute square root. Although 
pocket calculators and other machine aids can 
perform this function much faster, the need 
for manual computation of square root may 
arise. 


a. The following steps outline the 
procedure for obtaining the square root of the 
number 3.4. 


Step 1. Starting at the decimal point, mark off the 
digits in pairs in both directions, Add zeros as 
necessary. 


—~ > 


03. 40 00 


Step 2. Place the decimal point for the answer 
directly above the decimal point that appears under 
the radical sign. 


y 03. 40 00 


Step 3. Determine by inspection the largest number 
that can be squared without exceeding the first pair 
of digits — 03. The answer is 1, since the square of 
any number larger than 1 will be greater than 03. 
Place the 1 above the first pair of digits. 
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1. 
03. 40 00 


Step 4. Square 1 obtaining 1 and place it under the 
03. Subtract 1 from 03 obtaining 2. Bring down the 
next pair of digits. 


1. 
y03. 40 00 
40 


Step 5. Double the answer or quotient of 1 obtaining 
2. Place the 2 to the immediate left of the 240. 
Determine the number that can be multiplied by 2 
and that same number and not exceed 240. The 
answer is 8 since 28 X 8 = 224. The number 9 would 
prove to be too large since 29 X 9 = 261. Place the 
number 8 to the right of the decimal in the quotient. 
Subtract the 224 from 240 and bring down the next 
pair of numbers — 00. 


1 68 
03. 40 00 
1 
2] 2 40 
2 24 
16 00 


Step 6. Double the quotient 18, disregarding the 
decimal point, obtaining 36. Place the 36 to the left 
of the 1600. Determine the number that can be 
multiplied by 36 and that same number and not 
exceed 1600. The answer is 4 as 364 X 4 = 1456. The 
number 5 would be too large since 365 X 5 = 1825. 
Place the 4 above the second pair of digits. 


1. 8 
y03. 40 ,00 
1 

28 2 40 

2 24 
364) 16 00 
1456 
1 44 


b. Depending on the degree of accuracy 
desired, one can continue the process 
indefinitely by adding zeros. For 
direction-finding purposes, two places to the 
right of the decimal are sufficient. For 
example, (1.84)* = 3.3856. 
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7—11. Standard Deviation (SD). 


a. Standard deviation is perhaps the 
best statistical method of evaluating 
direction-finding site performance. Systematic 
error is indicative of average error, but 
standard deviation is representative of site 
reliability. SD is a probability figure which 
indicates the spread of bearings on one or 
more targets. In this respect, the smaller the 
number or SD, the greater the reliability that 
is attributed to the direction-finding site. 


b. Standard deviation is computed 
using the formula: 


SD =¥(BT — BO)2 — (SE)2. 
N 


(1) BT is the true bearing between 
the DF site and the selected check station. 

(2) BO is the observed bearing of 
the selected check station. 

(3) N is the total number of 
bearings, within plus or minus 8 degrees of 
the mean bearing, used in the computation. 

(4) (SE)2 is the systematic error 
squared. 


c. The following steps outline the 
procedure for computing standard deviation. 


Step 1. Compute the SE of a selected check station 
using a minimum of 200 bearings. 


Step 2. Determine for each observed bearing the 
deviation in degrees from the true bearing. (If the 
true bearing on the selected check station is not 
known, a great circle azimuth must be computed.) 


Step 3. Square each deviation. 


Step 4. Add the squared deviations and divide the 
sum by the total number of bearings used in the 
computation, within plus or minus 8 degrees of the 
mean bearing. This step satisfies the (BT — BO) 
portion of the formula. N 


Step 5. Square the SE obtained in step 1. Subtract 
the (SE)” from the number obtained in step 4. 
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Step 6. Compute the square root of the number 
obtained in step 5. The square root represents the 
standard deviation of the direction-finding site. 


d. The following example illustrates the 
computation of standard deviation. To 
prevent a lengthy illustration, only 10 
bearings are used and the following 
information is provided: SE = —001 degree, 
BT = 031 degrees. Bearings observed on the 
selected check station are: 029°, 025°, 032°, 
029°, 034°, 032°, 030°, 028°, 034°, and 
O27", 


Step 1. An SE of —001 degree is provided. 


Step 2. Subtract the BO from the BT. 


BT BO Remainder 
031° — 029° = 2° 
031° — 025° = 6° 
031° — 032° = —-1° 
031° — 029° = 2 
031° — 034° = —-3° 
031° — 032°= -—-1° 
031° — 030° = 1° 
031° — 028° = 3° 
031° — 034° = — 3° 
031° — 027° = 4° 


Step 3. Square the remainder obtained in step 2. 


Remainder Squared 


2 4 
6° 36 
—1° 1 
2° 4 
3" 9 
Se 1 
ity 1 
3° 9 
3° 9 
4° 16 


Step 4. Add the squared deviations and divide by the 
total number of bearings used in the computation. 


w 


OO FP ORK AA 


This step satisfies (BT — BO)2 portion of the 
formula. N 


Step 5. Square the SE and subtract the result from 
the number obtained in step 4. 


¥9 — (SE)2 
¥9 — (001) 
yo-1 
y8 
Step 6. Compute the square root. 
v8 
2, 8 2 
yos. 00 00 
eam 
48 4 00 
3. 84 
562 16. 00 
11 24 
4 76 


Standard deviation equals 2.82. 
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Appendix B 


COMMON LOGARITHMS OF FUNCTIONS OF 
ANGLES IN DEGREES AND MINUTES 
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> BH2 


0°... 180° 


90°__, 270°_. 


5 @ 7.16270 
6 @ 7.24188 
7 & 7.30 882 
8 ff 7.36 682 
9 § 7.41797 

10 § 7.46 373 

a 7,50 512 

12 @ 7.54291 
13 — 7.57 767 
14 @ 7.60985 

15 g 7.63 982 

16 § 7.66 784 

17 § 7.69417 

18 & 7.71900 

19 & 7.74248 

20 & 7.76 475 

21 7.78 594 

22 8 7.80615 

23 ff 7.82545 

24 & 7.84 393 

25 — 7.86 166 

26 § 7.87870 

27 @ 7.89509 

28 f 7.91088 

29 § 7.92612 

7.94 084 
7.95 508 
7.96 887 
7.98 223 
7.99 520 

35 — 8.00779 

36 § 8.02002 

37 — 8.03 192 

38 ff 8.04350 

39 § 8.05 478 

40 # 8.06578 

41 ff 8.07 650 

42 f 8.08 696 

43 § 8.09718 

44 @ 8.10717 

45 & 8.11693 

46 — 8.12647 

47 —& 8.13581 

48 Wf 8.14495 

49 § 8.15391 

50 ff 8.16 268 

51 § 8.17 128 

52 § 8.17971 

53 #f 8.18 798 

54 — 8.19610 

55 [| 8.20407 

56 f 8.21 189 

57 | 8.21958 

= f 8.22713 

8.23 456 


o 8.24 186 


D cD 


L cos 


L COT Lcos 


3.53 627 


6.46 373 

6.76476 | S103 3.23 524 
6.94085 | 17609 F 3.05 915 
7.06 579 2.93 421 | 


2.83 730 

2.75 812 
2.69 118 
2.63 318 
2.58 203 


7.16 270 
7.24 188 
p 7.30 882 
| 7.36 682 
B 7.41797 - 


0.00 000 
0.00 000 
0.00 000 
0.00 000 


7.46 373 2.53 627 § 0.00 000 


7.50 512 2.49 488 § 0.00 000 
7.54 291 3476 2.45 709 @ 0.00 000 
7.57 767 3219 2.42 233 § 0.00 000 


B 7.60 986 2.39 014 § 0.00 000 


7.63 982 2.36 018 § 


7.66 785 | Sees 2.33215 
E 7.96 418 2482 2.30 582 
7:71 900 2.28 100 


7.74 248 2.25 752 § 


2.23 524 
2.21 405 
2.19 385 
g 2.17 454 
2.15 606 


H 7.76 476 
H 7.78 595 
| 7.80 615 
7.82 546 
7.84 394 


2.13 833 
2.12 129 


7.86 167 
7.87 871 


7.89 510 2.10 490 
7.91 089 2.08 911 
7.92 613 2.07 387 


7.94 086 
7.95 510 
7.96 889 
7.98 225 
7.99 522 


2.05 914 
2.04 490 
2.03 111 
2.01 775 
2.00 478 


8.00 781 
H 8.02 004 
8.03 194 
8.04 353 
| 8.05 481 


1.99 219 
1.97 996 
1.96 806 
1.95 647 
1.94 519 


8.06 581 
8.07 653 
8.08 700 
8.09 722 
8.10 720 


j 1.93 419 
1.92 347 
1.91 300 
1,90 278 
1,89 280 


9.99 997 
9.99 997 
9.99 997 
9.99 997 
9.99 996 


8.11 696 
8.12 651 
f 8.13 585 
8.14 500 

8.15 395 


1,88 304 
1.87 349 & 
1.86 415 
1.85 500 
1.84 605 


§ 8.16 273 
‘8.17 133 
8.17 976 
8,18 804 
8.19 616 


1.83 727 
f 1.82 867 
| 1.82024 
f 1.81 106 
| 1.80 384 | 


9.99 995 
9.99 995 
| 9.99 995 
9.99 995 
9.99 995 


8.20 413 
8.21 195 
8.21 964 
f 8.22 720 
8.23 462 


1.79 587 
1.78 805 
1.78 036 


9.99 994 
9.99 994 
9.99 994 
1.77 280 § 9.99 994 
f 1.76538 § 9.99994 


# 1.75 808 9 9.99 993 


L TAN L SIN 


8.24 192 


L COT 


0.00 000 # 


= = 
Qanwaoo o 


: PROP. PTS. 


nae 


359°_, 179°__ 


269°__, 89°. 


8.24 186 
8.24 903 
8.25 609 
8.26 304 
8.26 988 


8.27 661 
8.28 324 
8.28 977 
8.29 621 
8.30 255 


8.30 87) 
8.31 405 
8.32 103 
8.32 702 
8.33 292 


8.33 875 
8.34 450 
8.35 018 
8.35 578 
8.36 131 


8.36 678 
8.37 217 
8.37 750 
8.38 276 
8.38 796 


8.39 810 
8.39 818 
8.40 320 
8.40 816 
8.41 307 


8.41 792 
8.42 272 
8.42 746 
8.43 216 
8.43 680 


8.44 139 
8.44 594 
8.45 044 
8.45 489 
8.45 930 


8.46 366 
8.46 799 
8.47 226 
8.47 650 
8.48 069 


8.48 485 
8.48 896 
8.49 304 
8.49 708 
8.50 108 


8.50 504 
8.50 897 
8.51 287 
8.51 673 
8.52 055 


8.52 434 
8.52 810 
8.53 183 
8.53 552 
8.53 919 


a euamM 


8.24 192 
8.24 910 
8.25 616 
8.26 312 
8.26 996 


8.30 888 
8.31 505 
8.32 112 
8.32 711 
8.33 302 


8.33 886 
8.34 461 
8.35 029 
8.35 590 
8.36 143 


8.36 689 
8.37 229 
8.37 762 
8.38 289 
8.38 809 


8.39 323 
8.39 832 
8.40 334 
8.40 830 
8.41 321 


8.41 807 
8.42 287 
8.42 762 
8.43 232 
8.43 696 


8.46 385 
8.46 817 
8.47 245 
8.47 669 
8.48 089 


8.48 505 
8.48 917 
8.49 325 
8.49 729 
8.50 130 


8.50 527 
8.50 920 
8.51 310 
8.51 696 
8.52 079 


8.52 459 
8.52 835 
8.53 208 
8.53 578 
8.53 945 


cD f 


L COT 


1.72 331 
1.71 668 
1.71 014 
1.70 371 
1.69 737 


1.69 112 
1.68 495 
1.67 888 
1.67 289 | 
1.66 698 


1.66 114 
1.65 538 
1.64 971 
1.64 410 
1.63 857 


1.63 311 
1.62 771 
1,62 238 
1.61711 
1.61 191 


1.60 677 
1.60 168 
1.59 666 
1.59 170 
1.58 679 


1.58 193 
1.57 713 
1.57 238 
1.56 768 
1.56 304 


1.53 615 
1.53 183 
1.52 755 
1.52 331 
1.51 911 


1.51 495 
1.51 083 
1,50 675 
1.50 271 
1.49 870 


1.49 473 
1.49 080 
1,48 690 
1.48 304 
1.47 921 


1.47 541 
1.47 165 
1.46 792 
1.46 422 
1.46 055 


9.99 987 
9.99 986 
9.99 986 
9.99 986 
9.99 985 


9.99 982 
9.99 981 
9.99 981 
9.99 981 
9.99 980 


9.99 980 
9.99 979 
9.99 979 
9.99 979 
9.99 978 


9.99 978 
9.99 977 
9.99 977 
9.99 977 
9.99 976 


SIS88 


SSeS 


BG 


PROP, PTS. 


268°_, 88°__ 
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PY 
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5 
6 
7 
8 
9 
10 
1 
12 
13 
14 
15 
16 
17 
18 
19 
25 
26 
27 
28 
29 
30 
31 
32 
33 
aA 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 | 
48 


[a [eesns [renee 


8.54 282 
8.54 642 
8.54 999 


8.55 354 

8.55 706 | 
8.56 054 
8.56 400 
8.56 743 
8.57 084 


8.57 421 


8.57 757 
8.58 089 
8.58 419 
8.58 747 
8.59 072 


8.59 395 
8.59 715 


8.61 282 
8.61 589 
8.61 894 
8.62 196 


8.67 039 
8.67 308 
8.67 575 
8.67 841 


8.68 104 
8.68 367 
8.68 627 
8.68 886 
8.69 144 


8.69 400 
8.69 654 
8.69 907 
8.70 159 
8.70 409 


8.70 658 
8.70 905 
8.71 151 
8.71 395 
8.71 638 


8.54 308 
8.54 669 
9.55 027 
9.55 382 
8.55 734 


8.56 083 
8.56 429 
8.56 773 
8.57 114 
8.57 452 


8.57 788 
8.58 121 
8.58 451 
8.58 779 
8.59 105 


8.59 428 
8.59 749 


i 8.60 068 


8.60 384 
8.60 698 


8.61 009 
8.61 319 
8.61 626 
8.61 931 
8.62 234 


8.62 535 
8.62 834 
8.63 131 
8.63 426 
8.63 718 


8.65 435 
8.65 715 
8.65 993 
8.66 269 
8.66 543 


8.66 816 
8.67 087 
8.67 356 
8.67 624 
8.67 890 


8.68 154 
8.68 417 
8.68 678 
8.68 938 
8.69 196 


8.69 453 
8.69 708 
8.69 962 
8.70 214 
8.70 465 


8.70 714 
8.70 962 
8.71 208 
8.71 453 
8.71 967 


1.43 917 
1.43 571 
1.43 227 
1.42 886 
1.42 548 


1,42 212 
1.41 879 
1.41 549 
1.41 221 
1.40 895 


1.40 572 
1.40 251 
1,39 932 
1,39 616 
1.39 302 


1.38 991 


1.38 681 
1,38 374 
1.38 069 
1.37 766 


1.37 465 | 


1.37 166 
1.36 869 
1.36 574 
1.36 282 


1.35 991 
1,35 702 
1.35 415 
1.35 130 
1.34 846 


1.33 184 
1.32 913 
1.32 644 
1.32 376 
1.32 110 


1.31 846 
1.31 583 
1.31 322 
1.31 062 
1.30 804 


1,30 547 § 


1.30 202 
1.30 038 
1.29 786 
1,29 535 


1,29 286 
1.29 038 
1,28 792 
1.28 547 
1.28 303 


9.99 950 


9.99 949 § 


9.99 949 


& 9.99 948 


9.99 948 


BONHAM WNH OWCOnNOAAWHNH = CONDO UTAWN— OMBNOATAWN = OMONAAAWN = 


SOnNOTRWN = 


PROP. PTS. 


267°, 87°... 


25 
26 
27 
28 
29 
30 
31 
32 
33 
od 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 


PY 
© 


8.71 880 
8.72 120 
8.72 359 
8.72 587 
8.72 834 | 


8.73 069 
8.73 303 
8.73 535 
8.73 767 
8.73 997 


8.74 226 
8.74 454 
8.74 680 
8.74 906 
8.75 130 


8.75 353 
8.75 575 
8.75 795 
8.76 015 
8.76 234 


8.76 451 
8.76 667 
8.76 883 
8.77 097 
8.77 610 


8.77 522 
8.77 733 
8.77 943 
8.78 152 
8.78 360 


8.78 568 
8.78 774 
8.78 979 
8.79 138 
8.79 386 


8.79 588 
8.79 789 
8.79 990 
8.80 189 
8.80 388 


8.80 585 
8.80 782 
8.80 978 
8.81 173 
8.81 367 


8.81 560 
8.81 752 
8.81 944 
8.82 134 
8.82 324 


8.82 513 
8.82 701 
8.82 888 
8.83 075 
8.83 261 


8.83 446 
8.83 630 
8.83 813 
8.83 996 
8.84 177 


8.84 358 


8.71 940 
8.72 181 
8.72 420 
8.72 659 


8.72 896 


8.73 132 
8.73 366 
8.73 600 
8.73 832 
8.74 063 


8.74 292 
8.74 521 
8.74 748 
8.74 974 
8.75 199 


8.75 423 
8.75 645 
8.75 867 
8.76 087 
8.76 306 


8.76 525 
8.76 742 
8.76 958 
8.77 173 
8.77 387 


8.77 600 
8.77 811 
8.78 022 
8.78 232 
8.78 441 


8.78 649 
8.78 855 
8.79 061 
8.79 266 
8.79 470 


8.79 673 
8.79 875 
8,80 076 
8,80 277 
8.80 476 


8.80 674 
8,80 872 
8.81 068 
8.81 264 
8.81 459 


8.81 653 
8.81 846 
8.82 038 
8.82 230 
8.82 420 


8.82 610 
8.82 799 
8.82 987 
8.83 175 
8.83 361 


8,83 547 
8.83 732 
8,83 916 
8.84 100 
8.84 282 


L COT 


L TAN 


1,28 060 
1.27 819 
1.27 580 
1.27 341 
1.27 104 


1.26 868 
1.26 634 
1,26 400 
1.26 168 
1.25 937 


1.25 708 
1.25 479 
1.25 252 
1.25 026 
1.24 801 


1,24 577 
1.24 355 
1,24 133 
1.23 913 
1.23 694 


1.23 475 
1.23 258 
1.23 042 
1.22 827 
1,22 613 


1,22 400 
1.22 189 
1,21 978 
1.21 768 
1.21 559 


1.20 327 
1.20 125 
1,19 924 
1.19 723 
1.19 524 


1,19 326 
1.19 128 
1.18 932 
1.18 736 
1.18 541 


1.18 347 
1,18 154 
1.17 962 
1.17 770 
1.17 580 


1.17 390 
1.17 201 
1.17 013 
1.16 825 
1.16 639 


1.16 453 
1.16 268 
1.16 084 
1.15 900 
1.15 718 


9.99 927 


9.99 926 
9.99 926 
9.99 925 
9,99 924 
9.99 923 


9.99 923 
9,99 922 
9.99 921 
9.99 920 
9.99 920 


9.99 919 
9.99 918 
9.99 917 
9.99 917 
9.99 916 


9.99 915 
9.99 914 
9.99 913 
9,99 913 
9.99 912 


9.99 911 
9.99 910 
9,99 909 
9.99 909 
9.99 908 


9.99 903 
9.99 902 
9.99 901 
9.99 900 
9.99 899 


[15506 | 5.0 om 


ODN OOAWN = OONOORWN— OONOOhWNH— CONDO AWH = OONOOAWN 


OOnNoOuhRWwWn= 


PROP. PTS. 


266° 


, 86° 


FM 30-476 


FM 30—476 


94°_., 274°_ 


8.84 464 
8.84 539 8,84 646 
8.84718 | 8.84 826 
8.84 897 | 8.85 006 
8.85 075 8.85 185 


8.85 252 

8.85 429 8.85 540 
8.85 605 8.85 717 
8.85 780 p 8.85 893 
8.85 955 8.86 069 


8.86 128 8.86 243 
8.86 301 8.86 417 
8.86 474 8.86 591 
8.86 645 8.86 763 
8.86 816 8.86 935 


8.86 987 8.87 106 
8.87 156 8.87 277 
8.87 325 8.87 447 
8.87 494 8.87 616 
8.87 661 8.87 785 


8.87 829 8.87 953 
8.87 995 8.88 120 
8.88 161 8.88 287 
8.88 326 8.88 453 
8.88 490 8.88 618 


8.88 654 8.88 783 
8.88 817 8.88 948 
8.88 980 8.89 111 
8.89 142 8.89 274 
8.89 304 8.89 437 


8.89 464 | 8.89 598 
8.89 625 8,89 760 
8.89 784 8.89 920 
8.89 943 8.90 080 
8.90 102 8.90 240 


8.90 260 8.90 399 
8.90 417 8.90 557 
8.90 574 8.90 715 
8.90 730 § 8.90 872 
8.90 885 B 8.91029 


8.91 040 8.91 185 
8.91 195 8.91 340 
8.91 349 8.91 495 
8.91 502 8.91 650 
8.91 655 8.91 803 


8.91 807 8.91 957 
8.91 959 8.92 110 
8.92 110 8.92 262 
8.92 261 A 8.92 414 
8.92 411 8.92 565 


8.92 561 8.92 716 
8.92 710 8.92 866 
8.92 859 8.92 016 
8.93 077 8.93 165 
8.93 154 8.93 313 


8.93 301 8.93 462 
8.93 448 8.93 609 
8.93 594 8.93 756 
8.93740 . 8.93 903 
8.93 885 8.94 049 


L TAN L SIN 


1.15 536 
1.15 354 
1.15 174 
1.14 994 


1.14 815 § 


1.14 637 
1.14 460 
1.14 283 
1.14 107 
1.13 931 


1.13 757 
1.13 583 
1.13 409 
1.13 237 
1.13 065 


1.12 894 
| 1.12723 
1.12 553 


1,12 384 § 


1.12 215 


1.12 047 
1.11 880 
1.11 713 
1.11 547 
1.11 382 


1.11 217 
1.11 052 
1.10 889 


1.10 726. 


1.10 563 


1.10 402 
1.10 240 
1.10 080 
1.09 920 
1.09 760 


1.09 601 
1.09 443 
1.09 285 
1.09 128 
1.08 971 


1.08 815 
1.08 660 
1.08 505 
1.08 350 
1.08 197 


1.08 043 
1.07 890 
1.07 738 
1.07 586 
1.07 435 


1.07 284 
1.07 134 
1.06 984 


1.06 835 Ff 


1.06 687 


1.06 538 
1.06 391 
1.06 244 
1.06 097 
1.05 951 


9.99 894 
9.99 892 
9.99 892 
9.99 891 
9.99 891 


9.99 890 
9.99 889 
9.99 888 
9.99 887 
9.99 886 


9.99 385 
9.99 884 
9.99 883 


h 9.99 882 


9.99 881 


9.99 880 


9.99 879 | 


9,99 879 
9.99 878 
9.99 877 


9.99 876 
9.99 875 
9.99 874 
9.99 873 
9.99 872 


9.99 871 
9.99 870 
9.99 869 
9.99 868 
9.99 867 


9.99 866 
9.99 865 
9.99 864 
9.99 863 
9.99 862 


9.99 861 
9.99 860 
9.99 859 
9.99 858 
9.99 857 


9.99 856 
9.99 855 
9.99 854 
9.99 853 
9.99 852 


9.99 851 
9.99 850 
9,99 848 
9.99 847 
9.99 846 


9.99 840 
9.99 839 
9.99 838 
9.99 837 
9.99 836 


PPh qoga on 
zuuee [aeave |seees [eeees [secea jesees [seers jeceee 


8.94 030 8.94 195 


1.05 805 


L COT Lcos 


9.99 834 


= = 
aOnowono oO 


OOBONOAARWNH— OCOnoohWn = CONOTARWNH = WOMDNOTRWH = 


OONOTAWN— 


PROP. PTS. “~" 
be 
a 
ee 
ad 
265°_, 85°_ 
ee 


Ae 


FM 30-476 


PROP. PTS. 


1.05 805 § 9.99 834 

1.05 660 § 9.99 833 § 59 
8.94 317 7 1.05 515 ff 9.99 832 § 58 
8.94 461 . 1.05 370 § 9.99 831 § 57 
8.94 603 . 1.05 227 § 9.99 830 § 56 


ese eee | 
60 


143 


14.3 

28.6 

42.9 

5 57.2 
72.5 71.5 
87.0 85.8 
101.5 | 100.1 
116.0 | 114.4 
130.5 | 128.7 


8.94 746 1.05 083 
8.94 887 8.95 060 1.04 940 
8.95 029 8.95 202 1.04 798 
8.95 170 8.95 344 : 1,04 656 
9.95 310 8.95 486 1.04 514 


COON OAAWN = 


8.95 450 8.95 627 1.04 373 § 9.99 823 
8.95 589 8.95 767 1.04 233 § 9.99 822 
8.95 728 8.95 908 1.04 092 § 9.99 821 
8.95 867 8.96 047 1.03 953 § 9.99 820 
8.95 005 8.96 187 1,03 813 § 9.99 819 


139 138 


13.9 13.8 
27.8 27.6 
41.7 41.4 
55.6 56.2 
69.5 69.0 
83.4 82.8 
97.3 96.6 
111.2 | 110.4 
125.1 124.2. 


8.96 143 8.96 325 1.03 675 § 9.99 817 
8.96 280 8.96 464 1.03 536 § 9.99 816 
8.96 417 8.96 602 1.03 398 § 9.99 815 
8.96 553 8.96 739 1.03 261 § 9.99 814 
8.96 689 8.96 877 1.03 123 J 9.99 813 


8.96 825 8.97 013 1.02 987 § 9.99 812 
8.96 960 8.97 150 1.02 850 § 9.99 810 
8.97 095 8.97 285 1.02 715 § 9.99 809 
8.97 229 8.97 421 1.02 579 § 9.99 808 
8.97 363 8.97 556 1.02 444 § 9.99 807 


135 133 


13.5 
27.0 
40.5 
54.0 
67.5 
81.0 
94.5 
108.0 
121.5 


8.97 496 8.97 691 1.02 309 ff 9.99 806 
8.97 629 8.97 825 1.02 175 § 9.99 804 
8.97 762 8.97 959 1.02 041 § 9.99 803 
8.97 894 8.98 002 1.01 908 | 9.99 802 
8.98 026 8.98 225 1.01775 | 9.99 801 


OOANOGTAWNH = 


8.98 157 8.98 358 1.01 642 
8.98 288 8.98 490 1.01 510 
8.98 419 8.98 622 1.01 378 
8.98 549 8.98 753 1.01 247 
8.98 679 8.98 884 1.01 116 


129 


12.9 
25.8 
38.7 
51.6 
64.5 
774 
90.3 
103.2 
116.1 


125 
12.5 
37.5 


8.98 808 8.99 015 1.00 985 § 9.99 793 
8.98 937 8.99 145 1.00 855 §| 9.99 792 


8.99 194 8.99 405 1,00 595 § 9.99 790 
8.99 322 | 8.99 534 1.00 466 # 9.99 788 


8.99 450 8.99 662 1,00 338 § 9.99 787 
8.99 577 8.99 791 1,00 209 § 9.99 786 
8.99 704 8.99 919 1,00 081 § 9.99 785 
8.99 830 9.00 046 0.99 954 § 9.99 783 
8.99 956 9.00 174 0.99 826 § 9.99 782 


25.0 
50.0 
62.5 
75.0 
87.5 


100.0 
112.5 


9,00 082 0.99 699 § 9.99 781 
9.00 207 0.99 573 § 9.99 780 
9.00 332 0.99 447 § 9.99 778 
9.00 456 0.99 321 § 9.99 777 
9.00 581 0.99195 § 9.99 776 


9.00 704 9.00 930 0.99 070 § 9.99 775 
9,00 828 9.01 055 0.98 945 § 9.99 773 
9,00 951 9.01 179 0.98 821 § 9.99 772 
9,01 074 9.01 303 0.98 697 § 9.99771 
9.01 196 9,01 427 0.98 573 § 9.99 769 


121 


12.1 
24.2 
36.3 
48.4 
60.5 
72.6 
84.7 
96.8. 
108.9 


9,01 318 9.01 550 0.98 450 § 9.99 768 
9.01 440 9.01 673 0.98 327 § 9.99 767 
9.01 561 9.01 796 0.98 204 § 9.99 765 
9,01 682 9.01 918 0.98 082 § 9.99 764 
9.01 803 9.02 040 0.97 960 § 9.99 763 


00.97 838 § 9.99 761 


264°_, 84°. 


50 
49 
48 
47 
46 
45 
44 
43 
42 
41 
40 
39 
38 
37 
36 
30 
29 
28 
27 
26 
25 
24 
8.99 066 8.99 275 1.00 725 § 9.99 791 § 23 
22 
21 
20 
19 
18 
7 
16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 


B—7 


FM 30—476 


9.01 923 


A 9,02 043 


9.02 163 
9,02 282 
9.02 402 


9.02 520 
9.02 639 
9.02 757 
9.02 874 
9.02 992 


9.03 109 
9.03 226 
9.03 342 
9,03 458 
9.03 574 


9.03 690 
9.03 805 
9.03 920 
9.04 034 
9.04 149 


9.04 262 
9.04 376 
9.04 490 
9.04 603 
9.04 715 


9,04 828 
9.04 940 
9.05 052 
9.05 164 
9.05 275 


9.05 386 
9.05 497 
9.05 607 
9.05 717 
9.05 827 


9.05 937 
9.06 046 


f 9.06 155 


9.06 264- 


& 9.06 372 


p 9.06 481 
Z 9.06 589 
» 9.06 696 


9,06 804 
9.06 911 


f 9.07018 
H 9.07 124 
E 9.07 231 
F 9.07 337 
f 9.07 442 


9.07 548 
9.07 653 
9.07 758 
9.07 863 
9.07 968 


f 9.08 072 
9.08 176 
9.08 280 


9.08 383 
9.08 486 


L TAN 


LcoT ; 
9.02 162 

9.02 283 i 
9.02 404 
9.02525 | 
9.02 645 | 


9.02 766 
9.02 885 


9.03 005 


9.03 124 | 


9.03 242 
9.03 361 
9.03 479 
9.03 597 


| 9.03714 | 
A 9.03 832 


9.03 948 
9.04 065 
9.04 181 
9,04 297 
9.04 473 


9.04 528 
9.04 643 
9.04 758 
9.04 873 
9.04 987 


9.05 101 
9.05 214 
9.05 328 
9.05 441 


9.05 553 


9.05 666 
9.05 778 
9.05 890 
9.06 002 
9.06 113 


9.06 224 
9,06 335 
9.06 445 
9.06 556 
9.06 666 


9.06 775 
9.06 885 
9.06 994 
9.07 103 
9.07 211 


9.07 320 
9.07 428 
9.07 536 
9.07 643 
9.07 751 


E 9.07 858 


9.07 964 
9.08 071 
9.08 177 
9.08 283 


9.08 389 
9.08 495 
9.08 600 
9.08 706 
9,08 810 


9.08 589 


| 9.08 914 


L TAN 


L CcoT 


cD 


121 
121 
121 
120 
121 


119 
120 
119 
118 
119 


118 
118 
V7 
118 
416 


117 
116 
416 
116 
115 


115 
115 
115 
114 
114 


113 
114 
113 
112 
113 


112 
112 
112 
111 
111 


111 
110 
111 
110 
109 


110 
109 
109 
108 
109 


108 
108 
107 
108 
107 


106 
107 
106 
106 
106 


106 
105 
105 
105 
104 


Lcot L cos 
PROP. PTS. 
L SIN a 
0.97 838 8 9.99761 § 60 
0.97 717 § 9.99760 § 59 & _ ae 
0.87 596 9 9.99759 #58 @ 1 12.1 12.0 
0.97 475 @ 9.99757 4 57 § 2 | 24.2 24.0 
§ 0.97355 @ 9.99756 # 56 § 3 | 36.3 36.0 
4) 484 48.0 
0.97 234 § 9.99 755 5 | 605 60.0 
0.97 115 § 9.99 753 6 | 72.6 72.0 
2 0.96 995 # 9.99 752 7 | 847 84.0 
0.96 876 # 9.99 751 8 | 968 96.0 
0.96 758 § 9.99 749 9 | 108.9 | 108.0 
0.96 639 § 9.99 748 § 50 
0.96 521 § 9.99 747 § 49 ue a 
0.96 403 § 9.99745 @ 48 1 11.8 W7 
f 0.96 286 § 9.99744 § 47 § 2 | 23.6 23.4 
§ 0.96168 # 9.99742 # 46 @ 3 | 35.4 35.1 
My ; 4 | 472 46.8 
0.96 052 § 9.997418 45 § 5 | 59.0 58.5 
0.95 935 J 9.99740 f 44 § 6 | 708 70.2 
0.95 819 § 9.99738 § 43 f 7 | 826 81.9 
4 0.95703 # 9.99737 4 42 ff 8 | 944 93.6 
0.95 587 #¢ 9.99736 § 41 §@ 9 | 106.2 | 105.3 
s 0.95 472 § 1 40 
0.95 357 & 39 PDE pe 
0.95 242 | 38 9 1 115 11.4 
0.95 127 137 § 2 23.0 22.8 
0.95 013 36 9 3 | 345 34.2 
4 4 | 46.0 45.6 
0.94 899 § 9.997279 35 § 5 | 57.5 57.0 
0.94 786 § 9.99726 # 34 f 6 | 69.0 68.4 
0.94 672 # 9.99724 § 33 # 7 | 805 79.8 
0.94559 § 9.99723 § 32 # 8 | 92.0 91.2 
0.94 447 § 9.99721 # 31 § 9 | 103.5 | 102.6 
0.94 334 § 9.99720 § 30 
0.94 222 f 9.99718 | 29 ee ee 
0.94110 § 9.99717 28 § 1 11.2 11.1 
0.93 998 # 9.99716 § 27 § 2 | 224 22.2 
0.93 887 § 9.997149 26 f 3 | 33.6 33.3 
‘ 4 | 448 44.4 
0.93776 § 9.99713 f 25 — 5 | 56.0 55.5 
0.93 665 § 9.99711 f 24 § 6 | 67.2 66.6 
0.93555 § 9.99710 # 23 § 7 | 78.4 777 
f 0.93444 & 9.99708 8 22 § 8 | 89.6 88.8 
0.93 334 § 9.99707 § 21 § 9 | 1008 99.9 
0.93 225 § 9.99 705 f 20 | 
# 0.93115 # 9.99 704 # 19 193 MOGs 187 
0.93 006 § 9.99702 § 18 § 1 10.9 10.8 10.7 
0.92 897 f 9.997019 17 § 2 | 218 21.6 21.4 
0.92789 f 9.99699 7 16 § 3 | 32.7 32.4 32.1 
4 | 43.6 43.2 42.8 
0.92 680 | 9.99698 f 15 &§ 5 | 54.5 54.0 53.5 
0.92 572 § 9.99696 § 14 & G | 65.4 64.8 64.2 
0.92 464 § 9.99695 § 13 § 7 | 763 75.6 74.9 
0:92 357 f 9.99693 § 12 f 8 | 87.2 86.4 85.6 
0.92 249 f 9.99692 8 11 § 9 | 98.1 97.2 96.3 
0.92 142 § i 10 
o92-osa I 9 | 106 | 105 104 
0.91 929 § B 8 g@ 1 10.6 10.5 10.4 
0.91 823 § 7 $2 | 212 | 21.0 20.8 
0.91717 § 6 @ 3 | 318 31.5 31.2 
¢ 4 | 424 42.0 41.6 
0.91 611 ff 9.99 683 5 | 53.0 52.5 52.0 
0.91 505 § 9.99 681 6 | 63.6 63.0 62.4 
0.91 400 | 9.99 680 § 7 | 74.2 73.5 72.8 
0.91 295 § 9.99 678 is | 848 84.0 83.2 
0.91 190 § 9.99 677 9 | 95.4 94.5 93.6 


0.91 086 § 9.99 675 jo | 
cD 


L TAN 


L SIN 


353°_, 173° 


263°, 83°_ 


~. 


B 


Da 


3 


4 > 


9.08 589 
9.08 692 
9.08 795 
9.08 897 
9.08 999 


9.09 606 
9.09 707 
9.09 807 
9.09 907 
9.10 006: 


9,10 106 
9.10 205 
9.10 304 
9,10 402 
9.10 501 


9.10 599 
9.10 697 
9.10 795 
9.10 893 
9.10 990 


a 


9.11 087 


26 9.11 184 
27 9.11 281 
28 9.11 377 
29 9,11 474 


9.11 570 
9.11 666 
9.11 761 
9.11 857 
9.11 952 


9.12 047 
9.12 142 
9.12 236 
9.12 331 
9,12 425 


9.12 519 
9.12 612 
9.12 706 
9.12 799 
9.12 892 


9.12 985 
9:13 078 
9.13 171 
9.13 263 
9.13 355. 


9.13 447 
9.13 539 
9.13 630 
9.13 772 
9.13 813 


9.13904 
9.13 994 
9.14 085 
9.14175 
9.14 266 


ph a eh oa eee a 

L TAN T L COT L cos 

; cD : 

L COT L SIN 

9.08914 | 156 ¢ 0.91086 | 9.99675 9 Go | 
9.09019 | 154 f 0.90981 ¢ 9.99674 9 59 | 
9.09123 | io, g 0.90877 f 9.99672 § 58 | 
9.09227 | jog & 0.90773 § 9.99870 9 57 | 
9.09 330! ig, | 0.90670 f 9.99 669 4 56 
9.09434 | 14. § 0.90566 § 9.99 667 
9.09537 | in, ff 0.90 463 9 9.09 666 § 
9.09640 | 195 § 0.90360 @ 9.99 664 § 
9.09742 | 40, § 0.90 258 | 2.99 663 
9.09845 | igo § 9.90155 9 9.99 661 
9.09947 | 15 § 0.90053 | 9.99 659 § so 
9.10049 | 15, ff 0.89951 § 9.99 658 | 
9.10150 | io5 g 0.89 850 § 9.99 656 | 
9.10252 | 19, 9 0.89748 § 9.99 655 
9.10353 | 49, | 0.89647 9 9.99 653 | 
9.10454 | 4), # 0.89546 § 9.99651 9 45 | 
9.10555 | 45, g 0.89445 § 9.99 660 ff 44 
9.10666 | io ff 0.89344 | 9.99 648 @ 43 
9.10756 | oq gf 0.89244 d 9.99 647 9 42 
9.10856 | io J 0.89144 § 9.99 645 ft 41 
9.10956 | io f 9.89044 § 9.99 643 ji 

9.11 056 gg § 2-88944 | 2.99 642 

9.11 155 go § 0-38845 f 9.99 640 

9.11 254 g9 9 0-88 746 § 9.99 638 

9.11 353 0.88 647 § 9.99 637 


9.11 452 
9.11 551 
9.11 649 
9.11 747 
9.11 845 


9.11 943 
9.12 040 
9.12 138 
9.12 235 
9.12 332 


9.12 428 
9.12 525 
9.12 621 
9.12717 
9.12813 | 


9.12 909 
9.13 004 
9.13 099 | 
9.13 194 
9.13 289 


9.13 384 
9.13 478 
| 9,13 573 
9.13 667 
9.13 761 


9.13 854 
9.13 948 
9.14 041 
9.14 134 
9.14 227 


9.14 320 
9.14 412 
9.14 504 
9.14 597 
9.14 688 


9.14 780 


L COT 


0.88 548 
0.88 449 
0.88 351 
0.88 253 
0.88 155 


9.99 635 
9.99 633 
9.99 632 
9.99 630 
4 9.99 629 


0.88 057 

0.87 960 
0.87 862 § 
0.87 765 
0.87 668 


0.87 572 
0.87 475 | 
b 0.87 379 § 
H 0.87 283 
4 0.87 187 


9.99 618 
9.99 617 § 
9.99 615 § 
# 9.99613 4 
B 9.99612 


0.87091 § 9.99610 f 


0.86 616 
0.86 522 
0.86 427 
f 0.86 333 

0.86 239 § 


9.99 601 
H 9.99 600 
9.99 598 
9.99 596 
9,99 595 


0.86 146 
0.86 052 
0.85 959 § 
0.85 866 
0.85 773 § 


9.99 593 
B 9.99 591 
9.99 589 
9.99 588 
9.99 586 


0.85 680 ff 
0.85 588 
0.85 496 
0.85 403 § 
0.85 312 | 


9.99 584 
9.99 582 
9.99 581 
9.99 579 
9.99 577 


0. 85 220 @ 9.99575 


L TAN 


L SIN 


20 § 
0.86 996 § 9.99608 § 19 
0.86 90] § 9.99 607 § 18 
0.86 806 § 9.99605 — 17 
0.86711 # 9.99603 § 16 § 


PROP. PTS. 


10.3 


1} 105 | 10.4 
2| 210 | 208 | 206 
3) 315 | 312 | 309 
4/420 | 416 | 412 
5 | 525 | 520 | 515 
6 | 630 | 624 | 618 
7 | 738 | 728 | 72.1 
8 | 84.0 | 832 | 824 
9 |} 945 | 936 | 92.7 

102 | 101 | 100 
1| 10.2 | 10.1 | 100 
2 | 204 | 202 | 20.0 
3/306 | 303 | 30.0 
4 | 408 | 404 | 40.0 
5 | 51.0 | 505 | 500 
6 | 61.2 | 606 | 60.0 
7) 714 | 707 | 700 
8 | 81.6 | 808 | 80.0 
9/918 | 909 | 900 

99 | 98 

1 | 99 | 98 

2 | 19.8 | 19.6 

3 | 297 | 29.4 

4 | 396 | 39.2 

5 | 49.5 | 49.0 

6 | 594 | 588 

7 | 69.3 | 68.6 

8 | 79.2 | 78.4 

9 | 89.1 | 88.2 

97 96 95 
1 | 97 9.6 95 
2/194 | 192 | 19.0 
3 | 291 | 282 | 285 
4 | 388 | 384 | 38.0 
5 | 485 | 480 | 47.5 
6 | 582 | 576 | 57.0 
7 | 679 | 67.2 | 665 
81776 | 768 | 760 & 
9 | 87.3 | 864 | 85.5 

94 93 92 
1) 9.4 | 9.3 9.2 
2 | 188 | 186 | 18.4 
3 | 282 | 279 | 276 
4/376 | 372 | 368 
5 | 47.0 | 465 | 46.0 
6 | 564 | 558 | 55.2 
7/658 | 651 | 64.4 
8 | 752 | 744 | 73.6 
9 | 846 | 837 | 828 

91 + 90 2 4 
1} 94 9.0 0.2 
2 | 182 | 18.0 0.4 
3 | 27.3 | 27.0 0.6 
4 |} 364 | 360 0.8 
5 | 455 | 45.0 1.0 | 
6 | 546 | 540 1.2, 
7 | 63.7 | 630 1.4 
8 |728 | 72.0 1.6 
9 | 819 | 810 18 | 


d 352°... 172°. : 


262°_, 82° 


FM 30—476 


FM 30—476 


B—10 


8°_., 188°_ 


98°_., 278°... 


L SIN 


L cos 


9.19 971 
cD 


L COT 


L COT 


L TAN Ls 
0.85 220 4 9.99 575 


L TAN 


0.80 029 § 9,99 462 § 


LL SIN 


PROP. PTS. 


0 § 9.14356 9.14 780 60 § aon 
| 1 9.14 445 9.14 872 0.85 128 $9.99 574 § 59 § | | 
; 2 ff 9.14535 as 9.14 963 0.85 037 Fe 799572 § 5a ft H 9.2 ‘94 90 & 
| 3 § 9.14624 : 9.15 054 0.84 946 j 9.99 570 9 57 @ 2 # 18.4 18.2 18.0 §& 
' 4 @ 9.14774 9.15 145 0.84855 29.9568 g 56 8 3 & 27.6 27.3 27.0 
Rag ar 4 § 368 36.4 36.0 
5 9 9.14803 9.15 236 0.84764 # 9.99566 7 55 § 5 — 46.0 45.5 45.0 
6 § 9.14891 9.15 327 | 0.84673 § 9.99565 § 54 § 6 @ 55.2 54.6 54.0 
7 ‘§ 9.14980 9.15 417 0.84583 9 9.99563 953 8 7 § 64.4 63.7 63.0 
8 § 9.15 069 9.15 508 0.84 492 # 9.99561 § 52 § 8 # 73.6 72.8 72.0 
9 § 9.15 157 9.15 598 0.84 402 4 9.99559 4 51 § 9 § 82.8 81.9 81.0 
9.15 245 9.15 688 © 0.84 312 § 9.99 557 ¥g 89 | 88 
9.15 333 9.15 777 0.84 223 § 9.99 556 . ' 
9.15 421 37 9.15 867 0.84 133 & 9.99554 § Hi | 89 | 8.8 
9.15 508 9.15 956 0.84 044 # 9.99 552 § #2! 178 117.6 
} 9.15 596 9.16 046 0.83 954 § 9.99 550 § 5 3 | 26.7 | 26.4 
: i 4 | 35.6 | 35.2 4 
15 9 9.15 683 9.16 135 0.83 865 § 9.99 548 5 | 445 | 44.0 ; 
16 § 9.15770 9.16 224 0.83776 § 9.99 546 6 | 53.4 | 528 é 
17 {| 9.15 857 99 9.16 312 0.83 688 | 9.99 545 B7 | 62.3 | 61.6 z 
18 ff 9.15944 se 9.16 401 0.83 599 ff 9.99 543 #8 | 71.2 | 70.4 G 
19 § 9.16 030 9.16 489 0.83 511 § 3.99 541 9 | 80.1 | 79.2 ki 
§ 9.16 116 9.16 577 0.83 423 | 4 
9.16 203 ss 9.16 665 0.83 335 § 87° | 86 i 
9.16 289 85 9.16 753 0.83 247 § 1 | 87 | 86 
9.16 374 9.16 841 0.83 159 a2 | 17.4 117.2 
9.16 460 9.16 928 0.83 072 § #3 | 26.1 | 25.8 
: ; £4 | 34.8 | 34.4 
25 § 9.16545 9.17 016 0.82 984 § 9.99 530 | H5 | 43.5 | 43.0 : 
26 § 9.16631 9.17 103 0.82 897 § 9.99 528 6 | 52.2 | 51.6 
27 ff 9.16716 9.17 190 0.82 810 | 9.99526 § 7 | 60.9 | 60.2 
28 § 9.16801 9.17 277 0.82 723 § 9.99 524 a8 | 69.6 | 68.8 
29 Ff 9.16 886 9.17 363 0.82 637 § 9.99 522 9 | 78.3 | 77.4 
30 § 9.16970 9.17 450 0.82 550 ff 9.99 520 § 85 | 84 
31 || 9.17055 9.17 536 0.82 464 fj 9.99 518 
32 § 9.17 139 9.17 622 0.82 378 ff 9.99517 1] 85 | 84 
33 9 9.17 223 9.17 708 0.82 292 ff 9.99515 2 | 17.0 | 16.8 
34 Ff 9.17307 9.17 794 0.82 206 | 9.99 513 3 | 25.5 | 25.2 
4 | 34.0 | 33.6 
35 § 9.17391 9.17 880 0.82 120 ff 9.99511 #5 | 42.5 | 42.0 
36° ff 9.17474 9.17 965 0.82 035 § 9.99509 §& 6 | 51.0 | 50.4 
37 | 9.17 558 9.18 051 0.81949 £9.99 507 3 §7 | 59.5 | 58.8 
38 § 9.17641 9.18 136 0.81864 9 9.99505 § #8 | 68.0 | 67.2 
39 § 9.17724 9.18 221 0.81779 ff 9.99 503 9 | 76.5 | 75.6 
40 § 9.17807 9.18 306 0.81 694 § 9.99501 83 | 82 
41 9 9.17890 9.18 391 0.81 609 § 9.99 499 § : 
42 § 9.17973 9.18 475 0.81525 9.99497 9 f1 | 83 1 82 
43 9 9.18 055 9.18 560 0.81 440 ff 9.99 495 § f 2 | 16.6 | 16.4 
44 Ff 9.18 137 9.18 644 0.81 356 g 9.99 494 3 | 24.9 | 24.6 
#4 | 33.2 | 32.8 
45 # 9.18 220 9.18 728 0.81 272 ff 9.99 492 25 | 41.5 | 41.0 
46 § 9.18 302 9.18 812 0.81 188 — 9.99 490 8G | 49.8 | 49.2 
47 | 9.18 383 9.18 869 0.81 104 § 9.99 488 7 | 58.1 | 57.4 
48 B 9.18 465 9.18 979 0.81021 — 9.99 486 8 8 | 66.4 | 65.6 
49 — 9.18547 9.19 063 0.80 937 § 9.99 484 fo | 74.7 | 73.8 
9.18 628 9.19 146 0.80 854 § 9.99 482 § a1 80 2 
9.18 709 9.19 229 0.80771 ff 9.99 480 | : 
9.18 790 9.19 342 0.80 688 § 9.99 478 } 14 8.1 8.0 0.2 
9.18 871 9.19 395 0.80 605 § 9.99 476 2 § 16.2 16.0 0.4 
9,18 952 9.19 478 0.80 522 § 9.99 474 3 ff 24.3 24.0 0.6 
: 4 § 32.4 32.0 0.8 
55 —f 9.19033 | 9.19 561 0.80 439 § 9.99 472 § 5 § 405 40.0 1.0 &§ 
56 § 9.19 113 9.19 643 0.80 357 #f 9.99 470 § 6 8 48.6 48.0 12 @ 
57 § 9.19 193 9.19 725 0.80 275 [f 9.99 468 7 § 56.7 56.0 1.4 
58 § 9.19 273 9.19 807 0.80 193 | 9.99 466 8 f 648 64.0 1.6 
59 # 9.19 353 9.19 889 0.80 111 § 9.99 464 9 # 72.9 72.0 1.8 


| 351°. 171°. : 


261°, 81°. 


ai 


FM 30-476 


9°_, 189° : = COT L pe 


PROP. PTS. 
99°__, 279°_ fu tan | TAN L usin | 


9.19 433 9.19 971 0.80 029 
¢ 9.19 513 9.20 053 0.79 947 
9.19 592 9.20 134 0.79 866 
@ 9.19 672 g 9.20 216. 0.79 784 
9.19 751 9.20 297 0.79 703 


9.19 830 B 0.79 622 
9.19 909 ae 0.79 541 
9.19 988 B 0.79 460 
9.20 067 . 0.79 379 
9.20 145 f 0.79 299 


OCONOATAWN = 


9.20 223 9.20 782 0.79 218 
9.20 302 9.20 862 0.79 138 
9.20 380 9.20 942 0.79 058 
9.20 458 9.21 022 0.78 978 
9.20 535 9.21 102 0.78 898 


9.21 182 0.78 818 
9.21 261 0.78 739 
9,21 341 0.78 659 
9.21 420 0.78 580 
9.21 499 0.78 501 


CANO ATAWN = 


9,20 999 | 9.21578 0.78 422 | 
9.21 076 9.21 657 0.78 343 
9.21 153 9.21 736 0.78 264 
9.21 229 9.21 814 0.78 186 
9,21 306 9.21 893 0.78 107 


9.21 382 s 9.21971 0.78 029 
9.21 458 9.22 049 0.77 951 
9.21 534 9.22 127 0.77 873 
9.21 610 9,22 205 0.77 795 
9.21 685 9.22 283 0.77717 


OCONOVAWNH= 


9.21 761 9.22 361 
9,21 836 9,22 438 
9.21912 9.22 516 
9.21 987 9.22 593 
9.22 062 9.22 670 


9.22 137 9.22 747 0.77 253 
9.22 211 9.22 824 0.77 176 
9.22 286 9.22 901 0.77 099 
9.22 361 9.22 977 0.77 023 
9.22 435 9.23 054 0.76 945 


25 
26 
27 
28 
29 
35 
36 
37 
38 
39 


OMAN OOAWN = 


9.22 509 9.23 130 0.76 870 
9.22 583 9.23 206 0.76 794 
9.22 657 9.23 283 0.76 717 
9.22 731 9.23 359 0.76 641 
9.22 805 9.23 435 0.76 565 


9.22 878 9.23 510 0.76 490 
9.22 952 9.23586 | 0.76 414 
9.23 025 9.23 661 0.76 339 
9.23 098 9.23 737 0.76 263 
9.23 171 9.23 812 0.76 188 


SBSSEE | PSEES 
OOnNOOhWN = 


9.23 244 9.23 887. 0.76 113 
9.23 317 9.23 962 0.76 038 
9.23 390 9.24 037 0.75 963 
9.23 462 9.24 112 0.75 888 
9.23 535 9.24 186 0.75 814 


~ 
= 


~ 
ary 


9.23 607 9.24 261 0.75 739 
9.23 679 9.24 335 0.75 665 
9.23 752 9.24 410 0.75 590 
9.23 823 9.24 484 0.75 516 
9.23 895 9.24 558 0.75 442 


. 0.75 368 | 
¢ ; “Leor 


OONOOAWNH = 


260°_, 80°._ 


B—11 


FM 30—476 


fo : 
10°. 190° f Lcor i 
| } PROP. PTS. 
100°... 280°. q LTAN L SIN 


9.23 967 # 9.24 632 0.75 368 § 9.99 335 
f 9.24 039 g 9.24 706 0.75 294. § 9.99 333 
9.24 110 9.24779 0.75 221 & 9.99 331 
f 9.24 181 9.24 853 0.75 147 § 9.99 328 
9.24 253 ‘ B 9.24 926 0.75 074 §f 9.99 326 


es 


ba oo 
ggs |fsaea lasess EEG 


ag 
Nm 


9.24 324 9.25 000 0.75. 000 ff 9.99 324 
9.24 395 9.25 073 0.74 927 § 9.99 322 
9.24 466 9.25 146 0.74 854 ff 9.99 319 
9.24 536 9.25 219 0.74 781 ff 9.99 317 
§ 9.24 607 9.25 292 0.74708 § 9.99 315 


OBNOGAWNH — 


9.24 677 9.25 365 0.74 635 § 9.99 313 
9.24 748 9.25 437 0.74 563 § 9.99 310 
9.24 818 9.25 510 0.74 490 § 9.99 308 
R 9.24 888 y 9.25 582 0.74 418 § 9.99 306 
§ 9.24 958 9.25 655 0.74 345 § 9.99 304 


9.25 028 9.25 727 0.74 273 
9.25 098 9.25 799 0.74 201 
9.25 168 9.25 871 0.74 129 
9.25 237 9.25 943 0.74 057 
9.25 307 9.26 015 0.73 985 


OONOOAWHNH — 


9.25 376 9.26 086 0.73 914 § 9.99 290 
9.25 445 9.26 158 0.73 842 fj 9.99 288 
9.25 514 9.26 229 0.73771 § 9.99 285 
9.25 583 9.26 301 0.73 699 § 9.99 283 
9.25 652 9.26 372 0.73 628 § 9.99 281 


9.25 721 9.26 443 0.73 557 
9.25 790 ‘ 9.26 514 0.73 486 
9.25 858 9.26 585 0.73 415 
9.25 927 9.26 655 0.73 345 
9.25 995 9.26 726 0.73 274 


OONOAOAWN— 


9.26 063 9.26 797 0.73 203 
9.26 131 9.26 867 0.73 133 
9.26 199 9.26 937 0.73 063 
9,26 267 9.27 008 0.72 992 
9.26 335 9.27 078 0.72 922 


9.26 403 9.27 148 0.72 852 §f 9.99 255 
9.26 470 9.27 218 0.72 782 §f 9.99 252 
9.26 538 9.27 288 0.72712 § 9.99 250 
9.26 605 9.27 357 0.72 643 § 9.99 248 
9.26 672 9.27 427 0.72 573 § 9.99 245 


1 
2 
3 
4 
5 
6 
7 
8 
9 


NNN WO wo 


9.26 739 9.27 496 0.72 504 
9.26 806 9.27 566 0.72 434 
9.26 873 9.27 635 0.72 365 
9.26 940 9.27 704 0.72 296 
9.27 007 9.27 773 0.72 227 


= = 
“NO oO 


9.27 073 9.27 842 
9.27 140 9.27911 
9.27 206 9.27 980 
9.27 273 9.28 049 
9.27 339 9.28 117 


0.72 158 
0.72 089 
0.72 020 
0.71 951 
0.71 883 


OANOOA WH = 


9.27 405 9.28 186 
9.27 471 9.28 254 
9.27 537 9.28 323 
9.27 602 9.28 391 
9.27 668 9.28 459 


0.71 814 
0.71 746 
0.71 677 
0.71 609 
0.71 541 


9.27 734 9.28 527 
9.27 799 9.28 595 
9.27 864 9.28 662 
9.27 930 9.28 730 0.71 270 
9.27 995 9,28 798 0.71 202 


9.28 865 0.71135 § 9.99 195 


0.71 473 
0.71 405 
0.71 338 


S88S8 BB888 BSRSBSB 


OCOnNOTFPWHN 


é =_ 
OV DoS 


259°__, 79°__ 


B—12 


da 


FM: 30-476 


: cD 
L COT L.TAN L SIN 


9.28 865 0.71 135 § 9.99 195 
9.28 933 0.71 067 § 9.99 192 
9.29 000 0.71 000 § 9.99 190 
9.29 867 0.70 933 | 9.99 187 
9.29 134 0.70 866 § 9.99 185 


PROP. PTS. 


9.28 060 
9.28 125 
9.28 190 
9.28 294 
9.28 319 


COOnNoOnhwn= 


9.28 384 
9.28 448 
9,28 512 
9.28 577 
§ 9.28 641 


0.70 799 
0.70 732 
0.70 665 
0.70 598 
0.70 532 


9.28 705 
9.28 769 
9.28 833 
9.28 896 
9.28 960 


0.70 465 ff 9.99 170 | 
0.70 399 § 9.99 167 
0.70 332 § 9.99 165 
0.70 266 § 9.99 162 
0.70 200 § 9.99 160 


REBEL RRALK RALRB 


Ppag 
S88SS 


9.29 024 9.29 866 0.70 134 § 9.99 157 
9.29 087 9.29 932 0.70 068 ff 9.99 155 
9.29 150 9.29 998 0.70 002 § 9.99 152 
9.29 214 9.30 064 0.69 936 ff 9.99 150 
9.29 277 9.30 130 0.69 870 § 9.99 147 


ry 
@ 
Ba 


COON OTOAWNH = 


9.29 340 9.30 195 9.99 145 
9.29 403 9.30 261 9.99 142 
9.29 466 9,30 326 9:99 140 
9,29 529 9.30 391 9.99 137 
9.29 591 9.30 457 9.99 135 


‘9.29 654 9.30 522 0.69 478 
9.29 716 9.30 587 f 0.69 413 
9.29 779 9.30 652 0.69 348 
9.29 841 9.30 717 0.69 283 
9.29 903 9.30 782 0.69 218 


9.29 966 9.30 846 
9.30 028 9.30 911 
9.30 090 9.30 975 
9.30 151 9.31 040 
9.30 213 9.31 104 


9.30 275 9.31 168 
9.30 336 9.31 233 
9.30 398 9.31 297 
9.30 459 9.31 361 
9.30 521 9.31 425 


COnrnoannhRWn— 


9.30 582 9.31 489 
9.30 643 9.31 552 
9.30 704 9.31 616 
9.30 765 9.31 679 
9.30 826 9.31 743 


0.68 511 — 9.99 093 
0.68 448 §f 9.99 091 
0.68 384 § 9.99 088 
0.68 321 ff 9.99 086 
0.68 257 § 9.99 083 


BESS RRLER RRRLS 


9.30 887 9,31 806 9.99 080 
9.30 947 9.31 870 9.99 078 
9.31 008 9.31 933 9.99 075 
9.31 068 9.31 996 9.99 072 
9.31 129 9.32 059 9.99 070 


OONOTAWNH = 


9.31 189 9.32 122 0.67 878 | 9.99 067 
9.31 250 9.32 185 0.67815 ff 9.99 064 
9.31 310 9.32 248 0.67 752 § 9.99 062 
9.31 370 9.32 311 0.67 689 §| 9.99 059 
9.31 430 9.32 373 0.67 627 § 9.99 056. 


9.31 490 9.32 436 0.67 564 
9.31 549 9.32 498 0.67 502 
9.31 609 9.32 561 0.67 439 
9.31 669 9.32 623 0.67 377 
9.31 728 9.32 685 0.67 315 


59 
| 60 | 9,31 788 9.32 747 0.67 253 Ff 9.99 040 


OCONOMTAWN— 


= 2a 23Nn RNB 
aOnovuo aOnoaovoo Ono wo 


B-13 


FM 30—476 


B-14 


12°_, 192°_ 


102°_, 282°_. 


L SIN L TAN L COT L cos 
cD 


9.31 788 9.32 747 0.67 253 
9.31 847 9.32 810 0.67 190 
9.31 907 9.32 872 0.67 128 
9.31 966 9.32 933 0.67 067 
9.32 025 9.32 995 0.67 005 


9.32 084 9.33 057 9.99 027 


9.32 143 9,33 119 9,99 024 
9.32 202 9.33 180 9.99 022 
9,32 261 9.33 242 9.99 019 


9.32 319 9.33 303 9.99 016 


9.32 378 9.33 365 0.66 635 § 9.99 013 


9.32 437 9.33 426 0.66 574 § 9.99011 
9.32 495 9,33 487 0.66 513 § 9.99 008 
9,32 553 9.33 548 0.66 452 § 9.99 005 


9.32 612 9.33 609 0.66 391 | 9.99 002 


9.32 670 9.33 670 


== 
oo conan 


9.32 728 9.33 731 
7 9.32 786 9.33 792 
9.32 844 9.33 853 


9.32 902 9.33 913 


0.66 026 § 9.98 986 


9.32 960 


9.33 018 0.65 966 § 9.98 983 
9.33 075 0.65 905 § 9.98 980 
9.33 133 0.65 845 § 9.98 978 


9.33 190 0.65 785 § 9.98 975 


9.33 248 0.65 724 § 9.98 972 


9.33 305 0.65 664 § 9.98 969 
9.33 362 0.65 604 § 9.98 967 
9,33 420 0.65 544 § 9.98 964 


9.33 477 0.65 484 §f 9.98 961 


9.33 534 0.65 424 
9.33 591 0.65 365 
9.33 647 0.65 305 
9.33 704 0.65 245 


9.33 761 0.65 186 
9.33 818 
9.33 874 
9,33 931 
9.33 987 
9.34 043 


9.35 464 9.98 916 
9,35 523 9.98 913 
9,35 581 9.98 910 
9.35 640 9.98 907 


9,35 698 9.98 904 


9.35 757 


9.35815 | oe 
9.35 873 
9.35 931 


9.35 989 


0.63 953 
0.63 895 
0.63 837 
0.63 779 
0.63 721 


ER ERREEI EERE eseses Besse | eeees | BSIEe PRBRNBlaee 


9.98 872 


L COT L TAN L SIN 


8 
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20 


a5 aeraT 


OONOOHhWN = 


COnNOOAWNH CAN OOAaAWNH = 


OONOORWN = 


COnNOOhWNH = 


PROP. PTS. 


OCONOOAWNH =| 


LcoT L. cos 347°, 167° 


257°_, 77°... 


kay 


25 
26 
27 
28 
29 
35 
36 
37 
38 
39 
40 
41 
42 
43 
4 
45 
46 
47 
48 
49 
55 
56 
57 
59 


9.35 209 
9.35 263 
9.35 318 
9.35 373 
9.35 427 


9.35 481 
9.35 536 
9.35 590 
9.35 644 
9.35 698 


9.35 752 
9.35 806 
9.35 860 
9.35 914 
9.35 968 


9.36 819 
9.36 871 
9.36 924 
9.36 976 
9.37 028 


9.37 081 
9.37 133 
9.37 185 
9.37 237 
9.37 289 


9.37 341 
9.37 393 
9.37 445 
9.37 497 
9.37 549 


9.37 858 
9.37 909 
9.37 960 
9.38 011 
9.38 062 


9.38 113 
9.38 164 
9.38 215 
9.38 266 
9.38 317 


SELEL LLL 


B23 


9.36 624 
9.36 681 
9.36 738 
9.36 795 
9.36 852 


9.36 909 
9.36 966 
9.37 023 
9.37 080 
9.37 137 


9.37 756 
9.37 812 
9.37 868 
9.37 924 
9.37 980 


9.38 035 
9.38 091 
9.38 147 
9.38 202 
9.38 257 


9.38 313 
9.38 368 
9.38 423 
9.38 479 
9.38 534 


9.38 863 
9.38 918 
9.38 972 
9.39 027 
9.39 082 


9.39 407 
9.39 461 
9.39 515 
9.39 569 
9.39 623 


9.39 677 


L TAN 


SRISF LARAR 


L COT L | Los | 


0.63 091 
0.63 034 
0.62 977 
0.62 920 
0.62 863 


0.62 244 
0.62 188 
0.62 132 
0.62 076 
0.62 020 


0.61 965 
0.61 909 
0.61 853 
0.61 798 
0.61 743 


0.61 687 
0.61 632 
0.61 577 
0.61 521 
0.61 466 


0.61 411 
0.61 356 
0.61 301 
0.61 246 
0.61 192 


0.61 137 
0.61 082 
0.61 028 
0.60:973 
0.60 918 


9.98 843 
9.98 840 
9.98 837 
9.98 834 
9.98 831 


9.98 828 
9.98 825 
9.98 822 
9.98 819 


| 9.98 816 


9.98 813 
9.98 810 
9.98 807 
9.98 804 
9.98 801 


9.98 798 
9.98 795 
9.98 792 
9.98 789 
9.98 786 


9.98 783 
9.98 780 
9.98 777 
9.98 774 
9.98 771 


9.98 768 
9.98 765 
9.98 762 
9.98 759 
9.98 756 


9.98 753 
9.98 750 
9.98 746 
9.98 743 
9.98 740 


9.98 706 
9.98 703 


OONODOAWNH = 


OWNOUAWNH A 


OCONOOAWN = OONOORWNH = 


SOOVNOoTAWHN = 


PROP. PTS. 


ODN OOAWN = 


256° 


—, 76°__ 


FM 30-476 


B—15 


FM 30-476 


14°_, 194°. : 
PROP. PTS. 
104°_, 284°_ 


9.38 368 9.39 677 54 0.60 323 
9.38 418 9.39 731 0.60 269 
9.38 469 9.39 785 0.66215 
9.38 519 9.39 838 0.60 162 
9.38 570 9.39 892 0.60 108 


WWW Ww Ww 


9.38 620 9.39 945 0.60 055 § 9.98 675 
9.38 670 9.39 999 0.60 001 § 9.98 671 
9.38 721 9.40 052 0.59 948 § 9.98 668 
9.38 771 9.40 106 - 0.59 894 § 9.98 665 
9.38 821 9.40 159 0.59 841 § 9.98 662 


WWW 
CONOR WNH = 


9.38 871 9.40 212 0.59 788 
9.38 921 9.40 206 0.59 734 
9.38 971 9.40 319 0.59 681 
9.39 021 9,40 372 0.59 628 
9.39 071 9.40 425 0.59 575 


wHUwWEwW 


9.39 121 9.40 478 0.59 522 
9.39 170 & 9.40 531 0.59 469 
9.39 220 9.40 584 0.59 416 
9.39 270 9.40 636 0.59 364 
9.39 319 9.40 689 0.59 311 


(WwWwBRW 


9.39 369 q 9.40 742 0.59 258 
9.39418 © 9.40 795 0.59 205 
9.39 467 9.40 847 0.59 153 
9,39 517 9.40 900 0.59 100 
9.39 566 9.40 952 0.59 048 


CON OTRWN = 


hWWWA 


9.39 615 9.41 005 0.58 995 
9.39 664 9.41 057 0.58 943 
9.39 713 9.41 109 0.58 891 
9.39 762 9.41 161 0.58 839 
9.39 811 9.41 214 0.58 876 


WAWWW 


9.39 860 9.41 266 0.58 734 
9.39 909 9.41 318 0.58 682 
9.39 958 9.41 370 0.58 630 
9.40 006 9.41 422 0.58 578 
9.40 055 9.41 474 0.58 526 


WWE WW 
OCOnNOOhWH 


9.40 103 9.41 526 0,58 474 
9.40 152 9.41 578 0,58 422 
9.40 200 9.41 629 0.58 371 | 
9.40 249 9.41 681 0.58 319 
9.40 297 9.41 733 0.58 267 


PWOWW DS 


9.40 346 9.41 784 0.58 216 

9.40 394 9.41 836 0.58 164 

9.40 442 9.41 887 0.58 113 

9.40 490 9.41 939 0.58 061 

9.40 538 9.41 990 0.58 010 
9.42 041 0.57 959 ff 9.98 545 
9.42 093 0.57 907 § 9.98 541 
9.42 144 0.57 856 §f 9.98 538 
9.42 195 0.57 805 § 9.98 535 
9.42 246 0.57 754 § 9.98 531 


WWhWW 
COnOookWn — 


WOhWWA 


9.40 825 9.42 297 0.57 703 4.9.98 528 
9.40 873 9.42 348 0.57 652 § 9.98 525 
9.40 921 9.42 399 0.57 601 § 9.98 521 
9.40 968 9.42 450 0.57 550 § 9.98 518 
9.41 016 9.42 501 0.57 499 § 9.98 515 


aAWWAW 


9.41 063 9.42 552 § 0.57 448 ff 9.98 511 
9.41111 9.42 603 0.57 397 § 9.98 508 
9.41 158 9.42 653 0.57 347 § 9.98 505 
9.41 205 9.42 704 0.57 296 § 9.98 501 
9.41 252 | 9.42 755 0.57 245 § 9.98 498 


9.42 805 0.57 195 ff 9.98 494 


PoRWW 


L COT L cos 


255°, 75°. 


B—16 


y 


ay 


( 


L TAN L COT L cos 
cD 
L COT L TAN L SIN 


9.42 805 0.57 195 


iH PROP. PTS. 
60 


9.42 856 0.57 144 59 
9.42 906 0.57 094 58 
9.42 957 0.57 043 57 


9.43 007 0.56 993 


PWRWW 


9.41 535 
9.41 582 
9.41 628 
9.41 675 
9.41 722 


9.43 057 © 0.56 943 ff 9.98 477 
9.43 108 0.56 892 Jf 9.98 474 
9.43 158 0.56 842 ff 9.98 471 
9.43 208 0.56 792 ff 9.98 467 
9.43 258 0.56 742 § 9.98 464 


aWAWW 


9.41 768 
9.41 815, 
9.41 861 
9.41 908 
9.41 954 


0.56 692 
0.56 642 
0.56 592 
0.56 542 
0.56 492 


OOnrNanrwn— 


hwWwAW 


9.42001 


9.43 558 0.56 442 § 9.98 443 3 
9.42 047 9.43 607 0.56 393 ff 9.98 440 4 1 49; 48 
9.42 093 9.43 657 0.56 343 §f 9.98 436 3 2 98 | 96 
9.42 140 9.43 707 0.56 293 ff 9.98 433 4 3 | 14.7 | 14.4 
9:42 186 9.43 756 0.56 244 § 9.98 429 3 4 | 19.6 | 19.2 
5 | 24.5 | 24.0 
9.42 232 0.56 194 ff 9.98 426 4 6 
9.42 278 0.56 145 § 9.98 422 3 7 
9.42 324 0.56 095 §f 9.98 419 4 8 
9,42 370 0.56 046 § 9.98 415 3 9 
9.42 416 0.55 996 # 9.98 412 3 


9.98 409 
9.98 405 
9.98 402 
9.98 398 
9.98 395 


PwWRWE 


9.42 690 0.55 701 § 9.98 391 
9,42 735 0.55 652 § 9.98 388 
9.42 781 0.55 603 § 9.98 384 
9,42 826 0.55 554 § 9.98 381 
9,42 872 0.55 505 §f| 9.98 377 


PRWRW 
CONOR WN = 


9.42917 0.55 456 § 9.98 373 
9.42 962 0.55 408 § 9.98 370 
9.43 008 0.55 359 § 9.98 366 


9.43 053 ? 0.55 310 §-9.98 363 
9.43 098 0.55 262 § 9.98 359 


WRWERW 


9.43 143 
9.43.188 
9.43 233 
9,43 278 
9.43 323 


PWRWHE 


9.45 029 


9.43 367 9.98 338 


OMBNODGTAWN = 


9.43 412 9.45 078 9.98 334 
9.43 457 9.45 126 9.98 331 
9.43 502 9.45 174 9.98 327 


9.43 546 9.45 222 9.98 324 


PWRPWE 


9.43 5591 9.45 271 3 
9.43 635 9.45 319 4 1 0.4 | 03 
9.43 680 9,45 367 4 2 08 | 0.6 
9.43 724 9.45 415 3 3 1.2 | 09 
9.43 769 9.45 463 4 4 1.6 | 1.2 
5 2.0 | 15 
9.45 511 9.98 302 3 6 
9.45 559 9.98299 |, 7 
9.45 606 9.98295 |, 8 
9.45 654 9.98291 | 4 9 
9.45 702 9.98 288 |, 


[S [SEESe [URES] BEREE[ FEREE| UHUWE | FURUE] SUSUH] FUNTE] SHURE] FEET) 


344°__, 164°_ 


FM 30—476 


‘B-17 


FM 30—476 


B—18 


16°_, 196°__ L SIN 
106°__, 286°__ 


é Su 
db PROP. PTS. 
9.44034 | 4, | 9.45750 9.98 284 | 60 
9.44078 | 4, ff 9.45797 9.98 281 | 3 59 
9.44122 | 4, | 9.45 845 } 9.98277 |, | 58 
9.44166 | 4g, 9 9.45 892 9.98273 |, 9 57 
9.44210 | 4 § 9.45940 9.98270 |, | 56 
1 
5 J 9.44253 | 4, ff 9.45987 0.54013 ff 9.98 266 | , 2 
6 | 9.44207 | 2, | 9.46035 0,53 965 |] 9.98 262 | 3 3 
7 Fo4a3a1 | 4, f 946082 | 4, § o.ssors | 9.98259 | | 4 ¢ 
8 f 9.44385 | 4, 9 946130 | 47 fF 0.53870 I 9.98255 | | 5 
9 | 9.44428 9.46 177 0.53 823 § 9,98 251 6 
44 : : 3 7 
9.44472 | ,, | 9.46224 0.53776 fj 9.98248 |, f 5098 
9.44516 | 23 ff 9.46271 0.53 729 f 9.98244 |, | 4999 “ 
9.44559 | 25 § 9.46319 0.53681 f 9.98240 | 2 ff 48 
9.44602 | 1 || 9.46 366 0.53 634] 9.98 237 |, ff 47 
9.44646 | 2, ff 9.46413 0.53 587 | 9.98233 |, || 46 
15 9.46 460 0.53 540 ] 9.98229 |, ff 45 
16 9.46 507 0.53 493 f 9.98226 |, ff 44f, 
17 9.46 554 0.53 446 f 9.98222 |, 9 439, 
18 9.46 601 0.53 399 f 9.98218 | f 4205 
19 9.46 648 0.53 352 9.98215 |, f 419) 
20 [9.44905 | ,, | 9.46 694 0.53 306 9.98211 |, [| 40 
21 foaaoas | 2 F 946711 0,53 259 9.98 207 | 5 f 39f> 
22 9.44002 | 1, | 9.46788 0.53212 ff 9.98204 |, J set, 
23 J 9.45035 | 45 J 9.46835 0.53 165 9.98200 |, ff 3799 
24 f 9.45077 | 3 9 9.46861 0.53 119 9.98 196 |, § 36 
25 9.45120 | ,, 9 9.46928 0.53 072 fj 9.98 192 | 
26 [9.45163 | 25 9 9.46975 0.53 025 |] 9.98 189 | 4 
27 J 9.45206 | 4 — 9.47021 0.52 979 J 9.98 185 | 4 
28 | 945249 | 32 | 9.47068 0.52 932 9.98 181 | 4 
29 |} 9.45 292 9.47 114 0.52 886 ff 9.98 177 1 
42 3 5 
9.45 334 | ,, 9) 9.47 160 0.52 840 [9.98174 |, | 3093 Cae 
9.45377 | 45 I 9.47207 0.52 793 f 9.98170 |, || 2984 oc 
9.45419 | 22 | 9.47 253 0.52747 f 9.98166 |, | 2855 
9.45 462 | 55 9 9.47 209 0.52701 J 9.98162 |, — 27[6 
9.45 504 9.47 346 0.52 654 ff 9.98 159 2647 
43 4 
35 945547 | ,. | 9.47392 0.52 608 ff 9.98 155 | , 9 
36 ff 945580 | 32 ft 9.47 438 0.52 562 f 9.98 151 | | 
37 J 9.45632 | 25 ff 9.47 484 0.52516 ff 9.98 147 | 
38 J 9.45674 | 45 Ff 9.47530 0.52 470 f 9.98 144 | 3 
39 f 9.45716 | 4 | 9.47576 0.52 424 J 9.98 140 | | 
40 J 045758 | ,, | 9.47622 9.98136 |, J 20 
41 f 945801 | 25 | 9.47 668 9.98 132 | 3 1943 
42 ff 9.45843 | 05 9 9.47714 9.98 129 | 4 cs 
43 f o4sees | 75 § 9.47 760 9.98 125 | 4 746 
44 § 9.45927 9.47 806 9.98 121 16 
42 4 6 
45 J 945969 | ,, | 9.47852 0.52 148 f 9.98 117 | if 
46 J o4c011 | 45 9 9.47 897 0.52 103 ff 9.98 113 | 3 - 
47 | 9.46053 | 75 | 9.47943 0.52 057 f 9.98 110 | 4 
48 f 946095 | 7° | 9.47 989 0,52 011 § 9.98 106 | 
49 J 9.46136 | 7) § 9.48035 0.51 965 } 9.98 102 | 3 
9.46178 | ,, |} 9.48080 0.51 920 f 9.98098 | , 10 
9.46220 | 15 | 9.48 126 0.51 874 | 9.98 004 | 4 oft 
9.46262 | 4) ff 9.48171 0.51 829 9.98090 | 5 a2 
9.46303 | 2) § 9.48217 0.51 783 | 9.98087 | 4 743 
9.46 345 9.48 262 0.51738 ff 9.98 083 6h4 
41 4 
55 fF o463c6 | | 9.48307 0.51 693 J 9.98079 | , 6 
56 f 946428 | 2° F 9.48353 0.51 647 J 9.98075 | 7 
87 J 946469 | 7, | 9.48398 0.51 602 f 9.98071 |) 8 
58 J 946511 | Of ff 9.48443 0.51 557 | 9.98067 | 4 9 
59 ff 9.46552 | 2 | 9.48 499 0.51511 ff 9.98 063 | 3 
o Fe 
L SIN Lcot | Lcos 
peel « o eet tess |, 
Los L COT L TAN LSIN 253°, 73°. 
— 


“@ 


107°_., 287°_ 


9.46 594 
9.46 635 
9.46 676 
9.46 717 
9.46 758 


9.47 005 
9.47 045 


9.47 086 


9.47 127 
9.47 168 


9.47 209 
9.47 249 
9.47 290 


» 9.47 330 


9.47 371 


9.47 411 
9.47 452 
9.47 492 
9.47 533 
9.47 573 


9.47 613 
9.47 654 
9.47 694 
9.47 734 
9.47 774 


9.47 814 
9.47 854 
9.47 894 
9.47 934 
9.47 974 


9.48 014 
9.48 054 


9.48 094 © 


9,48 133 
9.48 173 


9.48 411 
9.48 450 
9.48 490 
9.48 529 
9.48 568 


9,48 607 


9.48 647- 


9.48 686 
9.48 725 


“9.48 764 


9.48 759 
9.48 804 
9.48 849 
9.48 894 
9.48 939 


9.48 984 
9.49 029 
9.49 073 
9.49 118 
9.49 163 


9.49 207 
9.49 252 
9.49 296 
9.49 341 
9.49 385 


9.49 430 
9.49 474 
9.49 519 
9.49 563 
9.49 607 


9.49 872 
9.49 916 
9.49 960 
9.50 004 
9.50 048 


9.50 092 
9.50 136 
9.50 180 
9.50 223 
9.50 267 


9.50 529 
9.50 572 
9.50 616 
9.50 659 
9.50 703 


9.50 746 
9.50 789 
9.50 833 
9.50 876 
9.50 919 


9.50 962 
9.51 005 
9.51 048 
9.51 092 
9.51 135 


9.51 178 


Lcot | Lcos 
L TAN L SIN 


0.51 466 
0.51 421 
0.51 376 
0.51 331 
0.51 286 


0.51 241 
0.51 196 
0.51 151 
0.51 106 
0.51 061 


0.51 016 
0.50 971 
0.50 927 
0.50 882 
0.50 837 


0.50 348 
0.50 304 
0.50 260 
0.50 216 
0.50 172 


0.50 128 
0.50 084 
0.50 040 
0.49 996 
0.49 952 


0.49 908 
0.49 864 
0.49 820 
0.49 777 
0.49 733 


0.49 471 
0.49 428 
0.49 384 
0.49 341 
0.49 297 


0.49 254 
0.49 211 
0.49 167 
0.49 124 
0.49 081 


0.49 038 


0.48 995 § 


0.48 952 
0.48 908 
0.48 865 


0.48 822 


9.98 040 
9.98 036 
9.98 032 
9.98 029 
9.98 025 


9.98 021 
9.98 017 
9.98 013 
9.98 009 
9.98 005 


9.98 001 
9.97 997 
9.97 993 
9.97 989 
9.97 986 


9.97 982 
9.97 978 
9.97 974 
9.97 970 
9.97 966 


9.97 962 
9.97 958 
9.97 954 
9.97 950 
9.97 946 


9.97 942 
9.97 938 
9.97 934 
9.97 930 
9.97 926 


9.97 922 
9,97 918 
9.97 914 
9.97 910 
9.97 906 


9.97 861 
9.97 857 
9,97 853 
9.97 849 
9.97 845 


9.97 841 
9.97 837 
9,97 833 
9.97 829 
9.97 825 


9.97 821 
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PROP. PTS. 


OONATAPRWNH = 


OBONODAAWN = 


342°_, 162°_ 


252°_, 72° 


FM 30-476 


B—19 


FM 30—476 


B—20 


108°_, 288°_ 


9.48 098 
9.49 037 
9.49 076 
9.49 115 
9.49 153 


9,49 192 


9.49 231 
9.49 269 
9.49 308 
9.49 347 


9.49 385 
9.49 424 
9.49 462 
9.49 500 
9.49 539 


9.49 577 
9.49 615 
9.49 654 
9.49 692 
9.49 730 


‘9.49 768 


9.49 806 
9.49 844 
9.49 822 
9.49 920 


9.49 958 
9.49 996 
9.50 034 
9.50 072 
9.50 110 


9.50 148 
9.50 185 
9.50 223 
9.50 281 
9.50 298 


9,50 336 


§ 9.50 374 


9,50 411 
9.50 449 


9.50 486 


9.50 523 
9.50 561 
9.50 598 
9.50 635 
9.50 673 


9.50 710 
9.50 747 
9.50 784 
9.50 821 


9.50 858 . 


9.50 896 
9.50 933 
9.50 970 
9.51 007 
9.51 043 


9.51 080 
9.51117 
9.51 154 
9.51 191 
9,51 227 


9.51 178 
9.51 221 
9.51 264 
9.51 306 
9.51 349 


9.51 392 
9.51 435 
9.51 478 
9.51 520 
9.51 563 


9.51 606 
9.51 648 
9.51 691 
9.51 734 
9.51 776 


9.51 819 
9.51 861 
9.51 903 
9.51 946 
9.51 988 


9.52 031 
9.52 073 
9.52 115 
9.52 157 
9.52 200 


9.52 242 
9.52 284 
9.52 326 
9.52 368 
9.52 410 


9.52 452 
9.52 494 
9.52 536 
9.52 578 
9.52 620 


9.52 661 
9.52 703 
9.52 745 
9.52 787 
9.52 829 


9.52 870 


9.52 912 
9.52 953 
9.52 995 
9.52 037 


9.53 078 
9.53 120 


9.53 161 . 


9.53 202 
9.53 244 


9.53 285 
9.53 327 
9.53 368 
9.53 409 
9.53 450 


9.53 492 
9.53 533 
9.53 574 
9.53 615 
9.53 656 


0.48 822 
0.48 779 
0.48 736 
0.48 694 
0.48 651 


0.48 608 
0.48 565 
0.48 522 
0.48 480 
0.48 437 


0.48 394 
0.48 352 
0.48 309 
0.48 266 
0.48 224 


0.47 969 
0.47 927 
0.47 885. 
0.47 843 
0.47 800 


0.47 758 
0.47 716 
0.47 674 
0.47 632 
0.47 590 


0.47 548 
0.47 506 
0.47 464 
0.47 422 
0.47 380 


0.47 339 
0.47 297 
0.47 255 
0.47 213 
0.47 171 


0.47 130 
0.47 088 
0.47 047 
0.47 005 
0.46 963 


0.46 922 
0.46 880 
0.46 839 
0.46 798 
0.46 756 


0.46 715 
0.46 673 
0.46 632 
0.46 591 
0.46 550 


0.46 508 
0.46 467 
0.46 426 
0.46 385 
0.46 344 


L cos 


9.97 821 
9.97 817 
9.97 812 
9.97 808 © 
9.97 804 


9.97 800 
9.97 796 
9.97 792 
9.97 788 
9.97 784 


9.97 699 
9.97 691 
9.97 687 
9.97 683 
9.97 679 


9.97 674 
9.97 670 
9.97 666 
9.97 662 
9.97 657 


9.97 632 
9.97 628 
9.97 623 
9.97 619 
9.97 615 


9.97 610 
9.97 606 
9.97 602 
9.97 597 
9.97 593 


9.97 589 
9.97 584 
9.97 580 
9.97 576 
9.97 571 


9.97 567 
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36 
30 
29 
28 
27 
26 
20 


PROP. PTS. : 


WOODNOAAAWNH = 


OBONOHAWNH— OMDNOA AWN = 


OOANOORWNH— 


OCOnNOnhRWn — 


Ne 


9.51 264 
9.51 301 
9.51 338 
9.51 374 
9.51411 


9.51 447 
9.51 484 
9.51 520 
9.51 557 
9.51 593 


9.51 629 
9.51 666 
9.51 702 
9.51 738 
9.51 774 


9.51811 
9.51 847 
9.51 883 
9.51919 
8.51 955 


9.51 991 
9.52 027 
9.52 063 
9.52 099 
9.52 135. 


$.52 171 
9.52 207 
9.52 242 
9.52 278 
9.52 314 


9.52 527 
9.52 563 
9.52 598 
9.52 634 
9.52 669 


9,52 705 
9.52 740 
9.52 775 
9.52 811 
9.52 846 


9.52 881 
9.52 916 
9.52 951 
9.52 086 
9.53 021 


9.53 056 
9.53 092 
9.53 126 
9.53 161 
9.53 196 


9.53 231 
9.53 266 
9.53 301 
9.53 336 
9.53 370 


L TAN 
L COT 


9.53 697 
9.53 738 
9.53 779 
9.53 820 
9.53 861 


9.54 915 
9.54 955 
9.54 995 
9.55 035 
9.55 075 


9.55 115 
9.55 155 
9.55 195 
9.55 235 
9.55 275 


9.55 315 
9.55 355 
9.55 395 
9.55 434 
9.55 474 


9.55 514 
9.55 554 
9.55 593 
9.55 633 
9.55 673 


9.55 712 
9.55 752 
9.55 791 
9.55 831 
9.55 870 


9.55 910 
9.55 949 
9.55 989 
9.56 028 
9.56 067 


L COT 
L TAN 


0.46 303 
0.46 262 
0.46 221 
0.46 180 
0.46 139 


0.45 894 
0.45 853 
0.45 813 
0.45 772. 
0.45 731 


0.45 691 
0.45 650 
0.45 610 
0.45 569 
0.45 529 


0.45 488 
0.45 448 
0.45 407 
0.45 367 
0.45 327 


0.45 286 
0.45 246 
0.45 206 
0.45 165 
0.45 125 


0.44 090 
0.44 051 
0.44011 
0.43 972 
0.43 933 


0.43 893 


L COT 


Pisin | Pisin | 


9.97 567 
9.97 563 
9.97 558 
9.97 554 
9.97 550 


9.97 545 
9.97 541 
9.97 536 
9.97 532 
9.97 528 


9.97 523 
9.97 519 
9.97 515 
9.97 510 
9.97 506 


9.97 501 
9.97 497 
9.97 492 
9.97 488 
9.97 484 


9.97 479 
9.97 475 
9.97 470 
9.97 466 
9.97 461 


9.97 457 
9.97 453 
9.97 448 
9,97 444 
9.97 439 


9.97 435 
9.97 430 
9.97 426 
9.97 421 
9.97 417 


9.97 412 
9.97 408 
9.97 403 
9.97 399 
9.97 394 


9.97 390 
9.97 385 
9.97 381 
9.97 376 
9.97 372 


9.97 367 
9.97 363 
9.97 358 
9.97 353 
9.97 349 


9.97 344 
9.97 340 
9.97 335 
9.97 331 
9.97 326 


9.97 322 
9.97 317 
9.97 312 
9.97 308 
9.97 303 


9.97 299 
Lcos 


AQaAaes 


arhreonr 


POL e 


4 
5. 
4 
5 
4 


Pans aqacga Qaaqna aPaae gaagrnu 


eaaad 


aqaaapt aqacqah 


PROP. PTS. 


OWN HATAWN = SGOOnannwn = CANOGA WNH — 
WOnNOGTAWNH —= 


WOOBNOOAWN = 


340°_, 160°_ 


250°_., 70° 


FM 30-476 


B-21 


“FM 30—476 


20°, 200°_. 
110°_, 290° 


9.53 578 
9,53 613 
9.53 647 
9.53 682 
9.53 716 


9.53 751 
9.53 785 
9.53 819 
9.53 854 
9.53 888 


9.53 922 
9.53 957 
9.53 991 
9.54 025 
9.54 059 


9.54 263 
9.54 297 
9.54 331 
9.54 365 
9.54 399 


w 
o 


9.54 936 
9.54 969 
9.55 003 
9.55 036 
9.55 069 


9.55 102 
9.55 136 
9.55 169 
9.55 202 
9.55 235 


9,55 268 
9.55 301 
9.55 334 
9,55 367 
9.55 400 


[e [saeas [wanes [ence [eenze 


S8RRB RRRES 


SREEE KEKEE 


9.56 107 
9.56 146 
9.56 185 
9,56 224 
9.56 264 


9.56 303 
9.56 342 
9.56 381 
9.56 420 
9,56 459 


9.56 498 
9.56 537 
9.56 576 
9.56 615 
9.56 654 


9.56 693 
9.56 732 
9.56771 
9.56 810 
9.56 849 


9.56 887 
9.56 926 
9.56 965 
9.57 004 
9.57 042 


9.57 081 
9.57 120 
9.57 158 
9.57 197 
9.57 235 


9.57 274 
9.57 312 
9.57 351 
9.57 389 
9.57 428 


9,57 466 
9.57 504 
9.57 543 
9.57 581 
9.57 619 


9.57 658 
9.57 696 
9.57 734 
9.57 772 
9.57 810 


9.57 849 
9.57 887 
9.57 925 
9.57 963 
9.58 001 


9.58 039 
9.58 077 
9.58 115 
9.58 153 
9.58 191 


9,58 229 
9.58 267 
9.58 304 
9.58 342 
9.58 380 


0.43 893 
0.43 854 
0.43 815 
0.43 776 
0.43 736 


0.43 697 
0.43 658 
0.43 619 
0.43 580 
0.43 541 


0.43 502 
0.43 463 
0.43 424 
0.43 385 
0.43 346 


0.43 307 
0.43 268 
0.43 229 
0.43 190 
0.43 151 


0.43 113 
0.43 074 
0.43 035 
0.42 996 
0.42 958 


0.42 919 
0.42 880 
0.42 842 
0.42 803 
0.42 765 


0.42 726 
0.42 688 
0.42 649 
0.42 611 
0.42 572 


0.42 534 
0.42 496 
0.42 457 
0.42 419 
0.42 381 


0.42 342 
0.42 304 
0.42 266 
0.42 228 
0.42 190 


0.42 151 
0.42 113 
0.42 075 
0.42 037 
0.41 999 


0.41 961 
0.41 923 
0.41 885 
0.41 847 
0.41 809 


0.41771 
0.41 733 
0.41 696 
0.41 658 
0.41 620 


0.41 582 


9.97 299 
9.97 294 
9.97 289 
9.97 285 
9.97 280 


9.97 276 
9.97 271 
9.97 266 
9.97 262 
9.97 257 


9.97 252 
9.97 248 
9.97 243 
9.97 238 
9.97 234 


9.97 229 
9.97 224 
9.97 220 
9.97 215 


9.97 210 |. 


9.97 206 
9.97 201 
9.97 196 
9.97 192 
9.97 187 


9.97 182 
9.97 178 
9.97 173 
9.97 168 
9.97 163 


9.97 135 
9.97 130 
9.97 126 
9.97 121 
9.97 116 


9.97 111 
9.97 107 
9.97 102 
9.97 097 
9.97 092 


aqgonn» pnp aang fp aan» aoo pf o anrkrac Ppan»nap oof oo Poop apan»sh. aon oc Papa 


aqua. 


COOnNOnPtWwn— 


COnoan»awn= 


OONOOhWN —— 


OBDNODAAWNH— 


PROP. PTS. 


OMONDAOTAWN— 


249°__, 69°_ 


FM. 30-476 


% 


ag 


9.55 466 
9.55 499 
9.55 532 
9.55 564 


9.55 761 
9.55 793 
9.55 826 
9,55 858 
9.55 891 


9,55 923 
9.55 956 
9.55 988 
9.56 021 
9.56 053 


9.56 085 
9.56 118 
9.56 150 « 
9.56 182 
9,56 215 


9.56 247 
9.56 279 
9.56 311 
9.56 343 
9.56 375 


9.56 408 
9.56 440 
9.56 472 
9.56 504 
9.56 536 


9.56 568 
9.56 599 
9.56 631 
9.56 663 
9.56 695 


9.56 727 
9.56 759 
9.56 790 
9.56 822 
9.56 854 


9.56 886 
9.56 917 
9.56 919 
9.56 980 
9.56 012 


9.57 044 
9.57 075 
9.57 107 
9,57 133 
9.57 169 


9.57 201 
9.57 232 
9.57 264 
9.57 295 
9.57 326 


9.57 358 


9.59 131 


9.59 243 
9.59 280 
9.59 317 


9.59 540 
9.59 577 
9.59 614 
9.59 651 
9.59 688 


9.59 725 
9.59 762 
9.59 799 
9.59 835 
9,59 872 


9.59 909 
9,59 946 
9,59 983 
9.60 019 
9.60 056 


9,60 093 
9.60 130 
9.60 166 
9.60 203 
9.60 240 


9.60 459 
9,60 495 
9,60 532 
9.60 568 
9.60 605 


0.41 582 
0.41 545 
0.41 507 
0.41 469 
0.41 431 


0.41 394 
0.41 356 
0.41 319 
0.41 281 
0.41 243 


0.41 206 
0.41 168 
0.41 131 
0.41 093 
0.41 056 


0.41 019 
0.40 981 
0.40 944 
0.40 906 
0.40 869 


0.40 832 
0.40 795 
0.40 757 
0.40 720 
0.40 683 


0.39 724 ff 


0.39 687 
0.39 651 
0.39 614 
0.39 578 


0.39 541 
0.39 505 
0.39 468 
0.39 432 
0.39 395 


9.97 015 
9,97 010 
9.97 005 
9,97 001 
9:97 996 


9.96 991 
9.96 986 
9.96 981 
9.96 976 
9.96 971 


9.96 966 
9.96 962 
9.96 957 
9.96 952 
9.96 947 


9.96 942 
9.96 937 
9.96 932 
9.96 927 
9.96 922 


9.96 917 
9.96 912 
9.96 907 
9.96 903 
9.96 898 


9.96 893 
9.96 888 
9.96 883 
9.96 878 
9.96 873 


9.96 868 
9.96 863 
9.96 858 
9.96 853 
9.96 848 


9.96 843 
9.96 838 
9.96 833 
9.96 828 
9.96 823 


9.96 818 
9.96 813 
9.96 808 
9.96 803 
9.96 798 


9.96 793 
9.96 788 
9.96 783 
9.96 778 
9.96 772 


9.96 767 
9.96 762 
9.96 757 
9.96 752 
9.96 747 


9.96 742 
9.96 737 
9.96 732 
9.96 727 
9.96 722 


aqoaanc oon o1 ot OF oo oro or acco aanc ca ooo oor anaqn acgoo o aagcg ago a a agorac§ 
= 
Qanvnoo 


org g1 G1 oF 


OOBOnNOWAWNH— OBDNDORWNH OCOOBNOUARWNH= 
CONO TWN = 


CONOAAWN 


338°_, 158°_ 


248°_, 68°_ 


B-—23 


FM 30—476 


B—24 


22°... 202° 


112°, 292°_. 


9.57 358 
9.57 389 
9.57 420 
9.57 451 
9.57 482 


9.57 514 
9.57 545 
9.57 576 
9.57 607 
9.57 638 


9.57 669 
9.57 700 
9.57 731 
9.57 762 
9.57 793 


9.57 824 
9.57 855 
9.57 885 
9.57 916 
9.57 947 


9.57 978 
9.58 008 
9.58 039 
9.58 070 
9.58 101 


9.58 131 
9.58 162 
9.58 192 
9,58 223 
9,58 253 


9.58 284 
9.58 314 
9.58 345 
9,58 375 
9.58 406 


9.58 346 
9.58 467 
9.58 497 
9,58 527 
9.58 557 


9.58 588 
9,58 618 
9.58 648 
9.58 678 
9.58 709 


9.58 739 
9.58 769 
9.58 799 
9.58 829 
9.58 859 


9.58 889 
9.58 919 
9.58 949 
9.58 979 
9.59 009 


9.59 039 
9.59 069 
9.59 098 
9.59 128 
9.59 158 


9.60 641 
9.60 677 
9.60 714 
9.60 750 
9.60 786 


9.60 823 
9.60 859 
9.60 895 
9.60 931 
9.60 967 


9.61 004 
9.61 040 
9.61 076 
9.61 112 
9,61 148 


9.61 184 
9.61 220 
9.61 256 
9.61 292 
9.61 328 


9.61 364 
9.61 400 
9.61 436 
9.61 472 
9.61 508 


9.61 544 
9.61 579 
9.61 615 
9.61 651 
9.61 687 


9.61 722 
9.61 758 
9.61 794 
9.61 830 
9.61 865 


9.61 901 
9.61 936 
9.61 972 
9.62 008 
9.62 043 


9.62 079 
9.62 114 
9.62 150 
9.62 185 
9.62 221 


9.62 256 
9.62 292 
9.62 327 
9.62 362 
9.62 398 


9.62 433 
9.62 468 
9.62 504 
9.62 539 
9.62 574 


9.62 609 
9.62 645 
9.62 680 
9.62 715 
9.62 750 


9.62 785 


L cot L cos % 


L TAN 


0.39 359 
0.39 323 
0.38 286 
0.39 250 
0.39 214 


0.39 177 
0.39 141 
0.39 105 
0.39 069 
0.39 033 


0.38 996 
0.38 960 
0.38 924 
0.38 888 
0.38 852 


0.38 816 
0.38 780 
0.38 744 
0.38 708 
0.38 672 


0.38 636 
0.38 600 
0.38 564 
0.38 528 
0.38 492 


0.38 456 
0.38 421 
0.38 385 
0.38 349 
0.38 313 


0.38 278 
0.38 242 
0.38 206 
0.38 170 
0.38 135 


0.38 099 
0.38 064 
0.38 028 
0.37 992 
0.37 957 


0.37 921 
0.37 886 
0.37 850 
0.37 815 
0.37 779 


0.37 567 
0.37 532 
0.37 496 
0.37 461 
0,37 426 


0.37 391 
0.37 355 
0.37 320 
0.37 285 
0.37 250 


0.37 215 


L COT 


LSIN 


9,96 717 
9.96 711 
9.96 706 
9.96 701 
9.96 696 


9.96 691 
9.96 686 
9.96 681 
9.96 676 
9.96 670 


9.96 665 
9.96 660 
9.96 655 
9.96 650 
9.96 645 


9.96 640 
9.96 634 
9.96 629 
9.96 624 
9.96 619 


9.96 614 
9.96 608 
9.96 603 
9.96 598 
9.96 593 


9.96 562 
9.96 556 
9.96 551 
9.96 546 
9.96 541 


9.96 535 
9.96 530 
9.96 525 
9.96 520 
9.96 514 


9.96 509 
9.96 504 
9.96 498 
9.96 493 
9.96 488 


9.96 483 
9.96 477 
9.96 472. 
9.96 467 
9.96 461 


9.96 456 
9.96 451 
9.96 445 
9.96 440 
9.96 435 


9.96 429 
9.96 424 
9.96 419 
9.96 413 
9.96 408 


9.96 403 


aoco ou aaganan anan»ng aq 


ago o 


aQa»agn aaa og 


6 
5 
5 
5 
6 


on og or ao cao agqgj»gn uw aooacc 


aganoda 


= = 
-NWROI Onowvoo a 


OMAN OQ OAWN — 


OMDNOGARWNH = WOON AMAAWHNH = 


WOON OAGAWN = 


PROP. PTS. 


OCOONOG AWN = 


247°, 67° 


F 


¢ 


23°__, 203°._ 


Lcos 


9.59 188 
9.59 218 
9,59 247 
9.59 277 
9.59 307 


9,59 336 
9.59 366 
9.59 396 
9.59 125 
9.59 155 


9.59 484 
9.59 514 
9.59 543 
9.59 573 
9.59 602 


9.59 632 
9.59 661 
9.59 690 
9.59 720 
9,59 749 


9.59 778 
9.59 808 
9.59 837 
9:59 866 
9,59 895 


9,59 924 
9,59 954 
9,59 983 
9.60 012 
9.60 041 


9.60 215 
9.60 244 
9.60 273 
9.60 302 
9.60 331 


9.60 646 
9.60 675 
9.60 704 
9.60 732 
9.60 761 


L TAN 
L COT 


9.62 785 
9.62 820 
9.62 855 
9.62 890 
9.62 926 


9.62 961 
9.62 996 
9.63 031 
9.63 066 
9.63 101 


9.63 310 
9.63 345 
9,63 379 
9.63 414 
9.63 449 


Cc 


EERE 


ESEKE RERRE 


0.37 215 
0.37 180 
0.37 145 
0.37 110 
0.37 074 


0.37 039 
0.37 004 
0.36 969 
0.36 934 
0.36 899 


0.36 865 
0.36 830 
0.36 795 
0.36 760 
0,36 725 


0.36 690 
0.36 655 
0.36 621 
0.36 586 
0.36 551 


0.36 516 
0.36 481 
0.36 447 
0.36 412 
0.36 377 


0.36 343 
0,36 308 
0.36 274 
0.36 239 
0.36 204 


0.36 170 
0.36 135 
0.36 101 
0.36 066 
0.36 032 


0.35 997 
0.35 963 
0.35 928 
0,35 894 
0.35 860 


0.35 825 
0.35 791 
0.35 757 
0.35 722 
0.35 688 


0.35 654 
0.35 619 
0.35 585 
0.35 551 
0.35 517 


0.35 483 
0.35 448 
0.35 414 
0.35 380 
0.35 346 


0.35 312 
0.35 278 


9.96 403 
9.96 397 
9.96 392 
9.96 387 
9.96 381 


9.96 376 
9.96 370 
9.96 365 
9.96 360 
9.96 354 


9.96 322 
9.96 316 
9.96 311 
9.96 305 
9.96 300 


9.96 294 
9.96 289 
9.96 284 
9.96 278 
9.96 273 


9.96 267 
9.96 262 
9.96 256 
9.96 251 
9.96 245 


9.96 240 
9.96 234 
9.96 229 
9.96 223 
9.96 218 


9.96 212 
9.96 207 
9.96 201 
9.96 196 
9.96 190 


9.96 185 
9.96 179 
9.96 174 
9.96 168 
9.96 162 


9.96 157 
9.96 151 
9.96 146 
9.96 140 
9.96 135 


9.96 129 
9.96 123 
9,96 118 
9.96 112 
9.96 107 


9.96 101 
9.96 095 
9.96 090 
9.96 084 
9.96 079 


9.96 073 


COs 


aoan»n aaon»an»n aAoaig§an 


oOagaow4»n 


Towiow» .oanjonuwc 


ounaa4n Oana Anan aang aaoa»4n 


Aaa w»n 


60 


L COT 
D _—. PROP. PTS. 


OONODOPWNH OOnonhtwn— 
OONOAAPWN — OCOBONOAOAWN = 


ODN OORWNH = 


336°_, 156°_ 


FM 30-476 


B-—25 


FM 30—476 


B-—26 


1 


2 
1 


9.61 073 
9.61 101 
9.61 129 
9.61 158 
9.61 186 


9.61 214 
9.61 242 
9.61 270 
9.61 298 
9.61 326 


9.61 354 
9.61 382 


y 9.61411 


9.61 438 
9.61 466 


9.61 494 
9.61 522 
9.61 550 
9.61 578 
9.61 606 


9.61 634 
9.61 662 
9.61 689 
9.61 717 
9.61 745 


9.61 773 
9.61 800 
9.61 828 
9.61 856 
9.61 883 


9.61911 
9.61 939 
9.61 966 
9.61 994 

9.62 021 


9.62 049 
9.62 076 


A 9.62 104 
9.62 131 


9.62 159 


9.62 186 
9.62 214 
9.62 241 


| 9.62 268 


9.62 296 


9.62 323 
9.62 350 
9.62 377 
9.62 405 
9.62 432 


9.62 459 
9.62 486 
9.62 513 
9.62 541 
9.62 568 


9.65 028 
9.65 062 
9.65 096 
9.65 130 
9.65 164 


9.65 197 
9.65 231 
9.65 265 
9.65 299 
9.65 333 


9.65 366 
9.65 400 
9.65 434 
9.65 467 
9.65 501 


9,65 535 
9,65 568 
9.65 602 
9.65 636 
9.65 669 


9.65 703 
9.65 736 
9.65 770 
9.65 803 
9.65 837 


9.65 870 
9.65 904 
9.65 937 
9.65 971 
9.66 004 


9.66 038 
9,66 071 
9.66 104 
9.66 138 
9.66 171 


9.66 204 
9.66 238 
9.66 271 
9,66 304 
9.66 337 


9.66 371 
9.66 404 
9.66 437 
9.66 470 
9.66 503 


9.66 527 
9.66 570 
9.66 603 
9.66 636 
9.66 669 


9.66 702 
9.66 735 
9.66 768 
9.66 801 
9.66 834 


9.66 867 


SERRE KERRE 


SER 


0.35 142 
0.35 108 
0.35 074 
0.35 040 
0.35 006 


0.34 803 
0.34 769 
0.34 735 
0.34 701 
0.34 667 


0,34 130 
0.34 096 
0.34 063 
0,34 029 
0.33 996 


0.33 962 
0.33 929 
0.33 896 
0.33 862 
0.33 829 


0,33 796 
0.33 762 
0.33 729 


0.33 696 § 


0.33 663 


0.33 629 
0.33 596 
0.33 563 
0.33 530 
0.33 497 


0.33 463 
0.33 430 
0.33 397 
0.33 364 
0.33 331 


0.33 298 
0.33 265 
0.33 232 
0.33 199 
0.33 166 


9.96 073 
9.96 067 
9.96 062 
9.96 056 
9.96 050 


9.96 045 
9.96 039 
9.96 034 
9.96 028 
9.96 022 


9.96 017 
9.96 011 
9.96 005 
9.96 000 
9.95 994 


9.95 988 
9.95 982 
9.95 977 
9.95 971 


J 9.95 965. 


9.95 931 


g 9.95 925 


9.95 920 
9.95 914 
9.95 908 


9.95 902 
9.95 897 
9.95 891 
9.95 885 
9.95 879 


9.95 873 
9.95 868 
9.95 862 
9.95 856 
9.95 850 


9.95 844 
9.95 839 
9.95 833 
9.95 827 
9.95 821 


9.95 815 


g 9.95 810 


9.95 804 
9.95 798 


5 9.95 792 


9.95 786 
9.95 780 
9.95 775 
9.95 769 
9.95 763 


9.95 757 


j 9.95 751 


9.95 745 
9.95 739 
9.95 733 


L COT L cos 


Oana OOononw Oaaonnw Oooonw Aaanaonnca ADD WH Oana dD Aoanan Qanan a Aonuwaq HOA aD 


AANA DH 


OCOVATAWN= 


WWBWNOAAAWN a 


PROP. PTS. 


COON OATAWN =a OOnNanhwWh = 


COND ORWNH = 


115°, 295°_ 


9.62 595 
9.62 622 
9.62 649 


m 9.62 676 


9.62 703 


9.62 730 
9.62 757 
9.62 784 
9.62 811 
9.62 838 


9.62 865 
9.62 892 
9.62 918 
9.62 945 


9.62 972 . 


9.63 133 
9.63 159 
9.63 186 
9,63 213 
9.63 239 


9.63 266 
9.63 292 
9.63 319 
9.63 345 
9.63 372 


9.63 398 
9.63 425 
9.63 451 
9.63 478 
9.63 504 


9.63 662 
9.63 689 
9.63 715 
9.63 741 
9.63 767 


9.63 794 
9.63 820 
9.63 846 
9.63 872 
9.63 898 


9.63 924 
9.63 950 
9.63 976 
9.64 002 
9.64 028 


9.66 867 
9.66 900 
9.66 933 
9.66 966 
9.66 999 


9.67 032 
9.67 065 
9.67 098 
9.67 131 
9.67 163 


9.67 196 
9.67 229 
9.67 262 
9.67 295 
9.67 327 


9.67 360 
9.67 393 
9.67 426 
9.67 458 
9.67 491 


9.67 524 
9.67 556 
9.67 589 
9.67 622 
9.67 654 


9.67 687 
9.67 719 
9.67 752 
9.67 785 
9.67 817 


9.67 850 
9.67 882 
9.67 915 
9.67 947 
9.67 980 


9.68 497 
9.68 529 
9.68 561 
9.68 593 
9.68 626 


0.33 133 
0.33 100 
0.33 067 
0.33 034 
0.33 001 


0.32 968 
0.32 935 
0.32 902 
0.32 869 
0.32 837 


0.32 804 
0.32 771 
0.32 738 
0.32 705 
0.32 673 


0.32 640 
0.32 607 
0.32 574 
0.32 542 
0.32 509 


0.32 476 
0.32 444 
0.32 411 
0.32 378 
0.32 346 


0.32 313 
0.32 281 
0.32 248 
0.32 215 
0.32 183 


y 0.32 150 


0.32 118 
0.32 085 
0.32 053 
0.32 020 


0.31 988 
0.31 956 
0.31 923 
0.31 891 
0.31 858 


0.31 826 
0.31 794 
0.31 761 


j 0.31 729 


0.31 697 


0.31 664 
0.31 632 
0.31 600 
0,31 568 
0.31 535 


0.31 503 
0.31 471 
0.31 439 
0.31 407 
0.31 374 


0.31 342 
0.31 310 
0.31 278 
0.31 246 
0.31 214 


Loi 102 | 9.0536 


9.95 698 
9.95 692 
9.95 686 
9.95 680 
9.95 674 


9.95 458 
9.95 452 
9.95 446 
9.95 440 
9.95 434 


9.95 427 
9.95 421 
9.95 415 
9.95 409 
9.95 403 


9.95 397 
9.95 391 
9.95 384 
9.95 378 
9.95 372 


MPOHMHDH VOOOH BHAAHD ABHNAH BDHAGAHD BHOHDH BHAVRHH A2HHHH AHAAT O2HHHH AHHAAD 
: NVNRNN www 
|. [owoeo[ovood [zacza [acess [seers [seus lessee (seegs 


OAaaOn 


ODN AOAWN= 


CONOR WH = 


PROP. PTS. 


WOKONOMAWN COON OGTAWN— 


OBNODTLWNH 


34°, 154° 


244°_, 64° 


FM 30—476 


B-27 


B—28 


H 
1 116°_, 296°. 


| 


f 9.65 079 
9.65 104 
9.65 130 
9.65 155 
9.65 180 


9.65 205 
9.65 230 
9.65 255 
9.65 281 
9.65 306 


9.65 456 
9.65 481 
9.65 506 
9.65 531 
9.65 556 


60 9.65 705 


D : cD 


L cos 


9.68 978 
9.69 010 
9.69 042 
9.69 074 
9.69 106 


9.69 138 
9.69 170 
9.69 202 
9.69 234 
9.69 266 


9.69 298 
9.69 329 
9.69 361 
9.69 393 
9.69 425 


9.69 457 
9.69 488 
9.69 520 
9.69 552 
9.69 584 


9.69 615 
9.69 647 
9.69 679 
9.69 710 
9.69 742 


9.69 774 
9.69 805 
9.69 837 
9.69 868 
9.69 900 


9.69 932 
9.69 963 
9.69 995 
9.70 026 
9.70 058 


9.70 089 
9.70 121 
9.70 152 
9.70 184 
9.70 215 


9.70 247 
9.70 278 
9.70 309 
9.70 341 
9.70 372 


9.70 404 
9.70 435 
3,70 466 
9.70 498 
9.70 529 


9.70 560 
9,70 592 
9.70 623 31 
“9.70 654 31 
9.70 685 


9.70 717 


L COT 


32 


32 
32 


32 


0.31 182 
0.31 150 
0.31 118 
0.31 086 
0.31 054 


0.31 022 
0.30 990 
0.30 958 
0.30 926 
0.30 894 


0.30 862 
0.30 830 
0.30 798 
0.30 766 
0.30 734 


0.30 702 § 
0.30 671 
0.30 639 
0.30 607 
0.30 575. 


0.30 543 
0.30 512 


0.30 448 
0.30 416. 


0.30 385 
0.30 353 
0.30 321 
0.30 290 
0.30 258 


0.30 226 
0.30 195 
0.30 163 § 
0.30 132 
0.30 100 


0.30 068 

0.30 037 
0.30 005 
0.29 974 
0.29 942 


0.29 911 
0.29 879 
0.29 848 
0,29 816 
0.29 785 


f 9.95 059 


0.29 596 f 
0.29 565 
0.29 534 
0.29 502 
0.29 471 


0.29 440 
0.29 408 
0.29 377 
0.29 346 
0.29 315 


0.29 283 


L COT 


L. TAN 


0.30 480 § 


I 9.95 084 


f LTAN @ LSIN 


9.95 366 
9.95 360 
9.95 354 
9.95 348 
9.95 341 


9.95 335 
9.95 329 
9.95 323 
9.95 317 
9.95 310 


9.95 304 
9.95 298 
9.95 292 
9.95 286 
9.95 279 


9.95 273 
9.95 267 
9.95 261 
9.95 254 
9.95 248 


9.95 242 
9.95 236 
9.95 229 
9.95 223 
9.95 217 


9.95 211 
9.95 204 
9.95 198 
9.95 192 
9.95 185 


9.95 179 
9.95 173 
9.95 167 
9.95 160 
9.95 154 


9.95 148 
9.95 141 
9.95 135 
9.95 129 
9.95 122 


9.95 116 
9.95 110 
9.95 103 
9.95 097 
9.95 090 


9.95 078 
9.95 071 
9.95 065 


9.95 052 
9.95 046 
9.95 039 
9.95 033 
9,95 027 


9.95 020 
9.95 014 
9.95 007 
9.95 001 
9,94 995 


9.94 988 


= 
- Ow Ooo 


tL cos 


_LSIN 


ANAAD 


ANOS 


Anon 


AOnaan 


AOOn aD 


OnNOON 


HOoOnan 


AOnann 


On ana 


NOON GD 


NQOOon on 


NOON D 


gogse| 


OCONOMAWN = 


OWONOnhkwn 


1 
2 
3 
4 
5 
6 
7 
8 
9 


WBAONAAAWNH = 


CONOTRWH 


PROP. PTS. 


32 


3.2 
6.4 
9.6 
12.8 
16.0 
19.2 | 18.6 
22.4 | 21.7 
25.6 | 24.8 
28.8 | 27.9 


31 


3.1 
6.2 
9.3 
12.4 
15.5 


333°_, 153°_. 


243°.., 63°. 


i 


FM 30—476 


L SIN L TAN L COT L cos 
cD PROP. PTS. 
L COs L COT L TAN L SIN 


9.70717 0.29 283 
9.70 748 0.29 252 
9.70 779 0.29 221 
9.70 810 0.29 190 
9.70 841 0.29 159 


27°_, 2077_ 
117°, 297°_ 


Onan a 


0.29 127 
0.29 096 
0.29 065 
0.29 034 
0.29 003 


NOnNO™N 
OOAONOTAWNH = 


9.71 028 0.28 972 
9.71 059 0.28 941 
9.71 090 0.28 910 
9.71 121 0.28 879 
9.71 153 0.28 847 


NON DO 


9.71 184 0.28 816 
9.71 215 0.28 785 
9.71 246 0.28 754 
9.71277 0.28 723 
9.71 308 0.28 692 


NONNO 
OWONOAOhWH a 


OaNaAnND 


9.71 493 0.28 507 
9.71 524 0.28 476 
9.71 555 0.28 445 
9.71 586 0.28 414 
. 9.71617 0.28 383 


OnnNon 


9.66 441 9.71 648 0.28 352 
9.66 465 9.71 679 0.28 321 
9.66 489 9.71 709 0.28 291 
9.66 513 9.71 740 0.28 260 
9.66 537 9.71771 0.28 229 


COBNOTAWN— 


NONOS 


9.71 802 0.28 198 
9.71 833 0.28 167 
9.71 863 0.28 137 
9.71 894 0.28 106 
9.71 925 0.28 075 


NQnN ON 


9.71 955 0.28 045 
9.71 986 0.28 014 
9.72 017 0.27 983 
9.72 048 0.27 952 
9.72 078 0.27 922 


9.66 803 9.72 109 0.27 891 
9.66 827 9.72 140 0.27 860 
9.66 851 9.72 170 0.27 830 
9.66 875 9.72 201 0.27 799 
9.66 899 9.72 231 0.27 769 


ann oan 
OCONOOAWN— 


NNONN 


9.66 922 9.72 262 0.27 738 
9.66 946 9.72 293 0.27 707 
9.66 970 9.72 323 0.27 677 
9.66 994 9.72 354 0.27 646 
9.67 018 9.72 384 0.27 616 


NOnNNO 


9.72 415 0.27 585 
9.72 445 0.27 555 
9.72 476 0.27 524 
9.72 506 0.27 494 
9.72 537 0.27 463 


9.67 161 0.27 433 J 9.94 593 


ODN AOAWHN = 


NNN ON 


Rost kat alba sla 


B—29 


FM 30-476 


B-—30 


BERS | SBVSE | LB 


i 9.67 161 


9.67 185 
9.67 208 
9.67 232 
9.67 256 


9.67 280 
9.67 303 
9.67 327 
9.67 350 
9.67 374 


9.67 398 
9.67 421 
9.67 445 
9.67 468 
9.67 492 


9.67 515 
9.67 539 
9.67 562 
9.67 586 
9.67 609 


9.67 633 
9.67 656 
9.67 680 
9.67 703 
9.67 726 


9.67 750 
9.67 773 
9.67 796 
9.67 820 
9.67 843 


9.67 866 
9.67 890 
9.67 913 
9.67 936 
9.67 959 


9.67 982 
9.68 006 
9.68 029 
9.68 052 


5 9.68 075 


9.68 328 
9.68 351 
9.68 374 
9.68 397 
9.68 420 


9.68 443 
9.68 466 
9.68 489 
9.68 512 
9.68 534 


9.72 567 
9.72 598 
9.72 628 
9.72 659 
9.72 689 


9.72 720 
9.72 750 
9.72 780 
9.72 811 
9.72 841 


9.72 872 
9.72 902 
9.72 932 
9.72 963 
9.72 993 


9.73 023 
9.73 054 
9.73 084 
9.73 114 
9.73 144 


9.73 175 
9.73 205 
9.73 235 
9.73 265 
9.73 295 


9.73 326 
9.73 356 
9.73 386 
9.73 416 
9.73 446 


9.73 476 
9.73 507 
9.73 537 
9.73 567 
9.73 597 


9.73 627 
9.73 657 
9.73 687 
9.73 717 
9.73 747 


9.73 777 
9.73 807 
9.73 837 
9.73 867 
9.73 897 


9.73 927 
9.73 957 
9.73 987 
9.74 017 
9.74 047 


9.74 077 
9.74 107 
9.74 137 
9.74 166 
9.74 196 


9.74 226 
9.74 256 
9.74 286 
9.74 316 
9.74 345 


9.74 375 


| veor | coT 


0.27 433 
0.27 402 
0.27 372 
0.27 341 
0.27 311 


0.27 280 
0.27 250 
0.27 220 
0.27 189 
0.27 159 


0.27 128 
0.27 098 
0.27 068 
0.27 037 
0.27 007 


0.26 977 
0.26 946 
0.26 916 
0.26 886 
0.26 856 


0.26 825 
0.26 795 
0.26 765 
0.26 735 
0.26 705 


0.26 674 
0.26 644 
0.26 614 
0.26 584 
0.26 554 


0.26 524 
0.26 493 
0.26 463 
0.26 433 
0.26 403 


0.26 373 
0.26 343 
0.26 313 
0.26 283 
0.26 253 


0.26 223 
0.26 193 
0.26 163 
0.26 133 
0.26 103 


0.26 073 
0.26 043 
0.26 013 
0.25 983 
0.25 953 


0.25 923 
0.25 893 
0.25 863 
0.25 834 
0.25 804 


0.25 774 
0.25 744 
0.25 714 


| tcxe: | cos 


9.94 458 


9.94 451 
9.94 445 
9.94 438 
9.94 431 


9.94 424 
9.94 417 
9.94 410 
9.94 404 
9.94 397 


NNNNN NNN ON NNNNN NNNN @ NNN NN NNONN NNNON NNN ON NNN ON NNONN NOnNN 


sNNNN 


OONOOAWN = 


OMON A OARWN = 


OMBNOATAWNH = 


CONOOAWNH— 


WON AOTRWN = 


241°_. 


61° 


0.25 625 


0.25 595 ¢ 
0.25 565 z 
0.25 535 i 
0.25 506 
7 
9.74 524 0.25 476 j 
9.74 554 0.25 446 : 
9.74 583 0.25 417 
9.74 613 0.25 387 : 
9.74 643 0.25 357 : 
9.74 673 0.25 327 ; 
9.74 702 0.25 298 § y 
9.74 732 0.25 268 z 
9.74 762 0.25 238 
9.74791 0.25 209 : 
9.74 821 0.25 179 : 
9.74 851 0.25 149 q 
9.74 880 0.25 120 : 
9.74 910 0.25 090 d 
9.74 939 0.25 061 z 
9.74 969 0.25 031 7 
9.74 998 0.25 002 f 
9.75 028 0.24 972 ; 
9.75 058 0.24 942 
9.75 087 0.24913 4 
9.75 117 0.24 883 ff 9.94005 
9.75 146 0.24854 fo.o3c98 |7 
9.75 176 0.24824 fj9.93001 |7 
9.75 205 0.24795 fo.o3984 |7 
29 ff 9.69212 9.75 235 0.24765 99.9397 |? 
30 9.75 264 0.24736 }9.93970 |, 
31 ff 9.69 256 9.75 294 0.24706 [9.93963 |7 
32 4 9.69279 9.75323 | 35 | 0.24677 9.9.93 955 | § 
33 9 9.69301 1 9.75353 | 55 | 0.24647 Joc3oas |? 
34 ff 9.69 323 9.75 382 0.24618 Jooses1 |7 
35 ff 9.69 345 9.75411 | 44 | 0.24589 [9.93934 |, 
36 | 9.69 368 9.75441 | 55 §) 0.24559 9.93927 |7 
37 — 9.69390 9.75470 | 3, ff 0.24530 ff9.93920 | 7 
38 — 9.69412 9.75500 | 59 ff} 0.24500 go.03012 | ° 
139 {| 9.69 434 9.75 529 0.24471 9.93905 |? 
40 ff 9.69 456 9,75 558 0.24442 9.93898 | , 
41 ff 9.69479 9.75 588 0.24412 9.93801 |? 
42 | 9.69501 9.75 617 0.24383 9.03884 | 7 
43 | 9.69523 9.75 647 0.24 353 9.93876 |° 
44 § 9.69 545 9.75 676 | 0.24324 fo.03869 |/ 
45 {| 9.69 567 9.75 705 0.24295 9.93862 |, 
46 9.69 589 9.75 735 0.24265 9.93855 | / 
a7 ft 9.69611 9.75 764 0.24236 9.93847 |° 
48 ff 9.69 633 9.75 793 0.24207 fo.e3e40 |/ 
49 | 9.69 655 9.75 822 0.24178 f}9.93833 |? 
50 ff 9.69 677 9.75 852 0.24148 9.93 826 |, 
51 Ht 9.69 699 9.75 881 024119 Joo3ssi9 |) 
52 ff 9.69721 9.75 910 0.24090 9.93811 |9 
53 4 9.69743 9.75 939 0.24061 99.93 804 | 5 
54 ff 9.69 765 9.75 969 0.24031 9.93797 | 2 
9,69 787 9.75 998 0.24002 9.93789 | , 
i 9.69 809 9.76 027 0.23973 9.9.93 782 |7 
9.69 831 9.76 056 0.23944 9.93775 |7 
H 9.69 353 9.76 086 0.23914 9.9.03 768 |7 
9.69 875 9.76 115 0.23885 99.93 760_| : 
L TAN L COT L cos 
: cD 4 D 
L COT L TAN L SIN 


PROP. PTS. 


OANAAAWNH = 


COON OA MTAWN = 


OONODOAWNH = 


COMBNOTAWNH— 


= 


OCOnNOOTAWN — 


330°_, 150°. § 


240°_, 60°_. 


FM 30-476 


B-—31 


‘FM 30-476 


30°_, 210° 


‘| 120°_, 300°. 


B-—32 


[s [saeee [eaeas [oeesa[eenze [eucue [ve 


9.70 006 
9.70 028 
9.70 050 
9.70 072 
9.70 093 


9.70 115 
9.70 137 
9.70 159 
9.70 180 
9.70 202 


9.70 224 
9.70 245 
9.70 267 
9.70 288 
9.70 310 


| 9.70 332 


9.70 353 
9.70 375 
9.70 396 
9.70 418 


| 9.70 439 


9.70 461 
9.70 482 
9.70 504 
9.70 525 


9.70 547 
9.70 568 
9.70 590 
9.70 611 
9.70 633 


9.70 654 
9.70 675 
9.70 697 
9.70 718 
9.70 739 


9.70 761 
9.70 782 
9.70 803 
9.70 824 
9.70 846 


9.70: 867 
9.70 888 
9.70 909 


_ 9.70 931 


9.70 952 


9,70 973 


9.70994 
9.71015 
9.71 036 
9.71 058 


9.71 079 
9.71 100 
9.71 121 
9.71 142 
9.71 163 


9.76 144 
9.76 173 
9.76 202 
9.76 231 
9.76 261 


9.76 290 
9.76 319 
9.76 348 
9.76 377 
9.76 406 


9.76 725 
9.76 754 
9.76 783 
9.76 812 
9.76 841 


9.76 870 
9.76 899 
9.76 928 
9.76 957 
9.76 986 


9.77 015 
9.77 044 
9.77 073 
9.77 101 
9.77 130 


9.77 159 
9.77 188 
9.77 217 
9.77 246 
9.77 274 


9.77 303 
9.77 332 
9.77 361 
9.77 390 
9.77 418 


9.77 447 
9.77 476 
9.77 505 
9.77 533 
9.77 562 


9.77 591 
9.77 619 
9.77 648 
9.77 677 
9.77 706 


9.77 734 
9.77 763 
9.77 791 
9.77 820 
9.77 849 


L TAN L SIN 


0.23 856 
f 0.23 827 
0.23 798 
0.23 769 
0.23 739 


0.23 710 
0.23 681 
0.23 652 
0.23 623 
0.23 594 


0.23 565 
0.23 536 
0.23 507 
0.23 478 
0.23 449 


0.23 420 
0.23 391 
0.23 361 
0.23 332 
0.23 303 


0.23 275 
0.23 246 
0.23 217 
0.23 188 
0.23 159 


0.23 130 
0.23 101 
0.23 072 
0.23 043 
0.23 014 


0.22 985 
0.22 956 
0.22 927 
0.22 899 
0.22 870 


0.22 841 
0.22 812 
0.22 783 
0.22 754 
0.22 726 


0.22 697 
0.22 668 
0.22 639 


f 0.22 610 


0.22 582 


0.22 553 
0.22 524 
0.22 495 
0.22 467 
0.22 438 


0.22 409 
0.22 381 
0.22 352 
0.22 323 
0.22 294 


0.22 266 
0.22 237 
0.22 209 
0.22 180 
0.22 151 


9.93 753 
9.93 746 
9.93 738 
9.93 731 
9.93 724 


9.93 717 
9.93 709 
9.93 702 
9.93 695 
9.93 687 


9.93 680 
9.93 673 
9.93 665 
9.93 658 
9.93 650 


9.93 643 
9.93 636 
9.93 628 
9.93 621 
9.93 614 


9,93 606 
9.93 599 
9.93 591 
9.93 584 
9.93 577 


9.93 569 
9.93 562 
9.93 554 
9.93 547 
9.93 539 


9.93 532 
9.93 525 
9.93 517 
9.93 510 
9.93 502 
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5 § 9.77009 0.13 741 § 9 23 | 811 7.8 
6 § 9.77026 0.13 715 10 4 | 108 | 10.4 
7 f 9.77043 0.13 688 9 5 | 13.5 | 13.0 
8 ff 9.77061 0.13 662 9 6 | 16.2 | 15.6 4 
9 § 9.77078 0.13 635 9 7 | 189 | 18.2 § 
4 8 | 21.6 | 208 § 
E 9.77 095 i 9.86 392 9.90704 |i 9 § 5009 | 24.3 1234 § 
9.77 112 E 9.86 418 9.90694 | 9 9 49 8 
B 9.77-130 f 9.86 445 9.90685 | 9 § 48 
9.77 147 § 9.86 471 9.90676 | g 9 47 3 
9.77 164 # 9.86 498 9.90667 |4q § 465 Bs 5 
15 B 9.77181 § 9.86 524 0.13476 f9,90657 | 4 f 458 1 | 1.8 HI 
16 & 9.77 199 d 9.86 551 0.13449 f9.90648 | 9 #448 2 | 3.6 i 
17 | 9.77216 9.86 577 26 9 013423 #990639 | g f 438 3 | 54 ; 
18 & 9,77 233 9.86 603 0.13397 9.90630 |) g 42g 4 | 7.2 
19 f 9.77 250 9.86 630 0.13 370 9.90620 | 4 f 419 5 | 9.0 d 
: 6 | 108 i 
9.86 656 0.13 344 # 9.90611 | 9 7 | 12.6 
9.86 683 0.13 317 | 9.90602 | 49 8 | 14.4 
9.86 709 0.13 291 J 9.90592 |g 9 116.2 5 
9.86 736 0.13 264 1 9.90583 | g i 
9.86 762 0.13 238 § 9.90574 | 4 
25 § 9.77353 | 9.86 789 0.13211 §f 9.90 565 7 q 
26 § 9.77370 9.86 815 0.13 185 ff 9.90 555 ‘ 
27 ‘ff 9.77 387 9,86 842 0.13 158 ff 9.90 546 1 | 17 
28 99.77 405 9.86 868 0.13 132 ff 9.90 537 2 | 34 
29 |] 9.77 422 9.86 894 0.13 106 ff 9.90 527 3 | 5.1 : 
4 | 68 & 
9,86 921 0.13079 ff 9.90518 5 | 85 : 
f 9.86 947 0.13 053 ff 9.90 509 6 | 10.2 ; 
B 9.77 473 9.86 974 0.13026 ff 9.90 499 7 |11.9 : Sa 
9.87 000 0.13 000 9.90 490 8 | 13.6 ; 
9.87 027 0.12973 § 9.90 480 9 | 15.3 
35 ff 9.77524 9.87 053 0.12947 ff 9.90 471 
36 # 9.77541 9.87 079 # 0.12921 ff 9.90 462 : 
37 ff 9.77 558 | 9.87 106 # 0.12 894 § 9.90 452 16 ; 
38 § 9.77575 9.87 132 0.12 868 §f 9.90 443 ¥ 
39 § 9.77592 9.87 158 0.12 842 ff 9.90 434 1 | 1.6 8 
: 2 3.2 is 
40 # 9.77609 9.87 185 0.12815 ff 9.90 424 209 3 | 48 E 
41 £ 9.77626 9.87 211 0.12789 ff 9.90 415 19h 4 | 64 
42 § 9.77643 9.87 238 H 0.12762 [| 9.90 405 189 5 | 80 
43 § 9.77660 § 9.87 264 0.12736 9 9.90 396 17 6 | 96 
44 § 9.77677 f 9.87 290 0.12710 § 9.90 386 168 7 | 112 
j : i s |128 3 
45 9 9.77694 9.87 317 0.12683 ff 9.90 377 Bish 9 1144 : 
46 — 9.77711 9.87 343 0.12 657 §f 9.90368 H 
47 fl 9.77728 9.87 369 0.12 631 § 9.90 358 j a 
48 § 9.77744 9.87 396 0.12 604 ff 9.90 349. & 
49 | 9.77761 9.87 422 0.12 578 § 9.90 339 wo 1,9 8 
50 ff 9.77778 9.87 448 0.12 552 1 | 10 | 09 
51 9.77795 9.87 475 0.12 525 2 | 20 | 18 
52 | 9.77812 9.87 501 0.12 499 3 | 30 | 27 
53 §f 9.77829 9.87 527 0.12 473 4 | 40 | 36 
54 ff 9.77 846 9.87 554 0.12 446 5 | 50 | 45 
i 6 | 60 | 54 
55 §f 9.77 862 : 9.87 580 0.12 420 7} 70 | 63 % 
56 ff 9.77879 9.87 6N6 0.12 394 8 | 8.0 | 7.2 
57 § 9.77896 9.87 633 0.12 367 #9 | 90 | 8.1 
58 ff 9.77913 9.87 659 0.12 341 d 
59 §f 9.77930 9.87 685 0.12 315 ; 


je0 | 9.77 946 gf 9.87711 0. 12 289 


L cos LCcoT L TAN LSIN 233°_, 53° 


B-38 cy 


y 


a 


FM 30-476 


L cot L cos 
PROP. PTS. 
L TAN L SIN 


9.77 946 9.87 711 0.12 289 ff 9.90 235 
9.77 963 9.87 738 @ 0.12 262 § 9.90 225 
9.77 980 9.87 764 0.12 236 ff 9.90 216 
9.77. 997 9.87 790 0.12 210 § 9.90 206 
9.78 013 9.87 817 0.12 183 § 9.90 197 


9.78 030 9.87 843 0.12 157 § 9.90 187 
9.78 047 9.87 869 0.12 131 § 9.90 178 
9.78 063 9.87 895 0.12 105 § 9.90 168 
9.78 080 9.87 922 0.12 078 § 9.90 159 
9.78 097 9.87 948 0.12 052 § 9.90 149 


9.78 113 9.87 974 0.12 026 § 9.90 139 
9.78 130 9.88 000 0.12 000 § 9.90 130 
9.78147 | 9.88 027 0.11973 Jf 9.90 120 
9.78 163 9.88 053 0.11947 § 9.90 111 
9.78 180 9.88 079 0.11921 § 9.90 101 


CONDO aAWN — 


9.78 197 9.88 105 0.11 895 
9.78 213 9.88 131 0.11 869 
9.78 230 9.88 158 0.11 842 
9.78 246 5 9.88 184 0.11 816 
9.78 263 9.88 210 0.11 790 


3.78 280 9.88 236 0.11 764 § 9.90 043 
9.78 296 9.88 262 0.11 738 | 9.90 034 
9.78 313 9.88 289 0.11711 § 9.90 024 
9.78 329 9.88 315 0.11 685 § 9.90 014 
9.78 346 9.88 341 0.11 659 § 9.90 005 


OONOTAWNH = 


9.78 362 9.88 367 0.11 633 
9.78 379 9.88 393 0.11 607 
9.78 395 9.88 420 0.11 580 
9.78 412 9.88 446 0.11 554 
9,78 428 9.88 472 0.11 528 


9.78 445 9.88 498 0.11 502 §f 9.89 947 
9.78 461 9.88 524 0.11 476 § 9.89 937 
9.78 478 9.88 550 0.11 450 §f 9.89 927 
9.78 494 9.88 577 0.11 423 § 9.89 918 
9.78 510 9.88 603 0.11 397 § 9.89 908 


1 
2 
3 
4 
5 
6 
7 
8 
9 


9.78 527 9.88 629 0.11 371 9.89 898 
9.78 543 9.88 655 0.11 345 § 9.89 888 
9.78 560 9.88 681 0.11 319 § 9.89 879 
9.78 576 9.88 707 0.11 293 § 9.89 869 
9.78 592 9.88 733 0.11 267 | 9.89 859 


9.78 609 9.88 759 0.11 241 
9.78 625 9.88 786 0.11 214 
9.78 642 9.88 812 0.11 188 
9.78 658 9.88 838 0.11 162 
9.78 674 9.88 864 0.11 136 


WONATAWN 


9.78 691 9.88 890 0.11110 § 9.89 801 
9.78 707 9.88 916 0.11 084 § 9.89 791 
9.78 723 9.88 942 0.11 058 § 9.89 781 
9.78 739 9.88 968 0.11 032 § 9.89771 
9.78 756 9.88 994 0.11 006 § 9.89 761 


9.78 772 9.89 020 0.10 980 
9.78 788 9.89 046 0.10 954 
9.78 805 9.89 073 0.10 927 
9.78 821 9.89 099 0.10 901 
9.78 837 9.89 125 0.10 875 


9.78 853 9.89 151 0.10 849 § 9.89 702 
9.78 869 9.89 177 0.10 823 § 9.89 693 
9.78 886 9.89 203 0.10 797 § 9.89 683 
9.78 902 9.89 229 0.10771 §f 9.89 673 
9.78 918 9.89 255 0.10 745 § 9.89 663 


59 
60 | 9.78 934 0.10 719 


232°_, 52°_ 


CoOnoa°nhwn— 


B-—39 


FM 30-476 


B—40 


38°_, 218°_ 


128°_, 308°_ 


59 


9.78 934 
9.78 950 
9.78 967 
9.78 983 
9.78 999 


9.79 015 


3 9.79 031 


9.79 047 
9.79 063 
9.79 079 


9.79 095 
9.79 111 
9.79 128 
9.79 144 
9.79 160 


9.79 176 
9.79 192 
9.79 208 
9.79 224 
9.79 240 


9.79 256 
9.79 272 
9.79 288 
9.79 304 
9.79 319 


9.79 335 
9.79 351 
9.79 367 
9.79 383 
9.79 399 


9.79 415 
9.79 431 


9.79 447 


9.79 463 
9.79 478 


9.79 494 
9.79 510 
9.79 526 
9.79 542 
9.79 558 


9.79 573 
9.79 589 
9.79 605 
9.79 621 
9.79 636 


9.79 652 


| 9.79 668 


9.79 684 
9.79 699 
9.79 715 


9.79 731 
9.79 746 
9.79 762 
9.79 778 
9.79 793 


9.79 809 
9.79 825 
9.79 840 
9.79 856 
9.79 872 


9.79 887 


9.89 281 
9.89 307 
9.89 333 
9.89 359 
9.89 385 


9.89 411 
9.89 437 
9.89 463 
9.89 489 
9.89 515 


9.89 541 
9.89 567 
9.89 593 
9.89 619 
9.89 645 


9.89 671 
9.89 697 
9.89 723 
9.89 749 
9.89 775 


9.89 801 
9.89 827 
9.89 853 
9.89 879 
9.89 905 


9.89 931 
9.89 957 
9.89 983 
9.90 009 
9.90 035 


9.90 061 
9.90 086 
9.90 112 
9.90 138 
9.90 164 


9.90 190 
9.90 216 
9.90 242 
9.90 268 
9.90 294 


9.90 320 
9.90 346 
9.90 371 
9.90 397 
9.90 423 


9.90 449 
9.90 475 
9.90 501 
9.90 527 
9.90 553 


9.90 578 
9.90 604 
9.90 630 
9.90 656 
9.90 682 


9.90 708 
9.90 734 


9,90 759 


9.90 785 
9.90 811 


0.10 719 
0.10 693 
0.10 667 
0.10 641 
0.10 615 


0.10 589 
0.10 563 
0.10 537 
0.10 511 
0.10 485 


0.10 329 
0.10 303 
0.10 277 
0.10 251 
0.10 225 


0.10 199 
0.10 173 
0.10 147 
0.10 121 
0.10 095 


0.10 069 
0.10 043 
0.10 017 
0.09 991 
0.09 965 


0.09 939 
0.09 914 
0.09 888 
0.09 862 
0.09 836 


0.09 810 
0.09 784 
0.09 758 
0.09 732 
0.09 706 


0.09 680 
0.09 654 
0.09 629 
0.09 603 
0.09 577 


0.09 551 
0.09 525 
0.09 499 
0.09 473 
0,09 447 


0.09 422 
0.09 396 
0.09 370 
0.09 344 
0.09 318 


0.09 292 
0.09 266 
0.09 241 
0.09 215 
0.09 189 


0.09 163 


9.89 524 
9.89 514 


9.89 425 
9.89 415 


9.89 274 
9.89 264 


9.89 244 
9.89 233 
9.89 223 
9.89 213 


9.89 203 
9.89 193 
9.89 183 
9,89 173 
9.89 162 


9.89 152 
9.89 142 
9.89 132 
9.89 122 
9,89 112 


9.89 050 


COON OGTAWN = 


CAaANOORhWN = 


CONOOAWNH—= 


COnNOGATAWN = 


OCOOnowvrwn == 


231°_, 51°_ 


rh 


ts 


L cos 


L COT 


PROP. PTS. 


60 


9.79 887 9.90 837 0.09 163 

9.79 903 9,90 863 0.09 137 59 
9.79 918 9.90 889 0.09 111 58 
9.79 934 9.90 914 0.09 086 57 
9.79 950 9.90 940 0.09 060 § 56 


9.79 965 9.90 966 0.09 034 


1 

2 

3 

9,79 981 9.90 992 0.09 008 4 

9.79 996 9.91 018 0.08 982 5 

9.80 012 9.91 043 0.08 957 6 

9.80 027 9.91069 | 5, || 0.08931 7 

ee 8 

9.80 043 9.91095 | 4, ff 0.08 905 9 
9.80058 | 4, 9 9.91121 | 52 § 0.08879 
9.80074 | 5 9 9.91147 | 32 I 0.08 853 
9.80089 | 4g § 9.91172 | 53 | 0.08828 


9.80 105 9.91 198 0.08 802 


9.80120 | 4, ff 9.91224 | 4, | 0.08776 45 i 

9.80136 | y¢ | 9.91250 | 55 ff 0.08750 44 5.0 
9.80 151 9.91276 | 52 ff 0.08724 43 75 
9.80 166 9.91301 | 56 || 0.08 699 42 108 
9.80 182 9.91 327 0.08 673 41 125 


CONOOARWNH = 


9.80 197 16 9.91 353 26 0.08 647 40 
9.80 213 15 9.91 379 25 0.08 621 39 
9.80 228 16 9.91 404 0.08 596 38 
9.80 244 9.91 430 0.08 '570 


9.80 259 9.91 456 0.08 544 


9.80 274 0.08 518 


9.80 290 0.08 493 
9.80 305 0.08 467 
9,80 320 0.08 441 


9.80 336 0.08 415 


9.80 351 9.91 610 0.08 390 
9.80 366 9.91 636 0.08 364 
9.80 382 9.91 662 0.08 338 
9.80 397 9.91 688 0,08 312 
9.80 412 9.91 713 0.08 287 


OWDNAMRAAWN = 


9.80 428 9.91 739 
9,80 443 9.91 765 
9.80 458 9.91 791 
9.80 473 9.91 816 
9.80 489 9.91 842 


0.08 261 
0.08 235 
0.08 209 
0.08 184 
0.08 158 


9.80 504 9.91 868 0.08 132 


9.80 519 9.91 893 0.08 107 
9.80 534 9.91 919 0.08 081 
9.80 550 9.91 945 0.08 055 


9.80 565 9.91 971 0.08 029 


WCONOOAWN = 


9.91 996 
9,92 022 
9.92 048 
9.92 073 
9.92 099 


0.08 004 
0.07 978 
0.07 952 
0.07 927 
0.07 901 


9.80 580 
9.80 595 
9.80 610 
9.80 625 
9.80 641 


9.80 656 9.92125 0.07 875 § 9.88 531 


9.80 671 9.92 150 0.07 850 § 9.88 521 
9.80 686 9.92 176 0.07 824 § 9.88 510 
9.80 701 9.92 202 0.07 798 § 9.88 499 


9.80 716 9.92 227 0.07 773 | 9.88 489 


9.80 731 9.92 253 0.07 747 
9.80 746 9.92 279 0.07 721 
9.80 762 9,92 304 0.07 696 
9.80 777 9.92 330 0.07 670 §| 9.88 447 
9.80 792 9.92 356 0.07 644 § 9.88 436 


0.07 619 § 9.88 425 


9.88 478 
9.88 468 
9.88 457 


OONOAMEWH = 


a ae eNnd NNNN W ww 
Onaood Oanood On ood on 


320°_, 140°_ 


230°_., 50°__ 


FM 30—476 


B—41 


FM 30—476 


B—42 


59 


9.80 807 
9.80 822 
9.80 837 
9.80 852 
9.80 867 


9.80 882 
9.80 897 
9.80 912 
9.80 927 
9.80 942 


9.80 957 
9.80 972 
9.80 987 
9.81 002 
9.81 017 


9.81 032 
9.81 047 
9.81 061 
9.81 076 
9.81 091 


9.81 106 
9.81 121 
9.81 136 
9.81 151 
9.81 166 


9.81 180 
9.81 195 
9.81 210 
9.81 225 
9.81 240 


9.81 254 
9.81 269 
9.81 284 
9.81 299 
9.81 314 


9.81 328 
9.81 343 
9.81 358 
9,81 372 
9.81 387 


9,81 402 
9.81 417 
9.81 431 
9.81 446 
9.81 461 


9.81 475 
9.81 490 
9.81 505 
9.81 519 
9.81 534 


9.81 549 
9.81 563 
9.81 578 
9.81 592 
9.81 607 


9.81 694 


L COT 


9.92 381 
9,92 407 
9.92 433 
9.92 458 
9.92 484 


9.92 510 
9.92 535 
9,92 561 
9.92 587 
9.92 612 


9.92 638 
9.92 663 
9.92 689 
9.92 715 
9.92 740 


9.92 766 
9.92 792 
9,92 817 
9.92 843 
9.92 868 


9.93 022 
9.93 048 
9.93 073 
9.93 099 
9,93 124 


9.93 150 
9.93 175 
9,93 201 
9.93 227 
9.93 252 


9.93 278 
9.93 303 
9.93 329 
9.93 354 
9.93 380 


9,93 406 
9.93 431 
9,93 457 
9.93 482 
9.93 508 


9,93 533 
9.93 559 
9.93 584 
9.93 610 
9.93 636 


9.93 661 
9.93 687 
9.93 712 
9.93 738 
9.93 763 


9.93 789 
9.93 814 
_ 9.93 840 
9.93 865 
9.93 891 


9.93 916 


L COT L cos 


0.07 619 
0.07 593 
0.07 567 
0.07 542 
0.07 516 


0.07 490 
0.07 465 
0.07 439 
0.07 413 
0.07 388 


0.07 362 
0.07 337 
0.07 311 
0.07 285 
0.07 260 


0.07 234 
0.07 208 
0.07 183 
0.07 157 
0,07 132 


0.07 106 
0.07 080 
0.07 055 
0,07 029 
0.07 004 


0.06 850 
0.06 825 
0.06 799 
0.06 773 
0.06 748 


0,06 594 
0.06 569 
0.06 543 
0.06 518 
0.06 492 


0.06 467 
0.06 441 
0.06 416 
0.06 390 
0.06 364 


0.06 339 
0.06 313 
0.06 288 
0.06 262 
0.06 237 


0.06 211 
0.06 186 
0.06 160 
0.06 135 
0.06 109 


0.06 084 9.87778 | . 


9.88 425 
9.88 415 
9.88 404 
9.88 394 
9.88 383 


9.88 372 
9.88 362 
9.88 351 
9.88 340 
9.88 330 


9.88 319 
9.88 308 
9.88 298 
9.88 287 
9.88 276 


9.88 212 
9.88 201 
9.88 191 
9.88 180 
9.88 169 


9.88 158 
9.88 148 
9.88 137 
9.88 126 
9.88 115 


9.88 105 
9.88 094 
9.88 083 
9.88 072 
9.88 061 


9.88 051 
9.88 040 
9.88 029 
9.88 018 
9.88 007 


9.87 996 
9.87 985 
9.87 975 
9.87 964 
9.87 953 


9.87 942 
9.87 931 
9.87 920 
9.87 909 
9.87 898 


9.87 887 
9.87 877 
9.87 866 
9.87 855 
9.87 844 


9.87 833 
9.87 822 
9.87 811 
9.87 800 
9.87 789 


60 
59 


58 
57 


56 
50 
49 
48 
47 
46 


45 


43 


PROP. PTS. 


OONOOAWN— 


OOnNOORWNH— 


1 
2 
3 
4 
5 
6 
7 
8 
9 


OMBNOORWN = 


OANOTPWH = 


319°_, 139° 


229°_, 49°_ 


re 


ts 


Pal 


FM 30—476 


L TAN fs L COT Lcos 


PROP. PTS. 


9.81 694 9.93 916 0.06 084 § 9.87778 
9.81 709 9.93 942 0.06 058 9 9.87 767 
9,81 723 9.93 967 0.06 033 §f 9.87 756 
9.81 738 9.93 993 g 0.06 007 # 9.87 745 


9.81 752 9.94 018 0.05 982 @ 9.87 734 


9.81 767 q 0.05956 § 9.87 723 
9.81 781 y 0.05 931 § 9.87712 
9.81 796 0.05 905 | 9.87 701 
9.81 810 . | 0.05 880 8 9.87 690 
9.81 825 0.05 854 § 9.87 679 


9.94 171 0.05 829 


— COONAOTAWN 


9,94 197 0.05 803 
9,94 222 0.05 778 
9.94 248 0.05 752 


9.94 273 0.05 727 


9.81911 


0.05 701 § 9.87 613 


B&8S |SSEES jageee |S2ee8 | | 


9.81 926 0.05 676 | 9.87 601 
9.81 940 0.05 650 § 9.87 590 
9.81 955 0.05 625 § 9.87579 
9.81 969 0.05 599 § 9.87 568 41 


OONOORWNH = 


9.81 983 9.94 426 0.05 574 ff 9.87 557 40 
9.81 998 9.94 452 0.05 548 ff 9.87 546 39 
9,82 012 9.94 477 0.05 523 ff 9.87 535 38 
9.82 026 9,94 503 0.05 497 | 9.87 524 37 


9,82 041 9.94 528 0.05 472 § 9.87 513 36 


9.82 055 


9.87 501 


9.82 069 9.87 490 
9.82 084 9.87 479 
9.82 098 9.87 468 


OCONOMTAWN= 


9.82 112 9.87 457 


9.82 126 9.94 681 0.05 319 


9.82 141 9,94 706 0.05 294 29 
9.82 155 9,94 732 0.05 268 28 
9.82 169 9.94 757 0.05 243 27 
9.82 184 9,94 783 0.05 217 26 


9.82 198 0.05 192 § 9.87 390 


9.82 212 0.05 166 § 9.87 378 
9.82 226 0.05 141 § 9.87 367 
9.82 240 0.05 116 § 9.87 356 


9.82 255 0.05 090 § 9.87 345 


9,82 269 0.05 065 § 9.87 324 


9.82 283 0.05 039 § 9.87 322 
9.82 297 0.05 014 § 9.87 311 
9,82 311 0.04 988 9 9.87 300 


9.82 326 0.04 963 § 9.87 288 


WOON OOTAWN A 


9,95 062 f 9.87 277 


9.95 088 9.87 266 
9.95 113 9.87 255 
9.95 139 9.87 243 
9.95 164 9.87 232 


9.82 410 9.95 190 9.87 221 


9.82 424 9.95 215 9.87 209 
9.82 439 9.95 240 9.87 198 
9.82 453 9.95 266 9.87 187 


9.82 467 9.95 291 9.87 175 


9.82 481 
9.82 495 
9.82 509 
9.82 523 
9.82 537 


9.82 551 


9.95 317 
9.95 342 
9.95 368 
9.95 393 
9.95 418 


9.87 164 
9.87 153 
9.87 141 
9.87 130 
9.87 119 


0.04 556 § 9.87 107 


WOON ONAWN = 


zs =s25hn 
Anvosd AxNVOS 


228°_, 48°__ 


B—43 


FM 30-476 


AB _, 222°_ LCcoT L cos 
132°_, 312°_ LSIN 


9.82 551 a 9. j 9.87 107 
i 9.82 565 f 9.87 096 
9.82 579 . H 9.87 085 
9.82593 |. a 9: j 9.87 073 
9.82 607 a 9. 4 9.87 062 


9.82 621 B 9.95571 
9.82 635 y 9.95 596 
A 9.82 649 f 9.95 622 
9.82 663 9.95 647 
j 9.82 677 H 9.95 672 


9.82 691 # 9.95 698 
9.82 705 9.95 723 
f 9.82 719 9.95 748 
} 9.82 733 9.95 774 
AH 9.82 747 H 9.95 799 


CHONOATEAWNH= 


9.82 761 fH 9.95 825 
H 9.82 775 9.95 820 
f 9.82 788 9.95 875 
9.82 802 f 9.95 901 
9.82 816 f 9.95 926 


9.95 952 0.04 048 
9.95 977 0.04 023 
9.96 002 0.03 998 
9.96 028 0.03 972 
9.96 053 0.03 947 


OANODTAWN— 


f 9.82 899 f 9.96 078 9.86 821 
9.82 913 f 9.96 104 9.86 809 
9.82 927 9.96 129 9.86 798 
9.82 941 9.96 155 9.86 786 
9.82 955 ‘ 9.96 180 9.86 775 


0.03 795 § 9.86 763 
0.03 769 § 9.86 752 
0.03 744 § 9.86 740 
0.03 719 F 9.86 728 
0.03 693 § 9.86 717 


ODNONAWN— 


f 9.83 037 9,96 332 0.03 668 
9.83 051 9.96 357 0.03 643 
9.83 065 9.96 383 0.03 617 
9.83 078 9.96 408 0.03 592 
9.83 092 9.96 433 0.03 567 


9.83 106 j 69.96 459 0.03 541 § 9.86 647 
9.83 120 9.96 484 f 0.03516 — 9.86 635 
f 9.83 133 9.96 510 0.03 490 § 9.86 624 
9.83 147 9.96 535 0.03 465 § 9.86 612 
9.83 161 9.96 560 0.03 440 §@ 9.86 600 


9.83 174 9.96 586 
9,83 188 9.96 611 
9.83 202 9.96 636 
9.83 215 H 9.96 662 
9.83 229 9.96 687 


OONOAALWN a= 


9.96 712 9.86 530 
9.96 738 9.86 518 
9.96 763 9.86 507 
9.96 788 9.86 495 
9.96 814 9.86 483 


5 f 
a 
7 
8 
9 
15 § 
16 
17 &§ 
18 
19 &§ 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
a1 § 
42 
43 | 
aa t 
45 
46 
47 
48 
49 
55 
56 
57 


OANODOWARWN— 


a 
BE 


227°_, 47°_ 


B—44 


a 


7 


43_, 223° 


133°_, 313° 


cD 
L cos L COT L TAN L SIN 


9.96 966 
9.96 991 
9.97 016 
9.97 042 
9.97 067 


PROP. PTS. 


9.97 092 
9.97 118 
9,97 143 
9.97 168 
9.97 193 


OCWDONOOAWNH— 


9.83 513 9.97 219 9.86 295 


9.83 527 9.97 244 9.86 283 
9.83 540 9.97 269 9.86 271 
9.83 554 9.97 295 9.86 259 


9.83 567 9.95 320 9.86 247 


alssses|sesealssese| | 


9.97 345 
9.97 371 
9.97 396 
9.97 421 42 
9.97 447 


B&B 


9,97 472 9.86 176 
9,97 497 9.86 164 
9.97 523 9.86 152 
9.97 518 9.86 140 
9.97 573 9.86 128 


OOnoanhlwhd — 


9.97 598 
9.97 624 
9.97 649 
9.97 674 
9.97 700 


9.97 725 0,02 275 
9.97 750 0.02 250 
9.97 776 0.02 224 
9.97 801 0.02 190 
9.97 826 0.02 174 


OoOnao»arwnhd 


9.97 851 0.02 149 
9.97 877 0,02 123 
9.97 902 0.02 098 
9.97 927 0.02 073 


9.97 953 0.02 047 


9.97 978 0,02 022 § 9.85 936 


9,98 003 0.01 997 § 9.85 924 
9.98 029 0.01971 § 9.85 912 
9.98 054 0.01 946 § 9.85 900 


9.98 079 0.01921 § 9.85 888 


ODNAMHAWNH 


0.01 769 
0,01 744 
0.01 719 
0.01 693 
0.01 668 


9.85 815 
9.85 803 
9.85 791 
9.85 779 
9.85 766 


9.85 754 
9.85 742 
9.85 730 
9.85 718 
9.85 706 


WONNATAWNH 


. VNUNNW w@ © ww b 
|| wasn loveod |2easalscess [peues| esses [eeses [esses [2 


316°_, 136°_ 


226°_, 46° 


FM 30—47t 


B45 


FM 30-476 


cD 
L COT L TAN L SIN 


PROP. PTS, 


eee 
134°_, 314°_ L cos 


9.98 484 0.01516 
9.98 509 0.01 491 
9.98 534 0.01 466 
9.98 560 0.01 440 


9.98 585 0.01 415 


9.98 610 
9.98 635 
9.98 661 
9.98 686 
9.98 711 


SOnNOQrwn = 


9.98 737 0.01 263 


9.98 762 0.01 238 
9.98 787 0.01 213 
9.98 812 0.01 188 


9.98 838 0,01 162 


9.98 863 0.01 137 


9.98 888 0.01 112 
9.98 913 0.01 087 
9.98 939 0.01 061 
9.98 964 0.01 036 


0.01 011 
0.00 985 
0.00 960 
0.00 935 
0.00 910 


OONHHAWN— 


0.00 884 
0.00 859 
0.00 834 
0.00 809 
0,00 783 


OONOGIAWNH— 


ONDNOHOTOhWN 


9.84 822 9.99 747 
9,84 835 9.99 773 
9.84 847 9.99 798 
9.84 860 9.99 823 


9.84 873 9.99 848 


9.84 885 
9.84 898 
9.84911 
9,84 923 
9.84 936 


0.00 101 
0.00 076 
0.00 051 
0.00 025 


CONODTAWN— 


[3 |seesa [seers] sesea|leasse| seese lessees] eysee[ eeeey 


225°_, 45°_ 


B—46 


Appendix C 


DEAD RECKONING ALTITUDE AND AZIMUTH TABLE 


FM 30-476 


FM 30-476 


0664 6 
30 205916..... 1.7 


0°30! 


1°00' 


205916..... 1.7 
205198..... 17 
204492..... 1.8 


190790..... 3.3 
190282..... 3.4 
189780..... 3.5 


A 
175814.....6.6 
175454..... 6.7 
175097 ..... 6.8 


174391..... 7.1 
174042..... 7.2 
173696..... 7.3 


173012..... 7.5 
172674 ,....7.6 
172339..... 7.8 


171676.....8.0 
171348.....8.1 


165550.... 
165265.... 
164982.... 
164701.... 


151104.... 
150899.... 
150696... . 


WHEN LHA (E OR) W IS GREATER THAN 90°, TAKE "K'" FROM BOTTOM OF TABLE 


143600.... 
143428 .... 
143257 .... 
143086.... 


138258 .... 
138106 .... 
137955... 


136032 41.4 


-—l AB A sf AB fa 8 fA 8] 


179°30' 


179°00' 


178°00' 


177°30' 


ee 


FM 30-476 


ALWAYS TAKE "Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND GREATER 


THAN LATITUDE, IN WHICH CASE TAKE "Z'' FROM TOP OF TABLE 


3°00' 


128120.... 
128000.... 
127880.... 
127760.... 


125774... 
125660... 


124536.... 


124315.... 
124204.... 
124095.... 
123985 ..... 
123875 .... 
123766 .... 
123657 .... 
123549.... 
123441.... 
123332.... 
123225.... 
123117.... 
123010.... 
122903.... 
122796 .... 


121743... 


i) 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 133231... 

133096... 

1 132961... 

132826... 
12 
13 
14 
15 
16 
17 

18 pres 

130985... 

19 130856... 

130728... 

20 rr 

130473... 

21 130346... 

130219... 

°y 730093... 

129967... 

23 129841... 

129716... 
2A 
25 
26 
27 
38 
29 


121639.... 
121536.... 


3°30' 


120614.... 
120513... . 
120412.... 


117771 .... 
117676.... 


115913... 
115823... 
115732... 


4°00' 


114571... 
114483... 
114395... 
114307... 


113098... 
113013... 


112759... 
112674... 


112422... 
112338... 
112255... 


112088... 
112005... 


111757... 
111674... 
111592... 


111428... 
111346... 
111264... 


111101... 
111020... 


110777... 
110696... 
110616... 


121432.... 


176°30° 


115641... 


176°00' 


107664... 
107589... 
107514... 


107364... 
107290... 


106772... 
106698... 


106187... 
106115... 
106043... 


105970... 165.6 


175°00' 


11 


10 


Cc-~3 


FM 30—476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K" FROM BOTTOM OF TABLE 


5°30" 6°00' 6°30' 


c—4 


174°30' 


174°00' 173°30' 173°00' 


172°30' 


wy 


FM 30—476 


ALWAYS TAKE "Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE ''Z'' FROM TOP OF TABLE 


7°30' 8°00' 8°30' 9°00' , 9°30' 

0 30 

1 29 

2 

3 27 
“Ss 26 

5 25 

6 24 

7 23 

8 22 

9 ‘21 
10 20 
1 19 
12 18 
13 7 
14 rT 
15 15 
16 14 
17 13 
18 12 
19 "4 
20 10 
21 9 
22 8 
23 7 
24 6 
25 5 
26 4a 
27 3 
28 2 
29 1 
20 o 


172°00° 171°30' 171°00' 170°30' 170°00' 


FM 30-476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K" FROM BOTTOM OF TABLE 


10°00' 10°30" 11°00° 11°30' ' 12°00' 


23 


169°30' 169°00' 168°30' 168°00' 167°30' 


Cc-—6 


iy 


ae, 


ALWAYS TAKE "Z" FROM BOTTOM OF TABLE, EXCEPT WHEN "K'' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "Z'"' FROM TOP OF TABLE 


13°00° 


65537 
65509 


167°00' 166°30' 166°00' 165°30 . 165°00' 


FM 30-476 


FM 30-476 


Cc-8 


164°30' 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K" FROM BOTTOM OF TABLE 


15°30' 16°00' 16°30' 


164°00' 163°30' 163°00' 


———- 


ALWAYS TAKE "'Z"" FROM BOTTOM OF TABLE, EXCEPT WHEN "K'' 1S SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "Z'' FROM TOP OF TABLE 


17°30' 18°00' 


B 
2058 


A 


B A A B 
162°00' 161°30' 161°00' 160°30' 160°00' 


FM 30-476 


c-9 


FM 30-476 


20°00' 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "'K" FROM BOTTOM OF TABLE 


20°30' 21°00' 21°30' 


157°30° 


AY 


ALWAYS TAKE "'Z"" FROM BOTTOM OF TABLE, EXCEPT WHEN "'K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "Z" FROM TOP OF TABLE 


22°30'° 23°00' 23°30' 24°00' 24°30' 


157°00' 156°30' 156°00' 155°30° 155°00' 


FM 30-476 


C-11 


FM 30—476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K'"' FROM BOTTOM OF TABLE 


26°00" 


C—12 


Pr 


ara 


ye ae 


FM 30-476 


ALWAYS TAKE ''Z'' FROM BOTTOM OF TABLE, EXCEPT WHEN "K'' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'' FROM TOP OF TABLE 


27°30' 28°00' 28°30' 29°00' 29°30' 


32157..... 1 
32145... 31454... 5815 7 27 
32134..... 0 
A B ir ee eed ‘ 
152°00' 151°30' 151°00" 


C-—13 


FM 30—476 


29485... . .6457 
29 29475 6461 
464 6464 


149°30' 


Cc—14 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K" FROM BOTTOM OF TABLE 


39°30' 31°00' 


28848 ,... .6682 
28837 6686 
28827 6690 


27! 
7579... ..7158 26978 


aoe ey eee eee (ee cee Se Ge Oe ee ee ee es ee ee 
148°30' 


148°00' 147°30' 


FM 30-476 


ALWAYS TAKE "Z" FROM BOTTOM OF TABLE, EXCEPT WHEN "'K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE ‘'Z'"' FROM TOP OF TABLE 


33°30' 34°00' 


146°30' 146°00' 145°30' 145°00' 


C-—15 


FM 30-476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K"' FROM BOTTOM OF TABLE 


35°30' 36°00' 


22408..,.. 

22399..... 

22391... ..9576 
stuns 9581 


se. 8882 
Samaceys 8886 


22578... , .9473 


4 


37°00" 


¥ 


23 22570..... 9477 Sate 
23078..... 92046 ff 22561..... 9482 22054 ..., .9765 | _21555....10053 | 
Ey --  EY- s T - es  - 
144°30' 144°00' 143°30' 143°00' 142°30' 


C—16 


FM 30-476 


ALWAYS TAKE "Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'"' FROM TOP OF TABLE 


aoe _. 10640 1+ 10945 19657....11 ews 
30 9 21066... .10347 20585... .10646 20113... .10950 19649... .11259 19193. ...11575 0 
on (eae B ay See a, Be wee ee ' 


142°00' 141°30' 141°00' 140°30' 140°00' 


C-17 


FM 30—476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "'K"' FROM BOTTOM OF TABLE 


C-—18 


. ..12310 
12316 
. 12321 


~ 12376 
‘142382 


sia 12398 
++. .12404 
. 12410 


f 18746. 


139°30' 


139°00° 


. 12510 
. 12515 
. 12521 


+» 12532 
. 12538 


138°30' 


12757 
. «12762 


~.. 12870 
. 12876 
‘12881 


138°00' 


137°30' 


%, 


FM 30-476 


ALWAYS TAKE "Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'"' FROM TOP OF TABLE 


42°30! 43°00' 43°30" 44°00' 44°30' 


15836 ... .14294 ee endl 1 


coke 15829... .14300 Si 58... 
16622 ....13587 15823 ....14307 ey 0 


A 


B POA BB BB 


137°00' 136°30' 136°00' 135°30° 135°00' 


C—19 


FM 30—476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "'K"' FROM BOTTOM OF TABLE 


45°00! 45°30! 46°00! 46°30' 
: A _B 
0 14307... .15823 
14300... .15829 
1 14294 ,.. .15836 
«15842 
2 
3 
4 ... 15102 
. 15108 
5 
6 14976 ....15127 14601... .15511 
| 14969... .15134 14595... .15517 
7 § 14963....15140 14589... .15524 
5 14957... .15146 14583... .15530 
8 § 14951... .15153 14577 ,.. .15537 
f 14944... .15159 14570... .15543 
9 14938... .15165 14564... .15550 
: R 14932... .15172 14558... .15556 
10. § 14925....15178 14552... 15563 
14919... .15184 14546... .15569 
1 44913... .15191 14540... .15576 
____ ff 14907... ..15197 14533 ... .15582 
12 14900... .15204 14527... .15589 
B 674894... .15210 14521... .15595 
73 f 14888... .15216 14515... .15602 
fh 14882... .15223 14509... .15608 
14 & 14875....15229 14502... .15614 
f 14869... .15235 14496... 15621 
15 § 14863....15242 14490... .15627 
___.._E §4887.. .. 15248 14484 |. 
16 ff 14850....15255 14478.... 
R 14844.... 15261 14472 ,.. 15647 
i7 & 44838... .15267 14466... . 15653 
____§ . 14831....15274 14460... 19660 
18 —f 14825....15280 14453... 15666 


74819... .15286 14447... .15673 

iG 2.4893... 15293 5 
@ $4897... .15299 
14800... .15306 
14794... 15312 
14788 .. . 15318 
14782... ..15325 
14775... ..15331 
14769... .15338 
f 14763... 15344 
f 14757... .15350 14386... .15738 
14750... .15357 14380... 15744 
14744... .15363 14374... 15751 
14738... .15370 14368... 15753 
14732... .15376 14362... .15764 
14725....15382. fF = 14355... .15771 
14719... .15389 14349... 15777 
14713 ....15395 14343... 15784 
14707... ..15402 14337... .15790 
14701... .15408 14331... .15797 
14694... 15414 14325... .15803 
14688... .15421 14319... .15810 
14682... .15427 14313... .15816_ 


“14676... .15434 14307... .15823 13944... 16219 13587... .16622 13237 .. ..17032 
eA ee | B A B A B A __A B 
134°30' 134°0G' 133°30' 133°00' 132°30' 


C—20 


Ww 


ALWAYS TAKE "Z"" FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'"' FROM TOP OF TABLE 


47°30' 48°00' 48°30' 49°00' 


901,...18 


11895 18746 11575 19193 0 


132°00' 131°30' 131°00° 130°30' 130°00' 


FM 30-476 


C—21 


FM 30-476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K'"' FROM BOTTOM OF TABLE 


51°00' 


. ++ .19193 
+. .19201 
. 19208 


++ .19216 

. 19223 

. 19231 

. 19238 

12+ .19246 

. 19253 
11527... .19261 
. 19269 
. 19276 


. 2. 19435 
11400... .19443 
}... 19450 

. .19458 


C—22 


10950....20113 10347... .21066 
A B A B 


129°30' 129°00' 128°30' 128°00' 127°30' 


25 - 


FM 30—476 


a 
ALWAYS TAKE "'Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "'K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE ''Z'' FROM TOP OF TABLE 
52°30' 53°00' §3°30' 54°00' 54°30' 
0 30 
1 29 
2 28 
« 3 27 
“4 26 
es 5 25 
6 
7 23 
8 22 
9 21 
“) 20 
a 19 
2 18 
1s 17 
| 16 
15 15 
15 14 
7 13 
18 12 
19 n 
20 10 
21 9 
22 8 
23 7 
24 6 
° 25 5 
26 4 
e 27 3 
28 2 
29 1 
30 0 
127°00' 126°30' 126°00' 125°30' 125°00' 
a S 


C-—23 


\FM 30-476 


C—24 


124°30' 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K" FROM BOTTOM OF TABLE 


56°30" 


77162 
7748 


124°00' 123°30' 123°00' 


122°30° 


A 


ALWAYS TAKE "'Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "'K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'"' FROM TOP OF TABLE’ 


58°00' 58°30' 


B 
122°00' 


FM 30—476 


+ + 29582 24 
29593 


C—25 


FM 30-476 


30158 
30169. 


6127 
17 6124 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K"' FROM BOTTOM OF TABLE 


61°00' 


C—26 


119°00' 


“a 


“4 


FM 30-476 


Ge 
ALWAYS TAKE "Z" FROM BOTTOM OF TABLE, EXCEPT WHEN "K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z"' FROM TOP OF TABLE 
62°30' 63°00' 63°30' 64°00' 64°30" 
0 ' 4821.....35047 30 
1 29 
2 
4805 35111 
3 4802... . .35123 27 
ats 4799 .... .35136 
4 4427.. 26 
- 4424 
5 25 
44 
6 Ad 
44 
7 23 
8 22 
9 21 
10 20 
11 19 
12 18 
13 17 
_— 14 16 
15 15 
16 14 
17 13 
18 12 
19 11 
20 10 
21 9 
22 8 
23 7 
24 6 
25 5 
26 4 
27 3 
28 2 
29 1 
, 9015 3428 pees 4454 3 75 37392 
30 4272 37405 0 
, ee ee 
117°00' 116°30' 116°00' 115°30' 115°00' 


C-—27 


FM 30-476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K'"' FROM BOTTOM OF TABLE 


ok Ba oa 


114°30' 114°00' 


C-—28 


ey 


ALWAYS TAKE "'Z"' FROM BOTTOM OF TABLE, EXCEPT WHEN "'K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z'' FROM TOP OF TABLE 


67°30' 68°00' 68°30' 


45114 
2903.,.. .45131 
2901 ..... .45147 


111°30° »  111°00° 


'FM 30-476 


C—29 


FM 30-476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE '"'K'' FROM BOTTOM OF TABLE 


71°30" 


17 


29 | H 2183... 50963 
b 256 4763 243 48717__f 2306... 49833 


2181 0982 

f 2179... 51002 __| 

A B 
109°30' 109°00' 108°30' : 108°00' 107°30' 


Cc-—30 


ee 


ve 


1993 
1991 
1989 


FM 30-476 


ALWAYS TAKE "'Z'' FROM BOTTOM OF ' TABLE, EXCEPT WHEN "K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z"' FROM TOP OF TABLE 


72°30' 73°00' 73°30! 74°00' 74°30' 


7 ' 


are 57310 30 


1680..,.. 20 
1678..... 


ees 82852 : : 
aes 52873 : ; 13 


A 


54666 1609... 57310 1506... . 58700 
B te Ey © 


107°00' 106°30' 106°00' 105°30' 105°00' 


C—31 


FM 30—476 


C-—32 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "K"' FROM BOTTOM OF TABLE 


75°30' 76°00' 76°30" 


61481 
61506 


jai 
1217 
A B 
103°30' 103°00' 


way 


ALWAYS TAKE "'Z'"' FROM BOTTOM OF TABLE, EXCEPT WHEN "'K" IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "'Z"' FROM TOP OF TABLE 


78°00' 78°30' 


101°30° 101°90' 100°30' 


FM 30—476 


C-—33 


FM 30—476 


WHEN LHA (E OR W) IS GREATER THAN 90°, TAKE "'K'' FROM BOTTOM OF TABLE 


80°30 


« 


FM 30—476 


ALWAYS TAKE "Z" FROM BOTTOM OF TABLE, EXCEPT WHEN "'K"' IS SAME NAME AND GREATER 
THAN LATITUDE, IN WHICH CASE TAKE "Z"' FROM TOP OF TABLE 


83°00' 83°30' 84°00' 84°30' 


weed 30 
wee 94725 29 
veers: 94781 
28 
27 
26 
«102504 25 
.. 102570 
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A 
Amplification—The process of increasing the electrical strength of a signal. 


Antenna—An electrical conductor or a system of conductors used to radiate or 
receive radio waves. 


Array (Antenna)—An arrangement of antenna elements to achieve desirable 
directional characteristics. 


B 


Basepoint—Any point on the earth’s surface whose exact location is known by 
grid coordinates and over which (while airborne) accuracy adjustments to 
Doppler radar navigational systems may be made. 


Bearing—The angular measurement in degrees from true north of an arriving radio 
wave with relation to the DF site. A bearing is often called a “‘shot.” 


Bidirectional—Responsive in two opposite directions. An ordinary loop antenna is 
bidirectional because it has maximum response from the two opposite 
directions that are in the plane of the loop. 


Cc 


Checkpoint—The exact location of an ARDF aircraft over the ground, identified 
by grid coordinates, when a DF bearing is obtained from that aircraft. 


Coaxial cable—A transmission line consisting of two conductors, one inside the 
other, and separated by insulating material. The inner conductor may be a 
small copper tube or wire; the outer conductor may be metallic tubing or braid. 
Radiation loss from this type of line is practically zero. Coaxial cable is also 
called concentric line. 


Conductivity—The relative ability of a material to allow the flow or passage of an 
electrical current. 


Counterpoise—(1) A system of wires and other conductors that is elevated above 
and insulated from the ground to form a lower system of conductors for a 
transceiver antenna. (2) A system which is electrically connected to earth and 
positioned beneath receiving antenna elements, such as the wire mesh screens 
used with the AN/TRD—15 direction finder set. 
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Critical angle—The smallest angle from the vertical at which a radiated wave of a 
given frequency will still be reflected by the ionosphere. At smaller angles the 
radio waves penetrate the ionosphere and are not returned to earth. 


Cut—The point of intersection of two DF bearings. 
D 


Dead reckoning—Determination of the approximate position of a vehicle by 
combining vectors for speed, direction, and other factors with the last known 
position. 


Directional antenna—An antenna which radiates or receives radio waves more 
effectively in some directions than others. The term is usually applied to 
antennas whose directivity is greater than that of a half-wave dipole. 


DF fix—The probable location of a target transmitter’s antenna when three or 
more DF bearings have been plotted ona chart or map. Sometimes called a fix 
area. 


DF plot (plotting)—The placing of DF bearings on a chart or map so that a 
target’s location can be determined by reference to grid coordinates. 


Direct path—A path that has no intervening obstacles and is said to be 
line-of-sight. 


E 


E region—The region of the ionosphere, between about 88 and 156 kilometers 
above the surface of the earth, that contains ionized layers capable of bending 
(reflecting or refracting) radio waves. 


Electromagnetic field—The magnetic field that an electric current produces 
around the conductor through which it flows. 


F 


F region—The region of the ionosphere between about 200 and 310 kilometers 
above the earth’s surface. 


FI layer—One of the regular ionospheric layers at an average height of about 225 
kilometers which occurs during the daylight hours. 


F2 layer—The most useful of the ionospheric layers for radio wave propagation. It 
is the most highly ionized and highest of the layers, having an average height of 
225 kilometers and a midday height of about 400 kilometers. 
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Fading—Variations in the strength of a received radio signal caused by changes in 
the characteristics of the propagation or transmission medium. 


Frequency—The number of complete cycles per second (Hertz) existing in any 
form of electrical or sound wave motions. 


G 


Goniometer—An. instrument for measuring angles. Used to calculate and resolve 
mathematical problems or electrical functions as well as to establish direction 
phase difference between transmitted or received signals. 


Great circle—Any circle described on the surface of the earth or other sphere so 
that its plane passes through the center of the sphere. Radio waves follow. 
great-circle routes in their passage around the earth. 


H 


Hop—The path of a radio wave from the earth to the ionosphere and back to 
earth, in traveling from one point to another. It is usually used in expressions 
such as single hop, double hop, and multihop. The number of hops is called the 
order of reflection. 


Indirect path—Any path, other than a direct path, between two stations. 


Interference—Any electrical disturbance from a different source which causes 
undesirable responses in electronic equipment. 


O 


Octantal error—The erroneous reading of an arriving signal caused by the 
nonuniformity of the flux fields within the stationary winding of a goniometer 
(when used in DF sites). 


P 
Path—That part of the atmosphere through which the radiated wave passes. 
Polarity—An electrical condition determining the direction in which current tends 
to flow. By common usage, the discharge current is said to flow from the 
positive electrode through the external circuit. 


Polarization—The direction of the electrical field component of radiated energy. 
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R 
Radiate—To send out energy into space, as in the case of RF waves. 
S 


Siting—Properly locating an antenna, radio set, or DF set to obtain optimum 
performance. 


Skip distance—The minimum separation at which radio waves of a specified 
frequency can be transmitted at a specified time between two points on the 
earth by reflection from the regular ionized layers of the ionosphere. 


Skywave—A radio wave that reaches the receiving station after returning from the 
ionosphere (as distinguished from groundwave). 


Ww 


Winding—One or more turns of wire forming a continuous coil for a transformer, 
relay, rotating machine, antenna, or other electrical device. 
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SUBCOURSE OVERVIEW 


This subcourse is designed to teach you the basic concepts and minimum equipment 
requirements of radio direction finding (DF) as it is practiced in the Army today. The 
applications of DF are varied, with each application having its own requirements. You will be 
introduced to the basic terms and concepts of DF necessary to understand its application to 
other specialists or to prepare for the complete DF course. 


There are no prerequisites for this subcourse. 


TERMINAL LEARNING OBJECTIVE 


ACTION: 


CONDITION: 


STANDARD: 


REFERENCES: 


You will select the basic terminology/concepts of DF, and select the basic 
equipment requirements for a radio DF system and certain concepts 
needed for discussion of DF equipment. 


You will use information provided in this subcourse. 


To demonstrate competency of this task, you must achieve a minimum of 
70 percent on the subcourse examination. 


The material contained in this lesson was derived from the following 
publications: 


FM 34-40-0(U) FM 11-666 
FM 11-64 FM 30-476 
FM 34-86 
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LESSON 1 


BASIC TERMINOLOGY 


CRITICAL TASK: None 


OVERVIEW 


LESSON DESCRIPTION: 


Upon completion of this lesson you will be able to show your understanding of the basic 
terminology and concepts of direction finding by matching terms and concepts with correct 


explanations. 


TERMINAL LEARNING OBJECTIVE: 


TASK: 
CONDITION: 


STANDARD: 


REFERENCES: 


Identify with the basic terminology and concepts of direction finding. 
Given the information provided in this subcourse. 


To demonstrate competency of this task, you must achieve a minimum of 
70 percent on the subcourse examination. 


The material contained in this lesson was derived from the following 
publications: 


FM 34-40-0(U) 
FM 11-666 

FM 11-64 

FM 30-476 

FM 34-86 


INTRODUCTION 


Radio direction finding deals with the direction of arrival of radio waves. Therefore, it is 
necessary to understand the basic principles involved in the propagation of radio waves from 
the transmitting station to the DF equipment. 
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PART A: RADIO WAVE PROPAGATION 


The distance traveled by a radio wave during a single cycle is known as a wavelength. A 
wavelength can be expressed in any unit of measure. However, it is normally expressed in 
meters. The number of complete waves that move past a given point in one second is called 
frequency. A unit of frequency is called Hertz (Hz). One unit is equal to one cycle per 
second Figure 1-1). The radio wave's strength or intensity is called its amplitude. 


A- FREQUENCY (THE NUMBER OF CYCLES PER SECOND) 
B - ONE COMPLETE CYCLE 
C - AMPLITUDE (THE STRENGTH OR INTENSITY OF THE WAVE) 


The radio wave, which is electromagnetic in nature, consists of an electrical field (E field) and 
a magnetic field (H field). Each field supports the other, and neither can be propagated by 
itself. Table 1, lists frequency bands, their designators, and the commonly accepted limits of 
each band. 


The direction of the E field of a radio wave, relative to the ground, determines the polarization 
of the wave. Polarization can either be horizontal, vertical, or a mutation which adopts 
portions of vertical and horizontal. The later results in a circular or hybrid form of a wave. If 
a whip or other vertical type transmitting antenna is used to propagate radio waves, the 
transmitted wave is considered to be vertically polarized. If the transmitting antenna is 
horizontal, relative to the earth's surface, the transmitted wave is horizontally polarized. 
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Table 1. Frequency range and band designator. 


FREQUENCY RANGE _BAND DESIGNATOR 


i 


L 


| extreme! high frequen y (EHI 


To illustrate vertical wave polarization, imagine a rope lying reasonably straight on the 
ground. One end is attached to a tree or other support (Figure 1-2). If the loose end of the 
rope is raised, tightened, and given a violent up and down motion, a series of undulationing 
waves will travel along the rope. The movement of the waves will be vertical to the earth and 


clearly visible. 


Figure 1-2. Vertical wave polarization. 


If the same rope had a similar movement applied in a horizontal manner, the waves would be 
in a horizontal plane. These waves would be called horizontally polarized (Figure 1-3). 
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Figure 1-3. Horizontal wave polarization. 


Wavelength, frequency, and polarization are all essential elements of the actual wave and are 
factors which affect the radio wave propagation. The simplest form of propagation is through 
space. Radio waves tend to travel in straight lines unless they are acted on by some force. 
They can be reflected off the surface of any sharply defined object such as the earth's 
surface. The radio waves can also meet other obstructions or objects that will scatter or 
reflect the signal. They can be reflected, refracted, or diffracted. 


Radio waves are reflected similar to light waves traveling at the same speed. Although light 
waves can be seen, radio waves must be detected by electronic equipment. Figure 1-4 
illustrates how radio waves are reflected off the ionosphere. 


Refraction can best be illustrated by a pencil held obliquely so that a portion of it is beneath 
the surface of some water (Figure 1-5). From most viewpoints, the pencil will have the 
appearance of being bent at the point where it enters the water. This effect is because light 
waves travel more slowly in water than air. 


Diffraction of a radio wave is the phenomena of bending the wave around a solid object. The 
lower the frequency or the longer the wavelength, the greater the bending of the wave. 
Therefore, radio waves are more readily diffracted than light waves. Sound waves are more 
readily diffracted than radio waves. This illustrates why sound waves can be heard around 
the corner of a large building. 
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Figure 1-4. Reflected radio waves. 


Figure 1-5. Refraction of a pencil. 
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The earth's atmosphere plays a crucial role in long distance radio communications. Radio 
waves may be reflected in the atmosphere and returned to earth. This technique is discussed 
later in this lesson. As shown in Table 2, the atmosphere consists of multiple layers, of which 
only a few have any discernible effect on radio waves. The ionosphere is the primary layer 
that is used to return a radio wave back to earth. 


Table 2. Characteristics of the atmosphere. 


ATMOSPHERIC LOCATION EFFECT ON COMMUNICATIONS 
REGION Km Radio Frequen 


Extending 50-600 km from Electrically charged set of Excelient reflection/refraction of MF 

the earth's surface. layers, with large amounts and HF signals. Some VHF may be 

of free electrons. propagated as well. Primary medium 
for wave communications. 


Stratosphere Extending 15-50 km from the | The only isothermal region No effect. 
earth's surface. of the atmosphere. 


Negligible effect. Allows direct, 
surface, and ground wave 
communications of all frequencies. 


Ionosphere 


From earth's surface to 10- 
15 km. 


Lowest region of the 
atmosphere. Sustains life. 
Temperature decreases with 
increasing altitude. 


Troposphere 


The ionosphere is a region of ionized (electrically charged) gasses located approximately 50- 
600 kilometers (km) above the earth's surface. As illustrated in Table 3, there are essentially 
four layers (D, E, F1, and F2) of the ionosphere which affect communications and DF. These 
layers vary in ionization and height above the earth's surface, depending on the amount of 
exposure to the sun. 


The ionosphere is formed when extreme ultraviolet light from the sun strips the electrons from 
neutral atoms in the ionosphere. Thus, the electrons become free (unbound), and the 
remaining atom becomes positively ionized. The free electrons reflect/refract radio waves of 
a certain frequency. Due to this process, the E and F layers become positively ionized. 
However, the free electrons may attach to neutral atoms. When such attachments occur, the 
atoms become negatively ionized. This process is common in the D layer, making the region 
of the ionosphere negatively ionized. Factors which influence the ionosphere and its effect on 
radio waves include-- 

e The time of day. 

e The seasons of the year. 

e Solar flares. 

e Magnetic storms. 


e Certain man-made disturbances such as nuclear detonations. 
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An important relationship between radio waves and the ionosphere is that the higher the 
frequency, the less its tendency to bend. Depending upon ionospheric conditions and the 
angle of the signal's arrival at the ionosphere, the bending may be slight. The radio waves 
may not be sent back to earth (Figure 1-6). 


Figure 1-6. High frequency wave penetration. 


During daylight hours, the ionosphere is subject to full ultraviolet output from the sun. 
Therefore, the D, E, F1, and F2 layers reach their full potential. At night, the composition of 
the layers of the ionosphere changes as the F layers combine. Therefore, higher radio 
frequencies are more likely to penetrate the ionosphere and be lost. As a general rule, lower 
communication frequencies are used during the night. 


Conversely, during the day when ionization of the atmosphere is more intense, higher 
communications frequencies can be used without undue loss of the signal. This is because 
penetration of the ionized layer is at a minimum. Changes in the relative proximity of the sun 
to the earth will also cause gradual changes in the ionosphere. 
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Table 3. Characteristics of the ionosphere. 


lONOSPHERIC LOCATION FEATURES EFFECT ON COMMUNICATIONS 
REGION Km Radio Freque! 


Primarily acts to absorb radio waves. 
Small amounts of refraction are 
possible, but unpredictable. 


Layer closest to earth. 

Negatively ionized layer, with 
ralatively iittle free electrons. 
Exists during the day. 


50-100 km 


Erratic behavior. Sometimes 
reflects/refracts radio waves in MF, HF, 
and lower VHF bands. 


Positively ionized with 
varying amounts of free 
electrons. State changes 

| with temperature; angle of 
the sun, magnetic fields, and 
time of day. Exists during 
the day. 


100-200 km 


Primary means of reflecting/refracting 
MF and HF signals in sky wave 
propagation. At night, behavior 
becomes slightly erratic, but 
communications distances are much 
greater. 


145-400 km Very positively ionized with 
large amounts of free 
electrons. 

During the day, this region 
separates into the F1 and F2 
layers. 

The F region decreases in 
ionization and increases in 


(F1-145-200 km) 


(F2-240-400 km} 


The longer exposure of the ionosphere to the sun in the summer causes a greater degree of 
ionization during the night and day. Therefore, higher frequencies may be used for summer 
operations. 


Remember, however, that the actual number of layers, their heights above the earth, and the 
relative intensity of ionization present will vary. They vary from hour to hour, from day to day, 
from month to month, and from year to year. 


There are three distinct paths that a radio wave may take to reach the receiving antenna. 
They are-- 


e Direct. 
e Reflected. 


e Refracted. 


The direct and reflected paths are shown in Figure 1-7. They are purposely exaggerated to 
enable the reader to clearly grasp the differences. 


The direct path goes directly from the transmitting to the receiving antenna. The reflected 
path bounces off the ionosphere or the surface of the earth at the same angle at which it 
arrives and continues to the receiving antenna (angle incidence=angle of arrival). The 
refracted path is the path caused by the bending of the waves in the same manner light 
waves are bent when seen through water. 
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IONOSPHERE 


Figure 1-7. Direct and reflected routes for radio waves. 


If the waves are refracted by the earth, the distance they travel is severely limited due to 
large losses of energy in the form of heat dissipated into the earth's crust. 


Radio waves may be classified as either ground waves or sky waves (Figure 1-8). 


Ground waves are continually in contact with the earth's surface. They do not make use of 
reflection from the ionosphere. They have a tendency to be refracted and, in some cases, 
reflected into the lower atmosphere. At frequencies above 1500 kilohertz, a ground wave is 
affected very little by the time of day or season. The ground wave loses much of its strength 
and dissipates energy as it travels over the earth's surface. However, less strength is lost 
when it travels over water. 


Sky waves are transmitted upward with respect to the earth's surface. Sky waves would not 
be useful for communications were it not for the ionosphere. Radio waves approaching the 
ionosphere at an angle are refracted back to earth. They may be detected and used for 
communications purposes or for DF exploitation. 
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Figure 1-8. Ground waves and sky waves. 


The skip zone is the area where the ground wave can no longer be detected (Figure 1-9) and 
the sky wave has not yet returned to earth after being reflected or refracted off the 
ionosphere or troposphere. The skip distance is that area where no sky wave reception will 
be possible. This is because the wave has not returned to earth after its first or subsequent 
bounce off the reflecting layer. 


Depending upon the frequency and the transmitter power, multihop transmissions are 
routinely used for communications. Figure 1-10 illustrates multihop transmissions. There will 
be, however, skip zones between the points of the wave's return at each hop. Note, however, 
skip zones are not static or stable. 
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Figure 1-9. Skip zone and distance. 
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Figure 1-10. Multihop transmission. 
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PART B: PROPERTIES 


Have you ever rotated a portable radio to find the best position to hear the station? If so, you 
are an experienced radio direction finder. The equipment was not very complex, but it met 
your requirements to get the results you wanted. 


If you had turned the radio on full circle you would have heard two maximum and two minimum 
volumes. The reason for this is quite simple. The antenna in the portable radio is usually a 
bar-type antenna which is highly directional. 


The pencil can be used to demonstrate the directional properties of the bar antenna. Hold a 
pencil in front of yourself with the pencil parallel to the ground. (See Figure 1-11). 


Figure 1-11. Pencil parallel to ground. 


Keeping the pencil parallel to the ground, rotate it one full circle. Note that you see each end 
once and each side once, or put another way, the pencil is sideways to your twice and end on 
twice. Ina bar antenna the sides give maximum reception (signal is loudest) and the ends 
give minimum reception. The minimum reception points are called NULL points and are 
important to direction finders because they are easier to hear and locate accurately than are 
the maximum signals. 


The response pattern (a diagram showing the maximum and minimum areas of reception) for 
a bar antenna is a figure eight. The diagram in figure 1-12 indicates that the end points of the 
bar receive almost no signal, while the sides receive maximum signal. Since we are using our 
ears as aural indicators for signal reception, and since a minimum signal or NULL is easier to 
locate accurately than a maximum signal, we would use aural null indication to locate the 
transmitter. Of course the problem for a portable radio is locating the best reception rather 
than the least, but the principle is the same. 
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Figure 1-12. Response pattern for a bar antenna. 


If we had some sort of compass or direction indicator on the radio we would have a complete 
direction finder. There is one other factor to be considered. We have two possible directions 
to choose from. This is the bidirectional ambiguity (the hard way to say it)(See Figure 1-13) 
which must be resolved (you must make a choice) for accurate direction finding. To do this 
we must add the signal input of another antenna (sense antenna) to the directional antenna 
giving us a cardioid (heart-shaped) pattern. This takes away one of the nulls, allowing us to 
decide which direction to choose. (See Figure 1-14). 


Figure 1-13. Example of bidirectional ambiguity. 


IT0302 1-14 


TRANSMITTER 


\ 


0 


DIRECTION OF 
| WAVE TRAVEL 
| 


RESULTING 
PATTERN 


(CARDIOID) 


SENSE PATTERN 
(CIRCLE) 


270 as ce aaenny 


LOOP PATTERN 
(FIGURE 8) 


180° 


Figure 1-14. Combination of sense and directional antennas. 


With the continual development of minicomputers and microprocessors, other methods of 
direction finding have become feasible. One common method of azimuth determination is 
Time of Arrival measurements. For this measurement, at least two antennas are used to form 
an antenna baseline. (See Figure 1-15). 


ANTENNA BASELINE 
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Figure 1-15. Antenna baseline. 


As the wavefront strikes each antenna, a microprocessor measures the difference in the time 
of arrival at each antenna, and the angle of arrival is determined. (See Figure 1-16). 
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Figure 1-16. Angle of arrival. 


As with the bar antenna, however, a possibility of bidirectional ambiguity exists with time of 
arrival measurements if the wavefront strikes both antennas at the same time. (See Figure 1- 
17). 


To resolve this ambiguity, at least one more antenna is added to form one or more added 
baselines. (See Figure 1-18). 


If a wavefront strikes antennas 1 and 2 at the same time, the ambiguity is resolved by 
measuring the time difference of arrival of the wavefront at antenna 3. 
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Figure 1-17. Bidirectional ambiguity. 
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Figure 1-18. Antenna Baseline. 


1-17 IT0302 


PART C: Elements 


This is the basic theory of direction finding and the principle under which most direction 
finding is "determining the horizontal angle of arrival of a radio wave with respect to a known 
reference." The known reference is usually True North for strategic systems or Grid North for 
tactical systems. The horizontal angle is specified because other radio problems involve the 
vertical angle of arrival (how far to tilt the antenna for best reception) and arrival is specified 
because we want to know where it is coming from, not where it is going. 


The determination of the azimuth is made by determining the angle of arrival, then measuring 
the angle between the point of arrival and the reference. This is called the azimuth or line of 
bearing (LOB) and has many applications. It can tell the operator the approximate direction 
to a transmitting antenna. If the direction finder is placed on a ship or aircraft, the vessel can 
"home in" on the transmitter. (See Figure 1-19). 


Figure 1-19. DF station line of bearing. 


If we use two direction finders and take bearings with both at the same time we can locate a 
transmitting antenna with limited accuracy. The intersection of two azimuths is called a CUT 
and will provide the general location of the transmitting antenna. (See Figure 1-20). 
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Figure 1-20. Cut of 2 DF stations. 


For better accuracy in locating a transmitting antenna we must have three or more direction 
finders taking simultaneous bearings. This is termed a FIX, or FIX AREA, and will provide the 
probable location of the transmitting antenna. (See Figure 1-21). 


Figure 1-21. Fix area of 3 Led stations. 


Note that we use the terms "approximate direction", "general location", and "probable 
location." This is necessary because of the many variables that affect direction finding. Your 
studies of radio wave propagation will find many causes of inaccuracies In direction finding. 


The most 
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accurate direction-finding equipment in use today has an equipment error of plus (+) or 
minus (-) 1 degree. This means that if there were no propagation errors to contend with, the 
equipment itself might cause an error of over 17 miles at a distance of 1000 miles. This 
problem of errors is taken up more fully in another course. 


To be effective, direction finders must have access to listening posts or intercept stations, 
and must be tied together with a reliable high-speed communications system, and they must 
be carefully placed in well-planned locations. The spacing of these locations results ina 
BASELINE, which is important in respect to direction-finding net capabilities. The listening 
post will monitor several frequencies, and when a transmitter is heard, the direction finders 
will be notified using the communications system. If the direction finders are placed ona 
well-planned baseline they will be able to locate the transmitting antenna with a fairly high 
degree of accuracy. The baseline must be arranged so that the intersection of the bearings 
for a target located in the approximate center of the area of interest, will be close to 90 
degree angles. 


The azimuth from each direction finder is plotted on a map, the resultant enclosed area 
probably includes the location of the transmitting antenna. (See Figure 1-22). 


Figure 1-22. Plotted probable location. 


The Chiefs of Staff of the Army and Navy have implemented a Joint Air-Sea Rescue 
Communication Plan (Joint Emergency Rescue Communication Plan JANY-10) which 
prescribes the procedure to be followed in establishing contact with shore DF stations. The 
services maintain high frequency DF networks along the various air routes. providing aids 
"fixes" to aircraft. 
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An evaluation center is associated with each DF network for the purpose of furnishing fixes 
and other navigational information to operations offices. 


Radio direction-finding devices are used by ground force units for homing or positioning of 
patrols and reconnaissance units. Airborne troops also use these devices to regroup after 
landing. In many cases these devices are not complete DF units but simple devices attached 
to acommon field radio receiver. DF is used to locate enemy aircraft in flight, ground control 
stations, and radio navigational aids. The results of DF correlated with other information 
comprise one of the most important sources of combat intelligence from which it is possible 
to determine the enemy order of battle when there is no physical contact. This information is 
usually more comprehensive than that derived from enemy radio stations. These stations are 
then monitored by DF for possible movement. 


As demonstrated earlier, there are many types of direction finding systems. In some, only the 
azimuth of the arrival angle can be measured. In others, the azimuth and the elevation angle 
can be obtained. When only an azimuth is resolved, two or more independent DF stations are 
needed to determine the location of the transmitting antenna. Systems that measure both 
azimuth and elevation angles are called single station locator (SSL) systems. The SSL was 
developed because of the problems of audibility with the traditional DF network. Sometimes 
the signal could only be heard at one DF site. 


The SSL system direction finder is a phase measuring interferometer. Location data include 
an azimuth measure on the target signal and a range estimate based on the measured 
parameters at the DF site. The combination of azimuth and great circle range to the target 
produces the location output from the system's computer. 


Because the SSL system depends on ionospheric propagations, it is designed for use against 
the high frequency (HF) spectrum sky wave transmissions. As shown in Figure 1-23, the 
combination of an azimuth and great circle range to the target produces a location from the 
system that is expressed in geographic coordinates. 
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Figure 1-23. Single station locator DF. 


IT0302 1-22 


LESSON 1 
PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is only 
One correct answer for each item. When you have completed the exercise, check your 
answers with the answer key that follows. If you answer any item incorrectly, study again that 
part of the lesson which contains the portion involved. 


1. | Whatis a radio waves strength or intensity called? 


A. Consecutive Cycles 
B. Complete Wavelength 
C. Its Magnitude 

D. Its Amplitude 


2. What does DF determine the direction of? 


A. Artillery Fire 

B. The arrival of a radio wave 

C. The direction a radio should be pointed for the best reception 
D. The distance of a receiver 


3. | What band designator would the frequency 200 MHz be in? 


A. HF 

B. VHF 
C. UHF 
D. SHF 


4. What are the DF results with a range of 1000 miles called? 


A. Approximations 

B. Exact, if enough sites are used 

C. Reliable 

D. Anindicator of general direction only 


5. | Which of the following is NOT used as a military application of DF? 
A. Positioning of ground forces 
B. Determining order of battle 


C. Location of communications systems 
D. Detection of chemical agents 
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6. | Whatis the most common reference point for DF? 


A. The enemy front 

B. The friendly forces front 
C. Magnetic north 

D. True north or grid north 


7. Which frequencies would you use for the best communications at night? 


A. Lower Frequencies 
B. Mid-range Frequencies 
C. Higher Frequencies 
D. Ultra High Frequencies 


8. | Whatis the accuracy of the most accurate DF equipment used today? 


A. +1% 
B. + 2% 
C. + 1 degree 
D. + 2 degrees 


9. What is the term used for the intersection of two azimuths? 


A. Bidirectional 
B. LOB 

C. Cut 

D. Fix Area 


10. Including an azimuth, what is also measured by a SSL system in order to determine the 
location of a transmitting antenna? 


A. Elevation Angle 
B. Ground Waves 
C. Target Area 

D. Skip-Zone 
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LESSON 1 
PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


Correct Answer and Feedback 


. (page 1-2) 
(page 1-1) 
. (page 1-3) 
. (page 1-19) 
. (page 1-21) 
. (page 1-18) 
. (page 1-7) 
. (page 1-20) 


. (page 1-18) 
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LESSON 2 
EQUIPMENT REQUIREMENTS 
CRITICAL TASK: None 


OVERVIEW 


LESSON DESCRIPTION: 


In this lesson you will learn to identify the basic equipment requirements for a radio direction 
finding system and certain concepts needed for discussion of direction finding equipment. 


TERMINAL LEARNING OBJECTIVE: 


TASK: 


CONDITION: 


STANDARD: 


REFERENCES: 


Identify the basic equipment requirements for a radio direction finding 
system and certain concepts needed for discussion of direction finding 
equipment. 


You will use the information provided in this subcourse. 


To demonstrate competency of this task, you must achieve a minimum of 70 
percent on the subcourse examination. 


The material contained in this lesson was derived from the following 
publications: 


FM 11-64 
FM 11-666 

FM 30-476 

FM 34-40-9(U) 
FM 34-86 


INTRODUCTION 


Radio direction finding equipment comes in all sizes and shapes, depending upon the 
requirements of the users. Some equipment can be hand-held, back- packed, or airborne 
(Figure 2-1) while other configurations require several acres of land for installations. 
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Figure 2-1. Airborne radio direction finding. 


PART A: COMPONENTS 


Regardless of the requirement, direction finding equipment will have the same basic 
components. (See Figure 2-2). 


a directional antenna 
a radio receiver 

a coupling system 

a method of indication 


Suppose we refer to the portable radio mentioned in the first lesson. The directional antenna 
is the bar antenna. The receiver is the radio itself. The coupling system is the "direct 
coupling." The indication system is the "aural null." Each is designed for the specific job it is 
supposed to do, and is the most efficient piece of equipment the manufacturer can use within 
he parameters (requirements) needed. Probably the first consideration for the manufacturer 
was cost efficiency, second was size and weight. Third was ease of use. Fourth was 
neatness of design. There are others but our discussion will stop here. 


The Directional Antenna. The bar antenna is the most compact for the frequency range of the 
receiver. It is highly efficient and relatively inexpensive, consisting of a number of turns of 
wire wound around a core. The fact that it is bidirectional was of secondary importance to 
the manufacturer, but it makes a net illustration for the DF student. Of course, the user of the 
radio is more interested in the peak reception than the null, but still the directivity is there and 
can be used. As an illustration of the case of use of the null, as compared to the maximum 
point, try lining yourself with the length of the antenna as compared with centering yourself on 
the width. 
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Figure 2-2. Basic components. 


Or, put another way, if you hold a pencil you can tell where the point is by looking, but where 
is the exact middle of either side? 


The coupling system. This is the device that connects the antenna to the receiver. The 
directional antenna must be rotated in a circle to detect the angle of arrival of the radio wave. 
If we were to use a simple antenna cable, it would soon twist until it broke. Several systems 
have been devised but all can be identified as either manual or electronic. The simplest 
system is the direct coupling in your portable radio. The problem is that it requires us to 
rotate the receiver as well as the antenna to determine the angle of arrival. This would be 
difficult with our large systems. Another manual coupling is slip ring and brushes. This is an 
antenna which is rotatable but maintains contact by means of brushes (such as in the 
generator of your car touching slip rings which allows the signal voltage to pass freely from 
the antenna to the receiver). For direction finding antennas that are too large to be normally 
rotated, a device 
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called a goniometer is used to electrically rotate the antenna. The leads from the antenna are 
connected to coils in the goniometer, and another coil is rotated in order to sample each 
portion of the circle in turn. Some of our VHF/UHF DF systems use a microprocessor or 
minicomputer to electronically measure the time of arrival instead of rotating the antenna. 


The Radio Receiver. Your portable radio, whether it be a small Amplitude Modulated (AM) 
receiver or the larger, and costlier, transoceanic AM, Frequency Modulated (FM) shortwave 
type, is designed to receive broadcasts within certain wavelength imitations. These limits are 
called the frequency range of the receiver. Which receiver will be used with your DF system 
depends upon the frequency range of the transmitter in which you are interested. Another 
consideration is the desired mobility (how fast it can be moved without damage) and 
transportability (what does it take to move it) of the DF system. The DF receiver must have 
good stability (stays on frequency), sensitivity (you can hear and target), selectivity (you can 
tune out the signals you don't want), and a Beat Frequency Oscillator (BFO) which is used to 
give a steady tone for ease of direction finding/AM signals. 


The input and output circuits of an ordinary communications receiver usually require 
modification for use with direction finders. The portable radio, for example, has the correct 
frequency range for the targets desired. It is designed to be hand carried, relatively stable, 
has selectivity, and is as sensitive as the price allows. It does not have a BFO, therefore, it 
does not meet our requirements. If we were to use it with our systems we would have to add 
a BFO. 


The Method of Indication. By now you are familiar with aural null indication. The most 
common system other than aural null is visual indication. This employs a cathode ray tube or 
some type of meter which indicates the null or maximum signal for your interpretation. The 
indicator is usually associated with some sort of a measuring device so the operator can 
record what he/she sees or hears. 


A useful direction-finding system must have these four components. The targets, and the 
tactical situation will indicate what combination and size of equipment can or should be used. 


PART B: DEFINITIONS 


Many of the terms used in discussing direction finding are unique to direction finding or are 
used in a different sense. In order to understand how these terms relate to the discussion 
that follows, you will need to Know exactly what is meant by each of them. These terms relate 
primarily to a discussion of antenna theory. 


(a) Loop. Originally a loop antenna was a circle of wire. Modern loops come in a 
variety of shapes but essentially and electrically they are the same as the original circle. It 
might be easier to think of the circle as a square, with vertical and horizontal sides, since the 
action of the radio wave on the antenna is discussed in terms of how it affects the horizontal 
and vertical members of the loop. 


(6) | Conductor. The wire or similar material used to pass current from one part of a 
circuit to another. 
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(c) Instantaneous voltage. The amount of voltage present at any given instant in an 
electric circuit. Differences in instantaneous voltages, or the lack of differences, give an 
antenna its directivity. 


(d) Magnitude. How big, or small, strong, or weak, something is. For our purposes 
magnitude refers to the strength of an electric or magnetic field. 


(e) Plane parallel to the wavefront. This concept is the biggest single stumbling 
block to discussion of wave theory the average uninitiated person finds. With reference to 
the path of the wave, even though the wave front (first part of the wave) is spherical by the 
time it has reached a reasonable distance from the transmitting antenna, the portion of the 
wave we intercept with our antennas is assumed to be a straight flat plane. If the wave is 
traveling toward us in a straight line the wave front is at right angles to the direction of travel. 
Look at a wall. The line to the wall (or move exactly from the wall to you) is the wavepath, and 
the wall is the wave front. If you were an antenna with your plane parallel to the wavefront, 
you would be turned so that the wave front would hit both arms at the same time, if the wall 
(wave front) went over you (the antenna). 


(f) Plane perpendicular to the wave front (Figure 2-3). The loop antenna has been 
turned so that the incoming wave strikes one vertical arm before it strikes the other. If the 
antenna face is at the true perpendicular the voltages in use in the receiver are strongest, 
because the differences in the voltages in the opposing arms of the loops are greatest. This 
is because the wave will be at different intensities (strengths) for each arm of the loop. 
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Figure 2-3. Plane perpendicular to the wave front. 


(g) | Spacing. The physical distance between the antenna elements. Spacing is 
usually measured in terms of the wavelength, which means that any antenna which is spaced 
properly for one frequency will not necessarily be spaced properly for another. Spacing is 
one of the principal limiting factors in determining the frequency range of a directional 
antenna. 
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(h) Sense. The addition of an equal voltage from another antenna to the response 
of a directional antenna. If the voltage added is equal to the original voltage the response 
pattern is changed to move the nulls to different places in the pattern. Because of this, it is 
possible to determine from which direction the signal is arriving. 


(i) Response pattern. If a target transmitter were physically moved around an 
antenna, putting out the same amount of signal all the way around a circle at a fixed distance 
from the center of the antenna, the amount of signal received would vary according to the 
type of antenna being measured. If this variation is recorded on circular graph paper as so 
much volume equals so many lines on the graph, with a relationship between direction on the 
paper and direction in the field, a pattern results which indicates the response of the 
antennas at any direction. The whip antenna has a circular (omnidirectional) pattern. 


(j) Omnidirectional. The response pattern of (for example) the whip antenna. All 
directions produce an equal response. 


(k) Null. The point of weakest response or ideally no response. If the equipment is 
sensitive enough to allow critical measurement the system is said to have deep nulls. A 
system with broad nulls does not meet the accuracy requirements of today's direction finding 
systems (Figure 2-4). 


DEEP NULLS BROAD NULLS 


Figure 2-4. Deep nulls and broad nulls. 
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PART C: REQUIREMENTS 


The principal antennas used in direction finding are the loop (Figure 2-5), crossed loop 
(Figure 2-6), Adcock (Figure 2-7), crossed Adcock (Figure 2-8), and circularly disposed 
antenna arrays (CDAA, Figure 2-9). Each has directional properties, and can be used with 
direction finding sets to meet specific requirements. Your studies in wave propagation, and 
definitions of terms used in antenna theory should have given you the terms you will need to 
understand the following discussion. 


Figure 2-5. Loop Antenna. 
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Figure 2-6. Crossed loop antenna. 


Figure 2-7. Adcock antenna. 
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Figure 2-9. Circularly disposed antenna array. 


Loop antennas are as old as radio itself. Hertz used them in the original experiments 
demonstrating transmission and reception, and their directional properties were known long 
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before there were enough transmitters to make direction finding worthwhile, A loop antenna 
consists of one or more turns of conductor, either self supporting or wound ona frame. The 
most common are diamond, square or circular loops (Figure 2-10). 


Figure 2-10. Variation of Loop Antennas. 


Imagine a loop placed in the path of a vertically polarized wave and turned so that a line from 
side to side of the loop is parallel (plane perpendicular to the wave front) to the direction of 
the wave. (Refer to Figure 2-3). Since polarization is discussed in terms of the electric field, 
the magnetic field of a vertically polarized wave is horizontal. This horizontal magnetic field 
induces voltage in the loop's vertical arms and in the horizontal arms, since the wave travels 
parallel to them. The two voltages induced into the vertical arms tend to partially cancel 
across the antenna, but only partially, since the simultaneous voltages are different. This 
causes a voltage according to the size of the wave, or put more technically, a voltage is 
developed which has a magnitude relative to the field intensity of the wave. If the loop is 
rotated until it is broadside (plane parallel to the wave front) to the oncoming wave the 
voltages induced in the arms are equal and in phase with each other and cancel across the 
coupler to give a minimum response, or null. Two null points are present in a loop, 180 
degrees apart, giving the antenna a response pattern shaped like a figure eight. (See Figure 
2-11). 


Unless the general direction of the transmitter is known, a direction finder equipped with a 
single loop cannot determine whether the transmitter lies forward or to the rear of the 
direction finder. There is no indication as to which of the two nulls indicates the true 
direction. From the previous lesson you may remember that this is known as the 
BIDIRECTIONAL AMBIGUITY, and solving the problem is known as resolving the bidirectional 
ambiguity. A sense antenna, 
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usually a whip, is placed at the center axis of the loop, and the two response patterns are 
electrically combined to produce an unbalanced pattern (cardioid, or heart-shaped) which 
can be used to resolve the bidirectional ambiguity. 


Figure 2-11. Two null points. 


The crossed loop antenna consists of two loops with identical characteristics mounted at 
right angles to each other. Each loop has a figure eight pattern, but the two patterns are 
displaced 90 degrees in azimuth. As a result, the ratio of the two responses varies with 
direction. The outputs of the two antennas are connected through a coupler which can be 
rotated to find the null. This coupler is called a goniometer or a rotary coupler. Since the 
loops themselves are not rotated they can be made quite large for increased sensitivity. 
Loop and crossed loop antennas are subject to large polarization errors. 


An adcock antenna consists of two spaced vertical antennas connected in opposition (one to 
each side of a coil). An example of a common type of Adcock is shown in Figure 2-12. In 
theory it responds only to the vertically polarized wave and, therefore, is not subject to 
polarization error. In practice there is some polarization error, but usually much less than Ina 
loop receiving the same signal. The Adcock is preferable when medium or high frequency 
signals must be received at a point beyond ground wave range. 


The action of the antenna, as far as vertically polarized waves are concerned, is identical with 
that of the loop. A resultant current in the output coil is proportional to the difference of the 
voltages induced in the vertical members, exactly as in the loop. Horizontally polarized 
components of the incoming signals do not affect the antenna because of the absence of 
upper and lower horizontal members and because the crossed arrangement of the center 
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members effectively cancels the voltage induced in them. The response pattern is the same 
figure eight as the loop antenna. 


Both the loop and Adcock antenna have polarization errors when the incoming wave is 
horizontally polarized, but so long as the vertical polarization is predominant the Adcock is 


VERTICAL MEMBERS 


HORIZONTAL 
MEMBER 


Figure 2-12. Example of adcock antenna. 


relatively free from polarization error. The Adcock antenna also requires a sense antenna to 
resolve the bidirectional ambiguity. 


The crossed Adcock antenna consists of two identical Adcock antennas oriented 90 degrees 
apart in azimuth. At low or medium frequencies crossed Adcock antennas can be made much 
larger than rotatable Adcocks and are, therefore, much more sensitive. At high frequencies 
this advantage is small because of the limitations imposed by spacing (OCTANTAL ERROR). 


In a crossed Adcock system the maximum spacing is 1/2 wavelength between antennas (.707 
wave length between diagonally spaced antennas). Above this limit the same indication may 
be obtained for signals coming from three different directions. (Six before sensing). Above 
approximately half this absolute limit the correction of octantal errors is necessary for almost 
every azimuth reading taken, and the nominal top frequency is usually set at this point. 


Circularly disposed antenna arrays (CDAA) are the largest installations sometimes several 
areas in size requiring special coupling and sensing devices in order to present a directional 
pattern on a visual display system. (Refer to Figure 2-9) While the systems are both accurate 
and sensitive, direction finding is not their primary purpose. 


Interferometric systems are a completely different class of direction finding systems (as 
illustrated in Figure 2-13). The azimuth of an incoming wave is not deduced by rotating 
beams. It is taken from the phase measurements of signals, made on a number of spaced 
antennas. Unlike the beam-forming type of WADFs, interferometers accept all signals on the 
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array. Two different approaches are used to process the results. Depending on the type of 
system, one or both of the following may be used: 


e Wavefront analysis (WFA). 


e Wavefront testing (WFT). 


INTERFEROMETER 


Figure 2-13. Interferometric system. 


Wavefront analysis accepts all signals but attempts to recover the major ones. it attempts 
this by analyzing the complex voltages measured on the elements of the antenna array under 
wave Interference conditions. 


Wavefront testing accepts only signals arriving from one direction or quasi uni-modal 
propagation (QUMP). QUMP is achieved by detecting a linear phase shift across the array 
with near equal amplitudes on all the elements. (This process is also called coincidence 
interferometry.) 


The requirements for an efficient coupling system for DF are simple, and there are several 
types in use, some more complex than others, but all categorized into two groups; 
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(1) Systems used with fixed antennas. 
(2) Systems used with rotatable antennas. 
The requirements for coupling systems are: 


(1) The system must efficiently conduct the 
energy picked up by the antenna to the radio. If this requirement is not met the direction 
finder will lack sensitivity. 


(2) It must not pick up or otherwise add 
additional energy from the wanted signal. Failure to meet this requirement results in bearing 
errors. 


(3) It must not introduce unwanted signals or 
noise. These effects, if present, produce interference and impair the bearing readability. 


With rotatable antennas the two most common types of coupling are DIRECT, and 
TRANSMISSION LINE. 


Direct coupling is the simplest form of coupling, directly coupling the antenna terminals to the 
receiver input. It is used in those few cases where it is practicable to design a DF system in 
which the radio receiver is located at the antenna terminals, and the antenna and receiver 
rotate together as a unit. Some directly coupled DF sets are small, hand-carried, 
transistorized receiving sets used by counterinsurgency personnel. The loop is generally the 
carrying handle, and the entire set is rotated to produce line bearings in the direction of the 
target transmitter. 


Transmission line coupling is used in its simplest form when the antenna system is placed 
some distance above, but is rotatable with, the DF receiver. Because of its length and 
position the transmission line will, if its shielding or balance are not perfect, introduce 
unwanted energy, causing bearing errors or impaired readability. Additionally, if the length of 
the transmission line is an appreciable fraction of a wavelength or more, its characteristic 
impedance must accurately match the impedance of the receiver and the antenna, or a 
considerable loss of sensitivity will occur. 


The direct and transmission line systems of coupling the antenna to the receiver may be used 
when it is desired to rotate the antenna without rotating the receiver. This is accomplished by 
adding a rotatable coupling element. Some of these elements are: 


(1) Slip rings. These are insulated metal 
rings in contact with sliding fingers or brushes, which permit rotation without interrupting the 
circuit. By mounting the rings on a shaft and providing fixed brushes, it is possible to 
conduct the antenna current to a stationary receiver while permitting the antenna to turn at 
will. 


(2) Rotating transformer. This rotatable 
coupling device consists of a transformer whose primary and secondary windings are 
coaxial. Under this condition one winding may be rotated with respect to the other without 
changing the coupling which exists between them. 


(3) Rotating capacitator. This element 
makes use of the fact that the capacitance between coaxial rings or discs is independent of 
their rotation. 
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Fixed antennas use some form of goniometer. The term goniometer is applied to a device 
used to couple two or more input circuits (usually connected to antennas) to an output circuit 
(usually connected to the receiver). This is done in such a manner that the degree of coupling 
varies with the rotation of a shaft. The coupling between one input circuit and the output 
circuit decreases while the coupling with the other input circuit increases. When properly 
connected, a well constructed goniometer provides an output at each position of its shaft 
identical to that which would be produced by a single figure-eight pattern antenna oriented to 
the corresponding position. Thus, the goniometer provides an equivalent for the rotation of 
an antenna, and makes it possible to use large fixed antenna systems (either loop, Adcock, 
CDAA, or others) which would be too bulky for an operator to rotate. 


Goniometers must meet these basic requirements: 


(1) The fixed elements must be electrically 
identical. 


(2) There must be a complete absence of 
coupling between the fixed elements. 


(3) Accurate positioning of the fixed 
elements at the same angle as the antennas (usually 90 degrees) is necessary. 


(4) Coupling between the rotating element 
and the fixed elements must vary with shaft revolution in the same manner as the variation of 
antenna response with azimuth angle. These requirements are met in practical goniometers 
to the extent that the maximum error is less than plus or minus one degree. 


In applying to the goniometer to a practical direction finder, it is often desirable to locate the 
goniometer some distance away from the antenna. To accomplish this, it is necessary to 
provide transmission lines between the antenna and its goniometer. These lines must be well 
shielded and are usually balanced to ground to avoid stray pick-up. Additionally, the 
transmission lines connecting the several antennas to the goniometer must be electrically 
identical, particularly in time delay, over the entire frequency range of the equipment in order 
to preserve accuracy and provide deep nulls. 


The principal types of goniometers are: 


(1) Inductive, usually consisting of two fixed 
windings at right angles to each other and enclosing a third winding which rotates on a shaft. 


(2) Capacitive, with two fixed sets of plates 
enclosing a rotatable set of plates, and 


(3) Electronic, which utilizes circuitry instead 
of physical rotation, and, therefore, allows higher speeds than can be obtained by mechanical 
rotation. 


The use of a goniometer introduces an additional possibility for octantal error above that 
caused by antenna spacing. This is caused by nonuniformity within the electric fields of the 
stationary windings of the goniometer. In early days this nonuniformity was considerable, and 
octanta! error was large. In more modern goniometers, the windings are distributed in such a 
manner that this cause of octantal error is practically eliminated. The octantal error is 


caused by antenna spacing still exists, usually requiring a correction chart for the higher 
ranges o the equipment. 
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2. The type of bearing indicator used with any particular direction finder depends on the type of 
DF system in use, the complexity and physical size permitted, and the accuracy desired for a 
particular DF application. Many types of bearing indicators have been designed and used in 
DF systems, but those having the greatest application can be grouped into the categories of 
AURAL indicators and VISUAL indicators. Visual indicators can be further grouped into three 
subelements, left-right indicators, instantaneous indicators, and automatic bearing seeking 
indicators. Each type of indicator has certain specific characteristics and applications. 
Many of these characteristics are closely related to, and cannot be separated from, 
characteristics of the type of DF system with which a particular indicator is used. Therefore, 
keep in mind that some of the characteristics credited to a specific indicator are really 
characteristics of the DF system with which the indicator is used. 


Aural Indicators. An aural indicator is a headset or loudspeaker connected to the DF receiver 
audio circuit. It enables the operator to detect the bearing of a signal by changes in audible 
receiver output as the antenna is rotated. In DF systems which use aural indicators, the 
antenna system must be able to be rotated to the bearing position, and this position must be 
characterized by an abrupt change in the antenna response pattern, and, therefore, in the 
receiver output. 


In most common direction finders which use an aural indication the antenna is a rotatable 
loop or Adcock, or a fixed crossed-loop or crossed-Adcock effectively rotated by a 
goniometer. All these antennas have, or result in, a figure-eight response pattern with broad 
maxima and sharp nulls. Therefore, the nulls of the system are selected as the bearing 
points. Because of this, these systems are called aural-null indicators. At higher frequencies 
(several hundred megahertz) directional arrays having response patterns with sharp maxima 
can be used. Because aural-null systems are more common we will not discuss aural- 
maxima systems further. 


The most important characteristics of an aural-null indicator are: 


(1) It is the simplest indicator that can be used with a direction finder for the 
following reasons; 


(a) it adds nothing to the direction finder because a headset or loudspeaker 
is usually included for monitoring purposes. 


(6) it can be used with simple loop or Adcock antenna systems without the 
addition of complicated couplings. 


(c) it reduces to a minimum the size, weight, and maintenance factors of the 
indicator. 


(d) _ it is simple to use, even by unskilled operators. 
(2) Because it does not necessitate the use of complicated and elaborate antenna, 
coupler, and receiving systems, the sensitivity and instrumental accuracy of the direction 
finder is high. 
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(3) | Theindicator cannot detract from the accuracy inherent in the remainder of the 
system. 


(4) | The readability of the indicator is not influenced by the type of signal received, 
whether it is continuous wave (cw), interrupted continuous wave (icw, or modulated 
continuous wave (mcw). Readability shows how the indicator can detect relatively small 
changes. 


(5) | The readability of the indicator is high on weak signals in the presence of noise 
or interference signals because the human ear can distinguish between desired and 
undesired signals. 


(6) | The readability is poor on fading signals because it cannot discriminate 
between a fade and a null indication. 


(7) | The readability of the indicator is poor on swinging signals because the antenna 
cannot be rotated fast enough to follow the swinging bearing. A swinging signal is one that 
because of propagation errors seems to move back and forth through several degrees of arc. 


(8) | Anextra operation must be performed to determine which of the two directions 
indicates the correct azimuth (sensing). 


. Visual indicators. Visual indication has been accomplished through various means. Each has 
the common characteristic of operation by comparison of antenna voltages. These voltages 
may originate from any of several antennas. Among the types of visual indication are left- 
right meter, crossed pointer meter, magic eye, matched line oscilloscopes, and instantaneous 
oscilloscope indicators. Because the instantaneous indicators are most common this lesson 
will limit itself to them. 


An instantaneous indicator, using a cathode ray tube, continuously and automatically 
presents on the tube screen a pattern or trace that points toward the azimuth of the arriving 
signal as read from an azimuth scale situated around the tube face. The presentation of this 
pattern is accomplished without manually rotating the DF antenna to the bearing point. 


The antenna system must be one of the following types: 


(a) It may be a fixed oriented, crossed loop or crossed Adcock variety and 
effectively rotated through 360 degrees at some continuous and constant rate by a spinning 
mechanical goniometer or electric goniometer method. 


(6) |The antenna system may be a single-loop or Adcock that is continuously 
rotated by mechanical means at a constant rate through 360 degrees. 


(c) |The antenna system may be of the fixed oriented, crossed loop or 
crossed Adcock variety and the output of each of the antennas must be maintained as 
separate signals through individual channels in the indicator. 


(d) |The antenna may be of the CDAA type and employ either antenna 
switching or goniometers to effectively rotate the antenna through 360 degrees at a constant 
rate. 
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Because these special features must be incorporated in a DF system using instantaneous 
indicator, its size, weight, power consumption, complexity of design, and maintenance are 
greater than for other systems. When not prohibitive, these disadvantages are more than 
compensated for by the increased performance obtained when using this type of indicator. 
Characteristics of instantaneous indicators in comparison with aural-null are as follows: 


(a) | Thereis greater speed in obtaining bearings because the antenna is 
usually not rotated. 


(6) Simplicity of operation is increased. Tuning the receiver and reading the 
bearing are the only operations necessary. 


(c) Readability is increased on moderate and weak signals. 
(d) | There is equal readability on cw, icw, and mcw signals. 


(e) Readability on swinging signals is increased because the indication 
continuously and instantaneously changes with the bearing swing, thus enabling the operator 
to choose the most likely bearing. 


(f) Readability on fading bearings is increased because the indicator has a 
high degree of discrimination between a change in signal level due to fade, and a change in 
bearing and signal indication. 


(g) | There is increased readability on combinations of swining, fading and 
unfavorably polarized signals, because the indicator exhibits certain features which tell the 
operator when conditions are most favorable for obtaining a bearing. 


(h) Sense indication may be simultaneous with the presentation 
(continuously sensed) or it may be accomplished by pressing a key (sense switch). 


(i) Readability in the presence of interfering signals is fair, although not as 
good as with aural indication. 


. Bearing seeking indicators. Bearing seeking indicators are normally used on aircraft where 
an automatic bearing readout is required but size and weight requirements preclude the use 
of Instantaneous visual indication. In these systems the antenna system is rotated 
automatically to the true bearing position and a pointer on the indicator comes to rest when it 
is aligned with the antenna. 
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LESSON 2 
PRACTICE EXERCISE 


The following items will test your grasp of the material covered in this lesson. There is 
One correct answer for each item. When you have completed the exercise, check your 


only 


answers with the answer key that follows. If you answer any item incorrectly, study again that 


part of the lesson which contains the portion involved. 


1. Including a receiver, what are the other basic equipment requirements needed for a DF 


system? 


A. Aural Null, Visual Indicator, and a Coupler 

B. Aural Null, Visual Indicator, and a Directional Antenna 
C. Coupler, Indicator, and a Directional Antenna 

D. Coupler, Indicator, and a Secondary Receiver 


2. Besides stability and selectivity, what else must a DF receiver have? 


A. BFO, and Headsets 

B. BFO, and Sensitivity 

C. Sensitivity, and Headsets 

D. Sensitivity, and Frequency Range 


3. What device connects the antenna to the receiver? 


A. Coupling 

B. Goniometer 

C. Frequency Modulator 
D. Antenna Modulator 


4. | Whatis an example of a visual indicator for the null? 


A. Goniometer 

B. Crossed Pointer 
C. Loudspeaker 

D. Cathode Ray Tube 


5. | DF equipment comes in several sizes. What are the specific requirements dictated by? 


A. The Mission 

B. The Cost 

C. The Location 

D. Transportation Capabilities 
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What part of the DF receiver is used to give a steady tone for ease of direction 
finding/AM signals? 


A. Aural Null 

B. BFO 

C. AM Modulator 
D. FM Modulator 


What device is used to electrically rotate an antenna? 


A. Slip Rings and Brushes 
B. Goniometer 

C. Direct Coupling 

D. Cathode Ray Tube 


Which is the simplest form of coupling? 


A. Transmission line 
B. Rotating 

C. Direct 

D. Indirect 


Which antenna requires an additional sense antenna? 


A. Loop 

B. Adcock 

C. Both Loop and Adcock 
D. Neither Loop no Adcock 


What is the most common type of visual indicator? 


A. Left-Right Meter 

B. Crossed Pointer Meter 
C. Oscilloscope Indicator 
D. Instantaneous Indicator 
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LESSON 2 
PRACTICE EXERCISE 
ANSWER KEY AND FEEDBACK 


Correct Answer and Feedback 


. (page 2-2) 

(page 2-4) 

. (page 2-3) 

. (page 2-4) 

. (page 2-1) 

. (page 2-4) 

. (pages 2-3/2-4 and 2-15) 
. (page 2-14) 


. (page 2-12) 
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Radiocommunication Sector of ITU 


Recommendation ITU-R SM.1600-3. 
(09/2017) — 


Technical identification of digital signals 
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The publication 
Technical identification of digital signals 


can be downloaded from 
International Telecommunication Union 
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These Technical Handbook for Radio Monitoring 
can be purchased from several online retailers 


The Technical Handbook for Radio Monitoring HF : 2021 
Roland Proesch 
This book describes common digital waveforms used on HF. 


Technical Handbook for Radio Monitoring VHF/UHF : 2017 
Roland Proesch 
This book describes common digital waveforms used on VHF and UHF. 


Technical Handbook for Satellite Monitoring Satellite : 2019 
Roland Proesch 
This book describes common digital waveforms used on Satellite. 
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CHAPTER 1 


INTRODUCTION 


Section 1. GENERAL 


1. Purpose 


The purpose of this manual is to present a standard approach to 
traffic analysis problems of the military type in order to furnish 
signal intelligence personnel with a knowledge of traffic analysis 
techniques, capabilities, and applications. It is to be recognized that 
no text on analytic techniques can be definitive because techniques 
are subject to continual improvement and change in order to meet 
changing problems. This text is intended merely as a guide. Specific 
application is dependent on the ability and ingenuity of the analyst. 


2. Scope 


This manual is concerned only with traffic analysis of military radio 
communications, but the techniques covered will also be found of 
value in the analysis of other kinds of communication networks. 
Discussion of other means of communication, such as wire or cable, 
has not been included; in the reconstruction of the radio communi- 
cation system it should be remembered that often these other means 
will account for missing portions of the system. Further, the scope 
is limited to the study of Morse transmissions. Non-Morse transmis- 
sions, such as radio-teletype and radio-telephone, are not discussed. 
The differences, however, are largely technical and procedural and 
involve the material transmitted only to a limited extent. It is 
thought, therefore, that this text will serve as a basis for all traffic 
analysis and that, with some minor modification, the methodology 
described will be found applicable to all types of transmission. 


-RESTRIGTED- 
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3. References 


A general knowledge of radio theory, Morse code, and radio pro- 
cedure is assumed. For reference purposes the field and technical 
manuals listed in the appendix will be found useful. 


4. Definition of Traffic Analysis 


Traffic analysis is that branch of signal intelligence analysis which 
deals with the study of the external characteristics of signal commu- 
nications and related materials for the purpose of obtaining informa- 
tion concerning the organization and operation of a communication 
system. This information is used (1) as a guide to efficient inter- 
cept operation, (2) as an aid to cryptanalysis, and (3) as a basis for 
drawing deductions and inferences of value as intelligence even in 
the absence of specific knowledge of the contents of the message. 


5. Objectives 


To achieve planned and coordinated action, it is necessary for the 
components of a military force to communicate with each other from 
the highest headquarters through all intermediary channels to the 
individual man in the field or the airplane in the air. Much of this 
communication, for reason of speed and efficiency, is conducted by 
radio, and radio is vulnerable to intercept. Therefore, disguises are 
devised to conceal both the traffic passed and the structure of the 
communication network. Traffic is disguised through the employ- 
ment of codes arid ciphers, and it is the task of cryptanalysis to solve 
these codes and ciphers. The communications net work is disguised 
through the use of a number of techniques which relate, for example, 
to the use of call signs and frequencies, the method of routing mes- 
sages, and the use of secret procedure signs. These techniques, the 
means for attacking them, and the resulting reconstruction of the 
network are the study of trafflc analysis. The responsibility of the 
traffic analyst, however, does not stop with the reconstruction of the 
communication network. It is also part of his mission to discover 
practical applications for his knowledge in the associated fields of 
intercept, cryptanalysis, intelligence, and security. The objectives 
of traffic analysis, then, fall into two main groups: 

a. The acquisition of a detailed knowledge and a complete under. 
standing of a communications network. This involves the reconstruc- 
tion of the nets, the determination of the features of their operation, 
the solution of call sign and routing systems, analysis of the com- 
ponents of the message externals, the interpretation of radio pro- 
cedure, and the use of the various cryptographic systems passed; in 
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other words, everything about communications except the actuai 
cryptanalysis of the text. 


b. The application of this knowledge to— 


(1) Intercept operations. Traffic analysis contributes to three 
aspects of the intercept problem. First, by providing the intercept 
station with certain necessary information, such as call sign and 
frequency lists, target locations, schedules, etc., it assists the station 
in the accomplishment of its mission and encourages the best possible 
results. Second, in coordination with cryptanalytic and intelligence 
interests, it determines the priorities governing‘ the interception of 
individual circuits. Third, through a study of intercept, it checks 
the performance of the station in relation to its mission. 


(2) Cryptanalysis. Aid to cryptanalysis is furnished in a great 
variety of ways, largely dependent on the cryptanalytic and traffic 
analytic: peculiarities of the communications under study. In most 
instances, traffic analysis and cryptanalysis become so interrelated 
that it is impossible to determine where one begins and the other 
leaves off, and it is necessary to set an arbitrary dividing line. In 
general, however, assistance takes the following forms: the solution 
of the routing systems, where disguised, and the placing of the rout- 
ings in the clear on traffic; the study of the uses of the various crypto- - 
graphic systems; the reading of chatter for items of cryptanalytic 


interest; the discovery of crib, or stereotype, texts from message ex- 
ternals; the location of isolog messages; and the application of other 
traffic analysis data, such'as message serial numbers, which may be 
of value in specific cryptanalytic problems. 


(3) Intelligence. Military communications, including both the 
organization of the nets and the traffic passed, reflect the disposition 
of troops and the intentions for movements and operations. A care- 
ful analysis, therefore, of net structure, traffic contacts and patterns, 
traffic volumes, and similar signals features, assists in the building 
of the final intelligence picture. The exact techniques to be used are, 
again, dependent on the individual problem and involve the recruit- 
ment, training, organization, and order of battle of the military 
forces under study as well as characteristics of communications. 


(4) Security. Because the traffic analyst becomes skilled in prob- 
ing the weaknesses of communication systems, he is in an ideal 
position to assist in maintaining high standards of security within 
our own communication networks. This function of traffic analysis 
is mentioned merely in passing. It will not be discussed further in 
this text. 
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6. The Raw Material 


The traffic analyst begins his study of a communications network 
with three types of raw (basic) data: 

a. Intorcupt Data. This is the information supplied by the inter- 
cept operator. It consists of the frequencies to which he is listening, 
the times during which he hears signals, and occasional comments 
such as notes on the quality of the signal or the characteristics of the 
radio operator. 4 

b. Tue TRaNsMISSION. The transmission is the sum total of every- 
thing sent by the radio operators. It includes the initial call-up, the 
exchange of call signs, the traffic, servicing, miscellaneous chatter, 
and signing off. Traffic may be divided into two parts: the message 
externals (preamble and postamble) and the text. The externals 
generally contain radio station-and message center numbers of a 
variety of types, routing instructions, addresses, precedence indica- 
tors, and file times, all of value in traffic analysis. The text usually 
exhibits a number of cryptographic features in the clear which are 
likewise of use. 

co. CoLLaTERAL InrorMATION. Besides the above material, there is 
a large amount of data which is available or which can be made 
available for traffic analysis purposes. Some of these are directly 
related to intercept, such as goniometric bearings. Other items are 
message decodes, captured documents, and intelligence reports. 


7. The Analytic Approach 


a. Traffic analysis is partly analytic, partly synthetic. Analysis 
is performed on each feature of the communications network and 
then, through exploiting the relationships between these features or 
within them, traffic analysis synthesizes them into a unified whole. 
In other words, the types of raw data noted in paragraph 6 are first 
analyzed until everything possible is known about each item inde- 
pendently, after which, though often seemingly unrelated, they can 
be pieced together to produce a complete picture of the radio nets. 
This means that the analyst must pay particular attention to detail 
and must carry much of this detail in his mind so that he can readily 
perceive the relationships between discrete items and integrate them 
to form the whole. 

b. The actual approach to a traffic analysis problem is broadly 
determined by the stage of development of the problem. These stages 
of development are threefold, but it should be understood that what 
is represented are not clear-cut divisions in operation, but rather, 
gradual shiftings of emphasis as the problem matures. 
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the problem and it may first be necessary to identify the radio nets 
and traffic involved so that they can be distinguished from all other 
types. When this has been accomplished, the characteristics are fur- 
nished to the intercept station which embarks on a large-scale search 
mission, scanning the entire range of frequencies for transmissions 
of the desired nature. During this time, it is the task of the traffic 
analyst to give direction to this mission and to evolve from it a 
definite assignment. It should be noted here that the search mission, 
in reduced scale, should always continue until the problem has ceased 
to exist, in order to cover new net developments. 


(6) As soon as material begins to accumulate, an elementary 
study may be conducted on the elements of the transmission, particu- 
larly the message externals. The functions of the various preamble 
components should be observed, the method of routing noted, and in 
general, the significance of each component determined. 

(2) Development. During the second period, emphasis is placed 
on the study of the communications system with a view to learning 
all its details of organization, operation, and procedure. There are 
usually two phases to this: the research phase, which involves 
thorough analysis of every item, such as call signs, procedure signs, 
message numbers, routing codes, and cryptographic features; and the 
actual net reconstruction, consisting of the building of the entire 
radio net complete with call signs, frequencies, schedules, and station 
locations. 

(3) Application. When this knowledge has been gained, and even 
while it is being gained, it can be put to use in the three related 
fields of control, cryptanalysis, and intelligence. From the very first 
moment that traffic analysis is performed, it begins contributing to 
these phases of communications intelligence, but it is not until a 
substantial amount of information has been gathered that these 
applications receive full emphasis. The final goal of traffic analysis 
operations is the reconstruction of the complete radio network against 
its cryptographic and order of battle background, and the produc- 
tion on a day-to-day basis of items of cryptanalytic application and 
intelligence importance. 
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CHAPTER 2 


RADIO OPERATIONS 


Section I. INTRODUCTION 


8. Radio Operations 


a, The operation of a radio network requires a set of fixed rules 
and regulations which define the manner and form of communica- 
tions. These rules are in part subject to the laws of nature, in part 
to the necessities of communication itself, and in part to the whim 
and ingenuity of the personnel formulating them. The first two 
factors impose some degree of uniformity on radio networks, no 
matter what the type or nationality. This makes it possible to set 
down the basic features of communications, e.g., call signs, frequen- 
cies, message numbers, and routing instructions. However, the third 
factor acts to vary those features by determining the way that they 
are used. This chapter outlines what these basic features are and 
some of the ways in which they may be manipulated. It is, of course, 
not possible to include all the types which may be encountered, but 
it is hoped that what is given will serve to indicate the general pat- 
terns the traffic analyst is likely to meet in studying radio opera- 
tions and will serve to set up general lines of traffic analysis thinking. 


9. Phases of Radio Operations 


Radio operations for purposes of study may be divided into four 
main phases: 

a. OperaTING Data. The first considerations in the creation of a 
communication net relate to the structure or form of the net, the use 
of frequencies and call signs, and the system of schedules. These are 
the basic operating data of the net and involve its mechanical func- 
tioning. In the case of some nets, the military for instance, attempts 
are made to conceal these data; in other cases, such as commercial, | 
they can be determined with little effort. 

bo. THe Rapio TRANSMISSION. Once the operating data have been 
determined, the next step is to devise the form and language of radio 
transmission. There must be regulations governing the Morse code 
to be used (largely dependent on the alphabet concerned), the pro- 
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cedure signals which make for brevity and speed and which may be 
encoded for reasons of security, the order of elements in the trans- 
mission, the plain-language chatter of the radio operators, and the 
plain-language and simple cipher messages usually considered part 
of the traffic analysis task. 

c. Tur Mussacs Externats, The message externals are actually 
a part of the radio transmission and belong under 6} above, but 
because of their importance a separate section (sec. IV, this ch.) is 
devoted to them. They include the preamble and postamble and 
generally contain serial numbers of various types, group check, file 
date and time, precedence indicators, and routing instructions. 

d. TextuaL Features. Some of the cryptographic aspects of the 
text are in the clear to make possible proper handling of the traffic 
by message center personnel and to permit decrypting. These fea- 
tures in the clear are often of great assistance to the traffic analyst. 
They may merely involve whether the text is in letters or numbers, 
or the length of the code groups, or they may be somewhat more 
complex as discriminants, indicators, or pad numbers. 


Section Il. OPERATING DATA 


10. General 


The operating data enable the network to function. They consist of the 
frequencies, call signs, and schedules used in communication. Traffic 
analysis is interested not only in the operating data as used by the 
network, but also in the general system on which the allocation of 
operating data to specific nets and radio stations is based. This 
section is devoted to a discussion of radio nets and of the ways in 
which the operating data are used and assigned. 


Il. Definitions 


a. A radio network is composed of radio stations organized for 
the purpose of intercommunication. This organization is not hap- 
hazard but follows very definite and detailed patterns. These pat- 
terns are based on the order of battle since the lines of communica- 
tion themselves must coincide with the echelon of command and the 
military requirements. Before it is possible to enter into a discus- 
sion of these patterns, however, it is necessary to define some of the 
terminology to be used. 

(1) Link: Any system of telecommunication between two points. 


(2) Group: One or more links whose stations work together as.a 
communication entity under a common operating control. 
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(3) Net: One group or a number of groups assembled on the basis 
of common operating characteristics, presumably under the adminis- 
trative direction of an immediate common superior headquarters. 


(4) Network: The radio system of a service of a nationality, as 
United States Army network, United States Naval network, United 
States Air Force network. 


b. These definitions may appear somewhat obscure to the student 
for the moment, but it should be kept‘ in mind that they are formu- 
lated from a traffic analysis point of view, that is, from the outside 
looking in. These terms must be so categorized in order to be of 
value analytically and, therefore, they represent the situation as it 
appears rather than as it actually is. Figure 1 will help to clarify 
these terms, and it is suggested that the student study the diagram 
from time to time as its understanding is essential to the proper 
approach to net reconstruction. 

ec. Figure 1 illustrates the general organization of the military 
network, proceeding from Department of the Army Headquarters 
through theater, army group, army, corps, and division. The equiv- 
alent Department of the Air Force organizations are shown in figure 
2. (The following pertains equally to the Department of the Air 
Force.) Each line or connection represents a radio link within the 
terms of the definition in a@(1) above—any telecommunication sys- 
tem between two points. It is to be emphasized that only two sta- 
tions are involved in a link, never any more. Thus, the line from 
Department of the Army HQ to Theater “A” is a link; the line from 
Department of the Army HQ to Theater “B” is another; the line 
from 2d Corps to ist Division is one; as is the connection from Ist 
Division to 2d Division. The links which form the triangle, 2d Corps, 
1st Division, 2d Division, constitute a group; those forming the 
triangle, 2d Corps, 3d Division, 4th Division, constitute another. 
These links are placed in groups because they work together as a 
communication entity under a common operating control (the group 
control being at the highest headquarters of the group, here the 2d 
corps), yet do not, in themselves, comprise the complete net. The 
net is made up of the two groups together and is, in this instance, 
the 2d Corps net with the 2d Corps headquarters as net control. It 
should be observed that very often the link and the group may be 
the same thing, or the link, group, and net may be the same. Each 
definition of the larger unit enfolds the lesser. For example, the 
line from Department of the Army HQ to Theater “A” may be 
termed a link, for it is composed of only two stations, or a group 
because its stations work as a communication entity under the con- 
trol of the Department of the Army station; the three links, or 
groups, however, running out from Department of the Army HQ 
form the Department of the Army net. 
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Department Of The Army 
HQ 


Theater "A" Theater "C" 


Theater "6" 


Ist Army Group 3rd Army Group 


2nd Army Group 


Ist Army 3rd Army 


2nd Army 
Ist Corps 3rd Corps 
2nd Corps 
Ist Division <| ee 4th Division 
2nd _ Division 3rd Division 


[|\ 


Figure 1. General organization of military network—United States Army. 
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DEPARTMENT OF AIR FORCE 
HQ 


THEATER AIR COMMAND THEATER AIR COMMAND 
“A” THEATER a COMMAND “C 


{st AIR FORCE 3rd AIR FORCE 


2nd AIR FORCE 


1st DIVISION 3rd DIVISION 
2nd DIVISION 


Ist WING 3rd WING 


2nd WING 


ist GROUP 4th GROUP 


2nd GROUP -3rd GROUP 


/|\ 


Figure 2. General organization of military nebwork—United States Air Force. 
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d. It will be recalled that, in discasing these definitions in & 
above, it was stated that they were formulated from an analytic point 
of view. This is particularly true of the definition of the net. In 
the reconstruction of the radio network, one of the first problems 
is the organizing of a number of radio links into groups and nets. 
In the case of the group, this is fairly simple to accomplish for the 
group is a communication entity, that is, all of its stations either 
work each other or have contact with a central operating control. 
The net, on the other hand, often does not exhibit such cohesive 
characteristics. A number of groups, apparently unrelated, may 
eventually fall into a single net when the order of battle is finally 
derived. There are two touchstones for the association of groups 
into nets: 


(1) Common operating characteristics. Since the links and groups 
of the net all have a common superior headquarters, it may be 
assumed that certain rules of procedure and operation will be pro- 
mulgated by this superior and that, therefore, all links and groups 
of the net will exhibit these in common. 

(2) Administrative direction of an immediate superior headquar- 
ters. When the order of battle is known, it is often possible to asso- 
ciate groups and links through the knowledge that they are controlled 
by the same unit. 


e. The net, the group, and the link, then, are merely units of 
organization in the radio network, just as armies are broken down 
into corps, divisions, regiments, companies, and platoons. Likewise, 
air forces are broken down into divisions, wings, groups, squadrons, 
and flights. And these nets, groups, and links may be characterized 
by the unit served and the function performed. For instance, figure 
1 represents command channels so that there is a Department of the 
Army command net, a Theater “B” command net, a 2d Army Group 
command net, and so on. Radio, however, serves many other mili- 
tary functions than that of command. Military nets, for example, 
may be organized to contain an antiaircraft artillery group, an artil- 
lery air-ground group, an artillery observation group, a reconnais- 
sance group, an air warning group, and others beside the command 
group. 


12. Examples of Radio Nets 


Figures 3 through 9 illustrate some of the type nets which may be 
encountered. These types will vary in individual instances; they 
serve, however, to indicate some of the possibilities. 
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ARMY COMMAND 
NET 


XXXX 


\ Armored unit of 
appropriate size 


Ln&Obs 
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XX 
Tactical Air 
Division 


Figure 8. Type radio nets, Army. 
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Figure 4. Type radio nets, corps. 
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Figure 5. Type radio nets, infantry division, with attached unita. 
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Figure 7. Type radio nets, airborne division. 
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Figure 8. Type radio nets, tank battation. 
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Terminal Com (Always radio, 
wire when possible) 
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Early Warning Rodor 
Fighter Aviation 
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Toctical Controt Center 


O/F Radio Set 
O/F Homer Radio Set 
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Figure 9. Tactical Air Force control channels. 
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13. Frequencies 


a. GunmRaL. The analysis of the use of frequencies on a network 
may be divided into two parts: 

(1) Systems of use. The system of use is concerned with the 
manner in which frequencies are employed on the net, i.e., whether 
the entire net uses one frequency, whether each station sends on an 
individual frequency, ete. 

(2) Systems of allocation. The system of allocation is the method 
used to assign specific frequencies for communications so that dif- 
ferent stations will not interfere with each other. It also involves 
the rotation of frequencies for security purposes. 

b. Systems or Usn. (1) Simplex: Two stations intercommuni- 
cating on the same frequency. 


A 5000 Kes. B 
—_—_—_—_—_—_—_—_—_—X—_a_ 


(a) A sends to B on 5,000 Kes. 

(6) B sends to A on 5,000 Kes. 

(2) Complex sending (fig. 10): Two or more stations on different 
sending frequencies. A different frequency is assigned to each radio 
transmitter in the net, and each transmitter uses its assigned fre- 
quency to contact the other stations. 


Bo mr 
Figure 10. 


(a) A sends to B and C on 5,000 Kes. 
(b) B sends to A and C on 6,000 Kes. 
(c) C sends to A and B on 7,000 Kes. 


(3) Complex receiving (fig. 11): Two or more stations on differ- 
ent receiving frequencies. A frequency is assigned to each station for 
receiving transmissions. All stations in the net when sending to a 
particular station will use the frequency assigned to the receiving 
station. 
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Figure 11. 


(a) B and C send to A on 5,000 Kes. 

(0) A and C send to B on 6,000 Kes. 

(c) A and B send to © on 7,000 Kes. 

(4) Ster (fig. 12): A number of stations on the same frequency 
with no normal lateral working. This is an extension of the simplex 
system, as the latter involves only two stations on the same frequency. 
In the star form, if one outstation wishes to contact another, it must 
obtain permission from control. 


Figure 12. 


(a) A sends to B, C, D, and E on 5,000 Kes. 

(b) B, C, D, and E send to A on 5,000 Kes. B, C, D, and E may 
not intercommunicate without express authorization from A. Nor- 
mally, messages between outstations will be relayed through A (con- 
trol). 

(5) Star with lateral (fig. 13): Number of stations on the same 
frequency with some lateral working. In many of the star nets, 
lateral working will be a regular procedure between some, but not 
all, of the outstations. 
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Figure 13. 


(a) A sends to B, C, D, and E on 5,000 Kes. 

(6) B,C, D, and E send to A on 5,000 Kes. 

(c) B sends to C on 5,000 Kes. and C to B on 5,000 Kes. 

(@) D sends to E on 5,000 Kes. and E to D on 5,000 Kes. 

(6) Free star (fig. 14): Number of stations on the same fre 
quency with free operation. One frequency is assigned to the entire 
net and any station in the net may contact any other on the assigned 
frequency. 


A 5,000 KCS 


5,000 KCS 


-<. ——_ — 
2 Son 000% = 


C 5,000 KCS 


Figure 14. 


(a) A sends to B, C, and D on 5,000 Kes. 
(6) B sends to A, C, and D on 5,000 Kes. 
(c) C sends to A, B, and D on 5,000 Kes. 

(d) D sends to A, B, and C on 5,000 Kes. 

(7) Complex star (fig. 15): Number of stations with control on 
one frequency, outstations on others. This is similar to the star in- 
its form, but it uses several frequencies instead of only one. Often, 
a number of the outstations will operate on one frequency, others on 
another. 
21 
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0 
Figure 15. 


(a) A sends to B, C, D, E, and F on 5,000 Kes. 

(6) B and C send to A on 6,000 Kes. 

(ec) D sends to A on 7,000 Kes. 

(d@) E and F send to A on 7,500 Kes. 

(8) Broadcast (fig. 16): A frequency is assigned to the broad- 
casting station. Usually no frequency is assigned to the outstations 


for reply. 
CG 


a a aE 
G 


500 Kes 


Figure 16. 


(a) A sends to all stations simultaneously on 5,000 Kes. 

(b) Because a broadcast must be heard at so many scattered 
places, care must be taken in the selection of a frequency in order to 
choose one that will be heard by all stations. Sometimes, where this 
has not proved possible, double-keying is resorted to, i.e., the broad- 
casting station sends on two or more different frequencies at the 
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same time. Outstations may receipt for traffic on regularly assigned 
frequencies in the net. In many such nets, however, no receipt is 
given. 

ec. Systems or ALLocaTION. (1) General. Several factors enter 
into the selection of specific frequencies for use. These involve two 
basic considerations: readability (the ability of the receiving station 
to hear) and security. A number of miscellaneous factors, such as 
the type of power supply available, the nature of the transmitting 
and receiving equipment, and military and operational requirements, 
also affect the choice. 

(2) Readability. The readability of a frequency is dependent on 
certain factors of wave propagation. These factors involve consider- 
ation of the distances between stations, ionospheric conditions, in- 
cluding night and day effects which usually make it necessary to 
allocate several frequencies to each radio station or net for night and 
day use, seasonal changes, and the type of terrain, e.g., water, high 
mountains, and jungle. Furthermore, the possibility of interference 
between transmitters on approximately the same frequency in the 
same area must be borne in mind and care taken to avoid such con- 
flict. In any allotment of frequencies, therefore, central control must 
be established and an over-all plan of allocation devised. 

(3) Security. One of the methods of attaining security against 
communications analysis is to hinder the act of intercept. This may 
be accomplished by changing frequency so that the intercept opera- 
tor will be forced to “search” the entire frequency range for the 
desired transmissions. A second effect achieved by these changes is 
to increase the difficulty of identifying stations or units with fre- 
quencies. Maximum effectiveness is obtained by changing call signs 
along with the frequency. Plans for changes of frequency may 
operate in a patterned or random fashion, but in any event, such 
plans must take into consideration the factors noted under (2) above; 
thus these plans are usually rather detailed and complex. 

(4) Range of frequencies. Frequencies may range from very low 
to ultra-high. The latter are not usable for long distance operation 
and find their chief applications in low echelon, air-ground, and 
plane to plane communication. Many of the applications of ultra- 
high frequency transmissions are still in the experimental stage. Low 
frequencies, such as 300 or 400 kilocycles, may be used for close field 
contact or air-ground and plane to plane nets. However, the major 
portion of military transmissions presently falls between 1,500 and 
20,000 kes. In passing, mention should also be made of the use of 
frequency modulation. FM has found its main application in tank, 
air, and small combat units where distances are not great and a 
minimum of noise level is desired for reception. 

(5) Secret frequencies. As a countermeasure to possible jamming 
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operations, some nets are provided with secret reserve frequencies 
These frequencies are not employed except in the case of jamming of 
the usual frequencies and circumstances demand that communication 
be kept open The secret frequency, of course, only remains secret for 
as long as 1t takes intercept to scan the bands and pick 1t up, but this 
interval may be sufficient to complete the transmission 

(6) EHwample of allocation of frequencies The following chart 
illustrates a system which might be used for the allocation and rota- 
tion of frequencies 


Jan Feb Mar 


A =:1955 | 2035 | 2150 
2035 | 2150 | 1910 
2150 | 1910 | 2305 


B 1910 | 2305 | 2070 
2305 | 2070 | 2190 
2070 | 2190 | 2210 


C = 2190 | 2210 | 1940 
2210 | 1940 | 2350 
1940 | 2350 | 1925 


D = 2350 | 1925 | 2240 | 1955 
1925 | 2240 | 1955 | 2035 
2240 | 1955 | 2035 


The months are listed across the top of the chart The saquates are 
divided into three portions representing ten day periods within each 
month, 1-10, 11-20, 21-31 Each station of the net 18 assigned a 
letter and finds 1ts frequency for each period in the square opposite 
the letter The frequencies which have been selected on the basis of 
their operational characteristics can be inscribed in the squares at 
random, in this instance, they are moved up one each month For 
example, on 1-10 January, A uses 1955 kilocycles, B, 1910 kilocycles, 
C, 2190 krloeycles On 11-20 January, A uses 2035 kilocycles, B, 
2305 kilocycles , C, 2210 kilocycles 


14. Call Signs 


@ Gennrat Call signs aie actually names for the coriespondents 
in @ radio net They are usually composed of letters, numbers, or 
combinations of both and seive as a convenient means of 1dentifica- 
tion The analysis of call signs falls into the same categories as does 
the study of frequencies systems of use, and systems of allocation 

b&b Sysremsor Use (1) Stngle station call One call only 18 nor- 
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mally used by the calling station This call may be either the sending 
station’s or the receiving station’s call 


1 (ABC) ___ CP. (DEF) 
Callup 1to2 DEF DEF DEF 

2to1 DEF DEF DEF 

or 

1 to 2 DEF DEF DEF 

2to1 ABC ABC ABC 


Note in this last instance that only one call was used by the calling 
station This makes the proceduie single call even though the reply 
used a second call 

(2) Doubdle-station call Both the sending station s and the 1ece1v- 
ing station’s calls are noimally used by the calling station 


* 14 (ABC) ___ es (DEER) 
Call-up 1 to 2 DEF DEF DEF de ABC ABC ABC 
2 to 1 ABC ABC ABC de DEF DEF DEF 


(3) Lnnk call (fig 17) A common call sign 1s used for intercom- 
munications between two stations Unlike the previous two types, 
here the call sign does not belong to an individual station but to a 


link 
1 
iS) 
‘a Ne 
o7 2 DEF = 3 


Figure 17 


Callup 1to 2 ABC ABC ABC 
2 to 1 ABC ABC ABC 
1to 3 GHI GHI GHI 
3 to 1 GHI GHI GHI 


(4) Collectwe call In addition to one of the above assignments, 
a collective call may also be allocated This call 1s used to alert all 
stations in the net preparatory to the transmission of broadcast 
traffic There are also some nets which are maintained only for broad- 
cast pulposes and this type of call is usually assigned to such groups 
The use of “CQ” may be classified under this heading 

(5) Splt call working Usually a single call 1s assigned to a 
tiansmitter or receiver position or to a link However, the use of 
separate calls for each frequency, one for day, one for night, 15 also 
vahd This variation may be applied to any of the systems enumer- 
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ated above and is known as split call working. It has the advantage 
of dissociating the night and day frequencies, but requires the use of 
twice as many calls. 

(6) Secondary calls, In some systems of communication a second- 
ary call is employed in conjunction with link call procedure. These 
secondary calls are of the station call type and serve as a more 
definite identification of each station than is supplied by the link call. 


(7) Authenticators. In order to prevent outside stations from 
entering a net and confusing its operations, authenticators are some- 
times used. They generally consist of a word or a combination of 
letters and/or digits to which there is a secret, prearranged reply. 

ce. Systems or ALLOCATION. (1) Composition. Call signs may be 
composed of any combination of letters and/or numbers. Usually 
they are kept as brief as possible and the general range is from 2 to 
5 characters. Calls may be composed at random or in some methodi¢al 
fashion, such as the use of sliding alphabets. An example is included 
in @ (2) below. 

(2) Methods of assignment. Since calls are used as identifying | 
marks, it is necessary to assign them so that two stations operating in | 
proximity or in the same net do not have the same call. Otherwise, 
confusion would result on call-ups and the passage of traffic hindered. 
This necessitates some form of over-all control of call sign allocation. 
This control may be of a very tight nature in which every call is 
allotted from headquarters down to the smallest unit, or it may be 
rather loose with considerable discretion left to major subordinate 
groups whose commands are sufficiently separated geographically to 
prevent the possibility of confusion. A second consideration in the 
assignment of calls involves the problem of security since calls are 
. identifications and thereby, if unchanged, furnish continuities for 
intercept and analysis. Most systems, therefore, cover not only the 
allotment of calls, but also provisions for change or rotation, These 
changes may be made daily, weekly, monthly, or at any other interval 
thought desirable. Calls which change frequently are called “changing 
calls”, those which remain constant for some length of time, are 
called “fixed”. 

d. In general, call-sign systems may be divided into two basic 
groups: 

(1) Book systems, These systems are founded on a call-sign book 
from which all calls are taken. These books will usually contain 
thousands of call signs and some method is provided for the allocation 
of calls from the book to individual radio stations. The recovery of 
these books often requires traffic intercept for a period of a year or 
more. 

_ (2) Cipher systems. Call signs may be generated by the use of 
simple cipher devices such as sliding alphabets and square tables. 
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The number of call signs available through such systems is usually 
limited and the method of assigning the call signs to individual radio 
stations is often bound up with the method for generating the calls. 
Figure 18 illustrates the use of a cipher system for the allocation 
and rotation of calls. 


Figure 18. 


The square is filled in random fashion. Station 1 begins with the 
letter “B” and takes off its calls in diagonal fashion, moving over 
one diagonal each day. At the end of each line, it drops down one 
line. Station 2 begins with “R”, 3 with “Z”, etc. Every 25 days, the 
calls repeat. 
Station No. ( ) 
Date 2 3 
RGS ZLP 
WNX GSF 
COE NXY 
TUH OEV 
IZL UHI 
ZLP HJA 
GSF LPK 
to 
25 


15. Times of Communication 


a. GmneRAL. An integral part of the operating data of the net is 
the setting of the times for communication. There are two main 
systems for accomplishing this: Unrestricted signaling and restricted 
signaling. 

b. Unrestricrep Sianatine. Under the system of unrestricted 
signaling, the stations of a net are free to contact each other at any 
time they choose. This method may be implemented either by the 
stations setting the time for the next schedule at the close of the 
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previous one or by “alert” operating. In alert operating, which finds 
its greatest use in tactical and warning nets, all stations are always 
tuned to receive on certain assigned frequencies. 

c. RestRicTEp SigNaLinc. Restricted signaling limits the time at 
which contacts may be made between two radio stations. It is divided 
into two types: period signaling and priority signaling. 

(1) Period signaling. The times of communication are assigned 
by definite schedule and contacts are made only at those specific 
times. 

(2) Priority signaling. Priority signaling sets down a definite 
order in which the stations of a net will send traffic. It differs from 
unrestricted signaling in that one station may not call another at 
any time; and from period signaling in that no particular time is set 
aside for one station to call another. An example of priority signaling 
is shown in figure 19. 


abe 


Figure 19. 


In this net, “control” is permitted to send first, then stations A, B, 
and C in order. Schedules may be set up for the hours at which 
“control” comes on the air. 


Section Ill. ELEMENTS OF RADIO PROCEDURE 


16. Morse Code 


Morse code is a system of dots and dashes used to transmit letters 
and numbers by electrical means. In the case of the English alphabet 
the Morse code is standardized by international convention, is used 
the world over, and is known as International Morse. In the instance 
of some nations whose alphabets differ from the English, however, 
special combinations of dots and dashes have been devised. For 
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example, in German Morse, the German letters which correspond to 
the English follow the International, but the umlauted letters and 
“ch”, for which there are no equivalents, are designated by new com- 
binations: 

Be ee Pe 

Oreste 2s 

Dees 

CHya22 See 


Morse code may be transmitted automatically or manually. In lower- 
echelon communications, the latter is usually employed, in the higher 
echelons sending is often automatic. Automatic transmission per- 
mits of speeds as high as 400 or 500 words per minute, though gen- 

~erally it averages somewhere between 75 and 200. Manual sending 
of coded traffic rarely rises above 35 words per minute. Atmospheric 
conditions, operator abilities, equipment, and similar items are, of 
course, limiting factors. 


17. Procedure Signals 


a. In order to facilitate conversation between radio operators, 
certain signals and signs have been composed. The most common 
sets of such signals used internationally, are made up of three-letter 
combinations beginning with “Q” or “Z”, and are called “Q Signals” 
and “Z Signals”. The use of these signals saves considerable time 
and simplifies transmission. Examples are— 


QSV_ Send V’s. 

QRN_ I am troubled by atmospherics. 

QSA? What is my signal strength? 
QSA 4 Your signal strength is 4. 


b. Beside these signals, there are a number of standard signs 
called prosigns which are likewise considered part of international 
procedure. Some of these are— 


AA all after 
R_ received 
K go ahead 


c. Another type of standard signal ‘is the International Service 
Code. These signals are made up of five letters in pronounceable 
form: 
UPBAG—for your information 


d. Since much information may be derived from a study of chatter, 
inilitary nets often make up sets of secret procedure signals and, in 
some cases, may encipher these signals on a periodic basis. For in- 
stance, the standard Q signal list may be used, but the last two 
letters of the signal enciphered by means of a daily changing alphabet. 
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18. Elements of the Transmission 


a. GENERAL. Just as a definite procedure is followed in making a 
telephone call, so in the normal radio transmission there is also a 
more or less fixed! procedure which covers the basic elements involved. 
These elements are— 

(1) The call-up. This embodies the rules of procedure by which 
one station makes contact with another and prepares for the trans- 
missions of traffic. 

(2) The order of traffic. After contact has been established, it is 
necessary to determine which station is fo send traffic first. 

(3) Transmission of traffic. The traffic is transmitted according 
to a prescribed form. 

(4) Receipting for traffic. The receiving station acknowledges 
receipt of the message. 

(5) Corrections and services. Messages are frequently garbled 
because of reception difficulties or operators’ errors. Thus methods 
are provided for the efficient and speedy correction of these garbles. 

(6) Signing off. At the conclusion of the schedule, the two sta- 
tions follow certain procedures in signing off. 

b. If allowance is made for differences in language and procedure 
signs and signals, it will be found that the above elements are gen- 
erally standard for most communication systems. The detail, how- 
ever, may vary somewhat between countries and also within the 
military of any one country. For instance, different units may 
observe different rules relative to the transmission of the call or the 
method of servicing. This often stems from individual requirements 
arising from strategic or tactical situations, eg., an air unit as 
against an infantry unit. Furthermore, the echelon will also alter 
procedures. The lower echelons will usually abbreviate their pro- 
cedures as much as possible because of the necessities of time and 
because they do not require all the data and detail that higher 
echelons do. Similarly, transmissions on low-echelon nets are liable 
to be confusing since a number of stations are often on the air at 
the same time and on approximately the same frequency. 

ce. THE Cati-vp. The calling station usually comes on the air with 
a series of V’s sent for tuning purposes and the appropriate calls. 
The calls are generally sent three times, though this number may 
vary. The called station replies with a series of V’s and calls. If 
the contact between the two stations is quickly made, readability re- 
ports are exchanged. Should these reports be unsatisfactory, trans- 
mitters and receivers will be adjusted, frequencies changed, etc., until 
signals are readable. If contact cannot be made, the calling station 
may hold its traffic for a later schedule, relay it through a third 
station, or send it blind. In sending blind, messages are generally 
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transmitted twice and at a slow speed in the hope that the called 
station can hear although it cannot be heard. 

d. Tue Orper or Trarric. Once contact has been successfully 
established, it becomes necessary to determine who will send traffic 
first. Various methods are employed. It may be ordered, for ex- 
ample, that the station of higher echelon send first, or that the calling 
station have this privilege, or that the highest priority traffic be 
cleared before all else regardless of which station is involved. One-for- 
one procedure may be used; ie., the calling station is permitted one 
message, then the called station sends one, thus alternating back and 
forth until one of the stations has cleared all its traffic. Duplex 
working may be employed when the stations have the available oper- 
ators and equipment and there is a large amount of traffic to be 
passed by both. Four operators are required in this type of work- 
ing. For example, in figure 20, Operator No. 1 at station A sends 


Figure 20 


to Operator No. 1 at station B, at the same time that Operator No. 2 
at B is sending to No. 2 at A. The chief difficulty with this sort of 
sending arises when No. 1 at B requires a service on a message from 
A. Since No. 1 at B is then using the frequency channel of the sta- 
tion, No. 2 at B must stop his trensmission. 

é. THE TRANSMISSION OF Trarric. Traffic is usually preceded by 
a commence signal indicating that a message is about to be sent. 
The traffic itself is composed of the message externals and the text. 
The message externals contain such items as message numbers, file 
date and time, group count, addresses, routing instructions, prece- 
dences, and similar data. These externals may either precede or 
follow the text (preamble and postamble) or may be split between 
the two locations. Most commonly, however, these data appear in 
the preamble position. The text may be transmitted in code groups 
of letters, numbers, or both, or in plain text. Im the case of coded 
traffic there are often signals indicating the end of a line and page 
of text as a check for the receiving operator. Signals usually appear 
preceding and following the text, the former separating the preamble 
from the text, the latter indicating the end of the message. 

f. Recrrprine ror Trarric. After the transmission of a message, 
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the sending shenatoe waits for a receipt from the receiving operator. 
This is generally rendered as simply “R”. There are also procedures 
for provisional receipts and other special forms. In some cases, time 
of receipt may be given following the receipt sign. 

g. Corrections anp Services. A variety of methods are employed 
for the servicing of traffic depending on the nature and magnitude 
of the difficulty. A missed digit, for instance, may be serviced imme- 
diately ; on the other hand, if a group were omitted this would not be 
known until the conclusion of the message and might be serviced at 
that time or might be held until all traffic has been sent. This latter 
procedure is fairly common, since it is convenient to transmit all 
traffic without interruption and then to take care of all necessary 
servicing. Some methods of servicing follow: 

(1) Break-in procedure. When reception between two stations is 
good, “break-in” procedure may be used for quick servicing. It is 
useful only for minor corrections such as garbles caused by a moment 
of static, is very fast, and calls for alert operating. 


6403 3661 9626 --- 

2 B sends “2” as it is the last 
number he received correctly. 

26 8139 5560 A picks it up from 2. 


6403 3661 9826 -—-- 
(Merely depresses his key) 
9826 8139 5560 A re-sends the last group and 
continues. 

(2) Correction of error (U. 8. Army procedure). 
QXTU SRV EEEEEEEE Actually eight or more 
SRWP TSTL dots indicating that “V” 

is in error. 
(3) Repetitions (U.S. Army procedure): 
A. IMI 3-6 to 8 K Repeat groups 3 and 6 to 8 of last 
message. 


B. 38-LAJY-6 to 8- 
MUCU KAWC GUXO K 
(4) Verifications and corrections (U.S. Army procedure). 
A. J 271545 Z 3-6to8 K Verify and repeat groups 3 
and 6 to 8 of message filed 
at 271545 Z. 


B. C 271545 Z 3-LAJY- 
6 to 8-MUCU KAWC 
GUxXO K 


(5) RQ’s and BQ’s. Services which are more complex than the 
types noted above are usually sent as short messages. A request for 
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service in international procedure is preceded by the sign “RQ”, the 
reply by “BQ”. Services which relate to cryptographic features, how- 
ever, are generally sent as regular encrypted messages. 

h. Sienrnc Orr. When there is no further traffic to be transmit- 
ted, or at the end of the schedule time, the two stations will sign 
off. Usually, each station sends the “I have no more traffic” signal 
and then the “sign-off” signal. In many nets, the time of the next 
schedule is included just prior to the sign-off. These times may be 
enciphered for security purposes. Statioxs in lower-echelon nets will 
often sign off in order. An example from U. S. Army procedure fol- 
lows: 


Vv 6F2 QNW K “2QSN” is net call. QNW 
is the “close down” 
signal. 

Vv G94 

V <KFR 


19. Chatter 


Radio operators, particularly the lesser-trained and on the lower 
echelons, exhibit a disposition to chatter amongst themselves. This 
chatter is the source of much information of value. It does not fall 
into the categories discussed above as it may relate to anything from 
discussions of personal problems to mentions of units or crypto- 
graphic features. This sort of talk is forbidden since it represents 
not only idling but a serious breach of security. Nevertheless, depend- 
ing on the degree of discipline, it will occur in some volume in almost 
every radio net. 


20. Plain-language and Low-grade Cipher Messages 


Very often the error is made of transmitting, in plain language or 
low-grade cipher, messages which are apparently of no analysis value, 
yet when properly used prove of enormous assistance in the traffic 
analysis processes. Such messages may involve personal items or 
routine affairs which serve to reveal such important data as person- 
alities, units, and locations. This type of traffic is particularly 
prevalent in the lower units where speed may be of the essence and 
where it is cumbersome to use complex cryptographic devices. Radio 
station personnel also indulge in this practice for exchange of tech- 
nical data. They often find it necessary to ask, or reply to, questions 
of a semi-secret nature relative to their own operations. For this 
purpose, they may not use a standard system which would involve 
the delay of the code room and message center, but instead devise 
their own relatively simple ciphers. 
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Section IV. THE MESSAGE EXTERNALS 


21. Usual Components 


a. In order to insure the proper handling of messages in both the 
message center and the radio station, some information must be sent 
in the clear or in simple code relative to message routing and account- 
ing. This information is usually embodied in the preamble or post- 
amble although, in some instances, it may be buried in the text. It 
may include any or all of the following items: 

(1) Serial numbers, such as radio station numbers, message center 
numbers, etc. 

(2) Group count. 

(3) File date and time. 

(4) Routing systems which serve to indicate message centers or 
units of origin, destination, and sometimes relay points of traffic. 
Distinction is also often made as to action and informational desti- 
nations. Routings may be in plain language, code, and/or cipher. 

(5) Addresses and signatures, either in clear or cryptographed. 

(6) Priorities, indicating the transmission and delivery precedence 
of traffic. 

(7) Special instructions, as “time of receipt requested,” “personal,” 
“service,” “repeated message,” “relay message.” 

bd. Asa general rule, high-echelon traffic will contain most of these 
items, low-echelon traffic will cut them to a minimum. Their uses, 
positions, and surrounding procedure vary considerably according 
to communication system. 


22. Serial Numbers 


a. Serial numbers appearing on traffic may be enciphered or un- 
enciphered and may represent any of the various stages through which 
the message passes before it is actually transmitted. The serial 
number acts as a reference to the message, and generally there are a8 
many numbers in the externals as are necessary for convenient refer- 
ence. The points at which such numbers may be attached to the 
message are— 

(1) The writer. The writer of the message may have a personal 
series of numbers allotted for his use. Usually, however, numbers of 
this type, if present, will be included in the text. 

(2) Message center. The message center of the unit in which the 
message originates generally assigns it a number. A number of this 
nature, if used, will usually remain constant through various relays 
of the traffic as it is the basic reference. 

(3) Signal center. At large locations, several unit message centers 
often forward their traffic to a central signal center. The signal 
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center also gives a number to the message. This number may appear 
in place of the message center number, along with it (though this is 
rare), or it may not be included at all. It is often difficult, where 
only one number is transmitted, to determine whether it is a message 
center or a signal center number. 

(4) Code room. The code room, whether located in the message or 
signal center, may add a number to the traffic. Again this number 
may replace, or be used along with, the other types. 

(5) Radio station in-desk. Each radio station maintains some 
form of in-desk for the handling of incoming messages and their 
routing to the proper radio positions for transmission. Here, too, a 
number may be put on the message. There may be several such desks 
for the forwarding of different types of traffic and this may result in 
several diiferent series of numbers. In relayed traffic, these numbers 
(as well as the type included in (6), (7), and (8), below) may accu- 
mulate on the message, or a new One may be substituted for the old on 
each retransmission so that only the latest number appears. 

(6) Transmitter. A number is often put directly on traffic by the 
radio operator as his reference. This number may be assigned in 
different ways. One method is to allot a series of numbers to a 
transmitter position and regardless of the receiving station this series 
is continued. 

(7) Link. A second method is the employment of a link number, 
ie., separate series are allocated for each station worked. 

' (8) Operator. A third system is the allocation of a personal series 
of numbers to each operator. A diagram of the above possibilities 
is given in figure 21. 


Writer 
Unit 
Message Center 
(Code-Room) 
Signal 
Center 
(Code-Room) 
In- desk 
at Radio Station 
Transmitter Link Operator 


Figure 21 


vb. As a general rule, not more than two numbers will appear in 
the message externals, one representing some stage of the message or 
signal center phase, the other the radio station phase. In the lower 
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echelons often only one number is used since the whole operation is 
usually so small that these fine distinctions lose much of their signifi- 
cance. 

e. Series of numbers are allotted in some organized fashion, though 
this fashion may differ from net to net and from unit to unit. The 
series may be allocated in block form,.e.g., 1 to 100 or 501 to 1000, etc. 
The blocks may be used until completed and then started over again; 
or the series may begin over on a periodic, such as a daily, basis, but 
if the prescribed limit is reached within the period, it is likewise 
recommenced. The series, on the other hand, may be open-end and 
repeat only at the close of a fixed period as a week, a month, or a 
year. In some types of series, the date or similar feature may be 
incorporated in the number. 

d. These numbers may be enciphered in order to conceal the volume 
of traffic passed. It-is not likely that this would be done with any of 
the radio station numbers because of the complexity of the operation, 
but it may be done at message center or signal center level. In this 
procedure, the plain text numbers run in serial order and messages 
are filed in the sending center by it. Another center referring to a 
specific message would do so by the enciphered number, the sending 
unit would then decipher same and locate the traffic. Thus, it is not — 
necessary for the receiving center to know the system of encipherment 
and this permits considerable latitude in the employment of encipher- 
ing methods between the various centers. 


23. Group Count 


The group count may cover only the text of the message or it may 
include both externals and text. In some types of preamble separate 
counts are given for each. The group count may represent either 
the number of cryptographic groups, number of plain language words, 
or the number of individual letters and/or digits according to the 
method used. 


24. Date Time Group 


The date time group appears in the message externals and is expressed 
in six digits followed by a time zone suffix. It is intended to indicate 
the time the message was authorized for transmission, but may be 
used to indicate the time the message was filed at the message center, 
signal center, or at the radio station for transmission. Time is 
expressed in terms of the 24-hour clock and may be based on Green- 
wich Mean Time or on some local time zone. Whatever the base, it 
is generally kept standard for the entire net, if not for the entire 
communication system, regardless of the geographical area covered. 
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25. Routing Systems 


a. GuneraL. Some method is required on radio traffic to indicate 
points of origin and destination and, in many cases, relay points. 
These methods must be relatively simple as they are designed chiefly 
as an aid to radio station personnel in the routing of messages. In 
this respect, it is necessary to understand the distinction between 
the routing designations and the addresses when both appear. The 
routing designations usually refer to message or signal centers, the 
addresses to specific units or persons. (There is nothing to bar the 
use of routing designations for specific persons but this is not gener- 
ally the case.) It may be compared with the address on a letter, the 
routing designation: representing the city of address, the address 
representing the company or person. On high-echelon traffic this 
difference is generally made, but in low-echelon traffic the routing 
designation often suffices for both purposes since message centers are 
small and traffic is almost always intended for the commanding 
officer. Thus, addresses as such do not usually appear on messages at 
this level. This distinction similarly holds true for routing designa- 
tions used to indicate origin and signature. 

b. The discussion of routing systems has been divided into two 
portions, the first dealing with the composition of routing systems, 
the second with their use. 

(1) Composition of routing systems. Routing systems may be 
divided into three main types, plain text, call sign, and code. Plain 
text is seldom used on military nets because of its insecurity. Thus, 
generally, either the call signs of the stations are used for routing or 
a separate code is set up for this purpose. A routing code usually 
consists of two parts: code and syllabary. The code is composed of 
short number and/or letter combinations which may represent a loca- 
tion, message center, or unit. The syllabary provides code equivalents 
for the spelling out of place names or units not provided for in the 
regular code. These codes are usually rather simple, often being 
one-part in nature so as to be convenient for application. In some 
cases they are not used for security reasons, but rather for brevity. 
Generally, however, they serve both purposes and an encipherment of 
the code may be a feature of a few of these systems. 

(2) Use of routing systems. Methods of using routing designations 
and the placement of these designations on traffic vary to a con- 
siderable extent. It may be set forth as a cardinal principle, how- 
ever, that in most systems routing designations are used only when 
absolutely necessary. This increases their security and aiso makes 
it more difficult for the traffic analyst to determine the origin and 
destination of a message. On traffic which is point-to-point in nature, 
therefore, there are usually no routings at all. For example, in figure 
22, A has a message for B. This message will be transmitted over 
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Figure 22 


the A-B link and since it has originated with A and is destined for B, 
routing designations are not required. On the other hand, if A has 
a message for C, this is generally indicated in the externals so that B 
knows that it is to be forwarded. (It should be remembered that it 
is always possible to bury routing instructions in the text, but this 
is, as a rule, not done since it would necessitate the decoding of the 
message at each stage of the transmission.) This may be handled in 
two ways. The message may carry the routing “A to C,” or it may 
only carry “to C” with the originator omitted. When the message 
is relayed from B to C, it may state “A to C,” “from A,” or have no 
routing at all. In some systems the relay point is noted, as “A to C 
through B.” ; 

c. Messages to several addressees can be indicated in several ways. 
For instance, in figure 22, A may originate a message for B, C, D, 
and E. All of these destinations could be incorporated in one pre- 
amble, “A to B, C, D, and E,” or a separate preamble could be added 
at the end of the message for each location. Thus, the preamble 
preceding the message may carry no routing since it is being for- 
warded direct from A to B, but each of the preambles following the 
text would note “A to. C,” “A to D,” “A to E.” When this message 
reached B, B would transmit a copy with the proper preamble to each 
of the stations indicated. In this manner each copy would be num- 
bered separately; in the single preamble method, only one message 
_ number would appear for all the recipients. It is further to be 
observed that if various specific addresses at one location, or routing 
designation, were infolved, it would be possible to handle it in either 
of these ways or to indicate the addresses internally. 

d. Distinction also may be made externally as to information and 
action destinations by the use of appropriate procedure. For exam- 
ple, in U. S. Army procedure, “W” is used to separate action from 
information addresses, e.g., “ABC W XQR” where ABC is the action 
addressee, XQR the information. 
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26. Addresses and Signatures 


Addresses and signatures may or may not appear externally on mes. 
sages. Very often it is standard procedure to conceal them as part 
of the text. When they do appear externally, however, they are usu- 
ally encoded and/or enciphered by means of complex cryptographic 
systems since they contain the specific names of units and persons 
and thereby are of high intelligence value. The address, unless it is 
in simple cipher or plain text, is usually considered a cryptanalytic, 
rather than a traffic analytic problem. Nevertheless, there are some 
features of the address and signature, guch as length and manner 
of encipherment, which are of interest and use to traffic analysis. 


27. Precedence Indicators 


a. In order to insure the most expeditious handling of important 
traffic in both message center and radio station, some means of desig- 
nating such traffic through the use of precedence indicators is usu- 
ally devised. The precedences may be in the form of plain text, 
abbreviations of plain-text words, or number or letter code groups. 
Furthermore, in some military systems, these code groups may be 
enciphered. 

b. The number of precedenceg used varies considerably from one 
nation to another and may range through several classifications of 
high priority to routine and deferred. There is, very often, no 
precedence designated “routine” and messages in this category, which 
are generally the most numerous, carry no marking at all. 


28. Special Items 


There are a great number of special items which are often included in 
the message externals. Some of the more common follow. 

a. Part Messages. Long messages are usually broken up into 
several parts for ease of handling or for reasons of cryptographic 
security. Indications of this may be transmitted in the preamble. 

6b. Messacn Trrr. Indicators may be included to designate the 
type of message, for example, service, air warning, personal, weather, 
practice, repeated message, etc. 

c. MiscELLaNngous Items. Procedures may also be provided for the 
transmission of miscellaneous items such as, “Time of receipt re- 
quested,” “Each group sent twice,” “Message sent blind,” “Text in 
five (5) digit groups,” “Relay message.” 


29. Message Examples 


The elements discussed in the preceding paragraphs appear in mes- 
sage preambles and postambles in fixed positions according to the 
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procedure prescribed. These procedures differ from country to country 
and also often from one branch of service to another and from one 
echelon to another. Examples taken from U. 8S. Army procedures 
follow: 
a. ABS V PT3 291155Z GR12 
BT Text 
BT 2911552 K 
AB9—Receiving call and destination. 
PT3—Transmitting call and origin. 
291155Z—File date and time, repeated as postamble. 
GR12—Group count. 
BT—Break before and after text. 
K—“Go ahead” sign sent after message. 
b. 3XF B79 V FR8-O-P B79-T-RST-A-FR8 
152312Z 3XF RST B79 GR 19 
BT TEXT. 
BT 1523122 K 
3XF B79—Multiple call-up; receiving calls. 
FR8&—Transmitting call. 
O-P—Operational priority. (Precedence designation.) 
B79-T-RST—B79 to transmit message to RST. 
A-RF8—Denotes origin. 
152312Z—File date and time. 
3XF RST B79—Action destinations. 
GR 19—Group count. 
ce. A45 BR6 B STX P-A45 BRE-T-N-A45 
A-79K 011046Z A45-W-F2P SLW BR6 
GR 28 
BT TEXT. 
BT 011046Z K 
A45 BR6—Multiple call-up; receiving calls. 
STX—Transmitting call. 
P-A45—Message is priority to A45 only; to others routine. 
BR6-~T-N—-A45—BRe6 is to relay to all destinations except A45, 
A-79K—Originator of message. 
011046Z—File date and time. 
A45—Action destination. 
W-F2P SLW BR6—Denotes information destinations. 
GR 28—Group count. 


Ieee a Pe cnr path nent ge 


Section V. TEXTUAL FEATURES 
30. General 


While textual features and cryptographic systems are chiefly the 
field of the cryptanalyst, the traffic analyst should also understand 
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certain aspects, both for the purpose of assisting in his study of com. 
munication nets and in the accomplishment of his responsibility to the 
cryptanalyst. These aspects relate to the distribution, use, and iden- 
tification of systems, and to the use of indicators, 


31. Distribution of Systems 


Many cryptographic systems are limited in distribution; this limita- 
tion constitutes a cryptonet. For example, a system may be dis- 
tributed only to the corps headquarters of a theater. These corps then 
are a cryptonet. Or it may be given only to units along a line of 
communications. There may be several reasons for the delineation of 
these nets but the chief ones are security, the nature of the system 
involved, and the physical problems of distribution. Forward units, 
for instance, are generally furnished different systems than the rear 
echelons because first, they are more liable to capture; second, they 
cannot handle the more complex methods of encipherment; and third, 
their traffic does not require the same degree of security. Within 
the higher echelons, divisions are made to prevent the overuse of any 
one system and thus deny depth. Such divisions also arise from the 
major break-down in command which allows some latitude in the 
composition of codes and ciphers to individual services or units. Fur- 
thermore, special systems may be prepared for use in particular 
operations where a high degree of security is desired. The important 
point, however, for the traffic analyst is to think of cryptonets not in 
terms of locations, but in terms of order of battle units, and to recog- 
nize the exact relationship existing between a system and a unit or 
group of units. It should also be observed that the existence of cryp- 
tonets necessitates the re-encrypting of traffic which passes from one 
net to another. 


32. Use of Systems 


Many times cryptonets will exhibit another distinguishing feature. 
This feature concerns the use of the system. For example, a system 
may be used only for confidential material, or only for secret material ; 
or it may carry only information about supply, or shipping, or per- 
sonnel, or operations, Again, this distinction is of high traffic analysis 
value and provides, as well, assistance to the cryptanalyst. 


33. identification of Systems 


Some external feature usually appears in the text of a message to 
designate the system used. Where only one system of a given external 
appearance (as 4-letter, 5-digit) is used between two correspondents, 
this is not necessary, but in most instances, this designation is 
required and it can be accomplished in two main ways, The first is 
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the use of the form of the message itself. For example, the last group 
of the message may contain a repeat of the group count or the indi- 
cators may be peculiar in their formation, or they may be placed in 
a unique position. Any distinction of this sort will serve. The second 
method is the addition of a discriminant to the message, generally as 
a part of the text, most often as the first group. This discriminant is 
usually composed in a distinctive manner, as five like letters, repeated 
digraphs, ascending or descending numbers. It may be enciphered. 
Where a discriminant is lacking, it is often the task of the traffic 
analyst to determine means of identifying systems and to isolate 
homogeneous traffic. 


34. Use of Indicators 


The difference between the discriminant and the indicator should be 
understood. The discriminant identifies the general system used, 
while the indicator provides the specific key for decipherment. These 
indicators are often in the clear and, if they display any peculiarities 
of use, they become a valuable traffic analysis weapon. The pages of 
a one-time pad, for example, may be applied in order and the page indi- 
eators will thus reflect the number of messages enciphered, The pad 
numbers themselves will also be of value since each pad will be limited 
as to its users. 


35. Practice Traffic 


When new nets are being established, or operators are being trained, 
practice traffic is often devised for exercise purposes. Sometimes 
special nets are set up to this end, and they carry nothing but practice 
material. On the other hand, certain schedules may be set aside on 
regular links. 


36. Control Traffic 


In order to mislead enemy traffic analysts, contro] traffic may be 
used. Such operations may range from the formation of dummy nets 
to the passing of dummy traffic over the usual links. Control traffic 
can be employed merely to hide an operation through maintaining a 
volume level on all nets, or it can be used deliberately to deceive by 
creating high volumes at points of slight military activity. 


Section VI. COLLATERAL MATERIAL 
37. General 


Aside from the usual intercept material discussed in the preceding 
sections, there are many other sources of raw data which are of value 
to traffic analysis. They may be divided into two groups, the first 
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directly related to intercept, the second more or less miscellaneous 
in nature. The first group includes direction finding. The second is 
concerned with the study of nets other than military, the use of 
decode material, intelligence reports, prisoner-of-war reports, and 
captured documents. With reference to this second group, it should 
be observed that traffic analysis, in both its analytic and applied 
phases, often involves the fusing of information and material of all 
types and from all sources toward the production of a complete com- 
munication picture. In this respect, traffic analysis touches to some 
degree upon almost every phase of intelligence, and to a great degree 
upon every phase of signal intelligence. 


38. Direction Finding 


a. Direction finding (D/F) is a method of locating radio stations 
through use of specially constructed receiving antennae. These anten- 
nae register the direction along which a radio signal is travelling as 
it passes on a great-circle path through the D/F location. When the 
direction of a radio signal is determined at more than one D/F site, 
the location of the transmitter may be plotted by noting the point at 
which the bearing lines intersect (fig. 23). A location determined in 
this manner is called a “fix.” 


TSS 


Target 


Figure 28 


b. Usually, bearings will not yield a perfect fix, but will, depending 
on a number of factors, give a more or less restricted area, These 
factors include (1) the distance from the D/F station to the target, 
(2) the number of D/F stations involved in locating a target and the 
number of bearings taken, (3) the amount of the signal’s deflection 
as encountered (for example, when the radio wave passes over moun- 
tains or shore lines), and (4) the quality of the D/F equipment. 
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Despite these and other limitations, D/F bearings seldom are mis- 
leading because the D/F operator is able to recognize whether or not 
a bearing is reliable and furnishes an evaluation of each bearing as 
it is forwarded to the plotting unit. The plotting unit also is in a 
position to make an accurate judgment on the reliability of a fix. An 
adequate arrangement for accurate direction finding requires a num- 
ber of D/F stations (at least 3) located along a rather broad base 
(relative to the distance from the target) and so connected that they 
can all listen to the same signal and take their bearings simultane- 
ously. It should be noted that D/F is particularly useful in low- 
echelon traffic analysis, but that over distances running into the 
thousands of miles it loses much of its effectiveness. 


39. Information Derived from Cryptanalytic Results 


Cryptanalytic solutions of traffic furnish, very often, the relationship 
between nets and order of battle. Since this is one of the ultimate 
goals of traffic analysis, detailed study of all solved messages, against 
the background of the nets, is a necessity. Study of solved messages 
should also be carried on for the purpose of relating internal infor- 
mation to external characteristics. This has an application to cryptan- 
alysis for the identification of crib messages and to intelligence for 
the determination of the significance of traffic contacts and patterns. 
Message plain texts also yield a certain amount of signal information, 
as station locations and data concerning calls, frequencies, and 
schedules. 


40. Intelligence Reports 


Intelligence reports may vary from predigested order of battle lists 
to raw materials, such as captured documents or prisoner of war 
reports. Order of battle is the basis for the entire radio network 
and for the traffic passed over it. As such, an understanding of the 
order of battle is the necessary foundation for traffic analysis and its 
cryptanalytic and intelligence applications. The relationship is a 
circular one—intelligence added to traffic analysis yields additional 
intelligence. Aside from the broad phase of relating nets and battle 
order, this integration, has specific applications in the analysis of 
traffic contacts and patterns and in the study of the uses of crypto- 
graphic systems and the transmission of routine messages. 
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RECONSTRUCTION OF THE RADIO NETWORK 


Section I. INTRODUCTION 


41. General 


This chapter is concerned with the first objective of the traffic 
analyst, that of the reconstruction of the radio network. There are 
two phases to this objective, analysis of radio operations and net 
reconstruction. 


42. Analysis of Radio Operations 


This phase involves the identification and study of the elements dis- 
cussed in the preceding chapter. It includes the identification of all 
components of the transmission, the analysis of their use, and the 
determination of their operating data. 


43. Net Reconstruction 


The nets are reconstructed coincidently with the study of radio oper- 
ations. Each task helps the other; the distinction made here is only 
for academic purposes. In actual practice, attack must be carried 
out on all elements simultaneously, so far as possible, because analy- 
sis depends on the perception of relationships. Net reconstruction 
is concerned with the grouping of stations into nets, the determina- 
tion of the links operating between those stations, and the identifi- 
cation of the stations with geographic locations, culminating in the 
production of the net diagram. The pertinent features of radio oper- 
ations, such as calls, frequencies, and serial number blocks, may then 
be added to this diagram to complete the “pure” traffic analysis 
picture. The superimposition of the cryptonets and order of battle 
on the diagram is discussed in later chapters. 


Section ll. ANALYSIS OF RADIO OPERATIONS 
44. Frequency Analysis 


The main objectives of frequency study are (1) the determination of 
the system of use and (2) the solution of the system of allocation, 
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including the method of original assignment, the pattern of rota- 
tion, and the reconstruction of the basic charts involved. 


a. ANALYSIS oF THE System or Use. (1) The chief problem in 
the study of the system of use is the determination of accurate basic 
data. Once these data have been properly recorded the conclusion 
will usually be apparent. The basic data consist of who sends to 
whom and on what frequencies. To simplify study, a rough circuit 
diagram may be prepared. Two examples of these data and the con- 
clusion to be drawn are given below. 


(a) In the following example the net is a free star (fig. 24) : 


A to B on 5,000 KCS., 
A to C on 5,000 KCS. 
B to A on 5,000 KCS. 
B to C on 5,000 KCS. 
C to A on 5,000 KCS. 
C to B on 5,000 KCS. 


Figure 24. The net is a free star. 


(6) In the following example the net uses the complex-sending 
system (fig. 25): 


A to B on 5,000 KCS and 10,500 KCS. 
A to C on 5,000 KCS and 10,500 KCS. 
B to A on 4,000 KCS and 7,500 KCS. 
B to C on 4,000 KCS and 7,500 KCS. 
C to A on 3,000 KCS and 6,000 KCS. 
C to B on 3,000 KCS and 6,000 KCS. 
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Figure 25. The net uses the complez-sending system. 


(2) Arriving at accurate data, however, is often a fairly difficult 
task. It requires a detailed study of chatter for at least a week’s 
period and usually somewhat longer, depending on the completeness 
of coverage during the period and the complications involved in the 
use of the frequencies. It is well to mention that, for the analysis 
of many features of radio operations, it is often desirable to have 
complete cover on a net for a limited period, such as a day, than 
to have spotty cover over a longer time. Generally, however, cover 
will be incomplete, that being one of the reasons why careful study 
of chatter is necessary before a decision is reached. A second diffi- 
culty arises where the enemy stations drift from the assigned channel. 
For example, a station allocated 4,650 kes may vary all the way 
from 4,600 to 4,700 kes. In the case of simplex and star working, 
much of this variation is intentional so that the one station can 
reply a little off the correspondent’s frequency. A third problem is 
created by the assignment, as sometimes happens, of four or five or 
more wave lengths to a station. These wave lengths are not re- 
stricted to fixed times of day, but the station is at liberty to use 
whichever one can best be heard. It should be pointed out that 
there will often be exceptional uses of frequencies which cause the 
net to vary from its basic form of working. These exceptional uses 
should be carefully studied and explained, but they should not be 
considered as changing the net type. 


(3) To illustrate some of these problems, assume that a cursory 
examination of a week’s transmissions reveals the following: 


A to B on 5,000 KCS, 11,600 KCS. 
B to A on 5,000 KCS, 7,000 KCS, 11,590 KCS. 
A to C on 5,000 KCS, 5,500 KCS, 11,625 KCS. 
C to A on 5,010 KCS, 5,025 KCS, 6,995 KCS. 


B to C not heard. 
C to B not heard. 


Figure 26. 


The net, at first glance, appears to be a star (fig. 26) though there 
are several discrepancies to be explained. It may be assumed that 
C’s 5,010 and 5,025 kes are drifts of the base frequency 5,000 kcs, 
that A’s 11,600 and 11,625 and B’s 11,590 should all be 11,600 and 
that B’s 7,000 and C’s 6,995 are both 7,000. However, A uses 5,500 
kes to C, but neither B nor C have been heard on this frequency. 
This runs counter to the principle of the star. A check is made of 
the appearance of 5,500 kcs and it is found to have been used twice 
during the period under study, both times under the same circum- 
stances. A came up on 5,000 kcs, C reported interference on this 
frequency, and A switched to 5,500 kes. It is likely, then, that 5,500 
kes is an extra wave length assigned to the net for emergency pur- 
poses and that, in time, the other stations will also make use of it. 
In this instance the net is not working star since 5,500 kes at A is 
corresponding with 5,010 kes at C, but it is known that A did try 
to make contact under the established procedure first, so that this 
becomes the exceptional case and does not contradict the theory 
as to the star form. ;The 7,000 kes at B and C also create a prob- 
lem since A has never used this frequency. Again reference is made 
to the chatter logs where it is discovered that this frequency is used 
during the evening hours and has been heard once from B, twice 
from C. However, on all three occasions the A end of the circuit 
was not heard at all. It is possible that A was up on this approxi- 
mate wave length but, because of some propagation or reception 
peculiarity, the intercept station was unable to hear it, or that the 
intercept station, for one reason or another, may only have been 


able to cover one end. Whatever the reason, imperfect coverage is 
apparent and, until A has been monitored on this schedule, nothing 
can be determined which would affect the star hypothesis. The net 
picture, as mentioned above, indicates that the star is controlled 
rather than free since B and C have not been observed in contact. 
Study of chatter, however, casts some doubt. At one point, A has 
asked B for a special schedule at 1500. B replies he cannot make 
it then since he has a schedule at that hour with C. On another 
occasion, A sends two messages to C for relay to B, A stating he 
has not been able to contact B. This chatter suggests that B and C 
work each other and that the net is a free, rather than a controlled, 
star. The evidence is slim since the schedules mentioned in the chat 
may only have been emergency ones, but it is sufficient to justify 
reserving decision and waiting for further developments. 

b. SoLuTION of THE System or ALLocATION. Solution of systems 
of allocation requires at least several months of observation and, if 
some complex method of rotation is involved, may run into much 
longer periods. The problem is twofold: (1) the method of basic 
allocation and (2) the method of rotation, if present. 

(1) It should be stated at the outset that usually a method of 
basic allocation will not be used except as it is tied into a system of 
rotation. Where frequencies are fixed, they have generally been 
assigned because they can be heard between two points and because 
there is no interference from other frequencies. This is particularly 
true on high-eschelon nets. It is always worthwhile, however, to 
check the frequencies of the various nets of a radio network for 
characteristics, if only to be sure. Some pattern may appear, for 
example, air-ground nets, wherever located, may be restricted to a 
definite set of frequencies, or divisional nets may be limited to a 
certain band. Anything in the way of a pattern, naturally, is pos- 
sible. A tabulation of frequencies against net and the seeking of 
relationships in frequencies between related nets should serve to 
reveal most such patterns. Related nets may be so determined on 
the basis of function, such as air, shipping, line of communications, 
divisional artillery, by echelon, or by command. 

(2) Whether a frequency system is fixed or changing, and if 
changing what the period of change is, can be discovered merely 
by observation. If a changing system is used, the first step in analy- 
sis is to determine some method of maintaining continuity so that 
if station A transmits on 4,300 kes one day and 3,750 kes the next 
day, there is some way of knowing that 4,300 and 3,750 are both the 
same station. Continuities may be established in two main ways: 

(a) Characteristics of radio operations. Almost any item of radio 
operations may serve the purpose: 
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1. 
Calls. If frequencies change and calls do not, identification is a 
relatively simple matter. 


2. 

Schedules. Taken in conjunction with other data, schedules may 
provide a clue to continuities. They are likely to be character- 
istic for the stations of a net, but care must be exercised in the 
use of this technique and supporting evidence should always be 
present. Also of value is any mention of future schedules at the 
time of the sign off, for example, “QRX 0100” (next schedule at 
0100). It is then possible to relate stations heard at 0100 on the 
following day back to the stations involved in the chatter. 


3. 
Serial numbers. If serial numbers do not begin over at the time 
of each frequency change, they may be utilized. In the case of 
message center serials, care must be exercised to avoid the use of 
relayed traffic. For example, in figure 27, A, on the 15th, may 


Figure 27. 


send a series of messages over the A-B circuit with the message 
center serial range 1544-1573. On the 16th, the entire net changes 
frequency, and several messages are intercepted with the routing 
instructions A to C and the serials 1578-1581. It cannot be assumed 
that the new frequency heard on this transmission is at A since 
the traffic might have been passing on the B-C link. If some of 
the traffic, however, was routed A to B or else carried no routing 
indicating a local message, then the continuity might tentatively 
be established. Of far greater value in this respect are the radio 
station members, and, except in the case of the in-desk number 
where it is possible’for several different circuits to be transmit- 
ting the same series, these ranges are reliable. Where serial ranges 
are fairly distinctive they may also be used in reverse. For ex- 
ample, station A may receive traffic in only a certain message 
center serial range from a correspondent. This may be caused by 
the fundamental assignment of the range to a definite service, for 
example, supply. Station A is at a quartermaster depot; conse- 
quently all the traffic to A from the correspondent will be in the 
one series. 


— 
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Routings. Routing codes can also be of value when used by nets. 
It may be assumed that, as a general rule, a radio station will 
originate and receive more of its own traffic than it will handle on 
relay for other stations. For example, station A is at Gettysburg. 
If A changed frequency daily, it could probably still be spotted 
because of the large amount of Gettysburg correspondence trans- 
mitted and taken. 
é. 
Routines. Because of the requirements of military operations, it 
is necessary for units to make routine periodic reports. Very often 
these reports can be identified because of the stereotyped nature 
| of the message externals. For example, a. situation report, or a 
strength report, may be sent from station A to B, C, and D each 
day at approximately 2000. It would be a relatively easy matter 
to watch for this report to pass and to identify it purely by these 
external characteristics. Such routines furnish a trade-mark for 
the originating station and can be discovered and utilized without 
any knowledge of the text. 
6. 
Cryptographic systems. Cryptographic systems which are unique 
to certain correspondents can likewise be used as identifications. 
This also holds for some of the cryptographic features such as pad 
numbers of one-time pad systems. The 10th Division, for example, 
which sends through station A, is enciphering its traffic in pad 
number 1234. Usually, only one originator is permitted to en- 
cipher messages in a given pad because of its one-time nature. 
There may be one or several holders who can receive. Thus, until 
completely used, the pad will identify the originating station and, 
in some cases, also the recipient. Caution must again be exer- 
cised, however, with regard to relay messages and to the possi- 


Corps Hq 


10th Division 


Army Hq 


Figure 28. 


bility of this traffic being transmitted over a different circuit of 
station A. If, for instance, the pad is used between the division 
and headquarters for some special purpose it could pass by several 
different paths (fig. 28). According to which route is available or 
readable, 10th Division’s traffic may go directly to Corps or be 
relayed through Army. 


7. 
Services. Messages transmitted on one day may be serviced at 
some later date. If the date span bridges the frequency change, 
it may be possible to determine continuity. 

8. 


Chatter. Items of chatter often serve continuity purposes. Names 
of radio operators, for instance, may be observed in chatter, and, 
on recurring after a change, act as an identification. 
9. 

Procedural peculiarities. Some stations and operators develop 
unique habitual procedures which mark them. A station might, 
for example, regularly misspell a place name, or transpose the 
digits of a routing code number because of an error in the chart; 
an operator might send his call signs four times instead of the 
three used by others on the net, or send a separator between the 
hours and minutes of the file time though no one else does. Such 
peculiarities, which often arise from personal quirks, are usually 
rather difficult to discover because they involve painstaking atten- 
tion to detail, but they are well worth the trouble. It is one of 
the phases to which the intercept operator, through his knowledge 
of the usual, can make an important contribution. 


(b) Use of direction finding. This identification technique, de- 
scribed in paragraph 38, is a valuable means of providing continui- 
ties where efforts to use procedural characteristics have proved 
inconclusive. It is to be pointed out that, in general, procedural 
characteristics furnish a faster, less expensive, and more accurate 
method if they can be so utilized. 

(3) Some of the techniques outlined above can stand by them- 
selves, but it will always be found wise to apply several of them in 
combination so that one checks the other and reinforcing evidence is 
supplied. For example, the message center serials may indicate a 
continuity, and a routine message or the use of a restricted crypto- 
graphic system serves to confirm it. Incidentally, these methods of 
determining continuities are applicable to any sort of frequency 
change, whether periodic or irregular, and will also serve to tie 
together night and day frequencies and variant frequencies of the 
same station. 


(4) When continuities have been established, the next task is the 
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listing of the frequencies against the date breabeats the search for 
patterns of change or rotation. Once the general system has been 
solved, it will usually not be too difficult to keep abreast of changes. 
No attempt will be made in this manual to describe actual methods 
of solution further than to say that the problem, at this point, becomes 
one of cryptanalytic attack. 


45. Call-sign Analysis 


The main objectives of call-sign analysis correspond with those of 
frequency analysis, that is, (1) the determination of the system of 
use, and (2) the solution of the system of alloéation. 

a, ANALYSIS or THE System or Use. This analysis is conducted 
through a study of call signs as they are reported in the chatter. The 
period of call-up furnishes the most fruitful material, but all allusions 
to calls must be noted. A listing of the call-ups will generally provide 
sufficient information to identify the system. 


(1) Net using double-station call procedure (fig. 29): 


A calls B DEF de ABC 
B replies ABC de DEF 
A calls C GHI de ABC 
C replies ABC de GHI 
B calls C GHI de DEF 
C replies DEF de GHI 
B calls A ABC de DEF 
A replies DEF de ABC 
C calls A ABC de GHI 
A replies GHI de ABC 
C calls B DEF de GHI 
B replies GHI de DEF 


Figure 29. 


(2) Net using link call system (fig 30) 
A calls B 
B replies 


A calls C 
C replies 


B calls C 
C replies 


B calls A 
A 1eplies 


C calls A 
A replies 


C calls B 
B replies 


Figure 30 


(3) Net using sungle station call (fig 31) 
A calls B 
B replies 


A calls C 
C replies 
B calls C 
C replies 
B calls A 
A replies 
C calls A 
A replies 


C calls B 
B replies 


ABC 
ABC 


DEF 
DEF 


GHI 
GHI 


ABC 
ABC 


DEF 
DEF 


GHI 
GHI 


DEF 
DEF 


GHI 
GHI 


GHI 
GHI 


ABC 
ABC 


ABC 
ABC 


DEF 


REF ID:A58489 


Figure 81 


6 SoLuTiIon or ron System or ALLocATION Like the study of 
frequency systems, the analysis of call sign systems may require any- 
where from several months to several yeais Again hike the fre- 
quency systems, the problem 1s twofold (1) the method of basic 
allocation and (2) the method of rotation, 1f present 

(1) Calls must first be classified as to composition, for example, 
8 digit, digit-letter-digit, etc, then these break-lowns checked for 
pattern The allocation of calls may or may not be centralized. In 
the former instance, there will generally not be more than two or 
three systems to be solved, eg, Army and Air Force In the latter, 
however, depending upon the amount of decentralization, there may 
be a great many small systems Thus, in the initial analysis, calls 
should be listed by net, and the composition of the calls on each 
individual net observed If, for example, of all the nets under study, 
only two nets use 4 letter calls, 1t may be assumed, for the moment, 
that these nets employ a common call allocation After nets have 
been giouped by composition of calls, a search 18 made on each net 
for pattern For instance, the calls on three of the nets may carry 
“T” ag a middle letter, indicating a possible grouping for study 
If a number of other nets also display sumilar characteristics, one 
using “R”, another “V”, etc, 1t 1s likely that all of the calls on 
these nets originate in the same general system The following lists 
of calls by net will serve to illustrate the general procedure 
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Net II Net TI 
ABD CDF ViK BCE 
EFH GHI V8I KLN 
FGI LMO X3M OPR 
JKM MNP Y4T 
Y6S 
Net V Net VI Net VII NET VII 
BAO IJL DEA FQR 
HIU NOQ HOA JLT 
KOE PQS JIE SRM 
MEA STV VTR 
PAE XOM 
XOA. 


(a) In the first quick grouping, the following division could be 
made: 
Nets I, II, IV, V, VI, VII, VITI—3-letter. 
Net [1I—letter-digit-letter. 
(b) The first group then splits into three: 
Nets V, VII—consonant-vowel-vowel. 
Nets I, II, IV, VI—Iist and 2d letters are in alphabetic order, 
3d letter skips one from 2d. 
Net VIIJ—apparently random. 


(c) Thus, there are at least four systems of call distribution in- 
volved. On the other hand, studies of the calls on a number of nets 
may reveal no pattern at all. This is usually indicative of a large, 
general system in which control is highly centralized and the ran- 
domization carefully planned.’ 

(2) Other features may also be employed to assist in the estab- 
lishment of homogeneous call-sign systems for relationships between 
any of the elements of different nets that indicate possible relation- 
ships in other elements. For example, there may be some question 
as to whether or not the calls appearing on two separate nets can be 
grouped together. A cryptographic system, found nowhere else, is 
discovered on circuits of both nets. This suggests that there is some 
connection between the two nets and increases the possibility of a 
common call system. Procedural peculiarities of any type may like- 
wise be used to associate nets. Order of battle, if known, furnishes 
another valuable method. All the nets of a given Army, for instance, 
will probably use the same call allocation. It may be that, in a 
highly centralized organization, a dichotomy can be established 
simply between Army and Air Force. 

(3) Once the various systems have been segregated, it becomes 
possible to attack each separately. If a pattern exists within the 
call itself (as in Nets I, II, IV, and VI in (1) above), all possible 
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calls can be listed and this used as a basis for the reconstruction 
of the allocation chart. If no pattern can be found, however, (as in 
Net VIII), it becomes infinitely more difficult to reconstruct these 
charts, and if the system is a large one it may be. necessary to collect 
data over a period of years before a solution can be effected. 

(4) Often these allocation charts serve as a base for the change 
or rotation of calls or for the choice of alternate calls at the same 
station. In analysis of the system of rotation, the first step is to 
determine the periodicity, which can usually be done simply by obser- 
vation, and the second to establish continyities so that the calls 
related to each station or link and the order of their use are known. 
The techniques outlined in paragraph 446 (2) for the determination 
of continuities when frequencies change also apply to call signs with 
one exception (par. 44b (2) (a@)1) and need not be further discussed 
here. In this one exception the reverse is true—if calls change and 
frequencies remain constant, the frequencies furnish the continuities 
to the calls. When continuities have been established, the calls may 
be listed in order for each station, and through the application of 
eryptanalytic techniques, the system attacked. 

(5) In the practical aspects of call-sign system solution, it will 
be found that garbled and missed calls account for much of the diffi- 
culty in the initial stages of attack. Where there is a pattern to the 
call composition, garbles can be resolved with relative simplicity. 
In random composition, however, the problem is more complex and 
care must be taken to eliminate all spurious calls before beginning 
analysis. Garbles occur with some frequency in calls partly because 
the enemy makes an attempt to restrict their use, and partly because 
his operators become so familiar with them that they tend to send 
them in a quick, sloppy manner. In general, a call should be inter- 
cepted several times, preferably at different schedules, before it is 
accepted as genuine. Garbles can often be corrected by reference to 
the actual Morse equivalents. For example, if the call “AHV” has 
been established and the call “ASV” appears once on the same net, 
the Morse will indicate the possibility of error: 


POEL tase artatr “atgtects 
ASV) .22 > sates 


the difference being only a dot. Other link characteristics such as 
frequency, serial numbers, etc., will assist in confirming or disprov- 
ing the identity of the two calls. 

(6) Missed calls also present a problem to the analyst. They 
arise from imperfect coverage, and there is no remedy except to give 
more complete coverage and schedule information to the monitoring 
stations. Since calls are often sent only at the start of each schedule, 
this time is most important. 
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(7) The following example, based on the call composition used in 


Nets I, II, IV, and VI in (1) above, will illustrate the general 
approach (since these calls have a definite pattern, all possible calls 
can be listed) : 


ABD 
BCE 
CDF 
DEG 
EFH 
FGI 
GHJ 
HIK 
IJL 
JKM 
KLN 
LMO 
MNP 
NOQ 
OPR 
PQS 
QRT 
RSU 
STV 
TUW 
UVxX 
VWwy 
WXZ 
XYA 
YZB 
ZAC 


(a) It is noted that calls change daily on the four nets involved; 
after the completion of one week, a tabulation by net and station 


can be made. 


Net I 


Net II 


1 

re 
Station A ABD 
Station B .... 
Station C MNP 


Station A CDF 
Station B UVX 
Station C JL 


2 3 
PQS TUW 
WXZ BCE 
JKM MNP 
“ee JEL 
LMO VWY 
STV OPR 


4 


ABD 


(Garbled calls have been corrected.) 


5 


MNP 


JKM 


WXZ 


REF ID:A58489 
Net IV 
Station A TUW RSU..... RSU UVX FGI IJL 
Station B ..... EFH .... FGI WL LMO .... 
Station C NOQ KLN .... XYA OPR YZB VWY 
: Station D HIK XYA .... LMO CDF STV DEG 
Net VI 
Station A ..... ABD DEG MNP PQS’ BCE 
Station B VWY .... PQS TUW HIK 


Station C DEG YZB JKM GHJ ,EFH TUW 


(0) Observation of the calls indicates that they are being rotated 
in a simple manner, and a check against the list of all possible calls 
shows that the difference of six between calls on the same net is 
fairly common. For example, on the Ist, MNP is 12 calls away from 
ABD; IJL is 6 away from CDF; NOQ is 6 away from HIK. It is 
also noted that the calls QRT and ZAC do not appear, probably to 
prevent confusion with Q and Z signals. This leaves 24 possible 
calls, and the periodicity of 6 suggests that the basic table is arranged 
as follows: 


MNP TUW 
BCE HIK NOQ  UVX 
CDF IL OPR VWY 
| DEG JKM PQS WXZ 
EFH KLN RSU  XYA 
FGI LMO STV YZB 


and that the calls are taken off across the chart and allotted to Net 
I, Net IV, Net II, and Net VI in that order. Within each net the 
calls are assigned to individual stations in what appears to be a 
random order. 


> 
ee] 
0 
Q 
= 
ay 


46. Schedule Analysis 


Schedule analysis is designed to discover what system is in use, 
whether the signalling is restricted or unrestricted and, if the former, 
what the time of each schedule is. 

a. ANALYSIS OF THH System. Analysis involves a tabulation of 
times of communication together with a study of chatter. Time is 
correlated with circuit and, if a definite pattern shows up several 
weeks running, it may be assumed that period signalling is in use. 
In the preparation of the data, record should be made of such chatter 
items as, “I have a schedule at 2200 with XYZ.” Such information 
helps to fill in the gaps in cover. Also note must be taken of the 
very brief schedules where the stations have no traffic and merely 
call up, say, “I have no traffic,” and sign off; or where a station is 
running over his schedule time and calls his regular correspondent 


59 


to say, “I am busy,” and then goes back to the first correspondent. 
If no pattern appears, however, it is then likely that either unre- 
stricted signalling or priority signalling is in use. This can be deter- 
mined by a check of the tabulation, since in priority signalling the 
control station will usually come up at regular schedule times. 
Chatter will also prove characteristic for this type of operating since 
the order of transmitting is fixed and usually only one message is 
sent at a time by each station. The type of unrestricted signaling 
can likewise be identified from chatter. Where arbitrary schedules 
are used, the stations will arrange for the next schedule at the time 
of sign-off. Incidentally, in period signaling, the stations also some- 
times mention the time of their next schedule so care should be 
exercised not to confuse the two. The regular pattern of times over 
a long period will usually distinguish period signaling. In alert 
operating, no arrangements are made, all stations standing by for 
transmissions at any time. 

b. DererRMINATION oF ScHEDULES. The tabulations made for the 
above purpose will also serve to determine the times of regular sched- 
ules. Each circuit may be plotted on cross-section paper with hours 
down the side and days across the top. This will give a month’s 
picture at a glance (fig. 32). The letters in each square indicate 


CIRCUIT .A-B 
12345 6 7 —~ 31 


2300 


Figure 82. 


the end of the circuit that was heard. On the 2d at 0000, for instance, 
only A was intercepted. Other items may be added to this tabula- 
tion if desired. These might include number of messages passed, 
indication as to which of the alternate frequencies was being used, 
and special notes from chatter relating to schedules. Two irregulari- 
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ties will be noted in the pattern in figure 32. On the ist at 0400 B 
ran over the regular 0300 schedule. Reference to chatter discloses 
that B asked A for additional time. On the 4th at 0500, A-B worked 
a special schedule. A check of chatter on other A circuits shows 
that A arranged for this schedule through a third station, which 
could contact both A and B, for the purpose of passing urgent traffic. 


47. Procedure Analysis ’ 

Analysis of procedure is undertaken (1) to discover characteristics 
which will assist in identifications and continuities, and (2) to solve 
aby encipherments employed. 

a, Srupy or CHaracteristics, The normal characteristics of the 
procedure under study should first be established. This includes the 
call-up, exchange of readability, order of traffic, message externals, 
servicing methods, and sign off. In many communication systems, 
several normal procedures may be apparent, each representing a 
major division of nets. When this task has been completed, varia- 
tions from the normal as applied to individual nets, groups, links, 
and stations must be identified. These variations may be of any 
sort. For example, one net may use break-in procedure for servicing, 
or may place the priority of the message in a different preamble posi- 
tion, or may tune up with a letter other than “V”; or a station may 
regularly place an NR before the link serial number while others 
do not, or fail to use an RQ before its request for services. These 
variations arise in several ways. They may be due to an oversight 
on the part of personnel, such as failing to change to a new method 
of procedure because of habit or because the station was not included 
in the distribution of the new instructions. Such situations will 
usually be corrected in time, or, if distribution is impossible, con- 
tinue to serve as an important identifying feature. Or they may 
arise from the latitude permitted nets or stations in compiling their 
own rules. The only approach to this analysis is through the de- 
tailed study of chatter and the recording of the normal and the 
unusual. 

bo. So.iuTION oF ENCIPHERED Procepurss. The solution of enci- 
phered procedures depends on the ability to determine the meaning 
of procedure signs and signals in context and, where a periodic 
change is involved, the equating of the same procedure in terms of 
different encipherments. For example, in the opening minutes of a 
schedule, procedures such as “Send V’s,” “How is my readability,” 
“I cannot hear you,” “Readability is poor,’ “Adjust your transmit- 
ter,” ete., will be common. By study of the context over a period of 
time, it should be possible to identify the appropriate meaning. 
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48. Serial Number Analysis 


The analysis of serial numbers is directed toward the determination 
of the type of number, the manner of assignment, the solution of any 
encipherments, and the identification of the series with units. 

a, ANALYSIS or Type. The type of the serial number, that is, in- 
desk, message center, signal center, etc., is determined through a 
correlation of the numbers with other signal features. The numbers 
should be tabulated for a period of a week or more as necessary 
against call signs, file times, intercept times, cryptographic systems, 
routings, and similar items. The following discussion is not intended 
to be complete since there are so many possibilities involved in these 
manifold relationships, but it is hoped to give some general indica- 
tions on how to think about them. 

(1) Serials which run in order by cryptographic systems may be 
a code room number, a message center number, or a signal center 
number. It will rarely be a radio station number. The caution to 
be observed is that the cryptographic system may not be the basic 
factor and the serial the result, but rather the system, like the serial, 
may be the effect of something more basic. For example, a series 
is found which agrees with the cryptographic system and every mes- 
sage in that system is always in that series. It is noted, however, 
that the system is the only one held by the unit involved. Thus, 
both the system and the series are representative of the unit, and 
the number only accidentally follows the system. 

(2) Serials which correlate with routings are also usually in the 
message/signal center phase. Sometimes several series which do not 
match with other features are observed originating at the same 
routing. These are often the expressions of several units operating 
through a single signal center. Such numbers may be put on at the 
unit message center or they may be added at the signal center, the 
latter maintaining several series, one for each of the units involved. 

(3) Serials which run in order by file time may represent either 
the message/signal center or radio station stage. Usually, file times 
are put on at the radio station, but, since the traffic comes to the 
station direct from the message or signal center, its order is seldom 
disturbed, so that it could be numbered in one place and time-stamped 
in another and still demonstrate a relationship. In the case of radio 
station numbers, it will usually be found that several call signs, 
used at the same station, will run in a common series. 

(4) Transmitter numbers will, as a rule, correlate with the send- 
ing call signs and the intercept time. Link serials will be evidenced 
by the further distinction of a separate series for each station called. 
Operator numbers are indicated by several series originating at one 
call, regardless of reply, unless the station works to only one cor- 
respondent. 
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(5) It is just as important in the study of serials to have nega- 
tive evidence as positive, so note should also be taken of what does 
not fit the series. If several routings fall in the same series, for 
instance, the number was not assigned at the message center if that 
is what the routing represents. Such a series is more likely to re- 
late to the radio station which handles traffic for several different 
routings. 

(6) Many times series will appear which bear a relationship to 
several items. It is then necessary to determite what is the basic 
consideration. For example, a tabulation of serial numbers reveals: 


File date Intercept 


Serial Crypt. Routing Call sign and date 
System From To From To lime and time 
326 A A B PQR XYZ °08 1040 08 1215 
327 A A B POR XYZ ....... 08 1217 
328 B A C PQR XYZ 08 1040 08 1220 
335 A A B eax wate 09 1230 =09 1530 
339 C A C PQR XYZ 09 1210 09 1532 
340 A A B PQR XYZ 09 1235 = 09:«1535 
343 B A C PQR snes 09 1300 =©09 1538 
344 C A Cc PQR XYZ 09 1300 09 1600 
345 C A Cc PQR XYZ 091250 09 1615 
346 A A D PQR XYZ 09 1310 09 1619 
362 C A C PQR XYZ 11 1240) =11 1525 
367 Cc A Cc POR wate’ 11 1500 =—11 1801 
368 Cc A C PQR XYZ ....... 11 1820 
429 B A C PQR XYZ 081100 08 1223 
437 B A Cc PQR XYZ 09 1315 09 1623 


Except for the last two numbers which are garbled, the serials corre- 
late with origin, calls from and to, and intercept time. File time is 
slightly off in several places. Since intercept time fits so well, it 
may be assumed that this is a radio station number. Reference is 
now made to the circuit diagram and it is noted that PQR is on the 
edge of the net and that it is connected to it by the single circuit to 
XYZ. Thus the routing “A” is probably the only message center 
routing through PQR and, therefore, the relation between “A” and 
the serials is forced and not the true one. If it were the true one, 
it is likely that the intercept times would be somewhat out of order 
because of the routine of processing traffic and the passing of priority 
messages. But since there is only one link out of the station, the 
type of radio station number used cannot be defined. It may be an 
in-desk, a transmitter, or a link number. If the picture is expanded, 
however, to include an additional link with numbers, it will appear 
as follows: 
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Serial 


372 
733 
734 
759 
765 


Crypt. 


System 


B 
A 
A 
B 
Cc 


Routing 
From To 
A Cc 
A B 
A B 
A C 
A C 


Call sign 
From To 
POR STN 
POR STN 
POR STN 
POR STN 
POR STN 


File date 
a 
time 
08 0900 
08 0910 
08 0910 
11 1535 
11 1820 


Intercept 
date 
and time 
08 1025 
08 1030 
08 1033 
11 1911 
11 1914 


The serial is a link number since the numbers run in a separate series - 
for the PQR-STN channel. 


Serial 


603 
604 
605 
606 


Crypt. 


System 


POPP rr rPOOWWWe 


pro ry 
A Cc 
A Cc 
A C 
A C 
B D 
B D 
B D 
B Cc 
A C 
A E 
A D 
A C 
A C 


Call sign 
rom To 
PQR MNO 
POR MNO 
POR MNO 
POR MNO 
GHI STN 
GHI STN 
CHI STN 
POR MNO 
POR MNO 
GHI STN 
GHI STN 
PQR MNO 
POR MNO 


File date 
and 
time 

171441 

171411 

171411 

171415 

171430 

171430 

171430 

171440 

181120 

181135 

181150 

181155 

181155 


Intercept 
date 
and time 
172010 
172013 
172016 
172021 
171810 
171812 
171812 
172005 
181523 
181803 
181809 
181520 
181535 


Note the correlation with file date and time and the interlocking of 


the call signs. 
entered at the radio station. 


This is an instance where file date and time are 


(7) The following tabulation is that of a signal center number: 


Serial 


020 
023 
024 
026 
029 
153 
155 
156 
164 
166 
167 
170 
171 
172 


64 


Crypt. 
System 


DOWN rUrraAtrrre 


Routing 
From To 
A C 
A C 
A Cc 
B D 
B D 
A Cc 
A E 
A E 
A E 
B D 
B D 
B D 
B D 
A Cc 


Call sign 
From To 
GHI PQR 
GHI PQR 
GHI POR 
JKL STN 
JKL STN 
GHI POR 
MNO XYZ 
MNO XYZ 
MNO XYZ 
JKL STN 
JKL STN 

- JKL STN 
JKL STN 
GHI PQR 


File date 
and 
time 

230910 

230910 

230925 

230910 

230915 

241120 

241125 

241130 

241130 


241145 


241130 
241145 
241150 
241145 


Intercept 
date 


and time 


231233 


.231230 


231225 
231413 
231416 
241236 
241228 
241231 
241238 
241411 
241402 
241409 
241421 
241250 
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Both A and B route through the signal center where a common series 
is applied to the traffic of both. The possibility of this being an in- 
desk number is largely ruled out by the failure to correlate with file 
time, 

b. ANALYSIS of AssIGNMENT. Study of the manner of assignment 
of serial numbers is concerned with three phases: (1) composition of 
the numbers, (2) range of the series, and (3) over-all pattern of 
assignment, 

(1) Composition. The numbers may consjstently be two-digit, or 
three, or four, etc. They may incorporate such features as the date. 
Composition, if sufficiently distinctive, often furnishes a means of 
quick recognition. 

(2) Range. The range of the series may be readily determined, or 
it may take several years. It can be established by observation of 
the reversion to the lowest number of the range, which will fix its 
limits in terms of either time or numbers, or both. 

(3) Over-aill assignment. Serial ranges of the same type of number 
should be checked for pattern of assignment against each other. . In 
the case of message center numbers, for example, it may be found 
that each division of an army has been given separate blocks, 1-100, 
101-200, 201-300, 301-400, etc. Similar patterns may appear with 
regard to signal center or radio station numbers. These patterns 
can be analyzed through a comparison of ranges representing groups 
which bear an order of battle or a net relationship to each other. 


ce. SoLurion or ENcIPHERMENTS. The solution of enciphered serial 
numbers is a matter of cryptanalytic approach. The initial break, 
however, can often be made by gathering a group of messages on 
which it is thought that the serials run in order. If, for instance, an 
in-desk number is involved, messages arranged by file time should 
assist in attacking the system. It also may be helpful to select the 
first message of the day, if possible, and use it as No. 1. It will serve 
as a base even though that may not be its actual number. If the 
numbers are thought to repeat daily a selection of this message each 
day may yield different encipherments of the same number. As a 
rule, these systems should not prove too difficult to solve unless the 
method is one of complete randomization. 
d. IDENTIFICATION oF Series. Once the type of series is known, the 
next step is to determine the actual unit behind each series. In the 
* case of a message center number, for example, what message center 
is it? Or if there are three series of in-desk numbers out of the same 
station, what do each of these series represent? These identifications 
are established by “pure” traffic analysis plus the use of collateral 
material on the basis of the axiom that things equal to the same thing 
are equal to each other. For instance, a range of in-desk numbers 
appears only with codes A and B. Codes A and B are known to be 
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transportation systems. Therefore, the serial range represents the 
transportation unit at the signal center. Care must always be taken, 
in chaining data of this sort, that the basic assumptions are valid (in 
this case, that A and B are transportation codes) and that the things 
compared demonstrate an exact relationship (if A and B were also 
used on another range of numbers out of the same station, then it is 
unlikely that the first range represents transportation, but rather 
that it represents some other type of unit or else a specific transporta- 
tion unit, these possibly being two at the station). Decode and order 
of battle material are invaluable in the study of these series, If 
some of the traffic related to a series can be read, solid evidence for 
conclusions is provided and often a definite unit can be identified. 
Order of battle will do much the same. For example, where only one 
air unit is carried at a given location and a series, tied to the air 
cryptographic systems, is observed out of that location, it may be 
assumed that the series represents the air unit. 


49. Analysis of Priorities 


The analysis of priorities is directed toward determining their order 
and the solution of any encipherments. The order is determined by 
comparing file times with intercept times. In general, the shorter 
the average time lapse, the higher the priority. However, time lapses 
should be compared within stations not between them since the size 
of the station and the volume of traffic handled will cause individual 
differences. Relayed traffic, of course, should not be included in the 
comparisons. The cryptanalysis of encipherments is naturally depend- 
‘ ent on the system used, but it is of assistance to group messages 
according to expected priority, thus providing isologs, 


50. Analysis of Routing Systems 


The main objectives of routing system analysis are to discover the 
manner of use and to solve the routing codes, 

a. ANaALysis or Use. When routings appear on traffic, it is first 
necessary to determine what they represent in terms of origin and 
destination. This is done by observation. If necessary a tabulation 
can be made against call signs which will readily reveal which routing 
is the originator and which the addressee. The difference where 
present between information and action addressees may be a little | 
more difficult, but checks, for example against priorities, should assist. 
Further observation will indicate the manner of handling local and 
relay traffic and the nature of the routings in these instances. Any 
peculiar use of routings, as in the readdressing of traffic, can also be 
determined. Following these routings against the net diagram is 
often helpful. 
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b. SoLution or Routine Cones. The initial step in the solution of 
routing codes is to check the code groups for characteristics in com- 
position and range. Once these patterns, if present, have been 
recovered, the next step is the specific identification of code and syl- 
labary groups. Identifications are chiefly based on cribs from known 
systems to unknown, on net diagrams, on breaches of security, on 
decode and order of battle material, and on a number of variations 
of these. As identifications are produced, it may be possible to ascer- 
tain the structure of the code and syllabary, such as alphabetical, 
geographic, order of battle, etc., and this, in turn, assists in future 
recoveries. In order to suggest methods of attacking this problem, 
some of the possibilities are discussed below: 

(1) Tying the code group to a known radio station. Where the 
station locations are known, several methods present themselves 
according to the use of the routing codes. The predominant originator 
out of a station may ordinarily be assumed to be located there. This 
also applies to the predominant destination, unless destinations are 
dropped on local traffic. But, because the identification is made with 
a location, this identification is a true one only if the routing numbers 
represent locations. If they represent units, then it is necessary to 
seek further, and the recovery of the location can only be considered 
tentative in lieu of something more exact. Along with the use of this 
technique, the lapse between file and intercept times should be aver- 
aged for each originator. Messages originating locally will show a 
shorter time lapse than those previously relayed. If destinations are 
habitually dropped on the last, or local, leg of a relay, they may be 
related to the receiving station. For instance, a message from A to C 
carries the routing “123-567” on the A—B link (fig. 33), but when B 
relays to C, it only carries “123”, thus matching 567 with C. 


Figure 83. 


When the same message is sent to several locations, the local copies 
may not carry routings while the relayed ones do, making possible 
the identification of the origin with the sending station. For example, 
in figure 34, A sends the same message to C and D. The message to 
C on the A-B channel is marked “123-567”, that to D has no routings, 
thus identifying 123 with A. 

(2) Cribs, The availability of cribs is chiefly based on the exist- 
ence of several different routing systems. This may involve checking 
into networks other than military, such as Naval or domestic, for 
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Figure 34, 


such data. No possibility should be overlooked. Some of the crib 
techniques follow. 

(a) Relay crib. If it is necessary for a message to pass over dif- 
ferent nets with different routing systems, origins, and destinations 
can be correlated, and if one system is known, the other can be iden- 
tified. For example, the message on Net I carries “123-567”, on Net 
II “ABC-JKL”, then 123 equals ABC and 567, JKL. One caution 
here relates to. the destination. If this is a book message going to - 
several addressees, there may be a direct correspondence between the 
originators, but not the destinations, since 567 may be one receiver 
and JKL another. Sometimes, this can be verified by checking the 
address and serial numbers. 

(6) Book message crib. Where the same message goes to a num- 
ber of destinations over different nets employing different routing 
codes, it is possible to crib originators. This often happens with 
large centers who work in several nets and may use several routing 
codes. It also occurs where traffic is relayed out of the net. Natur- 
ally, this would also yield a relay crib, but if the first transmission 
has been missed, the later relay can be used as a book message crib. 

(c) Serial number crib. Serial numbers may be used to crib 
originators if the serial is a message or signal center number. For 
example, if a tabulation of serials reveals the following: 


Serial Routing File date and time 
53 123 092005 
54 123 092005 
55 123 092005 
58 ABC 092005 
59 123 092005 
60 123 092015 
65 ABC 092020 
67 ABC . 092020 


then 123 may be cribbed with ABC. 
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(d) Error crib. Where several routing systems are available to 
a station which works in a number of nets, it may. occasionally 
happen that the wrong system is used. Such errors will generally 
be corrected yielding a crib between the two codes. 

(e) Address and signature cribs. A unit or person addressed at 
one routing group in a known system will yield a crib against the 
same unit addressed at an unknown group. Fer instance, the 37th 
Division may be addressed at ABC, known to be Mannheim, on one 
message, and to 123 on another on the same day; 123 may then be 
identified with Mannheim. The possibility of unit movement, how- 
ever, must be considered, and also that of detachments being ad- 
dressed. The new recovery should be checked against the pattern, 
if present, of the routing system. In address systems where solution 
is only partial, but unenciphered code is available, the same address 
code groups may be used to crib the routing groups. Address code 
groups, for example, 1234, 5678, may appear with destination group 
ABC and also with 135. It is not necessary to know the value of 
1284 5678 to crib ABC with 135. These same techniques are appli- 
cable to signatures and points of origin. 

(3) Operator chatter. Operator chatter may give away the iden- 
tity of a code group through the mention of a place name or a unit. 

(4) Address information. Where addresses are separate from 
routing codes, use may be made of the address when readable. A 
unit, whose location is known from other order of battle sources, 
may be addressed at an unknown routing group thus identifying this 
group. Consideration must be given in such an instance to the pos- 
sibility of the unit having moved. If there is some pattern to the 
composition of the code, the new value should be checked for fit. The 
recency of the date of the unit’s identification and the trustworthi- 
ness of the source should also be noted. 

(5) Solved message information. Solved messages may contain 
outright assignments of routing code values; more usual, however, 
is the traffic which permits correlation of internal originators, ad- 
dressees, or subject matter with externals. All solved messages should 
be read for clues to routing code identities. 

(6) Miscellaneous sources. These involve prisoner-of-war reports, 
captured documents, and similar materials. 


(7) Syllabary solution. The syllabary to the routing code may be 
solved by using any of the above methods, but also available is the 
use of word patterns. If, for example, the routings consist of place 

‘names, a list may be constructed of all likely places which will show 
patterns of repeated or doubled letters, digraphs, etc., within each 
location, and this may be applied against similar patterns in the 
encipherments. 
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(8) System change. If the routing system changes, the continuity 
techniques discussed in paragraph 44 b (2) may be applied. For 
example, the continuation of a series of serial numbers may serve to 
identify a new routing designation with an old. Also of value are 
the contact patterns or associations in which a routing designation 
may be involved. If, for instance, routing number 123 sends traffic 
daily to three particular locations, and after the change of system, 
ABC is discovered following the same pattern, then 123 and ABC 
may be equated. 

c. The above listing of methods of identification is only partial 
and specific application is dependent on the nature of the communi- 
cation system under study and on the structure of the routing codes. 
Identifications, as made, should be evaluated and some sort of validity 
indicator attached to them as a guide to the reliability of the valug. 
These validities are the result of personal judgment and the peculiari- 
ties of evidence and no rules can be laid down for their use on a 
general basis though in any specific problem definite standards can 
be set up. Where identifications are based on a crib, however, it 
should be remembered that the validity of the cribbed value can be 
no higher than that of the base value. 


51. Analysis of Textual Features 


The analysis of cryptographic features is concerned with the recog- 
nition, use, and distribution of systems, the use of indicators, and 
the identification of practice and dummy traffic. 

a. Recoenition. The recognition of cryptographic systems is the 
first step in their analysis either for traffic analysis or cryptanalytic 
purposes. Where a discriminant in the clear is present, this becomes 
a simple matter; encipherment somewhat complicates the problem. 
But, if there is no discriminant, it is necessary to make use of other 
features. In the attack, traffic should be sorted down by net and 
then studied for individual peculiarities. For instance, the following 
differences may appear as to the type of text: 


Net Type of text No. of messages 
I 4-letter 65 
4-digit 40 
3-digit 29 
II 4-ietter 48 
5 5-digit 73 
“ 4-digit 51 


Since the net usually represents an order of battle entity it also 
often represents a crypto-entity. Therefore, all 4-letter traffic pass- 
ing on Net I (barring the discovery of any further distinction) may 
be assumed to belong and may be considered for the moment a hemo- 
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geneous system in itself. Further study is then necessary on the 
relationships of the two possible systems. Some elemental difference 
as to form may be apparent which will distinguish them as separate 
systems, such as the presence of a digit indicator in one.. On the 
other hand, no distinction may be noted and it will be up to the 
cryptanalyst to determine if the same or different systems are in- 
volved. Routings should also be checked in this respect, a relation- 
ship between routings (as to echelon, for example) evidencing the 
likelihood of the same system though passed on different nets. Other 
factors, beside type of text, are of course also valuable. These in- 
clude priorities, characteristic serial number ranges, or features of 
the text such as the nature of the indicators. ; 

ec. AnNaLysts or Use. Tabulations of the nets and routings of 
traffic will often indicate the use of a system. A system, for ex- 
ample, passing only over a water transport net may be identified 
tentatively as a water transport system, or one used only between 
intelligence units may be considered a special intelligence system. 
Caution should always be exercised in making such assumptions 
because of the ever present possibility that the transmitting of cer- 
tain traffic over specific nets may result from communications neces- 
sity. Peculiarities as to priorities, serial number ranges, and mis- 
cellaneous preamble classifications may also assist. 

d. ANALysIs or Distrrisution. Directly related to the study of 
use is the analysis of distribution which can be accomplished on the 
basis of the same tabulation. For instance, a given system may be 
identified as Air Force and, furthermore, it may be discovered that 
its distribution is limited to a certain type of Air unit. The tabula- 
tion may be as follows: 


Net Routings Volumes Other characteristics 
I A-B 354 All traffic uses 5-digit message 
A-D 251 center numbers. 
B-A 240 
B-D 223 
C-A 112 
II A-E 232 5-digit message center numbers. 
A-F 227 
E-F 116 
F-E 34 
Til A-G 249 5-digit message center numbers. 
B-G 245 
G-C 121 
G-H 112 
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Nets I, II, and III are known to be high-echelon Air Force adminis- 
trative nets. The system under study appears only on these nets 
and a further check reveals that it composes the bulk of the traffic 
passed, indicating that it is probably the high-echelon administra- 
tive Air system. The 5-digit message center numbers are of interest 
because numbers of this size appear only on traffic of Air division 
or higher. Furthermore, most of the routings involved are known, 
to be locations of Air divisions and higher headquarters. Thus, the 
limits of the distribution of the system are established and now the 
reasoning may be reversed: any routing appearing with this system 
may be assumed to be an Air division or above. One-time pads lend 
themselves to this type of analysis because of their highly restricted 
distribution. Tabulation of the pad numbers against other features 
will generally define the users, and since these pads are usually 
used in only one direction, fix the originator and the one or more 
recipients. 

e. ANALysIs oF InpicaTors. Where indicators appear in the clear 
they may be of traffic analysis value. Observation will reveal any 
peculiarities of the indicators and, if present, they can be correlated 
with other features. 

f. AwNatysis or Practice Trarric. Practice traffic can often be 
identified through a study of the text. Messages may be made up at 
random which generally leads to a patterning and repetition of com- 
binations of letters or digits. Also since there is usually no desire 
to disguise practice traffic, it may carry a designation in the head- 
ing. On the other hand, skillfully designed practice traffic, particu- 
larly if an effort is made to conceal it, may be undetectable except 
for security breaches in operator chatter. 

g. ANALYsIs or ControL Trarric. Control traffic, if properly 
handled, may prove very difficult to identify. The usual means of 
analysis, such as operator chatter, distinctive serial number ranges, 
etc., are always open. For example, very fast receipting for traffic 
and few services may indicate that the operators know that the 
traffic is dummy and are not particularly concerned about it. On the 
other hand, in an efficient control operation, the operators will not 
know that they are dealing with dummy traffic and hence will fur- 
nish no clues. Another method open to the analyst, however, is the 
study of traffic volumes and proportions. A level traffic volume on a 
number of circuits may indicate an attempt to conceal the natural 
peaks and troughs of a military operation. Moreover, high volumes 
in areas which other intelligence sources reveal as inactive should be 
viewed with suspicion. Abnormal rises of certain types of priorities 
of traffic should be carefully checked for evidences of spuriousness. 
Control operations carefully planned will take into account the 
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proper proportions between the various types, but, because of their 
complexity, breaches of security will often occur. 


52. Miscellaneous Items 


Every communication system has its own peculiarities in its pro- 
cedure and traffic. No rules can be given for their analysis except to 
observe the manner of use and to seek out the relationships between 
them and other features. It is hoped that thé foregoing discussion of 
certain specific components will not only serve to set the pattern for 
research on these miscellaneous items, but, more than that, will 
encourage the traffic analyst to use his ingenuity in the development 
of new techniques. 


Section fll. NET RECONSTRUCTION 


53. Introduction 


The reconstruction of the radio net proceeds simultaneously with the 
analysis of radio operations. (Furthermore, it is a continuing task 
since net formations and operating data are seldom static factors.) 
As noted before, it involves the grouping of stations into nets, the 
building of the net structure, and the identification of the stations 
with geographic locations and military units. The resulting net dia- 
gram may be drawn in either a schematic or geographic design, 
according to purpose, and signal features added. This involves, in 
effect, the reproduction of the radio communications section of the 
enemy “Signal Operation Instructions” (SOI). These instructions 
are the orders issued setting up the required signal nets for each 
military operation and include the assignment of frequencies, call 
signs, schedules, and miscellaneous data. For a more complete 
description of the “Signal Operation Instructions,” and for United 
States Army examples of same, see chapter 4, FM 24-16. 


54. Grouping of Stations 


a. The initial step in analysis is to list all stations and their cor- 
respondents. This will yield a rudimentary grouping. For example, 
the study of a day’s chatter reveals— 

ABC works DEF 
ABC works GHI 
ABC works JKL 
DEF works MNO 
DEF works PQR 
MNO works PQR 
XYZ works STU 
XYZ works ? 


Sypesltya ol 
naka 


Figure 85, 


Thus there are, for the moment, two separate groupings of stations 
with Net I apparently divided into two groups (fig. 35). It should 
be remembered that one day’s intercept will rarely result in anything 
as complete as this, and that where daily changing calls are employed, 
the continuity techniques covered in paragraph 44 must be used. 
Missed calls present a similar problem, The next task is to study the 
characteristics of these stations as far as radio operation and pro- 
cedure is concerned in order to refine the above groupings. It may 
be found, for example, on the one hand, that the ABC group and 
Net II exhibit such like characteristics that they appear to belong 
to the same net and that the connecting link between them has not yet 
been monitored; and, on the other hand, that the DEF group dis- 
plays such different characteristics that it must be considered sepa- 
rate and that the DEF call must serve two groups (DEF-MNO-PQR 
and DEF~ABC). 

b. The characteristics to be compared relate to all the features of 
radio operations: 

(1) Frequencies: 

(a) System of use. 

(b) System of allocation. 

(2) Call signs: 

(a) System of use. 

(b) System of allocation. 
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(3) Schedules: 

(4) Procedure: 

(a) Call up. 

(b) Order of traffic. 


(c) Message externals (form and composition of preamble and 
postamble). 4 

(@) Receipting. 

(e) Corrections and services. 

(f) Signing off. 

(5) Cryptographic systems. 


c. These items may be used as a check list. Stations, or circuits, do 
not have to agree in every particular to be grouped, but they should 
on the major features and, often, on the more characteristic of the 
minor. What constitutes this latter depends on the net itself. If, 
for example, strict instructions are issued by the net relative to the 
order of the preamble components, any deviation, however slight, may 
be taken as evidence of a separate net. On the other hand, if instruc- 
tions are rather lax, deviations may not hold any significance. The 
traffic analyst seldom knows about the nature of the orders on oper- 
ating procedure, but he can, through careful observance of the net, 
gain a general impression of how closely it is controlled and how 
well it is disciplined. 


d. The following example illustrates the use of these techniques: 


ABC works DEF 
ABC works GHI 
ABC works ? 
XYZ works MNO 
XYZ works PQR 
STU works ? 

? works ? 


The diagrams (see fig. 36). 


The characteristics: 

Frequencies: 

Net I: Complex-sending Frequency Fixed. 

Net II: Star Frequency Fixed. 

Net III: Complex-sending Frequency Fixed. 

Net IV: Complex-sending Frequency Fixed. 

Call signs: 

Net I: Double-station Calls Monthly Changing. 
Net II: Double-station Calls Monthly Changing. 
Net III: Double-station Calls Daily Changing. 
Net IV: Double-station Calls Monthly Changing. 
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(d) 
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(c) Schedules: 


Net I: Period. 

Net II: Period. 

Net III: Unrestricted. 

Net IV: Period. 

Procedure: 

All Nets: Q signals; International. 


1. 


2. 


8. 


Call up: 

All Nets: Usual. 4 

Order of traffic: 

All Nets: Precedence traffic first. 

Message externals: 

Net I: 

Preamble: Circuit No.; Precedence; Message Center No.; 
Group Count; File Date and Time; Rout- 
ings. 

Net II: 

Preamble: Circuit No.; Message Center No.; Group 
Count; File Date and Time; Routings. 

Net III: 

Preamble: In-desk No.; Precedence; Message Center No.; 
Group Count; File Date and Time; Rout- 
ings. 

Net IV: 

Preamble: Circuit No.; Precedence; Message Center No.; 
Group Count; File Date and Time; Rout- 
ings. 

Separators: Same for all nets. 

Receipting: 

All Nets: Usual. 


. Corrections and services: 


All Nets: Usual. 


. Signing off: 


Net I: Usual. 
Net II: Usual. 
Net III: Makes next schedule. 
Net IV: Usual. 


Cryptographic systems: 
Net I: A, B, C, D. 
Net II: A, E, F. 

Net III: A, G, H, I, J. 
Net IV: A, B, D. 


e. It will be observed from the above that Nets I and IV have 
similar characteristics, and that II and III differ in certain important 
respects. 


Net II uses a net frequency. This alone would be insuffi- 
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Figure 87. 


cient grounds for isolating it, but the position of the precedence in 
the preamble, and the use of different cryptographic systems fur- 
nishes enough additional evidence. Net III employs daily changing 
calls, usually adequate premise for setting a net apart. In this 
instance, added weight is given by the use of unrestricted signaling, 
the in-desk number, and the distinctive cryptographic systems. 


55. Building the Net Structure 


a. An elementary amount of net building is accomplished in the. 
process of grouping the stations into nets. A number of additional 
techniques are now brought into play to complete the task. The crux 
of the problem involves the identification of different frequencies and 
calls with a station, in other words, that call ABC is at the same 
station as DEF, or that 11,000 kes is at the same station as 9,050 kes. 
When this has been done, the links and groups will fall into place and 
the net reconstruction be completed. It is difficult to set down defi- 
nite methods to be pursued because much depends on the individual 
characteristics of the network. The following paragraphs discuss 
some of the principles involved and are suggestive of the general 
approach. Examples used are based on the diagram in figure 37. 

b. FREQUENCIES, CaLLs, ScHEDULES. As a general rule, like calls 
or like frequencies may be assumed to be at the same station. Thus, 
in figure 37, the call ABC on frequencies 11000/5000 kes was always 
considered the same regardless of station called. But caution should 
be exercised in arriving at this decision because it is always possible 
that no relationship may exist. A check of schedules is helpful. If 
ABC is heard working two different stations at the same time, it is 
likely that the two ABC’s are separate stations. Other checks are 
traffic routings, cryptographic systems, etc. 

c. INTERLOCKING Seriats. Where a radio station in-desk number is 
used, the serials out of different calls can be interlocked. When the 
serial is a message or signal center number, the interlocking technique 
may also be used, but account must be taken of the relay possibility. 
For instance, in figure 38 A and C are under analysis in an attempt 
to tie them together. Message center numbers on traffic out of ABC 
run: 


ABC DEF 


©. se (°) 


Figure 38. 
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1578 1607 
1579 1608 
1585 1609 
1586 1610 
1587 1629 
1588 1630 
1589 1631 
1603 1641 
1605 1642 
1606: 1643 
Message center numbers on traffic out of GHI run: 

1581 

1582 

1583 

1584 


But, if the latter traffic shows evidence of being relayed and, if there 
are no other grounds for identification, a conclusion cannot be 
reached. On the other hand, if it is found that nonrelay traffic on 
this net carries no routings, but that relay traffic does, and that all 
the messages listed above under both ABC and GHI have no routings, 
it may be assumed that ABC and GHI are co-located. Other types 
of serials, such as link numbers, generally cannot be used for this 
purpose, 

d. Trarric Routines. On the theory that the predominant origi- 
nator out of a call or frequency and the predominant destination into 
a. call or frequency represent the location of the call or frequency, 
a tabulation of traffic routings may be used for net-building. For 
example, tabulations of routings relative to ABC and GHI reveal: 


Call Routing Volume 
Out of ABC 1234 15 
2345 43 
3456 10 
4567 3 
Into ABC 1234 58 
2345 12 
4567 1 
Out of GHI 1234 158 
2345 79 
Into GHI 1234 101 
2345 39 


ra 


The similarities in routings suggest their co-location though further 
proof is necessary for positive identification. 

(1) Also useful is the system of omitting routings on local traffic. 
Calls of the same station will demonstrate similar relay routing lists 
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with the station’s own routing rather low in the tabulation. Book 
messages can be used as explained in paragraph 506 (2) (6). 

(2) A somewhat different use of routings is in the inferring of 
links which have not been heard. For example, the routing 1234-6789 
is noted on a message from A to B. 1234 has been located at C, but no 
link from C to A has been observed. Nevertheless, there must be some 
connection either through another station or directly. It is difficult 
to determine which is the case; a check of file time against intercept 
time will sometimes serve to indicate whether, considering the 
precedence of the message and the usual time lapses on the net, how 
many prior relays are likely, A tentative diagram could be drawn 
as shown in figure 39. 


Figure 39, 


e. CryptocraPHic Systems. On locally originated traffic, distinc- 
tive cryptographic systems, such as one-time pads, may be used to tie 
calls or frequencies together. As in the application of all message 
center features to radio stations, care must be taken to avoid relayed 
traffic. 

f. Cuarrer. Items of chatter furnish important clues to net- 
building. In many instances, outright statements are made which 
relate one link to another. For example, ABC tells DEF, “At 1100 I 
have schedule with GHI.” At 1100, JKL is heard calling GHI, indi- 
cating the identity of JKL and ABC. Mention of operators names 
or other local personalities also assist by the appearance of the same 
personality on different links. 

g. Revayep Trarric. The study of relayed traffic presents one of 
the most important techniques in net-building. As messages pass from 
station to station, the net automatically reconstructs itself since it is 
only necessary to trace the messages’ path to determine the structure. 
The chief caution to be observed is the possibility of having missed 
a relay, but this can generally be checked by differencing the intercept 
times. For example, a message is transmitted from ABC to DEF and 
an hour later from GHI to JKL. The diagram in figure 40 may then 
be drawn. 


Figure 40. 


Figure 41. 


does exist, but the short time lapse of one hour makes it unlikely that 
the extra relay took place. Of course, what constitutes a short time 
lapse is dependent on the habitual lapses and on the precedence of 
the messages under study. 

h. CouuateraL InrormMaTion. Direction-finding is an important 
technique and, when the radio system is highly secure, may furnish 
the chief method of net building. Decode material, captured docu- 
ments, prisoner-of-war reports, when available, should also be used 
to the fullest extent. 


56. Location of Stations 


The geographic location of stations is the third step to be performed 
in the reconstruction of the radio system. 

@. IDHNTIFICATION WITH A KNown Evemenv. Identification with a 
known element is one of the chief means of locating the station. For 
instance, the tying-in of a station to an identified routing number 
will place the station. Similarly, calls, frequencies, serial ranges, 
and cryptographic systems which have been matched to locations may 
serve this purpose. The techniques involved can be derived from 
those discussed in this section and in section II, A validity should 
be attached to each station identification dependent on the weight of 
the identifying evidence. 

b. CuHartsr. Chatter often furnishes identifications through oper- 
ator carelessness. Clues to locations, such as mentions of weather, 
local conditions, and similar items, should be carefully appraised. 

c. Drtrecrion-Finpinc. Direction-finding is here listed separately 
because of its importance in the locating of stations. Often it is the 
only means available. This is particularly true in low-echelon nets 
where movement is liable to be frequent and where message externals 
are held to a minimum. It may sometimes be necessary to utilize a 
knowledge of order of battle, geography, and military strategy in 
connection with Girection-finding. Bearings will usually give a gen- 
eral area, larger or smaller according to the distance from the target 
and the accuracy of the bearings, but seldom will pin-point a loca- 
tion. However, inference as to the most likely location within narrow 
limits is permissible provided it is backed with sound reasoning. 

d. CoLLaTeRAL Marertau. Order of battle information, decode 
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material, captured documents, and similar items are often of great 
value in placing stations. For example, a division headquarters, 
whose radio station has been identified, moves to a new location. This 
new location is revealed by other sources. It may then be assumed 
that the headquarters radio station is also at this point. 


' §7. Unit Identifications 


a. The last step in the reconstruction of the radio system is the 
imposition of the order of battle. The order of battle underlies the 
entire net organization and each radio station must be ‘identified 
with the units which it serves. In the high echelons, the nets are 
usually composed of large fixed installations which serve a number 
of units in the vicinity. Generally, however, there will be one major 
unit which the station represents. In the lower echelons, on the 
other hand, there will be a close correlation between unit and sta- 
tion. This is partially the result of the customary policy of man- 
ning large installations with an independent signal organization, 
while in the lower echelons the signal sections operate as an integral 
part of the unit. 

b. The techniques of matching units with stations are only out- 
lined below since it is felt that the preceding discussion sets the 
pattern of reasoning. 

(1) Identification with a known element. This involves such items 
as call sign or frequency patterns which may be distinctive for cer- 
tain commands or echelons, serial number ranges, routing systems, 
cryptographic systems, and procedural characteristics. 

(2) Chatter. 

(3) Order of battle. Beside the usual method of identifying a 
tnit with a location and a location with a station, it is sometimes 
possible to force identification. For example, the order of battle 
information given in figure 42 is known, and a net is reconstructed 
as illustrated in figure 43. 


3rd Army 


{9th Division 33rd Division 104th Division 


Figure $2. 


It becomes apparent that station D is probably the 104th Division. 
In many cases, the echelon of command can be determined from the 
structure of the network and this may later lead to the identification 
with specific units. For example, the network shown in figure 44 is 
built. 


, ee eenrncrenniae ete 
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It will be observed that A is probably the top headquarters, that B, 
C, and D are lower equivalent units, and that their out-stations are 
still further down the line. If anything is known of the order of 
battle in this area, it may be possible to match it with the net 
diagram. 

(4) Collateral material. 


58. Dummy Nets 


Dummy nets and stations may be set up for the same purpose as 
that served by control traffic. Often when a headquarters is moved, 
a radio station is left operating at the former location to conceal 
the redeployment. Similarly, when it is desired to misdirect the 
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careless chatter or ineptitude. 


59. The Integrated Diagram 
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Figure 45. 


enemy’s attention, entire spurious nets may be employed to create 
the appearance of activity in an inactive area. The detection of such 
nets and stations may be difficult to accomplish and is largely de- 
pendent on the ability to uncover breaches of security resulting from 


The immediate objective of the reconstruction of the nets is the pro- 
duction of the integrated network diagram which will serve as a 


3rd Army Group _ 
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JKL 
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backdrop for future study of the nets and for the production of 
intelligence and cryptanalytic aids. Because of the limitations of 
space and the complexities of some of the data, however, it is often 
not possible to include all the information necessary to a complete 
network picture in diagrammatic form. Therefore, certain basic 
diagrams may be produced either in schematic or geographic arrange- 
ment, and the omitted data supplied in accompanying charts. An 
example of such a basic diagram is given in figure 45. It will be 
noted that it contains order of battle units, locations, frequencies, 
and call signs, and is drawn schematically. Other data, which could 
be appended in chart form, might include range of serial numbers 
at each location or on each link, cryptographic systems used, and 
routings which appear or are identified with units or locations. 


Section IV. METHODOLOGY OF ANALYSIS 


60. Introduction 


The preceding sections of this chapter dealt with the techniques of 
traffic analysis in regard to the study of radio operations and the 
reconstruction of the nets. In order to perform this analysis and 
achieve these ends, the proper machinery for processing raw material 
must be employed. This section is concerned with this machinery, 
and includes the processing of the chatter logs and the maintenance 
of appropriate files. The methods and forms outlined are only sug- 
gestive of the possibilities and changes should be made as necessary 
to meet individual situations. 


61. Intercept Operator’s Log 


a. The raw material of traffic analysis is the chatter log. This is 
a complete record of the transmission as it is copied by the inter- 
cept operator and includes both traffic and chatter. An example of a 
portion of such a log follows (procedure is Q signals and interna- 
tional) : 
ABC (2765 kcs) VVVVVVVVVV 
DEF DEF DEF de ABC ABC ABC VVV QSV K 213382 
DEF (3152 kes) VVVVVVVVVV 
VVVVVVVVVVVV ABC ABC ABC de DEF DEF 


DEF VVVVV K 2135%, 
ABC V’s QSA ? QSA 7K 21382 
DEF QSA4 QSA4 QSA? K . 21397, 
ABC QSA4 QTC 2 OP 

QTC2 OP K 21402 
DEF QRV QRV K 21417, 
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ABC QTC QTC 
NR695 OP GR14 121541 BT 
1904 2391 6025 8034 1709 
6123 8051 6843 2967 1035 


4114 EEEEEEEEE 4104 5281 7399 2144Z 
DEF 3? 3? 
ABC 7399 1211 BT QSL? QSL? K 2145Z 
DEF R 2145Z 
ABC AS5 ASS K 21462 
DEF OK OK OK , 

SAW TOM IN TOWN LAST NITE 21482 
ABC WHERE WAS HE GNG? 21492 
DEF 31 Div They lost 2 ops in raid 21512 
ABC TOO BD AS AS 2151Z 
ABC QTC QTC QRV? K 21552 
DEF QRV QRV QRV K 21562 


bo. ‘The important items of this chatter log must be extracted and 
recorded. The usual method to accomplish this is the use of the in- 
tercept operator’s log on which is entered the significant features 
of the transmission as they occur. A sample log based on the above 
chatter is shown in figure 46. 

c. The log is the basic analysis recording. Once it has been com- 
pleted it should not be necessary, except in rare instances, to go 
back to the chatter logs. Consequently, considerable care should go 
into its preparation. It should contain all the data required for 
analysis and for the compilation of files. 


62. Files 


The contents of files are largely determined by the particular prob- 
lem. It will generally be found advantageous, however, to maintain 
files based on the following: 

a. Frequency. A master-frequency file containing a record of all 
frequencies, the time and date when first heard, associated frequen- 
cies, location, calis if reasonably fixed, net, etc. 

b. Catt Sicns. A master call-sign file containing a record of all 
calls, date when first heard, associated calls, location, frequencies, 
net, etc. The information on the card here or in the frequency file 
may be kept to a minimum if one is adequately cross-indexed to the 
other. 

c. Sexrau Numsers, Where practicable, files should be maintained 
on the various serial number ranges together with related features. 

d. Routine System. A file of routing code groups with proofs of 
identifications. 

e. CryprocrapHic Systems, A file of all cryptographic systems, 
how they can be identified, by whom used, for what purpose, and net. 
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Seriat | Origin | Dest. Remarks 
2133 | 3152 } / V’s DEF de ABC 
2135 | 2765 | W's ABC de DEF 
QSA? 
QsA4 
QSA4. 


OP GR14 121541 1904.... 
7399 1211 


SAW TOM IN TOWN LAST 
NITE 


WHERE WAS HE GNG? 


31 DIV. THEY LOST 2 OPs 


Figure 46. Sample intercept operator’s log. 


In the case of distinctive features, such as one-time pads, files should 
also be maintained for each pad together with other pertinent data. 

f. Procupurn. A file on the meanings of noninternational pro- 
cedure signs and signals. 

g. Pwersonaitias. All personalities appearing in traffic or chatter 
together with the connection in which they were mentioned. Person- 
alities derived from other sources can be added to this file but they 
should be so marked. 

h. Onpzr or Barrun. All order of battle identifications originating 
with traffic analysis plus that available from other sources. 

i. Net, Group, anp Linx. A running record should be kept on 
each net or, where necessary, group or link which will act as a his- 
tory and also include the basic data for station identifications as to 
location and order of battle. 
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j. CoLLaTERAL MaTeriats. Appropriate files should be maintained 
for all collateral materials. In the case of direction-finding, informa- 
tion must be organized to suit the particular problem. Files, as re- 
quired, should also be maintained on solved messages, captured docu- 
ments, and similar items. 


CHAPTER 4 


APPLICATIONS OF TRAFFIC ANALYSIS 


Section |. INTERCEPT OPERATIONS 


63. Introduction 


Traffic analysis plays an important role in the direction of intercept. 
It furnishes the basic information necessary to the intercept station 
for the performance of its mission; its requirements are coordinated 
with those of intelligence and cryptanalysis for the purpose of pre- 
scribing cover and fixing priorities; and it checks certain phases of 
station performance. Depending on the nature of the organization, 
traffic analysis may also be responsible for the specific determination 
of missions for the intercept stations. 


64. Intercept Information 


a. The elementary function of traffic analysis in intercept control 
is the providing of basic net data to the stations. This includes 
chiefly frequencies, calls, schedules, and station lecations. Other 
information may be added as required. A sample listing follows: 


Locations Frequencies Call signs Schedules 
Hoboken 10500/5030 ABC 0100 ; 0300; 
Zanesville 11350/6125 DEF 0500 ; 0700; 

1700; 2100 
Hoboken 10500/5030 ABC even hours 
Overton 16400/7625 GHI 
Overton 16400/7625 GHI 0900 ; 1100; 
Zanesville 11350/6125 DEF 1300 ; 1900 ; 2300 
Star Lake 8430/4175 MNO , 0700; 0900; 
Ticonderoga 8600/4235 PQR 1800 ; 2200; 
Star Lake , 8480/4175 MNO 0400; 0600; 
Buffalo "9550/3965 STU 1900 


b. Technical reports may also be furnished to the intercept station. 
Certain items are fundamental. For instance, in the case of a chang- 
ing-call system, the elements of the system are necessary for con- 
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tinuity in cover; the same is true of frequency systems, procedure 
signs and signals, etc. In the determination of the type of materials 
to be forwarded, a balance must be struck between the requirements 
of security and those of intercept. All information is of use to the 
station, but some is more essential. Thus, it should be the policy to 
furnish everything that is available, consonant with security. Even 
much data which appear irrelevant may be of value if only to indicate 
to the intercept station the importance placed upon its product. 


65. Types of Coverage 


If it were possible to cover all desired nets or links twenty-four hours 
a day, there would be few problems to intercept control. Because of 
limited facilities and operators, however, such is not the case, and it 
becomes necessary to draw a number of fine distinctions with regard 
to types of cover and the order of priorities. Thus, cover may be 
divided into several types according to the purpose it serves. 

a. Futt Timp. This is the highest of all intercept priorities 
(except in special instances) and consists of complete daily monitor- 
ing of each assigned net or link on all known schedules. The number 
of missions included in the full time classification should be suffi- 
ciently small to permit the monitoring station to cover all of them 
with ease so that, unless something entirely unforeseen intervenes, 
intercept is assured. Full time cover should never tax the maximum 
facilities and personnel of the station except under unusual circum- 
stances, since positions should be reversed for other types of cover. 
These positions may, of course, be switched to full time if absolutely 
necessary. 

6. Sampuine. Nets or links which cannot be covered on full time 
may be put on sampling. The net is checked at regular intervals, the 
intercept station listening to several missions each day and rotating 
them until all have been monitored when the list repeats. This method 
yields some traffic on a variety of nets and enables the traffic analyst 
to keep abreast of current developments. 

ce. Sgarcu. This mission consists of a search through a frequency 
band or bands for new transmitters and for changes of wave lengths. 
In the early stages of traffic analysis, this mission is of first impor- 
tance since it serves to outline what is on the air. 

d. Preciminary Cueck. New frequencies discovered on search 
must be followed up to ascertain their genuineness and desirability. 
To accomplish this, they are placed on preliminary check, actually 
' an extension of the search mission. If proved valuable, these links 
are then transferred to either full time or sampling. 

e. Speciat Cusck. Special check is the complete cover of a net or 
link for a limited period of time. The check may serve a variety of 
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purposes such as whether the link is still active, or what its schedules 
are, or whether it can be heard at the monitoring station. 


66. Factors in Assignment 


The main considerations in the assignment of missions to specific 
intercept stations are: 

a. The ability of the station to hear at the times desired. 

b. The availability of positions and personnel for coverage at the 
station. 

c. The most economic use of the station’s time. This involves the 
problem of the common transmitter which makes it desirable to assign 
an entire net, where possible, to one station. For example, in the 
net shown in figure 47 both the A-B and A-C link should be assigned 


Figure 47. 


to the same station, for by covering A throughout the day the activi- 
ties of the net can be followed. On the other hand, if the intercept 
unit can hear A and B, but not C, it would become necessary to split 
the assignment. <A second consideration in following this procedure 
is that the common transmitter arrangements tend to spread out until 
they include more links than can be handled at a single station. For 
example, C works another station on 10320/5600, B does likewise on 
9875/4300, etc. Thus, a compromise assignment must often be devised. 

d. The communication facilities between the station and the cen- 
tral analysis agency. In many instances, it is of prime importance 
that traffic arrive at a central point for analysis within the shortest 
possible time. For this reason assignments are sometimes made to 
the station which, though unable to provide the best cover, can for- 
ward the traffic the fastest. 
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67. Factors in Priorities 


The determination of priorities rests on the threefold requirements of 
intelligence, cryptanalysis, and traffic analysis. The traffic analysis 
needs are: 

a. INTELLIGENCE. Traffic analysis, on its own, contributes to the 
intelligence picture and consequently is interested in seeing to it that 
the nets which yield the major portion of traffi¢ analysis intelligence 
are adequately covered. 

b. ANALYSIS OF Rapio Opgrations. In the study of certain elements 
of radio operations, intensive cover may be found valuable for limited 
periods of time, for example, the defining of schedules on a given net. 
Special check may be used to this end. 

c. Ner Reconstruction, Traffic analysis must maintain an up-to- 
date picture of all radio nets for the benefit of intercept control 
personnel regardless of the needs of intelligence and cryptanalysis 
(because those needs may change from time to time), and informa- 
tion must be available to permit the immediate assumption of cover- 
age. In the reconstruction of nets of little current significance, or 
where the significance is unknown, special check is useful. Where 
nets have already been reconstructed and it is merely desired to watch 
them for changes, sampling cover is satisfactory. 


68. Interpretation of Requirements 


Besides making its own demands on intercept, traffic analysis fre. 
quently interprets the requirements of intelligence and cryptanalysis 
in terms of links and nets. For example, intelligence expresses inter- 
est in a given area; traffic analysis knows what links or nets to 
monitor in order to blanket the area. Or cryptanalysis wants more 
traffic in a given system, a certain routine message, or a type of 
isolog; traffic analysis knows what nets or links carry large portions 
of this traffic. 


69. Station Performance 


a. In order to insure proper performance by the intercept station 
and to check on the fitness of the assignment, coverage results are 
continually evaluated. 

b. If a serial number, relative to the sending station, is available, 
it may be analyzed for missed traffic, Forms can be devised for the 
simple maintenance of this data which, in turn, can be obtained from 
the intercept operator’s log. Other features, such as message center 
serials, may also be employed to check for missed traffic though care 
must be exercised in making use of them. Incidentally, there is a 
tendency to place emphasis on the volume of traffic copied at a station 
as a gauge of its efficiency. This attitude is to be discouraged since 
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it is often necessary to monitor nets or links which yield little traffic, 
but do carry cryptographic systems of great cryptanalytic or intelli- 
gence value, or possess useful traffic analysis features. 


Section Il. APPLICATIONS TO CRYPTANALYSIS 


70. Introduction 


a. The relationship between traffic analysis and cryptanalysis is 
not easily defined. Often an arbitrary line must be drawn between 
them when it is desired to keep the functions separate, but it will be 
found necessary, whatever the distinctions made, for the cryptanalyst 
to be grounded in traffic analysis and the traffic analyst in crypt- 
analysis. This arises from the basic concept of traffic analysis and 
cryptanalysis as closely related processes with traffic analysis fur- 
nishing the frame of reference within which cryptanalysis is per- 
formed. The material supplied by traffic analysis falls into four main 
categories : 

(1) General background information. 

(2) Crib messages. 

(3) Isologs. 

(4) Chatter. 

b. It should be borne in mind by the traffic analyst that the re- 
quirements of the cryptanalyst vary according to the stage of solu- 
tion. At times, for example, an isolog may be of great value, at 
other times it may be of no use at all, and at still others it may be 
of potential use pending the development of the problem. Therefore 
the traffic analyst should gear his production in this field to the needs 
of cryptanalysis. 


71. General Background Information 


Traffic analysis furnishes a large amount of routine information rela- 
tive to communication features which assist the cryptanalyst. Some 
of the main items are— 

a. Routines. The knowledge of the origin and destination of 
traffic is fundamental. 

b. Ipenrirication or Systums. Traffic analysis contributes to the 
identification of cryptographic systems where discriminants do not 
form an obvious guide and assists in the sorting of traffic into homo- 
geneous groups. , 

ec. Uses or Systems. Through discovering the use of systems, and 
any peculiarities relative to it, traffic analysis aids the cryptanalytic 
processes. Specific applications, of course, depend on the nature of 
the system and the externals available. 
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72. The Crib Message 


a. Derinition. When it is possible to assume portions of the 
underlying plain text through the recognition of external character- 
istics, a message may be termed a crib message. Crib messages may 
be divided into two main groups. 

(1) Messages which display a direct external-internal relation- 
ship, as the correlation of an internal signature with the external 
originator. 

(2) Messages which are proforma reports. These aris? out of the 
command function which necessitates the rendering of reports both 
up and down channel. They are usually formalized to insure com- 
pleteness and thus present several portions of predictable plain text. 
Reports are of two types: those periodically filed which are called 
routines, and those which are forwarded as the situation requires. 

b. InentivicatTion or Crip Massaces. (1) Use of originator or 
destination. If traffic contains internal addresses or signatures, they 
may be assumed by a knowledge of order of battle in relation to the 
message routings. Thus, messages originating at Dallas, known to 
be the location of the 14th Division, may contain the “14th Division”, 
its commanding officer, or one of its subordinate units in the signa- 
ture position. The possibility of several units at a location should 
not be overlooked. 

(2) Use of serial number range. The serial number range may be 
tied to an internal originator, and the signature on all traffic in the 
series may be predicted. . 

(3) Use of other features. In the study of internal originators 
and addresses, other features, such as cryptographic system, relation- 
ships between preamble originators and destinations, etc., should be 
correlated with the above. For example, a specific originator may be 
defined by a combination of routing origin, serial range, and crypto- 
graphic system. 

(4) Use of external patterns. Inithe case of report messages, 
these can often be distinguished by the characteristics of the traffic 
which chiefly include— 

(a) Destinations. Because the report is regularly rendered to 
specific people, the destinations will furnish one peculiarity of the 
message. If order of battle is known, the relationship between the 
originator and the destinations may be explained and it may even 
be found possible to identify the nature of the report. When the 
routine pattern has been established, the order of battle must be 
watched for changes which will result in alterations of the pattern. 


Note. Crib messages bear a very direct relationship to the military situation 
and the order of battle since they are, particularly in the report type, instru- 
ment of the command process. Thus, a detailed knowledge of enemy dispositions 
and movements is essential to the study of crib traffic. 
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(6) Cryptographic system. Reports usually pass in the same 
system. But, where a change does take place and it can be recog- 
nized, the crib may assist in a solution of the new system. 

(ce) Serial number range, Because the same unit generally origi- 
nates the same report, characteristic serial number ranges may be of 
value. 

(d) File date and time. Reports which are routine in nature 
often exhibit a periodicity in the file date and time. For example, a 
ten-day report will be filed every tenth day, or a daily report as of 
1700 will usually carry a file time after 1700 of that day. 

(e) Message length. Because of the stereotyped nature of a re- 
port, the group count may show some consistency. In many cases, 
however, the length will be determined by the amount of information 
to be filled in, so while the message length acts as a guide, lack of 
regularity in this respect does not rule out the possibility of a genuine 
crib message existing. 

(5) Use of solved messages. The reading of messages often pro- 
duces crib traffic not previously suspected. This traffic should be 
studied and its characteristics noted to aid in future solution. Fur- 
thermore, it may be assumed that, if one unit originates a report, 
the same report is required of all other similar units. A check with 
order of battle will reveal the location of these other units and the 
specific traffic can be studied. For instance, a report may be observed 
from an oil depot to headquarters. This suggests that other oil 
depots also originate a similar report. These depots are then located 
and their traffic examined for the proper external characteristics as 
indicated on the decode. 


73. The Isolog 


a. Durinition. An isolog exists where the underlying plain text 
is encrypted in two different systems. There are many types of isologs 
depending on the nature of the cryptographic system, and it is hardly 
possible in this text to explore all the likely variations. Isologs arise 
from the cryptonets which, in turn, bear a close relationship to the 
order of battle. They are caused in three main ways: 

(1) The relay isolog. When a message is relayed from one crypto- 
net to another, an isolog is likely. In figure 48, a message passed 
from A to C is reenciphered at B who holds both systems I and II. 
This type of isolog is usually formed by traffic passing up and down 
channels where reencipherment is necessary into simpler and simpler 
systems, the more forward the unit. 

(2) The book-message isolog. Messages which are to be sent to 
a number of recipients in different cryptonets must be enciphered in 
different systems. In figure 48, for instance, if B wants to send the 
same message to A and C, the appropriate system is used for each. 
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Cryptonet 1 Cryptonet If 


Figure 48. 


(3) Cryptographic error. At times the code clerk will encipher 
a message in the wrong system. This will be refused by the receiver 
and the originator will reencipher in the correct system, yielding an 
isolog. 

b. IpmntiricaTion or Isotocs. (1) Mechanical approach. Isologs 
may be found by sorting traffic by originator and then looking for 
similar group counts and file dates and times. Where the two sys- 
tems involved are not radically different in makeup, group counts 
should be close. Likewise, file dates and times, under most circum- 
stances, will be similar. 

(2) Use of cryptonets. A knowledge of cryptonets often simplifies 
the search for isologs. Certain locations, becauge they are in several 
nets, will be predisposed to the transmitting of this material. For 
instance, in the group of cryptonets shown in figure 49, the logical 
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Figure 49. 
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traffic to study for isologs would be messages received and trans- 
mitted by station A. Order of battle changes should be carefully 
followed for the cryptonets are formed by units, not radio stations, 
and the movement of a unit often means that a new location must 
be taken into account. 

(3) Use of refused traffic. When messages are originally sent in 
the wrong system they will be refused or serviced, sometimes in the 
clear. This is a signal to watch for a retransmission of the traffic 
in its correct version. For this reason alone, it is important for the 
traffic analyst to be thoroughly familiar with procedure and the 
methods of servicing both encrypted and plain traffic. 


74. Chatter 


The study of chatter occasionally produces information of cryptana- 
lytic value. Some of this material may be simply a discussion in the 
clear of cryptographic features by the radio operators. In other in- 
stances, the derivation of information may require some analysis. 


Section Ill. APPLICATIONS TO INTELLIGENCE 


75. Introduction 


a. It is one of the chief objectives of traffic analysis to produce 
direct intelligence. Seldom will this be “pure” traffic analysis intelli- 
gence, but rather it will represent the fusing of traffic analysis data 
with material from other sources. In some cases, traffic analysis will 
furnish the initial indication; in others it will act as confirming evi- 
dence. The ability of traffic analysis to contribute to order of battle 
is based on the necessity for communication between military units 
and the fact that these communications are expressive of the enemy’s 
dispositions and intentions. 

b. The problem breaks down into three parts— 

(1) Determination of order of battle relationships. 

(2) Determination of movement. 

(3) Identification of units. 


76. Determination of Order of Battle Relationships 


a. Net Structure. The net structure is one of the chief keys to 
the study of order of battle relationships. Methods of utilizing this 
element are covered in paragraph 57. 

bv. Contact REeLatTionsHips. (1) Traffic associations. A study 
of the traffic contacts of any one point gives some indication of the 
nature and the echelon of the unit since every message passed implies 
a relationship between the sender and the recipient. In order to use 
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this technique, some of the factors must be identified and the general 
principles of the enemy order of battle known. For example, if the 
following set of contacts are recorded over a period of time, and B, 

C, and D are all air transport units, it is likely that A is also— 


Location A 
To B 43 messages 
To C 29 messages 
To D 12 messages 
From B 38 messages 
From C 15 messages 
From D 3 messages 


Of course, other factors must be considered and these may alter the 
conclusion. In some orders of battle, for instance, certain of the air 
transport units may come under the command of an Army unit and 
A may represent this Hq. Thus, hasty interpretations relative to 
traffic associations cannot be made, and the use of all available col- 
lateral material is necessary. It may be noted, for example, that 
certain types of traffic associations are characteristic of units at 
divisional level. These associations may involve heavy traffic with 
Army Hq., somewhat lighter traffic with Army group, and a little 
traffic with characteristic points in the homeland. Similar patterns 
of other locations may indicate the presence of a division. There are 
80 many variations to this type of analysis, and it is so dependent 
on the order of battle concerned, that it is not possible to develop 
the problem completely here, but the analyst’s ingenuity should sug- 
gest the many applications. 

(2) Book messages. Book messages are of particular interest 
because it is likely that some relationship exists between the various 
recipients which causes them to receive the same message. Some in- 
ferences can be made if something is known of any of the elements, 
such as the originator, a few of the recipients, or the use of the 
cryptographic system. A message, for example, passes from A to B, 
C, and D. A is an Army Hqg., and B and C have been identified as 
divisional locations. Then it is probable that D is the third division 
of the Army. On the other hand, if the cryptographic system involved 
is one used by water transport units, it may be that D is included 
as a water transport unit which is handling the movement of some 
men for the two divisions. : 

ec. CryprocrapHic Systems. If a cryptographic system is asso- 
ciated with a certain type of unit or with a definite unit and its 
subordinates, it will serve as an identification. For example, a sys- 
tem may be employed only by. headquarters of Army or higher. Thus, 
every location sending in this system is probably Army or higher. 
Receiving in a system cannot be regarded as good evidence unless 
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it happens in some volume, because of the possibility of a sender’s 
error. To send in a system it must definitely be held, but receiving 
in it only implies that it is held. Systems restricted to Air Force, 
or supply, etc., may similarly be used to infer the nature of the unit 
at the location under study. , 

d. Pattern or Signau Fearurus. These patterns may be of any 
type and concern almost any signal item. Three-letter calls, for in- 
stance, may only be assigned to Air Force units, or the manner of 
assignment may reflect the echelon of command. The same holds 
true for routing codes. Serial numbers which are 5-digit may be used 
by higher units, while 4-digit are reserved for division or below. Here 
again the possibilities must be developed to fit the individual case. 

e. VouuME or Trarric. The volume of traffic originated and re- 
ceived by any one point is indicative of its importance. Considera- 
tion, however, must be given to coverage facilities and assignments 
so that the traffic counts are not unduly weighted. 

f. Cuatrer. Security breaches involving units or clues to units 
occur oceasionally, and chatter should be carefully scanned for them. 


77. Determination of Movement 


a. CHances in Nur Structurs. It is apparent that most changes 
in net structure result from a more fundamental change in order of 
battle. Items to be noted include: 

(1) Appearance of new stations on the net which often indicates 
the addition of a new unit. 

(2) Disappearance of old stations which may mean the deactiva- 
tion or move of an old unit. 

(3) Moves of radio stations which usually denote the redeploy- 
ment of the using unit. In moves of this sort, there is often a period 
of several days, between the closing of the old station and the open- 
ing of the new, when the unit will be off the air. 

bo. CHANGES IN Contact RaLATIONSHIPS. (1) Traffic Associations. 
Any change in the traffic associations of a location should be care- 
fully examined as it may indicate a resubordination or the move of 
a unit. For example, Army HQ at A regularly sends traffic to a 
division HQ at B. This contact later changes, A to C, indicating the 
move of Army HQ to C or else the division to a different Army if A 
continues to show the characteristics of an Army Hq. 

(2) Book messages. Changes in the pattern of recipients of book 
messages indicate underlying order of battle changes. This is par- 
ticularly applicable in the case of routine traffic where a distinguish- 
able message passes regularly to several locations. If, for instance, 
a routine situation report sent daily from A to B, C, and D, changes 
to B, C, and E, it may be assumed that the unit at D has shifted to E. 

c. CHANGES IN TRAFFIC VotuMES. Changes in the traffic volumes 
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handled at a point indicate some sort of activity though other tech- 
niques must be employed to determine the nature of the activity. In 
order to watch for changes, a standard of traffic volume into and 
out of each location is established as normal. Any rises or drops 
suggest changes in the situation. For example, a location handling 
an average of three or four messages per day suddenly jumps to 50. 
It is apparent that units are moving in the vicinity, that prepara- 
tions are under way for a move, or that it has assumed a more im- 
portant role. And the possibility that it may be caused by the use 
of control traffic for the purpose of deceiving the,analyst should not 
be overlooked. As a corollary to this, changes in the volumes of 
precedence traffic, or in the usual file times, may also be of sig- 
nificance. 

d. Movus or Sertat Rances. A message or signal center serial 
range, which is sufficiently distinctive, may be used as an indication 
of unit moves. For instance, an Army located at A is employing 
message center serials running 563-581 on the 10th. On the 12th, 
messages With serials 585-593 are observed originating at B, suggest- 
ing the Army’s move to B. 

e. Moves or CryprocrapuHic Systems. Similar to the move of serial 
ranges, the move of a characteristic cryptographic system often sig- 
nifies an order of battle change. A one-time pad, for instance, held 
only by a certain division and appearing on messages out of location 
A, suddenly is noted out of location B. 


78. Identification of Units 


The initial identification of units usually does not result from traffic 
analysis. Rather traffic analysis furnishes the means for following a 
unit about, once it has been identified. But, through the study of 
net, contact, and cryptographic associations (and the use of other 
signals features when applicable) it is often possible to define the 
nature and the echelon of a unit at a given location, and in some 
cases to name it. Chatter, also, may furnish the specific designations 
of units through breaches of security. 


79. Conclusion 


The traffic analysis techniques discussed in this manual require con- 
siderable study. It is difficult to cover a subject of this type, where 
so many individual bits and pieces must be fitted together, in text 
form since, in order to convey effectively the concept of traffic analy- 
sis, no one part should be presented before the other but rather the 
whole presented at once. For this reason, the text should be read 
and re-read. It is further to be noted that this manual is chiefly a 
theoretical text, that the field is still expanding, and that it is the 
task of the individual analyst to devise the applications best suited 
to his specific problems. 
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Foreword 


If the professional field of traffic analysis has had its ups and downs, the 
need for its skill and art has never really diminished. Like Mark Twain, its 
early demise has been reported at regular intervals, but, happily, has always 
proved premature. Even though the discipline may change as a career field, 
the value to the cryptologic mission of contributions made by traffic analysis - 
and traffic analysts - continues. 


Captain Duane Whitlock, USN, a veteran of cryptologic activity on 
Corregidor before World War I, speaking at the 1992 Symposium on 
Cryptologic History at NSA, emphasized and reemphasized the indispensability 
of traffic analysis. In that period of crisis before Pearl Harbor, traffic 
analysis worked closely to support cryptanalysis, and during periods when 
systems were unreadable, TA constituted the only means of following 
developments in the armed forces of a potential enemy. 


Half a century after the attack on Pearl Harbor, we need to understand 
that despite more sophisticated collection and processing, traffic analysis still 
makes basic and vital contributions to the national mission. 


Vera Filby has collected a number of thought-provoking articles on traffic 
analysis into one handy volume. This reader serves many purposes, not the 
least of which is to stimulate us into considering how the field has changed, 
what roles traffic analysis has played in the past, and what it can do for the 
cryptologic mission in the future. 


Reduced to slogans, this is a good book for times like these, and these are 
good times for a book like this. 


DAVID A. HATCH 
Director, 
Center for Cryptologic History 
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Preface 


In 1989 NSA Senior Executive ___—_|proposed the creation of a 


series of readers in cryptology to make more readily available some of the 
literature in the several cryptologic disciplines that has accumulated over the 
years in the National Security Agency. The present collection of occasional 
articles on traffic analysis (TA) is offered to the cryptologic community as a 
first contribution to what it is hoped will be a continuing program. The 
articles reflect the times and circumstances of their creation and thus present 
a picture of traffic analysis across a span of nearly half a century. 


Sources were mainly the NSA Technical Journal (published 1956-1981), 
COMMAND (1968-73), Cryptolog (1974-present), and Cryptologic Quarterly 
(1981-present). Articles on various aspects of TA, along with letters to the 
editor and TA, problems, published in these and other journals, amounted to 
some 300-350 pages, making selection imperative. Several of the articles 
describe TA techniques. Many concern the problems, both technological and 
professional, attendant on the automation of TA. Others recount TA stories 
and successes. Some originated as briefings or addresses. 


Choices for this collection were hard since almost all the candidates were 
worthy of inclusion. The selections are arranged by subject within three 
chronological periods: the first twenty to twenty-five years, the 1970s, and the 
1980s. The TA problems were omitted for lack of space. It is hoped they may 
eventually be published separately. 


The items included may seem a scant production for forty-odd years. But 
they are personal writings, voluntary offerings to communicate ideas, to 
teach, to present an argument, to tell a story. They are on a quite different 
plane from the technical and related production of traffic analysis: SIGINT 
technical reports; astronomical numbers of technical records, supplements, 
files, messages, working aids, and weekly TA notes; professional studies, 
reviews, and development plans; and training aids and manuals. A training 
manual, Radio Traffic Analysis, by Robert S. Benjamin, published in 1955, was 
a major literary production. This exhaustive treatise was the training 
standard and bible for traffic analysts for many years. 


VERA R. FILBY 
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A Capsule History of Traffic Analysis 


THE FIRST QUARTER CENTURY 


During the early years of the Armed Forces Security Agency and NSA, little was 
published to record the development of TA. But in the mid-1960s, evidence of an attention 
to TA as a discipline and career and concern for its status and future began to appear in 
written articles. This was in tune with the Agency’s growing concern for the state of 
cryptologic disciplines, which resulted in the establishment of the professionalization 
program. in 1967 the beginnings of a TA library were established, and in 1968 the 
Techniques and Standards group, P1, and the TA Career Panel sponsored a TA workshop. 
Papers presented at its several sessions were later collected in response to a call for TA 
documentation. In October 1968 the first issue of Command was published, and the 
following year the Communications Analysis Association was formed. 


Computers have been used in TA applications since the 1940s, but it was in the mid- 
1960s that the first wave of the computer revolution began to cause tremors in the work 
force. Many analysts were distrustful and apprehensive, both for their discipline and for 
their careers; but others were ready and eager to participate in the development of 
automation. Communication between analyst and computer programmer was a serious 
problem. Part of the eventual solution was in training traffic analysts to become 
computer programmers. 


THE 1970s 


The momentum begun in the late 1960s led to the Traffic Analysis Mechanization 
Forum in February 1970, where twenty-four briefings were presented. This was followed 
by the Traffic Analysis-Mathematics Symposium in May 1971 with twenty briefings. 
Compilations of these briefings were published in P1. 


The level of energy, thought, and activity in the study of traffic analysis declined in 
the mid-1970s. Automation, decreased need for TA in targets where the communications 
structure had been largely recovered or where communications had become exploitable, 
and limitations in Agency fiscal resources reduced the size and depressed the morale of the 
TA work force. Early retirements, resignations, and moves into data systems, 
management, and other areas thinned out the ranks. Training requirements fell so low 
that the sole TA instructor remaining in the National Cryptologic School (NCS) had time 
for other duties. 
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THE 1980s AND BEYOND 


Although the decline in Agency strength had reversed by the beginning of the 1980s, 
TA as a career remained at the same level, despite the fact that the volumes of traffic 
pouring into the data banks continued so vast that much of it could not even be looked at, 
while at the same time new communications and advanced systems appeared and had to be 
dealt with. Many analysts were still trying to get used to - or resigned to - computers, and 
they suffered prolonged frustration and dissatisfaction with systems they found unhelpful. 
Nevertheless, by the mid-1980s new waves of computerization had swept through the 
Agency, and a computer environment eventually prevailed. 


A growing awareness of a need for cryptologic renewal characterized the early 1980s. 
The prospect of a future of struggle against new and increasingly complex signals 
underscored the need to enhance the vigor, skills, and creativity of the work force. It 
became clear also that future problems would call for multidisciplined approaches. 


In the 1980s studies were undertaken to assess the situation and plans formed to deal 
with it. Programs and projects, both major and minor, were set in motion. One of these 
was RELOAD. Project RELOAD’s stated purpose was to restore analytic and reporting 
responsibilities to the field, where during many years of centralization analytic skills had 
weakened. RELOAD became the driving force for rejuvenation and change both at 
headquarters and overseas, and its effects continued to proliferate throughout the decade. 


Under RELOAD, a Traffic Analysis Working Group (TAWG) began in 1986 to examine 
the traffic analysis career field. The group’s final report, presented as the Traffic Analysis 
Focus Plan in 1989, recorded its finding that major systemic reforms were needed and 
provided a list of proposals and actions taken. One of the proposals was the creation of an 
Intelligence Analysis career field combining TA and Intelligence Research -- an idea that 
had been put forth in earlier years but discarded. This time it was accepted, and beginning 
in 1987 working groups developed career structures, established professional standards, 
and identified training needs. Their prolonged efforts culminated in the inauguration of 
the Intelligence Analysis career field on 1 January 1991. 


RELOAD and technical change resulted in a greatly increased need for training. To 
meet it, the NCS recruited more instructors and greatly expanded the use of adjunct 
faculty. By 1989 the TA faculty were teaching or developing a total of nineteen courses, 
and more than forty adjunct instructors were certified to teach one or more courses. To 
recognize outstanding talent, the TAWG established the Gold Nugget Award; the first 
was presented in 1989. 


The NCS held a TA Curriculum Review in mid-December 1990. During the course of 
the presentations, it appeared that the prospect for TA in the 1990s ranges from the 
conventional to the experimental, from traditional net reconstruction and callsign 
recovery of low-level military targets to invention of strategies for solving the most 
sophisticated digital signals structures. The need for TA is undiminished, and the 
challenge for the profession is greater than ever. 
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VERA R. FILBY 


The First Quarter Century 


What Is Good Traffic Analysis?: 
ROBERT H. SHAW? 


What is good traffic analysis? The posing of this question in these words by Mr. G. H. 
Vergine has raised in my mind a large number of points that while by no means original, 
seldom seem to be available in one place at one time. This paper is likely, therefore, to 
take on something of the appearance of a list. I do not apologize; I think a list is needed, 
and I hope that some of the topics enumerated here will be expanded in workshops to come. 


1. To develop the concept of good traffic analysis, it is necessary first to be clear on the 
prior question of what traffic analysis is, and what its relationship may be to other SIGINT 
disciplines. 


1.1. Historically, SIGINT (or COMINT, as it was almost exclusively at first) was initially 
conceived as a unified whole, the response of vaguely named communications intelligence 
entities to the presence of exploitable transmissions. The great growth of communications 
during and after the Second World War and the great diversification of techniques of 
transmission, encryption, keying, and read-out, led to an inevitable specialization of the 
analytic people, and in due course cryptanalysis, traffic analysis, signal analysis, 
substantive analysis, intercept, collection, computery and all the rest became, first, fields 
of primary concern to different units, and, later, disciplines of their own. Ineluctably, 
SIGINT came to be looked at as the sum of autonomous parts rather than as a conveniently 
divided whole; and now interdisciplinary working is something to be striven for, rather 
than the obvious circumstance of professional life. All these disciplines are interwoven. A 
traffic analyst has no vested interest in staking out a preserve of his own called traffic 
analysis; he has a vested interest in contributing by his own techniques to what is known 
through all techniques about a target. 


1.2. The classic definitions of traffic analysis date from the Second World War. Typical 
might be that of the U.S. Navy (DNSC5, Communications Instructions, 1944, Chapter 4): 
“Traffic analysis is the obtaining of intelligence from communications by means other 
than cryptanalysis.” This sort of early definition brigades many newer disciplines in as 
constituent parts of the discipline of traffic analysis and thus creates much jurisdictional 
controversy today. What about SIT (Special Identification Techniques) substantive 
analysis, and so on? What about collateral? The confusion is obvious in today’s world, 
where efforts to restrict traffic analysis are resisted by the traffic analyst, and where the 
main object of SIGINT gets lost in a slather of hurt feelings and administrative slack. It is 
worth considering that the naming of what one does is of much less consequence than the 
doing. 


1. This article was originally published as P1 Informal No. 10(T/A #2), dated March 1967. 


2. Dr. Shaw, one of the “brightest and best” at NSA and its predecessor agencies, died in early March 1971. See 
the necrology inthe NSA Technical Journal, Vol. XVI, No. 2, Spring 1971. 
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1.3. Technically speaking, the one set of techniques always excluded from traffic 
analysis is cryptanalysis. At the outset, no one was in any doubt about what that meant: 
it meant that traffic analysts did not try to decrypt texts of messages. Often they gave 
information to the people who did; often they gave information to the people who tried to 
solve the callsign systems; but traffic analysts were concerned with what were called 
message externals - everything that could be learned about a message and its many kinds 
of meaning by studying that message in the form in which it was uttered by the 
originating command or bureau. The raw material of traffic analysis is traffic: messages, 
chatter, callsigns, times, frequencies, signal strengths, addresses, authenticators, net 
structures, message lengths, precedences, plaintext transmissions, etc. 


1.4. Certain of these raw materials of traffic analysis turned out in the long run to be 
of sufficient complexity to require the creation of subdisciplines to deal with them. 
Perhaps the first to come into prominence was the matter of callsigns. Endless reams have 
been written arguing whether cryptanalysis may sometimes be involved, but that such 
cryptanalysis is heavily dependent on traffic analytic identification of commands through 
uses of various callsigns (so-called “continuities”), and that the results of such 
cryptanalysis are of interest to the SIGINT producing agencies only. The mere labeling of 
traffic is in itself of no more lasting interest than the discovery that a dash followed by two 
dots represents the letter D. Good traffic analysis identifies continuities, and perhaps even 
equates them with commands, good cryptanalysis recovers callsign systems from those 
continuities; the resulting identifications are useful in many ways to text cryptanalysts, to 
substantive analysts, and to traffic analysts. The nonproducing world is unruffled by even 
the most brilliant results in this area. 


1.5. Traffic analysis has been nibbled away at in another way: a highly automated 
discipline of signal analysis and SIT has grown up. Spreading from advanced collection 
procedures on the one hand and from advanced identification and location techniques on 
the other, this discipline both answers questions and asks them. To the traffic analyst it is 
a source of very refined raw material. He pays for it by having to pass his results back so 
that the procedure may be improved. Dealings among traffic analysts, signals analysts, 
and SIT people are also of local concern only and are valuable only insofar as they enhance 
the value of the information about locations, movements, actions and intentions, which is 
the real product of SIGINT and the ultimate justification for a SIGINT effort. 


1.6. A principal function of traffic analysis is the determination of the activity of a 
country, or of a function of that country, by deduction from the characteristics of signals. 
Plaintext signals can be of considerable help in what they say, in the relationships they 
imply, and in the essentialia that are not said. It follows that traffic analysts should give 
grave thought to all the plain text they see, in headings, texts, or chatter. On some circuits 
there is so much plain text that it can be used as a source of intelligence in its own right, 
neglecting its origin. It was to deal with this situation that the discipline of substantive 
analysis was created and set apart from traffic analysis. The relationship of a traffic 
analyst to substantive analysts should therefore be that of information exchange: the 
traffic analyst refers a wordy circuit to the substantive analyst, who in return tells the 
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traffic analyst what commands, or what kinds of commands, are talking, and what those 


commands are up to. Once again each helps the other, and their mutual conversation in its 
raw form is not of interest outside the producing community. 


1.6.1. On circuits only lightly involved in plain text, the traffic analyst must 
expect to do both jobs. 


1.6.2. Particular note should be made of the great desirability of 


Cryptanalysts, 
traffic analysts, and substantive analysts have a common interest in this project and 
should have equal opportunity to contribute to it. The results may show up anywhere, so 
that the files should be generally accessible within the producing community. 


1.7, And that reminds us that people are forever telling traffic analysts something 
relating to their problem. This so-called “collateral” is intended to assist the traffic 
analyst in the interpretation of what he sees. There is a tendency on the part of many 
traffic analysts to busy themselves at once to confirm or deny the collateral. This rather 
misses the point, although occasionally it is possible and valuable to do so. Collateral is 
already known; one must not expect to make the welkin ring by repeating it aloud, even if 
it is not contradicted by indications in the traffic. The collateral is made available to the 
analyst so that something new may emerge. Verbum sap 


2. What, then, should good traffic analysts be doing? When we know that, we can evaluate 
their work meaningfully. 


2.1. They work toward the identification of stations and, through them, of commands. 
In the course of this, they may be lucky enough to uncover previously unknown 
subordinations (so-called “order of battle”), although there is a continuous and active 
danger of confusing communication with command. The real purpose of these 
identifications, apart from an occasional new and unexpected recovery, is. 


2.2. The establishment of continuity. The purpose of continuity is to permit the 
following from day to day of the traffic of a known command, in order to find out what that 
command is up to. The study of the activities of known commands is a principal 
justification for traffic analysis. 


2.3. There are by-products at this point, prominent by-products that have a tendency 
to become primary objects in the minds of analysts. One of these by-products is the 
material necessary to solve callsign systems. No one outside the producing community 
cares about this, in spite of the number of reports one sees. (Have you ever considered the 
probable reaction of the secretary of defense on léarning that today the Second Field Army 
is known as 7X03? He is unlikely to declare a national holiday.) Another is the material 
necessary to analyze the activity of the commands. This also is of internal interest only. 
(Go ahead; tell the secretary of defense that 7X03 had 114 messages today but only 111 
yesterday, and see what he says.) If consumers demand reports of such material, they are 
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very specifically criticizing the performance of the traffic analysts; they are, in fact, telling 
the producing agency that it has done an incomplete or incompetent job. 


2.4. Traffic analysts should make every effort to be current. Working with the 
superficies of traffic, they are generally dealing in transient operation phenomena, and 
nothing is so old as yesterday’s newspaper. 


2.5. They support other SIGINT activities. They provide cryptanalysts with link data 
and with busts; they provide signal analysts with confirmation; they provide substantive 
analysts with material. They must not stop reading when they come to a BT; to do so is to 
create a jurisdictional stupidity which, if persisted in, can undo any meaningful 
understanding of the traffic. 


2.6. They produce intelligence (or, in the common barbaric jargon, “intelligence 
information”). That means something beyond listing the raw material from which 
intelligence may be generated, something beyond wild guessing about the meaning of 
observed phenomena. (Navy readers will recall with glee the WWII TA report that the U. 
S. Navy had got a new, secret ship capable of incredible speed, “Heard off Cuba at 0913A, it 
was heard again at 1753Z at Port Lyautey; its callsign today is NERK.”) It is not even the 
writing up of an intellectual marking signal: “We are still here, but we can’t think of 
anything to say.” Silence is golden; it takes more than gold, therefore, as openers for the 
silent mouth. 


3. It might be said, therefore, that good traffic analysis is 


3.1. Traffic analysis. It is not reporting, remembering, reviewing, or regurgitating. It 
is not a listing of phenomena. It is not the publication of intelligence of interest only to 
producers. It is information about the doings of organizations, information pertinent to 
the decision-making function of executive departments of our government. 


3.2. Defensible. Any piece of TA output should have an apparatus criticus that will be 
fully explanatory and that will stand painstaking examination. Without it, a TA report is 
an unsubstantiated guess that will simply promote wild speculation and bring its 
originator into disrepute. 


3.3. Timely. Verbum sap. 


3.4. Informative. It may even contain predictions; this is greatly to be desired, if the 
predictions are carefully thought out and carefully justified. Predictions of routine 
communications/changes are, of course, beneath contempt except as working aids; 
predictions of fluctuation of target activity can be of the greatest value. Defensive traffic 


analysis predicted the Okinawa invasion and permitted the JCS to reschedule what might 
otherwise have been a disaster. 


3.5. Comprehensive. The traffic analyst has the broadest scope of any SIGINT 
professional. His raw material is anything transmitted (except the plain texts of 
encrypted messages; if he can get them, he can use even those). It should never be said of a 
TA result that it failed to consider some known fact. A good traffic analyst, therefore, is a 
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person who knows how to balance comprehensiveness and timeliness: he is not. panicked 
into publishing raw material, nor is he coerced into over-researching an item whose value 
lies in its immediate delivery 


3.6. Concise. There is little to say that cannot be said in ten sentences. The footnoting, 
of course, can (and probably often should) take up a dozen pages, but the point of the item 
should be seen at once. 


3.7. Accurate. Verbum sap. 


4, What I am really suggesting is that the traffic analyst should begin each day with sixty 
seconds of meditation on what he is going to do, and end it with sixty seconds of meditation 
on what he has done. And honesty is a great virtue. 
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Communications norms can be described as what traffic can be expected, when it can 
be expected, and how it can be expected. The establishing of communications norms 
(referred to for the remainder of this paper as norms) is one of the most underrated 
procedures in COMINT. It is probably because the techniques in establishing norms appear 
so self-evident that analysts seldom “have time” to really know their target. 


One might ask, why establish norms? In a period of high intercept volume and low 
analytic resources, it is often said, “I don’t have the time ~ other things are more 
important.” Well, let’s take the time here and see if other things really are more 
important. To do this, you would just have to pin the analyst down as to what are the other 
things that are more important. After much hesitation and more vague and nebulous 
statements, you will probably find that the analyst is referring to what I’ll call the 
production of “obvious intelligence.” Obvious intelligence is what can be derived from a 
message after it has been converted to plain language. This is not intended to imply that 
obvious intelligence is not important, but frequently (too frequently) our translations do 
little more than provide a consumer with the same information he has either already 
received or will soon receive from a non-COMINT source. Somehow, competition with the 
press doesn’t seem to be one of the Agency’s objectives. 


Obvious intelligence as defined above is available to anyone who can read. Once 
received or reduced to plain language, there is not special talent in deriving intelligence. 
On the other hand, there is very valuable intelligence to be derived by what is not said or 
in what is said in a different manner than usual. This type of information I'll call “subtle 
intelligence.” As communications stand-downs are often the first indications of an 
imminent crisis, abnormal communications also have great potentials as sources of 
valuable intelligence. The unique and most important aspect of abnormal 
communications is that usually they provide intelligence not otherwise available ~- even by 
reading the messages. . 


Communications norms can only be established over a period of time as opposed to 
instant intelligence, which can be derived from reading a message. This is another reason 
why most analysts prefer and practice the “get rich quick” technique of rapidly searching 
through haystacks to find the one needle (which may or may not even be there) that will 
spell out “WAR WILL BE DECLARED TOMORROW.” Should such a message ever be 
found, it would probably still be necessary to turn to a traffic analyst to find out who sent 
it. 

While all abnormal communications may contain intelligence, it may not always be 
valuable intelligence. Each abnormality must be subjected to an evaluation of why it 
deviated from the norm. The traffic analyst would be well advised to consult other 
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professionals prior to reaching any conclusions as to why. At the same time, however, he 
should be very conscious of the fact that in the vast majority of cases he is better qualified 
to interpret COMINT phenomena than the consumer. He should take care to insure that his 
interpretation is restricted to COMINT facts. 


Having discussed what norms are and why it is desirable to establish them, let’s turn 
to how we establish norms. In the words of one of our former directors, “First there must 
be a signal.” However, because of the restricted subject of this paper, all future discussion 
will be made under the assumption that the analyst is working with individual groups of 
homogeneous traffic. 


Some care must be taken to distinguish between establishing norms and recovering 
technical data such as those used for TEXTA.* For example, a group composed of control 
and six outstations may appear as control and four outstations when examined from a 
“normal working” point of view. Likewise, certain frequencies may appear on TEXTA 
that would not appear on a normal frequency study. A large volume of traffic is not 
necessary to recover TEXTA data, but norms are established more easily, and they are 
more dependable with large volumes of traffic. 


Since it was assumed that the analyst is working with traffic identified to case 
notation, recovery of calls, frequencies, etc., will already have been made and recorded on 
TEXTA. The analyst's job is now to determine the normal working. The different types of 
sorts in which the traffic can be put are numerous, and it would be beneficial to investigate 
various machine programs to do the bookkeeping.” Short of using a machine program, - 
however, a good basic approach is to put each case in date order. A further breakdown of 
time within date is helpful and often recommended in training manuals, but past 
experience has revealed that the benefits gained are usually not as great as the cost in the 
additional time required. Specific norms are not established with the same degree of ease, 
and the types of sorts and logs used are dependent upon what norm(s) the analyst is 
attempting to determine. 


Initially, traffic from each case notation should be examined separately. A log listing 
date/time of intercept, frequency, and actual contact is a good start. Having logged the 
above information, the analyst should begin analysis of the logs in an attempt to answer 
questions that would enable him to determine the norm. The specific questions to be 
answered are limited only by the imagination of the analyst, but discretion should be used 
to insure that the answers to each question will be worth the effort required to find out. 
The above-mentioned discretion is a very important ability of an analyst. Intelligence of 
some sort can be obtained from every bit of information, but its value is a factor of the 
probability of the occurrence of the conditions under which it will be useful. In other  P.L. 86-36 


words, don’t analyze solely for the pleasure derived in performing analysis. =e per 


2. Traffic Analysis Processing System (TAPS) and TANGERINE. 
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First, let’s look at some of the items that can be determined by looking down the date of 
intercept column. A simple visual examination will reveal any “missing” dates during the 
period being examined. The missing dates will often show a pattern. A common pattern is 
no traffic every seventh day, and a comparison of the pattern and a calendar will probably 
reveal that the missing days are Sundays (or whatever day of the week the people of the 
target country consider the Sabbath). Don’t be concerned if there are no missing days of 
intercept; communications of more advanced targets are active seven days a week. Either 
way you have just established your first norm — the group normally operates seven days a 
week or the group normally does not work on Sunday. At this point the analyst is 
cautioned to make sure he understands the working of his intercept source. This common 
pitfall can best be illustrated by the analyst who had established the norm that the group 
he studies operated only five and a half days a week closing down at noon on Saturday 
until Monday. 


Examination of the time of intercept column of the log will show the normal hours of 
operation and schedules. Once again as mentioned above, care should be taken not to 
recover the intercept source’s hours of operation. Often the difference between the time 
the group begins operation and the time it stops is the same as the hours of a regular day’s 
work or at most maybe sixteen hours a day (two eight-hour shifts). 


Schedules are not as easy to establish as hours of operation. The main reason for this 
is that rarely does the analyst have the benefit of cast-iron coverage. A good intercept 
operator often makes up for sparse cover. He notes when he hears his target, and the next 
day he will usually be looking for that case at the same time. This results in the same 
approximate time being recorded for several days in a row, and it also establishes another 
norm. The other side of the coin is also true, however. Certain elements in collection 
management in our agency have caused a great deal of emphasis to be placed on the 
“productivity” of our intercept positions. Often this results in undesirable pressure being 
brought to bear at the source of intercept. In their efforts to make their positions 
productive, analysts spend less time searching for new schedules and placing more and 
more reliance on the few already recovered. 


Another hindrance in establishing schedule norms is that operators att sd 
sites will often copy only “messages.” Several receivers are used simultaneously and 
known schedules are checked out, but unless a message is being passed there is usually 
nothing to indicate to the analyst that the group was 4ctive at such and such a time. The 
disadvantage here is twofold. First, while the intercept operator may know when to look 
for a certain group, the odds are high that the analyst is not aware of the schedule. Second, 
after the norm has been established, a missed schedule by the target (which should have 
high intelligence value) would appear to an analyst exactly the same as the group coming 
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up on schedule but not passing a message (probably of no great intelligence value) and 
therefore heard but not copied by the intercept operator. 


Schedules are much more difficult to an analyst than they are to the intercept 
operator. Often a good tech exchange letter to the source expressing the analyst’s views 
and asking specific questions will help establish schedule norms very quickly. 


Analysis of the frequency column of the log will increase the list of norms, which 
should be getting fairly large by now. The frequency normally employed can be easily 
determined by visual observation, but to establish norms beyond this, it is usually 
necessary to analyze the frequency column in conjunction with the date, time of intercept, 
and/or call-up columns. The same is true of the call-up column. In isolation, analysis will 
show only those stations that are normally contacted, but these norms can be refined 
greatly by further analysis between two or more columns of the log. 


With relatively little effort so far, the analyst has managed to build up quite a set of 
norms. The log can now be expanded to include message headings and a column for type of 
traffic. The columns to be used for the message headings will vary, but almost all will 
include message number, precedence, date/time of origin, addresses, originator, and group 
count. 


Without going into the detail given in the first part of the log, it should be noted that 
certain norms can be established by analysis of each column in isolation, but the 
possibilities are almost unlimited when analyzing each column with one or more other 
columns. 


As was stated earlier in this paper, different norms are established with varying 
degrees of difficulty. There will be absolutely no doubt about the validity of certain norms. 
Others may be questionable, but the exercise of trying to establish norms will allow the 
analyst to identify those areas that need more intercept and analysis. This should result 
in better tech exchange and support and thereby make better use of collection resources. 


Once the norms have been established, the analyst can quickly scan the daily intercept 
(without logging) and with a high degree of confidence separate the small percentage of 
abnormal traffic. The remainder of his time can be sent interpreting the abnormal traffic 
and thereby coming up with valuable unique intelligence. 


in a lecture to our senior intelligence class, once said if he had three 
wishes they would be (1) to know everything in the world, (2) to be able to report it to 
parties capable of doing something about it, and (3) to have them believe it. Establishing 
good communications norms will enable to traffic analyst to continue to provide the 
intelligence community with uniqut intelligence when the linguist and cryptanalyst are 
truly stumped. At his point, the problems are just beginning as we are faced with the 
problem of “having them believe it,” but, oh, what a wonderful problem with which to be 
faced. 
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Chatter Patterns: A Last Resort 


WAYNE E. STOFFEL 


A possible method of identifying radio operators by their reaction to standard situations 
occurring in chatter, for use when conventional techniques fail. 


BACKGROUND 


The success or failure of most traffic analysis problems depends primarily upon the 
analyst’s ability to achieve continuity.’ Simply defined, continuity involves bridging a 
communications change by equating a given element appearing before the change with a 
different element appearing after it. The term continuity refers to the discovered 
relationship between the given element and its replacement, without reference to the 
underlying meaning. For example, we may by various methods discover that callsign ABC 
during November was replaced by DEF during December, and thus achieve continuity 
from ABC (November) to DEF (December). Note that the time factor is intimately 
involved in the relationship between ABC and GHI is more accurately termed an equation 
or co-location and is not a continuity in its pure sense. Continuity can exist between ABC 
and DEF without any knowledge of the location, identity or function of ABC or DEF. The 
importance of the distinction between continuity and other forms of equation lies in the 
fact that once any knowledge is gained about ABC, it automatically applied to DEF (and 
vice versa). If we discover that ABC served the Chief of Staff, 12th Division, Greenville, 
for his contacts with subordinate regiments on the Division administrative/logistic net, 
this information applied to DEF, in toto. On the other hand, about GHI we can only say 
(with any certainty) that it is located at Greenville. (Depending upon the type of equation 
made between ABC and GHI, we may further be able to say that GHI also serves 12th 
Division or that it also serves an administrative/logistic function). 


A direct cryptanalytic analogy to continuity can be recognized by considering a simple 
substitution system involving a matrix with changing coordinates. For example, the 
following matrix has been recovered for 1 April: 


1. A number of countries today go to surprising lengths to suppress in their communications system distinctive 
characteristics that might serve to disclose their identity. Among the more common methods of suppressing 
characteristics is that of frequently changing certain communication elements, such as callsigns, frequencies, 
schedules, procedure, routing, and address symbols. Since it is often necessary for the traffic analyst to study 
several months of material on a given net before concrete intelligence results can be developed, and since 
communications elements may change as often as twice each day, he must, somehow, find a way to nullify the 
effect of these frequent changes in order to pull homogeneous material together for study. He may note certain 
characteristics that do not change frequently (for instance, that a given station sends a distinctive service 
message each day at 1100), which can serve as identifying features. When he is successful in nullifying a 
communications change, the traffic analyst refers to the result as continuity. 
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It can then be stated, if the assumed word “ATTACK” proves correct, that row 
coordinate 4 on 2 April is continuity of row coordinate 2 on 1 April. It can also be shown 
that cipher value 57 on 2 April is continuity of cipher value 14 on 1 April. In this second 
case, we have achieved continuity without knowing what the actual plain value is. 
Finally, we can say that cipher value 43 on 2 April is continuity of cipher value 28 on 1 
April. In this instance, when 43c (2April) =28c (1 April) is proved, and 28c (1 April) = Lp, 
then 43c (2 April ) = Lp. 


The more frequently an element changes, the more important continuity becomes 
(since it is virtually the only consistent method for achieving enough depth on a given 
element so that a study of its underlying nature and purpose can be undertaken), and the 
harder it is to get. Most of us can sympathize with the unfortunate analyst whose formerly 
stable problem suddenly adopts twice-daily changing callsigns, frequencies, addresses and 
discriminants.” 


On problems involving fast-changing elements, continuity is usually achieved by 
means of whatever characteristics are available that can be trusted to be unique. If many 
are available, the easiest, fastest or most economical methods are, of course, tried first, 


2. Traffic analysts will recognize that, for the sake of simplicity, the complexities of the various classes of 
equations and their accompanying validations have been avoided in this presentation. Other readers are warned 
that many validities have been avoided in this presentation. Other readers are warned that many a 
“Donnybrook” can and does develop between traffic analysts on these very factors. 
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while the more intricate and time-consuming methods are held in reserve for tough cases. 
It often happens that certain nets develop a stubborn streak that defies description (in 
mixed company) and, despite application of the most time-consuming routines, manage to 
remain intact and featureless.* Where all else has failed, the analyst may well find the 
following proposed routine useful. 


INTRODUCTION 


Most people are creatures of habit, particularly when performing a routine task, and 
radio operators are no exception. There have been considerable experimentation with and 
study of the variable characteristics of a Morse operator’s transmitting habits or “fist” in 
an effort to develop a systematic process of recording and analysis which would permit 
ready recognition of the individual at the key. There is, however, a large area of variable 
operator habit which has remained virtually unexplored during recent years: habitual 
operator characteristics as displayed in routine chatter exchanges. 


A good many traffic analysts can recall a specific instance where a unique or rare 
procedure signal was consistently used by a certain net or station and, in the last resort, 
could thus be relied upon to identify its user. There may be few, however, who can recall 
conducting a comprehensive and systematic search for such characteristics in order to 
achieve continuity and identification. 


What follows is an outline proposal for a routine of systematic search for unique 
chatter or conversation characteristics that can be used for continuity or co-location 
purposes. For the most part, specific details are avoided except for examples, since they 
will vary from problem to problem. It will be seen that the routine is not readily usable on 
large problems, and may, in fact, be suitable only on limited problems where the area of 
inquiry is relatively small and all standard methods of achieving continuity have failed. 
An obvious prerequisite would be a significant volume of activity transmitted by the 
stations under study, with some assurance that a fairly complete (preferably verbatim) 
copy of chatter has been recorded by the intercept operator. 


BASIC ASSUMPTIONS 


It can be empirically demonstrated that regardless of the degree of conformity enforced 
by the target’s COMSEC service, different operators use different operators use different 
combinations of procedure signals to express the same ideas, but that each operator tends 
to be consistent with himself. 


3. This situation tends to exist to a greater or lesser degree on most problems, although it can can be appreciated 
that the point is ordinarily glossed over in discussion unless the words “additional! personnel” are injected into the 
conversation at a suitable point. 
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The writer’s contention is that these habits are more widespread than is generally 
supposed and that, under admittedly special circumstances, a systematic routine will 
disclose a sufficient number of them to permit continuity to be developed. 


Expert chatter readers will recognize that operator chatter must be treated as a 
distinct, albeit peculiar, language.* Despite the best intentions of the signal officer who 
compiles an extensive set of procedure signals for radio operations, the “plain” side of his 
“code” is generally restrictive. In actual operational use, a given procedure signal 
(prosign) tends to lose its rigidity and takes on a more general concept or idea form 
(particularly where it is used so often as to be easily recognized without “looking it up”). 
Thus the prosign QTR can be shown to have the fixed meaning (“The correct time is — 
hours”), whereas in actual usage among experienced operators, it embodies the general 
concept of time and is so used in a wide variety of contexts.» Complementing the tendency 
of experienced operators to generalize prosign meanings is the equally strong tendency to 
minimize and abbreviate words and prosigns in order to conserve both time and energy. 
“Ham” chatter displays this quite clearly.® It is not difficult to visualize how a relatively 
isolated segment of a radio network could gradually evolve a “local dialect” distinct from 
that of the rest as a result of improvisation under these pressures. Certainly a regimented 
COMSEC system with a firm domination over the radio schools could suppress some of this 
variation, but if we confine ourselves to studying experienced operators, it is likely that 
some recognizable variance and individuality will occur. 


A SAMPLE PROBLEM 


If distinctive operator habits do, in fact, exist, how do we go about finding and 
recording them? Evidently, if a way can be found to catalog the situations that confront a 
radio operator most frequently, we can collect his responses to any given recurring 
situation and by observation determine whether his reaction is fixed by habit or is 
variable. For example, we might select as a favorable starting point several hours of 
intercept between station A and station B during which a number of messages were sent 
by each station. As a recurring situation, we might select message transmission and 
further restrict our examination to the station responses during the period immediately 
before starting each message. We might find 


4. A more precise analogy has been suggested that compares chatter to a codebook usage wherein (a) the 
vocabulary is not precisely suited to the material being encoded and (b) the code is large enough so that code 
clerks tend to use combinations of common, memorized groups in preference to rarer but more precise and 
economical groups that must be looked up each time they are needed. 


5. For example, the interrogative for "QTR?” is listed as “What is the correct time?” The prosign QSY means “I 
shall send on ____ kilo{hertz] and its interrogative form (QSY7?) is interpreted as "On what frequency shall I 
send?” or “Should I change frequency?” The compound “QTR QSY?” may weil be used to mean “When should I 
change frequency?” 


6. For example, the prosign “CUL” is a “Ham” contraction of “See or contact you later.” 
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Example i 
A: QTC (I have traffic for you.) 
B: GA (Go ahead.) 
A: CAS (Yes, stand by.) 
B: C (Yes.) 
A: BT (Break Sign - attention, etc.) 
AiONRe sacs (Goes into preamble.) 


Examination of the same basic situation a short time later when station A was again about 
to transmit a message showed that after receiving “GA,” station A again said “C AS” (Yes, 
stand by) and after receiving the affirmative from the other end began his transmission 
with a break sign. A third message still later in the same schedule begins with the same 
exchange, and it now begins to look as if we have found a starting point. 


A quick look at the activity of station B shows that the two messages it sent were also 
preceded by identical chatter exchanges. 


Example 2 
B: QTC AAA (Ihave an “AAA”” message for you) 
A: AS (Stand by) 
B: C (YES) 
A: GA. (Go ahead) 
B: CAS (Yes. Stand by) 
A: CAS (Yes. I'll stand by) 
B: C (pause) BT (Yes. Break sign ~ attention) 


(Then into preamble) 
Let us now examine what we have so far in the way of possible habits: 


(a) When offering a “QTC,” both station A (Example 1) and station B (Example 2) sent 
“C AS” after receiving “GA” from the other end. Each then preceded the preamble 
with “BT,” but station B (Example 2) used the compound “C (pause) BT.” 


(b) When receiving a “QTC,” station A (Example 2) responded with “AS” before giving 
the “GA,” while station B (Example 1) gave “GA” immediately. When responding 
to “C AS,” station B (example 1) gave the brief answewr “C,” while station A 
(Example 2) used what may be a variant form —“C AS.” 


Later the same day, another exchange of messages is found between stations A and B. 
During this later schedule, two messages from station A are preceded by 


7. “AAA” in this instace refers to type or priority of message (e.g., “2nd priority” or “service”). 
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Example 3 


A: QTC 
B: GA 
A: C (pause) VVV QTC - 
(goes into preamble). 


and one message from station B is preceded by 


Example 4 


A: C 
B: C (pause) BT 
(goes into preamble) 


It is quickly seen that the behavior of station B is essentially unchanged but that of station 
A shows no parallel with what went before. Our choice at this point is quite simple - either 
station A has changed operators or the “habit” is not sufficiently strong. The resourceful 
analyst would study carefully the chatter exchange during the opening of this second 
schedule for any evidence of a new operator at station A (extensive tuning, authentication, 
etc). If the “new operator” hypothesis does not appear sound, other types of habit must be 
sought. On the other hand, if it does appear sound, examination of suspected continuities 
from previous or successive dates should show whether the time of change is fixed (i.e., the 
end of one duty tour and the beginning of another). It would appear that once the duration 
and change times of operator shifts can be established, analysis can proceed at a much 
faster rate, since the change times will allow the analyst to sort activity for any given date 
into tentatively homogeneous groups.® 


Thus far, our accumulated results are far from impressive. Where can we look for 
other habits? Two situations obviously related to the one examined above would be the 
area immediately following the message (message closure and receipting exchange) and 
any “in-text” servicing (receiving station interrupting to ask for repeats while the message 
is still being transmitted) or “post-text” servicing (after the message is finished but before 
receipt is acknowledged), but there must surely be other areas that could be equally 
profitable. 


TYPICAL SITUATIONS 


We may find it useful to consider a typical schedule between two stations and examine 
the successive situations that confront the radio operator. Since certain of these will tend 
to recur within the same schedule (e.g., opening traffic, as in the example above), while 


8. Some care must still be exercised in watching for cases where extra operators are put to cope with heavy traffic 
volumes, or for any other situation having the same effect. 
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others by their very nature will tend to occur only once in any given schedule, it is 
convenient to distinguish between the two ¢ypes, since the former is much more useful as a 
starting point (one is bothered less by possible operator changes, and only one schedule is 
generally needed for initial isolation of a tentative habit) while the latter comes into use, 
for the most part after some initial foothold has been achieved. For purposes of 
convenience, we shall call the former primary and the latter secondary habits. 


2. Tuning 


Immediately after initial contact, various adjustments of tone, power, and frequency 
must usually be made before reception is considered good enough for the transaction of 
business. The exchanges may range from a short, terse and businesslike operation to a 
long, temperamental and often humorous argument. Unless they occur frequently, these 
longer-winded battles are of little use to the type of study being described,® and attention 
should be concentrated upon the shorter and more lucrative exchanges.!° The first 
schedule after a frequency change usually contains much more tuning chatter than do 
subsequent schedules on that same frequency. 


3. Recognition 


Recognition exchanges may occur with or without a specific system such as an 
authentication chart or table of challenges and responses. They are most often seen on the 
first schedule after a new operator comes on duty, although some signal plans seem not to 
require their use unless messages are to be exchanged, while others obviously specify such 
use on every schedule. Many experienced operators prefer to rely on aural recognition of 
“fist” characteristics and frequently ask the other end to “send V’s” (QSV) or adopt some 
other device toward the same end." 


4, Opening Traffic 


The exchanges treated in some detail (see examples 1-4) may be preceded by 
statements from both operators that they have traffic to be transmitted. In this situation, 
agreement must be reached on an order of transmission, and such an exchange may be a 
good source of secondary habits. 


5. Preamble and Text Handling 


This category embraces a wide variety of characteristics, some of which are generally 
recognized as useful. In order to find operator habits, one must recognize that the operator 


9. Except, of course, for the laudable purpose of recreation. 


10. In analyzing these exchanges, it is useful to remember that frequently the operator does not have direct access 
to the transmitter itself and must relay adjusting instructions to a remote transmitter site by telephone. 


11. This use of QSV should not be confused with the more extensive use during tuning or equipment adjustments. 
When the sending occurs early in the schedule, it is not always easy to distinguish between the two, but its use in 
the recognition sense is usually unmistakable when, during later operations, consistent mis-encipherment of 
procedure, etc., arouses clearly recognizable operator suspicions about an operator's identity. 
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is here working from a printed or written record, so that the order of preamble elements, 
for example, is controlled (in most problems) by their arrangement on the message form 
while breaks and separators may generally be attributed to the operator himself. Here 
also belongs the situation where the operator realizes he has mis-sent a portion of the text, 
sends an error sign, and corrects the mistake. In this category, one is most definitely at the 
mercy of the intercept operator, and one is likely to find him completely absorbed in 
copying the text (to the exclusion of nontextual transmissions). 


6. “Break-in” Servicing 


The receiving operator, under signal instructions, is allowed to “break-in” during text 
transmission to ask for verification or repeats of certain passages which he has missed or 
which seem doubtful. Where this happens (and where the intercept operator provides a 
verbatim record of the exchanges), primary characteristics may be found, since a number 
of prosigns are usually available for use in this situation, and requests for repeats can and 
do take several! forms. 


7. Closing Traffic 


Most signal instructions will provide for some prosign such as BT, BK or K to mark 
the end of text, but some operators use additional compounds for emphasis, or to remind 
the other end that there are still more messages to be transmitted. As special case, traffic 
sent by broadcast methods is usually sent twice, and the procedure used to separate the 
two consecutive transmission frequently shows strong habit patterns. 


8. Post-Message Servicing and Receipting 


From the transmitting operator's point of view, a given message has not been “cleared” 
until the other end officially receipts for it. If the other end is not satisfied that his “copy” 
is correct, he will not give a receipt (QSL) until he has verified the questionable passages. 
Although the situation is slightly different from that described in “Break-in Servicing,” 
habits found in one situation would be likely to show up in the other. As a special case, 
servicing may be asked for during a later schedule and, if it can be shown that the message 
has already been “cleared” (i.e., that a QSL was given), this “late” servicing may well 
result from an inability to decrypt the message.'? The servicing request in this instance 
may differ from “break-in” or “post-message” servicing only to the extent that the involved 
message must be clearly identified (i.e., by serial number or other unique indicator). 


9. Breaks, Waits, and Interruptions 


We are here concerned, not with pauses that appear to be a fixed part of habits rising 
out of other situations (i.e., the pause before message transmission as shown in the first 
examples above), but rather with the nonroutine or unexpected interruptions that cause 
temporary or permanent breaks in a given schedule. Among the situations that can be 


12. Such information might be particularly useful to the cryptanalyst. 
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expected to produce habitual responses '° are intervention of other schedules, equipment 
failures, interference, operator changes, shortage of transmitters and interruptions by 
other stations. 


On especially long waits, the transmitting operator may key certain characters or 
compounds to “hold” the other end, in the general sense of “Hang on, I’m still here” or 
“Keep listening, I'll only be another minute or so.” The actual signals sent during this 
“hold keying” may well be unique to each operator, but again we are dependent upon 
verbatim intercept copy if this characteristic is to be used. 


10. Next-Appearance Discussions 


Once the business of a given schedule has been transacted and the schedule is about to 
be terminated, some mention is usually made of the next appearance. Where contact times 
and frequencies are predetermined by the signal instructions, this mention is not likely to 
exceed a very perfunctory “Watch for me; I'll watch for you.” On the other hand, the 
discussions may well involve times and frequencies. Either situation will yield useful 
secondary habits. As a special case, satisfactory contact may not have been achieved, and 
ensuing discussions about another time and frequency may yield significant habits if the 
situation recurs. 


11. Sign-Off 


The actual termination of a schedule frequently involves a little ritual that is difficult 
to describe to one who has never heard it. Between operators who are used to working with 
each other, it is usually fairly rapid and highly stylized.’ While this area should not be 
ignored as a source of habits, a departure from the routine specified in the signal 
instructions is frequently the result of tacit agreement between both operators and must 
be treated accordingly. 


12. Special Circumstances 


The above categories obviously do not complete the list of situations which may be 
useful on any given problem. If the net under examination regularly changes frequencies 
in midschedule, the chatter exchanges before and after each change merit some 
observation. Another special case involves the use of a matrix or table for prosign 
encipherment. Aside from the obvious benefits such a system can provide where local 
usage makes it effective for net or complex identification, the use of each cell in the matrix 
can be likened to the use of a comparable prosign. Thus, habitual use of certain cells or the 
formation of various compounds is just as useful as the prosigns themselves. This principle 


13. Obviously, interruptions’caused by flood, fire and other emergencies cannot be expected to appear often 
enough to be a fruitful source of habitual responses. 


14. A typical exchange sometimes used by U.S. personnel, where conformity to COMSEC regulations is not 
rigidly enforced, involves the transmission EF (dit, di-di-dah-dit) and the answer EE (dit, dit), which 
approximates the rhythm of the familiar “Shave and a haircut...” 
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also applies to related systems, such as authentication, wherever habits can form as a 
result of allowing the operator a free choice in selection among a number of variables. 


CONCLUSIONS 


It will be evident that the proposed approach to maintaining continuity through 
chatter analysis has application only in limited cases. Because of its complexity, it may 
well be attempted only as a last resort and would undoubtedly require the services of a 
skilled chatter reader. 


On some problems, one or two 
distinctive habits may be sufficient, 
while on others a wide variety of 
situations may need to be examined 
before individual operators can be 
distinguished. It may be found 
useful, when looking for habits, to 
keep a similar running record of those 
responses which are the same for all 
operators, on the theory that such 
responses have been specified by the 
signal instructions or form a “local 
dialect.” Such a list would be helpful 
in later examinations of a related net 
or complex, since it would define 
situations where habits are not likely 
to be found. (It might also become a 
useful net identification tool.) 


It should be emphasized that the 
“habits” we seek in this approach are’ 
not tendencies to act in a given 
manner, but are more nearly instine- 
tive reactions or reflexes to recurrent 
stimuli. Where these reactions are 
found to be quite variable, it may be assumed that the operator concerned lacks sufficient 
experience to have developed such habits or that the situation is rare enough so that he 
has not developed a reflexive response. 


The approach may be useful, not only for continuity development in selected areas, but 
for inter-net equations after other evidence has narrowed the area of search to reasonable 
proportions, and to bridge communications changes where continuity is available both 
before and after, but not across, the change. 
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A Note about NRs 


[ 


A number range is an NR range, or so I have always thought. It is, of course, useful in 
recovering continuities and colocations, and the rate at which its member numbers are 
used up gives a relative measure of the tempo of activity of the user of the NR range. 
Recently, however, several interesting anomalies in NR usage on the Vietnamese 
Communist (VC) problem have triggered some thoughts about the behavior of NR ranges. 
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I recall sermonizing about my conviction that fewer errors occur in the NR (you may 
read “Radio Station Serial Number” for NR throughout this article) than anywhere else in 
the message. Errors, in this context, are those committed by the target and not by our 
ability to perceive what was sent (i-e., not intercept, or logging, or forwarding, or machine 
errors on our part). The argument underlying this belief centers on the use of the NR asa 
control or reference number: one refers to a message by means of that NR. Any ambiguity 
or conflict would cause difficulties in even the most primitive filing system. For that 
reason, one can imagine the keeping of a log book; each sheet of the log could have, down 
the left side of the page, the string of consecutive numbers that will become NRs as each 
message is logged onto the sheet. A neat, pretty picture — but not always correct. 


In the course of looking at one particular VC NR range, it became apparent that, from 
time to time, duplicate NRs on consecutive messages did occur. At first, each instance was 
attributed to an intercept or recording error on our part, but in some instances the 
messages were re-sent on later dates with the same offending duplicate NRs. There is at 
least one explanation for such duplicates. The VC evidently do not like to send long 
messages and usually break up long texts into short messages of roughly 75-100 groups. 
Each part then gets its own NR and group count, and one of the parts will carry the file 
date and time for the whole batch. We might see five consecutive messages, only one of 
which carries a file date and time; it is as if all five messages were block-filed at one time. 
It seemed significant that none of the duplicates were within one of these batches of 
messages. Where duplicates occurred, they were invariably between the first message of a 
batch and the message preceding it. Often the earlier member of the duplicate pair was a 
single message filed late in the evening (later than the “typical” file times for that station) 
and carrying a high precedence. From time to time, we have captured radio station 
documents, and one frequently encountered is a small log book that is a rough diary of 
schedules met, significant (to the VC operator) chatter, and message preambles sent or 
received. Where duplicate NRs have occurred, it seems possible that the first message, 
carrying high precedence and needing to be sent out “after normal hours,” simply was not 
logged in properly (such things have been known to happen around here, too) or that no 
log, as such, was kept at all by the station — the activity log book contained all preambles 
and could easily be checked to see what the next unused number should be. The pages of 
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these books are quite small, and the last previous message would often be logged on some 
earlier page. Instead of logging in, say, NR 76 on the line immediately below the entry for 
NR 75, in a formal] NR log, one might simply leaf back through the activity log book for the 
last outgoing message. It would be easy to miss the entry of a single message, if most 
message entries contained strings of from five to fifteen messages, or if the message was 
not properly logged in. Thus, in the example, the leafing back for the last-used number, 
NR 75 might be missed, either because it was only a single entry and easily overlooked or 
because it was mishandled after hours and perhaps was not even logged. In any event, it 
seems clear that a separate NR log was not being maintained at that station. 


Another aspect related to how the NR log was kept was evident in the circular NRs of 
one station: he used the block 100-399 to one set of outstations and 400-699 to another set. 
Each time one or the other ranges reverted, it was evident that the station was undecided 
about whether the ranges began at 100 and 400 or at 101 and 401. Over a long period, both 
starting points were used about equally often. Clearly, no preprinted logs could be the 
basis for such indecision. It could be accounted for either by the small operator log 
mentioned above or by a blank NR log (i.e., not preprinted with numbers). 


A third “happening” seems, at first glance, to clash with the behavior described above. 
On 1 January 1969, the station that had been using the 100-399 and 400-699 circular 
series changed a number of aspects of its operation, including its NR patterns. In 
particular, both of these circular ranges were replaced by 1-100 ranges. In one circular 
series (but not the other), the number 44 was omitted. The omission is easily proved, since 
other serials occur in crypt indicators that do not omit 44. On the face of it, this could be 
explained by assuming that the station used a preprinted log containing an error in it. 
And that may indeed be the real explanation. But there is another possibility. Many of 
the VC documents captured and turned in to us for study bear the unmistakable signs of 
repeated usage. VC units in the field are short of paper and have learned, by writing 
lightly with pencil and later erasing, to stretch the life of each available scrap of paper. 
(Whether this fundamental difference between VC and U.S. methods has had any impact 
upon the course of the war will be left to historians and philosophers to debate.) It seems at 
least possible that some sort of log was kept during the first “pass” from 1 to 100, during 
which 44 was omitted in error. When the series reverted to 1, out came the trusty eraser 
and all but the NR was erased on each successive line as needed. 


An NR range is an NR range, and its principal uses are still related to continuity, 
colocation, and tempo of activity. But subtle variations in how the range is used may, now 
and then, give us a little insight into the activities of the humans who use the NR range. 
All this presumes, of course, that the target country has not yet extended its COMSEC 
activities into the area of NRs. 


Some Thoughts Concerning 
Traffic Analysis Mechanization 


ROBERT S. BENJAMIN 


Paradoxically, traffic analysis mechanization will save manpower but should not 
decrease and may even increase the amount of “real” traffic analysis work that remains to 
be done. NSA and the cryptologic community have always had far more things to do on 
most analytic problems that could be done with available human resources. Many of these 
things that have to be done prior to important analysis have, in the past, invelved hours of 
logging, summarizing, counting, verification, some degarbling, and other similar 
operations. These are the things that machines can do best ~ once material is in a 
machinable medium that permits its being fed to a computer for automatic data handling. 
On the other hand, only people are capable of assessing the meaning of the various 
phenomena discovered in the process of organizing and reducing the data. 


The scope of traffic analysis ranges between the first recorded results at an intercept 
station and the issuance of SIGINT end-product reports that detail traffic analytic findings 
in a form suited for intelligence consumers. Practically anything that goes on in the long 
series of complex processes between antenna and product, wherein “data” (signals) are 
gradually being transformed into increasingly meaningful information, is of concern to 
the traffic analyst. The traffic analyst works with signals collection people in directing 
intercept cover; he stands ready to assist the cryptanalyst in the latter's efforts to 
cryptanalyze message texts; he writes end-product reports for intelligence consumers or 
contributes basic data for integration into such reports. He works similarly with a 
multitude of other experts in various other SIGINT and COMSEC specialties. 


The nature of traffic analysis is going to change; the change will come slowly at first, 
but we will be shifting gears in the next few years, and we must be ready for it. Material 
will be coming to us in predigested form — the more clerical parts of our job will in the near 
future be done to an increasing extent by machines. And we must develop and exchange 
ideas concerning the new working methods now appearing. A deeper order of creative 
thinking will be called for. Once mechanization systems are begun and databases are 
established, the use to which the data are put will be limited only by the imagination of 
those using the particular system. The manual part of analysis will be done more and 
more by machine; the menial part must be done by people. 
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SHOULD ANALYSTS LOOK AT HARD COPY? 


People faced with machine output in one of its many forms often wonder whether they 
should continue to examine hard copy intercept. The answer to this question depends on a 
number of considerations — two, principally: 


a. Hard copy should be examined until the analyst convinces himself of the accuracy 
and utility of the machine product. 


b. Hard copy should be examined if and only if there is a real advantage to be gained. 


A complete version of the intercept will probably have to be available for “back-up” use 
in many instances - just as the New York telephone directory must be available even 
though one doesn’t read it page-by-page. This “back-up” traffic may be in hard copy, 
microfilm, or in a machine recorded form, and should be retained for a reasonable period. 
It should be available for emergency use to permit analytical reentry into traffic external 
systems (callsigns, etc.) when the machine “digests” are insufficient and to permit 
occasional spot checks of the efficiency and reliability of the system. 


One thing is sure-extensive recopying and counting from hard copy should not be 
done. Summaries will be prepared by machine, as will detailed files concerning data 
elements and data items under consideration. 


The traffic analyst is no longer limited to the traditional “sort and list” output of traffic 
analytic data. Machine output now may be in many other forms. To cite a few examples: 
summary listings (prints), printed matrices (coordinate tables of various kinds), printed 
“net reconstructions,” decks of punched cards with “interpreted” (printed) information on 
them, answers received at a remote inquiry station (electric typewriter) communicating 
with a data bank in a remote computer, and “soft copy” displayed on a scope resembling a 
television screen (which may be photographed, if need be). Every few months, new forms 
of useful output seem to be appearing, resulting from computer industry developments, 
and from cooperation within NSA between so-called “machine people,” R/D people, and 
analysts. 


LARGE PROBLEMS VS.SMALL PROBLEMS 


All those techniques of traffic analysis that depend upon collecting, summarizing and 
analyzing masses of data for achieving answers will lend themselves to mechanized 
treatment. But creativeness and judgment will be necessary 


a. to design the logic for the mechanization in the first place, 
b. tointerpret the results obtained from machine output, 


c. to improve and extend the capabilities of the particular system by discovering new 
ways to use it and new ways of producing even better information, and 
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c. to know when to go to hard copy intercepted traffic for answers that the machine 
system cannot give. Hopefully, proper interpretation of machine output will give a 
good part of these answers. 


The one-of-a-kind type of occurrence is trickier and does not lend itself to machine 
analysis so readily. Such an occurrence may be recognized by a human being at an earlier 
point (in the field, for instance) and appropriately indicated, tagged, or reported in some 
suitable reporting medium. Or a scan of the hard copy material by an analyst knowing 
what to look for and taking fullest advantages of what has already been done by machine, 
may show up one-of-a-kind occurrences that may be significant. Whether a “hand scan” of 
hard copy will be profitable will depend upon the target, the requirements, and the 
circumstances. 


The very, very small analytic problems are often cited as examples of things that need 
not be mechanized. This remains to be seen. Even in these small problems, however, 
certain data are necessarily a part of overall SIGINT requirements for coverage accounting 
reasons and must be mechanized. To the extent that an analyst can profit from what is 
already being mechanized, so much the better. 


PENDING DEVELOPMENTS 


There is a need to apply to traffic analysis methods like those called “management by 
exception” techniques now used in mechanized data handling in the business world. 
However, before such “analysis by exception” techniques can be used, norms must be 
established so that the computer can recognize occurrences or phenomena outside these 
norms. Admittedly, the establishment of norms is not an easy task. Machine scanning 
and selection methods involving the search for material containing certain desired 
“words” or the elimination of material containing unwanted “words” are a class of 
“exception” techniques. 


Many people are working on developing many projects that relate to traffic analysis 
mechanization. Some projects that come to mind are 


STRUM (Standard Technical Report Using Modules) 
TAPS (Traffic Analysis Processing System - a flexible family of programs) 
TIPS (Technical Information Processing System) 


SPECOL (“Special Computer Oriented Language” - an experiment in data correlation 
and retrieval) 


TEXTA Mechanization 

ZITO (produces soft copy of a scope) 

AG-22 (Paper-tape producing typewriter). 

TRAPEZE (System to produce formatted reports from AG-22 paper-tape output. 
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Each of the above projects is significant enough to deserve being treated at great 
length, but that is beyond the scope of this article. And there are many other important 
projects that could be mentioned. 


We urge individual analysts to learn more about machine processing. The National 
Cryptologic School offers several excellent courses to introduce the “layman” to the 
general idea of using machines, and other such courses will be devised in the months and 
years ahead. 


Learning a programming “language” is another way to gain familiarity with 
machines. These so-called "higher programming languages” are machine-independent in 
that compilers are available that enable programs that have been written using these 
languages to be run on different computers, even computers made by different 
manufacturers. FORTRAN is one such language, but FORTRAN lends itself more readily 
to mathematical computation than to the handling of traffic analytic data. Showing more 
promise for data handling is COBOL, a language designed for business applications, which 
can handle alphabetical as well as numerical information. Courses in either of these 
languages can provide the traffic analyst with a good conceptual base. There are other 
“programming languages” in existence, or being developed, that are suitable for 
information handling. 


As TIPS Pilot is developed, simple formatted interrogative statements through a RYE 
remote station will enable any analyst or manager to ask a wide range of questions and get 
rapid answers from the RYE computer concerning information in the TIPS files. 
Subsequent versions of TIPS — TIPS I and TIPS II (TIPTOES) — will add many refinements 
in future years. 


However, analysts need not learn computer programming to use mechanization, but 
they should become familiar enough with machines to feel comfortable when confronted 
with the idea of mechanized data. Machine prints will not look like conventional “hard 
copy,” but they will spare the analyst many, many hours of drudgery and permit him to 
spend his time really analyzing and synthesizing. Whole new areas of techniques will 
open up; for example, machine prints of TAPS output have shown phenomena not at all 
readily apparent in the hundreds of input entries that were combined, reduced, and 
presented to analysts in summary form. Interpreting these phenomena calls for a high 
order of thinking and judgment. 


In summary, analysts on analytic problems that aren’t already using machines should 
be exploring ways to use them, particularly since STRUM, AG-22 and the like will soon 
present a machinable input for practically all problems. And, of course, machine people 
need to know more about traffic analytic problems; at best, it isn’t easy to dredge meaning 
out of the mass of confusing data facing the traffic analyst, and the more that machine 
people understand this, the more help they will be to this important aspect of SIGINT 
production. 
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Cleaning the Augean Stables 
or 
How Much T/A Can a Computer Do? 


FRED MASON 


One of the labors of Hercules was to clean the stables of King Augeas. These housed 
three thousand very healthy oxen and hadn't been cleaned in twenty years. Rather than 
trying a shovel, Hercules was smart enough to turn two rivers through the stables. 


TIA has a comparable task. Manually, T/A is a desperate attempt to clean up the 
constantly augmented flood of intercept, in the belief that there may be one or more valuable 
needles in the original haystack. And the collectors are so damned healthy! 


The computer seems to offer a way of doing it by dropping the input into electronic 
rivers. These, if properly directed, can multiply the human effort and wash, massage, 
organize, compare with the past, and separate the input—putting the debris here and a small 
pile of shining needles there. 


How much of this can the computer, in fact, do? Part I attempis to define T/A, and Part 
ITattempts to answer the computer question. 


PARTI, TRAFFIC ANALYSIS 
1, Glittering Generalities 


The purpose of SIGINT is to make available to supported commanders a reconstruction 
of the target Order of Battle (O/B) and changes thereto as derived from target emissions — 
and in time to permit educated command decisions to be made. 


Order of Battle answers the command question about the opponent, “What forces 
oppose me? What are their titles, types, echelons, command relationships, equipment, 
morale, strength, locations, deployments?” It is a static description of the target at a 
moment in time. 


Changes in O/B update the answer by establishing a vector; he was here then, now he’s 
there; his O/B change is describable and sometimes measurable in amount and direction. 
Such intelligence vectors assist the commander to understand target changes in 
capabilities and to estimate hostile intentions. 
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2. Serendipity 


SIGINT attempts to accomplish its purpose in several ways. One school of SIGINT 
thought has it that in combat all is flux; that little can be equated from day to day; and 
that the valuable SIGINT answers will be derived from exploitation of readable traffic 
(cryptanalysis) and the unusual, the compromise, the momentarily understandable in an 
ever-changing environment (traffic analysis). 


This approach is Serendipity - the happy faculty for finding valuable things 
unexpectedly. Cryptanalysis has put a massive effort into reading as much encrypted text 
as possible, using substantial computer support to break inte and exploit traffic. (The best 
way to find the most four-leaf clovers is to examine the entire lawn.) 


Traffic analysis is governed by fewer rules and varies more in its application. 
Serendipity is also systematized by using a small number of full-time omnivorous readers 
who see all intercepted traffic, all reports on it, and all friendly correspondence relating to 
the situation. Ideally, their memories are photographic and their knowledge of O/B 
encyclopedic. They ignore all that does not excite their curiosity but seize anything with 
known indicators or with interesting unknown features. They then assemble all other 
traffic from that net and from any other net with the same SOI or displaying the same 
indicators or features. From this section of input is deduced the activity, often only after 
extensive study. But the reading of new material must continue, so that higher priority 
compromises, or additional data on the one being exploited, won't be missed. And 
collection must be redirected in order to pick up more of the activity. 


SIGINT tries to take “unexpectedly” out of the Serendipity definition by collecting as 
much as possible and by examining it all for exploitability. From the serendipitous 
approach comes most of the SIGINT headlines — the front page stories. 


And there is no question of its value. But it is unpredictable. It produces immense 
detail on a minor unit one day and on the entire O/B the next, but by its nature it cannot 
sustain its effort on any one subject. There is always a new fire to put out. Often, by itself 
it cannot answer the commander who asks, “Do all of the forces that opposed me yesterday 
still oppose me? How have they changed? Are there new ones?” 


3. Continuity 


As opposed to Serendipity (Crypt or T/A), which monitors the entire stream of 
intercept but selects only a small porter for exploitation, Continuity, i. e., traffic analysis, 
must process it all. It must sustain the effort, carry knowledge gained from compromise 
forward into overtly different communications structures, keep continuity, keep track of 
all of the units opposing us yesterday, and identify new ones. This is cleaning the stables. 


Intercepted communications come in “sets,” messages and chatter exchanged between 
two or more callsigns representing command or staff functions of one or more military 
units. The most repetitive terms in each set are the calls used, and the most useful term 
(because it is not arbitrary) is the frequency applied by the intercept operator. These are 
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the built-in terms labeling a set. They often are enough to identify the set, but the terms 
occurring in messages and chatter must usually be used as well. 


Since calls and frequencies (and other terms) change frequently, the same net may be 
presented by many sets over a period of time. And each major unit controls many nets, an 
army group or military district often having as many as one hundred nets potentially 
active at the same time (plus the nets of its subordinates). These represent the different 
command and staff functions of the unit, working with different combinations of organic 
and subordinate command and staff functions, and with many alternate nets (morse, voice, 
and printer paralleis). 


Fortunately, the collection of terms and the typical formats into which they fit (like 
sentence structure) are usually sufficiently revealing to permit the intercept operator and 
traffic identification analyst to label them with some accuracy-at least as to country and 
service. 


So traffic analysis — the proper labeling of each set of intercept, of each radio station, 
and of each activity — begins at the intercept set. Based on the initial set label (case 
notation), the intercept is sorted, and more or less homogeneous piles are given to each 
analyst for further processing. 


Continuity is the “Alias” problem; set 542 is the same as set 821, which was the same 
as set 127, etc. Done exhaustively, it reveals only the number of nets active. It does not 
reveal who the stations are, where they are, what functions they represent, or where the 
net fits into the network. It does permit the application of the answers in one set to all of 
the other sets of which the set is a continuity. 


Serendipity, either as a separate function or that of the continuity analyst in the 
course of his processing, provides the who, where, what, and structural location of the net. 
Continuity carries it forward. 


. 4. Battlefield Vocabularies 


Most of the categories of military communications terms are encoded for electrical 
transmission, A list of arbitrary terms is generated (calls, addresses, codewords, etc.) 
according to some sort of system. From the semifixed list are selected subsets of terms for 
each period according to other, loca} systems. And the selected subsets are allocated to 
various users according to still other systems. Frequencies follow the same scheme, except 
that they are not arbitrarily generated; they are selected and allocated according to locally 
devised systems. 


For each period, then, the selected subset is matched against a list of plaintext 
meanings. The plaintext list (units in O/B order, command and reporting phases, etc.) does 
not change very much over a long period of time. The encoded terms for transmission 
change frequently and usually provide for a number of alternate terms each period. 
Change in the plaintext list of units usually indicates change in O/B. 
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There are two stages in the traffic analytic attack on the problem of battlefield 
vocabularies. The first is the isolation of terms in a category which presumably come from 
one subset: calls used by one or more related nets that possibly come from one callsign 
book, addresses used in an area presumably selected according to a common set of rules 
from a master list; frequencies used by related nets and presumably allocated from the 
same subset; etc. The collections of terms so isolated are input in the second stage, that of 
solving the systems of generation of the master list, of selection from the master list for the 
period being examined, and the allocation of the selected subset to the corresponding 
plaintext list of terms. 


Generally, there is little point in trying the second stage (solution) until the first stage 
is accomplished with some accuracy. And the first stage depends upon the success of the 
continuity effort, since a single set of data will not, normally, provide enough terms to 
permit successful attack. 


Success in any part of the attack makes the whole much easier, (e.g., solution of the 
callsign book generation system permits set and nets to be associated rapidly, which then 
provides collections of data for attack on the frequency problem). 


5. Activity 


Continuity and the solution of battlefield vocabularies, as discussed above, provide the 
skeleton of Order of Battle. Changes in O/B from one time to the next provide inferential 
information about target intentions: e.g., this division has been resubordinated from Army 
A to Army B; the capability of Army B is thereby measured and inferences may be drawn 
about its intentions, etc, 


Better information is often available. The cryptanalytic solution of enciphered text 
and the traffic analytic solution of plain text and brevity codes often give more direct and 
valid information about capabilities and intentions. Grids give relative unit positions and . 
artillery (tube, missile, and bomber) targets. Codewords give implementation times for 
activities and may, if solved, define the activity. ELINT cuts may reveal concentrations of 
radars in defense of troop concentrations or locate beacons for airborne drops. 


The Serendipity approach acts, almost entirely, on the isolation of such revealing texts 
and then finds all related nets te build that part of the network for the period. And it may 
well be that this is all that is possible in a fluid battle area of some size. 


Continuity attempts to account for all units, both active and inactive. If it can be 
accomplished, this complements serendipity by providing information on the existence of 
reserves and uncommitted and inactive units, and by providing the skeletal O/B to which 
interesting activity can be related. 
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PART IL. THE COMPUTER 
1. The Computer is an Idiot 


So, too, is a shovel, a lever, and a quill pen. The difference lies in the time lag between 
human control and mechanical or electronic action. A shovel, lever, or quill pen is used 
directly and immediately by a human being; a computer is programmed for use in the 
future. 


Directing action at second hand and in the future is very difficult, particularly if it is 
impossible to predict what may be sensed at the time the action is required. 


You drive your car at some speed towards an intersection. Without conscious thought 
you identify all fixed scenery and all moving objects. You compute their probable positions 
at the point of time at which you will be in the intersection and, semiautomatically, you hit 
the brake, accelerate, or continue at your previous speed. But just try to get the car safely 
through the intersection by briefing a non-driver (the programmer), who will in turn 
instruct (program) a rote passenger on what to sense and what, in each possible 
circumstance, to instruct the blind driver to do. 


The difficulty lies in trying to explain what you have done, step by little step, when 
you have written a sentence with your quill pen or driven your car. 


If it can be done, it multiplies your power very considerably. The computer, properly 
instructed, can drive a hundred cars as well as one. For this reason, it is a challenge and 
well worth trying. 


2. What is the Computer Now Doing For T/A? 


Programs now in being, or shortly to be implemented, accomplish a great deal of the 
clerical work previously done by traffic analytic personnel. In most cases the computer 
attempts no identification of call, or set, or net with specific military units or nets, but 
groups like things together and applies the best label added to the intercept by humans. 
The following process illustrates the type of computer-analyst interplay now in being. 
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The characteristic of the above type of process is the control of the system hy the 
analyst; if it is used as one of his tools and all of the tables and files in the system are 
maintained currently, it will work well for him, if the tables are not maintained, it will 
cause the input to degenerate. The analyst is necessary to the system. 


3. What Could the Computer Do? 


The manual T/A payoff is in the identification of O/B and of activity. Much of this is 
concealed by the periodically changing battlefield vocabulary, which humans deal with as 
“The Game”: “sounds like”; “in this context may be”; “the activity around it suggests it 
may be a synonym for”; etc. It is not believed that this is within the computer capability at 


this time, only because human beings cannot explain what they do at this point. 


is conceivable that the computer could build its own vocabulary of terms and formats 
from its input, applying to each the best identification of the set from which it came. A 
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new set could then have its terms and formats compared to the computer vocabulary and 
all identifications of previous sets retrieved. The retrieved identifications might then be 
examined statistically. The computer output might be 


This set is (65%) division X 

It is (20%) artillery, (5%) SSm 

Callsign ABCD is (25%) the umpteenth motorized rifle regiment 
Best guess as to case is.....(42%), or.....(29%) 

This set is a continuity of sets.....(82%),.....(74%),.....(68%) 


4. The Computer in Combat 


Those functions now accomplished or suggested for batch processing could be done in 
much smaller batches, approaching on-line processing. The computer could materially 
assist in sorting, selecting, and identifying intercept sets and activity and could, as well, 
guide intercept, if the callsign history could be directly queried. (The previous 
identification and analytic comment — “want” or “don’t want” - could be made immediately 
available). 


Portability is feasible with solid-state computer components, and size is approaching 
the manageable. The problem lies in analytic use. Unless analysts are trained in and 
appreciate the multiplication of their power possible through intelligent use of the 
computer, it should not be used. The machine will only hamper the successful manual 
operation. 


5. Present Problems 


The feeling still persists that the computer is an expensive, mystic black box and that 
it must operate efficiently at all costs. Its priesthood still carries this belief to the point 
where its efficiency is emphasized at the expense of the T/A problems it serves. It is not 
comparable to a quill pen, kept sharpened and ready for instant use when needed, as well 
as being adaptable to the needs of the moment. It is more like a railroad, with trains 
leaving on schedule (more or less). If you happen to want to go to that point at that time, 
climb aboard (after having applied for a ticket well in advance). But to change the 
composition of the train or its destination or its scheduled times is almost beyond the 
passenger’s capability. 

Not because of characteristics inherent in the computer, but rather because of the 
management of this tool, the computer is not adaptable, not flexible, not responsive to T/A 
needs — except in the case of those needs that are continuing and that can be conceived 
whole and perfect when the process was first requested. 
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6. Conclusion 


The computer can perform many of the functions that traffic analysts do manually. It 
can group data into homogeneous piles. It can apply previous annotations to sets of data 
and to terms. It can sort and list. It can select data or discard them, based on previously 
determined criteria. It can provide a sizable memory with total recall. It can continue a 
process whose rules have been define PPLL. 886386 
EBOL144(¢cr) 


The computer cannot, at the moment, solve the unusual. A new system or a 
nonstereatyped sentence cannot be given meaning by the computer until an analyst 
instructs the computer. (It can, however, collect the unusual for the analyst.) 


The computer cannot, at the moment, be used to solve the little T/A problems, such as 
solving a frequency rota or running out a callsign pattern or solving a key sequence. Most 
of these problems are hand generated by target signal personnel and change frequently. 
By the time the analyst explains to the computer what to do, he can solve the problem 
himself. 


The computer, then, is a tool, a big tool. It can materially assist the traffic analyst in 
his work and do most of the clerical labor associated with T/A. The system does not now 
permit it to be used as a little tool or a fine tool. And it is no more than a tool. 


Build a road with a stream shovel; don’t use the shovel to open a door! And yet I think 
that maybe, if I could tinker with it a bit and try a few things, I could open that door with 
the computer, Certainly, a better road could be built. 


Traffic Analysison{ —_|Data 
Transmission Systems 


Ld 


Conventional traffic analysis has never been a glamorous job. It conjures up a picture 
of untidy desks piled high with traffic of various hues and drawers bursting with much- 
thumbed tools of the trade - callsign tables, network diagrams and, of course, that 
inevitable odd file of mysterious unidentified bits and pieces that is never thrown away 
because it is such a convenient place to put more unidentified bits and pieces. Amidst this 
scene we find that most maligned representative of the COMINT community, the traffic 

. analyst, continuing his never-ending battle against the nonstop flow of paper and wiping 

P.L. 86-36 . ; ‘ : en : ae 

EO 1.4.(c) his carbon-stained fingers all over his clean white shirt in a gesture of despair. His plight 
is known to all of us, and many have done sterling work to try to emancipate him. But 
despite some machine aid, the lot of the traffic analyst working on conventional 
communications, morse, radioprinter, and voice has not changed very much in twenty 
years. 
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The advent off cata transmissions threatened an even greater amount of 
paper unless new techniques were developed. As a result of these new techniques, there 
appeared on the scene a new breed of clean-shirted traffic analyst whose previously 
cluttered desk is now rarely used except perhaps for lunch. 


What are these data transmission systems that so successfully changed the face of 
traffic analysis? They are very much in vogue these days, and the air and air defense 
forces of many nations, including the United States and USSR have turned to such 
systems to augment and sometimes replace their existing facilities for air surveillance 
reporting and weapons control. Basically, a data transmission system permits the 
automatic transmission of formatted information by means of digital coded impulses and 
gives a greatly increased traffic capacity coupled with speed and accuracy. . 


Two such systems are in current operational use by the 


To analyze and exploit the information transmitted in a data system, it is necessary to 
process and present it in a form suitable for analysts. 


P L-PSb- 88-36 
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display was born in 1961. 


It is probably necessary at this juncture to placate the skeptics amongst the old hands 
who will have none of this nonsense and allay the fears of the new entrant who feels he was 
not born with enough hands. What is this traffic analysis that can be done at a display and 
how is it carried out? 


It may seem that the new concept of traffic analysis demands a super breed of analyst - 
a combination of radar operator, machine specialist and data traffic analyst. It is true that 
more is demanded of the analyst, but experience has shown that the novelty of the new 
approach and the results obtained from it have whetted the appetite of those morse traffic 
analysts who have been transferred to data analysis, with the result that they have 
adapted themselves to the new techniques with a minimum of training. Air and air 
defense analysts are, of course, weaned on the interpretation of tracking, and machine 
handling has been made very simple as almost every requirement of the analyst has been 
covered in programming while operating consists of little more than pressing the required 
pushbuttons on the control panel. , 


Although the technique of traffic analysis from displays is still in its infancy, its 


Although it was an air/air defense data system and the threat of unmanageable 
amounts of paper that resulted in this new method of traffic analysis using an immediate 
combination of man and machine and replacing the paper by displaying the data, it should 
not be construed that analysis by display will be limited to the air/air defense world or 
even to data systems. Traffic analysis involves looking at paper, a lot of paper. It involves 
sorting this paper and inevitably re-sorting. Obviously such procedures call for machine 
aid, and in many areas this help is available or planned on a larger scale. But in almost 
every case this help will be in the form of machine listings, perhaps alleviating the sorting 
problem, but replacing one lot of paper with another. Perhaps the reader can see a use for 
displays instead of listings for his own problem. Perhaps a “quick look” would permit 
enough discrimination to reduce the volume of listings to a minimum. It is hoped that this 
introduction to traffic analysis o data transmission systems, traffic analysis from 
displays, will open up a new world to the many who did not know of its existence and that 
it will stimulate further ideas on how to handle traffic. 
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Traffic Analysts of the Future 


a 


Let us take a glimpse into the future — a future much different from today. I want to 
convey a man-machine concept that visualizes a fairly complete computer complex from 
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intercept collection to the storage and retrieval of intelligence by the consumers from their 
desks. This sort of data processing assembly line would contain numerous computers with 
process computers controlling other computers but with humans at certain vital points 
along the way. Traffic analysis is one of the subsystems in this assembly line. I want to 
- fire the imagination of the traffic analysts, managers, data systems analysts, R & D types, 
and others so that some day we can put the pieces of the assembly line together. Certain 
operations in the assembly line can best be done by humans until we advance the state of 
the art in artificial intelligence. In the meantime, we want to make it as easy as possible 
for the humans. 


In this assembly line concept, the output of one stage must be compatible with the 
input to the next stage or process without extensive conversion, reformatting, or other 
changes. 


The concept visualizes that as the data flow through the system on a real-time basis, a 
human can call data from mass storage, state the processes (programs) to which they 
should be subjected, and display the results at any stage desired. Based on the results, the 
analyst would then specify additional processes until he is satisfied with the results. 


Let us visualize how a traffic analyst of the future may work. First, he will work from 
a console instead of a desk. The console would probably contain at least two CRTs or TV- 
type displays plus an electric typewriter and light pen. All of these would be connected to a 
remote computer for the proper man-machine relationship. 


Now suppose our traffic analyst wants to get continuity on a very important net for 
day X. All data are in a mass storage device to which the computer has access. He states 
his problem on the keyboard in stereotyped English, e.g., “Get all unidentified data from 
file X for day Y.” (This can be further defined as data from certain intercept stations.) 
“Build and compare net structure with XXMT50101 using Program " 
“Display net structure of XXMT50101 on scope 1 and best match other nets on scope 2. a 
After visual observation of all possibilities, the analyst wants more information on new 
net number 2. He asks for a display of the crypt systems used by both nets if messages 
were passed. 


Then he asks for a comparison of traffic volume, address groups, etc. Having satisfied 
himself that the net is correctly identified, he types on the keyboard, “Identify new net 
structure number 2 as XXMT50101.” This activates a program that updates all records in 
the master file with the new information. 
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After going through all his assigned nets and maintaining continuity, he calls for the 
display of all remaining unidentified nets. One group of control and three outstations has 
now appeared for several days. The analyst calls for a display of the group on a geographic 
mask with all stations geographically located by the previous day’s direction finding. 
Then he reviews callsign, frequency, cryptosystems, usage and other elements to 
determine the echelon of the group. With two or three possibilities, he requests an order- 
of-battle (OB) display showing units located on a geographic overlay. In this way he can 
compare net structure with order-of-battle of units known to be in the same geographic 
area. After several tries, he finds a unit which fits so far as echelon structure, but one of 
the outstation location does not fit. Considering the possibility that the OB may not be up 
to date, the analyst requests a display of the OB cverlay for the last two months on the 
second display scope showing day-by-day overlays at a two-second interval. With this 
technique he notes that one unit has been moving. By projecting the movement up to the 
latest information, he concludes that the unidentified outstation and the one unit are the 
same. In addition, he now has later information as to the location of the unit. He adds this 
information to the OB database so that tomorrow when the intelligence consumers 
interrogate the OB files for new information, this new location of a military unit will be 
produced. 


Identifications are then made on the keyboard, and all records in the file are brought 
up to date. 
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The future envisaged _- I me, in that it presumes a traffic 
analyst (and a consumer) who controls the situation, who asks the right questions of the 
computer. He queries the computer for new data on his assigned nets (or units) and then 
asks for all other unidentified nets, from which he selects and develops a new net. This 
suggests that, if he is preoccupied with other tasks, he needn’t ask and nothing will arrive 
on his desk (or CRT). TA need not be done? 


If this is not true—and, in fact, he must ask-then why the query at all? A set of 
mandatory queries (“Give me all, massaged”) need be programmed only once and the 
computer will provide the data routinely. This is, I believe, the TA function. The target, 
not the analyst, controls the problem. The analyst (collectively) is required to examine all 
of the intercept and do something with it. If a mountain of material comes in, he must cope 
with a mountain, not just pick out bits he predetermines as being his. 


It’s like a police department. Does it sit in its police station asking questions about the 
status of Hollywood and Vine? Or does it patrol the whole city? Who can judge in advance 
where a crime will occur? 


You cannot ask ail of the right questions unless (1) there are a very limited number of 
possible questions and (2) you know all the possible questions. ; 


Sincerely, Fred Mason 
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Sir: 

In reference to Mr. Mason’s letter in COMMAND, dtd March 1969, I don’t believe Mr. 
Mason has heard about management by exception. The advantage of computers is that 
they can be programmed to look at the unusual. We do have a mountain of intercept, but it 
is not necessary for a human to look at it all. The computer looks at it all and finds the 
unusual or unidentified to which the human can devote all his intellect. Let’s use machine 
for the routine and free humans to be analysts. Most analysts like to piddle around with 
the intercept because they can see tangible progress — that is, process so many papers. 
Most junior traffic analysts would not know what to do if they were faced with real 


analysis. 


Management by exception? Maybe. Analysis by exception? I don’t believe in it. 


Mr. Mason’s rebuttal: 


Along with our primary mission of reporting all changes in O/B is our continuing 
obligation to reaffirm the status of all known target forces — to always expand, amplify, 
flesh out the static O/B skeleton. As a premise, we have never fully described O/B; there is 
always more we could say about a target. If this is true, neither we, nor our consumers, nor 
the computers, know enough about our target to say “All is normal, don’t report.” The fact 
of “normal” activity is reportable. 


It has to do with indications of imminence. No one asks that we report everything, but 
no one permits us to suppress anything either. It is a very thin line we walk, this Pear] 
Harbor complex. For instance, it is “normal” for any one of fifty people to be in my little 
cubicle. At what point is it abnormal? When ten are here at once? Twenty? Fifty? It is 
now “normal” for Soviet crews to man missile sites in Egypt. If there are now X such 
crews, 2X is a 100 percent increase, surely reportable. But 3X is a 50 percent increase over 
2X probably reportable. 4X is only a 331/3 percent increase over 3X; 5X a 25 percent 
increase; 6X = 20 percent; 7X = 162/3 percent; 8X = 14.3 percent. Is there a threshold 
below which we stop reporting? Or keeping a count? Or let the computer withhold 
intercept from us? 


Pl go a step or two down the road. The computer is fully qualified (with a lot of 
analytic guidance) to summarize, to reduce the daily mountain to a comprehendible 
molehill. But the molehill must be regularly and exhaustively examined, refined, 
compared with previous molehills - and by humans. The validity of this map must be 
confirmed and reconfirmed by comparison with the mountain it represents (and the 
mountain itself is only a small sampling of the voluntary overt utterings of secretive “bad 
guys.”) 


Fred Mason 
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A Brief Quarter Century 
of Soviet Crypto/Traffic Analysis 


Eas 


INTRODUCTION 


The earliest piece of Soviet communications intercepted by the U.S. was dated early 
1944,’ according to my crypto/traffic analysis (C/TA) records. Since that time we have 
experienced many varied and complex problems in the TA field. We all know that TA 
deals with the items of communication that make it possible for the transmission of a 
message-the analysis of the text of which becomes cryptanalysis. In turn, C/TA is that 
special area where a cryptanalytiec attack is made on the elements of TA in the attempt to 
assemble order, primarily military order of battle. 


I have chosen as the base for C/TA the twenty-five years NSA has devoted to Soviet 
communications. The progressive improvements of these systems from an elementary 
state to certainly the most sophisticated yet indicates the degree and effort the Soviets 
have taken to deny the SIGINT community C/TA success. Also, we can be reasonably sure 
of the existence of strong Soviet influence in the communications of other Communist 
countries. 


This paper is confined to callsign systems analysis. 


THE PRIMITIVE YEARS 


While the United States C/TA effort did not actually begin until about 14 February 
1944, we glean an insight into the earlier Soviet posture from captured German 
documents. We may summarize the period prior to 1 November 1948 as one in which very 
limited control was exercised over communications of the military forces by the military 


cipher office in Moscow. 


1. The U.S. Navy was already working on Russian traffic in Alaska in 1943. Mr. Frank i 
Coo and, according to him, the British began passing Russian traffic to the U.S. in 19 

or 1941. The author cannot further document this earlier period and, therefore, would be grateful for assistance 

from anyone possessing a documentation or recalling the contents thereof to set the record straight. 
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These have been the highlights, briefly told, yet symbolizing the culmination of many 
sympathetic efforts on these varied systems-—each of which represented a greater challenge 
than its predecessor. [ am proud to have served the C/TA effort during the part quarter 
century, and I envy the role of C/TA of the future because of the inevitable technical 


challenges. 
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Recovery of a Vietnamese Communist Callsign System 


The recovery of the Vietnamese Communist callsign system now titled AO1 (V61A, Spe 
Abigail-1) clearly demonstrates the value of historical research toward the full GX) 
understanding of a presumably obsolete signal plan, in that it facilitated recovery of its 
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True Base: Two Tales (U) 


Both of these tales are true. Some of the details have been changed, but not 
necessarily to protect the innocent. They both have to do with the same thing: what 


happens to our knowledge about a target when we put one of its systems on true base. P.L. 86-36 
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FIRST TALE 
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This story of the dissection of a callsign system proves the validity of that old saw 
“Many a true word is spoken in jest.” It proves a lot of other things, too - among them that 
it ill behooves the cryptanalyst te dismiss the word spoken in jest too quickly. But you may 
ask what a cryptanalyst is doing “dissecting” a callsign system in the first place — isn’t that 
a job for a traffic analyst? Well, in case some of us haven't yet learned the lesson that you 
can’t really draw a line between the work of the cryptanalyst, the traffic analyst, and the 
linguist, this story provides a bit more proof of that, too. 


The reader has probably guessed by now that the title of this piece was the “true word 
spoken in jest.” But it wasn’t really spoken entirely in jest, because we knew that many of 
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Area Studies and Their Place in Traffic Analysis 


The area study of a target country and its foreign influences provides essential support 
to the traffic analyst in developing a knowledge of existing communications and in 
selecting methods for the exploitation of these communications. Area studies include a 
broad and diversified range of factors influential in communications development. 


Initially one should become familiar with the physical terrain of a country. If there an 
outlet to the sea? If so, what communications serve the area? If not, is the country 
dependent upon another area to import and export material? Is transportation limited to 
natural means such as rivers and narrow roads, or are there adequate transportation 
facilities by which movement within the country can be accomplished? Is the area 
mountainous, thereby interrupting long-range communication, or is the land basically 
flat, aiding in long-range contact? What is the climate like? Is it extremely hot or cold? Is 
the weather a factor in the method used for communications, or does it have little effect? 


In Africa an important developmental element is the European colonial power that 
ruled the area prior to independence. Each power imported its own communications 
equipment and trained its subjects in its own methods. Whether the colonial power was 
Britain, France, Belgium, Portugal, or Spain made a considerable difference in the 
procedures introduced and the level of sophistication achieved. The influence of the 
colonial power can be seen not only in the communications but in many other aspects of the 
developing countries. Of significance also is the present-day rapprochement between the 
independent country and its colonizer, in the type of aid agreements and the dependence of 
the new country. 


The level of the communications is also dependent in part upon the education level of 
the technicians. Areas of low educational opportunities cannot be expected to employ 
sophisticated operating procedures. However, it has been noted that each year they 
become more advanced. 


The administrative structure of a country is an especially valuable factor in the 
understanding and exploitation of the communications structure. If facilities are limited, 
it is to be expected that they will be placed where they are most needed. Frequently 
different organizations employ the same set of facilities for communication purposes. A 
normal pattern in Africa is to have the control station located in the capital city of the 
country with the outstations in the provincial capitals and any subordinate stations 
located within the area encompassed by the province. A knowledge of the administrative 
structure greatly facilitates the reconstruction of these networks. Along the same lines, a 
basic understanding of the organization of the police and military in each country is 
particularly useful. 
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Having acquired a basic understanding of the rudimentary background of a country, it 
is most helpful to have a knowledge of the attitudes of the people. This enables a traffic 
analyst to understand why various acts are performed and to anticipate the possible 
outcomes of any given events. To understand the people of a region, one must closely 
examine their historical background. What are their social patterns? How have they 
evolved and what part do these play in the daily life of the people? What are the religious 
beliefs and how strongly do they influence the people? Is the population, on the whole, 
stable, or are the people inclined to rise up easily against control? While these factors may 
not be readily discernible in countries of a high level of sophistication, they play an 
increasingly important role in the developing counties. 


The political make-up of a country also is a gauge in the development of 
communications. Is the government popularly elected? Do tribal or party affiliations play 
important roles? Is the government a military dictatorship? How susceptible is the 
civilian government to a coup d’état by the military or some other factor? What is the 
party structure? Is the country ruled by a one-party government? Is the government 
corrupt, and what are the chances for subversive activity? If subversive elements exist in 
the country, what is their background? Are they communist-inspired, or is their raison 
d’étre one that can be more easily remedied? 


Bordering countries should be studied on the basis of not only their colonizer but also 
their relationship with the country of primary interest. If dissident elements exist, are 
they receiving support from a neighboring country? Is the country interested in the 
downfall of the government of its neighbor? Are there mutual defense pacts or customs 
unions between the areas? Often the relationship of a country with its neighbors is a 
determining factor for the structure of its communications. Is it necessary for the country 
to use transportation facilities of its neighbors? This aspect may involve the development 
of a communications link between the two countries. 


The level of the country’s economy and stability indicators should be studied. Are the 
large concerns operated by the nationals of the country or by foreign technicians? Do the 
companies have their own communications? Are they within the country only, or do they 
have a link with the colonizer? If foreign nationals operate the industry, is this a cause for 
unrest? What is the commercial importance of the country’s products on the world 
market? Do fluctuating prices play an important role in the economic stability of the 
country? Does the country have important mineral resources so that it might be 
considered a prize in the East-West struggle? Is there no industry and is the economy 
dependent upon primary produce for its revenues? 


Another area of importance in considering methods of exploitation is the language 
employed. In the African countries, one of the most secure mechanisms is the use of 
indigenous languages and dialects for sending messages. This is of importance to the 
traffic analyst in the area of station locations and military unit locations. An unknown 
language, like an unsolved cipher system, can place a handicap on the traffic analyst. 
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Only a few of the many aspects of area studies have been discussed in the foregoing 
pages. However, it should be readily apparent that area studies play a vital role in traffic 
analysis. 
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The Reality of Communications Changes 
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All analysts and managers of analytic efforts must constantly face both the possibility 
of a communications change on their targets and the consequences of such a change. The 
term “communications change” frequently causes unnecessary apprehension — the change 
does not inevitably signal adverse consequences on target identification, maintenance of 
continuity, and production of SIGINT. Many changes (introduction of new callsigns, 
frequencies, etc.) on most targets are routine; they occur regularly and are only slight 
hindrances to the proficient analyst. On the other hand, some communications changes 
are not routine and do have an adverse effect on SIGINT production. They can result in 
reduction, or even total loss, of capability to identify and maintain continuity on target 
communications nets and the specific associated terminals. The latter type of 
communications change is the subject of this article. 


+ *¢£ ee Ke FE 


Changes that might affect exploitation capability will vary greatly for different 
targets, depending on the extent of current exploitation and on the complexity of the newly 
introduced operational procedures. However, knowledge of the relationship between 
various communications features can greatly assist in prediction of future operational 
usage. Some features that should be considered follow: 
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3. Sudden versus gradual change: Many changes (e.g., newly allocated frequencies) can 
be implemented immediately upon receipt. Other changes require “live” testing and 
extensive operator training and orientation. The following changes, for example, would 
probably require an extended period for implementation: 
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a. Introduction of a more sophisticated mode of communications: Equipment 
procurement is usually limited, and testing and training are required before the new 
system becomes operational. 


b. Use of'a new Morse cut number system: Operator training is obviously required 
prior to full implementation. 


c. Introduction of abbreviated language for chatter: The nationwide replacement of 
English by abbreviated] ida the vehicle for operator chatter isan example of P.P.BE88636 
a change requiring extensive operator training. EGO.4.4Xc) 


Some indicators of an impending communications change are 
1. Temporary extension of the normal period of use of existing SOI materials; 


2. Limited testing of new procedures on existing links/nets or on supplementary 
communications; 


3. Direct references in chatter to new procedures. Such references could consist of 
anything from a casual implication to a statement of the effective date and type of new SOI 
materials; 


4. Trends toward standardization or diversification, whichever is applicable; 


5. Use of or references to more sophisticated modes of communication. 
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Although the ability to predict impending communications changes is a distinct 
advantage, recovery of continuity on target communications is greatly expedited by 
contingency planning that defines actions to be taken following introduction of new SOI 
materials. Contingency planning in preparation for subsequent analytic recovery must be 
realistic and flexible. Consideration should be given to the following factors: 


1. Timely field station reporting of deviations from the norm: As the mission of most 
collection sites is limited in scope, this reporting permits higher echelon to make an early 
assessment of the overall extent of the communications change, to advise all elements 
concerned, and to issue necessary instructions. 


2. Target recognition/identification: Even though such things as callsign and frequency 
usage have changed, the best source of target recognition/identification is the operator 
who has copied the target in the past and who will probably recognize it in the future. 
Operator identifications should be considered valid unless disproved. These 
identifications should be provided, in a format usable for traffic identification, to other 
field sites that are tasked with similar targets and that are likewise encountering 
difficulty in isolation and identification of mission targets. Thus, time will not be wasted 
in copying communications that are another site’s mission. 


3. Establishing procedures for early continuous follow-up collection on potentially 
mission-associated communications: Although these communications may not be 
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identified beyond nationality, establishing procedures for early collection will prove most 
advantageous. 


4. Determining possible methods of attack as a means of associating homogeneous 
intercept and performing follow-on analysis: In making this determination, we must ask, 
“What would we do if the old tried and proven analytic techniques and aids were no longer 
available?” A definitive answer to this question will probably not be found, but alternate 
approaches can be devised. For example, if callsigns cannot be exploited, related intercept 
can often be associated on the basis of bose features. These features may, 
therefore, need examination very early after a communications change. 


5. Once the possible methods of attack have been determined, developing detailed 
procedures for quick implementation: These procedures include issuing instructions to be 
followed in the event of a communications change, outlining processing (preferably in 
conjunction with a flow chart), and devising the machine software that would be needed for 
machine processing. Processing of data after an extensive communications change does 
not require completely new procedures, although some alternation or expansion of existing 
standard procedures will probably be necessary. Maximum retention of established 
procedures, which are already well known to all operating elements, will cause minimum 
confusion following a communications change and will aid in early recovery. 


6. Maintaining continuous documentation on all special processing or analytic actions 
taken and the type, extent, and data of actual changes in target SOI. This documentation 
will aid in keeping all elements currently informed and in preparing for later SOI changes. 


REP EKHKAE SE 


If this article succeeds in stimulating more realistic planning for future 
communications changes, deterioration of SIGINT production after such changes will be 
minimal. 
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A Note about Organizing T/A Problems 


Cod P.L. 86-36 


The ancients (Greeks, I think) believed that there was a central and fundamental 
Truth that underlay all worldly things and that man’s goal should be the discovery of that 
Truth. In my salad days, as I wrestled with questions about how to organize a T/A effort, it 
seemed to me that there ought to be some basic fundamental T/A System; given that 
System, it ought to be possible to organize any T/A problem correctly. 


As my arteries have begun to harden, my beliefs about these questions have shifted. It 
now seems to me that the most effective organizations (T/A and others) have been those 
that concentrated less upon adherence to some discovered Truth and more on defense 
against catastrophic failures. Consider all of the possibilities (in order of likelihood, if you 
wish) that could wipe out the average T/A shop: many-fold increase in traffic, major comm 
change, loss of key personnel, comms outage, destruction of database, etc. Organizations 
that can survive are those designed to adapt and adjust — to roll with the punch. Those 
that can’t adjust go quickly into imbalance and overload, and major surgery 
(reorganization and restaffing) is necessary. 


The principal difference between these two viewpoints is in their levels of complexity. 
The central Truth idea is really a two-body problem: if you can measure where you think 
you are and where you think the center of Truth is, then you can form some notion about 
whether you are heading toward your goal or away from it. However, the catastrophe 
defense idea is more of a multibody problem - strengthening your defense against one 
possibility often weakens your possible response to others, and some balance is clearly 
necessary. 


Unlimited defense against all possible contingencies is, of course, impossible without 
unlimited resources. The scariest part of this notion, however, is not that defenses must be 
limited; it is rather (as any computer programmer will tell you) that none of us is smart 
enough to think of all the bad things that can possibly happen. Surprises do come along, 
and it is, I suppose, the continuing possibility of the unexpected that keeps this business 
interesting. 
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Traffic Analysis Mechanization Forum 
OPENING ADDRESS BY MAJOR GENERALJOHN E. MORRISON, ADP 


Good Morning, Ladies and Gentlemen, and representatives of the Service Cryptologic 
Agencies. 


I see a man in the back there, Fe. aaah who reminds me of a story I tellP.L. 86-36 

frequently — but Charlie is rarely around to hear it. I joined the cryptology business in 
February 1942, when the Signals Intelligence Service was holding up in the Munition 
Building on Constitution Avenue - Charlie was my crypt instructor, using the orange 
handbook written by Billy Friedman. Charlie and I are still around, hustling at the old 
stand. Charlie has stayed in the business consistently through the years. And, lest I 
travel under false colors, let me say that half of my career has been in communications and 
half in the signal intelligence business, starting as far back as 1942 in the SIS, which later 
became the Army Security Agency. 


I'm glad to welcome the SCA [Service Cryptologic Agency] people here — I see some old 
friends from the field, old friends from PROD, and I see number of people I do not 
recognize, who, I assume, are from the PROD organization. 


I've looked at your three-day schedule; it’s an exciting schedule, but I don’t know how 
you'll ever get through it. But from a topical viewpoint there is a great deal of interest in 
this particular schedule. It will provide us all a common insight, I think, into the kinds of 
problems we are confronted with today, and most particularly how do we get a bigger bang 
out of the traffic analysis discipline? 


Now we all know that CA is, I guess, the queen of the disciplines and has been for some 
time. It carries with it a mystique that permits its acceptability, its respectability, in 
almost any circle - even in uninformed circles. Also when you get into telemetry analysis, 
people understand that; and signals analysis, people understand that; but this TA business 
~ what can you get out of TA? 


What do you get out of TA? We've made a living out of TA! 


We've done an awful lot of magnificent things in an ongoing war — a real war in 
Southeast Asia! That’s what we get out of TA! We've made a living out of it. 


We handle a tremendous volume of information in the computer center, and I guess 
because of the diagnostic problems, and the probability problems, and all those things that 
go on in connection with cryptanalysis, one might say that the lion’s share of the electronic 
data processing capabilities in the basement of this building is devoted to cryptanalysis. 
When I'm making a “beg bug” lecture on the subject of what we do in PROD - I usually 
“whomp up” this comparison — we have general purpose computers and we have special 
purpose computers, and we use our special-purpose computers 90 percent of the time in 
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cryptanalysis, and we use our general-purpose computers 60 percent of the time in 
cryptanalysis. 


The point is that we spend a lot of time on CA, and the bulk of the residual, the residue 
of capability, is devoted to the TA discipline - a discipline that has worked so well for us, 
yet we’ve got to get more out of it. We must be more imaginative and we must mechanize. 
In these days with the kind of peril we live in - with all kinds of synchronous crypto 
devices now available, people wring their hands and express great concern that pretty soon 
all external info is going to be denied and won’t that be ashame. And we're going to be out 
of the TA business. And these are the same kind of people who said in 1955 “won't it be a 
shame when all the manual Morse is going in ten years” - I just don’t believe that TA 
people are going to be put out of business. I think we have yet to realize our maximum 
capability, and it’s the challenge of attempting to realize an enhanced capability that I 
leave with you today in this forum. I ask you to share with each other a common 
understanding of the importance of TA as it evolves, as we reflect upon it, as the various 
speakers who have been selected to talk to you provide you with their appreciation. It’s 
going to be tough to cover your agenda, but there’s no doubt in my mind that at the end of 
the three days there will be an appreciation — a real feel for TA as we look at it today anda 
challenge that must be perceived. I hope that we are energized in our thinking, and I hope 
we leave here with a new dedication to do something more by way of mechanizing and 
getting a bigger bang out of that particular discipline from which we have gotten so much 
pay dirt in the past and that promises to do even more for us in the future. 


I welcome you all again — I’m delighted that you were able to take the time to join each 
other here. I think you do us all valuable service. 


Again to our SCA conferees - glad to have you aboard. George, without further ado 
I’m going to turn the meeting over to you. Thank you - Good to see you all. 
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INTRODUCTION 


Our purpose this morning is to set up a logical frame of reference for the many 
presentations on traffic analysis mechanization that will be following in this three-day 
symposium. We hope to provide an overview of traffic analysis and of mechanization as it 
relates to traffic analysis. 


Mechanization in traffic analysis goes way back, well before computers. When we first 
got into the cryptologic business in cryptanalysis and later in traffic analysis, in early 
1943, we encountered our first pile of “IBM Runs,” as they were called then, at Arlington 
Hall Station. When we examined them, we found that the large pile of prints consisted of 
headings and preambles of Japanese Army, Navy, and Air Force traffic, sorted by various 
parts of the message heading. Most analysts were not using the runs, but a few of us who 
tried to look up things found them immensely useful in net reconstruction and in analysis 
of routing systems. 


I will be acting as an “observer” this morning, a spokesman for many of my colleagues 
to whom I am indebted for the ideas I will be setting forth. 


THE GOAL IS INTELLIGENCE 


Traffic analysis - all SIGINT, for that matter - must begin with intelligence 
requirements. The SIGINT process is sometimes shown as a cycle, somewhat like Sherman 
Kent’s “Intelligence Cycle,” which appeared in one of his books. In the case of SIGINT, it 
goes: requirements — leading to collection — to analysis — producing intelligence information 
~ which becomes intelligence — leading to more or slightly different requirements, and so 
on. To put it another way, in traffic analysis, we react and respond to requirements from 
intelligence consumers and must never lose track of this fact. Despite the intrinsic 
interest of what we do, the goal is intelligence. 


Recently, I was reading $.I. Hayakawa’s book Language in Thought and Action in 
which he made a distinction between “maps” and “territories.” His general point was that 
in human discourse and in semantics, humans sometimes become confused between the 
“real world” (or territories) and the way we represent the real world, using symbols, 
names, etc. (the “maps”). This has inspired the attached diagram, figure 1, as one way to 
visualize the traffic analysis process. In TA, we build models of other’s communications, 
study these models, and draw inferences from them. This chart may help us to visualize 
the general process. In figure 1, the top half of the chart (above the line} represents the 
real world. The bottom half represents how we see it in SIGINT, which we have called the 
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“SIGINT Models.” The top of our chart is the territory; the bottom half is the map. The left 
hand half of the chart represents the SIGINT target, and the right is communications. 
Consider for a moment - the target, whoever he is, whatever he is up to, exists somewhere 
in the world. He communicates because of need; his communications represent a model of 
his organization. We intercept his communications, reconstruct his nets, and have a model 
of his communications. Basing our study and observations upon these communications, 
we build a model of his activities and intentions and report these in SIGINT end product. 
The goal of traffic analysis — of all SIGINT, for that matter — is to produce valid intelligence 
about the target. 


DEFINITIONS 


What is traffic analysis? There have been many definitions over the years, and a 
rather widely used short one now current is this: 


“Traffic analysis is that branch of cryptology which assembles information 
about communications networks by studying the elements of transmissions 
which are external to message texts.” 


One could go on to point out that the traffic analyst also may study some parts of a text 
itself - for example, discriminants, indicators; plaintext messages, short messages such as 
Air Defense “proforma” messages, and so on — and that he may make extensive use of non- 
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Fig. 1. 
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SIGINT information (collateral) to draw his conclusions. Traffic analysis has one or a 
combination of goals: to help SIGINT collection, to assist cryptanalysis, to improve 
intelligence information, and to assist the COMSEC effort. 


DATA AND INFORMATION 


In SIGINT, we are in the process of converting data (“that which is given”) into 
information (“meaningful data”). These two terms are relative — in the total SIGINT process 
flow, this transformation takes place dozens and dozens of times between antenna 
(collection) and the point at which we issue end product. 


Let us consider the traffic analytic process. As shown in the accompanying chart (see 
fig. 2), the analyst takes data and analyzes them. The analytic process consists essentially 
of making certain observations (counting, noting occurrences, measuring, etc.), coupled 
with making inferences based on the observations (extrapolating from the observations, 
drawing conclusions that are not explicit in the data, etc.). 


Analysis 


Raw Material Raw Material 


Information * 


Inference 


+ 


Technical 
Data 
Base 


* Meaningful Data 


Fig. 2. The traffic analytic process 


The analyst typically interacts with a technical.database in this process of observing 
and drawing inferences. We are using the term “database” here to mean any files and 
records that an analyst has access to ‘_ card files, incoming hard copy of semiprocessed 
reports, ranging up to various computer-based files on magnetic tape, or even (in rare 
cases) files he can access on line with a computer. 
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Based on his analysis, the analyst produces information, leading to end product, which 
goes to consumers in the intelligence community. Much of the information may be fed 
back into the “technical database” to expand it and refine it. 


Based on his analysis, the analyst produces information, leading to end product, which 
goes to consumers in the intelligence community. Much of the information may be fed 
back into the “technical database” to expand it and refine it. 


THE TRAFFIC ANALYSIS CYCLE 


Still another way of looking at traffic analysis to give us a better understanding of 
what happens is to consider what we shall refer to as the “traffic analysis cycle,” patterned 
after the SIGINT cycle referred to earlier. Some persons have referred unkindly to this as 
the “Texan’s map of traffic analysis.” As you see in the accompanying chart (fig. 3), we 
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Fig. 3. The traffic analysis cycle 
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have set up a list of functional processes that constitute traffic analysis irrespective of 
echelon, things that go on between the antenna and the passing of product to consumers. 
In reaction to intelligence requirements, radio signals are collected, and the traffic analyst 
performs certain steps in a technical phase — things like traffic identification, net 
reconstruction, establishing net continuity, and drafting and issuing technical reports. 
These reports and cables provide a feedback flow of technical support to the intercept 
source, The next effort we will refer to as technical studies (order of battle building). This 
consists of determining locations of radio stations and units, determining what 
organizations or types of units are involved, relationships between units, and the like. 


Almost concurrently, the analyst carries on what we call here technical studies 
(activity study), looking into what is actually happening on the framework that is the 
order of battle. He looks for indications of things happening or about to happen (a whole 
talk could be given about the kinds of things that constitute SIGINT indicators): he studies 
activity generally; he establishes a formalized or general idea of what is normal, looks for 
phenomena or exceptions to the norms he has set; and he tries to interpret or explain these 
phenomena in terms of what is actually or probably happening to the target itself. We will 
return later to the idea of exceptions when we discuss mechanization. The analyst seeks to 
produce end product - I cannot emphasize enough that the goal of traffic analysis is 
producing SIGINT; all else is peripheral to that goal. The analyst should and often does 
produce product based upon his findings using non-SIGINT information as necessary, or he 
may furnish his findings to special research analysts, who may fuse the findings of several 
analysts with ELINT, cryptanalytic results, and with other non-SIGINT results to produce a 
comprehensive study. 


Product is passed to consumers, completing the cycle. Feedback loops exist in our 
cycle, and our discussion is not complete unless we consider them. Requirements are 
passed from consumers to those in cryptology concerned with product matters. Based upon 
these considerations, all efforts represented by other parts of the traffic analysis cycle are 
constantly being readjusted ~ emphasized or deemphasized in terms of intercept and 
processing priorities. Technical control of the collection effort is being exercised in 
continuing response to these constantly adjusting priorities. 


This, then, is the world of traffic analysis, working closely with other cryptologic 
specialists in the common goal of covering data to information to intelligence. 


MECHANIZATION AND SYSTEMS 


We would like to shift gears at this point and talk more about mechanization of traffic 
analysis, to establish a few logical bridges between the computer field and the traffic 
analysis field. First, a definition or so is in order. What is “mechanization”? It is 
generally agreed that mechanization means a process or system having an optimum mix of 
men and machines. The term automation, on the other hand, implies a system with no 
direct manual intervention, self-regulation within the system, and automatic “feedback” 
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loops. There are few examples of true “automation” in SIGINT (unless one takes a small 
piece of a system or a program); strictly speaking, by and large we are using much 
mechanization, little automation. 


It may help to think of three types of “systems” that interact in any SIGINT process 
using machines (we will use the words “computer” and “machine” loosely and 
interchangeably). One must have hardware systems (the computers themselves, their tape 
drives, and communications linking them). There also are software systems (which, 
strictly speaking, are the programming systems that are available to a programmer when 
he begins to program for a particular application or problem). More important for us in 
this symposium, there are cryptologic application systems - programs and assemblages of 
equipments and programs that serve the traffic analyst, the special research analyst 
(formerly called the SIGINT research analyst), and the cryptanalyst. Consideration of these 
professions and of data banks that serve them leads us to a small digression in our train of 
thought. 


OVERLAPS OF TA WITH OTHER SIGINT SPECIALTIES 


Our cryptologic professions, and the techniques implied by them in SIGINT, 
complement each other to a remarkable extent. In fact, a person in any of our professions — 
i.e., Cryptanalyst, Traffic Analyst, Special Research Analyst, Signal Analyst, Collection 
Specialist, and so on - should know the rudiments of the other professions. 


This overlap has some very interesting professional and cryptologic training 
applications. The reason I mention it today is that it has an important bearing on 
mechanization. We should not mechanize things in isolation without considering related 
problems. The cryptologic database interacts in dynamic ways. The need for interactions 
of data between large organizations — A, B, and G - and between analysts of different 
breeds, dictates applications systems designed to permit such interactions of the data, 
cross studies, and the like. When such matters are not considered, we may have two, 
three, four, or more databases containing essentially the same data in different, 
incompatible forms. The standards implications of what we are saying should be 
apparent, both at the data element level and at the format level. We shall have a few more 
words later on formats. 


SOME TRAFFIC ANALYSIS MECHANIZATION IDEAS 


At this point, I would like to toss out a number of ideas and terms. Most machine help 
to traffic analysis today still consists of batch processing, much like the so-called “IBM 
Runs” of Japanese traffic of almost thirty years ago that I mentioned earlier. We are 
getting more and more sophisticated, I suppose, but it is still “batch” processing ~ daily, 
weekly, monthly, ete. There is some on-line processing going on. Here, I mean processing 
where material is coming in on a signal line from the field, is going directly into a 
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computer without being handled manually, and some processing is being done to it before 
people see it. [SS=swdtld be discussing some on-line applications of this type. 
Also, on-line can refer to on-line inquiries at a console station connected to a computer; our 
capabilities in that direction are growing slowly but surely. I do not mean to convey the 
impression that on-line processing is necessarily preferable to batch processing; each has 
its place and will continue to have its place, dependent upon the nature of each particular 
TA problem. 


We referred earlier to data standards. The Department of Defense is pushing very 
hard in the area of data standards (and in hardware, software, and media standards, for 
that matter). We at NSA must consider these Defense-wide standards seriously, but 
because of the special problems we run into in cryptology, we are not able to use them “as 
is” very frequently. The comptroller and personnel organizations (who have more occasion 
to deal with DoD people and whose data banks interact to a greater degree) are able to use 
these DoD standards directly to a much greater extent. Without defining the terms 
rigorously, let me say that data standards are of three types of things: Data Elements 
(classes of data), Data Items (things that appear in these classes), and Data Codes (short 
abbreviated codes for either elements or items, to be used in a data bank or descriptions). 
Collectively, these are referred to as Data Features Although some find even the idea of 
data standards distressing and distasteful, let me underline their importance. We simply 
cannot build large, useful data banks without seriously building and using standards. Dr. 

ill be having some comments on the need for standards and the special 
problems that the overlapping and competing of national and international standards 
organizations create for NSA and cryptology. 


In the business world, managers have found that they cannot possibly look at all the 
data relating to their particular concern — whether it is running a production organization, 
supervising a sales force, or whatever. To make it possible to control an operation 
effectively, a technique called management by exception is being applied effectively. 
Rather than having a huge pile of material presented to him in the morning for study, the 
manager using “exception” techniques will specify that he is interested, say, only in the 
information relating to the top three and the bottom three salesmen’s records for the 
previous period; or he may set certain upper and lower thresholds, or “norms,” and call for 
production and sales figures only for the departments and employees who exceeded or fell 
behind the norms. Computers are superbly equipped to provide reports answering such 
questions. 


The same idea has always been used in manual traffic analysis, and we will be seeing 
sharply increased use of “analysis by exception” techniques by machine in the future. To 
use the technique, a traffic analyst studies his material, establishes norms for events and 
occurrences, and asks for a machine search to find deviations from these norms. Output 
provided him shows these deviations (or exceptions); he studies them and draws 
appropriate conclusions. He may have to readjust norms as time goes on, since what is 
“normal” changes in time. New norms would be reintroduced in the system for all 
subsequent processing until a new adjustment is necessary. It goes without saying that 
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exceptions to the norms are quite likely to contain the “goodies” that will result in end 
product of value to consumers - thresholds must be so designed that this will be the case. 


Without getting too deeply into the subjects, I would like now to discuss algorithmic 
versus heuristic problem solving. An algorithm is any definite, specific procedure or 
formula that, when certain data are put into it, and the procedure is followed, yields 
certain answers that are always the same. Simple arithmetic problems, algebra, and so 
on, are examples. Algorithms need not be numerical - the machine world abounds with 
examples dealing with all kinds of data. Heuristic problems, on the other hand, are those 
that are loosely structured or are so new that approaches must be discovered. Heuristic 
methods may be “rule of thumb” approaches, may seem to use “intuition,” and may be 
probabilistic (at least not deterministic); one does not necessarily get the same answer, or 
any answer, to a particular problem. Chess, checkers, and various board games fall into 
the class of heuristic problems; so does intelligence gathering, and especially so does traffic 
analysis. Whereas most problems of an algorithmic nature can be readily programmed to 
be handled by computers, heuristic approaches are much more difficult. Some progress 
has been made in recent years in preparing “heuristic programs” for computers, and it is 
hoped that there will be a spillover into our field. Some of the things that speakers will be 
discussing these next few days have “heuristic” features - watch for them. 


THE TRAFFIC ANALYSIS MECHANIZATION PROCESS 


I would like to take a look at traffic analysis mechanization in several ways. 
Essentially, in TA mechanization, we are manipulating sets of data. Today’s youngsters 
who are learning about sets in school will probably be better traffic analysts than we were 
- at least they will have the benefit of some theory relating to ideas that we have been 
using but had not had formalized for us. 


I would like to consider TA mechanization trends over the years in terms of the 
traditional INPUT - PROCESSING - OUTPUT breakdown. I shall mention some dates - 
please regard them as approximate. They are based largely on my recollections. 
Communications developments play a most important part throughout. What is really 
happening is that TA mechanization has gone global; not only are we eliminating or 
reducing key punching, carrying punched cards across the room, and so on, but are doing it 
on a worldwide scale. 


INPUT 


Input developments have kept pace with industry developments and have often led 
them. From the early 40s until 1965, TA data were punched from hard copy traffic onto 
punched cards or punched paper tape, introducing errors and delays. Electrically 
transmitted traffic and summaries were recorded on punched paper tape for later machine 
processing. You will be hearing about some significant improvements in the area of input 
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- AG-22 intercept typewriters (to be replaced in the future by the Improved AG-22 
Typewriter System, or I[ATS), and FLEXSCOP (Flexible SIGINT Collection Position, 
incorporating a CP-818 computer). These devices and systems solve many but not all of 
our input problems. 


Improved communications are giving us a path that is increasingly direct from 
intercept antenna to computer at NSA, with a minimum of manual intervention; at least 
that is the goal. CRITICOMM has been serving as an interim system, and the high-speed 
data link project termed STRAWHAT is now coming to fruition. Magnetic tape 
communications terminal devices in C Group (Projects MESHER and MUSSER) are parts of 
the antenna-to-computer system. 


FORMATS 


Trends in analytic formats have been similarly marked by distinct improvements. By 
formats here I mean methods of preparing and forwarding data for higher echelon 
processing, either machine or manual. 


From the early 40s until 1951, the message heading itself was the format (in slightly 
edited form). Even during this period, there was some experimentation going on with 
‘direct machine input of electrically forwarded material. In 1943, a group of young GIs 
were sent to USM-2, Petaluma, California, for just such a project. We edited material for 
poking and electrical forwarding; the traffic was to be converted automatically to punched 
paper tape at the Arlington Hall Station end of a cross-country circuit. The tape was then 
to be converted to punched cards for subsequent EAM processing. It was not until later 
years that I discovered that errors on the cross-country circuit were so great that the 
material was not useful without substantial reediting and repunching; this experience 
accounts for much of my past skepticism about communications lashups. 


In 1951, the “signalled log digest” (or LOGEX), the first true electrically forwarded 


analytic summary, was begun. P.LP8B- 38-36 
EO BQ.{d4.(d) 


The concept of 
forwarding the results of each echelon’s analysis to the next higher echelon so that 
analysts could start from that point was born here. The signalled log digests were really a 
slightly altered version of hand logs, forwarded by signal, even producing a space on the 
teletype print for analysts to draw a diagram, based on the ”verbalized diagram” in the 
message. This early signalled material was neither intended nor suited for direct input 


into machines. 


In the late 1950s, MATSUM-type formats were begun. These were similar to the 
signalled log digests but contained fielded data intended for subsequent EAM (punched 
card) processing. The Army Security Agency (ASA) in Europe pioneered this effort, and 
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NSA picked up the idea - the time and the situation were ready for the advance. Many 
similar formats for electrical forwarding were created and used over the years. 


About 1967, modular-type formats began to appear. The best examples are the 
STRUM (Standard Technical Report Using Modules) and the FF STRUM (Fixed Field 
STRUM). As most of you know, the STRUM of a particular type is made up like a recipe, 
with whatever modules are necessary for the particular problem. I strongly believe in the 
modular approach and think that it is proving itself in practice. STRUMs contain some 
fielded information, but also have flagged and tagged information in the various modules. 


Beginning in the late 1960s, mackine-generated reports produced by field computers 
from AG-22 tapes started appearing. The first were the TRAPEZE project, 


[_C™~™—CCSCSCCC_C*SdS «Moore recently, a_version of the ELFAIR, al 4d 


has been computer generated and forwarded. There are 
undoubtedly others that we have not named. 


FPLL 986385 
FED 1144(6}) 


COMPUTERS TO THE FIELD 


Ten years ago it was unthinkable to send computers to the field, but George Vergine, 
always about ten years ahead of his time; was suggesting sending out computers for field. 
processing purposes. About 1964[_____]wrote a paper strongly recommending the PL. 86-36 
IBM 1401 as the ideal field computer and headed up an early effort to develop programs for 
field use. Today we have many, many computers at our intercept sites, working with 
collection, doing conversion, editing, manipulating data, performing product-related 
tasks, and soon. 


PROCESSING 


A few words about the kinds of processing we have done using computers are in order. 


In the early 1940s, in fact until the mid-50s, it was mostly sort and list of message 
externals. I would like to reemphasize that the sort and list is still the workhorse of our: 
business, despite all the fancy kinds of processing being done or tried. 


By the mid-1950s, callsigns were being handled by computer, keys were being 
decrypted, and some early work on DF plotting had been done. 


Programs to produce analytic summaries were first started in the mid-1950s. The 
computer began giving us totals, groupings of data, without giving us back all the input 
data. This was perhaps the real beginning of TA data reduction by computer. 


More fancy things are being tried and have been proved workable [_____—dwill 
be telling you about the “Traffic Analysis Processing System” (TAPS), which includes 
some quite advanced ideas. Such things as net reconstruction, net continuities, and 
various recoveries are being done by computer in special instances; you will also be 
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hearing about some examples of alarm systems based on thresholds and exception 
reporting. 


OUTPUT 


The nature of output for the benefit of TA and SIGINT generally is sharply changing. 
Data links work both ways and provide us the capability of moving output directly to the 
field for their use. 


We have already referred to conventional sorts and lists as typical computer 
“printouts.” Matrix output, in which data are displayed at the intersections of row and 
column coordinates, has been around for about ten years now and is being used in a 
number of problems to advantage. Matrices are particularly good for displaying TA data 
summaries. 


Computer graphics, which include the whole area of X-Y plotters and cathode-ray tube 
output devices (producing so-called “soft copy”), are undergoing a surge in popularity right 
now and show great promise for even further TA applications. Some such devices display 
only “alphanumeric” data, and others show either characters or lines, which can make 
possible the display of graphs, non-Roman characters, and even net diagrams. 


ill be showing you an example of an Airborne Radio Direction Finding (ARDF) 
map overlay, which illustrates both the idea of computer graphics and of exception 
reporting. The analyst is presented with an overlay showing only DF fixes that are within 
a radius of twenty-five miles of key South Vietnamese cities. 


a overlays are an excellent example of such an application. I believe that Mr. 
Ww 


The list of types of output to serve the traffic analyst could go on and on. Some 
examples that deserve mention are updated databases, the generation and preparation of 
reports for reproduction, and the preparation of messages for electrical forwarding. 


To round out the picture, and to keep everyone honest, I would like to touch on some of 
the classic problems and advantages that people are encountering in TA mechanization. 


PROBLEMS IN MECHANIZATION OF SIGINT 


Some of the problems we are going to mention have changed somewhat since we first 
compiled this list a few years back. Some are much greater than they formerly were, and 
others have practically disappeared. Problems that might be cited are 


a. Objections to mechanization, as such 
b. Need for a back-up capability 


c. Problems in the data 
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1, Changes in the database 
2. Garbles and corruption (“garbage in, garbage out”) 


- 3: Volumes of material (now often cited as an advantage, because of input 
breakthroughs) 


4. Data preparation problems 

5. Diversity of analytic problems 
Problems in defining logic 
Problems in getting at the data in storage 


People problems (carelessness and human errors in programming, data conversion, or 
data preparation) 


Problems with “systems” (some systems are truly too large; others should be designed 
to interact but are not; the standards problem, etc.) 


Hardware problems (“down time”; computers in the field experience environmental 
difficulties, etc.) 


Delays in getting results (this is really a matter of relative priority of problems) 


REASONS FOR THE MECHANIZATION OF SIGINT 


Despite all the problems just cited, there are a number of overwhelming reasons why 


mechanization must be considered, and why for many problems it is already an 
indispensable part of the processing effort. 


a. 


© 


rm 


pate 


Business vs SIGINT reasons (timeliness is more important in the case of SIGINT; cost 
may be an object, but the costs may be far greater not to use mechanization) 


Timeliness 


Accuracy (there is accumulating evidence that the use of AG-22s may increase the 
accuracy of input into our machine processes) 


Mechanization of target communications methods 

High volumes of raw data 

Derivation of new information from large information banks 
Processing of solved SIGINT systems 

Research into unknown and changed systems 


Larger look at data relationships (through information retrieval systems) 
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SOME CLOSING THOUGHTS ON TA MECHANIZATION 


We had a serious communications gap between traffic analysts and computer people a 
few years back. Now, enough people have crossed the fences in each direction that things 
are greatly improved; there is increased understanding on both sides of the fence. 


The integrity of data in machine files is a matter of concern. Somehow, we must 
preserve the total context of transmissions and provide an “audit trail” through machine 
analysis, so that we can always find out how certain conclusions were reached and what 
was actually transmitted in the first place. Also, the need for the simple inclusion of 
validities in machine records is a matter of concern. Things are seldom certain, but when 
we do not show a degree of validity, we imply that they are. 


A final word on standards. I am not sure that completely “standard formats” are the 
right goal, although I am a staunch believer in modular formats, with many modules, 
appropriate for problems X, Y, and Z. 


The slowness in developing workable data standards may or may not be our most 
serious single bottleneck in the whole area of mechanization. We must move more rapidly 
in standardizing data features — how we express things, irrespective of formats. Databases 
and retrieval systems demand this. There needs to be a more considered attempt to 
interweave A, B, and G Group processing systems. In fact, each office has not one but 
many processing systems. The key to what I am saying lies in the use of effective data 
standards, I believe, not in the creation of a large “system.” 


In conclusion, the future of TA mechanization looks bright. I can foresee the continued 
preparation of manually prepared modular-type formats for a long, long time in the future, 
but on a reduced scale. I believe that machine-produced summaries based on AG-22 
output have a great future, but I would like to emphasize three things: 


a. In using AG-22s in this manner, we are essentially moving the point of analysis from 
one place to another; with communications improving, we can do this. 


b. We must make it possible for the analyst to get back to the total take, in some manner, 
if there is the need to do so. 


ce. An adequate “alternate system” or path must be provided to ensure that vital 
information, technical feedback, and intelligence can continue to flow in the event that 
data links are down. The use of modular-type formats as an alternate, backup 
procedure for all AG-22 installations in probably the best answer to this concern, this 
implies the continued need for some analysts at field sites. 


I hope that I have sounded neither too pessimistic nor too optimistic today. There area 
lot of very real problems emerging in TA mechanization — high error rates on summaries, 
humidity and dust interfering with operations, machine breakdown, escalating costs, and 
so on, but on the whole, we are moving ahead. 
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I am looking forward to hearing what the other speakers have to say and to further 
forums of this type in the future. Thank you. 
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Automation of a TA Process 


TIM MURPHY 


What few people realize is that the workload associated with the Southeast Asian 
(SEA) problems did not decrease as U.S. forces withdrew from Vietnam and as B3 


’ (previously B6) underwent successive personnel reductions. In fact, the amount of SEA 


communications intercepted and processed at NSA was still 
South Vietnamese government fell. 


Traffic analysts have borne a proportionate share of the decrements incurred by B3, 
yet there has been virtually no drop in target communications. Analysts have been 
assigned larger case loads and have assumed responsibility for collection management; 
yet, in my view, the quality of analysis has improved, and the analysts, in general, are not 
overworked. There is little doubt that technical support to field stations has improved 
significantly. 


The automation of a large segment of the SEA traffic-analytic processes has been the 
key not only to high-quality analysis but also to our ability to do the job better over the 
years with fewer people. Fortunately, during the early stages of U.S. involvement in 
Vietnam, managers with the Traffic Analytic Support Division for the Vietnamese 
problem took an enlightened view toward mechanization. With help from some of the 
Agency’s leading traffic analysts and a cadre of highly qualified data-systems personnel, 
the first steps toward an automated traffic-analytic process were taken. 


the same time, we began 


a major effort to mechanize our analytic findings and create a single processing system. In 
addition to transmitting our analytic findings to field sites, we also used their data to 
create identification dictionaries that became the heart of our match-ident process. 
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Of equal importance to these contributions was that the methods the experts used and 
the approaches they took to the TA task rubbed off on many of the junior analysts, with 
outstanding support first from C5 and later from B42, continued this trend toward 
automation, always striving to relieve analysts of most of the repetitive TA tasks and to 
permit more time for actual analysis. Among their major contributions were 


e the creation of a single analytic database - the Southeast Asian Case File (SEACF) 


In addition, the availability of on-line access to our database in recent years through the 
COPE terminal has led to many analyst-initiated special programs that have greatly 
expanded the analysts’ capacity for research. I should also point out that field stations 
tasked against SEA targets have also taken many initiatives toward automation, 


SEA MACHINE DATABASES, PROCESSES, AND RESOURCES 


SEACF 


Perhaps the most significant single step toward reducing the workload of SEA traffic 
analysts was the creation of the Southeast Asian Case File (SEACF). The SEACF not only 
resulted in highly efficient database management, but also permitted many follow-on 
processes that greatly reduced the workload of SEA traffic analysis. 


Many of the processes introduced during the early stages of the Vietnam War to 
mechanize the TA process required the establishment of databases to support them. As 
those processes expanded, the number of databases expanded to the point where analytic 
time saved was being spent on database maintenance. A review of those databases 
revealed that there were a large number of common fields of information but 
comparatively few unique fields. In effect, we were multiplying our file-maintenance 
workload and making ourselves vulnerable to contradictions between identical data items 
in different databases. The major databases that had to be maintained prior to the 
implementation of SEACF were 
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The SEACF consolidated all these data elements into a single database, thus 
eliminating the requirement to maintain those multiple databases. Since its 
establishment, the SEACF has been expanded to include data elements that support both 
cryptanalytic and collection-management functions. 


As now constituted, the SEACF consists of eight basic data records which analysts use 
to provide permanent maintenance of the communication and crypt characteristics of a 
given target, identification and location data on that target, and collection-management 
data. 
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It was inefficient and time-consuming for analysts to collate all these varied inputs, 
yet very necessary from an analytic standpoint. Hence they were eventually collated by 
machine as part of our daily process, and our activity database is now a composite of all 
primary-source technical inputs. 
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Another major step in automating both the traffic-analytic and the traffic-forwarding 
processes was the implementation of I[ATS. The user routine developed for SEA 
communications copied on [ATS or AG-22 intercept positions 


P.L. 86-36 
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This program reduced by countless hours the task of the SEA development analyst. To 
a large degree, the analyst has been able to rely on the machine to isolate new continuities 
and then concentrate his or her efforts on identifying that continuity to region or function. 
The number of analysts tasked against the development problem was reduced from forty- 
five to ten between 1972 and the spring of 1975 with no adverse effect on the mission. 
Much of the credit goes to the SEADEV process. 
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IMPACT OF AUTOMATION 


In summary it can be said that the impact of automation on the SEA problem has 
significantly reduced the number of analysts required to do the job. The caliber of analysts 
required has increased, however, since their primary remaining function is pure analysis 
or, to use another term, “thinking.” Many of the crutches that have kept analysts busy 
over the years (e.g., logging, sorting traffic) are gone. 


To function effectively, SEA analysts must have an understanding of their databases 
and of how machines can be used to manipulate the data they contain. Imagination is 
currently a key asset since much of what can be imagined in terms of analytic approaches 
is now feasible. There is an increased demand for the traffic analyst/programmer. 
Knowledge of the SPECOL retrieval language is becoming a highly desirable attribute of 
the SEA traffic analyst. In short, the impact of TA mechanization needs “a few good 
analysts.” 
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How Clean Does a Database Need to Be? 


em PL. 86-36 


One of the first things one learns about computers is that they require a much higher 
order of accuracy in the material they manipulate than do comparable “human” processes. 
One learns to pay an extra measure of tribute in the form of added proofreading or other 
forms of quality control, so that the input is “clean” enough for the computer to handle. 


After a while, as the novelty wears off, it sometimes occurs to one that not all of the 
data need to be so awfully clean. If we expect to sort or retrieve on a particular field or data 
element, then that field or data element should be clean and garble-free; but if a 
neighboring item is never (well - almost never) used as a control for sorting and retrieving, 
then it only needs to be as garble-free as people need. Quite clearly, if only half of your 
data elements really need quality control, then some of that manpower now spent 
scrubbing each little data element might be diverted to other tasks. 


It is possible to imagine categorizing data elements as “first order” if they need to be 
P.L. 86-36 “computer clean,” and as “second order” if they need to be only “people clean.” 
EO 1.4.(c) 


In this day of great monolithic databases, however, the use of varying quality levels 
can cause troubles, however laudable their manpower savings may be. A story “from life” 
will illustrate. 


Some years ago, during the Vietnam War, we found ourselves receiving two streams of 
electrical material from the sites in the field, and both streams were used to feed computer 
rocesses 


The second was acryptanalytic stream. A 


The specific details of these processes belong to another story (or series of stories). The 
point here is that there came a time when there was an operational need to identify which 
messages It should have been 
easy. Neither system was new, and both had been working for quite a while with 
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reasonable success. (Success is a relative term; there were always problems, sometimes 
earthshaking problems, but by and large, the systems did work.) 


It took a while to find out why, but after a time the answer became clear. Evidently 
the people at the sites, knowingly or unknowingly, practiced different levels of quality 
control on the various data elements 


All of which suggests several thoughts. 


Garble rates can often be determined, at least approximately, by machine. Certainly 
differential garble rates can be (Field 1 has more or fewer garbles per thousand than Field 
2). If databases that now exist were measured to show which data elements were 
“cleanest” and which were “dirtiest” (perhaps arrayed in a sort of quality hierarchy), 


e the unwary might be warned off using the database for sorting or controlling on the 
wrong (dirtiest) data elements; . 


e hit thresholds might have to be lowered when dealing with “dirty” elements, even at 
the expense of wading through more “garbage” output; 


e managers might better understand the manpower costs of various control 
strategies; but also 


e we might decide that great monolithic databases are not always the answer when 
one must work with a variety of data sources having widely different notions of 
which items are “important.” 
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The Hand Is Not Quicker Than the Eye | 


Many years ago I was told that “a good analyst” does his own logging, counting, and 
tallying. While at first [ admit I thought I was being set up to do all the menial labor (my 
son calls it “the donkey work”), it wasn’t long before I saw that the senior people around 
me did do their own logs, and counts, and tallies ~ not always, but much of the time. 


I can remember more than one callsign problem when the callsigns had been extracted 
(by hand) from some sort of generating matrix and inscribed (again, by hand) into pages. 
Often the markers of the pages would begin in an attempt to be very “random,” but 
boredom and inattentiveness quickly set in and both processes, extraction and inscription, 
slowly became more orderly and regular. Near the end, as fatigue set in, the processes 
became virtually mechanical. Such “handwriting” patterns ~ top to bottom, left to right — 
are sometimes so strong that one can convert pages from arbitrary to true base on this 
feature alone. Ona problem like this, one can deal with the problem on a statistical basis - 
one can even convince one’s statistically/mathematically minded friends of the truth of 
one’s solution ~ but the acid test is to sit down with pencil and cross-section paper and, by 
hand,. duplicate the process, callsign by callsign. If your solution is right, you see it and 
you'll feel it intuitively. 


In both of these processes, we gain analytic insight by doing it ourselves. Logging 
brings us into contact ~ a kind of slow-motion contact - with the material we are studying. 
I don’t know about you, but I know that I have discovered more things while logging, or 
counting, or tallying, or some other donkey work than I have while sitting there looking at 
the results of the logging/counting/tallying. Especially the discoveries that were 
unexpected - outside the range of what I thought I was going to find. In the 


extraction/inscription kind of problem, the insight comes as my hand follows the hand of ° 


the enemy signal officer. Why did he stop just there? What made him jump over (or away 
from) that callsign? 


Nowadays we are told that the computers are going to do all things for us. But what 
happens to that intimate contact with the material when the original traffic — if you can 
call it that anymore — is deep inside a computer somewhere and all you've got to look at is 
some computer output? Well, some of us still find a way to do some hand-logging. And not 
just because we can’t get responsive software support (that’s a subject for a separate 
article). We want to log! It helps us touch the material. It’s like buying a piece of land and 
not being satisfied with topographic charts — you have to go out and walk all over it. Then 
you begin to know the land. 


I have always had the notion that someday interactive computers with screens might 
begin to meet this “ ing” 
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Has anybody done this sort of thing or ever seen it done? If it works, I'd sure like to 
stop all this logging! 
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The Lost Indicator 


DR. RALPH W. JOLLENSTEN 


INTRODUCTION 


The purpose of this talk is to describe the type of questions that arise when a math 
problem is encountered in TA. Although some would argue that the problem discussed 
here is not strictly a TA problem, the underlying general principles are the same as those 
for a purely TA problem in which math is needed. 


PROBLEM 


A certain country has been sending military traffic in five-digit groups, using the fifth 
group (A5) of the message text as the indicator group according to the following rule: 


Air traffic - the digits of the group sum to 23. 
Army traffic - the digits of the group sum to 24. 
Navy traffic ~ the digits of ‘the group sum to 25. 


The military traffic is mixed in with other traffic having the same externals, except 
that the A5 position of the nonmilitary traffic exhibits no detectable bias. Obviously, the 
indicator characteristic is useful in differentiating between military and nonmilitary 
traffic. 


Suddenly, on the first of the month, the indicator disappears from the A5 position of . 
the military traffic. What happened to the indicator group? Did it move to another 
position, or has an additive been applied to it? 


SOLUTION 


The analyst needs a method for diagnosing what has happened. To begin with, he 
decides to check positions Al through A10, inclusive, to see if any of these positions exhibit 
any characteristics that would favor the hypothesis that the old-type indicator is present 
there. He has 200 messages to work with. Since he is not sure that they are all military, 
he doesn’t know the distribution of the groups in each particular position of the messages. 
Some of the groups in a particular position may have causal sums while the rest do not. 
However, he feels sure that if the indicator is not present, the groups are distributed as if 
the digits of each group were equally likely. Therefore, he sets out to find or calculate the 
distribution of the sums of five-digit groups when each digit is equally likely. 
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eas aera 


The purpose of this presentation is to show an approach to traffic analysis that uses set 
theory concepts and terminology. For this purpose, we have created a hypothetical 
problem designed to represent some aspects that could be reflected in a real problem. 
Although the following example is limited to callsign analysis, a similar approach could be 
used to analyze frequencies, practice traffic systems, or other data. 


The hypothetical problem involves the country of Transylvania, which is divided into 
seven military regions labeled A through G. The callsigns used in Transylvanian 
communications are derived from a fifteen-page callsign system. Each page is a ten-by-ten 
matrix of 100 callsigns with each callsign appearing only once in the system. Further, let 
us assume that each military region can use callsigns from three different pages as 
fallows: 


AREA CALLSIGN PAGES 
A 01, 08, 04 
B 02, 09, 05 
Cc 03, 10, 06 
D 04, 11, 07 
E 05, 12, 03 
F 06, 13, 01 
G 07, 14, 02 


A “set” is defined as a collection of well-defined objects; given any object, one can 
determine whether that object belongs or does not belong to a given set, i.e., whether it is 
an element of the set. To illustrate a callsign set, we use a Venn diagram as shown in 
figure 1. 


A 


01,08,04 | 


Fig. 1 


The set “U,” represented by the above rectangle, is the universal or complete set of 
callsigns in the Transylvanian system. In general, the universal set refers to the entire 
collection of objects being considered. The circle labeled “A” represents the set of callsigns 
from pages 01, 08 and 04, which are available for use on the internal communications of 
Military Region “A.” Thus, all callsigns on pages 01, 04 and 08 are elements of the set of 
callsigns used by region A. 
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The union of two sets can be illustrated by the shaded area in figure 2. 


Fig. 2 


We define the “union” of two sets A and D, denoted AUD, as the collection of all elements 
that belong to either the set A or the set D, or both. The above example represents the 
union of the callsign sets used by Transylvanian Regions A and D, i.e., all callsigns in 
pages 01, 04, 07, 08, and 11. 


The “intersection” of two sets can be illustrated by the shaded area of the Venn 
diagram in figure 3. 


Fig. 3 


We define the “intersection” of two sets A and D, denoted AND, as the set of all elements 
that belong both to A and to D. In this example, only callsigns from page 04 are available 
for use by both Military Regions A and D. Therefore, A-D is the set of callsigns on page 04. 
Suppose an unidentified radio group represents communications for elements of either 
Region A or D. Three possibilities exist: 


e Ifat least some of the callsigns used are taken from either pages 01 and/or 08, then 
the radio group is in Region A, 


e If at least some of the callsigns used are taken from either pages 11 and/or 07, then 
the radio group is in Region D. 


e If all the callsigns used are extracted from page 04, then the radio group may be 
located in either Region A or D. 


Two sets are said to be “disjoint” if they have no elements in common. For example, in 
figure 4 it can be seen that the communications of Region A will not use callsigns available 
to Region B and vice versa. This callsign set relationship gives a firm basis for the 
differentiation between communications of these regions. 
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U 
Fig. 4 
In order to gain more insight and understanding of the communications of an entire 
country, it may be helpful to represent the technical data under consideration as sets ina 
Venn diagram. For our example, see the Venn diagram in figure 5. 


Fig.5 


AREA CALLSIGN PAGES 


A 01,08,04 
B 02,09,05 
Cc 03,10,06 
D 04,11,07 
E 05,12,03 
F 06,13,01 
G 07,14,02 


From this Venn diagram, we can see that callsigns from pages 08 through 14 are unique to 
areas A through G, respectively. Consequently, these callsign pages can be used as a basis 
for identification of the area of communications. Since each of the callsign pages 01 
through 07 is used by two different military regions, use of callsigns from these pages 
would reduce the problems of identification to one of two military regions. Further, 
callsign duplication, as shown in the above Venn diagram, may exist because of the 
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geographical separation of a military region by a natural barrier such as a mountain 
range, sea, or another country. 


In conclusion, the analysis of technical data using set concepts is a systematic 
approach that may result in more understanding of the communications under study. 


—SECREFSPOKE— 154 


——FOP-SEEREFUMBRA— 


TA, CA, LOGIC, MATH: Where Do They Intersect? 


pee 


P.L. 86-36 


L866366 
MAdy) 


155 — FOP SECRET UMERA 


156 


P.L. 86-36 
EO 1.4.(c) 


P.L. 86-36 
EO 1.4.(c) 


—FOP-SECREFUMBRA- 


157 —FOPSEERETUNIERA 


158 


P.L. 86-36 
EO 1.4,(c) 


P.L. 86-36 
EO 1.4.(c) 


—FOP SECRET UIMBRA— 


159 —FOP-SEEREFUIMBRA— 


P.L. 86-36 
EO 1.4.(c) 


160 


P.L. 86-36 
EO 1.4.(c) 


—FOP-SECRETUIMBRA— 


TAt “FE OP-SFCREFHARR a 


162 


P.L. 86-36 
EO 1.4.(c) 


P.L. 86-36 
EO 1.4.(c) 


FOP SECRETUMBRA— 


163 —FOP-SECRETFOMBRA— 


P.L. 86-36 
EO 1.4.(c) 


164 


P.L. 86-36 
EO 1.4.(c) 


—FOP-SEERETUMBRA— 


165 “TOP SECREF-UMBRA— 


P.L. 86-36 
EO 1.4.(c) 


166 


P.L. 86-36 
EO 1.4.(c) 


—FOP-SECREFUMBRA— 


167  —FOP-SECRETFUMBRA— 


P.L. 86-36 
EO 1.4.(c) 


168 


—FOPSECRETFUMSRA— 


These two examples show how TA crosses many disciplines; it is fluid, unstable in 
many ways and allows for wide ranges of different techniques and types of systems. 
Particularly, I have found math to be a very necessary tool in the diagnosis of crypto/TA 
problems. But perhaps we traffic analysts have neglected to record these applications of 
math. We have used the concepts of set theory, or VENN diagrams and the like, in 
research on callsign systems, procedure systems or radio frequency plans throughout all 
phases of TA discipline. We may, however, have called it by another name. Therefore the 
query: are we introducing new techniques or new names? 


SUMMARY OF PANEL DISCUSSION 


The panel discussion held at the close of the two-day symposium attempted to answer 
the question “where do we go from here?” The consensus was that traffic analysts are, 
generally speaking, becoming increasingly aware of a need for mathematical expertise 
and that mathematicians are on the threshold of discovering another field they can 
support. Most participants in the symposium agreed that they had arrived at a new 
awareness. 


Ideas as to what further actions could be taken following the symposium were 
summarized during the panel discussion as follows: 


a. Mathematical training for traffic analysts 
b. Exposure of some mathematicians to TA problems and TA work areas 


c. Establishment of a register of mathematicians and traffic analysts and their 
respective skills 


d. Establishment of idea-exchange groups where problems may be described and analytic 
approaches recommended 
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e. Documentation of TA-math uses, ideas and developments 
{. Development of multidisciplined analysts 


g. Establishment of a focal-point (s) for TA-math ideas and problems 
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Let’s Not Lose Our Skills 


One thing a middle-level supervisor in the Production organization realizes very 
quickly is that good traffic analysts are hard.to find. Those traffic analysts with a skill ina 
specialized area such as frequency and callsign recovery are scarce. P_L. 4-386-36 
EO E@(ty4.(c) 


indicated in the A/DDO memorandun, the underlying causes for this decrease in traffic 
analysts are the rapid change to automated methods of collecting and producing SIGINT, 
and the personnel limits imposed on the size of the NSA work force. Since NSA cannot 
hire personnel to fill shortages in critical skills, the traditional skills have been reduced to 
accommodate increases in linguists, signals conversion personnel, collection technicians, 


and data systems analysts and programmers. As a result, we are creating a static pool of 
traffic analysts, retarding the development of our analytic talent and altering the career- 
progression patterns of the traffic analytic work force. It is these effects that I wish to 
discuss. 


The end of the Vietnam War, the subsequent tightening of purse strings and the 
resultant reductions in traffic analytic spaces altered the availability of traffic analysts. 
By limiting the hiring of new traffic analysts and not replacing those lost by attrition, the 
size of the analytic career field was set The immediate 
effects were minimal since the number of traffic analytic jobs was also decreasing, with the 
reduction of many of the timely requirements for information on Southeast Asia. Also 
helping to offset any immediate effects were the great strides made in mechanizing the 
traffic analytic processes during the Vietnam War. Efficiencies had been created and a 
degree of timeliness using methods of intelligence production never before possible had 
become routine. 


The long-range effects probably will not be apparent until the late 1980s, but some 
symptoms are already beginning to appear. Our traffic analytic work force is getting old. 
Most of the younger analysts were hired during the 1960s and are now GG-I1s or higher. 
Most basic traffic analytic work is now done by the military, either at the field sites or at 
NSA. No substantial group of young analysts at the lower grades is available for the 
future. The most aggressive analysts have already moved into management positions to 
further their careers. To aggravate what is rapidly becoming a bad situation, we have 
retarded the development of the younger traffic analyst. In the earlier growth days of our 
agency, a traffic analyst could grow in a specific target area, become recognized as an 
expert, and advance in grade and responsibility within his chosen career field. Today, the 
aggressive young analyst soon recognizes that his future is not in the technical side of the 
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traffic analytic business. To advance and achieve a modicum of success, he must move into 
management or to one of the critical-shortage skills. Consequently, we deplete our 
analytic talent base, and few people are left to form a nucleus for the future. 


Those who are left usually have a sincere desire to remain in the technical side of the 
intelligence production business. Even those people are prodded by management to move 
into the more critical areas of data systems or linguistics. Since chances of promotion are 
mathematically better in these skills, many of the remaining talented young people do 
indeed transfer. 


Those who remain face a slower career progression since the money provided for the 
special considerations given to the critical career areas reduced the total sum that would 
normally be equally divided among all those eligible for promotion. This means the traffic 
analyst must face stiffer competition for the promotions that are available, and ultimately 
his chances to achieve a position of leadership within the Agency are diminished. 


As a result, probably in the near future, we are going to be faced with a severe analytic 
shortage similar to that which we now have with linguists. A more serious consequence 
will be the loss of analytic skills that can be learned only by years of experience. 
Specialists will be nonexistent, and major analytic recoveries will suffer. Although these 
problems can be alleviated to a degree by hiring from the SCAs and by programs such as 
the intern program, these are not immediate solutions. Unlike the data systems and, toa 
certain extent, the linguistic fields, our colleges and universities are not graduating many 
traffic analysts. It is a career field where experience is the best teacher. 


To avoid future shortages, we should begin hiring some Traffic Analytic Technicians 
right now. These technicians could be hired out of high school at the GG-2 level and put 
through a program similar to that used for training linguists. Given the proper incentives, 
training, and experience, these people would be ready to take over the analytic work load 
in about ten years. If we fail to act now, we will have to react later, when our chances of 
success are fewer. Traffic analytic skills helped make our agency what it is today. Let’s 
keep it that way. “PLL. 86-36 


(While article was being prepared for publication, it was shown to 

Chief, Traffic Analysis, Office of Techniques and Standards, and he was 
asked if he would like to add any comments. He has submitted the following 
addendum. Ed.] 


We could also hire ex-military traffic analysts, as we have in the past. This has the 
advantage that each “recruit” already knows what TA is, likes doing TA, and wants to 
make a career of it. That cannot be said of high school hires, and one must therefore expect 
a higher rate of “drop-out” than would apply to those already trained and experienced in 
TA (ex-military). 


There must, of course, be some disadvantages to hiring ex-military traffic analysts. 
Otherwise, an agency as smart as we are would already be doing it. 
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LETTER TO THE EDITOR 


“POCO One of the advantages of being associated with a program such as the Traffic 
Analysis Intern program is the opportunity to watch the big picture develop. For three 
years I watched the traffic analysis career field being continually rescued from threats to 
its survival that came from whatever managerial wonders happened to be exerting 
influence at the time. 


—F6U6)}- While specific to the TA experience, these remarks point out the crucial 
aspects of organizational life: organization, corporations, or whatever, are really people. 
Hiding behind the various bureaucratic identities cannot disguise this reality. The 
“health” of the people affects the organization’s. When people stop caring, growing, and 
producing, the organization ossifies and eventually fails. 


—(FOU-G} Personal career and organizational development are intimately linked. This 
agency has taken vital steps to facilitate career development, thereby assuring its future. 
This month’s Career Development activities are a celebration of this process ~ in the past, 
present, and future ~ and its meaning for us and the Agency. 


ROBERT HAN YOK 


AND FROM AN OVERSEAS READER... 


To the Editor, Cryptolog: 


“seco ——SSSS—Ssarrtticle, “Let’s Not Lose our TA Skills,” (Cryptolog, March 


1979), made an untimely appearance vs | The week before it arrived, 
several of the people here, due to return to NSA in the near future, had attended 
reassimilation briefings, during which the overstrength skills problem was not only raised 
but also given as a rationale for the reassignment of some to a different career field. Some 
of the moves were in the out-of-TA direction! It’s easy enough to fall out of touch when 
headquarters is an ocean away, but it’s even easier to be confused by the apparent 
contradiction between the M3 view of TA as an overage skill, and the view shared by 

hat TA is a field with an impending shortage crisis. 
Perhaps some of the fifty-odd traffic analysts now in excess could be used to head off the 
coming shortage. The concern about the effect of transfers out of TA and the lack of new 
blood is shared by many. This feeling was expressed here recently by visiting managers, 
who stated a need for analytic talent to work in the rapidly expanding world of 
multichannel communications. 


(U) What all of this may boil down to is the ever-present problem of individuals 
holding the title but not doing the analytic job, and the apparent inability of management 
to cope with this issue. Good traffic analysts are hard to find, and so may be talent in other 
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overstrength skills; the key may be quality vs. quantity, another problem that’s always 


with us. If nothing else[ irc may make some managers realize that 
skill balance by the numbers is not an end-to-all-your-troubles elixir for reducing the work 


force, and that talent returning from overseas should not be regarded as a magic 
ingredient for such a brew. 


KATHY BJORKLUND 
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Letters To The Editor 


Last month Cryptolog printed a letter from Kathy Bjorklund in which she wondered 
why the view of traffic analysts as a vanishing breed, which has been expressed in Cryptolog 
by various people, is at such variance with the M3 view of TA personnel as an overstrength 
category. 


To the Editor, Cryptolog: 


(U) Since you were kind enough to ask me for a comment on Kathy Bjorklund’s letter, 
I felt obligated to break creams 2 to which she referred. There are 
several hot spots in those two items and one that rises from them. 


(U) First, Cryptolog has traditionally been an open forum, and I would not change 
that. But we who write for it from time to time are obligated to do some homework before 
we present opinions that aren’t defensible. Or, maybe it’s time to label fact and opinion so 
that readers can sort them out. 


(U) For Kathy, here are a couple of facts. While your briefing on reassimilation and 
career field overages was probably conducted by personnel or administrative people, they 
are not the ones who made the decision that TA is an overage field. As your Chief of 
Personnel Services| ____—_—_jeould have told you, M3 is part of Management Services 
(DDM), and it is a support or service organization that attempts to meet requirements 
established by other Key Components. In this case, it was Operations (DDO) telling M3 
that there were overages in the TA field and shortages in the language field; it was DDO 
telling M3 to initiate the needed personnel actions, e.g., reassignments and hiring. Can 
you imagine the confusion if M3 went about willy-nilly hiring and reassigning people 
against no known requirement? 


(U) Another fact is that George’s article is mostly opinion. Now he has as much right 
as anyone else to have and express those opinions, but he knows he will get some 
arguments. For example, we not only lost good analysts when some TAs moved into 
management ~ we also gained some bad managers, although that’s not a problem peculiar 
to the field of TA. 


(U) But by and large, I doubt that you could find anyone who has to pick up the tab in 
billets or skills balances who would say we have any current or near future shortage of 
traffic analysts, or of TA technicians to fill the vacancies that will some day exist in the 
analyst ranks. 


(U) Comparing real and present shortages in the language and computer arenas to 
“maybe” shortages ten years down the pike may not be a fair analogy. The computer and 
language shortfalls are there because we have added jobs or lived with vacant positions. In 
the field of TA that has not been, and is not now, the case. 
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(U) Since most. of our TA overages are at the technician level, I’m not sure I 
understand George’s suggestion that we hire more technicians. But my not understanding 
is irrelevant — we aren’t going to hire against a nonrequirement, at least not if I 
understand the way things work. 


(U) Back to Kathy's letter for a final comment on her fast statement: “...talent 
returning from overseas should not be regarded as a magic ingredient for such a brew.” 
Given our selection processes, increased promotion points, and preferential treatment in 
assignments upon return for field people, I am a bit surprised that you believe there is an 
intentional negative attitude toward returning field people. And my opinion is that DDO, 
DDM, DDR, DDT and DDF would be equally surprised. 


(U) Regards to you, Kathy. Congratulations to you, George. And, Dave, whenever 
you want an opposing view on almost any subject, please give me a call. 


DAN BUCKLEY 


To the Editor, Cryptolog: 


(U) Iread Kathy Bjorklund’s letter with a feeling of depression —- because what she 
says is all too true. The bodies-and-slots, or bean-counting, approach to personnel 
assignments is not one that is conducive to the continued development of the technical 
work force of the Agency. 


+6} During the skills requirement forecast of 1973, the career panels were asked 


various questions on persennel development covering the period FY74 through FY79. 
Questions such as the following were asked: 


« What effect will new or emerging technology and modernization of cryptologic 
operations have on the skills under the purview of your career panel? 


« Do you anticipate a need for developing multiskilled specialist, and if so, which 
skills or combinations of skills will be required? 


e Will the need for specific skills (TA, CA, etc.) decline or increase? 


(U) I don’t know what happened to the results of this poll, since current personnel 
planning does not seem to reflect them, but rather continues to be based on projections of 
the current work force: How many people do we have in such-and-such COSC? Well, then, 
if we have that many, and if we are getting the work done, then that must be the right 
number. So let's just straightline that number for the next four fiscal years. Obviously, 
this approach is the basis for faulty TDs, since it makes no allowance for any shifts in 
requirements brought about by shifts in targets or other considerations. 


~(G- Let’s see how this works. At the moment Traffic Analysis is carried as an 
overstrength skill in A Group. The TACP [Traffic Analysis Career Panel] has two interns 
due to graduate this month. On the basis of their backgrounds, experience, the panel’s 
recommendations and their own preferences, these interns should be assigned to A2. But 
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the thought of placing them in an overstrength element is enough to give the bureaucrats 
heartburn. 


—t€} The placement of overseas returnees is similar. P41 attempts to assign personnel 
holding A Group overage skills to B, G, V or W; only a few of this year’s returnees have 
been assigned to A. 


—t€y In short, P41 and M3 will almost always stand in the way of any assignment to an 
overstrength element. I have accused P41 of approving TA intern placements using the 


bean-counter approach. They deny this vehemently yet state in writing, in a memo to 
Chief, M3: 


A fair share —by the numbers! 


) =a eres quoted by Ms. Bjorklund in her letter, are 
correct: the number of traffic analysts is dwindling. Part of this is attributable to the 
reasons cited above. Another rank-thinning factor is age. Almost twenty percent of the 
people in COSC 1411, Traffic Analyst, are over fifty years of age; less than two percent are 
under thirty. 


(U) What is the solution? As I see it, it is twofold. An immediate measure would be 
some directed assignments. This would include the identification of personnel holding a 
given COSC in an overstrength area, but not performing that function, and making 
appropriate readjustments, such as transfer, retraining or reclassification. It would also 
include the placing of overseas returnees in areas where their skills are most needed, even 
where they might be a temporary overstrength condition. 


(U) For the longer term we must nurture the TA intern hire, insuring that we have at 
least six to ten coming in each year, and placing them in the work force where they will 
produce for the Agency regardless of numbers or quotas. 


—~@} Let me quote from an old-time member of the TA corps: 


How long does it take to build a professional traffic analyst from zero? Ifit takes, say, five years, then we are 
betting that whatever the situation is today, it will be the same five years from now. And what we are 


betting with is the Agency’s reputation for adapting to fast-breaking changes in the world situation. 


+€y The TA intern program can and does build a professional traffic-analyst/reporter 
from zero with a very solid understanding of the interrelationships of the other cryptologic 
disciplines. The annual hiring of a few bright people — recent college graduates as well as 
former military analysts - should solve the problem of being able to find good traffic 


analytic talent in the future. 
a axe 
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To The Editor, Cryptolog: 


Having had long, and often passionate, discussions with both Mr. Buckley and Mr. 
ion the subject of Traffic Analysis “overages,” I was surprised to see that both 
gentlemen missed several important points (see Letters to the Editor, Cryptolog, July 
1979). P.L. 86-36 


(U) First, I think (please note, opinion) there are a fair number of individuals who hold 
TA COSCs whe are not deing TA work. One example: a branch chief is a manager, not an 
analyst, yet the analytic COSC is often held. 


(U) Second, quality is not an element included in the “bean-counter” approach; it’s the 
number of bodies bearing the title that are counted. The fact that one quarter of the bodies 
may be doing three quarters of the work does not enter in. 


—t€y Third, we seem desperately intent on trying to “professionalize” (read, certify) 
ever-increasing numbers of people in overage fields. The problem with this is twofold: 


e What is the purpose of creating many more professionals than we have professional 
billets? What is the purpose of allowing second certifications in overage fields? 


e Why are we tutoring professional aspirants? Individuals of professional quality 
will, like cream, rise to the top by dint of personal study and research. They will do so 
simply because it is in their nature to excel, not because they were pushed, prodded or 
carried through the test. (Please note that “top” refers to one’s ability to perform, not to 
one’s promotion record.) 


—t€-CCG I agree with [lrg we are losing our TA skills (See Cryptolog, 
March 1979). It is evident in the simple fact that many case analysts do not log intercept 
in such a manner as to see a simple rota. It is reinforced by the fact that on our 
professionalization exam the net reconstruction section is pre-logged and fairly easy. The 
difficult section is the crypto-TA part, and few traffic analysts are charged with this type of 
responsibility in their daily jobs. 


(U) Suggested solutions for eliminating the overage and upgrading the quality are 
fairly simple. Ensure that only those doing traffic analysis carry that COSC; let’s start 
calling managers managers. Next, devise a weighting system so that a manager can state 
for the TD that he needs three topflight TAs, or five average, or ten below-average (or some 
combination thereof) to accomplish his mission. And, finally, if we feel compelled te tutor 
someone, let’s begin by tutoring those most in need so that they may become proficient in 
their current jobs. 


(U) Years ago achieving professionalization was akin to winning a place among the 
elite. Today is simply a means of proving oneself average. Elitism is not only dead, but is 
scorned as well. 


(U) Let’s put the emphasis back on the quality of our human resources. 


foo 
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Simplicity in Color 
C. GAROFALO 


The conduct of crypto-TA studies involves the requirement to differentiate between 
qualitative levels or categories, and the use of a simple color scheme facilitates such 
differentiations. Any color scheme to be used in an analytic effort of large volume must be 

e simple in nature, 

e skillfully chosen, and 

systematically applied. 


An analysis of the various colors available was made to determine which are practical 
and most suitable for the task. My experience has demonstrated that six different colors 
are most practical. These are black, green, red, blue, purple, and brown. 


e Black -carbon (number 2) medium degree of hardness and density, suitable for both 
erasure* and longevity properties. 


e Green - is the weakest, that is, of lightest density. All of the other colors under 
consideration superimpose on green quite readily. 


« Red and Blue - are of equal boldness; either can be easily superimposed on both 
black and green. 


e Purple —a bolder color that can also be produced by a superimposition of red on blue 
or blue on red. 


e Brown —is considered to be the boldest of all colors as well as the most exclusive and 

conclusive. 

Colors manufactured by different commercial firms vary drastically in hardness, 
density, and coloration; it is desirable, therefore, that having started with a particular 
brand to continue with that brand and not intermix brands to ensure that distinctiveness 
and clarity are maintained. 


A color ladder may be displayed graphically as follows: 


Color Level 
BROWN 5 
PURPLE 4 
BLUE 3 
RED 2 
BLACK 1 
GREEN 0 


* For Black erasures, a medium hard rubber erasure is adequate. For color erasures, best results are obtained 
with a typewriter eraser. 
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Another way to express the levels of the color ladder is by these definitions: 


Brown — The ultimate in degree of trueness, not to be questioned. May also 
represent captured, compromised information or its equivalent. 


Purple - High in degree of reliability; may be used as a substitute or companion for 
brown where special conditions of clarity or distinction are vital to the problem. 
Primarily useful as a final ordered and oriented intermediate enjoying the same 
general stature as brown. 


Blue — A relative base value having a significant bearing on the state of recovery. 


Red — A base of lesser value or no relativeness (completely arbitrary), a first step 
necessary in any endeavor. 


Black - To record or log information as it appears in its earliest or original form. 


Green — An envious color reserved completely for suspected garbles, projected or 
expected but unobserved values (not proven but highly suspected as being correct). 
Used to alter a meaning or information without obliterating the original (black) 
form. 


Once a color scheme is established for a given problem, maintenance of color discipline 
is mandatory in order to achieve uninterrupted and unambiguous continuity. Discipline is 
also of great benefit to management in that it ensures that redistribution of analytic 
personnel can be effected with minimum disruption to the overall effort. 


Postscript: 
Colors: 
Green symbolized hope to the ancient Egyptians; 
in the Middle Ages was supposed to be good for the eyes; 
to the Mohammedan, a sacred color; 
in modern times has come to signify envy. 
Purple to the Tyrians and Romans, a purple robe or band of purple signified 


authority; became a symbol of majesty to the Romans. 
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The Impact of ARDF on Traffic Analysis 


ALLEN L. GILBERT 


The Vietnamese conflict and techniques for collection of signal intelligence developed 
and employed in that arena have profoundly influenced the traffic analytic approach to the 
Vietnamese Communist problem. One of the most effective techniques employed on a 
large scale in Vietnam has been Airborne Radio Direction Finding (ARDF). ARDF, in 
addition to revolutionizing the direct support of tactical units through timely and accurate 
locating of enemy units, has almost reversed the traffic analytic approach to maintaining 
continuity and developing new targets in some areas. 


Traditionally, the traffic analyst is faced with the problem of reconstructing a 
communications complex through recovery of callsign and frequency systems, message 
externals, schedule activity and those rare compromises made by enemy communicators. 
This route usually requires close scrutiny and cataloging of the elements of intercept 
through an extended period of time, with the hope that a transmitter location will be 
compromised or that medium-range direction finding will suggest a location for the 
activity. ARDF provides a locatio L. 86-36 
| The availability of ARDF on target transmitters considerably shortens EO 1.4.(c) 
the period of development for new activities and provides almost instant continuity on 
targets effecting communications changes. 


In Vietnam, the concept of ARDF tasking provides coverage in all areas of hostile 


When aircraft are deployed to a target area daily, 
the recovery of the signal environment in the area builds rapidly. 


Certainly, all other elements of traffic analysis must then come into play to establish 
case notations and identifications. ARDF alone does not solve the problem, but what an 
advantageous beginning it provides! 
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Traffic Analysts: Write it Down Now! 


In approaching a traffic analytic problem for which you have responsibility, have you 
ever wondered how any of the major callsign systems, procedure tables, address systems, 
or other complex phases of transmission security were solved, or what significant 
characteristics contributed to their solutions? It is highly unlikely that you could find a 
detailed written description of the analytic effort involved in any of these solutions, so you 
would have to go to the individual who had been most intimately concerned with it, the 
individual recognized as having had the responsibility for providing the technical 
direction toward the solution. He is the person who was confronted with the problem, 
recognized its difficulties, determined analytic approaches, made mistakes, went up blind 
alleys, made critical decisions, directed other analysts, and generally supervised the 
entire effort. Assuming that he is available, you could ask him to describe the entire 
process. There is a good chance, however, that because of passage of time or lack of 
thorough documentation, or both, he would find it difficult to reconstruct in detail the path 
and the thought processes that were followed in reaching the solution. Thus, valuable 
expert knowledge, which might be useful in the solution of current or future problems, 
would have perished. 


How can the loss to posterity of expert knowledge in such a situation be avoided? Very 
simply, the analyst who is pursuing a specific problem should keep daily notes on his 
analytic activities, his thoughts, his approaches, his mistakes, his conclusions, etc., and 
then, upon arriving at a solution (or failing so to arrive), prepare a detailed written record 
from these notes. The record, to be of most value, should describe the entire effort from a 
strictly chronological viewpoint, so that the influence of hindsight might be avoided. 


If this practice had been consistently followed in the past, the Agency would now have 
in permanent form a wealth of analytic expertise that led to past successes but that is now 
unfortunately past accurate recall. The practice should be followed by every analyst who 
is pursuing a specific problem, whether it is large or small: he cannot predict where his 
efforts may lead, and he may be making an important contribution to the overall body of 
traffic analytic knowledge. 


P.L. 86-36 
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How Many Angels Can Stand on the 
Head of a Case Notation? 
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—(S-EEOr Most persons can recognize a case notation as such, even though formats 
differ. Few can explain one unless it is one worked with daily. This is because notations 
contain over fifty categories of information, and each of these has sub-items ranging from 
four or five up to about 800. In short, there must be over two thousand coded meanings. 


How can this happen? In addition to the unstandardized P.I8686636 
notations, the digits of the so-called “serial” are actually used aA 4 Jc) 


codes, singly or in combination, for the various categories shown below. Sometimes a 
given digit may have two meanings within a given notation. Also, the information 
selected for representation varies from target to target, from trigraphic source to 
trigraphic source, and even within the latter. 


P.L. 86-36 


Some of the Information Contained in Case Notations 
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Traffic Analysis: A Current Perspective 


CW2 JAMES HOPPER, usar¢ | PP. I868BE36 
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~t€} Traffic analysis (TA) today is beset by a variety of problems affecting the analyst, 
not the least of which is a lack of understanding concerning the separate functions which 
comprise traffic analysis. Contrary to popular definition, the traffic analysis field of today 
encompasses much more than the mere analysis of communications externals. Traffic 
analysis consists of six separate functions: 


e Collection Management 


* 


Collection Support 
e Processing 

e Analysis 

* Reporting 

«* Evaluation 


These are intended to be mutually supportive of each other. However, because both 
managers and analysts lack understanding of the interrelationship that exists between 
and among these functions, they all too often are performed at cross purposes, with one 
function inadvertently affecting the success (or failure) in a follow-on activity. In these 
days of meager collection and analytic resources, it is imperative that an understanding of 
the relationship bonding the six functions of traffie analysis be fostered at all levels to 
ensure the complete and proper use of these resources. 


—(€} To function effectively in the traffic analysis world of today, the traffic analyst 
must have a rudimentary knowledge of several areas in addition to communications 
externals. Among these areas are 


Collection Management, including the Collection Objective Performance Evaluation 
Systems (COPES) and its follow-on, Collection Evaluation System (CES) statistical 
reporting; 


Collection Support, including knowledge of working aids available to assist in 
collection and identification duties, as well as of target characteristics that can support 
both current and future collection operations; 


Processing, including Automated Data Processing (ADP) routines available to assist 
in manipulating the intercepted data for subsequent analysis; 


Analysis, including sufficient knowledge of the various traffic analysis techniques and 
target characteristics that develop information to satisfy consumer requirements; 
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Reporting, including the criteria and appropriate reporting vehicle for providing 
information to satisfy consumer requirements, 


Evaluation, including the techniques available to constantly monitor and compare 
tasked and acquired collection so as to redirect these resources to areas of the target’s 
communications that are susceptible to exploitation; and 


Perspective, including a thorough knowledge of the target's order-of-battle (OB) 
structure that underlies the target’s communications, as well as a thorough understanding 
of the target’s past history from which to view changes in the target’s communication 
habits. 


A lack of knowledge in any one of these areas can ensure failure in attaining the ultimate 
goal of consumer satisfaction. Additionally, an incorrect managerial emphasis on any one 
function over another will also ensure failure in attaining this ultimate goal. 


COLLECTION MANAGEMENT 


(U) The first function to be encountered by the traffic analyst is Collection 
Management. It is at this point that the consumer’s requirement is translated into specific 
collection tasking to acquire the needed information. 
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COLLECTION SUPPORT 


Once the tasking is accurately developed and transmitted to the field site, the next 
function, collection support, determines the success or failure of a field element in 
satisfying its tasked requirements. 


(U) At the local level, field site managers usually are faced with a decision of where to 
use their most talented personnel; an effective collection support element or an effective 
analysis and reporting effort. Unfortunately, all too often the choice is for the A & R effort 
because of the high visibility of analytic breakthroughs and consistent product reporting. 


(U) This decision on the part of the field manager leaves the collection support effort 
with poorly trained analysts, generally those with the least experience in TA duties. 
These individuals are then placed in the fast-paced environment of the collection floor, an 
environment that breeds confusion and is the least likely place to learn the functions of 
traffic analysis. 


(U) In addition to the assignment of poorly training personnel at the local level, at the 
national headquarters level technical support material is seldom provided in a manner 
that facilitates its use in the field. Most often this material is seldom provided in a bulk 
manner, which dictates tedious manipulation in the field to extract desired information. 
Yet this same manipulation is often performed with the national headquarters on a daily 
basis through various computer routines but is not made available to field sites. Thus, 
while a steady and voluminous stream of technical support material is provided to the field 
element, it is seldom provided so that the field can easily use it, and it is often too unwieldy 
to be used on the collection floor, with all its hectic activity. 
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Of these, the misidentification rate should be of the greatest concern since it dramatically 
impacts on the processing, analysis, reporting, and evaluation functions that follow the 
collection support function. A poor case (notation) identification rate in the collection 
support function means that all case identifications received for processing must be 
verified to ensure that the correct notation is applied, a time-consuming process for an 
individual already strapped for time in performing his or her other processing duties. 
Failure to verify the correct identification on all cases can have disastrous effects 


e on processing, necessitating complete revisions of case history records; 


e on analysis, which attributes incorrect technical operating characteristics to the 
wrong case; 


® onreporting, which provides false information to the consumer; and 
® on evaluation, which attributes tasking satisfaction to the wrong target. 


To ensure the most effective collection support effort possible, field managers must develop 
an operational system that exposes all elements of the assigned analytical work force to 
both collection support duties and desk analysis duties. Ideally, such a system, which 
rotates the individuals between these two worlds, will ultimately increase the expertise 
levels available in both areas. Likewise, at the national level all methods of developing 
collection support material for field elements must be closely scrutinized to ensure that a 
minimum of manipulation is required on site to use the data. 


PROCESSING 


—*6}- The next function of traffic analysis, processing, often assumes a life of its own. 
From the analyst's standpoint, processing (or, to use a more common term, “logging”) 
quickly becomes associated with drudgery. The fact that processing is accomplished 
merely in order to organize intercepted data for subsequent analysis is quickly forgotten. 
Processing then becomes a mindless transfer of data from one medium, the raw intercept, 
to another medium, the casebook or database. Further, this attitude quickly leads to 
overlooked items of significance that otherwise would require immediate analytic or 
reporting attention. 


(U) From the manager’s standpoint, however, processing quickly becomes the key 
productivity measurement because of the statistical data available from database 
maintenance inputs. Since the underlying desire is for an accurate database from which to 
extract material for subsequent analysis, and from which to drive any automatic collection 
support vehicles that emanate from the database, the manager’s concern becomes one of 
concern over database maintenance accuracy and volume. Unfortunately, this concern for 
accuracy normally translates into a concern over the correct formatting of the input rather 
than over the validity of the information itself. Likewise, the volume concern translates 
into a meaningless “body count” that is used to spur further preductivity. 
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ses should be deleted from existing 
requirements. For example, the processing of voluminous message serialization data 
should not be imposed on the affected analyst if no one intends to perform a study of this 
aspect of the target’s communications. The processing requirements should be continually 
geared to the voids of the target’s communications that need to be exploited, and not to 
those characteristics that are commonplace and seldom change, as these voids are reduced 
through exploitation. 


ANALYSIS 
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underlying military force must be the first priority of the traffic 
analyst. Only through such mastery can an analyst understand the communications 
facing him or detect changes in those communications that can be attributed to something 
reportable. In addition to ensuring that the analysts are knowledgeable of the structure of 
the military foree, managers at all levels must ensure that the analytic studies to be 
undertaken first have the potential of either satisfying established reporting criteria or 
developing material that will aid collection support activities. All other studies, no 
matter how well-intentioned, are merely a waste of an analyst’s valuable time. 


REPORTING 


(U) The reporting function is the sum total of how well the earlier functions were 
conducted. If these earlier functions were conducted in a shoddy manner, they normally 
will culminate in an inaccurate report that bears little relationship to the consumer's 
initial stated requirement. Conversely, if these earlier functions were conducted in an 
orderly manner so that each function supported the following one, the report will probably 
satisfy the consumer’s request. In addition to satisfying the consumer’s request, the 
analyst must also concern himself or herself about using the proper format for the 
information to be used in the report. Poorly formatted reports, while factually correct, 
convey a sense of disorganization that can color the credibility placed on the information 
by the recipient. 


(U) Both of these rationalizations have effectively downgraded the opportunities 
available to the traffic analyst to participate in the reporting function, the only function 
which at present is directly keyed to reporting criteria that match the consumers’ 
requirements. By reducing the analysts’ participation in this function, we also reduce 
their ability to ensure that the previous functions remain directed towards the ultimate 
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goal of consumer satisfaction. Managers at all levels must emphasize the development 
and maintenance of effective and imaginative reporting programs that challenge the 
analysts’ skills to ensure that that reporting function does not become divorced from all 
that has preceded it. 


EVALUATION 


(U) Through their involvement in the evaluation process, traffic analysts are well 
placed to redirect collection resources to exploitable areas - or at least to areas that have 
not been satisfied through past intercept - of the target’s communications. Unfortunately, 
the evaluation process is normally either not performed at all, or it keys on indicators that, 
when viewed alone, fail to provide an accurate reflection of the productivity of the 
resource. 


(U) As should be apparent, the traffic analyst of today is faced with a variety of 
functions. However, all of these functions are tied together by a thread of continuity 
relating to the final goal of consumer satisfaction. If these functions are not kept in their 
proper relationship to each other, either through analyst neglect or improper managerial 
emphasis, it will be difficult - if not impossible - to achieve a cohesive operational mission 


193 —-CONAIDEN HAL 


—CONFIDENTIAL™ 


that satisfies consumer requirements. Only through mutually supporting functions, as 
originally envisioned, can our scarce collection and analytic resources be used to their 


fullest extent. In other words, perhaps a return to the basics may he in order for the traffic 
analyst of today! 
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There’s a New World Coming ~ Are You Ready? 
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(U) Analyst response to a changing environment is an area that has piqued my 
interest for a number of years. This interest has become especially pronounced in the last 
four or five years, largely as the result of the increase in the variety and number of 
automated processes that have become available, my involvement in a number of long- 
term research projects, and the prospects of newer and more sophisticated machine-based 
analytic techniques. As a consequence, J have given much thought to the effects that this 
increased automation will have on the analyst and to what we, as an organization, can do 
te respond to the challenges and opportunities that will arise. 


(U) If we are to accurately assess how the analyst of the future will react to the 
increased automation of the analytic process, it is necessary to know the analyst of today. 
This is logical], since the majority of tomorrow’s analysts are already on board and active in 
the analytic field. It also becomes essential to define the functions of the analyst since all 
personnel who carry the title “analyst” are not analysts by the strictest definition of the 
word. For convenience and easy reference, I have divided these “analysts” into three 
categories that I’ve labeled, for lack of any better terms, “loggers,” “case analysts” and 


“research 2 
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(U) The changes expected as we become more and more automated will alter the 
methods and procedures currently used in the analytic areas. This will have a profound 
effect on our operations, but to an even greater extent it will modify the lifestyle and 
environment of each of the three types of analysts I’ve defined. Each will be affected in a 
different way depending on the analyst’s perception of analysis, his personality and his 
ability to adapt. 


(U) Once the machine takes over the simple data manipulation and recording 
functions, the “logger” will become, to a great extent, obsolete. His routine will be upset 
and his workaday world completely disrupted. He will no longer have his logging to fill his 
day. He won’t know what to do and he'll be completely lost. For those currently having 
trouble isolating the “loggers” in their outfits, they'll then be very easy to spot. Just look 
for those people sitting with a blank stare on their faces and for those making nervous 
movements at their desks as they anxiously try to find something to do. Eventually their 
names will appear on the list of those who are abusing their sick leave. The real “logger” 
will never recover from automation, He’s lost his place in life. His day-to-day world will 
have been destroyed, and he simply won’t know what to do. For many it will be too late to 
start over. Others will lack the initiative, while for still others, it’s nothing more than a 
lack of talent. The world will have passed them by. They, of course, will not be to blame. 
It'll be the machines’ fault, or management’s fault, or maybe just the breaks of the game. 


(U) In reality, the “logger” has always been a clerk with a professional job title and a 
professional paycheck. He was created by the system, and, with the advent of new 
automated techniques, will be destroyed by the system. Some will be salvaged. Some 
“loggers” will regroup, retrain and regain a place, perhaps at the “case analyst” level. 
Those that can’t make the transition will have to be purged since the cost of automated 
systems will call for a decrease in personnel expenditures, 
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(U) The “case analyst” will survive and thrive in the new automation. He really never 
did care for the logging and data maintenance functions associated with his job; therefore, 
he’ll adjust. He’ll reorder his priorities and use the additional time now available for the 
development and analysis that he never could quite get around to under the old 
semiautomated methed of operation. His productivity will increase, and more technical 
data on his targets will result. 


The 
ultimate gain will be the production of more intelligence information in satisfaction of our 
requirements. The “case analyst” will grow as a professional, honing his skills as he 
practices his trade, and in many instances will develop into a “research analyst.” 


(U) The “research analyst” will see few changes in his method of operation as a result 
of this new automation. He'll have to deal with new databases, new retrieval programs 
and new equipment, but his daily routine will remain pretty much the same as it is now. 
He will generally review the same types and amounts of material and work on the same 
types of projects. He should see some improvements in accuracy and completeness as a 
result of the elimination of the “logger” and the automation and resultant upgrade of the 
databases. He will be able to spend less time on the verification and data gathering phases 
of his assigned tasks and thereby be able to complete more assignments in a shorter time. 
This will allow a more efficient use of the limited number of “case analysts” and permit us 
to achieve maximum benefit from their talents. Automation will also improve the morale 
of the "research analyst” since he will be able to function almost entirely in his primary 
capacity. 

(U) The benefit of this increased automation is readily apparent. The talent of our 
people can be used to the fullest, with dull, repetitive tasks reduced or eliminated. The 
timeliness, accuracy and quality of our product will increase. Personnel not working at 
their prescribed levels can be eliminated, with a resultant savings of money. All of this is, 
of course, predicated on manageable machine systems that will function as designed. 
Since our track record for the development of such systems is not impressive, let’s hope 
that we have learned from experience, and not attempt te reap benefits before we have 
proven follow-on systems. 
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In Pursuit of: 
Faster Horses, Younger Women, Older Whiskey, 
and More Money 


i= =e 


(U) For the past two years I have been involved with a project that has given me more 
in terms of psychic income and pure excitement than perhaps any work-related activity 
that Iremember. When you feel this good about something, it seems natural to want to 
tell everyone else and share the excitement. It’s sort of a “look what I found” feeling. Of 
course, when you feel excited about something, it is difficult to know whether you have 
something worth saying and can remain objective about it. Nothing makes you feel quite 
as foolish as discovering the wheel only to find out that you were the only one who didn’t 
have one all along. 


(U) I've followed - from a distance — the articles, letters, and symposia decrying the 
diminishing number of analysts, the dilution of the career field, and the increasing work 
load. I really have nothing to add to the body of literature that has grown around those 
themes. I would like to note that some reasonably intelligent people have advanced them. 
Conversely, some reasonably intelligent people made the decisions that led to the 
described conditions. 


(U) Having resisted the urge to vent my excitement on paper for this long, I thought I 
had it under control. Actually, I have been writing this piece all along. Part of my control 
mechanism was simply typing my thoughts on the screen and then hitting the delete 
button. That may happen to this version, and you will be spared once again. [ll tell you 
what “set me off” this time a bit later. First, let me tell you what I’ve been so enamored 
with. 


(U) [I'm a traffic analyst. Several years ago [ began to work for the person I respect 
most in that field and share in the development of what has come to be called a Traffic 
Analysis Workbench System. Whatever comes of that effort, I'll always be grateful for 
being included. 


-~AEOUO} The idea is a relatively simple one: In terms of technology, the TA field is, 
and has always been, behind the power curve. Regardless of what high-powered machines 
exist, and in spite of the fact that some extremely sophisticated machine applications have 
been designed for analytic purposes, the analyst is still behind. There are several reasons 
this situation exists. However, it is primarily because analysts are directly dependent 
upon their machine support personnel. A few have managed (mostly out of frustration) to 
learn one computer system or another and support themselves. The problem with this is, if 
they were any good at it, they were usually lost from the field. 
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E>} It’s time the analyst was given some help-not to catch up to technology, just to 
keep from getting further behind. Given the costing cycle, the procurement cycle, and the 
installation cycle, I'm convinced that catching up is not possible. Net possible! The concept 
of a TA workbench involves installing a terminal on the analyst’s desk. Read that again! 
On the analyst’s desk. Not down the hall in a “machine room,” not in a corner of the 
basement, and not around the corner where it “won't bother anyone” ~ on the analyst’s 
desk, the one he sits at. 


This puts the analyst in a position to access the major databases, where the 
daily traffic, as well as the technical working aids, resides (hides is a better word). With 
the terminals on their desks, analysts will have constant access to their material and 
perhaps approach the paperless environment. 


—FOCO} Under the umbrella called PINSETTER, we have been proceeding along a 
development path that will hopefully lead to the kind of help the analyst needs. Because 
the most precious computer resource is the programmer, the analyst must be released from 
depending on him for every minor need. This is true for several reasons. First, the analyst 
needs to be able to access his data, process that data, and change those processes without 
having to write memos, generate specifications, write justifications, wait for software and 
then participate in debugging. Second, the programmer as a resource is too valuable to be 
tied up with changing sort specifications every time an analyst needs a different output. 
Last, the plain facts are that we have a terrible time retaining good programmers. No 
sooner do we develop a good working relationship with a top-notch programmer than he 
begins to understand something about an analyst's job; then along comes a better offer and 
he’s gone. 


(U) From a machine standpoint, meeting these goals requires a system that is easy to 
learn, flexible, and provides a reasonable response time. By “reasonable” I den’t mean 
instantaneous. Most analysts can live with an execution time that is not measured in 
nanoseconds. Most of our work has taken place on a PDP-11/70 host using UNIX as the 
operating system. UNIX is a high-level language that was developed by Bell Laboratories. 
It meets the above criteria, and it is very forgiving toa klutz at the wheel. 


~t€}-We have found that most of the processes that a traffic analyst needs to be able to 
do can be accommodated with the UNIX package. Where it was found lacking or inefficient, 
the solution has been provided by a unique working relationship with a small group of 
highly talented programmers in T333. 
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(U) To digress for a moment, the realization that certain processes are simply too big 
for TSS applications is important to maintaining a proper perspective. This determination 
must be made, and large “number crunching” must be performed where the processes are 
most efficiently handled. However, the process can often be executed where most efficient 
and the results passed to where they can be best used, on the TSS. I might add, in two 
years of handling TA processing, it has been necessary to “send out” only one job for actual 
execution on a “big” machine. Of course, many of our extracts from major databases are 
“preprocessed,” prior to transfer, to make them more TSS friendly. But I discount this, 
since it is largely “invisible” to the requester. 


—~POUO) If the solution were apt to provide a useful “ UNIX-extension,” we would 
request T333 help. The results have been the most rewarding part of this experience: 
generalized UNIX-like utilities that solve analytic processing problems. The big plus? 
Anyone who knows a little UNIX can use them. On the other hand, if the solution appeared 
to be problem specific, we would attack the problem with our own resources. The results of 
these efforts have proven equally rewarding. Based on our own experience and some 
operational testing in analytic elements of A3, B2, B5, G6, and G9, I’m not sure if a more 
effective analytic tool than UNIX could have been designed if that had been Bell's intent. 
This leads to a philosophical difference in user support design. 


—“~FOECO? There is a mask-and-menu school of thought that holds to the belief that the 
user should be led through the processing cycle by the software. A menu is presented with 
a few options to select from and a mask provided through which to make alterations. 
These M&Ms believe it is best to protect the user from the complexities of the system and 
protect the system from the klutz at the wheel. It has a place. I would look to this area for 
the type of handling necessary for, perhaps, TEXTA updates. 


(U) Another approach is to provide the user with the modules necessary to manipulate 
the data, a high-level language to package the modules, and the ability to communicate 
with other users and peripherals such as high-quality printers: basically, a sort of 
Procedural Applications Language that is not unique to traffic analysis. Perhaps a 
Universal Procedural Applications Language approach. The user is free to design 
personal processes and, more importantly, change those processes at will. Users are not 
dependent upon the programmer for every minor modification, routines do not have to be 
recompiled after each change, and the results of the changes are immediate. I believe UNIX 
meets this challenge. 


(U) The M&M approach keeps the analyst (or user) dependent upon the programmer 


for modifications, thus preserving the problem of too much demand being placed on a 
resource that is already overtaxed. The solution to the demand for software packages has 
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all too often been the letting of contracting, at considerable expense, to develop processes 
that a few analysts, skilled in a handler like UNIX, might be able to get along without. 


(U) four own resources were concentrated in a manner conducive to the development 
of generalized handlers (a Universal Procedural Applications Language), and perhaps a 
bit of that contract money concentrated into rewarding the good programmers we have 
left, we might be able to come up with better analysts and better programmers. As a by- 
product, we might be able to handle the workload with the number of analysts we have and 
do a better job of it. 


(U) So, what was it that set me off this time? A few days ago, while demonstrating a 
few system capabilities to a potential user, I was walking through the steps of a UNIX 
shell file (merely a collection of UNIX commands that execute sequentially and perform 
some process) and he asked me if I “wrote this program.” The words startled me. Wrote a 
“program”? Me? I'ma traffic analyst, I can’t “program.” My rather bumbling answer was 
something to the effect that this is really not a program, just a collection of instructions to 
perform a certain process on this computer. After he left I put the shell on the screen and 
read it a few times. By gosh, a few years ago I would have called that mess a program 
myself. [t “looks” like a program. It “acts” like a program. And my extemporaneous 
answer wasn't too bad a definition of a program. 


—E-CEOr I had to pause and reflect a bit. I put that shell together in about five 
minutes. What does it do? 


Based on past experience in trying to get a process to do a select of this nature, and 
going through the “channels” to get it, this “quickie” shell seems fairly powerful. 


(U) I think I’ve found a faster horse, I probably couldn't keep up with younger women 
anyway, and I'd rather have a cold beer than older whiskey, so if anyone knows someone 
looking for a “programmer,” I'll settle for two of four. 
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Computerizing Traffic Analysis (U) 


This paper was presented at the November 1982 meeting of CISI. 


The traffic analyst finds himself turning to data systems because he often has 
mountains of data to examine, because the people who receive TA results usually want 
their information very rapidly, and because almost all the data the traffic analyst wants to 
see are already inside a computer somewhere. 


(U) Most traffic analysts who try to look at data systems develop a kind of 
schizophrenia. On the one hand, the TA data that come in today have to be processed and 
analyzed today because there will be another batch of data coming in tomorrow. This 
means that the traffic analyst has to use today’s data system to handle today’s data. On 
the other hand, it does seem to us traffic analysts that data systems people would much 
rather talk about tomorrow’s system ~ the one that isn’t here yet, the one that won't have 
all these glitches and problems that today's system has. 


(U) The traffic analyst who is in the trenches on a current operational problem would 
easily trade all the glowing promises of some brighter tomorrow for a quick fix on some of 
the glitches in today’s system that will keep him from bleeding to death right now. That 
isn’t my subject today ~I really want to talk about the future. But as I thought about 
standing up here in front of all you data systems people, I couldn’t resist putting in a plug 
for the working traffic analyst; he needs your help, both today and tomorrow. 


THE PROLOGUE IS PAST 


(U) I might be well to begin with a little history, or at least history as I remember it. 
My first recollection of what we now call data systems was a lot of eighty-column cards and 
acard sorter. That was about thirty-five years ago. Watching those cards go through that 
sorter was rather hypnotic. The possibilities seemed limitless then -if we could only find a 
cheap and easy way to get the data onto the cards. I think the equipment was called 
Electronic Accounting Machines (EAM), and the people who supported the traffic analysts 
were called Methods Analysts (in the 1940s and early 50s). 


(U) Since our data consisted of a matrix with eighty columns and many rows (one row 
for each card), our output consisted of that same matrix with its columns and rows 
transposed in some way. Later, we added the ability to look up words or strings in a 
dictionary and insert the result back into the matrix. 


(U) Many years and computer systems later, in the mid-1960s, this was still the 
primary data systems support to traffic analysts: a transposed matrix (now often wider 
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than eighty columns) with a dictionary lookup. There were attempts to go beyond this. 
Most of the things we tried were made to fit one specific problem and never developed into 
general TA tools. We developed ponderous, monolithic record formats whose structure 
provided a special place for each variety of data we thought we would find in the traffic. 
What I remember most vividly are long, soporific meetings where all we ever seemed to 
talk about was what format the data were going to be in. We spent untold amounts of 
energy and resources getting al] of our data into these unyielding, user-murky systems, 
and there were often little energy and resources left over to develop any user-friendly 
output. 


(U) The result of this, in many areas, was that the output received by the traffic 
analyst was not much more than his original raw traffic, transposed both horizontally and 
vertically, and with some information added through dictionary lookup processes. 


ALONG THIN MATRIX 


The form in which the output was delivered to the analyst was often decreed by 
someone remote from the analyst - someone who never had to actually live with the output 
—and it was rarely ifever changed to fit the current needs of the local problem or individual 
analyst. 


(U) It is still possible, even today, to see analysts sitting down with computer output 
and handlogging data from that computer output onto a form for their own personal use. 
In at least two areas, one might then see that same handwritten log being used a little 
later to punch cards for further computer processing! 


WHAT IS THE TRAFFIC ANALYST TRYING TO DO? 


(VU) The traffic analyst is trying to draw a picture of his communications target. He 
usually wants this picture to show how his target looks when it is operating normally. 
Once he knows what his target’s normal behavior is, then he is in a position to detect 
variations, and report them to intelligence consumers. 


CONTINUITY 


(U) Traffic analysts are usually looking for something they call continuity. When 
faced with a target that has daily-changing callsigns, the traffic analyst seeks to learn 
which of today’s callsigns matches what callsign used yesterday. 


If I can say that the station that used callsign ABC on the first day is the same station 
that used callsign DEF on the second, then I can say that DEF (on the 2nd day) is 
continuity of ABC (on the 1st). On the third day, if I can say that GHI was used by that 
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same station, then I can add GHI (on day 3) as another link in a growing chain of 
continuity. Many of our TA targets do change their callsigns, frequencies, addresses, and 
other features on a regular basis. They do it to make collection and identification more 
difficult, and it is the job of the traffic analyst to defeat these changes by the development 
of continuity. 


Day 1 Day 2 Day 3 


ABC DEF GHI 


CONTINUITY 


Date: ~ 1 2 3 4 
STN1: ABC DEF GHI 
STN2:  ... sf 


TWO KINDS OF TRAFFIC ANALYSIS 


(U) There are two forms of traffic analysis on most problems: development and 
maintenance. To borrow an example from cryptanalysis, the attack against a cipher 
system often goes through two phases: 


« first, diagnosing and recovering of the general cipher system, and 


e second, exploiting and processing the recovered system, which often involves 
solving daily keys or settings. 


So too, in traffic analysis, one can consider that there is a development (or recovery) phase 
and a maintenance (or exploitation) phase, which may or may not include product 
reporting. However, in traffic analysis, the two phases often occur at the same time. 


(U) In some ways, the traffic analysis process resembles a spreading oil blot. Out on 
the edges, new target territory is being conquered; new target communications structures 
are being discovered and cataloged; new methods of identifying and distinguishing various 
communications are being developed. But back in the central part of the oil blot, the 
territories previously conquered must be kept track of, the continuity of target 
communications structures previously recovered must be maintained. 
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(U) The more territory one conquers, the thinner the center of the oil blot becomes. 
The more communications structures one recovers, the more continuities there are that 
now must be kept track of. As the maintenance effort grows, it will use more of the 
available resources, draining them away from the recovery part of the effort, and at some 
point it will have absorbed enough of the resources so that a point of “no growth” is reached 
and, for all practical purposes, recovery of new structures stops. If expansion doesn’t stop, 
the center of the oil blot will break; if development doesn’t stop, the maintenance effort 
will fall behind and begin to lose track of continuities, which will then have to be 
discovered and developed all over again. This tension over resources between 
maintenance and development is similar to the one between software maintenance and 
software development. 


(U) Sometimes the personality of the manager plays a part in just where this point of 
“no growth” takes place. Some managers are more at home in the settled, stable 
atmosphere of the center, where things don’t change much from day to day. These 
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managers tend to concentrate their attention on building a smooth-running system at the 
center, and may put a larger proportion of their resources into that area, so that the “no 
growth” point is reached more quickly. Other managers thrive in the rough and tumble 
frontier atmosphere out on the edges of the problem, where each day is likely to bring some 
new and different challenge. These managers tend to concentrate their attention on the 
recovery effort, sometimes at the expense of the more humdrum maintenance. 


REPORTING 


(U) Some traffic analysis problems have a lot of potential for reporting - for providing 
the intelligence consumer with a blow-by-blow account of what the target is going. 
Targets that involve ships and aircraft often have this potential because they move around 
from place to place, and the analysts often find much of their time taken up with reporting 
which ships and aircraft were active today, in what areas and performing what missions. 
Where this reporting potential is high, it tends to draw off resources from both 
development and maintenance. Managers whose problems have a strong reporting 
emphasis (especially time-sensitive reporting) will generally try to pull resources from 
development rather than from maintenance, because losing the continuities means losing 
the raw material for the reporting effort. Losing the development effort is generally seen 


as the lesser of two evils. 


(UL) As an aside, I should say here that the reporting side of traffic analysis is 
generally well ahead of the technical side in the use of computers. Since my primary 
interest in this paper is the working-level traffic analyst, I will be concentrating on the 
technical side, and I do not propose to discuss the reporting aspects of TA except as they 
touch on the technical side. 


(UC) From the standpoint of the two kinds of traffic analysis - development and 
maintenance - we can express the general goals in the following ways: 
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TA DEVELOPMENT GOALS 


(U) We rarely collect or analyze all of the communications of any given target. We are 
almost always working on a sample of the target. At any given time, there is some residue 
of the target that we do not maintain continuity on, and bits and pieces of that residue find 
their way into our unidentified or search pile - the file of incoming traffic that looks as if it 
belongs to our target but doesn’t exactly fit any of our known continuities. Development 
TA concentrates on that pile, trying to dig out new target nets and continuities. This 
unidentified pile is almost like “background noise”: it is always there, whether we talk 
about it or not. If we are still growing (if the oil blot is still expanding), then our 
development goal is to dig more of the target out of the unidentified pile. If we have 
reached the “no growth” point, then our development goal is to be able to recognize and 
develop any new communications that the target might put on the air - communications 
that ought to stand out against the “normal noise” in the unidentified pile. 


TA MAINTENANCE GOALS 


(U) During the maintenance phase, we want to be able to hang on to the continuity 
that we have already recovered. We want to do this 


e to support whatever analysis efforts are currently engaged on the target (such as 
cryptanalysis, language, reporting, etc.), and 


« tosupport whatever collection effort is working against the target. 


(U) To do the first support requirement properly, we need to be able to correctly 
distinguish and identify each of our continuities as the traffic arrives at the point of 
analysis, i.e., after it has been collected. However, to do the second support requirement 
properly, we need to be able to tell the collector before he collects the target, what the 
target is going to look like and what the target is likely to do. If we can tell the collector 
what callsigns the target will use, what frequency he will use, what time of the day he will 
come up, and what he is likely to do when he does come up, then we have satisfied our goals 
for maintenance traffic analysis. On some problems, we are fortunate in being able to do 
this on a regular basis. On others, we spend the first few hours of the day (or callsign 
period) scurrying about to recover new keys and then, for the remainder of the day (or 
period), we can project what the collector will encounter in the way of callsigns, etc. 


HOW CAN COMPUTER POWER BE APPLIED TO THE TA PROBLEM? 


—tS-€€0}-In order to consider how the power of the modern computer might be applied 
to traffic analysis, we need to look at the model of TA that emerges from these two phases: 
development TA and maintenance TA. Although I have described them as if they were 
distinct and separate, they really ought to be thought of as a conjugate pair, because they 
tend to occur together on most problems. It is also possible for certain problems to be best 
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described as a hybrid of these two forms: during the war in Vietnam, one out of every three 
pieces of intercepted traffic was unidentified, largely because of the rapidly changing 
nature of the target. The point I want to leave with you today is that any attempt to 
provide the traffic analyst, either here in this building or anywhere in the world, with a 
Traffic Analysis Workbench System must reckon with the fact that the problem he is 
working will always be some mixture of these two forms of traffic analysis. We also need 
to consider that a TA problem can quickly change from one form to the other. 


P.IBEBBE36 
EO.4.e}c) 


—(G}-We decided to see if we couldn’t find a way for computers to help us with the more 
stable maintenance problem. I remember spending several weeks laying out the logic and 
processes on the problem. And I remember being told, at the end of the project, that there 
wasn’t nearly enough memory available to do what I needed. 


MAINTENANCE DEVELOPMENT 
Problem type: slowly changing rapidly changing 
bookkeeping pattern searching 
“Anything changed?” What’s new?” 
How dynamic? slowly changing rapidly changing 
Foreknowledge: high low 
State of solution solved unsolved 
Control: semiautomatic hands-on 
Interaction: human-efficient human-intensive 
Techniques: target specific human specific 
knowledge-based? “mix-n-match” 
Worst case: “below the salt” start from scratch 


A COMPARISON OF TWO FORMS OF TA 


(U) Let's look at these two forms of TA a little more closely. How do they compare 
when we look at them from the viewpoint of providing today’s (and tomorrow’s) traffic 
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analyst with a computer support tool kit, while using a terminal workstation in an NSA 
worldwide networking environment? 


(U) In development TA (the garrison communications in our example), we have a 
bookkeeping problem, 


@ where the emphasis is clearly on keeping track of a lot of known continuities; 
« where we expect the changes in the target characteristics to be relatively modest; 


e where the technical means of keeping up with the target (i.e., callsign and 
frequency systems, address tables, etc.) are largely solved or understood; and 


« where we have good prospects of being able to project the appearance and behavior 
of the target from day to day. 


(U) In development TA (the training communications in our example), we have a 
pattern-searching problem, 


e where the emphasis is on sifting through masses of low-yield ore, looking for 
something that forms a continuity; 


e where the next success may look nothing like the last one; and 


e where the chances of finding that needle in the haystack may depend as much on 
the personality of the searcher as on the content of the haystack, 


If we can’t keep continuities (i.e., are not able to), then the target stays in the development 
phase, no matter how much we know about it. Someone once said that TA continuities 
take either 95 percent of our resources or 5 percent. That number may not be right, but the 
idea is. Being able to keep track of the continuities is the key to whether the problem is 
development or maintenance in nature. A daily-changing callsign system looks to us as if 
it is rapidly changing if we haven’t solved the system, but once the system is solved, we 
then perceive it to be slowly changing. It is a matter of viewpoint. 


(U) In maintenance TA, we work largely with what the target gives us. A package of 
techniques to grapple with a callsign system may work well enough on a problem where 
the callsigns are the key to our keeping track of continuity, but may be almost useless on 
another problem where the callsign system isn’t solved and we must rely on other things, 
such as serial numbers or addresses. 


(U) In development TA, on the other hand, a particular technique may pull one new 
structure out of the search pile and then never again find anything. The development 
analyst may need to continually devise new attacks and new methods; to him, the search 
pile is a featureless mass, and it is his job to sort out the various pieces and find ways to 
distinguish one piece from ancther with some reliability. 


(U) The maintenance TA problem probably needs a package that will 


e look over the incoming material for the day; 
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e make reasonable guesses about continuities (including garbles); 


e flash a warning light at the traffic analyst when things look very wrong or when it is 
confused by something; and 


e provide a clean and readable summary of its results to the analyst for review. 


It ought to keep up with both short-term and long-term trends, and should be especially 
attentive about “missing persons,” portions of the target which haven’t been seen for a 
while. 


(U) The development TA problem, on the other hand, needs a tool kit that will provide 
the analyst with a range of diagnostic, computational, and pattern-searching techniques 
that can be brought to bear on the problem, in whatever mix the analyst needs at the 
moment. 


WORST CASE 


(U) I have shown what might be called the “worst case” for each of these forms of 
traffic analysis. 


(U) In maintenance TA, one sometimes finds that a problem must somehow be 
worked, but that it has no real resources and not enough clout to get any. Now, in the best 
of all worlds, where everything is done right and for the right reasons, such problems 
should not exist. If a problem is worth working on at all, it is worth the resources needed 
to get the job done. However, in the real world, those problems that are “below the salt” 
will be working with whatever support they can beg, borrow, or scrounge. Proving a 
general package for such problems would pay for itself a hundredfold in the first few years. 
At the minimum, the package needs to be able to “ring an alarm bell” when the target 
starts to disappear, or becomes more active, or changes in some other way. 


—-t3-€€@} In development TA, the worst case might be the situation where nothing is 
known. That is not as uncommon as some people might think. 


When we pull together an analysis 
effort for a sudden war or brushfire, the analysts are usually drawn from other problems 
around the building; it would be nice if they didn’t have to add “learning a new system” to 
all the other problems they will face on the new target. Therefore, the tool kit for such 


situations must be quite general and all-purpose. 


TWO SYSTEMS OR ONE? 


(U) What I have been describing so far may sound like two different systems, but what 
I am proposing is one system, with two parts. [ have already said that these two phases or 
aspects of TA occur together, and I should add that on more than one problem, they are 
frequently done by the same people. New continuities are recovered by the development 
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TA process, and then handed over to the maintenance TA effort to be kept track of. 
Information is often derived by the maintenance effort that will help the development 
effort. What the traffic analyst needs is one system that has enough flexibility for him to 
move whichever way his TA problem takes him. It would also be useful if the language we 
use is one that isn’t going to change every few years because some equipment in the 
basement is being upgraded. 


PINSETTER 


(U) Several years ago, we began to work on the concept of a Traffic Analysis 
Workbench System, with the covername PINSETTER. Some of what I have described here 
comes out of that experience. PINSETTER has been described elsewhere, so | will not spend 
time on it here. However, I will share with you some of my personal conclusions about 
PINSETTER, especially those which seem to be pertinent to the future. 


(U) There are aspects of traffic analysis that resemble word processing, and a good 
screen editor seems to go a long way toward putting the analyst in contact with his traffic, 
letting him rearrange it and touch up the rough edges and garbles the way he (the owner) 
wants them. It lets him look at the data before he decides what processing to apply to 
them. It also puts him in a good position to generate reports about his problem, especially 
the technical reports with technical data embedded in narrative text. 


(U) A good tool kit, similar to UNIX and the PINSETTER extensions, is invaluable in 
providing the traffic analyst with the ability to tailor-make his own flexible processes for 
large scale manipulation of his traffic. 


(U) Many of the practical results of PINSETTER results that found their way into daily 
applications on specific targets were not limited to traffic analysis. It became a regular 
occurrence to hear people from other cryptologic disciplines tell us that much of the 
UNIX/PINSETTER package for traffic analysts was what they needed, too. 


PROBLEMS THAT NEED SOLVING 


(U) Among the many problems that need to be solved, I would like to mention two. 
Both of these are areas that are critical to the future TA Workbench System. 


ARCHIVES 


(U) Some of our continuities form chains that stretch back to the end of World War II. 
One of the things that data systems people don’t like to hear is that we need storage for 
data whose lifetime must be measured in years, and perhaps decades. Some years ago, 
there came a time when all of our incoming data went solely into the computers in the 
basement. [t was the culmination of the dreams of a number of people: to take the raw 
traffic away from the analyst! I don't challenge that decision. It is history. But I must say 
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that on many TA problems around the Agency, there are no good records on our known 
continuities from that date forward, unless there were analysts still keeping some sort of 
hand records. The philosophy on most computer hosts is that any records not accessed 
within some period (usually a year or less) are taken off the system. 


(U) Even if the data are put onto tape, the medium will deteriorate. Once on tape, the 
data are “out of sight and out of mind.” The software understands that data will sooner or 
later disappear or be “improved.” Nevertheless, the analysts on that problem are still 
responsible for that period of time, and may still have to field questions about their 
targets for that time period. So far, we have dodged this bullet, but sooner or later we will 
have to face the need for long-term archives. 


INFREQUENT USE OF PROCESSES 


(U) The second problem involves the question of software that is only infrequently 
used. For example, suppose that one of our larger targets has a major communications 
change every five or six years. The effect of this change is so great that it interrupts 
intelligence reporting on that target until the new communications structures are 
understood and recovered. Each time the change occurs, an intensive effort is therefore 
mounted to recover our continuities in the shortest possible time. 


(U) In the old days, when the special effort was over, everything was bundled up and 
packed away for retrieval when the next change came along. But how do we handle this 
now that we have modern data systems support? After five or six years, how much of the 
software is still useful? Chances are that the database has been changed, as well as the 
host on which it resides. 


(U) Another example might be the diagnostic techniques to attack a particular kind of 
callsign system. Once the system in question is solved, how should we preserve the 
software so that it doesn’t need to be reinvented the next time such a system is 
encountered? Suppose we don’t find a similar system for five, or six, or even ten years? 


CONCLUSION 


(U) I don’t offer either my observations or my experiences as criticisms, but rather as 
areas of traffic analysis support which need to be solved. I have tried to avoid mentioning 
specific hardware or software, except as examples. A man named Bob Biles taught me 
long ago that users should never tell computer people what equipment to use. 


(U) Perhaps traffic analysis has lagged behind other cryptologic disciplines in making 
full use of modern data systems. But that is changing, thanks to the patience, ingenuity, 
and hard work of many of you here today. I still keep a supply of pencils around, and I still 
have a pencil sharpener on my desk - but I have noticed that I don’t really use them very 
much anymore. 
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Traffic Analysis: Specialty Without Portfolio 


Editor's Note: This is an address given byL______ Ithe A2 Senior Analyst, at the 1980 symposium of the 
Communications Analysis Association; it is based on his extensive experience on the Soviet military problem. 


In addition to cryptanalysis, which I do not intend to deal with in this discussion, 
communications intelligence has always involved two primary, overlapping but distinct, 
tasks with respect to target analysis: 


e ordering and understanding target communications structure and procedures— 
commonly referred to as traffic analysis, and . 


e describing target organizations, activities, intentions and trends —- known as 
intelligence analysis or special research analysis. 


The major overlaps of the two disciplines are in their contribution to target organization, 
or order of battle, and command and control. 


Of these two skills, only the latter one, intelligence analysis, has been effectively 
accommodated in the NSA career structure. Traffic analysis, in terms of its application, is 
largely regarded as a skill to employ if time and resources permit, which means that it is 
basically nonfunctioning in many important areas. Incareer terms, it has been essentially 
inaccessible to representative numbers of people, being an apprentice slot that must be 
abdicated by those with more than modest ambitions. 
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The Future of Traffic Analysis 


[| 


It is a pleasure to be here and to be asked to think about the future of TA. That’s a 
subject I’ve been thinking about, in one way or another, for most of my adult life. 


P.L. 86-36 


I would like to begin by making some predictions about TA twenty years from today. I 
found a crystal ball and was going to set it up here on the podium for these predictions. 
However, the guy that owned it couldn’t figure out why I wanted it, so I decided it wasn’t 
worth the trouble. 


Here are the predictions. 


e Twenty years from today, people outside the field will be telling us that TA has 
no future. 


Back in 1946 when I first started, people were quick to tell me that TA was a wartime 
skill, that it did a fair job during the war, but that it wouldn't be around very long in 
peacetime. In fact, I can remember not really wanting to be in the field of TA. I was 
convinced that CA was more interesting, and for a while I did my best to get out of TA so I 
could work in CA. (Later on, when I got my hands on some actual raw traffic and began to 
work with collectors, I found that TA was a lot more interesting than I thought.) And 
people have been predicting the demise of TA ever since. By now it’s an old song, but I 
even hear it today. So it doesn’t take much nerve to predict that we will still be hearing 
that song twenty years down the road. . 


© The highest graded individual in the TA field will be a supergrade, or 
whatever they are calling them twenty years from now. 


This is another easy prediction[ __——————S—_—s(got to be a supergrade as a Traffic 
Analyst, and so did I. I see no reason why other Traffic Analysts can’t do the same. If 


anything, it ought to be a little easier for you, because the Agency is now more attentive to 
the technical track than it has been in times past. 


e Most of the daily front page news in the intelligence community will be 
provided by TA. 


This is another easy one. We do it now. We have been doing it. It seems an easy 
projection to say that we will continue. We will still be relying on TA for much of our 
Information [sic] & Warning. There may be some new high-tech wrinkles in the I&W 
world twenty years from now, but TA has a good track record for reliability and 
consistency in this area. It is so simple for TA to “reach out and touch” targets to see if 
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they are normal. Even if some good gadgetry comes along, the result will be some sort of 
partnership between the new techniques and the old reliable methods of TA. 


© We will still rely on TA for collection steerage. 


It is funny how often this is overlooked in day-to-day operations. And yet some TA 
shops could almost pay their own salaries in the savings from more efficient use of 
collection resources. Signals are getting more complex. Some of today’s targets have a lot 
of money to spend and are modernizing faster than our collection system. All of this will 
require even more efficiency for collection steerage, and that’s where TA has to come in. 


This hasn’t changed for years, and probably won't over the next twenty. TA people are 
still “batching” traffic into homogeneous groups to prepare it for cryptanalytic attack. Ask 
your favorite cryppies if they would like this to continue. Once cryptanalysts experience 
good TA support, they become believers; they will ask for it again and again, because they 
know it helps them to do their own job well. 


e On Tuesday, the 24th of May, in the year 2005, someone will be heard to say, 
“My problem isn’t a standard TA problem - we don’t use callsigns.” 


1 think I first heard this about thirty-five years ago when I started working on a 
radioprinter problem. I really don’t think there is a standard TA problem. What we have 
is one or two problems that are so large, we tend to think of them as standard. But they 
aren’t. Traffic analysts have a large bag of tools, built up over the years. We keep adding 
to that bag of tools, but we don’t throw old tools away. Lately, we’ve been added some 
computer tricks to our tool kit, and over the next twenty years, I suspect that other new 
tools will be developed. We need every tool we can get. 


Art Levenson used to say that we were a bit like a man that has lost his wallet ona 
very dark street. We don’t look for it where we think we lost it-—in the dark. We look for it 
under the street light where we can see. We have to work with what the target gives us. 
And we use whatever tools are appropriate for the features the target gives us. 


This leads me to my last prediction, one I hope does not come true: 


e Sometime during the next twenty years, your target, or the target you are most 
interested in, will have a major communications change. 


Maybe the target will find out what we use to exploit his communications, how we do 
our little magic tricks to produce TA results. Maybe they will have a spy, or maybe some 
public figure will slip and say too much, or maybe someone will go out and write another 
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dumb book. Whatever the reason, the target will change its system, perhaps at great cost 
and inconvenience. 


First there will be panic and lot of running around. Then, after things settle down a 
bit, the traffic analysts will begin to take a look at what the target is giving us to work 
with. Then they will dip into that big old bag of TA tools and start building another 
processing system, a system that will feed the collectors, and the cryptanalysts, and the 
intelligence community. As they recover the new signal plan, what the traffic analysts 
find will be new, and maybe some of the tools they use will be new. But it will still be TA. 
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Valedictory of a Traffic Analyst 


P.L. 86-36 
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(U) On August 1, 1985, [ retired from the National Security Agency after almost forty 
years of eryptologic work, which included at one time or another most of the things NSA 
does in the fields of collection, analysis, and SIGINT reporting. I enjoyed every minute of it. 
[honestly don’t believe I could have chosen a more enjoyable or rewarding career. If I had 
been born rich, I would have done traffic analysis for nothing; if | had been independently 
wealthy, I would have paid the Agency to let me do it. Hang with me for a few minutes of 
serious discussion about machine processing problems, and I’H share with you a few 
observations, comments, and recommendations that may contribute to your enjoyment of 
the profession and perhaps help you to avoid some of the pitfalls that beset the paths I 
wandered in. 


(U) The most important question confronting the profession teday is why, from a 
traffic analyst’s viewpoint, data processing systems have not yet produced the Utopia we 
were led (or stampeded) to expect back in the early 1960s. 


(U) In the January—March 1980 Cryptolog, [___perventy sorts working 
analysts into three categories: loggers, case analysts and research analysts. He then 
predicts that automated processing techniques will permit us to eliminate the loggers, and 
assesses that the research analyst is the one with the bright future because he is concerned 
with the “why of analysis...driven by his desire to explain.” But every analyst should be 
saying why, and George’s prediction that the logger will become obsolete just hasn’t 
happened, although it should have. Indeed, we now have a new generation of loggers who 
have even less understanding of traffic analysis than those who preceded them. 


(U) After George discusses how analysts are going to have to adapt in order to be 
productive in a modern (machine-oriented) world, he puts his finger squarely on the major 
problem area, “manageable machine systems that will function as designed.” And he goes 
on to point out, “. .. our track record for the development of such systems is not 
impressive.” 


(Uy In the December 1981 Crypiotog[ __ublished an article on machine 
processing that everyone who claims to be a traffic analyst should have read. Part of what 
Dale addressed was the problem with keeping competent programmers on the job, and how 
the traffic analyst could be freed from total dependence on the programmer. 


(U) Traffic analysis is basically a very simple art if you are able to keep your mind 
loose so that you can recognize and exploit whatever the target gives you to work with. 
This is a fairly easy exercise intellectually, but it is much more difficult toe structure your 
thought processes in order to design a machine processing system that will give you 
essentially the same versatility. Unfortunately, we have some managers and analysts 
who have produced processing systems and tried to make the target fit the processing 
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scheme, and I include in this category most of those procedures that were designed to 
replace a hand log kept by the analysts with a similar log prepared by the machine. The 
results were predictable. What we have now are logs prepared by machine that in many 
instances are inferior to those the analyst prepared by hand. And, without the benefit that 
accrued from working the traffic by hand, today’s analyst has even less understanding of 
the data and may in fact be at a total loss to explain observed anomalies. 


—-t€> We can reverse this trend. We need to build on the good decisions we have made 
with regard to automating data processing for traffic analysis, and we must be willing to 
discard the bad decisions. What we really need to do now is to get on with developing an 
expert system that will process automatically all incoming traffic, compare what is 
observed to a dictionary of stated norms, and send appropriate alert messages to analysts 
and reporters on trouble spots. 


(U) None of this should be difficult. Building and testing dictionaries will be tedious, 
but in the process of doing this, the analyst will be compelled to learn a great deal more 
about his cases than he now knows, and supervisors will be compelled to work with 
analysts to a much greater extent than is taking place now. When an expert-type system 
is in place and functional, one of the benefits will be that time will become available for a 
different and much more meaningful kind of on-the-job training. 


-S-GEO}- We began exploring how to develop an expert system for processing] __| 

just before [ retired. l expect initial development to be slow, 
painful, and frustrating, but I do expect the system to “function as designed.” What we 
must have to make it work is a sufficiently confident estimate of our analytic judgment 
and capabilities to tell the machine how to do all the dog work for us and then let it do the 
job. There can be no doubt as to our ability to make the right technical and reporting 
decisions based on the alert messages because each analyst must understand his 
responsibilities well enough to have described his case, net, and network norms to his 
analytic dictionaries. 


(U) We will see vastly improved databases as a side benefit of this kind of processing. 
If the input data aren’t good, the expert system is going to make noise; it will not permit 
any analyst to do a poor job on editing input data without sounding off. 


(U) I am not persuaded that an expert system can be developed and implemented by 
evolution; probably the best (and certainly the quickest) way to effect such radical changes 
in the way traffic analysis is accomplished would be to select the right analysts and 
programmers, charge them with developing an expert system to do traffic analysis on a 
specific target, and set a deadline of perhaps a year hence for the initial job to be finished. 
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There should be no restrictions as to how the task is to be accomplished, and there should 
be no arbitrary limitations as to the techniques to be used (e.g., storage of norms for 
ordinary comparisons should not be made excessively difficult by the intricacies of an 
existing database). 


(U) There is no question that the Agency will develop an expert system at some point 
in the future, if not for normal traffic analytic functions, then to provide rapid data 
evaluations for tactical support of military forces. I regret that I will not be here to see it. 


(U) Here is the advice I promised earlier. 


(U) Learn to be persuasive as well as informative in any presentation you make. The 
best ideas you have aren't worth much if you can’t sell them. You cannot depend on 
decision makers to steer the right course because it is (or appears to you to be) the logical 
thing to do. 


—tFOte, Reporting the results of your analysis is part of your job. Learn what the 
intelligence requirements are for the target you are assigned and relate them directly and 
specifically to how you work your traffic. If you don’t understand what it is that you are 
supposed to be getting out of the traffic and don’t try to find out, you are still a logger, and 
that’s all you’re ever going to be. 


(U) Avoid meetings. Iam convinced that many people at the Agency really and truly 
believe that they are making progress as long as they are talking with each other 
regardless of whether anything is actually being done. I have attended some meetings 
where the only concrete thing accomplished was an agreement to meet again at some 
specified date in the future to discuss the same subject. And so help me, they all left happy. 


(U) Don’t take sinful pride in your own words. If the staff officer who reviews your 
message or report wants to change your words for his, don’t be offended. Staff officers do 
serve a useful function. If you have treated them with respect in the past, they will often 
help you get out of trouble. 


(U) I finished this article just as my NSA career came to anend. Reading it over, I find 
a line or two that may be mildly objectionable to one person or another. It was not my 
intention to offend anyone by my choice of words or by my comments, and if I have given 
offense, I apologize. This doesn’t sound like me, but it does sound nice, and I think I'll 
leave it right there. Goodbye, good luck, God bless you all. 
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Upon joining the U.S. Navy (WAVES) in February 1943, Mrs. Filby 
trained in aerology at Lakehurst Naval Air Station. In the summer of 1944 she 
was stationed at the Naval Communications Annex (NCA), where she accepted 
an appointment as a civilian in May 1946 and served as an analyst, translator, 
reporter, and staff product and technical editor in the weather branch until 
1958. This period included atour withtheL_—SSS~S™~SsSC« 9B). 
From 1958 until 1964, Mrs. Filby served as an analyst, cryptolinguist, and 
reporter in Soviet naval and merchant shipping problems. This period included 
assignment to the Military Cryptanalytics course (taught by Lambros 
Callimahos), a year-long Advanced Intensive Russian course, and the pilot 
SIGINT reporting course at the National Cryptologic School (NCS). She was 
instructor and developer of the NCS SIGINT reporting course (1964-83), organizer 
of a two-day seminar on SIGINT reporting including Second Parties (1978), and 
designer of the first SIGINT reporting course for the field (1982). Mrs. Filby was 
chief of the Intelligence Skills Division, Intelligence and Analysis Department 
(E4) at the National Cryptologic soho! (1983-86). She continued teaching and 
presented the field SIGINT re i i 

In 1986 she was ssigaad as special assistant to the Dean, E4. She 
studied the status of SIGINT reporting throughout the Agency; developed a course 
on the National SIGINT Operations Center; and developed and managed seminars 
on SIGINT Users, Support to Military Operations, and Current Issues in SIGINT 
Reporting. In July 1991, Mrs. Filby was assigned to the Center for Cryptologic 
History. She has been president of the Crypto-Linguistic Association (1975-1976) 
and has received several awards: NCS Teacher of the Year (1970); the 
Meritorious Civilian Service Award (1972); and the CIA Sherman Kent Award for 
the most outstanding contribution to the literature of intelligence (first NSA 
winner, 1983). 
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Preface 


ATP 6-02.53 is the primary doctrine publication for tactical radios and tactical radio networks. This 
publication describes the non-prescriptive methods to perform missions, functions, and tasks for the 
employment of tactical radio networks to support every warfighting function and enable command and 
control of Army forces. 


This publication includes doctrine on new communications and networking capabilities. It addresses the 
employment of interdependent and interoperable enterprise and tactical systems in the tactical network. 
This publication supports the Army’s goal to provide an integrated network that is interoperable across 
all mission environments during all phases of operations. This publication implements North Atlantic 
Treaty Organization standardization agreement 4538, Technical Standards for an Automatic Radio 
Control System for High Frequency Communication Links. 


The principal audience for ATP 6-02.53 is commanders, staffs, supervisors, planners, radio operators, 
signal Soldiers, and other personnel responsible for operating tactical radios or employing tactical radio 
networks across multiple domains, at all echelons. ATP 6-02.53 is a standard reference for tactical radios. 
It provides system planners with guidance and steps for network planning, interoperability 
considerations, and equipment capabilities. 


Commanders, staffs, and subordinates ensure that their decisions and actions comply with applicable 
United States, international, and in some cases host-nation laws and regulations. Commanders at all 
levels ensure that their Soldiers operate in accordance with the law of war and the rules of engagement. 
(See FM 6-27.) 


ATP 6-02.53 uses joint terms where applicable. Selected joint and Army terms and definitions appear in 
both glossary and the document. Terms for which ATP 6-02.53 is the proponent publication (the 
authority) are italicized in the text and marked with an asterisk (*) in the glossary. Terms and definitions 
for which ATP 6-02.53 is the proponent publication are boldfaced in the text. For other definitions shown 
in the text, the term is italicized and the number of the proponent publication follows the definition. 


ATP 6-02.53 applies to the Regular Army, Army National Guard/Army National Guard of the United 
States, and United States Army Reserve unless otherwise stated. 


The proponent for this publication is the United States Army Cyber Center of Excellence. The preparing 
agency is the Doctrine Branch, United States Army Cyber Center of Excellence. Send comments and 
recommendations on a DA Form 2028 (Recommended Changes to Publications and Blank Forms) to 
Commander, United States Army Cyber Center of Excellence and Fort Gordon, ATTN: ATZH-OP (ATP 
6-02.53), 506 Chamberlain Avenue, Fort Gordon, GA 30905-5735; or e-mail to usarmy.gordon.cyber- 
coe.list.mbal-gord-fg-doctrine @ mail.mil. 
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Introduction 


ATP 6-02.53 expands on the foundational information about tactical radios in FM 6-02. Tactical radios 
are critical command and control enablers in unified land operations. Radio networks empower 
subordinate decision making through the mission command approach. Tactical radio networks 
synchronize and integrate the elements of combat power across all domains and the information 
environment. Tactical radios and networks support the Army’s strategic roles to shape operational 
environments, prevent conflict, conduct large-scale combat operations, and consolidate gains against a 
peer threat. 


Fluid tactical situations in sustained operations require versatile and adaptable tactical radios. Tactical 
radios provide Army forces the capability to move and communicate from higher echelons down to the 
squad level. Squad-level radios enable communication and situational awareness at the lowest level 
possible. This publication presents techniques for Soldiers to execute the Signal Corps’ core competency 
associated with network transport. This revision of ATP 6-02.53 includes updated information to address 
new or modified single-channel radio systems. 


ATP 6-02.53 has ten chapters and eleven appendixes— 


Chapter 1 provides an overview of tactical radios, tactical radio networks, capabilities, and network 
management. 


Chapter 2 addresses the employment of tactical radios at all echelons of the Army. 


Chapter 3 addresses the tactical radio platforms and associated waveforms that Army forces employ at 
all echelons across all phases of operations. 


Chapter 4 discusses the waveform and waveform application functional component of the tactical 
networking environment. 


Chapter 5 describes the commercial off-the-shelf VHF radios used to support tactical radio operations. 


Chapter 6 addresses the ultrahigh frequency radios and systems that play a significant role in network 
centric warfare. 


Chapter 7 addresses the airborne radios employed to provide communications for ground-to-air 
operations, air-to-air, and air-to-sea missions. 


Chapter 8 addresses antenna techniques, concepts, terms, types, effects, and provides examples of 
antenna field repairs. 


Chapter 9 addresses key management techniques when protecting voice, data, and video information 
over tactical radio networks. 


Chapter 10 addresses electronic warfare and the electronic protection techniques used to prevent enemy 
jamming and intrusion into friendly communications systems. 


Appendix A describes frequency modulation networks. 


Appendix B identifies radio sets essential components, characteristics, properties of radio waves, wave 
modulation, and site considerations for single-channel radios. 


Appendix C addresses HF, VHF, UHF antennas. 
Appendix D addresses radio operations in unusual environments. 


Appendix E addresses the Julian date, synchronization time, and ZULU time. It also provides a time 
zone conversion chart. 
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Appendix F provides procedures for preventing a network compromise and addresses recovery options 
available to the commander and staff. 


Appendix G addresses data communications elements as binary data, baud rate, modems, and forward 
error correction. 


Appendix H addresses single-channel ground airborne radio system implications and cosite interference 
mitigation. 


Appendix I addresses the proper way to pronounce letters and numbers when sending messages over 
the radio and the proper procedures for opening and closing a radio net. 


Appendix J provides recommendations on repairing antennas and antenna supports. 


Appendix K consists of tactical satellites, communications planning considerations, ultrahigh frequency 
terminals, fire support networks, and airborne and air assault units. 
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Chapter 1 
Overview 


This chapter introduces tactical radio operations, radio networks, and radio network 
management across all phases of operations to support warfighting functions. Radios 
are not stand-alone capabilities, but they are complete interoperable networks that 
provide commanders with a mobile ad hoc networking environment. 


TACTICAL RADIOS 


1-1. Tactical radios are a necessity for Soldiers during military operations. Squad leaders and higher use 
tactical radios to communicate and share a common view of the operational environment. Tactical radios 
provide Soldiers the ability to send and receive voice, data, and video communication. Tactical radio systems 
are the primary means for Soldiers to communicate during operations. 


TACTICAL RADIOS IN ARMY OPERATIONS 


1-2. Army forces employ a variety of tactical radios and waveforms to shape operational environments, 
prevent conflict, conduct large-scale combat operations, and consolidate gains in operations in multiple 
domains. Tactical radios and waveforms support the Army’s enterprise initiative to be an integrated and 
interoperable network from the highest to the lowest echelon. 


1-3. A wide variety of tactical radios support tactical communications. These radios include— 
e High frequency (HF) radios. 

Very high frequency (VHF) radios. 

Ultrahigh frequency (UHF) radios. 

Multiband radios. 

Multimode radios. 


Secure wireless broadband solutions microwave radios. 


1-4. Enemies may use electronic warfare (EW) capabilities to interfere with U.S. communications. Radio 
operators must learn to recognize and respond to enemy EW efforts. Chapter 10 discusses enemy EW and 
electronic protection techniques in detail. 


TERRESTRIAL AND SATELLITE COMMUNICATIONS PRODUCTS 


1-5. Terrestrial and satellite communications (SATCOM) radios are software-defined radio systems that 
enable communications to the lowest level and support current and future communication for all services. 
Terrestrial and SATCOM radio configurations include— 


e@ Airborne. 

Maritime. 

Terrestrial fixed station. 
Vehicular. 


Handheld and man-pack. 


1-6. These radios enable connectivity throughout the area of operations. Chapters 3 and 4 discuss the 
tactical radio platforms and associated waveforms used by Army forces in detail. 
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TACTICAL RADIO NETWORKS 


1-7. Tactical radio networks play a vital role in facilitating command and control and providing situational 
awareness during operations. The primary function of tactical radio networks is voice transmission to enable 
communication and situational awareness at all echelons, across all phases of operations. It assumes a 
secondary role for data transmission where other data capabilities do not exist. Tactical radio networks are 
located at every echelon in the tactical force. Each echelon employs radio-based systems to provide voice 
and data communication during all phases of operations in the most austere environments and provides 
situational awareness to support mission accomplishment. Tactical radio networks provide the principal 
means for facilitating communication between Army and joint forces. Tactical radio networks support Army 
forces’ requirements for a horizontally and vertically integrated digital information network. Tactical radio 
networks facilitate communication and situational understanding, which enhances the military decision 
making process by providing reliable and secure communications connectivity. 


1-8. As technology changes, tactical radio capabilities change and incorporate into the network. The 
capability enhancements enable web services at a command post allows command and control on the move 
capabilities in leader vehicles, and extends the data network to mounted and dismounted platoon leaders, and 
team leaders operating on handheld Android devices. The enhancements improve the overall accuracy of 
position location information and reduce the latency of information to the Soldier. 


TACTICAL NETWORK 


1-9. The tactical network is the physical communications network that provides the data backbone to 
support the exchange of digital information as communication and situational awareness messages. A 
communications network is an organization of stations capable of intercommunications, but not necessarily 
on the same channel (JP 6-0). A message is any thought or idea expressed briefly in a plain or secret language 
and prepared in a form suitable for transmission by any means of communication. (JP 6-0). The tactical 
network includes the following— 


e@ Combat net radios. 

Single-channel ground and airborne radio system (SINCGARS). 
Vehicular and dismounted mission command systems. 

Joint Battle Command Platform. 

Nett Warrior. 

Ad hoc self-forming networks. 

e Blue Force Tracking (BFT) I and II. 


1-10. The tactical network forms two distinct information exchanges, the upper tier, and the lower tier. The 
upper tier consists of multi-channel satellite systems and other Warfighter Information Network-Tactical 
(WIN-T) systems. The lower tier is the networking environment that consists of communications support 
systems by units at brigade and below. 


Upper Tier 


1-11. The upper tier tactical internet provides high-throughput networking at-the-halt to corps command 
posts, and at-the-halt or on-the-move at the division and brigade combat team. The upper tier extends the 
DODIN, to deployed forces. The upper tier uses WIN-T nodes to extend SECRET Internet Protocol Router 
Network, Non-classified Internet Protocol Router Network, and Joint Worldwide Intelligence 
Communications System from the regional hub node to command posts at corps, division, and brigade. For 
more information about the upper tier tactical internet, refer to ATP 6-02.60. 


Lower Tier 


1-2 


1-12. The lower tier supports tactical formations down to the team leader with data and voice 
communications and provides situational awareness information, friendly and enemy locations. The lower 
tier consists of interconnected voice and data, tactical radios, and operates simultaneously and transparently 
to the user. 
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1-13. The lower tier has combat net radios at the lowest tactical level using software-defined radios in 
mounted and mobile configurations. The lower tier enables commanders and Soldiers to exchange secure and 
protected terrestrial and satellite-based voice and data communication at all echelons. Satellite-based 
communications consist of narrowband SATCOM capabilities. 


1-14. The lower tier is composed of five primary functional components— 
e Radio platforms. 
e@ Waveforms and waveform applications. 
e Network Operations Management System. 
e Ancillary devices. 
e@ Mission command mounted and mobile applications management. 


1-15. When combined, these components form a complete network capability that enables commanders to 
exchange protected terrestrial and satellite voice and data across their entire formations. The lower tier 
requires that all functional components operate simultaneously. The failure of a single functional component 
to initialize and operate jeopardizes the overall lower tier capability. 


Radio Platforms 


1-16. Radio platforms are composed of a mix of all legacy radios and newly developed software defined 
radios. The radio platform component is a combination of the hardware, which includes antenna, batteries, 
operational devices, and the software design inherent in the radio operating system. The radio operating 
system software allows the interaction between the radio hardware components and the Network Operations 
Management System and Waveform Applications component software. 


1-17. The hardware and software link together less rigidly in software defined radios. Software defined 
radios provide greater interoperability with waveform applications and network management tools while 
minimizing interoperability issues associated with the enhanced radio platform operating system. Radio 
platforms provide a comprehensive and overarching system of systems capability for the maneuver 
commander. Radios are not stand-alone systems but rather a complete set of interoperable networks that 
provide a maneuver commander with a mobile ad hoc networking environment based on flexible and resilient 
internet protocol (IP) based messaging. 


Waveforms and Waveform Applications 


1-18. The waveform application component is composed of all current software defined waveform 
applications that provide a means for passing voice, data, and video across the transport layer of the tactical 
radio network. Waveform applications are peer-to-peer programs that facilitate data exchange across the 
spectrum of radio networks. The optimization of each waveform application meets the mission needs of the 
portion on which it operates. These are important considerations for tactical radio network planners as they 
develop their network architecture to meet their commander’s communication requirements. Plan, configure, 
and load waveform applications onto the radio platforms through the Network Operations Management 
System. 


Network Operations Management System 


1-19. The Network Operations Management System is the integrated capability that allows network 
managers to plan, configure, manage, and monitor all other components of the terrestrial and satellite-based 
tier of a tactical radio network. The Network Operations Management System also includes radio platforms, 
mission command mobile/mounted applications, ancillary devices, and waveform applications. The Network 
Operations Management System is the capability through which the battalion or brigade signal staff officer 
(S-6) develops a network plan and initializes and operates the radio network for their respective command 
level. The functional integration of Department of Defense information network operations capabilities 
across the radio platform operating system, the waveform application software, and the Network Operations 
Management System results in the achievement of network operations. The battalion S-6 conducts many 
tasks manually to ensure the proper planning and configuration of the network, and to ensure proper 
management of the component devices of the network. 
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Ancillary Devices 


1-20. Ancillary devices encompass all the networked and non-networked items that connect directly to the 
radio platform or enable the routing and transmission of data between radios, or security environments. These 
devices include talk selector switches that connect to the radio platform and provide cross-domain solutions, 
gateways for joint and multinational interoperability, enterprise services to support positioning, navigation, 
and timing provided by the Global Positioning System (GPS). Networked ancillary devices provide critical 
interconnectivity capability between radio networks and ensure that voice and data are processed and routed 
as prioritized by the commander. 


Mission Command Mobile and Mounted Applications Management 


1-21. The battalion S-6 staff is ensures proper planning, configuration, and initialization of mission 
command applications that operate on mounted platforms and mobile dismounted Soldier’s platforms to 
support the commander’s mission. This responsibility requires the proper alignment of mounted and mobile 
applications with more fixed and traditional applications residing on the battle command common services 
stack of servers and other key information repository sources. The battalion S-6 ensures the proper alignment 
and interoperability between the mission command applications and the transport network of their battalion. 


1-22. Mounted applications consist of native applications built onto the Mounted Computing Environment 
Software Development Kit. Mounted applications share common components, user interfaces, and 
communication methods as the GPS and Joint Battle Command-Platform web services. Web services are 
applications accessed via a web browser and run as local web services with limited shared data as web mail 
and Command Post of the Future thin client. Virtual machines run as stand-alone applications on mounted 
platforms with minimal sharing. 


1-23. Mobile applications consist of two categories, those that run natively on the mobile platform and those 
accessed as web services. The web service configured on a remote server is the mobile device subscribes to 
with an IP address provided by the controlling authority. The battalion S-6 configures native mobile 
applications with a planning tool. With this tool, the battalion S-6 can create, assemble, manage, and transfer 
mission data. Mission data includes digital map files, the unit task organization, photo image files, and other 
files to support the mission. Before putting the mobile device into operation, the battalion S-6 ensures the 
conversion of a map into a format accepted by the mobile platform. Using the planning tool, the battalion S- 
6 provides all imported files, free of viruses or other destructive code, to the mobile platform. 


NETWORK MANAGEMENT PLANNING TOOLS 


1-4 


1-24. The network management tools for the mission command network do not operate as a stovepipe 
environment. A universal approach to network planning and management enables the accomplishment of 
network management at the tactical level. The effectiveness of the lower tier portion of network centric 
warfare depends mainly on network planners’ ability to plan complex mobile networks, share the network 
planning data across a joint operational environment, view network performance data, and provide situational 
awareness data across the different tiers. The network management tools enable Soldiers to operate in a net- 
centric environment without overburdening the network planners and managers with complexity. 


1-25. The following planning tools used for current radio systems in the lower tier— 


e Joint Automated Communications Electronics Operating Instruction System and Automated 
Communications Engineering Software. 


Joint Enterprise Network Manager. 
Tactical Internet Management System. 
Coalition Joint Spectrum Management Planning Tool. 


Systems Planning, Engineering and Evaluation Device. 
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JOINT AUTOMATED COMMUNICATIONS-ELECTRONICS OPERATING INSTRUCTION SYSTEM 
AND AUTOMATED COMMUNICATIONS ENGINEERING SOFTWARE 


1-26. Joint Automated Communications-Electronics Operating Instruction System and Automated 
Communications Engineering Software allow the S-6 staff to perform pre-deployment and post-mission 
planning radio network planning. The S-6 staff’s radio network planning ensures interoperability of radio 
frequency (RF) networks, cryptographic key tag generation, transmission security key generation, signal 
operating instructions production, and radio network planning. 


1-27. Signal operating instructions are a series of orders issued for technical control and coordination of the 

signal communication activities of a command (JP 6-0). The Automated Communications Engineering 

Software provides the capability to support black key packaging, and distribution provides fills for the simple 

key loader (SKL) AN/PYQ-10 with secure network information through a direct cable connection or over- 

the-air rekey. Pre and post-mission planning also consist of electronic protection (EP) data and radio network 

engineering for secure communication. The Joint Automated Communications Electronics Operating 

Instruction System and Automated Communications Engineering Software support the following radios— 
e@ Harris Radios— 

=" Falcon If (AN/PRC-117G). 

=" Falcon IM (AN/PRC-152A and AN/PRC-160V). 

Legacy radios— 

SINCGARS. 

AN/PSC-5. 

AN/PRC- 150. 

AN/PRC-117F. 


JOINT ENTERPRISE NETWORK MANAGER 


1-28. The Joint Enterprise Network Manager (JENM) is a consolidated software application for planning, 
loading, managing, securing, and defending lower tier software-defined radios and their waveforms. The 
JENM provides the ability to plan waveform applications and parameter settings, and the ability to extract 
radio configuration files from a network plan. The JENM provides pre-deployment network management 
planning for waveform parameters of radios. The JENM processes configuration files tailored to the radio 
type. It can load the configuration file to a radio, fill device, optical storage media, or USB device. The JENM 
also provides post-deployment support in monitoring and controlling the deployed networks and radios. 


TACTICAL INTERNET MANAGEMENT SYSTEM 


1-29. The Tactical Internet Management System is part of the Joint Battle Command-Platform Blue Force 
Tracking. The system displays blue situational awareness icons generated by radio-based systems that report 
their geospatial position via position location information for multicast messages. It also enables the S-6 to 
maintain near real-time situational awareness. Implementation of radio-based situation awareness monitoring 
provides the S-6 enhanced situational awareness. Using position location information reports received from 
radios and hand-held devices enables the radio-based situation awareness system to validate position location 
information reporting and infer radio up or down status across multiple networks. 


COALITION JOINT SPECTRUM MANAGEMENT PLANNING TOOL 


1-30. The Coalition Joint Spectrum Management Planning Tool (CJSMPT) is the visualization and planning 
tool enables communications planners to automate and accelerate spectrum planning, making it easier for 
troops to communicate while avoiding interference from jamming. CJSMPT enable planners to manage the 
spectrum by displaying a real-time, three-dimensional view of frequency use in the battlespace for land, air, 
and space emitters. The system automates planning and manages battlefield spectrum use. A key feature of 
CJSMPT is its faster-than-real-time simulation capability that can predict and visualize potential interference 
from on-the-move forces. Before this tool, military planners anticipated interference based on static analysis, 
which tended to cause overly pessimistic solutions and loss of opportunity for spectrum reuse. By 
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coordinating all emitters and knowing their locations in a region, spectrum planners now are able to boost 
reuse and significantly increase communication bandwidth to coalition forces. 


SYSTEMS PLANNING, ENGINEERING, AND EVALUATION DEVICE 


1-31. The Systems Planning, Engineering, and Evaluation Device (SPEED) is a communications planner 
that plans, models, and analyze radio and jammer effects in a defined electromagnetic spectrum environment 
to better understand where communications degradation or interoperability issues that may occur. The 
electromagnetic spectrum is the range of frequencies of electromagnetic radiation from zero to infinity. It is 
divided into 26 alphabetically designated bands (JP 3-13.1). SPEED has a 3D mapping and mission planning 
capabilities, including frequency-dependent rejection interference analysis, enhanced jammer modeling, and 
effectiveness prediction. 


CAPABILITIES 


1-32. Army forces employ various tactical radio systems to enable communication and situational awareness 
during operations. The type of tactical radio system chosen for employment depends on mission 
requirements. 


1-33. Tactical radios enable communication for Army forces during unified land operations. Tactical radios 

are versatile and adaptable to changing tactical situations. Key capabilities that tactical radios provide are— 
e Lightweight. 

Portable. 

Mobile ad hoc networking. 

Applications. 

Securable. 

Multiple waveforms capable. 

Multiband and multi-mode capable. 

GPS capable. 

e Software-based radios that provide squad level networking and integrate with legacy platforms. 


1-34. The capabilities provided by tactical radios enhance interoperable networking between the software 
defined radio platform, legacy waveforms, and mobile ad hoc networking waveforms. The capabilities of 
tactical radios leverage commercial technology and employ open-system architecture to ensure 
interoperability and portability of each waveform. The capabilities provide commanders the ability to 
exercise command and control and communicate with their forces via secure voice, video, and data mediums 
during operations. 


LAND MOBILE RADIO 


1-6 


1-35. The land mobile radio is the primary tactical system used for communications in garrison. The land 
mobile radio supports administrative activities for public safety organizations in garrison. The land mobile 
radio enhances communications interoperability with state and local agencies when conducting homeland 
defense or defense support of civil authorities’ missions. The land mobile radio provides non-secure logistics 
and administrative communications to first responders. 


1-36. Land mobile radio systems range from single-channel analog to digital trunked systems. The most 
basic land mobile radio systems are single-channel analog systems. Each radio is set to a frequency monitored 
by everyone using the same channel. These systems have a dedicated channel for each group or agency using 
the system. In smaller agencies, if the system experiences heavy usage, users may not be able to place calls. 
Many of these systems are VHF systems that offer very little flexibility in their operations. 


1-37. Trunked systems use a relatively small number of paths or channels, like commercial telephones. 
Rather than having a dedicated line for every user, the phone company has a computer switch that manages 
many calls over a relatively small number of telephone lines. The assumption is that not every user requires 
a line at the same time. 
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1-38. A control console, repeaters, and radios generally make up trunked systems. Instead of using switches 
and phone lines, these systems use consoles and channels or frequencies to complete calls. The process is the 
dynamic allocation of a channel. When the user of a trunked system activates the push-to-talk, the system 
automatically searches for an unused channel on which to complete the call. 


1-39. Digital trunked systems offer better performance and provide a more flexible platform. This system 
accommodates a more significant number of users and provides an open-ended architecture. This allows for 
various modes of communications data, telephone-interconnect, and security functions. Faster system access, 
more user privacy, and the ability to expand by providing a common air interface. For the continental United 
States, land mobile radio regulations refer to the Manual of Regulations and Procedures for Federal Radio 
Frequency Management (Redbook), chapter 10. The user and unit are responsible for obtaining a frequency 
assignment in accordance with the Manual of Regulations and Procedures for Federal Radio Frequency 
Management (Redbook), AR 5-12 and AR 25-1. The absence of spectrum authorization and assignments 
prohibits the operation of RF systems. 


1-40. The land mobile radio has the following characteristics and capabilities— 
e@ Frequency range of 380-470 MHz. 
e@ Power of 1-4 Watts. 
e Battery life of 10 hours. 
e 


Secure National Institute of Standards and Technology type 1 and type 3 encryption for point-to- 
point voice communications. 


Range of 5 kilometers (3.1 miles) maximum over smooth terrain. 
Programming of up to 512 channels. 

Easy radio reprogramming feature. 

Immerse to a depth of 1 meter (3.2 feet) for 30 minutes. 

Supports narrowband (12.5 kHz) and wideband (25 kHz) channel spacing. 


Intra-squad and team communications for non-critical command, administrative, and logistics 
functions. 


COMBAT SURVIVOR EVADER LOCATOR 


1-41. The Combat Survivor Evader Locator (CSEL) radio provides the capabilities required for locating and 
rescuing downed aircrew members using SATCOM. The CSEL radio is the primary search and rescue system 
used by special operations forces and aviation units. 


1-42. The CSEL radio system is composed of three segments—over-the-horizon segment, ground segment, 
and the user segment. The segments use GPS and other national systems to provide geo positioning and radio 
communications for personnel recovery. 


OVER-THE-HORIZON SEGMENT 


1-43. The over-the-horizon segment operates over UHF SATCOM systems, and search and rescue satellite 
assisted tracking. The UHF SATCOM mode supports two-way messaging and geo-position between the 
AN/GRC-242? radio set base station and the AN/PRQ-7 radio set. 


GROUND SEGMENT 


1-44. The ground segment is composed of CSEL radio workstations and the ground distribution network 
interconnecting with base stations. The ground segment provides a highly reliable and timely global 
connection between all CSEL radio ground elements utilizing the Defense Information System Network. 


USER SEGMENT 


1-45. The user segment equipment consists of— 
e@ AN/PRC-7 handheld radio set. 
e J-6431/PRQ-7 radio set adapter, also referred to as the loader. 
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e CSEL radio planning computer. 


1-46. The AN/PRQ-7 provides data communications, geo-positioning, voice beacons. The radio set adapter 
interfaces the CSEL radio planning computer and two AN/PRQ-7s. One AN/PRQ-7 serves as the reference 
in the radio set adapter to acquire and store GPS almanac, ephemeris, and timing. 


1-47. The CSEL radio planning computer loads the target AN/PRQ-7 with mission-specific data and 
transfers GPS key loading. Loading current almanac and ephemeris data speeds up the satellite acquisition 
process in the GPS receiver. Transfer of current GPS data speeds the calculation of user position and transfer 
of current time allows faster acquisition of GPS. 


1-48. The AN/PRQ-7 radio set has the following capabilities and characteristics— 
e Water-resistant. 

GPS receiver. 

Secure data UHF SATCOM transmit and receive capability. 

VHF and UHF voice and beacon. 

Low probability of exploitation of one-way transmission. 

Search and rescue satellite transmission. 
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This chapter addresses the employment of tactical radios at various Army echelons. 
Tactical radios support all warfighting functions at all echelons across all phases of 
operations. 


COMBATANT COMMANDER COMMUNICATIONS TEAM 


2-1. The geographic combatant commander (GCC) and Army Service component command (the theater 
army) communications team provide communications support as secure frequency modulation (FM) radio, 
UHF tactical satellite (TACSAT) to GCCs and theater army commanders. The GCC and theater army 
communications teams consists of— 


e Network Management Technician— 


= Supervises and manages the tactical networking environment and administers the local area 
network and radio systems at the GCC and theater army commander’s location. 


=" Plan administers, manages, maintains, operates, integrates, secures, and troubleshoots 
commercial off-the-shelf (COTS) communications and automated information systems, and 
radio systems. 


=" Leads the team and personnel, and manages the training of personnel on the installation, 
administration, management, maintenance, operation, integration, securing, and 
troubleshooting of COTS, intranets, radio systems, and video teleconferencing systems. 


=" Performs system integration and administration, and implements. 


= Implement Cybersecurity programs to protect and defend information, computers, and 
networks from disruption, denial of service, degradation, or destruction. 


=" Develops policy recommendations and advises commanders and staffs on planning, 
installing, administering, managing, maintaining, operating, integrating, and securing COTS 
communications, radio systems, and video teleconferencing systems on Army, joint, 
combined, and multinational networks. 


e Information Systems Chief— 


=" Principal information systems noncommissioned officer (NCO) for the GCC and theater 
army commander communications team. When required the information systems chief 
assumes the duties of the network management tech as listed above. 


= Supervises, plans, coordinates, and directs the employment, operation, management, and unit 
level maintenance of multi-functional and multi-user information processing systems in 
mobile and fixed facilities. 


=" Provides technical and tactical advice to command and staff concerning all aspects of 
information processing system operations, maintenance, and logistical support. 


= Supervises the installation, operation, strapping, re-strapping, preventive maintenance checks, 
services, and software upgrades on communications security (COMSEC) devices. 
Communications security is the protection resulting from all measures designed to deny 
unauthorized persons information of value that might be derived from the possession and 
study of telecommunications, or to mislead unauthorized persons in their interpretation of the 
results of such possession and study (JP 6-0). 


=" Conducts briefings on the status, relationship, and interface of information processing systems 
in an area of interest. 
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Supervises or prepares technical studies, evaluations, reports, correspondence, and records of 
multi-functional and multi-user information processing systems. 


Plans, organizes, and conducts technical inspections. 


Supervises development of the Information Systems Plan, Information Management Plan, and 
the Information Management Master Plan. 


Reviews, consolidates, and forwards final written input for the Continuity of Operations Plan. 


Develops and enforces policy and procedure for facility operations security and physical 
security in accordance with regulations and policies. 


Prepares or supervises the preparation of technical studies, evaluations, reports, 
correspondence, software programs, program editing, debugging and associated functions. 


Maintains records pertaining to information system operations. 


Senior GCC Information Technology NCO— 


Plans, supervises, coordinates, and provides technical assistance for the installation, 
operation, systems analyst functions, unit level maintenance, and management of GCC and 
theater army commander communications team communications and information processing 
systems to support the GCC and theater army commander. 


Installs, operates, and maintains communications and automated information systems to 
support the GCC and theater army commander. 

Supervises and implements classified document control policies, procedures, standards, and 
inspections. 

Develops, directs, and supervises training programs to ensure Soldier proficiency and career 
development. 

Organizes work schedules and ensure compliance with directives and policies on operations 
security, signal security, COMSEC and physical security. 

Prepares or supervises the preparation of technical studies, evaluations, reports, 
correspondence, and records on information system operations. 


Briefs staff and operations personnel on matters about to GCC and theater army 
communications and information systems. 


GCC Information Technology NCO— 


Install, operates, and maintains standard army and COTS communications and automated 
information systems equipment to support the GCC and theater army commander. 


Compiles output reports to support information systems operations. 


Performs system studies using established techniques to develop new or revised system 
applications and programs. 

Analyzes telecommunications information management needs and request logistical support 
and coordinate systems integration. 

Ensures that spare parts, supplies, and operating essentials are required and maintained. 
Performs maintenance management and administrative duties related to facility operations, 
maintenance, security, and personnel. 

Requisitions, receives, stores, issues, destroys, and accounts for COMSEC equipment and 
keying material on hand receipt from the property book officer or Key Management 
Infrastructure operating account manager (KOAM), including over the air key. 


Senior GCC Communications NCO— 


Responsible for supervising communications Soldiers of a GCC communications team. 


Supervises plans and executes the installation, operation, and maintenance of signal support 
systems, including local area networks, wide-area networks, and routers; satellite radio 
communications and electronic support systems; and network integration using radio, wire, 
and COTS automated information systems. 


Installs, operates, and maintains the standard army and COTS communications and automated 
information systems to support the GCC and theater army commander. 
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=" Develops and implements signal unit level maintenance programs. 


= Directs unit signal training and provides technical advice and assistance to the GCC and 
theater army commander communications team chief. 


=" Coordinates external signal, support mission requirements. 

=" Prepares and implements signal portions of operation orders and reports. 

= Plans and requests signal logistics support for unit level operations and maintenance. 
e GCC communications NCO— 


=" Responsible for supervising, installing, operating, and maintaining a standard for the Army 
and COTS communications and automated information systems to support the GCC and 
theater army commander. 


=" Provides technical assistance and unit level training for automation, communication, and user 
owned and operated automated telecommunications computer systems. Provides local area 
networks and routers, signal communications, electronic equipment, and satellite radio 
communications equipment. 


=" Prepares maintenance and supply requests for unit level signal support. 
e Transmission Systems Operator NCO— 


= Plans, installs, operates, and maintains communications and automated information systems 
to support the GCC commander. 


=" Provides the GCC communications team chief assistance and advises on communications 
systems planning, satellite access requests, propagation, spectrum management, and 
maintenance management for the standard army and COTS communications and automated 
information systems used to support the GCC commander. 


2-2. United States Army Network Enterprise Technology Command supports the communications teams 
of combatant commanders with secure FM radio, UHF TACSAT, record telecommunications message 
support, and use COMSEC equipment maintenance. 


SIGNAL COMMAND (THEATER) 


2-3. A signal command (theater) [SC(T)] is responsible for tactical radio and tactical radio network support 
in theater at all echelons across all phases of operations. The SC(T) exercises control of the strategic signal 
brigade and joint coalition signal support elements. A signal brigade, rather than the SC(T), typically supports 
theater army missions other than large-scale combat operations. 


2-4. AnSC(T) uses signal brigades and battalions to extend tactical radio and tactical radio network services 
to the deployed theater Army organizations and other deployed subordinate organizations allocated to the 
theater. Allocation of SC(T) signal assets providing signal support to the theater army and large-scale combat 
operations occurs based on mission requirements. 


THEATER TACTICAL SIGNAL BRIGADE 


2-5. A theater tactical signal brigade supervises the installation, operation, and maintenance of in-theater 
communications systems and network support in the theater. A theater tactical signal brigade also provides 
real-time and near real-time in-theater source information to combatant commanders and joint task force 
commanders for the control, management, and dissemination of high volumes of data to deployed and 
dispersed forces in the theater of operations. 


2-6. A theater tactical signal brigade enables communications and situational awareness to echelons above 
corps organizations and separate companies. The assistant chief of staff, signal (G-6), and the S-6 coordinate 
with the supporting theater tactical signal brigades for inclusion in the network. 


EXPEDITIONARY SIGNAL BATTALION 


2-7. Expeditionary signal battalions oversee the engineering, installation, operation, and maintenance of 
nodal and extension communications to support Army units, combatant commanders, theater armies, joint 
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task forces and joint land force component commands. An expeditionary signal battalion operates continually 
in austere environments to provide voice and data networking services. Expeditionary signal battalions 
provide a pool of available signal assets to augment division and corps network support capabilities and to 
replace supported network battle losses at all echelons. The G-6 (S-6) coordinates with the supporting units’ 
expeditionary signal battalions for inclusions in their network. 


2-8. Expeditionary signal battalions enable staff planning and network management of all tactical 
communications assets in the battalion and communications electronic maintenance sustainment performs 
network restoration. Though the expeditionary signal battalion is primarily a theater-level asset, the 
expeditionary signal battalion can also support a corps, division, brigade combat team (BCT), theater army 
headquarters, or coalition headquarters. Expeditionary signal battalions may provide tactical radio support to 
the theater army, depending on the mission and type of assistance required. The primary tactical radio 
communications capabilities employed in theater army environments are— 

e Single-channel TACSAT. 
HF radio. 
UHF radio. 
SINCGARS. 


Tropospheric scatter radio terminals. 


CORPS AND BELOW 


2-9. The corps and division enable the tailoring of tactical radio support to meet combatant commanders’ 
needs. The tailoring of tactical radio support at the corps and division provides operational forces a mix of 
tactical radio and tactical radio network capabilities that enable commanders to exercise command and 
control to support unified land operations. The advantage of the organization as a corps and division is greater 
strategic, operational, and tactical flexibility. The corps and division— 


e@ On order, assume the role of the joint task force headquarters. 

e Exercise operational, strategic, and tactical command and control. 
e Actas a land force and joint support element. 
e 


Enable command and control for a BCT or support brigade, as the primary tactical and support 
elements in a theater. 


CORPS 


2-10. The corps G-6 and the corps signal, intelligence, and sustainment company provide communications 
and information support at corps level. The corps signal, intelligence, and sustainment company executes the 
communications plan to support the corps mission objectives through the employment of WIN-T and combat 
net radios systems. The WIN-T and combat net radios employed at corps level are primarily the Joint 
Network Node, High Capacity Line of Sight terminal, SINCGARS, single-channel TACSAT, and HF radios. 
These systems are mostly user-owned and operated systems with the higher command responsible for 
network control. 


DIVISION 


2-11. The division G-6 and the division signal, intelligence, and sustainment company provide 
communications and information support at the division level. The division signal, intelligence, and 
sustainment company executes the communications plan to support the division commander’s mission 
objectives through the employment of WIN-T and combat net radios. The WIN-T and combat net radios 
employed at division level are primarily the WIN-T increment 2, High Capacity Line of Sight terminals, 
SINCGARS, single-channel TACSAT, and HF radios. 


Brigade 


2-12. Internal brigade combat net radio assets provide communications and information support at the 
maneuver brigade. The SINCGARS, single-channel TACSAT, and HF radio are the primary means of 
communications in a maneuver brigade. Brigade signal company assets enable communications and 
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situational awareness at the brigade command posts. Sustainment units operating in the division area behind 
the brigade sustainment area use combat net radios as a secondary means of communication, with WIN-T as 
the primary means of communication. 


Brigade Combat Team 


2-13. The brigade signal company provides communication and information support at the BCT level. The 
brigade signal company consists of a headquarters and network support platoon and two network extension 
platoons. The brigade signal company provides— 


@ TACSAT. 

@ Retransmission (RETRANS). 
@ AN/PRC-154. 

@ AN/PRC-155. 

@ AN/VRC-118. 


Battalion and Below 


2-14. Critical information flow begins at the lowest echelons. Tactical radio communications at battalion and 
below play a vital role in ensuring a rapid two-way flow of information from the commander down to the 
Soldier level and from the Soldier up to the commander. Handheld radios and manpack radios are the primary 
communications capabilities employed at battalion and below, allowing Soldiers instant information sharing 
across the squad, company, battalion, and up to higher headquarters when necessary. Communications at 
battalion and below consist of— 


e HCLOS. 
e TACSAT. 
@e BFTTIorIl. 


@ Combat net radios (SINCGARS and HF radios). 


2-15. The battalion S-6 integrates and manages network resources at battalion and below. The battalion S-6 
performs two primary functions regarding network resources for their commander. The first function is to 
perform subscriber functions associated with higher-level networks in the upper tier of the tactical network 
and commercial networks, and BFT I or BFT II over which the battalion has no network control. The 
subscriber functions allow extension of strategic and operational services to the battalion based on the 
guidance of higher-level commanders. The battalion S-6 ensures compliance and configuration according to 
these instructions for all systems operated by higher echelons but located in the battalion area of operations. 
The second primary functions performed by the battalion S-6 are the administrative functions associated with 
network resources owned by the battalion. The battalion S-6 plans, manages, and monitors the components 
that comprise the lower tier tactical internet. 


SPECIAL OPERATIONS FORCES 


2-16. Special operations forces operate worldwide across the range of military operations to support 
combatant commanders, American ambassadors, and other agencies. Special operations forces include 
special forces, Rangers, special operations aviation, civil affairs, and psychological operations. 


2-17. Special operations units require radio communications equipment that improve their operational 
capability without degrading their mobility. The tactical radios employed by special operations forces provide 
the critical communication link between special operations forces commanders and teams involved in 
contingency operations and training exercises. The tactical radios employed by special operations forces also 
provide interoperability with other Services and agencies of the United States. Tactical radios enable special 
operations forces to maintain fixed and mobile communications between infiltrated and operational elements 
and higher echelon headquarters, allowing special operations forces to operate with any force combination 
in multiple environments. Refer to ATP 3-05.60 for further information on the special operations 
communications system. 
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2-6 


2-18. Situational awareness is essential to enable commanders to exercise command and control effectively 
across the range of military operations. The Standardized Integrated Command Post System provides 
commanders an integrated command post capability including all supporting equipment and tools to enhance 
decision-making across all phases of the operation. The Standardized Integrated Command Post System 
provides fully integrated, digitized, and interoperable command posts to support unified action and civilian 
crisis management teams. It includes legacy command posts, command post platforms, shelters, common 
shelters, and fixed command post facilities. 


2-19. The Standardized Integrated Command Post System consists of the integration of approved and fielded 
mission command systems and other command, control, communications, computers, intelligence, 
surveillance, and reconnaissance systems technology into platforms supporting the operational needs of 
infantry, armored, and Stryker BCT forces. The Standardized Integrated Command Post System consists of 
various systems, specifically the command post platform that includes the command post local area network 
and command post communications system, the command center system, and the trailer mounted support 
system. 


2-20. The command post platform hosts connectivity and multiple command and control tools to enable the 
commander to visualize the battle space and make the right decision based on real-time data. When employed 
the command post platform and related hardware allow ground commanders form command posts at echelons 
ranging from brigade to corps. The command post platform contains the necessary equipment to connect to 
the upper and lower tier and includes a secure wireless capability for rapid efficient processing and transfer 
of mission critical battlefield information. 


2-21. The command post platform network architecture uses the following radios— 
e@ SINCGARS. 
AN/VRC-103. 
AN/VRC-104. 
AN/PRC-117. 
AN/GRC-240. 
BFT [or IL. 
AN/PSC-5. 
AN/PRC- 154A. 
AN/PRC-155. 
AN/VRC-118 
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This chapter addresses the tactical radio platforms and associated waveforms, which 
Army forces employ as communications enablers at all echelons across all phases of 
operations. 


SECTION | - LEGACY AND ENDURING RADIO PLATFORMS 


3-1. The legacy and enduring radio platform design focus on the complete integration of the radio-operating 
environment and the waveform capability. Most legacy and enduring radio platforms are non-digital and 
operate on an analog infrastructure. Legacy and enduring radio platforms offer consistency of design, 
reliability, availability, and maintainability at the expense of improved performance over time and rigidity in 
the network design of each radio platform type. The primary value of the legacy and enduring radio platform 
is reliability to meet mission needs, and the familiarity and level of training Legacy and enduring radio 
platforms continue to be in formations to support the critical node connectivity required for assured, rapid, 
and reliable data dissemination. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM 


3-2. The design of the SINCGARS family of radio sets ensures commonality among various ground and 
airborne configurations. SINCGARS radio configurations consist of manpack and vehicle configurations. 
The individual components of SINCGARS radios are interchangeable from one configuration to the next. 
The SINCGARS design reduces the burden on the logistics system to provide repair parts. 


3-3. The SINCGARS operates in either the single-channel or frequency hopping mode. The SINCGARS is 
compatible with all current Army and multinational VHF radios in the single-channel non-secure mode. The 
SINCGARS is compatible with Air Force, Marine Corps, and Navy SINCGARS radios in frequency hopping 
mode. The SINCGARS stores eight single-channel frequencies, including the cue and manual frequencies 
and six separate hopsets. 


3-4. The SINCGARS operates on any of 2,320 frequencies between 30-88 MHz, with a channel separation 
of 25 kilohertz (kHz) and operates in nuclear or hostile environments. 


3-5. The SINCGARS accepts either digital or analog input and imposes the signal onto a single-channel or 
frequency-hopping output signal. During frequency hopping operation, the carrier frequency changes about 
100 times per second over portions of the tactical VHF range. Frequency hopping hinders threat intercept 
and jamming capabilities to locate or disrupt friendly communication. 


3-6. The SINCGARS provides data rates of 600, 1,200, 2,400, 4,800, and 16,000 bits per second; enhanced 
data mode of 1200N, 2400N, 4800N, and 9600N; and packet and RS-232 data. The system improvement 
program and advanced system improvement program radios provide enhanced data mode, which provides 
forward error correction, speed, range, and data transmission accuracy. 


3-7. The RF selector switch on the SINCGARS provides the radio operator the ability to select the power 
output of the radio and reduce the radio’s electromagnetic signature. The radio operator reduces the 
electromagnetic signature of the radio by selecting a lower power setting. The radio operator use a higher 
power setting to reach far away stations, which increases the radio’s electromagnetic signature. The receiver- 
transmitter (RT) has four power settings. The four power settings and maximum transmission ranges for each 
of the settings are— 
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LO (low power) — 200 meters or 656.1 feet to 400 meters or 1,312.3 feet. 
M (medium power) — 400 meters or 1,312.3 feet to 5 kilometers or 3.1 miles. 
HI (high power) — 5 kilometers or 3.1 miles to 10 kilometers or 6.2 miles. 


PA (power amplifier) — 10 kilometers or 6.2 miles to 40 kilometers or 25 miles. 


3-8. Only vehicle mounted radios equipped with a power amplifier can utilize the power amplifier setting. 
Manpack and vehicular radios not equipped with a power amplifier can only use the low, medium, and high 
settings. When using the SINCGARS radio, the radio operator should always attempt communication with 
the lowest setting first in order to reduce the radio’s electromagnetic signature. Once the radio operator 
establishes communication, the radio operator operates the radio at the lowest usable power setting. The radio 
operator only use the power amplifier setting when necessary to achieve communication. 


3-9. Using lower power is particularly crucial at large command posts, which operate in multiple networks. 
The goal is to reduce the electromagnetic signature of the command posts. The net control station (NCS) 
ensures all members of the network operate on the minimum power necessary to maintain reliable 
communications. A net control station is a communications station designated to control traffic and 
enforce circuit discipline within a given net. 


3-10. The SINCGARS radio also has a built-in test function that notify the radio operator when the RT is 
malfunctioning. The built-in test identifies the faulty circuits for repair or maintenance. 


3-11. The SINCGARS provides outside network access through a hailing method. The cue frequency 
provides the hailing ability to the SINCGARS. When hailing a network, an individual outside the network 
contacts the alternate NCS on the cue frequency. The NCS retains control of the network. Having the alternate 
NCS go to the cue assists in managing the network without disruption. In the active frequency-hopping mode, 
the SINCGARS gives audible and visual signals to the radio operator that an external subscriber wants to 
communicate with the frequency-hopping network. The SINCGARS alternate NCS radio operator switches 
to the cue frequency to communicate with the outside radio system. 


3-12. The network uses the manual channel for initial network activation. The manual channel provides a 
common frequency for all members of the network to verify the equipment is operational. During initial 
network activation, all radio operators in the network tune to the manual channel using the same frequency. 
After establishing communications on the manual channel, the NCS transfers the hopset variables to the 
outstations and then switches the network to the frequency-hopping mode. Operating a SINCGARS 
frequency hopping NCS requires that operators— 

e Perform starting procedures. (Set Julian date and radio to GPS time using the Defense Advanced 

Global Positioning System Receiver.) 


Perform NCS permission checks. 

Perform NCS cold start net opening. 

Use correct call signs. 

Perform frequency hopping communications. 
Perform NCS cue late net entry. 


Use correct call signs. 
e Perform stopping procedures. 


3-13. A call sign is any combination of characters or pronounceable words, which identifies a 
communication facility, a command, an authority, an activity, or a unit; used primarily for establishing and 
maintaining communications (JP 3-50). The NCS contains tactical computers that enable automated technical 
control and centralized dynamic network management. The NCS is the primary technical control interface. 
NCS software provides dynamic network monitoring and resource assignment that satisfies requirements for 
communications, navigation, identification data distribution, and position location. The NCS can open 
frequency hopping nets using either hot or cold start net opening procedures. The preferred method is to open 
the net using hot start procedures. Before opening a net, the NCS must receive frequency hopping and 
COMSEC data. 


3-14. For hot start net opening, each member in the net loads all frequency hopping and COMSEC data into 
the radio, including sync time. The operator enters the net by contacting the NCS. 
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3-15. For cold start net opening, net stations receive their electronic remote fill from their NCS on the manual 
channel in the frequency hopping CT modes, store it in the appropriate channel, switch over to that channel, 
and enter the net. Operators load all frequency hopping and COMSEC data, except sync time, into the radio 
prior to a cold start net opening. 


3-16. A radio loaded with all frequency hopping and COMSEC data that drifts off sync time may be 
resynchronized by one of the following methods— 

e Enter GPS ZULU time. 

e Enable passive late net entry. The SINCGARS radio has a built-in capability to resynchronize 
itself when out of synchronization by more than plus or minus 4 seconds but less than plus or 
minus 60 seconds. When the operator enables the late net entry mode, the radio reenters the net 
without further action by the operator. 

e Activate cue and electronic remote fill. If a SINCGARS station must enter a frequency hopping 
cipher text net and has the correct TSK and traffic encryption key (TEK), the station may contact 
the net by changing to the cue frequency, pressing PTT and waiting for the NCS to respond. This 
action by the operator causes the message cue indicator to appear in the display of the NCS radio. 
Normally only selected NCSs, their alternate NCSs, or other designated stations, will load, 
monitor, and respond on the cue frequency. 


3-17. When the NCS operates in frequency hopping-master mode. Only one radio in each frequency hopping 
radio net will use this mode. The frequency hopping-master radio maintains the radio net’s sync time and 
performs the electronic remote fill. Normally the designated NCS or alternate NCS will operate in the 
frequency hopping-master mode. The NCS transmits at least once every four hours in frequency hopping- 
master mode. 


3-18. SINCGARS is capable of RETRANS in single-channel, frequency hopping, and combined frequency 
hopping and single-channel modes. In RETRANS mode, SINCGARS radios automatically provide 
communications linkage between frequency hopping and single-channel radios or nets. 


3-19. See appendix B for more information on single-channel radio communications techniques. See 
appendix E for Julian date, synchronization time, and time conversion. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM TYPES 


3-20. Using standard components in the SINCGARS is key to tailoring radio sets for specific missions with 
the RT being the basic building block for all radio configurations. The number of RTs, amplifiers, the 
installation kit, and the backpack component determine the model. Table 3-1 compares the components of 
several versions of SINCGARS radios. 


Table 3-1. Comparison of SINCGARS versions and components 


Short Long Power Dismount Vehicular 
Range Range Amplifier Manpack Amplifier 
(consist of | (consist of 1 Adapter 
1 radio) radio) (AM- 
7239C/E) 
AN/VRC-87 X Xx 
AN/VRC-88 X Xx Xx 
AN/VRC-89 X X X xX 
AN/VRC-90 X Xx xX 
AN/VRC-91 X xX Xx Xx X 
AN/VRC-92 X (2) X (2) Xx 


3-21. There are six ground unit versions of the SINCGARS (RT-1523/A/B/C/D/E/F) and three airborne 
versions (RT-1476/1477/1478). Most airborne versions require external COMSEC devices. The RT-1478D 
has integrated COMSEC and an integrated data rate adapter. Airborne and ground versions are interoperable 
in frequency-hopping and single-channel operations. The airborne versions differ in installation packages 
and requirements for data-capable terminals. (See chapter 7 for airborne SINCGARS versions.) 
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Ground Version Receiver Transmitter 


3-22. Either the RT-1523/A/B/C/D or the RT-1523E comprise the core component of all ground-based radio 
sets. The RT-1523 series has internal COMSEC circuits, so they do not require additional cryptographic 
hardware for secure communications. The ground versions have a whisper mode for noise restriction during 
patrols or while in defensive positions. The radio operator whispers into the handset while being heard at the 
receiver in a normal voice. 


Advanced System Improvement Program 


3-4 


3-23. The SINCGARS advanced system improvement program increases the performance of the 
SINCGARS system improvement program (RT-1523 C/D models). The advanced system improvement 
program also increases operational capabilities to support the tactical networking environment, specifically 
improved data capability, manpower and personnel integration requirement compliance, and flexible 
interfaces with other systems. 


3-24. Table 3-2 on pages 3-5 through 3-6 compares SINCGARS integrated COMSEC, SINCGARS system 
improvement program, and the SINCGARS advanced system improvement program radio sets. All advanced 
system improvement program radios are capable of remote operation controlled by another advanced system 
improvement program radio up to 4 kilometers or 2.4 miles away, via a twisted pair wire, typically WD-1 or 
WF-16. To remote a radio, operators use an external two-wire adapter to interface between the radio and the 
wires. Performance of the remote control feature occurs between the dismounted RT and the vehicular 
amplifier adapter, or between two dismounted RTs. Another host controller can control the advanced system 
improvement program via the external control interface when the advanced system improvement program 
integrates as part of a more extensive system. 
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Table 3-2. SINCGARS enhancements comparison 


Integrated communications 
security capabilities 
(RT-1523A/B) 

Point-to-point communications 


System improvement program 
capabilities (RT-1523C/D) 


Point-to-point communications 


Advanced system improvement 
program capabilities 
(RT 1523E/F) 


Point-to-point communications 


1. Frequency-hopping. 
2. Mode 1, 2, 3 fill. 
3. Electronic remote fill. 


1. Frequency-hopping. 
2. Mode 1, 2, 3 fill. 
3. Electronic remote refill. 


1. Same as system improvement 
program. 


Plain text and cipher text mode 


Circuit switching and packet 
network communications 


Circuit switching and packet 
network communications 


1. Railman communications 
security. 

2. Seville advanced remote 
keying. 


1. Carrier sense multiple access 
protocol. 


2. Railman communications 
security. 


3. Seville advanced remote keying. 


1. Same as system improvement 
program. 


Point-to-point data 
communications 


Point-to-point data 
communications 


Point-to-point data 
communications 


1. 600 to 4,800 bits per second 
standard data mode. 

2. Tactical fire direction system, 
analog data. 

3. Transparent 16 kilobits per 
second data. 


1. 600 to 4,800 bits per second 
standard data mode. 

2. Tactical fire direction system, 
analog data. 

3. Transparent 16 kilobits per 
second data. 

4. 1,200 to 9,600 bits per second 
enhanced data mode data. 

5. RS-232 enhanced data mode 
data. 

6. Packet data. 

7. External control interface. 


1. Same as system improvement 
program. 


Other features 


Other features 


Other features 


1. Noisy channel avoidance. 
2. Enhanced message completion. 


1. Noisy channel avoidance. 


2. Enhanced message completion. 


3. External global positioning 
system interface. 


4. Embedded global positioning 
system hooks. 


5. Remote control unit. 


1. Same as system improvement 

program plus— 

Enhanced system improvement 
program for waveform. 


Faster channel access to reduce 
network fragmentation. 


Enhanced noisy channel avoidance 
algorithm to improve frequency- 
hopping synchronization 
probability. 

Improved time of day tracking and 
adjustments. 


Extra end of message hops to 
improve sync detection and 
reduce fade bridging. 


Embedded battery. 
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Table 3-2. SINCGARS enhancements comparison (continued) 


Vehicular Adapter Amplifier (AM- | Vehicular Adapter Amplifier Vehicular Adapter Amplifier (AM- 
7239B): (AM-7239C): 7239E): 
1. Dual transmit power supply. 1. Dual transmit power supply. 1. Same as system improvement 


program plus— 
More powerful 860 microprocessor. 


2. Host interface. 
3. Backbone interface. 


4. Digital Message Transfer Ethernet interface. 
Device. Enhanced protocols. 


Increased memory and buffer size. 


Enhanced System Improvement Program Capabilities 


3-25. The SINCGARS advanced system improvement program for radios incorporates an enhanced system 
improvement program for the waveform. The waveform includes optimizations to the algorithms of the noisy 
channel avoidance scheme, the time of day tracking scheme, and the end of message scheme. Enhancements 
include— 

e Enhanced system improvement program waveform—implements a faster channel access 
protocol, which reduces network fragmentation by shortening the collision intervals between voice 
and data transmissions. The result is the reduction of voice and data contention problems 
associated with shared voice and data networks. 

e Noisy channel avoidance algorithm—always reverts to a known good frequency instead of 
continually searching for clear frequencies, thus increasing the frequency-hopping 
synchronization probability in high noise and jamming conditions. 

e Time of day enhancement—uses a reference built-in test that ensures time constraints are the 
same during each transmission. 

e End of message enhancement—reduces fades bridging, whereby the transmission would linger 
even though adding an extra end of message hops to increase the detection and probability of 
synchronization completes the message. 


Single-Channel Ground and Airborne Radio System Internet Controller Card 


3-6 


3-26. The internet controller card, which is part of the SINCGARS vehicular amplifier adapter, supports data 
flow and permits a sufficient flow of information. The internet controller card is in the right-hand side of the 
vehicular amplifier adapter and only needed when the SINCGARS system is operating in the packet mode 
of operation. 


3-27. The packet mode allows for the sharing of voice and data over the same operational network. A store 
and forward feature in the internet controller card delays data while voice traffic is ongoing and puts data on 
the network when releasing the push-to-talk for voice. When the internet controller card is loaded with 
initialization data, it contains routing tables that identify the addresses of all members affiliated. The internet 
controller card loaded with initialization data also includes other routed radio networks. The application on 
the host computers generate messages and the IP addresses of the individuals intended to receive the message. 


3-28. When a message reaches an internet controller card, the internet controller card looks up its routing 
table to determine whether that message is for a member of its network or whether it requires submission to 
the next adjoining network. The packet mode automatically continues this routing process until it reaches its 
destination. The packet mode identifies if the message is for someone within its network, and if the message 
stops there, RETRANS of the message does not occur. Also, differs in a RETRANS site in that, network 
extension takes place for everything received at the RETRANS station. 


3-29. The vehicular amplifier adapter mounted internet controller card is the predominant communications 
router for the tactical maneuver platforms participating in a SINCGARS enabled tactical networking 
environment. The internet controller card uses commercial IP services to deliver unicast and multicast data 
packets. 
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3-30. The internet controller card has an improved microprocessor with increased memory buffer size and 
an Ethernet interface. Access to the Ethernet interface is through the pin connector. Two of the nineteen pins 
used as twisted pairs provide for the 10Base-T Ethernet connection. This feature allows connection of 
multiple internet controller cards for the sharing or dissemination of information in a local area network 
configuration. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM ANCILLARY EQUIPMENT 


3-31. Remote control devices, data fill devices, variable storage transfer devices, and the vehicular 
intercommunications system are the main categories of ancillary equipment associated with SINCGARS 
addressed in the following paragraphs. 


3-32. Remote control devices consist of intravehicular and external remotes. The intravehicular remote 
control unit is the remote for intravehicular radio control. The securable remote control unit is used to remote 
radios off the primary site location. The system improvement program or advanced system improvement 
program radio as a remote control unit by selecting the remote control unit option under the remote control 
unit key of the system improvement program or advanced system improvement program RT keypad. 


Intravehicular Remote Control Unit 


3-33. The intravehicular remote control unit operates with either an integrated COMSEC or a non-integrated 
COMSEC radio. The intravehicular remote control unit controls up to two mounting adapters with up to three 
separate radio sets from a single station. The intravehicular remote control unit connects in parallel so that 
two different radio operators, the vehicle commander and the vehicle driver, can control the radios from their 
respective positions in the vehicle. Set the radio function switch to the remote operating position for the 
external control monitor to function correctly. 


Securable Remote Control Unit 


3-34. The securable remote control unit can securely remote a single radio up to 4 kilometers (2.4 miles). 
The securable remote control Unit and the RT are connected using field wire on the binding posts of the 
amplifier adapter or battery box. The securable remote control unit appears and operates almost identically 
to the RT. The securable remote control unit can secure the wire line between the radio and the terminal set. 
The securable remote control unit controls all radio functions including power output, channel selection, and 
radio keying. 
3-35. The remote also provides an intercom function from the radio to the terminal unit and vice versa. 
COMSEC and data adapter devices attach directly to the securable remote control unit for secure 
communications over the transmission line and optimal interface with digital data terminals. The securable 
remote control unit replaced the AN/GRA-39. Four main configurations of the securable remote control unit 
include— 

e@ Manpack radio in the vehicular mounting adapter. 

e Vehicular mounting adapter radio in manpack. 

e@ Manpack radio in manpack. 

e Vehicular mounting adapter radio in the vehicular mounting adapter. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM PLANNING 


3-36. The initial operating plan and the unit’s standard operating procedure determine the type of network(s) 
needed. The network planner answers the following questions— 


What type of information passed: data, voice, or both? 
Does the unit require communications with users frequently not in its network? 


Is the network a common-user or a designated membership network? 
e Is RETRANS needed to extend the network’s range? 


3-37. The G-6 (S-6), assistant chief of staff operations, and operations officer work together to answer all 
these questions. The answered questions begin the initial planning and coordination of the network. Many of 
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the items are part of the unit’s standard operating procedure. (See appendix A for information on FM radio 
networks.) 


DATA NETS 


3-38. The SINCGARS interfaces with several types of data terminal equipment. SINCGARS also provides 
automatic control of the radio transmission when a data device is connected. It disables the voice circuit 
during data transmissions, preventing voice input from disrupting the data stream; disconnecting the data 
device during emergencies overrides the disable feature. A single cable from the data terminal equipment to 
the radio or mounting adapter connects data terminal equipment. 


SECURE DEVICES 


3-39. The SINCGARS uses an internal COMSEC module. The encryption format is compatible with VHF 
and UHF wideband tactical secure voice system. Cryptographic equipment devices use the same TEK. 
SINCGARS uses the KY-57 and KY-58 encrypted UHF communications system (VINSON) for non- 
integrated COMSEC airborne radio systems. 


3-40. The VINSON secure device has six preset positions: five for the TEK and one for a key encryption 
key (KEK). The TEK positions allow operation in five different secure networks. The KEK position allows 
changing or updating the TEK through over-the-air rekeying. The integrated COMSEC secure module retains 
one TEK per preset hopset, net identifier, and one KEK. 


3-41. The variables are loaded and updated the same in both devices. The SKL does the initial loading. 
Update variables by executing a second manual fill or by performing over-the-air rekeying. In accordance 
with COMSEC regulations, only transmit the TEK over the air. Physically load the KEK into either the 
VINSON or integrated COMSEC radio. Control each encryption variable through COMSEC channels and 
account for the variables in accordance with Army Regulation (AR) 380-40. (See appendix F for information 
on COMSEC compromise recovery procedures.) 


3-42. Data input to the radio interleaves into the radio’s digital data in a noncontiguous manner to increase 
performance. The VINSON or integrated COMSEC circuits encrypt the data before transmission. Digital 
data encrypted can occur before inputting the information into the radio Transmitting and receiving terminals 
require common COMSEC key variables coordinated between the two units passing information. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM RETRANSMISSION STATION 
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3-43. Due to the limited number of SATCOM channels available in a theater, there is a crucial need for the 
single-channel push to talk capability at the theater, corps, and division. Most of the SATCOM channels 
available in an area of responsibility are controlled and assigned at the corps level, and higher, and FM 
communications at corps, division, and brigade provide single-channel communications on the move. FM 
RETRANS is the most available means of addressing the crucial need for the single-channel push to talk 
capability at the theater, corps, and division. FM RETRANS extends single-channel communications around 
obstructions and across increased distances to its subordinate units. 


3-44. The commander, with the recommendation of the signal officer, decides the critical networks requiring 
RETRANS support. RETRANS assets are primarily used to provide support for the following networks— 


e@ Command. 

e Administrative and logistics. 
e@ Operations and intelligence. 
e Fires. 


3-45. The RETRANS station operates on the command network to subordinates unless specifically tasked 
to operate on another network. The primary radio monitors the command and operations and intelligence 
network; the secondary radio provides the RETRANS link. Prior planning provides the RETRANS station 
with the appropriate variables for the command network and RETRANS network. The unit standard operating 
procedure should direct the assignment of the RETRANS variables in accordance with possible alternatives. 
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3-46. SINCGARS can operate as either a single-channel secure or a single-channel nonsecure RETRANS 
station. These radios automatically pass single-channel secure signals even if the RETRANS radios are 
operating in nonsecure mode. The RETRANS radio operator cannot monitor the communications unless the 
secure devices are filled and in the cipher mode. 


RETRANSMISSION PLANNING 


3-47. RETRANS planning requires linkage to the military decision-making process to ensure success. 
During RETRANS planning the G-6 (S-6)— 
e Ensures integration of the communications operations course of action into the maneuvering 
course of action. 


e Plots primary and secondary RETRANS locations on the course of action sketch. Location 
selection requires mission, enemy, terrain and weather, troops and support available, time 
available, civil considerations analysis. 


e Determines whether site collocation with another unit is required and considers security, logistics, 
and evacuation. 


e Plans for contingency sites and establishes criteria, known to all concerned, that initiate relocation 
and evacuation procedures. 


e Develops reporting procedures to the establishing headquarters. 
Builds a RETRANS team equipment list, and considers including the following communications 
equipment— 


=" Defense advance global positioning system receiver. 


=" SKL. 
=" Two OE-254 or COM 201B antennas for each planned RETRANS net, including all required 
cables. 


=" Any additional SINCGARS radios (for backup). 
= PRM-36 Radio Test Set. 
= Additional batteries. 
e Establishes a pre-combat checklist and rehearses before deployment. 


RETRANSMISSION MODES 


3-48. The SINCGARS (ground) has built-in RETRANS capability that requires the addition of a retransmit 
cable (CX-13298) for operations. SINCGARS can perform the RETRANS function in three ways. The 
network can be— 


e Set for single-channel-to-single-channel operation. 
e@ Made of mixed modes (frequency hopping to single-channel or vice versa). 
e Used in its full capability of frequency hopping to frequency hopping. 


3-49. These options enable RETRANS flexibility during operations. They also increase the prior 
coordination required before deployment. This ensures all users have access to the RETRANS function. 


Single-Channel to Single-Channel Operation 


3-50. Single-channel to single-channel operations requires a 10 MHz separation between the frequencies. 
Figure 3-1 on page 3-10 depicts RETRANS operations. Physically moving antennas farther apart or lowering 
power output lessens the effective frequency separation. 
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AN/VRC-89F or 91F Cabling 
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Figure 3-1. Retransmission operations 


Note. Operators obtain frequency assignments from the signal operating instructions, which is 
coordinated with the unit electromagnetic spectrum manager. Units do not establish their own 
RETRANS frequencies without electromagnetic spectrum manager coordination. (Refer to ATP 
6-02.70 for more information on spectrum management operations.) 


3-51. Table 3-3 on page 3-11 shows the minimum antenna separation distance. The network NCS monitors 
the RETRANS station to ensure the command hopset provides continuous communications for the unit. 
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Table 3-3. Minimum antenna separation distance 


Minimum Frequency High Power Separation Power Amplifier Power 


Separation Required Separation 

10 MHz 5 feet (1.5 meters) 5 feet (1.5 meters) 

7 MHz 10 feet (3 meters) 60 feet (18.2 meters) 

4 MHz 50 feet (15.2 meters) 150 feet (45.7 meters) 
2 MHz 200 feet (60.9 meters) 400 feet (121.9 meters) 
1 MHz 350 feet (106.6 meters) 800 feet (243.8 meters) 


Frequency Hopping to Single-Channel Operations 


3-52. Frequency hopping to single-channel operations is a simple mode to set up and operate with no 
requirement for frequency or physical separation. The single-channel frequency should not be part of the 
hopset resource used on the frequency hopping side of the RETRANS. This method allows a single-channel 
radio user access to the frequency hopping net in an emergency. Avoid continual access to the frequency 
hopping net using this method to prevent lessening the electronic counter-countermeasures capability of the 
SINCGARS. 


Note. The RETRANS station typically functions as the NCS during frequency hopping 
RETRANS operations. 


Frequency Hopping to Frequency Hopping Retransmission Operations 


3-53. Frequency hopping to frequency hopping RETRANS operations allows for the RETRANS of 
frequency hopping networks and the simplest mode with no requirement for frequency or physical separation. 
Frequency hopping RETRANS operations are traditional Fl:F2 or F1:F1, depending upon the model of 
SINCGARS and mission. The SINCGARS advanced system improvement program provides the capability 
for F1:F1 operations. 


3-54. F1:F2 operations require at least one of the network identifiers to be different (for example, network 
identifier F410 to network identifier F411). Anyone, or a combination of network identifiers, may change. 
The preferred method is for the network identifiers, for each side of the RETRANS, to locate within the same 
hopset. The RETRANS station radio operator functions as the network NCS for the outstation link. In this 
function, the radio operator answers all cues, electronic remote refill, and authenticate net entry. The 
RETRANS radio operator ensures the outstation RT placement in the frequency hopping master mode; this 
ensures timing on this link is established and maintained. 


3-55. F1:F1 operations allow both network identifiers to be the same. Frequency hopping is important when 
operating in a tactical networking environment. RETRANS is not an option in the packet mode for system 
improvement program and earlier SINCGARS, due to the critical timing associated with the packet mode. In 
a traditional F1:F1 RETRANS, a member of the outstation could potentially have captured the network due 
to the relatively long delays encountered at the RETRANS site rendering the RETRANS packet lost. 


3-56. The advanced system improvement program system overcomes this problem by assigning each radio 
at the RETRANS site as a dedicated receiver or transmitter. The advanced system improvement program 
shifts the incoming transmission by two hops in time and uses the same hopset on each leg of the RETRANS 
(commonly called F1:F1). Send packets out the moment received without going through interleaving and de- 
interleaving. A shift in two hops is insignificant enough to affect the performance of the outstation, making 
the RETRANS site appear to be a part of one large network. (See appendix D for information on radio 
operations in unusual environments.) 


TIMING SYNCHRONIZATION 


3-57. Frequency-hopping radios such as SINCGARS depend on accurate timing as part of the frequency- 
hopping scheme. SINCGARS obtains timing from a GPS receiver in precise positioning service mode. 
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COMSEC enabled GPS services as precise positioning service, mitigates the effect of position, navigation, 
and timing jamming. Military regulations mandate using GPS receivers in precise positioning service mode 
to support operations. Unencrypted GPS standard positioning service or course acquisition mode, 
authorization is for unofficial personal situational awareness or logistics material tracking. GPS sets 
employed to support tactical radio operations provides precision positioning, navigation, and timing. 


3-58. SINCGARS radios operate on precise GPS ZULU time (two-digit Julian date and hours: minutes: 
seconds, plus or minus four seconds). Sync time is a variable only in the sense that time passes and Julian 
dates change. Use of GPS ZULU time provides a common time reference that simplifies frequency hopping 
net opening, late net entry, and commander’s monitoring. Use of GPS ZULU time in conjunction with a 
common loadset, TSK, and TEK enables operators enter different nets by simply changing the net ID using 
the radio’s front panel keypad. 


DEFENSE ADVANCED GLOBAL POSITIONING SYSTEM RECEIVER 


3-59. The AN/PSN-13, Defense Advanced Global Positioning System Receiver (DAGR) is a self-contained, 
hand-held, 12-channel, dual-frequency (L1/L2) GPS receiver. The DAGR technology includes All in View 
satellite tracking and the tamper-resistant selective availability anti-spoof module (also called SAASM) device 
to access the precise positioning service signal. The DAGR includes provisions for installation in a wide 
variety of tactical vehicles and for integration with Army host systems. Managers of weapons systems with 
a GPS requirement develop DAGR installation kits for the specific platform. 


3-60. The DAGR provides highly accurate position, velocity and timing (PVT) data to individual Soldiers 
and integrated platform users. When operated with COMSEC, the DAGR provides enhanced anti-spoof and 
anti-jam protections. The DAGR supports position location, target location, rendezvous, and en route and 
terminal navigation. The DAGR can store up to 999 waypoints in memory or 15 routes with up to 1,000 legs 
for each. The DAGR contains map creation and map loading applications. The GPS Map Creator application 
creates maps for the DAGR. The GPS Map Loader application loads and manages the created maps. 


3-61. The DAGR has a precise positioning service. Using HAVEQUICK, the DAGR communications port 
is configurable for time synchronizing output from the DAGR, using external connectors J1 or J2 to another 
piece of SINCGARS equipment. Figure 3-2 on page 3-13 depicts a DAGR. 
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Figure 3-2. Defense Advanced Global Positioning System receiver 


MICROLIGHT PERSONAL SOFTWARE-DEFINED NETWORKED 
RADIO 


3-62. The MicroLight-DH500 radio is a fully integrated and lightweight personal software defined 
networked communications radio that provides Soldiers with simultaneous voice, video, data, and critical 
position location information. The radio uses the MicroLight second-generation technology to support 
dismounted operations. The radio integrates the functionality of an external voice controller and a GPS 
receiver. The MicroLight-DH500 radio is compatible with the advanced system improvement program— 
enhanced. The radio provides software communications architecture compliant integrated Voice over Internet 
Protocol. 


HIGH FREQUENCY RADIOS 


3-63. HF radios provide tactical elements with stand-alone, terrain independent, robust communications, for 
the line of sight and beyond line of sight, secure voice, and data communications. Line of sight is the 
unobstructed path from a Soldier’s weapon, weapon sight, electronic sending and receiving antennas, or piece 
of reconnaissance equipment from one point to another (ATP 2-01.3). HF radios provide long distance, wide 
area, gap free, fixed or on the move, ground and ground to air communications. HF radios are terrestrial 
beyond line of sight systems that require a good understanding of HF capabilities and antenna design to 
support local beyond line of sight requirements. HF radios provide a combination of simplicity, economy, 
transportability, and versatility. HF radio operations require that radio operators continually adjust the system 
to compensate for the ionosphere, and an ever-changing terrestrial environment electromagnetic interference 
from the other stations, atmospheric interference, and man-made noise. Successful HF communications 
performance depends on— 


e Type of emission. 
e Amount of transmitter power output. 


13 February 2020 ATP 6-02.53 3-13 


Chapter 3 


e Characteristics of the transmitter antenna. To select the best antenna the planner requires an 
understanding of wavelength, frequency, resonance, and polarization. 


Amount of propagation path loss. 
Characteristics of the receiver antenna. 
Amount of noise received. 


Sensitivity and selectivity of the receiver. 
e Anapproved list of available frequencies within a selected frequency range. 


3-64. HF radios have the following characteristics that make them ideal for tactical long distance, wide area 
communications— 


e HFsignals reflected off the ionosphere at high angles allow beyond line of sight communications 
at distances up to 400 miles (643.7 kilometers), without gaps in communications coverage. 

e HFsignals reflected off the ionosphere at low angles allow communication over distances of many 
thousands of miles. 


e HF signals do not require using either SATCOM or RETRANS assets. 
e HF systems engineered to operate independently of intervening terrain or man-made obstructions. 


3-65. Training Soldiers on the operation and use of HF radios play a vital role in the successful 
accomplishment of units’ mission requirements. Communications planners at every level need to understand 
the concepts of propagation, path loss, antennas, antenna couplers, and digital signal processing. See chapter 
9 and appendix D for more information on antennas and radio communications in significant areas. The 
following paragraphs are examples of HF radios typically employed by Army forces. 


RF-5800H RADIO 


3-66. The RF-5800H is an advanced HF and VHF man-pack radio that supports HF single-sideband VHF- 
FM and provides reliable tactical communications through enhanced secure voice and data performance, 
networking, and extended battery life. The RF-5800 supports encrypted data, automatic link establishment 
(ALE), frequency hopping, vocoder, data link layer protocol automatic repeat request, internal GPS, 
integrated telephony capability, and network management features. 


HIGH FREQUENCY SINGLE-SIDEBAND 


3-67. HF single-sideband is a terrestrial beyond line of sight tactical network capability employed as a 
redundant backup system to counter jamming in frequencies or distance. HF propagation requires an 
understanding of the radio’s power capabilities, the frequency used on the radio, and the planning distance 
over which the used radio determines which type of antenna to use (whip, near-vertical incidence skywave, 
or doublet). 


AN/VRC-100 RADIO 


3-68. The advanced high frequency ground vehicular AN/VRC-100 radio is a multifunctional, full digital 
signal processing HF radio used for a variety of ground or mobile applications. The AN/VRC-100 radio is a 
fully integrated plug and play multi-mode voice or data communications system configured in a portable 
case. The radio allows substantial distance communications beyond line of sight by providing users the ability 
to maintain contact during short, mid, and long range operations. As an advanced data communications 
system, the AN/VRC-100 provides reliable digital connectivity. 


3-69. The AN/VRC-100 radio uses the RT, power amplifier coupler, and control display unit line replaceable 
units of the AN/ARC-220 system without modification, within an aluminum-structured, bracketed case. The 
AN/VRC-100 has a portable, metal case, with a removable top, that provides easy access for removal of line 
replaceable units. All controls and the radio input and output are located on the front panel. The AN/VRC- 
100 provides beyond line of sight communications for command posts, air traffic control, and vehicular 
applications as the high mobility multipurpose wheeled vehicle. The AN/VRC-100 increases the situational 
awareness of aviation assets. The AN/VRC-100 has capabilities that are identical to the ARC-220 HF radio, 
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which makes the AN/VRC-100 radio an ideal radio to support ARC-220 HF radio equipped airborne 
platforms. Key features of the AN/VRC-100 are— 


e Full digital signal processing with embedded ALE, EP, and data modem. 


e Spare card slot in the RT provides for future growth. 


e@ Operates on 28 volts direct current (and is compatible with 24 volts direct current vehicular power) 
or from 115 or 220 volts alternating current 50 and 60 Hertz power source. 


e A personal computer or laptop connectivity. 


e E-mail messaging using the local RS-232 interface. 


e@ Capability to tune a variety of antennas. 


3-70. Table 3-4 lists the three configurations of the AN/VRC-100. Refer to equipment technical manual for 
more information on the AN/VRC-100(V) 1/2/3. 


Table 3-4. AN/VRC-100 configurations 


Configuration 


Description 


AN/VRC-100(V) 1 


Consists of three line replaceable units housed in a metal casing with a power supply 
and speaker. 


AN/VRC-100(V) 2 


Consists of the AN/VRC-100(V) 1 mounted in a wheeled vehicle. 


AN/VRC-100(V) 3 


Consists of the AN/VRC-100(V) 1 with the AS-3791/G broadband antenna and is used 
at theater level. 


AN/PRC-150 RADIO 


3-71. The AN/PRC-150 radio provides tactical forces, homeland defense forces, and emergency operations 
elements with secure, terrain-independent line of sight and beyond line of sight voice and data 
communications. The AN/PRC-150 radio does not rely on RETRANS or SATCOM. The radio provides long 
distance, wide area, gap free, fixed or on the move, ground, ground to air communications via plain text, 
secure analog voice with robust data, and digital voice modes and advanced serial tone electronic counter- 
countermeasures modem IP networking. 


3-72. The AN/PRC-150 supports Red and Black key management and ALE link protection. HF signals travel 
longer distances over the ground than the VHF or UHF signals. HF signals are least affected by factors as 
terrain or vegetation. The AN/PRC-150 vehicular radio systems provide units with beyond line of sight 
communications without having to rely on satellite availability on a saturated tactical communications 
network. The systems’ manpack and vehicular configurations have reliable communications while on the 
move and allow for rapid transmission of data and imagery to display the Common Operational Picture. 
When employed the AN/PRC-150 radio supports single-channel radio operations, and frequency hopping 
radio operations. The AN/PRC-150 has the following characteristics and capabilities— 
e@ Operates from 1.6—29.9999 MHz using skywave modulation with selectable low, medium, and 
high output power. It also operates from 20.0000-59.9999 MHz FM with a maximum output of 
10.0 watts. 
Manpack, mobile and fixed station configurations. 
e Embedded type 1 multinational cryptographic algorithms for secure voice and data 
communications between ground and aircraft. 
e Able to interface with SINCGARS cryptographic ignition key embedded in the removable keypad. 
e Advanced electronic counter-countermeasures  serial-tone frequency hopping improves 
communications reliability in jamming environments. 
Supports frequency hopping in HF narrowband, wideband, and list. 
Programmable system presets for one-button operation. 
Internal tuning unit matches a wide variety of whip, dipole, and long-wire antenna automatically. 
Internal, high-speed serial-tone modem provides data operation up to 9,600 bits per second. 


Embedded ALE digital voice 600 simplifies HF operation by automatically selecting an accepted 
channel. 
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e Supports North Atlantic Treaty Organization (NATO) standardization agreement (STANAG) 
4538 automatic radio control system link setup and data link protocols in third-generation ALE 
radio mode. 


Point-to-point protocol or Ethernet supports networking capabilities. 
Supports STANAG 4538-compliant wireless IP data transfer. 
Supports frequency hopping in HF narrowband, wideband, and list. 


e Does not support frequency hopping SINCGARS compatible loadsets. 


3-73. The AN/PRC-150 transceiver has an extended frequency range of 1.6—60 MHz in combination with 
16 kilobits per second digital voice and data enables fixed frequency interoperability with other VHF FM 
combat net radios. The AN/PRC-150 provides type 1 voice and data encryption compatible with advanced 
narrowband digital voice terminal (ANDVT)/KY-99A, ANDVT/KY-100, VINSON/KY-57, and KG-84C 
cryptographic devices. 


3-74. The AN/PRC-150 is also capable of data communications utilizing the Tactical Chat software provided 
with the radio. Point-to-point data transmission can be completely secure. The use of the radios third- 
generation ALE enables synchronized scanning to happen quickly and smoothly. 


AUTOMATIC LINK ESTABLISHMENT 


3-75. HF radios with ALE capability permits radio stations to contact one another automatically. The success 
of ALE is dependent on active frequency propagation and HF antenna construction and use. ALE occurs 
when a specialized radio modem, known as an ALE adaptive controller assigned the task of automatically 
controlling an HF receiver and transmitter. ALE controllers can be external devices or an embedded option 
in modern HF radio equipment. 


3-76. ALE controllers’ function on the principles of link quality analysis and sounding. ALE tasks are 
accomplished using the following common elements— 


e Each controller has a predetermined set of frequencies, adequately propagated for conditions 
programmed into memory channels. 


Channels continuously scanned typically at a rate of two channels per second. 

e Each controller has a predetermined set of network call signs programmed into memory that 
include its station network call sign, network call signs, group call signs, and individual call signs. 

e ALE controllers transmit link quality analysis, which sounds the programmed frequencies for best 
link quality factors on a regular, automated, or operator-initiated basis. 

e ALE units RT in listening mode, log station call signs and associated frequencies, and assign a 
ranking score relevant to the quality of the link on a per channel basis. 

e@ When a station desires to place a call, the ALE controller element attempts to link to the outstation 
using the data collected during ALE and sounding activities. If the sending ALE has not obtained 
the outstation’s data, the controller seeks the station, and attempt to link a logical circuit between 
two users on a network that enables the users to communicate using all programmed channels. 


3-77. When the receiving station hears its address, it stops scanning and stays on that frequency. A 
handshake, a sequence of events governed by hardware or software, requiring an agreement of the state of 
the operational mode before information exchange, is required between the two stations. The two stations 
automatically do a handshake to confirm that a link establishment. Upon a successful link, the ALE 
controllers cease the channel scanning process and alert the radio operators that the system has established a 
connection and that stations should now exchange traffic. 


3-78. Table 3-5 on page 3-17 outlines communication between two stations during the handshake and link 
quality analysis. 
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Table 3-5. Automatic link establishment system handshake 


Message Receive Station 
T6Y this is B3B T6Y 
Message Call Station 
B3B this is T6Y T6Y 
Message Receive Station 
T6Y this is B3B T6Y 
Systems Linked 


3-79. The channel numbers represent programmed frequencies, and the numbers in the matrix are the most 
recent channel-quality scores. Thus, if a radio operator wanted to make a call from B3B to T6Y, the radio 
would attempt to call on Channel 18, which has the highest link quality analysis score. 


3-80. When making multi-station calls, the radio B3B selects the channel with the best average rating. Thus, 
for a multi-station call to all addresses in the matrix, select channel 14. Table 3-6 outlines the link quality 
analysis matrix for B3B. 


Table 3-6. Notional link quality analysis 
matrix for a radio (B3B) 


3-81. Upon completion of a link session, the ALE controllers send a link termination command and return 
to the scanning mode to await further traffic. Built-in safeguards that ALE controllers return to the SCAN 
mode in case of a loss-of-contact condition. 


3-82. ALE controllers can send short orderwire digital messages known as electronic message displays to 
members of the network. Messages sent to ANY or ALL members of the NET or GROUP. ALE controllers 
can contact individual stations by their call sign, ALL stations, or ANY stations on the NET or GROUP. 
ALL calls and ANY calls make use of wildcard characters in substitution for individual call signs as @?@ 
ALL and @ @? ANY. NULL address calls used for systems maintenance and sent as @ @@. (Refer to ATP 
6-02.72 for more information on HF ALE.) 


Frequency Selection 
3-83. For ALE to function correctly, frequency selection is essential to consult with the spectrum manager 
early in the process. When selecting frequencies to use in a network, take the following considerations— 
e Time of operation. 
Communicated distance. 
Power level. 
Type of antenna used. 


Transmission in voice, data, or continuous wave mode. 
e@ Location of transmitter and receiver. 


3-84. HF propagation changes daily. Lower frequencies work better at night, and higher frequencies work 
better during the day. Operators should select frequencies based on the type of network and the distance 
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between the radios. When using these parameters, use a good propagation program to determine which 
frequencies propagate. 


Third Generation Automatic Link Establishment 


3-85. The third generation HF ALE system uses a family of scalable burst waveform signaling formats for 
transmission of all control and data traffic signaling. Scalable burst waveforms define the various kinds of 
signaling required in the system, to meet their specific requirements as to payload, duration, time 
synchronization, and acquisition and demodulation performance in the presence of noise, fading, and 
multipath. The burst waveforms use the primary binary phase-shift key serial tone modulation at 2400 
symbols per second as used in the serial tone modem waveform. The low-level modulation and demodulation 
techniques are like those of serial tone modems. 


3-86. The waveforms used in the third generation HF ALE system design balance the potentially conflicting 
objectives of maximizing the time diversity achieved through interleaving and minimizing on-air time and 
link turn-around delay. The latter goal plays an important role in improving the performance of ALE and 
automatic requests for RETRANS systems, which by their nature require a high level of agility. 


3-87. Third generation HF ALE systems establish one-to-one and one-to-many broadcast and multicast links. 
It uses a specialized carrier sense multiple access schemes to share calling channels and monitors traffic 
channels before using them to avoid electromagnetic interference and collisions. 


3-88. Calling and traffic channels may share frequencies, but the system is likely to achieve better 
performance when they are separate. Each calling channel is associated with one or more traffic channels 
that are in the same frequency range to have similar propagation characteristics. The concept of associated 
control and traffic frequencies reduces to the case in which the control and traffic frequencies are identical. 


3-89. Third generation HF ALE receivers continuously scan its list of calling channels, listening for second 
generation or third generation calls. Second generation ALE is an asynchronous system in the sense that a 
calling station makes no assumption about when a destination station listens to any channel. The third 
generation HF ALE system includes a similar asynchronous mode; synchronous operation is likely to provide 
superior performance under conditions of moderate to high network load. 


SINGLE-CHANNEL TACTICAL SATELLITE RADIO 


3-90. Single-channel TACSAT radios are small, lightweight, manpack, multiband, multimode radio, VHF, 
and UHF radios. VHF and UHF provide communications for the corps and division and supports Army 
special operations forces communications requirements, in war, and in operations other than war. 


3-91. Single-channel TACSAT radios provide wideband and narrowband range extension for voice and data. 
The beyond line of sight range extension capability is used in the Army’s SATCOM on-the-move OE-563 
functionality in moving vehicular platforms, versus stationary. Narrowband terminals are preferred for initial 
communications in contingency situations, since the terminals are small, light, and very mobile. 
Disadvantages of narrowband terminals are difficulty in obtaining access to the UHF space segment and the 
lack of anti-jam capability for threat mitigation. 


Note. See appendix K for a detailed discussion on single-channel TACSAT radio capabilities 
employed within Army formations. 


BLUE FORCE TRACKING 


3-92. Ground-based line-of-sight radios in an operational environment with obstructive terrain can cause 
significant network limitations and hinder commanders’ ability to communicate and provide and maintain 
situational awareness. To overcome network limitations, units may employ BFT. 


3-93. BFT is a GPS enabled system that provides commanders and Soldiers with location information about 
friendly military forces. In NATO military symbology, the color blue typically denotes friendly forces. The 
system provides a common picture of the location of friendly forces. 
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3-94. Typical employment of BFT systems consists of a computer used to display location information, a 
satellite terminal and satellite antenna used to transmit location. A GPS receiver, to determine its own position 
software to send and receive orders and mapping software, usually as a geographic information system that 
plots the BFT device on a map. The system displays the location of the host vehicle on the computer’s terrain- 
map display, the locations of other friendly platforms in blue, and the enemy in red in their respective 
locations. BFT sends and receives text and imagery messages and has a mechanism for reporting the locations 
of enemy forces and other battlefield conditions, for example, the location of minefields, battlefield obstacles, 
and damaged bridges. 


3-95. Additional capability in some BFT devices found in route planning tools. By inputting grid 
coordinates, the BFT becomes both the map and compass for motorized units. With proximity warnings 
enabled, the vehicle crew is aware as they approach critical or turn points. 


3-96. The BFT system continually transmits locations over the Force XXI Battle Command, Brigade and 
Below (FBCB2) network. BFT monitors the location and progress of friendly and enemy forces and sends 
those coordinates to a central location, typically command posts. There the data are consolidated into a 
common operational picture, and sent to numerous destinations, as the headquarters element, other in-theater 
forces, or back out to other military units for situational awareness. The system also allows users to input or 
update operational graphics obstacles, engineer reconnaissance on the road, and enemy forces. Once 
uploaded and sent to higher headquarters or mailed to other subscribers of that user’s list, or other BFT users 
within the subscription system. 


FORCE XXI BATTLE COMMAND, BRIGADE AND BELOW JOINT 
BATTLE COMMAND PLATFORM 


3-97. Joint Battle Command Platform (JBCP) is one of the Army’s friendly force tracking systems that 
equips Soldiers with a faster satellite network, secure data encryption and advanced logistics. JBC-P includes 
an intuitive interface with features like touch-to-zoom maps and drag-and-drop icons. JBC-P is interoperable 
with the Nett Warrior handheld device, managed by PEO Soldier, delivering situational awareness 
capabilities to dismounted Soldiers. JBC-P incorporates the common hardware solution known as the 
Mounted Family of Computer Systems. The Mounted Family of Computer Systems ensures tactical 
computers are scalable and tailorable to the mission and vehicle. Ranging in options from a detachable tablet 
to a fully loaded, vehicle-mounted workstation, the Mounted Family of Computer Systems runs not only 
JBC-P but can also run other software applications, reducing size, weight and power demands. JBC-P builds 
on the situational awareness capability known as FBCB2 and BFT. 


FORCE XXI BATTLE COMMAND, BRIGADE AND BELOW JOINT 
CAPABILITIES RELEASE 


3-98. The FBCB2 Joint Capabilities Release is the next generation of battlefield situational awareness and 
mission command system featuring enhanced capabilities. The FBCB2 Joint Capabilities Release tactical 
network has greater bandwidth allowing the movement of more information to more users within seconds 
rather than in minutes. The Joint Capabilities Release system upgrade includes BFT 2, a high-tech, high- 
speed force-tracking satellite communications network. The BFT 2 is approximately ten times faster than the 
existing BFT system. Employment of the Joint Capabilities Release system with the BFT 2 transceiver and 
network upgrade enables friendly positions to update in seconds. 


SECTION Il - SOFTWARE DEFINED RADIO PLATFORMS 


3-99. The software defined radio platform is a combination of the hardware inherent to the radio, including 
an antenna, batteries, vehicular, man-pack or base mounts, and the software design inherent in the radio 
operating system. The radio operating system software allows the interaction between the radio hardware 
components and the network operations and waveform applications component software. In legacy radios, 
the hardware and software design merge within the radio and include the waveform. In software defined 
radios, the hardware, and software are less rigidly coupled. This provides a software defined radios greater 
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interoperability with waveform applications and network management tools while also minimizing 
interoperability issues associated with enhancing the radio platform operating system. 


3-100. The software defined radio platform supports the design as an interoperable family of advanced 
software-reprogrammable, multi-band, multi-mode, net-centric, and reliable radio sets. The required 
capabilities of the software defined radio platform require the software defined radio platform sets to be 
interoperable with the current equipment used by military land, air, and maritime defense forces. The Joint 
Tactical Radio Ground Domain has three Programs of Record: The Handheld Manpack Small Form Fit, the 
Networking Vehicular Radio, and Airborne Maritime Fixed radio. 


HANDHELD MANPACK SMALL FORM FIT 


3-101. The Handheld Manpack Small Form Fit radio program provides single-channel handheld and two- 
channel manpack radios to support Army operations. The Handheld Manpack Small Form Fit program 
consists of handheld and manpack radios. Handheld Manpack Small Form Fit radios are interoperable with 
legacy radios. Handheld Manpack Small Form Fit radios provide joint interoperable connectivity to Soldiers 
at the tactical edge, while on-the-move, or at-the-halt. Handheld Manpack Small Form Fit radios provide line 
of sight and beyond line of sight capabilities for dismounted personnel and platforms. The radios are scalable, 
modular Software Communications Architecture compliant, enable net-centric operations, and operate in 
multiband and multimode to deliver reliable and secure tactical communications. 


LEADER RADIO 


3-102. The Handheld Manpack Small Form Fit radio program provides the baseline capabilities required 
for the Leader Radio. The Leader Radio is a handheld, software defined radio with type | certification for 
encryption. The Leader Radio provides two-channel secure voice and data via multiple waveforms and 
provides connectivity to the Nett Warrior end user device. The Leader Radio consists of the AN/PRC-163 
and the AN/PRC-148C). 


AN/PRC-163 


3-103. The AN/PRC-163 is a two-channel, handheld, cross band, software-defined radio that supports 
seamless and simultaneous networking for over 200 users when utilizing the Tactical Scalable Mobile Ad 
Hoc Networking waveform. The AN/PRC-163 provides Soldiers the capability to get mission critical 
information by viewing a liquid crystal display screen. The intelligence, surveillance, and reconnaissance 
video module provides full-motion video capabilities for advanced situational awareness. The AN/PRC-163 
software defined design supports simple updates to future waveforms. The AN/PRC-163 is interoperable 
with— 

Tactical Scalable Mobile Ad Hoc Networking waveform. 

HAVEQUICK I/II. 

SINCGARS. 

FM frequency shift keying. 

Amplitude modulation (AM) amplitude shift keying. 

Integrated waveform. 

Project 25. 


AN/PRC-148C 


3-104. The AN/PRC-148C is a two-channel handheld software defined radio that supports simultaneous 
narrowband and wideband voice and data communications. Optimized for communications in RF challenged 
environment, the AN/148C provides reliable voice and data communications in harsh and unpredictable 
operational environments. The AN/PRC-148C is interoperable with the following— 


e Tactical Scalable Mobile Ad Hoc Networking waveform. 
e HAVEQUICK I/II. 
e SINCGARS. 
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FM. 

AM. 

Integrated waveform. 
Project 25. 


Nett Warrior End User Device 


3-105. The Nett Warrior end user device AN/PRC-154A is a type | secret and below single-channel hand- 
held radio employed by dismounted leaders using the Nett Warrior application device for situational 
awareness. Employment of the Nett Warrior end user device provides the leader secret access to the platoon, 
the company, or other systems operating on the same network. 


3-106. The Nett Warrior radio can transmit and receive push-to-talk voice and data communications 
simultaneously. The Nett Warrior radio provides team leaders and above voice communications and 
automatic position location information beaconing. Any squad member, regardless of security clearance, can 
use the radio. The non-cryptographic controlled radio item can either be keyed secret to allow leaders to send 
and receive information or sensitive-but-unclassified to connect leaders to their non-cleared squad members 
and the squad members to each other. 


MANPACK RADIO 


3-107. The manpack radio AN/PRC-155 is a two-channel radio that provides better performance and range 
for use at the lowest echelon and is employable in a dismounted manpack configuration or mounted in a 
vehicle. The AN/PRC-155 radio operates over the Mobile User Objective System (MUOS) waveform and 
other versions of legacy waveforms that include SINCGARS, Enhanced Position Location Reporting System, 
UHF SATCOM, and HF communications. The AN/PRC-155 radio is capable of type | and type 2 encryption 
and is capable of operating over a classified network. 


NETWORKING GROUND RADIO 


3-108. The networking ground radio AN/PRC-162 is a two-channel software-defined radio. The AN/PRC- 
162 is manpack or vehicle mount configurable and supports narrowband and wideband waveforms. The 
AN/PRC-162 provides high-speed mobile ad hoc networked communications, point-to-point data and voice 
next-generation SATCOM, and MUOS. The AN/PRC-162 is interoperable with legacy waveforms and 
consists of an open-architecture design that allows for future upgrades. The AN/PRC-162 radio provides the 
capability for real-time sharing of data, images, voice, and video between assets on the battlefield. The 
AN/PRC-162 is interoperable with the following— 


e HAVEQUICK I/II. 

SINCGARS enhanced system improvement program. 
VHF and UHF line of sight. 

Advanced Narrowband Digital Voice Terminal. 
Demand-assigned multiple access (DAMA). 

25 kHz DAMA. 

Integrated waveform. 


WIDEBAND HE/VHEF TACTICAL RADIO 


3-109. The AN/PRC-160 (Falcon III) radio is a small, lightweight, manpack HF/VHF wideband tactical 
radio system. The AN/PRC-160 provides continuous coverage from 1.5 to 60 MHz. The AN/PRC-160 high- 
speed wideband waveform transmits data in bandwidths from 3 kHz to 24 kHz. The AN/PRC-160 supports 
data rates of up to 120 kbps through technology that optimizes channel selection and adapts the selected 
channel to real-time conditions. 


3-110. The embedded Selective Availability Anti-Spoofing module or commercial GPS receiver ensures 
accurate position location information for enhanced situational awareness. The AN/PRC-160 protects the 
confidentiality of legacy and modern voice and data classified up to U.S. top secret. The AN/PRC-160 
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supports secure interoperability with coalition and Partnership for Peace forces through modern algorithms 
and advanced encryption standard encryption. 
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Chapter 4 
Waveforms and Waveform Applications 


This chapter discusses the waveforms and waveform applications in the tactical 
networking environment. The tactical networking environment includes all current and 
future software defined waveform applications. It provides the means to pass voice and 
data across the transport layer of the tactical networking environment. 


LOWER TIER WAVEFORMS 


4-1. A waveform is the representation of a signal that consists of the frequency, modulation type, message 
format, and transmission system. The term waveform refers to a known set of characteristics, for example, 
frequency bands, modulation techniques, message standards, and transmission systems. In tactical radio 
system usage, the term waveform describes the entire set of radio functions that occur from the user input to 
the RF output. 


4-2. Lower tier waveforms of the tactical networking environment process voice and essential data 
elements. The data elements within the tactical networking environment is centered on friendly forces 
situational awareness and transport capabilities to enable communications in disconnected, intermittent, and 
limited bandwidth environments. The spectrum and bandwidth availability are limited, and only critical 
functions operate within this portion of the tactical networking environment. The following paragraphs 
discuss the fundamental waveforms and capabilities operating within the lower tier. 


SINGLE-CHANNEL GROUND AIRBORNE RADIO SYSTEM 


4-3. The SINCGARS provides the primary means of communication for units across all echelons via highly 
reliable, secure, easily maintained combat net radio voice and data handling capability. The SINCGARS 
offers network data services via mounted and dismounted configurations. 


SINGLE-CHANNEL TACTICAL SATELLITE 


4-4. Single-channel TACSAT provides interoperability between legacy TACSAT radios and software- 
defined radios. Single-channel TACSAT provides users can interoperate with legacy radio waveforms. The 
interoperability enables voice and limited data exchange for beyond line of sight lowest tactical level users 
in the lower tier. 


MOBILE USER OBJECTIVE SYSTEM WAVEFORM 


4-5. The MUOS is a UHF SATCOM system that provides satellite network connectivity and 
communications services for mounted and dismounted units to support beyond line-of-sight communications 
capability at Brigade and below. Currently, MUOS is a U.S. only system. 


4-6. MUOS primarily intended for mobile user’s aerial, maritime platforms, ground vehicles, and 
dismounted soldiers. MUOS extends users’ voice and data communications networks beyond their lines of 
sight. The MUOS waveform operates as a global cellular service provider to support Soldiers with modern 
cell phone-like capabilities. It adopts a commercial third generation wideband code division multiple access 
mobile phone architecture for use in the military UHF SATCOM frequency spectrum using four 
geosynchronous satellites in place of cell towers covering the globe. By operating in the UHF frequency band 
300 -320 MHz to transmit User to Base and 360-380 MHz to receive Base to User, a lower frequency band 
than that used by conventional terrestrial cellular networks. MUOS provides Soldiers with the tactical ability 
to communicate in disadvantaged environments, as heavily forested regions where the forest canopy would 
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unacceptably attenuate higher frequency signals. The radio uses the MUOS waveform when operating on 
one of four 5 MHz channels on one of 16 beams on one of four geosynchronous satellites. 


4-7. MUOS waveform provides military point-to-point and communication users with precedence-based 
and pre-emptive access to voice and data up to 64Kbps that span the globe. Each MUOS terminal has a 10- 
digit Defense Switched Network assigned phone number when provisioned. Users in the field establish 
connections on demand within seconds, freeing resources for other users. 


INTEGRATED WAVEFORM 


4-8. SATCOM integrated waveform is an enhanced method of multiplexing radio networks on the same 
channel. An integrated waveform uses carrier phase modulation to allow more access using the same channel. 
Carrier phase modulation implemented in radios provides higher data throughput on the UHF dedicated 
satellite channels in line-of-sight-mode. An integrated waveform is an augmentation to time division multiple 
access services. Integrated waveform is a flexible waveform structure that allows communication access 
tailoring based upon operational requirements. Single-channel TACSAT capable radios that support 
integrated waveform technology are the AN/PRC-155, AN/PSC-5C/D, AN/PRC-117F/G, and AN/PRC-148. 
Integrated waveform— 

e Supports data rates up to 19.2 kilobits per second. 

e Provides up to fourteen networks operating at 2400 bits per second each. 


e Supports narrowband voice operations with mixed excitation linear prediction. 


LINK 16 WAVEFORM 


4-9. Link 16 is a time division multiple access-based, secure, jam-resistant high-speed digital data link, 
which operates in the frequency band 960—1,215 MHz. The frequency range limits the exchange of 
information to users within line of sight of one another. Emerging technologies provide the means to pass 
Link 16 data over long-haul protocols as Transmission Control Protocol, IP, and UHF SATCOM. Link 16 
uses the transmission characteristics, protocols, conventions, and fixed-length or variable-length message 
formats. The radios and waveform can support throughputs upwards of 238 kilobits per second, information 
passed is typically at one of the three following data rates— 

e 31.6 kilobits per second. 

e 57.6 kilobits per second. 

e 115.2 kilobits per second. 


WAVEFORM APPLICATIONS 


4-2 


4-10. The waveform application is composed of all current and future software defined waveform 
applications that provide a means of providing voice and data across the transport layer of the network in 
both the lower and upper tier. Waveform applications are peer-to-peer programs that facilitate the exchange 
of application data across the spectrum of radio networks. These are essential considerations for lower tier 
planners as they develop their network architecture to meet their commander’s command and control 
requirements. The Network Operations Management System are plans, configures, and loads waveform 
applications onto the radio platforms. 
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VHF Radios 


This chapter describes the commercial-off-the-shelf VHF radios used to support 
tactical radio operations. Soldiers use both Multiband Inter/Intra Team Radios and 
multiband handheld radios to control and coordinate movement, send and receive 
instructions, request logistical or fire support, and gather and disseminate information. 


MULTIBAND INTER/INTRA TEAM RADIO 


5-1. Use the Multiband Inter/Intra Team Radio (MBITR) (AN/PRC-148) for special operations forces and 
company size networks depending on command guidance and mission requirements. When used as a 
handheld radio, the MBITR supports the secure communications requirements for a platoon, squad, or team. 
The MBITR enables small-unit leaders’ adequate control of subordinate elements activities. The MBITR can 
perform ground-to-air, ship to shore, DAMA TACSAT, civil, military, and multinational communications. 


5-2. The MBITR communicates with similar AM and FM radios to perform two-way communications. The 
frequency and waveforms are interoperable with legacy and new systems. The MBITR ensures 
interoperability with virtually any common U.S. military or commercial waveforms operating in the 30-512 
MHz frequency range with either FM or AM radio RF output, and with a user-selectable power output from 
0.1-5 watts. The AN/VRC-111 is the vehicular version of the MBITR. 


5-3. The MBITR consists of a portable, battery-operated transceiver capable of operating in non-secure 
analog or secure digital voice and data. It can store up to 256 channels organized in 16 groups with 16 
channels each and transmit voice in whisper mode. The MBITR is software upgradeable to add the following 


capabilities— 
e@ SINCGARS. 
e HAVEQUICK I/II. 
e ANDVT. 
e RETRANS. 
e ANDVT/KYV-S. 


5-4. The MBITR is tunable in 5 or 6.25 kHz tuning steps using 25.0 kHz channel bandwidth. The MBITR 
provides narrow band operations using 12.5 kHz and 5 kHz bandwidth when configured as an ANDVT. The 
MBITR automatically selects the correct tuning size. For emergencies, the radio circuitry can receive explicit 
messages while set for secure mode operation. 


5-5. When operating in the secure mode, the radio disables the transmission of any tone squelch signals. 
Encryption key fill occurs through the audio and key fill connector. The urban MBITR has a standard U- 
283/U six-pin connector, fully compatible with the SKL. 


SYSTEM MANAGEMENT 


5-6. MBITR system management is the responsibility of the S-6 or communications section at all echelons. 
The tactical network implements software-based MBITR management. Planners and operators can configure 
the MBITR manually using the radio control panel or through a software-based application. 


5-7. The software-based application has an interface that allows uploading and downloading assigned 
frequency lists, waveform types, and radio power settings. Once configured, the MBITR can distribute this 
information (clone) to another MBITR. This cloning feature allows the S-6 system manager to disseminate 


13 February 2020 ATP 6-02.53 5-1 


Chapter 5 


technical information down the tactical echelons to each radio. The system manager can clone configuration 
information to other MBITRs by means of a cloning cable or over-the-air. 


USE DURING URBAN OPERATIONS 


5-8. During urban operations, communication inside buildings or over urban terrain is a challenge. For 
these conditions, the MBITR system provides RETRANS capability called back-to-back. RETRANS 
configuration requires two MBITRs and a small cable kit with electronic filters. The radios repeat the 
transmission with no loss of signal quality. 


WIDEBAND NETWORKING HANDHELD RADIO 


5-9. The AN/PRC-152A (Falcon HI) radio is a wideband networking handheld radio that provides 
simultaneous voice, video, and high-speed data in a portable form factor. The AN/PRC-152A radio delivers 
ad hoc, self-healing, and adaptive networking capabilities to dismounted Soldiers on the move. The voice 
and data capabilities of the AN/PRC-152A are National Security Agency (NSA)-certified to secure networks 
classified up to top secret. 


5-10. The AN/PRC-152 encryption device maximizes battery life in battery-powered radios. The AN/PRC- 
152 also supports all software defined radio, COMSEC, and transmission security (TRANSEC) requirements 
and the ability to support numerous device compatibility modes: KY-57/VINSON, ANDVT/KYV-5, KG- 
84C, DS-101, and DS-102. 


5-11. The AN/PRC-152 includes an embedded GPS receiver to display local position and to provide 
automatic position reporting for situational awareness. The vehicular version of the AN/PRC-152 is the 
AN/VRC-110. 


AN/PRC-152A FREQUENCY RANGE 


5-12. The AN/PRC-152A covers the multiband frequency range, with 5 watts of transmit power for line of 
sight narrowband waveforms including SINCGARS, HAVEQUICK I/II, AM/FM VULOS, and 10 W burst 
for legacy SATCOM. The AN/PRC-152A standard high band enhancement increases frequency coverage to 
520 MHz, and adds the 762-870 MHz band for Project 25 conventional and trunking interoperability. The 
AN/PRC- 152A supports the following waveforms— 

e@ Narrowband. VHF 30-225 MHz, UHF 225-512 MHz. 

e Legacy SATCOM. Receive 243-270 MHz, Transmit 291-318 MHz. 

e Highband (VULOS/Project 25). 512-520 and 762-870 MHz. 

e@ Wideband. 225-450 MHz. 


AN/PRC-152A SECURITY 


5-2 


5-13. The AN/PRC-152A has the following security capabilities: 
e Encryption: type | encryption (suite A/B), NSA-certified for U.S. top secret and below 
e Encryption modes— 
= ~KY-57 (VINSON). 
=" KYV-5 Advanced Narrowband Digital Voice Terminal. 
= KG-84C. 
= ~FASCINATOR. 
=" Tactical Secure Voice Cryptographic Interoperability Specification. 
=" VHF/UHF line of sight. 
=" High Performance Waveform. 
=" High assurance internet protocol encryptor. 
= Advanced encryption standard (type 1 & 3). 
=" Type 3 Data Encryption Standard. 
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e@ Key fill device compatibility: AN/PYQ-10 (SKL). 
e Key storage: stores up to 300 keys. 


MULTICHANNEL MANPACK RADIO 


5-14. The AN/PRC-158 (Falcon IV) radio is a multichannel manpack radio equipped with dual channel 
connectivity to provide forward-deployed Soldiers with simultaneous send and receive capabilities in a 
compact and lightweight form factor. The AN/PRC-158 routing and crossbanding technologies support 
communications redundancy, voice and data communications. The AN/PRC-158 is NSA-certified secure up 
to top secret security classification. 


5-15. The AN/PRC-158 covers the multiband frequency range, with up to 10 watts of transmit power for 
narrowband waveforms and up to 20 watts of power for SATCOM and wideband waveforms. The AN/PRC- 
152A supports the following waveforms— 


e Narrowband Waveforms. AM/FM, VULOS, SINCGARS, HAVEQUICK I/II, and Project 25. 
e@ Wideband Waveforms. Advanced networking waveform. 
e UHFSATCOM Waveforms— 

= Advanced Narrowband Digital Voice Terminal and 56 kb/s data. 

=" Access to 5 kHz and 25 kHz UHF satellite communications channels. 

= Multiple access 5 kHz And 25 kHz UHF satellite communications. 

=" High performance waveform. 


= SATCOM time division multiple access waveform. 
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Chapter 6 
Ultrahigh Frequency Radios 


This chapter addresses the ultrahigh frequency radios and systems, multifunctional 
information distribution systems, tactical digital information link-joint terminals, and 
joint tactical information distribution systems and their roles in network centric 
warfare. 


6-1. UHF radios and systems played an essential role in the military today and played a vital role in recent 
urban combat operations. The Army uses UHF radios systems for ground-to-air, ship-to-shore, and 
multinational communications are— 

e The Multifunctional Information Distribution System (MIDS). 

e The Joint Tactical Information Distribution System (JTIDS). 


MULTIFUNCTIONAL INFORMATION DISTRIBUTION SYSTEM 


6-2. The MIDS is a high capacity digital information distribution system allowing the secure and jam- 
resistant exchange of real-time data between a wide variety of users, including all the components of a tactical 
air force, and when appropriate, land and naval forces. The MIDS is the follow-on to JTIDS terminals, 
providing improvements over the Class 2 family of terminals. Smaller and lighter than its predecessor, the 
MIDS installed platforms have a smaller footprint and the weight is fully compatible with Link 16 
participants. 


6-3. The MIDS consists of the AN/USQ-140, MIDS-Low Volume Terminal (2) [LVT (2)], a terminal 
controller, and an antenna. The MIDS LVT (2) provides jam-resistant, near real-time, digital data and voice 
communications, position location reporting, navigation, and identification capabilities to host platforms. 
The MIDS-LVT (2) supports all operational modes of the Link 16 waveform and provides a distributed 
network with control service and NATO interoperability. 


6-4. The MIDS-LVT (2) features random frequency hopping over fifty-one frequencies and is employed to 
support air defense operations. The MIDS-LVT (2) also has an expanded data rate, up to 2 megabits per 
second to support ground, airborne and maritime operations. The MIDS-LVT (2) uses two antennas to 
transmit and receive data. The terminal also features encryption and navigation capabilities. The MIDS- 
LVT(2) has the following characteristics and capabilities— 

e Link 16 messaging tactical digital information link-joint and distribution systems message 
standard. 
Receive sensitivity classified meets specifications with a 2—3 decibel (dB) margin. 
Transmit spectral performance greater than -60 dB in 1030/1090 MHz bands. 
Output transmit power 1, 25 or 200 watts. 


Host interfaces dual Army data distribution system interface (increased speed X.25) and multiple 
Ethernets interface. 


e Key fill interface DS-101 protocol. 


e Voice capability optional 2.4 kilobits per second linear predictive coding-10 and 16 kilobits per 
second continuous variable slope delta. 


TACTICAL DIGITAL INFORMATION LINK JOINT TERMINALS 


6-5. The tactical digital information link-joint is an approved data link used to exchange real-time 
information; NATO Link 16 is the near equivalent of tactical digital information link-joint. The tactical 
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digital information link-joint is the protocol approved for joint, U.S. only air and missile defense surveillance 
and battle management. The tactical digital information link-joint is a communication, navigation, and 
identification system that supports information exchange between tactical communications systems. The 
tactical digital information link-joint is a secure, frequency hopping, jam-resistant, high capacity link, and 
uses the JTIDS or MIDS communications data terminal for voice and data exchange. 


6-6. JTIDS and MIDS operate in time division multiple access with time slots allocated between 
participating JTIDS units for the transmission of data. This eliminates the requirement for an NCS by 
providing a node-less communications architecture. 


6-7. Army tactical digital information link-joint terminals are the JTIDS Class 2M and the MIDS 1 LVT-2. 
Other services’ JTIDS and MIDS terminals exchange data and voice. Army JTIDS class 2M and MIDS LVT- 
2 terminals have no voice capability. Tactical digital information link-joint networks participants include— 


Joint Land Attack Cruise Missile Defense Elevated Netted Sensor System. 
F/A-18 Hornet and Super Hornet. 
Airborne Warning and Control System. 
E-2C Hawkeye aircraft. 

Tactical Air Operations Module. 
Short-Range Air Defense. 

Aegis-class ships. 

Medium Extended Air Defense System. 
Patriot. 

Air Operations Center. 

Terminal High Altitude Area Defense. 
Army air and missile defense commands. 


Joint Tactical Ground Station. 


6-8. The enhanced position location reporting system is the primary data distribution system for forward 
area air defense weapon systems. The typical short-range air defense battalion uses enhanced position 
location reporting system to establish a data network to interconnect the tactical air control party, air support 
operations center, command nodes, platoon and section headquarters, and individual weapons systems. 
Establishment of an enhanced position location reporting system data network in a short-range air defense 
battalion, enable commanders to exercise airspace control to integrate and synchronize Army forces actions 
and operations with all airspace users. It passes the air picture and weapons control orders down, and then 
sends weapons systems status back up through the system. The extended air picture received from air defense 
and missile defense units, and E-3 Sentry-Airborne Warning and Control Systems fuse together with the air 
picture received from the AN/MPQ-64, Sentinel, filtered at the forward area air, defense command node for 
geographical areas of interest, and broadcast to all subscribers. 


JOINT TACTICAL INFORMATION DISTRIBUTION SYSTEM 


6-2 


6-9. JTIDS is a UHF terminal that operates in the 960-1215 MHz frequency band. It uses the Department 
of Defense (DOD) primary tactical data link to provide secure, jam-resistant, high-capacity interoperable 
voice, and data communications for tactical platforms and weapon systems. Using tactical digital information 
link-joint and the Interim JTIDS message specification, the Army JTIDS allows air, defense artillery units to 
exchange mission essential data in near real-time, with other Army joint communications organizations 
performing joint area of responsibility air and missile defense. 


6-10. Army JTIDS supports joint interoperability and situational awareness, through the integration of Link 
16 messages and standard waveforms. 
6-11. Host platforms for Army JTIDS and MIDS include— 

e@ Forward Area Air Defense Command and Control System. 

e Patriot Power Projection Platform. 

e Joint Land Attack Cruise Missile Defense Elevated Netted Sensor System. 
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Terminal High-Altitude Area Defense. 
Medium Extended Air Defense System. 
Joint Tactical Ground Station. 


Air and Missile Defense Planning and Control System at air defense artillery brigades and Army 
air and missile defense commands. 


6-12. The Army employs the JTIDS and MIDS at several operational levels as the medium to broadcast and 
receive an enhanced joint air picture. An in-theater joint data network provides shared joint command and 
control data and targeting information. Sources of the joint data network include— 


e  E-3A Sentry-Airborne Warning and Control System. 
Control and reporting center. 

Intelligence platforms. 

E-2C Hawkeye aircraft. 

Aegis ships. 

Fighter aircraft. 

Marine Corps tactical air operations module. 
Air defense and airspace management cell. 
Air defense artillery brigades. 

Short-range air defense. 

Patriot. 

Terminal High-Altitude Area Defense. 

Joint Tactical Ground Station. 


6-13. The Army JTIDS system is comprised of the Class 2M terminal, the JTIDS terminal controller, and 
the JTIDS antenna. 


BATTLEFIELD AWARENESS AND TARGETING SYSTEM- 
DISMOUNTED 


6-14. The AN/PRC-161 Battlefield Awareness and Targeting System-Dismounted radio is a ruggedized, 
handheld radio that delivers real-time Link 16 communications to dismounted and mobile Soldiers at the 
tactical edge. The AN/PRC-161 radio provides full Link 16 network access to special operations forces, 
expeditionary forces, joint terminal attack controllers, ground vehicles, maritime craft, unmanned aircraft 
systems, and coalition forces. 


6-15. The AN/PRC-161 radio bridges the gap between air and ground forces by providing real-time fused 
air and ground situational awareness to coordinate and direct forces instantaneously via machine-to-machine 
interface. The AN/PRC-161 radio includes type | encryption and J-Voice capability, which enables direct 
voice communications with other Link 16 radios. 
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Chapter 7 
Airborne Radios 


Airborne radios play a vital role in providing communications between ground 
elements and airborne elements. The capabilities of airborne radios enable users to 
achieve close air support, search and rescue, air-to-air, and air-to-ground 
communications. This chapter addresses the airborne radios that provide 
communications for ground-to-air operations, air-to-air operations and air-to-sea 
missions. 


7-1. The SINCGARS airborne platforms include— 
e The AN/ARC-201. 


e The AN/ARC-210. 
e The AN/ARC-220. 
e The AN/ARC-231. 
e The AN/ARC-186. 

AN/ARC-201 RADIO 


7-2. The AN/ARC-201 SINCGARS radio is a tactical airborne radio subsystem that provides secure, anti- 
jam voice and data communications. Ground and airborne versions are interoperable even though they are 
physically different from each other. The significant change in the airborne mode is the faceplate attached to 
the various configurations and the add-on modules that change each version’s capabilities. Airborne versions 
RT-1476, RT-1477A/B/C, and RT-1478 require the KY-58 security equipment for ciphertext operation. 


RT-1476 


7-3. The RT-1476, AN/ARC-201 is the base radio in all three versions, and they all operate in the single- 
channel and frequency hopping modes. The RT-1476, AN/ARC-201 typically mounts in the cockpit of an 
aircraft. 


RT-1477 


7-4. The RT-1477, mounts in an isolated equipment compartment on the aircraft and consists of radio and 
a radio set control, C-11466. The radio set control is co-located with the pilot and can remotely control from 
the cockpit. Dedicated cables transmit control and status signals back and forth between the RT-1477 and 
radio set control. The RT-1477 is capable of RETRANS operation. 


RT-1478 


7-5. The RT-1478, mounts in the remote equipment compartment of the aircraft and operates controlled by 
the aircraft’s system control display unit. The optional data rate adapter enables the radio to process 1,200 
and 2,400 Hz frequency. The operation of the data rate adapter is automatic and no operator interface is 
necessary. 


AN/ARC-210 RADIO 


7-6. The AN/ARC-210 offered in several models, which when coupled with ancillary equipment, provides 
the aviation community with exceptional long-range capability. The RT-1556B provides line of sight VHF 
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and UHF capability and HAVEQUICK I and HAVEQUICK I, and SINCGARS electronic counter- 
countermeasures waveforms. The RT-17941, RT-1824I, RT-185 1], and RT-1851AI are network capable and 
include embedded cryptographic algorithms, 5 kHz and 25 kHz and DAMA SATCOM. 


7-7. The AN/ARC-210 provides air-to-air and air-to-ground, two-way voice communications via UHF and 
VHF. The embedded SATCOM functions that operate in the UHF radio band data and voice communications. 


7-8. The AN/ARC-210 provides the following key features— 
e 30-400 MHz frequency range provides VHF and UHF in all radios; 121.5 and 243.0 MHz guard 
channels, and four-channel scan. 
e 30-512 MHz frequency range providing VHF and UHF in the RT-1851AT; 121.5 and 243.0 MHz 
guard channels, four-channel scan. 


e Synthesizer speed and rapid radio response time handle any developed electronic counter- 
countermeasures algorithm or link requirement. 


e Data rates up to 80,000 bits per second for SATCOM and 100,000 bits per second for line of sight 
with bandwidth efficient advanced modulation technology. 


Compatible with Link 11, Link 4A and improved data modem. 


e Digital Time Division Command/Response Multiplex Data Bus remote control and built-in-test to 
the module level. 


e Channel spacing of— 
= 25 kHz (30-512 MHz). 
= 8.33 kHz (118-137 MHz). 
= 12.5 kHz (400-512 MHz). 
Tuning capability: 5 kHz with remote control, 2.5 kHz via 1553 bus. 
e Optional power amplifiers, mounts, and low noise amplifier and diplexer. 


AN/ARC-220 RADIO 


7-9. The AN/ARC-220 radio system is a microprocessor-based communications system intended for 
airborne applications. The ground version of the AN/ARC-220 is the AN/VRC-100. The AN/ARC-220 radio 
system uses advanced digital signal processor technology to provide two-way communication. 


7-10. The AN/ARC-220 consists of three interchangeable units; an RT (RT-1749/URC or RT-1749A/URC), 
power amplifier coupler (AM-7531/URC), and control display unit (C-12436/URC). The AN/ARC-220 has 
embedded ALE, serial tone data modem, and anti-jamming functions. The AN/ARC-220 provides the 
electrical interface with other AN/ARC-220 and associated aircraft systems. The AN/ARC-220 can program 
up to twenty-five free text data messages in real time and retrieve data messages to be stored for later viewing. 
The AN/ARC-220 radio system provides the following capabilities— 

e Frequency range from 2.000—29.9999 MHz in 100 Hz steps. 
Twenty user programmable simplex or half-duplex channels. 
Twelve programmable electronic countermeasures hop sets. 
Certified for ALE in accordance. 
An integrated data modem that enables communication in noisy environments. 


Built-in integration with external GPS units allows position data report submission with the push 
of a button. 


@ Embedded ALE, electronic countermeasures, and data. 
e Rapid and efficient tuning to a variety of antennas. 


AN/ARC-231 RADIO 


7-2 


7-11. The AN/ARC-231 is an airborne VHF/UHF line of sight and DAMA SATCOM radio system that has 
multiband multi-mission, secure anti-jam voice, data and imagery capabilities. The RT-1808 is the primary 
radio for the AN/ARC-231. One key feature of the RT-1808 is that it capitalizes on the AN/PSC-5 Spitfire’s 
expandable architecture and permits users to upgrade as new requirements drive new capabilities. The 
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AN/ARC-231, used in the Army Airborne Command and Control System provides communications 
capabilities to corps, division maneuver brigade, or attack helicopter commander’s airborne tactical 
command post. 
7-12. The AN/ARC-231 has the following characteristics and capabilities— 
e HAVEQUICK I, HAVEQUICK II, and SINCGARS communications modes. 
e DAMA and non-DAMA satellite communications modes. 
e Frequency ranges of— 
= = 30-87.975 MHz VHF FM SINCGARS. 
= 108—173.995 MHz VHF AM and VHF FM. 
= = 225-399.995 MHz UHF AM HAVEQUICK II ground, air band, UHF SATCOM band. 
=  403-511.995 MHz UHF FM, public service band. 
Embedded COMSEC and TRANSEC keys with transmitting and receive over-the-air rekeying. 
148 channel presets. 


Independent red and black Digital Time Division Command/Response Multiplex Data Bus 
interfaces. 


Embedded data control waveform analog to digital converter and tactical IP. 
SINCGARS system improvement program. 

Access To 5 kHz and 25 kHz UHF satellite communications channels. 

8.33 kHz air traffic control channelization coverage to 512 Hz. 


Minimal size and weight are suitable for installation in rotary wing and fixed-wing platforms. 


AN/ARC-186 RADIO 


7-13. The AN/ARC-186 is a VHF AM and FM radio used in many types of fixed-wing aircraft. The 
AN/ARC- 186 provides line of sight communications with limited range at terrain-flight altitudes but greater 
range at administrative altitudes generally associated with air traffic control communications. The AN/ARC- 
186 radio can back up the SINCGARS in the same 30—89.975 MHz frequency range. Two disadvantages of 
the AN/ARC- 186 radio is that it has no frequency-hopping mode capability with the SINCGARS and it lacks 
a KY-58 interface to provide secure FM communications. 


7-14. Battalions typically operate a command network, operations and intelligence, and administrative and 
logistics network using the SINCGARS. Battalions also operate an internal air operations network using 
HAVEQUICK II. The AN/ARC-186 provides a secondary means of secure tactical communications to 
overcome SINCGARS and HAVEQUICK I] line of sight constraints. 


7-15. Normally used for administrative purposes, the AN/ARC-186 radio may function as a platoon internal 
network. The battalion command post may also have access to WIN-T and SATCOM for communicating 
with higher headquarters. 


7-16. The AN/ARC-186 has the following capabilities— 
e Secure communications when employed with the KY-58. 
e Frequency ranges of— 
= AM transmit and receive ranges are 16—151.975 MHz. 
= AM receive only ranges, 108.000—115.975 MHz. 
= FM transmit and receive rangers, 30.000—87.975 MHz. 
e Channel spacing is 25 kHz. 
20 preset channels with electronic memory. 
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Chapter 8 
Antenna Techniques 


The antenna is the key component in establishing reliable communications to support 
operations. This chapter addresses antenna techniques, concepts, terms, ground effects, 
antenna length, types of antennas, and examples of antenna field repairs. 


ANTENNA TECHNIQUES OVERVIEW 


8-1. All radios, whether transmitting or receiving, require an antenna. Network-centric operations require 
establishing tactical networking environments that provide reliable communications to enable 
communications in support of unified land operations in austere environments. The antenna is the key 
component in establishing reliable communications in support of operations. When planning and establishing 
networks to support reliable communications, what is between two antennas is an important consideration. 
Line of sight is the path between two antennas. Line of sight can have the following characteristics— 


@ No obstacles reside between the two antennas. 
e@ Partial obstructions such as trees between the two antennas. 
@ Full obstructions exist between the two antennas. 


8-2. Identifying the specific line of sight conditions in the tactical radio networking environment provides 
the information necessary for determining what type of communications system and antennas to install. 
Tactical radio networking environments established require employing antennas to establish tactical 
networking environments that are— 


e Reliable. 
e Robust. 
e Capable of interconnection between networks of the same type. 
e Capable of interconnection between networks that are dissimilar. 
8-3. The antenna can be a significant hazard. Planners and installers must assess and manage antenna 


assembly, emplacement, electromagnetic discharge, and physical hazards. Refer to ATP 5-19 for detailed 
guidance on risk management. 


8-4. The G-6 (S-6) and radio planners consider the following when establishing a tactical radio network— 
Antenna location. 

Antenna selection. 

Environment and terrain conditions. 

Mode of transmission. 

Enemy situation. 

Frequency band. 

Antenna masking. 

Electronic warfare (EW) system deconfliction. 


Signals intelligence system deconfliction. 


HIGH FREQUENCY ANTENNA LOCATION CONSIDERATIONS 


8-5. During operations, units are not always able to locate their fixed and mobile radio assets at the most 
technically ideal positions for the best communications operations. HF communications planners should 


13 February 2020 ATP 6-02.53 8-1 


Chapter 8 


comply with as many of the following criteria as possible to gain the best technical advantages for the tactical 
situation— 
e Use ground radials and ground stakes under vertical antenna to improve antenna efficiency and 
lower take-off angles for better ground wave communications. 
e Place vertical antennas on higher spots if possible, to enhance ground wave communications. 
e Avoid placing vertical antennas behind metal fencing that shield ground wave signals. 
Avoid placing a vertical antenna near vertical conducting structures as masts, tight poles, trees, or 
metal buildings. Antennas need to be at distances of one wavelength or more to eliminate major 
pattern distortions and antenna impedance changes by induced current and reflections. 
e Locate the antenna as far from the radio as practical to reduce electromagnetic interference effects 
between radio and antenna system. 
8-6. Units that are operating in less than ideal positions may need to communicate using simplex operation. 
Simplex operation, or one-way-reversible, consists of sending and receiving radio signals on one antenna. 
Single-channel radios normally use simplex operation. Use two antennas during duplex operation: one for 
transmitting and one for receiving. In either case, the transmitter generates a radio signal; a transmission line 


delivers the signal from the transmitter to the antenna. 


8-7. The transmitting antenna sends the radio signal into space toward the receiving antenna, which 
intercepts the signal and sends it through a transmission line to the receiver. The receiver processes the radio 
signal for supporting an AN/UXC-10 facsimile. Figure 8-1 is an example of a typical transmitter and receiver 


connection. 
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Figure 8-1. Transmitter and receiver connection example 


8-8. The function of all antennas depends on whether it is transmitting or receiving. A transmitting antenna 
transforms the output RF signal, in the form of an alternating electrical current produced by a radio 
transmitter, RF output power, into an electromagnetic field. The receiving antenna reverses this process; it 
transforms the electromagnetic field into electrical energy delivered to a radio receiver. 


ANTENNA CONCEPTS AND TERMS 


8-9. An antenna transmits and receives electromagnetic waves, referred to as radio waves. Selecting the 
right antenna concepts and terms are important. The following paragraphs discuss several terms and 


relationships to describe antenna fundamentals. 
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Forming a Radio Wave 


8-10. When created around the conductor an alternating electric current flows through a conductor. If the 
length of the conductor is short in comparison to a wavelength, the electric and magnetic fields generally die 
out within one or two wavelengths. Lengthening the conductor, the intensity of the field enlarges. Thus, an 
ever-increasing amount of energy escapes into space. 


Radiation 


8-11. A wire connected to a transmitter and properly grounded, oscillates electrically, causing the wave to 
convert the transmitter power into an electromagnetic radio wave. The alternating flow of electrons impressed 
on the bottom end of the wire creates electromagnetic energy. The electrons travel upward on the wire to the 
top, where they have no place to go and bounce back toward the lower end. As the electrons reach the lower 
end in phase, they are in step with the radio energy applied by the transmitter. The energy of their motion 
strongly reinforced as they bounce up along the wire. This regenerative process sustains the oscillation. The 
wire is resonant at the frequency at which the source of energy is alternating. 


8-12. The energy stored at any location along the wire is equal to the product of the voltage and the current 
at that point. High voltage at a given point requires a low current. High current requires low voltage. The 
electric current reaches its maximum near the bottom end of the wire. 


Radiation Fields 


8-13. RF power delivered to an antenna creates two fields: an induction field, which associates with the 
stored energy and a radiation field. At the antenna, the intensities of these fields are large and are proportional 
to the RF power delivered to the antenna. 


8-14. The electric and magnetic field components radiating from an antenna form the electromagnetic field. 
Transmitting and receiving electromagnetic energy through free space. A radio wave is a moving 
electromagnetic field that has velocity in the direction of travel. Its components are of electric and magnetic 
intensity arranged at right angles to each other. Figure 8-2 is a visual representation of the components of 
electromagnetic waves. 
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Figure 8-2. Components of electromagnetic waves 
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Radiation Patterns 


8-15. The radiation pattern is a graphical depiction of the relative field strength transmitted from or received 
by, the antenna. The full- or solid-radiation pattern appears as a three-dimensional figure that looks somewhat 
like a doughnut with a transmitting antenna in the center. The top figure shows a quarter-wave vertical 
antenna; the middle figure shows a half-wave horizontal antenna, located one-half wavelength above the 
ground; and the bottom figure shows a vertical half-rhombic antenna. Figure 8-3 is an example of solid 
antenna radiation patterns. 
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Figure 8-3. Solid radiation patterns 


POLARIZATION 


8-4 


8-16. The direction of the lines of force making up the electric field determines the polarization of a radiated 
wave. Polarization can be vertical, horizontal, or elliptical. A single-wire antenna when used to extract, 
receive energy from a passing radio wave, maximum pickup results if the antenna is oriented to ensure that 
it lies in the same direction as the electric field component. 


8-17. Horizontal or vertical polarization is satisfactory for VHF or UHF signals. The original polarization 
produced at the transmitting antenna maintains as the wave travels to the receiving antenna. Use a horizontal 
antenna for transmitting, and use a horizontal antenna for receiving. 
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Vertical Polarization 


8-18. Ina vertically polarized wave, the lines of electric force are at right angles to the surface of the Earth. 
Figure 8-4 illustrates a vertically polarized wave. Use a vertical antenna for efficient reception of vertically 
polarized waves. 
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Figure 8-4. Vertically polarized wave 


8-19. Vertical polarization is necessary at medium and low frequencies during the extensive use of ground- 
wave transmission. Vertical lines of force are perpendicular to the ground, and the radio wave can travel a 
considerable distance along the ground with a minimum amount of loss. 


8-20. Vertical polarization provides a stronger received signal at frequencies up to approximately 50 MHz 
when antenna heights are limited to 3.05 meters 10 feet or less over land, as in a vehicular installation. 


8-21. Reflections from aircraft flying over the transmission path have a lesser effect on vertically polarized 
radiation. This factor is essential in areas where aircraft traffic is heavy. 


8-22. Using vertical polarization results in a lesser production and pick up of electromagnetic interference 
from strong VHF and UHF transmissions, television and FM broadcasts. This factor is important when 
locating an antenna in an urban area that has television or FM broadcast stations. 


Horizontal Polarization 


8-23. Ina horizontally polarized wave, the lines of electric force are parallel to the surface of the Earth. Use 
a horizontal antenna for the reception of horizontally polarized waves. Figure 8-5 on page 8-6 is an example 
of a horizontal polarized wave. 
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Figure 8-5. Horizontally polarized wave 


8-24. At high frequencies, with skywave transmission, it makes little difference whether horizontal or 
vertical polarization. The skywave, after reflection by the ionosphere, arrives at the receiving antenna 
elliptically polarized. Mounting the transmitting and receiving antennas either horizontally or vertically. 
Horizontal antennas are preferred since they radiate at high angles and have inherent directional properties. 


8-25. A simple horizontal, half-wave antenna is bidirectional. This characteristic is useful when minimizing 
electromagnetic interference from specific directions and masking signals from the enemy. Horizontal 
antennas are less likely to pick up man-made interference. Antennas located near dense forests, horizontally 
polarized waves suffer lower losses, and especially at frequencies above 100 MHz. Small changes in antenna 
location do not cause significant variations in the field intensity of horizontally polarized waves. 


Elliptical Polarization 


8-6 


8-26. The field rotates as the electrical waves travel through space. Under these conditions, horizontal and 
vertical components of the field exist, and the wave has elliptical polarization. 


8-27. Satellites and satellite terminals use an elliptical polarization, called circular polarization. Circular 
polarization describes a wave whose plane of polarization rotates through 360 degrees as it progresses 
forward; the rotation can be clockwise or counterclockwise. Circular polarization occurs when equal 
magnitudes of vertically and horizontally polarized waves combine with a phase difference of 90 degrees. 
Depending on their phase relationship, this causes rotation either in one direction or the other. Figure 8-6 on 
page 8-7 is an example of circular polarization. 
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Figure 8-6. Circular polarization 


DIRECTIONALITY 


8-28. Vertical transmitting antennas radiate equally in horizontal directions; vertical receiving antennas 
accept radio signals equally from all horizontal directions. Thus, other stations operating on the same or 
nearby frequencies may interfere with the desired signal, making reception difficult or impossible. Use 
directional antennas to improve the reception of the desired signal. 


8-29. Horizontal half-wave antennas accept radio signals from all directions. The most robust reception 
occurs from a direction perpendicular to the antenna, while the weakest reception occurs from the direction 
of the ends of the antenna. When eliminating or reducing interfering signals, change the antenna installation, 
to ensure that each end of the antenna points directly at the interfering station. 


RESONANCE 


8-30. In a resonant antenna, almost all the radio signals fed to the antenna radiate. If the antenna receives a 
frequency other than the one for which resonant, much of the transmitted signal is lost and not radiated. A 
resonant antenna effectively radiates a radio signal for frequencies close to its design frequency. When using 
a resonant antenna for a radio circuit, build a separate antenna for each frequency for use on the radio circuit. 


8-31. Achievement of resonance happens in two ways: physically matching the length of the antenna to the 
wavelength and electronically matching the length of the antenna to the wavelength. A non-resonant antenna, 
on the other hand, effectively radiates a broad range of frequencies with less efficiency. 


RECEPTION 


8-32. Electrons in the path of radio waves have an influence on other electrons in the path of radio waves. 
For example, as an HF wave enters the ionosphere, the HF wave reflects or refracts back to the Earth by the 
action of free electrons in this region of the atmosphere. When the radio wave encounters the wire or metallic 
conductors of the receiving antenna, the radio wave’s electric field causes the electrons in the antenna to 
oscillate back and forth in step with the wave as it passes. The movement of these electrons within the antenna 
is the small alternating electrical current, which the radio receiver detects. 


8-33. When radio waves encounter electrons that are free to move under the influence of the wave’s electric 
field, the free electrons oscillate in sympathy with the wave. This generates the electric current, which then 
creates waves of its own called reflected or scattered waves. This process is electromagnetic scattering. All 
materials that are good electric conductors reflect or scatter RF energy. Since a receiving antenna is a good 
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conductor, it too acts as a scatter. Only a portion of the energy that touches the antenna converts into received 
electrical power: the wire reradiates a sizeable portion of the total power. 


8-34. If an antenna is located within a congested urban environment or within a building, many objects may 
scatter or reradiate the energy in a manner that interferes with reception. For example, the electric wiring 
inside a building can strongly reradiate RF energy. If a receiving antenna is near wires, the reflected energy 
can cancel the energy received directly from the desired signal path. When this condition exists, move the 
receiving antenna to another location within the room where the reflected and direct signals may reinforce 
rather than cancel each other. 


Note. For more information on wave propagation, refer to TC 9-64. 


RECIPROCITY 


8-35. Reciprocity refers to the various properties of an antenna that apply equally, regardless of whether 
utilizing the antenna for transmitting or receiving. For example, the more efficient an antenna is for 
transmitting, the more efficient it is for the antenna to receive the same frequency. The directive properties 
of a given antenna are the same whether used for transmission or reception. 


8-36. Ifusing the transmitting antenna as a receiving antenna, the antenna receives best in the same directions 
in which it produces maximum radiation, at right angles to the axis of the antenna. The minimum amount of 
signal received from transmitters located in line with the antenna wire. 


IMPEDANCE 


8-37. Impedance is the relationship between voltage and current at any point in an alternating current circuit. 
The impedance of an antenna is equal to the ratio of the voltage to the current at the point on the antenna 
where the feed points connect. If the feed point is located at a point of maximum voltage point, the impedance 
is as much as 500 to 10,000 ohms. 


8-38. The input impedance of an antenna depends on the conductivity or impedance of the ground. For 
example, if the ground is a simple stake driven about | meter (3.2 feet) into soil of average conductivity, the 
impedance of the monopole may be 2—3 times the quoted values. Resistance occurs at a point on the antenna 
circuit where the current is high, a significant amount of transmitter power dissipates as heat into the ground 
rather than radiated as intended. It is essential to provide a good ground or artificial ground, counterpoise 
connection as possible when using a vertical whip or monopole. 


8-39. How much power an antenna radiates depends on the amount current applied to it. Maximum power 
emits when there is maximum current flowing. Maximum current flows when the impedance minimized 
when the antenna is resonated so that its impedance is pure resistance. When capacitive reactance equates to 
inductive reactance, they cancel each other, and impedance equals pure resistance. 


BANDWIDTH 


8-8 


8-40. Antenna bandwidth describes the range of frequencies over which the antenna can adequately radiate 
or receive energy. The bandwidth of an antenna reflects the frequency range over which it performs within 
certain specified limits. These limits are with respect to impedance match, gain, and radiation pattern 
characteristics. 


8-41. Necessary bandwidth for a given class of emission is the width of the frequency band, which is just 
enough to ensure the transmission of the information at the rate and the quality required under specified 
conditions. Bandwidth computing describes the maximum data transfer rate of a network or internet 
connection. It measures how much data transmitted over a connection in a specified amount of time. In the 
radio communications process, information changes from speech or writing to a low frequency signal used 
to modulate a much higher frequency radio signal. Natural laws govern and limit signal transmission. The 
more words per minute, the higher the modulation frequency needed, which generates a wider bandwidth 
signal. To transmit and receive the necessary information, the antenna bandwidth must be wide as or wider 
than the signal bandwidth; otherwise, it limits the signal frequencies, and cause voices and writing to be 
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unintelligible. Too wide of bandwidth is also bad, since it accepts additional voices and degrades the signal 
to noise ratio. 


ANTENNA GAIN 


8-42. The antenna gain depends on its design. Transmitting antennas designed for high efficiency in radiating 
energy, and receiving antennas designed for high efficiency. On many radio circuits, transmission is required, 
between a transmitter and only one receiving station. Directed energy radiates in one direction and useful 
just in that direction. Directional receiving antennas increase the energy gain in the favored direction and 
reduce the reception of unwanted noise in signals from other directions. Transmitting and receiving antennas 
should have small energy losses and should be as efficient as radiators and receptors. 


8-43. For example, current omnidirectional antennas, when employed in forward combat areas, transmit and 
receive signals equally in all directions, and provide a similarly strong signal to enemy EW units, and friendly 
units. The directional High-Capacity Line-of-Sight (HCLOS) Radio provides quick-to-deploy, long-range 
wireless broadband connectivity for military and commercial applications. With advanced waveform 
capability and MIMO technology that minimizes errors and optimizes speed, the multi-mission radio delivers 
high throughput data in both point-to-point and point-to-multipoint applications. 


TAKE-OFF ANGLE 


8-44. The antenna’s take-off angle is the angle above the horizon that an antenna radiates the largest amount 
of energy. The take-off angle of an HF communications antenna can determine whether a circuit is thriving 
or not. HF skywave antennas are design support exact take-off angles, depending on the circuit distance. Use 
high take-off angles for short-range communications and use low take-off angles for long-range 
communications. Figure 8-7 depicts an example of an antenna take-off angle. 
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Figure 8-7. Antenna take-off angle 


GROUND EFFECTS 


8-45. Since most tactical antennas erected occur over the Earth, and not in free space, except for those on 
satellites, the ground alters the free-space radiation patterns of antennas. The ground also affects the electrical 
characteristics of antennas, specifically those mounted relatively close to the ground wavelength. For 
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example, medium and HF antennas, elevated above the ground by only a fraction of a wavelength, have 
radiation patterns that are entirely different from the free-space patterns. 


GROUNDED ANTENNA THEORY 


8-46. When using grounded antennas, it is important that the ground have as high conductivity as possible. 
This reduces ground loss and provides the best possible reflecting surface for the down-going radiated energy 
from the antenna. 


8-47. The ground is an excellent conductor for medium and low frequencies and acts as a large mirror for 
the radiated energy. Resulting in the ground reflecting a significant amount of energy that radiates downward 
from an antenna mounted over it. Thus, a quarter-wave antenna erected vertically, with its lower end 
connected electrically to the ground, behaves like a half-wave antenna. Under these conditions, the vertical 
antenna quarter wavelength and the ground creates the half wavelength. The ground portrays the quarter 
wavelength of radiated energy that reflects on completing the half wavelength. At higher frequencies, 
artificial grounds constructed of large metal surfaces are common to provide better wave propagation. Figure 
8-8 is an example of a quarter-wave antenna connected to the ground. 
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Figure 8-8. Quarter-wave antenna connected to ground 


TYPES OF GROUNDS 


8-48. Establish the ground connection in a way as to introduce the least possible amount of resistance to 
ground. At higher frequencies, artificial grounds constructed of large metal surfaces are standard. 


8-49. The ground connections take many forms, depending on the type of installation and the tolerated loss. 
In many simple field installations, one or more metal rods driven into the soil make the ground connection. 
Connect ground leads to existing grounded devices to accommodate for unsatisfactory arrangements. Ground 
connections typically consist of metal structures or underground pipes systems. In an emergency, create a 
ground connection by forcing one or more bayonets into the soil. 
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SOIL CONDITIONS 


8-50. When erecting an antenna over soil with low conductivity, treat the soil to reduce resistance. Favorable, 
less favorable, or unfavorable are the categories used to describe soil ground conditions. The following 
paragraphs address a variety of grounding techniques used during these soil conditions. 


Favorable Soil Conditions 


8-51. Ground connections take many forms, depending on the type of installation and the tolerated loss. In 
many simple field installations, one or more metal rods driven into the soil make the ground connection. 
Connect ground leads to existing grounded devices to accommodate for unsatisfactory arrangements. Ground 
connections typically consist of metal structures or underground pipe systems. In an emergency, forcing one 
or more bayonets into the soil can make a ground connection. 


Less Favorable Soil Conditions 


8-52. When erecting an antenna over soil with low conductivity, treat the soil with substances that are highly 
conductive when in solution, to reduce its resistance. (rocky terrain vs. normal soil conditions) 


8-53. For simple installations, fabricate a single ground rod in the field from the pipe or conduit. It is essential 
to establish a low resistance connection between the ground wire and the ground rod. Clean the rod 
thoroughly by scraping and sandpapering at the desired connection point and install a clean ground clamp. 
Solder a ground wire to adjoin to the clamp cover. Cover with tape to prevent an increase in resistance caused 
by oxidation. 


Unfavorable Soil Conditions 


8-54. Unfavorable soil conditions occur when there is a high resistance of the soil or a large buried ground 
system is not practical. A counterpoise or a ground screen can replace the direct ground connection in 
unfavorable soil. 


COUNTERPOISE 


8-55. When the high resistance of the soil or because a large buried ground system is not practical and 
prevents using an actual ground connection, a counterpoise can replace the usual direct ground connection. 
The counterpoise is a device made of wire, erected a short distance above the ground and insulated from it. 
The size of the counterpoise should be equal to, or larger than, the size of the antenna. Figure 8-9 on page 
8-12 is an example of wire counterpoise. 
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Figure 8-9. Wire counterpoise 


8-56. When using a vertically mounted antenna, create the counterpoise into a simple geometric pattern; 
perfect symmetry is not required. The counterpoise appears to the antenna as an artificial ground that helps 
to produce the pattern of radiation needed. In some VHF antenna installations on vehicles, use the metal roof 
of the vehicle or shelter as a counterpoise for the antenna. 


GROUND SCREEN 


8-57. A ground screen consists of a large area of metal mesh or screen laid on the surface of the ground under 
the antenna. There are two advantages to using ground screens. First, the ground screen reduces ground 
absorption losses that occur when an antenna erects over an area with poor conductivity. Secondly, the height 
of the antenna can be set accurately. Thus, the radiation resistance of the antenna will be determined more 
accurately. 


ANTENNA LENGTH 


8-58. An antenna has a physical and electrical length; the two are never the same. The reduced velocities of 
the wave on the antenna, and a capacitive effect, known as end effect makes the antenna seem longer 
electrically than physically. End result, contributing factors are the ratio of the diameter of the antenna to its 
length, and the capacitive effect of terminal equipment used to support the antenna. 


8-59. To calculate the physical length of an antenna, apply a correction factor of 0.95 for frequencies between 
3.0-50.0 MHz. Table 8-1 on page 8-13 illustrates antenna length calculation for a half-wave antenna. 
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Table 8-1. Antenna length calculations 


The formula below calculates the half-wavelength and uses a correction factor of 0.95 for 
frequencies between 3 and 50 MHz. The same formula calculates the height above ground for HF 
wire antennas. 


Length (meters) =150 X 0.95/frequency in MHz =142.5/frequency in MHz 
Length (feet) =492 X 0.95/frequency in MHz =468/frequency in MHz 


The length of a long wire antenna (one wavelength or longer) for harmonic operation is calculated by 
using the following formula: 


Length (meters) =150 X (N-0.05)/frequency in MHz 


Length (feet) =492 X (N-0.05)/frequency in MHz 


Where N equals the number of half wavelengths in the total length of the antenna. 
For example, if the number of half wavelengths is 3 and the frequency in MHz is 7, then: 
Length (meters)=150(N-0.05)/frequency in MHz 


=150(3-0.05)/7 =150 X 2.95/7 =63.2 meters 


LEGEND 
HF high frequency 
MHz megahertz 


Note. For HF antennas: a half wavelength in meters is 143/f where fis the frequency in MHz. If the 
frequency is 30 MHz, the wavelength is 5 meters. Often a center fed half-wave dipole is used. 


ANTENNA ORIENTATION 


8-60. The orientation of an antenna is critical. Determining the position of an antenna concerning the points 
of the compass can make the difference between a marginal and good radio circuit. 


8-61. If the azimuth of the radio path not provided, determine azimuth by the best available means. The 
accuracy required in determining the azimuth of the path depends on the radiation pattern of the directional 
antenna. 


8-62. If the antenna beamwidth is vast, for example, a 90-degree angle between half-power points, an error 
of 10 degrees in azimuth is of little consequence. In transportable operation, the rhombic and V antennas may 
have a narrow beam as to require great accuracy in azimuth determination. Erect the antenna with the correct 
azimuth unless a line of known azimuth is available at the site. A magnetic compass determines the best 
direction of the path. Figure 8-10 on page 8-14 is an example of a beamwidth measured on relative field 
strength and corresponding power patterns. 


13 February 2020 ATP 6-02.53 8-13 


Chapter 8 


Half-Power 
Points 


180° 180° 


Relative Relative 
Field Strength Power 


Figure 8-10. Beamwidth 


8-63. This example shows the relationship between the three-north point’s magnetic, grid and true as 
represented on topographic maps by a declination diagram. It is important to understand the difference 
between the three north points. It is also important to understand how to calculate the three north points. 
Magnetic azimuths determined by using magnetic instruments such as a lensatic compass or an M2 compass, 
while a grid azimuth plotted on a map between two points, the points are joined together by a straight line 
and a protractor is used to measure the angle between grid north and drawn line. Figure 8-11 is an example 
of a declination diagram. 
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Figure 8-11. Example of a declination diagram 
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IMPROVEMENT OF MARGINAL COMMUNICATIONS 


8-64. Under certain situations, it may not be possible to orient directional antennas to the correct azimuth of 
the desired radio path, possibly causing marginal communications. To improve marginal communications— 


e Check, tighten, and tape cable couplings and connections. 

Check antenna adjustment for the proper operating frequency (if possible). 

Change the heights of antennas. 

Move the antenna a short distance away, and in different locations, from its original location. 
Separate transmitters from receiving equipment, if possible. 


Separate transmitters from power fields. 
e Ensure transmission lines are not crossing power lines. 


8-65. An improvised antenna may change the performance of a radio set; use a distant station to test if an 
antenna is operating correctly. If the signal received from this station is strong, the antenna is operating 
satisfactorily. If the signal is weak, adjust the height and length of the antenna and the transmission line, to 
receive the strongest signal at a given setting on the volume control of the receiver. This is the best method 
of tuning an antenna when the transmission is dangerous or forbidden. 


8-66. Impedance matching a load to its source is an important consideration in transmission systems. If the 
load and source are mismatched, part of the power reflects along the transmission line toward the source. 
This prevents maximum power transfer and can be responsible for erroneous measurements of other 
parameters. It may also cause circuit damage in high-power applications. 


8-67. The power reflected from the load interferes with the forward incident power, creating standing waves 
of voltages and current to exist along the line. Standing wave maximum-to-minimum ratio directly relates to 
the impedance mismatch of the load. Therefore, the standing wave ratio provides the means of determining 
impedance and mismatch. 


8-68. After an adequate site selection and proper antenna orientation, the signal level at the receiver is 
proportional to the strength of the transmitted signal. Obtain a stronger signal by utilizing a high-gain antenna. 
Using a high quality transmission line as short as possible and adequately matched at both ends reduces signal 
loss between the antenna and the equipment. 


CAUTION 


Excessive signal strength may result in enemy intercept and 


electromagnetic interference, or in the operator interfering with adjacent 
frequencies. 


TYPES OF ANTENNAS 


8-69. Tactical antennas design requires that the antennas be rugged and that the antennas permit mobility 
with the least possible sacrifice of efficiency. When vehicles are on the move mount your antenna on the side 
over rough terrain. Mounting of antennas also takes place on single masts or suspended between sets of masts. 
All tactical antennas must be easy to install. Small antennas mounted on the helmets of personnel who use 
the radio sets. Large antennas must be accessible to dismantle, pack, and transport. 


8-70. A Hertz antenna, also known as a doublet, dipole, an ungrounded, or a half-wave antenna mounts in a 
vertical, horizontal, or slanting position and generally used at higher frequencies above 2 MHz. With Hertz 
antennas, the wavelength to which any wire electrically tunes depends directly upon its physical length. The 
Hertz antenna is center-fed, and its total wire length is equal to approximately one half of the wavelength of 
the transmitted signal. 


8-71. A Marconi antenna is a quarter-wave antenna with one end usually grounded through the output of the 
transmitter or the coupling coil at the end of the feed line, which is required for the antenna to resonate. 
Positioned perpendicular to the Earth, a Marconi antenna is generally useful at lower frequencies. When used 
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on vehicles or aircraft, Marconi antennas operate at high frequencies and the vehicle or aircraft serves as the 
ground for the antenna. 


8-72. The main advantage of the Marconi antenna over the Hertz antenna is that, for any given frequency, 
the Marconi antenna is physically much shorter. This is particularly important in all field and vehicular radio 
installations. Typical Marconi antennas include the inverted L and the whip. 


8-73. The best kinds of wire for antennas are copper and aluminum. In an emergency, use any available wire. 
The exact length of most antennas is critical. An expedient antenna should be the same length as the antenna 
it replaces. 


HIGH FREQUENCY ANTENNAS 


8-74. HF antennas vary in size, shape, and capability. The following paragraphs describe HF antennas and 
HF near-communications. See appendix C for information on antenna selection. 


Near-Vertical Incidence Skywave Antenna 


8-75. The near-vertical incidence skywave antenna, AS-2259/GR, is a lightweight sloping dipole 
omnidirectional antenna. The AS-2259/GR antenna provides high-angle radiation, near-vertical incidence to 
permit short-range skywave propagation to support HF communications varying from zero to 300 miles. The 
frequency range of the antenna is 2.0 to 12.0 MHz. The maximum RF power capacity is 1000 watts. The 
antenna operates with older AM and HF radio sets and with the improved HF radio. Figure 8-12 is an example 
of the near-vertical incidence skywave antenna. 


7.5 to 12.0 MHz 
Elements 


2.0 to 7.5 MHz 
Elements 


LEGEND 
MHz megahertz 


Figure 8-12. Near-vertical incidence skywave antenna, AS-2259/GR 


Harris RF-1944, Inverted Vee HF Antenna 


8-76. The Harris RF-1944 Inverted Vee HF antenna is a lightweight, broadband dipole COTS antenna that 
provides radiation patterns to support HF skywave communications. The antenna’s primary use is for its ALE 
and frequency hopping capabilities. Other capabilities of the RF-1944 antenna are— 
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Horizontal polarization. 

Radiation patterns ideal for HF skywave communications from 0-500 miles (0O—-804.7 kilometers). 
1.6—30 MHz frequency range. 

Up to 20 watts power and 50 ohms input impedance. 

Gain— 

=" Gain of 16 decibels at 2 MHz. 

= 2 decibels isotropic (dBi) at 30 MHz. 

e Weight: 9 pounds. 


8-77. The RF-1944 antenna does not include a mast. The primary components are a balanced to unbalanced 
transformer, two radiation elements with integral terminating loads, two ground stakes, a coaxial cable, a 
weighing throwing line, and a carrying bag. The RF-1944 antenna lightweight supports transporting the 
antenna. 


Note. A balanced to an unbalanced transformer is a device used to couple a balanced device or 
line to an unbalanced device or line. 


V Antenna 


8-78. The V antenna is a medium- to long-range, broadband skywave antenna. The V antenna provides point- 
to-point communications to ranges exceeding 4,000 kilometers (2,500 miles). The V antenna consists of two 
wires arranged to form a V, with its ends at the apex (where the legs come together) attached to a transmission 
line (figure 8-13). Radiation lobes off each wire combine to increase gain in the direction of an imaginary 
line bisecting the apex angle; the pattern is bidirectional. Adding terminating resistors 300 ohms to the far 
end of each leg makes the pattern unidirectional (in the direction away from the apex angle). 


INSULATORS 


Figure 8-13. V antenna 


8-79. The angle between the legs varies with the length of the legs to achieve maximum performance. Use 
Table 8-2 on page 8-18 shows the angle and the length of the legs. When using the V antenna with more than 
one frequency or wavelength, use an apex angle that is midway between the extreme angles determined by 
the chart in table 8-2. 
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8-18 


Table 8-2. Leg angle for V antennas 


Antenna Length Optimum Apex Angle 
(Wavelength) (Degrees) 

1 90 

2 70 

3 58 

4 50 

6 40 

8 35 

10 33 


tical Half-Rhombic Antenna and the Long Wire Antenna 


8-80. The vertical half-rhombic antenna and the long-wire antenna are two field expedient directional 
antennas. The long wire antenna directive pattern radiates in the horizontal and vertical planes. The vertical 
half-rhombic antenna radiates to the front and back of the sloping wires if resistors not used. These antennas 
consist of a single wire, preferably two or more wavelengths long, supported on poles at the height of 3—7 
meters 10—20 feet above the ground. The antennas operate satisfactorily as low as 1 meter approximately 3.2 
feet above the ground. The antenna’s primary use is for transmitting or receiving HF signals. Resistors on 
the far end of the wire connected to the ground through a non-inductive resistor of 500-600 ohms. To ensure 
that there no resistor burn out from the output power of the transmitter, use a resistor rated at least one-half 
the wattage output of the transmitter. A good ground, such as many ground rods or a counterpoise at both 
ends of the antenna. 


8-81. Figure 8-14 is an example of a vertical half-rhombic antenna. 


<— ANTENNA WIRE 


INSULATOR INSULATOR 


Figure 8-14. Vertical half-rhombic antenna 
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8-82. Figure 8-15 is an example of the long wire antenna. 


Figure 8-15. Long-wire antenna 


Sloping V Antenna 


8-83. The sloping V antenna is a field expedient directional antenna with legs sloping downward from its 
apex. To ensure that the antenna radiates in only one direction, add non-inductive terminating resistors from 
the end of each leg not at the apex to ground. The resistors should be approximately 500 ohms and have a 
power rating at least one half that of the output power of the transmitter used. Without the resistors, the 
antenna radiates bi-directionally, front and back. A balanced transmission line feeds the antenna. Figure 
8-16 on page 8-20 is an example of a sloping V antenna. 
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INSULATORS 


RESISTOR 


INSULATOR 


Figure 8-16. Sloping-V antenna 


Inverted L Antenna 


8-84. The inverted L is a combination antenna made up of vertical and horizontal wire sections. It provides 
radiation when using no resistors from the vertical element for ground wave propagation, and high-angle 
radiation from the horizontal element for short-range skywave propagation, 0-400 kilometers 0-250 miles. 
The classic inverted L has a quarter-wave vertical section and a half-wave horizontal section. 


8-85. Table 8-3 outlines the frequency and length of the horizontal element. Using a vertical height of 11— 
12 meters 35—40 feet, this combination provides reasonable performance for short-range skywave circuits. 


Table 8-3. Frequency and inverted L horizontal element length 


Operating Frequency | Length of 


Horizontal Element 
5.0—7.0 MHz 24.3 meters (80 feet) 
3.5-6.0 MHz 30.4 meters (100 feet) 
2.5—4.0 MHz 45.7 meters (150 feet) 

LEGEND 


MHz megahertz 
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8-86. Figure 8-17 is an example inverted L antenna. 
ee SULATORS 
% Lat oo 
ANTENNA WIRE 


#—% WAVELENGTH 


RADIO—> 


0 


Figure 8-17. Inverted L antenna 


Near- Vertical Incidence Skywave Communications 


8-87. The standard communications techniques used in the past do not support the widely deployed and fast- 
moving formations of today’s Army. Coupling this with the problems expected in deploying multi-channel 
line of sight systems with network extensions to keep up with present and future operation, HF radio and the 
near-vertical incidence skywave mode plays an essential role in establishing reliable communications. The 
HF radio is quickly deployable, securable, and capable of data transmission. HF communications typically 
deploy first and are frequently the only, means of communicating with fast-moving or widely separated units. 
With this reliance on HF radio, communications planners, commanders, and operators require familiarization 
with near-vertical incidence skywave techniques and their applications and shortcomings to provide 
communications that are more reliable. 


8-88. Near-vertical incidence skywave propagation merely is skywave propagation that uses antennas with 
high angle radiation and low operating frequencies. Just as the proper selection of antenna can increase the 
reliability of a long-range circuit, the same holds true for short-range communications. 


8-89. Near-vertical incidence skywave propagation uses a high take-off angle of 60—90 degrees antennas to 
radiate the signal upward. The signal reflects from the ionosphere and returns to Earth in a circular pattern 
around the transmitter. Due to near-vertical radiation angle, the area between the maximum ground wave 
distance and the shortest skywave distances where no communications are possible. Communications are 
continuous out to several hundred kilometers from the transmitter. The nearly vertical angle of radiation also 
requires lower frequencies. 


8-90. Generally, near-vertical incidence skywave propagation uses frequencies up to 8 MHz. The steep up 
and down propagation of the signal gives the radio operator the ability to communicate over nearby 
ridgelines, mountains, and dense vegetation. A valley location may give the radio operator terrain shielding 
from hostile intercept or protect the circuit from ground wave and long wave electromagnetic interference. 
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Antennas used for near-vertical incidence skywave propagation require high take-off angle radiation with 
very little ground wave radiation. Figure 8-18 is an example of near-vertical incidence skywave propagation. 


IONSPHERE 


+m — 200-300 KM —> 


Figure 8-18. Near-vertical incidence skywave propagation 


8-91. Using the HF antenna table matrix in appendix C, the AS-2259/GR and the half-wave dipole are the 
only antennas listed that meet the requirements of near-vertical incidence skywave propagation. While the 
inverted V and inverted L have high angle radiation, they can also have strong ground wave radiation that 
could interfere with the close-in near-vertical incidence skywave communications. 


Disadvantages of Using the Near-Vertical Incidence Skywave Propagation 


8-92. It is important to understand that where near-vertical incidence skywave and ground wave signals are 
present, the ground wave can cause destructive electromagnetic interference. Proper antenna selection 
suppresses ground wave radiation and minimizes this effect while maximizing how much energy going into 
the near-vertical incidence skywave mode. 


Advantages of Using the Near-Vertical Incidence Skywave Propagation 


8-93. The following are advantages of using near-vertical incidence skywave in a tactical environment— 


Skip-zone-free omnidirectional communications. 


Terrain does not affect the loss of signal. This gives a more constant received signal level over the 
operational range instead of one that varies widely with distance. 


Operators can operate from protected, dug-in positions. Tactical commanders do not have to 
control the high ground for HF communications purposes. 


Orientation, such as doublets and inverted antennas are not as critical. 


8-94. The following are advantages of using near-vertical incidence skywave in an EW environment— 


8-22 


There is a lower probability of geolocation. Near-vertical incidence skywave energy from above 
at very steep angles makes direction finding from nearby but beyond ground wave range locations 
more difficult. 


Communications are more laborious to jam. Ground wave jammers are subject to path loss. 
Terrain features to attenuate a ground wave jammer without degrading the desired communication 
path. The terrain attenuates the jamming signal, while the skywave near-vertical incidence 
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skywave path loss. This forces the jammer to move very close to the target or put out more power. 
Either tactic makes jamming more difficult. 

e@ Operators can use low power successfully. Successful near vertical incidence skywave is 
capable with very low power HF sets. This results in much lower probabilities of low probability 
of interception and detection. 


VHF AND UHF ANTENNAS 


8-95. Army forces employ a wide array of VHF and UHF antennas to extend communications over a more 
extended range and to more users. The following paragraphs address VHF and UHF antennas and their 
characteristics and capabilities. 


Whip Antenna 


8-96. Whip antennas for VHF tactical radio sets are usually 4.5 meters (15 feet) long. A vehicular whip 
antenna in HF operations has a planning range of 400—4,000 kilometers (250—2,500 miles). 


8-97. Lightweight portable FM radios use two whip antennas: 0.9-meter 2.9 feet long semi-rigid steel tape 
antenna, and a 3-meter (9.8 feet) long multi-section whip antenna. These antennas are shorter than a quarter 
wavelength to ensure they are a practical length. A quarter wavelength antenna for a 5.0 MHz radio would 
be over 14 meters or 45.9 feet long. An antenna tuning unit, either built into the radio set or supplied with it, 
compensates for the missing length of the antenna. The tuning unit varies the electrical length of the antenna 
to accommodate a range of frequencies. 


8-98. Whip antennas on tactical radio sets radiate equally in all directions on the horizontal plane. Since 
stations in a radio net lie in random directions and change their positions frequently, the radiation pattern is 
ideal for tactical communications. 


8-99. When a whip antenna mounts on a vehicle, the metal of the vehicle affects the operation of the antenna. 
Thus, the direction in which the vehicle is facing may also affect transmission and reception, particularly of 
distant or weak signals. Tactical whip antennas are electrically short, vertical, base loaded types, fed with a 
non-resonant coaxial cable of about 52 ohms impedance. Figure 8-19 is an example of a whip antenna. 
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Figure 8-19. Whip antenna 


8-100. To attain efficiency with a tactical whip, comparable to that of a half-wave antenna, the height of 
the vertical radiator should be a quarter wavelength. This is not always possible; therefore use the loaded 
whip instead. The loading increases the electrical length of the vertical radiator to a quarter wavelength. The 
ground, counterpoise, or any conducting surface large enough, supplies the missing quarter-wavelength of 
the antenna. 


13 February 2020 ATP 6-02.53 8-23 


Chapter 8 


8-101. Figure 8-20 shows the best direction for whip antennas mounted on vehicles. A vehicle with a whip 
antenna mounted on the left rear side of the vehicle transmits its strongest signal in a line running from the 
antenna through the right front side of the vehicle. Similarly, an antenna mounted on the right rear side of the 
vehicle radiates its strongest signal in a direction toward the left front side. Obtain the best reception from 
signals traveling in the direction shown by the dashed arrows on the figure. In some cases, the best path for 
transmission can be determined by driving the vehicle in a small circle until the best position is located. 
Normally, the best direction for receiving from a distant station is also the best direction for transmitting to 
that station. 


_ Whip _ 
~ Antenna — 


Figure 8-20. Whip antennas mounted on a vehicle 


8-102. A whip antenna mounted on a vehicle may require leaving the antenna fully extended for instant use 
while the vehicle is in motion. The base-mounted insulator of the whip is fitted with a coil spring attached to 
a mounting bracket on the vehicle. The spring base allows horizontal tie down of the whip antenna when the 
vehicle is in motion, and when driving under low bridges or obstructions. Even in the vertical position, if the 
antenna hits an obstruction, the whip usually will not break because the spring base absorbs most of the 
shock. 


8-103. The energy leaving a whip antenna travels downward and the ground reflects the energy with 
practically no loss. To obtain a greater distance in transmitting and receiving, necessary to raise the whip 
antenna. When raised, the efficiency of a whip antenna decreases because it is further from the ground. 
Therefore, when using a whip antenna at the top of a mast, supply an elevated substitute for the ground plane. 


DANGER 


When fully extended while in motion, avoid antenna contact with 


overhead power lines. Death or serious injury can result if a 
vehicular antenna strikes a high-voltage transmission line. When 
tied down, ensure the antenna tip protector is in place. 


Broadband Omnidirectional Antenna 


8-104. The OE-254 is a broadband omnidirectional antenna that contains a balanced to the unbalanced 
transformer and supports frequency hopping. Table 8-4 on page 8-25 shows the planning ranges for the OE- 
254 antenna. The OE-254 antenna— 
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Operates in the 30-88 MHz range without any physical adjustments. 


Has an input impedance of 50 ohms unbalanced with an average voltage standing wave ratio of 
3:1 or less, at RF power levels up to 350 watts. 


e@ Capable of assembly and setup by one individual. 
Meets the broadband and power handling requirements of the frequency hopping multiplexer 


(FHMUX). 
Table 8-4. OE-254 planning ranges 
Terrain High Power Low Power (Nominal Conditions) 
OE-254 to OE-254 
Average Terrain 57.9 kilometers (36 19.3 kilometers (12 miles) 
miles) 
Difficult Terrain 48.3 kilometers (30 
miles) 
OE-254 to Vehicle Whip 
Average Terrain 48.3 kilometers (30 12.9 kilometers (8 miles) 
miles) 
Difficult Terrain 40.3 kilometers (25 
miles) 


COM 201B Antenna 


8-105. The COM 201B antenna is a commercial, VHF and UHF, vertically polarized, omnidirectional 
antenna. Its unique design supports quick employment to support different applications. The COM 201B 
antenna has a tripod leg structure that allows mounting the antenna directly on the ground or on a standard 
communications mast. The COM 201B tripod legs provide the ground wave radiation of the signal 
transmitted, and are necessary for proper operations. The COM 201B supports quick assembly and 
disassembly for transport. This makes it ideal for situations where there is not enough time to erect an OE- 
254 antenna. 


Note. The COM 201B is not an Army-issued replacement for the OE-254 antenna. 


8-106. The antennas ease of operations makes it ideal for use as a field expedient antenna or mounting to a 
vehicle when requiring more elevation. The eye fitting at the top of the antenna facilitates suspending it from 
buildings or trees when a mast is not available and when requiring more height. 


8-107. The COM 201B antenna has the following characteristics and capabilities— 
@ Operates in the 30-88 MHz range. 
e Vertically polarized. 


e Input impedance of 50 ohms unbalanced with an average voltage standing wave ratio of 2.5:1, at 
RF power levels up to 200 watts. 


Maximum power towards the horizon with a typical antenna gain of 0 dBi. 
Does not require active tuning. 
One individual can assemble and erect. 


Assembly can be stored in a space less than 36 inches long by 10 inches in diameter. 


Quick Erect Antenna Mast 


8-108. The quick erect antenna mast, AB 1386/U is used for elevating tactical communications antennas to 
a maximum height of 33 feet (10 meters) which results in more reliable communications over extended 
ranges. The quick erect antenna mast uses the same antenna elements and RF cable as the OE-254 antenna. 
The quick erect antenna mast mounts to the OE-254 and WIN-T antenna. 
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8-109. The mast can deploy and operate in a ground or vehicular (wheeled and tracked) mounted 
configuration. The antenna erects in less than 8 minutes with 2 Soldiers and in 15 minutes with one Soldier. 


VHF Half-Rhombic Antenna 


8-26 


8-110. The OE-303, VHF half-rhombic antenna is a vertically polarized antenna that, when used with VHF 
FM tactical radios, extends the range of transmission considerably, and provides degrees of EP. The half- 
rhombic antenna, when properly employed, decreases VHF FM radio susceptibility to hostile EW operations 
and enhances the communications ranges of the deployed radio sets. This effect occurs by directing the 
maximum signal strength in the direction of the desired friendly unit. 


8-111. The VHF half-rhombic antenna is a high gain, lightweight, directional antenna. It operates over the 
frequency range of 30-88 MHz. The antenna and ancillary equipment, guy wires, stakes, tools, and mast 
sections fit in a carrying bag for manpack or vehicular transportation. 


8-112. The planning range for the OE-303 is equivalent to the planning range of the OE-254. The OE-303 
half rhombic antenna is used with the AB-1244 mast assembly, consisting of 12 tubular mast sections five 
lower-mast sections, one mast transition adapter, five upper-mast sections, and antenna adapter, a mast base 
assembly, and different ancillary equipment. Stabilization of the erected mast assembly occurs by a two- 
level, four-way guying system. Figure 8-21 is an example of the OE-303 VHF half-rhombic antenna. 
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Figure 8-21. OE-303 half-rhombic VHF antenna 


e The OE-303 antenna handles RF power levels up to 200 watts. It matches nominal 50-ohm 
impedance with a voltage standing wave ratio of no more than 2:1, over the entire frequency range 
of the antenna. 


e The OE-303 half rhombic antenna has the following characteristics and capabilities— 


= Erected in a geographical area of 53.3 meters (175 feet) in diameter, or less, depending upon 
the frequency. 


= Mounted on any structure approximately 15.2 meters 50 feet in height. 
=" Azimuth directional change within | minute. 

= Transported by manpack or tactical vehicle when fitted into a package. 
= Operation with the four-port FHMUX. 
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8-113. The OE-303 half-rhombic antenna supports special applications and is a task assigned as required. 
Its primary use is on command and intelligence networks to a higher headquarters. Units that habitually 
operate over extended distances from parent units and special task units use the OE-303 half-rhombic 
antenna. 


High Frequency Antennas Usable at VHF and UHF 


8-114. Simple vertical half-wave dipole doublet and quarter wave monopole antenna are very popular for 
omnidirectional transmission and reception over short-range distances. For longer distances, typically use 
rhombic antennas made of wire similar in design to HF versions to provide an advantage at frequencies as 
high as | GHz. 


8-115. The dipole doublet antenna also considered a center fed antenna is a half-wave antenna consisting 
of two-quarter wavelength sections on each side of the center. Figure 8-22 is an example of the improvised 
dipole doublet antenna used with FM radios. 
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Figure 8-22. Half-wave dipole (doublet) antenna 


8-116. A transmission line conducts electrical energy from one point to another and transfers the output of 
a transmitter to an antenna. It is possible to connect an antenna directly to a transmitter; the antenna generally 
is located distances away. In a vehicular installation, for example, the antenna is mounted outside, and the 
transmitter inside the vehicle. 


8-117. Operators may use pieces of wood to support center-fed half-wave FM antennas. These antennas 
rotate to any position to obtain the best performance. If the antenna is vertical, position the transmission line 
horizontally from the antenna, for a distance equal to at least one-half of the antenna’s length, before dropping 
down to the radio set. 
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8-118. Figure 8-23 is an example of a horizontal (A) and vertical (B) center-fed half-wave antenna. 
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Figure 8-23. Center-fed half-wave antenna 


8-119. Figure 8-24 on page 8-29 is an example of an improvised vertical half-wave antenna. FM radios 
primarily use this technique. An improvised vertical half-wave antenna is effective in heavily wooded areas 
to increase the range of portable radios. The top guy wire can connect to a limb or pass over the limb and 
connect to the tree trunk or a stake. 
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Figure 8-24. Improvised vertical half-wave antenna 


SATELLITE COMMUNICATIONS ANTENNAS 


8-120. The most important consideration in addressing line of sight equipment is the antenna elevation with 
respect to the path terrain. Choose sites that exploit natural elevations. 


8-121. The most important consideration in siting over-the-horizon systems is the antenna horizon 
screening angles at the terminals. As the horizon angle increases, the transmission loss increases, resulting in 
a weaker signal. 


8-122. The effect of the horizon on transmission loss is very significant. Except where the consideration of 
one or more other factors outweighs the effect of horizon angles, the site with the most negative angle should 
be the first choice. If no sites with negative angles exist, the site with the smallest positive angle should be 
the first choice. 


8-123. The horizon angle can be determined by using transit at each site and sighting along the circuit path. 
The on-site survey determines the visual horizon angle. The radio horizon angle is slightly different from the 
visual horizon angle: the difference is generally insignificant. 
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8-124. Measure the horizon angle between the tangent at the exact location of the antenna and a direct line 
of sight to the horizon. The tangent line is a right angle 90 degrees to a plumb line at the antenna site. If the 
line of sight to the horizon is below the tangent line, the horizon angel is negative. 


8-125. Trees, building, hills, or the Earth can block a portion of the UHF signals, causing an obstruction 
loss. To avoid signal loss due to obstruction and shielding required clearance between the direct line of sight 
and the terrain, use path profile plots to determine if adequate clearance in line of sight systems. 


8-126. SATCOM sets weaken or distort signals may result from operated near steel bridges, water towers, 
power lines, or power units. The presence of congested air-traffic conditions on the proximity of microwave 
equipment can result in significant signal fading. 


8-127. For line of sight and TACSAT communications, the AN/PSC-5 family of radios is the most widely 
used radios. The AN/PSC-5 provides a line of sight communications with the AS-3566 antenna and long- 
range SATCOM with the AS-3567 and AS-3568 antennas. The AS-3566, AS-3567, and AS-3568 antennas 
characteristics are as follows— 


e AS-3566, Low Gain Antenna. 
=" Frequency range (line of sight): 30-400 MHz. 
= DAMA: 225-400 MHz. 
=" Non DAMA: 225-400 MHz. 
=" Polarization: directional. 
=" Power capability: determined by terminating resistor. 
=" Azimuth (bearing): directional. 
e AS-3567, Medium Gain Antenna. 
= Frequency range: 225—399.995 MHz. 
= Beamwidth: 85 degrees. 
=" Orientation: Directional. 
=" Elevation (0-90 degrees). 
= Input impedance: 50 ohms. 
= Voltage standing wave ratio: 1.5:1 
=~ Gain: 6 dB (225-318 MHz). 5 dB (318—399.995 MHz). 
e AS-3568, High Gain Antenna. 
= Frequency range: 240-400 MHz. 
=" Beamwidth: 77 degrees. 
=" Orientation: Directional. 
=" Elevation: (0 to 90 degrees). 
= Azimuth: +180 degrees. 
= Input impedance: 50 ohms. 
= Voltage standing wave ratio: 1.5:1. 
=~ Gain: 8 dB (240-318 MHz) and 6 dB (318-400 MHz). 
= Power: up to 140 watts. 


FIELD REPAIR 


8-128. Antennas that are broken or damaged cause poor communications or even communications failure. 
If a spare antenna is available, replace the damaged antenna. When a spare is not available, the user may have 
to construct an emergency antenna. The following paragraphs provide recommendations on repairing 
antennas and antenna supports. 
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REPAIR OF A WHIP ANTENNA 


8-129. If a whip antenna is broken into two sections, temporarily repair the antenna by rejoining the 
sections. Remove the paint and clean the sections to ensure a good electrical connection. Place the sections 
together, secure them with a pole or branch, and lash them with bare wire or tape above and below the break 
(see figure 8-25 antenna A). 


8-130. For severely damaged whip antennas, use a length of field wire direct-1/TT the same length as the 
original antenna. Remove the insulation from the lower end of the field wire antenna, twist the conductors 
together, insert them in the antenna base connector, and secure with a wooden block. Use either a pole or a 
tree to support the antenna wire (see figure 8-25, antenna B). 


@ 


POLE OR 
BRANCH CABLE OR— REPLACEMENT 
> TAPE <+— FIELD WIRE 


LASHING 


CABLE OR— 
TAPE 
LASHING 


POLE OR 
BRANCH 
(LENGTH OF 
BROKEN 
ANTENNA) 


Figure 8-25. Field repair of broken whip antennas 


WIRE ANTENNAS 


8-131. Emergency repair of a wire antenna may involve the repair or replacement of the wire used as the 
antenna or transmission line. It may also require the repair or replacement of the assembly used to support 
the antenna. When one or more antenna wires are broken, reconnecting the broken wires can repair the 
antenna. To do this, lower the antenna to the ground, clean the ends of the wires, and twist the wires together. 
When possible, solder the connection and reassemble. 


8-132. Damaged antenna supports may require using a substitute for the damaged support and if properly 
insulated may consist of any material of adequate strength. Radiating elements not correctly insulated may 
short field antennas to ground and be ineffective. 


8-133. Operators may use many common items as expedient field insulators. Plastic or glass, including 
plastic spoons, buttons, bottlenecks, and plastic bags is the best insulator. Wood and rope also act as 
insulators, although they are less effective than plastic and glass. The radiating element, the actual antenna 
wire, should only touch the antenna terminal, and physically separated from all other objects other than the 
supporting insulator. 


8-134. Figure 8-26 on page 8-32 is an example of field expedient antenna insulators. 
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Figure 8-26. Examples of field expedient antenna insulators 


ANTENNA GUYS 


8-135. Antenna guys stabilize the supports for an antenna. They usually made of wire, manila rope, or nylon 
rope. Repair broken guy rope by tying the two broken ends together. If the rope is too short after completing 
the tie, add another piece of rope or a piece of dry wood or cloth to lengthen it. Broken guy wire can replace 
another piece of wire. To ensure that the guys made of wire do not affect the operation of the antenna, cut 
the wire into several short lengths and connect the pieces with insulators. Figure 8-27 on page 8-33 shows an 


example of repaired guy lines with wood. 
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Figure 8-27. Repaired antenna guy lines and masts 


ANTENNA MASTS 


8-136. Masts support antennas and if broken, replace the mast with another mast of the same length. When 
long poles are not available as replacements, overlap and lash short poles together with rope or wire to provide 
a pole of the required length. 
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Chapter 9 
Tactical Radio Key Management Techniques 


Key Management Infrastructure is a single, automated, network-accessible, electronic- 
based key management system, and a predominantly electronic cryptographic product 
delivery infrastructure. The chapter addresses key management techniques protecting 
voice, data, and video information over tactical radio networks. 


KEY MANAGEMENT INFRASTRUCTURE 


9-1. Key management infrastructure (KMI) is a unified, scalable, interoperable, and trusted infrastructure 
that provides net-centric key management services to systems that rely on cryptography while serving the 
DOD and the broader cryptographic community. KMI builds on the foundation for a new automated 
infrastructure to deliver key management products and services to support the warfighter. KMI provides the 
foundation for key management in a general-purpose networking environment. 


9-2. KMI automates the functions of key management, control, and distribution, EP generation and 
distribution, signal operating instruction management. The commander appoints a KOAM to manage the 
account. KOAMs oversee COMSEC policies and procedures to subordinate units and mitigate COMSEC 
risk for the command. 


9-3. The KMI account provides commanders the necessary tools to work with the widely proliferating 
COMSEC systems associated with the WIN-T, JTIDS, SINCGARS, and other keying methods, electronic 
key generation, over-the-air rekeying, and electronic bulk encryption and transfer fielded by the Army. 


9-4. The KMI hardware and software provide communications planners the ability to design, develop, 
generate, distribute, and manage decentralized and automated communications-electronics operating 
instructions and signal operating instructions. The KOAM produces the EP fill variables to support 
SINCGARS in electronic formats. The KMI software also produces signal operating instructions in either 
electronic or hard copy format. The objective is to use the SKL to eliminate the need for hard copy signal 
operating instructions. 


9-5. COMSEC planning and key distribution are essential to the success of military operations and are a 
command responsibility. The controlling authority is the commander, who establishes a cryptographic 
network. Within divisions, brigades, and battalions, commanders may delegate authority and responsibilities 
depending upon command policy and operational situations. 


9-6. Units at corps and division levels and separate brigades with authorized KMI hardware and software 
can design, develop, generate, and distribute communications-electronics operating instructions and 
SINCGARS frequency hopping data, and with HF, UHF, and VHF frequency assignments at their respective 
levels and subordinate levels, as appropriate. 


9-7. Brigades and separate battalion units use KMI capable devices or components to distribute generated 
communications-electronics operating instructions and SINCGARS frequency hopping data for use at their 
respective and subordinate levels. 


Note. Refer to AR 380-40, AR 380-5, AR 25-2, and AR 380-53 for additional information on 
controlling authority and commanders’ responsibilities regarding cryptographic networks. 
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KEY DISTRIBUTION 


9-8. Key distribution is critical in achieving secure transmissions. Commanders ensure the establishment 
of these procedures in the unit’s standard operating procedure. The KOAM is responsible for the brigade 
COMSEC account. The property book officer provides logistical support for the control and distribution of 
internal brigade and subordinate battalion COMSEC material using the Information Systems Security 
Program. 


9-9. The representative authorized to order keys is the requesting unit’s KOAM, with a valid COMSEC 
account, with a requirement. TB 380-41 provides more information on the procedures for safeguarding, 
accounting, supply control, and distribution of COMSEC material. 


JOINT COMMUNICATIONS SECURITY KEY DISTRIBUTION 


9-10. A joint contingency force, corps, and division key management plan provide guidance on the 
COMSEC key distribution; it does not change current unit procedures. The KOAM is responsible for key 
management plan coordination, and the spectrum manager is responsible for the satellite access request. The 
KOAM and spectrum manager need to ensure prior coordination between the two to identify all requests for 
COMSEC from all units. 


ORDERWIRE KEY DISTRIBUTION 


9-11. The DAMA key management plan provides guidance on obtaining orderwire keys using the KMI with 
the DAMA control system. It also provides instructions for the receipt of over-the-air rekeying by the users. 
The Spitfire provides an over-the-air rekeying capability for orderwire keys. Spitfire operators should have 
the current and next orderwire keys for each footprint in which they operate. 


Note. Only the requesting unit’s KOAM with a valid COMSEC account can order these keys. 
(Refer to TB 380-41.) 


9-12. The DAMA key management plan provides guidance on obtaining orderwire keys using KMI with the 
DAMA control system. It also provides instructions for the receipt of over-the-air rekeying by the users. The 
Spitfire provides an over-the-air rekeying capability for orderwire keys. Spitfire operators should have the 
current and next orderwire keys for each footprint in which they operate. 


MANAGEMENT CLIENT 


9-13. The Management Client (MGC) is a component of the KMI that provides management of COMSEC 
material both physical and electronic. This component interfaces with the advanced key processor assigned 
to distribute keys. Using this platform provides local real-time electronic key generation, distribution, and 
management to support the mission at all Army command levels that have a COMSEC account. The lowest 
command level that has a COMSEC account is the brigade. The battalion may have a COMSEC account 
depending on unit design and real-world mission requirements. Tandem use of the management client and 
advanced key processor enables the KOAM to— 

e@ Order and account for all forms of COMSEC material. 
Store key in encrypted form. 
Perform key generation and automatic key distribution. 
Perform COMSEC material accounting functions. 


Communicate directly with other KMI accounts. 


AUTOMATED COMMUNICATIONS ENGINEERING SOFTWARE 


9-2 


9-14. Automated Communications Engineering Software (ACES) is a network planning software program 
that plans, creates, distributes, manages, and verifies cryptonets and key related information. ACES allow 
users to perform fully automated cryptographic network, signal operating instructions, communications- 
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electronics operating instructions, joint communications-electronics operating instructions and EP planning, 
management, validation and generation distribution at the time and location needed. 


9-15. The network planning functionality of ACES incorporates cryptonet planning, key management, and 
key tag generation. The planning concept relates to the development of network structures supporting 
missions and plans. The data for a given plan includes individual networks, which are assigned individual 
network members. Designated network members define the platforms, specific equipment fill locations, and 
associate key tags and keys with the equipment locations. 


9-16. Network members then download the equipment records, which include platform data, network data, 
and key tags associating the data with the required key. Similarly, the EP data and signal operating 
instructions generated by the ACES workstation operator enables the data download to the SKL. 


COMBAT NET RADIO MODULE 


9-17. The combat net radio planning module provides the necessary functions and procedures to create and 
modify hopsets, loadsets, and to generate SINCGARS transmission security keys. It also provides the 
capability to plan combat net radio networks in all bands. Combat net radio network planning integrates with 
the master net list module. 


RESOURCE MANAGER MODULE 


9-18. The resource manager module contains imported frequency resources. The resource manager module 
allows using resources to create, edit, merge, delete, and print resources. The resource manager also provides 
the planner with the ability to import and export resources in ACES, integrated system control, and standard 
frequency action format formats. Resource managers coordinate frequency resources are for specific garrison 
installations and training areas. Authorization for using frequency resources outside of the continental United 
States and its possessions are under guidance outlined in strategic agreements and established channels for 
coordination. Spectrum managers should contact organizational, theater army or geographic combatant 
command spectrum management offices for additional information. 


SIGNAL OPERATING INSTRUCTIONS MODULE 


9-19. The signal operating instructions module allows the creation of editions and updates. Signal operating 
instructions is a series of orders issued to control and coordination of the signal operations of a command or 
activity. It provides the guidance needed to ensure the speed, simplicity, and security of communications. 
Net selection occurs from the master net list included in a generated signal operating instructions edition. 
Before signal operating instructions generation, save and validate the master net list. 


MASTER NET LIST MODULE 


9-20. The master net list maintains all networks requiring signal operating instructions assignments. 
Networks created from the master net list or imported have editing potential, which allows tracking of 
individual frequency assignments with assigned equipment. The ACES version of the master net list has a 
direct correlation to standard frequency action format line item numbers. 


9-21. The master net list is the database link for all information listed under a plan, as networks, frequencies, 
and equipment. The master net list provides the ability to create, edit, organize, and delete networks. Before 
creating the master net list, the ACES workstation operator identifies the number of networks required, types 
of equipment used, and equipment specifications, as maximum transmit power, frequency bands, and 
emission designators. 


9-22. The master net list module of the ACES software also displays in joint or Service-specific views. The 
master net list also incorporates several standard frequency action format compatible fields to facilitate the 
transfer of data to and from other frequency management systems such as Spectrum XXI, including Service 
specific systems. The database capabilities of the ACES workstation allow the data in the master net list to 
create the initial standard frequency action format proposal and the signal operating instructions. 
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9-23. The software components on the ACES workstation include the ACES core module, general-purpose 
module, combat net radio module, resource manager module, signal operating instructions module master 
net list module. 


COMMUNICATIONS-ELECTRONICS OPERATING INSTRUCTIONS AND SIGNAL OPERATING 
INSTRUCTIONS DEVELOPMENT 


9-24. The Military Communications Electronics Board has designated ACES as the Joint Spectrum 
Management Planning software. ACES helps the production of the communications-electronics operating 
instruction and signal operating instructions generation. Building an initial Master Net List to support first- 
time generation takes four to seven days. The hopset provides frequency resources for the loadset. The TSK 
determines the frequency hop pattern for the radio. ACES can generate division-size communication- 
electronics operating instructions and signal operating instructions in two to five hours. 


9-25. ACES automates the generation process, the signal officer, communications chief, and frequency 
manager initially design the communications-electronics operating instructions and signal operating 
instructions on paper. Table 9-1 lists the initial steps for designing and developing communications- 
electronics operating instructions and signal operating instructions data. The following paragraphs provide 
more detail on communications-electronics operating instructions and signal operating instructions 
development. 


Table 9-1. Initializing Automated Communications Engineering Software or communications- 


electronics operating instructions and signal operating instructions data 


Step Description 


1 


Research and extract data from the modified table of organization and equipment, which authorizes 
using personnel and equipment. 


Determine the doctrine to be followed. 


Operation order, operation plan, or unit standard operating procedure. 


Frequency list from the spectrum manager. 


or} & | | Po 


Determine how many networks and frequencies are required. Use the current communications- 
electronics operating instructions and signal operating instructions as a starting point. 


LOADSETS 


9-4 


9-26. The G-6 (S-6) section identifies requirements for the construction of loadsets to support the radios that 
their organization employs. Once defined, the frequency manager constructs the loadsets using ACES, saves 
the loadsets to file, and distributes the loadsets to subordinate organizational units or elements for follow-on 
distribution to respective users. 


9-27. For example, the commander of an infantry battalion would typically be a member of several 
frequencies hopping SINCGARS networks. One of the commander’s SINCGARS could be preset to operate 
in the following nets— 

e Brigade command network. 

e Brigade operations network. 

e Battalion command network. 

e Battalion operations network. 

e Brigade RETRANS network. 


9-28. Radio operators typically load all six preset channels on the SINCGARS, with operational network 
identifiers and TEKs. If a requirement to perform over-the-air rekeying arises, all stations involved with an 
over-the-air rekeying load a KEK into preset Channel 6 on the SINCGARS, with an appropriate network 
identifier. 


ATP 6-02.53 13 February 2020 


Tactical Radio Key Management Techniques 


LOADSET UPDATES 


9-29. The responsible signal section personnel using ACES and revised loadset software, as appropriate, 
maintain loadset data. Update loadset data with new replacement key data before the current key expires. The 
loadset data is then saved to file, and distributed to users via SKL, to ensure they are in place and available 
for loading into the SINCGARS at the appropriate key changeover time. The signal sections should have 
several sets of loadsets with associated keys, already constructed and distributed (or available for expeditious 
distribution) for immediate use. 


LOADSET REVISIONS AND CREATIONS 


9-30. Existing loadsets may require revision when the required network content changes, unit reassignment 
or attachment. New loadsets may require construction to meet new requirements and create a new task force 
organization. 


JOINT COMMUNICATIONS ELECTRONICS OPERATING INSTRUCTIONS SYSTEM 


9-31. The Joint Automated Communications Electronics Operating Instructions System has the same 
primary function as ACES. The Joint Automated Communications Electronics Operating Instructions System 
interfaces between the joint communications-electronics operating instructions generation tool with service 
specific communications planning software and spectrum management automated tools. 


9-32. The joint communications-electronics operating instruction is the primary controlling document for 
single-channel radio communications in joint operations and exercises. The joint communications-electronics 
operating instruction provides radio information for joint forces, Service-specific elements, and units 
including— 

e Daily changing and non-changing frequency assignments. 


e@ SINCGARS cue, manual and net identification assignments. 
e Call sign assignments. 
e Call word assignments. 
e Daily changing code words. 
SIMPLE KEY LOADER 


9-33. The SKL AN/PYQ-10 is a handheld digital computer running the Windows operating system, core 
library, and SKL user application software. The SKL interfaces with the KMI, ACES, and any end 
cryptographic unit (ECU) that requires COMSEC key and data. The SKL integrates the functions of— 


e COMSEC key management. 

Distribution. 

EP management. 

Signal operating instructions management. 


Benign fill. 
e@ Other specialized capabilities into one comprehensive system. 


9-34. The hardware platform that hosts the SKL software including the Secure Library is a vendor-supplied 
ruggedized personal digital assistant device equipped with a KOV-21 Personal Computer Memory Card 
International Association card. The SKL has no hard drive, so all programs are stored in non-volatile flash 
memory. 


9-35. The KOV-21 provides type 1 encryption and decryption services and provides a secure interface 
between the host computer and interfacing devices. The SKL uses an embedded KOV-21 approach. The NSA 
requires using a cryptographic ignition key to lock and unlock the KOV-21 information security card. 


9-36. The cryptographic ignition key is a separate, removable, non-volatile memory device designed to 
protect internal SKL keys and data from physical compromise when the SKL is in an unattended, non-secured 
environment. Removal of the cryptographic ignition key from the SKL prevents the KOV-21 card from 
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unlocking. This results in denied access to the data. The absence of the cryptographic ignition key precludes 
using SKL operations. 
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Electronic Warfare and Protection Techniques 


This chapter addresses electronic warfare and the electronic protection techniques used 
to prevent enemy jamming and intrusion into friendly communications systems. It also 
discusses electronic protection responsibilities; communications services planning, 
signal security, emission control, preventive and remedial electronic protection 
techniques and the joint spectrum interference resolution reporting procedures and 
requirements. 


ELECTRONIC WARFARE 


10-1. Electronic warfare is military action involving the use of electromagnetic and directed energy to 
control the electromagnetic spectrum or to attack the enemy (JP 3-13.1). EW uses electromagnetic energy to 
determine, exploit, reduce, or prevent hostile use of the electromagnetic spectrum; it also involves actions 
taken to retain friendly use of the electromagnetic spectrum. EW consists of three divisions that have a unique 
role in supporting unified land operations. The divisions of electronic warfare are— 


e Electronic warfare support (ES). 
e Electronic attack (EA). 
e@ EP. 


10-2. Electronic warfare support is the division of electronic warfare involving actions tasked by, or under 
direct control of, an operational commander to search for, intercept, identify, and locate or localize sources 
of intentional and unintentional radiated electromagnetic energy for the purpose of immediate threat 
recognition, targeting, planning, and conduct of future operations (JP 3-13.1). 


10-3. ES provides the information required to combat threat electronic countermeasures, including threat 
detection, warning, avoidance, target location, and homing. It also provides targeting information for 
electronic or physical attack, and produces measurement and signals intelligence. 


10-4. Electronic attack is the division of electronic warfare involving the use of electromagnetic energy, 
directed energy, or antiradiation weapons to attack personnel, facilities, or equipment with the intent of 
degrading, neutralizing, or destroying enemy combat capability and is considered a form of fires (JP 3-13.1) 


10-5. EA includes actions taken to prevent or reduce the enemy’s effective use of frequencies, including 
jamming and deception. EA employs weapons that use either electromagnetic or directed energy as their 
primary destructive mechanism (lasers, RF weapons, and particle beams). 


10-6. Electronic protection is the division of electronic warfare involving actions taken to protect personnel, 
facilities, and equipment from any effects of friendly or enemy use of the electromagnetic spectrum that 
degrade, neutralize or destroy friendly combat capability friendly combat capability (JP 3-13.1). 


10-7. EP ensures friendly effective use of frequencies, despite the enemy’s use of electronic warfare. EP 
measures include— 
e Careful siting of radio equipment. 
Employment of directional antennas. 
Operations using the lowest power required. 
Staying off the air unless necessary. 
Using a random schedule. 


Using good radio techniques and continued operation. 


13 February 2020 ATP 6-02.53 10-1 


Chapter 10 


ELECTRONIC WARFARE WHEN ATTACKING ENEMY COMMAND AND CONTROL NODES 


10-8. EW contributes to the success of information operations by using offensive and defensive tactics and 
techniques in a variety of combinations to shape, disrupt, and exploit adversarial use of the electromagnetic 
spectrum while protecting friendly freedom of action. ES, as combat information, can provide real-time 
information required for locating and identifying enemy command and control nodes, and for supporting 
early warning and offensive systems during attack missions on enemy command and control capabilities. 
Signals intelligence elements in support of EW provide timely information about an enemy’s 
communications capabilities and limitations. The additional information received updates previously known 
information about the enemy’s command and control capabilities. This updated information plans enemy 
command, control attack operations, provide damage assessment feedback on the effectiveness of the overall 
warfare plan for the enemy command and control attack operations. 


10-9. EA is present in most enemy command and control attack operations in a combat environment. It 
includes jamming and electromagnetic deception or destruction of enemy command and control nodes, with 
directed-energy weapons or anti-radiation missiles. 


10-10. EP protects the electromagnetic spectrum for friendly forces. Coordinating using the electromagnetic 
spectrum through the joint restricted frequency list is a means of preventing fratricide between friendly 
electronic emissions. Equipment and procedures designed to avoid enemy disruption or exploitation of the 
electromagnetic spectrum are the best things friendly forces use their uninterrupted use of the electromagnetic 
spectrum during enemy command and control attack operations. In combat, EP includes, but is not limited 
to, the application of good training and sound procedures for countering enemy EA. U.S. forces (operators, 
users, and planners) must understand the threat situation and the vulnerability of electronic equipment to 
enemy EA efforts and take appropriate actions to safeguard equipment from attack. EP minimizes an enemy’s 
opportunity for successful ES and EA against U.S. forces. For more information on joint EW, refer to 
JP 3-13.1. For more information on joint electromagnetic spectrum management operations in the 
electromagnetic operational environment, refer to CJCSM 3320.01C. For information on policy and 
procedures for the management and use of the electromagnetic spectrum, refer to DODI 4650.01. 


ELECTRONIC WARFARE WHEN PROTECTING FRIENDLY COMMAND NODES 


10-11. EW can also contribute to friendly command node protection efforts by monitor an impending 
enemy attack on friendly command nodes. ES is a common task between EW and signals intelligence that 
can be actioned from EW assets or intelligence data. EW supports signals security monitoring to identify 
potential sources of information for an enemy to obtain knowledge about friendly information systems. 


10-12. To defend friendly force command nodes from enemy attack, exercise EP measures to safeguard 
friendly forces from exploitation by enemy ES and signals intelligence operations. Frequency management 
using the joint restricted frequency list is an essential defense measure against attack operations on command 
nodes by the enemy. 


ENEMY ATTACK ON FRIENDLY COMMAND NODES 


10-13. Understanding the threat to the electromagnetic spectrum is the key to practicing sound EP 
techniques. An enemy attack on friendly command nodes encompasses the integration of EW and physical 
destruction of resources, to deny friendly forces electronic control systems. Potential adversaries consider 
the attack on friendly command nodes integral to all combat operations. They have invested in developing 
techniques and equipment to deny their enemies the effective use of the electromagnetic spectrum for 
communications. 


10-14. The enemy attack on friendly command nodes disrupts or destroys at least 60 percent of the 
information, intelligence, and weapons systems communications, 30 percent by jamming and 30 percent by 
destructive fires. When accomplishing this goal, enemy forces expend considerable resources gathering 
combat information about their enemies. As locations are determined, and units identified, enemy forces 
establish priorities to— 

e Jam communications assets. 


e Deceptively enter radio networks. 
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e Interfere with the normal flow of their enemy’s communications. 


ELECTRONIC PROTECTION RESPONSIBILITIES 


COMMANDER 


10-15. EP is a command responsibility. The more emphasis the commander places on EP, the greater the 
benefits, regarding casualty reduction and combat survivability, in a hostile environment. Commanders at all 
levels ensure the training of their ability to practice sound EP techniques. 


10-16. Commanders continually measure the effectiveness of the EP techniques; they also consider EP 
while planning tactical operations. Commanders’ EP responsibilities are— 


e Review all after action reports for jamming or deception, and assess the effectiveness of defensive 
EP. 


e Ensure the G-6 (S-6) and the assistant chief of staff, intelligence (G-2), and the battalion or brigade 
intelligence staff officer (S-2) report and adequately analyze all encounters of electromagnetic 
interference, deception, or jamming. 


e Analyze how enemy efforts to disrupt or destroy friendly communications systems on friendly 
operation plans. 
10-17. Ensure the unit exercise COMSEC techniques daily. Units should— 
Change network call signs and frequencies often the signal operating instructions. 
Use approved encryption systems, codes, and authentication systems. 
Control emissions. 


Make EP equipment requirements known through quick reaction capabilities designed to expedite 
procedure for solving, research, development, procurement, testing, evaluation, installations 
modification, and logistics problems as they pertain to EW. 


e Ensure quick repair of radios with mechanical or electrical faults; this is one way to reduce radio- 
distinguishing characteristics. 


e Practice network discipline. 


STAFF 


10-18. The organized staff assists the commander in accomplishing mission requirements. Specifically, the 
staff responds immediately to the commander and subordinate units. The staff should— 

e@ Keep the commander informed. 

e Reduce the time to control, integrate and coordinate operations. 

e@ Reduce the chance for error. 


10-19. All staff officers provide information, furnish estimates, and provide recommendations to the 
commander; prepare plans and orders for military operations, and supervise subordinates to achieve mission 
accomplishment. Staff members should help the commander carrying out communications EP 
responsibilities. Staff officers’ responsibilities are— 

e@ G-2 (S-2) Staff. Advises the commander of enemy capabilities that deny the effective unit use of 
the electromagnetic spectrum. They also keep the commander informed of the unit’s signal 
security posture. 

e@ Operations Staff. Exercise staff responsibility for EP, ES, and EA scenarios in command post 
and field training exercises, and evaluate EP techniques employed. The operations staff also 
include EP in the unit training program. 
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10-4 


e G-6 (S-6) Staff— 


Assists the cyber electronic warfare officer with the preparation of the EP policy. 


Plans alternate means of communications for those systems most vulnerable to enemy 
jamming. 

Ensures distribution of available COMSEC equipment to those systems most vulnerable to 
enemy information-gathering activities and ensures measures taken to protect critical friendly 
frequencies from intentional and unintentional electromagnetic interference. 


Enforces proper use of radio, EP, emission control, and TRANSEC procedures on 
communications channels. 


Performs frequency management duties, and issues signal operating instructions on a timely 
basis. 


Prepares and maintains a restricted frequency list of taboo, protected, and guarded 
frequencies. 

Prepares the EP and restricted frequency list appendixes to the signal annex with appropriate 
cross-references to the other annexes EW, operations security, and deception to the signal 
operating instructions for related information. 

Participates in the CEMA working group to deconflict friendly EMS requirements with EW 
activities and information collection efforts, compiles information, and distributes the JRFL. 


e@ Cyber electronic warfare officer. As a member of the operations staff, the cyber electronic 
warfare officer plans, coordinates, and supports the execution of EW and other cyber 
electromagnetic activities. The cyber electronic warfare officer integrates efforts across the 
warfighting functions to ensure EW operations support the commander’s objectives. The cyber 
electronic warfare officer— 


Leads the EW working group. 
Plans, coordinates and assesses EA, EP, and ES requirements. 
Supports the G-2 (S-2) during the intelligence preparation of the battlefield process. 


Provides information collection requirements to the G-2 (S-2) to support the assessment of 
EW. 


Supports the fire support coordinator to ensure the integration of EA with all other effects. 


Provides EW support derived from tactical targeting information to the fire support 
coordinator. 


Coordinates with the G-6 (S-6) to plan, assess, and implement friendly EP measures. 
Prioritizes EW effects and targets with the fire support coordinator. 
Plans and coordinates EW operations across functional and integrating cells. 


Deconflicts EW operations with the spectrum manager in the Cyber Electromagnetic Activity 
element. 


Maintains a current assessment of available EW resources. 

Participates in other cells and working groups as required to ensure EW integration. 
Coordinates with servicing judge advocate to ensure compliance with rules of engagement. 
Serves as the Jamming Control Authority (JCA) for EW operations as directed by the 
commander. 

Prepares submits for approval and supervises the issuing and implementation of fragmentary 
orders for EW operations. 


Works with the G-2 (S-2) staff to synchronize and deconflict EW operations with intelligence 
collection activities. 


10-20. Electronic warfare capabilities are critical to maintaining communications in a_ hostile 
electromagnetic operational environment. Refer to ATP 3-12.3 for more information about electronic 


warfare. 
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COMMUNICATIONS PLANNING PROCESS 


10-21. Planning counters the enemy’s attempts to take advantage of the vulnerabilities of friendly 
communications systems. Planning counters the enemy’s attempts to take advantage of the vulnerabilities of 
friendly communications systems. At a minimum, planners should consider the following four categories of 
EP planning: deployment, employment, replacement, and concealment. 


COMMUNICATIONS PLANNING 


10-22. When conducting communications planning, use spectrum management tools to enable 
electromagnetic spectrum planning and to define and support requirements. Coordinate all frequency use 
before activation of emitters to mitigate or eliminate electromagnetic interference or other negligible effects. 
Consider the following when conducting electromagnetic spectrum management planning— 


e Transmitter and receiver locations. 

Antenna technical parameters and characteristics. 

Number of frequencies desired and separation requirements. 

Nature of the operation (fixed, mobile land, mobile aeronautical, and over water or maritime). 
Physical effects of the operational environment ground, soil, humidity, and topology. 


All electromagnetic spectrum-dependent equipment includes emitters, sensors, and unmanned 
aerial sensors. 


e Start and end dates for use. 


CONTROL OF COMPROMISING EMANATIONS 


10-23. Radios can create a significant vulnerability control of compromising emanations if TEMPEST 
installation guidelines not followed. Radios with embedded cryptographic devices should be installed and 
operate any applicable operations security doctrine for that device or radio. The TEMPEST countermeasure 
review for a facility, platform, or system may set additional countermeasure requirements for radios operating 
in those environments. Compliance with all TEMPEST requirements is critical for the protection of classified 
information. Refer to AR 380-27 for more information about control of compromising emanations. The 
supporting certified TEMPEST technical authority can provide guidance on countermeasure compliance. 


PRIMARY, ALTERNATE, CONTINGENCY, AND EMERGENCY COMMUNICATION PLAN 


10-24. The primary, alternate, contingency, and emergency (PACE) communication plan is a 
communication plan for a specific mission or task, not a specific unit. The plan considers both intra- and 
inter-unit sharing of information. The PACE plan designates the order in which an element will move through 
available communications systems until establishing contact with the desired distant element. 


10-25. The G-6 (S-6) develops a PACE plan for each phase of an operation to ensure that the commander 
can maintain command and control of the formation. The plan reflects the training, equipment status, and 
actual capabilities of the formation. Higher headquarters evaluate communication requirements with 
subordinate echelons and work with the G-6 (S-6) to develop an effective plan. Upon receipt of an order from 
a higher headquarters, the receiving unit evaluates the PACE plan for two essential elements— 

e Availability of assets to execute the plan to higher. 

e Ability to nest with the higher command’s PACE plan. 


10-26. Viable PACE plans are crucial to the commander’s situational awareness. A subordinate unit, 
untrained on a communications system or lacks the subcomponents to make the system mission capable does 
not ensure continuity of command and control by including the communications system in the PACE plan. 
Commanders’ ability to exercise command and control during an operation can suffer due to communications 
systems that are in transit or otherwise unavailable. If a unit does not have four viable methods of 
communication, it is appropriate to issue a PACE plan with only two or three systems listed. 


10-27. If the unit cannot execute the full PACE plan to its higher command, it must inform the issuing 
headquarters with an assessment of shortfalls, gaps, and possible mitigation measures as part of mission 
analysis during the military decision-making process. During course of action development, the S-6 nests the 
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signal support plan with the higher command’s plan whenever practical. This aids in maintaining continuity 
of effort. 


10-28. Ifa higher command places any form of information requirement on one or more of its subordinate 
units, subordinate units address the requirement as follows: 


e@ Generate an executable PACE plan. 
e Include the PACE plan in the operation order or fragmentary order when published. 


e Publish the data requirement in the base operation order or fragmentary order execution paragraph 
in the tasks section of the order including a reference to the specific annex for detailed format and 
PACE. 


GEOMETRY 


10-6 


10-29. Planners analyze the terrain and determine methods to make the geometry of the operations work in 
favor of friendly forces. Adhering rigidly to standard command post deployment makes it easier for the 
enemy to use direction finding to aim jamming equipment at friendly radios. 


10-30. Deploying units and communications systems perpendicular to the forward line of own troops 
enhance the enemy’s ability to intercept communication because U.S. forces aim transmissions in the 
enemy’s direction. When possible, friendly forces install terrestrial line of sight communications links 
parallel to the forward line of own troops. This supports keeping the primary strength of U.S. transmissions 
in friendly terrain. 


10-31. Single-channel TACSAT systems reduce friendly command post vulnerability to enemy direction 
efforts. Tactical SATCOM is inherently resistant to enemy direction finding. When possible, use terrain 
features to mask friendly communication from enemy positions. This may require moving senior 
headquarters farther forward and using more jump or tactical command posts to ensure that commanders can 
continue to direct their units effectively. 


10-32. Selecting command post locations requires careful planning as command post locations generally 
determine antenna locations. The proper installation and positioning of antennas around command posts are 
critical. Disperse and position antennas and emitters at the maximum remote distance and terrain dependent 
from the command post to ensure that not all of a unit’s transmissions are coming from one central location 
system design. 


10-33. Establish alternate routes of communication when designing communications systems. This involves 
establishing enough communications paths to ensure that the loss of one or more routes does not severely 
degrade the overall system. The commander establishes the priorities of critical communications links. 
Provide high priority links with the most significant number of alternate routes. 


10-34. Alternate routes enable friendly units to continue to communicate despite the enemy’s efforts to 
deny them communication systems. Alternate routes also transmit false messages and orders on the route 
experiencing electromagnetic interference, while they transmit actual messages and orders through another 
route or means. A definite benefit of continuing to operate in a degraded system is the probability the enemy 
will waste efforts to impair friendly communications elsewhere. 


10-35. Three routing concepts, or variation of them, can be used in communications— 
e Straight-line system. Provides no alternate routes of communications. 
e Circular system. Provides one alternate route of communications. 
e Grid system. Provides as many alternate routes of communications as can be practically planned. 


10-36. Avoid establishing a pattern of communication. Enemy intelligence analysts may be able to extract 
information from the design, and the text, of friendly transmissions. If easily identifiable patterns of friendly 
established communication, the enemy can gain valuable information. 


10-37. The number of friendly transmissions tends to increase or decrease according to the type of tactical 
operations executed. Execute this deceptive communication traffic by using false peaks, or traffic leveling. 
False peaks to prevent the enemy from connecting an increase of communications with a tactical operation. 
Transmission increases on a random schedule create false peaks. 
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10-38. Tactically accomplish traffic leveling by designing messages to transmit when a decrease in 
transmission traffic. Traffic leveling keeps the transmission traffic constant. Coordinate messages transmitted 
for traffic leveling or false peaks to avoid operational security violations, electromagnetic interference, and 
confusion among friendly equipment operators. 


10-39. ACES equipment, software, and subsequent signal operating instructions development resolve many 
problems concerning communications patterns; they allow users to change frequencies often, and at random. 
This is an important aspect of confusing enemy traffic analysts. Enemy traffic analysts are confused when 
frequencies, network call signs, locations, and operators often change. The enemy uses U.S. tactics, 
techniques, and procedures to help perform their mission. These procedures require flexibility to avoid 
establishing communications patterns. 


REPLACEMENT 


10-40. Replacement involves establishing alternate routes and means of doing what the commander 
requires. FM voice communications are the most critical communications used by the commander during 
enemy engagements and require reserving critical systems for critical operations. 


10-41. Use alternate means of communication before enemy engagements. This ensures the enemy cannot 
establish a database to destroy primary means of communication. If the primary means degrades, replace 
primary systems with alternate methods of communication. Replacements require preplanning and careful 
coordination; if not, compromise of the alternative means of communication occurs and is no longer use as 
the primary means of communication. Users of communications equipment require knowledge of how and 
when to use the primary and alternate means of communication. This planning and expertise ensure the most 
efficient use of communications systems. 


CONCEALMENT 


10-42. Operation plans should include provisions to conceal communications personnel, equipment, and 
transmissions. It is difficult to conceal most communications systems; installing antennas as low as possible 
on the backside of terrain features, and behind manmade obstacles, helps conceal communications equipment 
while still permitting communication. 


SIGNAL SECURITY 


10-43. EP and signal security are closely related. They are defensive arts based on the same principle. If 
adversaries do not have access to the essential elements of friendly information of U.S. forces, they are much 
less effective. The purpose of practicing sound EP techniques is to ensure the continued effective use of the 
electromagnetic spectrum. The goal of signal security is to ensure the enemy cannot exploit the friendly use 
of the electromagnetic spectrum for communication. Signal security techniques are designed to give 
commanders confidence in the security of their transmissions. Plan signal security and EP based on the 
enemy’s ability to gather intelligence and degrade friendly communications systems. 


10-44. Tactical commanders ensure effective employment of all communications equipment, despite the 
enemy’s concerted efforts to degrade friendly communication to gain a tactical advantage. Modifying and 
developing equipment, to make friendly communication less susceptible to enemy exploitation is an 
expensive process. Equipment that solves EP problems is being developed and fielded. Ultimately, the 
commander, staff planners, and radio operators are responsible for the security and continued operation of 
communications equipment. 


EMISSION CONTROL 


10-45. The control of friendly electromagnetic emissions is essential to successfully defend against enemy 
attempts to destroy or disrupt U.S. communications. Emission control is the selective and controlled use of 
electromagnetic, acoustic, or other emitters to optimize command and control capabilities while minimizing, 
for operations security: a. detection by enemy sensors; b. mutual interference among friendly systems; and/or 
c. enemy interference with the ability to execute a military deception plan (JP 3-13.1). When operating radios, 
exercise emission control at all times. Only turn transmitters when needed to accomplish the mission. Enemy 
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intelligence analysts look for patterns they can turn into valuable information. Inactive friendly transmitters 
do not provide the enemy with usable intelligence. Emission control can be total; for example, the commander 
may direct radio silence whenever desired. Radio silence is the status on a radio network in which all 
stations are directed to continuously monitor without transmitting, except under established criteria. 


10-46. Keep power output to a minimum and keep transmissions to a minimum of 20 seconds absolute 
maximum, 15 seconds maximum preferred and should contain only mission-critical information. Good 
emission control makes using communications equipment appear random and is consistent with good EP 
practices. This technique alone will not eliminate the enemy’s ability to find a friendly transmitter; but when 
combined with other EP techniques, it makes locating a transmitter more difficult. 


PREVENTIVE ELECTRONIC PROTECTION TECHNIQUES 


10-47. In planning communications, consider the enemy’s capabilities to deny the effective use of 
communications equipment. EP techniques also force enemies to doubt the effectiveness of their jamming 
and deception efforts. Radio operators use preventive EP techniques to safeguard friendly communications 
from enemy disruption and destruction. Preventive EP techniques include all measures taken to avoid enemy 
detection and to deny enemy intelligence analysts useful information. These techniques include EP designed 
circuit equipment features and radio systems installation and operating procedures. Refer to AR 380-5 for 
the Department of the Army information security program. 


10-48. EP designed circuits focus on technology enhancements, to mitigate the effects of enemy radio 
electronic combat threats and reduce vulnerabilities to electronic countermeasures. 


10-49. Radio operators have little control over the effectiveness of EP designed circuits; therefore, their 
primary focus is radio systems installation and operating procedures. Appendix C addresses operations in 
cold weather, jungle, urban, desert, and nuclear environments. 


10-50. Incorrect operating procedures can jeopardize the unit’s mission and ultimately increase unit 
casualties. Communications equipment operators require the instinctive use of preventive and remedial EP 
techniques. Maintenance personnel require knowledge that improper modifications to equipment may cause 
the equipment to develop peculiar characteristics readily identifiable by the enemy. Commanders and staff 
develop plans to ensure the continued use of friendly communications equipment and systems, while also 
evaluating joint spectrum interference resolution (JSIR) reports and after-action reports to initiate appropriate 
remedial actions. 


10-51. Effective jamming depends on knowing the frequencies, line of bearing, received signal strength 
indicator value, and approximate locations of units to be jammed. Using the techniques addressed in the 
following paragraphs reduces the vulnerability of communication from enemy disruption or destruction. Do 
not disclose this information. 


10-52. The most effective preventive EP technique is to minimize radio transmissions, transmission times, 
and power output when possible. Normal day-to-day operations require radio communications, it is important 
to keep communication to the minimum needed to accomplish the mission. 


10-53. Minimizing transmissions safeguard radios for critical transmissions. This does not advocate total, 
continuing radio silence, it advocates minimum transmissions and transmission times. Table 10-1 on page 
10-9 lists techniques for minimizing transmissions and transmission times. 
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Table 10-1. Techniques for minimizing transmissions and transmission times 
Technique Description 
Ensure all Analysis of U.S. tactical communications indicates that most communication used in 
transmissions are training exercises are explanatory and not directive. Radio communications must never 
necessary. use as a Substitute for complete planning. Tactical radio communications should be used 


to convey orders and critical information rapidly. Execution of the operation must be 
inherent in training, planning, ingenuity, teamwork, and established and practiced 
standing operating procedures. The high volume of radio communications that usually 
precedes a tactical operation makes the friendly force vulnerable to enemy interception, 


direction finding, jamming, and deception. 


Note. When commu 
can still disrupt or de 


nications are secure, the volume of radio transmissions can betray an operation, and the enemy 
stroy the ability of U.S. forces to communicate. 


Preplan messages 
prior to 
transmitting them. 


The radio operator should know what to say before beginning a transmission. When the 
situation and time permit, write out the message before beginning the transmission. This 
minimizes the number of pauses in the transmission and decreases transmission time. It 
also ensures the conciseness of the message. The Joint Interoperability of Tactical 
Command and Control System provide a standard vocabulary used for message 
planning. The Joint Interoperability of Tactical Command and Control System voice 
templates are some of the best tools a radio operator can use to minimize transmission 
time. 


Transmit quickly 
and precisely as 
possible. 


This is critical when the quality of communications is poor. This minimizes the need to 
repeat a radio transmission. Unnecessary repetition increases transmission time and the 
enemy’s opportunity to intercept U.S. transmissions and thus gain valuable information. 
When a transmission is necessary, the radio operator should speak in a clear, well- 
modulated voice, and use proper radiotelephone procedures. 


Use equipment 
capable of data 
burst transmission. 


This is one of the most significant advantages of tactical satellite communications 
systems. When messages are encoded on a digital entry device for transmission over 
satellite systems, the transmission time is greatly reduced. 


Use an alternate 


Alternate means of communications, such as cable, wire, or organic Soldiers performing 


means of as messengers, used to convey necessary directives and information. Other means of 
communications. communications used, when practical. 

Use of brevity A brevity code is a code that provides no security, but which has as its sole purpose the 
codes. shortening of messages rather than the concealment of their content. (Refer to 


ATP 1-02.1 for more information.) 


10-54. The following are additional techniques to consider for minimizing transmissions and transmission 


times— 
e 

= Use 

a 
ante 


Use 
Use 
Use 
Practice 


Ope 


Use 
Use 
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Protect transmissions from enemy interception. 


low power. 


Select the proper antenna. Select the antenna with the shortest range possible. Use directional 


nnas. 


Select a site that masks transmitted signals from the enemy interception. 


mobile antennas. 

decoy antennas. 

steerable null antenna processors. 
good radio operator procedures. 


Reduce operator distinguishing characteristics. 


rate on a random schedule. 


Authenticate. 
Encrypt all essential elements of friendly information. 


COMSEC equipment when available. 
prowords. 
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Low POWER 


10-55. Power controls and antennas are closely related. The strength of the signal transmitted by an antenna 
depends on the strength of the signal delivered to it by the transmitter; the stronger the signal, the farther it 
travels. Plan and install a radio communications system, allowing all stations to communicate with each 
other. In carefully planned and installed communications systems, users can generally operate on low power, 
thereby decreasing the range, and making it more difficult for the enemy to detect and intercept transmissions. 
It also reserves high power for penetrating enemy jamming. 


RADIO OPERATOR PROCEDURES 


10-56. The radio operator is essential to the success of preventive EP techniques. The radio operator ensures 
that radio transmissions are minimized and protected; thereby preventing the enemy from intercepting and 
disrupting or destroying communications based on information detected in the pattern or content of 
transmissions. 


10-57. Voice characteristics or overused phrases readily identify many radio operators. The enemy can use 
these distinguishing characteristics to identify a unit, even though frequencies and network call signs change 
periodically. Strictly adhering to the proper use of procedure words, or unit standing operating procedures 
helps keep operator-distinguishing characteristics to a minimum. Minimize using accents and overused 
phrases to a minimum. The enemy must not be able to associate a radio operator with a unit. 


10-58. The enemy can gather information based on the pattern, and the content, of radio communications. 
Therefore, do not develop patterns through hourly radio checks, daily reports at specific times, or any other 
periodic transmission. Make periodic reports by alternate means of communication. Take all reasonable 
measures to deny information to enemy intelligence analysts. 


Authentication 


10-59. Radio systems that do not use secure devices require authentication. The enemy has skilled experts, 
whose sole mission is to enter networks by imitating friendly radio stations. Using proper authentication 
minimizes the threat to radio communications. The supplemental instructions to the signal operating 
instructions list the procedures for authentication. Report all instances in which the enemy attempts to enter 
networks deceptively to insert false information. Authentication is required if the user— 


e Suspects the enemy is on the network. 
e Challenged by someone to authenticate. Do not break radio silence to do this. 


e Transmits directions or orders that affect the tactical situation, as change locations, shift fire, or 
change frequencies. 


e Talks about enemy contact give an early warning report or issues a follow-up report. This rule 
applies even if using a brevity list or operations code. 


e Tells a station to go to radio or listening silence or asks it to break that silence. Use transmission 
authentication for this. 


Transmits to a station under radio silence. Use transmission authentication for this. 

Cancels a message by radio or visual means, and the other station cannot recognize the sender. 
Resumes transmitting after an extended period, or if this is the first transmission. 

Authorized to transmit a CLASSIFIED message in the clear. Use transmission authentication for 
this. 

e Sends a message in the blind, because of no response by a called station. Use transmission 
authentication for this. 


Encryption 


10-60. Encrypt all essential elements of friendly information not for use by the enemy. The supplemental 
instructions to the signal operating instructions contain a broad, general list of these items of information. 
These items apply to most Army units engaged in training exercises or tactical operations. The list supports 
the Army self-monitoring program and is not encompassing. Individual units should develop essential 
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elements of friendly information list included in unit operation orders, operation plans, or field standing 
operating procedures. Encrypt these items of information manually or electronically before transmission. 
Manually encrypt by using approved operations codes. Perform electronic encryption by using COMSEC 
devices as the KIV-7, KG-95, KY-57/58, KY-99A, KY-100, and SKL. Using manual and electronic 
encryption together is not required, as either method protects essential elements of friendly information from 
enemy exploitation. 


EQUIPMENT AND COMMUNICATIONS ENHANCEMENTS 


10-61. Use equipment enhancements to reduce the vulnerability of friendly communication to hostile 
exploitations. Frequency hopping is particularly useful to lessen the effects of enemy communications 
jamming, and in denying friendly position location data to the enemy. 


10-62. Adaptive antenna techniques achieve more survivable communications systems. These techniques 
typically link with spread spectrum waveforms to combine frequency hopping with pseudo-noise coding. 


10-63. Spread spectrum techniques suppress electromagnetic interference by other users, whether hostile 
or friendly. Spread spectrum techniques provide channel sharing and eliminate multi-path electromagnetic 
interference (self-jamming) caused by a delayed signal. Deliberately spread across an extensive frequency 
band in the operating spectrum, the transmitted information becomes hard to detect from normal noise levels. 
JTIDS use spread spectrum techniques. 


10-64. Adjustable power automatically limits the radiated power to a level sufficient for effective 
communications, thereby reducing the electromagnetic signature of the subscriber. 


10-65. The FHMUX and high-power broadband vehicular whip antennas are available for use to enhance 
communications. The FHMUX is an antenna multiplexer used with SINCGARS in stationary and mobile 
operations. This multiplexer allows up to four SINCGARS to transmit and receive through one VHF-FM 
broadband antenna OE-254 or high-power broadband vehicular whip antenna while operating in the 
frequency hopping mode, non-hopping mode, or a combination of both. Using one antenna instead of up to 
four reduces visual and electronic profiles of command posts and minimize emplacement and displacement 
times. 


REMEDIAL ELECTRONIC PROTECTION TECHNIQUES 
10-66. Remedial EP techniques that help reduce the effectiveness of enemy efforts to jam U.S. radio 
networks are— 

e Identify jamming signals. 

e Determine if the electromagnetic interference is obvious or subtle jamming. 

e Recognize jamming and electromagnetic interference by— 
=" Determining whether electromagnetic interference is internal or external to the radio. 
=" Determining whether electromagnetic interference is jamming or unintentional. 
=" Reporting jamming and electromagnetic interference incidents. 

@ Overcome jamming and electromagnetic interference by — 
= Continuing to operate. 
=" Improving the signal-to-jamming ratio. 
= Adjusting the receiver. 
= Increasing the transmitter power output. 
=" Adjusting or changing the antenna. 
= Establishing a RETRANS station. 
=" Relocating the antenna. 
= Using an alternate path for communications. 
= Changing the frequencies. 
=" Acquiring another satellite. 
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=" Timely downloading and installing software upgrades. 


e Enhancements to tactical radio ancillary communications electronics equipment and COMSEC 
devices. 


e Use directional antennas (omnidirectional, bi-directional, and unidirectional). 


ELECTROMAGNETIC JAMMING 


10-67. Electromagnetic jamming is deliberate radiation, radiation, or reflection of electromagnetic energy 
to prevent or reducing an enemy’s effective use of the electromagnetic spectrum, and with the intent of 
degrading or neutralizing the enemy’s combat capability (JP 3-13.1). Jamming is an effective way for the 
enemy to disrupt friendly communications. An enemy only needs a transmitter tuned to a U.S. frequency, 
with enough power to override friendly signals, to jam U.S. systems. Jammers operate against receivers, not 
transmitters. The two modes of jamming are spot and barrage jamming. Spot jamming concentrated power 
directed toward one channel or frequency. Barrage jamming is power spread over several frequencies or 
channels at the same time. 


Obvious Jamming 


10-68. Obvious jamming is normally simple to detect. When experiencing jamming, it is important to 
recognize and overcome the incident than to identify it formally. Table 10-2 lists the common jamming 


signals. 
Table 10-2. Common jamming signals 
Signal Description 
Random Synthetic radio noise. It is indiscriminate in amplitude and frequency. It is like normal background 
Noise noise and used to degrade all types of signals. Operators often mistake it for a receiver or 


atmospheric noise and fail to take appropriate electronic protection actions. 


Stepped Tones transmitted in increasing and decreasing pitch. They resemble the sound of bagpipes. 


Tones Stepped tones normally used against single-channel amplitude modulation or frequency 
modulation voice circuits. 
Spark Easily produced and is one of the most effective jamming signals. Bursts are of short duration 


and high intensity; they repeat at a rapid rate. This signal is effective in disrupting all types of 
radio communications. 


Gulls Generated by a quick rise and slow fall of a variable radio frequency and are like the cry of a sea 
gull. It produces a nuisance effect and is very effective against voice radio communications. 


Random Pulses of varying amplitude, duration, and rate are generated and transmitted. These pulses can 
Pulse disrupt teletypewriter, radar, and all types of data transmission systems. 


Wobbler | Asingle frequency, modulated by a low and slowly varying tone. The result is a howling sound 
that causes a nuisance effect on voice radio communications. 


Recorded | Any audible sound, especially of a variable nature, will use distract radio operators and disrupt 
Sounds communications. Music, screams, applause, whistles, machinery noise, and laughter are 
examples. 


Preamble | A tone resembling the synchronization preamble of the speech security equipment broadcast 
Jamming | over the operating frequency of secure radio sets. Results in all radios being locked in the 
receive mode and especially effective when employed against radio networks using speech 
security devices. 


Subtle Jamming 


10-69. Subtle jamming is not apparent when no sound is coming from the receivers. Although everything 
appears normal to the radio operator, the receiver cannot receive an incoming friendly signal. Often, users 
assume their radios are malfunctioning, instead of recognizing subtle jamming. 
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RECOGNIZING ELECTROMAGNETIC JAMMING 


10-70. Tactical radio operations require that radio operators be capable of recognizing electromagnetic 
jamming. This is not always an easy task, as electromagnetic interference can be internal and external. If the 
electromagnetic interference or suspected jamming remains, after grounding or disconnecting the antenna, 
the disturbance is most likely internal and caused by a malfunction of the radio. Contact maintenance 
personnel to repair it. Eliminate or substantially reduce the electromagnetic interference or suspected 
jamming by grounding the radio equipment or disconnecting the receiver antenna. The source of the 
disturbance is most likely external to the radio. Check external electromagnetic interference further for enemy 
jamming or unintentional electromagnetic interference. 


10-71. Sources having nothing to do with enemy jamming may cause electromagnetic interference. 
Unintentional electromagnetic interference may be caused by— 


e@ Other radios (friendly and enemy). 

Other electronic or electric and electromechanical equipment. 
Atmospheric conditions. 

Malfunction of the radio. 


A combination of any of the above. 


10-72. Unintentional electromagnetic interference travels typically only a short distance; a search of the 
immediate area may reveal its source. Moving the receiving antenna short distances may cause noticeable 
variations in the strength of the interfering signal. Conversely, little or no variation normally indicates enemy 
jamming. Regardless of the source, take appropriate actions to reduce the effect of electromagnetic 
interference on friendly communications. 


10-73. The enemy can use powerful unmodulated, or noise modulated jamming signals. A lack of noise 
characterizes unmodulated jamming signals. Noise modulated obvious electromagnetic interference noise 
characterizes jamming signals. 


10-74. Inall cases, report suspected enemy jamming and any unidentified or unintentional electromagnetic 
interference that disrupts the ability of U.S. forces to communicate. This applies even if the radio operator 
can overcome the effects of jamming or electromagnetic interference. The JSIR report is the format used 
when reporting this information. As it applies to remedial EP techniques, use the information in the JSIR 
report provided to higher headquarters to destroy the enemy jamming efforts or take other action to the benefit 
of U.S. forces. 


OVERCOMING JAMMING 


10-75. The enemy continually strives to perfect and use new and more confusing forms of jamming, which 
requires radio operators to be increasingly alert to the possibility of jamming. Training and experience are 
the most important tools operators have to determine when a signal is a jamming signal. Exposure to the 
effects of jamming in training, or actual situations, is invaluable. The ability to recognize jamming is 
important, as jamming is a problem that requires action. The following paragraphs address the actions to take 
for detected enemy jamming. If any of the actions taken alleviate the jamming problem, merely continue 
normal operations and submit a JSIR report to higher headquarters. 


Continue to Operate 


10-76. Enemy jamming usually involves a period of jamming followed by a brief listening period. Operator 
activity during this short period indicates to the enemy how effective jamming has been. If the operation is 
continuing in a normal manner, as before the jamming began, enemies assume their jamming has not been 
particularly effective. On the other hand, if they hear a discussion of the problem on the air or if the operation 
has terminated entirely, the enemy may assume the jamming has been effective. Because the enemy jammer 
is monitoring operation this way, unless otherwise ordered, never terminate operations or in any way disclose 
to the enemy that the radio is adversely affected. This means normal operations should continue even when 
degraded by jamming. 
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Improve the Signal-to-Jamming Ratio 


10-77. The signal-to-jamming ratio is the relative strength of the desired signal to the jamming signal at the 
receiver. Signal refers to the signal received. Jamming refers to the hostile or unidentified electromagnetic 
interference received. It is always best to have a signal-to-jamming ratio in which the desired signal is 
stronger than the jamming signal. In this situation, the jamming signal cannot significantly degrade the 
desired signal. To improve the signal-to-jamming ratio operators and signal leaders can consider the 
following— 


e Increase the transmitter power output. To increase the power output at the time of jamming, 
set the transmitter to a setting less than full power when jamming begins. Using low power as a 
preventive EP technique depends on the enemy not being able to detect radio transmissions. Once 
the enemy begins jamming the radios, the threat of detection becomes obvious. Use the reserve 
power on the terrestrial line of sight radios to override the enemy’s jamming signal. 


e Adjust or change the antenna. When jamming occurs, the radio operator should ensure optimal 
adjustment of the antenna to receive the desired incoming signal. Specific methods that apply to 
radio sets are in the appropriate operator’s manual. Depending on the antenna, some methods 
include— 


= Reorient the antenna. 
= Change the antenna polarization. Required by all stations. 
= Install an antenna with a longer range. 


e Establish a RETRANS station. This can increase the range and power of a signal between two 
or more radio stations. Depending on the situation and available resources, this may be a viable 
method to improve the signal-to-jamming ratio. 


e Relocate the antenna. Improve the signal-to-jamming ratio by relocating the antenna and 
associated radio set affected by the jamming or unidentified electromagnetic interference. This 
may mean moving it a few meters or several hundred meters. It is best to relocate the antenna and 
associated radio set, and a terrain feature between them and any suspected enemy jamming 
location. 


e Use an alternate route for communications. In some instances, enemy jamming prevents 
friendly forces from communicating with another radio station. When degraded radio 
communications occur between two radio stations that require communication between one 
another, use another radio station or route of communications as a network extension between the 
two radio stations. 


e Change frequencies. If a communications network cannot overcome enemy jamming using the 
above measures, the commander or designated representative may direct to switch the network to 
an alternate or spare frequency. Preplanned and well-coordinated actions required practical, 
dummy stations to continue to operate on the frequency being jammed, to mask the change to an 
alternate frequency. During enemy jamming, it may be difficult to coordinate a change of 
frequency. All radio operators require knowledge of when, and under what circumstances, they 
are to switch to an alternate or spare frequency. If frequency change and transition do not occur 
smoothly, the enemy may discover what is happening, and try to degrade communications on the 
new frequency. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM 
ANTI-JAMMING 


10-78. Jamming is the intentional transmission of signals that interrupts your ability to transmit and receive. 
If the radio signal is jammed, the radio operator hears strong static, strange noise, random noise, no noise, or 
the network may be quiet with no signals heard. Jamming depends upon the type of signal used to jam 
transmit and receive capabilities and whether the radio network is operating in single-channel or frequency 
hopping mode. 


10-79. The simplest method the enemy can use to disrupt your communication is to transmit noise or audio 
signals onto a single-channel operating frequency, or on multiple frequency hopping frequencies during 
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frequency hopping operation. If the enemy can generate enough power onto a unit’s hopset, to disrupt or stop 
communication capability. 


10-80. SINCGARS, as designed, is jam-resistant due to its frequency hopping capability. If SINCGARS is 
jammed, it may be necessary for you to take corrective actions. The action taken depends on the type of 
jamming or electromagnetic interference disrupting network communications and the authorized frequency 
hopping hopset available to the network. Modern EW equipment is capable of detecting and jamming 
frequency hopping radios. Frequency hopping alone does not eliminate interference caused by modern 
jammers. Use the steerable null antenna processor in the non-hopping mode of the SINCGARS. The null 
antenna processor provides EP for the single-channel combat net radios in the VHF range (30 to 88 MHz). 


10-81. When radio electromagnetic interference occurs, the radio operator determines if jamming or 
equipment failure caused electromagnetic interference. To do this, the radio operator— 

e Disconnects antenna; if the noise continues, the radio may be faulty. 

e Set the function FCTN switch to squelch off SQ OFF and listen for modulated noise. 

e Look for a small signal strength indication on the RT front panel. 


10-82. The following are corrective actions to take if jamming is indicated— 
Reposition or reorient antenna to eliminate electromagnetic interference. 
Notify supervisor of suspected jamming signals. 

Continue to operate. 

Work through jamming. 


Report electromagnetic interference and jamming to the NCS. 


10-83. The NCS conducts a network call in single-channel mode and instructs all network members to 
switch to frequency hopping mode 2 and continue to operate normally on RT-1523F advanced system 
improvement program-enhanced pure networks. 


10-84. The NCS conducts a network call in single-channel mode and instructs all non-RT-1523F advanced 
system improvement program-enhanced radios to switch to the backup single-channel secure frequency and 
cipher text. All RT-1523F radios switch to frequency hopping mode 2. The NCS operates the network in a 
frequency hopping mixed network operation utilizing a SINCGARS mixed-mode RETRANS site and station 
to provide communications between the single-channel stations and the frequency hopping stations. Once 
neutralization of the jamming source occurs, the NCS instructs the network to switch back to frequency 
hopping mode 1. 


Note. Operate SINCGARS in the single-channel and cipher text mode only when required. 


ELECTRONIC WARFARE FOR SINGLE-CHANNEL TACTICAL 
SATELLITE 


10-85. Single-channel TACSAT communications enhance commanders’ ability to operate. During 
operations, the enemy uses EW to direct parts of their resources against our satellite systems. How vulnerable 
we are to enemy EW and the success of our actions to deny the enemy success in EW efforts depends on our 
equipment and training of our signal personnel. 


10-86. Single-channel TACSAT communications are high on the enemy’s target list. Shortly after placing 
tactical communications in operation, the enemy compiles data on the satellite. This data most likely 
includes— 


e Data indicating the satellite’s orbit and location. 
e Information on frequency, bandwidth, and modulation used in the satellite. 
e The amount, type, and frequency of traffic extended by the satellite. 


10-87. With the satellite network extension located, direct the primary enemy threat toward locating ground 
stations through radio direction finding. Due to the directional antennas used with super high frequency and 
extremely high frequency single-channel TACSAT communications radios has a low probability of intercept 
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and direction-finding. A satellite-based intercept station orbiting near satellites can be successful. In this case, 
an enemy on their home ground, far from the area of operations, can do the analysis. 


10-88. Even without ground station locations, the enemy can direct jamming efforts towards their satellites. 
Single-channel TACSAT communications networks working through the satellite is operating in a stressed 
mode. Due to the directional antennas and frequencies used, jamming directed toward ground stations occurs 
locally. Besides jamming, enemies may attempt deception from either the ground or using their own satellites. 
The enemy may attempt to insert false or misleading information and may establish dummy networks 
operating through our satellites to cause confusion. 


DEFENSIVE ELECTRONIC WARFARE 


10-89. TACSAT communications operate in the environment just described. It is necessary to use available 
anti-jamming equipment and sound countermeasures. Communications discipline, security, and training 
underlie electronic counter-countermeasures. COMSEC techniques give the commander confidence in the 
security of communications. Electronic counter-countermeasures equipment and techniques provide 
confidence in the continued operation of TACSAT communications in a hostile EW or the stressed 
environment. Particularly in single-channel TACSAT communications, the two are closely related techniques 
serving an electronic counter-countermeasures role. 


10-90. COMSEC techniques protect the transmitted information. Physical security safeguards COMSEC 
material and information from access or observation by unauthorized personnel using physical means. 
TRANSEC protects transmissions from hostile interception and exploitation. COMSEC and TRANSEC 
equipment protects most circuits. Some single-channel TACSAT orderwires may not be secure. Technical 
discussions between operators can contain information important to the enemy. The nature of any mission 
gives the enemy access to critical information about commanders, organizations, and locations of 
headquarters. This information is sensitive and requires protection. 


10-91. Electronic counter-countermeasures techniques protect against enemy attempts to detect, deceive, 
or destroy friendly communications. Changing frequency can defeat jamming. This requires the jammer to 
determine the new frequency, move to it, and change it again if required. This is the principle behind 
frequency hopping. 


10-92. Since it takes about 0.25 seconds for the earth station satellite-earth station trip, frequency hopping 
four times per second denies the jammer access to the satellite to earth link. Frequency hopping at this rate 
relies on automated equipment. Frequency hopping at rates between 4 per second and 75 per second 
effectively avoids intercept and jamming when the enemy can receive only the downlink. With these low 
rates, bandwidth is still minimal while providing secure communications. Frequency hopping forces the 
jammer to spread energy (broadband jamming). This reduces the jammer noise density on any one channel. 


10-93. The spread spectrum signal can occupy the entire bandwidth of the satellite at the same time with 
several other spread spectrum signals. Each signal requires a different pseudorandom noise code. The noise 
code looks the same as the jammer regardless of the information carried over the satellite signal. This results 
in the jammer spreading energy throughout the entire bandwidth of the random noise and reducing the noise 
density to the point that the jammer has no knowledge of whether the jamming is effective. 


ELECTROMAGNETIC COMPATIBILITY 


10-94. Electromagnetic compatibility occurs when all equipment radios, radars, generators, and vehicle 
ignition systems operate without electromagnetic interference from each other. With single-channel 
TACSAT communications terminals, a source of electromagnetic interference is solar weather, including 
solar flares, solar winds, geomagnetic storms, and solar radiation storms. Control factors as location and 
antenna orientation to eliminate this source of the noise. For each piece of equipment, use proper grounding 
techniques and follow safety considerations. When required to co-locate single-channel TACSAT 
communications terminals and other sets use a plan that prevents antennas from shooting directly into one 
another. Maintaining an adequate distance between antennas reduces mutual electromagnetic interference. 
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10-95. Desensitization is the most common electromagnetic interference problem. This reduces receiver 
sensitivity caused by signals from nearby transmitters. Include the electromagnetic compatibility in the plans 
for siting a single-channel TACSAT communications station. 


COUNTER RADIO-CONTROLLED IMPROVISED EXPLOSIVE 
DEVICE ELECTRONIC WARFARE 


10-96. Counter radio-controlled improvised explosive device electronic warfare (CREW) is a form of 
defensive EA. The CREW system jams threat radio frequencies to preempt radio-controlled improvised 
explosive devices (RCIED) from receiving a firing signal. When properly used, a CREW system prevents 
the enemy’s RCIED receiver from acquiring a signal from the RF transmitter, preventing the RCIED from 
detonating. CREW systems are programmed with threat-specific loadsets, based on current intelligence, 
including the technical exploitation of recovered RCIEDs. 


10-97. The U.S. military employs mounted, dismounted, and fixed CREW systems as electronic 
countermeasures to RCIED attacks. The Army serves as the executive agent and single service manager for 
ground-based CREW systems. The Army manages CREW system acquisition to ensure interoperability and 
compatibility among fielded systems. CREW systems currently in service include— 

e Mounted. 

e AN/VLQ-12 Duke V3/V5 (Army). 

e AN/VLQ-13 Counter Radio Controlled Improvised Device Vehicle Receiver/Jammer (V)1/(V)2 
(joint). 
Symphony (coalition). 
EGON I/II Active/Reactive Counter-IED System (special operations forces—dismounted). 
AN/PLQ-9 Thor III Goint). 
AN/PLT-5 Thor I! RCIED Jammer. 
AN/PLT-073 Guardian (coalition). 
Modi Active/RCIED System, special operations forces—fixed site). 


10-98. The cyber electronic warfare officer is the commander’s subject matter expert on CREW. The cyber 
electronic warfare officer coordinates EW missions with the division G-6 (S-6) to deconflict EA, manage 
and oversee the employment of CREW systems, conduct EW training, and monitor exploitation results for 
changes in the enemy’s use of the spectrum to ensure the validity of loadsets. 


PURPOSEFUL INTERFERENCE 


10-99. The growing dependency on wireless services and the resulting escalation of cyberattacks has 
resulted in the need to enhance cybersecurity and protect against persistent interference. Purposeful 
interference consists of deliberate actions taken to deny or disrupt a space system, service, or capability. 


10-100. In cases of terrestrial interference in the United States and its possessions, including satellite 
downlink interference, the combatant command/Service/agency owning or operating the affected system is 
responsible for investigating and resolving the interference including downlink interference. 


ELECTROMAGNETIC INTERFERENCE 


10-101. Electromagnetic interference is any electromagnetic disturbance, induced intentionally or 
unintentionally, that interrupts, obstructs, or otherwise degrades or limits the effective performance of 
electronics and electrical equipment (JP 3-13.1). 


10-102. Timely and accurate identification, reporting, and resolution of electromagnetic interference are key 
functions of electromagnetic spectrum management. The resolution of electromagnetic interference is crucial 
in assuring vital information exchanged quickly and accurately. Report all electromagnetic interference 
disturbances regardless of the severity, intensity, or duration. Perform electromagnetic interference resolution 
tasks to resolve or mitigate electromagnetic interference incidents at the lowest possible level in the command 
structure. Refer to CJICSM 3320.02D for information regarding electromagnetic interference resolution. 
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JOINT SPECTRUM INTERFERENCE RESOLUTION REPORTING 


10-103. JSIR addresses electromagnetic interference incidents, EA, directed energy, and cyber attacks 
affecting the DOD. The JSIR objective is to report and help resolve EA and persistent, recurring 
electromagnetic interference. Resolution is at the lowest possible level, using organic assets. Refer incidents 
that cannot be resolved locally up the chain of command with resolution attempted at each level. 


10-104. CJCSI 3320.02F directs DOD components to resolve RF electromagnetic interference at the lowest 
possible level of its chain of command. To accomplish this, the Army established the Army interference 
resolution program. 


ARMY INTERFERENCE RESOLUTION PROGRAM 


10-105. The Army interference resolution program revolves around four functions: direction finding, signal 
monitoring, signal analysis, transportability, and mobility. Table 10-3 describes these functions. 


Table 10-3. Army interference resolution program functions 


Function Description 


Direction Finding | Is often the key to locating the source of interference and is an integral part of resolving 
and analyzing incidents and problems. The degree of accuracy depends upon the 
environment and frequency band. 


Signal Monitoring | Signal monitoring or spectrum surveillance incorporates a frequency spectrum analyzer 
or surveillance receiver, covering all spectrum bands of use. These systems perform 
real-time evaluation of spectrum usage and interference in an area. 


Signal Analysis Analysis of direction finding and monitoring data is required to determine the source of 
interference and misuse of the spectrum. 


Transportability Degree, circumstances, and geographic location of the types of interference incidents 

and Mobility and problems determine transportability and mobility requirements. Mobile or 
transportable direction finding and monitoring equipment is a requirement for tactical 
units, and for incidents not necessarily confined to a geographical area. Consider man- 
portable equipment for instances and conditions, as defined in unit standing operating 
procedures. Fixed equipment would be required for those areas that require real-time 
solutions in a defined geographical area. 


INTERFERENCE RESOLUTION 


10-106. Corps and division spectrum managers are the coordinating authorities for regional and local 
interference resolution. The impact of each interference incident is unique, and no standard procedure 
establishes or guarantees resolution in every case. A logical, systematic approach reduces the time and cost 
required to resolve interference situations. Figure 10-1 on page 10-19 depicts a logical flow diagram (for 
instances when an Army unit is the victim of interference in a tactical operation). 
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Figure 10-1. Local interference resolution (Army victim) 


13 February 2020 ATP 6-02.53 10-19 


Chapter 10 


10-107. Figure 10-2 shows a flow diagram for interference when the Army unit is the source of the 
interference. 
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Unit spectrum 
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to and authority 
an ASC 


LEGEND 


ASC Army Spectrum Cmd command 
Coordinator mgr manager 


Figure 10-2. Interference resolution (Army source) 


Reporting Procedure 


10-108. Report all electromagnetic interference incidents through the proper channels. Submit all reports of 
suspected hostile electromagnetic interference via secure means. Do not hold reports up due to information 
not being readily available; use follow-up reports to provide additional information, as it becomes available. 


10-109. The equipment operator experiencing the electromagnetic interference incident forwards the initial 
JSIR report through the chain of command to the unit operations center. Attempt to resolve the 
electromagnetic interference problem at the lowest possible level before submitting JSIR reports to higher 
headquarters. 


10-110. Utilize the Joint Spectrum Management System or Spectrum XXI programs to submit the report 
electronically. The sender classifies the report by evaluating the security sensitivity of the electromagnetic 
interference on the affected system, and by considering the classification of the text comments. 


10-111. Assign precedence to the JSIR report consistent with the urgency of the reported situation. Use 
routine or priority precedence, unless the organization originating the report believes the incident is hazardous 
to military operations. For this incident, use immediate precedence. 
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10-112. Each Army unit submits reports through its chain of command, up to the theater army, the combatant 
command, and to the United States Army Communications-Electronics Services Office. Submit information 
copies of all incident reports to the Joint Spectrum Center for inclusion in the JSIR database. Refer to CJICSM 


3320.02D for additional information on JSIR procedures. 
10-113. Table 10-4 outlines JSIR security classification. 


Table 10-4. Joint spectrum interference resolution security classification guide 


Information Revealing 


Security Classification 


The specific identification of an unfriendly platform or location, by 
country or coordinates, as the source of interference or electronic 
attack. 


Secret. 


Specific susceptibility or vulnerability of U.S. electronic equipment and 
systems. 


Secret. 


Parametric data of classified U.S. electronic equipment. 


In accordance with the classification 
guide of the affected equipment. 


Suspected interference from unidentified sources while operating in or Secret. 
near hostile countries. 
Interference to U.S. electromagnetic equipment and systems caused by | Confidential. 


electronic attack exercises in foreign nations. 


Suspected interference from friendly sources. 


Unclassified or secret, if the report 
reveals a specific equipment 
vulnerability. 


Information referring to joint spectrum interference resolution; stating 
that joint spectrum interference resolution analyses are a function of the 
Joint Spectrum Center. 


Unclassified. 


Joint Spectrum Interference Resolution Report Content 


10-114. Table 10-5 on page 10-22 shows the minimum information requirements for the JSIR. The message 
subject line should indicate whether the report is initial, follow-up, or final. 
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Table 10-5. Joint spectrum interference resolution information requirements 


Item 
Number Data Input 

1 Frequencies affected by the interference. 

2 Locations of systems experiencing the interference. 

3 The affected system name, nomenclature, manufacturer (with model number), or other system 
description. If available, include the equipment characteristics of the victim receiver, as 
bandwidth, antenna type, and antenna size. 

4 The operating mode of the affected system. If applicable, include the following: frequency 
agile, pulse Doppler, search, and upper and lower sidebands. 

5 The characteristics of the interference (noise, pulsed, continuous, intermittent, frequency, or 
bandwidth. 

6 The description of the interference effects on victim performance (reduced range, false 
targets, reduced intelligibility, or data errors). 

7 Enter the dates and times the interference occurred. Indicate whether the duration of the 
interference is continuous or intermittent. Indicate whether the approximate repetition rate of 
the interference, and whether the amplitude of the interference is varying or constant. Indicate 
if the interference is occurring at a regular or irregular time of day, and if the occurrence of the 
interference coincides with any ongoing local activity. 

8 The location of possible interference sources (coordinates or line of bearing, if known; 
otherwise, state as unknown). 

9 A listing of other units affected by the interference (if known) and their location or distance and 
bearing from the reporting site. 

10 A clear and concise narrative summary of the interference, and any local actions that have 
taken to resolve the problem. The operator is encouraged to provide any other information, 
based on observation or estimation pertinent in the technical or operational analysis of the 
incident. Identify whether the information furnished based on actual observation and 
measurement or estimated. Avoid using Army or program jargon and acronyms. 

11 Reference message traffic that relates to the interference problem reported. Include the 
message date-time group, originator, action addressees, and subject line. 

12 Indicate whether the problem identified or resolved. 

13 Indicate if joint spectrum interference resolution technical assistance is desired or anticipated. 

14 Point of contact information, including name, unit, and contact phone numbers. 

10-22 ATP 6-02.53 13 February 2020 


Appendix A 
Frequency Modulation Radio Networks 


This appendix describes various frequency modulation networks and capabilities. 


FREQUENCY MODULATION 


A-1l. Units from battalion to theater establish frequency modulation radio networks to enable 
communication during operations. Commanders may establish other network frequency modulation radio 
networks to enhance mission accomplishment. The lack of enough single-channel tactical satellite frequency 
resources, single-channel radio systems density and the need for radio retransmission capability all validate 
the need for frequency modulation networks. 


A-2. FM is varying the frequency rather than the amplitude of the carrier signal in accordance with the 
variations of the modulating signals. The amplitude or power of the FM carrier does not vary during 
modulation. When the frequency of the carrier signal is non-modulated, refer to the signal as the center, or 
rest, frequency. When applying a modulating signal to the carrier, the carrier signal moves up and down in 
frequency away from the center, or rest, frequency. 


A-3, The amplitude of the modulating signal determines how far away from the center frequency the carrier 
moves. This movement, also known as a deviation, indicates how far the carrier moves. During the reception 
of an FM signal, the amount of deviation determines the loudness or volume of the demodulated output. 


A-4. The FM signal leaving the transmitting antenna is constant in amplitude but varies in frequency 
according to the audio signal. As the signal travels to the receiving antenna, it picks up natural and man-made 
electrical noises that cause amplitude variations in the signal. These undesirable amplitude variations amplify 
as the signal passes through successive stages of the receiver until the signal reaches a part of the receiver 
called the limiter. The limiter is specific to FM receivers, as is the discriminator. 


A-5. The limiter eliminates the amplitude variations in the signal and then passes it on to the discriminator, 
which is sensitive to variations in the frequency of the RF wave. The discriminator circuit processes the 
resultant constant amplitude FM signal, which changes the frequency variations into corresponding voltage 
amplitude variations. These voltage variations reproduce the original modulating signal in a headset, 
loudspeaker, or teletypewriter. Radiotelephone transmitters operating in the VHF and higher frequency bands 
generally use FM. 


COMMAND NETWORKS 


A-6. Command networks are FM secure internal command networks. Established at various echelons in 
Army units, command networks provide organization and control of information passed via each network. 
Command networks support commanders’ requirements to send and receive critical information during 
operations. Subscribers in a command network are members of that echelon and the next senior echelon 
command network. Command networks established at various echelons allow commanders greater 
flexibility, offering units the ability to be part of a smaller command network, while still maintaining 
compatibility and accessibility with the larger overall command. The SINCGARS, which is an FM radio, is 
the primary radio used to establish secure command networks. When necessary units use RETRANS teams 
to overcome communication obstacles between higher and lower units. Command networks have the highest 
installation priority. 
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A-2 


A-7. Table A-1 shows typical command networks established in a division and the network stations 
established within each command network. The command networks showed merely serve as a guide for 
establishing radio networks. The actual networks established depend on the existing situation, command 


guidance, and equipment available. 


Table A-1. Example of division command networks 


Network Stations Command Operations Sustainment Administrative 
Operations and Operations and 
Network Intelligence Network Logistics 
Network Network 

Commander Xx Xx Xx X 
Assistant commander Xx 
Assistant chief of staff, X Xx X Xx 
operations 
Assistant chief of staff, 
‘ ; Xx X 
intelligence 
Tactical command post assistant 

: : Xx X X 
chief of staff, operations 
Tactical command post assistant X 
chief of staff, intelligence 
Tactical command post assistant X X X Xx 
chief of staff, signal 
Subordinate brigade command X X Xx Xx 
post 
Brigade support battalion Xx Xx 
Reconnaissance battalion Xx Xx Xx X 
Aviation units Xx Xx Xx x 
Engineer unit Xx xX Xx x 
Military intelligence unit X X 
Air defense artillery unit X X xX 
Artillery units Xx Xx Xx x 
Military police X X 
Sustainment operations center Xx Xx xX 
Division signal, intelligence, and 

; Xx Xx X 

sustainment company 
Liaison officer X 


A-8. Figure A-1 on page A-3 depicts the structure of a typical command network in a division. 
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Figure A-1. Structure of a division command network 


ADMINISTRATIVE AND LOGISTICS NETWORKS 


A-9, Administrative and logistics networks controlled by the battalion or brigade personnel staff officer and 
the logistics staff officer transmit and receive administrative and logistics data. Figure A-2 on page A-4 is an 
example of a brigade administrative and logistics network. 
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LEGEND 


Brigade LDR Leader 
Battalion MP Military Police 
Brigade Support Battalion MVR Maneuver 
Commander PLT Platoon 
Commo Communication S-1 battalion or brigade manpower and 
HHC Headquarters & Headquarters Company personnel staff officer 
$-4 battalion or brigade logistic staff officer 


Figure A-2. Example of a brigade administrative and logistics network 


OPERATIONS AND INTELLIGENCE NETWORKS 


A-4 


A-10. Operations and intelligence communications networks transmit and receive operations and intelligence 
reports, and function as surveillance networks as required. Operations and intelligence communications 
networks facilitate the transmission of observations, details, and discussions that feed intelligence analysis. 
The G-2 (S-2) controls operations and intelligence networks. Subordinate elements may monitor the 
operations and intelligence networks to develop situational awareness. The information passed over these 
communication networks is continual and may require a secondary network to prevent overloading the 
command network. The local situation determines whether to add or delete other net members. Figure A-3 
on page A-5 illustrates an example of a division operations and intelligence communications network. 
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Figure A-3. Example of a division operations and intelligence communications network 


MEDICAL NETWORKS 


A-11. Medical units need dedicated, long-range, reliable communications systems that can be user-operated. 
Communications distances are substantial between medical support bases and forward aid stations. ALE 
tuning Harris 5000 series radios and other simplified operating features make HF radios ideal for units with 


a limited number of signal personnel. Figure A-4 on page A-6 is an example of a corps medical operations 
network. 
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Figure A-4. Example of a corps medical operations network 


A-12. Figure A-5 on page A-7 is an example of a division medical operations network. 
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Figure A-5. Example of a medical operations network in a division 


FIRE DIRECTION NETWORK 


A-13. The fire direction network is the highest priority command network for fires units. The fire direction 
network provides fires units the capability to exchange technical and firing data via the network. RETRANS 
teams support fire direction networks as required. 


SURVEILLANCE NETWORK 


A-14. The surveillance network enables the transmission and receipt of reports related to enemy movement 
and massing. The battalion battlefield information control center establishes this network to coordinate and 
control the ground surveillance radar and unattended ground sensor teams. The information from this network 
is vital to commanders and given high priority for activation. 


SUSTAINMENT AREA COMMAND NETWORK 


A-15. Sustainment area operations ensure freedom of maneuver. They consist of actions taken by Army units 
and host nation units (singularly or in a combined effort) to secure the force or to neutralize or defeat enemy 
operations in the sustainment area. The sustainment area command network consists of many units that co- 
located in the division sustainment area. 
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A-16. Figure A-6 is an example of a division sustainment area command network. Members of the 
sustainment area command network also depend on themselves to form the base cluster defense. 
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CDR Commander MP Military Police 


Figure A-6. Example of a division sustainment area command network 


HIGH FREQUENCY NETWORKS 


A-17. HF networks are like the VHF FM networks in function and establishment. Many HF networks are a 
backup or supplement to their VHF FM counterparts. HF networks are established when unit dispersal 
exceeds the planning range for VHF FM systems. 


A-18.Commanders routinely establish HF command networks as a secondary means of controlling 
operations. Figure A-7 on page A-9 is an example of an HF command network at the division level. Note the 
similarity with the VHF FM command network. 
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Others DIV SIG 
as Sauk CO OPS 
Division 
Main 
TOC 


LEGEND 


BDE Brigade Military Police 

BN Battalion Operations 

co Company Signal 

cP Command post Squadron 

DIV Division Tactical Air Control Party 

ENGR Engineer Tactical Operation Combat System 
MI Military Intelligence 


Figure A-7. Example of a division HF command network 


Brigade Combat Team 


A-19. The BCT employs traditional HF networks to support command networks. The BCT typically 
establishes administrative and logistics, and operations and intelligence command networks to support fires, 
and reconnaissance operations. A typical brigade today has enough HF radios to establish command networks 
down to the company and lower levels when the situation warrants it. 


A-20. Logistics units employ HF radios to enable communication, provide situational awareness, and provide 
internal coordination due to the communications distances from the division support area to the brigade 
support area. 


Data Network 


A-21. Combat aviation brigades and air cavalry units use HF data networks to provide long-range, non-line 
of sight communications. Cavalry squadrons and troops use the low power HF data network for their 
command networks when the distance is not an issue. The same is true for divisional and regimental cavalry. 
Figure A-8 on page A-10 shows a typical cavalry squadron HF data network. 
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LEGEND 
CAV Calvary SQDN Squadron 


CMD Command Toc Tactical Operations Center 


CP Command Post TRP Troop 
GP Group 


Figure A-8. Example of a cavalry squadron HF data network 
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Single-channel radio communications equipment transmits and receives voice, data, or 
telegraphic voice code. This appendix addresses radio set basic components, 
characteristics, and properties of radio waves, wave modulation, and site 
considerations for single-channel radios. 


RADIO SET BASIC COMPONENTS 


B-1. A radio set consists of a transmitter and receiver. Other items necessary for operation include a source 
of electrical power and an antenna for radiation and reception of radio waves. 


B-2. The transmitter contains an oscillator that generates RF energy as alternating current. A transmission 
line, or cable, feeds the RF to the antenna. The antenna converts the alternating current into electromagnetic 
energy radiated into space; a keying device used to control the transmission. 


B-3. Typically, in single-channel radio operations, the receiver uses the same antenna as the transmitter to 
receive electromagnetic energy. The antenna converts the received electromagnetic energy into RF 
alternating current and feeds the RF to the receiver by a transmission line or cable. In the receiver, the RF 
converts to audio frequencies. The audio frequencies change into sound waves by a headset or loudspeaker. 


B-4. Communication is possible when two radio sets operate on the same frequency, with the same type of 
modulation, and are in the operating range. 


RADIO TRANSMITTER 


B-5. The simplest radio transmitter consists of a power supply and an oscillator. The power supply can be 
batteries, a generator, an alternating current power source with a rectifier and a filter, or a direct current 
rotating power source. The oscillator, which generates RF energy, requires a circuit to tune the transmitter to 
the desired operating frequency. The transmitter also requires a device for controlling the emission of the RF 
signal. The simplest device is a telegraph key, a type of switch for controlling the flow of electric current. As 
the key operates, the oscillator turns on and off for varying lengths of time. The varying pulses of RF energy 
produced correspond to dots and dashes. This is a continuous wave operation used when transmitting 
international Morse code. 


B-6. Use a continuous wave radio transmitter to generate RF energy radiated into space. The transmitter 
may contain only a simple oscillator stage. Apply the output of the oscillator to a buffer stage to increase 
oscillator stability, and to a power amplifier that increases output. Use a telegraph key to control the energy 
waves produced by the transmitter. When the key is closed, the transmitter produces its maximum output. 
Opening the key produces no output. 


B-7. By adding a modulator and a microphone, a radiotelephone transmitter can transmit messages by voice. 
When the modulating signal causes the amplitude of the radio wave to change, the radio is an AM set. When 
the modulating signal varies the frequency of the radio wave, the radio is an FM set. 


B-8. The reliability of radio communications depends on the characteristics of the transmitted signal. The 
transmitter and its associated antenna form the initial step in the transfer of energy to a distant receiver. 


B-9. Use ground-wave transmission for field radio communications. The range of the ground wave becomes 
correspondingly shorter as the operating frequency of the transmitter increases through the applicable 
portions of the medium frequency band (300-3000 kHz) to the HF band (3.0—30 MHz). When the transmitter 
is Operating at frequencies above 30 MHz, its range is generally limited to slightly more than line of sight. 
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For circuits using skywave propagation, the frequency selected depends on the geographic area, season, and 
time of day. 


Note. Frequency selection is the responsibility of the spectrum manager, not the radio operator. 


B-10. For maximum transfer of energy, the radiating antenna must be the proper length for the operating 
frequency. The local terrain determines, in part, the radiation pattern, and affects the directivity of the antenna 
and the possible range of the set in the desired direction. When possible, try several variations in the physical 
location of the antenna to determine the best operating position for radiating the most significant amount of 
energy in the desired direction. 


B-11. The range of a transmitter is proportional to the power radiated by its antenna. An increase in the power 
output of the transmitter increases range. Under normal operating conditions, the transmitter should feed only 
enough power into the radiating antenna to establish reliable communications with the receiving station. 
Transmission of a signal more powerful than required is a breach of signal security because enemy direction- 
finding stations may readily identify the location of the transmitter. The signal can interfere with friendly 
stations operating on the same frequency. 


RADIO RECEIVER 


B-12. A radio receiver can receive modulated RF signals that carry speech, music, or other audio energy. It 
can also receive continuous wave signals that are bursts of RF energy conveying messages through coded, 
dot and dash signals. 


B-13. Detection is of recovering information from an RF signal. The circuit in which it occurs is a detector. 
The detector retrieves the information from the carrier and makes it available for direct use, or for further 
amplification. 


B-14. An RF signal rapidly diminishes in strength after it leaves the transmitting antenna. Many RF signals 
of various frequencies are crowded into the RF spectrum. An RF amplifier selects and amplifies the desired 
signal; it contains integrated circuits or microprocessors to amplify the signal to a usable level. The RF 
amplifier is included in the receiver to sharpen the selectivity and increase the sensitivity. The RF amplifier 
uses typically tunable circuits to select the desired signal. 


B-15. The signal level of the output of a detector, with or without an RF amplifier, is generally very low. One 
or more audio frequency amplifiers in the receiver build up the signal output to a useful level to operate 
headphones, a loudspeaker, or data devices. 


B-16. When the transmitted signal reaches the receiver location, it arrives at a much lower power level than 
when it left the transmitter. The receiver must efficiently process this relatively weak signal to provide 
maximum reliability of communications. 


B-17. Sensitivity describes how well a receiver responds to a weak signal at a given frequency. A receiver 
with high sensitivity can accept a very weak signal, amplify it, and process it to provide a usable output. The 
principal factor that limits or lowers the sensitivity of a receiver is the noise generated by its own internal 
circuits. Selectivity describes how well a receiver differentiates between the desired frequency and undesired 
frequencies. 


B-18. In field radio communications, the type, location, and electrical characteristics of the receiving antenna 
are not as important as they are for the transmitting antenna. The receiving antenna requires adequate length, 
proper coupling to the input of the receiver circuit, and (except in some cases for HF skywave propagation) 
the same polarization as the transmitting antenna. 


RADIO WAVES 


B-2 


B-19. Radio waves travel near the surface of the Earth and radiate skyward at various angles to the Earth’s 
surface. These electromagnetic waves travel through space at the speed of light, approximately 300,000 
kilometers (186,000 miles) per second. Figure B-1 on page B-3 shows the wave radiation from a vertical 
antenna. 
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Figure B-1. Radiation of radio waves from a vertical antenna 


WAVELENGTH 


B-20. The wavelength defined as the distance between the crest of one wave to the crest of the next wave; 
the length, always measured in meters of one complete cycle of the waveform. Figure B-2 shows the 
wavelength of a radio wave. 


Wavelength 
(In Meters) 


Beginning 
of Cycle 


ee 
May also be Wavelength 


Figure B-2. Wavelength of a radio wave 


B-21. Ground waves and skywaves are the two principal paths by which radio waves travel from a 
transmitter to a receiver. Figure B-3 on page B-4 is an example of the primary paths of radio waves. Ground 
waves travel directly from the transmitter to the receiver; skywaves travel up to the ionosphere and are 
refracted bent downward back to the Earth. Ground waves create short distance, UHF, and upper VHF 
transmissions. Skywaves principally create long distance transmission. Single-channel radio sets use either 
ground wave or skywave propagation for communication. 
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lonosphere 


*Sky Waves 


Pol Waves 


Figure B-3. Principal paths of radio waves 


GROUND WAVE PROPAGATION 


B-22. Radio communications that use ground wave propagation do not use or depend on waves that refract 
from the ionosphere skywaves. The electrical characteristics of the Earth and the amount of diffraction 
bending of the waves along the curvature of the Earth affect ground wave propagation. The strength of the 
ground wave at the receiver depends on the power output and frequency of the transmitter, the shape, and 
conductivity of the Earth along the transmission path, and the local weather conditions. Figure B-4 shows 
possible routes for ground waves. 


Direct Wave 


Ground Reflected 


Figure B-4. Possible routes for ground waves 


Direct Wave 


B-23. The direct wave travels directly from the transmitting antenna to the receiving antenna. The direct part 
of the wave is limited to the line of sight distance between the transmitting and receiving antennas, and the 
small distance added by atmospheric refraction and diffraction of the wave around the curvature of the Earth. 
Increasing the height of the transmitting or receiving antenna, or both can extend the antenna transmit and 
receive distance. 
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Ground-Reflected Wave 


B-24. The ground wave reaches the receiving antenna after reflecting from the surface of the Earth. 
Cancellation of the radio signal can occur when the ground reflected component, and the direct wave 
component arrive at the receiving antenna at the same time and are 180 degrees out of phase with each other. 


Surface Wave 


B-25. The surface wave follows the Earth’s curvature. The Earth’s conductivity and dielectric constant affect 
the surface wave. 


Frequency Characteristics of Ground Waves 


B-26. Various frequencies determine which wave component prevails along a given signal path. For example, 
when the Earth’s conductivity is high, and the frequency of a radiated signal is low, the surface wave is the 
predominant component. For frequencies below 10 MHz, the surface wave is sometimes the predominant 
component. Above 10 MHz, losses sustained by the surface wave component are significant that the other 
components, direct and skywave become predominant. 


B-27. At frequencies of 30-300 kHz, ground losses are very small, so the surface wave component follows 
the Earth’s curvature. Use the Earth’s curvature for long-distance communication, provided the radio operator 
has enough power from the transmitter. Use 300 kHz—3 MHz frequencies for long distance communication 
over seawater and for medium-distance communication over land. 


B-28. At HF, 3-30 MHz, ground conductivity is extremely important, especially above 10 MHz where the 
dielectric constant or conductivity of the Earth’s surface determines how much signal absorption occurs. In 
general, the signal is strongest at the lower frequencies when the surface over which it travels has a high 
dielectric constant and conductivity. 


B-29. The dielectric constant or Earth’s surface conductivity determines how much of the surface wave signal 
energy absorbed or lost. Earth’s surface conductivity is generally poor; Table B-1 shows a comparison of the 
conductivity of varying surface conditions. 


Table B-1. Surface conductivity 


Surface Type Relative Conductivity 
Large body of fresh water Very good 

Ocean or sea water Good 

Flat or hilly loamy soil Fair 

Rocky terrain Poor 

Desert Poor 

Jungle Very poor 


SKYWAVE PROPAGATION 


B-30. Radio communications that use skywave propagation depend on the ionosphere to provide the signal 
path between the transmitting and receiving antennas. The ionosphere has four distinct layers. These layers 
labeled D, E, F1, and F2, in the order of increasing heights and decreasing molecular densities. During the 
day, when the rays of the sun direct toward that portion of the atmosphere, all four layers may be present. 
During the night, the Fl and F2 layers seem to merge into a single F layer, while the D and E layers fade out. 
The actual number of layers, their height above the Earth, and their relative intensity of ionization vary 
continuously. Table B-2 on page B-6 provides a description of the ionosphere layers. 
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Table B-2. lonosphere layers 


Region Description 

D Region | Exists only during daylight hours and has little effect in bending the paths of HF radio waves. 
The main effect of the D region is to attenuate high frequency waves when the transmission 
path is in sunlit regions. 

E Region | Used during the day for HF radio transmission over intermediate distances (less than 2,400 
kilometers [1,500 miles]). At night, the intensity of the E region decreases, and it becomes 
useless for radio transmission. 

F Region | Exists at heights up to 380 kilometers (240 miles) above the Earth and is ionized all the time. 
It has two well-defined layers (F1 and F2) during the day and one layer (F) during the night. 
At night, the F region remains at the height of about 260 kilometers (170 miles) and is useful 
for long-range radio communications (over 2,400 kilometers [1,500 miles]). The F2 layer is 
the most useful of all layers for long-range radio communications, although its degree of 
ionization varies appreciably from day to day. 

Legend: 
HF high frequency 


B-31. Figure B-5 shows the average layer distribution of the ionosphere. 
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Figure B-5. Average layer distribution of the ionosphere 
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B-32. The movement of the Earth around the sun and changes in the sun’s activity contribute to ionospheric 
variations. These variations are either regular, predictable, or irregular, which occurs from the abnormal 
behavior of the sun. Table B-3 lists the periodic variations of the ionosphere. 


Table B-3. Regular variations of the ionosphere 


Variation Description 
Daily Caused by the rotation of the Earth. 
Seasonal Caused by the north and south progression of the sun. 
27-day Caused by the rotation of the sun on its axis. 


11-year Caused by the sunspot activity cycle going from maximum through 
minimum back to maximum levels of intensity. 


B-33. In planning a communications system, anticipate the status of the four regular variations. Irregular 
variations considered since they have a degrading effect at times blanking out communications, which 
currently cannot be controlled or compensated for. Table B-4 lists some irregular variations of the ionosphere. 


Table B-4. Irregular variations of the ionosphere 


Variation Description 


Sporadic E When excessively ionized, the E layer often blanks out the reflections 
back from the higher layers. It can also cause unexpected 
propagation of signals hundreds of miles beyond the normal range. 
This effect can occur at any time. 


Sudden lonospheric Coincides with a bright solar eruption and causes abnormal ionization 
Disturbance of the D layer. This effect causes total absorption of all frequencies 
above approximately 1 MHz. It can occur without warning during 
daylight hours and can last from a few minutes to several hours. 
When it occurs, receivers seem to go dead. 


lonospheric Storms During these storms, skywave reception above approximately 1.5 
MHz shows low intensity and is subject to a type of rapid blasting and 
fading called flutter fading. May last from several hours to several 
days, and usually extend over the entire Earth. 


LEGEND 
MHz megahertz 


B-34. Sunspots generate bursts of radiation that cause high levels of ionization. More sunspots equate to 
greater ionization. During periods of low sunspot activity, frequencies above 20 MHz tend to be unusable 
because the E and F layers weak ionization reflects the signal back to Earth. At the peak of the sunspot cycle, 
it is unusual to have worldwide propagation on frequencies above 30 MHz. 


B-35. Primarily, the ionization density of each layer determines the range of long distance radio 
transmissions, the higher the frequency, the greater the ionization density required to reflect radio waves back 
to Earth. The upper E and F regions reflect the higher frequencies, because they are the most highly ionized. 
The D region, which is the least ionized, does not reflect frequencies above approximately 500 kHz. In each 
ionized region, there is an upper frequency limit known as critical frequency, which radio waves sent 
vertically upward reflect back to Earth. 


B-36. Radio waves directed vertically at frequencies higher than the critical frequency pass through the 
ionized layer out into space. All radio waves directed vertically into the ionosphere at frequencies lower than 
the critical frequency reflected back to Earth. 


B-37. Generally, radio waves used in communications directed toward the ionosphere at some oblique angle 
called the angle of incidence. Radio waves at frequencies above the critical frequency reflect to Earth if 
transmitted at angles of incidence smaller than the critical angle, called the critical angle. At the critical angle, 
and at all angles larger than the critical angle, the radio waves pass through the ionosphere if the frequency 
is higher than the critical frequency. 
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TRANSMISSION PATHS 


B-8 


B-38. Skywave propagation refers to those types of radio transmissions that depend on the ionosphere to 
provide signal paths between transmitters and receivers. Skip distance refers to the distance from the 
transmitting antenna to the location, where the skywaves first return to Earth. The skip distance depends upon 
the angle of incidence, the operating frequency, and the height and density of the ionosphere. 


B-39. The antenna height and the operating frequency affect the angles at which transmitted radio waves 
strike and penetrate the ionosphere and then return to Earth. Control this angle of incidence to obtain the 
desired area of coverage. Lowering the antenna height increases the angle of transmission. This provides 
broad and even signal patterns in an area the size of a typical corps. Near-vertical incidence skywave uses 
near-vertical transmission paths. Raising the antenna height lowers the angle of incidence. 


B-40. Figure B-6 shows the skywave transmission paths. 


lonosphere 


These rays, which return to 


Earth, provide communications 


Figure B-6. Skywave transmission paths 


B-41. Lowering the angle of incidence can produce a skip zone in which does not allow the receipt of a usable 
signal. This bounds the area by the outer edge of usable ground wave propagation and the point nearest the 
antenna at which the skywave returns to Earth. In corps area communications situations, the skip zone is not 
a desirable condition. Low angles of incidence make long distance communications possible. 


B-42. When a transmitted wave reflects back to the surface of the Earth, the Earth absorbs part of its energy. 
The remainder of its energy reflected back into the ionosphere and reflected back to Earth. This means of 
transmission (by alternately reflecting the radio wave between the ionosphere and the Earth) referred to as 
hops, enable the receiving of radio waves at great distances from the point of origin. Figure B-7 on page 
B-9 is an example of skywave transmission hop paths. 
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Figure B-7. Skywave transmission hop paths 


Fading 


B-43. Fading is the periodic increase and decrease of received signal strength. Fading occurs from a radio 
signal received over a long distance path in the HF range. There is little common knowledge of what 
precautions to take to reduce or eliminate fading effects. Fading associated with skywave paths is the most 
significant detriment to reliable communications. Those responsible for communications circuits rely on 
raising the transmitter power or increasing antenna gain to overcome fading. Sections often do not work and 
seldom improve reliability. Only when the signal level fades down below the background noise level for an 
appreciable fraction of time increased transmitter power or antenna gain yield an overall circuit improvement. 
Choosing the correct frequency and using transmitting and receiving equipment intelligently ensure a reliable 
and robust receiving signal, even when low power is used. 


Maximum Usable Frequency and Lowest Usable Frequency 


B-44. The maximum usable frequency is the maximum frequency at which a radio wave returns to Earth at 
a given distance when using a given ionized layer and a transmitting antenna with a fixed angle of radiation. 
The monthly median of the daily highest frequency predicted for skywave transmission over a path in a 
specific hour of the day. The maximum usable frequency is always higher than the critical frequency because 
the angle of incidence is less than 90 degrees. 


B-45. If the distance between the transmitter and the receiver increases, the maximum usable frequency also 
increases. Radio waves lose some of their energy through absorption by the D region, and a portion of the E 
region of the ionosphere, on specific transmission frequencies. The total absorption is less, and 
communications more satisfactory, when using higher frequencies up to the level of the maximum usable 
frequency. 


B-46. The absorption rate is most significant for frequencies ranging from approximately 500 kHz—2 MHz 
during the day. During the night, the absorption rate decreases for all frequencies. As the frequency of 
transmission over any skywave path increases from low to high, a frequency occurs at which the received 
signal overrides the level of atmospheric and other radio noise interference. This is the lowest usable 
frequency because frequencies lower than these are too weak for useful communications. The lowest usable 
frequency also depends on the power output of the transmitter and the transmission distance. When the lowest 
usable frequency is greater than the maximum usable frequency, no skywave transmission is possible. The 
spectrum manager uses SPECTRUM XXI to identify optimum frequency groupings. 
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Other Factors Affecting Propagation 


B-47. In VHF and UHF ranges, extending from 30-300 MHz and beyond, the presence of an object may 
produce strong reflections that arrive at the receiving antenna in a way that they cancel the signal from the 
desired propagation path and render communications impossible. 


B-48. Choose receiver locations that avoid the proximity of an airfield due to possible adverse 
electromagnetic interference from signals bouncing off the aircraft. Avoid locating transmitters and receivers 
near airfields or near the midpoint of the propagation path of frequencies above 20 MHz. 


B-49. Many other factors may affect the propagation of a radio wave. Hills, mountains, buildings, water 
towers, tall fences, and even another antenna can have a marked effect on the condition and reliability of a 
given propagation path. The conductivity of the local ground or body of water can significantly alter the 
strength of the transmitted or received signal. Energy radiation from the Sun’s surface also dramatically 
affects conditions in the ionosphere and alters the characteristics of long-distance propagation at 2-30 MHz. 


Path Loss 


B-50. Radio waves become weaker as they spread outwards from the transmitter. Path loss refers to the ratio 
of the received power. Line of sight paths at VHF and UHF require relatively little power since the total path 
loss at the radio horizon is only about 25 dB greater than the path loss over the same distance in free space 
(absence of ground). This additional loss results from some energy reflected from the ground, canceling part 
of the direct wave energy. This is unavoidable in almost every practical case. The total path loss for a line of 
sight path above average terrain varies with the following factors— 


e Total path loss between transmitting and receiving antenna terminals. 


e Frequency. 

e Distance. 

e Transmitting antenna gain. 

e Receiving antenna gain. 
Reflected Waves 


B-51. It is often possible to communicate beyond the normal line of sight distance by exploiting the reflection 
from a tall building, nearby mountain, or water tower. If the transmitting and receiving antennas can see the 
top portion of a structure or hill readily, it may be possible to achieve efficient communications by directing 
both antennas toward the point of maximum reflection. If the reflecting object is very large in terms of a 
wavelength, the path loss, including the reflection, can be very low. 


B-52. Ifa structure or hill exists adjacent to a line of sight path, reflected, energy may either add to or subtract 
from the energy arriving from the direct path. If the reflected energy arrives at the receiving antenna with the 
same amplitude strength as the direct signal but has the opposite phase, both signals cancel, and 
communication is impossible. If the same condition exists, but both signals arrive in phase, they add and 
double the signal strength. These two conditions represent destructive and constructive combinations of the 
reflected and direct waves. 


B-53. Reflection from the ground at the common midpoint between the receiving and transmitting antennas 
may also arrive constructively or destructively. Generally, in the VHF and UHF range, the reflected wave is 
out of phase destructive concerning the direct wave at vertical angles less than a few degrees above the 
horizon. Since the ground is not a perfect conductor, the amplitude of the reflected wave seldom approaches 
that of the direct wave. Thus, even though the two arrive out of phase, complete cancellation does not occur. 
Improvements may result from using vertical polarization rather than horizontal polarization over line of 
sight paths because there tends to be less phase difference between direct and reflected waves. The difference 
is usually less than 10 dB, in favor of vertical polarization. 


Diffraction 


B-54. Unlike the ship passing beyond the visual horizon, a radio wave does not fade out completely when it 
reaches the radio horizon. A small amount of radio energy travels beyond the radio horizon by a process 
called diffraction. Diffraction also occurs when a light source held near an opaque object, casts a shadow on 
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a surface behind it. Near the edge of the shadow, a narrow band displays which is neither completely light 
nor dark. The transition from total light to total darkness does not occur abruptly but changes smoothly as 
the light diffracts. 


B-55. A radio wave passing over either the curved surface of the Earth or a mountain ridge behaves in much 
the same fashion as a light wave. For example, people living in a valley below a high, sharp, mountain ridge 
can often receive a TV station located many miles below on the other side. Mountain ridges diffract and bend 
TV station waves downward in the direction of the town. The energy decays very rapidly as the angle of 
propagation departs from the straight line of sight path. Typically, a diffracted signal may undergo a reduction 
of 30 to 40 dB by a bend of only 5 feet 1.5 meters by a mountain ridge. The actual amount of diffracted signal 
depends on the shape of the surface, the frequency, the diffraction angle, and many other factors. 


B-56. Refraction is the bending of a wave as it passes through air layers of different density. In semitropical 
regions, a layer of air 5-100 meters (6.4—328 feet) thick with distinctive characteristics may form close to 
the ground, usually the result of a temperature inversion. For example, on an unusually warm day after a 
period of rain, the Sun may heat up the ground and create a layer of warm, moist air. After sunset, the air a 
few meters above the ground cool very rapidly while the moisture in the air close to the ground serves as a 
blanket for the remaining heat. After a few hours, a significant difference in temperature may exist between 
the air near the ground and the air at the height of 10—20 meters (32.8—-65.6 feet), resulting in a marked 
difference in air pressure. Thus, the air near the ground is considerably denser than the air higher up. This 
condition may exist over an area of several hundred square kilometers or an extended area of land near a 
seacoast. When an air mass forms, it usually remains stable until dawn, when the ground begins to cool, and 
the temperature inversion ends. 


B-57. When a VHF or UHF radio wave launches in air mass, it may bend or become trapped forced to follow 
the inversion layer. This layer then acts as a duct between the transmitting antenna and a distant receiving 
site. The effects of ducting frequently occur during the year in locations where TV or VHF FM stations 
received over paths of several hundred kilometers. The total path loss within a duct is usually very low and 
may exceed the free space loss by only a few decibels. 


B-58. It is possible to communicate over long distances utilizing tropospheric scatter. At altitudes of a few 
kilometers, the air mass has a varying temperature, pressure, and moisture content. Small fluctuations in 
tropospheric characteristics at high altitude create blobs. In a blob, the temperature, pressure, and humidity 
are different from the surrounding air. If the difference is large enough, it may modify the refractive index at 
VHF and UHF. A random distribution of these blobs exists at various altitudes. If a high-power transmitter 
greater than | kilowatt and high gain antenna (10 dB or more) are used, enough energy may be scattered from 
these blobs down to the receiver to make reliable communication possible over several hundred kilometers. 
Communications circuits employing this mode of propagation must use susceptible receivers and the form 
of diversity to reduce the effects of the rapid and deep fading. Scatter propagation is usually limited to path 
distances of less than about 500 kilometers or 310.6 miles. 


Noise 


B-59. Noise consists of all undesired radio signals, manmade or natural. Noise masks and degrades useful 
information reception. The radio signal’s strength is of little importance if the signal power is greater than 
the received noise power. The signal to noise ratio is the most important quantity in a receiving system. 
Increasing receiver amplification cannot improve the signal to noise ratio since signal and noise amplifies 
and signal to noise ratio remains unchanged. Typically, receivers have more than enough amplification. 


B-60. Natural noise has two principal sources: thunderstorms atmospheric noise and stars galactic noise. Both 
sources generate sharp pulses of electromagnetic energy over all frequencies. The pulses propagate according 
to the same laws as manmade signals and receiving systems must accept them and the desired signal. 
Atmospheric noise is dominant from 0-5 MHz, and galactic noise is most important at higher frequencies. 
Low frequency transmitters must generate very strong signals to overcome noise. Strong signals and strong 
noise mean that the receiving antenna does not have to be large to collect a usable signal. A 1.5 meter 4.9 
feet tuned whip antenna adequately delivers all the signals received at frequencies below 1 MHz. 


B-61. Manmade noise is a product of civilization that appears wherever electric power is used. Each source 
is small, but there are so many that together they can completely hide a weak signal that would be above the 
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natural noise in rural areas. Manmade noise is troublesome when the receiving antenna is near the source but 
being near the source produces exploitable noise wave characteristics. Waves near a source tend to be 
vertically polarized. A horizontally polarized receiving antenna generally receives less noise than a vertically 
polarized antenna. 


B-62. Any conductors near the source, including the antenna, transmission line, and equipment cases, induce 
manmade noise currents. If the antenna and transmission lines should balance with respect to the ground, 
then the noise voltages will balance and cancel with respect to the receiver input terminals zero voltage across 
terminals and this noise will not receive. Near perfect balance is difficult to achieve, but any balance may 
help. 


B-63. Other ways to avoid manmade noise are to locate the most troublesome sources and turn them off or 
move the receiving system away from them. Moving at least one kilometer (.6 miles) away from a busy street 
or highway significantly reduces noise. Broadband receiving antennas are convenient because they do not 
require tuning to each working frequency, sometimes a narrowband antenna can make the difference between 
communicating and not communicating. The HF band is now so crowded with users that electromagnetic 
interference and noise, not signal strength, are the main reasons for poor communications. A narrowband 
antenna rejects strong interfering signals near the desired frequency and helps maintain good communication. 


WAVE MODULATION 


B-64. FM and AM transmitters produce RF carriers. The carrier is a wave of constant amplitude, frequency, 
and phase that modulates by changing its amplitude, frequency, or phase. Modulation is superimposing 
information, voice, or coded signals on a carrier. Figure B-8 on page B-13 shows different wave shapes. 
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A. Carrier 


B. Signal 


C. Amplitude Modulated Wave 


D. Frequency Modulated Wave 


Figure B-8. Wave shapes 


AMPLITUDE MODULATION 


B-65. AM is the variation of the RF power output of a transmitter at an audio rate. The RF energy increases 
and decreases in power, according to the audio frequencies superimposed on the carrier signal. 


B-66. When audio frequency signals superimposed on the RF carrier signal, additional RF signals generated. 
These additional frequencies are equal to the sum, and the difference of the audio frequency and RF used. 
For example, assume a 500 kHz carrier modulates by a one kHz audio tone. Two new frequencies develop 
one at 501 kHz the sum of 500 kHz and one kHz and the other at 499 kHz the difference between 500 kHz 
and | kHz. If using a complex audio signal instead of a single tone, the creation of two new frequencies 
occurs for each of the audio frequencies involved. New frequencies resulting from superimposing an audio 
frequency signal on an RF signal are sidebands. 


B-67. When the RF carrier modulates by complex tones, such as speech, each separate frequency component 
of the modulating signal produces its own upper and lower sideband frequencies. The upper sideband 
contains the sum of the RF and audio frequency signals, and the lower sideband includes the difference 
between the RF and audio frequency signals. Figure B-9 on page B-14 shows an AM system. 
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Figure B-9. Amplitude modulation system 


B-68. The space occupied by a carrier and its associated sidebands in the RF spectrum is a channel. In AM, 
the width of the channel (bandwidth) is equal to twice the highest modulating frequency. For example, if a 
band of frequencies modulates a 5,000 kHz or 5 MHz carrier ranging from 200—5,000 cycles .2—-5 kHz the 
upper sideband extends from 5000.2—5005 kHz. The lower sideband extends from 4,999.8-4,995 kHz. The 
bandwidth is the difference between 5,005 Hz—4,995 kHz, a total of 10 kHz. 


B-69. Radiotelephone transmitters operating in the medium and HF bands generally use AM; the information 
of an AM signal exists solely in the sidebands. 
SINGLE-SIDEBAND 


B-70. Each sideband contains all the information needed for communication. Both sidebands occur within 
the modulation circuitry of the single-sideband radio set, the carrier and one sideband detach before any 
signal transmits. 


B-71. Figure B-10 on page B-15 shows a single-sideband system. 
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Figure B-10. Single-sideband system 


B-72. The upper side band is higher in frequency than the carrier is, and the lower sideband is lower in 
frequency. Use either an upper or a lower sideband for communication, provided appropriate adjustment to 
the transmitter and the receiver to the same sideband. Most Army single-sideband equipment operates in the 
upper sideband mode. 


B-73. The transmission of only one side band leaves open that portion of the RF spectrum normally occupied 
by the other sideband of an AM signal. This allows more RF carriers within a given frequency range. 


B-74. Single-sideband transmission is used in applications to— 
e Obtain greater reliability. 
e Limit size and weight of equipment. 
e Increase effective output without increasing antenna voltage. 
e 


Operate a large number of radio sets without heterodyne interference (whistles and squeals) from 
RF carriers. 


e@ Operate over long ranges without loss of intelligibility due to selective fading. 
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Appendix C 
Antenna Selection 


Antenna type and antenna placement are critical to ensure optimum communications. 
The appendix addresses the importance of high frequency, VHF, and UHF antenna 
selection. 


HIGH FREQUENCY ANTENNA SELECTION 


C-1. Radio waves in the 3-30 MHz frequency range can reflect and return to Earth by the ionosphere with 
predictable regularity. To optimize the probability of a successful skywave communications link, select the 
frequency, and take-off angle most appropriate for the time of day transmission is to take place. 


C-2. Various large conducting objects, the Earth’s surface, modify an antenna’s radiation pattern. 
Sometimes nearby scattering objects may modify the antenna’s pattern favorable by concentrating more 
power toward the receiving antenna. 


C-3. When selecting an antenna site, the operator should avoid as many scattering objects as possible. The 
near-vertical incidence skywave is the chief mode of short-haul HF propagation. Ground wave and directional 
line of sight propagation are also useful over short paths. How far a ground wave is useful depends on the 
electrical conductivity of the terrain or body of water over which it travels. The direct wave is useful only to 
the radio horizon, which extends slightly beyond the visual horizon. 


ANTENNA SELECTION PROCEDURES 


C-4. Selecting the right antenna for an HF radio circuit is very important. When selecting an HF antenna, 
first consider the type of propagation. Ground wave propagation requires low take-off angle and vertically 
polarized antennas. The whip antenna included with most radio sets provides good omnidirectional ground 
wave radiation. 


C-5. Selecting an antenna for skywave propagation is very complex. First, find the circuit range distance to 
ensure that the required take-off angle can be determined. A circuit distance of 966 kilometers 600 miles 
requires a take-off angle of approximately 25 degrees during the day and 40 degrees at night. Select a high 
gain antenna 25—40 degrees. If propagation predictions are available, skip this step, since the predictions give 
the take-off angles required. 


C-6. Next, determine the required coverage. A radio circuit with mobile vehicle stations or several stations 
at different directions from the transmitter requires an omnidirectional antenna. A point-to-point circuit uses 
either a bidirectional or directional antenna. Normally, the receiving station location dictates this choice. See 
table C-1 on page C-2 for take-off angles versus distance. 
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Table C-1. Take-off angle versus distance 


Takeoff | Distance 

Hees 

| kilometers | miles _| kilometers | miles _ 

| oo | 3220 | 2000 | 4508 | 2800 | 
| ts | 1450 | 900 | 2254 | 1400 | 


20 


| 25 | 66 =| 600 =| 1610 | 1000 


20 | _725__|460_| 1828 | 626_| 


C-7. Before selecting an antenna, examine the available construction materials. Horizontal dipoles require 
at least two supports to erect. A third (center) support is necessary for frequencies 5 MHz or lower. Operators 
should not construct a dipole without the necessary support items. If the support items are unavailable, the 
operator should select another antenna type. Planners and operators examine the proposed antenna site to 
determine whether the antenna can fulfill the mission requirements. If not, the operator should select a 
different antenna type. 


C-8. Site selection is another important consideration. Usually, the tactical situation determines the position 
of the communications antenna. The ideal setting would be clear, flat areas with no trees, fences, power lines, 
or mountains. Unfortunately, the ideal location is seldom available. Choose the clearest, flattest area possible. 
Situations often require constructing an antenna on an irregular site. This does not mean that the antenna will 
not work. It means that the site affects the antenna’s pattern and function. 


C-9. After selecting the antenna, determine how to feed the power from the radio to the antenna. The coaxial 
cable (RG-213) feed most tactical antennas. Coaxial cable is a reasonable compromise of efficiency, 
convenience, and durability. Issued antennas include the necessary connectors for coaxial cable or for direct 
connection to the radio. 


C-10. A balanced to unbalanced transformer prevents unwanted RF current flow, which causes a radio to be 
hot to the touch or to shock the radio operator. Install the balanced to the unbalanced transformer at the dipole 
feed point center to prevent unwanted RF current flow on the coaxial cable. If a balanced to unbalance 
transformer is unavailable, use the coaxial cable that feeds the choke ring antenna Connect the cable’s center 
wire to one leg of the dipole and the cable braid to the other leg. Form the coaxial cable into a 6-inch coil 
consisting of ten turns, and tape it to the antenna under the insulator for support. 


DETERMINING ANTENNA GAIN 


C-2 


C-11. Figure C-1 on page C-3 shows the vertical antenna pattern for the 32-foot vertical whip antenna. The 
numbers along the outer ring 90, 80, and 70 degrees represent the angle above the Earth; 90 degrees would 
be straight up, and 0 degrees would be along the ground. Along the bottom of the pattern are numbers from 
-10 (at the center) to = 15 at the edges. These numbers represent decibels over an isotropic radiator. 
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Figure C-1. 32-foot vertical whip, vertical antenna pattern 


C-12. To find the antenna gain at a particular frequency and take-off angle, locate the desired take-off angle 
on the plot. Follow that line toward the center of the plot to the pattern of the desired frequency. Drop down 
and read the gain from the bottom scale. If the gain of a 32-foot vertical whip at 9 MHz and 20-degree take- 
off angle desired, locate 20-degrees along the outer scale. Follow this line to the 9 MHz pattern line. Move 
down to the bottom scale. The gain is a little less than 2.5 dBi. The gain of the 32-foot vertical whip at 9 MHz 
and 20 degrees is 2 dBi. 


C-13. Once the antenna’s overall characteristics are determined, use the HF antenna selection matrix (see 
table C-2 on page C-4) to find the right antenna for a circuit. If the proposed circuit requires a short-range, 
omnidirectional, wideband antenna, the selection matrix shows the only antenna that meets all the criteria is 
the AS-2259/GR. 
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Table C-2. HF antenna selection matrix 


Use Directivity | Polariz | Band 
ation | width 
Skywave 
= 
oO 
2 
Cc 
S 
3 Ir 
n So |o oO 
© |6 Io 3 a 
6 ja ja [2 | 2 |@ 
Sig |e jejeieelz 
aj j6 |é |s jg |g | 2 Is 2 
5 |E |F Els fs je |§ 2 le B 
3 (8 |g |g |3 |e ja |B B IS & 
AS-2259/GR X X X 
Vertical Whip X X xX | X 
Half-Wave Dipole xX |X X X Xx 
Long Wire X xX |X xX |X xX | X 
Inverted L X |X |X xX | X X | X X 
Sloping V X xX | X xX | X X 
Vertical Half Rnombic X xX |X Xx xX | X 
UHF AND VHF ANTENNA SELECTION 


C-14. The VHF portion of the radio spectrum extends from 30—300 MHz and the UHF range reaches from 
300-3,000 MHz (3 GHz). Both frequency ranges are extremely useful for short-range less than 50 kilometers 
or 31 miles communications. This includes point-to-point, mobile, air-to-ground, and general-purpose 
communications. Wavelengths at these frequencies ranges are considerably shorter. 


C-15. Because VHF and UHF antennas are small, it is possible to use multiple radiating elements to form 
arrays, which provide a considerable gain in a direction or directions. An array is an arrangement of antenna 
elements, usually, dipoles used to control the direction in which most of the antenna power radiates. 


C-16. In the VHF and UHF portion of the spectrum, there are sub frequency bands for specific uses, such as 
VHF aircraft band, UHF aircraft band, and public communications. 


POLARIZATION 


C-17. In many countries, FM and television broadcast in the VHF range using horizontal polarization. One 
reason is that it reduces ignition interference, which is mainly vertically polarized. Mobile communications 
often use vertical polarization or two reasons. First, the vehicle antenna installation has physical limitations, 
and second, there is no interruption in the reception or transmission as the vehicle changes heading. 


C-18. Using directional antennas and horizontal polarization when possible reduces manmade noise 
interference in urban locations. Choose horizontal polarization only where an antenna height of many 
wavelengths is possible. Ground reflections tend to cancel horizontally polarized waves at low angles. Use 
only vertically polarized antennas when the antenna is less than 10 meters (32.8 feet) above the ground, or 
when desiring omnidirectional radiation or reception. 


GAIN AND DIRECTIVITY 


C-19. VHF and UHF above 30 MHz antenna gain are extremely important for several reasons. Assuming the 
same antenna gain and propagation path, the received signal strength drops as the frequency is increased. At 
VHF and UHF, more of the received signal is lost in the transmission line than is lost at HF. A 10—20 dB loss 
is uncommon in a 30-meter (98.4 feet) length of the coaxial line at 450 MHz. 
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C-20. At frequencies below 30 MHz, system sensitivity is usually limited by receive noise rather than by 
noise external to the antenna. Generally, wider modulation or signal bandwidths employ in VHF and UHF 
transmissions than at HF. Since system noise power is directly proportional to bandwidth, additional antenna 
gain is necessary to preserve a usable signal to noise ratio. 


C-21. VHF and UHF antenna directivity gain aids security by restricting how much power radiated in 
unwanted directions. Receiver sensitivity is generally poorer at VHF and UHF except for high quality state- 
of-the-art receivers. Obstructions buildings, trees, hills may seriously decrease the signal strength available 
to the receiving antenna because VHF and UHF signals travel a straight line of sight path. 


C-22. Obtaining communications reliability over difficult VHF and UHF propagation paths requires 
considerable attention to the design of high-gain directive antenna arrays. Unlike HF communications, the 
shorter VHF and UHF wavelengths support walkie-talkie transceivers and simple mobile transmissions units. 
Communicating or receiving with such devices over distances beyond | or 2 kilometers requires maximum 
antenna gain at the base station or fixed end of the link. 


C-23. An array provides directivity the ability to concentrate radiated energy into a beam directed toward the 
intended receiver. Arrays of resonant elements, half-wave dipoles, constructed of rigid metal rods or tubing 
or copper foil laid out or pasted on a flat non-conducting surface. Directing power helps to increase the range 
of the communications path and tends to decrease the likelihood of the interception of jamming from hostile 
radio stations. Highly directive antennas place an added burden on the radio operator to ensure that the 
antenna is properly oriented. 


ANTENNA PLANNING PROGRAMS 


C-24. Several line of sight radios require the planner or operator to do an analysis and prediction of the 
antennas line of sight paths to ensure the availability of communications from different planned locations. 
There are programs designed to generate, store, and disseminate communications information for antenna 
analysis and prediction. 


SYSTEM PLANNING, ENGINEERING AND EVALUATION DEVICE 


C-25. The Marine Corps Tactical Systems Support Activity hosts the system planning, engineering, and 
evaluation device program. The system planning, engineering, and evaluation device is a software package 
that provides communications planners with the tools necessary to engineer and plan radio communications 
analysis. 


C-26. The system planning, engineering, and evaluation device is a complete stand alone, self-installing 
software package that provides the tools necessary to plan and analyze communications equipment. The 
software contains HF analysis, radio coverage analysis, point-to-point, and satellite planning tools, which 
allows planning in response to rapidly changing communications architectures. 


C-27. Communications planners load topographical information before each operation to generate reports, 
maps, and matrices. 


VOICE OF AMERICA COVERAGE ANALYSIS PROGRAM 


C-28. Voice of America Coverage Analysis Program software released to the public is downloadable from 
the U.S. Department of Commerce National Telecommunications Information Administration, Institute for 
Telecommunications Sciences; Boulder, Colorado to use as an HF prediction and analysis tool. Voice of 
America is a component of the International Bureau of Broadcasting, which is a member of the Broadcasting 
Board of Governors. 


e Voice of America Coverage Analysis Program offers the following capabilities— 
Easy to use graphical user interface. 

Detailed point-to-point graphs. 

Signal—to-noise radio. 

Required power gain. 


Signal power. 
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Maximum usable frequency. 
Take-off and arrival angle. 


Point-to-point performance versus distance for any given parameters at one or all user assigned 
frequencies. 


e Calculates methods for antenna patterns. 


C-29. Planners must input several parameters before the Voice of America Coverage Analysis Program can 
provide a propagation prediction determined by the method and the antennas used. 


IONOSPHERIC COMMUNICATIONS ENHANCED PROFILE ANALYSIS AND CIRCUIT 
PREDICTION PROGRAM 


C-6 


C-30. The ionospheric communications enhanced profile analysis and circuit prediction program is a full 
system performance model for HF radio communications in the frequency range of 2-30 MHz. capable of 
daily prediction methods with improved high latitude propagation models. The ionospheric communications 
enhanced profile and circuit prediction program provides ionospheric communications analysis and 
prediction with an ionospheric conductivity and electron density profile model added, which is a statistical 
model of the large-scale features of the northern hemisphere ionosphere. 
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The appendix addresses radio operations in cold weather, jungle, urban, desert, 
mountain areas, and nuclear areas. Communications in austere unusual environments 
require special consideration. 


COLD WEATHER OPERATIONS 


D-1. Single-channel radio equipment has certain capabilities and limitations that require careful 
consideration when operating in extremely cold weather. Despite significant limitations, the radio is still the 
normal means of communication in such environments. 


D-2. One of the most important attributes of a radio in cold weather operations is versatility. Vehicle- 
mounted radios can move to almost any location where there is a command headquarters. Smaller, man 
packed radios move to any area accessible by aircraft or on foot. 


D-3. Electromagnetic interference by ionospheric disturbances limits radio communications in extremely 
cold areas. These disturbances, known as ionospheric storms, have a definite degrading effect on skywave 
propagation. Ionospheric storms and the Northern Lights activity can cause complete failure of radio 
communications. Static may block out some frequencies completely for extended periods during storm 
activity. Fading, caused by changes in the density and height of the ionosphere can also occur and may last 
for several minutes to several weeks. These occurrences are difficult to predict, but when they do occur, the 
frequency manager will assign alternate frequencies. 


TECHNIQUES FOR BETTER COMMUNICATIONS IN COLD WEATHER 


D-4. When possible, install radio sets for tactical operations in vehicles to reduce the problem of 
transportation and shelter for radio operators. This resolves some of the grounding and antenna installation 
problems due to the climate. 


D-5. It is difficult to establish good electrical grounds in extremely cold areas because of permafrost and 
deep snow. The conductivity of frozen ground is often too low to provide good ground wave propagation. 
To improve ground wave operation, use a counterpoise to offset the degrading effects of poor electrical 
ground conductivity. Install a counterpoise to prevent snow from covering an antenna. If possible, install the 
antenna high enough above the ground to prevent snow from covering the antenna. 


D-6. In general, antenna installation in arctic-like areas presents no serious difficulties. Installation of 
antennas may take longer due to adverse working conditions. Tips for installing antennas in extremely cold 
areas include— 
e Handle the mast sections and antenna cables carefully since they become brittle in very low 
temperatures. 
e Construct antennas overhead to prevent damage from heavy snow and frost. 
e Use nylon rope if available, in preference to cotton or hemp, because nylon ropes do not readily 
absorb moisture, and are less likely to freeze and break. 
e Use extra wires, supports, and anchor stakes to strengthen antennas and to withstand heavy ice 
and wind loading. 


D-7. Some radios, generally older generation radios adjusted to a frequency in a relatively warm place, may 
drift off frequency when exposed to extreme cold. Low battery voltage can also cause frequency drift. When 
possible, allow a radio to warm up several minutes before placing it into operation. Since extreme cold tends 
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to lower the output voltage of a dry battery, try warming the battery with body heat before operating the radio 
set, this minimizes frequency drift. 


D-8. Northern regions sometimes experience flakes or pellets of highly electrically charged snow. When 
these particles strike the antenna, the resulting electrical discharge causes a high-pitched static roar that can 
blanket all frequencies. To overcome this static, cover antenna elements with polystyrene tape and shellac. 


MAINTENANCE IMPROVEMENT IN COLD WEATHER 


D-9. The maintenance of radio equipment in extreme cold presents many difficulties. Protect radio sets from 
blowing snow because snow freezes dials, knobs, and can get into the wiring, which causes shorts and ground. 
Carefully handle cords and cables as they may lose their flexibility in extreme cold. Winterize all radio 
equipment and power units. Check the appropriate TM for winterization procedures. The following 
paragraphs provide suggestions for radio maintenance in arctic areas. 


Power Units 


D-10. As the temperature goes down, it becomes increasingly difficult to operate and maintain generators. 
Protect generators as much as possible from the weather. 


Batteries 


D-11. The effect of cold weather conditions on wet or dry cell batteries depends on the type of battery, the 
load on the battery, and the degree of exposure to cold temperatures. Batteries perform best at moderate 
temperatures and generally have a shorter life at very cold temperatures. 


Shock Damage 


D-12. Damage may occur to vehicular radio sets by the jolting of the vehicle. Most synthetic rubber shock 
mounts become stiff and brittle in extreme cold and fail to cushion equipment. Check the shock mounts 
frequently and change them as required. 


Winterization 


D-13. Check the TMs for the radio set and power source to see if there are special precautions for operation 
in extremely cold climates. For example, normal lubricants may solidify and permit damage or malfunctions 
to the radio equipment. Replace normal lubricants with the recommended arctic lubricants. A light coat of 
silicon compound on antenna mast connections helps to keep them from freezing together and becoming hard 
to dismantle. 


Microphones 


D-14. Use standard microphone covers to prevent moisture from breath freezing on the perforated cover plate 
of the microphone. If standard covers are not available, improvise a suitable cover from rubber or cellophane 
membranes, or from rayon or nylon cloths. 


Breathing and Sweating 


D-15. A radio set generates heat when operated. The air inside a powered off radio set cools and contracts, 
drawing cold air into the set from the outside. This is breathing. When a radio breathes, and the still-hot parts 
encounter subzero air, the glass, plastic, and ceramic parts of the set may cool too rapidly and break. 


D-16. Sweating occurs when cold equipment suddenly encounters warm air and moisture condenses on the 
equipment parts. Before locating cold equipment into a heated area, wrap the equipment in a blanket or parka 
to ensure that it warms gradually to reduce sweating. Equipment must be thoroughly dry before taking it back 
into the cold air, or the moisture freeze. 
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Vehicular Mounted Radios 


D-17. Vehicle mounted radios present obvious challenges during winter operations caused by exposure to 
the elements. Observe proper starting procedures. The radio’s power switch must be off before starting the 
vehicle, especially when vehicles are slave-started. If the radio is cold soaked from a prolonged shutdown, 
frost may have collected inside the radio and could cause circuit arcing. Allow time for the vehicle’s heater 
to warm the radio sufficiently to ensure that any frost collected on or inside the radio has a chance to thaw. 


D-18. The defrosting process may take up to an hour. After turning the radio on, allow it to warm up for 
approximately 15 minutes before transmitting or changing frequencies. This allows components to stabilize. 


D-19. A vehicle operated at a low idle with radios, heater, and lights on may drain the batteries. Before 
increasing engine revolutions per minute, charge the batteries. Turn off radios to avoid an excessive power 
surge. 


OPERATIONS IN JUNGLE AREAS 


D-20. Limitations on radio communications in jungle areas stem from the climate and the density of jungle 
growth. The hot and humid climate increases the maintenance problems of keeping equipment operable. 
Thick jungle growth acts as a vertically polarized absorbing screen for RF energy that, in effect, reduces the 
transmission range. Therefore, increased emphasis on maintenance and antenna site selection is inherently 
important when operating in jungle areas. 


D-21. Radio communications in jungle areas require careful planning. Dense jungle growth, heavy rains, and 
hilly terrain all significantly reduce the range of radio transmission. Trees and underbrush absorb VHF and 
UHF radio energy. In addition to the ordinary free space loss between transmitting and receiving antennas, a 
radio wave passing through a forest undergoes an additional loss. This extra loss increases rapidly as the 
transmission frequency increase. Near the ground (antenna heights of less than 3 meters [9.8 feet]) vertical 
polarization is preferred. If possible elevate the receiving and transmitting antenna as much as 10—20 meters 
(32.8—65.6 feet), horizontal polarization is preferable to vertical polarization. Considerable reduction in total 
path loss results if either the transmitting or receiving antenna placement occurs above tree level through 
which wave propagation occurs. 


D-22. Single-channel radios deploy in many configurations, especially man packed, which make it a valuable 
communications asset. Carefully consider the capabilities and limitations of tactical radios when used by 
friendly forces in a jungle environment. The mobility and various configurations in which the tactical radio 
deploy are its primary advantages in jungle areas. 


TECHNIQUES FOR BETTER COMMUNICATIONS IN JUNGLE AREAS 


D-23. The site selection of the antenna is the main problem in establishing radio communications in jungle 
areas. Techniques to improve communications in the jungle include— 


e Place antennas in clearings on the edge farthest from the distant station, and as high as possible. 

e@ Keep antenna cables and connectors off the ground to lessen the effects of moisture, fungus, and 
insects. This also applies to all power and telephone cables. 

e Use complete antenna systems, as broadband and dipoles. They are more effective than fractional 
wavelength whip antennas. 

e Clear vegetation from antenna sites. If an antenna touches any foliage, especially wet foliage, 
grounding of the signal occurs. 

e Use horizontally polarized antennas in preference to vertically polarized antennas because 
vegetation, particularly when wet, act as a vertically polarized screen and absorb much of any 
vertically polarized signal. 


MAINTENANCE IMPROVEMENT IN TROPICAL AREAS 


D-24. Maintenance of radio sets in tropical climates is more difficult than in temperate climates due to 
excessive amounts of moisture and fungus. The high relative humidity causes condensation to form on the 
equipment and encourages the growth of fungus. Radio operators and maintenance personnel should check 
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the appropriate TMs for any special maintenance requirements. Techniques for improving maintenance in 
jungle areas include— 


e@ Keep the equipment as dry as possible and in lighted areas to retard fungal growth. 

e@ Keep air vents clear of obstructions to ensure that air can properly circulate for cooling and drying 
of the equipment. 

e Use moisture and fungus proofing paint, tape, or silicone grease to protect equipment after repairs, 
or to protect damaged or scratched painted surfaces. 


EXPEDIENT ANTENNAS 


D-25. Dismounted patrols and units of company-size and smaller can improve their ability to communicate 
in the jungle by using expedient antennas. While moving, users are generally restricted to the short or long 
whip antennas that come with their manpack radios. Using an expedient antenna when stationary allows users 
to broadcast farther and receive more clearly. Circuits inside the radio load the whips properly to tune the 
radios to give maximum output. Whips antennas are not as effective as a tuned doublet or as broadband as 
the OE-254 tuned to the operating frequency. 


D-26. When used properly, the expedient OE-254 type antenna increases the ability to communicate. The 
OE-254 antenna system is bulky and heavy. Therefore, it is not generally acceptable for dismounted patrols 
or small-unit operations. A Soldier can manage by, carrying only the masthead and antenna sections, 
mounting these on wooden poles, or hanging them up when not on the move. 


OPERATIONS IN URBAN AREAS 


D-27. Radio communications in urbanized terrain pose special problems. When the Army engages in urban 
combat operations the communications situation is considerably different from the situation faced by civil 
government or cell phone users. Military factors include— 


Restriction of operation to the frequency range of common military radios (2-512 MHz). 
Limits on the output power of military radio equipment. 

Limited number of available repeater assets if any. 

Limited access to good repeater locations due to enemy action. 

Need to communicate to both outside street locations and inside structures. 

Lack of standard compact antenna systems useful for urban combat. 

Severe restrictions on the movements of system users. 

Lack of man-power required to cover multiple signal sites can easily exceed available resources. 
Problems with man-made obstacles or line of sight obstructions blocking transmission paths. 
Problems with poor electrical conductivity due to pavement surfaces. 

Problem with commercial power lines interference. 


Distorted radio wave propagation in built-up areas and the limited availability of open lines of 
communication make it difficult to move and install fixed station and multichannel systems. 


D-28. FM and VHF radios have their effectiveness reduced in built-up areas. The operating frequencies and 
power output of these sets demand line of sight between antennas. Line of sight at street level is not always 
possible in built-up areas. AM HF sets are less affected by the line of sight problem because operating 
frequencies are lower, yet power output is greater. In experiences, HF radios were not organic to the small 
units that conducted clearing operations. RETRANS of VHF signals overcomes this limitation if available to 
use. 


TECHNIQUES FOR BETTER COMMUNICATIONS IN URBAN AREAS 


D-4 


D-29. When available, RETRANS stations in aerial platforms could provide the most effective means; 
depending on the requirement, use organic RETRANS sets. Hide or blend radio antennas in with the 
surroundings to ensure they will not be landmarks for the enemy to locate. Water towers, commercial 
antennas, and steeples can conceal military antennas. 
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D-30. Lay wire while friendly forces are in static positions, but careful planning is necessary. Use existing 
telephone poles to raise wire lines above the streets. Use ditches, culverts, and tunnels to keep the wire below 
the streets. If not taken as precautions, tracked and wheeled vehicles constantly tear lines apart, and disrupt 
communications. 


D-31. Messengers provide security and flexibility. Carefully select messenger routes to avoid pockets of 
enemy resistance. Vary routes and time schedules to avoid establishing a pattern. Pyrotechnics, smoke, and 
marker panels are also excellent means for communicating, but they require coordination and understanding 
by air and ground forces. The noise of combat in built-up areas makes it difficult to use sound signals 
effectively. 


D-32. The possible seizure or retention of established communications facilities must be included in planning. 
Make every effort to prevent damage or destruction of these facilities. The local telephone system is already 
in place and tailored to the city or town. Army forces use local telephone systems to provide immediate 
access to wire communications with overhead and buried cable. This procedure helps overcome the problems 
encountered with radios and provides a cable system less susceptible to combat damage. 


D-33. Local media, as the newspapers, radio stations, and television stations, provide communications with 
the local populace after the level of combat declines. Intact police or taxi communications facilities are also 
possible radio systems, tailored to the city, with RETRANS facilities already in place. 


D-34. Radio equipped vehicles should be parked inside of buildings for cover and concealment when 
possible; dismount radio equipment, and install it inside buildings in basements, if available. Place generators 
against buildings or under sheds to increase noise absorption, provide concealment, and always remember to 
ensure adequate ventilation is available. 


D-35. Another important consideration for urban combat is raw power. The more power used, the more path 
loss and the deeper the signals penetrate structures. Common tactical VHF man-pack radios like SINCGARS 
have a maximum output power of four watts. The AN/PRC-150 I HF radio has a maximum output power of 
20 watts. That is 7 dB more signal power to overcome losses caused by the path, path obstructions, inefficient 
antennas, and other signal consuming factors. The extra power improves the radio capabilities. The following 
are examples of power relationships— 


@ 4 watts = 36 decibels above one milliwatt (dBm). 
@ 20 watts = 43 dBm. 

@ 50 watts = 47 dBm. 

@ 150 watts = 52 dBm. 

@ 400 watts = 56 dBm. 


D-36. The dB is a logarithmic unit used to describe a ratio. The ratio may be power, voltage, intensity, or 
several other factors but in this case, its power watts. If radio operators look at the math, they can measure 
the difference of two power levels by taking a logarithm of log 10 of their power ratio. If the ratio of power 
is, for example, two, meaning one radio transmitter is double the power of the other, the difference is 3dB. 
Every 3dB gained through a more efficient antenna system or reduced transmission line loss is the equivalent 
of doubled transmitter power. 


D-37. The important point is that often, adjustments to antenna systems or operational frequencies to make 
an antenna more efficient can produce far more dBs of signal power than simply increasing the raw 
transmitter power. More power assists in overcoming path loss for the near-vertical incidence skywave and 
ground wave systems but many times the best or only answer to the problem. If the radio is already 
transmitting at maximum power, then these adjustments (to the antenna systems or frequencies) are the only 
way to compensate for path loss and improve signal penetration in the urban combat environment. 


Note. It is important to remember that in many situations the power required to operate a radio 
may not need to be at the maximum power, use only the power necessary to operate. 


D-38. Communications between two radio stations requires that the transmitter power-transmitter antenna 
gain-receiver antenna gain-receiver performance overcome the path loss between stations. A base station 
typically uses a higher performance receiver and a more efficient antenna, and can compensate for a low 
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power outstation radio, like the manpack radio used by forward troops with its inefficient antenna. When 
reserving the path, typically higher-power base-station transmitter and the more efficient antenna again 
compensates for lower performing combat unit radios in the net. Communications between low-power 
outstations are much more difficult and may even require RETRANS through a more efficient base station. 


D-39. In urban operations, small HF radios, like the AN/PRC-150 I, are extremely portable, but are antenna 
and power challenged based on location. To obtain a high degree of portable near-vertical incidence skywave 
effect when needed by physically reorienting standard vertical man-pack or vehicle (whip) antennas to the 
horizontal plane. Direct (surface wave) signals are simpler to generate and use inside structures produced 
from the same antenna by just leaving the antenna vertical. 


D-40. Because of their longer wavelengths, lower frequency HF 2-30 MHz signals naturally penetrate urban 
structures deeper than signals on higher, shorter wavelength frequencies. How deep the penetration depends 
on exact frequency, signal power level, antenna efficiency and the makeup of the urban structures in the path. 


D-41.In radio communications and particularly urban combat radio communications, is important to 
overcome path loss. The greater the radiated signal, the lower the frequency, the more path loss reduction. 
This raises the probability of successful communications in urban areas and inside buildings. 


D-42. As an example of HF signal penetration, is not uncommon for a small ground penetrating radar 
transmitter operating in the HF frequency range to penetrate over 100 feet 30.4 meters into common kinds of 
earth while the same power radar on a higher frequency penetrate much less. If the radio operator is using a 
common VHF military radio operating at 30 MHz (lowest frequency for single-channel ground-to-air radio 
systems) and replaces it with an HF radio AN/PRC-150 I, operating at 5 MHz the path loss drops by 20 dB 
because of the way that longer wavelength lower frequency signals propagate. In this case, lowering the 
frequency is the equivalent to increasing the power of the transmitter by a factor of almost seven. 


OPERATIONS IN DESERT AREAS 


D-43. Radios are usually the primary means of communications in the desert. Radios employed in desert 
climate and terrain provide the highly mobile means of communications required for widely dispersed forces. 
Desert terrain provides poor electrical ground and counterpoises are needed to improve operation. The 
following paragraphs address operations in desert or arid areas. 


D-44. Dust and extreme heat are two of the biggest problems involved in desert operations. Temperatures 
may vary from 58° Celsius 136° Fahrenheit in summer to -46° Celsius -50° Fahrenheit in winter. The heat can 
take a toll on generators, wire, communications equipment, and personnel. 


D-45. Dust and sand particles damage equipment. Some combat net radios have ventilating ports and 
channels that may clog with dust. Operators should check and clean these ports regularly to prevent 
overheating. 


D-46. In a desert environment, operators should ground equipment by burying ground plates in the sand and 
pouring salt solutions on the ground plates. Daily equipment maintenance checks should include cleaning 
generators and air filters to prevent equipment damage. 


TECHNIQUES FOR BETTER COMMUNICATIONS IN DESERT AREAS 


D-6 


D-47. Cut or adjust antennas to the length of the operating frequency. Emplace antennas in the required 
direction. Approximate azimuth produced by guesswork is not sufficient. A whip antenna relies on the 
capacitor effect, between itself and the ground, for efficient propagation. The electrical ground may be very 
poor and degrade the antenna performance by as much as one-third if the surface soil lacks moisture, which 
is normally the case in the desert. 


D-48. If a ground-mounted antenna is not fitted with a counterpoise (see chapter 10 for more information on 
a counterpoise), dampen the ground around it using any fluid available. Vehicle mounted antennas are more 
efficient if the mass main structure of the vehicle is forward of the antennas and is oriented toward the distant 
station. 


D-49. Keep radios cool and clean in accordance with preventive maintenance procedures. Operate them in a 
shaded or ventilated area, and at low power whenever possible. Place a flat sheet of wood, cardboard, or a 
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vehicle’s canvas top over the top of the radio to create man-made shade. Leaving a space between the wood, 
cardboard, and the radio, help to cool the radio by causing air to circulate in the shaded area between the 
radio and the wood. Carefully covering hot radios with a damp cloth without blocking ventilation outlets 
allows moisture evaporation from the cloth to cool the radio. 


DESERT TERRAIN 


D-50. Desert terrain can cause excessive signal attenuation, making planning ranges shorter. Desert 
operations require dispersion, yet the environment is likely to degrade the transmission range of radios, 
particularly VHFs FM fitted with secure equipment. This degradation is most likely to occur during the 
hottest part of the day, from approximately 1200-1700. 


D-51. If, during the hottest time of day, radio stations begin to lose contact, alternative communications plans 
must be ready, and may include— 

e Using RETRANS capabilities, including airborne RETRANS capabilities the aircraft must remain 
at least 4,000 meters behind the line of contact. Plan RETRANS in conjunction with the scheme 
of maneuver. 

Deploying any unemployed vehicle with a radio as RETRANS between stations. 


e Using alternative radio links, like the VHF multichannel telephones a higher level or HF single- 
sideband voice. 


D-52. After dark, a rapid temperature drop creates heat inversion. This inversion can disrupt radio 
communications until the atmosphere stabilizes. 


D-53. Wired connections are impractical during high-tempo military operations. Wire may be of some value 
in static defensive situations. When possible, installers and operators should bury wire and cables deep in the 
soft sand to prevent heat damage to cable insulation and prevent vehicle or foot traffic damage. 


D-54. Operators should protect computers and removable storage media from dust and sand. Covering 
computers and disks with plastic bags may reduce damage. Covering computers and radios for an extended 
period may cause condensation inside these components, resulting in equipment damage or data loss. Canned 
compressed air is a useful tool to clean keyboards and other components. 


D-55. Wind-blown sand and grit can damage electrical wire insulation over time. Tape can help protect cables 
from sand damage. Sand may also work into parts of items such as spaghetti cord plugs, either preventing 
electrical contact or making it impossible to join the plugs together. A soft brush, like an old toothbrush, can 
clean cords and plugs before connection. 


D-56. Static electricity is prevalent in the desert. Many factors cause static electricity. One factor is wind- 
blown dust particles. Extremely low humidity contributes to static discharges between charged particles. Poor 
grounding practices exacerbate the problem. Operators should tape all sharp edges and tips of antennas to 
reduce wind-caused static discharges and the accompanying noise. When operating from a fixed position, 
operators should install a proper earth ground (refer to TC 6-02.6). Since static-caused noise diminishes with 
an increase in frequency, operators should use the highest frequency that is available and authorized. 


OPERATIONS IN MOUNTAINOUS AREAS 


D-57. Radio operations in mountainous areas share some of the same challenges as in cold weather areas. 
Mobility is difficult in mountainous terrain, and it can be difficult to find a level area to establish a 
communications site. 


D-58. Generators and communications equipment need level ground for proper operation. It may difficult to 
drive ground rods and guy wire stakes into rocky, ground, so an alternate grounding method may be 
necessary. Rocky soil provides poor ground conductivity. Adding salt solutions improves electrical flow. 


D-59. Operating in mountainous terrain may require additional RETRANS assets. Line of sight paths are 
more difficult to establish in this terrain. Plans should include the use of RETRANS to improve 
communications range. Positioning of antennas is crucial in mountainous terrain, as moving an antenna even 
a short distance can drastically affect reception. 
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OPERATIONS IN A NUCLEAR AREA 


D-60. A nuclear area adversely affects sensitive radio equipment and components. Operators should take 
measures to protect signal equipment and ensure equipment survivability and availability for future use. 
Nearly everyone is aware of the heat, and radiation effects of a nuclear blast. The ionization of the atmosphere 
by a nuclear explosion will degrade communications because of static and the disruption of the ionosphere. 


D-61. Electromagnetic pulse is the radiation generated by a nuclear detonation. Gamma rays, high-energy 
photons, radiate outward from the point of the nuclear detonation and strip electrons from the atoms in the 
air. This creates a wall of fast-moving, negatively charged electrons, which undergo rapid deceleration, 
radiating an intense electromagnetic field. This electromagnetic energy affects unprotected communications 
equipment, causing disruption and destruction of delicate circuitry and components. The residual ionized 
cloud also causes disruption of transmissions. 


D-62. A high-altitude electromagnetic pulse can disable electronic systems as far as 6,000 kilometers (3,720 
miles) from the site of the detonation. Electromagnetic pulse can also cause severe disruption and sometimes 
damage when other weapon effects are absent. The enemy may use a high-yield nuclear weapon exploded 
above the atmosphere to knock out single-channel TACSAT without causing any other significant damage. 
The range of an electromagnetic pulse shortens if the weapon detonates at a lower altitude. 


D-63. A typical high-altitude electromagnetic pulse could have an intensity one thousand times more intense 
than a radar beam. A radar beam has enough power to cause biological damage to the human body like 
blindness or sterilization. The electromagnetic pulse is broad spectrum and extends from low frequencies 
into the UHF band. The most likely electromagnetic pulse effect would be temporary disruption of 
communications. This can occur even without permanent damage. This delay could give an enemy enough 
of an advantage to change the outcome of a battle. 


D-64. TACSAT systems incorporate built-in features and techniques to counter electromagnetic pulse 
effects. Shielding can further reduce the level of electromagnetic pulse. Shielding uses equipment location 
and probable directions of nuclear blasts to reduce exposure. Shielding also depends on good earth ground. 
Electronic equipment is very susceptible to electromagnetic pulse. 


D-65. Equipment not required in primary systems should remain disconnected and stored in sealed shelters 
or other shielded enclosures to protect against electromagnetic pulse. This reduces the likelihood of the 
simultaneous damage to the equipment and provides a source of backup components to reinstall affected 
systems. 


D-66. Installers and operators should shield and properly ground wire and cable and keep cable length as 
short as possible. Operators connect cable shields to the grounding systems, whenever possible. Effective 
grounding is necessary to reduce electromagnetic pulse effects. Most tactical radios with fully enclosed metal 
cases provide adequate protection, if external connectors are disconnected. Placing radios in vehicles, vans, 
and underground shelters may enhance protection. 


GENERAL RADIO SITE CONSIDERATIONS 


D-8 


D-67. The reliability of radio communications depends largely on the selection of a good radio site. Since it 
is difficult to select a radio site that satisfies all technical, tactical, and security requirements, signal planners 
should select the most suitable site available. Sites selection considers defensibility and logistical 
supportability as well as communications suitability. Refer to FM 6-02 for more information on site selection. 


D-68. Site selection is a leader and operator responsibility. It is also good planning to select a primary site 
and an alternate site. If, for some reason, radio communications cannot be established and maintained at the 
primary location, operations should move to the alternate site. 


D-69. Planners and operators should locate radio stations in a position that ensures communications with the 
other stations while maintaining site security and defense. To obtain efficiency of transmission and reception, 
the following factors should be considered— 
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e For operation at frequencies above 30 MHz planners should select a location that allows line of 
sight communications. 


e Planners should avoid locations that provide the enemy with a jamming capability, visual sighting, 
or easy interception. 


e Dry ground has high resistance and limits radio range. If possible, planners should locate the 
station near moist ground, which has much less resistance. Water, especially fresh water, greatly 
increases the distances covered. 


e@ Operators should install antennas away from foliage and dense brush. 
Trees and shrubs can provide cover, concealment, and screening from enemy jamming. 
e@ When located near man-made obstructions— 


= Site selection should avoid tunnels, underpasses, and steel bridges due to the high absorption 
of RF energy. 


=" Radio sites should avoid buildings between radio stations, particularly steel and reinforced 
concrete structures since they interfere with transmission and reception. 


=" Buildings can effectively camouflage antennas from enemy observation. 


=" Radio sites should avoid suspended telephone, telegraph, and high-tension power lines. Wire 
lines absorb RF energy from radiating antennas in their vicinity. They also introduce 
humming and noise interference in receiving antennas. 


=" Radio sites should avoid heavily traveled roads and highways. In addition to the noise and 
confusion caused by tanks and trucks, vehicle ignition systems may cause electrical 
interference. 


= Operators should locate battery charging units and generators away from radio stations. 
=" Operators should not locate radio stations close to one other. 


=" Planners should select radio sites in relatively quiet areas to avoid distraction by outside 
noises. The copying of low-level received messages requires great concentration by the radio 
operator. 


LOCAL COMMAND REQUIREMENTS 


D-70. Radio stations should be located some distance from the unit headquarters or command post they serve. 
This distance separation ensures that enemy direction-finding capability will not target the command post 
with long-range artillery fire, missiles, or aerial bombardment. 


D-71. The locations selected should provide the best cover and concealment possible, consistent with good 
transmission and reception. Perfect cover and concealment may impair communications. The permissible 
amount of impairment depends upon the range required, the power of the transmitter, the sensitivity of the 
receiver, the efficiency of the antenna system, and the nature of the terrain. When a radio communicates over 
a distance that is well under the maximum range, some sacrifice of communications efficiency takes place to 
permit better concealment of the radio from enemy observation. 


PRACTICAL CONSIDERATIONS 


D-72. Manpack radio sets have sufficiently long cordage to permit operation from a concealed position (set 
and operator), while the antenna is mounted in the best position for communications. Some radio sets are 
remotely controllable from distances of greater than 30 meters. The remotely controlled set can be established 
in a relatively exposed position, while the radio operator remains concealed. 


D-73. Operators should install radio antennas above ground level to permit normal communications. Small 
tactical radios usually use whip antennas. These antennas are difficult to see from a distance, especially when 
not silhouetted against the sky. Because they have a 360-degree radiation pattern, they are extremely 
susceptible to enemy interception and direction finding. 


D-74. Antenna site selection should avoid open crests of hills and mountains. A position protected from 
enemy fire just behind the crest gives better concealment and sometimes provides better communications. 
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Operators should camouflage permanent and semi-permanent positions for protection from aerial and ground 
observation. The antenna should not touch trees, brush, or the camouflage material. 


D-75. One well-positioned broadband antenna and a FHMUX can serve several radios. This allows quicker 
setup and teardown, and reduces time and materials required to camouflage the site. 


RADIO OPERATOR SKILLS 


D-76. The radio operator’s skills and technical abilities play important roles in maximizing communications 
range. Correctly tuning the transmitter, output coupling, and antenna feeder circuits helps achieve maximum 
power output. Operators should properly construct the radiating and receiving antennas, considering antenna 
electrical characteristics and local terrain conditions. The radio operator provided the primary defense against 
enemy electromagnetic interference. The radio operator’s skills can be the determining factor in maintaining 
communications despite an enemy’s efforts to disrupt it. 
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Accurate time is essential for single-channel ground airborne radios to operate in the 
frequency-hopping mode. This appendix addresses the Julian date, synchronization 
time, and ZULU time. A time variance greater than plus or minus four seconds can 
disrupt the single-channel ground airborne radios frequency-hopping communications. 


JULIAN DATE 


E-1. The SINCGARS uses a special two-digit form of the Julian date as part of the synchronization time. 
The two-digit Julian date begins with 01 on 1 January and continues through 00, repeating as necessary to 
cover the entire year. 


E-2. Table E-1 on page E-2 shows the two-digit Julian date calendar for a regular year. The two-digit Julian 
year terminates on 65 (or 66 for the leap year), every | January change the Julian date to 01. This can be 
accomplished by— 


e The NCS sending an electronic remote refill. 
e@ Operators reloading time directly from a DAGR. 
e@ Operators manually changing the date in the radio by using the RT keypad. 
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Table E-1. Two-digit Julian date calendar (regular year) 


Day | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC 
1 01 32 60 91 21 52 82 13 44 74 05 35 
2 02 33 61 92 22 53 83 14 45 75 06 36 
3 03 34 62 93 23 54 84 15 46 76 07 37 
4 04 35 63 94 24 55 85 16 47 77 08 38 
5 05 36 64 95 25 56 86 17 48 78 09 39 
6 06 37 65 96 26 57 87 18 49 79 10 40 
Z 07 38 66 97 27 58 88 19 50 80 11 41 
8 08 39 67 98 28 59 89 20 51 81 12 42 
9 09 40 68 99 29 60 90 21 52 82 13 43 
10 10 41 69 00 30 61 91 22 53 83 14 44 
11 11 42 70 01 31 62 92 23 54 84 15 45 
12 12 43 71 02 32 63 93 24 55 85 16 46 
13 13 44 72 03 33 64 94 25 56 86 17 47 
14 14 45 73 04 34 65 95 26 57 87 18 48 
15 15 46 74 05 35 66 96 27 58 88 19 49 
16 16 47 75 06 36 67 97 28 59 89 20 50 
17 17 48 76 07 37 68 98 29 60 90 21 51 
18 18 49 77 08 38 69 99 30 61 91 22 52 
19 19 50 78 09 39 70 00 31 62 92 23 53 
20 20 51 79 10 40 71 01 32 63 93 24 54 
21 21 52 80 11 41 72 02 33 64 94 25 55 
22 22 53 81 12 42 73 03 34 65 95 26 56 
23 23 54 82 13 43 74 04 35 66 96 27 57 
24 24 55 83 14 44 75 05 36 67 97 28 58 
25 25 56 84 15 45 76 06 37 68 98 29 59 
26 26 57 85 16 46 77 07 38 69 99 30 60 
27 27 58 86 17 47 78 08 39 70 00 31 61 
28 28 59 87 18 48 79 09 40 71 01 32 62 
29 29 88 19 49 80 10 41 72 02 33 63 
30 30 89 20 50 81 im 42 73 03 34 64 
31 31 90 51 12 43 04 65 


E-3. Table E-2 on page E-3 shows the two-digit Julian date calendar for a leap year. 


E-2 
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Table E-2. Two-digit Julian date calendar (leap year) 


Julian Date Calendar (Leap Year) 
Day | JAN | FEB | MAR | APR | MAY | JUN | JUL | AUG | SEP | OCT | NOV | DEC 
1 01 32 61 92 22 53 83 14 45 75 06 36 
2 02 33 62 93 23 54 84 15 46 76 07 37 
3 03 34 63 94 24 55 85 16 47 77 08 38 
4 04 35 64 95 25 56 86 17 48 78 09 39 
5 05 36 65 96 26 57 87 18 49 79 10 40 
6 06 37 66 97 27 58 88 19 50 80 11 41 
7 07 38 67 98 28 59 89 20 51 81 12 42 
8 08 39 68 99 29 60 90 21 52 82 13 43 
9 09 40 69 00 30 61 91 22 53 83 14 44 
10 10 41 70 01 31 62 92 23 54 84 15 45 
11 11 42 71 02 32 63 93 24 55 85 16 46 
12 12 43 72 03 33 64 94 25 56 86 17 47 
13 13 44 73 04 34 65 95 26 57 87 18 48 
14 14 45 74 05 35 66 96 27 58 88 19 49 
15 15 46 75 06 36 67 97 28 59 89 20 50 
16 16 47 76 07 37 68 98 29 60 90 21 51 
17 17 48 77 08 38 69 99 30 61 91 22 52 
18 18 49 78 09 39 70 00 31 62 92 23 53 
19 19 50 79 10 40 71 01 32 63 93 24 54 
20 20 51 80 11 41 72 02 33 64 94 25 55 
21 21 52 81 12 42 73 03 34 65 95 26 56 
22 22 53 82 13 43 74 04 35 66 96 27 57 
23 23 54 83 14 44 75 05 36 67 97 28 58 
24 24 55 84 15 45 76 06 37 68 98 29 59 
25 25 56 85 16 46 77 07 38 69 99 30 60 
26 26 57 86 17 47 78 08 39 70 00 31 61 
27 27 58 87 18 48 79 09 40 71 01 32 62 
28 28 59 88 19 49 80 10 41 72 02 33 63 
29 29 60 89 20 50 81 11 42 73 03 34 64 
30 30 90 21 51 82 12 43 74 04 35 65 
31 31 91 52 13 44 05 66 
SYNCHRONIZATION TIME 


E-4. To maintain proper synchronization time, the SINCGARS uses seven internal clocks: a base clock, 
plus one for each of the six frequency hopping channels. Manual and cue settings display the base clock time. 


E-5. The DAGR provides units a ready source of highly accurate GPS time. Opening networks on GPS time 
and updating NCS RT synchronization time to GPS time daily, keeps all networks of a division, corps, or 
larger force within the plus or minus four-second window required for frequency hopping communications. 


ZULU TIME 


E-6. ZULU time remains in synchronization with the United States Naval Observatory master atomic clock. 
An alternative is to use the time from a DAGR tracking at least one satellite. The NCS should update and 
verify net time daily or according to unit standing operating procedures. 


E-7. There are 25 integers on world time zones from 12 through 0 Coordinated Universal Time (ZULU 
time) to +12. Each is 15 degrees longitude, as measured East, and West, from the Prime Meridian. 


E-8. When Coordinated Universal Time is 12:00, the opposite time zone is 00:00, which the dashed line 
indicates, and indicates a date change. By convention, the area to the left of the dashed line is the following 


13 February 2020 ATP 6-02.53 E-3 


Appendix E 


day, while the area to the right is the preceding day. Table E-3 outlines each time zone and its relationship to 


ZULU time. 
Table E-3. Example of world time zone conversion (standard time) 

Y|X|W\i Vv|U/T|S/|R|Q|P|O|N/|Z|)A/|B\|C|D)\E|F\G|H| 1|kK\|LImM 
Civilian Time Zones 
Ll |NIHJA;|PJM;IC/JEJAINJA;SWJUSCJE;BIZI]Z/Z);/wiycyJs | G/syfi 
DIJTIS/IS;}IS/IS]JS/S/JS}|S/TIJA/]T]JE;SE]TIP]P]P/JA;}C/;}S]S|ByD 
L TJD] T|]T/T]T|T IT T/C }T|T 4;5/6;/S/TIJTITIJTY]L 
Ww T T E 
1/1 }471)171)1 714 )2 72 )72)2);2 };0/0;0/0);0;/0;/0}0)/0);1)1 41 
21/3 /4;5/6])/7/8/9 }0);1)2/3)/4 /1)72/3)4 }5/6)7/8)/9 }0)]1 }2 
0;0;/0;0;0}0/;0;0/0)/0/0;0;0);0});0/0;);0 /0);0;0);0}0;0);0/0 
07;0);0;0;0};0;0;0/0])/0/0;0;0);0});0/0;);0 /0);0;0);0}0;0)0)/0 
Standard Time=Universal Time + Value from Table 

Z ) E +5 K +10 P -3 U -8 

A +1 F +6 L +11 Q -4 Vv 9 

B +2 G +7 M +12 R -5 W -10 

Cc +3 H +8 N -1 S) -6 X -11 

D +4 | +9 oO -2 T -7 Y -12 
*=Today _** =Yesterday 


AT-Azores Time 


IDLW-International Date Line West 
NST-Newfoundland Standard Time 
HST-Hawaii Standard Time 
EET-Eastern European Time 
PST-Pacific Standard Time 
MST-Mountain Standard Time 


AWST-Australian Western Standard Time 
WAT-West Africa Time 
UTC-Coordinated Universal Time 


CET-Central European Time 
IDLE-International Date Line East 
BT-Baghdad 


ZP-4 


CCT-China Coast Time 
GST-Guam Standard Time 
JST-Japan Standard Time 
ASDT-Alaska Standard Time 
NT-Nome Time 

WAST-West Africa Summer Time 


E-9. Figure E-1 on page E-5 shows a world time zone map. 


E-4 
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Figure E-1. World time zone map 
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Appendix F 
Radio Compromise Recovery Procedures 


Radio net compromise recovery procedures are essential to maintaining secure 
communications and preventing an enemy from disrupting communications due to loss 
or capture of communications security equipment. This appendix outline procedures 
for preventing and recovering a network after a compromise. It also addresses recovery 
options available to the commander and staff. 


SECURE COMMUNICATIONS IMPERATIVES 


F-1. The following imperatives increase the unit’s ability to operate without enemy intervention on its 
networks— 

e SKLs below the battalion level only have the current TEK and KEK of the unit, and the minimum 
signal operating instructions data to perform the mission. 

e Load SKL with network identifier 999 in each fill position, to prevent compromise of unit 
networks if captured. Do not assign network identifier 999 as an operational network. SINCGARS 
has the capability to manipulate the three digits of the network identifier. 

e Store or transport SKLs and cryptographic ignition keys separately to decrease ease of captured 
equipment operation by the enemy. 

e Assign unique KEKs down to the company level. Situations may arise that require unique KEKs 
at lower levels. 

e@ Units assign network identifiers as COMSEC recovery networks. Address predetermined network 
identifiers in each unit’s tactical standard operating procedures operation orders. 


COMPROMISE DETERMINATION 


F-2. The S-6, the battalion or brigade operations staff officer, and the S-2 work together in determining the 
possibility of a compromise and the potential damage the compromise may cause. This damage is determined 
by evaluating the equipment captured or lost, and what COMSEC key was loaded into the equipment. Upon 
determining there has been a compromise, COMSEC key replacement is required to secure the network. 
Upon notification by the staff, the commander can— 
e Immediately implement the unit’s compromise recovery procedures to secure the network. 
e Extend using validated, intact COMSEC keys up to 24 hours. Only if the commander is the 
controlling authority. Commands request permission to change COMSEC keys through the correct 
command channels. 


e Asa last resort, continue to use the compromised COMSEC keys. 


COMPROMISE RECOVERY 


F-3. If the controlling authority decides to continue using the compromised key, the commander, under 
advisement from the G-6 (S-6), may initiate actions to protect network security. 


F-4. If an operational radio and a filled SKL falls into an enemy’s hands, the unit standard operating 
procedures should assume the enemy has English-speaking soldiers who can operate the radio, and SKL. 
Standard operating procedures should also assume the enemy is able to listen to U.S. secure frequency 
hopping network communications and can transmit on that same U.S. network if desired. 


F-5. Other assumptions and factors to consider if faced with a compromise recovery requirement include— 
e@ Can the enemy move the captured radio and continue to operate that radio? 
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F- 


What is the range of the captured radio? 

What is the expected duration of the battery or another power source? 
How long until the next periodic COMSEC key update? 

How serious is the enemy’s access to your network? 

What is the potential impact of the captured loadset on other networks? 


What was the nature of, and how critical is, the unit operation at the time that the compromise 
recovery was considered? 


6. Two sets of compromise recovery procedures exist to provide units guidance on recovering from a 


network compromise. Table F-1 outlines procedures for those units that have compromised TEKs and KEKs. 


Table F-1. Compromised network recovery procedures: compromised transmission 
encryption keys and key encryption keys 


Step 


Procedure 


{ 


The net control station advised of loss of radio, automated net control device, or simple key loader. 


2 


The S-6 notifies next higher command, and controlling authority, request permission to change to the 
reserve traffic encryption key. 


The G-6 or the S-6 and the commander determine if compromise recovery action warranted. 
Depending on the operational situation, the G-6 or the S-6 and the commander may elect to 
temporarily continue to use the presumably compromised network until determined that the 
compromise and compromise procedures will not interfere with current operations. 


If compromise recovery action is required, the net control station broadcasts the unit code word, 
alerting net members to stand by for activation of compromise procedures. (The enemy does not know 
the meaning of this code word.) 


In accordance with compromise procedures, each operator in the network will answer back with 
WILCO, out, verifying they understand and will comply. The operator will then switch to the units 
predetermined alternate network identifier and wait for the net control station to perform a network call. 


The net control station maintains a tracking chart to log all subscribers confirming the code word. If 
possible, the net control station should maintain additional single-channel ground and airborne radio 
systems on the old network identifier to ensure that all users move to the alternate network identifier. 
(Commonly referred to as straggler control.) 


The net control station then changes to the predetermined alternate network identifier and performs a 
network call. The net control station operator logs in the users as they answer on the alternate network 
identifier. 


Upon gaining controlling authority approval to change to the new traffic encryption key, the net control 
station will initiate a network call and inform all users of the manual communications security 
distribution plan. Each radio, automated net control device, and simple key loader will require a 
manual fill from another device with the new communications security. (This is a mandatory physical 
distribution due to the key encryption key compromise.) 


Upon complete distribution of the new communications security, the net control station will initiate a 
network call, informing the unit of the time to change to the new communications security, and return 
to the original network identifier. 


10 


At the designated time, the net control station will return to the original network identifier and log all 
subscribers on a tracking chart as they return to the original network identifier on the new 
communications security. If possible, the net control station should maintain an additional radio on the 
alternate network identifier to ensure that all users transfer over to the original network identifier. 


11 


The losing unit and network have now effectively recovered from the actual or potential compromise 
situation. 


F-7. Table F-2 on page F-3 provides procedures for those units that have compromised traffic encryption 
keys only. These procedures offer ways to help protect network security. This is not a substitute for 
distributing new COMSEC keys as soon as operationally possible. 
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Table F-2. Compromised network recovery procedures: compromised transmission 
encryption keys 


Step Procedures 


1 The net control station of the network advised of loss of radio, automated net control device, 
or simple key loader. 


2 The S-6 notifies next higher command, and controlling authority, request permission to 
change to the reserve traffic encryption key. 


3 The assistant chief of staff, signal or the S-6 and the commander determine if compromise 
recovery action warrant. Depending on the operational situation, the G-6 or the S-6 and the 
commander may elect to temporarily continue to use the presumably compromised network 
until they determine the compromise and compromise procedures will not interfere with 
current operations. 


4 If compromise recovery action is required, the net control station broadcasts unit code-word, 
meaning stand by for activation of compromise procedures. (The enemy does not know the 
meaning of this code word and does not know the alternate network identifier.) 


5 In accordance with compromise procedures, each operator in the network will answer back 
with WILCO, out, verifying that the operator understands and will comply. The operator will 
then switch to the alternate network identifier and wait for the net control station to perform 
a network call. 


6 The net control station maintains a tracking chart to log all subscribers confirming the code- 
word. If possible, the net control station should maintain an additional radio on the old 
network identifier to ensure that all users transfer over to the alternate network identifier. 
(Commonly referred to as straggler control.) 


7 The net control station then changes to the predetermined alternate network identifier and 
performs a network call. The net control station logs in users as they answer on the 
alternate network identifier. 


8 Upon gaining approval from the controlling authority to change to the new traffic encryption 
key, the net control station will initiate a network call and over-the-air rekeying procedures 
or initiate a manual rekeying of the unit’s single-channel ground and airborne radio systems 
and fill devices. (Utilize over-the-air rekeying—automatic key procedures only at the 
effective time of the COMSEC key.) 


9 Upon complete distribution of the new COMSEC key, the net control station will initiate a 
network call informing the unit of the time to change to the new COMSEC key and return to 
the original network identifier. 


10 | At the designated time, the net control station will return to the original network identifier and 
log all subscribers on a tracking chart as they return to the original network identifier on the 
new COMSEC key. If possible, the net control station should maintain an additional radio on 
the alternate network identifier to ensure that all users transfer to the original network 
identifier. 


11 The losing unit and network have now effectively recovered from the actual or potential 
compromise situation. 


F-8. Since the entire division and brigade is operating on the same TEK, the G-6 (S-6) may elect to have 
all networks change to a new TEK. Accomplish this change by the physical transfer from SKL to SKL, or by 
over-the-air rekeying, as most appropriate for the operational situation. 
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Appendix G 
Data Communications 


This appendix addresses the data communications elements of binary data, baud rate, 
modems, and forward error correction. 


BINARY DATA 


G-1. Binary data is expressed as bits in the binary numbering system. Under the binary numbering system, 
bits have a base of two that use only the symbols 0 and 1. A bit is any variable that assumes two distinct 
states. For example, a switch is open or closed; a voltage is positive or negative. In communications, words 
become binary data for transmission over a channel’s frequency range, via an HF radio transmitter, to an HF 
receiver. 


G-2. A simple way to communicate binary data is to switch a circuit on and off in for interpretation at the 
receiving station the same as the telegraph. Later schemes select one of two possible states of the properties 
that characterize an FM or AM carrier. Currently, the carrier assumes more than two states and can represent 
multiple bits. 


BAUD RATE 


G-3. Baud rate is the number of signal or symbol changes that occur per second. A symbol may have more 
than two states and may represent more than one binary bit. A binary bit always represents one of two states. 
Therefore, the baud rate may not equal the bit rate. 


G-4. The bandwidth determines the maximum baud rate on a radio channel. The wider the bandwidth, the 
greater the baud rate. The rate at which information is transmitted the bit rate depends on how many bits are 
used per symbol. 


ASYNCHRONOUS AND SYNCHRONOUS DATA 


G-5. The transmission of data occurs in either the asynchronous or the synchronous mode. In asynchronous 
data transmission, each character has a start and stop bit. The start bit prepares the data receiver to accept the 
character. The stop bit brings the data receiver back to the wait state. Synchronous data transmission 
eliminates the start and stop bits. This type of system typically uses a preamble a known sequence of bits at 
the start of the message to synchronize the receiver’s internal clock and to alert the data receiver that a 
message is coming. 


G-6. Asynchronous systems eliminate the need for complex synchronization circuits, at the cost of higher 
overhead than synchronous systems. With asynchronous systems the start and stop bits increase the length 
of the character from 8 bits one byte to 10 bits, a 25 percent increase. 


HIGH FREQUENCY MODULATOR/DEMODULATORS 


G-7. The average voice radio cannot transmit data directly. Convert data digital voltage levels to audio using 
a modulator device that applies the audio to the transmitter. At the receiver, a demodulator converts the audio 
back to digital voltage levels. HF modems fall into three categories— 


e Modems with slow-speed audio frequency shift key capable of operating at data rates of 75, 150, 
300, and 600 bits per second. 


e High-speed parallel tone. 
e High-speed serial tone capable of operating at data rates between 75 and 2, 400 bits per second. 
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G-8. The simplest modems use frequency shift key to encode binary data. The input to the modulator is a 
digital signal that takes one of two possible voltage levels. The output of the modulator is an audio signal 
having one of two possible tones. HF frequency shift key systems are limited to data rates less than 75 bits 
per second because of multipath propagation. Higher rates are possible with multi-tone frequency shift key, 
which uses a greater number of frequencies. 


G-9. High-speed HF modem technology, using parallel and serial tone waveforms, allows data 
transmissions at up to 4,800 bits per second. The serial tone modem carries information on a single audio 
tone. This vastly improves data communications on HF channels, including greater toughness, less sensitivity 
to electromagnetic interference, and a higher data rate with more powerful forward error correction. 


IMPROVED DATA MODEM 


G-10. The improved data modem allows air and ground forces to exchange complex information in short 
bursts. It permits four different radios to simultaneously transmit and receive information, transmit data at 
16,000 bits per second, and process messages up to 3,500 characters in length. The improved data modem 
allows air and ground forces to exchange information on the tactical network via BFT satellite transponders 
that interface with the aviation platform through Digital Time Division Command/Response Multiplex Data 
Bus or Ethernet interface. 


FORWARD ERROR CORRECTION 


G-2 


G-11. Forward error correction adds redundant data to the data stream to allow the data receiver to detect and 
correct errors. It does not require a return channel for the acknowledgment. If a data receiver detects an error, 
it simply corrects it and accurately reproduces the original data without notifying the data sender that there 
was an error. 


G-12. Forward error correction coding is most effective if errors occur randomly in a data stream. The HF 
medium typically introduces errors that occur in bursts. To take advantage of the forward error correction 
coding technique, interleaving randomizes the errors that occur in the channel. At the demodulator, de- 
interleaving reverses the process. 


G-13. Soft-decision decoding further enhances the power of the error correction coding. In this process, a 
comparison for a group of detected symbols that retains its analog character occurs against a set of possible 
transmitted code words. The system remembers the voltage from the detector and applies a weighing factor 
to each symbol in the code word before deciding about the transmitted code word. 


G-14. Data communications techniques also encrypt voice calls by a voice encoder, a derivative of voice 
coder-decoder. The voice encoder converts sound into a data stream for transmission over an HF channel. 
The voice encoder at the receiving end reconstructs the data into telephone quality sound. 


G-15.In addition to error correction techniques, high-speed serial modems may include two signal- 
processing schemes that improve data transmission. An automatic-channel equalizer compensates for 
variations in the channel characteristics when receiving the data. An adaptive excision filter seeks output, 
and suppresses narrowband electromagnetic interference in the demodulator input, thereby reducing the 
effects of co-channel interference, which is also known as crosstalk. Co-channel interference is interference 
from two different radios on the same channel. 
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The complexity of telecommunications systems, the emplacement of several antennas 
on the same platform, multiple radios on the same or disparate frequency bands are all 
factors that cause cosite interference to communications and degrades system 
performance. This appendix addresses single-channel ground airborne radio system 
implications and cosite interference mitigation. 


SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM 
IMPLICATIONS 


H-1. Due to SINCGARS frequency hopping capabilities, frequency management alone does not reduce 
cosite interference. The addition of computer central processing units, displays, switches, routers, hubs, and 
cables in the confined command post amplifies the potential for cosite interference. In a command post or a 
mobile platform (vehicle or aircraft), cosite interference depends on several factors, including— 


@ The number of transmitters in the restricted area. 


The duty cycle of each transmitter-the transmitting time of the radio, divided by the transmitting 
time plus the time before the next transmission. (Example: if a radio transmits for four seconds 
and waits six seconds before the next transmission, the duty cycle is 40 percent.) 


e@ The hopset bandwidth (if hopping). 


e An increase in the system data rate increases the electromagnetic flux of the system, thus 
increasing cosite interference potential. 


Antenna placement. 
Equipment shielding. 
Bonding. 


Grounding. 


H-2. A SINCGARS that routinely transmits to distances of 35-40 kilometers 21.7—24.8 miles, by 
themselves, can transmit at distances reduced to less than 5 kilometers 3.1 miles when influenced by cosite 
interference. This degradation, if not properly addressed, adversely distress the flow of communications. This 
distress may lead to the physical shutdown of non-critical systems that pass information onto critical systems. 


H-3. SINCGARS transmitting at maximum power with co-located radio terminals operating on the same 
frequency spectrum degrade communications performance due to high receiver noise-energy levels in the co- 
located radio equipment operating on the same frequency spectrum. Antennas require 20+ feet of separation 
to overcome the SINCGARS-generated increase in background noise. This separation allows an acceptable 
signal to noise ratio for other radios to establish a successful link. 


H-4. If SINCGARS transmits at a power of four watts or less, co-located radios can establish a voice link 
with some reduction in data quality. SINCGARS low power 4 watts output reduces the SINCGARS planning 
range by 90 percent and subjects the SINCGARS to increased noise generated by the co-located, transmitting 
radios. 


H-5. When configuring SINCGARS to hop outside the prescribed frequency range of a co-located radio 
(59-88 MHz outside the continental United States or 40-50 MHz the continental United States, plus an 
additional 5 MHz cushion in both areas of operation), the other radio is relatively resistant to SINCGARS 
cosite interference. This causes a significant reduction of the available frequency spectrum and a constraint 
on the capabilities of the SINCGARS. The full frequency range and full power hopping transmissions from 
SINCGARS reduces operational distances. 
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COSITE INTERFERENCE MITIGATION 


H-6. Cosite interference is the effect of unwanted energy, due to emissions, radiation, or induction, on 
reception in a radio communications system. This could cause system performance degradation, 
misinterpretation, or loss of information. Several options are available to mitigate cosite interference, but 
there are no comprehensive solutions. The user must decide if an option is applicable to the tactical situation 
and take the appropriate action to resolve cosite interference. 


H-7. Some equipment systems are not as critical as others. The G-6 (S-6) recommends a system priority list 
that ensures the transmission of critical mission information. During interference, the G-6 (S-6) must be 
prepared to shut down less critical systems. The following paragraphs address ways to reduce cosite 
interference. 


TRANSMISSION 


H-8. When possible, transmit at the lowest power level. This allows co-located SINCGARS and other 
transmission systems to operate with minimal interference in data and voice communications at the receivers. 
This option may be unacceptable due to the significant transmission range reduction of the SINCGARS. 


H-9. Locating antennas remotely and transmitting from the command post at low power to a full power 
RETRANS system mitigates cosite interference. Certain critical command post networks would then be able 
to maintain their high-power advantage. 


ANTENNA PLACEMENT 


H-10. Antenna placement is critical when the antennas operate in the same or nearby frequency range(s). 
Operators should separate antennas as much as possible. The greater the separation between the transmitting 
and receiving antennas, the less interference encountered. As required issue command posts, a significant 
quantity of mast-mounted antennas (OE-254 or equivalent) to match the number of installed SINCGARS. 
Extra length low-loss coaxial transmission lines should be included with each requirement. This may cause 
an increase in the physical size of the command post footprint and an increase in setup and teardown times. 


H-11. Tilting the tops of the transmitting and receiving antennas away from each other can enhance vertically 
polarized ground wave communications. Tilt angles between 15 and 30 degrees provide the best results. Trial 
and error will reveal the best antenna angle. 


DIRECTIONAL ANTENNAS 


H-12. Use directional antennas whenever possible. This may require the prefabrication of VHF directional 
antennas since these are not available in the current Army inventory. Change antenna polarization on systems 
where distance is not an issue. A horizontally polarized ground wave has less signal loss than a vertically 
polarized ground wave if antenna heights exceed treetop levels or other horizontal energy absorbers. 


MAST ASSEMBLIES 


H-13. If possible, stack antennas in the null space of another vertical antenna. The radiation pattern of a 
vertical antenna has a deep energy void directly overhead 90 degrees. Figure H-1 on page H-3 shows possible 
antenna stacks. Configure the mast assemblies to mount two OE-254 broadband antennas using vertical 
separation. 


H-14. Both dual-antenna mast assemblies must provide at least 12 dB or greater antenna isolation (at 30 
MHz) over that obtained using the same distance horizontal separation. Take advantage of the lateral wave 
propagation of vertical antennas. Energy transference is negligible on a receiving antenna in this null space. 
Early fabrication of mounting devices may be required to achieve antenna stacking. (See figure H-1 on page 
H-3.) 
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A. OE-254 Antenna Mast B. Antenna Intergrated Mast 


Figure H-1. Possible antenna stacks 


GROUNDING 


H-15. Properly ground electronic equipment in the command post. Proper grounding ensures that each item 
does not develop interference-producing electromagnetic fields, or simulate the properties of an unwanted, 
energy-radiating transmitting antenna in the command post. 


H-16. Another option is to counterpoise the antenna. The wires used in the counterpoise should be either a 
half wavelength or a full wavelength long for best results. Achieve a greater direction gain by placing the 
counterpoise wires in the direction of the receiving antenna. (See chapter 9 for more information on how to 
construct a counterpoise.) 


SINGLE-CHANNEL OPERATIONS 


H-17. When operating against less sophisticated adversaries, using SINCGARS single-channel mode of 
operation also mitigates cosite interference. Even when operating at full power, properly chosen frequencies 
can reduce cosite interference, and provide increased range capability due to better bit error rate, inherent 
with single-channel operation. 


INITIATIVES 


H-18. Two cosite mitigation initiatives are the FHMUX and the software-defined family of radios. 
Communications integration and cosite mitigation science and technology objectives products enhance both 
initiatives. 


Frequency Hopping Multiplexer 


H-19. The FHMUX, TD-1456/VRC is a hardware solution to cosite interference. It is compatible with the 
SINCGARS in EP (frequency hopping) and single-channel (non-frequency hopping) modes of operation. 
Table H-1 on page H-4 shows the effects of multiple transmitters on transmission ranges (in a vehicle) with 
and without the FHMUX. The FHMUX is an antenna multi-coupler that— 

e Reduces visual signature of the command vehicle, by reducing the antenna count, thus increasing 
the survivability of the vehicle. 

Reduces co-located network-to-network interference, cosite. 

e Reduces setup time. The user erects one OE-254 antenna, and four networks are operational via 
the FHMUX. The FHMUX is compatible with high power whip antennas, like the AS- 
3900A/VRC or AS-3916/VRC. 

e Reduces the parasitic effect of the antennas. The transmit radiation of one antenna 10 feet/3 meters 
interact with another antenna producing undesirable distortions in the pattern of each antenna. 
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e Provides up to 300 meters .3 kilometers multi-coupler to antenna separation, to reduce exposure 
of the command post to hostile fire. 


e Provides arbitration software that optimizes the transmission range. 


Table H-1. Transmitters and transmission range with and without the frequency hopping 


multiplexer 
Transmitter Range to target receiver without Range to target receiver with 
sOn FHMUX FHMUX 
zero 35 kilometers or 21.7 miles 35 kilometers or 21.7 miles 
one 14 kilometers or 8.6 miles 32 kilometers or 19.8 miles 
two 9 kilometers or 5.5 miles 27 kilometers or 16.7 miles 
three 3 kilometers or 1.8 miles 19 kilometers or 11.8 miles 
Legend: 
FHMUX frequency hopping multiplexer 
Note. Range to target receiver from a vehicle, compared to the number of transmitters operating on the 
vehicle. 


H-20. The FHMUX contains bandpass filters that tune synchronously with the radios. These filters remove 
most of the broadband transmit interference. Signals coming from the antenna also pass through these 
bandpass filters and remove strong non-bandpass signals. This greatly improves the performance of the radio 
system when in a cosite environment. 


H-21. The FHMUX is most effective when the hopset contains at least 800 channels and it spreads over at 
least 20 MHz of the VHF band. The FHMUX single-channel mode is most effective when frequencies 
separation takes place by a five percent delta for each radio. 


Software Defined Radio Platforms 


H-22. The software defined radio platform technology eliminates most, if not all, co-site interference 
problems that occur when multiple radios in the same or disparate frequency bands integrate in the same 
mobile communications command post platform. The software defined radio platform operates at full 
performance levels and does not degrade mission effectiveness of host systems and platforms engaged in 
their tactical environments, including weapons firing and movements. 


H-23. The VHF and UHF multiplexer use RF signal combining, and cosite mitigation technology to reduce 
the platform antenna visual signature and software defined radio platform self-jamming interference. The 
multiplexer development efforts exploit emerging technology applications in the areas of wideband 
interference mitigation and compact delay lines. 


H-24. Communications integration and cosite mitigation science and technology includes a multiband VHF 
and UHF power amplifier that eliminates dissimilar legacy radio amplifiers and their logistics, training, and 
maintenance infrastructures, and provides a programmable software defined radio waveform capability. The 
power amplifier uses laterally diffused metal oxide semiconductor and silicon carbide device technology to 
meet higher power and frequency requirements. 
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This appendix addresses the proper way to pronounce letters and numbers when 
transmitting messages over radios, and the proper procedures for opening and closing 
a radio net. 


PHONETIC ALPHABET 


I-1. A phonetic alphabet is a list of words used to identify letters in a message transmitted by radio or 
telephone as seen in table I-1. Pronounced words from an approved list substitute for letters. Radio operators 
communicate over the radio, using the phonetic alphabet to pronounce individual letters of the alphabet. 


Table I-1. Phonetic alphabet 


LETTER | WORD PRONUNCIATION 
A ALPHA AL FAH 
B BRAVO BRAH VOH 
C CHARLIE CHAR LEE OR SHAR LEE 
D DELTA DELL TAH 
E ECHO ECH OH 
F FOXTROT FOKS TROT 
G GOLF GOLF 
H HOTEL HOH TELL 
| INDIA IN DEE AH 
J JULIETT JEW LEE ETT 
K KILO KEY LOH 
L LIMA LEE MAH 
M MIKE MIKE 
N NOVEMBER NO VEM BER 
O OSCAR OSS CAH 
P PAPA PAH PAH 
Q QUEBEC KEH BECK 
R ROMEO ROW ME OH 
S) SIERRA SEE AIR RAH 
T TANGO TANG GO 
U UNIFORM YOU NEE FORM OR OO NEE FORM 
Vv VICTOR VIC TAH 
W WISKEY WISS KEY 
X XRAY ECKS RAY 
Y YANKEE YANG KEY 
Z ZULU ZOO LOO 
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NUMERICAL PRONUNCIATION 


I-2. To distinguish numerals from similarly pronounced words operators use the proword ‘FIGURES’ 
preceding such numbers. Table I-2 outlines how to pronounce numerals transmitted by radio. 


Table I-2. Numerical pronunciation 


NUMERAL PRONOUNCED 
0 ZE-RO 
WUN 
TOO 
TREE 
FOW-ER 
FIFE 
SIX 
SEV-EN 
AIT 
9 NIN-ER 


COIN | )o}R]o |p} 


I-3. Radio operators transmit numbers digit by digit. Pronunciation of exact multiples of one thousand uses 
the phonetic pronunciation “‘TOU-SAND’ rather than three zeroes (see table I-3). There are special cases, 
anti-air warfare reporting procedures, when the normal pronunciation of numerals for example, 17 would 
then be seventeen. 


Table I-3. Numerals in combinations 


NUMERAL PRONOUNCED 
44 FOW-ER, FOW-ER 
90 NIN-ER, ZE-RO 
136 WUN, TREE, SIX 
TIME 1200 WUN, TOO, ZE-RO, ZE-RO 
1748 WUN, SEV-EN, FOW-ER, AIT 
7000 SEV-EN, TOU-SAND 
16000 WUN, SIX, TOU-SAND 
812681 AIT, WUN, TOO, SIX, AIT, WUN 


I-4. Write the figure zero as 0, the figure one as 1, and the letter ZULU as Z. Spell difficult words 
phonetically. Pronounce abbreviations and isolated letters without the proword ‘I SPELL.’ 


Note. Phonetically transmit any abbreviated words used in the message, for example, first (1st) is 
sent as ONE SIERRA TANGO, or headquarters as HOTEL QUEBEC. 


PROCEDURE WORDS 


I-5. Table I-4 on page I-3 outlines proper procedure words (prowords) and their meanings used during 
radio transmissions. A procedure word is a word or phrase limited to radio telephone procedure used to 
facilitate communication by conveying information in a condensed standard form (JP 3-09.3). 
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Table I-4. Procedure words listed alphabetically 


PROWORD MEANING 

ACKNOWLEDGE A directive from the originator requiring the addressee (s) to advise the 
originator the message is received and understood. This term is normally 
included in the electronic transmission of orders to ensure the receiving station 
or person confirms the receipt of the orders. 

ALL AFTER The portion of the message to which | have referenced is all that which follows. 

ALL BEFORE The portion of the message to which | have reference is all that proceeds. 

AUTHENTICATE The station called is to reply to the challenge, which follows. 


AUTHENTICATION IS 


The transmission authentication of this message is. 


BREAK 


| hereby indicated the separation of the text from other portions of the 
message. 


CLEAR To eliminate transmission on a network in order to allow a higher-precedence 
transmission to occur. 

CORRECT You are correct, or what you have transmitted is correct. 

CORRECTION An error has been made in this transmission. Transmission continues with the 


last word correctly transmitted. 


DISREGARD THIS 
TRANSMISSION-OUT 


This transmission is in error. Disregard it. (The proword not used to cancel any 
message been completely transmitted and for which receipt or 
acknowledgement has been received.) 


DO NOT ANSWER 


Stations called are not to answer this call, receipt for this message, or 
otherwise to transmit in connection with this transmission. When this proword 
employed, the transmission shall be ended with the proword ‘OUT.’ 


EXEMPT The addressees immediately following are exempted from the collective call. 

FIGURES Numerals or numbers follow. (Optional) 

FLASH Precedence FLASH. Reserved for initial enemy contact reports on special 
operational combat traffic originated by specifically designated high 
commanders of units directly affected. This traffic is SHORT reports of 
emergency situations of vital proportion. Handling is as fast as possible with an 
objective time of 10 minutes or less. 

FROM The originator of this message is indicated by the address designator 
immediately following. 

GROUPS This message contains numbers of groups indicated. 

| AUTHENTICATE The group that follows it is the reply to your challenge to authenticate. 

IMMEDIATE Precedence IMMEDIATE. Reserved for messages relating to situations which 
gravely affect the security of national and multinational forces of populace, and 
which require immediate delivery. 

INFO The addressees immediately following are addressed for information. 

| READ BACK The following is my response to your instructions to read back. 

| SAY AGAIN | am repeating transmission or portion indicated. 

| SPELL | shall spell the next word phonetically. 

| VERIFY That which follows verified at your request and repeated. (To use as a reply to 
verify information.) 

MESSAGE A message which requires recording is about to follow. (Transmitted 


immediately after the call.) 


MORE TO FOLLOW 


Transmitting station has additional traffic for the receiving station. 


OUT 


This is the end of my transmission to you and no answer is required or 
expected. (Since OVER and OUT have opposite meanings, they never used 
together.) 


LEGEND: 
proword 


procedure word 
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Table I-4. Procedure words listed alphabetically (continued) 


PROWORD MEANING 
OVER This is the end of my transmission to you, and a response is necessary. Go 
ahead; transmit. 
PRIORITY Precedence PRIORITY. Reserved for important messages, which must 


have precedence over routine traffic. This is the highest precedence, which 
normally assigned to a message of administrative nature. 


READ BACK Repeat this entire transmission back to me exactly as received. 


RELAY (TO) Transmit this message to all addressee (or addresses immediately 
following this proword). The address component is mandatory when this 
proword is used. 


ROGER | have received your last transmission satisfactorily. 


ROUTINE Precedence ROUTINE. Reserved for all types of messages, which are not 
of sufficient urgency to justify a higher precedence, but must be delivered to 
the addressee without delay. 


SAY AGAIN Repeat all of your last transmission. (Followed by identification data means 
to repeat after the portion indicated.) 

SILENCE Cease transmission immediately. Silence will be maintained until lifted. 
(Transmission imposing silence must be authenticated.) 

SILENCE LIFTED Silence is lifted. (When authentication system is in force the transmission 
silence is to be authenticated.) 

SPEAK SLOWER Your transmission is at too fast of a speed. Reduce speed of transmission. 

THIS IS This transmission is from the station whose designator immediately follows. 

TIME That which immediately follows is the time or date and time group of the 
message. 

TO The addressee(s) immediately following is (are) addressed for action. 

UNKNOWN STATION The identity of the station with whom | am attempting to establish 


communications is unknown. 


VERIFY Verify the entire message (or portion indicated) with the originator and send 
correct version. (To be issued only at the discretion of the addressee to 
which the questioned message was directed.) 


WAIT | must pause for a few seconds. 


WILCO | have received your signal, understand it and will comply. (To be used only 
by the addressee. Since the meaning of ROGER is included in that of 
WILCO, the two prowords are never used together) 


WORD AFTER The word of the message to which | have reference is that which follows... 

WORD BEFORE The word of the message to which | have reference is that which 
proceeds... 

WORD TWICE Communication is difficult. Transmit (ring) each phrase (or each code 
group) twice. This procedure word may be used as an order, request, or as 
information. 

WRONG Your last transmission was incorrect. The correct version is... 

LEGEND 

proword procedure word 
RADIO CALL PROCEDURES 


I-6. A preliminary call transmission occurs when the sending station wishes to know if the receiving station 
is ready to receive a message. When communication reception is good, and contact has been continuous, a 
preliminary call is optional. The following is an example of a preliminary call— 


e AID, this is B6T, over. 
e@ BOT, this is A1D, over. 
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e AID, this is B6T (sends message), over. 
e BOT, this is A1D, roger out. 


OPENING A RADIO NET 


I-7._ During radio net calls, the last letter of the call sign determines the answering order. The stations in a 
network respond alphabetically, for example, A3D answers before A2W and A2E answers before B1F. If 
two stations in a network have the same last letter, for instance, Al1D and A2D, then the answering order is 
determined by numerical sequence, with the lower number A1D answering first. 


I-8. The following is an example of a secure voice network opening by the NCS and several distant 
stations— 


e NET, this is NCS, over. 
NCS, this is A1D, over. 
NCS, this is A2D, over. 
NCS, this is A2E, over. 
NET, this is NCS, out (if the NCS has no traffic). 


RADIO CHECKS 


I-9. To minimize transmission time, use radio checks sparingly or by unit standing operating procedures. 
The following is an example of a radio check with the NCS— 


e NET, this is NCS, radio check, over. 

NCS, this is A1D, roger out. 

NCS, this is A2D, weak readable, over (A2D is receiving the NCS’s signal weak). 
NCS, this is A2E, roger out. 

NET, this is NCS, roger out. 


STATION ENTERING AN ALREADY ESTABLISHED NET 


I-10. The following is an example of how a radio station would enter a network after the network was opened 
and the station was unable to answer and now wants to report into the network (NCS)— 


e NCS, this is B4G, reporting into the net, over. 

BAG, this is NCS, authenticate, over. 

NCS, this is B4G, I authenticate (B4G authenticates), over. 
BAG, this is NCS, I authenticate (NCS authenticates), over. 
NCS, this is B4G, roger out. 


Note. Authentication is a security measure designed to protect a communications system against 
acceptance of a fraudulent transmission or simulation by establishing the validity of a 
transmission, message, or originator (JP 3-50). 


STATION REQUESTING TO LEAVE A NET 


I-11. The following is an example of a radio station requesting permission to leave a network from the NCS 
of the network— 


e NCS, this is A24, request permission to close down (or leave net), over. 
e <A?24, this is NCS, roger out. 


CLOSING A SECURE VOICE NET 


I-12. The following is an example of an NCS closing a secure voice radio network. Authentication can be 
used for a non-secure network— 
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NET, this is NCS, close down, over. 
NCS, this is A1D, roger out. 
NCS, this is A2D, roger out. 
NCS, this is B2D, roger out. 
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Field Repair of Antennas 


This appendix addresses and provides examples of field repair techniques for tactical 
radio antennas. 


OVERVIEW 


J-1. Broken or damaged antennas may cause poor communications or communications failure. If a spare 
antenna is available, the operator should replace the damaged antenna. When a spare is not available, the user 
may have to construct an emergency antenna. 


WHIP ANTENNA 


J-2. Ifa whip antenna is broken into two sections, temporarily repair the antenna by rejoining the sections. 
Remove the paint and clean the sections to ensure a good electrical connection. Place the sections together, 
secure them with a pole or branch, and lash them with bare wire or tape above and below the break (see figure 
J-1, antenna A). 


J-3. For severely damaged whip antennas, use a length of field wire direct-1/TT the same length as the 
original antenna. Remove the insulation from the lower end of the field wire antenna, twist the conductors 
together, insert them in the antenna base connector, and secure with a wooden block. Use either a pole or a 
tree to support the antenna wire (see figure J-1, antenna B). 


C 


POLE OR 
BRANCH ——> CABLE OR— REPLACEMENT 
> TAPE +— FIELD WIRE 


LASHING 


CABLE OR 
TAPE 
LASHING 5 


POLE OR 
BRANCH 
(LENGTH OF 
BROKEN 
ANTENNA) 


Figure J-1. Field repair of broken whip antennas 
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WIRE ANTENNA 


J-4. Emergency repair of a wire antenna may involve the repair or replacement of the wire used as the 
antenna or transmission line. It may also require the repair or replacement of the assembly used to support 
the antenna. When one or more antenna wires are broken, reconnecting the broken wires can repair the 
antenna. To do this, lower the antenna to the ground, clean the ends of the wires, and twist the wires together. 
When possible, solder the connection and reassemble. 


J-5. Damaged antenna supports may require using a substitute for the damaged support. If properly 
insulated they may consist of any material of adequate strength. Radiating elements not correctly insulated 
may short field antennas to ground and be ineffective. 


J-6. Operators may use many common items as expedient field insulators. Plastic or glass, including plastic 
spoons, buttons, bottlenecks, and plastic bags is the best insulator. Wood and rope also act as insulators, but 
they are less effective than plastic and glass. The radiating element, the actual antenna wire, should only 
touch the antenna terminal, and physically separated from any other objects, except the supporting insulator. 


J-7. Figure J-2. shows examples of field expedient antenna insulators. 


PLASTIC BAG 


So 


BOTTLE NECK BUTTON 


PLASTIC SPOON 


= Ny a 
a = Perm, 
Nas 


RUBBER OR CLOTH STRIP(DRY) NYLON ROPE 


Figure J-2. Examples of field expedient antenna insulators 


ANTENNA GUYS 


J-2 


J-8. Antenna guy ropes—usually made of wire, manila rope, or nylon rope—stabilize the antenna supports. 
Broken guy ropes can be repaired by tying the two broken ends together. If the rope is too short after 
completing the tie, add another piece of rope or a piece of dry wood or cloth to lengthen it. Broken guy wire 
can replace another piece of wire. To ensure that the guy ropes made of wire do not affect the operation of 
the antenna, cut the wire into several short lengths and connect the pieces with insulators. Figure J-3 on page 
J-3 shows an example of repaired guy lines with wood. 
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Figure J-3. Repaired antenna guy lines and masts 


ANTENNA MASTS 


J-9. Masts support antennas and if broken, replace the mast with another mast of the same length. When 
long poles are not available as replacements, overlap and lash short poles together with rope or wire to provide 
a pole of the required length. 


13 February 2020 ATP 6-02.53 J-3 


This page intentionally left blank. 


Appendix K 
Single-Channel Tactical Satellite Communications 


Army single-channel tactical satellite communications consists of tactical satellites, 
communications planning considerations, ultrahigh frequency terminals, fire support 
networks, and airborne and air assault units. 


SINGLE-CHANNEL TACTICAL SATELLITE 


K-1. The Army uses single-channel TACSAT and other satellite capabilities to provide long haul, 
worldwide communications coverage to support critical command communications to the ground and mobile 
operating forces. Refer to ATP 6-02.54 for a detailed discussion on Army satellite control. Single-channel 
TACSAT provides the ability to support a small number of burst transmissions per day for special operations 
forces, atomic demolition teams, and long-range surveillance units engaged in sensitive missions over 
extended distances and varied terrain. It also provides secure voice communications for communication and 
situational awareness for the special operations command, airborne, air assault, infantry divisions, and 
infantry brigades. 


K-2. Army single-channel TACSAT radios provide the capability of transmitting data rates of up to 56 k on 
25 kHz channels and 9.6 kilobits per second on 5 kHz channels. Interoperability requirements of DAMA and 
integrated waveform terminals when accessing non-processed narrowband SATCOM. DAMA allows more 
access to the satellites through the automated sharing of the channel but reduces the data rates provided to 
the users. Therefore, the normal access is limited to 2400 bits per second, providing voice using an ANDVT 
and data. The improvement of the voice encoder in the radios using mixed excitation linear prediction vastly 
improves the voice quality and clarity. 


K-3. Integrated waveform provides an improvement of up to four times the access seen in DAMA on a 25 
kHz channel. To provide the voice clarity to support successful operations, radios require mixed excitation 
linear prediction voice encoder. Users that need to send large data files in a short period have the capability 
of changing data rates on the channels on demand. Integrated waveform provides the following capabilities— 


e Network communications. 

e Preplanned support to operations. 
e Ad hoc communications. 

e Point-to-point calls. 


SATELLITE COMMUNICATIONS PLANNING CONSIDERATIONS 


K-4. The key to efficient SATCOM apportionment planning support is for combatant commanders to 
maintain well-defined requirements within the SATCOM Database. In accordance with CJCSI 6250.01F, the 
SATCOM Database is a centralized source of current and future SATCOM requirements to process and 
receive allocations of satellite resources. 


K-5. Army units seeking to employ commercial SATCOM must follow all specified procedures, including 
satellite access requests, appropriate reports, and satellite database numbers for each commercial satellite 
network. Refer to United States Strategic Command SI 714-04 for more information on SATCOM planning 
considerations. 


SINGLE-CHANNEL TACTICAL SATELLITE PLANNING CONSIDERATIONS 


K-6. Tactical communications networks change constantly. Prevention of communications delay and poor 
grade of service require control of the network. The best method of providing this control without hampering 
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operations is through centralized planning. Execution of these plans should be decentralized. Apply this 
concept to the space systems portion and to the ground stations. The U.S. military satellite systems consist 
of terminals, ground segment, satellites space segment, and tracking, telemetry, and control terminals control 
segment, which all require consideration when planning networks. 


K-7. The planning and system control process helps communications systems managers react appropriately 
to the mission of the force supported, the needs of the commander, and the current tactical situation. The 
type, size, and complexity of the system operated establishes the method of control. 


K-8. Communications control is a process in which the matching of resources with requirements takes place. 
This process occurs at all levels of the control and management structure. In each case, the availability of 
resources is considered. 


K-9. Single-channel TACSAT capabilities support worldwide tactical communications as en route 
contingency communications, in-theater communications, and combat net radio range extension. Single- 
channel TACSAT radios link command posts to all echelons and include the long-range surveillance units 
and Army special operations forces units, which can operate hundreds of miles from main forces. 


K-10. Army single-channel TACSAT operates in the UHF band and is available in manpack and vehicle 
versions. The radios’ lightness, availability, and ease of use make them valuable for mobile and covert 
operations spanning unified land operations. 


K-11. The communications planning range for single-channel TACSAT is limited to the satellite footprint 
assigned. The bridging of satellite footprints via an M-Hop network configuration may be possible through 
the appropriate coordination authority. The standardized channelization of each satellite provides flexibility 
and interoperability in normal operations. Single-channel TACSAT does not directly interfere with other 
combat net communications systems due to the frequency bands in which it operates. Single-channel 
TACSAT does not directly interfere with other lower tier systems, planning considerations require planners 
incorporate planning for deconfliction against electronic warfare effects. 


Demand-Assigned Multiple Access Networks 


K-12. DAMA is a technique that matches user demands to available satellite time. Satellite channels are 
grouped as a bulk asset. DAMA assigns users variable time slots that match the radio operator’s information 
transmission requirements. The radio operator does not notice a difference because the radio operator appears 
to have exclusive use of the channel. The increase in networks or radio users available by using DAMA 
depends on the type of users. DAMA is most effective where many users operating at low to moderate duty 
cycles. DAMA is effective with single-channel TACSAT systems. 


K-13. DAMA efficiency also depends on the system’s formatting, which is how the access is controlled. This 
format allows channel use on a first-come-first-serve basis. Other types of formats are prioritized cueing 
access and minimum percentage access. The prioritization technique is suitable for command networks, while 
the minimum percentage is suitable for sustainment and logistic networks. Regardless of format, DAMA 
generally increases satellite capability by five to 14 times over normal dedicated channel operation. Nets on 
5 kHz channel could be pre-empted based on priorities. 


K-14. DAMA compliant single-channel TACSAT radios require a specific terminal base address. Upon 
initial issue of a TACSAT DAMA compliant radio, the receiving unit coordinates for a terminal base address 
to support their radio system. Request a terminal base address through the Space and Naval Warfare Systems 
and provide the following information— 


e Terminal type. 

e@ Quantity of terminals. 

e Unit or activity name. 

e Point of contact information including a phone number and email address. 


K-15. Manage terminal base addresses using the signal operating instructions production authority. Doing so 
alleviate issues with two or more DAMA radios trying to access the same satellite resource with the same 
terminal base address. 
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K-16. The Space and Naval Warfare Systems no longer publish DOD wide DAMA call directories. The 
signal operating instructions production authority may call and receive existing terminal base address lists 
for their organizations. 


INTEGRATED WAVEFORM SINGLE-CHANNEL TACTICAL SATELLITE PLANNING 
CONSIDERATIONS 


K-17. The integrated waveform is an enhanced method of multiplexing radios on the same channel. It uses 
carrier phase modulation to allow for more access on the same channel. One channel is the master and 
contains the system forward orderwire. The remaining channels fall under the master channel and can be 
either 25-kHz or 5-kHz. Each channel has its own format and is changeable upon user demand. Time slots 
for ranging and other communications meet the same requirements. Updates come from pre-planned update 
forward orderwires transmitted on other channels. With data rates up to 19.2 kbps, the integrated waveform 
provides up to 14 networks operating at 2400 bps each. Integrated waveform supports narrowband voice 
operations with mixed excitation linear prediction. Unlike DAMA, with Net timeslot guaranteed. 


SINGLE-CHANNEL ULTRAHIGH FREQUENCY TERMINALS 


K-18. Single-channel TACSAT terminals provide reliable, highly portable communications, and satisfy the 
requirement to communicate over extended ranges without regard to terrain interference. The single-channel 
TACSAT systems operate in the UHF band between 225 MHz and 400 MHz, which provides an architecture 
that accommodates various users with various missions. The following paragraphs address single-channel 
UHF ground terminal radios employed at every echelons to provide the range extension required to operate. 


LIGHTWEIGHT SATELLITE TERMINALS 


K-19. The lightweight satellite terminal-5B and lightweight satellite terminal-SC are single-channel 
TACSAT radios that operate in either manpack, vehicular, shipboard, or airborne configuration. The 
terminals are capable of operation by remote control using dedicated hardware or personal computer-based 
software through an X-mode connector. Radios modulate in AM and FM voice, cipher, data, and beacon. 
The terminals operate in the frequency range of 225—399.995 MHz with channel spacing of 5 kHz and 25 
kHz. 


K-20. The lightweight satellite terminal-5D has DAMA capability, features embedded encryption for secure 
voice and data communications, and features increased capacity through DAMA channel management. 
(Refer to ATP 6-02.54 for more information on tactics, techniques, and procedures for UHF TACSAT and 
DAMA operations.) 


SINGLE-CHANNEL ANTI- JAM MAN-PORTABLE TERMINAL 


K-21. The Single-Channel Anti-Jam Man-Portable (AN/PSC-11) terminal is a man packable system 
packaged for storage or transport in two transit cases. The Single-Channel Anti-Jam Man-Portable terminal 
consists of an RT, an interface unit that encrypts and decrypts the voice and data by using COMSEC keys, a 
handheld control device, a 30-key keypad, and a handset. 


Interface 


K-22. The AN/PSC-11 terminal interfaces with the military strategic and tactical network extension system 
to provide secure, survivable voice and data communications via a low data rate payload. The AN/PSC-11 
can operate over extremely high frequency packages on fleet satellite and UHF follow-on systems. The 
AN/PSC-11 terminal operates in either point-to-point or broadcast modes and provides voice and data 
services at a maximum data rate of 2,400 bits per second. The terminal can interface in the data mode with 
combat net radios and personal computers to provide range extension. The AN/PSC-11 terminal has the 
following characteristics and capabilities— 


e Throughput. 24 kilobits per second voice or data. 
e@ Modes of operation. Point-to-point or broadcast. 
e Frequency. Uplink, 43.5 to 45.5 GHz Q Band with 2 GHz bandwidth. 
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e Security. Embedded cryptographic algorithm. 


K-23. The AN/PSC-11 terminal can interface with a variety of Army user communications systems via the 
four baseband data ports. The satellite link is transparent to the user communications system. The baseband 
equipment and systems do not control the satellite access of the AN/PSC-11 terminal. In all cases, the 
operator first establishes the satellite path via the AN/PSC-11. Once the satellite path is operational, the 
operator can establish the baseband services. 


Interoperability With Combat Net Radios 


K-24. The AN/PSC-11 terminal supports the SINCGARS system improvement program and advanced 
system improvement program radios, providing range extension to the SINCGARS and combat net radio 
users. The SINCGARS RT operates in the data mode only with the AN/PSC-11. With SINCGARS, the 
AN/PSC-11 operates in a full duplex, a point-to-point configuration that supports user baseband equipment, 
as the secure telephone unit and all used data systems. The AN/PSC-11 can provide range extension to either 
a network or one SINCGARS. Connectivity between the red port and a black port with a KG-84C and KIV- 
7 external cryptographic device that provides encryption. Figure K-1 shows the two possible configurations 
for interface between an AN/PSC-11 and a combat net radio. 


Net Member B2 


User Device Caen Mare User Device 
Net Member B1 Net Member A 


LEGEND 


INC Internet Controller Card 
SCAMP Single-Channel Anti-jam Man Portable 
SINCGARS single-channel ground and airborne radio system 


Figure K-1. Single-Channel Anti-Jam Man-Portable terminal interface with combat net radio 


SPITFIRE 


K-25. The Spitfire (AN/PSC-5) is a small, lightweight, manpack, multiband, multimode, VHF and UHF radio 
that provides communications for the corps, division, and Army special operations forces across the range of 
military operations. The Spitfire provides wideband and narrowband range extension for voice and data. The 
Spitfire uses beyond line of sight range extension capability in the Army’s SATCOM-on-the-move 
functionality in moving vehicular platforms, versus stationary. The Spitfire provides DAMA and narrowband 
secure voice, line of sight communications for voice and data, supports communications on the move, and 
extends SINCGARS communications when paired with SINCGARS as a RETRANS unit. 
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Characteristics 


K-26. The Spitfire operates in the following plain text line of sight modes with the following characteristics 
and capabilities: 


Frequency bands— 

= 30.000-—87.995 MHz. 

= ~~ 108.000—129.995 MHz. 

= 130.000—148.995 MHz. 

=~ 156.000—173.995 MHz. 

= = 225.000-399.995 MHz. 

Modulation— 

= AM-60 to 90 percent at 1 kHz AM for plain text and cipher text line of sight voice modulation; 
50 percent minimum for beacon mode. 


=" FM-+5.6 kHz deviation at 1 kHz FM for plain text and cipher text line of sight voice 
modulation. The FM beacon modulation has a +4 kHz nominal frequency deviation. 


=" FM-frequency shift key modulation rate of 16 kilobits per second plain text and cipher text 
voice and data. Used in line of sight and SATCOM modes. 


Channel spacing. 5 kHz. 


Squelch. Operator adjustable signal to noise ratio squelch. From 10dB signal, noise, and distortion 
at minimum squelched condition to at least 16 dB signal, noise, and distortion at maximum. 


Half-duplex operation. 
Plain Text. Transmitted voice or data not encrypted. 


Cipher Text. When a cipher-text voice message is received or transmitted (mode switch in cipher 
text), a single beep is heard in the handset at the beginning of the reception or transmission. 


Noise figure Line-of-Sight. 10dB nominal. 
Six presets. 


Frequency scanning. Capable of scanning five presets in line of sight plain text voice and cipher 
text (VINSON) voice. 


K-27. The Spitfire can scan up to five line of sight or dedicated SATCOM radio voice operation networks. 
Scanning combinations of cipher text VINSON and plain text networks allowed in voice mode only. 


K-28. The Spitfire operates in the following SATCOM modes with these characteristics and capabilities— 


Frequency band. UHF band 225.000 MHz to 399.995 MHz. 

Modulation— 

= AM-60 to 90 percent at 1 kHz AM for plain text and cipher text line of sight voice modulation; 
50 percent minimum for beacon mode. 

=" FM-+5.6 kHz deviation at 1 kHz FM for plain text and cipher text line of sight voice 
modulation. The FM beacon modulation has a +4 kHz nominal frequency deviation. 

=" FM-frequency shift key rate of 16 kilobits per second plain text and cipher text voice and 
data. Used in line of sight and SATCOM modes. 

=" Binary phase-shift keying-modulation rate of 1200, 2400, and 9600 bits per second. Used in 
SATCOM mode. 

Channel spacing. 5 kHz and 25 kHz. 


Squelch. Operator adjustable signal to noise ratio squelch. From 10dB signal, noise, and distortion 
at minimum squelched condition to at least 16 dB signal, noise, and distortion at maximum. 


Half-duplex operation. 
Plain Text. Transmitted decrypted voice or data. 


Cipher Text. When a cipher text voice message is received or transmitted (mode switch in cipher 
text), a single beep is heard in the handset at the beginning of the reception or transmission. 


Noise figure SATCOM. Less than 4 dB (240-270 MHz). 
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e Six presets. 


K-29. The Spitfire operates in the following DAMA modes with the following capabilities and limitations— 
e Frequency band. UHF band 225.000—399.995 MHz. 
e Modulation— 
= Shaped offset quadrature phase-shift keying-modulation rate of 600, 800, 1200, 2400, and 
3000 bits per second used in 5 kHz DAMA mode. 
= Binary phase-shift keying-modulation rate of 19.2k and 9600 symbols per second used in 
25 kHz DAMA mode. 
= Differentially encoded quadrature phase-shift keying-modulation rate of 32,000 symbols 
per second used in 25 kHz DAMA mode. 
e@ Channel spacing. 5 kHz and 25 kHz. 
Half-duplex operation. 
VINSON. 16 kilobits per second data rate, 25 kHz COMSEC (KY-57 and KY-58) mode for secure 
voice and data. 
e@ KG-84C. Compatible modes 3 and 4 data only. 
ANDVT. 2400 bits per second mode for secure voice and data. 


Six sets DAMA. Including 20 sub-presets each for 5 kHz service setup, 5 kHz message setup, and 
25 kHz service setup. 


Retransmission Capabilities 


K-30. The Spitfire provides range extension for SINCGARS and Spitfire radios. A Spitfire-to-Spitfire 
RETRANS provides the necessary network extension when the network spans two satellite footprints. The 
actual terminals used for RETRANS are set to plain text mode. 


Note. Radio operators should not attach handsets or speakers to Spitfire terminals used for 
RETRANS. If connected, they produce a non-secure beep broadcast while the NSA mandates 
secure, encrypted transmissions. 


K-31. The Spitfire terminals may be set up in the RETRANS mode (not recommended) with the line of sight 
antennas connected. The recommended configuration for this communications requirement is a SINCGARS 
RETRANS. The abbreviated RETRANS mode for SINCGARS requires installing one Spitfire with a 
SINCGARS at the RETRANS site. To accomplish the RETRANS, operate the Spitfire in plain text mode, or 
eavesdropping may occur at the SINCGARS terminal. The SINCGARS operates in 25 kHz increments, the 
same as the line of sight mode for the Spitfire. A required request for SATCOM and DAMA, 5 kHz channels 
for the Spitfire to accomplish the communications link. The Spitfire at the distant end is in the cipher text 
mode. It then encrypts and decrypts transmissions using the COMSEC employed by the SINCGARS. 


K-32. Use the Spitfire for beyond line of sight RETRANS of SINCGARS networks. Each net requires a 
SINCGARS and AN/PSC-5 terminal connected for RETRANS. 


K-33. In the plain text mode, the RETRANS AN/PSC-5 cannot monitor the network or send messages; only 
the SINCGARS terminal has that capability. Satellite channels in 25 kHz increments for SATCOM and 
DAMA. Once this configuration is complete, RETRANS occurs as if it were a SINCGARS-to-SINCGARS 
RETRANS site. The significant difference is that the network at each end has beyond line of sight capability. 


K-34. Other available RETRANS capabilities include DAMA-to-DAMA, DAMA-to-SATCOM, SATCOM- 
to-line of sight, and DAMA-to-line of sight configurations. These are used based on mission requirements 
and are not normal RETRANS configurations. 


SHADOWFIRE 


K-35. The Shadowfire (AN/PSC-5C) is a field upgrade of the AN/PSC-5 Spitfire terminal. The upgrade 
provides all the capabilities of the AN/PSC-5 and additional capabilities for HAVEQUICK I and I and 
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SINCGARS anti-jam. The ability to receive and transmit over-the-air rekeying or over-the-air transfer, 
extended 30-420 MHz frequency range, access to 5 kHz and 25akHz UHF satellite communications 
channels, and embedded data control waveform controller. 


K-36. Additional features include range extension and mixed excitation linear prediction voice coding, 142 
preset channels, advanced key loading, DS-101 fill capability and embedded tactical IP and the cryptographic 
algorithm. The Shadowfire operates in the VHF and UHF frequency spectrum and supports line of sight with 
frequency agile modes, SATCOM DAMA, and maritime operation. Voice and data operations are available 
in each of these modes. The Shadowfire also provides enhanced mixed excitation linear prediction, Vocoder 
and improved linear predictive coding, anti-jam communications, and over-the-air rekeying and over-the-air 
transfer capabilities. 


MULTIBAND MULTI-MISSION RADIO 


K-37. The multiband multi-mission radio (AN/PSC-5D) offers a higher frequency range than the Spitfire and 
Shadowfire. The AN/PSC-5D provides lightweight, secure, network-capable, multiband multi-mission, anti- 
jam, voice, imagery, and data communications capability in a single package. The AN/PSC-5D operates in 
the VHF and UHF frequency spectrum and supports line of sight with frequency agile modes, SATCOM, 
DAMA, and maritime operation. Voice and data operations are available in each of these modes. Table K-1 
outlines a line of sight interoperability comparison of the AN/PSC-5 family of radios and the AN/PRC-117F. 
For more information on UHF single-channel TACSAT and DAMA, refer to ATP 6-02.54. 


Table K-1. AN/PSC-5/C/D, AN/PRC-117F and AN/ARC-231 line of sight interoperability 


AN/PSC-5 AN/PSC-5D and 

Radio liem Spitfire AN/PSC-5C Shadowfire AN/ARC-231 AN/PRC-117F 
Frequency 
Range MHz 30-400 MHz 30-420 MHz 30-512 MHz 30-512 MHz 
Voice 12 
kilobits per FASCINATOR FASCINATOR FASCINATOR FASCINATOR 
second 
Voice 16 
kilobits per VINSON VINSON VINSON VINSON 
second 
Rachie se VINSON, 30r4 | Winicon 3 or4kG-g4c | VINSON, 30r4KG- | VINSON, 3 or 4 

P KG-84C 84C KG-84C 

second 
Data over 16 1-4 KG-84C (3 KG- 1-4 KG-84C (3 KG- 
kilobits per No 84C)—up to 48 kilobits 84C)—up to 48 No 
second per second kilobits per second 
Continuous 
tone coded 
squelch No Yes Yes No 
system 
SINCGARS 
Frequency No Yes Yes Yes 
Hopping 
Guard 
frequency No Yes Yes No 
Channel 5, 6.25, 8.33, 12.5, 25 10 Hz, 5, 8.33, 
Spacing Pane Snr Sang Sonne kHz 12.5 and 25 kHz 
LEGEND: 

Hz hertz 

kHz kilohertz 

MHz megahertz 

SINCGARS single-channel ground and airborne radio system 
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K-38. Table K-2 outlines a DAMA line of sight 5 kHz and 25 kHz interoperability comparison of the 
AN/PSC-5 family of radios and the AN/PRC-117F. For more information on UHF single-channel TACSAT 
refer to ATP 6-02.54. 


Table K-2. AN/PSC-5/C/D, AN/ARC-231 and AN/PRC-117F 


Terminal AN/PSC-5D and 
Mode AN/PSC-5 AN/PSC-5C AN/ARC-231 AN/PRC-117 
Voice 16 kilobits 
per second VINSON VINSON VINSON VINSON 
Data 16 kilobits per | VINSON, 3o0r4 | VINSON, 3 or 4 KG- VINSON, 3 or 4 VINSON, 3 or 4 KG- 
second KG-84C 84C KG-84C 84C 
1-4 KG-84C (3 KG- 
84C)—up to 56 
Data (over 16 1-4 KG-84C (8 KG- | 1-4 KG-84C (3 KG- kilobits per second 
kilobits per NO 84C)—up to 48 84C)—up to 56 *Must use 181B for 
second) kilobits per second kilobits per second interoperability (high 
performance waveform 
between 117F only) 
AN/PRC-117F 


K-39. The AN/PRC-117F manpack radio is an advanced multiband multi-mission manpack radio that 
provides reliable tactical communications performance in a small, lightweight package that can maximize 
user mobility. The AN/PRC-117F is a multiprocessor based, fully digital, software controlled, voice and data 
transceiver. The AN/PRC-117F can provide; line of sight, SATCOM, electronic counter-countermeasures, 
frequency hopping operations SINCGARS and HAVEQUICK, and is compatible with all tactical VHF and 
UHF radios. The AN/VRC-103 is the vehicular version of the AN/PRC-117F. 


K-40. The AN/PRC-117F requires regular firmware updates. Signal planners should ensure radios have the 
latest firmware as having multiple versions of the firmware within a unit can cause interoperability problems. 


AN/PRC-117F Characteristics and Capabilities 


K-41. The AN/PRC-117F as designed acts as the transmission means for communications input for analog 
and digital data. These include standard audio communications via a handset; line-level audio-data devices 
and the handheld data terminals found in special operations forces, military intelligence, and field artillery. 
The AN/PRC-117F can operate across the VHF and UHF military tactical frequency bands using either line 
of sight modes or satellite propagation media for beyond line of sight communications. 


K-42. Due to the microprocessor design, digital signal processing, and software control, the AN/PRC-117F 
can replace many current radio types in one manpack or vehicle mounted box. This dramatically reduces the 
space, weight, power, and support requirements for individual fighting platforms and command posts. This 
also greatly reduces cosite interference problems and, if used correctly, can reduce the number of tactical 
radio networks required to support a digitally equipped fighting force. The AN/PRC-117F has the following 
characteristics and capabilities— 

e Frequency range of 30-512 MHz. This frequency range includes not only the standard Army 
tactical 30-88 MHz band but also the frequency bands and modulation modes commonly used by 
the United States Air Force, United States Navy, and Coast Guard for operations, air traffic 
control, tactical data links, and maritime uses. This makes the radio ideal for use as a liaison radio 
or gateway between service components using different waveforms for joint ground sea and air 
operations. The AN/PRC-117F frequency range and waveform modes are compatible with civil 
and public service frequency bands commonly used by non-DOD local, state, federal, and foreign 
agencies. 

e Modulation. As delivered, the factory radio is programmed at the factory for compatibility with 
current standard modulation characteristics segmented in the traditional RF bands— 
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=" VHF low band. 30.00000-89.99999 MHz, frequency shift key. This makes the radio 
interoperable with SINCGARS, AN/PRC-68, and other tactical radios of foreign and 
domestic manufacture. 


=" VHF high band. 90.00000—224.99999 MHz FM, AM, frequency shift key, amplitude shift 
keying. In this frequency band, use the radio for air-to-air, air-to-ground, and ground-to- 
ground voice and data communications using waveforms found in this band. The AN/PRC- 
117F is compatible with various existing military aircraft, air-traffic-control radio 
communications, and military air-to-ground data-link communications. The AN/PRC-117F 
enables users that employ the radio to accomplish joint and civil-military liaison voice and 
data with one radio. This is particularly important to the Army National Guard due to their 
large role in defense support of civil authorities’ operations. 


= UHF band. 225.00000-511.99999 MHz. AM, frequency shift key, amplitude shift keying. 
In this frequency band, use the AN/PRC-117F to perform air-to-air, air-to-ground, ground-to- 
ground, fixed or mobile radio communications missions for voice and data modes. The 
AN/PRC-117F is also compatible with electronic counter-countermeasures capable 
equipment. 

"=  UHF SATCOM. 243.00000—270.00000 MHz and 292.00000-318.00000 MHz. In this 
frequency range, AN/PRC-117F is fully compatible with single-channel TACSAT systems in 
the dedicated channel or DAMA mode. The AN/PRC-117F also has full orderwire capability 
and can send and receive data at a rate of 64 kilobits per second in a 25 kHz channel or 12 
kilobits per second in a 5 kHz channel. Embedded in the radio hardware and software are 
automatic requests for RETRANS of bad data packets and COMSEC. This key SATCOM 
capability gives the radio a feature no other standard combat net radio has: the ability to 
communicate beyond line of sight without RETRANS stations from the same radio package 
used for line of sight communications. 


K-43. The AN/PRC-117F operates in the following line of sight fixed frequency cipher text operating 
capabilities and limitations— 
e VINSON-16 kilobits per second data rate, 25 kHz COMSEC KY-57 and KY-58 mode for secure 
voice and data. 
e@ KG-84C compatible-(data only) supports voice only using 12 kilobits per second data rate in FM 
and trellis code modulation from 30.00000—511.99999 MHz and AM mode from 90.00000-— 
511.99999 MHz. Available in all modes of UHF SATCOM. 
e TEKs-electronically loaded 128-bit transmission encryption keys used to secure voice and data 
communications. 
e COMSEC key fill-TEKs, transmission security keys, and KEKs filled from the following 
devices— 
= AN/PYQ-10, SKL. 
=" KIK-30, really simple key loader. 
=" KIV-7M. 


K-44. The AN/PRC-117F can operate in HAVEQUICK I and II mode, utilizing frequency hopping from 
225-400 MHz, providing compatibility with current airborne frequency hopping. The AN/PRC-117F can 
also operate in SINCGARS frequency-hopping mode from 30.0000—87.975 MHz and supports SINCGARS 
system improvement program or enhanced system improvement program features by placing the AN/PRC- 
117F in either a net master or a net member mode. 


K-45. The AN/PRC-117F can scan up to 10 line of sight fixed frequency or dedicated SATCOM radio voice 
operation networks. The AN/PRC-117F does not scan HAVEQUICK, SINCGARS, or UHF DAMA 
networks and does not use digital squelch. The plain text override feature of the VINSON and FASCINATOR 
cipher text mode allows scanning combinations of cipher text and plain text networks. 


AN/PRC-117F Data Capabilities 


K-46. The AN/PRC-117F has the capability for use as a digital data-transmission device. This makes it easy 
to interface data terminal equipment, computer workstations, and networking components. The AN/PRC- 
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117F can send data transmission rates of 56 kilobits per second through SATCOM and 64 kilobits per second 
ground-to-ground (line of sight). 


K-47. With these data rates, the AN/PRC-117F would make data transmission at brigade and battalion 
command posts and lower echelons fast enough to support lengthy database-to-database transfers. This would 
not only improve operations but would also reduce system vulnerability to enemy intercept and detection. 
The data rates support collaborative tools, video teleconferencing, and imagery transmission. (See Appendix 
G for more information on data communications.) 


AN/PRC-117G RADIO 


K-48. The AN/PRC-117G radio is a software defined voice and data radio that supports in-field upgrades as 
new capabilities emerge. The AN/PRC-117G radio has MUOS-ready hardware to extend communications 
beyond line of sight. The AN/PRC-117G radio is capable of operating in a frequency range of 30 MHz to 2 
GHz. The AN/PRC-117G radio can be configured for manpack, vehicular-mounted, or base station 
operations. The AN/PRC-117G radio is capable of simultaneously transmitting Voice over Internet Protocol 
and digital data on a single channel. Digital data transmitted via the AN/PRC-117G radio includes file 
transfers, chat, streaming video, combat net radio, and position location information. The AN/PRC-117G 
radio enables units to use IP routing to transmit medium to high bandwidth data traffic over tactical VHF, 
UHF, and L-band radio networks. The AN/PRC-117G radio supports the following— 

e Advanced networking waveform. 
181B-Dedicated Channel TACSAT. 
SINCGARS. 
HAVEQUICK II. 
VHF and UHF. 
AM and FM. 
DAMA. 


High performance waveform. 


e Integrated waveform. 


K-49. The networking capabilities of the AN/PRC-117G radio can be enhanced using the RF-7800B 
Broadband Global Area Network Terminals. The RF-7800B combined with the AN/PRC-117G provides 
automatic and secure range extension, connection to out-of-range networks, and entry into the Internet or 
remote private networks. 


SINGLE-CHANNEL TACTICAL SATELLITE FIRE SUPPORT 
NETWORKS 


K-50. The need for a digital link between the Advanced Field Artillery Tactical Data System, Initial Fire 
Support Automation System, Forward Observer System, and non-fire support systems may require using 
single-channel TACSAT networks in the distribution plan to support digital traffic. The commander decides 
which network provides voice service, and which network carries data. 


CORPS FIRE SUPPORT NETWORK 


K-51. The purpose of the corps, fire support network is for clearing fires, which refers to the coordination 
necessary when firing into an adjacent area of operations controlled by someone else. The coordination 
ensures the area is under enemy control and no friendly forces in the area. The primary users of the network 
include any of the following— 


e Corps fires cell. 

Division fires cell. 

Field artillery brigades. 

Armored cavalry regiment fires cell. 


Attack regiment fires cell. 
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DIVISION FIRE SUPPORT NETWORK 


K-52. The principal members of the division, fire support network include the division fires cell, field artillery 
brigade, the brigade fires cell, fires battalion. The division, fire support network provides fire support 
coordination and serves as an alternate for fire direction with elements in the division. The division command 
post is typically the NCS. This network normally operates as a voice network. 


K-53. The separate brigade has unique long haul communications requirements, which line of sight 
operations cannot satisfy when dispersed over extended distances. These units deploy UHF single-channel 
TACSAT terminals with their headquarters to provide connectivity for communications and situational 
awareness with higher headquarters. The primary communications mode is secure voice. 


FIELD ARTILLERY BRIGADE FIRE SUPPORT NETWORK 


K-54. The field artillery brigade fire support network has the operations elements from the field artillery 
brigade, field artillery brigade, fires battalion, and multiple launch rocket system battalions. The primary 
purpose of this network is to provide a long-range link to subordinate field artillery elements. This network 
is primarily a voice network but can transmit digital traffic between Advanced Field Artillery Tactical Data 
System and other automated devices. 


AIRBORNE AND AIR ASSAULT UNITS 


K-55. The airborne and air assault units need en route communications to maintain a connection with the 
sustaining base, other aircraft, and with the units that may already be in place. Airborne and air assault units 
accomplishes this by using a secure en route communications package, which uses the Spitfire or a VHF and 
UHF DAMA-capable single-channel TACSAT. The DAMA-capable single-channel TACSAT provides 
communications in line of sight and SATCOM modes. The secure en route communications package supports 
the commander and principal staff while en route to the area of operations. It supports ground operations 
independently of the aircraft at staging areas and during joint task force initial ground operations. 


K-56. Well-equipped, rapidly deployable units such as the global response force (GRF) are a vital part of the 
Army’s efforts to be an agile and capable expeditionary force. Using the en route mission command capability 
(EMC2), GRF commanders use in-flight internet capabilities while in flight to the drop zones of early entry 
missions to gain real-time situational awareness and a comprehensive understanding of potential challenges. 
The EMC2 enable commanders of GRF units to conduct command and control, and plan missions in the air, 
while their Soldiers receive operational updates and watch full motion video of upcoming drop zones. The 
EMC72 provides Soldiers the ability to understand a situation and take appropriate action before arriving at 
their drop location, which enables the GRF to be more effective the moment the GRF arrives in operations. 


K-57. Installed on C-17 aircraft, the EMC2 provide commanders of GRF units, connectivity to Warfighter 
Information Network-Tactical. The EMC2 enables the GRF to stay connected to joint, coalition, or strategic 
forces as they are traveling into a developing situation. The joint GRF consists of two components— 
e Air Force. The Air Force supplies and sustains the C-17 and C-130 aircraft. 
e Army (XVIII Airborne Corps). The XVIII Airborne Corps, primarily the 82d Airborne Division, 
which has deployment-ready paratroopers and infantrymen, provides an immediate military 
capability on the ground on short notice to any operation worldwide. 


K-58. The EMC2 provides internet service, mission command applications, full motion video, intelligence 
products, and collaborative planning tools, with a complete office suite of computers and voice phones 
onboard an aircraft. It enables en route mission command, as the situation develops in the destination area of 
operations, commanders can get updates, understand changes on the ground, and adjust their plan to 
accommodate for the changes. EMC2 provides a transformation in the situational awareness and 
effectiveness of the GRF in the first several hours of ground operations. Key components of EMC2 are— 

e Fixed install satellite antenna. The fixed install satellite antenna provides the internet connection 
for the C-17. The stationary install satellite antenna provides the increased bandwidth that enables 
employment of a new host of services on board the C-17 and improve the capability for GRF units 
to plan and maintain critical situational awareness in the air. 
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e@ Key leader en route node. The key leader en route node provides airborne units with broadband 
reach back capability, secure voice over Internet protocol communications between task force 
commanders, combatant commanders, and communication between aircraft. 


K-59. The EMC2 enables standard and high definition full motion video feeds from satellites, airplanes, and 
drone displays on board the aircraft on light-emitting diode screens, integrated marquees, and an intercom 
system. The EMC2 enables Soldiers to see the airfield and drop zone at the landing destination, providing 
Soldiers enhanced situational awareness, and allowing Soldiers to better prepare for their mission. The EMC2 
increases force mobility and versatility, allowing Soldiers easier access to the information they need to be 
successful anytime, anywhere. 
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The glossary lists acronyms and terms with Army, multi-service, or joint definitions, 
and other selected terms. Where Army and joint definitions are different, (Army) 
follows the term. Terms for which ATP 6-02.53 is the proponent manual (the authority) 
are marked with an asterisk (*). The proponent manual for other terms listed in 
parentheses after the definition. 


SECTION | - ACRONYMS AND ABBREVIATIONS 


ACES 
ADP 
ALE 

AM 
ANDVT 
ATP 
BFT 
COMSEC 
COTS 
CREW 
CSEL 
DAMA 
dBi 
dBm 
EA 
EMC2 
EP 

EW 
FBCB2 
FHMUX 
FM 

G-2 

G-6 
GCC 
GHz 
GPS 
GRF 
HF 

IP 

JP 
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Automated Communications Engineering Software 
Army doctrine publication 

automatic link establishment 

amplitude modulation 

advanced narrowband digital voice terminal 

Army techniques publication 

Blue Force Tracking 

communications security 


commercial off-the-shelf 


counter radio-controlled improvised explosive device electronic warfare 


Combat Survivor Evader Locator 
demand-assigned multiple access 
decibels isotropic 

decibels above one milliwatt 
electronic attack 

en route mission command capability 
electronic protection 

electronic warfare 

Force XXI Battle Command, Brigade and Below 
frequency hopping multiplexer 

field manual; frequency modulation 
assistant chief of staff, intelligence 
assistant chief of staff, signal 
geographic combatant commander 
gigahertz 

Global Positioning System 

global response force 

high frequency 

internet protocol 


joint publication 
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JSIR 
JTIDS 
KEK 

kHz 

KMI 
KOAM 
LVT (2) 
MBITR 
MHz 
MIDS 
MUOS 
NATO 
NCO 
*NCS 
NSA 
PACE 
RCIED 
RETRANS 
RF 

RT 

S-2 

S-6 
SATCOM 
SC(T) 

SI 
SINCGARS 
SKL 
STANAG 
TACSAT 
TB 

TEK 

™ 
TRANSEC 
UHF 

VHF 
WIN-T 


joint spectrum interference resolution 

Joint Tactical Information Distribution System 
key encryption key 

kilohertz 

Key Management Infrastructure 

Key Management Infrastructure operating account manager 
Low Volume Terminal (2) 

multiband inter/intra team radio 

megahertz 

Multifunctional Information Distribution System 
Mobile User Objective System 

North Atlantic Treaty Organization 
noncommissioned officer 

net control station 

National Security Agency 

primary, alternate, contingency, and emergency 
radio-controlled improvised explosive device 
retransmission 

radio frequency 

receiver-transmitter 

battalion or brigade intelligence staff officer 
battalion or brigade signal staff officer 

satellite communications 

signal command (theater) 

strategic instruction 

single-channel ground and airborne radio system 
simple key loader 

standardization agreement (NATO) 

tactical satellite 

technical bulletin 

traffic encryption key 

technical manual 

transmission security 

ultrahigh frequency 

very high frequency 
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authentication 


1. A security measure designed to protect a communications system against acceptance of a fraudulent 
transmission or simulation by establishing the validity of a transmission, message, or originator. 


(JP 3-50) 
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call sign 
Any combination of characters or pronounceable words, which identifies a communication facility, a 
command, an authority, an activity, or a unit; used primarily for establishing and maintaining 
communications. (JP 3-50). 

communications network 
An organization of stations capable of intercommunications, but not necessarily on the same channel. 
(JP 6-0) 

communications security 


Actions designed to deny unauthorized persons information of value by safeguarding access to, or 
observation of, equipment, material, and documents with regard to the possession and study of 
telecommunications or to purposely mislead unauthorized persons in their interpretation of the results 
of such possession and study. Also called COMSEC. (JP 6-0) 


electromagnetic interference 
Any electromagnetic disturbance, induced intentionally or unintentionally, that interrupts, obstructs, or 
otherwise degrades or limits the effective performance of electronics and electrical equipment. 
(JP 3-13.1) 

electromagnetic spectrum 
The range of frequencies of electromagnetic radiation from zero to infinity. It is divided into 26 
alphabetically designated bands. (JP 3-13.1) 

electronic attack 


The division of electronic warfare involving the use of electromagnetic energy, directed energy, or 
antiradiation weapons to attack personnel, facilities, or equipment with the intent of degrading, 
neutralizing, or destroying enemy combat capability and is considered a form of fires. Also called EA. 
(JP 3-13.1) 


electronic protection 
Division of electronic warfare involving actions taken to protect personnel, facilities, and equipment 
from any effects of friendly or enemy use of the electromagnetic spectrum that degrade, neutralize or 
destroy friendly combat capability. Also called EP. (JP 3-13.1) 

electronic warfare 
Military action involving the use of electromagnetic and directed energy to control the electromagnetic 
spectrum or to attack the enemy. Also called EW. (JP 3-13.1) 

electronic warfare support 


Division of electronic warfare involving actions tasked by, or under direct control of, an operational 
commander to search for, intercept, identify, and locate or localize sources of intentional and 
unintentional radiated electromagnetic energy for the purpose of immediate threat recognition, 
targeting, planning, and conduct of future operations. Also called ES.(JP 3-13.1) 


emission control 


The selective and controlled use of electromagnetic, acoustic, or other emitters to optimize command 
and control capabilities while minimizing, for operations security: a. detection by enemy sensors; b. 
mutual interference among friendly systems; and/or c. enemy interference with the ability to execute a 
military deception plan. (JP 3-13.1) 

line of sight 


The unobstructed path from a Soldier’s weapon, weapon sight, electronic sending and receiving 
antennas, or piece of reconnaissance equipment from one point to another. (ATP 2-01.3) 


message 


Any thought or idea expressed briefly in a plain or secret language and prepared in a form suitable for 
transmission by any means of communication. (JP 6-0) 
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*net control station 
A communications station designated to control traffic and enforce circuit discipline within a given 
net. Also called NCS. 

procedure word 
A word or phrase limited to radio telephone procedure used to facilitate communication by conveying 
information in a condensed standard form. Also called proword. (JP 3-09.3) 

*radio silence 
The status on a radio network in which all stations are directed to continuously monitor without 
transmitting, except under established criteria. 

signal operating instructions 


A series of orders issued for technical control and coordination of the signal communication activities 
of a command. (JP 6-0) 
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Preface 


This field manual is a pocket reference guide for signal Soldiers at all 
echelons. It is intended to help signal Soldiers understand and 
implement Army communications systems operations in a modular 
force construct. 


This manual addresses the roles and responsibilities of the signal 
Soldier and signal planning during the military decision making 
process. It also provides an overview of the Global Information Grid, 
LandWarNet and its transport systems, network operations and 
spectrum management. It also addresses the transformed signal 
structure from the maneuver battalion through theater level and the 
support provided between echelons. 


Note. As of June 2007, the Joint Network Node-Network 
program has been incorporated into the Warfighter 
Information Network-Tactical program and designated as 
Warfighter Information Network-Tactical Increment 1. When 
joint network node is used in this document, it refers to the 
equipment and not to the program. 


This publication applies to the Active Army, the Army National Guard 
(ARNG)/Army National Guard of the United States (ARNGUS), and 
the United States Army Reserve (USAR) unless otherwise stated. 


The proponent of this publication is the United States Army Training 


and Doctrine Command (TRADOC). The preparing agency of this 
publication is the US Army Signal Center. 


17 March 2009 FM 6-02.43 vii 


Preface 


Send comments and recommendations on DA _ Form 2028 
(Recommended Changes to Publications and Blank Forms) via e-mail 
to signal.doctrine@us.army.mil. Key your comments and 
recommendations to pages and lines of text to which they apply. 
Provide reasons for your comments to ensure understanding and proper 
evaluation. 


Mailing address is: Commander, United States Army Signal Center and 
Fort Gordon, ATTN: ATZH-IDC-CB (Doctrine Section), Building 
29808, 506 Chamberlain Ave, Fort Gordon, GA 30905-5075. 


Unless this publication states otherwise, masculine nouns and pronouns 
do not refer exclusively to men. 
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Introduction 


The Army has decentralized most of its signal capabilities. Corps, 
divisions, brigade combat teams, and support brigades now have signal 
forces organic to the units who own, operate, train, and maintain their 
unique signal forces. Corps signal brigades and division signal 
battalions have inactivated leaving a large part of the Army force 
supported by pooled theater assets. Supporting the commander with 
reliable and vigorous communications is a direct result of detailed 
signal planning. Understanding the commander’s intent is the most 
critical step for a signal leader. 


Signal Soldiers and planners are chartered to build networks that 
almost intuitively act on behalf of the commander’s intent; networks 
where information is guaranteed based on policies aligned with the 
commander’s critical information requirements and intent. To build this 
network, planners must successfully synchronize and integrate the 
assets to support the plan and the commander. Signal Soldiers have the 
great responsibility to facilitate the combined arms, joint, and 
multinational fight. This mission is critical to increasing the combat 
power in the modular force. The signal planner plays a critical role in 
enabling combat successes and prevailing in the information war. 
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Chapter 1 


Signal Soldier’s Roles and 
Responsibilities 


The Army’s transformation to a modular force 
has transformed the signal structure. Division 
signal battalions and corps signal brigades have 
been inactivated with the signal support now 
embedded within each modular organization. 
Division and corps’ are headquarters 
organizations with units attached as mission 
dictates and have signal companies assigned that 
support the headquarters element only. Each 
brigade combat team (BCT) or modular support 
brigade has its own organic signal company to 
provide support. This chapter addresses the roles 
and responsibilities of the signal Soldier to the 
commander and his responsibilities at each 
echelon. 


SIGNAL SOLDIER RESPONSIBILITIES TO 
THE COMMANDER 


1-1. The transformation to a modular Army and the elimination of 
the corps signal brigade and division signal battalion has removed the 
traditional support structure for the assistant chief of staff, network 
operations (G-6)/network operations staff officer (S-6). This has 
required the G-6/S-6 to build working relationships with organizations 
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that have traditionally been provided by a signal brigade or battalion 
staff. The G-6/S-6 must establish a viable working relationship not 
only with the staff officers within his organization, but also with 
higher, lower, and adjacent organizations. These organizations include 
sustainment, signal, and other supported or supporting organizations 
that the G-6/S-6 is required to coordinate training or specific mission 
requirements. 


1-2. The signal leader is responsible to the commander for the 

following— 

e Reports the status of the units’ communications and information 
system maintenance during briefings (information, decision, 
mission, and staff). He provides a status report of all the 
information systems on the local area network (LAN). 

e Participates in the military decision making process (MDMP). 
(Refer to Field Manual [FM] 5-0 for more information on the 
MDMP.) As part of the commander’s staff, the signal leader 
performs the following critical tasks during planning: 

= Develops and maintains running estimates. 

= Identifies specified and implied tasks. 

= Identifies constraints. 

= Identifies key facts and assumptions. 

=» Performs intelligence preparation of the 
battlefield. 

=» Formulates the concepts of operations and 
support in line with the commander’s intent. 

=» Develops the scheme of maneuver to support the 
course of action (COA). 

=» Prepares, authenticates, and distributes his 
portion of the plan or order, annexes, estimates, 
appendixes, and supporting plans. 

e During the development of the COA, assesses the communications 
feasibility of each COA. He determines the communications and 
computer requirements and compares them to available assets. He 
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identifies potential shortfalls and recommends actions to eliminate 
or reduce their effect. 

e@ Recommends commander’s critical information requirements 
(CCIR). Commanders designate CCIR and essential elements of 
friendly information to let their staff and subordinates know what 
information they deem necessary for decision-making. 

e Develops/Prepares signal sections of the unit standing operating 
procedures (SOP) in accordance with (IAW) the commander’s 
intent. 

e Completes or assists during staff studies and decision papers as 
necessary. 


BATTALION S-6 OFFICER 


1-3. The battalion S-6 officer and communications chief lead the 
Signal Regiment’s front-line Soldiers. Battalions are equipped with 
network and systems enablers providing capabilities that in the past 
were only provided at echelons brigade and higher. These enablers (for 
example, Blue Force Tracking [BFT], combat service support [CSS] 
satellite communications [SATCOM], and the command post node 
[CPN]) require greater external coordination than earlier systems. 


1-4. The battalion S-6 officer is responsible for the supervision of all 
automated information systems, network management, computer 
network defense (CND), electromagnetic spectrum operations 
(EMSO), and information assurance (IA). (Refer to Appendix A for 
more information on EMSO.) The primary signal operations planner is 
also an active member of the staff planning during the MDMP. He 
determines the supportability and feasibility of the signal plan versus 
the scheme of maneuver. Early involvement in the MDMP by the 
battalion S-6 officer is critical to the successful development of a 
comprehensive and complementary signal plan. (Refer to Chapter 2 for 
more information on the signal planning process.) 
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ROLES AND RESPONSIBILITIES 


1-5. The battalion S-6 section is organized to support the 
commander’s intent. The S-6 officer maintains overall authority and 
responsibility for the communications assets and operations within the 
battalion area of operations (AO). 


1-6. As a principal staff officer, the battalion S-6 officer interacts 
closely with the battalion commander, executive officer, operations 
staff officer (S-3), and other staff officers to determine specific or 
unique communications and network requirements. The battalion S-6 
officer must work closely with the brigade S-6 officer and adjacent 
headquarters to ensure efficient communications employment 
throughout the battalion AO. The S-6 officer is responsible for 
maintenance on organic signal systems within the battalion. 


1-7. Each maneuver battalion is equipped with combat net radio 
(CNR) capabilities. The battalion provides primary internal 
communications and an organic CPN enables wideband beyond line of 
sight (BLOS) access to the brigade information network and limited 
Defense Information Systems Network (DISN) services (SECRET 
Internet Protocol Router Network [SIPRNET], Voice over Internet 
Protocol telephones, and Non-Secure Internet Protocol Router Network 
[NIPRNET]). 


1-8. The battalion S-6 officer has the following responsibilities— 

e Prepares, maintains, and updates communications operations 
estimates, plans, and orders. (These orders will often be cause for 
configuration management changes across the battalion.) 

e Monitors and makes recommendations on all technical 
communications and information operations. 

e Advises the commander, staff, and subordinate commanders on 
communications and information operations and network priorities 
for command and control (C2) (for example, changing bandwidth 
allocation to support a specific battalion mission). 

e Works closely with the brigade S-6 in developing signal-operating 
instructions. 
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Prepares/publishes communication operations SOP for the 
battalion. 

Works closely with the brigade S-6 in the planning and 
management of BCT EMSO. 

Plans and coordinates with higher and lower headquarters 
regarding information systems upgrade, replacement, elimination, 
and integration. 

In coordination with the intelligence staff officer (S-2) and S-3, 
coordinates, plans, and directs all IA and CND activities and 
information operations vulnerability and risk assessments. 

In coordination with the staff, actively coordinates with the 
brigade S-6 to develop the information and communications plans, 
manage the information network, obtain required services, and 
support mission requirements. 

Confirms and validates user information requirements in direct 
response to the tactical mission. 

Establishes information policies and procedures for using and 
managing information tools and resources. 

Provides signal personnel with direction and guidance during 
preparation of network plans and diagrams establishing the 
information network. 

Plans and integrates information systems and Army Battle 
Command System (ABCS) equipment IAW unit task 
organization/reorganization. (See Appendix B for a detailed 
discussion on ABCS.) 

In coordination with the brigade S-6, plans and directs all network 
operations (NETOPS) activities within the battalion AO. 

Plans and monitors all battalion networks and manages the LAN 
utilizing the organic S-6 section personnel. 

Oversees communications security (COMSEC) operations to 
include storage, management, distribution, inspection, and 
compliance. 

Responsible for the field level maintenance on communications 
electronics (CE) systems. 
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TRAINING READINESS RESPONSIBILITIES 


1-9. The battalion S-6 officer has the following training readiness 

responsibilities— 

e In coordination with the brigade S-6 officer, ensures the 
development of required skills of all battalion signal personnel. 

e In coordination with the personnel staff officer (S-1), identifies 
requirements and manages the distribution of signal personnel 
within the battalion. (Refer to Appendix C for more information on 
signal Soldier military occupational specialty [MOS], changes, and 
tasks.) 

e In coordination with the S-3, monitors and provides oversight for 
information dissemination to change any warfighting functions, 
priorities, and control measures within the battalion. 

e In coordination with the battalion S-6 staff, ensures automation 
systems and administration procedures for all automation hardware 
and software employed by the battalion is joint and Army 
compliant. 


FUNCTIONAL RESPONSIBILITIES SUPPORTING THE 
BATTALION 


1-10. The battalion S-6 officer is a principal coordinating staff officer. 
In this capacity, he works directly for the battalion executive officer. 
Additionally, he directly supports the executive officer’s battalion 
maintenance plan (outlined later in this chapter under Network Systems 
Maintenance). There is also a close relationship between the battalion 
S-3 and S-6. The S-6 must understand the S-3s plans, thought process, 
and methodology to make the network react intuitively to support the 
fight. 
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BRIGADE S-6 OFFICER 


1-11. The brigade S-6 officer, as a principal staff officer, interacts 
closely with the brigade commander, executive officer, operations staff 
officer (S-3), and other staff officers to determine specific or unique 
communications and network requirements. The brigade S-6 officer 
and his staff plan the communications and information systems support 
(to include EMSO) for the brigade, brigade command posts (CPs), and 
subordinate units organic to, assigned to, or operating within the 
brigade AO. 


1-12. The brigade S-6 section is organized to best support the 
commander’s intent. This section addresses the roles and 
responsibilities of the brigade S-6. Unless specifically noted, these 
roles and responsibilities apply to both the BCT S-6 officer and the 
modular support brigade S-6 officer. 


1-13. Figure 1-1 depicts the BCT S-6 staff organization. This 
organization reflects the consolidation of the NETOPS section from the 
signal company to the S-6 to provide a more efficient organization and 
facilitate the S-6’s ability to perform the critical functions required. 
The S-6 staff organization differs in the support brigades only in that 
there are two less 25L10J2. 


1-14. The S-6 section personnel are located within the brigade CPs to 
support the commander’s communications requirements across the AO. 
The brigade S-6 officer works closely with the division G-6 officer and 
brigade signal company commander. 
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Figure 1-1. BCT S-6 staff organization 
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ROLES AND RESPONSIBILITIES 


1-15. The brigade S-6 officer has the following responsibilities that 

reside in the network management and IA/CND/COMSEC cells— 

e Prepares, maintains, and updates communications and information 
operations estimates, plans, and orders. Orders will often direct 
configuration management changes across multiple battalions. 

e Monitors and makes recommendations on all technical 
communication and information operations. 

e Can be designated as the Army forces (ARFOR) G-6 when 
needed. (Equipment and personnel augmentation will be required 
to support this mission.) 

e Advises the commander, staff, and subordinate commanders on 
communication operations and network priorities for C2 (for 
example, changing bandwidth allocation to support the brigade 
main effort such as a battalion reinforced with additional 
intelligence, surveillance, and reconnaissance assets). 

e Develops, produces, changes/updates, and distributes signal- 
operating instructions. 

e Prepares/publishes communications operations SOP for brigade 
CPs. 

e Coordinates, plans, and manages brigade EMSO within the 
brigade’s AO. 

e Plans and coordinates with higher and lower headquarters 
regarding information systems upgrades, replacements, 
eliminations, and integrations. 

e Incoordination with the operational chain of command and corps, 
plans and directs all NETOPS activities within the brigade AO. 

e Plans, manages, and monitors all brigade CP networks using S-6 
section personnel. 

e Staffs and supervises the activities of the NETOPS cell in the 
network operations security center (NOSC). 
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e@ Oversees COMSEC operations to include storage, management, 
distribution, inspection, and compliance. 


e Responsible for the field level maintenance on CE systems. 


1-16. The information systems officer is responsible to the S-6 for the 

following— 

e In coordination with the S-2 and S-3, coordinates, plans, and 
directs all IA activities and information operations vulnerability 
and risk assessments. 

e In coordination with the brigade S-6 staff, actively coordinates 
with a variety of external agencies to develop the information and 
communications plans, manages the information network, obtains 
required services, and supports mission requirements. 

e Confirms and validates user information requirements in direct 
response to the tactical mission. 

e Establishes information policies and procedures for using and 
managing information tools and resources. 

e Provides signal unit operations sections with direction and 
guidance during preparation of network plans and diagrams 
establishing the information network. 

e Ensures the accreditation and integration of all hardware and 
software in the AO connected to the LAN/wide area network 
(WAN). 

e Plans and integrates information systems and ABCS equipment 
due to unit task organization/reorganization. 


TRAINING READINESS RESPONSIBILITIES 


1-17. The brigade S-6 officer has the following training readiness 

responsibilities and exercises them through the signal systems 

integration and oversight (SSIO) cell— 

e In coordination with the division G-6, ensures the development of 
required skills of all signal personnel within the brigade AO. 

e In coordination with the S-1, identifies requirements and manages 
the distribution of signal personnel within the brigade. 
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In coordination with the S-3, monitors and provides oversight for 
information dissemination to change warfighting functions 
priorities and control measures within the brigade AO. 

In coordination with the S-6 staff, ensures information systems and 
administration procedures for all automation hardware and 
software employed by the brigade are joint and Army compliant. 
In coordination with the brigade special troops battalion (BSTB) 
staff, ensures the brigade signal company is trained to support 
brigade missions and tasks. 


1-18. When a BCT operates independently, the brigade S-6 officer 
performs all the duties and has the same responsibilities as a G-6 
officer. These duties and responsibilities include— 


Coordinates, plans, and manages the brigade EMSO, both internal 
and external to the brigade. 

Plans and manages the brigade information network with the corps 
Service Theater Network Operations and Security Center 
(STNOSC), the corps supporting brigade, the regional Defense 
Information System Agency (DISA) support team, or the 
supported command, control, communications, and computer 
operations directorate of a joint staff (J-6). 

In coordination with strategic corps STNOSC and the corps- 
supporting brigade, plans and manages the brigade IA systems 
(firewalls, intrusion detection systems, and access control lists). 
Plans and manages the brigade information dissemination 
management/content staging procedures (user profiles, file and 
user priorities, and dissemination policies). 

Plans and manages all IA/CND operations to include, but not 
limited to, key management distribution, IA vulnerability alert 
compliance, intrusion detection device management and 
operations, and compliance with all directives. 
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e Deploys range extension assets to maintain connectivity and 
reliability of the brigade information network. 

e Evaluates network requirements to determine needs for unmanned 
aircraft system (brigade level) and communications relay 
requirements. 


BRIGADE SIGNAL COMPANY ORGANIZATION 


1-19. This section addresses brigade signal companies that are organic 
to the BCT; the brigade signal company that is organic to the maneuver 
enhancement brigade (MEB) and sustainment brigades; and the brigade 
signal company that is organic to the fires, combat aviation brigade, 
and the battlefield surveillance brigade. The three different brigade 
signal companies are designed with equipment and personnel to 
specifically support their designated brigade organizations. 


1-20. The signal company within the heavy and infantry BCT is 
subordinate to the BSTB with the Stryker brigade combat team (SBCT) 
signal company being a separate company. The signal company 
organic to the BCT has a headquarters and two network support 
platoons. Figure 1-2 depicts the BCT signal company. 


HEADQUARTERS AND NETWORK SUPPORT PLATOON 


1-21. The headquarters and network support platoon within the BCT 
consists of the company headquarters, small CP support team(s), and 
wireless network extension team(s). 


Company Headquarters 


1-22. The company headquarters provides C2, logistics, and 
administrative support for the company and coordinates the 
maintenance support of CE systems with the brigade S-6. 


Wireless Network Extension Team(s) 


1-23. The wireless network extension team(s) within the brigade 
signal companies provides BLOS connectivity for the various CPs and 
C2 nodes. 
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Figure 1-2. BCT signal company organizational structure 
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Small Command Post Support Team(s) 


1-24. The small CP support team within the brigade signal company 
provides BLOS connectivity and tactical LAN support to the tactical 
CP and other C2 nodes. 


NETWORK EXTENSION PLATOON 


1-25. The network extension platoon consists of the joint network 
node (JNN) and extension sections and supports a major C2 node. 
There are two network extension platoons within the brigade signal 
company supporting the BCT: one network extension platoon supports 
the brigade main, and the other network extension platoon supports the 
brigade tactical CP (TAC CP). 


Joint Network Node Section 


1-26. The JNN section provides voice, video, and data services to the 
main and TAC CP. It provides habitual BLOS and line of sight (LOS) 
support to the main CP and TAC CP. The JNN can terminate circuits, 
provide data and battlefield video teleconferencing center connectivity 
to host equipment, and interface special circuits such as Defense 
Switched Network, North Atlantic Treaty Organization circuits, and 
commercial gateways. 


Wireless Network Extension, Enhanced Position Location 
Reporting System Network Manager and Enhanced Position 
Location Reporting System Teams 


1-27. The wireless network extension, Enhanced Position Location 
Reporting System (EPLRS) Network Manager and EPLRS teams 
provides frequency modulated (FM) wireless network extension, 
EPLRS network management, and an EPLRS gateway team for the 
assigned CP. 
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MODULAR SUPPORT BRIGADE SIGNAL COMPANIES 


1-28. The sustainment brigade signal company is subordinate to the 
BSTB and the fires, combat aviation brigade, battlefield surveillance 
brigade, and MEB signal companies are separate companies within 
their respective brigades. The signal companies differ in structure only 
in that the signal company supporting the MEB, sustainment, and 
combat aviation brigade contains two small CP support teams vice one 
in the battlefield surveillance brigade and fires brigade signal 
companies. Figure 1-3 depicts the modular support brigades signal 
companies. 


COMPANY HEADQUARTERS 

1-29. The company headquarters provides C2, logistics, and 
administrative support for the company. 

NETWORK EXTENSION PLATOON 

1-30. The network extension platoon provides support to the brigade 
main CP. 

Joint Network Node Section 


1-31. The JNN team provides switching, satellite, and data package 
capabilities. The high-capacity line of sight (HCLOS) team provides 
LOS connectivity between brigade CPs and higher, adjacent, and 
subordinate units. The secure mobile anti-jam reliable tactical terminal 
(SMART-T) is a tactical SATCOM terminal that provides BLOS 
connectivity between the brigade and higher or adjacent headquarters. 


17 March 2009 FM 6-02.43 1-15 


Chapter 1 


*swed} Woddns jsod puswiwo0s 


|Pelus Of] ae 3194) GYD pue 
‘JUBWU]EISNS ‘QW 9} Ul :3}0N 


wea| poddng 
do ews 


(2) 
suiea | uaisua}x 
OMS] SSBpAI, 


uco}zeid 
uolsue}xy ebuey 


JeUpWe L- feOIeL B1qeIEy 
wefguy ‘e]1qoyy ‘eunses 
epebug 
jusweoueyUg A2AneUe|y 

Aemaye: Spon WOME BUIO 
sa ; Luvs qUBIs Jo Hf javedey “aie 
wajsis Bunioday 


Uo1ze907 UOIISOg peoueyUg 


deBeuepyy OAQeN SH Ida 
apeBblug uoljeay yequiog 


wea] uolsuayxy 
WOMAN SSAA 


uonas uonsas 
upjsue}43 NNT 


uoojyeld sispenbpesH 
UOISUS}X3 YIOMION Auedwo5 


Auedwoy 
jeubig apebig 


| company 
17 March 2009 


igades signa 
ional structure 


t 
FM 6-02.43 


Figure 1-3. Modular support br 
organiza 


1-16 


Signal Soldier’s Roles and Responsibilities 


Extension Section 


1-32. The extension section provides a wireless network extension 
team for range extension of the brigade Single Channel Ground and 
Airborne Radio System (SINCGARS) network and EPLRS teams to 
provide net control station and gateway capability for data 
reconstitution of EPLRS, near term digital radio, and SINCGARS data 
traffic. 


RANGE EXTENSION PLATOON 


1-33. The range extension platoon provides C2 for three SINCGARS 
wireless network extension teams for coverage of the brigade AO and 
small CP support teams that provide support for subordinate brigade 
CPs. 


SIGNAL COMPANY COMMANDERS 


1-34. The signal company commanders within the corps, division, and 
brigade share much the same organization and work closely with their 
respective G-6/S-6. 


1-35. The signal company commander is responsible for the 
installation, operation, and maintenance of the information network. 
While the G-6/S-6 has authority over the network and recommends the 
emplacement and displacement of signal assets, the execution orders 
are developed and issued through the normal command channels, 
usually a fragmentary order (FRAGO) from the assistant chief of staff, 
operations (G-3)/S-3 directing movement. The authority over the signal 
company’s assets is employed using TSOs, using the NETOPS 
functions and the applicable NOSC. 


1-36. The signal company commander maintains command authority 
and is responsible for the health and welfare, training readiness and 
electronic and vehicle maintenance of all signal company personnel 
and equipment. The signal company commander directs the company’s 
organic detachments and any attached or operational control (OPCON) 
elements. 


17 March 2009 FM 6-02.43 1-17 


Chapter 1 


1-37. The signal company commander in a modular support brigade 
has a unique challenge in that these support brigades are designed to 
support BCTs and may carry out specific tasks to support echelons 
above BCT. The support brigades are flexible organizations with 
additional capabilities added based on factors of mission, enemy, 
terrain and weather, troops and support available, time available and 
civil considerations (METT-TC). Thus, the signal company 
commander must support the brigade day-to-day mission as well as the 
mission of the organization the support brigade is attached to for 
specific operations. 


S-6 and the Combat Service Support Automation 
Management Officer 


1-38. The S-6 section assists the CSS automation management officer 
in troubleshooting mission application software problems. As system 
administrators and system/software security managers for sustainment 
hardware platforms, the CSS automation management officer will 
perform all tasks normally associated with information technology (IT) 
operations, ranging from issuing passwords to installing anti-virus 
software. They will assist and advise on turn-in procedures for line 
replaceable unit (LRU) items. The S-6 is responsible for maintaining, 
administering, and troubleshooting the network for the CSS automation 
management officer. 


DIVISION COMMAND AND CONTROL 


1-39. The division is the Army’s primary tactical and operational 
warfighting headquarters. It is designed as a modular, C2 headquarters 
for full spectrum operations. When deployed, the division headquarters 
is organized around three C2 elements: the main CP, TAC CP, and a 
mobile command group (MCG). 
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DIVISION COMMAND POSTS 


1-40. The design of the division gives the commander various options 
for the employment of the headquarters. The MCG is equipped to 
permit the division commander to reach any point in the division AO 
by ground or air and remain linked to the rest of the headquarters and 
to the common operational picture. The main CP can locate anywhere 
in the AO, remain linked to the operation, develop plans, conduct 
analysis, and provide detailed estimates. The TAC CP provides 
flexibility for training, readiness, and operations. 


Main Command Post 


1-41. The organic division signal company supports the main CP, but 
it requires longer set up and tear down time than the other CPs. Since 
there is a lengthier time required for setup and connectivity, the main 
CP normally deploys and sets up in a semi-stationary base within 
theater. 


Tactical Command Post 


1-42. The TAC CP is supported by the organic division signal 
company and has similar equipment. The TAC CP can rapidly tear 
down and setup, but is not equipped for battle command on the move. 
The TAC CP must halt to use full communications and network 
capabilities. 


Mobile Command Group 


1-43. The MCG has organic ground C2 vehicles, a small security 
force, and communications. The MCG staff is not fixed. The 
commander selects members of the division staff to fill the MCG seats. 
Given that the number of seats is limited by the ground and air systems, 
only two or three members of the division staff go with the MCG. 


17 March 2009 FM 6-02.43 1-19 


Chapter 1 


DEPLOYMENT OF DIVISION COMMAND POSTS 


1-44. The combination of CPs allows the division commander to 
rotate readiness and training responsibilities while the division is in 
garrison. The TAC CP maintains a higher readiness posture and may 
configure equipment and personnel into an early entry CP package to 
fit constrained lift with the other equipment and personnel prepared to 
follow. The early entry CP may require augmentation from the main 
CP. 


1-45. The MCG deploys following the introduction of subordinate 
forces into the joint operations area (JOA), and after the TAC CP is 
operational there. The commander may elect to deploy the MCG with 
the earliest deploying elements of the division or wait until the number 
of units has reached the level where the commander’s presence is more 
important in the JOA than at the home station. 


1-46. The main CP, less any individuals and equipment needed to 
augment the TAC CP to form the early entry CP, remains at home 
station during the initial phase of the deployment process. Once the 
early entry CP is established within the JOA of the gaining joint forces 
command, the commander deploys the main CP into the JOA. 
Normally the main CP deploys in at least two echelons. 


G-6 RESPONSIBILITIES AT THE DIVISION 
COMMAND POSTS 


1-47. The division G-6 has separate elements to support the main CP 
and TAC CP, though augmentation of the TAC CP is sometimes 
required due to METT-TC. The functions of the G-6 elements differ 
based on the responsibilities they are assigned. 
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DIVISION G-6 OFFICER ROLES AND 
RESPONSIBILITIES 


1-48. The division G-6 officer is the senior signal officer who 
exercises staff oversight of the division information network. The G-6 
officer possesses the expertise to anticipate the need for dynamically 
changing the network to support the division commanders’ scheme of 
maneuver. 


1-49. The G-6 officer derives his authority to control the network 
from the division commander; this authority empowers him to use all 
signal equipment and personnel to complete his mission. A successful 
mission implies that all signal-training requirements are met prior to 
employment. He controls these network assets via the NOSC and uses 
the TSO, much like the division G-3, uses the FRAGO to control the 
maneuver forces under the division. The G-6 officer’s network 
responsibilities encompass all the management and control of the 
network. The NOSC enables the G-6 to monitor the health of the 
network in support of the command. 


1-50. The G-6 officer is the principal staff officer for all matters 
concerning communications, EMSO, and networks. The G-6 officer 
has the technical oversight responsibility over the division information 
networks including training readiness responsibility of the division 
signal company. The G-6 officer is accountable for all network 
transport, network services, and the viability of information systems 
across the force. 


1-51. By executing the commander’s intent, the G-6 officer directs all 
technical changes to the network. To make physical moves to signal 
equipment, the G-6 officer recommends FRAGOs to direct such 
movement with the G-3. He is responsible for advising the division 
commander, staff, and subordinate commanders on communications 
and information operational matters (staff responsibilities, technical 
guidance, and training readiness responsibilities). 
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1-52. The division G-6 officer has the following responsibilities— 

e Prepares, maintains, and updates communications and information 
operations estimates, plans, and orders. These orders will often 
direct configuration management changes across multiple 
brigades. 

e Monitors and makes recommendations on all technical 
communications and information operations. 

e Acts as the ARFOR G-6 when needed (equipment and personnel 
augmentation may be required to support this mission). 

e Advises the commander, staff, and subordinate commanders on 
communications operations and network priorities for C2 (for 
example, changing bandwidth allocation to support the division 
main effort—a brigade reinforced with additional intelligence, 
surveillance, and reconnaissance assets). 

e Directs technical changes to all portions of the division network 
via the TSO process. 

e Acts as the joint task force (JTF) J-6, if required. Equipment and 
personnel augmentation will be required to support this mission 
and will be provided by the theater-level units such as the theater 
G-6, a signal command (theater) (SC[T]), or a signal brigade/Army 
service component command (ASCC). 

e Prepares and/or publishes communications operations SOPs for 
division CPs. 

e Coordinates, plans, and manages division EMSO within the 
division AO. 

e Plans and coordinates with higher and lower headquarters 
regarding information systems upgrade, replacement, elimination, 
and integration. 

e Incoordination with the assistant chief of staff, intelligence (G-2)), 
G-3, assistant chief of staff, information operations (G-7), 
operational chain of command, and STNOSC, coordinates, plans, 
and directs all JIA activities and information operations 
vulnerability and risk assessments. 
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In coordination with the division G-6 staff— 
=» Actively coordinates with a variety of external 
agencies to develop the information and 
communications plans, manages the information 
network, obtains required services, and supports 
mission requirements. 
=» Develops, produces, changes, and/or updates and 
distributes signal-operating instructions. 
=» Confirms and _ validates user information 
requirements in direct response to the tactical 
mission. 
Establishes information policies and procedures for using and 
managing information tools and resources. 
Provides units assigned or attached to the division with direction 
and guidance during preparation of network plans and produces 
diagrams establishing the information network. 
Plans and integrates information systems and ABCS equipment 
due to unit task organization/reorganization. 
In coordination with the corps and JTF, plans and directs all 
NETOPS activities within the division AO. 
Coordinates the contractor support for CE systems within the 
division AO. 


TRAINING READINESS RESPONSIBILITIES 


1-53. The division G-6 officer has the following training readiness 
responsibilities— 


Ensures the development of required skills of all signal personnel 
within the division AO. 

In coordination with the assistant chief of staff, personnel (G-1), 
identifies requirements and manages the distribution of signal 
personnel within the division. 
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e In coordination with the G-3, monitors and provides oversight for 
information dissemination to adjust to changing warfighting 
function priorities and control measures within the division AO. 

e In coordination with the division G-6 staff, ensures automation 
systems and administration procedures for all automation hardware 
and software used by the division comply with the Global 
Information Grid (GIG) procedures and standards or Army 
specifications. 

e Ensures, in coordination with the special troops battalion (STB) 
commander, the division signal company is trained to support 
division missions and tasks during home station training events 
and deployments. 


DIVISION G-6 ORGANIZATION 


1-54. The division G-6 is organized and resourced to provide 
NETOPS support to the division CPs (tactical, main, and MCG). The 
G-6 uses NETOPS functions to synchronize disparate division unit 
networks into one division information network, as a part of the 
LandWarNet (LWN) and GIG. The NETOPS functions performed in 
the subordinate support brigades and BCTs provide a second echelon 
of NETOPS management that the division G-6 coordinates as part of a 
greater NETOPS plan. The division G-6 has separate elements to 
support the main CP and TAC CP, though augmentation of the TAC 
CP is sometimes required due to METT-TC. The functions of the G-6 
elements differ based on the responsibilities they are assigned. Figures 
1-4 and 1-5 show the division G-6 section organization. 
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G-6 Signal Operations 


1-55. The signal operations section consists of a network 
management, plans, IA, and information dissemination management 
elements. The signal operations section has the following 
responsibilities— 

e Integrates network management, information dissemination 
management, and IA functions. 

e Maintains network connectivity across the division, to include 
units deployed to the AO, units en route to the AO, and units at the 
home station. 

e Manages the division network from the applications residing on 
individual platforms through the points at which the division 
network connects to the GIG. 

e Executes deliberate modifications to the division network to meet 
the needs of the commander. 

e Manages requirements; accepts, validates, and tracks headquarters 
and subordinate unit communications requirements (computers, 
cell phones, radios, etc.). 

e@ Monitors network performance. 

Manages the quality of service of the services provided through 
the division network, including the interoperability of the division 
network with external networks that are not controlled by the G-6 
(for example, Global Broadcast System [GBS], Trojan Special 
Purpose Integrated Remote Intelligence Terminal [SPIRIT], and 
CSS very small aperture terminal [VSAT]). 

e Coordinates satellite access requests and deconflicts frequencies. 
Resolves, reports, and coordinates with other agencies to resolve 
radio frequency conflicts. 

e Secures access into the division network and monitors access and 
activities internal to the network. 

e Provides situational awareness (SA) to the theater network 
operations security center (TNOSC) and SA/network common 
operating picture to authorized division recipients. 
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Ensures compliance with GIG network defense policies and JTF- 
global NETOPS/TNOSC GIG network defense communications 
tasking orders and or telecommunications service orders (TSOs). 
Prepares, maintains and updates command information 
management estimates, plans, and orders. 

In coordination with the G-3, establishes procedures for using 
relevant information and information systems to develop the 
common operational picture. 

Coordinates, plans, and directs the development of the common 
operational picture within the main CP. 

Coordinates with staff sections to ensure information quality 
criteria (accuracy, timeliness, usability, completeness, precision, 
and reliability) are maintained. 

Coordinates local information network capabilities and services. 
Monitors and reports status of information network; coordinates 
future network connectivity. 

Coordinates future communications and information operations 
interface with joint and multinational forces to include host nation. 
Provides EMSO. 

Develops and publishes Annex K to the division operation order 
(OPORD). 

Plans the transition of responsibility for the tactical network from 
the division to permanent theater signal assets (integrated theater 
signal battalion or commercial/contract). 


Signal System Integration Oversight Section 


1-56. The signal system integration oversight section performs the 
following functions— 


Oversees network certification for division units. 

Coordinates and tracks communications systems modernization. 
Coordinates and tracks communications systems maintenance. 
Oversees contractor support. 

Coordinates and tracks communications maintenance. 
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Coordinates collective communications systems training. 
Coordinates communications systems commercialization. 
Coordinates division communications readiness exercises. 


Training readiness responsibility for division headquarters and 

assigned unit JNN teams. 

@ Oversees the installation of division CP wire and cable, to include 
cable system installation in fixed facilities, 

e Coordinates field level maintenance support for commercial off- 

the-shelf (COTS) and government off-the-shelf systems. 


G-6 Signal System Support Section 


1-57. The G-6 signal system support section supports the TAC CP to 
temporarily assume C2 of current operations, future operations, plans 
and analysis, or C2 of specific tasks while the main CP is either 
emplacing or displacing. When not deployed, the TAC falls in on and 
reinforces the capabilities of the main CP. The employment of the 
signal system support teams is METT-TC dependent. These teams 
support the main and TAC CPs as needed. The G-6 signal system 
support section performs the following functions for the tactical CP— 
e@ Manages the local equipment and facilities that collect, process, 
store, display, and disseminate information, including computers 
(hardware and software) and communications as well as policies 
and procedures for their use. 

e Monitors, manages, and controls organic communications systems 
that interface with the GIG. 

e Performs tactical NETOPS functions (network management, 
information dissemination management, IA). 

e@ Manages a set of integrated applications, processes, and services 
that provide the capability for producers and users to locate, 
retrieve, and send/receive information. 

e Install, operate, maintain, and defend server data (SIPRNET) and 
military Internet (NIPRNET) in support of the division CP 
operations. 
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e Manage installation and operation of the LAN, to include 
cable/wire installation and troubleshooting. 

e Install CP cable and wire; coordinates and supervises team 
members in the construction, installation, and recovery of cable 
and wire communications systems and auxiliary equipment within 
division CPs. 

e Forms a portion of the division Information Service Support 
Office. 

e Installs and operates the division’s IT help desk; provides e-mail 
assistance and other help desk functions. 

e Assist division units with network installation and troubleshooting 
as directed by the G-6. 


DIVISION NETWORK OPERATIONS SECURITY CENTER 


1-58. The division G-6 officer is responsible for the employment of a 
fully integrated NOSC providing NETOPS functions for the division. 
All division signal elements must coordinate with the division NOSC 
during the engineering, installation, operation, maintenance, and 
defense of the division information network. 


1-59. The division NOSC has overall responsibility for establishing 
the division information network and providing the operational and 
technical support to all units assigned or attached to the division 
operating in the AO. 


1-60. The division NOSC performs the NETOPS activities, functions, 
and tasks required to create a dynamic and responsive network. This 
network also quickly shifts priorities in order to support the ground 
tactical plan. This management function extends the strategic GIG 
capabilities into responsive, dynamic, and tactical formations. 


1-61. In order to increase responsiveness of a complex network and to 
facilitate the bandwidth required to support the division headquarters 
and brigade networks, the division employs a NETOPS cell with the 
regional network service center. The regional network service center 
flattens disparate time division multiple access (TDMA) satellite 
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network structure and increases the bandwidth capability from 
approximately 6-40 megabits per second (Mbps). The embedded 
NETOPS cell provides the management to enable the division network. 


1-62. In addition, by expanding bandwidth, the division has the 
capability to dynamically reassign the bandwidth so that the 
communications support plan can match the division commander’s 
ground tactical plan. An example of this capability is the division 
designating a BCT as the main effort for an assault. The division 
commander’s primary effort is to give the BCT a direct unmanned 
aircraft system/sensor feed that must be broadcasted across the entire 
network. The division G-6 matches the communications support plan 
enabling the added, nonorganic capability by allocating a larger 
segment of the division-enabled bandwidth. 


1-63. The following are the division NOSC responsibilities— 

e In coordination with the operational chain of command, STNOSC, 
and subordinate organizations, monitors, manages, and ensures 
implementation of enterprise system management/network 
management, information dissemination management/content 
staging, and IA/CND activities. 

e Provides near real-time awareness of division networks and 
systems to the division G-6 and STNOSC. 

e Coordinates actions to resolve attacks/incidents on the division 
network with the STNOSC and subordinate organizations. 

e Coordinates operational procedures and requirements for [A/CND 
and information systems security with the supporting Army service 
component command regional computer emergency response 
team. 

e In coordination with division signal company, monitors, manages, 
and controls intra-division information network components. 

e Monitors the operation of the networks in the division’s 
subordinate units. 

e Provides support and assistance to the subordinate NOSCs as 
required. 


17 March 2009 FM 6-02.43 1-31 


Chapter 1 


e Administers the organizational message system (defense message 
system [DMS]) in the division, including managing network 
addresses and sub-domains. 

e Coordinates operation and maintenance support of 
communications systems. These systems are attached to support 
deployed division forces with the split-base and reach operations 
capability to the home base. 

e Shares enterprise system management/network management 
information with other management or monitoring centers. 

e Provides the supporting STNOSC and ARFOR NOSC with near 
real-time information on the status and performance of intra- 
division networks. 

e Orders and accounts for all forms of COMSEC material, including 
storing keys in encrypted form and performing key generation and 
automatic key distribution. 

e Performs COMSEC material accounting functions and 
communicates with other COMSEC elements. 

e Performs content staging/information dissemination management 
functions to support all aspects of relevant information 
dissemination. 

e Provides near real-time awareness of division networks and 
systems that support the joint backbone to the JTF Joint Network 
Operations Control Center (JNCC) when the division is serving as 
the ARFOR. 


G-6 AND THE MOBILE COMMAND GROUP 


1-64. The G-6 may or may not be a participant in the MCG. Since 
there is limited space for division staff, it is up to the division 
commander as to the specific composition of the MCG. If the G-6 or 
his representative does participate in the MCG, his responsibilities will 
vary and depend on how the MCG operates (ground or air) and from 
what location. The G-6 will have minimal network access and virtually 
no network management tools beyond those contained in his vehicle. 
Available MCG communications systems will include voice and data. 
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DIVISION SIGNAL COMPANY ROLES AND 
RESPONSIBILITIES 


1-65. The division signal company provides 24-hour operations 
supporting the division headquarters. It provides operational elements 
designed to engineer, install, operate, maintain, and defend the joint 
theater network supporting division operations as an integral part of the 
division, theater army, ARFOR, or JTF IAW technical guidance 
provided by the division G-6 officer. 


1-66. This support creates responsive redirection of network 
priorities, policies, and allocations to better support tactical operations 
in the division or subordinate brigades. The division G6 (assistant chief 
of staff, network operations) officer’s technical oversight ensures the 
division network personnel and equipment are trained and maintained 
at the levels required to be successful. 


DIVISION SIGNAL COMPANY ORGANIZATION 


1-67. The division signal company is subordinate to the STB and 
consists of the headquarters, G-6 and signal detachment. To ensure the 
division commanders’ intent is met, the division signal company 
operates under the authority of the division G-6 officer where the G-6 
controls all NETOPS. Figure 1-6 provides a diagram of the division 
signal company organization. 


1-68. The company is commanded by a major with a sergeant major 
assigned as the chief signal NCO and the signal detachment is assigned 
a captain and first sergeant. The G-6 is comprised of the staff G-6 
section previously addressed. The signal detachment contains the 
elements necessary to support the main and TAC CPs and addressed 
here. 


1-69. The company headquarters provides command, control, and 
command supervision of signal detachments assigned or attached to the 
company. The headquarters section is responsible for implementation 
of operations and intelligence directives received from higher 
headquarters. 
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1-70. The signal company commander maintains command authority 
and is responsible for the health and welfare, training readiness, and 
electronic and vehicle maintenance of all signal company personnel 
and equipment. The signal company commander directs the company’s 
organic detachments and any attached elements. 


Signal Detachment 


1-71. The signal detachment is modular and can deploy and support 
the division main and TAC CP LWN systems. It is composed of 
multiple voice and data sub-networks providing information exchange 
among division elements. The sub-networks overlap by echelon to 
provide survivable and robust networks. 


1-72. The signal detachment headquarters provides for command, 
control, and coordination of the detachment mission. It is designed to 
provide command, control, and supervision to the three platoons that 
provide communications support to the division main and TAC CP. 


1-73. The company headquarters provides C2 to the company. The 
headquarters is responsible for administration and logistics support. 
The detachment headquarters provides the detachment C2 and limited 
NETOPS support. 


1-74. The network hub platoon consists of the TDMA and frequency 
division multiple access (FDMA) multiband sections and the baseband 
and hub support sections. It installs, operates, and maintains the 
network hubs and satellite connectivity to the GIG. 


Main CP and TAC CP platoons 


1-75. The main CP and TAC CP platoons support the division and 
TAC CPs. These platoons differ in that the main CP platoon has an 
additional JNN, HCLOS, and SMART-T team assigned to it. These 
platoons have capabilities and personnel to provide the following 
services— 

e BLOS and LOS connectivity. 


e Secure voice (tactical and Defense Switched Network). 
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e NIPRNET, SIPRNET, and Joint Worldwide Intelligence 
Communications System (limited). 

Defense Red Switch Network. 

Video teleconferencing. 

Installation and administration of CP networks. 


Voice radio (single channel SATCOM, high frequency, and 
SINCGARS). 


Voice radio range extension. 
Help desk. 
Performs field level maintenance on CE systems. 


Network Hub Platoon 


1-76. The network hub platoon provides the division tactical hub node 
(THN) necessary to connect and make use of DISN/GIG services. The 
division tactical hubs provide TDMA and FDMA satellite connectivity. 
The network hub platoon consists of the TDMA and FDMA multiband 
section, the Baseband and Hub Support Sections. It installs, operates 
and maintains the network hub and satellite connectivity to the GIG. 


Cable Section 


1-77. The cable section assists the data support teams at the division 
main and TAC CPs as needed to establish the division infrastructure 
and inside cable functions. 


THE CORPS 


Note. The headquarters design and unit structure of the corps 
is pending review, information in this manual represents the 
latest information available. 
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1-78. The corps headquarters is being restructured to fill four primary 
roles. The corps headquarters primarily serves as an intermediate 
tactical headquarters in a major combat operation (MCO), but it may be 
used as an ARFOR headquarters, JTF headquarters, or Joint Force 
Land Component Command (JFLCC) headquarters. 


1-79. The corps headquarters has essential C2 capabilities and is 
rapidly deployable to provide C2 for Army, joint, and multinational 
forces engaged in operations. The corps headquarters does not have 
any organic troops other than the STB. It can control any mix of 
modular brigades and divisions. 


CORPS COMMAND POSTS 


1-80. The modular corps design, combined with robust 
communications, gives the corps commander a flexible CP structure. 
Like the division, the corps has three CPs: main CP, TAC CP, and 
MCG. 


MAIN COMMAND POST 


1-81. The main CP is responsible for the continuity of corps 
operations. It synchronizes the conduct of corps current operations and 
allocates available resources. It oversees the future planning, analysis 
for current and future operations, sustainment coordination, and other 
staff functions. The main CP is much larger than the TAC CP and is 
organized into a mix of warfighting functions and integrating cells for 
staff communications and interaction. All warfighting functions are 
represented or available to serve temporarily in the current operations 
and plans integrating cells. 


TACTICAL COMMAND POST 


1-82. The corps TAC CP is organized as a current operations 
integrating cell. It can control the corps operations for a limited amount 
of time when the main CP is unavailable. The TAC CP may be used to 
control combinations of operations involving subordinate units, such as 
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river crossings, passage of lines, and relief in place. The TAC CP 
receives a task-organized support element of communications and life 
support provided by the headquarters battalion. 


Mobile Command Group 


1-83. The MCG has organic ground C2 vehicles, a small security 
force, and communications. The MCG staff is not fixed. The corps 
commander selects members of the corps staff based on the situation. 
The corps signal company provides communications capabilities. 


Early Entry Command Post 


1-84. The early entry CP is an ad hoc organization comprised of 
equipment and personnel from the staff of the main and TAC CPs. The 
early entry CP is staffed with a mix of current operations personnel and 
planners able to coordinate the reception of the corps and plan its initial 
operations. 


G-6 RESPONSIBILITIES AT THE CORPS 
COMMAND POSTS 


1-85. The corps G-6 has separate elements to support the main CP 
and TAC CP, though augmentation of the TAC CP is sometimes 
required due to METT-TC. The functions of the G-6 elements differ 
based on the responsibilities they are assigned. In addition, the 
composition of the G-6 may be augmented depending on the situation 
and the role the corps is assigned. The MCG and early entry CP have 
no fixed organization and their composition will depend on METT-TC. 
Figures 1-7 and 1-8 shows the corps G-6 section organization. 
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CORPS G-6 OFFICER 


1-86. The corps G-6 officer is the principal staff officer for all matters 
concerning communications, EMSO, and networks. The G-6 officer 
has authority over the corps information networks including training 
readiness responsibility of the corps signal company. The G-6 is 
responsible for planning, designing, and directing the corps signal 
company to execute the communications plan to support the corps 
commander’s intent. By executing the commander’s intent, the G-6 
directs all technical changes to the network. 


1-87. To make physical moves to signal equipment, the G-6 
recommends FRAGOs to direct such movement with the G-3. He is 
responsible for advising the corps commander, staff, and subordinate 
commanders on communications operational matters. 


ROLES AND RESPONSIBILITIES 


1-88. The corps G-6 officer has the following roles and 

responsibilities— 

e Prepares, maintains, and updates communications operations 
estimates, plans, and orders. These orders will often cause 
configuration management changes across multiple brigades. (See 
Appendix D for a sample Signal Annex to an OPORD.) 

e Monitors and makes recommendations on all technical 
communications and information operations. 

e Advises the commander, staff, and subordinate commanders on 
communications and information operations and network priorities 
for C2 (for example, changing bandwidth allocation to support the 
corps main effort or a brigade reinforced with additional 
intelligence, surveillance, and reconnaissance assets). 

e Directs technical changes to all portions of the corps network via 
the TSO process. 

e Develops, produces, changes/updates, and distributes signal 
operating instruction material. 
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Prepares/publishes communications operations SOPs for corps 
CPs. 


Coordinates, plans, and manages corps EMSO within the corps 
AO. 


Plans and coordinates with higher and lower headquarters 
regarding information systems upgrades, replacements, 
eliminations, and integrations. 

In coordination with the G-2, G-3, G-7 operational chain of 
command, and STNOSC, plans and directs all IA activities and 
information operations vulnerability and risk assessments. 


In coordination with the staff, actively coordinates with a variety 
of external agencies to develop the information and 
communications plans, manages the information network, obtains 
required services, and supports mission requirements. 

Confirms and validates user information requirements in direct 
response to a tactical mission. 


Establishes communications and information policies and 
procedures for using and managing information tools and 
resources. 

Acts as the JFLCC J-6 officer, if required. Equipment and 
personnel augmentation will be required to support this mission 
and will be provided by theater as necessary. 

Provides signal unit operations sections with direction and 
guidance during preparation of network plans and produces 
diagrams establishing the information WAN. 

Plans and integrates information systems and ABCS equipment 
due to unit task organization/reorganization. 


In coordination with the JIF, plans and directs all NETOPS 
activities within the corps AO. 
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TRAINING READINESS RESPONSIBILITIES 


1-89. The corps G-6 officer has the following training readiness 

responsibilities— 

e Ensures the development of required skills of all signal personnel 
within the corps AO. 

e Incoordination with the G-1, identifies requirements and manages 
the distribution of signal personnel within the corps. 

e In coordination with the G-3, monitors and provides oversight for 
information dissemination to change warfighting functions, 
priorities, and control measures within the corps AO. 

e Ensures automation systems and administration procedures for all 
automation hardware and software used by the corps comply with 
the GIG procedures and standards or Army specifications. 

e In coordination with the STB staff, ensures the corps signal 
company is trained to support corps missions and tasks. 


CORPS G-6 OFFICER AND THE NOSC 


1-90. The corps G-6 officer employs a fully integrated NOSC 
providing NETOPS functions for the corps. All corps signal elements 
must coordinate with the NOSC during the engineering, installation, 
operation, maintenance, and defense of the corps information network. 


1-91. The corps NOSC has overall responsibility for establishing the 
corps information network and provides the operational and technical 
support to all of the corps signal elements in its AO. 


1-92. The corps NOSC performs the NETOPS activities, functions, 
and tasks required to create a dynamic and responsive network. This 
network also quickly shifts priorities to support the ground tactical 
plan. This management function extends the strategic GIG’s 
capabilities into responsive, dynamic, and tactical formations. 
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1-93. The corps NOSC has the following responsibilities— 


1-44 


In coordination with the operational chain of command, STNOSC, 
and subordinate organizations, monitors, manages, and ensures 
implementation of enterprise system management/network 
management, information dissemination management/content 
staging, and IA/CND activities. 

Coordinates actions to resolve attacks/incidents on the corps 
network with the STNOSC and subordinate organizations. 


Coordinates operational procedures and requirements for [A/CND 
and information systems security with the operational chain of 
command and supporting regional computer emergency response 
team. 

In coordination with the corps signal company commander, 
monitors, manages, and controls intra-corps information network 
components. 


Monitors the operation of the networks in the corps units. 

Provides support and assistance to the subordinate NOSCs, as 
required. 

Administers the organizational message system (DMS) in the 
corps, including managing network addresses and sub-domains. 
Coordinates operation and maintenance support of 
communications systems. 

Shares enterprise system management/network management 
information with other management or monitoring centers. 
Provides the supporting STNOSC and ARFOR NOSC with near 
real-time information on the status and performance of corps 
networks. 

Orders and accounts for all forms of COMSEC material, including 
storing keys in encrypted form and performing key generation and 
automatic key distribution. 

Performs COMSEC material accounting functions and 
communicates with other COMSEC elements. 
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Performs information dissemination management/content staging 
functions to support all aspects of relevant information 
dissemination. 

Provides near real-time awareness of corps networks and systems 
that support the joint backbone to the JTF JNCC when the corps is 
serving as the ARFOR/JFLCC. 


CoRPS G-6 OFFICER AS JOINT FORCE LAND COMPONENT 
COMMAND J-6 RESPONSIBILITIES 


1-94. The JTF J-6 officer is responsible to the commander, JTF, for— 


Determining personnel requirements, including the number of 
personnel, grade, and clearance, and any personnel peculiarities 
for the directorate. Forwarding these requirements to the JTF 
personnel directorate of a joint staff (J-1) with appropriate billet 
description and justification. 

Providing the communications system to support reliable, timely 
information flow in support of joint operations. This includes the 
development of communications systems architectures and plans, 
as well as policy, guidance, and instructions for the integration and 
installation of operational communications systems. 

The JTF J-6 officer exercises staff supervision of all 
communications systems assets. This also includes Chairman, Joint 
Chiefs of Staff controlled transportable assets, automated 
information systems, COMSEC, and networks necessary to 
accomplish the overall joint force mission. 

Ensuring that subordinate service and/or component headquarters 
establish network management and control centers. The JTF J-6 
officer establishes clear lines of communications and reporting 
obligations between control centers. Each element of the JTF must 
have clearly defined missions and responsible areas within the 
network. 
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e Coordinating cross-service agreements between the JTF 
headquarters, component planners, and the JNCC. The JTF J-6 
officer establishes a JNCC to manage all communications systems 
deployed during operations and exercises. The JNCC: 

=» Exercises control and technical management 
over communications control centers belonging to 
deployed components and subordinate commands. 

=» Serves as the single control agency for 
management and operational direction of the joint 
communications networks and infrastructure. 

=» Performs planning, execution, technical, and 
management functions. 

= Develops/disseminates standards and procedures 
and collects and presents communications system 
management statistical data. The JNCC manages all 
tactical communications systems and _ strategic 
communications connectivity as defined by the joint 
operational architecture. 

e Reviewing all communications systems plans prepared by 
subordinate component commanders. The JTF J-6 facilitates the 
execution of all communications systems actions to maximize 
support to the commander JTF and adjudicates any conflicts. 


NETWORK SYSTEMS MAINTENANCE 


1-95. Army transformation presents challenges for signal leaders and 
staff requiring greater coordination to ensure success of the network. 
The challenge centers on the G-6, S-6, and division/brigade signal 
company leadership. Overcoming the challenge requires working 
through the organizational boundaries of the respective STB, and 
brigades to sustain the LWN. Refer to Appendix E for detailed 
maintenance information. 
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ARMY FORCE GENERATION MODEL 


1-96. The Army force generation model is the structured progression 
of increased unit readiness over time resulting in recurring periods of 
availability of trained, ready, and cohesive units prepared for 
operational deployment in support of civil authorities and combatant 
commander (CCDR) requirements. 


1-97. The Army force generation model cycles Army brigades 
through three force pools of progressive readiness over a specified 
time—currently three years for the Active Army and six years for the 
Reserve Component. This goal has not yet been attained. These three 
force pools are reset/train, ready, and available. Throughout the 
process, an attempt is made to stabilize assigned personnel for the 
duration of the readiness cycle. 


RESET/TRAIN 


1-98. Units enter the reset/train force pool when they redeploy from 
long-term operations or complete their planned deployment window in 
the available force pool. Reset is a series of actions taken to restore 
units to a desired level of combat capability commensurate with 
mission requirements and available resources. 


READY FORCE POOL 


1-99. Units in the ready force pool are available for full spectrum 
operations. They may be mobilized and can be committed to meet 
operational requirements. Deploying units from the ready force pool 
constitute a surge. Units continue their structured progression of 
collective training to achieve the higher theater or core mission 
essential task list capability for full spectrum operations. Units move 
from ready to the available force pool when commanders assess they 
have met designated capability levels and the units have entered their 
designated window for deployment. 
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AVAILABLE FORCE POOL 


1-100. Units in the available force pool are at the highest state of 
training and readiness levels and the first to be considered for sourcing 
operational requirements. All Active Army and Reserve Component 
rotational units pass through the one-year available force pool window 
when they may deploy to meet an operational requirement or remain 
focused on a specific contingency requirement. 
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The G-6/S-6 uses a warning order (WARNO) to 
initiate the signal planning process. The G-6/S-6 
gathers general information on the initial who, 
what, when, and where and of the proposed 
operation. This chapter covers the necessary 
steps that effectively execute the signal planning 
process. 


SIGNAL LEADER’S ROLE IN THE 
MILITARY DECISION MAKING PROCESS 


2-1. The G-6/S-6 is the principal staff officer for all matters 
concerning signal operations, automation and network management, 
and information security. The G-6/S-6 initiates the signal planning 
process, to support the MDMP, when the WARNO is received. He 
coordinates with all the elements involved in the proposed operation. 
The signal steps, actions, and events discussed below are critical to 
mission success of the MDMP. 


Note. Appendix D is a sample signal annex to an OPORD. 
Refer to FM 5-0 for an in-depth explanation of an OPORD. 


STEP ONE: RECEIPT OF THE MISSION 


2-2. Once the mission is received and the staff is alerted, the staff 
gathers the tools to begin planning and conducting an initial assessment 
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of the mission. If there is a higher headquarters operation plan, read the 
base order, review Annex C (Operational Graphics), Annex A (Task 
Organization), the signal annex, and other annexes as needed. The G- 
6/S-6 will extract specified, implied, and essential tasks as well as any 
facts, assumptions, and constraints that apply to the G-6/S-6 staff. The 
staff will continue to develop running estimates and prepare WARNO 
(number one) with the intent of coming back together and 
consolidating each section’s work on the overall mission analysis 
briefing for the commander and staff. 


WARNO (Number One) 


2-3. WARNO (number one) is a preliminary notice of an order to 
action, which determines if a unit is slated for a possible deployment. It 
also includes pertinent information such as— 


Analysis of the AO. 

General enemy and friendly situation. 
Attachments/detachments. 

Type and time of operation. 
Tentative time line. 


Security, movement, and/or reconnaissance instruction. 
e Other pertinent information. 


2-4. WARNO (number one) may also include specific 

communications elements that the S-6/G-6 may receive as an 

attachment (for example, a tactical satellite [TACSAT] operator). 

These assets are often task organized to brigade and battalion level. If 

new COMSEC material must be requested, then that information 

should be listed in the WARNO. Specific communication and C2 

information in the WARNO may include— 

e Attached communications assets. 

e Specific equipment (what type, where and when it needs to be 
picked up, if applicable). 

e Date and time of digital C2 rehearsal or communications exercise 
(if known). 


2-2 FM 6-02.43 17 March 2009 


Signal Planning Process 


Type of COMSEC to be used. 
CP positioning. 
Specific communications or C2 guidance. 


Succession of command. 


Initial Planning 


2-5. The S-6 must also brief the communications chief/section so 
they can begin to execute their initial deployment preparation as 
defined in the unit SOP. 


Request For Information 


2-6. A request for information (RFI) is sent to a higher headquarters 
for clarification of an issue (unit SOP should specify a means for 
submitting and tracking RFIs). RFIs should be quality controlled, 
tracked, and consolidated in one location. An RFI manager (usually in 
the S-3 section) should consolidate similar information request from 
multiple elements. The G-6/S-6 should also track his own RFIs. 


STEP TWO: CONDUCT MISSION ANALYSIS 


2-7. During the mission analysis the S-6/G-6 will conduct the 
following tasks— 


e Determine how much time he has to complete the mission. 
Analyze the order form higher headquarters. 

Coordinate with adjacent, higher, and lower unit S-6s. 
Complete a signal staff estimate. 


Conduct a signal site analysis describing how the terrain, weather, 
and enemy will affect the mission. Include wideband versus 
narrowband in the analysis. 


Capture any signal-specific guidance. 

Identify facts and assumptions. 

Identify specified, implied, and essential tasks. 
Provide input to WARNO (number two). 
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Effective Mission Analysis 


2-8. Conducting effective mission analysis is the key to the G-6/S-6 
successfully providing signal support to the unit and providing the G- 
6/S-6 with a voice in the planning process. Many G-6s/S-6s fail to have 
the necessary tools to conduct an effective mission analysis, which may 
lead to a signal support plan that is developed after a COA has been 
selected. This failure leaves the S-6 scrambling to support the COA 
that may not be supportable. 


Time Management and Coordination 


2-9. The G-6/S-6 must determine how much time he has to complete 
the mission analysis based on the time line published by the executive 
officer. If no guidance is issued, ask. Ideally, the commander has 
issued his guidance, the executive officer has published a time line, and 
the staff has issued WARNO (number one). This early in the process 
the commander often may not be able to provide specific guidance. 


Signal Staff Estimate 


2-10. The G-6/S-6 should complete a signal staff estimate. It is based 
on the G-6/S-6 ability to support, compare, and approve friendly 
COAs. The estimate includes all of the signal information including, at 
a minimum, a signal mission analysis chart (which will outline what 
signal equipment is on-hand, in-use, non-mission capable, and 
available), projected wireless network extension sites, and FM 
coverage (mission analysis side). 


Signal Site Analysis 


2-11. The G-6/S-6 should conduct a signal site analysis of the entire 
AO, if possible, the area of interest. (Signal site selection is explained 
later in the chapter.) This signal site analysis will provide flexibility 
later in the planning and execution process. For this analysis he should 
focus on providing area-type coverage, so should the mission change 


2-4 FM 6-02.43 17 March 2009 


Signal Planning Process 


and the operation is required in another area, he will already know 
where effective communications coverage can be obtained. 


Note. Do not just focus on hilltops. Many times an effective 
location can be found in a valley or saddle that will provide a 
wireless network extension team better survivability than a 
hilltop that the enemy may also be trying to use as an 
observation post. 


2-12. The G-6/S-6 must also know the effective planning distance for 
each available communications asset. Conducting an _ effective 
evaluation of the terrain and developing a visual understanding of how 
you will be able to support the mission is critical to planning process. 


2-13. The G-6/S-6 must have a good understanding of the mission 
and terrain analysis products to help the commander visualize how the 
G-6/S-6 staff will support the mission. In many cases, a picture is 
worth a thousand words. The picture helps the commander understand 
what the staff is doing and why. 


2-14. The G-6/S-6 will coordinate with the S-2 to determine the 
enemy threat to anticipated communications locations. If the S-2 has 
completed the enemy situation template, it can be used to ensure 
communications sites have not been placed on or near any enemy 
known or templated position. 


2-15. As the G-6/S-6 determines the needs of the units, the potential 
number of wireless network extension sites/teams needed to cover the 
AO operations may become the criteria used later to determine which 
COA is most supportable. 


2-16. A communications plan to support the intelligence, surveillance, 
and reconnaissance effort may be needed. The G-6/S-6 and 
intelligence, surveillance, and reconnaissance section will determine 
how best to support the intelligence, surveillance, and reconnaissance 
plan with communications. Many times the scouts/reconnaissance, 
surveillance, and target acquisition/long-rang surveillance conduct 
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operations far from the current forward line of troops; therefore, they 
need long-range communications assets to support them. 


2-17. Once the G-6/S-6 has identified all of the communications 
requirements, the staff must prepare and deliver the mission analysis 
brief to the commander. The commander needs to know the relevant 
information to develop a situational understanding and formulate 
detailed planning guidance. The commander and staff only need the G- 
6/S-6 information that could directly affect how the COA will be 
developed. 


2-18. For example, if the high frequency range is a constraint because 
the operations area either does not have the use of high frequency 
ranges or there are a limited number of high frequency ranges available 
to the brigade, another means of communications for long-range 
communications will need to be identified. Additional information that 
should be briefed includes any attachments and detachments, 
equipment shortages and how the terrain affects communications. It is 
important for digital brigades to report on the range of the near-term 
digital radio based on the terrain. 


WARNO (Number Two) 


2-19. After the mission analysis brief, the staff disseminates WARNO 
(number two). It should include the following communications-specific 
elements— 


e Time and place of the communications exercise. 
e@ Information that was not available for WARNO number one. 


e Visualization (graphic) products used for the mission analysis 
brief. 


e Digital file(s) subordinate S-6s can modify and use for their 
mission analysis. 


STEP THREE: COA DEVELOPMENT 


2-20. During COA development, the staff can be developing two or 
three COAs based on the guidance given by the commander. COAs are 
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usually developed by the S-3 and/or the executive officer, not the 
commander. Many times the S-6 cannot cover down on the 
development of multiple plans because they are being developed 
simultaneously in different locations. In this case, the G-6/S-6 and 
communications chief can cover down on different COA development 
locations, or, if that is not possible, the G-6/S-6 should float between 
the locations to track all COAs. 


2-21. It is at this point that effective terrain analysis, developed in 
mission analysis, become extremely important. The operation staff 
officer developing the COA may ask the G-6/S-6 if his plan can be 
supported by the communications plan the G-6/S-6 has been 
developing. The wrong answer from the G-6/S-6 here may result in a 
COA that is difficult or impossible to support during wargaming. A 
complete or nearly complete terrain analysis will allow the G-6/S-6 to 
answer this question with confidence. 


COA Criteria 


2-22. Each COA developed should meet the following criteria: 

e@ Complete. It must complete the task in the mission statement. 

e Feasible. The unit must have the capacity to accomplish the 
mission in the terms of available time, space, and resources. 

e Acceptable. The tactical or operational advantage gained by 
executing the COA must justify the cost in resources, especially 
casualties. 

e Distinguishable. Each COA must differ significantly from the 
others. 

e Suitable. It must accomplish the mission and comply with the 
commander’s guidance. 


Note. While each maneuver COA must meet all five criteria, 
your communications plan need not. It may not need to be 
distinguishable; one plan may be able to support several 
COAs. 
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Decisive Points 


2-23. The commander’s staff should define the decisive point for each 
COA. The G-6/S-6 should focus on this point. The G-6/S-6 must 
absolutely be able to provide robust, reliable and redundant 
communications support. 


S-6 Input to COA Development 


2-24. The G-6/S-6 provides the following input during COA 
development— 


Use a terrain-based visualization program to refine proposed 
tactical operations center (TOC) and C2 node locations. 
Identify communications dead space. 
Conduct a risk assessment. 
Identify proposed TOC and C2 node locations and displacement 
triggers. 
Consider enemy locations. 
Plan for all phases of each COA to include the intelligence, 
surveillance, and reconnaissance fight. 
Apply the complete, feasible, acceptable, distinguishable, and 
suitable criteria to each COA. 
Consider primary, alternate, contingency, and emergency 
communications (PACE) for each COA. An emergency means of 
communications does not always have to be equipment; it may be 
a procedure, such as moving back to the last known effective 
communications point or linking up at a grid coordinate. The 
PACE concept has always been a valuable tool to ensure there is a 
back up communications plan in place in case the primary plan 
fails. An example of the PACE concept would be— 

=» Primary—JNN. 

=» Alternate—TACSAT. 

=» Contingency—high frequency. 

=» Emergency—SINCGARS. 
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STEP FOUR: COA ANALYSIS (WARGAMING) 


2-25. COA analysis (wargaming) involves the following 
procedures— 
e Assemble tools; 
= FMcoverage. 
= Signal mission analysis chart (completed). 
. Map. 
=» Signal wargaming matrix (with locations 
penciled in). 
= Evaluation criteria table. 
=» Small signal/C2 icons (include main CP and 
TAC CP). 
Apply evaluation criteria. 
Identify critical events. 
Identify decision points. 
Recommend COA(s). 
Issue WARNO (number three). 
Prepare for OPORD brief. 
e Prepare for rehearsals. 


2-26. Wargaming is a disciplined process and is probably one of the 
most time consuming events other than conducting mission analysis. 
The G-6/S-6 will need to know what critical events the staff will 
wargame, the evaluation criteria for each COA, and what wargaming 
method will be used. 


2-27. The commander or executive officer dictates which wargaming 

method the staff will use prior to the wargame. There are three 

wargaming methods: 

e The box method is a detailed analysis of a critical area, such as an 
engagement area, a river crossing, or a landing zone. It is useful 
when planning operations in noncontiguous AO. 
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e The belt method divides the AO into belts (areas) running the 
width of the AO. The belt method is most effective when terrain is 
divided into well-defined cross-compartments, during phased 
operations (such as river crossings, air assaults, or airborne 
operations), or when the enemy is deployed in clearly defined belts 
or echelons. 


e The avenue in depth method focuses on one avenue of approach 
at a time, beginning with the decisive operation. 


G-6/S-6 Wargaming 

2-28. Prior to wargaming, the G-6/S-6 must have his tools ready to be 
effective. These tools include— 

FM footprint “slides.” 

COA evaluation criteria table. 

Signal wargaming tool matrix. 

Higher headquarters order. 

Map. 

Signal mission analysis chart. 


Signal modified table of organization and equipment analysis 
worksheet. 


e Previously constructed icons or “stickies.” 


2-29. The wargame follows an action-reaction-counteraction cycle. 
Actions are those events initiated by the side with initiative (normally 
the force on the offensive). Reactions are the other side’s actions in 
response. Counteractions are the first side’s responses to reactions. 
This sequence of action-reaction-counteraction is continued until the 
critical event is complete or until the commander determines that he 
must use another COA to accomplish the mission. The G-6/S-6 will 
move “stickies” during each turn and identify grid coordinates for key 
locations (refer to Figure 2-1 for an example of a signal wargaming 
matrix). 


2-30. Throughout the wargame, the staff must evaluate each COA 
against some criteria that has been determined or approved by the 


2-10 FM 6-02.43 17 March 2009 


Signal Planning Process 


commander. The G-6/S-6 should also have some communications 
evaluation criteria he uses for each COA. This could be the number of 
wireless network extension teams needed to support each COA, the 
amount of security available to each wireless network extension team, 
or any other criteria the G-6/S-6 determines. Figure 2-2 can be used to 
help capture how the G-6/S-6 will evaluate each COA. 


2-31. When the staff briefs the commander, only the criteria he set 
forth will be briefed; however, the G-6/S-6 may be asked which COA 
he can best support and why. Here is where the G-6/S-6 portion of the 
evaluation table can be used to clearly articulate why one is better and 
what evaluation criteria was used to reached a decision. 


Communications Nodes 


2-32. Prior to conducting the wargame, the G-6/S-6 should have 
already identified where he is going to place the wireless network 
extension sites/teams and any other communications nodes. This 
information is filled into the wargaming tool. The G-6/S-6 uses the tool 
when he briefs these locations at the wargame. The S-6 should talk in 
terms of where the signal node is located, its task and purpose, and its 
command relationship. The G-6/S-6 should also use triggers to jump 
the communications nodes forward. 
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Figure 2-1. Example of a signal wargaming matrix 
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Figure 2-2. COA evaluation criteria 
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2-33. During the wargame, location tasks, purposes, triggers 
(synchronization), and command relationships may change. The 
wargaming tool can also be used to capture these changes. At the end 
of the wargame, the G-6/S-6 will use this chart to help him write his 
scheme of the signal support for the signal annex (refer to Annex D for 
an example of a signal annex). 


STEP FIVE: COA COMPARISON 


2-34. The G-6/S-6 will want to consider comparing C2 of his portion 
of each COA such as the number of wireless network extension 
systems needed to support each COA and the amount of security 
available to protect each wireless network extension team. (Refer to 
Figure 2-3 for a sample COA comparison-briefing slide.) 


COURSE OF ACTION 


Figure 2-3. Sample COA comparison briefing slide 
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STEP SIx: COA APPROVAL (DECISION BRIEF) 


2-35. During the COA approval, the G-6/S-6 needs to be prepared to 
discuss why he thinks a specific COA is more supportable than 
another. The G-6/S-6 should have a copy of the evaluation criteria he 
used to evaluate the various COAs. This chart covers not only specific 
evaluation criteria the staff used as a whole, but the evaluation criteria 
the G-6/S-6 used as well. These criteria could be anything from the 
amount of security available for each C2 node to the number of 
wireless network extension sites needed to support each COA. This 
chart becomes important because the staff’s evaluation criteria often do 
not address issues with which the G-6/S-6 is concerned. 


2-36. Many commanders go around the room and ask various staff 
officers if they agree with the COA recommended by the collective 
staff and, if not, why. The G-6/S-6 can use this chart to argue that the 
COA selected by the collective staff leaves the wireless network 
extension sites without security and makes them vulnerable. 


Final Planning Guidance 


2-37. After the commander selects the COA, he may issue some final 
planning guidance that may include a refined commander’s intent, new 
commander’s critical information requirement, priorities for 
warfighting functions to include communications guidance, orders 
preparation, and rehearsal and preparation guidance. 


WARNO (Number Three) 


2-38. WARNO (number three) should include any of the products that 
were used for the wargaming process that could be used by battalion S- 
6s in their planning. This should include main CP/TAC CP locations 
and the triggers to move them. These will become the basis for the 
scheme of signal support. Any FM footprint or other products 
developed should also be included as well as updated commander’s 
critical information requirement and essential elements of friendly 
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information, principle tasks assigned to subordinate units, preparation 
and rehearsal instructions, and the final time line for operations. 


STEP SEVEN: ORDERS PRODUCTIONS CHECKLIST 


2-39. The staff prepares the OPORD by turing the selected COA into 
a clear, concise concept of operation and required supporting 
information. The concept of operations for the approved COA becomes 
the concept of operations for the order. The commander reviews and 
approves orders before the staff reproduces and disseminates them. 


2-40. The S-6 can use the following orders productions checklist— 

e Publish base order paragraph 5 and the signal annex with all 
appendices. 

e Continually check and verify that changes are included in Annex 
A, Task Organization. 
Publish the signal support overlays(s). 


Ensure all tasks to maneuver units are listed in both Annex H and 
the base order. 


e Coordinate with the fire support officer and ensure no-fire areas 
are established over the C2 node sites. 


e Publish initial and jump locations of all C2 nodes. 


Provide diagrams showing the scheme of signal support and FM 
coverage. 


e Prepare for rehearsal(s):there are five types of rehearsals (FM 6-0): 
=» Confirmation brief. 
= Back brief. 
= Battle drills/SOP rehearsal. 
=» Combined arms rehearsal. 
= Support rehearsal. 
2-41. The S-6 is responsible for writing paragraph 5 of the base order 
and ensuring task-organized units are listed in any additional annexes. 


Many times there is very little time in between COA approval, the 
OPORD brief, and producing the written OPORD. To be successful, 
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the S-6 needs to have a “shell” or template signal annex already 
developed that outlines all the necessary recurring items. 


2-42. Appendices to the signal annex could include a bubble chart 
diagram for the FM nets, a listing of call signs, and the network 
diagram. Some critical information that some may consider information 
that should be included in an SOP could still be included in the 
OPORD; compromise procedures are a good example. This may be an 
SOP item, but many attached units will not have access to read the 
unit’s SOP. 


2-43. The scheme of the signal support should be written by phase 
just like the base order. Each phase should start with the priority of 
communications for that phase followed by a space to allow for easy 
reference. 


2-44. The G-6/S-6 should also produce an FM coverage overlay in 
maneuver control system or whatever management system the unit is 
using. Most of the time this overlay will not be displayed as part of the 
common operating picture system in the unit’s CP. However, if a 
communications node is lost during execution, the G-6/S-6 can call up 
the overlay and quickly brief the command and staff on how 
communications are affected across the AO. Commanders and staff can 
also use this as guide to understand where coverage can be provided. 


OPORD Brief 


2-45. The OPORD briefing will allow each staff section to provide its 
input while keeping the brief to approximately one hour. Information 
briefed should only pertain to the subordinate commanders receiving 
the order. 


2-46. The G-6/S-6 should brief net priorities, task organizations, and 
TOC locations as well as C2 nodes with task purpose by phase. Use 
supporting terrain tools to show where the G-6/S-6 staff can and cannot 
provide communications support. 
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G-6/S-6 TROOP LEADING PROCEDURES 
AND THE MILITARY DECISION MAKING 
PROCESS 


2-47. The final briefing of the OPORD is not the only responsibility 
of the G-6/S-6. Troop leading procedures extend the MDMP to small 
unit level. (Refer to 5-0 for more information on troop leading 
procedures.) Troop leading procedures provide leaders a framework for 
planning and preparing for operations. During the initial receipt of the 
OPORD or WARNO, the G-6/S-6 should brief the section 
sergeant/communications sergeant so subordinate Soldiers can start to 
prepare for their portion of the mission. During this time the 
communications section/platoon will ensure the following items are 
checked— 

Prescribed load list on hand. 

Basic load of batteries. 

Operational radios. 

Additional radios needed for contingency use. 

Deadlined communications equipment. 

C2 vehicles prior to deployment. 

Radio transmission operator’s certification/maintenance training. 


Hardware and software that will be used to construct or 
troubleshoot while working on the information network (data 
cables, network interface card, software drivers). 


e Updated signal operating instructions information (call signs, 
challenges, and passwords). 


e@ Pre-combat inspection (load plans). 


Appropriate satellite access requests are submitted or DISA 
commercial SATCOM leases are operational. 
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2-48. The following are basic communications checks and balances 
that should be performed to ensure a successful mission once the 
OPORD is received— 

e Verify the location of the field trains and administrative and 
logistics/combat trains for coverage of the administrative/logistical 
net. 

e Coordinate signal support as required. Verify frequencies and 
COMSEC. Always verify that the TACSAT or additional wireless 
network extension assets will be available and briefed if needed. 

e Coordinate with the medical officer and verify medical evacuation 
frequency and call signs. 

e Coordinate location and times that the radio access unit/EPLRS 
filling stations are filling subscribers’ terminal devices. 

e Define time-sharing and procedures for critical nets, especially 
SATCOM-facsimile plan for liaison officers with required 
communications and communications electronics operational 
instructions (CEOI) to overcome problems with inter/intra service 
operations especially during short missions. 

e Coordinate common-user nets and power requirements, which 
could simplify unnecessary redundancy during deployment. 

e Ensure the S-3 has key communications events on the execution 
matrix, and net calls are done daily or tied to a specific event in the 
planning process. 


SIGNAL SITE SELECTION 


2-49. The following paragraphs explain how to conduct a signal site 
selection for a battalion/company or platoon size element. 


2-50. All tactical situations are unique and depend on METT-TC. In 
every situation, the company must meet two basic requirements. First, 
the survivability of signal assets and personnel is vitally important to 
accomplish the company mission. Second, strict security programs and 
defense plans must be implemented at all levels of command. 
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To accomplish these two requirements, the company must accomplish 
the following: 


Site commanders must form a defensive plan and escape routes for 
their site. 

The survival of the site depends on readiness. The site commander 
must ensure that each Soldier knows his part in the overall 
defense. 

All independent operations must include a risk assessment to 
reduce injury and damage to equipment. 


Site Reconnaissance 


2-51. The reconnaissance team should consider the following— 


2-20 


Before occupation, leaders should perform a reconnaissance of the 
proposed area. For example, the reconnaissance team should 
consist of the company leader, the transmission supervisor (if 
applicable), node supervisor (if applicable), and a security team. 
The reconnaissance team participant will depend on the type of 
unit. The reconnaissance team will have FM communications at all 
times. 


When conducting a reconnaissance of a signal site, several 
considerations need to be made to ensure the selected site will 
meet all mission requirements. Key leaders from all sections that 
will occupy a site should participate in the reconnaissance. 

The reconnaissance team must ensure that the size of the site is 
adequate to accommodate all assemblages and that they can be 
tactically dispersed on the site. 


Ensure that the site can be easily secured. Take into consideration 
the size, the amount of personnel that will be available at any 
given time to defend the site, and the amount of entrances or 
avenues of approach leading to the site. Consider how well the site 
is concealed from major roads or other vantage points. This may 
involve traveling around the entire site from a distance to visualize 
what the enemy would see. 
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e Ensure that the site is close enough to the supported elements for 
them to connect to the signal assemblages. The farther away the 
shelters are from the subscribers, the harder it will be to 
troubleshoot. 


Site Selection 


2-52. The reconnaissance team should be considered the following for 

site selection— 

e The site layout should be made including marking stakes to 
indicate where each signal assemblage should be parked. Proposed 
assemblage and antenna locations will be recorded in ten digit 
grids. Access roads should also be identified. 

e A proposed site diagram should be made showing the site layout of 
all signal assemblages to include the route of all signal and power 
cables, and a plan for the use of a 30-meter mast. Planning cable 
routes will ensure sufficient separation between signal and power 
cables to prevent signal loss due to power hum on signal cables. 

e The access road through the site should be planned and the buried 
cable points should be designated. This will allow new signal 
assemblages to be added to the site without disrupting 
communications. 

e All designated ground guides and supervisory personnel will be 
briefed on the site layout and the designated entry routes into the 
site. The ground guides will direct the signal assemblages into 
their site positions by the designated routes and will provide 
organization and speedy movement onto the site. 


Site Layout 


2-53. The reconnaissance team should consider the following for the 

site layout— 

e Separate all signal cables from power cables by at least 10 feet. 
The only place this is not possible is at the van signal entry panel. 
If signal and power cables must cross, cross them at right angles 
and separate with sandbags. 
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e Site layout plans must give priority of positioning to antennas so 
they may have optimum locations. 

e Pulse code modulation cables cannot pass within 200 feet of a high 
frequency station antenna or high frequency station coaxial cable. 

e All ultra high frequency (UHF)/super high frequency (SHF) 
antennas will be installed high enough to clear terrain to the front, 
yet remain concealed by the trees as terrain allows. 

e Each antenna will be located at the position that is best for its 
particular azimuth. Antennas will be placed at a minimum distance 
of twice the antenna height from power lines. Each antenna will be 
positioned so that if it falls, it cannot damage another antenna. 
Tents will not be placed within antenna fall radius. 

e Antennas will be positioned to reduce the possibility of co-site 
interference. 

e Each vehicle and generator set will have drip pans and chock 
blocks placed (front/rear) to prevent motion after positioning. 

e Technical limitations of the equipment such as maximum length 
and number of cable runs. 


SIGNAL SITE SECURITY 


2-54. Signal sites must be able to defend themselves against sabotage, 
ground forces, and airborne/air assault forces with little or no outside 
help. They must also be prepared to survive enemy air, artillery, and 
chemical, biological, radiological, and nuclear attack. 


2-55. There are several different types of signal sites. Some 
considerations must be made when planning a site defense, based on 
the chosen site. Current threat situational status is an important factor 
when planning and committing assets and personnel to defend a site. 
Use METT-TC and order priorities accordingly. 


Remote Sites 


2-56. Remote sites are small teams located in isolated positions, 
usually for relay or wireless network extension purposes. They cannot 
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defeat a large enemy force. Teams should try to remain concealed and 
report enemy activity to higher headquarters. The teams conduct risk 
assessments from the remote sites to determine the probability of 
mission success. Leaders must carefully track specific threats and move 
teams quickly when in danger. 


Collocated Sites 


2-57. Usually these teams, such as an extension node, deploy to 
support a unit CP. The team members are responsible for a portion of 
the perimeter defense. Careful coordination must be done with the 
collocating unit. One central authority should be responsible for all 
defense matters associated with the site. 


Node Sites 


2-58. Usually this platoon-sized signal element may or may not 
collocate with another unit. Based on the enemy threat level, the signal 
site commander must plan a site defense and coordinate with nearby 
units for mutual support. 


PROFILING RADIO LINKS 


2-59. Obtaining LOS between two stations is essential when forming 
a multichannel radio link. For most systems, the LOS planning range is 
about 40 kilometers (km) (28 miles), due to the earth’s curvature. LOS 
analysis may be done by automated means using one of several 
different programs such as the System Planning, Engineering and 
Evaluation Device (hosted by the Marine Corps) or the Voice of 
America Coverage Analysis Program that was released by the US 
Department of Commerce. Refer to Figure 2-4 for an example of an 
LOS analysis study. 
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LOS Path Blocked 


Figure 2-4. Sample LOS study 


2-60. The materials needed to perform a manual radio LOS analysis 
are— 


Grid coordinates of both stations. 

Path profile paper, 4/3-earth radius (if possible). 

Map sheet containing both stations. 

Graphic Training Aid 5-2-12 protractor and coordinate scale. 


2-61. Follow the steps below to perform a manual radio LOS 
analysis— 


Step 1. On the map sheet, place a dot at each proposed site 
location and circle it for ease of finding it later. 

Step 2. Draw a line from point A to point B and determine the 
distance between the two. If the distance is greater than 48 km 
(29.8 miles) and 40 km (24.8 miles) for mobile subscriber 
equipment (MSE), the points exceed maximum planning range and 
the transmissions may be too weak to receive. A relay may be 
needed; however, its use is undesirable and should be used as a 


last resort so that unnecessary assets are not tied up in one radio 
link. 
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e Step 3. Determine the elevation in meters of the originating and 
destination stations. Plot them the proper distance apart on the 
profile paper. (Remember to add the antenna height.) 

e Step 4. Divide the distance between the stations into 1 km (.62 
miles) increments. 

e Step 5. Determine the highest elevation in meters at 1 km (.62 
miles) increments. Plot these on the profile chart. 

e Step 6. Connect the points to establish a graphic picture of the 
terrain along the path between the two stations. 

e Step 7. Draw a straight line between the antenna stations. This line 
represents the multi-channel radio transmission path. 


Note. If the transmission path does not clear the terrain, LOS 
is not possible. Another terminal site or a relay site should be 
chosen. Leaders at company, platoon, and team level should 
manually profile radio shots as soon as possible. 


ADDITIONAL SIGNAL SUPPORT 
EQUIPMENT CHECKS DURING 
OPERATIONS 


2-62. The following are basic checks and balances that should be 
performed once the unit is executing the mission. 


2-63. Power, grounding, and power distribution are extremely 
important to signal planning. Approximately fifty percent of all 
communications outages are attributed to power failures. Key 
components to power planning are the selection of a power source, set- 
up of power generators, grounding of power sources and electrical 
components, and distribution and extension of power. 


17 March 2009 FM 6-02.43 2-25 


Chapter 2 


Note. Power (symbol P) is defined by units called watts (W). 
Current (symbol J) is defined by units called an ampere (amp 
or A). Voltage or the potential difference (symbol E) is 
defined by units called volts. 


Power = (Current) x (voltage) or P = IE or P =I (voltage) 


GENERATORS, CIRCUIT BREAKERS, AND POWER SOURCES 


2-64. Signal Soldiers are often signed for or responsible for unit 
generators. The right generator, circuit breaker, and power source will 
ensure signal equipment functions properly. Before a power source is 
selected, separate signal equipment from air conditioners, refrigerators, 
microwaves, heaters, coffee pots, etc. Air conditioners have 
compressors, and for most models, the compressor only engages 
periodically. Each time the compressor engages, the power draw 
increases, creating fluctuation in the current available. Current 
fluctuations cause electronic devices to react abnormally and failure is 
more likely to occur. 


2-65. Circuit breakers need to be rated for the circuit requirements. 
For example, a 20 amp circuit breaker on a 110 volt circuit provides P 
= (110) (20) W = 2200 W or 2.2 kilowatts (Kw). 


2-66. Generators must be set up properly and be matched to the task. 
Generators normally operate with one, two, or three phases, and should 
be loaded to 80 percent of capacity when possible. Loads should be 
distributed to all phases of the generator. 


2-67. Phases of the generator divide the available power rating by the 
number of phases. For example, a single-phase 10 Kw _ generator 
provides P = IV, 10 Kw = (110) (J) or I= 10 Kw/110 volts = 90 amps. 
A three phase 15 Kw generator provides 5 Kw on each circuit or 5 
Kw/110 volts = 45amps. Therefore, if a 50-amp circuit is required, a 
single-phase 10 Kw generator is better than a three phase 15 Kw 
generator. Bigger is not always better when taking all of these factors 
into consideration. 


2-26 FM 6-02.43 17 March 2009 


Signal Planning Process 


2-68. Power generators require level ground and proper grounding. 
Power sources are especially susceptible to faults when electrical 
grounds do not meet to standards. Generators typically have 9-foot 
copper ground rods with copper grounding cables that should be used 
at all times. Ensure they are checked (less than 25 ohms of resistance) 
after installation. Use ground test meters every time to ensure proper 
ground before operation. Use salt and water, add ground rods and link 
them together with copper cable until the requirement is met; less 
resistance is better. Never ground a power source together with a signal 
entry panel or any signal equipment. Power sources and power feeders 
should always remain separate. 


2-69. Power generators play an important role for signal leaders. The 

following steps are equally important, whether using commercial or 

tactical generators. Ensure the following steps are being preformed to 
keep generators working properly during operations— 

e Paralleling generators and using switch boxes can be essential to a 
power plan for communications equipment. Generators must be 
cabled properly, and the switch box must be rated to perform the 
job. Even in the best situation, a power spike or failure may occur 
if the system is not set up right. 

e Ensure power generators are in good working order and track 
hours operated by using the hour meter or by keeping a logbook, 
and perform preventative checks and services before, during, and 
after operations. 


e@ Use clean, uncontaminated fuel. 


Replace air and oil filters regularly and more often in austere 
environments. Most generators must be off line to change filters. 
Sandy environments can cause air filters to clog quicker than 
normal so replace or clean them more often when necessary. 

e Generators must be kept as cool as possible. Sun loading (sun 
shining directly on a generator) can cause overheating. Shading a 
generator with sunshades or camouflage can keep the temperature 


within the normal operating range even if the ambient temperature 
is high. 
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e During operations, it is important to watch the loading of 
generators. Usage can also cause the load to become unbalanced. 

e Ensure all Soldiers know how to use a multimeter on all assigned 
equipment. They are essential for signal equipment and can make 
the difference between a piece of equipment staying in good 
condition or always having to be repaired. Another useful tool is a 
plug-in polarity checker (which can be found at most electrical 
shops). The polarity checker has light emitting diode readouts that 
provide information about the source of power. 

e Ensure that all operators are proficient in cutover emergency 
procedures. 


2-70. It is important for signal leaders to know what power is 
available at all plug-in points being used. Most equipment comes with 
a power cord and the cord is rated to provide the needed electricity to 
the electronic components from the origination source. 


2-71. If the length of the provided power cable is being extended by 
using extension cords or other cables, measure the power available at 
the source of the last plug, or calculate the power loss for the cable and 
ensure the original source can provide what is needed over the distance 
of the extension. The gauge of the cable or the loss rating will need to 
be known. 


2-72. An uninterruptible power supply (UPS) at the end of an 
extension cord cannot recharge if it is not provided enough power. If 
the UPS is getting just enough power to provide power to the 
components it services, when back-up power is needed the UPS will 
fail. Soldiers must measure the power into the UPS and ensure it has 
the capacity to provide failsafe power to the components it is 
responsible for protecting. In the wrong configuration, the UPS may 
inhibit the components from working properly by taking power from 
the source. Even a fully charged UPS may steal power from the circuit 
over time. 
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The network is an essential asset that enables the 
Army to rapidly transform and execute full 
spectrum joint operations. The network enables 
leaders with minimal forward presence to C2 
maneuver formations, sustain the force, and 
achieve broad _ political-military objectives 
across the full spectrum of operations. The 
network touches every’ entity, including 
individual Soldiers. It is a critical weapon in the 
fight and must be robust, flexible, and adaptive 
to the commander’s needs. This chapter provides 
an overview of the GIG, LWN, network C2, and 
current and future networks. 


GLOBAL INFORMATION GRID 


3-1. The Department of Defense (DOD) Directive 8100.1 defines the 
GIG and its assets as globally interconnected, end-to-end set of 
information capabilities, associated processes, and personnel for 
collecting, processing, storing, disseminating, and managing 
information on demand to Soldiers, policy makers, and support 
personnel. The GIG includes all owned and leased communications 
and computing systems and services, software (including applications), 
data security services, and other associated services necessary to 
achieve information superiority. It also includes National Security 
Systems as defined in Section 5142 of the Clinger-Cohen Act of 1996. 
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3-2. The GIG supports all DOD, national security, and related 
intelligence community missions and functions (strategic, operational, 
tactical, and business) in war and in peace. The GIG provides 
capabilities from all operating locations (bases, posts, camps, stations, 
facilities, mobile platforms, and deployed sites). The GIG also provides 
interfaces to multinational and non-DOD users and systems. 


3-3. The overarching objective of the GIG vision is to provide the 
President and Secretary of Defense, DOD personnel, intelligence 
personnel, businesses, policy makers, and non-DOD users with 
information, decision superiority, and full-spectrum dominance. 


3-4. Achieving the GIG vision requires substantial augmentation of 
today’s information sharing technology features and new technology 
capabilities. The preponderance of GIG functionality will be realized 
through leveraging commercial technologies and standards (augmented 
as necessary) to meet unique DOD mission critical needs. These needs 
pertain to availability, integrity, confidentiality, access control, and 
non-repudiation. 


3-5. The signal planner relies on the NETOPS functions of 
management of the network, information dissemination, and network 
defense to ensure that commanders at each echelon retain the flexibility 
to employ LWN capabilities in the most decentralized fashion to meet 
their operational needs; while also ensuring the LWN meets the 
interoperability standards necessary to allow full integration in to the 
GIG. 


ECHELONED AND INTERDEPENDENT NETWORKS 


3-6. A joint-focused network is based on a mix of military and 
commercial systems that capitalize on new and emerging technologies 
to provide enhanced capabilities to commanders and staff at all 
echelons. 
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3-7. The network must provide— 

e Seamless end-to-end capabilities for: 
=» National security, DOD, and intelligence 
community requirements from peacetime business 
support through all levels of conflict. 
= Strategic, tactical, post, camp, and station level 
users. 

e Information capabilities for: 
= Joint high capacity netted operations. 
» Linking state-of-the-art weapons and 
intelligence, surveillance, and reconnaissance 
systems. 
=» US government interagency information sharing 
capability. 
= Strategic, tactical, and functional applications. 
=» “Plug-and-play” interoperability and 
connectivity between US and multinational users. 
= Defense in depth against all threats. 


MULTINATIONAL NETWORKS 


3-8. Multinational, interagency, and commercial networks exist 
throughout the tactical environment. They are an integral component of 
the network and enable Soldiers to use the network as a multinational 
and joint force network. The requirement and ability to exchange 
information between multinational and joint forces are critical to a 
successful leverage and use of all information available to today’s 
Soldier. 


LANDWARNET 


3-9. LWN is the Army’s portion of the GIG. LWN encompasses all 
Army information management systems and information systems that 
collect, process, store, display, disseminate, and protect information 
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worldwide. It enables execution of Army C2 processes and supports 
operations through wide dissemination of relevant information. LWN 
facilitates rapidly converting relevant information into decisions and 
actions. It allows commanders to exercise C2 from anywhere in their 
AO. 


3-10. LWN consists of all Army networks, from sustaining military 
bases to forward deployed forces. It includes all Army owned, leased, 
and leveraged DOD communications as well as computing systems and 
services, applications, and data security services. LWN is the 
combination of infostructure and services from across the Army and 
consists of the corps, division, and BCTs/brigade’s supporting 
deployed forces. LWN also includes the National Guard Net and the 
Army Reserve Net. 


3-11. Tactical networks rely on the LWN for C2 and sustainment 
support. They leverage internal, strategic, and national capabilities to 
orchestrate the theater network battle. The corps, division, and BCT 
will deploy into theater from multiple force projection platforms. This 
complex environment demands _ full connectivity, complete 
synchronization, and consistent worldwide standards to allow 
immediate access to the fight. Corps, division, and BCTs will 
dynamically maneuver forces and employ network capabilities within 
the enterprise. The integration of network capabilities across all 
echelons (BCT to BCT, BCT to division, division to corps, etc.) will 
require total synchronization across all NETOPS disciplines. 


Note. NETOPS is addressed in detail in other doctrinal 
publications that may be accessed on the doctrine AKO portal 
at http://gordon.army.mil/doctrine. These publications include 
tactics, techniques, and procedures, organization details, 
operational imperatives, responsibilities, and detailed policies 
for Army NETOPS affecting the LWN _ and_ joint 
communications systems. The portal requires a common 
access card to access. 
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NETWORK COMMAND AND CONTROL 


3-12. The senior mission commander at each echelon commands and 
controls the network. To ensure that a seamless and autonomous 
network is achieved, the senior mission commander delegates authority 
to the G-6 for the following— 

e Control and configure the network. 

e@ Move signal personnel and equipment around the battlefield. 


e Modify network configuration specifications on the battlefield to 
support both current and future operations. 


TELECOMMUNICATIONS SERVICE ORDER 


3-13. The G-3 executes control through the OPORD process, and the 
G-6 executes control through the TSO process. For current operations, 
the G-6 executes network reconfigurations based on the TSO process 
and as specified by the commander in the OPORD. These changes 
include frequency modification, router configurations, or equipment 
settings. When reconfiguration involves the movement of personnel 
and equipment within the current operation, the G-6 coordinates the 
adjustment with the G-3, and the appropriate FRAGO is issued by the 
G-3 in support of the reconfiguration. 


3-14. The TSO carries the same weight as an appropriate FRAGO for 
the configuration of the network. This process flows from the CCDR J- 
6 through the JTF operational chain of command structure to facilitate 
the establishment and health of the enterprise network and theater 
network. 


MILITARY DECISION MAKING PROCESS 


3-15. The G-6/S-6 officer participates in the MDMP and identifies the 
correct placement of network equipment and personnel on the 
battlefield in support of the mission. The information is then vetted, 
through COA development, and published in the unit OPORD and 
requisite signal annex. (Refer to Chapter 2 for a more in-depth 
explanation of the role the signal planner plays in the MDMP process.) 
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NETWORK OPERATIONS 


3-16. NETOPS is the operational construct consisting of the essential 
tasks, SA, and C2 that the Commander, United States Army Strategic 
Command will use to operate and defend the GIG. The Army uses the 
NETOPS construct to operate, manage, and defend its portion of the 
GIG, the LWN. NETOPS provides units the ability to harness the 
power of the LWN and bring this power to the battlefield where it is 
needed most, thus increasing the lethality of Army tactical units. 


3-17. The objective of NETOPS is to enable Army signal 
commanders and G-6/S-6s to provide communications system 
operations support to users conducting the Army’s operational mission. 
NETOPS enables the allocation of network, information system, 
security, and information dissemination resources that directly support 
operational forces. NETOPS provides users with end-to-end 
connection and visibility of strategic, operational, and theater and 
tactical network management, IA, and information dissemination 
management resources. 


Note. FM 3-0, Chapter 7 covers information superiority 
consisting of: intelligence, surveillance and reconnaissance, 
information operations, knowledge management, and 
information management. Information protection is an Army 
information task that contributes to information superiority 
and usually falls directly under the responsibility of the G-6/S- 
6. 


INFORMATION PROTECTION 


3-18. Information protection is a key component of information 
superiority and is the active or passive measures to protect and defend 
friendly information and information systems to ensure friendly access 
to timely, accurate, and relevant information while denying adversaries 
the opportunity to exploit friendly information and information systems 
for their own purposes. Information protection comprises IA, CND, 
and electronic protect capabilities (FM 3-0). 
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INFORMATION ASSURANCE 


3-19. IA provides for the restoration of information systems by 

incorporating protection, detection, and reaction capabilities and 

consists of measures that protect and defend information and 

information systems by ensuring their availability, integrity, 

authentication, confidentiality, and non-repudiation— 

e Availability is the timely and reliable access to data and services 
by authorized users. 

e Integrity is the protection from unauthorized change, including 
destruction. 

e Authentication is the certainty of user or receiver identification and 
authorization to receive specific categories of information. 


e Confidentiality is the protection from unauthorized disclosure. 


Non-repudiation is proof of message receipt and _ sender 
identification, so neither can deny having processed the data. 


COMPUTER NETWORK DEFENSE 


3-20. CND consists of measures designed to protect and defend 
information, computers and networks from disruption, denial, 
degradation or destruction. It includes all measures to detect 
unauthorized network activity and computer network attack and to 
defend computers and networks against it. These measures include 
access controls, malicious computer code and program detection, and 
intrusion detection tools. 


ELECTRONIC PROTECTION 


3-21. Electronic protection is that division of electronic warfare 
involving actions taken to protect personnel, facilities, and equipment 
from any effects of friendly or enemy use of the electromagnetic 
spectrum that degrade, neutralize, or destroy friendly combat 
capability. Friendly forces use emission control and other anti-jamming 
measures to perform electronic protection. See FM 6-02.70 for further 
information on electronic protection. 
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NETWORK SERVICE CENTER 


3-22. The network service center concept addresses the Soldier 
requirement for ubiquitous, standardized, and modular service support 
across the globe. The network service center is a virtual collection of 
standardized capabilities realized via several disparate facilities and 
organizations. While initial network service center capabilities will be 
Army-focused, the objective network service center is a joint capability 
and would provide standard services to any theater operational or 
strategic or tactical unit as defined by joint guidance. 


3-23. The network service center is a capability consisting of a 
combination of the following— 

e Network transport, comprised of regional hub nodes (fixed 
regional hub node [FRHN], mobile regional hub node 
[MRHN], and THN) and their associated capabilities. 

e Information services, including area processing centers, 
knowledge centers, and GIG enterprise services. 

e NETOPS functions performed at each echelon. 


3-24. FRHNs associated with network service centers will be 
positioned to provide near global coverage with the MRHNs and THNs 
available to service units deployed outside the coverage of FRHNs. 
FRHNs enable the corps, division, and brigade to deploy rapidly 
without requiring the advanced deployment of the organic division hub 
node. The network service center is a regional asset that supports 
geographic CCDRs and is operated by theater signal brigades. 


3-25. The network service center will provide a fixed platform in 
sanctuary at which user servers and applications can be hosted, giving 
immediate access to required services and servers located at the FRHN 
or area processing center. The network service center can be pre-loaded 
with Army applications, standard baseline operating systems, patches, 
and security configurations to allow a seamless transition for the 
deployed user. 


3-26. Corps and expeditionary signal battalions (ESBs) do not have 
organic hub nodes and will draw their support primarily from an FRHN 


3-8 FM 6-02.43 17 March 2009 


The Network 


or THN. FRHNs also augment division THNs when the operational 
requirements exceed its capacity. 


G-6/S-6 NETWORK OPERATIONS 


3-27. The responsibilities of the G-6/S-6 at each echelon, discussed 
earlier, lays out the specific roles of each cell within the G-6/S-6 
section. This section focuses on the NETOPS functions of the G-6/S-6. 


3-28. NETOPS control is the authority granted to a senior signal 
officer and his staff from their immediate operational commander in 
compliance with joint, Army, and theater NETOPS policy and 
direction. This ensures the day-to-day compliance of their network 
with their associated LWN and GIG requirements. In addition, the fast 
moving nature of NETOPS, which is inherently a 24-hour/7-day 
operation, requires quick decisions and adjustments that exceed the 
responsiveness of the traditional orders process. 


3-29. The Army identifies technical matters such as network 
operations and assigns responsibilities for them to an appropriate 
organization. These organizations use technical channels established by 
regulation policy or directive (FM 3-0). 


3-30. The senior ARFOR mission commander commands and 
controls the tactical Army network in compliance with joint, Army, and 
theater NETOPS policy and direction. To ensure that a seamless and 
autonomous network is achieved, the mission commander delegates the 
authority to control and configure the network to the G/S-6. The G/S-6 
executes this control through the TSO process. 


3-31. The TSO process and technical channels are used for 
coordinating the configuration of the network. This process flows from 
the geographic combatant commander (GCC) J-6 through the JTF, 
combined JFLCC, ARFOR, corps, division, BCT, and the battalion J-6, 
G-6, and S-6 structure respectively to facilitate the establishment and 
health of the enterprise network and theater network. 
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3-32. Through technical channels coordination and the TSO process, 
the signal officer and staff execute the commander’s directives to 
maintain and secure their network. This process involves policy, 
guidance, and directives issued to subordinate signal organizations 
along the NETOPS channels. The TSO does not allow the 
commander’s signal staff to move equipment or personnel but it does 
allow them to coordinate configuration management of network 
devices within their AO. If there is a need to move equipment or 
personnel in order to meet network requirements, the signal staff 
coordinates with their respective G-3 or S-3 and issue a FRAGO to the 
existing signal annex of the OPORDs for movement. 


3-33. It is important to remember the TSO is a current operations 
process. The TSO is designed to give the commander, through his 
signal staff, a means to adjust and modify the existing network plan to 
meet unexpected circumstances that can range from outright network 
attacks to system failures and service interruptions. Any future 
NETOPS control issues must be planned and executed through the 
orders process (MDMP) performed by the chain of command. 


3-34. All signal elements at each echelon must coordinate with the 
superior G-6/S-6 element during the engineering, installation, 
operation, maintenance, management and defense of the information 
network. The maneuver battalion coordinates with the BCT S-6 who in 
turn coordinates with the division G-6 and so on to provide a holistic 
network with each echelon controlling their information systems based 
on guidance and procedures from their next higher echelon. Each 
echelon G-6/S-6 has overall responsibility for establishing information 
network and provides the operational and technical support to all units 
assigned or attached operating in the AO. 


NETOPS MISSION PLANNING 


3-35. NETOPS mission planning is the collection of current and 
future user requirements, requirements validation and prioritization, 
mission alignment to the commander’s intent, the allocation of 
technical and organizational resources, and the publication of 
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OPORDs. Major NETOPS mission planning is normally performed 
during the first phase of the operation. Smaller scale mission planning 
is performed in all phases of operations as dictated by mission 
requirements. 


3-36. All organizations are involved in the NETOPS mission planning 
process. As each echelon performs mission planning, guidance is given 
to subordinate echelons. This guidance is then used to create or refine 
NETOPS mission planning at the lower echelon. Mission planning is a 
continual process that is performed by the organization’s S-6/G-6 staff. 


3-37. For the BCT and below, NETOPS mission planning is 
performed by the BCT S-6. The BCT provides mission planning 
support to subordinate maneuver battalions. 


3-38. The corps and division G-6 performs NETOPS mission 
planning in support of the corps and division. The corps and division 
provide mission planning guidance to assigned BCTs and support 
brigades as well as coordinating mission planning efforts between its 
subordinate BCTs and support brigades 


CURRENT AND FUTURE NETWORKS 


3-39. The network requires corresponding investment and 
improvements, from home station to deployed forces. Linking 
deployed commanders to strategic and national resources remains 
critical. The standardized tactical entry point (STEP), teleport, FRHN, 
or THN supports this capability by allowing worldwide, real-time 
collaborative planning and execution. A subset of STEP sites are being 
upgraded to teleports, enabling access to both military and commercial 
satellites. 


3-40. As the Army transforms to a lighter, more mobile, modular, and 
strategically responsive organization, the network is also transforming 
to a fully enabled robust network with the creation of area processing 
centers to enable an always-on, secure, global, plug-n-play capability 
for expeditionary forces. 
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3-41. Area processing centers are Army enterprise infostructure 
centers located on DOD facilities at which functional and common 
services applications are run, associated information is stored and 
replicated, and that information is consistently NETOPS managed. 
Area processing centers interface to Army installation networks 
through an Army network-level secure Virtual Private Network service 
provisioned within the DOD GIG terminated at an Army Enterprise- 
managed LWN point of presence and to Army deployed forces through 
Warfighter Information Network-Tactical (WIN-T) Increment 1 hub 
nodes, DOD standard tactical entry points, and DOD teleports. 


3-42. Area processing centers are operated, managed, and defended 
by NETCOM/9" Signal Command (Army) [SC(A)], while still 
permitting warfighter and functional application owners to securely 
and remotely manage their processing assets and data within the 
centers. 


3-43. The network enables leaders of the joint and expeditionary force 
to C2 maneuver formations while sustaining the force with minimal 
forward presence. The network reaches every entity, to include the 
individual Soldier, and allows leaders to achieve broad political- 
military objectives across the full spectrum of operations. 


3-44. To achieve these capabilities, the Army is currently fielding the 
WIN-T Increment 1, an interim network transport solution as part of 
the WIN-T program. The interim capabilities include a SATCOM 
based network infrastructure that enables commanders to C2 Army, 
joint, and multinational forces. The future Joint Tactical Radio System 
will extend the network battalion and below. 


3-45. The components of Joint Tactical Radio System include 
airborne, maritime, fixed station, ground mobile radio, and handheld, 
man-pack and small form fit. The Joint Tactical Radio System is a 
software-based networking radio that will deliver networks to the 
mounted, dismounted, and un-mounted joint force. Pre-engineering 
design model ground mobile radios are currently available in the 
Experimental BCT Future Combat System. 
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Theater operation assets are those signal 
elements that fall under the signal command of 
any given theater, as well as those entities that 
fall under NETCOM that support signal 
operations for an ASCC AO and above. Those 
elements include Soldiers, systems, equipment, 
materiel, applications, and facilities apportioned 
within a theater to install, operate, maintain, and 
defend LWN _ capabilities, which provide 
network enabled capability and facilitate 
information superiority at strategic, operational, 
and tactical levels. This chapter discusses the 
missions, functions, and characteristics of 
theater operations as they relate to changes 
fueling the Army’s move to transformation and 
modularity. 


LEVERAGING THEATER OPERATION 
ASSETS 


4-1. Theater operation assets to do the “heavy lifting” in extending 
GIG services to the JFC, ASCC commander, and Army elements 
operating in theater operational echelons and above. Most often, this 
means installing and operating large-scale, non-mobile network 
infrastructures, tactical gateways, heavy network systems, nodes and 
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hubs necessary for increased bandwidth, range extension, and theater 
reachback. Theater operations often provide large-scale connections 
between tactical networks and the GIG. Theater operations provide a 
pooled network provisioning capability in general support of tactical 
forces without organic network support. An ESB’s mission is 
significant in not only installing, operating, maintaining, and 
defending the LWN at higher levels of command, but also in 
providing network support to ASCC elements operating at the tactical 
corps/division levels. 


4-2. The primary design of theater operations is to provide the 
resources and personnel necessary to meet flexible conditions 
sometimes in austere environments. They meet the requirements for 
large-scale network and information services for major command 
posts, installations, facilities, base clusters, and enclaves. Most 
notably, they provide networks and services supporting large user 
populations located at— 
e JTF, ARFOR, JFLCC, or Theater Army HQ. 
Theater base support and intermediate staging bases. 


Seaports of debarkation (SPODs) and aerial ports of debarkation 
(APODs). 


e Tactical assembly areas. 
Theater and logistics support centers. 


Logistics operations centers and supporting temporary 
installations. 


PROVIDING “OTHER” SERVICE SUPPORT 


4-3. Theater operations also perform a variety of missions to meet 
specialized requirements. This extends to supporting other services 
such as non-governmental organizations and the Department of 
Homeland Security (DHS). 
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SUPPORT TO NAVFOR, MARFOR oR AFFOR 
COMPONENT JTF 


4-4. A JTF performing missions having specific, limited objectives 
or missions of short duration normally dissolves when its purpose is 
complete. These missions very likely generate very specialized 
network requirements that cannot be met with organic resources. The 
JTF must often rely on a signal command to augment those of its 
service component in order to tie joint network requirements 
effectively to the GIG and fully integrate service communications 
links to ARFOR, AFFOR, MARFOR, JSOTF, and NAVFOR. Vital 
to the JTF mission is the capability of the signal command to provide 
an in-range extension of reachback services. Because JTF and 
combined headquarters are not fixed organizations, network support 
must be scaled to the requirement based on METT-TC. One aspect of 
meeting modularity requirements is the ability to “plug and play” 
signal assets to meet unique or tailored needs. 


SUPPORT TO THE DHS 


4-5. The mission of the DHS is to prevent terrorist attacks within the 
United States, reduce America’s vulnerability to terrorism, and to 
minimize damage, mitigate effects, and recover from attacks that do 
occur. To accomplish this mission, DHS has the authority to mobilize 
resources of the federal government to include continental United 
States (CONUS) based signal assets. The foremost role of these assets 
is to provide LWN capability in support of DHS crisis situations and 
the interface of Army information systems with government agency 
information systems. Crisis response operations involve Army tactical 
elements in a variety of roles. C2 of those elements require flexible, 
secure communications system networks that are independent of 
civilian and government networks. Army networked communications 
provide responders with communications means that are free from the 
potential degradation posed by threat activity or overuse. They also 
enable interface with other branches of service to provide joint force 
capability should the situation require it. 
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SUPPORT TO SPECIAL OPERATIONS FORCES 


4-6. Special operations forces (SOF) comprise specific missions that 
may find signal commands augmenting organic, dedicated SOF signal 
forces tasked to provide C2 networks and communications systems to 
a joint special operations task force, combined unconventional 
warfare task force or coalition SOF task force. On occasion, SOF 
must operate in conventional environments or require theater 
augmentation to meet network requirements. Base operational support 
to SOF units often calls on signal commands. Particular to this case 
are Civil Affairs, psychological operations, and SOF engaged in 
specialized theater missions such as weapons of mass destruction 
counter proliferation, coalition support, security assistance, foreign 
internal defense, as well as network links into theater LWN. 


SECTION | —- MAJOR COMMANDS 


NETCOM/9'" SC(A) 


4-7, NETCOM/9" SC(A), as a direct reporting unit to Headquarters, 
Department of the Army (HQDA) chief information officer (CIO)/G- 
6, is the predominant signal force and network service provider 
related to the Army and Theater LWN enterprise and the GIG. 
NETCOM/9" SC(A) has authority to implement and enforce 
enterprise policy and provides authoritative guidance concerning the 
techniques, procedures, standards, configurations, designs, devices 
and systems to accomplish specific functional tasks and missions. 
NETCOM/9" SC(A) has full enterprise level responsibility for all 
global Army networks and information systems that comprise LWN. 
NETCOM/9" SC(A) CONUS trained and organized tactical forces 
are OPCON to US Army Forces Command (FORSCOM), specifically 
for supporting specific national command authority objectives. 
NETCOM/9" SC(A) delivers IT and common user services and 
exercises administrative control (ADCON) of service assigned and 
attached forces to support the GCC and the ASCC commanders. 
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4-8. Headquarters, NETCOM/9" SC(A) is comprised of a standard 
general officer level staff (G-1 through assistant chief of staff, 
logistics (G-4) and assistant chief of staff, resource management (G- 
8) located at Fort Huachuca, Arizona, and an liaison officer (LNO) 
staff and leadership presence in the National Capital Region working 
directly with Army CIO/G-6 and other DOD service staffs (refer to 
Figure 4-1). The headquarters can deploy C2 or technical elements 
and sub-elements to a theater of operations to support CCDR 
requirements directly or to augment subordinate units. 


= 


ace 


Command Office of Office of Office of Office of 
Section 


ASA- 
INSCOM 


|| A-GNOSC 


Strategic Operational | 
Brigades Brigades! 


ADCON ONLY 


ADCON administrative control 

A-GNOSC Army-Global Network Operations Security Center 

ESTA Enterprise Systems Technology Activity 

ASA-NSCOM Army Signal Activity-United States Army Intelligence and Security Command 


Figure 4-1. NETCOM/9" SC(A) Organization 
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4-9. NETCOM/9™ SC(A) is the single Army authority to operate, 
control, and defend the Army’s infostructure at the enterprise level. It 
is a global enterprise framework including theater signal commands, 
brigades, NETOPS and security centers and regional chief 
information officers (RCIOs), with the senior Theater-level signal 
commander serving as the ASCC G-6. It has the authority to 
implement and enforce enterprise policy and provides authoritative 
direction concerning the techniques, procedures, standards, 
configurations, designs, devices and systems to accomplish specific 
functional tasks and missions. It exercises authoritative enterprise 
NETOPS technical direction over all organizations that operate, 
connect to or maintain the LWN Army’s portion of the GIG. 
NETCOM/9" SC(A), in supporting the CIO/G-6 and serving as a 
global and theater force provider has the responsibility to— 

Assign operational tasks affecting theater LWN. 

Designate network related objectives to support combatant 

command requirements. 


Resource operational requirements. 


Provide staff actions in direct support of mobilization 
requirements. 


Provide deployment or deployment sustainment operations. 


Provide integration oversight for the Active Army and Army 
Reserve (USAR). 


Provide oversight of training and exercises. 


Provide support to the Homeland Security Operations Center and 
reachback operations. 


4-10. NETCOM also performs the following tasks and functions: 
Executes oversight for centralized configuration and compliance 
for theater LWN. This requires monitoring and oversight of 
configuration changes of Army tactical and strategic voice and 
data infrastructures to ensure interoperability with joint directives. 
Manages the Army Military Affiliate Radio System program. 
Provides engineering support to the ASCC G-6 or signal command 
as required or when requested. 
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e Engineers, installs, operate, and maintain data networks in support 
of JTF, Army, and nongovernmental agencies as required. 

e Serves as the proponent for quality assessment, quality control, 
and assistance control for communications infrastructure, systems, 
networks, and sub-networks by means of deployed assessment 
teams. 


NETCOM MAJorR SUBORDINATE ELEMENTS 


4-11.In addition to its command relationship with CONUS and 
outside continental United States (OCONUS) signal commands, 
NETCOM also has direct relationship over several subordinate 
elements that are vital to the LWN and network enabled capabilities: 
Enterprise Systems Technology Activity (ESTA), the Army-Global 
Network Operations and Security Center (A-GNOSC), and the Army 
Signal Activity-United States Army Intelligence and Security 
Command (ASA-INSCOM). 


Enterprise Systems Technology Activity 


4-12.ESTA is NETCOM?’s subordinate and is responsible for 
engineering, installing, operating, maintaining, and defending 
enterprise networks throughout the LWN. ESTA _ develops, 
implements, and enforces enterprise systems management (ESM) 
processes and activities required to operate and manage the LWN and 
Army interface with the GIG. In addition, ESTA— 

Serves the Army CIO/G-6. 

Coordinates external requirements with the HQDA staff and major 

Army command CIOs. 

e Establishes ESM and IA policies and procedures and executes 
necessary actions to ensure common user services within a secure 
NETOPS framework across the LWN enterprise. 

e Provides operational policy and functional staff oversight for ESM 
operations to CONUS installation DOIMs and RCIOs. 

e Assesses, develops, staffs, and manages ESM functional proponent 
requirements and service level agreements for the LWN. 
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Conducts testing, evaluation, and architectural review of 
operational architectures to ensure that new systems facilitate 
technological compliance. Ensures all capabilities fielded within 
the LWN conform to established standards, practices, and 
procedures. 

Provides technical expertise to execute long-haul and base 
communications programs. 

Provides oversight of all Army activities related to the allocation, 
allotment, and assignment of RF spectrum. 


Army Global Network Operations and Security Center 


4-13. A-GNOSC is another essential sub-element of NETCOM. Its 
mission is to develop and disseminate LWN situational understanding 
by collecting and maintaining near real-time status information on 
vital LWN resources, networks, information systems, and intra- 
theater gateways STEP and teleport). Its primary mission focus 
centers on LWN operational compliance, management, and defense. 
The A-GNOSC is integrated with the 1 Information Operations 
Command (Land) and the Army Computer Emergency Response 
Team (ACERT) to create a consolidated NETOPS center called A- 
GNOSC/ACERT TOC. Each TNOSC is integrated with a Regional 
Computer Emergency Response Team (RCERT). 


Compliance 


4-14.The A-GNOSC has the authority to ensure implementation of 
and compliance with approved DOD, joint, and Army NETOPS 
policies and procedures. The A-GNOSC also maintains liaison with 
the Army operations center and the 1* Information Operations 
Command. The A-GNOSC will ensure compliance with network 
system standards and operational procedures before any IT resource, 
network, system, or application is connected to the LWN. A-GNOSC 
will also participate in reviews, tests, evaluations, and forums 
affecting information systems development, architectures, 
applications, and interfaces. 
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Management 


4-15.The A-GNOSC interfaces with the Joint Task Force-Global 
Network Operations (JTF-GNO) Global Network Operations Center, 
all Army TNOSCs, and functional and other service NOSCs in order 
to provide worldwide operational and technical support across 
strategic, operational, and tactical levels. It serves to resolve problems 
affecting network services and operations in two or more theaters and 
oversees domain name services (DNS) and Internet protocol (IP) 
services provisioning and management for Army Forces. 


Defense 


4-16. Operating in conjunction with the ACERT, the A-GNOSC 
plays a major role in a comprehensive and global network defense for 
the LWN and tactical networks, including monitoring compliance 
with issued IA vulnerability alerts and directing Army-wide actions. 


Army Signal Activity-United States Army Intelligence and 
Security Command 


4-17. ASA-INSCOM falls under the command authority of 
NETCOM/9" SC(A) and under OPCON of the INSCOM. The ASA- 
INSCOM commander serves dual roles and is also the INSCOM G-6. 
ASA-INSCOM’s mission is to provide planning, programming, 
budgeting, engineering, installation, and operational management of 
secure and non-secure telecommunications to the National Security 
Agency, HQDA, INSCOM, and NETCOM/9"™ SC(A). 
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SECTION Il — STRATEGIC AND FIXED STATION 
ELEMENTS 


Strategic and Fixed Station 

The terms strategic and fixed station describe 
organizations that do not typically deploy from 
their home stations and include organizations 
that provide  intra- and/or _ inter-theater 
communications. These organizations typically 
support both power projection and C2 
requirements spanning from the warfighter 
through the Secretary of Defense to the 
President of the United States. They form the 
“packbone” of the LWN and are the focal point 
for installation support and theater extension. 
Because of the fluid nature of the contemporary 
operational environment, some theater and 
strategic organizations find themselves 
supporting the operational level of war. For this 
reason, efforts have been made to re-designate 
all strategic and fixed station organizations as 
“operational base” signal forces. 


Note. The strategic signal organizational structure is in the 
process of changing. The focus is shifting the current structure 
from a scenario-based to a capability-based design. The 
following outlines the new structure and its capabilities. 
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STRATEGIC SIGNAL BRIGADES 


4-18.The mission of a strategic signal brigade is to provide 

operational base and sustaining signal support (communications, 

automation, and network management) to maintain the warfighter in a 

geographic area of responsibility (AOR) and to enable power 

projection platforms required for force projection. These units 
provide the following: 

e C2, operations, logistics, and administrative support for all 
assigned communications assets (earth terminals, microwave 
systems, COMSEC equipment, fiber optics/cable, etc.). 

e Installation, operation and maintenance of tactical interface, and 
sustaining base and_ strategic signal support functions 
(communications, automation, and network management) to 
sustain the warfighter in a geographic AOR. 

NETOPS at the installation level. 


Access to the LWN for all Army assets assigned to a geographic 
area and to tactical Army assets deployed in other theaters. 


e Support to the brigade staff that is responsible for planning, 
coordinating, and supervising the brigade mission area functions. 

e Advice to the commanders, staff, and information system users on 
the capabilities, limitations, and employment of all tactical and 
non-tactical signal and network assets available to a particular 
supported command. 


e Advice to the supported commanders and staff on information 
management, automation policy, technical matters, performance, 
and supervision of system analysis and programming functions on 
related abilities. 

e All-source intelligence assessments and estimates at the 
operational and strategic levels dealing with enemy capabilities, 
intentions, and vulnerabilities pertaining to the LWN and to the 
commander. This also entails predicting the enemy courses of 
action, producing threat estimates, ensuring proper dissemination 
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of intelligence information and products, and _ evaluating 
intelligence products as they relate to the LWN and the GIG. 


2D SIGNAL BRIGADE 


4-19. This brigade is a subordinate command of NETCOM/9" SC(A) 
with OPCON vested in United States Army, European Command 
(USAREUR). The 2™ Signal Brigade’s mission is to install, operate, 
and maintain the communications infrastructure and systems capable 
of extending the GIG on order to Army, joint, and combined forces. 


21°" SIGNAL BRIGADE 


4-20. This brigade is a subordinate command of NETCOM/9" SC(A). 
The 21" Signal Brigade’s mission is to provide for the integration of 
telecommunications services that include tactical and fixed stations 
for the DOD and other federal agencies within CONUS and to 
provide visual documentation of US, allied, and hostile forces during 
combat operations and peacetime training exercises. 


160°" SIGNAL BRIGADE 


4-21. This brigade is a subordinate command of NETCOM/9" SC(A). 
The 160" Signal Brigade is OPCON to United States Army Central 
Command during peacetime. Its command and support relationships 
can change during wartime. Currently headquartered in SWA, the 
brigade has extended the LWN to the warfighter by installing 
commercial communications facilities and capabilities throughout the 
United States Central Command (CENTCOM). Their primary 
mission is to install, operate, and maintain strategic communications 
in an active theater of war. 


516'" SIGNAL BRIGADE 


4-22. This brigade is a subordinate command of 311" (SC[T]) with 
OPCON vested in the United States Army, Pacific Command 
(USARPAC). The 516" Signal Brigade’s mission is to provide signal 
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support to Pacific warfighting forces, to provide theater information 
and communication systems policy and programming functions, and 
to advise the Commanding General, USARPAC, on resources 
required by major subordinate commands (MSCs) for C2 and 
communications system deployable assets. 


STRATEGIC BATTALIONS, COMPANIES AND MODULES 


4-23. NETCOM/9" SC(A) theater strategic signal battalions and 
companies provide the Army’s worldwide strategic LWN information 
backbone that can be extended wherever combat forces deploy. These 
organizations can be found in both a strategic signal brigade and a 
tactical signal brigade. This seamless information infrastructure is 
operational 24 hours a day, 7 days a week, and 365 days a year. The 
network is a mix of tactical and commercial systems that capitalize on 
new and emerging technologies to provide enhanced capabilities to 
deployed and fixed station warfighters. NETCOM strategic units 
stationed in theaters of operation provide operational and strategic 
communications services to CCDRs and Army warfighters. 


4-24.The strategic signal force structure is a critical element in 
enabling joint and expeditionary battle command communications 
across the full spectrum of operations. The following strategic 
battalion and company table of organization and equipment designs 
are based on capability requirements specific to that location’s 
executive agent responsibilities and mission directives that were 
identified by NETCOM. Figure 4-2 represents the strategic design 
that is driving the new strategic force structure currently being 
implemented. 


Battalion Headquarters 


4-25. Battalion Headquarters provides C2, staff planning, and 
supervision of assigned and attached strategic signal units. 
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Company Headquarters 


4-26. Company Headquarters provides C2 and logistic support for the 
company. Its operations section is responsible for planning, 
coordinating, and supervising the operations of all company strategic 
communication and signal support missions. 
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4-27.The Network Service Center, Network Transport Services, 
Network Maintenance Services, and Network Command and Control 
are organizational constructs that were derived from consolidating 
like functions and small teams to create a standardized design that is 
based on a core capability. 


Network Service Center 


4-28. NETOPS. Responsible for planning, coordinating, and 
supervising the Network Service Center. 


4-29. Network Management Section. Provides inside/outside plant 
operation and maintenance on digital telecommunication equipment. 


4-30. Data Network Administration Team. Provides IA assistance 
for network systems unique to a geographic region, also LNO to 
Regional Network Operations and Security Center. 


4-31. Dial Central Office. Provides inside/outside plant operation 
and maintenance on voice telecommunication equipment for a 
geographic region. 


4-32.Dial Service Assistance Switch Operations. Provides 
information support and dial assistance for customers in a geographic 
region. 


4-33. Network Management Team. Provides technical customer 
assistance and, as required, dispatches voice/digital touch labor 
maintainers for a geographic region. 


4-34. Video Telecommunication Hub. Provides operation and 
maintenance of commercial Video Telecommunication Hub/Bridge 
for a geographic region. 


4-35. DMS/COMSEC Team. Provides DMS 
organizational/individual electronic messaging and COMSEC 
material support for customers in a geographic region. 
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4-36. Certification Authorization Workstation (CAW) Team. 
Provides COMSEC material support and management for customers 
in a geographic region. 


4-37.DSN Switch (Defense System Network). Provides operation 
and maintenance of a commercial and/or tactical electronic switching 
system for a geographic region. 


4-38.Area Support Team. Provides installation, operation, and 
maintenance of commercial communication systems for a geographic 
region. 


Network Transport Services 


4-39.Global Operations. Responsible for planning, coordinating, 
and supervising the operations and maintenance of SATCOM 
terminal sites. 


4-40.SATCOM Terminal Teams. Provide earth terminal 
communications as part of the Defense Satellite Communications 
System (DSCS), which is used to establish CCDRs networks, 
emergency action message (EAM) dissemination, force direction, 
integrated tactical warning and assessment (ITW&A) reception, and 
summary transmissions. 


4-41. Baseband Teams. Provide a tactical interface to the DSCS, 
which is used to establish CCDRs networks, JTF networks, and EAM 
dissemination, force direction, and ITW&A reception and summary 
transmissions. 


4-42. Advanced Baseband Teams. Provide additional commercial 
and military bands that provide a tactical interface to the DSCS using 
teleport as the baseband. Types of advanced baseband include the 
following: UFG, extremely high frequency (EHF), C, Ka, and Ku. 


4-43. Automated Technical Control. Provides an intermediate level 
of OPCON and technical direction over Defense Communications 
System (DCS) facilities and systems, as required by DISA. The 
following identify the two different facility classifications: 
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e Circuit (V) 1: technical control with 100 to 1000 circuits. 
e Circuit (V) 2: technical control with 1000 + circuits. 


4-44. Microwave Teams. Provide installation, operation, and 
maintenance of microwave communications for a geographic area. 


4-45. Cable Install/Splice Teams. Provide permanent and emergency 
splicing of copper and fiber optic cable systems, as well as 
installation and maintenance of base support cable and wire systems 
within a geographic area. 


Network Maintenance Services 


4-46. COMSEC Log Support Team. Provides COMSEC custodian 
functions, COMSEC equipment maintenance, and COMSEC logistics 
functions to a geographic region. 


4-47. Antenna Maintenance Team. Supervises the emergency and 
scheduled maintenance services and quality assurance inspections for 
antenna and antenna support structure of the Army and other 
government agencies. 


4-48. Long-Haul Maintenance Team. Provides electronic equipment 
maintenance of communication systems, i.e. microwave. The team 
performs engineering quality control and continuity testing of 
microwave circuits, trunks, systems, and facilities. 


Network C2 


4-49.EAM Systems. Provide emergency and_ contingency 
communications to a region along the entire spectrum of conflict. 


4-50. ASCC/CCDR Communication Team. Provides 
communications support in the form of secure frequency modulation 
radio, UHF TACSAT, record telecommunications message support, 
and COMSEC equipment maintenance to combatant and/or Army 
service component commanders. 


4-51.Communications Management Support Team (CMST). 
Provides deployable communications support directly to Secret 
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Service agents engaged in protective missions for presidential 
candidates, visiting dignitaries, and other special events, as directed. 


4-52. Office of the G-6. Provides plans, operations, staff oversight, 
and coordination for information and communication systems support 
to Army, Joint, and Combined Headquarters. 


4-53. MILGROUP COLUMBIA. Provides supported commander 
communications assistance in the form of single channel TACSAT, 
high frequency (HF) radio, secure frequency modulation radio, non- 
tactical single channel radio, automated information and COMSEC 
installation, operation, and maintenance (IOM). It also provides 
signal advice, expertise, and training to non-signal personnel in 
supported units. 


4-54. JTF BRAVO Honduras. Provides staff oversight, planning, 
coordination, management, and command of telecommunications 
system and information systems support functions support to combat 
and non-combat Army, Joint, and Combined Headquarters. 


SECTION Ill — SIGNAL OPERATIONS 


ORGANIZATIONS FOR THE MODULAR 
FORCE 


4-55.In theater, the numbered Army is organized and equipped 
primarily as the ASCC for a geographical combatant command. To 
support command, control, telecommunications, and network 
requirements, the ASCC commander calls on several modular, 
multifunctional, scalable units that provide communications network 
support across theater echelons and spectrum of conflict. 


ARMY SERVICE COMPONENT COMMAND G-6 


4-56. Theater LWN greatly depends on many factors starting with the 
ASCC G-6. The ASCC G-6 is responsible for all LWN operations 
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within a specified geographical region. The theater G-6 provides 
LWN support to the geographical combatant command, to Army units 
operating in the theater in support of the geographical combatant 
command, and to other services and joint elements as directed by the 
geographical combatant command and theater army commanders. 


4-57.The ASCC G-6 serves as the theater senior signal officer 
providing network oversight of theater LWN and joint systems under 
its control. Additionally, the ASCC G-6 develops theater LWN 
requirements and manages the activities and resources needed to 
install, employ, and protect all operational and strategic networks 
supporting the ASCC and its subordinate forces. The ASCC G-6 will 
also ensure proper integration and protection of all tactical networks 
employed by maneuver and tactical forces at the corps/division and 
BCT levels to ensure those tactical commanders have the quality of 
service they need to prosecute the fight. Some duties of the ASCC G- 
6 are to— 

e Provide and maintain NETOPS SA of the theater LWN 

environment and network asset availability. 

e Maintain network status and provide oversight of NETOPS, 

changes, threats, and emerging requirements of the theater LWN. 

Provide internal IT support to ASCC headquarters. 

Execute and manage theater EMS management functions. 

Coordinate with host-nation communications authorities. 

Provide oversight of the theater CND posture. 


Oversee theater COMSEC operations to include storage, 
management, distribution, inspection, and compliance. 

e Provide input to the TNCC and JNCC as required. 

e Provide theater battlefield EMS management to include allotment, 
assignment, and control of radio and SATCOM frequencies for 
units assigned, attached, or OPCON to the ASCC and spectrum 
issues affecting joint, coalition, and host-nation agency 
requirements. 
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e Execute CIO functions for the theater and oversees theater 
enterprise programs, projects, and initiatives IAW Clinger-Cohen 
Act and Army regulation (AR) 25-1. 

e Coordinate LWN IA activities with IO Cell, TNOSC, and RCERT 
and recommend theater information operations condition postures 
IAW G-2/G-3/IO. 

e Actas JTF J-6 or JFLCC J-6/ARFOR G-6 as required. 


JOINT COMMAND J-6 OFFICER 


4-58. The J-6 officer serves on the combatant command staff as the 
communications director, and he may have dual responsibilities as the 
SC(T) commander. The J-6 officer assumes the role of the CCDR 
network manager with the establishment of a joint NETOPS control 
center that manages and controls all communications systems and 
networks deployed during joint operations and exercises. The joint 
NETOPS control center is the single control agency for the 
management and operational direction of all joint communications 
elements in the theater of operations. The NETOPS responsibilities of 
the J-6 officer are to — 

e Formulate policy and guidance for all communications assets 
supporting the joint forces commander. 

e Develop communications and information architectures and plans 
to support the mission of the CCDR. 

e Develop policy and guidance for integrating and installing 
operational networks. 

Provide C2 of the joint information systems infrastructure. 
Exercise staff supervision and OPCON of the theater assets 
provided by DISA, other services, and other DOD agencies. 

e Perform network management activities, functions, and tasks 
required to manage effectively and efficiently the joint information 
systems infrastructure and multinational networks supporting the 
CCDR mission. 
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e Provide oversight of the theater NETOPS control center in the 
management and control of the CCDR’s communications assets in 
theater. 

e Adhere to COMSEC principles with the establishment of effective 
IA program initiatives. 


J-6 and Communications Information Systems 


4-59. Within the joint force operational headquarters, the J-6 
communications information systems staff provides adequate support 
for joint operations and uses interoperable communications 
information systems procedures at all levels in the joint force. Where 
appropriate, the J-6 staff forms a Joint Information Communications 
Control Center, and its functions are to— 
Support the joint forces commander and the C2 facilities. 
Exercise supervision over communications and information 
activities, including EMSO and _ information security of 
subordinate commands and force components. 
e Provide connectivity with the regional North Atlantic Treaty 
Organization and host nation’s communications system, 
commercial communications, and adjacent commands. 


Note. Most theater level signal assets are scheduled for 
reorganization. It is not uncommon for the senior signal 
organization in a theater to be a signal brigade as opposed to a 
SC(T). These brigade commanders will hold the same 
responsibilities as a SC(T) commander. 


SIGNAL COMMAND (THEATER) 


4-60.The SC(T) is the highest level, deployable organization in 
charge of theater LWN. It is a major subordinate command of 
NETCOM and operates OPCON of a supported ASCC. The SC(T) is 
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organized, equipped, and manned to plan, engineer, integrate, 
manage, and defend the Army’s portion of the GIG with the mission 
of operating as the primary network provider for theater LWN. It 
exercises C2 over strategic and tactical organizations, the TNOSC, 
visual information (VI) resources, wire and cable and commercial 
infrastructures, and theater CE maintenance. Total force composition 
under the C2 of the SC(T) depends on METT-TC (Figure 4-3) and 
the CCDRs’ requirements. 


4-61. A SC(T) or senior theater signal brigade provides signal support 
to the ASCC including MCO missions. The SC(T) C2s multiple 
theater signal brigades and joint and coalition information signal 
support elements. A signal brigade rather than a full SC(T) usually 
provides support to ASCC missions that do not involve MCOs. 


4-62.The SC(T) HQs is a standard Table of Organization and 
Equipment design. To meet regional or theater-unique METT-TC- 
based requirements and combatant command’s daily operational 
requirements, it may be necessary to provide an augmentation table of 
distribution and allowances and a modified table of organization and 
equipment exception authorization document to tailor the SC(T) to 
meet selected fixed infrastructure mission requirements. 


4-63.The commander of the theater’s senior signal organization 
SC(T) or signal brigade (tactical) serves as the theater G-6. While the 
SC(T) commander receives mission orders from the ASCC 
commander, the SC(T) also performs network management through 
technical channels via HQ NETCOM, the applicable Geographical 
Combatant Command J-6, and the United States Strategic 
Command/JTF-GNO for service and global enterprise management, 
technical compliance, and network defense. 


4-64.The SC(T) depends on other organizations for large-scale 
communication infrastructure architecture engineering support; 
theater facility engineering support; health services; human resource, 
finance, and administrative services; troop transportation support; and 
legal services. The SC(T) depends on the ASCC for theater COMSEC 
and EMS management. 
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4-65. The SC(T)’s mission is also to— 

e Provide C2 and supervision for units assigned, attached, and 
OPCON to the SC(T). 

e Provide a staff component for various operational commands 
including JTF J-6, JFLCC J-6, ARFOR G-6, and corps/division G- 
6. 

e Support early entry mission requirements. 

Provide operational management of signal assets responsible for 
install, operate, maintain and defend (IOM-D) theater LWN to 
include centralized management of voice, data, messaging, and 
VTC capabilities. 

e Provide IA management supporting information protection for 
theater LWN systems. 

e Develop policies and procedures for IA support in order to protect, 
detect, and react to the ACERT strategies as directed by the ASCC 
G-6. 

e When tasked, establish the JNCC with augmentation from other 
services or provide the Army’s portion to the JNCC, once 
established. 

Provide oversight to the TNOSC. 
Plan, engineer, and manage signal support systems installed by the 
SC(T) and network interfaces to existing systems installed by 
joint, combined, and allied units. 

e Plan, engineer, and manage requirements for special-purpose 
communications/information systems. 

e Provide planning and staff management of the GMFs/TACSAT 
Theater SATCOM Monitoring Center and Army GMFs in the 
theater of operations. 

e Work closely with the DISA and ASCC G-6 concerning DISN 
matters to include coordinating with host-nation communications 
organizations for planning and using commercial and host-nation 
assets within theater. 
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e Provide planning, staff supervision, and coordination of SC(T) 
logistics, public affairs, and command information programs, 
inspector general matters, comptroller services concerning 
programming, budgeting, and controlling funds, and to facilitate 
engineering support. 

e Provide coordination of operations and planning and to evaluate 
and prepare reports of chemical, biological, radiological, and 
nuclear activities throughout the SC(T) affecting signal assets. 
Provide theater VI units supporting the ASCC. 

e Provide software management for units assigned, attached, or 
OPCON to the SC(T), to include managing all applications and 
proprietary software, managing all noncombatant service support 
software, and advising the ASCC G-6 staff on software and 
application matters pertaining to NETOPS. 


4-66.The SC(T) can expect to deploy any part or the entire 
organization to meet METT-TC requirements. It will operate in a 
manner to support LWN requirements in theater, whether as a 
forward element, operating in sanctuary, or from a power projection 
platform. It must be able to direct the execution of sustaining base, 
strategic, and tactical information and communication systems 
supporting Army, joint, and coalition operations during all phases. 
Ideally, the SC(T) center of mass will locate where the commander 
can best exercise C2 over signal assets, influence theater network 
schemes and architectures, and overall best meet network 
requirements supporting the ASCC commander or JFC. 


5" SC(T) 


4-67. This command is OPCON to USAREUR and Seventh Army. 
The commanding general also serves as the Deputy Chief of Staff, G- 
6 (CIO) for USAREUR and Seventh Army. The 5" SC(T) mission is 
to provide a combat-ready, forward-deployed signal force providing 
responsive theater tactical, strategic, and installation signal support to 
NATO and US Soldiers in the USEUCOM across the spectrum of 
operations. The 5" SC(T) is also capable of meeting requirements to 
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support worldwide contingencies in response to the joint staff, 
HQDA, and NETCOM directives to install, operate, and restore 
theater tactical communications across the spectrum of conflict. 


7 SC(T) 


4-68.The 7th SC(T) is OPCON to FORSCOM and, when fully 
operational, will consist of two regionally based signal brigades: the 
93" Signal Brigade providing signal support to CONUS West and the 
106" Signal Brigade providing signal support to CONUS East. This 
will be the single command responsible for the operation and defense 
of the CONUS LWN. The 21st Signal Brigade and the CONUS 
Theater Network Operations and Security Center well also be 
assigned to the 7th SC(T) . Figure 4-4 shows the organization of the 
7" SC(T). The commanding general of the 7th SC(T) also serves as 
the FORSCOM G-6. 


WEST REGION EAST REGION 


Figure 4-4. 7™ SC(T) organization 
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4-69. The 7th SC(T) exercises technical and tactical control over all 
Army NETOPS service providers in the CONUS theater. The 
command will provide access to network services, data and 
applications that allow units to rehearse as they fight, seamlessly train 
and deploy enabling the units to maintain their operational tempo 
through all operational phases 


4-70.Currently, the Directorates of Information Management 
(DOIMs), within their regionally aligned areas, supports 
expeditionary units as they deploy, redeploy, and retrain using the 
ARFORGEN model. There are currently approximately 137 
installation DOIMs. The 7th SC(T) will assume this responsibility 
and create a unified, standard method of providing this support. 


311" SC(T) 


4-71. The 311" is the designated SC(T) for the USARPAC. The 311" 
SC(T) is a United States Army Reserve Command (USARC) flagged 
multi-component organization that is under the OPCON of 
USARPAC. The 311" SC(T) receives ADCON support from both 
NETCOM/9" SC(A) and the USARC. The commander of the 311" 
SC(T) is multi-missioned as the Deputy Chief of Staff, G-6 of 
USARPAC, the RCIO for installation management control Pacific 
Region, and the J-6 of the JTF-Homeland Defense. 


335" SC(T) 


4-72. This command is a multi-component SC(T) (USAR flagged) 
with the mission to manage telecommunications infrastructure for 
SWA (South Asia, Middle East, North Africa) in support of the 
United States Army, Central Command (USARCENT)/3™ Army for 
US Central Command during peacetime and contingency operations. 
In peacetime, the USARC commands the unit. In wartime, the unit is 
under the command of the NETCOM and under the OPCON of 
CENTCOM. The commander of the 335" serves as the ARFOR G-6 
or JTF J-6 of the supported force. 
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THEATER TACTICAL SIGNAL BRIGADE 


4-73. Tactical brigades and battalions extend information network 
services to the deployed Army HQ and other deployed subordinate 
organizations allocated to the Army’s AO. Tactical units are not 
organic to a signal command, but are allocated based on mission 
requirements. Network assets are apportioned to supported units 
according to METT-TC and the supported unit’s specific 
communications and network requirements. 


4-74. The mission of the theater tactical signal brigade (TTSB) is to 
C2 up to five tactical battalions and any other assigned or attached 
forces necessary to meet the network support missions in the theater 
of operations. The TTSB is equipped, manned, and organized to 
provide C2 functions and staff assistance to the subordinate units, 
staff supervision, personnel actions and administration, and logistics 
actions. TTSBs are forces assigned to NETCOM and OPCON to 
specific supported CCDRs, service component commanders, or JTF 
commanders. TTSB contains the normal headquarters and staff 
elements found in other tactical formations (Figure 4-5). The TTSB— 

Conducts systems planning, transport, and _ infrastructure 

engineering. 

Develops architecture, design, and integration studies. 

Determines technical circuit characteristics. 

Develops plans for establishing communications systems. 

Provides field support and sustainment support to operational 

missions in the form of ESBs. 

Can provide a span of control for echelons above corps (EAC) 

signal support to JOA. 

Provides passive and value-added services to Army Forces within 

the JOA, including common user services and continuity of 

operations facilities. 
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HHC Theater 
Signal 
Brigade 


Command 
Section 


Signal Signal 
Engineer Control 
Section Section 


| 
Signal Plans io 
and Ministry Chief Judge 
Intelligence Section Advocate 
Section 


Headquarters Administrative Logistics 
Company Section Section 


Figure 4-5. Theater tactical signal brigade 


Headquarters Company, TTSB 


4-75.The S-1l is responsible for all human resources and 
administrative functions in the brigade, to include advising the 
commander on all human resource related issues and providing legal 
advice and assistance, supported by personnel of the Judge Advocate 
General Corps. 


4-76. The logistics staff officer (S-4) provides oversight for all and 
logistics plans and functions for the brigade. This section also advises 
the brigade commander on all matters pertaining to logistics, 
transportation, deployment, and maintenance. 


4-77.The communications operations section for the brigade (S-3) 
conducts detailed systems integration and network planning functions 
for the brigade. This section is also responsible for— 
e Determining equipment suitability and adaptability with existing 
communications systems. 
e  Ascertaining the types of installations and employment required to 
provide quality transmission over installed circuits and systems. 
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e Handling frequency requests and associated records for the brigade 
units. 

e Establishing the brigade communications systems control element 
(CSCE) responsible for keeping network situational understanding 
and status of current and future needs for rerouting or 
reconstituting circuits and _ facilities throughout the 
communications system. 

e Providing effective operational management and _ responsive 
systems control. 

e Taking appropriate actions to optimize the deployed network 
performance in response to constantly changing network 
configurations. 

e Establishing and maintaining required databases necessary to assist 
in near real-time control of communications systems and to assist 
the signal plans and intelligence section in systems planning and 
engineering. 


Note. The majority of the following signal brigades will 
become a theater’s senior signal organization to perform more 
effectively and efficiently the Service Title 10 functions that 
support the transformed campaign—quality operating force 
with joint and expeditionary capabilities. 


1“ Signal Brigade 


4-78. This brigade provides OPCON support to United States Forces, 
Korea (USFK) and 8" US Army in the Korean theater of operations. 
The 1‘ Signal Brigade commander serves a dual role as the 8" Army 
G-6 with an augmenting staff provided by the 311 SC(T). The 1“ 
Signal Brigade is unique in that it has both tactical and strategic 
battalions assigned which provide a combat-ready, forward-deployed 
LWN capability for responsive theater tactical, strategic, and 
installation signal support to CCDRs, the United Nations Command, 
Combined Forces Command, USFK, and warfighters in the 8" Army 
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area across the spectrum of operations. During wartime, the 1“ Signal 
Brigade comes under the OPCON of the 311" SC(T) for the 
USPACOM or 8" Army AO. 


7" Signal Brigade 


4-79. This brigade provides OPCON support to USAREUR. It 
maintains a combat-ready, forward-deployed signal force to deploy, 
install, operate, and maintain seamless theater tactical information 
system support to US and NATO warfighters in the 
USAREUR/USEUCOM AOR. 


11" Signal Brigade 


4-80. This brigade is a CONUS based unit that is regionally focused 
to provide theater level and special tactical requirements to support 
USCENTCOM, USARCENT, and USPACOM, as required. The 1B is 
Signal Brigade also provides support to worldwide contingencies in 
response to the joint staff, HQDA, and NETCOM mission directives 
to install, operate, maintain, and restore LWN systems across any 
spectrum of conflict to include support to the BCT level, as 
necessary. The 11" Signal Brigade provides a forward stationing 
presence using the 54" Signal Battalion in order to meet daily signal 
and DOIM support in the USCENTCOM AOR. 


35" Signal Brigade 


4-81. This brigade is a CONUS based unit that is regionally focused 
to provide theater level and special tactical requirements to support 
United States Army South (USARSO). The 35" Signal Brigade 
commander serves a dual role as the USARSO/G-6. The 35™ Signal 
Brigade can also support worldwide contingencies in response to the 
joint staff, HQDA, and NETCOM directives to install, operate, and 
restore theater tactical communications across the spectrum of 
conflict. 
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228" Signal Brigade and the 261" Signal Brigade 


4-82. These brigades are ARNG tactical brigades under the command 
of the ARNG during peacetime. Their mission focus is homeland 
defense and CONUS contingency requirements. In wartime, the units 
are under the command of NETCOM and are assigned IAW 
applicable operation plans. 


359" Signal Brigade 


4-83.This brigade is an USAR TTSB under the command of the 
USARC and the 335" SC(T). In wartime, the unit is commanded by 
NETCOM and is assigned IAW applicable operation plans. 


THEATER SIGNAL MAINTENANCE COMPANY 


4-84. The theater signal maintenance company (TSMC) is a one of 
kind unit that, with its current structure, supports the TTSB as an 
initial-entry deployer, providing immediate readiness of all ground 
support equipment to facilitate the critical theater signal mission. It 
also provides rapid deployable and dedicated general support and 
limited depot signal support for a theater of operations for the TTSB. 


4-85. The 556" TSMC is assigned to the 11" Signal Brigade and the 
current structure includes a HQ platoon and three maintenance 
platoons. When deployed, the TSMC supports MCO by using a 
dedicated platoon as required (usually one platoon per MCO) to 
support TTSBs. 


4-86.The TSMC’s mission is to provide dedicated sustainment 
maintenance and class IX supply support to a theater of operations for 
TRI-TAC, MSE, computers, and conventional CE end items and 
components. 


4-87.The TSMC provides a maintenance control section for theater 
unique and common signal assemblages. It also provides a dedicated 
authorized stockage list and prescribed load list elements for common 
and exclusive theater signal systems that are not necessarily demand 
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supported but require intense control and management for the gaining 
brigade. The following are its repair and support capabilities: 
Modules, circuit boards/cards for high demand, high usage, and 
low-density theater signal assemblages. 
Automated data processing equipment (including teletype, Tactical 
Army Combat Service Support Computer System, and associated 
peripherals). 
HF communications equipment. 
Microwave equipment (including multichannel, TACSAT, and 
Tropospheric Scatter [TROPO]). 
Fabricates both copper and fiber optic cables for unique 
applications. 
Communications security equipment (including a specialized 
support activity for selected controlled cryptographic items). 
Ground support equipment (including power generation units with 
outputs up to 200 Kw, environmental control units, forced air 
heaters, power-driven decontamination equipment, and gasoline 
engines). 


EXPEDITIONARY SIGNAL BATTALION 


4-88. Over the course of the past several years and with the onset of 
the global war on terror, theater signal has undergone significant 
change to meet the information demands of CCDRs and joint forces. 
In step with the Army transition and modularity the integrated theater 
signal battalion (ITSB) was developed. These signal assets reside at 
the Army echelon as a “force pool” and can deploy across the entire 
spectrum of conflict in any segment of a theater, while supporting a 
larger and more diverse customer base. Few signal battalions 
converted to the ITSB design and provided the theater a modular, 
multi-capable, deployable unit that met the information and network 
requirements needed at most levels. Later it was found that the MSE 
switching and LOS systems employed by the ITSB structure could 
not provide the data bandwidth requirements of supported units at all 
echelons. 
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4-89. With the introduction of the next generation switch and data 
systems, it was found that signal battalions could be structured in a 
way that better enabled employment of network assets to support the 
increased number of medium and small command posts. These 
augmentations spurred the concept of an enhanced version of the 
ITSB that transformed into a modular expeditionary-capable signal 
formation known today as the ESB. 


Note. The ESB is formally known as an integrated theater 
signal battalion—joint network node (ITSB-J). With the 
accelerated fielding to equip signal battalions with JNN, the 
approved naming convention of “ESB” was established. 


4-90. While primarily a theater level asset, the ESB may be employed 
to support a corps/division, BCT, or service component, or coalition 
headquarters based on METT-TC. Although the ESB is typically 
assigned to a TTSB, it may be assigned or attached to other higher- 
level organizations as well, or may operate as part of a separate 
network package supporting specific missions such as Homeland 
Defense. 


4-91. The ESB design simplifies the overall C2 of signal assets. As a 
modular element, it eliminates the need to task organize from multiple 
organizations to form a single communications support package, 
thereby enhancing unit cohesion and deployment planning, 
supporting “train-as-you-fight” and ensuring faster training for signal 
leaders in a systems-centric environment. The ESB also simplifies 
network-training requirements by facilitating end-to-end systems 
level training versus training in single function environments. Each 
battalion has the capability to link back to the sustaining base, as well 
as provide other C2 linkages to intra-theater nodes as needed. 


4-92. The introduction of next generation switch/data systems and the 
reduction in the number of large switches has allowed the ESB to be 
structured in a way that better enables employment of network assets 
to support the increased number of medium and small command 
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posts. This flexible structure improves the ESB’s ability to respond 
quickly to support missions with precisely sized capabilities down to 
the team level that minimize the deployed signal footprint. The total 
support capability of the ESB has grown from 15 to 30 command 
posts. 


4-93.The ESB design, as depicted in Figure 4-6, provides a 
multifunctional structure that— 

e Supports theater elements operating in both theater and 
corps/division areas. 

e Leverages current equipment for immediate standup while 
providing a modernization path to incorporate JNTC-S or WIN-T 
systems as resources become available. 

Applies to all Active and Reserve components. 

e Is designed for the MCO fight and is capable of executing 

missions across full spectrum operations. 


ESB Structure and Functions 


4-94. The ESB consists of a battalion headquarters and headquarters 
company (HHC), two identical expeditionary signal companies, and a 
joint/area signal company. 


4-95. Battalion Headquarters. The ESB HQ staff performs C2, 
administrative logistics, and force protection functions to support the 
commander in executing the battalion’s mission. The battalion 
headquarters requires 100 percent mobility (the ability to transport all 
organic personnel and equipment in a single lift). 
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Figure 4-6. The ESB structure 
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4-96. Headquarters Company. The battalion headquarters company 
provides personnel and facilities for C2 and coordination of the 
company mission. Personnel and equipment are provided for 
coordination and oversight of company administration, supply, force 
protection, and field-level maintenance of wheeled vehicles, power 
generation equipment, CE equipment, and small arms. The company 
headquarters provides food service in a field environment. The 
company requires 100 percent mobility (the ability to transport all 
organic personnel and equipment in a single lift). 


Expeditionary Signal Company 


4-97.The expeditionary signal company is designed to provide 
network services to small and medium command posts. The company 
consists of a company headquarters and two identical Expeditionary 
Signal Platoons (ESPs). 


4-98. Company HQ. The company headquarters provides personnel 
and facilities for C2 and coordination of the company mission. 
Personnel and equipment are provided for coordination and oversight 
of company operations, administration, supply, and force protection 
functions. Soldiers are provided to conduct field-level maintenance of 
wheeled vehicles, power generation equipment, CE equipment, 
environmental control equipment, and small arms. The company 
headquarters provides food service in a field environment. 


4-99. ESP. Each ESP consists of a JNN Team, two LOS V3 Teams, 
five CPN Teams, five LOS V1 Teams, a TACSAT Terminal Team, 
and a Cable Team. Typical platoon missions include the installation, 
operation, and maintenance of communication systems in support of 
battalion and brigade-level command posts. The platoon may be 
tasked to dispatch individual teams to separate support missions or to 
be combined with other teams, platoons, or companies to meet 
specific mission requirements at any echelon. Normally the LOS V1 
teams will only be employed with a CPN. 
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Joint/Area Signal Company 


4-100. The joint/area signal company is designed to provide 
network services to medium and large command posts and command 
post clusters. The company consists of a company headquarters and 
two identical Heavy Signal Platoons. 


4-101. Company HQ. The company headquarters provides 
personnel and facilities for C2 and coordination of the company 
mission. Personnel and equipment are provided for coordination and 
oversight of company administration, supply, force protection, and 
field-level maintenance of wheeled vehicles, power generation 
equipment, CE equipment, environmental control equipment, and 
small arms. The company headquarters provides food service in a 
field environment. The TMS Section is in the company headquarters. 


4-102. Heavy Signal Platoon. The Heavy Signal Platoon consists 
of a Switch Section, two LOS V3 Teams, two CPN Teams, two LOS 
V1 Teams, two Light TROPO Terminal Teams, two TACSAT Hub 
Teams, and a Cable Section with two cable teams. With its larger 
switches and heavier BLOS transmission capabilities, the platoon is 
suited to support large command posts, command post clusters, or 
support bases. The platoon can also support battalion- and brigade- 
level command posts, and may be tasked to dispatch individual teams 
to separate support missions or to be combined with other teams, 
platoons, or companies to meet specific mission requirements. 


Operational Employment 


4-103. The ESB is designed to afford network planners flexibility in 
configuring resources to meet user requirements precisely. In keeping 
with modularity principles, the ESB and its signal companies, 
platoons, and teams may be tailored and task organized so that only 
the precise package of capabilities needed to satisfy a given mission is 
deployed. In the same manner, companies, platoons, or teams may be 
added to an ESB to meet the demands of a particular mission. 
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4-104. The ESB and its subordinate elements may be tasked to 
support organizations anywhere in a theater AO, to include army- 
level units provisioned to division-level support brigades. Network 
support missions may require a full battalion, a company, or a 
platoon; however, missions may require the deployment of individual 
teams to support separate units in widely dispersed locations at every 
echelon of an operation. Mission orders will normally be issued by 
the Army G-3 in coordination with the Army G-6 and disseminated to 
the ESB through the SC(T) HQ and tactical signal brigade HQ. 


4-105. In a MCO, the theater army G-3 in coordination with the 
theater army G-6 will normally issue mission orders. Mission orders 
will be disseminated to the ESB through the SC(T) headquarters and 
tactical signal brigade HQ. 


4-106. ESB subordinate companies, platoons, sections, and teams 
attached to supported units will normally receive logistical support, to 
include rations, petroleum, oils, lubricants, ammunition, medical care, 
repair parts, and maintenance services from the supported unit. 
Support requirements will be specified in the attachment order. 


Command Relationships 


4-107. ESBs are assigned to tactical signal brigades. Tactical signal 
brigades are assigned either to a SC(T) or to NETCOM/9" SC(A). 
Tactical signal brigades are aligned to support numbered armies 
(USAREUR/7" Army, USARPAC/8" Army, USARCENT/3™ Army, 
USARSO/6" Army, and USARNORTH/5" Army). 


4-108. When assigned a network support mission, ESBs and 
subordinate elements will be detached from the parent unit and 
attached to the supported unit for the duration of the mission. 


TACTICAL INSTALLATION AND NETWORK COMPANY 


4-109. The Tactical Installation and Network (TIN) company 
provides large network infrastructure installation and _ rapid 
installation and restoration of the DCS within an Army’s AO. 
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Growing from a need to provide responsive and agile advanced 
network installation services for critical missions, the TIN company 
has the capability to restore or install critical pieces of the DCS, 
which includes the DSN, the DSCS, and the DISN. Thorough 
planning identifies the necessary work requirements, specific core 
competencies, an estimated bill of materials, and personnel 
requirements. 


4-110. The TIN company— 

e Provides follow-on tactical support to signal packages for semi- 
permanent and permanent tactical automation, network 
installation, and information system support utilizing user 
provided bills of materials. 

Provides rapid DCS installation and restoration. 

e Deploys in support of combatant commands, JTF, JFLCCs, ASCC, 
and SC(T)s. May be employed to support other service component 
or coalition headquarters, permanent or semi-permanent enclaves. 

e Provides technical expertise to interpret and implement 
engineering plans for communication systems. 

e Advises the supported commander on aspects of network 
installation to include inside plant, outside plant, LAN installation 
and initialization. 

e Performs quality assurance testing and handoff of installed and 
restored systems. 

e Installs, maintains, and repairs aerial, buried, or underground 
cable, wire, and fiber optic transmission systems. 

e Repairs and maintains indigenous cable, wire, and fiber optic 
systems, and provides antenna and tower construction and repair. 

e Provides LAN installation and cabling using any mix of military 
and commercial standards and materials. 

e Provides automation support to include LAN initialization, 
network security, DMS, DRSN, SIPRNET, NIPRNET, and VTC. 
Installs or restores the DSCS terminal. 

Installs or restores a strategic to tactical interface path. 
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4-111. One TIN company typically deploys to an Army’s AO. The 
company may be attached or OPCON to a SC(T) HQ, an ITSB, ESB 
or TTSB, an ARFOR or JFLCC G-6/J-6 staff section or under an 
organization responsible for joint communications until an Army 
signal headquarters deploys into theater. Platoons, sections, and teams 
can operate autonomously to support various locations, base clusters, 
and enclaves. The TIN company can also deploy tasked organized 
teams, sections, or platoons to support contingencies in CONUS and 
OCONUS. The organization structure for a TIN company is depicted 
in Figure 4-7. 


VISUAL INFORMATION 


4-112. Visual information (VI) is information in the form of visual 
or pictorial representations of person(s), place(s), or thing(s), with or 
without sound. VI includes still photographs, digital still images, 
motion pictures, analog and digital video recordings, and hand- or 
computer-generated graphic art and animations that depict real or 
imaginary person(s), place(s), and/or thing(s), and related captions, 
overlays, and intellectual control data (Joint Publication [JP] 1-02). 


4-113. The mission of VI activities and Soldiers is to acquire and 
provide the President, Office of the Secretary of Defense (OSD), 
Joint Staff, military departments, and Army commanders with record 
documentation, multimedia/VI products, and services to satisfy 
official requirements. 


4-114. Security classification, operations security or subject 
sensitivity should not be used to prevent visual information 
documentation (VIDOC), since VI products can be classified at any 
level required. VIDOC is the process of using motion media, still 
photography, and audio equipment to acquire audio and visual 
records of events. Resulting VI products include photographs, motion 
pictures, video recordings, graphic art, visual aids, models, and 
displays. 
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Figure 4-7. Theater TIN company 
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4-115. VI products assist commanders at all levels by providing a 
visual record of significant Army events and activities. Visual images 
are used in tactical C2 decision making, strategic planning, and 
management through presentations and reports. Doctrinal, combat, 
materiel, and training developers use VI records for analysis and in 
reports and briefings to support their programs. VI products can be 
used for historical purposes to document training, educational, 
research, logistical, personnel, medical, and legal activities. VI with 
historical or long-term value shall be stored, managed and preserved 
by the Defense Imagery Management Operations Center (DIMOC). 


4-116. The DIMOC is the new operational arm of the Defense 
Visual Information directorate. It is a transformational organization 
that has assumed the missions, functions, and responsibilities of the 
Joint Combat Camera Center, the Defense Visual Information Center, 
and the Joint Visual Information Services Distribution Activity and 
will serve as: 
e The central reception and distribution point for all joint interest 
still and motion imagery. 
e The designated central records center for storage, preservation, and 
distribution of general purpose Defense imagery. 
e The central life-cycle management and __initial/follow-on 
distribution activity for DOD productions, providing post- 
production services for DOD and other government customers. 


COMBAT CAMERA 


4-117. The mission of combat camera (COMCAM) forces is to 
provide the OSD, Chairman of the Joint Chiefs of Staff, the Military 
Departments, combatant commands, and JTFs with a directed 
imagery capability in support of operational and planning 
requirements during wartime operations, worldwide crises, 
contingencies, and joint exercises (FM 3-55.12). The COMCAM 
mission is to support but is independent from, unique imagery 
operations such as Public Affairs, psychological operations, 
intelligence, and civil support. The Army’s theater COMCAM 
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company accomplishes its mission by providing COMCAM tactical 
support to joint and US Army operations and exercises. 


4-118. The COMCAM company can provide land, airborne, and 
airmobile operations. When deployed as a whole, it supports 
warfighters at all echelons across the spectrum of conflict in the 
theater of war. Its modular design facilitates tailoring support 
packages for lesser regional conflicts, small-scale contingencies, and 
other operations in the spectrum, such as peacekeeping and 
humanitarian relief operations. The company can deploy on short 
notice to support any level of combat force projection down to the 
brigade combat team. It can also operate in a joint operational 
environment as part of, or in support of, a joint COMCAM 
organization. 


4-119. The COMCAM_ company provides the following 
capabilities— 

e Staff planning, control, and supervision of the operations of the 
company, to include any augmenting personnel or materiel assets. 

e COMCAM equipment maintenance by minor on-site repair, 
replacement, or evacuation to civilian contractors. 

e Liaison to supported units, joint collection management tools and 
other service COMCAM elements. 

e Establishment, operation, and maintenance of COMCAM facilities 
supporting theater Army and subordinate TAC CP headquarters. 
This includes— 

=» COMCAM editing for the electronic processing of 
digital still and motion imagery acquired by organic 
documentation teams, weapons system video, or 
other COMCAM field units located in the theater 
Army AOR. 

= Operating support facilities to provide tailored still 
and motion media products, graphics products, 
narration support, and video reports on_ short 
suspense. 
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= Presentation and exploitation of visual imagery to 
support operational requirements. 

» COMCAM platoons to support operational 
requirements and provide continuous COMCAM 
documentation for historical purposes, to include 
ground and aerial documentation/acquisition of 
visual imagery. Transmission is accomplished via the 
most reliable transmission means available; that is 
CNRs, single-channel TACSAT radios, local area 
networks, or Defense Switched Network (DSN) and 
commercial telephone lines. 

= VI and documentation support to Army units with 
missions across the spectrum of conflict from 
peacetime military engagement to MCOs. 


Support Requirements 


4-120. At the theater level, the COMCAM company is attached to 
the theater army and is co-located with the G-3. The theater army 
element provides support and services under the warfighting 
functions. Under the warfighting functions support is provided for 
transmission of VI on data-capable communications lines across the 
theater and back to the sustaining base. The theater army provides CE 
maintenance support to the COMCAM company. 


4-121. At the corps and division levels, the COMCAM element is 
attached to the headquarters. The platoon headquarters is co-located 
with the appropriate corps/division G-3. COMCAM teams are under 
the OPCON of the brigade and battalion headquarters and are co- 
located with the appropriate unit S-3. The associated Army element 
provides food service, health, legal, religious, financial management, 
human resources, administrative services, supply, supplemental air 
transportation, and support for transmission of VI on data-capable 
communications lines across the corps/division and to the next higher 
headquarters. The corresponding signal command provides CE 
maintenance support. 
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Structure 


4-122. The modular design of the COMCAM company has been 
standardized to facilitate their mission requirements at the tactical 
level of operations to more accurately reflect its emerging role in 
strategic and tactical requirements. The structure of the theater 
COMCAM company consists of a company headquarters, two corps 
support platoons, and five division support platoons. Figure 4-8 
outlines the structure of a typical theater COMCAM company. 
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company, one corps and one division 
support platoon are airborne. 


Figure 4-8. Theater COMCAM company 
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JOINT COMBAT CAMERA OPERATIONS 


4-123. COMCAM empowers the joint force commander by 
acquiring, processing and distributing classified and unclassified still 
and motion imagery in support of full spectrum operations. Inclusive 
documentation ensures an accurate record of ongoing operations, and 
is vital to the strategic communication mission. Each military Service 
has dedicated COMCAM units that are specially trained and equipped 
to support combat forces in any environment. All COMCAM 
personnel must have received advanced field training and weapons 
qualifications. All personnel who require access to information 
systems processing classified defense information to fulfill their 
duties will possess a security clearance based on the appropriate 
personnel security investigation per Department of Defense Directive 
(DODD) 5200.2. When employed, COMCAM supports the force at 
all echelons in a theater of war. The COMCAM force packages are 
adaptive, fully qualified and equipped to document sustained day and 
night operations. 


4-124. Army COMCAM teams will be tasked to participate in DOD 
joint exercises along with COMCAM teams from other services. Only 
the Chairman, Joint Chiefs of Staff and combatant commanders have 
the authority to task joint service COMCAM teams. Tasking is 
normally component-specific (Army COMCAM is tasked to 
document Army activities); however in a joint environment, joint 
COMCAM forces can be formed to document all aspects of an 
operation. Imagery provided will be provided to the JTF commander 
and supported elements, while simultaneously and expeditiously 
transmitted to the DIMOC. COMCAM products cleared by the 
operational commander can be forwarded directly from the theater of 
operations to the DIMOC for further distribution to the operational 
staff. 


4-125. The Commanding General, US Army Network Enterprise 
Technology Command (NETCOM)/9" Signal Command (Army) 
[SC(A)] organizes and operates Army deployable COMCAM units 
through the 55" Signal Company (COMCAM) (Regular Army) and 
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the 982° Signal Company (COMCAM) (Army Reserve) to provide 
visual documentation of operational contingencies, exercises, joint 
operations, and relief activities in response to major disasters and 
other peacetime engagements. 


THEATER NETWORK OPERATIONS AND SECURITY 
CENTER 


4-126. The TNOSC operates, manages, and defends the LWN in 
order to deliver seamless information and communication systems 
capabilities in support of all in-theater Army entities in its AO. The 
TNOSC executes its NETOPS responsibilities in coordination with 
the Army G-6. RNOSCs may execute TNOSC functions on a 
geographic basis within their AOR under tactical control of the 
TNOSC. The responsibilities of the TNOSC are to control 
performance of technical functions of both fixed theater network 
infrastructure and tactical Army signal units within the theater AOR. 


TNOSC Deployment Support Division 


4-127. In conjunction with the modular restructuring of the Army, 
the signal command is undergoing revision in order to support 
emerging requirements of the new modular force. One such revision 
is the addition of a new Deployment Support Division (DSD) within 
the TNOSC. The DSD has the primary responsibility for all TNOSC 
support to deployed forces. It is comprised of two branches: the 
Tactical Network Team (TNT) and the Tactical Integration Cell (TIC) 
as shown (with the other TNOSC divisions) in Figure 4-9. 


Tactical Network Team 


4-128. The TNT is a fully deployable NETOPS entity (but based on 
METT-TC it is not necessarily fully or always deployed). The TNT 
acts as a fully integrated NOSC providing NETOPS functions for the 
SC(T) commander or signal brigade commander. The TNT will 
leverage supporting capabilities of the ASCC TNOSC to execute its 
NETOPS functions. The ARFOR TNT monitors, manages, and 
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controls inter-BCT, division and corps, and EAC information 
network components. 
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Figure 4-9. TNOSC DSD structure 


Tactical Integration Cell 


4-129. The TIC is a body of tactical network personnel within the 
DSD of the TNOSC that is dedicated to the integration and support of 
NETOPS for tactical units. The TIC provides the following functions: 

e Oversight and management of tactical ASCC NETOPS support 
services, such as the tactical NETOPS systems. 

e Supplementary or backup network services in direct support of 
other network elements as required. These services include storage 
and directory, as requested by the ARFOR. These functions are 
value-added services and are not intended to replace critical 
organic NETOPS assets within the chain of command. 

e Technical subject matter expertise upon request to analyze and 
resolve tactical network problems and incidents. 
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e Coordination of any required interoperation of ASCC NETOPS 
systems with tactical NETOPS systems such as_ e-mail, 
collaboration, DNS, and directory services. 

e Any necessary system interfaces, equipment augmentation, or 
NETOPS processes to enable standard Army tactical forces to 
interoperate seamlessly with combatant command’s specific 
requirements and policies. 


4-130. The TIC responsibilities also include the formation of 
temporary Tactical Liaison Teams (TLTs), which are dedicated to the 
support of a specific tactical unit. The TLT performs a liaison 
function to the supported unit’s NETOPS cell, providing essential 
integration services between the tactical unit and the respective 
TNOSC, while also providing valuable technical NETOPS 
augmentation to the unit’s organic NETOPS capability. When 
supporting a corps/division or corps/division-based command, a TLT 
typically collocates with corps/division personnel at the tactical 
Network Service Center. TLT personnel in support of an 
expeditionary BCT may perform functions from the TNOSC, or may 
relocate to other locations as missions dictate. Figures 4-10 and 
Figure 4-11 depict the two typical scenarios for these elements. 
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Chapter 5 
Transport Systems 


The Army’s transformation has provided 
enhanced network equipment capabilities to the 
modular force. The major network transport 
systems for the modular and current force are 
the communications systems currently being 
fielded under WIN-T Increment 1. This chapter 
includes a section on MSE and the Tri-Service 
Tactical (TRI-TAC) systems to provide 
information until the transformation of WIN-T 
Increment 1 is complete. This chapter provides 
commanders and  G-6/S-6 leaders an 
understanding of the LWN transport systems at 
corps and below. 


WIN-T INCREMENT 1 


5-1. WIN-T Increment 1 was formerly known as Joint Network 
Node-Network (JNN-N) and is the network enabler fielded to provide 
timely, network-enabled support to tactical modular formations, 
providing connectivity from a battalion to the GIG. 


5-2. The major components of the WIN-T Increment | transport are 
the hub node, (fixed, mobile, and tactical); the JNN at corps, division, 
and brigade; and the CPN at battalion. 
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5-3. The JNN is the communications package deployed at corps, 
division and brigade levels. The JNN enables independent operations 
and direct termination into the theater network, GIG, or a joint 
headquarters. The JNN facilitates the management of digital groups, 
trunks, and circuits. It provides the means through which the 
communications resource at a node can be monitored, controlled, and 
managed. The JNN capabilities include Ethernet switching, IP routing, 
network management, and network security services that include 
network intrusion detection. 


5-4. The JNN has voice and data switching equipment allowing 
independent operations and enabling both circuit switching and IP 
based networking. The JNN will work with existing terrestrial transport 
(LOS and HCLOS), ground mobile forces (AN/TSC-85/93), TROPO 
(AN/TRC-170), SMART-T (AN/TSC-154), Phoenix SATCOM 
terminal (AN/TSC-156), and commercial Ku-band satellite or Ka-band 
satellite, when available. 


5-5. Networking capabilities provided by JNN to support network 
enabled voice, data, and video services support include— 


e Forty-eight two-wire phone subscribers (SIPRNET and 
NIPRNET). 


Twenty-four IP voice subscribers (SIPRNET and NIPRNET). 
Forty-six IP data subscribers (SIPRNET and NIPRNET). 
Includes 24 data subscribers connected to IP phones. 


One local Private Branch Exchange; 1.544 Mbps or tier | Tl 
trunk. 


e Eight MSE black long voice subscribers. 


e Defense Red Switch Network long local access to the AN/TRC- 
170 via a Pairgain modem. 


e Remote battlefield video teleconferencing center access to the 
AN/TRC-170 via a Pairgain modem. 


e Supports two MSE digital transmission group supporting voice 
and data. 
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5-6. Critical communications components of the JNN are the 
vantage MSE gateway switch, a private branch exchange, Cisco router, 
Promina multiplexer, Cisco call manager, Ku-band TDMA, and FDMA 
modems, satellite transportable terminal (Ku-band satellite), and 
tactical LAN encryptor. Figure 5-1 shows WIN-T Increment 1 
architecture at different echelons. 


Note. Refer to FMI 6-02.60 for more information on WIN-T 
Increment 1. 


STEP/Teleport 
= | 


Ku-Band Satellite 


Division Battalion Brigade 


Figure 5-1. WIN-T Increment 1 architecture 
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WIN-T INCREMENT 1 HUB NODES 


5-7. The hub node is the primary component of the network service 
center. The network service center links the TDMA and FDMA Ku- 
band architectures. Additionally, the network service center allows for 
the termination, reallocation, and control of network bandwidth. 


Fixed Regional Hub Node 


5-8. The FRHN is a theater asset that provides coverage for units 
deploying to a geographical region. There will be five FRHNs when 
they are fully operational: one each within the Central Command, 
Pacific Command, and European Command and two within the 
CONUS. They will provide near-worldwide coverage when 
operational. The FRHN may provide initial hub support for the units in 
theater prior to the arrival of the division THN or if the commander 
makes the decision not to employ the THN. Control of the network 
may be transferred to the THN as the mission and situation dictates. 


5-9. The FRHN can support up to three divisions concurrently and 
has the flexibility to provide support to autonomous BCTs as well as 
ESBs that are task organized to support all echelons. The FRHN 
provides the following capabilities to the division— 

e Primary hub node connectivity and services during 
reception, staging, onward movement, and integration 
operations. 

e Continuity of operations for MRHNs and THNs. 

e A server sanctuary supporting the delivery of theater level 
services to the corps, division, and brigade. 

e Assured reachback to the Trojan Network Control Centers 
for TOP SECRET/Sensitive Compartmented Information 
users supported by a JNN or CPN as their point of entry to 
the network. 


5-10. The FRHN will be collocated with a STEP or teleport facility 
providing an always-on high bandwidth access to the GIG and 
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extension of DISA services to the division. The FRHN consists of a 
communications facility, which contains the satellite and baseband 
equipment, and a services facility, which contains servers and network 
and system administration personnel. The theater signal brigade 
personnel will operate and maintain the FRHN. 


5-11. A liaison team from the supported unit will ordinarily deploy to 
the FRHN to assist with configuration of the Tier 2 equipment that 
interfaces with their forces based on METT-TC. This Tier 2 equipment 
includes routers, switches, call managers, and NETOPS. This team will 
also facilitate NETOPS and troubleshooting issues. The liaison team 
will remain at the FRHN as the mission dictates. 


5-12. If a THN of the division assumes control of the network after 
arriving in theater, it may be necessary for the liaison team to transfer 
to the THN and the FRHN would become a backup capability for the 
division providing continuity of operations if needed. It would then be 
possible for the division technicians to remotely access the FRHN Tier 
2 devices that support them as required. The division or corps G-6 will 
coordinate as early as possible with the signal brigade S-3 to define 
liaison support activities at the FRHN. Any Tier 2 application servers 
installed at the FRHN will be configured and managed by the liaison 
team. 


Tactical Hub Node 


5-13. The THN is the primary hub node supporting a division and its 
subordinate units and is organic to the division signal company. It will 
ordinarily deploy to a sanctuary location to provide connectivity to a 
DOD gateway either with the division headquarters or in advance of 
the division headquarters. As the corps has no organic hub node, the 
THN may be used by the corps to provide access to the GIG and to 
control its subordinate units. Additionally, if elements of an ESB are 
OPCON to support the corps, division, or brigade, they may use the 
THN as an entry point to the network. The THN is capable of 
interfacing with current Army systems such as mobile subscriber 


17 March 2009 FM 6-02.43 5-5 


Chapter 5 


equipment (MSE) and Tri-Services Tactical Communications Program 
(TRI-TAC). 


5-14. The THN is made of two identical TDMA/FDMA SATCOM 
shelters and one baseband shelter. The SATCOM shelters have a 3.9- 
meter Ku/Ka capable antenna. Each shelter contains 8 TDMA and 8 
FDMA modems for 16 TDMA and 16 FDMA modems per THN. 
There is a master reference terminal and network control center in each 
shelter. The THN has the capability to provide services to a division 
network of 16 FDMA CPs and 80 TDMA CPs. The baseband shelter 
contains the necessary components to interface with the DOD gateway 
and provides the following capabilities— 
e Multiplexing. 

Link encryption. 
IP encryption (KG-175). 
Patching and testing. 
Private Branch Exchange phone service with Defense 
Switched Network connectivity. 
e = Tier '2 NIPRNET and SIPRNET routing services. 
e Tier 2 NIPRNET and SIPRNET routing services. 
e JA (e.g., intrusion detection, firewall, and deep packet 

inspection). 
e Voice over Internet Protocol. 
e Secure voice over Internet Protocol. 


Network Service Center-Training 


5-15. The Network Service Center-Training is located at the US 
Army Signal Center, Fort Gordon, Georgia. The Network Service 
Center-Training has capabilities similar to a THN with a primary 
mission of providing TDMA and DISN training and sustainment 
services for WIN-T Increment | equipped units in CONUS, Hawaii, 
and Alaska. The Network Service Center-Training supports activities 
such as home station training, Battle Command Training Center 
training, and Combat Training Center rotations. It also provides formal 
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schoolhouse training to prepare Soldiers to operate, manage, and 
interface with WIN-T Increment | assets. The Network Service Center- 
Training performs the following functions— 
e Provides TDMA master reference terminal services for 
sustainment training networks. 
e Remotely monitors, controls, and troubleshoots remote 
TDMA networks. 
e Establishes a test bed for experimentation and prototyping. 
e Supports development of doctrine and tactics, techniques, 
and procedures. 
e Supports, as necessary, real-world operations. 
e Provides a vehicle for individual training and live network 
collective training exercises. 
e Supports mobile training teams. 


Mobile Regional Hub Node 


5-16. The MRHNs are the original hub nodes fielded to the 3 
Infantry Division and will be transitioned to the NETCOM/9" SC(A) 
to serve as MRHNs. They consist of the same assemblages as the 
THNs with the difference being that they are mounted on commercial 
vehicles. The MRHNs will be allocated to, operated, and maintained by 
theater signal brigades. Each MRHN is capable of providing network 
services to a typical division consisting of 100 CPs on TDMA and 16 
CPs on FDMA. A MHRN has the following capabilities— 
e Provides coverage in areas where an FRHN has not been 
built or provides no coverage. 
e Provides hub node connectivity to expeditionary units (e.g., 
BCTs) not deploying with a THN. 
e Supplements a FRHN when additional capacity or satellite 
coverage is required. 
e Provides TDMA management support enabling intra-theater 
brigade to brigade level routing and network services. 
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e Provides unit sustainment training and exercise support. 


e Supports expeditionary BCTs operating independent of a 
THN supported division. 


COMMAND POST NODE 


5-17. The CPN is primarily fielded to the battalion level headquarters, 
but it is also used to augment a CP at other echelons. It consists of a 
support vehicle, a trailer-mounted 2.4 meter satellite dish, and two 
transit cases. 


5-18. The CPN (refer to Figure 5-2) operates in the TDMA satellite 
architecture providing secret data and Voice over Internet Protocol 
phone services. This architecture allows the battalion data network to 
terminate into the JNN and network service centers. The CPN has the 
following characteristics— 

e Interfaces with satellite and LOS assets. 


Is IP voice only. 


e 
e Is one physical enclave (tunnel second). 
e Capable of using bursts up to 4 Mbps on TDMA. 


Figure 5-2. Command post node 
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BRIGADE SUBSCRIBER NODE 


5-19. The brigade subscriber node (BSN) is fielded in SBCTs that are 
not already JNN enabled. The BSN provides switching, routing, 
transmission, network management, and security services within a 
single shelter. These components form the communications network 
infrastructure that enables the user to transfer voice, video, data, and 
imagery information throughout the AO. The SBCT signal company 
contains two BSNs and are traditionally placed at the brigade main CP 
and the brigade support area CP. The BSN is capable of interfacing 
with the JNN, MSE, and TRI-TAC. 


NETWORK OPERATIONS CENTER-VEHICLE 


5-20. The Network Operations Center-Vehicle (NOC-V) is found 
within select SBCT signal companies as well as battalion level 
headquarters. The NOC-V provides the S-6 with an operational facility 
and an integrated means to plan, manage, monitor and control tactical 
systems and networks that are within their management domain. The 
NOC-V provides voice and data services as well as radio links to the 
lower tactical Internet via SINCGARS, EPLRS and NTDR radios. It 
also contains a Force XXI Battle Command Brigade and Below 
(FBCB2) suite and tactical Internet manager for SA message traffic, 
tactical Internet, and TOC management. The NOC-V is capable of 
interfacing with the strategic, commercial, joint, and multinational data 
communication systems through the BSN. 


HIGH-CAPACITY LINE OF SIGHT SYSTEM 


5-21. The AN/TRC-190(V)3 is a terrestrial microwave radio system 
containing three AN/GRC-245 HCLOS radios. Each radio provides 
full duplex digital traffic at rates up to 16,384 kilobits per second 
(kbps). It is found within the signal companies at the corps, division, 
and brigade. It is ordinarily paired with a JNN to provide a high 
bandwidth LOS capability of up to 40 kilometers when terrestrial LOS 
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exists. The AN/TRC-190(V)1 contains one HCLOS radio and is found 
in units that use the CPN. 


SECURE MOBILE ANTI-JAM RELIABLE TACTICAL 
TERMINAL 


5-22. The SMART-T is a satellite ground communications terminal 
that is found within the corps, division, and brigade signal companies. 
It provides a protected SATCOM path for range extension of JNN 
systems that is capable of both single-channel voice communications 
and high bandwidth data transfer of up to 1.544 Mbps. SMART-T uses 
the Military Strategic Tactical Relay satellite constellation and employs 
frequency hopping technology that prevents jamming and interference 
from affecting communications. SMART-T is a one-vehicle system 
that can be put into operation by one Soldier in less than 30 minutes. 


WIDEBAND SATELLITE TERMINALS 


5-23. The AN/TSC-85C and AN/TSC-93C terminals are current 
forces’ ground mobile forces systems. The terminals are tri-band 
multichannel communications terminals that operate in the SHF 
spectrum with a throughput capacity up to 8.448 Mbps. The C models 
are being replaced by the D models to extend their life and provide 
greater capabilities. They are found within the ESB and are used to 
augment the internal assets of the corps, division, and brigade such as 
when a theater asset is attached or OPCON to them. The multi-band 
Phoenix AN/TSC-156 SATCOM terminal replaces selected AN/TSC- 
85/93 terminals in the ESB. 


COMMERCIAL SATELLITE COMMUNICATIONS TERMINALS 


5-24. Commercial SATCOM terminals are used primarily in stability 
operations to free up tactical assets. These are unit funded and procured 
systems that receive no DOD funding. The terminals include fixed, 
deployable, VSAT, and mobile products. Training, spares, and 
operations and support services are ordinarily provided as required. 
The two prevalent terminals are covered below. 
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AN/USC-60A Flyaway Tri-band Satellite Terminal 


5-25. The AN/USC-60A Flyaway Tri-band Satellite Terminal is a 
transportable tri-Band (C, X, Ku Band) transit case packaged 
SATCOM terminal. It employs a unifold 2.4-meter antenna system and 
can set up or torn down in less than 60 minutes. The modular 
architecture of the AN/USC-60A terminals easily accommodates 
expansions such as a digital video, digital voice/facsimile transmission, 
secure communication, and network control. 


5-26. The AN/USC-60A is ordinarily used as a spoke in a hub and 
spoke network but may also be configured to act as the hub. It is 
possible to upgrade the AN/USC-60A to make it compatible with Ka 
Band satellites. 


Deployable Ku Band Earth Terminal 


5-27. The Deployable Ku band Earth Terminal (DKET) is a satellite 
terminal capable of supporting 24 T1 data rate circuits through a 4.6-7 
meter tracking antenna. It contains redundant RF electronics and auto 
uplink power control with an environmentally controlled shelter with 
redundant generators and UPS for critical components. The digital 
fiber optic interface system connects to user baseband up to 2 km. The 
DKET is Interoperable with all tri-band satellite terminals and teleport 
earth terminals in commercial bands. The DKET is employed as a hub 
to service large populations. (There is a Ka Band upgrade kit available 
for the DKET.) 


MOBILE SUBSCRIBER EQUIPMENT 


5-28. The MSE system is the forerunner of the WIN-T Increment 1 
suite of equipment currently fielded to many of the reorganized 
modular units. It is an area-switched communications system that relies 
primarily on LOS links up to 40 km (28 miles) apart, but can operate 
on a satellite network if the satellite systems are provided. The use of 
relay assemblages can increase the distance between LOS nodes. 
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5-29. The MSE system provides both voice and data communications 
on an automatic, discrete-addressed, fixed-directory basis using flood- 
search routing. The system supports both mobile and wire subscribers 
with a means to exchange C2 information in a dynamic tactical 
environment. 


5-30. MSE was designed to provide communications in an area of 
operation of up to 37,500 square km (15,000 square miles). The system 
is digital, secure, and highly flexible. MSE also contains features that 
deal with link or functional element outages, traffic overload, and rapid 
movement of users. 


5-31. Throughout the maneuver area, subscribers connect to extension 
nodes by radio or wire. These extension nodes serve as local call 
switching centers and provide access to the network by connecting to a 
node center. 


MSE Components 


5-32. Node centers provide essential switching, traffic control, and 
access points for MSE. After determining the coverage area, node 
centers are allocated to establish a corps MSE grid network. Node 
centers are primarily linked by LOS radios to provide communications 
throughout the system via the node center switch. The cable connects 
TACSAT and TROPO systems to the node center. If one node center is 
disabled, the system automatically routes communications through 
another node center. The node center switch serves as an access point 
for large extension nodes (LENs), small extension nodes (SENs), radio 
access unit, system control center-2s, and Integrated System Control 
(SYSCON). 


5-33. The forced entry switch combines the essential functions of the 
node center switch, LEN, node management facility, and a radio access 
unit into one shelter. The forced entry switch, combined with a LOS 
AN/TRC-198, comprises the contingency communications package. 


5-12 FM 6-02.43 17 March 2009 


Transport Systems 


5-34. The LEN switch provides wired communications for personnel 
at large CPs. A LEN switch enables up to 164-wired subscribers to 
communicate freely using automatic flood search routing. 


5-35. The SEN switch supports the communications needs of smaller 
CPs. The AN/TTC-48 (V)1 can support 26-wired subscribers and the 
(V)2 can support 41-wired subscribers. 


5-36. The radio access unit, AN/TRC-191, is a fully automatic radio 
interface for mobile subscriber radiotelephone terminal subscribers. It 
connects directly to the node center by cable or remotely via LOS 
radio. The radio access unit is capable of terminating a maximum of 
eight radio telephone calls at any one time. The planning range 
between the mobile subscriber radiotelephone terminal and the radio 
access unit is 15 km (9.3 miles). 


5-37. The ISYSCON is the automated, theater-wide,  tactical- 
communications network-management system used to plan, configure, 
monitor, and control the entire spectrum of military tactical 
communications systems. ISYSCON features include mission plan 
management, network planning and engineering, battlefield frequency 
spectrum management, tactical packet network management, and WAN 
management. (Refer to Appendix A for more information on battlefield 
spectrum management.) 


5-38. The AN/TRC-190 (V)1 is an LOS multi-channel radio terminal. 
It provides point-to-point UHF radio links using the AN/GRC-226 (P) 
radio set between various nodes of the MSE system. The (V)1 is 
equipped with one AB-1339 mast with Band I and Band III antennas. 
The planning range of the UHF radio is 40 km (28 miles). 


5-39. The AN/TRC-190 (V)2 is an LOS multi-channel radio terminal. 
It provides point-to-point UHF radio links using the AN/GRC-226 (P) 
radio set between various nodes of the MSE system. The (V)2 is 
equipped with two AN/GRC-226(P) radio sets (one online and one 
spare) and one AB-1339 mast with Band I and Band III antennas. The 
planning range of the UHF radio is 40 km (28 miles). The (V)2 
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typically deploys as an analog interface to North Atlantic Treaty 
Organization forces. 


5-40. The AN/TRC-190 (V)3 is an LOS multi-channel radio terminal. 
It provides point-to-point UHF radio links using the AN/GRC-226 (P) 
radio set between various nodes of the MSE system. The (V)3 is 
equipped with four AN/GRC-226(P) radio sets (three online and one 
spare) and three AB-1339 masts with two Band I and two Band III 
antennas. The planning range of the UHF radio is 40 km (28 miles). 
Each radio link supports a single full-duplex group-level connection 
and a single digital voice orderwire channel. The AN/TRC-190 (V)3 
typically deploys with the node center switch and is a radio relay. 


5-41. The AN/TRC-190 (V)4 is an LOS multi-channel radio terminal. 
It provides point-to-point UHF radio links using the AN/GRC-226 (P) 
radio set between various nodes of the MSE system. Each radio link 
supports a single full-duplex group-level connection and a single 
digital voice orderwire channel. The AN/TRC-190 (V)4 is equipped 
with two AN/GRC-226 (P) radio sets (two online) and two AB-1339 
masts with Band I and Band III antennas. The planning range of the 
UHF radio is 40 km (28 miles). If the AN/TRC-190 (V)4 has an 
AN/GRC-224 (P) radio set installed, it can provide a short-range, down 
the hill, and point-to-point SHF radio link. The AN/TRC-190 (V)4 
typically deploys with the LEN switch. 


TRI-SERVICE TACTICAL 


5-42. Currently, if TRI-TAC systems are used they are employed at 
the theater level. Similar to MSE, the TRI-TAC network forms a 
communications grid of area nodes, which covers the AO. The area 
nodes normally interconnect by LOS links up to 40 km (28 miles) 
apart. Users gain access to the network at many extension nodes, which 
tie into the area nodes through LOS links. The use of relay assemblages 
can increase the distance between nodes. TACSAT and TROPO links 
further extend the range between nodes. 
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Federation of Networks 


This chapter provides an overview of the 
federations of networks that are most commonly 
used today: The reader is referred to additional 
publications for detailed information on subject 
matter beyond the scope of the chapter. As 
communications needs grow, new networks will 
be acquired. This chapter does not represent all 
communications assets currently available to 
commanders and signal leaders. 


INTRODUCTION 


6-1. The federation of networks are specialized networks and 
systems that are commonly referred to as “stovepipes” and will 
continue to operate until fully integrated into a single enterprise. These 
stovepipes are designed to meet a commander’s unique intelligence, 
operational, and sustainment needs. They serve a narrow community of 
users and have limited or no interoperability with other systems. These 
networks are required by different warfighting functions, many of 
which are not directly installed, operated, or maintained by signal 
personnel. The following paragraphs discuss some of the most widely 
used systems. 
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COMBAT NET RADIOS 


6-2. The primary role of CNR is voice transmission for C2. The 
secondary role includes data transmission where other data capabilities 
do not exist. The CNR is primarily designed around the SINCGARS, 
the single channel TACSAT, and the high frequency radio. 


6-3. More tactical radios with these or like capabilities are found at 
division and below. Each of these systems has different capabilities and 
transmission characteristics. 


Note. Refer to other doctrinal publications that may be 
accessed on _ the doctrine AKO portal at 
http://gordon.army.mil/doctrine for more information on 
tactical radios being used throughout the Army. The portal 
requires a common access card to access. 


BLUE FORCE TRACKING 


6-4. The BFT system is an L-band SATCOM tracking and 
communication system that provides the commander eyes on the 
friendly forces and the ability to send and receive text messages. BFT 
operates with FBCB2 software. FBCB2s terrestrial-based radio is 
EPLRS, a networking radio that provides transport and position 
location when necessary. 


6-5. The BFT contains computer hardware and _ software, 
interconnecting cables, L-band satellite transceiver, a precision 
lightweight global positioning system receiver, a mission data loader to 
transfer larger files, and an installation kit appropriate to the host 
vehicle type (if applicable). Other major BFT systems include the 
Movement Tracking System and Talon Reach. (Refer to FMI 6-02.45 
for more information on these systems.) 
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ARMY BATTLE COMMAND SYSTEM 


6-6. ABCS is the integration of primarily user-owned and —operated 
automated systems. These information subsystems access critical 
warfighting functions and information resident on other similar 
warfighting systems in a seamless and secure manner. ABCS is a 
common hardware system (CHS) and a core set of common support 
software, which is functionally unique to each sub-system. 


Note. These integrated information systems allow 
commanders and their staff access to real or near-real time 
information in the full spectrum of military operations. Refer 
to Appendix B for an overview of the ABCS information 
systems and services. 


COMBAT SERVICE SUPPORT VERY 
SMALL APERTURE TERMINAL 


6-7. The Combat Service Support Very Small Aperture Terminal 
(CSS VSAT) SATCOM system provides wideband NIPRNET 
connectivity to all major sustainment nodes across the Army. The CSS 
VSAT enables deployed maneuver and support battalions to reach key 
sites located in the CONUS and in sanctuary. The CSS VSAT is 
combined with the wireless Combat Service Support Automated 
Information Systems Interface (CAISJD) to provide flexible connectivity 
for sustainment systems such as the property book unit supply 
enhanced. Figure 6-1 illustrates the CSS VSAT architecture. 
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Strategic 


Commercial 


KU SATCOM -~ Le ee. 
a GIG/DISN ~ 


Commercial SATCOM Facility 


256 Kbps Upload Wireless CAISI 


2Mbps Download CorpsiDivision/BCT Forward Support Battalion 


Wireless CAISI 
Battalion-Forward Support Company 


Figure 6-1. CSS VSAT architecture 


COMBAT SERVICE SUPPORT AUTOMATED INFORMATION 
SYSTEMS INTERFACE BRIDGE MODULE 


6-8. The CAISI is a wireless LAN that provides tactical network 
connections for logistics and health service support information 
systems. The CAISI bridge module serves as the LAN server and 
connects up to 112 individual logistics systems through the CSS VSAT 
to the global internet grid. CAISI can transmit and receive signals in a 
clear LOS range of up to four miles. The CAISI bridge is operated by 
the S-4 (logistics staff officer) section. Systems that use CAISI 
include— 

e CSS VSAT. 

e Battle Command Sustainment and Support System. 


e Transportation Coordinators’ Automated Information for 
Movement System (V II). 
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e@ Medical Communications for Combat Casualty Care (MC4). 
e Standard Army Ammunition System. 


TROJAN SPECIAL PURPOSE INTEGRATED REMOTE 
INTELLIGENCE TERMINAL 


6-9. Trojan SPIRIT is a military intelligence operated system that is 
a critical network enabler for the commander and the intelligence 
elements. It is currently the primary network capability connecting the 
deployed user to TOP SECRET/Sensitive Compartmented Information 
networks that include the Joint Worldwide Intelligence 
Communications System and the National Security Agency network. 
The data may be either delivered over a dedicated Trojan SPIRIT suite 
or tunneled through the JNN components via KG-175 tactical fast lane 
in-line network encryption devices. Figure 6-2 depicts the Trojan 
SPIRIT at corps, division, or brigade being tunneled through the JNN 
to other points of presence that do not have a dedicated Trojan SPIRIT. 


Strategic 


Commercial Trojan Spirit 
Network 
Commercial Lines Control 
Center 


SATCOM 


Commercial SATCOM Facility KG-175 


Corps/Division/BCT 


KG-175 , ~ TSISCI Enclave 
_ = 


Trojan SPIRIT 


SCI Tunneled thru JNN 
Trojan Spirit 
/ \ rojan Spirit 


Figure 6-2. Trojan SPIRIT architecture 
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MEDICAL COMMUNICATIONS FOR COMBAT 
CASUALTY CARE 


6-10. The MC4 together with the Theater Medical Information 
Program provides near real time medical information for the medical 
community in a tactical environment. This family of systems supports 
C2, situational understanding, and commodity management by 
seamlessly linking, both vertically and horizontally, all echelons of 
medical care and logistics. 


6-11. The MC4 provides the following capabilities and functions— 
e Electronic medical record. 

Medical surveillance. 

Patient accountability. 

Medical regulating. 

Medical reference. 

Medical logistics. 


Reporting and security. 


MEDICAL SURVEILLANCE AND ELECTRONIC 
MEDICAL RECORD 


6-12. Armed Forces Health Longitudinal Technology Application 
(AHLTA)-Mobile (formerly known as Battlefield Medical Information 
System Tactical-Joint) operates on a hand-held device enabling medics 
in the field to record initial patient encounter data and synchronize it 
with the AHLTA-Tactical (formerly Combat Health Care System II- 
Tactical) application. AHLTA-Mobile is an application used on a 
point-of-care hand-held assistant that records, stores, retrieves, and 
transmits the essential elements of patient encounters in an operational 
setting. 


6-13. This information is synchronized and the data transmitted to a 
server for surveillance, analysis, storage, and retrieval purposes. 
Reference materials, diagnostic and treatment decision aids, and 
logistic support software can also be included to facilitate patient care, 
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MOS skill training, and mission planning. It can act as a stand-alone 
system or can transmit medical data to servers providing data for 
readiness, medical history, consultation, evacuation, and other medical 
planning and force health surveillance operations. 


6-14. Joint medical workstation and theater medical data store are 
Web-based applications accessible via the MC4 system. Joint medical 
workstation is a medical surveillance tool on a classified network 
allowing unit commanders access to a summary of multiple reports for 
enhanced medical SA. It offers users the ability to view individual 
patient encounters anywhere in the world. 


6-15. Providers can view stored medical data on the Soldier 
regardless of where it was input. Patient encounters in theater are 
entered through the MC4 laptop with AHLTA-Tactical to the theater 
medical data store server, where the records can be accessed via joint 
medical workstation (SIPRNET) and theater medical data store 
(NIPRNET). The records are also transferred to the Central Database 
Repository as part of the Soldier’s life-long medical record. 


PATIENT ACCOUNTABILITY 


6-16. Patient Accounting and Reporting Real-Time Tracking System 
is an application that offers casualty location and medical condition 
information to authorized users instantly via the Battle Command 
Network. 


6-17. Joint Patient Tracking Application is a patient tracking 
application that receives medical information from MC4 via theater 
medical data store. This allows Army commanders to track their 
wounded Soldiers, by name, throughout the CONUS and OCONUS. 


MEDICAL LOGISTICS 


6-18. Theater Army Medical Management Information System 
customers assistance module and the defense medical logistics standard 
support customer assistance module are applications that interface to 
the Theater Army Medical Management Information System medical 
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logistics inventory program that provides additional medical logistics 
capabilities, including inventory access and medical equipment (Class 
VII) ordering between levels of care. 


REPORTING, COMMUNICATIONS, AND SECURITY 


6-19. Theater Medical Information Program is an application that 
provides the security and communications path for the data transfer 
from AHLTA-Tactical and AHLTA-mobile to the theater medical data 
store and joint medical workstation servers. Theater Medical 
Information Program reports provide query capabilities against the 
local database. It also provides commanders with SA information and 
patient visibility, along with support for pre-defined status reporting 
and epidemiology monitoring. 


PUBLIC AFFAIRS OFFICE DIGITAL VIDEO 
AND IMAGERY DISTRIBUTION SYSTEM 


6-20. Public Affairs Office Digital Video and Imagery Distribution 
System (DVIDS) is a state-of-the-art, around-the-clock operation that 
provides a timely, accurate, and reliable connection between the media 
around the world and the military serving in Iraq, Afghanistan, Kuwait, 
Qatar, and Bahrain. 


6-21. Through a network of portable Ku-band satellite transmitters 
located in-theater and a distribution hub in Atlanta, Georgia, DVIDS 
makes available real-time, broadcast-quality video, still images, and 
print products, as well as immediate interview opportunities with 
service members, commanders, and subject matter experts. 


6-22. Using advanced technology and innovative processing DVIDS 
processes and manages massive amounts of content seamlessly through 
backend Web applications that manage workflow for all different 
media types. Built upon the backend of the Encompass Asset 
Management System, DVIDS processes and distributes (including play 
out) all digital video, tape-free. 
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GLOBAL BROADCAST SYSTEM 


6-23. The GBS provides a one-way, high-speed, information flow of 
high volume data and multimedia information such as unmanned 
aircraft system video, imagery, maps, weather, sustainment, and air 
tasking orders. GBS uses military satellites augmented by commercial 
Ku band satellites. The GBS is found at all levels and usually resides 
within the G-6/S-6 section. However, it is general purpose user- 
operated and may be assigned to other sections such as the G-2/S-2. 


6-24. GBS is a system of broadcast managers, injection points, 
broadcast satellites, receiver terminals, and management processes for 
requesting and coordinating the distribution of information products. It 
supports routine operations, training and military exercises, special 
activities, crisis, SA, weapons targeting, intelligence, and the transition 
to and conduct of opposed operations short of nuclear war. 


6-25. GBS provides joint operations with high speed, multimedia 
communications and information flow for deployed, on the move (in- 
transit), or garrisoned forces. Homeland defensive operations are 
supported by a requirement for CONUS coverage, which also provides 
exercise support, training, and workups for deployment. GBS also 
supports military operations with US allies or multinational forces 
dependent on security and cryptographic releasability restrictions. 
Figure 6-3 depicts the system architecture for the GBS. 
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TIM - Theater Information Manager > Spot Beams 
SBM - Satellite Broadcast Manager » Broad Area Coverage 
@™ Satellite FOV 


Figure 6-3. GBS architecture 


6-26. Today’s DOD needs large volumes of information delivered 
rapidly to deployed, on the move, and garrison users. Many of these 
information requirements are standard products, such as imagery, 
intelligence, training, 24-hour commercial news, various tactical video 
(for example, unmanned aircraft system video, commander’s tactical 
briefing, etc.), weather services, and other desired broadcast services. 
Other unique information products are tailored for an operating area, 
such as local weather products, environmental sensing updates, theater 
intelligence reports, airborne reconnaissance video, air tasking orders, 
Tomahawk mission data updates, SA updates, and theater-generated 
mapping and imagery composites. GBS uses current digital satellite 
broadcasting technology to disseminate these information products to 
the GBS users. 
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6-27. High data rate satellite terminals are characteristically large and 
fixed, but GBS receive terminals are small, mobile, and receive high- 
volume data using 1-meter or smaller antennas. Mobile force elements, 
free from restrictive large fixed terminals, can receive information 
formerly available only to command centers. Current GBS technology 
supports data rates between 1.544 and 45 Mbps depending on satellite 
capability, but transmits at lower data rates to support disadvantaged 
users or to compensate for environmental conditions. Each satellite that 
supports the GBS will be served by a satellite broadcast manager and a 
primary injection point (PIP) or a theater injection point (TIP). The 
GBS relies on DISN connectivity to relay information from national 
and theater information sources to the satellite broadcast manager for 
broadcast injection via a PIP. 


6-28. The GBS TIP will be available under selected theater tactical 
brigades that are equipped and structured to install, operate, and 
maintain it. The GBS TIP enables in-theater forces to transmit 
information via the GBS as opposed to being able only to receive 
information transmitted by the PIPs. 


BROADCAST MANAGEMENT SEGMENT 


6-29. A fundamental feature of GBS is the broadcast management 
segment which retrieves, accepts, coordinates, and (if required) 
packages information such as general broadcast products, “Smart 
Push” products, and “User Pull” products. The required information is 
gathered from both national and theater sources for broadcast based on 
the direction and priorities identified by their respective combatant 
commanders and their functional users. 


6-30. The broadcast management segment also performs any 
additional functions necessary to support the efficient use of GBS. 
These functions include, but are not limited to, managing space 
segment coverage and capacity sharing, providing interface protocols 
and standards designed to allow information providers to submit 
information in a form acceptable by the GBS broadcast, and 
coordinating with the combatant commander information manager cells 
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to apply combatant commander’s priorities. Within the maneuver force, 
the GBS is a user-owned and —operated system that provides a high 
bandwidth data broadcast capability to multiple users in the AO. 


TRANSMIT SEGMENT 


6-31. The transmit segment consists of two satellite broadcast 
manager facilities; three fixed PIPs, and deployable TIPs. The high 
data rate bit stream is transmitted from one of the fixed or deployable 
injection points, as directed by the combatant commanders, and 
managed by the broadcast management segment in each satellite field 
of view. The information being transmitted is received by a myriad of 
GBS receiver systems. At the direction of the combatant commander 
theater information manager, the satellite broadcast manager collects 
data files and digital video from national, DOD, and inter- and intra- 
theater information sources; constructs a broadcast stream; and 
transmits the signal to the GBS transponders on the UHF follow-on 
satellite. 


SPACE SEGMENT 


6-32. The GBS space segment is supported by two UHF follow-on 
satellites. There are four Ka-band transponders hosted on each of these 
UHF follow-on satellites dedicated to GBS applications. Each satellite 
also has one steerable patch array antenna that can be moved to the 
appropriate location to support broadcast from a TIP. 


6-33. Each of the UHF follow-on satellites has three GBS dedicated 
steerable downlink antennas for broadcast within that  satellite’s 
geographic field of view. Information fed to the satellite can be routed 
from the four transponders to the three downlink beams as deemed 
appropriate by the combatant commander based on user dispersion and 
operational necessity. All components of the GBS architecture are 
designed for interoperability with the wideband global satellites as they 
become available. The GBS is compatible with commercial Ku-band 
satellites that are used to provide broadcast coverage outside the UHF 
follow-on/GBS field of view (CONUS) or as needed for augmentation 
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for the UHF follow-on/wideband global satellite constellations 
depending upon unit dispersion and information requirements in 
specific geographical areas. 


GROUND RECEIVE SEGMENT 


6-34. GBS receive suites receive, process, and disseminate GBS 
broadcast content to end-users over backend communications 
networks. Receive suites consist of a receiver/transmitter and receive 
broadcast manager. The receiver/transmitter consists of an antenna 
group that includes a dish antenna, a low noise block down converter, 
satellite tracking hardware and software, and associated interface 
cabling and equipment. 


6-35. The receive broadcast manager consists primarily of the 
integrated receiver decoder assembly, one or more computer systems 
with receive broadcast manager software installed, a cryptographic 
unit, and associated hardware including splitters, cabling, and switches. 


6-36. Receive suites are designed around an open architecture and 
may be configured based on the demands of the individual user. 
Receive suites can be either transportable or fixed ground receive 
suites (refer to Figure 6-4). There may be variations of these receive 
suites for airborne, portable, and mobile applications in the future. 
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Receive Terminal & 


Receive Broadcast Manager 


Figure 6-4. Transportable ground receive suite 


GBS MISSION REQUEST 


6-37. Units must articulate requirements via submission of a GBS 
mission request prior to deployment and update the request as mission 
needs dictate changes in types of information products, time and pace 
of initial delivery/updates, and modification of delivery times or unit 
locations. It is critical that GBS mission requests are tailored to support 
specific unit missions and that the G-6/information management 
officer/knowledge management officer collects staff information 
requirements and identifies the location of associated national source 
repositories. 


6-38. The information management officer/knowledge management 
officer can access the satellite broadcast manager product catalog via 
SIPRNET to select those products already available from the satellite 
broadcast manager and include them in the GBS mission request 
submission. 
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6-39. For those products not already available on the personal 
computer, units must provide specific location information on the GBS 
mission request to facilitate the satellite broadcast manager’s ability to 
acquire the information and prepare it for broadcast IAW the unit 
established timelines and priorities. Pre-deployment network 
integration is recommended to confirm GBS mission request 
effectiveness and network integration, and identify any GBS mission 
request changes that are required. 


G-6/S-6 Officer and GBS 


6-40. The G-6/S-6 officer is responsible for planning and integration 
of all peripheral devices (for example, LAN, WAN, computer 
hardware, monitors, etc.) needed to make information available to the 
end user. The G-6/S-6 officer is also responsible for processing user- 
addressed information in the manner that best suits his needs. 


6-41. Matching staff needs with available products is challenging. 
The G-6/S-6 officer must identify each staff section’s information 
needs and select those that are best satisfied by the GBS dissemination 
architecture. This is based on type, size, criticality of priority, and 
information repository location. Those that are deemed appropriate for 
GBS delivery is included on the GBS mission request submission. 


TELEENGINEERING OPERATIONS 
CENTER 


6-42. The TeleEngineering Operations Center provides deployed 
DOD personnel the worldwide capability to talk directly with experts 
in the United States when a problem in the field needs quick resolution. 
Deployed troops can be linked to subject matter experts within the 
Corps of Engineers, private industry, and academia to obtain detailed 
analysis of complex problems that would be difficult to achieve with 
the limited expertise or computational capabilities available in the field. 
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6-43. TeleEngineering Operations Center staff members respond to 
incoming information requests and provide detailed analyses of 
problems, such as flooding potential due to dam breaches, load 
carrying capacities of roads and bridges, field fortifications, and 
evaluation of transportation networks. 


TELEENGINEERING COMMUNICATIONS EQUIPMENT 


6-44. TeleEngineering communications equipment provides video 
teleconferences and data transfers that can be conducted from remote 
sites where other means of communications are nonexistent or 
unavailable. 


6-45. The TeleEngineering toolkit is a software product that provides 
a valuable analysis tool to personnel on the ground or going into an 
area of operation. By annotating an area of interest, a small reference 
file can be sent back to the subject matter experts to provide requests 
for a variety of information, including cross-country mobility analysis, 
flood analysis, and vegetation information. The response can then be 
sent back and graphically displayed using the TeleEngineering toolkit. 


6-46. The automated route reconnaissance kit combines the power of 
the TeleEngineering toolkit with a global positioning system, video 
camera, and three-dimensional accelerometers to provide automated 
route reconnaissance. 


STANDARDIZED INTEGRATED 
COMMAND POST SYSTEM 


6-47. The Standardized Integrated Command Post System (SICPS) 
provides modular, interoperable, and fully integrated command post 
platforms and information and communications physical infrastructure 
with joint capabilities to commanders and staffs. SICPS integrates 
ABCS systems, intercoms, large-scale video displays, and LANs into 
standard Army command post shelters and tents. 
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6-48. SICPS is primarily a non-developmental effort that integrates 
state-of-the-art government off-the-shelf and COTS equipment into 
tactically mobile/deployable platforms that support the operational 
needs of the current force and the Stryker BCT force, and has direct 
applicability to the Future Force. SICPS consists of three major 
subsystems: the SICPS command post platform, the SICPS family of 
tents with trailer-mounted support systems, and the command center 
system. 


6-49. The SICPS family of tents with trailer-mounted support systems 
is a series of quickly erected tents, power generation and environmental 
control units that will provide the command post with environmentally 
controlled workspace, power distribution, lighting, tables, integrated 
flooring, a cable management system, and a common grounding 
system. A large-scale display and its associated video controller that 
make up the command center system supports enhanced collaborative 
staff functions. 


6-50. SICPS and its integrated infrastructure are the critical enablers 
that support the capability needed to fully realize shared situational 
understanding, for example, common operational picture, inherent in 
the various Army and joint C2 communications and network systems 
that enable network centric C2. SICPS also serves as an enabler for 
approved battle command systems by hosting the ABCS information 
service server associated with the ABCS (V) 6.4 architecture, as well 
as other servers such as the command post of the future (CPOF) server 
and servers associated with Global Command and Control System- 
Army (GCCS-A). 
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Appendix A 


Electromagnetic Spectrum 
Management Operations 


Radio frequency spectrum is the range of 
electromagnetic frequencies used in_ the 
transmission of voice, data, and video. It is a 
shared resource that is non-expendable and 
finite. A limited number of channels or 
frequencies can be accommodated at any time in 
an AO. This appendix provides an understanding 
of spectrum management and addresses the roles 
of the spectrum manager. (For more information 
on EMSO, refer to FMI 6-02.70.) 


THE ELECTROMAGNETIC SPECTRUM 


A-l. Electromagnetic spectrum is defined as the entire range of 
radiated energy from low frequency (LF) radio waves through visible 
light radiation and further to gamma and cosmic rays. Figure A-1 
below depicts the full range of the electromagnetic spectrum. To enable 
network centric warfare, the Army must have access to the radio 
frequency portion of the spectrum, which is generally considered the 
high frequency to EHF range of frequencies. 
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Figure A-1. The electromagnetic spectrum 


A-2. The Army does not own any spectrum in the United States or in 
any foreign country. In the United States, the Army shares government 
allocated spectrum with federal agencies and other military services. 
For example, of the 2320 frequencies a SINCGARS radio can use, only 
200 of these are available for government use while the rest are shared 
or borrowed from the Federal Communications Commission. 


A-3. The spectrum is a sovereign resource that each country controls 
and regulates to satisfy economic and security needs, as necessary. 
While there are some international bands for radio services, countries 
parcel the electromagnetic spectrum to meet their individual needs. For 
example, radio frequency systems designed to operate in one 
geographic area or country, or the United States may not be able to 
legally operate in other geographic areas such as Europe. 


ELECTROMAGNETIC SPECTRUM OPERATIONS 


A-4. EMSO incorporates spectrum management, frequency 
assignments, policy implementation, and host nation coordination that 
enables the efficient use of the electromagnetic spectrum for combat 
operations. EMSO enables and supports all spectrum dependent 
emitters to include wireless extensions of networked communications 
systems, all domains of electronic warfare, and many other information 
management systems that support EMSO consists of planning, 
operating, and coordinating joint use of the electromagnetic spectrum 
through operational, engineering, administrative, and _ policy 
implementation procedures. The objective of EMSO is to enable 
electronic systems that rely on wireless connectivity to perform their 
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functions in the intended environment without causing or suffering 
unacceptable frequency interference. 


A-5. The primary focus of spectrum management is to obtain a valid 
frequency license from the controlling authority at the international, 
national, host nation, unified command, multinational, or military 
department level agencies to operate equipment on a certain specified 
frequency. 


A-6. The Army spectrum management process includes the 
application of operational, engineering, and administrative procedures 
to allotted radio frequency bands to maximize reuse and sharing of the 
spectrum that is available. It enables electronic equipment to perform 
their functions in their intended environment using electromagnetic 
compatibility measures, without suffering degradation from or causing 
unacceptable degradation to other equipment. 


A-7. It centers on managing discrete frequencies or frequency bands 
using frequency allotments and frequency assignments; assuring 
compliance with local radio regulatory policy, rules, and procedures; 
application of sound electromagnetic compatibility measure practices; 
resolution of harmful interference at the lowest operational level 
possible; and timely reporting of incidents of harmful interference that 
cannot be resolved locally. Figure A-2 illustrates the Army spectrum 
management process. 


TACTICAL SPECTRUM MANAGEMENT 


A-8. Spectrum management is bottom driven for requirements and 
top fed for resources. The division and BCTs represent the “pointy end 
of the spear,” and it is critical that all requirements are captured by the 
G-6/S-6 at each echelon to ensure the commander receives the proper 
resources. 
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Figure A-2. Army spectrum management process 


A-9. In the past, the bulk of spectrum management was concerned 
with communications emitters for the backbone and CNR networks. 
Today’s operational environment presents many unique spectrum 
challenges. Figure A-3 shows that, while communications is certainly a 
spectrum management concern, there are many other competing 
systems for spectrum. It is the G-6/S-6 responsibility to coordinate with 
all spectrum users in the AO to ensure all requirements for spectrum 
access are identified. A list of all radio frequency emitters in the AO 
must be maintained by the G-6/S-6 to ensure that competing systems 
for the same portion of spectrum can be identified and prioritized for 
frequency assignments. 
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A-10. The geographical combatant commander is the controlling 
authority for spectrum. The geographical combatant commander 
normally provides subordinate units, as an allotment, a pool of 
frequencies to be used by certain equipment in certain geographical 
locations on a first come first serve basis. 
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Figure A-3. Spectrum management radio frequency systems 


TACTICAL SPECTRUM MANAGEMENT OPERATIONS 
PROCESS 


A-11. The role of the spectrum manager is to gather, adjudicate, and 
forward requirements for all spectrum support for the division to the 
next higher authority. 
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A-12. During day-to-day operations/training at home station, the G-6 
spectrum manager normally uses Spectrum XXI to maintain and update 
resident frequency records and _ requests. The automated 
communications engineering software (ACES) builds and publishes the 
CEOI, and a network-planning tool such as ISYSCON or detailed 
planning and engineering module engineers frequencies for LOS 
networks. Table A-1 describes these tools. 


Table A-1. Spectrum management tools and descriptions 


The ACES is a net planning software program for the 
US Army. ACES works in a ruggedized Windows NT 
COTS platform for tactical operations and in desktop 
Windows NT workstations in strategic locations. ACES 
allows military users to perform fully automated 
cryptonet, signal operating instructions, CEOI, joint 
CEOI, and electronic protection planning, management, 
validation, and generation distribution at the time and 
location of need. The Military Communications 
Electronics Board has designated ACES as the Joint 
Spectrum Management Planning software (called Joint 
Automated Communications-Electronics Operating 
System [JACS]) for multiservice operations. 


JACS has the same basic function as ACES. JACS’s 
core purpose is to allow an interface between the joint 
CEOI generation tool with service unique 
communications planning software and spectrum 
management automated tools. 


ACES 


The Joint Network Management System is used at joint 
Joint Network level to integrate network management functions. The 
Management spectrum management portion uses existent systems 

(Spectrum XXI/JACS/ACES), and while providing some 
System level of integration, it essentially adds no new 

capabilities to the spectrum management process. 


ISYSCON, The ISYSCON, detailed planning and engineering 
DPEM, and module, and network planning terminal are used 
NPT primarily to engineer the Army LOS communications 
network for division and below. 
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Spectrum XXI is the spectrum management tool 
designated by the Military Communications Electronics 
Board as the joint DOD spectrum management 
standard. It is used to create, modify, renew, and delete 
permanent/temporary frequency assignments/proposals 
worldwide. 


The Spectrum XXI software was developed under the 
management and direction of the DOD Joint Spectrum 
Center and the National Telecommunications and 
Information Administration. Spectrum XXI was 
developed to automate many processes and 
standardize the spectrum management process 
throughout the federal government. 


Spectrum XXI is not a program of record and therefore 
did not follow the traditional acquisition process. 

Spectrum XxX| Spectrum XXI was designed as a tool for combatant 
commanders and consequently is not agile enough to 
support maneuver operations. It is, however, the only 
tool available at this time to assist in spectrum 
management. Spectrum XXI can be used in either a 
stand-alone mode or connected to regional servers via 
the SIPRNET; however, the client server relationship is 
not automatic. The clients must initiate a data exchange 
to update both the server and the client’s machine. In 
addition, equipment such as satellites and radars are 
many times, not accounted for which creates 
inaccuracies in the electromagnetic picture. Spectrum 
XXI also has no visibility of real time operations and is 
reliant on the operator to update the database to 
maintain accuracy, which in a highly dynamic 
operational environment is unlikely. 


A-13. During mobilization, spectrum managers are involved in all 
planning meetings to determine what frequency requirements will be 
based on the division structure (which and how many types of brigades 
will be in the division). Once the initial requirements are determined, 
the spectrum managers will begin building the master net list, initiate 
frequency requests, and begin coordination of electronic warfare 
issues. 
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A-14. Once the frequency allotment has been received and the 
network plans are finalized, the CEOI is built and published, and 
distribution of frequencies to other equipment such as unmanned 
aircraft systems, munitions, radars, etc., will be accomplished. 


Note. There is currently no spectrum management tool that 
allows for en route planning. Only manual adjustments can be 
made to any plans. 


A-15. In the AO, any adjustments to the spectrum management plan 
are made by exception due to Spectrum XXI, ACES/JACS, and 
ISYSCON/Joint Network Management System being static planning 
tools that do not support maneuver operations. 


A-16. During operations, the spectrum manager will constantly be 
resolving frequency deconfliction issues and participating in electronic 
warfare planning. Depending on the type of operations, the spectrum 
manager may also be negotiating with host nations, non-governmental 
organizations, or joint, interagency and multinational organizations for 
spectrum support and/or deconfliction. 


A-17. A unique challenge facing spectrum managers today is the use 
of the spectrum by the enemy to detonate improvised explosive 
devices. It is possible to mitigate the danger by jamming specific 
frequency bands; however, this also denies use of these bands for 
operational use. The spectrum manager must work closely with the 
appropriate staff sections in order to best support the commander’s 
intent and the mission. 


Stability Operations 


A-18. Spectrum managers should refine and update their plans to keep 
the database as accurate as possible. As units rotate or leave the AO, 
diligent database maintenance is required to accurately reflect 
assignments to efficiently use the electromagnetic spectrum. The 
spectrum manager ensures that spectrum remains available for key 
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military systems while at the same time negotiating for commercial 
spectrum for post, camp, or station operations such as the land mobile 
radio or security systems. 


A-19. The spectrum manager must work closely with the G-2/S-2 and 
G-3/S-3 to coordinate electronic warfare planning and execution 
including publication of the Joint Restricted Frequency List. Once the 
resources have been allotted, the spectrum manager will assign 
frequencies to all emitters in the AO to include those for the network. 


A-20. The spectrum manager will work with the appropriate network 
manager to assist in the frequency engineering of the network (for 
example, LOS radio shots and building and publishing the division 
CEOI). Due to the scarcity of spectrum in certain situations, it may be 
necessary for the G-6/S-6 to make recommendations to the commander 
concerning the prioritization of spectrum assignments. 


Sustainment Training 


A-21. The skills associated with spectrum management software are 
highly perishable. The G-6/S-6 must secure access to the SIPRNET for 
the spectrum manager to properly operate Spectrum XXI for training 
and operational exercises. Failure to have access to the SIPRNET will 
limit the use of Spectrum XXI as a stand-alone client and hinder its 
effectiveness as the spectrum manager’s primary tool. 


Note. The G-6/S-6 must ensure regular training and use of the 
software to maintain proficiency. 


SPECTRUM VIOLATION 


A-22. It is critical that all levels of command understand the inherent 
risk of violating the rules of proper spectrum management. In many 
cases, a radio signal is all that connects a Soldier, platoon, or company 
to safety by providing SA or available support. In the past, bootlegging 
a frequency only affected the communications network. However, 
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today that practice can have first order, and in many cases, second and 
third order effects that are undesirable on other systems. 


A-23. Emitters that are turned on in a geographic AO without the 
proper clearance and certification have the same affect as bootlegging a 
frequency. Some of the effects of these actions have included the 
crashing of a multi-million dollar unmanned aircraft system and lack of 
communications between elements during critical situations. 
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The ABCS (V) 6.4 is a core set of common 
support software that is commonly run on a 
CHS, a specialized workstation, or a COTS 
laptop. These integrated information systems 
allow commanders and their staff access to real 
or near-real time information in the full 
spectrum of military operations. This appendix 
describes the key fielded and developmental 
information systems available to forces under 
the ABCS. 


ABCS INTRODUCTION 


B-1. ABCS is a collection of information systems that provides 
commanders and staffs with SA, situational understanding, and the 
capability to exchange necessary information across echelons and 
warfighting functions during full spectrum operations. Each system 
plays a critical part in planning, preparing for, executing and assessing 
operations. ABCS automates the combat business process during the 
prosecution of well known and rehearsed staff battle drills. These battle 
drills and systems provide TOCs the ability to analyze, coordinate, 
direct, and synchronize combat operations during maneuver operations. 
The Battle Command Common Services platform employs a publish- 
and-subscribe data dissemination service to enable the exchange of 
information between different systems, as well as business enterprise 
services to enable dissemination of knowledge beyond the boundaries 
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of ABCS clients. The following paragraphs describe the systems that 
comprise ABCS and Figure B-1 depicts the ABCS. 


Battle Command Systems 


TBC ea IF GCCS-A 
Tactical Battle aa Global Command and 
Command innit Control System-Amy 
FBCB2 [a J pTss 


Force XX! Battle 
Command - Brigade 


ASAS/DCGS-A 
All-Source 
Analysis System / 
Distributed Ground 
Station - Army 


Battle Command |f * TAIS 
Sustainment and 3 Bccs NS Tactical Airspace 
Support System , ommand <P ‘ane 

. item 


AMDWS fl AFATDS 
Air and Missile = Advanced Field Artillery 
Defense Workstation - Ss Tactical Data System 


Figure B-1. The Army battle command system 


TACTICAL BATTLE COMMAND 


B-2. Tactical Battle Command consists of the Maneuver Control 
System and CPOF. 


Maneuver Control System 


B-3. The Maneuver Control System allows commanders and staffs to 
visualize the operational environment and synchronize the elements of 
combat power for successful execution of combat operations. The 
Maneuver Control System also serves as the primary system to 
integrate and manage data from supporting ABCS systems onto a 
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single map display to create a user-defined common operating picture. 
It provides the planning tools to support and manage deliberate mission 
planning and to produce and disseminate orders. It also provides Army 
engineer and joint chemical, biological, radiological and nuclear tools 
to support planning, execution and management of engineer and 
chemical, biological, radiological and nuclear missions and tasks. 


Command Post of the Future 


B-4. CPOF) is a decision support system that provides SA and 
collaborative tools to key leaders and staff. CPOF integrates 
information from the ABCS and other systems to provide a continuous 
and near real-time common operating picture to the commander and 
staff to enable map-centric visualization of planning and significant 
operational activities. 


GLOBAL COMMAND AND CONTROL 
SYSTEM-ARMY 


B-5. The GCCS-A provides the link for the ABCS to the Global 
Command and Control System. The GCCS-A provides a common 
operating picture and associated friendly and enemy status information 
and provides force employment planning and execution tools. These 
include receipt of forces, intra-theater planning, readiness, force 
tracking, onward movement, and execution status. GCCS-A is not 
ordinarily found below division level. 


ALL SOURCE ANALYSIS 
SYSTEM/DISTRIBUTED COMMON 
GROUND SYSTEM-ARMY 


B-6. The All Source Analysis System (ASAS) is an intelligence 
fusion system that provides a timely, accurate, and relevant picture of 
the enemy situation. It provides graphic representations of the enemy 
situation to ABCS and provides all source intelligence to support 
development of the common operating picture. It also supports 


17 March 2009 FM 6-02.43 B-3 


Appendix B 


management of intelligence, surveillance assets, intelligence collection, 
provision of electronic warfare support, and the protection warfighting 
function. The All Source Analysis System interoperates with organic 
intelligence and electronic warfare sensors; joint, theater, and national 
sensors; and preprocessors as well as other services’ intelligence 
processors. 


B-7. ASAS will be replaced by the Distributed Common Ground 
System-Army (DCGS-A). DCGS-A provides distributed intelligence, 
surveillance, and reconnaissance information to Army and Joint and 
multinational forces. DCGS-A is used to perform planning, 
management, control and tasking (for some sensors), processing, 
displaying, and dissemination functions, providing a _ robust 
interoperability capability. It will empower the commanders, decision 
makers, and analysts with intelligence, surveillance, and 
reconnaissance information and fused products at all echelons. 


B-8. DCGS-A will deliver state-of-the-art imagery intelligence, 
signals intelligence, measurement and signatures intelligence, human 
intelligence, all source, and fusion capabilities. DCGS-A_ enables 
commanders to achieve situational understanding by leveraging 
multiple sources of data, information, and intelligence. 


BATTLE COMMAND SUSTAINMENT 
SUPPORT SYSTEM 


B-9. The Battle Command Sustainment Support System is the 
maneuver sustainment C2 system that provides a concise picture of unit 
sustainment requirements and support capabilities. It connects and 
supports the logistician by integrating the logistics common picture and 
in-transit visibility, enabling the view of material in the logistics 
pipeline. It exchanges information with ABCS and joint systems. 
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AIR AND MISSILE DEFENSE PLANNING 
AND CONTROL SYSTEM 


B-10. The Air and Missile Defense Workstation is the C2 component 
of the Air and Missile Defense Planning and Control System. It is a 
digitized tool for monitoring and managing air and missile defense plan 
with the ground scheme of maneuver. It is used to integrate sensors, air 
defense fire units, and CPs from the air defense artillery battery 
through theater echelons. The Air and Missile Defense Workstation is 
used to display air and missile defense plans and air SA to ABCS and 
commanders at all echelons. 


ADVANCED FIELD ARTILLERY 
TACTICAL DATA SYSTEM 


B-11. The Advanced Field Artillery Tactical Data System is a fire 
support planning, coordinating, and controlling system that provides 
for counter-fire, interdiction, and suppression of enemy targets. It 
provides integrated support for all fire support assets including field 
artillery, mortars, close air support, naval gunfire, and attack helicopter. 
The Advanced Field Artillery Tactical Data System displays fire 
support systems, target types, command guidance, available munitions, 
and weapons status so that informed decisions may be made based on 
the commander’s guidance. 


FORCE XXI BATTLE COMMAND, 
BRIGADE AND BELOW 


B-12. FBCB2 provides increased SA to the commander by depicting 
an accurate and automatic view of friendly force, enemy forces, 
obstacles, and known battlefield hazards. FBCB2 supports OPCON 
through the transmission and receipt of orders, reports, and data. 
FBCB2 uses two forms of communications means: terrestrial and 
satellite. FBCB2 terrestrial uses EPLRS and, to a lesser extent, 
SINCGARS to exchange data and provide SA. FBCB2 satellite, known 
as BFT, shares SA with terrestrial units and ABCS systems that use 
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reachback tunnels found in regional operation centers. Terrestrial- and 
satellite-based FBCB2s are interoperable and allow the exchange of SA 
between them. Approximately 70 percent of the forces employ BFT 
with terrestrial-based FBCB2 used by 30 percent of the forces. 


B-13. FBCB2 is a mission essential sub-element and a key component 
of ABCS. It is also interoperable with the maneuver control system, 
ASAS, Advanced Field Artillery Tactical Data System, air and missile 
defense workstation, and Battle Command Sustainment Support 
System. FBCB2 will feed the ABCS common database with automated 
positional friendly information and current tactical battlefield geometry 
for friendly and known/suspected enemy forces. Common hardware 
and software design will facilitate training and SOP. 


TACTICAL AIRSPACE INTEGRATION 
SYSTEM 


B-14. The Tactical Airspace Integration System (TAIS) is a digitized, 
integrated, and automated system that provides Army airspace C2 and 
air traffic services. The TAIS links the air defense and airspace 
management cell to the joint force air component commander’s theater 
battle management core systems for Army airspace integration into the 
joint fight. The TAIS also interfaces with civil airspace control 
agencies and provides input to ABCS. 


DIGITAL TOPOGRAPHIC SUPPORT 
SYSTEM 


B-15. The Digital Topographic Support System provides automated 
support for terrain mapping and analysis, and creation of topographic 
products. It provides on screen and hard copy terrain analysis products 
that include on and off road mobility maps, concealment maps, on road 
choke point maps, and tactical fording/bridging maps. The Digital 
Topographic Support System is ordinarily found at the corps through 
brigade level. Digital Topographic Support System geospatial and 
topographic capabilities will be provided as a capability within DCGS- 
A when it is fielded. 
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INTEGRATED METEOROLOGICAL 
SYSTEM 


B-16. The Integrated Meteorological System provides an automated 
weather system to receive, process, and disseminate weather 
observations, forecasts, and weather and environmental effects decision 
aids from the corps through brigade level. The Integrated 
Meteorological System processes and collates forecasts, observations, 
and climatological data to produce timely and accurate weather 
products tailored to the commander’s needs. It is able to analyze and 
graphically display the impact of current and projected weather 
conditions on friendly and enemy _ capabilities. Integrated 
Meteorological System weather capabilities will be provided as a 
capability within DCGS-A when it is fielded. 


ISYSCON (V)4, TACTICAL INTERNET 
MANAGEMENT SYSTEM 


B-17. The ISYSCON (V)4 provides the tactical Army commander, G- 
6/S-6 officer, and signal staff an automated system to support LANs 
and CNR-based WANs. CNR consists of EPLRS, wideband 
networking waveform radios, SINCGARS, and SATCOM. 
Specifically, the ISYSCON (V)4 will support initialization and 
management of critical information devices. The ISYSCON (V)4 will 
support information operations and automation in support of combat 
forces, their weapon systems, and the other related automated systems. 
The ISYSCON (V)4 will provide LAN management services for LANs 
at all echelons from theater through maneuver battalions. LAN 
management includes the planning, configuring, and fault management 
for all network devices located on each LAN. 


BATTLE COMMAND COMMON SERVICES 


B-18. The Battle Command Common Services platform is a collection 
of server hardware and software application that provides the core 
ABCS interoperability services and the infrastructure necessary to 
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employ enterprise-class services and an objective service-oriented 
architecture. BCCS provides TOCs at multiple echelons a localized 
network directory, access control and other services to an expanding 
array of ABCS and non-ABCS systems (collaboration servers, 
databases, file servers, websites, email, etc.) and networks that are 
operated either in a standalone configuration or as part of the GIG. 


B-8 FM 6-02.43 17 March 2009 


Appendix C 


Signal Military Occupational 
Specialties 


As the Army transforms to a modular force, our 
deployed forces become more dependent on 
information passed over the network. Signal 
communications Soldiers and information 
systems Soldiers must provide the 
communication services required to accomplish 
the mission. This appendix provides an overview 
of the signal enlisted and officer branches 
MOSs. 


ENLISTED MILITARY OCCUPATIONAL 
SPECIALTIES 


C-1. The enlisted signal MOS (25 career management field) covers a 
vast area of communications equipment. Depending on the MOS, 
enlisted signal Soldiers are trained to install, operate, and maintain 
strategic and tactical communications and information equipment. 
Signal Soldiers can train and work on equipment such as— 


e Digital group multiplexer. 

COTS equipment (for example, IP routers, PROMINA switches). 
Tri/Quad band SATCOM. 

WIN-T. 

High capacity LOS. 
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e Tactical radios (for example, AN/PRC-150, Joint Tactical Radio 
System, SINCGARS, and multiband inter/intra team radio). 
e FBCB2 and EPLRS. 


SIGNAL REGIMENT OFFICER AREA OF 
CONCENTRATION 


C-2. The Signal Corps is a basic branch of the Army. Signal officers 
lead Soldiers and units that provide and manage communications and 
information systems support for the C2 of combined arms forces. 
Signal support includes NETOPS, IA, information dissemination 
management, network management, and management of the 
electromagnetic spectrum. Signal support encompasses all aspects of 
designing, installing, maintaining, and managing information networks 
to include communications links, computers, and other components of 
LANs and WANs. 


C-3. Signal support also includes the integration of user-owned and — 
operated systems into the networks. Signal forces plan, install, operate, 
and maintain voice and data communications networks that employ 
single and multi-channel satellite, TROPO, terrestrial microwave, 
switching, messaging, video-teleconferencing, visual information, and 
other related systems. They integrate tactical, strategic, and sustaining 
base communications and information processing and management 
systems into a seamless global information network that supports 
knowledge dominance for Army, joint, and multinational operations. 


SIGNAL WARRANT OFFICERS 


C-4. Signal warrant officers are adaptive technical experts, leaders, 
trainers, and advisors who provide technical leadership and advice in 
planning and directing NETOPS communications, and IA at all levels 
of command from sustaining military bases to forward-deployed 
fighting forces in support of Army, joint, combined, and multinational 
operations worldwide. Signal warrant officer MOSs include 255Z 
Senior Signal Systems Technician; 250N Network Operations 
Technician; 251A Information Systems Technician; and 254A Signal 


C-2 FM 6-02.43 17 March 2009 


Signal Military Occupational Specialties 


Systems Support Technicians DA PAM _ 600-3 contains a 
comprehensive professional development guide for signal warrant 
officers. 


Note. DA PAM 611-21 contains a comprehensive guide to all 
MOSs, to include areas of concentration, duty descriptions (by 
grade), and standards of grade tables. DA PAM 611-21 can be 
accessed through the US Army Human Resources Command 
Web site at https://perscomnd04.army.mil/mosmartbk.nsf, 
which is updated with current changes (refer to Figure C-1 for 
an example of the Web site page). 


U.S. ABMY HU 


va 


Posted > File Name File Size 


> Chapter 01 - Introduction 

> Chapter 02 - Officer Classification System 

> Chapter 03 - Officer Specifications for Branches/FA 

> Chapter 04 - Officer Skill Identifiers 

> Chapter 05 - Grade Standards for Officer Positions 

> Chapter 06 - Warrant Officer Military Occupational Specialty System 

> Chapter 07 - Warrant Officer Reporting Codes 

> Chapter 08 - Warrant Officer Qualifications for and Duties of Specific Military Occupations 
> Chapter 09 - Enlisted Classification System 

> Chapter 10 - Enlisted Qualifications for and Duties of Specific Military Occupations 

> Chapter 11 - Enlisted Standards of Grade for Specialized Duty Functions 

> Chapter 12 - Enlisted Special Qualification Identifiers and Additional Skill Identifiers 
> Chapter 13 - Enlisted MOS, SQI and ASI not Available to Women Soldiers 

> Chapter 14 - Enlisted Special Reporting Codes and Duty Assignment 


Figure C-1. DA PAM 611-21 Web site page 
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Appendix D 
Signal Annex of an OPORD 


The signal leader is responsible for paragraph 5 
and the signal annex of an OPORD. This 
appendix has outlines of paragraph 5 and a 
signal annex of an OPORD. 


PARAGRAPH FIVE OF AN OPERATION 
ORDER 


D-1. Figure D-1 outlines two examples of paragraph 5 of an OPORD 
(command and signal). 
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Outline One 


5. COMMAND AND SIGNAL. 

a. Command. State the map coordinates for command post locations and at least one 
future location for each command post. Identify the chain of command if not addressed in 
unit SOPs. 

b. Signal. List signal instructions not specified in unit SOPs. Identify the specific signal 
operating instructions edition in effect, required reports and formats, and times the reports 
are submitted. 


Qutline Two 


5. COMMAND AND SIGNAL. 

a. Command. 

* State the location of key functional area leaders. 

* Designate a functional area chain of command and succession of command. 
* Designate a headquarters to control the effort within functional area work lines 
on an area basis. 

« List command posts and other C2 facilities and their locations. 

b. Signal. 

* State edition number of SOI in effect. Do not write “current SOI in effect.” 

* Describe the nets to monitor for reports. 

* Designate critical functional area reporting requirements. 


Figure D-1. OPORD paragraph 5, command and signal 
outline 


SIGNAL ANNEX FOR AN OPERATION 
ORDER 


D-2. Figure D-2 is an outline of a signal annex of an OPORD. 
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[Classification] 


Include heading if annex distributed separately from base OPLAN/OPORD. 

ANNEX H (COMMAND, CONTROL, COMMUNICATION, and COMPUTER OPERATIONS) 
TO OPERATION ORDER NO ## [code name]—[issuing headquarters] 

1. SITUATION. 

a. Enemy forces. Refer to annex B, appendix 1-Intelligence estimate. Also provide enemy 
capability and activity by describing enemy capabilities that may affect communications systems. 
b. Friendly forces. 

+ Primary communications gateways providing connectivity to higher, lower, and adjacent units. 

* Critical communications security measures required to counter expected enemy EW capabilities 
and protect C2 systems. 

+ External communications assets that augment signal support unit capabilities. 

c. Environment. In separate subparagraphs list all critical terrain, weather, and civil considerations 
that would impact C4 operations. Refer to appropriate annexes as required. 

d. Attachments and detachments. 

2. MISSION. State the computers and information systems operations mission in support of this 
operation. 

3. EXECUTION. 

a. Scheme of signal support operations. 

(1) Describe the concept of signal operations, including primary and back-up systems supporting 
critical C2 networks. 

(2) Outline the plan for extending C2 systems by each phase of the operation. 

(3) List critical links between tactical and strategic communications systems. 


(4) Identify critical limitations of organic signal support assets. Define limitations of assets from 
higher headquarters. 

(5) State signal support tasks that all non-signal units must perform to accomplish missions and 
tasks beyond normal requirements. 

(6) State signal support priorities. 

b. Tasks to subordinate units. 


* Signal support tasks that maneuver elements must accomplish that the base OPLAN/OPORD 
does not contain. 
* Signal support tasks that signal units supporting maneuver elements are to accomplish only as 
necessary to ensure unity of effort. 
c. Coordinating instructions. 
* Critical signal support instructions not already covered in the base OPLAN/OPORD. 
+ Key times or events critical to information systems and network control procedures. 
+ Army Battle Command System control procedures. 
4. SERVICE SUPPORT. 
5. COMMAND AND SIGNAL. 
a. Identify C2 systems control hierarchy for the common user network. 
b. Identify local area network control procedures for network administration and management. 
c. Use appendixes to diagram any changes to standard communications networks. 
ACKNOWLEDGE: (if distributed separately from base order). 
[Authenticator’s last name] 
[Authenticator’s rank] 
APPENDIXES: 
DISTRIBUTION: (if distributed separately from base order). 


Figure D-2. Outline of a signal annex 
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Appendix E 
Maintenance 


The Army’s transformation to a modular 
structure has posed unique challenges for CE 
maintenance. The inactivation of corps signal 
brigades and division signal battalions resulted 
in the loss of dedicated CE maintenance 
sections. The corps, division, and brigade signal 
companies do not contain dedicated CE 
maintenance entities. The implementation of two 
level maintenance and the proliferation of COTS 
signal equipment have changed the way 
maintenance is performed nd __ the 
responsibilities of signal Soldier. This appendix 
describes the required CE maintenance structure 
that enables two level maintenance policies and 
to ensure communications and _ network 
maintenance. 


TWO LEVEL MAINTENANCE 


E-1. The Army has transitioned from a four level maintenance 
structure to a two level maintenance structure: field and sustainment. 
The elimination of organic maintenance sections within signal units as 
a part of modularity has combined with the implementation of the two 
level maintenance policy to produce a unique maintenance 
environment that presents a significant challenge to signal Soldiers. 
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FIELD MAINTENANCE 


E-2. Field maintenance generally combines the two levels formerly 
known as organizational and direct support maintenance and focuses 
on returning a failed system to an operational status. This is 
accomplished by fault isolation and replacing the failed component 
assembly or module on the system. These field maintenance 
capabilities are also known as “replace forward” or “on system” 
maintenance. The operator/maintainer 25 series signal Soldier performs 
“on system” maintenance for communications and network systems 
and devices. MOS 25U_ performs  operator/maintainer _ level 
maintenance for systems and devices that were identified as unit level 
maintenance items under the old four level maintenance construct. 


SUSTAINMENT MAINTENANCE 


E-3. Sustainment maintenance focuses on _ repairing broken 
components and end items “off system” and returning them to the 
supply system. Military or civilian personnel perform this maintenance 
at echelons above brigades. These two levels are also referred to as 
“replace forward and repair rear”. Figure E-1 shows the two level 
maintenance process flow. The operator/maintainers 25 series signal 
Soldiers perform “on system” maintenance. MOS 94 series Soldiers 
will perform “off systems” maintenance for communications and 
network equipment. 


E-4. The uniqueness of the signal equipment and the imperative of 
maintaining the network, where downtime is measured in minutes does 
not always support the process flow. The separation between operator 
and maintainer is blurred and results in the 25 series 
operator/maintainer performing equipment replacing tasks to maintain 
the viability of the network. In addition, the proliferation of COTS 
equipment in newly fielded systems such as the WIN-T Increment 1 
suite of equipment has resulted in much of the maintenance and 
equipment replacement necessitating the employment of civilian field 
service representatives (CFSRs) to maintain equipment and systems 
availability. 
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Operator Maintainer Sustainment 


Can fault be detected while Can the task be completed on or Major Structural 
performing before, during or after near the platformisystem? Repair Required? 
operations Preventive Maintenance t YES | 

Checks and Services (PMCS)? 


Does the mechanic have test/diagnostic 

YES capability to isolate failure? bball 
Can fault be isolated to a single LRU, 

LRM or component utilizing Operator f YES J 


pechoical penal (T™), embedded Does mechanic have the tools to Component 
diagnostics andior visual inspection? conduct the repair? overhaul required 
v Yves t YES to return toa 
= a a National 
Can task be done without external lift? Can failure be corrected with an Standard? 
adjustment or component, LRU, LRM 


t YES replacementirepair? i 


Can task be completed without any F 
tools or with the tools available on i YES egal nainearates neuen 
thi itform? i 

platform ¥ YES Allocate task as a Mechanic Repair Repel and Return to) Supply; 


Allocate task as OperatoriCrew Repair) 


LRM line replaceable module 
LRU line replaceable unit 


Figure E-1. Two level maintenance process flow 


NETWORK SYSTEMS MAINTENANCE 


E-5. Army transformation presents challenges for signal leaders and 
staff requiring greater coordination to ensure success of the network. 
The challenge centers on the G-6, S-6, and division/brigade signal 
company leadership. Overcoming the challenge requires working 
through the organizational boundaries of the respective STB, and 
brigades to sustain the LWN. 


CE MAINTENANCE IN THE MANUEVER 
BATTALION 


E-6. The battalion S-6 is responsible for field level maintenance on 
battalion CE systems. The S-6 works with the battalion S-4 and 
supporting forward support company to provide a comprehensive 
maintenance plan that is incorporated into the unit maintenance SOP. 
This effort ensures that there are clearly understood procedures in place 
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to ensure a positive maintenance posture. The S-6 must also coordinate 
with the S-4 and brigade S-6 for CFSR support as necessary. 


E-7._ The Army modular transformation and the implementation of 

the two level maintenance policy moved a 25U, Signal Support 

Systems Maintainer from the battalion S-6 to the forward support 

company of the brigade support battalion (BSB). These positions have 

been moved back to the battalion S-6 sections. The 25U— 

e Performs organizational level maintenance on _ unit 
communications and electronic systems, remote control systems, 
intercoms, and information systems. Troubleshoots to a defective 
LRU/line replaceable module (LRM) unit communications and 
electronic systems, COMSEC devices, remote control systems, 
intercoms, and information systems. Replaces and evacuates to the 
forward support company for repair faulty LRUs/LRMs on 
communications and electronic systems, and information systems. 

e Repairs and installs unit CE systems wiring and cabling. 

Installs and removes all unit vehicular and base station 
communications, electronics, and information systems. This 
includes installation kits, antennas, and cables on all platforms. 

e Performs communications and electronic systems test using 

appropriate test, measuring and diagnostic equipment (TMDE). 

Maintains TMDE calibration records. 

Manages and maintains battery inventory and charging systems. 

Orders and maintains bench stock. 


Applies all modification and directions such as technical bulletin 
guidance. 


E-8. Each maneuver battalion is supported by a forward support 
company from the BSB to perform field level maintenance. The 
forward support company has a maintenance platoon that repairs 
automotive, armament, ground support, electronic, and missile 
equipment. The forward support company focuses on LRUs using 
combat spares from prescribed load list and shop stock. It has a service 
and recovery section and performs battle damage assessment and 
repair. The forward support company’s maintenance control section 
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uses unit level logistics system-ground to order repair parts. The 
forward support company commander establishes unit maintenance 
collection points in coordination with the maneuver battalion S-4. 


E-9. The SBCT does not contain forward support companies. The 
BSB will task organize to support the combined arms battalion that 
make up the SBCT. 


CE MAINTENANCE IN THE BRIGADE 


E-10. The brigade S-6 is responsible for monitoring the status and 
sustaining the brigade networks that comprise the LWN. The brigade 
S-6, working closely with the brigade signal company commander, 
BSTB staff, and the executive officer, ensures the critical network 
maintenance and parts needed to remain operational. 


E-11. The Army modular transformation and the implementation of 

the two level maintenance policy moved the 25U, Signal Support 

Systems Maintainer from the brigade S-6 section to the BSB. These 

positions have been moved back to the brigade S-6 sections. The 

25U— 

e Performs organizational level maintenance on _ unit 
communications and electronic systems, COMSEC devices, 
remote control systems, intercoms, and information systems. 

e Troubleshoots to a defective LRU/LRM unit communications and 
electronic systems, remote control systems, intercoms, and 
information systems. 

e Replaces and evacuates to the forward support company for repair 
faulty LRUs/LRMs on communications and electronic systems, 
and information systems. 

Repairs and installs unit CE systems wiring and cabling. 

Installs and removes all unit vehicular and base station 
communications, electronics, and information systems. This 
includes installation kits, antennas, and cables on all platforms. 

e Performs communications and electronic systems test using 
appropriate TMDE. 
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Maintains TMDE calibration records. 
Manages and maintains battery inventory and charging systems. 
Orders and maintains bench stock. 


Applies all modification and directions such as technical bulletin 
guidance. 


E-12. Each brigade, with the exception of the SBCT, contains a BSB 
that has forward support companies and a field maintenance company. 
The BSB in the SBCT does not have forward support companies and is 
task organized as needed to provide support for battalions within the 
SBCT. In the other brigades, the forward support companies support 
the maneuver battalions and the field maintenance company supports 
the brigade headquarters and other non-maneuver units in the brigade 
such as the BSTB. 


E-13. The field maintenance company contains a base support platoon 
that provides electronic equipment maintenance support and conducts 
float management of communications and electronic equipment to the 
forward support companies. The forward support company focuses on 
LRUs using combat spares from prescribed load list and shop stock. It 
has a service and recovery section and performs battle damage 
assessment and repair. The forward support company’s maintenance 
control section uses unit level logistics system-ground to order repair 
parts. The forward support company commander establishes unit 
maintenance collection points in coordination with the maneuver 
battalion S-4. 


BRIGADE S-6 


E-14. The brigade S-6 monitors the status and sustains the brigade 
networks that comprise the LWN. The brigade S-6, working closely 
with the brigade signal company commander, BSTB staff, and the 
executive officer, ensures the critical network maintenance and parts 
needed to remain operational. 
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BRIGADE SIGNAL COMPANY 


E-15. The brigade signal company commander coordinates network 
performance and maintenance issues with the brigade S-6 through the 
BSTB staff. The brigade signal company has operator-maintainers 
tasked with performing field level maintenance on organic signal 
assemblages. The executive officer of the signal company coordinates 
maintenance support for organic equipment in the signal company and 
maintains oversight on the status of all logistical and maintenance 
matters within the company. 


BCT MAINTENANCE 


E-16. This section is based on FM 3-90.6 and discusses maintenance 
procedures in the BCT. Figure E-2 is an example of BCT maintenance 
operations. 


FIELD MAINTENANCE 


E-17. Company commanders ensure that vehicle crews and equipment 
operators perform preventive maintenance checks and services. To 
provide quick turnaround of maintenance problems, each maneuver 
company has a field maintenance team from their supporting forward 
support company. This field maintenance team has _ contact 
maintenance trucks and mechanics that are trained in the company’s 
equipment. 
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AREA OF OPERATIONS 


Division Brigade Battalion Company 


SX 
so {) 


Damaged 
Equipment 


FSC- forward support company 


——-, Supported Provided BSB- brigade support battalion 


Recovery SUST- sustainment 


Figure E-2. BCT maintenance operations 


E-18. Units not receiving support from a forward support company 
(for example, a BSTB) receive their maintenance support from the field 
maintenance company of the BSB. Located in the brigade support area, 
the field maintenance company provides very limited backup support 
to forward support companies since it exists primarily to provide 
support to non-maneuver units (BCT headquarters, BSB, and BSTB). It 
also serves as the maintenance point for low-density equipment. When 
required, the BSB dispatches maintenance teams to perform on-site 
diagnosis, make minor adjustments, and conduct repairs. 
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E-19. Maintenance of low density, specialized equipment (for 
example, BCT CPs and division signal company) usually requires 
maintenance by DA civilians or contractors. The BSTB S-4 must 
develop specific management procedures for this maintenance. 


RECOVERY AND EVACUATION 


E-20. Forward support companies are responsible for recovering their 
supported unit’s damaged equipment as well as their own equipment. If 
the vehicle is repairable, the company recovers it to the unit 
maintenance collection points or main supply route based on SOP or 
the OPORD. The use of FBCB2 enables recovery vehicles to identify 
the exact location of the inoperable piece of equipment. When the 
decision is made to repair the equipment at the brigade support area, 
either recovery or evacuation is used. If the forward support company 
recovery assets are overextended, recovery support can be coordinated 
with the brigade support area to prevent excessive repair delays. 
Equipment that cannot be repaired at the brigade support area usually is 
evacuated and replaced with an operational readiness float 


COMSEC MAINTENANCE 


E-21. COMSEC equipment is evacuated through normal maintenance 
channels to the BSB or the brigade signal company, if appropriate. 
(Refer to TB 380-41 for information on procedures for safeguarding, 
accounting and supply control of COMSEC material.) 


CONTROLLED EXCHANGE 


E-22. Controlled exchange is the removal of serviceable parts from an 
item of non-mission capable equipment to install on another piece of 
equipment that can be rendered mission capable more quickly or easily. 
The BCT SOP may give battalion commanders the authority to direct 
control exchanges as long as controlled substitutions are conducted 
IAW AR 750-1, Chapters 4-9. 
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CONTRACTOR SUPPORT 


E-23. The BCT often uses contractors and DA civilians for 
maintenance support. The BCT S-4 usually plans for the protection and 
supervision of contractors and DA civilians. System contractors 
support deployed forces under pre-arranged contracts. This support 
provides specific support to materiel systems throughout the materiel’s 
life cycle and during peacetime and contingency operations. These 
systems include, but are not limited to, vehicles, weapons systems, 
unmanned aircraft systems, and communications equipment. System 
contractors usually work for their own contracting officers, not the 
BSB contracting officers. The Army material command usually 
administers its systems contractors with an in-theater logistics support 
element. Contractor support for CE systems is coordinated by the 
brigade S6 or signal company commander with the division G-6. 


E-24. Protecting contractors in the operational environment is the BCT 
commander’s responsibility. When contractors are expected to perform 
in potentially hostile areas, the supported military forces must assure 
the protection of their operations and personnel. Provisions of the Law 
of War do not consider contracted personnel and DOD civilians as 
combatants. Commanders must understand that contractors are subject 
to the same threat as Soldiers and must plan accordingly. Commanders 
must provide security to contractors that support the contractors’ 
operations, or eliminate the use of contractor support as an option in 
areas where security becomes an issue. Contractor personnel cannot 
take an active role in hostilities, but they retain the inherent right to self 
defense. 


CE MAINTENANCE AT THE DIVISION 
LEVEL 


E-25. The division G-6 is responsible for monitoring the status and 
sustaining the division networks that comprise the LWN. The 
division G-6, working closely with the division signal company, 
division headquarters battalion staff, and the executive officer, 
ensures the critical network maintenance is performed and parts 
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are available as needed for C&E systems to remain operational. 
The SSIO cell is staffed to perform these functions. The deputy G- 
6 will ordinarily have the day-to-day responsibility of maintaining 
this oversight. 


E-26. The division signal company staff coordinates network 
performance and maintenance issues with the division G-6 through 
the division headquarters battalion staff. The division signal 
company has operator/maintainers tasked with performing field 
level maintenance on organic signal assemblages. The executive 
officer of the signal company coordinates maintenance support for 
organic equipment in the signal company and maintains oversight 
on the status of all logistical and maintenance matters within the 
company. 


CE MAINTENANCE AT THE THEATER 
LEVEL 


E-27. NETCOM/9" SC(A) is responsible for maintenance support of 
all echelons above corps communications assigned by either HQDA or 
the CIO/G-6. This responsibility includes— 


e Organization and operation of all area maintenance and supply 
facilities (AMSFs) supporting OCONUS commanders. 


NETCOM/9" SC(A) maintenance support teams (MSTs). 
COMSEC logistic support units. 


Module and repair activities required for direct exchange of CE 
material and other electronics material as assigned. 


AREA MAINTENANCE AND SUPPLY FACILITY 


E-28. The AMSF provides logistical support for echelons above corps 
non-tactical communications and information systems used in an 
overseas theater. There are currently two AMSFs in operation: one in 
Europe and one in the Pacific that provide centralized retail supply and 
maintenance support for all NETCOM/9" SC(A) telecommunications 
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material, and other CE material within the European and Pacific 
theaters of operation. 


E-29. The AMSF supports the Defense Satellite Communications 
System, the LWN portion of the GIG, Armed Forces Radio and 
Television Service, Military Affiliate Radio System, and other theater 
unique communications or C2 systems. The AMSF may also provide 
support to other US military departments, DOD activities, and other US 
government agencies or installations. 


E-30. The AMSF may be operated directly by the US Army or may be 
operated by a civilian contractor with US Army oversight. Soldiers, 
civilians and/or local national personnel may staff AMSFs. 


E-31. AMSF support includes— 

e Furnishing maintenance assistance support teams to provide 
scheduled and emergency backup maintenance and _ technical 
assistance and instruction at the CE facility or unit location that is 
beyond the unit’s capability and authorization. 

e Maintaining an authorized stockage list of CE supplies and CE 
repair parts. 

e Maintaining approved stock record account to receive, store, and 
issue items on CE bills of material. 

Maintaining an approved stock of operational readiness float. 

e Maintaining capability to provide a training base for specialized 
CE material, and to respond to emergency assistance request from 
supported units. 

e Assisting supported units in correcting faults found during 
performance evaluations and inspections to improve and maintain 
the operational availability of CE systems and equipment. 

e@ Operating a module and printed circuit board repair section can 
repair unserviceable equipment using microelectronics repair 
methods and automatic test equipment. 

e Repairing peripheral material, such as power and environmental, 
when not supported by the facility engineer or other area support 
maintenance units. 
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MAINTENANCE SUPPORT TEAM 


E-32. The Maintenance Support Team provides scheduled, emergency, 
or on-call mobile maintenance support to CE fixed facilities or other 
NETCOM/9" SC(A) units. Maintenance Support Teams are a 
functional responsibility of AMSF and other authorized command 
maintenance organizations. 


EXPEDITIONARY SIGNAL BATTALION 


E-33. The ESB has sufficient organic supply and maintenance 
structure to handle normal logistical requirements in garrison or when 
the subordinate elements are in close proximity to one another during 
an operation. Companies, platoons, sections, and teams that are 
deployed separately will ordinarily receive logistical, maintenance, and 
spare parts support from the supported unit. Maintenance services and 
repair parts for unit-unique equipment may be provided by the 
supported unit or may require the deployment of battalion maintenance 
or maintenance support unit assets. Both the battalion and companies 
contain CE/COMSEC maintenance sections for these purposes. 


CONTRACTOR FIELD SERVICE 
REPRESENTATIVES 


E-34. The rapid fielding of COTS based systems, in particular, the 
WIN-T Increment | suite of equipment necessitated a strong CFSR 
presence to establish and maintain the equipment. When originally 
fielded the CFSR support was division centric to provide the support in 
the units where they were urgently needed. As the Army has grown 
increasingly modular with the systems fielded to a growing number of 
units, it has been recognized that this system of CFSR support is too 
costly and manpower intensive to be maintained. As the number of 
trained Army specialists that are produced by institutional bases rise, 
the number of CFSRs required will be proportionally reduced. This 
will be done over time with CFSRs remaining for the near future. 
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E-35. The concept of CFSR support is moving from the division 
centric model to an area or regional focus, the current number of 
CFSRs will be responsible for support by region throughout the world 
rather than individual units. 


E-36. Regional support centers are maintained by contract for repair of 
evacuated equipment as well as a repository for spare parts for affected 
systems within their respective regions. 


SIGNAL EQUIPMENT MAINTENANCE 


E-37. The signal companies at the brigade, division, corps, and theater 
levels have operator-maintainers performing field level maintenance on 
organic signal assemblages. The signal company staff coordinates 
network support issues and maintenance issues with the G-6/S-6 
through the STB staff. The G-6/S-6 section maintains oversight 
responsibility for all systems within their AO. 


E-38. As new communications systems are fielded and upgraded, such 
as the WIN-T Increment | suite of equipment, spare parts and critical 
operational floats are provided. These spare parts and equipment are 
maintained by the appropriate signal company and section or as 
specified in unit maintenance SOPs. Critical items are normally 
maintained at the regional support center. 


COMMERCIAL-OFF-THE-SHELF EQUIPMENT 


E-39. The proliferation of COTS equipment in new systems has 
resulted in different procedures for maintenance than required for 
standard Army equipment. 


E-40. Common hardware system-3 (CHS-3) items as well as non- 
CHS-3 items under warranty that are part of fielded systems such as 
WIN-T Increment | are returned to the nearest regional support center 
for repair/replacement. There are three regional support centers located 
in CONUS, one in Germany and at other locations determined by 
current operations. 
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CE MAINTENANCE SCENARIOS 


E-41. CE maintenance procedures and steps will differ based on the 
type of equipment involved (COTS/CHS-3 or Army standard 
equipment), local policies and SOPs, and METT-TC. The following 
two scenarios are meant to illustrate the typical flow and route of 
equipment and, while not all inclusive, provide a representative sample. 


ARMY STANDARD EQUIPMENT 


E-42. Typically, a 25U Signal Support Systems Maintainer will be 
notified of a problem such as a malfunctioning SINCGARS mounted in 
a vehicle. The 25U will troubleshoot the radio using the appropriate 
technical manual and diagnostic tools such as a multimeter to isolate 
the fault. The 25U will then repair the identified failed LRU or replace 
it. If the repair of the LRU is outside the scope of the 25U, the 25U will 
evacuate it to the supporting maintenance element for repair by the 94 
series maintainer. The supporting maintenance element will evacuate 
the LRU, if they are unable to repair it, to the sustainment maintenance 
element for repair and return to the Army inventory. 


COTS/CHS-3 EQUIPMENT 


E-43. In the case of COTS CE equipment, the operator/maintainer, 
such as a 25N in a JNN, will troubleshoot the equipment and identify 
the fault using the appropriate TM and _ built-in-test equipment 
contained within the COTS component. After identifying the faulty 
component, the 25N will replace it with a spare or operational float. 
This will be verified by a CFSR. The faulty component is then 
evacuated to the supporting regional support center using the most 
expeditious means available, which may include mail or courier. The 
exact means of evacuation of the equipment will be set by local policy 
and SOPs. 
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SECTION I — ACRONYMS AND ABBREVIATIONS 


ABCS 
ACERT 


ACES 


ADCON 
A-GNOSC 


AHLTA 


amp 
AMSF 
AO 
AOR 
AR 
ARFOR 
ASAS 
ASA 
ASCC 
BCT 
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Army Battle Command System 


Army Computer Emergency Response 
Team 


automated communications engineering 
software 


administrative control 


Army Global Network Operations and 
Security Center 


Armed Forces Health Longitudinal 
Technology Application 


ampere 

area maintenance and supply facility 
area of operations 

area of responsibility 

Army regulation 

Army forces 

All Source Analysis System 

Army Signal Activity 

Army Service component command 
brigade combat team 


FM 6-02.43 Glossary-1 


Glossary 


BFT Blue Force Tracking 
BLOS beyond line of sight 
BSB brigade support battalion 


BSN brigade subscriber node 


BSTB brigade special troops battalion 
C2 command and control 
CAISI combat service support automated 
information systems interface 
CCDR combatant commander 
CCIR commander’s critical information 
requirements 
CE communications and electronics 
CEOI communications-electronics operating 
instructions 
CFSR civilian field service representatives 
CHS common hardware system 
CIO chief information officer 
CND computer network defense 
CNR combat net radio 
COA course of action 
COMCAM combat camera 
COMSEC communications security 
CONUS continental United States 
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COTS 
CP 

CPN 
CPOF 
CSS 

DA 

DA PAM 
DCS 
DCGS-A 


DHS 
DISA 
DISN 

DKET 

DMS 

DOD 
DSCS 

DSD 

DVIDS 

EAC 

EHF 

ELF 

EMSO 
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commercial off-the-shelf 

command post 

command post node 

command post of the future 

combat service support (legacy terms only) 
Department of the Army 

Department of the Army pamphlet 
Defense Communications Sysem 


Distributed Common Ground System- 
Army 


Department of Homeland Security 
Defense Information System Agency 
Defense Information Systems Network 
Deployable Ku Band earth terminal 
defense message system 

Department of Defense 

Defense Satellite Communications System 
Deployment Support Division 

digital video imagery distribution system 
echelons above corps 

extremely high frequency 

extremely low frequency 


electromagnetic spectrum operations 
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EPLRS 


ESB 
ESTA 
FBCB2 


FDMA 
FM 
FMI 
FRAGO 
FRHN 
G-1 
G-2 
G-3 
G-4 
G-6 
G-7 


G-8 


GBS 
GCC 
GCCS-A 
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Enhanced Position Location Reporting 
System 


expeditionary signal battalion 
Enterprise Systems Technology Activity 


Force XXI Battle Command Brigade and 
Below 


frequency division multiple access 
frequency modulated/field manual 

field manual interim 

fragmentary order 

fixed regional hub node 

assistant chief of staff, personnel 
assistant chief of staff, intelligence 
assistant chief of staff, operations 
assistant chief of staff, logistics 

ssistant chief of staff, network operations 


assistant chief of staff, information 
operations 


assistant chief of staff, resource 
management 


Global Broadcast System 
geographic combatant commander 


Global Command and Control System- 
Army 
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GIG 
HCLOS 
HF 

HQ 
HQDA 
HHC 

IA 

LAW 
INSCOM 
IP 

IR 
ISYSCON 
IT 

J-1 

J-6 


JACS 


JFLCC 
JNCC 
JNN 
JNN-N 
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Global Information Grid 

high-capacity line of sight 

high frequency 

headquarters 

Headquarters, Department of the Army 
headquarters and headquaters company 
information assurance 

in accordance with 

Intelligence and Security Command 
Internet Protocol 

infared 

Integrated System Control 

information technology 

personnel directorate of a joint staff 


communications system directorate of a 
joint staff; command, control, 
communications, and computer systems 
staff section 


Joint Automated Communications- 
Electronics Operating System 


Joint Force Land Component Command 
joint network operations control center 
joint network node 


Joint Network Node-Network 
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JOA 

JTF 
JTF-GNO 
kbps 


MEB 
METT-TC 
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joint operations area 
joint task force 

joint task force-global network operations 
kilobits per second 
kilometer 

kilowatt 

local area network 
large extension node 
low frequency 

line of sight 

line replaceable module 
line replaceable unit 
LandWarNet 

megabits per second 


Medical Communications for Combat 
Casualty Care 


mobile command group 

major combat operation 

military decision making process 
maneuver enhancement brigade 


mission, enemy, terrain and weather, 
troops and support available, time 
available and civil considerations 
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MF 

MOS 
MRHN 
MSE 
NETCOM 
NETOPS 
NIPRNET 


NOC-V 
NOSC 
OCONUS 
OPCON 
OPORD 
PACE 


PIP 
RCERT 


RCIO 
RFI 
S-1 
S-2 
S-3 
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medium frequency 

military occupational specialty 

mobile regional hub node 

mobile subscriber equipment 

Network Enterprise Technology Command 
network operations 


Non-Secure Internet Protocol Router 
Network 


network operations center-vehicle 
network operations security center 
outside continental United States 
operational control 

operation order 


primary, alternate, contingency, 
emergency 


primary injection point 


regional computer emergency repsonse 
team 


regional chief information officer 
request for information 
personnel staff officer 
intelligence staff officer 
operations staff officer 
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S-4 

S-6 

SA 
SATCOM 
SBCT 
SC(A) 
SC(T) 
SEN 

SHF 
SICPS 


SINCGARS 


SIPRNET 


SMART-T 


SOF 
SOP 
SPIRIT 


STB 
SSIO 
STEP 
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logistics staff officer 

network operations staff officer 
situational awareness 

satellite communications 
Stryker brigade combat team 
signal command (army) 

signal command (theater) 

small extension node 

super high frequency 


Standardized Integrated Command Post 
System 


Single Channel Ground And Airborne 
Radio System 


SECRET Internet Protocol Router 
Network 


secure, mobile, anti-jam, reliable tactical- 
terminal 


special operations forces 
standing operating procedures 


special purpose integrated remote 
intelligence terminal 


special troops battalion 
signal systems integration and oversight 


standardized tactical entry point 
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STNOSC 


TACSAT 
TAC CP 
TAIS 
TDMA 
THN 
TIN 

TIP 

™ 
TMDE 
TNOSC 
TOC 
TRI-TAC 
TROPO 
TSO 
TTSB 
UHF 
UPS 

US 
USARC 
USARSO 
UV 
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Service theater network operations 
security center 
tactical satellite 
tactical command post 
Tactical Airspace Integration System 
time division multiple access 
tactical hub node 
tactical installation and network 
theater injection point 
technical manual 
test, measuring and diagnostic equipment 
theater network operations security center 
tactical operations center 
Tri-Service Tactical 
Tropospheric scatter; tropospheric 
telecommunications service order 
theater tactical signal brigade 
ultra high frequency 
uninterruptible power supply 
United States 
United States Army Reserve Command 
United States Army South 


ultraviolet 
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very high frequency 

very low frequency 

very small aperture terminal 
watts 

wide area network 

warning order 


Warfighter Information Network-Tactical 
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SECTION Il —- TERMS 


annex 


(joint) A document appended to an operation order or 
other document to make it clearer or to give further 
details. (JP 1-02) 


ARFOR 


(Army) The Army Service component headquarters for a 
joint task force or a joint and multinational force. (FM 3- 
0) 

Army Service component command 


(joint) Command responsible for recommendations to the 
joint force commander on the allocation and employment 
of Army forces within a combatant command. (JP 3-31) 


area of operations 


(joint) An operational area defined by the joint force 
commander for land and naval forces. Areas of operation 
do not typically encompass the entire operational area of 
the joint force commander, but should be large enough 
for component commanders to accomplish their missions 
and protect their forces. (JP 3-0) 


command and control 


(Army) The exercise of authority and direction by a 
properly designated commander over assigned and 
attached forces in the accomplishment of the mission. 
Commanders perform command and control functions 
through a command and control system. (FM 6-0) 
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commander’s critical information requirement 


(joint) Information requirements identified by the 
commander as being critical to facilitating timely 
decision-making. The two key elements are friendly 
force information requirements and priority intelligence 
requirements. (JP 3-0) 


command post 


(Army) A unit’s or subunit’s headquarters where the 
commander and the staff perform their activities. (FM 6- 
0) 


communications security 


(joint) The protection resulting from all measures designed to deny 
unauthorized persons information of value that might be derived 
from the possession and study of telecommunications, or to 
mislead unauthorized persons in their interpretation of the results 
of such possession and study. (JP 6-0) 


computer network defense 


(joint) Actions taken through computer networks to 
protect, monitor, analyze, detect and respond to 
unauthorized activity within Department of Defense 
information systems and computer networks. (JP 6-0) 


course of action 


(joint) 1. Any sequence of activities that an individual or 
unit may follow. 2. A possible plan open to an individual 
or commander that would accomplish, or is related to the 
accomplishment of the mission. 3. The scheme adopted to 
accomplish a job or mission. 4. A line of conduct in an 
engagement. 5. A product of the Joint Operation Planning 
and Execution System concept development phase and 
the course-of-action determination steps of the joint 
operation planning process. (JP 5-0) 
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electromagnetic spectrum 


(joint) The range of frequencies of electromagnetic 
radiation from zero to infinity. It is divided into 26 
alphabetically designated bands. (JP 1-02) 


electromagnetic spectrum operations 


Planning, operating, and coordinating joint use of the 
electromagnetic spectrum through operational, planning, 
and administrative procedures. The objective of 
electromagnetic spectrum operations is to enable 
electronic systems to perform their functions in the 
intended environment without causing or suffering 
unacceptable frequency interference. (FMI 6-02.70) 


electronic protection 


(joint) Division of electronic warfare involving actions 
taken to protect personnel facilities and equipment from 
any effects of friendly or enemy use of the 
electromagnetic spectrum that degrade, neutralize or 
destroy friendly combat capability. (JP 3-13.1) 


electronic warfare 


(joint) Military action involving the use of 
electromagnetic and directed energy to control the 
electromagnetic spectrum or to attack the enemy. 
Electronic warfare consists of three divisions: electronic 
attack, electronic protection, and electronic warfare 
support. (JP 3-13.1) 


electronic warfare support 


(joint) Division of electronic warfare involving actions 
tasked by, or under direct control of, an operational 
commander to search for, intercept, identify, and locate or 
localize sources of intentional and unintentional radiated 
electromagnetic energy for the purpose of immediate 
threat recognition, targeting, planning, and conduct of 
future operations. (JP 3-13.1) 
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fragmentary order 


(Army) A form of operation order that contains 
information of immediate concern to subordinates. It is an 
oral, digital, or written message that provides brief, 
specific, and timely instructions without loss of clarity. It 
is issued after an operation order to change or modify 
that order or to execute a branch or sequel to that order. 
(FM5-0) 

identification, friend or foe 
(joint) A device that emits a signal positively identifying 
it as a friendly. (JP 1-02) 

information assurance 


(joint) Measures that protect and defend information and 
information systems by ensuring their availability, 
integrity, authentication, confidentiality, and 
nonrepudiation. This includes providing for restoration of 
information systems by incorporating protection, 
detection, and reaction capabilities. (JP 3-13) 


information dissemination management 


Capability to provide a managed flow of relevant 
information based on the command’s missions. (FM 3-13) 


information system 


(joint)The entire infrastructure, organization, personnel, 
and components that collect, process, store, transmit, 
display, disseminate, and act on information. (JP 1-02) 


jamming 
The deliberate radiation or reflection of electromagnetic 
energy to prevent or degrade the receipt of information by 


a receiver. It includes communications and 
noncommunications jamming. (FM 2-0) 
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line of sight 


(joint) The unobstructed path from a Soldier/Marine, 
weapon, weapon sight, electronic-sending and -receiving 
antennas, or piece of reconnaissance equipment to 
another point. (FM 34-130) 


multichannel 


(joint) Pertaining to communications, usually full duplex, 
on more than one channel simultaneously. Multichannel 
transmission may be accomplished by either time-, 
frequency-, code-, and phase-division multiplexing or 
space diversity. (JP 1-02) 
near real time 
(joint) Pertaining to the timeliness of data or information 
which has been delayed by the time required for 
electronic communication and automatic data processing. 
This implies that there are no significant delays. (JP 1-02) 
net (communications) 


(joint) An organization of stations capable of direct 
communications on a common channel or frequency. (JP 
1-02) 


net control station 


(joint) A communications station designated to control 
traffic and enforce circuit discipline within a given net. 
(JP 1-02) 


Non-Secure Internet Protocol Router Network 


Worldwide unclassified but sensitive packet switch 
network that uses high-speed internet protocol routers and 
high-capacity Defense Information Systems Network 
circuitry. 
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operational environment 


(joint) A composite of the conditions, circumstances, and 
influences that affect the employment of military forces 
and bear on the decisions of the unit commander. (JP 3-0) 


request for information 


(joint) 1. Any specific time-sensitive ad hoc requirement 
for intelligence information or products to support an 
ongoing crisis or operation not necessarily related to 
standing requirements or scheduled intelligence 
production. A request for information can be initiated to 
respond to operational requirements and will be validated 
in accordance with the theater command’s procedures. 2. 
The National Security Agency/Central Security Service 
uses this term to state ad hoc signals intelligence 
requirements (JP 2-01) 


sanctuary 
(joint) A nation or area near or contiguous to the combat area that, 
by tacit agreement between the warring powers, is exempt from 
attack and therefore serves as a refuge for staging, logistic, or 
other activities of the combatant powers. (JP 1-02) 


SECRET Internet Protocol Router Network 


(joint) The worldwide SECRET-level packet switch 
network that uses high-speed internet protocol routers and 
high-capacity Defense Information Systems Network 
circuitry. (JP 6-0) 


signal 


(joint) 1. As applied to electronics, any transmitted 
electrical impulse. 2. Operationally, a type of message, 
the text of which consists of one or more letters, words, 
characters, signal flags, visual displays, or special sounds 
with prearranged meaning, and which is conveyed or 
transmitted by visual, acoustical, or electrical means. (JP 
1-02) 
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signal operation instructions 


(joint) A series of orders issued for technical control and 
coordination of the signal communication activities of a 
command. (JP 1-02) 


signals intelligence 


(joint) 1. A category of intelligence comprising either 
individually or in combination all communications 
intelligence, electronic intelligence, and foreign 
instrumentation signals intelligence, however transmitted. 
2. Intelligence derived from communications, electronic, 
and foreign instrumentation signals. (JP 2-0) 
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PREFACE 
1. Purpose 


This publication provides a single-source, consolidated reference for tactics, 
techniques, and procedures in the employment, configuration, and creation of 
radio nets consisting of voice and data tactical radios. 


Note: For the Army, the term “command and control” was replaced with “mission 
command.” Mission command now encompasses the Army’s philosophy of 

command (still known as mission command) as well as the exercise of authority 
and direction to accomplish missions (formerly known as command and control). 


2. Scope 


This publication describes multi-Service tactics, techniques, and procedures 
(MTTP) for the tactical employment of tactical radios to support warfighters for 
training and operations across the spectrum of operations. 


3. Applicability 


This publication applies to the Army, Navy, Air Force, Marine Corps, and Coast 
Guard. Also, it may be used by multi-Service and Service components of a joint 
force to conduct tactical radio training and operations. Procedures herein may be 
modified to fit specific theater command and control (C2) procedures and allied 
and foreign national electromagnetic spectrum management requirements. 


4. Implementation Plan 


Participating Service command offices of primary responsibility will review this 
publication, validate the information, and where appropriate, reference and 
incorporate it in Service manuals, regulations, and curricula as follows: 


Army. Upon approval and authentication, this publication’s procedures will be 
incorporated into the United States (US) Army Doctrine and Training Literature 
Program as directed by the Commander, US Army Training and Doctrine 
Command (TRADOC). Distribution is in accordance with applicable directives 
and the initial distribution number listed on the authentication page. 

Marine Corps.’ The Marine Corps will incorporate the procedures in this 
publication in US Marine Corps doctrine publications as directed by the 
Headquarters, Marine Corps (HQMC) Deputy Commandant, Combat 
Development and Integration (DC, CD&l). Distribution is in accordance with the 
US Marine Corps Publications Distribution System. 

Navy. The Navy will incorporate these procedures in US Navy training and 
doctrine publications as directed by the Commander, Navy Warfare Development 
Command (NWDC). Distribution is in accordance with Military Standard 
Requisitioning and Issue Procedure Desk Guide, Naval Supply Systems 
Command Publication 409. 


Marine Corps PCN: 144 00007 00 
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Air Force. The Air Force will incorporate the procedures in this publication in 
accordance with applicable governing directives. Distribution is in accordance 
with Air Force Instruction 33-360, Publications Management Program. 


Coast Guard. The Coast Guard will incorporate the procedures in this 
publication in US Coast Guard (USCG) doctrine and training publications as 
directed by CG-652, Office of Spectrum Management and Telecommunications 
Policy. Distribution of this publication is in accordance with USCG standard 
operating procedures. 
5. User Information 
US Army Combined Arms Center; HQMC, DC, CD&l; NWDC; Curtis E. 
LeMay Center for Doctrine Development and Education; and the Air Land 


Sea Application (ALSA) Center developed this publication with the joint 
participation of the approving Service commands. ALSA will review and 


b. 


update this publication as necessary. 


This publication reflects current joint and Service doctrine, C2 
organizations, facilities, personnel, responsibilities, and procedures. 
Changes in Service protocol, appropriately reflected in joint and Service 
publications, likewise will be incorporated in revisions to this document. 


Recommended changes for improving this publication are encouraged. Key 
your comments to the specific page and paragraph, and provide a rationale 
for each recommendation. Send comments and recommendations directly 


to the appropriate Service doctrine centers listed below. 


Army 


Commander, US Army Combined Arms Center 

ATTN: ATZL-MCK-D 

Fort Leavenworth, KS 66027-6900 

DSN 552-4885 COMM (913) 684-4885 

E-mail: usarmy.leavenworth.mccoe.mbx.cadd-org-mailbox@mail.mil 


Marine Corps 


Deputy Commandant for Combat Development and Integration 
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Quantico, VA 22134-5021 

DSN 278-3616/6233 COMM (703) 784-3616/6233 
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SUMMARY OF CHANGES 


ATP 6-02.72/MCRP 3-40.3A/NTTP 6-02.2/AFTTP 3-2.18, Multi-Service Tactics, 
Techniques, and Procedures for Tactical Radios. 


This revision, 5 November 2013, provides the following changes: 
Updates : 

* Combines the multi-Service tactics, techniques, and procedures (MTTP) for 
tactical radios, HAVE QUICK (HQ), and high frequency-automatic link 
establishment (HF-ALE) into one MTTP called Tactical Radios. 

+ Revises the table of contents. 

* Consolidates and standardizes planning and net management to apply to 
any radio network. 

¢ Updates Service organizational structure for encryption and data 
distribution. 

Deletions: 

*« Removes technical manual data for the HF-ALE, enhanced position location 
reporting system (EPLRS), single-channel ground and airborne radio 
system (SINCGARS), and HQ radios. 

* Removes obsolete data. 

Additions: 

« Adds sections for very high frequency, ultrahigh frequency, and multiband 
radios. 

* Incorporates existing EPLRS, SINCGARS, and HQ information under the 
appropriate radio band sections. 

* Incorporates Link 16 data. 

* Adds a brief discussion of satellite communications radio in the overview 
section. 

« Adds a discussion of methods of transporting radios and associated 
considerations for power and coverage in the overview section. 

« Adds an equipment nomenclature matrix that lists what radio works in what 
frequency bands, as well as “other” names for the same type of radio to 
bridge Service differences in radio naming conventions. 

« Adds a discussion on spectrum management. 

« Adds a section discussing communications security management. 


iv ATP 6-02.72/MCRP 3-40.3A 5 November 2013 
NTTP 6-02.2/AFTTP 3-2.18 


ATP 6-02.72 [FM 6-02.72] 
MCRP 3-40.3A 

NTTP 6-02.2 

AFTTP 3-2.18 


ATP 6-02.72 [FM 6-02.72] US Army Combined Arms Center 
Fort Leavenworth, Kansas 


MCRP 3-40.3A Headquarters, USMC, Deputy Commandant, 
CD&I, Quantico, Virginia 

NTTP 6-02.2 Navy Warfare Development Command 
Norfolk, Virginia 


AFTTP 3-2.18 Curtis E. LeMay Center for Doctrine 
Development and Education 
Maxwell Air Force Base, Alabama 


5 November 2013 


TAC RADIOS 
MULTI-SERVICE TACTICS, TECHNIQUES, AND 
PROCEDURES FOR 
TACTICAL RADIOS 


EXECUTIVE SUMMARY ........ceccsecsseeeeseeesseeseseeseeseeeseeeseesaeeeesseeseeesesseesenssees Ix 
CHAPTER | TACTICAL RADIO (VOICE AND DATA) .......:cceceeeseetseseeeeees 1 
Hee, OVERVIOW Sele lictnchinekdlcuddtiesneneaenuerstiy cethe sidise st durddddtdeadavecades 1 
Functions and Responsibilities.............0..::cccecccceeeeeeeeeeseeeeeeeeeeee 1 
3. Planning and Employment Considerations .. 2 
4. Network Management ............::::::cceeeeeeeeees we 
5. Spectrum Management ..............::ccccccccceseeceeeeeeteseeeseeaeeeseeeeeeaeeess 4 
6. COMSEC Management ............::ccccccecceeeeceeeeeeeeeeeeeeesseeeeeneeeteaees 6 
7. SATCOM-capable Radios ..............:ccccccecceeeeeeeeteeeeeeeseeeesseeeeeneeess 7 
CHAPTER II HIGH FREQUENCY RADIOS... eceecesceseseneeeneeeeeeeeeeneneneee 9 
OVEIMIOW ee toe cavsesveci ton cxudscvice den cavseediee don dbtisi teenies cavteatianesn creteattens 9 


eee Nie 


DISTRIBUTION STATEMENT A: Approved for public release; distribution is unlimited. 


*Supersedes FM 6-02.72, 6-02.74, 6.02-771/MCRP 3-40.3A, 3-40.3E, 3- 
40.3F/NTTP 6-02.2, 6-02.6, 6-02.7/AFTTP 3-2.18, 3-2.48, 3-2.49, dated June 
2002, November 2007, May 2004 respectively. 


5 November 2013 ATP 6-02.72/MCRP 3-40.3A v 
NTTP 6-02.2/AFTTP 3-2.18 


CHAPTER Ill VERY HIGH FREQUENCY RADIOG..........ceecsssssseessseeeeeeneees 27 


4 

2. 
CHAPTER IV ULTRAHIGH FREQUENCY RADIOS 

12 

2. 

3. 

4. 
CHAPTER V MULTIBAND HIGH FREQUENCY, VERY HIGH FREQUENCY, 
AND ULTRAHIGH FREQUENCY RADIOG. ..........:cccccccsssescceeeessssceeeeeeessseeees 59 

4  “OVERNVIGW>. dcr, Bensedenibretneit abn eit Meek hon Abb vlchedead 59 

2. Multiband Radio Example .............::::ccccccseceeeeeeeeeeseeeeeeseeeseneeeees 59 

3. Airborne and Maritime i 

4. Ground and Vehicular 

5. Portable (Manpack and Hand-held) 
APPENDIX A STANDARD FREQUENCY ACTION FORMAT ...............:0008 63 
APPENDIX B FEDERAL HIGH FREQUENCY GLOBAL COMMUNICATIONS 
SYSTEM pisos sscciveascevcseecavcancevestecs teucssnsuessseatedsdelensledevesrcervaseasbacterensecaneacecieeate 65 

4. \OVENWVIOW wc ctueecleahiatied aah ach aehbariasehadviech ladies 65 

2. HFGCS Parameters ...........cccccccscceceeesssseeeeeeesssteeeeeeessssteeeeeeeeees 65 


APPENDIX C ESTABLISHED AND PROPOSED AUTOMATIC LINK 


ESTABLISHMENT NETWORKS... .. 69 

1 Established Networks..... 69 

2. Shared Resources ...... . 69 

3. COMSEC......... .. 70 

4. Proposed Network...........::cccccccceeeeeeeeeeceeeseeeeeseneeeeeeeeeeeeeeeseneeeees 70 
APPENDIX D AUTOMATIC LINK ESTABLISHMENT EXCLUSION BAND 
DUS THING eines ccoka chi choad sce Weak ase hacen Sake hee cae eva ade suede cad aueta nv evadeatvaneuncvstedenss 71 
APPENDIX E JOINT INTEROPERABILITY TEST COMMAND CERTIFIED 
AUTOMATIC LINK ESTABLISHMENT MATRIX ........cecscseeeetseeesteseereseeees 73 

Ais, MOVEIVIEW trai al Agen GOAL eG am AE a Ss 73 

2. Testing and Certification ............cccccececeeceeeeeeeeeeeeeeeeeeeeeteeteeetes 73 
APPENDIX F HIGH FREQUENCY-AUTOMATIC LINK ESTABLISHMENT 
COMMUNICATION PLAN EXAMPLE .........:cccccscsseesesseeseesseeseeseessenseeseneeeseees 75 
APPENDIX G HIGH FREQUENCY-AUTOMATIC LINK ESTABLISHMENT 
RADIO PROGRAMMING APPLICATION EXAMPLE ...........::sccsesecseeeeeees 77 

1 Third Generation (3G) Utility FUnctions..............ccceeeeeeeeeeeeee 77 

2. The 3G, 3G+: Link Quality Analysis (LQA)... ey ib 

3. The 3G, 3G+: Time of Day (TOD)............ TT 

4. The 3G, 3Gt: TOD Role ............. 77 
vi ATP 6-02.72/MCRP 3-40.3A 5 November 2013 


NTTP 6-02.2/AFTTP 3-2.18 


5. The 3G, 3G+: View List of Linked Radios ................ccccccesseeeeeee 
Gis “Whe: SG: Operation 3 cescesc. ssccceseceeeccey Lente teesiags tebieebiesare detente 
7 
8 


Place an Automatic Link Establishment (ALE) Call in 3G+ 


. ALE: Program/Operation ...........:.cccccccsccceceseeeeeeeeeeeeseeeeeneeeteaees 

9. ALE Configuration .............:cccceeeeeeeeeeeeeteeeeeeee a 

10. To Tear/Clear Down a Connected ALE Link 

11. To Perform a Net Call (Every Member in the Net is Called) ..... 83 

12. Automatic Message Display (AMD) .............:::ccccceeeeeeeteeeeteeees 83 

13. View LQA Exchange Scores we 

14... -Makingian:-ALE' Call. iciecic cuss a tecteenecitgaeandeeetane 
APPENDIX H HIGH FREQUENCY PROPAGATION PROGRAWG.............. 85 
APPENDIX | SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM 
NETWORK MANAGEMENT ......0..cccscceesseeseeeseeseeseesseseeeseeseesnesseeseeseeseeeseeteees 87 

1. Frequency Hopping (FH) Net Operations ..............0::ceeeeeees 87 

2. Net Opening ............c:cceceeeeseeeeeteeeeeeeeees e 

3. Late Net Entry 
APPENDIX J HAVE QUICK PLANNING ACTIONS ....0.....cccccsssessesesensseneeees 89 
APPENDIX K HAVE QUICK NET MANAGEMENT REQUIREMENTS ....... 93 

Ves y GOMOMA esis. ieee Fal cas ven o asu eaves antevesi sanev lev dlgapoedvad ears ess evudhiuesieeees 93 

2. Basic HQ! Nets. 93 

3. (HOUMNGtS Ei. adsancidaraivedsdnaniedaiaciudaiadiwecda 93 
APPENDIX L HAVE QUICK TECHNICAL DATA ..........ccccceetesteeeeeeeeteneeees 97 

1. Word-of-day (WOD) .......ceceecessesereeeeeeeereesesaeeeeseeeeeenteneeeeeaees 97 

2. Time-of-day (TOD)......... ... 98 

3. Net Identification Number... ee eee eee eee eeeeeeeeeeeenees 101 
APPENDIX M EQUIPMENT NOMENCLATURE MATRIX ..........ccscessseseseeees 103 
REFERENCES... a 
GLOSSARY ' sevssecsecstccceciecasccscecusettececasenedaveesccnecneii tesandesctelacnensdesoteneenansanvanesave 

List of Figures 

Figure 1. Propagation Paths for HF Radio Waves ............:::cccseseteeeeees 11 
Figure 2. Incident Angle be 
Figure 3. Layers of the lOnOSPhere ..............ccccccceeceeeseeeeeeeneeeeeneeeteneeeeeneeess 14 
Figure 4. Eleven-Year Sunspot Cycle ............::ccccccceeceeeeeeeeeeeeeeeeeeesneeesseees 16 
Figure 5. Automatic Link Establishment Linking Sequence .. 18 
Figure 6. Echelons Capable of Generating FH Datia............. 1 28 
Figure 7. Loadset Data Distribution within Army Uniits.............0..::c:ceee 30 
Figure 8. Loadset Data Distribution within Marine Corps Units................. 34 
Figure 9. Loadset Data Distribution within Navy Forces ........... 37 
Figure 10. Loadset Data Distribution within Air Force Units.. 39 
Figure 11. Host Tactical System Interfaces to an EPLRS.................. .. 46 
Figure 12. Army Tactical Internet Brigade and Below Architecture........... 47 
Figure 13. Marine Corps EPLRS Application ..............::cccssceeeeeeeeeeeeeeeees 49 
5 November 2013 ATP 6-02.72/MCRP 3-40.3A 


NTTP 6-02.2/AFTTP 3-2.18 


vii 


Figure 14. Amphibious Assault Direction .............:::cccccceeeseeeeeeeeeeeeeeeeeeneees 
Figure 15. Situation Awareness Data Link Network 


Figure 16. JTIDS Class 2M, AN/GSQ-240 Radio Set ......... cee 56 
Figure 17. Army MIDS LVT-2, AN/USQ-140 uo... eee cette teeter eetaee 57 
Figure 18. AN/PRC-148 Multiband Hand-held Radio... ... 60 
Figure 19. AN/PRC-152 Multiband Hand-held Radio............ 6 
Figure 20. JTRS AN/PRC-155 Networking Manpack Radio ..............:05: 61 
Figure 21. HF Global Communications System Network Architecture...... 65 
List of Tables 

Table 1. Link Quality Analysis Matrix ......0..cc ccc eeceeceeeeeeeenseeeeeeeneeenneeees 19 
Table 2. HF-ALE Self-Addressing ..........:::cccccceeeeeeeeeeeeeeeeeeeeeaeeeesneeeseeeeeees 25 
Table 3. Summary of Interoperable HQ Operating Modes Operation and 

FOALULOS 5c cescssiot Huet ston Alea salar deuedvahattti sen Sousa paed uuihacel vaet eUbnccnetpaves 54 


Table 4. Standard Frequency Action Format Example for SINCGARS .... 63 
Table 5. Standard Frequency Action Format Example .............:::0:ceeeee 
Table 6. Recommended ALE Configuration Parameters ............:::::00008 
Table 7. Recommended Joint ALE System Parameters .... is 
Table 8. Recommended Joint ALE Channel Parameters...........0..: 
Table 9. JITC Certified ALE Radios Certification Matrix... ee 
Table 10. Example of a Communications Plan (Part 1) 
Table 11. Example of a Communications Plan (Part 2) wid 
Table 12. HAVE QUICK Planning Actions 0.0.0.0... ccc eee eee eeeeeeeeeee 
Table 13. HQ Il FM T-Net Frequencies (MegahertZ)........... cece 
Table 14. Tactical Radio Equipment Nomenclature .............::::cceeeeeee 


viii ATP 6-02.72/MCRP 3-40.3A 5 November 2013 
NTTP 6-02.2/AFTTP 3-2.18 


EXECUTIVE SUMMARY 


TAC RADIOS 


Multi-Service Tactics, Techniques, and Procedures for Tactical Radios 
establishes tactics, techniques, and procedures for tactical radios and addresses 
use, network establishment, and planning considerations. 


Chapter | Overview Of Tactical Radios (Voice and Data) 


Chapter | provides an overview of functional responsibilities, planning and 
employment considerations, network management, spectrum management, 
communications security management, and satellite communications capable 
radios. 


Chapter Il High Frequency Radios 


Chapter II provides an overview of high frequency (HF) wave theory, how to 
create automatic link establishment (ALE) with HF radios, and ALE operating 
parameters. 


Chapter Ill Very High Frequency Radios 


Chapter III provides an overview of very high frequency applications, discusses 
the single-channel ground and airborne radio system (SINCGARS) and HAVE 
QUICK (HQ) radios, and considerations for their effective operation. 


Chapter IV Ultrahigh Frequency Radios 


Chapter IV provides an overview of ultrahigh frequency frequencies, and 
discusses the enhanced position location reporting system radio and the 
application of Link 16 in the tactical radio environment. 


Chapter V Multiband High Frequency, Very High Frequency, and Ultrahigh 
Frequency Radios 


Chapter V provides an overview of multiband radios and discusses the issues 
surrounding transporting radios via airborne, maritime, and ground vehicles. 


Appendix A Standard Frequency Action Format 
Appendix A provides an example format for a standard frequency action request. 
Appendix B Federal High Frequency Global Communications System 


Appendix B provides the details for the high-frequency global communications 
system, a 24-hour/7-day nonsecure network used by the President and Secretary 
of Defense, Department of Defense and other federal departments, and allied 
users equipped with HF-ALE radio technology. 
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Appendix C Established and Proposed Automatic Link Establishment 
Networks 


Appendix C provides a listing of the current and proposed ALE networks. 
Appendix D Automatic Link Establishment Exclusion Band Listing 
Appendix D provides a list of the internationally reserved exclusion bands. 


Appendix E Joint Interoperability Test Command Certified Automatic Link 
Establishment Matrix 


Appendix E provides a list of high frequency radios that have been tested and 
certified by the joint interoperability test command for ALE use. 


Appendix F High Frequency-Automatic Link Establishment 
Communication Plan Example 


Appendix F provides an example of an HF-ALE communication plan. 


Appendix G High Frequency-Automatic Link Establishment Radio 
Programming Application Example 


Appendix G provides step by step instructions on programming a radio for HF- 
ALE frequencies. 


Appendix H High Frequency Propagation Programs 
Appendix H provides a list of HF propagation software and where to find it. 


Appendix | Single-Channel Ground and Airborne Radio System Network 
Management 


Appendix | provides the steps for managing a SINCGARS radio net. 
Appendix J HAVE QUICK Planning Actions 
Appendix J provides a list of planning actions that occur when utilizing HQ radios. 
Appendix K HAVE QUICK Net Management Requirements 
Appendix K provides the steps for managing a HQ radio net. 
Appendix L HAVE QUICK Technical Data 


Appendix L explains word of day, time of day, and net identification number 
importance as they apply to the HQ radio network. 


Appendix M Equipment Nomenclature Matrix 


Appendix M provides a list of radios, their capabilities, and interoperability 
information. 
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Chapter | 
TACTICAL RADIO (VOICE AND DATA) 


1. Overview 


Tactical radios are deployed at all echelons and provide users the capability to 
conduct interoperable voice and data communications. These systems use high 
frequency (HF), ultrahigh frequency (UHF), very high frequency (VHF) bands, 
satellite communications (SATCOM), and multiband radios. The equipment may 
be specifically designed for military use and may include commercial off-the-shelf 
(COTS) radios. Each system has unique capabilities and characteristics 
commanders use to determine how to employ each system, depending on the 
mission and other factors. This publication discusses voice and data tactical 
radio systems in common use among the Services. It also reviews the basic 
operational and planning procedures for these systems in a joint environment. 


2. Functions and Responsibilities 


Air, land, and sea forces all require effective systems for command, control, and 
communications. For a wide variety of combat forces, single-channel (SC) VHF- 
frequency modulation (FM) combat net radio systems provide this capability. The 
VHF-FM channels are especially important for support of ground operations and 
forces. 


a. The Joint Chiefs of Staff (JCS) provides overall guidance on joint United 
States (US) military frequency engineering and management. The JCS 
have delegated certain authority to carry out this responsibility to the 
chairman of the Military Communications-Electronics Board (MCEB). The 
Chairman of the JCS reserves the authority to resolve disputes. 


b. The joint force commander (JFC) is responsible for all facets of 
communications in the area of operations. The JFC delegates the authority 
for communications coordination to the communications or signal special 
staff office communications system directorate of a joint staff; command, 
control, communications, and computer systems staff directorate (J-6). 
Multi-Service coordination maintains interoperability, establishes total force 
requirements, and reconciles the unique needs of each Service. 


c. The JFC’s J-6 is a functionally organized staff that controls, coordinates and 
publishes plans and procedures dealing with all aspects of joint service 
operations or communication exercises. In addition to ensuring 
interoperability and compatibility, J-6 is responsible for: 


(1) Designating and distributing joint net parameters. 

(2) Publishing standing operating procedures (SOPs) for communications. 
(3) Providing spectrum management. 

(4) Hosting government communication coordination. 


(5) Controlling communications security (COMSEC) assignment, use, and 
management. 
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(6) Providing time synchronization. 
(7) Establishing and assigning hierarchy for joint nets. 


. In joint operations, all Services shall work within their component to ensure 


the use of compatible radios. Spectrum management must occur at the 
highest multi-Service command level. This coordination is accomplished 
with the creation of a communications coordination committee. The 
communications coordination committee should include: 


(1) The COMSEC custodian from the appropriate staff section. 


(2) The special plans officer from the operations directorate of a joint staff 
(J-3) plans section. 


(3) The host-country frequency coordinator. 


(4) Spectrum managers from the joint and Service spectrum management 
Office. 


(5) The aviation officer from the J-3 office. 


3. Planning and Employment Considerations 


This section contains communications planning considerations and is intended to 
be a general checklist for joint communications planning. This list is not all 
inclusive. 


a. 
b. 
C. 


Receive the mission. 
Determine the geographic operational area. 


Analyze the commander’s intent, commander's critical information 
requirements, and planning guidance. 


. Determine the commander’s communication and information exchange 


requirements. 


. Determine potential offensive electronic warfare (EW) capabilities and 


identify an electronic protection (EP) plan. 


Determine defensive EW capabilities and identify a communications 
compatibility plan. 


. Determine hierarchy for required nets and establish command relationships. 
. Determine interoperability among forces. 


Receive frequency management planning guidance. 
Receive key management plans for COMSEC assignment and use. 


. Receive SOPs for communications. 

. Receive joint operating parameters. 
.Develop local emergency destruction plans. 
. Distribute SOPs to all participants. 

. Generate a local plan to check the network. 


Develop a pack-out plan. 
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q. Identify any special communications requirements. 
r. Receive frequency authorization for nets. 


s. Receive general information security/information assurance (IA) 
requirements. 


t. Identify coalition communication requirements. 


u. Determine communication requirements for geographically separated 
organic units. 


Note: Appendix M, table 14 lists radio nomenclature and includes compatibility 
and capability listings for several types of radios commonly used by all the 
Services. 


4. Network Management 


Net management is a process of discipline and procedures established by the 
net control authority. Many nets utilize a net control station (NCS) which 
manages or directs traffic on the net. Net management requirements will vary 
based on the communication means and/or systems utilized. Successful net 
management requires detailed coordination between communications support 
personnel throughout the network and the users requiring their support. While 
there are some common aspects among all of the net types discussed in this 
publication (such as time synchronization), there are also some unique traits 
within each type of net. These are discussed in the following paragraphs. 


a. HF-automatic link establishment (ALE). ALE allows a more effective use of 
the HF spectrum. By providing real-time updates of the best frequency from 
a selected scan list, the reliability and quality of HF communications is 
increased. From an operator standpoint, maintaining and managing an ALE 
network is similar to using a cell phone. However, from a technical 
standpoint, maintaining and managing an ALE network is complex. 
Centralized management of an ALE network is essential to ensuring 
integrity and efficiency of communications. 


b. Enhanced position location reporting system (EPLRS). The system planner 
in the EPLRS network operations security center (NOSC) must anticipate 
EPLRS network needs to keep pace with the changing dynamics in the 
operational environment. There are two main components of EPLRS: 


(1) NCS. The NCS contains tactical computers that enable automated 
technical control and centralized dynamic network management of 
EPLRS. The NCS is the primary technical control interface. NCS 
software provides dynamic network monitoring and resource 
assignment that satisfies requirements for communications, navigation, 
identification (ID) data distribution, and position location. 


Radio set (RS). The RS provides secure, jam-resistant, digital 
communications and accurate position location capabilities. The RS 
accepts and implements NCS-issued commands and reports its status 
to the NCS. These reports are essential for accomplishing the 
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automatic control of EPLRS. The RS consists of a remote terminal (RT), 
user readout (URO) device, and an appropriate installation kit for 
ground, vehicle, or airborne use. 


c. Frequency hopping (FH) radios. FH is the repeated switching of frequencies 
during radio transmission and minimizing unauthorized interception or 
jamming of radio transmissions. The overall bandwidth required for FH is 
much wider than that required to transmit the same information using only 
one carrier frequency. Protection against eavesdropping and jamming is 
improved by employing encryption through FH radios. 


d. Single-channel ground and airborne radio system (SINCGARS) and HAVE 
QUICK (HQ) are timing-based, FH networks require all net users to be 
synchronized. 


(1) SINCGARS. FH-master (FH-M) mode. Only one radio in each FH radio 
net will use this mode. The FH-M radio maintains the radio net’s 
synchronization time and performs the electronic remote fill (ERF). 
Normally the designated or alternate NCS will operate in the FH-M 
mode. See appendix | for additional net management information. 


(2) HQ. See appendix K for additional net management information. 
5. Spectrum Management 


a. Spectrum management responsibilities. A spectrum is a finite natural 
resource shared by all radio wave transmitters. All tactical radios fall within 
the 3 kilohertz to 30 gigahertz (GHz) radio spectrum; shared with: television 
broadcasting, amplitude modulation (AM) and FM radio, civil service, cell 
phone, civilian radio communication systems, and the global positioning 
system (GPS). 

(1) Legal and regulatory principles: 


(a) All nations have a sovereign right to their spectrum and use of their 
spectrum requires host nation approval at the international and 
national levels. The primary use of a spectrum, for many nations, is 
economic, not military. All nations have a sovereign right to 
allocate the spectrum as needed to support their national interests, 
but the successful conduct of military operations requires the JFC 
to work with the nation at issue to balance these rights with the 
need to maintain security of US and multinational forces.US 
national spectrum authority. Title 47, US Code, section 151 et seq., 
The Communications Act of 1934 established separate control of 
federal government and non-federal government use of the radio 
frequency (RF) spectrum. Under this act, the only government 
agencies that assign and control the use of frequencies within the 
US are the National Telecommunications and Information 
Administration (NTIA) and Federal Communications Commission 
(FCC). NTIA assigns and regulates frequencies for federal users. 
The NTIA governs all federal (including military) use of the RF 
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spectrum within the US and its possessions. The FCC assigns and 
regulates frequencies for non-federal users. Non-federal users 
include private citizens, companies, and state and local 
government agencies. The RF spectrum is allocated between 
government (federal) and non-government (civil) users with 
portions of the spectrum shared between the two. Federal users 
must utilize frequency bands allocated for government or shared 
use. A government frequency assignment may be authorized in a 
non-government band provided the request is coordinated and 
granted approval by the FCC. 


International spectrum authority. The International 
Telecommunication Union (ITU) is the international body 
responsible for international frequency allocations, worldwide 
telecommunications standards, and telecommunications 
development activities. The US is one of the 193 member nations 
comprising the ITU. International agreements signed by the 
President and ratified by the Senate gain treaty status. RF 
spectrum is a natural resource independently managed by each 
sovereign nation within its boundaries. 


(b 


~S 


(2) Spectrum management abroad. The principles of international spectrum 
authority must be kept in mind when US military forces operate abroad. 
Joint force operations require spectrum management at theater levels 
for interoperability. Combined operations will also require spectrum 
management if allies use compatible radios. Inside the borders, 
airspace, or territorial waters of foreign countries, US forces are subject 
to existing international agreements and have no independent authority 
to use RFs. The US Department of State and the theater commander 
coordinate these agreements with allied governments. 

(a) Before obtaining RF spectrum authorization abroad, it is imperative 
the commander keep in mind the principle of effective and efficient 
use of the spectrum, in addition to other principles of international 
spectrum authority. For example, congestion of radio spectrum in 
the Republic of Korea (ROK) is so significant it has become 
increasingly difficult to assign new sole-user frequencies. The ROK 
Ministry of Information and Communications, as the assignment 
authority for all RF requirements in the ROK, closely manages the 
RF spectrum in the ROK and requires strong justification for 
permanent frequency assignments. 

(b) Commanders must critically review requirements and requests for 
new frequency assignments. Every effort should be made to share 
existing resources and ensure the continued use of currently 
assigned frequencies is absolutely necessary to accomplish the 
mission. 
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(3) Frequency assignments. Frequency assignments are area dependent; 
thus, when units change their area of responsibility (AOR), frequency 
planning must be addressed early to minimize operational disruptions. 


(a) Users must approach the spectrum management process in a 
manner consistent with the combatant commander’s policy for 
spectrum management. The J-6 usually develops the 
commander’s policy, which includes documents such as the 
operations plan and joint communications-electronics operating 
instructions (JCEOI). At each level, users must identify and submit 
spectrum requirements to the joint frequency management office 
(JFMO) or joint spectrum management element (JSME), as 
appropriate. Users are also responsible for operating their 
electromagnetic radiating equipment in accordance with 
parameters authorized by the frequency assignment process. Due 
to the long lead time required to coordinate spectrum assignments, 
users should submit their requests for frequencies early in their 
planning cycle. After receiving assignments, the JFMO/JSME will 
generate editions to the JCEOI/signal operating instructions, print 
out a hard copy for issuance and usage, and create frequency lists 
needed for operations. 


(b) Frequency assignments may be classified either by the MCEB or 
by the combatant commander. A Security Classification Guide 
(SCG) may apply to frequency assignments. An SCG specific to an 
operations plan also may address frequency assignments 

(4) Reporting. Multi-Service components must submit a standard frequency 

action format (see appendix A, tables 4 and 5) for the RF needs of the 

organization, and any other special communication requirements to the 

J-6 spectrum manager. The frequency manager will validate the master 

net list and net group assignments prior to generation. 


6. COMSEC Management 


a 


. COMSEC management is a Department of Defense (DOD) program 


implemented to ensure voice and data communications are safeguarded to 
guarantee operational security through using cryptographic (CRYPTO) 
keying material, controlled cryptographic items (CCl), and handling and 
destroying classified materials. 


. Electronic key management system managers and custodians handle the 


documentation issued to users regarding destroying CRYPTO and 
classified materials; and maintaining, safeguarding, and using CCls. 


. Access to classified COMSEC material must be restricted to properly 


cleared individuals whose official duties require such access. Although an 
individual has a security clearance and/or holds a certain rank or position, 
this does not entitle that individual access to COMSEC material. Access to 
classified, or unclassified COMSEC material requires a valid need-to-know. 
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All personnel having access to COMSEC keying material must be 
authorized in writing by the commanding officer. 


d. CRYPTO fill devices/CCI should be stored only in General Services 
Administration-approved containers or vaults, or positively controlled areas 
maintained by authorized personnel. Compromised or lost CRYPTO 
materials MUST be reported to the appropriate chain of command 
IMMEDIATELY. Failure to do so can result in punishment in accordance 
with the Uniform Code of Military Justice. 


e. Contact the COMSEC manager to ensure the proper key is used on the 
proper radio net. 


7. SATCOM-capable Radios 


SATCOM radios provide another means of communications for air, land, and sea 
forces. SATCOM radios provide standalone, terrain independent, line-of-sight 
(LOS)/beyond line-of-sight (BLOS), secure voice, and data communications. 
They can be employed to provide warfighters long-distance, wide-area, fixed, or 
on-the-move, ground, maritime, and ground-to-air communications. Employment 
of SATCOM radios enhances combatant commands and other users’ ability to 
network over large, geographically dispersed areas. 


a. AN/PSC-5 Spitfire/Shadowfire. These are small, lightweight terminals 
capable of operating in VHF and UHF LOS modes. They provide half- 
duplex, secure data, and digital voice communications via demand 
assigned multiple access (DAMA). The AN/PSC-5 Spitfire/Shadowfire has a 
frequency range of 30.000 to 420.000 megahertz (MHz). 


b. AN/PSC-5D multiband multi-mission radio. This radio is capable of 
operating in VHF and UHF LOS modes. SINCGARS and HQ II capable, the 
AN/PSC-5D offers a higher frequency range than the Spitfire or Shadowfire. 
The AN/PSC-5D has a frequency range of 30.000 to 512.000 MHz. It 
includes an embedded ViaSat data controller which has the capability of 
passing data communications across a single channel radio. 


AN/PRC-117F and AN/PRC-117G multiband radio. The AN/PRC-117F and the 
AN/PRC-117G provide SATCOM link up for data/voice transfer. The radios can 
pass critical tactical and routine administrative and logistics information in data 
and voice modes. The radios are capable of providing LOS, SATCOM, electronic 
counter-countermeasures, and FH operations (SINCGARS and HQ), and are 
compatible with all tactical VHF/UHF radios. The AN/PRC-117F has a frequency 
range of 30.000 to 512.00 MHz. The AN/PRC-117G has a frequency range of 
30.000 MHz to 2.000 GHz. 
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Chapter II 
HIGH FREQUENCY RADIOS 


1. Overview 


HF describes the 3 to 30 MHz portion of the radio spectrum. Many military HF 
capable radios can operate at frequencies as low as 1.6 MHz. This frequency 
range can provide short- and long-haul communications. However, it is greatly 
influenced by the Earth’s atmosphere. To communicate effectively in the HF 
spectrum, it is necessary to understand radio propagation and how the Earth’s 
atmosphere affects this frequency range. 


a. Propagation. Propagation describes how radio signals radiate outward from 
a transmitting source. A radio transmitter’s antenna emits radio waves much 
like the wave motion formed by dropping a stone in a pool of water. This 
action is simple to imagine for radio waves travelling in a straight line in free 
space. The true path radio waves take, and how the Earth’s atmosphere 
affects these waves, is more complex. 


b. Earth’s atmosphere. The Earth’s atmosphere is divided into three regions 
called layers. The layers are the troposphere, stratosphere, and ionosphere. 
Most of the Earth’s weather takes place in the troposphere, which extends 
from the Earth’s surface to about 10 miles up. The weather variations in 
temperature, density, and pressure have a great effect on the propagation 
of radio waves. The stratosphere, which extends from roughly 10 to 30 
miles up, has little effect on radio wave propagation. The ionosphere, which 
extends from 30 to approximately 375 miles up, contains up to four cloud- 
like layers of electrically charged ions. It is this region and its ionized layers 
that enable radio waves to propagate great distances. The ionosphere, and 
how it affects radio wave propagation, is discussed in paragraph 1.c and its 
sub-paragraphs in this chapter. 


c. Types of propagation. There are two basic modes of propagation: ground 
waves and sky waves. Ground waves travel along the surface of the Earth 
and are used primarily for short-range communications. Sky waves, 
reflected by the ionosphere, are “bounced” back to Earth and provide a 
long-haul communications path. Also, they provide short-range (0 to 180 
miles or 300 kilometers (kms)) communication in mountainous terrain. 


(1) Ground waves. Ground waves consist of three components: surface, 
direct, and ground-reflected waves. 


(a) Surface waves. Surface waves travel along the surface of the 
Earth, reaching beyond the horizon. Eventually, surface wave 
energy is absorbed by the Earth. The effective range of surface 
waves is largely determined by the frequency and conductivity of 
the surface over which the waves travel. Bodies of water and flat 
land have the least amount of absorption, while desert and jungle 
areas have the greatest. For a given complement of equipment, 
the range may extend from 200 to 250 miles over a conductive, all- 
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sea-water path. Over arid, rocky, nonconductive terrain, however, 
the range may drop to less than 20 miles, even with the same 
equipment. If terrain is mountainous, the RF signal will be reflected 
rather than continuing along the Earth’s surface, thus, significantly 
reducing range. Absorption also increases with an increase in 
frequency. When trying to communicate using surface wave 
energy, use the lowest possible frequency. 


(b 


~S 


Direct waves. Direct waves, also known as LOS waves, travel in a 
straight line and become weaker as distance increases. They may 
be bent, or refracted, by the atmosphere; extending their useful 
range slightly beyond the horizon. Transmitting and receiving 
antennas must be able to “see” each other for LOS 
communications to take place; therefore, antenna height is critical 
in determining range. Any obstructions between the two antennas 
(such as mountains or buildings) can block or reduce the signal 
using LOS communications. At higher frequencies, reception is 
optimized by matching the polarization/antenna position of the 
radios. 


(c) Ground-reflected waves. Ground-reflected waves are the portion of 
the propagated wave reflected from the surface of the Earth 
between the transmitter and receiver. 


(2) Sky waves. Sky waves are radiated upward, making BLOS 
communications possible. At certain frequencies, radio waves are 
refracted, returning to Earth hundreds or thousands of miles away. 
Depending on frequency, time of day (TOD), and atmospheric 
conditions, a signal can bounce several times before reaching a 
receiver. Near vertical incident sky waves (NVIS) are useful for short- 
range, non-LOS communication at distances up to 200 miles. NVIS are 
reflected off the ionosphere at steep take-off angles. At such steep 
take-off angles, some of the HF energy penetrates the ionosphere and 
is lost. Usually, the HF band is used for sky wave propagation. Radio 
communications that use sky wave propagation depend on the 
ionosphere to provide the signal path between the transmitting and 
receiving antennas. Understanding sky wave propagation requires 
knowledge of the effects of the ionosphere and solar activity on HF 
radio propagation and being familiar with the techniques used to predict 
propagation, and selecting the best frequencies for a particular link at a 
given time. Using sky waves can be tricky, since the ionosphere is 
constantly changing. Several computer programs are available to help 
predict frequencies for the best propagation. Figure 1 shows the 
different propagation paths for HF radio waves. 
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Figure 1. Propagation Paths for HF Radio Waves 
(a) lonosphere: Nature’s satellite. 


e The ionosphere is a region of electrically charged particles or 
gases in the Earth’s atmosphere. lonization, the process in which 
electrons are stripped from atoms and produce electrically 
charged particles, results from solar radiation. When the 
ionosphere becomes heavily ionized, the gases may even 
become visible and glow. This phenomenon is known as 
Northern and Southern Lights. 


e This blanket of gases is like nature’s satellite, making most BLOS 
radio communications possible. When radio waves strike ionized 
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layers, depending on frequency, some are completely absorbed, 
others are refracted so they return to the Earth, and others pass 
through the ionosphere into outer space. Absorption tends to be 
greater at lower frequencies, and increases as the degree of 
ionization increases. Figure 2 shows the angle at which sky 
waves enter the ionosphere, also known as the incident angle. 


gnal 
= 
ve 


Angle of 


Incidence 


Figure 2. Incident Angle 


e The incident angle is determined by wavelength (such as 
frequency) and type and orientation of the transmitting antenna. 
Like a billiard ball bouncing off a rail, a radio wave reflects from 
the ionosphere at the same angle at which it hits the ionosphere. 
Thus, the incident angle is an important factor in determining 
communications range. Communications with a distant station 
requires a greater incident angle, while communications with a 
nearby station requires a lesser incident angle. 


e The incident angle of a radio wave is critical. If the incident angle 
is nearly vertical and the electro-motive force of the transmitted 
signal is relatively small in that direction, the radio waves will 
pass through the ionosphere without being refracted back to 
Earth. If the incident angle is too great, the radio waves will be 
absorbed by the lower layers before reaching the more densely 
ionized upper layers. In turn, the incident angle must be sufficient 
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to bring the radio wave back to Earth, yet not so great that it will 
lead to absorption. 


(b) Layers of the ionosphere. 


e Within the ionosphere, there are four layers of varying ionization, 
as illustrated in figure 3. Since ionization is caused by solar 
radiation, the higher layers of the ionosphere tend to be more 
electrically dense, while the lower layers (protected by the outer 
layers) experience less ionization. The first layer was discovered 
in the early 1920s by Sir Edward Victor Appleton, and was 
designated E for electric waves. Later, D and F were discovered 
and noted by these letters. The letters A, B, and C will be used to 
designate future discoveries. 


e The D layer is the lowest region affecting HF radio waves. 
lonized only during the day, the D layer reaches maximum 
ionization when the sun is at its zenith, but dissipates quickly 
toward sunset. 


e The E layer reaches maximum ionization at noon. It begins 
dissipating toward sunset and reaches minimum activity at 
midnight. Irregular cloud-like formations of ionized gases 
occasionally occur in the E layer. These regions, known as 
sporadic E, can support propagation of sky waves at the upper 
end of the HF band and beyond. Sporadic E regions appear and 
disappear quickly and at irregular intervals. Therefore, they are 
difficult to predict. For this reason, E layer communications 
cannot be depended upon to support mission-essential 
communications. 


e The F layer is the most heavily ionized region of the ionosphere 
and, therefore, the most important for long-haul communications. 
At this altitude, the air is thin enough so the ions and electrons 
recombine very slowly. As a result, this layer retains its ionized 
properties even after sunset. 


e In the daytime, the F layer consists of two distinct layers; F1 and 
F2. The F1 layer, which exists only in the daytime and is 
negligible in winter, is not important to HF communications. 


e The F2 layer reaches maximum ionization at noon and remains 
charged at night, gradually decreasing to a minimum just before 
sunrise. 
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Figure 3. Layers of the lonosphere 
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e During the day, sky wave reflection from the F2 layer requires 
wavelengths short enough to penetrate the ionized D and E 
layers, but not so short as to pass through the F layer. Generally, 
frequencies from 8 to 20 MHz will be reflected back to Earth 
during daytime hours and frequencies between 2 and 8 MHz will 
be reflected during nighttime hours. For NVIS nighttime 
communications, the most effective frequencies normally range 
between 2 and 5 MHz. 


(c) Factors affecting atmospheric ionization. 


e The intensity of solar radiation varies periodically, thereby 
affecting ionization. Solar radiation intensity can be predicted 
based on the TOD and season and equipment adjustments 
made to limit or optimize ionization effects. 


lonization is higher during spring and summer because the hours 
of daylight are longer. Sky waves are absorbed or weakened as 
they pass through the highly charged D and E layers, in effect, 
reducing the communication range of most HF bands. 


Because there are fewer hours of daylight during autumn and 
winter, less radiation reaches the D and E layers. Lower 
frequencies pass easily through these weakly ionized layers. 
Therefore, signals arriving at the F layer are stronger and 
reflected over greater distances. 


Another longer term periodic variation results from the 11-year 
sunspot cycle, shown in figure 4. Sunspots generate bursts of 
radiation that cause higher levels of ionization. The more bursts, 
the greater the ionization. During periods of low sunspot activity, 
frequencies above 20 MHz tend to be unusable because the E 
and F layers are too weakly ionized to reflect signals back to 
Earth. At the peak of the sunspot cycle, however, it is not 
unusual to have worldwide propagation on frequencies above 30 
MHz. 


In addition to these regular variations, there is a class of 
unpredictable phenomena known as sudden ionospheric 
disturbances that can affect HF communications as well. Sudden 
ionospheric disturbances (i.e., random events due to solar flares) 
can disrupt sky wave communication for hours, or days, at a 
time. Solar flares produce intense ionization of the D layer, 
causing it to absorb most HF signals on the side of the Earth 
facing the sun. 
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Cycle 23-24 Sunspot Number Prediction (May 2007) 
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Figure 4. Eleven-Year Sunspot Cycle 


e Magnetic storms often follow the eruption of solar flares within 20 
to 40 hours. Charged particles from the storms have a scattering 
effect on the F layer, temporarily neutralizing its reflective 
properties. 


(d) Frequency and path optimization. 


e Because ionospheric conditions affect radio wave propagation, 
communicators must determine the best way to optimize RFs at 
a particular time. The highest possible frequency that can be 
used to transmit over a particular path under given ionospheric 
conditions is the maximum usable frequency (MUF). Frequencies 
higher than the MUF penetrate the ionosphere and continue into 
space. Frequencies lower than the MUF tend to refract back to 
Earth. 


e As frequency is reduced, the amount of signal absorption by the 
D layer increases. Eventually, the signal is completely absorbed 
by the ionosphere. The frequency at which this occurs is called 
the lowest usable frequency (LUF). The “window” of usable 
frequencies, therefore, lies between the MUF and LUF. 
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e The frequency of optimum transmission (FOT) is nominally 85 
percent of the MUF. Generally, the FOT is lower at night and 
higher during the day. 


e In addition to frequency, the route the radio signal travels also 
must be considered in optimizing communications. A received 
signal may be comprised of components arriving via several 
routes, including one or more sky wave paths and a ground wave 
path. The arrival times of these components differ because of 
differences in path length. The range of time differences is the 
multipath spread. The effects of multipath spread can be 
minimized by selecting a frequency as close as possible to the 
MUF. Higher frequencies are generally less susceptible to 
atmospheric noise so communications also can be improved by 
choosing frequencies as close as possible to the MUF. 


(e) Propagation prediction techniques. 


e Since many of the variables affecting propagation follow 
repetitive cycles and can be predicted, techniques for effectively 
determining FOT have been developed. 


e A number of propagation prediction computer programs are 
available (see appendix H). One widely used and effective 
program is the Voice of America Coverage Analysis Program, 
which predicts system performance at specific times of day as a 
function of frequency for a given HF path and a specified 
complement of equipment. 


e Since computerized prediction methods are based on physical 
calculations and historic data, they cannot account for present 
conditions affecting communications, such as ionospheric 
changes caused by random phenomena (interference and 
noise). 

d. Oceanic use and crowding. HF may be used by aircraft in trans-oceanic 
flight or ships afloat because of the long range, however, the HF spectrum 
may be very crowded in some oceanic locations. 


2. ALE 


ALE is a communication system permitting HF radio stations to call and link on 
the best HF channel automatically. Typically, ALE systems make use of recently 
measured radio channel characteristics stored in a memory matrix to select the 
best frequency. The system works like a telephone in that each radio in a 
network is assigned an address (similar to a call sign). When not in use, each 
radio receiver constantly scans through its assigned frequencies, listening for 
calls addressed to it. Appendix C lists established and proposed ALE networks, 
while appendix D lists the frequency bands excluded from operational use due to 
international and safety allocations. Appendix B provides details for the High 
Frequency Global Communications System which is a 24-hour/7-day-a-week 
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network used by the President and Secretary of Defense, the DOD, and other 
federal departments, and allied users equipped with HF-ALE radio technology in 
support of C2 among aircraft, ships and associated ground stations. 


a. ALE linking sequence. 


(1) The following paragraphs discuss the three parts of the ALE linking 
sequence. 


(a) Call: To reach a specific station, the radio operator simply enters 
an address, just like dialing a telephone number. The radio 
consults its memory matrix and selects the best available assigned 
frequency. It then sends out a brief digital message containing the 
ID of the destination. When the receiving station hears its address, 
it stops scanning and stays on that frequency. The two stations 
automatically conduct a “handshake” to confirm a link is 
established, and they are ready to communicate (see figure 5). 


Ground Station 


Aircraft AAA Ground BBB 
fas Receiver 
Initiates Call Scanning 
Scanning Call 10 Channels 
(Call Duration) (2 Channels per Second) 


1 
————_ 8.0 Seconds —— | 1.175 Seconds >| 


Call TO TO | To | To TO TO | TO | Thisis 
a BBB | BBB | BBB | BBB BBB | BBB | BBB | AAA 


|392ms |392ms|392ms | 392ms| | |392ms]392ms | 392ms] 


Claas 
AAA | AAA | AAA 
G) Acknowledgement 


Figure 5. Automatic Link Establishment Linking Sequence 


(b) Response: The receiving station, which has been squelched, will 
emit an audible alert and/or a visual indication of the ALE address 
of the station that called to alert the operator of an incoming call. At 
the conclusion of the call, either operator can “hang-up” or 
terminate the link; a disconnect signal is sent to the other station 
and each returns to scanning mode. 

(2) Acknowledgement: ALE can be used for a group of stations using the 


ALE net call at the same time. In this situation, each receiving station 
answers the calling station in a certain sequence, which is set up during 
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the ALE programming. Net calls must be used judiciously because all 
called stations need to be in the same propagating region as the calling 
station. 


(3) An HF communications network usually has several channels assigned. 
The ALE system has a link quality analysis (LQA) process that allows 
the radio to evaluate each channel to determine the best channel to 
place a call. 


(4) At prescribed intervals, a station can be programmed to measure the 
signal quality on each assigned frequency by listening to the sounding 
signals from the other stations in the network. The quality scores are 
stored in a matrix, listed by the other stations as ID versus channel. 
When a call to a certain station is initiated, the radio checks the matrix 
to determine the best quality frequency for the call to that station. It then 
attempts to link on that frequency. If the link cannot be established on 
the frequency, it will try again on the next best frequency, and so on 
until a link is established. If a link is not established after trying all the 
assigned frequencies, the radio will prompt the operator that a link could 
not be established. Sometimes when using the HF spectrum, 
communications between any two points may not be possible. In these 
cases, it is important to be persistent in attempts to communicate and 
consider using another station as a relay to get a message across. 


In the sample LQA matrix for the station headquarters (table 1), the 
channel numbers represent programmed frequencies; the numbers in 
the matrix are the most recent channel quality scores. In this example, 
scores range from 0 for the worst, to 100 for the best. Actual LQA 
scoring varies between different vendors’ equipment. A blank (“-”) 
means the two radios could not use the channel to communicate. 


(5 


~~ 


Table 1. Link Quality Analysis Matrix 
Channels 
01 02 03 04 05 
Alpha 1 60 33 12 81 23 
Alpha 2 10 48 - 86 21 
Alpha 3 - - 29 52 63 


(6) If the HQ operator at headquarters wants to call Alpha 3, the radio 
would attempt to call on channel 05, which has the highest LQA score. 
If unsuccessful, it would attempt to call on the channel with the next 
highest score (channel 04), and so on. 


(7) When making multi-station calls, or a net call, the radio selects the 
channel with the best average score among the addresses in the net 
call. Therefore, channel 04 would be used for a net call to all the 
addresses in the matrix. 


Address 


5 November 2013 ATP 6-02.72/MCRP 3-40.3A 19 
NTTP 6-02.2/AFTTP 3-2.18 


b. Generations of ALE. 


(1) Currently two generations of ALE are being used; these are commonly 
referred to as second generation (2G) and third generation (3G). This 
document primarily covers the 2G version of ALE. Military Standard 
(MIL-STDs)-188-141A and B cover 2G ALE. 


(2) The newest ALE 3G technology is slowly gaining wide acceptance and 
use. This technology provides the following advantages over the 2G 
version of ALE: 


(a) Faster link setup time. 

(b) Linking at lower signal-to-noise ratios. 

(c) Improved network channel efficiency. 

(d) Higher performance serial waveforms. 

(e) Higher throughput for short and long data messages. 


Note: These advantages incorporate synchronous scanning, a burst phase shift 
keying waveform, and a carrier sense multiple access with a collision avoidance 
channel access procedure. MIL-STD-188-141B, and North Atlantic Treaty 
Organization (NATO) standardization agreement 4538 identify the applicable 
standards that cover the 3G of ALE. 


c. Frequency selection. 


(1) Frequency selection is important for ALE to function properly. When 
selecting frequencies to use in a network, consider the times of 
operation, distance to be communicated, power level, and type of 
antenna being used. 


(2) When using the frequency parameters in the previous paragraph, also 
use a good propagation program to determine which spectrums will 
propagate. Appendix H lists some of the available propagation software 
programs and contact information. 


(3) Consulting the frequency manager early in the process may save a lot 
of work, since the manager may already have lists of approved 
frequencies that can be used for particular functions in given areas. 


d. Limitations. 


(1) ALE is a tool that automates HF linking and frequency selection. It does 
not replace a properly trained HF operator. Knowledge of the specific 
radio equipment being used, propagation, antennas, and so forth, is still 
essential to use ALE effectively. 


(2) ALE will not improve propagation. If poor propagating frequencies are 
used, ALE will not make them work better. ALE only works as well as 
the frequencies put into it; therefore, proper frequency management is 
essential. 
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(3) ALE makes the linking process more automatic, allowing a novice HF 
operator to use the radio effectively. However, in some cases, ALE 
requires more time than it takes for two highly trained HF operators to 
establish a link. 


(4) ALE only determines the best channel to pass traffic and tries to 
establish a link between radios. The ALE function does not provide data 
capability other than a simple automatic message display (AMD) in the 
ALE header signal. 


(5) Depending on the specific equipment used, ALE may not determine if 
the channel is busy with voice or data traffic before it transmits. An 
operator has no indication if two other stations are currently linked. 


3. Automatic Link Establishment Parameters 


Creating a network in ALE requires a number of parameters be set the same 
across all radios in the network. These settings are determined by considerations 
such as type and network. Due to the number of different data devices and types 
of data, this document does not cover the use of data in an ALE network. A 
sample ALE communications plan for the AN/PRC-150C and AN/ARC-220 radios 
is included in appendix F, tables 10 and 11. 


a. ALE parameters. The following paragraphs list some of the ALE parameters 
provided to users. Different equipment may contain a greater or lesser 
amount of parameters. 


(1) Address. This parameter assigns a unique call sign or address to each 
radio. The self address is the address assigned to the radio you are 
programming. The format is three to fifteen alphanumeric characters. 
For every three characters an additional handshake is required. 
Therefore, if all fifteen characters are used, five handshakes will be 
required for connection. Individual addresses are assigned to all other 
radios in the network. 


(2) ALL call. This parameter determines if the radio will respond to an “ALL” 
call. An ALL call attempts to link with all the ALE stations using a 
broadcast format. An ALL call does not expect a response and does not 
designate a specific address. The letters A-L-L should not be used as 
an address. 


(3) AMD allowed. This parameter enables (or disables) the ability of the 
radio to receive AMD messages. If this is turned off, the radio will not 
receive and store AMD messages sent to it. (This parameter does not 
exist in all vendors’ equipment.) 


(4) ANY call. This parameter determines if the radio will respond to an 
“ANY” call. An ANY call attempts to link with all ALE stations in the 
same manner as the ALL call, except the individual stations are 
expected to respond at one of 16 random intervals for linking purposes. 
The letters A-N-Y should not be used as an address. 
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(5) Auto display AMD. This parameter enables (or disables) the radio to 
display a received AMD message on its front panel. If this is turned off, 
the radio will not display AMD messages sent to it, but will store them in 
memory. For this feature to work, the AMD allowed parameter must be 
enabled. 


(6) Scan set (aka, channel group or scan list). This parameter groups 
individual channels for use in an ALE network. The number of scan sets 
which can be created depends on the equipment used. 


(7) Key to call. This parameter enables (or disables) a feature that allows 
the operator to simply key the push-to-talk to place an ALE call to the 
last address called. This is like a last number redial feature on a 
telephone. 


(8) Activity timeout (aka, link timeout or return to scan timeout). This 
parameter returns the radio from a linked state to scan if the radio has 
not been keyed or has not received an ALE signal for a specified period 
of time. 


(9) Listen before transmit. This parameter forces the radio to monitor the 
channel for existing traffic before attempting an ALE call. Depending on 
the equipment used, the existing traffic can be an ALE handshake, 
voice, or data. 


(10) LQA in call. This parameter enables (or disables) a feature that forces 
the radio to do an LQA before attempting an ALE call. 


(11) Maximum scan channels (aka, call duration). This parameter is used in 
ALE to determine the link call time to stations within the net. The calling 
station’s call needs to last long enough so the receiving station(s) has 
time to complete its scan cycle. This parameter must be set for the least 
capable radio in the network. For example, all radios scan 10 channels 
except one, which scans 5; all radios in the network must set Max Scan 
Channels to 5. 


(12) Maximum tune time. This parameter sets the length of time the calling 
station waits for the target station to tune its antenna coupler and power 
amplifier, and respond to the call. This parameter must be set for the 
slowest radio tune time in the network. If all radios in the network tune 
in 4 seconds except one, which takes 6 seconds, all radios in the 
network must set this parameter to 6 seconds. 


(13) Net address. This is a list of the addresses in a network. The net 
address requires all radios to be programmed identically. The order of 
all addresses in the network (including your self address) must be the 
same in all radios. 


(14) Scan rate (aka, scan minimum dwell, 1/scan rate). This parameter sets 
the rate the frequencies will be scanned. All radios in the network must 
be set at the same scan rate. 
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b. Channel parameters. In addition to the ALE parameters, the radios have to 
be programmed with channel parameters. Depending on the equipment 
used, these parameters may include: 


(1) Channel number. 

(2) Frequency (receive and transmit). 

(3) Power emission. 

(4) Modulation type (aka, emission mode). 

(5) Automatic gain control. 

(6) Channel bandwidth. 

(7) Receive only (if set to YES, this channel is used only for receiving). 
(8) Sound enable/disable. 

(9) Sounding interval. 


c. System-specific parameters. Each system has specific parameters that 
must be programmed (such as modem and pre/post selector settings). This 
document does not cover all these settings due to the variety of systems 
and different parameters. 


d. EP. When required, EP must be programmed in all radios on the network. 
The planner must ensure all stations are using the same transmission 
security key material. 


e. Linking protection (LP). When required, LP must be programmed in ALE 
operation for all radios on the network. The planner must ensure all stations 
are using the same level of LP and LP key material. 


4. Interoperability 


a. Overview. All HF-ALE radios, whether operating in fixed, ALE, ALE with LP, 
or EP, will operate in the cipher text (CT) mode whenever possible. HF-ALE 
radios have either embedded COMSEC or an external COMSEC device. 
Either the National Security Agency (NSA) or the JFC designates the 
controlling authority (CONAUTH), depending on the circumstances, for all 
crypto-net operations. 


(1) Equipment interoperability is a major issue in network planning for HF- 
ALE systems. While many US forces use HF-ALE-compatible radios, 
the radios of allied nations may not be interoperable with MIL-STD 188- 
141 HF-ALE. Therefore, plans should address interfaces between HF 
and HF-ALE capable radios or lateral placement of interoperable radios 
in non-ALE command posts. Appendix E lists the joint interoperability 
test command certified ALE radios and capabilities matrix. 


(2) The greater the number of frequencies and wider the distribution across 
the HF range, the better HF-ALE will perform. The minimum size for an 
effective channel plan is four frequencies. Typically, the optimal channel 
plan of ten to 12 frequencies, spread across the frequency range, will 
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adequately support voice and data HF-ALE operations. As the number 
of frequencies in the channel plan decreases, the choices of LQA 
become limited, and may become zero. In addition, as the number of 
frequencies in the channel plan increases beyond the optimal number 
(ten to 12 frequencies), the time required to conduct LQA and establish 
links increases. Aggressively scrutinizing frequency selections and 
using the optimal number of frequencies per channel plan ensures the 
best possible HF-ALE performance. Care should be taken to avoid 
transmitting on frequencies reserved for other uses. 


b. HF-ALE addressing and network allocations. 


(1) Network allocations are mission dependent; thus when units change 
their AOR, net planning must address and implement timely updates to 
minimize disruptions in the operation. The lead Service HF-ALE 
network manager must contact the JFMO/JSME for frequencies. The 
HF-ALE network manager will validate the master address list and net 
assignments prior to generation. After receiving frequency assignments, 
the network manager will generate the required channel plan, print out 
paper and prepare an electronic copy to issue and use, and create 
channel plans needed for operations. 


(2) HF-ALE addressing. The HF-ALE network administrator will coordinate 
HF-ALE addressing in a joint environment. Three to 15 characters can 
be used as the HF-ALE self address, depending on system parameters. 
Using fewer characters in the address will optimize the speed of HF- 
ALE operations. However, due to operational considerations on some 
networks, it may be practical to use other forms of addressing 
techniques. In a joint HF-ALE network, an effective technique is to use 
the letter identifiers for the specific Service, as per table 2. No 
governing body has been identified in this document for issues with, or 
deconfliction of, HF-ALE addresses. There is a potential of more than 
one agency/Service having the same HF-ALE radio address (frequency 
deconfliction and HF-ALE radio address deconfliction are separate 
issues). 
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Table 2. HF-ALE Self-Addressing 


Air Force |Army Coast Guard |Marine Corps | Navy 
Self address | AFxxxx RXXXXxXX XxXxxCG MC-xxxx NAxxxx 
Example AFO001 RO0197 |1034CG MC-10 NAQ87 
FEMA NATO SOF Homeland Other 
Security 
Self address | FExxxx NTXxxx SF Xxxx HSxxxx XXXXXX 
Example FE101 NT0297 |SF4 HS1210 XX7345 
Legend 


FEMA—Federal Emergency Management Agency 
NATO—North Atlantic Treaty Organization 
SOF—special operations forces 


(3) Appendix G provides a step-by-step example of how to program an HF- 
ALE radio. 


Note: In accordance with DOD HF-ALE concepts of operations, AF0005 through 
AFO0009 are reserved for Mystic Star, an HF, single-side-band communications 
system that provides HF communications for the President, Vice President, 
Cabinet members, and other senior government and military officials while 
aboard special mission aircraft. 
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5 November 2013 


Chapter III 
VERY HIGH FREQUENCY RADIOS 


1. Overview 


VHF is a term used to describe the 30 to 300 MHz portion of the RF spectrum. 
This frequency range can provide short-range and long-haul communications. 
This includes point-to-point, mobile, air-to-ground, and general purpose 
communications. In the VHF band, there is no usable ground wave and only 
slight refraction of sky waves by the ionosphere at the lower frequencies. The 
direct wave LOS provides communications if the transmitting and receiving 
antennas are elevated high enough above the surface of the Earth. 


2. SINCGARS 


a. Radio modes of operation (see appendix | for SINCGARS net 
management). SINCGARS nets can operate in combinations of SC or FH 
and plain text (PT) or CT. 


(1) SC mode uses manually entered frequencies and is not FH or jam 
resistant. 


(2) FH mode is jam resistant, and requires loadsets which consist of 
hopsets, transmission security keys (TSKs), and net IDs. They may 
include lockout frequencies and integrated-COMSEC. 


(a) A hopset, or lockout, is the set of frequencies on which an FH net 
hops. Hopsets are electronically loaded and stored in the radio. 


(b) A TSK establishes a pseudo-random pattern in which the 
frequencies will be used. 


(c) Net IDs establish the starting point within the pseudo-random 
pattern and are often allocated to specific units. 


(d) TOD synchronizes the FH. Every effort must be made to maintain 
a standard TOD within the operating theater. GPS time is 
recommended. 


b. Loadset distribution (FH and COMSEC data). 


(1) A SINCGARS radio loadset consists of FH and COMSEC data. Only 
designated operators may transfer FH and COMSEC data physically 
from device to device, transmit the data electronically, or send it using a 
combination of physical and electronic means. The lowest operational 
echelon will normally distribute and store loadsets consistent with the 
availability of fill devices, security arrangements, and operational needs. 


(2) The CONAUTH and JTF J-6 provide COMSEC and FH data to users. 
However, the CONAUTH provides only the amount necessary to satisfy 
operational requirements consistent with distribution capabilities. 
Organizations will deploy with the amount of data necessary to satisfy 
initial operational requirements consistent with distribution capabilities. 
Storing reserve loadsets at selected echelons facilitates rapid 
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distribution, reduces risk, and minimizes the impact of the loss of a 
storage device in the forward area. 


c. FH mixed net operations. When operating with SC radios, a SINCGARS 
mixed-mode retransmission site/station can provide communications 
between an SC station/net and an FH net without requiring all stations to 
operate in the vulnerable SC mode. To reduce the risk of being targeted by 


enemy direction finding equipment, locate mixed-mode retransmission sites 
away from friendly positions. 


Note: Operate SINCGARS radios in the SC mode only when necessary. 
d. SINCGARS loadset data. 


(1) FH Data. The J-6 spectrum manager is responsible for managing and 
generating multi-Service FH data (see figure 6). 


Air Force 
HQ 


Air 
Operations 
Center 


Marine 
Expeditionary 
Force 


Marine 
Expeditionary 
Brigade 


Marine 
Expeditionary 
Unit 


Legend: 

ASOC-air support operations center 

HQ—headquarters 

JFC J6-joint force commander communications system directorate of a joint 


staff; command, control, communications, and computer systems staff section 
WOC-wing operations center (USAF) 


Figure 6. Echelons Capable of Generating FH Data 


(2) Loadsets and lockouts. The J-6 spectrum manager generates the 
loadset. The Service component generally modifies unique loadsets at 
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the corps- or Service-equivalent level. To maximize effectiveness of FH, 
loadsets should use the largest possible number of frequencies in the 
SINCGARS frequency range. This FH range and the user frequency 
requirements determine the assignment of loadsets. After the spectrum 
manager generates loadsets, TSKs and net IDs are assigned. If a 
force’s AOR or task organization changes, it is the responsibility of the 
higher headquarters to pass the required loadset to the moving unit. 


(a) The larger the number of frequencies and wider the distribution 
across the SINCGARS frequency range, the better SINCGARS will 
perform when in FH mode. Loadset performance is a function of 
many factors, including interference from friendly emitters, other 
electromagnetic sources, and the enemy’s electronic attack 
capability. 

The SINCGARS radio can store a unique loadset, and all other FH 
and COMSEC data, in each channel preset. The NCS or station 
designated as FH-M should transmit on each FH net a minimum of 
every four hours to keep all stations active on the net. 


(b 


~S 


(3 


~S 


Manual setting. radio operators may manually enter time into most 
SINCGARS-compatible radios using the keypad. Operators update 
sync time by contact with their NCS (FH-M function), receipt of an ERF 
via the defense advanced GPS receiver, or manually changing the sync 
time in the radio by using the keypad. 


(4) Julian date. SINCGARS radios require a two-digit Julian date. On Julian 
days 100-365, any radio that uses a two digit Julian date drops the first 
digit (e.g., day 100 is entered into the radio as day 00). 


(5) COMSEC data. All SINCGARS radios, whether SC or FH capable, will 
operate in the CT mode whenever possible. SINCGARS radios have 
either integrated COMSEC or can use an external COMSEC device. 
The JFC normally designates the CONAUTH for all crypto-net 
operations, and the J-6 will provide overall staff supervision. COMSEC 
data includes traffic encryption key (TEK) and key encryption key 
(KEk). 

e. SINCGARS data distribution within Services and components. 


(1) Army forces (ARFOR). (See figure 7.) The Army component CONAUTH 
receives and disseminates the FH and COMSEC data to subordinate 
echelons. The CONAUTH is the commander of the organization, or 
activity, responsible for directing the establishment and operation of a 
cryptographic network (cryptonet); and for managing the operational 
use and control of keying material assigned to the cryptonet. The 
commander may delegate CONAUTH responsibilities to a subordinate 
in writing. The CONAUTH should be organizationally senior to cryptonet 
members, have the staff and expertise to perform essential 
management functions, and have the authority to ensure instructions 
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are carried out. Depending on the situation, the CONAUTH may be at 
the theater, corps, or division level. Most often, the CONAUTH will be at 
the theater level. 


LIAISON ELEMENTS 


_ _ When Corps is the 
senior Army echelon 


Legend: 
AOC-Army operations center CO-company 
ARFOR-Army forces DIV-division 
ARLO-Army liaison officer FLD AR-Field Army 
ASOC-air support operations center GLO-ground liaison officer 
BCE-battlefield coordination element TACP-tactical air control party 
BDE-brigade WOC-wing operations center (USAF) 
BN-battalion 


Figure 7. Loadset Data Distribution within Army Units 


(a) Corps. The corps communications staff officer (G-6) is the principal 
staff officer for all matters concerning communications, 
electromagnetic spectrum operations, and networks. The corps G- 
6 officer has authority over the corps information networks. The 
corps G-6 officer plans and directs all IA activities and information 
operations and vulnerability and risk assessments with the 
intelligence officer (G-2); assistant chief of staff, operations (G-3); 


30 ATP 6-02.72/MCRP 3-40.3A 5 November 2013 
NTTP 6-02.2/AFTTP 3-2.18 


assistant chief of staff, information engagement (G-7); operational 
chain of command; and the Service Theater Network Operations 
Security Center (STNOSC). The corps G-6 officer employs a fully 
integrated NOSC providing network operations (NETOPS) 
functions for the corps. All corps signal elements must coordinate 
with the NOSC during the engineering, installation, operation, 
maintenance, and defense of the corps information network. The 
corps NOSC: 


e Monitors, manages, and ensures implementation of enterprise 
system management/network management, information 
dissemination management/content staging, and |[A/computer 
network defense (CND) activities in coordination with the 
operational chain of command, STNOSC, and subordinate 
organizations. 


e Coordinates operational procedures and requirements for 
IA/CND and information systems security with the operational 
chain of command and supporting regional computer emergency 
response team. 


e Orders and accounts for all forms of COMSEC material, including 
storing keys in encrypted form, performing key generation (corps’ 
TEK and KEK), and automatic key distribution. 


e Generates signal of interest (SOI) data, and FH data (corps-wide 
loadsets, net ID, and TSK). 


Division. The division G-6 is responsible employing a fully 
integrated NOSC providing NETOPS functions for the division. All 
division signal elements must coordinate with the division NOSC 
during the engineering, installation, operation, maintenance, and 
defense of the division information network. The division NOSC: 


(b 


~~ 


e Monitors, manages, and ensures implementation of enterprise 
system/network management, information dissemination 
management/content staging, and IA/CND activities in 
accordance with the operational chain of command, STNOSC, 
and subordinate organizations. 


e Coordinates operational procedures and requirements for 
IA/CND and ISS with the supporting Army Service component 
command regional computer emergency response team. 


e Orders and accounts for all forms of COMSEC material, including 
storing keys in encrypted form, performing key generation 
(division TEKs and KEKs), and automatic key distribution. 


e Generates and merges SOI data, and generates FH data (net 
IDs and division TSKs). 
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e Performs COMSEC material accounting functions and 
communicates with other COMSEC elements. 


e Coordinates operational procedures and requirements for 
IA/CND and ISS with the operational chain of command and 
supporting regional computer emergency response team. 


(c) Army contingency planning. 


e When Army component staffs are energized for a possible 
contingency, they will begin planning and preparing for 
operations simultaneously. Once the task organization is 
identified, commanders fine tune and determine the specific 
elements needed. Concurrently, J-6 frequency managers 
coordinate with higher-level frequency managers to obtain 
usable frequencies. Mission specific TSKs are generated and 
disseminated through the joint automated communication- 
electronics operating instructions system (JACS) or Revised 
Battlefield Electronic Communications, Electronics, Intelligence, 
and Operations (CEIO) System (RBECS) managers to the 
supporting forces. A separate message indicates specific TSK 
usage. 


e COMSEC custodians coordinate COMSEC key needs and 
produce a COMSEC callout message that identifies specific keys 
for joint, ARFOR, corps, or division use. ARFOR subordinate 
units identify a specific net requirement and the master net list is 
compiled by higher headquarters. 


Upon receipt of approved frequencies from J-6, the ARFOR G-6 
generates SOls for use by ARFOR. In support of joint operations, 
Army JACS or RBECS managers pass a list of specific units and 
nets to the J-6. Once the J-6 provides FH data to the G-6, the G- 
6 disseminates the FH data to subordinate commands. Each 
level then prepares loadsets. At this point, files can be 
transferred back to the next higher level for archiving. 
Finalization is effected upon receipt of the COMSEC callout 
message and specific TSK use message. Prepared SOls may be 
passed to subordinate units by secure electronic or physical 
means. 


Note: SOI, COMSEC data, TSKs, and net ID assignments generation normally 
does not occur below the division/separate brigade level. When authorized to do 
so, brigade and separate battalion lightweight computer unit operators may 
generate TEKs to meet emergency requirements. When TEKs are generated at a 
lower echelon, they are forwarded through higher headquarters to the joint force 
command. 


(2) Marine Corps forces (MARFOR). (Figure 8.) The Marine Corps uses 
JACS as the standard system for generating, distributing, and storing 
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communications-electronics operating instructions (CEOI) information at 
all levels of command. To employ the communications assets of the 
Marine air-ground task force (MAGTF) effectively, the spectrum 
manager also uses the Systems Planning, Engineering, and Evaluation 
Device software to create accurate terrain analysis and wave 
propagation studies that allow for selecting the optimum antenna sites. 
The Marine Corps uses the AN/CYZ-10 Data Transfer Device (ANCD) 
and AN/PYQ-10 Simple Key Loader (SKL) to transfer, store, and fill 
SINCGARS TEK, KEK and FH data at all levels. The ANCD/SKL uses 
JACS radio data system (RDS) software to fill SINCGARS capable 
radios’ single-channel radio electronic counter measure package 
(CSEP) which then is used to load the AN/ARC-210. Marine aircraft 
groups using the AN/ARC-210 radio will be required to convert JACS 
loadset files into CSEP/ARC-210 data using the ARC-210 fill program 
(AFP) software. AFP also allows the entry of HQ and SC data for the 
ARC-210. AFP software has the same hardware requirements as 
JACS. 
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AO-action officer GCE/DIV-ground combat element/division (MAGTF) 
ACE-aviation combat element LAAD BN-low altitude air defense battalion 
ASC (A)-assault support coordinator (airborne) | MARFOR-Marine Corps forces 
BN-battalion MAGTF-Marine air-ground task force 
CO-company RGT-regiment 

CSS-combat service support SQNS-squadrons 

DASC-direct air support center TAC (A)-tactical air coordinator (airborne) 
DASC (A)-direct air support center (airborne) TACC-tactical air command center (USMC) 
EW/C-early warning/control TACP-tactical air control party 

FAC-forward air controller TADC-tactical air direction center 

FAC (A)-forward air controller (airborne) TAOC-tactical air operations center (USMC) 


Figure 8. Loadset Data Distribution within Marine Corps Units 
(a) Ashore. 


e The MARFOR receives joint FH and COMSEC data from the JTF 
J-6 and provides the MAGTF command element (CE) required 
frequency resources. 
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e The MAGTF CE generates MAGTF FH data, publishes COMSEC 
data, and allocates net IDs for all major subordinate commands 
(MSCs) and supporting units. 


e The ground combat element (GCE) receives all joint and MAGTF 
FH data from the MAGTF CE. The GCE is capable of loadset 
generation down to the regimental level (implemented only when 
directed). 


e The aviation combat element (ACE) receives all joint and MAGTF 
FH data from the MAGTF CE. The MAGTF CE provides special 
loadset files for the AN/ARC-210. The ACE is capable of loadset 
generation down to the group level (implemented only when 
directed). 


e The MAGTF Marine logistics group (MLG)/combat logistics 
regiment (CLR) receives all joint and MAGTF FH data from the 
MAGTF CE. The MLG/CLR is capable of loadset generation at 
the MLG/CLR headquarters (implemented only when directed). 


(b) Afloat. 


e Navy forces (NAVFOR) provide the MAGTF CE with required 
frequency resources and joint FH data. 


e The MAGTF CE generates MAGTF FH data, publishes COMSEC 
data, and allocates net IDs for all MSCs and supporting units. 


e The GCE receives all joint and MAGTF FH data from the MAGTF 
CE. The GCE is capable of loadset generation down to the 
regimental level (implemented only when directed). 


e The ACE receives all joint and MAGTF FH data from the MAGTF 
CE. It provides loadset files for AN/ARC-210 users. The ACE is 
capable of loadset generation down to the group level 
(implemented only when directed). 


e The MLG/CLR receives all joint and MAGTF FH data from the 
MAGTF CE. The combat service support is capable of loadset 
generation at the MLG/CLR headquarters (implemented only if 
directed). 


(3) NAVFOR. Distribution of FH and COMSEC data within NAVFOR 
depends on the task organization. The initial implementation of 
SINCGARS in the Navy is primarily intended to support amphibious 
warfare operations. In an amphibious battle group scenario, the 
communications staff of the commander, amphibious task force (CATF) 
acts as the deconfliction point for FH and COMSEC data received from 
the MAGTF, elements of the amphibious task force, the composite 
warfare commander (CWC), the amphibious ready group commander, 
and carrier strike group (CSG) commander. Figure 9 illustrates this 
bottom-up flow of data to the deconfliction point and the top-down 
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dissemination of deconflicted data to every SINCGARS equipped 
element involved in the operation. In a conventional CSG scenario, the 
CWC/officer in tactical command (OTC) communications staff will act as 
the deconfliction point for FH and COMSEC data. 
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Legend: 
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USMC-United States Marine Corps 


Figure 9. Loadset Data Distribution within Navy Forces 
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(a) The Navy component CONAUTH receives and disseminates the 
FH and COMSEC data to subordinate echelons. Depending on the 
situation, the CONAUTH may be at either the CWC/OTC or the 
warfare commander level. Most often, the CONAUTH will be at the 
CWC level. 


CWC/OTC. The CWC/OTC communications staff may generate 
and disseminate the data or may delegate those responsibilities to 
subordinate warfare commanders. Specifically, the CWC/OTC 
communications staff can generate: 


(b 


~S 


e Operational task (OPTASK) communications data. 
e COMSEC data (battle group TEKs). 
e FH data (battle group loadsets, net IDs, and battle group TSKs). 


(c) Warfare commanders. Warfare commanders will either use the 
data the CWC/OTC generates or, if authorized, generate their own 
FH and COMSEC data. The warfare commander has the 
equipment and capability to: 


e Generate and merge OPTASK communications data. 
e Generate COMSEC data (battle group TEKs). 
e Generate FH data (net IDs and battle group TSKs). 


Generation of TEKs, TSKs, and net ID assignments does not occur 
below the warfare commander level. When the warfare 
commander generates the data, the data is forwarded to the 
CWCI/OTC and/or CATF/NAVFOR for consolidation and 
deconfliction. 


(4) Air Force forces. Figure 10 is an example of loadset data distribution 
within Air Force units. 
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Legend: 
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BDE-brigade SOLE-special operations liaison element 
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CRE-control reporting element %¥&-multiple aircraft transmit or receive 
DIV-division SINCGARS (less COMSEC) by ERF 


Figure 10. Loadset Data Distribution within Air Force Units 
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(a) Air operations center (AOC). The AOC is the operations control 
agency for the joint force air component. The AOC will provide 
overall management of SINCGARS net data for the Air Force 
components using Air Force key data management system 
(AFKDMS), and coordinate the SINCGARS net data with other 
Service components via the air tasking order (ATO). In this 
capacity, the AOC: 


e Provides the joint force land component commander (JFLCC) 
communications staff with the total air component SINCGARS 
net requirements for close air support (CAS), combat search and 
rescue (CSAR), and joint suppression of enemy air defense. 


e Receives initial and follow-on CEOI/SOI from the JFLCC 
(including the SINCGARS FH and associated COMSEC data) 
and distributes it to air component users (deployable radar, 
control and reporting center (CRC), MAGTF ACE CSG, 
CWCI/OTC, etc.). 


e Provides guidance to Air Force SINCGARS users regarding 
loading and employing SINCGARS nets. 


Note: The AOC, in conjunction with generating the ATO, will identify the 
particular SINCGARS net data, TSKs, and COMSEC key identifiers, call signs, 
and call words for the specific CAS mission tasking. In addition, the AOC will 
identify both the SINCGARS data required by the CRC and the deployable radar. 
The actual SINCGARS FH data and communications identifiers will be 
transferred to the wing operations center (WOC) via the Wing Command and 
Control System (WCCS). 


(b) CRC. The CRC will develop and distribute loadsets for CRC and 
deployable radar SINCGARS assets. 


(c) Air support operations center (ASOC). The ASOC is the corps’ 
focal point for execution of US Air Force air support missions in 
support of US Army ground forces. In this capacity, the ASOC: 


e Coordinates Air Force agreements with the Army for ANCDs and 
SINCGARS data for all tactical air control party (TACP) 
SINCGARS radio assets. The Army agreed to provide the RDS 
for installation on the TACP ANCDs. Also, the Army agreed to 
provide the SINCGARS CEOI/SOI to the aligned TACP units. 


e Ensures SINCGARS net requirements for immediate CAS are 
correctly specified. Immediate CAS will be conducted on a 
uniquely specified standing net. 

WOC. The WOC executes the ATO as published by the AOC. 

Operations personnel of tasked units configure mission sets from 

the SINCGARS data and the linking SINCGARS identifiers 

contained in the ATO to support the specified mission. The WOC: 


(d 


~S 


40 ATP 6-02.72/MCRP 3-40.3A 5 November 2013 
NTTP 6-02.2/AFTTP 3-2.18 


(e 


YS 


e Develops procedures for integrating the construction of mission 
sets into the wing mission planning process using the WCCS and 
the AFKDMS. 


e Develops and implements a SINCGARS standard loading 
scheme. 


e Develops and implements procedures for transferring loadsets to 
the key data system ANCD at the squadron/unit level and for 
subsequent loading of SINCGARS radios in specific aircraft 
assigned to the mission. 


Special tasking operations. Pre-mission planning requirements for 
small-scale, contingency, unilateral, and inter-Service operations 
demand the operational commander provide all SINCGARS FH 
and COMSEC fill data or identifiers for Air Force assets before 
deployment. Physical and electronic distribution of the SINCGARS 
and COMSEC communications packages should be accomplished 
as early as possible using the best means available for the 
particular situation (i.e., secure telephone equipment, SATCOM, 
inter-theater COMSEC package, and/or ERF). 
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Chapter IV 
ULTRAHIGH FREQUENCY RADIOS 


1. Overview 


UHF is a term used to describe the 300 MHz to 3 GHz portion of the RF 
spectrum. This frequency range can provide short-range and long-haul 
communications. In the UHF band, direct wave is used for transmissions (15 to 
100 miles). Communications are limited to a short distance beyond the horizon. 
Lack of static and fading in these bands makes LOS reception satisfactory. 
Highly directional antennas can be used to concentrate the beam of RF energy, 
thus increasing the signal intensity. UHF satellite transmissions can cover 
thousands of miles, depending on altitude, power, and antenna configuration. 
UHF radios and systems that play an important role in the network-centric 
warfare are the EPLRS, blue force tracking (BFT) near term digital radio, 
multifunctional information distribution system (MIDS), and the Joint Tactical 
Information Distribution System (JTIDS). These systems are employed to provide 
ground-to-air, ship-to shore, and multinational communications. 


2. EPLRS 
a. Overview. 


(1) EPLRS is an enabler for network-centric warfare. EPLRS supports the 
Army’s transformation brigades and is interoperable with the US Air 
Force, Marine Corps, and Navy. EPLRS mobile networks are used by 
Army Battle Command System(s) (ABCS) and Force Battle Command 
Brigade and Below (FBCB2) host computers for situational awareness 
(SA) and C2. The situation awareness data link (SADL) integrates US 
Air Force CAS aircraft with the digitized battlefield via EPLRS. With its 
inherent position and status reporting for SA, the SADL provides an 
effective solution to the long-standing, air-to-ground combat ID problem. 


EPLRS is a wireless tactical communications system that automatically 
routes and delivers messages, enabling accurate and timely computer- 
to-computer communications on the battlefield. Using time division 
multiple access (TDMA), FH, and error correction coding technologies, 
the EPLRS provides the means for high-speed horizontal and vertical 
information distribution. The system, comprised of many radios and one 
or more network controllers, provides multiple concurrent 
communications channels. 


(3) A typical EPLRS system consists of 800 radio sets within a Stryker 
Brigade Combat Team. Radios are networked to provide automatic, 
secure, jam-resistant relay of host-to-host data throughout the network. 
The EPLRS has automatic relay capabilities that are transparent to the 
user for beyond LOS coverage. 


(4) The network controller provides integral position location and navigation 
services to the user, and secure over-the-air-rekey functionality. EPLRS 
provides programmable waveforms, selectable data rates, and multiple 
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types of communications services. EPLRS, employed by all four 
branches of Service, serves as the brigade and below backbone of the 
emerging tactical Internet for the Army, to the squadron level and below 
for the AF, and division level and below for the Marines. 


b. Planning. The objective of EPLRS pre-deployment network planning is to 
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develop a detailed signal support plan that is flexible enough to support 
users conducting operations in an operational environment. System 
planning and control require coordination between the functional users and 
the signal community. The four basic elements of EPLRS planning are: 


(1) Planning network operations. 


(2) Developing unit library data (i.e., a list of the participants/units; each 
requiring a military ID code entry into a database). 

(3) Developing message library data, determining the types of messages to 
be exchanged among the users. 


(4) Establishing need line library data, determining user privileges to 
communicate with others. 


. Network management. Successful EPLRS network management requires 


close coordination between communications support personnel throughout 
the network and the users requiring their support. In the deployment phase, 
the planning function changes. The system planner in the EPLRS NOSC 
must anticipate EPLRS network needs to keep pace with the changing 
dynamics of the operational environment. 
(1) Context and capabilities. Top-level capabilities of EPLRS include: 

(a) Communications services. 

(b) Position location services. 

(c) Navigation services. 
(2) Applications. EPLRS is the wide-band, data radio network used by 


military forces to provide C2 data distribution, operational environment 
SA, and position location services. Applications of EPLRS include: 


(a) FBCB2 system. 
(b) ABCS. 
(c) SADL. 
(3) Technical descriptions and characteristics. The two main components 
of EPLRS are the following. 


(a) NCS. The NCS contains tactical computers that enable automated 
technical control and centralized dynamic network management of 
EPLRS. The NCS is the primary technical control interface. NCS 
software provides dynamic network monitoring and resource 
assignment that satisfies requirements for communications, 
navigation, ID data distribution, and position location. 
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(b) RS. The RS provides secure, jam-resistant digital communications 
and accurate position location capabilities. The RS accepts and 
implements NCS-issued commands and reports its status to the 
NCS. These reports are essential for automatically controlling 
EPLRS. The RS consists of an RT, URO device, and appropriate 
installation kit for ground, vehicle, or airborne use. 


(4) Additional capabilities. Programmable waveforms, network protocols, 
layered software, COTS, third-party software, and standard interfaces 
are now being utilized. EPLRS provides users with a programmable, 
next-generation, wideband communications device. Improvements to 
EPLRS include: 


(a) EPLRS Lite (E-Lite). E-Lite is a smaller, lighter, less expensive 
version of the traditional EPLRS networked data communication 
system. It offers the critical functions of EPLRS, fits ina 
wartighter’s pocket, and reduces the dismounted warfighter’s 
equipment load by more than 20 pounds. 


EPLRS network manager (replaces the NCS). This deploys with a 
smaller footprint than the NCS and requires less maintenance and 
infrastructure. 


(c) Internet protocol (IP) routing. 

(d) Higher data rates. 

(e) Host interfaces. EPLRS supports four types of host interfaces: the 
Army data distribution system interface (ADDSI), which is the 
standard Army host interface, MIL-STD-1553B, point-to-point 


protocol, and ethernet. Figure 11 shows host tactical system 
interfaces to an ADDSI RS and MIL-STD-1553B RS. 
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Legend: 
ADSSI-Army data distribution system interface PPP-primary patch panel 
EPLRS-enhanced position location reporting system | RS-radio set 


Figure 11. Host Tactical System Interfaces to an EPLRS 


d. Joint Service considerations. EPLRS is used by all Services for data link 
communications applications. The system is interoperable across the 
Services. Joint Services’ use of EPLRS include: 


(1) Army. The Army uses EPLRS to provide the communications backbone 
for the tactical Internet (Tl) for Army FBCB2-equipped forces. 


(2) Marine Corps. The Marine Corps uses EPLRS in its version of a TI 
known as the tactical data network (TDN). 


(3) Navy. The Navy uses EPLRS in the amphibious assault direction 
system (AADS), AN/KSQ-1, to support communications and movement 
for members of the amphibious task force. 


(4) Air Force. The Air Force uses modified EPLRS radios, called SADL, an 
intra-flight data link, and an air-to-ground/ground-to-air data link with 
position information from/to an EPLRS ground community for CAS and 
CSAR. 

e. Service applications. 

(1) Army. 


(a) The Tl consists of an upper and lower TI. Communications 
between tactical operations centers (TOCs) at the brigade level, 
and above, use the upper Tl; communications within the brigade 
and below use the lower TI as illustrated in figure 12. At brigade 
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and below, the TI extends the ABCS to the Soldier and weapons 
platforms. ABCS provides the commanders and their staff access 
to real or near real-time information during decisive-action military 
operations. The Tl passes battle command and situation 
awareness data; it also provides tactical, mobile, simultaneous 
multiband, multimode, voice and data communications while 
providing routing and network services. 


Legend: 

BDE-brigade 

C2-command and control 
CSMA-carrier sense multiple access 
Nets—networks 

NCS-net control station 
SA-situational awareness 
TOC-tactical operations center 


Upper Tactical Internet 


Lower Tactical 
Internet 


c| Dynamic alternate CSMA serve 
C]} Primary CSMA position 

Local Position 

Alternate Local position 

NCS Position 

S| Self Position 

[tT] Alternate TOC 


Figure 12. Army Tactical Internet Brigade and Below Architecture 


(b) At the brigade and battalion TOC, the TI interfaces with FBCB2 to 
provide increased SA on the battlefield. FBCB2 uses two forms of 
communications means: terrestrial and satellite. FBCB2 (terrestrial) 
uses EPLRS, and to a lesser extent, SINCGARS to exchange data 
and provide SA. The FBCB2 provides increased SA on the 
battlefield by automatically disseminating throughout the network: 
timely friendly force locations, reported enemy locations, and 
graphics to visualize the commander’s intent and scheme of 
maneuver. Hardware and software are integrated into the various 
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platforms at the brigade level and below, and at appropriate 
division and corps elements necessary to support brigade 
operations. EPLRS provides a mobile wireless data 
communications backbone for the FBCB2. FBCB2 integrates with 
Army tactical C2 systems located within the brigade and battalion, 
and provides real-time battlefield pictures at the strategic level. 
Using EPLRS communications and position location features, 
FBCB2 integrates emerging and existing communications, 
weapon, and sensor systems to facilitate automated status, 
position, situation, and combat awareness reporting. 


The BFT satellite-based system is an L-band SATCOM tracking 
and communication system that provides the commander eyes on 
friendly forces and the ability to send and receive text messages. 
BFT maintains SA of location and movement of friendly forces, 
sometimes termed “Blue Force,” assets. BFT provides the Soldier 
with a globally responsive and tailorable capability to identify and 
track friendly forces in assigned areas of operations (in near real 
time), thereby augmenting and enhancing C2 at key levels of 
command. The BFT contains computer hardware and software, 
interconnecting cables, an L-band satellite transceiver, a 
lightweight GPS receiver, a mission data loader to transfer large 
files, and an installation kit appropriate to the host vehicle type (if 
applicable). 


The BFT computer console tracks friendly units carrying portable, 
miniature transmitter devices. The transmitter devices are GPS- 
enabled, and send a signal via satellite detailing an individual’s or 
unit’s location. Soldiers can program the transmitter devices to 
send location updates every five seconds. Friendly forces appear 
as blue squares on the system operator’s computer display. Also, 
units can input enemy coordinate positions and obstacles on patrol 
routes. Enemy units appear as red squares, and obstacles as 
green squares. If units on the ground run into an enemy position, 
they can send that information to the system, and everyone who is 
connected on the network will be able to see the new data. The 
tracking system gives detailed information on friendly and enemy 
units up to a range of 5,000 miles. As long as the systems are 
connected through the satellite network, commanders can see the 
activities of their brigade and below-sized units. 


BFT supports a variety of joint missions and operations. BFT 
generates and distributes a common view of the operational 
environment at the tactical and operational levels, identifying and 
sharing that view with ground vehicles, rotary-wing aircraft, 
command posts, and Army and joint command centers. 


(2) Marine Corps. 
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(a) The Marine Corps’ TDN architecture is divided into upper and 
lower Tls which support communications between the regiment 
and battalions, and between the battalions and subordinate 
company command levels. Figure 13 shows an example of a 
Marine Corps application. 


Legend: 
BN-battalion REG-regiment 
CO-company SINCGARS-single-channel ground and 
DACT-—data automated communication terminal airborne radio system 
DIV-division SIP-SINCGARS improvement program 


EPLRS-Enhanced Position Location 
Reporting System 

LOS-—line-of-sight 

MUX-multi-plexer ee SINCGARS/SIP/DACT 

Pit-platoon 


—Ss—— _AN/MRC-142 LOS MUX 


—>— EPLRS 


Figure 13. Marine Corps EPLRS Application 


(b) The TDN, consisting of COTS new technology, servers, and 
routers, is used to create a wide-area network at regiment and 
battalion organizations. Currently, the Marine Corps employs a 
high data rate (HDR) duplex architecture designed to exchange C2 
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messages and overlays consisting of IP data grams, normal e-mail 
with attachments, and continuous updates to the situation 
database. EPLRS HDR is currently being replaced by the 
wideband networking capability provided by the PRC-117G in 
accordance with DOD direction on joint waveforms. The EPLRS 
system is being phased out and replaced with the PRC 117-G. 


(3) Navy. 


(a) The AADS, AN/KSQ-1, provides real-time information to the 
amphibious command ship (ACS), primary control ship (PCS), and 
the secondary control ship (SCS) on the position and movement of 
naval surface landing craft in the amphibious task force (ATF). The 
AN/KSQ-1 allows the ACS, PCS, and SCS to identify, track, 
communicate with, and control amphibious landing craft from 
launch through transit over-the-horizon, off-coast, and return while 
conducting maneuver warfare from the sea. Figure 14 shows an 
example of an amphibious assault direction. 


Landing Craft 2 «<-> 
LCAC 


Primary Control a 


adh Arie 


i s 


— SS ee Control 


Amphibious Command 
(LFOC) 


Legend: 
LCAC-landing craft, air cushion LPD-—amphibious transport dock 
LFOC4anding force operations center © LSD-dock landing ship 
LHD-—amphibious assault ship UH-1-helicopter 
(multipurpose) 


Figure 14. Amphibious Assault Direction 


(b) EPLRS provides the jam-resistant and low probability of intercept 
communications links for the exchange of preformatted and free 
text messages among members of the ATF. The AN/KSQ-1 
combines position data received from the EPLRS with data from 
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the GPS and existing ship and landing craft equipment at ranges 
up to 100 nautical miles. During the ship-to-shore phase of the 
amphibious assault, EPLRS radios installed in the landing force 
operations center will link the landing force commander with other 
Marine Corps command elements ashore. EPLRS radios installed 
on the landing craft, air cushion augmented by airborne relays (as 
required) provide necessary connectivity. 


(4) Air Force. 


(a) SADL is the integration of the modified EPLRS radio with a MIL- 
STD-1553B host interface and aircraft avionics over the aircraft 
MIL-STD-1553B multiplex bus. It allows data from other SADL 
equipped fighters and ground EPLRS locations to be seen in 
cockpit displays. Figure 15 shows an example of a SADL network. 
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Legend: 
C2-command and control SADL-situation awareness data link 
EPLRS-Enhanced Position Location SINCGARS-single-channel ground 
Reporting System airborne radio system 
FBCB2-Force Battle Command TACP-—tactical air control party 
Brigade and Below TADIL-J—Tactical Digital Information 
MSG-—message Link-Joint 
NCS-net control station VMF—variable message format 
PPLI-precise participant location and 
identification 


Figure 15. Situation Awareness Data Link Network 


(b) The SADL air-to-air network, consisting of two to sixteen members, 
is self-reliant and functions independently of the presence or 
absence of a ground-based NCS. Net members share fighter 
positions, target positions, and weapons and fuel status. NSA- 


5 November 2013 ATP 6-02.72/MCRP 3-40.3A 51 
NTTP 6-02.2/AFTTP 3-2.18 


approved secure data communications provide a secure, low 
probability of intercept system. Automated fighter-to-fighter relay 
and adaptive power control capabilities ensure connectivity, jam 
resistance, and low probability of detection. 


(c) In the air-to-ground mode, the pilot uses cockpit controls to 
synchronize the SADL radio with a ground division network. After 
synchronization, the fighter aircraft's SADL radio returns to sharing 
fighter-to-fighter data while recording SA from the TlI’s SA 
communications services. The ground NCS tracks the fighter using 
EPLRS and provides the fighter position and altitude to EPLRS- 
equipped ground forces. When the fighter begins an attack on a 
target, the pilot uses a switch on the control stick to provide the 
aircraft avionics with the five closest EPLRS positions. SADL 
provides the pilot SA and combat identification of EPLRS equipped 
positions. These positions are displayed in the heads-up display 
and multifunction displays as Xs overlaid on top of the friendly 
positions. The pilot uses the proximity of EPLRS positions to the 
target area as one of the factors in deciding whether to expend 
munitions. 


3. HQ 


This section provides planning information for employing HQ jam resistant, UHF 
radio systems in support of a JTF. Table 12 in appendix J provides an example 
of a planning checklist. Addressed here are operations and training, TOD 
distribution and use of joint HQ. 


a. Types of HQ radios. The HQ system refers to all HQ radios, including Basic 
HQ and HQ Il. The term HQ is used only in generic cases. 


(1) Basic HQ, sometimes called HQ |, refers to single-channel UHF radios 
modified to incorporate a slow, frequency-hopping capability. 


(2) HQ II refers to an upgraded HQ | system that incorporates an improved 
FH capability and expanded hop-sets to operate within it. 


b. HQ operational prerequisites. The following three parameters are required 
to ensure netted HQ radios can interoperate (appendix L goes into greater 
depth on these parameters): 


(1) Word-of-day (WOD). WOD is a worldwide, 36-digit transmission 
security (TRANSEC) key inserted into the radio by the operator to 
establish a specified system hopping pattern, rate, and dwell time. 


(2) TOD. A second prerequisite for HQ active operation is synchronizing 
netted radio timing sources within specified tolerances. Initializing HQ 
radios with TOD, a synchronizing signal derived from a highly stable 
timing standard, or a designated master clock source, provides the 
required clock alignment. TOD may be acquired directly over the air 
from GPS satellites, a timing source such as the AN/TRC-187, ora 
designated HQ radio acting as a master clock. Also, TOD can be 
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inserted into the HQ radio through a hardware interface from a local 
timing source. HQ planners must establish TOD distribution procedures 
that ensure the necessary synchronization. The primary TOD 
distribution source needs to be from a single, master RF source. In 
today’s global environment, GPS is the most accurate of available 
sources. Upon arrival in the operational area, ascertain a TOD update 
with GPS to improve HQ communication availability. In the absence of 
GPS, Airborne Warning and Control System (AWACS) or the joint 
surveillance target attack radar system is the preferred choice for a 
TOD source in an operational area. If HQ communication begins to 
degrade (normally due to time drift), perform a timing synchronization 
(mickey) from the primary TOD source (beacon). 


(3 
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Net number assignment. The net number assigns several radios using 
the same WOD and TOD, to a net and establishes the hop set starting 
frequency. Assignment of unique net numbers eliminates self- 
interference by guaranteeing interlaced operation among all of the 
available nets. Planners must determine how many nets are required in 
a theater and allocate resources according to the total available 
allotment. Assign net numbers for C2 platforms supporting multiple 
radio nets in a specified manner to maintain proper radio operation and 
frequency separation. Replicate net number assignments for other nets, 
based upon geographical separation, when requirements exceed 
allotment. However, minimizing the number of nets with the same net 
number in the same geographical area reduces the probability of 
interference. 


c. HQ modes of operation. All HQ radios provide standard, single frequency, 
UHF channel capabilities required for normal base and airspace operations. 
The differences between the active, anti-jam mode features of basic HQ 
and the evolving generations of HQ II follow. 


(1) The Basic HQ radio active mode of operation provides the following 
capabilities: 


(a) Slow FH. 


(b) Three types of active mode nets (A-, B-, and sectionalized A-nets) 
and one type of training net (T-net). 


(c) Only accommodates a single WOD. 


(2) The HQ II radio active mode of operation provides the following 
capabilities: 


(a) Uses the same FH rates as the basic HQ system. 
(b) Includes a larger set of frequencies for increased jam resistance. 


(c) Provides frequency management A-nets for NATO and non-NATO 
operations. 


(d) Provides frequency management training nets. 
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(e) Automatically provides for active mode conferencing through WOD 
insertion. 


(f) Provides for loading multiple word-of-day (MWOD). The 
transceiver can accommodate up to six WOD. HQ Il radios, and a 
portion of the HQ | and HQ II upgraded radios, include hardware 
and firmware provisions to load MWOD by an electronic fill device. 
Manually loading MWOD is required for those HQ II radios not 
modified with this feature or for those situations where an 
electronic fill device is not available or required. 


d. HQ interoperability. 


(1) Table 3 is a summary of interoperable HQ modes of operation and 
features. It shows technical interoperability potential only; it must meet 
certain operational conditions to actually achieve interoperability. For 
instance, the table shows that any HQ radio can communicate with 
standard UHF radios. However, for this to occur, the HQ radios must be 
placed in the same operational mode. Similarly, a radio set up in the 
basic HQ active mode can communicate only with another radio 
operating in the same basic HQ active mode. 


(2) Table 3 also illustrates the backward compatibility each succeeding 
generation of HQ radios possesses. 


Table 3. Summary of Interoperable HQ Operating Modes Operation and 
Features 
Radio 
pode! Capability i 
Features Standard Basic HQ Il 
UHF HQ 
Operating UHF single channel x x x 
Modes Guard channel 
Basic HQ nets X x x 
HQ II FMA-nets Xx x 
NATO/non-NATO x 
FFH-nets 
HQ FM-nets x 
Training Training-nets (5 frequencies) x x 
Modes FMT-nets (16 frequencies) x 
HQ FM T-nets (16 frequencies) 
FFH T-nets (40 frequencies) 
Operating Conferencing xX x 
Features Improved hopping algorithm multiple xX 
word-of-day storage/erase 
20-watt output power xX 
Legend: 
FFH—fast frequency hopping HQ—HAVE QUICK 
FM—frequency modulation NATO— North Atlantic Treaty Organization 
FMA-net—frequency management A-nets = T-net—training net 
FMT—frequency management training nets — UHF—ultrahigh frequency 
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“X” denotes interoperability. 


Note: Conferencing is available with HQ FM-nets; FFH-nets use a break-in. 


4. Link 16 


(1) Overview. 
(a) The tactical digital information link-joint (TADIL-J) is an approved 


(b 


~~ 


(c) 


(d 


(e 


~S 


YS 


data link used to exchange near real-time information. TADIL-J is 
known as Link 16 by NATO. It is a communication, navigation, and 
identification system supporting information exchange between 
tactical communications systems. The radio transmission and 
reception component of TADIL-J is the JTIDS or its successor, the 
MIDS. These high-capacity, UHF, LOS, FH data communications 
terminals provide secure, jam resistant voice and digital data 
exchange. JTIDS/MIDS terminals operate on the principal of 
TDMA, wherein time slots are allocated among all TADIL-J network 
participants for data transmission and reception. TDMA provides 
the flexibility to design a nodeless communications network 
architecture, if desired. 


The Army TADIL-J terminals are the JTIDS Class 2M and the 
MIDS low volume terminal (LVT)-2. 


The EPLRS is the primary data distribution system for forward area 
air defense C2 weapon systems. The typical short-range air 
defense battalion uses EPLRS to establish a data network that 
interconnects the airspace C2, air battle management operations 
center, C2 nodes, platoon and section headquarters, and individual 
weapons systems. It passes the air picture and weapons control 
orders down, and then sends the weapons systems status back up 
through the system. The extended air picture received from air and 
missile defense units, and E-3A Sentry/AWACSs, are fused with 
the air picture received from the AN/MPQ-64, Sentinel, filtered at 
the forward area air defense C2 node for specific geographical 
areas of interest, and broadcast to all subscribers. 


The JTIDS is a UHF terminal operating in the 960-1215 MHz 
frequency band. It uses the DOD’s primary tactical data link to 
provide secure, jam-resistant, high-capacity, interoperable voice 
and data communications for tactical platforms and weapon 
systems. Using TADIL-J and the interim JTIDS message 
specification, the Army JTIDS allows air defense artillery units to 
exchange mission essential data in near real-time, with other Army 
joint communications organizations performing joint AOR air and 
missile defense. 


The Army JTIDS supports joint interoperability and attaining 
dominant SA through integrating high throughput Link 16 
messages, standards and waveforms. Integrated in Army AOR air 
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and missile defense weapons systems, Army JTIDS complements 
land and joint force objectives for airspace control by rapidly and 
securely supporting the exchange of surveillance, identification, 
unit status, and engagement information in benign and EW 
conditions. The Army currently uses the JTIDS and/or MIDS, at 
several operational levels, as the media to defense broadcast and 
receive an enhanced joint air picture. An in-theater joint data net 
will provide shared joint C2 data and targeting information. 


(2) Radio examples. 


(a) The Army JTIDS is comprised of the Class 2M terminal, the JTIDS 
terminal controller, and the JTIDS antenna. Figure 16 is an 
example of the JTIDS Class 2M radio, AN/GSQ-240 I. 


Figure 16. JTIDS Class 2M, AN/GSQ-240 Radio Set 


(b) The MIDS is a communications, navigation, and identification 
system intended to exchange C2 data among various C2 and 
weapons platforms to enhance varied missions of each Service. 
MIDS is the follow-on to JTIDS terminals, providing improvements 
over the Class 2 family of terminals. MIDS is smaller and lighter 
than its predecessor and can be installed in platforms that are 
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limited in space and weight. MIDS-equipped platforms are fully 
compatible with LINK 16 participants. 


(c) The Army MIDS consists of a MIDS LVT-2, a terminal controller, 
and an antenna. Figure 17 shows the Army MIDS LVT-2, AN/USQ- 
140. The Army MIDS provides jam-resistant, near real-time, high 
digital data throughput communications, position location reporting, 
navigation, and identification capabilities to host platforms. 


Figure 17. Army MIDS LVT-2, AN/USQ-140 
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Chapter V 
MULTIBAND HIGH FREQUENCY, VERY HIGH FREQUENCY, 
AND ULTRAHIGH FREQUENCY RADIOS 


1. Overview 


Multiband radios provide enhanced capabilities to air, land, and sea forces 
enabling users the capability to conduct SINCGARS and tactical satellite 
(TACSAT) communications. The multimode nature and versatility of multiband 
radios provides users with LOS and BLOS capabilities, ground-to-air, and ship- 
to-shore communications. 


2. Multiband Radio Example 


a. The multiband inter/intra team radio (MBITR) is used for company-sized 
nets depending on command guidance and mission requirements. Also, it 
can be used as a hand-held radio to support the secure communications of 
a platoon, squad, or team in a tactical environment. It enables small-unit 
leaders to adequately control the activities of subordinate elements. The 
MBITR can perform functions such as ground to air, ship to shore, civil to 
military, and multinational communications. The joint tactical radio system 
(JTRS) Enhanced MBITR also can operate in SATCOM mode. (MBITR 
versions 1 and 2 are not authorized to operate in SATCOM mode.) The 
MBITR radio set communicates with similar AM and FM radios to perform 
two-way communication. System management of the MBITR is the 
responsibility of the communications section at all echelons. A Windows- 
based personal computer radio program is provided to manage a large 
quantity of radios. The AN/VRC-111 is a vehicular mount, amplifier for the 
MBITR. 


b. For conditions such as a small tactical unit’s area coverage, distance 
extension, urban operations, communications inside buildings or over urban 
terrain, the MBITR system provides a “back-to-back” (two radios) wireless 
network extension capability for COMSEC and PT modes. Other than two 
radios, the only hardware required for wireless network extension is a small 
cable kit and some electronic filters. When configured for wireless network 
extension operations, a true digital repeater is formed. Since the digits 
transmitted are merely being repeated by the radios, they do not degrade 
signal quality and the radios do not need COMSEC keys loaded in them. 


c. The AN/PRC-148 and the AN/PRC-152 are COTS VHF LOS radios 
(multiband/multimode). One of the features of multiband/multimode radios 
that appeals to units is that all the multiband/multimode radios have 
SINCGARS and TACSAT capabilities. 


d. The AN/PRC-148 was built for frequency and waveform interoperability with 
legacy and newer JTRS. The concept for JTRS was to ensure 
interoperability with virtually any common US military or commercial 
waveform operating in the 30-512 MHz frequency range with either FM or 
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AM RF output, and with user selectable power output from 0.1—5 watts. 
(Figure 18 is an example of an AN/PRC-148 radio.) 


Figure 18. AN/PRC-148 Multiband Hand-held Radio 


e. The AN/PRC-152, figure 19, is an SC, multiband, hand-held radio with a 
JTRS and software communications architectures. It also provides the 
optimal transition to JTRS technology. The AN/PRC-152 supports 
SINCGARS, HQ II, and VHF and UHF AM and FM. HQ II and VHF/UHF AM 
and FM waveforms which are ported versions of the preliminary JTRS 
library waveforms; validating the AN/PRC-152 JTRS architecture. 
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Figure 19. AN/PRC-152 Multiband Hand-held Radio 


f. The AN/PRC-152 encryption device maximizes battery life in battery 
powered radios. Also, it supports all JTRS COMSEC and TRANSEC 
requirements, and the ability to support numerous device compatibility 
modes including KY-57/encrypted UHF communications system (VINSON), 
ANDVT/KYV-5, KG-84C. Some models of the AN/PRC-152 include an 
embedded, non-selective availability, anti-spoofing module GPS receiver to 
the display local position and provide automatic position reporting for SA in 
the operational environment. The vehicular version of the AN/PRC-152 is 
the AN/VRC-110. 


g. The AN/PRC-155, figure 20, is a two channel, manpack radio that provides 
the warfighter vertical and horizontal network connectivity independent of 
other communications infrastructure. The AN/PRC-155 operates in a 
tactical voice and data network with legacy and current voice systems (i.e., 
SINCGARS, EPLRS, HF, and SATCOM) as well as networking waveforms 
(i.e., soldier radio waveform and mobile user objective system). The 
AN/PRC-155 includes embedded programmable security and also works 
with legacy key fill devices. An additional functionality is its ability to repeat 
for remote receiving and re-transmission. 


Figure 20. JTRS AN/PRC-155 Networking Manpack Radio 
3. Airborne and Maritime 


a. Airborne and maritime radios provide communications for ground-to-air 
operations and air-to-air and air-to-sea missions. Typically airborne and 
maritime radios are employed as airborne, shipboard, and fixed-station 
platforms in support of airborne and maritime forces’ communications. 

b. When planning airborne and maritime force communications, consider the 
following: 

(1) Length of the operation. 
(2) Mission, enemy, terrain, and weather, troops, and support available, 
time available, and civil considerations. 


(3) Transmission distances. 
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4. 


(4) Waveforms. 
(5) Proper antenna selection for frequencies used and power output. 
Ground and Vehicular 


a. Modern tactical radios utilize a single receiver/transmitter for all manpack 
and vehicular configurations. Manpacks are limited to battery power and 
typically have a shorter transmission distance than the more powerful 
vehicular installations because of additional power amplifiers. Manpacks are 
typically employed in dismounted operations where vehicular systems are 
used in support of mounted or dismounted forces. Multiband manpack 
systems will generally shorten battery life quicker than single channel 
tactical radios, and perform better with stable or regulated power sources. 


b. When planning dismounted operations, consider the following: 
(1) Length of the operation. 


(2) Mission, enemy, terrain, and weather, troops, and support available, 
time available, and civil considerations 


(3) Battery consumption and resupply availability. 

(4) Transmission distances. 

(5) Waveforms. 

(6) Proper antenna selection for frequencies used and power output. 


5. Portable (Manpack and Hand-held) 


62 


a. Manpack and hand-held radios can be carried by one man to maximize 


user mobility and provide reliable communications while on the move. 
Manpack and hand-held radios require a sufficient power supply, power 
amplifiers, and battery resupply to be effective over long transmission 
distances. Manpack and hand-held radios are typically employed in 
dismounted operations in support of dismounted forces. 


b. When planning manpack and hand-held communications, consider the 


following: 
(1) Length of the operation. 


(2) Geographic location of the operation and historical information on the 
types of interference incidents. 


(3) Transmission distances. 

(4) Waveforms. 

(5) Power requirements. 

(6) Battery consumption and resupply availability. 
(7) Antenna requirements. 

(8) Frequency requirements. 


(9) Best position for manpack antenna and hand-held radios (higher than 
ground level) to permit normal communications. 
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Appendix A 
STANDARD FREQUENCY ACTION FORMAT 


Table 4. Standard Frequency Action Format Example for SINCGARS 


Minimum Format Items 


005. Security Classification (UE) 

010. Type of Action (T) = Training 

110. Frequencies: type and quantity (M30-M88) number needed 

113. Station Class (ML) for ground 

114. Emission Designator (25KOOF1E) 

115. Transmitter Power (in watts) (W18) 

140. Required Date (YYYYMMDD) 

141. Expiration Date (YYYYMMDD) 

200. Agency 

203. Bureau 

204. Command (Unit) 

207. Operating Unit 

300. Transmitter Location, State 

301. Transmitter Antenna Location 

303. Antenna Coordinates 

340. Transmitter Equipment Nomenclature 

343. Transmitter Equipment Allocation Status (JF-12 number from DD 
1494) 

400. Receiver Location, State 

401. Receiver Antenna Location 

403. Antenna Coordinates 

440. Receiver Equipment Nomenclature 

443. Receiver Equipment Allocation Status (JF-12 number from DD 1494) 

502. Description of Requirement 

803. | Requester Data (Name, telephone number, e-mail) 
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Table 5. Standard Frequency Action Format Example 


005. 
010. 
110. 
113. 
114. 
115. 
140. 
141. 
200. 
204. 
207. 
300. 
301. 
340. 
343. 
400. 
440. 
443. 
502. 
803. 


U 

T 

M30-M88 (300) 

FB/FA/MLR/ML/MA 

36KOOF3E 

W35 

010430 

010530 

US ARMY 

UNIT INFORMATION (SMD) 

UNIT INFORMATION (RS) 

CA 

FT IRWIN 

G, AN/VRC-89 

4167/6 

FT IRWIN 

G, AN/VRC-89 

4167/6 

REQUIRED FOR COMMAND AND CONTROL DURING ROTATION 
POC: SGT Jon Doe, 123-4567, 123-45681, jon.doe@somewhere.army.mil 
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Appendix B 
FEDERAL HIGH FREQUENCY GLOBAL COMMUNICATIONS SYSTEM 


1. Overview 


The High Frequency Global Communications System (HFGCS) is a 24-hour/7- 
day-a-week network used by the President and Secretary of Defense, the 
Department of Defense (DOD) and other federal agencies, and allies in support 
of command and control between aircraft/ships and associated ground stations. 
The system consists of 13 transmit and receive stations. The stations are 
remotely controlled from two network control stations (NCSs) located at Joint 
Base Andrews, Maryland and Grand Forks Air Force Base, North Dakota. Radio 
operators at the NCS use position consoles to individually control each remote 


high frequency (HF) global station. Figure 21 depicts network architecture and 
inter-site connectivity. 
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Figure 21. HF Global Communications System Network Architecture 
2. HFGCS Parameters 


DOD HF-automatic link establishment (HF-ALE) subject matter experts 
recommend using the parameters in tables 6 through 8 for interoperability and 
operation in the HFGCS ALE network. All ALE systems’ configurations may not 
require the parameters and/or settings listed for HHGCS ALE network operation. 


Table 6. Recommended ALE Configuration Parameters 


Sound duration 11 seconds 
Sound retry time 4 minutes 
Terminate link transmission Enable 
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Table 7. Recommended Joint ALE System Parameters 
System Parameters Settings 

Automatic sounding Enable 

Call alert bells 3 seconds 

Default verbose level 7 military standard automatic 
link establishment (MIL STD 
ALE) 

Default waveform MIL STD ALE 

LQA output Enable 

Priority override Disable 

Return-to-scan time 120 seconds 

Voice monitor duration 60 seconds 
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Table 8. Recommended Joint ALE Channel Parameters 


Channel Parameters Settings 
Antenna direction 0 
Antenna number 0 


Channel number 


Channel number in ascending 
order for each channel in the 
scan list 


Frequency designator 


Applicable designator from the 
frequency list 


Link protection Disabled 
Receive audio mode Voice 
Receive emission mode USB 


Receive frequency 


Enter in kilohertz (KHz) 


Receive only Disable 
Sound Enable 
Sound duration 11 seconds 
Sound interval 45 minutes 
Transmit audio mode Voice 
Transmit emission mode USB 
Transmit frequency Enter in kHz 
Transmit power level Enter HIGH 
Voice Monitor Disabled 
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Appendix C 
ESTABLISHED AND PROPOSED AUTOMATIC LINK 
ESTABLISHMENT NETWORKS 


1. Established Networks 


Lead Command: AFSPC CYSS/DOO 

Defense Switched Network (DSN): 779-5798/5749 
Commercial: (618) 229-5798/5749 

Web address: NA 

Purpose/use: global communications 

Voice: yes 

Data: yes, high frequency (HF) messenger 

Users: Department of Defense (DOD) and others as authorized 
Area of coverage: worldwide 

Special capabilities: automatic phone patching 

COMSEC: National Security Agency (NSA) Type 1 via KIV-7 


Customs and Border Protection (CBP) Cellular Over the Horizon Enforcement 
Network 

Managing Agency: United States (US) CBP 

DSN: unknown 

Commercial: (800) 829-6336 

Web address: unknown 

Purpose/use: law enforcement operations coordination 

Voice: yes 

Data: no 

Users: USCBP mobile units and other government agency assets, as allowed 
Area of Coverage: Continental US (CONUS), Alaska, Hawaii, Caribbean, Central 
America, South America 

Special Capabilities: asset tracking via tracking and communication system 
(TRACS); protected phone patching via telephone to radio interface 
communications system (TRICS) 

COMSEC: type III data encryption standard (DES) protected using VP-110 and 
VP-116 


2. Shared Resources 


Managing Agency: National Communications System 

DSN: unknown 

Commercial: (703) 235-4965/5080 

Web address: http://www.ncs.gov/shares/ 

Purpose/use: supporting national security and emergency preparedness 
Voice: yes 

Data: HF e-mail 

Users: Open to all (contact the National Control Station for participation) 
Area of coverage: CONUS, Alaska, Hawaii 
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Special capabilities: unknown 


3. COMSEC 


Geo-Diverse Over the Horizon ALE Matrix (GOTHAM) 

Managing Agency: US Coast Guard Communications Station, Kodiak, AK 
DSN: unknown 

Commercial: (907) 487-5774 

Web address: unknown 

Purpose/use: general operations asset coordination 

Voice: yes 

Data: no 

Users: US Coast Guard assets and other government agency assets, as allowed 
Area of coverage: Alaska 

Special capabilities: phone patching 

COMSEC: type I-ANDVT 


4. Proposed Network 


National Emergency Response Net 

Managing Agency: Federal Emergency Management Agency (FEMA) 
DSN: unknown 

Commercial: (940) 898-5321 

Web address: http://www.FEMA.gov 

Purpose/use: national emergency coordination 

Voice: yes 

Data: unknown 

Users: as assigned by FEMA 

Area of coverage: CONUS, Alaska, Hawaii, Puerto Rico, US Virgin Islands 
Special capabilities: unknown 

COMSEC: none 
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Appendix D 
AUTOMATIC LINK ESTABLISHMENT EXCLUSION 
BAND LISTING 


The following frequencies are reserved for specific purposes and should never 
be used in an automatic link establishment network. 


Any frequency not assigned 


2182 kHz—International distress standard voice 


2187.5 kHz—International distress digital selective calling 


3023 kHz—Search and rescue 


4125 kHz—Distress and safety 


4207.5 kHz—International distress digital selective calling 


4209.5 kHz—NAVTEX (safety) 


5680 kHz—Search and rescue 


6215 kHz—Search and rescue 


6312 kHz—International distress digital selective calling 


8291 kHz—Distress and safety 


8414.5 kHz—lInternational distress digital selective calling 


12290 kHz—Distress and safety 


12577 kHz—International distress digital selective calling 


16420 kHz—Distress and safety 


16804.5 kHz—International distress digital selective calling 


2500 kHz—Worldwide time signal (WWV) 


5000 kHz—Worldwide time signal (WWV) 


10000 kHz—Worldwide time signal (WWV) 


15000 kHz—Worldwide time signal (WWV) 


20000 kHz—Worldwide time signal (WWV) 


121.5 Mhz—Aeronautical distress 


123.1 Mhz—Aeronautical search and rescue 


156.525 Mhz—lInternational distress digital selective calling 


156.8 Mhz—lInternational hailing and distress 


157.1 Mhz—United States (US) maritime working frequency 


243 Mhz—US/North Atlantic Treaty Organization military aeronautical distress 


406 Mhz—International emergency distress beacon 


9200-9500 Mhz—Search and rescue transponders 


5 November 2013 ATP 6-02.72/MCRP 3-40.3A 
NTTP 6-02.2/AFTTP 3-2.18 


71 


72 


This page intentionally left blank. 


ATP 6-02.72/MCRP 3-40.3A 
NTTP 6-02.2/AFTTP 3-2.18 


5 November 2013 


Appendix E 
JOINT INTEROPERABILITY TEST COMMAND CERTIFIED AUTOMATIC LINK 
ESTABLISHMENT MATRIX 


1. Overview 


The joint interoperability test command (JITC) at Fort Huachuca, Arizona, 
conducts a program to perform standards conformance testing of high frequency 
(HF) radio systems and data modems. This testing determines the level of 
compliance to the requirements of military standard (MIL-STD)-188-141C, 
Interoperability and Performance Standards for Medium and High Frequency 
Radio Equipment; MIL-STD-188-110A, Interoperability and Performance 
Standards for Data Modems; and MIL-STD-188-148B, Interoperability Standard 
for Anti Jam (AJ) Communications in the High Frequency (2-30 megahertz) 
Band. 


2. Testing and Certification 


a. Testing is being conducted at JITC to certify interoperability of each HF 
radio system and/or modem with various vendors’ HF radio systems and/or 
modems in voice and data modes while operating through various 
combinations of communications security equipment. 


b. An updated list of radios certified for compliance can be found at 
http://jitc.fhu.disa.mil/it/cert.htm. Table 9 contains a list of the automatic link 
establishment (ALE) radios certified for compliance with vendors as of 6 
June 2006 and their MIL-STD locations. 


Table 9. JITC Certified ALE Radios Certification Matrix 


Nomenclature 188-141A 188-141B 188-141B 
Appendix A Appendix B Appendix C 
Certification Certification Certification Date 
Date Date (to be determined) 

AN/ARC-220 7/26/02 1/26/02 

RT-2200 6/7/00 

AN/PRC-137C 03/20/95 

AN/PRCF/G 11/25/98 

AN/PRC-138 3/20/00 

AN/PRC-150 06/03/02 

RT-1446/RF 7210 10/09/96 

EK-895 5/25/00 

XK-2100L 5/25/00 

Micom 2ES 8/6/03 

Micom 3 10/8/03 

Codan NGT ASR 7/15/04 

XK2900L 3/28/03 3/28/03 
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Appendix F 
HIGH FREQUENCY-AUTOMATIC LINK 
ESTABLISHMENT COMMUNICATION PLAN EXAMPLE 


Table 10. Example of a Communications Plan (Part 1) 

Channel Matrix 

Channel | Channel | Frequency |Mode |AGC |COMSEC_ | Band- | Power | RX 
group width only 
01 01 03545 USB MED | Ky-99 3.0 20 W NO 
02 01 03729 USB MED | Ky-99 3.0 20 W NO 
03 01 04580 USB MED | Ky-99 3.0 20 W NO 
04 01 06100 USB MED | Ky-99 3.0 20 W NO 
05 01 09580 USB MED | Ky-99 3.0 20 W NO 
06 01 101180 USB MED | Ky-99 3.0 20 W NO 
07 01 125000 USB MED | Ky-99 3.0 20 W NO 
08 01 164900 USB MED | Ky-99 3.0 20 W NO 
09 01 169970 USB MED | Ky-99 3.0 20 W NO 
10 01 183950 USB MED | Ky-99 3.0 20 W NO 
Legend: 
AGC—automatic gain control 
COMSEC—communcations security 
RX—receive 
Table 11. Example of a Communications Plan (Part 2) 
Address Matrix 
Station name Address 

JFC Jfc001 
NAVFOR Na0987 
ARFOR R00197 
MARFOR Mc0100 
AFFOR AFO01 
SOF SOF054 
USCG CG1034 
NET JTF NET 
Legend 
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Appendix G 
HIGH FREQUENCY-AUTOMATIC LINK 
ESTABLISHMENT RADIO PROGRAMMING 
APPLICATION EXAMPLE 


1. Third Generation (3G) Utility Functions 


4. 


a. 


.T 
a. 
b. 


e. 
.T 
a. 


c 
d 
e 
f. 
T 


To enter 3G mode, press the number 3 key or mode key on the keypad 
menu until 3G appears on the display, then press [ENT]. 


. The utility and test functions in 3G mode are the same as in other modes 
with the exception of the 3G-specific utilities. 


. From the preset screen (top right), press [OPT] to display the Options 
Menu. Press [<4] or [>] until 3G is highlighted; then press [ENT]. 


he 3G, 3G+: Link Quality Analysis (LQA) 
Press [<4] or [>] until LQA is highlighted; then press [ENT]. 


LQA may be EXCHANGE or SOUND, and function identically as under ALE 
mode. Select EXCHANGE or SOUND and press [ENT]. 


. The radio must be in SYNC for LQA to function. Use the p and q arrows to 
select exchange destinations. 


. When LQA is completed, press [<4] or [>] until SCORES is highlighted; 
then press [ENT]. 


Select Individual Address and press [ENT]. 
he 3G, 3G+: Time of Day (TOD) 


The receive/transmit (R/T) TOD can be manually set when synchronization 
from a TOD Server or Global Positioning System (GPS) is unavailable. 


. From the preset screen, press [OPT] to display the Options Menu. Press 
[<4] or [>] until 3G is highlighted; then press [ENT]. 


. Press [<4] or [>] until TOD is highlighted; then press [ENT]. 
. Enter the correct TOD in 24-hour format; then press [ENT]. 
. Enter the correct date; then press [ENT]. 

Press [OPT] to return to the Preset screen. 
he 3G, 3G+: TOD Role 


a. The R/T TOD Role defines where TOD Sync will be derived and the role of 


this station. 


. From the preset screen, press [OPT] to display the Options Menu. Press 
[<4] or [>] until 3G is highlighted; then press [ENT]. 


. Press [<4] or [>] until TODROLE is highlighted; then press [ENT]. 


. Use [p] or [WV] to select the TOD Server station name; then press [ENT]. 
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e. Use [p] or [V] to select the TOD Role for this station; then press [ENT]. 
Choices are Base and Outstation. 


f. Press [OPT] to return to the Preset screen 


. The 3G, 3G+: View List of Linked Radios 


a. The LINKED menu displays the addresses of the other linked radios. 


b. From the preset screen, press [OPT] to display the Options Menu. Press 
[<4] or [>] until 3G is highlighted; then press [ENT]. 


c. Press [<4] or [>] until LINKED is highlighted; then press [ENT]. 
d. Use p and q keys to scroll through the list of addresses of linked radios. 


. The 3G Operation 


a. Press the [MODE] button to scroll through the available operating modes. 
b. Choices are: FIX, ALE, HOP, 3G and 3G+. 

c. Press [MODE] until 3G is displayed. 

d. Press [ENT] to select 3G mode. 
e 


. If AUTOTUNE was not selected during programming, the R/T will indicate 
the need for tuning. Press [OPT], select RETUNE; then press [ENT]. 


f. The radio will begin scanning when 3G mode is selected. The displayed 
channel number (CH) will change as the radio scans through the list of 3G 
channels. 


g. Press [¢¥] to momentarily display the Channel screen. 
(1) The display will return to the Preset screen after a few seconds. 


(2) Press [CALL] to display the CALL TYPE menu. The choices are: 
MANUAL, AUTOMATIC, SYNC REQUEST, and BEST. Scroll to 
AUTOMATIC; then press [ENT]. 


h. The ADDRESS TYPE menu is then displayed. Select the desired 
ADDRESS TYPE; then press [ENT]. 


i. Scroll through the list of addresses to the desired address. Press [ENT]. 
j. The radio will begin transmitting a call to the selected address. 
k. After the call has been transmitted, the radio will wait for a response. 


|. When a response has been received, the Radio will indicate that it is 
LINKED. 


.Press [CLR] to return to the preset screen. 

. While linked, press [CLR] from the preset screen. 

. The radio will display the TERMINATE LINK? menu. 

. To terminate the link, scroll to YES; then press [ENT]. 

. The radio will begin transmitting a link termination message. 
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7. Place an Automatic Link Establishment (ALE) Call in 3G+ 


a. An individual call is used to establish communications (connection) between 
two stations. An individual call may be placed to any programmed individual 
address. 


b. Press [CALL] to display the CALL TYPE menu choices (3G MANUAL, 3G 
AUTOMATIC, 3G BEST, 3G BROADCAST SYNC, 3G BDCAST SYNC- 
ALL, 3G SEND GPS REPORT, ALE MANUAL, and ALE AUTOMATIC). 


c. Use the p and q keys to scroll through the options. Select ALE 
AUTOMATIC; then press [ENT]. ALE AUTOMATIC allows the radio to 
attempt the call on all channels in the channel group according to LQA 
scores or from the highest to the lowest frequency, if no LQA score data 
exists. 


d. If ALE MANUAL is selected, the channel to be used also will be operator 
selected. The ALE call will be attempted on this channel and if the called 
station is not reachable, the call ends. 


e. The ADDRESS TYPE menu is then displayed. Using the p and q keys, 
select the desired address type (INDIVIDUAL, NET, ANY, ALL); then press 
[ENT]. 

f. Use the p and q keys to select the desired address; then press [ENT]. 


g. The R/T will begin transmitting to the selected address. After the call, the 
R/T will wait for the response. 


h. When a response has been received, the R/T will indicate LINKED on the 
liquid crystal display (LCD). The radio will then make available the 
programmed system preset items programmed to the linked self address. 


8. ALE: Program/Operation 
a. Channel Group: 

(1) Press [PGM] button. 
(2) Press the [<4] or [>] arrow until MODE is highlighted. 
(3) Press the [ENT] button. 
(4) Press the [<4] or [>] arrow until ALE is highlighted. 
(5) Press the [ENT] button. 
(6) Press the [<4] or [>] arrow until CHAN_GROUP is highlighted. 
(7) Press the [ENT] button. 
(8) ADD is highlighted. 
(9) Press the [ENT] button. 
(10) Enter CH Group Number 002-49. 
(11) Press the [ENT] button. 
(12) ADD is highlighted. 
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Note: Operators should see PGM-MODE-ALE-CHAN_GROUP and the CH 
Group being altered is in the far right corner of the radio. 


(13) Press the [ENT] button. 


(14) Enter the channel preset numbers that each operator programmed 
earlier. (Example 01 [ENT], 02 [ENT], 03 [ENT], and 04 [ENT]). 


(15) Press the [CLR] button. 
(16) Press the [A] or [¥] arrow until REVIEW is highlighted. 
(17) Press the [ENT] button. 


(18) Press the [A] to view all previously entered channel presets. 
(Example: if four channel presets are entered press the [A] arrow four 
times to view all channel presets). 


(19) Press the [CLR] button three times. 
(20) CHAN_GROUP is highlighted. 


Note: Operators have now finished programming the Channel Group. Follow 
steps 6 through 18 to create additional channel groups. 


b. Self Address: The following steps explain programming the ALE Self 
Address. Continuing from the CHAN_GROUP screen execute the steps that 
follow. 


(1) Press the [<4] or [>] arrow until ADDRESS is highlighted. 
(2) Press the [ENT] button. 

(3) Press the [<4] or [>] arrow until SELF is highlighted. 

(4) Press the [ENT] button. 

(5) ADD is highlighted. 

(6) Press the [ENT] button. 


(7) Type in the desired one- to three-character self address (Example: 
RT1). 


Note: Additional self addresses may be up to 15 characters long. Up to 20 self 
addresses can be programmed. By entering more than three characters, the 
operator will increase the signaling time on the radio. 


(8) Press the [ENT] button. 

(9) Enter desired CHANNEL GROUP 00-49. 
(10) Press the [ENT] button. 

(11) SELF is highlighted. 


Note: Operators have completed programming of the self address. To enter an 
additional self address, follow steps 3 through 11. 


c. Individual Address: 
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(1) Press the [A] or [¥] arrow until INDIVIDUAL is highlighted. 
(2) Press the [ENT] button. 

(3) ADD is highlighted. 

(4) Press the [ENT] button. 


(5) Type in the desired one- to three-character individual address 
(Example: RT2). 


(6) Press the [ENT] button. 

(7) Enter CHANNEL GROUP previously programmed default is 00. 
(8) Press the [ENT] button. 

(9) ASSOC SELF will default to self address previously entered. 


Note: If there is more than one self address, ensure each operator chooses the 


correct one for the channel group with which he or she is working. 


(10) Press the [ENT] button. 
(11) INDIVIDUAL is highlighted. 


Note: Each operator has the knowledge to program an individual address. Follow 


steps 1 through 10 to create additional addresses. 


d. Net Address: Starting after step 10, follow the steps below to program the 


net address. 

(1) Press the [A] or [¥] arrow until NET is highlighted. 

(2) Press the [ENT] button. 

(3) ADD is highlighted. 

(4) Press the [ENT] button. 

(5) Enter the desired name for the net address (example: CMD1). 


Note: The address may be up to 15 characters long with up to 20 programmable 


net addresses. 


(6) Press the [ENT] button. 

(7) Enter appropriate CHANNEL GROUP. The default will be 00. 
(8) Press the [ENT] button. 

(9) ASSOC SELF will default to self address previously entered. 
(10) Press the [ENT] button. 

(11) ADD is highlighted. 

(12) Press the [ENT] button. 


Note: Ensure you enter the net members in the same order (Example RT1, RT2, 


RTS, etc.). 


(13) Press the [CLR] button five times. 
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(14) NET is highlighted: 
(15) Press the [ENT] button. 


Note: MAX TUNE TIME is defaulted to 15 SECONDS; options are 0-60 seconds. 
Leave this option at the default. 


(16) Press the [ENT] button. 
(17) LINK TIMEOUT is set to OFF. 


Note: If operators press the [A] once, ON is highlighted. By pressing [ENT] 
button, operators must enter a numeric value 0-60 minutes. This allows the radio 
to unlink a call if no message traffic is sent in the minute the value is entered. 


(18) Press the [ENT] button. 

(19) LINK TO ANY CALLS is defaulted to ON. 

(20) Press the [A] or [¥] arrow until OFF is highlighted. 
(21) Press the [ENT] button. 

(22) LINK TO ALL CALLS is defaulted to ON. 

(23) Press the [A] or [W] arrow until OFF is highlighted. 
(24) Press the [ENT] button. 

(25) AMD OPERATION is DISABLED. 

(26) Press the [A] or [W] arrow until ENABLED is highlighted. 
(27) Press the [ENT] button. 

(28) SCAN RATE is deflated to ASYNC. 

(29) Press the [ENT] button. 


(30) LINK PROTECT LEVEL defaults to 0. The options are 0 and 1; keep 
this option at the default. 


(31) Press the [ENT] button. 


(32) LINK PROTECT KEY is defaulted to 000000000000000 leave this 
option set to the default. 


(33) Press the [ENT] button. 
9. ALE Configuration 
a. CONFIG ALE: 
(1) After executing step 33, press the [CLR] button once. 
(2) Press the [<4] or [>] arrow until CHAN_GROUP is highlighted. 
(3) Press the [<4] or [>] arrow until CONFIG is highlighted. 
(4) Press the [ENT] button. 
) 


(5) MAX SCAN CHANNELS should be set to the maximum number of 
channel presets in each channel group. Enter the number of channel 
presets from 001-100 (default is 100). 
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(6) Press the [ENT] button. 
(7) Listen before transmit defaults to OFF. 
(8) Press the [A] or [W] arrow until ON is highlighted. 
(9) Press the [ENT] button. 
(10) Key to call should be set to OFF. 
b. ALE call setup: 


(1) To call one member of the net (individual), Press “1” CALL 
BUTTON>AUTOMATIC>INDIVIDUAL>1BD (or desired station). 


(2) ALE will then perform a link establishment attempt “automatically”, by 
starting from the highest channel number in the list, until there is a 
successful link establishment. Once the link is established, normal 
push-to-talk (PTT) communications can resume. If MANUAL is chosen, 
you must choose which channel in the channel group you want to use. 


10. To Tear/Clear Down a Connected ALE Link 


Press the [CLR] key, and [ENT] to “Terminate the link”. 
11. To Perform a Net Call (Every Member in the Net is Called) 


a. PRESS “1” CALL>AUTOMATIC>NET 


b. The net call will begin to set up. The procedure will wait for an answer from 
all members before completing the final part of the link set up and allowing 
PTT communications to commence. The initiating station can now relay a 
message to all members at the same time. Tear down the link by following 
the same actions as in previous steps. (If any station made a mistake with 
any of the programming, it will not be able to be part of the net call.) 


12. Automatic Message Display (AMD) 


a. AMD messages are not encrypted and are not secure unless the low 
probability of intercept setting is enabled in every radio on the net. Ten 
messages may be prepared in advance to send when ready. Messages are 
limited to no more than 90 letters or numbers per message. Older 
messages are lost if more than ten are received. 


(1) To create an AMD message to send (which takes the radio off line), 
press PGM number “8”>MODE>ALE>AMD>TX-MSG. 

(2) Use the “6” and “9” buttons to scroll through the TX message options 
(EDIT, REVIEW, DELETE). Select EDIT to write a message; then press 
[ENT]. Press the “6” and “9” buttons to scroll to an empty TX message; 
then press [ENT]. Then type in a message to send. 

(3) To send an AMD message (this does not take radio off line), press “7” 
OPT>ALE>TX_MSG. Then choose AUTOMATIC/MANUAL for channel 
selection then the individual station to receive the message. 


b. .To read an AMD message, press “7” OPT>ALE>RX_MSG. 
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Note: If the operator is not on the radio when the AMD message is received by 
the radio, the letter M will appear on the LCD screen. Read the message as 
described in paragraph 12, steps a through d. 


c. To stop the ALE net scanning 
(1) Press the [CLR] key. To start the ALE net scanning again, press the 
[CLR] key. 
(2) RADIO STEPS LQA EXCHANGE. 
(3) Press the “7” button. 
(4) Select ALE. 
(5) Press [ENT]. 
(6) Select EXCHANGE. 
(7) Press [ENT]. 
(8) Select EXCHANGE TYPE (Individual/Net). 
(9) Press [ENT]. 
(10) Select Individual/Net Address. 
(11) Press [ENT]. 
13. View LQA Exchange Scores 
. Press the “7” button. 
. Select ALE. 
Press [ENT]. 
Select Scores. 
. Press [ENT]. 
Scroll through addresses using UP and DOWN arrows. 
. Scroll through Scores using UP and DOWN arrows. 
14. Making an ALE Call 
Press the “1” button. 
Select Automatic. 
Press [ENT]. 
Select Individual. 
Press [ENT]. 
Select desired Address. 
Press [ENT]. 


Once connected “LINKED to...” will be displayed and five short beeps will 
be heard. A link icon will display in the right corner. 


eroao0Tm 
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Appendix H 
HIGH FREQUENCY PROPAGATION PROGRAMS 


The following list gives contact information for high frequency propogation 
program proponents. 


a. The Institute for Telecommunications Services; High Frequency (HF) 
Propagation Analysis Package; 325 Broadway; Boulder, Colorado 80303 
Phone: (303) 497-3640 
E-mail: cbehm@its.bldrdoc.gov 
Home page: http://elbert.its.bldrdoc.gov/hf.html 

b. SPEED Commanding Officer MCTSSA (SPEED Project Officer) 

Box 555171, Camp Pendleton, California 92055-5171 

c. MARCORSYSCOM Command, Control, Communications, Computers, and 
Intelligence Help Desk 
Phone 1-800-808-7634, 1-760-725-0553, or DSN 365-0533 
Nonsecure Internet Protocol Router Network (NIPRNET) e-mail: 
c41.helpdesk@mctssa.usmc.mil 
SECRET Internet Protocol Router Network (SIPRNET) e-mail: 
helpdesk@mctssa.usmc.smil.mil 

d. PROPMAN 2000 Rockwell Collins Government Systems 
400 Collins Road NE, Cedar Rapids, lowa 52498 
Phone: (800) 321-2223 or (319) 295-5100 FAX: (319) 295-4777 
E-mail: response@rockwellcollins.com 
Home page: www.rockwellcollins.com/gs 

e. The Joint Air Force and Army Weather Information Network provides 
accurate, relevant, and timely air and space weather information to the 
Department of Defense, coalition, and national users; specifically: six-hour, 
HF analysis maps; six-hour HF forecast maps; HF tailored products; and HF 
illumination products. 

Phone: DSN 271-2586 or COMM (402) 294-2586 (select menu item “1”) 
E-mail: afwaops@afwa.af.mil 
Home page: https://weather.afwa.af.mil/space.html 
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Appendix | 
SINGLE-CHANNEL GROUND AND AIRBORNE RADIO SYSTEM NETWORK 
MANAGEMENT 


1. Frequency Hopping (FH) Net Operations 


The joint task force (JTF) director of command, control, communications, and 
computer systems of a joint staff has overall responsibility for ensuring 
interoperability of single-channel ground and airborne radio system (SINCGARS) 
nets. All Services currently have and deploy, SINCGARS and/or SINCGARS-FH 
radios. Forces assigned to a JTF will follow the SINCGARS procedures provided 
below. 


a. Mode. SINCGARS radios can store FH data for unique FH nets. 
SINCGARS radios require four data elements to communicate in the FH 
mode. The data elements are: hopsets/lockouts; net identification (ID); net 
sync time; and a transmission security key (TSK). In addition, users in nets 
sharing a common hopset, TSK, and sync time can also move from net to 
net by entering the appropriate net ID. The term “channel” has come to 
represent the specific TSK used for a net. While not accurate, it is a widely 
used. Many software defined radios handle TSKs in very different fashions. 
Special care should be given when using unfamiliar radios on a SINCGARS 
net. 


b. Net IDs. The net ID is a three-digit number from 000 to 999 used to 
distinguish one FH net from another when all other FH data elements are 
the same. Unique net IDs may be stored in each FH preset channel. Net 
IDs, embedded in the hopset data, are loaded electronically with a fill device 
or by electronic remote fill (ERF) and may be changed using the keypad or 
control panel of the SINCGARS remote terminal. 


c. Sync time. Sync time is required for synchronization of the frequency hops. 
Sync time consists of the last two digits of the Julian date (SINCGARS 
Julian Date) plus a six-digit time (hours:minutes:seconds). Each station in 
the FH radio net must be within plus or minus four seconds of the net sync 
time to communicate. TSKs are electronically loaded into the radio with a fill 
device. After net opening, the TSK may be transferred by ERF. 


2. Net Opening 


a. Net control station (NCS). The NCS can open FH nets using hot or cold 
start net opening procedures. The preferred method is to open the net using 
hot start procedures. Before opening a net, the NCS must receive FH and 
communications security (COMSEC) data. 


(1) Hot start net opening. Each member in the net loads all FH and 
COMSEC data into the radio, including sync time. The operator enters 
the net by contacting the NCS. 


(2) Cold start net opening. Net stations receive their ERF from their NCS 
on the manual channel in the FH cipher text (CT) modes, store it in the 
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appropriate channel, switch over to that channel, and enter the net. 
Operators load all FH and COMSEC data, except sync time, into the 
radio prior to cold start net opening. 


b. FH sync time management. The NCS should transmit periodically in FH- 
Master mode to eliminate the effects of time of day drift. A net member can 
obtain FH sync time from one of three methods. The model/version of 
SINCGARS radio and the available time sources (e.g., defense advanced 
global positioning system (GPS) receiver), determine the method for loading 
time. Methods include: 


(1) ERF (net opening and update). 
(2) Electronic fill. 


(3) Entering time manually. Time can be entered manually by obtaining a 
GPS time hack through the SINCGARS radio front panel keypad. 


3. Late Net Entry 


Enabling passive late net entry. The SINCGARS radio has a built-in capability to 
resynchronize itself when out of synchronization by more than plus or minus four 
seconds, but less than plus or minus 60 seconds. When the operator enables the 
late net entry mode, the radio is brought back into the net without further action 
by the operator. A radio loaded with all FH and COMSEC data that drifts off sync 
time may be re-synchronized by one of three methods: 


a. Entering GPS Zulu time. 


b. Enabling passive late net entry. The SINCGARS radio has a built-in 
capability to resynchronize itself when out of synchronization by more than 
plus or minus four seconds, but less than plus or minus 60 seconds. 


c. Activating CUE and ERF. If a SINCGARS station must enter an FH CT net 
and has the correct TSK and transmission encryption key, the station may 
contact the net by changing to the CUE frequency, pressing push-to-talk 
and waiting for the NCS to respond. This action by the operator causes the 
message CUE indicator to appear in the display of the NCS radio. Normally 
only selected NCSs, their alternate NCSs, or other designated stations, will 
load, monitor, and respond on the CUE frequency. 
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Appendix J 
HAVE QUICK PLANNING ACTIONS 


Table 12. HAVE QUICK Planning Actions 


Planning Action 


Unified 
Command 


Service Component 
Joint Task Force 
1or2 


Operating 
Unit 


IN ADVANCE OF THE OPERATION: For each 
operation or contingency plan, identify the following: 
1. Probable HAVE QUICK (HQ) participants and their 


platforms. 


2. HQ participants who must operate together and 
group them into nets. Include net diagrams in the 


Communication Annex (An 
contingency plan. 


nex K) to the operation or 


3. HQ systems that will be used in each net. Identify 


platforms with multiple HQ 
more nets. 


systems operating in two or 


XXX 


Establish a mode of opera’ 


ion for each net. It should be 


the most advanced mode supported by every HQ radio 
in the net. Annotate each HQ net diagram with the 


appropriate mode. 


Verify: 


1. All Services obtain word-of-day (WOD) from the 
National Security Agency through communications 
security (COMSEC) channels. The controlling authority 
CONAUTH) for HQ WOD is the Joint COMSEC 
Management Office (MacDill Air Force Base, Florida 


33621-5504; message add 


ress: JOINT COMSEC 


MANAGEMENT OFFICE MACDILL AFB FL; phone: 


VINSON key lists required, 


DSN: 968-2461), commercial: 813-828-2461. 

2. Determine whether the HQ systems in the net are 
wired to permit securing the system. If so, identify the 
nets that will be secure, the number of different 


and the CONAUTH for the 


ey lists. Publish this information in Annex K. 


XX 


he Joint Sta’ 
or Service chain of comma 


Requisition WOD and VINSON keying material through 
Intertheater COMSEC package manager 


nd. 


Define procedures for extracting WOD and VINSON 
ey at the operating unit level. 


hose that wil 
hose already in theater. 


Identify the time-base stations available, including 
accompany operation participants and 


Generate a map overlay fo! 


disposition of forces. 


r Annex K that shows 


locations of all time-base stations, based on expected 


base stations. 


Select specific time-base stations as the primary and 
alternate time sources for each participant. The time- 
base station map overlay in Annex K will be useful in 
selecting sources for participants without organic time- 


Assign primary, secondary, and, if possible, tertiary 
channel frequencies to each net for over-the-air (OTA) 
single time distribution. These frequencies also can be 


used for net administration 


and control and as 
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Table 12 HAVE QUICK Planning Actions (con’t.) 


Planning Action 


Unified 
Command 


Service Component 
Joint Task Force 
1or2 


Operating 
Unit 


cannot be established. Publish this information in the 
communications-electronics operating instructions 
(CEOI). 


Xx 


Establish and coordinate procedures for obtaining time 
updates from the primary or alternate source as 
required due to communication degradation. When 
sources for other than OTA distribution become 
available, include procedures for using them. Publish 
this information in the unit’s standard operating 
procedures. 


Determine how units will receive their timing updates 
and what hardware and electronic methods will be 
used. Consider using silent methods. 


Establish leap-second compensation and WOD 
changeover procedures. Identify which HQ systems 
are capable of using the secure mode. Publish this 
information in the joint CEOI. 


Assign net numbers to each joint net. Use an 
assignment scheme that maximizes frequency 
separation among geographically adjacent nets, 
particularly those whose stations share the same 
platform. Publish this information in the joint CEOI. 


Issue remaining net numbers to Service components 
for subsequent reassignment to single Service nets. 
Retain an appropriate quantity (5 percent) of net 
numbers to be issued during the operation should 
interference problems arise. Publish this information in 
Annex K. 


Assign net numbers to single-Service nets. 


Update plans periodically, to reflect changes in 
participants, HQ systems, timing sources, etc. 


JUST PRIOR TO THE OPERATION: Confirm 
participants and types of HQ systems. Confirm whether 
these HQ systems are wired to permit securing the 
systems. Change net modes of operation as required. 
Use reserve numbers where possible. Maximize 
frequency separation for adjacent nets while 
minimizing changes to net numbers assigned 
previously. Update CEOI with new assignments and 
distribute the information to operating units. 


Confirm availability of designated WOD and VINSON 
keying material. Shortages should be identified early in 
the planning stage. 


Confirm operational readiness of time-base stations. 
Designate replacement time sources for those not 
ready. Conduct operator reviews of procedures for 
WOD changeover, time of day (TOD) acquisition, net 
number insertion, use of single-channel backup 
frequencies, etc. 


Conduct operator reviews of procedures for WOD 
changeover, TOD acquisition, net number insertion, 
use of single-channel backup frequencies, etc. 
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Table 12 HAVE QUICK Planning Actions (con’t.) 


Unified Service Component Operating 
Planning Action c Joint Task Force e 

ommand 4 bro Unit 

DURING THE OPERATION: Issue WOD and VINSON 

keying material. Assign net numbers to unplanned x x 

participants. 

Reassign net numbers, as necessary, to deconflict x x 

frequencies. 

Employ emergency self-start procedures when a TOD 

update is required, but no source is available. A self- 

started net has a unique time reference, and no station x Xx 

(other than those in the net when self started) can 

enter it. Therefore, find a time source and update TOD 

as soon as possible. 

Track information about HQ that would be appropriate x x x 

for a lessons learned report. 
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Appendix K 
HAVE QUICK NET MANAGEMENT REQUIREMENTS 


1. General 


a. Net number, word-of-day (WOD), and time of day (TOD) settings separate 
users into distinct nets. 


b. Net number prefixes are always "A.” 


c. Net numbers are in the form XX.XYY (prefixed by “A” or “B") where Xs 
range from 0 to 9 and YY is chosen from the set (00, 25, 50, or 75). 


2. Basic HQ | Nets 


a. Net Types. The four types of active mode operations available in Basic 
HAVE QUICK (HQ) are: 


(1) A-nets. 
(2) Sectionalized A-nets. 
(3) B-nets. 
(4) T-nets. 


Note: Only T-nets are discussed in the following subparagraphs. A-nets, 
sectionalized A-nets, and B-nets are discussed in Chairman of the Joint Chiefs of 
Staff Manual 6230.05-01, Joint HQ Planners’ Guide-Joint Employment Guidance. 


b. T-nets. Training exercises in the active mode use T-nets, which do not 
expose the system’s full jam-resistance capability. T-nets operate differently 
from other nets. The T-net frequencies form a part of a training WOD that is 
loaded into preset channels 15 through 19. The final element is 300.0YY 
that is loaded into preset channel 20, where YY is the hop rate 00, 25, 50, 
or 75. For each complete T-net WOD, five independent non-interfering T- 
nets are available. The assigned net numbers are A00.0 through A00.4. 


c. Only those systems with the same training WOD, TOD, and net numbers 
entered in the same sequence in preset channels 15 through 20 will be able 
to communicate with each other in the active mode. 


3. HQ II Nets 


Net types. HQ II has all of the Basic HQ nets as well as the following two nets. 
(Both types of nets use a larger set of frequencies for increased jam resistance.) 


a. Frequency management A-nets (FMA-nets). FMA-nets are divided into two 
groups: North Atlantic Treaty Organization (NATO) nets and non-NATO 
nets. Each group has 1,000 nets, divided into 50-net blocks, and arranged 
to guarantee minimum frequency separation. They have equal jam 
resistance and should allow the communications planner to minimize cosite 
interference when several HQ II radios are operated on a single platform. 
NATO nets are reserved for exclusive use in NATO countries. The net 
numbers are in the form AXX.XYY. The XX.X designates the net number 
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(00.0 through 99.9). The YY designates the frequency table entry that is 
used. 


(1) The “00” selects a Basic HQ net, sectionalized A-net, or B-net. 
(2) The “25” selects a HQ II NATO net. 
(3) The “50” selects a HQ II non-NATO net. 

b. Frequency management training nets (FMT-nets). 


(1) There is no guaranteed frequency separation between different modes 
of operation (e.g., single channel and A-nets, sectored A-nets and A- 
nets, etc.). Do not assign two radios on a platform net from the same 
block. Doing so will defeat the frequency separation scheme and result 
in cosite interference. 


HQ II provides 16 FMT-nets in addition to the five basic HQ T-nets. The 
16 FMT-nets (HQ II training) should not be operated at the same time 
unless the selected frequencies between the two modes are widely 
separated. This minimizes cosite interference on command and control. 
The FMT-nets are numbered A00.025 through A01.525 and they do not 
repeat. The user must select all six characters in the net designator and 
set the last two digits at 25. Each of the 16 FMT-nets uses the same set 
of 16 frequencies. The 16 authorized training frequencies, shown in 
table 13, are loaded into the radio’s permanent memory and are 
reloaded only if the authorized training frequencies change. (Check with 
the local frequency manager for frequency changes.) The list of 16 
frequencies guarantees the 4 MHz minimum separation. 


(2 


~~ 


(3) The frequencies in the first column are approved for use exclusively 
within the continental United States (CONUS) FMT-nets. These 
frequencies are in the order suggested for use throughout CONUS by 
all HQ-equipped radios. They will be used in this order for all training 
conducted by Air Combat Command. In other theaters, major 
commands are responsible for obtaining approved frequencies. The T- 
net numbers for HQ Il are the same as in the basic HQ system, except 
that six digits are now read instead of four. The T-nets are numbered 
A00.000 through A00.400. The last two digits must be 00. 


Note: To use the FMT-nets, the entire training WOD is not required. Loading 
ONLY the channel 20, training WOD (300.0XX); channel 14, effective day of 
WOD (3XX.000); and channel 01, current day (3XX.000) elements will enable 
use of the sixteen FMT-nets (AOX.X25). This allows rapid reloading of the WOD, 
to expedite use for training or when a complete WOD reload is not practical. 
There are two sets of T-nets available in HQ II FMT-nets; the T-nets are not 
interoperable. 
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Table 13. HQ Il FM T-Net 
Frequencies (Megahertz) 


Denmark 
Norway UK sea 
France Italy Germany ‘abe f 
Portugal Spain Slovenia Dalia. 
CONUS Greece Belgium Slovak 
Alaska Guam Estonia Netherlands Republic pana 
Hawaii within Latvia Luxembourg Romania Croatia 
Net Korea Japan 12 nm Lithuania Turkey Bulgaria 
20 235.050 314.700 235.050 261.050 252.925 252.725 525.100 
19 225.150 322.700 289.050 379.325 374.425 374.125 373.800 
18 252.925 326.300 293.550 269.350 264.550 265.875 257.400 
17 239.950 369.700 298.650 316.550 308.550 315.875 310.000 
16 271.950 381.100 303.275 291.250 283.875 284.950 280.325 
15 267.850 314.675 308.750 359.350 344.925 357.150 355.675 
14 262.450 322.675 314.450 338.950 337.025 342.575 344.525 
13 257.250 326.275 235.050 373.875 357.325 363.275 363.700 
12 314.450 369.675 314.450 399.450 386.800 387.850 399.775 
11 308.750 381.075 308.750 386.550 379.725 379.225 378.025 
10 303.275 381.100 303.275 306.500 292.425 292.200 291.175 
9 298.650 369.700 298.650 310.900 300.725 298.575 298.275 
8 293.550 322.700 293.550 253.000 245.725 248.275 246.775 
7 289.050 326.300 289.050 328.400 312.925 336.025 335.475 
6 284.150 314.675 235.050 241.450 235.100 240.875 240.525 
5 279.750 322.675 314.450 283.850 270.175 270.025 267.325 
Legend: 
CONUS—continental United States 
nm—nautical mile 
UK—United Kingdom 
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Appendix L 
HAVE QUICK TECHNICAL DATA 


1. Word-of-day (WOD) 


a. General. The WOD is a 36-digit transmission security code inserted into the 
radio by an operator. It is stored in the radio and programs the system with 
the hopping pattern, hopping rate, and conferencing selection. The WOD is 
provided on Mylar tape issued in canisters containing a 35-day allotment. 
Planners must direct the use of these tapes when notified by the United 
States (US) Naval Observatory (users of older HAVE QUICK (HQ) II 
equipment will have to manually request time after-a-leap-second correction 
to update system time.) The National Security Agency produces and 
distributes WOD through communications security (COMSEC) channels. 
The tapes provided are KAL-9200 and KAL-269. 


(1) The KAL-9200, HQ Worldwide Electronic Counter-Countermeasures 
Settings, is used outside the continental US (CONUS), as defined by 
the Joint COMSEC Management Office. All combat units should order 
this item. Due to potential interference with Federal Aviation 
Administration safety of flight functions, do not use KAL-9200 within 
line-of-sight of CONUS facilities. 


(2) The KAL-269 (CONUS WOD) is used in CONUS, as defined by the 
Joint COMSEC Management Office. Ordering instructions are 
contained in COMSEC Material System-21. 


b. Ordering and Reproducing the WOD. 


(1) Order WOD canisters through the supporting COMSEC custodian, per 
COMSEC Material System-21. Units must store and maintain sufficient 
WOD materials for their operations. WOD materials are not required for 
system checkout or maintenance. 


(2) The KAL-9200 is distributed in the quantities needed to support units 
equipped with HQ radios. The Joint COMSEC Management Office, 
MacDill Air Force Base (AFB), Florida is the controlling authority 
(CONAUTH) for KAL-9200. For an electronic message, address the 
message to: Joint COMSEC Management Office, Macdill AFB FL 
33621-5504. 


(3) The following policies apply to reproducing the KAL-9200 WOD 
segment: 


(a) Only HQ users with flying missions may reproduce it locally by a 
method authorized for classified material. Limit quantities to the 
minimum mission requirement. 


(b) Forward requests for local reproduction from non-flying units 
through COMSEC channels to the CONAUTH. Requests must 
explain why the unit cannot meet WOD requirements with a small 
number of canisters. 


5 November 2013 ATP 6-02.72/MCRP 3-40.3A 97 
NTTP 6-02.2/AFTTP 3-2.18 


(c) Control original extracted WOD segments according to Service 
COMSEC directives. 


(d) Special control procedures, such as hand receipts and copy 
counts, are not required for reproduced copies of the daily 
extracted WOD segment. Treat the current and next day’s 
segments as unclassified. Control the complete canister as 
CONFIDENTIAL material according to Service directives. 


(4) The following policies apply to distributing, reproducing, and using KAL- 
269 WOD segments: 


(a) The KAL-269 is distributed through COMSEC channels. After 
reaching the unit level, treat the KAL-269 in accordance with 
Service regulations. 


(b) Reproduce KAL-269 as necessary at the unit level. 


(c) The Joint COMSEC Management Office, MacDill AFB, Florida 
33621-5504, is the CONAUTH for KAL-269. 


c. WOD Dissemination. Generally, WOD is given to users, one segment (day) 
at a time. It is changed periodically, normally once a day. The WOD may be 
issued as current plus following day. The segment in use always has a date 
that matches the current Zulu date. Those operators who anticipate mission 
requirements exceeding one day must take the next day’s WOD also. Some 
users may require the entire canister. The AN/CYZ-10, simple key loader, 
or Secure DTD2000 System with the correct update software, can load 
multiple WOD (MWOD) information. 


2. Time-of-day (TOD) 


a. General: HQ radios require accurate timing systems and a precise time 
reference, TOD, to maintain synchronization while FH in the active mode of 
operation. Timing systems integral to the HQ radios provide frequency and 
timing requirements for standard and FH radio operation. Coordinated 
Universal Time (UTC) serves as the precise time reference that is used to 
initialize and align all HQ radio timing systems to a common time base. 
Alignment and accuracy of HQ timing sources ensures users of 
synchronized operation within their nets and precludes interference with, 
and by, other HQ nets. 


(1) HQ radio timing systems are configured with temperature controlled, 
quartz crystal oscillators, as is typical of tactical systems. This system 
provides sufficient stability to maintain TOD accuracy. Operational 
experience has proven that frequent TOD updates improve HQ 
communication reliability. 


(2) The TOD reference signal used to initialize and synchronize all HQ 
radio operation is provided as UTC and is either transmitted to or 
manually inserted into the radio. TOD is transmitted to a radio either by 
another HQ radio, over-the-air (OTA), or through an electrical bus or 
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interface from an external TOD reference source. When transmitted to 
the radio, UTC is presented in a digital format. 


b. TOD Sources. TOD initialization and updating of HQ radio may be obtained 
from a variety of sources. 


(1) The primary TOD distribution source needs to be from a single master 
radio frequency (RF) source. In today’s global environment, Global 
Positioning System (GPS) satellites serve as the primary master RF 
source. The selected method of updating a HQ radio with TOD may be 
dictated by the HQ platform capability or based upon mission 
expediency. 

(2) Airborne Warning and Control System (AWACS)/Joint Surveillance 
Target Attack Radar System (JSTARS)/RIVET JOINT. In the absence 
of a GPS, AWACS, JSTARS, or RIVET JOINT aircraft are the preferred 
choice for TOD in an operational area. These aircraft are equipped with 
GPS receivers and rubidium oscillators. Platforms such as these can 
provide accurate TOD OTA to any HQ radio, in the absence of GPS, for 
a period of up to 30 days. Also, time signal sets, such as the AN/TRC- 
187, can serve as a primary TOD source. The AN/TRC-187 contains a 
GPS receiver, HQ radio, and other interfaced circuitry to support the 
transmission and reception of TOD data. In addition, the AN/TRC-187 
can receive accurate time from another time signal set via telephone 
lines. It can pass TOD OTA to any HQ radio. AN/TRC-187s are 
normally installed at forward and rear tactical air control facilities. 


Note: In some instances it may be more practical for a land-based unit such as a 
control and reporting center, sector air operations center, etc., to act as the TOD 
source since the land based units in theater usually operate around the clock as 
opposed to airborne platforms which have limited on-station time. 


c. GPS. GPS receivers are installed or affiliated with most ships, aircraft, 
tactical air control system shelters, vehicles, and manpack units. The 
deployment of GPS receivers with an HQ TOD output interface has 
established it as a means of initializing and updating HQ radios with TOD. 
Also, it is the most accurate of the available sources, since GPS contains a 
combination of cesium beam and rubidium oscillators whose output signals 
are constantly monitored and referenced to US Naval Observatory UTC. 
The initially fielded GPS receivers are linked to the HQ radios either directly, 
by means of a cable, or through an electrical bus arrangement. Where 
system design warrants, future HQ systems will contain embedded GPS 
receivers. 


Note: Many radios equipped with GPS TOD receivers have no way to indicate if 
a valid TOD was received via GPS other than to ops-check it with another 
collocated radio or another user (there is no audible tone as ina TOD OTA 
transfer). 
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(1) HQ Radios. Operators can use HQ radios that have recently received a 


(2 


~~ 


TOD update from a single master RF source as a TOD source. The 
time will be most accurate immediately after the radio has received the 
update. 


Emergency Time Start. Use emergency time start as a last resort if no 
UTC source is available to use as an emergency activation procedure. 
If synchronization is lost and an accurate timing source is not available, 
users within a net may synchronize themselves. One HQ radio can self- 
generate an arbitrary TOD and then act as a master clock to 
synchronize all other radios on the net. Other radios with the proper 
TOD will not be able to communicate with the self-started net in the 
active mode, and nets with different TODs may receive mutual 
interference if they are within range. Make every effort to acquire TOD 
from GPS, AWACS, JSTARS, RIVET JOINT, or HQ radios before using 
the emergency activation procedure. 


d. TOD and Day of Month (DOM). In addition to requiring TOD, HQ II radios 


also require the current DOM so the correct MWOD segment can be loaded 
from internal memory to initialize the radio for that day’s operation. Users 
can acquire DOM information in a time update from a HQ II radio already 


loaded with the current DOM or they can enter it manually. 
(1) If this date information is not available, the user can enter the current 


DOM manually and then self-start the radio’s clock. 


(2) For HQ Il radios to transmit DOM after an emergency self-activation, 


enter the DOM before the TOD, or only the TOD will be transmitted. 
There is no manual input for day of year. The only way to receive day of 
year is when the original TOD is received from GPS. 


e. TOD Procedural Considerations. 
(1) TOD Initialization. Although the principal way of initializing and updating 
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HQ radios will be by means of a single master RF source, there are 
additional facilities/terminals available to provide TOD, as previously 
noted. The appropriate initialization method for a particular situation 
depends on the tactical environment, and only the commander can 
make that determination. There are, however, several planning 
considerations to remember when selecting TOD initialization methods. 


(a) Operators must receive initial TOD in the normal mode on a single 
ultra high frequency frequency. When operating in the active mode, 
operators can only receive TOD updates from radios operating in 
the same net. 


(b) Designation of alternate frequencies and beacon sources for 
transmitting initial and updated TOD to net members is another 
important consideration. Without an alternate, enemy jamming of 
the primary frequency can cripple an HQ net by disrupting time 
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synchronization. If the primary time source fails, two-way transfer 
of TOD responsibilities to an alternate source must occur. 


(c) In the case of RF beacon frequency loss, all platforms will revert to 
individual platform GPS until an alternate RF beacon is 
established. 


(2) Leap Second. 


(a) Leap Second Planning. Twice a year, at midnight UTC, on 31 
December and 30 June, the UTC advances or retards by one 
second. This is known as a leap second. Leap seconds are used, 
when needed, to compensate for variations in the Earth’s rotation 
rate and to keep UTC aligned with astronomical time (Universal 
Time 1). 

The Leap-Second Rollback Problem. At midnight, when a leap 
second occurs, a net composed of radios relying on different 
sources of time (i.e., GPS and non-GPS) have the potential of 
being non-interoperable after a leap second event if the radios are 
commanded to receive a new TOD. Since existing HQ II radios do 
not have the provision for manual input of an expected leap second 
or for automatic rollback at the designated time, operators must 
use the following measures. 


(b 


~S 


e A leap second occurrence is identified several months prior to its 
occurrence. For HQ Il equipment, the appropriate operational 
procedure is to require all active units, operating through 
midnight on those days, to command their radios to accept a new 
TOD message from an identified GPS-based timing source. 


e GPS automatically corrects for the leap second and continuously 
provides accurate UTC to GPS-equipped radios. Most aircraft 
are equipped with GPS receivers to synchronize their HQ radios 
with UTC. Operators can use radios that have a source of GPS 
time available to accept a corrected TOD after a leap second 
event and thereby maintain proper radio operation. It is the 
responsibility of the platform, operator, or pilot to initiate this 
sequence. 


Units that do not have GPS receivers will continue to operate on 
time that has not been corrected for the leap second. TOD re- 
initialization of non-GPS-clocked radios by a GPS-clocked radio 
is required at this point to begin operation with time that has 
been corrected for the leap second. 


3. Net Identification Number 


The three-digit net identification number is manually entered into the radio similar 
to the manual assignment of a single frequency. The number assigns the net 
type and group on which a given radio net will operate. Also, the net number 
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provides an offset in the hopping sequence upon which radios in that net will 
initiate their hop sequence. The net number interfaces the nets which precludes 
self-interference among the nets since all systems possess the same WOD and 
TOD. Net number assignments are made by planners based upon the number of 
nets accommodated by WOD in a geographical region. Operators may apply net 
number replication when sufficient geographical separation permits. 
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Appendix M 
EQUIPMENT NOMENCLATURE MATRIX 


Table 14. Tactical Radio Equipment Nomenclature 


Frequency Band 


HF VHF Fi 
UHF Multi- Select features, 
System 2905))| 20-300 300-3000 MHz band Freq waveforms and modes 
Nomenclature | MHz MHz Radio Range of Operation 
LOS/ LOS LOS BLOS P 


BLOS | AM | FM | AM | FM | SATCOM 


Voice radio capable of 
operating UHF LOS HQ 
30.000 to | Il ECCM in AM and FM 
AN/ARC-164 xX x x Yes 399.975 | mode (FM available for 
MHz VHF/UHF with MXF-243 
control) features MIL- 
STD-1553B interfaces. 


eno to Voice radio capable of 
AN/ARC-174 xX No 29.99 ; P 
MHz operating HF. 


Voice radio capable of 
operating UHF LOS HQ 
AN/ARC-182 x | x | x Y 300.078 mode features ie ™ 
; #8 : STD-1553B interfaces, 
MHz okast = 
standard avionics radio 
for the US Air Force and 
US Army. 
30.000 to | Voice radio capable of 
AN/ARC-186 xX | X No 151.975 | operating VHF LOS in 
MHz AM or FM mode. 
Voice radio capable of 
225.000 | operating HQ UHF in 
to AM or FM modes for 
399.975 | LOS and SATCOM 
MHz DAMA MIL STD-188- 
181/182 and 183. 
Voice and data radio 
capable of operating HF 
USBILSB, ISB, AM/AM, 
provides LOS and BLOS 
2.000 to | communications and is 
AN/ARC-190 x No 29.999 | the mainstay of HF 
MHz communications in the 
US Air Force having 
been installed in a large 
variety of fixed and 
rotary wing aircraft. 
Voice radio capable of 
30.000 to | operating VHF LOS in 


AN/ARC-187 xX | X Xx No 


AN/ARC-201D xX No 87.975 | FM mode can operate 
MHz SINCGARS in the SC or 
FH mode. 
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Table 14 Tactical Radio Equipment Nomenclature (con’t.) 


Frequency Band 


HF VHF , 
UHF Multi- Select features, 
N System 2230. | 30-300 300-3000 MHz band Fred | waveforms and modes 
lomenclature | MHz MHz Radio Range of operation 
LOS/ LOS LOS BLOS P 
BLOS | AM | FM | AM | FM | SATCOM 
Voice and data four- 
channel radio capable of 
30.000 to operating UHF/VHF, 
AN/ARC-210 SINCGARS, HQ | and II 
(RT-1851) S| Heal ical lees x vee eerens in AM or FM modes and 
SATCOM DAMA MIL- 
STD-188-181/-182/-183 
for BLOS. 
2.000 to | Voice and data radio 
AN/ARC-220 x No 29.999 | capable of operating HF 
MHz has HF-ALE capability. 
Voice and data radio 
30.000 to | capable of operating 
AN/ARC-222 xX | X No 115.975 | VHF LOS in AM or FM 
MHz mode. SINCGARS SC 
mode. 
Voice and data radio 
capable of operating 
30.000 to VHF/UHF LOS in AM or 
AN/ARC-231 xX |X |X |X x Yes 512 MHz FM Mode, ATC, 
Maritime, HQ | and II 
and SATCOM DAMA; 
MUOS to be added. 
Voice and data radio 
capable of operating 
VHF/UHF LOS radio in 
AM and FM modes, 
VHF maritime, 
30.000 to | SATURN; HQ I/II 
AN/ARC-232 xX |X |X | XxX Yes | 399.975 | ECCM; MIL-STD-1533 
MHz compatibility; and a 
panel or remote mount 
configuration. Options 
include SINCGARS, 
8.33 kHz channel 
spacing. 
Voice radio capable of 
ee operating UHF AM/FM 
AN/GRC-171D Xx No LOS air traffic 
399.975 ie ; 
MHz communications in AM 
or HQ modes. 
Voice and limited data 
2.000 to | radio capable of 
AN/GRC-193 Xx No 29.999 | operating HF in USB, 
MHz LSB voice, data, CW, 
and TTY modes. 
116 to Voice radio capable of 
ANIGRC-211 x No | 151.975 | operating UHIF in AM 
MHz Mode, used for air traffic 
control of aircraft. 
2.000 to | Voice and limited data 
AN/GRC-213 x No 29.999 | radio capable of 
MHz operating HF in single 
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Table 14 Tactical Radio Equipment Nomenclature (con’t.) 


Frequency Band 


HF VHF , 
UHF Multi- Select features, 
N System 2230, +) 230-300 300-3000 MHz band Fred | waveforms and modes 
lomenclature | MHz MHz Radio Range of operation 
LOS/ LOS LOS BLOS P 
BLOS | AM | FM | AM | FM | SATCOM 
sideband, voice/CW, 
and data modes. 
116.000 | Voice radio capable of 
to operating VHF/UHF-AM 
AN GRE 220 a a Yes | 399.975 | communications HQ | 
MHz and Il. 
2.000 to : a 
AN/PRC-104 | X Nar "garbage fade canaries 
MHz operating HF. 
Voice radio operating in 
116.000 | the VHF and UHF AM 
to mode used by Forward 
PNIERO SHS n x Yes | 399.975 | air Controllers for LOS 
MHz air to ground 
communications. 
Voice and data radio 
capable of operating 
SINCGARS ECCM, 
30.000 to | VHF/UHF LOS in both 
AN/PRC-117F xX |X |X |] XxX x Yes | 512.000 | AM/FM, HQ Il ECCM, 
MHz SATCOM MIL-STD-188- 
181B, MIL-STD-188- 
182-/A, MIL-STD-188- 
183-/A. 
Voice and data radio 
30.000 | capable of operating 
AN/PRC-117G MHz to | SINCGARS, HQ II, 
(RT-1949) Rod) SHO IP x Yes | 9.000 | VHF/UHF AM and FM, 
GHz ANW2, MIL-STD-188- 
181B SATCOM. 
Voice and data radio 
capable of operating 
SINCGARS VHF FM 
30.000 to | LOS in both single 
AN/PRC-119 x No 87.975 | channel and FH mode. 
MHz This is the primary voice 
communications system 
for US Army and Marine 
forces. 
AN/PRC-127 x no | 160.00. | Voice radio capable of 
operating VHF FM 
MHz 
Voice radio capable of 
30.000 to | operating VHF FM 
AN/PRC-128 xX No 87.975 | interoperable with 
MHz SINCGARS in SC 
mode. 
Voice and data radio 
30.000 to | capable of operating HQ 
AN/PRC-148 xX |X |X |X Yes 512.00 | I/ll, SINCGARS ESIP in 
MHz single channel or FH 
mode; and analog 
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Table 14 Tactical Radio Equipment Nomenclature (con’t.) 


Frequency Band 


HF VHF , 
UHF Multi- Select features, 
N System 2-30..:) 230-300 300-3000 MHz band Fred | waveforms and modes 
lomenclature | MHz MHz Radio Range of operation 
LOS/ LOS LOS BLOS P 
BLOS | AM | FM | AM | FM | SATCOM 
narrowband capable. 
1.600 to | Voice and data radio 
AN/PRC-150 x No 60.000 | capable of operating 
MHz HF-ALE. 
Voice and data radio 
30.000 to capable of operating 
SINCGARS, VHF/UHF 
AN/PRC-152 xX |X |X | XxX x Yes irre LOS in both AM and 
FM, HQ Il, SATCOM 
MIL-STD-188-181B. 
Voice radio capable of 
380.000 | operating short 
AN/PRC-153 x x No | to 470.00 | distances within a small 
MHz unit/team; primarily used 
by Marines. 
300.000 Voice and networking 
MHz to data radio capable of 
AN/PRC-154 x No 2.000 operating SRW in the 
UHF and L band 
Ghz Fs 
(Commercial). 
Voice and networking 
2.000 data 2 channel radio 
MHz to | capable of operating 
AN/PRC-155 xX x Xx x Yes 2.500 SINCGARS, SRW, 
GHz SATCOM integrated 
waveform, and MUOS. 
Voice and data capable 
2.400 to radio utilizing upper 
AN/PRC-343 x | x No | 2.483. | VHF frequencies to 
GHz communicate short 
distances within a small 
unit (Squad/team). 
Voice and data radio 
capable of operatin 
30.000 to | (HF and UHF LOS in 
AN/PSC-5C xX |X |X |X x Yes | 420.000 
MHz AM and FM modes, 
SATCOM, DAMA, IW, 
ATC, and Maritime. 
Voice and data radio 
capable of operating 
30.000 to | VHF and UHF LOS in 
AN/PSC-5D xX |X |X |X x Yes | 512.000 | AM and FM modes, 
MHz SINCGARS, HQ | and Il, 
SATCOM, DAMA, IW, 
and Maritime. 
Voice and Data radio 
capable of operating in 
1525.000 | the SATCOM UHF 
to spectrum uses QPSK 
AMES x nO 1660.500 | and QAM for modulation 
MHz and communicates over 
commercial satellite 
provided system. 
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Table 14 Tactical Radio Equipment Nomenclature (con’t.) 


Frequency Band 


HF VHF , 
UHF Multi- Select features, 
System 2o08 )|=30-900 300-3000 MHz band Fred | waveforms and modes 
Nomenclature | MHz MHz Radio Range Gf operation 
LOS/ LOS LOS BLOS P 
BLOS | AM | FM | AM | FM | SATCOM 
420,000- | Sspabie of operating, 
ANESG-6D x No sii EPLRS waveform and 
SADL in FH mode. 
Voice and limited text 
225.000 | radio capable of UHF 
to LOS and SATCOM 
AN/PRQ-7 7 ms No | 299.975 | BLOS Army and Air 
MHz Force primary search 
and rescue radio. 
969.000 Voice/data radio : 
MHz to capab le of operating 
AN/URC-107 Xx No 1.215 Link 16/TADIL-J used 
GHz on a variety of airborne 
and ship platforms. 
bata Voice and data radio 
AN/URC-109 x No 29.999 capable of operating 
5 VLF, LF, MF, and HF. 
MHz 
2.000 to j ; 
AN/URC-131 |X No | 29.999. | Voice and data radio 
capable of operating HF. 
MHz 
Voice and data radio 
969.000 | capable of operating 
AN/URC-138 x No MHz to | Link 16/TADIL-J used 
1.215 on a variety of airborne, 
GHz ship, and ground 
platforms. 
Voice and data radio 
969.000 | capable of operating 
AN/URC-141 x No MHz to | MIDS, JTIDS Link 16 
1.215 used on a variety of 
GHz airborne, ship, and 
ground platforms. 
2.000 to | Voice and data radio 
AN/URC-146 x No 29.999 | capable of operating HF 
MHz and has ALE. 
Voice and data 
multichannel radio 
ae capable of operating HF, 
AN/USC-61C X xX |X |X |] X x Yes 2.000 VHF, UHF, and 
GHz SATCOM channels, will 
include MUOS in the 
future. 
225.000 | Voice and data radio 
to capable of operating 
ANS ale 7 No 399.975 | UHF in AM and FM Link 
MHz 11 modes and SATCOM 
1.6 to Voice and data radio 
Seren x No 29.999 | capable of operating HF 
MHz and HF-ALE. 
MICOM 3T x No 1.6 to Voice and data radio 
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Table 14 Tactical Radio Equipment Nomenclature (con’t.) 


Frequency Band 
HF VHF , 
UHF Multi- Select features, 
N System 2230, | 230-300 300-3000 MHz band Fred | waveforms and modes 
lomenclature | MHz MHz Radio Range of operation 
LOS/ LOS LOS BLOS P 
BLOS | AM | FM | AM | FM | SATCOM 
29.999 | capable of operating HF 
MHz and HF-ALE USB, LSB, 
AME, CW, ARQ, FEC. 
Voice and data radio 
2.0 to capable of operating HF 
RT-2400A x No 29.999 | and HF-ALE USB, LSB, 
MHz AME, CW, ARQ, and 
FEC. 
Voice radio capable of 
1.5 MHz : 
operating HF and HF- 
TMR-90 Xx No | to ae ALE USB, LSB, ISB, 
AM, and AME. 
Voice and data radio 
1.5 to capable of operating HF 
uate x No | 29.999 | and HF-ALE USB, LSB, 
MHz ISB, AM, AME, CW, and 
NBFM. 
Legend: 


ALE—automatic link establishment 

AM—amplitude modulation 

AME—amplitude modulation equivalent 

ANW2—Adaptive Networking Wideband 
Waveform 

ARQ—Automatic Repeat Query 

ATC—air traffic control 

BLOS—beyond line-of-sight 

CW —continuous waveform 

DAMA—demand assigned multiple access 

ECCM—electronic counter-countermeasures 

EPLRS—enhanced position location reporting 
system 

EsiP—Enhanced SINCGARS Improvement 
Program 

FEC—forward error correction 

FH—frequency hopping 

FM—frequency modulation 

GHz—gigahertz 

HF—high frequency 

HF-ALE—high frequency-automatic link 
establishment 

HQ—HAVE QUICK 

|SB—independent sideband 

JTIDS— 

kHz—kilohertz 

LOS—line of sight 


LF—low frequency 

LSB—lower sideband 

MF—medium frequency 

MHz—megahertz 

MIDS—multifunctional information distribution 
system 

MIL-STD—military standard 

MUOS—mobile user objective system 

MXF—multi-function 

NBFM—narrowband frequency modulation 

QAM—quadrature amplitude modulation 

QPSK—quadrature phase shift keyed 

SADL—situation awareness data link 

SATCOM—satellite communications 

SATURN—Second generation Anti-jam Tactical 
UHF Radio for NATO 

SC—single-channel 

SINCGARS—single-channel ground and airborne 
radio system 

SRW-—soldier radio waveform 

TADIL-J—tactical digital information link-Joint 

TTY—teletype 

UHF—ultrahigh frequency 

US—unhited States 

USB—upper sideband 

VHF—very high frequency 

VLF—very low frequency 
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PART I—ABBREVIATIONS AND ACRONYMS 
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Numbers 
second generation 
third generation 


A 
amphibious assault direction system 
Army Battle Command System 
aviation combat element (USMC) 
amphibious command ship 
Army data distribution system interface 
Air Force Base 
Air Force instruction 
Air Force key data management system 
ARC-210 fill program 
Air Force tactics, techniques, and procedures 
automatic gain control 
anti-jam 
automatic link establishment 
also known as 
Air Land Sea Application (Center) 
amplitude modulation 
automatic message display 
amplitude modulation equivalent 
AN/CYZ-10 Data Transfer Device 
Adaptive Networking Wideband Waveform 
air operations center 
area of responsibility 
Army forces 
Automatic Repeat request, known as Automatic Repeat 
Query 
air support operations center 
amphibious task force 
air tasking order 
Airborne Warning and Control System 


B 
blue force tracking 
beyond line-of-sight 
Cc 
command and control 
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CADD Combined Arms Doctrine Directorate 


CAS close air support 
CATF commander, amphibious task force 
CBP Custom and Border Protection 
CCl controlled cryptographic items 
CE command element (MAGTF) 
CEOI communications-electronics operating instructions 
CH channel 
CJCS Chairman of the Joint Chiefs of Staff 
CLR combat logistics regiment; clear 
CND computer network defense 
COMM commercial 
COMSEC communications security 
CONAUTH controlling authority 
CONUS continental US 
COTS commercial off-the-shelf 
CRC control and reporting center 
CRYPTO cryptographic 
cryptonet cryptographic network 
CSAR combat search and rescue 
CSEP Single-Channel Radio Electronic Counter Measure 
Package 
CSG carrier strike group 
CT cipher text 
CW continuous waveform 
CWC composite warfare commander 
D 
DAMA demand assigned multiple access 
DOD Department of Defense 
DOM day of month 
DSN Defense Switched Network 
E 
ECCM electronic counter-countermeasures 
E-Lite enhanced position location reporting system-Lite 
EP electronic protection 
EPLRS enhanced position location reporting system 
ERF electronic remote fill 
ESIP Enhanced SINCGARS Improvement Program 
EW electronic warfare 
F 
FBCB2 Force Battle Command Brigade and Below 
FCC Federal Communications Commission 
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JSME 
JSTARS 
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forward error correction 

Federal Emergency Management Agency 
fast frequency hopping 

frequency hopping 

frequency hopping-master 

frequency modulation 

frequency management A network 
frequency management training network 
frequency of optimum transmission 


G 
ground combat element (MAGTF) 
gigahertz 
Global Positioning System 


high data rate 

high frequency 

high frequency-automatic link establishment 
High Frequency Global Communications System 
HAVE QUICK; 

HAVE QUICK | 

HAVE QUICK II 


information assurance 

identification 

internet protocol 

independent sideband 

International Telecommunications Union 


J 
Operations Directorate of the Joint Staff 
Command, Control, Communications, and Computers 
Systems Directorate of the Joint Staff 
joint automated communication-electronics operating 
instructions system 
joint communications-electronics operating instructions 
Joint Chiefs of Staff 
joint force commander 
joint force land component commander 
joint frequency management office 
joint interoperability test command 
joint publication 
joint spectrum management element 
Joint Surveillance Target Attack Radar System 
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JTF joint task force 


JTIDS Joint Tactical Information Distribution System 
JTRS joint tactical radio system 
K 
KEK key encryption key 
kHz kilohertz 
km kilometer 
L 
LCD liquid crystal display 
LF low frequency 
LOS line of sight 
LP linking protection 
LQA link quality analysis 
LSB lower sideband 
LUF lowest usable frequency 
LVT low volume terminal 
M 
MAGTF Marine air-ground task force 
MARFOR Marine Corps forces 
MBITR multiband inter/intra team radio 
MCEB Military Communications-Electronics Board 
MCRP Marine Corps reference publication 
MF medium frequency 
MHz megahertz 
MIDS multifunctional information distribution system 
MIL-STD military standard 
MLG Marine logistics group 
MTTP multi-Service tactics, techniques, and procedures 
MSC major subordinate command 
MUF maximum usable frequency 
MUOS mobile user objective system 
MWOD multiple word-of-day 
N 
NATO North Atlantic Treaty Organization 
NAVFOR Navy forces 
NBFM narrowband frequency modulation 
NCS net control station 
NETOPS network operations 
NIPRNET Nonsecure Internet Protocol Router Network 
NOSC network operations and security center 
NSA National Security Agency 
NTIA National Telecommunications and Information 
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NTTP 
NVIS 
NWDC 


OPTASK 
OTA 
OTC 


SINCGARS 
SIPRNET 
SKL 

SOF 

sol 
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Administration 

Navy tactics, techniques, and procedures 
near vertical incident sky waves 

Navy Warfare Development Command 


oO 
operation task 
over the air 
officer in tactical command 

P 
primary control ship 
plain text 
push-to-talk 

Q 


quadrature amplitude modulation 
quadrature phase shift keyed 


R 
receive/transmit 
Revised Battlefield Electronic Communications, 
Electronics, Intelligence, and Operations (CEIO) System 
radio data system 
radio frequency 
Republic of Korea 
radio set 
remote terminal 
receive 


Ss 
situational awareness 
situation awareness data link 
satellite communications 
Second generation Anti-jam Tactical UHF Radio for 
NATO 
single-channel 
security classification guide 
secondary control ship 


single-channel ground and airborne radio system 
SECRET Internet Protocol Router Network 
AN/PYQ-10 Simple Key Loader 

special operations forces 

signal of interest 
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TRADOC 
TRANSEC 
TSK 

TTP 
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standard operating procedure 

Systems Planning, Engineering, and Evaluation Device 
soldier radio waveform 

Service Theater Network Operations Security Center 


T 
tactical air control party 

tactical satellite 

tactical digital information link-Joint 

time division multiple access 

tactical data network 

traffic encryption key 

Tactical Internet 

tactical operations center 

time of day 

United States Army Training and Doctrine Command 
transmission security 

transmission security key 

tactics, techniques, and procedures 

teletype 

transmit 


ultrahigh frequency 
user readout 
United States 
United States Air Force 
United States Customs and Border Protection 
United States Coast Guard 
Coordinated Universal Time 
Vv 
very high frequency 
very high frequency-frequency modulation 
very low frequency 
encrypted ultrahigh frequency communications system 


WwW 
Wing Command and Control System 
wing operations center (USAF) 
word-of-day 


X, Y,Z 
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PART II—TERMS AND DEFINITIONS 
active mode—The frequency-hopping mode of operation for HAVE QUICK 


radios. (Source: This term and its definition are applicable 
only in the context of this publication and connot be 
referenced outside this publication) 


air support operations center—(DOD) The principal air control agency of the 


theater air control system responsible for the direction and 
control of air operations directly supporting the ground 
combat element. It coordinates air missions requiring 
integration with other supporting arms and ground forces. It 
normally collocates with the Army tactical headquarters 
senior fire support coordination center within the ground 
combat element. Also called ASOC. (JP 1-02. Source: JP 3- 
09.3) 


AN/CYZ-10—Data Transfer Device, often called a Filler, Crazy 10, ANCD or 


DTD, is a United States National Security Agency- 
developed, portable, hand-held fill device, for securely 
receiving, storing, and transferring data between compatible 
cryptographic and communications equipment. It is capable 
of storing 1,000 keys, maintains an automatic internal audit 
trail of all security-relevant events that can be uploaded to 
the LMD/KP, encrypts key for storage, and is programmable. 
The DTD is capable of keying multiple information systems 
security (INFOSEC) devices and is compatible with such 
COMSEC equipment as Single Channel Ground and 
Airborne Radio System (SINCGARS) radios, KY-57 
VINSON, KG-84, and others that are keyed by common fill 
devices (CFDs). (Source: TB 11-5820-890-12) 


AN/PYQ-10—The AN/PYQ-10 Simple Key Loader (SKL) is a ruggedized, 
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portable, hand-held fill device, for securely receiving, storing, 
and transferring data between compatible cryptographic and 
communications equipment. The PYQ-10 provides all the 
functions currently resident in the CYZ-10 and incorporates 
new features that provide streamlined management of 
COMSEC key, Electronic Protection (EP) data, and Signal 
Operating Instructions (SOI). Cryptographic functions are 
performed by an embedded KOV-21 card developed by the 
National Security Agency (NSA). The AN/PYQ-10 supports 
both the DS-101 and DS-102 interfaces, as well as the KSD- 
64 Crypto Ignition Key. The SKL is backward-compatible 
with existing End Cryptographic Units (ECU) and forward- 
compatible with future security equipment and systems, 
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including NSA’s Key Management Infrastructure. (Source: 
TM 11-5820-890-10-6) 


area of responsibility—(DOD) The geographical area associated with a 
combatant command within which a geographic combatant 
commander has authority to plan and conduct operations. 
Also called AOR. See also combatant command. (JP 1-02. 
Source: JP 1) 


carrier strike group—(DOD) A standing naval task group consisting of a carrier, 
embarked airwing, surface combatants, and submarines as 
assigned in direct support, operating in mutual support with 
the task of destroying hostile submarine, surface, and air 
forces within the group’s assigned operational area and 
striking at targets along hostile shore lines or projecting 
power inland. Also called CSG. (JP 1-02. Source: JP 3-02) 


cold start net opening—Method of opening a FH net in which each member 
loads COMSECand FH data and stands by for receipt of 
sync time sent electronically by the NCS. (Source: TM 11- 
5820-890-10-8) 

commander, amphibious task force—(DOD) The Navy officer designated in 
the initiating directives as the commander of the amphibious 
task force. Also called CATF. (JP 1-02. Source: JP 3-02) 


communications security—(DOD) The protection resulting from all measures 
designed to deny unauthorized persons information of value 
that might be derived from the possession and study of 
telecommunications, or to mislead unauthorized persons in 
their interpretation of the results of such possession and 
study. Also called COMSEC. (JP 1-02. Source: JP 6-0) 


conferencing—The receiver's ability to accept two simultaneous transmissions 
on the same network while avoiding the beat note or side 
tone that is typically present under normal operation, 
preventing the listeners from understanding either 
transmission. (Source: This term and its definition are 
applicable only in the context of this publication and connot 
be referenced outside this publication) 


Coordinated Universal Time—(DOD) An atomic time scale that is the basis for 
broadcast time signals. Coordinated Universal Time (UTC) 
differs from International Atomic Time by an integral number 
of seconds; it is maintained within 0.9 seconds of UT1 (see 
Universal Time) by introduction of Leap Seconds. The 
rotational orientation of the Earth, specified by UT1, may be 
obtained to an accuracy of a tenth of a second by applying 
the UTC to the increment DUT1 (where DUT1 = UT1-UTC) 
that is broadcast in code with the time signals. Also called 
UTC. See also Universal Time; Zulu Time (JP 1-02) 
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cosite interference—Cosite interference refers to two or more transmitters 
located near each other that cause jamming or degraded 
operations. (Source: This term and its definition are 
applicable only in the context of this publication and connot 
be referenced outside this publication) 


CUE frequency—SC frequency and designated channel used to contact net 
NCS when caller has non-FH radio or has lost contact with 
the FH net; may also be used as normal SC channel. 
(Source: TM 11-5820-890-10-8) 


Defense Switched Network—(DOD) Component of the Defense 
Communications System that handles Department of 
Defense voice, data, and video communications. Also called 
DSN. (JP 1-02. Source: JP 6-0) 


electronic protection—(DOD) Division of electronic warfare involving actions 
taken to protect personnel, facilities, and equipment from 
any effects of friendly or enemy use of the electromagnetic 
spectrum that degrade, neutralize, or destroy friendly combat 
capability. Also called EP. See also electronic attack; 
electronic warfare; electronic warfare support. (JP 1-02. 
Source: JP 3-13.1) 


electronic remote fill (ERF)—Method by which an NCS electronically updates 
FH data of netmembers and transmits sync time for cold 
start net openings. (Source: TM 11-5820-890-10-8) 


electronic warfare—(DOD) Military action involving the use of electromagnetic 
and directed energy to control the electromagnetic spectrum 
or to attack the enemy. Also called EW. See also directed 
energy; electromagnetic spectrum; electronic attack; 
electronic protection; electronic warfare support. (JP 1-02. 
Source: JP 3-13.1) 


G-2—Army Deputy Chief of Staff for Intelligence; Army or Marine Corps 
component intelligence staff officer (Army division or higher 
staff, Marine Corps brigade or higher staff. (JP 1-02) 


G-6—Army or Marine Corps component command, control, communications, and 
computer systems staff officer; assistant chief of staff for 
communications, signal staff officer. (JP 1-02) 


G-7—Army component information operations staff officer; assistant chief of 
staff, information engagement, information operations staff 
officer (ARFOR). (JP 1-02) 


Global Positioning System—(DOD) A satellite-based radio navigation system 
operated by the Department of Defense to provide all 
military, civil, and commercial users with precise positioning, 
navigation, and timing. Also called GPS. (JP 1-02. Source: 
JP 3-14) 
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GPS Zulu time—dZulu time as acquired by the global positioning satellite (GPS) 
receiver. (Source: TM 11-5820-890-10-8) 


hop rate—The rate at which HAVE QUICK radios switch from one frequency of 
the hopset to the next. (Source: This term and its definition 
are applicable only in the context of this publication and 
connot be referenced outside this publication) 


hopping pattern—The specific order in which HAVE QUICK radios switch from 
one frequency of the hopset to the next. (Source: This term 
and its definition are applicable only in the context of this 
publication and connot be referenced outside this 
publication) 


hop sequence—The pattern of frequencies transmitted and received over radios 
in the net hop. The net ID, mission day and time of day 
(TOD) are input to the linear sequence generator. The linear 
sequence generator output and the TRANSEC are input to 
the KGV-10, whose output determines the pattern of hop. 
(Source: This term and its definition are applicable only in 
the context of this publication and connot be referenced 
outside this publication) 


hopset—Frequencies made available for a SINCGARS radio to hop on are 
called a “Hopset.” A typical hopset consists of what remains 
of the total 2320 frequencies after protected frequencies, 
such as commercial television, are removed. Protected 
frequencies are frequently referred to as "Lockouts." In any 
case, except for technical purposes, lockouts are treated as 
an integral part of the hopset. (Source: TM 11-5820-890-10- 
8) 

hot start net opening—Method of opening a FH net in which net operators load 
all required COMSEC, FH data, and sync time from their 
ANCD and merely call the NCS to check into the net. 
(Source: TM 11-5820-890-10-8) 


J-3—operations directorate of a joint staff; operations staff section. (JP 1-02) 


J-6—communications system directorate of a joint staff; command, control, 
communications, and computer systems staff section (JP 1- 
02) 


joint force commander—(DOD) A general term applied to a combatant 
commander, subunified commander, or joint task force 
commander authorized to exercise combatant command 
(command authority) or operational control over a joint force. 
Also called JFC. See also joint force. (JP 1-02. Source: JP 1) 


joint task force—(DOD) A joint force that is constituted and so designated by 
the Secretary of Defense, a combatant commander, a 
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subunified commander, or an existing joint task force 
commander. Also called JTF. (JP 1-02. Source: JP 1) 


Joint Tactical Information Distribution System—A secure anti-jam point-to- 
point information distribution system used by all Services to 
provide the big picture. Also called JTIDS. JTIDS platforms 
can exchange location for friendly, hostile, and neutral plat- 
forms and navigation information. Terminals are flexible and 
can limit the amount of information relayed or received. 
(Source: TM 11-7021-223-10) 


late net entry or late entry—The operator missed the announced net opening 
time and wishes to enter the net now, the operator left the 
net for some reason and now wants to re-enter, or sync time 
in the operator's radio now differs by more than +/- 4 
seconds from that of the net. (Source: TM 11-5820-890-10- 
8) 

loadset—All COMSEC keys, FH data, and sync time required to load all six RT 
channels for frequency hopping, cipher text mode of 
communications. (Source: TM 11-5820-890-10-8) 


lockout set—Data which prevents transmission/reception on particular 
frequencies; used for FH by all RT using the hopset that 
needs the lockout set (may not be needed for some 
hopsets). (Source: TM 11-5820-890-10-1) 


manual channel—SC frequency and designated channel used for transmission 
and receipt of ERFs during cold start net openings; may also 
be used for normal SC channel. (Source: TM 11-5820-890- 
10-8) 

mission day—The date of the operation; corresponds to the Julian date. 
(Source: This term and its definition are applicable only in 
the context of this publication and connot be referenced 
outside this publication) 


mission set—A block of fill data generated from the Air Force KDMS for loading 
into a specific radio to perform a specific mission. (Source: 
This term and its definition are applicable only in the context 
of this publication and connot be referenced outside this 
publication) 


net control station—Also called NCS. Single designated station per net 
requiring use of the FH-M mode position and performance of 
net control tasks; assisted and supported by designated 
alternate NCS stations as warranted by operational 
requirements. (Source: TM 11-5820-890-10-8) 


net number—A number that selects the specific group of frequencies over which 
HAVE QUICK radios will hop. It ensures that users on 
different nets do not hop onto the same frequency at the 
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same time. (Source: This term and its definition are 
applicable only in the context of this publication and connot 
be referenced outside this publication) 


normal mode—The single-channel UHF mode of operation for HAVE QUICK 
radios. (Source: This term and its definition are applicable 
only in the context of this publication and connot be 
referenced outside this publication) 


pseudo-random—A process with an extremely long period before it repeats 
itself. It appears to be random, but is actually seed 
dependent. (Source: This term and its definition are 
applicable only in the context of this publication and connot 
be referenced outside this publication) 


Rivet Joint—(DOD) A defensive counterair mission that defends airborne 
national assets which are so important that the loss of even 
one could seriously impact US warfighting capabilities or 
provide the enemy with significant propaganda value. 
Examples of high value airborne assets are Airborne 
Warning and Control System, Rivet Joint, Joint Surveillance 
and Target Attack Radar System, and Compass Call. Also 
called HVAA protection. See also defensive counterair. 
(Source: JP 3-01) 


Secure DTD2000 System—Hanc-held fill device that is used to download 
cryptographic key, SOI, CEOI, JCEOI, and mission planning 
data to IA equipment and communication systems. The SDS 
downloads, encrypts, and stores red and black material. 
(Source: SecureeComm SDSver 1.5) 


spectrum management—The DOD business area of obtaining, controlling, and 
ensuring the effective and efficient use of electromagnetic 
spectrum through the development of policy, practices, and 
procedures. (Source: JP 6-0) 


standard operating procedure—A set of instructions covering those features of 
operations that lend themselves to a definite or standardized 
procedures without loss of effectiveness. These procedures 
are applicable unless ordered otherwise. Also called SOP. 
(JP 1-02) 

time of day—A signal that synchronizes HAVE QUICK radios to a common time 
base for active mode operation. Also called TOD. (Source: 
This term and its definition are applicable only in the context 
of this publication and connot be referenced outside this 
publication) 


traffic encryption key— A traffic encryption key (TEK) enables the SINCGARS 
radio to operate in a secure, cipher text (CT) mode of 
communications. The TEK is loaded into the SINCGARS RT 
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from an ANCD, or other COMSEC fill device, if desired. 
(Source: TM 11-5820-890-10-8) 


transmission security key—The pattern in which the radio selects frequencies 


to hop on is pseudo-random, as determined by the 
transmission security key (TSK). Depending upon the 
number of frequencies available for hopping and the TSK 
itself, the exact sequence of frequencies used during any 
one second will not be repeated for long periods of time. 
(Source: TM 11-5820-890-10-8) 


Universal Time—(DOD) A measure of time that conforms, within a close 


approximation, to the mean diurnal rotation of the Earth and 
serves as the basis of civil timekeeping. Also called Zulu 
time. (Formerly called Greenwich Mean Time.) (JP 1-02. 
Source: JP 5-0) 


word-of-day—A transmission security (TRANSEC) variable that defines the 


sequence of frequencies, the dwell times, and the hopping 
rates for HAVE QUICK radios in the active mode. Also called 
WOD. (Source: This term and its definition are applicable 
only in the context of this publication and connot be 
referenced outside this publication) 


Zulu time—(DOD) See Universal Time. (Source: JP 1-02) 
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Marine Corps Warfighting Publication (MCWP) 6-22, Communications 
and Information Systems, provides the doctrine and tactics, techniques, 
and procedures for the conduct of communications and information sys- 
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MCRP 6-22C describes— 


Basic radio principles. 

Single-channel radio. 

Equipment sighting and grounding techniques. 
Antennas. 

Interference. 

Radio operations under unusual conditions. 


Electronic warfare. 


MCRP 6-22C provides the requisite information needed by Marine radio 
operators to understand, plan, and execute successful single-channel 
radio operations in support of the MAGTF. 
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Handbook, dated 26 September 1991. 
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Chapter 1 
Radio Principles 


Communications and information systems (CIS) are any systems whose 
primary functions are to collect, process, or exchange information. The 
fundamental requirement is to provide the Marine air-ground task force 
(MAGTF) commander with a reliable, secure, fast, and flexible commu- 
nications network. 


Communications and information systems automate routine functions, 
thereby freeing commanders and staffs to focus on those aspects of com- 
mand and control that require experience, judgment, and intuition. 


These systems and the personnel who install, operate, and maintain them 
play a key role in the command and control of the MAGTF. Communi- 
cations and informations systems support the commander and every staff 
section in every phase of operations planning and execution. 


These systems facilitate information flow throughout the MAGTF and 
provide shared situational awareness, informed decisionmaking, and 
rapid dissemination of decisions. 


The success of the MAGTF in the modern battlespace depends on the 
effective employment of communications and information systems. 
Single-channel radio (SCR) is one of the most important components of 
MAGTF CIS. 


1-2. MCRP 6-22C 


Section I. Theory and Propagation 


BASIC COMPONENTS OF RADIO EQUIPMENT 


The radio equipment for communication between two stations and the 
path the signal follows through the air is called a radio link. A radio link 
consists of seven components: the transmitter, power supply, transmis- 
sion lines, transmitting antenna, propagation path, receiving antenna, 
and receiver (see figure 1-1). 


The transmitter generates a radio signal. The power supply (.e., battery 
or generator) supplies power for the operating voltage of the radio. The 
transmission line delivers the signal from the transmitter to the antenna. 


PROPAGATION 
PATH 


TRANSMITTING RECEIVING 
ANTENNA ANTENNA 


TRANSMISSION 


LINES 


———_p 


POWER 


SUPPLY 


TRANSMITTER RECEIVER 


Figure 1-1. Radio Link. 
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The transmitting antenna sends the radio signal into space toward the 
receiving antenna. The path in space that the radio signal follows as it 
goes to the receiving antenna is the propagation path. The receiving 
antenna intercepts or receives the signal and sends it through a transmis- 
sion line to the receiver. The receiver processes the radio signal so the 
human ear can hear it. 


When transmitting, the radio operator aims to provide the strongest pos- 
sible signal at the site of the receiving station. The best possible signal is 
that signal which will provide the greatest signal-to-noise ratio at the 
receiving antenna. 


To transmit the best possible signal, select or determine the— 


1 Optimum frequency. 

1 Best antenna for that frequency based on the available space of the 
transmitting site. 

1 Proper propagation path. 


RADIO WAVES 


Propagation Velocity (Speed) 


Radio waves travel near the surface of the Earth and radiate skyward at 
various angles to the Earth’s surface. These electromagnetic waves 
travel through space at the speed of light, approximately 300,000 kilo- 
meters (km) or 186,000 miles (mi) per second. 


Wavelength 


Wavelength is the distance between the crest of one wave and the crest 
of the next wave (see figure 1-2 on page 1-4). It can also be the length of 
one complete cycle of the waveform. It is also the distance traveled dur- 
ing one complete cycle. The length of the wave is always measured in 
meters. 
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Figure 1-2. Radio Waves. 
Radio Frequency 


The frequency of a radio wave is the number of complete cycles that 
occur in one second. The longer the cycle, the longer the wavelength and 
the lower the frequency. The shorter the cycle, the shorter the wave- 
length and the higher the frequency. Frequency is measured and stated in 
units called hertz (Hz). One cycle per second is stated as 1 hertz. 
Because the frequency of a radio wave is very high, it is generally mea- 
sured and stated in thousands of hertz (kilohertz [KHz]) or in millions of 
hertz (megahertz [MHz]). One KHz is equal to 1,000 cycles per second, 
and 1 MHz is equal to a million cycles per second. Sometimes frequen- 
cies are expressed in billions of hertz (gigahertz [GHz]). One GHz is 
equal to a billion cycles per second. 


For practical purposes, the velocity of a radio wave is considered to be 
constant, regardless of the frequency or the amplitude of the transmitted 
wave. Therefore, to find the frequency when the wavelength is known, 
divide the velocity by the wavelength. 


Frequency (hertz) _ 300 million (meters per second) 
~ Wavelength (meters) 
To find the wavelength when the frequency is known, divide the velocity 
by the frequency. 


Wavelength (meters) _ 300 million (meters per second) 
7 Frequency (hertz) 
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UV |X-RAY| GAMMA- |COSMIC- 


Figure 1-3. Electromagnetic Spectrum. 


Within the radio frequency spectrum (see figure 1-3), radio frequencies 
are divided into groups or bands of frequencies. The radio frequency 
spectrum is part of the electromagnetic spectrum. Most tactical radio sets 
operate within a 2- to 400-MHz range within the frequency spectrum. 


Each frequency band has certain characteristics. The ranges and power 
requirements shown in table 1-1 are for normal operating conditions 
(proper siting and antenna orientation and correct operating procedures). 
The ranges will change according to the condition of the propagation 
medium and the transmitter output power. 


Table 1-1. Frequency Range Characteristics. 


Ground Wave Sky Wave Power 
Band ; 
Range Range Required 
HF 0-50 miles 100-8000 miles | .5-5 kW 
VHF 0-30 miles 50-150 miles 5 or less 
kW 
UHF 0-50 miles N/A 5 or less 
kW 
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Figure 1-4. Principle Paths of Radio Waves. 


RADIO WAVE PROPAGATION 


There are two principal paths by which radio waves travel from a trans- 
mitter to the receiver (See figure 1-4): ground wave—which travels 
directly from the transmitter to the receiver and sky wave—which trav- 
els up to the ionosphere and is refracted (i.e., bent downward) back to 
the Earth. Short-distance, ultrahigh frequency (UHF), and upper very 
high frequency (VHF) transmissions are by ground waves. Long-dis- 
tance, high frequency (HF) transmission is principally by sky waves. 
Single-channel radio sets can use ground wave or sky wave propagation 
for communications. 


Ground Wave Propagation 


Radio communications which use ground wave propagation do not use 
or depend on waves that are refracted from the ionosphere (i.e., sky 
waves). Ground wave propagation is affected by the electrical character- 
istics of the Earth and by the amount of diffraction (i.e., bending) of the 
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Figure 1-5. Ground Wave Propagation. 


waves along the curvature of the Earth. The strength of the ground wave 
at the receiver depends on the power output and frequency of the trans- 
mitter, the shape and conductivity of Earth along the transmission path, 
and the local weather. The following paragraphs describe the compo- 
nents of a ground wave. See figure 1-5. 


Direct Wave. The direct wave is that part of the radio wave which travels 
directly from the transmitting antenna to the receiving antenna. This part 
of the wave is limited to the line of sight (LOS) distance between the 
transmitting and receiving antennas, plus the small distance added by 
atmospheric refraction and diffraction of the wave around the curvature 
of the Earth. This distance can be extended by increasing the height of 
the transmitting antenna, the receiving antenna, or both. 


Ground Reflected Wave. The ground reflected wave is that portion of the 
radio wave which reaches the receiving antenna after being reflected 
from the surface of the earth. Cancellation of the radio signal can occur 
when the ground reflected component and the direct wave component 
atrive at the receiving antenna at the same time and are 180° out of phase 
with each other. 


Surface Wave. The surface wave, which follows the curvature of the 
Earth, is that part of the ground wave which is affected by the conductiv- 
ity and dielectric constant of the Earth. 
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Figure 1-6. Layers of the lonosphere. 


Sky Wave Propagation 


Radio communications that use sky wave propagation depend on the 
ionosphere to provide the signal path between the transmitting and 
receiving antennas. 


lonospheric Structure. The ionosphere has four layers (see fig. 1-6). In 
order of increasing heights and decreasing molecular densities, these 
layers are labeled D, E, Fl, and F2. During the day, when the rays of the 
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Sun are directed toward that portion of the atmosphere, all four layers 
may be present. At night, the Fl and F2 layers seem to merge into a sin- 
gle F layer, and the D and E layers fade out. The actual number of layers, 
their height above the Earth, and their relative intensity of ionization var- 
ies constantly. The following are layers of the ionosphere: 


1 D—exists only during daylight hours and has little effect in bending 
the paths of high frequency radio waves. The main effect of the D 
layer is to attenuate high frequency waves when the transmission path 
is in sunlit regions. 


| E—used during the day for high frequency radio transmission over 
intermediate distances (less than 2,400 km [1,500 miJ). At night, the 
intensity of the E layer decreases, and it becomes useless for radio 
transmission. 


| F—exists at heights up to 380 kilometers (240 mi) above the Earth 
and is ionized all the time. It has two well-defined layers (F1 and F2) 
during the day, and one layer (i.e., F) during the night. At night, the F 
layer remains at a height of about 260 kilometers (170 mi) and is use- 
ful for long-range radio communications (over 2,400 km [1,500 mi]). 
The F2 layer is the most useful of all layers for long-range radio com- 
munications, even though its degree of ionization varies appreciably 
from day to day. 


Factors Affecting the lonosphere. The movements of the Earth around 
the Sun and changes in the Sun’s activity contribute to ionospheric vari- 
ations. There are two main classes of variations: regular, which is pre- 
dictable; and irregular, which occurs from abnormal behavior of the Sun. 


Regular Variations of the lonosphere. The regular variations are— 


1 Daily—caused by the rotation of the Earth. 
1 Seasonal—caused by the north and south progression of the Sun. 
| 27-day—caused by the rotation of the Sun on its axis. 


1 1l-year—caused by the sunspot activity cycle going from maximum 
to minimum, back to maximum levels of intensity. 
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Irregular Variations of the lonosphere. The current status of the four reg- 
ular variations must be anticipated when planning a communications 
system. There are also unpredictable, irregular variations that must be 
considered. They have a degrading effect (at times blocking communica- 
tions) which cannot be controlled or compensated for at present. Some 
irregular variations are— 


1 Sporadic E. When it is excessively ionized, the E layer often blocks 
out the reflections back from the higher layers. It can also cause unex- 
pected propagation of signals hundreds of miles beyond the normal 
range. This effect can occur at any time. 


1 Sudden ionospheric disturbance (SID). A sudden ionospheric distur- 
bance coincides with a bright solar eruption and causes abnormal ion- 
ization of the D layer. This effect causes total absorption of all 
frequencies above approximately 1 MHz. It can occur without warn- 
ing during daylight hours and last from a few minutes to several 
hours. When SID occurs, receivers seem to go dead. 


1 Ionospheric storms. During these storms, sky wave reception above 
approximately 1.5 MHz shows low intensity and is subject to a type 
of rapid blasting and fading called “flutter fading.” These storms may 
last from several hours to days and usually extend over the entire 
Earth. 


Sunspots. Sunspots generate bursts of radiation that cause high levels of 
ionization. The more sunspots, the greater the ionization. During periods 
of low sunspot activity, frequencies above 20 MHz tend to be unusable 
because the E and F layers are too weakly ionized to reflect signals back 
to earth. At the peak of the sunspot cycle, however, it is not unusual to 
have worldwide propagation on frequencies above 30 MHz. 


Frequency Characteristics in the lonosphere. The range of long-distance 
radio transmission is determined primarily by the ionization density of 
each layer. The higher the frequency, the greater the ionization density 
required to reflect radio waves back to Earth. The upper (i.e., E and F) 
layers reflect the higher frequencies because they are the most highly 
ionized. The D layer, which is the least ionized, does not reflect frequen- 
cies above approximately 500 KHz. Thus, at any given time and for each 
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ionized layer, there is an upper frequency limit at which radio waves sent 
vertically upward are reflected back to Earth. This limit is called the crit- 
ical frequency. 


Radio waves directed vertically at frequencies higher than the critical 
frequency pass through the ionized layer out into space. All radio waves 
directed vertically into the ionosphere at frequencies lower than the crit- 
ical frequency are reflected back to Earth. Radio waves used in commu- 
nications are generally directed towards the ionosphere at some oblique 
angle, called the angle of incidence. Radio waves at frequencies above 
the critical frequency will be reflected back to Earth if transmitted at 
angles of incidence smaller than a certain angle, called the critical angle. 
At the critical angle and all angles larger than the critical angle the radio 
waves will pass through the ionosphere if the frequency is higher than 
the critical frequency. When the angle of transmission becomes smaller, 
the radio waves will be reflected back to Earth. 


Transmission Paths. The distance from the transmitting antenna to the 
place where the sky waves first return to Earth is called the skip distance. 
The skip distance is dependent on the angle of incidence, the operating 
frequency, and the height and density of the ionosphere. The antenna 
height, in relation to the operating frequency, affects the angle that trans- 
mitted radio waves strike and penetrate the ionosphere and then return to 
Earth. This angle of incidence can be controlled to obtain the desired 
area of coverage. Lowering the antenna will increase the angle of trans- 
mission and provide broad and even signal patterns in a large area. The 
use of near-vertical transmission paths is known as near-vertical inci- 
dence sky wave (NVIS). Raising the antenna will lower the angle of 
incidence. Lowering the angle of incidence can produce a skip zone in 
which no usable signal can be received. This area is bounded by the 
outer edge of usable ground wave propagation and the point nearest the 
antenna at which the sky wave returns to Earth. In most communications 
situations, the skip zone is not a desirable condition. However, low 
angles of incidence make long-distance communications possible. 


When a transmitted wave is reflected back to the surface of the Earth, 
part of its energy is absorbed by the Earth. The remainder of its energy is 
reflected back into the ionosphere to be reflected back again. This means 
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of transmission—by alternately reflecting the radio wave between the 
ionosphere and the Earth—is called hops, and it enables radio waves to 
be received at great distances from the point of origin. 


Maximum Usable and Lowest Usable Frequencies. There is a maximum 
frequency at which a radio wave will return to Earth at a given distance 
when a given ionized layer and a transmitting antenna with a fixed angle 
of radiation is used. This frequency is called the maximum usable fre- 
quency (MUF). It is the monthly median of the daily highest frequency 
that is predicted for sky wave transmission over a particular path at a 
particular hour of the day. The MUF is always higher than the critical 
frequency because the angle of incidence is less than 90°. If the distance 
between the transmitter and the receiver is increased, the maximum 
usable frequency will also increase. Radio waves lose some of their 
energy through absorption by the D layer and the portion of the E layer 
of the ionosphere at certain transmission frequencies. 


The total absorption is less and communications are more satisfactory as 
higher frequencies are used up to the level of the MUF. The absorption 
rate is greatest for frequencies ranging from approximately 500 KHz to 2 
MHz during the day. At night, the absorption rate decreases for all fre- 
quencies. As the frequency of transmission over any sky wave path is 
decreased from high to low frequencies, a frequency will be reached at 
which the received signal just overrides the level of atmospheric and 
other radio noise interference. This is called the lowest useful frequency 
(LUF) because frequencies lower than the LUF are too weak for useful 
communications. The LUF also depends on the power output of the 
transmitter as well as the transmission distance. When the LUF is greater 
than the MUF, no sky wave transmission is possible. 
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Section Il. Modulation and Single Side Band 
Transmission 


Radio communications equipment is used primarily to transmit voice 
and data. Although sound can be converted to audio frequency electrical 
energy, it is not practical to transmit it in this energy form through the 
Earth’s atmosphere by electromagnetic radiation. For example, efficient 
transmission of a 20-hertz audio signal would require an antenna almost 
8,000 kilometers (5,000 mi) long. This would not apply when radio fre- 
quency electrical energy is used to carry the intelligence. When radio 
frequency electrical energy is used, great distances can be covered; effi- 
cient antennas for radio frequencies are of practical lengths; and antenna 
power losses are at reasonable levels. 


The frequency of the radio wave affects its propagation characteristics. 
In the low frequency band (.03 to.3 MHz), the ground wave is very use- 
ful for communications over great distances. The ground wave signals 
are quite stable and show little seasonal variation. In the medium fre- 
quency band (.3 to 3.0 MHz), the range of the ground wave varies from 
about 24 kilometers (15 mi) at 3 MHz, to about 640 kilometers (400 mi) 
at the lowest frequencies of this band. Sky wave reception is possible 
during the day or night at any of the lower frequencies in this band. At 
night, the sky wave is receivable at distances up to 12,870 kilometers 
(8,000 mi). In the high frequency band (3 to 30 MHz), the range of the 
ground wave decreases as frequency increases, and the sky waves are 
greatly influenced by ionospheric considerations. 


In the very high frequency band (30 to 300 MHz), there is no usable 
ground wave and only slight refraction of sky waves by the ionosphere 
at the lower frequencies. The direct wave provides communications if 
the transmitting and receiving antennas are elevated high enough above 
the surface of the Earth. 


In the ultrahigh frequency band (300 to 3,000 MHz), the direct wave 
must be used for all transmissions. Communications are limited to a 
short distance beyond the horizon. Lack of static and fading in these 
bands makes line of sight reception very satisfactory. Antennas that are 
highly directional can be used to concentrate the beam of radio fre- 
quency (RF) energy, thus, increasing the signal intensity. 


1-14 ——_£_—________________________—_ MCRP 6-22C 


MODULATION 


Both amplitude modulation (AM) and frequency modulation (FM) trans- 
mitters produce RF carriers. The carrier is a wave of constant amplitude, 
frequency, and phase which can be modulated by changing its ampli- 
tude, frequency, or phase. Thus, the RF carrier “carries” intelligence by 
being modulated. Modulation is the process of superimposing intelli- 
gence (voice or coded signals) on the carrier. 


Amplitude Modulation 


Amplitude modulation is the variation of the RF power output of a trans- 
mitter at an audio rate. In other words, the RF energy increases and 
decreases in power according to the audio frequencies superimposed on 
the carrier signal. 


When audio frequency signals are superimposed on the radio frequency 
carrier signal, additional RF signals are generated. These additional fre- 
quencies are equal to the sum of, and the difference between the audio 
frequencies and the radio frequency used. For example, assume a 500- 
KHz carrier is modulated by a 1-KHz audio tone. Two new frequencies 
are developed, one at 501 KHz (the sum of 500 KHz and 1 KHz) and the 
other at 499 KHz (the difference between 500 KHz and 1 KHz). If a 
complex audio signal is used instead of a single tone, two new frequen- 
cies will be set up for each of the audio frequencies involved. The new 
frequencies resulting from superimposing an audio frequency (AF) sig- 
nal on an RF signal are called side bands. 


When the RF carrier is modulated by complex tones such as speech, 
each separate frequency component of the modulating signal produces 
its own upper and lower side band frequencies. The side band that con- 
tains the sum of the RF and AF signals is called the upper side band. The 
side band that contains the difference between the RF and AF signals is 
called the lower side band. 


The space occupied by a carrier and its associated side bands in 
the radio frequency spectrum is called a channel. In amplitude modula- 
tion, the width of the channel (bandwidth) is equal to twice the highest 


Radio Operator’s Handbook ———————————————_ 1-15 


modulating frequency. For example, if a 5,000 KHz (5 MHz) carrier is 
modulated by a band of frequencies ranging from 200 to 5,000 cycles (.2 
to 5 KHz), the upper side band extends from 5,000.2 to 5,005 KHz. The 
lower side band extends from 4,999.8 KHz to 4,995 KHz. Thus, the 
bandwidth is the difference between 5,005 KHz and 4,995 KHz, a total 
of 10 KHz. 


Frequency Modulation 


Frequency modulation is the process of varying the frequency (rather 
than the amplitude) of the carrier signal in accordance with the varia- 
tions of the modulating signals. The amplitude or power of the FM car- 
rier does not vary during modulation. 


The frequency of the carrier signal when it is not modulated is called the 
center or rest frequency. When a modulating signal is applied to the 
carrier, the carrier signal will move up and down in frequency, away 
from the center or rest frequency. 


The amplitude of the modulating signal determines how far away from 
the center frequency the carrier will move. This movement of the carrier 
is called deviation; how far the carrier moves is called the amount of 
deviation. During reception of the FM signal, the amount of deviation 
determines the loudness or volume of the signal. 


The FM signal leaving the transmitting antenna is constant in amplitude 
but varies in frequency according to the audio signal. As the signal trav- 
els to the receiving antenna, it picks up natural and man-made electrical 
noises that cause amplitude variations in the signal. All of these undesir- 
able amplitude variations are amplified as the signal passes through suc- 
cessive stages of the receiver until the signal reaches a part of the 
receiver called the limiter. The limiter is unique to FM receivers as is the 
discriminator. 


The limiter eliminates the amplitude variations in the signal, then passes 
it on to the discriminator which is sensitive to variations in the frequency 
of the RF wave. The resultant constant amplitude, frequency-modulated 
signal is then processed by the discriminator circuit which changes the 
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frequency variations into corresponding voltage amplitude variations. 
These voltage variations reproduce the original modulating signal in a 
headset, loudspeaker, or teletypewriter. Frequency modulation is gener- 
ally used by radiotelephone transmitters operating in the VHF and 
higher frequency bands. 


SINGLE SIDE BAND TRANSMISSION 


The intelligence of an AM signal is contained solely in the side bands. 
Each side band contains all the intelligence needed for communications. 
Therefore, one side band and the carrier signal can be eliminated. This is 
the principle on which single side band (SSB) communications is based. 
Although both side bands are generated within the modulation circuitry 
of the SSB radio set, the carrier and one side band are removed before 
any signal is transmitted. 


The side band that is higher in frequency than the carrier is called the 
upper side band (USB). The side band that is lower in frequency than the 
carrier is called the lower side band (LSB). Either side band can be used 
for communications as long as both the transmitter and the receiver are 
adjusted to the same side band. Most SSB equipment operates in the 
USB mode. The transmission of only one side band leaves open that por- 
tion of the RF spectrum normally occupied by the other side band of an 
AM signal. This allows more emitters to be used within a given fre- 
quency range. 


Single side band transmission is used in applications when it is desired 
to— 


1 Obtain greater reliability. 

1 Limit size and weight of equipment. 

| Increase effective output without increasing antenna voltage. 

1 Operate a large number of radio sets without heterodyne interference 
(e.g., whistles and squeals) from radio frequency carriers. 

1 Operate over long ranges without loss of intelligibility because of 
selective fading. 


Chapter 2 
Single-Channel Radio 


SINGLE-CHANNEL RADIO COMMUNICATIONS 
EQUIPMENT 


Single-channel radio is the principal means of communications support 
for MAGTF maneuver units. SCR communications equipment is easy to 
operate. The networks are easily established, rapidly reconfigured, and, 
most importantly, easily maintained on the move. SCR provides secure 
voice communications and supports limited data information exchange. 
SCR in the VHF and UHF bands is normally limited to line of sight. In 
the HF band, SCR can support long-range communications. SCR satel- 
lite communications (SATCOM) provides mobility, flexibility, and ease 
of operation with unlimited range. Limitations of SCR include suscepti- 
bility to enemy electronic warfare (i.e., cosite, terrain, and atmospheric 
interference); the requirement for close coordination and detailed plan- 
ning (i.e., a need for common timing, frequency, and equipment); and 
limited spectrum availability. The latter is particularly critical in the case 
of SATCOM. 


MAGTF SCR equipment is fielded in many configurations and includes 
hand-held, manpack, vehicle-mounted, bench-mounted, and sheltered 
radios. These radios operate in simplex and half-duplex modes. The 
most widely employed tactical radios provide integrated communica- 
tions security (COMSEC) and jam resistance through frequency hop- 
ping. Tactical SCRs operate in the three military radio frequency bands 
shown in Table 2-1 on page 1-2. 


Table 2-1. SCR Equipment. 


MCRP 6-22C 


Frequency MAGTF SCR Sperating Typical 
Band Equipment Used prequency, Application 
Range 
HF AN/PRC-104 2-29.999 MHz | Radio line of 
AN/GRC-193 sight and 
AN/MRC-138 beyond/long 
AN/TSC-120 range 
VHF AN/VRC-12 family: | 30-88 MHz Radio line of 
AN/PRC-68 sight and 
AN/PRC-77 relay/retrans- 
SINCGARS family: mission 
AN/PRC-119 
AN/VRC-88 (A, D) 
AN/VRC-89 (A, D) 
AN/VRC-90 (A, D) 
AN/VRC-91 (A, D) 
AN/VRC-92 (A, D) 
AN/GRC-213 
AN/MRC-145 
AN/PRC-113 116-150 MHz | Critical line of 
AN/VRC-83 sight (ground 
to air) 
UHF AN/PRC-113 225-400 MHz | Critical line of 
AN/VRC-83 sight (ground 
AN/GRC-171 to air) 
AN/PSC-3 SATCOM 
AN/PSC-5 footprint 


HIGH FREQUENCY RADIO 


HF radio equipment is capable of both long- and short-range secure 
voice and data communications. Data communications capability is typi- 
cally limited to rates of 2.4 kilobits per second (kbps). Data transmission 
requires modems specifically designed for operation in this band of the 
radio spectrum. The AN/PRC-104 is capable of remote operation by 
using the analog AN/GRA-39B radio remote control. See fig. 2-1. 
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Figure 2-1. AN/PRC-104 HF Radio. 


High frequency communications are capable of traveling around the 
world under the right conditions. This accounts for the large number of 
signals and noise in the receiver (e.g., thunderstorms). Conversely, the 
HF transmission may be intercepted and traced by the enemy who is 
many hundreds of miles away. VHF and UHF communications are nor- 
mally limited to line of sight; therefore, their range is restricted. UHF 
transmissions may also be used in satellite communications, increasing 
ranges to thousands of miles. 


High Frequency Radio Employment Considerations. 


The primary advantage of using HF radio is its capability to provide 
long-range, over the horizon (OTH) communication. Successful data 
communications over the HF range depends on several factors: equip- 
ment siting, proper equipment grounding, types of antennas used, and 
other considerations such as tactical employment of radio equipment, 
path assessment and analysis, and frequency planning and assignment. 
When commercial data terminal equipment (DTE) is used, users 
employing HF radio equipment need to be aware of radio interference 
and potential shock hazards that can easily affect unprotected DTE. 
Whenever possible, HF radio equipment should be remoted from DTE. 
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High Frequency Radio Environmental Limitations 


The primary limiting factors when using HF radios are frequency alloca- 
tion and management and bandwidth availability. Frequency allocation 
and management is concerned with frequency, time of day, time of year, 
and location. The ability to reflect HF radio waves off the ionosphere to 
a distant location is in a constant state of flux because of activity in the 
ionosphere. The Sun’s radiation causes disturbances in the ionosphere, 
with most changes taking place in what is known as the F layer (see 
chapter | for more details). Sunrise and sunset can be the most difficult 
times for HF communications. The F layer splits into two separate layers 
around sunrise and recombines into one layer around sunset. These splits 
affect transmission distances as the area “skipped over” increases and 
decreases. At times, solar storms can eliminate all HF communications. 
HF transmission paths must be constantly monitored to achieve a 
dependable HF link. HF radio data communications capabilities are lim- 
ited by the bandwidth that is imposed by legal constraints and the phys- 
ics of the spectrum. The bandwidth available in the HF spectrum limits 
the channel bandwidth, which limits data throughput. 


High Frequency Propagation 


There are two modes of propagation in HF: ground wave and sky wave. 
See figure 2-2. 


Ground Wave. Ground wave propagation involves the transmission of a 
signal along the surface of the ground. The maximum ground wave 
range for most tactical HF communications is about 20 to 30 kilometers 
(12 to 22 miles) for manpack equipment and 80 to 100 kilometers for 
high-power vehicular and van equipment. The range may be decreased 
by heavy vegetation (e.g., Camp Lejeune), mountainous terrain (e.g., 
Camp Pendleton), or dry desert soil (e.g., Twenty-nine Palms). A ground 
wave circuit will generally be free of fading and may last for the entire 
24-hour period without the need to change frequencies. 
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Figure 2-2. HF Propagation. 


Sky Wave. Beyond this range, it is necessary to communicate by sky 
wave. Sky wave propagation involves the bending of the signal by the 
ionosphere. Frequencies are very important, as those above a certain 
value will not bend back to earth but will punch through the ionosphere 
into outer space. On the other hand, lower frequencies are noisier and 
become absorbed by the ionosphere. The reflective nature of the iono- 
sphere will change when sunlight hits it each day. As a result, at least 
two frequencies are usually required during a 24-hour period: a low, 
night frequency and a higher, day frequency. 


Skip Zone 


A skip zone is where no signals will be received from a particular trans- 
mitter for a particular frequency. Skip zones are formed when the nearest 
point at which a sky wave is received is beyond the furthest point 
at which a ground wave is received. By using an antenna with a high 
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radiation take-off angle (i.e., the angle measured from the Earth’s sur- 
face to horizon up to the direction of propagation towards the iono- 
sphere), HF radio waves can be bounced off the ionosphere and come 
back to earth closer than they can with more commonly used antennas. 
This can cause the skip zone to disappear if the waves do not punch 
through. 


The use of high radiation take-off angles is called near-vertical incident 
sky wave (NVIS) communications. The limit of the effective range of 
NVIS communications is usually about 300 miles. NVIS communica- 
tions require a horizontally polarized antenna and are done over frequen- 
cies between 2 and 12 MHz. Launch angles can be changed by altering 
the antenna’s height above ground, but for most tactical applications 
one-quarter wavelength above ground is sufficient. NVIS communica- 
tions are particularly useful because they can be transmitted from mov- 
ing vehicles. Used correctly, NVIS provides reliable, continuous 
communications beyond the range of HF ground wave and VHF and 
UHF line of sight. Multipath interference occurs when both the sky wave 
and the ground wave signals from the transmitter arrive at different 
times at the receiver. See figure 2-3. More detailed information on HF 
propagation and antennas may be found in MCRP 6-22D, Antenna 
Handbook. 


VERY HIGH FREQUENCY RADIO 


The primary MAGTF VHF radio is the single-channel ground and air- 
borne radio system (SINCGARS). SINCGARS is a family of light- 
weight combat radios that serves as the primary means of 
communications for command and control and fire support on the battle- 
field. SINCGARS is the standard VHF-FM tactical radio for the Marine 
Corps, replacing the AN/PRC-77 and the AN/VRC-12 family. The sys- 
tem provides high security against threat electronic warfare (EW) by 
using frequency hopping with integrated COMSEC. It is capable of 
voice and data transmission (up to 16 kbps under optimum conditions 
and over limited distances) over the VHF-FM frequency range of 30 to 
87.975 MHz. See MCRP 6-22A, Talk IT SINCGARS Multiservice Com- 
munications Procedures for the Single-Channel Ground and Airborne 
Radio System, for more details. 
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Figure 2-3. Multipath Interference. 


There are seven different SINCGARS configurations available, depend- 
ing on the requirements of the user. These configurations include the 
manpack AN/PRC-119 (see figure 2-4 on page 2-8), typically used in 
infantry operations, and vehicle-mounted variants. The radio provides 
voice communications ranges of up to 8 km for the manpack and 35 km 
for vehicular configurations. SINCGARS is capable of remote operation 
by using the analog AN/GRA-39B radio remote control, the digital 
HYX-57 wire-line ADAPTER, or the digital C-11561 (C)/U remote con- 
trol unit (RCU). 


The SINCGARS radio has undergone a systems improvement program 
(SIP). This radio is referred to as the SINCGARS SIP. The primary 
improvements relate to the data transmission capabilities of the system. 
A forward error correction appliqué was implemented in the receiver 
and/or transmitter, and a new packet data mode was created to better 
support packet networks. In addition, an improved channel access proto- 
col was added, which optimizes data throughput performance while min- 
imizing impact on voice communications on the same SINCGARS 
channel. 
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Figure 2-4. AN/PRC-119 SINCGARS Radio. 


THE SINCGARS SIP radio is also available in a downsized version— 
the result of an advanced systems improvement program (ASIP). This 
radio is referred to as the SINCGARS ASIP. This radio will retain all the 
functionality of the full-size SIP radio but is half the size. It weighs 7.6 
pounds (including the battery). The radio is interchangeable with previ- 
ous SINCGARS versions, including the capability to be mounted in 
older vehicular adapter assemblies. A new feature of the SINCGARS 
ASIP provides a retransmission capability while operating in the packet 
data mode and will also employ a new, fast-channel access protocol for 
improved operations in shared voice or data nets. 


The AN/ARC-210 multipurpose radio supports single-channel air-to-air, 
air-to-ground, and ground-to-air communications in tactical Navy and 
Marine Corps fixed- and rotary wing aircraft. It can transmit and receive 
VHF-FM, VHF-AM, and UHF signals. It is compatible with SINC- 
GARS, HAVE QUICK, and HAVE QUICK II frequency hopping UHF 
radios, and it can accept 25 preset, single-channel frequencies. The AN/ 
ARC-210 requires a TSEC/KY-58 encryption device to encrypt trans- 
missions and decrypt received signals. 
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Hand-Held Very High Frequency Radios 


Radio operators may have the opportunity to use various commercial 
off-the-shelf (COTS) VHF radios in the Fleet Marine Force (FMF). All 
of these radios have been open-purchased by the user units and are not 
part of the official Marine Corps table of equipment. Therefore, they 
have not been assigned a table of authorization material control number 
(TAMCN). 


These hand-held radios are typically small, lightweight, battery-powered 
equipment which provides clear (and in some cases secure) voice com- 
munications on up to 100 different channels. Some models come with 
headsets and microphones. Hand-held radios are mostly used at the 
infantry-squad level or in maritime prepositioning force (MPF) offloads. 


Very High Frequency Radio Employment Considerations 


Operator maintenance of the radio equipment, antennas, cable assem- 
blies, and equipment grounding as well as proper planning and selection 
are essential to reliable communications. Frequency separation, radio 
antenna separation, remote rekeying when using COMSEC, and power 
output are significant employment factors. SINCGARS may be limited 
to the single-channel mode when operating with some Navy ships. When 
SINCGARS is employed in the frequency hopping mode, the following 
operating factors need to be taken into account: hopset (1.e., frequency 
segment allocation), net sych time and mission date, antenna placement 
(cosite interference is more of a concern than in the single-channel oper- 
ating mode), and power setting. SINCGARS radios configured for dif- 
ferent hopsets that dial into the same numbered net will not be able to 
communicate. MCRP 6-22A provides detailed information on the 
employment of SINCGARS. 


VHF SCR is the primary communications system for combat and com- 
bat support units while on the move. The predominant mode of operation 
is secure voice. However, use of VHF radio for data communications 
will increase with the fielding of tactical information systems at the bat- 
talion level and below. Small, hand-held VHF radios are used at the 
small-unit level in the MAGTF. These radios are often commercial items 
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that lack compatibility with SINCGARS and do not have integrated 
COMSEC. Their use should be governed accordingly. 


Very High Frequency Radio Environmental Limitations 


The primary limiting factors when using VHF radios are range and fre- 
quency availability. VHF radios can provide reliable communications 
for ranges of up to 10 miles, depending on the equipment operating con- 
straints and the operating environment. Unit location must be considered 
when employing radios that operate in the VHF spectrum. Most circuits 
are limited to radio line of sight, known as four-thirds earth curvature. 
VHF radio signals essentially follow the curvature of the earth to a dis- 
tance that is approximately one-third greater than the distance to the 
horizon. Foliage interferes with VHF signals and may reduce normal 
operating ranges to significantly less than 10 miles. 


Very High Frequency Propagation 


Radios in the SINCGARS family are the principal VHF transceivers 
used by the Marine Corps. The mode of communications used in this 
range is frequently referred to as frequency modulation. VHF will 
extend slightly beyond line of sight due to diffraction or bending of the 
signal by the atmosphere (see fig. 2-5). At frequencies in the 30-MHz 
range, VHF will often act like HF ground wave. The range of reliable 
communications is generally no more than 15 to 20 kilometers (9.3 to 
12.4 mi) under normal field conditions for manpack equipment. Vehicle- 
mounted equipment may communicate farther because of higher trans- 
mitter power and better antennas. 


oireRACTION wee 
ANGLE --~ 
a. DIFFR 
Nee wave 9 
E 
Tega RECENINGT 
ANTENNA ANTENNA 


Figure 2-5. VHF Diffraction. 
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VHF LOS can also be plagued by multipath interference when the direct 
ray and a reflected ray traveling over a slightly longer path combine at 
the receiver antenna so that they periodically cancel or reinforce each 
other (see fig. 2-6). The signal fades in and out over a period of time as a 
result. Fading is not as great a problem with immobile equipment 
because corrective action can be taken, but fading can cause significant 
problems when one or more of the units are mobile. 
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Figure 2-6. VHF LOS. 


ULTRAHIGH FREQUENCY RADIO 


Military UHF radio equipment operates in the 116 to 150 MHz upper- 
VHF frequency range and the 225 to 400 MHz military UHF radio spec- 
trum. MAGTF UHF radio sets such as the AN/PRC-113 (see figure 2-7 
on page 2-12) are capable of data communications at 16 kbps under opti- 
mal conditions. MAGTF ground and airborne UHF radios incorporate 
the HAVE QUICK Electronic Counter-Counter Measures capability and 
operate in single-channel and frequency hopping modes. The HAVE 
QUICK UHF radio is capable of remote operation by using the AN/ 
GRA-39B or HYX-57. 


Ultrahigh Frequency Radio Employment Considerations 


UHF radios are used for forward air control (FAC) ground-to-air com- 
munication. Line of sight between radios is critical for reliable commu- 
nications. Significant range differences are encountered between UHF 
radios employed for ground-to-air and ground-to-ground communica- 
tions. Greater range is achieved when employed from ground-to-air 
because of the increased line of sight. When UHF radios are employed in 
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Figure 2-7. AN/PRC-113. UHF Radio. 


the frequency hopping mode, the following operating factors must be 
understood for proper operation: hopset, time of day, antenna placement, 
and power setting. 


Ultrahigh Frequency Radio Environmental Limitations 


The primary limiting factor when using UHF radios is range (i.e., critical 
line of sight). Critical line of sight can be described as “what you see is 
what you get.” As long as the radio’s antenna has optical line of sight to 
another radio’s antenna, the two will be able to transmit and receive. For 
this reason, UHF radios are used primarily in air-to-ground communica- 
tions. 
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Ultrahigh Frequency-Tactical Satellite 


The AN/PSC-5 is a portable, battery-operated, half-duplex UHF trans- 
ceiver. It is employed for long-range communications. It weighs approx- 
imately 14 pounds including antenna and batteries. The AN/PSC-5 
provides two-way voice and data communications by satellite. It oper- 
ates on the UHF frequency band of 225- to 400-MHz range. It provides 
2,400 to 16,000-bits per second (bps) data rate, depending on mode set- 
ting. Only one operator is required to operate it. The United States 
Marine Corps UHF tactical SATCOM system supports and augments 
the high precedence command and control and common-user, single- 
channel requirements of a Marine air-ground task force and its major 
subordinate headquarters. 


The space segments used by the AN/PSC-5 are the Fleet Satellite Com- 
munications, leased satellite communications, and UHF follow-on satel- 
lites. All the satellites are located in geosynchronous orbits and permit 
interconnections among mobile, ground terminals. The one-way distance 
to servicing satellites is approximately 25,000 miles, resulting in a 
round-trip propagation delay of approximately one-quarter of a second. 
The shape of the satellite footprints is roughly circular but elongated 
from north to south. This is caused by the angle at which the signal hits 
the Earth’s surface and by the curvature of the Earth’s surface. 


Multiple-access schemes can operate either with fixed-channel assign- 
ments to the various users or with channels being assigned in varying 
fashion according to demand. The latter is called demand assigned mul- 
tiple access (DAMA). With demand assignment, the user makes a chan- 
nel request, and a channel is allocated after a brief time lag. The DAMA 
scheme of operation is employed on UHF-tactical satellite (TACSAT) to 
share available channels more efficiently. The radio systems are compat- 
ible with the KY-57 (wideband mode only), the KY-99 and ANDVT 
(narrowband mode only), and the KG-84C (wideband or narrowband) 
COMSEC equipment. This radio equipment is also capable of remote 
operations by using the AN/GRA-39B (narrowband mode) or HY X-57 
(wide-band mode). 
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Figure 2-8. AN/PSC-5 UHF TACSAT Radio. 


TACSAT Radio Employment Considerations. Because of TACSAT’s lim- 
ited availability, the MAGTF employs TACSAT primarily to support 
critical, long-range communications requirements (e.g., communications 
support for deep reconnaissance operations or connectivity to the tactical 
echelon of a MEU[SOC] when deployed ashore). The AN/PSC-S is the 
primary DAMA-capable, TACSAT radio available to the MAGTF (see 
fig. 2-8). TACSAT limitations include the competition for available fre- 
quency resources and channel time on the satellite. If only narrow band 
channels are available, channel-data rates are limited to 2,400 bps. Chan- 
nel congestion, noise, and network saturation will affect the information 
flow on satellite channels and will require a significant reduction in the 
data transmission rates to sustain data communications. Transmit power 
selection can be critical. Increasing the transmit power can decrease net 
effectiveness. Larger directional antennas provide increased signal gain, 
which increases the transmitted signal power. Antennas for these sys- 
tems are lightweight and fragile and, therefore, require constant mainte- 
nance and inspection for proper operation. Satellites are shared 
resources. Exact frequency, bandwidth, and power of every carrier trans- 
mitted through the satellite is strictly controlled by a higher authority. 


TACSAT Radio Environmental Limitations. The primary environmental 
limitations on TACSAT radios are signal propagation delay, location on 
the Earth, terrain masking, and weather effects. Timing between DTE 
can be a critical factor in SATCOM because the satellite, acting 
as a relay between radios, is about 25,000 miles away. There is 
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approximately a one-fourth second propagation delay between sending 
and receiving stations. This delay can interfere with systems that auto- 
matically retransmit if an acknowledgment is not received after a very 
short time-out period. As unit location changes, the “look angle” (i.e., 
angle above the horizon) to the satellite can affect net reliability. The 
orbit of a satellite allows it to cover a certain footprint on the earth. Sat- 
ellites in equatorial orbit can cover large portions of the Earth, both north 
and south of the equator, but as the user moves closer to the Earth’s 
poles, the TACSAT terminal may exceed the satellite footprint. This will 
cause intermittent or lost communications. Terrain can also have this 
effect by interfering with the satellite and TACSAT terminal line of 
sight. Thunderstorms, heavy snowstorms, and hail also affect satellite 
transmissions by damaging antennas and changing the electromagnetic 
environment. 


Ultrahigh Frequency Propagation 


UHF frequency propagation is used for ground-to-air, air-to-air, satellite, 
and tactical multi-channel communications. Communications are limited 
to LOS but may extend for more than 500 kilometers as long as the air- 
craft is high enough to be within LOS (see fig. 2-9). It is even possible 
for UHF communications ranges to a satellite to be more than 35,000 
kilometers. 
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Figure 2-9. UHF LOS. 


DATA COMMUNICATIONS 


SCR can also transmit and receive data by using terminal devices such 
as the digital message system (DMS)—previously called and more com- 
monly known as the digital communications terminal (DCT)—and the 
tactical communications interface module (TCIM). The DCT, data 
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automated communications terminal (DACT), and the TCIM are critical 
in enabling data communications at the tactical level over SCRs. 


Digital Message System-AN/PSC-2 


The DMS-AN/PSC-2 is a hand-held communications device that can be 
operated with either a standard military radio or telephone field wire 
equipment. The DMS is used to compose, edit, display, transmit, and 
receive information. By menu selection, formatted text, free text, and 
digitized map messages are transmitted over tactical communications 
equipment. DMS is being used directly for air support, fire support 
coordination, reconnaissance, medical evacuation, and other functions. 
DMS uses a burst transmission capability which reduces the vulnerabil- 
ity to enemy radio direction finding and jamming. 


Data Automated Communications Terminal 


The DACT is a small, tactical computer and communications terminal 
which gives users the capability to receive, process, and transmit various 
messages, to include text and symbology, used by tactical data systems. 
The DACT will effectively replace the DCT when it achieves full opera- 
tional capability in FY 03, and it will provide much greater functionality 
below battalion levels. This will include an embedded global positioning 
system (GPS) receiver, the ability to share a common picture of the bat- 
tlespace, automated data exchange, and MAGTF command, control, 
communications, computers, and intelligence (C4I) network connectiv- 
ity. The DACT will be transportable by foot-mobile Marines and 
mounted in tactical or armored vehicles. 


Tactical Communications Interface Module 


The TCIM provides the communications link between the tactical com- 
puters of the communications and information systems within the 
MAGTF and the local and wide area networks, switched backbone 
(SBB), and radio nets. There are two versions of the TCIM card: an 
internal personal computer asynchronous transfer card to mount directly 
in the computer, and an external version with the card mounted in a por- 
table chassis. TCIM software was developed for open-systems architec- 
tures. Small computer systems interfaces (SCSI) provide interoperability 
between the TCIM and other Marine Corps computers. 


Chapter 3 


Equipment Siting and Grounding 
Techniques 


Two factors play an important role in equipment siting: optimum com- 
munications and camouflage. It is often difficult to find communications 
sites which are hidden from enemy view, fire, and direction finding and 
afford good communications connectivity. The ideal location for a radio 
antenna is as far away from cover as possible, such as a bare mountain 
top or in the middle of a large field. However, this goes against the com- 
mander’s tactical requirement for troops and equipment to be camou- 
flaged and concealed as much as possible. Therefore, planning the 
location of equipment must be detailed to achieve the best results. See 
Appendix A for a review on topographical maps and grid coordinates. 


HIGH FREQUENCY 


In the presence of hills (without large trees), the following guidelines for 
ground wave links should be used: 


| Locate HF antennas just below the top of the hill in the direction of 
desired communications. Often the signal will be greater below than 
on the top. This will also minimize interference and/or jamming from 
the opposite direction. 


| Move the antenna back from the hill if a hill is between the operator 
and the distant station with which the operator wishes to communi- 
cate. The signal strength can vary widely in the region immediately 
behind a hill. If it is necessary to set up behind a hill, then it may also 
be necessary to set up a variety of antennas located at different dis- 
tances from the hilltop to see which one offers the best performance. 


Long-distance, HF sky wave signals of more than several hundred kilo- 
meters are often best transmitted and received at angles just above the 
horizon level. Obstacles on the horizon will cause the signal to travel a 
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Figure 3-1. Low HF Horizon Angles. 


higher path angle and may reduce the circuit reliability as a result (see 
fig. 3-1). Wire fences between the operator and the horizon will also 
lessen the chances of getting through (see fig. 3-2). 


An HF ground wave signal will follow the terrain much better than 
higher frequency signals. It will be weakened by trees (more so when 


Figure 3-2. Effect of Wire Fences and Power Lines. 
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SIGNAL PATH 


Figure 3-3. HF Ground Wave Path. 


they have leaves) and rugged terrain, but the signal may still get through 
(see fig. 3-3). 


VERY HIGH FREQUENCY AND ULTRAHIGH FREQUENCY 


Obstacles such as trees, buildings, and hills between a transmitter and 
receiver will weaken the signal or stop it. Aircraft flying along the path 
will also interfere with reception (see fig. 3-4). A clear signal path 


Figure 3-4. Aircraft Along Signal Path. 
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Figure 3-5. Antenna Obstacles. 


between the transmitter and the intended receiver, especially for LOS 
communications, is preferred. The antenna must be positioned as high as 
possible to overcome obstacles, especially if communication is in the 
direction of trees or buildings (see fig. 3-5). Keep equipment as far back 
as possible from obstacles in the direction of the signal path to prevent 
interference or damage to equipment. 


In some situations, solid obstacles may actually improve a link by pro- 
viding a sharper surface to diffract over or reflect from (see fig. 3-6). 


Figure 3-6. Diffraction Over Building. 
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Figure 3-7. Reflection off Spherical Water Tower. 


Under certain conditions, spherical water towers and walls of buildings 
(facing the proper direction) may enable communication around interfer- 
ing terrain or vegetative obstacles (see fig. 3-7). 


Transmitting over water allows VHF to go farther, but fading may occur. 
If communicating over water is unavoidable, and fading occurs, the sig- 
nal may be improved by raising or lowering the antenna. The antenna 
may also be positioned so a hill or rise is between it and the water but not 
high enough to block the LOS to the other antenna (see fig. 3-8). 


DIRECT PATH 


DIRECT PATH 


TERRAIN SHIELDING 


Figure 3-8. Multipath Fading and Terrain Shielding. 
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Figure 3-9. Ridge Line Antenna Farm. 


Nothing is more compromising to a unit’s location than an antenna farm 
stretched along a ridge line (see fig. 3-9). The enemy will realize that a 
major command post is nearby. The advantage of placing an antenna on 
a ridge line is the ability to talk in many directions without land being in 
the way. If communication is needed in only one direction—away from 
the enemy—put some terrain shielding between the antenna farm and 
the enemy (see figures 3-10 and 3-11). This way, the enemy won’t be 
able to intercept communications or jam circuits as easily. However, it’s 
not always necessary to talk from hilltop to hilltop. Talking from hillside 
to hillside or along the valley floor may be a better option in some 
instances. The enemy will certainly have a harder time locating a unit 
this way. 


Figure 3-10. Low Antenna Profile. 
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Figure 3-11. Terrain Shielding. 


The body can act as an antenna and affect the quality of the radio signal, 
particularly backpack and hand-held VHF sets with short antennas. The 
effect of the body on signal strength depends on frequency, antenna 
length, and the position of the antenna or set relative to the operator’s 
body (see fig. 3-12 on page 3-8). 


Backpack Sets (AN/PRC-119) 


Maximum radiation (i.e., best performance) is to the front when the set is 
on the operator’s back with a 3-foot whip antenna. The operator should 
then try facing in the direction of distant communications. This effect is 
most noticeable at frequencies greater than 50 MHz. 


When the set is on the ground, and the operator is very close to the set, 
maximum radiation will probably occur through the operator’s body. If 
the operator is a couple of feet away, the operator may act as a reflector 
and either improve or interfere with the signal. 


Hand-Held Sets (AN/PRC-68) 


The antenna of the hand-held AN/PRC-68 is much smaller than the AN/ 
PRC-119’s, and the operator’s body affects directional characteristics to 
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Figure 3-12. Direction of Best Communications. 


a greater extent, particularly when the antenna is lowered. This radio 
will normally be in the front jacket pocket, and best performance is then 
over the back. The higher frequencies are strongly affected when the 
antenna is lowered. Holding the radio in hand a few inches away from 
the body will modify the radiation pattern and can substantially lower 
performance to the sides at the higher frequencies. The directional char- 
acteristics of the antenna-body combination can be used to some advan- 
tage in reducing interference arriving from directions other than that of 
the signal. Trial and error is necessary to make this judgment. 


VHF Siting 


Position the antenna to reflect the directive pattern away from the wall or 
fence in the intended direction of communication when using VHF 
antennas near a metal-walled building or high, metal fence. For frequen- 
cies between 30 and 50 MHz, the antenna should be placed approxi- 
mately 2 meters (6.5 feet) away; between 50 and 88 MHz, no more than 
1 meter (3.2 feet) away. Communications may be reduced if antennas are 
placed more than 2 meters from the radio. The distance may be varied a 
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foot or so in each direction, while receiving, to find the position where 
the signal is the strongest when setting up the equipment. If frequencies 
are changed later, the optimum position will have to be redetermined at 
that time by the same method. 


UHF Siting 


At UHF and (to a much lesser degree) VHF frequencies, if an operator 
cannot see a person, then they probably cannot communicate—espe- 
cially in heavy vegetation. Often, the signal has to travel up to the tops of 
the trees and move along the treetops and down to the receiver (see fig. 
3-13). This will weaken it considerably. In vegetation, the antenna 
should be positioned away from trees that are in the direction of the sig- 
nal and erected as high as possible. Changing the location of the antenna 
is also an option. Both horizontal and vertical orientations may be used 
with the AS-4225 Parabolic Grid Antenna with UHF multi-channel 
(MUX) radio equipment. Horizontal polarization is usually better for 
passing through the trees, but if the signal is skimming over the tops of 
the trees (probably unnoticeable) or over water, then the polarization 
should be vertical (see fig. 3-14 on page 3-10). 
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Figure 3-13. VHF Vegetative Propagation. 
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Figure 3-14. AS-4225 with AB-1356 Antenna Polarization. 


GROUNDING TECHNIQUES 


Poor grounding is probably the most important cause of a weak HF sig- 
nal. Communication distances can easily be cut in half by improper 
grounding of the antenna. More importantly, the hazards involved with 
improper grounding coupled with high transmitter powers are bad burns, 
electrical shocks, or even death (see fig. 3-15). 


Grounding prevents electrical shock to operator and improves signal 
strength, particularly in HF. 
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Figure 3-15. Shock Hazards of Ungrounded Equipment. 


Ground Stake 


The ground stake provided with the antenna should be driven deeply into 
the soil, making certain all connections are tight and clean. Soil moisture 
and salinity around the ground stake are very important for good ground- 
ing. If a dry or a damp location is available, choose the damp spot. If 
everything is bone dry, a couple of gallons of water poured around the 
stake may help. Adding a pound or two of salt from the mess tent to the 
soil around the stake before soaking it may help even more. 


If a regulation ground stake is not available, there are many field-expedi- 
ent means for grounding. The primary concern is to provide an electrical 
path from the equipment case, using braided copper or heavy gauge 
wire, to a buried metallic object that is in good contact with the ground. 
All cable connections and grounds should be free of grease, paint, or 
rust. Cables should be as short as possible. 


Some useful grounds are— 


| Metal fence posts. 
| Steel reinforcing rods. 
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| Metal pipes. 
| Metal plumbing (must not be connected to flammable liquid or gas). 
| Metal building frames. 


Ground Radials 


A ground radial system (i.e., counterpoise) is necessary to reduce the 
amount of power lost in the earth (see fig. 3-16). This is particularly 
important for HF whips, inverted As, and other vertical antennas. The 
radial system design is usually a compromise between performance, 
portability, and time to install the system. Ground radials help to estab- 
lish a known reference point of electrical ground. Without them, electri- 
cal ground may be some distance beneath the Earth’s surface. Known 
electrical ground is important not only for formation of the wavefront off 
the antenna, but it also affects launch angles from antennas. 


\ 
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Figure 3-16. Radials. 


Radials are attached metal-to-metal to a central point (a metal plate is 
often convenient). The radio frequency (RF) ground is attached to the 
central plate (Figure 3-17). 


Wire diameter is not critical; select a diameter small enough to be light- 
weight and transportable, but large enough to prevent breakage. The 
largest number of radials to transport should be consistent with weight 
and bulkiness limitations. It is not necessary to make them greater than 
one-quarter wavelength at the lowest operating frequency. 
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Figure 3-17. Equipment Configuration. 


One-quarter wavelength = 74.9 meters 
frequency (MHz) 


Suggested dimensions: 
5 meters (15-foot whip): N (number of radials) = at least 30 
(one every 12°) 


b (length of radial) = 7 meters 
(23 feet) 


10 meters (32-foot whip): N = at least 30 
b = 14 meters (46 feet) 


If the site is semipermanent (i.e., several days or more), the number of 
radials should be increased to 100, and their length doubled. 


Make radial systems for each antenna prior to an operation. Short stakes 
at the ends may be used to hold them in position when deploying. 
Ground all radios, where possible. 
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Chapter 4 


Antennas 


This chapter will discuss high frequency and very high frequency anten- 
nas. Antenna designs that work for HF sometimes work for VHF and 
vice versa. The main difference is size; HF antennas are considerably 
larger than VHF antennas. Ultrahigh frequency antennas are generally 
limited to whips. When determining the best antenna to employ with a 
circuit, consult MCRP 6-22D for more detailed information on antenna 
propagation characteristics, as well as construction considerations and 
procedures. 


HIGH FREQUENCY ANTENNAS 


Vertical Whip 


A vertical whip antenna (i.e., whip) will most likely be used with an HF 
radio. The whip is particularly good for ground wave communications in 
many directions at one time, at distances of 20 to 30 kilometers. Unfor- 
tunately, while it is radiating in all directions at the same time, it is also 
picking up interference from all directions. It is useless if using sky wave 
over a distance of 100 kilometers, because of the high radiation angles 
required. (NOTE: Launch angles off vertically polarized whip antennas 
are maximum below 45°.) A vertical whip’s performance by sky wave, 
however, improves with increased path distances. 


A vehicle-mounted whip, tied down fairly close to the vehicle, may be 
efficiently employed in short- and intermediate-distance HF sky wave 
communications. A whip, tied back only a little, may be useful in long- 
distance HF sky wave applications. 


Sloping Wire 


If an HF circuit is only a single point-to-point ground link or a ground 
wave net with all other terminals being located in the same direction, a 
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sloping wire may be used, if available. The radiating length of the AT- 
984 “Fishreel” antenna (a 45-foot long, wire antenna which can be used 
with the AN/PRC-104) can be varied by either connecting or disconnect- 
ing the alligator clips. (Antenna length is measured from the radio equip- 
ment.) See Table 4-1 to determine how long an antenna should be cut to 
form an assigned frequency. 


Table 4-1. Sloping Wire Antenna Lengths. 


Frequency Length 
MHz (Feet) (Meters) 
5 45 13.7 
9 25 7.6 
12 15 4.6 


The far end of the antenna should be connected to a rope with a weight, 
such as a stone or brick or other nonconducting material tied to the end. 
The weighted end should be thrown over a tree so that the antenna forms 
a 30° to 45° angle to the ground. Angles higher than 45° should be used 
for ground wave, and lower angles for sky wave. The high end should be 
opposite the direction of the intended receiver (see fig. 4-1). 


DESIRED 
DIRECTION 


45 DEGREE SLOPING WIRE 


Figure 4-1. 45° Sloping Wire Antenna. 
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Figure 4-2. AS-2259. 


AS-2259 Near-Vertical Incidence 


Another HF antenna is the AS-2259 (see fig. 4-2). Although not suitable 
for frequencies under 3.5 MHz, this antenna can be used for both ground 
wave and sky wave. The AS-2259 will often enable an operator to com- 
municate in a skip zone when a whip antenna will not. In addition, it can 
sometimes be used effectively to communicate by sky wave over a hill 
or mountain obstacle that would otherwise block a ground wave signal. 
More detailed information regarding HF NVIS antennas can be found in 
MCRP 6-22D. 


Horizontal Half -Wave Dipole (Doublet) 


The horizontal half-wave dipole (also known as the doublet) is fre- 
quently used for short to medium HF sky wave paths (up to about 1,500 
kilometers). It is usually installed at one-quarter wavelength of the oper- 
ating frequency above ground (see fig. 4-3 on page 4-4). The major 
drawback of this antenna is the unusually long length required (up to 71 
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Figure 4-3. Doublet Antenna. 


meters [233 feet] at 2 MHz). NOTE: A 2 percent or greater error in 
length means less efficiency and a loss of radiated power. 


Inverted L 


Inverted L antennas are useful for NVIS propagation (see fig. 4-4). 
Because of their construction, they also yield better ground wave radia- 
tion than whip antennas. Inverted L antennas can be effectively 
employed with a wider range of frequencies than can horizontal half- 
wave dipole antennas. 


Antenna Enhancements 


Several pieces of equipment which improve the capabilities of standard 
Marine Corps communications equipment are available from commer- 
cial sources. These items are not stocked in the Marine Corps supply 
system. They must be purchased directly from commercial sources. 
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Figure 4-4. Inverted L. 


They include— 


1 


1 


1 


Tilt whip adapter (TWA)—used with the vertical whip antennas 
issued with AN/MRC-138 radio. These antennas can be tilted to 
obtain the correct angles for NVIS communications. The TWA made 
for the AN/MRC-138 is one piece and has a simple design. When fit- 
ted with a TWA and only the top four sections of the AT-1011 
antenna, the AN/MRC-138 can be operated on the move. 


Whip loading coil (WLC)—used with the WTA for the AN/MRC- 
138. This device makes the antenna more efficient at lower frequen- 
cies. 


Whip to wire adapter (WWA)—-screws into the top one-inch-diame- 
ter section of the AT-1011, thus allowing the operator to use the one- 
inch-diameter section of the AT-1011 as the mast for field-expedient 
antennas. 
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1 Whip-base adapter (WBA)—allows the whip antennas for Army HF 
radios to be used with Marine Corps HF radios. The whip antennas 
for Army HF radios are of a different size than the whip antennas for 
Marine Corps HF radios. 


For further information about commercial equipment which can improve 
the capabilities of Marine Corps radios, contact the G-6/S-6 sections of 
higher headquarters. 


VERY HIGH FREQUENCY ANTENNAS 


OE-254 


This antenna is used with VHF-FM radios to increase the operating 
range beyond that of a normal whip. The two elements hanging down 
from the antenna form a ground-plane similar to the ground radials dis- 
cussed in chapter 3. The effect is to act as an artificial ground and greatly 
increase the signal range. The antenna radiates in all directions at the 
same time. The OE-254’s elements allow it to tune to frequencies 
between 30 and 88 MHz without manually adjusting either the ground- 
plane or radiating elements’ length. Figure 4-5 illustrates the OE-254 
antenna. 


Vertical Whip 


VHF whip antennas are usually limited in range from 15 to 20 miles. A 
whip antenna is omnidirectional; therefore, it has the potential to pro- 
duce a great deal of radio-wave interference with the radios in the area. It 
is important when using a whip antenna or any antenna to keep maxi- 
mum distance between antennas. Use of hills and other terrain features 
to block off unwanted signals will improve desired signal strength. 
When using whip antennas with backpack or hand-held equipment, body 
position may increase the transmitted and received signal. This is 
because the human body acts as an antenna. If experiencing communica- 
tion problems, the operator should try facing in different directions to 
improve the reception of the signal. 
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Figure 4-5. OE-254 Antenna. 


ANTENNA LENGTH 


The length of an antenna must be considered in two ways. It has both a 
physical and an electrical length, and the two are never the same. The 
reduced velocity of the wave on the antenna and a capacitive effect 
(known as end effect) make the antenna seem longer electrically than it 
is physically. The contributing factors are the ratio of the diameter of the 
antenna to its length and the capacitive effect of terminal equipment 
(e.g., insulators, clamps, etc.) used to support the antenna. 


To calculate the physical length of an antenna, use a correction of 0.95 
for frequencies between 3.0 and 50.0 MHz. The following figures are for 
a half-wave antenna. 
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Length (meters) = 150 x 0.95/Frequency in MHz 
= 142.5/Frequency in MHz 


Length (feet) = 492 x 0.95/Frequency in MHz 
= 468/Frequency in MHz 


The length of a long-wire antenna (one wavelength or longer) for har- 
monic operation is calculated by using the following formula: 


Length (meters) = 150(N-0.05)/Frequency in MHz 
Length (feet) = 492(N-0.05)/Frequency in MHz 


N = number of half-wave lengths in the total length of the antenna. 


For example, if the number of half-wavelengths is 3 and the frequency in 
MHz is 7, then: 


Length (meters) = 150(N-0.05)/Frequency in MHz 
= 150(3-.05)/7 
= 150 x 2.95/7 
= 442.50/7 
= 63.2 meters 


Chapter 5 


Interference 


Radio frequency interference is always present in a military environ- 
ment. It may come from a single source or a combination of many 
sources including natural or manmade frequency interference, poor 
equipment condition, improper equipment usage, frequency interfer- 
ence, use of unauthorized frequencies, and frequency reuse. 


NATURAL INTERFERENCE 


Natural radio noise has two principal sources: thunderstorms (atmo- 
spheric noise) and stars (galactic noise). It is especially noticeable at 
night when the lower frequencies propagate farther than in the daytime. 
The only way to reduce this type of interference is to use a directional 
antenna to prevent receiving the interference from all directions. How- 
ever, this will not eliminate the noise coming from the direction of the 
received signal. Use of a higher frequency will also help, although if a 
sky wave circuit is used, care must be exercised not to pick the highest 
frequency at which the signal will be refracted to Earth by the iono- 
sphere (i.e., the critical frequency). 


MANMADE INTERFERENCE 


Most manmade interference comes from electrical sources such as 
power generators, alarm systems, power lines, auto ignition, fluorescent 
lighting, faulty electrical relay contacts, and electrified railroads. Man- 
made interference also includes enemy jammers (see chapter 7). The key 
to combating this form of interference is to isolate communications 
equipment from manmade interference. The interference from known 
sources such as generators can be greatly reduced if an antenna is posi- 
tioned so that an obstacle (e.g., a hill) is between it and the source. This 
must be done so that the same obstacle will not block the intended radio 
path. If the interference is not coming from the same direction as the 
intended signal, then a directional antenna should be used. 
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POOR EQUIPMENT CONDITION AND IMPROPER USAGE 


The condition of radio equipment and how it is being used may result in 
interference. There are several steps that should be taken to lessen this 
possibility. These include making certain that shielded cables are used 
where required, ensuring connectors are properly connected to cables, 
and making sure that antennas within a group are as far apart as possible. 
All antenna leads (transmission lines), power lines, and telephone lines 
should be as short as possible when they are on the ground and should 
not cross. If lines do cross, they must cross at 90° angles to each other, 
and they must be separated from each other by standoffs. Lines threaded 
through the trees near an antenna serve as pipelines for interference to 
and from antennas. Finally, ensure that all radio equipment is grounded. 


FREQUENCY INTERFERENCE AND INTERMODULATION 


Frequency interference is one of the easiest communications problems to 
prevent, but it must be done by the CIS officer, CIS chief, and frequency 
manager during the development of the CIS plan. This type of interfer- 
ence is caused primarily by two radio transmitters using the same fre- 
quency, but it can also happen when different frequencies are used. Most 
of these problems can be eliminated by good frequency planning. How- 
ever, if frequency interference does occur the following steps can be 
taken to improve communications: 


| Identify the source of the interference. If it is a VHF or HF ground 
wave transmission, it will probably be within the immediate area and 
will only occur when the offending transmitter is keyed. The other 
operator is probably transmitting on a different frequency and has no 
way of knowing that he is interfering with anyone else’s ability to 
transmit. 


| Get the interfering operator to lower their transmitter power as long 
as it does not degrade their circuit. 


| Put as much distance as possible between the affected unit’s equip- 
ment. This may involve using a hill or other object to block the signal. 


| Change to a directional antenna. 
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| Remember that the receiver of interference may also cause someone 
else interference and, whenever possible, should lower his power and 
use a directional antenna. 


| Report interference to the CIS officer or CIS chief. 


USE OF UNAUTHORIZED FREQUENCIES 


There is one final source of frequency interference: the use of unautho- 
rized frequencies. This practice is illegal and has the potential to disrupt 
a carefully engineered frequency plan, introduce interference to other 
frequencies and circuits, and prevent other units from fulfilling their 
mission. Radio operators should never use unauthorized frequencies. 


FREQUENCY REUSE 


There are not enough radio frequencies available for all radio operators 
to have their own channel. When HF propagation conditions are favor- 
able, Marines may discover that their radio frequency is being used by 
foreign or United States military personnel in other countries. WHF FM 
frequencies often have to be reused within the same operation by more 
than one unit. The exercise frequency manager will try to make certain 
that users of the same frequency are as far away as possible from each 
other, but some units (United States Marine Corps and Army, in particu- 
lar) will join at some stage in the operation. When this occurs, the first 
common, higher headquarters should be informed to settle the problem. 
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Chapter 6 


Radio Operations Under 
Unusual Conditions 


OPERATIONS IN DESERT AREAS 


Capabilities and Limitations 


SCR is usually the primary means of communications in the desert. It 
can be employed effectively in desert climate and terrain to provide the 
highly mobile means of communications demanded by widely dispersed 
forces. However, desert terrain provides poor electrical ground, and 
counterpoises are needed to improve operation. 


Techniques for Operations 


For the best operation in the desert, radio antennas should be located on 
the highest terrain available. Transmitters using whip antennas in the 
desert will lose one-fifth to one-third of their normal range because of 
the poor electrical grounding characteristics of desert terrain. For this 
reason, it is important to use complete antenna systems such as horizon- 
tal dipoles and vertical antennas with adequate counterpoises. 


Equipment Considerations 


Some SCRs automatically switch on their second blower fan if their 
internal temperature rises too high. Normally, this happens only in tem- 
perate climates when the radios are transmitting. This may disturb 
Marines unaccustomed to radio operation in the desert environment. 
Operation of the second fan, however, is quite normal. RF power ampli- 
fiers used in AM and SSB sets are liable to overheat severely and burn 
out. They should be turned on only when necessary (signal reception is 
not affected). Since the RF power amplifiers take approximately 90 sec- 
onds to reach the operating mode, the standing operating procedure 
(SOP) of units using the equipment should allow for delays in replying. 
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Dust affects communications equipment such as SSB/AM RF power 
amplifiers. Dust covers should be used whenever possible. Some 
receiver-transmitter units have ventilating ports and channels that can 
get clogged with dust. These must be checked regularly and kept clean to 
prevent overheating. 


Batteries. Wet cell batteries do not hold their charge efficiently in intense 
heat. Electrolyte evaporates rapidly and should be checked weekly 
(more often, if warranted). Add distilled water as needed. Extra contain- 
ers of distilled water should be carried in the vehicle. Maintenance of 
vehicle batteries, beyond adding water, must be done only by authorized 
motor-transport personnel according to applicable Marine Corps Orders 
and SOPs. Dry battery supplies must be increased, since hot weather 
causes batteries to fail more rapidly. 


Electrical Insulation. Wind-blown sand and grit will damage electrical 
wire insulation over a period of time. All cables that are likely to be 
damaged should be protected with tape before insulation becomes worn. 
Sand will also find its way into parts of items such as “spaghetti cord” 
plugs, either preventing electrical contact or making it impossible to join 
the plugs. Carry a brush, such as an old toothbrush, and use it to clean 
such items before they are joined. 


Condensation. In deserts with relatively high dew levels and high 
humidity, overnight condensation can occur wherever surfaces (such as 
metals exposed to air) are cooler than the air temperature. This conden- 
sation can affect electrical plugs, jacks, and connectors. All connectors 
likely to be affected by condensation should be taped to prevent moisture 
from contaminating the contacts. Plugs should be dried before inserting 
them into equipment jacks. Excessive moisture or dew should be dried 
from antenna connectors to prevent arcing. 


Static Electricity. Static electricity is prevalent in the desert. It is caused 
by many factors, e.g., wind-blown dust particles. Extremely low humid- 
ity contributes to static discharges between charged particles. Poor 
grounding conditions exacerbate the problem. Be sure to tape all sharp 
edges (tips) of antennas to cut down on wind-caused static discharges 
and the accompanying noise. If you are operating from a fixed position, 


Radio Operator’s Handbook ————--———————— 6-3 


ensure that equipment is properly grounded. Since static-caused noise 
diminishes with an increase in frequency, use the highest frequencies 
that are available and authorized. 


Maintenance Improvement 


In desert areas, the maintenance of SCRs becomes more difficult 
because of the large amounts of sand, dust, or dirt that enter the equip- 
ment. Radios equipped with servomechanisms are particularly affected. 
To reduce maintenance downtime, keep the radios in dustproof contain- 
ers as much as possible. It is also important to keep air vent filters clean 
to allow cool air to circulate to prevent overheating. Preventive mainte- 
nance checks should be made frequently. Also, keep a close check on 
lubricated parts of the equipment. If dust and dirt mix with the lubri- 
cants, moving parts may be damaged. 


OPERATIONS IN JUNGLE AREAS 


Capabilities and Limitations 


SCR communications in jungle areas must be carefully planned because 
the dense jungle growth significantly reduces the range of radio trans- 
mission. However, since SCR can be deployed in many configurations, 
especially manpacked, it is a valuable communications asset. Mobility is 
also an advantage of SCR. The capabilities and limitations of SCR must 
be carefully considered when used by forces in a jungle environment. 


Climate and density of jungle growth limits SCR communications in 
jungle areas. The hot and humid climate increases the maintenance prob- 
lems of keeping equipment operable. Thick jungle growth acts as a verti- 
cally polarized absorbing screen for RF energy that reduces transmission 
range. Therefore, increased emphasis on maintenance and antenna siting 
is necessary when operating in jungle areas. 


Techniques for Operations 


The main problem in establishing SCR communications in jungle areas 
is the siting of the antenna. 
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Apply the following techniques to improve communications in the 
jungle: 


| Antennas should be located in clearings on the edge farthest from the 
distant station and as high as possible. 


| Antenna cables and connectors should be kept off the ground to 
lessen the effects of moisture, fungus, and insects. This also applies to 
all power and telephone cables. 


| Complete antenna systems, such as ground planes and dipoles, are 
more effective than fractional wavelength whip antennas. 


| Vegetation must be cleared from antenna sites. If an antenna touches 
any foliage, especially wet foliage, the signal will be grounded. 


| Vegetation, particularly when wet, acts like a vertically polarized 
screen and absorbs much of a vertically polarized signal. Horizontally 
polarized antennas are preferred to vertically polarized antennas. 


Maintenance Improvement 


Because of moisture and fungus, the maintenance of SCR in tropical cli- 
mates is more difficult than in temperate climates. The high relative 
humidity causes condensation to form on the equipment and encourages 
the growth of fungus. Operators and maintenance personnel should 
check the appropriate TMs for any special maintenance requirements. 
Some techniques for improving maintenance in jungle areas are— 


| Keep the equipment as dry as possible and in lighted areas to retard 
fungus growth. 


| Keep all air vents clear of obstructions so air can circulate to cool and 
dry the equipment. 


| Keep connectors, cables, and bare metal parts as free of fungus 
growth as possible. Use moisture fungusproofing paint (MFP) to pro- 
tect equipment after repairs are made or when equipment is damaged 
or scratched. 


Radio Operator’s Handbook ———---—-———_ 6-5 


High Frequency Expedient Antennas 


Dismounted patrols and units of company size and below can greatly 
improve their ability to communicate in the jungle by using expedient 
antennas. While moving, they are generally restricted to using the short 
and long antennas which come with the radios. However, when they are 
not moving, these expedient antennas will allow them to broadcast far- 
ther and receive more clearly. 


Note: An antenna that is not “tuned” or “cut” to the operating fre- 
quency is not as effective as the whips that are supplied with the radio. 


Circuits inside the radio “load” the whips properly so that they are 
“tuned” to give maximum output. Whips are not as effective as a tuned 
doublet or tuned ground-plane, but the doublet or ground-plane must be 
tuned to the operating frequency. 


OPERATIONS IN A COLD WEATHER ENVIRONMENT 


Capabilities and Limitations 


SCR equipment has certain capabilities and limitations that must be 
carefully considered when operating in extremely cold areas. However, 
in spite of significant limitations, SCR is the normal means of communi- 
cations in such areas. 


One of the most important capabilities of SCR in cold weather areas is 
its versatility. Vehicular-mounted radios can be moved relatively easily 
to almost any point where it is possible to install a command headquar- 
ters. Smaller, manpacked radios can be carried to any point accessible by 
foot or aircraft. 


A limitation on radio communications that radio operators must expect 
in extremely cold areas is interference by ionospheric disturbances. 
These disturbances, known as ionospheric storms, have a definite 
degrading effect on sky wave propagation. Moreover, either the storms 
or the auroral (e.g., Northern Lights) activity can cause complete failure 
of radio communications. Some frequencies may be blocked out com- 
pletely by static for extended periods of time during storm activity. 
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Fading, caused by changes in the density and height of the ionosphere, 
can also occur and may last from minutes to weeks. The occurrence of 
these disturbances is difficult to predict. When they occur, the use of 
alternate frequencies and a greater reliance on FM or other means of 
communications are required. 


Techniques for Operations 


Whenever possible, SCR for tactical operations in cold weather areas 
should be installed in vehicles to reduce the problem of transportation 
and shelter for operators. This will also help solve some of the grounding 
and antenna installation problems caused by the climate. 


Because of permafrost and deep snow, it is difficult to establish good 
electrical grounding in extremely cold areas. The conductivity of frozen 
ground is often too low to provide good ground wave propagation. To 
improve ground wave operation, use a counterpoise to offset the degrad- 
ing effects of poor electrical ground conductivity. Remember to install a 
counterpoise high enough above the ground so that it will not be covered 
by snow. 


In general, antenna installation in arcticlike areas presents no serious dif- 
ficulties. However, installing some antennas may take longer because of 
adverse working conditions. A few tips for installing antennas in 
extremely cold areas are— 


| Mast sections and antenna cables must be handled carefully since 
they become brittle in very low temperatures. 


| Antenna cables should be constructed overhead to prevent damage 
from heavy snow and frost, whenever possible. Nylon rope guys, if 
available, should be used in preference to cotton or hemp because 
nylon ropes do not readily absorb moisture and are less likely to 
freeze and break. 


| Antennas should have extra guy wires, supports, and anchor stakes to 
withstand heavy ice and wind loading. 


Some Marine Corps radios that are adjusted to a particular frequency in 
a relatively warm place may drift off frequency when exposed to 
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extreme cold. Low battery voltage can also cause frequency drift. When 
possible, allow a radio to warm up several minutes before placing it into 
operation. Since extreme cold tends to lower output voltage of a dry bat- 
tery, try warming the battery with body heat before operating the radio 
set. This minimizes frequency drift. Flakes or pellets of highly electri- 
cally charged snow are sometimes experienced in northern regions. 
When these particles strike the antenna, the resulting electrical discharge 
causes a high-pitched static roar that can blanket all frequencies. To 
overcome this static, antenna elements can be covered with polystyrene 
tape and shellac. 


Maintenance Improvement 


The maintenance of SCR equipment in extreme cold presents many dif- 
ficulties. Radios must be protected from blowing snow, since snow will 
freeze to dials and knobs and blow into the wiring to cause shorts and 
grounds. Cords and cables must be handled carefully since they may lose 
their flexibility in extreme cold. All radio equipment and power units 
must be properly winterized. Check the appropriate technical manual 
(TM) for winterization procedures. A few tips for maintenance in arctic 
areas are discussed in the following paragraphs. 


Power Units. As the temperature goes down, it becomes increasingly dif- 
ficult to operate and maintain generators. They should be protected as 
much as possible from the weather. 


Batteries. The effect of cold weather on wet and dry cell batteries 
depends upon the type and kind of battery, the load on the battery, the 
particular use of the battery, and the degree of exposure to cold tempera- 
tures. 


Shock Damage. Damage may occur to vehicular SCR by the jolting of 
the vehicle. Most synthetic rubber shock mounts become stiff and brittle 
in extreme cold and fail to cushion equipment. Check the shock mounts 
frequently and change them, as required. 


Winterization. Check the TMs for the SCR and power source to see if 
there are special precautions for operation in extremely cold climates. 
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For example, normal lubricants may solidify and permit damage or mal- 
functions. They must be replaced with the recommended arctic lubri- 
cants. 


Microphones. Moisture from your breath may freeze on the perforated 
cover plate of your microphone. Use standard microphone covers to pre- 
vent this. If standard covers are not available, improvise a suitable cover 
from rubber or cellophane membranes or from rayon or nylon cloth. 


Breathing and Sweating. A SCR generates heat when it is operated. 
When it is turned off, the air inside cools and contracts and draws cold 
air into the set from the outside. This is called breathing. When a radio 
breathes, and the still-hot parts come in contact with subzero air, the 
glass, plastic, and ceramic parts of the set may cool too rapidly and 
break. 


When cold equipment is brought suddenly into contact with warm air, 
moisture will condense on the equipment parts. This is called sweating. 
Before cold equipment is brought into a heated area, it should be 
wrapped in a blanket or parka to ensure that it will warm gradually to 
reduce sweating. Equipment must be thoroughly dry before it is taken 
back out into the cold air or the moisture will freeze. 


Vehicular-Mounted Radios. These radios present special problems during 
winter operations because of their continuous exposure to the elements. 
Proper starting procedures must be observed. The radio’s power switch 
must be off prior to starting the vehicle; this is a particularly critical 
requirement when vehicles are slave started. If the radio is cold soaked 
from prolonged shutdown, frost may have collected inside the radio and 
could cause circuit arcing. Hence, time should be allowed for the vehicle 
heater to warm the radio sufficiently that any frost collected within the 
radio has a chance to thaw. This may take up to an hour. Once the radio 
has been turned on, it should warm up for approximately 15 minutes 
before transmitting or changing frequencies. This allows components to 
stabilize. If a vehicle is operated at a low idle with radios, heater, and 
lights on, the batteries may run down. Before increasing engine revolu- 
tions per minute to charge the batteries, radios should be turned off to 
avoid an excessive power surge. A light coat of silicon compound on 
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antenna mast connections helps to keep them from freezing together and 
becoming hard to dismantle. 


OPERATIONS IN MOUNTAINOUS AREAS 


Capabilities and Limitations 


Operation of SCRs in mountainous areas has many of the same problems 
as in northern or cold weather areas. Also, the mountainous terrain 
makes the selection of transmission sites a critical task. In addition, the 
terrain restrictions encountered frequently make radio relay stations nec- 
essary for good communications. 


Maintenance Improvement 


Because of terrain obstacles, SCR transmissions will frequently have to 
be by line of sight. Also, the ground in mountainous areas is often a poor 
electrical conductor. Thus, a complete antenna system, such as a dipole 
or ground-plane antenna with a counterpoise, should be used. The main- 
tenance procedures required in mountainous areas are very often the 
same as maintenance in northern or cold weather areas. The varied or 
seasonal temperature and climatic conditions in mountainous areas make 
flexible maintenance planning a necessity. 


OPERATIONS IN SPECIAL ENVIRONMENTS 


Urbanized Terrain 


SCR communications in urbanized terrain poses special problems. Some 
problems are similar to those encountered in mountainous areas. There 
are problems of obstacles blocking transmission paths. There is the prob- 
lem of poor electrical conductivity because of pavement surfaces. There 
is also the problem of commercial power-line interference. VHF radios 
are not as effective in urbanized terrain as they are in some other areas. 
The power output and operating frequencies of these VHF radios require 
a line of sight between antennas. Line of sight at street level is not 
always possible in built-up areas. 
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HF radios do not require or rely on line of sight as much as VHF radios 
because operating frequencies are lower, and power output is greater. 
The problem is that HF radios are not organic to small units. To over- 
come this, the VHF signals must be retransmitted. 


Retransmission stations in aerial platforms can provide the most effec- 
tive means if they are available. Organic retransmission is more likely to 
be used. The antenna should be hidden or blended in with surroundings. 
This will help prevent the enemy from using it as a landmark to “home 
in” his artillery bombardment. Antennas can be concealed by water tow- 
ers, existing civilian antennas, or steeples. 


The following steps should also be taken within urbanized terrain: 


| Park radio-equipped vehicles inside buildings for cover and conceal- 
ment. 


| Dismount radio equipment and install it inside buildings (in base- 
ment, if available). 


| Place generators against buildings or under sheds to decrease noise 
and provide concealment (adequate ventilation must be provided to 
prevent heat buildup and subsequent failure of generator). 


Nuclear, Biological, and Chemical Environment 


One of the realities of fighting on the modern battlefield is the presence 
of nuclear weapons. The explosion of a nuclear weapon causes a tremen- 
dous blast, followed by intense heat and strong radiation. The ionization 
of the atmosphere by a nuclear explosion will have degrading effects on 
communications because of static and the disruption of the ionosphere. 


Another effect of a nuclear explosion that is an even greater danger to 
radio communications is the electromagnetic pulse (EMP). EMP is a 
strong pulse of electromagnetic radiation, many times stronger than the 
static pulse generated by lightning. This pulse can enter the radio 
through the antenna system, power connections, and signal input con- 
nections. In the equipment, the pulse can break down circuit components 
such as transistors, diodes, and integrated circuits. It can melt capacitors, 
inductors, and transformers. EMP can destroy a radio. 
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Defensive measures against EMP call for proper maintenance, particu- 
larly the shielding of equipment. When the equipment is not in use, all 
antennas and cables should be removed to decrease the effect of EMP on 
the equipment. Effective grounding is necessary to reduce effect of EMP. 
EMP is a danger to SCR equipment, but contamination is a danger to 
Marines. Contamination from any portion of the nuclear, biological, and 
chemical (NBC) environment has adverse effects on both equipment and 
personnel. 


(reverse blank) 


Chapter 7 


Electronic Warfare 


Electronic warfare (EW) is the military action involving the use of elec- 
tromagnetic energy (i.e., radio frequency waves) to attack personnel, 
facilities, or equipment with the intent of degrading, neutralizing, or 
destroying enemy combat capability. EW includes electronic attack 
(EA), electronic protection (EP), and electronic warfare support (ES). 


EA includes actions taken to prevent or reduce the enemy’s effective use 
of the electromagnetic spectrum and employment of weapons that use 
electromagnetic or directed energy. EP represents actions taken to pro- 
tect personnel, facilities, and equipment from any effects of friendly or 
enemy employment of electronic warfare that degrade, neutralize, or 
destroy friendly combat capability. ES involves actions taken by, or 
under direct control of, an operational commander to search for, inter- 
cept, identify, and locate sources of intentional or unintentional radiated 
electromagnetic energy for the purpose of immediate threat recognition. 
Each radio operator must be aware of what the enemy will try to do. The 
enemy is well equipped to conduct EW, and the different techniques the 
enemy uses have specific purposes in the enemy’s EW effort. 


ELECTRONIC ATTACK TECHNIQUES 


Enemy forces employ a large number of radio direction finder (RDF) 
sets and communications intelligence (COMINT) analysts to exploit 
friendly use of the electromagnetic spectrum. The enemy’s goal is to 
locate and destroy as many command and control, fire support, and intel- 
ligence sites as possible during the first critical phase of the battle. When 
the enemy locates sites that the enemy cannot or does not want to 
destroy, these sites become prime targets for imitative electronic decep- 
tion (IED) or jamming. Imitative electronic deception is the enemy’s use 
of a compatible radio and a language expert to enter a friendly radio net. 
The enemy IED experts are very good at their jobs. If they are permitted 
to enter into a net, they will create much confusion for friendly forces. 
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Jamming is an effective way to disrupt control of the battle. All it takes 
is a transmitter, tuned to your frequency, with the same type of modula- 
tion and with enough power output to override the signal at your 
receiver. 


There are many types of jamming signals that may be used against a 
radio operator. Some are very difficult to detect and some are impossible 
to detect. For this reason, an operator must always be alert to the proba- 
bility of jamming and react accordingly when the radio has been silent 
for an inordinate amount of time. The radio operator should also be able 
to quickly identify the various types of jamming signals. These 
include— 


Random noise. 
Random pulse. 
Stepped tones. 
Wobbler. 

Random keyed modulated continuous wave. 
Tone. 

Rotary. 

Pulse. 

Spark. 

Recorded Sounds. 
Gulls. 
Sweep-through. 


Capture Effect and Jamming Techniques 


An inherent characteristic in FM communications is that a given station 
transmitting a signal will capture those receivers on the same frequency 
and in range for the receiver to detect the signal. This is the basis for net- 
ted communications for VHF FM radios. This FM capture effect is unde- 
sirable when receivers in a net are “captured” by a transmitter not in that 
net. This could be friendly interference or enemy interference. Friendly 
interference is usually unintentional whereas enemy interference is usu- 
ally intentional. 
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Obvious Jamming 


Radio operators are mostly aware of obvious interference (e.g., jam- 
ming) by an enemy, such as stepped tones (e.g., bagpipes), random- 
keyed Morse Code, pulses, and recorded sounds. The purpose of this 
type of jamming is to block out reception of friendly transmitted signals 
and to cause a nuisance to the receiving operator. An operator can usu- 
ally detect when the enemy is using this type of jamming. 


Subtle Jamming 


This type of jamming is not obvious at all. With subtle jamming, no 
sound is heard from the receiver. The radio does not receive incoming 
friendly signals, yet everything seems normal to the operator. 


Operator Actions 


Radio operators must be able to determine whether or not their radios are 
being jammed. This is not always easy. Threat jammers may employ 
obvious or subtle jamming techniques. These techniques may consist of 
powerful unmodulated or noise-modulated carrier signals transmitted to 
the operator’s receiver. Unmodulated jamming signals are characterized 
by a lack of noise. Noise-modulated jamming signals are characterized 
by obvious interference noises. If radio operators suspect that their 
radios are the targets of threat jamming, the following procedures will 
help them to make this determination. 


Meaconing, Intrusion, Jamming, and Interference Report 


If the radio operator suspects jamming or enemy intrusion on the net, 
then the radio operator should report it immediately to higher headquar- 
ters. Such information is vital for the protection and defense of radio 
communications. 


Field meaconing, intrusion, jamming, and interference (MIJI) reports 
serve two purposes. First, initial MIJI reports facilitate battlefield evalu- 
ations of the enemy’s actions or intentions and provide data for tactical 
countermeasures, as appropriate. Second, complete and accurate follow- 
up reports ensure MIJI incidents are documented and evaluated on a 
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national level, thus providing data for a continuing study of foreign elec- 
tronic warfare capabilities and activities. 


MIJI reports may be transmitted over nonsecure electronic means when 
secure communications are not available; however, the textual content of 
the MIJI report will be secured by an off-line (i.e., manual) system. 
Reports will be prepared in the format outlined in the following para- 
graphs. Brevity numbers pertinent to specific line item information are 
provided for some items. These brevity numbers must be encoded in the 
numeral cipher or authentication system prior to transmission. The two 
types of field MIJI reports are— 


| MIJI 1—an abbreviated initial report containing only those items of 
information necessary to inform headquarters of the incident and 
enable them to initiate evaluatory or retaliatory actions as appropri- 
ate. 


| MIJI 2—consists of 40 lines and is completed by higher headquarters. 


The MlJI 1 Report. This report is forwarded through the chain of com- 
mand to the combat operations center by the operator who is experienc- 
ing the MIJI incident. A separate report is submitted for each MIJI 
incident. The MIJI report includes— 


| Item 1—type report. When being transmitted over nonsecure commu- 
nications means, the numerals 022 are encrypted as Item 1 of the 
MIJI 1 report. When being transmitted over secure communications 
means, the term MIJI 1 is used as Item 1 of the MIJI 1 report. 


| Item 2—type MIJI incident. When being transmitted over nonsecure 
communications means, the appropriate numeral preceding one of the 
items below is encrypted as Item 2 of the MIJI 1 report. When being 
transmitted over secure communications means, the appropriate term 
below is used as Item 2 of the MIJI 1 report. 


1 Meaconing 
2 Intrusion 
3 Jamming 
4 Interference 
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Item 3—type of equipment affected. When being transmitted over 
nonsecure communications means, the appropriate numeral preced- 
ing one of the terms below is encrypted as Item 3 of the MIJI 1 report. 
When being transmitted over secure communications means, the 
appropriate term below is used as Item 3 of the MIJI 1 report. 


1 Radio 

2 Radar 

3 Navigational aid 
4 Satellite 

5 Electro-optics 


Item 4—Frequency or channel affected. When being transmitted over 
nonsecure communications means, the frequency or channel affected 
by the MIJI incident is encrypted as Item 4 of the MIJI 1 report. 
When being transmitted over secure communications means, the fre- 
quency or channel affected by the MIJI incident is Item 4 of the MIJI 
1 report. 


Item 5—victim designation and call sign of affected station operator. 
The complete call sign of the affected station operator is Item 5 of the 
MIJI 1 report over both secure and nonsecure communications 
means. 


Item 6—coordinates of the affected station. When being transmitted 
over nonsecure communications means, the complete grid coordi- 
nates of the affected station are encrypted as Item 6 of the MIJI 1 
report. When being transmitted over secure communications means, 
the complete grid coordinates of the affected station are Item 6 of the 
MIJI 1 report. 


The MlJI 2 Report. This is a complete report containing all details of the 
MIJI incident. Due to the number of items which require encryption 
when the report is transmitted over a nonsecure circuit, it is recom- 
mended that the report be delivered by messenger whenever possible. 
The higher headquarters’ operations officer, intelligence officer, or the 
electronic warfare officer is responsible for ensuring that a complete 
message report of the incident is submitted to the Joint Command and 
Control Warfare Center (JC2WC) within 24 hours of the incident. 
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ELECTRONIC PROTECTION TECHNIQUES 


Communications security (COMSEC) is an integral part of electronic 
protection. COMSEC is the protection resulting from all measures 
designed to deny unauthorized persons information of value that might 
be derived from the possession and study of telecommunications or to 
mislead unauthorized persons in their interpretation of the results of such 
possession and study. COMSEC includes transmission, cryptographic, 
emission, and physical security. 


The goal of COMSEC is to protect friendly communications from 
enemy exploitation while ensuring unimpeded use of the electromag- 
netic spectrum. The organization must be able to employ communica- 
tions equipment effectively in the face of enemy efforts. 


COMSEC requirements must be integrated into communications sys- 
tems planning and must focus on providing secure communications 
without impairing reliability or responsiveness. Modern communica- 
tions equipment includes features such as an integrated encryption capa- 
bility and frequency hopping capability, which contribute to 
communications protection. However, the security of our communica- 
tions depends on the proper operation of communications equipment and 
adherence to proper procedures. 


Transmission security 


Transmission security (TRANSEC) is that component of COMSEC that 
results from all measures designed to protect transmissions from inter- 
ception and exploitation by means other than cryptoanalysis. A message 
transmitted in the clear is the enemy’s greatest source of information. 
After the enemy has intercepted your radio transmission, the enemy’s 
language specialists will extract all possible intelligence from it. The 
enemy hopes to learn essential elements of friendly information (EEFI). 
Critical information that must be protected can be remembered by the 
key words SELDOM UP. 
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Each letter indicates a class of information as follows: 


| Strength—number of personnel, size of unit. 

| Equipment—type, quantity, condition. 

| Logistics—procedure for resupply, depots. 

| Disposition—were, what positions, map coordinates. 

1 Organization—how, what, chain of command, forces structure. 
| Movement and morale—where, how, when and good or bad. 

| Units—type, designation. 

| Personalities—who, where. 


Using TRANSEC is absolutely essential for the radio operator. When the 
radio must be used, keep transmission time to an absolute minimum (20 
seconds absolute maximum: 15 seconds maximum preferred); preplan 
your messages to avoid compromising any essential element of informa- 
tion. If you must send EFFI items, use brevity lists, if possible, and also 
encrypt the message. These measures decrease your transmission, help 
prevent RDF, and deny the enemy valuable information. Included under 
transmission security are the authentication procedures that must be fol- 
lowed to protect against the enemy’s IED. Every radio operator must be 
aware of the dangers of and guard against IED. 


Strict radio discipline and adherence to authorized procedures are key to 
ensuring TRANSEC over SCR networks. SINCGARS radios should be 
operated in a frequency hopping mode to provide maximum protection 
against enemy EW capabilities. Other TRANSEC measures include— 


| Well-trained operators thoroughly familiar with proper communica- 
tions procedures and equipment operation. (This includes all Marines 
who may operate SCR, not just CIS personnel.) 


| Avoidance of unauthorized transmission and testing and maximum 
use of data networks to minimize transmission time and opportunity 
for enemy direction finding. 

| Use of transmitter, antenna, and power combinations that produce 
minimum wave propagation and emission intensity consistent with 
reliable communications. 
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| Strict adherence to authorized frequencies. 


| Use of authentication systems to protect against imitative deception 
on nonsecure nets. 


| Use of changing call signs and frequencies on nonsecure nets. 


| Prompt response to and reporting of enemy jamming. (Operators 
should continue to operate on assigned frequencies in a secure mode, 
unless otherwise directed by a competent authority, and should 
attempt to work through the interference.) 


| Strict adherence to all emission control (EMCON) restrictions and 
observance of radio silence. 


| Use of communications means that do not radiate in the electromag- 
netic spectrum such as messengers, visual and sound signaling, and 
local wire loops. 


| Use of terrain masking to shield transmission systems from enemy 
EW systems. 


| Remoting of transmitters and avoiding the clustering of antennas. 


Cryptosecurity 


Cryptosecurity deals with codes, key lists, and communications security 
devices. This is the third line of defense for the radio operator. If the 
radio operator uses a security device on the radio, the enemy will not get 
anything for the language specialists to work on. However, do not get a 
false sense of security. The need for emission control and transmission 
security still exists—probably more so—because, if the enemy can’t get 
information, the enemy might attempt to destroy or jam your station. 
Also, it is very important for all radio operators to use only authorized 
codes and to realize that using homemade codes is dangerous. Home- 
made codes offer no protection at all. Their use is not authorized and is a 
serious violation of security. 


This also includes trying to “talk around” a classified or sensitive piece 
of information. The enemy intelligence personnel are not fools, and try- 
ing something like “talking around” critical information does more harm 
than good. If critical information must be transmitted, it should be 
encrypted or sent by secure means. In a situation when it is not possible 
to send by a secure means or to encrypt a message that must be sent, the 
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possibility of what friendly forces will lose against what the enemy 
could gain must be weighed. Other factors, such as how fast the enemy 
could react to the information and what delaying the message for 
encryption could mean, must also be considered. 


Emission Security 


Emission security (TEMPEST) is the component of COMSEC 
that results from all measures taken to deny unauthorized persons 
information of value that might be derived from interception and analy- 
sis of compromising emanations from cryptosecurity equipment and 
telecommunications systems. The operation of communications and 
information systems may result in unintentional electromagnetic emis- 
sions. Although tactical equipment is designed to reduce the possibility 
of such emissions, COTS equipment is not. Unintentional emissions are 
extremely susceptible to interception and analysis and may disclose clas- 
sified information. Commanders must follow applicable regulations pro- 
viding guidance on control and suppression of such emissions. 


Physical Security 


Physical security is the COMSEC component that results from all physi- 
cal measures necessary to safeguard classified equipment, material, and 
documents from access or observation by unauthorized persons. The 
access to classified cryptographic information must be tightly controlled. 
When a commander or designated representative has determined that an 
individual has a need to know and is eligible for access, then access to 
classified cryptographic information will be formally authorized. The 
authorization process must include an introduction to the unique nature 
of cryptographic information, its unusual sensitivity, the special security 
regulations governing its handling and protection, and the penalties pre- 
scribed for its disclosure. Reportable violations include— 


| Loss of material. 
| Unauthorized viewing. 
| Capture of individuals having access to COMSEC information. 
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Currently fielded COMSEC equipment is unclassified for external view- 
ing when appropriate covers are in place and no keying material is visi- 
ble. Consequently, the exposure of such equipment to casual viewing by 
uncleared personnel, whether by accident or as the result of operational 
necessity, does not constitute a reportable violation. 


EP techniques are divided into two categories: preventive and remedial. 
Preventive EP are those procedures that can be used to avoid enemy EA 
attempts. Remedial EP apply to jamming only; there are no remedial 
measures once a unit has been intercepted, detected, or deceived. 


ELECTRONIC WARFARE SUPPORT TECHNIQUES 


Interception 


The enemy is focused on intercepting your radio signal. To do this, all 
the enemy needs is a radio receiver that operates in the same mode and 
on the same frequency you are using to transmit. The mere fact that you 
are operating gives the enemy valuable information. It tells the enemy 
that you are in the area. By the number of stations operating on the same 
frequency, the enemy can estimate the size of the unit. If your net is 
operating in the clear, the enemy’s language specialists can understand 
exactly what is said for even more information. When analyzing the traf- 
fic pattern, the enemy can figure out which station is the net control sta- 
tion (NCS) and identify the headquarters. Usually, in U.S. forces, the 
NCS is the radio used by the operations officer or section of the highest 
headquarters operating in the net. By further traffic analysis, the enemy 
can determine changes in the level of activity that could mean a move- 
ment or upcoming operation. 


Radio Direction Finding 


Interception is only one of the many dangers that the radio operator will 
face. After knowing friendly forces are in the area, the enemy will try to 
locate their position by using radio direction finding (RDF). A radio 
direction finder consists of a radio receiver, a directional antenna, and 
other specialized equipment. With RDF equipment, the approximate azi- 
muth (i.e., bearing) to a transmitting radio can be determined. One 
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azimuth gives a general indication of direction. The intersection of two 
azimuths by different RDF stations is called a cut and gives a general 
indication of distance. The intersection of three or more azimuths is 
called a fix and gives a general location. The ideal fix is the exact inter- 
section of three or more bearings. However, exact intersection is seldom 
achieved. 


Terrain, weather, variations in radio wave propagation characteristics, 
the inherent RDF equipment, and operator inaccuracies, prevent an ideal 
fix. The fix that is obtained is called an actual fix. Although the actual 
fix may not be usable for immediate targeting purposes, it is more than 
enough for intelligence analysts to develop targeting data. Airborne 
direction finding is more accurate than ground-based direction finding 
but normally requires further analysis for targeting. 


RDF ability to intercept electronics equipment emissions and determine 
a bearing depends on the power output of the targeting transmitter and its 
antenna radiation patterns. Experience indicates RDF accuracy of 500- 
meter (547-yard [yd]) circular error of probability (CEP) is considered a 
very good RDF fix. Normally, 50 percent of the CEPs are approximately 
1,500 meters (1,640 yds) when the direction finder is located within 20 
to 25 kilometers (12.4 to 15.5 mi) of the forward line of own troops 
(FLOT). Many threat forces will fire on a 1,500-meter (1,640-yd) CEP if 
they have sufficient massed artillery, and further analysis of terrain and 
radio intercept can reduce the target area or identify an important target. 


(reverse blank) 


Appendix A 
Map Coordinates 


Field coordinates are often expressed in universal transverse mercator 
grid coordinates and usually consist of 6-digit numbers. The typical map 
used by the radio operator is a | to 50,000 scale topographic map that 
has grid lines drawn on it, which are 1,000 meters (1 kilometer or klick) 


apart. (See fig. A-1.) 


\ 
1 
1 


| |MAIN ROAD 


__MINE ROAD __--[2 


(1:50,000) 
Figure A-1. Topographic Map. 
To locate grid coordinate 632018, locate vertical line 63 (632018) in the 


figure and draw a vertical line 2/10 of the way (632018) between lines 
63 and 64. Likewise, find horizontal line 01 (632018) and draw a 
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horizontal line 8/10 of the way (632018) between it and line 02. The two 
drawn lines intersect at Lone Pine. 


Similarly, the intersection of the Lone Pine Fork with the Main Road in 
the figure would be represented as 638004, and the Old Mine would be 
618012. 


Although the use of the 6-digit number is generally sufficient for field 
use, a more exact coordinate will identify the 100,000 meter square and 
the grid zone designation to avoid confusion between different areas 
with identical grid line numbers. 


A more detailed explanation of the complete coordinate may be found 
centered at the bottom of a 1 to 50,000 scale topographic map. The 
order in which the grids are read can be remembered by using the 
expression read-right-up. 


Appendix B 


Time Zones 


The world is divided into 24 time zones, each one bearing a unique pho- 
netic letter name (ROMEO, UNIFORM, etc.) or time zone number that 
must be applied to local time to arrive at the world standard time which 
is Coordinated Universal Time (UTC). This standard time is referred to 
in the Marine Corps as ZULU time. (See fig. B-1.) The time zones are 
roughly 15° apart in longitude. 


YX WV UTS RQPON Z2ABCODEFGH IK LM 


12 -11-10 -9 -8 -7 -6 -5 -4 -3 -2 -1 01 2 3 45 6 7 8 9 10 11 


Figure B-1. Standard Time Zones of the World. 


ZULU TIME =LOCAL TIME - TIME ZONE NUMBER. 


LOCAL TIME = ZULU TIME + TIME ZONE NUMBER. 
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If a Marine is in the UNIFORM time zone, (also referred to as the PLUS 
8 zone), 8 hours must be added to the local time to get ZULU time. (See 
table B-1.) On the other hand, in the ROMEO or PLUS 5 time zone, 
1300 ZULU would equate to 0800 local. During the summer, however, if 
a Marine is located in an area where daylight savings time is observed, 
one hour must be subtracted from the time zone number; i.e., the PLUS 8 
zone becomes the PLUS 7 zone for local time purposes. 


Table B-1. CONUS Time Zones. 


Civilian Military ZULU Local ZULU 
Time Zone | Time Zone Time Time 
EDT QUEBEC +4 0800Q | 1200Z 
EST CDT ROMEO +5 0700R | 1200Z 
CST MDT SIERRA +6 0600S | 1200 Z 
MST PDT TANGO +7 0500 T | 1200Z 
PST UNIFORM +8 0400 U | 1200 Z 


AUTODIN communications (i.e., worldwide) ZULU time should be 
used in all messages. Within the operational area, however, local time is 
usually used. To avoid confusion, the time zone should always be stated 
e.g., 1100 LOCAL or 1900 ZULU. 


Word or 
Phrase 


ALL AFTER 
ALL BEFORE 
BREAK 


CORRECTION 


DISREGARD 
THIS TRANS- 
MISSION 


DO NOT 
ANSWER 
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Prowords 


Meaning 


I refer to the portion of the message that follows. 
I refer to the portion of the message that precedes. 


I hereby indicate the separation of the text from 
other portions of the message. Or: I have com- 
pleted the text of the message, signature follows, 
etc. (When break-in is permitted, receiving opera- 
tor may interrupt the transmitting operator to 
request retransmission of a portion of a message. 
This proword is the interruption sign.) 


An error has been made in this transmission (or 
message indicated). The correct version 
is . That which follows is a corrected ver- 
sion in answer to your request for verification. 


This transmission is in error. Disregard it. (This 
proword shall not be used to cancel any message 
that has been completely transmitted and for 
which receipt or acknowledgment has been 
received.) 


Stations called are not to answer this call receipt 
for this message, or otherwise to transmit in con- 
nection with this transmission. When this pro- 
word is employed, the transmission shall be 
ended with the proword OUT. 
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Word or 
Phrase 


EXECUTE 


EXECUTETO 
FOLOW 


EXEMPT 


FIGURES 
FLASH 
FROM 


IMMEDIATE 
INFO 


IREADBACK 


ISAY AGAIN 


ISPELL 


I VERIFY 


MESSAGE 
FOLLOWS 
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Meaning 


Carry out the purpose of the message or signal to 
which this applies. To be used only with the exec- 
utive method. 


Action on the message or signal which follows is 
to be carried out upon receipt of the proword 
EXECUTE. To be used only with the execu- 
tive method. 


The addressee designations immediately follow- 
ing are exempted from the collective net call. 


Numerals or numbers follow. 
Precedence FLASH. 


The originator of this message is indicated by the 
address designation immediately following. 


Precedence IMMEDIATE. 


The addressee designations immediately follow- 
ing are addressed for information. 


The following is my response to your instructions 
to read back. 


I am repeating transmission (or portion) indi- 
cated. 


I shall spell the next word phonetically. 


The following message (or portion) has been ver- 
ified at your request and is repeated. To be used 
only as a reply to verify. 


A message which requires recording is about to 
follow. (Transmitted immediately after the call.) 
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Word or 
Phrase 


NUMBER 
OUT 


OVER 


PRIORITY 
READ BACK 


RELAY TO 


ROGER 


ROUTINE 
SAY AGAIN 


SIGNALS 
FOLLOW 


SILENCE, 
SILENCE, 
SILENCE 


Meaning 


Station serial number. 


This is the end of my transmission to you. No 
response is necessary. 


This is the end of my transmission to you and a 
response is necessary. Go ahead and transmit. 


Precedence PRIORITY. 


Repeat this entire transmission back to me exactly 
as received. 


Transmit this message to all addressees or to the 
address designations immediately following. 


I have received your last transmission satisfacto- 
rily. 


Precedence ROUTINE. 


Repeat all of your last transmission. Followed by 
identification data means: “Say again (portion 
indicated).” (“Repeat” is not used because it is the 
signal for naval gunfire and artillery to fire.) 


The groups which follow are taken from signal 
book. (This proword need not be used on nets pri- 
marily employed for conveying signals. It is 
intended for use when tactical signals are passed 
on nontactical nets.) 


Cease transmission immediately. (Silence will be 
maintained until instructed to resume. When an 
authentication system is in force, transmissions 
imposing silence are to be authenticated.) 


C-4 


Word or 
Phrase 


SILENCE 
LIFTED 


SPEAK 
SLOWER 


THAT IS 
CORRECT 
THIS IS 
TIME 


TO 


UNKNOWN 
STATION 


VERIFY 


WAIT 
WAIT OUT 
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Meaning 


Resume normal transmissions. (Silence can be 
lifted only by the station imposing it or by higher 
authority. When an authentication system is in 
force, transmissions lifting silence are to be 
authenticated.) 


Your transmission is too fast. Reduce speed of 
transmission. 


You are correct, or what you have transmitted is 
correct. 


This transmission is from the station whose desig- 
nation immediately follows. 


That which immediately follows is the time or 
date-time group of the message. 


The addressees whose designations immediately 
follow are to take action on this message. 


The identity of the station with whom I am 
attempting to establish 
communications is unknown. 


Verify entire message (or portion indicated) with 
the originator and send correct version. To be 
used only at the discretion of or by the addressee 
to which the questioned message was directed. 


I must pause for a few seconds. 


I must pause longer than a few seconds. 
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Word or 


Phrase Meaning 


WILCO I have received your message, understand it, and 
will comply. (To be used only by the addressee. 
Since the meaning of ROGER is included in that 
of WILCO, the two prowords are never used 
together.) 


WORD AFTER __ [refer to the word that follows. 
WORD BEFORE [refer to the word that precedes. 


WORDS TWICE Communication is difficult. Transmit(ting) each 
phrase (or each code group) twice. This proword 
may be used as an order, request, or as informa- 
tion. 


WRONG Your last transmission was incorrect. The correct 
version 1S. 


(reverse blank) 


Letter 


4HnDdDO VO 2 52 7F K & 
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Phonetic Alphabet 
Word Pronunciation 
ALFA AL FAH 
BRAVO BRAH VOH 
CHARLIE CHAR LEE 
DELTA DELL TAH 
ECHO ECK OH 
FOXTROT FOKS TROT 
GOLF GOLF 
HOTEL HOH TELL 
INDIA IN DEE AH 
JULIETT JEW LEE ETT 
KILO KEY LOH 
LIMA LEE MAH 
MIKE MIKE 
NOVEMBER NOVEMBER 
OSCAR OSS CAH 
PAPA PAH PAH 
QUEBEC KEH BECK 
ROMEO ROW ME OH 
SIERRA SEE AIR RAH 
TANGO TANG GO 


D-2 


Letter 


N < <x =< 


Word 


UNIFORM 
VICTOR 
WHISKEY 
XRAY 
YANKEE 
ZULU 
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Pronunciation 


YOU NEE FORM 
VIK TAH 
WISS KEY 
ECKS RAY 
YANG KEY 
ZOO LOO 


Appendix E 


Phonetic Numerals 


Number Pronunciation 


=" 


WUN 
TOO 
TREE 
FOW-er 
FIFE 
SIX 
SEV-en 
AIT 
NIN-er 
ZERO 


So Oo ON Oo KR WO PD 
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Appendix F 


Prosigns 
Prosign Meaning 
PAorsctisecetelsieehedacuelgiatecied dustosutesy cobmestdscutebiattelsecetalteseebadadenhs covets duress All after. 
Bei cedicheicittis ndgeuuanasaesadatecsd cela basuetaeabaceetesdunaaad copaves uuad pacuehbunedensbeadeneats All before. 
PAR eset tcehdes ieee sewetg tana Miceccatendeustba ees End of transmission. No receipt required. 
AS iwidestbiatanad incdesnceaeataasagebtte hbasectebabccousnegeuntssauels I must pause for a few seconds. 
AS AR wee I must pause longer than a few seconds. Will call you back. 
Bes sscighedisual santtcsvies suas iSdcedesteconseeseabanteegtacd duatess dogbsaneddlvaac tea poeaceensede More to follow. 
BD secccceteed ben ree e tired aac iete Le BEd cuca ata cec take gaieted Seaades See ethbnittea sent erases sgteleete Break 
Cissieccsvsbesunaguscdonsecccuvedassnabseycbeidesteandscanvadecenntoanenop bescesonastuegunccussaeceutnsnenenbar Correct. 
1D) eR Ee LENO ERE eee C OTC SPEER CRORES LORETO Tee O PRE CEE EEC COTY This is. 
BRERBEBEB.. sscuccsctbscuecs sshensssesabbeates lacdsuateetdeespiadiosupeataceunceeesuocceanausesneaces Error. 
EEEEEEEE AR u...ccccicccctsceseneceeneossesesees This message is in error. Disregard it. 
Fi istecienbantdnes oncdensnts cuubeuveba cused basactibacceces nt csiund sadveodoncenttasedees sms ees nas das Do not answer. 
BM ie cisctecltelee Mecbadaceladatesett Bevertatespcatvetateutedis tele cttlds Mele hvele a leeetateselees From 
Ges secidbedtieabeanttcivdes ciustilseds see eat uaganeeanss Repeat this entire transmission back to me. 
GR hehehe took etek taste a ah Co suta oben tense aa nea tehat tbe iak Souted otuttons teuctins Group count. 
GRNC 2. i cseegenciiesescceertacenebecis The groups in this message have not been counted. 


HM HM HM... eee cee ceeseeceeecnneeenaees Emergency silence sign-silence. 
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INFO sui iwaestian The address designations immediately following are 
addressed for information only. 


LIN Detiass cetinehactiae ds wate eeee sects taseiheanevai iced A ekutieent ia Gece eet eee Interrogative. 


TX gesieesecestet echoes Action on the message or signal which follows is to be carried 
out upon receipt of execute. 


Vid cveetabeseterccaegelsdeeetsdatecladebentauedestcesteatoseveneeiegs Verify with originator and repeat. 


KS s deghoos deabe fasted pontectensa ce This is the end of my transmission to you and a response 
is necessary. 


INR sabesss eas itecaus cov aces cenesdaceoestes Me esiutealetisetagamsaasaseseais Numerals or numbers follow. 
CD reac badassstade Ga dhcals eeiat tatelbvaiass bes sudesesh ddeads acsvietes atthe. devstens Immediate precedence. 
Piivassifesaceusatseas tesuabsSbuacsassoaneiet eaueiasaudsissaedsvesaedl sausage stasaeeaaasbeds Priority precedence. 
Reisssicesagbiadcasdics sviidive meh sunseesadeseuandestteatapsouadesstcevantedivaasidscstets Routine precedence. 
Peavossvesud ceusthsagiacovesvisananaecsep ceva iashuteeedtasvaagaus vespuatvarsvesteaguscueosiaovesterneanestees Relay to. 
TO rises shia tastecsh wibaatees ats deteessisassinadveh avaneeinsestacteanties Sassiattensdtaes Action addressee. 
WA desc snesiieleceit coast Soseektarbesstil cate swsectiincoagebe vada sash eebnags Sette st eoeuaeseweers Word after. 
WEB ieicecindicsleasicn cossies sansend ce ies hokeebun fasbbenceuatonsapsiaedeatidecstiedsnetevancadeagbeves Word before. 
DOMED. st cabs intesssatecasacbeatdecstans mozitesvavesvaucetegsubveacasasaagvasave descneovia sovidevtnensuidons Exempt 
Misses dacesiabise lastest siidtletetiversseetvcaas deests adantesa tans Emergency command precedence. 


Appendix G 


Instructions for Preparing 
Field Messages 


. Place the protector insert under the message blanks to limit the num- 
ber of copies produced. Retain one copy in the book as a file copy. 
Classify cover in accordance with contents (see fig. G-1). 


. Use BLOCK CAPITAL letters for all entries except the signature. 
Use necessary punctuation. 


. To assign precedence and classification use table on the next page. 


. If a classified message is to be transmitted, secure voice or in the 
clear, check appropriate block. 


Show organization originating message in FM (from) block. 


. Show organization(s) for whom the message is intended in the TO 
block. 


. Block labeled date-time group is for communication personnel only. 
. Draft the message in brief but clear terms. 


. Message drafters are responsible for all message drafting functions 
to include the use of brevity codes. 
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PRECEDENCE TABLE SECURITY CLASSIFICATION TABLE 
Z- FLASH TOPSEC - TOP SECRET 
O- IMMEDIATE SECRET - SECRET 
P- PRIORITY CONF - CONFIDENTIAL 
R - ROUTINE UNCLAS - UNCLASSIFIED 


PROTECTOR INSERT 
Place this under the last copy of each message written. 


SAMPLE MESSAGE 


PREC. DTG FM: 


TO: INFO. 


BT CLASS 


x | SEND SEND RELEASING OFFICER'S SIGNATURE 
SECURE CLEAR 


TOR TOD | 


Figure G-1. Sample Message. 
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Radio Log 


Radio Circuit Log (Marine Corps) 


Circuit Bn TAC 


Station Call A2C 


Net ID/Frequency 


556 


Net Control Station X4L J4Z 
M2P 


Operator PFC Jones, A 


Net Call Sign S5F 


Other stations 


Supervisor Sgt. Smith, J 


Page 01 of 10 


Date 6 OCT 99 


Time Call Transmission End 
0800Z Assumed watch 
0801 B6D DE A2C K OVER 
A2C DE B30 K 
A2C DE D5F K 
0804 B3D C3E OUT 
DSF DE A2C AR 
0808 A2C DE B3D K OVER 
B3D DE A2C K 
A2C DE B3D P 231400Z SEP 99 C Files 
0810 B3D DE A2C AR OUT 
0812 B6D DE A2C Abbreviated Calls Authorized AR OUT 
0815 C4E DE DSF K OVER 
DEE K 
DEF MSG 0 231414Z SEP 99 
FM D5F3 
TO C4E3 
BT 


Classified (Use Actual Classification) 


Liaison 


Report to CAR Dealer at 1000 Today for 


BT 


K 


(reverse blank) 


Appendix | 
Metric System Conversion Table 


The basic unit of the metric system is the meter (m). The meter is 39.37 
inches long. This is 3.37 inches longer than the English yard. Units that 
are multiples or fractional parts of the meter are designated by prefixes 
to the word “meter.” 


millimeter (mm) = 0.001 meter or 1/1000 meter 
centimeter (cm)= 0.01 meter or 1/100 meter 
decimeter (dm) = 0.1 meter of 1/10 meter 
decameter (dkm) = 10 meters 

hectometer (hm) = 100 meters 

kilometer (km) = 1000 meters 


— — i 


The Metric Measurement in Most Common Use 


10 millimeters = 1 centimeter 
10 centimeters = | decimeter 
10 decimeters = 1 meter 


1000 meters = | kilometer 


To Convert 

Length Multiply by 
Inches to centimeters 2.54 

Feet to meters 0.3048 
Yards to meters 0.9144 
Miles to kilometers 1.609 
Millimeters to inches 0.03937 
Centimeters to inches 0.3937 
Decimeters to inches 3.937 
Decimeters to feet 0.328 


Meters to inches 39.37 


[De 


Meters to feet 
Meters to yards 
Decameters to feet 
Hectometers to feet 
Kilometers to feet 
Kilometers to yards 
Kilometers to miles 


Examples: 
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3.28 
1.0936 
32.8 
328.1 
3281 
1093.6 
0.62 


To change 90 kilometers to miles: 90 x .62 = 55.8 miles 
To change 90 kilometers to feet: 90 x 3281 = 295,290 feet 
To change 50 yards to meters: 50 x 0.9144 = 45.72 meters 
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Authentication 


Authentication systems are provided to prevent unauthorized enemy sta- 
tions from entering friendly radio nets to disrupt or confuse operations. 
The only authentication systems authorized are those approved for use 
by the National Security Agency. If a special or emergency requirement 
arises, notify the CIS officer (G-6/S-6). 


INSTRUCTIONS 


There are two methods of authentication that are authorized for use: 
challenge and reply authentication and transmission authentication. The 
operational distinction is that challenge and reply requires two-way 
communications, whereas transmission authentication does not. 


Challenge and Reply Authentication 


Challenge and reply authentication will be used whenever possible. The 
called party will always make the first challenge. Besides validating the 
authenticity of the calling station, this practice prevents an enemy opera- 
tor from entering a net to obtain correct authentication responses for use 
in another net. The party making the call may counterchallenge the 
called party using a different challenge. 


Note: In challenge and reply authentication, only the station respond- 
ing is verified. Do not accept a challenge as an authentication. 


When a caller desires authentication, he must invite a challenge by stat- 
ing that he is prepared to authenticate. 


Another challenge should be made if an incorrect reply is received, if a 
standby is requested, or if an unusual delay occurs between challenge 
and reply. 


J-2 


Users will occasionally misauthenticate because of such problems as 
having the wrong system, misreading the table, etc. The challenging sta- 
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tion should attempt to pinpoint the difficulty and then rechallenge. 


Never give the challenge and reply in the same transmission (self 


authentication). 


Transmission Authentication 


Transmission authentication is used to validate the authenticity of the 
message when it is impossible or impractical to use challenge and reply 
authentication (see table J-1). 


For Instructional Purposes Only 


Table J-1. Sample AKAC-874 Transmission Authentication. 


18 

0 SD 
2 FG 
4 VF 
6 HD 
8 RD 
10 BJ 
12 JH 
14 TY 
16 DR 
18 JH 
20 SD 
22 MJ 
24 BN 


20 
PY 
AG 
KU 
DT 
MG 
SR 
PO 
RM 
AO 
KY 
SR 
GH 
FI 


21 
UT 
RG 
JM 
SC 
GR 
EF 
QS 
OL 
MJ 
BG 
DE 
FD 
KI 


22 

JG 

YR 
RW 
DA 
LJ 

MB 
VX 
FS 

HD 
UY 
GC 
JG 
RW 


23 
LJ 
HF 
FS 
SA 

Qw 
TP 
KU 
DR 
RT 
NY 
TR 
OU 
T™ 
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WHEN TO AUTHENTICATE 


Transmission should be authenticated— 


| When any station suspects imitative deception on any circuit; e.g., 
when contacting a station following one or more unsuccessful 
attempts to contact that station. 


| When any station is challenged or requested to authenticate. This is 
not to be interpreted as requiring stations to break an imposed silence 
for the sole purpose of authenticating. 

| When directing radio silence, listening silence, or requiring a station 
to break an imposed silence. 

| When transmitting contact and amplifying reports in plain language. 

| When transmitting operating instructions that affect the military situ- 
ation; e.g., closing down a station or watch, changing frequency other 
than normal scheduled changes, directing establishment of a special 
communication guard, requesting artillery fire support, directing relo- 
cation of units, etc. 

| When transmitting a plain language cancellation. 

| When making initial radio contact or resuming contact after pro- 
longed interruptions. 

| When transmitting to a station that is under radio listening silence. 

| When authorized to transmit a classified message in the clear. 

| When forced, because of no response by the called station to send a 
message in the blind (transmission authentication). 


Note: Authentication is not required when making initial contact after 
a scheduled call sign and frequency change since only bona fide sta- 
tions will know their assigned call sign and frequency for the time 
period in use. 


For detailed authentication instructions refer to the automated communi- 
cations-electronics operations instructions. 


(reverse blank) 
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International Morse Code 


Dots and dashes are used in various distinctive combinations to repre- 
sent the letters of the alphabet, the numerals from 0 to 9, and the pros- 
igns (see fig K-1). The dots and dashes of the Morse Code are produced 
by keying a transmitter and causing it to transmit short and long signals. 
The dash is 3 times the length of the dot. The dots and dashes used for a 
letter are spaced from each other by a period of time equal in length to 
one dot. Letters are spaced from each other by a period of time equal to 
three dots. Words are spaced by a period of time equal to seven dots. 


a. Letters 
A e— aU gi S eee 
B eee K ~—e— Tw 
C —e—e L eee U oo — 
D ee M— — V eee — 
Ee N ~e W e— — 
F eee On a X — ec — 
GuH—e Pee Yo 2 ee 
H ecce Qe Z ——ee 
| ee Re—e 
b. Figures 
OY ore 5 ween re 
2 eo — 6 —eeee a er 
3 eee — 7 ~—eec- 
4 eeooe— 8 ——~ee 


Figure K-1. Morse Code. 


(reverse blank) 


Appendix L 
Frequency Prediction Means 


Radio signals propagate from a transmitter to a receiver in different ways 
depending on the selected frequency of the radio. The two available 
resources for Marines to predict the best frequency to propagate over a 
given path are to use the Joint Spectrum Center (JSC) or the Marine 
Corps’ system planning, engineering, and evaluation device (SPEED). 
See figure L-1 on page L-2. 


JSC is a Department of Defense agency that is responsible for supplying 
the electromagnetic analysis to the uniformed services. Located in 
Annapolis, Maryland, JSC can perform a variety of propagation predic- 
tions on all ranges of frequencies. Once a quarter, JSC publishes a list of 
HF frequency predictions for selected paths that the Marine Corps has 
requested. A compilation of frequency predictions are held in the G-6 
offices of the major subordinate commands within the Marine Corps. 


The second method is SPEED. SPEED is computer software that allows 
communications system planners to do rapid analysis of radio signal 
propagation. The SPEED comes with electronic maps of the Earth which 
allow true line of sight data for the planners, as well as HF propagation 
prediction. SPEED is available down to the battalion level. 
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SPEED SUPPORTS... 


RADIOS, RADARS, 


SENSORS PLRS 
AREA COVERAGE 
RADIO 
AND REFERENCE 
PATH PROFILING 
SINCGARS UNIT PLACEMENT 
X 
FREQUENCY 
HOPSET 
GENERATION 


TRI-TAC 


7 
SWITCHING AND 
MULITICHANNEL 
PROGRAMMING 


Figure L-1. SPEED. 


Appendix M 
Position and Navigation Systems 


Global positioning system (GPS) and position location reporting system 
(PLRS) are new systems that radio operators may be required to operate. 


GLOBAL POSITIONING SYSTEM 


Global positioning system is a space-based navigation system designed 
to provide 24-hour continuous worldwide, all-weather precise position, 
and time measurement. The GPS consists of a space segment (satellite), 
control segment (monitors stations on Earth), and user segment (GPS 
receivers). The system operates by satellites sending out two signals on 
nonchanging frequencies. The GPS receiver receives the signals trans- 
mitted by the satellites and computes the users position. GPS (by being 
an all-weather, jam-resistant, continuous system) gives users highly 
accurate navigation; worldwide, three-dimensional position or location 
velocity; and time information. As a passive, receive-only system, GPS 
can be employed at the individual level in such nondescript terrain as 
jungles, mountain ranges, or deserts. (See fig. M-1 on page M-2.) 


POSITION LOCATION REPORTING SYSTEM 


PLRS is a system of UHF radios, signal and message processors, and 
user input and output devices configured as master stations and basic 
units that provide the user of the system with position navigation infor- 
mation and limited digital communications. PLRS works by the individ- 
ual units in the network time sharing a single frequency band. As the 
master station records the arrival time of the signal bursts from each user 
unit at given locations, the range between sender and receiver can be 
computed. If units are beyond line of sight for the master station, then 
PLRS will automatically enable any user unit to serve as an automatic 
relay. The full PLRS performance can be provided over a 47- by 47- 
kilometer operating area. This operating area can be extended to a 300- 
by 300-kilometer area through the use of airborne relays provided by 
PLRS-equipped aircraft. 
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Figure M-1. Global Positioning System. 


ENHANCED POSITION REPORTING SYSTEM 


Enhanced position location reporting system (EPLRS) shares many 
characteristics with PLRS, but provides a significant increase in data 
communications capability over PLRS. Various data rates supporting a 
variety of broadcast and point-to-point modes are currently available. 
EPLRS will provide a dedicated data communications capability 
between regiment and battalion tactical data networks (TDNs) within the 
ground combat element, when fielded in FY-00. This network will also 
be extended to lower echelons throughout the MAGTF. EPLRS can also 
serve as a source for automated friendly position location information 
and navigation information in a hybrid community with PLRS, though 
data throughput is reduced. 
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Figure M-2. EPLRS Concept of Employment. 
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Appendix N 


Size of Dipole and Inverted L 
Antennas 


ACCORDING TO WAVELENGTH MEASUREMENTS 


Size of dipole and inverted L antennas according to wavelength 
measurements (in feet and inches). 


Table N-1. Size of Antennas. 


1/4 1/8 ue 

Frequency | 1/2 Wavelength Wavelength Wavelength Wavelength 
(MHz) 

2.00 225 ft 6 in 112 ft 9 in 56 ft4 1/2 in | 1,127 ft 6in 
2.50 180 ft43/4in |90ft21/3in | 45 ft1 in 901 ft 11 3/4 in 
3.00 150 ft 4 in 75 ft 2 in 37 ft 7 in 751 ft 8 in 
3.50 128 ft 10 1/4 in | 64 ft 5in 32 ft 2 in 644 ft 3 3/8 in 
4.00 112 ft 9in 56 ft 41/2in 28 ft21/2 in | 563 ft 9 in 
4.50 100 ft22/3in |50ft 11/8in | 25 ft 2/3 in 501 ft 1 1/3 in 
5.00 90 ft 2 1/3in 45 ft 1 in 22 ft6 2/3 in | 450 ft 11 3/4 in 
5.50 82 ft 41 ft 20 ft 6 in 410 ft 
6.00 75 ft 2in 37 ft Zin 18 f91/2in | 375 ft 10 in 
6.50 69 ft 42/3 in | 3481/3 in |17t4 in 346 ft 11 in 
7.00 64 ft 5 in 32 ft2 1/2 in |16ft1 1/4in | 322 ft 1 3/4 in 
7.50 60 ft 1 2/3 in 30 ft 1 in 15 ft 1/3 in 300 ft 8 in 
8.00 56 ft 41/2 in 28ft 21/4in 14 ft 1in 281 ft 10 1/2 in 
8.50 53 ft 3/4 in 26 ft 61/8 in | 13 ft 3.1/8 in | 265 ft 31/2 in 
9.00 50 ft 1 1/3 in 25 ft 2/3 in 12 ft 1/3 in 250 ft 6 2/3 in 
9.50 47 ft 52/3in 23 ft 83/4in 11 ft 10 1/3 in | 237 ft 4 3/8 in 
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Table N-1. Size of Antennas (continued). 
Frequency | 1/2 Wavelength sas ue Wecienat 
Wavelength Wavelength (MHz) 
10.00 45 ft 1 in 22 ft 62/3 in 11 ft 1/4 in 225 ft 6 in 
10.50 42 ft11 2/3in |21 ft 53/4in | 10ft 83/4in | 214 ft 9 1/8 in 
11.00 41 ft 20ft 6in 10 ft 3in 205 ft 
11.50 39 ft 2 2/3 in 19 ft 71/2in |9 ft9 2/3 in 196 ft 1 in 
12.00 37 ft 7 in 18 ft 91/2in | 9 ft 43/4 in 187 ft 11 in 
12.50 36 ft 1 in 18 ft 1/2 in 9 ft 1/4 in 180 ft 4 3/4 in 
13.00 34 ft 8 1/3 in 17 ft4 in 8 ft 8 in 173 ft 5 1/2 in 
13.50 33 ft 5in 16 ft 81/2in | 8ft 41/4 in 167 ft 3/8 in 
14.00 32 ft 2 1/2 in 16ft11/4in |8ft 2/3 in 161 ft 3/4 in 
14.50 31 ft 1 1/4 in 15ft 62/3in | 7ft91/3in 155 ft 6 1/4 in 
15.00 30 ft 1 in 15 ft 1/3 in 7 ft 61/4 in 150 ft 4 in 
15.50 29 ft 1 1/8 in 147t61/2in |7ft31/4 in 145 ft 5 7/8 in 
16.00 28 ft 2 1/4 in 14 ft 11/8in |7 ft 1/2 in 140 ft 11 1/4 in 
16.50 27 ft 4 in 13 ft 8in 6 ft 10 in 136 ft 8in 
17.00 26 ft 6 1/3 in 13 ft31/8in |6ft7 1/2 in 132 ft 7 3/4 in 
17.50 25 ft 9 1/4 in 12f102/in |6f 51/3 in 128 ft 10 1/4 in 
18.00 25 ft 2/3 in 12 ft 61/3in 6 ft 3 1/8 in 125 ft 3 1/2 in 
18.50 24 ft 4 1/2 in 12ft 21/4in 6 ft 1 1/8 in 121 ft 10 3/4 in 
19.00 23 ft 8 3/4 in 11ft103/8in = |5ft111/4in | 118 ft81/8in 
19.50 23 ft 1 1/2 in 11 ft 63/4 in 5 ft 9 3/8 in 115 ft 7 2/3 in 
20.00 22 ft 6 1/2 in 11 ft3 1/4in | 5ft 7 2/8 in 112 ft 9 in 
20.50 22 ft 11 ft 5 ft 6 in 110 ft 
21.00 21 ft 5 3/4 in 10 ft81/8in | 5 ft 43/8 in 107 ft 4 1/2 in 
21.50 20 ft113/4in | 10ft51/8in | 5ft3in 104 ft 10 2/3 in 
22.00 20 ft 6 in 10 ft 3in 5 ft 1 1/2 in 102 ft 6 in 
22.50 20 ft 1/2 in 10 ft 1/4 in 5 ft 1/8 in 100 ft 2 2/3 in 
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Table N-1. Size of Antennas (continued). 
Frequency | 1/2 Wavelength uA ue Wari 
Wavelength Wavelength (MHz) 
23.00 19 ft 7 1/3 in 5 ft 9 2/3 in 4 ft101/8 in | 98 ft 1/2 in 
23.50 19 ft 2 1/4 in 9 ft 7 1/8 in 4 ft 9 in 95 ft 11 1/2 in 
24.00 18 ft 9 1/2 in 9 ft 4 3/4 in 4 ft 8 3/8in 93 ft 11 1/2 in 
24.50 18 ft5in 9 ft 2 3/8 in 4 ft 7 1/4 in 92 ft 1/2 in 
25.00 18 ft 1/2 in 9 ft 1/4 in 4 ft6 1/8 in 90 ft 2 3/8 in 
25.50 17 ft 81/4in 8ft101/8in |4ft5in 88 ft 5 1/8 in 
26.00 17ft 41/8in 8 ft 8 in 4 ft 4 in 85 ft 8 1/8 in 
26.50 17 ft 1/4 in 8 ft61/8in |4ft3in 85 ft 1 1/8 in 
27.00 16 ft 8 3/8 in 8 ft 4 1/4 in 4 ft 2 1/8 in 83 ft 6 in 
27.50 16 ft 4 3/4 in 8 ft 2 3/8 in 4 ft 11/8 in 81 ft 11 1/8 in 
28.00 16 ft 1 1/4 in 8 ft 2/3 in 4 ft 1/3 in 80 ft 6 3/8 in 
28.50 15 ft 9 1/8 in 7 ft 11 in 3ft 11 1/2in 79 ft 1 1/2 in 
29.00 15 ft 6 2/3 in 7 9 1/3 in 3 ft102/3in | 77 f91/8in 
29.50 15 ft 3 1/2 in 7 ft 7 3/4 in 3 ft 10 in 76 ft 5 1/4 in 
30.00 15 ft 3/8 in 7 ft 6 1/8 in 3 ft 9 in 75 ft 2 in 


(reverse blank) 


Appendix O 


Field Repair and Expedients 


Section I. Antenna Repair 


Antennas are sometimes broken or damaged, causing either a communi- 
cations failure or poor communications. If a spare is available, replace 
the damaged antenna. When there is no spare, you may have to construct 
an emergency antenna. The following paragraphs are suggestions on 
repairing antennas and antenna supports and on constructing and adjust- 
ing emergency antennas. 


REPAIR TECHNIQUES 


Whip Antennas 


When a whip antenna is broken into two sections, the portion of the 
antenna that is broken off can be connected to the portion attached to the 
base by joining the sections as shown in figure O-1 on page O-2. Use the 
method illustrated in figure O-1A, when both parts of the broken whip 
are available and usable. Use the method shown in figure O-1B when the 
portion of the whip that was broken off is lost, or when the whip is badly 
damaged. To restore the antenna to its original length, add a piece of 
wire that is nearly the same length as the missing part of the whip. Then, 
lash the pole support securely to both sections of the antenna. Clean the 
two antenna sections thoroughly to ensure good contact before connect- 
ing them to the pole support. If possible, solder the connections. 


Wire Antennas 


Emergency repair of a wire antenna may involve the repair or replace- 
ment of the wire used as the antenna or transmission line; or, the repair 
or replacement of the assembly used to support the antenna. 
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Figure O-1. Emergency Repair of Broken Whip. 


When one or more wires of an antenna are broken, the antenna can be 
repaired by reconnecting the broken wires. To do this, lower the antenna 
to the ground, clean the ends of the wires, and twist the wires together. 
Whenever possible, solder the connection. 


If the antenna is damaged beyond repair, construct a new one. Make sure 
that the lengths of the wires of the substitute antenna are the same length 
as the original. 


Antenna supports may also require repair or replacement. A substitute 
item may be used in place of a damaged support and, if properly insu- 
lated, can be of any material of adequate strength. If the radiating ele- 
ment is not properly insulated, field antennas may be shorted to ground 
and rendered ineffective. Many commonly found items can be used as 
field expedient insulators. The best of these items are plastic or glass, to 
include plastic spoons, buttons, bottle necks, and plastic bags. Less 
effective than plastic or glass but better than no insulators at all are wood 
and rope, or both, in that order. The radiating element—the actual 
antenna wire—should touch only the antenna terminal and be physically 
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Figure O-2. Improvised Insulators. 


separated from all other objects, other than the supporting insulator. Fig- 
ure O-2 shows various emergency insulators. 


Guys 


Lines used to stabilize the supports for an antenna are called guys. These 
lines are usually made of wire, manila rope, or nylon rope. If a rope 
breaks, it may be repaired by tying the two broken ends together. If the 
rope is too short after the tie is made, it can be lengthened by adding 
another piece of dry wood or cloth. If a guy wire breaks, it can be 
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replaced with another piece of wire. Figure O-3 shows a method of 
repairing a guy line with a spoon. 


Figure O-3. Repaired Guy Lines and Masts. 


Masts 


Some antennas are supported by masts. If a mast breaks, it can be 
replaced with one of same length. If long poles are not available as 
replacements, short poles may be overlapped and lashed together with 
rope or wire to provide a pole of the required length. Figure O-3 shows a 
method of making an emergency repair to masts. 
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TIPS FOR CONSTRUCTION AND ADJUSTMENT 


Constructing the Antenna 


The best kinds of wire for antennas are copper and aluminum. In an 
emergency, however, use any type that is available. 


The length of most antennas is critical. The emergency antenna should 
be the same length as the antenna it replaces. 


Antennas supported by trees can usually survive heavy wind storms if 
the trunk of a tree or a strong branch is used as a support. To keep the 
antenna taut and to prevent it from breaking or stretching as the trees 
sway, attach a spring or old inner tube to one end of the antenna. Another 
technique is to pass a rope through a pulley or eyehook, attach the rope 
to the end of the antenna, and load the rope with a heavy weight to keep 
the antenna tightly drawn. 


Guys used to hold antenna supports are made of rope or wire. To ensure 
that the guys made of wire will not affect the operation of the antenna, 
cut the wire into several short lengths and connect the pieces with insula- 
tors. 


Adjusting the Antenna 


An improvised antenna may change the performance of a radio set. Use 
the following methods to determine if the antenna is operating properly. 


A distant station may be used to test the antenna. If the signal received 
from this station is strong, the antenna is operating satisfactorily. If the 
signal is weak, adjust the height and length of the antenna and the trans- 
mission line to receive the strongest signal at a given setting on the vol- 
ume control of the receiver. This is the best method of tuning an antenna 
when transmission is dangerous or forbidden. 


In some radio sets, the transmitter is used to adjust the antenna. First, set 
the controls of the transmitter in the proper position for normal opera- 
tion; then, tune the system by adjusting the antenna height, the antenna 
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length, and the transmission line length to obtain the best transmission 
output. 


Impedance-matching a load to its source is an important consideration in 
transmissions’ systems. If the load and source are mismatched, part of 
the power is reflected back along the transmission line towards the 
source. This reflection not only prevents maximum power transfer, but 
can also be responsible for erroneous measurements of other parameters, 
or even cause circuit damage in high-power applications. 


The power reflected from the load interferes with the incident (i.e., for- 
ward) power, causing standing waves of voltages and current to exist 
along the line. The ratio of standing-wave maxima to minima is directly 
related to the impedance mismatch of the load; therefore the standing- 
wave ratio (SWR) provides the means of determining impedance and 
mismatch. 


WARNING 


SERIOUS INJURY OR DEATH CAN RESULT FROM CONTACT 
WITH THE RADIATING ANTENNA OF A MEDIUM- OR HIGH-POW- 
ER TRANSMITTER. TURN THE TRANSMITTER OFF WHILE MAK- 
ING ADJUSTMENTS TO THE ANTENNA. 
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Section Il. Field Expedient Antennas 


SINCGARS VHF radios provide the primary means of communications 
for Marine Corps forces around the world. The SINCGARS radio oper- 
ates in both single-channel and frequency hopping modes. It is important 
for CIS personnel to remember that when using the SINCGARS radio in 
the frequency hopping mode, field expedient VHF antennas should not 
be used. CIS personnel should only use the whip antenna or the OE-254 
antenna when operating in the frequency hopping mode. 


HIGH FREQUENCY, FIELD EXPEDIENT 
OMNIDIRECTIONAL ANTENNAS 


Vertical antennas are omnidirectional; i.e., they transmit and receive 
equally well in all directions. Most manpack portable radios use a 
vertical whip antenna. A vertical antenna can be improvised by using a 
metal pipe or rod of the correct length, held erect by means of guys. The 
lower end of the antenna should be insulated from the ground by placing 
it on insulating material. A vertical antenna may also be a wire, sup- 
ported by a tree or a wooden pole (see fig. O-4). For short, vertical 
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Figure O-4. Field Substitutes for Support of Vertical 
Wire Antennas. 
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antennas, the pole may be used without guys (if properly supported at 
the base). If the length of the vertical mast is not long enough to support 
the wire upright, it may be necessary to modify the connection at the top 
of the antenna. 


End-Fed Half-Wave Antenna 


An emergency, end-fed half-wave antenna can be constructed from 
available materials such as field wire, rope, and wooden insulators. The 
electrical length of this antenna is measured from the antenna terminal 
on the radio set to the far end of the antenna (see fig. O-5). Construct the 
antenna longer than necessary, then shorten it, as required, until best 
results are obtained. The ground terminal of the radio set should be con- 
nected to a good Earth ground for this antenna to function efficiently. 


NSULATORS 


ANTENNA—> 
WIRE 


STAKE 


Figure O-5. End-Fed Half-Wave Antenna. 


Center-Fed Doublet Antenna 


The center-fed doublet is a half-wave antenna consisting of two, quarter- 
wavelength sections on each side of the center. Construction of an 
improvised doublet antenna for use with FM radios is shown in figure 
O-6. 
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Figure O-6. Half-Wave Doublet Antenna. 


Doublet antennas are directional broadside to their length, which makes 
the vertical doublet antenna essentially omnidirectional. This is because 
the radiation pattern is doughnut shaped. The horizontal doublet antenna 
is bidirectional. 


The length of a half-wave antenna may be computed by using the for- 
mula in Chapter 4. Cut the wires as closely as possible to the correct 
length because the length of the antenna wires is important. 


A transmission line is used for conducting electrical energy from one 
point to another, and it is used to transfer the output of a transmitter to an 
antenna. Although it is possible to connect an antenna directly to a trans- 
mitter, the antenna generally is located some distance away. In a vehicu- 
lar installation, for example, the antenna is mounted outside, and the 
transmitter is inside the vehicle. A transmission line, therefore, is neces- 
sary as a connecting link. 


Center-fed half-wave FM antennas can be supported entirely by pieces 
of wood. A horizontal antenna of this type is shown in figure O-7A; a 
vertical antenna in figure O-7B on page O-10. These antennas can be 
rotated to any position to obtain the best performance. If the antenna is 
erected vertically, the transmission line should be brought out horizon- 
tally from the antenna for a distance equal to at least one-half of the 
antenna’s length before it is dropped down to the radio set. 
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Figure O-7. Center-Fed Half-Wave Antenna. 


A similar arrangement for a short, center-fed half-wave antenna is 
shown in figure O-8. The ends of this antenna are connected to a piece of 
dry wood, such as a bamboo pole, and the bend in the pole holds the 
antenna wire straight. Another pole, or bundle of poles, serves as the 
mast. 


Figure O-9 shows an improvised vertical half-wave antenna. This tech- 
nique is used primarily with FM radios. It is effective in heavily wooded 
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Figure O-8. Bent Bamboo Antenna. 
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Figure O-9. Improvised Vertical Half-Wave Antennas. 
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areas to increase the range of portable radios. The top guy wire can be 
connected to a limb or passed over the limb and connected to the tree 
trunk or a stake. 


HIGH FREQUENCY, FIELD EXPEDIENT DIRECTIONAL 
ANTENNAS 


The vertical half-rhombic antenna (fig. O-10 on page O-12) and the 
long-wire antenna (fig. O-11 on page O-12) are two field expedient, 
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Figure O-10. Vertical Half-Rhombic Antenna. 


directional antennas. These antennas consist of a single wire, preferably 
two or more wavelengths long, supported on poles at a height of 3 to 7 
meters (10 to 20 feet) above the ground. The antennas will, however, 
operate satisfactorily as low as | meter (approximately 3 feet) above the 
ground. The far end of the wire is connected to ground through a nonin- 
ductive resistor of 500 to 600 ohms. Use a resistor rated at least one-half 
the wattage output of the transmitter to ensure the resistor is not burned 
out by the output power of the transmitter. A reasonably good ground, 
such as a number of ground rods or a counterpoise, should be used at 
both ends of the antenna. The radiation pattern is directional. The anten- 
nas are used primarily for either transmitting or receiving high frequency 
signals. 


RESISTOR 


Figure O-11. Long-Wire Antenna. 
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The Vee antenna is another field expedient, directional antenna. It con- 
sists of two wires forming a Vee with the open area of the Vee pointing 
toward the desired direction of transmission or reception (see fig. O-12). 
To make construction easier, the legs may slope downward from the 
apex of the Vee (this is called a sloping Vee antenna [see fig. O-13 on 
page O-14]). 


The angle between the legs varies with the length of the legs in order to 
achieve maximum performance. 


When the antenna is used with more than one frequency or wavelength, 
use an apex angle that is midway between the extreme angles deter- 
mined by the chart. 


To make the antenna radiate in only one direction, add noninductive ter- 
minating resistors from the end of each leg (not at the apex) to ground. 


INSULATORS 


Figure O-12. Vee Antenna. 
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Figure O-13. Sloping Vee Antennas. 


The resistors should be approximately 500 ohms and have a power rat- 
ing at least one-half that of the output power of the transmitter being 
used. Without the resistors, the antenna radiates bidirectionally, both 
front and back. 


The antenna must be fed by a balanced transmission line. 
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Use table O-1 to determine the angle and the length of the legs. 


Table O-1. Leg Length for Vee Antennas. 


Antenna Optimum 
Length Apex Angle 

(Wavelength) (Degrees) 

1 90 

2 70 

3 58 

4 50 

6 40 

8 35 

10 33 


(reverse blank) 


Appendix P 
Radio Operator’s Checklist 


Before you operate any radio set, get the appropriate equipment techni- 
cal manual (TM) and carefully study the operating instructions. Refer to 
the panel diagrams, connections diagrams, and the paragraphs covering 
the description of components during the preliminary starting procedure. 
Make sure that the proper cables are connected to the proper panel con- 
nectors, and that the controls are correctly set. Even the most experi- 
enced operators should check their preliminary procedures against the 
TM references from time to time to insure accuracy and avoid damaging 
the equipment. Use the operational checklist and the equipment perfor- 
mance checklist to determine what to do to remedy any problems 
encountered during starting procedures and operation. 


STEPS IN OPERATING RADIO SETS 


Radio sets issued to a unit vary in type according to the communications 
requirements of the unit. For example, some sets may be completely 
contained in one assembly, while others may consist of separate compo- 
nents that must be properly connected to assemble a complete radio set. 
The following steps are generally required in operating a radio set. 


Check the Set for Completeness 


Make sure that all the necessary components and accessories are on hand 
and ready for use. Refer to the equipment basic issue items list in the 
TM. Never operate the transmitter without the antenna attached. 


Inspect the Condition of the Knobs, Dials, Switches, and 
Controls 


Look for knobs, dials, switches, and controls that are loose on their 
shafts, bind when being operated, won’t operate, or are damaged in any 
other way. Make corrections where possible or report the faulty 
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condition to the CIS officer or CIS chief. Make sure that all knobs and 
exterior parts are on the set. Immediately report any that are missing. 


Check the Condition of Plugs, Receptacles, and Connectors 


Do not attempt to connect the set for operation until you are sure that the 
plugs and connectors are clean and in good condition, and the recepta- 
cles to which they must be connected are also clean and in good condi- 
tion. 


Check the Connections Diagrams 


The connections diagrams in the equipment TM show the type and num- 
ber of cables required to interconnect the components of the radio set for 
each type of operation. The radio set may be damaged if cables are con- 
nected to the wrong receptacles. 


If the connectors don’t match, it is possible to physically damage the 
pins or sleeves of the connector. 


If a cable is connected to a receptacle into which it fits but does not 
belong, it may cause serious electrical damage to the equipment and, in 
some cases, injury to the operator. 


Make Sure of Dial, Switch, and Control Settings 


Some radio sets can be seriously damaged if the switches, dials, and con- 
trols are not set to the required initial settings before applying power or 
making the initial timing adjustments. Before applying power, check the 
equipment TM to be sure you performed all preliminary starting proce- 
dures. Be sure radios installed in vehicles are turned off before starting 
the vehicle’s engine to avoid damage to radio equipment. 


Follow the Starting Procedure 


The equipment TM covers, in detail, the proper procedure for starting 
the radio set. If there is a specific sequence for starting the set, it is 
described in the manual. Perform the operations in the proper sequence. 
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Apply Power 


After the proper connections are made, and all switches are properly set, 
power may be applied to the set. 


Allow the Set to Warm Up 


Radio sets usually require a warm-up period when first applying power 
in order to stabilize the equipment. In some cases, it is possible to dam- 
age a set by attempting to operate a set without allowing a warm-up 
period. Most sets are protected against such damage, but it is foolish to 
risk damage to a radio set by trying to put it on the air before it is ready. 


Tune to the Desired Frequency (Channel) 


Tune the transmitter to the frequency of the desired channel according to 
the procedures in the equipment TM. Use the methods that are given in 
the TM to check for correct tuning. 


Check the Set for Normal Operation 


While the set is in operation, check the indicators frequently to be sure 
that the set is operating correctly. If anything unusual occurs during 
operation, investigate it immediately. When necessary, turn off the 
power to the set and refer to the operational checklist and the equipment 
performance checklist in the equipment manual. If the corrections given 
in the operational checklist and the equipment performance checklist 
will not correct the trouble, report the condition to the unit electronics 
maintenance shop. Make sure that the condition of the set and the action 
taken are properly recorded on the maintenance records. 


Use the Proper Procedure to Turn Off the Set 


After operation (or if the set is being turned off because of improper 
operation) make sure that the controls, switches, and dials are properly 
set (this may not be required on some radios). Proceed to shut down the 
components of the set in the sequence specified in the equipment man- 
ual. Simple radios may require nothing more than turning the power 
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switch to its OFF position, but more complex sets may require elaborate 
shutdown procedures. 


Operating Hints 


Use a handset or headset, rather than a loudspeaker, if the incoming sig- 
nal is weak. Make sure that the microphone or handset is in good condi- 
tion. Speak directly into the microphone; speak slowly and distinctly. 


Make sure that the vehicle’s battery voltage (if radio set is vehicular- 
mounted) is within the correct range. Keep the engine running to charge 
the battery. Move the set or the vehicle, if necessary, to improve recep- 
tion. 


Lack of communications or poor communications may be caused by— 


Too great a distance between radio sets. 

Poor choice of location (siting) at one or both ends of the circuit. 
Terrain—hills or mountains. 

Noise and interference. 

Not enough transmitter power. 

Defective equipment. 

Improper adjustment of equipment. 

Ineffective antenna. 


Improper frequency assignment. 


Poorly maintained equipment and improper operation can be just as 
effective in preventing communications as excessive distance or moun- 
tainous terrain. To avoid problems, observe the following precautions at 
all times: 


| Study the TMs for the equipment you are using. They provide com- 
plete operating instructions and maintenance procedures. 


| Keep your radio set clean and dry. 
| Handle your radio set carefully. 


Appendix Q 


Glossary 


Section I. Acronyms 


PG schoet daa tn te onsactateen satus tan edaloaece bat duatnicasscants ea scstedueniets alternating current 
PAS Lets acetic aa seaeh aac lete nade cathe tased Aneel sie sna latenas audio frequency 
PM iiesakconksactacanacoedsa es oscatatpoesevasedetantensmatnceseesetaee amplitude modulation 
ASAP vissnicsdsnavecnsdeaapeissatandadedeiasecsadsesesdades vusteubeaceenaneers as soon as possible 
PS [Pit pocta de cnceei es aide aatedt advanced systems improvement program 
DPS caries Be ead ee ee ada SAS bits per second 
CAT eesbosccetcectetmaniecties command, control, communications, computers, 

and intelligence 
CDT sezncectetieeseiies evisdetlevsieiate tied lasted Central Daylight Time 
CHOL a eisai setts communications-electronics operating instruction 
CEP 2a ae ocheccah eat ase Chapala caean a ueedate ant cedsensa circular error of probability 
CUS toes oie Serhan eins communications and information systems 
CMs aries esha esc le ee Ueda carey acerca tata tues ee tease teats centimeter 
COMINT teciecet icon cidneeeinte communications intelligence 
OMS EC 525 sees tale Bala criti lela Senta tstsn tik: communications security 
ONS ses ccs sceca le rasctttns aaa ect pata les adeeuistaecet: continental United States 
COTS jae aiecs dace nie aetna commercial off-the-shelf equipment 
ASST tease gcse phe dace Pee als te agente Aue, See Central Standard Time 
DAC T iecnciatauteaiantee data automated communications terminal 
DAMA wu cctiely thee miele demand assigned multiple access 
CD erie ees ge i ed wea Ree doe, decibel 
as da ae eh waaed Meza Saye has eee Rodda Aes Se fads tack tase direct current 
DG gon stetead tet accent nalies eel AG oe digital communications terminal 
CLI coseralsshnactue neste dess dean Dnesaseeaa assigned anda ednes ny avaaa bea auodaehedeteeaieans decimeter 
UIGINT sis zassisd ob azuishsadicas seeakegniis pixeh eaptacan erat aeajsonecteaueieene ie eantasenienet dekameter 
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PAE scansds tegcnlsoaacceaiatocaeletsteneatesoe esas esc ese data terminal equipment 
DDG eewasigsssiys iealaviaeaeshennsyvenweeruadivageaivian as aateasaeavonseatiatees date-time group 
BA seh csssietteciirel ol lessee ei ievisdeesleeyuitiadi edi easttons lens eieaseladiaud electronic attack 
Bn Suadieaud eal asian oe eeeenss Eastern Daylight Time 
|e) al Reeereeeareees fee epst aren pera eer essential elements of friendly information 
TIVES ON tect, Ag acti Aah se ees ee Pa celica ide haa ulate ctrcide a Nicaea emission control 
IVEY wget dasauctgedlsSutnsde tus vaca eS outs ined yeudueeans tate ea tas electromagnetic pulse 
EP ys caste jaaiede winvlasiowunvalan age cueasvedaaeasdacetes yesabeaveasaceaontas electronic protection 
IPERS ass svskgisbiveonctotave iedeave enhanced position location reporting system 
Tes teeaanwletanneatesacaccatesnnceatetunactuenae tastes: electronic warfare support 
FES Wi asthetiteatahmaarcasubaccuomnanaua nadesaiagaaagacencns ss Eastern Standard Time 
TW eas todsasa cite ca pee wis cathe eta ees taeda aso dbase cence ates electronic warfare 
FAG 1 eirttin eet tceti neni en eiitia miata tenes e es forward air controller 
BIOTP a, gessneeiectted eo ssscds tase cath aekatintpennaspiecasesays forward line of own troops 
PINT oak ets a ee ee ee he eee ates frequency modulation 
Ty WUE aca.c2, ecco PagceoessSavawanes eacadesanancudsdaactusbassae aabencastnanee Fleet Marine Force 
IIE on spat nat aletinaceeuatgonitaeaeee sata cuacel nace: Fleet Marine Force manual 
GAZ sssvatiacene spanaiadsss cava stesaiegest sntansticacsiessdniabetalemnneeen eae aes gigahertz 
OP Sect eucidadeuccassestecaraes te ase oh aidan cnet global positioning system 
TERT sacle sui ae Bi vache se vicinal ee pa ued aiid ea ede ae high frequency 
FEZ, in. ctuletsnadatectycccataaadcentes vaacsvesancusetdoaasvecasenesaageceaste cachascadencassarentates vet hertz 
HIM sccciaeledeerdcmcidiia weeuubdd acinn wee anaes hectometer 
DD osssaisnasstdvoesidecstinsdntva heuaacssiaaaapiaeeachsdeareudaeeaaveelea sagen identification 
TED jastetirrssccbancssdbuetntenicenigatlate. imitative electromagnetic deception 
INR. cael cig geass pace aiuto dal eoihesta stata tog alnsa aut oda cov ce adet paaeevbemeacontaneeae infrared 
A GPA | Gere mre earners Joint Command and Control Warfare Center 
JSC Andis Min wii inaraneenae same wane Joint Spectrum Center 
IRE oss 8. cons oss iecass do scatun ates cnensoacaeds toca aseae nedeeamenseaeee tae kilohertz 
RIVE ceeds cedenederes ob Sdektns co el Ga tenaeehecahaneddebies ch iaelvueeaeteweetheelaenuedies kilometer 
KDDS cass suisaceetesdcevsadeydacsasgsdacsouegpaatenodsadeodssdcavandesauneactoie kilobytes per second 


Wie e rete Bostotee Botredd teeth Neto M teitis Aue Me eek kilowatt 
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TOS 2. F cea oaecicnie te seated spedaadta, dead. acest died. ti uteconl Co, catia Veacoss eave line of sight 
LSB wuss en sesiiacsactnagetsqibics stecnsSoastencthcagsssasseqiieiveeasntantiateiseee: lower side band 
LU Picea Ritalin iuie iia etal eels lowest usable frequency 
TU 2G sya wah ee de ess cso eos oot Pao Ua aca eu dc tases de meter 
DEAS TP eeteesoeesh sas ome cseatataed am atonamneacee Stas Marine air-ground task force 
WIRE, 2 focukczseted ata Sune Stand te tel s Marine Corps reference publication 
MIC WP cosesccotarsetus Ge Oba acessio Marine Corps warfighting publication 
nO Bs Beene me tes remang etre snnenee oe een Gere Te Rtn ner ree Mountain Daylight Time 
MEU(SOC)........ Marine expeditionary unit (special operations capable) 
MPR ced wxcd coast dat sp say cea tiamdbesnaaravtecdint cannes moisture fungusproofing paint 
IWIN, secbesGiele ae ste eadte decease ae eee ets odie eel megahertz 
TVA ef doiot den at caelet Sangeeta trae Gy SaaS aaa tee nance Gaara enteas et tee miles 
DVL ct ssuchioeeh decease cadens meaconing, intrusion, jamming, interference 
TTVEro.sei Sap sdaspesnes oni ateaibndioa ceadaedsqnasdans asa auvetess sae staabeatonss opagaunaseeacs millimeter 
WEP Pcs sveacn.dovecedsatvinitut ittaautagedaaedateacseg tosses’ maritime prepositioning force 
WES TU ccahete i cbtioctie sd toeiuhsesacessdecadewehaetei ciel Ubeeiadess Mountain Standard Time 
OE sete eves ite nle Baek actuelle .maximum usable frequency 
WU iol ice BO alae Ga BE Aleta ho Bich saleda ee nioben ose tadie Based multiplex 
NB@iscssccccaudect aii csstesttre amet nuclear, biological, and chemical 
ING i Sess Seed iacit ea aencaanscadcsseveastioicusstiecsadusosmecocsecoseaes net control station 
ha Fo ee eater Penn roan Revert ne men cre need Pe near vertical incidence skywave 
OMI 2s ede endize a unit of electrical resistance (named for Georg Ohm) 
COT ved Gund Set dee te Saal neal meade ante cd anaes over the horizon 
PESTON cos. cssece sa Seeds seca eeaa seme oases etee te eee tats teeta precedure sign 
PEO WOU 225. 25 2 sapeccanuditeadate Sovdese decane rcaat Masala sedeatutalteaes procedure word 
PID vasctsscensetiaviussbieabigavanenenascatanepianageastiecisateaeeeneesans Pacific Daylight Time 
PERS eicactiitenidistanleelecteibreeusdeeeets position location reporting system 
DS eRe Gti Biel Bae Ee Be luce Apa Pacific Standard Time 
RGU ierieadee ganda ee tet hat endear eee as remote control unit 
TRUDE ss sisa uh decsca winsataa dutta wracatisagea toa wodeaaay eavaeawsnceaers radio direction finder 
RP yi Gene eclecl ead anal aaa eens radio frequency 
RP Dv ctecavedpcesdied cesses eieetayerlitiaterpel yaceatiueed radio frequency interference 
SAA Auk ae tee aetanae eae haan satellite access authorization 


SAT CO Me eseccicstil tod secceaeeaeteretineed ecaceesctethualiceteete satellite communications 
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ESB assess aoc cead sautesael Gon canle, A cept ocean aed Su dteds haces ee switched backbone 
CR a tsics fepbnc eaten eens nea stots wean eee oe single channel radio 
Sot ai succes teioeeads reece dechecstere nay small computer systems interfaces 
BEI sooty aes Pasar yuace ucigutaied dats aad Sa ots Saeaaaae eats super-high frequency 
SUD. pagent ses icaaskeenace dsbegtees Sees apeeandeeooanaan sudden ionospheric disturbance 
SINCGARS ois oatcecns single-channel ground and airborne radio system 
SIP cea eee eee teeta systems improvement program 
SOP icin ia elitGeeuN nd ete ead: standing operating procedure 
SPEED: vesunisctignds system planning, engineering, and evaluation device 
SSB sides sociei sh co aceva teasceve aes saan acaedevesacea sees cdi apnsomencnaanaons single side band 
DW Rises sveccethsvessledansaselessdegieavoonancesieecedasdessandeapnaseasontees standing-wave ratio 
ACOA obedient ete taal calent beaut ads a teatarauatdted tactical satellite 
SEAUMIGN seccgasvnen oaceeccossces des table of authorized materiel control number 
TAG UME op. cas Suna caledene toto nesl deena tactical communications interface module 
TDN sa teeicetetei eile aeete l eetaceeecds tactical data network 
"TEMPEST scsstcecictosssee: an unclassified name referring to the means used 

to ensure computer security 
TW seep eatiedelgid dat ice cela Seip ede pace tet adie gated technical manual 
TODD etetizeid pS iota Siok tend sci leelis Sie attendee alien valiets: time of day 
RAINS EG aies tia ietent anda de orsdcal oneetetinseans transmission security 
EWA osiisssdissivsisvasageceavenasngs Mandan casaaetedy ceva veesactivastaceavorssanteags tilt whip adaptor 
WOIE oassgcashensavaceninke eaneveter areata ayasteannataruiees ultrahigh frequency 
ISB vse stispessacenvaradecnsnasiatisapsacenusnncttethescamesvacuetemeeewaeasaauesay upper side band 
| BSE, Gee eenerernse rere maaan eee peel tr ne rere rPar entre ewer aees Coordinated Universal Time 
| ds Detey ar ceppeeenae rare it ec O te pen cee re oop Se universal transverse mercator 
NN soe A Socal cessed Goes east rade Cio le cand eae ultraviolet 
NTL eat gui ey ste Bail vgs sl escape ace was ae pa naie es ote soi cd very high frequency 
IW BAa co soaceseladieussds ysiass santnasqucsdantiautsaate tg eddeeaseomeeatieess whip-base adapter 
WLC sa sajohcasalaciciesaisiincisuhranieteae a ansiewarsseasoetedajentiaee whip loading coil 
IW WAL 4s. osacceledlacssdessieeiaaticesoueieaasesuedaceudvadenvascegaaneneeeee whip to wire adapter 
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Section Il. Definitions 


A 


amplitude modulation (AM). Modulation in which the amplitude of the 
carrier wave is varied above and below its normal value in accordance 
with the intelligence of the signal being transmitted. 


analog. A continuously variable signal which conveys information by 
the change of the value or magnitude of the signal. The signal can 
change in either amplitude, phase, frequency, or duration. 


antenna gain. The effectiveness of a directional antenna as compared to 
a standard nondirection antenna. It is usually expressed as the ratio in 
decibels of standard antenna input power to directional antenna input 
power that will produce the same field strength in the desired direction. 
For a receiving antenna, the ratio of signal power values produced at the 
receiver input terminals is used. The more directional an antenna is, the 
higher is its gain. 


authentication. A security measure designed to protect a communica- 
tions system against acceptance of a fraudulent transmissions or simula- 
tion by establishing the validity of a transmission, message, or 
originator. 

B 


baseband. In a carrier (or subcarrier) wire or radio transmission system, 
the band of frequencies occupied by the signal before it modulates the 
carrier (or subcarrier) frequency to form the transmitted or radio signal. 


black. The black designation is applied to all wire lines and equipment 
within a terminal or switching facility which handle encrypted traffic. 


brevity code. A code which provides no security but which has as its 
sole purpose the shortening of messages rather than the concealment of 
their content. 
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bulk encryption. An application of on-line cryptographic operations 
where the encryption and decryption process is performed at designated 
points of technical interface within a communications system; input-out- 
put signals from various subscriber terminals thereby being crypto 
graphically processed at these points. The operation is performed in 
bulk; i.e., two or more channels processed simultaneously by one crypto 
security device. 


C 


call sign. Any combination of characters or pronounceable words which 
identifies a communication facility, a command, an authority, an activity, 
or a unit; used primarily for establishing and maintaining communica- 
tions. 


carrier. (1) The radio wave produced by a transmitter when there is no 
modulating signal, or any other wave, recurring series of pulses, or direct 
current capable of being modulated. Also called carrier wave. (2) A 
wave generated locally at a receiver that, when combined with the side- 
bands of a suppressed carrier transmission and a suitable detector, pro- 
duces the modulating wave. 


communications security (COMSEC). The protection resulting from 
all measures designed to deny unauthorized persons information of 
value which might be derived from the possession and study of telecom- 
munications, or to mislead unauthorized persons in their interpretation of 
the results of such possession and study. Communications security 
includes cryptosecurity, transmission security, emission security, and 
physical security of communications security materials and information. 


critical frequency. The highest frequency at which a given wave at any 
given time will, if transmitted vertically, be refracted back to earth by a 
layer of the ionosphere. 


cryptography. The art or science which pertains to the various means 
and methods for rendering plain text unintelligible, and reconverting 
unintelligible texts into intelligible language; application of that science 
by means other than cryptanalysis. 
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D 


data. Representation of facts, concepts, or instructions in a formalized 
manner suitable for communication, interpretation, or processing by 
humans or by automatic means. Any representations such as characters 
or analog quantities to which meaning is or might be assigned. 


date-time group (DTG). The date and time, expressed in digits and 
zone suffix, the message was prepared for transmission. (Expressed as 
six digits followed by the zone suffix; first pair of digits denotes the date, 
second pair the hours, third pair the minutes.) 


decibel (dB). A unit used to express the magnitude of a change in signal 
or sound level. A change of three decibels is the change in power level of 
a pure sine wave that is just barely detectable by the human ear. The dif- 
ference in decibels between two signals is 10 times the common loga- 
rithm of their ratio of powers or 20 times the common logarithm of their 
ratio of voltages or currents. One decibel is one-tenth of a bel. 


digital. A signal having discrete states, usually two, such as the presence 
or absence of a voltage. The signal is given meaning by assigning 
numerical values or other information to the various possible combina- 
tions of the discrete states of the signal. 


directed net. A net in which no station other than the net control station 
can communicate with any other station, except for the transmission of 
urgent messages, without first obtaining the permission of the net control 
station. 


E 


electromagnetic radiation. Radiation made up of oscillating electric 
and magnetic fields and propagated with the speed of light. 


electronic warfare (EW). Any military action involving the use of elec- 
tromagnetic and directed energy to control the electromagnetic spectrum 
or to attack the enemy. The three major subdivisions within electronic 


Q-38 ——— MCR P 6-22€ 


warfare are: electronic attack, electronic protection, and electronic sup- 
port measures. 
F 


free net. A net in which any station may communicate with any other 
station in the same net without first obtaining permission from the net 
control station to do so. 


frequency. The number of complete cycles per unit of time for a peri- 
odic quantity such as alternating current, sound waves, or vibrating 
objects. Frequency is expressed in hertz, kilohertz, megahertz, and giga- 
hertz. 


frequency band. A continuous range of frequencies extending between 
two limiting frequencies. 


Frequency hopping. A method of jumping from frequency to frequency 
in synchronization with one another in a random order at a rate of up to 
100 times per second. Frequency hopping is the preferred method of 
communication with SINCGARS radios. 


frequency modulation (FM). Frequency modulation is the process of 
varying the frequency (rather than the amplitude) of the carrier signal in 
accordance with the variations of the modulating signals. The amplitude 
or power of the FM carrier does not vary during modulation. A fre- 
quency modulation system is practically immune to atmospheric and 
man-made interference. 


frequency spectrum designation. VLF (very low frequency): below 30 
kHz (0.03 MHz). LF (low frequency): 30-300 kHz (0.03-0.3 MHz). MF 
(medium frequency): 300-3000 kHz (0.3-3 MHz). HF (high frequency): 
3-30 MHz. VHF (very high frequency): 30-300 MHz. UHF (ultra high 
frequency): 300-3000 MHz. SHF (super high frequency): 3000-30,000 
MHz (3-30 GHz). EHF (extremely high frequency): 30-300 GHz. 


Radio Operator’s Handbook ———————————————- Q-9 


G 


ground wave. A radio wave that is propagated over the earth and is ordi- 
narily affected by the presence of the ground and the troposphere. The 
ground wave includes all of the components of a radio wave over the 
earth except ionospheric and tropospheric waves. The ground wave is 
refracted because of variations in the dielectric constant of the tropo- 
sphere, including the condition known as a surface duct. 


guard. To maintain a continuous receiver watch with transmitter ready 
for immediate use. A complete log is to be kept. 


H 


half-duplex—Refers to a mode of transmission in which communica- 
tion between two terminals occurs in either direction, but in only one 
direction at a time. This is the typical mode of operation for tactical sin- 
gle-channel radios. 


hertz (Hz). A unit of frequency equal to one cycle per second. 
I 


imitative communication deception (ICD). The introduction of radia- 
tion into enemy systems which imitate the enemy’s emissions. 


in the clear. In plain text. When cryptographic devices are not used to 
protect a transmitted signal. 


ionosphere. A region in the earth’s outer atmosphere where ions and 
electrons are present in quantities sufficient to affect the propagation of 
HF radio waves. It begins about 30 miles above the earth and extends 
above 250 miles, with the height depending on the season of year and the 
time of day. The chief layers of the ionosphere and their approximate 
heights are: 

D layer—30 to 60 miles 

E layer—60 to 90 miles 

F layer—90 to 250 miles 
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J 


jamming (electromagnetic). The deliberate radiation, reradiation, or 
reflection of electromagnetic energy for the purpose of preventing or 
reducing an enemy’s effective use of the electromagnetic spectrum, and 
with the intent of degrading or neutralizing the enemy’s combat capabil- 
ity. 

L 


line of sight (LOS). The straight unobstructed path between two points. 


link. In communications, a general term used to indicate the existence of 
communications facilities between two points. 


log. A chronological record of station events. 
N 


needline. A requirement to establish communications between two units 
or agencies. 


net (communications). An organization of stations capable of direct 
communications on a common channel or frequency. 


net call sign. A call sign which represents all stations within a net. 


net control station. A communications station designated to control 
traffic and enforce circuit discipline within a given net. Also called NCS. 


O 


obstacle gain. The increase in signal strength obtained over a long radio 
communications path where a mountain obstacle or range of hills is 
located about halfway between transmitting and receiving antennas. This 
obstacle gain offsets some of the path losses normally expected. 
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operating signals. Three letter groups used as necessary in connections 
with operations or communications to convey orders, instructions, 
requests, reports, and information to facilitate communications. 


P 


precedence. In communications, a designation assigned to a message by 
the originator to indicate to communications personnel the relative order 
of handling and to the addressee the order in which the message is to be 
noted. 


procedure sign (prosign). One or more letters or characters, or combi- 
nation thereof, used to facilitate communications by conveying in a con- 
densed standard form certain frequently used orders, instructions, 
requests, and information related to communications. 


procedure word (proword). A word or phrase limited to radio tele- 
phone procedure used to facilitate communication by conveying infor- 
mation in a condensed standard form. 


Propagation. A phenomenon by which any wave moves from one point 
to another. 


pulse code modulation (PCM). The form of modulation in which the 
modulating signal is sampled, and the sample quantitized and coded so 
that each element or information consists of different kinds and/or num- 
bers of pulses and spaces. 


pulse position modulation (PPM). A form of pulse modulation in 
which intelligence is conveyed by varying the time interval by which 
successive pulses are displayed from their normal times of occurrence. 


push to talk operation. Voice communications on a circuit in one direc- 
tion at a time in which operation of a switch is required prior to and dur- 
ing transmission. 
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R 


radio frequency (RF). A frequency in which coherent electromagnetic 
radiation of energy is useful for communications purposes. The useful 
range 1s from approximately 10 kilohertz to 100,000 megahertz. 


radio silence. A condition in which all or certain radio equipment capa- 
ble of radiation is kept inoperative. (In combined or U.S. joint or intra 
Service communications the frequency bands and/or types of equipment 
affected will be specified.) 


red. Designation applied to transmission lines, equipment, systems, and/ 
or areas passing unencrypted signals. 


S 


satellite communications. Use of communication satellites, passive 
reflecting belts of dipoles or needles, or reflecting orbiting balloons to 
extend the range of radio communications by returning signals to earth 
from the orbiting objective, with or without amplification. 


simplex. Refers to a mode of operation in which communication 
between two terminals can take place in only one direction. 


skip distance. The minimum separation at which radio waves over a 
specified frequency can be transmitted at a specific time between two 
points on the earth by reflection from the regular ionized layers of the 
ionosphere. 


skip zone. A region, in relation to a given transmitter, in which no signal 
would be predicted, either due to direct repetition or due to reflected 
waves. 


sky wave. A radio wave that reaches the receiving location after refrac- 
tion from the ionosphere. 
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T 


tactical radio net. A functional radio net used by a commander for 
immediate and direct control of the fire and maneuver or movement of 
his subordinate units. 


traffic. All transmitted and received messages. 

transceiver. A radio transmitter and receiver combined in one unit and 
having switching arrangements such as to permit use of one or more cir- 
cuit components for both transmitting and receiving. 

transducer. A device that transfers or changes one type of energy into 


another form. An example is a loudspeaker, which changes electrical 
energy into acoustic (mechanical) energy. 
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INTRODUCTION 


The National Interoperability Field Operations Guide (NIFOG) is a technical 
reference for emergency communications planning and for radio technicians 
responsible for radios that will be used in disaster response. The NIFOG 
includes rules and regulations for use of nationwide and other interoperability 
channels, tables of frequencies and standard channel names, and other 
reference material, formatted as a pocket-sized guide for radio technicians to 
carry with them. 


If you are not familiar with interoperability and mutual aid communications, start 
with the “How to Use the National Interoperability Field Operations Guide” 
section. 


We encourage you to program as many of these interoperability channels in 
your radios as possible, as permitted by the applicable regulations. Even if 
geographic restrictions on some channels preclude their use in your home area, 
you may have the opportunity to help in a distant location where the restrictions 
do not apply. Maximize your flexibility. 


To download or request copies of the NIFOG, please visit 


https://www.dhs.gov/publication/fog-documents 
Your comments are welcome at NIFOG@HQ.DHS.GOV 
Thank you. 


Ronald T. Hewitt, Assistant Director for Emergency Communications 
Ross Merlin, NIFOG Author, National Coordinating Center for Communications 
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USING THE NATIONAL INTEROPERABILITY FIELD OPERATIONS GUIDE 
What is the “National Interoperability Field Operations Guide”? 


The “National Interoperability Field Operations Guide” (NIFOG) is a pocket-sized listing of land 
mobile radio (LMR) frequencies that are often used in disasters or other incidents where radio 
interoperability is required, and other information useful to emergency communicators. 


Terms used in this document: 


e FCC - Federal Communications Commission 

e FCC Rules — contained in Title 47, Code of Federal Regulations (47CFR) 

e Federal — used herein to differentiate between radio stations of the United States Government 
and those of any state, tribal, local, or regional governmental authority. “Federal Frequencies” 
refer to frequencies (channels) available for assignment to U.S. Government Agencies. 
Although the FCC is a Federal Government agency, the frequencies it administers are not 
“Federal frequencies”- they are administered for state/tribal/local governments, commercial 
entities, and individuals. 

e NCC -(1) the Public Safety National Coordination Committee, a Federal Advisory Committee 
formed by the FCC to advise it on interoperability; (2) National Coordinating Center for 
Telecommunications. 


e NPSTC - the National Public Safety Telecommunications Council is a federation of 
organizations whose mission is to improve public safety communications and interoperability 
through collaborative leadership. After the charter for the NCC expired, NPSTC continued 
NCC’s efforts to establish a common channel nomenclature. NPSTC channel IDs used in the 
NIFOG are based on the “Standard Channel Nomenclature for the Public Safety 
Interoperability Channels’, APCO ANS 1.104.1-2010, approved June 9, 2010 by the American 
National Standards Institute (ANSI) - see http://www.npstc.org/documents/APCO-NPSTC- 
ANS1-104-1web.pdf 

e NTIA—National Telecommunications and Information Administration 

e NTIA Manual - The NTIA “Manual of Regulations and Procedures for Federal Radio 
Frequency Management” http://(www.ntia.doc.gov/osmhome/redbook/redbook.html 

e Radio frequencies are in Megahertz (MHz) unless otherwise noted. 

e CTCSS tone frequencies are in Hertz (Hz) or two-character Motorola codes. 

e Emissions on frequencies above 138 MHz are narrowband analog FM, unless otherwise noted. 


How is the NIFOG used? 


The NIFOG may be used by radio technicians when programming channels in radios. We 
recommend having these channels programmed in radios at all times, as permitted by the 
applicable regulations, rather than waiting until a disaster is imminent or occurring to do the 
programming. 

The NIFOG also is a useful tool for emergency communications planners, providing them with 
information on the interoperability channels most likely to be in the radios of responders from 
another discipline or jurisdiction. 


Don’t | need a license for these channels before programming them into radios? 


If you are licensed under Part 90 of the FCC rules, you may program frequencies (other than 
maritime or aviation) that you are not licensed to use IF “the communications involved relate 
directly to the imminent safety-of-life or property” or “with U.S. Government stations ... in 
connection with mutual activities” (see FCC rules 90.427 and 90.417, and Public Notice DA 01- 
1621). See “Conditions for Use of Federal Interoperability Channels”, pages 19-22. There are no 
restrictions on programming frequencies into U.S. Government radios. 


However, note that 90.403(g) requires that “[flor transmissions concerning the imminent safety-of- 
life or property, the transmissions shall be suspended as soon as the emergency is terminated.” 
Also, the safety of life provision of 90.417(a) makes it clear that the exception applies only when 
the communications involved “relate directly” to the “imminent” safety of life or property. Because 
one overriding policy concern of the FCC is the prevention of harmful interference, any exceptions 
to the general prohibition on using non-licensed frequencies are limited to responding to an 
imminent threat to safety-of-life or property. See also 90.407 dealing with communications during 
an emergency which disrupts normal communications facilities and §90.411 dealing with civil 
defense communications. 


Programming of maritime channels must be performed only by a person holding a first or second 
class radiotelegraph operator's certificate, a radiotelegraph operator license, or a general 
radiotelephone operator's license - 47 CFR 80.203(b)(3). See also 80.203(b)(4) and §80.169(a). 
A general radiotelephone operator must directly supervise and be responsible for all transmitter 


adjustments or tests during installation, servicing or maintenance of an aeronautical radio station - 
see §87.73. 


How can | use these frequencies if | don’t have a license for them? 


There are seven ways you can legally use these radio frequencies: 


1. You or your employer may already have a Federal Communications Commission (FCC) 
license or a National Telecommunications and Information Administration (NTIA) authorization 
for some of the interoperability and mutual aid frequencies. 


2. For FCC licensees, the non-Federal National Interoperability Channels VCALL10-VTAC14 
and VTAC33-38, UCALL40-UTAC43D, the 800 MHz interoperability channels, and 
8CALL90-8TAC94D are covered by a “blanket authorization” from the FCC -“Public safety 
licensees ... can operate mobile units on these interoperability channels without an individual 
license.” See FCC 00-348, paragraph 90 (released October 10, 2000) for VHF and UHF; see 
FCC rules 90.421(a)(3) and 90.525(a) for 700 MHz; see FCC 87-112, paragraph 34 (released 
December 18, 1987), for 800 MHz. When North of Line A or East of Line C the blanket 
authorization in paragraph 90 of FCC 00-348 applies only to mobile (including hand-held) 
stations operating with an effective radiated power (ERP) of 3 watts or less. At higher power 
levels, frequency coordination is required. Line A and C are defined in 47CFR90.7. You can 
check a location for Line A and Line C restrictions at http://wireless.fcc.gov/uls/index.htm? 
job=line_a_c 

3. You may operate on frequencies authorized to another licensee when that licensee designates 
you as a unit of their system, in accordance with FCC rule 90.421; or as an authorized user of 
a shared radio system pursuant to a written agreement as described in FCC rule 90.179. 


4. In extraordinary circumstances, the FCC may issue a “Special Temporary Authority” (STA) for 
such use in a particular geographic area. 


5. In extraordinary circumstances, the NTIA may issue a “Temporary Assignment’ for such use in 
a particular area. 


6. If you are an FCC Part 90 licensee, you may operate a mobile station on the Federal 
Interoperability Channels only when authorized by the FCC (by license or STA) and only 
for interoperability with Federal radio stations authorized by the NTIA to use those 
channels. You may not use these channels for interoperability with other state, tribal, 
regional, or local radio stations - these are not a substitute for your regular mutual aid 
channels. See FCC Public Notice DA 01-1621, released July 13, 2001. 


7. When necessary for the IMMEDIATE protection of life or property, FCC Part 90 licensees may 
use prudent measures beyond the specifics of their license. See FCC rule 90.407, “Emergency 
communications”. U.S. Government stations are authorized by NTIA rule 7.3.6 to operate on 
any Part 90 frequency with the permission of the FCC licensee when such use is necessary for 
communications directly related to the emergency at hand. 


FCC Rules for Interoperability 


90.407 Emergency communications. 


The licensee of any station authorized under this part may, during a period of emergency in 
which the normal communication facilities are disrupted as a result of hurricane, flood, 
earthquake or similar disaster, utilize such station for emergency communications in a 
manner other than that specified in the station authorization or in the rules and regulations 
governing the operation of such stations. The Commission may at any time order the 
discontinuance of such special use of the authorized facilities. [49 FR 36376, Sept. 17, 1984] 


90.411 Civil defense communications. 


The licensee of any station authorized under this part may, on a voluntary basis, transmit 
communications necessary for the implementation of civil defense activities assigned such 
station by local civil defense authorities during an actual or simulated emergency, including 
drills and tests. The Commission may at any time order the discontinuance of such special 
use of the authorized facilities. [49 FR36376, Sept. 17, 1984] 


(FCC Rules for Interoperability - continued) 


90.417 Interstation communication. 

(a) Any station licensed under this part may communicate with any other station without 
restriction as to type, service, or licensee when the communications involved relate 
directly to the imminent safety-of-life or property. 

(b) Any station licensed under this part may communicate with any other station licensed 
under this part, with U.S. Government stations, and with foreign stations, in connection 
with mutual activities, provided that where the communication involves foreign stations 
prior approval of the Commission must be obtained, and such communication must be 
permitted by the government that authorizes the foreign station. ... 

90.421 Operation of mobile station units not under the control of the licensee. 


Mobile stations, as defined in § 90.7, include vehicular-mounted and handheld units. Such 
units may be operated by persons other than the licensee ... 
90.423 Operation on board aircraft. 
Allowed on most Public Safety frequencies up to 1 mile altitude, up to 10 watts, secondary to 
land-based systems; for air-to-mobile, air-to-base, air-to-air, and air-to-ship communications. 
90.427 Precautions against unauthorized operation. 
(a) ... 
(b) Except for frequencies used in accordance with § 90.417, no person shall program into a 
transmitter frequencies for which the licensee using the transmitter is not authorized. 
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NTIA Rules for Interoperability 


7.3.4 Emergency Communications for which an Immediate Danger Exists to 
Human Life or Property 


1. In situations where immediate danger exists to human life or property, an agency may 
operate temporarily on any regularly assigned frequency in a manner other than that 
specified in the terms of an existing assignment. Emergency operations under such 
situations should continue only as long as necessary to ensure that the danger to human 
life or property no longer exists. Emergency operations under these circumstances shall 
be reevaluated on a regular basis until such time as normal/routine operations can be 
reestablished. 

2. Interoperable communications for disaster/emergency response involving Federal, state, 
local, and tribal entities shall be in conformance with Section 4.3.16 of this Manual. 
Additional information regarding interoperable communications can also be found in the 
National Interoperability Field Operations Guide (NIFOG) ... promulgated by the 
Department of Homeland Security. 


7.3.6 Emergency Use of Non-Federal Frequencies 


In emergency situations, a Federal radio station may utilize any frequency authorized to a 
non-Federal radio station, under Part 90 of the FCC Rules and Regulations, when such use is 
necessary for communications with non-Federal stations and is directly related to the 
emergency at hand. Such use is subject to the following conditions: 

a. The non-Federal licensee has given verbal or written concurrence. 

b. Operations are conducted in accordance with the FCC Rules and Regulations. 
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(NTIA Rules for Interoperability - continued) 
c. Use is restricted to the service area and station authorization of the licensee. 


d. All operations are under the direct control of the licensee and shall be immediately 
terminated when directed by the licensee. 


e. Operations do not exceed 60 days. 
f. Awritten report of each such use shall be provided, through the agency’s FAS [Frequency 


Assignment Subcommittee, of NTIA’s IRAC (Interdepartment Radio Advisory Committee)] 
representative, to the FCC as soon as practicable. 


7.5.2 Frequencies Authorized by the FCC for Ship Stations 
Frequencies authorized by the Federal Communications Commission for ship stations may 
be used by Federal mobile stations to communicate with non-Federal stations in the maritime 
mobile service. 

7.5.3 Frequencies for the Safety of Life and Property 
... (5) The frequency 40.5 MHz is designated as the military joint common frequency. Use of 
this channel is limited to communications necessary to establish contact when other channel 


information is not available and for emergency communications. This frequency also may be 
used for search and rescue communications. 


(NTIA Rules for Interoperability - continued) 


(6) The provisions of this Manual do not prevent mobile stations, or mobile earth stations, in 
distress from using any frequency at its disposal to attract attention, make known its position, 
and obtain help. (See ITU Radio Regulation Ap. 13 Part A1, § 6,1.) 


7.5.4 Frequencies for Coordinating Search and Rescue Operations 


... (2) The frequency 123.1 MHz, using class A3E emission, may be used by stations of the 
aeronautical mobile service and by other mobile and land stations engaged in coordinated 
search and rescue operations. 


(3) The frequency 156.3 MHz [VHF Marine channel 6] may be used for communications 
between ship stations and aircraft stations, using G3E emission, engaged in coordinated 
search and rescue (SAR) operations. When control of the scene of a SAR incident is under a 
Coast Guard coast station, 156.3 MHz may be used by ship stations to communicate with 
that coast station. 


Does the NIFOG authorize me to use certain frequencies? 

NO. The NIFOG does not grant authority to operate on any radio frequencies. Such authority can 
come only from the FCC or the NTIA. 

Is the NIFOG the national emergency communications plan? 


The NIFOG is the national guide for possible use in a situation where no other radio interoperability 

arrangement was promulgated by local authorities, or where emergency responders are unaware 

of such an arrangement. The NIFOG does NOT supersede any Federal, state, tribal, local, or 
regional emergency communications plan. If you are dispatched to a disaster or incident scene and 
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have no other information on how to make contact with other emergency responders, the NIFOG 
provides useful suggestions for which frequencies to use to attempt initial contact. 


Are the interoperability channels discussed in the NIFOG available nationwide? 


No. Not all frequencies are available nationwide for use as described in the NIFOG. In particular, 
the “Non-Federal VHF Inland Interoperability Channels” may be used only in certain inland parts of 
the country, away from coastal areas and major waterways (see the map titled Counties Where 
VTAC17/ VTAC17D May Be Used on page 27 for further details). Other channels in this plan may 
not be usable due to the potential for adjacent channel interference in some areas, or due to 
authorized on-channel uses that are different than the common uses described in the NIFOG. Use 
of the VCALL/ VTAC and UCALL/UTAC channels by mobiles (and hand-helds) North of Line A / 
East of Line C is limited to 3 watts ERP; higher power requires frequency coordination with 
Canada. 
For a detailed list of which counties are in which VHF Public Coast (VPC) area, see: 
http:/Avww.fec.gov/oet/info/maps/areas/data/2000/FCCCNTY2K.txt and 
http:/Awww.fcc.gov/oet/info/maps/areas/data/2000/README_FCCCNTY2K.txt 


FCC online area cross-reference search: http://www.fcc.gov/fcc-bin/cesearch.pl 
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Who do | contact to use interoperability channels? 


These channels can be used where licensed or authorized by FCC or NTIA, including authorization 
by a STA. 


Plans for how these channels will be used may be in the Statewide Communications 
Interoperability Plan (SCIP) or the Tactical Interoperable Communications Plan (TICP) for the area 
of operations. Information on using 700 and 800 MHz interoperability channels may be found in the 
plans of your 700 MHz Regional Planning Committee or 800 MHz Regional Planning Committee. 
Contact your Statewide Interoperability Coordinator (SWIC) for these plans, and for additional 
guidance on use of these channels. 


The COML (Communications Unit Leader) acts as or delegates the role of frequency manager; 
assigning specific uses to available radio channels and coordinating with dispatchers, the FCC, 
and NTIA for authorization to use additional channels as needed. 


If access to the COML has not been pre-arranged or is not working as planned, try the calling 

channels specified in the NIFOG at or near the command post, incident scene, or staging area. 

Directory of 700 MHz Regional Planning Committees: 
http://publicsafety.fcc.gov/pshs/public-safety-spectrum/700-MHz/rpc-map.htm 

Directory of 800 MHz Regional Planning Committees: 
http://publicsafety.fcc.gov/pshs/public-safety-spectrum/800-MHz/regional-planning.htm 
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How do! request a Special Temporary Authorization (STA)? 

FCC licensees request a Special Temporary Authorization (STA) from the FCC: 

During Normal FCC Business Hours (Monday through Friday, 8:00am - 4:30pm EST/EDT) 
Tracy Simmons - STA Licensing (Part 90--Land Mobile and Public Safety), Public Safety & 
Homeland Security Bureau - phone: 717-338-2657 email: Tracy.Simmons@fcc.gov 

or file electronically: FCC Form 601 - ULS http://wireless.fcc.gov/uls/ then click on Online Filing 
“LOG IN” 


Outside of Normal FCC Business Hours (4:30pm - 8am EST/EDT, weekends, and holidays) 
FCC Operations Center (FCCOC) 
phone: 202-418-1122 email: FCCOPS@fcc.gov 


First Responders and Public Safety Entities with general STA inquiries 


Zenji Nakazawa, Deputy Division Chief, Public Safety & Homeland Security Bureau 
phone: 202-418-7949 email: Zenji Nakazawa@fcc.gov 


or 
FCC Operations Center (FCCOC) phone: 202-418-1122 email: FCCOPS@fcc.gov 


U.S. Government radio stations request temporary assignment or STAs via their agency 
representative to the Frequency Assignment Subcommittee (FAS) of the Interdepartment Radio 
Advisory Committee (IRAC). See NTIA Manual section 8.3.32. 


The telephone number for the NTIA Frequency Assignment Branch is 202-482-1132. 


[See the previous page for requesting STAs when a Joint Field Office is operational for an 
incident.] 
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Does the NIFOG specify exactly how to program channels? 


No. There is no one-size-fits-all solution due to differing radio designs. The NIFOG uses the ANSI 
“Standard Channel! Nomenclature for the Public Safety Interoperability Channels” for channel 
names - see “NPSTC’ on page 2. 


For some channels, the standard nomenclature specifies a “direct” (“talk-around”) channel for 
repeaters which takes an additional memory slot. Some radios have a switch for talk-around on a 
repeater channel, and using this feature saves memory slots. Similarly, some radios may have a 
switch or button to enable or disable receive CTCSS; if not, another channel may be programmed 
so both modes are available. 


Consider programming additional VHF Marine channels as possible interoperability channels (for 
use when properly authorized), based on local or regional use. In particular, channels used by 
drawbridge tenders may be appropriate; see http://wireless.fcc.gov/marine/vhfchanl.pdf for 
authorized channel uses and http:/www.navcen.uscg.gov/?pageName=mtVhf for frequencies. 


Recommended modes for using Federal Interoperability Channels: use analog for all Incident 
Response channels (CTCSS 167.9 Hz) and Law Enforcement channels LE A, LE 1, LE B, LE 10, 
and LE 16 (CTCSS 167.9 Hz); use P25 digital for the remaining LE channels, NAC $68F (167910). 
CTCSS should always be transmitted on the analog channels, but carrier squelch (CSQ, no 
CTCSS) should be used on receive. Consider allowing the user to enable or disable CTCSS on 
receive by a switch or button; otherwise use CSQ on receive. 
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How do emergency responders use the calling channels? 


As you approach an incident scene or staging area, you might establish contact on a dispatch or 
working channel. If you can’t make contact, or if no channel was designated for this purpose, 
attempt to make contact on one of the designated interoperability calling channels. If it is a repeater 
channel and you get no response, try the “direct” or “talk-around” mode if your radio has that 
capability. In some cases, the talk-around channel exists as a distinct channel on the radio. For 
example, the VHF Incident Response Federal Interoperability Channel is known as “NC 1”. The 
talk-around for this repeater channel is known as “IR 5”. 

The non-Federal national interoperability calling channels are VCALL10, UCALL40, 7CALL5O, 
7CALL70, and 8CALL90; the Federal IR and LE calling channels are “NC 1” (direct: “IR5”), “NC 2” 
(direct: “IR15”), “LE A”, and “LE B”. You may be able to learn what you need without transmitting, 
by just listening to radio traffic on one of these channels. 


If a “travel channel” is needed (e.g. for communications between vehicles in a convoy), 7CALL70D 
is recommended if that will not interfere with its use as a calling channel. 


May the Nationwide Interoperability Channels be used for tests and exercises? 


FCC rule 90.417 authorizes communications “in connection with mutual activities”, which includes 
tests and exercises. FCC rule 90.411 authorizes communications for civil defense (emergency 
management) activities during an actual or simulated emergency, including drills and tests. 
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How do Search and Rescue personnel on land, on watercraft, and on aircraft 
coordinate by radio? 


Certain VHF Marine channels are designated in this plan for Search and Rescue (SAR) 
interoperability. Searchers on land, in boats, and in aircraft need to be able to communicate with 
each other to coordinate rescues. There is no VHF channel authorized and readily available to all 
three communities. Some aircraft involved in SAR have VHF Marine radios, as do most boaters; 
but the VHF radios that many ground SAR groups use are not approved for use on maritime 
frequencies, and they may be incapable of being programmed to operate in the wideband FM 
mode used on maritime frequencies. VHF marine radios may not be used on land unless they are 
licensed as marine utility stations, public or private coast stations, or maritime support stations. 
VHF Marine channels may not be used for terrestrial search and rescue operations — they are in 
this plan due to the likelihood of boats being involved in SAR in coastal areas. 


Frequency 155.16 MHz is licensed to many SAR organizations. It is the de facto SAR 
interoperability channel, and has been given the standardized channel name of VSAR16. We 
encourage public safety entities to obtain licenses for this frequency to facilitate interoperability. 


State or local government vehicles used to tow vessels involved in search and rescue operations 
are authorized to operate on maritime mobile frequencies as associated ship units. Such 
operations may use Distress, Safety and Calling, Intership Safety, Liaison, U.S. Coast Guard, or 
Maritime Control VHF intership frequencies; and may have a transmitter power of 25 watts. [FCC 
rule 80.115] Federal vehicles have similar authorization. [NTIA Manual 8.2.29(c)(6)] 
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Should Fire/EMS radios have the Law Enforcement interoperability channels 
programmed, and vice versa? 


Yes. Radios for public safety personnel should have as many of these interoperability channels 
programmed as possible, as permitted by the applicable regulations. Interoperability may require 
crossing jurisdictional and functional lines. On the Federal interoperability channels, “Incident 
Response” (IR) means everybody — Fire, Rescue, EMS, Public Works, Law Enforcement, etc. The 
“Law Enforcement’ (LE) channels will be used “primarily” for Law Enforcement activities, but could 
be designated for other incident support if that would not hamper Law Enforcement activities, and if 
assigned by the agency in control of the incident. 


How can | get answers to questions about the “National Interoperability Field 
Operations Guide”, or how can | offer suggestions to improve it? 


Please send your questions or comments to the U.S. Department of Homeland Security, 
Emergency Communications Division, at NIFOG@HQ.DHS.GOV and include your name, agency 
or organization affiliation, and your email address. 


How do | get copies of the NIFOG? 


The latest version of the NIFOG can be downloaded or ordered from 
https:/Avww.dhs.gov/publication/fog-documents 
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Regulations and Guidelines for National Interoperability 


1. The FCC and NTIA rules allow for some flexibility in frequency use by personnel directly 
involved in a situation where there is imminent danger to human life or property. This does 
NOT mean “In an emergency, anything goes.” 


2. For communications not covered by #1, your use of a radio frequency must be authorized by: 


a. Your (or your agency’s) FCC license or NTIA authorization 


b. “License by rule’— a provision in FCC rules that authorizes use of a radio frequency under 
specified conditions without a specific license or authorization issued to the user 


c. A “Special Temporary Authorization” provided by FCC or NTIA 
3. Digital P25 operations on non-Federal interoperability channels should transmit the default 


Network Access Code (NAC) $293 (65910), and receive with NAC $F7E (396610) (accept any 
incoming NAC). Specify talkgroup $FFFF (6553510), which includes everyone. 


4. Default modes for using Federal Interoperability Channels: use analog for all Incident 
Response channels and Law Enforcement channels LE A, LE 1, LE B, LE 10, and LE 16; use 
P25 Digital for the remaining LE channels, NAC $68F (167910). 
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Conditions for Use of Federal Interoperability Channels 


1. The “VHF Incident Response (IR) Federal Interoperability Channel Plan’, the “UHF Incident 
Response (IR) Federal Interoperability Channel Plan’, the “VHF Law Enforcement (LE) Federal 
Interoperability Channel Plan’, and the “UHF Law Enforcement (LE) Federal Interoperability 
Channel Plan” show frequencies available for use by all Federal agencies to satisfy law 
enforcement and public safety incident response interoperability requirements. These 
frequencies will be referred to hereinafter as “Federal Interoperability Channels”. 

2. The Federal Interoperability Channels are available for use among Federal agencies and 
between Federal agencies and non-Federal entities with which Federal agencies have a 
requirement to operate. 

3. The channels are available to non-Federal entities to enable joint Federal/non-Federal 
operations for law enforcement and incident response, subject to the condition that harmful 
interference will not be caused to Federal stations. These channels are restricted to 
interoperability communications and are not authorized for routine or administrative uses. 

4. Extended operations and congestion may lead to frequency conflicts. Coordination with NTIA is 
required to resolve these conflicts. 


5. Only narrowband emissions are to be used on the Federal Interoperability Channels. 
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6. Equipment used (transmitters and receivers) must meet the standards established in Section 
5.3.5.2 of the NTIA Manual: 


a. TIA/EIA 603-B for narrowband analog; 
b. TIA TSB 102.CAAB-A for narrowband digital 


7. Acomplete listing of conditions for use by Federal users can be found in Section 4.3.16 of the 
NTIA Manual. 


8. Use of these frequencies within 75 miles of the Canadian border and 5 miles of the Mexican 
border require special coordination and in some cases will not be available for use. 
Law Enforcement Plans 
1. Frequencies 167.0875 MHz and 414.0375 MHz are designated as National Calling Channels 


for initial contact and will be identified in the radio as indicated in the Law Enforcement Federal 
Interoperability Channel Plans. 


2. Initial contact communications will be established using narrowband analog FM emission 
(11K25F3E). 


3. The interoperability channels will be identified in mobile and portable radios as indicated in the 
Law Enforcement Federal Interoperability Channel Plans with Continuous Tone-Controlled 
Squelch Systems (CTCSS) frequency 167.9 Hz and/or Network Access Code (NAC) $68F 
(167910). 
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Incident Response Plans 


1. Frequencies 169.5375 MHz (paired with 164.7125 MHz) and 410.2375 MHz (paired with 
419.2375 MHz) are designated as the calling channels for initial contact and will be identified in 
the radio as indicated in the Incident Response Federal Interoperability Channel Plans. 

2. Initial contact will be established using narrowband analog FM emission (11K25F3E). 


3. To ensure access by stations from outside the normal area of operation, Continuous Tone- 
Controlled Squelch Systems (CTCSS) will not be used on the calling channels. 

4. The interoperability channels will be identified in mobile and portable radios as indicated in the 
‘VHF Incident Response (IR) Federal Interoperability Channel Plan’ and the “UHF Incident 
Response (IR) Federal Interoperability Channel Plan’. 


Recommendations for Programming the Federal Interoperability Channels 
1. If there is enough room in your radio, program all channels as analog and again as digital 
channels. If not, program as follows: 
a. Incident Response channels — all analog. 
b. Law Enforcement channels - program all as P25 digital with NAC $68F (167910) except 


LE A, LE 1, LE B, LE10, and LE 16 which are to be programmed analog with Tx CTCSS 
167.9 Hz (6Z) and no Rx CTCSS (carrier squelch, CSQ). 


2. If your radio has a user-selectable option to enable/disable CTCSS on receive, you may choose 
to configure this option so that the user can enable the same CTCSS tone used on transmit for 
receive. The default configuration should be CSQ receive. 


Note on using the Federal Interoperability Channels: These channels may not be 


used for state/state, state/local, or local/local interoperability. A Federal entity 
must be involved when these are used. 
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FCC Rules and Regulations 
Title 47, Code of Federal Regulations, Parts 0-199 
http://wireless.fcc.gov/rules.html 
Part 80 Maritime Services 
For information on VHF Marine channels, see 
http:/Awww.navcen.uscg.gov/?pageName=mtVhf 


Part 87 Aviation Services 
Part 90 Private Land Mobile Radio Services 
Part 95 Personal Radio Services (includes GMRS, FRS, CB, & MURS) 
Part 97 Amateur Radio Service 
NTIA Rules and Regulations 


Title 47, Code of Federal Regulations, Part 300 


http:/Awww.ntia.doc.gov/osmhome/redbook/redbook.htm| 
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INTEROPERABILITY CHANNELS 


Non Federal VHF National Interoperability Channels 
VHF Low Band 
iy pole mobile Receive and 
Description Channel Name ial Transmit Transmit CTCSS Tone 
requency Frequency 

Law Enforcement LLAW1 39.4600 45.8600 156.7 (5A) 

Law Enforcement LLAW1D 39.4600 39.4600 156.7 (5A) 

Fire (Proposed) LFIRE2 39.4800 45.8800 156.7 (5A) 

Fire (Proposed) LFIRE2D 39.4800 39.4800 156.7 (5A) 

Law Enforcement LLAW3 45.8600 39.4600 156.7 (5A) 

Law Enforcement LLAW3D 45.8600 45.8600 156.7 (5A) 

Fire (Proposed) LFIRE4 45.8800 39.4800 156.7 (5A) 

Fire LFIRE4D 45.8800 45.8800 156.7 (5A) 

Frequency 39.4800 MHz is pending FCC assignment for exclusive fire intersystem use. 
These channels are WIDEBAND FM, 20 kHz authorized bandwidth. 
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Non Federal VHF National Interoperability Channels 


VHF High Band 


Channel Mobile Mobile Receive Mobile Mobile Transmit 
Name | Receive Freq. CTCSS Tone | Transmit Freq. | CTCSS Tone 


Description 


Calling | VCALL10 | 155.7525 | 156.7 (5A) 155.7525 156.7 (5A) 
Tactical | VTAC11*| 151.1375 | 156.7 (5A) 151.1375 156.7 (5A 
Tactical | VTAC12*| 154.4525 | 156.7 (5A) 154.4525 156.7 (5A 
Tactical | VTAC13 | 158.7375 | 156.7 (5A) 158.7375 156.7 ( 
Tactical | VTAC14 | 159.4725 | 156.7 (5A) 159.4725 156.7 ( 
TacRpt |VTAC33*+| 159.4725 | 156.7 (5A) 151.1375 136.5 ( 
TacRpt |VTAC34*+| 158.7375 | 156.7 (5A) 154.4525 136.5 (4 
(5A) ( 
(5A) ( 
(5A) ( 
( ( 


Tac Rpt | VTAC35° 159.4725 156.7 (5A 158.7375 136.5 (4Z 
TacRpt |VTAC36**) 151.1375 156.7 (5A 159.4725 136.5 
TacRpt |VTAC37**) 154.4525 156.7 (5A 158.7375 136.5 (4Z 
Tac Rpt | VTAC38 » 158.7375 156.7 (5A) 159.4725 136.5 (4Z 
*VTAC11-12, VTAC33-34, and VTAC36-37 may not be used in Puerto Rico or the USVI. 
 VTAC33-38 recommended for deployable tactical repeater use only (FCC Station Class FB27). 


* VTAC36-38 are preferred; VTAC33-35 should be used only when necessary duetointerference. 
Allchannels onthis page are NARROWBAND only. Limited to 3 watts ERP North ofLineA orEastof Line C. 
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Non Federal VHF National Interoperability Channels 


VHF Inland 
Description Channel Name | Mobile RX (MHz) | Mobile TX (MHz) 
Tactical — narrowband FM VTAC17 161.8500 157.2500 
Tactical — narrowband FM VTAC17D 161.8500 161.8500 


CTCSS 156.7 Hz(5A) transmit and receive. 

For VTAC17/VTAC17D only: Base stations: 50 watts max, antenna HAAT 400 feet max. Mobile stations: 
20 watts max, antenna HAAT 15 feet max. These channels are for tactical use and may not be operated on 
board aircraft in flight. These channels use narrowband FM and are available only in certain inland areas at 
least 100 miles from a major waterway. These channels use the same frequencies as VHF Marine channel 
25, which uses wideband FM. Use only where authorized. See map on next page. In these authorized 
areas, interoperability communications have priority over grandfathered public coast and public safety 
licensees. See FCC rule 90.20(g)(3). 


All channels on this page are NARROWBAND only. 
Limited to 3 watts ERP North of Line A or East of Line C. 
“Blanket authorization” does not apply - use of these channels must be licensed, or authorized by STA. 


Counties Where VTAC17/VTAC17D May Be Used 
Numbers Indicate VHF Public Coast Station Areas - see 47CFR80.371(c)(ii) 


CA: Alpine, Inyo, Lassen, | All of CO, MT, NM, NV, UT, & WY] | All counties in AZ ID & ND except: 
Mono, Plumas, Sierra AZ: La Paz, Yuma 


KS: Cheyenne, Gove, Logan; ID: Benewah, Bonner, Boundary, . 
Sheridan, Sherman, Thomas, Clearwater , Idaho, Kootenai, Latah, Lewis 


Wallace Nez Perce, & Shoshone 


Th ND: Barnes, Cass, Dickey, Foster, Griggs, 
te pyres es a LaMoure, Pierce, Ransom, Richland, 
pia la a Sargent, Sheridan, Stutsman, Wells 
Polk, Red Lake, Roseau 


NE: Arthur, Banner, Blaine, OR: Hamey, Malheur 


Box Butte, Chase, Cherry, SD: All counties except Aurora, Beadle, 
Cheyenne, Dawes, Devel, Bon Homme, Brookings, Brule, Buffalo, 
Dundy, Garden, Grant, Charles Mix, Clark, Clay, Codington, 
Hooker, Keith, Kimball, Davison, Deuel, Douglas, Grant, Gregory, 
Lincoln, Logan, McPherson, Hamlin, Hand, Hanson, Hughes, 

Morrill, Perkins, Scotts Bluff, Hutchinson, Hyde, Jerauld, Kingsbury, 
Sheridan, Sioux, Thomas Lake, Lincoln, Lyman, McCook, Miner, 


an 


OK: Beckham, Custer, Dewey, Minnehaha, Moody, Roberts, Sanborn, 
Ellis, Greer, Harmon, Harper, Stanley, Sully, Tripp, Tumer, Union, 
Jackson, Kiowa, Roger Mills, Yankton 


Washita, Woodward TX Counties - see page 28 


Texas Counties Where VTAC17/VTAC17D May Be Used 
(see page 27) 


Andrews 
Armstrong 
Bailey 
Borden 
Brewster 
Briscoe 
Callahan 
Carson 
Castro 
Childress 
Cochran 
Coke 
Collingsworth 
Concho 
Cottle 
Crane 
Crockett 
Crosby 
Culberson 
Dallam 


Dawson 
Deaf Smith 
Dickens 
Donley 
Ector 
Edwards 
El Paso 
Fisher 
Floyd 
Gaines 
Garza 
Glasscock 
Gray 
Hale 
Hall 
Hansford 
Hartley 
Haskell 
Hockley 
Howard 


Hudspeth 
Hutchinson 
Irion 
Jeff Davis 
Jones 
Kent 
Kimble 
King 
Kinney 
Knox 
Lamb 
Lipscomb 
Loving 
Lubbock 
Lynn 
McCulloch 
Martin 
Menard 
Midland 
Mitchell 
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Moore 
Motley 
Nolan 
Ochiltree 
Oldham 
Parmer 
Pecos 
Potter 
Presidio 
Randall 
Reagan 
Reeves 
Roberts 
Runnels 
Schleicher 
Scurry 
Sherman 
Sterling 
Stonewell 
Sutton 


Swisher 
Taylor 
Terrell 

Terry 
Tom Green 
Upton 
Val Verde 
Ward 

Wheeler 
Winkler 

Yoakum 


VHF Public Safety Mutual Aid and Common Channels 


WARNING: These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. A 
valid FCC license for these frequencies is required. Availability subject to other licensed users in the same area. 


Frequency (MHz) Usage a Channel Name Note 
154.2800 base/mobile VFIRE21 
154.2650 base/mobile VFIRE22 Not available in Puerto 
154.2950 base/mobile . ; VFIRE23 . bap 
154.2795 baselmobile Fire Mutual Aid VEIRE24 Rico a . Virgin 
154.2875 base/mobile VFIRE25 ‘ 
154.3025 base/mobile VFIRE26 
155.3400 base/mobile : VMED28 May be designated for 
155.3475 base/mobile Eve ual ae VMED29 EMS Mutual Aid, 
155.4750 base/mobile . VLAW31 
155 4825 baselmobile Law Enforcement Mutual Aid VLAW32 


LICENSING REQUIRED - These are NOT nationwide interoperability channels - CTCSS tones 
vary by jurisdiction. Rules for use of these channels are contained in 47 CFR 90.20 and NTIA 
Manual Section 4.3.11 & 7.3.6. See also “Non-Federal VHF National Interoperability Channels” 
and “Non-Federal VHF Inland Interoperability Channels” on pages 24-28 of this document. 
EXCEPT for VSAR16, the recommended CTCSS tones are 156.7 receive and transmit for all 


channels on this page for interoperability; local use may specify other tones. 
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NOAA Weather Radio “All Hazards” Broadcasts 


NWR broadcasts National Weather Service (NWS) warnings, watches, forecasts and other non- 
weather related hazard information 24 hours a day. Channels WX1-WX7 are used in the US & 
Canada; channels WX8-WX9 are used for Canada Marine Weather broadcasts in some areas. 
These channels should be programmed as wideband FM (16KOF3E) RECEIVE ONLY. Some radio 
manufacturers number the US weather channels in the order they came into use, others number 
them in frequency order. For programming in land-mobile radios, frequency order is recommended. 


Weather Radio Broadcasts Receive Only 


(WX1-WX7 US & Canada; WX8-WX9 Canada Marine Weather) 
WXx1 WXx2 WX3 WXx4 WX5 WX6 WX7 


162.550 | 162.400 | 162.475 | 162.425 | 162450 | 162.500 | 162.525 


WX8 (Marine 21B) WX9 (Marine 83B) 
161.650 161.775 


NOAA Weather Radio outages or transmitter problems: 
Listing http://www.nws.noaa.gov/nwr/outages/outages.php 
Report form http://www.nws.noaa.gov/nwr/outages/report.php 
or call 1-888-886-1227 or email nwroutage@noaa.gov 


Connect with Gateway 


Federal / Non Federal SAR Command Interoperability Plan 


| | Channel Name* Mobile RX (MHz) Mobile TX (MHz) CTCSS 
IR 12" 410.8375 419.8375 167.9 Tx, CSQ Rx 
VTAC14 159.4725 159.4725 156.7 Rx and Tx 
UTAC43 453.8625 458.8625 156.7 Rx and Tx 
sefrrtacig)| lore ebantng) | bo rearing) | _ 1887 Rand Tx 
VHF Marine 156.8500 (this use 156.8500 (this use Rene 
Ch. 17°" requires FCC STA) | requires FCC STA) 


* lf a repeater is not available, substitute the corresponding talk-around channel: IR 18 for IR 12, 
UTAC43D for UTAC43, 8TAC94D for 8TAC94. 
*See Conditions for Use of Federal Interoperability Channels on pages 19-21. 
***V/HF marine ch. 17 is wideband FM, emission 16KO0F3E. 
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Federal / Non Federal VHF SAR Operations Interoperability Plan 


Suggested SAR Function Frequency (MHz) 

Ground Operations 155.1600 narrowband FM 

Maritime Operations * 157.050 or 157.150 (VHF Marine ch.1021 or 1023) as specified by 
USCG Sector Commander 

Air Operations - civilian 123.100 MHz AM (may not be used for tests or exercises) 

Air Operations - USCG/Military 345.0 MHz AM for initial contact only, then move to 282.8 MHz AM or 
other working channel 

Air rescue assets to air rescue assets As charted on standard air chart or MULTICOM 122.850 (south or west 

(deconfliction) sector) & 122.900 MHz (north or east sector), or as specified by FAA. 
122.850 may not be used for tests or exercises 

Ground to Air SAR working channel 157.175 1083 (1021, 1023, 1081 alternates as specified by local 
USCG Sector Commander) ** 

Ground to Maritime SAR working channel 157.050 1021 (1023, 1081, 1083 alternates as specified by local 
USCG Sector Commander) ** 

Maritime/Air/Ground SAR working channel * 157.175 1083 (1021, 1023, 1081 alternates as specified by local 
USCG Sector Commander) ** 

EMS / Medical Support 155.3400 narrowband FM 

Hailing* & DISTRESS only - Maritime/Air/Ground {156.800 VHF Marine channel 16 * 


* Use VHF Marine ch.16 to make contact (30 seconds max.), then move to appropriate working channel as directed 
by local USCG Sector Commander. Non-maritime use of any VHF Marine channel requires FCC Special Temporary 
Authority or appropriate license. VHF marine channels use wideband FM, emission 16KOF3E 

*“* VHF Marine channels: 16=156.800 1021=157.050 1022=157.100 1023=157.150 1081=157.075 1082=157.125 
1083=157.1750 Direction from USCG, FCC, or FAA overrides information in this table. This table does not convey 
authority to operate. 
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VHF Incident Response (IR) Federal Interoperability Channels 


Suggested Assignment Channel Note Mobile RX Mobile TX 

(subjectto availability &local plans) Name (MHz) (MHz) 
Incident Calling NC 1 Calling 169.5375 164.7125 
Incident Command IR 1 170.0125 165.2500 
Medical Evacuation Control IR2 170.4125 165.9625 
Logistics Control IR3 170.6875 166.5750 
Interagency Convoy IR4 173.0375 167.3250 
Incident Calling (Direct) IRS Sei " | 469.5375 | 169.5375 (S) 
Incident Command (Direct) IR6 Direct for IR 1 170.0125 | 170.0125 (S) 
ina Evacuation Gane) IR7 | DirectforIR2 | 170.4125 | 170.4125 (S) 
Logistics Control (Direct) IR8 Direct for IR 3 170.6875 | 170.6875 (S) 
Interagency Convoy (Direct) IRQ Direct for IR 4 173.0375 | 173.0375 (S) 


instructed how and when to enable/disable. 


All channels on this page are NARROWBAND only. 


See “Conditions for Use of Federal Interoperability Channels” on pages 19-21. 
Default operation should be carrier squelch receive, CTCSS 167.9 transmit. If the user can enable/disable CTCSS 
without reprogramming the radio, the indicated CTCSS tone also could be programmed for receive, and the user 
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VHF Law Enforcement (LE) Federal Interoperability Channels 
Description |V2™°l| Note sta Pint, X | cts or NAC 

Caling | LEA | Analog | 167.0875 | 16708758) | Fann 
Tactical LE 1 Analog 167.0875 162.0875 ra ly 
Tactical WE? 167.2500 162.2625 $68F (167910) 
Tactical LE3 167.7500 162.8375 $68F (167910) 
Tactical LE 4 168.1125 163.2875 $68F (167910) 
Tactical LE5 168.4625 163.4250 $68F (167910) 
Tactical LE6 |DirectforLE2) 167.2500 | 167.2500 (S) $68F (167910) 
Tactical LE7 |DirectforLE3) 167.7500 | 167.7500 (S) $68F (167910) 
Tactical LE8 |DirectforLE 4) 168.1125 | 168.1125 (S) $68F (167910) 
Tactical LE9 |DirectforLE5) 168.4625 | 168.4625 (S) $68F (167910) 

See “Conditions for Use of Federal Interoperability Channels”on pages 19-21. 

CTCSS onreceive only if user selectable; else CSQ. 

All channels on this page are NARROWBAND only. 
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UHF Incident Response (IR) Federal Interoperability Channels 


Suggested Assignment 
(subject to availability & local plans) 


Incident Calling 
Ad hoc assignment 


Ad hoc assignment IR 1 | 410.6375 419.6375 


SAR Incident Command 


Interagency Convoy 


Incident Calling (Direct) 


Ad hoc assignment (Direct) 
Ad hoc assignment (Direct) 
SAR Incident Command (Direct) 


Channel 
Name 


NC2 | 
IR 10 


Note 


Calling 


Direct for NC 2 
Calling 


Direct for IR 10 
Direct for IR 11 
Direct for IR 12 


Mobile RX 
(MHz) 
410.2375 
410.4375 


410.8375 


413.2125 
410.2375 


410.4375 
410.6375 
410.8375 


Mobile TX 
(MHz) 
419.2375 
419.4375 


419.8375 


413.2125 (S) 
410.2375 (S) 


410.4375 (S) 
410.6375 (S) 
410.8375 (S) 


See “Conditions for Use of Federal 
Default operation should be carrier squel 


Interoperability Channels” on 


and the user instructed how and when to enable/disable. 


ch receive, CTCSS 167.9 transmit. If the user can enable/disable 
CTCSS without reprogramming the radio, the indicated CTCSS tone also could be programmed for receive, 
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UHF Law Enforcement (LE) Federal Interoperability Channels 


Description | Channel Note Mobile RX Mobile TX | CTCSS or NAC 
Name (MHz) (MHz) 
Calling LEB Analog 414.0375 414.0375 (S) 167.9 Tx, CSQ Rx 
Tactical LE 10 Analog 409.9875 418.9875 |167.9 Tx, CSQ Rx 
Tactical Heat 410.1875 419.1875 $68F (167910) 


Tactical | LE 12 410.6125 | 4196125 | $68F (1679) 
Tactical «LE 13 414.0625  414.0625(S)  $68F (1679) 
Tactical | LE 14 414.3125 | 414.3125 (8) | $68F (1679%0) 
Tactical LE 15 414.3375 414.3375(S)  $68F (1679:) 
Tactical | LE 16 a '0 | 409.9875 | 409.9875 (S) |167.9 Tx, CSQ Rx 


Tactical LE17 Direct for LE 11 410.1875 410.1875 (S) — $68F (167910) 
Tactical LE18 | DirectforLE12 | 410.6125 | 410.6125 (S) | $68F (167910) 


See “Conditions for Use of Federal Interoperability Channels” on 
CTCSS on receive only if user selectable; else CSQ. 
All channels on this page are NARROWBAND only. 


Description 


Calling 


Tactical 
Tactical 


Tactical 
Tactical 


Tactical 


Channel Name 


UCALL40D 


UTAC41D 
UTAC42 
UTAC42D 
UTAC43 
UTAC43D 


Mobile RX (MHz) 


Non Federal UHF National Interoperability Repeater Channels 


Mobile TX (MHz) 


Calling UCALL40 | 453.2125 458.2125 
Tactical UTAC41 | 453.4625 458.4625 


453.2125 453.2125 
453.4625 453.4625 
453.7125 458.7125 
453.7125 453.7125 
453.8625 458.8625 
453.8625 453.8625 


CTCSS 156.7 Hz (5A) transmit and receive. 
All channels on this page are NARROWBAND only. Limited to 3 watts ERP North of Line A or East of Line C. 


UHF MED (Medical, EMS) Channels 


These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. 
A valid FCC license for these frequencies is required. 


Channel Name Mobile RX (MHz) Mobile TX (MHz) Bandwidth 
MED-9 * 462.950 467.950 12.5, 6.25 
MED-91 * 462.95625 467.99625 6.25 
MED-92 * 462.9625 467.9625 12.5, 6.25 
MED-93 * 462.96875 467.96875 6.25 
MED-10 * 462.975 467.975 12.5, 6.25 
MED-101 * 462.98125 467.98125 6.25 
MED-102 * 462.9875 467.9875 12.5, 6.25 
MED-103 * 462.99375 467.99375 6.25 


* Used primarily for dispatch; may be used for mutual aid. 47CFR90.20(d)(65). 

Direct mode: receive & transmit on “Mobile RX’ freq.; add “D” to channel name. 
Repeater mode: mobile transmits on “Mobile TX” freq., receives on “Base & Mobile TX” freq. 
CTCSS as required by local plan. 


(continued) 
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UHF MED (Medical, EMS) Channels 


These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. 
A valid FCC license for these frequencies is required. 


Channel Name Mobile RX (MHz) Mobile TX (MHz) Bandwidth 
MED-1 463.000 468.000 12.5, 6.25 
MED-11 463.00625 468.00625 6.25 
MED-12 463.0125 468.0125 12.5, 6.25 
MED-13 463.01875 468.01875 6.25 
MED-2 463.025 468.025 12.5, 6.25 
MED-21 463.03125 468.03125 6.25 
MED-22 463.0375 468.0375 12.5, 6.25 
MED-23 463.04375 468.04375 6.25 


Direct mode: receive & transmit on “Mobile RX’ freq.; add “D” to channel name. 
Repeater mode: mobile transmits on “Mobile TX” freq., receives on “Base & Mobile TX” freq. 
CTCSS as required by local plan. 


(continued) 
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UHF MED (Medical, EMS) Channels 


These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. 
A valid FCC license for these frequencies is required. 


Channel Name Mobile RX (MHz) Mobile TX (MHz) Bandwidth 
MED-3 463.050 468.050 12.5, 6.25 
MED-31 463.05625 468.05625 6.25 
MED-32 463.0625 468.0625 12.5, 6.25 
MED-33 463.06875 468.06875 6.25 
MED-4 463.075 468.075 12.5, 6.25 
MED-41 463.08125 468.08125 6.25 
MED-42 463.0875 468.0875 12.5, 6.25 
MED-43 463.09375 468.09375 6.25 


plan. 


Direct mode: receive & transmit on “Mobile RX” freq.; add “D” to channel name. 
Repeater mode: mobile transmits on “Mobile TX” freq., receives on “Base & Mobile TX” freq. 
CTCSS as required by loca 


(continued) 
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UHF MED (Medical, EMS) Channels 


These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. 
A valid FCC license for these frequencies is required. 

Channel Name Mobile RX (MHz) Mobile TX (MHz) Bandwidth 
MED-5 463.100 468.100 12.5, 6.25 
MED-51 463.10625 468.10625 6.25 
MED-52 463.1125 468.1125 12.5, 6.25 
MED-53 463.11875 468.11875 6.25 
MED-6 463.125 468.125 12.5, 6.25 
MED-61 463.13125 468.13125 6.25 
MED-62 463.1375 468.1375 12.5, 6.25 
MED-63 463.14375 468.14375 6.25 

Direct mode: receive & transmit on “Mobile RX” freq.; add “D” to channel name. 

Repeater mode: mobile transmits on “Mobile TX” freq., receives on “Base & Mobile TX” freq. 

CTCSS as required by local plan. 


(continued) 
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UHF MED (Medical, EMS) Channels 


These frequencies are NOT covered by the blanket authorization for nationwide interoperability channels. 


A valid FCC license for these frequencies is required. 

Channel Name Mobile RX (MHz) Mobile TX (MHz) Bandwidth 
MED-7 463.150 468.150 12.5, 6.25 
MED-71 463.15625 468.15625 6.25 
MED-72 463.1625 468.1625 12.5, 6.25 
MED-73 463.16875 468.16875 6.25 
MED-8 463.175 468.175 12.5, 6.25 
MED-81 463.18125 468.18125 6.25 
MED-82 463.1875 468.1875 12.5, 6.25 
MED-83 463.19375 468.19375 6.25 


Direct mode: receive & tran 


plan. 


smit on “Mobile RX’ freq.; add “D” to channel name. 
Repeater mode: mobile transmits on “Mobile TX” freq., receives on “Base & Mobile TX” freq. 
CTCSS as required by loca 
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Mode: Only P25 FDMA Phase 1 Common Air Interface permitted per FCC R&O 14-172 87 (10/24/2014). 


TX NAC: $293 (65910). RX NAC $F7E (396610). | Encryption: 
Talk Group ID: $00001 (110) * No encryption on calling channels 
Manufacturer's ID: $00 (010) * Algorithm ID: $80 (12810) 
Message ID: $00000000000000000000 (010) __| * Key ID: $0000 (010) 
‘$’ indicates hexadecimal value, “10” subscript indicates decimal value. 

Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
Calling Channel * 7CALL50 769.24375 799.24375 
Calling Channel * 7CALL50D 769.24375 769.24375 

General Public Safety 7TACS1 769.14375 799.14375 
General Public Safety 7TACS1D 769.14375 769.14375 
General Public Safety 7TAC52 769.64375 799.64375 
General Public Safety 7TACS2D 769.64375 769.64375 
General Public Safety TTAC53 770.14375 800.14375 
General Public Safety 7TACS3D 770.14375 770.14375 


* Recommended as PRIMARY calling channel for 700 MHz Band. 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
General Public Safety TTACS4 770.64375 800.64375 
General Public Safety 7TACS4D 770.64375 770.64375 
General Public Safety TTAC5S 769.74375 799.74375 
General Public Safety 7TACSSD 769.74375 769.74375 
General Public Safety TTACS6 770.24375 800.24375 
General Public Safety 7TACS6D 770.24375 770.24375 
Other Public Service 7GTAC57 770.99375 800.99375 

Other Public Service 7GTAC57D 770.99375 770.99375 
Mobile Repeater 7MOB59 770.89375 800.89375 
Mobile Repeater 7MOB59D 770.89375 770.89375 
Law Enforcement 7LAW61 770.39375 800.39375 
Law Enforcement 7LAW61D 770.39375 770.39375 
Law Enforcement 7LAW62 770.49375 800.49375 
Law Enforcement 7LAW62D 770.49375 770.49375 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
Fire 7FIRE63 769.89375 799.89375 
Fire 7FIRE63D 769.89375 769.89375 
Fire 7FIRE64 769.99375 799.99375 
Fire 7FIRE64D 769.99375 769.99375 
EMS 7MED65 769.39375 799.39375 
EMS 7MED65D 769.39375 769.39375 
EMS 7MED66 769.49375 799.49375 
EMS 7MED66D 769.49375 769.49375 
Mobile Data * 7DATA69 770.74375 800.74375 
Mobile Data * 7DATA69D 770.74375 770.74375 
Calling Channel ** 7CALL70 773.25625 803.25625 
Calling Channel ** 7CALL70D 773.25625 773.25625 
* Voice communications are permitted on 7DATA69 / 7DATA69D on a secondary basis - 90.534(b)(1)/i). 
* Recommended as SECONDARY calling channel or INCIDENT calling channel for 700 MHz band. 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
General Public Safety TTACT1 773.10625 803.10625 
General Public Safety 7TACT1D 773.10625 773.10625 
General Public Safety TTAC72 773.60625 803.60625 
General Public Safety 7TAC72D 773.60625 773.60625 
General Public Safety TTAC73 774.10625 804.10625 
General Public Safety 7TAC73D 774.10625 77410625 
General Public Safety 7TAC74 774,60625 804.60625 
General Public Safety 7TAC74D 774,60625 77460625 
General Public Safety TTACT5 173.75625 803.75625 
General Public Safety 7TAC7SD 773.75625 173.75625 
General Public Safety TTAC76 774.25625 804.25625 
General Public Safety 7TAC76D 774.25625 774.25625 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
Other Public Service 7GTACT7 774.85625 804.85625 
Other Public Service 7GTAC77D 774.85625 774.85625 

Mobile Repeater 7MOB79 774.50625 804.50625 
Mobile Repeater 7MOB79D 77450625 774.50625 
Law Enforcement 7LAW81 774.00625 804.00625 
Law Enforcement 7LAW81D 774.00625 774.00625 
Law Enforcement 7LAW82 774.35625 804.35625 
Law Enforcement 7LAW82D 774.35625 774.35625 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
Fire 7FIRE83 773.50625 803.50625 
Fire 7FIRE83D 773.50625 773.50625 
Fire 7FIRE84 773.85625 803.85625 
Fire 7FIRE84D 773.85625 773.85625 
EMS 7MED86 773.00625 803.00625 
EMS 7MED86D 773.00625 773.00625 
EMS 7MED87 773.35625 803.35625 
EMS 7MED87D 773.35625 773.35625 

Mobile Data * 7DATA89 174.75625 804.75625 

Mobile Data * 7DATA89D 774.75625 774.75625 

* Voice communications are permitted on 7DATA89 / 7DATA89D on a secondary basis - 90.531(b)(1)(i). 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 

Air - Ground 7AG58 769.13125 799.13125 

Air - Ground 7AG58D 769.13125 769.13125 

Air - Ground 7AG60 769.63125 799,63125 

Air - Ground 7AG60D 769.63125 769.63125 

Air - Ground TAG67 770.13125 800.13125 

Air - Ground 7AG67D 770.13125 770.13125 

Air - Ground TAG68 770.63125 800.63125 

Air - Ground 7AG68D 770.63125 770.63125 

(Continued) 

TX NAC: $293 (65910). RX NAC $F7E (396610). These channels are reserved for air-ground communications 
to be used by low-altitude aircraft and ground based stations: See FCC rule 90.531(7). (i) Airborne use of 
these channels is limited to aircraft flying at or below 457 meters (1500 feet) above ground level. (ii) Aircraft 
are limited to 2 watts effective radiated power (ERP) when transmitting while airborne on these channels. 
(iii) Aircraft may transmit on either the mobile or base transmit side of the channel pair. (iv) States are 
responsible for the administration of these channels. 7hese are NOT nationwide interoperability channels. 
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Primary Use Channel Name Mobile RX (MHz) Mobile TX (MHz) 
Air - Ground 7AG78 773.11875 803.11875 
Air - Ground 7AG78D 773.11875 773.11875 
Air - Ground 7AG80 773.61875 803.61875 
Air - Ground 7AG80D 773.61875 773.61875 
Air - Ground TAG85 774.11875 804.11875 
Air - Ground 7AG85D 774.11875 774.11875 
Air - Ground TAG88 774.61875 804.61875 

Air - Ground (LZ)* 7AG88D 77461875 774.61875 

* 7AG88D is recommended for Landing Zone use. 

TX NAC: $293 (65910). RX NAC $F7E (396610). These channels are reserved for air-ground 

communications to be used by low-altitude aircraft and ground based stations: See FCC rule 90.531(7). 


(i) Airborne use of these channels is limited to aircraft flying at or below 457 meters (1500 feet) above 
ground level. (ii) Aircraft are limited to 2 watts effective radiated power (ERP) when transmitting 
while airborne on these channels. (iii) Aircraft may transmit on either the mobile or base transmit side of 
the channel pair. (iv) States are responsible for the administration of these channels. These are NOT 
nationwide interoperability channels. 
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Description Ch. Name Mobile RX (MHz)* Mobile TX (MHz)* 
Calling 8CALL90 851.0125 (866.0125) 806.0125 (821.0125) 
Calling - Direct | 8CALL90D 851.0125 (866.0125) 851.0125 (866.0125) 
Tactical 8TAC91 851.5125 (866.5125) 806.5125 (821.5125) 
Tactical - Direct | 8TAC91D 851.5125 (866.5125) 851.5125 (866.5125) 
Tactical 8TACI2 852.0125 (867.0125) 807.0125 (822.0125) 
Tactical - Direct | 8TAC92D 852.0125 (867.0125) 852.0125 (867.0125) 
Tactical 8TAC93 852.5125 (867.5125) 807.5125 (822.5125) 
Tactical - Direct | 8TAC93D 852.5125 (867.5125) 852.5125 (867.5125) 
Tactical 8TAC94 853.0125 (868.0125) 808.0125 (823.0125) 
Tactical - Direct | 8TAC94D 853.0125 (868.0125) 853.0125 (868.0125) 


CTCSS 156.7(5A) receive and transmit. 


*The frequency in parenthesis, which is 15 MHz higher, is the frequency used before rebanding - 
channel names were ICALL, ITAC1 - ITAC4. Wideband FM 20KOF3E before and after rebanding. 


-51- 


25 Cities Project Federal Interoperability Channels 


The 25 Cities Federal Interoperability Channels mostly use FBI infrastructure in and around major 
urban areas to provide wide area VHF coverage. The channels are for use by all Federal, state, 
local, and tribal agencies. The primary designated use of the channels is for interoperable 
communications among agencies during both pre-planned and emergency events. The channels 
may be available for internal agency communications. All pre-planned use must be coordinated 
with the local FBI Telecommunications Manager. Federal, state, local, and tribal agencies are 
authorized to and encouraged to program the 25 Cities frequencies into their land mobile radio 
subscriber devices. Most Federal agencies include the 25 Cities frequencies in their codeplugs. 


Most 25 Cities VHF channels are accessible by non-VHF users via permanent or ad hoc patching 
capabilities provided to many agencies as part of the 25 Cities Project. Please note that in certain 
of the 25 Cities, the channels use the VHF Law Enforcement (LE) Federal Interoperability Channel 
pairs: Baltimore (BA LE 3); Boston (BS LE 4); Charlotte (CE LE 4); Milwaukee (MW FIOLE2, MW 
FIOLE3, and MW FIOLES); Newark (NK FIO LE 2); San Juan/Puerto Rico (SJ LE 2, SJ LE 3, SJ 
LE 4, and SJ LE 5), and Washington, D.C. (DC LE 2). For a current list of the 25 Cities 
frequencies and the contact information for the local FBI Telecommunications Managers, please 
contact: 


Rob Zanger, DOJ / FBI 
202-305-5071 ROBERT.M.ZANGER@USDOJ.GOV 


Information as of December 4, 2018 
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City 


Channel Name 


ATLANTA 


ATL FIO (VHF P25 Voted System) 


BALTIMORE 
BOSTON 


BA LE 3 (VHF P25 Voted System) 
BPD FIO (VHF Analog Voted System) 


BOSTON 


BS LE 4, BK FIO (VHF P25 Voted System) 


CHARLOTTE 


CE LE 4 (VHF P25 Stand-alone 125 watt repeater) 


CHICAGO 


CGCOM-N, CGCOM-C, CGCOM-S 
(VHF P25 Multicast Voted System) 


CHICAGO 


CGTAC-N, CGTAC-C, CGTAC-S 
(VHF P25 Multicast Voted System) 


DALLAS 


DFW-E (VHF P25 Voted System) 


DALLAS 


DFW-W (VHF P25 Voted System) 


DENVER 


DEN IO-N, DEN I0-E, DEN I0-C, DEN 10-S, DEN |O-W 
(VHF P25 Multicast Voted System) 


EL PASO 


ELP FIO-W, ELP FIO-E 
(VHF P25 Multicast Voted System) 


(continued) 
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25 Cities Project Federal Interoperability Channels - continued 


City Channel Name 

HONOLULU HNL FIO (VHF P25 Stand-alone 125 watt repeater) 
HONOLULU HNL FlO2 (VHF P25 Stand-alone 125 watt repeater) 
HONOLULU HNL LE 4 (VHF P25 Transportable 125 watt repeater) 
HONOLULU HNL FIRE (VHF Analog Voted System) 
HOUSTON HOU CMD (VHF P25 Voted System) 
HOUSTON HOU PAT (VHF P25 Voted System) 

LOS ANGELES LA FIO1 (VHF P25 Voted System) 

LOS ANGELES LA FIO2 (VHF P25 Voted System) 

LOS ANGELES LA FIO3 (VHF P25 Voted System) 

MIAMI MIA FIO (VHF P25 Voted System) 
MILWAUKEE MW FIOLE2 (VHF P25 Stand-alone 125 watt repeater) 
MILWAUKEE MW FIOLE3 (VHF P25 Stand-alone 125 watt repeater) 
MILWAUKEE 


MW FIOLES (VHF P25 Stand-alone 125 watt repeater) 


(continued) 
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25 Cities Project Federal Interoperability Channels - continued 


City Channel Name 
MINNEAPOLIS FED-MP, FED-SP (VHF P25 Multicast Voted System) 
NEWARK NJ NK FIO LE 2 (VHF P25 Voted System) 
Pen none Eerie ete i 
NEW ORLEANS NOLA FIO (VHF P25 Voted System) 
Baar NYC FIO (NYC), NYC FIO-N (Orange-Putnam), NYC FIO-E (Suffok 
County), NYC FIO-S (Central NJ) (VHF P25 Multicast Voted system) 
NEW YORK NYC Fl02 (VHF P25 Voted System) 
: eee ne HRN FIOP DRI, HRN FIOP TOA (VHF P25 Voted System) 
ORLANDO ORL FIO (VHF P25 Voted System) 
PHILADELPHIA PH FIO (VHF P25 Voted System) 
RICHMOND VA RH LE4, PB LES (VHF P25 Multicast Voted System) 


(continued) 


-55- 


25 Cities Project Federal Interoperability Channels - continued 


City Channel Name 

SANDIEGO vith Transit Selected by ROS Dpto) 
SAN FRANCISCO SF MA V-A (VHF Analog or Digital Stand-alone 125 watt repeater) 
SAN FRANCISCO SF MA U-A (UHF Analog or Digital Stand-alone 125 watt repeater) 
SAN FRANCISCO | CLEMARS 7 (LLAW1) (Low Band Wideband Analog Stand-alone repeater) 
SAN FRANCISCO | SF MAT-A (UHF-T Band Wideband Analog Stand-alone 125 watt repeater) 
SAN FRANCISCO 8TAC94 (800 MHz Wideband Analog Stand-alone 125 watt repeater) 
SAN FRANCISCO SF FED-V (VHF P25 Stand-alone 125 watt repeater) 
SAN FRANCISCO SF FED-U (UHF P25 Stand-alone 125 watt repeater) 
SAN FRANCISCO All of the above repeaters can be networked together. 
SAN FRANCISCO SF FED-ED, SF FED-ES, SF FED-ET, SF FED-EW 


(VHF P25 Multicast Voted System) 


(continued) 
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25 Cities Project Federal Interoperability Channels - continued 


City Channel Name 
SAN JUAN SJ LE 2 ME (VHF P25 Multicast System) 
SAN JUAN SJ LE 3 YQ (VHF P25 Multicast System) 
SAN JUAN SJ LE 4 CS (VHF P25 Multicast System) 
SAN JUAN SJ LE 5 CP (VHF P25 Multicast System) 
SAN JUAN SJ LE 2 STT (VHF P25 Multicast System) 
ST LOUIS STL CALL (VHF P25 Voted System) 
ST LOUIS STL TAC (VHF P25 Voted System) 
STLOUIS 8CALL90 (800 MHz Wideband Simulcast Repeater System) 
TAMPA TAM FIO (VHF P25 Voted System) 
WASHINGTON DC DC 10-1 (VHF P25 Voted System) 
WASHINGTON DC DC LE 2 (VHF P25 Voted System) 
NATIONWIDE J-SMART (Talkgroup # 15) 


(Ligado [former LightSquared] MSAT Radio PTT) 
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DHS 


FCC 


FEMA 


FPS 
ARC 


ARRL 


COMMON COMMUNICATIONS REFERENCES 


Operations Center Telephone Numbers 


Main\NUmbep tence ceeeetenrecerssereeercens 202-282-8000 

NOC Senior Watch Officer ...........00 202-282-8101 

NGG Watch tine eects seer ena: 703-235-5080 

SHARES HE;Radionesee ses arti meus eer one aet 703-235-5329 

SHARES Email nccshares@dhs.gov 

Federal Communications Commission 

FCC Operations Center (FCCOC) ..........c:cecceeeeseceeeteeees 202-418-1122, - 2813 FAX 
FCC Email FCCOPS@fcc.gov / FCCOPcenter@fcc.gov 

General Info (1-888-CALL-FCC) ......eeeeeeeeeseseesetteneeenens 1-888-225-5322, 


1-866-418-0232 FAX 
Federal Emergency Management Agency 
National Watch Cenlelin. ta .cc0ccecnerearaseene 202-646-2828 
National Response Coordination Center (NRCC) ..............6 202-212-2424 
NRCC Email FEMA-NRCC@fema.dhs.gov 
Federal Protective Service, National Emergency Number ........ 1-877-4FPS-411 (437-7411) 
American National Red Cross 


24-hr Disaster Operations Center ............:ccccccccsssessseeeeeseees 800-526-3571, 202-303-5555 
American Radio Relay League Email emergency@arrl.org 

[EETIA VIN [Un 912 ese eearernes ap aecstberaScian es tiemaaeina sake ania eR Roe 860-594-0200, - 0259 FAX 
Emergency Preparedness Manager 860-594-0222 

RadioStation: WitAW ec at ecu reys eesertpae se cyerer seers 860-594-0268 


Emergency Support Functions (ESF) 


ESF #1: Transportation 


ESF #9: Urban Search & Rescue 


ESF #2: Communications 


ESF #10: Oil & Hazardous Materials 


Response 
ESF #3: Public Works and ESF #11: Agriculture and Natural 
Engineering Resources 


ESF #4: Firefighting 


ESF #12: Energy 


ESF #5: Emergency Management 


ESF #13: Public Safety and Security 


ESF #6: Mass Care, Housing, and 
Human Services 


ESF #14: National Disaster Recovery 
Framework 


ESF #7: Resource Support 


ESF #15: External Affairs 


ESF #8: Public Health and Medical 
Services 


Telephone number for all ESFs 
during activations 202-212-2424 
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FEMA Regions - States and Territories 

Region |: CT, MA, ME, NH, RI, VT - 1-617-956-7506 or 1-877-336-2734 
Region II: NJ, NY, Puerto Rico and the US Virgin Islands 

NJ and NY: 1-212-680-3600 

PR and USVI: 1-787-296-3500 
Region Ill: DC, DE, MD, PA, VA, WV - 1-215-931-5500 
Region IV: AL, FL, GA, KY, MS, NC, SC, TN - 1-770-220-5200 
Region V: IL, IN, MI, MN, OH, WI - 1-312-408-5500 
Region VI: AR, LA, NM, OK, TX — 1-940-898-5399 
Region VII: IA, KS, MO, NE — 1-816-283-7061 
Region VIII: CO, MT, ND, SD, UT, WY — 1-303-235-4800 
Region IX: AZ, CA, Guam (GU), HI, NV, CNMI, RMI, FSM, American Samoa 
(AS) - 1-510-627-7100 
Region X: AK, ID, OR, WA - 1-425-487-4600 


FEMA Headquarters, Washington DC: 1-202-646-2500 
FEMA Disaster Assistance: 1-800-621-FEMA (3362) 
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U.S. Coast Guard Rescue Coordination Centers 


24 hour Regional Contacts for Emergencies 


Last Modified 10/02/2018 
RCC Location Phone Number 
Bilan Aled SAR ee resrnauth) VA (757) 398-6700 
Coordinator 
RCC Boston Boston, MA (617) 223-8555 
RCC Norfolk Portsmouth, VA (757) 398-6231 
RCC Miami Miami, FL (305) 415-6800 
RSC San Juan San Juan, PR (787) 289-2042 
RCC New Orleans New Orleans, LA (504) 589-6225 
RCC Cleveland Cleveland, OH (216) 902-6117 
Pacific SAR Coordinator Alameda, CA (510) 437-3701 
RCC Alameda Alameda, CA (510) 437-3701 
RCC Seattle Seattle, WA (206) 220-7001 
RCC Honolulu Honolulu, HI (808) 535-3333 
Sector Guam Santa Rita, GU (671) 355-4824 
RCC Juneau Juneau, Alaska (907) 463-2000 


Bil 


Freq. Motorola 


(Hz) =O 
67.0 
69.3% 
1.9 


131.8 


ode 


3B 


CTCSS Tones and Codes 


NIFC & 
CA Fire * 
17 


Freq. 
(Hz) 
136.5 
141.3 
146.2 
151.4 
156.7 
162.2 
167.9 
173.8 
179.9 
186.2 
192.8 
203.5 
206.5 
210.7 
218.1 
225.7 
229.1 
233.6 
241.8 
250.3 
254.1 


Motorola 
Code 


* California FIRESCOPE tone list, used by NIFC and CA fire agencies 


Ref. http://WWW.FIRESCOPE.ORG/macs-docs/MACS-441-1.pdf 


* 69.4 in some radios 
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NIFC & 
CA Fire * 
4 
13 


DCS Codes 


* This Code is not standard amongst sampling of 12 different radios checked. 
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P25 Digital Codes 
NAC — Network Access Codes 
$293 659,, default NAC 


$F7E 3966,, receiver will un-squelch with any incoming NAC 


$F7F 3967,, a repeater with this NAC will allow incoming signals to be 
repeated with the NAC intact 


TGID - Talkgroup ID 
$0001 1,, default 


$0000 0, no-one, talkgroup with no users — used for individual call 


SFFFF  65535,, a repeater with this NAC will allow incoming signals to be 
repeated with the NAC intact 


Unit ID 
$000000 01 default 


$000001-§98767F 11) - 9991807,) ‘no-one, talkgroup with no users - 


used for individual call 
$989680-SFFFFFE 10000000.) a repeater with this NAC will allow 
-16777244 incoming signals to be repeated with 
10 the NAC intact 
SFFFFFF 167772154, designates everyone — used when 
implementing a group call with a 
TGID3 
Note: Project 25 System Administrators should be aware of possible Unit ID conflicts 
when conducting operations with neighboring jurisdictions. System administrators 
should coordinate Unit IDs with agencies likely to operate on their system(s) to address 
any radio Unit ID conflicts. 
“$” indicates hexadecimal values, “10” subscript indicates decimal value. 
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RS-232 Connectors (DB25 and DE9) 
“Front” refers to the ends with the pins; “rear” refers to the end with the cable. 
The following is a view of the pins, looking at the front of the female connector 
(rear of male): 


680000 
Mooeo & 


same for DB25, except top pins 13 - 1, bottom 25 - 14 (left to right) 


DE9 DB25 | Signal 
1 8 Carrier Detect 
2 3 Receive Data 
3 2 Transmit Data* 
4 20 Data Terminal Ready* 
5 1,7 Ground ** 
6 6 Data Set Ready 
7 4 Request to Send* 
8 5 Clear to Send 
9 22 Ring Indicator 
* An output from the computer to the outside world. 
* On the DB25, / is the protective ground, 7 is the signal ground. 
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RJ-45 Wiring 


T568A (less common) T568B (more common) 

Pin Pair Color Name Color Name 

1 2 white/green RecvData+ white/orange TxData + 

2 2 green RecvData - orange TxData - 

3 3 white/orange  TxData+ — white/green RecvData + 

4 1 blue blue 

5 1 white/blue white/blue 

6 3 orange TxData - green RecvData - 

if 4 white/brown white/brown 

8 4 brown brown 


Note that the odd pin numbers are always the white-with-stripe color. 


72345676 


A straight cable has both ends the same - 
both T568A (older standard) or 
both T568B (newer standard). 
A crossover cable has one end wired as 
T568A, the other as T568B. 
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IP Addresses - Private Networks 


These IP address ranges may be used in private networks. They may not be 
routed to the public internet. 


IPv4 Address Range Number of Addresses | Subnet Mask 
10.0.0.0 - 10.255.255.255 16,777,216 255.0.0.0 
172.16.0.0 - 172.31.255.255 1,048,576 255.240.0.0 
192.168.0.0 - 192.168.255.255 65,536 259.255.0.0 


IPv6 address block fc00::/7 is reserved for Unique Local Addresses 


Wi-Fi 2.4 GHz Non-Overlapping Channels 


Protocol Bandwidth Channel Center Freq 
802.11b 22 MHz 1 2412 MHz 
802.11b 22 MHz 6 2437 MHz 
802.11b 22 MHz 11 2462 MHz 
802.11g/n 20 MHz 1 2412 MHz 
802.11g/n 20 MHz 6 2437 MHz 
802.11g/n 20 MHz 11 2462 MHz 
802.11n 40 MHz 3 2422 MHz 


Use 5 GHz Wi-Fi instead of 2.4 GHz whenever possible to avoid interference 
from non- Wi-Fi devices such as cordless phones that operate in the 2.4 GHz 


band. 
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Public Domain Name System (DNS) Servers 


DNS servers resolve IP addresses from hostnames to numeric IP addresses. 
Firewall ports 53/UDP and 53/TCP must be open. Others are available; no 


endorsement implied. 


Provider Primary DNS Server Secondary DNS Server 
Level3 209.244.0.3 209.244.0.4 
Google (IPv4) 8.8.8.8 8.8.4.4 
Google (IPv6) 2001 :4860:4860::8888 2001 :4860:4860::8844 
OpenDNS Home 208.67.222.222 208.67.220.220 


Public Network Time Protocol (NTP) Servers 
Others are available; no endorsement implied. 


Domain Name IP Address 
0.pool.ntp.org (randomly assigned) 
1.pool.ntp.org (randomly assigned) 
2.pool.ntp.org (randomly assigned) 
3.pool.ntp.org (randomly assigned) 
tick.usno.navy.mil 192.5.41.40 
tock.usno.navy.mil 192.5.41.41 
bigben.cac.washington.edu 140.142.16.34 
ntp-nasa.arc.nasa.gov 198.123.30.132 
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CISCO Tactical Operations 


Cisco Tactical Operations provides temporary, mission-critical voice, data and 
video service to first responder, state, local, and Federal agencies, critical 
infrastructure and humanitarian aid organizations. Services may be provided 
for pre-planned and disaster incidents, subject to availability. This is a best- 
effort, pro-bono service. 


For additional information see http:/Awww.cisco.com/go/tacops or email 
tacops-info@cisco.com 


Emergency Contact Information 


Email: emergencyresponse@cisco.com 
24x7 Hotline: 1-919-392-4646 


Be prepared to provide: 
e Requesting individual's name, agency, title, phone, email 
e Exact location(s) of incident 


e Business need (e.g. telephone, internet, radio interoperability, video 
surveillance) 


e Approximate number of users 
e Expected duration 


e Current ground situation re: logistics, security, personnel support etc. 
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Telephone Block Wiring 


Pair Tip/Ring | Base /Stripe Color 66/110 Block | 50 Pin RJ-21 
1T WIBL ——§_ 1 26 
1R BLIW 2 1 
2T wid — 3 27 
2R OW 4 2 
31 WiG —s 5 28 
3R GW 6 3 
4T WIBR — 7 29 
4R BRIW 8 4 
51 wis 9 30 
5R SW 10 5 
6T RIBL 11 31 
6R BLIR 12 6 
al RIO 13 32 
7R OR 14 7 
8T RIG 15 33 
8R GIR 16 8 
QT RIBR 17 34 
oR BRIR 18 9 
10T RIS 19 35 
10R SIR 20 10 
ai BK/BL 21 36 
11R BLIBK 22 11 
127 BK/O 23 37 
12R OIBK 24 12 


Base colors: W-white, R-red, BK-black, Y-yellow, V-violet 
Stripe colors: BL-blue, O-orange, G-green, BR-brown, S-slate 
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Telephone Block Wiring - continued 


Pair Tip/Ring | Base /Stripe 
13T BK/G 
13R G/BK 
14T BK/BR 
14R BRIBK 
15T BK/S 
15R S/BK 
16T YIBL 
16R BLIY 
177 Y/O 
17R ON 
18T YIG 
18R GIY 
19T Y/IBR 
19R BRIY 
20T YIS 
20R SY 
21T VIBL 
21R BLIV 
22T Mie) 
22R ON 
23T VIG 
23R GN 
24T VIBR 
24R BRIV 
25T VIS 
25R SMV 


Base colors: W-white, R-red, BK-black, Y-yellow, V-violet 


Color 


66/110 Block | 50 Pin RJ-21 
25 38 
26 13 
27 39 
28 14 
29 40 
30 15 
31 41 
32 16 
33 42 
34 17 
35 43 
36 18 
37 44 
38 19 
39 45 
40 20 
41 46 
42 21 
43 47 
44 22 
45 48 
46 23 
47 49 
48 24 
49 50 
50 25 


Stripe colors: BL-blue, O-orange, G-green, BR-brown, S-slate 
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Telephone Connectors 


Pin numbers are from left to right, holding the plug with the contacts up 
and looking at the side that does not have the spring clip. 
“T’ and “R’ indicate “Tip” and “Ring”. 
Pin RJ25 RJ14 RJ11 
1 T3 
2 T2 T2 
3 R1 R1 R1 
4 11 11 11 
5 R2 R2 
6 R3 
Circuit  Twisted-Pair Colors 25-Pair Colors Solid Colors 


| a 
—— 


Eye 


Telephone Keypad Letters 


1: (Q2) 2: ABC 3: DEF 
4: GHI 5: JKL 6: MNO 
7: P(Q)RS 8: TUV 9: WXY(Z) 
: 0 # 


N11 Numbers 


N11 Code Description 
2-1-1 Community information and referral services 
3-1-1 Non-emergency police and other government services 
4-1-1 Directory assistance 
5-1-1 Traffic and transportation information 
6-1-1 Repair service 
1-1-4 Telecommunications relay services 
8-1-1 Utility excavation notification - “Call Before You Dig” 
9-1-1 Emergency services 
https://www.nationalnanpa.com/number_resource_info/n11_codes.html 
DSN Area Codes 


Defense Switched Network - Global Operator — 1-719-567-1110 
(DSN 312-560-1110) 
https://www.disa.mil/Network-Services/Voice/SBU-Voice/Using-DSN/ 
DSN-Tutorial/Area-Codes 


312 - CONUS 313 — Caribbean 

314 - Europe 315 - Pacific 

317 - Alaska 318 — Southwest Asia 
319 — Canada 


DSN Directory - Global 
https://www.disa.mil/network-services/voice/sbu-voice/directory 


E735 


Cellular Telephone Emergency Response 


Some cellular telephone companies have transportable cell sites 
(Cellular On Wheels - COWs, Cellular on Light Trucks - COLTs, etc.) 
that can be deployed during disasters, emergencies, and special events. 
Local jurisdictions are encouraged to coordinate with their established 
service provider representatives for local events; however, the U.S. 
Department of Homeland Security — National Coordinating Center for 
Telecommunications will assist jurisdictions with referrals to corporate 
level contacts for wireless/wireline service provider representatives if 
needed. 


The NCC Watch can be reached 24x7 at 1-703-235-5080 or 
email NCC@hq.dhs.gov 
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Satellite Phone Dialing Instructions 

Iridium PIN (default) is 1111 

(enter when powering-on the Iridium Subscriber Unit) 
From a US Landline 
Two-Stage Dialing: 1-480-768-2500, at prompt 12-digit Iridium number 
To an Iridium phone directly as an International Call 

011 + 8816xxxxxxx (Iridium Phone Number) 
To an Iridium phone via toll call to Chandler AZ (“two-stage dialing”): 

1-480-768-2500, follow prompts to enter Iridium phone number 
To an M4 phone directly as an International Call 

011 + 870 + 76xxxxxxx (Mobile Number) 


From an M4 or BGAN: [Note - Cannot call Toll-Free numbers] 
To a US Phone number: 
00 + 1 + (10-digit US phone number) + # 
To an Iridium phone directly 
00 + 8816xxxxxxx (Iridium Phone Number) + # 
To an M4 phone directly 
00 + 870 + 76xxxxxxx (Mobile Number) + # 


From an Iridium provisioned commercially 
To a US Phone number 
00 + 1 + Xxx.xxx.xxxx (US phone number) 


To an Iridium phone directly 
00 + 8816xxxxxxx (Iridium Phone Number) 


To an M4 phone directly 
00 + 870 + 76xxxxxxx (Mobile Number) 


Test call - no airtime charge: 00 + 1 + 480.752.5105 
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From an Iridium provisioned by DOD 
ISU (Iridium Subscriber Unit) to DSN 

00 + 696 + (DSN Area Code) + (DSN 7-digit number) 
ISU to U.S. Domestic 

00 + 697 + (U.S. Area Code) + (7-digit US number) 
ISU to International Long Distance (ILD) 


00 + 698 + (Country Code) + (“National Destination Code” or 
“City Code”) + (Subscriber Number) 


ISU to INMARSAT 
00 + 698 + 870 + (INMARSAT subscriber number) 
ISU to Local Hawaii 


00 + 699 + (7-digit local commercial number) 
1-800 toll-free 00 + 699 + 1+ 800 + (7-digits) 


ISU to ISU, handset-to-handset 
00 + (12-digit ISU subscriber number, e.g., 8816 763-xxxxx) 


INMARSAT Country Code 
All INMARSAT satellite telephones now use country code 870. 
The Ocean Region Codes were discontinued January 1, 2009: 


871 Atlantic Ocean Region — East [AOR-East| 
872 Pacific Ocean Region [POR] 

873 Indian Ocean Region [IOR] 

874 Atlantic Ocean Region - West [AOR-West] 


Inmarsat Customer Care Helpline - international direct dialing from USA 
to London, United Kingdom: 011 44 20 7728 1030 
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INMARSAT-M Service Codes 


00 Automatic Calls 

11 International Operator 
12 International Information 
13 National Operator 

14 National Information 


17 Telephone Call Booking 
20 Access to a Maritime PAD 
23 Abbreviated Dialing 


24 Post FAX 

31 Maritime Enquiries 

32 Medical Advice 

33 Technical Assistance 
34 Person-to-Person Call 


35 Collect Call 
36 Credit Card Call 


37 Time and Duration 

38 Medical Assistance 

3S) Maritime Assistance 

41 Meteorological Reports 

42 Navigational Hazards and Warnings 
43 Ship Position Reports 

yf Retrieval of Mailbox Messages 
6x Administration, Specialized Use 
70 Databases 

91 Automatic Line Test 

911 Emergency Calls 

92 Commissioning Tests 


affife 


Priority Telecommunications Programs 


For assistance and information on all DHS Emergency Communications Division 
Priority Telecommunications programs, contact the DHS Priority 
Telecommunications 
Service Center at 1-866-627-2255, 703-676-2255, or gwids@saic.com 
GETS - Govt. Emergency Telecommunications Service 
http:/Avww.dhs.gov/gets 
(see next page for GETS access info) 


WPS - Wireless Priority Service 
http:/Avww.dhs.gov/wps 
(see next page for WPS access info) 
GETS and WPS provide priority on voice networks - not data. 
TSP — Telecommunications Service Priority 
htto:/www.dhs.gov/tsp 


For TSP restoration service, contact the telephone service provider with the TSP 
authorization codes for the affected circuits and request TSP service. TSP 
restoration service is available only for circuits that have been enrolled in the 
TSP program before the outage occurred. 


For TSP priority provisioning, contact the TSP Program Office at 1-703-235- 
5613 or 1-703-235-5359 — outside of normal business hours, contact the NCC 
Watch at 1-703-235-5080. 
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Government Emergency Telecommunications Service Card 


After Tone, Enter PIN: 


GETS 
If your 1-710-627-4387 call fails, 
try an alternate access number 


1-888-288-4387 AT&T 
1-877-646-4387 AT&T 
1-855-333-4387* Sprint 
1-800-900-4387 Verizon 
1-855-400-43874 Verizon 
4 Use for GETS calls to toll-free destination numbers 
WIRELESS PRIORITY SERVICE 
*272 + Area Code + Number + 
From a WPS-Enabled Phone 


www.dhs.gov/gets | www.dhs.gov/wps 
Warning: For Official Use Only by Authorized Personnel 


e7.9e 


John Smith 
Department of Defense 


Dial Access Number: 1-710-627-4387 


Government Emergency 
Telecommunications Service 
Office of Emergency Communications 


RREKKEKEE 


When Prompted, Dial: Area Code + Number 


24 Hour Assistance 


Help/trouble reporting 
1-800-818-4387 
or 703-818-4387 


Familiarization Calls 


Make periodic GETS 
and WPS test calls to 


703-818-3924 


U.S. Government Property 


If found, return to: 
OEC 

245 Murray Lane SW 
Mail Stop 0615 


Washington, DC 20528 


Text Messaging 


Selected US & Canadian Cellular Text Messaging Carriers 


“number” is the 10-digit mobile telephone number, unless 11-digit-number is 
specified 


SMS: number@sms.alltelwireless.com 


ale) MMS: number@mms.alltelwireless.com 


SMS: number@txt.att.net 


ve MMS: number@mms.att.net 


Bell Canada SMS & MMS: number@txt.bell.ca 


SMS: number@sms.myboostmobile.com 


Boe Moule MMS: number@myboostmobile.com 


C Spire Wireless |SMS & MMS: number@cspire.com 


SMS: number@sms.mycricket.com 
SMS: number@sms.cricketwireless.net 


CHEE vies MMS: number@mms.mycricket.com 
MMS: number@mms.cricketwireless.net 
Metro PCS SMS & MMS: number@mymetropcs.com or 


number@metropcs.sms.us 


Qwest SMS & MMS: number@qwestmp.com 


SMS: number@page.southernlinc.com 


CH NCIMTTUG AMT SES MMS: number@mms.southernlinc.com 
; SMS & MMS: number@messaging.sprintpcs.com 
Sprint j 
or number@pm.sprint.com 
T-Mobile SMS & MMS: 10-digit-number@tmomail.net 


Continued 
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Text 


Messaging (continued) 


SMS & MMS: number@msg.telus.com 


HERS Pel MMS: number@mms.telusmobility.com 
TracFone SMS & MMS: number@mmst6.tracfone.com 
SMS: number@email.uscc.net 
seen MMS: number@mms.uscc.net 
Nenzen SMS: number@vtext.com 
MMS: number@vzwpix.com 
ae 5 SMS: number@vmobl.com 
eoiMebie MMS: number@vmpix.com 
Alaska 
Alaska Conimunications SMS: number@txt.acsalaska.net 


MMS: 11-digit-number@mms.ak.net 


General Communications 
Inc. (GCI) 


SMS: number@mobile.gci.net 
MMS: number@mms.gci.net 


Puerto Rico 


Centennial Wireless 


SMS: number@cwemail.com 


Claro 


SMS: number@vtexto.com 


TracFone 


SMS: number@mmst5.tracfone.com 
U.S. Virgin Islands 


Centennial Wireless 


SMS: number@cwemail.com 


TracFone MMS: number@mmst5.tracfone.com 
Worldwide 
Iridium SMS: number@msg.iridium.com 
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Visual Line-of-Sight 


Line-of-Sight Formulas 


Approximate distance in miles = 1.33 x \ (height in feet) 


Radio Line-of-Sight 


D = V(2Hr) + V(2Ht) 
Where: 
D = approximate distance (range) to radio horizon in miles 
Hr = height of receive antenna in feet 
Ht = height of transmit antenna in feet 


These are rough estimates, which do not take into account power or frequency. 


Range | 1x Ant. Rx Ant. Range | TxAnt. | Rx Ant. 
(miles) | Height (ft) | Height (ft) (miles) | Height (ft) | Height (ft) 
8 10 8) 21 150 5.5 
10 20 58) 23 200 89) 

11 30 5)/5) 28 300 5.5 
12 40 5/5) 32 400 a9) 
13 50 5) 35 500 OL) 
16 15 5)/5) 42 750 9) 
17 100 5)/5) 48 1000 5.9 
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Notice to Airmen (NOTAM) Filing Instructions 


File a Notice to Airmen (NOTAM) with the FAA to alert aircraft pilots of any 
hazards (such as a temporary tower or tethered antenna platform). 


Filing Instructions: 

1. Before calling FAA have Tower Registration number or ASR number, which 
is the 7-digit number assigned to the tower by the FCC; and the nearest airport 
to tower. 

2. Call 1-877-4-US-NTMS (1-877-487-6867) - you will be prompted to enter 
state abbreviation (use letters on telephone keypad - page 73) or to verbally 
indicate a state. 

3. Log the file number you will be given by the Flight Service Center attendant. 

4. NOTAMs are valid for 15 days and will expire unless a new NOTAM is filed. 
When filing a NOTAM for the erection of obstacles near airfields including 
temporary heliports it may be helpful to have the latitude, longitude, height 
above ground level, and type of obstruction lighting used (steady red, flashing 
etc.) 


NOTAMs are issued (and reported) for a number of reasons, such as: 


hazards such as air-shows, parachute jumps, kite flying, lasers, rocket 
launches etc. 

— inoperable radio navigational aids 

inoperable lights on tall obstructions 

— temporary erection of obstacles near airfields (e.g., cranes, portable towers) 


FAA NOTAMs, ARTCC Notices, TFRs and Special Notices 
https://pilotweb.nas.faa.gov/PilotWeb/ 
Defense Internet NOTAM Service 
https://www.notams.faa.gov/dinsQueryWeb/ 


Other FAA telephone numbers: 
Flight Service Stations: 1-800-WX-BRIEF (1-800-992-7433) 
FAA Main Number: 1-866-TELL-FAA (1-866-835-5322) 
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COMMONLY USED FREQUENCIES 


Aviation Frequencies 
121.5 Emergency & Distress 
122.9 SAR Secondary and Training 
123.1SAR 


122.925 — for use only for communications with or between aircraft when 
coordinating natural resources programs of Federal or state natural resources 
agencies, including forestry management and fire suppression, fish and game 
management and protection and environmental monitoring and protection. 


Typical Uses Fixed Wing Rotary Wing 
122.750 F 
122.850 M 122.850 M 
Air-to-Air 122.925 M 122.925 M 
122.975 U 122.975 U 
123.025 A 
123.075 U 123.075 U 
122.850 M 122.850 M 
122.925 M 122.925 M 
Air-to-Ground 122.975 U 122.975 U 
123.025 A 
123.075 U 123.075 U 
A - Helicopter air-to-air, air traffic control operations. 
F — Fixed-wing air-to-air. M —-Multicom. U- Unicom. 


Ask FAA/FCC for emergency use of 123.3 or 123.5 (flight training). 
All frequencies on this page use AM (emission designator 6KO0A3E). 
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VHF Marine Channel Listing 


This chart summarizes a portion of the FCC rules - 47 CFR 80.371(c) 


and 80.373(f) 
Appropriate 
Type of Message Channels 

DISTRESS SAFETY AND CALLING - Use this channel to 16 
get the attention of another station (calling) or in 
emergencies (distress and safety). 
INTERSHIP SAFETY - Use this channel for ship-to-ship 6 
safety messages and for search and rescue messages to 
ships and aircraft of the Coast Guard. 
COAST GUARD LIAISON - Use this channel to talk to 1022 
the Coast Guard (but first make contact on Channel 16). 
COAST GUARD - These channels are Coast Guard 1021, 1023, 
working channels, not available to commercial or non- 1081, 1083 
commercial vessels for normal use. 
U.S. Government - Environmental protection operations. 1081 
U.S. Government - This channel is a working channel for 1082 
U.S. Government vessels and U.S. Government coast 
stations only. 
NONCOMMERCIAL - Working channels for voluntary 98, 679, 68, 
boats. Messages must be about the needs of the ship. 69, 718, 72, 
Typical uses include fishing reports, rendezvous, 1078, 10794, 
scheduling repairs and berthing information. Use 10804 


Channels 67 and 72 only for ship-to- ship messages. 
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Appropriate 


Type of Message Channels? 
10015, 1007, 
COMMERCIAL - Working channels for working ships 8, 9, 10, 11, 
only. Messages must be about business or the needs of | 1018, 1019, 
the ship. Use channels 8, 67, 72 and 88 only for ship-to- 10635, 677, 
ship messages. 1079, 1080, 
88" 
PUBLIC CORRESPONDENCE (MARINE OPERATOR) - | 24, 25, 26, 
Use these channels to call the marine operator at a public | 27, 28, 84, 
coast station. By contacting a public coast station, you 85, 86 


can make and receive calls from telephones on shore. 
Except for distress calls, public coast stations usually 
charge for this service. 


PORT OPERATIONS - These channels are used in 


10015, 10053, 


directing the movement of ships in or near ports, locks or | 12, 14, 20, 
waterways. Messages must be about the operational 1063°, 1065, 
handling movement and safety of ships. In certain major | 1066, 73, 74, 
ports, Channels 11, 12 and 14 are not available for 7510.76! 77 
general port operations messages. Use channel 20 only 

for ship-to-coast messages. Channel 77 is limited to 

intership communications to and from pilots. 

NAVIGATIONAL - (Also known as the bridge-to-bridge 13, 67 


channel.) This channel is available to all ships. Messages 
must be about ship navigation, for example, passing or 
meeting other ships. You must keep your messages 
short. Your power output must not be more than one 
watt. This is also the main working channel at most locks 
and drawbridges. 
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Appropriate 


Type of Message Channels* 
MARITIME CONTROL - This channel may be used to 17 
talk to ships and coast stations operated by state or local 
governments. Messages must pertain to regulation and 
control, boating activities, or assistance to ships. 
DIGITAL SELECTIVE CALLING - Use this channel for 70 


distress and safety calling and for general purpose calling 
using only digital selective calling techniques. 


WEATHER - On these channels you may receive 
weather broadcasts of the National Oceanic and 
Atmospheric Administration. These channels are only for 
receiving. You cannot transmit on them. 


WX1 through 
WX7 


Footnotes 


= 


. Not available in the Great Lakes, St. Lawrence Seaway, or the Puget 


Sound and the Strait of Juan de Fuca and its approaches. 


ip) 


. Only for use In the Great Lakes, St Lawrence Seaway, and Puget 


Sound and the Strait of Juan de Fuca and its approaches. 


Available only in the Houston and New Orleans areas. 


Available only in the Great Lakes. 


Available only in the New Orleans area. 


Dla} R[o 


noncommercial ships. 


Available for intership, ship, and coast general purpose calling by 


a 


Available only In the Puget Sound and the Strait of Juan de Fuca. 
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Appropriate 


Type of Message Channels * 


8. Available for port operations communications only within the U.S. 
Coast Guard designated VTS radio protection area of Seattle (Puget 
Sound). Normal output must not exceed 1 watt. 


9. Available for navigational communications only in the Mississippi 
River/Southwest Pass/Gulf outlet area. 


10. Available for navigation-related port operations or ship movement 
only. Output power limited to 1 watt. 


*10” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 


December 21, 2010 Adapted from 
http://wireless.fcc.gov/services/index.htm?job=service_bandplan&id=ship_ 
stations 


Shipboard repeaters: 457.525 457.550 457.575 457.600 MHz 


Inputs are +10.225 MHz (foreign vessels may use +10.0 MHz offset - 
not permitted in U.S. waters). 


Maritime freqs. assignable to aircraft: 


(HF) 2.738 2.830 3.023 4.125 5.680 MHz 
(VHF) channels 6 8 9 16 1018 1022 67 68 72 & 88 
See 47CFR80.379 for restrictions. 


Maritime Distress Frequencies - Radiotelephone 
(HF, USB - 2K80J3E) 2182, 4125, 6215, 8291, 12290, 16420 kHz 
(VHF, FM wideband - 16KOOF3E) 156.800 MHz (Channel 16) 


-88- 


VHF Marine Channels & Frequencies 
Source: http://www.navcen.uscg.gov/?pageName=mtVhf 


Channel | Ship Ship 
Number | Transmit | Receive Use 
* MHz MHz 
1001 | 156.050 | 156.050 | Port Operations and Commercial, VTS. 
Available only in New Orleans/Lower 
Mississippi area 
1005 | 156.250 | 156.250 |Port Operations or VTS in the Houston, New 
Orleans and Seattle areas 
6 156.300 | 156.300 Intership Safety 
1007 | 156.350 | 156.350 Commercial 
8 156.400 | 156.400 Commercial (Intership only) 
) 156.450 | 156.450 | Boater Calling. Commercial and Non- 
Commercial 
10 | 156.500 | 156.500 Commercial 
11 156.550 | 156.550 Commercial. VTS in selected areas 
12 156.600 | 156.600 | Port Operations. VTS in selected areas 
13 156.650 | 156.650 | _—_Intership Navigation Safety (Bridge-to- 


bridge). Ships >20m length maintain a 
listening watch on this channel in US 
waters. 


“40” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 
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Channel | Ship Ship 
Number | Transmit | Receive Use 
7 MHz MHz 
14 156.700 | 156.700 | Port Operations. VTS in selected areas. 
15 -- 156.750 | Environmental (Receive only). Used by 
Class C EPIRBs. 
16 156.800 | 156.800 | International Distress, Safety and Calling. 
Ships required to carry radio, USCG, and 
most coast stations maintain a listening 
watch on this channel. 
17 156.850 | 156.850 | State & Local Government Maritime Control 
1018 | 156.900 | 156.900 Commercial 
1019 | 156.950 | 156.950 Commercial 
20 157.000 | 161.600 Port Operations (duplex) 
1020 | 157.000 | 157.000 Port Operations 
1021 _| 157.050 | 157.050 U.S. Coast Guard only 
1022 | 157.100 | 157.100 | Coast Guard Liaison and Maritime Safety 
Information Broadcasts. 
Broadcasts announced on channel 16. 
1023 | 157.150 | 157.150 U.S. Coast Guard only 
24 157.200 | 161.800 | Public Correspondence (Marine Operator) 


“40” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 
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Channel | Ship Ship 
Number | Transmit} Receive Use 
MHz MHz 
25 157.250 | 161.850 | Public Correspondence (Marine Operator) 
26 157.300 | 161.900 | Public Correspondence (Marine Operator) 
27 157.350 | 161.950 | Public Correspondence (Marine Operator) 
28 157.400 | 162.000 | Public Correspondence (Marine Operator) 
1063 | 156.175 | 156.175 | Port Operations and Commercial, VTS. 
Available only in New Orleans/Lower 
Mississippi area. 
1065 | 156.275 | 156.275 Port Operations 
1066 | 156.325 | 156.325 Port Operations 
67 156.375 | 156.375 | Commercial. Used for bridge-to-bridge 
communications in lower Mississippi River. 
Intership only. 
68 156.425 | 156.425 Non-Commercial 
69 156.475 | 156.475 Non-Commercial 
70 156.525 | 156.525 Digital Selective Calling (voice 
communications not allowed) 
7156-575) 06 575 Non-Commercial 
72 156.625 | 156.625 Non-Commercial (intership only) 


*40” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 
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Channel | Ship Ship 
Number | Transmit} Receive Use 

2 MHz MHz 
73 156.675 | 156.675 Port Operations 
74 156.725 | 156.725 Port Operations 
77 156.875 | 156.875 Port Operations (intership only) 

1078 | 156.925 | 156.925 Non-Commercial 

1079 | 156.975 | 156.975 | Commercial. Non-Commercial in Great 

Lakes only 
1080 | 157.025 | 157.025 | Commercial. Non-Commercial in Great 
Lakes only 
1081 | 157.075 | 157.075 | +U.S. Government only - Environmental 
protection operations. 

1082 | 157.125 | 157.125 U.S. Government only 

1083 | 157.175 | 157.175 U.S. Coast Guard only 
84 157.225 | 161.825 | Public Correspondence (Marine Operator) 
85 157.275 | 161.875 | Public Correspondence (Marine Operator) 
86 157.325 | 161.925 | Public Correspondence (Marine Operator) 
87 157.375 | 157.375 | Public Correspondence (Marine Operator) 
88 157.425 | 157.425 Commercial, intership only. 


*40” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 


-92- 


Channel | Ship Ship 
Number | Transmit | Receive Use 
= MHz MHz 


AlS1 | 161.975 | 161.975} Automatic Identification System (AIS) 


AlS2 | 162.025 | 162.025} Automatic Identification System (AIS) 


*40” channel prefix indicates simplex use of the ship station transmit 
frequency of an international duplex channel. Used in U.S. waters only. 


Shipboard repeaters: 
457.525 457.550 457.575 457.600 MHz, wideband FM. 
Inputs are +10.225 MHz 
Foreign vessels may use +10.0 MHz offset outside U.S. waters. 
On-board Communications: 
Narrowband FM: 457.5375, 457.5625, 467.5375, 467.5625 MHz 
Maritime freqs. assignable to aircraft: 
(HF) 2.738 2.830 3.023 4.125 5.680 MHz 
(VHF) channels 6 8 9 16 1018 1022 67 68 72 & 88 
See 47CFR80.379 for restrictions. 
Maritime Distress Frequencies - Radiotelephone: 
(HF, USB - 2K80J3E) 2182, 4125, 6215, 8291, 12290, 16420 kHz 
(VHF, FM wideband - 16KOOF3E) 156.800 MHz (Channel 16) 
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Multi-Use Radio Service (MURS) 
151.820 MHz (11.25 kHz) 
151.880 MHz (11.25 kHz) 
151.940 MHz (11.25 kHz) 
154.570 MHz (20.00 kHz) (shared with business band) 
154.600 MHz (20.00 kHz) (shared with business band) 


Maximum power output 2 watts. 


Narrowband on 151 MHz frequencies. 
Narrowband or wideband on the 154 MHz frequencies. 


External gain antennas may be used (must be no more than 60 feet above 
ground or 20 feet above the structure on which it is mounted). 


Voice or data, except: 
no store-and-forward packet operation 
no continuous carrier operation 
no interconnection with the public switched network 
no use aboard aircraft in flight 


Authorized emission types: 
A1D, A2B, A2D, A3E, F2B, F1D, F2D, F3E, G3E. 


Personal or business use. 
Equipment must be certificated per FCC rules Part 95, Subpart J. 


No license required. 
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GMRS Frequencies 
Authorized bandwidth: 25 kHz, 50 W power. Repeater outputs (inputs are +5 
MHz): 462.550 462.575 462.600 462.625 462.650 462.675* 462.700 462.725 
* nationwide traveler's assistance; if CTCSS is required, try 141.3 Hz. 
Simplex prohibited on repeater inputs. 


Interstitial frequencies, 12.5 kHz. 467 MHz power: 0.5 W. 462 MHz power: 2 W 
for FRS, 5 W for GMRS channels (simplex, not more than 5 watts): 


462.5625 .5875 .6125 .6375 .6625 .6875 .7125 (shared with FRS) 
North of Line A / East of Line C: 462.650, 467.650, 462.700, 467.700 may not 
be used; small control stations limited to 5 watts. 

FRS Frequencies 
Authorized bandwidth: 12.5 kHz. Channels 1-14: Power limit: 0.5 watts ERP 
462.5625 /5875 /6125 /6375 /6625 /6875 /7125 (shared with GMRS) 
467.5625 /5875 /6125 /6375 /6625 /6875 /7125 


CB Frequencies 


Ch} MHz | Ch| MHz |Ch} MHz |Ch| MHz |[Ch| Mhz 


1 | 26.965 | 2 [26.975 | 3 |26.985| 4 [27.005 | 5 | 27.015 


6 | 27.025 | 7 |27.035 | 8 [27.055 | 9 | 27.065 | 10 | 27.075 


11 | 27.085 | 12 |27.105 | 13 [27.115 | 14 | 27.125 | 15 | 27.135 


16 | 27.155 | 17 |27.165 | 18 [27.175 | 19 | 27.185 | 20 | 27.205 


21 | 27.215 | 22 | 27.225 |23* |27.255 | 24 | 27.235 | 25 | 27.245 


26 | 27.265 | 27 | 27.275 | 28 {27.285 | 29 | 27.295 | 30 | 27.305 


31 | 27.315 | 32 | 27.325 | 33 {27.335 | 34 | 27.345 | 35 | 27.355 


36 | 27.365 | 37 | 27.375 | 38 {27.385 | 39 | 27.395 | 40 | 27.405 


* {26.995 | * [27.045 | * {27.095 | * [27.145 | * | 27.195 


* Remote Control Channels 
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27.49 
35.04 
43.0400 
151.5050 
151.6250 
151.9550 
152.8700 
154.5700 
154.6000 
158.4000 
451.8000 
456.8000 
464.5000 
464.5500 
467.7625 
467.8125 
467.8500 
467.8750 
467.9000 
467.9250 
469.5000 


469.5500 


Common Business Frequencies 
IS=Special Industrial IB=Business 


IB 
IB 
IS 
IS 
IB 
IB 
IS 
IB 
IB 
IS 
IS 
IS 
IB 
IB 
IB 


Itinerant 

Itinerant 

Itinerant 

Itinerant 

RED DOT Itinerant 

PURPLE DOT 

Itinerant 

BLUE DOT (also MURS) 
GREEN DOT (also MURS) 
Itinerant 

Itinerant 

Itinerant 

BROWN DOT Itinerant 35w. 
YELLOW DOT ltinerant 35w. 
J DOT 

K DOT 

SILVER STAR 

GOLD STAR 

RED STAR 

BLUE STAR 

Simplex or input to 464.500 if 
repeater. Itinerant 35 w. max 
Simplex or input to 464.550 if 
repeater. Itinerant 35 w. max 
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Railroad Frequencies 
160.215(ch.007)-161.565(ch.097), every 15 kHz 
*Interstitial narrowband channels between ch. 002-097 are offset 7.5 KHz. 


161.205 — Railroad Police Mutual Aid (channel 073) 
Ch. 002-006 are used in Canada only: 
(2) 159.810 (3) 159.930 (4) 160.050 (5) 160.185 (6) 160.200 


452.325 / 457.325 
452.375 / 457.375 
452.425 / 457.425 
452.475 / 457.475 


452.775 | 457.775 
452.825 / 457.825 
452.875 / 452.875 
452.900 / 457.900 


452.8500 

452.8375 - low power 
452.8625 - low power 
452.8875 - low power 


(*Telemetry/Remote Control/Remote Indicator frequencies omitted) 
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SAR (Search and Rescue) Frequencies 
Land SAR 
Typical frequencies are: 155.160, .175, .205, .220, .235, .265, .280, or .295 
If CTCSS is required try 127.3 Hz (3A). 
Air SAR 
3023, 5680, 8364 kHz upper sideband (lifeboat/survival craft), 
4125 kHz upper sideband (distress/safety with ships and coast stations) 
121.5 MHz emergency and distress 
122.9 MHz SAR secondary & training 
123.1 MHz SAR primary 
Water SAR 
156.300 (VHF Marine ch. 06) Safety and SAR 
156.450 (VHF Marine ch. 09) Non-commercial supplementary calling 
156.800 (VHF Marine ch. 16) DISTRESS and calling 
156.850 (VHF Marine ch. 17) State & Local Government Maritime Control 
157.100 (VHF Marine ch. 1022) Coast Guard Liaison 


VHF Marine Channels 

6,9, 15, 16, 1021, 1022 (USCG Liaison), 1023, 1081, 1083 
USCG Auxiliary 

138.475, 142.825, 143.475, 149.200, 150.700 
USCG/DOD Joint SAR 

345.0 MHz AM initial contact, 282.8 MHz AM working 
Military SAR 

40.50 wideband FM US Army/USN SAR 
138.450 AM, 138.750 AM USAF SAR 
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Maritime HF and VHF Distress Frequencies 


Global Maritime Distress & Safety System, Digital Selective Calling (DSC) & 
Radiotelephone Channels - for use only by vessels and coast stations 
authorized in the Maritime Services (FCC Part 80, NTIA 7.5 and 8.2.29). 
These are not nationwide interoperability channels, and are not for land-based 
public safety agencies. These frequencies may be programmed only into radios 
certificated for Part 80 operations, and only by a person holding a First or 
Second Class Radiotelegraph Operator's Certificate, Radiotelegraph Operator 
License, or General Radiotelephone Operator License. 


The simplex DSC frequencies except 2187.5 and 16804.5 kHz are monitored by 
the US Coast Guard and are used for digital alerting and calling for distress, 
urgency and safety. Once the DSC call has been sent, the corresponding 
radiotelephone frequency is used for voice communications. 


The simplex voice frequencies are used for distress and safety communications, 
and except for 2182 and 16420 kHz are monitored by the USCG. Frequencies 
are monitored according to propagation; not all frequencies are monitored at all 
times. These radiotelephone channels use upper sideband (USB - 2K80J3E); 
the frequency shown is the suppressed carrier reference frequency. VHF 
channel 16 uses wideband FM (16KOF3E or 16K0G3E). 


DSC Voice 
* 2187.5 kHz * 2182 kHz 
4207.5 kHz 4125 kHz 
6312.0 kHz 6215 kHz 
8414.5 kHz 8291 kHz 
12577.0 kHz 12290 kHz 
* 16804.5 kHz * 16420 kHz 
156.525 MHz (Channel 70) 156.800 MHz (channel 16) 


* International distress channel that is not monitored by USCG 
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HF Disaster Communications 


Fixed, Base, Mobile Fixed 

2326 | 5135 
2411 5140 A, | 
2414 5192 | 
2419 5195 | 
2422 1477 A 
2439 7480 A 
2463 7802 D 
2466 7805 | 
2471 7932 
2474 7935 C,D 
2487 
2511 
2535 
2569 
2587 
2801 
2804 A 
2812 

Carrier frequencies in kHz. A=Alternate channel |=Interstate coordination 


C=Conterminous US D=Daytime Operations Only 

May be licensed only to the central governments of the 50 states and 6 US 
territories. See FCC rules 90.264, 90.20(d)(6), and 90.129(m). 

Emissions: Only 2K80J3E (USB), 100HA1A and those emission types listed in 
§90.237(g) are permitted. 
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HF Long Distance Communications 


Fixed, Base, Mobile Fixed (including itinerant) 
2289 5046.6 E 7480.1 
2292 5052.6 E 7483.1 
2395 5055.6 E 7486.1 E 
2398 5061.6 W 7549.1 D 
3170 5067.6 7552.1 
4538.6 N 5074.6 E 7555.1 W 
4548.6 N 5099.1 7558.1 W 
4575 5102.1 7559.1 W 
4610.5 5313.6 7562.1 W 
4613.5 7697.1 
4634.5 6800.1 N 
4637.5 6803.1 
4647 6806.1 W 
6855.1 N.M 
6858.1 N 
6861.1 W 
6885.1 N 
6888.1 N 


Carrier frequencies in kHz. 

D = Daytime Operations Only, N = Night Operations Only, E = East of 108° 
West Longitude (WL), M = West of the Mississippi River, W = West of 90° WL. 
May be licensed for repair of telecommunications circuits, power & 
pipeline distribution etc. See FCC rules 90.266, 90.35(c)(1), and 90.129(o). 
Emissions: Only 2K80J3E (USB), 100HA1A, 100HA1B, and those emission 
types listed in §90.237(g) are permitted. 
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Standard Time and Frequency Broadcasts 


Radio station WWYV (Fort Collins, Colorado), WWVH (Kauai, Hawaii), and CHU 
(Ontario, Canada) broadcast continuous time signals on precise frequencies. 
Because the broadcasts occur simultaneously on several HF frequencies at high 
power, at least one of the signals should be receivable at all times throughout 
the US and Canada. This can be useful for testing HF receivers and antennas, 
and for selecting frequencies based on currently observable propagation. 


Frequencies (MHz) 
WWV WWVH CHU 
2.500 2.500 3.330 
5.000 5.000 7.850 
10.000 10.000 14.670 
15.000 15.000 
20.000 
25.000 
Double Sideband AM Double Sideband AM Full Carrier USB 
Male Voice Female Voice English and French 


Standard Time by Telephone 
1-303-499-7111 - WWV (Colorado) 1-808-335-4363 - WWVH (Hawaii) 
1-202-762-1401 , 1-202-762-1069 (DSN 762-1401, 762-1069) - Washington, DC 
1-719-567-6742 (DSN 560-6742) - Colorado Springs, CO 


The Washington DC and Colorado Springs CO lines alternate between local 
(EST/EDT or MST/MDT) and UTC (Z) time. 
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Amateur Radio Emergency Frequencies 


These frequencies (except 5167.5 kHz) are not available for licensing 
to Public Safety agencies. An Amateur Radio Operator License of the 
appropriate class is required in order to transmit on these frequencies. 


Emergency Center of Activity Frequencies - emergency communications 
networks in North/Central/South America and the Caribbean are 
encouraged to establish their operations within 20 kHz +/- of these 
frequencies (kHz): 


3750 or 3985 LSB 7060, 7240, or 7290 LSB 
14300 USB 18160 USB 21360 USB 
US Government stations and RACES stations may exchange emergency 
communications on any Amateur frequency. DHS (including FEMA) and 


USCG stations, among others, have frequency authorizations aligned with 
the five Amateur Service secondary channels at 5 MHz: 


Carrier Frequency (kHz) | Center Frequency (kHz) 
5330.5 5332.0 
5346.5 5348.0 
5357.0 5358.5 
5371.5 5373.0 
5403.5 5405.0 


Alaska Emergency Frequency - 5167.5 kHz USB carrier frequency, 
5168.9 kHz assigned (center) frequency — may be used in or within 50 
nautical miles of Alaska for emergency communications, including 
exercises. Interoperability with Part 90 Private Land Mobile Radio Service 
stations is authorized. 


-103- 


Amateur Radio Emergency Frequencies (continued) 


Automatic Link Establishment (ALE) _ http://HFLink.net 
Emergency/Disaster Relief Interoperation Voice Channels (kHz, USB*): 


Netcall: HFL 
1996.0 14346.0 
3996.0 18117.5 
5371.5 21432.5 
7296.0 28312.5 

Text Message Channels (kHz, USB’): 

Netcall: HFN 
1843.0 14109.0 
3596.0 18106.0 
5357.0 21096.0 
7102.0 28146.0 
10145.5 


* Carrier reference frequency (center of ALE signal is offset +1625 Hz) 
Maritime Mobile Service Net (and others): 14300 kHz USB 
http://mmsn.org 
Hurricane Watch Net: 14325 kHz USB http:/Awww.hwn.org 
National Hurricane Center, during hurricanes (kHz): 

14325 USB - primary 7268 LSB - alternate 
3815 LSB - Caribbean | 3950 LSB - North Florida |3940 LSB - South Florida 
http://w4ehw.fiu.edu IRLP Node: 9219, EchoLink Conference: Wx-Talk 
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Amateur Radio Calling Frequencies 


Band Frequency (MHz) Mode 
80 Meters 3.885 AM 
40 Meters 7.29 AM 
20 Meters 14.286 AM 
6 Meters 50.125 SSB 
6 Meters 52.525 FM Simplex 
6 Meters 52.54 FM Simplex 
6 Meters 50.62 Digital (packet) 
2 Meters 144.2 SSB 
2 Meters 146.52 FM Simplex 
1.25 Meters 222.1 CW/SSB 
70 Centimeters 432.1 CW/SSB 
70 Centimeters 446 FM Simplex 
33 Centimeters 902.1 CW/SSB 
33 Centimeters 903.1 CW/SSB 
33 Centimeters 927.5 FM Simplex 
23 Centimeters 1294.5 FM simplex 
23 Centimeters 1296.1 CW/SSB 


These are not Public Safety frequencies —- an Amateur Radio 
Operator license is required to use them. 


Amateur Radio Repeater Coordinators 
http:/www.arrl.org/files/file/Coordinators/Participating%20C oordinators. pdf 
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Amateur Radio Bands (US) 


Amateurs wishing to operate on either 2,200 or 630 meters must first 
register with the Utilities Technology Council online at 
https://utc.org/plc-database-amateur-notification-process/ 
You need only register once for each band. 

2,200 Meters (135 kHz) 


E,A,G 


135.7 kHz 1 W EIRP maximum 137.8 kHz 


630 Meters (472 kHz) 


| | 
472 kHz 479 kHz 
5 W EIRP maximum, except in Alaska within 496 miles of 
Russia where the power limit is 1 W EIRP. 


160 Meters (1.8 MHz) 
Avoid interference to radiolocation operations 
from 1.900 to 2.000 MHz 


I | I 
1.800 1.900 2.000 MHz 


License Classes 
E = Amateur Extra A = Advanced 
G = General T = Technician N = Novice 


MBRTTY&data MBPhone & Image CW only 
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Amateur Radio Bands (US) - continued 


80 Meters (5.3 MHz) 
3.500 3.600 3.700 4.000 MHz 
a ee 
a | rc t;wCY 
i ==) G 
3.800 NT 
3.525 3.600 (200 W) 
60 Meters (5.3 MHz) 
CW, 5332 5348 5358.5 5373 5405kHz 
Dig _- == =m == ae E,A,G 
| (100 W) 
usB |” =e = = a 


5330.5 5346.5 5357.0 5371.5 5403.5 kHz 


General, Advanced, and Amateur Extra licensees may operate on 
these five channels on a secondary basis with a maximum effective 
radiated power (ERP) of 100 W PEP relative to a half-wave dipole. 
Permitted operating modes include upper sideband voice (USB), 
CW, RTTY, PSK31 and other digital modes such as PACTOR III. 
Only one signal at a time is permitted on any channel. 


MERTTY&data MBPhone & Image CW only 
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Amateur Radio Bands (US) - continued 


40 Meters (7 MHz) 
7.000 7.075 7.100 7.300 MHz 


| lity 1,3 and FCC region 2 west of 
= west or below 20° north 


E 
A 
G 
2 — NT 
N,T outside region 2 (200 W) 
7.025 7.125 
See Sections 97.305(c), 97.307(f)(11) and 97.301(e). These exemptions 


do not apply to ne in the ee US. 


30 Meters (10.01 MHz) 
Avoid interference to fixed services outside the US. 


200 Watts PEP E,A,G 
| | 
10.100 10.150 MHz 
20 Meters (14 MHz) 


14.000 14.150 14.350 MHz 
| | 


E 


——<—<— A 
ae... si « 


| 
14.025 14.150 14.425 


MBRTTY&data MPhone & Image CW only 
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Amateur Radio Bands (US) - continued 
17 Meters (18 MHz) 


| | | 
18.068 18.110 18.168 MHz 


15 Meters (21 MHz) 
21.000 21.200 21.450 MHz 


21.225 
21.275 


21.025 21.200 


12 Meters (24 MHz) 


| | 
24.890 24.930 24.990 MHz 


10 Meters (28 MHz) 
28.000 28.300 29.700 MHz 
| | 


| 
28.000 28.500 


"SSB Phone 
MERTTY&data M™Phone & Image CW only 
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Amateur Radio Bands (US) - continued 
6 Meters (50 MHz) 


ead 2 Meters (144 MHz) 


ee 
| E,A,G,T 
144.0 148.0 MHz 


1.25 Meters (222 MHz) 


a  -  GT 
_—N\ (25 W) 
219.0 220.0 a 
222.0 225.0 MHz 
70 cm (420 MHz)* 
E,A,G,T 
| 
420.0 450.0 MHz 


33 cm (902 MHz)* 
| | 
902.0 928.0 MHz 


“Geographical and power restrictions may apply 
{NM Fixed digital message forwarding systems only 
Gl RTTY & data MM Phone & Image 
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Amateur Radio Bands (US) - continued 


4240 23 cm (1240 MHz)* 1300 MHz 
1 | 
—————————— 
— Eee ee ee) E,A,G,T 
Pp N(5W) 
1270 1295 


Automatically Controlled Digital Stations. 


A station may be automatically controlled while transmitting a RTTY or 
data emission on the 6 m or shorter wavelength bands, and on the 
28.120-28.189 MHz, 24.925-24.930 MHz, 21.090-21.100 MHz, 
18.105-18.110 MHz, 14.0950-14.0995 MHz, 14.1005-14.112 MHz, 
10.140-10.150 MHz, 7.100-7.105 MHz, or 3.585-3.600 MHz segments 
provided that: 

(1) The station is responding to interrogation by a station under local or 
remote control; and 

(2) No transmission from the automatically controlled station occupies a 
bandwidth of more than 500 Hz. 

This rule section does not apply to an auxiliary station, a beacon station, 
a repeater station, an earth station, a space station, or a space 
telecommand station. 

(FCC rule 97.221) 

Automatically controlled digital stations may operate on all authorized 
frequencies above 50.1 MHz when the control operator is present at the 
control point, in which case the 500 Hz bandwidth limitation does not 
apply. 
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Amateur Radio Bands (US) - continued 


All licensees except Novice are authorized all modes 
on the following frequencies: 
2300-2310 MHz 47.0-47.2 GHz 
2390-2450 MHz 76.0-81.0 GHz 
3300-3500 MHz 122.25-123.0 GHz 
5650-5925 MHz 134-141 GHz 
10.0-10.5 GHz 241-250 GHz 
24.0-24.25 GHz All above 275 GHz 


Amateur Radio Power Limits (US) 
FCC Rule 97.313 
(a) An amateur station must use the minimum transmitter power 
necessary to carry out the desired communications. 
(b) No station may transmit with a transmitter power exceeding 1.5 kW 
PEP. 
[60 meters: 100W PEP ERP; 30 meters: 200W PEP; additional 
restrictions apply under certain conditions, and to Novice and 
Technician licensees. ] 
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NOTES 
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NOTES 
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NOTES 
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NOTES 
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NOTES 
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NOTES 
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EMERGENCY MEDICAL PROCEDURES 
ICS 206 — Block 8 — “Dutch Creek Protocol” 


In the event of a medical emergency, provide the following information 
to the Communications Unit. 


ile 


Declare the nature of the emergency. 
a. Medical injury/illness? 
b. If injury/illness, is it Life Threatening? 


. If Life Threatening, then request that the designated frequency be 


cleared for emergency traffic. 


. Identify the on-scene Point of Contact (POC) by Resource and Last 


name (i.e. POC is TFLD Smith). 


. Identify nature of incident, number injured, patient assessment(s) 
and location (geographic and GPS coordinates). 


. Identify on-scene medical personnel by position and name 


(i.e. EMT Jones). 


. Identify preferred method of patient transport. 
. Request any additional resources and/or equipment needed. 
. Document all information received and transmitted on the radio or 


phone. 


. Identify any changes in the on-scene Point of Contact or medical 


personnel as they occur. 


To download or request copies of the NIFOG, please visit 
https://www.dhs.gov/publication/fog-documents 
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INTERNATIONAL FLAGS AND PENNANTS 


ALPHABET FLAGS 


| Atta & 
| Bravo zx 


Charlie — 
| | 


Deita =z 
~ 
] 


Uniform a 


Yankee YY, 


NUMERAL PENNANTS 


Foes & 
| Golf il] 
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PREFACE 


Pub 102, the 1969 edition of the International Code of Signals, became effective on | April 1969, and at that time 
superseded H.O. Pubs. 103 and 104, International Code of Signals, Volumes I and II. All signals are contained in a single 
volume suitable for all methods of communication. 

The First International Code was drafted in 1855 by a Committee set up by the British Board of Trade. It contained 70,000 
signals using eighteen flags and was published by the British Board of Trade in 1857 in two parts; the first containing 
universal and international signals and the second British signals only. The book was adopted by most seafaring nations. 

This early edition was revised by a Committee set up in 1887 by the British Board of Trade. The Committee’s proposals 
were discussed by the principal maritime powers and at the International Conference in Washington in 1889. As a result, 
many changes were made. The Code was completed in 1897 and was distributed to all maritime powers. That edition of 
the International Code of Signals, however, did not stand the test of World War I. 

The International Radiotelegraph Conference at Washington in 1927 considered proposals for a new revision of the Code 
and decided that it should be prepared in seven languages, namely in English, French, Italian, German, Japanese, Spanish 
and in one Scandinavian language which was chosen by the Scandinavian Governments to be the Norwegian language. The 
new edition was completed in 1930 and was adopted by the International Radiotelegraph Conference held in Madrid in 
1932. The new Code was compiled in two volumes, one for use by visual signaling and the other by radiotelegraphy. Words 
and phrases applicable to aircraft were introduced in Volume II together with a complete Medical Section and a Code for 
accelerating the granting of pratique. The Medical Section and the pratique signals were prepared with the assistance and 
by the advice of the Office International d’ Hygiene Publique. The Code, particularly Volume II, was primarily intended for 
use by ships and aircraft and, via coastal radio stations, between ships or aircraft and authorities ashore. A certain number 
of signals were inserted for communications with shipowners, agents, repair yards, etc. The same Conference (Madrid, 
1932) established a Standing Committee to review the Code, if and when necessary, to give guidance on questions of use 
and procedure, and to consider proposals for modifications. Secretarial duties were undertaken by the Government of the 
United Kingdom. The Standing Committee met only once in 1933 and introduced certain additions and amendments. 

The Administrative Radio Conference of the International Telecommunication Union suggested in 1947 that the 
International Code of Signals should fall within the competence of the Inter-Governmental Maritime Consultative 
Organization (IMCO). In January 1959, the First Assembly of IMCO decided that the Organization should assume all the 
functions then being performed by the Standing Committee of the International Code of Signals. The Second Assembly in 
1961 endorsed plans for a comprehensive review of the International Code of Signals intended to meet the present day 
requirements of mariners. A Subcommittee of the Maritime Safety Committee of the Organization was established to revise 
the Code, to prepare it in nine languages, namely the original seven (English, French, Italian, German, Japanese, Spanish, 
and Norwegian) together with Russian and Greek, and to consider proposals for a new radiotelephone Code and its relation 
to the International Code of Signals. The Subcommittee consisted of representatives of the following countries: Argentina, 
Germany, France, Greece, Italy, Japan, Norway, Russian Federation, United Kingdom, and the United States of America. 
The following international governmental and nongovernmental organizations contributed to, and assisted in, the 
preparation of the revised Code: the International Atomic Energy Agency, the International Civil Aviation Organization, 
the International Labor Organization, the International Telecommunication Union, the World Meteorological Organization, 
the World Health Organization, the International Chamber of Shipping, the International Confederation of Free Trade 
Unions, and the International Radio Maritime Committee. 

The Subcommittee completed the revision of the Code in 1964, taking into account Recommendation 42 of the 1960 
Conference on Safety of Life at Sea and Recommendation 22 of the Administrative Radio Conference, Geneva 1959. The 
Code was adopted by the Fourth Assembly of IMCO in 1965. 

The revised Code is intended to cater primarily for situations related essentially to safety of navigation and persons, 
especially when language difficulties arise. It is suitable for transmission by all means of communication, including 
radiotelephony and radiotelegraphy, thus obviating the necessity for a separate radiotelephone Code and dispensing with 
Volume II for Radiotelegraphy. The revised Code embodies the principle that each signal has a complete meaning. It thus 
leaves out the vocabulary method which was part of the old Code. The Geographical Section, not being considered 
essential, was omitted. By these means it was possible to reduce considerably the volume of the Code and achieve 
simplicity. 

Changes and corrections for this product will appear in the NIMA weekly Notice to Mariners and must be applied to keep 
it current. Users should refer information and comments to: MARITIME SAFETY INFORMATION DIVISION, ST D 44, 
NATIONAL IMAGERY AND MAPPING AGENCY, 4600 SANGAMORE ROAD, BETHESDA MD 20816-5003. 
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CHAPTER 1 


SECTION 1: EXPLANATION AND GENERAL REMARKS 


1. The purpose of the International Code of Signals is to provide ways and means of communication in situations related essen- 
tially to safety of navigation and persons, especially when language difficulties arise. In the preparation of the Code, account 
was taken of the fact that wide application of radiotelephony and radiotelegraphy can provide simple and effective means of 
communication in plain language whenever language difficulties do not exist. 
2. The signals used consist of: 
(a) Single-letter signals allocated to significations which are very urgent, important, or of very common use; 
(b) Two-letter signals for General Signal Code, Chapter 2, Pages 29 through 104; 
(c) Three-letter signals beginning with “M” for Medical Signal Code, Chapter 3, pages 107 through 135. 
3. The Code follows the basic principle that each signal should have a complete meaning. This principle is followed throughout 
the Code; in certain cases complements are used, where necessary to supplement the available groups. 
4. Complements express: 
(a) Variations in the meaning of the basic signal. 
Examples: 
“CP” = “I am (or vessel indicated is) proceeding to your assistance.” 
“CP 1” = “SAR aircraft is coming to your assistance.” 
(b) Questions concerning the same basic subject or basic signal. 
Examples: 
“DY” = “Vessel (name or identity signal) has sunk in lat... long... .”. 
“DY 4” = “What is the depth of water where vessel sank?” 
(c) Answers to a question or request made by the basic signal. 
Examples: 
“HX” = “Have you received any damage in collision?” 
“HX 1” = “T have received serious damage above the waterline”. 
(d) Supplementary, specific or detailed information. 
Examples: 
“IN” = “I require a diver’. 
“IN 1” = “I require a diver to clear propeller”. 
5. Complements appearing in the text more than once have been grouped in three tables. These tables should be used only as 
and when specified in the text of the signals. 
6. Text in brackets indicates: 
(a) an alternative, e.g.:“. . . (or survival craft). ..”; 
(b) information which may be transmitted if it is required or if it is available, e.g.: “. . . (position to be indicated if necessary)”; 
(c) an explanation of the text. 
7. The material is classified according to subject and meaning. Extensive cross referencing of the signals in the right-hand col- 
umn is used to facilitate coding. 


CHAPTER 1 


SECTION 2: DEFINITIONS 


For the purpose of this Code the following terms shall have the meanings defined below: 

Visual signaling is any method of communication, the transmission of which is capable of being seen. 

Sound signaling is any method of passing Morse signals by means of siren, whistle, foghorn, bell, or other sound apparatus. 
Originator is the authority who orders a signal to be sent. 

Identity signal or call sign is the group of letters and figures assigned to each station by its administration. 

Station means a ship, aircraft, survival craft, or any place at which communications can be effected by any means. 


Station of origin is that station where the originator submits a signal for transmission, irrespective of the method of com- 
munication employed. 


Transmitting station is the station by which a signal is actually being made. 

Addressee is the authority to whom a signal is addressed. 

Station of destination is that station in which the signal is finally received by the addressee. 

Receiving station is the station by which a signal is actually being read. 

Procedure denotes the rules drawn up for the conduct of signaling. 

Procedure signal is a signal designed to facilitate the conduct of signaling. (See Chapter 1, Section 10, Pages 17, 20, and 21.) 

Time of origin is the time at which a signal is ordered to be made. 

Group denotes more than one continuous letter and/or numeral which together compose a signal. 

A numeral group consists of one or more numerals. 

A hoist consists of one or more groups displayed from a single halyard. A hoist or signal is said to be at the dip when it is 
hoisted about half of the full extent of the halyards. A hoist or signal is said to be close up when it is hoisted to the full 


extent of the halyards. 


Tackline is a length of halyard about 2 m (6 ft.) long, used to separate each group of flags. 


CHAPTER 1 


SECTION 3: METHODS OF SIGNALING 


jae, 


. The methods of signaling which may be used are: 
(a) Flag signaling, the flags used being those shown inside the front cover. 
(b) Flashing light signaling, using the Morse symbols shown in Chapter 1, Section 10, Page 17. 
(c) Sound signaling, using the Morse symbols shown in Chapter 1, Section 10 Page 17. 
(d) Voice over a loud hailer. 
(e) Radiotelegraphy. 
(f) Radiotelephony. 
(g) Morse signaling by hand flags or arms. 


Flag signaling 


2. A set of signal flags consists of twenty-six alphabetical flags, ten numeral pennants, three substitutes, and the answering pen- 
nant. Detailed instructions for signaling by flags are given in Chapter 1, Section 5, Pages 9 and 10. 


Flashing light and sound signaling 


3. The Morse symbols representing letters, numerals, etc., are expressed by dots and dashes which are signaled either singly or 
in combination. The dots and dashes and spaces between them should be made to bear the following ratio, one to another, as 
regards their duration: 

(a) A dot is taken as the unit; 

(b) A dash is equivalent to three units; 

(c) The space of time between any two elements of a symbol is equivalent to one unit; between two complete symbols it is 

equivalent to three units; and between two words or groups it is equivalent to seven units. 

4. In flashing light and sound signaling, while generally obeying the instructions laid down here, it is best to err on the side of 
making the dots rather shorter in their proportion to the dashes as it then makes the distinction between the elements plainer. 
The standard rate of signaling by flashing light is to be regarded as forty letters per minute. Detailed instructions for signaling 
by flashing light and sound are given in Chapter 1, Sections 6 and 7, Pages 11 through 13. 


Voice over a loud hailer 


5. Whenever possible plain language should be used but where a language difficulty exists groups from the International Code 
of Signals could be transmitted using the phonetic spelling tables. 


Radiotelegraphy and radiotelephony 


6. When radiotelegraphy or radiotelephony is used for the transmission of signals, operators should comply with the Radio Reg- 
ulations of the International Telecommunication Union then in force. (See Radiotelephony in Chapter 1, Section 8, Page 14.) 


CHAPTER 1 


SECTION 4: GENERAL INSTRUCTIONS 


Originator and addressee of message 


1. Unless otherwise indicated all signals between vessels are made from the Master of the vessel of origin to the Master of the 
vessel of destination. 


Identification of ships and aircraft 


2. Identity signals for ships and aircraft are allocated on an international basis. The identity signal may therefore indicate the 
nationality of a ship or aircraft. 


Use of identity signals 


3. Identity signals may be used for two purposes: 
(a) to speak to, or call, a station; 
(b) to speak of, or indicate, a station. 
Examples: 
“YP LABC” = “I wish to communicate with vessel LABC by . . .” (Complements Table 1, Chapter 2, Section 10, Page 
104). 
“HY 1 re = “The vessel LABC with which I have been in collision has resumed her voyage”. 


Names of vessels and/or places 


4. Names of vessels and/or places are to be spelled out. 
Example: 
“RV Gibraltar” = “You should proceed to Gibraltar”. 


How to signal numbers 


5. Instructions for signaling numbers: 
(a) Numbers are to be signaled as follows: 
(i) Flag signaling: by the numeral pennants of the Code. 
(ii) Flashing light or sound signaling: usually by the numerals in the Morse Code; they may also be spelled out. 
(iii) Radiotelephony or loud hailer: by the Code words of the Figure Spelling Table in Chapter 1, Section 10, Page 19. 
(b) Figures which form part of the basic signification of a signal are to be sent together with the basic group. 
Examples: 
“DI 20” = “I require boats for 20 persons.” 
‘FJ 2” = “Position of accident (or survival craft) is marked by sea marker”. 
(c) A decimal point between numerals is to be signaled as follows: 
(i) Flag signaling: by inserting the answering pennant where it is desired to express the decimal point. 
(ii) Flashing light and sound signaling: by “decimal point” signal “AAA”. 
(iii) Voice: by use of the word “DECIMAL” as indicated in the Figure Spelling Table. 
(d) Wherever the text allows depths, etc., to be signaled in feet or in meters, the figures should be followed by “F”’ to indicate 
feet or by “M”’ to indicate meters. 


Azimuth or bearing 


6. They are to be expressed in three figures denoting degrees from 000 to 359, measured clockwise. If there is any possibility 
of confusion, they should be preceded by the letter ‘“‘A’”’. They are always to be true unless expressly stated to be otherwise in 
the context. 

Examples: 

“LW 005” = “I receive your transmission on bearing 005°”. 

“LT A120 T1540” = “Your bearing from me is 120° at (local time) 1540”. 
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Course 
7. Course is to be expressed in three numerals denoting degrees from 000 to 359, measured clockwise. If there is any possibility 
of confusion, they should be preceded by the letter ‘“‘C’’. They are always to be true unless expressly stated to be otherwise in 
the context. 

Examples: 


“MD 025” = “My course is 025°”. 
“GR C240 S18” = “Vessel coming to your rescue is steering course 240°, speed 18 knots”. 


Date 


8. Dates are to be signaled by two, four, or six numerals preceded by the letter ‘“D’’. The first two numerals indicate the day of 
the month. When they are used alone they refer to the current month. 

Example: 

“D15” transmitted on the 15th or any other date in April means “15 April”. 


The two numerals which follow indicate the month of the year. 
Example: 
*D1504” means “15 April”. 


Where necessary the year may be indicated by two further numerals. 
Example: 
“D181063” means “18 October 1963”. 


Latitude 


9. Latitude is expressed by four figures preceded by the Letter ““L”. The first two figures denote the degrees and the last two 
the minutes. The letters “‘N’”’ (North) or “S” (South) follow if they are needed; however, for reasons of simplicity they may be 
omitted if there is no risk of confusion. 

Example: 

“L3740S” = “Latitude 37°40'S”. 


Longitude 


10. Longitude is expressed by four or, if necessary, five figures preceded by the letter ““G’’. The first two (or three) figures de- 
note the degrees and the last two the minutes. When the longitude is more than 99°, no confusion will normally arise if the figure 
indicating hundreds of degrees is omitted. However, where it is necessary to avoid confusion the five figures should be used. 
The letters ‘E” (East) or ““W” (West) follow if they are needed, otherwise they may be omitted, as in the case of latitude. 

Example: 

“G13925E” = “Longitude 139°25' E”. 

A signal requiring the indication of position to complete its signification should be signaled as follows: 

“CH L2537N G4015W” = “Vessel indicated is reported as requiring assistance in lat 25°37' N, long 40°15' W”. 


Distance 


11. Figures preceded by the letter ‘‘R”’ indicate distance in nautical miles. 

Example: 

“OV A080 R10” = “Mine(s) is (are) believed to be bearing 080° from me, distance 10 miles”. 
The letter ““R” may be omitted if there is no possibility of confusion. 


Speed 


12. Speed is indicated by figures preceded by: 
(a.) _ the letter ‘‘S” to denote speed in knots, or 
(b.) the letter “*V” to denote speed in kilometers per hour. 


Time 
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Examples: 


“BQ S300” = “The speed of my aircraft in relation to the surface of the earth is 300 knots”. 
“BQ V300” = “The speed of my aircraft in relation to the surface of the earth is 300 kilometers per hour’. 


13. Times are to be expressed in four figures, of which the first two denote the hour, from 00 (midnight) up to 23 (11 p.m.), and 
the last two denote the minutes (from 00 to 59). The figures are preceded by: 


(a) 
(b) 


the letter “‘T” indicating “Local time”, or 
the letter “*Z”’ indicating “Greenwich Mean Time”. 


Examples: 
“BH T1045 L2015N G3840W C125” = “I sighted an aircraft at local time 1045 in lat 20°15' N, long 38°40' W flying 
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on course 125°”. 
“RX Z0830” = “You should proceed at GMT 0830”. 


Time of origin 


14. The time of origin may be added at the end of the text. It should be given to the nearest minute and expressed by four figures. 
Apart from indicating at what time a signal originated, it also serves as a convenient reference number. 


Communication by local signal codes 


15. If a vessel or a coast station wishes to make a signal in a local code, the signal “YV 1” = “The groups which follow are from 
the local code” should precede the local signal, if it is necessary, in order to avoid misunderstanding. 


CHAPTER 1 


SECTION 5: FLAG SIGNALING 


1. As a general rule only one hoist should be shown at a time. Each hoist or group of hoists should be kept flying until it has 
been answered by the receiving station (see paragraph 3). When more groups than one are shown on the same halyard they must 
be separated by a tackline. The transmitting station should always hoist the signal where it can be most easily seen by the re- 
ceiving station, that is, in such a position that the flags will blow out clear and be free from smoke. 


How to call 


2. The identity signal of the station(s) addressed is to be hoisted with the signal (see Chapter 1, Section 4, Paragraph 3, Page 6). 
If no identity signal is hoisted it will be understood that the signal is addressed to all stations within visual signaling distance. 
If it is not possible to determine the identity signal of the station to which it is desired to signal, the group “VF” = “You should 
hoist your identity signal” or “CS” = “What is the name or identity signal of your vessel (or station)?” should be hoisted first; 
at the same time the station will hoist its own identity signal. The group “YQ” = “I wish to communicate by . .. (Complements 
Table 1, Chapter 2, Section 10, Page 104) with vessel bearing . . . from me” can also be used. 


How to answer signals 


3. All stations to which signals are addressed or which are indicated in signals are to hoist the answering pennant at the dip as 
soon as they see each hoist and close up immediately, when they understand it; it is to be lowered to the dip as soon as the hoist 
is hauled down at the transmitting station, being hoisted close up again as soon as the next hoist is understood. 


How to complete a signal 


4. The transmitting station is to hoist the answering pennant singly after the last hoist of the signal to indicate that the signal is 
completed. The receiving station is to answer this in a similar manner to all other hoists (see paragraph 3 on this page). 


How to act when signals are not understood 


5. If the receiving station cannot clearly distinguish the signal made to it, it is to keep the answering pennant at the dip. If it can 
distinguish the signal but cannot understand the meaning of it, it can hoist the following signals: “ZQ” = “Your signal appears 
incorrectly coded. You should check and repeat the whole”, or “ZL” = “Your signal has been received but not understood”. 


The use of substitutes 


6. The use of substitutes is to enable the same signal flag, either alphabetical flag or numeral pennant, to be repeated one or more times in 
the same group, in case only one set of flags is carried on board. The first substitute always repeats the uppermost signal flag of that class 
of flags which immediately precedes the substitute. The second substitute always repeats the second and the third substitute repeats the 
third signal flag, counting from the top of that class of flags which immediately precedes them. No substitute can ever be used more than 
once in the same group. The answering pennant when used as a decimal point is to be disregarded in determining which substitute to use. 

Example: 

The signal “VV” would be made as follows: 

Vv 

first substitute 

The number “1100” would be made by numeral pennants as follows: 

1 

first substitute 

0 

third substitute 

The signal “L 2330” would be made as follows: 

L 

2 

3 

second substitute 

0 


In this case, the second substitute follows a numeral pennant and therefore it can only repeat the second numeral in the group. 
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How to spell 


7. Names in the text of a signal are to be spelled out by means of the alphabetical flags. The signal “YZ” = “The words which 
follow are in plain language” can be used, if necessary. 


Use of the Code pennant by ships of war 


8. When a ship of war wishes to communicate with a merchant vessel she will hoist the Code pennant in a conspicuous position, 
and keep it flying during the whole of the time the signal is being made. 


10 


CHAPTER 1 


SECTION 6: FLASHING LIGHT SIGNALING 


1. A signal made by flashing light is divided into the following parts: 


(a) 
(b 


wm 


(c) 


(d) 


The call.—It consists of the general call or the identity signal of the station to be called. It is answered by the answering 
signal. 

The identity —The transmitting station makes “DE” followed by its identity signal or name. This will be repeated back 
by the receiving station which then signals its own identity signal or name. This will also be repeated back by the trans- 
mitting station. 

The text.—This consists of plain language or Code groups. When Code groups are to be used they should be preceded 
by the signal ““YU”’. Words of plain language may also be in the text, when the signal includes names, places, etc. Receipt 
of each word or group is acknowledged by “‘T”’. 

The ending.—It consists of the ending signal “AR” which is answered by “R”. 


2. If the entire text is in plain language the same procedure is to be followed. The call and identity may be omitted when two 
stations have established communications and have already exchanged signals. 

3. A list of procedure signals appears in Chapter 1, Section 10, Pages 20 and 21. Although the use of these signals is self-ex- 
planatory, the following notes might be found useful: 


(a) 


(b) 


(c) 
(d) 


(e) 


The General call signal (or call for unknown station) “AA AA AA” etc., is made to attract attention when wishing to 
signal to all stations within visual signaling distance or to a station whose name or identity signal is not known. The call 
is continued until the station addressed answers. 

The Answering signal ‘““TTTT” etc., is made to answer the call and it is to be continued until the transmitting station 
ceases to make the call. The transmission starts with the “DE” followed by the name or identity signal of the transmitting 
station. 

The letter “‘T’’ is used to indicate the receipt of each word or group. 

The Erase signal “EEEEEE” etc., is used to indicate that the last group or word was signaled incorrectly. It is to be 
answered with the erase signal. When answered, the transmitting station will repeat the last word or group which was 
correctly signaled and then proceed with the remainder of the transmission. 

The Repeat signal ““RPT’’ is to be used as follows: 


(i) by the transmitting station to indicate that it is going to repeat (“I repeat’). If such a repetition does not follow imme- 


diately after ““RPT”’’, the signal should be interpreted as a request to the receiving station to repeat the signal received 
(“Repeat what you have received”’); 


(ii) by the receiving station to request for a repetition of the signal transmitted (“Repeat what you have sent”); 
(iii) The Special Repetition signals “AA”, “AB”, “WA”, ‘““WB”, and “BN” are made by the receiving station as appro- 


(f) 
(g) 


(h) 
(i) 


priate. In each case they are made immediately after the repeat signal “RPT”. 

Examples: 

“RPT AB KL”—“Repeat all before group KL”. 

“RPT BN 'boats' 'survivors' ”—“Repeat all between words ‘boats' and 'survivors'”’. 

If a signal is not understood, or, when decoded, it is not intelligible, the repeat signal is not used. The receiving station 

must then make the appropriate signal from the Code, e.g., “Your signal has been received but not understood”. 
A correctly received repetition is acknowledged by the signal ““OK’’. The same signal may be used as an affirmative 
answer to a question (“It is correct”). 
The Ending signal ‘“‘AR” is used in all cases to indicate the end of a signal or the end of the transmission. The receiving 
station answers with the signal “‘R”’ = “Received” or “I have received your last signal”. 
The transmitting station makes the signal “CS” when requesting the name or identity signal of the receiving station. 
The Waiting signal or Period signal “AS” is to be used as follows: 


(i) When made independently or after the end of a signal it indicates that the other station must wait for further commu- 


nications (waiting signal); 


(ii) When it is inserted between groups it serves to separate them (period signal) to avoid confusion. 


Q) 


(k) 


The signal “‘C” should be used to indicate an affirmative statement or an affirmative reply to an interrogative signal; the 
signal “RQ” should be used to indicate a question. For a negative reply to an interrogative signal or for a negative state- 
ment, the signal ‘‘N” should be used in visual or sound signaling and the signal ““NO” should be used for voice or radio 
transmission. 

When the signals “‘N”’ or ‘““NO”’, and “RQ” are used to change an affirmative signal into a negative statement or into a 
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CHAPTER 1.—SIGNALING INSTRUCTIONS 


question, respectively, they should be transmitted after the main signal. 

Examples: 

“CY N” (or “NO” as appropriate) = “(Boat(s) is(are) not coming to you.” “CW RQ” = “Is boat/raft on board?” 
The signals “*C’’, ““N” or “NO”, and “RQ” cannot be used in conjunction with single-letter signals. 


CHAPTER 1 


SECTION 7: SOUND SIGNALING 


1. Owing to the nature of the apparatus used (whistle, siren, foghorn, etc.) sound signaling is necessarily slow. Moreover, the 
misuse of sound signaling is of a nature to create serious confusion at sea. Sound signaling in fog should therefore be reduced 
to a minimum. Signals other than the single letter signals should be used only in extreme emergency and never in frequented 
navigational waters. 

2. The signals should be made slowly and clearly. They may be repeated, if necessary, but at sufficiently long intervals to ensure 
that no confusion can arise and that one letter signals cannot be mistaken as two-letter groups. 

3. Masters are reminded that the one letter signals of the Code, which are marked by an asterisk(*), when made by sound, may 
only be made in compliance with the requirements of the International Regulations for Preventing Collisions at Sea. Reference 
is also made to the single letter signals provided for exclusive use between an icebreaker and assisted vessels. 
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CHAPTER 1 


SECTION 8: RADIOTELEPHONY 


1. When using the International Code of Signals in cases of language difficulties, the principles of the Radio Regulations of the 
International Telecommunication Union then in force have to be observed. Letters and figures are to be spelled in accordance 
with the phonetic spelling tables in Chapter 1, Section 10, Pages 18 through 20. 

2. When coast and ship stations are called, the identity signals (call signs) or names shall be used. 


Method of calling 


3. The call consists of: 

(a) The call sign or name of the station called, not more than three times at each call; 

(b) The group “DE” (DELTA ECHO); 

(c) The call sign or name of the calling station, not more than three times at each call. 
Difficult names of stations should also be spelled. After contact has been established, the call sign or name need not be sent 
more than once. 


Form of reply to calls 


4. The reply to calls consists of: 
(a) The call sign or name of the calling station, not more than three times; 
(b) The group “DE” (DELTA ECHO); 
(c) The call sign or name of the station called, not more than three times. 


Calling all stations in the vicinity 


5. The group “CQ” (CHARLIE QUEBEC) shall be used, but not more than three times at each call. 
6. In order to indicate that Code groups of the International Code of Signals are to follow, the word “INTERCO” is to be in- 
serted. Words of plain language may also be in the text when the signal includes names, places, etc. In this case the group “YZ” 
(YANKEE ZULU) is to be inserted if necessary. 
7. If the station called is unable to accept traffic immediately, it should transmit the signal “AS” (ALFA SIERRA), adding the 
duration of waiting times in minutes whenever possible. 
8. The receipt of a transmission is indicated by the signal ““R” (ROMEO). 
9. If the transmission is to be repeated in total or in part, the signal “RPT” (ROMEO PAPA TANGO) shall be used, supple- 
mented as necessary by: 

“AA” (ALFA ALFA) = all after... 

“AB” (ALFA BRAVO) = all before... 

“BN” (BRAVO NOVEMBER) = all between ...and... 

“WA” (WHISKEY ALFA) = word or group after . 

“WB” (WHISKEY BRAVO) = word or group before . 
10. The end of a transmission is indicated by the signal “AR” (ALFA ROMEO). 
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CHAPTER 1 
SECTION 9: SIGNALING BY HAND FLAGS OR ARMS 


MORSE SIGNALING BY HAND FLAGS OR ARMS 


1. A station which desires to communicate with another station by Morse signaling by hand flags or arms may indicate the re- 
quirement by transmitting to that station the signal “K1” by any method. The call signal “AA AA AA” may be made instead. 
2. On receipt of the call the station addressed should make the answering signal, or, if unable to communicate by this means, 
should reply with the signal “YS1” by any available method. 

3. The call signal “AA AA AA” and the signal “T” should be used respectively by the transmitting station and the addressed 
station. 

4. Normally both arms should be used for this method of transmission but in cases where this is difficult or impossible one arm 
can be used. 


5. All signals will end with the ending signal “AR”. 
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CHAPTER 1.—SIGNALING INSTRUCTIONS 


TABLE OF MORSE SIGNALING BY HAND FLAGS OR ARMS 


] Raising both hand flags or arms p. Spreading out both hand flags 
or arms at shoulder level 


tot 


"Dot" "Dash” 
3 Hand flags or arms brought 4 Hand flags or arms kept at 45° 
before the chest away from the body downwards 
Separation of “dots” and/or “dashes” Separation of letters, groups or words 


5 Circular motion of hand flags or arms over the head 


Erase signals, if made by the transmitting station. 


Request for repetition if by the receiving station. 


Note: The space of time between dots and dashes and between letters, groups, or words should be such as to facilitate correct 
reception. 
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CHAPTER 1 


SECTION 10: MORSE SYMBOLS—PHONETIC TABLES—PROCEDURE SIGNALS 


MORSE SYMBOLS 
ALPHABET 
A o- N = 
B eee O Epa 
Cc sisi P es ve 
D ee Q aie c 
E ° R ee 
F eee S eee 
G a T - 
H eee U eo 
I oe Vv ooo 
J ea Ww ea 
K eu X = 
L eee Y eens 
M a Z -uee 
NUMERALS 
1 pe 6 eeee 
2 eee 7 eee 
3 eee 8 -uHuee 
4 eevee 9 sta 
5 eeeee O° ete e 
PROCEDURE SIGNALS 
AR eee AAA eee 
AS e_eee 


CHAPTER 1.—SIGNALING INSTRUCTIONS 


PHONETIC TABLES 


For the pronunciation of letters and figures by radiotelephony or by voice over a loud hailer. 
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LETTER SPELLING TABLE 
Letter Code Word Pronunciation 
A Alfa AL FAH 
B Bravo BRAH VOH 
C Charlie CHAR LEE (or SHAR LEE) 
D Delta DELL TAH 
E Echo ECK OH 
F Foxtrot FOKS TROT 
G Golf GOLF 
H Hotel HOH TELL 
I India IN DEE AH 
J Juliett JEW LEE ETT 
K Kilo KEY LOH 
L Lima LEE MAH 
M Mike MIKE 
N November NO VEM BER 
O Oscar OSS CAH 
P Papa PAH PAH 
Q Quebec KEH BECK 
R Romeo ROW ME OH 
S Sierra SEE AIR RAH 
T Tango TANG GO 
U Uniform YOU NEE FORM (or OO NEE FORM) 
Vv Victor VIK TAH 
Ww Whiskey WISS KEY 
x X-ray ECKS RAY 
Y Yankee YANG KEY 
Z Zulu ZOO LOO 


Note: The Boldfaced syllables are emphasized. 


SECTION 10.—MORSE SYMBOLS—PHONETIC TABLES—PROCEDURE SIGNALS 


FIGURE SPELLING TABLE 
Figure or 
Mark to be Code Word Pronunciation 
Transmitted 
0 NADAZERO NAH-DAH-ZAY-ROH 
1 UNAONE OO-NAH-WUN 
2 BISSOTWO BEES-SOH-TOO 
3 TERRATHREE  TAY-RAH-TREE 
4 KARTEFOUR KAR-TAY-FOWER 
5 PANTAFIVE PAN-TAH-FIVE 
6 SOXISIX SOK-SEE-SIX 
7 SETTESEVEN — SAY-TAY-SEVEN 
8 OKTOEIGHT OK-TOH-AIT 
9 NOVENINE NO-VAY-NINER 
DECIMAL DECIMAL DAY-SEE-MAL 
POINT 
FULL STOP STOP 
STOP 


Note: Each syllable should be equally emphasized. The sec- 
ond component of each Code word is the Code word used in 


the Aeronautical Mobile Service. 
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CHAPTER 1.—SIGNALING INSTRUCTIONS 


PROCEDURE SIGNALS 


A bar over the letters composing a signal denotes that the letters are to be made as one symbol. 


1. Signals for voice transmissions (radiotelephony or loud hailer): 


Signal Pronunciation Meaning 

Interco IN-TER-CO International Code group(s) follows(s). 

Stop STOP Full stop. 

Decimal DAY-SEE-MAL Decimal point. 

Correction | KOR-REK-SHUN Cancel my last word or group. The correct 
word or group follows. 


2. Signals for flashing light transmission: 


A AA AA 
etc. 


EEEEEE etc. 
AAA 

TITT ete. 

T 


Call for unknown station or general call. 


Erase signal. 
Full stop or decimal point. 
Answering signal. 


Word or group received. 


3. Signals for flags, radiotelephony, and radiotelegraphy transmissions: 


CQ 


Call for unknown station(s) or general call to all stations. 


Note: When this signal is used in voice transmission, it should be 
pronounced in accordance with the letter spelling table. 


4. Signals for use where appropriate in all forms of transmission: 
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AA 


AB 


CS 
DE 


“All after . . 2’ (used after the “Repeat signal” (RPT)) means 
“Repeat all after ...”. 


“All before . . 2” (used after the “Repeat signal” (RPT)) means 
“Repeat all before ...”. 


Ending signal or End of Transmission or signal. 
Waiting signal or period. 
“All between... and .. .“(used after the “Repeat signal” (RPT)) 


> 


means “Repeat all between... and...”. 


Affirmative—YES or “The significance of the previous group 
should be read in the affirmative”. 


“What is the name or identity signal of your vessel (or station)?”. 


“From . . .” (used to precede the name or identity signal of the 
calling station). 


“IT wish to communicate with you” or “Invitation to transmit’. 


SECTION 10.—MORSE SYMBOLS—PHONETIC TABLES—PROCEDURE SIGNALS 


NO Negative—NO or “The significance of the previous group should 
be read in the negative”. When used in voice transmission the 
pronunciation should be ‘“*NO”. 


OK Acknowledging a correct repetition or “It is correct’. 

RQ Interrogative, or, “The significance of the previous group should 
be read as a question”. 

R “Received” or “I have received your last signal’. 

RPT Repeat signal “I repeat” or “Repeat what you have sent” or 
“Repeat what you have received”. 

WA “Word or group after .. .” (used after the “Repeat signal” (RPT)) 


means “Repeat word or group after. . .”. 


WB “Word or group before . . .” (used after the “Repeat signal” 
(RPT)) means “Repeat word or group before . . .”. 
Notes: 
(a) The procedure signals “C”’, “N”, “NO”, and “RQ” cannot be used in conjunction with single-letter signals. 
(b) Signals on COMMUNICATIONS appear in Chapter 2, Section 8, Pages 100 through 102. 
(c) When these signals are used by voice transmission the letters should be pronounced in accordance with the letter-spelling 
table, with the exception of “NO” which in voice transmission should be pronounced as “*NO”’. 
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CHAPTER 1.—SIGNALING INSTRUCTIONS 


SINGLE LETTER SIGNALS 


May be made by any method of signaling. 
See Note 1 for those marked by an asterisk (*) 

I have a diver down; keep well clear at slow speed. 
I am taking in, or discharging, or carrying dangerous goods. 
Yes (affirmative or “The significance of the previous group should be read in the affirmative’). 
Keep clear of me; I am maneuvering with difficulty. 
I am altering my course to starboard. 
Iam disabled; communicate with me. 


I require a pilot. When made by fishing vessels operating in close proximity on the fishing grounds it means: “I 
am hauling nets”. 


Ihave a pilot on board. 

Iam altering my course to port. 

I am on fire and have dangerous cargo on board: keep well clear of me, or I am leaking dangerous cargo. 
I wish to communicate with you. 

You should stop your vessel instantly. 

My vessel is stopped and making no way through the water. 


No (negative or “The significance of the previous group should be read in the negative’’). This signal may be given 
only visually or by sound. For voice or radio transmission the signal should be “‘NO”. 


Man overboard. 


In harbor.—All persons should report on board as the vessel is about to proceed to sea. 
At sea.—It may be used by fishing vessels to mean: “My nets have come fast upon an obstruction”. It may also 
be used as a sound to mean: “I require a pilot”. 


My vessel is “healthy” and I request free pratique. 

I am operating astern propulsion. 

Keep clear of me; I am engaged in pair trawling. 

You are running into danger. 

I require assistance. 

I require medical assistance. 

Stop carrying out your intentions and watch for my signals. 
Iam dragging my anchor. 


I require a tug. When made by fishing vessels operating in close proximity on the fishing grounds it means: “I am 
shooting nets”. 


1. Signals of letters marked by an asterisk (*) when made by sound may only be made in compliance with the 
requirements of the International Regulations for Preventing Collisions at Sea, 1972. 

2. Signals “‘K” and ‘‘S” have special meanings as landing signals for small boats with crews or persons in dis- 
tress. (International Convention for the Safety of Life at Sea, 1974, Chapter V, Regulation 16.) 


SECTION 10.—MORSE SYMBOLS—PHONETIC TABLES—PROCEDURE SIGNALS 


SINGLE LETTER SIGNALS WITH COMPLEMENTS 
May be made by any method of signaling. 


A—with three numerals...........ccccecscescecsseeesceeeeceesecseeeesseeesees 
C—with three numerals.........ccccceccccssecesceceeceessesescesseeseseens 
D—with two, four, or six numerals ...............cccceeeeeeeeseeeeeee ees 
G—with four or five numerals..........cccecscccesceeseseeecesseeeseeees 


R—with one or more numerals ............cceccecececesesesseeseeeeees 
S—with one or more numerals ............cccceeccecceseeseesseeseesesees 
T—with four numerals .............cccccccccccccccecccccecesesesesesseseneneaes 


V—with one or more numerals 2.0.0.0... ccc ececececeseeeseeeeeenees 
Z—with four numerals ............ ccc cecescscccsesececececececesesesseeeeesees 
Z—with one NUMELAL.......... ccc eeeeeesceccccececececccecececesesesseseeserees 


AZIMUTH or BEARING WL . eee ceteeeeceeeeeeceeeeeeeeeeeeeeens 


COMMUNICATE, I wish to communicate with you by... 
(Complements Table 1, Chapter 2, Section 10, Page 104)... 


COURSE) estete On geht e eNO EAE ohne 


DISTANCE in nautical miles ............eceececesseceeeeeeeeeseeeeeseeees 
GMT (the first two denote hours and the rest minutes)........ 


LATITUDE (the first two denote degrees and the rest 
TITIES ) 225 Fes ce vedoe leds onc ceeueeea eens hes feed ewes tee 


LONGITUDE (the last two numerals denote minutes and 
the Pest: ESTES) sess seco seiisaccesb bias Sdsek ob inssassceacassveceasaazecdeseaas 


LOCAL TIME (the first two denote hours and the rest 
TPUIMULES ) 23. Shesteeeee We esetowedsdesteaneeberossanccstevcbininasoreges teeth oNeaIe 


SPEED in kilometers per hour.......... eee cece eecneeeseeeeeeees 
SPEED sim: KMOtS 5. 0:tssssessssisssessesscseve chess thous seen ebaesesnassdousyoes 


AZIMUTH or BEARING. 
COURSE. 
DATE. 


LONGITUDE (the last two numerals denote minutes and 
the rest degrees). 


I wish to COMMUNICATE with you by . . . (Complements 
Table 1, Chapter 2, Section 10, Page 104). 


LATITUDE (the first two denote degrees and the rest min- 
utes). 


DISTANCE in nautical miles. 
SPEED in knots. 


LOCAL TIME (the first two denote hours and the rest min- 
utes). 


SPEED in kilometers per hour. 
GMT (the first two denote hours and the rest minutes). 


To call or address shore visual stations (Numeral to be 
approved by local port authority). 


A with three numerals. 


K with one numeral. 

C with three numerals. 

D with two, four, or six numerals. 
R with one or more numerals. 


Z with four numerals. 


L with four numerals. 


G with four or five numerals. 


T with four numerals. 
V with one or more numerals. 


S with one or more numerals. 
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CHAPTER 1.—SIGNALING INSTRUCTIONS 


SINGLE LETTER SIGNALS BETWEEN ICEBREAKER AND ASSISTED VESSELS 


The following single letter signals, when made between an icebreaker and assisted vessels, have only the significations given 


in this table and are only to be made by sound, visual, or radiotelephony signals. 


WM _ Icebreaker support is now commencing. Use special icebreaker support signals and keep continuous watch for 
sound, visual, or radiotelephony signals. 


wo Icebreaker support is finished. Proceed to your destination. 


Code Letters or 


Numerals 
Ae- 
G--. 
Je--- 
Pe__e 
N-e 
Heees 
Leese 
deooe 
Q---- 
Bees 


5 eccce 
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Icebreaker 


Go ahead (proceed along the ice channel). 


I am going ahead; follow me. 


Do not follow me (proceed along the ice channel). 


Slow down. 


Stop your engines. 


Reverse your engines. 


You should stop your vessel instantly. 


Stop. Iam icebound. 


Shorten the distance between vessels. 


Increase the distance between vessels. 


Attention. 


Be ready to take (or cast off) the towline. 


Assisted Vessel(s) 


Iam going ahead (I am proceeding along 


the ice channel). 


Iam going ahead; I am following you. 


I will not follow you (I will proceed along 


the ice channel). 


Iam slowing down. 


I am stopping my engines. 


I am reversing my engines. 


Iam stopping my vessel. 


Stop. Iam icebound. 


I am shortening the distance. 


I am increasing the distance. 


Attention. 


I am ready to take (or cast off) the towline. 


SECTION 10.—MORSE SYMBOLS—PHONETIC TABLES—PROCEDURE SIGNALS 


Notes: 1. The signal ‘‘K’’- ¢ — by sound or light may be used by an icebreaker to remind ships of their obligation to 
listen continuously on their radio. 
2. If more than one vessel is assisted, the distances between vessels should be as constant as possible. Watch 
speed of your own vessel and vessel ahead; should speed of your own vessel go down, give attention signal to 
the following vessel. 
3. The use of these does not relieve any vessel from complying with the International Regulations for Preventing 
Collisions at Sea. 


4, ee_ee Stop your headway (given only to a ship in an Iam stopping headway. 
ice-channel ahead of and approaching or going 
away from icebreaker). 


Note: This signal should not be made by radiotelephone. 


Single-letter signals which may be used during icebreaking operations: 

*Ee Iam altering my course to starboard. 

* Teo Iam altering my course to port. 

* Gece I am operating astern propulsion. 

M-- My vessel is stopped and making no way through the water. 

Notes: 1. Signals of letters marked by an asterisk*, when made by sound, may only be made in compliance with the 

requirements of the International Regulations for Preventing Collisions at Sea. 
2. Additional signals for icebreaking support can be found in Chapter 2, Section 6, Page 93 and 94. 
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CHAPTER 2 
GENERAL SIGNAL CODE 
PAGE 
SECTION 1: DISTRESS—EMERGENCY  .... 0... cent eee e enn eee 29 
ABANDON: 3.0 ::2.94%os-biere sa Dane Slietite Poh Ag battens Ost Ware g SMe Bulethains aha ens ORES Goa 29 
ACCIDENT—DOCTOR—INJURED/SICK 1.2.00... 0.0. eee nee 29 
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ASSISTANCE: S2¢.coSycotensnG ate bas Gla aerated dl eae ieee deter 33 
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DISABLED—DRIFTING—SINKING .......... 00.0.0 c eee een eae 38 
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Code 


“AA 
“AB 
AC 
AD 


AE 


AF 


AG 
AH 
AI 


AJ 
AK 


AE1 


AE 2 


AF 1 


CHAPTER 2 


SECTION 1: DISTRESS—EMERGENCY 


Cross 
Meaning Reference 


ABANDON 


Repeat all after... 
Repeat all before... 
I am abandoning my vessel. 


I am abandoning my vessel which has suffered a nuclear accident and is a possible source of 
radiation danger. 


I must abandon my vessel. 


I (or crew of vessel indicated) wish to abandon my (or their) vessel, but have not the 
means. 


I shall abandon my vessel unless you will remain by me, ready to assist. 
I do not intend to abandon my vessel. 

Do you intend to abandon your vessel? 
You should abandon your vessel as quickly as possible. 
You should not abandon your vessel. 


Vessel (indicated by position and/or name or identity signal if necessary) will have to be aban- 
doned. 


Procedural signals for repetition. 


ACCIDENT—DOCTOR—INJURED/SICK 
Accident 


I have had a serious nuclear accident and you should approach with caution. 
I have had a nuclear accident on board. 


I am abandoning my vessel which has suffered a nuclear accident and is a possible source of 
Tadiation danger 36... cccieaceca ed Hae eaals Sane d He cebeG va wee he deena eda ee AD 


I am proceeding to the position of accident.......... 0... ccc eee eect eee SB 
I am proceeding to the position of accident at full speed. Expect to arrive at time indicated . . FE 
Are you proceeding to the position of accident? If so, when do you expect to arrive?....... FE1 
You should steer course... (or follow me) to reach position of accident.................. FL 
Tam circling over the area of accident.... 02... 0... eee eee eee eens BJ 
An aircraft is circling over the area of accident...... 0.0.0... cece cee ee eee eee BJ 1 


Position of accident (or survival craft) is marked .... 0.0.0... 0c cc eee eee FJ 
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Code 


AL 
AM 
AN 


AO 


AP 
AQ 


AT 
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AN1 
AN2 


AO1 
AO2 


CHAPTER 2.—GENERAL SIGNAL CODE 


Meaning 


Accident 


Position of accident (or survival craft) is marked by flame or smoke float .............. 
Position of accident (or survival craft) is marked by sea marker.................-.-4- 
Position of accident (or survival craft) is marked by sea marker dye .................. 
Position of accident (or survival craft) is marked by radiobeacon..................-4- 


Position of accident (or survival craft) is marked by wreckage...............0---0 005 


Man overboard. Please take action to pick him up (position to be indicated if necessary) .... 


Doctor 


I have a doctor on board. 
Have you a doctor? 
I need a doctor. 
I need a doctor; I have severe burns. 


I need a doctor; I have radiation casualties. 


I require a helicopter urgently, with a doctor .... 0.0... 0... eee eee eee eee 


Helicopter is coming to you now (or at time indicated) with a doctor.................. 


Injured/Sick 


Number of injured and/or dead not yet known. 
How many injured? 
How many dead? 


I have... (number) casualties. 


I have injured/sick person (or number of persons indicated) to be taken off urgently. I cannot 
alight but I can lift injured/sick person. ... 0.2... eee 


A helicopter/boat is coming to take injured/sick ..... 0.0.0... eee eee ee eee 


You should send injured/sick persons to me. 


Cross 
Reference 


FJ1 
FJ2 
FJ3 
FJ4 
FJ5 
FK 
GC2 
GW 


AZ1 
BA 2 
BR 3 
BS 
BU 


Code 


AU 
AV 
AW 
AX 


AY 
AZ 


BA 


BB 


BC 


BD 
BE 


BF 


BG 


AX1 


AZ1 


BA 1 
BA 2 


BB1 
BB 2 
BB 3 
BB4 


BC 1 


SECTION 1|.—DISTRESS—EMERGENCY 


Cross 
Meaning Reference 


AIRCRAFT-HELICOPTER 


Alight-Landing 


I am forced to alight near you (or in position indicated). 
I am alighting (in position indicated if necessary) to pick up crew of vessel/aircraft 
Aircraft should endeavor to alight where flag is waved or light is shown. 


You should train your searchlight nearly vertical on a cloud, intermittently if possible, and, if 
my aircraft is seen, deflect the beam upwind and on the water to facilitate my landing. 


Shall I train my searchlight nearly vertical on a cloud, intermittently if possible, and, if 
your aircraft is seen, deflect the beam upwind and on the water to facilitate your landing? 


I will alight on your deck; (you should steer course... speed... knots). 
I cannot alight but I can lift crew. 
I cannot alight but I can lift injured/sick person. 
You cannot alight on the deck. 
You cannot alight on the deck; can you lift crew? 
You cannot alight on the deck; can you lift injured/sick person? 
You may alight on my deck. 
You may alight on my deck; I am ready to receive you forward. 
You may alight on my deck; I am ready to receive you amidship. 
You may alight on my deck; I am ready to receive you aft. 


You may alight on my deck but I am not yet ready to receive you. 


Communications 


I have established communications with the aircraft in distress on 2182 kHz. 
Can you communicate with the aircraft? 
I have established communications with the aircraft in distress on... kHz. 


Ihave established communications with the aircraft in distress on... MHz. 


Ditched-Disabled-A float 


Aircraft is ditched in position indicated and requires immediate assistance. 
I sighted disabled aircraft in lat... long... at time indicated ......................0004. DS 


Aircraft is still afloat. 
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Code 
BH 
BH 1 
BH 2 
BI 
BI 1 
BJ 
BJ 1 
BK 
BK 1 
BL 
BM 
BM 1 
BM 2 
BM 3 
“BN 
BO 


* 


BP 


BQ 
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CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


Flying 


I sighted an aircraft at time indicated in lat... long... flying on course... 
Aircraft was flying at high altitude. 
Aircraft was flying at low altitude. 
I am flying to likely position of vessel in distress. 
I am flying at low altitude near the vessel. 
I am circling over the area of accident. 
An aircraft is circling over the area of accident. 
You are overhead. 
Am I overhead? 


I am having engine trouble but am continuing flight. 


Parachute 


You should parachute object to windward. Mark it by smoke or light signal. 
Iam going to parachute object to windward, marking it by smoke or light signal. 
Iam going to parachute equipment. 
Inflatable raft will be dropped to windward by parachute. 

Repeat all between... and... 


We are going to jump by parachute. 


Procedural signal for repetition. 


Search—Assistance 


Aircraft is coming to participate in search. Expected to arrive over the area of accident at time 
indicated. 


The search area of the aircraft is between lat... and... , and long... and.................. FU 

Search by aircraft/helicopter will be discontinued because of unfavorable conditions....... FV 

SAR aircraft is coming to your assistance .. 0.2... 0... 2. ee eee CP 1 
Speed 


The speed of my aircraft in relation to the surface of the earth is... (knots or kilometers per 
hour). 


Code 


BR 


BS 
BT 


BU 
BV 
BW 


BX 
BY 


BZ 
CA 


CB 


BQ 1 


BR1 
BR2 
BR3 
BR4 


BT 1 
BT 2 
BT 3 
BT 4 


CB1 
CB2 
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Cross 
Meaning Reference 


Speed 


What is the speed of your aircraft in relation to the surface of the earth? 


Helicopter 


I require a helicopter urgently. 
I require a helicopter urgently to pick up persons. 
I require a helicopter urgently with a doctor. 
I require a helicopter urgently to pick up injured/sick person. 
I require a helicopter urgently with inflatable raft. 
You should send a helicopter/boat with stretcher. 
Helicopter is coming to you now (or at time indicated). 
Helicopter is coming to you now (or at time indicated) to pick up persons. 
Helicopter is coming to you now (or at time indicated) with a doctor. 
Helicopter is coming to you now (or at time indicated) to pick up injured/sick person. 
Helicopter is coming to you now (or at time indicated) with inflatable raft. 
A helicopter/boat is coming to take injured/sick. 
I cannot send a helicopter. 


The magnetic course for you to steer towards me (or vessel or position indicated) is... (at time 
indicated). 


The magnetic course for the helicopter to regain its base is... 


Will you indicate the magnetic course for me to steer towards you (or vessel or position indi- 
cated)? 


Your magnetic bearing from me (or from vessel or position indicated) is... (at time indicated). 


What is my magnetic bearing from you (or from vessel or position indicated)? 


ASSISTANCE 


Required 


I am in distress and require immediate assistance....... 0.0.0.0... eee eee eee NC 
I require immediate assistance. 
I require immediate assistance; I have a dangerous list. 


I require immediate assistance; I have damaged steering gear. 
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Code 


CC 


CD 


CE 


CF 


CG 


CH 


CI 
CJ 
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CB 3 
CB4 
CB5 
CB 6 
CB7 
CB 8 


CG1 


CH1 
CH 2 


CJ1 
CJ2 
CJ3 
CJ 4 
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Cross 
Meaning Reference 


Required 


I require immediate assistance; I have a serious disturbance on board. 
I require immediate assistance; I am aground. 

I require immediate assistance; I am drifting. 

I require immediate assistance; I am on fire. 

I require immediate assistance; I have sprung a leak. 

I require immediate assistance; propeller shaft is broken. 


I am (or vessel indicated is) in distress in lat... long... (or bearing... from place indicated, dis- 
tance...) and require immediate assistance (Complements Table 2, Chapter 2, Section 10, Page 
104 if required). 


Tirequire:- assistance gsc sieoy bat eat id belies Ce deteekd welts thd sain Band Ba a Seed Vv 


I require assistance in the nature of... (Complements Table 2, Chapter 2, Section 10, Page 
104). 


I require medical assistance ..... 0.0... eee ce eet eee e eae Ww 

I request assistance from fishery protection (or fishery assistance) vessel................- TY 
I will attempt to obtain for you the assistance required. 

Aircraft is ditched in position indicated and requires immediate assistance ............... BF 


Signals from vessel/aircraft requesting assistance are coming from bearing...from me (lat... 
long... if necessary). 


Stand by to assist me (or vessel indicated). 
I will stand by to assist you (or vessel indicated). 
Survivors are in bad condition. Medical assistance is urgently required.................. HM 


Vessel indicated is reported as requiring assistance in lat... long... (or bearing... from place 
indicated, distance...). 


Lightvessel (or lighthouse) indicated requires assistance. 

Space ship is down in lat... long... and requires immediate assistance. 
Vessel aground in lat... long... requires assistance. 
Do you require assistance? 

Do you require immediate assistance? 

Do you require any further assistance? 

What assistance do you require? 


Can you proceed without assistance? 


Code 


CK 
CL 


CM 


CN 


Co 


CP 


“CQ 
CR 
“CS 
CT 
CU 


CV 


CM 1 


CN 1 
CN2 


Col 


CP 1 


CU1 


CV 1 
CV2 
CV 3 
Cv4 
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Cross 
Meaning Reference 


Not Required—Declined 


Assistance is not (or is no longer) required by me (or vessel indicated). 


I offered assistance but it was declined. 


Given—Not Given 


One or more vessels are assisting the vessel in distress. 
Vessel/aircraft reported in distress is receiving assistance. 
You should give all possible assistance. 
You should give immediate assistance to pick up survivors. 
You should send survival craft to assist vessel indicated. 
Assistance cannot be given to you (or vessel/aircraft indicated). 


I cannot give the assistance required. 


Proceeding to Assistance 


I am (or vessel indicated is) proceeding to your assistance. 
SAR aircraft is coming to your assistance. 
Call for unknown station(s) or general call to all stations. 
I am proceeding to the assistance of vessel (lat... long...). 
What is the name or identity signal of your vessel (or station)? 
I (or vessel indicated) expect to reach you at time indicated. 
Assistance will come at time indicated. 
I can assist you. 
Iam unable to give assistance. 
Will you go to the assistance of vessel indicated (in lat... long...)? 
May I assist you? 
Can you assist me (or vessel indicated)? 
Can you assist? 
Can you offer assistance? (Complements Table 2, Chapter 2, Section 10, Page 104)........ TZ 
I shall abandon my vessel unless you will remain by me, ready to assist...............-- AE2 


I cannot get the fire under control without assistance ........ 0.0.0 eee eee eens X1 
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Code 


* 


CW 


Cx 


CY 


36 
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Meaning 


Proceeding to Assistance 


Ican get the fire under control without assistance .... 0.0.0... eee cee teens 
Can you get the fire under control without assistance? ......... 0.2... 0.00000 ee 
I have placed the collision mat. I can proceed without assistance. .............0.0 02 eee 


I cannot take you (or vessel indicated) in tow, but I will report you and ask for immediate 
ASSISTANCE! 44.5% Poles em argeg nth wate cea Raho d ab Gedrd gb cblaral ane) Saree bh epee Gos Mog aa 


Procedural signals. 


CWwl 
CWw2 
CW 3 
Cw4 
CW5 
CW 6 
CW7 
CW 8 


CX 1 
CX 2 
CX 3 
Cx 4 
Cx 5 
CX 6 
CX7 


CY1 
CY 2 


BOATS—RAFTS 


Boat/raft is on board. 
Boat/raft is safe. 
Boat/raft is in sight. 
Boat/raft is adrift. 
Boat/raft is aground. 
Boat/raft is alongside. 
Boat/raft is damaged. 
Boat/raft has sunk. 
Boat/raft has capsized. 
Boats cannot be used. 
Boats cannot be used because of prevailing weather conditions. 
Boats cannot be used on the starboard side because of list. 
Boats cannot be used on the port side because of list. 
Boats cannot be used to disembark people. 
Boats cannot be used to get alongside. 
Boats cannot be used to reach you. 
I cannot send a boat. 
Boat(s) is(are) coming to you. 
Boat/raft is making for the shore. 


Boat/raft has reached the shore. 


Cross 
Reference 


IY 
Iy1 
KA 1 


KN 1 
PK 
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Cross 
Code Meaning Reference 
CZ You should make a lee for the boat(s)/raft(s). 
CZ1 You should discharge oil to smooth sea. 
DA Boat(s)/raft(s) should approach vessel as near as possible to take off persons. 
A boat/helicopter is coming to take injured/sick..... 0.0... 0... cece eee BU 
DB Veer a boat or raft on a line. 
DC Boat should endeavor to land where flag is waved or light is shown. 
DD Boats are not allowed to come alongside. 
DD1 Boats are not allowed to land (after time indicated). 
“DE From... 
Procedural signal used to precede the name or identity signal of the calling station. 
Available 
DF I have... (number) serviceable boats. 
DG I have a motor boat [or... (number) motor boats]. 
DH I have no boat/raft. 
DH1 I have no motor boat. 
DH 2 Have you any boats with radiotelegraph installation or portable radio equipment? 
DH 3 How many serviceable motor boats have you? 
DH4 How many serviceable boats have you? 
Required 
DI I require boats for... (number) persons. 
DJ Do you require a boat? 
Send 
DK You should send all available boats/rafts. 
DK1 You should send back my boat. 
DK 2 Can you send a boat? 
You should send a boat/helicopter with stretcher.......... 0.0.0.0... cece eee eee eee BS 
You should send survival craft to assist vessel indicated. ........... 0... eee ee eee eee CN 2 
You should stop, or heave to; Iam going to senda boat ........... 0.0.00... 02 ee ee eee SQ2 
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Code 


DL 


DM 
DN 


DO 


DP 
DQ 


DR 
DS 
DT 


DU 
DV 


DW 
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DL1 


DN1 


DT 1 


DV1 
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Cross 
Meaning Reference 
Send 
I can send a boat. 
I am sending a boat. 
L-Cannot.sénd a: boat ::.csss.5 2 sss sees chance as bah ot Ae ka oie oh eG ln ah a CX7 
Search 
You should search for the boat(s)/raft(s). 
I have found the boat/raft. 
Have you seen or heard anything of the boat/raft? 
Look out for boat/raft in bearing... distance... from me (or from position indicated). 
There is a boat/raft in bearing... distance... from me (or from position indicated). 
An empty boat/raft has been sighted in lat... long... (or bearing... from place indicated, dis- 
tance...). 
DISABLED—DRIFTING—SINKING 
Disabled 
Have you sighted disabled vessel/aircraft in approximate lat... long...? 
I sighted disabled aircraft in lat... long... at time indicated. 
I sighted disabled vessel in lat... long... at time indicated. 
I sighted disabled vessel in lat... long... at time indicated, apparently without a radio. 
Iam disabled; communicate with me... 0.0... ec ccc eee eee eaes F 
Drifting 
Iam drifting at... (dumber) knots, towards... degrees. 
Iam drifting. 
Tam adrift. 
Vessel (name or identity signal) is drifting near lat... long.... 
I require immediate assistance; Iam drifting. ........... 00.0... e eee eee CB5 
I am (or vessel indicated is) breaking adrift..... 0.0.2.0... 0.0 c eee eens RC 
Thave:broken:adritts.:.. 53 fishes Aaah chats ose desk ik Saha ee Meee ae Rees RC1 


Code 


DX 
DY 


DZ 


EA 


EB 


EC 


“ED 


EF 


DY 1 
DY 2 
DY 3 
DY 4 


DZ1 
DZ2 


EA 1 


ED 1 


EF 1 
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Cross 
Meaning Reference 


Sinking 


I am sinking (lat... long... if necessary). 
Vessel (name or identity signal) has sunk in lat... long... 
Did you see vessel sink? 
Where did vessel sink? 
Is it confirmed that vessel (name or identity signal) has sunk? 


What is the depth of water where vessel sunk? 


DISTRESS 


Vessel/Aircraft in Distress 


I am in distress and require immediate assistance......... 0.0.0... cece eee eee NC 
Vessel (or aircraft) indicated appears to be in distress. 

Is vessel (or aircraft) indicated in distress? 

What is the name (or identity signal) of vessel in distress? 


Have you sighted or heard of a vessel in distress? (Approximate position lat... long... or bear- 
ing... from place indicated, distance...). 


Have you any news of vessel/aircraft reported missing or in distress in this area? 


I am (or vessel indicated is) in distress in lat... long... (or bearing... from place indicated, dis- 
tance...) and require immediate assistance (Complements Table 2, Chapter 2, Section 10, Page 
104; te TEQUITED) {oo ces eb a Maat a A eliha kal dos eh doe Loa wag a SRS Mae Bes CC 


There is a vessel (or aircraft) in distress in lat... long... (or bearing... distance... from me, or 
Complements Table 3, Chapter 2, Section 10, Page 104). 


A vessel which has suffered a nuclear accident is in distress in lat... long... 


Distress Signal 


Your distress signals are understood. 

Your distress signals are understood; the nearest life-saving station is being informed. 
SOS/MAYDAY has been cancelled. 

Has the SOS/MAYDAY been cancelled? 


I have intercepted SOS/MAYDAY from vessel (name or identity signal) (or aircraft) in posi- 
tion lat... long... at time indicated... 0... ec eee nee en eens FF 
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Code 


EG 


EJ 


EK 


EL 


EM 
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EG 1 
EG 2 
EG 3 


EG4 
EG5 
EG 6 
EG7 


EG 8 


EJ 1 


EK 1 
EK 2 
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Cross 
Meaning Reference 


Distress Signal 


Did you hear SOS/MAYDAY given at time indicated? 
Will you listen on 2182 kHz for signals of emergency position-indicating radiobeacons? 
I am listening on 2182 kHz for signals of emergency position-indicating radiobeacons. 


Have you received the signal of an emergency position-indicating radiobeacon on 2182 
kHz? 


I have received the signal of an emergency position-indicating radiobeacon on 2182 kHz. 
Will you listen on... MHz for signals of emergency position-indicating radiobeacons? 
I am listening on... MHz for signals of emergency position-indicating radiobeacons. 


Have you received the signal of an emergency position-indicating radiobeacon on... 
MHz? 


I have received the signal of an emergency position-indicating radiobeacon on... MHz. 
Ihave received distress signal transmitted by coast station indicated. 

Have you received distress signal transmitted by coast station indicated? 
Ihave sighted distress signal in lat... long... 

An explosion was seen or heard (position or direction and time to be indicated). 


Have you heard or seen distress signal from survival craft? 


Reference is made to signals prescribed by the International Convention for the Safety of Life at Sea, 1974 (Regu- 
lation 16(a), Chapter V) as replies from lifesaving stations or maritime rescue units to distress signals made by a 
ship or person. 


EL 1 


Position of Distress 


Repeat the distress position. 
What is the position of vessel in distress? 


Position given with SOS/MAYDAY from vessel (or aircraft) was lat... long... (or 


bearing... from place indicated, distance...) ... 0... eee eee eee FG 
What was the position given with SOS/MAYDAY from vessel (or aircraft)?.............. FG1 
Position given with SOS/MAYDAY is wrong. The correct position is lat... long............ FH 
Position given with SOS/MAYDAY by vessel is wrong. I have her bearing by radio direction 

finder and can exchange bearings with any other vessel ........... 00.0 eee eee eee eee FI 
Survival craft are believed to be in the vicinity of lat... long... ...... 0... 2c GI 


Are there other vessels/aircraft in the vicinity of vessel/aircraft in distress? 


Code 


EN 
EO 
EP 


EQ 


ER 


ET 


EU 


EV 


EW 


EX 
EY 


EQ1 


EU1 


EV 1 


EW 1 
EW 2 
EW 3 
EW 4 
EW 5 


EY 1 
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Cross 
Meaning Reference 
Contact or Locate 
You should try to contact vessel/aircraft in distress. 
Iam unable to locate vessel/aircraft in distress because of poor visibility. 
I have lost sight of you. 
Ihave located (or found) wreckage from the vessel/aircraft in distress (position to be indicated 
if necessary by lat... long... or by bearing... from specified place, and distance...)........ GL 
I expect to be at the position of vessel/aircraft in distress at time indicated. 
Indicate estimated time of your arrival at position of vessel/aircraft in distress. 
I am flying to likely position of vessel in distress .... 0.0.0... cee cece eens BI 
One or more vessels are assisting the vessel in distress....... 0.0.0.0... 0000 cee ee eee ee CM 
Vessel/aircraft reported in distress is receiving assistance. ......... 0.0.0.0. eee eee eee ee CM 1 
I am proceeding to the assistance of vessel/aircraft in distress in lat... long................ CR 
Ihave found vessel/aircraft in distress in lat... long... ..... 0.0.02. eee eee eee GF 


POSITION 


You should indicate your position at time indicated. 
My position at time indicated was lat... long... 
My present position is lat... long... (or bearing... from place indicated, distance...). 
What is your present position? 
My present position, course, and speed are lat... long... ,... , knots... 
What are your present position, course, and speed? 
My position is ascertained by dead reckoning. 
My position is ascertained by visual bearings. 
My position is ascertained by astronomical observations. 
My position is ascertained by radiobeacons. 
My position is ascertained by radar. 
My position is ascertained by electronic position-fixing system. 
My position is doubtful. 
Iam confident as to my position. 


Are you confident as to your position? 
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Code 


EZ 


FA 
FB 


FC 


FD 


42 


EZ1 


FC1 
FC2 
FC3 
FC4 
FC5 


FD1 
FD 2 
FD 3 
FD 4 
FD5 
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Cross 
Meaning Reference 


Your position according to bearings taken by radio direction finder stations which I control is 
lat... long... (at time indicated). 


Will you give me my position according to bearings taken by radio direction finder sta- 
tions which you control? 


Will you give me my position? 


Will vessels in my immediate vicinity (or in the vicinity of lat... long...) please indicate posi- 
tion, course, and speed. 


Position of Distress 


You should indicate your position by visual or sound signals. 
You should indicate your position by rockets or flares. 
You should indicate your position by visual signals. 
You should indicate your position by sound signals. 
You should indicate your position by searchlight. 
You should indicate your position by smoke signal. 
My position is indicated by visual or sound signals. 
My position is indicated by rockets or flares. 
My position is indicated by visual signals. 
My position is indicated by sound signals. 
My position is indicated by searchlight. 
My position is indicated by smoke signal. 
I expect to be at the position of vessel/aircraft in distress at time indicated ............... EQ 
Indicate estimated time of your arrival at position of vessel/aircraft in distress ............ EQ1 


Position given with SOS/MAYDAY from vessel (or aircraft) was lat... long... (or bearing... 
from place indicated, distance...). 0.0.0.0... eee e eens FG 


What was position given with SOS/MAYDAY from vessel (or aircraft)?................. FG1 
Position given with SOS/MAYDAY is wrong. The correct position is lat... long... ........ FH 


Position given with SOS/MAYDAY by vessel is wrong. I have her bearing by radio direction 
finder and can exchange bearings with any other vessel ........... 0... e cece eee eee eee FI 


Position of accident (or survival craft) is marked... 0.0.0.0... 0. cc ee tenes FJ 
Position of accident (or survival craft) is marked by flame (or smoke float)............... FJ 1 
Position of accident (or survival craft) is marked by sea marker..................0-0005 FJ 2 


Position of accident (or survival craft) is marked by sea marker dye .................... FJ 3 


Code 


FE 


FF 


FG 


FH 
FI 


FJ 


FE 1 


FF 1 


FG1 


FJ1 
FJ 2 
FJ 3 
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Cross 
Meaning Reference 
Position of Distress 
Position of accident (or survival craft) is marked by radiobeacon..............0..020 eee FJ 4 
Position of accident (or survival craft) is marked by wreckage..............0 000s ee eee FJ5 
Is position of accident (or survival craft) marked? ...... 0.0... cece eee eee FK 
You should transmit your identification and series of long dashes or your carrier frequency to 
home vessel (or aircraft) to your position... ... 0.0... eect eae FQ 
Shall I home vessel (or aircraft) to my position?.. 1.0.0... . eee eee eee FQ1 
You should indicate position of survivors by throwing pyrotechnic signals............... HT 
SEARCH AND RESCUE 
Proceeding to Assistance 
I am proceeding to the assistance of vessel/aircraft in distress (lat... long...) ............. CR 
I am proceeding to the position of accident at full speed. Expect to arrive at time indicated. 
Are you proceeding to the position of accident? If so, when do you expect to arrive? 

Iam unable to give assistance ... 00... . cc cence eee CV 
Can VOUASSISE) 8 was SRY Mo bs GR Se oe a aie as CV 4 


Position of Distress or Accident 
I have intercepted SOS/MAYDAY from vessel (name or identity signal) (or aircraft) in posi- 
tion lat... long... at time indicated. 


I have intercepted SOS/MAYDAY from vessel (name or identity signal) (or aircraft) in 
position lat... long... at time indicated; I have heard nothing since. 


Position given with SOS/MAYDAY from vessel (or aircraft) was lat... long... (or bearing... 
from place indicated, distance...). 


What was position given with SOS/MAYDAY from vessel (or aircraft)? 
Position given with SOS/MAYDAY is wrong. The correct position is lat... long... 


Position given with SOS/MAYDAY by vessel is wrong. I have her bearing by radio direction 
finder and can exchange bearings with any other vessel. 


Position of accident (or survival craft) is marked. 
Position of accident (or survival craft) is marked by flame or smoke float. 
Position of accident (or survival craft) is marked by sea marker. 


Position of accident (or survival craft) is marked by sea marker dye. 
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Cross 
Code Meaning Reference 
Position of Distress or Accident 
FJ 4 Position of accident (or survival craft) is marked by radiobeacon. 
FJ5 Position of accident (or survival craft) is marked by wreckage. 
FK Is position of accident (or survival craft) marked? 
Information—Instructions 
FL You should steer course... (or follow me) to reach position of accident. 
Course-to Teach Me 1855.65 5 one Ria gis aa es OG TD RIAA Sieh a RASS dn BEES MF 
What is the course to reach yOu? .. 0... ee eee teen ene eens MF1 
FM Visual contact with vessel is not continuous. 
FN Ihave lost all contact with vessel. 
Thave lost sight Of Yous pce de 83 SG oe ee WAR Oe ue RING OO ee ees feet EP 
FO I will keep close to you. 
FO1 I will keep close to you during the night. 
FP Estimated set and drift of survival craft is... degrees and... knots. 
FP 1 What is the estimated set and drift of survival craft? 
FQ You should transmit your identification and series of long dashes or your carrier frequency to 


home vessel (or aircraft) to your position. 


FQ1 Shall I home vessel (or aircraft) to my position? 
Search 
FR I am (or vessel indicated is) in charge of coordinating search. 
*FR1 Carry out search pattern... starting at... hours. Initial course... search speed... knots. 
“FR2 Carry out radar search, ships proceeding in loose line abreast at intervals between 


ships...miles. Initial course... search speed... knots. 


“FR 3 Vessel indicated (call sign or identity signal) is allocated track number... 
“FR4 Vessel(s) indicated adjust interval between ships to... miles. 
“FR5 Adjust track spacing to... miles. 
“FR 6 Search speed will now be... knots. 
“FR7 Alter course as necessary to next leg of track now (or at time indicated). 
FS Please take charge of search in sector stretching between bearings... and... from vessel in dis- 
tress. 


Code 


FT 
FU 
FV 
FW 
FX 
FY 


FZ 


GA 
GB 


GC 


GD 


GE 
GF 
GG 
GH 


FY 1 


FZ1 
FZ2 
FZ 3 
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Cross 
Meaning Reference 


Search 


Please take charge of search in sector between lat... and... , and long... and... 
The search area of the aircraft is between lat... and... , and long... and... 
Search by aircraft/helicopter will be discontinued because of unfavorable conditions. 
You should search in the vicinity of lat... long... 
Shall I search in the vicinity of lat... long...? 
I am in the search area. 
Are you in the search area? 


Aircraft is coming to participate in search. Expected arrive over the area of accident at time 
INGICALEE. ics. ee ees Ah ee ee Ade ae whe nth chee te Gs Che Gees Dadam wae BP 


You should continue search according to instructions and until further notice. 
I am continuing to search. 
Are you continuing to search? 
Do you want me to continue to search? 

I cannot continue to search. 


You should stop search and return to base or continue your voyage. 


These signals are intended for use in connection with the Merchant Ship Search and Rescue Manual (MERSAR). 


GC1 
GC2 
GC3 


GD 1 
GD 2 


Results of Search 


Report results of search. 
Results of search negative. I am continuing to search. 
I have searched area of accident but have found no trace of derelict or survivors. 
I have noted patches of oil at likely position of accident. 

Vessel/aircraft missing or being looked for has not been heard of since. 
Have you anything to report on vessels/aircraft missing or being looked for? 
Have you seen wreckage (or derelict)? 

Vessel/aircraft has been located at lat... long... 

I have found vessel/aircraft in distress in lat... long... 

Vessel/aircraft was last reported at time indicated in lat... long... steering course... 


Ihave sighted survival craft in lat... long... (or bearing... distance... from me). 
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Code 


GI 
GJ 


GK 
GL 


GM 


GN 


GO 
GP 


GQ 
GR 


GS 
“GT 


GU 
GV 


GW 
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GJ1 


GM 1 


GN 1 


GN 2 
GN 3 


GR1 


GT1 


GV1 
GV 2 
GV 3 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


Results of Search 


Survival craft are believed to be in the vicinity of lat... long... 
Wreckage is reported in lat... long... 

Wreckage is reported in lat... long... No survivors appear to be in the vicinity. 
Aircraft wreckage is found in lat... long... 


Ihave located (or found) wreckage from the vessel/aircraft in distress (position to be indicated 
if necessary by lat... and long... or by bearing... from specified place and distance...). 


Rescue 


I cannot save my vessel. 
I cannot save my vessel; keep as close as possible. 
You should take off persons. 
I wish some persons taken off. Skeleton crew will remain on board. 
I will take off persons. 
Can you take off persons? 
I cannot take off persons. 
You should proceed to the rescue of vessel (or ditched aircraft) in lat... long... 
I cannot proceed to the rescue owing to weather. You should do all you can. 


Vessel coming to your rescue (or to the rescue of vessel or aircraft indicated) is steering 
course... , speed... knots. 


You should indicate course and speed of vessel coming to my rescue (or to the rescue of 
vessel or aircraft indicated). 


I will attempt rescue with whip and breeches buoy. 
I will endeavor to connect with line throwing apparatus. 
Look out for rocket line. 
It is not safe to fire a rocket. 
You should endeavor to send me a line. 
Have you a line throwing apparatus? 
Can you connect with line throwing apparatus? 
I have not a line throwing apparatus. 
Man overboard. Please take action to pick him up (position to be indicated if necessary). 


Man" overbGardisysiees ts bec oe teas cots Belle i, pict ad OA nha agit ad de ole oe toa Oo 


Code 


* 


Gx 


GY 
GZ 


HC 
HD 


HF 


HK 
HL 


HM 


HN 
HO 


Gx 1 


GZ1 


HL 1 
HL 2 


HM 1 
HM 2 
HM 3 
HM 4 


SECTION 1|.—DISTRESS—EMERGENCY 


Meaning Reference 


Reference is made to signals prescribed by the International Convention for the Safety of Life at Sea, 1974 (Regu- 
lation 16(c) Chapter V) in connection with the use of shore lifesaving apparatus. 


Results of Rescue 


Report results of rescue. 
What have you (or rescue vessel/aircraft) picked up? 
I (or rescue vessel/aircraft) have picked up wreckage. 
All persons saved. 
All persons lost. 
I (or rescue vessel/aircraft) have rescued... (number) injured persons. 
I (or rescue vessel/aircraft) have rescued... (number) survivors. 
I (or rescue vessel/aircraft) have picked up... (number) bodies. 


Can I transfer rescued persons to you? 


SURVIVORS 


I have located survivors in water, lat...long...(or bearing...from place indicated, distance...). 


I have located survivors in survival craft lat... long... (or bearing... from place indicated, dis- 
tance...). 


I have located survivors on drifting ice, lat... long... 
I have located bodies in lat... long... (or bearing... from place indicated, distance...). 
Survivors not yet located. 
I am still looking for survivors. 
Have you located survivors? If so, in what position? 
Survivors are in bad condition. Medical assistance is urgently required. 
Survivors are in bad condition. 
Survivors are in good condition. 
Condition of survivors not ascertained. 
What is condition of survivors? 
You should proceed to lat... long... to pick up survivors. 


Pick up survivors from drifting ice, lat... long... 
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Code 


HP 


HQ 


HR 
HT 


48 


HO1 


HP 1 


HQ1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Pick up survivors from sinking vessel/aircraft. 
Survivors have not yet been picked up. 
Have survivors been picked up? 
You should give immediate assistance to pick up survivors. .............. 0.000 - eee eee CN1 


Transfer survivors to my vessel (or vessel indicated). 
Have you any survivors on board? 
You should try to obtain from survivors all possible information. 


You should indicate position of survivors by throwing pyrotechnic signals. 


Code 


HV 


HW 


HX 


HY 


HZ 


IA 


HW 1 
HW 2 
HW 3 
HW 4 
HW 5 
HW 6 
HW 7 


HX 1 
HX 2 
HX 3 
HX 4 


HY 1 


HY 2 
HY 3 
HY 4 
HY 5 


HY 6 


CHAPTER 2 


SECTION 2: CASUALTIES—DAMAGES 


Cross 
Meaning Reference 


COLLISION 


Have you been in collision? 
I have (or vessel indicated has) collided with surface craft. 
I have (or vessel indicated has) collided with light vessel. 
I have (or vessel indicated has) collided with submarine. 
I have (or vessel indicated has) collided with unknown vessel. 
I have (or vessel indicated has) collided with underwater object. 
I have (or vessel indicated has) collided with navigation buoy. 
I have (or vessel indicated has) collided with iceberg. 
I have (or vessel indicated has) collided with floating ice. 
Have you received any damage in collision? 
I have received serious damage above the waterline. 
I have received serious damage below the waterline. 
I have received minor damage above the waterline. 
I have received minor damage below the waterline. 
The vessel (name or identity signal) with which I have been in collision has sunk. 


The vessel (name or identity signal) with which I have been in collision has resumed her 
voyage. 


I do not know what has happened to the vessel with which I collided. 
Has the vessel with which you have been in collision resumed her voyage? 
What is the name (or identity signal) of the vessel with which you collided? 


What is the name (or identity signal) of vessel which collided with me? My name (or 
identity signal) is... 


Where is the vessel with which you collided? 
There has been a collision between vessels indicated (names or identity signals). 
Iurgently require a collision mat. ... 0.0... eee eee ene e ene eeee KA 
Ihave placed the collision mat. I can proceed without assistance. .............0.0 ee eee KA1 


Can you place the collision mat?.. 1... ec eee eee KA 2 


DAMAGES—REPAIRS 


I have received damage to stem. 
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Code 


IB 


IC 


ID 


IF 


IG 
IJ 


IK 


50 


IA 1 
TA2 
TA 3 
IA 4 
IA5 
TA 6 
IA7 
IA 8 
IA9 


IB 1 
IB 2 
IB 3 
IB4 


Ic1 
Ic2 


ID1 
ID2 


IF 1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Meaning 


I have received damage to stern frame. 
I have received damage to side plate above water. 
I have received damage to side plate below water. 
I have received damage to bottom plate. 
I have received damage to boilerroom. 
I have received damage to engineroom. 
I have received damage to hatchways. 
I have received damage to steering gear. 
I have received damage to propellers. 
What damage have you received? 
My vessel is seriously damaged. 
I have minor damage. 
I have not received any damage. 


The extent of the damage is still unknown. 


I have received serious damage below the waterline ............ 0.0.0: e eee eee eee 
I have received minor damage above the waterline ........... 20.0... cee eee eee eee 


I have received minor damage below the waterline........... 0.00... eee ee ee eee 


Can damage be repaired at sea? 
Can damage be repaired at sea without assistance? 
How long will it take you to repair damage? 
Damage can be repaired at sea. 
Damage can be repaired at sea without assistance. 
Damage has been repaired. 
Damage cannot be repaired at sea. 
Damage cannot be repaired at sea without assistance. 


Damage can be repaired in... (number) hours. 


I will try to proceed by my own means but I request you to keep in contact with me by... 


(Complements Table 1, Chapter 2, Section 10, Page 104). 


I can proceed at... (number) knots. 


Cross 
Reference 


HX 

HX 1 
HX 2 
HX 3 
HX 4 


SECTION 2.—CASUALTIES—DAMAGES 


Code Meaning 
IL Ican only proceed at slow speed. 
IL1 Ican only proceed with one engine. 
IL2 Iam unable to proceed under my own power. 
IL 3 Are you in a condition to proceed? 
IM I request to be escorted until further notice. 


Propeller:shaft 1s broken: sc. 3 sock eed had ie eed be we eee ee eee gee be ee te 
My propeller is fouled by hawser or rope ...... 2.6... eee cee cette teenies 


Thave-lostimy propellet.s.cc i053. cham or ee oe bets HEME E CES Reed (bee eae bb bate 


DIVER—UNDERWATER OPERATIONS 


IN I require a diver. 
IN1 I require a diver to clear propeller. 
IN 2 I require a diver to examine bottom. 
IN 3 I require a diver to place collision mat. 
IN 4 I require a diver to clear my anchor. 
10 I have no diver. 
IP A diver will be sent as soon as possible (or at time indicated). 
IQ Diver has been attacked by diver’s disease and requires decompression chamber treatment. 
“IR I am engaged in submarine survey work (underwater operations). Keep clear of me and go 
slow. 


I have a diver down; keep well clear at slow speed... 0.0.0.0... eee eee eee eee eee 


* 


ing Collisions at Sea 1972. 


FIRE—EXPLOSION 


Fire 
IT I am on fire. 
IT1 I am on fire and have dangerous cargo on board; keep well clear of me.............. 
IT2 Vessel (name or identity signal) is on fire. 
IT 3 Are you on fire? 


Cross 
Reference 


RO 
RO1 
RO2 


The use of this signal does not relieve any vessel from compliance with the International Regulations for Prevent- 
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Code 


IU 


IV 


Iw 
Ix 


IY 


IZ 


JA 


JB 
JC 


52 


Iv1 
Iv2 
IV3 
Iv 4 
IV5 


IX1 
IX 2 


Iy1 


IZ1 
IZ2 


JA1 
JA 2 
JA 3 
JA 4 
JA5 
JA 6 
JA7 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Fire 
Vessel (name or identity signal) on fire is located at lat... long... 
I require immediate assistance; Iam on fire... 2... 2... ee eee CB6 


Where is the fire? 
I am on fire in the engineroom. 
I am on fire in the boilerroom. 
I am on fire in hold or cargo. 
Iam on fire in passenger’s or crew’s quarters. 
Oil is on fire. 
Fire is under control. 
Fire is gaining. 
I cannot get the fire under control without assistance. 
Fire has not been extinguished. 
I can get the fire under control without assistance. 
Can you get the fire under control without assistance? 
Fire has been extinguished. 
I am flooding compartment to extinguish fire. 
Is fire extinguished? 
I require firefighting appliances. 
I require foam fire extinguishers. 
I require CO, fire extinguishers. 
I require tetrachloride fire extinguishers. 
I require material for foam fire extinguishers. 
I require material for CO, fire extinguishers. 
I require material for carbon tetrachloride fire extinguishers. 


I require water pumps. 


Explosion 


There is danger of explosion. 


There is no danger of explosion. 


Code 


JD 


JE 


JF 


JG 
JH 


JI 


JC1 


JD1 
JD 2 
JD 3 
JD 4 


= © 
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JI1 


SECTION 2.—CASUALTIES—DAMAGES 


Cross 
Meaning Reference 


Explosion 


Is there any danger of explosion? 
Explosion has occurred in boiler. 
Explosion has occurred in tank. 
Explosion has occurred in cargo. 
Further explosions are possible. 
There is danger of toxic effects. 
Have you any casualties owing to explosion? 


An explosion was seen or heard (position or direction and time to be indicated)........... EK 1 


GROUNDING—BEA CHING—REFLOATING 
Grounding 

I am (or vessel indicated is) aground in lat... long... (also the following complements, if nec- 
essary): 

On rocky bottom. 

On soft bottom. 

Forward. 

Amidship. 

Aft. 

At high water forward. 

At high water amidship. 

At high water aft. 

Full length of vessel. 

Full length of vessel at high water. 
I am aground; I am in dangerous situation. 
I am aground; I am not in danger. 
I require immediate assistance; am aground............ 0.0.0... cee eee eee CB4 
Vessel aground in lat... long... require assistance....... 2... 0. . eee eee ee CI 
Are you aground? 


What was your draft when you went aground? 
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Code 


JJ 
JK 


JL 


JM 


JN 


JO 


JP 


54 


JI2 
JI3 
JI4 


JK 1 
JK 2 


JL 1 
JL 2 
JL 3 
JL 4 


JN1 
JN 2 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


Grounding 


On what kind of ground have you gone aground? 
At what state of tide did you go aground? 
What part of your vessel is aground? 

My maximum draft when I went aground was... (number) feet or meters. 

The tide was high water when the vessel went aground. 
The tide was half water when the vessel went aground. 
The tide was low water when the vessel went aground. 

You are running the risk of going aground. 
You are running the risk of going aground; do not approach me from the starboard side. 
You are running the risk of going aground; do not approach me from the port side. 
You are running the risk of going aground; do not approach me from forward. 
You are running the risk of going aground; do not approach me from aft. 


You are running the risk of going aground at low water. 


Beaching 


You should beach the vessel in lat... long... 
You should beach the vessel where flag is waved or light is shown. 


I must beach the vessel. 
Refloating 


I am afloat. 
I am afloat forward. 
Tam afloat aft. 
I may be got afloat if prompt assistance is given. 
Are you (or vessel indicated) still afloat? 
When do you expect to be afloat? 
I am jettisoning to refloat (the following complements should be used if required): 
Cargo. 
Bunkers. 


Everything movable forward. 


Code 


JQ 


JR 


JS 


JT 


JU 
JV 


JT1 
JT 2 


SECTION 2.—CASUALTIES—DAMAGES 


Cross 
Meaning Reference 


Refloating 


Everything movable aft. 


I cannot refloat without jettisoning (the following complements should be used if required): 


Cargo. 
Bunkers. 
Everything movable forward. 


Everything movable aft. 


I expect (or vessel indicated expects) to refloat. 


I expect (or vessel indicated expects) to refloat at time indicated. 

I expect (or vessel indicated expects) to refloat in daylight. 

I expect (or vessel indicated expects) to refloat when tide rises. 

I expect (or vessel indicated expects) to refloat when visibility improves. 
I expect (or vessel indicated expects) to refloat when weather moderates. 
I expect (or vessel indicated expects) to refloat when draft is lightened. 


I expect (or vessel indicated expects) to refloat when tugs arrive. 


Is it likely that you (or vessel indicated) will refloat? 


Is it likely that you (or vessel indicated) will refloat at time indicated? 

Is it likely that you (or vessel indicated) will refloat in daylight? 

Is it likely that you (or vessel indicated) will refloat when tide rises? 

Is it likely that you (or vessel indicated) will refloat when visibility improves? 
Is it likely that you (or vessel indicated) will refloat when weather moderates? 
Is it likely that you (or vessel indicated) will refloat when draft is lightened? 


Is it likely that you (or vessel indicated) will refloat when tugs arrive? 


I can refloat if an anchor is laid out for me. 


I may refloat without assistance. 


Will you assist me to refloat? 


I cannot be refloated by any means now available. 


Will you escort me to lat... long... after refloating? 
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Code 


JW 


JX 


JY 


JZ 


KB 
KC 


KD 
KE 


KF 


56 


Jwi 


JW 2 


JW 3 


JX1 


JY 1 


JY 2 


JY 3 


JZ1 
JZ 2 


KA 1 


KA 2 


KC1 


KE 1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


LEAK 


I have sprung a leak. 
Leak is dangerous. 
Leak is causing dangerous heel. 
Leak is beyond the capacity of my pumps. 
I require immediate assistance; I have sprungaleak................ 0.000.000 eee eee CB7 
Leak is gaining rapidly. 
I cannot stop the leak. 
Leak can be controlled, if it does not get any worse. 
I require additional pumping facilities to control the leak. 
Leak is under control. 
Leak has been stopped. 
Have you sprung a leak? 
Can you stop the leak? 
Is the leak dangerous? 
I urgently require a collision mat. 
I have placed the collision mat. I can proceed without assistance. 
Can you place the collision mat? 
I have... (number) feet or meters of water in the hold. 
My hold(s) is (are) flooded. 
How many compartments are flooded? 
There are... (number) compartments flooded. 
The watertight bulkheads are standing up well to the pressure of the water. 


I need timber to support bulkheads. 


TOWING—TUGS 


Tug 


I require a tug (or... (number) tugs). 


TE TEQUITS a COG 5! «. $20 od ach panies eter aoa tied yd Gah ei ee dates oteed ooh See Z 


Code 


KG 


KH 


KI 


KJ 


KK 


KL 


KM 


KN 


KO 


KP 


KG1 


KH 1 
KH 2 


KI1 


KJ1 
KJ 2 


KK 1 


KK 2 


KK 3 


KK 4 


KL1 


KM 1 


KN 1 


KN 2 


KO1 
KO 2 


KP 1 


SECTION 2.—CASUALTIES—DAMAGES 


Cross 
Meaning Reference 


Tug 


Do you require a tug(s)? 
I do not require tug(s). 

Tug(s) is (are) coming to you. Expect to arrive at time indicated. 
Tug with pilot is coming to you. 
You should wait for tugs. 

There are no tugs available. 


Tugs cannot proceed out. 


Towing—Taking in Tow 


I am towing a submerged object. 
I am towing a float. 
I am towing a target. 
Towing is impossible under present weather conditions. 
Towing is very difficult. 
I cannot connect at present but will attempt when conditions improve. 
I cannot connect tonight. I will try in daylight. 
Can you assist with your engines? 
I am obliged to stop towing temporarily. 
You should stop towing temporarily. 
I can take you (or vessel indicated) in tow. 
Shall I take you in tow? 
I cannot take you (or vessel indicated) in tow. 


I cannot take you (or vessel indicated) in tow but I will report you and ask for immediate 
assistance. 


I cannot take you (or vessel indicated) in tow but can take off persons. 

You should endeavor to take vessel (name or identity signal) in tow. 
You should report whether you have taken vessel (name or identity signal) in tow. 
Can you take me (or vessel indicated) in tow? 

You should tow me to the nearest port or anchorage (or place indicated). 


I will tow you to the nearest port or anchorage (or place indicated). 
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Code 


KQ 


KR 


KS 


KT 


KU 


KV 


KW 


58 


KP 2 


KQ1 
KQ2 
KQ3 
KQ4 
KQ5 


KR1 
KR 2 
KR 3 


KS 1 


KT1 


KU1 
KU 2 
KU 3 


KV 1 


KW 1 
KW 2 
KW 3 
KW 4 
KW 5 


CHAPTER 2.—GENERAL SIGNAL CODE 


Meaning 


Towing—Taking in Tow 


I must get shelter or anchorage as soon as possible. 
Prepare to be taken in tow. 

I am ready to be taken in tow. 

Prepare to tow me (or vessel indicated). 

I am ready to tow you. 

Prepare to resume towing. 

I am ready to resume towing. 
All is ready for towing. 

I am commencing to tow. 

You should commence towing. 


Is all ready for towing? 


Towing Line—Cable—Hawser 


You should send a line over. 
I have taken the line. 
You should send me a towing hawser. 
I am sending towing hawser. 
I cannot send towing hawser. 
I have no, or no other, hawser. 
I have no wire hawser. 
Have you a hawser? 
I intend to use my towing hawser/cable. 
I intend to use your towing hawser/cable. 
You should have towing hawser/cable ready. 
Towing hawser/cable is ready. 
You should have another hawser ready. 
You should have spare towing hawser/cable ready. 
Spare towing hawser/cable is ready. 


You should have wire hawser ready. 


Cross 
Reference 


Code 


KX 


KY 
KZ 


LA 


LB 


LC 
LD 
LE 
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Cross 
Meaning Reference 


Towing Line—Cable—Hawser 


KW 6 Wire hawser is ready. 


You should be ready to receive the towing hawser. 


KX1 I am ready to receive the towing hawser. 

KX 2 You should come closer to receive towing hawser. 
KX 3 I am coming closer to receive towing hawser. 
Kx4 I have received towing hawser. 


Length of tow is... (number) fathoms. 


You should shorten the towing hawser (or shorten distance between vessels). 


KZ1 I am shortening towing hawser (or I am shortening distance between vessels). 
KZ2 You should haul in the hawser. 

KZ 3 I am hauling in the hawser. 

KZ4 You should haul in the slack. 

KZ5 I am hauling in the slack. 


Towing hawser/cable has parted. 


LA 1 Towing hawser/cable is in danger of parting. 
LA 2 Towing hawser/cable is damaged. 

LA 3 You should reinforce the hawsers. 

LA 4 I am reinforcing the hawsers. 


Make Fast—Veer 


You should make towing hawser fast to your chain cable. 


LB1 Towing hawser is fast to chain cable. 

LB2 You should make towing hawser fast to wire. 
LB 3 Towing hawser is fast to wire. 

LB 4 My towing hawser is fast. 

LB5 Is your towing hawser fast? 


You should make fast astern and steer me. 
You should veer your hawser/cable... (number) fathoms. 


I am about to veer my hawser/cable. 
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Code 


LF 


LG 


60 


LE1 
LE2 
LE3 
LE4 


LF 1 


LG1 
LG 2 
LG 3 
LG4 
LG5 
LG 6 
LG7 
LG8 


CHAPTER 2.—GENERAL SIGNAL CODE 


Meaning 


Make Fast—Veer 


I am veering my hawser/cable. 


I have veered my hawser/cable. 


I shall veer cable attached to hawser. 


How much cable should I veer? 


You should stop veering your hawser/cable. 


I cannot veer any more hawser/cable. 


Cast Off 


You should prepare to cast off towing hawser(s). 


I am preparing to cast off towing hawser(s). 


I am ready to cast off towing hawser(s). 


You should cast off starboard towing hawser. 


I have cast off starboard towing hawser. 


You should cast off port towing hawser. 


I have cast off port towing hawser. 


You should cast off hawser(s). 


I must cast off towing hawser(s). 


Iam going ahead ........... 
My engines are going ahead... 
I will keep going ahead....... 
I will go ahead ............. 
I will go ahead dead slow..... 
Ihave headway............. 
Icannot go ahead ........... 
You should go ahead......... 


You should go slow ahead .... 


You should go full speed ahead 


You should keep going ahead. . 


Engine Maneuvers 


Cross 
Reference 


QD 
QD 1 
QD 2 
QD 3 
Qp4 
QE 

QF 

QG 

QG1 
QG 2 
QG 3 


Code 


LH 
LI 


LJ 


LI1 


LJ 1 


SECTION 2.—CASUALTIES—DAMAGES 


Meaning 


Engine Maneuvers 


You should keep your engines going ahead... 0.2... eee eee teenies 
You should not go ahead any more ........ 0... eee cee eee ene een eeee 
Lam: Some astemres icc abut waste boas ate sa news Ab aaah awh se ee ahaha 
My engines are going astern .. 0... ccc eect een n ene eeee 
T will keep s0in@ASterin: 3.5.5 fetch ahiiied dyh Garhi eee oa ee beets Chee Ae be ae 
Twill 20 astern &. cies cee Bo eres en G NE Sade aden Goan pee abbey Gwe OER eee as 
I will go astern dead slow. ... 0... cee cee cnet e eee n teen ee eeee 
Ehave.stermway iss stone swale aub wasst bt athe ees atte, ete ae tet ees ese es nes 
Lcannot So aster sc4. g o5 eal Sew SAE GAs be Swe Kae Ba RAN Bad TES CA Aa 
You should go aster . 0... eee n nen eben nen e eben eens 
You should go slow astern... 1.0... eee ee eee e ene e teen ee eeee 
You should go full speed astern... 6... cette nent e eens 
You should keep going astern 6.1... ee eee eee tenet n eens 
You should keep your engines going astern... 6... eee ee eens 
You should not go astern any MOTE ... 1... cent ene e en eens 
You should stop your engines immediately ......... 0.0... cece eee eee eens 
You should stop your engines ... 0.0... eee ec eee eee n eee n eens 
Myeneines:-are Stopped. © ses 2i.5 sii soon BGA Wee RA Ew ees BEN e heb Bea Sale Ga 
Iam stopping my engines ...... 0.0... eee eee e ent n eee n ee eeee 
Maximum speed in tow is... (number) knots. 
I am increasing speed. 

Increase speed. 
I am reducing speed. 


Reduce speed. 


Cross 
Reference 


QG4 
QH 
Ql 
Ql 
Qi2 
QI3 
Qi4 
QJ 
QK 
QL 
QL1 
QL 2 
QL 3 
QL4 
QM 
RL 
RL1 
RM 
RM 1 
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SECTION 3: AIDS TO NAVIGATION—NA VIGATION—HY DROGRAPHY 


Code 


LK 
LL 


LM 


LN 
LN 1 
LO 
LO1 
LO2 


LP 
LQ 
LR 
LR1 
LR2 
LS 


LT 
LU 


LV 
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Cross 
Meaning Reference 


AIDS TO NAVIGATION 


Buoys—Beacons 


Buoy (or beacon) has been established in lat... long... 

Buoy (or beacon) in lat... long... has been removed. 

You should steer directly for the buoy (or object indicated) .......... 0.0... eee eee eee PL 
You should keep buoy (or object indicated) on your starboard side ................2000- PL1 
You should keep buoy (or object indicated) on your port side.... 1.0... 0... eee ee ee PL 2 
You can pass the buoy (or object indicated) on either side .....................0.0000. PL 3 


Radiobeacon indicated is out of action. 


Lights—Lightvessels 


Light (name follows) has been extinguished. 
All lights are out along this coast (or the coast of...). 

I am not in my correct position (to be used by a lightvessel). 
Lightvessel (name follows) is out of position. 
Lightvessel (name follows) has been removed from her station. 


Lightvessel (or lighthouse) indicated requires assistance ............ 0.0.0.0. 0 ee ee eee CH1 


BAR 


There is not less than... (number) feet or meters of water over the bar. 
There will be... (number) feet or meters of water over the bar at time indicated. 
Bar is not dangerous. 

What is the depth of water over the bar? 

Can I cross the bar? 


Bar is dangerous. 


BEARINGS 


Your bearing from me [or from... (name or identity signal)] is... (at time indicated). 


The bearing of... (name or identity signal) from... (name or identity signal) is... (at time indi- 
cated). 


Let me know my bearings from you. I will flash searchlight. 


Code 
LV 1 
LV2 
LW 
LW1 
LX 
LX 1 
LX 2 
LX 3 
LX 4 
LY 
LZ 
LZ1 
LZ 2 
LZ 3 
LZ4 
MA 
MB 
MB 1 
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Cross 
Meaning Reference 
What is my bearing from you [or from... (name or identity signal)]? 
What is the bearing of... (name or identity signal) from... (name or identity signal)? 
Your magnetic bearing from me (or from vessel or position indicated) is... (at time 
INGACALE) 2: 2... 5 ek ae claten dad deel e Whae hod Uaaglar dea shobeene cd destin toe debe deotnlint toh Steabod dedeehes AON BZ 
What is my magnetic bearing from you (or from vessel or position indicated)?............ CA 
I receive your transmission on bearing... 
Can you take bearings from my radio signals? 
Your position according to bearings taken by radio direction finder stations which I control is 
lat... long... (at time indicated)... 6... ec cnet nen eee eens EZ 
Will you give me my position according to bearings taken by radio direction finder stations 
which: you:control?. os cae ee ch eh Wee Pete and ea Means Sed wipe hea etre EZ 1 
Bearing and distance by radar of vessel (or object) indicated is bearing... , 
distance: +: MiSs scsice sce he A Ay ON ee eet ee SE ees ae dee ethcoales OM 
What is the bearing and distance by radar of vessel (or object) indicated?................ OM 1 


CANAL—CHANNEL—FAIRWAY 


Canal 


The canal is clear. 

The canal will be clear at time indicated. 

You can enter the canal at time indicated. 

Is the canal clear? 

When can I enter the canal? 
The canal is not clear. 
The channel/fairway is navigable. 

I intend to pass through the channel/fairway. 

Is the channel/fairway navigable? 

What is the state of the channel/fairway? 

What is the least depth of water in the channel/fairway? 
The least depth of water in the channel/fairway is... (number feet or meters). 
You should keep in the center of the channel/fairway. 


You should keep on the starboard side of the channel/fairway. 
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Code 


MC 


MD 


ME 


MF 


MG 


64 


MB 2 
MB 3 


MC1 
MC 2 


MD 1 


ME 1 


MF 1 


MG1 
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Cross 
Meaning Reference 
Canal 
You should keep on the port side of the channel/fairway. 
You should leave the channel/fairway free. 
There is an uncharted obstruction in the channel/fairway. You should proceed with caution. 
The channel/fairway is not navigable. 
The (—) lane of the traffic separation scheme is not navigable. (The direction of the traf- 
fic flow is to be indicated.) 
COURSE 
My course is.... 
What is your course? 
My present position, course, and speed are lat... long... ,..., knots.................000.. EV 
What are your present position, course, and speed?...... 0.0... 0... eee ee eee EV 1 
Will vessels in my immediate vicinity (or in the vicinity of lat... long...) please indicate posi- 
TON; COULSE; ANd ‘SPEC 3 oe San vue bak Gite See Ritte Gn E Aare ns Geta AG Slee Wy WEE hoon aye Siete FB 
Vessel coming to your rescue (or to the rescue of vessel or aircraft indicated) is steering 
Courses: .; Speed. :-KNOtS i: sess se sales Bowe eae Rg et SR aA ed oko GR 


You should indicate course and speed of vessel coming to my rescue (or to the rescue of vessel 
onalreraft indicated) <<. 5.20% 6 ede eglna- dhe de tad me hile baled bbe We AR bbaiac be RS GR1 


The course to place (name follows) is... 

What is the course to place (name follows)? 
The magnetic course for the helicopter to regain its base is.... 2.0... . eee eee eee BX 
Course to reach me is... 

What is the course to reach you? 


The magnetic course for you to steer towards me (or vessel or position indicated) 
is=...(at time indicated) jo). sci. heen he ew ea he Beebe nee tek Dea eee eee BW 


Will you indicate the magnetic course for me to steer towards you (or vessel or position 
ANA GALE) )? shes Fotos pte te td hes a os thats tal fad tolls ata Fh cht ad cope natn ae eh lod ee eta BY 


You should steer course... 
What course should I steer? 
You should maintain your present Course... 6... ee eee PI 


Iam maintaining my present Course... 1.2... eee nee beens PI1 


Code 


MH 
MI 


MJ 


MK 


ML 


MM 


MN 
MO 
MP 


MQ 


MR 


MK 1 


ML1 
ML 2 


MM 1 
MM 2 


MQ1 
MQ 2 
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Cross 

Meaning Reference 
I cannot maintain my present COUrSe .. 1... cette ene PJ 
You should alter course to... (at time indicated). 
I am altering course to... 
Iam altering my course to starboard ... 0... 0... eee e eens E 
Iam altering my course to port .. 0... ec teen en eee n ee eeee I 
You should alter your course, if possible, appreciably to starboard to facilitate location by 
PAGAL 2 sted. se sesso autio se shins Sele Ne see ee hire i ata ated YR he ds BU eesti OJ 2 
You should alter your course, if possible, appreciably to port to facilitate location by radar . . OJ 3 


DANGERS TO NAVIGA TION—WARNINGS 
Derelict—Wreck—Shoal 

Derelict dangerous to navigation reported in lat... long... (or Complements Table 3, Chapter 
2, Section 10, Page 104). 
I have seen derelict (in lat... long... at time indicated). 

Have you seen derelict (or wreckage)? 
Derelict is drifting near lat... long... (or bearing... from place indicated, distance...). 

Hull of derelict is awash. 

Hull of derelict is well out of the water. 
There is a wreck in lat... long... 

Wreck is buoyed. 

Wreck is awash. 
Wreck (in lat... long...) is not buoyed. 
I have struck a shoal or submerged object (lat... long...). 
I am in shallow water. Please direct me how to navigate. 

Radiation Danger 

There is risk of contamination due to excessive release of radioactive material in this area (or 
in area around lat... long... ). Keep radio watch. Relay the message to vessels in your vicinity. 

The radioactive material is airborne. 

The radioactive material is waterborne. 


There is no, or no more, risk of contamination due to excessive release of radioactive material 
in this area (or in area around lat... long...). 
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Code 


MS 


MT 


MU 


MV 


MW 


Mx 


MY 


66 


MR 1 


MS 1 
MS 2 
MS 3 
MS 4 


MY 1 
MY 2 
MY 3 
MY 4 
MY 5 
MY 6 
MY 7 


MY 8 
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Cross 
Meaning Reference 
Radiation Danger 

Is there risk of contamination due to excessive release of radioactive material in this area 

(or in area around lat... long...)? 
My vessel is a dangerous source of radiation. 

My vessel is a dangerous source of radiation; you may approach from my starboard side. 

My vessel is a dangerous source of radiation; you may approach from my port side. 

My vessel is a dangerous source of radiation; you may approach from forward. 

My vessel is a dangerous source of radiation; you may approach from aft. 
My vessel is a dangerous source of radiation. You may approach from... (Complements Table 
3, Chapter 2, Section 10, Page 104). 
My vessel is a dangerous source of radiation. Do not approach within... (number) cables. 
I am abandoning my vessel which has suffered a nuclear accident and is a possible source of 
fadiation dan SeMveey ees hk Pies Be ee WG Saale Fate le A abled Glo Waly Gow aeceds AD 
I have had a serious nuclear accident and you should approach with caution.............. AJ 
I have had a nuclear accident on board. .... 2.0... 2. cece eee AK 
A vessel which has suffered a nuclear accident is in distress in lat... long... ............. EC 
My vessel is releasing radioactive material and presents a hazard. 
My vessel is releasing radioactive material and presents a hazard. Do not approach within... 
(number) cables. 
The radioactive material is airborne. Do not approach from leeward. 

Warnings 

It is dangerous to stop. 

It is dangerous to remain in present position. 

It is dangerous to proceed on present course. 

It is dangerous to proceed until weather permits. 

It is dangerous to alter course to starboard. 

It is dangerous to alter course to port. 

It is dangerous to approach close to my vessel. 

It is dangerous to let go an anchor or use bottom trawl. 

It is dangerous to jettison inflammable oil. 
Its not Safe:to fire:a rocket ss. ich ee hasbe etd ee dort St eae eda eee ed as GU 


Code 


MZ 


NA 


NB 


NC 
ND 


NE 


MZ 1 


NA 1 
NA 2 
NA 3 
NA 4 
NA5 


NA 6 


NE 1 
NE 2 
NE 3 
NE 4 
NE5 


NE 6 
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Cross 
Meaning Reference 


Warnings 


Navigation is dangerous in the area around lat... long... 


I consider you are carrying out a dangerous navigational practice and I intend to report 
you. 


Navigation is dangerous in the area around lat... long... owing to iceberg(s) ............. VZ 
Navigation is dangerous in the area around lat... long... owing to floating ice ............ VZ1 
Navigation is dangerous in the area around lat... long... owing to pack ice............... VZ2 
Navigation is closed. 

Navigation is possible only with tug assistance. 

Navigation is possible only with pilot assistance. 

Navigation is prohibited within 500m of this platform. 

Navigation is prohibited within 500m of the platform bearing (—) from me. 


You have been detected navigating within a 500m Safety Zone (about the platform bear- 
ing (—) from me) and will be reported. 


Anchors with buoys extend up to one mile from this vessel/rig. You should keep clear. 


You should navigate with caution. Small fishing boats are within... (number) 
MULES OF Mes 25a el pa es aan wei aed Duet is Wie ea eed TH 


You should navigate with caution. You are drifting towards my set of nets................ TI 
You should navigate with caution. There are nets with a buoy in this area. ............... TJ 


There is fishing gear in the direction you are heading (or in direction indicated—Complements 
Table 3, Chapter 2, Section 10, Page 104). 


I am in distress and require immediate assistance. 
Tsunami (phenomenal wave) is expected. You should take appropriate precautions. 


Tropical storm (cyclone, hurricane, typhoon) is approaching. You should take appropriate 
Precautions: nA et ta se ee a ES ah ee Se a ae ee eh VL 


You should proceed with great caution. 
You should proceed with great caution; the coast is dangerous. 
You should proceed with great caution; submarines are exercising in this area. 
You should proceed with great caution; there is a boom across. 
You should proceed with great caution; keep clear of firing range. 
You should proceed with great caution; hostile vessel sighted (in lat... long...). 


You should proceed with great caution; hostile submarine sighted (in lat... long...). 
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Code 


NF 


NG 


NH 


NI 
NJ 


NK 
NL 


NM 
NN 


68 


NE7 


NF 1 


NG1 


NH 1 


NL 1 
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Cross 
Meaning Reference 
Warnings 
You should proceed with great caution; hostile aircraft sighted (in lat... long...). 
There is an uncharted obstruction in the channel/fairway. You should proceed with 
CAMMLONE 1. band Sepik A nk athe bh eetiawe sted ae elite bbb weg erbabet CA artes red ba Me aek eed MC 
You should change your anchorage/berth. It is not safe.............. 0.000.000. 2e eee RE 
All vessels should proceed to sea as soon as possible owing to danger in port............. UL 
You are running into danger... 2.2.2... cece een eae U 
You are running into danger; there is a radiation hazard. 
You are in a dangerous position. 
You are in a dangerous position; there is a radiation hazard. 
You are clear of all danger. 
Are you clear of all danger? 
I have (or vessel indicated has) a list of... (number) degrees to starboard. 
I have (or vessel indicated has) a list of... (number) degrees to port. 
DEPTH—DRAFT 
Depth 
There is not sufficient depth of water. 
There is sufficient depth of water. 
Is there sufficient depth of water? 
The least depth of water in the channel/fairway is... (number feet or meters) ............. MA 
What is the least depth of water in the channel/fairway............... 00.00.0002 eee LZ4 
There is not less than... (number feet or meters) of water over the bar................... LP 
What is the depth of water over the bar? .. 0.2... eee ete LR1 
There will be... (number feet or meters) of water over the bar at time indicated............ LQ 
The depth at high water here (or in place indicated) is... (number feet or meters). ......... QA 
The depth at low water here (or in place indicated) is... (number feet or meters)........... QB 
What is the depth at high and low water here (or in place indicated)?.................... PW 2 


You should report the depth around your vessel. 


Iam in... (number feet or meters) of water. 


Code 


*NO 
NP 
NQ 
NR 
NS 


* 


NT 


ZZ 
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Cross 
Meaning Reference 


Depth 


Negative—‘No” or “The significance of the previous group should be read in the negative’. 
The depth of water at the bow is... (number feet or meters). 

The depth of water at the stern is... (number feet or meters). 

The depth of water along the starboard side is... (number feet or meters). 


The depth of water along the port side is... (number feet or meters). 


Procedural signal. 


Draft 


What is your draft? 

What is your light draft? 

What is your ballast draft? 

What is your loaded draft? 

What is your summer draft? 

What is your winter draft? 

What is your maximum draft? 

What is your least draft? 

What is your draft forward? 

What is your draft aft? 
My draft is... (number feet or meters). 
My light draft is... (aumber feet or meters). 
My ballast draft is... (number feet or meters). 
My loaded draft is... (number feet or meters). 
My summer draft is... (number feet or meters). 
My winter draft is... (number feet or meters). 
My maximum draft is... (number feet or meters). 
My least draft is... (number feet or meters). 
My draft forward is... (number feet or meters). 
My draft aft is... (aumber feet or meters). 


My maximum draft when I went aground was (number feet or meters).................- JJ 
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Code 


OE 
OF 
OG 


OH 


OI 


OJ 


“OK 
OL 
OM 


ON 


* 


OO 


70 


OH 1 
OH 2 


O11 
O12 


OJ1 
OJ 2 


OJ 3 
Oj 4 


OM 1 
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Cross 
Meaning Reference 
Draft 
What was your draft when you went aground? ......... 0... cece eee teenies JI1 


Your draft must not exceed... (number feet or meters). 
I could lighten to... (number feet or meters) draft. 


To what draft could you lighten? 


ELECTRONIC NAVIGATION 
Radar 


You should switch on your radar and keep radar watch. 
The restrictions on the use of radar are lifted. 
Does my radar cause interference? 
Ihave no radar. 
Are you equipped with radar? 
Is your radar in operation? 
I have located you on my radar bearing... , distance... miles. 
I cannot locate you on my radar. 


You should alter your course, if possible, appreciably to starboard to facilitate location by 
radar. 


You should alter your course, if possible, appreciably to port to facilitate location by radar. 
Can you locate me by radar? 
My position is ascertained by radar .... 2.0... eee eae EW4 
Acknowledging a correct repetition or “It is correct”. 
Is radar pilotage being effected in this port (or port indicated)? 
Bearing and distance by radar of vessel (or object) indicated, is bearing... , distance... miles. 
What is the bearing and distance by radar of vessel (or object) indicated? 


I have an echo on my radar on bearing... , distance... miles. 


Procedural signal. 


Radio Direction Finder 


My radio direction finder is inoperative. 


Code 


OP 


OQ 


OR 


OS 


OT 


OU 
OV 
OW 


Ox 
OY 


OP 1 


OP 2 


OS 1 
OS 2 
OS 3 
OS 4 
OS 5 


Owl 
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Cross 
Meaning Reference 


Radio Direction Finder 
I have requested... (name or identity signal) to send two dashes of ten seconds each or the car- 
rier of his transmitter followed by his call sign. 


Will you request... (name or identity signal) to send two dashes of ten seconds each or the 
carrier of his transmitter followed by his call sign? 


Will you send two dashes of ten seconds each, or the carrier of your transmitter, followed 
by your call sign? 


Your position according to bearings taken by radio direction finder stations which I control is 
lat... long... (at time indicated)... 0... kc eee eee EZ 


Will you give me my position according to bearings taken by radio direction finder stations 
which you Control eiccié2sictot at tga eve ahs eam AA Satis Re Wate e SG Beha eases EZ 1 


I am calibrating radio direction finder or adjusting compasses. 


Electronic Position-Fixing System 


My position is ascertained by electronic position fixing system. ...................000. EW 5 


MINES—MINESWEEPING 


I have struck a mine. 
Ihave a mine in my sweep (or net) .. 0... cece eee eae TO 
There is danger from mines in this area (or area indicated). 

You should keep a lookout for mines. 

You are out of the dangerous zone. 

Am I out of the dangerous zone? 

Are you out of the dangerous zone? 

Is there any danger from mines in this area (or area indicated)? 


Mine has been sighted in lat... long... (or in direction indicated—Complements Table 3, 
Chapter 2, Section 10, Page 104). 


Mine(s) has (have) been reported in the vicinity (or in approximate position lat... , long...). 

Mine(s) is (are) believed to be bearing... from me, distance... miles. 

There is a minefield ahead of you. You should stop your vessel and wait for instructions. 
There is a minefield along the coast. You should not approach too close. 

The approximate direction of the minefield is bearing... from me. 


Port is mined. 
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Code 


OZ 
PA 


“PB 


PC 


* 


PD 


PE 
PG 


72 


OY1 
OY 2 
OY 3 


PA1 
PA2 
PA 3 
PA4 


PB 1 


PC1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


Entrance is mined. 
Fairway is mined. 
Are there mines in the port entrance or fairway? 
The width of the swept channel is... (number feet or meters). 
I will indicate the swept channel. You should follow in my wake. 
You should keep carefully to the swept channel. 
The swept channel is marked by buoys. 
I do not see the buoys marking the swept channel. 
Do you know the swept channel? 
You should keep clear of me; I am engaged in minesweeping operations. 
You should keep clear of me; I am exploding a floating mine. 
I have destroyed the drifting mine(s). 


I cannot destroy the drifting mine(s). 


The use of this signal does not relieve any vessel from complying with the International Regulations for Preventing 
Collisions at Sea 1972. 


PD1 


PG1 
PG2 


NAVIGATION LIGHTS—SEARCHLIGHT 


Your navigation light(s) is (are) not visible. 

My navigation lights are not functioning. 
You should extinguish all the lights except the navigation lights. 
I do not see any light. 

You should hoist a light. 

I am dazzled by your searchlight. Extinguish it or lift it. 


You should train your searchlight nearly vertical on a cloud, intermittently if possible, and, if 
my aircraft is seen, deflect the beam upwind and on the water to facilitate my landing ...... AX 


Shall I train my searchlight nearly vertical on a cloud, intermittently if possible, and, if your 
aircraft is seen, deflect the beam upwind and on the water to facilitate your landing? ....... AX1 
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Cross 
Code Meaning Reference 
NAVIGATING AND STEERING INSTRUCTIONS 
(See also Pilot in Chapter 2, Section 5, Page 87.) 
PH You should steer as indicated. 
PH1 You should steer towards me. 
PH 2 I am steering towards you. 
PH 3 You should steer more to starboard. 
PH 4 I am steering more to starboard. 
PH 5 You should steer more to port. 
PH 6 I am steering more to port. 
PI You should maintain your present course. 
PI1 I am maintaining my present course. 
PI2 Shall I maintain my present course? 
PJ I cannot maintain my present course. 
You should make fast astern and steer Me..... 0... .. eee eee eee LC 
PK I cannot steer without assistance. 
PL You should steer directly for the buoy (or object indicated). 
PL1 You should keep buoy (or object indicated) on your starboard side. 
PL 2 You should keep buoy (or object indicated) on your port side. 
PL3 You can pass the buoy (or object indicated) on either side. 
PM You should follow in my wake (or wake of vessel indicated). 
PM 1 You should go ahead and lead the course. 
PN You should keep to leeward of me (or vessel indicated). 
PN 1 You should keep to windward of me (or vessel indicated). 
PN 2 You should keep on my starboard side (or starboard side of vessel indicated). 
PN 3 You should keep on my port side (or port side of vessel indicated). 
PO You should pass ahead of me (or vessel indicated). 
PO!1 I will pass ahead of you (or vessel indicated). 
PO2 You should pass astern of me (or vessel indicated). 
PO3 I will pass astern of you (or vessel indicated). 
PO4 You should pass to leeward of me (or vessel indicated). 
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Code 


PP 


PQ 


PR 


PS 


PT 


PU 
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PO5 
PO 6 
PO7 
PO8 


PP 1 
PP 2 
PP 3 
PP 4 
PP 5 
PP 6 
PP7 


PQ1 
PQ2 
PQ3 


PR1 
PR2 
PR 3 


PS 1 


PT 1 
PT2 
PT 3 
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Cross 
Meaning Reference 
I will pass to leeward of you (or vessel indicated). 
You should pass to windward of me (or vessel indicated). 
I will pass to windward of you (or vessel indicated). 
You should come under my stern. 
Keep well clear of me. 
Do not overtake me. 
Do not pass ahead of me. 
Do not pass astern of me. 
Do not pass on my starboard side. 
Do not pass on my port side. 
Do not pass too close to me. 
You should give way to me. 
You should keep closer in to the coast. 
You should keep further away from the coast. 
You should follow the coast at a safe distance. 
How far out from the coast? 
You should keep closer to me (or vessel indicated). 
You should come as near as possible. 
You should keep within visual signal distance from me (or vessel indicated). 
You should come within hailing distance from me (or vessel indicated). 
You should not come any closer. 
You should keep away from me (or vessel indicated). 
I am calibrating radio direction finder or adjusting compasses ................0.000000- OQ 


TIDE 


What is the state of the tide? 
The tide is rising. 
The tide is falling. 
The tide is slack. 


The tide begins to rise at time indicated. 


Code 


PV 


PW 


PX 
PY 
PZ 
QA 
QB 


QC 


PU1 


PV1 


PW il 
PW 2 


Qc1 
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Cross 
Meaning Reference 
When does the tide begin to rise? 
The tide begins to fall at time indicated. 
When does the tide begin to fall? 
What is the rise and fall of the tide? 
What is the set and drift of the tide? 
What is the depth at high and low water here (or in place indicated)? 
The rise and fall of the tide is... (number feet or meters). 
The set of the tide is... degrees. 
The drift of the tide is... knots. 
The depth at high water here (or in place indicated) is... (number feet or meters). 
The depth at low water here (or in place indicated) is... (number feet or meters). 
The tide was high water when the vessel went aground ............. 0... e eee eee eee JK 
The tide was half water when the vessel went aground............ 0.00. eee eee ee eee eee JK1 
The tide was low water when the vessel went aground. ........... 0... cece eee eee eee JK 2 
At what state of tide did you go aground?.... 2.2.2... ee eee JI3 
You should wait until high water. 


You should wait until low water. 
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Code 


QD 


QE 
QF 
QG 


QH 


QI 


QJ 
QK 
QL 


QM 


76 


QD1 
QD 2 
QD 3 
QD 4 


QG1 
QG2 
QG 3 
QG4 


Ql1 
QI2 
QI3 
Ql4 


QL1 
QL2 
QL3 
QL4 


CHAPTER 2 


SECTION 4: MANEUVERS 


Meaning 


AHEAD—ASTERN 


Ahead—Headway 


Iam going ahead. 
My engines are going ahead. 
I will keep going ahead. 
I will go ahead. 
I will go ahead dead slow. 
I have headway. 
I cannot go ahead. 
You should go ahead. 
You should go slow ahead. 
You should go full speed ahead. 
You should keep going ahead. 
You should keep your engines going ahead. 


You should not go ahead any more. 
Astern—Sternway 


Iam going astern. 


My engines are going astern... 1... eee eee 


I will keep going astern. 
I will go astern. 
I will go astern dead slow. 
I have sternway. 
I cannot go astern. 
You should go astern. 
You should go slow astern. 
You should go full speed astern. 
You should keep going astern. 
You should keep your engines going astern. 


You should not go astern any more. 


Cross 
Reference 


Code 


QN 


QO 


QP 


QQ 
QR 


Qs 


QT 


QU 


QV 


QW 


Qx 


QY 


QN 1 
QN 2 


QP 1 


QR1 


QS 1 
QS 2 
Qs 3 
Qs4 
Qs 5 


QV1 


Qwi 


QXx1 
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Cross 
Meaning Reference 


ALONGSIDE 


You should come alongside my starboard side. 
You should come alongside my port side. 
You should drop an anchor before coming alongside. 
You should not come alongside. 
I will come alongside. 
I will try to come alongside. 
I require health clearance. (See Pratique Messages in Chapter 2, Section 9, Page 103.) 
I cannot come alongside. 


Can I come alongside? 


TO ANCHOR—ANCHOR(S)—ANCHORAGE 
To Anchor 


You should anchor at time indicated. 
You should anchor (position to be indicated if necessary). 
You should anchor to await tug. 
You should anchor with both anchors. 
You should anchor as convenient. 
Are you going to anchor? 
You should heave to or anchor until pilot arrives........... 0.0.00... c eee eee eee eee UB 
You should not anchor. You are going to foul my anchor. 
Anchoring is prohibited. 
I am anchoring in position indicated. 
Ihave anchored with both anchors. 
I shall not anchor. 
I cannot anchor. 
I request permission to anchor. 
You have permission to anchor. 


I wish to anchor at once. 
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Code 


QZ 


RA 


RB 


RC 


RD 


RE 
RF 


RG 


RH 
RI 
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QyY1 


QZ1 


RA1 


RB 1 
RB2 


RC1 


RD1 
RD 2 


RG1 


RI1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


To Anchor 


Where shall I anchor? 


Anchor(s) 


You should have your anchors ready for letting go. 
You should let go another anchor. 
My anchor is foul. 
I have picked up telegraph cable with my anchor. 
Iam dragging my anchor...... 20... . cece eee eee e een en eens Y 
You appear to be dragging your anchor. 
Where you have anchored (or intend to anchor) you are likely to drag. 
I am (or vessel indicated is) breaking adrift. 
I have broken adrift. 
You should weigh (cut or slip) anchor immediately. 
You should weigh anchor at time indicated. 


Iam unable to weigh my anchor. 
Anchorage 


You should change your anchorage/berth. It is not safe. 
Will you lead me into a safe anchorage? 
You should tow me to the nearest port or anchorage (or place indicated) ................. KP 
I will tow you to the nearest port or anchorage (or place indicated) .................000- KP 1 
I must get shelter or anchorage as soon as possible... ....... 0.0.0 cece eee ee eens KP 2 
You should send a boat to where I am to anchor or moor. 

At what time shall I come into anchorage? 
You should proceed to anchorage in position indicated (lat... long...)..............000.. RW 
You should not proceed out of harbor/anchorage..... 0.0.00... 00. eee RZ1 
There is no good holding ground in my area (or around lat... long...). 
There is good holding ground in my area (or around lat... long...). 


Is there good holding ground in your area (or around lat... long...)? 


Code 


RK 


RL 


RM 


RN 


RO 


“RP 


*RR 


RJ1 


RJ 2 


RJ 3 


RJ4 


RK 1 


RL 1 


RM 1 
RM 2 


RO1 
RO2 


“RP 1 


SECTION 4.—MANEUVERS 


Cross 
Meaning Reference 


ENGINES—PROPELLER 
Engines 


You should keep your engines ready. 
You should have your engines ready as quickly as possible. 
You should report when your engines are ready. 
You should leave when your engines are ready. 
At what time will your engines be ready? 

My engines will be ready at time indicated. 
My engines are ready. 

You should stop your engines immediately. 
You should stop your engines. 

My engines are stopped. 
I am stopping my engines. 
I am obliged to stop my engines. 

My engines are out of action. 


Ican only proceed with one engine... 1.2... . ee ccc eee een eeeees IL1 
Propeller 


Propeller shaft is broken. 
My propeller is fouled by hawser or rope. 
I have lost my propeller. 


I require immediate assistance; propeller shaft is broken 


LANDING—BOARDING 


Landing 


Landing here is highly dangerous. 


Landing here is highly dangerous. A more favorable location for landing is at position 
indicated. 


Interrogative or “the significance of the previous group should be read as a question”. 


This is the best place to land. 


79 


Code 


“RR 1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Landing 
Lights will be shown or flag waved at the best landing place. 
Boat should endeavor to land where flag is waved or light is shown..................... DC 
Boats are not allowed to land (after time indicated). ..........0 0.0 cee eee DD1 


Reference is made to landing signals prescribed by the International Convention for the Safety of Life at Sea, 1974 
(Regulation 16(b), Chapter V), for the guidance of small boats with crews or persons in distress. 
** Procedural signal. 


RS 
RT 
RT1 
RU 
RU1 
RV 
RV1 
RV2 
RV3 
RW 
RX 
RY 


80 


Boarding 
No one is allowed on board. 
You should stop or heave to, am going to board you.......... 00.0.0... eee eee SQ3 
MANEUVERS 
Stop carrying out your intentions and watch for my signals .......................000. xX 


What maneuvers do you intend to carry out? 
Keep clear of me; I am maneuvering with difficulty ........ 0.0... eee eee eee D 


I am carrying out maneuvering trials. 


PROCEED—UNDERWAY 


Proceed 


You should proceed (to place indicated if necessary). 

You should proceed to destination. 

You should proceed into port. 

You should proceed to sea. 
You should proceed to anchorage in position indicated (lat... long...). 
You should proceed at time indicated. 


You should proceed at slow speed when passing me (or vessels making this signal). 


You should proceed to the rescue of vessel (or ditched aircraft) in lat... long ............. GP 
You should proceed to lat... long... to pick up survivors ........... 00.00.00 sees eee eee HN 
You should proceed with great caution ....... 0.0... eee ee eee eee NE 


Code 


RZ 


SA 
SB 


SC 


RZ1 


SC1 
SC 2 


SECTION 4.—MANEUVERS 


Meaning 


Proceed 


You should proceed with great caution; the coast is dangerous..............0 00sec eee 
You should proceed with great caution; submarines are exercising in this area........... 
You should proceed with great caution; there is a boom across .............0 00 eee eee 
You should proceed with great caution; keep clear of firing range .................204- 
You should proceed with great caution; hostile vessel sighted (in lat... long...) .......... 
You should proceed with great caution; hostile submarine sighted (in lat... long...)....... 


You should proceed with great caution; hostile aircraft sighted (in lat... long...) ......... 


You should not proceed (to place indicated if necessary). 


You should not proceed out of harbor/anchorage. 


All vessels should proceed to sea as soon as possible owing to danger in port............ 


I can proceed at time indicated. 


I am proceeding to the position of accident. 


I am (or vessel indicated is) proceeding to your assistance........ 0.0... eee eee eee 
I am proceeding to the assistance of vessel/aircraft in distress (lat... long...) ............ 


I am proceeding to the position of accident at full speed. Expect to arrive at time indicated . . 


I will try to proceed by my own means but I request you to keep in contact with me 


by... (Complements Table 1, Chapter 2, Section 10, Page 104)....................0.0. 
Ican proceed at... (umber) knots..... 0.0... cece eee n eee n eens 
Ican only proceed at slow speed... 0.1... ee eee eee eee n eee 
Ican only proceed with one engine... 1.2.0... eee eee tence en eens 
Iam unable to proceed under my own power .......... 00. e eee eee teen nee 
Are you in a condition to proceed .... 1.0... eee cc eee e ene n eee 


Ihave placed the collision mat. I can proceed without assistance. .............0.0 0000 


Underway 


Tam underway. 
I am ready to get underway. 


I shall get underway as soon as the weather permits. 


Cross 
Reference 


NE1 
NE2 
NE3 
NE4 
NE5 
NE 6 


NE7 


UL 


CP 
CR 
FE 
FE 1 


GQ 


IJ 
IK 
IL 
IL1 
IL 2 
IL 3 
KA 1 
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Code 


SD 
SF 


SG 
SJ 
SL 


SM 


82 


SF1 
SF 2 


SL1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Underway 
I am not ready to get underway. 
Are you (or vessel indicated) underway? 
Are you ready to get underway? 
At what time will you be underway? 
SPEED 
My present speed is... (number) knots. 
My maximum speed is... (number) knots. 
What is your present speed? 
What is your maximum speed? 
The speed of my aircraft in relation to the surface of the earth is... (knots or kilometers per 
NOU). 3 seg nk Ee ek Wein SRA ae hd whieh Mbt arn tad miele taled Ube htt eke ben kG eaves BQ 
What is the speed of your aircraft in relation to the surface of the earth? ................. BQ 1 
My present position, course, and speed are lat... long... ,..., knots.................0004. EV 
What are your present position, course, and speed?... 0.0.00... cee eee eee EV 1 
Will vessels in my immediate vicinity (or in the vicinity of lat... long...) please indicate posi- 
ton, Course aNnd'SPEd 5.65 Saha iid OA ROE on a A Rane ase RAR FB 
Ican only proceed at slow speed ...... 0... cece eee tenet eben ee eeee IL 
Maximum speed in tow is... (umber) knots. ... 0.0.0... cece LH 
Famancreasing speeds... 420i ahd bixdeth ad aL UR he ae eee a ae 4s LI 
Mnerease:speed cca... sat wera sa Seow ns in PS Bech NSA, aah Gates SAWN Behe LI1 
Tam: feducing speed... j2.c0.5 ened sletare bce 6 bie nln fant bdle ehad ete ee ied Maraloa blebs ohn LJ 
Reduce speed ects id astetncaucneeeutladl tute west Abhi acetate taal s gaa eds LJ 1 
You should proceed at slow speed when passing me (or vessels making this signal) ........ RY 
Take the way off your vessel .... 00... cee ccc cect eee e eae SP 
My vessel is stopped and making no way through the water................. 02.00.0045. SP 1 


I am undergoing speed trials. 


Code 


SN 


SO 


SP 


SQ 


Sol 
SO2 


SP 1 


SQ1 


SQ2 
SQ3 


SECTION 4.—MANEUVERS 


Cross 
Meaning Reference 
STOP—HEAVE TO 
You should stop immediately. Do not scuttle. Do not lower boats. Do not use the wireless. If 
you disobey I shall open fire on you. 
You should stop your vessel instantly .... 0.0... ce eect eee nee L 
You should stop. Head offshore. 
You should remain where you are. 
Take the way off your vessel. 
My vessel is stopped and making no way through the water.................0200 0 M 
You should stop or heave to. 
You should stop or heave to, otherwise I shall open fire on you. 
You should stop or heave to; Iam going to send a boat. 
You should stop or heave to; Iam going to board you. 
You should heave to or anchor until pilot arrives.......... 0.0.00... cece eee ee ee eee UB 
I am (or vessel indicated is) stopped in thick fog ......... 0.0... cece cee eee XP 
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Code 


ST 
SU 


SV 
SW 
SX 
SY 


SZ 
TA 
TB 
TC 


84 


SU1 
SU 
SU 
SU 
SU 
SU 
SU 


nny an un FF WH NY 


SU 


CHAPTER 2 
SECTION 5: MISCELLANEOUS 


Meaning 
CARGO—BALLAST 
What is your cargo? 
My cargo is agricultural products. 
My cargo is coal. 
My cargo is dairy products. 
My cargo is fruit products. 


My cargo is heavy equipment/machinery. 


My cargo is livestock. 
My cargo is lumber. 
My cargo is oil/petroleum products. 
I have a general cargo. 
I am not seaworthy due to shifting of cargo or ballast. 
I am taking in, or discharging, or carrying dangerous goods.............. 0s eee eee eee 


You should not discharge oil or oily mixture. 


Cross 
Reference 


The discharge of oil or oily mixture in this area is prohibited within... (number) miles from the 


nearest land. 


CREW—PERSONS ON BOARD 


Total number of persons on board is... 

T have left... (gumber) men on board. 

... (number) persons have died. 

... (number) persons are sick. 

I am alighting (in position indicated if necessary) to pick up crew of vessel/aircraft ........ 


I cannot alight but I can lift crew... 2. ence een eee eens 


BA 1 


Code 

TD 
TD 1 
TD 2 

TE 
TE1 
TE 2 
TE 3 
TE4 
TE5 
TE 6 

TF 
TF 1 
TF 2 
TF 3 
TF 4 

TG 
TG1 
TG2 
TG 3 
TG4 

TH 

TI 

TJ 

TK 

TL 


SECTION 5.—MISCELLANEOUS 


Cross 


Meaning Reference 


FISHERY+* 


Iam a fish catch carrier boat. 
Iam a mother ship for fishing vessel(s). 
Are you a fishing vessel? 
I am bottom trawling. 
I am trawling with a floating trawl. 
I am long-line fishing. 
Iam fishing with towing lines. 
I am engaged in two-boat fishing operation. 
I am drifting on my nets. 
In what type of fishing are you engaged? 
I am shooting purse seine. 
I am shooting drift nets. 
I am shooting seine net. 
I am shooting trawl. 
Iam shooting long lines. 
I am hauling purse seine. 
Iam hauling drift nets. 
I am hauling seine net. 
Iam hauling trawl. 
I am hauling long lines. 
You should navigate with caution. Small fishing boats are within... (mumber) miles of me. 
You should navigate with caution. You are drifting towards my set of nets. 
You should navigate with caution. There are nets with a buoy in this area. 


There is fishing gear in the direction you are heading (or in direction indicated—Complements 
Table 3, Chapter 2, Section 10, Page 104)... 0... eee eee eens NB 


Is there fishing gear set up on my course? 


My gear is close to the surface in a direction... (Complements Table 3, Chapter 2, Section 10, 
Page 104) for a distance of... miles. 


+ Displaying any of the signals in this section does not relieve vessels from compliance with the International Regu- 
lations for Preventing Collisions at Sea 1972. 
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Code 


™ 


T™N 
TO 
TP 


TQ 


TS 


TU 


TV 


TW 
TX 
TY 
TZ 


86 


TQ1 
TQ2 
TQ3 


TS 1 
TS2 
TS 3 
TS 4 
TS5 
TS 6 
TS7 
TS8 
TS9 


TU 


= 


TU 
TU 
TU 


an >» Ww N 


TU 


TV1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


My gear is well below the surface in a direction... (Complements Table 3, Chapter 2, Section 
10, Page 104) for a distance of... miles. 


In what direction, distance, and depth does your fishing gear extend? 
I have a mine in my sweep (or net). 
Fishing gear has fouled my propeller. 
You have caught my fishing gear. 
It is necessary to haul in fishing gear for disentangling. 
I am clearing the fishing gear. 
You should take measures to recover the fishing gear. 
You should take the following action with your warps: 
Veer the port (stern) warp. 
Veer the starboard (fore) warp. 
Veer both warps. 
Stop veering. 
Haul the port (stern) warp. 
Haul the starboard (fore) warp. 
Haul both warps. 
Stop hauling. 
You may haul your warps; the trawl is clear. 
I have to cut the warps. The trawls are entangled. 
Give me your warp. I shall transfer your fishing gear on it. 
Your warps are under mine. 
Both my warps have parted. 
My starboard (fore) warp has parted. 
My port (stern) warp has parted. 
Fishing in this area is prohibited. 
Trawling in this area is dangerous because there is an obstruction. 
Attention. You are in the vicinity of prohibited fishery limits. 
A fishery protection (or fishery assistance) vessel is in lat... long... 
I request assistance from fishery protection (or fishery assistance) vessel. 


Can you offer assistance? (Complements Table 2, Chapter 2, Section 10, Page 104). 


Code 


UA 
UB 


UC 


UE 


UF 
UG 


UH 
UI 
UJ 


UK 


UL 
UM 


UN 


UO 
UP 


SECTION 5.—MISCELLANEOUS 


Cross 
Meaning Reference 


PILOT 


(See also Navigating and Steering instructions in Chapter 2, Section 3, Page 73.) 


UJ1 


UK 1 


UN1 
UN2 


Pilot will arrive at time indicated. 
You should heave to or anchor until pilot arrives. 
Lhave-apiloton board. oicc.0 Se a essed abe SSW ANS ba attiab was woeigte Sia gh wes H 
Is a pilot available in this place (or place indicated)? 
Trequire:a pilot... 06.3544 doe ead ede ate eae eee ew G 
Where can I get a pilot (for destination indicated if necessary)? 
You should follow pilot boat (or vessel indicated). 
You should steer in my wake. 
You should follow in my wake (or wake of vessel indicated) ........... 0.0.0.0 eee eee PM 
You should go ahead and lead the course ........ 20... cece eee nets PM 1 
Can you lead me into port? 
Sea is too rough; pilot boat cannot get off to you. 
Make a starboard lee for the pilot boat. 
Make a port lee for the pilot boat. 
Pilot boat is most likely on bearing... from you. 
Have you seen the pilot boat? 


Is radar pilotage being effected in this port (or port indicated)? ....................0004. OL 


PORT—HARBOR 


All vessels should proceed to sea as soon as possible owing to danger in port. 
The harbor (or port indicated) is closed to traffic. 
You should not proceed out of harbor/anchorage ........... 0.0.0... cece ee eee RZ1 
You may enter the harbor immediately (or at time indicated). 
May I enter harbor? 
May I leave harbor? 
You must not enter harbor. 


Permission to enter harbor is urgently requested. I have an emergency case. 
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Code 


UQ 


UQ1 


UR 


UR1 


US 


Ce UC. VE 46 ee 76 


UT 


$1 
$2 
$3 
$4 
$5 
S6 


UT1 


UU 

UV 
*U 
*U 


*U 


*U 


Vi 
v2 


"UV 6 


“UV7 
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You should wait outside the harbor (or river mouth). 


You should wait outside the harbor until daylight. 


My estimated time of arrival (at place indicated) is (time indicated). 


What is your estimated time of arrival (at place indicated)? 


MISCELLANEOUS 


Nothing can be done until time indicated. 


Nothing can be done until daylight. 

Nothing can be done until tide has risen. 
Nothing can be done until visibility improves. 
Nothing can be done until weather moderates. 
Nothing can be done until draft is lightened. 


Nothing can be done until tugs have arrived. 


Where are you bound for? 


Where are you coming from? 


Iam bound for... 


Iam coming from... 


I am conducting innocent passage in the territorial sea. 


Your course leads into an area of the territorial sea in which the right of innocent passage 
is temporarily suspended. 


You should leave the area of the territorial sea in which the right of innocent passage is 
temporarily suspended. 


You are violating the conditions of innocent passage through the territorial sea (as indi- 
cated in the table of complements below). Request you comply with the conditions of 
innocent passage through the territorial sea. 


I am not violating the conditions of innocent passage through the territorial sea (as indi- 
cated in the table of complements below). 


Ihave ceased violating the conditions of innocent passage through the territorial sea (as 
indicated in the table of complements below). 


Having disregarded our request for compliance with the conditions of innocent passage 
through the territorial sea, you are required to leave the territorial sea immediately. 


Cross 

Meaning Reference 

You should proceed into port .... 0.0... cece eee RV 2 
Can you! lead Mme: mnto:port? i: ..c 3 ee ee ROG AE RS FSR S Ae EE we ee ae oes UH 


Code 


"UV8 
“UV 9 


SECTION 5.—MISCELLANEOUS 


Cross 
Meaning Reference 


I am conducting transit passage through an international Strait. 


Iam exercising freedom of navigation. 


Signals UV 1 - UV 9 are not mandatory. Use of these signals is not a precondition to the exercise of the right of 
innocent passage or freedom of navigation. 


UW 
UWwil1 
UW 2 
UW 3 

Ux 

UY 

UZ 

VB 

vC 
vcCl 


Conditions of innocent passage... (Complements 0-9 corresponding to the following table): 


0 By threatening or using force against our/your sovereignty, territorial integrity, or political 
independence. 

1 By exercising or practicing with weapons. 

2 By engaging in acts aimed at collecting information to the prejudice of our/your defense or 
security. 

3 By engaging in acts of propaganda aimed at affecting our/your defense or security. 

By engaging in the launching, landing or taking on board of aircraft or a military device. 


a B® 


By engaging in the loading or unloading of a commodity, currency or person contrary to the 
customs, fiscal, immigration or sanitary laws or regulations of our/your country. 


By engaging in willful and serious pollution. 
By engaging in fishing activities. 
By engaging in research or survey activities. 


own a 


By engaging in acts aimed at interfering with our/your systems of communication or other 
facilities or installations. 


I wish you a pleasant voyage. 
Thank you very much for your cooperation. I wish you a pleasant voyage. 
Welcome! 
Welcome Home! 

No information available. 


Iam unable to answer your question... 00... 2. eee eee eee YK 


Exercises 


I am carrying out exercises. Please keep clear of me. 


Bunkers 


I have bunkers for... (number) hours. 
Have you sufficient bunkers to reach port? 
Where is the nearest place at which fuel oil is available? 


Where is the nearest place at which diesel oil is available? 
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Code 


VC2 
VD 


VE 


VF 


90 


CHAPTER 2.—GENERAL SIGNAL CODE 


Meaning 


Bunkers 


Where is the nearest place at which coal is available? 


Bunkers are available at place indicated (or lat... long...). 


Fumigation 


Iam fumigating my vessel. 


No one is allowed on board ......... 0.0.0... e eee eee 


Identification 


What is the name or identity signal of your vessel (or station)? 


You should hoist your identity signal. 


Cross 
Reference 


Code 


VG 
VH 
VI 


VJ 


VK 


VL 


VM 
VN 


vo 
vP 
vQ 


VI1 


VQ0 
VQ1 
VQ2 


CHAPTER 2 


SECTION 6: METEOROLOG Y—WEATHER 


Cross 
Meaning Reference 
CLOUDS 
The coverage of low clouds is... (number of octants or eighths of sky covered). 
The estimated height of base of low clouds in hundreds of meters is... 
What is the coverage of low clouds in octants (eighths of sky covered)? 
What is the estimated height of base of low clouds in hundreds of meters? 
GALE—STORM—TROPICAL STORM 
Gale 
Gale (wind force Beaufort 8-9) is expected from direction indicated (Complements Table 3, 
Chapter 2, Section 10, Page 104). 
Storm 
Storm (wind force Beaufort 10 or above) is expected from direction indicated (Complements 
Table 3, Chapter 2, Section 10, Page 104). 
Tropical Storm 
Tropical storm (cyclone, hurricane, typhoon) is approaching. You should take appropriate pre- 
cautions. 
Tropical storm is centered at... (time indicated) in lat... long... on course... , speed... knots. 
Have you latest information of the tropical storm (near lat... long... if necessary)? 
Very deep depression is approaching from direction indicated (Complements Table 3, Chapter 
2;,section 10; Page 104) 2.0. vs ee tee a Re EW Hd ee EI ee eS WT 
There are indications of an intense depression forming in lat... long..................... WU 


ICE—ICEBERGS 


Ice 


Have you encountered ice? 
What is the character of ice, its development, and the effects on navigation? 
Character of ice: 

No ice. 

New ice (ice crystals, slush or sludge, pancake ice or ice rind). 


Young fast ice (5-15 cms thick or rotten fast ice). 
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Code 


VR 


VS 


92 


VQ3 
VQ4 


VQ5 
VQ6 
VQ7 
VQ8 
VQ9 


VRO 
VR1 
VR2 
VR3 
VR4 
VR5 
VR6 
VR7 
VR8 
VR9 


VS 0 
VS1 


VS 2 


VS 3 
vS4 
VS5 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Ice 

Open drift ice (not more than 5/8 of the water surface is covered by ice floes). 

A compressed accumulation of sludge (a compressed mass of sludge or pancake ice, the 

ice cannot spread). 

Winter fast ice (more than 15 cms in thickness). 

Close drift ice (the area is covered by ice floes to a greater extent than 5/8). 

Very close drift ice on open sea. 

Pressure ice or big, vast, heavy ice floes. 

Shore lead along the coast. 
No information available .. 0.0... 0.0... eee nee eee UX 
Ice development: 

No change. 

Ice situation has improved. 

Ice situation has deteriorated. 

Ice has been broken up. 

Ice has opened or drifted away. 

New ice has been formed and/or the thickness of the ice has increased. 

Ice has been frozen together. 

Ice has drifted into the area or has been squeezed together. 

Warning of pressure ridges. 

Warning of hummocking or ice screwing. 
No information available .. 0.2... 0.0... ec eee tenes UX 


Effects of the ice on navigation: 


Unobstructed. 


Unobstructed for power-driven vessels built of iron or steel, dangerous for wooden vessels 
without ice protection. 


Difficult for low-powered vessels without the assistance of an icebreaker, dangerous for 
vessels of weak construction. 


Possible without icebreaker only for high-powered vessels of strong construction. 
Icebreaker assistance available in case of need. 


Proceed in channel without the assistance of icebreaker. 


Code 


VT 


VU 
VV 


VW 
vx 
VY 
VZ 


“WA 
“WB 
wc 


WD 


VS 6 
VS7 
VS 8 
VS 9 


VT1 


vwvl1 


VZ1 
VZ2 


wcll 


wD1 


SECTION 6.—METEOROLOG Y—WEATHER 


Cross 
Meaning Reference 


Ice 


Possible only with the assistance of an icebreaker. 
Icebreaker can give assistance only to ships strengthened for navigation in ice. 
Temporarily closed for navigation. 
Navigation has ceased. 
No information available... 0.0.00... cece ete e een eae Ux 
Danger of ice accretion on superstructure (for example, black frost). 
I am experiencing heavy icing on superstructure. 
I have seen icefield in lat... long... 
Ice patrol ship is not on station. 


Ice patrol ship is on station. 


Icebergs 


I have seen icebergs in lat... long... 
I have encountered one or more icebergs or growlers (with or without position and time). 
One or more icebergs or growlers have been reported (with or without position and time). 
Navigation is dangerous in the area around lat... long... owing to iceberg(s). 

Navigation is dangerous in the area around lat... long... owing to floating ice. 


Navigation is dangerous in the area around lat... long... owing to pack ice. 


ICEBREAKER* 


Repeat word or group after... 
Repeat word or group before... 
I am (or vessel indicated is) fast on ice and require(s) icebreaker assistance. 
Icebreaker is being sent to your assistance. 
I require assistance in the nature of icebreaker..... 2.0.0.0... . cece ee eee CD 9 
Icebreaker is not available. 


Icebreaker cannot render assistance at present. 


t Special single letter signals for use between icebreakers and assisted vessels can be found in Chapter 1, Section 10, 
Pages 24 and 25. 
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Code 


WP 


WQ 
WR 
ws 


WT 


WU 


WV 
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CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
Navigation channel is being kept open by icebreaker. 
I can give icebreaker support only up to lat... long... 
Open channel or open area is in the direction in which aircraft is flying. 
Ican only assist if you will make all efforts to follow. 
At what time will you follow at full speed? 
The convoy will start at time indicated from here (or from lat... long...). 
You (or vessel indicated) will be number... in convoy. 
Icebreaker is stopping work during darkness. 


Icebreaker support is now commencing. Use special icebreaker support signals and keep con- 
tinuous watch for sound, visual, or radiotelephony signals. 


Icebreaker is stopping work for... (number) hours or until more favorable conditions arise. 
Icebreaker support is finished. Proceed to your destination. 


You'should:. go-astern. ax 34:04 hited Malo G ae adhe Aanla da esd Ra Ad aed BS Cada QL 


Procedural signals. 


WP 1 
WP 2 


WS 1 


ATMOSPHERIC PRESSURE—TEMPERA TURE 


Atmospheric Pressure 


Barometer is steady. 

Barometer is falling rapidly. 

Barometer is rising rapidly. 
The barometer has fallen... (umber) millibars during the past three hours. 
The barometer has risen... (number) millibars during the past three hours. 
Corrected atmospheric pressure at sea level is... (number) millibars. 

State corrected atmospheric pressure at sea level in millibars. 


Very deep depression is approaching from direction indicated (Complements Table 3, Chap- 
ter 2, Section 10, Page 104). 


There are indications of an intense depression forming in lat... long... 
Temperature 


The air temperature is sub-zero (centigrade). 


Code 


Www 
wx 


WY 


WZ 
XA 


XB 


XC 
XD 


XE 


SECTION 6.—METEOROLOG Y—WEATHER 


Cross 
Meaning Reference 


Temperature 


The air temperature is expected to be sub-zero (centigrade). 


SEA—SWELL 


Sea 


What are the sea conditions in your area (or around lat... long...)? 


The true direction of the sea in tens of degrees is... (number following indicates tens of 
degrees). 


The state of the sea is... (Complements 0-9 corresponding to the following table which mea- 
sures wave height): 


0 Calm (glassy) Om 0 ft 

1 Calm (rippled) 0-0.1m 0-!/, ft 

2 Smooth (wavelets) 0.1-0.5m 1/,-1 2/, ft 
3 Slight 0.5-1.2 m 1 7/3-4 ft 
4 Moderate 1.25-2.5m 4-8 ft 

5 Rough 2.5-4m 8-13 ft 

6 Very rough 4-6m 13-20 ft 
7 High 6-9m 20-30 ft 
8 Very high 9-14m 30-45 ft 
9 Phenomenal over 14m over 45 ft 


What are the forecast sea conditions in my area (or area around lat... long...)? 


The true direction of the sea in tens of degrees is expected to be... (number following indi- 
cates tens of degrees). 


The state of the sea is expected to be... (Complements 0-9 as in the table above). 


Swell 


What are the swell conditions in your area (or area around lat... long...)? 


The true direction of the swell in tens of degrees is... (number following indicates tens of 
degrees). 


The state of the swell is... (Complements 0-9 corresponding to the following table): 
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Code 


XF 
XG 


XH 


XI 
xJ 
XK 
XL 


XM 
XN 
XO 


XP 
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XL1 
XL 2 


xO1 
XO2 


XP 1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 
O No swell... 
1 short or middle......... } weak—approximate height <2 m (6 ft.) 
2 LONG siskescevessacesstecteces 
B SHOPS sss:cesesess seve csseks 
4 Middle... eee \ moderate—approximate height 2-4 m (6-12 ft.) 
S- LONG ssisssecsesciese cess 
GSHOLTi ss scasssseiee eset 
7 Middle... eee } high—approximate height > 4 m (12 ft.) 
B LONG. sis ccesessscieces bess 
9 Confused 
What are the forecast swell conditions in my area (or area around lat... long...)? 
The true direction of the swell in tens of degrees is expected to be... (number following indi- 
cates tens of degrees). 
The state of the swell is expected to be... (Complements 0-9 as in the table above). 
Tsunami (phenomenal wave) is expected. You should take appropriate precautions......... ND 


VISIBILITY—FOG 


Indicate visibility. 
Visibility is... (aumber) tenths of nautical miles. 
Visibility is variable between... and... (maximum and minimum in tenths of nautical miles). 
Visibility is decreasing. 

Visibility is increasing. 

Visibility is variable. 
What is the forecast visibility in my area (or area around lat... long...)? 
Visibility is expected to be... (number) tenths of nautical miles. 
Visibility is expected to decrease. 

Visibility is expected to increase. 

Visibility is expected to be variable. 
I am (or vessel indicated is) stopped in thick fog. 


I am entering zone of restricted visibility. 


Code 


XQ 
XR 


XS 
XT 


XU 


XV 


XW 
XX 
XY 
XZ 


YA 


XR 1 
XR 2 
XR 3 


XT1 
XT 2 
XT 3 


XU 1 


SECTION 6.—METEOROLOG Y—WEATHER 


Meaning 


WEA THER—WEA THER FORECAST 


What weather are you experiencing? 
Weather is good. 
Weather is bad. 
Weather is moderating. 
Weather is deteriorating. 
Weather report is not available. 
Weather expected is bad. 
Weather expected is good. 
No change is expected in the weather. 
What weather is expected? 
You should wait until the weather moderates. 


I will wait until the weather moderates. 


Cross 
Reference 


Please give weather forecast for my area (or area around lat... long...) in “MAFOR Code. 


MAFOR is the prefix used to identify an International Coded Weather Forecast for Shipping. 


XZ 1 
XZ 2 
XZ 3 
XZ 4 
XZ5 
XZ 6 


WIND 


What is the true direction and force of wind in your area (or area around lat... long...)? 


True direction of wind is... (Complements Table 3, Chapter 2, Section 10, Page 104). 


Wind force is Beaufort Scale... (numerals 0-12). 
What is the wind doing? 

The wind is backing. 

The wind is veering. 

The wind is increasing. 

The wind is squally. 

The wind is steady in force. 


The wind is moderating. 


What wind direction and force is expected in my area (or area around lat 


... long...)? 
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Code 


YB 


YC 
YD 
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YD1 
YD2 
YD3 
YD4 
YD5 
YD6 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


True direction of wind is expected to be... (Complements Table 3, Chapter 2, Section 10, Page 
104). 


Wind force expected is Beaufort Scale... (numerals 0-12). 
What is the wind expected to do? 

The wind is expected to back. 

The wind is expected to veer. 

The wind is expected to increase. 

The wind is expected to become squally. 

The wind is expected to remain steady in force. 


The wind is expected to moderate. 


CHAPTER 2 


SECTION 7: ROUTING OF SHIPS 


Cross 
Code Meaning Reference 
YG You appear not to be complying with the traffic separation scheme. 
It is dangerous to proceed on present COUTSE... 1... ee eee e eens MY 2 
You should proceed with great caution ...... 0.0... ec ee eee NE 
You are in a dangerous position... 1... 2... cent e ee e eee ae NG 
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SECTION 8: COMMUNICATIONS 


Cross 
Code Meaning Reference 
ACKNOWLEDGE—ANSWER 
YH I have received the following from... (name or identity signal of vessel or station). 
YI I have received the safety signal sent by... (name or identity signal). 
YJ Have you received the safety signal sent by... (name or identity signal)? 
YK Iam unable to answer your question. 
Received, or I have received your last signal. ... 22... 0... cece cee eee eens R* 
* Procedural signal. 
CALLING 
YL I will call you again at... hours (on... kHz or MHz). 
YM Who is calling me? 
CANCEL 
YN Cancel my last signal/message. 
My last signal was incorrect. I will repeat it correctly... 0.2... eee eee eee ZP 
COMMUNICATE 


I wish to communicate with you by... (Complements Table 1, Chapter 2, Section 10, Page 104). K* 


I wish to communicate with you ...... 0... cece eee tenn n ene eneee K 
YO I am going to communicate by... (Complements Table 1, Chapter 2, Section 10, Page 104). 
YP I wish to communicate with vessel or coast station (identity signal) by... (Complements Table 


1, Chapter 2, Section 10, Page 104). 


YQ I wish to communicate by... (Complements Table 1, Chapter 2, Section 10, Page 104) with 
vessel bearing... from me. 

YR Can you communicate by... (Complements Table 1, Chapter 2, Section 10, Page 104)? 
YS I am unable to communicate... (Complements Table 1, Chapter 2, Section 10, Page 104). 
YT I cannot read your... (Complements Table 1, Chapter 2, Section 10, Page 104). 
“YU Iam going to communicate with your station by means of the International Code of Signals. 
“YV The groups which follow are from the International Code of Signals. 

YV1 The groups which follow are from the local code. 
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Cross 
Code Meaning Reference 
YW I wish to communicate by radiotelegraphy on frequency indicated. 
YX I wish to communicate by radiotelephony on frequency indicated. 
YY I wish to communicate by VHF radiotelephony on channel indicated. 
YZ The words which follow are in plain language. 
ZA I wish to communicate with you in... (language indicated by following complements). 
ZA 0 Dutch 
ZA 1 English 
ZA 2 French 
ZA 3 German 
ZA 4 Greek 
ZA 5 Italian 
ZA 6 Japanese 
ZA 7 Norwegian 
ZA 8 Russian 
ZA 9 Spanish 
ZB Ican communicate with you in language indicated (complements as above). 
ZC Can you communicate with me in language indicated (complements as above)? 
ZD Please communicate the following to all shipping in the vicinity. 
ZD 1 Please report me to Coast Guard New York. 
ZD 2 Please report me to Lloyd’s London. 
ZD 3 Please report me to Minmorflot Moscow. 
ZD 4 Please report me to MSA Tokyo. 
ZE You should come within visual signal distance. 
You should keep within visual signal distance from me (or vessel indicated).............. PR2 
I have established communications with the aircraft in distress on 2182 kHz ............. BC 
Can you communicate with the aircraft?. 2.2... eee eee BC 1 
I have established communications with the aircraft in distress on... KHz................ BD 
I have established communications with the aircraft in distress on... MHz............... BE 


* 


With one numeral. 
“* The abbreviation INTERCO may also be used to mean: “International Code group(s) follow(s)’. 
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Code 


ZF 


ZG 
ZH 


ZI 
ZJ 
ZK 


ZL 


ZM 


ZN 
ZO 


ZP 
ZQ 
ZR 
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ZM 1 


ZO 1 


CHAPTER 2.—GENERAL SIGNAL CODE 


Cross 
Meaning Reference 


EXERCISE 


I wish to exercise signals with you by... (Complements Table 1, Chapter 2, Section 10, Page 
104). 


It is not convenient to exercise signals. 


Exercise had been completed. 


RECEPTION—TRANSMISSION 


I can receive but not transmit by... (Complements Table 1, Chapter 2, Section 10, Page 104). 
I can transmit but not receive by... (Complements Table 1, Chapter 2, Section 10, Page 104). 


I cannot distinguish your signal. Please repeat it by... (Complements Table 1, Chapter 2, Sec- 
tion 10, Page 104). 


Your signal has been received but not understood. 
I cannot read your... (Complements Table 1, Chapter 2, Section 10, Page 104). ........... YT 
You should send (or speak) more slowly. 
Shall I send (or speak) more slowly? 
You should send each word or group twice. 
You should stop sending. 


Shall I stop sending? 


REPEAT 


My last signal was incorrect. I will repeat it correctly. 
Your signal appears incorrectly coded. You should check and repeat the whole. 


Repeat the signal now being made to me by vessel (or coast station)... (name or identity sig- 
nal). 


Code 


ZS 


ZT 
ZU 


ZV 
ZW 


ZX 


ZY 
ZZ 


* 


ZW 1 


ZZ1 


CHAPTER 2 


SECTION 9: INTERNATIONAL HEALTH REGULATIONS 


Cross 
Meaning Reference 


PRATIQUE MESSAGES 


My vessel is “healthy” and I request free pratique .......... 0... cee eee eee teens Q 
“require health clearance ..... 0... ccc eee e eben ene eens QQ 
My Maritime Declaration of Health has negative answers to the six Health Questions. 


My Maritime Declaration of Health has a positive answer to Health Question(s)... (Health 
Questions are indicated by complements 1-6). 


I believe I have been in an infected area during the last thirty days. 

I require Port Medical Officer. 
Port Medical Officer will be available at (time indicated). 

You should make the appropriate pratique signal. 

You have pratique. 

You should proceed to anchorage for health clearance (at place indicated). 
Where is the anchorage for health clearance? 


[ERave a:doctor on. board:c ss ec. Shak a eh ehh a ot a a el od its g AL 


By night a red light over a white light may be shown, where it can best be seen, by vessels requiring health clear- 
ance. These lights should only be about 6 feet apart, should be exhibited within the precincts of a port and should 
be visible all around the horizon as nearly as possible. 
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SECTION 10: TABLES OF COMPLEMENTS 


Table 1 


1. Morse signaling by hand flags or arms 
2. Loud hailer (megaphone) 

3. Morse signaling lamp 

4. Sound signals 


Table 2 


0. Water 

1. Provisions 

2. Fuel 

3. Pumping equipment 
4. Firefighting appliances 
5. Medical assistance 
6. Towing 

7. Survival craft 

8. Vessel to stand by 
9. Icebreaker 


Table 3 


0. Direction unknown (or calm) 
1. Northeast 
2. East 

3. Southeast 
4. South 

5. Southwest 
6. West 

7. Northwest 

8. North 

9. All directions (or confused or variable) 
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SECTION 1: EXPLANATION AND INSTRUCTIONS 


General 


1. Medical advice should be sought and given in plain language whenever it is possible but, if language difficulties are encoun- 
tered, this Code should be used. 
2. Even when plain language is used, the text of the Code and the instructions should be followed as far as possible. 
3. Reference is made to the procedure signals “*C”, “*N”, or “NO” and “RQ” which, when used after the main signal, change 
its meaning into affirmative, negative and interrogative, respectively. (See Chapter 1, Section 6, Paragraph 3.(j), Page 11.) 
Example: 
“MFE N” = “Bleeding is not severe”. 
“MFE RQ” = “Ts bleeding severe?” 


INSTRUCTIONS TO MASTERS 


Standard method of case description 


1. The master should make a careful examination of the patient and should try to collect, as far as possible, information covering 
the following subjects: 

(a) Description of the patient (Chapter 3, Section 2., Page 109); 

(b) Previous health (Chapter 3, Section 2., Page 110); 

(c) Localization of symptoms, diseases, or injuries (Chapter 3, Section 2., Page 110); 

(d) General symptoms (Chapter 3, Section 2., Page 110); 

(e) Particular symptoms (Chapter 3, Section 2., Page 114); 

(f) “Diagnosis (Chapter 3, Section 3., Page 125). 

2. Such information should be coded by choosing the appropriate groups from the corresponding sections of this chapter. It 
would help the recipients of the signal if the information is transmitted in the order stated in Paragraph 1. 

3. Chapter 3, Section 2., Page 109, contains signals which can be used independently, i.e. with or without the description of the 
case. 

4. After a reply from the doctor has been received and the instructions therein followed, the master can give a progress report 
by using signals from Chapter 3, Section 2., Page 123. 


INSTRUCTIONS TO DOCTORS 


1. Additional information can be requested by using Chapter 3, Section 3, Page 125. 
Example: 
“MQB” = “I cannot understand your signal, please use standard method of case description”. 
2. For diagnosis*, Chapter 3, Section 3., Page 125, should be used. 
Example: 
“MQE 26” = “My probable diagnosis is cystitis”. 
3. Prescribing should be limited to the “List of Medicaments” which comprises Table M-3 in Chapter 3, Section 4, Pages 134 
and 135, of the Code. 
4. For special treatment, signals from Chapter 3, Section 3., Pages 125 through 127, should be used. 
Example: 
“MRP 4” = “Apply ice-cold compress and renew every 4 hours”. 
5. When prescribing a medicament (Chapter 3, Section 3., page 127) three signals should be used as follows: 
(a) the first (Chapter 3, Section 3., Page 127, and Table M-3 in Chapter 3, Section 4, Pages 134 and 135) to signify the me- 
dicament itself. 


* 


Chapter 3, Section 3, Page 125 , “Diagnosis”, can be used by both the master (“request for medical assistance”) 
and the doctor (“medical advice’). 
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Example: 


“MTD 32” = “You should give aspirin tablets”. 
(b) the second (Chapter 3, Section 3, Page 127) to signify the method of administration and dose. 


Example: 


“MTI 2” = “You should give by mouth 2 tablets/capsules”. 
(c) the third (Chapter 3, Section 3, Page 127) to signify the frequency of the dose. 


Example: 


“MTQ 8” = “You should repeat every 8 hours”. 
6. The frequency of external applications is coded in Chapter 3, Section 3, Page 128. 


Example: 


“MTU 4” = “You should apply every 4 hours”. 
7. Advice concerning diet can be given by using signals from Chapter 3, Section 3, Page 128. 


Example: 
“MUC” = “Give water only in small quantities”. 


EXAMPLES 


As an example, two cases of request for assistance and the corresponding replies are drafted below: 


CASE ONE 


Request for medical assistance 


“T have a male age (44) years. Patient has been ill for (2) days. Patient has suffered from (bronchitis acute). Onset was sudden. 
Patient is delirious. Patient has fits of shivering. Temperature taken in mouth is (40). Pulse rate per minute is (110). The rate of 
breathing per minute is (30). Patient is in pain (chest). Part of the body affected is right (chest). Pain is increased on breathing. 
Patient has severe cough. Patient has blood-stained sputum. Patient has been given (penicillin injection) without effect. Patient 
has received treatment by medicaments in last (18) hours. My probable diagnosis is (pneumonia).” 


Medical advice 


“Your diagnosis is probably right. You should continue giving (penicillin injection). You should repeat every (12) hours. Put 
patient to bed lying down at absolute rest. Keep patient warm. Give fluid diet, milk, fruit juice, tea, mineral water. Give water 
very freely. Refer back to me in (24) hours or before if patient worsens.” 


CASE TWO 


Request for medical assistance 


“T have a male aged (31) years. Patient has been ill for (3) hours. Patient has had no serious previous illness. Pulse rate per 
minute is (95). Pulse is weak. Patient is sweating. Patient is in pain in lumbar (kidney) region. The part affected is left lumbar 
(kidney) region. Pain is severe. Pain is increased by hand pressure. Bowels are regular.” 


Request for additional information 


“T cannot make a diagnosis. Please answer the following question(s). Temperature taken in the mouth is (number). Pain radiates 
to groin and testicle. Patient has pain on passing water. Urinary functions normal. Vomiting is present.” 


Additional information 


“Temperature taken in mouth is (37). Pain radiates to groin and testicle. Patient has pain on passing water. Patient is passing 
small quantities of urine frequently. Vomiting is absent. Patient has nausea.” 


Medical advice 


“My probable diagnosis is kidney stone (renal colic). You should give morphine injection. You should give by subcutaneous 
injection (15) milligrams. Give water freely. Apply hot water bottle to lumbar (kidney) region. Patient should be seen by doctor 
when next in port.” 
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SECTION 2: REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Code Meaning Reference 
REQUEST—GENERAL INFORMATION 
MAA I request urgent medical advice. 
MAB I request you to make rendezvous in position indicated. 
MAC I request you to arrange hospital admission. 
MAD Iam... (indicate number) hours from the nearest port. 
MAE I am converging on nearest port. 
MAF Iam moving away from nearest port. 
I require medical assistance... 0.0... ccc cent e eee eae w 
Thavé'a: doctor on: boatd:) a .0 hss oe ae Abo eee eG HA Shee CS eee ed AL 
Have: you a doctor? ..s 35 ae hepato de oaed aided edt ARON AU Rs OE De ee eee AM 
Teneed a: doctor sc.3: sieves Sees Sate ste sh ache NA ae we eae eens gk tes AN 
I need a doctor; I have severe DUNS... 2.0... een tenet teen nes AN1 
I need a doctor; I have radiation casualties .... 0... eet eee nee AN 2 
I require a helicopter urgently with a doctor .... 0... eee eee teenies BR 2 
I require a helicopter urgently to pick up injured/sick person.................0.000000- BR3 
Helicopter is coming to you now (or at time indicated) with a doctor ................04- BT 2 
Helicopter is coming to you now (or at time indicated) to pick up injured/sick person ...... BT 3 
I have injured/sick person (or number of persons indicated) to be taken off urgently........ AQ 
You should send a helicopter/boat with a stretcher .......... 00.0.0... c eee eee eee eee BS 
A helicopter/boat is coming to take injured/sick........ 0.0.0.0 eee ec eee BU 
You should send injured/sick persons tome .......... 0... cece cece eee AT 
DESCRIPTION OF PATIENT 
MAJ Ihave a male aged . . . (number) years. 
MAK I have a female aged . . . (number) years. 
MAL Ihave a female . . . (number) months pregnant. 
MAM Patient has been ill for . . . (number) days. 
MAN Patient has been ill for . . . (number) hours. 
MAO General condition of the patient is good. 
MAP General condition of the patient is serious. 
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Code 


MAQ 
MAR 
MAS 
MAT 


MAU 


MBA 
MBB 
MBC 
MBD 


MBE 
MBF 
“MBG 
“MBH 
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Cross 
Meaning Reference 


General condition of the patient is unchanged. 
General condition of the patient has worsened. 


Patient has been given . . . (Table M-3 in Chapter 3, Section 4, Pages 134 and 135) with effect. 


Patient has been given . . . (Table M-3 in Chapter 3, Section 4, Pages 134 and 135) without 
effect. 


Patient has received treatment by medicaments in last . . . (indicate number) hours. 


PREVIOUS HEALTH 


Patient has suffered from . . . (Table M-2 in Chapter 3, Section 4, Page 133). 
Patient has had previous operation . . . (Table M-2 in Chapter 3, Section 4, Page 133). 
Patient has had no serious previous illness. 


Patient has had no relevant previous injury. 


LOCALIZATION OF SYMPTOMS, DISEASES, OR INJURIES 


The whole body is affected. 

The part of the body affected is . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

The part of the body affected is right .. . (Table M-1 in Chapter 3, Section 4, Page 130). 
The part of the body affected is left .. . (Table M-1 in Chapter 3, Section 4, Page 130). 


To be used when right and left side of the body or limb need to be differentiated. 


MBP 
MBQ 


MBR 
MBS 
MBT 
MBU 
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GENERAL SYMPTOMS 


Onset was sudden. 


Onset was gradual. 


Temperature 


Temperature taken in mouth is . . . (number). 
Temperature taken in rectum is . . . (number). 
Temperature in the morning is . . . (number). 


Temperature in the evening is . . . (number). 


Code 


MBV 
MBW 


MBX 
MBY 
MBZ 
MCA 
MCB 
MCC 


MCD 


MCE 
MCF 
MCG 
MCH 
MCI 


MCJ 


MCL 
MCM 
MCN 
MCO 


MCP 


MCR 
MCT 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Meaning 
Temperature 
Temperature is rising. 
Temperature is falling. 
Pulse 


The pulse rate per minute is . . . (number). 
The pulse rate is irregular. 

The pulse rate is rising. 

The pulse rate is falling. 

The pulse is weak. 

The pulse is too weak to count. 


The pulse is too rapid to count. 


Breathing 


The rate of breathing per minute is . . . (number) (in and out being counted as one breath). 


The breathing is weak. 
The breathing is wheezing. 
The breathing is regular. 
The breathing is irregular. 


The breathing is strenuous (noisy). 


Sweating 


Patient is sweating. 

Patient has fits of shivering (chills). 
Patient has night sweats. 

Patient’s skin is hot and dry. 


Patient is cold and clammy. 


Mental State and Consciousness 


Patient is conscious. 


Patient is semiconscious but can be roused. 


Cross 
Reference 
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Code 


MCU 
MCV 
MCW 
MCX 
MCY 
MCZ 
MDC 


MDD 


MDF 
MDG 
MDJ 
MDL 
MDM 
MDN 
MDO 
MDP 
MDQ 
MDR 
MDT 
MDU 
MDV 
MDW 
MDX 


MDY 


MED 
MEF 
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Cross 
Meaning Reference 


Mental State and Consciousness 


Patient is unconscious. 

Patient found unconscious. 

Patient appears to be in a state of shock. 

Patient is delirious. 

Patient has mental symptoms. 

Patient is paralyzed .. . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient is restless. 


Patient is unable to sleep. 
Pain 


Patient is in pain .. . (Table M-1 in Chapter 3, Section 4, Page 130). 
Pain is a dull ache. 

Pain is slight. 

Pain is severe. 

Pain is intermittent. 

Pain is continuous. 

Pain is increased by hand pressure. 

Pain radiates to... (Table M-1 in Chapter 3, Section 4, Page 130). 
Pain is increased on breathing. 

Pain is increased by action of bowels. 

Pain is increased on passing water. 

Pain occurs after taking food. 

Pain is relieved by taking food. 

Pain has no relation to taking food. 

Pain is relieved by heat. 


Pain has ceased. 
Cough 


Cough is present. 


Cough is absent. 


Code 


MEG 
MEJ 
MEL 


MEM 
MEN 
MEO 


MEP 
MEQ 


MER 
MET 


MEU 
MEV 


MEW 
MEX 
MEY 
MEZ 
MFA 
MFB 
MFC 


MFD 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Meaning Reference 


Bowels 


Bowels are regular. 
Patient is constipated and bowels last opened . . . (indicate number of days). 


Patient has diarrhea . . . (indicate number of times daily). 


Vomiting 
Vomiting is present. 
Vomiting is absent. 
Patient has nausea. 

Urine 

Urinary functions normal. 
Urinary functions abnormal. 

Bleeding 


Bleeding is present . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


Bleeding is absent. 


Rash 


A rash is present . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


A rash is absent. 


Swelling 


Patient has a swelling .. . (Table M-1 in Chapter 3, Section 4, Page 130). 
Swelling is hard. 

Swelling is soft. 

Swelling is hot and red. 

Swelling is painful on hand pressure. 

Swelling is discharging. 

Patient has an abscess . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has a carbuncle . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
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Code 


MFE 
MFF 
MFG 
MFH 
MFI 
MFJ 
MFK 
MFL 
MFM 
MEN 
MFO 
MFP 
MFQ 
MFR 
MFS 
MFT 
MFU 
MFV 
MFW 
MFX 
MFY 
MFZ 
MGA 
MGB 
MGC 
MGD 


MGE 
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Cross 
Meaning Reference 
PARTICULAR SYMPTOMS 
Accidents, Injuries, Fractures, Suicide, and Poisons 
Bleeding is present . . . (Table M-1 in Chapter 3, Section 4, Page 130)................... MER 


Bleeding is severe. 

Bleeding is slight. 

Bleeding has been stopped by pad(s) and bandaging. 

Bleeding has been stopped by tourniquet. 

Bleeding has stopped. 

Bleeding cannot be stopped. 

Patient has a superficial wound . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has a deep wound . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has penetrating wound . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has a clean-cut wound . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has a wound with ragged edges . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has a discharging wound . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has contusion (bruising) . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Wound is due to blow. 

Wound is due to crushing. 

Wound is due to explosion. 

Wound is due to fall. 

Wound is due to gunshot. 

Patient has a foreign body in wound. 

Patient is suffering from concussion. 

Patient cannot move the arm . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient cannot move the leg . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has dislocation . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient has simple fracture . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has compound fracture . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has comminuted fracture . .. (Table M-1 in Chapter 3, Section 4, Page 130). 


Patient has attempted suicide. 


Code 


MGF 
MGG 
MGH 
MGI 
MGJ 
MGK 
MGL 
MGM 
MGN 
MGO 
MGP 
MGQ 
MGR 
MGS 


MGT 


MGU 
MGV 
MHA 
MHB 
MHC 
MHD 
MHF 
MHG 
MHJ 

MHK 


MHL 


MHM 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Meaning Reference 


Accidents, Injuries, Fractures, Suicide, and Poisons 


Patient has cut throat. 

Patient has superficial burn . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient has severe burn . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient is suffering from noncorrosive poisoning (no staining and burning of mouth and lips). 
Patient has swallowed corrosive (staining and burning of mouth and lips). 

Patient has swallowed unknown poison. 

Patient has swallowed a foreign body. 

Emetic has been given with good results. 

Emetic has been given without good results. 

No emetic has been given. 

Patient has had corrosive thrown on him . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has inhaled poisonous gases, vapors, dust. 

Patient is suffering from animal bite . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient is suffering from snake bite . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


Patient is suffering from gangrene . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


Diseases of Nose and Throat 


Patient has nasal discharge. 
Patient has foreign body in nose. 
Lips are swollen. 

Tongue is dry. 

Tongue is coated. 

Tongue is glazed and red. 
Tongue is swollen. 

Patient has ulcer on tongue. 
Patient has ulcer in mouth. 
Gums are sore and bleeding. 
Throat is sore and red. 


Throat has pinpoint white spots on tonsils. 
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Code 


MHN 
MHO 
MHP 
MHQ 
MHR 


MHT 


MHV 


MHY 


MIN 
MIO 


MIP 
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Cross 
Meaning Reference 


Diseases of Nose and Throat 


Throat has gray white patches on tonsils. 

Throat hurts and is swollen on one side. 

Throat hurts and is swollen on both sides. 

Swallowing is painful. 

Patient cannot swallow. 

Patient has hoarseness of voice. 

Patient has swallowed a foreign body ......... 0.0... eee cece MGL 


Patient has severe toothache. 


Diseases of Respiratory System 


Patient has pain in chest on breathing . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Breathing 1s: wheezing 06s ss es eg ees Coe da ek eee owas ae eee ade ee MCG 
Breathing is deep. 

Patient has severe shortness of breath. 

Patient has asthmatical attack. 

Cough 18 abSentc eho 6 ees eae Sue ote nals Te a thae He ane eS s Sear Getbehh Spaeees ree + MEF 
Patient has severe cough. 

Cough is longstanding. 

Patient is coughing up blood. 

Patient has no sputum. 

Patient has abundant sputum. 

Sputum is offensive. 

Patient has bloodstained sputum. 


Patient has blueness of face. 
Diseases of the Digestive System 


Patient has tarry stool. 
Patient has clay-colored stool. 
Patient has diarrhea . . . (indicate number of times daily) .......... 20.0.0. ee eee eee eee MEL 


Patient has diarrhea with frequent stools like rice water. 


Code 


MIQ 
MIR 


MIT 
MIU 


MJK 
MJM 
MJN 
MJO 


MJP 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Meaning Reference 


Diseases of the Digestive System 


Patient is passing blood with stools. 

Patient is passing mucus with stools. 

Patient has nausea sis: s.sck es ees eee RS AS Lb SU Ne eee MEO 
Patient has persistent hiccough. 

Patient has cramp pains and vomiting. 

VOMIUNE:15: PrESeNE:..<, scars Bw ose eets tabi Gn- Ghee Sawa ann, Gtincd op ee esbableny gael GE Siw Seelam MEM 
VOMILIN G18 -ADSENE 4 wht Sy oA SE Sere ne ek GR SY EDR oh Rais SRR endl See eceeataly MEN 

Vomiting has stopped. 

Vomiting is persistent. 

Vomit is streaked with blood. 

Patient vomiting much blood. 

Vomit is dark (like coffee grounds). 

Patient vomits any food and liquid given. 

Amount of vomit is . . . (indicate in deciliters: 1 deciliter equals one-sixth of a pint). 

Frequency of vomiting is . . . (indicate number) daily. 

Patient has flatulence. 

Wind has not been passed per anus for . . . (indicate number of hours). 

Wind is being passed per anus. 

Abdomen is distended. 

Abdominal wall is soft (normal). 

Abdominal wall is hard and rigid. 

Abdominal wall is tender . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient is in pain .. . (Table M-1 in Chapter 3, Section 4, Page 130) .................... MDF 

Patient has a swelling .. . (Table M-1 in Chapter 3, Section 4, Page 130) ................ MEW 
Hernia is present. 

Hernia cannot be replaced. 

Hernia is painful and tender. 

Patient has bleeding hemorrhoids. 


Hemorrhoids cannot be reduced (put back in place). 
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Code 


MJS 
MJT 
MJU 
MJV 
MJW 
MJX 


MJY 


MKA 
MKB 
MKC 
MKD 
MKE 
MKF 
MKH 
MKI 

MKJ 

MKK 


MKL 


MKP 
MKQ 
MKR 
MKS 

MKT 


MKU 
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Cross 
Meaning Reference 


Diseases of the Genitourinary System 


Patient is in pain . . . (Table M-1 in Chapter 3, Section 4, Page 130) ................0... MDF 
Patient has pain on passing water. 

Patient has pain in penis at end of passing water. 

Patient has pain spreading from abdomen to penis, testicles, or thigh. 

Patient is unable to hold urine (incontinent). 

Patient is unable to pass urine. 

Patient is passing small quantities of urine frequently. 


Amount of urine passed in 24 hours . . . (indicate number in deciliters: 1 deciliter equals one- 
sixth of a pint). 


Urinary functions normal... 1.2... ence eect nee n tenes MEP 
Urine contains albumen. 

Urine contains sugar. 

Urine contains blood. 

Urine is very dark brown. 

Urine is offensive and may contain pus. 
Penis is swollen. 

Foreskin will not go back to normal position. 
Patient has swelling of testicles. 

Shall I pass a catheter? 

I have passed a catheter. 


Iam unable to pass a catheter. 


Diseases of the Nervous System and Mental Diseases 


Patient has headache . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Headache is throbbing. 

Headache is very severe. 

Head cannot be moved forwards to touch chest. 

Patient cannot feel pinprick . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


Patient is unable to speak properly. 


Code 


MKV 


MKW 
MKX 
MKY 


MKZ 


MLA 


MLB 
MLC 


MLD 


MLE 


MLF 


MLG 


MLH 
MLI 
MLJ 


MLK 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Meaning Reference 
Diseases of the Nervous System and Mental Diseases 
Giddiness (vertigo) is present. 
Patient is paralyzed . . . (Table M-1 in Chapter 3, Section 4, Page 130).................. MCZ 
Patient 1§: CONSCIOUS sez sethantes SAS hae osha RRA a A aA a be te hcaes MCR 
Patient is semiconscious but can be roused ..... 2.0... . ee eee eens MCT 
Patient15 UNCONSCIOUS 2534-54 Meet Sti heh Re She Ra Oa hy SA eae bei MCU 
Pupils are equal in size. 
Pupils are unequal in size. 
Pupils do not contract in a bright light. 
Patient has no control over his bowels. 
Patient has fits associated with rigidity of muscles and jerking of limbs—indicate number of 
fits per 24 hours. 
Patient has mental symptoms... 1... 0.0.0... eee cence eee eae MCY 
Patient has delusions. 
Patient is depressed. 
Patiént:1s ‘dehniOus =: 6.4.2. sh3 4 eek We yh ah A oa dee ace ed aes Sk a MCX 
Patient is uncontrollable. 
Patient has attempted suicide... 1.0... cee eens MGE 
Patient has had much alcohol. 
Patient has delirium tremens. 
Patient has bedsores . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Diseases of the Heart and Circulatory System 

Patient is in pain . . . (Table M-1 in Chapter 3, Section 4, Page 130) ................0.0.. MDF 
Pain has been present for . . . (indicate number of minutes). 
Pain in chest is constricting in character. 
Pain is behind the breastbone. 
Pain radiates to . . . (Table M-1 in Chapter 3, Section 4, Page 130) ..................0.. MDP 
Patient has blueness: of 14C@:. 16s seh. esse ee ig SWAB RA A a PER aes MIM 


Patient has pallor. 
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Code 


MLL 
MLM 
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Meaning 


Diseases of the Heart and Circulatory System 


The rate of breathing per minute is . . . (number) (in and out being counted as one 


breath). ecco ee ea anv otha Bae hae tad Palio alee eae 
Phe: pulse:18 Weak 066424 4Ao iw wet Weed Gaskte bnd bh etre eden Wea 
The: pulse-rate:18 1re gal are 05 see ate ee ORE ee Oe ee RONG GND BES 
The pulse is too weak to count... 1.0... cece eee teen ene neee 


The pulse is too rapid to count... 1... ee cee teen en ene 


Breathing is difficult when lying down. 
Swelling of legs that pits on pressure. 


Patient has varicose ulcer. 


Infectious and Parasitic Diseases 


Rash has been present for . . . (indicate number of hours). 

Rash first appeared on. . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Rash is spreading to . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Rash is fading. 

Rash is itchy. 

Rash is not itchy. 

Rash looks like general redness. 

Rash looks like blotches. 

Rash looks like small blisters containing clear fluid. 

Rash looks like larger blisters containing pus. 

Rash is weeping (oozing). 

Rash looks like weals. 

Rash consists of rose-colored spots that do not blench on pressure. 


Skin is yellow. 


Patient has an abscess . . . (Table M-1 in Chapter 3, Section 4, Page 130) ........... 


Patient has buboes .. . (Table M-1 in Chapter 3, Section 4, Page 130). 
Patient has been isolated. 
Should patient be isolated? 


I have had (indicate number) similar cases. 


Cross 
Reference 


Code 


Ss & & 
a+ 
A FO 


58585 
zZ2258 6 
N < K 


< 
Zz 
& 


MNC 


MNG 
MNH 
MNI 


< 
< 
= 
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Meaning 


Infectious and Parasitic Diseases 


Patient has diarrhea with frequent stools like rice water.......... 
Patient has never been successfully vaccinated against smallpox .. . 
Patient was last vaccinated .. . (date indicated)................. 


Patient has vaccination marks ......... 0.0.0.0 cee ee eee eens 


Venereal Diseases (See also Diseases of Genitourinary System.) 


Patient has discharge from penis. 
Patient has previous history of gonorrhea. 
Patient has single hard sore on penis. 


Patient has multiple sores on penis. 


Patient has buboes . . . (Table M-1 in Chapter 3, Section 4, Page 130)................... 


Patient has swollen glands in the groin. 


End of penis is inflamed and swollen. 


Diseases of the Ear 


Patient is in pain. . . (Table M-1 in Chapter 3, Section 4, Page 130) 
Patient has boil in ear(s). 

Patient has discharge of blood from ear(s). 

Patient has discharge of clear fluid from ear(s). 

Patient has discharge of pus from ear(s). 

Patient has hearing impaired. 


Patient has foreign body in ear. 


Giddiness (vertigo) is present ............ 0.00.0... 000-2 


Patient has constant noises in ear(s). 


Diseases of the Eye 


Patient is in pain .. . (Table M-1 in Chapter 3, Section 4, Page 130) 
Patient has inflammation of eye(s). 
Patient has discharge from eye(s). 


Patient has foreign body embedded in the pupil area of the eye. 


Cross 
Reference 


MIP 

MUT 
MUU 
MUV 


MMF 


MDF 


MKV 


MDF 
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Code 


Ss s 5 
Z2 2 


S 
Z 


= 
Zz 
622 6 & & 


S 
Z 


MNP 


Ss Ss & & 
ZA22 2 
eee 44 


S 
Z 


MOA 
MOB 
MOC 
MOD 
MOE 


MOF 
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Cross 
Meaning Reference 


Diseases of the Eye 


Eyelids are swollen. 

Patient cannot open eyes (raise eyelids). 

Patient has foreign body embedded in the white of the eye. 

Patient has double vision when looking at objects with both eyes open. 

Patient has sudden blindness in one eye. 

Patient has sudden blindness in both eyes. 

Pupils:are equal n-S1Z0 se. sewed sine she the See ee hie ee ba A SE Se be Wem hare Seen bay MKW 
Pupils-are-unequal 1n’s1Ze"s shone shlsad ce she A RaSh aig BN A Ae HA Le BE EES MKX 
Pupils do not contract in a bright light... 2.0.2... kee ee eens MKY 
Patient has a penetrating wound . . . (Table M-1 in Chapter 3, Section 4, Page 130) ........ MFM 


Eyeball is yellow in color. 


Diseases of the Skin 


See Infectious and Parasitic Diseases in Chapter 3, Section 2, Page 120. 


Diseases of Muscles and Joints 


Patient has pain in muscles of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient has pain in joint(s) . .. (Table M-1 in Chapter 3, Section 4, Page 130). 

Patient has redness and swelling of joint(s) . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
There is history of recent injury. 


There is no history of injury. 
Miscellaneous Illnesses 


Patient has had much alcohol... 1.2.0.0... 0c ee ccc eee MLE 
Patient is suffering from heat exhaustion. 

Patient is suffering from heat stroke. 

Patient is suffering from seasickness. 

Patient is suffering from exposure in lifeboat—indicate length of exposure (number) hours. 

Patient is suffering from frostbite . . . (Table M-1 in Chapter 3, Section 4, Page 130). 


Patient has been exposed to radioactive hazard. 


SECTION 2.—REQUEST FOR MEDICAL ASSISTANCE 


Cross 
Code Meaning Reference 
Childbirth 
MOK I have a patient in childbirth aged . . . (number years). 
MOL Patient states she has had . . . (number) children. 
MOM Patient states child is due in. . . (number) weeks. 
MON Pains began . . . (number) hours ago. 
MOO Pains are feeble and produce no effect. 
MOP Pains are strong and effective. 
MOQ Pains are occurring every . . . (number) minutes. 
MOR The bag of membranes broke . . . (number) hours ago. 
MOS There is severe bleeding from the womb. 
MOT The head is coming first. 
MOU The buttocks are coming first. 
MOV A foot has appeared first. 
MOW An arm has appeared first. 
MOXx The child has been born. 
MOY The child will not breathe. 
MOZ The placenta has been passed. 
MPA The placenta has not been passed. 
MPB I have a nonpregnant woman who is bleeding from the womb. 
PROGRESS REPORT 
MPE I am carrying out prescribed instructions. 
MPF Patient is improving. 
MPG Patient is not improving. 
MPH Patient is relieved of pain. 
MPI Patient still has pain. 
MPJ Patient is restless. 
MPK Patient is calm. 
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Code 


MPL 
MPM 
MPN 
MPO 
MPP 
MPQ 


MPR 
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Symptoms have cleared. 
Symptoms have not cleared. 
Symptoms have increased. 
Symptoms have decreased. 


Treatment has been effective. 


Treatment has been ineffective. 


Patient has died. 


Meaning 


Cross 
Reference 


CHAPTER 3 


SECTION 3: MEDICAL ADVICE 


Cross 
Code Meaning Reference 


REQUEST FOR ADDITIONAL INFORMATION 


MQB I cannot understand your signal; please use standard method of case description. 
MQC Please answer the following question(s). 
DIAGNOSIS 
MQE My probable diagnosis is . . . (Table M-2 in Chapter 3, Section 4, Page 133). 
MQF My alternative diagnosis is . . . (Table M-2 in Chapter 3, Section 4, Page 133). 
MQG My probable diagnosis is infection or inflammation . . . (Table M-1 in Chapter 3, Section 4, 
Page 130). 
MQH My probable diagnosis is perforation of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQI My probable diagnosis is tumor of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQJ My probable diagnosis is obstruction of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQK My probable diagnosis is hemorrhage of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQL My probable diagnosis is foreign body in. . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQM My probable diagnosis is fracture of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQN My probable diagnosis is dislocation of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQO My probable diagnosis is sprain of . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
MQP I cannot make a diagnosis. 
MQT Your diagnosis is probably right. 
MQU Iam not sure about your diagnosis. 
SPECIAL TREATMENT 
MRI You should refer to your International Ship’s Medical Guide if available or its equivalent. 
MRJ You should follow treatment in your own medical guide. 
MRK You should follow the instructions for this procedure outlined in your own medical guide. 
MRL Commence artificial respiration immediately. 
MRM Pass catheter into bladder. 
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Code 


MRN 
MRO 
MRP 
MRQ 
MRR 
MRS 
MRT 
MRU 
MRV 
MRW 
MRX 
MRY 
MRZ 
MSA 
MSB 
MSC 


MSD 
MSF 
MSG 
MSJ 
MSK 
MSL 
MSM 
MSN 
MSO 
MSP 
MSQ 


MSR 
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Cross 
Meaning Reference 


Pass catheter again after... (dumber) hours. 

Pass catheter and retain it in bladder. 

Apply ice-cold compress and renew every . . . (number) hours. 

Apply hot compress and renew every . . . (number) hours. 

Apply hot-water bottle to . . . (Table M-1 in Chapter 3, Section 4, Page 130). 
Insert ear drops . . . (number) times daily. 

Insert antiseptic eye drops . . . (number) times daily. 

Insert anesthetic eye drops . . . (number) times daily. 

Bathe eye frequently with hot water. 

Give frequent gargles one teaspoonful of salt in a tumblerful of water. 
Give enema. 

Do not give enema or laxative. 

Was the result of the enema satisfactory? 

Give rectal saline slowly to replace fluid loss. 

Give subcutaneous saline to replace fluid loss. 


Apply well-padded splint(s) to immobilize limb. Watch circulation by inspection of color of 
fingers or toes. 


Apply cotton wool to armpit and bandage arm to side. 

Apply a sling and/or rest the part. 

Give light movements and massage daily. 

Place patient in hot bath. 

To induce sleep give two sedative tablets. 

Reduce temperature of patient as indicated in general nursing chapter of Medical Guide. 
The swelling should be incised and drained. 

Dress wound with sterile gauze, cotton wool, and bandage. 

Dress wound with sterile gauze, cotton wool, and apply well-padded splint. 
Apply burn and wound dressing and bandage lightly. 

Dress wound and bring edges together with adhesive plaster. 


The wound should be stitched. 


SECTION 3.—MEDICAL ADVICE 


Cross 
Code Meaning Reference 


MST The wound should not be stitched. 

MSU Stop bleeding by applying more cotton wool, firm bandaging, and elevation of the limb. 
MSV Stop bleeding by manual pressure. 

MSW Apply tourniquet for not more than fifteen minutes. 

MSX Induce vomiting by giving an emetic. 

MSY You should pass a stomach tube. 

MSZ Do not try to empty stomach by any method. 


TREATMENT BY MEDICAMENTS 


Prescribing 
MTD You should give . . . (Table M-3 in Chapter 3, Section 4, Page 134 and 135). 
MTE You must not give... (Table M-3 in Chapter 3, Section 4, Page 134 and 135). 


Method of Administration and Dose 


MTF You should give one tablespoon (15 ml or !/, 0z.). 

MTG You should give one dessertspoonful (7.5 ml or !/, 0z.). 

MTH You should give one teaspoonful (4 ml or | drachm). 

MTI You should give by mouth . . . (number) tablets/capsules. 

MTJ You should give a tumblerful of water with each dose. 

MTK You should give by intramuscular injection . . . (number) milligrams. 
MTL You should give by subcutaneous injection . . . (number) milligrams. 
MTM You should give by intramuscular injection . . . (number) ampoule(s). 
MTN You should give by subcutaneous injection . . . (Number) ampoule(s). 


Frequency of Dose 


MTO You should give once only. 

MTP You should repeat after .. . (number) hours. 

MTQ You should repeat every .. . (number) hours. 
MTR You should continue for .. . (aumber) hours. 
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Code 


MTT 
MTU 
MTV 
MTW 


MU 
MU 
MU 
MU 
MU 
MU 
MU 


=o = = 5A > 


MU 


MUI 
MUJ 


MU 


~ 


MUQ 
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Cross 
Meaning Reference 


Frequency of External Application 


You should apply once only. 
You should apply every . . . (number) hours. 
You should cease to apply. 


You should apply for . . . (number) minutes. 


DIET 


Give nothing by mouth. 

Give water very freely. 

Give water only in small quantities. 

Give water only as much as possible without causing the patient to vomit. 

Give ice to suck. 

Give fluid diet, milk, fruit, juices, tea, mineral water. 

Give light diet such as vegetable soup, steamed fish, stewed fruit, milk puddings, or equivalent. 


Give normal diet as tolerated. 


CHILDBIRTH 


Has she had previous children? 

How many months pregnant is she? 

When did labor pains start? 

GIVE CHEM A. sd te Aa a oak ea dee tet ic dst d Said bs Dake ated MRX 
Encourage her to rest between pains. 

Encourage her to strain down during pains. 

What is the frequency of pains (indicate in minutes). 

To induce sleep give two sedative tablets..... 0.0... ee cece eee MSK 


Patient should strain down and you exert steady but gentle pressure on lower part of the abdo- 
men but not on the womb to help expulsion of the placenta. 


You should apply tight wide binder around lower part of abdomen and hips. 


You should apply artificial respiration gently by mouth technique on infant. 


Code 


= 
CG 
< 4H UR 


MVA 
MVB 
MVC 
MVD 
MVE 
MVF 
MVG 
MVH 
MVI 
MVJ 
MVK 
MVL 
MVM 
MVN 
MVO 
MVP 
MVQ 
MVR 
MVS 
MVT 


MVU 
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Cross 
Meaning Reference 


VACCINATION AGAINST SMALLPOX 


Has the patient been successfully vaccinated? 

Has the patient been vaccinated during the past three years? 
Patient has never been successfully vaccinated against smallpox. 
Patient was last vaccinated . . . (indicate date). 


Patient has vaccination marks. 


GENERAL INSTRUCTIONS 


I consider the case serious and urgent. 

I do not consider the case serious or urgent. 

Put patient to bed lying down at absolute rest. 

Put patient to bed sitting up. 

Raise head of bed. 

Raise foot of bed. 

Keep patient warm. 

Keep patient cool. 

You should continue your local treatment. 

You should continue your special treatment. 

You should continue giving . . . (Table M-3 in Chapter 3, Section 4, Pages 134 and 135). 
You should suspend your local treatment. 

You should suspend your special treatment. 

You should cease giving . . . (Table M-3 in Chapter 3, Section 4, Pages 134 and 135). 
You should isolate the patient and disinfect his cabin. 

You should land your patient at the earliest opportunity. 

Patient should be seen by a doctor when next in port. 

I will arrange for hospital admission. 

I think I should come on board and examine the case. 

No treatment advised. 


Refer back to me in .. . (number) hours or before if patient worsens. 
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SECTION 4: TABLES OF COMPLEMENTS 


TABLE M-1—REGIONS OF THE BODY 


Side of body or limb affected should be clearly indicated—right, left 


Frontal region of head 
Side of head 
Top of head 
Face 

Jaw 

Neck front 
Shoulder 
Clavicle 
Chest 

Chest, mid 
Heart 
Armpit 


Back of head 
Back of neck 
Back of shoulder 
Scapula region 
Elbow 

Back upper arm 
Back lower arm 


Artery 
Bladder 
Brain 

Breast 
Ear(s) 
Eye(s) 
Eyelid(s) 
Gall bladder 
Gullet (esophagus) 
Gums 
Intestine 
Kidney 


Indicate side as required. 


13. 
14. 
15. 
16. 
17; 
18. 
19. 
20. 
“21. 
"22. 
"23. 
“24. 


FIGURE 1 (Front) 


Arm upper 

Forearm 

Wrist 

Palm of hand 

Fingers 

Thumb 

Central upper abdomen 
Central lower abdomen 
Upper abdomen 

Lower abdomen 
Lateral abdomen 

Groin 


FIGURE 2 (Back) 


Back of hand 

Lower chest region 
Spinal column upper 
Spinal column middle 
Spinal column lower 
Lumbar (kidney) region 
Sacral region 


OTHER ORGANS OF THE BODY 


69. 
70. 
71. 
72. 
73. 
74. 
75. 
76. 


Lip, lower 
Lip, upper 
Liver 
Lungs 
Mouth 
Nose 
Pancreas 
Prostate 
Rib(s) 
Spleen 
Stomach 
Throat 


81. 
82. 
83. 
84. 


Scrotum 
Testicles 
Penis 
Upper thigh 
Middle thigh 
Lower thigh 
Knee 
Patella 
Front of leg 
Ankle 

Foot 

Toes 


Buttock 
Anus 

Back of thigh 
Back of knee 
Calf 

Heel 


Tongue 

Tonsils 

Tooth, teeth 
Urethra 

Uterus, womb 
Vein 

Voice box (larynx) 
Whole abdomen 
Whole arm 
Whole back 
Whole chest 
Whole leg 


QHYOQOQ @QOOQ GOO OOOO C 


© 


SECTION 4.—TABLES OF COMPLEMENTS 
FIGURE 1 


®) OO OOQOOOWO OE eS © © 


8) @ 


131 


132 


8 © @©© OO® 


eS) @ 


CHAPTER 3.—MEDICAL SIGNAL CODE 
FIGURE 2 
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Abscess 
Alcoholism 
Allergic reaction 
Amoebic dysentery 
Angina pectoris 
Anthrax 

Apoplexy (stroke) 
Appendicitis 
Asthma 


. Bacillary dysentery 

. Boils 

. Bronchitis (acute) 

. Bronchitis (chronic) 

. Brucellosis 

. Carbuncle 

. Cellulitis 

. Chancroid 

. Chicken pox 

. Cholera 

. Cirrhosis of the liver 
. Concussion 

. Compression of brain 
. Congestive heart failure 
. Constipation 

. Coronary thrombosis 
. Cystitis (bladder 


inflammation) 


. Dengue 

. Diabetes 

. Diabetic coma 
. Diptheria 

. Drug reaction 


SECTION 4.—TABLES OF COMPLEMENTS 


TABLE M-2—LIST OF COMMON DISEASES 


. Duodenal ulcer 

. Eczema 

. Erysipelas 

. Fits 

. Gangrene 

. Gastric ulcer 

. Gastroenteritis 

. Gonorrhea 

. Gout 

. Heat cramps 

. Heat exhaustion 

. Heat stroke 

. Hepatitis 

. Hernia 

. Hernia (irreducible) 
. Hernia (strangulated) 
. Immersion foot 

. Impetigo 

. Insulin overdose 

. Indigestion 

. Influenza 

. Intestinal obstruction 
. Kidney stone (renal colic) 
. Laryngitis 

. Malaria 

. Measles 

. Meningitis 

. Mental illness 

. Migraine 

. Mumps 

. Orchitis 

. Peritonitis 


. Phlebitis 

. Piles 

. Plague 

. Pleurisy 

. Pneumonia 

. Poisoning (corrosive) 

. Poisoning (noncorrosive) 
. Poisoning (barbiturates) 
. Poisoning (methyl alcohol) 
. Poisoning (gases) 

. Poliomyelitis 

. Prolapsed intervertebral 


disc (slipped disc) 


. Pulmonary tuberculosis 
. Quinsy 

. Rheumatism 

. Rheumatic fever 

. Scarlet fever 

. Sciatica 

. Shingles (herpes zoster) 
. Sinusitis 

. Shock 

. Smallpox 

. Syphilis 

. Tetanus 

. Tonsillitis 

. Typhoid 

. Typhus 

. Urethritis 

. Urticaria (nettle rash) 

. Whooping cough 

. Yellow fever 
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FOR EXTERNAL USE 
1. Auristillae Glyceris 7. Naristillae Ephedrine 
Glycerin ear drops Norephedrine hydrochloride drops 
EAR DROPS NASAL DROPS 
2. Guttae Sulfacetamidi 8. Paraffinum Molle Flavum 
Sulfacetamide eye drops Yellow soft paraffin 
ANTISEPTIC EYE DROPS SOFT PARAFFIN 
3. Guttae Tetracainae 9. Paraffinum Molle Flavum Carbasi Absorbentis 
Tetracaine eye drops Tulle gras dressing (Paraffin gauze) 
ANAESTHETIC EYE DROPS BURN/WOUND DRESSING 
4. Linimentum Methylis Salicylatis 10. Unguentum Bacitracini 
Methyl salicylate liniment Bacitracin ointment 
SALICYLATE LINIMENT ANTIBIOTIC OINTMENT 
5. Lotio Calaminae 11. Unguentum Benzocaini Compositum 
Calamine Lotion Compund benzocaine ointment 
CALAMINE LOTION PILE OINTMENT 
6. Lotio Cetrimidi 12. Unguentum Xylocaini Hydrochloridi 
Cetrimide lotion Mylocaine ointment 
ANTISEPTIC LOTION LOCAL ANAESTHETIC OINTMENT 
FOR INTERNAL USE 
Allergic Conditions PENICILLIN TABLETS 
13. Compressi Promethazini Hydrochloridi (125 mg per tablet) 
Promethazine hydrochloride tablets 
ANTIHISTAMINE TABLETS 17. Compressi Sulfadimidini 
(25 mg per tablet) Sulfadimidine tablets 
SULFONAMIDE TABLETS 
14. Injectic Adrenalini (500 mg per tablet) 
Adrenaline injection 
ADRENALINE (1 mg in “Ampins’’) 18. Injectio Benzylpenicillini 
Procaine penicillin G 
CAUTION: THIS INJECTION NO. 14TO BE USED ONLY PENICILLIN INJECTION 
ON MEDICAL ADVICE BY RADIO EXCEPT IN (600,000 units per ampoule) 
CASE OF ANAPHYLACTIC SHOCK DUE TO 
PENICILLIN INJECTION. 19. Injectio Streptomycini Sulfatis 
Streptomycin sulfate injection 
Antibiotics STREPTOMYCIN INJECTION 
15. Capsulae Tetracyclini Hydrochloridi (1,000 mg per ampoule) 
Tetracycline hydrochloride capsules 
TETRACYCLINE CAPSULES 
(250 mg per capsule) 20. Injectio Tetracyclini hydrochloridi 
Tetracycline hydrochloride 
16. Compressi Phenoxymethylpenicillini TETRACYCLINE INJECTION 


CHAPTER 3.—MEDICAL SIGNAL CODE 
TABLE M-3—LIST OF MEDICAMENTS* 


Phenoxymethylpenicillin 
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Preparations listed may have been substituted by equivalent preparations in the ship’s medicine chest. For the sake 
of uniformity, medicaments are indicated in the first place by their Latin denominations so that a correct transla- 


tion can be found in each language. 


(100 mg per ampoule) 


21. 
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Asthma 
Compressi Aminophyllini 
Aminophylline tablets 
ASTHMA RELIEF TABLETS 
(300 mg per tablet) 


CAUTION: THIS TABLET NO. 21 TO BE USED ONLY 


22% 


23. 


24. 


25: 


26. 


27. 


ON MEDICAL ADVICE BY RADIO. 


Compressi Ephedrini Hydrochloridi 
Ephedrine Hydrochloride tablets 
EPHEDRINE TABLETS 

(30 mg per tablet) 


Tinctura Benzoini Composita 
Tincture of benzoin compound 
INHALATION MIXTURE 


Cough 
Compressi Codeini Phosphatis 
Codein phosphate tablets 
CODEIN TABLETS 
(15 mg per tablet) 


Linctus Scillae Opiata 
Linctus of squill, opiate 
COUGH LINCTUS 


Diarrhea 
Mistura Kaolini et Morphinae 
Kaolin and morphine mixture 
DIARRHEA MIXTURE 


Heart 
Compressi Glycerylis Trinitratis 
Glycerin Trinitrate tablets 
HEART TABLETS 
(0.5 mg per tablet) 


NOTE: For congestive heart failure the following prepara- 


28. 


29. 


tions are available on board ship, but they should be 
used only on medical advice transmitted in plain lan- 
guage and not by Code: 


Compressi Chlorothiazidi (Chlorothiazide) or equiva- 
lent (500 mg per tablet) 

Compressi Digoxin (Digoxin tablets) or equivalent 
(0.25 mg per tablet) 


Indigestion 
Compressi Magnesii Trisilicas 
Magnesium trisilicate 
STOMACH TABLETS 


Laxatives 
Compressi Colocynthidis et Jalapae Compositae 


30. 


31. 


32. 


33. 


34. 


35. 


36. 


Counpound Colocynth and Jalap tablets 
VEGETABLE LAXATIVE TABLETS 


Magnesii Hydroxidum 
Magnesium hydroxide mixture 
LIQUID LAXATIVE—"Milk of Magnesia" 


Malaria 
Compressi Chloroquini Sulfatis 
Chloroquine sulfate tablets 
MALARIA TABLETS 
(200 mg per tablet) 


Pain 
Compressi Acidi Acetylasalicylici 
Acetylsalicylic acid tablets 
ASPIRIN TABLETS 
(300 mg per tablet) 


Injectio Morphini 
Morphine sulfate injection 
MORPHINE INJECTION 
(15 mg per ampoule) 


Sedation 
Compressi Butobarbitali 
Butobarbitone tablets 
SEDATIVE TABLETS 
(100 mg per tablet) 


Compressi Phenobarbitali 
Phenobarbitone tablets 
PHENOBARBITONE TABLETS 
(30 mg per tablet) 


Compressi Chlorpromazini Hydrochloridi 
Chlorpromazine hydrochloride tablets 
TRANQUILLIZER TABLETS (LARGACTIL) 
(50 mg per tablet) 


CAUTION: THIS TABLET NO. 36 TO BE USED ONLY 


37. 


38. 


ON MEDICAL ADVICE BY RADIO. 


Salt Depletion or Heat Cramps 
Compressi Natrii Chloridi Solv 
Sodium chloride tablets 
SALT TABLETS 
(500 mg per tablet) 


Seasickness 


Compressi Hyoscini Hydrobromidi 
Hysocine Hydrobromide tablets 
SEASICKNESS TABLETS 

(0.3 mg per tablet) 
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CHAPTER 4 
SECTION 1: DISTRESS SIGNALS 


(PRESCRIBED BY THE INTERNATIONAL REGULATIONS FOR PREVENTING 
COLLISIONS AT SEA 1972) 


To be used or displayed, either together or separately, by a vessel (or seaplane on the water) in distress requiring assistance from 
other vessels or from the shore. 


A gun or other explosive signal fire at intervals of about a minute. 

A continuous sounding with any fog-signaling apparatus. 

Rockets or shells, throwing red stars fired one at a time at short intervals. 

A signal made by radiotelegraphy or by any other signaling method consisting of the group ** * -——**e SOS in the 
Morse Code. 

A signal sent by radiotelephony consisting of the spoken word “MAYDAY”. 

The International Code Signal of distress indicated by NC. 

A signal consisting of a square flag having above or below it a ball or anything resembling a ball. 

Flames on the vessel (as from a burning tar barrel, oil barrel, etc.). 

A rocket parachute flare or a hand flare showing a red light. 


. A smoke signal giving off a volume of orange-colored smoke. 

. Slowly and repeatedly raising and lowering arms outstretched to each side. 
. The radiotelegraph alarm signal. 

. The radiotelephone alarm signal. 

. Signals transmitted by emergency position-indicating beacons. 


NOTES: (a) Vessels in distress may use the radiotelegraph alarm signal or the radiotelephone alarm signal to secure attention 


to distress calls and messages. The radiotelegraph alarm signal, which is designed to actuate the radiotelegraph auto 
alarms of vessels so fitted, consists of a series of twelve dashes, sent in | minute, the duration of each dash being 4 sec- 
onds and the duration of the interval between 2 consecutive dashes being 1 second. The radiotelephone alarm signal con- 
sists of 2 tones transmitted alternately over periods of from 30 seconds to 1 minute. 
(b)The use of any of the foregoing signals, except for the purpose of indicating that a vessel or seaplane is in distress, 
and the use of any signals which may be confused with any of the above signals is prohibited. 
(c)Attention is drawn to the relevant sections of the Merchant Ship Search and Rescue Manual and the following signals: 
(i.) a piece of orange-colored canvas with either a black square and circle or other appropriate symbol (for identi- 
fication from the air); 
(ii.) adye marker. 


A series of twelve four second dashes at intervals of one second. 


™ Two audio tones transmitted alternately at frequency of 2200 Hz and 1300 Hz for a duration of 30 seconds to one 
minute. 


*™ Either the signal described in *™ above or a series of single tones at a frequency of 1300 Hz. 
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SECTION 2: TABLE OF LIFESAVING SIGNALS 


I LANDING SIGNALS FOR THE GUIDANCE OF SMALL BOATS WITH CREWS OR 
PERSONS IN DISTRESS 


Day 
Signals 


Night 
Signals 


Day 
Signals 


Night 
Signals 


Day 
Signals 


Night 
Signals 
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MANUAL SIGNALS 


LIGHT SIGNALS 


OTHER SIGNALS 


SIGNIFICATION 


Vertical motion of a white flag or of the 
arms 


* 


or firing of a green star signal 


or code letter K given by light or 
sound-signal apparatus 


This is the best place to land 


Vertical motion of a white light or flare 


or firing of a green star signal 


or code letter K given by light or 
sound-signal apparatus 


A range (indication of direction) may be giv 


en by placing a steady white light or flare at a lower level and in line with the obse 


rver 


Horizontal motion of a white flag or of 
the arms extended horizontally 


Horizontal motion of a light or flare 


Feisty 


1 Horizontal motion of a white flag, fol- 
lowed by 

2 the placing of the white flag in the 
ground and 

3 by the carrying of another white flag in 
the direction to be indicated 


1 Horizontal motion of a white 

light or flare 

2 followed by the placing of the white 
light or flare on the ground and 

3 the carrying of another white light or 
flare in the direction to be indicated 


* 


or firing of a red star signal 


ao 
‘ 


‘ 


or firing of a red star signal 


1 or firing of a red star signal verti- 
cally and 

2. a white star signal in the direction 
towards the better landing place 


1 or firing of a red star signal verti- 
cally anda 

2 white star signal in the direction 
towards the better landing place 


or code letter S given by light or 
sound-signal apparatus 


or code letter S given by light or 
sound-signal apparatus 


1 or signalling the code letter S (...) 
followed by the code letter R (. _ .) if 
a better landing place for the craft in 
distress is located more to the right 
in the direction of approach 

2 or signaling the code letter S (...) 
followed by the code letter L (. _ ..) 
if a better landing place for the craft 
in distress is located more to the left 
in the direction of approach 


1 or signalling the code letter S (...) 
followed by the code letter R (. _.) if 
a better landing place for the craft in 
distress is located more to the right 
in the direction of approach 

2 or signaling the code letter S (...) 
followed by the code letter L (. _ ..) 
if a better landing place for the craft 
in distress is located more to the left 
in the direction of approach 


Landing here highly danger- 
ous 


Landing here highly danger- 
ous. A more favorable loca- 
tion for landing is in the 
direction indicated 


Day 
Signals 


Night 
Signals 


Day 


Signals 


Night 
Signals 


Day 
Signals 


Night 
Signals 


II SIGNALS TO BE EMPLOYED IN CONNECTION WITH THE USE OF SHORE 


MANUAL SIGNALS 
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LIFESAVING APPARATUS 


LIGHT SIGNALS 


OTHER SIGNALS 


SIGNIFICATION 


Vertical motion of a white flag 
or of the arms 


Vertical motion of a white light 
or flare 


Horizontal motion of a white 
flag or of the arms extended 
horizontally 


or firing of a green star signal 


or firing of a green star signal 


or firing of a red star signal 


Horizontal motion of a white 
light or flare 


Il] REPLIES FROM LIFESAVING STATIONS OR MARITIME RESCUE UNITS 


or firing of a red star signal 


In general: affirmative 
Specifically: rocket line is 
held — tail block is made fast 
— hawser is made fast — 
man is in the breeches buoy 
— haul away 


In general: negative 
Specifically: slack away - 
avast hauling 


TO DISTRESS SIGNALS MADE BY A SHIP OR PERSON 


Orange smoke signal 


or combined light and sound 
signal (thunder-light) consist- 
ing of 3 single signals which 
are fired at intervals of approxi- 
mately one minute 


If necessary, the day signals may 


White star rocket consisting of 
3 single signals which are fired 
at intervals of approximately 
one minute 


be given at night or the night signals by day 


You are seen - assistance will 
be given as soon as possible 


(Repetition of such signal shall 
have the same meaning) 
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IV AIR-TO-SURFACE VISUAL SIGNALS 


Signals used by aircraft engaged in search and rescue operations to direct ships towards an aircraft, ship or person in distress 


PROCEDURES PERFORMED IN SEQUENCE BY AN AIRCRAFT 


SIGNIFICATION 


1 CIRCLE the vessel at least once. 


2 CROSS the vessel’s projected 
course close AHEAD at a low alti- 
tude while ROCKING the wings. 
(See Note) 


~~ .--- 


vali 


3 HEAD in the direction in which 
the vessel is to be directed. 


4 CROSS the vessel’s wake close ASTERN at low altitude while ROCKING the wings. (See Note) 


NOTE - Opening and closing the throttle or changing the propeller pitch may also be practiced as an alternative means 
of attracting attention to that of rocking the wings. However, this form of sound signal may be less effective than the 


visual signal of rocking the wings owing to high noise level on board the vessel. 


The aircraft is directing a vessel 
towards an aircraft or vessel in 
distress 


(Repetition of such signals shall 
have the same meaning) 


The assistance of the vessel is no 
longer required 


(Repetition of such signals shall 
have the same meaning) 


Signals used by a vessel in response to an aircraft engaged in search and rescue operations 


SIGNIFICATION 


Hoist “Code and Answering” pen- 
dant Close up; or 


Change the heading to the required 
direction; or 


Flash Morse Code signal “T” by sig- 
nal lamp. 


Acknowledges receipt of air- 
craft’s signal 


Hoist international flag “N” 
(NOVEMBER); or 
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Flash Morse Code signal “N” by sig- 
nal lamp. 


Indicates inability to comply 


SECTION 2.—TABLE OF LIFESAVING SIGNALS 


V SURFACE-TO-AIR VISUAL SIGNALS 


Communication from surface craft or survivors to an aircraft 


Use International Code of Signals 
or plain language by use of a 


torch, signalling lamps or signal 


flags. 


Message 


or 


Use the following surface-to-air visual 
signals by displaying the appropriate 
signal on the deck or on the ground. 


International Code of 
Signals 


ICAO* visual sym- 
bols 


- Require assistance Vv 
- Require medical assistance x 
- No or negative N 
- Yes or affirmative Y 
- Proceeding in this direction tT 


* ICAO annex 12 — Search and rescue 


Reply from an aircraft observing the above signals from surface craft or survivors 


SIGNIFICATION 


< 


Drop a message or 


Rock the wings (during 
daylight) or 


we 


Ws 
Flash the landing lights 
or navigation lights on 
and off twice (during 
hours of darkness) or 


L | 
or 


omme 
Flash Morse Code sig- 


nal “T” or “R” by light 
or 


Use any other suitable 
signal 


Message understood 


+--——.-- 


Fly straight and level 
without rocking wings 
or 


as 


Flash Morse Code Sig- 
nal “RPT” by light or 


Use any other suitable 
signal 


Message not under- 
stood (repeat) 
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Procedures performed by an aircraft 


Drop a message or 


VI SIGNALS TO SURVIVORS 


Drop communication 
equipment suitable for 
establishing direct con- 
tact 


1 t 


SIGNIFICATION 


The aircraft wishes to 
inform or instruct sur- 
vivors 


* High visibility colored streamer 


Signals used by survivors in response to a message dropped by an aircraft 


SIGNIFICATION 


Flash Morse Code sig- Le 
nal “T” or “R” by light or 
er omme 


Use any other suitable 
signal 


Dropped messages is 
understood by the 
survivors 


Oomme Cn me 
Flash Morse Code signal “RPT” by light 
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Dropped messages is 
not understood by the 
survivors 


SECTION 2.—TABLE OF LIFESAVING SIGNALS 


“CONFLICT AND PERMANENT IDENTIFICATION OF RESCUE CRAFT” * 


Shape, color, and positioning of emblem for medical transports 


1. The following emblems can be used separately or together to show that a vessel is protected as a medical transport under the 
Geneva Convention: 


2. The emblem, positioned on the vessel’s sides, bow, stern, and deck, shall be painted dark red on a white background. 
a. On the vessel’s sides the emblem shall extend from the waterline to the top of the ship’s hull. 
b. The emblems on the vessel’s bow and stern must, if necessary, be painted on a wooden structure so as to be clearly visible 
to other vessels ahead or astern. 
c. The deck emblem must be as clear of the vessel’s equipment as possible to be clearly visible from aircraft. 
3. In order to provide the desired contrast for infrared film or instruments, the red emblem must be painted on top of a black 
primer paint. 
4. Emblems may also be made of materials which make them recognizable by technical means of detecting. 


Tilumination 


1. At night and in restricted visibility the emblems shall be illuminated or lit. 
2. At night and in restricted visibility all deck and overside lights must be fully lit to indicate that the vessel is engaged in med- 
ical operations. 


Personal equipment 


1. Subject to the instructions of the competent authority, medical and religious personnel carrying out their duties in the battle 
area shall, as far as possible, wear headgear and clothing bearing the distinctive emblem. 


Flashing blue light for medical transports 


1. A vessel engaged in medical operations shall exhibit one or more all-around flashing blue lights of the color prescribed in 
paragraph 4. 

2. The visibility of the lights shall be as high as possible and not less than 3 nautical miles in accordance with Annex | to the 
International Regulations for Preventing Collisions at Sea, 1972. 

3. The light or lights shall be exhibited as high above the hull as practical and in such a way that at least one light shall be visible 
from any direction. 

4. The recommended blue color is obtained by using, as trichromatic co-ordinates: 


green boundary y = 0.065+0.805x 
white boundary y = 0.400-x 
purple boundary x = 0.133+0.600y 


5. The frequency of the flashing light shall be between 60 and 100 flashes per minute. 


Radar transponders 


1. It should be possible for medical transports to be identified by other vessels equipped with radar by signals from a radar tran- 


In accordance with Article 27 of the Second Geneva Convention of 12 August 1949, this chapter also applies to 
coastal rescue craft. 
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sponder fitted on the medical transport. 
2. The signal from the medical transport transponder shall consist of the group Y YY, in accordance with article 40 of the Radio 
Regulations, followed by the call sign or other recognized means of identification. 


Underwater acoustic signals 


1. It should be possible for medical transports to be identified by submarines by appropriate underwater signals transmitted by 
the medical transports. 

2. The underwater signal shall consist of the call sign of the ship preceded by the single group YYY transmitted in Morse on an 
appropriate acoustic frequency, e.g., 5 kHz. 


Rescue craft carried by medical transports 


1. Every rescue craft should be equipped with a mast on which a Red Cross flag measuring about 2 x 2 meters can be hoisted. 


Flashing blue light for medical aircraft 


1. The light signal, consisting of a flashing blue light, is established for the use of medical aircraft to signal their identity. No 
other aircraft shall use this signal. The recommended flashing rate of the blue light is between sixty and one hundred flashes 
per minute. 
2. Medical aircraft should be equipped with such lights as may be necessary to make the light signal visible in as many directions 
as possible. 
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SECTION 3: RADIOTELEPHONE PROCEDURES 


RECEPTION OF SAFETY MESSAGES 


Any message which you hear prefixed by one of the following words concerns SAFETY: 


MAYDAY Indicates that a ship, aircraft, or other vehicle is threatened by grave and 
(Distress) imminent danger and requests immediate assistance. 

PAN Indicates that the calling station has a very urgent message to transmit con- 
(Urgency) cerning the safety of a ship, aircraft, or other vehicle, or the safety of a person. 
SECURITE Indicates that the station is about to transmit a message concerning the safety 
(Safety) of navigation or giving important meteorological warnings. 


If you hear these words, pay particular attention to the message and call the master or the officer on watch. 


DISTRESS TRANSMITTING PROCEDURES 


To be used only if IMMEDIATE ASSISTANCE is required: 


USE PLAIN LANGUAGE WHENEVER POSSIBLE. If language difficulties are likely to arise use Tables 2 and 3 on Page 
149, sending the word INTERCO to indicate that the message will be in the International Code of Signals. 
Call out letters as in Table 1 on Page 148. Call out numbers figure by figure as in Table 1. 


To indicate DISTRESS: 


1. If possible transmit the ALARM SIGNAL (i.e., two-tone signal) for 30 seconds to one minute, but do not delay the message 
if there is insufficient time in which to transmit the Alarm Signal. 

2. Send the following DISTRESS CALL: 

Mayday Mayday Mayday. This is . . . (name or call sign of ship spoken three times). 

3. Then send the DISTRESS MESSAGE composed of: 

Mayday followed by the name or call sign of ship; 

Position of ship; 

Nature of distress; 

And, if necessary, transmit the nature of the aid required and any other information which will help the rescue. 


EXAMPLES OF DISTRESS PROCEDURE 


1. Where possible, transmit ALARM SIGNAL followed by spoken words Mayday Mayday Mayday. This is . . . (name of ship 
spoken three times, or call sign of ship spelled three times using TABLE 1, on Page 148) Mayday . . . (name or call sign of ship) 
Position 54 25 North 016 33 West I am on fire and require immediate assistance. 


2. Where possible, transmit ALARM SIGNAL followed by spoken words Mayday Mayday Mayday . . . (name of ship spoken 
three times, or call sign of ship spelled three times using TABLE 1) Mayday . . . (name or call sign of ship) Interco Alfa Nadaz- 
ero Unaone Pantafive Ushant Romeo Kartefour Nadazero Delta X-ray. “(Ship) in Distress Position 015 Degrees Ushant 40 
miles I am sinking.” 


3. Where possible, transmit ALARM SIGNAL followed by spoken words Mayday Mayday Mayday .. . (name of ship spoken 
three times, or call sign of ship spelled three times using TABLE 1) Mayday . . . (name or call sign of ship) Interco Lima Pan- 
tafive Kartefour Bissotwo Pantafive November Golf Nadazero Unaone Soxisix Terrathree Terrathree Whiskey Charlie Bravo 
Soxisix. “(Ship) in Distress Position Latitude 54 25 North Longitude 016 33 West I require immediate assistance I am on fire.” 
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TABLE 1 
PHONETIC ALPHABET AND FIGURE SPELLING TABLES 


(May be used when transmitting plain language or code.) 


Letter Word Pronounced as Letter Word Pronounced as 
A Alfa AL FAH N November NO VEM BER 
B Bravo BRAH VOH O Oscar OSS CAH 
C Charlie CHAR LEE or P Papa PAH PAH 
SHAR LEE Q Quebec KEH BECK 
D Delta DELL TAH R Romeo ROW ME OH 
E Echo ECK OH S Sierra SEE AIR RAH 
F Foxtrot FOKS TROT T Tango TANG GO 
G Golf GOLF U Uniform YOU NEE FORM or 
H Hotel HOH TELL OO NEE FORM 
I India IN DEE AH Vv Victor VIK TAH 
J Juliett JEW LEE ETT Ww Whiskey WISS KEY 
K Kilo KEY LOH xX X-ray ECKS RAY 
L Lima LEE MAH Y Yankee YANG KEY 
M Mike MIKE Z Zulu ZOO LOO 
NOTE: The syllables to be emphasized are boldfaced. 
Figure or Figure or 
Mark to be Word Pronounced as Mark to be Word Pronounced as 
Transmitted Transmitted 
0 NADAZERO NAH-DAH-ZAY-ROH | 6 SOXISIX SOK-SEE-SIX 
1 UNAONE OO-NAH-WUN 7 SETTESEVEN — SAY-TAY- 
SEVEN 
2 BISSOTWO BEES-SOH-TOO 8 OKTOEIGHT  OK-TOH-AIT 
3 TERRATHREE TAY-RAH-TREE 9 NOVENINE NO-VAY- 
NINER 
4 KARTEFOUR KAR-TAY-FOWER Decimal DECIMAL DAY-SEE-MAL 
point 
5 PANTAFIVE PAN-TAH-FIVE Full stop STOP STOP 


NOTE: Each syllable should be equally emphasized. 


SECTION 3.—RADIOTELEPHONE PROCEDURES 


TABLE 2 


Position in Code 


(1) By Bearing and Distance from a Landmark 
Code letter A (Alfa) followed by a three-figure group for ship’s 
TRUE bearing from landmark; 
Name of landmark: 
Code letter R (Romeo) followed by one or more figures for dis- 
tance in nautical miles. 

or 

(2) By Latitude and Longitude 
Latitude 
Code letter L (Lima) followed by a four-figure group; (2 figures 
for Degrees, 2 figures for Minutes) and either—N (November) 
for Latitude North, or S (Sierra) for Latitude South. 
Longitude 
Code letter G (Golf) followed by a five-figure group; (3 figures 
for Degrees, 2 figures for Minutes) and either—E (Echo) for 
Longitude East, or W (Whiskey) for Longitude West. 

TABLE 3 
Nature of Distress in Code 
Code Words to be 

Letters transmitted Text of Signal 

AE Alfa Echo I must abandon my vessel. 

BF Bravo Foxtrot Aircraft is ditched in position indicated and 

requires immediate assistance. 
CB Charlie Bravo _[ require immediate assistance. 
CB6 Charlie Bravo _—_[ require immediate assistance, I am on fire. 
Soxisix 
DX Delta X-ray I am sinking. 
HW Hotel Whiskey I have collided with surface craft. 
Answer to Ship in Distress 

CP Charlie Papa I am proceeding to your assistance. 

ED Echo Delta Your distress signals are understood. 

EL Echo Lima Repeat the distress position. 


NOTE: A more comprehensive list of signals may be found in Chapter 2. 
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eke 
KK 


4.6 4 ee ee 
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APPENDIX 
US/RUSSIA SUPPLEMENTARY SIGNALS FOR NAVAL VESSELS 


I am engaged in oceanographic operations. 

I am streaming/towing hydrographic survey equipment . . . . meters astern. 

I am recovering hydrographic survey equipment. 

I am conducting salvage operations. 

I am attempting to retract a grounded vessel. 

Request you not to cross my course ahead of me. 

I have my unattached hydrographic survey equipment bearing in a direction from me as indicated. . . . (Table 3 of ICS). 
Iam unable to alter course to my starboard. 

Iam unable to alter course to my port. 

Caution, I have a steering casualty. 


Dangerous operations in progress. Request you remain clear of the hazard which is in the direction from me as indicated. 


... (Table 3 of ICS). 

Caution, I have stopped engines. 

I am proceeding to anchorage on course. . . . 

I am in a fixed multiple leg moor using two or more anchors or buoys fore and aft. Request you remain clear. 
Iam anchored in deep water with hydrographic survey equipment streamed. 

I intend to pass you on your port side. 

I intend to pass you on your starboard side. 

I will overtake you on your port side. 

I will overtake you on your starboard side. 

I am/Formation is maneuvering. Request you remain clear of the hazard which is in the direction from me as indicated. . 
. . (Table 3 of ICS). 


I shall approach your ship on starboard side to a distance of. . . . 100’s of meters (yards). 
I shall approach your ship on port side to a distance of. . . . 100’s of meters (yards). 

I shall cross astern at a distance of... . 100’s of meters (yards). 

I am beginning a port turn in approximately. . . . minutes. 

I am beginning a starboard turn in approximately. . . . minutes. 


The formation is preparing to alter course to port. 

The formation is preparing to alter course to starboard. 

I am engaged in maneuvering exercises. It is dangerous to be inside the formation. 

I am preparing to submerge. 

A submarine will surface within two miles of me within 30 minutes. Request you remain clear. 

I am engaged in fisheries patrol. 

Request your course, speed, and passing intention. 

I am preparing to launch/recover aircraft on course. . . . 

I am preparing to conduct missile exercises. Request you remain clear of the hazard which is in the direction from me as 
indicated. . . . (Table 3 of ICS). 

I am preparing to conduct gunnery exercises. Request you remain clear of the hazard which is in the direction from me 
as indicated. . . . (Table 3 of ICS). 

I am preparing to conduct/am conducting operations employing explosive charges. 

Iam maneuvering in preparation for torpedo launching exercises. Request you remain clear of the hazard which is in the 
direction from me as indicated .. . . (Table 3 of ICS). 

I am preparing to conduct/am conducting underway replenishment on course. . . . Request you remain clear. 

I am preparing to conduct extensive small boat and ship to shore amphibious training operations. 

I am maneuvering to launch/recover landing craft/boats. 

I am preparing to conduct/am conducting helicopter operations over my stern. 

I am testing my gun systems. 

Iam testing my missile systems. 

I am preparing to conduct/am conducting gunnery/bombing exercises from aircraft on a towed target. Request you 
remain clear of the hazard which is in the direction from me as indicated . . . (Table 3 of ICS). 

I have received and understood you message. 

Do you understand? Request acknowledgment. 
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Special Warning Signals.—The following signals are used by Russian naval vessels to warn foreign vessels that they have 
violated Regulations for entry, navigating and stopping in Russian Territorial Waters (Territorial Sea) or Russian In- 


land Waters: 


SNG 


SNO 


SNP 


SNR 


You have violated the Russian borders. I demand that you 
leave Russian waters immediately. 

I demand that you leave Russian waters immediately. 
Unless you do so, a force of arms will be used against you. 
You are violating the regulations for navigating and remain- 
ing in Russian waters. I demand that you cease violations. 
Despite warnings, you continue to violate the regulations 
for navigating and remaining in Russian waters. You are to 
leave them immediately. 


By day these signals will be made by flags of the International Code of Signals. By night they will be in Morse Code by signal 
lamp. In addition, the signals may be transmitted by RT in plain language on 500 kHz, 2182 kHz and 156.8 MHz, as well as by 
voice using megaphone or any other amplifying device. 


Warning signals to foreign submarines which are submerged: 


The signal of two series of explosions with three explosions in each series (where the interval between the explosions in a 
series is one minute and the interval between the series is three minutes), means: You are in Russian waters. I demand that you 
surface immediately. Unless you comply with this order within 10 minutes, a force of arms will be used against you. 

An acoustic signal by sonar may be given simultaneously, with the same meaning as described above. The signal will consist 
of five dashes, each dash three seconds long, interval between dashes, three seconds. 
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INDEX 


SIGNALING INSTRUCTIONS AND GENERAL SIGNAL CODE 
(SEE SEPARATE INDEX FOR MEDICAL SIGNAL CODE) 


A 


Abandon vessel, 29 
Accident or distress position, 43 
signals, 29-30 
Adrift, boat-raft, 36 
from anchorage, 78 
Afloat, aircraft-helicopter, 31 
from grounding, 54 
Aground assistance, 36 
vessel, 36 
Ahead, engine maneuvers, 60 
maneuvers, 76 
Aids to navigation, 62 
Aircraft in distress, 39 
locate, 41 
Alight, aircraft-helicopter, 31 
Alongside, boat-raft, 36 
maneuvers, 77 
Alphabet flags, inside front cover ii 
Anchor, underwater operations, 51 
Anchorage, 78 
port-harbor, 87 
towing to, 57 
Anchoring, 77—78 
Answer, communications, 100 
Arms signaling, 15-16 
Arrival, estimated time of, 88 
Assistance, aircraft-helicopter, 31 
declined, not required, 35 
given, not given, 35 
proceeding to, 43 
required, 33 
Astern maneuvers, 76 
Atmospheric pressure, 94 


B 


Ballast, 84 
Bar, 56 
depth-draft, 68-69 
Barometer, 94 
Beaching, 54 
Beacons, aid to navigation, 62 
Bearing, aircraft-helicopter magnetic, 
33 
Bearings, aids to navigation, 62 
Berth, 78 
Boarding, 79-80 
Boats available, 37 


(Numbers refer to pages) 


rafts, 36 

required, 37 

search, 38 

send, 37 
Bodies located, 47 

search and rescue, 47 
Boom across, caution, 67 
Bulkheads, watertight, 56 
Bunkers, 89 
Buoy, navigating and steering instruc- 

tions, 73 

Buoys, aids to navigation, 62 
Burns, severe, 30 


Cc 


Cable, hawser, 58 
Canal, 63 
Cancel message, 100 
Carbon tetrachloride fire 
extinguishers, 52 
Cargo, 84 
Cast off, 60 
Casualties, radiation, 29 
Caution, navigate with, 67 
Channel, 63 
Circling, aircraft, 32 
Close distance, 44 
Clouds, 91 
Coal, 90 
Collision, casualties-damages, 49 
mat, diver, 51 
leak, 56 
Communicate, 100-101 
Communications, acknowledge, 100 
aircraft, 31 
calling, 100 
exercise, 102 
reception, 102 
transmission, 102 
Compass, adjusting, 71 
Complements tables, 104 
Connect, towing, 57 
Contact vessel/aircraft in distress, 41 
Convoy, 94 
Course, aircraft-helicopter magnetic, 
33 
indicate, 64 
search and rescue, 44 
Crew, persons on board, 84 


D 


Damage casualties, 49 
received, 49 
Dangerous goods, 84 
Dangers to navigation, warnings, 65 
Dead, number of persons, 30 
reckoning position, 41 
Depression, atmospheric pressure, 94 
deep, 94 
intense, 94 
Depth, water, 68 
Derelict, 65 
Diesel oil, 89 
Disabled, aircraft-helicopter, 31 
drifting-sinking, 38 
Disembark, 36 
Distress, 39-41 
position, 40, 42-43 
signals, 39-40 
transmitting procedures, 147 
Disturbance, serious, 34 
Ditched, 31 
Diver, underwater operations, 51 
Doctor, 30 
Draft, 69 
Drift, survival craft, 44 
Drifting, disabled, 38 


E 


Electronic navigation, 70-71 

Emergency signals, 29-48 

Engines, 79 

Exercise signals, communications, 
102 

Exercises, carrying out, 89 

Explanation and general remarks of 
signals, 3 

Explosion, distress, 40 

Explosions, fire, 52 


F 


Fairway, 63 

Fire assistance, 34 
explosion, 51 

Firefighting appliances, 52 

Firing range, 67 

Fishcatch carrier boat, 85 
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INDEX—SIGNALING INSTRUCTIONS AND GENERAL SIGNAL CODE 


Fishery, 85-86 
limits, 86 
protection, 86 
Fishing, 85 
gear, dangers to navigation, 85 
vessel, 85 
Flag signaling, 9-10 
Flares, 42 
Flashing light signaling, 11-12 
Flight, aircraft, 32 
Floating ice, 93 
mine, 72 
trawl, 85 
Flooded, 56 
Flying, aircraft, 32 
Foam fire extinguisher, 52 
Fog, 96 
Follow wake, 72 
Fuel oil, 89 
Fumigation, 90 


Gale, 91 

Give way, 74 

Grounding, 53 

Groups, transmission signals, 102 
Growlers, ice, 93 


H 


Hand flags signaling, 15-16 
Harbor, anchorage, 78 
port, 87 
Hawser, 58 
Headway, maneuvers, 76 
towing-tugs, 61 
Health clearance, 103 
Maritime Declaration of, 103 
questions, 103 
Health Regulations, International, 103 
Heave to, 83 
Helicopter signals, 33 
High water, 75 
Holding ground, anchorage, 78 
Hostile aircraft, 68 
submarine, 67 
vessel, 67 
Hydrography, 62—75 


I 


Ice, 91 
accretion, 93 
drift, 92 
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fast, 91 

floes, 92 

patrol ship, 93 
Icebergs, 93 
Icebreaker, 93 

single letter signals 25 
Icefield, 93 
Identification signal, 90 
Inflatable raft, 32 
Information available, no, 89 
Injured, number of persons, 30 
International Code of Signals 

purpose, 3 


K 
Keep away, 74 
clear, 74 
close, 74 
L 


Landing, aircraft-helicopter, 31 
boarding, 80 
Lead course, 87 
Leak, 56 
assistance, 34 
Leeward, keep, 73 
Lifesaving signals, 140 
station, 39 
Light, searchlight, 72 
Lighthouse, 62 
Lights, aids to navigation, 62 
Lightvessel, 62 
Line, towing, 58 
List, assistance, 33 
boats-rafts, 36 
dangers to navigation, 68 
Located, vessel/aircraft wreckage, 41 
Long-line fishing, 85 
Lost, persons, 47 
Loud hailer, voice over, 5, 20 
Low water, 75 


M 


Make fast, navigating and steering 
instructions, 73 

towing line, 59 
Man overboard, search and rescue, 46 
Maneuvers, 80 

towing-tugs, 60 
Maritime Declaration of Health, 103 
Mark to be transmitted table, 148 
Men on board, 84 


Meteorology, 91-98 

Minefield, 71 

Mines, 71 

Minesweeping, 71 

Miscellaneous signals, 88 

Missing, vessel/aircraft, 45 

Morse signaling by hand flags or arms, 

15 

symbols, alphabet and numerals, 17 
table, 16 

Mother ship, fishing, 85 


N 


Navigating and steering instructions, 87 
Navigation, 62-75 

lights, 72 
Nets, 85 

drift, 85 

seine, 85 


Oil fire, 52 
Oily mixture, 84 
Overtake, do not, 74 


P 


Pack ice, 93 
Parachute, 32 
Pass ahead, 73 
Passing signals, 73 
Persons on board, 84 
saved or lost, 47 
Phonetic tables, 17-18, 148 
Pick up, persons by aircraft-helicopter, 
33 
Picked up, search and rescue, 47 
Pilot, 87 
assistance, 87 
boat, 87 
Pilotage, radar, 70, 87 
Plain language communications, 101 
Port, harbor, 87 
pilot, 87 
steer to, navigating and steering in- 
structions, 73 
Position, indicate 41 
Pratique, 103 
Precautions, tropical storm, 91 
Prevailing weather, boats-rafts, 36 
Procedure signals, 17, 20 
Proceed, damage-repairs, 50 
underway, 80 
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Proceeding to assistance, 35 
Propeller, engines, 79 
shaft, assistance, 33 
engines, 79 
Propeller, underwater operations, 51 
Purse seine, 85 


R 
Radar 70 
Radiation danger, 65 
hazard, 68 


Radio direction finder, 70 
Radioactive material, 65 
Radiobeacon, aids to navigation, 62 
search and rescue, 44 
Radiotelegraphy, 5, 20 
Radiotelephone procedures, 147-149 
Radiotelephony, 5, 14, 20 
Rafts, 36 
Read transmission signal, cannot, 100 
Receive communications signal, 100- 
102 
Refloating, 54 
Remain where you are, 83 
Repairs, 49 
Repeat communications signal, 102 
Rescue, 46 
results, 47 
Rocket, fire, search and rescue, 46 
line, look out for, 46 
Rockets, position by, 42 


S 


Safety signal, 100 
Save vessel, cannot, 46 
Sea, 95 
conditions, 95 
marker dye position, 42 
Search, aircraft-helicopter, 32 
and rescue, 44-48 
information-instructions, 44 
assistance 32 
authority, 44 
results, 45 
Searchlight, navigation lights, 72 
position, 42 
Send, boat-raft, 37 
Set and drift, search and rescue, 44 
Shallow water, 65 
Shelter, anchorage, 78 
towing, 58 
Shoal, 65 


Sick, number of persons, 30 

Sight, search and rescue, 41 

Signal, cannot read transmission, 100 
Signaling methods, 5 


Signals appropriate in all transmissions, 


definitions and meanings, 4 
explanation and general remarks, 3 
general instructions, 6-8 
miscellaneous, 88 
purpose, International Code of, 3 
Signals appropriate in all 
transmissions, 20 
Single letter signals, 22 
for icebreaker and 
assisted vessels, 25 
with complements, 23 
Sink-sunk, vessels, 39 
Slack, towing, 59 
Sludge, ice, 91 
Smoke float position, 42 
signals position, 42 


SOS/MAYDAY, 39, 139-144, 147-149 


Sound signaling, 13 
signals position, 42 

Speed, 82 
aircraft-helicopter, 32 
towing, 61 

Steer, 73 

Steering gear, assistance, 33 

Sternway maneuvers, 76 
towing, 61 

Stop, heave to, 83 
maneuvers, 83 
towing, 61 

Storm, 91 

Stretcher, 30, 33 

Submarine survey, 51 

Survival craft, 35 

Survivors 47-48 

Sweep, net, 86 

Swell, 95—96 
conditions, 95 

Swept channel, 72 


T 


Take off persons, search and rescue, 46 


Temperature, 94 
Tide, 74 
Towing, 56 

line, 58 
Toxic effects, explosion, 53 
Transmit, communications, 102 
Transmitter, 71 


Trawl, 85 

Tropical storm, 91 

Tsunami, 67 

Tug assistance, navigation, 67 
towing, 56 

Tugs, 56-61 


U 


Underwater operations, 51 
Underway, 81 


v 


Veer, towing, 59 

Vessel in distress, 39 
locate, 41 

Visibility, 96 

Visual contact, search and rescue, 44 
signals, communicate, 101 

position, 42 
Voice over loud hailer, 5, 20 


Ww 


Wake, navigating and steering instruc- 
tions, 73 
steer in my, 73 
Warnings, 66-68 
Warps, fishery, 86 
Water, depth-draft, 68—70 
pumps, fire, 52 
Weather, 97 
forecast, 97 
Wind, 97 
Windward, navigating and steering in- 
structions, 74 
Wreck, 65 
Wreckage, 46 


Z 


Zone, dangerous, mines, 71 
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A 


Abscess, 113 

Accidents, 114-115 

Administration and dose method, 127 
Alcohol, 119 

Animal bite, 115 

Answer to questions, 125 


B 


Bedsores, 119 
Bleeding, general symptoms, 113 
particular symptoms, 114 
Body organs, other, 130 
regions, 130-132 
Bowels, general symptoms, 113 
Breathing, 111 
Buboes, 120 
Burn, 115 


Catheter, 118 
Childbirth answers, 123 
questions, 128 
Circulatory system diseases, 119 
Complements tables, 130133-—135 
Concussion, 114 
Consciousness, 111 
Contusion, 114 
Corrosive swallowed, 115 
thrown on patient, 115 
Cough, diseases of respiratory system, 
116 
general symptoms, 112 
Cramp pains, 117 


D 


Delirium tremens, 119 
Delusions, 119 

Diagnosis, 125 

Diarrhea, 116 

Diet, 128 

Digestive system diseases, 116 
Diseases, list of common, 133 


INDEX 


MEDICAL SIGNAL CODE 


(Numbers Refer to Pages) 


localization of symptoms, 110 
Dislocation, 114 
Doctors instructions, 107 
Dose administration and method, 127 
frequency, 127 


E 


Ear diseases, 121 
External application frequency, 128 
Eye diseases, 121 


F 


Flatulence, 117 
Fractures, 114 


G 


Gangrene, 115 
General medical advice, 125 
instructions, 107 
symptoms, 110-116 
Genitourinary system diseases, 118 
Giddiness, 119 


H 


Headache, 118 

Health, previous, 110 
Heart and _ circulatory 
diseases, 119 
Hemorrhoids, 117 

Hernia, 117 

Hiccough, 117 

Hospital admission, 109 


system 


I 


Illness, miscellaneous, 122 
Infectious and parasitic diseases, 120 
Injuries, 114-115 

localization of symptoms, 110 
Instructions to doctors, 107 

masters, 107 
Isolation, 120 


J 


Joints diseases, 122 
L 


Localization of symptoms, diseases or 
injuries, 110 


M 


Masters instructions, 107 
Medical advice, 125-129 
additional information request, 
125 
assistance request, 109-124 
Medicaments list, external use, 134 
internal use, 134-135 
Mental diseases, 118 
state, 111 
Miscellaneous illness, 122 
Muscles and joints diseases, 122 


N 


Nausea, 117 

Nervous system and mental diseases, 
118 

Nose and throat diseases, 115 


P 


Pain, diseases of heart and circulatory 
system, 119 

general symptoms, 112 
Parasitic diseases, infectious and, 120 
Patient description, 109 
Poisoning, 115 
Poisons, 115 
Port, nearest, 109 
Prescribing medicaments, 127 
Progress report, 123 
Pulse, diseases of heart and circulatory 
system, 120 

general symptoms, 111 
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R 


Rash, general symptoms, 113 
infectious and parasitic diseases, 
120 
Rendezvous, 109 
Reply to questions, 125 
Respiratory system diseases, 116 


S 


Skin diseases, 122 
Sleep, unable to, 112 
Snake bite, 115 
Special treatment, 125 
Sputum, 116 

Stool, 116 

Suicide, 114 


INDEX 


Sweating, 111 
Swelling, 113 
Symptoms, particular, 114-115 


T 


Table M-1, regions of body, 130 
M-2, list of common diseases, 133 
M-3, list of medicaments, 134— 
135 
Temperature, 110 
Throat diseases, 115 
Treatment by medicaments, 127 


U 


Urine, diseases of genitourinary sys- 
tem, 118 


general symptoms, 113 


Vv 


Vaccination, infectious and parasitic 
diseases, 121 

smallpox, 129 
Venereal diseases, 121 
Vomiting, diseases of digestive sys- 
tem, 117 

general symptoms, 113 


WwW 


Wind, anus has not passed, 117 
Wound, deep, 114 
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Preface 


Purpose and Scope 

This manual is a hip pocket-sized field reference guide for 
junior signal leaders (officers and noncommissioned officers 
(NCOs)). It is intended to help the signal leader to 
understand and to implement signal support under the 
Information Mission Area (IMA) concept. 


This manual covers commonly needed information such 
as signal site reconnaissance, leading convoys, profiling 
line-of-sight (LOS) links, and troubleshooting signal 
equipment. It also contains an overview of signal support 
doctrine and currently fielded communications systems. It 
is targeted at junior signal officers and NCOs in tactical 
environments from battalion through echelons above corps 
(EAC). 


ane Principles of Leadership 
Know yourself and seek self-improvement. 

* Be technically and tactically proficient. 

+ Seek and accept responsibility for your actions. 

* Make sound and timely decisions. 

¢ Set an example. 

¢ Know your soldiers and look out for their well-being. 

« Keep your subordinates and superiors informed. 

* Develop a sense of responsibility in your subordinates. 

* Ensure the task is understood, supervised, and 
accomplished to standard. 


_ 
_ 
re 
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* Build a team. 
+ Employ your unit according to its capabilities 


FM 22-100, Military Leadership, covers this subject 
in detail. 


Troop: Leading Procedures 

* Receive the mission. 

* Issue warning order. 

° Make tentative plan. 

* Start necessary movement. 

* Conduct reconnaissance. 

* Complete the plan. 

* Issue the order. 

* Supervise. 


FM 71-123, Tactics and Techniques for Combined 
Arms Heavy Forces: Armored Brigade, Battalion/Task 
Force, and Company Team, covers this subject in 
detail. 


User Information 

The proponent of this publication is the United States 
Army Signal Center. Send comments and recommendations 
on DA Form 2028 directly to Commander, United States 
Army Signal Center and Fort Gordon, ATTN: ATZH-DTL, 
Fort Gordon, Georgia 30905-5075. Key comments and 
recommendations to pages and lines of text to which they 
apply. If DA Form 2028 is not available, a letter is 
acceptable. Provide reasons for your comments to ensure 
understanding and proper evaluation. 
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Introduction 


Successfully supporting the commander with reliable and 
redundant communications is a direct result of detailed 
planning. Planning signal support operations should not 
occur in a vacuum or just among signalers. For 
communications to successfully support the commander, 
several steps must occur with absolute conviction. The 
most critical step in understanding what is expected from 
a signal leader and planner is understanding the 
commander’s intent. From the commander’s intent, all 
planning can begin among sections, staffs, units and 
individuals. The staff planning process per the Command 
and General Staff College (CGSC) Student Text (ST) 101-5 
and the wargaming process begin immediately. Warning 
orders and fragmentary orders (FRAGOs) can be issued to 
subordinates so they can make maximum use of the time 
available and execute the appropriate troop-leading 
procedures. 


Soldiers’ lives hinge on our ability to plan tactical 
operations. Planners must successfully synchronize and 
integrate the plan to support the commander. 
Communications must support the scheme of maneuver as 
every other battlefield functional area (BFA) must in a 
synchronized and integrated effort put maximum focus on 
a specific objective at a specific time. This will ensure the 
commander accomplishes the mission. Today’s battlefield 
is three dimensional and signal planning must be done with 
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the same application of thought. Planning and 
coordinating joint operations or operations other than war 
(OOTW) also must be done with great detail and 
forethought. | Soldiers and signal teams deserve the 


opportunity to survive based on solid plans and viable 
contingencies to support unstable situations. 


Soldiers must understand several issues for success in a 
tactical environment. Leaders must keep soldiers informed 
and updated on all key information. The first issue is an 
understanding that a communications problem is 
everyone’s concern until it is solved. The second issue 
involves signal soldiers who are highly qualified 
representatives of the Signal Corps and as such we are all 
trainers. This means when a user has a communications 
problem we try our best to educate them so they become 
self-reliant. If we fail to educate, then we must not only 
do our own work, but we must also do someone else’s work. 
Next, we must train as if we are going to war/conflict. This 
means we cannot accept the training standard that 
communications assets go unescorted into the maneuver 
boxes/threat areas days in advance just to ensure 
communications are ready. Once in a tactical situation, 
specific channels for accurate and timely intelligence, battle 
tracking, and environmental and situational awareness 
must be developed. This information must be disseminated 
to the lowest levels possible. All node centers (NCs), radio 
access units (RAUs), retransmission (RETRANS), and relay 
teams must get this information promptly. The information 
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ensures the teams understand and can support the 
maneuver schemes and are synchronized with other BFAs 
across the battlefield. Awareness of the enemy or threat 
enables the soldier to feel secure in their surroundings. 


As a signal leader, you are tasked with great 
responsibility. Plan for success and win the information 
war. 
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Chapter 1 
Signal Support 


Section I. 
Signal Support Disciplines 


1-1. Information Mission Area (IMA) 

Under the IMA concept, signal support provides the 
commander the means to command and control (C’) on the 
battlefield. _ The IMA doctrine covers all aspects of 
information management. It consists of five disciplines: 

* Communications. 

* Automation. 

¢ Visual Information (VI). 

* Records Management. 

* Printing and Publications. 


The signal support reaponsibilities to each of these 
disciplines differ at the tactical, operational, and strategic 
levels of war. All signal personnel must understand the 
IMA disciplines and the need for signal support. 


FM 11-75 covers this subject in more detail. 
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1-2. Communications 

Tactical communications transfers information 
throughout the battlefield. Information is generally divided 
into three categories: 


Voice. Voice traffic provides real time user-to-user 
information flow. 
* User-to-user — Interactive two-way traffic. 
* Conference — Several parties conversing together. 
+ Broadcast — One-way area coverage. 


Message. This is hard-copy information such as 
documents, charts, maps, and photographs. Message traffic 
generally falls into two classifications: 

* Formal — Passed through the record traffic system. 
* Informal — Passed directly between users. 


Data. This is digital information passed from machine 
to machine. When computers are linked together to pass 
information or share resources, the result is a computer 
network. 


User units are responsible for installing, operating, and 
maintaining all user-owned signal equipment. This 
includes coordinating with the signal officer for equipment 
training. The unit staff should address all communications 
matters to the staff signal officer. 
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Signal support provides the above services in one of two 
ways, depending on user requests. 


Common user. All users of a communications system 
have access to a large group of subscribers with minimum 
communications assets. 


Sole user. This service provides a link between two 
points where high priority or high-volume traffic prevents 
sharing common-user links. Sole-user service is no longer 
used at tactical levels of the Army. Support of joint 
organizations requires the occasional use of sole-user 
circuits over satellite systems. 


Tactical communications architecture is generally divided 
into the following wide area networks (WANs): 

* Area Common-User System (ACUS). 

* Combat Net Radio (CNR) System. 

* Army Data Distribution System (ADDS). 

* Broadcast Communications System. 


ACUS. It is a communications system made up of a 
series of network node switching centers connected 
primarily by line-of-sight (LOS) multichannel radios and 
tactical satellites (TACSAT). Army ACUS networks are 
Tri-Service Tactical Communications (TRI-TAC) at echelons 
above corps (EAC) and mobile subscriber equipment (MSE) 
at echelons corps and below (ECB). ACUS provides a 
multiuser, common-user area system for high-volume voice 
and data communications. Users at or near extension 
nodes link to the system for access to other users. 
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CNR. They are single-channel and frequency hopping 
(FH) radios which are organic to almost all organizations. 
CNRs are the primary means of communications in 
maneuver units. To support the commander, units use 
these radios in networks such as command, administrative 
logistical, and intelligence/operations. An example is the 
Single-Channel Ground and Airborne Radio System 
(SINCGARS). 


ADDS. It is an integrated C’communications system 
providing near real-time transmission capabilities to 
support low- to medium-volume data networks. The system 
automatically relays information from the origin to the 
destination transparent to the user. 


Subsystems are the Joint Tactical Information 
Distribution System (JTIDS) and the Enhanced Position 
Location Reporting System (EPLRS). 


Broadcast. Communications systems use technology 
similar to commercial radio stations. Transmit-only 
stations send information to high frequency (HF) radio 
systems, satellites, unmanned aerial vehicles (UAVs), or 
other means. Weather, intelligence, and position location/ 
navigation (POS/NAV) information are support derived 
from the broadcast system. 


FM 11-75 covers this subject in more detail. 
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1-3. Automation 
Automation refers to computer hardware and software 

used for various purposes across the operational continuum. 
Units perform maneuver control and operations through 
Battlefield Automated Systems (BAS). The units also use 
other kinds of software to aid in managing many unit 
functions. These automated systems include word 
processing, financial analysis, maintenance requests, and 
personnel databases. Because of the widespread use of 
automated systems, automation covers several issues 
including, but not limited to— 

+ Establishing standards and policies for local 
automated information systems. 

* Developing information management requirements. 

- Allocating automation devices. 

+ Installing system and functional software. 

* Installing local area networks (LANs). 

* Coordinating interface with other networks. 

- Establishing standards to ensure software security. 

* Backing up and restoring data. 

* Conducting operator training. 

* Controlling software versions. 

* Performing unit-level system maintenance. 


The common hardware and software (CHS) program 
provides computers and supporting applications as building 
blocks from which interoperable battle command systems 
are implemented. 
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1-4. Visual Information 

VI is the documentation of military operations: 
processing, transmitting, reproducing, and distributing 
visual imagery, graphics production, conferencing, and 
multimedia presentation services within the theater or 
tactical environment. 


VI assets are found at the corps level and above. Signal 
staff officers below corps must request VI support when 
needed. Requests are sent to the next higher echelon’s 
signal office. The signal officer then assists the unit 
commander by directing VI assets to support the assigned 
mission. This includes— 

* Establishing VI policies and procedures. 

¢ Briefing commanders on capabilities/limitations of 
combat camera (COMCAM) units and procedures for 
requesting COMCAM support. 

¢ Integrating VI to support battlefield functional 
information systems at their level of command. 


Units must coordinate VI requirements along functional 
lines to avoid duplicating VI assets in the same mission 
area. The unit staff must— 

* Develop its own VI requirements and standardize VI 
equipment and systems to Department of Defense (DOD) 
and COMCAM unit standards. 

* Manage organic VI systems. 

* Establish VI policies and procedures according to the 
recommendations of the signal officer. 
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COMCAM. Its mission is to document the activities of 
all military services. This documentation is used for both 
operational decision making and historical records. 
COMCAM units document operations or events regardless 
of classification or sensitivity. Decisions on classification, 
sensitivity, or release are made afterward through 
command, intelligence, operations, and staff coordination. 
COMCAM imagery requirements include— 

* Recording or documenting key actions before, during, 
and after mobilization, deployment, force generation, and 
force employment. 

+ Assessing the effectiveness of force preparations, 
support operations and _ objectives, and problem 
identification. 

¢ Evaluating the effectiveness of weapons systems, 
intelligence related activities, medical support, public affair 
purposes, and countering enemy propaganda. 

* Historical documentation. 

* Maintaining stock footage. 


At theater and corps, COMCAM support is provided by 
COMCAM companies. For each division in the corps, 
support is provided by a COMCAM platoon in the corps’ 
COMCAM company. When tasked, teams from the 
COMCAM platoon provide support to brigades and 
battalions. 
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COMCAM teams are task organized. Team size is 
normally two to four soldiers. Figure 1-1 shows a typical 
COMCAM support structure. Team size, skill and 
equipment needs are determined by the mission. All 
COMCAM units fall under the operational control (OPCON) 
of their signal officer. 


OFFICER 


Figure 1-1. Typical COMCAM support structure. 


1-8 


FM 11-43 


Functional VI Support. Functional VI is user-owned 
and user-operated and does not include COMCAM. The 
primary purpose of functional VI is to support the unique 
information and decision-making requirements of the 
specific commander. Examples of functional VI support are 
the organic activities of military intelligence, psychological 
operations (PSYOP), public affairs, and medical units. 


FM 24-40 covers VI in more detail. 


1-5. Records Management 

Records management is the administration of 
correspondence, reports, forms, directives, publications, and 
distribution/official mail. It includes the maintenance of 
record information, classification/declassification of recorded 
information, and the implementation of responsibilities 
under the freedom of information and privacy acts. 


Objectives. The goals of the records management 
system are to create the records essential to support, 
sustain, and document the following: 

* Military operations in time of war and operations 
other than war (OOTW). 

+ Protect the rights and interests of the Army, its 
uniformed members, their family members, and civilian 
employees. 

+ Distribution/official mail management. 

+ The Modern Army Recordkeeping System (MARKS) 
provides procedures for the systematic identification, 
maintenance, retirement, and destruction of Army 
information. 
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* Correspondence management limits correspondence to 
essential requirements. (See AR 25-50.) 

* The Freedom of Information Act (FOIA) program 
activities are conducted in an open manner consistent with 
the need for security and adherence to other requirements 
of law. (See AR 25-55.) 

* The Privacy Act (PA) program protects the privacy of 
an individual from unwarranted invasion by ensuring that 
collection and maintenance of recorded information about 
the individual is necessary and accurate. (See AR 340-21.) 

* Personnel records maintenance during wartime is 
kept to an absolute minimum. Staffing of records branches 
will not allow the extensive personal service provided 
during peacetime. 


FM 11-75 covers this subject in more detail. 


1-6. Printing and Publications 

Printing and publications are the processes of information 
composition and representation on media. It covers 
printing, reproduction, and publications management. 
There are no organic printing capabilities at corps and 
below, other than engineer topographic and PSYOP units. 
Although low-quantity printing requirements can be done 
with user-owned automated systems connected to printers, 
large-volume printing and copying requeats are performed 
at theater. 


Units with publications accounts order and distribute 


Army publications to their subordinate units. Although not 
mandatory, the unite may maintain a publications library 
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and perform systematic management of publications and 
reproduction equipment. The systematic management of 
publications includes initiatives to modernize the Army 
publications system with new publishing management 
concepts. 


FM 11-75 covers this subject in more detail. 


Section II. 
Signal Responsibilities 


The signal officer works for the force commander and is 
responsible for providing signal support for the following 
areas: the Army Tactical Command and Control System 
(ATCCS), Battlefield Information Services (BIS), and 
Tactical VI Systems. 


1-7. Army Tactical Command and Control 
System 

ATCCS is the integration of the IMA disciplines of 
communications and automation. All information relating 
to the battle is divided into seven categories called 
Battlefield Operating Systems (BOSs) or Battlefield 
Functional Areas (BFAs). They are— 

* Maneuver. 

* Fire support. 

- Air defense. 

¢ Battle command. 

+ Intelligence. 
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* Mobility and survivability. 
* Logistics. 


BASs are the functional information systems which 
support the seven BOSs. 


TRADOC Pamphlet 11-9 covers this subject in more detail. 


These information systems consist of computer hardware 
and software that organize and manage battlefield 
information. All systems must be interconnected to 
successfully pass voice, message, and data traffic to and 
from the commander, his staff, and higher and lower 
echelons. Signal support provides the means to 
interconnect the BOSs. This is done through four tactical 
communications systems that support the BFAs. They are 
ACUS, CNR, ADDS, and broadcast. See Figure 1-2. 
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BROADCAST 
-INTEL 
-WEATHER 


-SINCGARS 
-IHFR 


Intelligence 


Figure 1-2. The Army communications architecture. 
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1-8. Battlefield Information Services 

Two IMA disciplines, records management and printing 
and publications compose the BIS. BIS are administrative 
services that are performed on the battlefield. When a 
maneuver unit deploys, the organic signal element is 
responsible for BIS. At brigade and battalion, the 
Information Services Support Officer (ISSO) is the S1. At 
division and corps, the ISSO is in the assistant division 
signal office (ADSO)/G6. The Directorate of Information 
Management (DOIM) is responsible for BIS in garrison. 
The nine BIS are— 

* Printing. 

* Publications. 

* Forms management. 

* Reproduction. 

* Classified document control. 

* Distribution/official mail (E-mail). 

* Correspondence. 

* Files management 

* FOIA/PA. 


The signal officer uses the methods of direct action and 
regulation to supervise the BIS. 


Direct Action. A central point of contact, under control 
of the signal officer, receives and routes all requests 
relating to the service. Only three of the nine BIS require 
direct action. These are distribution, printing, and FOIA/ 
PA. 
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Distribution consists of— 
* Recommending distribution policies and procedures. 
* Internal headquarters distribution. 
* Coordinating resources for messenger service. 
+ Official mail and accountable distribution. 
¢ Distribution center operations and pick-up. 


Printing consists of— 

* Reviewing and validating printing requests. 

* Forwarding print requests to the theater reproduction 
team. 


FOIA/PA consists of— 
* Recommending policies and procedures regarding both 
acts. 
* Establishing a point of contact in matters pertaining 
to either act. 


Regulation. The signal officer recommends local policies 
regarding all other services. These BIS occur at the user 
level. The user is responsible for following Army 
regulations and local policies recommended by the signal 
officer. 


Users must perform all user level BIS. Any questions 
regarding policies or use of the BIS should be addressed to 
the signal officer. 


FM 11-75 covers this subject in more detail. 
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Chapter 2 
Signal Support and Organization 


Signal support organizations exist at every echelon of the 
Army. Their mission is to support the commander by 
providing reliable and flexible communications, automation, 
and information services. This support is provided by 
signal organizations organic to the maneuver unit. At 
theater, there is a tailored signal command; at corps, a 
signal brigade; and at division, a signal battalion. In 
maneuver brigades and battalions, there is a signal staff 
officer with a section configured to the supported unit. 


Section I. 
Supporting the Corps and Division 


2-1. Corps Signal Support 

The principal signal support organization at corps is the 
corps signal brigade. Its mission is to provide support 
through the corps area common-user network. It also 
provides special staff and technical assistance for planning 
and controlling all corps signal functions and the extension 
of signal services to higher and adjacent commands. Figure 
2-1 shows an example of the brigade structure. MSE is the 
principal corps common-user system which provides 
connectivity to subordinate divisions, adjacent units, joint 
and allied services, and the Defense Information Systems 
Network (DISN). 
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CORPS 
SUPPORT 
SIGNAL BN 


Figure 2-1. Corps signal brigade. 


2-2. Signal Brigade Elements 

The corps signal brigade commander serves as both the 
corps signal officer/G6 and the signal brigade commander. 
To help accomplish these missions, the commander has the 
corps signal office/G6, the corps brigade signal staff, and 
subordinate signal battalions. 


Corps Signal Office/G6. The corps signal office’s 
primary mission is to perform signal planning for the corps. 
The corps signal office is part of the corps staff and the 
assistant corps signal officer (ACSO) oversees the operation 
of the office. Office functions include— 

¢ Preparing the signal annex’s operation plans 
(OPLANs) for the corps’ operations order (OPORD). 

* Preparing signal estimates. 

* Providing technical supervision of signal activities 

* Producing signal brigade taskings based on corps 
requests. 
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* Managing all operational and contingency 
communications security (COMSEC) matters. 

* Supervising the corps COMSEC office of record which 
develops COMSEC OPLANSs and policies. 

* Supervising the automation section (Maneuver 
Control System (MCS)). 

* Producing tactical telephone directories and listings 
for corps users. 

* Controlling radio frequency (RF) allocations and 
spectrum management for the corps. 

* Coordinating signal interface with host nation and 
allied forces. 

* Managing and controlling corps level BIS functions 
including the actions of the ISSO. 

* Managing the corps’ distribution and reproduction 
section. 

* Maintains configuration control of all software by 
ensuring that the software is current, compatible and 
standardized. 


Corps Signal Brigade Staff. The signal brigade 
implements the corps communications network with the 
cooperation of the corps staff. The staff consists of— 

* Corps signal engineering branch. 
* Network control branch. 

+ Plans/intelligence section. 

* Operations section. 

+ Brigade COMSEC office of record. 
* Logistics section. 

« Administrative section. 

* Automation section. 
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2-3. Subordinate Signal Battalions 

Corps Area Signal Battalion. These three battalions 
are responsible for providing communications coverage of a 
specific portion of the corps maneuver area and for 
installing a large extension node (LEN) to support the corps 
command posts (CPs). Also, the corps area signal battalion 
provides remote North Atlantic Treaty Organization 
(NATO) interface. 


Corps Support Signal Battalion. This battalion 
installs a portion of the corps area network and supports 
large headquarters at corps. It is configured differently 
from the area battalions having greater wire assets. Figure 
2-2 shows an example of a corps support signal battalion. 


SIGNAL 
SUPPORT 
COMPANY 


*Corps Area Signal Battalion has three Area Signal Companies. 


Figure 2-2. Corps support signal battalion. 


See Appendix B for a corps MSE signal brigade equipment 
chart. 
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2-4. Division Signal Battalion 

The division signal battalion is the principal signal 
organization supporting the division. Figure 2-3 shows the 
organizational structure. The battalion’s primary mission 
is to establish a division area common-user network. The 
signal battalion also provides signal support and staff 
assistance to plan and control division communications, 
automation, VI, and BIS. 


The division MSE network can operate as a stand-alone 
network or as part of the corps network. It has the same 
structure of interconnected node centers (NCs) and 
extension nodes providing service for division headquarters 
and major subordinate units. The network can contain 
gateways to adjacent units and the Defense 
Communications System (DCS) network. 


See Appendix B for a heavy division MSE signal battalion 
equipment chart. 


2-5. Division Signal Battalion Elements 

The division signal battalion commander serves as both 
the division signal officer/G6 and the signal battalion 
commander. To help accomplish these missions, the 
commander has the following assets: the division signal 
office/G6, the division signal battalion staff, and the 
subordinate signal companies. 
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*Heavy Division Signal Battalion has three Area Signal Companies 


Figure 2-3. Division signal battalion. 


Division Signal Office/G6. The division signal 
office/G6 works closely with the division G3. The ADSO 
supervises the division signal office. This office— 

* Plans division communications operations. 

* Prepares the signal annex to the division OPORD. 

+ Prepares the signal portion of the division standing 
operating procedures (SOPs). 

*Plans and manages division signal automated 
systems. 

* Prepares the division tactical telephone directory. 

*Controls RF allocation and provides spectrum 
management. 

* Acts as the primary interface between the division 
signal battalion and the division signal officers (BSOs). 
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* Coordinates signal interface with host and allied 
nations in stand-alone divisions. 

+ Prepares and distributes the division signal operation 
instructions (SOI). 

* Coordinates for commercial and/or host nation 
telephone _ allocations. 

+ Requests and manages satellite access for TACSAT. 

+ Provides BIS to the division while in the tactical 
environment. 

* Maintains configuration control of all software by 
ensuring that the software is current, compatible and 
standardized. 


Division Signal Battalion Staff. The division signal 
battalion staff assists the commander by providing 
information, estimates, and recommendations. The staff 
prepares plans and orders and provides guidance for the 
design and implementation of the division’s communications 
network. The staff consists of— 

* S1 — Administrative Section. 
* §2/S3 — Intelligence/Operations and Training. 
- S4 — Logistics Section. 
* Battalion Maintenance Officer (BMO). 
= Motor maintenance. 
® Electronic maintenance section. 
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2-6. Subordinate Signal Companies 

Battalion Headquarters and Headquarters 
Company (HHC). The signal battalion HHC sustains the 
battalion when deployed through maintenance, logistics, 
administrative services, and management of the ACUS 
network. 


Area Signal Company. The mission of each of the two 
area signal companies (three in a heavy division) is to 
provide ACUS coverage for a specific portion of the division 
maneuver area. 


Signal Support Company. The mission of the signal 
support company which contains the division’s LEN is to 
provide support for large CPs such as the division support 
command (DISCOM). The support company also has 
TACSAT, net radio interface (NRI), frequency modulated 
(FM) retransmission, and EPLRS equipment. 


Contingency Communications Package (CCP) 
Company. Airborne, air assault, and light signal 
battalions have a contingency communications company(ies) 
made up of two identical platoons. Each platoon provides 
initial MSE and TACSAT capabilities. 


Light Contingency Communications Package 
(LCCP) Company. Selected light forces have a 
contingency communications company made up of two 
platoons. The LCCP is being developed to provide selected 
light infantry divisions with an initial MSE capability for 
a contingency mission. The LCCP closely follows the 
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organization, concept, and functional characteristics of the 
airborne CCP, with the major differences exhibited at the 
extension sites with dismounted equipment. 


Section II. 
Supporting the Maneuver Brigade/ 
Battalion 


2-7. The Maneuver Brigade/Battalion 

Maneuver brigades are the primary element used for 
conducting combined arms operations. They consist of at 
least three infantry, armor, or mechanized battalions. In 
addition, the brigade may be augmented by other fighting 
and supporting elements, such as field artillery, air defense 
artillery, light infantry, engineer, aviation, and chemical 
units. 


The maneuver battalion consists of three or more 
company-sized units and a headquarters company. Combat 
arms battalions perform tactical operations to support the 
brigade’s mission. Battalions will normally be reinforced 
with other combat and combat support (CS) elements to 
form a task force. Maneuver battalions usually task 
organize to maximize combat effectiveness. Mechanized 
infantry and armor platoons make up company teams 
which comprise a battalion task force. 
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Appendix A provides a communications planning guide to 
assist the brigade/battalion signal officer (BSO)/ 
communications chief in planning reliable, flexible 
communications support for the maneuver commander. 


2-8. The Brigade/Battalion Signal Officer 

The BSO is the signal expert to the maneuver 
commander. He advises the commander and staff on all 
signal support matters. He works for the unit executive 
officer (XO) and closely interacts with the S3 and other unit 
staff officers. As a special staff officer, the BSO— 

* Provides technical staff supervision over signal 
support activities throughout the unit. 

* Exercises OPCON of all communications assets 
assigned or attached to the unit. 

¢ Prepares the signal portion of unit OPORDs, 
OPLANs, and SOPs. 

* Coordinates with next higher echelon signal officer for 
additional communications support, if required. 

* Identities, coordinates, and provides for task force 
communication requirements. 

« Works with the S2 on electronic countermeasure 
(ECM) threat and electronic counter countermeasure 
(ECCM) procedures. 

¢ Works with the S3 on manipulative communications 
deception and tactical ECCM. 

* Coordinates with the supporting signal unit to 
maintain access to the ACUS. 

* Coordinates for maintenance support with the S4. 
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+ Assumes supervisory responsibility for all COMSEC 
items within the unit to include accountability, distribution, 
destruction, and security. 

* Inspects subordinate unit signal support sections. 

* Regularly reviews signal prescribed load lists (PLLs) 
and ensures scheduled services are done on unit 
communications equipment. 

* Plans and supervises all training for operation and 
maintenance of signal equipment. 

* Provides organizational level COMSEC maintenance 
to support the unit. 


The BSO must develop a routine interaction with the 
unit staff, and take an active role in the staff planning 
process. He must ensure the staff understands the 
capabilities and limitations of the units’ organic signal 
assets and external support. He must take these into 
account when producing an OPORD, OPLAN, or SOP. 


Communications must be planned early and in detail for 
each phase of the operation. Plan for overwhelming success 
and catastrophic failure in the base plan and in the 
contingency plans. Signal support must be integrated and 
synchronized to support each part of an operation on a 
changing battlefield. Good terrain analysis, competent 
asset management, and endless staff coordination produce 
success. 


Planning in support of maneuver operations requires the 


BSO to thoroughly understand the following elements in 
great detail: (1) The friendly maneuver plan as developed 
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in staff wargaming (to include contingencies), (2) The 
enemy threat, both templated and actual as confirmation 
occurs and/or changes the enemy picture, (3) Terrain, 
through analysis assisted by products available in combat 
tactical operation centers (TOCs), (4) Equipment, the BSO 
must track assets carefully, must have predesignated 
backup equipment, and must consider other available 
systems from CS or combat service support (CSS) units if 
necessary. 


The BSO must be technically proficient with all 
communications equipment in the unit. He must learn as 
much as possible about the technical features that make 
the equipment work, and considerations that can make it 
work better. He must exercise troubleshooting skills 
and ensure the equipment is regularly checked and 
serviced when in garrison. Before deployment, the 
BSO should direct a thorough communications 
rehearsal. 


The BSO must be tactically proficient. This requires 
understanding the unit’s mission. He must be a proactive 
planner and an aggressive participant of the battle staffs 
wargaming, synchronization, planning/matrixes, and 
rehearsals. He tracks the battle closely so he can trigger 
moving assets against forecasted enemy or friendly events. 
By tracking the battle, the BSO can anticipate the unit’s 
changing communications needs and position the command, 
control, communications, and computer (C’) assets in the 
best places to support maneuvers. 
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The BSO must be an aggressive trainer. He must seek 
to educate the users at all echelons. He must develop 
simple and clear explanations that combat users can 
quickly grasp. Command post operators from commanders 
to radio operators must be well-trained and capable of 
independent decisions. 


2-9. Maneuver Brigade/Battalion 
Communications 

The brigade/battalion commander must be able to receive, 
process, and transmit orders rapidly. The brigade/battalion 
CP is highly mobile and must have a communications 
system that supports this mobility. _ Command post 
communications are provided by the following means: 


Organic Signal Assets. The maneuver unit performs 
its own internal communications, using organic signal 
equipment. The maneuver unit uses the FM radio as the 
primary means of communication. Within the maneuver 
unit, there is organic terminal equipment, digital nonsecure 
voice terminals (DNVTs), mobile subscriber radiotelephone 
terminals (MSRTs), facsimile machines, and 
communications terminals (CTs) to enable ACUS access. 
The unit’s assets consist primarily of CNR equipment. 


External Signal Support. Maneuver CPs can enter the 
ACUS, which is accessible through radio access units 
(RAUs) or small extension nodes (SENs) operated by the 
division signal battalion. The process called dual homing, 
is a redundant system used to compensate for a failed link. 
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It allows two SENs to link into different nodes, thereby 
allowing uninterrupted communications should one link 
fail. 


2-10. Combat Net Radio 

CNR is the primary means of C’in the brigade/battalion. 
The advantage of CNR is it is easily installed and highly 
mobile. CNR also serves as the primary means of internal 
communications during movement. 


Nets. Combat nets are formed by functions, such as 
operations or logistics, and contain specific groups of users 
within the unit. The structure of a net depends on the 
existing situation, command guidance, and available 
equipment. Figure 2-4 shows a typical command/ 
operations FM net. 


Net Supervision. The BSO is responsible for ensuring 
that the users know how to operate the system. This 
includes— 

* Ensuring unit personnel remain proficient on CNR. 

* Ensuring all unit radio operators are familiar with 
proper FM net procedures, antijam plans, and 
retransmission operations. 

* Monitoring FM net discipline and making corrections 
as necessary. 
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Figure 2-4. Typical command/operations FM net. 


Range Extension Systems. To overcome terrain 
obstacles or distances between stations, range extension 
systems are employed. Depending on the situation, some 
units may have an augmented/transferred range extension 
system. These include single or multichannel systems, 
additional FM retransmission systems, HF radio systems, 
or other expedient methods, such as radio power amplifiers 
and long-range antennas. The BSO can also take steps to 
accomplish range extensions by ensuring that FM antennas 
such as the OE-254, AS-2259, or GRA-50 are employed. 
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Users must understand FM retransmission operations in 
order to use them effectively. 


See FM 24-18 for additional information on tactical single- 
channel radio communications techniques to include 
installing field expedient antennas. 


The BSO is responsible for planning and preparation of 
retransmission/relay teams being employed throughout the 
battlefield and provides food and logistical support; except, 
MSE system maintenance and repair, which is performed 
by the signal battalion. There are several key factors that 
facilitate success. They are— 

+ Integration and synchronization of activities on the 
battlefield. (See Appendix A, Figure A-9.) 

« Risk analysis and waging logical bets with odds. We 
must plan every mission in detail and for success. (See 
Appendix C.) 

+ Analysis and use of terrain. These are both 
paramount when supporting a retransmission mission. 
Survivability, sustainment, and accessibility are all key 
factors when planning a site. (See Chapter 5.) 


2-11. Area Common-User System 


The ACUS is a common-user communications system that 
connects all battle command elements. 
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Maneuver Brigade Access. To enable the brigade to 
enter the ACUS, the division signal battalion provides a 
SEN to each brigade’s TOC and brigade support area 
(BSA). The SEN teams establish MSE termination sites 
near the brigade CPs. After the SEN team installs a 
26-pair cable from the SEN switch to a J-1077, the 
maneuver brigade installs the brigade CP’s internal wiring. 
In addition to ACUS access at the brigade CPs, users with 
MSRTs also may enter the MSE network from their 
vehicles. RAUs provide this service. Each RAU can 
process eight subscriber calls simultaneously. The 
maneuver brigade must also install its own LAN to access 
the tactical packet network (TPN). Users must also install 
and properly configure their own battlefield automation 
devices. 


Maneuver Battalion Access. MSRTs are remoted in 
the battalion TOC and the battalion area logistics operation 
center (ALOC) CPs to provide ACUS access for the 
battalion TOC and ALOC respectively. Light and heavy 
units may be configured differently to meet the 
requirements of that unit. Figure 2-5 shows the different 
means the maneuver battalion can use to access the ACUS. 


Net Radio Interface. For users without MSRTs, the 
signal battalion provides an NRI, so vehicles with FM 
single-channel radios and SINCGARS can enter the MSE 
system via a secure digital NRI (TSEC/KY-90). 
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Figure 2-5. Battalion ACUS access. 


Six NRIs are fielded with each division and corps signal 
battalion, and they are located at different SENs, LENs, 
and force entry switches (FESs) across the corps/division 
area to provide the best coverage. The range of an NRI is 
equal to the range of the single-channel radio used in that 
unit. 
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2-12. Cable and Wire 

Cable and wire systems provide internal communications 
for CP and support areas. These wire systems will be 
extended to subordinate systems when allowed by the 
tactical situation. Wire communications are used in static 
or defensive roles. Users are responsible for installing, 
operating and maintaining their subscriber terminal 
equipment. They also are responsible for connecting and 
maintaining their wire lines and LAN cables. 


2-13. Message Traffic/Data Distribution 
Capabilities 

Facsimile. User-owned tactical facsimile machines 
provide most internal and external mapping, overlay, 
OPORDs, and reporting traffic. The facsimile currently 
used is the AN/UXC-7/7A. The AN/UXC-7/7A can transmit 
one page of data in 7 to 15 seconds. The AN/UXC-7/7A can 
connect to either SINCGARS or 4-wire ACUS terminations. 
An advantage of using SINCGARS for facsimile 
transmission is that it can reach several users at one time. 


Communications Terminals. The AN/UGC-144 is a 
formal record traffic CT. This user-owned and -operated 
device provides most internal and external message traffic. 
It can store, edit, display, transmit, receive, and print 
record traffic. This terminal processes in the R (general 
services) and Y (intelligence) communities at all echelons of 
the tactical communications systems. However, a separate 
terminal for each type of traffic must be used. 
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Couriers. There is no formal messenger service at the 
corps or division level. When messenger service is 
required, the signal officer is responsible for determining 
routes and schedules. Some units use liaison officers to 
deliver orders, overlays and messages between CPs. The 
G3 is responsible for tasking units for vehicles and 
personnel. 


Tactical Packet Network. The TPN is overlaid on the 
MSE network and uses existing trunks exclusively for data 
transmission. Users can connect personal computers (PCs) 
and LANs to the TPN from their CPs. Rather than using 
a direct end-to-end connection, which ties up a whole trunk, 
the TPN breaks up the data into “packets” and routes them 
along the most efficient path to their destination. When all 
packets arrive, the receiving packet switch reassembles the 
data and sends it to its destination. Each NC, LEN, SEN, 
CCP, and LCCP provides access to the TPN. 


2-14. Command Post Planning 
Most maneuver units operate from three facilities: the 
tactical CP (TAC CP), the TOC, and the unit trains. 


TAC CP. This is where the commander fights the battle. 
He is assisted by the S3, the fire support officer (FSO), the 
air liaison officer (ALO), a representative from the 52, and 
the crews of the assigned vehicles. Sometimes commanders 
and their FSOs will break from the TAC CP and fight from 
a separate command group. 
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TOC. This is the primary location for the unit 
headquarters and is supervised by the unit’s XO. The 
TOC’s primary mission is to monitor the current battle, 
fight the deep battle, and plan future operations. The TOC 
normally consists of the $2 and S3 sections, the fire support 
element (FSE), the tactical air control party (TACP), the 
engineer element, the air defense element, and other 
attached elements. 


Trains. Units have two types of trains: combat trains 
and field trains. The combat trains consist of the ALOC 
which includes the S1 and S4 section, refuel and 
ammunition points, aid station, and unit maintenance 
contact teams. The field trains consist of the Personnel and 
Administration Center (PAC), food service sections, 
company supply sections, and the maintenance section. 
Field trains are controlled by the HHC commander and are 
located within the BSA. Trains are supported by the 
forward support battalion under DISCOM. Both trains 
may be collocated, depending on the operational situation. 


Site Selection. It is crucial that the signal officer, HHC 
XO, and unit S3 representative take a prominent role in 
selecting potential CP sites for the unit. This includes 
going on reconnaissance of potential “jump” sites. The BSO 
must work with the staff to choose sites. The S3 should 
designate potential locations and the BSO should 
recommend the best location based on the requirements 
covered below. 
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Terrain. Communications are difficult from low valleys, 
especially when using LOS antennas. Using high ground 
is best for radio transmissions; however, avoid extremely 
prominent terrain features that could be used by the enemy 
as target reference points. The reverse slope of a hill is 
ideal because it protects from direct fire and still allows for 
good communications. 


Accessibility. The site should provide easy access 
preferably with different entrances and exits. The road 
should be able to handle various vehicles. Consider access 
during different weather conditions. 


Space. Ensure there is enough space for the unit to set 
up and still have room for communications and support 
vehicles. Ensure the site is large enough to avoid co-site 
interference. Plan for a location with a cleared area nearby 
for a helicopter landing zone in case of required air support. 


Threat. Consult the S2 and the chemical officer to avoid 
targeted enemy air assaults and high-speed avenues of 
approach. If possible, plan for the TAC CP and the 
command group to be out of enemy artillery range for that 
phase of the operation. Coordinate with the FSE to place 
“no fire zones” around all supporting signal sites in the 
brigade sector. 


Interference. Locate at least 50 meters away from 
potential interference from power lines, commercial 
radio/television stations, or other electronic systems. 
Understand the frequency spectrum and capabilities of the 


2-22 


FM 11-43 


system(s) emplaced to prevent co-site interference and 
manage FM frequencies for correct separation. 


Once a site has been chosen, and the unit moves to 
occupy the site, the BSO must ensure that the site is set up 
to avoid interference with the unit’s communications 
systems. Figure 2-6 shows an example of a typical brigade 
CP layout. 


Figure 2-6. Typical brigade CP layout. 
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To avoid antenna interference,— 

¢ Place phone lines and cables at least 12 inches away 
from power cables. 

* Centrally locate the J-1077s and install them in the 
TOC, if feasible. 

* Allow the SEN/multichannel team to set up first, if 
possible. 

* Keep antennae away from power sources. 

* Keep HF antennae at least 50 meters away from the 
CP and SINCGARS. 

* Keep WF-16 and WD-1 field wire away from other 
communications lines that may have high RF output, such 
as CNR antennas and remote cables. 

* Space antennae using Table 2-1 as a guide. Antennae 
can number up to 30 within a 200-meter radius at brigade 
without multiplexer. Antenna dispersal is especially 
critical in FM frequency hopping operations. 


_ Table 2-1. Antenna separation. 


FREQUENCY MINIMUM DISTANCE 
SEPARATION BETWEEN ANTENNAS 
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Chapter 3 
Area Communications Systems 


3-1. Overview 

The tactical ACUS is a network switching system that 
provides voice and data traffic interconnectivity for 
subscribers. EAC use the TRI-TAC systems; ECB use the 
MSE system. These systems link to provide a seamless 
area communications system across an entire theater of 
operations (see Figure 3-1). This chapter provides an 
overview of both systems. 


@ TAL -TAC/DGM Node 
@ MSE Node 


P xX 
DIVISION 


x 
BRIGADE 


Figure 3-1. Area communications systems. 
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3-2. Mobile Subscriber Equipment 

Employment. The MSE system is the primary ACUS 
configuration for ECB. MSE forms a network that covers 
the area occupied by unit subscribers. For a division, the 
grid is made up of four to six centralized NCs which make 
up the hub or backbone of the network. Throughout the 
maneuver area, subscribers connect to SENs/LENs by radio 
or wire. These extension nodes serve as local call switching 
centers and provide access to the network by connecting to 
the NCs. See Figure 3-2. 


NOTE: For the following radio configurations not all 
switches have super high frequency (SHF) radios. SHF 
radios are allocated on the basis of about one to every two 
switches. 


System Features. The MSE system is an area-switched 
communications system. The system provides 
communications for a notional five-division corps in an area 
of operations of up to 15,000 square miles (37,500 square 
kilometers). The system is digital, secure, highly flexible, 
and contains features that deal with link or functional 
element outages, traffic overload, and rapid movement of 
users. The MSE system provides both voice and data 
communications on an automatic, discrete addressed, fixed- 
directory basis using flood search routing. The system 
supports both mobile and wire subscribers in the five- 
division corps with a means to exchange command, control, 
communications, and intelligence information in a dynamic 
tactical environment. 
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Figure 3-2. Light division ACUS. 
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The TPN is a packet switching network that is overlaid 
on the circuit switching network of MSE. Along with 
providing data communications with the corps structure, 
the TPN provides data interoperability with adjacent corps 
and EAC forces, NATO forces, and commercial networks. 


Power Requirements. Diesel engine driven generators 
provide alternating current (AC) power to assemblages/ 
shelters. The two types of power units, as well as the 
shelter carrier alternator used in the MSE system are listed 
in Table 3-1 with their respective operating data. Vehicles 
equipped with the 200-ampere alternators provide direct 
current (DC) power as backup during site setup or 
generator start up, maintenance, or refueling. The shelter 
battery bank provides up to ten minutes of power between 
time of generator shutdown and vehicle engine (and 200 
ampere alternator) start up. The figures in Table 3-2 
reflect fuel consumption under full load conditions. 
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Table 3-1. Shelter power requirements. 


EQUIPMENT REQUINCIRENT POWER UNIT 
(kW) 

NC SWITCH: 

switching and operations shelters 8 PU75S3/M 
LEN SWITCH: 

switching and operations shelters 8 PU7S3/M 
MANAGEMENT FACILITY 35 PU7S3/M 
SEN( ) SWITCH 5 PU753/M 
RAU 4 PU751/™ 
LOs( ) 3 PU751/M 
Scc: 

Management and technical shetters 7 PU753/M 

Planning shelter 5 PU751/M 


Table 3-2. Fuel consumption. 


FUEL FUEL POWER FREQUENCY 
CAPACITY CONSUMPTION RATING (Hz) 
(GALLONS) (GALLONS/HR) (kW) 
PU751M 6.75 0.84 5 60 
PU753/M 12.5 1.56 10 60 
Alternator 25.0 0.8 378 N/A 


(shelter carrier) 
ee 
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NODE CENTER 


Function. NCs serve as an access point for LENs, SENs, 
RAUs, and system control centers-2 (SCC-2s). Each NC 
operates as an automatic switching point that receives 
traffic and routes it to other switches through flood search. 
The NC site contains two shelters, one for switching and 
one for operations, four LOS(V)3 multichannel terminals, 
one local RAU, and a node management facility (NMEF). 
See Figure 3-3. 


Connectivity. Most NC traffic is passed between the 
NC switch and the four LOS(V)3 multichannel radio 
assemblages. Each LOS(V)3 passes three digital 
transmission groups (DTGs) multiplexed into one multiplex 
DTG (MDTG) to the NC switch. The NC switch also can 
cable directly to two SENs, a RAU, and an SCC-2. In 
addition to the LOS assemblages, the NC connects to 
multichannel TACSAT/tropospheric scatter (TROPO) 
systems, or allied subscribers. Twenty-four local telephones 
are available for NC personnel. 


Node Management. The NMF contains a workstation, 
an intercom, a DNVT, a digital voice orderwire (DVOW), a 
mapboard, and workspace. The workstation has a monitor 
and keyboard, and it communicates with the SCC-2 to 
update NC/LEN status and to receive operational messages 
and directives. The NMF does not have a printer. It 
accesses the operations shelter’s printer. 
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NOMENCLATURE TECHNICAL INFORMATION 


SWITCH: AN/TTC-47 BIT RATE: 1024 kbps 
@SWITCHING GROUP PACKET 


ON/0@/TTC-47 SWITCH 
beni etal CONNECTIONS: 1 IEEE 802.3 LAN 
2 Dial up x 25 Host 


MULTICHANNEL 
Los: AN/TRC-190{V)3 (4 ea} CHANNELS 38 


Voice 
USED: 4 Pocket Switch 
SHF RADIO: AN/GRC-224 @ ea) 2 Overhead 
OPTIONAL IN NC SWITCH % 64 TOTAL 


GENERATORS: PU-751 SKW (5 ea) 
PU-753 10KW (2 ea) 


NODE MGT 
FACIUTY: 


5 t-TO NC 
“TO SEN 40Km 


3 ° 
{ 256 kbps FX 11Z30AG: 
CABLE 


‘a LN! 
10 KW GEN ne'Sw 


Figure 3-3. Typical NC configuration. 
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The Standard Integrated Command Post System (SICPS) 
tent is used in conjunction with the NMF to make up the 
operations center. It contains the basic equipment and 
charts from the NMF. Figure 3-4 shows a typical 
operations center layout and Figure 3-5 shows a typical 
node operations board. 


ENTRANCE 


SWITCHING OPERATIONS 
DL-306/TTC-47, OL-413/TTC-4 


Figure 3-4. Nodal operations. 
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NMF STATUS BOARD 


SYSTEM 
STATUS 


CHECKLIST DIAGRAM 


PACKET 


SWITCH 
NUMBERS 


Example of Node STANDARD 


Diagram 


DATABASE 


OPORD PROFILE 
AND 
DIRECTORY MATRIX 


STATUS) STATUS) 


Figure 3-6. Typical node operations board. 
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LARGE EXTENSION NODE 


Function. The LEN consists of two shelters, one for 
switching and one for operations, an LOS(V)4 multichannel 
terminal, and an NMF. The LEN provides ACUS access to 
large groups of users in areas where mobility and 
dispersion are not primary considerations. See Figure 3-6. 
The LEN usually deploys to support large CPs such as the 
corps support command (COSCOM) and the DISCOM. 


Interconnectivity. Eighty-four of the LEN subscribers 
install wire from their telephones to the J-1077 and the 
remaining 80 connect to remote multiplexer combiners 
(RMCs). These are cabled to the switch that connects to 
the LOS(V)4 either through CX-11230A/G cables or SHF 
links. Two LOS shots from the LOS(V)4 provide links to 
two different NCs. If the situation dictates, a SEN or RAU 
can connect to the LEN. Like the SEN, the LEN may 
connect to a multichannel TACSAT and may provide 2- or 
4-wire connections for commercial switches. 


Node Management. The NMF for a LEN is the same 
as the NMF for the NC. The SCC-2 connects to the LEN 
switch by CX-11230A/G cable. The LEN uses the same 
SICPS configurations as shown in Figures 3-4 and 3-5. 
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NOMENCLATURE TECHNICAL INFORMATION 


SWITCH: ANTTC-46 

@ SWITCHING GROUP 
ON/305/TTC-46 

® OPERATIONS GROUP 
OU/412/TTC-46 

MULTICHANNEL 

LOS: 


AN/TRC-190(V)4 (1 0a) 
SHF RADIO: AN/GRC-224 (2 ea) 


GENERATORS, PU-751 SKW (1 ea) 
PU-753 10KW (2 ea) 


NODE MGT 
FACILITY: 


Figure 3-6. Typical LEN configuration. 
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SMALL EXTENSION NODE 


General. The SEN has two assemblages, the SEN 
switch and its supporting multichannel LOS radio terminal. 
The SEN provides ACUS access to smaller units such as 
battalion or brigade CPs. Currently, there are five different 
models of the SEN switch. (See Table 3-3.) The AN/TTC- 
48A(V)2 is used at EAC. The four remaining models are 
AN/TTC-48(C)1, 2, 3, and 4. The two configurations of the 
SEN are: the SEN(V)1 services 26 subscribers and the 
SEN(V)2 services 41. See Figure 3-7. 


SEN teams must rapidly and aggressively seek to 
incorporate themselves into the CP they support. Threats, 
updates, casualty evacuation procedures, nuclear, biological, 
chemical (NBC) and early warning (air) procedures must be 
understood as well as the SENs responsibility in the site’s 
defense. As the signal battalion representative, SEN chiefs 
must circumvent problems, keeping the unit BSO and 
battle staff well informed of system status and 
actual/potential problems. 


Interconnectivity. Local users install wire from their 
telephones to a J-1077 which the SEN team connects to the 
switch. External connection to the NC is made by a 
LOS(V)1 at the SEN site. If the SEN switch is near its 
parent NC switch, it can be connected by cable. An SHF 
radio link can connect the LOS(V)1 to the SEN switch up 
to 10 kilometers away. This enables the remoting of the CP 
which reduces its RF signature. Also, the SHF link 
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overcomes time, distance, and terrain limitations 
(down-the-hill radio). The SEN switch connects to 
multichannel TACSAT, AN/TSC-85 or AN/TSC-93 terminals 
by CX-11230A/G or CX-4566 (26-pair) cables. This 
facilitates range extension of the ACUS. 


Interoperability. The SEN switch provides 2-wire (DC 
closure) for direct access to commercial switching offices. 
CNR users can access the MSE system through the secure 
digital NRI (KY-90). The AN/VRC-46, AN/VRC-90, 
AN/PSC-3, or the AN/VSC-7 satellite radio systems are 
compatible with the KY-90 NRI unit. 


Table 3-3. SEN models. 


Capability/Equipment 


AN/TIC-48 C(V)3 and C(v)4 loop Group Muliplexer TD-1426(P)/T 
AN/TIC-48 C(V)}3 and C(V)4 Group Modem MD 

AN/TIC-48 C(V)3 and C(V)}4 Orderwire Control Unit, C-11878/T 
AN/TIC-48 A(V)2, C(V)1, and C(V)2 Communication Modem, MD-1270(P)/T 


AV/TIC-48 C(V)1, C(V)2, C(V)3 and C(V)4 Signal Data Converter/ThinLan 
Packet Swlich C/3XA (operational) 
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NOMENCLATURE TECHNICAL INFORMATION 


SWITCH: AN/TTC-48 (16a) 
MULTICHANNEL 
Los: 


AN/TRC-190{¥) 
yen 2 IEEE 802.3 LANs 
SHF RADIO: ANIGRC-224 (ea) 5x.25 HOSTS 


GENERATORS: PU751 SKW CHANNELS 10 Voice 10 
(gay uses Packt Sich ’ Pocket 


PU-753 10KW (lea) ch 


CX-11230A/G 
COAX 


V4 MILE 
(256 kbps) 
13VF 


2-PAIR FOR COMMERCIAL OFFICE 
INTERFACE (DC CLOSURE) 


Figure 3-7. Typical SEN configuration. 
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LINE-OF-SIGHT RADIO LINKS eS) 


General. LOS radio links are multichannel digital radio 
systems which connect all MSE nodes. The LOS radio uses 
a 15-meter mast antenna system; however, a 9-meter mast 
antenna may be used to establish an SHF downhill radio 
link with the switch. There is one 30-meter mast antenna 
per NC and can be used if the radio link is profiled for it. 
The AN/TRC-190 assemblages provide these radio links. 
The radios operate between 225 and 400 MHz and between 
1350 to 1850 MHz. 


Configurations. The four LOS AN/TRC-190 versions 
are: (V)1, (V)2, (V)3, and (V)4. (See Table 3-4.) The 
LOS(V)1 interfaces with a RAU, SEN, FES, and the air 
defense artillery (ADA) interface unit. The LOS(V)2 
interfaces with the NATO analog interface (NAI) converter. 
The LOS(V)3 interfaces with the NC switch and can be a 
radio relay or provide a digital NATO interface (DNI). See 
Figure 3-8. The LOS(V)4 interfaces with a LEN switch as 
a radio relay and an ADA interface. The AN/TRC-198(V)1 
and (V)2 are used in the airborne/air assault, light signal 
battalion which uses the more compact MSE system, the 
CCP. 
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Planning. MSE network planners select the radio band, 
antenna polarization, site location, and interface used 
between the LOS and the switch before deploying LOS 
shelters. The information passes from system control/ 
battalion control (GYSCON/BATCON) through the MSE 
network as open link messages for implementation. 


Tabie 3-4. LOS radio link configuration. 


# OF #OF 
#OF RADIOS ANTENNAS MUX 0TGs 


BNO 1 BND 3 


3-16 


FM 11-43 


NATO ANALOG INTERFACE 
Al) LINK 


(256 as 
8 CHAN ELS TO NATO 


COAX CABLE 


115 FT NATO 


TI 
26 PAIR NAI Saewer 


CABLE 25 FT 
Lay WIRE 
DIGITAL CHANNELS) 


FOR RADIO 
1 CARD FOR 1/4 MILE CABLE 


NAI_ CONVERTER 
— NAI tie a CABLE 
25 


REMOTE 


OR 
8-6 WIRE ANALOG LOCAL QPERATION 


CHANNELS WITH E&M 
SIG & 2-WiIRE INTERCOM 


1/4 MILE QUAD 


TO golly wo 
EQUIPI 
(STANAG 5040) -* SPIRAL CABLE 


TO NATO INTERFACE 
EQUIPMENT 
{STANAG 4206-4212 & 4214) 


*65 FT yt WITH 50 FT EXTENSION 
“OPTIO! 


Figure 3-8. Typical LOS(V)2 NATO analog interface link 
and LOS(V)3 digital NATO interface link. 
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RADIO ACCESS UNIT 


Function. The RAU gives each mobile subscriber 
secure, wireless access to the ACUS. Subscribers within 
the RAU’s 15-kilometer range use their MSRTs to connect 
to the MSE network through the RAU. The RAU receives 
the transmissions and passes them to the NC switch. See 
Figure 3-9. 


Deployment. RAUsare used in two configurations. In 
a local RAU, the RAU assemblage is collocated with the NC 
and connects to the NC switch by cable. A remote RAU can 
be up to 40 kilometers away from the NC connected by an 
LOS(V)1 at the RAU site. 


Remote RAU teams deploy alone; consequently, the team 
must be well briefed on both the friendly maneuver and the 
enemy situation. RAU teams must understand routes, rally 
points, casualty evacuation procedures, decontamination 
data, and early warning (air) procedures. The team chief 
must maximize use of terrain, vegetation, or buildings for 
concealment and maintain constant security. RAU teams 
require constant threat updates and must be quickly moved 
if necessary. Movement should be planned in detail to 
prevent fratricide. These same considerations apply to an 
LOS(V)3 radio when being used as a relay. 


Users. A RAU can support customers within a 15- 


kilometer radius. Each RAU has eight radios that allow 
eight subscribers to talk simultaneously, although as many 
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as 50 can share the same RAU. Three RF levels (16W, 3W, 
and .5W) are delivered to the antenna. The RAU selects 
the lowest working output automatically. Affiliation is the 
process by which subscribers enter and identify their 
location within the network. The subscriber affiliation is 
obtained by keying 8R followed by the three-digit personal 
code and seven-digit directory number. Successful 
affiliation results in the subscriber receiving a dial tone and 
the ability to initiate and receive telephone calls. Once a 
subscriber initially affiliates into the network with their 
MSRT, their affiliation is maintained automatically as they 
move from one RAU’s range to another. 


BSO’s should advise their users, when they are moving 
from one RAU footprint to another, they will lose their 
telephone call and must reestablish it. 


System planners and managers analyze terrain to select 
the best RAU location before deployment. Dead spots 
should be briefed to the unit and subordinate units during 
the rehearsal for an operation. Additionally, high and low 
terrain that assist or mask the possible execution of MSRT 
or FM operations should be highlighted so that the terrain 
can be used to its maximum advantage. 


Careful consideration for density of subscribers and 


maximum amount of traffic must be used in determining 
the planning ranges of RAUs. 
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NOMENCLATURE TECHNICAL INFORMATION 


RAU: AN/TRC-191 (1. 8) BIT RATE: 
MULTICHANNEL 
LOS: 


AN/TRC-190{V)1 CHANNELS 
(1 ea) (if remoted) USED: 


GENERATORS: = PU-751 SKW 
(2 ea) 


Figure 3-9. Typical RAU configuration. 
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SYSTEM CONTROL CENTER-2 


Function. The SCC-2 is a  computer-assisted, 
automated tool that helps SYSCON cells manage the 
network. It consists of a technical shelter, management 
shelter, and planning shelter (corps only). It is collocated 
within the SYSCON and provides the information for 
network management. See Figure 3-10. 


Deployment. At corps, three SCC-2s deploy: two 
primary and one standby. The three are interchangeable. 
At division, there is one SCC-2 and it consists of the 
technical and management/planning shelters. The division 
SCC-2s are subordinate to the corps primary SCC-2, unless 
the division is in a stand-alone configuration. 


Connectivity. The SCC-2 connects to an NC or LEN 
switch by CX-11230A/G cable. All network SCC-2s receive 
regular database updates from each other through a packet 
switch in the technical shelter. All traffic from the SCC-2 
to the NCs, LENs, FESs, and RAUsis routed through the 
circuit switch. 


Each SCC-2 has a technical shelter. The shelter has two 
computers: The transmission interface module (TIM) and 
the packet switch. One computer is usually used as the 
technical workstation, and the other is the packet switch 
controller. The TIM connects the SCC-2 to the other 16- 
channel trunk group from the NC switch. 
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TECHNICAL INFORMATION 


NOMENCLATURE 
BIT RATE: 256 kbps 


SHELTER: ANTYQ-46 
¢ TECHNICAL SHELTER PACKET SWITCH 
CONNECTIONS: 1 IEEE 902.3 Interface 
25 Interface 


OL-48a/TYO-48 
@ MANAGEMENT/PLANNING SHELTER 
OL-490/TYQ-46 


GENERATORS: PU-753 10KW 
PU-75 


Figure 3-10. Typical corps SCC-2 configuration. 
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The packet switch controller serves as the network 
management center. The switch controller is in the SCC-2. 
However, it does not control any circuit switch assets, or 
calculate radio links. It controls and monitors the packet 
switch network (PSN). It does not provide interaction with 
the circuit switch network. 


The technical workstation acts as the focal point for the 
SCC-2. It controls the message traffic within, into, and out 
of the SCC-2. It assigns system management 
responsibilities to the other workstation and maintains the 
SCC-2 network database for all workstations. It also 
provides map data to the other workstations and passes 
along updates from the other SCC-2s in the network. 


The SICPS tent is used to makeup the SCC-2 operations 
center. This configuration may be set up differently to 
meet mission requirements. There are only two shelters 
used in the division SCC-2 configuration as opposed to the 
three which are shown in Figure 3-11. 
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PLANNING SHELTER 


SICPS 
BOOTWALL 


Figure 3-11. Corps SCC-2 operations. 
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CONTINGENCY COMMUNICATIONS PACKAGE 


Contingency Communications Package (CCP). A 
CCP consists of four basic elements: 

* One contingency communications parent switch 
(CCPS) which combines the essential functions of the NC 
switch/LEN/NMF shelters and a RAU in a single FES 
shelter and an LOS(V)TRC-198; the FES supports 25 
affiliated mobile subscribers. 

* Two contingency communications extension switches 
(CCESs), which include an FES and a dismounted LOS 
(DLOS). 

« One extra dismounted extension switch (DES), which 
is essentially an “unsheltered” SEN switch with half its 
capacity and an extra DLOS. 


The FES interfaces with an SCC-2, the AN/TYC-39 
message switch, the AN/TTC-39A and the AN/TTC-39D 
circuit switches, the NAI, and the DNI. 


A typical CCP mission (initial deployment) can be 


airlifted in two C-141B sorties. See Figures 3-12A, B, C, 3- 
13, and 3-14. 
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LEGEND INTIAL DEPLOYMENT 
LOS()Xx - LOS WAS COMPLETE SORTIE #1 


- 1 FES WITH 10KW GENs 

- 1 TACSAT WITH 10KW GENe 

- 1 TACSAT SPT VEHICLE WITH 
CARGO TRAILER 


SORTIE #2 


- 1 LOS(V) _X WITH 10KW GEN 
- 1 CCP SPT VEH WITH 


TRAILER 
- 1 FES WITH 10KW GEN 


QRC.- RADIO SETS 
OLOS(V)1 - OISMOUNTED Los(@)1 


Figure 3-12A. Contingency communications platoon. 
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DISMOUNTED EXTENSION SW (DES) 


TO LOS 
pre (10 TRUNKS) 


KYK-13, DNVT 


KY-57, TED 


TRIPOD 
*UPS-Universal Power Supph 
LEGEND. INITIAL DEPLOYMENT. 
SORTIE #1 
LOS(W)X - LOS W/3 COMPLETE - 1 FES WITH tOKW GEN 
GAC-226 RADIO SETS - 1 TACSAT WITH 10KW GEN 
DLOS(V)1 - DISMOUNTED LOS(V)1 - 1 TACSAT SPT VEHICLE WITH 
CARGO TRAILER 
SORTIE #2 


- 1 FES WITH 10KW GEN 

- 1 LOS(V)X_WITH 10KW GEN 

- 1 CCP VEHICLE WITH 
CARGO TRAILER 


Figure 3-12B. Contingency communications platoon. 
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ines DES eae - UHF RADIO 


BSBD 
UNIT 


LEGEND INITIAL DEPLOYMENT 
LOS(V)X - LOS W COMPLETE 

GRC-226 RADIO SETS SOnTIE a 
DLOS(V)1 - DISMOUNTED LOS(V)t - 1 TACSAT WITH 10KW GEN 


- 1 TACSAT_ SPT VEH WITH 
CARGO TRAILER 
- 1 FES WITH 10KW GEN 


SORTIE #2 
- 1 FES WITH 10KW GEN 
- 1 LOS(V)X_WITH 10KW GEN 


- 1 CCP VEH WITH 
CARGO TRAILER 


Figure 3-12C. Contingency communications platoon. 
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ay B = CCP mission (INITIAL 
PLOYMENT). RAU 
A,B, and C = CCP mission (FULL lanTENNA 
DEPLOYMENT). 


Figure 3-13. CCP conventional mission in its entirety. 
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Bintey Wliwtee Oy a 
‘Sey mak 


Ee  T . = 
3 71-N-NW——/—/“7- |" _ 0 29 ~~... 


SORTIE #1 (C-141) 


SORTIE #2 (C-141) 


— 


Figure 3-14. CCP initial deployment. 
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Contingency Communications Parent Switch 
(CCPS). The CCPS consists of one FES shelter towing a 
10-kilowatt diesel generator, and one LOS(V)X that can 
dismount one LOS(V)1. The connections between the FES 
and the LOS are by cable initially, since no SHF is 
supplied. The FES can be operator-controlled external to 
the shelter by a dismountable remote terminal, which can 
be configured as a workstation or a dismountable NMF 
(DNMF). The FES has packet switch capability, but 
without the gateway function; hence, no direct connections 
to adjacent corps or EAC. The packet switch provides ports 
for two LANs and six X.25 local hosts, plus one dial-in port, 
The FES provides full flood search capability via a downsize 
routing subsystem (RSS-D) and an SHF interface capability 
and a digital subscriber voice terminal (DSVT) in the truck, 
The line termination unit (LTV) provides modem/multiplex 
functions for the main local subscriber interface and is 
equipped with a rear terminal board to permit direct 
connections instead of the J-1077. 


The LOS(V)X is similar to an LOS(V)3, except that the 
LOS(V)X's ultra high frequency (UHF) radios operate on 
three separate link connections to the FES (no multiplex) 
and all links operate on either band. 


The CCPS provides service for a total of 117 wire line 


subscribers including eight defense switching network 
(DSN) and eight commercial analog trunks. 
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Additionally, the FES provide a a fully functional, 
downsized RAU capability for up to 25 mobile subscribers 
as well as dismounted combat net radio interface (DCNRI) 
access for single-channel radio users. 


The CCPS supports the brigade headquarters with parent 
node capabilities and provides local switching for the mobile 
subcriber and local wire subscribers with appropriate 
interfaces with CNR, commercial access, TACSAT, DSN, 
and packet switch. Figure 3-15 shows a typical CCPS 
deployment. The power subsystem is similar to the NC 
switch. 


Contingency Communications Extension Switch 
(CCES). The CCES consists of one FES shelter towing a 
10 kilowatt generator, one dismounted LOS(V)1 with one 
radio with Band 1 and Band 3 capabilities, and one cargo 
high mobility multipurpose wheeled vehicle (HMMWV) with 
cargo trailer. Figure 3-16 shows a typical CCES. 


The CCES provides the same wire, mobile and DCNRI 
capabilities as the CCPS; however, the quantity of LTU’s 
limits wire access to 47 subscribers including eight DSN 
and eight commercial analog trunks. 


Dismounted Extension Switch (DES). The DES 
provides access for 16-local wire subscribers with access to 
over 10 digital encrypted trunks to the MSE network via 
LOS or TACSAT. The DES consists of one of the two SB- 
4303s that populate a SEN switch. 


3-32 


FM 11-43 


MISSION UN- FES 
DEPLOYMENTS a= ENCRYP | DATABASE 
\eep BASELINE (BL) 
BL + BLK I 


FULL 
INIT CONV 


cce. 
INIT/FULL 
OPTION 


10 
a 
8 
8 
8 
8 
8 


“USERS PROVIDED 


Figure 3-15. Typical CCPS deployment. 
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Figure 3-16. Typical CCES. 
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LIGHT CONTINGENCY COMMUNICATIONS 
PACKAGE 


Light Contingency Communications Package 
(LCCP). The LCCP consists of two basic elements 
* One CCPS which combines the essential functions of 
the NC switch/LEN/NMEF shelters and a RAU ina single 
FES shelter and an LOS(V)X. 
¢ Two light contingency communications extension 
switches (LCCESs). 


The main difference between the LCCES and the CCES 
is that the LCCES’ equipment is dismountable. 


A typical LCCP contingency mission (initial deployment) 
can be airlifted in two C-141B sorties. See Figures 3-17A, 
B, 3-18, and 3-19. 


Light Contingency Communications Extension 
Switch (LCCES). This switch performs functions similar 
to the CCES in the CCP. The main differences between the 
LCCES and the CCES is that the LCCES’ equipment is 
dismountable, unlike the CCES’ equipment. 


This subsystem differs considerably when compared to its 
counterpart the CCP. The major differences are that all 
the equipment is dismountable and the switch is a DES 
(essentially half a SEN switch); there are no shelters, and 
the only vehicle is the cargo vehicle and it a trailer which 
are required to carry the dismounted equipment. 
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Inset PLT HO 


LEGENO 
LOS(V)X - LOS W3 CONE 
GRC-226 RADIO SET! 
DLOS(V)1 + DISMOUNTED tosayt 


INITIAL. DEPLOYMENT 


SORTIE #1 


- 1 TACSAT WITH 10KW GEN 

- 1 TACSAT SPT VEHICLE WITH 
CARGO TRAILER 

- 1 FES WITH 10KW GEN 


SORTIE #2 
-1 LOS(V)X_WITH 10KW GEN 
-1 LCCP SPT VEHICLE WITH 


CARGO TRAILER 
-1 FES WITH 10KW GEN 


Figure 8-17A. Light contingency communications platoon. 
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UHF RADIO 
RF UNIT 


BSBD 
UNIT 


LEGEND. INITIAL DEPLOYMENT 


LOSW)X - LOS WA COMPLETE 
GAC-226 RADIO SETS 
DLOS(V)1 - DISMOUNTED LOS(V)1 


oe 
ay 


‘ 
_ 


SOATIE #1 


FES WITH 10KW GEN 
TACSAT pally 10KW GEN 
TACSAT SPT VEH WITH 
CARGO TRAILER 


SORTIE #2 


LOS(V)X_WITH 10KW GEN 
LCCP SPT Mtn es WITH 
CARGO TRAILER 

FES WITH 10KW GEN 


Figure 3-17B. Light contingency communications platoon. 
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A and B = LCCP mission (INITIAL 
DEPLOYMENT). 

A, 8, and C = LCCP mission (FULL 
DEPLOYMENT). 


CP/AIRFIELD 


MSE 


16 DIG 


2co 
TRUNKS SUBS 


! BDE HQs 
“142 suBgs (LCCES) 


16 DIG 
SUBS 


2 CO 
TRUNKS 


* USER PROVIDED 
™ 35 SUBSCRIBERS PER (TU; 1 LTU USED 
FOR INITIAL DEPLOYMENT 


Figure 3-18. LCCP conventional mission in its entirety. 
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(ot) Ze autos. 


Figure 3-19. LCCP initial deployment. 
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Light Contingency Communications Parent Switch 
(LCCPS). The LCCPS is configured identically to the 
CCPS. 


Databases. The baseline (BL) FES database has been 
written to support LCCP full mission deployment. 
However, this BL database can be modified for other 
missions (LCCP and CCP). Once the operator implements 
the block procedures, they can be saved to the hard or 
floppy disks for future use. 
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MSE STANDARD DATABASE 


Function. The MSE standard database is loaded by the 
software in the NC switch and LEN switch. This database 
is standardized for every NC to maintain consistency 
throughout the MSE network. The standardized setup 
means that each DTG entering the NC switch is assigned 
its own specific trunk group cluster (TGC) number and 
trunk encryption device (TED). This particular DTG has 
the same TGC and TED at every NC in the MSE system. 
Also, each MDTG will always contain the same three DTGs. 
However, since the needs of each NC differ, modify the 
database when the situation dictates 


Assigning DTGs affects the NC site layout for cabling and 
antenna configurations, since each LOS(V)3 shoots to the 
same type of sites. Figure 3-20 shows the standard 
database configuration for the NC switch. Figure 3-21 
shows the standard database configuration for the LEN 
switch. Table 3-5 shows commonly used COMSEC keys 
required for the initialization of the MSE system. 
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Figure 3-20, NC switch DTG/TGC standard database. 
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Figure 3-21. LEN switch DTG/TGC standard database. 
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Table 3-6. COMSEC keys initialization chart. 


ENCRYPTS CALLS ASSOCIATED WITH MST one 
OSVT USERS. AUTOMATICALLY REPLACES M 
UPON SUBSCRIBER AFFLIATION. 


USED TO SUPPORT TS/SC! USERS TO THE 
TYC-30 MESSAGE SWITCH. 


USE TO SUPPORT TE/SCI USERS TO THE TYC-30 
MESSAGE SWITCH. 


ceneren oy sy bares ENCRYPTS 
INONIDUAL SECUI 


GENERATED AND USED BY OTHERS TO RAISE 
ENCRYPTION LEVEL TO TS/SCI (USUALLY 
INTELLIGENCE #8. 


USED BY ALL NSe/LENs WITHIN Oe THe Cone 
INTULLY SYNCHRONIZE TEDs BETWEEN NCs OR 
LEN. ALLOWING BULK SH RANGER OF EVE, 
eee TO ENCE PT. TUNE FOR sens. UFORTED 

UNK MASTER. 
Ghat To pesca Sia: FO oavia OPLTED 
MASTER. 


ey UNK 
USED TO ENCRYPT TRUNKS FOR AAUs. UPDATED 
MASTER, 


USED TO ENDRYPT COMSEC KEYS FOR OTAR 
‘TRANSMIGSION. 


USED TO ENCRYPT THE TRANS FER OF THE 
PER-CALL (V) KEY BETWEEN NS/LENG. 


PROVDES SAME ENCRPYTION AS CIRK KEY. ONLY 
IT % UAED BETWEEN GATEWAY SWITCHES. 


USED TO ENCRYPT THE SULK TRANSFER OF 
INDIVIDUAL OR ENTIRE KEY SETS BETWEEN 


USED TO ENCRYPT THE PER-CALL KEY TO THE 
TYC-30 MESSAGE SWITCH. 


USED TO ENCRYPT THi JRONIZATION 
SIGNAUNG nce MSE YANO. THE TYC-30 
MESSAGE SwiT CH. 
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MSE TACTICAL PACKET NETWORK 


General. The MSE TPN performs data distribution. 
The TPN uses a few MSE trunks exclusively for data 
distribution using the packet switch. Packet switching 
divides data transmissions into small “packets” and routes 
them along the most efficient path to their destination. The 
receiving packet switch reassembles the data and sends it 
to its destination computer. The result is an efficient 
method of data distribution that has almost no effect on 
voice traffic. 


Implementation. The TPN is implemented with AN/ 
TYC-20 packet switches in the NC, LEN, SEN, and SCC-2 
switch assemblages. (See Figure 3-22.) In the SCC-2’s 
packet network management center (PNMC), the system 
planner manages the network. AN/TYC-19 gateways at NC 
switches provide connectivity between other data networks, 
such as the EAC TPN. Data is transferred at 64 kbps for 
NC to NC and NC to LEN connections and at 16 kbps for 
NC to SEN and LEN to SEN connections. 


User Access. Users who wish to gain access to the TPN 
must have the following: 


Physical Interface. The signal entry panels on the 
SEN and LEN switches have connectors for RG-58 Ethernet 
ThinLan coaxial cable. LANs inside the CP are connected 
to this cable. There are two connectors on a SEN switch, 
four on a LEN switch, and one on an NC switch. 
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TOEAC TPN TONC SW 


TO NC SW 


TONC SW 


Figure 3-22. The TPN system. 
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The length of the coaxial cable cannot exceed 185 meters 
(600 feet). In addition, host computers with X.25 
conditioned diphase compatibility connect to a J-1077 using 
WF-16 field wire, The J-1077 connects to the packet 
switch. The SEN has the capability to support 58 LAN 
subscribers. See Figure 3-23. 


X.25 HOSTS 


Figure 3-23. TPN host connectivity at a SEN. 
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Protocol and Software. In addition to being physically 
connected to the TPN, the user’s computer system (or host) 
must be able to interface with the TPN. To do this, the 
system must support DOD standard protocols for functions 
like mail and tile transfer. These are the same protocols 
used by the defense data network (DDN). The software 
should support a tactical name server (TNS). This is 
necessary due to the high mobility of computers in the 
tactical arena. Once a host sets up at a new location, it 
must “affiliate” much like the MSE voice users do. The 
TNSs, found at NCs, keep track of each host’s location in 
the area network. 


Addresses. Every mobile host is assigned a unique, 
deducible name. For example, the G3, Ist Cavalry 
Division, III Corps using one MCS host would have the 
following address: 


G3-1CAVM1-G3-1CAV.3C.ARMY.MIL* 


* A standard Internet Protocol (IP) naming scheme 
has not been approved as of March 1995. 


3-48 


FM 11-43 


QUICK LAN TROUBLESHOOTING i: 


Ensure that the IP address is correct. If not, provide the 
user with the correct IP address and direct the subscriber 
to return to normal operation. 


Ensure the connection from the subscriber to the SEN or 
LEN is good (either direct connection via the J-Box to the 
signal data connector (SDC), or LAN connection through 
the integral gateway (IGW) to the AN/TYC-20(V)2). 


Ensure the operator has made a visual inspection of the 
AN/TYC-20(V)2 front panel for failure indicators. The 
indicators are: light emitting diode’s (LED’s) 19 plus the 
appropriate port LED’s, 0-5, Lit for X.25 hosts and or LED 
16 plus LED 8 Lit for LAN hosts during SCAN cycle. 


If the AN/TYC-20(V)2 indicates failure, the switch 
operator will begin packet switch troubleshooting in 
accordance with the appropriate technical manual. 


If the Echo Test of the terminal fails instruct the user to 


begin appropriate troubleshooting according to the manual 
for the devices being used to access the PSN. 
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MSE TROUBLESHOOTING 


LOS radio links connect MSE nodes. Each link is vital 
to the network while some links are more important than 
others. MSE network planners, coordinating with the corps 
and division G3 staffs, determine the priority for initializing 
and restoring links. 


The LOS and NC switch equipment operators establish, 
operate, and maintain the links. This ensures the system 
is working properly. When a system fails or operations 
begin to degrade, the NMF operator notifies the SCC-2 of 
the situation. They also initiate troubleshooting 
procedures to find the cause of the problem. The 
troubleshooting process is a coordinated effort between 
MSE elements. 


Every link in the MSE system has a label. The first half 
of the designator is the master link; the second half is the 
slave. The master terminal operator reports all link failure 
to the SCC-2. Failure reports are sent in message report 
format if possible. If not, the reports are sent to the SCC-2 
by CNR, MSRT, DNVT, or courier. The SCC-2 must be 
informed of link failures as soon as possible. This allows 
the SCC-2 to react quickly to the failure. 


Troubleshooting procedures are coordinated between the 


master and slave ends of the link using various means. The 
preferred means is by the secure DVOW. 
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If the DVOW is not available, it may still be possible to 
use the engineering orderwire (EOW). Exercise caution 
when using the EOW, because it is not secure, CNR is 
another means to troubleshoot. 


When a link outage occurs, it generates an error message 
at the NC or LEN switch. The switch operator must 
contact each assemblage within the failed link. Each 
assemblage operator provides assistance for loop back tests 
until the outage can be isolated and corrected. Particular 
caution must be taken when doing MDTG loop back tests 
(between an LOS(V)3 radio and the NC switch). MDTG 
loop back testing disrupts all communications on the tested 
MDTG. 


Maintain the trunk status of the links when 
troubleshooting using a status chart. See Figure 3-24. 


There are five loopbacks used inside the LOSS for link 
initialization. All five loops are available in each LOS type. 


* 6-1-6 loop: 
- Loopback from baseband units to associated LOS 
equipment. 
- A good indication is L1 on the radio. 
* 6-2-6 loop: 


— Loops data from the terminating assemblage 
back to the terminating assemblage (SEN/RAU/LEN). 
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— Good indications are L2_ in the radio, and the 
TED in the terminating assemblage in resync and full 
operate condition. 


— The operator must disconnect the antenna 
coaxial cable. 


* 6-3-6 loop: 
- Disable signal from the baseband to the 
assemblage. 


— A test pattern is generated on the transmit side 
of the baseband, which is looped back in the diplexer of the 
RF head. An error detector on the receive side of the 
baseband compares the receive pattern with the original. 


— A good indication is L3_ on the radio 


— The operator must disconnect the antenna 
coaxial cable. 


* Radio patch loopback: 
— Loops data incoming from the distant end of a 


radio link back to the originating point. 


— DVOW communications is nonfunctional using 
this loop. 
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* 6-4-6 and 6-5-6 loops: 
— 6-4-6 loop disables the signal from the baseband 
to the assemblage. A test pattern is generated in the 
baseband and transmitted to the distant end. 


— 6-5-6 loop is used with the 6-4-6 loop. It loops 
incoming data from the 6-4-6 loopback to the originating 
LOS, where it is compared to the original signal. 


— A good reading at the 6-4-6 end would be 
L4_ _E5 or L4_ _E6. If there were a fault, it would be 
indicated as follows: 4F4, as an example. 


— A good reading at the 6-5-6 end would be 
L5_ _E5 or L6_ _E6. If there were a fault, it would be 
indicated as follows: 5F4, as an example. 


— The readings are a measure of the bit error rate 
on the RF link. 


— Each LOS in the link would perform a 6-4-6 loop 
to a 6-5-6, then reverse the loops. 


See TM 11-6800-216-10-4 for complete system and link 
troubleshooting and fault isolation procedures. 


3-53 


FM 11-43 


Figure 3-24. NC switch trunk status diagram. 
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3-3. The TRI-TAC System 

EAC use the TRI-TAC system as the primary area 
communications system. Similar to MSE, the TRI-TAC 
network forms a communications grid of area nodes which 
cover the area of operations. The area nodes normally 
interconnect by LOS SHF links up to 40 kilometers apart. 
Users gain access to the network at many extension nodes, 
which tie into the area nodes through LOS UHF links. The 
use of relay assemblages can increase the distance between 
nodes. TACSAT and TROPO links can further extend the 
range between nodes. See Figure 3-25. 


The TRI-TAC network is a digital, large volume, circuit 
switched system and has analog to digital converting 
capability. This allows the EAC customers to use the same 
DSVTs and DNVTs as corps and below subscribers. It is 
designed around the AN/TTC-39D area node switch. The 
AN/TTC-39D, an upgraded switch, provides packet 
switching, flood search routing, and subscriber affiliation 
for the TRI-TAC network. 


In addition to voice communications, TRI-TAC can switch 
message traffic with the tactical message switch, AN/TYC- 
39. The AN/TYC-39D is an automatic, store-and-forward 
message switch. 
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Figure 3-25. TRI-TAC area communications system. 
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AREA NODE 


Function. The area node primarily consists of an 
AN/TTC-39D switch and its associated multichannel link 
assemblages. Area nodes serve as central access points for 
the medium and small extension nodes. Each area node 
operates as an automatic switching point that receives 
traffic and routes it to other nodes. Node management is 
performed from a communications system control element 
(CSCE), AN/TYQ-31. See Figure 3-26. 


Connectivity. A standard node configuration 
terminates four SHF links to other area nodes, four UHF 
links to small extension nodes, and two UHF links to 
medium extension nodes. These connect by an SHF radio 
or cable link to a radio terminal assemblage, AN/TRC-175. 
It passes the DTGs to the AN/TTC-39D switch which can 
handle 712 circuits and can switch both analog and digital 
trunks. The node connects to multichannel TACSAT/ 
TROPO systems and NATO subscribers using the standard 
NATO interface device. 
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NOMENCLATURE TECHNICAL INFORMATION 
SWITCH: AN/TTC-39(A0) 
(0 ea) 


MULTICHANNEL 
TERMINALS: ANITRC-175 (1 oa) 1 4400 to 5000 MHz 


SHE REPEATERS: = AN/TRIC-136A 
Cr) 4400 to 6000 MHZ 


UHF REPEATERS: AN/TRC. 174 
2 ea) 


1350 to 1860 MHz 


ANTYQ:31 (1 oa) 


ANAAIQ- 104 1OKW 
AN/MMIQ- 18 10KW 


Figure 3-26. Typical TRI-TAC area node. 
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EXTENSION NODE 


Function. The TRI-TAC extension nodes consist of an 
AN/TTC-48A switch and a single multichannel link. They 
service smaller units requiring access to the theater area 
communications system. The extension node provides 
automatic circuit switching, terminations for up to 41 
subscribers, and has an NRI for CNR users. RAU coverage 
gives users with MSRTs access to the theater area 
communications system. See Figure 3-27. 


Interconnectivity. The SEN connects with the area 
node through a single UHF multichannel link to a radio 
terminal assemblage, AN/TRC- 173. The MSE SEN switch, 
AN/TTC-48A, performs circuit switching and connects to 
the J-1077s. Users install field wire from their telephones 
to the J-1077s. Users can also install telephones by using 
RMCs. They connect to the AN/TRC-173’s group modem 
(GM) by cable. 
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NOMENCLATURE TECHNICAL INFORMATION 


SWITCH: AN/TTC-48 (1 ea) [BIT RATE: 32 kbps 


16 kbps 
MULTICHANNEL 
LOS: AN/TRC-173 (1 ea) JAN/TRC-174 
J-1077 (4 ea) IFREQ RANGE: 1350 to 1850 MHz 


GENERATORS: ANINAIQ-18 10KW 
ea) 
buS2) sKw (1 ea) 


AN/TRC- 173 
UHF 
MULTICHANNEL 


AN/TTC-48A 
SEN SWITCH 


J-10778 


Figure 3-27. Typical TRI-TAC extension node. 
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MEDIUM EXTENSION NODE 


Function. The TRI-TAC headquarters medium 
extension node consists of an AN/TTC-46 switch, an 
AN/TRC-174, a message center, and an operations van. 
The medium extension node services larger units requiring 
access to the theater area communications system. See 
Figure 3-28. 


Interconnectivity. The medium extension node is dual 
homed with the AN/TRC-174 providing two LOS UHF links 
to area nodes. Subscribers connect to the switch through 
J-1077s and RMCs. The switch supports NATO interfaces. 
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NOMENCLATURE TECHNICAL INFORMATION 


SWITCH: ANTTC-46 (1 ea) BiT RATE: 16 kbps 
MULTICHANNEL: AN/TRC-174 (1 @a) 32 kbps 
AN/TRC-174 


COMM CENTER: AN/TSC-58 (1 ea) . FREQ RANGE: 1350 to 1850 mHz 


MESSAGE 
CENTER: ANIGSO-80 (1 ea) 


GENERATORS: AN/MJQ-18 10KW (3 ea) 
PU-751 SKW (2 


Figure 3-28. Typical TRI-TAC medium extension node. 
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3-4. Subscriber Terminal Equipment 

The supporting signal battalion provides the users access 
to the ACUS. The users provide their own terminal 
equipment and ensure it is functioning properly. The 
maneuver signal officer ensures equipment maintenance is 
scheduled and performed. 


A sampling of this equipment includes— 
* DNVT, TA-1035/U or TA-1042A/U. 
* DSVT, TSEC/KY-68. 
* MSRT, AN/VRC-97. 
+ Lightweight digital facsimile (LDF), AN/UXC-7/7A. 
* CT, AN/UGC-144. 


DNVT, TA-1035/U or TA-1042A/U. This is a 4-wire 
nonsecure telephone terminal that transmits and receives 
full duplex, conditioned diphase, digitized voice and loop 
signaling information. The DNVT (TA-1035/U) is the 
primary nonsecure voice/data terminal device used by static 
subscribers to access the MSE/TRI-TAC system via a SEN, 
usually collocated with a CP. The TA-1042A/G operates at 
16 or 32 kbps. Most Army communications networks 
require terminal devices to be set at 16 kbps. The 32 kbps 
setting may be used to interface with joint/TRI-TAC 
switches (always verify the settings used with the local 
switch). The local switch provides power for the DNVT 
therefore no batteries are needed. The local switch also 
provides a nonsecure warning tone for the DSVT user if the 
user initiates the call to a DNVT; however, the tone stops 
as soon as the DNVT user answers the call. The user 
connects the DNVT by installing WF-16 field wire from the 
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DNVT to a J-1077. The signal battalion’s SEN team 
provides the J-1077. The user installs the field wire up to 
4 kilometers. See Figure 3-29. 


Technical Features. 


* Input power voltage: +24 to +56 VDC. 

* Input power: 300 milliwatts on-hook 
(power drain) 1.5 watts off-hook. 

¢ Weight: 5 pounds 12 ounces. 

+ Compatible with: AN/UXC-7A, AN/UGC- 


144, and DSVT. 


Figure 3-29. DNVT, TA-1036/U and field wire connections. 
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DSVT, TSEC/KY-68. This is a tactical telephone 
terminal with a built-in encryption/decryption module for 
secure traffic. It is a full-duplex voice and data interface 
terminal. It digitizes voice signals and transmits at 16 or 
32 kbps. Most Army communications networks require 
terminal devices to be set at 16 kbps. The 32 kbps setting 
may be used to interface with joint/TRI-TAC switches 
(always verify the settings used with the local switch). 
Although used primarily for secure communications, the 
DSVT is interoperable with the DNVT. The traffic in this 
mode, in a protective environment, is secure at least at the 
SECRET level. The local switch provides the DSVT user 
with a warning tone when communicating with a nonsecure 
terminal; however, the tone stops as soon as the DNVT 
user picks up the handset. For data communications, the 
DSVT is equipped with a data port for encryption with 
various data devices such as MCS, tactical facsimile, and 
special circuits. See Figure 3-30. 


The DSVT (TSEC/KY-68) is normally found in three 
configuration: static (wire), MSRT (mobile), and as stand- 
alone (static with the RT-1539). See Figures 3-31 and 3-32. 
Generally, DSVTs (in an MSRT configuration) are found 
with the commander, the S3 section, and the XO. It is a 
commander’s prerogative on the actual locations of the 
DSVTs. 


Technical Features. 


+ Input power voltage: +21 to +56 VDC. 
* Circuit Protection: DC-4 fuses 1/2 ampere. 
- Weight 14 pounds. 
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* Compatible with: AN/UXC-7, AN/UXC-7A, 
AN/UGC-144, and 
DNVT. 


Figure 3-30, DSVT, TSEC/KY-90. 


MSRT, ANNRC-97. The MSRT provides secure, full- 
duplex voice communications to the user throughout the 
tactical area of operations. It consists of a VHF radio and 
a DSVT. The MSRT automatically selects random channels 
for each call and chooses the lowest effective RF transmit 
level. The radio transmits in the low band and receives in 
the high band and interfaces at 16 kbps to the DSVT which 
provides secure, discrete addressability. The MSRT can be 
installed in a vehicular configuration (MX-2564/AN/VRC-97) 
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or in a stand-alone mode (MX-2565/AN/VRC-97) when used 
with a power supply such as a PP-2953. See Figures 3-31, 
3-32, and 3-33. 


oll el | 


mo et 


WHIP 
OA vehide win MSRT etiefion RO A TENA 


Figure 3-31. Vehicle mounted (MK-2564/AN/VRC-97) 
MSRT. 
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Figure 3-32. Stand-alone kit (MK-2665/AN/VRC-97) 
with MSRT. 
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SIGNAL CABLE-188 


Figure 3-33. MSRT wiring diagram. 
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Technical Features. 


* Input power voltage: +21 to +33 VDC. 

* Power output RF output, 14 to 18 
watts. 

* Circuit protection: one 16-ampere power 


fuse; four 0.25 
ampere line fuses. 

« Frequency range 30 to 88 MHz. 

¢ Transmitting range: 15 kilometers. 


The MSRT consists of the following components: 


* Receiver-Transmitter (RT), RT-1539. This is a 
very high frequency (VHF)-FM transceiver which is the 
heart of the MSRT. The RT-1539 is the radio used in the 
RAU. The radio operates in a full-duplex mode with a high 
and low frequency band for transmit and receive channels. 
In the RAU, the radio transmits in the high band and 
receives in the low band. This procedure reverses when the 
radio is used in the MSRT configuration. The RT-1539’s 
power requirements are +21 to +33 VDC. Its levels of HF 
power are as follows: NO, 16W nominal; N1, 3W nominal; 
N2, 0.5W nominal. The continental United States 
(CONUS) mode is 30 to 35 MHz and 40 to 50 MHz. 
Outside continental United States (OCONUS) mode is 30 to 
51 MHz and 59 to 88 MHz. Its radio planning range is 15 
kilometers. 


3-70 


FM 11-43 


+ DSVT, TSEC/KY-68. It makes up the telephone 
portion of the MSRT. It functions the same as described in 
the previous section. The DSVT can be remoted up to one 
kilometer or 1/2 mile. 


* VHF Antenna, AS-3885. It is a fiberglass, vehicle 
spring-mounted whip antenna. It is insulated to avoid 
electrical shock. During transportation, the AS-3885 is tied 
down to avoid damage. 


+ High Voltage Antenna (HVA), HVA-9. It provides 
high altitude electromagnetic pulse (HAEMP) protection for 
the MSRT and 4-wire connectivity when remoted. 


+ Remote Power Switch. It is part of the vehicle kit. 
The two-position toggle switch controls power to the 
RT-1539 when mounted in specified Army vehicles. The 
remote power switch provides the power receptacle for the 
AN/UXC-7/7A. 
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MSRT and DSVT AFFILIATION 


PROCEDURES 
MSRT Affiliation RT-1539 


(1) Perform all the preoperational adjustments and 
settings in accordance with TM 11-5820-1021-10. 


(2) Turn on the radio. 


(3) Load the M key - Connect the KYK-13 to the fill 
connector on the front panel of the RT-1539, ensuring that 
the KYK-13 selector (1-6) is in the position containing the 
M variable and the selector switch is in the ON position. 
Raise the Fill/Zero switch on the RT-1539 four times in 
rapid succession. DO NOT RAISE MORE THAN FOUR 
TIMES. If the crypto alarm light goes off, the fill was 
successful. If the light remains lit, remove the KYK-13 and 
zero the RT-1539 then attempt to reload the M variable. 
See Figure 3-34. 


(4) Install the DSVT. 
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LOAD M KEY 
IN_AT-1539 


LOAD U# IN LDU 
LOAD M IN LDX 


ENTER 
8R-PC-DN 
HANG _UP. 


IF_ON PREAFILIATED: 
AFFILIATION GRANTED 


M KEY: CORPS COMMON Trunk Encryption Key (TEK) 
used to encrypt: 
- RADIO PATH BETWEEN RT-1539 AND RAU. 
- SIGNALING KEY BETWEEN DSVT AND SWITCH. 


U KEY: NETTED Key Encryption Key (KEK) 
used to electronicatly transfer keys 
to DSVT, 


Figure 3-34, MSRT affiliation process. 
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(5) Verify frequency plan by dialing 8 I xx R where xx is 
the plan number the subscriber is using. If the light comes 
on (you will hear either a dial or error tone), then plan xx 
is in reserve; if the light flashes (you will hear either a dial 
or error tone), then plan xx is active; if no light appears 


(you will hear a busy tone), then there is no plan loaded in 
the MSRT. 


(6) Cable download—if plan xx is not loaded in the 
MSRT and perform the following procedures: 


a. Connect frequency fill cable P2 connector to the 
REMOTE CONTROL CONNECTOR on the RT-1539 which 
is to receive the frequency plan. Connect the RT-1539 
which already has the frequency plan loaded. 


b. Pick up the handset on the MSRT needing the 
frequency plan. Unlock the DEPRESS/LOCK cradle hook 
switch and turn counterclockwise to the up position. 


c. Using the key pad of the DSVT, dial 8CFR 8FFR. 


d. You will hear a low frequency tone on the hand set 
and the Loaded Frequency Plan light on the RT-1539 will 
flash. Once this tone ceases and the Loaded Frequency 
Plan light goes solid, you will hear an error tone. Hangup 
the hand set. 


e. Disconnect the fill cable from both radios. 
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f. Verify the frequency plan by following instructions 
outlined in paragraph (5) above. 


DSVT Affiliation 


(1) Place the function selector switch on the DSVT in the 
DSBL position. Ensure that the DSVT has been zeroized 
by pulling up on the VAR/STOP switch and moving it to the 
ZERO position and then releasing it back to the center 
position. 


(2) Place the function selector switch on the DSVT in the 
LDU position. Turn on the KYK-13. Connect the KYK-13 
to the DSVT and place the KYK-13 function selector switch 
in the position containing the U variable. 


(3) Press and hold the VAR/STOP switch to the load 
position. A tone should be heard. Release the switch to the 
center position, a second tone should be heard. If the two 
tones were heard, the load was successful. 


(4) While the KYK-13 is still connected to the DSVT, 
place the switch of the KYK-13 to the position containing 
the U variable. Place the DSVT selector switch to the LDX 
position. Press and hold the VAR/STOP switch to the load 
position. A tone should be heard. Release the switch to the 
center position. Another tone should be heard. If the two 
tones are not heard, the load was not successful. If the 
load was successful, disconnect the KYK-13. 
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(5) Load the personal code and directory number. 
Remove the handset of the DSVT from the cradle. You 
should hear an error tone. Using the key pad of the DSVT, 
dial 8R + the three-digit personal code + the seven-digit 
directory number. Dial tone should be returned. See Table 
3-6. 


Table 3-6. MSRT troubleshooting chart. 


SYMPTOM PROBABLE CAUSE CORRECTIVE ACTION 


*DSVT is “dead.” If U key mismatch. Ensure correct U key 
connected directly is being used. 

to NC switch, it is 

marked out of service. NOTE: U key must 
No sync attempt, match user's 

no drop-off. terminal profile 


Error tone on DSVT, RT-1539 M key Reset RT-1539 by turning the OFF/ 
CRYPTO ALARM, mismatch. BLACKOUT/ON switch to OFF, then 
TRAFFIC/SCANNING to ON, if MKEY mismatched occurs 
and AFFILIATION lights again, reload M key in RT-1539. 
flashing. 


TRAFFIC/SCANNING ON refused during Ensure correct DN is 
indicator flashes then affiliation. used. Dial "0" for 
becomes solid while DN Operator assistance. 
is being confirmed. if 

ON is not confirmed, then 

the TRAFFIC/SCANNING 

indicator goes from solid 

to flashing. 


After 2 min. FREQ PLAN | Unable to find RAU Reset RT-15390 fuming 

indicator starts to flash. marker. the OFF/BLACKOUT/O! 
AFFILIATION indicator is switch to OFF, then to ON. 

off. TRAFFIC/SCANNING Attempt to affiliate. If unsuccessful: 
indicator is flashing. RAU may be down, or you may be 
Error tone on DSVT. out of RAU range. 


*NOTE: The most common error 6.06 load sve Incorren: Key ito a senrisnal devi: 


This could occur when users improperty share keys Ky 3). To prevent this, 


units should develop a key distribution plan per 
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Table 3-6. MSRT troubleshooting chart (cont). 


SYMPTOM 


Loaded DIR PLAN 
indicator flashes. 
Error tone on DSVT. 


Loaded DIR NO 
AFFILIATION 

and TRAFFIC/SCANNING 
indicators are flashing. 
Error tone on DSVT. 


AFFILIATION indicator 
flashing. 
Error tone on OSVT. 


ALARM indicator is 
flashing. 
OSVT rings. 


ALARM indicator is 
flashing. 
DSVT rings. 


Voice quality is poor 
of starts to fade out. 


PROBABLE CAUSE 


Wrong PC entered 
(only after a successful 
disaffiliation from the 


system). 


Blacklisted. 


RAU saturation has 
occured. 


to RT-1539. 


Poor voice 
communicatons, 


CORRECTIVE ACTION 


Verify PC and attempt 
to reaffiliate. (After 4 
attempts, you will be 
blacklisted.) If indicator 
is still flashing after 

3 attempts, dial “O" 

for operator. 


Refer to the phone directory 
for procedures, Contact BSO, 


Only high precedence calls 
(irmnediate and above} may 

be processed. Unless you have 
a high precedence call, wait 
until indicator stops flashing, 
then make call. 


Tum RT-1539 OFF/ 
BLACKOUTION switch to 

OFF, start vehide. Turn RT-1539 
OFF/BLACKOUTION switch to ON. 
If vehicle takes longer than 

20 seconds to start, te 

must reaffliate your MSRT. 


Check cable connections, 
antenna, and DSVT 
connections. If all 
connections are correct, call 
maintenance personnel. 


Go on hook, then off hook 
and redial subscriber, or 
on hook, stop vehide, turn 

EMOTE POWER switch or 
tum RT-1539 OFF/BLACKOUT/ 
ON switch to OFF, Leave 
RT-1539 on, reaffiliate the 
MSRT, and place the call 
again. 
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LDF, AN/UXC-7/7A. This is a tactical facsimile that 
electronically transmits data from one LDF to another. The 
LDF is ruggedized and has a universal mount which allows 
installation in tactical vehicles. It transfers data over 
radio, common-user telephone systems, or digital 
equipment. The LDF connects to the MSE network 
through the data ports on DSVTs and DNVTs. The LDF 
can transmit maps, photographs, line drawings, and printed 
or handwritten messages. Because it uses carbon paper, no 
special toner is needed. 


The LDF has two separate modes of operation: Mode A 
and Mode B. The appropriate transmission medium (CNR, 
MSE, or TRI-TAC) must be considered when determining 
the mode of operation. 


In Mode A, images are scanned and transmitted from one 
machine to another machine that receives and prints as the 
transmitted information arrives. This mode requires more 
transmission time than Mode B. 


When Mode B is selected, the LDF becomes much more 
versatile. Each LDF has an image memory, a transmit 
memory, a receive memory, and supporting electronic 
functions which are now activated. Pressing the MEMORY 
LOAD switch causes processed scanner data to be entered 
into the image memory from where it can then be 
appropriately formatted for rapid transmission (called burst 
operation) from the transmit memory into the receiving 
LDF’s receive memory. The data can now be printed out at 
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the convenience of the receiving operator. An important 
advantage of Mode B operation is that significantly less 
time is required on the communications link. 


The AN/UXC-7/7A can store images in memory and 
reproduce or send them at a later time, See Figures 3-35, 


3-36, 3-37, and 3-38. 
troubleshooting chart. 


Technical Features. 


+ Input power voltage: 


+ Power consumption 
Standby: 
Operating 

+ Weight: 


+ Transmission Speed: 


Mode A - Analog 


Mode B - Digital 


Table 3-7 gives an LDF 


+22 to +32 VDC; 115/230 
VAC at 47 to 470 Hz. 


50 watts. 
100 watts. 
54 pounds 


2 to 6 minutes for an 11- 
inch page. 

7 to 15 seconds for an 11- 
inch page. 
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3-80 


FRONT 
COVER 
ASSEMBLY 


FRONT COVER 
FASTENER 


FRONT COVER 
ASSEMBLY 


PAPER TRAY 
ASSEMBLY 
CARRIAGE FRAME 
ASSEMBLY 
CARRIAGE LOCK 
HANOLE 


HANDSET CONNECTOR J3 


Figure 3-35. LDF, AN/UXC-7/7A. 
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FIELD WIRE 


LOF 
ANJUXC-7/7A 


TELEPHONE TELEPHONE 
SET SET 
TAZ TA312 


Jit 


LOF 
AN/UXC-7/7A 


Figure 3-37. Radio interface to LDF. 
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LDF AN/UXC-7/7A 
[| se Power 
[| Jt SIGNAL 


~~ DATA SIGNAL 
CABLE 


DNVT TA-1035/U 


GREEN WIRES / \ 


BRO! DATA DEVICE 
ME es CONNECTOR 


Figure 3-38. MSE telephone interface to LDF. 


3-82 


FM 11-43 


Table 3-7. LDF troubleshooting chart. 


SYMPTOM 


Output copy smeared. 


Input and output copy 
scratched or marred. 


Vertical plane of 
transmitted image tilted 


on output copy. 


Voice transmission 
continuously keyed when 


used in voice transmit 
mode. 


Error lamp does not flash 
at power on. 


Error lamp stays on. 


Will not produce shades of 
gray. 


Will not receive message. 


PROBABLE CAUSE 


improperty loaded 
input or Output copy. 


Detective handset 
connection. 


Improper switch 
settings. 


Margin stops are 
together. 


CORRECTIVE ACTION 


Clean stylus pivot 
assembly using paint brush 
NSN 8020-00-263-3873, 


Clean document pacts using 
typewriter brush, N 
7510-00-5S0-84 46. 


Reload input and output 
copies. 


Disconnect and reconnect 
hanset. !f problem 
continues, replace handset. 


Check power indicator and 
tecycle PUSH FOR ON 


power switch. 


Recycle PUSH FOR ON 
power switch. 


Check switch settings to 
ensure GRAY/B-W. 
Transmit switch is set to 
GRAY. 


Separate margin stops. 
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FACSIMILE OPERATION 


The following is a checklist for facsimile operation, 
The operator must-- 
¢ Ensure that the DNVT/DSVT is affiliated. 
- Ensure that the facsimile is properly connected 
to the DNVT/DSVT. 
* Preset the switches on the facsimile, 
Unlock the carriage lock handle 
Set the MODE switch to COMP FEC. 
Set the ANLG/DIGITAL switch to DIGITAL. 
Set the HI RES LO SP/HI SP LO RES switch as 
needed. (This setting is determined by the document being 
transmitted.) 
Set the GRAY/B/W switch as needed. 
Set the NATO switch to the LDF position. 
*Turn on the power (push IN on POWER switch). 
* Press the PAPER RELEASE lever and insert 
paper to transmit slot. 
* Place the paper text side up lengthwise into 
facsimile. 
* Set the margins. 
¢ Press the MEMORY LOAD button. 
* Remove the paper when the scan is finished. 
+ Verify that the MEMORY LOAD indicator is lit. 
-- Insert the copy set page into the facsimile to 
make a copy. (If using carbon, place it on top of the blank 
page and insert both.) 
-- Set the margins. 
-- Press the SELF TEST switch. 
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. Contact the receiving station over the 
DNVT/DSVT to send the copy. 

¢ Ensure that the distant-end operator has the 
switches set in the same mode of operation as the sending 
machine. 

* Instruct the distant-end operator to press the 
RECEIVE button. 

* Press the TRANSMIT button. (The distant-end 
operator prints the message after it is received.) 


CT, AN/UGC-144. This is a digital communications 
terminal that provides single-subscriber operation. When 
in a network, the unit has a full-duplex asynchronous 
communications capability. It has the ability to access the 
automatic digital network (AUTODIN) and can monitor 
narrative message traffic in the U (unclassified), R 
(routine), and Y (emergency command precedence, usually 
seen as TOP SECRET/senaitive compartmented information 
(TS/SCI)) communities. The CT is a medium-speed device 
that includes interface data, power supply, and control 
mechanisms. See Figure 3-39. 


The CT is typically found in military intelligence units 
and division, corps, and theater headquarters. Figure 3-40 


shows a configuration of CT communications via MSE. 


Technical Features: 


TERMINAL: 

* Voltage input: 100/130 VAC, 48/63 Hz, or 200/ 
260 VAC, 48/63 Hz. 

+ Consumption: 93 watts. 
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+ Weight: 55 pounds. 

PRINTER: 

+ Speed: 150/240 CPS. 

¢ Voltage input: 100/130 VAC, 48/63 Hz. 
+ Consumption: 13-watt average. 

+ Weight: 11 pounds without paper. 


NOTE: Printer is separate. 


Figure 3-38. CT, AN/UGC-144. 
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Figure 3-40. CT communications via MSE. 
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Chapter 4 
Combat Net Radio 


4-1. Overview 

CNR refers to the family of both single-channel and 
frequency hopping (FH) radios which are organic to many 
types of units. In maneuver battalions, CNR is their 
primary means of communications. 


The Army uses several types of single-channel radios 
which operate in different frequencies across the RF 
spectrum as shown in Figure 4-1. 


.1MHZ SMHZ = 1 MHZ SMHZ 10MHZ SOMHZ 100MHZ SOOMHZ 1GHZ 3 GHZ 


Figure 4-1. RF spectrum. 
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The Army uses the following single-channel radios: 


* FM Radio. Its range is about 35 to 40 kilometers 
which covers a brigade/battalion maneuver area. FM radio 
transmissions are normally LOS which large terrain 
features can block. FM radios can also transmit data. 


* HF Radio. HF radio’s longer range overcomes 
terrain limitations for users with greater dispersion. Using 
the improved high frequency radio (IHFR) provides a 
versatile capability for short- and long-range 
communications. HF is the only tactical communications 
asset that may achieve long-range communications 
independent of terrestrial or satellite relays. HF 
communications may be either voice or secure data. HF is 
also useful where LOS cannot be achieved. The capabilities 
of the single-channel radio make it flexible, securable, 
mobile, and reliable. However, the radio is the most 
detectable means of electronic communications and is 
subject to intentional and unintentional electronic 
interference. Good ECCM and remoting techniques are 
highly recommended. 


+ TACSAT Radio. The use of satellite communications 
gives the commander the greatest range. It is useful to 
users separated by long distances, such as rapid 
deployment forces and special operations units. The single 
channel TACSAT radio transmits in the UHF/VHF range 
which requires the antenna to have LOS with the satellite. 
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Satellite access time must be requested in advance. This 
radio has a narrow and wide bandwidth and can transmit 
data. 


These radios are used in functional networks such as 
command, administrative/logistical, fire support, and 
intelligence nets. 


CNR’s primary role is voice transmission for battle 
command. The CNR network can assume a secondary role 
for data transmission when needed. Voice C’ takes priority 
over data in most networks. The family of CNRs includes— 

* AN/VRC-12 series. 

*« SINCGARS. 

- THER. 

+ Single-channel TACSAT. 


4-2. AN/VRC-12 Series Radios 

AN/VRC-12 series radios are short-range, vehicular, 
aircraft, and fixed-station mounted units. They provide FM 
radio communications with NRI and retransmission 
capabilities. The radios also can be used with speech 
security or digital data equipment. Table 4-1 shows the 
technical specifications of the AN/VRC-12 series radios. 


Note: The AN/VRC-12 series radios are being replaced by 
SINCGARS, discussed in paragraph 4-3 of this chapter. 
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Table 4-1. AN/VRC-12 technical specifications. 


@ PRIMARY COMPONENTS: Receiver-Transmitter, 
RT-524/RT-246 


30-75.95 MHz 
(50 Hz spacing) 


@ PLANNING RANGE: 41 km (High Power) 
8 km (Low Power) 


@ MODES OF OPERATION: Voice/Data 


@ RF OUTPUT POWER: 8 watts (Low Power) 
35 watts (High Power) 


@ TM NUMBER: TM 11-5820-401-10 series 


@ FREQUENCY RANGE: 


FM 11-43 


The AN/VRC-12 series radio sets are designed around 
two types of RTs: the RT-246 and the RT-524. The RTs 
are combined with other components to form eight different 
configurations. The other components are the radio 
receiver, R-442; the secure retransmission set, C-10374; the 
antenna, AS-1729; and an auxiliary antenna. Table 4-2 
show the various radio configurations. 


Table 4-2. Radio configurations. 


AUX 
RADIO FEATURE RT-246 R442 RT-524 C-10374 AS-1729° ANT 


= cup: EI 


= “ome 
aK = 


: 
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Figures 4-2 and 4-3 show all components for cabling used 
in a secure AN/VRC- 12 series radio. 


Figure 4-8. Radio set, AN/VRC-49 (secure). 
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4-3. Single-Channel Ground and Airborne 
Radio System 

SINCGARS is the primary radio system used for short- 
range secure voice communications at brigade/battalion. 
SINCGARS is the secondary means for CS and CSS units. 


SINCGARS is replacing all AN/PRC-77 manpack and AN/ 
VRC-12 series vehicular mounted and airborne VHF-FM 
radios. SINCGARS accepts either digital or analog input. 
It converts the signal into a FH output. In the FH mode, 
the radio’s transmission changes frequency about 100 times 
per second. This prevents threat interception and jamming 
units from locating or disrupting friendly communications. 


SINCGARS radios may “net” with the AN/VRC-12 series 
radios by operating in the single-channel mode. 
Additionally, the AN/VRC- 12 series radios may operate 
within FH nets by using a SINCGARS-FH to single-channel 
(SC) retransmission system provided by an AN/VRC-92. 
Figure 44 shows an example of an SC to FH 
retransmission operation. 


SINCGARS provides access into the ACUS network 
through the NRI. The NRI (KY-90) is the interface device 
which links the SINCGARS with the ACUS 
communications network. Normally, CNR users gain access 
through an NRI station located in either a SEN, FES, LEN, 
or NC. 


See FM 11-32 for detailed information on SINCGARS. 


4-7 


FM 11-43 


Figure 4-4. SC to FH retransmission operation. 
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Table 4-3 shows SINCGARS characteristics. 


Table 4-3. SINCGARS characteristics. 


@ PRIMARY COMPONENTS:  Recaiver-Transmitter, 
ICOM 


@ FREQUENCY RANGE: 
(Channel Spacing) 


@ MODES OF OPERATION: 


Voice: 

Retransmi: 

Digital Data: 
Remote: 

Plain or Cipher Text 


@ RF OUTPUT POWER: 


@ DATA TRANSMIT RATE: 


Manpack/Vehicular: 


Vehicular Only: 


@TM NUMBER: TM 11-5820-890-10 series 


RAT-1523 
RT-1439 NON-ICOM 
RT-1476/77/78 AVIONIC 


30 TO 87.975 MHz 
5 Hz 


and FH 
SC to SC, SC to FH, FH to FH 
SC and FH 
With AN/GRA-39, CM, or RCU 
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The primary component of SINCGARS is the receiver/ 
transmitter. There are two ground unit versions (RT-1523 
integrated COMSEC (ICOM) and RT-1439 non-integrated 
COMSEC (non-ICOM)). See Figures 4-5 and 4-6. The 
main difference between radios is the device used to provide 
secure communication. The RT-1523 has internal COMSEC 
circuits and the RT-1439 uses the VINSON secure device. 
The secure devices are compatible if the same cryptonet 
variable is used in the ICOM radio and the VINSON device. 
The ground versions are equipped with a whisper mode for 
noise restriction during patrolling or while in defensive 
positions. The operator whispers into the handset and is 
heard at the receiver in a normal voice. 


NOTE: All double-stacked SINCGARS can be used as a 
retransmission station. 


Figure 4-5. ICOM radio RT-1623. 
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Figure 4-6. Non-ICOM radio RT-1439. 


SINCGARS has seven different configurations. 


AN/PRC-119. This is a manpacked version of 
SINCGARS which weighs about 20 pounds and can be 
carried in an all-purpose lightweight individual carrying 
equipment (ALICE) pack. See Figure 4-7. It is powered by 
a 13.5 volt lithium battery. The battery has an average life 
span of 12 hours (at 70° F when used with an RT ratio of 
1 to 9). The average life span for the battery with the new 
RT-1523A/B is 26 hours. The AN/PRC-119 does not include 
a power amplifier and therefore has a planning range of 5 
to 10 kilometers when used in the high RF position. 


AN/VRC-87 and AN/VRC-88. These radios are short 
range and vehicular mounted. They are identical except 
that the AN/VRC-88 includes a battery box, whip antenna, 
and backpack shelf which gives it dismounting capability. 
See Figure 4-8. 
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FIELD PACK 
HANDSET 


LOCATION AND DESCRIPTION OF MAJOR COMPONENTS 


Figure 4-7. Radio set, AN/PRC-119. 


Figure 4-8. Radio sets, AN/VRC-87 and AN/VRC-88. 
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AN/VRC-90. This is a long-range, vehicular mounted 
radio set. It contains a power amplifier which uses a 
mount adapter to interface and support the RT. The power 
amplifier provides about 50 watts of RF power during 
transmission which boosts the radio’s range. See Figure 
4-9, 


Figure 4-9. Radio set, AN/VRC-90. 


AN/VRC-89, AN/VRC-91, and AN/VRC-92. These radio 
sets have two RTs. This enables the operator to monitor 
two different nets at once, or act as a retransmission 
station. The AN/VRC-89 and AN/VRC-91 sets have two 
RTs and one power amplifier which makes one radio long- 
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range and the other short range. The AN/VRC-91 includes 
a battery case, whip antenna, and backpack shelf which 
gives it dismounting capability. The AN/VRC-92 has two 
power amplifiers which boost the transmit power of its RTs. 
See Figure 4-10. 


RECEIVER- TRANSMITTER MOUNTING BASE 


Figure 4-10. Radio sets, AN/VRC-89, AN/VRC-91, 
and AN/VRC-92. 
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LOADING SECURE DEVICE KY-57 


The KY-57 VINSON is an auxiliary device used to secure 
radio transmissions from the AN/VRC-12 series radios and 
the non-ICOM SINCGARS sets. See Figure 4-11. To 
encrypt transmissions, it must be loaded with a COMSEC 
trunk encryption key (TEK) from a KYK-13 or KYX-15. 
The procedure for loading the KY-57 is as follows: 

+ Connect the KY-57 to the radio set. 

+ Set the KY-57 to C and fill register to a numbered 
position/ ALL. 

* Turn KY-57 power to ON (COMSEC alarm is heard). 

« Press the handset push-to-talk button twice 
(COMSEC alarm clears to a steady tone). 

* Set KY-57 mode to LD. 

+ Connect KYK-13 to KY-57 using fill cable. 

- Turn KYK-13 to ON and fill register to a numbered 
position. 

+ Press the handset push-to-talk, and a beep is heard 
and the KYK-13 lamp blinks. 

* Turn KYK-13 OFF and disconnect from the KY-57. 

* Set the KY-57 MODE to C. 


NOTE: The Automatic Net Control Device (AN/CZY-10) will 
replace the KYK-13, KYK-15, MX-18290, and MX-10579. 
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Figure 4-11. Loading a KY-57 VINSON fill. 


LOADING SINCGARS FH DATA (LOCAL FILL) 


To frequency hop, SINCGARS must be loaded with 
specific FH data such as the transmission security key 
(TSK). This data is loaded from an ECCM Device, MX- 
10579 and should be loaded after the radio set is powered 
up. See Figure 4-12. The instructions for tilling the RT are 
as follows: 

« Ensure the ECCM fill device is loaded. 

* Set ECCM fill device function switch to OFF. 

« Connect ECCM fill device to RT connector AUD/FILL 
using fill cable. 

* Set RT FCTN to LD-V. 

* Set RT MODE to FH. 

* Set RT CHAN to MAN. 

+ Set ECCM fill device select switch to T1 or T2. 
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« Set ECCM fill device function switch to ON. 

¢ Press HOLD. ely will show “LOAD,” then 
“STOP.” A beep is heard, the “COLD” is displayed. 

* Set RT FCTN to LD. 

« Set ECCM fill device function to OFF. 

« Disconnect ECCM fill device from RT connector fill. 


NOTE: TSK is transparent with ICOM SINCGARS and 
built as a part of hopset. Non-ICOM SINCGARS requires 
separate identified TSK. There is no “LD-V” on the ICOM 
version. 


ECCM AUD/FILL CONNECTOR 
FILL DEVICE SELECT 
SWITCH 


SINC GARS RT 


Figure 4-12. Loading FH data fill. 
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RECEIVING AN ELECTRONIC REMOTE FILL 


SINCGARS can receive FH data from a remote station. 
This data can be transmitted to the RT from a distant 
station, such as the net control station (NCS). The 
electronic remote fill (ERF) allows the RT’s internal clock 
to synchronize with the other radios operating in the net. 
See Figure 4-13. The steps for requesting and receiving an 
ERF are as follows: 

* Set COMSEC device to plain or clear. 

* Set RT CHAN to CUE. 

* Set RF to HI or PA. Key handset and call NCS. 

* When NCS responds, follow their instructions. 

* Set FCTN to LD. 

* Set MODE to FH. 

* Set CHAN to MAN. Display will show “COLD.” 

+ Wait for NCS to transmit ERF. 

* Upon receiving an ERF, press STO; then enter the 
channel number (on keypad) where it is to be stored. 

* Acknowledge reception of ERF to NCS. 

* Set CHAN to channel where hopset was stored. 

* Set FCTN to ON. 


NOTE: Precautionary measures must be taken to ensure 
that the KY-57 VINSON is loaded with a COMSEC trunk 
encryption key (TEK) from a KYK-13 or KYX-15 and not 
mismatched with the transmission security key (TSK) loaded 
from an ECCM fill device. 


See FM 11-32 for more information on this subject. 
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. 
WAIT FOR ERF RECEIVE ERF STOREHOPSET () HOPSET 


Figure 4-13. Receiving an ERF. 


4-4. Improved High Frequency Radio 

The IHFR is a modular designed manpack or vehicular 
mounted radio operating at 2 to 30 MHz. It uses ground- 
and sky-wave propagation paths for medium- to long-range 
communications. The primary component of IHFR sets is 
the RT-1209. It is a single sideband (SSB) radio that 
operates in either the upper or lower sideband. Depending 
on the units’ mission, the RT-1209 is combined with other 
components to create manpacked, vehicular, or fixed station 
radios. The components for the different configurations are 
relatively small, making the sets lightweight and versatile. 
IHFR accepts input of voice and data rates up to 2400 bps 
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when used with appropriate data modems. IHFR passes 
highly perishable C’information for medium-to long-range 
communications (50 to 300 kilometers). Brigade and 
battalion units primarily use the low-power version. All 
IHFRs are user-owned and operated. The Near Vertical 
Incidence Sky Wave (NVIS) Antenna, AS-2259/GR is an 
issued item with the IHFR’s; however the NVIS antenna is 
interchangeable with the AN/GRA-50 and the whip 
antenna. The NVIS antenna may be remoted up to 61 
meters (200 feet) from the radio set. Table 4-4 shows the 
IHFR characteristics. 


Table 4-4. IHFR characteristics. 


@ PRIMARY COMPONENTS: Receiver-Transmitter, RT-1209 
@ FREQUENCY RANGE: 2 to 29,999 MHz (100 Hz spacing) 


@ MODES OF OPERATION: Single sideband (Selectable to upper 
sideband or lower sideband, voice, 
data, continuous wave, TTY, and 


receive-only) 

@ RF OUTPUT POWER: 20 watts or 100/400 watts 
(AN/GRC-193 only) 

@ DATA TRANSMITT RATE: 2400 bps 
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AN/PRC-104A. This radio set is a low power, 
lightweight, battery powered, tactical manpack 
configuration that replaces the AN/PRC-70/74 manpack 
radios. It weighs about 14 pounds and has automatic 
antenna tuning. The AN/PRC-104A will provide secure 
voice communications with the KY-65 or KY-99. See Figure 
4-14. Its components are connected by quick-disconnect 
latches, The radio set consists of— 

¢ Receiver-Transmitter, RT-1209. 
+ Amplifier/Coupler, AM-6874. 
+ Battery Case, CY-7875/PRC-104. 
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AN/GRC-193A. This radio set is high-powered and can 
be used in a vehicular or fixed station configuration. See 
Figure 4-15. IHFR sets perform retransmission for CNR 
when connected through the AN/VIC-1. Although more 
complex and bulkier than the other configurations, the 
AN/GRC-193A having strong output makes it ideal for 
long-range vehicular communications. The AN/GRC-193A 
radio is secured with the KY-65. Its components are— 

* Receiver-Transmitter, RT-1209. 
* Antenna Coupler, CU-2064. 

¢ Amplifier/Converter, AM-6879. 
* Power Amplifier, AM-6545A. 

* Mounting Base, MT-6232. 


AN/GRC-213. This radio set is a vehicular version of the 
20 watt AN/PRC-104 radio and can be converted into a 
manpack configuration. The set includes three antennas: 
the whip, the doublet, and the NVIS antenna. The 
AN/GRC-213 will provide secure voice and data 
communications when used with the KY-65 voice or KY-99. 
See Figure 4-16. Its components are— 

* Receiver-Transmitter, RT-1209. 

+ Amplifier/Coupler, AM-6874. 

* Amplifier/Power Supply, AM-7512. 
* Battery Case, CY-7152/PRC-104. 

* Vehicular Mount. 
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AM-6545 
AMPLIFIER RADIO FREQUENCY 


RT- 1209 
RECEIVER- 


— MT() GRC-193 MOUNT 
ELECTRICAL EQUIPMENT 


Figure 4-15. Radic set, AN/GRC-193A. 
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Figure 4-16. Radio set, AN/GRC-213. 


4-5. Single-Channel TACSAT System 

The current single-channel TACSATs are the AN/URC- 
101, AN/URC-110, AN/VSC-7, AN/PSC-3, AN/PSC-5, and 
the AN/PSC-7 (MST-20 plus). These terminals provide 
reliable, highly portable communications support. They 
have minimum setup and teardown time and satisfy a need 
for extended distance communications. The systems 
operate between 225 to 400 MHz and use fleet satellite 
(FLTSAT) and Air Force satellite (AFSAT) space segments. 
The Army terminals using the FLTSAT space segments are 
the AN/PSC-3, AN/VSC-7, AN/URC-101, and the AN/URC- 
110. 
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Chapter 5 
Basic Signal Leader Information 


This chapter contains six sections. Each section provides 
guidance on performing a different task or area of 
importance common to signal leaders. 


Section I. 
Profiling Radio Links 


Obtaining LOS between two stations is essential when 
forming a multichannel radio link. For most systems, the 
LOS planning range is about 40 kilometers, due to the 
earth’s curvature. LOS analysis may be done by automated 
means, usually by the signal brigade’s/battalion’s S3. See 
Figure 5-1. 


To perform a manual radio LOS analysis, obtain 
the following materials: 
+ Grid coordinates of both stations. 
+ Path profile paper, 4/3 earth radius (if possible). 
* Map sheet containing both stations. 
+ GTA 5-2-12 protractor and coordinate scale. 


Perform the following steps: 


* On the map sheet, place a dot at each proposed site 
location and circle it for ease of finding it later. 
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* Draw a line from point A to point B and determine 
the distance between the two. 

+ If the distance is greater than 48 kilometers (40 
kilometers for MSE), the points exceed maximum planning 
range and the transmissions may be to a weak to receive. 
A relay maybe needed; however, its use is undesirable and 
should be used as a last resort so that unnecessary assets 
are not tied up in one radio link. 

* Determine the elevation in meters of the originating 
and destination stations. Plot them the proper distance 
apart on the profile paper. Remember to add the 
antenna heights. 

* Divide the distance between the stations into 1 
kilometer increments. 

* Determine the highest elevation in meters at 1 
kilometer increments. Plot these on the profile chart. 

* Connect the points to establish a graphic picture of 
the terrain along the path between the two stations. 

* Draw a straight line between the antenna stations. 
This line represents the multichannel radio transmission 
path. 

* If the transmission path does not clear the terrain, 
LOS is not possible. Another terminal site or a relay site 
should be chosen. Leaders at company, platoon and team 
level should manually profile radio shots as soon as 
possible. 


TC 24-21 explains LOS manual profiling methods in detail. 
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LOS Path Blocked 


DISTANCE (km) 


Figure 5-1. Sample LOS study. 


Section II. 
Conducting Convoy Operations 


5-1. Convoy Organization 
A convoy is a group of vehicles organized under a single 
commander for movement. It consists of— 
* The march column. All vehicles involved in a single 
move along the same route. 
* The serial. Subdivision of vehicles moving from the 


same area along the same route. 
«+The march unit. Subdivision of a serial. 
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The march unit consists of march unit elements. These 
are— 


¢ Advance/Trail Elements. These are not a part of 
the main march unit. They are detailed to perform special 
duties such as quartering and reconnaissance. Some 
tactical situations may require advance, flank, or rear 
guards. Heavily traveled routes and busy intersections 
may require guides, escorts, and patrols. 


« Lead Element. First vehicle in the column. 
Contains the pace setter/navigator who ensures proper 
route and checks for changes to orders at predetermined 
points. 


* Main Body. Column of vehicles comprising the bulk 
of the convoy. 


¢ Trail Element. Last vehicle in the column. The 
trail element contains a trail officer /noncommissioned 
officer (NCO) responsible for maintenance and medical 
support. 


5-2. Convoy Planning Factors 
Interval. Distance between vehicles depends on many 
variables. 


* Urban areas 50 meters. 
¢ Rural areas 150 meters. 
¢ Expressways 200 meters. 
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Convoy Speed. Convoy speed depends on road 
conditions, traffic conditions, and the speed of the slowest 
vehicle. 


* Cities/built up areas 24 Km/h (15 MPH). 
* Two lane roads 40 Km/h (25 MPH). 
+ Limited access expressways 66 Km/h (40 MPH). 
* Blackout Drive 8 Km/h (5 MPH). 


Convoy Security. Military police (MP) units may 
provide convoy security on a continuous or intermittent 
basis. MP support depends on the threat in the area of 
operations. If MP units do not provide support, the convoy 
commander must plan for security. This includes— 

* Noise and light discipline. 

* Front, flank, and rear security. 

* Security during halts. 

¢ Air cover. 

* Fire support. 

* Communications. 

* Checkpoints. 


Start and Release Points. 

¢ Start point (SP). This is where all elements of a 
column come under the control of the convoy commander. 
The SP must be a place along the route easily recognized on 
both maps and ground. 

* Release point (RP). This is where elements of the 
column are released to their individual control. The RP, 
like the SP, must be a place along the route easily 
recognized on both maps and ground. The RP should have 
multiple exits to prevent congestion. 
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Halts. 

¢ Time. Plan 10 minute rest halts every 2 hours. Plan 
longer halts for dining, refueling, and bivouacking. 

* Location. Choose halt locations in advance and 
identify good characteristic for dispersion and concealment 
according to operational conditions. 


Personnel Duties During a Halt. 

* Officers and NCOs check the welfare of the soldiers, 
the security of loads, vehicular performance, fuel levels, and 
the performance of maintenance. 

* Control personnel should inspect and give instructions 
to ensure the column begins with minimal confusion. 

¢ Drivers should inspect their vehicles and loads. 

+ Drivers should perform preventive maintenance 
checks and services (PMCS)/during operations check. 

- Assistant drivers must stay alert and be able to fill in 
for the driver when needed. 


Additional planning factors. 

* Route reconnaissance. 

* Tactical situation. 

* Strip map preparation and distribution. 

+ Obtaining convoy clearance. 

+ Contacts along route for medical, decontamination, 
and vehicular support. 

¢ Status of trained drivers. 

* Number of vehicles involved. 

* Types of loads. 

* Traffic conditions. 

* Communications for convoy control. 
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5-3. Convoy Commander’s Brief 

Before departing, the convoy commander should issue 
strip maps and conduct a briefing for all convoy members. 
Figure 5-2 shows a typical strip map. 


To 
Smaltville 


KWIK-Gas 


df 


SPtoCP1 14.3km 
CPitoCP2 17.4km 
CP2toCP3 10.1km 
CP3toRP 7.9 km 


Figure 5-2. Typical strip map. 
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Recommended briefing subjects that should be covered 
are shown in the outline below. 


Situation 

* Friendly forces. 
* Support units. 

* Enemy situation. 


Mission: 
* Origin. 
* Route. 
¢ Destination. 


Execution: 

* General organization of the convoy. 
* Time schedule. 

+ Night operations. 

+ Risk assessment. 


Route: 

+ Convoy speed. 

* Catch-up speed. 

* Control personnel. 

+ Security forces commander. 

+ Fire support commander. 

* Medical evacuation support and safety. 

« Hazards of route and weather conditions. 
* Defensive driving principles. 

* Interval between vehicles. 

* Decontamination points and contaminated routes. 
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Emergency Measures: 

* Breakdown/accident procedures. 

* Use of highway warning kits. 

* Separation from convoy procedures. 
* Ambush (actions taken). 

* Contingency plans. 


Administration and Logistics: 
* Billeting arrangements. 

* Messing arrangements. 

* Refueling of vehicles. 

* Supply support, Class I-IX. 


Command and Signal: 

¢ Primary and backup radio frequencies. 

* Location and call sign of convoy commander. 
*Location and call sign of assistant convoy commander. 
+ Location and call sign of medical support personnel. 


NOTE: Appendix O of FM 55-30 provides a sample convoy 
commander's ckecklist. 
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Section III. 
Signal Site Selection/Set Up 


Select sites and routes using ground reconnaissance when 
possible. Use an aerial or map reconnaissance when a 
ground reconnaissance is not possible. 


Site Reconnaissance. As soon as the team knows where 
it will deploy, it conducts a thorough reconnaissance. For 
an NC, this usually includes the platoon leader, platoon 
sergeants, LOS supervisor, security and NBC team. The 
NC’s reconnaissance must be extremely detailed as site 
selection and layout are critical to network success. NC 
reconnaissance is considered complete when the platoon 
leader can fill out the NC diagram showing-- 

* Antenna and LOS(V3) placements. 

* RAU locations. 

* NC switch/NMF locations. 

+ Hasty defensive sites and security plans. 


The LOS has first priority of placement, the local RAU 
second, and the NC switch/NMF last. The platoon leader 
also determines if the database needs modifying and back 
briefs his command on his site layout and initial security 
procedures. 


Site Selection. Select the site that best meets the 
following criteria: 

* Site should be level and allow sufficient space for 
tactical dispersion of communications equipment in addition 
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to subscriber space requirements. 

* Site must have a clear LOS path for radio systems, 
must be free of obstacles that prevent transmissions, and 
away from interference sources such as power lines, 
generators, or other antennas. 

* Site should be accessible in all weather conditions. 

* Site should provide overhead cover and concealment 
with adequate dispersion of assets, be defendable, have 
more than one exit, and not attract enemy attention. 

* Site should have a helicopter landing zone for 
emergencies or supplies. 


Site Planning. Once a site has been chosen, do the 
following in accordance with the unit SOP: 

¢ Estimate equipment placement, subscriber location, 
initial observation post, sleeping, dining and latrine areas, 
dismount points, parking space, and restricted areas. 

+ Draw a site sketch including the above items. 

* Coordinating for the site with higher headquarters, 
subscriber units, and other appropriate elements. 

* Prepare strip map with primary and alternate routes 
to the site. 

+ Distribute strip maps to appropriate personnel. 


Site Set-up. The following are points to consider when 
setting up a signal site: 

* Maintain a tactical configuration and position the 
operations van in a central location. This allows easy 
control of the site. 

* Position the radio vans on the edge of the site in the 
direction they will be shooting. This allows the antennas 


5-11 


FM 11-43 


to have the most direct shot without crossing anything on 
the site. Generators and power lines must be kept as far 
away from the antennae as possible. 

¢ Maintain switches in a central location to allow ease 
of installing cables to multichannel and other radio vans. 

« Allow easy access to generators. 

* Back vehicles into designated parking areas to allow 
for rapid displacement. 


Section IV. 
Signal Site Security 


5-4. Types of Signal Sites 

Signal sites must be able to defend against sabotage, 
ground forces, and airborne/air assault forces with little or 
no outside help. They must also be prepared to survive 
enemy air, artillery, and NBC attack. 


There are different signal sites and different 
considerations must be made when planning a site defense 
for each. Current threat status/situation is an important 
factor when planning and committing assets and personnel 
to defend a site. Use mission, enemy, terrain, troops and 
time (METT-T) considerations and order priorities 
accordingly. 


Remote Sites. These are small teams located in isolated 
positions, usually for relay or retransmission purposes. 
They cannot hope to defeat a large enemy force. Teams 
should try to remain concealed and report enemy activity 
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to higher headquarters. Conduct risk assessment for 
remoted sites to determine the probability of mission 
success. Leaders must carefully track specific threats and 
move quickly when in danger. 


Collocated Sites. These are usually teams that deploy 
to support a unit CP, such as an extension node. Usually, 
the team members are responsible for a portion of the 
perimeter defense. Careful coordination must be done with 
the collocating units. All defense matters for the site 
should be the responsibility of one central authority. 


Node Sites. This is usually a platoon-sized signal unit 
that may or may not collocate with another unit. Based on 
the +6 enemy threat level, the signal site commander must 
plan a site defense and coordinate with nearby units for 
mutual support. 


5-5. Site Defense Tasks 
The following list protides guidelines for planning a site 
defense and should be prioritized according to the mission. 
¢ Set up a dismount point and a blackout drive line. 

* Park vans at least 50 meters apart or as dictated by 
the tactical situation and/or environment to allow minimum 
damage from indirect fire. 

+ Camouflage tents, vehicles, and equipment. 

+ Set up defensive positions with interlocking fields of 
fire. 

*- Ensure aiming stakes are in place and place 
antipersonnel mines along probable foot approaches. 

* Set up personal defensive positions within the site. 


5-13 


FM 11-43 


* Establish overhead cover. 

+ Establish a site defense command center. 

- Establish listening points outside earshot of 
generators. 

¢ Establish a roving guard force to cover the perimeter 
and check on fighting positions. 

* Establish external patrols to periodically sweep the 
immediate area outside the perimeter. 

¢ Position and over-watch obstacles, mines, and trip 
wires. 

* Position light antitank weapons (AT-4) along vehicle 
approach routes. 

* Establish perimeter control. 

+ Ensure communications exist to observation/listening 
posts, dismount points, fighting positions, and casualty 
evacuation points. 

* Establish an additional line between collocating units 
and the signal command center. 

* Set up NBC monitoring equipment. 

* Establish rally points and reactionary force plan. 

¢ Coordinate a call for fire plan. 

+ Inventory sensitive items often to provide an accurate 
battle statue. 

+ Plan for medical support and evacuation. 

*Set up ammunition resupply points. 

*Set up a viable sleep plan that integrates into the 
work/defense plan. 

* Control weapons employment and ensure each soldier 
has adequate ammunition (with magazines). 

*Rehearse your plan according to the standards 
outlined in the appropriate Army Training and Evaluation 
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Programs (ARTEPs), soldiers manuals, and/or SOPs. (See 
Appendix C.) 


Figure 5-3 gives a typical signal site defence diagram. 


Figure 5-3. Signal site defense diagram. 
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Section V. 
Communications Under Special 
Conditions 


The environment can take a _ severe toll on 
communications. This section addresses a few specific 
problems involved in six environments: cold weather, 
desert, jungle, mountain, urban, and nuclear. 


NOTE: The operator must perform PMCS to maintain all 
equipment in an operational status. 


5-6. Cold Weather Operations 

Soldiers must be trained on cold weather safety. Extra 
precautions must be taken with heaters and open fires. 
Carbon monoxide poisoning is a constant danger. Snow 
and ice build-up on tents and vehicle canvas can cause 
tearing. 


Generators and Vehicles. Grounding is difficult in 
frozen earth. Gloves must be worn when handling all 
metal objects. If possible, use existing underground pipes 
or above ground structures to get an adequate ground. 
Antifreeze and lightweight oil must be used for all vehicles 
during cold weather operations. Liquid cooled generators 
also need antifreeze. Maintenance personnel must check 
antifreeze levels often. Water may appear in fuel and fuel 
lines. Do not use contaminated fuel. The fuel must be 
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drained from the vehicle and new fuel added before 
operating the vehicle. Keep dry batteries warm and charge 
wet-cell batteries. Vehicles must be started at least once a 
day and operated for 10 minutes at a high revolutions per 
minute (RPM) to charge the battery. Keep tire chains tight 
to avoid damage to vehicles. 


Radios. Water vapor from the breath can freeze and 
make a microphone useless. Use de-icing shields to prevent 
this. Ice on antennas can cause damage and make it hard 
to extend or lower the antenna. Ice can be melted from the 
mast using a hose attached to the exhaust pipe of a vehicle. 
Direct the hot air on the ice until it melts. 


Wire. Condensation and ice on connectors make 
connecting the cables difficult and can degrade the signal 
path. Care must be taken to keep connectors dry. Extreme 
care must be taken in handling cables at low temperatures. 
When the rubber jackets become hard, the cables must be 
protected from stretching and bending to prevent short 
circuits caused by breaks in the covering. If cables are to 
be bent, they must first be warmed. 


5-7. Desert Operations 

Two of the biggest problems involved in desert operations 
are dust and extreme heat. Dust and sand particles 
damage equipment. The heat can take its toll on 
generators, wire, communications equipment, and 
personnel. 
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Generators and Vehicles. Grounding equipment is 
difficult and can be accomplished by burying grounding 
plates in the sand and frequently pouring salt solutions on 
them. Special attention must be taken to ensure air filters 
are cleaned daily to prevent equipment damage. 


Radios. Keep all radios cool and clean. Keep them in a 
shaded or ventilated area whenever possible. Cover hot 
radios with a damp towel without blocking the air vents. 
Evaporation will cool the radio. After dark, rapid 
temperature drops can cause heat inversion that can 
disrupt radio communications until the atmosphere 
stabilizes. | Desert terrain can cause excessive signal 
attenuation making planning ranges shorter. 


Wire. Bury wire and cables deep in soft sand, if possible. 
This prevents damage to the cable insulation. 


See FM 90-3 for more information on desert operations. 


5-8. Jungle Operations 

During jungle operations, movement and visibility are 
reduced by terrain and heavy foliage. This same terrain 
and foliage provides adequate cover and concealment. 
Humidity and heat can cause condensation. Microphones, 
wires, cables, end gauges are especially susceptible to 
moisture and fungus. Battery life is shortened. If air 
conditioning is available, it is very effective against high 
humidity. 
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Radios. The range of radio communications is reduced. 
VHF and UHF radios are limited by jungle growth and 
terrain that absorb transmissions. HF radios are more 
effective. Airborne radio retransmissions are used to 
overcome dense vegetation. 


Wire. Dense vegetation and difficult terrain limit using 
wire in jungle operations. Aerial wire installation can be 
used as an alternate dispensing method due to mobility 
restrictions in jungle terrain. 


See FM 90-6 for more information on jungle operations. 


5-9. Mountain Operations 
Mobility is difficult in mountainous terrain, and it can be 
difficult to find a level area for a communications site. 


Generators and Vehicles. Generators and 
communications assemblages need level ground to operate 
properly. It is difficult to drive ground rods and guy wire 
stakes into rocky, mountainous terrain. The rocky soil 
provides poor grounds, however, adding salt solutions will 
improve the electrical flow. 


Radios. When operating in mountainous terrain, 
additional retransmission assets will be needed. LOS paths 
are much more difficult to gain. Use of relays improves 
communications. Positioning antennas is crucial in 
mountainous terrain because moving an antenna even a 
small distance can drastically affect reception. 
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See FM 90-6 for more information on mountain operations. 


5-10. Urban Operations 

Seizure of cities and towns consume enormous resources, 
degrade the momentum of offensive operations, restrict 
maneuver, and are time-consuming. 


Radios. Large buildings and electrical interference 
greatly hamper LOS communications. Using 
retransmission helps to alleviate the problem. Aerial 
retransmission is the most effective. If this is not available, 
install antennas as high as possible. Avoid using church 
steeples and other obvious places. It is better to select a 
common type of building and install the antenna. Consider 
the background before camouflaging antennas. Remember 
to remote radios to separate the operators from the 
equipment. Position retransmission stations near 
intersections to provide better coverage. 


Multichannel Radio. The effectiveness of multichannel 
radio is reduced in an urban area because the radios 
require LOS. LOS between units is nearly impassible in 
built-up areas. Install multichannel radio systems only 
after the city is relatively secure. Use an SHF radio shot 
to bring the circuits into the supported headquarters. 


Telephone and Wire. The prompt seizure of the city 
and existing communications facilities are very important. 
Notify parent headquarters of controlled telephone 
numbers. Public or private telephones coupled with 
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stationing messengers at the phones can provide excellent 
emergency communications. Initially, telephone and wire 
lines have limited use. Installation in sewer systems, 
subway tunnels, or through intact buildings provides 
increased protection for the wire. Use aerial or overhead 
construction when installing wire along city streets. 


Visual Signals. Pyrotechnics, smoke, and marking 
panels are means of communications in the city. 


5-11. Nuclear Environment 

A nuclear environment is very damaging to sensitive 
signal equipment. Leaders must know how to protect vital 
assets for future use. 


Electromagnetic Pulse (EMP). The radiation from a 
nuclear burst produces EMP. Gamma rays radiate outward 
from the burst and strip electrons from the atoms in the 
air, This creates a virtual wall of fast-moving electrons as 
the radiation sweeps outward in an expanding wave. This 
process creates a region of high voltage and strong 
interference. 


Susceptibility. Signal equipment is very susceptible to 
EMP. Normally, the smaller the individual component, the 
more susceptible it is to electronic attack (EA). 


EMP Protective Measures. All equipment not required 
in primary systems should remain disconnected and stored 
within a sealed shelter or other shielded enclosure for 
protection from the EA. This measure reduces the 
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likelihood of all equipment being simultaneously damaged 
by EMP and provides for backup components to reinstall 
affected systems. 


Wire and Cable. Wire and cable should be shielded and 
properly grounded. The cable length must be kept as short 
as possible. Shields on all cables connect to the grounding 
systems where provided. 


Radios. Antennas should be disconnected from radio 
sets when not in use. Reduce operational nets to a 
minimum. Most tactical radios with fully closed metal 
cases will provide adequate EMP protection if all external 
connectors have been removed. Placing items in vehicles, 
vans, and underground shelters provide effective protection. 


Section VI. 
Power Generation Sources 


5-12. Batteries 


Signal equipment can use two types of batteries: 


* Wet-Cell Batteries. These contain electrolytes and 
normally provide greater amperage than dry cell batteries 
for tasks like starting vehicles. They require special 
attention to maximize their life span. 


* Dry-Cell Batteries. These do not need water or 


acid. They can power smeller equipment such as radios, 
flashlights, and SB-22 switchboards. They can be ordered 
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through the supply system and kept on-hand until needed. 
Dry cell batteries should be refrigerated to increase their 
life span and should be removed from equipment when not 
in use. 


It is crucial to maintain an adequate supply of batteries 
for the unit. Use the following guidelines to develop an 
SOP: 

« Determine the unit’s battery needs. Refer to the 
property book to find equipment that uses batteries Look 
in the equipment training manuals to determine the type 
and number of batteries each item takes and how long the 
batteries will last. 

» Determine the unit’s battery usage and needed 
stockage level. Use Supply Bulletin 11-6 to obtain 
battery stock numbers, compute their storage life, 
and handling/disposal requirements. 

+ Ensure PLUS requisition required stock. 

¢ Make a chart to keep track of the information. Table 
5-1 shows an example of the chart. 
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Table 5-1. Sample portion of unit battery stockage chart. 
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5-13. Commercial Power 

This power is normally very reliable. However, in the 
event of power failure backup generators and vehicle DC 
power systems are vital alternatives. As a fail-safe 
measure, backup power cables should be run to the tactical 
generators. 


5-14. Engine-Driven Generator Units 

Tactical generators can produce either AC or DC. DC 
generators can have output capacities from 0.4 to 15.9 
kilowatts. AC generators can have output capacities from 
0.3 to 1000 kilowatts. 


Table 5-2 gives the approximate fuel consumption rates 
of various generators. When operating at medium to high 
temperature (50° to 100° F), a generator will consume oil at 
one quart per eight hours of operation. 


Table 5-2. Fuel consumption rates. 


1.5 kilowatt generator -> 5 gal per 8 hours 
8 


8 
2.5 
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5-15. Generator Pre-Start Up Checklist 
Use the following checklist when employing generators 

for power: 

* Are TMs and PMCS lists available? 

* Is the generator located on a flat surface, not more 
than 15° from level? 

* Are brakes set and wheels blocked securely to prevent 
any movement of the trailer? 

* Are all exhaust pipes and air intake filters free of 
obstructions? 

* Is grounding rod driven at no less than a 45° angle 
into the ground? 

* Are ground straps securely connected? 

* Does the engine have any loose or missing wiring? 
Any oil or fuel leaks? Are air and fuel filters clean? 

* How often is the oil changed or checked? 

* Have fuel containers been placed at least 50 feet from 
equipment and a fire point set up? 

* Are backup generators completely installed and ready 
for use? 

* Is the safety leg on the trailer being used? 

- Are drip pans present and being used? 
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Appendix A 
Communications Planning Guide 


The signal staff planning process has evolved continually 
for each of the BOSs. The signal officer must understand 
what steps and methods make a good, timely staff product 
that supports the 1/3 - 2/3 rule of planning. Staff estimate 
planning should always include all assets and not be done 
in a vacuum. Signal planning must be coordinated with all 
staff elements that support an operation. Each of the staff 
supports a different BOS and collectively the BOSs support 
a combined arms effort that is integrated and synchronized 
to support an objective. When the commander issues his 
initial guidance, he is giving his intent (the big picture) on 
how to accomplish the mission. The XOs job is to maintain 
control of the staff. He— 

« Established a time line for staff planning that 
supports the 1/3 - 2/3 rule of planning. 

* Establishes rehearsal times. 

¢ Is responsible for backward planning and 
completing a good staff product. 

* Is the timekeeper once the staff planning 
process begins and adjusting the process when necessary. 

¢ Is responsible for keeping the staff focused on 
each planning step. 
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A normal time line covers the following areas: 
Receive the Order from Higher. 


Mission Analysis. Conduct initial mission analysis to 
include specified and implied tasks. (Individual, staff then 
collectively.) 


Initial Intelligence Preparation of the Battlefield 
(IPB) Process. Does the staff underatand what the threat 
is and how it effects each of the BOSs? 


Commanders Guidance. This is when the staff states 
whether their BOS can support the mission. This is really 
the staff estimate. After the commander has all the staffs 
input, he then issues further clarifying guidance and 
refocuses on his intent on how he sees the mission being 
executed and what he thinks is or will be critical. 


Develop Courses of Action. Look at and develop the 
three or four moat logical means of accomplishing the 
mission, for example, right, left, or up the middle. 


Analyze Courses of Action. As a staff collectively and 
hypothetically resource and execute each mission course of 
action (COA) and determine its validity, risk, and chances 
of success. A decision matrix may be used to verify or 
support the staffs recommendation of a particular COA to 
the commander. 
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Decision Briefing. To select a final COA that will be 
further wargamed and developed by the staff and turned 
into the final plan/order that is issued to subordinate units. 


Wargame. This is the most critical part of developing an 
operation. The XO and staff are tasked to coordinate each 
BOS and to ensure that their individual staff planning 
supports the operation/ mission. Further, they must ensure 
their planning does not conflict or hinder any other BOSs 
operation on the ground/air. Offensive operations are 
usually planned in phases, but, whatever technique is used 
coordination is the key. An example of poor wargaming 
and resource synchronization would be if on a particular 
mission a key piece of elevated terrain sat at or just behind 
the forward line of own troops (FLOT). During the 
execution of the mission, several different separate teams 
tried to occupy this piece of terrain at the same time and it 
was only large enough physically and electronically for one 
of the teams to occupy. This lack of specific coordination 
may cost the successful employment of several key systems 
to support the combined arms fight. Do a risk assessment 
to determine the degree of risk involved in mission 
accomplishment. See Appendix D. 


Publish the Order. Have a method to copy and 
disseminate quickly. 


A-3 


FM 11-43 


Issue the Order. The commander, XO, and/or the S3 
briefs to subordinate units what the mission is and how it 
is going to be executed from brigade level. At this point 
only 1/3 of the available time should be used up if the 
XO/S3 did his job. 


Backbrief. Done by subordinate commanders to ensure 
the commanders intent is understood. Subordinate 
commanders explain their mission and how they are going 
to execute it (if possible actually talking it out on the 
ground close to a scale terrain model of the area of 
operation.) The staff also briefs how their particular BOS 
will support and any critical points to watch for. 


Rehearsal. Done at all levels - brigade down to 
individual teams. This is sometimes done with the 
backbrief to verify what was briefed by the commander and 
usually by phase of an operation. The most dangerous 
thing that can happen during the rehearsal is that it turns 
into a second wargaming process because the initial 
wargaming was inadequate or incomplete. This is not a 
time to be making key staff coordination or changing the 
plan. 


BSOs should address communications problem areas at 
the maneuver rehearsal. Recommend practical and 
common-sense advice to the maneuver commander. 
Address both FM and MSRT communications. Discuss 
details of the retransmission and antijam plans specifically 
reference fire support communications if possible. 
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Reconnaisance and surveillance (R&S) assets such as 
scouts and other observer teams frequently conduct 
separate rehearsals run by the S2. These are critical assets 
requiring detailed instructions and redundant 
communications. The BSO or his representative should 
also attend this rehearsal, ensuring various teams fully 
understand the instructions and contingencies. 


Figures A-1 through A-9 give examples of the planning 
process. 
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COURSE OF ACTION DECISION BRIEF 


FPRIGNDLY & ENBMY CRITICAL EVENT LISTS: 
EVEN TEMPLATE aw oo o@ = = =pRSS PLAN 
DECISION SUPPORT TEMPLATEMATRIX = a4 DTARGEDNNG PLAN 


PARA 4: 

SERVICE SUPPORT 
PARA 5: 

COMMAND & SIGNAL 


Figure A-1. Maneuver orders process. 
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WARGAME BRIEFING 
(for each COA) 


Updated terrain, weather, 
and enemy situation 
Enemy courses of action 
wargamed 
The course of action 
wargamed 
[Assurpions ——=SSSS=*d SO. SO 


Wargame techniques used BSO, S3 
(belt, box, avenue) 


Critical events wargamed 


Visualization of the entire operation 
(use synchronization matrix and COA 
worksheet along with COA statement 
and sketch) 


-Each critical event 


- Actions one tevel down 


- Combat support and combat service 
support units needed for mission 
accomplishment 


Possible enemy actions/reactions 
considered during wargaming 


Figure A-2. Wargame outline. 
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WARGAME BRIEFING 
(for each COA) 
Results of the wargame 


- Modifications of the COA (if required) 
- Proposed task organization and 


organization for combat to support 
the COA 


- Decision support template and decision 
support matrix (recommend NAls, TAls, 
HVTs, and HP Ts) 


- Priorities for combat and combat service 
support units 


- Estimated time required for the operation 
ries enemy losses (provided by 
1 


ale friendly losses (provided by 
1 


- Advantages of the COA 


- Disadvantages of the COA to inciude 
any accepted risk 


Figure A-2. Wargame outline (cont). 
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COMMUNICATIONS PLANNING PROCESS GUIDE 
CORPS AND BELOW 
(MANEUVER UNIT ORIENTED) 


ISSUE WARNING ORDER 
BEFORE ORDER IS RECEIVED TO SUBORDINATES: 


ie] 
{ABOUT 30 MIN AFTER ORDER (S RECEIVED 
ARO SHOULD BE AVAILABLE. 


-XO/S2/SYHHC COR FOR TAC/TOC LOCATIONS 
-81/S4 FOR BSA LOCATIONS 
~ADSO-NOTIFICATION/PROFIUNG 


@ RETRANS POSITIONING—TIME AND LOCATION STATED IN Ye 


Figure A-3. Communications planning process guide, 
maneuver unit oriented. 
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COORDINATION WITH OTHER STAFF MEMBERS: 


'@ MAINTENANCE PRIORITIES (SIGNAL EQUIPMENT) 
$2 


© ENEMY COMM ACTIVITIES, LOCATIONS, OBSTACLES, ARTILLERY ETC. 
IN RELATION TO C2 FACIUTIES 

i@ USE OF SIGNAL ACTIVITIES OF DECEPTION OPERATIONS 

* LIGHT DATA FOR ANY NIGHT MOVES FOR RETRANS 

* ANY BDE OPS, SCOUT OR OTHER ATTACHMENTS TALKING ON BDE 0/1 


* HOW WILL RETRANS GET TO ITS SUPPORTING LOCATION 
Fso 
* NO FIRE AREA AROUND RETRANS 


ESTIMATE BRIEF TO COMMANDER: 
hg GENERAL TER TERRAIN ANALYZE 


° ATTACHMENT/OETACHMENTS 
*BOTTOM LINE: CAN WE SUPPORT THE MISSION WITH COMMUNICATIONS? 


ORDERS ISSUE BRIEF TO SUBORDINATE COMMANDERS: 
le LOCATION OF TAC CP, MAIN CP. AND RETRANS POSTED (INDICATE LOCATION OF EACH ON 


le LIKELY AREAS OF COMMUNICATIONS PROBLEMS 

* ANY RESTRICTIONS-RADIO LISTENING SILENCE ETC. 

le ANTAM PLAN 

le CHANGES TO SONVARIABLES (CHANGE EDITIONS, OPERATION TO CONTINUE PAST NEW 
CHANGE OVER PERIOD ETC.) 


ISSUE INSTRUCTIONS TO SUBORDINATES 
AND COORDINATION WITH HIGHER: 

* RETRANS WARNING ORDER: 

* ANTLAM PLAN 


l* PROPOSED C2 LOCATIONS-CONTACT ADSO ABOUT JUMP LOCATIONS -WILL THEY 
PROFILE, RAU COVERAGE 


POST ORDERS ISSUE: 
ls CHECK WITH FSO ON NO FIRE AREA AROUND RETRANS 


ADA OPS ETC. HOW WILL THEY TALK, WE BRIEF THEM ON: SOI, ANTWAM, SECURE (CAN 
BE DONE AT REHERSAL SITE, MAIN CP) 


Figure A-3. Communications planning process guide, 
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SIGNAL ANNEX 


REORC 
RECONST 
REDEPLOY 


ISSION REGT 


NK 
156 

COORDINATING RETRANS RFSE NET, BEGINNING PHASE 2 
TO SPT CAT Mi 


13 AND 2/3 WiLL FORM RETRANS TEAMS 
RETRANS TM t WILL BACK UP 13 OR 2 AS 


SOC: 2/3, 1/3, 43, SPT/3 SIGN: WARDEN C/SIGN: MOTION 
RADIO NET FREQUENCY ALT FREQ 1 ALT FREQ 2 ALT FREQ 3 


SOI INDEX NUMBER: EDITION “B* IN EFFECT 


Figure A-4. Signal annex/matrix. 


A-11 


FM 11-43 


TO 


: lORITY 
SUPPORT C2_OF ECONOMY OF FORCE. SOl CHANGE AT 1 
BREAK WLL OCCUR 1 HOUR PRIOR TO LD. 


ANTWAM PLAN 


FREQUENCY ALT FREQ 1 ALT FREQ 2 ALT FREQ 3 


SOl_INDEX NUMBER: EDITION °A’ IN EFFECT 


Figure A-4, Signal annex/matrix (cont). 
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ANNEX K, Signal, to 19TH BDE 
PRAGD 00-00-00 


‘SEE LOGISTICS ANNEX 


4. SERVICE AND SUPPORT: 
5. COMMAND & SIGNAL: 
a.Command: 


NIC $01 00-00, EDITION B IN EFFECT: 


b.Signak: 

(1) PHASE IMAIN: NK IST2IB TAC NR IOB26 
(2) PAHSE a MAIN NK 197218, TAC: NK 551066 RETRANS: NK 275086 

(2) PAHSE @ MAIN NK 429157, TAC: NK 504085 PETRANS: NK 445115 

(4) PAHSE IV MAIN NK 429987, TAC: NK 504059 RETRANS: NK 443118 


Figure A-5. Annex K, fragmentary order (FRAGO). 
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SNVIW ONILSIXA HONOYHL 
FTGVIVAY SFDIAIC/SIASSW/SNALSAS —— 


CORO COSO COO COED 0020 0010 COP 


NOILLVN 1SOH 

SOW 'S.NV1 

‘MS LIOVd = *NOLIWWOLNVY 
YVINTIZO “IVSYYAN 

"2SW ‘370VO 9 SHIM 
JNSOVL ‘ISH 

‘SHA YHA SH ‘Ad ‘O10 


30WOd ASWi 3H1 LuOddNs 
OL BYMVAV/SSIOOV 

/13N A@ SNVAN TWNOIS 
Navonddy Nv 1st7 


+s 


s1assv LUNN 
SNILNOY S1YNUSIIV 01 ONKHOODY dO13A3G 

NOLWYadO JO (SIASVHd Ag WO ONY NOULYTIVISN, 

TIGUVAY SWGLSAS AJILNIGI JO AUYOldd HSNVLS3 


Figure A-6. Asset tracking system matrix. 
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Figure A-7. Communications status. 
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Q 


EVENT THAT WILL 
COMMAND TAL 
ELEMENT. | LOCATION | ALT LOCATION] |. CAUSE 


eee 


SUCCESSION OF CMD SPECIAL: 


Signal: 


AntiJam Plan 


Radio Net] Frequency] Aft Freq 1] Alt Freq 2JAn Freq 3] 


AIL 
® 


SOl INDEX NUMBER: 


Figure A-8. Communications status worksheet. 
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Yehicle/Generators. 

Opmcs 

DOFuel 

O Camouflage Nets 

DLoad Plan Checked/Verified 


CRE 

QRadio Check w/PRM-34 

O O€-254/RC-292 Complete 
Radio Retrans Both Ways 

Personnel 


D Food/Water 
Weapons: 


QO Cleaned 
Ammo 
0 Test Fired/2eroed 


NBC: 


OD Complete/Serviceable Suit 
Injectors and M258 Kits 
Extra Suits 
Pretreatment Pills 

O M256 Kit 

0 M8/9 Paper 


FM 11-43 


OD Map/Graphics 
CU Enemy/Friendly situation 
O Mission 
O Route 

Operational Time 
O Medical Support 
0 Decon Link Up Points 
C Resupply 
O Destruction Procedures 
ORecall Procedures 


Freqs 
O Antijam Plan 


QAll Freqs Tested 
O COMSEC 


Figure A-9. Retransmission team checklist. 
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Appendix B 
MSE Distribution 


Table B-]. Corps MSE signal brigade equipment chart. 
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Table B-2. Heavy division MSE signal battalion equipment 


charts. 
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Appendix C 
Priorities of Work Chart 


@Establish security (LP/OP) 


e@Position key weapons 
@Assign sectors of fire 


®@Position other company 
assets 


@Establish comm 
@Assign fighting positions 


@Establish TRPs and other 
fire control measures 


®Designate FPLs and FPFs 
e@Clear fields of fire 


e@Prepare range cards 


®Emplace sector stakes 


units 


improve with overhead 
cover 


@Camouflage positions 


PRIORITIES OF WORK 


®Coordinate with adjacent 


®Prepare fighting positions/ 


@Empiace obstacles and 
mines 


®Dig in all comm wire 


®Conduct weapons and 
vehicle maintenance 


Establish comm 

®@trect TOC tentage 
®@Setup staff work area 
@Erect brief/planning tent 


®@Camouflage vehicies/ 
equip 


®Prepare TOC individual 
fighting positions 


®Emplace TOC access 
wire/entry 


® Disseminate hasty 
displacement pian 


®Establish casualty 
evacuation plan 


@Rehearse 


Figure C-1. Priorities of work. 
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Appendix D 
Risk Assessment Chart 


Table D-1. Risk assessment chart. 


LENGTH VS NATURE OF OPERATIONS 


DANGEROUS 
LENGTH ROUTINE ees 
72 HOURS 
48 HOURS 
24 HOURS 
UNIT EXPERIENCE - NATURE OF TASK 
TASK QUALIED pelea 
EXPERIENCED | exEeniN Gen 
DANGEROUS 
ROUTINE. 


TEMPERATURE VS CONDITIONS 


DEGRADED POOR 


NIGHT OR NIGHT, RAIN/ 
CLEAR/ORY | aZE/DRIZZLE SNOW/CE 


VERY COLD 
MODERATE 
VERY HOT 3 3 


EQUIPMENT AGE VS CONDITIONS 
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Table D-1. Risk assessment chart (cont). 


C2 RELATIONSHIP VS MISSION 


LEADER'S TIME FOR MISSION PREP 
SPECIAL 
H. D 


LEADER'S REST VS PREP TIME 


TIIME FOR MISSION PREP. 
EXTENSIVE ADEQUATE 


SOLDIER CONDITION VS TERRAIN 


LENGTH OF REST 
ADEQUATE MINIMAL 


TERRAIN 8 HOURS LESS 4 HOURS 


DANGEROUS 
CHALLENGING 
NORMAL 


RISK ASSESSMENT 


MODERATE HIGH 
12-23 24-31 


WHAT ARE YOUR RISK REDUCTION ACTIONS? 
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Acronyms and Abbreviations 


@ 
0 


# 

AC 
ACSO 
ACUS 
ADA 
ADDS 
adj 
admin 
ADSO 
AFSAT 
A/L 
ALICE 


ALO 
ALOC 

alt 

AM 
ANGLICO 
ant 
ARLNO 
ARTEP 
ATCCS 


atch 
attn 


at 

degree/ degrees 

number 

alternating current 

assistant corps signal officer 

Area Common-User System 

air defense artillery 

Army Data Distribution System 

adjacent 

administrative 

assistant division signal office/officer 

Air Force satellite 

administrative /logistics 

all-purpose lightweight individual carrying 
equipment 

air liaison officer 

area logistics operation center 

alternate 

amplitude modulated 

air and naval gunfire liaison company 

antenna 

Armor Liaison Officer 

Army Training and Evaluation Program 

Army Tactical Command and Control 
System 

attached 

attention 
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auth 
aux 
avn 
BAS 
BATCON 
bde 
BFA 
BIS 
BL 
blk 
BMO 
bn 
bnd 
BOS 
bps 
BSA 
BSBN 
BSO 
btry 


Cl 


cbt 
CCES 


CCP 
CCPS 
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authority 

auxiliary 

aviation 

Battlefield Automated Systems 

battalion command 

brigade 

Battlefield Functional Area 

Battlefield Information Services 

baseline 

block(s) 

battalion maintenance officer 

battalion 

band 

Battlefield Operating System 

bits per second 

brigade support area 

baseband 

brigade/battalion signal officer 

battery 

clear 

command and control 

command, control, and communications 

command, control, communications, and 
computers 

command, control, communications, 
computers and information 

combat 

contingency communications extension 
switch 

contingency communications package 

contingency communications parent switch 


cdr 

cen 
CGSC 
chan 
CHEMO 
CHS 

CM 

cmd 
CNR 
CNV 

co 

CO 

COA 
coax 
COMCAM 
comm 
COMSEC 
CONUS 
COSCOM 
CP 

CS 
CSCE 
CSS 

CT 

CTA 

D 

DA 

DC 
DCNRI 
DCS 
DDN 
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commander 

center 

Command and General Staff College 
channel 

chemical officer 

common hardware and software 
control monitor 

command 

combat net radio 

crypto net variable 

company 

commercial 

course of action 

coaxial cable 

combat camera 

communications 

communications — security 
continental United States 

corps support command 
command post 

combat support 

communications system control element 
combat service support 
communications terminal 
common table of allowances 
depth 

Department of the Army 

direct current 

dismounted combat net radio interface 
Defense Communications System 
defense data network 
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DES 
DGM 
dig 

dir 
DISCOM 
DISN 
div 
DIVARTY 
DLOS 
DMAIN 
DNMEF 
DNI 
DNVT 
doc 
DOD 
DOIM 
DOS 
DSN 
DSVT 
DTG 
DTOC 
DVOW 
ea 

EA 
EAC 
ECM 
ECB 
ECCM 
EMP 
engr 
ENT 
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dismounted extension switch 
digital group multiplexing 

digital 

directory 

division support command 
Defense Information Systems Network 
division 

division artillery 

dismounted _ line-of-sight 

division main 

dismounted node management facility 
digital NATO interface 

digital nonsecure voice terminal 
documentation 

Department of Defense 

Directorate of Information Management 
disk operating system 

defense switching network 

digital subscriber voice terminal 
digital transmission group 

division tactical operations center 
digital voice orderwire 

each 

electronic attack 

echelons above corps 

electronic countermeasures 
echelons corps and below 
electronic counter countermeasures 
electromagnetic pulse 

engineer 

enter 


EOW 
EPLRS 


equip 
ERF 

F 

FA 

fetn 

FES 

FH 
FLOT 
FLTSAT 
FM 


FOIA 
FPF 
FPL 
FRAGO 
freq 
FSC 
FSE 
FSO 
ft 

fwd 
G3 


G6 
gal 
gen 
GFE 
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engineering orderwire 

Enhanced Position Location Reporting 
System 

equipment 

electronic remote fill 

fahrenheit 

field artillery 

function 

force entry switch 

frequency hopping 

forward line of own troops 

fleet satellite 

frequency modulated/field manual when 
used with a number 

Freedom of Information Act 

final protective fire 

final protective line 

fragmentary order 

frequency 

fire support coordinator 

fire support element 

fire support officer 

feet 

forward 

Assistant Chief of Staff, G3 (Operations 
and Plans) 

signal officer /office 

gallon(s) 

generator(s) 

Government Furnished Equipment 


Glossary-5 


FM 11-43 


GHz 

GM 
GTA 

H 
HAEMP 
HF 

HHC 

HI 
HMMWV 
HPT 

HQ 
HVA 
HVT 

Hz 
ICOM 
IHFR 
IGW 
IMA 
intel 

IP 

IPB 
ISSO 
ISYSCON 
JCCC 
JCCT 


JTIDS 
kbps 


KEK 
km 
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gigahertz 

group modem 

graphic training aid 

height 

high altitude electromagnetic pulse 

high frequency 

headquarters and headquarters company 

high 

high mobility multipurpose vehicle 

high priority target 

headquarters 

high voltage assembly 

high value target 

hertz 

integrated COMSEC 

Improved High Frequency Radio 

Integral Gateway 

Information Mission Area 

intelligence 

Internet Protocol 

intelligence preparation of the battlefield 

Information Services Support Office 

integrated system control 

Joint Command and Control Center 

Joint Command and Control Tactical 
Operations Center 

Joint Tactical Information Distribution 
System 

kilobits per second 

key encryption key 

kilometer(s) 
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kilometers per hour 

kilowatt 

length 

local area network 

light antitank weapon 

pounds 

light contingency communications 
extension switch 

light contingency communications package 

light contingency communications parent 
switch 

load 

lightweight digital facsimile 

leader 

light emitting diode 

large extension node 

low frequency 

low 

logistics 

line-of-sight 

listening point 

lower sideband 

line termination unit 

meter(s) 

manual 

The Modern Army Recordkeeping System 

maximum 

multichannel 

Maneuver Control System 

multiplex digital transmission group 

mission, enemy, terrain, troops, and time 
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ZZZZZZZ 
fe) 


on-ICOM 
RI 

SN 

VIS 
OCONUS 
OIC 
OOTW 
OP 
OPCON 
OPLAN 
OPORD 
ops 


=] 


ZZzZz 
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medium frequency 

management 

megahertz 

Military Intelligence 

minute(s) 

Materiel Management Center 
Military Police 

miles per hour 

Mobile Subscriber Equipment 
mobile subscriber radiotelephone terminal 
multiplex 

maneuver 

NATO analog interface 

North Atlantic Treaty Organization 
nuclear, biological, chemical 
node center 

noncommissioned officer 

net control station 

node management facility 
non-integrated COMSEC 

net radio interface 

national stock number 

near vertical incidence sky wave 
outside continental United States 
officer in charge (of) 

operations other than war 
operations post 

operational control 

operation plan 

operation order 

operations 


PA 


para 
PAC 
PC 
PIR 
PLL 
plt 
PMCS 


PNMC 
POS/NAV 
pr 

PSN 
PSYOP 
pwr 

quan 

R&S 

RAU 
RAVN 
RCU 

rcv 
RETRANS 
recon 

RF 

RMC 
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Privacy Act/power amplifier when used in 
radio configurations 

paragraph 

Personnel and Administrative Center 

personal computer 

personnel information roster 

prescribed load list 

platoon 

Preventive Maintenance Checks and 
Services 

packet network management center 

position location/navigation 

pair 

packet switch network 

psychological operations 

power 

quantity 

reconnaissance and surveillance 

radio access unit 

Regimental aviation 

remote control unit 

receive 

retransmission 

reconnaissance 

radio frequency 

remote multiplexer combiner 

release point 

revolutions per minute 

downsize routing subsystem 

route 

receiver-transmitter 
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S1 
$2 
S3 


S4 

SB 
SCC-2 
SCI 
SDC 
sec 
SEN 
SHF 
SICPS 


sig 
SIGO 
SINCGARS 


SITTEMPS 
SOCCE 


SOCOM 
SOI 

SOP 

SP 

spt 

SSB 

ST 
STANAG 
STO 
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Adjutant (US Army) 

Intelligence Officer (US Army) 

Operations and Training Officer (US 
Army) 

Supply Officer (US Army) 

switchboard 

system control center-2 

sensitive compartmented information 

signal data connector 

section 

small extension node 

super high frequency 

Standard Integrated Command Post 
System 

signal 

signal officer 

Single-Channel Ground and Airborne 
Radio System 

situation templates 

special operations command and control 
element 

special operations command 

signal operation instructions 

standing operating procedure 

start point 

support 

single sideband 

student text 

Standardization Agreement 

store 


SUBS 
supv 

sw 
SYSCON 
TAACOM 
tac 

TAC CP 
TACP 
TACFIRE 
TACSAT 
TAI 
TASO 
tech 

TED 
temp 
TEK 
TGC 

thru 

TIM 

™ 

TNS 

TOC 
TPN 
TRADOC 


TRI-TAC 
TROPO 
TRP 

TS 
TSC(A) 
TSK 
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subscriber(s) 

supervisor 

switch 

system control 

Theater Army Area Command 

tactical 

tactical command post 

tactical air control party 

Tactical Fire Direction System 

tactical satellite 

targeted area of interest 

terminal area security officer 

technical 

trunk encryption device 

temporary 

trunk encryption key 

trunk group cluster 

through 

transmission interface module 

technical manual 

tactical name server 

tactical operations center 

Tactical Packet Network 

United States Army Training and Doctrine 
Command 

Tri-Service Tactical Communications 

tropospheric scatter 

target reference point 

TOP SECRET 

theater signal command (Army) 

transmission security key 
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TTA tactical terminal adapter 
tty teletypewriter 

UAV unmanned aerial vehicle 
UHF ultra high frequency 
UPS universal power supply 
USB upper sideband 

VAC Volts alternating current 
VDC Volts direct current 

veh vehicle 

VFC Voice frequency channel 
VHF very high frequency 
VHF-FM very high frequency-frequency modulated 
VI visual information 

vs versus 

w/ with 

Ww watts 

WAN wide area network 

XMT transmit 

XO executive officer 

XTRA extra 
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nuclear environment, 5-21, 5-22 
urban, 5-20, 5-21 
voice, 1-2, 1-3, 1-12, 2-13, 3-1, 3-2, 3-6, 3-31, 3-45, 
3-48, 3-55, 3-63, 3-65, 3-66, 4-2, 4-3, 4-7, 4-10, 4-19, 
4-21, 4-22 
contingency communications, 2-8, 2-9, 2-20, 3-15, 3-25-- 
3-40 
extension switch (CCES), 3-32, 3-34, 3-35 
package (CCP), 2-8, 2-9, 2-20, 3-15, 3-25--3-37, 3-40 
parent switch (CCPS), 3-25, 3-31, 3-32, 3-33, 3-35, 
3-39, 3-40 
convoy, 5-3--5-13 
commander’s brief, 5-7--5-9 
conducting operations, 5-3--5-10 
organization, 5-3, 5-4 
planning factors, 5-4, 5-5 
corps, 2-1--2-4, 
area signal battalion, 2-4 
signal brigade, 2-1--2-3 
signal brigade staff, 2-3 
signal office, 2-2 
signal support, 2-1 
support signal battalion, 2-4 
supporting the, 2-1--2-9 


desert operations, 5-17, 5-18 

digital nonsecure voice terminal (DNVT), 3-6, 3-50, 3-63-- 
3-66, 3-84, 3-85 

digital subscriber voice terminal (DSVT), 3-31, 3-63--3-66, 
3-71--3-77, 3-84, 3-85 
affiliation procedures, 3-72-3-77 
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dismounted extension switch (DES), 3-25, 3-32, 3-35 
dismounted LOS (DLOS), 3-25, 3-32 
dismountable NMF (DNMF), 3-31 
division, 1-14, 2-5--2-7, 2-13, 2-17 
signal battalion, 2-5--2-7, 2-13, 2-17 
signal battalion elements, 2-5, 2-6 
signal battalion staff, 2-5, 2-7 
signal office, 1-14, 2-5, 2-6 


enhanced position location reporting system (EPLRS), 1-4, 
2-8 


facsimile operation, 3-84, 3-85 


improved high frequency radio (IHFR), 4-2, 4-3, 4-19--4-24 
information mission area (IMA), 1-1, 1-11--1-14, 


joint tactical information distribution system (JTIDS), 1-4 
jungle operations, 5-18, 5-19 


large extension node (LEN), 2-4, 2-8, 2-20, 3-1, 3-6, 3-10-- 
3-12, 3-15, 3-21, 3-25, 3-35, 3-41, 3-43, 3-45, 3-49, 3-51, 
8-57, 3-59, 3-61, 4-7 

light contingency communications, 2-8, 2-20, 3-35--3-40 
package (LCCP), 2-8, 2-20, 3-35--3-40 
extension switch (LCCES), 3-35 
parent switch (LCCPS), 3-39, 3-40 

lightweight digital facsimile (LDF), AN/UXC-7/7A, 3-63, 
3-78, 3-79, 3-80, 3-81, 3-82, 3-83, 3-84 

line-of-sight (LOS), 1-3, 2-22, 3-6, 3-10, 3-12, 3-15--3-18, 
3-25, 3-31, 3-32, 3-35, 3-41, 3-50, 3-51, 3-53, 3-55, 3-61, 
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4-2, 5-1--5-3, 5-10, 5-11, 5-19, 5-20 
radio links, 3-15--3-17, 3-50 
local area network (LAN), 2-17, 2-19, 3-47, 3-49 


maneuver, 2-9--2-23, 
battalion, 2-9-- 2-23 
brigade, 2-9--2-23 
brigade/battalion 
ACUS, 2-16--2-18 
cable and wire, 2-19 
communications, 2-13, 2-14 
combat net radio (CNR), 2-14, 2-15, 2-16 
message traffic capabilities, 2-19 
data distribution capabilities, 2-19 
mobile subscriber equipment (MSE), 1-3, 2-1, 2-4, 2-5, 2-8, 
2-16, 2-17, 2-20, 3-1--3-55, 3-59, 3-63, 3-66, 3-69, 3-70, 
3-78, 3-82, 3-85, 3-87, 5-2, B-1, B-2 
local area network (LAN) troubleshooting, 3-49 
loop back tests, 3-51--3-54 
radiotelephone terminal (MSRT), 3-19, 3-50, 3-63, 
3-65--3-74, 3-76, 3-77, A-4 
affiliation procedures, 3-72--3-77 
standard database, 3-41--3-44 
tactical packet network (TPN), 3-45--3-48 
troubleshooting, 3-50 
multiplex digital transmission group (MDTG) loop back 
tests, 3-51--3-54 
mountain operations, 5-19, 5-20 


near vertical incidence sky wave (NVIS), 4-20, 4-22 
net radio interface (NRI), 2-8, 2-17, 2-18, 3-13, 3-32, 3-59, 
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4-3, 4-7 

node center (NC), 2-1, 2-20, 3-6, 3-7, 3-8, 3-10, 3-12, 3-15, 
3-18, 3-21, 3-25, 3-31, 3-32, 3-35, 3-41, 3-42, 3-45, 3-47, 
3-50, 3-51, 3-54, 3-57, 3-59, 3-61, 3-71, 3-75, 4-7, 4-16, 
4-17, 5-10 

node management facility (NMF), 3-6--3-10, 3-25, 3-31, 
3-35, 3-50, 5-10 

nuclear environment, 5-21, 5-22 


power sources, 3-63, 5-17, 5-22--5-26 
batteries, 3-63, 5-17, 5-22--5-24 
commercial power, 5-25 
engine-driven, 5-25 
start-up checklist, 5-26 

printing and publications, 1-1, 1-10, 1-14 

priorities of work, C-1 


radio access unit (RAU), 2-12, 2-17, 3-6, 3-10, 3-15, 3-18-- 
3-21, 3-25, 3-30, 3-32, 3-33, 3-35, 3-39, 3-40, 3-51, 3-59, 
3-70, 4-2, 5-10 

radio links, 5-1--5-3 
profiling, 5-1--5-3 

records management, 1-1, 1-9, 1-10, 1-14 

risk assessment 5-8, 5-13, A-3, D-1, D-2 


signal, 1-1--1-15, 2-1--2-23, 5-10--5-15, 
brigade elements, 2-2 
responsibilities, 1-11 
site selection/set up, 5-10--5-12 
defense tasks, 5-13--5-15 
subordinate battalions, 2-2, 2-4 
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subordinate companies, 2-5, 2-8 
support, 1-1--1-15, 2-1, 2-5, 2-8, 2-10, 2-11, 2-13 
and organization 2-1 
company, 2-8 
disciplines, 1-1--1-11 
typical sites, 5-12, 5-13 
single-channel, 1-4, 2-16, 2-17, 2-18, 3-32, 4-1, 4-2, 4-3, 4-7, 
4-24 
ground and airborne radio system (SINCGARS), 1-4, 
2-17, 2-19, 2-24, 4-3, 4-7--4-23 
electronic remote fill (ERF), 4-18, 4-19 
FH data fill, 4-16, 4-17 
secure device K7-57, 4-15, 4-16 
radios, 2-13, 2-15, 2-16, 2-18, 3-32, 4-2, 4-3 
TACSAT system, 3-13, 4-24 
small extension node (SEN), 2-17, 2-20, 2-24, 3-1, 3-10, 
3-12--3-15, 3-25, 3-32, 3-35, 3-45, 3-47, 3-49, 3-51, 3-59, 
3-63, 3-64, 4-7 
standard integrated command post system (SICPS), 3-8, 
3-10, 3-23 
subscriber terminal equipment, 2-19, 3-63--3-87 
CT, AN/UGC-144, 3-85--3-87 
DNVT, TA-1035/U or TA-1042A/U, 3-63, 3-64 
DSVT, TSEC/KY-88, 3-65, 3-66 
affiliation procedures, 3-72--3-77 
MSRT, AN/VRC-97, 3-66--3-77 
affiliation procedures, 3-72--3-77 
LDF, AN/UXC-7/7A, 3-78--3-83 
system control center-2 (SCC-2), 3-6, 3-10, 3-21, 3-22, 3-23, 
3-24, 3-25, 3-45, 3-50 


Index-7 


FM 11-43 


tactical packet network (TPN), 2-17, 2-20, 3-4, 3-45, 3-46, 
3-47, 3-48 

tactical satellite (TACSAT), 1-3, 2-7, 2-8, 3-6, 3-10, 3-13, 
3-32, 3-55, 3-57, 4-2, 4-3, 4-24 

Tri-service tactical communications (TRI-TAC), 1-3, 2-4, 
3-55--3-63 
area node, 3-55, 3-57, 3-58, 3-59 
extension node, 2-4, 3-59, 3-60, 3-61, 3-62, 5-13 
medium extension node, 3-61, 3-62 
area communications system, 3-56 


urban operations, 5-20 
visual information (VI), 1-1, 1-6, 1-7, 1-9, 1-11, 2-5, 5-22 


wide area network (WAN), 1-3 
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SUBCOURSE OVERVIEW 
This subcourse is designed to teach you certain basic facts about military radio 
communications, as well as radio operations in general. You will learn to identify the various 
types of radio net structures and operations. You will also be introduced to the basic 
operating data which enables efficient radio communications to take place. In addition, the 
principles for diagramming radio communication structures will also be presented. This will 
establish the foundation to performing net reconstruction. 
There are no prerequisites for this subcourse. 


Unless otherwise stated, the masculine gender of singular pronouns is used to refer to both 
men and women. 


TERMINAL LEARNING OBJECTIVE 


ACTION: You will identify various types of radio communication structures/operations 
and how they are graphically represented. 

CONDITION: You will use the information provided in this subcourse. 

STANDARD: To demonstrate competency of this task, you must achieve a minimum of 70 


percent on the subcourse examination. 
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LESSON 1 
NET STRUCTURE 
Critical Task: 301-794-1309 
OVERVIEW 


LESSON DESCRIPTION: 


Upon completion of this lesson you will be able to: 


1. When provided with a diagram of a communication system, identify each of the types of 
radio communication structures, and the types of radio net operations. 


2. Determine the common operating control of a group, net or network. 


TERMINAL LEARNING OBJECTIVE: 


TASKS: Identify each type of radio communication structures and radio net 
operations. 

CONDITION: Given the information provided in this subcourse. 

STANDARD: To demonstrate competency of this task, you must achieve a minimum of 70 


percent on the subcourse examination. 


REFERENCES: The material contained in this lesson was derived from the following 
publications: 


NSA Subcourse TA 103(u) 
FM 34-88(u) 


INTRODUCTION 


1. An important phase of traffic analysis is network reconstruction. To reconstruct the 
communication network of an opposing military force through the study of intercepted radio 
traffic, the analyst must have a thorough understanding of the elements of net concept. 


2. Aradio network is made up of radio stations for the purpose of intercommunication. In the 
military, communication parallels organization. A targets communication procedures will 
reflect the voice of its command. 


3. In military organizations particularly, orders are originated by commanders and passed 
along to subordinates. In many cases, these orders must pass through intermediate 
commanders. Additionally, subordinates who receive orders must know from where the order 
originate, how they are to be answered, and to whom they are applicable, as well as how to 
direct any inquiries in order to get special instructions. The echelons of command established 
through the study of 
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the enemy's communications reflect the target's "chain of command". These commands are 
targets for traffic analysis. 


PART A: BASIC COMMUNICATION STRUCTURES 


1. Aradio terminal consists of a paired transmitter and receiver. Two or more terminals 
located together is referred to as a radio station. The path of communication between two or 
more radio stations is called a radio circuit. In traffic analysis, specific terms have been 
adopted to describe the various types of circuits according to the manner in which the radio 
stations communicate (Star, Star with lateral, and Free Operation). Communication systems 
are limited to certain basic structures which aid in their exploitation. Each component part of 
this structure has a specific term or definition. The terms used are "Link", "Group", "Net" and 
"Network". When graphically depicting these terms, a circle, square, or rectangle is used to 
represent a radio station with a straight line drawn between stations indicating communication 
between the two stations. 


2. The basic unit in a communication system is a "LINK". A link exists where there are two 
radio stations with direct communication between each other and is graphically represented in 
Figure 1-1. 


Figure 1-1. A communication "LINK". 
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3. The link is the simplest of communication structures and represents the foundation for 
other structures. Building on this foundation we have what is known as a radio "GROUP". A 
radio group is composed of a number of links with one station serving as the common 
operating control. Figure 1-2 is a graphic representation of a "group". 


Figure 1-2. A radio "GROUP." 


4. Aradio Net is a number of associated groups or links assembled on the basis of common 
operating characteristics under or serving the same common superior headquarters. Figure 1- 
3 is a graphic representation of a radio "net." 
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Figure 1-3. A radio "NET". 
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5. When the entire communications structure of a military unit, military service of a nationality, 
or other organization including all subordinates or related nets is recovered, the resulting 
structure is called a "NETWORK". Each radio net or network may be graphically represented 
in a different way depending on the specific number of links and groups associated to the 
same or common headquarters (See Figure 1-4). 


Figure 1-4. 4th Army Network. 


6. The previously mentioned definitions may be obscure for they appear to overlap. But it 
should be kept in mind that they are formulated from the intelligence point of view, that is, from 
the outside looking in. The following figure and explanation will help clarify these terms and 
show how communication structures in some entities can be properly referred by more than 
one term. 
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7. Figure 1-4 illustrates the general organization of a military network, proceeding from army 
through division to regiment. Each line represents a radio link within the terms of the 
definition given; one path of radio communication between two stations. Remember that only 
two stations are involved in a link, never any more, even though a particular station may 
appear in two or more links. 


8. The 8th Division, for example, may be involved in three different links. Communication 
between the 8th Division and the 25th Regiment constitutes one link, between the 8th Division 
and the 26th Regiment constitutes a second link, and between the 89th Division and 4th Army 
constitutes a third link. In each case, there exists ONE PATH OF RADIO COMMUNICATION 
BETWEEN TWO STATIONS. 


9. The links which form the triangle between the 8th Division, 25th Regiment, and the 26th 
Regiment constitutes a group; those forming the triangle between the 9th Division, 27th 
Regiment, and 28th Regiment constitute another group. These links are placed in groups 
because they work together as a communication entity under a common operating control, the 
group control being the highest headquarters within the group. 


10. A net is made up of the two groups together along with the 7th Division, and is called the 
4th Army NET since each division is subordinate to the 4th Army. When considering the entire 
structure, with all support units (AIR DEFENSE), the communication structure may be termed 
the Fourth Army Network. 


11. The net, group, and the link are merely units of organization in communications language, 
just as armies, divisions, and regiments are units of organization in the military. 
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12. In atypical military organization, communications usually pass between successive 
echelons of subordinate headquarters. That is, if a division headquarters wants to pass a 
radio message to one of its subordinate battalions, it would normally be routed through that 
particular battalion's regimental headquarters. In some cases, however, the division 
headquarters may communicate directly with the battalion. This direct communication, 
skipping the intermediate echelon is called SKIP ECHELON and is shown in Figure 1-5. 


Skip Echeion Link 


Figure 1-5. "Skip Echelon”. 
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13. In some cases when diagramming a group, net, or network, the analyst may come across 
a signal facility used by two or more units (i.e. an air unit, missile units, and a headquarters 
element). When this occurs and it is noted that several units are using the same signal facility 
it is called COLLOCATION and may be represented as depicted in Figure 1-6. 


Figure 1-6. "Collocation". 
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PART B: NET OPERATIONS 


1. In addition to net structure, another aspect of radio nets which is of concern in traffic 
analysis is the degree of control exercised over the net's operation. In military communication 
structures, just as in any military organization, there are seniors and subordinates. In 
communications the senior station is called the Net Control Station (NCS), or the Control 
Station (CT) and the subordinates are called outstations (O/S). 


2. The Net Control Station is normally located close to and provides communications for the 
headquarters of the senior military unit. The authority of the NCS is absolute within the scope 
of technical control. It opens and closes the net, controls transmissions and clears traffic 
within the net, corrects errors in operating procedures, gives or denies permission for a 
station to enter or leave the net, and maintains net discipline. The extent of control exercised 
by the NCS varies according to operational conditions. In a net where experienced operators 
are pacing traffic smoothly, little formal control is required. When the volume of traffic is great 
and operators are less experienced, the NCS may be required to exercise firm control to keep 
the net organized and traffic flowing in an orderly manner. 


3. The outstations normally are the radio stations of the units subordinate to the headquarters 
served by the NCS. 


4. In constructing a net diagram, both the CT and the O/S are represented by circles, 
squares, or rectangles, with the CT being placed above the O/S. The paths of 
intercommunication between the stations are represented by connecting lines regardless of 
the direction of the communication. 


5. In any given case, the method of operation used by a communication system is normally 
determined by the size, mission, and type of unit being served. Basically, there are two types 
of net operations. The presence of acontrolling authority that directs the communications 
activity or a radio net is called directed operation. In radio nets where a controlling authority 
is absent, the operation is referred to as free operation. 


6. DIRECTED OPERATION can be further broken down into two basic types. The first type is 
called a"star." A star is a group of stations under a common control station (CT) wherein all 
outstations (O/S) transmit only to that control. The O/S do not contact each other, and all 
messages from one O/S to another are routed through the CT. Figure 1-7 represents a 
"STAR." 
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Figure 1-7. A"Star". 


7. The second type of directed operation is called a "STAR-LATERAL". A star-lateral is a 
group of stations under a common control station where in the outstations direct their traffic 
to or through the control station with some regular operation between the outstations. Figure 
1-8 represents a "Star-lateral." 


Figure 1-8. A "Star-lateral". 
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8. The second type of radio net operation is called Free Operation. Free operation is the 
method of radio net operation in which a number of stations are permitted to contact any 
other station within the net. In free operation there is no formal control station, however, there 
may be a "senior station" which can exercise control over the net if needed. Figure 1-9 is an 
illustration of free operation. 


Figure 1-9. "Free Operation". 


Notice the "hump" in the link between stations C and B. This hump is used to distinguish the 
difference between link BC and link AD. 
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LESSON 1 
PRACTICE EXERCISE 
This practical exercise is designed to check your comprehension of the material presented on 
basic communications structure and net concept. There is only one correct answer for each 
item. When you complete the exercise, check your answer with the answer key that follows. If 


you answer any item incorrectly, study again that part of the lesson which contains the portion 
involved. 


QUESTIONS 1 through 9 REFER to Figure 1-10: 


Figure 1-10. PE1 Network. 
1. What is the direct radio communication between terminals E and F called? 
A. net 
B. link 
C. group 


D. network 
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2. What is it called when stations A and E both use the same communication facility? 
A. collocation 
B. skip echelon 
C. common control 


D. operating control 


3. What is the communication entity that is constructed from stations A, B, C, and D? 
A. radio net 
B. radio line 
C. radio group 


D. radio network 


4. What stations operated under the same control of station B? 
A. Hand | 
B. land J 
C. GandH 


D. Mand K 


5. The line that connects radio station A with radio station M is called a what? 
A. net 
B. group 
C. collocation 


D. skip echelon 
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6. What station is most likely to be the same operating control of stations K, L, and M? 
A. C 
B. D 
C. J 


D. K 


7. Stations A, B, C, D, G, H, I, J, K, L, and M would best be described as a radio what? 
A. net 
B. link 
C. group 
D. network 
8. The entire communications system depicted in Figure 1-10 would best be described as a 
radio what? 
A. net 
B. link 
C. group 
D. network 
9. What single station is probably the major headquarters serving the communication 
system depicted in Figure 1-10? 
A. station A 
B. station C 
C. station E 


D. station F 
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Question 10 refers to Figure 1-11: 


Figure 1-11. P32 NET. 
10. Inthe above figure, station C, D, E, and F represent what? 
A. anet 
B. a link 
C. collocation 


D. a star-lateral 
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LESSON 1 
PRACTICE EXERCISE 
ANSWER KEY AND FEEDBACK 


Item Correct Answer And Feedback 


. Alink (page 1-2) 

. Collocation (page 1-7) 

. Aradio group (page 1-3) 

. Gand H (page 1-5 (fig 1-4)) 


1 B 
2 A 
3 C 
4 C 
5, D. Askip echelon (page 1-6 (fig 1-5)) 
6 B. "D" (page 1-8) 
7 A. Net (page 1-3) 
8 D. Network (page 1-4) 
9 A. "A" (page 1-6) 
D 


. AStar-Lateral (page 1-9) 
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LESSON 2 
FREQUENCY USAGE 
Critical Task: None 
OVERVIEW 
LESSON DESCRIPTION: 


In this lesson you will learn to identify the types of frequency usage employed by a target 
communications net. 


TERMINAL LEARNING OBJECTIVE: 


TASK: Identify the types of frequency usage employed by a link, group or net. 
CONDITION: You will use the information provided in this subcourse. 
STANDARD: To demonstrate competency of this task, you must achieve a minimum of 70 


percent on the subcourse examination. 


REFERENCES: The material contained in this lesson was derived from the following 
publications: 


NSA Subcourse TA 103 (U) 
FM 34-88 (U) 


INTRODUCTION 


The basic communication structures discussed in lesson 1 may be modified in appearance by 
the method of use of operating data. The operating data of a radio net consists of basic 
items, such as frequencies, call signs, and schedules. This operating data enables the 
network to function in an efficient and orderly manner and eliminates interferon which would 
be present if there were none. Of all the operating data, frequency usage is the element which 
modifies the net structure to the greatest degree. Call signs and schedules do not modify the 
net as much as frequency usage. You should remember that operating data does not change 
the basic net structure, it only modifies the net structure to the greatest degree. Call signs 
and schedules do not modify the net as much as frequency usage. You should remember that 
operating data does not change the basic net structure, it only modified it. 


The basis of radio communication is the transmission of radio frequency energy into space 
after it has been generated in a transmitter, and the reception of that energy by a receiver at a 
distant point. Because radio stations are paired transmitters and receivers, the method of 
frequency usage that radio stations use becomes important for reliable and efficient 
communication. The manner in which frequencies are used on a net is also of great value in 
traffic analysis to gain a complete understanding of the communication system being studied. 
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PART A: SIMPLEX WORKING 


1. There are two types of radio frequency usage. The terms used to describe frequency 
usage are simplex working and complex working. 


2. Simplex working is the term used to describe the method of frequency usage in which two 
or more stations communicate on the same frequency, that is, they use the same frequency to 
transmit and to receive. This means that on any given radio communication structure, a link, 
group, or net, only one frequency is used for communications between the stations involved. 


When a link, group, or net uses simplex working, we combine the term "simplex" with the 
specific communication structure, for example, a simplex link or simplex group. Figure 2-1 is 
a communications diagram of a link using simplex working. 


4500 
4500 


Figure 2-1. Simplex Link. 


3. The above link is called a Simplex link. The use of this term even without the figure, tells 
you that only two stations are involved and they both use the same frequency to communicate. 


4. Wecan also combine the term "simplex" with the type of directed operation. For example, 
if it has been determined that a group is a "star" or a "star-lateral," the resulting combination 
of terms would be a simplex star or a simplex star lateral. 


5. There is an inherent limitation in simplex working, for only one station in the net can pass 
traffic at any given time. If two or more stations try to pass traffic, they succeed only in 
blocking one another out. For this reason, this type of frequency usage is normally used only 
on low echelon nets. 
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PART B: COMPLEX WORKING 


1. The second method of employing frequencies is more complicated and is known as 
complex working. Complex working is the system of frequency usage wherein the stations of 
a net, group, or link, communicate with each other on different frequencies. Figure 2-2 is an 
example of how this type would look like working. 


819) 
9190 


Figure 2-2. Complex Link. 


2. We know that the preceding figure illustrates a link. Since the frequency usage is complex, 
we all it a "complex link." 


If we know that Figure 2-3 represents a star-lateral, what combination of terms would be used 
to describe it? 


Figure 2-3. Star-Lateral. 


2-3 1T0301 


Your answer: COMPLEX STAR-LATERAL 
You are correct. 


3. By using a combination of terms, one describing the communication structure or the degree 
of control exercised, and the other describing the method of frequency usage, most radio 
communication systems can be adequately described in a few words. 


Study chart 1: 


CHART 1 - FREQUENCY USAGE 


Pe SIMPLEX WORKING COMPLEX WORKING 


NET STRUCTURE SIMPLEX LINK COMPLEX LINK 
SIMPLEX GROUP COMPLEX GROUP 
SIMPLEX NET COMPLEX NET 


SIMPLEX STAR COMPLEX STAR 
SIMPLEX STAR-LAT COMPLEX STAR-LAT 


4. By applying the method of frequency usage to either net structure or net operation, 
terminology is derived to describe each type of communication entity. If this is unclear, review 
the material covered thus far. Be sure you understand this material before continuing with the 
instruction. 


NET OPERATION 


5. There are two ways that complex frequencies may be used. See Figure 2-4. If each station 
of anet has its own transmitting frequency, it is called complex sending. The figure 2-4 is an 
example of complex sending frequency usage. 


Figure 2-4. Complex Sending. 
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6. Each station transmits on a different frequency. Station A always transmits on 6500 kHz, 
station B on 7500, and station C on 8500. 


7. The following figure 2-5 uses complex sending. Fill in the appropriate box with the missing 
frequency. See Figure 2-5. 


Figure 2-5. PE3 complex Sending. 


(MAKE YOUR RESPONSE BEFORE CONTINUING) 


Figure 2-6. PE3 Complex Sending. 


If each station of a net has its own transmitting frequency it is called complex sending. 


What do you think we call the complex frequency usage when each station of a net has its 
own receiving frequency? 
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Your answer: COMPLEX RECEIVING 
You are correct: 


If each station of a net has its own receiving frequency, it is called complex receiving. 


The following figure 2-7 uses complex receiving frequencies. Fill the missing frequency in the 
appropriate box. 


Figure 2-7. PE4 Complex Receiving. 


Figure 2-8. PE4 Complex Receiving. 
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Correct: 

REMEMBER: 

COMPLEX SENDING - Each station in a net has its own sending frequency. 
COMPLEX RECEIVING - Each station in a net has its own receiving frequency. 


If you had any difficulty understanding complex sending and complex receiving frequencies, 
review the material presented on pages 2-7 through 2-12. 


On a separate sheet of paper, diagram the following: 


Control CT sends to A to 3250 
CT sends to B on 2700 
CT sends to C on 5355 
A sends to CT on 2525 
A sends to B on 3550 
B sends to CT on 6310 
B sends to Aon 5175 
B sends to C on 2880 
C sends to CT on 3000 
C sends to B on 2760 


The frequency usage of the preceding entity is 
Answer (check one.) 


complex sending 

complex receiving 

complex working 

Your answer: complex working. 


Correct. 
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The group is illustrated as follows: 


Figure 2-9. PE5 Complex Working. 


8. This is neither complex sending nor complex receiving. With so many different frequencies 
used in no apparent system, it must be termed "complex working." If this is not clear, please 
return to page 2-4 and review. If you understand the difference between complex working and 
complex sending or complex receiving, continue with the instruction. 


9. Although two stations on a link employing complex working would normally work in 
alteration, one active at a time, it is sometimes the practice when a large volume of traffic is to 
be passed to use DUPLEX OPERATION. In duplex operation, communication is carried on 
simultaneously in both directions (on two frequencies) with both sending and receiving 
operator at each station. 


The figure 2-10 illustrates a link using duplex operation. 


Figure 2-10. Duplex Operation. 
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Would you say that complex working is a requisite to duplex operation? 
Answer (Check one.) 
Yes 


No 
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Your answer. YES. 
You are correct. 


10. Complex working is a requisite to duplex operation. If both operators send on the same 
frequency at the same time, they will interfere with each other. 


11. When transmission and reception between two stations is simultaneous, complex 
frequencies are a must. This allows for a different frequency for each terminal to transmit on. 
We stress this important fact - transmission and reception must be simultaneous for the 
operation to be known as duplex. If it is not simultaneous, it is net duplex operation. 
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LESSON 2 
PRACTICE EXERCISE 

There is only one correct answer for each item. When you complete the exercise, check your 
answers with the answer key that follows. If you answer any item incorrectly, study again that 
part of the lesson which contains the portion involved. 
1. Duplex operation requires the use of what? 

A. simplex frequencies. 

B. complex working. 

C. complex sending frequencies. 

D. complex receiving frequencies. 


2. What usage is probably employed if each station receives on one frequency and 
transmits (Sends) on a number of different frequencies? 


A. duplex. 

B. complex sending. 

C. complex working. 

D. complex receiving. 


3. Which terms below describes simultaneous transmitting and receiving between two 
stations? 


A. simplex working. 
B. duplex working. 
C. complex working. 


D. complex receiving. 
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4. If each station sends in one frequency and receives on a number of frequencies, the 
usage is probably what? 


A. duplex. 
B. complex sending. 
C. complex working. 
D. complex receiving. 
5. When each station in a group has its own individual receiving frequency, the usage is 
known as what? 
A. duplex. 
B. complex sending. 
C. complex working. 
D. complex receiving. 
6. What usage is employed if each station in a group has its own individual sending 
frequency? 
A. duplex. 
B. complex working. 
C. complex sending. 
D. complex receiving. 


QUESTIONS 7 through 10 REFER TO THE FOLLOWING FIGURE ON THE NEXT PAGE. MATCH 
THE ENTITY INDICATED IN COLUMN A WITH THE DESCRIPTION STATED IN COLUMN B. 
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Figure 2-11. PE8 Network. 


COLUMN A COLUMN B 
7. BE A. Complex link 
B. Directed operation 
8. CFGH C. Complex group 
D. Complex sending group 
9. Di E. Simplex link 
F. Simplex group 
10. ABCD G. Complex receiving group 
H. Free operation 
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LESSON 2 
PRACTICE EXERCISE 
ANSWER KEY AND FEEDBACK 


Item Correct Answer and Feedback 


. Complex working (page 2-8) 

. Complex receiving (page 2-8) 

. Duplex working (page 2-10) 

Complex sending (page 2-6) 

. Complex receiving (pages 2-5/2-6) 

. Complex sending (pages 2-5/2-6) 

. Complex link (page 2-3) 

. Complex sending group (pages 2-5/2-6) 


. Simplex link (page 2-2) 


Ge it “O (2 26: 6 i 4 


. Complex receiving group (page 2-8) 
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LESSON 3 
CALL SIGNS AND CALL-UPS 
Critical Task: None 
OVERVIEW 


LESSON DESCRIPTION: 


In this lesson you will learn about call signs and how they are used to establish 
communications (call-ups). 


TERMINAL LEARNING OBJECTIVE: 


TASKS: 1. Identify the two categories of call signs. 
2. Identify specific and general call-ups. 
CONDITION: You will use the information provided in this subcourse. 


STANDARD: To demonstrate competency in this task, you must achieve a minimum of 70 
percent on the subcourse examination. 


REFERENCES: _ The material contained in this lesson was derived from the following 
publications: 


NSA Subcourse TA 103(U) 
FM 34-88(U) 
INTRODUCTION 


Radio stations must have some means of identifying each other regardless of the net 
structure, operation, or type of frequency usage employed in the communication system. For 
this reason, call signs are used in the same manner that you would use your name in a 
telephone 

conversation. For example: 


PARTY #1: Hello, is John there? This is Steve. 


PARTY #2: Yes, Steve, this is John. What do you want? 


Call signs are actually communications names for radio stations in a link, group, or net. Just 
as you identify yourself in a telephone conversation, radio stations identify themselves when 
conducing intercommunication. This is especially important in the analysis of radio 
communication, because it provides a basis for conducting studies on the routing of 
messages, and in the reconstructing of the radio network. 
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PART A. STRUCTURE AND PURPOSE OF CALL SIGNS 


1. Call signs are used primarily for establishing and maintaining communications. They 
consist of any combination of characters or pronounceable words that identify a 
communication facility, a command, an authority, or a unit. Periodic changing of call signs 
provide communication security for a brief period, depending on the amount of use and the 
quality of traffic analysis. Call signs that consist of three-to-six characters, such as 6B69 or 
DN8Z, are used for radiotelegraph 9CW) and manual teletypewriter (including radio 
teletypewriter), and are used for voice operation on AM equipment. To avoid confusing call 
signs with certain procedural codes used by telegraph and teletype operators, three character 
call signs normally do not begin with the letters Q or Z. Voice call signs that consist of 
pronounceable words, such as BUTTER DIESEL, or ACHING BUNKER, are used for 
radiotelephone operation. Sometimes voice call signs are referred to as call words. 


2. Call signs may consist of any combination of characters or pronounceable word, and 
identify a communication facility, a command, an authority, or a unit. Call signs are referred 
to as OPEN when their identity is a matter of public knowledge, and SECRET when their 
identity is withheld for reasons of security. 


3. International call signs listed in the Beme Books are an example of open call signs. Call 
signs of this type are allocated to the using stations by the communication authority of a 
country in accordance with the policies established by the International Telecommunications 
Union (ITU). 


4. SECRET call signs are used by military, paramilitary forces, and other organizations which 
have a reason for concealing their identity. Traffic analyst are primarily concerned with these 
call signs. 


PART B: THE CALL-UP AND ABBREVIATED CALL 


1. To let the receiving radio station know that a transmitting station is trying to contact it, and 
to ensure that the receiving operator is ready to receive a message, a call-up is made. This 
call-up serves to alert the receiving stations of a forthcoming message, and to identify the 
station sending the message. The following examples depict the call-up. 


EXAMPLE #1: ACDJ DE CEHN 
EXAMPLE #2: YELLOWBIRD THIS IS GREENAPPLE 


Example #1 shows a call-up using telegraph or teletype callsigns. Note the separator "DE" 
between the call signs. This separator is a procedure signal which means "FROM" or 
"THIS IS." The call sign to the right of the procedure signal is always the transmitting call 
sign. 


Example #2 shows a call-up using radiotelephone call signs or call words. The separator in 
this case is called a procedure word, and is written just as it is heard over a voice net. Again, 
the call word to the right of the separator is always the transmitting call word. 


2. After communications have been established between two stations, an abbreviated call 


may be used to reduce transmission time. In an abbreviated call, the transmitting operator 
drops the 
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call sign of the station being called and begins the transmission with the procedure signal or 
procedure word meaning THIS IS, followed by the call sign of the transmitting station. The 
following are examples of the abbreviated call. 

EXAMPLE #1: DE CEHN 

EXAMPLE #2: THIS IS GREENAPPLE 

Example #1 clearly shows that the receiving call sign has been dropped. The abbreviated call 
begins merely with the procedure signal, and the only call sign heard is that of the transmitting 
station. 


Example #2 reveals the same procedure, but as it is observed on a voice net. The only 
difference is the use of the procedure word instead of the procedure signal. 


3-3 IT0301 


(RESOLVE THE FOLLOWING SITUATIONS.) 
1. Your call sign is REDFOX and you want to call GREYDOG on a voice net. 


Write the call-up that you would use. 


2. GREYDOGhas replied to your call-up and communication has been established. 
a. Write the abbreviated call that you would use. 
b. Write the abbreviated all that GREYDOG would use. 


a. 


b. 


3. Given the call-up "DTC De TYO," write the abbreviated call used if station DTC is the 
transmitting station. 


(MAKE YOUR RESPONSE BEFORE TURNING THE PAGE.) 
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Your answer 1. GREYDOG THIS IS REDFOX 
2. a. THIS IS REDFOX 
b. THIS IS GREYDOG 
3. DEDTC 


You are correct. If you answered incorrectly, or if you had difficulty resolving the above 
situations, you should review the material about call-ups and abbreviated calls on pages 3-2 
and 3-4. 


PART C: TYPES OF CALL-UPS 
1. Security usually dictates the assignment of call signs, their number and type, whereas the 
need for operational efficiency determines the manner of their use in communicating. Some of 
the more complex types of using call signs provide a degree of security in themselves, but 
may tend to decrease the operational efficiency of the net. There are two types of call-ups: 
specific and general. A specific call-up is one in which each call sign identifies a particular 
station. A general call-up is one wherein one call sign identified to or more stations 
collectively. 


Examine the call-ups presented in this lesson thus far. Would you say that they are examples 
of the specific call-up of the general call-up? 


Answer (Check one) 
specific 


general 
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Your answer: SPECIFIC 


You are correct. All of the call-ups presented in this lesson thus far are specific call-ups. 
REDFOX, GREYDOG, and DTC, TYO each identify one, and only one, particular radio station. 


2. Specific call-ups can be further broken down into three types of calls. The first and most 
commonly observed method is the DOUBLE STATION CALL. In a double station call, the 


transmitting station uses both its own call sign and the call sign of the station it is calling. 
Figure 3-1 is an example of a double station call. 


NKF DE IFC 


Figure 3-1. "Double Station Call". 


1. Which station is transmitting the above call-up? 


2. What double call would be the reply? 
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Your answers: 1. IFC 
2. IFC DE NKF 


You are correct. Station IFC calls station NKF. The procedure signal (prosign) "DE" means 
FROM or THIS IS, and is used by the transmitting station to separate the two call signs. When 
station NKF replies, he becomes the transmitting station, therefore, he replies IFC DE NKF. 

Be sure you understand the DOUBLE STATION call before continuing with the instruction. 

3. The second type of specific call-up is called the SINGLE STATION CALL. Ina single 


station call, the transmitting station uses only one call sign. It may be the call sign of either 
the transmitting or the receiving station. Figure 3-2 is an example of a single station call. 


NKF DE NKF 


Figure 3-2. "Single Station Call". 
What station in the above example is the calling station? 
Answer (Check one.) 
IFC 


NKF 
Can't tell 
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Your answer: CAN'T TELL 


Either station could be calling, depending upon which station's call sign has been agreed upon 
for use. You can see that this type of call-up is inherently secure, for it is difficult for the 
analyst to determine which station is calling. However, its use is limited due to the confusion 
which results when inexperienced operators are in charge of net operation. 


4. The third type of specific call-up is called the MULTIPLE CALL A multiple call occurs when 
one station, usually the Net Control Station, calls all or some of the outstations in the net using 
the call signs of each station concerned. Figure 3-3 is an example of the multiple call-up. 


Y2B X3C W4D DE Z1A 


Figure 3-3. "Multiple Call". 


5. Normally, when the outstations return the call, they will answer in the same order that they 
were called in the call-up. 


Following normal sequence, which station would call Z1A from the above example after X3C? 
Answer (Check one.) 
Y2B 


W4D 
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Your answer: W4D 


You are correct. After the multiple call, Y2B X3C W4D DE Z1A, each station would normally 
answer in the order called. Therefore, W4D would answer after X3C. 


The double station call, single station call, and the multiple cell are all examples of a call-up 
type wherein the call signs identify one and only one particular station. These three types of 
calls can be grouped together under a broader type of call-up known as a 
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Your answer: SPECIFIC CALL-UP 
You are correct. 


If you had any difficulty understanding the three types of specific call-ups presented thus far, 
you should review the material of this lesson before continuing with the instruction. THIS IS A 
GOOD POINT TO REVIEW. BE SURE THAT YOU UNDERSTAND THE SPECIFIC CALL-UP! 


6. The second type of call-up is referred to as the GENERAL CALL. A general call-up occurs 
when one call sign serves to alert more than one station for the transmission of traffic. A 
general call-up may be used to identify the stations during the transmission, or it may serve 
only as an alert signal prior to the transmission of traffic to the stations. In the latter case, the 
station revert to the use of their normal call signs during the transmission of traffic. 


Examine the following call-ups. Would you say that they are examples of general call-ups? 
J2K N4P AST ODE 13Y 

13Y DE J2K 

13Y DE N4P 

13Y DE AST 

Answer (Check one.) 

Yes 


No 
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Your answer: NO 


You are correct. if your answered "yes," you must have missed something. Call signs J2K, 
N4P, A5T, and 13Y all identify one particular station. Therefore, a specific call-up is being 
employed, and not a general call-up. As a matter of fact, closer observation shows that a 
multiple call-up was used and the outstations returned the call in the same order of the initial 
call-up. The outstations each used a double station call which is also a type of specific call- 
up. 


REMEMBE  R:A general call-up is the use of one call sign which identifies two or more 
stations collectively. 


7. One type of the general call-up is referred to as the COLLECTIVE CALL. A collective call 


is used when the NCS wishes to alert two or more, and in some cases all the outstations in the 
net. The collective call will also identify an aggregate of stations. Figure 3-4 is an example of 


a collective call. 


AJN DE I3Y 


Figure 3-4. "Collective Call". 


When the control station in the above example desires to call or pass traffic to its outstations, 
it would call: AUN DE 13Y. The call sign AJN alerts and identifies J2K, N4P, and A5T 
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Study the following call-ups. Then in figure 3-5 write the call sign in the circle for each station 
that the call sign identifies, and label the collective call sign on the figure. 


Y9BR DE ZOAT 
ZOAT DE Y9BR 
U5FC DE ZOAT 
ZOAT DE X8CA 
ZOAT DE W/7DF 


ZOAT DE V6EI 


Figure 3-5. PE9 Net. 
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Compare your solution with Figure 3-6. 


They should be identical. 


Figure 3-6. PE10 Net. 


Station ZOAT appears to be calling two other stations, YYBR and U5FC. Station YOBR 
answers station ZOAT establishing a link, but the call sign U5FC never appears as a 
transmitting call sign. Instead, three other call signs contact station ZOAT. Since four 
different call signs are observed calling only one call sign (ZOAT), it may be assumed that 
station ZOAT is CT of the net, and that call sign U5FC identifies X8CA, W7DF, and V6E! 
collectively. The order of the return call-ups appear in response to the collective call 
indicates that X8CA IS O/S2 and that V6El is O/S4. 


8. Another type of general call-up is referred to as the LINK CALL. A link call is a type of 


call-up in which a common call sign is used for intercommunication between two stations. 
Figure 3-7 is an example of a link call. 


ABC GHI 


Figure 3-7. PE11 Net. 
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The call-ups would appear as follows: 


STA 1 to STA 2: ABC ABC ABC 
STA 2 to STA 1: ABC ABC ABC 
STA 1 to STA 3: GHI GHI GHI 
STA 3 to STA 1: GHI GHI GHI 


The separator DE may appear with this type of call-up, but its use is not necessary since the 
same Call sign would appear on both sides of the separator. 
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LESSON 3 
PRACTICE EXERCISE 

The following items will test your grasp of the material contained in this lesson. There is only 
One correct answer for each item. When you complete this exercise, check your answers with 
the answer key that follows. If you answer any item incorrectly, study again that part of the 
lesson which contains the portion involved. 
1. What are call signs used to identify? 

A. unit 

B. command 

C. communication facility 

D. all the above 
2. When information about the identify of call signs is a matter of public knowledge, they are 

called what? 

A. open 
B. SECRET 
C. specific 
D 


. general 


3. What does a specific call identify? 
A. open 
B. SECRET 
C. specific 


D. general 
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4. What is the most common type of call-up? 
A. abbreviated call 
B. collective call 
C. double station call 
D. single station call 
5. What type of call is the multiple call? 
A. link 
B. general 
C. specific 


D. collective 


QUESTIONS 6 REFERS TOC Figure 3-8. 


ce 


er) & 


Figure 3-8. PE12 Net. 
6. What type of call sign is RFV? 
A. link 
B. double 
C. multiple 
D 


. collective 
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7. What type of call is the link? 
A. double 

B. general 

C. multiple 

D 


. specific 


8. What type of call sign is of interest in traffic analysis? 
A. open 
B. closed 
C. secret 
D. commercial 
9. When the NCS wishes to alert two or more stations, and in some cases, all the 
outstations, what type of call would he use? 
A. an alert call 
B. a general call 
C. aspecific call 
D. acollective call 


10. How man call signs would be seen in traffic between two stations when a link call is 
used? 


A 
B 
C. 3 
D 
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LESSON 3 
PRACTICE EXERCISE 


ANSWER KEY AND FEEDBACK 


orrect Answer and Feedback 


. All the above (page 3-2) 


. Open (page 3-2) 


. One and only one particular station (page 3-5) 
. Double station call (page 3-6) 
Specific (page 3-8) 


. Collective (page 3-11) 


. General (page 3-13) 


. Secret (page 3-2) 


. Collective call (page 3-11) 


. One (page 3-13) 
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FOREWORD 


This ig the first edition of DCA's Satellite Communications Reference 
Data i!andiuok, It is recognized that the users of the Handbook will have 
varied axsignments and variations tn their need for detailed data on the topics 
discussed herein, In order tu make the Handbook more useful to you, the user, 
your suggestions for improvement, comments and corrections would be greatly 
appreciated. Kindly forward any such {tems to: Defense Comraunications 
Agency, Attention Code 483, Washington, D.C., 20805, Either brief hand- 
wriiten notes or detatled coverage is welcome, 
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jes uz SECTION 1 - INTRODUCTION Sage ORES Bly 
ay 
1.1 PURPOSE 
a It is the purpose of this reference book to provide, in one source, suffi- 
e cient information on satellite communications in general arid on the Defense 
i ie Satellite Communications System (DSCS) in particular to familiarize the reader 
c af with this special field of communications. The intent is to present data so that 
_- one familiar with communications, but not necessarily an engineer, can readily 
: grasp the fundamental characteriatics, capabilities and limitations of satellite 
& ae communications as well as the background and present Status of the DSCS. A 
vs glossary of terms and abbreviations is given in a table at the end of the book, 
= 1.2 SCOPE 
: i. Sections 2 through 8 of this reference book provide a survey of basic tech- 
‘ nica] data related to satellite communications systems in general. This in- 
r i cludes: 
; -* Section 2 - Data on space subsystems such as orbital characteristics and 
} “ satellite transponders : / 
ak Section 3 - Data on earth terminals including transmit, receive and 
[ a antenna subsystems 
E - Section 4 - Data on typical multiplex, modulation and multiple-access tech- 
f a uiques that are suitable for satellite communications systems, This 
i = section also covers pertinent data on the use of error-correcting coding 
= techniques to conserve satellite power and/or improve performance of 
i ee digital transmission, 


Section 5 - Basic parameters and formulas essential to an understanding 


of the problems involved in engineering a satellite communications link 


